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thiompgpholing,eempayed indhe Gdeatiment-ofAlzhaimess disease and mare speeifigally to
compounds that are capable of inhibiting beta-secretase, an enzyme that cleaves amyloid precursor

protein to pFHRREAP\ASIH B FestRRALH&E). ]aYmEfE’)r EEMPBHBRS the Bnficid PRIBEES Foutd in the

inhibiting beta-secretase, an enzyme that cleaves amyloid

precursgor protein to produce amyloid beta peptide (A-beta), a
major component of the amyloid plaques found in the brains of

20 Alzheimer’s sufferers.

Description of Related Art

Alzheimer’s disease (AD) is a progressive degenerative

disease of the brain primarily associated with aging. Clinical

25 presentation of AD is characterized by loss of memory,
cognition, reasoning, judgment, and orientation. As the disease
progresses, motor, sensory, and linguistic abilities are also
affected until there is global impairment of multiple cognitive
functions. These cognitive losses occur gradually, but

30 typically lead to severe impairment and eventual death in the
range of four to twelve years.
Alzheimer’s disease is characterized by two major pathologic
observations in the brain: neurofibrillary tangles and beta
amyloid (or neuritic) plagues, comprised predominantly of an

35 aggregate of a peptide fragment know as A-beta. Individuals
with AD exhibit characteristic beta-amyloid deposits in the
brain (beta amyloid plaques) and in cerebral blood vessels (beta
amyloid angiopathy) as well as neurofibrillary tangles.

Neurofibrillary tangles occur not only in Alzheimer’s disease
1
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loss of memory, cognition, reasoning, judgment, and orientation. As the disease é)rogresses, motor,
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death in the range of four to_twelve years. Alzheimer's disease is characterized by two major pathologic
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characteristic beta-amyloid deposits in the brain (beta amyloid plaques) and in cerebral blood vessels
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Alzheimer'syiseas€q other neurodegenerative disorders. Beta-amyloid is a
15 defining feature of AD, now believed to be a causative precursor
or factor in the development of disease. Deposition of A-beta
in areas of the brain responsible for cognitive activities is a
major factor in the development of AD. Beta-amyloid plaques are
predominantly composed of amyloid beta peptide (A-beta, also
20 sometimes designated betaA4). A-beta peptide is derived by
proteolysis of the amyloid precursor protein (APP) and is
comprised of 39-42 amino acids. Several proteases called
secretases are involved in the processing of APP.
Cleavage of APP at the N-terminus of the A-beta peptide by
25 Dbeta-secretase and at the C-terminus by the gamma-secretase
complex constitutes the beta-amyloidogenic pathway, i.e. the
pathway by which A-beta is formed. Cleavage of APP by alpha-
secretase produces alpha-sAPP, a secreted form of APP that does
not result in beta-amyloid plaque formation. This alternate
30 pathway precludes the formation of A-beta peptide. A
description of the proteolytic processing fragments of APP isg
found, for example, in U.S. Patent Nos. 5,441,870; 5,721,130;
and 5,942,400.
An aspartyl protease has been identified as the enzyme
35 responsible for processing of APP at the beta-secretase cleavage
site. The beta-secretase enzyme has been disclosed using varied
nomenclature, including BACE, Asp, and Memapsin. See, for

2
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peptide is defived dispiojeclysis-ef ibe afdeiddsecursecromit (ARBIIkIs cempased 0fb38-42
amino acids. Severallé)roteases called secretases are involved in the processing of APP. Cleavage of

APP at the XEWFRIM R Gie A-BRATREAEIEDy 25 BEhSsebriBsd M APt Cterhfing BYthe 2

gamma-seefglasgreomplgxcrasifvtesdhe detsramyloidagenic patbwayhes e fathwiayiy whish)
A-beta is formed. Cleavage of APP by alpha- secretase produces alpha-sAPP, a secreted form of APP

that does (dt BRI BStRaMyIdid brabdEddiarmn. FhisRatehié 20t WPSPPrecludes the formation

of A-beta pgptifie £ slesaiiptiongiahe proteavtisprosessiagagmeats GIAPP isotaundyforexample, in
U.S. Patent Nos. 5,441,870; 5,721,130; and 5,942,400. An aspartyl protease has been identified as the
enzy?“r?e 35%@8{5&%?‘61% for processing of APP at the beta-secretase cleavage

It has been proposed that A-beta peptide accumulates as a
result of APP processing by beta-secretase, thus inhibition of
this enzyme's activity is desirable for the treatment of AD. In
vivo processing of APP at the beta-secretase cleavage sgite is

20 thought to be a rate-limiting step in A-beta production, and is
thus a therapeutic target for the treatment of AD. See for
example, Sabbagh, M., et al., 1997, Alz. Dis. Rev. 3, 1-19.

BACE1l knockout mice fail to produce A-beta, and present a

normal phenotype. When crossed with transgenic mice that over
25 express APP, the progeny show reduced amounts of A-beta in brain

extracts as compared with control animals (Luo et al., 2001

Nature Neuroscience 4:231-232). This evidence further supports

the proposal that inhibition of beta-secretase activity and

reduction of A-beta in the brain provides a therapeutic method
30 for the treatment of AD and other beta amyloid disorders.

At present there are no effective treatments for halting,
preventing, or reversing the progression of Alzheimer's disease.
Therefore, there is an urgent need for pharmaceutical agents
capable of slowing the progression of Alzheimer's disease and/or

35 preventing it in the first place.

Compounds that are effective inhibitors of beta-secretase,

that inhibit beta-secretase-mediated cleavage of APP, that are

3



site. The beta@@cretassy enzyme has been disclosed using varied nomenclaturedrztissaigze&xCE, Asp,
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capable of sweoingodsagIrogression of Alzheimer's disease and/or 35 preventing raTthsodistoptace.
Compounds that are effective inhibitors of beta-secretase, that inhibit beta-secretaskelAnéedidded cleavage
of APP, that are 3 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 effective inhibitors of A-beta
produétion, and/or are effective to reduce amyloid beta deposits or plaques, are needed for the
treatment and prevention of disease ch@antesized df arhyoibhbetacdeposits or plaques, such as AD. 4
WO 03/043987 PCT/US02/37037 17 MAY 2006 5 Summary of the Invention The invention encompasses
the substituted pipCHRINE BT pisarsiits SOMBEGTs StiRe VRIS S BAKT, Diafacatical
compositiops petamingthexnnoudds ahdiheth68senipeyirgisueh Belcompadingss camipositons in
the treatment of Alzheimer's disease , and more specifically cqmpounds that are capahle of, inhibitin
pota.secroGREERRIATHS (FT SeRt B HGHS (HEErE Ao PROdiRE S BRRREDHEE, & Hifor
companenteefriheamyoishplagiigsdetnd shibeiainsof Alzhetners 1o sufiarers imere aspect, the
invention provides compounds of the formulal: RzR1~ Z, R3 2051%) ora pharmaceuticallyfacceptable

salt or esteP tHEFESS MO R ERYTAE 283 MR IATRES Hidhdéfenderngole ©

inhibiting beta-secretase, an enzyme that cleaves amyloid

precursor protein to produce A-beta peptide, a major component
of the amyloid plagques found in the brains of Alzheimer'’s
15 sufferers.
In one aspect, the invention provides compounds of the

formula I:

20
(I)

or a pharmaceutically acceptable salt or ester thereof,
wherein Z is CH or N;
25 wherein R; and R; are independently:

(I) C1-Cy0 alkyl, optionally substituted with one, two
or three substituents independently selected from the group
consisting of C;-C; alkyl, -, -Cl1, -Br, -I, -OH, -SH, -C=N, -
CF;, C1-C; alkoxy, -O-phenyl, -NR;.sRi.p where R;., and R;.p are

30 independently -H or C;-Cs alkyl, -0C=0 NR3j-zRi-p, -S(=0)¢-2 Ri-a, -
NR;-aC=0 NR3.-aRi-p, -C=0 NRj-zRi.p, and -S(=0); NR; zRi.p, -(CHz)q-3~(Cs-
Cg) cycloalkyl where cycloalkyl can be optionally substituted

with one, two or three substituents selected from the group

5



(I) C1-Cio alwth agvieseatly substituted with one, two or three substituents indepepdentypzstested from the
group consisting of C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SE, -C=N, - CF3, C1-C3 alkdxXy|AD4{emy!,
-NR1-aR1-b where RI_, and RI-b are 30 independently -H or C1-C6 alkyl, -OC=0 NR,-aRi-b, -S(=0)0-2
Rl-a, SNRIESEEONRPIRRE, S=CNRGaRldp, and -S(=6)2 NRBARI-b 1+ (CHY 0-3-F83- c§TFcloalky!
where cycI@@lkgl can e opt substityed With onezduegr thieesypstituents sglegied) from g, group
5 WO 03/043987 PCT/US02/37037 17 MAY 2006’5 consisting of C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH,
-C=N, - CFR1:CEalkoxR LBPRENyR: 660 H, B0 8- pAECR AR -1NRtcaraR|+h: C1-C3 alkoxy-

(R1-aryi), C1-C3 alkoxy- ﬁBirheLe(%@m) R %EZ!_.}Q? -fiaH2Wi(RIzasyly whereh! iszerogrpngrands
where is phenyl, 1-naphthyl, 2-naphthyl and indanyl, indenyl, 10 dihydronaphthyl, tetralinyl optionally
substitutedRuitrone, itfvo hRsE 8 fodratamefdNswingandepererty seisttddndapsthuents8f®e aryl

ring: &) C%@ﬁf&%ﬂ%ﬂﬁ@f?“%@%ﬁﬁﬁ% e opHues gubgtitents indenendently, selsgied

from the group 15 consisting of C1-C3 alk r, -1, -OH, -SH, -S(C1_6 alkyl), -S(aryl-C1-6 a'lkyl),
-S(heteroalyrCi -6tatiggr -S20(Foeralkgl, -S=Ctary|ToL & amiing -Stodsaneraeyid 6 aRysctssd

(C1-6 alkyl ;B Er LG1-6 qjhyl}jﬁgoggggte{.%{ I-C1-6 alkyl), -NR1_aRlI-b, -C=N, -CF3, Ci-C3 alkoxy,
CI-C3 alko%)}% (%?Eary% , CI-C3 20 alkoxy- Ri-hete?’o'aryl) , (2) C2-C6 alkenyl with one or two double

bonds, optionally substituted withloneCtwB or 2idse substiidams lihdepenbenthtstiede b tiRagroup
oS E 5 sk SR i Ao cB NS Sl B ey il
15 congisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -S(Ci.
alkyl), -S(aryl-C;.s alkyl), -S(heterocaryl-Ci.¢ alkyl), -S=0(Cie
alkyl), -S=0(aryl-C;.¢ alkyl), -8=0O(hetercaryl-Ci.¢ alkyl), -
S0,(Cig alkyl), -S0z{aryl-Ci.¢ alkyl), -S0;(heteroaryl-Ci.s alkyl),
-NR;.3Ry1.p, -C=N, -CF;, Ci-C3 alkoxy, C1-C; alkoxy- (Ri-aryi), Ci-Cs
20  alkoxy- (Ri-netercaryl) :

(2) C3-C¢ alkenyl with one or two double bonds,
optionally substituted with one, two or three substituents
independently selected from the group consisting of -F, -Cl,
-Br, -I, -OH, -SH, -5(Ci.¢ alkyl), -S(aryl-C;.¢ alkyl), -

25 S (heteroaryl-Ci.¢ alkyl), -S=0(Ci-¢ alkyl), -S=0(aryl-C;.¢ alkyl),
-8=0 (heteroaryl-Ci.¢ alkyl), -S0,(C1.6 alkyl), -S05 (aryl-Cig
alkyl), -SO;(heterocaryl-C;.¢ alkyl), -C=N, -CF;, C;-C3 alkoxy, -
NR:-aRi-p, C1-Cz alkoxy- (Ri-ary1), C1-Ci: alkoxy- (Ri-heteroaryl)

(3) C2-Cs alkynyl with one or two triple bonds,

30 optionally substituted with one, two or three substituents
independently selected from the group consisting of -F, -Cl1,
-Br, -I, -OH, -8H, -8(Ci¢ alkyl), -S(aryl-Ci.¢ alkyl), -
S (heteroaryl-Ci.¢ alkyl), -S=0(C;.¢ alkyl), -S=0O(aryl-Ci.s alkyl),
-8=0 (heteroaryl-C;_¢ alkyl), -S04, (Cig alkyl), -850, (aryl-Ci6

35 alkyl), -S0;(heterocaryl-C,.¢ alkyl), -C=N, -CF;, C;-C; alkoxy, -
NRi-aRi-p, C1-Cs alkoxy- (Ri-ary1), Ci-C: alkoxy- (Ri-netercaryl) s



alkyl), -S02(Mederaasyh31-6 alkyl), -CN, -CF3, C1-C3 alkoxy, - NRI-aRI-b, C1-CRatkaysp2(Ribaryl) , C1-C3
alkoxy- (R1-heteroaryl) , (3) C2-C6 alkynyl with one or two triple bonds, 30 optioAZINA0b28RRed with
one, two or three substituents independently selected from the group consisting of -F, -Cl, -Br, -1, -OH,
“SH, 3(C1-6 alkyl), -S(aryl-c1-3%$kyl5,F S(ﬁétéroé]?ﬁ-@fég alkyl), -S=O(C1_6 alkyl), -S=0(aryl-C1-6

alkyl), -S=0(heteroaryl-C1-6 alkyh) -S02(¢1c8 allgllk cS82 (ap-Cilet 35 Bkyl)s tBiH heteteatyl-@1Hh
alkyl), -C=N, -CF3, C1-C3 alkoxy, - NR,-aR1-b, C1-C3 alkoxy- (Ri-aryl) , C1-C3 alkoxy- (R1-heteroaryl) , 6
WO 03/0458%7 PEYRUSE2/5 175MAY 2006 5 (4) -F, CI, -Br and -1, (5) -CI-C6 alkoxy optionally
substituted with one, two or threeF, (GYRNRR_2RMBarker®RM-2a0d RN-3 ass-as definetklicawd 10
(7) -OH, (8) -C=N, (9) C3-C7 cycloalkyl, optionally substituted with one, two or three substituents
selected fr ﬁlltﬂlé(group consisting of -F, -Cl, -Br, -1, -OH, -SH, -S(C1-6 alkyl), 15 S (aryl-C1-6 alkyl), -S
(hetargaryl-C1-6 alkyl), -S=0 (Ck-6)alkydgi; S=O (aryl-Cl-6 alkyl), -S=0 (heteroaryl-Cl_6 alkyl), -S02 (CI-6
alkyl), -S02(aryl-C1-6 alkyl), -S02(heteroaryl-Cl_6 alkyl), -C=N, -CF3, CI-C3 alkoxy, -NRI_aR1-b, C1-C3
alkoxy- (R1-aryl) , CI-C3 alkoxy-(®I-het&Baryl) , 20 (10) -CO-(C1-C4 alkyl) (11) -S02-NR,-aRl-b, (12)

-CC%NRLaRLQ(x@-SOZ{C14%§?R@;{E cycloalkyl, optionally substituted with
one, two or three gubstituents selected from the group
consisting of -F, -Cl, -Br, -I, -OH, -SH, -S(Cis¢ alkyl), -

15 S(aryl-Ci.¢ alkyl), -S(heterocaryl-C;.s alkyl), -8=0(Ci¢ alkyl), -
S=0 (aryl-Ci¢ alkyl), —S=O(heteroaryl—cl4 alkyl), -80,{(C1.5
alkyl), -80;(aryl-C;.s alkyl), -8O;(heterocaryl-C;.¢ alkyl), -C=N,
-CF3;, C1-Csz alkoxy, -NRj-zRi-p, Ci1-C; alkoxy- (Ri-ary1), C1-C; alkoxy-
(Ri-heteroaryl) s

20 (10) -CO- (C;-C; alkyl),

(11) -8S02-NRi-aRi-n,
(12) -CO-NRj-aRi-p,
(13) -S02-(C1-C4 alkyl),
(ITI) - (CHz)ni- (Ri-netercaryl) Where n; is as defined above
25 and where Ri-hetercaryl 18 selected from the group consisting of:
pyridinyl, pyrimidinyl, quinolinyl, benzothienyl, indolyl,
indolinyl, pryidazinyl, pyrazinyl, isoindolyl, isoquinolyl,
guinazolinyl, quinoxalinyl, phthalazinyl, imidazolyl,
isoxazolyl, pyrazolyl, oxazolyl, thiazolyl, indolizinyl,

30 indazolyl, Dbenzothiazolyl, benzimidazolyl, benzofuranyl,

furanyl, thienyl, pyrrolyl, oxadiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, oxazolopyridinyl, imidazopyridinyl,

isothiazolyl, naphthyridinyl, cinnolinyl, carbazolyl, beta-

carbolinyl, isochromanyl, chromanyl,
35 tetrahydroisoquinolinyl, isoindolinyl,
igsobenzotetrahydrofuranyl, isobenzotetrahydrothienyl,

isobenzothienyl, benzoxazolyl, pyridopyridinyl,
7



(1) - (CH2)nv@RBInetasoaryl) where nl is as defined above 25 and where RI-hetemrsayspigcted from
the group consisting of: pyridinyl, pyrimidinyl, quinolinyl, benzothienyl, indolyl, inH6IMNY p#9RfZINyI,
pyrazinyl, isoindolyl, isoquinolyl inazolinyl, quinoxalinyl, phthalazinyl, imidazolyl,. isoxazolyl, pyrazolyl,
oxazohyl, thiazolylgﬁ’aaf?fiﬁ)ﬂgﬁ% ﬁgéﬁggﬁthia%ﬁztg&%ﬁﬁég%%ﬁg F‘i?(% fanyl, Ifjﬁlr%%ﬁ?; fenyl,
pyrrolyl, oxadiazolyktkiadiaaakyl vitiazolyt,tetiazelyl] oxazplopytciay, ingitlazoppiwding: hdethibzelyl,
naphthyridinyl, cinnolinyl, carbazolyl, beta carbolinyl, jsochr nyl, 35 tetrahydroisoquinolinyl,
chromanyl, isoinddfifiyit SbBE otetrahydro?ﬁ%?%? RAZ0tétrahydrothienyt, 1 Bgck?éfﬁi% vl

benzoxazolyl, pyrigepyrdieyni ¥¥Q 031043987 RGAMSDR2Z T @Bk AL IMAY ,2000Enzisoxazinyl,
benzotetrahydrofuranyl, benzotetrahydrothienyl, purinyl, benzodipxolyl, triazinyl, phenoxazinyl,
phenothiazinyl, pRFRFRXBEHZthiazolyl, itk B SRR GRSy, dihyo%%%@ﬁ%%’,

benzigpxazinyl, bgazexazinybsisisghenzisetbiaginy rienzopyramdclinbenzopiopyramceasmarinyl,
isocoumarinyl, chromonyl, chromanonyl, pyridinyl-N-oxide, tetrahydroquinolinyl, dihydroquinolinyl
dihydroquinolinon§H 6= duinolindRyF HtyRotoNAREFhTE dihydro€5& Mutéﬁﬂ&&%yl,

benzodioxanyl, 13jheRzpxazRiingsyli Ayrolyl N-oxide, pyrimidinyl N-oxideii pyidtagdiyl Aoaxigeyrazinyl
N-oxide, quinolinyl N-oxide,  indolyl N-oxide, indolinyl N-oxide, isoquinolyl N-oxide, quinazolinyl N-oxide,
quinoxalinyl N-oxifl TpitERAZRENGbdEGmidazolyl N-oxide, isoxazolyl N%M%QS?&WW inyl,

dihydroisocoumarinyl, isoindolinonyl, benzodioxanyl,
15 benzoxazolinonyl, pyrrolyl N-oxide, pyrimidinyl N-oxide,
pyridazinyl N-oxide, pyrazinyl N-oxide, quinolinyl N-oxide,
indolyl N-oxide, indolinyl N-oxide, isoquinolyl N-oxide,
quinazolinyl N-oxide, quinoxalinyl N-oxide, phthalazinyl N-
oxide, imidazolyl N-oxide, isoxazolyl N-oxide, oxazolyl N-
20 oxide, thiazolyl N-oxide, indolizinyl N-oxide, indazolyl N-
oxide, benzothiazolyl N-oxide, benzimidazolyl N-oxide,
pyrrolyl N-oxide, oxadiazolyl N-oxide, thiadiazolyl N-
oxide, triazolyl N-oxide, tetrazolyl N-oxide,
benzothiopyranyl S-oxide, benzothiopyranyl S,S-dioxide,

25 where the Ri-netercaryl droup is bonded to - (CHz)ni-
by any ring atom of the parent Ri.petercaryl group substituted by
hydrogen such that the new bond to the Ri_hetercaryl 9group replaces
the hydrogen atom and its bond, where heteroaryl is optionally
gubgstituted with one, two, three or four of:

30 (1) C1-Cs alkyl optionally substituted with one,
two or three substituents independently selected from the group
consisting of C;-C3 alkyl, -F, -Cl, -Br, -I, -OH, -8SH, -S(Cie
alkyl), -S(aryl-Ci.s alkyl), -S(heteroaryl-Ci.¢ alkyl), -S=0(Ci_¢
alkyl), =-S=O(aryl-C;.s alkyl), -8=0O(hetercaryl-C;.¢ alkyl), -

35 80,(Ci¢ alkyl), -S0,(aryl-Ci¢ alkyl), -SO,(heteroaryl-Ci.s alkyl),
-NRj-aRi.p, -C=N, -CF3, C;-C; alkoxy, Ci-Cz; alkoxy-(Ri-aryi), Ci-Cs

alkoxy— ( RJ.—heteroaryl )



20 oxide, thinaolyd/N398me, indolizinyl N-oxide, indazolyl N- oxide, benzothiazolyptiTousie;3besrzimidazolyl
N-oxide, pyrrolyl N-oxide, oxadiazolyl N- oxide thiadiazolyl N- oxide, triazolyl N- o&?dMAé’tr&Q@QII N-oxide,
benzothiopyranyl S-oxide, benz thlop -dioxide, 25 here the R1-heteroa %u%r(j ded to
-(CH2§nI- by any ring atom of th %))ar he?’ 3}:9( ro‘ﬁﬂ) bé?fflfteé)ﬁy %‘(f&ro e Such e hew

bond to theyRd iketanoayy g@ﬁl{stﬁp&aﬁe@dth&m&mgematpm twd itsdaond; nthese hetﬁmearytnaezpﬁenally
substituted with one, two, three or_four of:_30 C1-C6 aI tionally substituted with one, two_ar three
substituentsH& @ﬁé%%]ﬁﬁ);¥elegc‘?&c?ﬁ5ﬁldthef%r%[ﬂp ﬁ5| %Bgéﬂ%ﬁ =] (9¥1 rs-l’ I$cl

-S(C1-6 alkyh, -S(aryl-C1-6catkyl), -SthpterearyCl-6 almyw 0(os6aawl)e§g0(aryk<;196, alkyl)

-S= O(heteroaryl -C1-6 alkyl), 35 S02(C1-6 alkyl), -S02(aryl-C kyl), 802 eteroaryl-C1-

'NR1_aRI-b (REARTRE E1Ccs aﬁ&a&y]& C3TOKY @?P&]P%ﬂm Cé“éﬂ J?R?Iiléte %agg}f)¥ 8 WO
03/043987 RCHURAZAFHBIA 1L MAY 209615,(2) C2-Chalkenyl with gne+er Ywo doubl, bargs, -aptipnally

substituted with one, two or three substituents independently selected from the group consisting of -F,

-Cl, -Br, -|abqyl-)5H S(@1(baghoastalyt@is 6 akYL) 5 (hetePbaryt-EHs6 afkyhC:S=3 ¥CXY6 alkyl),
-S=0 (aryll\?é 6a %1.(() é Qq@ W)&Cl 6qlkylb Q%Z%@kg}@%qu SOZéarXI -C 6 alkyl),
6 alkyl), CF3

-902(heteroaryl C1-®%alkoxy, - NR-aRl b, CI-CFalkoxy: (R aryl) , C1-C3
alkoxy- (R1- heteroaryl) (3) C2 CB alkgmyFwithldnaarliwe iigle loovds O@pti@ﬂ@lly@k@%@te@%@ﬁone,

S ST A ot I o e oS
independently selected from the group consisting of -F, -C1,
-Br, -I, -OH, -SH, -S(Ci;.¢ alkyl), -S(aryl-C;.s alkyl), -
S (heteroaryl-C;.s alkyl), -8=0(Ci_¢ alkyl), -8=0O(aryl-Ci.s alkyl),
-8=0 (heteroaryl-Ci¢ alkyl), ~805(Cq¢ alkyl), -80; (aryl-Ci6
alkyl), -S0;(heterocaryl-C;.s alkyl), -C=N, -CF3;, C;-C; alkoxy, -

20 NR;-zRi-p, Ci1-C: alkoxy- (Ri-ary1) , Ci1-Ci alkoxy- (Ri-neteroaryl) :

(4 -F, -Cl, -Br and -I,

(5) -C1-Cs alkoxy optionally substituted with
one, two, or three -F,

(6) -NRy-2Ry-3,

25 (7) -OH,

(8) -C=N,

(9) C3-Cs; cycloalkyl, optionally substituted with
one, two or three substituents independently selected fxom the
group congisting of -F, -Cl, -Br, -I, -OH, -SH, -S(Ci.¢ alkyl), -

30 S(aryl-Ci-¢ alkyl), -S(heterocaryl-C;.¢ alkyl), -S=0(Ci¢ alkyl), -
S=0(aryl-Ci_¢ alkyl), ~-5=0 (heteroaryl-C;.¢ alkyl), -80,(Ci-¢
alkyl), -S0;(aryl-C;.¢ alkyl), -S0;(heterocaryl-C;.¢ alkyl), -C=N,
-CF3;, (C1-C3 alkoxy, -NR;.aRi-p, C1-Cz; alkoxy- (Ri-aryi) . Ci1-C3; alkoxy-
(Ri-hetercaryl) s

35 (10) -CO-(C1-C4 alkyl),

(11) -SO2-NRi-aRi.-p,



-S=0 (heteraeny30l4Bgikyl), -S02 (C1.6 alkyl), -SO2 (aryl-Cl_6 alkyl), -S02(het Bozkyl),
-C=-N, -CF3, C1-C3 alkoxy, - 20 NRI_aRlI-b, C1-C3 alkoxy- (R1-aryl) , CI-C3 alkoky-MR¥hé&daryl) (4) -F,
-Cl, -Br and -I, (5) -CI-C6 alkoxy,optjonally substituted with one, two, or three -F, (6) -NRN-2RN-3, 25 (7)
-OH, 18) -C=N, (9) C3-C7 cycloél%l, oﬁﬁjéﬁsza%étﬁﬂted with one, two or three substituents
independently selected from the igpup €e0sistiog-a,-F a2CkyBY, |, 1@t SHRS(Chrtoalkplh 30HEt
(aryl-C1_6 alkyl), -S (heteroaryl-C1_6 alkyl) , -S=0 (C1-6 alkyl) , - S=O(aryl-C1.6 alkyl .
-S=0(hetefG5YI-81-6- 81k E802 (E1het ! -§®(E&6Ecl?-¥él§|‘ﬁ§),%o%@ﬂ%m?@&@ﬁ)&-%haﬁ%ﬁb, RN,
-CF3, Cl-g3wayyn-NRI_aRI-b, CI-C3 alkoxy- (Ri-aryl) , C1-C3 alkoxy- (RI-heteroaryl) 35 (10)
-CO-(CI-Ca alkyl) (11) -S02-NR1-aRI-h, 9 WO 03/043987 PCT/US02/37037 17 MAY.200 5%‘%@
_CO-NRI-aRI-h, (13) -S02X¥h-c4 Sgtpnithitressroorsettat s s z&f, B-h8frdRSHis #i3PE6nded
to thegcarkamschain by, nirogen.« \e1(edtal -ARImhetReocyelehwheenelis as sigfisgd above 10 and
RI-heterocycle is selected_from the group consisting of: morpholinyl, thiomorpholinyl thiomog)hognyl
S-oxide, thiomorPREYPS Bidxide, E%ﬁ%@%ﬁ@ﬁﬁerazirﬁ%ﬁlﬁwam,wpolinyﬁ,' x1ae,
tetrahydropyranyk; pipstiginyhJetabydrafurangh detiaty drofhigthomeniperiditybglbkamermagphplinyl,

homothiomorpholinyl, homothiomorpholinyl _ . o
pyrrolidinyl, pyrrolinyl, tetrahydropyranyl, piperidinyl,

tetrahydrofuranyl, tetrahydrothienyl, homopiperidinyl,

15 homomorpholinyl, homothiomorpholinyl, homothiomorpholinyl
S,S-dioxide, oxazolidinonyl, dihydropyrazolyl,
dihydropyrrolyl dihydropyrazinyl dihydropyridinyl
dihydropyrimidinyl, dihydrofuryl, dihydropyranyl,

tetrahydrothienyl S-oxide, tetrahydrothienyl S,S-dioxide,

20 homothiomorpholinyl S-oxide,
where the Rj-heterocycle group 1is bonded by any atom of
the parent Rj-peterocycie group substituted by hydrogen such that
the new bond to the Ri-neterocycle group replaces the hydrogen atom
and its bond, where heterocycle is optionally substituted with

25 one, two, three or four:

(1) C1-Cs alkyl optionally substituted with
one, two or three substituents independently selected from the

group consisting of ¢;-C; alkyl, -F, -C1, -Br, -I, -OH, -SH, -

S(Ci.¢ alkyl), -S(aryl-C;s alkyl), -S(heterocaryl-C;.¢s alkyl), -
30 S=0(Cq1_¢ alkyl), -8=0(aryl-Cji.¢ alkyl), -5=0 (heteroaryl-C;_¢
alkyl), -S0,(Ci.¢ alkyl), =-S0x(aryl-Ci.s alkyl), -S0;(heterocaryl-

Cis alkyl), -NRi.aRi.p, -C=N, -CF3;, C;-C; alkoxy, Ci-C; alkoxy- (Ri-
aryl) » Ci1-Cs alkoxy- (Ri-netercaryl) »
(2) Cz-C¢ alkenyl with one or two double
35 bonds, optionally substituted with one, two or three
substituents independently selected from the group consisting of
-F, -Cl, -Br, -I, -OH, -SH, -8(Ci¢ alkyl), -S(aryl-Ci.s alkyl), -
10



S,S-dioxide, wramidigemyl, dihydropyrazolyl, dihydropyrrolyl dihydropyrazinyl diytinagaeraties
dihydropyrimidinyl, dihydrofuryl, dihydropyranyl, tetrahydrothienyl S-oxide, tetranly@idthie2(08, S-dioxide,

20 homothiomorpholinyl S-oxide, where the Ri-heterpgycle grqup.is bonded by any atom of_ the parent
Ri-he?erocéér%eg‘%ﬁﬁ g}:ﬁ%[ifu &f by ygr% én §}£—h8tﬁ§}’fhegri%{\xpjb2hd tc%?%%ﬁ%ertg]c’ﬁclg %Hr{c}ﬂié ’
replaces theshydihger atar-yanddis bondy Ve ¢ heteroseléds-eptionallyysubstituted Qvilla 25lor@,-two,
three or four: (1) C1-C6 alkyl optionally substituted with _one, two or three substituents independently

selected fromkiie) gronf CofRRERG OREY ICE alkyPEYE), -Br, 1°DH, -SH 2S(EL B aRyBYaryl-C1-6
alkyl), -S(hgteroaryl-C1-6 atkyl), 1 30, —O(ﬁ}ﬁmgllwl),C§_=@(aéxlk%;{§a[[§4)hé§§g£h§)tgroaryI-C1_6 alkyl),
-S02(C1-6 aIﬁyT), - (52(aryI-C1.6 alkyl), -S02(héteroaryl- C1-6 alkyl), -NRI_aRi-b, -C=N, -CF3, C1-C3
alkoxy, C1-C3 alkoxy- (RI- aryl) , Cl-C3(@Rox{=(Fe-heekyayl} | (PRER CcSRfkerRH withehe bF & Bouble
35 bppds, getignally substituted with, onesty.or thrge ubstitents inggaendently selegigd from the
group consisting of -F, -Cl, -Br, -1, -OH, -SH, -S(C1-6 alkyl), -S(aryl-C1-6 alkyl), 10 WO 03/043987
PCT/USOXSHeS7. t7enie 2006 s itasiohry| t9-6cakay, Bean(Ehe MEPURSSOREARELIRE M) |
-5=0 (hetergaryl-Cly 6 alkyl. 502 (C1. gealler), -502 @ryl-ChabAlly). -SObstereary-Glieptkyl). -C=N,
-CF3, C1-C3 alkoxy, - NR2_aRlI-b, C1-C3 alkoxy- (R1-aryl) , C1-C3 alkoxy- (R1-heteroaryl) , (3) C2-C6
alkynyl with Ohetorrwe iple Cioshombisydptionalf-SUisstituted With bne, tRoQF 8TEE - SubstiftbiRisl ) -
independently e group cansisting of -F, «Gl, /Br, -I, -  TS(CL.6cg]kyl) ~S{al-C1.6
alkyl), - S (hgefeérzlgr% ‘g{% y|),%-r‘s‘§o (%gficsé%%?yi), -s:g%rﬁ’éi.a %%}%?wy’ LA

15 alkyl), -S0;(heteroaryl-Ci.¢ alkyl), -C=N, -CF;, C;-C; alkoxy, -

NRi-aRi-p, cl_c3 alkoxy— (Rl—aryl) [ cl"'c3 alkOXY‘ (Rl—heteroaryl) [
(4) -F, -Cl, -Br and -I,
(5) -C1-Cs alkoxy optionally substituted

with one, two, or three -F,

20 (6) -NRy-2Ry-3,
(7) -OH,
(8) -C=N,
(9) C3-Cq cycloalkyl, optionally

substituted with one, two or three substituents selected £from
25 the group consisting of -F, -Cl, -Br, -I, -OH, -SH, -S(Cis
alkyl), -S(aryl-Ci.s alkyl), -S(heteroaryl-Ci.¢ alkyl), -S=0(Cis
alkyl), -8=0O(aryl-Ci;¢ alkyl), -S=O(heterocaryl-C;.¢ alkyl), -
80,(Ci¢ alkyl), -S0;(aryl-Ci¢ alkyl), -SO;(heterocaryl-Ci.¢ alkyl),
-C=N, -CF3, C;-Csz alkoxy, -NRj-gRi.p, Ci1-C; alkoxy- (Ri-ary1), Ci1-Cs
30 alkoxy- (Ri-netercaryl) s
(10) -CO-(Cy-Cs alkyl),
(11) -S02-NRi-aRi-b,
(12) -CO-NR;i.aRi-b,
(13) -S0,- (C1-Cs alkyl),
35 (14) =0, with the proviso that when n, is

Z€YrO Ri-nheterocycle 18 not bonded to the carbon chain by nitrogen;

11



-S=0 (heteroen3Bi4Bgdkyl), -S02 (CI_6 alkyl), -502 (aryl -CI-6 15 alkyl), -S02(hatemwesykGhs7alkyl),
-C=N, -CF3, C1-C3 alkoxy, - NR1_aRI_b, C1-C3 alkoxy- (Ri-aryl) , C1-C3 alkoxyl (RdAét2o0aryl) , (4) -F,
-Cl, -Br and -I, (5) -C1-C6_alkaxy optionally substituted with one, two, or three -F, 20 (6) -NRN_2RN_3,
(7) -OH, (8) -C=N, (9) C3-C7 ¢¥tcloalkyl, optionally substituted with one, two or three substituents
selected from 25 the gram¢onsstingRf--F,wGkxBr, -KrOH s-SHie S6Ct 8k ol (ath<1-Gathy), -S
(heteroaryl-C1-6 alkyl), -S=0 né%l f alkyl), -S=0O(aryl-C1.6 alkyl), -S=O(heteroaryl-Cl_6 alkyl), - SO02(CI|_6
alkyl), -S02(aryl-CPBHRYN- 2505 héteroaryl-C1-6 alkyl), -C=N, -CF3, C1-C3 alkoxy, -NR1_aR1_b, CI-C3
alkoxy- (Ri_aryl) , C1-C3 30 alkaxy- (Rb-heteroaryl) , 35 (10) -CO-(C1-C4 alkyl), (11) -S02-NRI_aRI_b,
(12) -CO-NRI_aRI_b, (13) -SOZ-l%CI-C4 alkyl) (14) =0, with the proviso that when nl is zero RI-heterocycle
is not bonded to the carbon chalPby nftfigen; 11 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 (V)

-H; ) RN_1-XN- whergXdlis selectedsfremithe geaurs onsisting oft Aj-Gm By +303 IOfwhere RN-1
is selected from the group consi(sz‘gjglg ﬁg-gfﬁf%aer%’!aw“ifﬁ'\""i‘%" ig ﬁgrel%l,, 1-&19?12:[8%%%&1 2
naphthyl, tetralinyl, indanyl, dihydronaphthyl or 6,7,8,9-
tetrahydro-5H~benzo [a] cycloheptenyl, optionally substituted with
one, two or three of the following substituents which can be the
15 same or different and are:

(1) C1-Cs alkyl, optionally substituted with
one, two or three substituents selected from the group
consisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -S(Cis
alkyl), -S(aryl-Ci.s alkyl), -S(heterocaryl-Ci.s alkyl), -S=0(Ci

20 alkyl), -8=0O(aryl-C;.¢ alkyl), -8=0(heterocaryl-C;s alkyl), -
S0, (Ci_¢ alkyl), -S0z(aryl-Ci.¢ alkyl), -80;(heteroaryl-C;¢ alkyl),
-C=N, -CF3, C1-C5 alkoxy, -NRi1.aR1.n, Cl"C3 alkoxy— (R1~ary1) ; C1-Cs

alkoxy- (Ri-netercaryl)
(2) -OH,
25 (3) -NO3,
(4) -F, -Cl, -Br, -I,

(5) -CO-OH,
() -C=N,
(7) - (CH2)0_4—CO—NRN_2RN_.3 where Ry-2 and RN_3

30 are the same or different and are selected from the group
consisting of:
(a) -H,
(b) -Cy1-Cg alkyl optionally
substituted with one substitutent selected from the group
35 consisting of:
(i) -OH,

(ii) -NHj,
12



naphthyl, tetvabrog/ousdanyl, dihydronaphthyl or 6,7,8,9- tetrahydro-5H-benzo[a]cyclohespesyd3pptionally
substituted with one, two or three of the following substituents which can be the 1i5MAMme8P@ifferent and
are: (1) C1-C6 alkyl, optionally substituted Witfz ne, two cg three substi ']I(Ie ts selected f{ggnlw 5@1% graup

S ry b4

consigting of C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, ‘8H, -S(G1.5° alkyl), -S aryPC1_6 alkyl) !

(heteroarykGhs® atkiyh eB=@ (Bl 20 akyh hiS=O(@apndahH abippSs@iheteyoaryi@t beaikyiroB02
(C1.6 alkyl), -S02(aryl-C1 6 alk%%, -SO2(heteroaryl-C1_6 alkyl), -C=N, -CF3, C1-C3 alkoxy,

-NRl_aRI_ﬁ, Cl- %’all&%@-’ (I@, yD?Cl-CB alkoxy- (R1-heteroaryl) , (2) -OH, 25 (3) -NO2, (4) -F, -Cl,

-Br, -1, (5) -CO-OH, (6) -C=N, (7) - (CH2) 0_4{Q®-NBN- 2RNy3 wheiéirN;2 and RN-3 30 are the same
or different and are selected from the group con iStil of: (a) -H, 3§®|—-|C(1-C6 alk%l Wg{ ubstituted
with one substitutent selected from the group consi tTrﬁf ot (-OH, &iﬁ_-ElH 2\ bh3087
PCT{4S02/37037 17 MAY 2006 5 10 (c) -C1-@6 alkylmpimnallyksubstituted with, oagitg-1hree groups
independently selected from -F, -Cl, -Br, and -, ,
(g) =-Cs-Cs alkenyl with one or two
double bonds,
(h) -C3-Cs¢ alkynyl with one or two
‘ triple bonds,
15 (i) -C1-C¢ hydrocarbyl chain with one
double bond and one triple bond,
(j ) 'Rl-aryll
(k) 'Rl—heteroarylr
+ (8) -(CHjz)0-4-CO-(C1-C12 alkyl),
20 (9) -(CHz)9-4-CO-(C3-Cy2 alkenyl with one, two
or three double bonds),
(10) - (CHz) 0_4‘-CO— (Cz"clg alkynyl with one,

two or three triple bonds),

(11) -(CHj)-4-CO-(C3-Cy cycloalkyl),
25 (12) -(CHz)0-4-CO~Ri_ary1,

(13) - (CHz) 0-4-CO-Ri -neteroaryl:

(14) - (CHz) 0-4-CO-Ri-heterocycle:

(15) - (CHy)(-4-CO-Ry.4 where Ry., 1s selected
from the group consisting of morpholinyl, thiomorpholinyl,
30 piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl §,S-dioxide,
pyrrolinyl and pyrrolidinyl where each group i1s optionally
gubstituted with one, two, three, or four of C;-C¢ alkyl,
(16) =-(CHj3)7-4-CO-0O-Ry.5 where Ry 1s selected
35 from the group consisting of:
(a) C1-C¢ alkyl,
(b) -(CHz) 0-2- (Ri-ary1) ,

13



(d) -C3-C7 cwabomslloyBas) -(C1-C2 alkyl) - (C3-C7 cycloalkyl) (f) -(C1-C6 alkyl)-Op
-C2-C6 alkenyl with one or two double bonds, (h) -C2-C6 alkynyl with one or twoh5M 6\!@9 bonds (i)
-C1-C6 hydrocarbyl chain with one double bo an e tri bon 1-ar k) R1-heterqaryl, (8)
- (CH2) 0-4-CO- (CI-C12 alkyl) (9) - (CH2) 0-4°€ b éz%éli'&%en)’l ({:n 6%5‘ I¥ or three é°oub?E o'
bonds), (1@buH2)KbAd)- (C2-C12 alkynyl with one, two or three triple bonds) (11) - (CH2) 0.4-CO-
(C3-C7 cycloalkyl), (12) - (CH2) 0_4-CO-R1-aryl, (13) -(CH eteroar 14) C
p_4-CO-R1-heterocycle, (15) - (CH2) 0-4-CO- 4%hgr6e R A’f&’ Iec?éagﬁ%ﬁ]ﬁtﬂél g? & l_l%&ﬁg of
morpholiny rthigneonpbaliy), 30 piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorph gyl 5,S-dioxide, pyrrolinyl and pyrrolidinyl where each
group is optionally substituted with one, two, tHfee B Fureh P%@%ﬁ l, (16) - (CH2) D_4-CO-O-RN_5
wheteRN-5 is selected 35 from the group consisting ofi(n) G1@6 alkyl. ) r)(CH2) 0-2- (R1-aryl) 13

(17) - (CHz) 0-4~SO2-NRy-2RN-3,
(18) - (CHz) 0-4-8S0-(C1-Cg alkyl),
(19) - (CHz) 0-4-S05-(C1-C12 alkyl),
(20) - (CHy) 9-4-802- (C3-C; cycloalkyl),
15 (21) -{(CHj) -2~N{H or Ryg.5 )-CO-0-Ry.; where Ry.

;s can be the same or different,
(22) -{(CHj) 4-4-N(H or Ry.g )~CO-N(Ry.5)2, where
each Ry.s is independently defined herein,
(23) - (CHj) ¢-4-N-CS-N(Ry.5)2, where each Ry.5 is
20 independently defined herein,

(2 CHz) 0-4-N(-H or Ry.s)-CO-Ry-2,

4) -
(25) - (CHz) g-4-NRy-2Ry-3,
(26) - (CHz) g-4-Ru-4,
(27) -(CHz) ¢-4-0-CO-(C1-Cs alkyl),
25 (28) -(CH3) 9-2a-0-P(0) - (ORy-1)2 WwWhere Ry.;1 is -H
or C;-C4 alkyl,
(29) CHz) 0-4-0-CO-N (Ry-5) 2,

- (
(30) -(CHz) ¢-4-0-CS-N(Ry-5) 2,
(31) - (CHz)0-2-0- (Ry-5) 2,
30 (32) -(CH
(33) -{CHz)0-4-S-( Ry-s5)2,
(34) - (CHz) ¢-4-0- (C1-Cs alkyl optionally

CHz) 9-4-O- ( Ry-s) 2-COOH,

substituted with one, two, three, four, or five of -F),
(35) C3-C; cycloalkyl,
35 (36) Cy-Cg alkenyl having one or two double
bonds and which is optionally substituted with C;-C; alkyl, -F,
-c1, -Br, -I, -OH, -SH, -S(Ci;¢ alkyl), -S(aryl-Cie alkyl), -

14



WO 03/043980 PS0HAIS02/37037 17 MAY 2006 5 double bonds, triple bonds, (@q@28R/atkenyl
containing one or two (d) C2-C6 alkynyl containing one or two (e) C3_C, cycloalkg/MEYY(8CQE&H2) 0-2-

(R1-heteroaryl) , (17) - (CH2) 0-4-S02-NRN-2RN-3, (18) - (C 4-SO-(C1-C8 alkyl) , (19)-(CH2)
0-4-562_ (EQ%E 5@%3,’5'("2 }-6(&3%3651\-‘50%(Qgﬁfcy%%@k%b 15 (51‘)%-1((?:?}’;‘) c)éir-N }o{r); g ’5)
-CO-0-RN-Subhere=RArScaplbecthe samd kiydifferent; £22) (ACH?2) G:ARyH por RNS0, DN (RAN-s) 2,
where each RN-S is independently defined herein, (23) - (CH2) 0_4-N-CS-N(RN-5) 2, where each RN-5
is 20 indepéka@ntly dafited REfRT 2AY L2 04 KVEH or RED)-COBN-2, Closie- @HH*Y . -
0-4-NRN-3R0-5¢/26) (HR).0-410:4 (10 (CHPI0 0 (B0 2l 25.30) (GH2) 0.4-0-P (0) -
(ORN-1) 2 where RN-1 is -H or C1-C4 alkyl, 30 35 (29) - (CH2) 0_4-0-CO-N (RN-5) 2, (30) - (CH2)
0_4-O-CS-N (RN-s) 2, (31) - (CH2) 0-4D7(RN5) 85 (P EYCHD) (VAT ( RRS) REOBKEP (3HLRER2)
0%l Ribshas A Ceiie - £l SRIATEAl BURUiEtiyh, onss trociree. S, orve of

-OH, -8H, -S(Ci¢ alkyl), -S(aryl-C;.s alkyl), -S(heteroaryl-Ci
alkyl), -8=0(Ci.¢ alkyl), -8=0(aryl-Ci.¢ alkyl), -S=0(heterocaryl-
Ci-5 alkyl) ’ -50, (C1_5 alkyl) 7 -50, (aryl—C‘l_G alkyl) ’ -

S0, (heteroaryl-C;¢ alkyl), =-C=N, -CF;, C;-C; alkoxy, -NRi.aRi-p,

15 C3-C; alkoxy- (Ri-aryi) ;» Ci1-Cs alkoxy- (Ri-heteroaryl) s

(38) - (CH3z) 9-2-N(~H or Ry.5)-S0;-Ry.3, OT
(39) -(CHj)g-4- C3-C; cycloalkyl,
(B) -Ry-hetercaryl Where Ry netercaryl Carries the same
definition as Ri-netercaryl, wWhere the Ry nhetercaryns group is bonded by

20 any atom of the parent Ry-nhetercaryr group substituted by hydrogen
such that the new bond to the Ry netercaryl group replaces the
hydrogen atom and its bond, where heterocaryl 1s optionally
substituted with one, two, three, or four groups independently
selected from:

25 (1) C1-C¢ alkyl, optionally substituted with
one, two or three substituente selected £from the group
congisting of C;-C3; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -S(Cig
alkyl), -S(aryl-C;¢ alkyl), -S(heterocaryl-Ci.s¢ alkyl), -S=0(Ci
alkyl), -S=0O(aryl-Ci¢ alkyl), -S=O(hetercaryl-C;.s alkyl), -

30 S0,(C1.6 alkyl), =-S0,(aryl-Ci.¢ alkyl), -S0;(hetercaryl-Ci¢ alkyl),
-C=N, -CF3;, C;-Cz; alkoxy, and -NRi-zRi.p, C1-C; alkoxy- (Ri-ary1), Ci-

C; alkoxy- (Rl—heteroaryl) ’

(2) —OHI
(3) —NOZI
35 (4) -, -Cl, -Br, -I,

(5) -CO-0OH,

15



(35) C3-C7 ayooalkydeg36) C2-C6 alkenyl having one or two double bonds and réiziiss2egmienally
substituted with C1-C3 alkyl, -F, -ClI, -Br, -1, -OH, -SH, -S(C1-6 alkyl), -S(aryl-C1-&/dikly, 2D08VO
03/043987 PCT/US02/37037 17 MAY 2006 5 S(heteroaryl-C1-6 alkyl), -S=0O(C1-6 alkyl), -S=O(aryl-Cl_6
alkyl? -S=O(heteroaryl-C1-6 alkyl), -Sb@kCI—? kyl), -S02(aryl-C1-6 alkyl), -S02(heteroaryl-C1-6 alkyl),
-C=N, -CF3, C1-C3 alkoxy, - NRI_aRI-b; CI-C3alkoxy- (R3-afl)_,&1:C3 alkoxy- (R1-heteroaryl) , (37)
C2-C6 alkynyl with one or two triple 10 bonds optionally substituted with C1-C3 alkyl, -F, -Cl, -Br, -I, -OH,
-SH, -S (C1-6 alkyl) , -S (aryl-CI6 aliB#)axss(Retroaryl-C1-6 alkyl), -S=O(C1-6 alkyl), -S=O(aryl-C1-6
alkyl), -S=O(heteroaryl- C1_6 alky}), z502 é%ﬁRa[l%Qekégfg (aryl-C1-6 alkyl), - SO2(heteroaryl-C1-6
alkyl), -C=N, -CF3, C1-C3 alkoxy, -NR1-, ﬁb 15C1-C3 4 koxy- (R1-aryl) , CI-C3 alkoxy-
(R1-heteroaryl) , (38) -(CH2)0-4RI\-H Ryy-Rix- S 8@ FRiNo 2y 08 (3OYHEFR) Rut-083:87wyclddkyL 18)
-RN;jheteroaryl where Rglé!&%erggr)@c_%gtig% (Ehc(:-Z__‘L Same definition as RI-heteroaryl, where the
RN-heteroaryl group is bonded by 20 any atom of the parent RN-heteroaryl group substituted by
hydrogen such that the new boh@)toRhenRbbheterdtriingraup replaces the hydrogen atom and its bond,
where heteroaryl is optionally syﬁa;ti%&_&d é/vith oqgwt\_/\fgﬁ_th(:ee, grlfour groups independently selected
from: 25 (1) C1-C6 alkyl, optionally substiuted with one, two of three substituents selected from the
group consisting of C1-C3 alkyKEF, FalnBéyodryOM, Bl et3¢&l<Be alkyl), -S (aryl-Cl-6 alkyl), -S
(heteroaryl-C1-6 alkyl), -S=0 (C( ¢ ILL%I), -S:O(a_rw-%l-G alkyl), -S=O(heteroaryl-C1-6 alkyl), 30

S02(C1-6 alkyl), -S02(aryl-C1-6 alkyl), -80S R&t& baryl-C 128 Hikyl), -C=N, -CF3, C1-C3 alkoxy, and

-NR]-ER'-b, C1-C3 alkoxy- (Rl-a"Sﬂ) , Eﬂl——heterocycle“W‘RN—heteroaryl r
(K) Ry-heterocycle™ W-Ry-neterocycile: and
where W is

- (CHz) 9-2-,
20 (

-CO-;
(VII) - (CRe-xRe-y) 0-4~Rc-aryi where Rc-x and Re.y are
-H,
25 C.-Cs alkyl optionally substituted with omne or
two -OH,
C.:-Cs alkoxy optionally substituted with one,
two, or three of
-F,
30 - (CHjy) 9-4-C3-Cy7 cycleoalkyl,
C,-Cs alkenyl containing one or two double bonds,
C,-Cs alkynyl containing one or two triple bonds,
phenyl,
and where Re.xy and Re.y are taken together with the carbon to
35 which they are attached to form a carbocycle of three, four,
five, six and seven carbon atoms, optionally where one carbon

atom 1is replaced by a heterocatom selected from the group

16



C3 alkoxy- (Rlenetmasasyl) , (2) -OH, (3) -NO2, 35 (4) -F, -ClI, -Br, -1, (5) -CO-OHeA B V¥@Q/83/0743987
PCT/US02/37037 17 MAY 2006 5 (6) -C=N, (7) - (CH2) 0-4-CO-NRN-2RN-3, (GYRAanAORBRN-aryl,
(D) RN-aryl-W-RN-heteroaryl, (E') RN-aryl-W-RN-heterogycle, wher -heterocycle.is the 10 same as
Ri-he%eroc?/‘afésffksﬁf’\ﬁ’ﬁeté)rgaryﬂw - RN-aryf, F\l—-heté}%%?ﬁ-_mﬁﬂ%l?&éféhry},gR et&toaryl-W -
RN-heterogyclg,, RN-heterocycle - W - RN-aryl , RN-heterocycle- W - RN-heteroaryl, RN-heterocycle -

W - RN-heterocycle , and where W is (1) -SCH )0-4-, 20 25 30 (2) -0-, (3) -S(0)0-2-, (4) -N (RN-5) (5
-CO-; or (VII) - (CRc-ch-yfé-ﬁRé-gﬂ% 2kt£><‘1§ﬁ(fga;_’ S_(f'é?fY_JH"( )-50) )N ) ©)

(IX) - (CRc-xRc-y) 0-a-Re-aryl~Re-heterocaryls
(X) = (CRe-xRe-y) 0-4~Re-hetercaryl=Re-aryl
10 (XI) - (CRg-xRc-y) 0-4~Re-heteroaryl ™ Re-neteroaryl
(XIT) - (CRe-xRe-y) 0-4-Re-aryl~Re-heterocycle a@nd Re-neterocycle 18
the same as Ry-heterocycle,
(XITI) - (CRe-xRe-y) 0-4=Reo-heteroaryl™Re-heterocycles
(XIV) - (CRg-xRc-y) 0-4~Re-heterocycle~Re-aryls
15 (XV) = (CRe-xRe-y) 0-4=Re-heterocycle ~Re-hetercaryl s
(XVI) - (CRc-xRe-y) 0-2-Re-heterocycie~Re-neterocycle s
(XVII) -[C(Re-1) (Re-2) 11-3-CO-N-(Rc-3) 2 where Rc.i and Re-z
are the same or different and are selected from the group
consisting of:
20 () -H,

(B) -C.-Cg¢ alkyl, optionally substituted with
one, two or three substituents selected from the group
consisting of ;-Cs; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -S(Cis
alkyl), -S(aryl-Ci¢ alkyl), -S(heterocaxryl-C;. alkyl), -S=0(Ci-g

25 alkyl), -8=0(aryl-Cis alkyl), -S=0(hetercaryl-Ci.s alkyl), -
S0,(Ci_¢ alkyl), -803(aryl-Cis alkyl), -8S0,(heterocaryl-Ci.¢ alkyl),
-C=N, -CF;, C.-C¢ alkoxy, -O-phenyl, -NRj-aRi.p, Ci1-C; alkoxy- (Ri-
aryl) ; C1-Cz alkoxy- (Ri-netercaryl) s

(C) C,;-C¢ alkenyl with one or two double bonds,

30 optionally substituted with one, two or three substituents
selected from the group consisting of C¢;-C; alkyl, -F, -Cl, -Br,
-I, -OH, -SH, -S(Ci.¢ alkyl), -S(aryl-Ci-¢ alkyl), -S(heterocaryl-
Cig alkyl), -S5=0(C1_¢ alkyl), -8=0 (aryl-Ci_¢ alkyl), -
8=0 (heterocaryl-C;._¢ alkyl), -505 (Cy-6 alkyl), -S0z (aryl-Ci6

35 alkyl), -8S0;(heteroaryl-C;.¢ alkyl), -C=N, -CF;, C:-Cs alkoxy, -0-

phenyl, -NRi  Ri.p, C1-Cj alkoxy- (Rl-aryl) , C1-C; alkoxy- (Rl—heteroaryl) ’

17



C1-C4 alkyl wmiosradiyesubstituted with one or two -OH, C1-C4 alkoxy optionally sdistiti®aath one, two,
or three of -F, - (CH2) 0-4-C3-C7 cycloalkyl, C2-C6 alkenyl containing one or twd dMbé Zoels, C2-C6
alkynyl containing one or two triple bonds, phenyl, and where Rc-x and Rc:y are taken together with the
carbon to 35 which they are attg]gePwed to fbr(lp%%? arbocycle’of thrée, ?g'lﬂ‘,a'§\]/¥ ,?lex and gé)vgelnocﬁ?bi\gﬁ’
atoms, optieaty Wwhere dnevearhoroégm isweplased hyrehketerabioni seleated froni thetgesdupfifioW/O
03/043987 PCT/US02/37037 17 MAY 2006 5 consig{;}r gf -0-, -5-, SQ2, -NRN_2- and B&?ryl _i%ipe
same as RREarJiF A 5 0MFLIERRAREL)) 0-25RcE rgy canfi /(I -'(CR%S(‘RC-}%’ ’ g
0-4-Rc-aryidResheteraans:1 (X) - (ERENRC ) Q-4sRe:peteroard-Beant6dyy (CRCXRORYL) , -
0-4-RC-heteroziell-Rc-heteroaril, (XI) - &Cic-x)ac-a() o-4-Rc-$<3;-Rc-hete_rog c&aegd Rc-hetfr_octj;ycle is
the same 55 RN=hetero@HE/ XIH1) - (CRTNREY) T2-Rc-h&fdah)i-Rc-hetbrcyife SBagf Y L -Ci-e
(CREoXRGry kG- Re-heteroeycle-Raramyh (XV)-{ERGRCy) Q-4Rahatprocyae,; Rehetesaryll (XVI)
- (CRC-XRC-y) 0-4-Rc-heterocycle- Rc-heterocycle , (XVII) - [C (Rc_1) (Rc-2) 11-3-CO-N- (RC-3) 2 where
Rc-:L and RGs2 at&kink) saneCalifferefit andaré seteerfiom tHe-Gragp Ydonsistig-eRi2e/(AFaHCs

alkoxy- (Ri—ary1) , C1-Cs alkoxy- (Ri-netercaryl) ,
(E) -(Cy-Cy alkyl) -Rer-aryy  where Reamyy 18 as
defined for Ri_aryi,
15 (F) -(C1-Cs alkyl) -Re-neteroaryl,
(@) -(C1-Cq alkyl) -Re-neterocycles
(H) -Rc-heteroaryls
(I) -Re-heterocycle, and
(J) -Rer-aryl,
20 and where Rec.; is the same or different and is:
(A) -H,
(B) -Ci1-Cs alkyl optionally substituted with one,

two or three substituents selected from the group consisting of

¢.-C; alkyl, -F, -Cl1, -Br, -I, -OH, -SH, -S(Ci.¢ alkyl), -S(aryl-
25 Ci.¢ alkyl), -S (heterocaryl-Ci.s alkyl), -8=0(Cy.¢ alkyl), -
S=0(aryl-Ci-¢ alkyl), -8=0 (heterocaryl-C;_¢ alkyl), -80,3(Ch.g

alkyl), -S0;(aryl-C;.¢ alkyl), -SO;(heterocaryl-C;.¢ alkyl), -C=N,
-CF3;, C1-C¢ alkoxy, -O-phenyl, and -NRj-aRi-p, Ci-C3 alkoxy- (Ri-
aryl) + C1-Cs alkoxy- (Ri-neteroaryl) s
30 (C) -(CHz)-4-C3-Cy cycloalkyl,
(D) - (C1-Cs alkyl) -Rci-aryl,
(E) -(Cy-C4 alkyl) -Rc-netercaryls, OF
(F) -(C1-C4 alkyl) -Rec-heterocyclei
(XVIII) - (CH3) o—Q- (CHz) p-B, where o} and p are
35 independently integers of 1-4, Q is O, S, SO, SOz, NR;, and B is
Ci1-6 alkyl, aryl, heteroaryl, or heterocycle;

(XIX) —O—Rg, —S—R_g, '—NH"RQ, or N(Rg)z,‘
18



(B) -C1-C6 aNwlompisasally substituted with one, two or three substituents selectadifiswetbmgroup
consisting of C1-C3 alkyl, -F, -Cl, -Br, -1, -OH, -SH, -S(C1_6 alkyl), -S (aryl-C1.6 hikiyN Y2006
(heteroaryl-C1-6 alkyl), -S=0 (C1-6 25 alk %), -§:O(aryl-CI-6 alkyl), -S=0O(heteroaryl-C1.6 alkyl), -
502(E1-6 alkyl), -502(aryF&1-6 alkyl),?QSv Heterdaryl-C1-6 alkyl), -C=N, -CF3, CI-C6 alkoxy, -O-phenyl,
-NRI_aRI_b, C1-C3 alkoxyxR1_ aryl),&ECBxalkaxy- (Ri_heteroaryl) , (C) C2-C6 alkenyl with one or
two double bonds, 30 optionally substituted with one, two or three substituents selected from the group
consisting of C1-C3 alky XEI l, -Br, “IN%H) éﬁ?—S’F@l.G alkyl), -S (aryl-C1_6 alkyl), -S (heteroaryl-
Cl.6 alkyl), -S=0 (C1_6 atkyL 3570 (and-Glcd mlIkg)) - B8O(heteroaryl-Cl-6 alkyl), -SO2 (C1.6 alkyl), -502
(aryl-C1_6 35 alkyl), -S02(heteroaryl-C1_6 alkyl), -C=N, -CF3, C1-C6 alkoxy, -0- phenyl, -NR,_aR1 b,
C1-C3 alkoxy- (Rl-aryl) ,é‘ﬁé@alkoxy-‘@ﬂﬁé?’o‘éﬁﬁ?? TRWO 031043087 PCTIUS0A7037 17 MAY
2006 & (D) - (CH2) 0-4-Cgev)cycloalkyl: optiomally Sdstiteied with one, two or three substituents
selected from the group consisting of C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH, -5 (C1-6 alkyl) , -S (aryl-C1-6
alkyl) , -S (heteroaryl-CL{&XMID , - S=03+84alkyl) , -S=0 (aryl-CI-6 alkyl) , -S=O (heteroaryl-Cl-6 10
alkyl) , -SQREESalkY]) -B92@eHGES adley)H -2R2(heterpanyl ke 1-6catd by -6HBsE1fralkoxy,
-0-phenyl, -NRI-aRl-b, CI-C3 alkoxy- (R,-aryl) , CI-C3 alkoxy- (]El’-heteroar I)éE) - (CI-C4 alkyl) -Rc,-aryl
where Rc' Wil £5%1efiRed-foF RS -HYICTE FF) - HE R - c-ﬁ&ér%%%/ﬂ (GF O 1-6% alkftz -
-Rc-heterocycle, ¢Hl) - Reheteyparylz;

15 wherein Ry is defined as (I)-(XVIII) above
and wherein R, 1s is C; to Cs alkyl , cyclohexyl, cyclopentyl,
pyridinyl, phenyl, isoxazole, pyrazole, furan, thiophene, and
other five and six membered heterocycles containing carbon,
nitrogen, oxygen and sulfur, gsaid C; to Cs alkyl, cyclohexyl,

20 cyclopentyl, pyridinyl, phenyl, furan, thiophene may be
optionally substituted with one, two or three radicals selected
from CF;, OCF3, hydroxyl, halo, C;.,-alkyl, Ci;-haloalkyl, cyano,
carboxyl, Ci-z-alkoxycarbonyl, Ci-z-hydroxyalkyl, thioalkyl,'
aminosulfonyl, Ciz-alkylaminosulfonyl, methyl Ciz-haloalkoxy,

25 amino, Ci.p-alkylamino, phenylamino, nitro, C;.p-alkoxy-Cip-alkyl,
Cip-alkylsulfinyl, C;s-alkoxy and C;_z-alkylthio.

In another aspect of the invention, at least one of R, Rz
or R; is H; in a further embodiment, at least two of Ri, Ry or Rj
ig H.

30 The invention also includes a method of treating a patient
who has, or in preventing a patient from getting, a disease or
condition selected from the group consisting of Alzheimer's
disease, for helping prevent or delay the onset of Alzheimer's
disease, for treating patients with mild cognitive impairment

35 (MCI) and preventing or delaying the onset of Alzheimer's
disease in those who would progress from MCI to AD, for treating
Down’s syndrome, for treating humans who have Hereditary
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(I) -RC-hetemwoyasan4asgt (J) - Rc' -aryl, 20 and where Rc-3 is the same or differeptanso2:31¢87-H, (B)
-CI-C6 alkyl optionally substituted with one, two or three substltuents selected frérh M@ﬁl%ﬁ@ﬁconsstlng

of Cl C3a F, -Cl -OH, -SH, -S ( hete aryl -Cl-6 alkyl)
,-5=0(CI- %%i’lyﬁ?)r alsH(?(‘EﬁfPéla@%m%t%z%ﬂ@t %gﬁﬁlé IkyF)le %E@ﬁe Ry, - 85(ary| C1-6
alkyl), -SOR¢heseroary-€drenikyl), &nﬂoi@z%x@:l@@a&(byy aficphenglyand 1N§133R1 -b, C1-C3 alkoxy-

(RL_ aryl) , CI-C3 alkoxy- (RI-heteroar 30 C) 04c _C7 cycloalkyl, ( I-C4 alkyl
-Rc, aryly LBk %ﬁlaa ﬁ%ﬁg%% vl, & falﬂﬁés ﬁ@%é%%%%& et ?%9#0 (CHaZ)())/)

Q-(CH2)piEsmdiers Oornsl, p degr SEﬂQ@mamgleaﬁylé&egﬁge@ﬁéﬁaﬁﬁé) S 5025 NR1, and B is
C1-6 alkyl, aryl, heteroaﬁ/l or heterocycle; (Xi“%io R9, -S-R9, -N %F?@ r N(R9 2; 18 WO, 03/043987
PCT/US02/B743 A HaMAT SIb6 S BB OB 145 -48S ?rc@%go R&AFS O?B)%‘(lé)lﬁg (XXIIN)

-C (£6) N (RO £X %Y 0302 BeNEH{ROPRKIAEEKV -G (FRENLRBHEN2RDa(XXVI) -S02-R9;
wherein R6 is defined as H or C1-C6 alkyl optionally substituted Wlth ane to three roups independently

selected fRFTITHE MG Wi BCPIRPLRRSE S FHETERPRE 1S ARy e 1)-CaART A6 e

associated with cortical basal degeneration, or diffuse Lewy

body type of Alzheimer's disease and who is in need of such

treatment which includes administration of a therapeutically
15 effective amount of a compound of formula I.

In an embodiment, this method of treatment can be used
where the disease is Alzheimer's disease.

In an embodiment, this method of treatment can help prevent
or delay the onset of Alzheimer's disease.

20 In an embodiment, this method of treatment can be used
where the disease is mild cognitive impairment.

In an embodiment, this method of treatment can be used
where the disease is Down'’s syndrome.

In an embodiment, this method of treatment can be used

25 where the disease is Hereditary Cerebral Hemorrhage with
Amyloidosis of the Dutch-Type.

In an embodiment, this method of treatment can be used
where the disease is cerebral amyloid angiopathy.

In an embodiment, this method of treatment can be used

30 where the disease is degenerative dementias.

In an embodiment, this method of treatment can be used
where the disease is diffuse Lewy body type of Alzheimer's
disease.

In an embodiment, this method of treatment can treat an

35 existing disease, such as those listed above.

In an embodiment, this method of treatment can prevent a

disease, such as those listed above, from developing.
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ar_ld whereinviA2 03/083347to C6 alkyl , cyclohexyl, cyclopentyl, pyridinyl, phenyl, i®gEDSke/3798azole, furan,
thiophene, and other five and six membered heterocycles containing carbon, nikédéA,YoxP§én and

sulfur, said C1 to C6 alkyl, cyclohexyl, 20 cyclopentyl, pyridinyl, phenyl, furan, thiophene may be
optionally substitttedWitiFBRE! &)B%??m&ﬁéﬁ?&%@é?ﬁxé’? ch%n? ?:‘é%eB ﬁf%yg@gﬁﬁam,
Cl__2-a|k|%ﬂhgl%a?§aleal&ﬂmyar@ff@dﬂw<wé Gln2watkoxycarbonylo€a 12 dgrioxyalkyk ticalkyirom
aminosulfonyl, C1.2-alkylaminosulfonyl, methyl C1_2-haloalkox amino, C1.2- min .
phenylamWBﬁro? pli_rﬁ IM-@?Z-%%,tCEZQnglsﬁﬁﬁﬁegféiﬁkg)%dé%d (%21- -g?kﬁﬁzgaﬁ"n’another
aspect'ofﬁ&flntgg&t@%@g@aﬁ ene-0fiRtuiR2 orifd isshizinalfurthetembbdinweht, at least two of R1, R2
or R3 is H. 30 The inventjon also includes a method of treating a Bptient 0 has or%ré;f)([ﬁslfnting a

patient froMifafting -4 AlkctaBe bF WBnakcH sefbcted RomRnE Groth cdW(<IRY of AEHeThers Hisease,
fOf ﬁ@'pin%B?)EgY%négfod%@y H@yqnsﬁbﬁgagﬁ@ir@ﬂfﬁiﬂﬁéasatfﬁ)bmem patieheswith fdldncognitive
impairment and preventing or delaying the onset of Alzheimer's disease in those whq would
progress ROAMICPIoPABSOR & 8afiy s g&ndﬁlgﬁ%‘?%fr tr%%ﬁnejﬂﬁﬁn%ﬁi vﬂ%ﬁ%%gl%%ftgﬁl/ 19

WO 03/043984 PGS 08/37 034 / Lk YA 2006 biCerebranbigmgrhagemithedmybidosis of the

Dutch-Type, for treating cerebral amyloid angiopathy and preventing its potential consequences, i.e.

single anPRIBL R AUBBAL FBMbRARgEL IV trlatd thEPd G atR &% Fkntias, including dementias

of mixed vascular gng degaiisyativesenigin 13 dementid aseicialed wMhidrarkingon sdisbage, dementia
associated with progressive supranuclear palsy, dementia associated with cortical basal ,delglgegeration, or

diffise LelpeBodeyhé o7 Alznetd@chddss SRRMRS is intleddidtcRdministration from
about 1 mg/day to about 100 mg/day; and for parenteral

administration from about 5 to about 50 mg daily.

In an embodiment, this method of treatment can employ

therapeutically effective amounts for oral administration from
20 about 5 mg/day to about 50 mg/day.

The invention also includes a pharmaceutical composition
which includes a compound of formula I or a pharmaceutically
acceptable salt or ester thereof; and an inert diluent or edible
carrier.

25 The invention also includes the use of a compound of
formula I or a pharmaceutically acceptable salt or ester thereof
for the manufacture of a medicament for use in treating a
patient who has, or in preventing a patient from getting, a
disease or condition selected from the group consisting of

30 Alzheimer's disease, for helping prevent or delay the onset of
Alzheimer's disease, for treating patients with mild cognitive
impairment (MCI) and preventing or delaying the onset of
Alzheimer's disease in those who would progress from MCI to AD,
for treating Down’s syndrome, for treating humans who have

35 Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-
Type, for treating cerebral amyloid angiopathy and preventing
its potential consequences, i.e. single and recurrent lobar
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treatment wivwah aswolsdes administration of a therapeutically 15 effective amount p€&/vsmpoowsw of formula

l. In an embodiment, this method of treatment can be used where the disease isIXI8ih@P9@lisease. In

an embodiment, thjs methodg)f treatment can helrl)lgrev(gnt or delai( the oaset of Alzheimer's disease. 20
i eme

In an 2mbBAMENTE 1R FReth68 bf treSftertEal petse dise

SRR e disease 1S mi ﬁac%gnitive impairment.
In an embadiatiend ihis rdethed oi keawfenttae dewsedulvheresthd disspsees Boiwes syntpime. In an
embodiment, this method of treatment can be used . 25 where the disease ig Hereditary Cerebral

HemorrhaGE MR AR RFESER 61RE DR THFE Th AR BnSofimERF s nYStRSd of freatment can be
used whergstheddisease iw tetebpal@amydeid angiopathystual embodihent, thikemetiadsof treatment can

be used 30 where the disease is degenerative dementias. In an embodiment, this method af treatment
can be us&f Sitfeté di@é%i'é i%%#ﬁfs‘é%evﬁfﬁégyt Eg%?ﬁﬁ%e'éilrﬁélr's gi%%égg.elniaen@m 6ditent, this
methed of tregtmertt canArest aar3s edistrg diseasr] suab asshdse listediabdveswialan embodiment, this

method of treatment can prevent a disease, such as those listed above, from developing. 20 WO
03/043987-FETRFSHHI37037 17 MAY 2006 5 In an embodiment, this method of treatment can employ

therapeutically effegtive ameueig: fes.eesl aghigistigtiorsiforn abewdahagidayriorahous 3,000, can
preferably about 1,000 mg/day; for Earenteral, sublingual, intranasal, intrathecal administration from

about 0.5 BBIHR 56 R/ HAF TrefehbIy 16 8BE6: 10D MYRIAT AT tefo AuMfMmSHation and implants

from In an embodiment, this use of a compound of formula (I) can

15 help prevent or delay the onset of Alzheimer's disease.

In an embodiment, this use of a compound of formula (I) can
be employed where the disease is mild cognitive impairment.

In an embodiment, this use of a compound of formula (I) can
be employed where the disease is Down'’s syndrome.

20 In an embodiment, this use of a compound of formula (I) can
be employed where the disease is Hereditary Cerebral Hemorrhage
with Amyloidosis of the Dutch-Type.

In an embodiment, this use of a compound of formula (I) can
be employed where the disease is cerebral amyloid angiopathy.

25 In an embodiment, this use of a compound of formula (I) can
be employed where the disease is degenerative dementias.

In an embodiment, this use of a compound of formula (I) can
be employed where the disease is diffuse Lewy body type of
Alzheimer's disease.

30 In an embodiment, this use of a compound of formula (I)
employs a pharmaceutically acceptable salt selected from the
group consisting of salts of the following acids hydrochloric,
hydrobromic, hydroiodic, nitric, sulfuric, phosphoric, citric,
methanesulfonic, CH;- (CH;),-COOH where n is 0 thru 4, HOOC-

35 (CH,) n-COOH where n is as defined above, HOOC-CH=CH-COOH, and
phenyl-COCH.
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about 0.5 myvdeystesadsout 50 mg/day; for topical administration from about 0.5 Ppgidagoassatrut 200
mg/day; for rectal administration from about 0.5 mg to about 500 mg. In an embadifdént, 288Emethod of

treatment can employ 15 therapeutically effective amounts; for oral administratian from about 1 mg/day
to alfout 100 mglds: ARy FOHPHrEN B adinistaGsh 7S t)?)[:g ajb%% E&qfnlgngai%? iran

embodimgat this methed-efieatinentean enpiayi therapeiltisaly efeciieanyduntsl famealursor
administration from 20 about 5 mg/day to about 50 m /gﬁy. The invention also jcncludeslg t%aggwaceutical
compositPROKAER itdGdes a tBmPobfid GF fPMua SrarffacBuficdiy REceptle S5l 37 Sster

thereof; apd aniges difuentansdiie cesier: B2 Theinegdioamisoinaludes iheotiseef, a eampouiad of
formula | or a pharmaceutically acceptable salt or ester thereof for the gl\anufigur of a medicament for

use in eSO 8 SHRRALREFRE o FBverRRG AP Tatht FoPgetild S Hease B condition selected

fromghe grauRKoRIisingRiRR.Alzhsiness disgasei Borhelning prevedtor (deldy the) orsetaf Alzheimer's
disease, for treating patients with mild cognitive impairment (MCl) and preventing ot delaying the onset of
Alzheimefsdisead®mn thBdd RibRsuIE BrofESHGhINe! R)EAB??@r't?éf&fi]r@l%\ﬁﬁ@%}ﬁd & for

treating hymans whohaye R Hereditary-GetebralHaraorehage with AsudeidosinatthecRutthedype, for
treating cerebral amyloid angiopathy and preventing its potential consequences, i.e. single and recurrent

lobar 21 WY 6302308 RCTUSERIRIFA 1YMARS 00635 Remorrh&§ss, Torithedfg Rl degenerative
dementias,, inclyging.damentias,of¢mixgd ¥aseulananddegancralive, Oright cdemeatia assactated with
Parkinson's disease, dementia associated with progressive supranuclear palsy, dementia
15 a compound of formula I or a pharmaceutically acceptable salt or
ester thereof.

The invention also includes a method for inhibiting beta-
secretase activity, including exposing said beta-secretase to an
effective inhibitory amount of a compound of formula T

20 or a pharmaceutically acceptable salt or ester thereof.

In an embodiment, this method includes exposing said beta-
secretase to said compound in vitro.

In an embodiment, this method includes exposing said beta-
secretase to said compound in a cell.

25 In an embodiment, this method includes exposing said beta-
secretase to said compound in a cell in an animal.

In an embodiment, this method includes exposing said beta-
secretase to said compound in a human.

The invention also includes a method for inhibiting

30 cleavage of amyloid precursor protein (APP), in a reaction
mixture, at a site between Met596 and Asp597, numbered for the
APP-695 amino acid isotype; or at a corresponding site of an
isotype or mutant thereof, including exposing said reaction
mixture to an effective inhibitory amount of a compound of

35 formula I or a pharmaceutically acceptable salt or ester

thereof.
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associated witb esynisagbasal degeneration, diffuse Lewy body 10 type of AlzheimeTa/siesasgrand who is
in need of such treatment. In an embodiment, this use of a compound of formulal{))\M&Y Bemployed
where the disease is Alzheimer's disease. In_.ap embo iggnt, this use of aéﬁt)mpound of formula (I) can

15 help prevent ordel & tHETGIREE BERE heiliErS HS IFER SRR dfin &t tIEESe Sf-& Edmpound of
formula (1) par veecemployes wherrithesgdisease isuniskeaghitiermpasnrept 10 5o enbedipent, this use

of a compound of formula (I) can be employed where the disease is Down's Sﬁndrome., 20 In an

embodimefSHCEEe ¥k cSihofRdt ofPmEIE () BB ISP WhEr didehstSS HeP&itary

Cerebral Hpmepbage witls Amyigidosis pbidre Ritchlypaptin-agpempaditiast, thisteseiefra;compound of
formula (I) can be employed where the disease is cerebral am)%%id angiopathy. 25 In an embodiment,
t

this use of RLBHRBENGSformuRLd) ASP BerRbloy B8 Witk theldisinrdtis ielfBhartiod defentias. In

an empodingntythis, use @k a cogIRIUAL 9 formuia heam e employed where thecdisaase.is diffuse
Lewy body type of Alzheimer's disease. 30 In an embodiment, this use of a compound of formula (1)

employs a pharmadaufal§ReepaBR saltLblectBf FoRTHRXBRIPTIPRiktng DR SLHEOBF M ¥5iking
acids hydroghlogig+ Rydrobromic, hydroiodic, nitric, sulfuric, phosphoric, citric, methanesulfonic, CH3-
(CH2) n-COOH where n is 0 thru 4, HOOC 35 (CH2)n-COOH where n is as defined above,
HOOC-CH=CH-CEOHANEMERENNDODH. 5RO s e PRSI FOICATIMAT JB5 5 v
invention alsg inclydas; methods for inhibiting beta- secretase activity, for inhibiting cleavage of amyloid

precursor . ' ‘ _
15 In an embodiment, this method exposes said reaction mixture

in an animal cell.
In an embodiment, this method exposes said reaction mixture
in a human cell.
The invention algo includes a method for inhibiting
20 production of amyloid beta peptide (A beta) in a cell, including
administering to sgaid cell an effective inhibitory amount of a
compound of formula I or a pharmaceutically acceptable salt or
ester thereof.
In an embodiment, this method includes administering to an
25 animal.
In an embodiment, this method includes administering to a
human.
The invention also includes a method for inhibiting the
production of beta-amyloid plague in an animal, including
30 administering to said animal an effective inhibitory amount of a
compound of formula I or a pharmaceutically acceptable salt or
ester thereof.
In an embodiment, this method includes administering to a
human.
35 The invention also includes a method for treating or
preventing a disease characterized by beta-amyloid deposits in
the brain including administering to a patient an effective
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protein (APRY,0Onaosastion mixture, at a site between Met596 and Asp597, nuni@Eradséerstioa7APP-695
amino acid isotype, or at a corresponding site of an isotype or mutant thereof; fot A MiAKiZHAG production

of amyloid beta peptide (A beta) in a cell; for inhibiting the production of beta-amyloid plaque in an
animar. and 5T tRSARHG bF p%@ﬂﬂﬁg g%ié—"ea%%n&%%}ﬂ% r?zgdeFB]éﬁa@ar%y%ﬁ eposits in the brain.

These metpads-eackeditclude agminisiationlof @ teerapeuticadly effectitecammernt of 15 a compound of
formula | or a pharmaceutically acceptable salt or ester thereof. The invention also includes a method for

inhibiting beta- secfatdR SRR iMGHding EXpSsifg S2RDEEREHEE R HUAPRHEE IR infibitory

amount of aigempesnd p& formuank-2Q ar a pbatraacputiedlyracoeptakis:salt onester diseraf. oo
embodiment, this method includes exposing said beta- secretase to said compound in vitro. In an
embodimef¥ i@¥hethod includes exposing said beta- secretase to said compound in a cell. 25 In an

embediment, this methed Beltdas RXpesING Baid hettisesrelasa to/said ceppeyned a€el in an animal.
In an embodiment, this method includes exposing said beta- secretase to said compound in a human.
The inventiohSISPREuHEs AMAEIRbd o iRABItG™S6 cREVAGEB MGidid prachfoPBrR3tEINYARD), in a
reaction mpguigspt a site between Met596 and Asp597, numbered for the APP-695 amino acid isotype;
or at a corresponding site of an isotype or mutant thereof, including exposing said reaction mixture to an

effective inhibitorydm&antSrFCSHIEtnd FBEToRRHETEr SBhbREcEutRAMNP aEEEhtabie Jalt or ester
thereof. 23ME,Q34a43387 BGH(HR02/37Q3e 1A MAY 2006 olbrangmhediment thisdnethed @mploys a

cleavage site:

15 mg/day.

In an embodiment, this method employs a compound at a
therapeutic amount in the range of from about 5 to about 50
mg/day .

In an embodiment, this method can be used where said

20 disease is Alzheimer's disease.

In an embodiment, this method can be used where said
disease is Mild Cognitive Impairment, Down's Syndrome, or
Hereditary Cerxebral Hemorrhage with Amyloidosis of the Dutch
Type.

25 The invention also includes a composition including beta-
secretase complexed with a compound of formula I or a
pharmaceutically acceptable salt or ester thereof.

The invention also includes a method for producing a beta-
gsecretase complex including exposing beta-secretase to a

30 compound of formula I or a pharmaceutically acceptable salt or
ester thereof, in a reaction mixture under conditions suitable
for the production of said complex.

In an embodiment, this method employs exposing in vitro.

In an embodiment, this method employs a reactlon mixture

35 that is a cell.

The invention also includes a component kit including
component parts capable of being assembled, in which at least
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between Met6o2anB983p653, numbered for the APP-751 isotype; between Metp&Ti{1z800/3¥8p7672,
numbered for the APP-770 isotype; between Leu596 and Asp597 of the APP-695/ AP Wutation;

between Leu652 and Asp653 of the APP-751 Swedish Mutation; or_ 10 between Leu671 and Asp672 of
the APP-7 98- SRIEPRIGRTi0R 3R Gttt ydrRne tFﬁ@‘Pﬁ’&HB@e?Eoé%%ré%%?eag#%n Tk ?eg%) vitro. In

an embodiment, thispethad exposes said reaction mixture in a cell. 15 In an embodiment, this method
exposes said reaction mixture in an animal cell. In an embodiment, this method exposes said reaction

mixture in a humaf celt HEARGERRA st RidESERRBRRE f&lihhibﬂﬁ]g%ﬁrohﬁi?ﬁ%ﬁ oid beta

peptide (A bsi)dnacse!laingluding) adminisiadng torsaid seltamsdiaetie iphibitoRMadRif 2
compound of formula | or a pharmaceutically acceptable salt or ester thereof. In an embodiment, this
method indddé&Sa¥ministering to an 25 animal. In an embodiment, this method includes administering to

a hyrgan. The invgption alaorReludes a saethed:-fardrhibiting die. proguctionof bataramyleid plague in an
animal, including 30 administering to said animal an effective inhibitory amount of a compound of formula
| or a pharPhEEGIcHRY aedeOBIE SARDF SestEARBredP R 2 HbddimERE 1Y nR&tRo@ ndRRIER

administering 1@ a3human £33 Thedpysrtian 3isodReiidas a method fsHieating o6 dareyanting a disease
characterized by beta-amyloid deposits in the brain including administering to a patient an effective 24
WO 03/043987=PEFRIS0HFIG30r ester thereof.

In an embodiment, this container kit includes each

15 container adapted for oral delivery and includes a tablet, gel,
or capsule.

In an embodiment, this container kit includes each
container adapted for parenteral delivery and includes a depot
product, syringe, ampoule, or vial.

20 In an embodiment, this container kit includes each
container adapted for topical delivery and includes a patch,
medipad, ointment, or cream.

The invention also includes an agent kit including a
compound of formula I or a pharmaceutically acceptable salt or

25 ester thereof; and one or more therapeutic agents selected from
the group consisting of an antioxidant, an anti-inflammatory, a
gamma secretasgse inhibitor, a neurotrophic agent, an acetyl
cholinesterase inhibitor, a statin, an A beta peptide, and an
anti-A beta antibody.

30 The invention also includes a composition including: a
compound of formula I or a pharmaceutically acceptable salt or
ester thereof; and an inert diluent or edible carrier.

In an embodiment, this composition includes a carrier that
is an oil.

35 The invention also includes a composition including: a

compound of formula I or a pharmaceutically acceptable salt or
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17 MAY 200« 6 thmaaspgutic amount of a compound of formula | or a pharmaceubcailysaecapsable salt or
ester thereof. In an embodiment, this method employs a compound at a therapelitidvéhYoR606 the range
of from about 0.1 to about 1000 mg/day, 10 [n an embodiment, this method em rl%lo. S a compound at a
therapeutiCErolntRNThED 'gea(ﬂ‘cgro% BHBIETS tooR5HR 1880 ' mGfday e g %girr?gﬁ?]l fs method
employs a TeBWPYAd B} acthesgpesdia @mount in the range of from about 1 to about 100 15 mg/day. In

an embodiment, this method employs a compound at a therapeutic amount in the range of from about 5
to about 50 mg/dEVﬂnJ&hV&ﬂE&d?ﬁeﬁiﬁfﬁsjprﬁé‘tp\H TEnDe %é%ﬁi&%ﬁ%@@gﬁﬁs Afzheimer's

disease. Inyngmbeadinant fibisrmetod can he ysedwheresaiddideaseds MildBagnitie mpairment,
Down's Syndrome, or Hereditaog Cerebral Hemorrhage with Amyloidosis of the Dutch Type. 25 The

invention afSS-REILEBS BRBhipdhRRGREHdiL G bRt R eta s BoMpRked WihR2ESHpound of formula |

or a jpharmaceutieally ageeptable-salbeirstadberalobimiventomalse incudes, a mietkod tohd
producing a beta- secretase complex jncludin%exposing beta-secretase to_.a 30 compound of formula | or

a pharmacBatidyacteptab IGriedePpliestenteiarGonaiidiethder wakarionS Suitable for

the productigly of saidceamlexs dr-ap eathodimanip s methackepaloys expasing in ¥iHe. Inan
embodiment, this method employs a reaction mixture 35 that is a cell. The inventjon also includes a

componenERTRRIRATy cERPBREHIRR apabit BRI SsmbiBE, ihWIFaFdCRa8ES

effective to inhibit the production of A beta peptide and to

15 treat or prevent any human or veterinary disease or condition
associated with a pathological form of A beta peptide.

The compounds, compositions, and methods of the invention
are useful for treating humans who have Alzheimer's Disease
(AD), for helping prevent or delay the onset of AD, for treating

20 patients with mild cognitive impairment (MCI), and preventing or
delaying the onset of AD in those patients who would otherwise
be expected to progress from MCI to AD, for treating Down's
syndrome, for treating Hereditary Cerebral Hemorrhage with
Amyloidosis of the Dutch Type, for treating cerebral beta-

25 amyloid angiopathy and preventing its potential consequences
such as single and recurrent lobar hemorrhages, for treating
other degenerative dementias, including dementias of mixed
vagscular and degenerative origin, for treating dementia
associated with Parkinson's disease, dementia associated with

30 progressive supranuclear palsy, dementia associated with
cortical basal degeneration, and diffuse Lewy body type AD.

The compounds of the invention possess beta-secretase
inhibitory activity. The inhibitory activities of the compounds
of the invention are readily demonstrated, for example, using

35 one or more of the assays described herein or known in the art.

The invention includes a method for treating a patient who
has, or in preventing a patient from getting, a disease or
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25 WO 03/023983/R&8MS02/37037 17 MAY 2006 5 one component part includesraisozyggosmd of
formula (1) enclosed in a container. In an embodiment, this component kit includé€ Mbhif2Ee
compound, and at Jeast one further component part includes a_diluent. 10 The jnyention also includes a
container ?ﬁ’ﬂﬂ:ﬁfd}rﬁélasﬁﬁ%cﬁﬁfé c%ﬁéﬁ‘n&g,ee%oggntgﬁ%? Ph%ﬁfdli'lr% cc))rjé grl r%\%?el "Urilt dose of a
compoundi ottessula Ifa pharpaaguimady cancepiabie aly ot dstepiheegofolf aril embddierens, this
container kit includes each 15 container adapted for oral elivgggand includes a tablet or capsule. In

|
an embodimhEREfifis cdithinef kR AR TR EShidihEra d FSPrrEAETal Hneﬁééggdé%laﬁncludes a

depot proguct; pYERGE, BHeRasIE; DiyiabrHkanembodimensibisccantainarAitipelsdes each container
adapted for topical delivery and includes a patch, medipad, gintment, or cream. Tré%qinvention ajso

includes iSRRIt MLIVAARFE EEHRpSIMMSE BrRdas 3P af&%%lgggutﬁallvf\gm ZolESaR oF % ester

thereof; andpne or Bpratharapeutisragents salaeied drmm thevgio Up £08sEERG gl @z agtioxidant, an
anti-inflammatory, a gamma secretase inhibitor, a neurotrophic agent, an acetyl cholinesterase inhibitor,

a statin, ahFEERDEPEEE T T AN A BeAMARRLAPSIFTRE invaftioh 5B 1fdR&es & Bmposition
including: g-campaendeffoppua | ARl macgutisly Recepiablesaltaitastgr thegeof, and an inert

diluent or edible carrier. In an embodiment, this composition includes a carrier that _is an oil. 35 The

invention &1S6 Fitlides LERRBEYRRATRRIUdING a Single and recurrent lobar

hemorrhages, for treating other degenerative dementias,

15 including dementias of mixed vascular and degenerative origin,
dementia associated with Parkinson's disease, dementia
associated with progressive supranuclear palsy, dementia
associated with cortical basal degeneration, or diffuse Lewy
body type of Alzheimer's disease and who is in need of such

20 treatment, comprising administering to such patient a -
therapeutically effective amount of a compound of formula (I),
or a pharmaceutically acceptable salt or ester thereof, wherein
7, Ri, Ry, and R; are as defined above and below.

The invention further encompasses a method for making a

25 compound of formula (I), or a pharmaceutically acceptable salt
or ester thereof, wherein Z, R;, Ry, and R; are as defined as
above or below.

Detailed Description Of The Invention

The invention relates to compounds of formula I, or a
30 pharmaceutically acceptable salt or ester thereof. The
invention encompasses all steroisomers of formula I and of the
other compounds disclosed herein.
Further in accordance with the embodiment of the invention
described above, compounds of Formula I include those where R;
35 and R; are independently:
(I) -(CHz)ni1- (Ri-ary1) , where n; is zero or one and where
Ri-ary1 1s phenyl, l-naphthyl, 2-naphthyl, indanyl, indenyl,
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compound oWwommsoksdsar a pharmaceutically acceptable salt or 26 WO 03/04398@CP@$e/803737037 17
MAY 2006 5 ester thereof; and a binder, excipient, disintegrating agent, lubricant,/oM§il@%0G he
invention also includes a composition including: a, compound of fo rEuIa | qra pharma(%autic Ily

f‘ﬁit Brovitles

acceptabl& S8 HRHARBIR disposRY ifr & Tream DeintriBit: H. I%ﬁi;ﬁé: Ve

compoundsn £9MpRsilionskKis,, anstk NRiiedsr tHubitiag betaisesretapetiadiaiad sleavagaof amyloid
precursor protein (APP). More particularly, the compounds, compositions, and methods of the invention
are effecti’e¥d ifHiBR the production of A beta peptide and to 15 treat or prevent any human or veterinary

disease or condition associated myth @ patholguieat fosp©f Anketa pepfides T heweawounds one,

compositions, and methods of the invention are useful for treating humans who have Alzheimer's

Disease (RS, BF h&PiGcrelEe bl HuRy tfe SRR TFRD, Forartalig 28 13N S MR Hid-Bsyritive
imp%mer&l(_l\qgl), gﬂ%ﬁevenﬂgg or_gglayingé_tgg on_s§t, of Agﬂn thq%eratie_rE;M/ho v_veg.l3d otf@lrw'tsae be
s fro

expected to progress from MCI'td AD, for treating Down’s syndfome, for treating Hereditary Cerebral
Hemorrhagékvithy Ampioidlosis oRtheButsh Tyhe Jor eddtimgycef@arakhota 25 anSdoid Akgispathifaand
preventing its poten)tial consequences such as single and recurrent lobar hemorrhages, for treating other
degenerati?&"téiéntias, including demential of mixed vascular and degenerative origin, for treating
dementia associated with ParkifBbn'€ sliskase | Gempghtiarassociated with 30 progiessivessuprardislear

CompoLn G (e T iof SHSSELE BEtR selbiite. Hitort LSy The HAhror) LoRsL oh o
conigpundsedfdbe averfiticmare neadijy demoostiated - fongxaripleFusing®l, -Br, -I, -OH, -
SH, -C=N, -CF;, C;-C; alkoxy, and -NRj;.aRi-p, C1-C; alkoxy- (Ri-aryi) .

C1-C; alkoxy- (Ri-netercaryl)
(C) Cy-Cs alkynyl with one or two triple bonds,
optionally substituted with one, two or three substituents

20 selected from the group consisting of -F, -Cl, -Br, -I, -OH, -
SH, -C=N, -CFs3, C;-C; alkoxy, and -NRj;_aRi-p, Ci1-C3; alkoxy- (Ri-ary1) .,
C1-C3 alkoxy- (Ri-hetercaryl) s

(D) -F, Cl, -Br, or -I,
(E) -C3-Cs alkoxy optionally substituted with

25 one, two, or three -F,

(F) -NRy-2Ry-3, where Ry.; and Ry.z are independently
selected from the group consisting of:
(1) -H,
(2) =C1-Cs alkyl optionally substituted with
30 one substituent selected from the group consisting of:
(a) -OH, and
(b) -NH;,
(3) ~C1-C¢ alkyl optionally substituted with
one to three -F, -Cl, -Br, or -I,
35 (4) -C3-Cy; cycloalkyl,
(5} -(C1-C; alkyl) - (C3-C; cycloalkyl),

(6) -(C1-C¢ alkyl)-0-(C1-C3 alkyl),
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35 one or mwe o$hyagsays described herein or known in the art. The inventiondmaisges m3inethod for
treating a patient who has, or in preventing a patient from getting, a disease or 2 INPO3ANADG7
PCT/US02/37037 17 MAY 2006 5 condition selected from the grqQup consisting of AIngi(;:% er's disease,
for hélping prevent or delay the onset S AlzZRERREPs %5@5@@1 f&”tlrgétiﬂﬁ?)aﬁfntg‘%th rTh’iggnitive
impairmemoMgl) and preventing or delaying the onset of Alzheimer's disease in those who would
progress from MCI to AD, for treating 10 Down's syndrome, for treating humans who have Hereditary

Cerebral Hemorrhage with Amyloidosié &t the-Butsh SYH¥PR3L tHektitg Pefelstdl dnf§lofdamyiéhathy and

preventingits, otential consequences, i.e. single and recurrent lobar hemorrhages, for treating other
degenerative dementias, 15 including dementias of mixed vascular and degenerative origin, dementia

associated with Parkinson's disease, demenitfer dssRHfed withpicyidddive StsafatBarpRSttementia
assegiated with sodical-basal dgggperation, or diffuse Lewy body type of Alzheimer's disease and who is
in need of such 20 treatment, comprising] administering to_such patient a therapeutically effective amount
of a compound of formula (I), or a phaffdteaficatiyracc¥itabr fitorestest thRsie8f Witsin z, R1, R2
and R3 argg&;@jingg@bove and below. The invention further encompasses a method for making a 25
compound of formula (1), or a pharmaceutically acceptable salt or ester thereof, wherein Z, R1, R2 and
R3 are as defined as above or below. @ééile&@eswmmﬂ Of The Invention The invention relates to
compounds of formula I, or a 3®Ci9haT|"HH@eutically acceptable salt or ester thereof. The invention
encompasses all steroisomers Q&_If)orrpalgl\f and of the other compounds disclosed herein.

(I) C3-C; cycloalkyl, optionally substituted with
one, two or three substituents selected from the group
consisting of -F, -Cl, -Bx, -I, -OH, -SH, -C=N, -CF;, -NRi_zRi.p,
C1-C3 alkoxy, Ci1-Ci alkoxy- (Ri-ary1), Ci-Cs alkoxy- (Ri-netercaryl)

20 (K) '_—CO‘- (Cl—C4 alkyl) ’

(L) —=S02-NRi-aR1-p,

(M) —CO-NR;-zRi.p, oOr

(N) —'SOz" (Cl"C4 alkyl) , O

(IT) - (CHz)pni- (Ri-hetercaryl) , Where n; is zero or one and
25 where Rj-neteroaryl 18 selected from the group consisting of:
pyridinyl, pyrimidinyl, gquinolinyl, benzothienyl, indclyl,
indolinyl, pryidazinyl, pyrazinyl, isoindolyl, isoquinolyl,
quinazolinyl, quinoxalinyl, phthalazinyl, imidazolyl,
isoxazolyl, pyrazolyl, oxazolyl, thiazolyl, indolizinyl,
30 indazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl,
furanyl, thienyl, pyrrolyl, oxadiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, oxazolopyridinyl, imidazopyridinyl,

where the Ri-netercaryr group is bonded to - (CHz)ni-

by any ring atom of the parent Rij.netercaryi group substituted by
35 hydrogen such that the new bond to the Ri-hetercaryl IJroup replaces

the hydrogen atom and its bond, where heterocaryl is optionally

substituted with one, two, three, or four of:
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Further in aovordanessrith the embodiment of the invention described above, copasogsmBFormula |
include those where R1 35 and R3 are independently: (1) - (CH2)nl- (R1-aryl) , wheMAY 20880 or one

and where Ri-aryl is phenyl, 1-naphthyl, 2-naphthyl, indanyl, indenyl, 28 WO .03/043987 ,
PCTRIS02/37037 17 MAY 20008 ditiyatena |,%?t'ré)1/?§}ﬁwquré¥pti8}%§|ﬁ/t§8‘o%%ﬁj ed" Wit oRBStwo,

three, or feuofdke lewigsubstituentsmrsthecatiag (A)xcoh-Ghalkyapiipnalyrsubstitiited with one,
two or three substituents selected from the group consisting of 10 CI-C3 alkyl, -F, -Cl, -Br, -1, -OH, -SH,
-C=N, -CK3,~€1-C3 1&kdxy, antl -NRICARI_b;81-C3atkoxy= @E1-aryifEe1-c8koxy=¢R1+ heterdearyl)
(B) C2-C6,alkaayl with gge ongdwio double bonds, apiigag| suest_it@tedawm%g}% (o or fhree gybgtituents
15 selected from'the group conssﬁng of -F, =CI,-Br, -1, -OH, - Sﬁ, -éeN, -CF3, Ci-C3 aYkox'y, and
-NRI-aRI-B,1&px3-alRoxyedRb-anyly , C1-C3 alkoxy- (Ri-heteroaryl) , (C) C2-C6 alkynyl with one or two

tripleponds, optionally substitu@%w'&h_ e, we ar thyee sybstityents 20 selected fiamm theygsaur
consisting of -F, -Cl, -Br, -I, -OH, SH, -20:-6N, -CF3, CI-C3 alkoxy, and -NRI-aRI-b, CI-C3 alkoxy- (R'i-aryi) :

CI-C3 alkexyt {RIRatéoargi b i-FucedBrworth (EpnE!-C6 Elikoxydptiobhisesubstiled iitherb ®ne,
two, or three- N R , - N:-3 are independently selected from_the group
sgf:lg tda (2@&%— C%%%ky Opﬁéﬁa’\ﬁéﬁ@ﬁl ggndependently selected from thg

consisting of: (1) -H, y substituted with 30 6ne substituent selécted from the
group consisfing 0&N, -CF;, Ci1-Cs; alkoxy, and -NR;-sRi-p, where R;., and R;.p are

-H or C;-Cg alkyl, C;-C; alkoxy, C1-C; alkoxy-(Ri-ary1), Ci1-Cs
15 alkoxy- (Ri-hetercaryl) s
(3) C3-C¢ alkynyl with one or two triple bonds,
optionally substituted with one, two or three substituents
selected from the group consisting of -F, -Cl, -Br, -I, -OH, -
SH, -C=N, -CFi;, C;1-C3 alkoxy, and -NRi.zRi-p, where Ri;., and Ri.p are
20 -H or ;-C¢ alkyl, C;-C; alkoxy, Ci-Cz alkoxy- (Ri-ary1), Ci1-C;
alkoxy~ (Ri-netercaryl)
(4) -F, Cl, -Br, or -I,
(5) -Ci1-Cs alkoxy optionally substituted with

one, two, or three -F,

25 (6) —NRy-2Ry-3,
(7) -0CH,
(8) —CENI

(9) Cs3-Cy cycloalkyl, optionally substituted with
one, two or three substituents selected from the group
30 consisting of -, -Cl, -Br, -I, =-OH, =-SH, =-C=N, -CFi;, C;-C;
alkoxy, and -NR;.zR;-p, where R;.; and R;.p, are -H or C;-Cs alkyl,
C1-C3 alkoxy, C;-C; alkoxy- (Ri-ary1), Ci-C3 alkoxy- (Ri-netercaryl) s
(10) —-CO-(C;-Cq4 alkyl),
(11) -S02-NR;_aRi-p,
35 (12) -CO-NR;.aRi.p, OF
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(a) -OH, andw(bp3nks8813) -CI-C6 alkyl optionally substituted with one to three -PCISBr370871, 35 (4)
-C3-C7 cycloalkyl, (5) -(CI-C2 alkyl)-(C3-C, cycloalkyl), (6) -(C1-C6 alkyl)-O-(C1X3VkyIR3HWO
03/043987 PCT/US02/37037 17 MAY 2%06 ? 6(7) -CZ-E a;j‘lsenyl V{/%?ho]g% or two doublet%r%ds, (8)
-C2-C6 alkynyl with one or two {r:hcﬁ TR Ryt chaifr'with one dBaBlé HorRd 16 and one
triple bonekH&Q) MRi-dryl, érese Ril:arvlis,as dedinad tahavedadd {Hl)tRa-heteloaryl ¢ H{&)nObly 15 (H)
-C=N, (I) C3-C7 cycloalkyl, optionally substituted with one, two or three substituents selected from the
group coRSiSHRESEE, -Cl, -Br, -1, -OH, -SH, -CN, -CF3, -NR1-aRI-b, CI-C3 alkoxy, C2-C3 alkoxy-
(Ri-aryl) , CI-C3 alkophdRbdreteraaeyd)idniK) -@O-aalkyR{Lh %02 NRdpaitiden M)~CO-NRI-aR1-b, or
(N) -502-(C1-C4 alkyl), or (1) - (CH2)11- (R1-heteroaryl) , where nl is thrzo or one and 25 where
Ri-heteroaryl is selected from tREGRp ¢ ﬁé‘?ﬁﬁ%ﬁ)yri&ﬁ%?ﬁﬂm' y1, SRifnyf Benzothienyl,
indalyl, inQ@i@ahpMd@ajwdmgéipyﬂtiﬁplnd@iyl,a’squ’,r)@yltWp&m&,@ﬂnoxaﬁnyl, phthalazinyl,
imidazolyl,
”nlazoybenzo[a]cycloheptenyl, each of which is optionally substituted
with one, two or three of the following substituents which can
be the same or different and are:
(1) C1-C¢ alkyl, optionally substituted with
15 one, two or three substituents selected from the group
consisting of C¢;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -C=N, -
CF3;, C:-C; alkoxy, and -NR;-aRip, Ci1-C; alkoxy- (Ri-aryi), Ci1-Cs

al kOXY‘ ( R:L—heteroaryl ).

(2) -OH,
20 (3) -NOg,
(4) -, -Cl, -Br, or -I,
(5) -CO-0OH,
(6) -C=N,

(7) - (CHz) 9-4-CO-NRy.-2Rx-3,
25 (8) - (CHj,)0-4-CO-(C1-C1p alkyl),
(9) - (CHz) ¢-4-CO- (C;-C15; alkenyl with one, two
or three double bonds),
(10) - (CHy) 9.4-CO-(C;-Cy5; alkynyl with one,

two or three triple bonds),

30 (11 - (CHz) 0-4-CO- (C3"C7 CYCloalkY]_) ’
(12) - (CHz) 0-4~CO-Ri-aryls
(13

(14
(15

)

)

) - (CHz) 0-4~CO-Ry-neteroaryl:

) - (CHa) 0-4-CO-Ri_heterocycle s

) - (CHz) ¢.4a~CO-Ry., where Ry., 1is selected

35 from the group consisting of morpholinyl, thiomorpholinyl,
piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,

homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
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isoxazolyl, pwezaslghsegazolyl, thiazolyl, indolizinyl, 30 indazolyl, benzothiazolyl, Bemarsodazasyl,
benzofuranyl, furanyl, thienyl, pyrrolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazom,'\f])‘z\a\ﬁglgg ridinyl,
imidazopyridinyl, where the Ri-heteroaryl group is bonded to%}sr?HZ%ni- b any rn atomof the parent
R1-haterdd¥i &dﬁ’%’ibsati]ﬁﬂeé%§r£ K?glr]ab@n‘g & that tieh &l okRd %/(? the&tﬁ%%?erogryl group
replaces tsetygiagenstonialtd itsegnd; wdpre hetesqarghis dptienall : sulastitatecawithr bpe, two, three,
or four of: 30 WO 03/043987 PCT/USOZ/387037 17 MAY 2006 5 (1) C1-C6 alkyl optipnall i%bstituéed
with one, two or three substituents sefectdd fridfin °g1’6§|9"c“8ﬁ §tﬁ1d"'&e E‘i-é?élk%/ﬁ I%ye ,C-E?, -,
-OH, -SH e, t 66356363 adaxysarichd\REaR1-b, C1-C3 alkoxy, C1-C3 alkoxy- (Ri-aryl) , C1-C3
alkoxy- (RI-heteroaryl) , 10 (2) C2-C6 alkenyl with one or two double bonds, optionally substituted with
one, two or three substituents selected from @N gl%h'pcéoﬁgi§t¥r1];'of -F, -Cl, -Br, -I, -OH, - SH, -C=N,
-CFBp CI-C3 alkoxy, and -NRI-aRi-b, where R1ts and &1;b ate (ki af.(33-C6 alkyl, C1-C3 alkoxy, CI-C3
alkoxy- (Ri-aryl) , C1-C3 15 alkoxy- (R1-heteroaryl) , (3) C2-C6 alkynyl with one or two triple bonds,
optionally substituted with one, two or three stib&tithients Sttty frofREJIEIF S0 or=FO.Cl,
-Br, -, -OouBhle -G£ F3, C1-C3 alkoxy, and -NRi-aRi-b, where R1-a and R1-b are 20 -H or C1-C6
alkyl, C1-C3 alkoxy, CI-C3 alkoxy- (Ri-aryl) , C1-C3 alkoxy- (Ri-heteroaryl) , (4) -F, Cl, -Br, or -, (5)
-C1-C6 alkoxy optionally substituted with oné,voCer HereLEYBY 16 CRIEIFORNIG, PRE-CIF, two

triple bonds,
15 (e) C3.Cy; cycloalkyl, and

(f) - (CHZ) 0-27 (Rl—heteroaryl) [

(17) - (CHz) 0-4-S02-NRy-2Ry-3,

(18) - {CHj) ¢-4-SO- (C1-Cg alkyl),

(19) - (CHjy)-4-S0,5_(C1-Cy5 alkyl),
20 (20) -

CH,)
(CH3) ¢-4-S03- (C3-C7 cycloalkyl),
(21) =-(CH,)0-4a-N(H or Ry.s )-CO-0O-Ry.s where Ry.
s can be the same or different,
(22) -(CHj)-4-N(H or Ry.s ) -CO-N(Ry.5)2, where
Ry.s can be the game or different,
25 (23) - (CHj;)(-2-N-CS=-N (Ry-5) 2, where Ry.s can be
the same or different,
(24) -(CHj)9-4a-N(-H or Ry.z) -CO-Ry.» where Ry_s
and Ry, can be the same or different,
{25) - (CHy) g-2-NRy_2Ry-3 where Ry.; and Ry.x can
30 be the same or different,
(26) - (CHz2)0-4~Ry-4,
(27) - (CHz)-4-0-CO- (C1-C¢ alkyl),
(28) - (CHaz)-4=0-P(0O) - (ORy-ary1-1) 2 Where Ry-aryi-1
is -H or ¢;-C; alkyl,
35 (29) - (CHz2) 0-4-O0-CO~N(Ry-5) 2,
(30) - (CHz) ¢-4~O-CS-N(Ry-5) 2,
(31) =-(CHz) 0-4-O- (Ry-5) 2,
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(8) -C=N, (9weBes4s9gioalkyl, optionally substituted with one, two or three subgituarse2siected from
the group 30 consisting of -F, -Cl, -Br, -I, -OH, -SH, -C=N, -CF3, C1-C3 alkoxy, andV®XN128R8 b, where
R1 , and R1-b are -H or C1-C6 alkyl, C1-C3 agé%x , C1-C3 (alkoxy- (R1-aryl) , C1-C3 alkoxy-

(R1 Peteroaryl) (10) -CO-(C1-C4 alkyl)3$11)-SoB2NR -G 1 bR 85 22 %%—NRl_aRl-b, or 31 WO
03/043987 PCT/US02/37037 17 MAY (2006 5 (£3),3902-slkyIRWith,the proviso that when nlis zero
RI-heteroaryl is not bonded to the carbon chain by nitrogen. In another empodiment, R1 and R3 are
independently: phenyl, 1-naphthyl, 2-n&phthyT, t&fatinyt~ Q0 ffaafyl, AsdrorBRER3H 1Y
6,7,8,9-tesapyr o Sit-deenzolaicysioheptenyl, earh&f whithus pptienalixssbstituted with one, two or
three of the following substituents which can be the same or different and are: (1) CI-C6 alkyl, optionally
substituted with 15 one, two or three sibslitferts 5GP AbkVthe group consisting of C1-C3 alkyl, -F,
-Cl,1-8r, -1, -OH, -SH, -C=N, - CF3, C1{G3 plkexy,@nd aNRdnaR1 1pi S C3akoxyr (Riaeyl) &6k
alkoxy- (Rl-heteroaryl) , (2) -OH, 20 (3) -NO2, (4) -F, -Cl, -Br, or -1, (5) -CO-OH, (6) -C=N, (7) - (CH2)
0-4-CO-NRRISRNOD BEBR L {OH SR Eo I aE WiaRyif-C: alkyl, -F,” -Cl, -Bri -I

-OH, -SH, -C=N, -CFi3, C;-C; alkoxy, or -NRj-gRi-p, Ci1-C; alkoxy- (Ri-

7

aryl) + C1-Cs alkoxy- (Ri-neteroary1)
(37) C3-Cg alkynyl with one or two triple

15 bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -8H, -C=N, -CF;, C1-C; alkoxy, or -NRj;-aRi.p, C1-C3 alkoxy- (Ri-
aryl) ; C1-Cs alkoxy- (Ri-neteroaryl) s

{(38) -{(CH,) 4-4+~N(-H or Ry.5) ~SO3-Ry.2 where Ry.s
and Ry.» can be the same or different, or

20 (39) -(CH,)¢-a- C3-C; cycloalkyl.

In yet another embodiment, R; and R; are independently Ry-
1C(0) -; and
Ry-1 18 Ry-hetercaryl WheTre Ry-hetercaryr 18 selected from the group
congisting of:

25 pyridinyl, pyrimidinyl, gquinolinyl, benzothienyl,
indolyl, indolinyl, pryidazinyl, pyrazinyl, isoindolyl,
isoquinolyl, quinazolinyl, guinoxalinyl, phthalazinyl,
imidazolyl, isoxazolyl, pyrazolyl, oxazolyl, thiazolyl,
indolizinyl, indazolyl, benzothiazolyl, benzimidazolyl,

30 benzofuranyl, furanyl, thienyl, pyrrolyl, oxadiazolyl,
thiadiazolyl, triazolyl, tetrazolyl, oxazolopyridinyl,
imidazopyridinyl, isothiazolyl, naphthyridinyl,
cinnolinyl,carbazolyl, beta-carbolinyl, isochromanyl, chromanyl,
tetrahydroisoguinolinyl,

35 isoindolinyl, isobenzotetrahydrofuranyl,

isobenzotetrahydrothienyl, isobenzothienyl, benzoxazolyl,
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(9) - (CH2) Ovd @x450%2-C12 alkenyl with one, two or three double bonds), (10)r(THR)Q/47630-(C2-C12
alkynyl with one, two or three triple bonds), 30 (11) - (CH2) 0-4-CO- (C3-C7 cycibaltdY 2996. (CH2)

0_4-CO-Rl-aryl, (13) - (CH2) 0 4-CO-RI_heteroaryl, (14) - (C 0._4-CO-RI-heterocycle, (15) - (CH2
080 VR Ce R S5 HiohT B oL SR Lt SP AT g GBSy,
piperazingupipgagidinyl, homomorpholinyl, homothiomorpholinyl, homothiomorpholinyl S-oxide,
homothiomorpholinyl S,S-dioxide, 32 WO 03/043987PCT/USQ2/37037 17 MAY 2006 5pyrrolinyl and
oyrroling R Bt BYok 15 G bR ER TR Ry SRECIARPBE: C1.Co Ay, (16)-
(CH2) 0-4,€0rQRN8 Whee RN thisselasiad fromithegspyp-ednsisting dfinl @y &InEE 2k 1(b)- (CH2)
0-2- (RI-aryl) (c).C2-C6 alkenyl containing.one or two 5double bands, (d) C2-C6_alkynyl containing one or
two triple BORISHSBIRER ECRIBARYIY Ard BREIEH BE P e AR RETY (CH2)

0-41302-NRNy RN M4 1 B GH W AP0 - (BeGeoptisyh i30) - (BERY 84502612 alkyl)

coumarinyl,

whére the Ry-hetercaryi group 1s bonded by any
atom of the parent Ry netercaryl group substituted by hydrogen such
that the new bond to the Ry-hetercaryr 9group replaces the hydrogen

15 atom and its bond, where heteroaryl is optionally substituted
with one, two, three, or four of:

(1) C1-Cgs alkyl, optionally substituted with
one, two or three substituents selected from the group
consisting of C;-C; alkyl, -¥, -Cl, -Br, -I, -OH, -SH, -C=N,

20 CF3, (C1-C3 alkoxy, and -NRi_aRi.p, Ci-C; alkoxy-(Ri-ary1), Ci-Cs
alkoxy- (Ri-neteroaryl) s

(2) -CH,

(3) -NOg,

(4) -F¥, -Cl, -Br, or -I

25 (5) -CO-OH,
(6) -C=N,
(7) - (CHz) 0—4‘CO“NRN—2RN—31
(8) = (CHj)¢-4-CO-(Cy1-Cy2 alkyl),
(9) - (CHy) 9-4-CO- (Cz-Cy2 alkenyl with one, two

30 or three double bonds),
(10) - (CHz)-4-CO-(C2-Cy12 alkynyl with one,

two or three triple bonds),

(11) -(CHz)0-4-CO- (C3-Cy cycloalkyl),
(12) - (CHz) 0-4-CO-Ri-ary1,
35 (13) - (CHz) 0-4~CO-Ri-neteroaryl:
(14) - (CHz) 0-4-CO-Ri_neterocycles
(15) - (CHz)0-4-CO-Ry-4,
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(20)- (CH2) vo-&3»239€23-C7 cycloalkyl) (21)- (CH2) 0-4-N (H or RN-5) -CO-0-RA:$/uswerg7®iN- 5 can be
the same or different, (22) - (CH2) 0-4-N (H or RN-5 ) -CO-N (RN-5) 2, where RNL% ¥ihheédaE same or
different, 25(23)- (CH2) 0-4-N-CS-N (RN _s) 2, where RN-5 can be the same or different, (24)- (CH2)
0-4-R (-H or RN-5) -CO-RN-2 where RN& and Rie2ocandys fhetiafe or different, (25)- (CH2)
0-4-NRN-2RN_3 where RN-2 and RN+{3 gan 3Qberihe_same,ondiffergnt,,(26)- (CH2) 0-4-RN-4, (27)-
(CH2) 0.4-O-CO- (C1-C6 alkyl), (28)- (CH2) 0-4-0-P (0) - (ORN-aryl-1) whji e RN-aryl-1 35is -H or
C1-C4 alkyl,(29)- (CH2) 0-4-O-CO-N(RAES) Z, (8B HH Y. &?e%sﬂiﬁiﬁ- 5 2,(31)- (CH2) 0-4-0-
(RN-s) 2, 33 WO 03/043987 PCT/USQ/87037( A, MAY-2006 & (325 (&) d-¥;0- ( RN-5) 2-COOH,
(33) - (CH2) 0-4-S- ( RN-5) 2, (34) -(CH2 0-4-0@21-06 alké/l optionally substituted W'Bth one, two, three,
four, or five -F), (35) C3-C7 cycloalkyl{ 28 {36) ¢3ee-akeRyrita dre 6¥Friddouble 'bonds optionally
subsgituted with C1-C3 alkyl, -F, -Cl, -Bp 1}, -OftgrSH. -G -6F 3RELCB-atkoxy, rE -NRiRlb, 11-C3
alkoxy- (R1- aryl) , CI-C3 alkoxy- (Ri-heteroaryl) , (37) C2-C6 alkynyl with one or two triple 15 bonds
optionallyssf5ttiREd Wi CRES M/ AFEEISTS 4, -OH, -SH, -C=-N, -CF3, C1-C3 alkoxy, or
-NR,-aRI-b, C1-C3 alkoxy- (R1- aryl) , GlG3 alkeiyy (RI-Reteroasy Ry (38) = HR) @¢-N {;H Ph&Ne 5)
-S0O2-RN-2 where RN-5

Ry-s can be the same or different,

(23) - (CHy) g-4-N-CS-N(Ry-5) 2, where Ry.s5 can be
15 the same or different,
(24) - (CHj)0-4-N(-H or Ry.5)-CO-Ry- where Ry-s
and Ry.. can be the same or different,
(25) - (CH;) g-4-NRy_3Ry-3 where Ry-; and Ry.3 can
be the same or different,
20 (26) - (CH2) 0-4-Ruy-4,
(27) - (CHy) 9-a-0-CO- (C1-C¢ alkyl),
(28) -(CH3)0-4-0-P(O) - (ORy-ary1-1) 2 where Ry-aryi-1

is -H or C:-C; alkyl,

(29) - (CHz)-4-0-CO-N(Ry-5) 2,
25 (30) - (CHaz)0-4-0-CS-N(Ry-s5) 2,

(31) - (CHz)0-4-O- (Ry-s5) 2,

(32) = (CHz)0-4-0-( Ry-5)2-COOH,

)
(33) - (CHz)0-4-S-( Rn-5)2,
(34) - (CH3)0-4-0-(C1-Cs alkyl optionally
30 substituted with one, two, three, four, or five -F),
(35) C3-Cy cycloalkyl,
(36) C3-Cs alkenyl with one or two double
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -SH, -C=N, -CFi;, C;-Ci alkoxy, or -NRiaRi.p, C1-Cz alkoxy- (Ri-
35  ary1) s Ci-C3 alkoxy- (Ri-neterocaryl) s
(37) Cy-Cs alkynyl with one or two triple

bonds optionally substituted with ¢;-C; alkyl, -F, -Cl, -Br, -I,
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and RN-2 candesthesssme or different, or 20 (39) -(CH2)0-4- C3-C7 cycloalkyl. IP?ZQU&MMUIEW
embodiment, R1 and R3 are independently RN- iC(O)-; and RN-1 is RN-heteroaryl WHd¥e3Rbneteroary!
is selected from the group consisting of: 25 pyridinyl, pyrimidinyl, quinolinyl, benzothienyl, indolyl,
indolnyl, pQflazm§H pyreZmyt, iscﬁerelyl?ﬂs@quﬁHS@,Wné?@linﬁﬁqu@Min%pﬁih@lé&iﬁ%‘irzﬁﬁazolyl,
isoxazolyl,1p 5azoM,_%xaéqﬂygoggﬁﬁ_z?ﬁlll,_hirgdoliziq [, indazolyl, benzothiazolyl, benzimidazolyl, 30
benzofuranyt, flranyl, thienyl, pyfrolyl, oxadiazolyl, 'thiadiazolyl, triazolyl, tetrazolyl, oxazolopyridinyl,
imidazopyridinyl, isothiazolyl, naphthyridifyl, cififédihyd:cafdaFolprb&aarbSlimBrisoairemranily-s
chromany, ntciztrlﬁlh_ydrggﬁqgié'nol&%, ?é%ifﬁginglgli@g,ﬂ]ggl%eé};@tet@pydrofuranyl, isobenzotetrahydrothienyl,

isobenzothienyl, %eznzoxazolyl, 34 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 pyridopyridinyl,

benzotetrahydrofuranyl, benzotetrahydidthienyl CButiond;: b€az6tiosuiyll adddtyd, -phenoxazinyl,
phengthiazinyl, pteridinyl othiazolyl, imi yridinyl, imidazothiazolyl, . difydr isaxazinyl,
beﬁ{z]%oxazinyl, tﬁzo%l(azﬁ%%é ihy%ro (%e@ﬁizlsot El)ézin%/]t bérﬁg)p?an%l?éin%%t%%%a%ﬁagngﬁﬁ%ﬁmgﬁnyl,
where the:RKheteroarydigrBup is bendswemyany atonaphthleyphrent RN2hetemphbhgitoupesabbtitutéd by

hydrogen %Hch tha:,E éheonq:w bon(i]&o the RN-heter aeréil ro%reglglg?s R_Peohydrog%

C 10Tla [S] u W R12 aton%ar%q'liés
bond, where he eroaryl Is optiona ygubs% Uted Wit one, %wo, three, or four o?:]fl) élf-pCeG aﬂ<yl, optionally

substitutedadithowing substituents which can be the same or different and
are:

15 (1) C1-Cs alkyl, optionally substituted with
one, two or three substituents selected from the group
consisting of C;-Cz; alkyl, -F, -Cl, -Bx, -I, -OH, -SH, -C=N, -
CFi, Ci-Cs; alkoxy, and -NRi_aRi-p, Ci1-Ci3 alkoxy-(Ri-ary1i), Ci1-C;
alkoxy- (Ri-netercaryl) s

20 (2

(5) -CO-OH,
(6) -C=N,
25 (7) - (CHz) 9-4-CO-NRy.2Ry-3,
(8) - (CHz)-4-CO-(C1-Cy2 alkyl),
(9) - (CHj3) ¢-4-CO-(C3-C1z; alkenyl with one, two

or three double bonds),
(10) - (CH)¢-4-CO-(C3-Cy2 alkynyl with one,
30 two or three triple bonds),
(11) - (CH3)-4-CO-(C3-Cy cycloalkyl),
(12) - (CHz)-4-CO-Ri-ary1,
(13) =-(CHz) 0-4-CO-Ri-neteroaryls
(14) - (CHz) 0-4~CO~-Rui-heterocycle:
35 (15) - (CH;) 0-4-CO-Ry-2. where Ry.s is selected
from the group consisting of morpholinyl, thiomorpholinyl,

piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
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one, two or tweeXwu3ostuents selected from the group consisting of C1-C3 alkylpeayuSd2£8037, -OH, -SH,
-C=N, 20 CF3, CI-C3 alkoxy, and -NRI_aR|_b, CI-C3 alkoxy- (R1-aryl) , C1-C3 dikd¥A{ROB@teroaryl) ,
(2) -OH, (3) -NQ2, (4) -F, -Cl, -Br, or -1 25 (5) -CO-OH, (6) -C=N, (7) -, (CH2) 0-4-CQ-NRN-2RN-3, (8) -
(CHD o-ﬁ@‘@ﬁ?é&é‘f@%ﬂj@?ﬁc%%&%@- Eé’ﬂ%‘% %‘ﬂ?é%?ggﬁ% ﬂ%z,lt %:b &

0 Wredouble
bonds), (1R)r£6H21P14-683 (B2 alkyry) withienes WeQr thtesdpleanss), dhi)]-1(CH2) 0-4-CO-
(C3-C7 cycloalkyl) (12) - (CH2) 0-4-CO-Ri-aryl, 35 (13) - (CH2) 0-4-C -Rl-heteroarji, (14) - (CH2)
0-4-CO-RIYRSEREYEED (18)ERCPRS 0-F£¥0-RNMESSS WS 03RI4398 Pcﬁu‘ébz/% 637 117 MAY 2006

5 (16) - (CH2) 0-4-CO-O-RN-5, (17) - (€412) Ot41302-NRI-2RN:3 .5 (MBerlEHR).0-4-SQe(Ch-Eisaalkyl)

(19) - (CH2) 0.4-S02- (CI-C12 alkyl), (20) - (CH2) 0-4-SO2- (C3-C7 cycloalkyl) 10 (21) - (CH2) 0-4-N(H
or RN-5 ) EEOTOtRR-FRAER QN6 £8k HeIhe@Same or different, (22) - (CH2) 0-4-N (H or RN-5 ) -CO-N
(RN-) 2, where RN-5 can be the same or diffgfent, (23) =(GH2) 0_4-N-CS-N (RN-5) 2, where RN-5 can

be
(b) - (CHz) 0-2- (Ri-ary1) ,
(¢) C3-Cs alkenyl containing one or two
double bonds,
(d) C3-C¢ alkynyl containing one or two
15 triple bonds,
(e} C3-Cy cycloalkyl, and
(f) - (CHz) ¢-2- (Ra-neteroary1) .
(17) - (CHz) 0-4-SOz-NRy-2Ry-3,
(18) - (CHj) ¢-4-S0- (C1-Cg alkyl),
20 (19) - (CH,) ¢-a-SO,- (C1-C1, alkyl),
(20) - (CHj) 0-4-S0;- (C3-C; cycloalkyl),
(21) - (CHy)¢-4-N(H or Ry.s ) -CO-O-Ry.s where Ry.
s can be the same or different,
(22) - (CH,) ¢-4-N(H or Ry.s5 )-CO-N(Ry-5)2, where
25 Ry.s can be the same or different,
(23) - (CHj) ¢-4-N-CS-N(Ry-5) 2, where Ry.5 can be
the game or different,
(24) - (CHy)¢-4-N(-H or Ry.s5) -CO-Ry.; where Ry.g
and Ry, can be the same or different,
30 (25) = (CHj) g-2-NRy-2Ry-3 where Ry.; and Ry-3 can
be the same or different,
(26) - (CHz) 0-4~Ru-1,
(27) - (CHz) ¢-4-0O-CO- (C1-Cs alkyl),
(28) - (CHz) ¢-4-O-P(O) - (ORy-ary1-1) 2 where Ry.aryi-1
35 is -H or C;-C, alkyl,
(29) - (CHz) ¢-4~O-CO-N(Ry-5) 2,
(30) - (CHz) ¢-4-0-CS-N(Ry_5) 2,
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15 the samewo differsas (24) - (CH2) 0-4-N (-H or RN-5) -CO-RN-2 where RN-spamaiBid/27azm be the
same or different, (25) - (CH2) 0-4-NRN_2RN-3 where RN-2 and RN-3 can 20 bel?hMé‘a(n@B@different,
(26) - (CH2) 0-4-RN-4, (27) -(CH2)0-4-O-CO-(C1-C6 alkyl), £28) - (CH2) 0-4-0-P (0) - (ORN-aryl-1) 2
whefe RN-aryl-1 is -H or CI-C4 alkyl, (283! (CHSFela-e-0RerNz3) 2, 25 (30) - (CH2) 0-4-O-CS-N

(RN-5) 2, (31) - (CH2) 0-4-0- (RN-s) 2(£32) -{(Ct2))Q-4-0 { RN:0) 2:06891,(33) - (CH2) 0-4-S- ( RN-5)
2, (34) - (CH2) 0-4-0- (C1-C6 alkyl optionally 30 substituted with one, two, three, four, or five -F), (35)
C3-C7 cycloalkyl, (36) C2-C6 alkenyl Withlone St dadbie B%ﬁélé?optionally substituted with C1-C3

alkyl, -F, -ClI, -Br, -I, -OH, -SH, -C=N, (€8, C1c&3 plkpxy-qQceNR1-aRkR: ICg8ialkexyt {R1- 35 aryl) ,
CI-C3 alkoxy- (RI-heteroaryl) , (37) C2-C6 alkynyl with one or two triple bonds _optionally substituted with
C1-C3 allfRet idutmd | wSBhwWernes/053687 PETAGS0H3PE37 A MAYR008)5 -OH, -SH, -C=N, -CF3,

C14G3 alkoxy, or -NRI-aRI_b, CI-C3 alkgxy- (31arybsGldad rikexy- (Rl-heteroaryl) i (38) - (CH2) 0-4-N
(-H or RN-s) -SO2-RN-2 where RN_s and RN-2 can be the same or different, or (39) -(CH230-4- C3-C7
cycloalkyl. 10 In a further embodiment! ¥ andzRSaréhgepaidemthtRN-One or two double

bonds optionally substituted with C,-C; alkyl, -F, -Cl, -Br, -I,
-OH, -SH, -C=N, -CF3;, C;-C; alkoxy, or -NR;.zRi.p, C1-C; alkoxy- (R;.
aryl) » C1-Cs alkoxy- (Ri-hetercaryl) :

15 (37) C;-C¢ alkynyl with one or two triple
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -SH, -C=N, -CF;3, C;-Cz; alkoxy, or -NRi-zRi.p, Ci-Cz alkoxy- (Ri.
aryl) » C1-Cs alkoxy- (Ri-netercaryl) :

(38) -(CHj)0.4-N(-H or Ry.5) -SO03~Ry.2 where Ry.s

20 and Ry.» can be the game or different, or

(39) -(CH3)0-4- C3-C; cycloalkyl.
In still another embodiment, R; and R; are independently Ry
1C(0) -; and
Ry-1 is phenyl optionally substituted with one, two or three of

25 the following substituents which can be the same or different

and are:

(1) Ci1-Cs alkyl, optionally substituted with
one, two or three substituents selected from the group
congisting of C;-C; alkyl, -¥, -Cl, -Br, -I, -OH, -SH, -C=N, -

30 CF;, C;-C3 alkoxy, and -NRi-aRip, Ci-C; alkoxy-(Ricaryi), Ci-Cs

alkoxy- (Ri-hetercaryl) /
(2) -OH,
(3) -NOg,
(4) -¥, -Cl, -Br, or -I,
35 (5) -CO-OH,

(6) -C=N,
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1C(0)-; and wdIB/stfsenyl, 1-naphthyl, or 2-naphthyl, each of which is optionalycIubstzstdavith one,
two or three of the following substituents which can be the same or different andl &A% 20P61-C6 alkyl,
optionally substituted with one, two oE three é(tibsgguep s_(ij[%cte from the group consisting of C1-C3
alkyP -F, -Cl, -Br, -I, -OH, -SH, -C=N, { E€F3; €15e®a0kSxy, ant-2KREARI-b, CI-C3 alkoxy- (R1-aryl) ,
CI-C3 alkoxy- (R1-heteroaryl) , 20 (2) QH- (BENQ2-E) -RClg.Braadrkl; 1(5) -CO-0OH, (6) -C=N, 25 (7) -
(CH2) 0_4-CO-NRN_2RN-3, (8) - (CH2),0-4-CO- (C1-C12 alkyl) , (9) - Hiﬁ{%—4-c - (C2-C12 alkenyl
with one, two or three double bonds),( )0) ?(&93290-‘4-&9-'(%;-/26f?zalﬁér%ﬁn t o“r’n%? §liver o%tﬁ?ee triple
bonds), (1) €&H20-4LB1e3anaxdqalkyl), (12) - (CH2) 0-4-CO-R1-aryl, (13) - (CH2)
0-4-CO-RI-heteroaryl, (14) - (CH2) 0-4-CO-R -hetirocycle, 3é§ a5 - (C 2%0- -CO-RN-4 where RN-4 is
selected from the group consisting of\hBrphofify2 Rigmorphitiay ,%iﬁé;lg inyt, piperidinyf, </
homemorphsligg, komathiomarphelinyd@TsWO 03/043987 PCT/US02/37037 17 MAY 2006 5
homothiomorpholinyl S-oxide, homothiomorpholinyl| S,S-dioxi?e, pé%rolin ian%gwﬁidinyl where each
group is optionally substituted with ord, thvo: tHré@! er4otPoft ©1- gﬂ?%, oa '
(12) - (CHz) 0-4-CO-Ri-ary1,
(13) - (CHZ) 0—4'CO"'R1-heteroaryll
(14) - (CHZ) 0—4“CO‘R1—heterocyclel
15 (15) - (CH,)-4-CO-Ry.4 where Ry., is selected
from the group consisting of morpholinyl, thiomorpholinyl,
piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
pyrrolinyl and pyrrolidinyl where each group is optionally
20 gubstituted with one, two, three, or four of: C;-C¢ alkyl,
(16) - (CH,)(-4-CO-0O-Ry.5 where Ry.s is selected
from the group consisting of:
(a) C1-Cs alkyl,
(b) - (CHz) o-2- (Ry-ary1) ,
25 (c) Cy-Cs alkenyl containing one or two
double bonds,
(d) C3-Cs alkynyl containing one or two
triple bonds,
(e) C3.Cy; cycloalkyl, and
30 (£) - (CHz)¢-2- (Rl—heteroaryl) ,
(17) - (CHz) 0-4-S0O2-NRy-2Ry-3,

(18) - (CHZ) 0-4—80— (cl—Cg alkyl) ’

(19) - (CHz)¢-4-S02-(C1-C12 alkyl),
(20) - (CH;) 9-4-S0;- (C3-C; cycloalkyl),
35 (21) - (CH2)0_4—N (H oxr Ry-5 ) -CO-0-Ry-s5 where Ry.

s can be the same or different,
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(16) - (CHz) wd 63@4898RN-S where RN-5 is selected from the group consisting PETIOS@)£203C6 alkyl, (b)
- (CH2) 0-2- (R1-aryl) , (c) C2-C6 alkenyl containing one or two double bonds, (d} C&¥ 20yl
containing one or two 15 triple bonds, (e) C3-C7 cycloalkyl, and (f) - (CI—&Z) 0-2- (R1-heteroaryl) , (17) -
(CH 0-4-S02-NRN-2RN-3, (18) - (CIH¥ b-4-Se5aetscl Dt 2670 -'(%‘?réﬂ‘ BRa-5G2- &%%”ﬁ alkyl)
(20) -(CHR)0:42@2 e 3ttecydaatkdh(2d) £ fei#dh@-4-N (H or RN-5 ) -CO-O-RN-5 where RN- can be
the same or different, (22) - (CH2) O-4-N%H or RN-5)-CO-N(R5)2, where 25 RN-5 can be the same or
different, (23) - (CH2) 0-4-N-CS-N (RN-3F 2, whifle Rves Bahheliiisame offfteft-0 8P CIR)
0-4-N(-H enRN=2)mEQsRN42 wheyee RN-5 and RN-2 can be the same or different, 30 (25) - (CH2)
0-4-NRN-2RN-3 where RN-2 and RN-3 can be the same or different, (26) - (CH2) 0-4-RN-4, (27)
-(CH2)0_4-O-CO-(CI-C6 alkyl) (28) - (E#>) 0-4.6H )0y~ bR N-- Frmesl & RR-arfRE LSS vl or
Cl-g4 alkyn(@9%,; (CHRL0YO-GRNBA:5) 2, (3B GERR) 0-4-0-CS-N (RN-5) 2, 38 WO 03/043987
PCT/US02/37037 17 MAY 2006 5 (31? - (CH2) 0-4-0- (RN-5) 2,
25) - (CH2)0_4—NRN_2RN_3 where Ry-o and Ry-3 Ccan
be the same or different,

(26) - (CHz) 0-4-Ru-4,

(27) - (CHz) 0-4"O"CO— (Cl‘—CG alkyl) 7

15 (28) - (CHZ) 0—4:_0‘P (O) - (ORN—aryl—l) 2 Where RN—aryl—l

is -H or C;-C4 alkyl,
(29) -(CHz) 0-4-0-CO-N(Ry-5) 2,
(30) -(CHz)0-4-0-CS-N(Ry-5) 2,
(31) - (CHz) 0-4-O- (Ry-s) 2,
20 (32) - (CHz)0-4-0-( Ry.s)2-COOH,
(33) -(CHz2)0-4-S-( Ry-5)2,
(34) - (CHz)0.4-0-(C1-Cs alkyl optionally
gubstituted with one, two, three, four, or five -F),
(35) C3-Cy cycloalkyl,

25 (36) C3-Cs alkenyl with one or two double
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -S8SH, -C=N, -CF;, C;-C; alkoxy, or -NR;.aRi-p, C1-Cz; alkoxy- (R:-
aryl) 7 Cjl”CZ?, alkoxy— (Rl—heteroaryl) r

(37) C2-Cs alkynyl with one or two triple

30 bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -SH, -C=N, -CFi;, Ci;-C; alkoxy, or -NRj-aRi-p, Ci-C; alkoxy- (R:-
aryl) , Ci-C3 alkoxy- (Rl-heteroaryl) ’

(38) - (CH2)0_4"N(‘H or RN-—S) —SOQ—RN..Z where RN_5
and Ry.» can be the same or different, or

35 (39) - (CHjz) 0.4~ C3-C; cycloalkyl.

In another embodiment, R; and Rz are independently Ry-1C(O) -

; and
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(32) - (CH2)WwObfe438849--q ) 2-COOH, (33) - (CH2) 0-4-S- ( RN-5) 2, (34) -(CH2p@A0s(er3705 alky!
optionally substituted with one, two, three, four, or five -F), 10 (35) C3-C7 cycloaﬁ%/l% )%9@-@26 alkenyl
with one or two double bonds optionally substituted with C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH, -C=N,
CFP C1R3alkS P RPINRI-GRI-HTE £ 3 KGR YRR ALY | BHRET AkBLEARYAER GRS , 1%]37)
C2-C6 alkypykwith ene pr b tripds) hondagphonly stbstitiedwitit b 1 alkyl, che- arl, dxr-OH,
-SH, -C=N, -CF3, C1-C3 alkoxy, or -NR1-aRI-b, CI-C3 alkoxy- (R1- aryl) , C1-C3 alkoxy- (RI-heteroaryl) ,
(38) - (CHE} BEARRIF oPRR-5LSH2-RN-2 where RN-5 20 and RN-2 can be the same or different, or
(39) -(CH2)0-4- C3-C7 cycloalkyl. In stil pnether enzhadimento B iang=R3 presindepandantly RN th
1C(0O)-; and RN-1 is phenyl optionally substituted with one, two or three of 25 the following substituents
which carPB&the JEHR orfiferéMrasd arduPsic-esriRyl, PHoRSbsHthRl with®one IV three

substjtue fro f isting_af CI-C3 alkyl-F, -Cl- -Br, #;-OH,$H, -CN, 30 CF3,
Cl-bgg alk%yﬁ%%%\%{i%{&qc%%3%&%%/- (R(i%-féryl)cific'i-CSngoxyI- '(Rléjh%ieroggl) , 35-C(%N-'OH, (3)
-NO2, (4)GF;,Cl, CBr,Cr -1 2 1RcED-OH () -CHR13RWO 0303087 REAYESOARTA3A) ,  C1-Cs
alkOXY" (Rl-heteroaryl) r
-0OH,

(2)
(3) -NOg,
(4)
(5)

15 -F, -Cl, -Br, or -I,
-CO-0H,
(6) -C=N,
(7) - (CHz) 0-4~CO-NRy-zRy-3,
(8) - (CHz)0-4-CO-(C1-Ci2 alkyl),
20 (9) - (CH;) ¢-4-CO-(C3-C15 alkenyl with one, two
or three double bonds),
(10) - (CHj3) 0-4-CO- (Cs-C12 alkynyl with one,
two or three triple bonds),
(11) - (CHjy) 9-4-CO-(C3-Cy cycloalkyl),
25 12) CH3) 0-4-CO-Ri-ary1,

13) cC

( = (
( - (CHz2) 0-4~CO-Ri_neteroaryl s
(14) - (CH3)0-4-CO-Ri-heterocycles
(15) - (

from the group consisting of morpholinyl, thiomorpholinyl,

CH2)0_4—'CO—R_N_4 where Ry-4 ig selected

30 piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
pyrrolinyl and pyrrolidinyl where each group is optionally
substituted with one, two, three, or four of: (C;-Cs alkyl,

(16) - (CH;).4-C0O-0-Ry.s where Ry.s is selected

35 from the group consisting of:

(a) C1-C¢ alkyl,

(b} -(CH2) 0-2- (Ri-ary1) ,
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17 MAY 200&6 (3)4398H2) 0-4-CO-NRN-2RN-3, (8) - (CH2) 0-4-CO- (CI-C12 alki(r (0%02/37037
-(CH2)0-4-CO-(C2-C12 alkenyl with one, two or three double bonds), (10) - (CH fl‘ ¥@0062-c12
alkynyl with one, 10 two or three triple bondsz,éll - (CH2).0-4-CO- %3-C7,c cloalkyl) , (12) (CH2)
0-4-CO-Rl-aryl, (13) - (CH2) 0-4-CO-R1-hetet&dryt2( -%@%@3&4- Bgﬁi-ﬁéfé% fe,45 (18F- (CH2)
0-4-CORNhwhereRNFis selected from the group consisting of morpholinyl, thiomorpholinyl,
piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl, homothiomorpholinyl S-oxide
homothiomorpholinyl S,S-dioxide, pyrrolinyl 4fe p??r‘oqiéiirﬂrlmﬁ@?’ele&&iqur%hﬁjiggpﬁS%?all?rZO%stituted
with one, gy Jheee, Shfpyr of{el-C6 alkyl, (16) - (CH2) 0-4-CO-O-RN-5 where RN-5 is selected from
the group consisting of: (a) C1-C6 alkyl, (b) - ECHZ 0-2- (Ri-aryl) 25 (c) C2-C6 alkenyl containing one or
two double bonds, (d) C2-C6 alkynyl containk§g ofre-6r 1y 8 28 4H¥ie bonds, (e) C3-C7 cycloalkyl, and

(f) 26°H2) 0-2- (Ri_heteroaryl) (17) - (CH2) 0:-4SOZNRN-ARNB, H18) 3 (@RIP:4:50wicd-Cerglky)
(19) - (CH2) 0-4-S0O2- (CI-C12 alkyl) (20) -éCHZ) 0-4-SO2- (C3-C7 cycloalkyl) (21) - (CH2) 0-4-N (H or
RN-5 ) -COSRNS5 \fhefe Rie Oor different,

(18) -(CH3)0-4a-N(H or Ry.s )-CO-N(Ry-5)2, where
Ry.s can be the same or different,
(19) = (CHjz) g-a-N-CS-N (Ry-5) 2, where Ry-s can be
15 the same or different,
(20) -(CH3) 9.4a~N(-H or Ry-5)-CO-Ry.2 where Ry.s
and Ry.» can be the same or different,
(21) =-{(CHj) g-4-NRy_2Ry-3 where Ry.z and Ry.z can
be the gsame or different,
20 (22) - (CHz) 0-4~Ry-4,
(23) - (CH;)0-4-0-CO-(C1-C¢ alkyl),
(24) - (CHz) 0-4-0-CO-N(Ry-5) 2,
5)

(2 - (CH3) 9-4-0O-CS-N(Ry-5) 2,
(26) - (CHz)0-4-0O- (Ry-s5) 2,
25 (27) -(CHz)-4-O-( Ry-5)2-COOH,
(28) = (CHjz)-4-0-(C1-Cs alkyl optionally

substituted with one, two, three, four, or five -F),
(29) —(CH25m4—N(—H or Ry.s5) -SO3-Ry_; where Ry_s
and Ry, can be the same or different, or
30 (30) - (CH;)g-4- C3-C; cycloalkyl.
In another embodiment, R; and Rs; are independently Ry-i1C(0) -
; and
R; represents - (CH,)ni-phenyl where n; is zero or one and where
phenyl is optionally substituted with one, two, or three of the
35 following substituents which are the same or different:
(A) C1-Cs alkyl optionally substituted with one,
two or three substituents selected from the group congisting of
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5 can be thevsaragaseifferent, 40 WO 03/043987 PCT/US02/37037 17 MAY 2086180&12)37¢€H2) 0-4-N
(H or RN-5) -CO-N (RN-5) 2, where RN-5 can be the same or different, (23) -(CH2MAYNEIE-N(RN-5)2,
where RN-5 can be the same or different, (24) - (CH2) 0-4-N (-H or RN-5) -CO-RN-2 where RN-s 10 and
RN-2 canbe the sakyér diffefent, (25) - (CH#5.0-4-NRN-ZBN-3 whetd RN-Zaht RNBFean e the same

or differen; -(C -4-RNeth,. (248) -(CH0-4-0-CO-(C1-Chalkyl) 15 (28) - (CH =4-0-P -
(oRN-ar;%%gg%%brgl“@éarykwéliﬁ%gél-?ﬁ gﬁw,gz%{((%i'-(gﬁé 6gﬁ]zé-c%)3N£(CﬁzN2-%)%§)(%’g @b‘HZ)
0-4-O-CS:dbRN:g) 2, (31) - (CH2) 0-4-0- (RN-5) 2, (32) - (CH2) 0-4-0- ( RN-5) 2-COOH, (33) - (CH2)

0-4-S- ( RN-5) 2, (34) -(CH2)0-4- -(C‘Cl-_C‘@6 algytllggﬂg?all%i%}ps@ﬁgd Wwith pne, twg,tyee, Mdgrlfive
-F), (35) C3-C7 cycloalkyl, 25 (36 c2-Cc6 alkenyl with one or two double bonds optionally substituted

with C1-CXdlikgindl Lgl, -Bubet Ot 8H, -@:Nh-CPReG1-CavalkoRy or tNREGRI-BUBSIGT ukake (RI-
ary%_ Cl&%\%@)@@ (I%E&ﬁergﬁgl)gﬁg%C%&Qﬂw}lgit%?ne; gr tw?ctiiple_%(}por%qs o_p;igﬂ_ally_ _
substituted with CI-C3-alkyl, -F, -CI7-Br, =1, -OH, -SH, -C=N, -CF3, C1-C3 alkoxy, or -NR]-aR1-b, C1-C3
alkoxy- (R4Haryh ¢21-C3 @ikgxyc(Reheteltaryl)y , (38)d (CNR).QRI-N (-H o ®N5) k682-R M2 where RN-5
C1-Cs alkoxy- (Ri-neteroaryl) ,
(C) C3-Cs alkynyl with one or two triple bonds,
optionally substituted with one, two or three substituents
15 gselected from the group consisting of -F, -Cl, -Br, -I, -OH, -
SH, -C=N, -CF;, C1-C3 alkoxy, and -NR;.zRi.p, C1-C; alkoxy- (Ri-ary1),
C1-C3 alkoxy- (Ri-neteroaryl) :
(D) -F, Cl, -Br, or -I,
(BE) -C1-Cs alkoxy optionally substituted with
20 one, two, or three -F,
(F) —-NRy.2Ry-3, where Ry.; and Ry.; are independently
gselected from the group consisting of:
(1) -H,
(2) -C1-Cs alkyl optionally substituted with
25 one substituent selected from the group consisting of:
(a) -OH, and
(b) -NH,
(3) -Ci1-Cg alkyl optionally substituted with
one to three -F, -Cl, -Br, or -I,
30 (45 -C3-Cy cycloalkyl,
(5) -(Ci-Cz alkyl)-(C3-Cy cycloalkyl),
(6) -(C1-Cs alkyl)-0-(C;-C;3 alkyl),
(7) —-Cy-Cg alkenyl with one or two double
bonds,
35 (8) —-Cy-Cs alkynyl with one or two triple

bonds,

44



and RN-2 cande3thesssme or different, or 35 (39) - (CH2) 0-4- C3-C7 cycloalkyl Ploraostbsrembodiment,
R1 and R3 are independently RN-1C(O)- and 41 WO 03/043987 PCT/US02/37037 NIANIAY0£006 5 RN-1

is phenyl of which is optionally substituted with one, twqQ or three of the, following substituents which can
: AR

be te same or different and are: (1) C22ce Sytopmtibity ShzstRt¥d win° h

substituen{s gelegted-fram ke geww@ 10 consisting of C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH, -CsN, - CF3,
CI-C3 alkoxy, and -NR,_aR1-b, CI-C3 alkoxy- (R1-aryl) , CI-C3 alkoxy- (RI-heteroaryl) , (2) -OH, (3)
-NO2, 15 (4) -F, -Cl, -Br, or -1, (5) -CO‘ON, (6fcantt (7) - &192) 0-4-CO-NRN-2RN-3, (8) - (CH2)
0-4-CO- (C1-C12 alkyl) 20 (9) - (CH2) 0r4-CORCL:G 12 3)kenyl with one, two or three double bonds),
(10) -(CH2)0_4-CO-(C2-C12 alkgnyl with one, two or three triple bonds), (11) -(CH2)0.4-CO-(C3-C7
cycloalkyl) 25 (12) - (CH2) 0-4-CO-R1-aryi, (13) - (CH2) 0-4-CO-R1-heteroaryl, (14) - (CH2)
0-4100-R1_heterocycle, (15) - (EH2y 8=NCO-RN-4 where RN-4 is selected from the group consisting of

morpholinyl, thiomorpholinyl, 3 f)'pe&az_ie |, pipetidiny], hpmomarpholinyh, homothiemorpholinyl.. . 1,
homothiomorpholinyl S-oxide, gonb”lothfom)érp%g inyl S,Sy |c')xi(§|;§3,oar }p *
one, two or three substituents selected from the group

consisting of -¥, -Cl, -Br, -I, -OH, -SH, -C=N, -CF;, C;-C3
alkoxy, and =-NRi-aRip, Ci-C3z alkoxy-(Ri-ary1), Ci-Cs3 alkoxy- (Ri-

15  neteroaryl) s

(J) -CO-(Cy-C4 alkyl),
(K) -S0y-NRj-aR1-p,

() —-CO-NRi_sRi.p, OT
(M) -805-(C1-C4 alkyl).

20 In a further embodiment, R; and R; are independently
phenyl (C1-Cg) alkyl groups where the phenyl is optionally
substituted with one or two groups independently selected from

(A) C1-C¢ alkyl optionally substituted with one,

two or three substituents selected from the group consisting of

25 C1-Cs; alkyl, -F, -C1, -Br, -I, -0OH, -SH, -C=N, -CF3;, Cq1-C;
alkoxy, and -NRi1-aRi-p, C1-Ci; alkoxy- (Ri-ary1), Ci1-C3; alkoxy- (Ri-
heteroaryl) I

() -7, Cl, -Br, or -I,
(C) -C1-Cs alkoxy optionally substituted with
30 one, two, or three -F,
(D) -NRy-2Ry-3, where Ry, and Ry.z are independently
selected from the group consisting of:
(1) -H,
(2) -C1-Cs alkyl optionally substituted with
35 one substituent selected from the group consisting of:
(a) -OH, and
(b) -NHg,
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pyrrolinyl anwpyorsaladinsyl where each group is optionally substituted with one, tviee Tthrse/smsour of:
C1-C6 alkyl, (16) - (CH2) 0-4-CO-O-RN-5 where RN-5 is selected 35 from the g uw%gi@mﬁg of: (a)

C1-C6 alkyl, (b) - (CH2) 0-2- (R1-aryl)_42 WO 03/043987PCT/US 7 Y, d bonds,
& e BonGe S Ry PG e s S ()

(c) €2-C6 alkenyl containing one or t

g?f-c7 cyslealky, 1R (CFR) 0N (FHBar, RN »CO-0O-RN-5 where RN- 5 can be the same or
ifferent, (18) - (CH2) 0-4-N (H or RN-5) -CQ-N (RN-5) 2. where-RN-5 can be the same or different, (19) -

(CH2) 0-4-N-CS-N (RN-5) 2, where RN- cz;an’5 béﬁﬁﬁéégr%tie%}fld’lﬁerent, - (CH2) 0-4-N(-H or RN-5)

-CO-RN-2 where RN-5 (20) and RN-2 8an bétheanickyr diffef@nt 42 19v@EH) <4INRN-2RN-3 where

RN-2 and RN-3 can 20be the same oy different, - (CH2), 0-4-RN-4, (22)(23)+( 0-4-0-CO-(CI-C6 alkyl),
(24)- (CH2) 0-4-0-CO-N(RN_5) 2, (25&- cﬂg)%efzéb-éi)‘ﬁ%fj(&rﬁ%) (2&21@)%% %}%@-h-o- (RN-5() 2, 25?27%-)
(CH@) 0-4-0- ( RN-5) 2-000H, (28)-(CH)0-4eR-(Cl-EBkalkyl chtidmally substimte dweith bae Hendthree,

four, or fiyagFbne triple bond,
(E) -0H,

(F) -C=N,
(@) C3-C; cycloalkyl, optionally substituted with
15 one, two or three substituents selected from the group
consisting of -°¥, -Cl, -Br, -I, -OH, -SH, -C=N, -CF3, Ci-Cs
alkoxy, and -NRi.oRip, Ci1-Cs alkoxy- (Ri-ary1) » Ci1-Cs alkoxy- (Ri-
heteroaryl) s
(H) —-CO-(C1-Cq alkyl),
20 (I) -805-NR;_zRi.p,, where Rj., and R, are as
defined above, or
(J) -CO-NR;-2Ri.p, where Ri., and R;., are as defined
above.
Representative R; and R; groups also independently include
25 benzyl, 4-hydroxybenzyl, 2-fluoro-4-propylbenzyl, 3-amino-4-
bromobenzyl; 3-chloro-5-methylphenethyl, 3,5-difluorobenzyl, 2-
methylphenylpropyl, 4-trifluoromethylbenzyl, 4-
trifluoromethylphenethyl, 2,3-dichlorobenzyl, and 2-chloro-4-
cyanobenzyl.
30 The invention encompasses compounds of formula I, which
includes those compounds shown below wherein Ri, Rz and Rz are as

defined above:
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(29) - (CH2)walaslg4Bber RN-5) -S02-RN-2 where RN-5 and RN-2 can be the saog/usatifseoent, or 30
(30) -(CH2)0-4- C3-C7 cycloalkyl. In another embodiment, R1 and R3 are indepehti&tAly RBBEC(0)- and
R1 represents -(CH2)al-phenyl Where nlis Zero or one and where phenyl is optionally substituted with
one, two, or three of the 35 foflowi ng substy uer\ts whiclyare \the same iferent: (A) Cl C6 alkyl
optionally substituted with on or thre tituent cted f

group consisting of -F, CI - -I H, - -C=N, -C -C3 alkoxy, andl -NRI-aRI-b, C1-C3 alkoxy-
(RI- yI) C1.-C3 alkoxy- (Ra_ h,eteroaryl) (&) C2-C6 alkynyl with one oﬂtwo triple bonds, optlonally
subs |tuted with one, two or three substituents 15 selected from the group consisting of -F, -Cl, -Br, -I,
-OH, SH, -C=N, -CF3, C1-C3 alkoxy and -NRI-aRI_b, C1-C3 alkoxy- (RI-gryl) , CI-C3 alkd,xy-

(R1-heteroaryl) , (D) -F, CI -§r or -, -C1-C6 alko y optionally substitated, with 20 orfe, two, or three
-F, (F) -NRM 2 N 3, W re RN-2 an RN3 are indepandently select dfro the group.con ting of: (1)
-H, (2) -C1- yl optio substit ith 25 on /sub‘stltuent fhe grouptonsisting of:

O (Y TY 9

N
|
H
[0}
0]
\\\ \\\\N
\ N
I\Ille
O U
T N
10 The invention encompasses compounds of formula I, which

further includes compounds shown below, wherein Ry;; is - (CHy)pi-
(Ri-ary1) » O = (CHz)pn1-O- (Ri-ary1) , wherein nl and Ri-ary1 are as

defined above:

X

H, F, Cl, or OH

Ir—=

15
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(a) -OH, andw(bp3nks8813) -C1-C6 alkyl optionally substituted with one to three #¢FOK037@x7-1, 30 (4)
-C3-C7 cycloalkyl, (5) -(C1-C2 alkyl) -(C3-C-Y cycloalkyl), (6) -(C1-C6 alkyl)-O-(&¢1-A¥IRADE7) -C2-C6
alkenyl with one rtwo double bonds 3%&)63 g‘%@fﬁ [ b

03/643987 PCT? 8021370 WM%R(CE 5 % %8 llqﬂcham Wltht[\{c})@é%ldgol%%IeB o?ﬁﬁ%’%e triple
bond, 10r15 &k - Rgmylp,mmaﬂyhemymmc)u@ﬂs(H;)hr@mNb@}e‘B-m cycloalkyl,
optionally substituted with one, two or three substituents selected from the group consisting of -F, -Cl,
-Br, -1, -OH, -SH, -C=N, -CF3, C1-C3 alkoxy, and -NRI_aRlI-b, C1-C3 alkoxy- (Ri_aryl) , C1-C3 alkoxy-
(R1- heteroaryl) , (J) -CO-(C1-C4 alkyl), (K)-S02-NR1-aRl-b, (L) -CO-NR1-aR1-b, Or (M) -SO2- alkyl)
20 In a further embodiment, R1 and R3 are independently phenyl(C1-C6)alkyl groups where the phenyl

is optionally s%t_)ﬂitu %Cg(\lllvl‘{i 'Qatlé‘a%rot\_/ig)llgégpcﬁﬁénsdependently selected from

0

3O [
% \/© \\-O\( \\_o\)\ ~*’O‘\“i

?@m@% o

3-Alkyloxy-4-lsoxazolo-Piperidines

Ir=

48



(A) C1-C6 alky optiassaltly substituted with one, two or three substituents selectericfrovsotra7gsoup
consisting of 25 C1-C3 alkyl, -F, -Cl, -Br, -1, -OH, -SH, -C=N, -CF3, C1-C3 alkoxy},’dd& YNZ08RI-b,
C1-C3 alkoxy- (R,-aryl) , C1-C3 alkoxy- (R1_ heteroaryl) , (B) -F, ClI, -Br, or -, (C) -C1-C6 alkoxy
optloﬁally substituted with 30 one, two, or three -F, (D) -NRN-2RN-3, where RN-2 and RN-3 are
independently selected from the group consisting of: (1) -H, (2) -C1-C6 alkyl optionally substituted with
35 one substituent selected from the group consisting of: (a) -OH, and (b) -NH2, 45 WO 03/043987 5 10
PCT/US02/3703F1F7 MAYCR06O®) %Fé@%ﬂ@?@&u&%ﬂ?%ﬁ&ﬁut%‘a iFHBha {6 ¥ -FOXMUER, or -,

(4) -C3-C% cyelaalklofd -(Sei-C2 MG S s¥El0alinD ol iC L alkyk0cG1-C3 alkyl), (9) -CI-C6
alkyl chain with one double bond and one triple bond, (E) -OH, (F) -C=N, (G) C3-C7 cycloalkyl, optlonally

substituted wigao- Al lgylexymb ipetriehBes bstituents selected from the group consisting of -F, -Cl, -Br, -
-OH, -SH, -C=-N, -CF3, CI-C3 alkoxy, and -NR,_aRI-b, C1-C3 alkoxy- (RI-aryl) , C1-C3 alkoxy- (R1-

©\/0' Q\Q * (lj Q\/@ "ﬁj O\/@
(@) OA® T Y
N N
H H

3-Alkyloxy- and 3-Alkyl-4-Furano-Piperazines

& QQQ
shlcloaacANGAY

3-Alkyloxy- and 3-Alkyl-4-Isoxazolo-Piperazines

G 8 8¢

N N
H

_N

SMA® ™ ANIGA®

N
Yo

eatcioaaloagiege

3-Alkyloxy- and 3-Alkyl-4-Oxazolo-Piperazines

;—(\ 0—\\ O\N—\\N Q) /&;\\N
(ST C o pleatearNen

10
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heteroaryl) n20 (B/p4&87(C1-C4 alkyl), (I) -S02-NR1-aRl-b, where R1-a and Ri-brare/asozigfised above, or
(J) -CO-NR1-aRi_b, where R1-a and RI_b are as defined above. RepresentativelRMant 2898roups also

independently include 25 benzyl, 4-h droxybenz
TR FPRRBE 2

yltShehBtHyR B8 Riffe i o

3-cRloro-5-met

§ 2 ore-&proyliepayl. Ao beamgpenyy:

ethyipheny

propy uoromethylbenzyl, 4-

trifluoromethylphenetid Zn&flﬁ:hﬁfebéjfzyd;aa‘rfdyz-thloaﬁ4ccymbedwlS?@Whehﬂﬂe‘mion

encompasses compounds of formula I, which includes those compounds shown below wherein R1, R2

and R3 are as deflned abovg 46 WO 03/043987 5 z ¢l PCT/US02/37037

~N\N~3 .H:N,\(j/\o

/NR3NR3NR2\N\ @?3H H 7l
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' 3-Ethary-5-phenciry-pipsrdine k
o
whmmawiﬁpm k

N
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~°t“r‘“© |
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I’QA |
I{&-Propaxypiperdit-3-yimathxy}-ppridine
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uspmwmwwwmﬂwwm
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S Phwooxy-pipaddin-J-ol
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3-Ethaxy-S-phanasy-pipeddine
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s e igeriin3- mamyacine \
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1WMHWM‘WKYH‘PMW
mm,\ '\O
s
’ 'WDI\CEQMQ
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B4B-{3, s-omummmwdl;ymwwwﬂd H xym

Seaeasedl

[2-{3,5-Dituaro-phenyl)-athyll [&{pyﬁd!ms yknammyyplp-ﬁdm -yi}-aming
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RJIN N 1. MaveisiM39833 Re 10 The invention encompasses compounds of forrrateiSedisch3further
includes compounds shown below, wherein R11 is -(CH2)n1- (R1-aryl) , or - (CHPJ MAY 28Q6aryl) ,
wherein nl and R1-ary| are as defined above: 15 H, F, CI, or OH 47 WO 03/043987 PCT/US02/37037 17
MAY;2006 5 The ReAfoiE B SRESTBADBER1S COIEHR e B EIRMURAL FhrikkmERET&Hidularly

those compousids shown hglew: 3-Md kyloyydriaganedtiprridings RdmoXyAtspxazolo-Piperidines 0 -0
N H 485 WO 03/043987 PCT/US02/37037 17 MAY 2006 The invention encompasses compounds

contemplated by Formula |, and more p jcularly those compounds shown below: 3,5-Alkyloxy-Pi perid i

nes 3- AIkonxy- and 3- Alk){'l &EE%UQ\ zines rN.

{G-thnaxymﬂhyl plpmzin 2-ylj-methanci '

Hc’\( :l/\ ’k’N

[&(wmmwmmmwmmm «mathanol -

O’T 0

2 mp-mm-i-ymmw«s«(pyﬁwwmmmowmmm

"'\E T\
' z«mmwm-wmwmmwmﬁm
Qi
"X f“
mmw-zm-wmwmwmmmmwmmm

m«(:ﬁ

2 Brarii-pHaosyriathyl-8-{-chion

Sy

z&wawmﬂmmymwwm- 1 }

w@'\crn

2{4~Brcmn bumymymmwmwmmﬁ-mwmamﬂs-tmcmyt-pzpmz!m

by

2*{3 &Bkﬂunm-bmﬁmmamyn«ﬂ-{z-pyndhd-yt—amyarpmamm
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~N H 3-Alkyoxys/es3ds3-Alkyl-4-Isoxazolo-Piperazines 3- AIkonxy- and 3-Alkyl-2OrasobsRiperazines
NN NNN CN,\ (NJ";\o~ NJ;~ N1"> CN H H H H 10 49 5 c-~spn",nxym.thvla~nerdZnMANr2899$4n1 n.

., artunres-Sy+ na-ro~vm ro-ma, 4.*m.Uwnd no H OM, F WO 03/043987 PCT/US02/37037 17 MAY
20065The invention encompasses compounds contemplated by Formula |, and more specifically those
compounds shovmleeIméwlmm@@@@@gww@mﬂﬂsowwmpi{&%@w |\ TN~
~Im n,IhY~dP~ndl~YbxYm ~zda,sexrcua~P~NFt&taw~tna,ytm.ma~vrpi~. ~ci%a-~amm 50 WO 03/043987
PCT/US03/3788¢ I@W@Wéﬁﬂ@%ﬂ%nﬁiﬁ%ﬁc&ﬂﬁ@%&%m Shifiplated by Formula |,

and more specifically those compounds i,§hown below: Q* tmothylplwtuh -2-yl)- mothanot N
: 0

i

. HN

oL
R D

3H{4-loxazolidin-yl-G-phanaxymathyl-pioeddin-3-vimathosymathyll-pyrc

iSOttt} & (pyridind: .
R S S

o*ﬁ‘@

Wyﬁanhwmn&M&mWMldey{)
henaxymsthy-pipencine A

\@mgﬁ@r

#Bmm—phmxymﬂwi}é—{d—dﬁnmphmxymw
3~( L

. ‘ H
g &ammmm%&ghmxmﬂwf-ﬂwidm o Ec\@\

, o » Q’\©\

31,2, 3T rhazch4-y)-3-{ari Loaczylo

QJ\, ﬁ \/Q 12Tz uscomat ez maty)

athyl-ohanoxy
IE-Banzyiaxy-A-imidazokd - vawmnwmmm L ) NI“N
4 : ‘ g
QHsLaﬁQ\Q | ; p
y N (ol i 5 yimlmyl}ﬁmimiwnaihﬁ)v

pmrtdm-&-y!mothyl]'pmdfn-m vyt
5 {A«Azltidln-st«yi&phnmxy-‘pip&rldln-&yloxyma!hyi) thiazole-2-carbaxylie
acid dimetfilamide .
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(B{8N-aimldwkRiRe428A-2,yq.M44M wt 2Mpuridirv.i-y flthyldF(Py~tdL14 Yb ~tYReyroSibE¥wPS 51 WO
03/043987 PCT/US02/37037 17 MAY 2006 5 The invention encompasses compbliM t&#efnplated by
Formula |, and more specifically those compounds shown below: 4{3H I r dazol4
yi).SéhxtoxyPigdddIn.?awt Pi 3i(A-lamtazdldl~7Y~5PhMOxTeni~thNPiP~ddin3yimatEw%YmaSktyi}IPYdd
3 CCydt ht* Irnsthraymithyé A SoidtefrabidpR Mezal-¢oniidBuViwxyatribyiditpaesd hyrFBt(ia
2,31TSzoF4"?4)3(44rffluo om.Uwl xrmy~ atl' S{4-tr rorode+thyJ~ rhmame+ArNSSW|d|n S.
(4Azagd|r§ryl@ﬂ1>3ﬁ8ﬁ$lﬁﬁ&ﬁ%‘§&$ﬁ} tHy PR a7 A Him B RIS NPY -
(d-(8H-imidaml-R-yk)-5.1f(Pyridin.3.yim.thygyamin nathyi).lit iPprwin3- yImat YpPYR-3Y4nathyt4m[na 52
WO 03/043987 PCT/US02/37037 17 MAY 2(04|5 The invention- -encompasses compounds contemplated
by Formula [, and more specifically those compo indy sHdw b8low: HO 9 A{S$.3.6dAua’'o-p

NPt~wddl~ YmdthYlj ~ylddusb (6{,2.3=CJIAua+C+PE+nY%4diMidaxoll

ryMP~Fkw~Y lttuthYI(~'lddin.d ytm F%H&mmn-wwmﬂwwmm il phmt ‘

By

ﬂ&t&ﬁ»mﬁummwmﬁmmmwx—wm
‘ e

F
“ F ‘ o
e
H&WM&MN—{SMMWWMN .

Fm

(542, 3-CMuorg-phenyl)-d-imicizolsdyhglpacidio-d yimathyll-pyfdin--ylmathyl-amine
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53 WO 03/0%3983/R&8MIS02/37037 17 MAY 2006 S The invention encompassPe TOSH(BINSIE
contemplated by Formula Il, and more specifically those compounds representedi/oy1AR2 2906 or OH Re =
H, OH, NH2 R4 = H. OH, NH2, NHCH3 Re = H, OCH3, CH2CH20H Rs = other alkyl, or alkyl ethers
(Whef?eln Zis CH or N) 10 15 54 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 The invention

encompasses CoppROUTKIsSepiRmPlaied aarauta doapdbiiede spesiiicaty 1hesacappewdashown
below: 10 15 20 55 5 WO 03/043987 The invention encompasses |, and more specmcally those
compouné% and more sgpecifically those compounds 'represented Db

bl
Rf[z Rs
B
(Iry

R1= R2= R3=

o’ +-CHs O\—Q

_g/O
%_8»’1, , or o <

7 ‘%” 0-3- —_ / N
HN
Rs S ;

Rg = H, OH, NHZ .
ﬁ_é
4 = H, OH, NH2, NHCH3

Rs = H, OCHj3, CHy,CH,0OH other alkyl, or
alky! ethers
(wherein Z is CH or N)

10

15
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preferred RIwop R3p4ap87where R in each compound may independently be whergTR$ORZ0RE 12 RO\ /Z
YY SOHR 22\ RO"/ Y ZY SOH2 RHO Y Z Y "OAR 2 Z are as defined above 1R MRY 2006 ¥ SOH 2 |
RWSYLYSOHR12RS'YZY O/R N112RRCS'Y ZY 'SCRIl) 1-2 contemplated by Formula
comﬁounds shown below, PCT/US02/37037 17 MAY 2006 |

The invention encompasses compounds contemplated by Formula

I, and more specifically those compounds shown below:

10

15

20

55



12\ RAN ZwW@oH4a%71 R\N"Y ZY SOH ft 2 RAN, Y Z Y \O~R 12 RBI / Z' » ~RC1i0$adv3I2 RAN " /Z\
A IR R 56 5 10 WO 03/043987 PCT/US02/37037 17 MAY 2006 The invention edcoMpasg89€ompounds
contemplated by Formula |, and more specifically those preferred R2 groups as shown below. In another

more preferred eniodieNERT ROTs RBCEHRAGT Rt PPRARE R nZ O ERIMB! RERfodY. ERfMLORazols
Pgdoa Pyrimiding Ryeszn (Bl Supstisied Seelbas preferred compounds shown below,

where R in each compound may independently be R; or R;, and

wherein R;, Rz, R; Z are as defined above.

TZ Tz R R,
RO, 4 RS Z l|\l Zl
\[ j/\OH \[ j/\OH o \[ j/\o”
N ) \
H H H
I T T
R\O/\{ZJ/\OH R\S/\{ZJ/\OH "~y i OH
\
R
) ) )
H H ,|_|

I i
R\O/\(Zj/\O/R R\S i O/R R\N § O/R
| |
(o )1_2 R
i !
I T
zZ
R\/\i j/\O/R R\ﬁ z S/R R\N z N/R
( 0) 1-2 lL ll-l
} )
Rz
. | R I
R\N 4 R
|
N R
} ;
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Pyrrle TrtexaleO@s043087v0, seine or ditfarent Halogen (F, CI, Br) yt (methyl, ery4peflusoarsmitnyl ., ) (NHh
mWo ) 57 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 In yet another embadifént, 288%nvention

encompasses compounds contemplated by Formula I, and more specifically those preferred compounds
as sRown below. Possible substitutions off of the imidazole ring include aryl and alkyl groups. H H H3CO

F3C 10 H,C H N¥&S8 WQ,83/04398 e RETES8 264 03 bnbbMAYs2 Rt dmpatanaihéreribadinbat, the
invention encompasses compounds cqontem If ated b Formulal and more specifical &)iltgv%sqe preferred

compounds a8 LRoWRERIGHE G it ose preterred K, groups as

below. In another more preferred embodiement, R is not a
halogenated phenyl, benzyl, aryl or heteroaryl.
10
Mora prafarrad:

A subsiiiuted S-memberad hetoracycle '
ﬁkﬂmﬂﬁﬂﬂﬁﬁﬁmﬁmmmﬂ .

Cr O“’E oL o N o o)

Isoxazola Furan ~  Oxazole Thiazale Imldazale ‘Pyrazols Tﬁmle

More praferred;
Aﬁﬂﬁﬁﬁﬂﬁwwmﬁﬂﬂhﬂmm$ﬂ
{Carbon point of atfachement)

¢ @ 9

Pyimidine  Pyrazing  Triazine

A Fryd afgm d%:h it
4
{caw«a% aﬂ:chammﬂ

Whare the arylihsterosryl substitutian is “smak™

Such as: .
‘ Qne utm sama or different: -
: sgan (F, {3 Er}
Subsﬂﬂal&zt c,-cgmyl {mathyl, sthyl, a-ifhmmnmmyi m}
Gr%m&&%ﬂﬁm ¥
i»] o«
Cyanc
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0 Het 0 59 W 03/e443887 PCT/US02/37037 17 MAY 2006 5 In another aspect &/ irsmeraios7provides
compounds of the formula: 0 Rao 10 or a pharmaceutically acceptable salt or estef Méréct0Qfherein 7' is
CH or N; wherein R30 is absent, -OH, or halo; wherein R40 is C1_8 alkyl, C1_5 alkoxy, aryl, substituted
aryl, 5neteroary|, substituted heteroaryl, heterocycl, substituted 15 heterocycl, phenyl, substituted phenyl,
C1_3 alkyl-phenylnorfet & adersubshited Rheny!, Make pieiowmbbs 53048 3bsgals <@, or Cl, Br, | or
F; further R40 is selected from the group consisting essentially of -CH3, -CH2CH2-Ph-O-CH3,
-Ph-Ph-Cé‘?ﬁPW@ﬁ-Géﬂ%,elm’l%?@?d?%ﬁ%&}iﬂpﬁzoéﬁé, e FoeSH-ECA)-Ph, BBRPR-CN,
-Ph-Ph-NH2 e PhrfGHR R GHLEHAEHINCHR CH2GHRCHB), « SHIREEI 2Bk sR-QuPh o RapBthelene,
-Ph-Ph-CI, -Ph-(OCH3)2, -CH2-Ph-OCH3, -CH2-Ph, -Ph- Ph-S(=0)2CH3, -Ph-Ph, pyridyl, Ph, Ph-I,
-Ph-Ph-SEHE hehipysiis ePR-NHRI Phogdsidphadyd, -PRCCES Kph-BReH3S -Ph-Ph 25 (OCH3)2,
-Ph-OCH3, -Ph-CN, -CH2-O-Ph, -Ph-OCF3, -CH2-PhF2, 60 WO 03/043987 PCT/US02/37037 17 MAY
2006 5 C1 In a more preferred embodiemefjt Z is CH. In accordance wi Is embodiment, a single
substituent attached to a Ph-ring is 10 in ghie grtho position; alternatively, a gingle substituent

0
o)
H3CO—C; Q;
F3C

H H
N N
(o ; NG
Ny / 6
H
H
H N
NN
HaC
F

H

O s %

10
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attached to avi@rnsinggisin the meta position; also alternatively, a single substitu@dtrztisaiieEmwio a Ph-ring
is in the para position. Further, di-substituents attached to a Ph- ring are in di-méta MosKigRe6
alternatively, di-substituents 15 attached to a Ph-ring are in a meta and para position. In another aspect,

the ifvention inchile¥ SbnBohEE b AEPRIMTRR0 NIeHAINGRIMRE0 REGIMERPS #fituted aryl. More
preferably; Rgodsnd selegteddgma thesgneyp cepsistirg af -PinPhBrPhpdetiBlzalPiF, tRbsk
-PhCN, napthyl, -Ph(CH3)2, -Ph-Ph, -Phi, -Ph-OCHS3, - PhCI2, -Ph-PhCN, and -Ph-(OCH3)2. In
accordanB& fHRIKEnHIERAERCS sﬂ%l@gﬁ?ﬁﬁitm%‘&ached to a Ph-ring is in the 61 WO 03/043987
PCT/US02/37037 17 MAY 2006 5 ortho positiopaalternatively, a single substj t attached to a Ph-ring

is in the meta pos ly, a sing [ g edtoaP g is in the para position.
Ph-ring arefin di @ Nens; alternatiyely,, di-gubgtituents
ftion. ¥ th

Further, di-substitu
attached to a Ph-rj ‘ a meta and parg . et another embgdinyen invention
includes compound 0 is%ryl, substituted aryl, alkyl, Cl_6 al]cenyl,
CI-15 cycloalkyl, C1-6 alkyl-Cl_6 cycloalkyl; and wherein R70 is t-butoxycarbonyl or H. More preferably,
Rho is selected from the group consisting of -Ph, -Ph-Ph, napthyl, -Ph- 20 O-Ph, -PhC(CH3)3,
anthracinyl, -PhCH3, -Ph(OCH3)2, -PhBr, PhS(=0)2CH3, C(=CH2)CH3, cyclohexyl, -CH2-cyclohexyl,
-CH(CH3)2, and - VNECHZCHS)Z. In accorda /Bvith this embgdi@ent, a \\Ie

/

I | |
O N @]

0
N N

R
R\\ | )
e gurs
Om/@Het O{@Het O~ Het
o

0
N © N N
R
R\\ R l\\
| = ~
~ g __Het
0 Z 07 oy”
O
0] 0]

N N N
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substituent asteaisasiiesa Ph-ring is in the ortho position; alternatively, a single sebItitisepBastzched to a
Ph-ring is in 25 the meta position; also alternatively, a single substituent attache%lZ[Mﬁ‘I‘gﬂHé is in the
para position. Further, di- substituents attached tg a Ph-ring are in di-meta positions; alternatively,
di-sué)stituents At &G A8 ARG S in grl?ﬁethrh\fﬁnﬁé‘rgrbogﬁﬁﬂ?%%hg%%%%%%as8 the Present
invention, exgmharmaceutically acceptable salts or esters thereof, are useful 62 WO 03/043987
PCT/US02/37037 17 MAY 2006 5 for treating humans who have Alzheimer's disease, for helping
prevent or delay the onset of Alzheimer's disease, for treating patients with mild cognitive impairment
(MCI) and preventing or delaying the onset of Alzheimer's disease in those who would progress from
MCI to AD, for treating Down's syndrome, for ating huglans who have Hereditary Cerebral
Hemorrhage with Amyloidosis of the Dutch{Type, fqr treating cerebral amyloid angiopathy and

' nt lobar hemorrhages, for treating other

preferred that the disease is Alzheimer's di
useful to inhibit beta-secretase and reduce pr inphibit the formation of placque. When treating these
diseases, compounds of the present inventiopkg &ither be used individually or together as is best 25
for the patient. With regard to these diseasefithe term "treating" means

10 or a pharmaceutically acceptable salt or ester thereof,
wherein Z’ is CH or N;
wherein Rs, is absent, -OH, or halo;
wherein Ry is Ci.g alkyl, Cig alkoxy, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocycl, substituted

15 heterocycl, phenyl, substituted phenyl, Ci.s alkyl-phenyl, or Ci.s
alkyl-substittued phenyl.

More preferably, Rig is absent, -OH, or Cl, Br, I or F;
further Ry49 1s selected from the group consisting essentially of
-CHz, -CHp,CH,-Ph-0O-CH3, -Ph-Ph-CO,H, -Ph-Ph-OCH3, -Ph-Ph-C(CH3)3,

20 -Ph-Ph-0CF;, -Ph-Ph-F, -Ph-C(=0)-Ph, -Ph-Ph-CN, -Ph-Ph-NH,, -Ph-
C(CH3)3, -CH(CH,CH;3) (CH,CH,CHpCH3), -CH,CH,Ph, -Ph-O-Ph,
naphthalene, -Ph-Ph-Cl, -Ph-(OCH;),, -CH,-Ph-OCH;, -CH,;-Ph, -Ph-
Ph-S(=0),CHy, -Ph-Ph, pyridyl, Ph, Ph-I, -Ph-Ph-S-CH,;, -Ph-
pyridyl, -Ph-NH,, -Ph-NO,, -Ph-CF;, -Ph-CHz, -Ph-Ph-CF;, -Ph-Ph-

25 (OCH3) 2, -Ph-0OCH3, -Ph-CN, -CH;-0O-Ph, -Ph-OCF3, -CH;-PhF,,
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that compouwasosfidsgiresent invention can be used in humans with existing diBeagesolseosempounds
of the present invention will not necessarily cure the patient who has the diseasé biMAY ¥@P8elay or slow
the progression of the disease thereby giving the indjvidual a more useful life span. The term

individual ultimately gets the disease. In treating or preventing the above diseases the compounds of the
present mventlon are ¢ admlnlstered ina therapeutlcally 15 effective amount. The therapeutlcally effectlve

to those skittfed %
should begin ad

In a more preferred embodiement Z is CH. In accordance with

this embodiment, a gingle substituent attached to a Ph-ring is
10 in the ortho position; alternatively, a single substituent

attached to a Ph-ring is in the meta position; also

alternatively, a single substituent attached to a Ph-ring is in

the para position. Further, di-substituents attached to a Ph-

ring are in di-meta positions; alternatively, di-substituents
15 attached to a Ph-ring are in a meta and para position.

In ancther aspect, the invention includes compounds of the

formula

~_

N
H

wherein Rso is aryl or substituted aryl. More preferably, Rsy is

20 selected form the group consisting of -Ph, -PhBr, -Ph-C(CHi)i, -
PhF, -PhCl, -PhCN, napthyl, -Ph(CH;3),, -Ph-Ph, -PhI, -Ph-OCH,, -
PhCl,, -Ph-PhCN, and -Ph- (OCH;),. In accordance with this

embodiment, a single substituent attached to a Ph-ring is in the
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25 physiciarms0m@alouspan treatment when the patient first experiences early pre-B{ahesvwEssymptoms
such as, memory or cognitive problems associated with aging. In addition, there]JréV'é(Yn?@B tients who

are at high risk because of having the genetic marker APOE4 which is predictive for Alzheimer's disease.
In 30 the?erg%%ti%ﬁg,lg\fe%Ifﬁoﬁght% n%ijeXFg]gés RotHave the % Tgesag%%,}heengdn%%?s A |ce?r£l%l o? e
compoungs phtheipigsert inventien skadd pe siarteshhyefatesdisedsessymptomnslappear anddieatment
continued indefinitely to prevent qQr delay them from, possjbly getting the disease. 35 The compounds of
the preseRHAYEAFNTEM B‘&téaﬁ%’rﬁgete%ﬁ %ralfl[@," ﬁéﬁ%térgllfﬁv% oA ST 5hd¥epo-sQ),
sublinguattyripttapgsally {inhiBletien dimihecolly bW @ 63043087 RIT/HBH 2037037 - ;i bBAY 2006 5
topically and rectally. The invention here._is the_ compounds of the present igveption. There is nothing new

about theoTtes A EdmrstRiBR hbY fHeYdoshbe FoRFE BokalEFoid Rt to-Rode Fdkiehid the art

arerguitable doridelivery=af she sampawrds-efs theipresent invention. 10 When administered orally, the
compounds of the present invention can be administered in usual dosage forms for oral adminisgration

as is well known'tB t¥&de SRRIRThEBROFHBED Hosa ot mETRtdGa APESiFIRPESERR forms

of tablety,@&nd gapsdesiag well as liquid dosage forms such as 15 solutions, suspensions and elixirs.
When the solid dosage forms are used, it is preferred that they be of the sustained release type so that
the compounds of the present invention need to be administered only once or twice daily. The oral
dosage forms are administered to the patient onerR20 thru four times daily. It is preferred that the
compounds of the present invention be administered either three or fewer time, more preferably once or
twice daily. Hence, it is preferred that N

15
wherein Rgy ig aryl, substituted aryl, Ci¢ alkyl, Ci;.s alkenyl,
Ci6 cycloalkyl, Ci¢ alkyl-C;.s cycloalkyl; and
wherein Rye is t-butoxycarbonyl or H. More preferably, Rg is
gselected from the group consisting of -Ph, -Ph-Ph, napthyl, -Ph-
20 O-Ph, -PhC(CH3)3, anthracinyl, -PhCHz;, -Ph(OCH;),, -PhBr, -
PhS (=0) ;CH;, C(=CH,)CHs;, cyclohexyl, -CHy-cyclohexyl, -CH(CHs):,
and -CH(CH,CHi),. In accordance with this embodiment, a single
substituent attached to a Ph-ring is in the ortho position;
alternatively, a single substituent attached to a Ph-ring is in
25 the meta pogition; also alternatively, a single substituent
attached to a Ph-ring is in the para position. Further, di-
substituents attached to a Ph-ring are in di-meta positions;
alternatively, di-substituents attached to a Ph-ring are in a
meta and para position.
30 The compounds of the present invention, and

pharmaceutically acceptable salts or esters thereof, are useful
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the compounde ad/tlagpresent invention be administered in solid dosage form amd futtsueritospreferred
that the solid dosage 25 form be a sustained release form which permits once or k@i ¥2%osing. It is

preferred that whatever dosage form is used, that it be designed sq as to protect the compounds of the
presént i tibH Froh-the ia%%d?@%ﬁvi%?mﬂﬁ%?t@%ﬁa@%? Eft chSceoaageed tabfets %?;p é%ﬁ%nown to
those skillackinghe 38ardd1agditon cepsees difedivith simrdspheteisseachecoater- to peatedirfeom the

acidic stomach, are alsg well known to those . skilled in the art. Wh%minisﬁred ora:%/ the
therapeufReHy SSHet e BhdBht R e BB S 1 HER&T B bout’s:d0o MRy r rEferanty aBdut 1,000

mg/day. lgisTagrerRyetaireddhatibe 36 arak-tesagers Hodnakeuid me/daideabaticl Gbmyklay. It is
more preferred that the oral dosage is from about 5 mg/day to about 50 mg/day. It is uEderstood that

while a pRIEFFES 68 WH /0423087 PERDSHEAF 03791 PRIRY 8068 8%SHE oft Bhe dose, that
doseymay-havectorke valieshoyestimen asdhepatian s £enditiershangesidnadditiagdhe Lempounds of
the present invention can be administered parenterally. When administered parenterally they can be

administh¥ AP INPBLFo M, EBFoiEpoESEYRen R admmididred faremtery, ABCLbunds of the
present igventiop=theyllchgriivei-ateaiapeldically effestiveranaaunioaiut@éntasabout 180 mg/day,

preferably from about 5 to about SOénngaily. When a depo formulation is used for injection once a month
e

or once eS&REhD \REEksE BV T oke SREEH TSI B8RY/da55 dbbaREG REY/@H6Fon a monthly
amount the.dese-for oneaenthsheuld e fram ahauhtp Menihahall 1300meeBeqausaafihe

forgetfulness of the patients with Alzheimer's disease, It is preferred that the parenteral dosage form be
a dépo-IN e GRASEG TAE LY pohREL Bf tHeSResert3nRPEieR tak $e Parkinson's

disease, dementia associated with progressive supranuclear
palsy, dementia associated with cortical basal degeneration,
diffuse Lewy body type of Alzheimer's disease. It is preferred
that the disease is Alzheimer's disease.

20 The compounds of the present invention are also useful to
inhibit beta-secretase and reduce or inhibit the formation of
placque.

When treating these diseases, compounds of the present
invention can either be used individually or together as is best

25 for the patient.

With regard to these diseases the term "treating" means
that compounds of the present invention can be used in humans
with existing disease. The compounds of the present invention
will not necessarily cure the patient who has the disease but

30 will delay or slow the progression of the disease thereby giving
the individual a more useful life span.

The term "preventing" means that that if the compounds of
the present invention are administered to those who do not now
have the disease but who would normally get the disease or be at

35 increased risk for the disease, they will not get the disease.
In addition, "preventing" also includes delaying the development
of the disease in an individual who will ultimately get the
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sublingually wiahesmgseen sublingually, the compounds of the present invention soigsbeginazn one thru

four times daily in the same amount as for IM administration. The compounds oflthpréstibnvention

can be given 25 intranasally. When given by this route of admijnistration, the @ggropriate dosage forms
d

are & nasai-§57a7or afy Bt a5s ¥nowhts thode ShfeFhiRESR: THY ge’ 6t the Compounds of

the preseghiguention fenitranasal edminisiiginmisdhe fSathe ap ferdMhadministiet0on3thike
compounds of the present invention can be given intrathecally. When given by this route of

administrRSVFRCEShroBfattHES4GE féiin iPBe Adrémerdt 1B s4ge fRffEa e —sivt fthose skilled
in the art. Jcheidesagg aftha-gorapeundsy ot theiesersinenierdeninirathecal aghrinisirationris the 35

same as for IM administration. The compounds of the present invention can be given topically. When

given by fisSRaRLoCRIMRR—IERort e 588A003/023B PERRIS®Y3 7oy 479MAT2006 Fome

appropriatsrdesagedermads g Craam, fbtmant os AaiChi Besauseoaf the ampewdehdie eampeunds of the
present invention needed to administered the patch is preferred. Further, two or more patches may be

needed. WheR &RinifiSErat- hpRaltp, the dbB&gd 8ok dt O Ay B HbbuRS6d o9 Bay.

However he agoust hiat can be delivered by a patch is limited. Therefore, two or more patches may be
required. The number and size of the patch is not important, what is important is that a therapeutically
effective amount’dt the& 88k pBGh o PFRVSBEERINVIRioA IR Fe N RRPESR KRBRNIBTRGIE'SSIed 15

in the art. Jhe gpmpaunds,of theRreseninvetion£anike adeyaigtered oty y--HRPPSKaryas is
known to those skilled in the art. When administered by suijfosnory, the therapeutically effective amount
is flotn alfEE 0Bty o aBeut - The therapeutically effective amount will

vary depending on the particular compound used and the route of
administration as is known to those skilled in the art.
In treating a patient with any of the diagnosed above
conditions a physician should begin administration of one or
20 more of the compounds of the present invention immediately and
continue indefinitely.

In treating patients who do not at the present have
Alzheimer's disease, but who are believed to be at substantial
risk for getting Alzheimer's disease in the future, the

25 physician should start treatment when the patient first
experiences early pre-Alzheimer's symptoms such as, memory or
cognitive problems agsociated with aging. In addition, there are
some patients who are at high risk because of having the genetic
marker APOE4 which is predictive for Alzheimer's disease. In

30 these situations, even though the patient does not have the
disease, the administration of the compounds of the present
invention should be started before disease symptoms appear and
treatment continued indefinitely to prevent or delay them from
possibly getting the disease.

35 The compounds of the present invention can be administered
orally, parenterally (IV, IM, depo-IM, SQ and depo-SQ),
sublingually, intranasally (inhalation), intrathecally,
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500 mg. 20 Wie @wmmpasands of the present invention can be administered by implemssag/ssdarown to
those skilled in the art. When administering a compound of the present inventionByNi##0&he

therapeutically effective amount is the same as for depat , administration. 25 Again, the invention here is
the CompoBRASBthe ﬁ@?erﬁeﬁ% ?@ﬁ'oﬂﬁg p?é@é%?ﬁﬁ%ﬁti%e.]ﬁe%es is%glo?hiﬁam éﬁb N

novera Sou the route
of administiatign-eerdhe dossgaforms foradministering thd asmpeunddoefitbe presentitveatiot. Given a

particular compounds of the present invention, and a desired 30 dosage form, ane skilled in the art would
know ho# tpRbS e 3d 8Bpfaphate o 23838 m %ﬁﬁ‘g compoaRFs %Pfﬁ@%r%gé%‘”{rﬁnggnﬂ:c}ﬁ?%ﬁgv ’

compoungg pf thespresertiaventionare usad taliibesafae raanisrdyythe Safledodtaspefaciizinisttation
using the same 35 pharmaceutical dosage forms and at the same dosing schedule for treating patients
with MC1 thfid REGRERE imtPaSRentPEnd preventing or delaying the onset of Alzheimer's disease in

thosg 67 WO 03743984 2 HUSOR13 8034l 1IMA Y2006 mpevaidd progeess fsermddatto AD, for
treating Down's syndrome, for treating humans who have Hereditary Cerebral Hemorrhage with

Amyloidosi 6 e Bt FERy € f@AREaing eRétst atdm i iP angRpass arpievétingfepotential

consequegRs it $nglesndaecurseridahandemerrtagesh s dreaking veher 14 dagenatative
dementias, including dementias of mixed vascular and d%ieneratjve origin, dementia associated with

ParkinsoF 8 5fiSc £4eS A8 chBA BEsITSLH IR HBgHINRL sSplaithcd AP et sBEiated
with corti¢alhagal-degeaerationudiffiuse s S/awy hady twpeiof Alehainer' g dispaseulie eampounds of

the present invention can be used with

15 solutions, suspensions and elixirs. When the solid dosage forms
are used, it is preferred that they be of the sustained release
type so that the compounds of the present invention need to be
administered only once or twice daily.

The oral dosage forms are administered to the patient one

20 thru four times daily. It is preferred that the compounds of the
present invention be administered either three or fewer time,
more preferably once or twice daily. Hence, it is preferred that
the compounds of the present invention be administered in solid
dosage form and further it is preferred that the solid dosage

25 form be a sustained release form which permits once or twice
daily dosing. It is preferred that whatever dosage form is used,
that it be designed so as to protect the compounds of the
present invention from the acidic environment of the stomach.
Enteric coated tablets are well known to those skilled in the

30 art. In addition, capsules filled with small spheres each coated
to protect from the acidic stomach, are also well known to those
skilled in the art. When administered orally the therapeutically
effective amount is from about 0.1 mg/day to about 3,000 mg/day,
preferably about 1,000 mg/day. It is more preferred that the

35 oral dosage is from about 1 mg/day to about 100 mg/day. It is
more preferred that the oral dosage is from about 5 mg/day to
about 50 mg/day. It is understood that while a patient may be
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each other owwitl3/eiBgs7agents used to treat or prevent the conditions listed ab@@r/Ssaizagents include
gamma-secretase inhibitors, anti-amyloid vaccines and pharmaceutical agents sttAPYad epezil

hydrochloride (ARICEPT Tablets), tacrine hydrochloride (COGNEX Capsules) or other acetylcholine
estefase THABIEGS Al ATFIAREBr inthtBLt MRFE S aene o‘%%@%td}ﬁ?) eggé?ﬁroerf the" BSmpounds

of the preggnttiﬂg,e@@@i@qtz@al§Q>1Qgﬂ§§gﬁvi&hiah@ggr§ of P-glycoproten (P-9p). The use of P-gp
inhibitors is known to those skilled in the art. See for' example, Cancer Research, 53, 4595-46Q02 (1993),
Clin. Cancer Red122995t(1996), 3R cEPRBSERTR, 55 4357%-A%853956) T dfhalBlibiGtions

W099/64Q0and WQOLLD38 Ehe 3Pdmportantibingastiat ike blesd lpwetehtheRypyintiigr be such

that it exerts its effect in inhibiting P-gp from decreasin%[brain blood levels of the compounds of the

present iRVehtioR. PETHE EREAKEP-diY inhiftor SR8 T MomBBuRTs SielR tesertiffention can be
admigisteeghatthe samestipg fande the 33me endifferapisomiadf administratiensensat different times.

The important thing is not the time of administration but having an effective blood level of the P-gp

inhibitor. 68VED D3R2388PWS/08b21D37 IRRIAP UGS SSHEbRT-B Bt e ide
cyclosporgb%u\eer@re%m_i&ot%%f@nmlebini‘gé;gﬁdé&tamgf@aﬁl5}t0f@h% rAegRsiro acstatBout
|

progesterone, rapamycin, 10,1 1-methanodibenzosuberane, phenothiazines, acridine derivatives such as
GF120918 0Frenaiaky71 0V hen350 Aepes 88BYUG R 2T F6Sand other steroids. It is 10 to be

understoqgthat aqditiqnal agentsyvilkhe foundihat do She same fupetian anrbatp-alna congidered to be
useful. The P-gp inhibitors can be administered orally, parenterally, (IV, IN, IM- depo, SQ, SQ-depo),

topitally, doBEngilaialidchely sheutasily, RgiterafPamPeyt 50 mg/day or on a

monthly amount the dose for one month should be from about 15 mg
to about 1,500 mg. Because of the forgetfulness of the patients
with Alzheimer's disease, it is preferred that the parenteral
dosage form be a depo-IM injection.

20 The compounds of the present invention can be given
sublingually. When given sublingually, the compounds of the
present invention should be given one thru four times daily in
the same amount as for IM administration.

The compounds of the present invention can be given

25 intranasally. When given by this route of administration, the
appropriate dosage forms are a nasal spray or dry powder as is
known to those skilled in the art. The dosage of the compounds
of the present invention for intranasal administration is the
same asg for IM administration.

30 The compounds of the present invention can be given
intrathecally. When given by this route of administration the
appropriate dosage form can be a parenteral dosage form as is
known to those skilled in the art. The dosage of the compounds
of the present invention for intrathecal administration is the

35 sgame as for IM administration.

The compounds of the present invention can be given
topically. When given by this route of administration, the
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15 implant. We tamaapegutically effective amount of the P-gp inhibitors is from alzut/@S92¢3aieut 300
mg/kg/day, preferably about 0.1 to about 150 mg/kg daily. It is understood that \/\HIM&‘K&\%@% may be
started on one dose, that dose may have to be varied over 20 time as the patient's condition changes.

Wheh adPRESREGHaRy, 4RSPLH HRtftorsToah 58 SRffinRIPEI s & dBE e forfS F8-5ial
administration agis kRt tathose skilleshiruiis ast. Jhese dosaaastonts irghede: 1he usedldedd unit

dosage forms of tablets and capsules as 25 well as liquid dosage forms_such as solutions, suspensions

and elixireOWaERiRd SbRIE6sdgeToRAs R dsed TS pidieTed BHARET be GFhEXUNSHRE release
type so that theR-gpPrminpitiersaeedio be aainistierat:onit encaioryice-aallyy  Thenerabidesage forms

are administered to the patient one thru 30 four times dalily. It is preferred that the P-gp inhibitors be
administetet &R tRleRWr fOwer MAdSaMalomBReBiefer3Bly once or twice daily. Hence, it is preferred

that the Pagpy iphjbitqrs pe-pdminisieted insalid dosage éarm ard Butherdrispreferreddbatdhe sglid
dosage form be a sustained release 35 form which permits once or twice daily dosing. It is preferred that

what everldeshgedornT Rareiorat it HEURR BT £afeChrieale PyF Rfibibrdrohitfe acidic
environment of the 69 \WQ 03/043087 RCHLISOR/37034 17 MAb62006,8 stqmaeh. nterigeeaigd tablets

are well known to those skilled in the art. In addition, capsules filled with small spheres each coated to
protect From thbaicidic slerrRenelsad Wall RAERA tbRosESKdd MifthERet. FPERRHANThEP-gp

inhibitors eap be administered, JQpasentsiallye Wheo.admiistergd paespterally theyandie 11eq
adm_lnistered IV, IM, depo-IM, SQ or depo-SQ. The P-gp inhibitors can be given sublingkl)JaIIy. When given
sublirgually: thé&e-Grt . The compoundg of the present invention can be
administered rectally by suppository as is known to those
skilled in the art. When administered by suppository, the
therapeutically effective amount is from about 0.5 mg to about
500 mg.

20 The compounds of the present invention can be administered
by implants as is known to those skilled in the art. When
administering a compound of the present invention by implant,
the therapeutically effective amount is the same as for depot
administration.

25 Again, the invention here is the compounds of the present
invention of the present invention. There is nothing novel about
the route of administration nor the dosage forms for
administering the compounds of the present invention. Given a
particular compounds of the present invention, and a desired

30 dosage form, one skilled in the art would know how to prepare
the appropriate dosage form for the compounds of the present
invention.

The compounds of the present invention are used in the same
manner by the same routes of administration using the same

35 pharmaceutical dosage forms and at the same dosing schedule for
treating patients with MCI (mild cognitive impairment) and
preventing or delaying the onset of Alzheimer's disease in those
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inhibitors shabdob®43esan one thru four times daily in the same amount as for IMadrusustaton. 15 The
P-gp inhibitors can be given intranasally. When given by this route of administraliériVlfné dBpfopriate

dosage forms are agsal sgra% or %% owder as is knowr%‘%o those skilled in_ the art. The dosage of the
P-gpiinhiBifiPs W1 RERP EaffniSTFaib A 15 the Safi as P—”Mﬁﬁ?frﬁ&?a@o%%osrrﬁe‘fﬁ‘-%ﬁ? ibitors
can be givesringathecalyy Woemgivenhby His eouir ebadriisirationdha-appropristerdrsagedanthcan
be a parenteral dosage form_as js known to those skilled in the arf. The P-gp inhibitors can,be given
topically. WHEH GG b ﬁfth%u%l&ﬁ]aﬁﬁpﬁ@ﬁatioﬁﬁﬁé:ﬁﬁﬁrgbﬁgte%g & 3o &2 85dm, ointment

or patch. Begausssefitbe amouptetbedi-ag inbibitpesreadeditohendiministried the patch is preferred.
However, the amount that can be delivered by a patch is limited. Therefore, two or more patches may be

required. FThBHLF R AN HELFREBthe PRch RHBPTHPGESH  whals fhportamds Mt er therapeutically

effecgive amgunafiie Pgminhinitoriske delivared asys kamwn ta shoseskileddd tRexadulika-P-gp
inhibitors can be administered rectally by suppository as is known to those skilled in the art. 35 The P-gp

inhibitors RBA HESRAMRISAr &Y By FhpRLE adRMRRGWA tPHDS8 SRIEH invthetarE 27K Aer 631083087
PCT/USO343/03417 Nne20Q6, 5 dher isanathing Nonelahout-thasrorte gladminisinatign nor the

dosage forms for administering the P-gp inhibitors. Given a particular P-gp inhibitor, and a desired
dosage fdPfhl S8hre skilled in the art would know how to prepare the appropriate dosage form for the P-gp

inhibitor. Ha isheuld besapparertdg aperskilleddR thasart taaidhe egehdasagesnd raguansy of
administration will depend on the
15 Lewy body type of Alzheimer's disease.

The compounds of the present invention can be used with
each other or with other agents used to treat or prevent the
conditions listed above. Such agents include gamma-secretase
inhibitors, anti-amyloid vaccines and pharmaceutical agents such

20 as donepezil hydrochloride (ARICEPT Tablets), tacrine
hydrochloride (COGNEX Capsgules) or other acetylcholine esterase
inhibitors and with direct or indirect
neurotropic agents of the future.

In addition, the compounds of the present invention can

25 also be used with inhibitors of P-glycoproten (P-gp). The use of
P-gp inhibitors is known to those skilled in the art. See for
example, Cancer Research, 53, 4595-4602 (1993), Clin. Cancer
Res., 2, 7-12 (1996), Cancer Research, 56, 4171-4179 (1996),
International Publications W099/64001 and WO01/10387. The

30 important thing is that the blood level of the P-gp inhibitor be
such that it exerts its effect in inhibiting P-gp from
decreasing brain blood levels of the compounds of the present
invention. To that end the P-gp inhibitor and the compounds of
the present invention can be administered at the same time, by

35 the same or different route of administration, or at different
times. The important thing is not the time of administration
but having an effective blood level of the P-gp inhibitor.
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particular compaaridssst the present invention administered, the particular condipom/ bsimg1oeated, the
severity of the condition being treated, the age, weight, general physical 15 condifidiAY tReQSarticular

tient, other medication the _individ be taking as is well known to those skilled in_the art. Th
compounds of e prESEH Ve @B L S0 TSRS THHIDR bEELSBRE At redGEE BRI the

formationtafmd pleare. WhibitioniefAPR Cleavagerd-heamm patngsoi ve-invertigsinhiit cleavage of
APP between Met595 andAsp596 numbered for the APP695 isoform% a rgﬁgt theregi{, orata
correspordifg &itE of R HRRFSHPEA86 orm 2RIV RPP781 br APBY702 SRERSE 386metimes

referred tpRsAbe Hiela sperelasecsited \Whilgaet wishing & bebauag bgripartadar threrys inhibition of
beta- secretase activit}é is thought to inhibit production of beta amﬁloid eptide (A-beta or Abetq).

Inhibitory &tivikPis o detnohstratddin dhiaf &Varety ofhfi §<, Vitr&rEBy “deavdye st an APP

subsgratedn the-presgreaseiAdetssecraage tarzne isquahy eddin thespreseneriot thgtnkbitory
compound, under conditions normally sufficient to result in cleavaé?e at the beta-secretase cleavage site.

ReductioﬁhﬁAPP‘%%@%%@ RS BeBlSe FdtaSe CRIAVAGE LR cSMpafed Rt Bh untreated or

inactive control iggarrelatgs with inbikitonsaetivity pAssaymsyStamstaat ewele ysed to demonstrate
efficacy of the compound 71 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 inhibitors of the invention

are knowRIEEHeS&Rthlive adshyr sydfemdMre d8BGbetR forEXARFRS lin ULSPB&RHYNO. 5,942,400,
5,744,346, s welbasmthe examplesiRelownThe aaadmatc activity-ot bela:secietase apg the production

of Abeta can be analyzed in vitro or in vivo, using natural,
15 implant.

The therapeutically effective amount of the P-gp inhibitors
is from about 0.1 to about 300 mg/kg/day, preferably about 0.1
to about 150 mg/kg daily. It is understood that while a patient
may be started on one dose, that dose may have to be varied over

20 time as the patient's condition changes.

When administered orally, the P-gp inhibitors can be
administered in usual dosage forms for oral administration as is
known to those gkilled in the art. These dosage forms include
the usual solid unit dosage forms of tablets and capsules as

25 well as liquid dosage forms such as solutions, suspensions and
elixirs. When the solid dosage formsg are used, it is preferred
that they be of the sustained release type so that the P-gp
inhibitors need to be administered only once or twice daily.
The oral dosage forms are administered to the patient one thru

30 four times daily. It is preferred that the P-gp inhibitors be
administered either three or fewer times a day, more preferably
once or twice dally. Hence, it is preferred that the P-gp
inhibitors be administered in solid dosage form and further it
is preferred that the solid dosage form be a sustained release

35 form which permits once or twice daily dosing. It is preferred
that what ever dosage form is used, that it be designed so as to
protect the P-gp inhibitors from the acidic environment of the
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10 mutated, waddsnsyssthetic APP substrates, natural, mutated, and/or syntheticml\mie/ﬂnmthe test
compound. The analysis may involve primary or secondary cells expressing nativé Mit¥a#®0%nd/or
synthetic APP and enzyme, or may utilize trans%enic animal models exgressing the substr%&s ﬂ]d(éS

, for

enzyme. BERIBAGH of efFynTHichoRfE5h HEBY ShlyREDSHe of ToFE o e (SR RgE

example, by ipHaUBeassaynflemet ica chrapaaanie agsayl, &P 143, 1 oiell Meapbot-detestiom
Inhibitory compounds are determined as those having the ability to decrease_the amaount of

beta-secréRRESD HOaRIR GG BBUUCRS iR COMPariSHPRFS BonfdiCwAS R bl dedfBQYE

mediatedigieavagea én theireastipnisysters isebserved and measured in the absence of inhibitory
compounds. Beta-secretase Various forms of beta-secretase enzyme are known, and are 25 available

and useful for ass8y dferA RS actiy aRaIRibRBA IS ESnAatioRy RS HdeRSHative,

recembingal-and <yaihefic fatesotias enzyrerdymeaRa-seareiasednkpownaspBeta Site APP
Cleaving Enzyme (BACE), Asp2, and memapsin 2, and has been characterized, for example, in U.S.

/ME p : .
Patent 5, PA32¢ 36 @RaDubishelP C Rt ¥ppficitohs 905s878850 L BF0B04R 81 9L NG 98533,

and WOOQLLY 362, a5 welh agibliterajurer pyblicatians gw%%elgusm@uam&weaméﬁ Science
286:735-741 (1999); Nature 402:533-537 (1999); Natufe 40:537-540 (1999); and PNAS U
97:1456- 14801RbbO SSytREdC oRfis O I5TEBRzyHE Hate IS0 hEBRATIBieH (W0d8I225FMand

WOO00/17369). Betasegrstasecanyhg gxitacted and purified from human brain 72 WO 03/043987
PCT/US02/37037 17 MAY 2006 5 tissue and can be produced in cells, for example mammalian cells

expk&ssing regqrﬁbﬁaﬁt@@ﬁﬁ@ﬁéﬁé@r@ﬁ @PibJRRdY BrEBffd&thvEaB AFABIL 500 BTt iSéeFetase
enzymatig,activity &t aqepcenfrationof IessithaR ion, the appropriate dosage forms

are a nasal spray or dry powder as is known to those sgkilled in
the art. The dosage of the P-gp inhibitors for intranasal
administration is the same as for IM administration.

20 The P-gp inhibitors can be given intrathecally. When given
by thig route of administration the appropriate dosage form can
be a parenteral dosage form as is known to those skilled in the
art.

The P-gp inhibitors can be given topically. When given by

25 this route ofadministration, the appropriate dosage form is a
cream, ointment or patch. Because of the amount of the P-gp
inhibitors needed to be administered the patch is preferred.
However, the amount that can be delivered by a patch is limited.
Therefore, two or more patches may be required. The number and

30 size of the patch is not important, what is important is that a
therapeutically effective amount of the P-gp inhibitors be
delivered as is known to those skilled in the art.

The P-gp inhibitors can be administered rectally by
suppository as is known to those skilled in the art.

35 The P-gp inhibitors can be administered by implants as is

known to those skilled in the art.
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about 50 misv@wales3gmeferably at a concentration of less than 10 about 10 micreawizsyanaea7preferably
less than about 1 micromolar, and most preferably less than about 10 nanomolat.” MAY<¢@Rfate Assays
that demonstrate inhibition of beta-secretase- medijated cleavage of APP )gan utilize, any of the known

forms of 15 APPLRAERGinG tHROSEEASine NG "RaF 506 pé QBE&itel iR NS5 7348 (1987),

the 770 apiio acid ispbpedesesbag Nafuredalk:h3eH32{A88Hnane vagants kel ashe Swedish
Mutation (KM670-1NL) (APP-SW), the London Mutation (V7176F), and others. See, for example U.S.
Patent 5, 76826 and@aicb MR F GERet HYIRIIOKF (15339 16r ARKAET I RAGTT Sara ™ mutations.

Additionabysefyisubstatesinaluge thediRasic AniAeacitbnodificatian, APP-KKdlisgipsash faraxample,
in WO 00/17369, fragments of APP, and synthetic peptides containing the beta-secretase cleavage site,

wild type BRFFEPMEREEY 25%orhil®. &7 S0, HHE3EHBE, for example, in U.S. Patent 5,942,400 and

W09g/03819. TheARR subirate capiginsdhe bet-serretase cleayage st ofARP thMDAs NL-DA)
for example, a complete APP peptide or variant, an APP fragment, a recombinant or synthetic APP, or a

30 fusion PEpide. FPERTIS0IF HHe FISSHFEMAACREIRL THeS bepkdatetitd LIdRBEESitOTudddto a

peptide haying adnaigty dsaipbiorRzyRrRticRssaLdaeamplechavingislation aedlrcdetestion
properties. A useful moiety may be an antigenic epitope for antibody binding, a label or other detection
moiety, 3B GikeiHYFObSPRE L EAPThIRENT3 MWOTRUIFHTP ETNRSONZ763T ERMAY 2006 5

Antibodieg Sreducis chjasiegsic fARR cleayage gan bdnepsured by JAMUNAassay: 4ging various
antibodies, as described, for example, in Neuro. Lett. 249:21-4 (1999) and in U.S. Patent 5,612,486.
15 condition of the particular patient, other medication the
individual may be taking as is well known to those skilled in
the art.
The compounds of the present invention are also useful to
inhibit beta-secretase and reduce or inhibit the formation of

20 plaque.
Inhibition of APP Cleavage

The compounds of the invention inhibit cleavage of APP

between Met595 andAsp596 numbered for the APP695 isoform, or a
mutant thereof, or at a corresponding site of a different

25 igoform, such as APP751 or APP770, or a mutant thereof
(sometimes referred to as the "beta secretase site". While not
wishing to be bound by a particular theory, inhibition of beta-
secretase activity is thought to inhibit production of beta
amyloid peptide (A-beta or Abeta). Inhibitory activity is

30 demonstrated in one of a variety of inhibition assays, whereby
cleavage of an APP substrate in the presence of A-beta-secretase
enzyme 1s analyzed in the presence of the inhibitory compound,
under conditions normally sufficient to result in cleavage at
the beta-secretase cleavage site. Reduction of APP cleavage at

35 the beta-secretase cleavage site compared with an untreated or
inactive control is correlated with inhibitory activity. Assay
systems that can be used to demonstrate efficacy of the compound
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Useful antibaviiessiosdesect Abeta include, for example, the 10 monoclonal antibadyToEsSha/§3ex1etek, St.
Louis, MO) that specifically recognizes an epitope on amino acids 1-16 of the AbétlpepdleSantibodies

162 and 164 (New York State Institute for Basic Research, Staten Island, NY) that are specific for
human A-bRRLPHBAT Rh2 HRSpediVRRL 4RT aAfifofiBS ikt 18FRESSHTZE- e j¥ficfottYion of

beta-amylojespepticles the sites betivred, resisiies:18nastck], 7, as dessribed inddSs Aatent 5,593,846.
Antibodies raised against a synthetic peptide of _residues 591 to 596 of APP and SW192 antibody raised
against 590456 §tfle Stveliich miifatioA Ardgkd FRfiHh MR uREESERYSD BB and its cleavage

products, as desgrReG A Pateris: 5604302 and & 21130 Assay SystemsAssavsdaedatenmining
APP cleava%e at the beta-secretase _cleavage site are well known in the art. Exemplary assays, are 25

describecd?forf @RISR UPS. PARMYE 994 346 Ghd 2085 469, UhY AesHbddEintRE ESAMPLES

belgy. Celhften assaysfxeaplan ssaaysibahean bapsed o demonsitaiedhe inibdery@ctivity of the
compounds of the invention are 30 described, for example, in W000/17369, WO 00/03819, and U.S.
Patents 53949/430 &Yd'5¥ak 32687 GssBRE AN FETSRRITACEIR red MeUBRAINESGrSin B&Nular

incubatioq%%mgéeﬁ%fmaﬁsteg %Q@@_ﬁéﬁg tage1and axpPEssubsYy a%?a'ﬁ%‘@@ﬂ ArRgetangecretase
cleavage site. 35 An APP substrate containing the beat-secretase cleavage site of APP, for example, a

complete 2Pd BFvAERERFEAPPAREYABA, BREYBComBRalest dhiHeties P a0SsipRtd @ontaining 74
WO 03/043987ACTMRORB 1034 L £ MAY 20086 Sdhe anine acigrzequence: KM-DA or NL-DA, is

incubated in the ‘presence of beta-secretase enzyme, a fragment thereof, or a
15 enzyme. Detection of enzymatic activity can be by analysis of

one or more of the cleavage products, for example, by
immunoassay, flurometric or chromogenic assay, HPLC, or other
meang of detection. Inhibitory compounds are determined as those
having the ability to decrease the amount of beta-secretase

20 cleavage product produced in comparison to a control, where
beta-secretase mediated cleavage in the reaction system is
observed and measured in the absence of inhibitory compounds.

Beta-secretase

Various forms of beta-secretase enzyme are known, and are

25 available and useful for assay of enzyme activity and inhibition
of enzyme activity. These include native, recombinant, and
synthetic forms of the enzyme. Human beta-secretase is known as
Beta Site APP Cleaving Enzyme (BACE), Asp2, and memapsin 2, and
has been characterized, for example, in U.S. Patent 5,744,346

30 and published PCT patent applications W098/22597, W000/03819,
WO01/23533, and WO00/17369, as well as in literature
publications (Mol.Cell.Neurosci. 14:419-427 (1999); Science
286:735-741 (1999); Nature 402:533-537 (1999); Nature 40:537-540
(1999) ; and PNAS USA 97:1456-1460 (2000)). Synthetic forms of

35 the enzyme have also been described (W098/22597 and WO00/17369).

Beta-secretase can be extracted and purified from human brain
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synthetic or veoasba3asit polypeptide variant having beta- secretase activity and pffeatsoe/sgosdeave the
beta-secretase cleavage site of APP, under incubation conditions suitable for 10%@%\?&8@ activity of
the enzyme. Suitable substrates optionally include derjvatives that may be fusion proteins or tides
that Sontar FEESIFERAIE HRIRE AHERR HISECATof SISl 6 PAeiRAR The: PUFFEITOH G UeRsthof of the
peptide oeitp belassatietase slaByagmproghsismdseful 15 modifications include the insertion of a known
antigenic epitope for antibody binding; the linking of a label, or detectable moiety, the linking of a binding
substrate, and th& ﬁlﬁ&@ﬁ%bféqwa?dﬁﬁ%ﬁ COhaitdhS Fora¥aI-fre IS 20 égs%ﬁﬁclﬁﬁ‘&afbr
example: appraxiaaielye200/fanonaolactoi 1 tpickmelatsuhstiate: appraximatels @ ta- Beg picomolar
enzyme, and approximately 0.1_nanomolar to 10 micromolar inhibitor compound, in aqueous_solution, at

an appro@ratepA Of BEE LPNplRdimBTsHF 87EPHoF aAimé pERBE BREGFBXTatEY theEmiASs to 3

hours. Thggeincubatian eandifionsare kxempiany AR qansie vared apraguired for the particular
assay components_ and/or desired measurement system. Optimization of the incubation conditions for

the particttaF RS8R Commp ARt RBUBTREBHALIY theSSt R iR e taRetetds? &fAMEPISd-and 30 its
pH optimwnpany,additiaral enzymes and/or markers that might be used in the assay, and the like. Such
optimization is routine and will not require undue experimentation. One useful assay utilizes a fusion

peptide having AsSB3¥ ShikdiRG PREBRIEITIBIRiséd id- itE BrnRhalPSSPar iR R IRS6 35 APP-SW.
The MBPpRojtion.is £apiued 95 &nAssay substratg by antiMBR capturegatipady,Aneubation of the

captured fusion protein in the presence of beta-secretase results in cleavage of 75 WO 03/043987
PCIRISORPF 03FnEA Mbingoddie 695 amino acid "normal" isotype described in

Nature 325:733-6 (1987), the 770 amino acid isotype described

Nature 331:530-532 (1981), and variants such as the Swedish
Mutation (KM670-1NL) (APP-SW), the London Mutation (V7176F), and
others. See, for example U.S. Patent 5,766,846 and also Nature

20 Genet. 1:233-234 (1992), for a review of known wvariant
mutations. Additional useful substrates include the dibasic
amino acid modification, APP-KK disclosed, for example, in WO
00/17369, fragments of APP, and synthetic peptides containing
the beta-secretase cleavage site, wild type (WT) or mutated

25 form; e.g., SW, as described, for example, in U.S. Patent
5,942,400 and WO00/03819.

The APP substrate contains the beta-secretase cleavage site
of APP (KM-DA or NL-DA) for example, a complete APP peptide or
variant, an APP fragment, a recombinant or synthetic APP, or a

30 fusion peptide. Preferably, the fusion peptide includes the
beta-gecretase cleavage site fused to a peptide having a moiety
useful forenzymatic assay, for example, having isolation and/or
detection properties. A useful moiety may be an antigenic
epitope for antibody binding, a label or other detection moiety,

35 a binding substrate, and the like.
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5 the substrat®aBtusdssta-secretase cleavage site. Analysis of the cleavage ackatyicsn/be3for example,
by immunoassay of cleavage products. One such immunoassay detects a uniqu%ﬁ&fo}ﬁ@@ Bosed at the
carboxy terminus of the cleaved fusion protein, for example, using the 10 antibody SW192. This assay is
deséibe&ﬁ&&é@ﬂﬁé in U.S. Patent 5,942,400. Cellular assay Numerous cell-based assays can be

used to analyze bety seeetagesaclivity aneior prasessing of ARRieJelease Abetae b zedaetof an
APP substrate with A-beta- secretase enzyme within the cell and in the presence or absence of a

compountTAMBRGS §Rihe HetfioN 25A P LS RIS R traftt SIS REErRESE intMitdr ATRA of the

compoungyPieierably, assay.indhe presenceiefeoysefuldnhibitery compoved previdas aulesst about 20
30%, most preferably at least about 50% inhibition of the enzymatic activity, as compared with a

non-inhibi&& EBAr ANt BRE LR obMERT 8QIs haetauidg Erfress bt SEGBRLE artiged.

Altgrpativaly, selisagimadified ipsexgess a(esampinant beta-sesratase mosynthetic variant enzyme as
25 discussed above. The APP substrate may be added to the culture medium and is preferably

expresse8Re fHefdeta 1 EXILPaPIRIFERy BkpreBd APRS A Arutdntiidimd of APRL oF Bells

transformedde expegss andsofgup pbAR = utant A yariaRuARRe wesaminari-pr synthetic ARR, APP
fragment, or synthetic APP 30 peptide or fusion protein containing the beta-secretase APP cleavage site

can be udeRl pRided RareREPrestbd PP ks berfitel Y3 coMatt REnspmehterimatic
cleavageactivity gapbeanalyzedHuman ool lingsihat porraally process-pkatadione APEL 38 provide a

useful means to assay inhibitory activities of the cog}éounds of the invention. Production and release of
A-be%a atgepahereldaiagd ProdutRlinterBb It RedanPERnlpe dopeptide, the site

between residues 16 and 17, as described in U.S. Patent

5,593,846. Antibodies raised against a synthetic peptide of

residues 591 to 596 of APP and SW192 antibody raised against

590-596 of the Swedish mutation are also useful in immunoassay
20 of APP and its cleavage products, as described in U.S. Patents

5,604,102 and 5,721,130.

Assay Systems

Assays for determining APP cleavage at the beta-secretase

cleavage site are well known in the art. Exemplary assays, are

25 described, for example, in U.S. Patent 5,744,346 and 5,942,400,
and described in the EXAMPLES below.

Cell free assays

Exemplary assays that can be used to demonstrate the

inhibitory activity of the compounds of the invention are

30 described, for example, in W000/17369, WO 00/03819, and U.S.
Patents 5,942,400 and 5,744,346. Such agssays can be performed in
cell-free incubations or in cellular incubations using cells
expressing A-beta- secretase and an APP substrate having A-beta-
secretase cleavage site.

35 An APP substrate containing the beat-secretase cleavage
site of APP, for example, a complete APP or variant, an APP
fragment, or a recombinant or gynthetic APP substrate containing
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WO 03/043980 P£0HAI$02/37037 17 MAY 2006 5 measured, for example by impamosesay3such as
Western blot or enzyme-linked immunoassay (EIA) such as by ELISA. Cells explesMiy a208epP
substrate and an active beta- secretase can be incubated in the presence of a compound  inhibitor to

demBnstraRSNABHAA A ShYMSFERRAY M TPeorAFaril With-a dohtPS AAR T Of bBtatd&tretase can

be measyreddyranalysts kene aBoke-elsavageRiadycts of theyABRL Sksiraie Forexample,
inhibition of beta-secretase activity against the substrate APP would be expected to decrease release of

specific bEHES9EHRSe FIUEEF I APP e RRAGERBHIAS sV 28 RbeRE WBuLF bBth neural and

non-neurgl celis pESEss apd velepsgrfabetas levelsef epgdogereushetaseptatasasaetivity age low and
often difficult to detect by EIA. The use of cell types known to have enhanced beta-secretase activity,

enhance2¢prGr8siAgG BEAPD B betdiRordHHARRED B JERTIOH bl Al t& e dhdreidk@Freferred.
Forgxample, trangfggtienofcells with, therSwedish Musaat forn of AR Pe(ARR;S¥\ha vl APP-KK; or with

APP-SW-KK provides cells having enhanced beta-secretase activity and producing amounts of A-beta

that can beeaamphtdsdred 1 st Sesriaabiyveasr ERahpRatheRR I exHRIBSEOASP AR 0T

beta-secrglase age Incehaieddo aciitdre:medism, deder: eondlitiansuitahle for heldgecrelasegnzymatic
activity at'its” cleavage site on the APP substrate. On exposure of the cells to the compound inhibitor, the

amount ofAB&tareleaséd fitd iHead® nidarurakdfot @7 AmBuRToftSTESY-f8gmehtstetAPP in the cell
lysates is%%wééso&ormagew&@-@%@eeréglséh% ﬂ%\/%@% Riedicis oEAPRLaR he analyzed, for
isc

example, by immune reactions with specific antibodies, as ussed above. Preferred cells for analysis

of Heta-satpstadd aathignss erbedstin®s himsarid@enslicedls Kiawary transgenic animal neuronal
Ceusmmegktigenic epitope for antibody binding; the linking of a label

or detectable moiety, the linking of a binding substrate, and
the like.
Suitable incubation conditions for a cell-free in vitro
20 assay include, for example: approximately 200 nanomolar to 10
micromolar substrate, approximately 10 to 200 picomolar enzyme,
and approximately 0.1 nanomolar to 10 micromolar inhibitor
compound, in aqueous solution, at an approximate pH of 4-7, at
approximately 37°C, for a time period of approximately 10
25 minutes to 3 hours. These incubation conditions are exemplary
only, and can be varied as required for the particular assay
componentg and/or desired measurement system. Optimization of
the incubation conditions for the particular assay components
should account for the specific beta-secretase enzyme used and
30 its pH optimum, any additional enzymes and/or markers that might
be used in the asgsay, and the like. Such optimization is routine
and will not reguire undue experimentation.
One useful assay utilizes a fusion peptide having maltose
binding protein (MBP) fused to the C-terminal 125 amino acids of
35 APP-SW. The MBP portion is captured on an assay substrate by
anti-MBP capture antibody. Incubation of the captured fusion
protein in the presence of beta-secretase resultg in cleavage of
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the transgenw s0888B3987 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 andeatherseglisosach as
those of a stable 293 cell line expressing APP, for example, APP-SW. In vivo a%%‘.\gn%ggﬁmodels
Various animal models can be used to analyze beta-secretase 10 activity and /or pracessing of APP to
reledse Ablet, %iébﬁgﬁ?‘i’ﬁ%daa%o%@%&?%&ﬁﬁﬁéﬁ?a?%ﬁ@niﬁ%%ﬁ%@%x ?Zts%i'ng‘g‘ﬁﬁoll’yssdbss%roa%e and
beta-secreglaseenzynesanke isad ip demonstrate inhibitory activity of the compounds of the invention.
Certain transgenic animal models have been described, for example, in 15 U.S, Patents 5,877,399,
5,612,486 O 38X AP 15726836 TEUREAFIRY 7 CIEATRER1 ,@é?&ﬁ& Natite $75Eb3 (1995)).
Preferred;aiganipals dhataxbibitehasaciarisiics aspatialed withdhepathophysiology bbAD.
Administration of the compound inhibitors of the invention tq the transgenic mice described 20 herein
provides &R BR&FHAEVE ethisd o SRIRMASTHEHPThePHRRFLR adiity SFHEPIEMpEThddd A‘Ei%rﬁnistration
of the comporpdsin anhanmacayiically-afigrtive caios andai, af Gdreinisitplies raie thag reaches the
target tissue in an appropriate therapeutic amount is also preferred. 25 Inhibition of beta-secretase
mediatedR3éRREe of 2P 40 the beta-secretase cleavage site and of Abeta release can be analyzed in
these animais by ppagwief cleavage fragments in the animal's body fluids such as cerebral fluid or
tissues. Analysis of brain tissues for Abets deposits or plaques is 30 preferred. On contacting an APP
substrate with AleBeseMERR EhzhRReM REFAYSLHCRLIAR iHFBRoyLofipbtha% R Mvention and
under conglitionscsufficientitq pepyit shaymaticRsdiated eayagapbAPE and/errieaseribeta from

the substrate, the
15 Contact of an APP substrate with A-beta- secretase enzyme within

the cell and in the presence or absence of a compound inhibitor
of the invention can be used to demonstrate beta-secretase
inhibitory activity of the compound. Preferably, assay in the
presence of a useful inhibitory compound provides at least about

20 30%, most preferably at least about 50% inhibition of the
enzymatic activity, as compared with a non-inhibited control.

In one embodiment, cells that naturally express beta-

secretase are used. Alternatively, cells are modified to express
a recombinant beta-secretase or synthetic variant enzyme as

25 digcussed above. The APP substrate may be added to the culture
medium and is preferably expressed in the cells. Cells that
naturally express APP, variant or mutant forms of APP, or cells
transformed to express an isoform of APP, mutant or variant APP,
recombinant or synthetic APP, APP fragment, or synthetic APP

30 ©peptide or fusion protein containing the beta-secretase APP
cleavage site can be used, provided that the expressed AFP is
permitted to contact the enzyme and enzymatic cleavage activity
can be analyzed.

Human cell lines that normally process Abeta from APP

35 provide a useful means to assay inhibitory activities of the
compounds of the invention. Production and release of A-beta
and/or other cleavage products into the culture medium can be
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35 compournd®aBibesesvention are effective to reduce beta- secretase-mediatedriaavsap3oizxPP at the
beta-secretase cleavage site and/or effective to reduce released amounts of 78 WAV#8Y0d8987

PCT/US02/37037 17§r/1IA 2006 5 Abeta. Where such contacting is the admijnistration qf the inhibitory
compo@ndsBF e hTEntior b & Prric¥el TBTUBRARERY as GESEHRTY ATk S ?:%Jn%u%ﬁs are

effective to sediispsAhataldegositiamiteraiselssyes f theuanimas ang taresiuce the number and/or size
of beta amyloid plagues. Where 10 such adminjstration is to a huma&gub'g:t, the compounds are
e

effective to inhibit orSIoW tHPBIOGRELRA GHidtaBe SURFLGRlSed AU A o5 /T Abeta to

slow the pregressien & AR the antiferibare@nt anselorsievelopmens of ADdBmdeatieat at risk for
the disease. 15 Unless defined_otherwise, all scientific and technical terms used herein have the same

meaning as toMRari§tinkErsHIBCBY bhe oF skt - frtarPlh RhicRRETRehtoA BebAyEY CRfinitions

And Ganventiong dhedlefinitians apeexplanatians-heloware fordae fersiscas Pdsseddhrasghout this
entire document including both the specification and the claims._Definitions Pharmaceutically acceptable

refers to thd88 PFOPH e S uraiR LiBdtineds AR Qe BeLEPISHRAVIFE pREGH FORFa2E the APP

pharmacologiggliexigelogicabpoinkafiew andie ihe imaniifagtuieg phaumaceptical chemistfiom a
physical/chemical point of view r;gar Ing composition, formulation, stability, patient acceptance and
bioavailabilifFAD&fers 6 AN ér%t&ségs%.‘@@%@,bﬁnyloid precursor protein, is defined as any

APP polypeptide cipeliding AR vadaris ayialions sndsisetorms c fpample, asdisdosedindd $-
Patent 5,766,846.

15 APP cleavage products such as Abeta.

Although both neural and non-neural cells process and
release A-beta, levels of endogenous beta-gecretase activity are
low and often difficult to detect by EIA. The use of cell types
known to have enhanced beta-secretase activity, enhanced

20 processing of APP to Abeta, and/or enhanced production of A-beta
are therefore preferred. For example, transfection of cells with
the Swedish Mutant form of APP (APP-SW); with APP-KK; or with
APP-SW-KK provides celle having enhanced beta-secretase activity
and producing amounts of A-beta that can be readily measured.

25 In such assays, for example, the cells expressing APP and
beta-secretase are incubated in a culture medium under
conditions suitable for beta-secretase enzymatic activity at its
cleavage site on the APP substrate. On exposure of the cells to
the compound inhibitor, the amount of Abeta released into the

30 medium and/or the amount of CTF99 fragments of APP in the cell
lysates is reduced as compared with the control. The cleavage
products of APP can be analyzed, for example, by immune
reactions with gpecific antibodies, as discussed above.

Preferred cells for analysis of beta-secretase activity

35 include primary human
neuronal cells, primary transgenic animal neuronal cells where
the transgene is APP,
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A-beta (or Alada)3/eas980id beta peptide, is defined as any peptide resulting fronPOgtESse3BiESE
mediated cleavage of APP, 35 including peptides of 39, 40, 41, 42, and 43 aminb/a46s 399%xtending
from the beta-secretase cleavage site to aming acids 39, 40, 41, 42, or 43. 799&0 03/043987

PCT/US02R7283 Pk ASSI00s §B€¥é-§§cr5@&@§?b&5-s%c%i§?&%A%(?I%l,c Metfapsin 2) is an

aspartyl prateasesthat mediates cleavagexeifiR at the amino- terminal edge of Abeta. Human
beta-secretase is described, for example, in W000/17369. DMSO refers to dimethyl sulfoxide. 10 All

temperaturé$ &e5H degrees Centigrade. HPLC refers to high pressure liquid chromatography. BOC
refers to 1,-diathylethoxy-garbamyh el butsaraagbonyl, -CO-0-C(CH3)3. Protecting group refers to
t-butoxycarbonyl, I5 benzyloxycarbonyl, formyl, trityl, phthalimido, trichloroacetyl, chIoroacet;r/I,
bromoacetyl, iodoéft?e‘fﬂi%l-spf?éh%%%zyﬁgfcﬁ?b&ﬁ}ﬂ RRetRREIAERGRyIPELa-secretase

ethow@enza@ay%@%nﬂn&flwe&o padesgarkonyk 4shlofebanzyloxyearipaya, as
3-chlorobenzyloxycarbonyl, 2 20 ch orobenzyloxi/carbonyl, 2,4-dithorobenz;(foxycarbonyl, 4-

bromobenzGeRFEaFBERY | 2R B Gy BEFER bEny| LA RFEIREHS I A daBoRy|SxPressing APP
4-cyanobenzyloxycarbanyd g (4 xenylisepropaxycatbonihel  Laiphsnyletsd -woxysatkemyt 2ake
diphenylprop-1-yloxycarbonyl, 2-phenylprop-2-yloxycarbonyl, 2- 25 (p-toluyl)prop-2-yloxycarbonyl,
cyclopentaryiéxyRafsony|, 2 ThéiileycstpebftyRXFEABBAT, BfclshskahiibRtatBonyl, fertain

methylcyclohexanylaxycabanyl.2-methyeyciohexeayigxicarbernyd: 2Hddolupisulfandigtaxycargonyl, 2-
(methylsulfonyl)ethoxycarbonyl, 2 30 (triphenylphosphino)ettoxycarbonyl, fluorenylmethoxycarbonyl, 2-
15 U.S. Patents 5,877,399, 5,612,486, 5,387,742, 5,720,936,

5,850,003, 5,877,015 and 5,811,633, and Nature 373:523 (1995)).
Preferred are animals that exhibit characteristics associated
with the pathophysiology of AD. Administration of the compound
inhibitors of the invention to the transgenic mice described

20 herein provides an alternative method for demonstrating the
inhibitory activity of the compounds. Administration of the
compounds in a pharmaceutically effective carrier and via an
administrative route that reaches the target tissue in an
appropriate therapeutic amount is also preferred.

25 Inhibition of beta-secretase mediated cleavage of APP at
the beta-secretase cleavage site and of Abeta release can be
analyzed in these animals by measure of cleavage fragments in
the animal's body fluids such as cerebral fluid or tissues.
Analysis of brain tissues for Abeta deposits or plaques is

30 preferred.

On contacting an APP substrate with A-beta-secretase enzyme
in the presence of an inhibitory compound of the invention and
under conditions sufficient to permit enzymatic mediated
cleavage of APP and/or release of Abeta from the substrate, the

35 compounds of the invention are effective to reduce beta-
secretase-mediated cleavage of APP at the beta-secretase
cleavage site and/or effective to reduce released amounts of
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(trimethylsilywy etisaodaoarbonyl, allyloxycarbonyl, 1- (trimethylsilylmethyl)prop-I-enptokysansmogt, 5-
benzisoxalylmethoxycarbonyl, 4-acetoxybenzyloxycarbonyl, 2,2,2- trichloroethoxﬁa%ﬁ?(y?,o 6
2-ethynyl-2-propoxycarbonyl, 35 cyclopropylmethoxycarbqnyl, 4-(decyloxyl)benzyloxycarbonyl,
isobromylodR&HFony ' -pibkr y%??&%ﬁgﬁﬁ%-lﬁjoﬁ%gnﬁﬂ%ﬂﬁié% ﬁ&@};SS%NB /043987
PCT/US02/3 /03 b 7MY 288 Rurteld Chi= G2 andeheoyida(=hb)-bh Satinensafersddeasn, agitepus
saturated sodium chloride saqlution. _Chromatograph;g}(}t}:;)plumn and flash chroma}éo%rqag)drg) refers to
purification/SEFARE6H oPSorfFSTHsREP e Ss ( &E%Oéf}ﬁﬁ).aﬁrﬁ i fhatthe
appropriate #agtiers arse paoledpndconeantiated e givethe gesicedeompeund{shaRharmateytcally
acceptable refers to those properties and/pr substances that are acce'fta,ble tqQ the patient from a
pharmacoloGRANEidoRsyiCHIBBRE o dFthRe 25 MEhFalRING pHaRtaE G Eal HRFHS from a
physical/cheical Haint.0f weraregardingcempasitivmdernulatiesiahiity, patigitacagptanee and
bioavailability. A therapeutically effective amount is defined as an amount effective to reduce or lessen at

least one syPEbBRTdMAe 0 didditRYeirrfirédRY of ier&itre TF BRES briEt 8fGR&EPmore clinical

markers or sypplonsefibe dissasedhsheuld bemeted that asiiseddn ts spegifieation and the
appended claims, the singular forms "a," "an," and "the" include plural referents unless the content clearly

dictates 25 BHRPKRESERIS, $r i, rBRre A H c&ApBEEYF HonPiSRG "R EoRPBERPENEREes a

mixture of tw@ okorg Gp £t shod glsorbg-neted thatthgdarm "or" is generally employed in its
sense including "and/or" unless the
15 Unless defined otherwise, all scientific and technical

terms used herein have the same meaning as commonly understood
by one of gkill in the art to which this invention belongs.

Definitions And Conventions

The definitions and explanations below are for the terms as
20 used throughout this entire document including both the
specification and the claims.

Definitions

Pharmaceutically acceptable refers to those properties
and/or substances which are acceptable to the patient from a
25 pharmacological/toxicological point of view and to the
manufacturing pharmaceutical chemist from a physical/chémical
point of view regarding composition, formulation, stability,
patient acceptance and biocavailability.
AD refers to Alzheimer's disease.
30 APP, amyloid precursor protein, is defined as any APP
polypeptide, including APP variants, mutations, and isoforms,
for example, as disclosed in U.S. Patent 5,766,846.
A-beta (or Abeta), amyloid beta peptide, is defined as any
peptide resulting from beta-secretase mediated cleavage of APP,
35 including peptides of 39, 40, 41, 42, and 43 amino acids, and
extending from the beta-secretase cleavage site to amino acids
39, 40, 41, 42, or 43.
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content cleawyodistedessptherwise. 30 Unless defined otherwise, all scientific andreTrseaBms used
herein have the same meaning as commonly understood by one of skill in the art toMAICE@RB invention
belongs. All patents and publications referred to herein are hereby_incorporated k@éreferencef rall

purposes. 35 By "aRiParE CLERSTkyIPRRe Predent HRntiIGH s tedntBraight SPBIEREh et chidin

alkyl groupsihayeg 416 9arbprcaieasSe sueinas npethyk ety sapd geopppxip bty sec- BAIWE-
03/043987 PCT/US02/37Q37 17 MAY 2006 5 butyl, tert-butyl, pentyl, 2- en%l,és%gnt l, neop é\%l

hexyl, 2-helyt CRRBRY, SAPS-rRhBERSI: 1T TR BeRESG Rt & Zik%Hai

substituent égsgm@fian, alkylvadioxy oy aékenyl group) is shorter or longer than 6 carbons, it will be so
indicated in the second "C" as, for 10 example, "C1-C1""indicates a maximum of 10 carbons. By

"alkoxy" and "C1-GB'ERoRP I IR hRsSitiRiteibnas- e raight or branched chain alkyl groups

havinggl-6 carbon aatomseafircheehiheongl:at laast gag diwientoxyge-atgan, such as, for example,
methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, 15 sec-butoxy, tert-butoxy, pentoxy, isopentoxy,

neopentoxy, hexoly LndeSRRIERYFeh BRI ByRB IS endidGendn B prRRERGHEEON is meant

fluorine, bromine, gilerine aaddodine 1" Alkenyhang, C2r &6 alkeny-waeans stright and branched 20
hydrocarbon radicals having from 2 to 6 carbon atoms and from one to three double bonds and includes,

for exampleY eRBRYE 3FTpBAYI 1-0ER3 @Y GHaent-3-enyl, 1-hex-5-enyl and the like. "Alkynyl" and
"C2-C6 alkynyl” means:airaighiand-rapched: pydincarben Rdicals-Ravipd from 2 to 6 carbon atoms

and one or two triple bonds and includes ethynyl, propynyl, butgnyl, .
15 Dbenzyloxycarbonyl, formyl, trityl, phthalimido, trichloroacetyl,

chlorocacetyl, bromoacetyl, iodoacetyl, 4-

phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, 4-
ethoxybenzyloxycarbonyl, 4-fluorobenzyloxycarbonyl, 4-
chlorobenzyloxycarbonyl, 3-chlorobenzyloxycarbonyl, 2-

20 chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 4-
bromobenzyloxycarbonyl, 3-bromocbenzyloxycarbonyl, 4-
nitrobenzyloxycarbonyl, 4-cyanobenzyloxycarbonyl, 2-(4-
xenyl) isopropoxycarbonyl, 1,1-diphenyleth-1-yloxycarbonyl, 1,1-
diphenylprop-1l-yloxycarbonyl, 2-phenylprop-2-yloxycarbonyl, 2-

25 (p-toluyl) prop-2-yloxycarbonyl, cyclopentanyloxycarbonyl, 1-
methylcycoopentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1-
methylcyclohexanyloxycabonyl, 2-methylcyclohexanyloxycarbonyl,
2-(4-toluylsulfonyl)ethoxycarbonyl, 2-
(methylsulfonyl)ethoxycarbonyl, 2-

30 (triphenylphosphino) ethoxycarbonyl, fluorenylmethoxycarbonyl, 2-
(trimethylegilyl) ethoxycarbonyl, allyloxycarbonyl, 1-
(trimethylsilylmethyl)prop-1l-enyloxycarbonyl, 5-
benzisoxalylmethoxycarbonyl, 4-acetoxybenzyloxycarbonyl, 2,2,2-
trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl,

35 cyclopropylmethoxycarbonyl, 4-(decyloxyl)benzyloxycarbonyl,
isobrornyloxycarbonyl and 1-piperidyloxycarbonyl, 9-
fluoroenylmethyl carbonate,
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pentyn-2-yl and 6b@4des87As used herein, the term "cycloalkyl" refers to saturatedpcarbseystiesradicals
having three to twelve carbon atoms. The 30 cycloalkyl can be monocyclic, or a bolyH¥y¥ié308ed system.
Examples of such radicals include_cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. Preferred
cycloaﬁyl g?gﬁlﬁscgrﬁc%clcﬁféﬂtﬁk@%%ﬂé@,:gﬁ(f E%Ioheptyl. The cycloalkyl groups herein are
unsubstituted or, asssppeHiedeFuhistituted Hnorey0E3w 1056 SubsttwableganisitionsMitriatéous groups.
For example, such cycloalkyl groups may be optionally substituted with, for example, C1-C6 alkyl,
C1-C6 alkoR§1Hid§Eh, hydroxy, cyano, 82 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 nitro,

amino, mono(C1-Cea#utardgeh{G -Céalktamingd G2t &6alkenybh-Coalkyny:) C -&tchaloalsyl,
C1-C6 haloalkox%, amino (Cgl-CS)aIkyI,.mono C1-Ce6)alkylamino(C1-C6)alkyl or ii(Cl-
C6)alkylamtibiE T R LRGF BFPRAFASE H¥ar hn S8Rt ES LoEPARTE M Afving WP %Sgle ring
(e.g.1Rhenyd) yautiple rings (8.8, iRheryb oeid Multile epadenssdshgsdr whith-tideastongrie
aromatic, (e.g.,1,2,3,4-tetrahydronaphthyl, naphthyl), which is optionally mono-, di-, or trisubstituted.

Preferred Wﬂ%@%@tf@%@?&ﬁ?ﬁ}ﬁéoﬁ%@ DHENRE ndpthy P 9. RpRRRE S (RYanyl, indenyl,
dihydronaphthyl, tetralinyhelct, ¢ B itetrabyckadtkberzofaleysiahepierr obke prbgerpsdierein are

unsubstituted or, as specified, substituted in one or more substitutable positions with various groups. For

example, sAEF/AN FURSERBGBE dpiBhalfESRERRET Atk SoF BxaMiBIL R LRPE6 AT G1-Co

alkoxy, halegen, Rydxy YR /RIEQ 1 a¥iINGy iAo fo1G6)alkyleming, £4h{C1-863alleylamino,
C2-Cé6alkenyl, C2- C6alkynyl, C1-C6 haloalkyl, C1-C6 haloalkoxy, amino (C:L-C6) alkyl, mono SCI-C6)

alkyldino PRI aF 6FG (CRecBRdRpIEHIRL(FhEB) akyIfrom a physical/chemica

point of view regarding composition, formulation, stability,
patient acceptance and bicavailability.

A therapeutically effective amount is defined as an amount
effective to reduce or lessen at least one symptom of the

20 disease being treated or to reduce or delay onset of one or more
clinical markers or symptoms of the disease.

It should be noted that, as used in this specification and
the appended claims, the singular forms "a," "an," and "the"
include plural referents unless the content clearly dictates

25 otherwise. Thus, for example, reference to a composition
containing "a compound" includes a mixture of two or more
compounds. It should also be noted that the term “or” is
generally employed in its sense including “and/or” unless the
content clearly dictates otherwise.

30 Unless defined otherwise, all scientific and technical
termg used herein have the same meaning as commonly understood
by one of skill in the art to which this invention belongs.

All patents and publications referred to herein are hereby
incorporated by reference for all purposes.

35 By '"alkyl" and “Ci:-Cs alkyl” in the present invention is
meant straight or branched chain alkyl groups having 1-6 carbon
atoms, such as, methyl, ethyl, propyl, isopropyl, n-butyl, sec-
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25 By "heteraa@yl3/ig3v&rant one or more aromatic ring systems of 5-, 6-, or 7-meaitarsa/3 which
includes fused ring systems of 9-11 atoms containing at least one and up to fourlHeMfoaR® selected
from nitrogbn, oxygen, or sulfur. Preferred hetergaryl groups of the present invention include %/ri inyl,

pyrimRlinyPBeYduinoliRGT befbtiidny, IRGSGY ndolirfyTrHitk2inyl, p3RRTT EoindolyTt SESHT oty
quinazoliny sguyinoxalingle RhthalazinykipidazelylaisgxazebhMysezaiytloxazalyl, iliazehdcndaliziyl,
indazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl, furanyl, thienyl, p rroIXII, 350 adiazoI\éI
thiadiazolyE Bddzol (SRR WBRES I GRrigihsY imid ?dﬂ/riaﬁmyf’,‘is%%ﬁi%dﬁ FASht Gyl 2 EinRBlinyl,
carbazolyl, peta-carbalingbaigpckyemanykedd VOLH0439871 PCEMSA437037 1Td4¥200han 6
chromanyl, tetrahydroisoquinolinyl, isoindolinyl,  isobenzotetrahydrofuranyl, isobenzote';,rahydrothien%l,
nyl,

isobenzothfsP PefizoxazolyW bl tiddBsridiRyl, banisRtgAydridturdif bEfsstfanydrothgfyl, gi?

benzpglioxelyl, fiaziny!, whenexazinyl phgretbiazinyh 0wieridiayl; beezotiazalyl, imidazopyridinyl,
imidazothiazolyl, dihydrobenzisoxazinyl, benzisoxazinyl, benzoxazinyl, dihydrobenzisothiazinyl,

benzopyranyl, befB6thiGoVFERY," caitfariyt iSecIkaRms/, chiontdi, RRRFRE ony I BSRGiHPEN-ckide,

tetrahydroquingfinyls dibydeaguinglingh, 15 dhudroguinelinonyl.gihygreisqasinelinamy, dihydreegumaarinyl,
dihydroisocoumarinyl, isoindolinonyl, benzodioxanyl, benzoxazolinonyl, pyrrolyl N-oxide,, pyrimidinyl
N-oxide, pfi@@snyl AESHAGEGHrdABPIEEKidE, qﬂﬁﬁﬁyl%@xﬂé," NCBHEE I AT N- B8,

soduinolyl Nsoxide 20quigaciny L e, QuieoKaly! Nispie,pthalazip Sboigde imiagehd
N-oxide, isoxazolyl N-oxide, oxazolyl N-oxide, thiazolyl N-oxide, indolizinyl N-oxide, indazolyl N-oxide,
15 gec-butoxy, tert-butoxy, pentoxy, isopentoxy, neopéntoxy,
hexoxy, and 3-methylpentoxy.
By the term "halogen" in the present invention is meant
fluorine, bromine, chlorine, and iodine.
“Alkenyl” and “C;-Cs¢ alkenyl” means straight and branched
20 hydrocarbon radicalg having from 2 to 6 carbon atoms and from
one to three double bonds and includes, for example, ethenyl,
propenyl, Ll-but-3-enyl, 1l-pent-3-enyl, 1-hex-5-enyl and the
like.
“Alkynyl” and “C3-Cs alkynyl” means straight and branched
25 hydrocarbon radicals having from 2 to 6 carbon atoms and one or
two triple bonds and includes ethynyl, propynyl, butynyl,
pentyn-2-yl and the like.
As used herein, the term “cycloalkyl” refers to saturated
carbocyclic radicals having three to twelve carbon atoms. The
30 cycloalkyl can be monocyclic, or a polycyclic fused system.
Examples of sguch radicals include cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl. Preferred cycloalkyl groups are
cyclopentyl, cyclohexyl, and cycloheptyl. The cycloalkyl groups
herein are unsubstituted or, as specified, substituted in one or
35 more substitutable positions with wvarious groups. For example,
such cycloalkyl groups may be optionally substituted with, for
example, C;-Cs¢ alkyl, C;-Cs alkoxy, halogen, hydroxy, cyano,
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benzothiazowid\osudesbenzimidazolyl N-oxide, pyrrolyl N- oxide, oxadiazolyl N-pgiiesthiagiazolyl
N-oxide, triazolyl N 25 oxide, tetrazolyl N-oxide, benzothiopyranyl S-oxide, benzdth¥ %R@@,S-dioxide.

The heteroaryl groups herein are unsubstituted or,.as_specified, substijtyted,in o mare subsfitutable
positiohs wWith®afious GFBHRS For B3BMple,~ r?i?é@rgwar’oupsg :ang&_é/lBe ‘i}p‘?’lgﬁg \substituted tith,
for 30 exanapiel KdnG6 AlkyleCleGhlakoxyl halogerdiydraxy] eydnoy Initro, @mide, haloalkoxy,
mono(C1-C6)alkylaming, di(C1-C6)alkylaminp, Cz- C6alkenyl, C2-C6alkynyl -C6 haloalkyl, C1-C6
haloalkoxy®"&HAd ?@1%235“%19@& mon@?@f—@‘ﬁﬁ&%ﬂﬁgﬁ-ﬁ%)( }k_}?'n é%&’:’i or  Td1i{Ca=
C6)alkylamine 3106 )atkh SbABY Chpterasycle”, "heterocycloalkyl” or "heterocyclyl” is meant one or more
carbocyclic ring S\é?tems of 4-, 5-, 6-, or 7- membered ringé which i#%gjdes ysed ring systems,of 9-11

atoms 84 WO 03/B¥3982BET [USE/FRATN 730MA F 5008 BLEnERRPIE &%ngﬁﬁ%ﬁ%p gYdurg @
heterigatoms; selacted-fram nitkogen, oxyganarsylfunbrefesed hetergsycles. of the pieseshifiventias:
includemorpholinyl, thiomorpholinyl, thiomorpholinyl S-oxide,thiomorpholinyl S,S-dioxide, piperaziné/l,
homopiperBB i ByrfoliGiRASEFSIty| FigtEfahy dropirait pﬁ)térioﬁ%ﬁﬁEtra‘Wﬁroﬁﬁanﬁl?omatl '
tetrahydrothienyl, homopiperidiny, begmorrarphelsyhhemathiomorphefimd Hyamathiomerhetinyl  is
S,S-dioxide, oxazolidinonyl,dihydrop%/%razolyl, dihydropyrrolyl, dihydropyrazin%(l,dihydropyridinyl,
dihydropyriREhgrasdikydrenRfyl; dfjdropyranyt teihs didthicrd-s-okidet BiERTdAiEnHE 3R xide
and homotpipmerpholipylS=axide. The befeiesyclegreupshiersin arelunsysHIETION 8Snaphthyl,

15 indanyl, indenyl, dihydronaphthyl, tetralinyl or 6,7,8,9-
tetrahydro-5H-benzo[a] cycloheptenyl. The aryl groups herein are
unsubstituted or, as specified, substituted in one or more
substitutable positions with various groups. For example, such
aryl groups may be optionally substituted with, for example, Ci-

20 Cg alkyl, Ci1-C¢ alkoxy, halogen, hydroxy, cyano, nitro, amino,
mono (C1-Cg) alkylamino, di (C1-Cg) alkylamino, Cp-Cealkenyl, Cy-
Cealkynyl, C;-Cs haloalkyl, C;-C¢ haloalkoxy, amino(Ci-Cg)alkyl,

mono (Cy1-Cs) alkylamino (C1-Cg) alkyl or di (C1-Cg) alkylamino (Cq-
Cs) alkyl .
25 By “heteroaryl” is meant one or more aromatic ring systems

of 5-, 6-, or 7-membered rings which includes fused ring systems
of 9-11 atoms containing at least one and up to four heteroatoms
selected from nitrogen, oxygen, or sulfur. Preferred heterocaryl
groups of the present invention include pyridinyl, pyrimidinyl,

30 quinolinyl, benzothienyl, indolyl, indelinyl, pryidazinyl,
pyrazinyl, isoindolyl, isoquinolyl, quinazolinyl, gquinoxalinyl,
phthalazinyl, imidazolyl, isoxazolyl, pyrazolyl, oxazolyl,
thiazolyl, indolizinyl, indazolyl, benzothiazolyl,
benzimidazolyl, benzofuranyl, furanyl, thienyl, pyrrolyl,

35 oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
oxazolopyridinyl, imidazopyridinyl, isothiazolyl, naphthyridinyl,
cinnolinyl, carbazolyl, beta-carbolinyl, isochromanyl,
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specified, suwsiitstedsa70ne or more substitutable positions with various groupSPEmrlscamgm such
heterocycle groups may 20 be optionally substituted with, for example, C1-C6 alkw, MAYXE Q@oxy,
halogen, hydroxy, cyano, nitro, aming, mono (C1- C5) alkylamino, di (C1-C6)alkylamino, C2-C6alkenyl,
C2-CealkyrireTey haldafiyr B EE MR Aro(C 1 3G hdho(c1-

C6)alkylamineds :68 alkyk Sl G- CHaaMINOfGHESalkylear=lhy26-Mades:of Preparation

Compounds of the invention can be prepared utilizing a variety of known chemical transformations. The

compoundst6FRETIROERIGTYEY O PRERIFEEF BY Bhe TBHIRTRE 2AMHAbUt more just by knowing the
chemical stigtyrsrthe soemperngdaia 30 shamiiedsdhowndeinese skillaslintheast. In fact, there is

more than one process to prepare the compounds of the invention. Exemplary methods of preparation

can be fourRFRZRE IGEPSF bxakipie: B shBRFARAPSTIthesiB BEPRFdXERRAd "Dlastereoselective

Cuprate Additiop of a-{hiral Racemia, Olefinic,35 Amggﬁégﬁy@%ﬁmyﬁ,t ak mietsahadien Letters, 42
(2001, 7805-7807; Solid-Phase Synthesis of Aspartic Peptidas Inhibiors: 3-Alkoxy-4-Aryl Piperidines,
Bursavich, SHEHENCEERE ISPWAZ DRI0U39BP I HONR2/3T037 PRIVEOK26866'8 Organic Letters, 2001,

Vol. 3, No. 47,2625:2628; and Fiam, Paptides o Nen-Pentida Peplidomigetios; Resign and Synthesis

of New Piperidine Inhibitors of Aspartic Peptidases, Bursavich, Matthew, et. al., Organic'Letters, 2001,

Vol. 3, No. $oWRITing2e; ditPreuarrdfses cittB¥REIeH, bl ifdoFsBaren by RUTHE RN M
addition to the pethods abayg, & variehn ah addiional sSypEElic e WSS MRy be utilized to prepare the

compounds of the ‘invention as shown in more detail below. Representative procedures for the

prepdrationbfepipetnidsarc satyth babhy 83 pilmediaiibnd sERsies. THe W YOGS SR nlhe

SChemesa@ﬁhydroisocoumarinyl, igoindolinonyl, benzodioxanyl,
benzoxazolinonyl, pyrrolyl N-oxide,, pyrimidinyl N-oxide,
pyridazinyl N-oxide, pyrazinyl N-oxide, gquinolinyl N-oxide,
indolyl N-oxide, indolinyl N-oxide, isoquinolyl N-oxide,

20 quinazolinyl N-oxide, quinoxalinyl N-oxide, phthalazinyl N-
oxide, imidazolyl N-oxide, isoxazolyl N-oxide, oxazolyl N-oxide,
thiazolyl N-oxide, indolizinyl N-oxide, indazolyl N-oxide,
benzothiazolyl N-oxide, benzimidazolyl N-oxide, pyrrolyl N-
oxide, oxadiazolyl N-oxide, thiadiazolyl N-oxide, triazolyl N-

25 oxide, tetrazolyl N-oxide, benzothiopyranyl S-oxide,
benzothiopyranyl S,S-dioxide. The heterocaryl groups herein are
unsubstituted or, as gpecified, substituted in one or more
substitutable positions with various groups. For example, such
heterocaryl groups may be optionally substituted with, for

30 example, C1-C¢ alkyl, Ci-C¢ alkoxy, halogen, hydroxy, cyano,
nitro, amino, mono (C;-C¢)alkylamino, di(C;-Ce¢)alkylamino, C,-
Csalkenyl, Cy-Cgalkynyl, C1-Cs haloalkyl, C;-Cs haloalkoxy,
amino (C;-Cg)alkyl, mono(C;-Cg)alkylamino (C;-Cg¢)alkyl or di (Cp-

Cs) alkylamino (C;-Cg) alkyl.

35 By “heterocycle”, “heterocycloalkyl” or “heterocyclyl” is
meant one or more carbocyclic ring systems of 4-, 5-, 6-, or 7-
membered rings which includes fused ring systems of 9-11 atoms
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generally repvesesitasssy of R1, R2, R3, and R4 as set forth herein. Synthetic Ropgasus02/37037
3,5-Disubstituted-piperidines Schemel 20 7 i Any enolizable aldehyde capable of.foMfing 2¥PEnamine
should react to form 3, leading If a wide varietﬁgf substitur%nts which end ugtat C-3. ﬁcan b§ ailkgll chain
of 1-6 25 c&1BBAE irHiht 2hah&adr bR eh@l cyioaticy Iy, SHeH RRERTE of Bré it Stbdttatid
alkyl chain af t-faepsbqns oeilpirsiraight-chainga er, branghesk SotkanantaBescaidl seomeercighy
available, which can therefore give rise to both enantiomers of 6. R1 can be the same or different as R,
defined 86 K5 B3M4398 7 BETAIS6237037 97 HFRY 2086 BRIV Wittere X iE%L%‘BBHPP%Qiﬁdﬂyﬁoup

such as, Brg el dmdeslyoMesyll etc. Othebglesgphilic reagestsostshaasiagid chlorides s de,
chlorides, chloroformates_and alsg make up R"-X. Scheme 2 10 RI q_There are numerous ways to

introduce aRdBRYGEAYS the arhPFCRHBRYICBLIRYINe suchA¥EHBY HSLMim. R is 83FEd a5 Kbeve.

PJ-Xdefinegas-abgne-dpaysiRetic Routes to 34 shsubstitwad and 3,4,5- tdsubsiitifae Oinerdings ,
Scheme 3R R.

tetrahydrothienyl, homopiperidinyl, homomorpholinyl,
homothiomorpholinyl, homothiomorpholinyl S,S-dioxide,
oxazolidinonyl, dihydropyrazolyl, dihydropyrrolyl,
dihydropyrazinyl, dihydropyridinyl, dihydropyrimidinyl,
15 dihydrofuryl, dihydropyranyl, tetrahydrothienyl S-oxide,

tetrahydrothienyl S,S-dioxide and homothiomorpholinyl S-oxide.
The heterocycle groups herein are unsubstituted or, as
specified, substituted in one or wmore substitutable positions
with various groups. For example, such heterocycle groups may
20 be optionally substituted with, for example, C;-Cs alkyl, C;-Cg
alkoxy, halogen, hydroxy, cyano, nitro, amino, mono (Cy-
C¢) alkylamino, di(C;-Cg)alkylamino, Cz;-Csalkenyl, Cp-Cgalkynyl,
C1-Cs haloalkyl, C;-Cs haloalkoxy, amino(C;-Cg)alkyl, mono(Ci-
Cg) alkylamino (C1-Cg)alkyl, di(C;-Cg)alkylamino(C;-Cg)alkyl or =0.

25 Modes of Preparation

Compounds of the invention can be prepared utilizing a
variety of known chemical transformations. The compounds of the
invention can be prepared by one skilled in the art without more
just by knowing the chemical structure of the compound. The

30 chemistry is known to those skilled in the art. In fact, there
is more than one process to prepare the compounds of the
invention. Exemplary methods of preparation can be found in the
art. For example, see A Short Formal Synthesis of Paroxetine.
Diastereoselective Cuprate Addition of a Chiral Racemic Olefinic

35 Amido Ester, Coss, J., et al., Tetrahedron Letters, 42 (2001,
7805-7807; Solid-Phase Synthesis of Aspartic Peptidas Inhibiors:
3-Alkoxy-4-Aryl Piperidines, Bursavich, Matthew, et. al.,
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71 ~' L{y. NmWaE B/0439%0 03/043987 5 PCT/US02/37037 17 MAY 2006 Comporad/U8ax/kimmawn in the

literature (Tet.Asymm, 1996, 7, 867). R is defined as above, with the addition of béiNe\phenab

substituted phenyl, heteroaromatic rinas, cycloalkyl rin%s, or _substituted éycloalkyl rings of 3-8 members.
[

The reRcticrPHPSEfIehet WAF Slso YR if allt lithiim Rprales are® éabstitfiad féthe Crighard reagent,
RMgBr. Schhespe Adls REIGUNILPESEHAC Hepd Cabthdtifck Hi (BechiPGMNY 8yEBAAEM 1s 15

Compound 15 is known in the literature where R - Ethyl (Org Lett, 2001, 3,,611). It can be prepated
readily fron?6, WR& R RS Pad ARG E&rfarf’t%{e %ﬁg%ﬁé %s%?%ﬁ?e‘%‘%ﬁ?dm %lﬂ%vd%ﬂﬁf;\ed as

above. R isvigfingdas above awith theragdition 0&beivgphepylo sybstisated phemy, hetejoarenmatic rings,
20 cycloalkyl rings, or substituted cycloalkyl rings of 3-8 members. 88 WQ 03/043987 5 gcg%mke) 52010
PCT/US023¥997 and the references cited therein, all incorporate v

10 the entirety.

In addition to the methods above, a variety of additional
synthetic routes may be utilized to prepare the compounds of the
invention as shown in more detail below. Representative
procedures for the preparation of compounds are set forth below

15 in the various schemes. The R-groups shown in the schemes are
generally represgsentative of R;, Rz, R;, and Ry as set forth
herein.

Synthetic Routes to 3,5-Disubstituted-piperidines

Schemel
‘ ’ . ﬁ . K00, - ﬁmiﬂ Ho
e rwremTT——
R gHO P O - RN CHON, sefe R COF |
1 T 3 "
‘ B o
H. Ed Fl
| s
. A ‘ Vo ’ s ph‘ |
J L T e 2R |
./ R . R
. R T | '

20

Any enolizable aldehyde capable of forming an enamine
should react to form 3, leading to a wide variety of
substituents which end up at C-3. R can be alkyl chain of 1-6

25 carbons, straight-chained or branched, cycloalkylmethyl,
phenylmethyl, or phenyl-substituted alkyl chain of 1-6 carbons,
either straight-chained or branched. Both enantiomers of 5,
commercially available, which can therefore give rise to both

enantiomers of 6. R' can be the same or different as R, defined
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17 MAY 200&GosnaeesTd 19 can be prepared analogously to 16 above. R and RACamesdefingt above. R2
can be the same or different as R or R1. Scheme 6 24 20 89 WO 03/043987 5 Sth&e72808eme 8 10
15 PCT/USQ2/37037 17 MAY 2006 90 WO 03/043987 Complimentary Methods af Fip(ér'dinc:at Synthesis:
Atmi Car. HAG®Rr | BREESA PCTFUB02879857 LPAVIRREZ0 Bﬁﬁetﬁéﬁlnigo%iha%eris hydfogehated over
Adam'’s catplyst in, Asf@B0 givetdhe, pperidined. dherestersiate themresnted bydAW sther pdotected
with Soc anhydride to give the dial 2, which is alkylated under Williamson-type_conditions ive either
mono. alk{I8LSF bRSSkyl FHRERTAI GBI TrouF et i Eom N aﬁtQégéé%ﬁQS
Fischer estgtifigation of 5-bromonicotinic acid gives the ester It, which can, be coupled with. an
atylatetalloid under Pd catalyzed conditions to gives%lheed#gti%n of the

10
.?h}_\ : . P P
0. N0 _1.LHMDS DN WM g hoh
- .
Ua ZMOPOMPY | ZRMX I 1
Ho™R TR
. 7 43?
2'()\51;
R1 ¢
There are numerous ways to introduce and oxygen o to the
amide carbonyl. Only one such method is shown. R is defined as
above. R'-X defined. as above.
15

Synthetic Routes to 3,4-disubstituted and 3,4,5-

trisubstituted piperidines

Scheme 3
- boe o
mgarLubr  Ogpe - BulNE
O~gi—= “
by R Ph ‘
0 1 :

1, HEl

L]

X
pe 24

~ TO-RY
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nicotinate eshd msapisaccomplished by Adam's catalyst to give 3. This can be rethesoeesivsed by the
action of LAH an the ester, and the resulting compound N-protected to give 4, Aikyiddid gies 5, and the
removal of the carbamate gives the desired 6. 91 WO 03/043987 7 5 10 Nicotinic acid, 1, is subjected to a
FowlePreduction, giving compound 2. Further reduction gives the enoate 3. Addition of an alkyl cuprate
will substitute the dggsiiondf 1tbe pipetidiimtoigive Adif HilsslestreddR N Tatalyzeguiydogersadipnis
used), the ester of which can be reduced by LAH to give the primary alcohol, S. The alcohol cany%e'
allcylated t6 §ie-6, dhd'tfie %ﬁﬁﬁ@ﬂ@p%&@@?&giv@%%rﬁg?eﬁ 9361:3% 1) A EoBGEGF A OH
ito PCT/USO2534037u L EMAMRAYE s Tidydrexyhrietinie acidiingubjesipdite oviar reduefion tewive the
keto-enoate 2, and reduction of the carbonyls gives the dol. 3. alkylation of the primary alcohol to give 4

s followed BYRiHEF AhGHEH T GRS Deptotati G ofthe dSHEGRRs cditBodRPEERY. Lett. 2001, it
210)192 WQL3/ RAT/USO253 %8¢ 11 MAY 2096 BiAdditienalafiemativesmethods of synthesis of

the compounds are contemplated by the invention as shown in more detail below, for the subject

compound§Hefcatéd iR A kY RXy-BheuEhd BigeddheS R Pipdt¥aREs: Synthetic Routes: 1. Ho OOH

Scheme 4
Fh, .. | Ph, a [
B m *
O .N..Q | Rrcucnu O N9 1. H, Pd-C o ,5"‘* a
Phcwj ;’ ) ma,a:cI'ln 2 Tol, eufux uﬁ
‘ . (231 ) . v R '
18 ' ) . 18 - 1
1 AIGY LAH, THF
2, My (Boe),0, PA{OH),
. 3. TFA, DM
‘ (}R . ‘.
R1
) : 18
15 Compound 15 is known in the literature where R - Ethyl (Org

Lett, 2001, 3, 611). It can be prepared readily from 6, where R
is defined as above. R® can be the same as or different from R
and defined as above. R is defined as above, with the addition
of being phenyl, substituted phenyl, heteroaromatic rings,

20 cycloalkyl rings, or substituted cycloalkyl rings of 3-8

members.
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*NJ H-H CI Mai3dded7OH CH2CIZ -500 C --20 0 C 1h Boc20, DIEA CH2CI 22&xXNI&R/3208F 00 C
-R.T.8h O NaH, RBr OR DMF Soc Soc R = Bn, Et, 'Pr, 'Bu, tBu 10 THE -780CL12¥é¢ 28Q€0 101-6H
Raney-N! N EtOH, reflux Soc 93 WO 03/043987 PCT/US02/37037 17 MAY 2006 2. HO. OH O OTf
Boc23, DIEA N CH2CI2, DMAP, DMF H-HCI o c Sgiigme S

© Ph

ﬁ’ .ﬁ :f\o

2.\-

| o Rm/
1, &miw ' “NaH, ﬂZ“x
2. Hy (Bod) 0, PA{OH), { QIJ\ﬂ

o Rl m— 1

S

R
1 « o A
‘ l ?P‘A. am

ru ’?ﬂ
R-0 R

=

Compound 19 can be prepared analogously to 16 above. R and Rl
are defined above. R2 can be the same or different as R or RIl.

10 Scheme 6

t RGuCHIL
LY
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8h Pd(PPh3WloLoai4BEDH)2 Na2CO3 DME/H20 reflux i Boc Raney Ni OH N i B€@HRiSoefimasBoc Boc 5
10 1520 N@ H RBrnH , .OR Hr..i flinxane DMF N N ii Boc Boc R = Bn, Et, 'Pr,.21BMAB{(1206%6 Org. Lett.
2001, 3(15), 2317-2320. 94 LDA, Tf2NPh 11-1 N THE Boo -78 C- 0 C 8h Ad-mix-alfa CH3SO2NH2 J

tBUOH/H20 Scheme 7
An L * Ph, » ‘ o
o ~ : i 1.AIGIY, LAH . bos
0. f:j 4‘5 i, H’EMEH}LE ’»?It;j,a 2, Hﬂ!ﬁﬁ:ai pd{gﬂh’ #N\
quc.‘ ; : .iﬂ X | ‘ 1 ‘ ,
- . . »
, RI*Q«Q
. s . n
mn
Scheme 8
mﬂi oy
3 '
- T
R
“,
10
15
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12h WO 03/vi39864B88T/US02/37037 17 MAY 2006 5 3. 01 1. p-Anisidine 1. n-Barip§()2437asteine
Toluene, -78c C 2 02N,'~TIPS Boc20 Et3N OH 1. Pd/C, HCO2NH4 BocHN, A ~TOHVA¥I2Q06Et3N N 2.
KOtBu, THE 0 3. TBAF 10 15 Boc R=Bn,tBu 2. NaBH4(OAc)3 2. Boc20 1. MsCl, Et3N 2. NaH, RCI, DMF
3. TFA Ref: X owmplintesinredferans, @pgoqué‘wng 95 WO 03/043987 ,
3-Alkyloxy-4-lsoxazolo- Plperld Ines N- Q PCT/USOZ/37037 1% MAY 2006 Synthetic Routes: 1.°

%d:ms Car,

' . . ) o) . o
ﬁj\(jj\{}/ AW_QH . w l} L:Au{ /\[j/\ |
. b o
‘ aar:c 41\

‘umr-: /\(N:r\ ’\fj/\

oo
X

- Dimethyldinicotinate is hydrogenated over Adam’s catalyst in AcOH to give the .
piperidine 1. The esters are then reduced by LAH, then protected with Boc anhydride to |
give the diol 2, which is alkylated under Williamson-type conditions to give either mono-
alkyl 3, or bis-alkyl 4. Removal of the Boc group yields the final compound.

B0, Ho HOAe
: OR
%

Fls»chcr esterification of Sa»bmmomcutxmc acid gives the ester 1, which can be
coupled with an arylmetalloid under Pd catalyzed conditions ta give 2.Reduction of the
nicotinate ester may be accomplished by Adam’s catalyst to give 3. This can be further
reduced by the action of LAH on the ester, and the resulting compnund N-protected to
give 4. Alkylation gives §, and the removal of the carbamate gives the desired 6,

N



HO OH 0 OWd &éBassB0, DIEA LDA, TI2NPh N CH2CI2, DMAP, DMF N THE NPEFRISIDSGB37-R.T. TI HF
-780 C~ 00 0 Boc 8h 8h N-0 N-O Pd(PPh3)q, LiCl,~/Ad-mix-alfa (OH)2Na2C0O3st EMAS02R0% Y DME/H
20 N"BUOH/H 20 reflux Boc12h N-O0 NaH, RBr DMF N~ 'N Boc Boc R = Bn, Et, 'Pr, 'Bu, tBu Ref: Org.

Lett. 2001, 3(15), 231%2320. 510 N-O OR HCI, Rioxane N-O EtOH, reflux N® 96 WO 03/043987 3.
» - 7 OGDR, MaBi1 - |
BnHN ,,,,,,OH I 37 0K AR, 4 f S Y MaBIHAATA, I"h;l*i’ ? RACuBi
) Co.R
2
) ‘. a‘ RI
Lad OH NaH, R*X o depeor , -
y NP ?.
COR | Ry oy B
. to . H
6 3 '

Nicotinic acid, 1, is subjected to a Fowler reduction, giving compound 2, Further
reduction gives the enoate 3. Addition of an alkyl cuprate will substitute the 4-position of
the piperidine to give 4 (if H is desired, Rh catalyzed hydogenation is used), the ester of
which can be reduced by LAH to give the primary alcohol, 5. The alcohol can be
alkylated to give 6, and the amine deprotected to give 7. (Org. Lett,, 2001, 3,2 10)

game eonditiony O ~ -

1 i 07 NaBb4,LiBe, McOH — HO o NaH, R-X
ifEA=0H N - ——
2 1 : Yoo '
R s , . ' 3
| » R | COR
H’OU\? NaH, Rex R T\/j/\? . Deprot. R*—) B \
| R e | R —_— ?
, [ I _‘ : N N r
toop S o s.coR ;
6

‘ S-Hydroxynicotinic acid is subjected to Fowler reduction to give the keto-enoate
2, and reduction of the carbonyls gives the diol 3. alkylation of the primary alcohol to -
give 4 5 followed by further alkylation to give 5. Deprotection of the amine gives
compound 6. (Org. Lett, 2001, 3, 210) . ‘ o

10
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17 MAY 2006/G@xp298iH2 CHC 13 O., CI 500C NaOH, EtOH NaH, RBr 5 10 15pCBw$62/3R¥C McOH R

= Bn, tBu CI BnHN HCI DMF CN foR N Bn 97 WO 03/043987 3, 5-Al kyl oxy-PEp&AY 2R086 Synthetic
Route: DIE CI-1 p 202 UC O
5 Rdd%tlon CELZ NE@'Q%'n@%f&e%H r%ethods of synthesis of the

compounds are contemplated by the invention as shown in more

detail below, for the subject compounds indicated.

-Alkyloxy-4 Furano-Plperldlnes and Piperazines:

% 0 % ?S“@ % ~& c“/o 0

Synthetic Routes:

1.
Z
HO. OH o /|f>o _
= HO,
Boc,0, DIEA Li
HsClo, DM M >
n-Hm CH4Cl,, DMAP, DMF N THE N
0°C —RT. 0C  780C—-20°0C Boc
8h 1h
0 O
/ P Ad-mix-alfa / P~
MsCl, NMM CH3SONH; O,  ReneyNi
—_— —— \*
CHLCly D BUOH/H 0 >
-500C —-209C N 12uh 2 N EtOH, reflux
1h éoc éoc
B B 0
2 Z / P
NaH, RBr
1 OR N
‘\pH < HCI, Dioxane OR
> N
N DMF N
éOG éOC N
H

R = Bn, Et, iPr, iBu, By

10
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IH2 2 W 2-Metlglo@987Nbrthyl Plti tB tyl- -15 C 1. Borane- DME, +KOtBJ Ca4vipaingisd28oaizm
percarbonate 50- C 1. NaH, THF, 55C HCI, 5 98 PCT/US02/37037 17 MAY 2038 Mef, 20R6i2
Ca-Nbrthyl N WO 03/043987 PCT/US02/37037 17 MAY 2006 5 10 3-Alkyloxy-4-Furano-Piperid ines: 1.
HO OH Boc2@+DIEA

HO. OH . 0 OTf
Bocy O, DIEA LDA, Tf2NPh N
> >
CH,Cl5, DMAP, DMF

N N THF N
HHCI ' b '
0°C —R.T. Boc  78%c—0°C Boc
8h 8h

0]

[ . 9 .
Pd(PPhg)y, LiCl, y Ad-mix-alfa
B(OH), NaxCO3 CH3SO,NH; Raney-Ni
> SN c —_—
DME/H,0 'BUOH/H.0 EtOH, reflux
reflux N
) 12h
Boc
0 0]
/ / 0
7 Z / _
OH NaH, Rer OR  Hcl, Dioxane

N DMF N

I ! N

Boc Boc H

R = Bn, Et, Pr, Bu, Bu

Ref: Org. Lett. 2001, 3(15), 2317-2320.

10

15

20
94



N~ CH2CI2 s+ BBF H-HC 1 0 C -R.T. 8h HCI, Dioxane 10 R = Bn, Et, 'Pr,

N. THE Boc -780 C+00 C 8h 99 WO 03/043987 3-Alkyloxy- and 3-Alkyl-4-Furanbl

/Ba2ABLMDA, TI2NPh

Ya2B R

Boc-HN)--CO2H + H2, Pd/C 5 Pd2(dba)3, (JBINAP NaOtBu, 18-crown-6 THE Bn-HN'*CO2Et HN Boc
HOBT DIC Et0 DMF, DIEA LiAlH4, THE PCT/US02/37037 17 MAY 2006 Bn Reflux MeOH R =

-CH20Bn, -GH20tBu, -CH2CH(CH3)2, -Bn

O/ 1. p-Anisidine <j\/\/ BOCZO
¢
\ AN 2. NaBH4(OAc)
4 3 Et3N
OMe
1. n-Buli, ()spartelne TIPSO
Boc Toluene, 78°¢C O-N 1. HCI, CHCl3
N\Q > 2 AN T
5 ON_~_OTIPS NBoc 2. NaBHy
OMe \/\/ \\ Ar
O
TIPSO TIPSO,
1. Pd/C, HCO2NH,4 BocHN OH 1. MsCl, EtsN
>
2. Bocz0 \\ 2. KOBu, THF
0 3. TBAF
O
/
1. MsCl, Et3N Z
- SN
N W
"~ OH . NaH, RCI, DMF OR
. TFA N
Boc H
R =Bn, Bu

Ref: J. Am. Chem. Soc. 2001, 123, 1004-1005.

10
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100 WO 03/vi398843987A1 kyloxy-Pi peridines 1. HCI, CHCI3 1. n-BulLi, (-)-spart@iae/Ukohigne7 -780C
OMe 2. 02N TIPS 2. NaClO2, NaH2P0O4 2-methyl-2-butene 3. HCI, McOH BnBi A3 pEXN0Ss02/37037

17 MAY 2006/'%1 Boc20 )IN N HZ!,ﬁF; Ni OM §}| MeOH "OTIPS 1. tBuLi, THE 2. RBr 5 R."'~-OTIPS
LAH, THE R-Alkkoxysdslsaxazg H?Gfx'éf ®8H R = Bn, tBu Bn J H2, Pd/C MeOH

fJ Q =N N-O
N A b {
o\/© .0\/©
3 &
H N

V

N
H H H
Synthetic Routes:
1.
HO. OH 0 OTf
Boc,O, DIEA LDA, Tf,NPh N
. >
N CH,Cl,, DMAP, DMF N
H-HCI ! THF \
0°C —R.T. Boc  .789c~0°C Boc
8h 8h
N=O
/i P N—=O N-O
Pd(PPh 3)g, LiCI, ¥ Ad-mix-alfa L
(OH)Z N32CO3 CH3302NH2 \‘,OH Raney—Ni
DME/H 50 'BUOH/H 0 EtOH, reflux
reflux N 12h '\,]
|
Boc Boc
- N-O
x>1 0 ) N-O
y Z / y
NaH, RB
OH a ' OR  HCl, Dioxane
\ > N ) \\_OR
N DMF N
] 1 N
Boc Boc H

R = Bn, Et, PPr, Bu, tBu

Ref: Org. Lett. 2001, 3(15), 2317-2320.

10

96



1. MsClI, Et3NOwBA43¢aH, RBr, DMF B 101 WO 03/043987 3-Alkyloxy- and PCT/US02/37037
3-Alkyl-4-Oxazolo-Piperazines 5 1. 0HR N ~Br 4- Y Br C N TEA, CH2CI2 Bn0o@7 Y 06. H cO2Na
RYDMF JR.T., 12h N Bn 3. NaNO2, H2S04 NH2 0"Y

3-
o)
I N
on SOCl, o NH,
BnHN" N T >
CHCI3 HCI
o)
o) o) I
/B O. /B N
N / Cl 0 Z
Z , 90°C N NaOH, EtOH 1

//N / N
Y/
N NaH, RBr
» [ :(\OH > [Nj/\OR
DMF
) )
Bn Bn
<
Ho, Pd/C 4N
_.__._..—>
N OR
eoH of
N
H
R = Bn, 'Bu

10

15
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HO 0C 6n NvAd @a3s®H, reflux, | h N H40Ac AcOH OH HCO2H,SOCI2 ReflurR/es@Bmy3DtBU,
-CH2CH(CH3)2, -Bn PCT/US02137037 17 MAY 2006 0-'~ 0-~ N H2, PdIC N (NN MEOHE0®N H Bny
H2, Pd/C MeOH H2, Pd/C MeOH COH 102 WO 03/043987 PCT/US02/37037 17 MAY 2006
Exempiiflcgtﬁné'(gW,%xM' %ﬂ%ﬁ?ﬁe made as taught by Lesma at at. J. O. Chem., 1995. 63, 3492
(and references cited that 0 2 r Examplillcations of this Invention R'"CHO R'a Substituted aryl or hate a

N

i

Synthetic Route:

N
)‘i DIE MsCl,
+ a o —_— >
H CHQ2 CH:Cl

fc— . O0z-Venthyl

" KO'Ru N mCPB
N T ) CHCl2 .
CQe-Merthyl OOoMentt 5 7 COx-Menthyl
PhLi A~H 1. NaH, THF, Q/o, N
———» »

t
Butyl- | N
1 é C COxMentyl o - @O\Q éOz—lV'erthyl
1. Bgmne-
’ - Doy e

2. Sodium percarbonate N
50- °C COz-Menthyl B'\/©
58 C
©\/O’I O\\‘O\/© H CI ’ > @\/O 1 \\‘O\/©
N
OO02-Menthyi HO
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s abed Mix BrarodMigoatiorys of this invenflon may be made as taught by Gmelnacaresp23@sg. Chem,
2841, 66.7406 {and references cited it O H2N be made as taught by Yu of at. TelrdiMArmA08e 2000, 41,
$647 (and rata Rt Exampllfleatbns of this Invention maybe made as taught by Bala;tat J. Org Cham.,
2000, d6, 7492 (and references sited therein): Exempligcatfens of thla In a made as taught by Liras of at
OOg. Left, 2001.4. 3483 (and references cited Ulemki): Exemplifications of this Invention may be made as
taught by ldepR LALRP akdtP1S8tidined®l (and rafarences cited there Rt..O R-O-Y " Rt R9 b,
YR S 103 WO 03/043987 PCT/US02/37037 17 MAY 2006 Exemplifications of this invention maybe made
as taught y Bask at at. J. Am. Chsm. Soa, 2001, 123,1004 (and references cited therein): . _R'a'R
NO PMP R* = suA Alum d syt a hi4,aaryh (&ni . R Exempllicadsns of Ohie tnvonUon rnsar be made as
taught by Hayashi at at. J. Oip. Chem" 2001. 66, 0652 (and references cited therein): Examptiffcations of

this Inventidt® be made as taught by Seam efjat. O'LIDRttrlfer)&l’ 3,201 and}&terences cited therein},
R10 Ra Exo cstio®eaPii¥fnvendotl ma ade as’tadght by Sabot Tetxahedmn Led.,
2001, 42,16 |& d re‘?:gmggdgggm: 5| Exemptifcattonsof this Wentign ndaybe made as taught by
LIU at eL 7bfrafegmmAsynfimeby’ 2001. 12, 419 (and Fifareacaa etted R" g

0°C —R.T. Boc  _780c—00c oc
8h 8h
/ O
o) 1. HBr (aq.), Br 0
4 Pd(PPhj),, LiCl, / P Dioxane/H o / P
B(OH), NaxCOs 350¢ o  Phi
N N > —
DME/H ;0 2. NaH (aq.), Butyl-methyl
ylether,
0
reflux N 3-50¢C N 150¢
Boc Boc
0 0 Q
/ / 4
4 Ho, Pd/C 4 7
on 2 oH NaH, RBr OR
= > >
N ’\3 DMF N
é oc Bog éoc
0
/ Z
HCI, Dioxane
- OR
N
H

R = Bn, Et, Pr, Bu, 1Bu

10

99



)t 104 WO 09V04ABARZI|BLT/US02/37037 17 MAY 2006 Exempifaationsof this inusrmimsonaybe made as
taught by Diaz at S. rotrahadraf Lott., 2001,42, 871 (and references cited therein}%@‘éﬁﬁ‘ ., RNH2 OR
Exempliftcattons of this hwentan may be made as taught by Buchner & Meta Tetrahedron Left., 2001, 42,
5361 (andyrefgrences CS h r_?_'q%' I1 _fgg)rg a_ﬁfi gﬁ g rr Weraln): ett, 2001, 42, 5705 (and
reference%%z%ﬂtc SEO etal. ¥ gﬁg X %p ?fo\ ?1: % invention may be made as taughtby
Zachads et at. J. 09- Cham, 2001, 56, 5264 (and refere theneiny: Exemp ticatons of this Invantan may be
made as taught by Panday & Kapor,Synfhaaia 2001, 1283 and references cited therein): al HBn 5
Exomptiicatbns of this tnventtoat may be made as taught by Amex at R1 RO: Exempiffcatons at this
Invention may be Rade as taught by Amat at at. Orgy4gtt. gRO1, 3, 325@,[@&(!" nces cited therein):
OH OR1 ORt 105)&0 03/04:'987%%'};{%@@!23&037 17 MAY 200655 In ac&q@an e with the above
preparativé@eehtiess @sthmple 1 was preparéd as daseribegh below. Example W~ o

Bn

H H
R LiAlH, THF R
1. TEA, CH,Cl,  ON 4 N
> o
2. NaHCO3, N" 70 Reflux N
Bn Bn

3. Toluene, 65°C

0\ 2 ]
Q_Br Q Ho, Pd/C Q;

Y
> N A N
Pd;(dba), (HIBINAP (], MeOH EI
N

NaOtBu, 18-crown-6 I\ll N
THF Bn

R = -CH,OBN, -CH,0'Bu, -CH,CH(CH3),, -Bn
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(+/-)-(3R,ARWH (Bhyshexyphenyl)piperidin-3-yl 1,1'-biphenyl- 4-carboxylate hydrectimsde/ 3033tep 1:
Preparation of tert-Butyl 4-(3- hydroxyphenyl) 3,6-dihydropyridine-1(2H)-carboxyletdWYTREQEt-butyl
4-{[(trifluor, M Ifon 39)( d|h dropyrldlne 1(2H)-carboxylate (6.42 g, 9.23 mmol), 3-

(4,4,5,5- te ﬁ?yﬁ%(iy IpssIding: -yI)phenoI 4.69 g, 21.3 mmol, and
tetrakls(trlphenylphosphlne)palladlum(O) (200 mg, 20 0.17 mmol) were mixed in dioxane (20 mL), ethanol
(10 mL) and 2 M aqueous sodium carbonate (5.0 mL). The solution was refluxed for 4 hours, cooled to
room temperature, and poured into ethyl acetate (150 mL). The solution was extracted with 1N aqueous
hydrochloric acid (2 x 100 m&\zq fl ered through cellte 25 gxtracted with saturated agueous sodium
bicarbonate (2 x 1%0 mL) Rihd ktfacted with sat saturated aq § ammonium chloride (2 x
100 mL). T on Wasdrietover sottum sulfate, vaClJK@lared thruugh-a-be!'of silica gel and
solvent removed at redutediziRbsffel1o afford a red oil. Th utyl Et;N
4-(3-hydroxyphenyl)-3,6-dihydropyridine-1(2H)- carboxylate (5.3 g .2 mmol) was obtained as a
combination of two crystallization crops from dichloromethane/hexane 106 WO 03/043987
PCT/US02/37037 17 MAY 2006 5 crystallization solvents. I—Lﬁlg/é% m/z 276.1614 (calcd for M + H
276.1594) 10 Stefgac Preparation df t@ﬁ"ﬁ:utﬂi?'ﬁp Ert-
butyl(dimet \ﬁi«wﬁﬁnyl) 3,6-dihyaHspSrialfe 1 (2H)- caghaxylate The tert-butyl

4-(3-hydroxyphenyl) |hydropyrrd'm'e—rﬁ('2H)=carbBXylate (M1Y, TA.58 mmol),
tert-butyldimethylsilyl ctilor dm&.?%go;mr@mﬁ?oriethylamine (4.01 g,'}!RP.G) mmol)
Ar

TIPSO

1. HCI, CHCI3 Ho, RaNi
- OoN OMe —
2. NaClOy, NaHoPO4 MeOH
2-methyl-2-butene o)
3. HCI, MeOH
S NOTIPS BnBr, NEt3 wNorps 1. Buli, THF
> '
o”™N or 2. RBr
. 1. MsCl, Et3N
Ruy N orps A THF R~ on ’
—— >
0~ °N N 2. NaH, RBr, DMF
Bn Bn
R‘:q \“‘.\OH H2, Pd/C Ru,,, K3 \OH
——————-
N MeOH N
Bn H
R=Bn, B
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and a catalywoamoustsof dimethylaminopyridine (100 mg, 0.80 mmol) were mixedTvusiddoeemethane
(100 mL) at room temperature for 16 h. The solvent was removed at reduced prédsiiid arde8e 20
resulting semis dhd R:W&Fl Uhdieixigtnes - 3298k0- II SEifiigy was extracted with IN agueous
hydrochloric aci 0 mL), extracted with saturated aqueous sodium bicarbonate (2 x 50 mL), and
extracted with saturated with saturated aqueous ammonium chloride ( 2 x 50 mL). The solution was dried
over 25 sodlium sulfate and solvent removed at re ,qé eNgi pressure. The tert-butyl

<)

4-(3-{[tert-bytyl(dimeth )){I)s l%/l]oxy}phen -3,6- dih @yr‘f’drne 1(2HH)-%arboxylate (4.8 g 013 33 mmol) was
isolated as r cei S oil by pregafrative silicgflehfdmatography (50 ethylPdetate/ §8% hexanes).

HRMS m/Z_30 1388:2305(catcd¥r M - 2302167+ WO-08/04 CToSo62¥37Q ¥ MAY 2006
5 Step 3: PréparatiotF&f {#5ztert- Buty( (3§ 4S)- 2—? iq)utyl(dréet yl)silyRExy}phe 31
hydroxypipefitiine-1-E&boRTate 10 Thelert-butyl ert- N

butyl(dlmethyI)S|IyI]o§<§'/}phenyI) 3,6- dlhyﬁfbpyrrdrne 1(2H)- carboxyl&fe (4.61 g, 11.85 mmol) was
dissolved in tetrhydrofuran (50 mL). The solution was cooled to OC and borane-methyl 15 sulfide
complex (129g, 23.7 mmol) was slowly added. The solution was heated to ref lux for 2 H and cooled to
room temperature. 1 M aqueous sodium h}zggr_pxrde solution (SOdaﬁ) was added dronv' e to control the

gas evolutiorP"35% Aqg{e%us hydrogen ‘roxide (45 mL) was a e_%;[land solution ref for 2 20 H. The
solution w oled to room ?emperat nd poutEéPito diethyldther (206715, The 3 Iu%on was
extracted wit R agueous sodit agleous so |um Rje @@1475 mL) an ganic iay’er [ ]/
RT.,12h reflux, 1h
r‘,‘ N |
Bn Bn Bn
3.

0]

_COH
OCOH ° B 0
cl 2 N
R 0 NH;OAc r M2 PdC

H
N

[j/ > N_R —>» Nj’ —_—>» N_R
: SEETING e
Bn N N N

1 Bn H

j\rNHz NaNOs, sto4> 0 ., HCOsH, 500k o .

HO - HO ———- Cl)j\(

0°c Reflux

R = -OBn, -O'Bu, -CH>CH(CH3)s, -Bn
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25 30 ([tert-wacyigsimmigmyl)silyljoxy}phenyl)-3-hydroxypiperidine-I- carboxylate (2B0gy6s623m0sml) as a
semi solid by preparative silica chromatography (0-10% ethyl acetate/ hexanes)1 AR #96408.2564
(calcd for M + H 408.2565) checked for peroxides with starch iodide paper.The organic layer extracted
with saturated arfireroniiestiane btk deqtkion 5 bain¥danetaisice Ger eioiig. StIFaIEIST AR 3492 {and references cliad ther
(+/-)-tert-butyl(35,48)-4-(3- 108 WO 03/843987PCT/US02/37037 17 MAY 2006 5 Step 4: Preparatlbn of

(+/-)-tert-Butyl (3R,4R)-3-[(1,1"- biphen '“ rhomy|)0xyl-4-(3] o
butyl(dimethyl)silylJoxy)phenyl)piperidine- boxylate 1 ToThe GW (3S,4S)-4-(3-{[tert-
butyl(dlmethyl)snyl]oxy}phen)g) -3-hydroxypideridine-I- carboxylate (206"mg, 0.51 mmol),
,1'-biphenyl-4-carbonyl chlorie 4 , 2.50 maol), tristhylamjne (4Q0_.mg, 4,00 mql) 15and a
catalytic amount of dimetH§fam (“t8:&md, 0]08 mn?glJ) wasmixed oge hePth acetonitrile (10.0
mL) at room temperature for 16°H. Ammonium hydroxid¢{'solution (5 mL) was &dded to the solution and
it was stirred for 1 H. The heterogeneous solution .was poured into ethyl acetate (50 mL) and 20 hexanes
(5 mL). The solutigp s ARl SN AR S U0 NI s'd (20l (?@?(taacted Wt
saturated aqueous soJa fUm bicarbonate (2 x 10 mL , and extr Safurated with Satirare

aqueous ammonium chloride (2 x 10 mL). The 'Iu n was drled ove sogyimg sulfate ant *solvent

removed at 25 reduced pres&iFe0 THeEE)-tert %&Ll e, " oR?
biphenyl-4-ylcarbonyl)oxy]-4-(3-{[tert- butylg yI)sHyI]oxy}phenyI) tine-l-carbox (164
R¥a Subsiituied aryl or hateroany .

Exempliflcations of this inveaﬂon may ba mads as taught by Gmﬂnar afal L Grg Chem.. 2041, 86, 7408 {and referances clbed b

Q .
e e NN T R A
OH R’“ : ‘ W
Rt
Exarplifications of this lavention may ho made as taught by Bols sfaf J Oy cham 2000, 85, 7432
(s5nd rafavares cited theraink: -

R!
- N)

x:N(naz).pm«u

Exgmplifications of this Invantion may ba made as taught by Licas ef sk Ong. Lait, 2001, 3, 3483 (and refarsncas cted tharek):

Tt Suzokk {send e B . R
R ihods o aaton | B o~ R G
RY w Al or Hderomy R 1
. T ‘ —— -~
: R*Ila e : ‘ ma ' i

R

""' 0 " R‘«' R‘l.z R1 ’
—_ T
N R o] ?li
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mg, 0.28 mmwd) esamissiated as a semisolid by radial silica gel chromatography ¥QEUse1r3gh37
acetate/hexanes). HRMS m/z 588.3150 30 (calcd for M + H 588.3140) 109 WO 8895 P06
PCT/US02/37037 17 MAY 2006 HO 5 Step 5: Preparation of (+/-)-(3R,4R)-4-(3--
HydroxypHEtASEises - Susier Tomrrein dstiaienkytate Aﬁyﬁi’é’cFﬂbﬁﬂfé 13 vﬁﬁwﬁjﬁrﬁewymwmm
(3R,4R)-3-[(1,1"-biphenyl-4- ylcarl nyl)oxy] -4-(3- {[tq,gat- -

butyl(d|methyI)S|IyI]oxy}phenyl)p e-l-carb (91 mg, Qt 6 moI) was dissolved in 4 N
Hydrogen chloride in dioxdes, 5n|1‘)‘“—‘—‘FFre S Iutl n was=stirreql fol 4 H at room temperature and
diethylether (10 mL) was addd@kahe solution was kﬁpt %t room temferature for 16 H and solids formed.
The (+/-)-(3R,4R)- 4-(3-hyehaxebepyhpiperidin-3-yl 1,1'- -biphenyl-4-carboxylate hydrochloride (56 mg,
0.13 mmol) was obtained as a wHit8 solid. 20 HRMS m/z-374.1753 (calcd for M + H 374.1751) The
invention is illustrated further by the following examples which are not to be construed as limiting the
invention Erpepitspisne Gpirietiot ey Spociiis pmdmls! desofibditinm b BIDHIWOE3 D438
PCT/US02/37037 17 MAY 2006 Examples 2 throu 60 as repres@hted by the structures shown below,
were prepared using similar proce S as_th.ose e gg@bove%dnple land examples 2-60 are

shown below: Exact MassCalc. EX o) No T
; H
' n‘-mmm«m&

Esamplifications of this nvention ey bamads as taught by Ganem af al, Ory Léh“., 2001,3, 201 (and refarancas cited therelo):

e

cozm

o . X=N{n=2),0(m=1)
Rl
' LCOzMs . R‘Q ]
N ’ ]

Exemplifications of this imrenﬁcn may i:a madn as taught by Liu @l of, Telrahedron: As}mmmetm 2001, 12, 418 {ang fcfemmas diled tharakn):

= 51 @ - iﬁ

Exsimpitlications of this Invention may bs mads as taught by Sabal of &), Tetrmhedron Latt, 2001, 42, i631 (and rafersnces ciled Ihamin};

) /\/?L — Rﬁ\"‘ . fj,on T?(
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StructureComposneiddame(s)(m + H)Mass (M + ExampleH-a(+/-)-(3R,4R)-4-(3- PAT17SR 37431784
1ydroxyphenyl) piperidin- H 3-yl 1, 1' -biphenyl-4- tJ Ocarboxylate hydrochloride 0¥ OWAY 2006

ExampleHOOC-CF, (+/-)-(3R 4R)-4-(4- 392 losRR SN )RS fidiRerdd 2e¥lodkdl 1-biphenyl-4-
Ncarboxy izl Tﬂﬁ%ﬁ‘?&é‘é}é ?5*‘8‘ a”@x‘é{?ﬁ"f"”é ‘23“ % mﬁ%ﬁ% 366.1072366.1072 3Hchlorgphenyl)

piperidin- N3- yI (SQNM@,QWI pyl)acetate H~ ! , 037 17
MAY 200%553.%# )-( _35@5“354% 0 4Fh@ﬁpea. . ! N

wchner & Metz Tairsedron Lett, 2004, 42, 5381 (and references

Exampifications of this Invention mey be made as taugit by B
citad tharsin)t ' _— " - -
O =
KO H B

Examplfications of this Imanﬁm rnay be mada a8 Iaugiltﬁy Cossy of ol. Telrahedmno Lslt, zuna, 42, 5705 (and referances citod
thastain);

no Ph

Exemplifications of this invention may be mada a8 iaughté:sr Zachare et al, J, Qrg. Cham, 2001, 66, 5264 (and roferences clited

" fhareln

R - [y
l ’ s m—— .
o L

Exampiications of this invamm:a may be mada as taught by Panday & Kapur, Syn!hes!a 2001, 1263 {and mfarmms gt lhm‘ain)

e = -5

Exemplifications of this Invention may be made as hughtby Arnat mﬂ. om Latt m 3,811 {and m{ewnces tited theraln):

Rt Rﬂg _
ﬁ ‘ L “@’
Fl)j F’

Exemplifications of this %nveuﬁr;n may ba mads as taught by Amat at al, Org. Left, 2004, 3, 3257 {and refarences cited thersin}: -

0N T L eI
e SN

PYy
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HOaphthoatebyaroessigride F FH O 0 ExampleF(+/-)-(3R,4R)-4-(4-376.17133P6TA0N2/37037
5fluorophenyl)piperidin- 03-yl 1,1'-biphenyl-4- Fcarboxylate trifluoroacetate H OH NNAH2G06
xample(+/-)-(3R,4R)-4-366.1292366.1317 6henylpiperidin-3-yl 4- (trifluoromethoxy) benzo to
hydroghloride OHIG* C?FFPrléﬁrE%%rr‘fﬁ@@/J?—k@Sf%?—ﬁ%@%?@m%?d’z%lS’Chemes' Example 1

was prepared as described below.

Example 1
(+/-)-(3R,4R) -4 - (3 -hydroxyphenyl)piperidin-3-yl 1,1'-biphenyl-

4 -carboxylate hydrochloride

10
OH
AN
A
© o—§
Step 1: Preparation of tert-Butyl 4-(3-hydroxyphenyl) -
3,6-dihydropyridine-1(2H) -carboxylate
15

The tert-butyl 4-{[(trifluoromethyl)sulfonyl]oxy}-3,6-
dihydropyridine-1 (2H) -carboxylate (6.42 g, 9.23 mmol), 3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol 4.69 g, 21.3
mmol, and tetrakis (triphenylphosphine)palladium(0) (200 mg,

20 0.17 mmol) were mixed in dioxane (20 mL), ethanol (10 mL) and 2
M agueous sodium carbonate (5.0 mL). The solution was refluxed
for 4 hours, cooled to room temperature, and poured into ethyl
acetate (150 mL). The solution was extracted with 1N agueous
hydrochloric acid (2 x 100 mL), filtered through celite,

25 extracted with saturated aqueous sodium bicarbonate (2 x 100
mL), and extracted with saturated with saturated agqueous
ammonium chloxide (2 x 100 mL). The solution was dried over
sodium sulfate, wvacuum filtered through a bed of silica gel and
solvent removed at reduced pressure to afford a red oil. The

30 tert-butyl 4-(3-hydroxyphenyl)-3,6-dihydropyridine-1(2H) -
carboxylate (5.3 g, 19.2 mmol) was obtained as a combination of

two crystallization crops from dichloromethane/hexane
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7\henylpipenslim3-y43bgtiodobenzoate hydrochloride O\ O N H H-a 112_ V_VO 03/358%0RBMAIS02/37037
17 MAY 2006 ExampleOH(+/-)-(3R,4R)-4-312.1598312.16 9henylpiper|d|n-3-ylI Iﬂﬁellv_f?&ﬂz’&fﬁﬁite
Nhydtoch|oyi : eQH{(+/-)- (3R,4R)-4-350.1381350.1368 10 %%pl eridin-3-yl 4-
H(triﬁ‘jlifjorolr?1£Je§'%r%/§)%1 k}ceinlzoat Ne y%(r)oic ohde” |/ CES EY ApOHFR)- 13RI A# 3694 4433071441
11henylpigeidin-39 4- Hcyanobenzoate Nhydrochloride 0

08;16

AN
By
Oo—§
10 Step 2: Preparation of tert-Butyl 4- (3-{[tert-
butyl(dimethyl)silyl]oxy}phenyl)—3,6—dihydropyridine-1(2H)-
carboxylate

The tert-butyl 4- (3-hydroxyphenyl) -3, 6-dihydropyridine-

15  1(2H) -carboxylate (4.01 g, 14.58 mmol), tert-butyldimethylsilyl
chloride (2.73 g, 18.22 mmol), triethylamine (4.01 g, 40.0 mmol)
and a catalytic amount of dimethylaminopyridine (100 mg, 0.80
mmol) were mixed in dichloromethane (100 mL) at room temperature
for 16 h. The solvent was removed at reduced pressure and the

20 resulting semisolid dissolved in diethylether (100 mL). The
solution was extracted with 1IN agueous hydrochloric acid (2 x 50
mL) , extracted with saturated aqueous sodium bicarbonate (2 x 50
mL) , and extracted with saturated with saturated agueous
ammonium chloride ( 2 x 50 mL). The solution was dried over

25 sodium sulfate and solvent removed at reduced bressure. The
tert-butyl 4—(3—{[tert—butyl(dimethyl)silyl]oxy}phenyl)—3,6—
dihydropyridine-1(2H) -carboxylate (4.8 g, 12.33 mmol) was
isolated as a clear colorless oil by preparative silica
chromatography (5% ethyl acetate/ 95% hexanes). HRMS m/z

30 388.2305 (calcd for M - H 388.2302)
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"O 1\ N Exavpie@4398)F (3R,4R)-4-296.1644296.1645 12henylpiperidin-3-yl 3- @tylosozezig7HO
CFtrifluoroacetate 3H N O 113 WO 03/043987 PCT/US02/37037 17 MAY 20087 MAY 2006
Example(+/-)-(3R,4R)-4-312.1623312.1595 13henylpiperidin-3-yl 3- ethoxybenzoate trifluoroacetate O
HO'k _CF3H O 0-119 Example(+/-)-(3R,4 Qsllé.@ﬁlz.ﬁ%

10

15

20

25

30

WOH

N

Oﬁko-ﬁ:

Step 3: Preparation of (+/-)-tert-Butyl (3S,4S)-4-(3-
{[tert-butyl (dimethyl) silyl] oxy}phenyl) -3-
hydroxypiperidine~l-carboxylate

The tert-butyl 4-(3-{[tert-
butyl (dimethyl) silyl] oxy}phenyl) -3, 6-dihydropyridine-1 (2H) -
carboxylate (4.61 g, 11.85 mmol) was dissolved in tetrhydrofuran
(50 mL). The solution was cooled to 0°C and borane-methyl
sulfide complex (1.79g, 23.7 mmol) was slowly added. The
solution was heated to reflux for 2 H and cooled to room
temperature. 1 M agueous sodium hydroxide solution (30 mL) was
added dropwise to control the gas evolution. 35% Aqueous
hydrogen peroxide (45 mL) was added and solution refluxed for 2
H. The solution was cooled to room temperature and poured into
diethylether (200 mL). The solution was extracted with 2.5 M
agueous sodium hydroxide (2 x 75 mL) and the organic layer
checked for peroxides with starch iodide paper. The organic
layer extracted with saturated ammonium chloride (1 x 50 mL) and
dried over sodium sulfate. The (+/-)-tert-butyl (3S,4S)-4-(3-
{ [tert-butyl (dimethyl) silyl]oxy}phenyl) -3-hydroxypiperidine-1-
carboxylate (2.3 g, 5.65 mmol) as a semi solid by preparative
silica chromatography (0-10% ethyl acetate/ hexanes). HRMS m/z
408.2564 (calcd for M + H 408.2565)
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14henylpipendin®o4287C 3Hethoxybenzoate hydrochloride HN O 1\ / PCT/US02/37037
ExampleCIH(+/-)-(3R,4R)-4-282.1470282.1489 15henylpiperidin-3-yl benzoate hjdrtythoa886N O 0 I\ /
Example O\ (+/-)- (3S,4S)-4- 416.2020418,2013 16l Ihenylpiperidin-3-y1 3',4'-dimethoxy-1,1'-
iphenyl-4-carboxylate ,O \hydrochloride N C‘Bi\ 4 WO 03/043987

WO OO

N
=
] Oo—§

Step 4: Preparation of (+/-)-tert-Butyl (3R,4R)-3-[(1,1'-
biphenyl-4-ylcarbonyl)oxyl -4- (3-{ [tert-
butyl (dimethyl) silyl] oxy }phenyl) piperidine-1-carboxylate

10

The (+/~)-tert-butyl (38,48)-4-(3-{[tert-
butyl (dimethyl) silyl] oxy }phenyl) -3-hydroxypiperidine-1-
carboxylate (206 mg, 0.51 mmol), ,1'-biphenyl-4-carbonyl
chloride (540 mg, 2.50 mmol), triethylamine (400 mg, 4.00 mmol),
15 and a catalytic amount of dimethylaminopyridine ( 10.0 mg, 0.08
mmol) was mixed together in acetonitrile (10.0 mL) at room
temperature for 16 H. Ammonium hydroxide solution (5 mL) was
added to the solution and it was stirred for 1 H. The
heterogeneous solution was poured into ethyl acetate (50 mL) and
20 hexanes (5 mL). The solution was extracted with 1N aqueous
hydrochloric acid (2 x 10 mL), extracted with saturated aqueous
sodium bicarbonate (2 x 10 mL), and extracted with saturated
with saturated aqueous ammonium chloride (2 x 10 mL). The
solution was dried over sodium sulfate and solvent removed at
25 reduced pressure. The (+/-)-tert-butyl (3R,4R)-3-[(1,1'-
biphenyl-4-ylcarbonyl)oxy] -4- (3-{ [tert-
butyl (dimethyl) silyl] oxy}phenyl)piperidine-1-carboxylate (164
mg, 0.28 mmol) was isolated as a semisolid by radial silica gel
chromatography ( 25% ethyl acetate/hexanes). HRMS m/z 588.3150
30 (calced for M + H 588.3140)
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PCT/US02/3x035/398TAY 2006 Example (+/-)- (3S,4S)-4- 398.0959398.0976 1PoEnyspeniain-3-yl 4- /
G(5-chlorothien-2- Sl)benzoate Ohydrochloride O N H H-G Example(+/-)-(35,45) 4.6 Y &>6.1675
18henylpiperidin-3-yl 4'-\ / CF3 (trifluororg thyl)-1,1'- liphenyl-4-carboxylate / / \nydrochloride O N H H-
Cl ExampleH- a(+/-)-(3R,4R)-4-296.1622296f 19henylpiperidin-3-yl 2- Hethylbenzoate
Nhydrochloride O p -6 o

5
Step 5: Preparation of (+/-)-(3R,4R)-4-(3-
Hydroxyphenyl)piperidin-3-yl 1,1'-biphenyl-4-carboxylate
hydrochloride
10
The (+/-)-tert-butyl (3R,4R)-3-[(1,1'-biphenyl-4-
ylcarbonyl)oxyl -4- (3-{ [tert-
butyl (dimethyl) silyl] oxy}phenyl)piperidine-1-carboxylate (91 mg,
0.16 mmol) was dissolved in 4 N Hydrogen chloride in dioxanes
15 (3.0 mL). The solution was stirred for 4 H at room temperature

and diethylether (10 mL) was added. The solution was kept at
room temperature for 16 H and solids formed. The (+/-)-(3R,4R) -
4- (3-hydroxyphenyl)piperidin-3-yl 1,1'-biphenyl-4-carboxylate
hydrochloride (56 mg, 0.13 mmol) was obtained as a white solid.
20 HRMS m/z 374.1753 (calcd for M + H 374.1751)
The invention is illustrated further by the following
examples which are not to be construed as limiting the invention

in scope or spirit to the specific procedures described in them.

110



ExampleH- @IG-034(8R384R)-4-350.1351350.1362 20henylpiperidin-3-yl 3- N(trifluemesbe/B7benzoat Oe
hydrochloride FO I\ F F ExampleHCI(+/-)-(3R,4R)-4-327.1330327.1339 21phdrly\ i ér#ie-yl 4-
Hitrobenzoate Nhydrochloride O O NO2 115 WO 03/043987 PCT/US02/37037 17 MAY 2006
Exarﬁple(+/-)- (3R,4R)-4-332.1631332.1645 22henylpiperidin-3-yl 2- a Haphthoate hydrochloride H N O

Examples 2 through 60, as represented by the structures
shown below, were prepared using similar procedures as those

described above. Example land examples 2-60 are shown below:

Exact Mass | Calc. Exact
Structure Compound Name (8) (m + H) Mass (M + H)
(+/-)=(3R,4R) -4-(3- 374.1753 3741784
hydroxyphenyl)piperidin-
3-yl 1,1'-biphenyl-4-
carboxylate
hydrochloride

Example

Example HOOC—CF (+/-)-(3R,4R) -4- (4- 392.1417 392.1418
3 chlorophenyl)piperidin-

H 3-y1l 1,1'-biphenyl-4-
N 0 carboxylate
trifluoroacetate
”lll O O
¢!

Example
3

(+/-)-{3R,4R) -4~ (4~ 366.1072 366.1072
chlorophenyl)piperidin-

H F
N 3-yl (3,5-
H 0O difluorophenyl)acetate
H\\‘ O F
d

11



Example(+/-W@B34R3947297.1615297.1598 23henylpiperidin-3-yl 4- aminobenzoeta diseg

H-qdihyd
(methyltaio
(3S,45)-

yrisoasdoride aH N

O O aH NH, Example(+/ )- (3S,4S)-4-359.1733359.1754 24henylpiperidin-3-yl 41K Madin289fbenzoate |
roct |de N O H H-0 Example(+/-)- (35, 45?:& £04,1684404.0455, Z5henylpigeridin-3-yl 4'-\
E - 1fy henyl-4-carboxylate / / phatgto erddesl\L/Hﬂ-l-q Examplg(+/-)-
4-408. 0455 0%/q382 26\henylpiperid W@VPB”MB’G’GB%H%H&% hydrochloride
F
H
N
E 1 Q
""" IO/“\.‘C
Example F (+/-)~(3R,4R) -4~ {4~ 376.1713 3761303
S F fluorophenyl)piperidin-
3-yl 1,1'-biphenyl-4-
0 F carboxylate
trifluoroacetate
H ©OH
N
E ; 0
7 OJ‘\‘O
F
Example (+/~) - (3R,4R) -4~ 366.1292 366.1317
6 phenylpiperidin-3-yl 4-
(trifluoromethoxy)benzoal
te hydrochloride
CH
N
0
,,,,,, . .
F
X
Example (+/-)-(38,48)-4- 408.0429 408.0461
7 phenylpiperidin-3-yl 4-
iodobenzoate
I hydrochloride
O
N
H H—0a
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\ Q N H H-a wib0swa3087043987 PCT/US02/37037 17 MAY 2006 Example(+/-)- PCT/US02/37037
(3R,4R)-4-(3-298.1463298.1438 27ydroxyphenyl) piperidin- H3-yl benzoate Nhydrodioyid®@ O HO /H

0] Exam%l}galgg’r%R,4R)_|—4-(3-283.1428283.1441 §I}l)h¥gl{o4>§yphenyl)pip
~ I F O Example(3R,4R)-4-326.17
H

ON OH

N
o]

""" /)J\/O
o} \\[:::]

eQPZJ N 6331

26 7 664 29henylpiperidin-3-y

[phenoxyacetate
hydrochloride

yl Qenzoate hydrochloride

Example
10

ClH

2T

(+/-)- (3R,4R) -4~

phenylpiperidin-3-yl 4-
(trifluoromethyl)benzoat
e hydrochloride

350.1381

350.1368

Example

(+/-)- (3R,4R)-4-
phenylpiperidin-3-yl 4-
cyanobenzoate
hydrochloxride

307.1413

307.1441

Example
12

(+/-)- (3R,4R)-4-
phenylpiperidin-3-yl 3-
methylbenzoate

trifluoroacetate

296.1644

206.1645
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1,1'-biphenyiv® GHaezegoxylate H O O O Example(+/-)- (35,45)-4-358.1835358. pBAAIS02/37037
30henylpiperidin-3-yl 1,1'-biphenyl-3- carboxylate Oydrochloride ~oi t H H- CI 17 MAY 2006
Example(+/-)-(38,4S)-4-364.1387364.1366 3l\henylpiperidin-3-yl 4- | \ fhiep;2-ylognzoate
Shydrochloride p 0\ O N H H- C4 117 WO 03343886 £264TALSA2A37037 17 MAY 2006

Example(+/-)-(38,45)-4-436.1559436.1577 32 M@gﬁgﬁé&yl 4'- 0 " O(methylsulfonyl){,1'-

o]

Ho/U\ CF,
H
N
(o]
1//0)‘\@
/O
Example (+/-) - (3R, 4R) -4- 312.1610 312.1594
14 phenylpiperidin-3-yl 2-
CIH methoxybenzoate
hydrochloride
O
""”o)jg
o]
Example ClH (+/-1-(3R,4R) -4~ 282.1470 282.1489
15 phenylpiperidin-3-yl
benzoate hydrochloride
H
N
O
”"’/O “ :
Example 0\ (+/-)- (38,48)-4- 418.2020 418.2013
16 phenylpiperidin-3-yl
3',4"'-dimethoxy-1,1"-
o biphenyl-4-carboxylate
~0 ' hydrochloride
O
N
H—Cl
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\ 8biphenyl-Avenobmxgiate hydrochloride O O N H H-a Example(+/-)-(3R,4R)-4-296rig2 29631645

33henylpiperidin-3-yl G Hhenylacetate ydrochloride HN O ExampleF F(+/-)- 17 MAY 2006
(BR,4R)14:-326.] 733326 1751 34henylp|per|d|LE§ -yl (3s EQffethoxyphepyllacetate,Qisiyoroacetate H
Examplef (+/ )- 4 342,16 2.1700 iperdin-8-yl OH3,4-dimethoxybenzoate
; (5-chlorothien-2-
Otrifluorpacetate 1) benzoate
hydrochloride
Example (+/-)-(38,48) -¢- 426.1671 426.1675
18 phenylpiperidin-3-yl 4'-
CF, (trifluoromethyl) -1,1"'~-
biphenyl-4-carboxylate
hydrochloride
o
(e]
N
H H—a
Example H— Cl {(+/-)- (3R, 4R) -4~ 296.1622 296.1645
19 phenylpiperidin-3-yl 2-
H methylbenzoate
N hydrochloride
0
IIIO
Example H-—C} (+/-) - (3R, 4R) -4~ 350.1351 350,1362
20 phenylpiperidin-3-yl 3-
k} (trifluoromethyl)benzoat
0o e hydrochloride
F
"0 F
F
Example | HC {(+/-) - (3R, 4R) -4- 327.1330 327.1339
21 phenylpiperidin-3-yl 4-
H nitrobenzoate
N hydrochloride
O
NO,
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I\ 0118 WOVO3IBWERBT PCT/US02/37037 17 MAY 2006 ExampleOH(+/-)-(3R &

36henylpiperidin-3-yl H(1R,2S)-2- N henylcyclopropanecarbo /late h drochlorideli yM)A
enylpiperidin-3-y1 3'- 392.142
0 HH-CI

CH

(35,45)-11

- 37/h
\hydroch %?8%{7\1

H

N
0
nlo

(371442, gploro-1,1-

phenylpiperidin-3-yl 2-
maphthoate hydrochloride

biphenyl:4

Qeaubaxy

ySH2B31806322.1802
YESRple (+/-)-
late ,O

Example
23

(+/-}-(3R,4R) -4-
phenylpiperidin-3-yl 4-
aminocbenzoate
dihydrochloride

297.1615

297.1598

Example
24

-0
°
O

H—0d

(+/-)~- (38,48)-4-
phenylpiperidin-3-yl 4-
pyridin-4-ylbenzoate
dihydrochloride

359.1733

359.1754

404.0455

Example
25

(+/-)- (38,48)-4-
phenylpiperidin~3-yl 4'-
(methylthio) -1,1"'-
biphenyl-4-carboxylate
hydrochloride

404.1684

Example
26

(+/-)- (38,48)-4-
phenylpiperidin-3-yl 3-
icdobenzoate

hydrochloride

408.0455

407.0382
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Example(+/-\w@B33453947392.1420392.1412 38henylpiperidin-3-yl 4'- \ / Ochloro-lzaTm&hB% -
carboxylate hydrochloride O\ O N H H-O Example(SR,4R)-4-332.1671332.1645@9\4 h ﬁiperidin-3-yl

1- aphth@;g;t%’g T.Irochlorlde HOO Exampler-! +/a_()t/-)53(,§5,_4}18)54-374.;9785_%?@24 178, 428
40Hhenypiperidin-3-yl 4- Ohenoxybenzoate ydiechlarde (biddAaMC) 03/043987 PCT/USP2/37037 17
N A p e . —_— i
MAY 2006 ExampleO(4 (3R,4§) 4 310.17~i§/§§ogg§ﬁge4lhenylplperldln 3-yl3
"'uo
H
HO a””
Example H (+/-)- (3R,4R)-4-(3- 283.1428 283.1441
28 N hydroxyphenyl)piperidin-
(o] 3-yl benzoate
hydrochloride
”,’O I \
~N
F OH
FM
F (0]
Example (3R, 4R) -4- 326.1760 326.1751
29 phenylpiperidin-3-yl
1,1'-biphenyl-4-
CiH carboxylate
H
QI
(0]
Example (+/-)- (38,48)-4- 358.1835 358.1802
30 phenylpiperidin-3-y1
1,1l'-biphenyl-3-
carboxylate
hydrochloride
s‘\o
I
N
H H—a
Example (+/-)-1{(38,48) -4- 364.1387 364.1366
31 phenylpiperidin-3-yl 4-
I \ thien-2-ylbenzoate
S lhydrochloride
\‘\O
0]
N
H—d
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henylpropanaai®iA@sed7 3trifluoroacetate H O O Examplea H(+/-)-(3R,4R)-4-3P¢ 128848942271
42henylpiperidin-3-yl 2- Hethylhexanoate N ydrochloride O \ O Example(+/-)-(35, 45) MA3¥29993338.2120
43henylpiperidin-3-yl 4- tert-butylbenzoate hy rQ lo @ N H Hra Example (3/:)-(3S,4S)-4-
373.188'5%?11916 44henylpiperidin-3- yI 3' m ;{p C)) eRyl-4-|\ fcarboxylateijiJl

(methylsulfonyl) 1 1'

biphenyl—4—carboxylate

Example (+/~)-(3R,4R) -4~ 296.1621 296.1645
33 phenylpiperidin-3-yl
CH phenylacetate
hydrochloride
H
N
w
IIO
Example | F (+/-)- (3R,4R)-4- 326.1733 326.1751
34 F phenylpiperidin-3-yl (3-
F oH methoxyphenyl)acetate
4 trifluoroacetate

Example F F (+/-)-(3R,4R) -4~ 342,1697 342.1700
35 phenylpiperidin-3-yl
F OH 3,4-dimethoxybenzoate
4 trifluoroacetate
o
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0 \ H-aihydroxbloside30siH-0 Example(+/-)-(35,45)-4-398.1016398.0981 45henylpi
(5-chlorothien-2- 1)benzoate ydrochloride O S NG H H-G 120 WO 03/043987

yaisn 237 37
M/}és\é@%b@%w 17

MAY ZOOEQalﬁxPémpl%}/ (+/-)-(35,45)-4- gS/henylpiperdip3-yl 3- 373, 17673831784 1502
cyano-1 1&b|phe 4- CNcarboxylate hydroclpesigde {tsereratert by ACD/Name software)|O N H H-O
(1R, 28) -2~
phenylcyclopropanecarbox
E 1 v/@ vlate hydrochloride
Example (+/-)- (38,48)-4- 392.1420 392,1412
37 phenylpiperidin-3-yl 3'-
chloro-1,1'-biphenyl-4-
d carboxylate
0 hydrochloride
N Q
H —
Example (+/-)- {(38,48)-4- 392.1420 392.1412
38 phenylpiperidin-3-yl 4'-
o] chloro-1,1'-biphenyl-4-~
carboxylate
hydrochloride
e
(o]
N
H  H—a
Example (+/-)- (3R,4R)-4- 332.1671 332.1645
39 CH phenylpiperidin-3-yl 1-
maphthoate hydrochloride
H
N
/,IO
Example p—a (+/-)- (3R,4R)-4- 374.1751 3741751
40 I,:,' phenylpiperidin-3-yl 4-
o} phenoxybenzoate
. hydrochloride
s /@
o}
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ExampleG HyB-)3(8898R)-4-370.0908370.0935 47henylpiperidin-3-yl H2,2'-bithi

Use23Mearboxylate

Ohydrochloride xample(+/-)-(3R,4R)-4-364.1335364.1371 48henylpiperidin-3-yl 57 héfYitRi¥hene-2-
drochloride H O O/ (+/-)-(3 #32'45“]4%)3 ,Example) Qdi.386.1778386.1756 | 4 en- -

aHcarbo E\{(Ig[e erq
% oY - 1]pipgridin-3-yl 4- enzoylb Al peridin-3-yl 3-

49Icyclohgxa-2,
phenylpropanoate
HO CFy trifluoroacetate
H
N
0
:,,O)k/\©
Example CIH (+/-)-(3R,4R) -4~ 304.2234 304.2271
42 phenylpiperidin-3-yl 2-
H ethylhexanoate
N hydrochloride

338.2143 338.2120

(+/-)-1(38,48) -4~

Example
43 phenylpiperidin-3-yl 4-
tert-butylbenzoate
hydrochloride
\‘\O
N
H

373.1916

(+/-)-(38,48) -4~ 373.1887

Example
phenylpiperidin-3-yl 3'-
amino-1,1'-biphenyl-4-

NH, carboxylate

Y O H—al dihydrochloride

Iz

398.1016

398.0981

Example (+/-)-1(35,48) -4~
45 phenylpiperidin-3-yl 3-
(5-chlorothien-2-
lvl)benzoate
hydrochloride

J\C) =

H—C
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ydrochloridewoN3#43983 1 Example F (+/-)-(3S,4S)-4- 50/henylpiperidin-3-yl 4'- B¢G/18F937BAL707
fluoro-1,1'-biphenyl-4- carboxylate O \ Ihydrochloride N O H H-a Example p henylgipéAdir280@1 4'- 51\ /

CFa (trifl oror]r%e thoxy)-1,1 -442.160742.1625 éﬁ he;ggflggf)-_cgrboxyla:re39_\1h¥¢r1)c§ggqlg@ NoHH-al2l
WO 03/048987 peT)S02/37037 ATHMAY 206 frxapiplaOsizi-}+(3R,4R)-4-365.1336365.1318
i idink _ cyano-1,1'-biphenyl-4-
52henylpiperidin H N Crborylate
.0 hydrochloride (Generated
" by ACD/Name software)
o
N
H  h—a
Example | OJH (+/-) - (3R, 4R) -4~ 370.0908 | 370.0935
47 phenylpiperidin-3-yl
H 2,2'-bithiophene-5-
N |carboxylate
(@) hydrochloride
‘, S
o S \
| N
Example (+/-)-(3R,4R) -4~ 364.1335 364.1371
438 phenylpiperidin-3-yl 5-
phenylthiophene-2-
GH carboxylate
lhydrochloride
y
0]
"’;O S
|/
Example (+/-)-(38,4R) -4~ [ (1R) - 386.1778 386.1756
49 Q cyclohexa-2,4-dien-1-
v1llpiperidin-3-yl 4-
lbenzoylbenzoate
e lhydrochloride )
0
N
Hu-a
Example F {+/-)-(38,48) -4~ 376.1679 376,1707
50 phenylpiperidin-3-yl 4'-
fluoro-1,1'-biphenyl-4-
carboxylate
0 hydrochloride
(0]
N
H H—C
Example o. (+/-)-(38,48) -4- 442.,1607 442,1625
51 CF, phenylpiperidin-3-yl 4'-
(trifluoromethoxy) -1,1'-
O biphenyl-4-carboxylate
O hydrochloride
N 0]
H  H—a
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yridin-2-ylthiepinesie4298Ncarbox late Oy ihydrochloride GH Example / (+/-)-(3Sp€3)u%02/37037
53NCF3henylpiperidin-3-yl 4- 416.1566416.158 [3-(trifluoromethyl)-1H- / yrazoI-I-JyY] 208896 0\

Iydrochlq}gjggpg)eb

iphenyl-4

=garbox

i- Cl Example(+/-)-(3S,4S)-4-
ylate hydrochloride O 0 N
H

N
0
1. =
)
N\
Ve,
ClH

phenylpiperidin-3-yl 5-
pyridin-2-ylthiophene-2-
carboxylate
dihydrochloride

414,2417414,2428 54henylpipgri

ling3-y 4 - tert-butyl-1,1'-

Example
53

=,
O
N
H H—a

(+/-)-(38,48) -4~
phenylpiperidin-3-yl 4-
[3- (trifluoromethyl) -1H~-
pyrazol-l-~yl]benzoate
hydrochloride

416.1566

416.158

Example
54

el

(+/-)-(38,48) -4-
phenylpiperidin-3-yl 4'-
tert-butyl-1,1'-
biphenyl-4-carboxylate
hydrochloride

414.2417

4142428

Example
55

J0
e
N O
H

H—d

(+/-)-(38,48) -4~
phenylpiperidin-3-yl 4'-
methoxy-1,1'-biphenyl-4-
carboxylate
hydrochloride

388.1936

388.1907

Example
56

(+/-)-4"-({[(38,48) -4-
phenylpiperidin-3-
1] oxy}carbonyl)-1,1'-
biphenyl-4-carboxylic
acid hydrochloride

402.1706

402.1700

Example
57

CIH

H
N
0
"”O’JL\//\T:::I\
o/

(+/-)-(3R,4R) -4~
phenylpiperidin-3-yl 3-
(a-

methoxyphenyl) propanoate)
hydrochloride

340.1888

340.1907
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H H- Cl Examwple6H43485,4S)-4-388.1936388.1907 55henylpiperidin-3-yl 4'- eth@(;zrmsl}b ﬁmyl -4-
\carboxylate hydrochloride 0 N H H- CI Example(+/-)-4'-({[(3S,4S)-4-402. 1706402 N7 20

56henylpiperidin,3- CO H ylloxy)carbonyl)-1,11: [/ \ Ibiphenyl-4-carhoxylic , acid hygrachleride 0 O N H
H- CI xarpple(+/-)-(3R,4B)-4-340.1888340. lQC&x&?zhﬂmyfpmendm 3-yi 3- CIH(4-|ethoxyphenyl)propanoate
H H acetate hydrochloride
N o}
S
Example (+/-) - (3R, 4R) -4-pyridin-| 460.1815 460.1788
50 3-ylpiperidin-3-y1
CiH acetate dihydrochloride
N
(o]
,,,O,U\
7
o -N CH
5

Examples 61-79 were prepared in accordance with the above

synthetic routes as shown below:

Ton Found
Example |Structure FW (BES+)
e
61 H 191.28 192.1
62 270.17 272.1
[gj/
63 270.17 270.1
e
64 H 247 .38 248.3
Y
65 H 209.27 210.1
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N hydrochlomde d3/0d39822 WO 03/043987 PCT/US02/37037 17 MAY 2006 PCT/US02/37037
Example(+/-)-(3R,4R)-4-220.1332220.1334 59aHhenylpiperidin-3-yl H acetate hfc?rd\‘!ﬁ%r%@ﬁ 0

l-pyridin-460.1815460.1788-603-ypiperidin-3-yl aHacetate dihydrochloride H GH

Exampleﬂ;/-)-(QP,AD)-
5 Examples 61-79 werg¢ prepared in accordance with the above synthetic routes as shown below: lon
Found ExampIeStructqreFW(ES+) H191.28192{1 i
0.
F
4
66 H 259.27 260.2
Shee
N
67 225.72 226 .1
O\@
T |
N
N
68 216.29 217.2
(j/o
N
H
69 241 .34 242 .2
Eijﬂ\/[il\
N
70 H 219.33 220.2
(j/o
N
71 i 267.37 268.2
™ =
N
72 317.17 318.1
O\/E:j\
o}
Y ‘
N
73 221.3 222 .2
Cl
74 H 260.17 260.1
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Br N 62H27@VIV@F@s198r N 63H270.17270.1 NJT 64H247.38248.3 i ( JT F 65NeRANZF2EMI7H 123 WO
03/043987 PCT/US02/37037 17 MAY 2006 66N 259.27260.2 Hi 67H225.72226' ™MAN @846

OIT

75 292.38 293.3

76 251.33 252.2
AOH :
79 ; 297.4 298.2
5
Examples 80 was also prepared in accordance with the above
synthetic routes as described herein:
10 Example 80

1% ’I/]\/j\\‘ O\/©
N
H

OAMS supporting ions at: ESI+ 298.2

15 [a] 2%y = 0° (¢ 0.72, chloroform).
Anal. Calced for Ci9Hy3NO,: C, 76.74; H, 7.80; N, 4.71.
Found: C, 76.46; H, 7.76; N, 5.00.

20 In another embodiment, 3-alkoxy-5-alkyl piperidines of the
invention may be prepared utilizing the routes shown below and

as described:
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0 & 70219.38220/843%8Y N 71H267.37268.21 o x N 72H317.17318.1iq C3 NZ3H32433822.2 cl CI
74N 260.17260.1 H 124 WO 03/043987 PCT/US02/37037 17 MAY 2006 ~I C f & NP2 @2038293.3 a~

Ph Ph
0 o
./ _1-LiHNDS LAH
N —_—
2. BnBr THF reflux N
Ph ko 65% Ph/ko 15h85% Ph—/ OH

1:1 trans:cis
Ph

H
> TEA o LJ\/Ph MeOH, 7h,95% Ph

36h,80% HO

H
4 H-CI N
1. NaH, DMF LJ\/
2. 3,5-diF-benzyl bromide F 0O Ph
12h, 77%
* 3. H, (40psi) Pd/C L
BuNH,, EtOH
R=
1. :BuOK CHs o CHs
2. Benzyl Bromide
Boc 3. PS-SO3H H
J:NJ\/ 4. NHa/MeOH N
Lj\/
HO Ph R N0 Ph

Preparation of 3-alkyl-5-benzyloxy piperdines

To a THF (100 ml) solution of 1 (5.4 g, 26.6 mmol) (JOC,
1986, 51, 3140), at -78°C, was added LiHMDS (28 ml, 28 mmol,

10 1.0M in THF). The mixture was stirred for 1 hour followed by
addition of benzyl bromide and allowed to warm to room
temperature. After stirring overnight at r.t. the reaction was
quenched with sat’d ag. NH4Cl (75 ml) and extracted with EtOAc.
The organic layer was washed NaHCO; ( 50 ml), brine ( 50 ml),

15 and dried over MgSO, to give 4.9 g of 2 (64%) as a mixture of
diastereomers. Flash chromatography 10% EtOAc/Heptane to 65%
EtOAc/heptane yields 2.9 g of the trans isomer and 2.1 g of the

cis isomer.
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76N251.3326D28043%67.4298.2 5 Examples 80 was also prepared in accordane€ withotigrairove

synthetic routes as described herein: 10 Example 80 15GAMS supporting ions ait EMAYL88096 [a]25D = 0

(c0.72, chloroformé Anal. C]%z_iLch for C]ﬁ_&%?; Cr)[ﬁac 76.74; H,7.80; N 4¥Zl Iiour?d: C, 76.46; ﬁ 756; N,
Ky 10h Ma

5.00. 20In anothef nfhodnent. 3-afko y-5- ipesrﬁldgll?eesngfjt Ielirﬁ/fen oh ybg b%gpaﬁéd u%lizmg the

routes showndielow s dadsldescribEHF1 2% W D34HBI8T dn TEAA2L. (GHMDS LAH22 i) 65% 1:1
Cl (o) - i 0,
rans.cis | PO PITHE gy 15 1 8596 6741204 pS){ PAYC PRAMeQHTh 8526 2, TEA, reflux 36

maintained at reflux for 12h followed by cooling to 0°C and the
slow addition of sat’s ag. NaSO,. The mixture wasg diluted with

10 EtOAc and filtered through Celite and the filtrate dried over
MgS0O,. Concentration in vacuo gave 2.2 g of 3 (85%) as a clear
oil. To a THF (60 ml) solution of 3 (2.2 g, 7.8 mmol) was added
TFAA (2.5 g, 11.7 mmol) dropwise followed by warming to r.t..
After 1.5 h at r.t. BtaN (4.3 ml, 31.2 mmol) was added dropwise

15 followed by heating at reflux for 40h. After cooling to r.t.
the mixture was treated with 10% NaOH and stirred for 1lh. The
mixture was diluted with EtOAc (75ml) and washed with NaHCO; ( 2
X 20 ml), brine (20 ml) and the organic layer dried over Na,SO,.
Flash chromatography 5% MeOH/CHCl:; gave 1.6 g of 4 (73%).

20 A parr apparatus was charged with Pd/C 0.470 mg and 4 (1.26
g, 4.5 mmol) in 40 ml of MeOH. The apparatus was charged with
40 psi. Hy and shaken at r.t. for 6 h. The reaction mixture was
filtered through Celite and conc. in vacuo. The resulting
residue was dissolved in THF (30 ml) followed by the addition of

25 BocyO (1.2 g, 5.4 mmol). After stirring at r.t for 3h the
reaction was diluted with EtOCAc (70 ml) and washed with H;O (3 x
20 ml). The organic layer was dried over MgSO, and concentrated
in vacuo to yield 5 (0.74 g, 57%) as a white solid after flash
chromatography 50% EtOAc/heptane.

30

Example 82:

3-benzyl-5-[(3,5-difluorobenzyl)oxylpiperidine hydrochloride.
Compound 5 (0.10 g , 0.34 mmol) in THF (1 ml) was treated with
35 0.7 ml of 1.0 M t-BuOK in THF and stirred for 15 min. at r.t..

The mixture was treated with 2.0 eq. of 3,5-difluocrobenzyl

bromide and stirred at 50°C for 18 h. The mixture was diluted
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1. NaH, DMWa @&54dil8sbenzyl bromide 12h, 77% 3. H2 (4opsi) Pd/C BuNH2, BXOMHUB0/BUOK 2. Benzyl
Bromide 3. PS-303H 4. NH3/MeOH Ph Ph HO R= PCT/US02137037 17 MAY 2304AH299CN Ph CF3

Preparation of 3-alkyl-5-benzyloxy pi ines To,a THE (10Q ml) solution.of.1 (5.4 g, gol)(JOC,
1986,%51, Y140}, at - C?\ié]ag{lgaée(#o %ﬁgé{ﬁ%f% nﬁ%élr?)ﬁjoofoﬁin% Ff.ghgegr"r%%ure was
stirred for 5 heyr fplewed Ry addition of beazd hrejpideand:alloweghto svam to;ro0mm tempgeature. After
stirring overnight at r.t. the reaction was quenched with sat'd aq. NH4C1 (75 ml) and extracted with

EtOAc. THeSsrganicady < dakawastibdivaiE OB Es0i R, Brte v86RaY 151d&R He¥odaidvgSo4 to
give 4.9 g phg (§4%)As.a mixiyre)of diggtereqraers. flashchigmatogeanty %Pféﬁt%cﬂﬂ#gﬁqe@ﬂo 65%
EtOAc/heptane yields 2.9 g of the trans isomer and 2.1 g of the cis isomer. 126 WO 03/043987
PCT/US02i37087ute the final compound. The desired salt was obtained by

10 treating the amine with either HCl or TFA in Et:0.

HRMS m+ H = 318.1663

The following were prepared according to the methods described
for example 82.
15

Example 83: 3-benzyl-5-[(3-methylbenzyl)oxylpiperidine
hydrochloride. HRMS m+ H = 296.2012,

Example 84. 3-benzyl-5-{[4-
20 (trifluoromethyl)benzyl] oxy}piperidine hydrochloride. HRMS m+ H
= 349.1653

Example 85. 3-({5-benzylpiperidin-3-
ylloxy}methyl)benzonitrile. HRMS m+ H = 307.1807.
25
Example 86. 3-benzyl-5-[(3-methoxybenzyl)oxylpiperidine
hydrochloride. HRMS m+ H =312.1965.

Example 87. 5-benzylpiperidin-3-yl 1,1'-biphenyl-4-
30 carboxylate trifluoroacetate. HRMS m+ H = 372.1953

35
Synthesis of Furyl Piperidine Analogs
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17 MAY 20046 Tamaspsfluxing THE (8m1) suspension of LiAl4 ( 0.46 g, 12.3 mnrarwas2zstdet a THE (8
ml) solution of 2 (2.4 g, 8.2 mmol) (Biotech & Bioeng 1998/99, 61, 143). The reaétidMAVELh8intained at
ref lux for 12h followed by cooling to OC and the slow addition of sat's aq. NaS04. The mixture was
diluted with 10 EtOAc and filtered throug@qﬁt@%nd the fiItra%"dried over MgSO4. Cortentration in

vacuo gave g2 g of 3 (85%) as a (f€ar @ijjeda THE (60 m) s¢lutioffiafE (2.2 g, 7.8 fimgl) was added

TFAA (2.5(g, 1.7—"39}%%%ewi e fgllowed-by-warmingde 1.t (273 taH 31.2 mmol)
was added gffopwie: T8%ottewed B, heatiit & (s UK ot 40k After-VinE' M. the re was treated
with 10% N&OH aft%fired for Ih. The mixture was diluted with EtOR% Giginl) and washéd with NaHCO3
(2 x20 ml), brine (20 ml) and the organic layer dried over Na2S0O4. Flash chromato§teiH§ 5%
MeOH/CHCflls gave 1.6 g of 4g3%). 20 A parr appargtys was charged with Pd/C 0.470 mg and 4 (1.26
g, 4.5 mmol) in 40 ml of MeOEN The apparatus was charged with 40 psi. H2 and shaken at r.t. for 6 h.
The reactiommiég%g%was filtere ,,,throw.ghc%ugeeand s [of in vacuo. The resulting residue was dissolved
in THE (30-mh-foltowed 3y the ddifonof25B9€20 1.2)5, 5.4 mmol) . After stirring at r.t for 3h the
reaction wasiifted With Eto&c)(70 miy adtrirashed ijh H20 (3 x 20 ml) . The organic layer was dried
over MgSO4 and concentrated in vactio'to yield 5 (0774 g, 57%) as a white solid after flash
chromatography 50% EtOACHSBiang. 30 Example &?eg%@pﬂﬂss-[(s,5-dif|uorobenzy|)oxy]piperidine
hydrochloride. Compound 5 (0.10 g, 0.34 mmol) in THE (1 ml) was treated with 35 0.7 ml of 1.0 M
t-BuOK in THE and stirred for 15 min. at r.t.. The mixture was treated with 2.0 eq. of 3,5-difluorobenzyl

bromide and stirred at 50C for 18 h. The mixture was diluted 127

S
Z

4-Trifluoromethanesulfonyloxy-3,6-dihydro-2H-pyridine-1-

carboxylic acid tert-butyl ester (2). A solution of t-butyl -4-

oxopiperidine-l-carboxylate (6.50g, 32.6 mmol) in THF (50 mbL)
15 was added dropwise to a stirred solution of LDA (24 mL, 35.8
mmol, 1.1 eg., 1.5 M in hexanes) in THF (50 mL) at -78° C.
After stirring for 30 min, a solution of N-
phenyltrifluoromethanesulfonamide (12.48 g, 35.0 mmol, 1.07 eq.)
in THF was added. The reaction mixture was stirred under inert
20 atmosphere for 6 h at 0° C. The reaction was concentrated in
vacuo and filtered over a pad of alumina (hexanes/EtOAc 9:1) to
afford 2 as a pale yellow oil which was used without further
purification (10.26 g, 95 %).
4-Furan-3-yl1-3,6-dihydro-2H-pyridine-1l-carboxylic acid tert-

25 butyl ester (4). A flask was charged with boronic acid 3 (6.22

g, 55.6 mmol), triflate 2 (55.27 g, 166.8 mmol, 3 eq.), lithium
chloride (7.07 g, 166.8 mmol, 3 eqg.), agqueous 2N Na,CO; (56 mL),
1,2-dimethoxyethane (120 mL) and Pd(PPhs)s (3.21 g, 2.8 mmol,
0.05 eq.). The reaction mixture was heated to reflux under
30 inert atmosphere for 4 h. After cooling to room temperature the
reaction mixture was concentrated under reduced pressure. The
resulting residue was partitioned between dichloromethane (150

mL), aqueous 2N Na,CO; (125 mL), and concentrated ammonium
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WO 03/043980 P£0HAI$302/37037 17 MAY 2006 5 with 5 ml of MeOH followed e sadditiasy of 1 g of
DOWEX(r) 50X2-400 ion-exchange resin and stirred at 45C for 5h. The resin wa$ 8bAecBYBy filtration
and washed with MeOH and CH2C12 (3 x 10 ml). The resin was then treated with 7N NH3/MeOH to
clite e TR GGG e Birea S vihE R BT By 10 AERTARE b Wi

e amine Wit% Sith&TCL 6P TEA
in Et20. HRMEM+=Rt=-31% 2663aHiel tollawing wete-prbpatestateanding(® the methods.fescrilmde for

example 82. 15 Example 83: 3-benzyl-5-[(3-methylbenzyl)oxy]piperidine hydrochloride. HRMS m+ H =
506 9012 EBRAE R4 SERBTAFE. (13D Moty Shor SONOA T REHYGROCHTr e IS e
H = 349.1653 Exanwpie,85a%H8-benzyipiperidin-3-nHloxyarain)heqzaritsiiel iR MS #n+pid =30 8807 .
25 Example 86. 3-benzyl-5-[(3-methqoxybenz I)oxyﬁ%&ri ine hydrochloride. HRMS m+ H =312.1965.
Example 878 bEhBD PSR Y| AL BIPR ERGEAAO el TE SHURAOAEL AR ARME T 1 -0
3721953 35 Syathesis of kuryliRjperidirs Avalogs 128(W/Q 63/8439%8F 5\ Boc 2LIIc@H, 3NNaGH 30%

H202, R.T., 16h, 87%
400 MHz H-NMR (CDCls;) & 1.48 (s, 9H), 2.37 (s, 2H), 3.60 (t, J =
3.6 Hz, 2H), 4.03 (s, 2H), 5.87 (s, 1H), 6.51 (s, 1H), 7.38 (d,
J = 6.8 Hz, 2H); 125 MHz PC-NMR (CDCl;) & 26.9, 39.5 (broad),
40.8 (broad), 43.6 (broad), 79.7, 107.2, 118.7 (broad), 126.8,
15 138.1, 143.5, 154.9. HRMS Calcd. for CyH;NOsNa [M'+Na]:
272.1263. Found: 272.1271.

4-Furan-3-yvl1-3-hydroxy-piperidine-1l-carboxylic acid tert-butyl

ester (5). To a solution of 4 (2.33 g, 9.358 mmol) in THF (10
mL) at 0° C borane-tetrahydrofuran, BH3;-THF (28.07 mL, 28.07

20 mmol, 3 eg., 1M sol. in THF) was added dropwise. After stirring
the reaction mixture under inert atmosphere at room temperature
for 3h, the unreacted borane was quenched by the addition of
methyl alcohol (30 mL). After guenching, 3N NaOH (30 mL) was
added glowly to the reaction mixture. This was followed by the

25 addition of 30 % H,0, (15 mL). The reaction mixture was stirred
under inert atmosphere at room temperature for 16h. Solvents
were removed under reduced pressure and the crude mixture was
dissgolved in ethyl acetate (60 mL). The ethyl acetate solution
was washed with water (40 mL), bicarbonate solution (40 mL),

30 water (40 mL), and brine (40 mL), dried over anhydrous magnesium
sulfate and filtered. Removal of solvent at reduced pressure
yielded the pure, white, crystalline solid 5 (2.18 g, 87 %). TLC
R = 0.48 (95 % CHyCl,-MeOH); 400 MHz TH-NMR (CDCls) & 1.47 (s,
9H), 1.57-1.69 (m, 1H), 1.82-1.85 (m, 0.5H), 1.86-1.88 (m,

35 0.5H), 2.50 (ddd, J = 12.4, 10.0, 4.0 Hz, 1H), 2.62 (t, J = 10.8
Hz, 1H), 2.76 (m, 1H), 3.47 (m, 1H), 4.12 (m, 1H), 4.32 (m, 1H),

6.35 (s, 1H), 7.38 (d, J = 18.8 Hz, 2H); 125 MHz *3*C-NMR (CDCl,)
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AN HCI/D'oxanaeobid€87N. "OR Y "OR 10 Boc Boo | LDA, Tf2NPh P THF, -78Q@Q/4s@8m®5% OTf 1 2
DMF, 00 40C 24h Racemate Racemate 88-103 104-118 R.T., 30 min. aJ 98% 6.7 MAY 2006

4-Trifluoromethanesulfonyloxy-3,6-dihydro-2H-pyridine-I- carboxylic acid tert-butyl ester (2). A solution of
t-butyP-4- xdfipdridiré-1ZarBskyfate #6589, 396 Fimdl§ mtTHEQS8 m1Y4S-was ad@ed dropivise’to a

stired solufipg of LDAS@4qML 3548 mMOLL L 89y 15 M,inshexaneshingdiF: (S9opL) 3kg'8 C. After

stirring for 30 min, a solution of N- phenyltrifluoromethanesulfonamide (12.48 g, 35.0 mmol, 1.07 eq.) in
THF was aﬂ@l‘éﬂdﬁ_hél Péhciiéﬁﬁﬂxture was stirred under inert 20 atmosphere for 6 h at 0 C. The reaction
was concegligiedn yacyoanddiltered overia Rad of alumina hexanes(BiA 8y1) to aifogd 2 as a pale

yellow oil whicitwas used without furtherpurification (10.26 g, 95 0). .
4-Furgn-3-yrta',srcﬁtﬂycﬁ@%pﬁm@e-péar%@s%)ili@adﬁdf@ﬁi@% bﬁyl%s@ét-(@.ﬁ_ﬂ@ﬂe%sm@ﬁﬁg@a with

boropie aCif3 (622,955 Mol il 259,27, 0 ATl 0 tPumechipude (507 0, 166.8
mmol, 3 eq.), aqueous 2N NaZ2CO3 (56 mL), 1,2-dimethoxyethane (120 mL) and Pd(PPh3)4 (3.21 g, 2.8
mmol, 0.05ke.)aThekedcti®dn fhisturd Washebfedto réf ixuneér - i

under inert atmosphere at room temperature for 1h benzyl bromide

Following stirring

was added. The reaction mixture was heated to 40° C and

(3 eqg.)

stirred under inert atmosphere for 48h. To the reaction mixture

15 was added ethyl acetate (40 mL) and water (20 mL). The layers

were gseparated and the organic layer dried over anhydrous
magnesium sulfate, and concentrated in vacuo. Purification by
flash column chromatography (hexanes/EtOAc 5:1) yielded pure

products 88-103 (Table 1).

20
Table 1. Yields and product characterization for the alkylation
reaction.
# Name % Calcd. Found
Yield HRMS HRMS

88 | 3-Benzyloxy-4-furan-3-yl- 41 380.1838 | 380.1840
piperidine-l-carboxylic acid [M*+Na]
tert-butyl ester

89 | 3- (Biphenyl-4-ylmethoxy) -4- 43 456.2151 | 456.2146
furan-3-yl-piperidine-1- [M*+Na]
carboxylic acid tert-butyl
ester

90 | 4-Furan-3-yl-3-(naphthalen- 6 430.1994 | 430.2094
2-ylmethoxy) -piperidine-1- [M"+Na]
carboxylic acid tert-butyl
ester

91 | 4-Furan-3-yl-3- (naphthalen- 43 430.1994 | 430.1988
1-ylmethoxy) -piperidine-1- [M*+Na]
carboxylic acid tert-butyl
ester

92 | 4-Furan-3-yl-3-(4-phenoxy- 56 472.2100 | 472.2110
benzyloxy) -piperidine-1- [M*+Na]
carboxylic acid tert-butyl
ester

93 | 3-(4-tert-Butyl-benzyloxy) - 68 436.2464 | 436.2464
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30 inert atmyephare3987 h. After cooling to room temperature the reaction mixteEnwasxensentrated
under reduced pressure. The resulting residue was partitioned between dlchloroHeMéP(eZ(Q@@ mL),

aqueous 2 2C03 (1 25 mL \ and r\nnr\nnfraforl ammonivm—129 D/ﬁLI\’) PCT/ISOR2/37037-17 MAY
2006 Boo Boo ~Ni43 fRFT“B%SETW%HWEG& £ DC-AR.T.. 3h LiC. 3, DME/H20 reflyx, 4h,
59% WO (3/043 3@5@’/‘@%65/3?6371 mL) . The layers were separated
and the aq ed again w hloromethane (3 ;-m?#h% | ics
were dried|ovér ln?h_ élﬁﬁrshﬁ |Lﬁh%@1ﬁ§t§hﬁﬁé’ Lofcentrated in yabd ﬂ'ﬂe-r’l%sulﬁﬁé’ réstdie was
purified via flash d%‘lﬂ?ﬁﬁ chr ‘tBél% ﬁz‘éﬁé’&?an]es/CHZCIZ/EtOAc D: 1[% #3724 yield 4 as a light|yellow
oil (8.13 g,|59 %). FRERIY H13; ?W'TW‘RW&DCIB) 6 1.48((s, 9H), 2.37 (5, 2H), 3.60 (t,|J = 3.6
Hz, 2H), 4.03 (s, ??ﬁtt?ﬁ? (s, 1H) 651 (s 1H) 7.38(d Jl=6.8Hz 2H): 125 MHZ 13C-NMR (CDC13) 5
26.9, 39.5 (bfSad) 4 ADBBYORAY U35 (oMY Y, 107.2, 118% (bfodd} 1%8%4 1533812993 5 154.9,
HRMS Calkd. for| GERFYINGING wpwdzmréag Fourd: 272.1271, [M*+Na]
4-Furan-3-yl-3-hyd?a8RppEridifie Aehfbox§ it adld iait-butyl ester (5). To a solution of 4 (2.33 g, 9.358
mmol) in THE (10 $8[Eeat 00 C borane-tetrahydrofuran, BH3-THFE (28.07 ml , 28.07/20 mmal, 3 eq., 1M
sol. in THF) Was paddd dropwise iergtikipg ziheassdetion mik@ire nééLindeimodpere @8 fogm
temperature 4-furan-3-yl- [M"+Na]
piperidine-1l-carboxylic acid
tert-butyl ester
97 | 3-(4-Bromo-benzyloxy)-4- 66 458.0943 | 458.0966
furan-3-yl-piperidine-1- [M"+Na]
carboxylic acid tert-butyl
ester
98 | 4-Furan-3-yl-3-(4- 32 458.1613 | 458.1633
methanesul fonyl-benzyloxy) - [M"+Na]
piperidine-1l-carboxylic acid
tert-butyl ester
99 | 4-Furan-3-yl-3-(2-methyl- 38 344.,1838 | 344.1831
allyloxy) -piperidine-1- [M"+Na]
carboxylic acid tert-butyl
ester
100 | 3-Cyclohexylmethoxy-4-furan- 4 386.2307 | 386.2306
3-yl-piperidine-1l-carboxylic [M"+Na]
acid tert-butyl ester
101 - (2-Cyclohexyl-ethoxy) -4- 41 400.2461 | 400.2455
furan-3-yl-piperidine-1- [M"+Na]
carboxylic acid tert-butyl
ester
102 | 4-Furan-3-yl-3-igobutoxy- 9 346.1994 | 346.1981
piperidine-1l-carboxylic acid [M*+Na]
tert-butyl ester
103 | 3- (2-Ethyl-butoxy) -4-furan- 4 374.2307 | 374.2304
3-yl-piperidine-l-carboxylic [M"+Nal
acid tert-butyl ester
5
General procedure for "Boc removal reaction (104-118). To 88-
10 103 (usually 0.05 g) was added 4N HCl-dioxane (3 mbL). The
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for 3h, the uweasieaerane was quenched by the addition of methyl alcohol (3@ami)sédtEmgmienching,
3N NaOH (30 mL) was added slowly to the reaction mixture. This was followed By’ tNeAXEZ24iition of 30
% H202 (15 ngér;he reaction mixture was stirred _under_inert atmos her%at room temperature for 16h.
Solvents WeretehtveParterTEdulas préssutd afd R Fdde jr‘rlﬁ%ﬁge VWHE ARBERES inthyratetate
(60 mL). Thengtbylacetate selutin waswashremithalaterf (480hkshicasionatelsalutibrpdsal); 80

water (40 mL), and brine (40 mL), dried over anhydrqus magnesium_sulfat gn%filtered. Rem v%of
solvent at¥ HGHeS80r& idiHEa e purkt itgjc‘?§7£§ﬂg1n % ﬁdf5¥i.?% o, 8790 TLE- R0 48 (95
% CH2C12gUcQHE 400 '4-NMR (CDC13) 6 1.47 (s, 9H), 1.57-1.69 (m, 1H), 1.82-1.85 (m, 0.5H),
1.86-1.88 (m, 35 0.5H), 2.50 (ddd, J = 12.4, 10.0, 4.0 Hz, 1H), 2.62 (t, J = 10.8 Hz, 1H), 2.76 (m, 1H),
3.47 (m, 1H), 4.12 (m, 1H), 4,32 (m, 1H), 6.35 (s, 1H), 7.38 (d, J = 18,8 Hz,, 2H); 125 MHz 13C:NMR
(CDéiB) TRPKR) 031043087 BEFRUSBDR 70250 AY%E?&E?A?%E%E%.zF 1, 70°F 80.1,
109.5, 12636PES-2C 1498, ISAGEHRMS Calcd. for C14H21NO4Na [M'+Na]: 290.1368. Found:

290.1368. General procedure for alkylation reactions (88-103). To astirred suspension-of sadium hydride
(1.3 eq., §0 % suspension 10 in M oil) in dimethylfoimantide (§ mERAESe was aBigE8he dicohol 5
(usually 0{10 g, 0.4 mmal). Following stirring under inert trdSHRra at |j %pmrpmtmﬁr lh-benzyl
bromide (31f) [\WasRaTal P¥ réackil Fixird Was heated 86 40 € ARA -itred intidP medt&nosphere
for 48h. To the reRdRATHITE 15 was added ethyl acetate (40 ml ) anmﬁm}\?ﬂ mL). The layelrs were
separated aRBthe ortRRNayedriedyoves BRRYITbné mdgnediim sufé,-diPdoncatatk89R vacuo.
Purification by fla§heetumr ghroniresraghvthexanes/EIOAC 5:1) vieldBd ik products 88-103 (Table
1). 106 | 4-Furan-3-yl-3- (naphthalen- 99 330.1470 | 330.1463
2-ylmethoxy) -piperidine [M"+Na]
107 | 4-Furan-3-yl-3- (naphthalen- 99 308.1650 | 308.1651
1-ylmethoxy) -piperidine [M"+H]
108 | 4-Furan-3-yl-3- (4-phenoxy- 99 350.1756 | 350.1767
benzyloxy) -piperidine [M"+H]
109 | 3- (4-tert-Butyl-benzyloxy) - 89 314.2120 | 314.2125
4-furan-3-yl-piperidine [M*+H]
110 | 3- (Anthracen-9-ylmethoxy) -4- 52 358.1807 | 358.1815
furan-3-yl-piperidine [M*+H]
111 | 4-Furan-3-yl-3- (3-methyl- 99 272.1650 | 272.1639
benzyloxy) -piperidine [M*+H]
112 | 3- (3, 5-Dimethoxy-benzyloxy) - 99 318.1705 | 318.1703
4-furan-3-yl-piperidine [M*+H]
113 | 3- (4-Bromo-benzyloxy) -4- 99 336.0599 | 336.0610
furan-3-yl-piperidine [M*+H]
114 | 4-Furan-3-yl-3- (2-methyl- o8 222.1494 | 222.1498
allyloxy) -piperidine [M*+H]
115 | 3-Cyclohexylmethoxy-4-furan- 99 264.1963 | 264.1950
3-yl-piperidine [M*+H]
116 | 3- (2-Cyclohexyl-ethoxy) -4~ 58 278.2120 | 278.2126
furan-3-yl-piperidine [M*+H]
117 | 4-Furan-3-yl-3-isobutoxy- 73 224.1650 | 224 .1658
piperidine [M"+H]
118 | 3- (2-Ethyl-butoxy) -4-furan- 93 252.1964
3-yl-piperidine [M"+H]

Examples for alkylation and "Boc deprotection reactions:

15

3-Benzyloxy-4-furan-3-yl-piperidine-l-carboxylic acid tert-butyl

ester (88). To a stirred suspension of sodium hydride (0.02 g,
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20 Table 1. welds/a4zdgaroduct characterization for the alkylation reaction. #NanreOsbesFosand
YieldHRMSHRMS 883- Benzyloxy -4-furan-3-yl-41380.1838380.1840 plperldlne I-EAMEXY1ROSEd[M'+Na]
tert-butyl e ter 893- hen yImethoxy) % 43456.2151456.2146 furan-3-yl-pi erldlime I([DMI+NaI
carbo?yllc Cla teffr BE ester 04 Bdran-3 3 (naphﬁmsl’é)n *8436" 1994450

2-ylmethoxd) spépehidineeliveim NG ca(rbomlhb: aeid tert-batykesteradded the alcohol 5 (0.10
914-Furan-3-yl-3- %ngﬁgtl;ﬁ&en 4%4 1994430.1988 1-ylmeth plperld ne;| l-[M' +N?}]e arbo lic acid
tert-butyl eSter 92 g yl- 3 %%%Q?—S% 722186479 6enzy oxy plpeP R [ ++ﬂ%?
carboxylic a@ﬂﬁ%ﬂ-@tﬂﬁ&est&tﬁﬁ&(ﬂ%&rbﬁylyl-lbﬁﬁiwd)g/)-ﬁMBB 2464436.246dd3] VEOLI/04388F

PCT/US02/37037 17 MAY 2006 4-fyran- erldlnel M++N rboxyll id ert butyl Ster
043 (AnthAUER Sy ety 36536 B1STABb SiEo 78 P ORRdiie e + ka2 SEiired

10 under inert atmosphere for 48h. To the reactlon mlxture was
added ethyl acetate (40 mL) and water (20 mL). The layers were
separated and the organic layer dried over anhydrous magnesium
sulfate, and concentrated in vacuo. Purification by flash
column chromatography (hexanes/EtOAc 5:1) yielded clear viscous

15 liguid 6 (0.05 g, 41 %). TLC Rf = 0.22; 400 MHz 'H-NMR (CDCli;) §
1.47 (s, 9H), 1.62 (ddd, J = 16.8, 12.4, 4.4 Hz, 1H), 1.89 (m,
1H), 2.66 (m, 2H), 2.79 (t, J = 12.4 Hz, 1H), 3.25 (s, 1H), 4.06
(m, 1H), 4.38 (d, J = 11.2 Hz, 2H), 4.53 (s, 1H), 6.33 (s, 1H),
7.19 (4, J = 7.2 Hz, 2H), 7.27 (m, 4H), 7.37 (s, 1H); 125 MHz

20 '*C-NMR (CDCls;) & 28.6, 39.5, 72.1, 78.1, 78.0, 110.2, 126.5,
127.8, 128.0, 129.0, 138.3, 139.4, 142.8. HRMS Calcd. for
Cy1H,oNO,Na [M*+Na]l: 380.1838. Found: 380.1840.

3- (Biphenyl-4-ylmethoxy) -4-furan-3-yl-piperidine-1l-carboxylic

25 acid tert-butyl ester (89). Clear viscous liquid (43 %) . TLC Rg

= 0.21; 400 MHz *H-NMR (CDCl;) & 1.47 (s, 9H), 1.64 (m, 1H), 1.89
(m, 1H), 2.66 (m, 2H), 2.80 (t, J = 12.0 Hz, 1H), 3.29 (s, 1H),
4.06 (m, 1H), 4.42 (d, J = 11.2 Hz, 2H), 4.57 (s, 1H), 6.35 (s,
1H), 7.27 (m, 2H), 7.33 (m, 2H), 7.38 (m, 1H), 7.42 (m, 2H),

30 7.56 (m, 4H); 125 MHz '®C-NMR (CDCl;) & 28.6, 39.5, 71.9, 78.2,
80.0, 110.3, 126.5, 127.2, 127.3, 127.4, 128.4, 128.9.4, 137.3,
139.4, 140.8, 141.0, 142.8, 154.8. HRMS Calcd. for Ca;H;3;NO,Na
[M*+Na] : 456.2151. Found: 456.2146.

35 4-Furan-3-yl-3-(naphthalen-2-ylmethoxy) -piperidine-1l-carboxylic

acid tert-butyl ester (90). Clear viscous liquid (6 %). TLC Rg
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carboxylic asitestebstyt ester 954-Furan-3-yl-3-(3-methyl-74394.1994394.2002 PCT/US02/37037
benzyloxy)-piperidine-l-[M++Na] carboxylic acid tert-butyl ester 17 MAY 2006
963-(3,5-Dimethoxy-benzyloxy)-59440.2049440.2053 4-furan-3-yl-[M++Na] piperidine-l-carboxylic acid
tert-btyl este? 9%%1(4%%%‘%%%9189%-41%bgﬁsﬂrss@ségdéﬁur%ézyl- irfetidlivies - M - 89
carboxylic agid tefibutyl egter H34-Faan-3.y1o(432458:4613458 4633, 1), 4.09 (m, 1H),
methanesulfonyl-benzyloxy)-[M++Na] piperidine-1-carboxylic acid tert-butyl ester

994-Furan43-§#3-(@methyr383441858343H)831 41§ xy)hipddtline-E[ML+N& catboxylid adidl tdiftbutyl

ester 1003;Gyclohexylmethoxyy4-furan-4386. 239%386.3306,3-ykpipgiidine-ycamoxyicMiry Nalaci

tert-butyl ester 1013-(2-Cyclohexyl-ethoxy)-4-41400.2461400.2455 furan-3-yl-piperidine-l-[M++Na]

carboxylic émid teE-butyl 2Ste MEG24- i NNES-y(Goicdblitoky 2846 ,1998346.1921. pipefiding-)-caboXylic

acid[M++Na] teri-butyl ester 1033-(2-Ethy]-butoxy)-4-furap-4374.2307374.2304

3-yl-%vf!peri '%é—l-%arbg)%yi'c%/l++ aﬁ‘.& 1REY)-4Iwap 4352307370230, 128.1, 128.3,
133.2, 133.4, 135.8, 139.5, 142.8, HRMS Calcd. for CzsHyoNO4Na

[M*+Na] : 430.1994. Found: 430.2094.

4-Furan-3-yv1-3-(naphthalen-1-ylmethoxy) -piperidine-1-carboxylic

15 acid tert-butyl ester (91). Clear viscous liquid (43 %). TLC Rg

= 0.12; 400 MHz 'H-NMR (CDCls) & 1.46 (s, 9H), 1.63 (m, 1H), 1.86
(m, 1H), 2.65 (m, 2H), 2.77 (m, 1H), 3.36 (s, 1H), 4.06 (m, 1H),
4.51-5.12 (m, 3H), 6.26 (s, 1H), 7.27 (d, J = 27.2 Hz, 2H), 7.40
(m, 3H), 7.78 (m, 4H); 125 MHz ¥$C-NMR (CDCls;) & 28.6, 39.5,

20 70.7, 78.1, 80.0, 109.9, 124.3, 125.3, 125.9, 126.2, 126.4,
126.9, 128.5, 129.0, 131.9, 133.6, 133.9, 139.5, 142.8. HRMS
Calcd. for CusHyoNOsNa [M*+Nal: 430.1994. Found: 430.1988.

4-Furan-3-yl-3- (4-phenoxy-benzyloxy) -piperidine-l-carboxylic

25 acid tert-butyl ester (92). Clear viscous liquid (56 %). TLC Rg

= 0.16; 400 MHz 'H-NMR (CDCls) & 1.46 (s, 9H), 1.61 (m, 1H), 1.85
(m, 1H), 2.62 {(m, 2H), 2.78 (t, J = 12 Hz, 1H), 3.23 (m, 1H),
4.04 (m, 1H), 4.33 (d, J = 11.6 Hz, 2H), 4.51 (m, 1H), 6.28 (g,
1H), 6.89 (m, 3H), 6.99 (m, 2H), 7.09 (t, J = 7.2 Hz, 1H), 7.28

30 (m, 5H); 125 MHz **C-NMR (CDCl,;) & 28.6, 39.4, 71.6, 78.4, 80.0,
110.2, 118.1, 119.0, 122.5, 123.4, 126.4, 129.7, 129.9, 139.3,
140.4, 142.8, 154.7, 157.3, 157.5. HRMS Calcd. for C,;H3;NOsNa
[M*+Na] : 472.2100. Found: 472.2110.

35 3-(4-tert-Butyl-benzyloxy)-4-furan-3-yl-piperidine-l-carboxylic

acid tert-butyl ester (93). Clear viscous liquid (68 %). TLC R
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acid tert-butywesigndz@Beneral procedure for tBoc removal reaction (104-118) . Te@EBUI@ /BB Usually
0.05 g) was added 4N HC1-dioxane (3 mL) . The 132 WO 03/043987 PCT/US02378EYY 2ZORMAY 2006 5
reaction mixture was stirred undey inert atmosﬂtfr)(rhere at room temperature for 30 min. Remaval of solvent

at redBcedprsfite HRGWEEBY tHhAHoN \FHIC didth dihéryidiied Pite prodbidts (S04 B (TAbRD). 10
Table 2. Yielglsand pradugk claragtgrization for the tBagy deprotegiionfeactign. #Narpe%Galcdrzound
YieldHRMSHRMS 1043-Benzyl’oxy-4-furan-3-y|-85280.1313280.1316 piperidine[M++Na]
1053-(Bipten§R4-yimetHoxs)-42088342.807H34. 1808 furds-8-Wihlperidindfvi4mq] 1H) . 4.36 (d,
1064-Furagy-3:yl-3(naphibales;99330,142030. 1463)2-ylmeshoxy)pipgrigineltoNaly, g - 5.0
1074-Furan-3-yl-3-(naphthalen-99308.1650308.1651 1-ylmethoxy)-piperidine[M++H] 13
1084-Furafi3-y| ZHM4-plendXy- 9935631756 35503 87 6(tBerzytoxy ) pipBAdindfl++Hj25> MHz ~“C-NMR
1093-(4-ter}- I-henzyloxy)-89314.2120314.2125 4-furan-3-yl-piperidine[M++H

110 -%Anth{a@é%ér\li@?ylrr%e %xé)m- 3 8.1?(%73 8.1%]15%0@%- '-3I5pi§re:5:|'§r81'e[l\;}-/él--i-é|] 78.1, 80.0,
1114-Furan-BeylSB;(3tmethyl-992&2. $650272.56391Benzy|oxy p-piperidnefM¥+HL50. 763, 154.8.

1123-(3,5-gg&esthgxgl-ggﬁzypgy)'é’?s%ﬁ%&%?é 18792, ¢ -Turpnz3-ylniperdinelMe+Hl ¢ o464,

3-Benzyloxy-4-furan-3-yl-piperidine (104). To 6 (0.07 g , 0.2

15 mmol) was added 4N HCl-dioxane (4 mL). The reaction mixture was
stirred under inert atmosphere for 30 min. Removal of solvent
at reduced pressure followed by trituration with diethyl ether
yielded pure, crystaline 22 (0.05 g, 85 %); 400 MHz ‘H-NMR
(Cps0D) & 2.02 (m, 1H), 2.22 (m, 1H), 2.99 (m, 2H), 3.12 (m,

20 1H), 3.60 {(m, 0.5H), 3.68 (m, 1H), 3.75 (m, 0.5H), 3.82 (td, J =
8.4, 3.6 Hz, 1H), 4.60 (d, 0 = 11.2 Hz, 1H), 4.51 (d, J = 11.2
Hz, 1H), 6.46 (s, 1H), 7.30 (m, 5H), 7.49 (m, 2H); 125 MHz *C-
NMR (CDsOD) 6 27.4, 37.2, 43.8, 46.8, 73.9, 75.8, 104.2, 110.9,
129.1, 129.2, 129.5, 139.2, 141.2, 144.6. HRMS Calcd. for

25 C16H1oNO,Na [M*+Na]: 280.1313. Found: 280.1316.

3- (Biphenyl-4-ylmethoxy)-4-furan-3-yl-piperidine (105). Solid

(98 %); 400 MHz 'H-NMR (CD;OD) & 2.02 (m, 1H), 2.22 (m, 1H), 2.99

(m, 2H), 3.11 (m, 1H), 3.59 (m, 0.5H), 3.66 {(m, 1H), 3.74 (m,
30 0.5H), 3.82 (td, J = 8.0, 3.2 Hz, 1H), 4.54 (d, J = 11.6 Hz,

1H), 4.62 (d, J = 11.6 Hz, 1H), 6.46 (s, 1H), 7.34 (m, 2H), 7.43

(m, 3H); 7.49 (m, 2H), 7.58 (m, 4H); 125 MHz *C-NMR (CDsOD) &

27.4, 37.2, 43.8, 46.8, 73.1, 75.8, 110.9, 128.0, 128.1, 128.6,

129.8, 130.0, 141.2, 144.7. HRMS Calcd. for CuH,,NO, [M'+H]:
35 334.1807. Found: 334.1806.
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1133-(4-Bromwo-benazdexy)-4-99336.0599336.0610 furan-3-yl-piperidine[M++H] PCT/US02/37037
1144-Furan-3-yl-3-(2-methyl-98222.1494222.1498 allyloxy)-piperidine[M++H] 17 MAY 2006

ﬂgg%yclﬁrll:rgetpg -]A_f-fra -99264,.1963264.1950 3-yl- |r|dne(|\e/l Ine (106) . solid

(= =

Cyelb PA=E4=582F8 0218 6-fota = e -
1174-Furan-yls3-isopyioxm 3224 MeR 224131658 piperidipe(M+tHl1r) , 2.24 (m, 1H), 3.03
1183-(2-Ethyl-butoxy)-4-furan-93252.1964 3-yl-piperidine[M++H] Examples for alkylation and tBoc
deprotectiofireadddns: 35 3BehBylodH-furan-33/1-pPeridinéittarbdxfit aélrtertBliyl ste? (88} To a
stirred susgengign ofsoghum hydridg (Q.02;9.0 133 WO 03/04398y PGT/H$02/37037 17 MAYs209 5 0.5
mmol, 1.3 eq., 60 % suspension in mineral oil) in dimethylformamlde (8 mL) at 0 C was added the

alcohol 5 (BHD/ g 20.4mn6l). Fbllswihg stirrfhg undBr ineft ebhoshere BY roorh- imgétatufe for fr Benzyl
bromige (04,3 mbyy3.1 mmak 3 gg.) wap added. Thedeagtion mixtuig wag heateq;to A9:C pnd stisced 10
under inert atmosphere for 48h. To the reaction mixture was added ethyl acetate (40 mL) and water (20
mL). The |ajRs WergOsBpatated afd thie7organié ayer dééd Byereshhydrous Magnesiung sulfaté, and
concentrated in yacugq._Purjficati y_flash .column matography (hex /EtOAC 5:1) yiel ear
Viacous 1SHULIES (07 1 99 T LRI H025208 MLZ N (OO LD 6 247 (28, 169 3,
= 16.8, 12.dadddHz, 31, ¢ RBALNOLH)M2:88(m, 2A3)0 21707(0, .J FARHHz 3BH), B&R(s, 1H), 4.06 (m,
1H), 4.38 (d, J = 11.2 Hz, 2H), 4.53 (s, 1H), 6.33 (s, 1H), 7.19 (d, J = 7.2 Hz, 2H), 7.27 (m, 4H), 7.37 (s,
1H); 125 MHz

15 4-Furan-3-yl-3-(naphthalen-1-ylmethoxy)-piperidine (107). Solid

(99 %); 400 MHz ‘H-NMR (CD;OD) & 1.98 (m, 1H), 2.12 (m, 1H), 2.91
(m, 2H), 3.03 (m, 1H), 3.46 (m, 1H), 3.63 (s, 1H), 3.86 (m, 1H),
4.91 (d, J = 11.6 Hz, 1H), 4.96 (d, J = 11.6 Hz, 1H), 6.36 (s,
1H), 7.42 (m, 5H), 7.84 (m, 3H); 125 MHz **C-NMR (CD;OD) & 27.8,

20 37.4, 43.9, 47.0, 68.2, 71.9, 75.7, 110.6, 125.3, 126.3, 127.0,
127.3, 128.4, 130.0, 130.2, 134.4, 135.3, 141.3, 144.6. HRMS
Calcd. for CuoHp;i1NO, [M*+H]: 308.1650. Found: 308.1651.

4-Furan-3-yl1-3- (4-phenoxy-benzyloxy) -piperidine (108). Solid (99

25 %); 400 MHz ‘H-NMR (CDsOD) & 1.99 (m, 1H), 2.17 (m, 1H), 2.96 (m,
2H), 3.08 (m, 1H), 3.49 (m, 1H), 3.65 (s, 1H), 3.78 (m, 1H),
4.45 (4, J = 11.6 Hz, 1H), 4.57 (d, J = 11.6 Hz, 1H), 6.39 (s,
1H), 6.95 (m, 5H), 7.10 (t, J = 7.2 Hz, 1H), 7.32 (m, 4H), 7.42
(s, 1H); 125 MHz *C-NMR (CD;OD) & 27.4, 37.2, 43.9, 46.8, 72.9,

30 76.0, 110.8, 119.2, 119.3, 120.0, 123.8, 124.6, 125.9, 130.7,
131.0, 141.2, 141.3, 144.6, 158.6, 159.0. HRMS Calcd. for
C22HpuNO; [MY+H] : 350.1756. Found: 350.1767.

3-(4-tert-Butyl-benzyloxy) -4-furan-3-yl-piperidine (109) . Solid

35 (89 %); 400 MHz 'H-NMR (CD;OD) & 1.99 (m, 1H), 2.23 (m, 1H), 2.98
(m, 2H), 3.10 (m, 1H), 3.45 (m, 1H), 3.67 (s, 1H), 3.78 (m, 1H),
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20 13C-NMRv@D®138)88 28.6, 39.5, 72.1, 78.1, 78.0, 110.2, 126.5, 127.8, 128.(R9M243833, 139.4,
142.8. HRMS Calcd for C21H27NO4Na [M++Na]: 380.1838. Found: 380.1840. 17 MAY 2006
3-(Biphenyl-4- oxy 4 fu n-3-yl-piper. ylic 25 acid tert-hutyl ester. viscous
liquid €43 0/4)4¥ dob G A, Iﬂél CSDé?s @1 47 (S 9 ?G%J ﬁ( 8%%( 18y, 2.66
(m, 2H), 2.8&(t, JF. 122)0 Hi:, 1H),-3.29. (5, fH), 41®)6,(m7 181), 442 (&1 J=- mlﬂﬁ-lz o), 4.9749, 188, 6.35
(s, 1H), 7.27 (m, 2H), 7.33 (m, 2H), 7.38 (m, 1H), 7.42 (m, 2H), 30 7.56 (M, 4H); 125 MHz 13C-NMR
(CDC13) S728%, 38.56 714, 78131/ 80,3, 2590706 1 1OMBR | (£P30B)7 2, 12848 128b.£ 1335 289.4,
140.8, 1410, 142.8,154.8. HRMS Calgdsfor €27HI31NO4Ma My*Nal: 4562351. Foung: 4563146, 35
4-Furan-3-yl-3-(naphthalén-2-yimethoxy)- plperldlne |- carboxyllc acid tert- butyl ester (90) . "Clear viscous

liquid (6 %)L FE.CLRE 134 V20 03643387 PERUS02/3 FHRIMS 1 CRAYI2006 B= 20480 MHZT MR
(CDCY3) S3L.444s,9H), £63(. 15).41.89,¢n, 1H), 2.69 (m, 2H), 2.80 (m, 1H), 3.30 (s, 1H), 4.09 (m,
1H), 4.54 (d, 3= 11.6 Hz, 2H),"4.68 (m, 1H) , 6.33 (s, 1H), 7.25 (m, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.32
(m, 2H), 7.62 (s, 1H), 7.78 (m, 3H) ; 125 MHz 13C-NMR (CDC13) 8 28.6, 39.6, 72.2, 78.2, 80.0, 10
110.3, 125.9, 126.0, 126.2, 126.5, 126.6, 1Z2R1R®f cmmpounds 1334, 135.8, 139.5, 142.8. HRMS
Calcd. for C25H29NO4Na [M'+Na]: 430.1994. Found: 430.2094.

4-Furan-3-Fx3¢hepihthatén-a Mhvidenoxgipiperdine 2rarboX§licl d%)acid tert-butyl ester (91). Clear
viscdus liquid (43 %). TLC Rf = 0.12; 400 MHz 1H-NMR (CDC13) 8 1.46 (s, 9H), 1.63 (m, 1H), 1.86 (m,
1H), 2.65 (m, gwf) 2.77 (m, 1H), 3.365, 1H), 4.06 (M, 1H), 4.53%%5.12 (m, 3H), 6.26 (s, 1H), 7.27 (d, J =
27.2 Hz, 2HY 740 (m, 3H), 7.78 (i, 4H); 125MH213C NMR (CPC13) 8 28.6, 39.5, 20 70.7, 78.1, 80.0,

109.9, 124.3; 5/6,”1@ 126.2, 407 128 5, 129.0; 1/3 9, 139.5, 142.8. HRMS
/ R el ¢

o/ o

3-Benzyloxy-4-furan-3-yl-
piperidine-1-carboxylic

acid tert-butyl ester, 88,
Exact Mass: 357.1940

4-Furan-3-yl-3-(naphthalen
-2-yImethoxy)-piperidine-1-
carboxylic acid terf-buty!
ester, 90,
Exact Mass: 407.2097

3-(Biphenyl-4-ylmethoxy)
-4-furan-3-yl-piperidine-1
-carboxylic acid tert-butyl
ester, 89,
Exact Mass: 433.2253

Boc

Boc
4-Furan-3-yl-3-(naphthalen-1
-ylmethoxy)-piperidine-1-carb

oxylic acid tert-butyl ester,

9,
Exact Mass: 407.2097

EIOC
0

3-(Anthracen-9-ylmethoxy)-
4-furan-3-yl-piperidine-1-ca
rboxylic acid tert-butyl
ester, 94,
Exact Mass: 457.2253

éj'ono@

4-Furan-3-yl-3-(4-phenoxy
-benzyloxy)-piperidine-1-c
arboxylic acid tert-butyl
ester, 92,
Exact Mass: 449.2202

Boc

7

b1

4-Furan-3-yl-3-(3-methyl-
benzyloxy)-piperidine-1-c
arboxylic acid feri-butyl
ester, 95,
Exact Mass: 371.2097

138

Boc

N
%"I/O/\O\‘/
7
5 /)

3-(4-tert-Butyl-benzyloxy)-4-f
uran-3-yl-piperidine-1-carbox
ylic acid tert-butyl ester, 93,
Exact Mass: 313.2042

Boc

"/,o O\

4

o O

3-(3,5-Dimethoxy-benzyloxy)-

4-furan-3-yl-piperidine-1-carb

oxylic acid terf-butyl ester, 96,
Exact Mass: 417.2151



Calcd. for C601290Gp8Na [M +Na]: 430.1994. Found: 430.1988. PCT/US02/37037
4-Furan-3-yl-3-(4-phenoxy-benzyloxy)-piperidine-I-carboxylic 25 acid tert-butyl eteM®) 28%&ar viscous
liquid (56 %). TL.C Rf = 0.16; 400 MHz 'H-NMR (CDC13) 8 1.46 (s, 9H), 1.61 (m, 1H), 1.85 (m, 1H), 2.62
(m, 2H), 2.78.4€.J = 12 Hz, 1H), 3.23 (matH), 4.04 (m, 1H), 4.33 (i = 11.6 Hz, 2H), 4.51 (m, 1H), 6.28
(s, 1H), 6.89 (n, 3H), 6.99 (m, 2H), 7.09 (, J = 72Hz 1H), 7.28 B0 (In, 5H); 125 MHz 13C-NMR
(CDC13) 6 286, 99.4) 716, 78.4, 80.0, 102, FIBYL, 119.0, 122.512%94,)26.4, 129.7, 129.9, 139.3,
140.4, 142. 4.7, 15¥.3;&57.5. HR alcd.™ &£ /H31NOS M4+Na]: 472.2100. Found:
472.2110. 3%3*(4-tert-Butyl-benzyloxyp /furan 3- yI leerldlne -I-carboOxylic acid tert-butyl ester (93).
Clear viscaus siguid{88Re:-kC Rf 135WO-03/043987% PC'E/MSQ%B? P3etnliaiMAy 2006 5 = 0.21; 400
MHz 1H-NMRH@DEE3)S DR (s, 9H)S 1RGPy Presd (dddP'Be“d'EEﬁ hoiicapd Hz, 1H) , 1.90 (m, 1H)
, 2.66 (M, 2HFSI 2GR > ‘j,g 4 Hz, 1H) 3 Eﬂyl(estel,Ha, 4.09 (m, B, 2?5 {84 15k 10.8 Hz, 2H) , 4.52 (m,
1H) , 6.36 (s, 1H) . 7.15 (d, J=§,0 Hz, 3 i), 7.38 (1, y= 1.6 Hz, 1H); 125 MHz 13C-NMR 10
(CDC13) 8 14.8,22.8, 28.6, 31 47 39 7207 10.800 110.2, 5.4, 126.5, 1278 135.2, 139.4,
142.7, 150.763, 154.8. HRM%lCd for H35N0O4 Na M++Na] :

3-Benzyloxy-Ayfurgh-3y1-pipendiné Y10 06 (0.07]9, 0.2 15 mmol) aadqed aN HC1-dioxane (4
mL). The rea m|xt phere for 30 rpin, Removal of solvent at reduced
pressure foll d by trituratiorowith diethyl ether yieleed pure, crystalire 22 (0.05 g, 85 %); 400 MHz
1H-NMR (@@8@@91!83@0@24(mz—tw)qh&ﬁﬁﬂ(m) 1erzn991(m%mu)py 3al2-Hmny)- I@ﬁx&HZ%J@In@O (m, O.5H), 3.68 (m,
[0)
11, 375 (W DM 1S ittty IS LIl o, 0= 112 He, 1)
6.46 (s, 1H);em0,| S (imer2td 232;144,8&7 2,43.8, 46.8, 73.9,
75.8, 104_2x1<3!@1_§s 363 2410 Exact Mass: 377.2566

Products of ‘Boc deprotection reactions (104-118)

N N N
% 57y 47U

10

3-Benzyloxy-4-furan-3- 3-(Biphenyl-4-ylmethoxy)-4- 4-Furan-3-yl-3-(naphthalen-2-
yl-piperidine, 104, furan-3-yl-piperidine, 105, ylmethoxy)-piperidine, 1086,
Exact Mass: 257.1416 Exact Mass: 333.1729 Exact Mass: 307.1572
N
z
.-
4 Furan 3-yl-3-(naphthalen-1- 4 Furan-3-yl-3-(4-phenoxy- 3];(4‘te’;'Bl“tY"b‘?g.ZV'O’;’g;
ylmethoxy)-piperidine, 107,  benzyloxy)-piperidine, 108, -iuran-2-y-pipendine, 1
Exact Mass: 307.1572 Exact Mass: 349.1678 Exact Mass: 313.2042

H

N N N
"//O ‘ "’/O/\©/ "l/o/\©/o\
2 4 7
AR /
o] o o) O

3-(Anthracen-9-yimethoxy)-4 4-Furan-3-yl-3-(3-methyl-b 3-(3,5-Dimethoxy-benzyloxy)-4-
~furan-3-yl-piperidine, 110, enzyloxy)-piperidine, 111, furan-3-yl-piperidine, 112,
Exact Mass: 357.1729 Exact Mass: 271.1572 Exact Mass: 317.1627
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129.1, 129.2viP&54349.2, 141.2, 144.6. HRMS Calcd. for 25 C16H1sNO2Na [PerNs)2/38B1313.
Found: 280.1316. 3-(Biphenyl-4-ylmethoxy)-4-furan-3-yl-piperidine (105). Solid (98 Bx¥EOMHZz 'H-NMR
(CD30D) 6 2.02 (m, 1H), 2.22 (m, 1H),2.99 (m, 2H), 3.11 (m, 4H), 3.59 (m, 0.5H), 3.66 (m, 1H), 3.74 (m,
30 0.5H), 3.84(td, J = 8.0, 3.2 Hz, 1H).\.54 (d, J = 11.6 Hz, 4.62 (d, J = 11.6 Hz, 1H), 6.46 (s, 1H),
7.34 (m, 2H), 7.23 (m, 3H) ; 7.49 (m,[2H) , 7.58 (m, 4H) ; 125 MHz 13C-NMR (CD30D) 6 27.4, 37.2,
43.8, 46.8, 731, 15.8,118,9, 128.0, 1281 /2\811( 129.8, 130.0;142°2Y{44)7. HRMS Calcd. for
C22H24NO2 MM++H7 4r.1807. E d: 334.1806. 136 W, /043984 PCT/US02/37037 17 MAY
2006 5 4-Futan/3-yl-3-(naphthalen-2- thoxy)-piperidine(106)7Solid (99 %); 400 MHz 1H-NMR
(CD30D) 3,1,99 (m, 1H) 2,24 (M, 1o, Q31 §-2ds-3- BLBondlinehb§4mRBH), 3.67 (m, 1H), 3.75 (m,
0.5H), 3.83 6,3, Fpiseind, 4972, 1H) ak169){shedcind 116, Hz, 1H)-paeTdngel!B.= 11.6 Hz, 1H) , 6.44 (s, 1H)
7.38 (8, J = Braptlassz33B19527 .49 (m ExassMasp283,1419), 7.835FRCt 31855 298 RfRiz 13C- NMR (CD30D) 3
2?3,311,4%8,469,682,73A3110%,12711 1212,12?9,3287,1290,1292,1347,1412,1446.
HRMS Calcd.for C20 02 [M+4Na]|: 330.1470. Found: [330}1463. 15

4-Furan-3- NG <l-ylmethoxy)-fiperigine(107). Soli %%7‘14\’08 MHz 'H-NMR (CD30D) 6 1.98
(m, 1H), 2.120(m, 1H), 2.91 (m, 2H), 3K3 (m, 1H), 3.46 (m, 1tH, 3.63 (5,.1H), 3.86 (m, 1H), 4.91 (d, J =
11.6 Hz, 1H) ,4.96 (d, J = 11.6 Hz, 1H)/6.36 (s, 1H), 7.42 (h_%H), 7.84 (m, 3H); 125 MHz 13C-NMR
(CD30D) 6. 2/. 37.4,43.9,47.0.68.2 71.9,.75.7,110.6, 125.3, 126.3, 127.0, 127.3, 128.4, 130.0,
130.2, 134.@%%5%.%?5‘1.74341 ,,%’1}?4.6‘.1 E"%@ﬁsﬁkésﬁé‘z i Conﬁ?maiﬁ%‘gﬁﬁﬁféﬁé.165o. Found: 308.1651.
4-Furan-3-yESa¢Mabe ABAIO8RN 2y | Gxgyt Massr REWETR08). Solidxot @5<4s4B8sMHZz "H-NMR (CD30D) 6
1.99 (m, 1H), 2.17 (m, 1H), 2.96 (m, 2H), 3.08 (M, 1H), 3.49 (m, 1H), 3.65 (s, 1H), 3.78 (m, 1H),

10
Biology Examples

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
practice the invention to its fullest extent. The invention,

15 however, may be better understood with reference to the
following examples. These examples are intended to be
representative of gpecific embodiments of the invention, and are
not intended as limiting the scope of the invention.

Example A
20 Enzyme Inhibition Assay

The compounds of the invention are analyzed for inhibitory
activity by use of the MBP-Cl25 assay. This assay determines
the relative inhibition of beta-secretase cleavage of a model
APP substrate, MBP-Cl25SW, by the compounds assayed as compared

25 with an untreated control. A detailed description of the assay
parameters can be found, for example, in U.S. Patent No.
5,942,400. Briefly, the subsgstrate is a fusion peptide formed of

maltose binding protein (MBP) and the carboxy terminal 125 amino
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4.45 (d, J = WoGBle4apdy, 4.57 (d, J = 11.6 Hz, 1H) , 6.39 (s, 1H), 6.95 (m, 5H), PADKI/37d32 Hz, 1H),
7.32 (m, 4H), 7.42 (s, 1H); 125 MHz 13C-NMR (CD30D) 6 27.4, 37.2, 43.9, 46.8L 74 384@00, 110.8,

119.2, 119.3,,120.0, 123. .6,125.9, 13Q.7,,131.0, 141.2, 14 144.6, 158.6, 159.0. HRMS Calcd.
for C%ZH §(ﬂ-+ﬁ]‘€%§]§‘§75€].h€ Sv&@ éé‘.}i?%l %ajtlon. lI%e %e%a—sedregase

oun .
3-(4-tert-Btyb-penzylexydd-livani3 f-piperidinetl (9 aSalic: B5488 %) 408 4z beSMR (SD3BB) 6
1.99 (m, 1H), 2.23 (M, 1H), 2.98 (m, 2H). 3.10 (m, 1H), 3.45 (M. 1H), 3.67.(S. TH), 3.78 (M, 1H), .137 WO
03/04398FPCHUSdF 3703747 ﬁv}jz%bg%ﬁ%‘é]%, L ﬁ@iﬁ?%&( ,?Qﬂ‘ig;aH% 1ﬁ])h,ee.43
(s, 1H) , Prguttsl efrajkatianzemstiofsn(BRcl 03} Bd(Biphengt4-yInneifioxyn-doturan-S8pdpipkridie:1

-carboxylic acid tert-butyl ester, 89, Exact Mass: 433.2253 J = 15.6 Hz, 1H); 125 MH C-NMR (CD30D
5573 3101988, o7 L L A0 RS EIPHE BTl LT & A MRS 1500 ATalS, 1447

152 80 HRMS &alesk Jorie? idRBNQ 2 s +H]: 1Q 314_,.2_120. Found: 314.2125. Table of compounds 15
N, N-N Boc Boc Boe 3 Bengylony 4-uya n 3,1 i perid e | carbpnylc acid forthuyl gser, 88, Exact
immunoassay of the enzyme's cleavage products. One exemplary
ELISA uses an anti-MBP capture antibody that is deposited on
precoated and blocked 96-well high binding plates, followed by
15 incubation with diluted enzyme reaction supernatant, incubation
with a specific reporter antibody, for example, biotinylated
anti-SW192 reporter antibody, and further incubation with
streptavidin/alkaline phosphatase. In the assay, cleavage of
the intact MBP-C125SW fusion protein results in the generation
20 of a truncated amino-terminal fragment, exposing a new SW-192
antibody-positive epitope at the carboxy terminus. Detection is
effected by a fluorescent substrate signal on cleavage by the
phosphatase. ELISA only detects cleavage following Leu 596 at
the substrate’s APP-SW 751 mutation site.

25 Specific Assay Procedure

Compounds are diluted in a 1:1 dilution series to a six-
point concentration curve (two wells per concentration) in one
96-plate row per compound tested. Each of the test compounds is
prepared in DMSO to make up a 10 millimolar stock solution. The

30 stock solution is serially diluted in DMSO to obtain a final
compound concentration of 200 micromolar at the high point of a
6-point dilution curve. Ten (10) microliters of each dilution
is added to each of two wells on row C of a corresponding V-
bottom plate to which 190 microliters of 52 millimolar NaOAc,

35 7.9% DMSO, pH 4.5 are pre-added. The NaOAc diluted compound
plate is spun down to pellet precipitant and 20 microliters/well
is transferred to a corresponding flat-bottom plate to which 30
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N 4-Furan-3wBb3mapdstha len-1 -ylmeth oxy)-piperidine-1-carb oxylic acid tert-rtylesies7132, Exact
Mass: 407.2097 0 7.20 (d, J = 8.0 0 3-(Anth racen-9-yl methoxy)- 4-furan-3-yl-piH&im%\é-?g%rboxylic
acid tent-butyl %)ﬁgj; 94, Exatct Mass: 45%%2253 0 Hz, 2H), 7t'371%d’ J=38 Hz:EL 4H€727.47 (d,"04-Fu
ran-3-§ll-3-E{hf-/ﬁ J§e5rb%n<2ylo>%ﬁ-ep"|Sé)r' nee-P-ZcYIg?bo%} iCad c?rt-nk}:ﬁﬁ/ %steer, ',i'xact Mass:
449.2202 ¢h4 e alrsiets yMEBRE@ans - ddanayloxy)epiperldie ki carbbxylieracic tort ety besier, 95,
Exact Mass: 371.2097 0 4-Furan-3-yl-3-(naphthalen_ -2-ylmeth oxy)-piperidi,n e-1- carboxylic acid
tert-butyl e%?ér,%&%%}l@l%ggxﬁo%fog%oafg (551 09% '¥Xl%0 ngcp?g micro 1tersy is

added. The final reaction mixture of 200 micromolar compound at
the highest curve point is in 5% DMSO, 20 millimolar NaOAc,
10 0.06% TX100, at pH 4.5.

Warming the plates to 37 degrees C starts the enzyme
reaction. After 90 minutes at 37 degrees C, 200
microliters/well cold specimen diluent is added to stop the
reaction and 20 microliters/well was transferred to a

15 corresgsponding anti-MBP antibody coated ELISA plate for capture,
containing 80 microliters/well specimen diluent. This reaction
is incubated overnight at 4 degrees C and the ELISA is developed
the next day after a 2 hour incubation with anti-192SW antibody,
followed by Streptavidin-AP conjugate and fluorescent substrate.

20 The signal is read on a fluorescent plate reader.

Relative compound inhibition potency is determined by
calculating the concentration of compound that showed a fifty
percent reduction in detected signal (ICss) compared to the
enzyme reaction signal in the control wells with no added

25 compound. In this assay, the compounds of the invention
exhibited an ICsy of less than 50 micromolar.

Example B
Cell Free Inhibition Assay Utilizing a Synthetic APP Substrate

A synthetic APP substrate that can be cleaved by beta-

30 secretase and having N-terminal biotin and made fluorescent by
the covalent attachment of Oregon green at the Cys residue is
used to assay beta-secretase activity in the presence or absence
of the inhibitory compounds of the invention. Useful substrates
include the following:

35

Biotin-SEVNL-DAEFR [Oregon green] KK [SEQ ID NO: 1]
Biotin-SEVKM-DAEFR [Oregon green] KK [SEQ ID NO: 2]
Biotin-GLNIKTEEISEISY-EVEFRC
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3-(4-tert-Butyi«b @snesgiesdy)-4-f uran-3-yl-pipedd ine-l-carbox ylic acid tert-butyl eBEr/1$92B@t Mass:
313.2042 0J 0 3-(3,5-Dimethoxy-benzyloxy)- 4-furan-3-yl-piperidine-l-carb oxyllé?a@ﬁﬁ\ér{?%@%d ester, 96,
Exact MasT 417.2151 138 WQ,03/043987 N_ iN 5 10 3-(4-Bromo- benzylogg/é

%o

eridif&-FERB IR Iélien utyl.e s: o
%/l )lélurr)az?)?; I%%%@éjt%ﬁ&eéé}g e T@%@?%%E%? Mlg arggfyﬁgi@% Jettsbupyl ester, 98, Exact
urZ?é-yl-?%l ﬁ]ﬁh&%% ?bgelﬁd}%%p’% ﬂ)\/é é%g&%%geﬁ?éﬁgester[ s%?Q ﬁa% Jylasg 321.1940

regon greer

10
The enzyme (0.1 nanomolar) and test compounds (0.001 - 100

micromolar) are incubated in pre-blocked, low affinity, black
plates (384 well) at 37 degrees for 30 minutes. The reaction is
initiated by addition of 150 millimolar substrate to a final

15 +volume of 30 microliter per well. The final assay conditions
are: 0.001 - 100 micromolar compound inhibitor; 0.1 molar
sodium acetate (pH 4.5); 150 nanomolar substrate; 0.1 nanomolar
soluble beta-secretase; 0.001% Tween 20, and 2% DMSO. The assay
mixture is incubated for 3 hours at 37 degrees C, and the

20 reaction is terminated by the addition of a saturating
concentration of immunopure streptavidin. After incubation with
streptavidin at room temperature for 15 minutes, fluorescence
polarization is measured, for example, using a LJL Acqurest
(Ex485 nm/ Em530 nm). The activity of the beta-secretase enzyme

25 is detected by changes in the fluorescence polarization that
occur when the substrate is cleaved by the enzyme. Incubation
in the presence or absence of compound inhibitor demonstrates
specific inhibition of beta-secretase enzymatic cleavage of its
synthetic APP substrate. 1In this assay, compounds of the

30 invention exhibited an ICs, of less than 50 micromolar.
Example C
Beta-Secretase Inhibition: P26-P4'SW Assay

Synthetic substrates containing the beta-secretase cleavage
gsite of APP are used to assay beta-secretase activity, using the
35 methods described, for example, in published PCT application
WO00/47618. The P26-P4'SW substrate is a peptide of the

sequence:

(biotin) CGGADRGLTTRPGSGLTNIKTEEISEVNLDAEF [SEQ ID NO: 6]
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3-Cyclohexywigetsang9s73-(2-Cyclohexyl-ethoxy)- 4-Furan-3-yl-3-isobutoxy- -furape€3yisoperdme-1.
4-furan-3-yl-piperidine-1- piperidine-1-carboxylic carboxylic acid carboxylic acid tbrtétyl 28¢btent-butyl
ester, 102, tert-butyl ester, 100, ester, 101, Exact Mass: 323.2097 Exact Mass: 363.2410 Exact Mass:
377.2566 4-Fu ran-3-y1-3-(naphthalen-2- ylmethoxy)-piperidine, 106, Exact Mass: 307.1572 Products of

tBoc depretgetigpwastions: Ch94-148) hh@ 3t Bee Bayi®ned-furan -3- yl-piperidine,104, Exact Mass:
257.1416 H 0 3-(Biphenyl-4-yl m ethoxy)-4- furan-3-yl-piperidine, 105, Exact Mass: 333.1729H NH N
00 3-(2-EM%W&&&R@@M%W&%TE%&%@W% acid tert-gét@Peﬁgr,hl%é, act Mass:
351.4804 4-Fu ran-3-yl-3-(na phthale n-1-4-F ura n-3-yl-3-(4-phenoxy-3-(4-fert-Butyl-benzyloxy)-4
e Ty e B ot e toupled Syrhetl e substPates are
10 incubated at a concentration of from about 0 to about 200
micromolar in this assay. When testing inhibitory compounds, a
substrate concentration of about 1.0 micromolar is preferred.
Test compounds diluted in DMSO are added to the reaction
mixture, with a final DMSO concentration of 5%. Controls also
15 contain a final DMSO concentration of 5%. The concentration of
beta secretase enzyme in the reaction is varied, to give product
concentrations with the linear range of the ELISA assay, about
125 to 2000 picomolar, after dilution.
The reaction mixture also includes 20 millimolar sodium
20 acetate, pH 4.5, 0.06% Triton X100, and is incubated at 37
degrees C for about 1 to 3 hours. Samples are then diluted in
assay buffer (for example, 145.4 nanomolar sodium chloride, 92.51
millimolar sodium phosphate, 7.7 millimolar sodium azide, 0.05%
Triton X405, 6g/liter bovine serum albumin, pH 7.4) to guench
25 the reaction, then diluted further for immunoassay of the
cleavage products.

Cleavage products can be assayed by ELISA. Diluted samples
and standards are incubated in assay plates coated with capture
antibody, for example, SW192, for about 24 hours at 4 degrees C.

30 After washing in TTBS buffer (150 millimolar sodium chloride, 25
millimolar Tris, 0.05% Tween 20, pH 7.5), the samples are
incubated with streptavidin-AP according to the manufacturer's
instructions. After a one hour incubation at room temperature,
the samples are washed in TTBS and incubated with fluorescent

35 gubstrate solution A (31.2 g/liter 2-amino-2-methyl-l-propanol,
30 mg/liter, pH 9.5). Reaction with streptavidin-alkaline
phosphate permits detection by fluorescence. Compounds that are
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, , Exact Maw® @3e4i®r8Exact Mass: 313.2042 Exact Mass; 307.1572 HHH O 'IKC3/(Antisr1e8EN-9-yIMm
ethoxy)-4 -furan-3-yl-piperidine, 110, Exact Mass; 357.1729 4-Furan-3-yl-3-(3-m\]-:‘?h§g‘sbY 2006
enzyloxy)-piperiding, 111, Exact Mass: 271.1572 O O~ 3-(3, 5-Di methoxy-b enzvloxy)-4-

furan53-yl- ‘ﬁaﬁje‘,’flﬂ', %a%(:%%]ég: €) Egﬁ 13§ %8%%?&43@%15 JSVf??S 3%%1%%)%§%gre12yloxy)-4- fu
ran-3-yl-pipeddinae dl 13| exasidlass: 88&052bsihtdtN R2E2-Eypalpheead-ettmxg)-dontrol .
4-Furan-3-yl-3-isqbutoxy- furan-3-yl-piperidine, 116, piperidine, 117 Exact Mass: 277.2042 Exact Mass:
223.1572 g’éﬂ@i@.@lyl-butoxy)A-fu ran-3

Assays using Synthetic Oligopeptide-Substrates

Synthetic oligopeptides are prepared that incorporate the
10 known cleavage site of beta-secretase, and optionally detectable
tags, such as fluorescent or chromogenic moieties. Examples of
such peptides, as well as their production and detection methods
are described in U.S. Patent No: 5,942,400, herein incorporated
by reference. Cleavage products can be detected using high
15 performance liquid chromatography, or fluorescent or chromogenic
detection methods appropriate to the peptide to be detected,
according to methods well known in the art.
By way of example, one such peptide has the sequence SEVNL-
DAEF [SEQ ID NO: 8], and the cleavage site is between residues
20 5 and 6. Another preferred substrate has the sequence
ADRGLTTRPGSGLTNIKTEEISEVNL-DAEF [SEQ ID NO: 9], and the
cleavage site is between residues 26 and 27.
These synthetic APP substrates are incubated in the
presence of beta-secretase under conditions sufficient to result
25 in beta-secretase mediated cleavage of the substrate.
Comparison of the cleavage results in the presence of the
compound inhibitor to control results provides a measure of the
compound's inhibitory activity.
Example E
30 Inhibition of Beta-Secretase Activity - Cellular Assay

An exemplary assay for the analysis of inhibition of beta-
secretase activity utilizes the human embryonic kidney cell line
HEKp293 (ATCC Accession No. CRL-1573) transfected with APP751
containing the naturally occurring double mutation Lys651Met52

35 to Asné51Leué52 (numbered for APP751), commonly called the

Swedish mutation and shown to overproduce A beta (Citron et al.,

145



-yl-piperidinay ®18/0E3@0t Mass: 251.1885 PCT/US02/37037 17 MAY 2006 Biol 37Without
further elaboration, it is believed that one skilled in the art can, using the precedﬂasé MESErgstidn, practice
the invention to its fullest extent. The inventjon, 15 however,.may. be better.understood with reference to
the foﬁlowi%a %%(an%f’egl.llfﬁe%eé’t 8)(%?&5%%%?@ Intgnsde#t%corélrgeeére%gn?gﬁ\%’e' o%gpéeecﬂg:c \gﬁlr%bodiments of
the inventier),emd,are2not intended as limiting the scope of the invention. Example A 20 Enzyme
Inhibition Assay The compounds of the invention are analyzed for inhibitory, activity by use of the
MBP-C125 assay.Tliqﬁs%él d@ﬂéﬁnf’r@g"‘?ﬁ%tr%fj:ti%gi & of E&g-es/é%% 586 éeg\%éceh 5f a model
APP substiaie.iMBPJzi22Mpby e qampaites assapertas campares 2z withexd untreated control. A
detailed description of the assay parameters can be found, for example, jn U.S. Patenf No. 5,942.400.
Briefly, the%?fﬁgﬁgﬂéqéglfﬁgon%gﬁﬁdf@ %eﬁ%ftrﬂaﬂgsérﬂiﬁﬁﬁalb%}%/ﬁr%B gntjf % SHBof
terminal 125-amineckdteh0 4Jaarand;yladidinetyed Gystohexymethoxyv-adatid beta-
allyloxy)-piperidine, 114, yl-pipeddine, 115, Exact Mass: %%\/.141 Exact Mass: 263.1885 WO 03/043987
PCT/US027E/857 C 2P R A7 5BU6 BYcids 0t AFP8RY Sthe @df';%m{”as[io(ﬁ. ThHeBatEdEcretase enzyme
is derived fremdusanshraimtissse ascdascibed iaSinhadets), 199 MedweAp,53E54Q) or
recombinantly produced as the full-length enzyme (aming acids 1-501), and can beéorepared, for

example, fiirs 9% LelgekselSruRiel BrdiRft cDNAS g§nzymatic activity 1s

measured in the presence and absence of the compound inhibitors
15 to demonstrate specific inhibition of beta-secretase mediated

cleavage of APP substrate.

Example F

Inhibition of Beta-Secretase in Animal Models of AD

Various animal models can be used to screen for inhibition
20 of beta-secretase activity. Examples of animal models useful in
the invention include, but are not limited to, mouse, guinea
pig, dog, and the like. The animals used can be wild type,
transgenic, or knockout models. In addition, mammalian models
can express mutations in APP, such as APP695-SW and the like
25 described herein. Examples of transgenic non-human mammalian
models are described in U.S. Patent Nos. 5,604,102, 5,912,410
and 5,811,633.
PDAPP mice, prepared as described in Games et al., 1995,
Nature 373:523-527 are useful to analyze in vivo suppression of
30 A beta release in the presence of putative inhibitory compounds.
As described in U.S. Patent No. 6,191,166, 4 month old PDAPP
mice are administered compound formulated in vehicle, such as
corn oil. The mice are dosed with compound (1-30 mg/ml;
preferably 1-10 mg/ml). After time, e.g., 3-10 hours, the
35 animals are sacrificed, and brains removed for analysis.
Transgenic animals are administered an amount of the
compound inhibitor formulated in a carrier suitable for the
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10 describednho U80A8Y47618. Inhibition of the enzyme is analyzed, for example, E%Timumssay of the
enzyme's cleavage products. One exemplary ELISA uses an anti-MBP capture aritsHy #9436 deposited
on precoated and blocked 96-well high binding plates, followed_by 15 incubation with diluted enzyme
reactron sﬁﬁ’é%ﬁﬁ%n?}?ﬁ&b%goﬁ%ﬁé%'ﬁgéﬁ%g 'orteq%ﬂﬁﬁgay,?&l&%fn?plg,rﬁoﬁﬁﬁaﬂ%aggn -SW192
reporter aptihagyeaneithericubation with tsteeptaddiniatkalisa phasphdtase dotbeasshy, cleavage of
the intact MBP-C125SW fusion protein results in the generation 20 of a truncated amino- ermoilnal
fragment, BRPUSHS EFRW-SW- £65* dfibBGY-hGeitive Spitope-AThE c Fbso(?(ngrnq}}m.@ BcliGitis”®
effected by & flyQeessent suhstratasipralondeavageihyethe gbedpimtdse. F:iSA oaly detedtg cleavage
following Leu 596 at the substrate's APP-SW 751 mutation site. 25 Specific Assay Procedure
Compound®&reAdiRfdd Mt P4 ARYBn seREFITHLRT pBint E&Hh%n?ratéﬁ %EIR/e%\ﬁg’V\%II? ber

congentratierldpppe 36-plade Haw pei-ecmpalttisstesk Each of thenteabiempeiindsis 1grepdred in
DMSO to make up a 10 millimolar stock solution. The 30 stock solution.is siri Iy dilute(gagﬁn DMSé%to
obtain a fiﬁﬁrc&ﬁﬁo@ﬁ(?&ﬁ%ﬁtr%ﬁgﬁéblﬁﬁﬁéﬁ%lap%Pﬁ?edl‘ﬁﬁh POl of g 8P othtefilfon &itve

Ten (10) raigroliters of each; dilktinn zis aglded 4a 8gchpbwrwellsar 1w & efa cerrespanding V- bottom
plate to which 190 microliters of 52 millimolar NaOAc, 35 7.9% DMSO, pH 4.5 are pre-added. The NaOAc
diluted coApE@SF Hate is Blurk SRR pailet bRt aRGB8MicrGiterSivell Efransferred to a

corresponding flatbetiemhatete-which-3Q 341 W 034043981 PGTANSD2{37 037 17 2AY 2606 5

microliters of ice-cold enzyme-substrate mixture (2.5 microliters MBP-C125SW substrate, 0.03 microliters
enzye alfd LT AFGBREr<iEe 2okE-B0REX 00 P&t AlBFOMER) Rlaques. The tissue

is also analyzed for necrosis.

Animals administered the compound inhibitors of the
invention are expected to demonstrate reduced A beta in brain
tissues or cerebral fluids and reduced beta amyloid plagues in

20 Dbrain tissue, as compared with non-treated controls.
Example G

Inhibition of A Beta Production in Human Patients

Patients suffering from Alzheimer's Disease (AD)
demonstrate an increased amount of A beta in the brain. AD

25 patients are administered an amount of the compound inhibitor
formulated in a carrier suitable for the chosen mode of
administration. Administration is repeated daily for the
duration of the test period. Beginning on day 0, cognitive and
memory tests are performed, for example, once per month.

30 Patients administered the compound inhibitors are expected
to demonstrate slowing or stabilization of disease progression
as analyzed by changes in one or more of the following disease
parameters: A beta present in CSF or plasma; brain or
hippocampal volume; A beta deposits in the brain; amyloid

35 plaque in the brain; and scores for cognitive and memory

function, as compared with control, non-treated patients.
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added. The Wwaloszasten mixture of 200 micromolar compound at the highest curge/psntizsy 5%
DMSO, 20 millimolar NaOAc1 10 0.06% TX100, at pE 4.5. Warming the plates td 3Miegr2esaC starts the
enzyme reaction, After 90 minutes at 37 degrees C, 200 microliters/well cold specimen diluent is added
to sto'fb theE¥8IRLR dhd 20 microliters/well was transferred to a 15 corresponding anti-MBP antibody
coated ELISA plate-forsaptiuse, 68n@ingg:-30 miergliets/orll specimehetiuent T hisirglaction: ifD

incubated overnight at 4 degrees C and the ELISA is develgped the nextfa after hour incubation
with anti-192SW ﬁﬁﬂcﬁi%%mﬁ})gﬁgstﬁﬁirﬁﬁﬁ&o%{jgg?g R fiGiordecEit sthsfafe. 20 The
signal is reagkon a flueressertpRlatereadei: Bglative somppuad fahibilion poteticy is detecmined by
calculating the concentration of compound that showed a fifty percentr dt@t% I

é;fog%d

on in, detected 3 %nal (IC50)
comparedR& e B zy e Y e StRIARS Gival RF FRECTT oPlve il Fith 19 S mpeund i l}hlsrassay,

the gempoypds.ohthedpyertion: axhibited an Ka5Q atlessthan 3G mieramelal dexamptecs Cad Free
Inhibition Assaé/é_Lertilizing a Synthetic APP Substrate A synthetic APP substrate that can he cleaved by
beta 30 sSRFAFSERAG BAVIRG Ntterimiflf bicth ARTRAGLHTS R/t Ey ﬂé[%-\l/]afe%‘?ﬁﬁ cliftent of

Oregon grgep.ahthezysresidusrisised te @852y beta-Fesratase Betvityrn she-preseaee or absence of
the inhibitory compounds of the invention. Useful substrates, include the followin

: 35, :
Biotin-SE AW DAEFR[EREydrGreeiRGCISERT IS NS: ﬂd%ﬂﬁ?é%\?m?ﬁAEFﬁ%@ﬂer@bﬁtg%&H]RR [SEQ
ID NO: 2] BiotinsGLNHCEEBISEISY feERRE 2 \WE: 03/04398hBCTAIE02/87034 .17 MAY 2006

15 Beginning on day 0, cognitive and memory tests are performed,
for example, once per month.

Patients administered the compound inhibitors are expected
to demonstrate slowing or stabilization of disease progression
as analyzed by changes in one or more of the following disease

20 parameters: A beta present in CSF or plasma; brain or
hippocampal volume; amyloid plague in the brain; and scores
for cognitive and memory function, as compared with control,
non-treated patients.

Example H: Biological Inhibition Activity

25 The biological activity of the compound prepared according
to Example 29 was measured in accordance with the above

described procedures

+-) _
( WO O ICsg of 11 uM against Bace in an enzyme assay.

O
N
H

Bace ICsy= 11,000 nM
Cat D ICsq >20,000 1M

30
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5 [Oregon gwenjkkes=Q ID NO: 3] Biotin-ADRGLTTRPGSGLTNIKTEEISEVNEREDARH2/808g0n green]
KK [SEQ ID NO: 4] Biotin-FVNQHLCoxGSHLVEALY- LVCoxGERGFFYTPKA [GrelybhgA¥HKK [SEQ
ID NO: 5] 10 The enzymeéo.l nanomolar) gnd test compounds (0.001 - 1(1;_10 micromglar) are incubated
in preZlocked, lowTaHinily’ BRER Pladd 385 Fa d&5iBed O"minutes. The reaction’is initiated
by additionsgfctb0rmillirpelar putestate-tada &nalckbivelune of 30 mistdtiterpes well. Theréinahassay-
conditions are: 0.001 - 100 micromolar compound inhibitor; 0.1 molar_sadium acetate (pH 4.5); 150
nanomolarsStBidtrcte®®. RSOTHEP @oﬁ%?e&&%%%c?@ﬁ%&tolﬁ@f% e Qégl §h‘aaz"o/§ YiisB*¥he
assay mixgyens insuhatetdor2haursiais} ivdeghaes €hand tierd@ reastion iscpeminfitachiy the addition
of a saturating concentration of immunopure streptavidin. After incubation with streptavidin at room
temperaturef8FE5 Hifutes, fluorescence polarization is measured, for example, using a LIJL Acqurest
(Ex48% nm/ Em530 nm). The activity of the beta-secretase enzyme 25 is detected by changes in the
fluorescence polarization that occur when the substrate is cleaved by the enzyme. Incubation in the
presence or absence of compound inhibitor demonstrates specific inhibition of beta-secretase enzymatic
cleavage of its synthetic APP substrate. In this assay, compounds of the 30 invention exhibited an ICso
of less than 50 micromolar. Example C Beta-Secretase Inhibition: P26-P41SW Assay Synthetic
substrates containing the beta-secretase cleavage site of APP are used to assay beta-secretase activity,
using the 35 methods described, for example, in published PCT application WO00/47618. The
P26-P4'SW substrate is a peptide of the sequence:

(biotin) CGGADRGLTTRPGSGLTNIKTEEISEVNLDAEF [SEQ ID NO: 6]

149



143 WO 03/vi39884898T/US02/37037 17 MAY 2006 5 The P26-PI standard haPttie's 8R!

(biotin) CGGADRGLTTRPGSGLTNIKTEEISEVNL [SEQ ID NO: 7]. Briefly, the biéﬂn%ﬁgp?&%ynthetic
substrates are 10 incubated at a_concentration of from about 0 to about 200 micromolar in this assay.
Wher‘f—’testmépﬂhigﬁo% na§,:a substrate concentration of about 1.0 micromolar is preferred. Test
compounds diluted in DMSO are added to the reaction mixture, with a final DMSO concentration of 5%.
Controls also 15 contain_a final DMSQ copcentration of 5%. The concentration of beta secretase enzyme
in the reaction is Varied, o GRERPSREL n%%ﬁtr forSwith thé linear range of the ELISA assay, about
125 to 2000 picomolar, after dilution. The reaction mixture also includes 20 millimolar sodium 20 acetate,
pH 4.5, 0.06% Triton X100, and is incubated at 37 degtees C for about 1 to 3 hours. Samples are then
diluted in assay buffer (for example, 145.4 nanomolar $6dium chloride, 9.51 millimolar sodium
phosphate, 7.7 millimolar sodium azide, 0.05[3/0 Triton X405, 6g/|iter bovine serum albumin, pH 7.4) to
qguench 25 the reaction, then diluted further fot1 e cleavage products. Cleavage

with capture antibody, for example, SW192, for abjout 24 hqurs at 4 degrees C. 30 After washing in TTBS
buffer (150 millimolar sodium chloride, 25 millimol ris, 8705% Tween 20, pH 7.5), the samples are
incubated with streptavidin-AP according to the manufgtturer's instructions. After a one hour incubation
at room temperature, the samples are washed in TTBS and incubated with fluorescent 35 substrate
solufién A (31.2 g/liter 2-amino-2-methyl-I-propanol, 30tmg/liter, pH 9.5). Reaction with
streptavidin-alkaline

or a pharmaceutically acceptable salt or ester thereof,
wherein Z is CH or N;
wherein R; and R; are independently:

15 (I) C1-Cio alkyl, optionally substituted with one, two
or three substituents independently selected £from the group
consisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -8SH, -C=N,
CF;, C3-C3 alkoxy, -0O-phenyl, -NR;i_aR;.p where Ri.n and Rip are
independently -H or C;-C¢ alkyl, -0C=0 NRiaRi.p, -S(=0)o-2 Ri-a,

20 NR;.2C=0 NR;_-aRi.p, -C=0 NR;.aRi.p, and -S(=0); NRi_aRi-p, - (CHz)o-3- (C3-
Cg) cycloalkyl where cycloalkyl can be optionally substituted
with one, two or three substituents selected from the group
consisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -C=N, -
CF3;, C;-C¢ alkoxy, -O-phenyl, -CO-OH, -CO-0-(C;-Cs alkyl), -NRi.

25 aRip; Ci1-C3 alkoxy- (Ri-aryl) » C1-C3; alkoxy- (Ri-heteroaryl) s

(IT) -{(CHz)ni- (Ri-ary1) Where n;, is zero or one and where
Ri-aryi 18 phenyl, 1l-naphthyl, 2-naphthyl and indanyl, indenyl,
dihydronaphthyl, tetralinyl optionally substituted with one,
two, three or four of the following independently selected

30 substituents on the aryl ring:

(1) C1-Cs alkyl optionally substituted with one,

two or three substituents independently selected from the group
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phosphate pamnitsodstertion by fluorescence. Compounds that are 144 WO 03/43P8RRBH/37S02/37037
17 MAY 2006 5 effective inhibitors of beta-secretase activity demonstrate reducédd &avagfO6f the

substrate as compared to a control. Ex le D Assays using Synthetic_Oligopeptide-gubstr
Synthetic fg6HeptidBs ard bréparea tﬁ;%gé‘rpo?gte the-10 kﬁ%’v% cléz%\?age%?l}% of be a-se%trZ?ds'é, and

optionally gletgetgble tagea syahas flucsaseeh) or chedmegeniomoidties, Exanpled bf such-pedtides, as
well as their production and detectjon methoéci afh describgdig U.S. Paten N%' 5,942,fg0 Eerein_
incorporaf@l ¥y teferents CRaVage produls Oah be detdcedtEITyNgHL5 pertbrmanca fiduid

chromatogyaply, Qr fgeescent oschramedents _detgation ymethads dhptanriate-tplthe peptdéctd be

detected, according to methods well known in the art. By way of example, one such peptide has the

sequence-SRYNR: BAEF §58Q 1D B8], GrdFthe 2ldidie siferinbetRddiP?eéitRs =20 5an§s; Fnother
preffqred gﬂ@g&%@ I’{)ﬁs the sequence ADRGLTTRPGSGLTNIKTEEISEVNL-DAEF [SEQ ID NO: 91, and
ite is

the "cleavage s etween Tedidues 26 and 27. These synthetic APP substrates are incubated in the

presence of beta-secretase undetlcofiditiens sditiernt towesdit 25¢n béfa—’siét@etéﬁé@lhﬂg%ligwéavage
of the subg ?tfogg rsg t%@‘ft%%%vﬁg esylts jfhe pregenceQf theycampoung, nhibitgr i control

results provides a measure of the compound's inhibitory activity. Example E 30 Inhibition of
Beta-Secrétzdepkotiviyt Celluke YeshpAn Exemplalycassayiopthe @nalsis sishhibftion Bf betd1 ,

CRL 1673 Gahslecto wit APPISE oA 1 nrally bbcutiog datble Mitaton | JoEsiets?
15 S (heteroaryl-Ci¢ alkyl), -8S=0(Ci.¢ alkyl), -S=0(aryl-Ci.¢ alkyl),
-S=0(heteroaryl-Ci.s alkyl), -80,(C1.6 alkyl), -50;,(aryl-Ci.6
alkyl), -S0;(heterocaryl-C;¢ alkyl), -C=N, -CFs, C;-C; alkoxy, -
NR;-aRi-p, Ci-Cs; alkoxy- (Ri-ary1), Ci-Cs; alkoxy- (Ri-netercaryi)
(3) C3-Cs alkynyl with one or two triple bonds,
20 optionally substituted with one, two or three substituents
independently selected from the group consisting of -F, -CI,
-Br, -I, -0OH, -8H, -8(Ci.¢ alkyl), -S(axryl-Ci.¢ alkyl), -
S (heteroaryl-Ci.s alkyl), -S=0(Ci.s alkyl), -S=0(aryl-Ci.¢ alkyl),
-5=0(heterocaryl-Ci_ alkyl), -S05 (Cig alkyl), -S0, (aryl-Ci
25 alkyl), -80;(heterocaryl-C;.¢ alkyl), -C=N, -CF3, Ci1-C; alkoxy, -
NRi-aRi-p, C1-Ci alkoxy- (Ri-ary1), Ci-Cs alkoxy- (Ri-neteroaryi) s
(4) -F, Cl, -Br and -I,
(5) -Ci-C¢ alkoxy optionally substituted with

one, two or three -F,

30 (6) -NRy.2Ry.3 where Ry.» and Ry.z are as defined
below,
(7) -OH,
(8) -C=N,

(9) C3-Cy cycloalkyl, optionally substituted with
35 one, two or three substituents selected from the group

congisting of -F, -Cl, -Br, -I, -OH, -SH, -5(Ci¢ alkyl), -
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35 to Asn65Wweu@Bgprimbered for APP751), commonly called the Swedish muptiDusmnadasown to
overproduce A beta (Citron et al., 145 WO 03/043987 PCT/US02/37037 17 MAY 2006 2000, Nature
360:672-674), as describeg |% .S. Patent No. 5,604,102, The cells are incyls in the _
presehce/3HEEntE fiife liﬂo??y/ cérﬁét‘t?rlfc? fdil’lﬁ%%i in DM5 C@@ﬁ?g des—i;%g %Zgﬁé%nﬁ%%%’nl, )g’enerally
up to 10 nyexogsara/nt, At thesrihat )10 the ieatniaetearssh-gonditioned mekialis analyz&dfoCbeta-
secretase activity, for example, by analysis of cleavage fragments. A beta can be analyzed by
immunoassbyidsing spleifie @élection aftidedids: Tﬁé@ﬁﬁ%ﬁ’éﬁcr QAT Tglnfea'%‘ﬂ]}@gl/lih the presence
and absence of the, camp jnhibitorgd.5 tp demogastrate speCii 'E Anhigition of beta-secretasespediated
cleavage oi(%\%lb s%bgggat%%(%%n%e Fﬁi[r}%ﬁiﬁ%%fr? of ggtf%e%?etase inr?&%i#g%/lbdﬁs cﬁ‘gAeé@{/arious
animal motRismeasrbeused to screen for inhibition 20 of beta-secretase activity. Examples of animal
modgls useful in the invention ipi:BJ)deL@%t_a(@ I‘l@Jifgii%@ mouse, guinea pig, dog, and the like. The
animals used can be wild type, transgenic, or knockout rmodels. In addition, mammalian models can
express mutations in APP, such( 43 APFHOSRY-aRd-the like 25 described herein. Examples of

transgenic non-human mammalﬁr}. )mQ(é%s_ﬁﬁel_dﬁﬁgrlbed in U.S. Patent Nos. 5,604,102, 5,912,410 and

5,811,633. PDAPP mice, prepared as described in Games et al., 1995, Nature 373:523-527 are useful to
analyze in vivo suppression of 803 betdQetddbe futtelfrEdence of putative inhibitory compounds. As

formulated n vehicle, such 55 oo S e e &1 FBELH v 2empbund (130 eyl e 2oove
15 and where Rj-netercaryr 18 selected from the group consisting of:

pyridinyl, pyrimidinyl, quinolinyl, Jbenzothienyl, indolyl,

indolinyl, pryidazinyl, pyrazinyl, isoindolyl, isoquinolyl,

quinazolinyl, guinoxalinyl, phthalazinyl, imidazolyl,

isoxazolyl, pyrazolyl, oxazolyl, thiazolyl, indolizinyl,

20 indazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl,

furanyl, thienyl, pyrrolyl, oxadiazolyl, thiadiazolyl,

triazolyl, tetrazolyl, oxazolopyridinyl, imidazopyridinyl,

isothiazolyl, naphthyridinyl, cinnolinyl, carbazolyl, beta-

carbolinyl, isochromanyl, chromanyl,
25 tetrahydroisoquinolinyl, isoindolinyl,
isobenzotetrahydrofuranyl, isobenzotetrahydrothienyl,
isobenzothienyl, benzoxazolyl, pyridopyridinyl,

benzotetrahydrofuranyl, benzotetrahydrothienyl, purinyl,
benzodioxolyl, triazinyl, phenoxazinyl, phenothiazinyl,
30 pteridinyl, benzothiazolyl, imidazopyridinyl,
imidazothiazolyl, dihydrobenzisoxazinyl, benzisoxazinyl,
benzoxazinyl, dihydrobenzisothiazinyl, benzopyranyl,
benzothiopyranyl, coumarinyl, isocoumarinyl, chromonyl,
chromanonyl, pyridinyl-N-oxide, tetrahydroguinolinyl,
35 dihydrogquinolinyl, dihydrogquinolinonyl,
dihydroisoguinolinonyl, dihydrocoumarinyl,
dihydroisocoumarinyl, isoindolinonyl, benzodioxanyl,
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preferably 1WO osgiushsAfter time, e.g., 3-10 hours, the 35 animals are sacrifice@canusoezsnasremoved for
analysis. Transgenic animals are administered an amount of the compound inhibitdffofrdQ@%ed in a
carrier suitable for the 146 WQ 03/043987 PCT/US02/37037 17 MAY 2006.5 chpsen molq{e of .
admiRistration. CHFPGIRAARRS ST treatedy tredted with VERLRS or tRAFed With 3 inad i"v%xclodrlr%ound.
Administration cap-hei acid rigl, Sngle:tlase optcdiplegoses- sxdeedayot ah heychrohioxiededosing
is repeated daily for a period of days. Beginning._at time O, brain, tissue qr 10 cerebral fluid is obtained
from selected anitffCaNd andy2&d I6r th&BFge%l:‘ﬁEé( b @'ﬁﬁ%gls\?age bﬁﬁ%’ésr}ﬂﬁc‘{édin%fﬁét%?for
example, by immygrnQagsay LsngIsprciie aadhodies fes:dbetay detection & the-rrthel theitastipaviod,
animals are sacrificed and brajn tissue or cerebral fluid is analyzed for 15 the presence of A beé;[a and/or

beta-amyloid plagtiekifhe HE&HEARANYd ahRIFEFRr nddBEE 2RI adihiTere A ¥RFCdMpodhd

inhikitors of the igvantion are expected tardemensirate radiced ibetann draiactissura H% eekgbrat fluids
and reduced beta amyloid plagues in 20 brain tissue, as compared with non-treated controls. Example G

i

Inhibition of A BefBRflucticRSHFRIMEPBets PhuertEiferimrdmRIZRGMEYS DidlaSEAB)

demonstrate an i @Wmowﬁ&tfdgelta i@%ﬁr@ﬁbfﬁ% natisntgare agminisieepgban,amonnt of
the compound inhibitor formulated in a carrier suitable for the chosen mode of _administration.

Administration is REpEAfed daily foF #7bvation of theEddseriod. BAGHAFBh ¥hy 0, cdgnriedhd
memory tests arejRariosmed gy exarpRles 0RGS BEY, W@@Hﬁé@fﬁw@a&min@wam&ga@pou nd

inhibitors are expected to demonstrate slowing or stabilization of disease progression
15 where the Ri-netercarylr group is bonded to - (CHz)ni-

by any ring atom of the parent Ri-netercaryl Jroup substituted by
hydrogen such that the new bond to the Ri-netercaryi Jroup replaces
the hydrogen atom and its bond, where hetercaryl is optionally
gubstituted with one, two, three or four of:

20 (1) C;-C¢ alkyl optionally substituted with one,
two or three substituents independently selected from the group
consisting of C;-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH, -S(Cig
alkyl), -S(aryl-Ci.¢ alkyl), -S(heteroaryl-C;.¢ alkyl), -5=0(Ci_¢
alkyl), -S=0(aryl-Ci.¢ alkyl), -S=0(heterocaryl-Ci¢ alkyl), -

25 S0,(C1¢ alkyl), =-S03(aryl-Ci.¢ alkyl), -SO0,(heterocaryl-C;_¢ alkyl),
-NRj_aR1.p, -C=N, -CF3;, Ci1-C3 alkoxy, Ci-C; alkoxy-(Ri-aryi), Ci1-Cs
alkoxy- (Ri-neteroaryl) s

(2) C3-Cs alkenyl with one or two double bonds,
optionally substituted with one, two or three substituents

30 independently selected £from the group consisting of -F, -CI,
-Br, -I, -0H, -SH, -8 (C1.¢ alkyl), -S(aryl-Ci¢ alkyl), -
S (heterocaryl-Ci.¢ alkyl), -S=0(Ci.¢ alkyl), -S=0(aryl-Ci.s alkyl),
-8=0 (heteroaryl-C;_¢ alkyl), -805{Cyi6 alkyl), -80;(aryl-Ci.¢
alkyl), -S0;(hetercaryl-C;.¢ alkyl), -C=N, -CF;, C;-C3 alkoxy, -

35 NRi-aRi-p, C1-Ci alkoxy- (Ri-ary1), Ci1-Cs alkoxy- (Ri-netercaryl) s

(3) Cz-Cs alkynyl with one or two triple bonds,

optionally substituted with one, two or three substituents
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as analyzedwgp oaaag®ss in one or more of the following disease parameters: A Ip€taypsessmin CSF or
plasma; brain or hippocampal volume; A beta deposits in the brain; amyloid 35 gidd¥é % 2R€%rain; and

scores for cognitive and memory function, as compared with control, non-treated patients_147
03/043987 ?R%@ﬁ?%’}? gf &5 G%E%m%ee H PR tir oA E%e%anlgro&ﬁtior? in Pgﬁ‘{ghts at
Risk for ADgRgtientsrpredispased orsa risk far @avelopdigki aye identidied eitersby eedoghitipn of-a
familial inheritance pattern, for example, presence of the Swedish Mutation, and/ar 10 by monitaring
diagnostic%%@f@?&rﬁaﬂtiéﬂhﬁd@ﬁ%@& s praarsposed i ?(for'dsevglg% AD%afe 33%}% téred

an amount ot thereorep@sehinhibitqr foraulared in a cagigr( suitabledokiie)chosenguedenfl -C; 6
administration. Administration is repeated daily for the duration of the test period. 15 I?T%gi'nning on day 0,

cognitive anbkiémory t8Sts &re frerentEd,” for examplel dncepemmonti Fratighits Ganidisetet: the
comingundl\jﬁmbg?_rg areleg@?gcéqq{ggcggqlgqstralt)e S|@£Vi_l‘l—§]3 Oéiﬁé‘gw%‘tm glfeggeaars?) Qrogression as
analyzed by changes in one or more of the ]foaffgwirig disease 20 parameters: A eta present in CSF or
plasma; brain or hippocampal véime; Bmytéid pladdie iatfe brain; and scores for cognitive and memory
function, as compared with contf% nopctlre_z%tsed RaY E@Hgﬁﬁg}ogigﬂggtaipg{%é%ctivaxgﬁ The
biological activity of the compound prepared according to Example 29 was measured in accordance with
the above cdescriber prozeditesa€50%f 11 uM against Bace in an enzyme assay. Bace I1C50 = 11,000

M (6) -NRy-sRu-3,
15 (7) -OH,

(8) -C=N,

(9) C3-C; cycloalkyl, optionally substituted with
one, two or three substituents independently selected from the
group consisting of -F, -Cl, -Br, -I, -OH, -SH, -S(Cy. alkyl), -

20 S(aryl-Ci.¢ alkyl), -S(heteroaryl-Ci.¢ alkyl), -S=0(C;.¢ alkyl), -

S=0(aryl-Ci.¢ alkyl), -8=0 (heteroaryl-Ci_¢ alkyl), ~805(Cqi_¢
alkyl), -S0;(aryl-Ci.¢ alkyl), -80;(hetercaryl-C;.¢ alkyl), -C=N,
-CF3, C1-Cs; alkoxy, -NRi_aRi-p, Ci-C3 alkoxy-(Ri-ary1), C1-C3 alkoxy-
(Ri-neterocaryl)
25 (10) -CO-(C1-C4 alkyl),
(11) -8S02-NRi.aRi-p,
(12) -CO-NR;-aRi-b,
(13) -80,-(C1-C4 alkyl), with the proviso that
when n; is zero, Ri-hetercaryr 15 not bonded to the carbon chéin by
30 nitrogen,
(IV) -(CHz)ni- (Ri-neteroeycle) Where ny, is as defined above
and Ri-heterocycle 18 selected from the group consisting of:
morpholinyl, thiomorpholinyl, thiomorpholinyl S-oxide,
thiomorpholinyl S,S-dioxide, piperazinyl, homopiperazinyl,
35 pyrrolidinyl, pyrrolinyl, tetrahydropyranyl, piperidinyl,
tetrahydrofuranyl, tetrahydrothienyl, homopiperidinyl,

homomorpholinyl, homothiomorpholinyl, homothiomorpholinyl
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Cat D. IC,, >2000%0n34830 148 WO 03/043987 PCT/US02/37037 17 MAY 2006 Bdhesnysnidm has been
described with reference to various specific and preferred embodiments and techditle¥. 2¥ever, it

should be understood that many variations and modifications may be mad i ining Within the
spiritand scope ‘df the ih%‘r%t%%’. 10 149 Wc?’éﬁfo‘?lgbélﬁ%ﬁ%mzs?os? e%\%,ﬂn%%%%% 5 W}—l?Al'I' IS
CLAIMED IS: 1.4\ bgrapegnd-atthe formula |:RhytdRidpy#R3 Dnrlpharmaceuitieady apveptdsiasalt or

ester thereof, wherein Z is CH, or,N;,wherein R1 and R3 are independently: 15 -Cl tionally
substituted with gf‘l }’»[%\}50?8}/&]%5‘& ubstitdents inde%é%ggnﬁ@?s%]fgﬁféd from thg%)rrlgépf%:% sis%Lilr}l%P of

Cl(;C3 akl)kyl, -F, tCk rBhytd rOHh iSyC=N; ~BE 3G 1-C3eddkatyy dDaitiehyhyNR| ShRH-BighaidR1-a
and RI_b are independently -H qr CI-C6 alkyl, -OC=O NR1-aRl-b, -S(=0)0-2 R1-a, 20 NR,-aC=0
NRI_aRI-b, -c=dlﬁﬂ?5qﬁ<&9r¥,‘%%?¥§?é(%¥g PEHIB! - (CH2) 0_3- (C3- C8) cycloalkyl where cycloalkyl

can be optionally substititegawithiene Riwe. qr. thyee substituents selbcteddbne group ademsistirdy of
C1-C3 alkyl, -F, -ClI, -Br, -I

alkyl), -N RRS5 %ﬂ?_ed“'c1Peglgmésl;c{gf%%}?)u%cﬁs%ggﬁggg‘h%%hgi Po%%r%%f?{éﬂ%%o%%ﬁ%

where nl isizere,4,0na8d Whethe R; nheterocycle 9group replaces the hydrogen atom
and its bond, where heterocycle is optionally substituted with
one, two, three or four:

15 (1) C1-C¢ alkyl optionally substituted with
one, two or three substituents independently selected from the
group congisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -
s(C;.¢ alkyl), -S(aryl-Cis alkyl), -S(hetercaryl-Ci¢ alkyl), -
S=0(Ci_¢ alkyl), -8=0(aryl-Ci_g alkyl), -8=0 (heteroaryl-Ci¢

20 alkyl), -802(Ci-¢ alkyl), -80, (aryl-Cis alkyl), -SO;(heteroaryl-
Ci¢ alkyl), -NR;.aRip, -C=N, -CF3, Ci-C3 alkoxy, Ci-Cs alkoxy- (Ri-
ary1) » C1-C3 alkoxy- (Ri-netercaryl) s

(2) C,-C¢ alkenyl with one or two double
bonds, optionally substituted with one, two or three

25 gubstituents independently selected from the group consisting of
-F, -Cl, -Br, -I, -OH, -SH, -S(Ci¢ alkyl), -S(aryl-Cis alkyl), -
S (heteroaryl-Cis alkyl), -S=0(Ci.s alkyl), -8=0(aryl-Ci.s alkyl),
-8=0 (heteroaryl-Ci-¢ alkyl), -80,(C1g alkyl), -850, (axryl-Ci-¢
alkyl), -80;(heterocaryl-Cis alkyl), -C=N, -CF;, (C1-C; alkoxy, -

30 NRi.aRi-p, C1-C; alkoxy- (Ri-ary1), Ci-Ca alkoxy- (Ri-neteroaryl)

(3) Cy-Cs alkynyl with one or two triple
bonds, optionally substituted with one, two or three
substituents independently selected from the group consisting of
-, -Cl, -Br, -I, -OH-SH, -S(Ci¢ alkyl), -S(aryl-Ci- alkyl), -

35 S (heterocaryl-Ci¢ alkyl), -8=0(Ci¢ alkyl), -S=0(aryl-Ci.e alkyl),
-5=0 (heterocaryl-Ci¢ alkyl), -50, (C1_¢ alkyl), -80;, (axryl-Cig
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R1-aryl is pheoyi3b4saghthyl, 2-naphthyl and indanyl, indenyl, dihydronaphthyl, mmaﬁsvloaimnally
substituted with one, two, three or four of the following independently selected 307 UBsYitdeREs on the
aryl ring: (1) C1-C6 alkyl optionally substituted with one, two or three substituents independently selected

from the grobiaYES0. WOSS3/0Rsser pETYdSE2/3708Y K1 MAY 8606 5 céisistingrofel-e3 BagY -F, =Cl,

-Br, -1, -OH;pSH, -S(C1-6_ alkyl); 1-G1-6 alkyl), -S(heter. -CJ-6 @kyl), -S=0(§1-6 alkyl),

-S=O(aryl|jlkg:I:€Ll-Bl;'§ﬁ<—§I§, p: s hé%jéggﬁc%%“é‘iﬁ%? 15%2(@51%?5%/%} -5%%(3%?-%?%&;@0,

-S02(heteroaryl-C1-6 alkyl), -NR,-aR1{4)-C=N;, -CF3,.CT®3 alkeky; £1-C3 alkoxy- (Rl-aryl) , C1-C3 10

alkoxy- (RI-heteroaryl) , (2) C2-C6 aIke@gb With_gn(_e@gr twgﬂ%gg; boggg,igﬂgqua&}ly subsfityted withone,
[ I I S

two or three substituents independently selected from the group consisting of -F, -Cl, -Br, -I, -OH, -SH,
-S (C1_6 allyih -S%&ryl-E9% alRyl) LhBse® (hdteroaryl-Cl-6 alkyl), -S=0 (C1.6 alkyl), -S=0O (aryl-C|_6
alkyh), -S=0 (heteroaryl-C1-6 alkyl), -S (Clﬁa_lki,égigsOZ (aryl-Cl-6 alkyl), -SO2(heteroaryl-C1-6
alkyl), -C=N, -CF3, C1-C3 alkoxy, - NR -a??l-b, Cl€ alkoxy- (R1-aryl) , C1-C3 alkoxy- (Rl-heteroaryl) ,
(3) C2-C6 alkynyl with one or two triple HondsPI20 optionally substituted with one, two or three
substituents independently selected from the group consisting of -F, -Cl, -Br, -I, -OH, -SH, -S (C1-6 alkyl)
, -S (aryl-C1-6 alkyl), - S (heteroaryl-CI-6 alkyly, -5=0 (C1.6 alkyl), -S=0 (aryl-Cl_6 alkyl), -S=0
(heteroaryl-Cl-6 alkyl), -SO2 (CI-6 alkyl}oSO2x¢aryl,-Cl-6 25 alkyb)1 SQ2¢heteroaryl-CléoalkyhaCriN,
-CF3, C1-C3 alko>i<£, NR1-aRIl b, C1-C3 alkoxy- (R1-aryl) , C1-C alktlyg- (Rl-hetergargl) ,654) -F, ClI, -Br
and -1, (5) SEREGHREGGophdratly SHEstit tSPwitt ofi& R oFtires i uents selected "from

15 the group consisting of -F, -Cl, -Br, -I, -OH, -SH, -S(Ci
alkyl), -S(aryl-C;.s alkyl), -S(heteroaryl-C;.¢ alkyl), -S=0(Ci¢
alkyl), -S=0O(aryl-C;.¢ alkyl), -S=0(hetercaryl-C;.¢ alkyl), -
S0,(Ci-6 alkyl), -S0z(aryl-Ci;.¢ alkyl), -80,(heterocaryl-Ci;.¢ alkyl),
-C=N, -CF;, C;-C; alkoxy, =-NRi_zRip, Ci1-Ci; alkoxy-(Ri-ary1), Ci1-Cs

20 alkoxy- (Ri-neteroaryl) /

10) -CO-(C1-C4 alkyl),
11) -802-NR;-aRi-p,

(

(

(12) -CO-NRj-zRi-b,

(13) -80a- (C1-C, alkyl),
(

25 14) =0, with the proviso that when n; is
ZerO Rji_peterocycle 18 not bonded to the carbon chain by nitrogen;
(V) -H;
(VI) Ry-1-Xy- where Xy 1is selected‘ from the group
consisting of:
30 (A) -CO-,

(B) -S02-
where Ry.; is selected from the group consisting of:
(A) Ry-ary1 where Ry.aryi 1is phenyl, 1l-naphthyl, 2-
naphthyl, tetralinyl, indanyl, dihydronaphthyl or 6,7,8,9-
35 tetrahydro-5H-benzo [a]lcycloheptenyl, optionally substituted with
one, two or three of the following substituents which can be the

gsame or different and are:
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30 below, (604248 3 where RN-2 and RN-3 are as defined (7) -OH, (8) @GNUg)z@ﬂ}ﬁ7

cycloalkyl, optionally substltuted with 35 one, two or three substituents selected fériYithe

consisting of -F, -Cl, - -OH, -SH, (/S}(Cléi gyl) WO _03/043987. PCT/ F%‘, %67%37 17 MAY
Al ry

2006 S (aryl-Cl-6 aIkyI) _S (heteroar ﬁl) (CIBRAR 2 s20 Tar R "8y
C1.03 Aoy, NRLARLD, G1-C3 ko Swa%dﬁjf%‘a“‘ﬁ) o (Rbheteroary)  10410) -CO alky)
alkoxy, a alko i-ary alkox -heteroar y
(11) -S02 R@é?%h?‘bl%Z)OEo%RFaRgﬂsﬁéi SOB- ‘(C1-CZ alky r((III)_:?(CHQS%E]?I (Rléhe’teroar vaﬁere
nli is az .delg[[@g,al?qv? k;gE( aﬁgrr]WhB{es Fgal”iLeiigtb)iryl |S$e]lm:§®fﬁsamytﬂle<g{wpa:bh§|?eimlng ofSWrﬁld:nyl,
pyrimidinyl, quinolinyl, benzothienyl, indoly pryida yrazinyl, isojpdolyl, isoqui noy
quinazolin?llqﬁéfﬂ'lbxallny? Phtaz nﬁlrﬁwldfz%%}fmbxazﬁyl%gﬁ%% @P%xgzolyltﬁlazoi dllzmyl, 20
indazglyl, Benzethiazalykpenzimidazalyl-henzniyraaykiujanyk $Im§mstbwwcbfkyaxad@zolaulﬂ}ﬂdiazolyl

triazolyl, tetrazolyl, oxazolopyridinyl, imidazopyridinyl, isothiazolyl, naphthyridinyl, cinnolinyl, carbazolyl,
beta- carbofiisH, .isocRfomariyl,-chromamaxas tetrAiRideBisoquirfoliniys, |5%}réﬁ>ﬁbfyl (Ri-ary1),  Ca-Cs

isobenzotgﬁ%}qu rﬁq}{gtggglceyq ;gtetrahyd rothienyl,

(2) -OH,
(3) -NOg3,
15 (4y -¥, -Cl, -Br, -TI,
(5) -CO-CH,
(6) -C=N,
(7) - (CHj) -4s~CO-NRy_2Ry.z where Ry-2 and Ry-3

are the same or different and are selected £rom the group
20 congisting of:
(a) -H,
(b) -C1-Cs alkyl optionally
substituted with one substitutent selected from the group

consisting of:

25 (i) -OH,
(ii) -NH,,
(c) -C1-Cs alkyl optionally

gubstituted with one to three groups independently selected from
-F, -Cl, -Br, and -TI,
30 (d) -C3-C; cycloalkyl,
(e) -(Cy-Cy alkyl)-(C3-Cy; cycloalkyl),
) -(C1-Ce alkyl)-0-(C1-C3 alkyl),
) -C3-C¢ alkenyl with one or two
double bonds,
35 (h) -Cy;-C¢ alkynyl with one or two

triple bonds,
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isobenzothieng,obmazestazolyl, pyridopyridinyl, benzotetrahydrofuranyl, benzoteﬁeﬂmﬂﬂm l, purinyl,
benzodioxolyl, triazinyl, phenoxazinyl, phenothiazinyl, 30 pteridinyl, benzothiazolyll?i ﬁgz%g@gidinyl,

imidazothiazolyl, dihydrobenzisoxazinyl, benzispxazinyl, benzoxazinyl, dih frob nzisothiazinyl,
benzc?pyranyl, benzothiopyranyl, coumarinyl, étj::ou_ éﬁﬁ?l, iﬁfé‘ﬁ%ﬁﬁrdtc‘% omca%%hg}l, %iﬁ?ﬁyl%—%xide,
tetrahydroguinbliny| s¥mdihgei@quinelinytigihydreguiaplinonyl, dihydroisoquinolinonyl, dihydrocoumarinyl,
dihydroisocoumarinyl, isoindolinonyl, benzodicry(lx nyl,_152 WO 03/043987 PCT/US02/37037 17 MAY
2006 5 benzoxazolinonyl, pyrrolyl N-oxide, pyn |diﬁ§|1l\F-’t¥kide, pyridazinyl N-oxide, pyrazinyl N-oxide,
quinolinyl N-oxide, indolyl N-oxide, indolinyl Niexiderisqguinglyh N-oxide, quinazolinyl N-oxide,
qguinoxalinyl N-oxide, phthalazinyl N- oxide, imgdaz lyl N-oxide, isoxazol H%l,-o ide, oxazolyl N 10 oxide,
thiazolyl N-oxide, indolizinyl N-oxide, indazolyl NE ﬂd@?%@ﬁf&h’l&élﬁi- cfef, benzimidazolyl N-oxide,
pyrrakyl N-oxide, oxadiazolyl N-oxide, thiagdiazotyliN- oxideo trigzelyl, N-exitesietrazeiyiN-exide, two
benzothiopyranyl S-oxide, benzothiopyranyl S,S-dioxide, 15 where the Ri-heteroaryl group is bonded to -
(CH2) by & frfgFRBnfoithe aRsR e heteroaryl group substituted by hydrogen such that the new

bond to the RI_heteroaryl group replaces othe hydregen atar and jtschonda whetehetegaayl is eptionally
substituted with one, two, three or four of: 20 él) CI-C6 alkyl optionally substituted with one, two or three
substituentSiRdeFeridEray sEletRtGr IR droup consisting of C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH,

-5(C1-6 alkyl), -S (aryl-C1_6 alkyl), -S;theteroaeyk:G1_6 alkylicseQ (&cboalkys1-5=0(aryl-C1-6 alkyl),
-S:Cl)gheteroaryI-CLB alkyl), 25 S02 (C(%L.S)alkyl), -S02(aryl-C1_6 alkyl), -SO2(heteroaryl-C1-6 alkyl),

- (CHz) 0-4-CO-Ri-ary1,
(13) -(CH3) 9-4~CO-Ri-netercaryls
(14) -(CH3) 9-4~CO-Ri-heterocycler
(15) -(CH,) 9-4-CO-Ry.s where Ry, is selected
from the group consisting of morpholinyl, thiomorpholinyl,
20 pilperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
pyrrolinyl and pyrrolidinyl where each group is optionally
gsubstituted with one, two, three, or four of C;-C¢ alkyl,
(16) -(CHy).4-CO-0-Ry.5 where Ry.s; is selected
25 from the group consisting of:
(a) C1-C¢ alkyl,
(b) = (CHz)o-2= (R1i-ary1) .
(c) C3-C¢ alkenyl containing one or two
double bonds,
30 (d) Cz-C¢ alkynyl containing one or two
triple bonds,
(e) C3.C; cycloalkyl,
(£) - (CH2)0-2- (Ri-heteroaryl) ,
(17) -(CHz) ¢9-2-502-NRy-2Rxn-3,
35 (18) - (CHj) ¢-4-SO-(C1-Cg alkyl),
(19) - (CH,) 9-4-S05. (C1-C12 alkyl),
(20) =~ (CH3) 9-4~802- (C3-C7 cycloalkyl),
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-NR1_aR1_tv@od/03583, C1-C3 alkoxy, C1-C3 alkoxy- (R1-aryl) , C1-C3 aIkoxyP%?i{h'mEB ), (2)
C2-C6 alkenyl with one or two double bonds, optionally substituted with one, twdl érifHr, tituents
30 independently selected from the gro onsijsting of -F, -Cl, -Br, -I, -OH, -SH, -S (C1_6.alkyl) , -S
(aryl-Cl-6 alkyl) , - S(heteroaryl-C1.6 al%?l)?-s':%%-%%ﬂ%ﬁ-§EOF§¥‘31”1-&1-.§6;TI<OyT [ N-5 wierd Ry
-S=0(heteroasyl-Gl=6 taieyl) s 52 (€4 8 afla)-en®2 (aryl-C1-6 alkyl), -SO2(heteroaryl-C1-6 alkyl),
-C=N, -CF3, C1-C3 alkoxy, - 35 NR1_gRI-b, C1- Ikoxy- (Ri-aryl) , C1-C3 alkoxy- (RI,_heteroaryl) , (3)
C2-C6 alkynyl with one or two triple bo?%%,? obtfé%%l ?%‘ﬁf&bt@dywﬁﬁ‘én ,163 -&F}{ﬁ%éTﬁJbsW?ﬁ]%%%s 153
WO 03/04898% P TLUSD 21387 hd MAY 086 Hiindepensiesily: selected from the group consisting of
-F, -Cl, -Br, -I, -OH, -SH, -S(C1-6 alkyl), -S(aryl-C1-6 alkyl), - S(heteroaryl-C1-6 alkyl), -S=0O(C1-6, alkyl),
-5=0(aryl-C1-6 alkyl), -S=O(heteroary?—%§-6 a2 seCER k{ﬁf,—%@z(%ﬁé?-e‘f%ﬂ&l){gﬁ 1s
-S02(hetetqadyfehralkyl) -QaM 1 16dB, kek-€3ra)koxy, - 10 NRI-aRI_b, C1-C3 alkoXy- (R1-aryl) , C1-C3
alkoXy- (R1-heteroaryl) , (4) -F, -Cl, -Br and -1, (5) -C1-C6 alkoxy optionally substituted with one, two, or
three -F, (6) -NRN-2RN-3 , 15 (7) -OH'18) -c=NHo) 5B 7 Hcfd |k§ﬁ-ékﬁ&‘?&li§%abstituted with one,
two or three substituents independently selecteg-tiom thenggosm,consisting of -F, -Cl, -Br, -1, -OH, -SH,
-S(C1-6 alkyl), 20 S (aryl-C1-6 alkyl), -S (heteroaryl-C1-6 alkyl), -S=0 (CI-6 alkyl), - S=O (aryl-C1-6
alkyl), -S=O (heteroaryl-CI-6 alkyl), -SOZP(CITS Cﬁ\)?/(%‘,‘lﬂs%‘?(‘a'ryl-CL6 alkyl), -502(heteroaryl-C1-6 alkyl),
-C=N, -CF3, CI-C3 alkoxy, -NRI-aRI-b{ £1yC3 atkeXy; (Rd-aryl) (E1-C3 alk@pr) ,

15 (28) - (CHj)-4-0-P(0O) - (ORy-1) 2 where Ry.1 is -H
or C;-C; alkyl,
(29) - (CHz) ¢-4-0-CO-N (Ry-s) 2,
(30) - (CHz) 9-4-0-CS-N(Ry-s) 2,
(31) -(CHz)0-4-0~ (Ry-5) 2,

20 (32) =~ (CHz) ¢-4-0~-( Ry-s5)2-COOH,
(33) -(CHz)0-4-S-( Ry-5)2,
(34) - (CH3) 9-4-0- {C1-C¢ alkyl optionally

substituted with one, two, three, four, or five of ~-F),
(35) C3-C; cycloalkyl,

25 (36) Cy-Cg alkenyl having one or two double
bonds and which is optionally substituted with C;-C; alkyl, -F,
-cl, -Br, -I, -OH, -SH, -S(Ci;¢ alkyl), -S(aryl-Ci.¢ alkyl), -
S (heterocaryl-Ci.¢ alkyl), -S=0(Ci.¢ alkyl), -S=0(aryl-Cis alkyl),
-8=0 (heterocaryl-Ci-¢ alkyl), -804, (C1.¢ alkyl), -80; (aryl-Cqig

30 alkyl), -SOz(heterocaryl-Ci.¢ alkyl), -C=N, -CF;, C;-C; alkoxy, -
NR;-aR1i-b, Ci-Cz; alkoxy- (Ricaryi) , Ci1-Cs; alkoxy- (Ri-neteroaryl)

(37) C3-C¢ alkynyl with one or two triple
bonds optionally substituted with C¢;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -SH, -S(Ci-¢ alkyl), -S(aryl-Ci.s alkyl), -S(heterocaryl-Ci_

35 alkyl), -S=0(Ci.¢ alkyl), -8S=0(aryl-C;.s alkyl), -S=0(heterocaryl-

Ci-g alkyl), -S0,(Ci.¢ alkyl), -50; (axyl-Ci.¢ alkyl), -
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(RI-heteroarw)as(U3YsTCO-(C1-C4 alkyl), (11) -S02-NR1-aR1-bi (12) -CO-NRI-BRI¥gdB)#302-(C1-C4
alkyl), with the proviso that when nl is zero, Rl-heteroaryl is not bonded to the catfoMAXa4989 30
nitrogen, (IV) - (CH2) n1- (Rl-heteroc%ﬁcle) where nl is as defined above and RI-heterocg/ﬁ:Ie is selected

from%the §OuphIFBEaAY BE Thorphd iﬂ}’ﬂh)omorﬂ%{iny|,1ﬁ%?norﬁ16|ﬁm S-HKRREY thiomBroRBRMA

5,S-dioxige, _@g)eéaiz]w_ompjagerg;inwl,_@ pcyiqggglgyl(ﬁy_rgg@%g rt};a_Ltya}hydropyranyl, piperidinyl,
tetrahydrofhranyl, tetrahydrothienﬁ, homogiperidinyl, omomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl 154 WO 03/0439§8 PCT/G8ebs37087 - 17 MARee06 8% Rutiexide@Toxazolidinonyl,

dihydropyrazolyl, dihydropyrrolyl dihy wr@z'@f‘kqih}/djo u@py&m}/‘ géqwgmidinyl, dihydrofuryl,
dihydropyranyl, tetrahydrothienyl S-ogide, tetr;hyérootﬁienglx S,S-dioxide, homothiomorpholinyl S-oxide,
10 where the Ri-heterocycle gréBp isBonged-by-emy MBRILST 1Brthetparent REAEEIGS cleltfolfPme

substituted hy. hghat the new band fo.theyRI-heterocycle groupseplages he.hydrpgsy atom
an?iés bo(g\%l, \%ﬁg{g %E?e%%ycllgé%eﬁeﬁﬁ%ﬂéﬂy substituted with" ohné%wo},gtr?%e or@four: (1) CI-C6 alk)%
optionallyssupstittted with e e oethiteRetbstituents idEpENJEHRESEIEMEE HoRVthE Y HEaF SR

oG RO Glepr SR RN S (RS o e
hydrogen atom and its bond, where heteroaryl is optionally
gubstituted with one, two, three, or four groups independently

15 selected from:

(1) C1-C¢ alkyl, optionally substituted with
one, two or three substituents selected from the group
consisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -8H, -S(Cq6
alkyl), -S(aryl-Ci¢ alkyl), -S(heterocaryl-C;. alkyl), -S=0(Cis

20 alkyl), -S=0(aryl-Ci.s alkyl), -S8=0(heteroaryl-Ci_¢ alkyl), -
S0,(Cy-¢ alkyl), -S0,(aryl-Ci.s alkyl), -80;(heterocaryl-Ci. alkyl),
-C=N, -CF;, C1-C; alkoxy, and -NR;.zRi.p, Ci-C; alkoxy- (Ri-ary1), Ci-
Cs alkoxy- (Ri-hetercaryl) s

(2) -OH,

25 (3) -NOg,

(4) -F, -Cl, -Br, -I,

(5) -CO-OH,

(6) -C=N,

(7) - (CHz) 0-4-CO-NRy-2Ry-3,
30 (C) Ry-aryi-W-Ry-aryi,

(D) RN—aryl'W'R-N—heteroaryl ’
(E) RN—aryl"W"RN—heterocycle , Where RN—heterocycle is the
same as Ri-neterocycle |
( F ) RN—heteroaryl -W-Ry- aryls
35 (G) RN—heteroaryl“W“RN—heteroaryl I
(H) RN—heteroaryl‘W'RN—heterocycle 7

( I ) RN—heterocycle“W"RN—aryl ’
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20 alkyl), -S@3/G134RY 1), -S02(aryl-C1-6 alkyl), -S02(heteroaryl- C1-6 alkyl), -NiRRiTaR0137632N, -CF3,
C1-C3 alkoxy, C1-C3 alkoxy- (Rl aryl) , CI-C3 alkoxy- (R1-heteroaryl) , (2) C2-G& dikenydQigh one or
two double bonds, optionally tltuted with one, or three 25 substituents mdependently selected
from2he group consisting of Fkj | Bigrefezeoyqles %g(@ieﬁa%r) -S(aryl-C1-6 alkyl), -

(heteroaryl-C1-6 alkyl), -S=0 (G&36 &fyl)csReRi@ -Gt .alky)y,5+-Cdheteroaryl-Cl-6 alkyl) -S02(ClI-6
alkyl), -S02(aryl-C1-6 alkyl), -S (heteroaryl -C1-6 alkyl), -C=N, -CF3, C1-C3 alkoxy, - 30 NR1_aRI-b,
CI-C3 alkoxy- (R1-aryl) , C1-C¥8fkb%y-(REfeteroaryl) , (3) C2-C6 alkynyl with one or two triple bonds,
optionally substituted with one, two or three sulastityignts jndependently selected from the group
consisting of -F, -Cl, -Br, -I, -OH-SH, - SCl -6 alkyl) , -S (aryl-C1-6 alkyl) , 35 S (heteroaryl-CI-6 alkyl) ,
-S=0 (CI-6 alkyl) , -S=0 (aryl-CI-6 alk )2 -5=87 (heteroaryl-Cl-6 alkyl), -S02 (CI-6 alkyl), -S02 (aryl-C1-6
155/ WO 03/043987 PCT/US02/37037 (37 MA¥ (2@()')@ 5-glkyl), -S02(heteroaryl-C1-6 alkyl), -C=N, -CF3,
C1-C3 alkoxy, NR1-aRl-b, C1-C3 alkoxy- (R1- ar 1-C3 alkoxy- (R1-heteroaryl) (4) -F, -Cl, -Br and -I,
(5) -C1-C6 alkoxy optionally subsﬂtute&‘f/?/wth o]}Il , ot thtee -F, 10 (6) -NRN_2RN_3, (7) -OH, (8)
-C=-N, (9) C3-C7 cycloalkyl, optionally(g;bstltut@d Wlth one, two or three substituents selected from 15
the group consisting of -F, -OH, -SH, -S(C1_6 al %ryl -C1 aIkyI) -S (heteroaryl-C1-6
alkyl), -S=0 (C1_6 alky$V. @omﬁp@l ey 4 éte‘?g%{zfec B4l &pp(EE % alkyl),
-S02(aryl-C1_6 alkyl), -S02(hetegparyl-Cl-6 alkyl),

15 C;-Cs alkyl optionally substituted with one or
two -OH,
C,-C. alkoxy optionally substituted with one,
two, or three of
-F,
20 - (CHy) ¢-4-C3-Cy7 cycloalkyl,
C,-Cs¢ alkenyl containing one or two double bonds,
C,-C¢ alkynyl containing one or two triple bonds,
phenyl,
and where Rc.x and Re.y, are taken together with the carbon to
25 which they are attached to form a carbocycle of three, four,
five, six and seven carbon atoms, optionally where one carbon

atom is replaced by a heterocatom selected from the group

consisting of -0-, -8-, -802-, -NRy.2- and Rc-ary1 is the game as
RN—aryll'
30 (VIII) - (CRg-xRc-y)0-4-Re-aryi-Re-ary1
(IX) - (CRe-xRe-y) 0-a-Re-ary1-Re-neteroaryls

(X) - (CRc-xRc-y) 0-4~Re-neteroaryl ~Re-ary1

(XI) - (CRe-xRe-y) 0-4~Reo-heteroaryl ~Ro-heteroaryl s

(XII) - (CRe-xRe-y) 0-a~Re-aryi-Re-neterocycle @NA  Re-heterocycie 18
35 the same as Ry-heterocycle,

(XIII) - (CRc-xRe-y) 0-4-Re-neteroaryl~Re-neterocycies

(XIV) - (CRc-xRe-y) 0-4=Re-heterocycleRe-aryls
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-C=N, -CF3Wa3sa4s1xy, -NR1_aR1 b, C1-C3 alkoxy- (Ri-aryi) , C1-C3 20 allrayued3neteroaryl) ,

(10) -CO- (C1-C4 alkyl) (11) -SO2-NR1_aR1 b, (12) -CO-NRi_aRI-b, (13) -SO2L{014M 2086), 25 (14)
=0, with the proviso that Whe)n nlis zero R1-heterocycle is not bonded to the carbon chain by nitrogen;
(V) -H (VI) RN_1-XN- whérd XN i$-Sstetied tom Hretgreensyeondistimgsse=36 (A) -CO-, (B) -S02 where

RN-1 is selected from the gvaup copsigtingof) (A) B apd where RN;apdl is.phenyl, 1-naphthyl, 2-
naphthyl, tetralinyl, indan }Igdthydrona hthyl or 6,7,8,9- 35 tetrahydro-SH-benzo[a]cycloheptenyl

optionally substituted witfo¥e! wo drthRse1dt the-rallbwind Stbstitdished avhidhedsn dRethe SWatheRsr2
different agd-are::ké WA @8/04398TaREFAISRR/ 37834 14 MAY D85 Ed ClLhralkyheptignalyy

substituted with one, two or three substituents selected from the group consisting of C1-C3 alkyl, -F, -Cl,
-Br, -1, -OFFBR{L s§@ 126 Hikyl), -S(aryl -C1-6 alkyl), -S(heteroaryl-C1_6 alkyl), -S=O(CI-6 alkyl),
-S=Q@aryl-C1-6 alkyl), -S=O(hetesgarysC1.6 alkyl), 10 S02 (C1_6 alkyl) , -502 (aryl-C1_6 alkyl) , -SO2

(heteroaryl-C1-6 alkyl) , -CAN, -CF3, CI-C3 aIkox;_/L, -NRI_aRI-t%, 'CI-C% :?Ikoxy- Ri-gryg) 3CCgC?; alggxy-
optiocnally substitute wil

(R1-heteroaryl) , 15 (2) -OH, (3fENO2; &) % -crLllyily,
one, two or three substituents selected from the group
consisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -S(Ci-¢
alkyl), -S(aryl-Ci.s alkyl), -S(heterocaryl-Ci;.s alkyl), -8=0(Ci.g

15 alkyl), -8=0(aryl-Ci.¢ alkyl), -8=0(heteroaryl-Ci.s alkyl), -
S02(Ci-6 alkyl), -S0;(aryl-C;.s alkyl), -8S0;(hetercaryl-C;s alkyl),
-C=N, -CF;, C1-Cs alkoxy, -O-phenyl, -NR;_sRi.p, Ci1-C3; alkoxy- (R;-
aryl) , C1-C3 alkoxy- (Ri-nheteroaryl)

(C) Cp-C¢ alkenyl with one or two double bonds,

20 optionally substituted with one, two or three substituents
selected from the group consisting of C;-C; alkyl, -F, -Cl, -Br,
-I, -OH, -SH, -S(Ci.¢ alkyl), -S(aryl-Ci.¢ alkyl), -S(heterocaryl-
Ci-6 alkyl), -8=0(Ci-¢ alkyl), -8=0(aryl-Cj.¢ alkyl), -
S=0 (heteroaryl-Ci.¢ alkyl), -80,(C1.6 alkyl), -S0; (aryl-Ci6

25 alkyl), -SOz(heterocaryl-C,.s alkyl), -C=N, -CF3, C;-C¢ alkoxy, -O-
phenyl, -NRi-aRi-p, C1-Cs alkoxy- (Ri-aryi), Ci-C:; alkoxy- (Ri-netercaryl)

(D) - (CHz) 0-4-C3-Cy cycloalkyl, optionally
gubstituted with one, two or three substituents selected from
the group consisting of C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH,

30 -8 (Cy.6 alkyl), -S(aryl-Ci¢ alkyl), -S(heterocaryl-C;¢ alkyl), -
S=0(Ci.s alkyl), -S=0(aryl-Ci- alkyl), -5=0 (heterocaryl-Ci.¢
alkyl), -S0,(Ci.¢ alkyl), -S0z(aryl-Ci.s alkyl), -SO;(heterocaryl-
Ci.6 alkyl), -C=N, -CF;, C;-C¢ alkoxy, -O-phenyl, -NRi_zRi.p, Ci1-Cs
alkoxy- (Ri-ary1) ; Ci-Cs; alkoxy- (Ri-netercaryl) s

35 (B) -(Ci-Cy alkyl)-Rei-arya where Rearyl 18  as
defined for Ri-aryi:

(F) -(C1- Cy alkyl ) 'RC—heteroaryl ’
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(5) -CO-OH W®) 0826x439877) - (CH2) 0-4-CO-NRN_2RN-3 where RN-2 and RN-3 @etthsessnesor different
and are selected from the group 20 consisting of: 25 30 35 (a) -H, (b) -C1-C6 alid/l dpfidndiGsubstituted
with one substitutent selected from the group cqnsisting of: (i) -OH, (ii) -NH2, (c) -C1-C6 alkyl optionally
subsBtuted with one to three gréﬁrgs Fn&% e ﬁ&%ﬁyjehe' EdPHGHRTSYE-eCl, -Br, and -I, (d) -C3-C7
cycloalkyl, (e) -(C1-C2 alkyl) - (@8yC7rysgloaliod),{f) -(C1-C6 alkyl) -O-(C1-C3 alkyl), (g) -C2-C6 alkenyl
with one or two double bonds, (g% -C2-C6 alkynyl with one or two triple bonds, 157 WO 03/043987
PCT/US02/37037 17 MAY 2006'3 101?1“31(?}‘3-{913!6}6%)/3 arbyl chain with one double bond and one
triple bond, (j) -R1-aryl, (J) -Rer-aryls

and where Re.3; is the same or different and is:
10 (p) -H,

(B) -C1-Cs alkyl optionally substituted with one,
two or three substituents selected from the group consisting of
C;-C3; alkyl, -F, -Cl, -Br, -I, -OH, -8SH, -S(Ci-¢ alkyl), -S(aryl-
Ci-6 alkyl), -S (heterocaryl-C;.¢ alkyl), -8=0(Cy.¢ alkyl), -

15 S=0(aryl-Ci_¢ alkyl), -S=0(hetexrocaryl-Ci_¢ alkyl), -S04 (C1.¢
alkyl), -S0;(aryl-Ci.¢ alkyl), -SO(hetercaryl-C;.s alkyl), -C=N,
-CF3, (C;-C¢ alkoxy, -O-phenyl, and -NR;.zR;.p, Ci1-Cz; alkoxy- (R;-
aryl) , C1-C3 alkoxy- (Ri-neteroaryl)

(C) -(CH)0-4-C3-C; cycloalkyl,

20 (D) - (C1-Cs alkyl) -Rcr-aryl,

(E) -(C1-Cs alkyl) -Re-netercaryl, OX

(F) -(C1-Cs alkyl) -Re-neterocyclej

(XVIII) - (CHz) o—Q~ (CHz) p—B, where o and p are
independently integers of 1-4, Q is O, S, 80O, 80, NR;, and B is

25 Ci.s alkyl, aryl, heterocaryl, or heterocycle;

(XIX) -0-Rg, -S-Rg, -NH-Ry, or N(Rg)a;
(XXVII) —0C (=0) -Ry
(XXVIII) -C(=0)0-Ry

(XXIX) ~N (Rg) C (=0) -Rg

30 (XXX) ~C(=0) N (Rg) -Rg
(XXXI) ~S0,N (Rg) C (=0) -Rg
(XXXII) —C(=0)N (Rg) SO2-Ry

(XXXIII) -S03-Rg;
wherein Rg is defined as H or C;-Cs alkyl optionally substituted
35 with one to three groups independently selected from -OH, -NH,
-F, -Cl, -Br, and -I;
wherein Ry is defined as (I)-(XVIII) above
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(k) - RI-hetenvarg/(&)98{CH2) 0-4-CO- (CI-C12 alkyl) (9) - (CH2) 0_4-CO- (C2-Che ik mith one, two
or three double bonds), (10) - (CH2) 0-4-CO- (C2-C12 alkynyl with one, two or tiFéeMApe288ads), (11) -

(CH2) 0-4-CO- (C3-C7 cycloalkyl) (12) - (CH2) 0-4-CO-RI_aryl, (13) (CH2) 0_4-CQ-RI-hetergaryl, (14) -
(CHé% 0-4268 - WIS Ty Be, '\‘fS)l—S(CFFZ)td?4-%O?|§ﬁYAELWhef@’ﬁrﬁ&lg’%ﬁyﬂg&’ f%f%ﬁ%% gUp

consistingRfarphotinyl dghiomearphalisyk a2 peerazing, uperidifdAemomniphsiieyle, and
homothiomorpholinyl, homothiomorpholinyl S-oxide, homothiomorpholgl:%l S,S-dioxide, pyrrolinyl and

pyrrolidiny? Whe¥e E4c18 gRRAD 1§ dBtiIRIY L HEihREF PRGNSRV e Bro8r 5PELES alkyl, (16) -
(CH2) 0.4:G@:Qdthh 5 whewe-RNabds selectad 25 ramdhe grewp consisking pf: dg-Carebeatkyl, (b) -
(CH2) 0-2- (RI-aryl) (c) C2-C6 alkenyl containing one or two double bonds, 30 35 (d) C2-C6 alkynyl
containing di7a- 8P ible bahdel ()Y 3-C PEF I Alky! SBEA@H I DL OPREN Reteafy 7S (17) - (CH2)

0-4-502-NRN12RN 1B {18l 204-SP(C 2 8alky)) €3R) dEHANR4-SQ21{ed 1612 alkyb £2Q)
-(CH2)0.4-S02-(C3-C7 cycloalkyl), 158 WO 03/043987 PCT/US02/37037
from CF3;, OCF;, hydroxyl, halo, Ciz-alkyl, C;.,-haloalkyl, cyano,

carboxyl, Ci.;-alkoxycarbonyl, Cj-;-hydroxyalkyl, thioalkyl,
aminosulfonyl, Cis-alkylaminosulfonyl, methyl C;.;-haloalkoxy,
amino, Ciz-alkylamino, phenylamino, nitro, Ci;.z-alkoxy-Ci.z-alkyl,

15 Cip-alkylsulfinyl, C;_;-alkoxy and Clﬁ—aikylthio.

2. A compound according to claim 1, wherein at least one

of Ry, R, or Ry is H.

20 3. A compound accorind to claim 1, wherein at least two

of R;, R, or R; is H.

4, A compound according to claim 1, wherein R; and Rs; are
independently:
25 (I) -(CHz)ni- (Ri-ary1) , where n; is zZero or one and where

Ri-aryi 1is phenyl, 1-naphthyl, 2-naphthyl, indanyl, indenyl,
dihydronaphthalyl, or tetralinyl optionally substituted with
one, two, three, or four of the following substituents on the
aryl ring:

30 (A) Cy3-C¢ alkyl optionally substituted with one,
two or three substituents selected from the group consisting of
¢;-¢; alkyl, -, -Cl, -Br, -I, =-OH, -SH, -C=N, -CFi3, C(C;-C3
alkoxy, and -NR1-aR1-p, C1-Ci alkoxy- (Ricary1), Ci1-Cs alkoxy- (Ri-
heteroaryl) s

35 (B) C2-C¢ alkenyl with one or two double bonds,
optionally substituted with one, two or three substituents
gelected from the group consisting of -F, -Cl, -Br, -I, -OH, -
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17 MAY 20046 (20¥3982H2) 0_4-N (H or RN-5) -CO-O-RN-S where RN- 5 can lpe1hessansmor different,
(22) - (CHz) 0-4-N (H or RN_S) -CO-N (RN-5) 2, where each RN_5is independdntliVidefiz@@®erein, (23)
- (CH2) 0-4-N-CS-N (RN-5) 2, where each RN-5 is 10 independently defined hergin 2—4?R' (CHz?
0-4-R(-HFF RNEFNBO-RND, (55) C{CHAF Y NRNEIRINS (28} /T )‘éﬂ-ﬁiﬁﬁ 7))
0-4-O-CQ-, (-CE Al 15(28) - (GHR),9.4-O-P (0) - (ORN-1) 2 where RN-1is -H or C1-C4 alkyl, (29) -
(CHz) 0-4-0-CO-N (RN-5) 2, (30) - (CH2) 0-4-O-CS-N (RN-5) 2, (31) - (CHz 0-4-O:éRN-5r%2 %o (32) -
(CHz) 0-4-0- ( RN-5) 2-000H (@3) Sechie) BHAERY RN FY (25 CRD)0478- (EEEB By RSHtdRally
substituteghwith 9ne 1o, thisgcfopnaedivewf o). SR C3-Ewsycloalkyt Rb(36) 626 atkeayitmaving
one or two double bonds and which is optionally substituted with C1-C3 alkyl, -F, -ClI, -Br, -I, -OH, -SH,
S (C1-6 8RYBCiR@nacomalkiif - S PERGAYEEE BRI =0 (1-6 Gfiyl) 820 (ahyl-Cle k),
-S=q, (hetgroaryl-Cl .6 alkyl), -S02 (€l _6.alkyl)..-SO2 (aryl-ch 6 30 alky}, -$0O2 rytG1-6 alkyl),
C[I%C,)’Cl_-(cC= élkox@y,pé N f_gﬁ_%?gﬁ%&lé aliééy- Elg%a'r?/%)l,—bél-gg igox%ﬁ(%Rl- e'gﬁ)arﬁ)g (37)
C2-C6 alkyrylwitl koscpr VR thiple-o-kends optionally substituted with C1-C3 alkyl, -F, -Cl, -Br, -I, -OH,
-SE, -S (C1_6 alkyl), -S (aryl-l-(%?lkyllg, -Sc(ﬁete_rg%ryl-g%_g §5 alkyl), -S=0O(C1_6 alkyl), -S=0O(aryl-CI-6
alkyl), -S=O(heteroaryl- ! ! ’ !

(E) -C1-Cg alkoxy optionally substituted with
one, two, or three -F,
15 (F) —-NRy-zRy-3, where Ry, and Ry.; are independently
selected from the group consisting of:
(1) -H,
(2) -C1-Ce¢ alkyl optionally substituted with
one substituent selected from the group consisting of:
20 (a) -0H, and
(b) -NHg,
(3) -C1-Cg alkyl optionally substituted with
one to three -F, -Cl, -Br, or -TI,
) -Cz-Cy; cycloalkyl,
25 (5) -(C1-C, alkyl) - (C3-C; cycloalkyl),
(6) -(C1-Ce alkyl)-0-(Cy-Cz alkyl),
) —Cy-C¢ alkenyl with one or two double
bonds,
(8) -Cy-Cs alkynyl with one or two triple
30 bonds,
(9) -C1-Cs alkyl chain with one double bond
and one triple bond,
(10) -Ri-aryi, where Riary1 is as defined
above, and

35 (11) -Ri-neteroaryl:
(G) -OH,

(H) -C=N,
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C1-6 alkyl), w02 $0439alkyl), -S02 (aryl-1-6 alkyl), 159 WO 03/043987 PCT/US@2faean7077 MAY 2006
5 502 (heteroaryl-Cl-6 alkyl) , -C=N, -CF3, CI-C3 alkoxy, -NRI-aRI-b, CI-C3 alk0>3)7- Mﬁya?)QSJ@CI-CS

alkoxy- (RI-heteroaryl) , (38) - ( ) 0-4-N (-H or.RN=H) -SO2-RN-2, or (39) - (CH2) 0-4- C3-C7.
cycl())%lkyl, (B) -RN-heteroaryl Wiu?e)rze gN-ﬁlétecrggrly %rr%i theogézrﬁcebnf(}gé%in?t(ﬁ%ﬁsieslﬁﬁﬁe%erovgl%y ,hwhere
the RN-heterearyl grooip isshondetlbyeany=atbeitdfthe parent Bé&ltketerasiryl firaup subisttutegdyup

hydrogen such that the new bond to the RN-heteroaryl group replaces the hydrogen atom and its bond,

where het8f3afyi S dptorafly Hibstithtbd withtone; two, e, orBur griotls independehti:-2Biserected
from: (1) &1-(8 aliyl Spfionally sybslituedovii one,, wo @ﬁﬂﬁ?eﬁ%%emf&%‘&%&%‘é from the group
consisting of C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH, § C1-6 alkyl), -S(aryl-C1-6 alkyl), -Sy(heteroaryl-Cl-G
alkyl), -S=0(C1-6 20 alkyl), -S=C¥ary€3-6 @ikl -8 Reteroaryl-C1.6 alkyl), - S02(C1-6 alkyl),
-503(@ryl-C1-6 alkyl), -S02(heterparyl-6d-onkyllr -C=N, -CF3, C1-C3 alkoxy, and -NRI-aRI-b, C1-C3
alkoxy- (Ri-aryl) , Cl- C3 alkoxy- (Rl-heteroaryl) - (2)-OH, 25 (3) -NO2, (4) -F, -Cl, -Br, -I, (5) -CO-OH, (6)
-C=N, 30 35 (7) - (CH2) 0-4-COMNRN-8RNVB1-(B) RN-&%I-W-RN-aryl, (D) RN-aryl-W-RN-heteroaryl, (E)

RN-aryl-W-RN-heterocycle, whegg RNfgterecyde isthe 1) | or
(IT) - (CHz)ni- (Ri-neteroaryl) » Where n; is zero or one and
where Rj-hetercaryl 18 selected from the group consisting of:

15 pyridinyl, pyrimidinyl, quinolinyl, benzothienyl, indolyl,
indolinyl, pryidazinyl, pyrazinyl, isoindolyl, isoquinolyl,
quinazolinyl, quinoxalinyl, phthalazinyl, imidazolyl,
isoxazolyl, pyrazolyl, oxazolyl, thiazolyl, indolizinyl,
indazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl,

20 furanyl, thienyl, pyrrolyl, oxadiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, oxazolopyridinyl, imidazopyridinyl,

where the Ri.netercaryi group is bonded to - (CHz)ni-
by any ring atom of the parent Ri_netercaryi group substituted by
hydrogen such that the new bond to the Ri-netercaryi group replaces

25 the hydrogen atom and its bond, where heterocaryl is optiocnally
substituted with one, two, three, or four of:

(1) C1-Cs alkyl optionally substituted with one,
two or three substituents selected from the group consisting of
¢;-C; alkyl, -, -Cl, -Br, -I, -OH, -8H, -C=N, -CF;, Ci-C;

30 alkoxy, and -NR3j.qRi.p, Ci-C3; alkoxy, Ci-C; alkoxy-(Ri-ary1), Ci-Cj
alkoxy- (Ri-neterocaryl) s

(2) C2-Cs alkenyl with one or two double bonds,
optionally substituted with one, two or three substituents
selected from the group consisting of -F, -Cl, -Br, -I, -OH, -

35 SH, -C=N, -CFi;, C;-C3; alkoxy, and -NR;_;Ri.p, where R;.; and R;j.p are
-H or Ci-Cs alkyl, Ci-C; alkoxy, Ci-C3 alkoxy- (Ricaryi), Ci1-Cs

alkOXY' (Rl—heteroaryl) I
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same as RI-matersoysde7(F) RN-heteroaryl-W-RN-aryl, (G) RN-heteroaryl-W-RN-hetBIisanys7
RN-heteroaryl-W-RN-heterocycle, (1) RN-heterocycle-W-RN-aryl, 160 WO 03/0433_9MAFYC3@ §02/37037

17 MAY 2006 5 (J) RN- hetero Ie W R y| R terqcy h
B SO et DA {0 nag e, e

glRC(:)Ai(Rﬁpﬁlk aﬂaﬁﬂc}grlyl whbb eazatutaaw Rwyl‘érre dheC1- dzwaxkquaqotiowanr@@bﬁwﬁﬁawheaﬁe%r
axo. substituted with t f20
alkenyl c%%%ﬁ afll¥ ?fagfglgé’é iece W%g&% &,ef 20.4F, -(EH2) 0:A-C3-G7 cyelealkyl, C2-C6

neor tw nyl containing one or two’ trlple bonds, phenyl,
and whegg; RC)@&JNZI Rcayrare taken,togetheswithdhel catir (. 25 whichtkeyRare attath8q-to foren a

carbocycle of three, four,
-H or Cl Cs alkyl, C;-C; alkoxy, Ci-Cs alkoxy- (Ri-apy1) »  Ci-Ca
10 alkoxy- (Ri-netercaryl) s

(4 -¥, Cl, -Br, or -I,

(5) -C;-Cs alkoxy optionally substituted with
one, two, or three -F,

(6) —NRy-2Rn-3,

15 (7) -CH,

(8) -C=N,

(9) C3-C; cycloalkyl, optionally substituted with
one, two or three substituents selected £from the group
consisting of -F, -Cl, -Br, -I, -OH, -SH, -C=N, -CFi, C1-C;

20 alkoxy, and -NRi.aRi-n, where Ri.a and R,.p, are -H or C;-Ce¢ alkyl,
C,-Cy alkoxy, Ci-C; alkoxy- (Ri-ary1) » C1-Cs alkoxy- (Ri-hetercaryl) s

(10) —-CO-(C.-Cs alkyl),

(11) —S02-NRz-aRi-bs

(12) —-CO-NR;-zRi.n, OF

25 (13) =-S0,- (C1-C4 alkyl), with the proviso that
when n; is zZero Ri-neteroaryr 18 not bonded to the carbon chain by

nitrogen.

5. A compound according to claim 1, wherein R and R; are
30 independently:
phenyl, l-naphthyl, 2-naphthyl, tetralinyl,
indanyl, dihydronaphthyl or 6,7,8,9-tetrahydro-5H-
benzo [a] cycloheptenyl, each of which is optionally substituted
with one, two or three of the following substituents which can
35 Dbe the same or different and are:
(1) C;-C¢ alkyl, optionally substituted with

one, two or three substituents selected from the group
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five, six and wevesi@asbon atoms, optionally where one carbon atom is replace AlsEtsmarom
selected from the group consisting of -0-, -S-, -SO2-, -NRN-2- and Rc-aryl is the aMé\és?Q@ﬁ-aryl; 3035
the same (VIII) T(CRC-XR(ggOA-RC-aryI-RC-aryI , (IX) - (CRC-xRc-y) 0-4-Rc-aryl-Rc-heteroaryl, (X) -
(CREXREHA-HclRGtePanFREand Y 1 (CREXREGH 0-4RG-hetEroarfiRC-héteroaryiCeR 1) -
(CRc-xR 0-4-Rc-a+yl-R cycl d agRN-heterocygle,AXIII XRe-y .
0-4-Rc-hce?gﬁo'ary?lic?fhé:ate%ch%%?'(XI\%@%CR(ﬁ%&@%{ﬁ%-R%—hcé%erg?%/cle-%c-lzfﬁﬂlf%iﬁél-kétergclycclé is
161 WO G8l43987 BCTFHISE2/37037 17 MAY 2006 5 (XV) - (CRC-xRc-y) 0-4-Rc-heterocycle -
Rc-heteroaryl, (XVI) - (CRC-xRC-y) 0142- C_-B%t,erocycle-RC-heterocycle, (XVI) - [C (Rc-1) (Rc-2) |
1-3-CO-N- (Rc-3) 2 where Rc-1 and Rc-2 are the same or different and are selected from the group
consisting of: 10 (A) -H, (B) -C1-C6 alkyd,) opth®ally substituted with one, two or three substituents
selgcied from the group consisting of Pé'cgza'kyLdJT’ -Clg3Br, ,-OH, -SH, -S(C1-6 alkyl), -S (aryl-C1-6
alkyl), -S (heteroaryl-C1-6 alkyl), -S=0 (C1-6 15 alkyl), -S:O(aryECI-G alkyl), -S=0(heteroaryl-C1-6 alkyl),
- S02(C1-6 alkyl), -S02(aryl-C1-6 alkyl} >-b02@Fet&Baryl-C1-6 alkyl), -C=N, -CF3, C1-C6 alkoxy,
-O-phenyl, -NR1-aRlI-b, CI-C3 alkoxy- %%Jy— —%XQI’ CI-C3 alkoxy- (RI-heteroaryl) ,

(7) -(CHz) 0.4~ CO-NRy-2Ry-3,
(8) -(CH,)0-4-CO-(C1-C1» alkyl),
15 (9) -(CH3z)-4-CO-(C3-C13; alkenyl with one, two
or three double bonds),
(10) -(CHj)0-4-CO-(C3-Cy12 alkynyl with one,

two or three triple bonds),

(11) - (CHj)0-4-CO-(C3-C7 cycloalkyl),
20 (12) - (CHz)o0-4-CO-Ri-ary1,

(13) - (CH2) 0-4-CO-Ri-heteroaryl,

(14) - (CHz) 0-4-CO-Ri-neterocycles

(15) -(CHj)0-4-CO-Ry-4 where Ry.. is selected
from the group consisting of morpholinyl, thiomorpholinyl,

25 piperazinyl, piperidinyl, homomorpholinyl, homothiomoxrpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
pyrrolinyl and pyrrolidinyl where each group is optionally
substituted with one, two, three, or four of: C;-Cs alkyl,

(16) -{(CH3)0-4-CO-0-Ry.5 where Ry.s 18 selected

30 from the group consisting of:

(a) C1-Cs alkyl,

(b) - (CHz) 0-2- (Ra-ary1) ,

(c) C3-Cs alkenyl containing one or two
double bonds,

35 (d) C;-Ce alkynyl containing one or two
triple bonds,

(e) C3-Cy; cycloalkyl, and
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(C) C2-C6 aWenyd/wisbsane or two double bonds, 20 optionally substituted with @@L/ so2087t3Ee
substituents selected from the group consisting of C1-C3 alkyl, -F, -Cl, -Br, -I, -GH, Mg, 20061_6 alkyl) ,
-S (aryl-C1-6 alkyl) , -S (heteroaryl- CI-6 aIkyI?, -S=0 (C1-6 alky% -S=0 (aryl-Cl-6 alkyl), -
S:O&eteroaryl-C1-6 alkyl), -S02(C1-6 alkyl), -%bZ(aFél-%i%ZZS( H(?B?Q@E}Z(I)leteroaryl-CLG alkyl), -C=N,
-CF3, C1-C6 alkoxy, -0- phenyl, -NR,-aRiyb, Gle@3 yaJkoxyo Ry MR G 1-C3 alkoxy- (R1-heteroaryl) ,
(D) - (CH2) 0-4-C3-C7 cycloalkyl, optionally substituted with one, two or. three substituents selected from
the group consisting of C1-C3 alkyl, -F‘,l-%ﬁ, -Br(,qlﬁf%)OH,'-%‘?—r, (§®‘-§8(C?11-§3é%r), -S (aryl-C1-6 alkyl), -S
(heteroaryl-Cl-6 alkyl), S=O(CI-6 alkyl)z <5=Q(pr:¢1-5-alkyl) (cS=E(hesarrany}-C1-6 alkyl), -S02(C1_6
alkyl), -S02(aryl-C1-6 alkyl), -S02(heteroaryl- C1-6 alkyl) , -C=N, -CF3, C1-C6 alkoxy, -0-phenyl,
-NR1-aRI-b, C1-C3 alkoxy- (Ra-aryl) {&f-C3 aikdbey-o(RT-FleerbGry1f 35ES L eeHdy i}k'yl) -Rc,-aryl where

Rc-ggyl is as defined for Rl-aryl, (F) - (€h¢4 allkyl),Re;heferpasyl, kg2 WQE343987 REELSG2({37037
17 MAY 2006 5 10 (G) - (C1-C4 alkyl) -Rc-heterocycle, (H) - Rc-heteroaryl, (I) -Rc-heterocycle, and (J)

-Rc-aryl, arftfh&e Rd18 iSBRSte Gidifiere®Rbnd is: (A) -H, (B) -C1-C6 alkyl optionally substituted
with one, two or three substituents selegted fropadiye grawp eorsisting of ) Cadedatkyl. 3k, -GlndFe 1, -OH,

-SH, -S(C1-6 alkyl), -S(aryl- C1-6 alkyl) , -S (heteroaryl-C1-6 alkyl) , -S=0 (C1.6 alkyl) ,
Ry-s can be the same or different,
(23) - (CHz)0-4-N-CS-N(Ry-5)2, where Ry.s can be
15 the same or different, '
(24) -(CH3) 9-4a-N(-H or Ry.5) -CO-Ry-2 where Ry-s
and Ry.. can be the same or different,
(25) - (CH;) g-a-NRy-2Ry-3 where Ry., and Ry.z; can
be the same or different,
20 (26) - (CHz) 0-4-Ry-4,
(27) -(CHj) ¢-4-0-CO- (C1-C¢ alkyl),
(28) -(CHjz)0-4-0-P (O) - (ORy-ary1-1) 2 where Ry-aryi-1
is -H or C;-C4 alkyl,

25 30) -(CHz)-4-0O-CS-N(Ry-5) 2,

(29) -(CHz)0-4-0-CO-N(Ry-s) 2,
(
(31) -(CHz)0-4-0O- (Ry-5) 2,
(32) - (CHz)0-4-0-( Ry-s5)2-COOCH,
(33) - (CHz)0-4-S-( Ry-s5)2,
(34) - (CHz)0-4-0-(C1-Cs alkyl optionally
30 substituted with one, two, three, four, or five -F),
(35) Ca-C; cycloalkyl,
(36) (C3-Cs alkenyl with one or two double
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -SH, -C=N, -CF3, C1-C; alkoxy, or -NRi-zRi.p, C1-C; alkoxy- (Ri-
35  ary1), Ci-Cs alkoxy- (Ri-neteroaryl) ,
(37) Cy-C¢ alkynyl with one or two triple
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
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15 S=0(aryl-®D-63aik34%7-S=0O(heteroaryl-C1-6 alkyl), -S02(C1-6 alkyl), -S02(aryrCri/1656d
-S02(heteroaryl-C1-6 alkyl), -CN, -CF3, C1-C6 alkoxy, -O-phenyl, and -NRI-aR11, A€

aryl) , CI-C3 alkOXy- (RI-heteroaryl) , (C) -(CH2)0-4-C3-C7 cycloalkyl, 20 25 30 (D) - (C1-C4 (
A Gt -

(F) 5(C1-CHalkyFERc =5 alkyl sfoargt- 5Py PR A Reratydie: (Gavi

(gaéoxy- (R1-

Q-

i

-(C1-C4
H2)p-B,

where o ang)p a@l_i@%legq y itegers of 1-4, Qis 0, S, SO, S02, NR1, and B is C1-6 alkyl, aryl,

eroaryl )’

heteroaryl, or heterocycle; (XIX) -O-R9, -S-R9, -NH-R9, or N
_C(=0)0-R9 (XXIX) -N (Ra) C (=0O) -8 )XY H {20y W (R

éRg)Z; (XXVII) -OC(=0)-R9 (XXVIII)
) B ReeXn=Soih-tREPE{E0FRD

(XXXII) -GZOM(RAFO2ERI (XX XUDS03:RY peeseiorRa isfgefined as H or C1-C6 alkyl optionally
substituted 35 with one to three groups independently selected from -OH, -NH2, -F, -Cl, -Br, and -I;
wherein R9 is defined as (I)-(XVIIl) abGv 163 WR)03104 358 £PEHEE02/39657 17 MAY 2006 5 and

whegein R2 is is C1 to C6 alkyl , cyclohexyl, cyclopentyl,

6. A compound according to claim 1, wherein R and R; are

independently Ry.1C(0)-; and

Ry-1 18 Ry-heteroaryl Where Ry.heteroaryl 18 selected from the group

consisting of:

15 pyridinyl, pyrimidinyl, quinolinyl, benzothienyl,
indolyl, indolinyl, pryidazinyl, pyrazinyl, isoindolyl,
isoquinolyl, quinazolinyl, quinoxalinyl, phthalazinyl,
imidazolyl, isoxazolyl, pyrazolyl, oxazolyl, thiazolyl,
indolizinyl, indazolyl, benzothiazolyl, benzimidazolyl,

20 benzofuranyl, furanyl, thienyl, pyrrolyl, oxadiazolyl,
thiadiazolyl, triazolyl, tetrazolyl, oxazolopyridinyl,
imidazopyridinyl, isothiazolyl, naphthyridinyl,

cinnolinyl, carbazolyl, beta-carbolinyl, isochromanyl, chromanyl,

tetrahydroisoquinolinyl,
25 isoindolinyl, isobenzotetrahydrofuranyl,

isobenzotetrahydrothienyl, isobenzothienyl, benzoxazolyl,

pyridopyridinyl, benzotetrahydrofuranyl, benzotetrahydrothienyl,

purinyl,

benzodioxolyl, triazinyl, phenoxazinyl, phenothiazinyl,

30 pteridinyl, benzothiazolyl, imidazopyridinyl, imidazothiazolyl,

dihydrobenzisoxazinyl, benzisoxazinyl, benzoxazinyl,
dihydrobenzisothiazinyl, benzopyranyl, benzothiopyranyl,

coumarinyl,

where the Ry.netercaryr group is bonded by any

35 atom of the parent Ry-heteroaryr Jroup substituted by hydrogen such

that the new bond to the Ry-netercaryi group replaces the hydrogen
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pyridinyl, phenyloigasegnle, pyrazole, furan, thiophene, and other five and six mpatsesee/smsarocycles
containing carbon, nitrogen, oxygen and sulfur, said C1 to C6 alkyl, cyclohexyl, E/ANERP0Byridinyl,

phe 5yI furan, thlophene m e tlonallﬁ%ubstltuted with one, twoo ree cals selec ed from
CF350CRE W ok %’P?al FEIRIGHRATKAndS BRoKS SEAbBh

Cl_2- hydn@i(ya_lk@slnm;oajm,, aﬂn&wjfoayl @éta_»augylamlnosulfonyl methyl Cl 2-haloalkoxy, amino,
C1-2-alkylamino, phenylamino, nitro, C1-2-alkoxy-Cl.2-alkyl, 15 C1-2- aIkXIsquln C1 2-alkoxy and

C1-3-alkylthio. 2. A compound accordiry todais 12H&lein SREASTEHEL Bf YRS brRESE HYBE3. A

compound@sgoringds clagn 1, whetein atdeasitweveifts R2:eNR2iseld. 256335 4cAcomgedigh
according to claim 1, wherein R1 and R3 are independently: (1) - (CH2) nl- (Ri-aryl) , where nl is zero or

one and Wiearel Re gyl i©phéhylCi-rraphithiyt, 2=Faphttiy, ind@#Wt, indenyl; @hydréFaphthafi#Nor tetralinyl
optiqpallyc%%bstltlgeddmth agrk%}gyo thégﬁi or fﬁlﬁ’ offghe?follo&nn% subétf]ggg O(kthe a5yl nn@ (,%) C1-C6
u

alkyl optionalfy substituted with one, two or three Sibstituents selécted from the groud’conﬂstlng of
C1-C3 alléylk@CyCI(PBrhehe:@ﬂyl)SH -C=N, -CF3, C1-C3 alkoxy, and -NR1_aR1-b, C1-C3 alkoxy-
(Ri-aryl) , C1-C3 alkoxy- (R1_ heteron’(l%) i_(g%ICZ-CG alkenyl with one or two double bonds, optionally
substituted with one, two or three substituents Selected from the group consisting of -F, -Cl, -Br, -1, -OH,
164 WO 03/043987 (3) -NOg,

(4) -F, -Cl, -Br, or -I
15 (5) -CO-OH,
(6) -C=N,
(7) - (CHz) 0-4-CO-NRy-2Ry-3,
(8) -(CHy)-4-CO- (C1-C12 alkyl),
(9) -(CHz)0-4-CO-(C3-C12 alkenyl with one, two
20 or three double bonds), '
(10) -(CHy)0-4-CO-{Cy3-Ci2 alkynyl with one,
two or three triple bonds),
(11) - (CHj3)9-4-CO-(C3-C; cycloalkyl),
(12) - (CHz) 0-4-CO-Ri-ary1,
25 (13) - (CHz) 0-a~CO-Ri-neteroaryl s
(14) - (CHz) 0-2-CO-Ri-neterocycler
(15) - (CHz) 0-4-CO-Ry-4,
(16) -(CH3) 9-4-CO-0-Ry-s,
(17) - (CHz)0-4-S0,-NRy-2Ry-3,
30 (18) - (CHz)0.4-SO- (C1-Cs alkyl),
(19) - (CHz)0-4-502-(C1-C12 alkyl),
(20) - {(CHz) 0-2-S05- (C3~C; cycloalkyl),
(21) - (CH;) 9-4-N(H or Ry.s )-CO-0-Ry.s where Ry.
5 can be the same or different,
35 (22) -(CHz) 0-4a-N(H or Ry.s ) -CO-N(Ry.5)2, where

Ry-s can be the same or different,
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PCT/US02/3¥0303/@43987AY 2006 5 SH, -C=N, -CF3, CI-C3 alkoxy, and -NRI-aRi#¢OBSR/atkexy- (Rl-aryl)
, CI-C3 alkoxy- (Ri-heteroaryl) , (C) C2-C6 alkynyl with one or two triple bonds, & tMﬁa\ﬂ)ZQQQStituted

with one, two or three substituents selected from the group consisting of -F, -Cl, -Br, -I, -OH, 10 SH,
_C=N, -CF3, C1-C3 alkoxy, and -NRl-:L%F—E, CEE%Qlefx‘;}YZ ﬁérwR,Né 23 WHoOkS- (Rrh&dRand) | 15 20
(@) -OH, antk (Rat-2,£33G F-£H-alkyl optionally substituted with one to three -F,-Cl, -Br, or -1, (4)-C3-C7
cycloalkyl, 25(5)-(C1-C2 alkyl) - (C3-C7_cycloalkyl),.(6)-(C1-C6 alkyl) -O-(Ca-C3 alkyl), (7)-C2-C6 alkenyl
with one or two double bonds, 30 bongd%‘,l hnd g)#éy‘)zt}iblé"%%'cﬁ Féﬁd%@‘(BﬁF,@?}ﬁ 6¥=+ (E)
-C1-C6 alkayy rptionady sbbstibted yuithe one, tOf oetiees ;F, (F) -NRN-2RN-3, where RN-2 and RN-3
are independently selected from the group consisting of; (1) -H, (2) -C1-C6 alkyl optipnally substituted
with one substituent selected from th %Fgup'3&*&?%@'3%"6833@2-8%ezfﬁ%n]§FWitﬁ88 eBFavG Hiple (9)

-C1-66 alkkyl ahain witheonedoableteonshnt
(26) -(CHz)o0-4-Ry-4,
(27) -(CH) -4-0-CO- (C1-C¢ alkyl),
(28) - (CHz)0-4-0-P(0O) - (ORy-ary1-1) 2 Where Ry-aryi-1
is -H or C;-C4 alkyl,
15 (29) -(CHz)0-4-0-CO-N(Ry-5) 2,
(30) -{(CH3)0-4-0-CS-N(Ry-5) 2,
(31) - (CHz)0-4-0- (Rx-5) 2,
(32) - (CH)0-4-O- ( Ry-5)2-COOH,
(33) -(CHz)0-4-S-( Ry-s5)2,
20 (34) -(CH3)0-4-0-(C1-Cs alkyl optionally
gubstituted with one, two, three, four, or five -F),
(35) C3-Cy; cycloalkyl,
(36) Cy-Cg alkenyl with one or two double
bonds optionally substituted with ¢;-C; alkyl, -F, -Cl, -Br, -I,
25 -0OH, -8H, -C=N, -CF;, C1-C; alkoxy, or -NRj_-sRi-p, C1-C; alkoxy- (Ri-
aryl) » C1-C3 alkoxy- (Ri-neteroaryl) s '
(37) C2-Cs alkynyl with one or two triple
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -SH, -C=N, -CF3;, C;-C3; alkoxy, or -NR;-zR;-p, C;1-C; alkoxy- (R;-
30 aryl) ; C1-Cs alkoxy- (Rl—heteroaryl) ’
(38) -(CHy)0-4-N(-H or Ry.s)-SO;-Ry.2 where Ry-s
and Ryx.» can be the same or different, or

(39) - (CHz) 0-4— C3-C7 CYC:LC)alky:L .

35 7. A compound according to claim 1, wherein R; and R3 are
independently Ry.1C(0O) -; and Ry.. is phenyl, 1l-naphthyl, or 2-

naphthyl, each of which is optionally substituted with one, two
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(10) -R1-aryWwohereidd) (G) -OH, (H) -C=-N, - R1-heteroaryl, Rl-aryl is as defined1t6502¥52063/043987
PCT/US02/37037 17 MAY 2006 5 (1) C3-C7 cycloalkyl, optionally substituted with7dVié ¥Xwee three

substituents selected fram group consisting of -F, -Cl, -SH, - —N F3, -NRI-aRI_b,
CI-C3 alkBky, 1HES afkbx LE(?(I O(‘Z’IltlilgI aﬁgb}?@t(]ffath%%a% ]51 66“( ?ky‘f’)a“fo @

-S02-NREaREberB)--GR-MNRIxaR1-b, or (N) -SO2- alkyl), or (II) - (CH2) nl- (RI- heteroaryl) where nlis
zero or one and where Rl-heteroaryl i elected from the gr con3|s of: 1 ridinyl yr|m| inyl,
quinolinyl, benzothienyl, indolyl, indoliiyl, pryidas I@&W&ZI@EH%&H |s%]dg%gljyifu & a%'hﬁ

quinoxali@ﬂephthaiazﬁnyldmidazaiylaelsowabrtWm@bé 0X§&|¥b3&&0|ﬁ,ﬁﬂdollzmé m@&z@%
benzothiazolyl, benzimidazolyl, benzofuranyl, 20 furanyl, thienyl, pyrrolyl, oxadiazolyl, thiadiazolyl,
triazolyl, eeagelsk drazotdpyfdiryd, itdazbpyridinyl - Where 8 RI-hbteroQt grodp is borelto = (CH2)
nl liyoanyéﬁg atoen o(f:the gﬂ&e(gg&l hetergaryl g&quRsubstltu@ed @y hg@q@&gﬂ} sgﬁh_grlat the ngw. bond to
the RI_heteroaryl group replaces” 25 the hydrogen atom and its bond, where heteroari/’iL IS optlonall3y
substitutetlitxgne Rweetbreeyor four of: (1) C1-C6 alkyl optionally substituted with one, two or three
substituents selected from the group c‘(%ss_tl@g ,of

(3) -NO,

(4) -, -Cl, -Br, or -I,
15 (5) -CO-OH,

(6) -C=N,

(7) -{CHz) 0-4-CO-NRy-2Rx-3,

(8) - (CHz)0-4-CO-(C1-Cy2 alkyl),

(9) - (CH3)0-4-CO- (C3-C12 alkenyl with one, two
20 or three double bonds),

(10) -(CHj)-4-CO- (C3-Ci2 alkynyl with one,

two or three triple bonds),

(1 - (CHy) 9-4-CO- (C3-Cy cycloalkyl),

(12 - (CHZ) 0—4'CO'R1—aryll
(14 = (CHZ) 0—-4‘CO‘R1~heterocycler

1)
)
25 (13) -(CH3) 0-4-CO-Ri-heteroaryl s
)
5)

(1

from the group congisting of morpholinyl, thiomorpholinyl,

- (CH3) 9-4-CO-Ry_4 where Ry.4, is selected

piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
30 homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
pyrrolinyl and pyrrolidinyl where each group is optionally
gubstituted with one, two, three, or four of: (C;-Cs alkyl,
(16) - (CH;) g-4-CO-0-Ry.5 where Ry.s is selected
from the group consisting of:
35 (a) C1-C¢ alkyl,
(b) - (CHz) o-2- (Ri-ary1) ,
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C1-C3 alkyl,wi6) 682043887 -1, -OH, -SH, -C=N, -CF3, C1-C3 30 alkoxy, and -NR|_aRi-<typSi/@8zlkoxy,
C1-C3 alkoxy- (R1-aryl) , C1-C3 alkoxy- (Rl-heteroaryl) , (2) C2-C6 alkenyl with eVt ¥ndPB6uble bonds,
optionally substituted with one, two or three substituents selected from the group consisting of -F, -Cl,
-Br, ¥, -OH, 35 SH, -CAN, -CF3, C1-C3 alko}§) artd -NR 12dBEERIh SR ELAIR PB%ar8 - H-8PCI-C6
alkyl, Cl-Galkoyy . Kdrfexalkoxy- (Rl-aryl) , CI-C3 alkoxy- (Rl-heteroaryl) , 166 WO 03/043987
PCT/US02/37037 17 MAY 2006 5 (3) C2-C6 alkynyl with one or two triple bonds, optionally substituted
with one, two or three substituents 10 15 one,(‘P\R/o,(}t;r‘ {rre8LEYTRidctE oA iR o8P RoRSstiritfof -F,
-Cl, -Br, -l @51 =Shoresl, -CF3, C1-C3 alkoxy, and -NRi-aRi-b, where Ri-a and Ri-b are -H or CI-C6
alkyl, CI-C3 alkoxy, CI-C3 alkoxy- (Ri-aryl) , Ci-C3 alkoxy- (Ri-heteroaryl) , (4) -F, ClI, -Br, or -I, (5) -C1-C6
alkoxy optionally substituted with (6) -NRN-2RRIL3 C75 R €821V {9) 8847 cycloalkyl optionally
subsgtuted with one, two or three substituents sglectesdsfrom, thexgroun rggr%bs;ing of -F, -Cl, -Br, -I, -OH,
-SH, -C=N, -CF3, CI-C3 20 alkoxy, and -NRi-aR1-b, where Ri-a and R1-b are -H or C1-C6 alkyl, 25
C1-C3 alkoxy, C1-C3 alkoxy- (Ri-aryl) {1C2-C3 @%iy-‘(R‘?’_CP?e‘t@PGaFW% :

(18) =-{CHz)0-4-S0-(C1-Cgs alkyl),
(19) -{CHz)0-4-S05-(C1-Cy2 alkyl),
(20) -{CH3z) 0-4-80;- (C3-C7 cycloalkyl),
15 (21) -{CHy) g-«-N(H or Ry.s )-CO-O-Ry.s where Ry
5 can be the same or different,
(22) -(CH;)9-4-N(H or Ry.s )-CO-N(Ry.5s)2, where
Ry-s can be the same or different,
(23) -(CH;)0-4-N-CS-N(Ry-5) 2, where Ry.s can be
20 the same or different,
(24) -(CH3)0-4a-N(-H or Ry.s5)-CO-Ry.2 where Ry.g
and Ry-2 can be the same or different,
(25) -{(CHz) 9-2-NRy-oRy.3 where Ry.» and Ry.3 can
be the same or different,
25 (26) - (CHz) 0-4-Ry-4,
(27) - (CHz)0-4-0-CO-(C1-C¢ alkyl),
(28) - (CHz)0-4-0-P(0O) - (ORN~a.ryl—1)2 where Ry-aryi-1

is -H or C;-C; alkyl,

(29) =-(CH;)0-4-0-CO-N(Ry.5) 2,
30 (30) -(CHz)0-4-0-CS-N(Ry-5) 2,
(31) - (CHz)0-4-O- (Ry-s) 2,
(32) -(CHj3)g-4-0O-( Ry.5)2-COOH,
(33) -(CHz)o0-4-S-( Ru.s5)az,
(34) -(CH;)0-4-0-(C1-C¢ alkyl optionally

35 substituted with one, two, three, four, or five -F),

(35) C3-Cy cycloalkyl,
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(10) -CO- (O%CsakagyT11) -S02-NR1-aRi-b, (12) -CO-NRi-aRi-b, or (13) -SO2¥CAGAzikyy, with the
proviso that when n1 is zero R1-heteroaryl is not bonded to the carbon chain byktP§eh280A compound

according to claim 1, wherein R1 and R3 are 30 independently: phenyl, 1-naphthyl, 2-naphthyl, tetralinyl,
indary/l, dihydronaphthyl or 6,7,8,9-tettatytro SR herzbEGEYHohEpieRy|, Waeh SFwhidids SfRIoR%
substituted owdls 0B tHveres three of - following subgmue,qtsoyhg:_h]gap,%_@e, thesgme-grdifferent and
are: (1) C1-C6 alkyl, optionally substituted with one, two or three substituents selected from the group
167 WO 03343983 CT/C=02/3708B7, 1Z:MRBY 20688 onsistingGhGRCSalk; &, ThkSty 1, (RH,
-SH, -C=N, - €F3 LC1-C3 ang,-NR1-aRI-by, C1-C3 alkoxy- (Ri-aryl) , CI-C3 alkoxy- (R1-heteroaryl)
L (2) -OH,afﬁﬁg-NoCz% 1%(4%%8%81, Br- oF: ,r°(’§71-%:b-0H, (6) -C=N, (7) - (CH2) 0-4-CO-NRN-2RN-3, (8) -
(CH2) 0-4-CO- (C1-C12 alkyl) , 15 (9) {EH2)EA-COC k- p1rlalkenyiwitbnae, two bwihreedopbie

) OO SO AT R R BRI Y1) 02 ) 0410
-OH, -SH, -C=N, -CFs3, C;-C3 alkoxy, or -NRi_aRi-p, C1-C:3 alkoxy- (Ri.
aryl) » C1-C3 alkoxy- (Ri-neteroaryl)

(38) -(CH;3)0-4-N(-H or Ry.5)-S05-Ry.» where Ry.s
and Ry., can be the same or different, or

15 (39) - (CH2)0_4" C3—C7 cycloalkyl.

8. A compound according to claim 1, wherein R; and R; are
independently Ry.1C(0)-; and
Ry-1 1s phenyl optionally substituted with one, two or three of

20 the following substituents which can be the same or different

and are:

(1) Ci1-C¢ alkyl, optionally substituted with
one, two or three substituents selected from the group
consisting of C;-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH, -C=N, -

25 CF;, C1-C3 alkoxy, and -NR3-zRi.p, Ci1~-C; alkoxy-(Ricaryi), Ci1-Cai
alkoxy- (Ri-neteroaryl) r

(2) -OH,

(3) -NOgz,

(4) -F, -Cl, -Br, or -I,
30 (5) -CO-OH, '

(6) -C=N,

(7) - (CHz) 0-4~CO-NRy.2Ry-3,

(8) -(CHz)0-4-CO-(C1-Cq12 alkyl),

(9) - (CHj) 9-4-CO- (C3-C12 alkenyl with one, two
35 or three double bonds),
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(13) - (CH2)Wwd a3+ 7heteroaryl, (14) - (CH2) 0_4-C.'O-R1-heterocycle, (15) (;THEpﬂ:mm) RN-4
where RN-4 is selected from the group consisting of morpholinyl, thiomorpholinyl, 28!fipet82fhy1,

piperidinyl, homomorpholinyl, homotQ?HP1 rpt‘@ﬁ% ho%th{ hogﬁyg}%@ildg,,lmi'ngm@morphohnyI

S, SSdIOXIde pyrrolinyl and pyrrolidinyl where eac group IS op |ona?Iy substituted with one, two, three, or
four of: €€ Goatkyhtdey- (CHZ) V48 @=RN-5 where RN-5 is selected 30from the group consisting of:

(a) C1-C6 alkyl, 5ouble bonds,(b) - ( 1-aryl) C@ al { e@ntRining one or two (d)C2-C6
alkynyl containing one or two triple b%i@ (e)ééaé cyclcégllgll% and 168 WO 03/ 42)8337PCT/U802/37037

17 MAY 2006 5(f) - (CH2) 0-2- (RI- he¢é2)hry1)(€1Hg) -o(CH) OR4-SO2-NRN-2RN-3, (18) - (CH2) 0-4-SO-
(C1-C8 alkyl) (19) - (CH2) 0-4-502- (€. %&g g}ol&gH@Lo -4-502-(C3-C7 cycloalkyl) 10(21)- (CH2)
0-4-N (H or RN-s) -CO-0-RN-5 wher 5c¢ He same or dnerent, (22) - (CH2) 0-4-N (H or RN-5 )

-CyN (RN-5) 2, where RN-5 can be thé Samé@izdlﬁfare@\@-(as)he(@i-&zgc@e4 N-CS-N (RN-5) 2, where RN-5

can be ;
(15) - (CHy) 9-2-CO-Ry.4 where Ry.4 is selected

from the group consisting of morpholinyl, thiomorpholinyl,
piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
15 pyrrolinyl and pyrrolidinyl where each group is optionally
substituted with one, two, three, or four of: Ci-Cs alkyl,
(16) - (CH,) 9-4-CO-O-Ry-s where Ry.s is selected
from the group consisting of:
(a) C1-Cs alkyl,
20 (b) - (CHz) 0-2~ (Ra-ary1) .
(c) Cy;-C¢ alkenyl containing one or two
double bonds, |
(d) Cy-Ce¢ alkynyl containing one or two
triple bonds,
25 (e) C3.C; cycloalkyl, and
(£) - (CHz) g-2- (Ri-heteroaryl)
(17) - (CHz) 0-4-S02-NRy-2Ry-3,
(18) - (CH,)g.4-S0- (Cy1-Cg alkyl),
(19) - (CHjy)0-4-S02-(C1-C12 alkyl),
30 (20) - (CH,) g-4-S05~ (C3-C; cycloalkyl),
(21) - (CHz) 0-4«-N(H or Ry.s ) -CO-O-Ry.s where Ry.
s can be the same or different,
(22) - {(CHj) g-4a-N(H or Ry.s ) -CO-N(Ry.5)2, where
Ry.s can be the same or different,
35 (23) - (CH,) 9-4-N-CS-N(Ry-5) 2, where Ry.s can be

the same or different,
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15the same wiooiff@usng7(24)- (CH2) 0-4-N (-H or RN-5) -CO-RN-2 where RN-5 a@rRINo2/smabe the
same or different, (25)- (CH2) 0-4-NRN-2RN-3 where RN-2 and RN-3 can be theldalh® b 20ferent,
20(26)- (CH2) 0.4-RN-4, (27)-(CH2)0-4-0-CO-(C1-C6 alkyl), (28)- (CH2) 0.4-0-P (0) - (ORN-aryl-1) 2
where RN_aryl-l is -H or C1-C4 aIkyI,((Z?94}) ((fl-f%)H@-)éP-G“ -T\]E(Fﬂ%lr-sy‘lﬁ,siS_@B)'- T2 (?Z-f-%-gg“-f\l (RN-5)
2, (31)- (@HA) B:450clN-By 2 £(32)(&iht2) Srd-@1 £ RN-Eh2-000H, (33)- (CH2) 0-4-S- ( RN-5) 2,
(34)-(CH2)0-4-0-(C1-C6 alkyl optionally 30 substituted with one, two, three, four, or five -F), (35) C3-C7
cycloalkyl, (36) C2-C6 alkenyl with onge%érgiwb Ié‘%&?%%’opﬁﬁén‘ﬁwgﬁb&ﬁtﬁea tﬁRﬁ’fo(za é%kyl, -F,
-Cl, -Br, he-QHe-Shme=dk-QEF fek-&3cglkoxy, or -NRI_aRlI-b, C1-C3 alkoxy- (R1_ 35 aryl) , C1-C3
alkoxy- (R1-heteroaryl) , (37) C2-C6 alkynyl with one or two triple bonds optionally substituted with
C1-C3 alkyl, -F, -Cl, -Br, -I, 169 WO 0384398+ Bepreg92/37037 17 MAY 2006 5 -OH, -SE, -C=N,
-Ck3, C1-C3 alkoxy, or -NRI-aR|_b, Cl=€8 alkaxy; (Ri.- @b -CeC3alkexy(R)-heteroaryl) , (38) - (CH2)
0-4-N (-H or RN-5) -SO2-RN_2 where RN-5 and RN-2 can be the same or different, or (39) -(CH2)0-4-
C3-C7 cycloalkyl. 10 6. A compound 4&&rdind tEclam £ EH& e RRamrR 3 Are Wh&gﬁe A -1

RN-1C(0)¢ and RN-i is, RN;hgtekgaryl Where RN-heteroaryl is selected from the group
(29) - (CHz) 0-4-0-CO-N(Ry-5) 2,
(30) -(CHz) 0-4-0-CS-N(Ry-5) 2,

15 (31) -(CHz)0-4-O- (Ry-5) 2,
(32) - (CHz)0-4-0- ( Ry-s5)2-COOH,
(33) = (CHz)0-4-S-( Ru-s) 2,
(34) - (CHjy) ¢g-4-0-(C1-C¢ alkyl optionally ‘

gubstituted with one, two, three, four, or five -F),
20 (35) C3-C; cycloalkyl,
(36) Cy-C¢ alkenyl with one or two double
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-OH, -8H, -C=N, -CF;, C;-C; alkoxy, or -NRj_zRi.p, Ci1-C3; alkoxy- (R;-
aryl) » C1-Cs alkoxy- (Ri-nhetercaryl)
25 (37) C3-Cs alkynyl with one or two triple
bonds optionally substituted with C;-C; alkyl, -F, -Cl, -Br, -I,
-QH, -SH, -C=N, -CF3, C;-Cs; alkoxy, or -NR;_sR;.p, C1-C; alkoxy- (Rj-
ary1) » Ci1-C3 alkoxy- (Ri-neteroaryl) s
(38) -(CH;)9-2-N(-H or Ry.s5) -S0;-Ry.; where Ry.s
30 and Ry., can be the same or different, or

(39) - (CH2)0_4" C3"C7 cycloalkyl.

9. A compound according to claim 1, wherein R; and R; are
independently Ry.1C(0) -; and

35 Ry.1 is phenyl of which is optionally substituted with one, two

or three of the following substituents which can be the same or

different and are:
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consisting ofwiboppdsinyl, pyrimidinyl, quinolinyl, benzothienyl, indolyl, indolinle]’yma wezlFryrazinyl,
isoindolyl, isoquinolyl, quinazolinyl, quinoxalinyl, phthalazinyl, imidazolyl, isoxaz&f/MpayY , oxazolyl,

thiazolyl, indolizinyl, indazolyl, benzog zolyl, henzimidazolyl, 20.benzofuranyl, furanyl, thienyl.. pyrrolyl,
oxadalazolyl, thiadiazolyl, triazolyl, tetraz Iy,’ox%‘zoﬁ)%]fl}%ihyl?ﬁ)?cml a%%py%ir%{hggtﬁ%%%ﬁlﬁ wilh

naphthyrigity|, cirra@inylgarbazalyk detasaasbalingl;dsachronsariyd cheainanytotetrabydroisgouinglinyl,
25 isoindolinyl, isobenzotetrahydrofuranyl, isobenzotetrahydrothienyl, isobenzothienyl, benzoxazolyl,
pyridopyfhi Hiserizetetby drottranit Behzotefanydrdthienft purityl, b&RzodioRByl, triszmyt, -
phenoxazipyl, phenotiiazinyl 3@ pleriding, bergefhiazqlyl, imidaappyddipgkimidazathiazolylc, -,
dihydrobenzisoxazinyl, benzisoxazinyl, benzoxazinyl, dihydrobenzisothiazinyl, benzopyranyl,
benzothiGohEEEH, - éBulmarémydi,eruere the RN-heteroaryl group is bonded by any 35 atom of the parent
RN;Reteroaryl group substituted by hydrogemguch that the new bond to the RN-heteroaryl group replaces
the hydrogen 170 WO 03/043987 PCT/US02/37037 17 MAY 2006 5 atom and its bond, where heteroaryl
is optionally substituted with one, twof3hreeNee four of: (1) C1-C6 alkyl, optionally substituted with one,
two or three substituents selected fro 41:5]6 group. @ﬂwis@}q oB@l-_Clsl alkyl, -F, -Cl, -Br, -I, -OH, -SH,
-C=N, 10 CF3, C1-C3 alkoxy, and -NRI-aRI-" CI|-C3 alkoxy- (Ri-aryl) , C1-C3 alkoxy- (RI-heteroaryl) (2)
-OH, (5) -CO-OH,

(6) -C=N,
15 (7) - (CHz) ¢-4-CO-NRy-2Ry-3,
(8) -(CH3) 0-2-CO-(C1-Cyp alkyl),
(9) -(CHj)g-4-CO-(C3-Cy1; alkenyl with one, two
or three double bonds),
(10) -(CHj3)-4-CO-(C3-Cy3 alkynyl with one,

20 two or three triple bonds),

(11) - (CHjz)¢-4-CO-(C3-Cy cycloalkyl),
(12) - (CHz)0-4-CO-Ri-ary1,

(13) =-(CHz) ¢-4-CO-Ri_neterocaryl:

(14) - (CHz)0-2-CO-Ri-neterocycle,

25 (15) - (CH3)-4a-CO-Ry.4 where Ry., 18 selected
from the group consisting of morpholinyl, thiomorpholinyl,
piperazinyl, piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
pyrrolinyl and pyrrolidinyl where each group is optionally

30 gsubstituted with one, two, three, or four of: (C;-Cs alkyl,

(16) - (CHy)g-2-CO-0-Ry.5 where Ry.; is selected
from the group conegisting of:
(a) C1-Cs alkyl,
(b) - (CHz) ¢-2- (Ri-aryl) .
35 (c) C;-Cs alkenyl containing one or two

double bonds,
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(3) -NO2, (4W6,03Bl4380, or -| 15 (5) -CO-OH, (6) -C=N, (7) - (CH2) 0-4-CO-NRNMQRIN®/§8)37(CH2)
0-4-CO- (C1-C12 alkyl) (9) -(CH2)0-4-CO-(C2-C12 alkenyl with one, two 20 or tﬁﬂeé/'&o\(@@fl@onds) (10)

- (CH2) 0-4-CO- (C2-C12 alkynyl with one, t bonds) (CH 0-4- CO 7
cycldalkyl) , (12) - (CH2) 0-4-CO-R1-aryl, 25%3) = )‘33}3 ﬂ?f?%]%lt%?oary 12516(8 s

0-4-CO-Rihetarecyelad £l,5)arf@H?2) 0-4-CO- RN 4, (16) (CH2) 0-4-CO-O-RN-s, (17) - (CH2)
0-4-SO2-NRN-2RN-3 30 (18) - (CH2) 0-4- S C)é)‘ﬂéqu)k H2) 0-4-S0O2- (C1-C12 alkyl) (20) -
(CH2) 0-4-S0O2- (C3-C7 cycloalkyl) (21) - (C -O-RN-S where RN- 5 can be the
same or different, 35 (22) - (CH2) 0.4N(H or RN[—E))O-QGNNfRNaB)% wher€RIO-Rgan wodhresRpme or
different, 171 WO 03/043987 PCT/US%Z/? 037 17 MAY 2006 5 (23) - (CH2) 0-4 -N- CS -N (RN-5) 2,
where RR-58%h BE thBSafifl6r fiferdh ’%EZF) 2) 0-4-N (-H or RN-5) -CO-RN-2 where RN-5 and
RN:3 can be the same or different, (2%) 8 {CH2)B:A-NRNF2RN=T Where RNCD anNd RN B.carwheé be the

same or different,
Ry.s can be the same or different,
(19) - (CH,)0-4-N-CS-N(Ry-5)2, where Ry.s can be
the same or different,
(20) -(CH,) 9-4a-N(-H or Ry.s)-CO-Ry.» where Rys
15 and Ry.. can be the same or different,
(21) - (CH;) ¢-2-NRy-2Ry-3 where Ry, and Ry.3 can
be the same or different,
(22) - (CHz) 0-2-Ry-4,
(23) = (CHj) 9-4-0-CO- (C1-Cg¢ alkyl),
20 (24) - (CH3)0-4-0-CO-N(Ry-5) 2,
(25) - (CHz) 0-4-0-CS-N(Ry-s) 2,
(26) -(CHz)0-4~0O- (Ry-5) 2,
(27) = (CHz)0-4-0O- ( Ry-5) 2-COOH,
(28) =-{CHjy) 0-4-0- (C1-Cs alkyl optionally
25 gsubstituted with one, two, three, four, or five -F),
(29) -{(CH,) ¢-2-N(-H or Ry.5)-SO3-Ry.2 where Ry-s
and Ry.» can be the same or different, or

(30) -(CHj3)p-4- C3-C; cycloalkyl.

30 10. A compound according to claim 1, wherein R; and Rz are
independently Ry.1C(O)-; and
R, represents - (CHz)ni-phenyl where n; is zero or one and where
phenyl is optionally substituted with one, two, or three of the
following substituents which are the same or different:

35 (A) C1-Cs alkyl optionally substituted with one,
two or three substituents selected from the group consisting of
C,-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -C=N, -CF3, Ci-Cs
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(26) - (CH2) W@ BM3Ys(27) -(CH2)0-4-O-CO-(C1-C6 alkyl) (28) - (CH2) 0-4-0-P T—l%g%?mmgl-l) 2
where RN-aryl-1 is -H or C1-C4 alkyl, 15 (29) - (CH2) 0-4-O-CO-N (RN-5) 2, (3

04OCSN(RN5)2 1) - (C 2. (3 0-4-0-y( RNeB) 2-CQQRox£33) (RCH2)
0-4%5- ( BRSSP 20 -(CH: 4%3(('?1 C ]all(%ﬁl ﬁ%ﬁ?&%&ﬁf&%@d W'\lltchSor%é tc\%vc(i)ﬁth}rggg f-g&r or five

-F), (35)hggégzr§:yploalkyl (36) C2-C6 alkenyl with one or two double bonds optionally substituted with
C1-C3 alkyl, -F, -Cl, - H,+S Gcfgé ¥§ %l%z‘ag&%y  QF -NRjARir0. Gl=C3 alkeey- (R1-
a

aryl) , CI-C3 alkoxy- (RI heteroar ), €3 ynyl'with one or two triple bonds optionally
substituteg witbral- E}B alleylpd; 1€ ERA -1, wlOtth, -SbheC= NKW©F3 O@l Chakexy, BRsRHERGBEE1-C3

alkoxy- (R1- 30 aryl) , C1-C3 IkO - (RI- heteroa%%S %_){ ( H 0 RN-5) SOZ@Q\I -2 where
RN-5 artPRREFES & BB daife #é)rent or 3J0-4- 3 C cyclo I?)kyi 357, A compound

acggrdingio clajand, whetejn R4, and R3 atscndepaadenty RIN3,C (@)~ @ndsRNekis-ptRnyk,Linaphthyl,
or 2- naphthyl each of WhICh IS optlonalli substituted with one, two 172 WO 03/043987 PCT/US02/37037
17 MAY 200635 ot tped oflfke fellowing Substituents which can be the same or different and are: (1)

CI-C6 alkyl, optionally substituted wigh —Qj}eé‘ﬂﬁﬁﬁﬁre%%@ﬁtiw@tscﬁﬂe%ﬁﬁd fremtheegrasnds,
optionally substituted with one, £two or three substituents
selected from the group consisting of -F, -Cl, -Br, -I, -CH, -

15 SH, -C=N, -CF;, C;-C; alkoxy, and -NRi-aRi-p, Ci-Cj alkoxy- (Ri-ary1) »
C1-C3 alkoxy- (Ri-heteroaryl) s )
(D) -F¥, Cl, -Bxr, or -I,
(E) -C;1-C¢ alkoxy optionally substituted with
one, two, or three -F,
20 (F) -NRy-2Ry.3, where Ry.p and Ry.; are independently
selected from the group consisting of:
(1) -H,
(2) -C;-C¢ alkyl optionally substituted with
one substituent selected from the group consisting of:
25 (a) -OH, and
(b) -NH;,
(3) -C;-Cs alkyl optionally substituted with
one to three -¥, -Cl1, -Br, or -I,
(4) -C3-C; cycloalkyl,
30 (5) - (Cy-Cy alkyl) - (C3-C; cycloalkyl),
(6) -(C1-Cgs alkyl)-0-(C:i-C; alkyl),
(7) —-Cy-C¢ alkenyl with one or two double
bonds,
(8) —Cy-C¢ alkynyl with one or two triple
35 bonds,
(9) -C1-C¢ alkyl chain with one double bond

and one triple bond,
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consisting o1 eG/84adigyl, -F, -Cl, -Br, -1, -OH, -SH, -C=N, 10 CF3, C1-C3 alkoxy@ndsitR&R|-b, C1-C3
alkoxy- (R1_aryi) , C1-C3 alkoxy- (RI-heteroaryl) , (2) -OH, (3) -NO2, (4) -F, -CI,1-BMAX-R00S (5)
-CO-OH, (6) -C=N, (7) - (CH2) 0-4-CO-NRN_2RN-3, (8) - (CH2) 0.4-CO- (CI-C12 alkyl) (9)
_(CH®)0_4-CO-(C2-C12 alkenyl with orle® two F2erarithree 88%ble bonds), (10) - (CH2) 0-4-CO- (C2-C12
alkynyl with one, two or three triple bands), (&) 5 {GHZ) Q-4-GO- (C3-C7 cycloalkyl), (12) - (CH2)
0-4-CO-R1-aryl, 25 (13) - (CH2)d®.4-G82-RI_heteroaryl, (14) - (CH2) 0-4 - CO- RI -heterocycle (15) -
(CH2) 0-4-CO-RN_4 where RN-4 is selected from the group consisting of morpholinyl, thiomorpholinyl,
piperazinyl, piperidinyl, homom@#hal# homothiomorpholinyl, 30 homothiomorpholinyl S-oxide,

homothiomorpholinyl S,S-dioxigg, p&rg&gylt%;@l@gfgggmyl "éﬂ%%rfcﬁ?&*ﬂﬁo%ﬁé)ﬁ@ﬂ@@d sypstituted
with one, two, three, or four of: Ci-CG alkyl, (16) - (CHZ) 0/4-CO-O-RN_5 where RN-5 is selected from

thelfroupaumsistirigrof: 35%a) Glhcealkys WeHOHEO-2 (RIs9l ted3 WITrOB/048887 group
PCT/USO&/)?’JsO%tJJ'Zu_':}A ALE OO—GFE? doygﬂe,bor—'%?:’,tripl—eléonq%li, -SH, -C=N, -CFi, C;-Cs
alkoxy, and -NRi.zRi.p, Ci1-C; alkoxy-(Ri-aryi), Ci1-Cs; alkoxy- (Ri-
hetercaryl)
(J) —-CO-(C1-C4 alkyl),
15 (K) —S02-NRi-aRi-p,
() —-CO-NR;..Ri.p, oOFr

(M) —SOQ— (Cl—C4 alkyl) .

11. A copmpounds according to claim 1, wherein R; and Ra
20 are independently phenyl (C;-C¢)alkyl groups where the phenyl is
optionally substituted with one or two groups independently
selected from
(A) C1-Cg alkyl optionally substituted with one,
two or three substituents selected from the group consisting of
25 C;-C; alkyl, -F, -Cl, -Br, -I, -OH, -SH, -C=N, -CFi, C;-Cs
alkoxy, and -NRi1-aRi.p, Ci1-C3; alkoxy-(Ri-ary1), Ci-C3 alkoxy- (Ri-
heteroaryl) s
(B) -F, Cl, -Br, or -I,
(C) -C1-Cs alkoxy optionally substituted with
30 one, two, or three -F,
(D) -NRy-2Ry-3, where Ry.» and Ry.3 are independently
selected from the group consisting of:
(1) -H,
(2) -C1-C¢ alkyl optionally substituted with
35 one substituent selected from the group consisting of:
(a) -OH, and
(b) -NH;,

181



(c) C2-C6 alwemyBoastaming one or two (d) C2-C6 alkynyl containing one or twapa)1S82370aycloalkyl,
and 10 () - (CH2) 0-2- (RI-heteroaryl) , 15 (17) - (CH2) 0-4-SO2-NRN-2RN-3, (18)/-(¢N¥)8UESO-(C1-C6
alky% (19) - (CH2) 0-4-S0O2- (C1-C12 alkyl) , (20) - (CH2) 0-4-SO2- (C3-C7 cycloalkyl) (21) - (CH2)
0-4-N (H or RN-5 ) -CO-O-RN-5 wheréd RN- S eafhtheyshnP b Ghereny, (3PPIELYG-ANE-GPRN-s

)-CO-N(RdLs) % avhere-RN-w¢an-be the-same g-different, (23) - (CH2) 0-4-N-CS-N(RN-5) 2, where
RN-s can be 20 the same or different, (24) -E:CHZ) 0-4-N(-H or RN-5) -CO-RN_2 where RN-s and RN-2
can be the same or different, (25) - (CHD) 0= NRN-SRRIPHHERZLRN-2 and RN-3 can 25 30 be the same

or different, (26) - (CH2) 0-4-RN-4, (27)5(CH20-4cQ-GOr{EINCH(alkyh), (28)c1E&12-$14-O-P (0) -
(ORN-aryl-1) 2 where RN-aryl-1 is -H or C1-C4 alkyl, (29) - (CH2) 0-4-0-CO-N (RN-s) 2, (30) - (CH2)
0-4-0-CS-N (RN-5) 2, (31) - (CH2) 0-4%) (RNCBY £s() K& H2P0-Ho- FRREFPICO0H, (33) - (CH2)
0-41%r (RN-5) 2, (34) -(CH2)0-4-0-(CX-$6 aI@yL@%tigquyf)S&y@}s.gtuﬁcgwit@ﬁgedt(gx(gb_m_reg,oflgar, or five
-F). (35) GRLenclealkyi &74ong,

(E) _OHI

(F) -C=N,
(G) C3-C; cycloalkyl, optionally substituted with
15 one, two or three gsubstituents selected from the group
consisting of -¥, -Cl, -Br, -I, -OH, -SH, -C=N, -CF3, C;-Cs
alkoxy, and -NRi.aRi.p, Ci-C3 alkoxy-(Ri-ary1), Ci-C; alkoxy-(Ri-
heteroaryl) s
(H) —-CO-(C1-C4 alkyl),
20 (I) —-8S03-NR;.zR;.p, where R;.5 and R;.p are as
defined above, or
(J) —-CO-NRi-zRi.p, where R;.; and Ri.p are as defined

above.

25 12. A compound according to claim 1, wherein R; and R; are
independently benzyl, 4-hydroxybenzyl, 2-fluoro-4-propylbenzyl,
3-amino-4-bromobenzyl ; 3-chloro-5-methylphenethyl, 3,5-
difluorcbenzyl, 2-methylphenylpropyl, 4-trifluocromethylbenzyl,
4-trifluoromethylphenethyl, 2,3-dichlorobenzyl, and 2-chloro-4-

30 cyanobenzyl.

13. A compound of the formula:
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WO 03/043980 P£0HA9802/37037 17 MAY 2006 5 (36) C2-C6 alkenyl with one ewusasobs7bonds
optionally substituted with C1-C3 alkyl, -F, -Cl, - -OH, -SH, -CN, -CF3, C1-&3 MRro%y.0816
-NR1-aRl-b, C1-C3 alkoxy- (R1-apyl) , C1-C3 alkoxy (RI- heteroaryl) 1 (37). CZ C6 aIkynyI with one or two
triple 10 bonds optionally substi i H A

alkoxy, or -NR1-aRl-b, C1-C3
RN-5) -SO2-RN-2 where RN-5
cycloalkyl 8. A compound ac

the same or different and ar rj S|
selegfed from the group conssﬁng of C1-C3salkyl, -F, -Cl,i+Br,.-I, -OH, é;]—| C N, 25 CF3, C7-C3
alkoxy, and -NR1-aRlI-b, C7-C3 alkoxy- (R1-aryl) , C1-C3 alkoxy (R1-heteroaryl) r (2) -OH, (3) -NOZ2, (4)
-F, -Cl, -Br, or -1, 30 (5) -CO-OH, (6) -C=N, (7) - (CH2) 0-4-CO-NRN- 2RN-ﬁ3 8) - (CH2)04 CO- (C1-C12
alkyl) , (9) - / ) 0-4- C/- 2-C12 al \|Wlth onetwo 35 or three bonds) 175 WQ 03/043987
(o]
: /% R

P AN
Z

(3 o ( o

salegihes

N
H

-
=z z—2
&

10 wherein R;, R, and Ry are as defined in claim 1.

14. A compound of the formula:

IS

H, F, Cl, or OH

o)
R11/
Ry o
Y )
|
H

I—-=Z

15
wherein R;; is - (CHz)npi- (Ri-ary1) , Or - (CHz)pn1-O- (Ri-ary1), wherein nl

and Ri.apry1 are as defined in claim 1.
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PCT/US02/3¥0315/W398TAY 2006 5 (10) -(CH2)0-4-CO-(C2-C12 alkynyl with onepd¢wmaso2zares7triple
bonds), (11) -(CH2)0-4-CO-(C3-C7 cycloalkyl), (12) - (CH2) 0-4-CO-R1-aryls (13)7 kMo R006
0-4-CO-RI-heteroaryl, 10 (14) - (CH2) 0-4-CO-RI- ycle. (15) - (CH2) 0-4-CO-RN-4 where RN-4 is
selécted from the 'groa‘p %(%rr{l |sot’i(%1rglggof23r%or%%§lir?y?%ﬁ}%%'rpholinyl, piperazinyl, piperidinyl,
homomorpholinyl, homothiomorpholinyl, homothiomorpholinyl S-oxide, homothiomorpholinyl S,S-dioxide,
15 pyrrolinyl and pyrrolidinyl where each group is optionally substituted with one, two, three, or four of:
C1-C6 alkyl, 20 (16) - (CH2) 0-4-CO-O-RN-S where RN-5 is selected from the group consisting of: (a)
C1-C6 alkyl, (b) - (CH2) 0-2- (R1-aryl) (c) C2-C6 alkenyl containing one or two double bonds, (d) C2-C6
alkynyl containing one or two triple bonds, 25 (e) C3-C7 cycloalkyl, and 30 35 (f) - (CH2) 0-2 -
(R1-heteroaryl) (17) - (CH2) 0-4-S02-NRN-2RN-3, (18) - (CH2) 0-4-SO- (C1-CB alkyl), (19) - (CH2)
0-4-SO2- (C1-C12 alkyl) (20) - (CH2) 0-4-SO2- (C3-C7 cycloalkyl) (21) - (CH2) 0-4-N (H or RN-5)
-CO-0O-RN-S where RN can be the same or different, (22) - (CH2) 0-4-N (H or RN-5) -CO-N (RN-5) 2,
where

N N
Q Q Q Q
\O\/© O O o \O%
N
N N N N
0 0 =N =N
4 /N //\N . XN b X b
s'\O/D oK e‘o\/© O
y N N H
—N —N =N =N —Nb
b o) X o X b N
Y Y 2
S & drp Kok
N N N H
N-O N-Q - N-Q

Iz
Ju
I=
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RN-5 can bewiososansesar different, (23) - (CH2) 0-4-N-CS-N (RN-5) 2, where RNe&T/@S2637113¢ same or
different, 176 WO 03/043987 PCT/USOZ/37037 17 MAY 2006 5 10 15 (24) - (CHZ) ¥AYNPP or RN-5)
-CO-RN-2 where RN-5_and RN-2 ¢ ifferent, (25) - (CH2) 0-4-NRN_2RN_3 where
RN-2 and RN-3%8n bé& e Shnes dl‘ﬁ‘g %] 3y 0-4-RN-4, (27) - (CH2) 0-4-O-CO- (C1-C6
alkyl) , (28) - (CH2) 0-4-0-P (0) - (ORN_aryl- 1) 2 where RN-aryl-1 is -H or C1-C4 alkyl, (29) - (CH2)
0-4-O-CO-N (RN-5) 2, (30) - (CH2) 0-4-O-CS-N (RN-5) 2, (31) - (CH2) 0-4-0- (RN-5) 2, (32)
-(0H2)04-0-( RN-5) 2-COOH, (33) - (CH2) 0-4-S- ( RN-5) 2, (34) -(0H2)0_4-0-(CI-C6 alkyl optionally
substituted with one, two, three, four, or five -F), 20 (35) C3-C7 cycloalkyl (36) C2-C6 alkenyl with one or
two double bonds optionally substityuted with C1- C3 alkyl, -F, -Cl, - -OH, -SH, -C=N, -CF3, C1-C3

alkoxy, or -NRi b, C7- CBOaIk (Rl aryl) C3 aI (RI heteroar I) 25 2-C6 alkynyl
with one or two trple O Subs “SH, -CN, -CF3,
C1-C3 alkoxy, or -NRi_a , Ci- C3 alkoxy rx Cl C3 alkoxy oaryl) (38) (CH2)

0-4-N (-H or RN_5) -S02- 2 where RN-5

L OO IS U ¢
eaarieaatoatl

N
H

2
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A b An (\:) \§ O N\ (0]
[Nj‘ \O/\© N \\"\OK [N]¢‘\( [N \\©

N EN N Nj

H H H H
0] (0] O—\ 0 O
§N \_\\N S/\N \_\\N \_\\N
eitcloatioale ACNG

N N N N N

10

185



30 and RN-2xaan3petibgr same or different, or (39) - (CH2) 0-4- C3-C7 cycloalkyl P&TAUSOZV§T08Md
according to claim 1, wherein R1 and R3 are independently RN_1C(0O)-; and 35 RNVIAY gR&fy! of which
is optionally substituted with one, two qr th eeo%f the fqllowing substituents which can be the same or
different and are* 177 v@o‘&?@dﬁ%&‘&é /{Z‘J% PFB37217 MAY 2006 5 (1) C1-C6 alkyl, optionally
substituted with one, two or three substituents selected from the group consisting of C1-C3 alkyl, -F, -Cl,
-Br, -I, -OH, -SH, -CAKa« , 3 alkoxy, and -NRI-aRI-b, CI-€3-alkoxy- fRitaryl) , CI-C3 alkoxy-
(Rl-heteroaryl) , 10 (2) m 2, (4) -F, -Cl, -Br, or -1, (5¥% “Oid, XN, 15.(7) - (CH2)
0-4-CO-NRN-2RN-3, (8) .Eiy%'*@zkng-af"co' (C1-C12 alkyl) (9) - (CH2)374-CO- (C2-C22 alkenyl with one,
two or three double bonds), (10) -(CH2)0-4-CO-(C2-C12 aisviydmiitimng,-20.bgnar three triple bonds),
(11) - (CH2) 0-4-C lkyl) (12) - (CH2)0-4-CO-Rl-aryl, (13) - (¢H2) 0-4-CO-RI-heteroaryl,
(14) - (CH2) 0-4-CO-RI- rocysefes 25 (15) - (CH2) 0-4-CORN-4 where RI-4yis selected from the group
consisting of morphelinydii ;maholinyl, piperazinyl, piperidirsf, @ porpholinyl,
homothiomorpholinyl, homothiomholinyl S-oxide, homothiomorphlinyl S,S-dioxide,

HDU/\O ) [ 4D uors-S-{yrdin-d-ylexymutiy)-prstdin-d 4 methancl

i

S.Phenoxymathylopipacdined-cl ﬂ /“"0’\(]/\} .
N o .
HO o’@ o ' N -
Q/‘ 2Ethoxymathyl-S-phanaxymety-pipaidine

S{Pyidn-dorymathyi-aperidndol | W“
o~ " I i ' S g
: o L 2P 2ybstoymathyl poaridn-dyih sy yrazive
e RS
. 0 ,

o s

: W {4 Bromo-priscoymety-5 (4-chorsphanciymetry-ppercane
3(&-Progasy-pipwidin-3-ylmathasy : *@\/0 M

4 P8 {pyridinedyimatioxy}-pipaddad-t-athand
Fenzylony-S-phencxymatii-pipecksng )

4 o
a - 3{4-Bramo-benzylaxymethyi)B-{é-troma-phencxymalyl-sigeddins
H{5-Phasxymathyl-ppeidin-3-faxymmttry-pyridine

mfﬁ\fo@ o %T\a'\g:m

S-Phenosy-pipsidin-l-ol . 3{5-{1,5-Diffucrobmathoxy-benzyloxpmalhyll-plperidin-3-ylaxym
. ) sthyll-pyricing .
OO PP PO
5 | oY
3-Ethany-S-phanaxy-piperidne » ’ ﬁ E

{2-{3,5-Diftuora-phenyll-athyil(S{pyrdin-3-yimaincxy}-plparidindyi}-amine
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pyrrolinyl anwpyorsaladinsyl where each group is optionally 30 substituted with one pwaysoeesz067 four of:
C1-C6 alkyl, (16) - (CH2) 0-4-CO-O-RN-S where RN-5 is selected from the group/chHsKERY0f: (a)
C1-C6 alkyl, (b) - (CH2) 0-2- (R1-aryl) 35 (c) C2-C6 alkenyl containing one or two double bonds, 178 WO
03/023987 PCT/US02/37037 17 MAY 2006 5 (d) C2-C6 alkynyl containing one or two triple bonds, and
10 (e) C3-C7 cyalgalkyla (1ddmpotdri0“EN{Heor FMh)1-£0-0-RN-S where RN- s can be the same or
different, (18) - (CH2) 0-4-N (H or RN-5) -CO-N (RN_5) 2, where RN-5 can be the same or different, (19)

- (CH2) 0-4-N-CS-N (RN-5) 2, where R an be the same or different, (20) - (CH2) 0-4-N (-H or RN-5)
-CO-RN_2 where RN-s 1 @n’ﬁ the same-or different, (21) - (CH2) 0-4-NRN_2RN-3 where
RN-2 and RN-3 can be the sa different, (22) - (CH2) 0-4-RN-4, (23) - (CH2) 0.4-O-CO- (C1-C6
alkyl) 20 (24) - (CH2) 0-4-O-CO#N (RN-s 25) (CH2) 0-4-O-CS-N(RN-5) 2, (26) - (CH2) 0-4-0-
(RN-5) 2, (27) - (CH2)! %’*Z“B"TW“%‘E"EE’ SBH™28) - (CH2) 0-4-0- (C1-C6 alkyl optionally 25 substituted
with one, two, three, four, Séflve WF), (%%&CHZ) 0-4-N (-H or RN-s) -S02-RN-2 where RN-s

y
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and RN-2 cande3thesssme or different, or (30) - (CH2) 0-4- C3-C7 cycloalkyl. 30pa/¥se rmnd
according to claim 1, wherein R1 and R3 are independently RN-1C(O)-; and R1 WAz
-(CH2)n1-phenyl where nl is zero or one and where phenyl is optionally substituted with one, two, or
thred of the following substituents which are the same or different: 35 (A) C1-C6 alkyl optionally
substltuted with e, two esiliseasdbstiiuetis sélected fsam the group consisting of C1-C3 alkyl,
-Br, -I, -OH, -SH, -C=N, -CF3, C1-C3 179 WO 03/043987 (D) -F, Cl, -Br, or -I, (E) -C1-C6 alkoxy

optlonally substituted Wlth one= o, or three F (F) NRN 2RN- 3; where Rbl=2 and RN-3 are
independently selected from ty ptiongHy substituted with
1.1 3 alkoxy- (Ri-aryl) ,

one substituent selected f# &
C1-C3 alkoxy- (RIl_ heteroary C6 alkenyl W|th one or oﬁ’ble bonds,” optionally substituted

with one, two or three substltug‘nts selected from the group const%‘./tlng of -F¥CI, -Br, -1, -OH, 10 SH,
-C=N, -CF3, C1-C3&iRFar-4xARt gt >c1-c3 aumwmaw«w@ﬁn@awmymmm@mm) (C)

C2-C6 alkynyl with one or two _Jple bonds, optlonally substituted with Ong, two or three substituents
selected from the group con g of -F, -CI, -Br, -I, -OH, 15 SH, -C= N 3 Cl ﬁkoxy, and

-NR1-aR1-b, C1-C3 alkwc( -ar}dz j:CI -C3 alkoxy (Rl-heteroaryl) ,
<, N . . ) ﬁ

‘d-Flucro-A- (51 furan-dll-8(puridind. nuthyi
¢ i n&-yﬂ-m‘&a”fm viokymetiyil-

U\ O

. 3Lyl msihoxyms WWMIMWH{:
¥ W KY “‘YH'(

-F, -Cl,

JR/

S-£Pyridin-yloxymativl d-thinzol- 5y pipaidineeol

‘ @a«mw@mwwmm«uwwmm
345-Banzyloxy-4-imldazohd-y- p&pm&ybwmmyn«uwﬂm

el

~ '
M]\,a AN :
0

So{d-Azatidlnt-yhS-phancy-piperidin-3-vicxymetiyl)- lhazcéo-:«carbuxylic
A i x:’;gd dimﬂlhy{nmds
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30 PCT/USOR3 98843987 MAY 2006 (a) -OH, and (b) -NH2, (3) -C1-C6 alkyl optipoaityssubztitated with
one to three -F, -Cl, -Br, or -I, bonds, 35 bonds, and one triple bond, (4) -C3-C7 dycMaX208% -(C1-C2
alkyl) - (C3-C7 cycloalkyl), (6) -(C1-C6 alkyl) -O-(C1-C3 alkyl), (7) -C2-C6 alkenyl with one or two double
(8) -C2-C6 alkynyl with one or two triple (9) -C1-C6 alkyl chain with one double bond 18D WO
03/043987 PCT/U02/3F03HorBMAY 2806t51d OF Rimall,:, and (11) -R1-heteroaryl, , (G) -OH, (H)
-C=N, (I) C3-C7 cycloalkyl, optionally substituted with 10 one, two or three substituents selected from the
group consisting of -F, -Cl, -Br, -I, <OH, -SH® -CF3, C1-C3 alkoxy,-and -NRI-aRI_b, C1-C3 alkoxy-
(R1-aryl) , C1-C3 alkoxy- (R1- heteroaryl) , 155y yl), (K)-S02-NR1-aR2.-b, (L)
-CO-NRI_aR1_b, or (M) -SO2- (C1-C4 alkyl) 11. A mpou according to claim 1, wherein Rl and R3
\ n f

A5 (Pyridined-ylmatioopsethyl-giparidin -2yl ghanal

4{845,5-Difuora-phanylpgaridn-byimathoxymatiyll-pyridina
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S h ﬂ , )
ms«nmﬁwwmmwmmrmm ,

N -

[ﬂza-ﬂlﬂmm-nhmn&lmlmdﬂi»ﬁil*ﬁﬁplﬁdik&ylmmyﬂ-wﬁdMyimamyhamtm ‘
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20 are indepaadenthsgdtenyl(C1-C6)alkyl groups where the phenyl is optionally dBtitsiednsth one or
two groups independently selected from (A) C1-C6 alkyl optionally substituted with ¥HeY 808%r three
substituents selected from the group consisting of 25 C1-C3 alkyl, -F, -Cl, -Br, -I, -OH, -SH, -CN, -CF3,
C1-C8 alkoxy, and -NR,_aRI-b, C1-C3 alkoxy- (Ri-aryl) , C1-C3 alkoxy- (R1- heteroaryl) , (B) -F, ClI, -Br,
or -1, (C) -C1-C6 akaxy eptiemathsulestisided niding0 boe Fowonol thréd «F, (D) -NRN-2RN_3, where
RN-2 and RN-3 are independently selected from the group consisting of: (1) -H, (2) -C1-C6 alkyl
optionally substituted with 35 one substituent selected from the group consisting of: (a) -OH, and (b)
-NH2, 181 WO 03/043987 PCT/US02/37037 17 MAY P06 5 10 (3) -C1-C6 alkyl optionally substituted
with one to three -F, -Cl, -Br, or -, (4) -C3-C7 cycloalky{ (5) -(C1-C2 alkyl)-(C3-C7 cycloalkyl), (6)
-(C1-C6 alkyl)-0-(C1-C3 alkyl), (9) -C1-C6 alkyl chaifi with pne double bond and one triple bond, (E) -OH,
(F) -C=_N, (G) C3-C7 cycloalkyl, optionally substituged with 15 one, two or three substituents selected

from the group R Z R3
Rz
(IT)
10

or a pharmaceutically acceptable salt or ester thereof,

wherein Z is CH or N, and R;, R, and R; are defined as follows:

Ry = Rp = Rg =
| . o
o’ $-CHz , \_*<::>
’ YA P~ ,

o o oF A 5
HN N OH _
Rs = \©/ \H{‘O—é

Rs = H, OH, NHZ

o

Ry =H, OH, NHy, NHCH; ;é

Rg = H, OCHa, CHchon other alkyl, or
alkyl ethers

15
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consisting ofwb, 052043887 -1, -OH, -SH, -C=N, -CF3, C1-C3 alkoxy, and -NRi_aRiPg 1S3 208DXY-
(Ri-aryl) , C1-C3 alkoxy- (R1_ heteroaryl) , 20 (H) -CO-(C1-C4 alkyl), (1) -SO02-NRT-MA Yo200®re R1-a
and R1-b are as defined above, or (J) -CO-NR1_aR1 b, where RI_a and RI_b are as defined above. 25
12. A%ompound according to claim 1, wherein R1 and R3 are independently benzyl, 4-hydroxybenzyl,
2-fluoro-4-propylbenzyl, 3-amino-4-bromobenzyl; 3-chloro-5-methylphenethyl, 3,5- difluorobenzyl,
2-methylphenylpropyl, 4-trifluoromethylbepzyl, 4-trifluoromethylphenethyl, 2,3-difllorobenzyl, and
2-chloro-4- 30 cyg‘rgoben%yl???pﬁ%gr%pggng%?thée%rrnrﬁoggf 182 WO 03/043987 PCT/US02/37037 17
MAY 2006 0 CoN C-)o5H N ~R3 RIR3~N\/RaN\R3 N\/F3 NNR3NR3Iz Rl, _N-_R3Me R\N
R3

H
¢ N

D, QU

10
15

20
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10 wherein RQ RR20asesR3 are as defined in claim 1. 14. A compound of the fornra@ia/usp#30@s70r OH O™ »
Ri,~Y 1 R1 15 Rz wherein R11 is - (CH2) n1- (R1-aryl), or - (CH2)n1-0- (Ri-arylL7wh&we00bk and
R1-aryl are as defined in claim 1. 183 WO 03/043987 5 15. A compound of the formula: O H
PCT/US02/37037 17 MAY 2006 184 WO 03/043987 5 16. A compound of the formula: 100 O
PCT/US02/37037237 MAY 8%@)&;&51&V@103ﬂ)4§986’15nh1a4 compund of the formula: Ho" :4 Jf! ~ H
5-PMwrtcrzypP~(dina-al PCTAUSOZ/S?OS?

RO RS I
oo o
R I R T Tz
~o 0/ R\S 2 O/R R\N z 0/R
Aol @QA SO
R IZ R Tz
o g . z e
R iz R Tz
\/\{ j/\/ I/\[ j/\/

where R in each compound may independently be R; or R;, wherein

I—=
I~z
=

N——T
L
NP
N—3
LX)

7Z is CH or N, and wherein R, R, and Rz are asg defined in claim

10 1.

24. A compound according to claim 1, wherein R, is an

optionally substituted five-membered heterocycle of the formula:

G QoA .
Isoxazek Furan = Oxazola ‘Thlazofe Iml&azol& ‘Pyrazola Trazole
15

25. A compound according to claim 1, wherein Ry is an

optionally substituted six-membered heterocycle of the formula:
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17 MAY 2000 G (S@4398TmethylPlperkll 4.$)med~yhunine a ~-EthoKY~nerwxY*PICreusins 047
ptddin3ylunym (2{35-DiRUdraheny94th 4HS fpyddim3.ylmeihc ty)P1Parid 186 5 W#8Y023087 18. A
compound of the formula: HO t6Phsnoxymathyl.Ogot=x n.2.yl}mathand HN tS43!MmidazWAyl ymaih*|

P4 *rfld1u 2w W+igraltyima8syi ‘Ft~~+W3UIame+EtMyI)ptFW~s>rsx 2-(48remtiphrna%yrsut
rPk~M d 1 2T/US02 ﬁ;ﬂ%? 17| 006 5‘{N 3/043987 PCT/US02/37037 17 MAY 2006 19. A

compound of the formula: 443N-tnpdax[-4'$} 5phunr~~ryWiped rt4-ci 3{4-~.oxamildfn3.flph.noxym,4tft
plp.n%ta—ymymeswwInem(@hﬁ~2.317ﬂ§|‘)';@{4.vleuc taiUww.nZ)?1 ryX mV!)- S.{4 trYk W
ram"hyNph.rwacY m~S+rNt+p";dtn. {A-{3Fi-imidasd-4-yl)-5-[({pYridin-3-yirn.thyi)-amiM)-meihyi~
.thin-S-yk-a-ph.naxy-piperidh-3 yyldxym.ttryl)4hiud.4.eatbaxyli4 add dirn.Ntylpmid. 188

26. A compound according to claim 1, wherein R; is an

optionally substituted phenol.

10 27. A compound according to claim 1, wherein R; is not a

halogenated phenyl, benzyl, aryl or heteroaryl.

15

20
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pip4ddid lylmvibydApsaasi{n-1yW. 5 WO 03/043987 20. A compound of the formul@dmise2/37037
HAmMwk2~~PkkY?'?ht,.~ #6.6~ramhycN5~.+'i~GrrkF+yl PCT/US02/37037 17 MIYMAY62006
(5{2.8mtitucep~~hufyl$Tmlctnod.*pSparfdfn4ldim4th 4.pddindytmWtYi alttta 189 5 WO 03/043987
PCT/JS02/370372%7 MAY 8 ﬁﬁc%gm&%‘ﬁd%%gﬁéﬁ%'to Formula II: Ri R3 R2 (Il) 10 or a
pharmaceutically acceptable salt or ester thef_[eof, wherein Z is CH or N, ald R1, R2 and R3 are defined

as follows: RI = R2 = or J ,or OH R6 = H, Ol NHZ R4 = H. OH, NH2, N o R5 =H, OCH3,
GH2CH20H R3 = -H other alkyl, or alkyl gther3 15 190
0O
@)
H3COC§
Fa

C
H H
N N
o NG
Ny 7 d
H
H
H N
KN
o
F
H
N "o
P! EaD
o)
O)K(‘O >
F

wherein the imidazole ring, when present is optionally
substituted with an aryl or alkyl group.
10
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510 15 20 W@ 03443987 22. A compound of the formula: N, A HO Y Y 0 191 @CRITBMIISOBB7037 17
MAY 2006 WO 03/043987 5 23. A compound of the formula: 2 122 ~ OH RS™ /z% MMWYNHM® oy z v

~ONW/ HR~5'YZY SOH\N/ H1zR2 R/ ~2 RRHHIZRZ R~/~iZ\"Y0O/RRS1~RI11-2
5 29. A compound of the formula:

e

N © N
R R
I '/.R | 7. //R |\\
7 O — A l = //R
o) O o Om/@
o) O o)
N N N

O

no © N N
R\\ | AANS
' Z i/| Z _ Het

Z Z o7
0] O N
N N
A =Y

10
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N H PCT/USGR(BAA3TS7L7 MAY 2006 RANY Z Y 'OH\N Rai"Y LY SOH 1l J \IREAANM0Y/3Z087 OzR 22
\W/ HR,RZ RANY zY N Hwhere R in each compound may independently belR M&R20Qfherein Z is
CH or N, and wherein R1, R2 and R3 are as defined in claim 10 1. 24. A compound according to claim 1,
wheréin R2 is an optionally substituted five-membered heterocycle of the formula: Co Farah 04=10 15
Pyrazais 25. A cgopoursl assapbngtd daint hewhetemuR2 is an optionally substituted six-membered
heterocycle of the formula: 192 WO 03/043987 PCT/US02/37037 17 MAY 2006

H—a (+/-) - (3R,4R) -4-(3-
y hydroxyphenyl) piperidin-3-yl 1,1'-
0 biphenyl-4-carboxylate hydrochloride

HOOC— CF, (+/-)-(3R,4R) -4-(4-
chlorophenyl)piperidin-3-yl 1,1'~
biphenyl-4-carboxylate
trifluoroacetate

ZT
(@)

(+/-)-(3R,4R) -4- (4-
chlorophenyl)piperidin-3-y1 (3,5~
difluorophenyl)acetate

(+/-) - (3R, 4R) -4-phenylpiperidin-3-yl
1l-naphthoate hydrochloride
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5 26. A commpooios/@sesrding to claim 1, wherein R2 is an optionally substituted

ENoA87877 A

compound according to claim 1, wherein R2 is not a halogenated phenyl, benzyt; aN{AOY ﬁ@gﬁoaryl 15 20

25 30 193 WO 03/043987 PCT/USOZ/37037 7 MA O compound of the formula: H3CO F3C
H3C wherein the imlg gzole ring, when pregel on’a su st ut%i wit an+ ar% % alkyl group. 10 194
WO 03/043987& 29<4.compound of the f%rm 2 % 1,0 Het 100 PCT/US02/37037 17
MAY 2006 car oxy-~La
OH trlfluoroacetate
H
N
0
F
(+/-) - (3R, 4R) -4-phenylpiperidin-3-yl
- (trifluoromethoxy) benzoate
hydrochloride
OH
K

(+/-)-(38,48) -4-phenylpiperidin-3-yl
4 -iodobenzoate hydrochloride

(+/-)-(3R,4R) -4-phenylpiperidin-3-yl
phenoxyacetate hydrochloride
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195 5 WO OsvVo4B983980. A compound of the formula: H-a H HOOC-CF3 PCT/UQ2(36037037 MAY
2006 (+/-) - (3R, 4R) -4- (3- hydroxyphenyl)piperidin-3-yl 1,1’ iphenyl-4-carboxyla%g ﬁ%%gﬂgﬁde b

(+/-)-(3R,4R)-4-(4- chlorophenyl)piperidin-3:yl 1,1'- biphenyl-4-cgrboxylate. trifluoroacetat @% -) - (3R,
4R) -4 - (4 - cﬁrorophenyl)piperidin-3-yl (3,5'(-'_F g—:l}or &%%éé%ti?ﬁ%%&l@iﬁpﬁgn;lp leridin-3-yl
1-naphthoate ftydrochloride 196 WO 03/0433 S ?él

dgi g MAY 2006 (+/-] - OR,
4R) -4- (4- fitorophenydpiperidin-3-yl 1,1' tfioroScktate B iphenyl-4-carboxyl ate
,,,,,, ]
CF,
aH (+/-)- (3R,4R)-4-phenylpiperidin-3-yl

4 -cyanobenzoate hydrochloride

0 (+/-)- (3R,4R)-4-phenylpiperidin-3-yl
/ﬂ\ 3-methylbenzoate trifluorocacetate
HO™ ~CF,
H
N
(o]
'”IIO/LQ
(+/-)-(3R,4R) ~4-phenylpiperidin-3-yl
3 -methoxybenzoate trifluoroacetate
0
HO/U\CF3
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(+/-)-(3R,ARWO phanyIsiperidin-3-y1 4-(trif

(+/-)-(3S,4S)-4-phenylpiperidin-3-yl 4-iodobenzoate hydrochloride (+/ )- (3R 4R)- :

OH(+/-)-(3R,4R)-4-phenylpiperidin-3-yl OH

luoromethoxy)benzoate hydI’OCthI’Id(l’CT/USOZ/37037

Iaﬁ%ﬁdln 3-yl

henoxyacetate hydrochloride 197 WO 03/04 987PCT éﬁg(?
: iperidi ]5 § §zoate %ydrochloride

(+/-)- (3R, 4R)EHphenylpiperidin-3-yl 4-cya
3-methylbenzoate trifluoroacetate (+/-)-(3R},
trifluoroacetatd}198 WO 03/043987 PCT/U

aH2- methobeenjoate Tﬁ/drochlorlde H N

nobenzoaﬁ{eyhydf1 oawaforlde phenylplp
4R)-4-phenylpiperidin-3-yl 3 methoxybenzoate

O

eridin-3-yl

S502/37037 17 MAY 2006 (+/-)-(3R,4R)-4-phenylpipgridin-3-yl

H
N
0]
’///O/U\©

(+/-) - (3R, 4R) -4 -phenylpiperidin-3-yl
benzoate hydrochloride

6

(+/-)- (35,4S)-4-phenylpiperidin-3-yl
3',4'-dimethoxy-1,1'-biphenyl-4-
carboxylate hydrochloride

=

(+/-)- (38,48) -4-phenylpiperidin-3-yl
4- (5-chlorothien-2-vyl)benzoate
hydrochloride

Iz

(+/-)-(38,48) -4-phenylpiperidin-3-yl
- (trifluoromethyl) -1,1'-biphenyl-4-
carboxylate hydrochloride
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\/ | OH(+/-)-(8/ 4R94898henylpiperidin-3-yl benzoate hydrochloride H N O 1\ (#¢T/US02/37037
(3S,45)-4-phenylpiperidin-3-yl 031,41-dimethoxy-1,11-biphenyl-4- carboxylate hykifd¥Aidrié@0390 H H-a

O(+/-)- (3S, 4S) -4- henylplpendln -3-yl 4- (5
(+/-)-(3S, 4S)- - enylplperldln -3-yl ~i CF4
H H-a 199 W%03/043987 H-a HH-0

g*é

rot 2-yhbenzo esh h { 0
-me@?{é%lf?ge,tﬁgfl |4t[_ oché E%%Eri?tehjh

-G
ochloride NO

2T

(+/-) - (3R, 4R) -4-phenylpiperidin-3-yl
—(trlfluoromethyl)benzoate
hydrochloride

HCl (+/-)- (3R, 4R) -4-phenylpiperidin-3-yl
H 4 -nitrobenzoate hydrochloride
N
0
""" L
NO,
(+/-)- (3R,4R)-4-phenylpiperidin-3-yl
-~ 2-naphthoate hydrochloride

ZT
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HCI H aH HWOa3pa@3padS02/37037 17 MAY 2006 (+/-)-(3R,4R)-4-phenylpiperiddc3ryki2/sneshylbenzoate
hydrochloride (+/-)-(3R,4R)-4-phenylpiperidin-3-yl 3-(trifluoromethyl)benzoate h}&r 10rGL06

(+/-)-(3R,4R)-4-phenylpiperidin-3-yl 4-nitrobgnzoate rochloride (+/-)- (3R, )_;4Epﬂ§nglp'!%'idin-3-yl
2-naphthoate hydrochloride 200 WO 03/0 iggééi{%-ﬁgﬂ% 70 (ﬁ % %gi e
(+/-)-(3R,4R)-4-phenylpiperidin-3-yl 4-ami1ob%nzoat% é}ﬁycﬁoghlorl 24 H% NHr (+/-)-
(3S,4S)-4-phenypiperidin-3-yl H- a4-pyridin-4-ylbenzoate dihydrochloride 0

f
m,,o J\@\ CIH
NH,

(+/-)- (38,48)-4-phenylpiperidin-3-yl
4 -pyridin-4-ylbenzoate

/'P]+_O dihydrochloride
™
.0
0
N
H H—O

(+/-)- (38,48)-4-phenylpiperidin-3-yl
S 4'- (methylthio)-1,1'-biphenyl-4-
O carboxylate hydrochloride

e

0
H—d

.0
o)
N
H p—q

Iz

(+/-)- (38,48)-4-phenylpiperidin-3-yl
3-iodobenzoate hydrochloride

(+/-) - (3R,4R)-4-(3-
hydroxyphenyl) piperidin-3-yl benzoate
hydrochloride

H
N
o)
”o/JL\[::]
H

HO -

a
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N H H-a (+/-9w@8/d8psphenylpiperidin-3-yl \ s~41-(methylthio)-1,11-biphenyl-4PCart:

iz (=4
hydrochloride 0 N H H-a (+/-)- (3S,4S)-4-phenylpiperidin-3-yl 3-iodobenzoate hy"JrcMﬁi r%%o,‘?o 1O N

H H-CI (+/-)-

Q) 741 (3 YroxyphenyRiperidin 3.y

e

. hydrochloride
g l N
=N

(3R, 4R) -4 -phenylpiperidin-3-yl 1,1'-
biphenyl-4-carboxylate

CH
H
N wO\
0
(+/-)- (38,48)-4-phenylpiperidin-3-yl
1,1'-biphenyl-3-carboxylate
hydrochloride
oL
-
N
H H—ca

(+/-)-(3S,48) -4-phenylpiperidin-3-yl

| A\ 4-thien-2-ylbenzoate hydrochloride
S
\‘\O
0]

benzoate

R,4R)-4-(3- Hhydroxyphen y{%p}ge;ridi gg/l %p;%a_tq é)_hydrochloride o HO CA H 201 WO
5 RAUS
Y

(+/-)-(38,48) -4-phenylpiperidin-3-yl
4'- (methylsulfonyl)-1,1'-biphenyl-4-

O °s carboxylate hydrochloride
e
N
H
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N F OH F FWa3BpaBys4-phenylpiperidin-3-yl 1,1'- biphenyl-4-carboxylate aH N/B@Vl&@ggﬂqg
(3S,4S)-4-phenylpiperidin-3-yl I,1'-biphenyl-3-carboxylate , 0 hydrochloride ~ I\ KIOMAY O

(+/-)-(3S,4S)-4-phenylpiperidin-3-yl jl \4'th’ier(‘;Z[YlP?Q%‘f{aﬁtﬁﬁygﬁo—(:{)‘i?&q%&i%é!}‘9;1'1"1!3': f"—yl

CHO{3SAS}éjmeanmendm4}yl10 phenylacetate hydrochloride
H
N
/ﬁ\/©
"
FoF (+/-)- (3R,4R)-4-phenylpiperidin-3-yl
F)S;GH (3-methoxyphenyl) acetate
& trifluorcacetate
N
m
T """ 0 o~
FoF (+/-) - (3R, 4R) -4-phenylpiperidin-3-yl
F)S;@H 3,4-dimethoxybenzoate
4 trifluorocacetate
N
o}
O Ny
O/
CiH (+/-)- (3R, 4R) -4-phenylpiperidin-3-yl
. (1R, 28) -2-
N phenylcyclopropanecarboxylate
’/ﬁ ‘;f/[::j hydrochloride
”"O "'/,
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41-(methylswforwlp4348t-biphenyl-4- O 1carboxylate hydrochloride 0 0 HH-a 2021\/&!@@8}’1743887 aH H OH
H 0 PCT/US02/37037 17 MAY 2006 p (+/-)-(3R,4R)-4-phenylpiperidin-3-yl henyl m%gchlonde

-3-yl (3- th h gcsgygaagg?te trifluore _rﬁg%rldln 3-y1

ubi K0aG
b
TP Cyl (1R,2 clo ropanegar%o ﬁate ﬁ%frogﬁ}é S‘e 203 WO
037 17 MAY 20 + -)- - -phenylplperldln -3-yl /0 \\

(+/-)- (38,48)-4-phenylpiperidin-3-yl
4'-chloro-1,1'-biphenyl-4-carboxylate

o]
O hydrochloride
w0 L
N
H

H—Cl
(+/-)- (3R,4R)-4-phenylpiperidin-3-yl
CH 1-naphthoate hydrochloride
H
N
i ‘
s
H p—a (+/-)- (3R,4R) -4-phenylpiperidin-3-yl
N o 4 -phenoxybenzoate hydrochloride
“““ OO
0
0 (+/-)- (3R,4R) -4-phenylpiperidin-3-yl
/ﬂ\ 3-phenylpropanoate trifluorcacetate
HO™ CF,
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hydrochloride 0l03kBes(+/-)- (3S,4S)-4-phenylpiperidin-3-yl a41-chloro-1,1'-biphe oxdjo

hydrochloride 0 O N H-a H (+/) (3R,4R)-4-phenylpiperidin-3-yl aH1-naphthoate h} AN
(+/-)- (3R, 4R)CI4H phenylpiperidin-3-yl h H drré)c;)lo)nd(-i-?)lél %tRAf)hQ enz

N
0
O/u\(\/\

eny plpé%ldln 3-y1
2-ethylhexanoate hydrochlorlde

late
NO OI\

(+/-)-(38,48) ~4-phenylpiperidin-3-yl
4-tert-butylbenzoate hydrochloride

Y“NH

H—C

o~
50

(+/-)-(38,48) -4-phenylpiperidin-3-yl
3'-amino-1,1'-biphenyl-4-carboxylate
dihydrochloride

(+/-)-(3S,48) -4-phenylpiperidin-3-y1l
3-(5-chlorothien-2-yl)benzoate
hydrochloride

5
Ew’

(+/-)-(38,48) -4-phenylpiperidin-3-yl
3'-cyano-1,1'-biphenyl-4-carboxylate
hydrochloride (Generated by ACD/Name
software)
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enoxy O(+/ Ww@3B/e39s4-phenylpiperidin-3-yl 3-phenylpropanoate trifluoroacetate¢4QSHFS37H3IN 0 204
WO 03/043987 PCT/US02/37037 17 MAY 2006 aN(+/-)-(3R,4R)-4-phenylpiperidd-34Y 2006

H2-ethylhexanoate hydrochloride N 0O0IIl P A O (#/-)-(35,45)-4-phenylpiperidin-3-yl 4-tert-butylbenzoate
hydrochlorid®B\ 110 N HH-CINH  |¢+/ =)~ Fééczé‘) 2hHRRey AR e puy
H 2,2'-bithiophene-5-carboxylate
N o hydrochloride
» [ S
O
Wan\ \
(+/-) - (3R, 4R) -4 -phenylpiperidin-3-yl
5-phenylthiophene-2-carboxylate
aH hydrochloride
H
N
0
,,,,, s
o (+/-)-(38,4R) -4- [ (1R) -cyclohexa-2,4-
dien-1-yl]lpiperidin-3-yl 4-
o O O benzoylbenzoate hydrochloride )
o
N
Hh-a
F (+/-)-(38,48) -4-phenylpiperidin-3-yl
‘ 4'-fluoro-1,1'-biphenyl-4-carboxylate
O hydrochloride
w0
o)
N
H H—cCl
Oscr, (+/-)-(38,48) -4-phenylpiperidin-3-yl
O 4' - (trifluoromethoxy) -1,1'-biphenyl-
o O 4 -carboxylate hydrochloride
\ 0
H  H—a
CIH (+/-) - (3R, 4R) -4-phenylpiperidin-3-yl
H 5-pyridin-2-ylthiophene-2-carboxylate
N o dihydrochloride
y S -
o]
N
\ N\
CiH
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(+/-)-(35,45)wepbemdpsperidin-3-yl 031-amino-1,1'-biphenyl-4-carboxylate dihydmchlvsax3HO O H- a
(+/-)-(35,45)-4-phenylpiperidin-3-yl 3-(5-chlorothien-2-yl)benzoate ydrochlorlde G {MOYLRPH H-U a

(+/-)-(3S,4S)-4-phenylpiperidin-3-yl \ | cN3' cya -4- leride (Generated
by ACD/Nagfie0software) gy H H-a 205§V 3] %é%]gfé;fc% %% %dfmp 3 ? 9
S%QdQO

o ) w ridfhe3-y1 H gl]{cZJ ohi ne rhox %%&%hydrochlor deSs

(+/-) - (3S,48) -4-phenylpiperidin-3-yl
4'-tert-butyl-1,1'-biphenyl-4-

carboxylate hydrochloride
; J |
o
N
H cl

H—

(+/-)—(38,48)—4-pheny1piperidin—3—yl
4 ' -methoxy-1,1'-biphenyl-4-

O o~ carboxylate hydrochloride
e
0
N
H h—ao

(+/-)-4'-({[(35,48) -4-
oM phenylpiperidin-3-yl]oxy}carbonyl) -
O ) 1,1'-biphenyl-4-carboxylic acid
O hydrochloride
.0

Iz

(+/-) - (3R, 4R) -4 -phenylpiperidin-3-yl
CH 3- (4-methoxyphenyl) propanoate

hydrochloride
N
0
g
O/

CiH

(+/-) - (3R, 4R) -4-phenylpiperidin-3-yl
acetate hydrochloride

L
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(+/-)-(3R,4ARWDpheaydsiperidin-3-y1 5-phenylthiophene-2-carboxylate GHhydroahtaritsoet37037
(+/-)-(3S,4R)-4-[(1R)-cyclohexa-2,4- G dhl 4 ob ezoateh enzoylbenoylbenzoat hy&fodAiorided®N HH-a

(+/-)-(3S,4S)-4-phenylpiperidin-3-yl F4'-flugyo
(3S,4S) -4-phenylpiperidin-3-yl 00-CF,41- (

"H-G OH(+/-)-{3R 4R)-4-phenylpiperidin-3 {1 B S0ty

OS N

=4-C rbox late hydrochloride NO HH
|Ié1 om@ %sl 5 éj] 4§carboxylate hydro¢
é%pheneE carboxylate Ndihydrog

-G (+/-) -
hloride 0
hloride O

b 2 O):o

O

q

3

= >
o]

D

D

b
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N aH 206 WO @8m43%87 PCT/US02/37037 17 MAY 2006 4 (+/-)-(35,45)-4-phepgipipsomiate37yl NC}CFS-

[3- (trifluoromethyl) 1H-pyrazol-1 9J0Jl]benzoate hydrochloride NO H H-a 17 MAY 2006

(+/-)-(3S,4S)-4-phenylpiperidin-3-y1 4'-tert-butyl-1,1'-biphenyl-4- carboxylate hydrochloride 1 //\1 0 O N

H-a H (+/- -(38,4Sj@rwlpiperidin-3-yl \4'-methoxy-l,1'-biphenyl-4- carboxylate hydrochloride ,0\ 1 O N
I

H-C H (+/))-4-({[(3S,45)-4: \ CO,H

z

N
H

go

N

Ly

(j/o
N
H

%

I= >
[a]

P
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henylpiperidiwnesoplimsycarbonyl)- | // \1,1'-biphenyl-4-carboxylic acid hydrochloris€ TN 6437037
(+/-)-(3R,4R)-4-phenylpiperidin-3-yl aH3-(4-methoxyphenyl)propanoate H 0 NO Ry MR GRREi 0

(+/-)-(3R,4 -3-yl aH H acetate hydrochloride O 207 5 WO 03/043987 aH H /I NJT H
N Br H Br

Y ’hO\s\ o\/@
N
H

10 31. A compound selected from the group consisting of 3-
benzyl-5-[(3,5-difluorobenzyl)oxylpiperidine hydrochloride; 3-
benzyl-5-[(3-methylbenzyl)oxylpiperidine hydrochloride; 3-
benzyl-5-{[4- (trifluoromethyl)benzyl]l oxy}piperidine hydro
chloride; 3-({5-benzylpiperidin-3-yl]oxy}methyl)benzonitrile; 3-

15 benzyl-5-[(3-methoxybenzyl)oxylpiperidine hydrochloride; 5-
benzylpiperidin-3-yl 1,1'-biphenyl-4-carboxylate

trifluorcacetate.

32. A compound selected from the group consisting of 3-

20 Benzyloxy-4-furan-3-yl-piperidine-l-carboxylic acid tert-butyl
ester;3- (Biphenyl-4-ylmethoxy) -4-furan-3-yl-piperidine-1-
carboxylic acid tert-butyl ester;4-Furan-3-yl-3-(naphthalen-2-
ylmethoxy) -piperidine-1l-carboxylic acid tert-butyl ester;4-
Furan-3-yl-3- (naphthalen-1-ylmethoxy) -piperidine-1-carboxylic

25 acid tert-butyl ester;4-Furan-3-yl-3-(4-phenoxy-benzyloxy) -
piperidine-1l-carboxylic acid tert-butyl ester;3-(4-tert-Butyl-
benzyloxy) -4-furan-3-yl-piperidine-1l-carboxylic acid tert-butyl
ester;3- (Anthracen-9-ylmethoxy) -4-furan-3-yl-piperidine-1-
carboxylic acid tert-butyl ester;4-Furan-3-yl-3-(3-methyl-

30 Dbenzyloxy)-piperidine-1-carboxylic acid tert-butyl ester;3-(3,5-
Dimethoxy-benzyloxy) -4-furan-3-yl-piperidine-1l-carboxylic acid

tert-butyl ester;3- (4-Bromo-benzyloxy)-4-furan-3-yl-piperidine-
210



N H O\ H FwHd 08ai3987N H (" JT CI H (+/-)-(3R,4R)-4-pyridin-3- Ipiperidin-3-yl apetetesodi chloride

208 PCT/US02/37037 17 MAY 2006 WO 03/043987 PCT/US02/37037 17 MAYLX0WEWY B0QFH NH O

Onbrgkiijégrboxylic acid tert-butyl ester;4-Furan-3-yl-3-(4-
methanesulfonyl-benzyloxy) -piperidine-1-carboxylic acid tert-
butyl ester;4-Furan-3-yl-3-(2-methyl-allyloxy)-piperidine-1-
carboxylic acid tert-butyl ester;3-Cyclohexylmethoxy-4-furan-3-
yl-piperidine-1-carboxylic acid tert-butyl ester;3-(2-

10 Cyclohexyl-ethoxy) -4-furan-3-yl-piperidine-l-carboxylic acid
tert-butyl ester;4-Furan-3-yl-3-isobutoxy-piperidine-1-
carboxylic acid tert-butyl ester; 3-(2-Ethyl-butoxy)-4-furan-3-
vl-piperidine-1l-carboxylic acid tert-butyl ester; 3-Benzyloxy-4-
furan-3-yl-piperidine;3- (Biphenyl-4-ylmethoxy) -4-furan-3-yl-

15 piperidine;4-Furan-3-yl-3-(naphthalen-2-ylmethoxy) -piperidine;4-
Furan-3-yl-3- (naphthalen-1-ylmethoxy) -piperidine;4-Furan-3-yl-3-
(4-phenoxy-benzyloxy) -piperidine;3- (4-tert-Butyl-benzyloxy) -4-
furan-3-yl-piperidine;3- (Anthracen-9-ylmethoxy) -4-furan-3-yl-
piperidine;4-Furan-3-yl-3- (3-methyl-benzyloxy) -piperidine;3-

20 (3,5-Dimethoxy-benzyloxy) -4-furan-3-yl-piperidine;3- (4-Bromo-
benzyloxy) -4-furan-3-yl-piperidine;4-Furan-3-yl-3- (2-methyl-
allyloxy) -piperidine;3-Cyclohexylmethoxy-4-furan-3-yl-
piperidine;3- (2-Cyclohexyl-ethoxy) -4-furan-3-yl-piperidine;4-
Furan-3-yl-3-isobutoxy-piperidine;3- (2-Ethyl-butoxy)-4-furan-3-

25 yl-piperidine.

33. A compound of the formula:
Boc Boc Boc
N N N
% //O/\© -',/O O oy ’O
z z z
] ) ® ]
30 ° 0 0

Bac Boc Boc
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209 WO 03/ovi398164B98T/US02/37037 17 MAY 2006 5 10 31. A compound seleeset@snrihesgroup
consisting of 3- benzyl-5-[(3, 5-difluorobenzyl)oxy]piperidine hydrochloride; 3- 17 MAY 2006
benzyl-5-[(3-rgethylbenzyl)oxy]piperiding hydrochloride; 3- BOC
benzyl-5-{[4Mifluoromethy])benzyl]oxyMiperidine hydro chlori

3-({5-benzyliperjdin-3- y}methyl) enzonifrile; 3 15 benzyl-§-[(3-methoxybenzyl)oxy]piperidine
hydrochloride} 5- %en -b‘?ph A-carboxylat trlﬁuor tate 32. A compound
selected froift the gpup consisting of <20 Benz oxy-4-furan-gyjpiperidifie-I-carboxylic acid tert-butyl
ester;3s(Biplnyl-4-yirfiethoxy)-4-furaf:S-yl-piperidine-I- carbox§tic acid teRbutyl ester:

4-Furan-3- yl-%%aphthalen -2- ylmethoxﬂ)lq)lperldlne I-carboxylic acﬁ?‘iert butyl ester;4-

Furan-3- yI- -(n phthalen 1- ylmethoxy -pi erldlne I- carboxyllc 25 Ci tert butyl ester

benzyloxy)
3- (Anthrace

lic acid tert- ester;
8 987 PCTA ,gf 37 17 MAY 2006 5

Dlmethoxy-

3-(4-Bromo ‘

1-carboxylic |d tert- Iest r4 uran-3-yl-3-(4- methanesulfonyl-b@nzyloxy)-piperidine-l-carboxylic
acid tert- bu ster; 4- uran-3-yJ-3-(2-methyl-allyl y piperidine-I- cor xylic acid tert-butyl ester;

3- Cyclohexy methoxy -4-furan®3-

10

H H H

N N N
%,9’0/\[) %WO %.WO

7 74 7

O / 0 J O (o] /

H H H

N ‘ N N
%.q,o "I/O/\©\ /@ %"//O/\Q\l/
7 7 (@) 74

b / 5 / Y /

H H H

N N N
%""O ‘ u,,o/\©/ 5;-,,,0/\@/0\
4 ~ ~

9 I @ T
H H H

N N N
%l"//o/\©\ "//OY "//o/\O
2 Br Z 4

(o) / (0] / (0] /

H H H

N N N
55.,”0 ~ _[ l -.,,O/Y "”O/\(\
7 ~ 7

/
s b 4 C
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yl-piperidinewoarkossgdsr acid tert-butyl ester;3-(2 10 PCT/US02/37037
Cyclohexyl-ethoxy)-4-furan-3-yl-piperidine-I-carboxylic acid tert-butyl ester; 17 MAY 2006
4-Furan-3-yl-3-isobutoxy-piperidine-I- carboxylic acid tert-butyl ester; 3-(2-Ethyl-butoxy)-4-furan-3-
yl-piperidine-I-carboxylic acid tert-butyl ester; 3-Benzyloxy-4- furan-3-yl-piperidine;
3-(Biphenyl-4-yimethoxy)X-fuedrindd)| £6piparisiisiad urapdyi-ernapithalkas-ypaethoxy)-piperidine;4-
Furan-3-yl-3-(naphthalen-1-ylmethox -pijperidine'%ggr n-B-XI-%-.(%lé% ém&%—b gﬁg%}ﬁ)b{ﬂperidine;
3-(4-tert-B|Ry %\é%\%y %%%-ZE fg%%%f-él}zpipgﬁg}ng%-( nli%qrécen- -ly met oxy)-4-§uran-3-yl- piperidine;
4-Furan-3-y&EeamethyEbenzyidey)-pipenidines3:20 €3, 5:Rinwth dxydresrizpeny p4 ddie@ed¢l-pipeddine;
3-(4-Broma: benzyloxy)-4-furan-3-yl-piperidine;4-Furan-3-yl-3-£2-methyl- allyloxy)-piperidine;
3-Cyclohex§} ROy - -]ﬂje{\efﬁfré]eylgﬁip(gﬁ %X;gif (?C%]Igﬁgxy?-étr%(?/@%}ﬁ%%-gyég%eég |né;4§or
Furan-3-yl-3-isebuioxy-pperiding 3-(2-Hthylsbiitoky<efuian-8e25 yopipending. I3 compdund of the
formula: Sopr()e&e%%%nNg 2&% 5d]é g\j{/Olrcl)gS/Qcﬁ'?egsgr}gth 2%42. l_Z&.Iljlzl_kllglimer' s disease in those
who would progress from MCI to AD, for treating Down’s syndrome,
for treating humans who have Hereditary Cerebral Hemorrhage with
Amyloidosis of the Dutch-Type, for treating cerebral amyloid
15 angiopathy and preventing its potential consequences, i.e.
single and recurrent lobar hemorrhages, for treating other
degenerative dementias, including dementias of mixed vascular
and degenerative origin, dementia associated with Parkinson's
disease, dementia associated with progressive supranuclear
20 palsy, dementia associated with cortical basal degeneration, or
diffuse Lewy body type of Alzheimer's disease and who is in need
of such treatment, comprising administering to such patient a
therapeutically effective amount of a compound of formula (I),

or a pharmaceutically acceptable salt or ester thereof, wherein

25 Z, Ri, Rp and Rz are as defined in claim 1.

35. A method for making a compound of formula (I), or a
pharmaceutically acceptable salt or ester thereof, wherein Z,
R:, R, and R; are as defined in claim 1.
30

36. A compound of the formula:
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to PCT/USOW®/3343487 MAY 2006 WO 03/043987 PCT/US02/37037 17 MAY 280682437 3Nnethod for
treating a patient who has, or in preventing a patient from getting, a disease or cbhdtfdh Z¥6cted from
the group consisting of Alzheimer's disease, for hﬁlplng prevent or delay the onset of Alzheimer's disease,
for 10 treating patients with mild cognitive imp nt (MCI) and preventing or delaying the onset of
Alzheimer's disease in those who would progress frojm MCI tg AD, for treating Down's syndrome, for
treating humans who have Hereditary Cerebral Hemo rhag ith Amyloidosis of the Dutch-Type, for
treating cerebral amyloid 15 angiopathy and pr ote l,gl consequences, i.e. single and
recurrent lobar hemorrhages, for treating other degenerative dementlas including dementias of mixed
vascular and degenerative origin, dementia assgtjated with Parkinson's disease, dementia associated
with progressive supranuclear 20 palsy, deme#tia asyociated with cortical basal degeneration, or diffuse
Lewy body type of Alzheimer's disease and who is in|peed of such treatment, comprising administering to
such patient a therapeutically effective amou ©mpound of formula (1), or a pharmaceutically
acceptagble salt or ester thereof, wherein 25 Z,#31, R2 and R3 are as defined in claim 1. 35. A method for
making a compound of formula (1), or a pharmaceutically acceptable salt or ester thereof, wherein Z, R1,
R2 and R3 are as defined in claim 1. 30 36. A compound of the formula: 213 WO 03/043987
PCT/US02/3103 dHIMAY20061cally acceptable salt or ester thereof,

wherein Z’ is CH or N;
wherein R;, is absent, -OH, or halo;

10 wherein Ry is Ci.s alkyl, Cig alkoxy, aryl, substituted aryl,
heteroaryl, substituted heterocaryl, heterocycl, substituted
heterocycl, phenyl, substituted phenyl, Ci_s alkyl-phenyl, or Ci_g
alkyl-substittued phenyl.

15 37. A compound according to claim 36, wherein Rzo is

absent, -OH, or Cl, Br, I or F.

38. A compound according to claim 37, wherein Ry 1is

selected from the group consisting essentially of -CH;, -CH,CH;-
20 Ph-0-CH;, -Ph-Ph-CO;H, -Ph-Ph-OCH,, -Ph-Ph-C(CH3)i3, -Ph-Ph-0OCF;, -

Ph-Ph-F, -Ph-C(=0)-Ph, -Ph-Ph-CN, -Ph-Ph-NH,, -Ph-C(CH;);, -

CH (CH,CH;) (CH;CH,CH>CH3) , -CH,CH,Ph, -Ph-0O-Ph, naphthalene, -Ph-

Ph-Cl, -Ph- (OCH3)z, -CH,-Ph-OCH;, -CH,-Ph, -Ph-Ph-$(=0),CH;, -Ph-

ph, pyridyl, Ph, Ph-I, -Ph-Ph-S-CHs;, -Ph-pyridyl, -Ph-NH,, -Ph-
25 NO;, -Ph-CF;, -Ph-CH;, -Ph-Ph-CF;, -Ph-Ph- (OCH;)., -Ph-OCH;, -Ph-

CN, -CH,-O-Ph, -Ph-OCF;, -CH,-PhF,,
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0 R4D 5 Rawwwy @sjohzasnaceutically acceptable salt or ester thereof, wherein Z' iB@@HUSIAS$;7087erein Rao
is absent, -OH, or halo; 10 wherein Rao is C1_3 alkyl, C1_6 alkoxy, aryl, substitu]fgd\w, 2}‘;n)(gt@roaryl,
substituted heteroaryl, rocycl, substituted heterocygkphenyl, substituted phenyl, Ci_e alkyl-phenyl,
or Cl-a alk)@_%si%%yl. 15 37. A cagmsaund Accordi g to claim 36, wherein R30 is absent, -OH,
or Cl, Br, lor F. 38. AsQ nd according\to cl

consisting essentially ofN-CHS, $EH2CH2 20 -CH3M-Ph-Ph-CO2H, -Ph-Ph-OCH3, -Ph-Ph-C(CH3)3,
-Ph-Ph-OCF3, - Ph-Ph-F, -Ph-C(=0)-Ph, -Ph-Ph-CN, -Ph-Ph-NH2, -Ph-C(CH3)3, - CH(CH2CH3)
(CH2CH2CH2CH3), P\ Ph-O-Ph, naghthalene, &Rh- Ph-Cl, -Ph-(OCH3)2, -CH2-Ph-OCH3,
-CH2-Ph, -Ph-Ph-g{=0)x 3 PN, pyridyl, -1 =PN-Ph-B5-CH3, -Ph-pyridyl, -Ph-NH2, -Ph 25
NO2, -Ph-CF3, -R
-CH2-PhF2, 214 W&63/043987 PCT/US02/37 7 MAY 2006 5 39. A compound according to claim
38, wherein Z is CH. 10 40. A compound according to claim 39, wherein a single substituent attached to
a Ph-ring is in the orthe=position. A4+-A compound according to claim 39, wherein a single substituent

gta pgsition. 15 42. A copapgund according to claim 39, wherein a single
substituent attachey h-ringNs inrthe gara position. 437A compound according to claim 39, wherein di

39. A compound according to claim 38, wherein Z is CH.

10 40. A compound according to claim 39, wherein a single

substituent attached to a Ph-ring is in the ortho position.

41. A compound according to claim 39, wherein a single
substituent attached to a Ph-ring is in the meta position.
15
42. A compound according to claim 39, wherein a single

substituent attached to a Ph-ring is in the para position.

43. A compound according to claim 39, wherein di-

20 substituents attached to a Ph-ring are in di-meta positions.

44. A compound according to claim 39, wherein di-
substituents attached to a Ph-ring are in a meta and para
position.

25

45. A compound of the formula
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20 substituewte asg/aesesd to a Ph-ring are in di-meta positions. 44. A compound aeCorusog/3c08mim 39,
wherein di- substituents attached to a Ph-ring are in a meta and para position. 2% 4§AYcdd8lfound of the
formula 215 WO 03/043987 Rso 5 wherein R50 is-aryl or substityteg aryl. PCT/US02/37037 17 MAY
2006 46. A compound according to claim 45, whereinYR50 is “s€lected form the group consisting of -Ph,
-PhBr, -Ph-C(CH3)3, 10 PhF, -PhCl, -PhCN, napthyl, FPh(CH3)2, -Ph-Ph, -Phl, -Ph-OCH3, - PhC12,
-Ph-PhCN, and -Ph-(OCH3)2. 47. A compoun ing to claim 46, wherein a single substituent
attachesl to a Ph-ring is in the ortho position. 15 48 A compound according to claim 46, wherein a single
substituent gitached toa Phr the m 4 C pound according to claim 46, wherein a
single 20 subsUtue%rt{ aﬁacheg%gﬁh Qr)(laﬁg ?s%%%é%qaﬂr:aeéosﬁlr n. 50. A compound according to claim 46,
wherein di- substituents attached to a Ph-ring are in di-meta positions. 25 51. A compound according to

claim 46, wherein gi- sub%tuc}e&%%%gegéggr% ring are |c aa_[.Lnn({:‘t%gnd para pos 't'ﬁn 512éA compound

of the formula 30 216 WO 03/0
selected form the group consisting of -Ph, -PhBrz, -Ph-C(CH3z)s, -

10 PhF, -PhCl, -PhCN, napthyl, -Ph(CH;).,, -Ph-Ph, -PhI, -Ph-OCH;, -
PhClz, ‘"Ph—PhCN, and -Ph- (OCH3)2

47. A compound according to claim 46, wherein a single
substituent attached to a Ph-ring is in the ortho position.
15
48. A compound according to claim 46, wherein a single

substituent attached to a Ph-ring is in the meta position.

49. A compound according to claim 46, wherein a single

20 substituent attached to a Ph-ring is in the para position.

50. A compound according to claim 46, wherein di-

substituents attached to a Ph-ring are in di-meta positions.
25 51. A compound according to claim 46, wherein di-
substituents attached to a Ph-ring are in a meta and para

position.

52. A compound of the formula

30
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PCT/US02/3v0303/@4398AY 2006 O J/ wherein R60 is aryl, substituted aryl, Cl_6 pikyiysd2/87edkenyl, C1_6
cycloalkyl, CI_6 alkyl-C1-6 cycloalkyl; and wherein R70 is t-butoxycarbonyl or H. 10 B#\YA2fpound
according to claim 52, wherein R60 is selected fronkthe group consisting of -Ph, -Ph-Ph, napthyl, -Ph-
O-Ph, -PhC(CH3)3, anthracinyl, -PhCH3, -Ph(OCH3b2, -PhBr, - PhS(=0)2CH3, C(=CH2)CH3, cyclohexyl,
-CH2-cyclohexyl, -CH(CH3)2, 15 and -CH(CH2C 54. A compound according to claim 53, wherein a
single substituent attached to a Ph-ring is in the|ortho ppsition. 20 55. A compound according to claim 53,
wherein a single substituent attached to a Ph-ring is in the mgamposition. 56. A compound according to
claim 53, wherein a single substituent attached to h-rintpis in the para position. 25 57. A compound

compound according to claim 53, wherein di- 30
position. 217
5

wherein Re¢o is aryl, substituted aryl, Cis alkyl, Cis alkenyl,
Ci-s cycloalkyl, Ci¢ alkyl-Ci¢ cycloalkyl; and
wherein Ry is t-butoxycarbonyl or H.
10
53. A compound according to claim 52, wherein Rg, is
selected from the group consisting of -Ph, -Ph-Ph, napthyl, -Ph-
O-Ph, -PhC(CH;3);, anthracinyl, -PhCHz, -Ph(OCH;),, -PhBr, -
PhS (=0) 2CH3, C(=CH)CH;, cyclohexyl, -CH,-cyclohexyl, -CH(CHs),,
15 and -CH (CH,CH;),.

54. A compound according to claim 53, wherein a single

substituent attached to a Ph-ring is in the ortho position.

20 55. A compound according to claim 53, wherein a single

substituent attached to a Ph-ring is in the meta position.

56. A compound according to claim 53, wherein a single
substituent attached to a Ph-ring is in the para position.
25
57. A compound according to claim 53, wherein di-

substituents attached to a Ph-ring are in di-meta positions.

58. A compound according to claim 53, wherein di-
30 substituents attached to a Ph-ring are in a meta and para

position.
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