WD 03/ 053912 PCT/ US02/ 40605 1 5 a- (N- SULFONAM DO) ACETAM DE DERI VATI VES AS
(3-AMYLO D I NHI BI TORS FI ELD OF THE I NVENTI ON 10 This invention provides
novel a- (Woals®mam do) acet am de conpounds havi ng drug amdThiso/aféh®ct i ng
properties, their pharnmaceutical conpositions and nethod of use. In
particular, the invention is concerned with a-(N

aryl sul f onam do) acet am des. These conpounds possess uni que inhibition of
the (3-anyloid peptide (13-AP) production, thereby acting to prevent the
accurrul ation 15 of amyloid protein deposits in the brain. Mre
particularly, the present invention relates to the treatnent of

Al zhei mer's Di sease (AD). BACKGROUND OF THE I NVENTI ON Al zheiner's Di sease
is a progressive, neurodegenerative disorder 20 characterized by nmenory

i mpai rment and cognitive dysfunction. ADis characterized pathologically
by the accunul ation of senile (neuritic) plaques, neurofibrillary tangles,
anyl oi d deposition in neural tissues and vessels, synaptic 1|oss, and

neuronal geath. It ig. %[m mf Rhﬁﬁ%ﬁiﬁ?fﬁ%'t now
represents the thi rdal(éN; I'ng c%‘ﬁse 0 Ageig?% after car |ovas$:ul ar disorders

and 25 cancer. The cost of AASBIAMYISOD INEIBITORSOr nous (in the U S,
greater than $100 billion annually) and includes the suffering of the

patients, the suffering of famlies, and the | ost productivity of patients
and caregivers. As the longevity of society increases, the occurrence of
AD wi Il markedly increase. It is estimated that nore than 10 mllion
Anericans wi |l suffer from AQripplor Yea IRVERTION 30 net hods for
prevention and treatnent are not tound. Currently, ADis estimated to
afflict 10% of t hdhpdpwmiongnodesmoagec-GN-satfdnarpidbincEaftide confppsadover t he
age WO 03/053912 PCT/ US02/ 40605 of 85. No treatnent that effectively
prevents AD JfViPé pratipgtingiprogertiesy hstr PRarmarqUticH eompesipns and :

pat hophysi ol i r i : r i neel koe, D.J. Ann.
Rev. ool T i SieAdRgHe bt A b ook b BB BL0E®, heor 5 7 el ati ng
to the etiol agysuifodamaiohegrneddiss Theseddonffdunddpsseess haRfuk &miMEbE ofieher based

on anal ogies with other diseases and conditions (e.g., slowvirus and
al umi num t heBrireypid peptiged=APdAraduetian. tyreby ashingtoprevan the(ascemylation

hol i L C, i . | e [ i | ysSi .
ot enti oty of PreBldermin bRA Sl e Bt Do TRl Wb rioncat  on of

hut at i ons i nrdlfies 3-theutah@nPsfeAh&iter PDXcBIS A®: APP) of individuals prone
to 10 early onset forns of AD and rel ated disorders strongly supports the

anyl oi dogeni c theories. Histopathol ogi cal exam nation of brain tissue

derived upon autopsy or mﬁgﬂ@hmiﬁi&l& :Nl n affected

i ndividuals reveals the o aftytote—pragues and neurofibrillar
tangles in the cengliepherGabiéite &fa %ﬂégfésé?@é,h@ﬁ%ﬁeg@%@raﬁb@ﬂﬂs@fdeﬁl terations are
observed in patients with Trisony 21 (Down's syndrone). Biochenical and

i munol o8 caFhaaiefized by anesadry impairmens addepgritive dysfursitinacAduls  conponent  of

th | oid i imately 4.2 kil odal t kD tei f
hbout 30 to RyRidsd Ao RRRGIN b eichnifuShal ik tiatite) phaisny o 0
pepti de, andetﬁ@ﬁ&ﬁlid}?&n@e&%mﬁ@fd@eb@ﬁﬁér?in%ﬁ%l Rs@Rs %cﬁvesgélls,%gﬁ%#ﬁicon toits

deposition in 20 anyloid plaques, Ais also found in the wa meni ngeal
and par enchylass, andneenonpdldesth. divislthe mpsteoineson foapidf demests angdritneomet | mes,
venul es. Conpel | i eyi dence accunyl ated during the | gst decade reveals
that A(3 is ERrSFRiS e lrgﬁ%ﬁyl.&ecawe e i%ﬁ@&%ﬁ?é&u{ayg@@eﬁrﬂnégrm

menbr anezpr obgHchr, THRY BB BRiNHePE BisRhRGYESMoRE Bheh R oe, D
Physiol. Rev. 2001, 81, 741-766; W)Ilfe, M Zé) JHBNE%}U%%}%“&;Q%{}E 44,
2039- 2060) . $BMFRllion anonathy) byd pcbulas the sbiferimnyf the phtsents) diersuferivg wb and in
cul tured cel %s .deriiﬁ% from yvarious. ani mal s _and humans. Sever al

proteol ytic FifeAR floﬁﬁFQdé‘FB"l&é‘Pfé?agf%ta P CHPHV e nasdhe lopgdiyed to as
secretases. &diPileadls, fhg%%gurpe%l@& SPAYS Vil %ﬁﬁgﬁfg%&eas@e fﬂiggggﬁaqeé 3-anyl oi d

peptide (AP), contains 39 to 43 amno aclids a I'S gehera oy t he
combi ned act thahmofe tBon {Bnikion trasicaandily sufee FRAAD byRhs §64reda66fi S a
menbr ane-(&oundf asgartyl orot ease WO 03/ 053912 PCT/ US02/ 40605 -3 that forns
the N-tetthi nfEthgfs fos @roxpntiemmdizeatnpent aes patdagnh CurentiieARigesiomiedie s
formed by y- , p i i t hat i ncl udes
presen I n’ 17amEL 35 of M ARRRIGR oM Bl o8 3TR o SRk P b9 o

pol ytopi ¢ menbrane-spanning proteins that may contain the catal ytic
conponents of y 5 secretase (Seiffert, D.; Bradley, J. et al. J. Biol.
Chem 2000, 275, 34086-34091). Miltiple lines of evidence together
strongly suggest that a reduction in brain A(3 levels will prevent the
onset and progression of AD. First, ADis a nmgjor constituent of the

o o Ly o s




15 cause famlial AD (FAD), where AD onset is accelerated by at |east a
decade. Included in the nutations that increase A(3 are chronbsone 21
Trisomnmy twetos/osmuses Down's syndrone. Third, transgenic niPca/usSaza#06eXpr ess
one or nore of the mutant FAD genes have increased AR | evels, form
parenchymal plagues and cerebral vascular deposits containing AD, exhibit
menory deficits (Chapnman, P.; 20 Wiite, G et al. Nature Neurosci. 1999, 2,
271-276) and enhance neurofibrillary degeneration in mce that also
overexpress nutant tau (Lew s, .J.; Dickso et al..Science 2001, 293,
1487- 1491) . F%éﬁ% o tﬁ@(a\ﬂ;%?@%%fffécqv&%::meﬁﬁqééﬁgﬁ’ie¥erSf(‘SESBﬁF 8H, K Manelli,
A et al. J B 27 } . feblyek! | ary
tangles in m'ée wﬁ%ﬁ%ﬁ%@%@gj a{%géggo.%?q%hage,mlggugﬁ éel @%%?lgnce 25 2001,
293, 1491- 1498g1kee)D.J.drer Rev. €2iNBivh 1994g10:S7M408).enti ation, a likely
conponent of nenory (Walsh, D., Klyubin, [I. et tgl ) ,lYature 2002, 416, 535- 539
and references thelbsrahaverbgesmanydhegsies relaprgte the eticlrgnandpathoZentyisd in t he
art to caqnclu t hat excess td .Qr ear ance
cause AD. 3 FrOHRPh Bers FOTeofee R e B AR HER el £l

i nhi bition Ofcdfrdﬁﬁ%%.%sﬁow Yitus38d RIeYieR thbEic))vebakddnpat@lagsi on of AD.
WO 03/ 053912 -4 PCI/ USB2/ 40605 In addition to AD, excess production and/or
reduced cl earahseratibnse%., abalisergiccamplord or sangletheoriasyi(pgtingnalysgan
(reviewed in Thal,

D. . .. Gherbrenmedhin . et al. Neur. th. .Exp. Neuro.
2002, 61, 282rgierfally|differpuitte {’?MFF%H‘E"EP‘E%%E?W' %F%@ng%é’ﬂo"sfi ts cause
degeneration of  vessel | ] | t . Lble for
10- 15% henor rW&&?{lgn%]tnrtg?\ivgémﬁ}ﬁg@&éecru?{/b?%[;)‘%41[? @Rt%ﬁé)@ %@%BEE%R%}%? Pons in the
gene encodj NOeA) driRactoffs 8NABat YelaRd @isordds BratfglCidbporiefirrred to as
cerebral henorrhage with anyloidosis of the Dutch type, and mice
expr essi ng t harmsyloidogenic theoties.n devel op CAA that is sinmilar to patients. 10
It is hypothesized that .inhi.biting. the oduct i on ,of 3wl event and
reduce neur ol ogi caHlsﬁ@ﬁg}?i‘?%ﬁl 8?53,‘Iglrn§£%$f11§raﬁ]etﬁﬁ58? Sffﬁvceléé'v oy agfo p§;eonrer al ly,
medi ating t heﬁﬁﬁh{%ﬁb@%@% SR iR R Wik Qed R dFiak1S tdveals M diadencelor t r eat ment
could target the formation of AD through the enzynes involved in the
proteol ytic pnglorbshqesahd Reanfiboilal targleuinsbe cqelrakbéartex ©f spabpatisntshat
inhibit 0- or_ y 15 secretase activity, .eit hetﬁl}di rect].y _or indi rdect Ly, could
control tie phirilnselieptions arpplseryedin RPUGRLS I ,“seﬁﬁﬁéc}dpd"?nt hIEERi i cal |y
target y-secr : | : | @8 d8knidmt ddabidi tion of
(3- or y-secrgioggggrcgg%ﬁdg%%@%&h?eggeggé‘%gg%tﬁtﬁ gn (l)f A(3 vvrkllicch, coul d
reduce or preygfjorchicofitBeimalid platue Wiag @apprximasiyoL? iledhlon (kD )yydtamm ot ei n.
20 Smith, et al. in International Application WO 00/50391, published August
31, 2000, di sefabset 39 et msinofacidal Thisamdigin is dapgnaies ABhRtamyieid aeptides

nodul ate production of a‘&zl oid 3 protein as a gans of treating. a variety
of diseases, anskjomstiznesP/AfgETTea 0 Beroinas Al Iheddiioreto 1t deReEUA e ating to

t he deposjtion of, | 0i d. .Japapese .Pat ent 11343279 ubli shed
Decenber 44, %@Ql%ﬁ%e&‘gg 1§§E%P°é‘@gil eo\?lalgsll\é%fr%%%e Em@ega??%k‘mglg whi ch
are TNF- al phay hisple! Ghatl B3] cabfilarick A bAGIAL VeEkACCORpaRRES. Not hi ng
in these references’ can be construed to disclose or suggest the novel
conmpounds of &hidnck Avchil&Bd aiving fheildst dseade @evenlsithattAPRisAR iptearlict i on. WO

03/ 053912 PCT/ US02/ 40605 5 SUMVARY OF THE | NVENTION A series of

a- (N- sul f onanpalgpeptidt dedietel filem iatppe U ggegdrabmeinbene psoteintennedpraniyied e
conpounds specifically inhibit the production of (3- I &g tjde (R-AP)
from 13- any| cPrecypaduPiEEY (AR 8slkog: (3 Lhwpp!. Rme%@aﬁﬁ%éw  Wotig, Mo on of
t hese conpoun s t t i.ng condi tions.te nsLye to

L hese COTROUNgS e SGT, YASTHDARD) LS 5BPORRN A DERRVLE 0
Down' s SyNdr itk in TREARY Uil Leld, AEVEAIRI A AimAlbgarnapsmRounds to
patients suffering from or susceptible to, these conditions involves
reduci ng R ARSevavdiptadlietid fngraens ofiARPIaon gardated by girotemasdasmeforred trsasof t hese
patients. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON_ The present invention
conpri ses congporatasss.oh sEogehof @e%,pmmbﬁw&mmtﬁed@ﬁlmwﬂgﬁml%@P@Fﬁ%i,e and
their use in inhibi ti,nghéS-AP production.in patjents syﬂ&)‘feri ng fromor
suscepti bl e tERocantaipg 32 fo 4 yBm@acKdsapd i gensipisd Brihesompinediscien ol ati on
in brain tjssye. The c ounds of, Forrmula | which i.ncl ude nont oxi

phar maceutd ca‘?ﬁ?crst@ HYET %Pt 'Sgﬁ’if%f’ 558 Ibéast‘ef}??élpg’o?p@g?%h%e
following formula and neanings: 0 HZNR2 3 N, S O\O 1 20 wherein: Rl is
sel ected fromthe group consisting of



(a) a straight or branched-chain C1_6 al kyl or C2_6al kenyl optionally
substituted with substituents selected fromthe group consisting of

hydr oxy, W® 03/083p¢2 oal kyl , Cl-4al koxy, C, 4al kylthio, and rarageni0685 (b)
C3_7 cycloal kyl optionally substituted with hydroxy or halogen; Ris
hydrogen or R and R taken together is €3-5al kylene; R2 is selected from
the group consisting of WD 03/053912 PCT/ US02/ 40605 6 (a) a straight or
br anched- chai n Cl- 6al kyl or C3-6al kenyl optionally substituted with

e AR B R S SRRl
P e MG G e R e it

Cl4al kyl OC( =Qpfiktrilin-§ Ghd/@r ptes@tihe. Presbhidinclhamd prbeenilinc afegdokytbpi€( =O) - A,
(d) -B-naphthyl; (e) -BD-X (E)-Y 10 z D and E are each independently a
di rect bond, mesbraicgipnmng progeiodithdt meh edmiaiGihGedtdylic c@dpaneatsiodnyl , or C3_,

LN it ol R LU A )55
o T | AR o L A DS BB RSB

Cl- 4al kyI S(O) A B 48}l vent Md drilet 268 Progresditfh STYADO FirsORS: i NR4R5 -
NR G(=O Re : CRR 20 el et B dode o k?r,gre- N(SO2C, 4al kyl}2. 20

C(=0) W wher ei majM lcsnstmleat bﬁﬂhefpamuchdmwagphqpesmhswsd m@ll 4D payldmsmyd

wheh)sai d pridRgEbEl 8&@5@?}%%@@1}%%@% @laseweﬁ aUAD PSS rstieNed 2 Koy
. Cl_dal ky| Spg ﬂé%CD( %szozckeﬁ 8% )1 766; 5&%44?'1\1% ©%m, 200N

het er ocycl’i c group, I ch sa et erocy 5°group I's selectead from
the group congj %391909@) fltHe@@?ﬂla uésm&foﬁha@%m the BYreSAtI0n ofi sBlulRZAB Y| |
pyrazolyl, triazolyl, tetrazo , pyridinyl, pyrimdinyl, oxadiazol yI
oxazol yl, i sowhaselbrhin 1¢\tulsaaieh@113ybqrrdatcﬂ Wnthlﬂaa givetity oflrdPei n sai d

e R R R TR C AR e e
G . 4al kyl, %'684) %(/}8?1(% utaS rrsylgtlggggen %ﬁﬁa]!’éqlorPé E%thap n%&%ee cycle), in

whi ch sai d he rom rou fur anyl ,
thiofuranyl , Q&S Rilial ADIHATIY! Where PMD 872t 14! acc@eﬁafdd&g(dt)‘(éast é@écb@dm yl,
pyridinyl, pyrimdinyl, oxadiazolyl, oxazolyl, isoxazolyl, thiadi azol yl
and t hi azol yl IncwdedmuhemtahdmtttheﬂseAﬁsare ohnto:rmsaﬂnle;lls”lirtssmytthated with
substituents sel ect ed fromthe oup consisting of cyano, hal og efn

Cl_4al kyl , lky?ls}'n ramen%hlrd(f@mﬂ%wwﬁ%gﬁt eXPEﬁS% e3¢ gLPRIA ofthe

. LA o utaaﬂ%fgﬁo P oG it A BYIR ol pRrenchimal BIRGE B _ix vy,
in which said e?%ﬂ?ﬁrdag&ﬂar eﬁl)sﬁs coﬁ%ﬂn?é"?&lﬁl ¥xh1§ﬂt'gﬁ tr#'tl i bﬂéﬁﬂﬁgﬁi tuents

sel ected fronithe group consrstin strail ranche

Cl_6al kyl2o CHa%Gie @ mamwatu@mbscan@%,& prenyby@idythandemenrifibhillasi d

Cl. 6al kyl and said phenyl are optionally substituted with substituents
sel ected fr ondqgh@ergtﬂ@m@ m@néh%@lsn@vgﬁxpr@wnétanh@u@@ws beRiskpaa 82 61 - 2-yI |

ridyl and tetrahydr ). W V\/nere s sel ected
1I‘O ?/om yt he gro%}ps%%%‘/f% 30% JC!L"’QA@W gés toé?fdtocﬂ Cehszo Ais
hydr oxy, Claqu% ereRic ii, ABed 41, 2 25 zr 259020 2B ERENBL RS, gidﬁ;ke@al kyl
i S’ phen

or C3_6al keny yl or pyri optiomal 'y substituté

substituent s sRrEb@lrf t2apes hhﬁu@ﬁ@lﬂpnmmstaﬁt(%iz, ®f Chah,dgenal. Syienaexy,

Cl- 4al koxy, C11, al ky al ogen) 3C hal ogen) 2CH -, and hal ogenCH2-;
25 R4 and5R5 200429 é49hdééﬁrﬁménvwemm@é@rpg-te@nm%m@mm,@r ﬂﬁbanc hed- chai n

Cl.6 alkyl, C3.6 alk y

cycl oal kyl et $RHPONCRE O ?nﬁ?rﬁ?}@‘)&al%ﬁ?[w%y%lgﬁﬁ a a?ur dywd—gf)ﬁ per3|5c15 a2y

i ndan-1-yl, ld}ﬂ%@fe?en}sés thefel)! RSO diFNhdsedata Iéﬁd Bﬁé sahédinthSake in Wm ch
each is optionally substituted with substituents selected fromthe group

consi sting ofcoatlublly tHad¥ycesE X riRodittibogador fdiatadgep kBerancé balksoddn) 2CH-,
hal ogenCH2-, hydroxynet hyl, benzyl oxynet hyl, phenyl, pyridyl, C, -,al kyI
C, -, al koxy, \Mﬁoﬁﬁhﬁﬁeﬁmmmdtmi@ﬁ%ﬁw (dva]sdog'enl)lblt@n@f y-qehata@gwrlﬂ) 2CH

-0, C -,alkylthiqg, amno, (C -4al kyl
30 prevent the onset and progression o




di (C -,alkyl)N -, norpholin-4-yl, thionorpholin-4-yl, pyrrolidin-1-yl,

pi peridin-Il-yl, piperazin-1-yl, 4-(C, _6alkyl)piperazin -1-yl, 4-

phenyl pi paoagioss91t -yl , 4-benzyl piperazin- | -yl |, 4-pyrirdyhysopeseazi n- |
-yl , 5 CO2H, Q02Cl_4alkyl, C(=ONHC, -,alkyl, and C(=ON(C,,alkyl)2 i R4
and R5 taken together may be norpholin-4-yl, thionorpholin-4-yl,

pyrrolidin- 1-y |, 1,2,3,4- tetrahydroisoquinoIin-2-yI,

decahydr oqui nol i n- 1-yl, plperldln | - pi perazin-1-yl,

[ 1, 4] - oxazepan- 4- : clemh&dgﬂA yl, or

2, 3-di hydro-1 Hi nzﬂéﬁ(}%ﬁyﬁ{d V\)lgfley rgggﬁlopgjn?bgggﬁﬁlcgé\all |y substllgt uted with
substi t uent s cagkecdreistal dimyrlbtd’laﬁlggjmﬂw (Coos) (seviienged mf THay,dP.oxy, cyano,

hal hal ) 3C - hal )2CH -, hal CH2- | : i dyl,
benzyl " Ci Zg%%%?eme@nyé SJ8k deMegppurts Ex Ressp, 200K ShaPRGTEH: BEeSEY o
C, - 4al kyl ) NH I NHC1 4al k

gand C? o%l N% Cfatbféﬂt%y I(’}ﬁcéddraaﬁy%é I‘\lj_e%o ﬁsgldg%% a6 rJg)rg’(L:: el W%]&uaﬁ@rﬁl C Ga?kyly

C3_6 al kenyl anQip(ad thaPnap Be Risponsible Wt mlf/a@lembﬁh@gmsmeaslnyemﬂyt| t ut ed
wi th substituents selected fromthe group consisting of hal ogen,

C .4al kyl  CpadertkoXyin AB imutationCin | tﬂlalglﬂlfet gridbiding Afliqacto am karly) dwset
t hj onor phol i

C, _4al kyl henyl ) N - hol 4-
g)yr r ofil d?/n) gpglfnngf (éAﬁemfgqrﬁf poass:cre]rebraiée@grhagf With algp{galqps?(}ytj the Dutch
Cl_6alkyl d-ch
G5 al kyl | Fe bl i A BRI 4By it BBl SRARISCT PO Ryt

phenyl, pyri gxﬂmms.or furanyl; in which each is opti onal |y substituted with
substituents sel'ected from the group consi sting of hal ogen, C, 4al kyl,

C, -,al koxy, 25 (@ ishgbthbsiddd that 1ﬂﬁn()fﬁng4h¢ fmpidpdtion ofidbp whid prayent-and,
thlormrpholln4y| rrolidin-| (;{‘)lperldln 1-yl, $%eraﬁln 1-yl, and

4- (C, . 6al kyl musenazrp%gwaid@aeneramn irg %ll@&l?%!?@ﬂiﬂcﬁyaﬁ Y>chai n

C, _6al kyl C3 b whi ch
cazh 15 opt | rEtIpEdubbhesEL At eRI St aB e R BBt el R 6l oup
consi sting of Q@ tzf?x%gtnthe %}?Aaﬂgﬁ Q}%g throulgétﬁ?el}%%g%olvednﬁmé%ﬁ%g&

Cl_4al kyl , 03/ 053

PCT/ US02/ 4069?(?6%ssqjﬁ§&7ﬁ-aﬁ4ywh %)Ncuﬁsof@xro%’h@ CBrn?ohﬁhds thiy lﬁmmﬂ:@f yn-4-yl,
pyrrolidin-1 pi peridin - , Pl perazin

4-(C,, 6alikyl )sairaeseamnmty gither dlmcﬂa ommdlteoﬂy,WOB}téfrqmg’eﬂlelm%NC&lOla@Eept abl e
salt thereof. The present invention also provides a nethod for

treatnent or Afs Advastdcsevdy, comparadythelspedifedby "éf&?ély\ﬁfqrﬁta?gsa‘"rﬁ}‘ll i d
tid [ Al zh d
I S R e
th t | | ff t f t
erapeut | eagﬁ%e Cﬁﬁlég?taﬂg by 1eh0 %l&%@@eu& & nft ﬂferﬁé\lﬁle%?:ﬂ a nont oxi ¢

phar maceuti c e or te ther 10 The term
“C, _5 alkyl" 4 idnalg bibikige cl ai s (unI ess the context

i ndi cates ot rcllgsr%\rm&égsg Sgrr(:eeigns s}tra?Bht 1or branched chain al kyl groups such as
met hyl , ebhyl, pr@mith, et slojur Imwﬂlatlohaﬂt&pphaasmbwg) 100/ i%ﬁhtnpbhs}pdné@qgust

3- et hyI butyl , hexyl and the |iKke. & term" 6 al ken mﬁa@ed her ei n
and in the cBai WO(GWPIQ%“QYW@O@&WWI el Hiaﬁ%‘?%"éé A% strai ght

or branched cha n.al k 15 such as eny propenyl ,
all'yl, butenyfo uﬁtl%?ﬁﬁﬁlﬁ?‘jeﬁyfﬁmﬁéﬁ?é‘?ﬁ?fls Oftﬁ %Eléﬁ%yﬁ vaﬁe fd{éﬁgy‘ike Unl ess
ot her wi se SPg efciaﬁ?’ﬁal%ﬁ%nfe?ﬁ Misdasd ﬁﬂ?&heﬁﬁse’dﬁ%laﬁﬁg&i the @Bgbsitivri e cl ai ns
IS |ntendedt I nc romne, chlorine, iodine and fluorine while the

term "halide' an1y$o1d.nlraq13ﬂezﬂ> Raterit Dol 1i33257% piiblished Bleoeinbier Ind999 disélasesani on.
20 The term "C3_7 cycl oal kyl " mnmeans a_car bo such as
cycl oprogyl , acgoe suifpnargide dgpeaitves WW% ?11’%?13’51&93‘2‘1 6‘%@%&}% The term
" C, 4hal oal ky means. or branched chain C, -4al kyl group

ning 1 PHIE ghoginde QA

containing f ogen atons such as trifluoronethyl, fluoroethyl,
1, 2-di chl or oet hyl Ndthing i eicgetditbnceddsh bé eorstrised to2discloe dranggdses

al kyl ene" neans a straight or branched chain al kyl ene group such as

net hyl ene, etbytlepmpopndyyf thisénvemtivhyhdthejd vseéy inbihiyp-e\Rprodugiony | pr opyl ene
, pentyl ene, nethyl butyl ene and et hyl propyl ene. As the conmpounds of the
present invention possess an asymretric carbon atom the present invention
includes the racemate as well as the individual 30 enantionetric formnms of

t he conpounds of Fornmula | as described herein and in the clains. The use
of a single designation such as (R) or (S) is intended to WD 03/053912 -10
PCT/ US02/ 40605 i ncl ude nostly one stereoi soner. M xtures of isoners can be
separated into individual isonmers according to nmethods which are known per
se, e.g. fractional «crystallization, adsorption chromatography or other
SU|tabIe separatlon processes. Resultlng racenates can be separated |nto

o o Y T B - N e




10 The term "nontoxi c pharmaceutically acceptable salt"” as used herein and
inthe clains is intended to include nontoxic base addition salts. Suitable
salts i nwbwdeshose derived from organi c and i norgani ¢ a®CtaSSUHBORS,

wi thout Ilimtation, hydrochloric acid, hydrobrom c acid, phosphoric acid,
sul furic acid, methanesulfonic acid, acetic acid, tartaric acid, lactic
acid, sulfinic acid, citric 15 acid, nmaleic acid, fumaric acid, sorbic
acid, aconitic acid, salicylic acid, phthalic acid, and the like. In the

met hod of the present invent'ﬁ af ?g E@‘En igally effective
amount” neans the total armuS b Arﬁyt(ﬁ& Iﬂﬁ Hd t of the nmethod that
is sufficient to shawad FEIN.HIFK 5%,%&& Benshidived e belleal i Ng of acute
condi tions 20 characteri zoggqgjy I r?lt:‘! I ti)on 0 1_ %3- any]lv?)éi fﬁeﬁ?fde producti on.
When applied gmtBésizddndilssdomtporalis McifRan e dinswit ghegmau@ﬁ@ﬁ 6f Bdn3iqae, the
termrefers to that ingredient alone. Wen applied to a conbination, the
termrefers tpemoki{PraH) fiomBrirayloid pretigrs@qirotem (PAYPRY i Bt ghatrhadologésul t i n
the therapeutic effect, whether admnistered in conbination, serially or

si mul t aneous| getiopref these,pgmppynrdsimalies dhgm Jeplul fop Beafingeondionpmsppnsiyener ei n

and in the claips. ns preventing or ameliorating.di sea associ ated with
(3-amyl oi d peﬁﬁrﬁgé&ﬁgﬂr‘?@%ﬁ"%%? 86%6%&%négzh?%ergéﬁ%qa§? E@b@@éﬁ?‘@@s used to
synt hesi ze th u Yl ko130 ar i 1 i on Schenes
1735, Reaconabl TuRR: DUrRY ERAY alminie ol R RS £ BESES b PAls

PCT/ US02/ 406 0bufRsrRigefebih £6t subdebtble W8, thébe RBn@iibHeiv o kves RafciffBLARD i n the
art, are intended to be wthin the scope of the present invention.

React i on Schegnsilabledin aepmplation 3nd dppediion 1w br8as oRhe@ patieds. | | H2N The
starting ﬁqa-am' no)acetam des of Fornmula Il are used in racemc or in
enantionmerically pure formand are commercially avail able or are prepared
by 10 well-known |itergrgnar MPPESCIOPTIONOICTIR INRENTIONRI | abl e

((x-am no) aci ds (generat—reference tor am de preparatiom.:. R C  Larock

" Conpr ehensi ve O gd@he presdirt amshtomadmprises cofdidofudsl dfHoemsla INbwir Yor k, 1989,

pp. 972 - 976; see also Reaction Schene 18 for the conversion of the acid
of For nul a XLRharmagautichleformpiatiense ind-theinyisa indnhigitingrhrd Ropepetiiod inf  For nul a
Il is treated with a_suitable 15 base and_a sul fonyl ating reagent such as a
sul fonyl chl oP4itgatssHf! Hn%lgPBk‘?réué‘%?PUEtho eFother Erereers Tesyltng e P-

t enper at e t 3 - o i For [11.
Sui t abl eu]bsgs e&%ﬁ@%@%ﬁ?é {hgr%r%@ I@%‘l‘héhe ané’%"?‘.ﬁg% ﬁ@&&ﬁ la%%hlﬁggﬂﬂcfﬁ for
conver si on of nddiexic phpmuoeutizhlly-acoeptabld dalts bad/bhieydrated fhervanhgle thé Fornul a |,
the conpound of Fornula |1l is treated with a suitable 20 base and an

al kyl ati ng ageHewing pmulapdineeandissent with or without heating. Suitable
bases for this reaction include potassium carbonate and cesium carbonate.
Al kyl ati ng agents include al kyl halides (e.g., alkyl chloride, alkyl

brom de, or al kyl iodide) and al kyl csul gpnates (tosyl ates, nesyl ates,

trifluoronethanesul fonates). Preferied ?ol vgnts include DVF and
Mn@{

acetonitrile. 25 The tenperaturen os " the rdaction is typically 20 C
to 100 C. An alternative method for Ranw#rsi on of the conmpound of Formul a
1l to the conmpound of Forrmula I involves treatnent of the conpound of
Fornul a 1201 WAh@8NH53912 - 12 PCT/ US02/ 40605 with triphenyl phosphine, a

di al kyl azodigar bo ~a cohol .in an inert solvent with or
wi t hout heatilgg. éé‘lél %tg%"g,dtgﬁgr@ps"o F’létl%%%%ort 5N2 IVVR 13 NSR

Q \ O The conpounds) &fstfafhfbt BrahchedthalnSO, hfkyAloe PR Mebnybbibnaly | d phase
met hodol ogy. For exanple, FMOC protect ed Bink amde resin is treated with
10 pi peridi ne i n DVFsultigitédwith subsiiredntofelachesl fFomdthagroup conbistingesi n i s t hen

led with i no- tected - am idijn_ the. f i
agent such as 1 - hyaPUIPBEreoEVTIRETE Camtiasa iR ABO PR [ an
inert sokvent suq)as  PMTotkifbpRonifly RRVknRRALIR Bya:DRPEOLAGIROn of the

a-am no

)3

R is hydrogen or R' and R taken together is C, salkylene;

R®>  isselected from the group consisting of



group affords the polymer-bound am de of Formula IV. In the case of an FMOC
15 protected am no acid, the deprotection can be acconplished by treatnent
with pi p@oiodioss®12 n DMF. Reaction of the conmpound of For meica/usv2/wicbh an
appropriate base such as pyridine and a sul fonylating agent such as a

sul fonyl chloride in an inert solvent pgavides the resin-Iinked

sul fonam de of Fornula V. Alkylation of the 20 conpound of Fornmula V with
an al kyl halide (e.g., alkyl chloride, alkyl bromde, or alkyl iodide) or

al kyl sulfonate (e.qg., nmesylate, tosylate, qr. trifluor t hanesul f onat e)
is carried out in ﬁ%ea ﬁtfaéglér?c‘, rwﬁﬁ%ﬁ%‘égi-ﬁﬂ‘é’ﬁc’f ﬁe@’hken?gﬁlé’ﬂgﬁ%t room
tenperature. A pref erggdibaseiliSaRstml YIbdtdRosr e BN lcBlifteg of

1, 3-di et hyl per hydro-srjl_l,g%,ltg- gi e{sap (S)spﬁ[(&){rlgne. Cﬁgavaggltf%gm tlhe groesi n
provi des 25 the sul f dmdogedeCpblkbry,mliaNRR’) n the case of the Rink anide
resin, the cleavage is preferably carried out using trifluoroacetic acid

in an inert sol ventb)sGsieyaoalbnathyl optiopallnsyhstiited witipeubstignts splgeisd
Reacti on hene 2 H2 H . o~ ' ~S; 1Vl 5
The corrpo%ds of For %%%ﬁe%ggp E%’ g%yggg\%fragméggﬁ ‘éa;{k}gﬁ\(l})i\{/\hﬁf@ﬁe C I\i%_(’)n

Scheme. 2. Reductive 6('3155{1[1{ 1G(e0)NH- A8 @RIRGIOT=BYNAY a |to provide the
amne of Formula VI is effected by treatnent with an al dehyde and a

hydri de reducing &yenstraightionbrapchedectom Of salkiyl-447Q)-ddt al yst with or without
heati ng. A pref errgg ged@%i r]g agent is sodi um cyanoborohydride. A
preferred acid cat #/yst™ ¥l ewi's 10 acid such as zZnCl2. The reaction
solvent is preferaﬁjy nmet hanol . The amine of Fornula VI is then treated
with a sul fonyl ati agent such as a sulfonyl chloride in the presence of
an amne such as triethylanmine. This ré@acirofP)iXs carried out in an inert
sol vent such as CH2C12 with or w thout h§|at l—hgs)lyo afford the product of
Formula |I. The reaction is typically carri out at roomtenperature. 15
Reaction fgheme 3 linker-LG linker-NRARS 0 | '3 3 N S\R H2ZN NS\R VI |

wherein linker = straight-chai n, or, brapched C1, 6al kyl .or. .sal kenyl; LG =

| eavi ng group 20 Pr e&g%%ci Fé# geh %&gyﬁfd@fﬁ' )allawa}lglgig%%ﬁ%’fﬁﬁ%l i shed

as shown in Reactio i 0 onpound of Fornula VI
ReSESTRICH L ARAgh A Ohy 00t

with an amine in the presénce’o avenger such as triethyl am ne
in an inert solvent sAshkeRstedGdaACH2 grariphcomsisting bdgdrbgat Cnglkylhe conpound
of Formula VII is p{/&par ed bé t he sequence shown in Reaction Sgherre 1 or
Reaction Schene 2. 109K053 9802l £¥ 0B HY GorEmOUHKeOC 4 - AN ~R3 H2N
;S't 2N S\., OO R~ I X X XI 5 The conpounds of Formula XI and Xl are
prepared das shown in Reaétion Schenme 4. Reduction of the nitro group of

the conmpound of For mi and X ard gdcpadependentll/ielesied HOAC the RO conBisiRegef | on
Schene 1 or 2) with hydrogen gas under pressure in the presence of a

pal | adi um cat al yst, &viwgeadwdraxyahalegare thalegeahC-dbalogemsAdt, Gradlylded t he

aniline derivative of,F n t hy| ati@gn of, 10 t he g0 nd of
Formula X to provide c?lhagﬁggkr@}itﬁd‘%%’r%h%& ~ad CX?:%OOHQFPST By
reaction with 1.1 equpg=0ir; airRaTEHORF; RalsOe, Mk, TeisayC, afdiy.anat e,

for exanple dinmethylsulfate, in the presence of a base such as
triethyl a2i ne and i I€@0)WnehtreinoWis stlectert fromsthOiFoup Hoesistongorfdtydydxat i on

reaction is typically, carried qut btweenzdlggﬁgp_l C r ration of the
15 di et hyl ani | i ne opngg#Y%u&a“a Oy RIBP¥ % t’r‘ég:‘%ﬁﬁ%%t he aniline
of Formula X wth a d'(?fe ¥ il 68it8ed VBE bodide or a
met hyl sul fonate in%%lﬁféﬁgl?ggg%c% gy]t}g?g?bl?aglry%gxa}rgﬁ%e cehg%s)lﬁrrln’car bonat e,

in a solvent such ashalolytn, O dlkoxy, CM,dlkylSt, CiEa(=0Y,. C,RaIky1S80R, 40605
C,.alkylSO,-; and heterocyclic group, in which said heterocyclic

25 group is selected from the group consisting of furanyl, thiofuranyl,
pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, pyridinyl,
pyrimidinyl, oxadiazolyl, oxazolyl, isoxazolyl, thiadiazolyl, and

thiazolyl, wherein said heterocyclic group is optionally substituted



NH2 NHVe WD 03/ 053912 PCT/ US02/ 40605 - 15 Reaction Schenme 5 0 Il I' k O
linker ' "OHraer 03 L3 N~RHMHNN-SRHNS ~ O R1O0RXYV NMR5
wher ei n Iwoleenssoistrai ght-chain or branched Cl. 6 al kyl X¥C3/1tRezetsndHN
Scheme 5 outlines the synthesis of esters of Formula XlI1l, acids of
Formula XI'V, and am des of Fornmula XV. Reaction of a conpound of Fornmnula
1l with a hal oal kyl carboxylate ester, for exanple t-butyl bronoacetate,
in the presence of a base such as potassium carbonate and in an inert

sol vent such as DM affords. the ester, of Fornula X1 rotectlon of t he
ester is effected 10 WiﬁLﬁB‘P%’SQFQWEQHFdI%OI?ﬁMOWFWS?HHg%F Cart (ref

T.W Geene and P. G 1 Pihd 0@ i Synt hesi s”
Wl ey Interscience, M%W %ﬁ%"“auﬁg*\)@?&%ﬁ)@ %18}1 442(;6 Ifgﬁlayexanpl e, for
t-butyl esters, cl¢pvaBchciaotyrte)aini wihioh salEhemdcaclmls/salecmlcfﬁcmmlhe sioepl by
treatment with trifl uoroacetlc acid in a solvent _such as, CH/Cl2,

Conversion of the aciePnsistingef firprpd, hiofwapyhpyTolyl, irgidazelyl, é’b]raiglyl)ut usi ng

common am e couplin c res e art
(ref.: Lar ogk "2 &gﬁgﬁ g%dﬁ@@,%éﬁg@??%ﬁ (lﬁ%inoslg'1 %5'81 ubl i shers,
New Yor k 1999, pp. 9&8xazogii6thladmogf1 &ﬁ&ﬁﬁzb@ql wieRGesHid Betetdagcladd d of

For mul a XI Vis treated wwth a prinmary or secondary amne in the presence of
1- hydroxybenzotri azobmlcmlaﬂyiumlmt@@/mmhehsyﬂtwt ictedifhan the groumpr ot i ¢
sol vent 20 such as CH2C12 .or (C1 48‘ Imlll)%eg\z%O%%ﬁSBQM Reacti on
Schene 6 -16 PCT/ USO299056688 al%ﬂn" P mM a? F&tion of acids

of Formula XVII and ﬁ]{@(IHF Ak RoE1eWM thidnfdepitdiinflySchene 6.
Conversion of an est:{&tﬁ%l rmul a@\? reparFe(()j aswzholvm i'n Reac%ll on
Schenes 1ior 2) to anpmlﬂimﬂ-ﬁpplpuhmnxvyllpnpsrazmeb—glrnahdéhed usi ng standard

ester cleavage conditions wel| known to those skilled in the art (ref.
T.W Geene and P. G MCelkeDpipppgiel-tling Groups in 10 Organi c Synt hesis”,

Wl ey Interscience, e of a

met hyl ester of For(%N?ﬁ\al(@Fﬁdlp re gﬁ %mﬁg"ﬁdg ééé%?sél ggéitogﬁno%@%foxi de in a
sol vent such a met hanglbs@futed with Basratdehisseldtoet Hiomn il g28ipConsisdflz 65 a provi des
the acid of Formula XVII. Conversion of the acid of Formula XVIl to the

am de of Fornula XVI | siraightac hraagbetl-claim,. @Bwﬂscﬁﬁ&ﬁ@ép@@mlpphwl pnd

d [l k t h ki.l.l.ed
ot oheldive or gan Bhem iR it eid Coalnad shl Pheivi gty pubBiRE oo
pp. 972 - 976). In a QiiefifidediR Elﬂﬁﬁﬂiéhf% seleb8d Fohntlihefgrdp d”&ilsl@tlﬁ@/éﬂ is

treated with a primary or secondary amine in the presence of
- hydr oxybenzot ri azol ec:)wlnd lmalogear badimitiazdd;2-§lo pymadd mpd @trahydrofuran-Z-yl

or G202 A base sl LEPTVANGH & Hy Pl AL roBufie BRub aatt S Tan acid
g:g}/-egglerkyl V\g 0;3)/ g5ag§|‘-2“aﬁ<$%'§g)%éﬁqe§ 5: 17 React ion Scheme 7 |11
20 A is hydroxy, C, ,alkoxy or NR4R5,
B is a straight or branched-chain C,_salkyl or C; salkenyl;
R’ is phenyl or pyridyl optionally substituted with substituents selected from
the group consisting of halogen, hydroxy, C, jalkoxy, C, ,alkyl,
(halogen),C-, (halogen),CH-, and halogenCH,~;
25  R*and R’ each are independently hydrogen, a straight or branched-chain C, ¢
alkyl, C, , alkenyl, Cs, alkynyl, C,, cycloalkyl, C;,cycloalkylmethyl,
C, ,alkoxy, phenyl, benzyl, pyridyl, piperidin-4-yl, indan-1-yl, indan-2-yl,
tetrahydrofuran-3-yl, or pyrrolidin-3-yl; in which each is optionally
substituted with substituents selected from the group consisting of
30 hydroxy, cyano, halogen, (halo gen),C-, (halogen),CH-, halogenCH,-,
hydroxymethyl, benzyloxymethyl, phenyl, pyridyl, C,_alkyl, C, ,alkoxy,



~ BNRMRS N,RB1k RO OBOI H2Nis, 3-100"'" ,RB 2 N~*-S~p 1K -
- NR'" AA111 XXI B XX NZ | Rlo ON~- H2N' r 'S d, XXIl 5 The synthesis of

pi peri di nwodamszgati ves of Fornula XX, XX, XXI, XXII, ana@CxAiS0L/40685
described in Reaction Schene 7. Reaction of a conpound of Fornula Ill with
an N-protected piperidine substituted wi%h a 4-hal oal kyl or 4-

sul f onyl oxyal kyl group, such as 4-(tol uenesul fonyl oxynet hyl)-1-(t-

but oxycar bonyl ) pi peridine, in the presence of a base such as cesium
carbonate in 10 a @glo¥en)iC-EUCthabszeMEH-OM, ) Mty1iMid, heitho ERIBEA)NRL, OVi des
the carbamate of Fornula Xl X. Ceavage of the carbamate roup in the
conpound of For hul&(C,xalky)N-,caerphelin-uyl, thiodwrplediantial pyvolidingi-phs wel |

known to those skil.l ed.i he art (ref. - T Greene.and P.G M Wits,
"Protecting G oupP P dai BPepapHiEt #C PRt dolichce, New Yor k,

, _ ' : ] ) i ding o 30 h
1999, pp. 503 550%}331%(3},1?%,?%%1 Lhey b‘i‘%ﬁ’@"ﬁ?ﬁ‘gmﬁﬁ’%‘f‘:ﬁ’% eS| g]!’n the case

of a (t-butoxycar peri di'ne Ive, ge Is fected by

treat ment 5w t h triCOMEALERLdlkylaCEDINHCHIAKIE anCOE@)N[((palk$l)t he pi peri di ne
of Formula XX to an amide of Formula XXI is carried out using _

ani de- coupl i Ay 39f & dakendgsiiarmankamomdolindsd, @ameraboli4heyrdidi-t (ref .
R C. Larock "Conprehens)iy e r i /053912 -18
PCT/ US02/ 40605 Pu bﬁ"{as E’?ﬁé‘?‘ﬁ%@%ﬁ %?ﬁ?liﬁ%@%a%&%%@{%@m 7 a preferred
net hod, the pi pergighiriden-0fylFsipefdria- X, [ S4T 6:084Ra- A1 Bzainiaal, Bl oride in
the presence of an am ne such as triethylamne and in an inert solvent

such as CH2C 2 wi tdthysiro-li-ispiadol-Behtor Agp-dikydrer If&tndedilyyl; hwhigh gach idi ne of

F | b l.ed i idint f | . t
cuch s fYdr oxyberpBopiBrepettied Wi SeBuats il SOR6s etorioate of
Fornmula XXI. Prepgf jﬁ&ﬂl%@%’,@é{&h&%&%%)ﬁ( C\?ﬁmglto%é;rg%@;' [if1cEsh), CiER, ﬁeﬁﬁ%ﬁ%@ﬂ-,by

treatnent of the amhe o ornul a |socyaﬁate and” a base such as
triethylam ne i n phemtlygyidysbehzds COERG, L wicy¢loakyl, W, jdllary, heat i ng.

Al kyl ation of the piperidine of Formula XX provides N 10 supstjtuted

bi per i di nes. of - Folmit K50 aminpo( Gallhivr, diCoetiane:, e Siheraliothe i s

treated with an al gébplthalld dgy r%ﬁb@dsﬁé?sgh{ygnate in the presence of a
i in a’sol'Ven

base such as triethylarni‘he "ah 8uch as CH2Cl2. Reaction

Scheme 8135 XXV iPistraight crlbeatehed-phiaih €L jalingd, Of cillkenyD befizyd} drgghehiidn a bond
XXV XXVI Al cohols of Formula XXV _and am nes_of Forrmula XXVI are synthesized
by the sequence shawsh ¢ashmeertiqneHy sehftifedwith sphsditusatseglogteddram s For nul a

20 XXIV is prepar . hg i i S ) r 2.

Depr ot ecti on of t%goﬁcgéﬁgﬁlgéﬁﬁga?%%ééaﬁ#ﬁ%pdrn‘i“ﬁgfﬁ%%}c3%‘3? ’i(igﬁergﬁ?yl he chosen
protecting group @I(GJ‘ Lalkyl)NY, g@r r SRRy TN GrddrpMlins4-yi, Rhie Holg-43 oups i n
Organi ¢ Synt hesi s", agt_er provi des the al cohol of Formula XXV. For
exanmpl e, when t he Ybmpotrretdinnkyyhpinepidins -l paparagy-drydpandahy|l noiety, the

al cohol g@ 25 Iib%{:at dlb treaﬁmi;nt of the compound of Forrmula XXIV with
p-t ol uenélul f oni ¢ CaYDPRELRZEBLVENt such as nethanol . The al cohol of

Formul a XXV igs cow&@&ntQstygg%r%%%gd_gg;{ﬁgsogﬂ(gp605 -19 a | eaving group
? ) 1-§$Mt °

(e.g., a halide or sulfonate) and then treate a primary or secondary
amine to aff®&'d ais astraightok bEmched-ehaidX | al5hrC,exgophikyl, phend) mahtyl, nay be
converted to a nesylate derivative by reaction with nethanesul fonyl

chloride and a bfaé‘éﬁg%ﬂ% igaviich gaqkis QpRions IVﬁu@Qﬁ@WI@GBE%W reaction of
Such as. triethyl SnrasP R st RERARAR o AR, Ol alh LBRERE 0 e of
Formul a XXVI. Rea¢C| eiky5sirengi(Q, Kiky)N-, morpholin-4-yl, thiomorpholin-4-yl,
pyrrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, and 4-(C, salkylpiperazin-
1-yl;
R’ is a straight or branched-chain C, qalkyl, C, ; alkenyl, benzyl, phenyl,
oxazolyl or pyridyl; in which each is optionally substituted with
30 substituents selected from the gfoup consisting of halogen, (halogen),C-,

(halogen),CH-, halogenCH,-, C, ,alkyl, C, jalkoxy, amino, (C,_alkyl)NH-,



D.1RB NSHN, \W\RLOO10 XXVII O3 N- R H21411 RL OASS O XXVI 1
Am des of Formula XXVIII are prepared fromam nes of Fornmula XXVII as
shown i n Weaswsdm2 Schene 9. Am nes of Fornula XXVII wher eiPeTIVS0%4@05 di r ect
bond are prepared as in Reaction Schenme 1 or 4. Amines of Forrmula 15 XXVII
wherein Dis other than a direct bond aT%‘prepared as in Reaction Schene

8. Conversion of the amnes of Fornmula XXVII to the am des of Fornul a
XXVI'11 is carried out using am de-coupling conditions well known to those
skilled in the artdi(Q, gilk; 1PR.,@;orpmmk-yl,®ﬁiasmoe;btﬁﬂﬁlwgl, v gandia-1-yl,
Transformati ons, VCH Publishers, New York, 1989, pp. 972 - 976). For
exanpl e, reacti on piperidie-120, pintraenof-yi-andn(g; RyDpipsrazin-arybaci d chloride in

the presence of a hase such as. triethylam i n sol vent such as CH2Cl12
provi des the oéﬁ'in&@'q%wIE_E?W_CSWS&@VIaF9ep¥ab?%§ﬁ?t§P§rle8 of the amines of Formula
XXVI'I to carbamat ?rhe%ééeﬁ@k'v&ﬁﬁmcﬂ% RBvide@h fletbdaut thdSieBEndn@Bei tions wel |
known to those skilled in the art. (ref.: TW Geene and PG M Wits,

"Protecti g Glleviation 6f &xgdeis@soyhitdiewits BranylofGEptidd) &peQa8912 - 20

PCT/ US02/ 40605 550). Preparation of sulfonam de derivatives froman am ne
of For nul a XXAlEheimerp Digeger, wichetnnayesds edministorineiogetheruvith s t hat descri bed
for the conversion of, the 'nte.rme;:léilé te, of, For mul to the sy nam de of

| |
ol 5§71 CaRyiioRt adhint BT BAdeRe P ety gret Mot oL T e

The synthesi $ofhoRd bioRBuRaTdr YaHohitRE arhatMbAIYAeptabiacaRIBhhed as 10
shown in Reaction Schene 10. The chl oropyridine “derivative of Formula XXX

i s prepared hydrae thheofhem stry described in Reaction Schenes 1 or 2.
Treatnment  of the _conpoupd of Fornmulag XXL.X with a primary or secondary
amine in1& sol verieddEh- ‘gssaﬁaé a%us[egrlas@l% bt PRSOIES e £8008 Ui ng
seal ed, pre | C | } yridi ne of
Formil a 00 TG m At AR bR AR R R bhenol

ethers of Fomwafhyl, XX propyE igopesysd.eaitfll Robutdl t-ahiyy Ipeptyttomsthgibuiyidi cat ed in
Reaction Schene 11. The starting allyl ethers of WO 03/053912 -21

PCT/ US02/ 4060sxfsnfithealisocdbedern pEaptlkeayl aused heigin anfl indbe elpigis (@alsstes 1 or
2. Treatnent ,of the. £ | it i i d
o ety an f6 coREorS R ier el Blel fraffif or Mt PR MBSV B8L6E 00

wi th sodisim pedt Akl gieveﬁlygppﬂoﬁwl,rrﬁgil,a&@e@l,cbellﬂyﬁi@muk@; 1,ipenteiryl cal |y
used without purification. 5 Reaction of the unpurified al dehyde with a
primary or sbexanyhand thailike. Amdess otheowise spayifiagethe teme Phadegendds wied

B A R ol
Conver si on Ogui)ﬂﬁe Gal1€ theQb i OhdNH: i21hbLd {0nt108e Bf%'h}]iﬂéﬁrclﬂlo?‘ﬂde qhe! of

For mul a XXXl is carried out as shown in Reaction Schene 12. Reaction of

t he 15 est eriahddarioml a XXXI1| with an excess of a nethyl organonetallic
in a solvent such as THE at a

easent SHON oo, WL RIS AR S S L8 solvenl Buh 2p TE a8
VO 03/ 0539120§)¢§JﬁrU§91,2539&%yl, cyclopentyl, cyclohexyl and cycloheptyl.

The term “C,_, haloalky!l” means a straight or branched chain C,, alkyl
group containing from 1 to 3 halogen atoms such as triflnorornethyl, fluoroethyl,
1,2-dichloroethyl, trichloroethyl and the like.

25 The term “C, ; alkylene” means a straight or branched chain alkylene
group such as methylene, ethylene, propylene, methylethylene, butylene,
methylpropylene, pentylene, methylbutylene and ethylpropylene.

As the compounds of the present invention possess an asymmetric carbon
atom, the present invention includes the racemate as well as the individual

30  enantiometric forms of the compounds of Formula I as described herein and in

the claims. The use of a single designation such as (R) or (S) is intended to



-22 Reaction Scherme 13 O 1 3 NR;" HXN | R O ~0O xxxv HZN xxxV' 5
Preparation of the 1, 3, 4-oxadi azol e of Fornmula XXXVI is carried out as
shown i n Weastwsdm2 Schenme 13 using net hods well known to tregasskidebed in
the art (ref: Joule, J.A; MIls, K; Smth, GF. Heterocyclic Chemstry,
3rd ed., Chapman & Hall: London, 19957 1952 456 and references cited
therein). For exanple, the ester of Fornmula XXXV is treated wth hydrazine
in nmethanol with 10 heating up to the reflux point. The resulting acyl
hydrazi de i ntjgé1aReh@dERy bSe s&ebisombit NIiituies bf fsbedis 0an beBeparstad feguent
reaction with an al kyl acetimdate in %yriqli ne wth heating at reflux to
provi de the oxdididmabisemets aceordingdo yoeshads whiel tre dnowa pente. ¢4 fectiggalpN R3 N

~ H2ZN Y I R1L O ,Q.xXXV" nthesis of the 1 2 4-oxadi.azol f a XXXVI |
i s achi eved a%VStgﬂé%Wni’ ﬁCF i% r’?&ﬂ%rﬁ@lylﬁr?}g rnsé‘%%r@F ﬁ%’c?gat%%é'ld?%noﬁh to
those skill edgd A cabbelsepat Al fhto dntthodeMd thé usitsl manftd dfier G F.
Het er ocycl i c%?g%ﬁ???%n&sdc ed. " RD 03/ o dnfhodedl US02/ 40605 - 23 Chapman &
Hal | : London, int8&&tiod o2 suifiblevait-forhing enogsngs, e.gdby foeméngd mirore ofexanpl e,
treatment of the acid of Fornmuyla XVI] w th hydroxbenzotri azolte tﬁ

car bodi i i de, diasiergosieraermealls ¥itherntically aet eyl NP EPRY SEBT IR presence
of a base such. .1 et ] ' A ket itk BAL tleSerdreated in
5 refl uxing p@%ﬁ?%@oﬁéﬁ%ﬁ%\%% Stgﬁgx%cga |Vglglo gﬁ% orér?tu%a XXXVI'l. Reaction
Schene 15 0 Zon¥3uh@dN PR possiBle ddafdiofofid fokmd thalp a(y Ho s8parbtedByS H214 AS |
RL O O XXXI' X The 1, 2, 4-oxadi azol e of Formula XXXI X is prepared fromthe
nitrile of FHosohiohatioeugh chireldigh pressoehbarid cBomale HAPHESAYHES- wel | - known
to those _ skilled jn the .art (ref: Joule, ..J. A : | | S X 114 F.

Het erocyci® ¢ Chemi $35 ™ BoRie 8P,Laréf?&ﬁ%dﬁn?éaf—?aemé&(kﬁ_%ﬁd8%@?3&%&%‘?— 456 and
references cij,egh {RGEEE Miended (5 flchRicHIBIRic bR aHHE0N Sditst Bhitablershlte Of

Formul a XXXVII1 wth hydroxylam ne in a solvent such as ethanol at

t enper at ur es inplutiothost Herkvedrfoom degenmreandnnegmdpeitlesu¢h asywitbaifani di ne t hat

Such s 11 otBIEAEYTRAHOE Ay AT PRI TOE B B PUBTIEHEIE 2 g
oxadi az0l e ofy QLI AN, a2 YRLARHARIRAE 1B &R0 2RO FRmsici on Scherre

15  acid, maleic acid, fumaric acid, sorbic acid, aconitic acid, salicylic acid, phthalic

acid, and the like.

In the method of the present invention, the term "therapeutically effective
amount" means the total amount of each active component of the method that is
sufficient to show a meaningful patient benefit, i.e., healing of acute conditions

20 characterized by inhibition of B-amyloid peptide production. When applied to an
individual active ingredient, administered alone, the term refers to that ingredient
alone. When applied to a combination, the term refers to combined amounts of
the active ingredients that result in the therapeutic effect, whether administered in
combination, serially or simultaneously. The terms "treat, treating, treatment” as

25  used herein and in the claims means preventing or ameliorating diseases

associated with 3-amyloid peptide.

General Reaction Schemes

The general procedures used to synthesize the compounds of Formula I

30 are described in Reaction Schemes 1-23. Reasonable variations of the described



RBN. . . HZN2 A SAORL O'O R1 OXL XLI 5 Reaction Schene 16 shows
the transformation of the am de of Formula XL to the ketone of Fornul a
XLl . The woiodespfiz Formul a XL, which is prepared as descr iPo@ddiSoz4deemct i on
Schenme 6, is treated with a nethyl organonetallic reagent such as nethyl
magnesi um bromi de in a solvent such as THE-to provide the ketone of
Formul a XLI. The range of the reaction tenperature is from-20 C 10 to 25
C. Reaction Schene 17 D XLIl 15 H2N O\-NR4AR5 HN --/ D XLIII a-Am no

am des_of _For P}Uc@dﬁﬂe%] Whidd §oRIdHe Ridni %Qi?ﬂe%ﬁﬂbéh%mlﬁ%t Qe 1n‘F REdUbdeXL! | as
shown in Reaction Schene 17. For exanple, an acrylamde of Fornula XLI

whi ch is prepsaithih the scgeafithepresant Reantioron Scheme 9, is treated WO
03/053912 -25 with a primary or secondary amine in a solvent such as
toluene to provide the f3- am no am de of Formula XLIII. Reaction Schene 18
5 XLIV XLVI | gﬁiﬁ &8 =¢i | NH2 XLV OORL OO2 gAOH~ N R~"\
PCT/ US02/ 406 05—HZN—XE H 3 N R3 N XLVIII XLIX Preparation of the

sul fonam dg internmediate of Formula XLI X (a single enantionmer of the
conpound of Formula I11) is outlined in Reaction Schene 18. 10 Reaction of

t he a-anion of t intermedi ate of F tla XLIV(ref Josi Martin,
A.; Chassai ng mfahejir_on_.l_ett N 91N 6547) wWth aj%a/hyl)at"l ng
agent such as aI hal i de (e. d"2 g chI oride, '?;ff"kyl

al kyl i odide) or afl aI kyl sul fonate ((5 : an al kyl nmesyl até‘
tosylate, or alkyl trifluoromet hanesul,f,onat e) provides the in er rredl ate of
Formul a XLV. The a 15 ani on of the conpound of Formula XLIV is fornmed by

o P

treatment with a strong base such as an alkyl lithium(e.g., n-BuLi) or a
di al kylam de (e.g., lithium diisopropylamde) in a solvent such as THE
with or without a Ebe siertinge-amiop)agesamidepal Faivauls Soare nend i mé@qs@mmme is
typically betwee 78 Renoval of,, t he. nzh e

b bt ect i g or SUBRERERFAIS TR BmEg RO A D355 | 40605 - 26

10 well-known literature procedures from commercially available (oc-ammo)acids
(general reference for amide preparation.: R.C. \Larock “Comprehensive Organic
Transformations, VCH Publishers, New York, 1989, pp. 972 — 976; see also
Reaction Scheme 18 for the conversion of the acid of Formula XL VIII to the
amide of Formula XLIX). The compound of Formula II is treated with a suitable

15 base and a sulfonylating reagent such as a sulfonyl chloride in an aprotic solvent
such as CH,Cl, at room temperature to generate the (a-sulfonamido)acetamide of
Formula III. Suitable bases include triethylamine and pyridine.

In one method for conversion of the compound of Formula III to the
sulfonamide of Formula I, the compound of Formula III is treated with a suitable

20  base and an alkylating agent in an aprotic solvent with or without heating.
Suitable bases for this reaction include potassium carbonate and cesium
carbonate. Alkylating agents include alkyl halides (e.g., alkyl chloride, alkyl
bromide, or alkyl iodide) and alkyl sulfonates (tosylates, mesylates,
trifluoromethanesulfonates). Preferred solvents include DMF and acetonitrile.

25  The temperature range for the reaction is typically 20 °C to 100 °C.

An alternative method for conversion of the compound of Formula III to

the compound of Formula I involves treatment of the compound of Formula III



XLV is carried out under conditions well known to those skilled in the art
(ref.: T.W Geene and PP.GM Wits, "Protecting Goups in Organic

Synt hesi swp 0#05®y2 | ntersci ence, New York, 1999, pp. 587- P&88)S02/Hw®DS5
exanpl e, the conpound of Fornula XLV is treated with an acid such as HC
in water in a solvent such as 5 THE to €fXect hydrolysis of the

benzhydryl i dene protecting group. The resulting amne of Fornula XLVI is
treated with a sulfonylating agent as described for Reaction Schene 1 to
provi de the syh Qﬂ@{gn' -]M- i .

acyl sul f onam Jfjlirl'lethof Fo?ﬁpﬁllgggpl?%ﬁ%ilrgl&?o arf glrcg}ﬁ%é ﬂ%ﬁg%léﬁdf %I?éllcz%}&%%n%?vl.l I is
carried out bsolventatithertwitiiouhhdwyidgoxi de i on, for exanple in the form of
l'ithium 10 hydroxide, in the presence of additives such as |ithium brom de
and tetrabutyl anmmoni um brom de. The acid of Fornmula XLVIII is converted to

the am de Ofﬁ@@@tﬂ'%h&dﬁ-ﬁﬂ@g];ﬁflﬂdi tions that are well known to those
skilled in t am de preparation.: R C Larock

" Conpr eherssi ve Organic Transformations, VCH Publishers, New York, 1989,

pp. 972 - 976). For 15 exanple, reaction of the conpound of Formula XLVIII
W th anmoni um cpm™ari d in the presanceQof Hl-hydroxybenzotori akol e, a
carbodii m de rexg h Han _am,n &g as&ws/m;h,a% diisopropyl ﬁ\h /IRAM ne
provi des the am de gf rmul a XLI X Tﬂis 1rgf§vs(;ion is t3hic Ib NL.un in a
pol ar sol vent such as MVF and at a reacti®n tenperature f r ol to 40 C
The am de of Formul a | X is converted tq,the 20 compounds qf Formula | by
t he net hod descr.i bed iT Reaction Schene . Reaction Schenme 19 H2ZN |1 N o

O (Cl.4alkyl) O(Cl.4alkyl) H2ZN LI LIl O (Cl.4alkyl) as in HO as in R2
Scheme 1 3 N Schenme 1 3 1 NH2 -------- R~ . -------- RN ~SI Y NH NHz
0, ODl O3 O R 11Thq qompopmie] iBaein! RERlWIeH4e6abusiny sdkdatrson Schenme 19

illustrates aone thod for synthesjs of a - . substituted .
(N-sul f onani %?tggiqlg% ‘e eﬁ?’ép#eﬁﬁgf%p&te‘g% _ iflg resifsdiealgdaiith  an
acti vat edog! ypeHiserni YR t¥ @ ekt (A6 R the Fﬁ@%ﬁgﬂoﬁﬂ. he Ldifh S pgpound of
Formula L (ref.: Haufe, G ; Laue, KW; Triller] U.; Takeuchi, Y.;

Shibata, N. Zolipled aithtinuinih®PBote&idd (PamBRILid Bdhe pkdsefi® of a%oupkiasif e, G
Am no Acids 1997, 12, % 363-372) with an al kylating agent such as an
al kyl hal i de ageniguch anl-Aaytsprybeapmiarele and pididlky carpodemiderinahlydrt | odi de) or

| kyl | f t . .al kyl, | at e, | kyl 1 | at.e,
Ayl Tri 11 uohBrB R e BMENibe Withohiaines DR Coono Rk ieh as
ot assi UM CarhafrB0theRIANTI oHE BRI Aol 19 TR YR BFBN DT o de

and in an inért "solvent: s acetonitrile at a Treac enperature of

bet ween 25 Cpastdctéd am@opacid;itistedeptdtectivnrgan bedc@mplishédby edthnenfR@iRval of the
benzhydryl i dene protecting group is carried out wunder conditions well
known to thod&siingi@®dME t he art (ref.: T.W Geene and P.GM Wits,

"Protecting G oups,d.: i eSshs” . W . nterscienc 15 New York,
1999, pp. 587- 58333&?%‘9@%%%’%‘%@ O?c??’WPl@#k’g‘?‘ﬂE %S%P&ﬂ%%%ﬁgasc?fs‘m‘?%sr mul a LI
in a sol vent pyridineasd disalfévillatich@ent sich he€ak@IEbnil ERoAE BOMHSINSE kslvéR- J-

aqueous HCl), typically at a reaction tenperature of between 0 C and 30 C

to provide PHidgsitheresitlinkedisulforamitie of FormuGoNy eklkylotiondf thee ester of

Formul a I 0 the 1 de of Farmul g LI i. arri t. usi rocedures

wel | kno% tggm%réd ‘2@"%“%%&1{%%@4@1& %05" @EM@&J%\H@%I&H@I npound

of Fornul a Lbtalk§l RAidRY BYAlkylGaifBhate (W& Ale¥h, %gylgtlgemester i's achieved by
th’ an acid such as HCL , typically

treatment of an ethereal SO¥U'[IOI’] W
wi t h heat i ngtfludrbimethesestlfomte)i ix tarried ont inahé presenge of obwenih anTheet r esul ting
acid internediate is then converted to a nethyl ester_ of Formula LII by

t ransf or mat i SHVEW & FROm temperatnigy iAvRrelirsdibass Ry EBine-3{isthylamigot e g. |

treatnment wi §h_gh 106 l)C(lf | reacti.on with
aqueous ammoni a&?{rleﬂ{éxéecrﬁ@égtl’%%g ﬁdgg%%?%llboﬁgﬁe "?aé’?i gé ﬂ\é\f@ngfeg}nopcrgwdes

" Conpr engssi e sufoganide of Fanedla Tt theRsse ofEht Rik dnsile Fésin, NRVK1¥Qb e is1989,
pp. 972 - 976).. The amine of Formula Il is converted to the conpound of

Formul a | asPiégeablysediediont meng trifbioraashiieracid in S0ingdsoEBERON 2s React i on
Schenme 20 CH.CI
2 2



-28 LIVas in H Schene 18 R31 N ------------- >0 S0LVOas in NH2 Schene
R PCT/ US02/ 40605 LVI NH2 5 Preparation of the conpound of
For mul a LwDblo3jos3sshown i n Reaction Schenme 20. Al kene LI I Pca/ysozp@mred as
described in Reaction Schene 18 froman internediate of Formula XLIV and
1- br ono- 2- met hyl - 2- propene). Treatnent ofi3.the al kene of Fornmula LIl with
HFpyridine in a solvent, such as THE at a reaction tenperature between 0 C
and 25 C affords the fluoroal kyl conmpound 10 of Formula LIV. Conversion of
t he conmpound of Fornmyla LIV to the amde of Fornula LV is acconplished as
described in Reaetomackemes 13 Transformation of the amide of Formula LV
to the conmpound of Formula LVI is carried out as described in Reaction
Schene 1. WO 03/ 083912 Reaction Scheme 21 -29 PCT/ US02/ 4060%5(H|_[% H N R3

I N

~N ,R3 0OSO O OsOH I\I\RBg(Cl.4aIkyI°)-0$\oOLVIILXL HO LXI 11
LVIT1 Has in iy i onR-0-¢g ng?mgh?'T‘" H2N—as—h Rﬁg}c’éli\?nN;s‘igherre I
----------- H2ZN R2 g1 ,R N 3 O SO LXEV LI X LXI1 5 The synghesee of the
conmpounds of Formula LXII and Forrmula LXIV are outlined in Re:ilcti on Scheme
21. Ethyl 2-anino-#-nethyl -4-pentenocate ¥orepared as in Reactifon Schene 19
from (benzhydryl i deneam no)acetic acid ethyl ester and

1- brono- 2-net hyl -2-propene) is treated with a sul fonyl ati ng agent such as a
sul fonyl chl oride iThecbeppusbeiFermilad canako baphepasedtasiskowy iraReavéionn an
inert 10 solvent such as CH2Cl2 to afford the ester of Forpula LV]I.
Reaction of t Reherg &r Redyctivsefkylatiop\f thegrpme ofFornga ko proyidg thaapwst such

THE and at £ f i id
mxture of 1 g FriRnesn Ry R By b Bty Re RO 00 o
Fornul a LI X 7h&eseh degitehée s ackbRadladt e tadtdvitiaut hesdingn A pdteriedual |y into

subsequent reactions. 15 The ester of Fornula LVIII is hydrolyzed to the
aci d of For nurelutidgugentgs sediumaeyancberohydndon Atsefetred ecid khtalystisiad-aie art

f.: T. G P.G Wit "Pr ot ect j G i O i
Syt hosi 510 VP a e el o e ehRiy splteet < Tty tBBol g SRRl &
exanpl e, treapgrRia & it BeneRhRH v@fhhfgflfﬂﬁgﬁihglaéént%&has @ﬁ%ﬁ&gm&fﬁeum

hydr oxi de in a solvent such as nethano ords the acid of 03/ 053912
PCT/ US02/ 4060 thd@resence of an amine such as triethylamine. This reaction is carried out in

an inert solvent such as CH,Cl, with or without heating to afford the product of

Formula I. The reaction is typically carried out at room temperature.

15
Reaction Scheme 3
o [linkerLG o linker-NR*R®
| HNR'R® | R
2 .
oo p1 0 0
vi vin
wherein linker = straight-chain or branched C4_salkyl or C; galkenyl;
LG = leaving group
20 Preparation of compounds of Formula VIII is accomplished as shown in

Reaction Scheme 3 by reaction of the compound of Formula VII with an amine in
the presence of an acid scavenger such as triethylamine in an inert solvent such as
CH,CL, with or without heating. The compound of Formula VII is prepared by

the sequence shown in Reaction Scheme 1 or Reaction Scheme 2.



Formula LX. The acid of Formula LX is converted to the am de of Formula LXI
using the procedure described in Reaction Schene 18 for the preparation of
the am dwooB/oFoimul a XLI X. Preparation of the am de of Fecmusaz/kibs from
the conmpound of Fornula LXl is achieved as described in Reaction Schene 1.
5 For the lactone of Formula LIX, treatoggt with aqueous anmmonia provides
the am de of Formula LXIlII. This reaction is typically carried out with
heating in a sealed tube. The reaction tenperature is between 40 C and 80
C. Further c%veE.si Sn] of t!he internediate of Forrmula LXIIIl to the

sul f onani de ofR& A2 V proceeded as described in Reaction Schene 1.
10 Reaction Schene 22 L (Cl.4alkyl)-OR2 N ,-R3 O S\OO,-HLXVII

(g .4alkyl)-OLXVI R N,--RB3HNg\O2 OR23 NHS-RO, ,0FF LXVIII F
F LXI X 15 The synthetic s®guence for preparatMdn of a difluoroaM¥d anide
of Formula LXIX is s in Reaction Sche@l The-corrpoun Formula L
is treated with 4-brag 1l-butene in the E nce of a base gseh potassium
carbonate in the oore?sence of —a—t®etraaj kyPamoni umrtiatti dg sqlt such as

t et rabut yl anmoni u ongede in a sol veit guchs as CH3CN eﬁégh,tegper ature
from 20 C to 70%=C. ~20 Renoval of thézNﬁé%ih\ ryli dene paNot ctiség group as
described in Reacti®h® Sthene 19 provi déd an° i nt er medi at e RAfi n@ that is
then treated with a lgul fonyl ating reagent suckS;\s a sulfonyl chloride to
provi de the ester of Formula LXV. Al kylation oN the sulf i de nitrogen
is acconplished using the procedure described i Rea n Scheme 1 to
afford the conpound of Fornula WO 03/053912 PCT/ US02/ 4 -31 LXVI.
Conversion of the alkene of Formula LXVI to the alde®yde of Fornula LXVII
is achieved by reaction of the alkene with osm umtetb{\o de and

trimethyl am ne N-oxide in a solvent such as ace&wn >8] 1 owed by treatnent
with sodium periodate. The reaction tenperature iSR‘t?/pioca@y 20 Cto 40 C
Reaction 5 of the al dehyde of Fornmula LXVII with a fluorinating agent such

as DAST in a solvent such as CH2Cl12 yields the difluoroal kyl derivative of

Formula LXVII1. The c n Far L. 1 e . am de
of For mul ;(yLXI X ba%ﬁfgg%ﬁy Clgsso(%fgf) @H&@gﬁg} N %aglg({]dé/susgﬂgﬁ'g 1{11;]&6%%{;‘63 such
as sodi um hydrsgxdfie4] Reductialof ey nif @RorpSofiteé baRgdund BI®oimtieTReEdi ate acid
was converted to the am de 10 using conditions well known to those skilled

in the art (répreparil by theasequdnce sigpwpircReastipn Scl@gahpe2)withbydpgen gasns, VCH
Publ i shers, New,York, 198 . 972 - 976). F le, t f th
Reid i th armURSAEENGn die pRRpRg of ppalik iR G AR n S ST T PARE and a
car bodi i m de peaganRhoBsEvAR] Y ABIRAREVaSHCNY FRSmild B OM BBty ape

provided the am de of Fornula LXIX. This 15 reaction is typically run in a
pol ar sol ¥éent tlsummpendbFFamiilaX @ predde thercontpenpé pfFarmald XKbm 0 C to 40 C.

020, LXX Lyod Se5omPHABSC PHFFRRPTMID - U e of AR5 GUGP BpAmEsi ng (e

reaction sulfonate, for example dimethylsulfate, in the presence of a base such as
triethylamine and in an inert solvent such as DMF. The monomethylation
reaction is typically carried out between 20 °C and 40 °C. Preparation of the

15  dimethylaniline of Formula X1 is effected by treatment of the aniline of Formula
X with an excess of a methyl halide such as methyl iodide or a methyl sulfonate

in the presence of a base, for example cesium carbonate, in a solvent such as

DMF, with or without heating.



showed in Reaction Schene 23. The am de of Formula LXX is prepared as WO
03/ 053912 PCT/ US02/ 40605 -32 described in Reaction Schene 9. Treatnent of

t he conpowod3of3dEnrnul a LXX with a secondary or tertiary PamUSS2/#060R

sol vent such as THE at a reaction tenperature between 20 C and 40 C
affords the amine of Formula LXXI. HLB515R (d.4alkyl)-ON 3 SO -O
(C1-4alkyl)-OR2 13 NSIR O- "110 LXV LXVI R2 3 0O S\O (Cg-4al kyl)-0O
LXVIT LXVITI LXIX In a preferred enbodi ment, the present invention includes
conpounds of REQRENGH ScHeted¥ a phar maceuti caIIy acceptabl e salt thereof H2N
10 wherein: |la R1TS serected fromthe group consisting of (a) a straight
or branched-chain C, _6 al kyl or Ca_6al kenyl optionally substi tut ed vm th
substituents selected fromthe group consisting of 15 hydroxy,

cycl oal kyl, C, _4al koxy, C, -4al kylthio, nd hal ogen; (b) C3_ I oaI kyl
optionally substituted with hydroxy or @h@ﬁ}“ R2 is sel ect gom t he
group consisting of (a) a straight lirger br af Whain C1 _6g! KYF" or

C3. 6al kenyl optionally substituted lwi t h substituents seljcted frpmthe
group consisting of 20 hal ogep- allxga&y, and_NR4RS5; 44{\@’%3{% 58912 - 33
PCT/ US02/ 40605 (HY C3—7—ycl odl kyllyes’hyd optional Ty substi tyat@d au t h
substituents selected fromthe glRoup consi sting of am no, (CI 4al kyl ) NH,

di (CL_4al kyl)N-, C, 4al kyl (=0 NH, and Cillaal kyl oc(=0) NH-; XPe) a strai ght
or branched-chain Cl_6al kyl-C(=Q)-A; 5 (d) -B-naphthyl; (e) -B~ (D-X \J
(E)-Y D and E are each indepeﬁtly a direct bond, a strai ght or branched-
10 chain Cl1_6al kyl, C2_6 alke ~NRMRSC3_, cycloalkyl; Z is selected from

t he group consi sting of byd'r"f)eéen Cl. 4al kyl, C, _4al koxy, hal ogen, cyano,
hydroxy, -OCHF2, -OCF3, SCF3n_amd -CHF2; X ndent |y
sel ected fromth%-gr o'dqb' co snsﬁxl ng of 15 hy rg{"% ereas‘iﬂ hp'gﬁaﬁﬁgen

(hal ogen) 3C-, (hal ogen) 2CHR! Clﬁal kylS-, Cl1- a kyI S(O -, Cl 4al kyl SC2-,
nitro, F3S-, and cyano; -OR6;XVNRARS; - NR7C( O)R8 20 -NR 7C(=0) ORB;
-NHSQ2C1_4al kyl; -N(SQ2C1_4al kyl)2; -C(=OWwherein Wis selected from
the group consisting of hydroxy, C, _4al kyl, Cl1_4al koxy, phenoxy, and
-NRAR5; 2 oc(=0 ional ly
substi t ut ng W th c%%gbﬁﬁh r%%)gﬁﬂ%é%ml %y,gs%eggslt Q%PFJ)mhﬁa %?g’o‘%%

Cl_4al ky1S( O ef, FcﬁfnulaCXIlX} alnk yhnSdad of anduMOi‘@BR@%mmﬁﬁmpﬁ@ﬁd 40605 - 34

het erocyclic gr oup, whi ch said heterocyclic grou selected from the

group consi st U IH Y.Yith y1aloafleylcarbpxyinge estery qu(?P‘W‘PPei frRugERsPyPacetatisy az ol yi |
triazolyl, tgf ﬁ‘ggllegénce BY & b Wibn a@ﬁ(&thgﬂlﬂﬁ 0bondt 8 A2 hkrt solvent such

as DMF affords the ester of Formula XIII. Deprotection of the ester is effected
10 by methods known to those skilled in the art (ref.: T.W. Greene and P.G.M.
Wats, “Protecting Groups in Organic Synthesis”, Wiley Interscience, New York,
1999, pp. 373 - 442). For example, for z-butyl esters, cleavage to the acid of
Formula XIV is accomplished by treatment with trifluoroacetic acid in a solvent
such as CH,Cl,. Conversion of the acid to the amide of Formula XV is carried
15  out using common amide coupling procedures well known to those skilled in the
art (ref.: R.C. Larock “Comprehensive Organic Transformations, VCH
Publishers, New York, 1989, pp. 972 ~ 976). In a preferred procedure, the acid of
Formula XIV is treated with a primary or secondary amine in the presence of 1-
hydroxybenzotriazole and 1,3-dicyclohexylcarbodiimide in an aprotic solvent

20 such as CH,Cl, or DMF.



oxazol yl, isoxazolyl, thiadiazolyl, and thiazolyl, wherein said 5

het erocyclic group is optionally substituted with substituents sel ected
from t he woaapsmensi sting of cyano, hal ogen, Cl4al kyl, (rairapenyasps 4al kyl ,
and COzCal kyl; (f) -B-(heterocycle), in which said heterocycle is selected

fromthe group consisting of furanyl, théefuranyl, pyrrolyl, inmidazolyl,
pyrazolyl, 10 triazolyl, tetrazolyl, pyridinyl, pyrimdinyl, oxadiazolyl,
oxazolyl, isoxazolyl, thiadiazolyl and thiazolyl wherein said heterocycle

is optionall RedhshisthimdeW th substituents selected fromthe group
consi sting of Tyano, tatogen, Cl_4al kyl, CO2Cl_4al kyl, am no,

(C1_4al kyl )NH, di (C1_4al kyl )N-, nor phoI i n-4-yl, thionorpholin-4-yl, 15
pyrrolidin-I-yl, plperldlnol-xlc Jof erazin- I-y , and 4- (Cl -6a|ky|)pip
erazin-1-yl; (g) - B- (pi per RS 'Tyﬁ in whlchﬁa pi peri di n- 4eyl Nt

optionally substituted t substl tuents seleciped fromthe gr oupl
consisting of a straig r branched- cha}J@Gal kyl, CH2C( zONp enyl ,
phenyl and 20 phenyl in which said | kyl and said yI are
optionally substgtufed with substitgents sel ect-ee~from the group

consi sting of cyanoy_ hai ogen, benzi ni dagol g2-yl, pyrigyl land
tetrahydrof ur #M2-yl ° Siand - C(=0) WN'wh rei®q W is seh H\g/IRomthe group
consisting of C, . Rtho y, R9, and - NRERB: 25 A s hydr v, €, -, al koxy or
NRARS5; B is a straight or branched-chain Cl1 6al kyl or 6al kenyl R3 is
phenyl or pyridyl o%ﬂl onal |y substitutedYhith substi tuentse| ect ed from
the group consisting of hal ogen, hydr oxy, C,, al koxy, Cl al kyl ,

hal 3C, (hal 0 R4 a
(hat ogen) 3G« (el gae Rl Aetion 3P 4PLOASRTIT VP AU R SRRIORE,,
al kenyl, C3. 6jsahkwitdth Restioh SHEMOB! bdnvel%n7of%ﬂebteﬁ$ﬁ<sfdzﬁmmm WO 03/ 053912

PCT/ USOZ/ 40605 - 35 Cl1_4al koxy, phenyl, benzyl, pyridyl, piperidin-4-yl,
i ndan-1-yl, |ﬁdmad9d§howmeni&@hgtm®cmns BoyPR) togan quircrfcffqmluul&XV}/IIm in which

each is optionally .. supstitute ubstituents se cted fromthe grou
consi sti ng of accﬁ?ﬁﬁhéﬁ?ff) ddaﬁﬁéséedé aV%%?aﬂOBé@H}l%kYe AR AYERFS CH- Iromp
hal ogenCH2-, (ﬁ(p&ﬂfn%wﬁg}ml g}hﬁw&gmmﬁmﬂh wra&enyﬂotecﬁﬂg GH¥ps u? 4al kyl ,

Cl4al koxy, ogen) 3C al ogen al kyl'thi'o; "am'no,
( C1. 4al ky19 NI-Drganah $ﬁ1tl4@shd<y%]§y,lniﬂtsbmhcﬂ NmAYyik, 1991, pp373h04420- 4n e,

pyrrolidin-1-y pi peridin-1 erazin-|-y 4- (C, _6al kyl ) pi perazin-|
yl, 4- phenyl ?ﬂsﬁéfé?i"ﬁhyl esigy OfgﬁrB@Eﬁng |tﬁéFI§§I}thY1{h aqugeus sodium hy °X1de

4 pyridy e K 90 b e o g e R b AL 4y

t hi onor phol i npﬁ!)vbﬁ'es tHéYa{cEcPMFHrﬂmlal)iVH éon%el%loﬁ J1qhd @é?&’gfpb&ﬂﬂélmi jon-2-y1,
decahydroqui nolin-1-yl, piperidin-1-yl, piperazin-1-yl

[ 1, 4] - oxazepathe4mydg ofaEtmnudhKVIIHys! achﬂ:vﬁd usindemmohHamé@cmdxhth yl, or

2, 3-di hydro-1 Hi ndol -1 - ich each is 15 opt | substltutedwlth
subst i tﬁelrﬁ s Iéré’f’?ég‘t‘ I?IE?HW%@\AS?WH@S%F@%@“D %h?a‘io)ék%y, cyano,

hal ogen, (halqgcﬁﬂg %gﬂ; h y I
benzyl, Cl. 6al r%@snfet@z] %qgrﬁlgy ) rglfgg%lioxy, %IhShefagf%@ﬁ%orﬁ fgagr%fyno

(Cl4al kyl) NH-pp. @172 Ch7a). kLﬂ @Ibfefen%kbceﬂi@%&helhaﬂdkx‘lermﬁl(a?O)’IlllTﬁréeaé&With and
C(=O N(C, 4al kyl )21 20 R6 is a straight or branched-chain Cl1_6al kyl, C3_6
al kenyl , benz/Primagy gsseespdarypminp it fepresansesofdphydseraybiepzaitiazole andtaad wi t h

substit uents nsik-sting.o Aal kyl ,

Claal koxy,  anRescipi HRiante 19 QR EMERATRS HPIGRR PTG ) b
nor phol i eA- Ydolvenhbhk BMFiod C4,CY,! A PaselsREH ﬁiafkoisrdﬂyaetwlmiﬂe@aﬂbé yl,

pi perazin-1-yl, and 4 25 (Cl. 6a|ky|)p|pera2|n 1-y I's hydrogen, a
strai ght or bﬂdﬂéh@d}&héswwemxﬁ-aIkyI R8 is a stralght or branched-chain
C, .6al kyl, C3.7 cycloal kyl, phenyl, pyridyl, or furanyl; in which each is
optionally substituted with substituents selected fromthe group

consi sting of hal ogen, Cl4al kyl, C, -, al koxy, 30 (C,.4al kyl)NH,

di (C1, al kyl ) N, norpholin-4-yl, thionorpholin-4-yl, W 03/053912

PCT/ US02/ 40605 -36 pyrrolidin-|-yl, piperidin-1-yl, piperazin-l-yl, and

4- (C, _6al kyl ) pi perazin- 1-yl; RO is a straight or branched-chain Cl1_6al kyl,
C3_6 al kenyl, benzyl, phenyl, oxazolyl or pyridyl; in which each is
optionally substituted with 5 substituents selected fromthe group

consi sting of halogen, (halogen)3C_, (halogen)2CH, hal ogenCH2-,

Cl- 4al kyl , Cl1_4al koxy, am no, (Cl_ 4a|kyI)NH- di (Cl_4al kyl )N,

nmor phol i n-4-yl, thionorpholin-4-yl, pyrrolidin-I-yl, piperidin-1-yl,
piperazin-l-yl, and 4-(C, _6a|ky|)p|perazin-1-yl; or a non-toxic
pharmaceutically acceptable salt thereof. 10 In another preferred

enbodi ment, the |nvent|on |ncludes conpounds of Fornula Ia or a
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hal ogenCH2-. 15 In yet another preferred enbodi nent, the invention includes
conpounds of Fornula |a or a pharnmaceutically acceptable salt thereof
wherei n R¥Ois/08912 (D)- X (E)-Y 20 BI OLOd CAL TESTI NG METHEOS$/(Gozrpwands of
Formula (1) are expected to possess y-secretase inhibitory activity. The
detection of y-secretase activity requi+Bk- assays capable of reliable,
accurate and expedi ent detection of y-secretase cleavage products,
particularly AR The y-secretase inhibitory activity of the conpounds of
the present i pesQidOSememd® denonstrated using assays for such activity,
for exanple, Usimg the assays described bel ow. Conpounds within the scope
of the present invention have been shown to inhibit the activity of
y-secretase, as determ ned using assays for such activity. WO 03/053912
-37 PCT/ US02/ 40605 Conpounds provi ded by this inventiqg shoul d al so be
useful as standards and reagepntsni nodefgyim ning thenability of a potenti al
phar maceutical to inhibit AR uction. These u be provided in
commercial kifs conprising ? conpound* of thisBinvention. 5 In vitro

bi ndi ng assay to identif secgetase i nhi L gfonpeti tive binding
assays can be used tou,nde nnleculeyhuqu/ pﬁlblt the binding of a
radi ol abel ed y-secretase mmﬁhb?tor and t her ekbPe 9 nhi bi t y- secretase
activity. For exanple, [3H]-Conpound A can be used for binding 10 assays
with menbranes fromTHP-1 g&Xls (Seiffert, D. XXBradIey, J. et al. . Biol.

Chem 2000, 275, 34086- 34091) . Cbnpound A is (2R,;3S) (39)- hexahngo-
1- (3- phenoxybenzyl ) - 2- oxo- 1H azegi n- 3- y - 2- (2-met hyl pyI) arpyl ) -
bed in patent US6331408

but anedi am de, the synthesis of i ch~1s descri
(12/18/2001); PCT Publicati /28331; PC® Publi cati on B /07995; 15
and Seiffert, D., Bradley, t al., J. Bkol Ci]esm 2040, 75 34086 34091.

H2N Compound A 20 For ot hése assays, THP-
cultures in RPM 1640 cqgnt ajsni ng L-gl
to a density of 5 ®N'1 ,,I s/im. oCeI s were harvested by centrifugation
and cell pellets were qﬂﬂ%k froze dry ice/ ethanol and ¥Xlbred at - 70 C
prior to use. The pellets of adB'Foxmgxsegy 2 x 104 THP-1 cells were
honogeni zed using a Br¥fkman 25 Pol yFron at s&fit ng 6 for 10 sec. The
honbgenate was centrifuged at 48,000 x g for 12 mn, and the resulting
pell et was washed by repeating the honogeni zati on WO 03/ 053912

PCT/ US02/ 40605 - 3&hamspintbesis of pipgadinoderivitiees ofifadrmanid XIPeXKeXK XUEsX1I,

0 npr - nBa SRS deserbed i Repethh Sheeme,aRercan oF 2 g8mPPUE Sirertbr ane
suspension t ‘Foﬁﬁﬁ’lalﬂl%ﬁ}?ﬁﬁy rBféEtlreg [p)) e[feﬂg}n%' b Afut 89 \7&9@1438‘1? héaoaﬁgrl LAgi ol gand

and various concentrations conpounds I'ng”assays were
performed i nsulfpiylegnikyl proppl sueh apy(eieendulfmlloxpheties)-iq-a final vol ume
of 0.3 m containing 50 mM Hepes, pH 7.0, and 5% di methyl sul f oxi de.

Nonspeci fic BPOSYs QRB’&DPWH@@IH\}EF H@W%%atbﬁ%ﬁﬁycmﬂﬁ heS&UO cafbongapound A

(Seiffer Chen, 275 34086 34091).
After i n%:ubat |s?1§&gt%lu % @W Rﬁﬂ{%o nghotﬁh "ﬁmlgl %rgxgle dsagfﬁ’?agﬁ from 10
free radiol i gapsulbXIKi | Cléivagd oPhe tabmae! @& i theEorhpbikf S FGaRaked in
0.3% ethyleneimne polynmer solution. Filters were washed three tinmes with

0.3 m of |&Xd@mnpmgtpmestwanbemltmeaéllamwnnoohomkﬂ]admuﬁ@ 0.1%

Triton X-100, und r was .nmeasur ed scintillation
counti ng. C%%(WZI Efe@’ %&E ﬁ? 83@1@?‘#& natestipe (mapsiB (gMie| ate Ki val ues
using the ChS?ﬂhgﬁiéﬂ’sWﬂeyjiﬁte?&'iern%tNéWonﬁf 1?&9?9) §{>3J§§0)t gogR vere

scored as active y-secrétase 1nhibitors’i ues ess than 10 M
Exanpl esl%of piperidies of Fernaiis 250 ekh théessetolfie (i- Memdaﬂfbnggﬁmﬂﬂﬁla are
subj ected to_ the above descr| bed assay are shown in Table 1. In the table,
an i nhi bi t ofl§FI'@EKe &R Flarvagh i sttsster hyftrqaag@lttmﬁhtr@uo&mmc 2 B0 nM i s
represented éﬁ@rp +++; between 50 nM and 500 nM by ++; between 500 nM and
10000 nM by +.*TABLE 1: Exanpl es of activity in the in vitro bindi ng Assay
EXAVMPLEACTI VI TY RAdhWNeHoD6fthe plpdsitiine ok 3dmmitladdR 16 am dhide Y P0G RB/ 053912
PCT/ US02/ 40605 -39 EXAMPLEACTI VI TY RATI NGS 362+++

is carried out using amide-coupling procedures well known to those skilled in the

| sSNRABT engro rsr Spi nner
e and 10 M (3R1rﬁ3r@apt oet hanol

20  art (ref.: R.C. Larock “Comprehensive Organic Transfonnatlons, VCH



365+++ 366+++ 367+ 376++ 379+++ 385+++ 389+++ 394+++ 403++ 405+++ 408+
409++ 437+++ 441+++ 443++ 445+++ 447+++ 450++ 451+ 452++ 457++ 464+ 474+++
476+++ 47W6034881> a Activity based on | C50 val ues: WO 03/P@FAZLR40605

PCT/ US02/ 40605 -40 +++ <50 nM ++ =50-500nM + >500 nM and <10,000 nM5 In
vitro assay to identify y-secretase inhibgtor based on the inhibition of
Al133 formation from nmenbrane preparations. An isol ated nenbrane fraction
whi ch contains functionally active y- secretase and (3-APP substrates can
generate y-secretase cl eavage Broducts i ncluding A(3 (Roberts, S.B.;
Hendrick, J. Publishens, Nty York, 198wips97M 97@rile g preforred methogethe R pCT

Publ i cati on WD, 01/ 0175435; t.eler, . K.: Kostk s C at ent
Appl i cati on Né’.‘peﬁélwf%g’m &1 h&%ﬂrﬁ’ﬁh ama;cylggx}]oerw,e %ﬂﬁg%fgﬁgf%fﬁ

Bi ochemi stry, Sﬁgig(g%cﬁ%s h@éﬁﬁ?&?ﬂ%&nd@ﬂ@ﬂ%erﬂ-sol@ﬂﬂmhlas C81,ca)with & ocheni stry

2001, 40, 504 An i sol ated nmenbrane fraction can be prepared from

human deri ved wiglout héatiag. \ltchmativelsietba papedidisie offfiormulagXag nipydre qorpledf ect ed
with 15 wild type or nutant forns of (3-APP or h n al kal i ne phosphat ase
(3-APP fusi ol %Crl‘@lé’fEheé’ﬁ?fe%‘ieélﬁwugﬁﬁrﬁgtsI*?P‘ghasllig’g‘éqxé’ 8’?2093358%ra@?ase
substrates. The - rek RS i i ranes
prepared at O_afa@%ﬁgﬁggeg@gﬁ ?%ﬁ?@%&s@ubst?%’%%I'v%%%t%%q@nﬁg gﬂggbare
shifted from @oimtiR BXI1Gs actieteddyi tesatrdnt b ehecingiay afiforprudal XX with ac| udi ng A( 3

can be nonitored by standard 20 techni ques such as inmyunoprecipitation
(Citron, M; Dioshmateram a baseapch asirigihylannpe in a sobvent swushyas (IBAL widfoer

93, 13170-13175). tern Qlot (Kl e He W i1 Dayet al., J.

Bi ol . Chem. &%&éﬁ?&%ﬁ@g?%%% plé’ﬁ?glllrlrlg OfFléﬁElEelg | IL%lr‘{(l)dse(%)g\{ient assay
(ELI SA) aggdenphsiniil pheRnine@ BPRoimulOXXINI @R tipatdl bR)cedize, thE pBeridinblds ur e,
1992, 359, 325-327, or "by a preferred nethod using 25 tinme-resol ved

fl uor escence afeatetiavitivaroajkyldwmilide snapaleylcsutfonataimtherpsesonea s bagpgichrs
(Roberts, S.B.; Hendrick, J. P,; Vi n'ts&Je f« Lewis, M; Smth, D W;

Pak, R PCT Pitthyamingandingsolyentsssas §hbkGhnan, M: Beher, D. et al ..

Bi ochem stry, 2000, 39, 8698-8704). The A(3 present in a honpbgeneous sanple
cont ai ni ng nenbranes can be detected by tine-resolved fluorescence with two
30 anti bodi es Rdaation Selbgne 8e di fferent epitopes of A(3. One of the

anti bodi es WO 037053912 PCT/ US02/ 40605 -41 recogni zes an epitope that is
present i ASA(3 but not present in the precursor fragments; preferably the

antibody binds the carboxyl gt ermnus of A(3 gemerated by the yssegretase
cl eavage. The second a dyo‘BFnds to an her®Hepi t ope entN%ﬁ A( 3.
For exanpl e, antibodi esxthat bind the N-t€w nal region é‘n R+ 5 26D6- B2- B3

(r) SIBIA Neurosg enfes, La-Jotla, @A) Por bindTtie Ca er| inal end (e.g.,
9S3.2 (r) antibody, B ogol utions, wak, fE) of thelA(Svpeptide are known.
The anti bodi esizfag%ﬂalfél ed with HMali OQF\\OfI uor escéiht pgﬁec;s t hat transfer
fl uorescent ener gyR?/\ﬂenothe adducts &t'e brought in cloBe proxinity as a
result of binding t@he NN and C-terggnal ends or regixgms of ‘A(3. A lack
of fluorescence 10 is—indi catti ve of thé absence of cleavage products,

resul ting frong?sﬁlgxe@'fmfgﬂgﬁf MNIILBcret ase. The isol ated nmenbrane assay can
be used to identl y candi date agents that inhibit the activity of

y-secretase cl eavage and AR production. A typical nenbrane-based assay

requires 45 gg nenbr.ane.protein well in a.96- or - t.
Menbranes in a neuﬁlﬁ&‘%g?f%‘?m’éﬂlgﬁé%vnﬁrf*aéﬂmeig %W?at ﬁg%ﬁe%\? L}J&t)ﬂﬁ%%gar: d and
shifted, fromyQfe {QudloeSshowRth RRSA S cHBYe BY A Srdkdcied alcohol of Formula

20 XXIV is prepared by the procedure shown in Reaction Schemes 1 or 2.

Deprotection of the alcohol under the appropriate conditions for the chosen
protecting group (ref.: T.W. Greene and P.G.M. Wuts, “Protecting Groups in
Organic Synthesis”, Chapter 2) provides the alcohol of Formula XXV. For
example, when the protecting group is a tetrahydropyranyl moiety, the alcohol is
25  liberated by treatment of the compound of Formula XXIV with p-toluenesulfonic

acid in a solvent such as methanol. The alcohol of Formula XXV is converted to



consi st of synthetic conpounds, secondary netabolites from bacterial or
fungal fernentation extracts, or extracts fromplant or marine sanples.
Al'l synt hwbDios/os®gents are initially screened at doses ran@cmgsoz/esni0- 100
gMor in the case of extracts at sufficient dilution to m nim ze
cytotoxicity. Incubation of the 20 menbrgoes with the test agent wll
continue for approximately 90 mnutes at which tine fluorescence | abel ed
anti bodi es are added to each well for A(3 quantitation. The tine-resolved
fl uorescence defection an(d quaglreﬁi tati descri.bed el sewhere

ly Lﬁ of AF(’1 ihs

(Roberts, S.B.2RERESIER S idepyuliopgte) gnd then frpated pjith a pagpary orp yy

Pak, R PCT Pubbhtaly ofinded Ofhdliotine o PRGARRWM. ‘FdBeRShple2he Ricofibl 2l -
Bi ochem stry, 200@}%9@1%698- 704) . Rggﬂats argxobt ai neg '%{}ean& ycgﬁsl of

the plate in ambhy botasesad s pmasydate dadestivaibg reaetipawithomethandshifomgdck treat ed
menbranes and sanpl es in which known ampunts of A(3 were added to construct

3
a standard con@udefideand arbasesusd as Kigdpmingdn 4L Chg SUbsgagRcrdionnf thaat

i nhi bi h i ve. . say 0% h
il test edsy e R Tirbdty kP SrpRGk A EAh ok S BBl GR e 4
dose response MRHYRMABSMH2sIREht HRB2s40803, prédidexPRihiTRObf FSmPes kKxvred to

determ ne the | owest dose of conpound necessary to elicit the inhibition
of the production of AG3. Conpounds were scored as active y- secretase
inhibitors if zgi ¥,a| EeE vverée | ess than 10 M Exanples of the results

obt ai ned when conpounds are 5 subjected to the above

descri bed assay are shown in Table 2. In the table, an inhibitory
concentration (l1Cso) of less than or equal to 50 nMis represented by +++;
bet ween 50 nM and 500 nM by 4+; between 500 nM and 10000 nR by +. TABLE 2:
Exanpl es of activity in the in yitwo assay based on the inhrbrEion 10 of

Ali formation from nenbrane pr &Mrati ons EXAMPLEACTI VI TYRRATI NGa 1+++ 2+++
3+++ A+++ S+++ B6++ T+++ 8+++ O++P 10+++ 11+++ 12+++ 13+++ DA+++ 15+++ 16+++

17+++ WO 03/ 053912 PCT/ US02/ 5 -43 EXAMPLEACTI VI TY NG 18++ 19++
20++ 21+++ 22+++ 23+++ 24+++ ++ 26+++ 27++ 28++ 29+ 0++ 31++ 32+++

33+++ 34+++ 35++ 36++ 37++4y ++ 3044+ 40+++ AL+++ JOFFF 4344+
8] I o) |
N_ _R® N_ _R®
I-hN/U\R(1 o HZN/UWRT %o
10 XXvil XXviil

Amides of Formula XXVIII are prepared from amines of Formula XXVII

as shown in Reaction Scheme 9. Amines of Formula XXVII wherein D is a
direct bond are prepared as in Reaction Scheme 1 or 4. Amines of Formula

15  XXVII wherein D is-other than a direct bond are prepared as in Reaction Scheme
8. Conversion of the amines of Formula XXVII to the amides of Formula
XXVIII is carried out using amide-coupling conditions well known to those
skilled in the art (ref.: R.C. Larock “Comprehensive Organic Transformations,
VCH Publishers, New York, 1989, pp. 972 — 976). For example, reaction of the

20  amine of Formula XXVII with an acid chloride in the presence of a base such as
triethylamine in a solvent such as CH,Cl, provides the amide of Formula XX VIII.
Conversion of the ami(nes of Formula XXVII to carbamate derivatives can be

carried out using conditions well known to those skilled in the art. (ref.: T.W.

Greene and P.G.M. Wauts, “Protecting Groups in Organic Synthesis”, P. 503 -



44+++ 45+++ WO 03/ 053912 -44 PCT/ US02/ 40605 EXAMPLEACTI VI TY RATI NGa 46+++
47+++ 48+++ 49++ 50+++ 51+++ 52+++ 59++ 61+++ 83+ 85+ 87+++ 89+++ 95+++
103+++ 11wWe0302®+2 133+++ 153++ a Activity based on | C50 valcadasn2/4066x50 nM
++50- 500nM 5>500 nM and <10,000 nMIn vitro assays to identify 7-secretase
i nhi bitor based on the inhibition of AR-Z0ormation in cultured cells.

Cul tured human cell lines, such as HEK293 and H4 cells, which express 10
APP and y-secretase activity or transfected derivative cell lines that

OVer express Y\%%ﬁ{,‘ g?%%ﬁ%oﬁ%}:/sﬁf%%g?g@g a5 vaﬁéesvfrclrg {l%ﬁ}%ﬁ&ﬁﬁ? faa}%(V P, or

APP fusion pro secre trdes re medi a t hat
can be quanti f¢RhiRoePichiHved G4iM ﬁi&ﬂdd@@ﬁbh(d@&lﬂ!ﬁ)desdﬁbed forahe coMersidn 68 ., J
Neur ochem 2001, 76, 173-181) %’he i ncubation of these cultured cells with
y-secret ase |nﬂlﬁmtﬁm@m@ofmaIIHeﬂ}ﬂ@léfQu@mmiﬁ offfopplagbpt i des. 5 For
instance, H4 cells stably transfected to overexpress the HPLAP- APP fusion
protein described above were grown as above, detached, and adjusted to 2 x
105 cells/gd . é&'@oh Shelddgor esul ti ng suspensi on was then added to each
wel | of a 96- er 4 hrs, the nedia was renoved and repl aced
with 100 | serum free rredla containing various dilutions of the test
conpound. Plates were then 10 incubated for 18 hrs at 37 Gygrgd a 100 |

al i quot of the tissue cultur /Ns per nat ant was renoved f eterm nati on of
AR | evel s using tinme-resolve fl uorescence of the ho ger\ us sanpl e as

outlined above. Alternatelyg e other nethods descri above for A(3
deternination could be wsed] The extent of A(3 ingibi®ion was used to
calculate the 1CS0 , vallue jor gshe test conpound. 15 unds of the
present invention ari&Ncon |dga$\\ed active when t nghe above assay if

the | C50 value for the tertCoRpound is |ess than S W OExarrpI es of the
resul ts obtai ned when the invention conpounds are subjected to the above
descri bed assay are shown i ¥Xtable 3. In the table, aKxXXinhibitory
concentration (1C50) of less than or equal to 50 nMis represented by 20
+++; between 50 nM and 500 nM by ++; between 500 nM and 50000 nM by +.

TABLE 3: Exanpl es i %ﬁ@ bition
of A3 formation i ﬁfhce u th%%%%fgﬁ&lﬁﬁmﬁc& yﬂ%?ﬁ%ag éﬁ% 19++
26+. WO 0300538dwn BCREASDA/SEAEAE 104 @hE&ﬂWp@ﬁﬁHeWeﬁVat%ﬂﬂ‘ﬂG&nﬂB‘E@fDél+++
51+++ 55+++ 61+++ 72+++ 80+++ 89+++

is prepared using the chemistry described in Reaction Schemes 1 or 2. Treatment

of the compound of Formula XXIX with a primary or secondary amine in a

solvent such as THF at temperatures from 20 °C to 100 °C, using sealed,

pressurized vessel as appropriate, provides the aminopyridine of Formula XXX.

15
Reaction Scheme 11
0.~ ofNR4R5
B — ’
Pl e e ]
N___R 3
HzNJ\( Sy HzN/U\(N;S(R
R'O O R1 O 0
XXX1 XXX
20 Amine-substituted phenol ethers of Formula XXXII are prepared from (O-

allyDphenols as indicated in Reaction Scheme 11. The starting allyl ethers of



96+++ 101+++ 123+++ 127++ 143+++ 147++ 158+++ 171++ 193+++ 203+++ 205++
207+++ 245+++ 246+++ 249++ 254+++ 256+++ 260+++ 272+++ 280++ WO 03/ 053912
PCT/ USO2/w08085394Y EXAMPLEACTI VI TY RATI NGa 282+++ 288++ 30CFAUSBDR0605 321++
322+++ 329+++ 330++ 331+ 340+++ 341++ 342+++ 349+++ 352++ 358++ 359+++
366+++ 367+ 378+++ 383+++ 394+++ 403++ -Al6+++ 418+++ 424+++ 433+++ 434+++
439+. WD 03/053912 PCT/ US02/ 40605 -48 5 EXAMPLEACTI VI TY RATI NGS 442+++
A472+++ 481+ 492++ 495+++ 497+++ a Activity based on |1 C50 val ues: +++ <50
nM -H = 50 - lﬁlmare- repaad BRRh [ baPRch SlelREM QR Pd T redtmcheor esent
i nvention have een denDns rated to have an [CsO value less than 10 Min
one or all ofmbhenmbmmboﬁ&xnmkﬂXXﬁ&méﬂnmaﬂmmhenndémmeﬂusﬂuﬂmﬁbwﬁﬂia | or

phar maceuti cal comnpositions thereof are useful in the 10 . treat
al | evi ati on o¢xide it $Rlvsmb ﬁu@fasd‘F%tB’P?d&l@w(ﬁg %Btt‘l‘?é‘im‘?ﬁ’f‘ %‘ihc?&i’émb%esrﬁ’ ted with

the inhibition I G0 APP,
y-secretase c gg%/ael{sé%%ﬂ hﬂ{e @et%?h ﬁﬁust?%gﬂgl .S‘ﬁg?”&’l%“ tch ?rzlam ly of

t r ansnenbranersRESALE R @bﬁﬂﬁa:v\ﬂdehyﬂe vl kgrémarly.or s&kvylﬂanyl amlﬁieund 2001, 81,
741-766; Wlfe, M J. Med. Chem 200144, 2039-2060); 15

recept or - r el ateducipg 8gwit suqhvasysodipm tna@@@pyybomlwdndm &SOlYJent 3‘1@1 as1ethangbm
2002, 277, 18738- tﬁ%lzév:i)’&out":h Png af(fordét he amlhe M‘F(Pm}{ﬂa %&H Gol de, T.E.,
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Conversion of the ester of Formula XXXIII to the tertiary alcohol of
Formula XXXIV is carried out as shown in Reaction Scheme 12. Reaction of the
15  ester of Formula XXXIII with an excess of a methyl organometallic reagent such

as methyl magnesium bromide in a solvent such as THF at a temperature ranging

from 0 °C to 25 °C yields the alcohol of Formula XXXIV.



Carpenter, G Science 2001, 294, 2179-2181); E-cadherin (Maranbaud, P.
Shioi, J., et al., EMBO J. 2002, 21,1948-1956); and CD44 (kanoto, |I.
Kawano, YWpostws3vat., J. Cell Biol. 2001, 155, 755-762). | fecrnisobidendn of

cl eavage of non- APP 20 substrates causes undesirable effects in humans,
then desired y-secretase inhibitors wedld preferentially inhibit APP

cl eavage relative to unwanted substrates. Notch cl eavage can be nonitored
directly by neasuring the anobunt of cleavage product or indirectly by
measuri ng t hr&tfissscRémé g cl eavage product on WO 03/053912 PCT/ US02/ 40605
-49 transcription (Mzutani, T., Taniguchi, Y., et al. Proc. Natl. Acad.
Sci. USA 2001, 98, 902679031). In vivo assays for the determ nation of Aft
reduction by y-secretase inhibito 5 1n vivo assays are available to
denonstrate the |nh|b|t|on of etase activity. In these _assays,
animal s, such as m ce, xpﬂ%ss normal | evels of ~&PP n@fyésecretase
or are engineered to expr hi gher | evels of APP nce!—NA(3 can be
used to denonstrate the ity of y-secretase inhittors (Dovey, H

John, V., et al., anhbqrochent 260 76, 173-381P. In these assays,
y-secretase 10 inhi WRY € adnmi ni stered t aanaIs3and A(3 levels in
mul tipl e conpart hight s; ,ﬁgh as plasma, cemy §bsnﬁl fluid, and brain
extracts, were nonitor@d®Pfd AR |evels using 1hﬁa§)preV|oust out | i ned.
For instance, Tg2576 m ce, which overexpress human APP, was admi ni stered
y-secretase inhibitors BXX¥ral gavage at doses t hatxv |1 cause measurabl e
A(3 lowering, typically less than 100 ng/kg. 15 Three hours after dosing
pl asma, brain, and CSF were collected, frozen in |liquid nitrogen and

stored at -80 Cu For et dil uted
15-fold ih PBS wi ?I}épﬁm%&g@@{ﬁ? 3 ‘Ixaé\'géé go’&?‘f %?@%ﬁﬁa IS(cATTipdight 43 Chaps

wi th prot easghdwihintRda@fién Séhemems hepPeRthods wdfl koWh 8ol kiRiIE inkheM
phenyl et hyl sul f onyl fl uori de, M pepstatin). Brains were honogenized in | %

20 Chaps mnthﬂﬁﬁﬁteabeJAnHﬂﬁbtKréhuﬁhn@FZHemﬁwydku€h®m$@yhhéﬁm ti ssue.

rl-lce)gl[jlgta inﬁge:u r e tgﬁe[gal?vxg?réioph dl‘fs&fzgs% af’ngféfegm?%‘”?é/t%ﬁ“ﬁ% ]aﬁ‘rtc h -tl)-? gt ease

i nhi bitors. é(a%lﬂlé\’tﬁé éstéﬁbftﬁaﬁnumﬁgmls‘ﬁ%ﬁted%ﬁl dRhAind MR Bant? 0hin measur ed

using time-resolved fluorescence f honbgendus sanpl e or one of t he
ot her nethodbeapngwpdoserefies poinbethe @5ulfing asd hiydtaakie inteimdfidteis issd
consi der ed actbve in._one of the above in vivo ass%%é i.f .1t reduces A(3 by

at | east 500874poy pd‘&éﬁ@téofbm al S‘?ﬂg‘Ftheaeﬂ‘?ér"@flb‘i“balkY cBisEURPITIEMeFor nul a
| Or Pharmaceih heainSATBAN bisdoide HiHEH2AE S HoRhilh we treatment,
alleviation or elitmation o di sor ers or ot £orders associated with
the inhibition of (3-amyloid peptide. WO 03/053912 PCT/ US02/ 40605 -50 In
anot her enbodi ment, this invention includes pharnaceutical conpositions
conpri si ng aReactipaSchemeddpound of Fornula | in combination wth a
pharnaceﬁgical adjuvant, carrier or diluent. In still another enbodi nent,
this invention relates to a method of 5 treatnent or prevention of

di sorders responsive to the inhi bo#ion of (3-anyloid peptl in a manmal

in need thereof, which conpri ‘s(adntnlsterlng to said DWa«naN a
yunt oof a conpound of Tgizgla In nont oxi c

t herapeutically effectiv @

pharmaceutical |y acceptab)se.salt, solvate or hydrat er eof . In yet

anot her enbodi ment, thi ®'inventi or—rebates to a gy for treating 10
Al zhei ner' s Di sease ndIDomn;s Syndrone in a nnql in need thereof, which
conpri ses adnin|?;§ /§aid manmal a thergﬁﬁgntcakty effective anDunt
of a conpound o or I@f?bor a non-toxic %cally accept abl e
salt, solvate or hydﬁ%te thereof . For therapeutR'c” us

pharnacologlcally activeggonpounds of Fornula | 15 wi Il normally be

adm ni stered as a pharnmaceuti cal conposition conpﬂQQﬂﬂg as the (or an)
essential active ingredient at |east one such conpound in association with
a solid or liquid pharmaceutically acceptable carrier and, optionally, with
phar maceutical ly MImstsad:ﬂﬂme hdjdumeadizzord Fexnilai XKV IEiatyvadgasst andard and
conventional _techniques. The pharnmaceuti cal_ conpositions include

sui tabl e doﬁ@@nﬁ%ﬁ?é"t’foélrs pap 14 uﬁ’é’tgéﬂ?tb‘?%ﬁ wel h@%tﬁi@o%ﬂﬁkﬁfﬁa’ng@us

i nt ramusgul r l v n

adm ni st% ?at ?a(%ﬂréﬁ?'%&ﬁgq‘gﬂhhﬂpq(dg%lg@t ?ig? lf‘lfe’}serﬁ%; t?f %ﬁt%u%ur%{épar é‘;i on may be
tabl eted, placed in a hard gelatin capsule in powder or pellet form or in
the formof a troche or |ozenge. The solid carrier may contain conventi onal
25 excipients such as binding agents, fillers, tableting |ubricants,
disintegrants, wetting agents and the |ike. The tablet may, if desired, be
fllntcoated by conventlonal technlques If a I|qU|d carrler IS enployed
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vehicle normally will conprise sterile water, at least in large part,

al t hough saline solutions, glucose solutions and |ike may be utilized.

I nj ect ablwoaspwmsi ons al so 5 nay be used, in which case eamsat/imnal
suspendi ng agents may be enployed. Conventional preservatives, buffering
agents and the |like also may be added to,,the parenteral dosage forns. The
phar maceuti cal conpositions are preparedzgy conventional techniques
appropriate to the desired preparati on containing appropriate amunts of

the active ingredient, that is, the conpound of Formula | 10 according to
t he i nvent i on. ClewmanféHadlx drapden, 1981 A52-4A6 endrederapese gitedtiereifciFences, Mack

Publ i shi ng Conpan ast on , L7th_editi 1985. The dosage,of the
conpounds of %ﬂ% R E?ﬁaﬁﬁeé‘ng ﬁ8¥"é‘b18§{\(%wé&‘fﬁ@’@{°§’\ﬁﬂq%“%8beeﬁd not only
on such fact or smasiiihhige, 368 acé@ﬁhm%kilﬁ@@q-ﬁg&osz& ethBfinfA4h B} inAREpredtiile Of

adm nistration, but also on the degree ot (3-AP inhibition deglred and the
15 potency of dffabasasitdhcs tdethylempeeupravides agintdrinedizeedhitas hédted ypar t i cul ar

di sorder of disease cgoncerned. |t is also caontenp] ated that the treatnent
and dosage Jof FEHBXInGgy¥idag fprovistesbertrdiazglerd Foamiiai S¥X&VEH in unit dosage
formand that the unit dosage form woul d be adjusted accordingly by one
skilled in the art to reflect the relative |level of activity. The decision
as to the partRedékion Sdaemgast o be enpl oyed 20 (and the nunber of tines to
be adm nistered per day) 1s within the discretion of the physician, and
may be varied by titration of the dosage to the particular circunstances

of this invention to produce t}JR-¢hesired therapeutic effect. NA suitable
dose of a conpound of Forn#t a\{l or pharnmaceutical co ‘h(oﬁrfhereof for

a manmal , including man, suffering from or likely t 5 sdof-Der from any
condition related to R ARg/producti on as descri bed he , generally the
daily dose will be fr n1apout 0. 05 ng/kg to about ng/ kg and preferably,
about 0.1 to 2 ng/k%/ﬁngpnggm?nistered parenter@l1y. For oral

admi ni stration, tH&Ndos be in the rangg f uR’1 to about 75 ny/ kg
and preferably from 0.R' Po 20 ng/ kg body mnght.1ﬁyEﬁgctive i ngredi ent

w il 30 preferably be adm nistered in equal dosestfromone to four tinmes a
day.. However, usually a XRMIll dosage is admi ni ster®KXand the dosage is
gradual |y wo 03/ 053912 PCT/ US02/ 40605 -52 increased until the optinm

dosage fo% the host under treatnent is determned. In accordance with good

clinical practice, THe 1i,2?,4¥blkﬁc?iiﬁidl€GfF&nﬁﬂMQ)d)&]b@irstpEéiﬁréd%drﬁ'ﬂ{eniﬁrﬂéﬂ@f’unds at
a concentration level that will produce an effective anti-anyloid effect

wi t hout causi dgranla XXXV (RoactiontSshemel 1 §) uingsthodswelldnewatq those wi | | be 5
under stood that.the anoun he co u ctpall dm nistered. w1l be
det ermi ned by ® II%H)}%&?T ,refipif’”ﬁ%jﬁ“? gﬁﬁs’%j‘3 slﬁ‘gﬁ’rg%@gﬁfoccyf’ﬁ%g $H¥es
including thes &e&dthégaﬁh&& 1 UL SRR H 9950 @56 DB GRd PifeeREBR QB Hfeil

admi ni st er ed, {he choden  toute of admni stration, t A age, me?%ﬁ?&ﬁand
response af t fer exatipiedeadtiopatfitentitrile afifominda XEPEVIIT with hydfoayjpatineintd

synptons. 10 The folloqug exanpl es are given by way of illustration and
are not to Be SOWEMseh ayethanal phiemmsitireup R AeAik srevides spjntgpmedidtiaNuch as

many variatio i j i1kl - i LRl Re. spir] f. the

i nvention. DE@%%%W%EE@%E%%@&Q%%@IMF@ c@gh?ﬁlri tﬁéﬁ#e% Swi ng
exanpl es, all of ebpsy Aich e Gicttiytar@ineen a solveguciess CHICI, & @deideMa) 1,289 points
were recorded on _a Thomas Scientific Uninelt capillary nelting point
appar at us and o%pdiazaie of FeamudaXXPHSt on magnetic resonance (1H NVR) spectra
were reco ged on a Bruker Avance 300, a Broker Avarice 400, or a Bruker
Avance 500 spectroneter. All spectra were determned in the 20 sol vents

i ndi cated and chemi cal shifts are reported in S units downfield fromthe
internal standard tetranethylsilane (TM5S) and interproton coupling
constants are reported in Hertz (Hz). Splitting patterns are designated as
follows: s, singlet; d, doublet; t, triplet; g, quartet; in, nultiplet; .
br, broad peak; dd, doublet of doublet; br d, broad doublet; dt, doubl et
of triplet; br s, broad singlet; dq, doublet of 25 quartet. Infrared (IR
spectra using potassium brom de (KBr) or sodiumchloride filmwere

determ ned on a Jasco FT/IR- 410 or a Perkin Elmer 2000 FT-1R spectroneter
from4000 cm1 to 400 cm 1, calibrated to 1601 cm 1 absorption of a

pol ystyrene filmand reported in reciprocal centineters (cm1l). Optical
rotations [a] D were determ ned on a Rudol ph Scientific Autopol 1V
polarimeter in 30 the solvents indicated; concentrations are given in

ng/ mL. Low resolution nass WD 03/053912 PCT/ US02/ 40605 -53 spectra (MS) and
t he apparent nol ecular (M+#) or (MH + was determined on a Finnegan
SSQ7000. High resolution mass spectra were determ ned on a Finnegan
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sul fonyl chloride (380 ng, 1.8 mvol ). The resulting solution was stirred at
rt for 18 h. The reaction was then diluted with CHZC12 (200 nL) and washed
wi th H2O,wo®3h531HCl , brine, and dried over MgpSM1 to af f eca/usez4deds | ed
conmpound (410 ng) 20 as a white solid in 90%yvyield. M5 (ESI), (M+H)+ 305. 2;
"H NVR-(DVMBSO-d6) S 7.77 (d, 2H, J= 8.7247.62 (d, 2H, J=8.7), 6.90 (br s,
1H, 3.67 (m 1H, 1.54 (m 1H), 1.31 (m 2H), 0.81 (d, 3H, J=7.0), 0.71
(d, 3H, J=7.0). WO 03/053912 -54 Method A for conversion of IIl to I: Cl

PCT/ US02/ 4060 .
(2R) - 2- [ N- ( 4- Srption Seheme 1941 fonyl ) - N- (4- met hoxybenzyl ) ami no] - 4-
nmet hyl pent anoi ¢ acid am de (Exanple 1):

(2R) - 2- (4- Chl or obenzenesul f onyl am noMme4- net hyl pent anoi ¢ acid am de (300
ng, 1 mol), K2CO3 (170 ngy, 1,2 rgwol ), and 4- met hoxybenzyl ntgll/eride (170
my, 1.1 nmmol) in DMVF (25 nl) ﬁé@“ﬁ?o 60 C for 1Th reaction 10
was then diluted with Et QAc and washed with MQ - bri%he, dried over
MySO4 and concentrated toBgi vé a crude—white wa Firther purification by
flash chromat ography y( Si d)2, 25% Et OAc/ hexanes) jafforded, the titled
conpound (297 ny)y hgsolid in 70% yp-dNFHOE +44.2 (¢ 1. 00,
MeOH); Ms (ESI), ( H 1422.% 'H NWVR (CDC13)" 8 7R63>/(\\«n 2H, J=7.0), 7.42
(d, 2H, J=7.0), 7.25 (5, 15 2H, J=8.0), 6.79 (d, 2H, J=8.0), 6.25 (br s,
1H), 5.35 (br s, 1H), 4. 3&L(dd, 2H, J= 50, 15), 4. %5l (t, 1H J= 7.2), 3.78
(s, 3H, 1.83 (m 1H), 1.18-1.34 (m 2H), 0.75 (d, 3H, J=7.0), 0.67 (d,
3H, J=7.0); IR (KBr) 3480, 2959, 1693, 1674, 1514, 1333, 1158 cni. 20
Met hod B fsor conveRrgdctitn Sthdnhd 16 shdws MR OEaRiba JPTH e/ of 06@ula 55 Met hyl
6- di met hyl am noni coti nate: A solution of net h{lE 6- chl oronicotinate (4.0 g,

23 mmol ) i n Yidetheletnend Fyporaelly Tiggmpie of Bornmle K1, which ippeepaigde vessel
was stirred at,95.C.for 2 h oled tqg rt .and congentrated. The residue
was di ssol ved® %s?q?fldﬁge?cé’gﬁrﬁ% 131?%%)53??3@6%&" ﬂhamﬁgﬂ%{gfn%mi% ‘Cm_) , dried
over Na2SO4, gAsbnt §1ﬁﬂ%%étﬁ&@ﬁ{a§1ﬁsiﬁﬁlflﬁbﬂxidéﬁﬁ aldolVet SRARSUDF Rpréviign sol id
(4.1 g, 98%. (ESI), (M:H)* 181.24; 'H NWR (CDC13) 8 8.79 (s, 1H), 7.99
(d, 1H, J= 9. ketondbf Fetmuld KLI.J FhOratke oB titTredion IMhperdtutdis (fmm 624 °C 10

2- Di met hyl am no- 5- hydr oxynet hyl pyridine: A solution of nethyl

6- di met hyll0ami te@5fiCcot i nate (4.14 g, 23.0 mmol ) in anhydrous ether (80 ni)
at 0 Cwas treated wth lithiumalum numhydride (1 M 15 in ether, 20 ni,
20 mmol ). The m xture was stirred at rt for 0.5 h, cooled again to 0 C and
quenched sl kafgac“oh@cﬁ@ﬁe 139. NaHCO8 (10 ni). The resulting mxture was
stirred at rt : . f1ltered, and washed with ether. The conbi ned
filtrates were dried over Na2SO4 and concentrated to give the title
conpound as a beige waxy sobid (3.5 g, 100%. M5 (ESI)Q (MHpkedH3. 4, 'H
NVMR (CDC13) 8 8.06 (d, 20 1H, 2.4), 7.47 (dd, 1H, J= ¥4 8.8), 6.45 (d,
1H, J=8.8), 4.50 (s, 2H), W06 (s, 6H), 1.98 (br s, H¥). O HNC1 OS O
FY WD 03/ 053912 PCT/ US02/ 4065 -56 (2R)-2- D -

- (4- Chl or obenzenesul fon(2-di nmet hyl am nopyri di p yI ) am no] -

4-f | uor o- 4- et hyl pent anci d am de TFA salt @. 459): To a cl oudy
solution of (2R)-2-[(4-chfkdrobenzenesul fonyl am no) 48 -

fl uor o- 4- net hyl pent@noPc acid amde (prepared @s iBh Reaction Scheme 20 or
from y-fluoro-D-L O&j rre&ahyl ester, Papageor|fioy etpzal., Bioorg. & Med.
Chem Lett. 198N >8P p. 267-272; OHMG ; Q/sl§ nmol ),

2-di met hyl ami no- 5-  hydréxyaret hyl pyri di ne (71 ng,g!® 48 mol ),

tri phenyl phosphine (122 ng, 0.464 wmol) in CH2Cl12 (9.5 nL) at rt was
added' dropw se diisoprxmy! azodi carboxylate 10 (ygyL, 0.46 mmol). The
resulting pale yellow solution was stirred at rt Tor 2 h and concentrated
under vadbum The residue was dissolved in nethanol an purified by reverse
phase preparative HPLC (YMC S5, CODS, MeOHwater-TFA) to afford the title
conpound as a whi tfeAtgnerenddes o Fogaolp XINH gregrepared perylpgudes.of H NVR

CDC13) S 8. . 1. 95 1H J=9.6 77 (d., 2H J= 15 6.8), 7.51
(@ 2n 3= o oyt St oy hledt g Sohctigl . Fof Fydtite g actTanide 87 1
d, 1H J= 8. Z@o’m‘rﬁ]12144@]41(1,dwhﬂ‘:ﬁ'ris qr_e%ﬁ‘e@}ls abschBed B Rdbhion Sdiftine 8-i2@ed& 6H) .
2.50 (m 1H), 1.39 (m 1H), 1.25 (d, 3H J= 22.0), 1.17 (d, 3H J= 22.0).
Exenplification of Reaction Scheme 1 - Solid Support 20 o N NH2 H =



Pol ymer - bound D-Leu- NH2: FMOC-protected Rink amide resin (30 g, 0.61
nmmol /g, 18 mmpl) was treated with piperidine/DMF solution (250 nL). The 25
m xture wa® shadoen at rt for 24 h, drained, washed wi th DVET(Box4@0On),
CH2C12 (5 x 200 nlL) and dried under vacuum The resin was then treated with
FMOC-D- Leu-OH (22 g, 62 mmol), 1-hydroxySenzotriazole hydrate (2.5 g, 18
mml ), 1, 3-diisopropylcarbodiimde (9.8 nm., 62 mol), and DMF (250 nmiL). WO
03/ 053912 PCT/ US02/ 40605 -57 The m xture was shaken for 20 h, drained,
washed with %3 viMnéE 8- x 200
McOH (3 X gg)rﬁl{%g)gbg%)&% 311})(@6}}2]%0S{V%nisﬁgﬁgéfog%e'%gmconplhg i on of
reactl on and 4ol apddé afF @hnulhELIESsi n- bound FMOC-D- Leu-NH2 (0.56 mmol / g)
were determned by the treatnent of 52 5 ng of the resin with 10% (v/vV)
TFA/ CH2C12 (2 nL) to give 11 ng of FMOC-D- Leu-NH2. The resin-bound
FMOC- D- Leu- N 1S i&ggreﬁt ﬁét ed with 20% (v/v) piperidine/ DM solution (250
m.) to give f Leu-NH2 (20 g). C 10 Pol yner-bound
(R) - 2- (4- Ghl or obenzenesul f onyl am no) - 4- net hyl pentanoi c acid am de: The
above pol yner-bound D-Leu-NH2 (20 g) was treated with CH Cl2 (150 m),
pyridine (100 and 4:chl otephenyl s
nmol ). The m e was gha for 2
n), CH2C12 (4 208N
chl or obenzenesul f o 3
(22 g). The conpl§tipn o dhe reaction t he doadi ng of t epn(\)e5| n (0.57
nmmol /g) were det®&wm ned by the treat of 50 ng of the resin with 10%
(viv) 20 TFA/ CH2Cl12 (k&wnl) to give 8.7 ng piv XLVI
(R - 2- (4 chl or obenzenesul f onyl ami no) - 4- nethyl pentanoic acid anmide. C N
HN- v 'S 4 _ C~ \0O W 03/ 053912~ 58 PCT/ US02/ 40605 o
(2R) - 2-[ N- (4- Chl orobenztene ul f l) - N-(4 rrethyl enzyl ) am noj -Hi-
met hyl pent anoi-e—=&ci e—60Y): R \iﬁg\mmre—of 'f)ob pind
(2R)-2-[N-(4- chl orab’e\ozamesu onyl ) am nop Zbrnst hyl pent ano@coam'd am de
(loading 0.45 5 mmol /g, 50. °00ng, 0.0225 mmol ), 4-nmethyl benzyl brom de (44
ng, 0.24 mmol) and DVRXKVL 5 nl) Was added  XLviH XLIX
2-tert-butylimno-2-diethylam no-I,
di et hyl per hydro-1, 3, 2-di aza, th§phOl‘l ne (0.10 nL, 0.34 mml). The
resul ting mx;sq,qgch\ga§1 shqke} atjrt for 2 days, then was drai ned and washed
with DVF (4 x 2NL) and CH2Cl1l2 (4 x 2 nmL). 10 The resin
was then treated with 10%C(VPV)21 TFA/ CH2C12. The mixture was shaken for 1
h, filtered and washed with CH2Cl12 (2 x 0.5 nlL). The conbined filtrates
were concentrated under vacuulnto afford the title conpound as a beige
solid (7.7 nmg, 100% HPLC purity > 95%. HRMS (ESI), (MH)- for
C20H24SC1N203 cal cd: 407.1206, found: 407.1201; 'H NWR (CDC13) 6 7.64 (d,
15 2H, J= 8.0), 7.B#pgdtiobfthd sulﬂor&)nidc?irlz@dedi,atwﬂqimu& XhIX @ 98gled, 2H, J=

8.0), 6.29 (br s, 111). 5.34 .34 (d,
1H )J— 15. 2)(e®nt2?mer(?f)thaf‘4>mla %7102“ OHQ“ éH ?0‘@:‘4}‘3‘“&%&0‘ %15%611 - 30 Em

5 .3 8 I.R (KB
3467 33331 mz%%"g%b%éé“ i n"}i_‘%”?dme %‘%ﬁe%’i%ﬂ‘g‘ﬁnﬁﬁ%‘]@%@’rﬁ ca'El on of
Reaction Sch eBrid, AVECKRsHE, B/ 1adRIErCE U907/ @%@57)’\5%analkylatmg
(2R) - 2- (4- Met hoxybenzyl ami nd) - 4- met hyl pent anoi ¢ aci d ‘am de: A sol ution of

D- | euci nani deageutisushhak en ikl halide (¢ 2., 26 alkyirphibiide, aligyl promaide.calatksthyde (2. 29

, 16.8 mol n rretha ate h . anhydro nCl2 (538

?rg, 5 mol ). )Whﬁie}%%%%kwgg %%gkf)sg ol gat raé}%)flé%y Gi%tR CNBHS((l 05
16. 8 | t | f t

Goot od to rt uRShinR R AR ARG R dieit @ ropla 08, ThEREt PR RS

(500 ni), ISandaMMe%hBoQ{ddﬁionﬁﬁfhcﬁDN atfoffed®by aEdrEnt WRh aktideg benzyl

amine as a white wax, which was carried on without further purification
(3.57 g, 84%bas&/§m(h&f§la)1 allVEliwage.g4 n-Bul)er ¢ Gbtkndymalete.20 lifldym2H, J= 10
6.6), 7.10 (br._ s 0 (s, 3H,

3.63 (dd, thSS’Em@%,rﬂlge))l? a%‘?h’ﬁﬂtﬁ“ﬁé a§ ﬁ{"%)ewl} %W@é?”(t & 00359?@’63‘25%%)9 0. 80
(d, 8H J=6. Iﬁ/IP Al %eNrEact%n temperature is typically between —~78 °C and 25 °C.
Removal of the benzhydrylidene protecting group of the compound of Formula




SZ0O00d 15

(2R) - 2-[ N- (4- Chl or obenzenesul f onyl ) - N- (4- net hoxybenzyl ) am no] - 4-

met hyl perwwargios3sazi d am de (Exanple 1): PCT/US02/40605

(2R) - 2-[ N- (4- Met hoxybenzy) | am no] - 4- net hyl pentanoi ¢ acid am de (3.57 ,
14.3 mmol ) was dissolved in CH2C12 (100 phg_and treated with Et3N (4.2 ni,
29 mmol ) and 4-chl orobenzenesul fonyl chloride (3.6 g, 17 mmol) at rt for 18
h. 20 The sol vents were rem)ved and the residue was taken into Et QAc (500

m.). Th j | ut. d t H2O, b d S
ant_concent rarddY ?s?%%n% Sy PR oRBrY HP K bt it e PR (e by

]E!Zazhg) cggogagl i ght 'y c%g?e%@o‘yﬁg{%gé}g% cﬁlggﬁlﬁ/g&%gg%ﬁt%ﬁ%ﬁﬁ%ound

NVR ( CDC13) 25m8rsamﬁaa Nw defk,, 1999, Pp.0387- 38892 Fd: exdhiple] the/cdMpourd 85 (d, 2H,
J=8.0), 6.79 (d, 2H, = 8.0), 6.25 (br , 5.35 (br s, 1H), 4.36
(dd, 2H J= 5. §ormulp. XI4V %ﬁf(aﬁe With any aci @mscié@ MoV aeITNgSOenD8S 2s 60

6050 Gy sk bt oot byl e 3 B s O

cnl . Exenplif afddd SFFoRmuBEedCyi RnreatddSitth §stﬁf&1yl‘itrﬁ?l ageﬂ'f' ag desd=BEY for
(2R) - 2- [ N- (4- Mor phol i nohexyl ) - N- (4- chl or obenzenesul'f onyl ) am no] - 4-

met hyl pent anoi Reaation Sehime 1(tEpovpdecthe Shlforkmide stfartriudenXbVII. Hydrolysis of
(2R) - 2-[ N- ( 4- b

chl or obenzenes %frgggﬁll%%ﬁ)'ﬂnﬁe% oﬁF ‘Nﬁ‘%%%/?%gﬁ torpdfogd the agided Ramuda XhNIE i 4.
e 5 eSS i SR . ol A (© 7

stirred atl10 rthydroxid8, in. thél'ineseneaof addilumsmmmlthﬁxmbﬂmﬁmaé gedto give a crude

white wax which 15 was purified (%/3 fl ash chromato%ie (Si 02, 85% Et QAc/ 5%
hexanes/ 10% Mstphutylsmynenipmy breraide; (Iibe agidrpi doravierih H%)S eavertedipttke sol i d

e g R N R A o i 1
3.51-3.60 (br the afttfrencdal k8f Br éﬂqlde(pﬁ\]pagiﬁon :R.€51.drodR “CBmpSehefiéive Oduatiic (m
2H) 1.15-1.62 (m 9H), 0.80 (d, 6H 20 6.0 WO 03/ 053912 PCT/ US02/ 40605

61 Exenplifi chransfermatiqsa¥ CHoPubdisherssNew Fork,N 989, p. 675 91?‘!62 15

ﬁé? )hylzpfaw{i( N O%!a% eg %ga% 1§§%k" E? %g)gull%§fé"F c?rrrgurll O%E%i{[lvg@hm e omum chloride

(2R) - (2-[N-(4- ﬁhh@p&@@ﬁé%@@&ggf&@%ﬁzoh&a&&mna t4rB0&NAMe 81BN hind an amine
met hyl pent anoi ¢ acli d am de ound of Exanple 24: preparéd as ?imscrl bed
in Reaction Snﬂsemhlqs @saprgpylﬁtlﬁlammdz prowmsﬂmmddeﬂlehiaIﬂ%KPd&ﬁ:s (1 9)
and 10 conc. % hfpb MeOH, (100 mL and | a under a hﬁdro gen

at nosphere. at reﬂ lond typigally Tin irgg,pol a‘ﬁéﬁ”{ﬁaln St 8&CHPBuUgh Celite

5856 yi ol d  NESRERRfie sl §15¢5 415G Th, aﬂﬂ}%%f PR e b §
7.63 (d, 20, Jeon$ovhds df Iﬁﬁm(ull)e[ I 8y the Hetlod deséfbdddn lﬂelﬁlstlo}rs&eﬁ)el 7.26 (d, 1H,

J=8.0), 7.02 (br s, 1H), 4.70 (dd, 2H, J= 15 50, 18), 4. 30-4.41 (m 1H),
3.67 (br s, 2H), 1.28-1.33 (m 3H), 0.86 (d, 3H, J= 7.0), 0.57 (d, 3H J=

7.0). 0O N 14 QNE 550 S
(2R)-2-[ N-(4- ! | f onyl ) - N- (4- et hyl am nobenzyl ) am no] - 4-

nmet hyl pent anoi ¢ acid am de (Exanple 51): WO 03/053912 PCT/ US02/ 40605 -62 A

sol ution of (2R -®-[N-(4%chl orobe esul f oyl )-N-(4-
am nobenzyl)a $ N@/@yd (cpﬂg%a @

S NWQ&A.E& rrp"l' ﬁwﬁkoﬁggﬁ’ .




mml ), Et3N (0.16 nL, 1.1 nmol), dinethylsulfate (139 ng, 1.1 mmol) in 25
m. of toluene was stirred at rt for 18 h. The reaction was concentrated,

t hen t akewom3ios3902 Et OAc and washed with H20, brine, driedprerarso¥2e03 and
concentrated to give a crude m xture of starting material and product. The
material was further purified by flash2¢hromatography (Si 02, 35%

Et CAc/ hexanes) to afford the title conmpound, 195 ng, in 46%yield. M
(ESI), (MtH* 424.1;"H NWR (CDC13) S 7.65 (d, 2H, J=8.0), 7.58 (d 2H, J=

D e B S g, 10,5
1.74-1. 83 ( msubdttuted (R Sulfodanidd)acdthnidinBemadifit of Pormidh I Qtafting With 3H, J=

7.0), 0.63 (d, 3H J=7.0). 0O HS 2N OO 15

(2R) - 2- [N(Mdap@wgbglyémslenwWO)me(mla& nRqaptiomed thelsempeundanfi nol - 4-
met hyl pent an a

(2R) yzp[ N- ( ﬁéﬁﬁ“&a}@&ggﬁg‘ eﬁ%“ N gﬁk}? )‘é5 @ (35 leh NoYe Ak Yok roFhihata, N.

met hyl - pest a%b%h@d%ﬁ' 1893,08, 690098848 roddr, k3 Manfl; @%hﬁ?%@czd&@%@" ssol ved
in 20 DMF (5 nl). To thissolution was added i odonet hane (62 0. 44
mmol ), and cdgj prac3el12) mathean(ddiRating agen6Sichnap hi) alk?hﬁhdezﬁegj, amal\k@ls t hen

stirred at 40 C for h. . The reacti.on was |nto Et OAc and wat er.
The organi c WRQTdS arl]@gﬁ%ﬂmlded?’i %@%9@?%@9@@%{3’3 RS raaY t 0 an oily
resi due. The e CH2C12,
Gt od i n 2sohERiae Fn 45 Lty REbr b H e Polo A fliate) biRE Alsbite
M5(ESI) , (M’fldftbééiﬁsul:hasbbthlbd&rﬁ%&ﬁ@andé@@ddﬂrl?és&h&sm (dd, 2H, J= 1 9,
6.7), 7.54 (dd, 2H, J=1.9, 6.8), 7.43 (s, 1H), WD 03/053912 PCT/ US02/ 40605
63" 7. 1648, Z9¥abytylanspnium brongide manenensc(lﬂent sweh apacgomijrileat 89 (q, 2H,

J=16, 25), 4 (dd, 1H, J 1.27-1. 47 (m 3H),
0.80 (d, 3H, “‘?J&mt“?}g Pefﬁ“@zof(bat‘”@ﬂ%% 961%1 0° éPEBZ’éﬁll_f?ﬁlth? $QBRquBA °8f React i on

Schenme 5 C {F%Hq ghzﬂg
chl or obenzenesu éénlig/ll ;%m no?‘g@etl o : Yl%ieelgt S%@lll‘\éér F%%S C(aE}(eélr%]Ite 46) . 10
(2R) - 2- (4- Chwndahenaitions wefl knywam thoye deilled thgan(@NoiWadrétnaahde (3. 00

g, 9.87 mol) was dissolved in DM (50 nl). To the solution was added
pot assi um cafdoiht Wuiss’ }UOQ?CUB@WS)IH Q’i&afb‘? orhesiy’; Wilgyilaterseiepceut yl  est er

(6.0 rrL 391{9;{;)1, Q. .{ [ reactlon
was quenched %ﬂﬁ{@dig (kj%js%% ﬁ gix?”‘“?‘hg‘%ﬁt? Cr?ngjo}né@%

washed 15 W FBrrila g in 8b10EntEvEH aé\@&ml etBBds Genee Blithadgebus BBR (61g ude OI I was
further purified on a Biotage 40M (|l oaded in CH2Cl12, eluted in éO%

Et OQAc/ hex anesgueoos HaTl¥, oymcalydt mtreaqﬂomﬂempa{rélu& of, beﬁﬁé@m 0 ‘MS@ES!O) °C, QMFH) }
446.3; "H NWR (CDC13) S 7. 76 H 7.52 (d, 2H , 6.61
(br s, 1H) 5p§gy1ctfsthe fyne opterof o%ulag_‘l({] (i%versyrggﬁtge Q&ter(qﬁFogpblla LZII 50 2 58

4
gmoo [')04 ( %@ﬁ%ﬁ%&iﬁ%ﬁ?%a&ﬁ?& %&Qﬁlﬁfj“’éﬁﬁ"é“&% 8?/3853912
PCT/ US022@3+06 815 11ebth thblaft( B43) exbnipdy, bawn e nifiuhy bf Bodnyl1d . 1-i§ 4n ethyl
chl orobenzenesul fonyl ) am no}acetic acid (Exanple 59): Trifl uoroacetl c acid

(15 mL) was gqj@rehydrglyglsscmtm Uy 1@;&0}{1wep(oy|fq§eat[nent of an ethereal solution with

car banoyl - 3- rreth hl nze cetic acid
tert- 5 butyf® %csl ct}tﬁ\egél 6y;§1&a1)§r %ﬁ?a%nﬁ (ff%c @gglﬁ%' %’ﬁ UB8cti on was
stirred at rtorbét. Tlhehresmhﬁg heiaGhteARedRS id ABR coRRABN I Alnethy! &t o‘(fh' t;% solid

(0.40 g, 92%, which was used without further purification.
(M+H) + 363. 1Fornpl iR b}(mfwrd@jtmﬁ@mhel@)nd&hhrﬁi& undel, st@tdardlcondit®ns,6. 8) , 7. 65

dd, 2 6.8 2 =
(18) i (tge ameajm)e%t whaa o3 ctléﬂ)di ppd ey 01%1@310"*'15 gvsf@f%@l?ﬁf 1H),

1.35-1.45 N/ “ 15
(2R) - 2- [N—EzfTai I‘S%sr%l@mnglea&gsuﬁ%b oelr%]/?u)Cﬁag%OluaT o(gbrff)g car c’k y?r%é%ﬁsqgm noj -

4- et hyl - penOagmicTaasdramics, VEXHRPEHIRhE&S) New ¥ ok, Sl@BQItppOBn)i 976)..
{N-[(1R)-1-car banpyl - 3- net hyl - but yl ] - N- ( 4-

chl or obenzen’ébwrflewwffaﬁm@}léwe tetlemmuedeéFoma hgs decdlsal mol ) |
cycl opropyl arlrlllg é Y 58 mol) in CH2C12 (3 nlL) was added 1 20

hydr oxybenzolr Az %ﬂf.}n i, 0.72 mmol), and 1, 3-di cycl ohexyl car bodi i m de
(144 ng,3P. 720 mol ). The reaction was stirred for 18 h at rt, and then was
poured into an Et QAc/water m xture. The organic |ayer was separated, dried
over MSO4, and concentrated to a clear oil residue. The residue was
further purified by Biotage 40S (eluted in 40% Et OAc in hexanes) to afford
a white solid (54 ng,




25 29% . MS(ESI), (MrH) + 402.2;'H NWR (CDC13, 500MHz) 6 7.85 (dd, 2H, J=
1.9, 8.9), 7.50 (dd, 2H, J= 2.0, 8.7), 7.40 (br s, 1H), 6.55 (br s, 1H),

6. 30 (br wp 0IEPB? 053912 PCT/ US02/ 40605 - 65 1H), 4.23 (adI/ukbh/40bes 2. 9,
8.9), 3.92 (d, 1H, J=17), 3.83 (d, 1H, J= 17), 2.68- 2.73 (m 1H),
1.75-1.83 (m 1H), 1.50-1.57 (m 1H), 1'-‘&%'-1'49 (m 1H), 0.88 (d, 3H, J =
6.4), 0.87 (d, 3H, J=6.7), 0.80 (d, 2H, J=7.0), 0.51 (t, 2H, J=4.0). 5
Exenplification of Reaction Schenme 6 4- { [N-((1

R) - 1- Car banoyl - 3- net hyl - but yl ) - N- (4- chl or obenzenesul f onyl ) am no] - 10

met hyl }-benzoimm\éﬁeg@e 89): A solution of the conpound of Exanple 61
[4-{[N-((1R) - 1-car banoyl - 3-

met hyl - but yl ) - N- (4- chl or obenzenesul f onyl ) am no] - net hyl } - benzoi ¢ aci d net hyl
ester, 354 ng, 0.782 mmol} was>ei'ssol ved in nmethgnol m.). A solution of
S N NaCH (1 nL) was &ddeg, f owed by e3nouhTE ) to achieve 15
homogenei ty. AfteR \ls/ﬁ', n onal alR (1 m) was added,
and stirring was cohtonped 2.5 h. Theo$obupi on acidified to pH 2
with 1 N HO and extrgct & i th CHCL3 (2x)-The @dyibi ned organic |ayers
were dried (Na2SO4) and concentrated to gi ¥ela white solid (343 ng, 100%.
M5 (ESI), (MrH)+439.17;'H NWR (CDC13, 300MHz) b 7.91 (d, 2H, J= 8.2),
7.81-7.84 (m 20 3H), LM56 (d, 2H J= 8.6), 7.M0 (d, 2H J= 8.2), 6.55 (br
s, 1H), 5.10 (d, 1H J= 15.4), 4.23 (dd, 1H J= 4.6, 9.7), 4.05 (d, 1H, J=
15.4), 2.04-2.14 (m 111), 1.20- 1.3} (m 1H), 0.80-0.89 ( ., 0.74 (d,

3H, J= 6.6), 0.68 6adin 3H, J= 6. 6H. 03/ 053842 PCT/ USQ2/ 4D60% -66 O N ~
H2N ~ S O O (2R) - 28cheme18  R'~- NH,  Scheme1 R g-N NH,

{N- (4- Chl or obenzenesulf-amy ) - B¢ ['¢- pnor phol i-ne-4--casbonyd’) So benzyl ] ami no}
-4- et hyl - pentanoi ¢ acid am de anple 101): 5 To a 0 C ution of

4-{[ N-((1R) - 1- car banoyl - 3- net hyIF- F
chl or obenzenesul f onyl ) am no] - net h¥ll }benzoic acid (50.0 ng, 0.114 nmmol) in
DVF (0.3 nL) was added norpholindY(12.9 ng, 0.148 nmol), flMIlowed by 1-
hydr oxybenzotri azole (18.5 ng, 0.137 mol), 1-(3-di nethyl am nopropyl) - 3-
et hyl carbodi i m de hydrochloride (26.2 ng, 0.137 mml), and i Pr2NEt (26 L,

10 0.15 nmel ). Aft @repardtiontdfehes@mtioufd oVRSrmvas MRAT Is&hbivn ifResdtiof h, the
solution was poured into 10% aq. citric acid and extracted with Et OAc

(2x). The contSchade 2¢r Jéene Ll jsprepaged as deschieasl indtpaction S¢hemeni& flomaner and

sat. ag. NaH 1t i ed d concentrated. Flash col um

chro ma'fI ogr aphy”® f@?e@?e ﬁgﬁ?@ulégg%&g?rm%ﬁ@g Ygéﬁowwﬁt JIPIEGF‘@EE‘B%OU nd as
a white soli dyAfkche™ForRth LIk SvilE Nine(ilsHbkerPéich2s TH AYR ( CDC13,
300MHz) S 7.68 (d, 2H, J=8.6), 7.29-7.47 (m 6H), 6.38 (br s, 1H), 5.75
(br s, 1H), 4r&bti¢nltenigdrature bkwddh 0 °€ dill I5KC affbids de horOikyleoddolhd 1H, J=
7.5), 3.30-3.85 (br 8H), 1.69-1.78 (m 1H), 1.28-1,37 (}gx H)
1.08-1.1419¢m OEEpl;mlégizéV( §omgpion of thempmpougdof Hormpylp LIV tgthgamigypD3/ 053912

[:g J Eégg}) ngb é‘ll’jlﬂg LQ; is%%go%ﬁlf)sﬂec? gshge%%ﬁgeﬂnlﬁeaa}onl\bélemze 1_8?_ o ca

4-{[ N ((1R) - 1Taiham@ion Sf thE hivde dfHoriaE Y 4o &l @bpJeand snesmhfionyi jani nol -
met hyl } - pi peri di ne-1-carboxylic acid tert-butyl ester (Exanple 92): To a
sol ution of (e®yie@optassichwibedénReantionIScheryt &mi no) - 4- met hyl pent anoi ¢ aci d
amde (4.2 grans, 14 mmol) in DVF (50 nlL) was added cesium carbonate (13.6
grans, 417 mmol). To this reaction was added 4-(tol uene 10

4-sul fonyl oxynmet hyl ) - pi peri di ne 1-carboxylic acid tert-butyl ester (ref.:
Glissen, C.; Bormans, G; De Goot, T.; Verbruggen, A J. Labeled Cnhpd.
Radi opharm 1999, 42, 1289; 10.4 g, 282 mmol ). The reaction was stirred at
70 C for 18 h. The reaction was then quenched with sat. aq. NaHCO3 and
extracted with Et OAc. The organic |ayer was collected, washed with brine,
dried over MgJSH, and 15 concentrated to a clear oil. The oil was then
purified on a Biotage 40S (eluted wth 30% Et OAc in hexanes) to afford a
white solid (3.0 g, 44%. MS(ESI), (M+H)+ 502.1; 'H NVR (DVSO d6, 500MHz)
S 7.86 (dd, 2H, J= 2.0, 6.8), 7.65 (dd, 2H, J= 2.0, 6.8) 7.37 (br s, 1H),
7.07 (br s, 1H), 4.19 (t, 1H J=7.6), 3.92 (br s, 2H), 3.35 (dd, 1H J=
15, 6.8), 3.05 (dd, 1H, J= 15, 8.1), 1.85 (br s, 1H),



20 1.50-1.70 (m 4H), 1.38 (s, 9H), 1.10-1.20 (m 1H), 0.80-1.00 (m 3H),
0.82 (d, 611, J= 7.6). WO 03/053912 PCT/ US02/ 40605 -68 O N HN 2\ - CSO
Cl (2R) - 2wo[oBk§3v1Lhl or ob PCT/US02/40605
enzenesul fonyl ) - N- (pi peri di n-4-yl met hyl ) am no] - 4- net hyl - pent anoi ¢ aci d

am de (Exanple 126): 5 To a solution of _4e{[ N ((1R)-1-carbanoyl -3

-met hyl - butyl ) - N-(4- chl or obenzenesul f onyl )am no] - net hyl } -pi peridi ne- |
-carboxylic acid tert-butyl ester (Exanple 92, 2.6 grans, 5.2 mmol) in
CH2C12 (25 rrL! was agdgd Hifl uoroacetic acid (10 nL). The reaction was
stirred at rt t €ehen was concentrated to give a white solid (1.6
grams, 84% . MS(ESI), (MtH)+ 402.15; 10 'H NVR (DVMSO d6, 500MHz), 5 7.87
(d, 2H, J=8.5), 7.66 (d, 2H, J=8.6), 7.41 (s, 1H), 7.04 (s, 1H, 4.17
(t, 1H, J=7.3), 3.4003.30 (m 1H, 3.20-3.2%(nd 1|2—|) 3.
265280(m 2 OR}(m 1H), ¥m-R2H) ,
1H), 1.30- d°1?%ﬁy"ﬂ4) 1779 1. 30 (m ‘C}rﬁ%y" ~
J:7.3),080(d 3H :70) I5 (ZR) - 2- {
1- (pyri di ne- 4-car bonyll) %I‘I di n-4- yl met hf/l -am’,lfpo}-4- met hyl - pgnt anoi ¢
acid am de (Exanple 278) To a sol ution of —

(2R)- 2-[ N- (4-chl or obenzenesul fonyl ) - N- (pi peri di n-4-

yl met hyl ) am no] - 4- net hyl - pent anoic acid gm (Exaggql,e 126, 0.10,9, 0.22

mml ) and Et 3N (0.06 L, l,) in CHiC12

03/ 053912 - 69 PCT/ USQ2/ 'f\so'?‘n cot iy

0.32 mmol). Thé&Peacti on ostd rred at r

into a mxture of EtOAc, afld sat. aq. CO3. The organic s

separated and washed with 'bring, dried ovepLxi MJSO4, and concentLgied to an
oily residue. The residue was purified on a 5 Biotage | OM (eluted with 80%
Et CAc/ hexanes) to give a white solid (36 nmg, 30%. MY ESI) (M+H) + 509. 20;
"H NVMR (CDC13, 500MHz) b 8. (tor s, 2HE ™M 7 80 (d, 1 i 8.6), 7.73 (d,
2H, J=8.5), 7.51 (d, 2H, 7 1 1I—|)H & s, 1H), 5.35
(br s, 1H), 4. 4X (br—s fF?}] 30 br s;--1H);- 3»71 2("br S.o’Ng), 3.33 (br s,
1H), 3.02 (dd, 2H, J= 4.8, 2.70-2.85 (br 50209(m 10 5H),

1.18-1.33 (m 4H), 0.73 ('Ef? SH: r 6.7), 068(d , 1= Bgp) - 0 H2N 4-
{[N-((1R) - 1- Car banoyl - 3- net hyl - yl')-N-(4-chl or obenzene onyI )am no] - 15
met hyl } - pi peri di ne-1-carboxylic acid phenethyl am' de (Exanple 256): To a

solution of (2R)-2- N-(4 chl or gbenzenesul f onyl ) - i per| di n-4-
yl met hyl ) afri no] - 4- Adelsynthpes o Hsicompep SaQﬁFd)ém(l |a@ f?gnule%\’gareo 22

mol ) and Et 3N (32;L va

i socyanat o- et ﬁy\(h)ne% ‘%lz‘g%"i%(‘%%e%?j ]&E@l\%gmr?q Qn{g#?'l %?1% (é)vag S?I rred
at rt 20 for 38intRéddoh SeReriie$9 ﬁ@ﬁf(‘b@nih%@lﬁi@heanﬂﬂo)ab&id@@i@ﬂﬂe@ﬁéfraCt ed
with Et OAc. The organic |ayer was washed with brine, dried over MgS™, and

concentrated aond lé?momp’r%rmﬁ@ls’l -AtpEopenRkis tisaied ydthwasnl fomytabiag agent |S!1¢hea§ fon a

Bi ot t th 75%Et /h t ff dth d

o otast a0 s e Bt e fiesels Ol bas ARERS i fate a8 B L R
(CDCL3, 1Y M"%élvéht%u@ﬁ- as( @H @tho Qﬂ’ox%ﬁh@es@r’of ?o?r;iuﬂafh\/ﬁ HRea‘Jcho% 09 }he ebtetS- 7. 35
(m 5H), 6.64 1H), 86 fs , 5 (dd, WD 03/053912 PCT/ US02/ 40605

-70 1H, J= 5. Bf F&nﬁ)laIB/IBB'lt(nHF jhﬁ;ldlﬁteirﬂa) solﬁetﬁ@ucéldas"ﬂHFaﬂd:a@xea@wmﬁ (t, 2H,
J= 6.7), 3.21-3.29 (m 1H), 2.97 (dd, 1H J= 4.6, 14), 2.65-2.85 (m 4H),
1.75-1.95 (m ter@w;atuxlwfdmemN%QrﬁaIQ@S °<épm81®sslanle<ﬁﬁreseﬂ§h fipoypligd, 3H, J=
6.7), 0.67 (d, 3H. J=.

(2R)- 2- (N- (4- B ey i Fafndh Ff‘éﬂ;ﬁ‘ﬁdq’f{ﬁ {ai“’nﬁ °f it °’8‘9‘§ﬁ Sbfe AVPSeBOBCE By 1 -

pi peridi n-4- ykemtiyd }mdiéﬁrﬁéﬁ orﬂnﬂﬁlbﬂz{llyﬂ%ts%%qﬁeﬁ%&tﬁﬁ% de (Exanple 286):
10 To a solution of (2R)- N- (4- chl of obenzenesul fonyl ) - N- (pi peridi n-4-

yl met hyl ) &8 no] - 4- fkeleyter pﬁFﬂmmla LVEHE ischyainolyzed Bxtbapdie of Pamuda DEQsing 0. 12

mmol ) and Et 3N 040 , 0.30 Cl wa 4-(2-

chl or o- acet yl W%}Mf&ﬁmmqv‘él t(’ﬁl?)(’sﬁﬁl( lbd%ﬂq&%ﬁ éef( ngné%@{“? @ﬂflaéjx/gg[&st irred at
re for Wauts, “Protecting Groups in Organic Synthesis”, Wiley Interscience, New York,
1999, pp. 373 - 442). For example, treatment of the ester of Formula LVIII with

aqueous sodium hydroxide in a solvent such as methanol affords the acid of



18 h and then was concentrated to residue. The residue was purified on a

Bi ot age 15 system (eluted wth 80% Et OAc/ hexanes) to produce 29 ng (48% of
t he desi rwo o3psduct as a white solid. MS(ESI), (M+H) + 54RCTA]S02/H6MNVR
(CDC13, 500MHz) 8 7.72 (d, 2H, J=8.5), 7.50-7.65 (m 2H), 7.50 (d, 2H, J=
7.0), 7.35-7.45 (m 2H), 6.67 (s, 111),-%32 (s, 1H), 4.14 (dd, 1H, J=
5.0, 9.0), 3.52 (br s, 114), 3.28 (t, 1H, J=14), 2.97 (dd, 1H, J= 3.5,
14), 2.82 (br s, 114), 1.00-2.00 (m 104, 0.71 (d, 20 3H, J= 6. 5) 0. 66
I(chié C?iHo nJ écﬁéS oyén\qg ?3( Oﬁ?’egalcgd oﬁgnlﬂlslpazﬁ)%qg 805nver7téLd FX tﬁgg.llnﬁl oll'r(r)nqlaOLXI

(2R) - 2- { N- (4- Cpking ahanseuesddamedin Nemnﬁltﬁrhéﬁendrf& tRY AP aatish S¥uEEt hyl) -
benzyl ] - am no} - 4- rret hyl - pent anoi ¢ aci d

(2R) - 2- ( 4- Chl oawixterd dioesulaf>0nky. &fmpwatimmﬁhhyﬂnpbmfzﬂomulam fram the (6.35

g, 196 mmmol ), Cs2CO3 and 2-

br ononet hyl )beﬁ%?ﬁ%@#ygpp‘g]ﬁ}éadﬁmﬁve@@s ESC&beé%R?ﬁ?BPI} Sehemg bt onitrile
(200 10 nl)s were he f h filtered hot
with sucti on t hr ougﬁle%e a:%%({en% J‘Fﬁénilﬁfltl“r%(f tereévl\églgmi‘g uc %%P%\@r\g%lghlo to a white
foam (9.5 g, 9pfdvides THeawtidant Famuls ENTAS This reattiohes fhpichlly eaeied o wip (ESI ),
(MrH) + 510.9, "H NMR (CDC13) S 7.83 (d, 2H, J=8.0), 7.75 (d, 2H, J= 8.0),
7.39 (d, 2H, Jhea@ing)n aFeabed tubel, Tlid-teaclmn&empﬁraﬁuézt's l(etween 401%) andBBEC.( br s,

© 4.82 (d, S Y
iﬂ) J%bg%6§, ﬁ%@lﬁ(aoé‘#ﬁwraﬁﬁfie gpmicdisig by Fyrim MXH&&Z'@;‘]M;O%#MZ ﬁa 5 ?\g 2
2 60 20 w0 OB BRIRT A peheed 4 defuitte i Rofubl sciibhe 1 :

(2R) - 2- [ N-I(4- Chl or obenzenesul f onyl ) - N- (4- hydr oxymnet hyl ) benzyl am no] - 4-

met hyl - pent anoi ¢ aci d_am de (Exanple 95): To a solution of

(2R) - 2- [ N- ( 4- cReastioBScheme2d| f ony| ) - N- [ 4-

(tetrahydropyran-2-yl oxymet hyl ) benzyl am no] - 4- met hyl - pent anoi ¢ acid am de

5 (9.5 9, 186 nmml) in nethanol (200 nL) was added a catal ytic anount of p
t ol uenesul foni ¢ acid. The mxtureowaa stirred overnighg agzrt. The sol vent
was renoved in vacuo. The resul n Nfo mwas di ssol veld i B Cl2 (100 )
washed with 1NNaC]-_L_I:I2 &2y éwf\\rled ied oVerdWBSOAY TP filtrate

sol vent was renoved in vacuo ting foam was y& aPlized from hot
hexane affording 10 the product s a white solid (7.7 in 92 %yield. M
(ESI), (MrH)+ 425.17, '"H NWR ( 18XVg 7.68 (d, 2H, 7LXVL 7,46 (d, 2H,
J=7.0), 7.33 (d, 2H, J= 8. 0) 7.28 (d, 2H, J=8.0), 6.26 (br s, 1H), 5.35
(br s, 1H), 4.67 (br s, 2 4!59 (d, 1H, Ja® =8&b), 4 37 (d, °1HR2Jab
=16),4.26 (t, 1H, 7Cg;,k )b yh (m(cgtg,ky,)g,. N ﬁﬁ N_16°1. 10
(m IH, 0.96 (&—3H, J= 093—(d, 3H J=|7 ;L5_.N 2N- 0’/§OOO

Met hanesul fonic acid 4- {] (1R) 1- carbam)yl - met hyI butyl y*N- ( 4-

chl or obenzene- sul fonyl ) - g no] net hyl } benzyl ter: 20 To a i rred soI ution
of (2R)-2-[N-(4-chloro-b&nzéheswnfonyl )-N- (8- F v FF

hydr oxynet hyl - benzyl ) am no] - 4- met hyl - pentanoi ¢ acid anmde (1.5 g_g 5 mol)
in CH2C12 (15 nlL) cooled to 0 C was added Et3N (0.74 nL, 5.3 muol). A

sol ution § met han ls&ﬂtﬂ&]l %h&foeq@r a‘f ?%ﬁgtaorﬂ'of ) (El?l}lomfl 1%1 gn*d%r r}.‘l_ CH2C12 was

added dropw se and reac n was 1 h. The

reaction 25 mE@tMﬁEMﬂS(ﬂlshMﬂleicﬂoﬁ@cH&n@tﬁolﬂec Sndorweahed sth 1 N
HCl, brine, and dried by passing the organic phase through a cotton plug.

The sol vent mé@am“o@/‘bbmlozlﬁ@tm@so@/emmacem ba@mmmqtassmanmbcafatmr di ng
the titl d | d.. Th t d
0% subsequihieppsEpi erREpiot bt slisechas ShpRmTeREmy s
7.70 (d, 2H, 0), 7.38
(al ot 925, BertigPhne %onl%%ﬂan@%]é%@g oty Rpefufi 2662798 O 04 03 s

1H, Jab =16), Rénb3Salsf, thé-bbnzﬂ?&ryﬁdéil)e rétectdh 1§ group dsldesdrib&) in Realfor S, 3H)

1.90 (m 1H),160(m214)096d31 J=7.0), 0.91 (d, 3HJ— 7.0) O
H N~ 4N Z- O Sclsmel9 provides an intermediate amine that is then treated with a

2R) -2-[ N- ( 4- | | f |
E)en)zyl )gm I(’IO] or q?vnzeneﬁtgﬁ% y%%‘i‘lg‘t‘é{?ﬁ}g@? a{'n’élg%ieo té;?éF gmaglay r eq
sol ution of @Wnﬁgc‘gutl%ﬁ'o?t&@uﬁoﬂ&rﬂd%"n tg'élé@l 1§-T&@ﬁ?ﬁ5§%§ﬂ ]ﬁ?hrgzyf ester (150

met hyl - but yl ) - N- (4-chl or obenzenesul f onyl) am no
ng, 0.298 mmopioceduré Besrtibedd2iRtion Schetharhto afttite dhelcommpoumd lof Rornmdla Et 3N,




15 foll owed by dinmethylamne (0.3 nL, 2 Min THF). The reaction was stirred
overnight at rt. The m xture was diluted with CH2C12, washed with H2Q
brine, dwoadossser MgSO4, and concentrated to gi ve an anb@CTglSaxs060s
Purification by flash chromatography (Si 02, 10% McOH CH2Cl 2) afforded the
title conpound (95 mg) in 71 %yield. M3i(-ESI'), (MtH)+452.23,"'H NW\R
(CDC13) S 7.94 (d, 2H, J= 20 8.0), 7.74 (d, 2H, J=8.0), 7.63 (d, 211, J=
8.0) 7.38 (d, 2H, J= 8.0), 6.23 (br s, 5.35 (br s, 1H), 4.22 (d, 1H,

1H),
Jab = 16), 4. , ~1H, Jab =.16), 3.28-3.23 17 fbr s, 6H),
1.95 (m 114) ,]L%fg’gﬁcf’ﬂ‘(er?%' of 6’.‘39%1&‘3@8,0%@?}?“‘%@%&6)@ ﬁ%?%%%’é‘? of "395}““33: 7.0).
VO 03/ 053912 -7y Rxeupiibfdadit ieatticdl of BRAAkeRAwiBE S8 BmSeRoie MdC 3 O
PCT/ US02/ 40605 5
(2R) - 2- [ N- ( 4- AciatestiydarhimeNe-oxide in Als¢entishich admntoasdolidwahly jreatinant widh net hyl -
pentanoi c acid am de (Exanple 163): A solution of the conpound of Exanple
48 [ (2R) - 2- [ N-sodium periodate. The reaction temperature is typically 20 °C to 40 °C. Reaction

chl or obenzenes onyl.) - -anmn l.)am,nol - 4- net hyl - pent Lc acid

i e (280 S Sleheudrhi o pimA N st s TR RISt 1) 1o
was treated WdRaC&IckKlas €M, 01186 BR diluorBalfd dRhtve AffothuRiiXviing for 18
h, the reaction was concentridted, chronatographed using silica gel flash
chr omat ogr aphyTHeldmpetthd 06 FOaHRACLX)VIIas addertdd tdwhe tinidesef Koompbua¥IN 110 ny,

419% . M5 (ESI), (MH-422.9;'H NMR 13) S 7.67 .(d, 2H J= 8.0Q), 7.28-
7. z{% (m gSH) : )bb’.fg’ﬁf&fils of thfﬁffer@%écggclm > 4 bqﬁf,s“@.(f’fé"%]b‘im éy,dr@mﬁé ny 48

(dd, 2H, J= 15 , , = 7 0) . 22.01 (m
1H), 1.12-1. 32”?’%“" %’a‘,&s %&@é‘% d?ﬂé;ﬂ,te}‘ﬁ&?@c?)cfdaﬁgsgc?g?ﬁfeﬁgﬁfhéﬁﬁg?0) S0 I
Nve2 CI VW@O03/f3ngbaditichs Well Znd@aQb thoédskilled in the art (ref.: R.C. Larock

(2R) - 2-[ N- (4- Chl or obenzenesul fonyl ) - N-(4- { _
[ (2- di met hy| arfiGeopaehengivg Qrgttig [Transformations, VCH Publishers, New York, 1989,

' -methyl }-b l,), - am - 4- et hyl - t j C..Aci ] : 272):
(2R~ 2-[n (4 i SrberGERaEtt g Ko Mol Gif ol Cnbiig e =7
am noJ - 4- met hyjrs RN GH111idP0:8/bkRzoMAAE 4nf% diboddimide ARt and &n Bmine base
di nmet hyl am no)acetic acid (18 ng, 0.17 mol), 1-hydroxybenzotriazole (24

my, 0.17 mmolspch andiistpfdylethylaning|paovites) the eppjde of Foemhlpl IS8R0 obhiE mi de

hydrochl oride (33 ng, 0.17 mpbl re.copbi ned_jin_3 CH Cl2 and stirred
over ni ght .15Théeaq‘8%g§g‘iy8’r?a WE&% %f?}‘ieﬂggﬁ ﬁgﬁ%aﬁ{hﬁ-{f@’l?ﬂand washed
with 1 N NaCH,and i the. o i c phase was dried by filtering through
cotton and théerggﬁr%@%%ﬁﬁ%l%@tor%%éd in vacuo. Purification via
preparative HPLC afforded the title conmpound (61 ng) in 68%yield. M
(ESI), 523.4 (MtH)+'H NVR (CDC13) 5 8.02 (d, 2H, J=8.0), 7.71 (d, 2H, J=
8.0), 7.37 (dResmtionSehgm@)23 7. 28 (d, 2H, J= 8.0), 6.23 (br s, 1H), 5.51
(br s, 1H), 4.46 (s, 2H), 4.70 (d, 1H, Jab = 16), 4.33 (d, 1H, Jab = 16),
3.25 (t, 1H, J=6.0), 2.69 (s, 3H), 2.63 (s, 2H), 2.20 (s, 6H), 1.95 15
(m 1H), 1.60 (m 2H), 0.98 (dg 3H, J= 7.0), 0.94 (d, 3H0J= \jré.
Exenplification of Reaction Sc 10 A 20

(2R) - 2-[ N- (4- Chl or obenzenesulgonyl ) - N- (2- di et hyl am nopwn di n- 5-

yl met hyl ) am no] - 4- met hyl pentangi ¢ acid anmi de TFA salt (Exgnpl e 254): A
solution of (2R)-2-[N-(4- ch or obenzenesul fonyl ) - N-(2r opyri di n-5-

yl met hyl ) am no] - 4- net hyl p oic acid am de (prepar @ a Reaction Schene
25 1, 18 ng, 41 nmmol) in dieEt hylam ne/ THE (2 M 20 pE=740 mmol ) was
stirred at 95 C for 30 hBin a pressure—vessel. Ig'veBrrL of reaction m xture
(25% of total WO 03/ 53912 - 6 PCT/ US02/ 40605 r gact "on | ume) was purified
by reverse phase ,g; f‘kyeq HPLC (YMC S5, ; &;b\ ter-TFA) to afford
the title conpound as WfiYe foam (17 ny, 30% yiRech)\.o HRVS (ESI), (MH)-
for C20H26SCIN403 cal cd: 437.1426, found: 437.1420;'H NWVR (CDC13): b 8.04
(s, 1H), 8.03 (d, 1H, J=88), 7.76 (d, 2H, J 5 7. 7-54 (d, 2H, J=7.6),
6.83 (d, 20, J=9.8), 6.62 (br s, 1H), 6.40 (br s, , 4.64 (d, 1H, J=
15.9), 4.29 (m 1H), 4.18 (d, 1H, J= 15.9), 3.30 (s, 6H), 1.84 (m 1H),
1.29 (m 1H), 0.93 (m 1H), 0.77 (d, 3H J=6.5), 0.72 (d, 3H, J=6.5).
Exenplificati on of TReactrnmo aButie vEF dxinul® LEHANpSpare@ueing the reaction

(2R -2-[ 1 TT-(4- Al |yl oxy-3-flLuorobenzyl )-N-_(4-.¢chl oro enesul f onyl ) am noj -4
- net hyl - pent éh‘%ﬂ’"éiy inRegclaon %‘Léi?enl%z# oﬁéF agdeof gﬂm@ﬂla ?38515 preparedoas

(2R) - 2- (4-chl or obenzenesul f onyl am no) - 4- net hyl -




pentanoic acid amde (1.00 g, 3.29 mmol ), and Cs2CO3 (1.29 g, 3.95 nmmol) in
DMF (25 nmL) was added 1-allyl oxy-4-brononet hyl -2-fl uorobenzene (ref.:
Graham Samuwalosigizet al., Eur. Pat. Appl. (1992): EP 4872PQI/ 3088605 3. 67
mmol ). The resulting solution was stirred at rt for 18 h. The reaction was
then 20 diluted with 9:1 Et OAc: hexanes {350 nlL) and washed with H2O (4 x
200 nm.), brine, and dried over Na2SO4, to afford the titled conpound (393
ng) as a white solid in 26%yield. M5 (ESI), (MtH) +469.1; 'H NWR (CDC13) b
7.66 (d, 2H, Jz.. = = 6.98 (m
1Hy, o6.ba (1, rosindagion bihopkly, Pieabischtof fhemphumbyFoRE OXK Oy
5.16 (br s, 1kjth 2Asebéhdary o2htiar?dmihe 4 a colvettdich 4s BHF (ara réakbion 1. 32 (m  1H),
1.14 (m 1H), 0.76 (d, 3H, J=7.0), 0.68 (d, 3H J= 7.0). WO 03/053912
PCT/ US02/ 4060&mpeTatutdtigtwes® 200Q @id)40C affords the amine of Formula LXXT.

{N-(4-Chl orobenzenesul fonyl )-N-[ 3-fl uoro-4-(2-norpholin-4-yl-ethoxy)- 5
benzyl ] -am no}-4-net hyl -pentanoi c acid am de (Exanple 427): A m xture of
the allyloxy intermediate (0.39 g, @ 84 mol) from abgve,gz osmi um
tetraoxide (0.01 g, 0.04 mml ), dndjtrigethylamne N xiqﬁ (Q. 140 g, 1.81
mol ) was dissol yed in ade«dd 10 niss and st i Erey¥dr ysat rt. The

sol ution was concentrated in vac #hd%r edi ssol ved in 1 591 i oxane: H20 (15
10 mL). Sodium periodate (0.22 1.0 mmol) was added [and the sol ution was
stirred at rt for 18 h. The reactilog was then dilut€d w 2XWIEt CAc (200 nl)
and washed wth H20, brine, dried over Na2SO4 and concentrated to give
(2R)-{N- (4-chl oro- o] r;cz o R? o llaz '
benzenesul fonyl )-N-[ 3-f 0-M- (B> 0x0- et <banzygkd - am - INnekrhyl -
pent anoi ¢ aci d_ani é“‘a&';'% c ugégg)ei_géc% ’ﬁ))c;a/ T thy

i 9%y ude, mét er | alv®was t aken
onto 15 the next step witheut further purifi igjng(ZR)-z- bsu@
{N-(4-Chl orobenzenesul fonyl)- N [3-fluoro-4-(2-oxo-ethoxy)-benzyl]-am no
}-4-met hyl - pentanoi c aci® ali dgy,; (0. 16 g, O 34F mylgmand nrpfol {gg (0. 090
g, 1.0 mol) was dissolved in EOH (5 nL) and heated to 80 C for
approximately 15 mn. The oil bath was renoved and sodi um

triacet oxyborohydride (Q.290 g, .,1.36 | ) was added and the slurry 20 was
stirred at rt for %Pre%ﬁ@d%@%??tvﬁgggéﬁ@éwwa&lﬁ'&gaF???Bg'éqd’stoiken up
in brine, ex i : j over NaaSO4, and
concentrated F?%%ﬁ%u%%%ﬁ%ﬁ%%&%?@ﬁégtfri%fsei%gue. Further purification
by Prep HPLC (20 x 100mm YMC S5 ODS C-18 columm, 25 nmi/mn, 0-100 %

MOH/ H20 0.1 % TFA 15 nmin) afforded as_a TFA salt the titled conpound
(69.5 ng) as a pale 25 yell ow soli d9i n',‘\’ﬁl % yield. [a] D+23 (c 6.4,

CH2C12); LCMB (MtH) + 542.25;'H vadL(gmls)z‘*s 7.%l (d, 2H, J= 8.0), 7.50
(d, 2H J=8.0), 7.16 (d, 1H JT2ND 8/ 083912 PCT/ US02/ 40605 - 78 12.0),
7.05 (d, IH, J= 8.0), 6.87 (t, 1H, JR'8FP 6.38 (br s, 1H), 5.91 (br s,
1H), 4.41 (ABfercdt J= 16, Jab =176), 4.45 (m 2H), 4.27 (t, 1H J= 8.0),
4.03 (m  4H) " "3°7 (m 2H), 3.51 (m 2H), 3.10 (m 2H), 1.83 (m 1H), 1.29
(m 1H), 1.05R'(m iskklected fivm (e graip, cohsisGo®dpf 0.68 (d, 3H, J= 8.0). 5

Exenplification of Reaction Scheme 12 0O NN _ HSEQ O 10 .
(2R) - 2- { N- (4- Chl or GBerstraighs or Prnghed-qaiuCy alkyl oF Sxyrlienyboptignally hy| ) - benzyl |

- am no) - 4- et hyl - penﬁﬁ{t‘lﬁ@tﬁi ﬁﬁ?’%ﬁ%nfq&é% %‘%@ﬁ?’é?@ groﬁ‘p%8ﬁ§f§tin%%f°f t he

conpound of Exanpl e 6

met hyl - buisyl ) - N- (4- chhyareR ez 9erulki Dy | sty d, ;a1 Jam @awees, aci d et hyl
ester, 10ilfyrrg, 0. 221mymml? \A%gﬂcopl det{f) 0 8n|er114d'I]'II.iI}E (2 m Ib,% sol uti on of
15 net hyl magnesi ufp) bCoeicealky! aptionally sublstvared Witl-hydrogp ophalogeny 1 nmol ) was
added dropwi sg, The dark.yellow solution.was.stirred at 0 C, and after 30
mn, additiobal nEERSPedLgHLDe SBORSTEES ution (0.25 m. 0.353 mMol)
was added. After t I 0 fter 3.5 h,
the reaction was %&ga nsélﬁggl t Egb%%%&gdeg?ﬁ %’ﬁhgp@gra%ﬁagﬁﬁmﬁﬁgﬁuﬁnd t he

m xture was extract edutditwed withts@hstitfens selebinel tanbhagdup coamistmglodyer s wer e
dried (Na2SO4) and concentrated. Flash columm chromatography (Si02, 20 to
100% Et 0&0 hexanes) halogen.ded2lkeey: @nd NR'BRGnpound as a white foam (62 ng,
62% . Ms (ESI), (M+H) " 453.16; 'H NWR (CDC13, 300MHz) 6 7.61 (d, 2H, J=
8.7), 7.40 (d, 2H, J=8.7), 7.37 (d, 2H, J=8.4), 7.26 (d, 2H, J= 8.4),
6.28 (br s, 1H), 5.25 (br s, 1H), 4.49 25 (d, 1H, J= 15.9), 4.41 (d, 1H, J=
15.9), 4.33 (t, 1H, J=6.6), 1.73-1.80 (m 1H), WD 03/053912 PCT/ US02/ 40605
-79 1.55 (s, 6H), 1.28-1.35 (m 1H), 1.20-1.25 (m 1H), 0.77 (d, 3H, J=
6.5), 0.66 (d, 3H, J= 6.6). Exenplification of Reaction Schene 13




5 (2R)-2- {N-(4-Chl orobenzenesul fonyl)-[4-(5-nethyl-[ 1, 3,

4] oxadi azol - 2-yl)- benzyl]-am no }-4-nethyl-pentanoic acid am de (Exanple
436) : St ew0b3/08393D| uti on of the conpound of Exanple 61 [4PCTNSOE/4deps 1 10
car banoyl - 3- net hyl - but yl ) - N- (4- chl or obenzenesul f onyl ) am no] - met hyl } - benzoi ¢
acid nethyl ester, 0.500 g, 1.10 mmol] was-diluted with nethanol (10 ni)
and hydrazine (2 nL) was added. The starting material slowy dissolved
over 5 mn. After 30 min, the solution was heated at reflux. After 22 h,

h | uti ol ed dded d i
breci pi tate for red Oirer cp%?ﬁ@sla%ﬁé@%?v%@sﬁﬁ%ﬁﬂﬁ S RE
combi ned organi o | ay efemithe groipashidinl bhalion Akt NgSikyDend

concentrated to give the correspondi ng azide as a white foam
whi ch was carried di r€calkyl@FQNH-hadychikgEdCEO)NSt-2p wi t hout

purification. Step 2: The, crude acyl, hydrazi de .150 g, 0.331 mmol) was
dissolved in 20 p)ﬁ‘f'l @ shigighp opb rﬁﬁl‘ﬁheéﬁ’da’é‘t(l?wﬁl?%(ké?:l@' ate hydrochl oride
(60.0 ng, Q.364 rrmsz))_ _\Qﬁﬁh ded. The m xture was heated at reflux for 1.25
h. The solUtion was ‘coo0 0 rt and concentrated to renove pyridine. The
residue was taken yg in EtOAc, and was washed sequentially with water, 1 N
HO (2x), sat. aq. NaHCGCs, and brine. The solution was dried (MgSO4) and
concentrated. Flash colum 25 chronat ogﬁe@‘? 02, 50 to 100%

Et OAc/ hexanes) provided the |isted WO 03/ J(E)-\PCT/ US02/ 40605 - 80 conpound
as a white solid (138 ng, 88% for 2 steps a]D +11.1 (c 7.0 mg/m ,

CHC13); Ms (ESI), (M:H) + 477.22;'H NVR (CDC13Z 300MHz) 6 7.94 (dd, 2H, J
=1.8, 8.4), 7.69 (dd, 2H, J= 1.8, 8.7), 7.45-7.50 (m 411), 6.23 (br s,
1H), 5.19 (br s, 1H), 4.65 (d, 1H, J=15.9), 4.46 (d, 1H, J=15.9), 4.31
(dd, 1H J= 6.6, 7.8)padd% ﬁéei&nm@éﬂendénﬂé@'du&5béﬁﬂ abtdiighflordBarkchd® (m
1H), 1.08-1.15 (m 1H), 0.76 (d, 0.64 (d, 3H, J= 6.6).
Exenplifi t@tion of Re(dram GrJGaH?o/héFmalfk#nﬂ NCNWCIOHkXI OS0 =10

(2R) - 2-{N- (4- Chlorob | f 3-neth

4] oxadi azol - 5-yl ) - eFec r?ﬂi%{ﬂ%? %%%ﬁﬁgnsbse‘ﬁllga?ﬁb?'&mgﬁq $rattte (Exanpl e
437): Step 1: To art 0 Epranplcg, 88H 4mfi[ N ((1R) - 1-
15 car banoyl - 3- net hyIé E%kgmam(geht@dyaggorﬂéﬂea@g’ng@gul onyI)3 ar$1L noj - net hyl } -
benzoic acid, 520 ny,-CHE; mmol] in DMF (2.4 nL) and CH2C12 (7.1 nL) was

added 1-h drox benzotrlazole
1- ( 3-di me%/hyl a%/‘l nopr opyns Y @eéﬁ%‘lnggﬁ%‘éﬁ?tﬁfﬁe&?t%%&]?ﬁ FPrIReoEEivg ol 1. 42

mrol ), and:i Pr2NEt ( éer- (A03 1.42
nol ) wasgal so added%}%’?%gn %&3%' rmglét g "%9% ?&ﬁg%\fpés evi'dent, so

addi tional portions aof alkylS(@agentakysos, aﬂd:ed S-pard @dnegal |y to push t he
reaction forward. After 3 d, the mxture was concentrated and partitioned

bet ween sat. agq. NaHGQ?Kand Et OAc (2x). The conbi ned organic |ayers were
washed with brine, el\/gSO4) and concentrated to a yellow oil, which
was carried on to the >step wthout purification. WO 03/053912 -81
PCT/ US02/ 40605 St ep ZNline:@)RFde acet am doxi ne was di ssolved in toluene (10
m.) .and the solution was heated at reflux. After 1 h, pyridine (2 nlL) was
added and20 heati ng WadNR'EGOHMRY for another 15 h. The m xture was
concentrated and dil g\{}eéd %Nt:gk t OAc. The organi c phase was washed
sequentially wth wat Q. Cl (2x), sat. aq. NaHCOB8, and brine, then
was dried (MgSO4) and n Fl ash col utm chr omat ogr aphy (Si 02, 10
to 40% Et OAc/ hexanes) Ngg%é‘f“hﬂ@{)% tle conpound as a pale yellow solid (238
mg, 42% f or two stepsC(=0DaV28hereia. Was felect&d ﬁBm tﬁbi@dil)) coMBst{rig3it) , (M+H) +
477.18; 'H NVR (CDC13, 300MHz) 6 8,04 (d, 8&% ;7. 70 (dd 2H, J=
1.8, 8.4), 7.45-7.52 I(Yﬁirowﬁmaékbéec(aﬂlk%}’ @ﬁ)loxbsaﬁ} Bbr s, 4.67 (d,

1H, J=16. % 4. 47 (d, Q@T“Cé Rf), 4.81 (t, 1H J=7.2), 247 (s, 3H),
1.75-1.85°{m 1H), T g% 1H), 1.08-1.15 (m 1H), 0.76 (d, 3H, J=
6.6), 0.64 (d, 3H, J— pRerBl in WhRARhid pHeall i9 @pﬁéndﬁgmbmmesamr@aﬂ@ 15 0 ~

H2ZN ~ S OO (2R) 2- {N—(4 Chl or obenzenesul fon}fll& 4 (5-nethyl- 1,"2,
4] oxadi azol - 3-yl )-  halogen, C,alkoxy, C, jalkylS-, CH;C(=0), C 4alkylS(O) or

C,.,alkylSO,-; and



benzyl ] - am no} - 4- net hyl - pentanoi ¢ acid am de (Exanple 465): 20 A solution
of the conpound of Exanple 6 [(2R)-2-[ N (4-

chl or oberweramsdsinnyl ) - N- (4- cyanobenzyl ) am no] - 4- net hyl - p@atrarsoz/eocexi d
amde (0.20 g, 0.47 mmol) in ethanol (6 nL) was treated wi th hydroxyl am ne
(50% solution in water, 0.050 nL, 0.71 mm). The reaction was heated to 80
C for 18 h. The reaction was concentrated to a residue and recrystallized
from 25 Et OAc/ hexanes to produce a white solid (136 ng, 51% . This solid
(0.18 mml ) WO 03/053912 -82..PCT/ USD2/ A hen di ssol v

605 t d i
chl orof orm and treate G%IPWCE&%T\?UPOI.“O%%”}M% Cﬁﬁfﬁ grou%ﬁosegﬂglfl;}fo%hl ori de
(0.020 ni, 0.18 mol) .thdBRUHLBAIHEHE HNRSrasill fHiSErAY1, birbBA, il%icﬂlzolg[‘d then was

poured into Et OAc and brine. The organic 1ayer was Séparated, i ed over
MySO4, and concent r at gyrazolylgiazhlgl, tetiaeolyk pyddieyhagrimadiayl, oxadiazolylt ol uene
and heated at reflux for 24 h. The reaction was concentrated to a residue
and purified on a Bi otoé‘ﬁéozlglyésloé?‘ﬁogéi tg‘faééfzf’ﬂl’f:niﬂﬁf‘mlﬁ WostsHed t o afford

477,15 AR ( CocL T BB BBt Gl BynsifieelBh Glusalhisten e T *
8.9), 7.45 (d, 4H, J¥rdin Be gréuRdonsting bl cyaho Ildgen, CHhiky#. 62 (d, 1H, J=
15), 4.48 (d, 1H, J= 16), 10 4.31 (t, 1H J=7.0), 2.65 (s, 3H), 1.75-1.85
(m 1H), 1.20-1.35 (mhapgen)€, atkyl pnd €Quiallesf;, 0.85-0.90 (m 1H), 0.75 (d,
%Hi-lSJzHg\- \7).’ % ?34 1(58) —EQhet‘]erzoc?lcléi in vl%fﬁlecﬂggildfﬂege%cly%{% iggelgﬁgg %rlor?lr]ches gr%%ge 16 Cl
(2R) - 2- [ N- (4- Acet y| bergmsidtild-dffn@h)1008BRAN 8SHLEE MHid38HN Mot hy! -

pent anoi ¢ acid am de (Exe{npnilg-e 271%1%1 A sol u?i g?lﬂofwgﬁlga%%m%oo " Exanpl e
251 [4-{[ NO( (1S) - 1- carteroiyl teBazody, pyridinyl, pyﬁmidinyl, oxadiazolyl, oxazolyl,

R ) GO A
solution of nethyl ma i ] . i 8 nmL, 0.249
mmol ) was added dr opvviggg.éﬁT gﬁ?%&tﬁ?%}%sﬁ%ﬂ&ﬁh&%@ﬁ% S (lyri"rt:heedé} 8%1]0 Cfor 3
h, at which tinme addiconsistalg afeydnl hategene € ikl O0LClgalkl, aini) (0. 178 ni,

0.249 25 mmol) was added. After another 30 mn, a final portion of MeMBr
solution (0.3 n) waéCedldiNHxs digh:.alkyDNaimamgheling4-y Hbiomemphalort-iths

quenched the additi G3/;0 . BCT/ /40605 - of sat. aq. NH4d
and 1 N H ¥ and the h?’)%?lt\g&é mgéglgg%%gclt ldf’{%g%ﬁé’é%‘ié‘n@k) The conbi ned

organi c | ayers were weShelkyWpipbragiatl-yprq. NaHCO3 and brine, dried (Na2SO4)
and concentrated. Flash colum chromatography (Si02, 20 to 60%
Et OAc/ hexanes) gavdg) hB-@wsridad-yhnmpowhighasidaipesidin-ghil isorftivaaily 79 ny, 87% .

5 [a]23D +20.4 (¢ 7.57 13),; .ESI ), MEH).+ 437.13; ' H NVR 13,
30([)|\/]Hz) S 7.87 Ed, 2H:°"1bf":clﬁ’g‘?dzs&’ifh ?L%E‘ea% ,Se‘%ﬁFdHET-Pm_L&’@ ,gr%i.l’ﬁo}m%%zé%ts (m
4H), 6.21 (br s, 1H) srde2% _ 4 6401 ( = 5 (d, 1H,
3= 15.9) 4.31 (t. 1H 5= ers.(%n? 5y %Hsdhtg‘,‘éag%’,@%%cﬁﬂ?%g}%%ﬁanflkl)%(ﬁl. 25.1. 35
(m 1H), 2005-1.14 (nphenyhipsthgl izavhich saBHC, Akybaind saidphny( dre opHpnally 6. 6) . 10
Exenplification of Reactj.on Sche 17 O N, H2ZN O S. O 15 o

(2R) - 2- { N (4- Chl or oboHPSHRLEH Y %llﬂe{“ﬁ%ls@tsﬁl frem e groumygonsisting fny| ani no) -
benzyl ] - am no} - 4- et hyl. i g 15 : A, 3l ution
of N (4-{[N-((1S)-1- Cg;tagg%%l/ d 31%@%@?@&2&?) *E’W&G%Z‘ﬁ}dmmuﬁ 238

chl or obenzenesul f ony| 3miHGeD) We whytcn PHdnydlgctarfryhmant goup Qoddsting oF. 22 mmol )
in toluene (5 n) was_added pigperidine (20 ng, 0.24 nmol). The m xture was
20 heated at a gent | eCraog% Ropnd-NRRd t hen the sol vent was renoved in

vacuo. Pygifijcati h 0 saphy (Si021 10% MeOH CH2Cl 2)

af f or ded ?%e ‘Afi tl g&ag#r%@u?wﬁ%‘@%= 86% yield. M (EESI ), (M+H) +449. 16,
"H NWR  (CDCL3, 40@5,Mglﬁo?b%cﬁﬁ-ct&hﬁcqéiﬂ%lQ})C};lk@ﬁl@dy 2H, J=8.0), 7.38
(d, 2H, J= 8.0), 7.23 (d, 2H, J= 8.0), 6.25 (br’s, 1H), 5.35 (br s, 1H),

4.75 (d, 1H XRab =ishenyi@srisheptipneily subsimitetosih suldttenBselected fidm Jab =
16), 3.25 (t, 1H, 1= 6.0), 2.65 oH, J=.6.0). 2.56-2.44 (m 6H), 1.95
(m 1H), 1. 68-1.45%&’0‘8%?“&%@% %h%loéﬁ%»ﬁxdfowd;ma ogy GaalkdH, 3= 7.0)

Exenplification of 6}5‘?‘28% 3@[13/({551%55@2(;}@__’ anl\haﬁé@ng%{z(;Be”Zhydr yl i dene-am no) - 1-

{(1'S),(5'5)-10",1 i et hyl - 37, 3* - df oxo-
6- t hi a- 4' 3GzaRf aadcRT bavh[abe Ridépdidenth] Ideltogkn; ¥ btrdightbribramhebliane, | - one:

alkyl, C, alkenyl, C, 4 alkynyl, C,, cycloalkyl, C, , cycloalkylmethyl,




10 To a -78 C solution of N-2-(benzhydrylidene-amno)-1-{(I"'S),(5"9S)-

10', 10" -di net hyl -3', 3" -di oxo0-3"' x.6-thia-4'-aza-tricyclo-[5.2.1.0" 5]dec-4'
yl } et harwoas(s®iz Josien, H; Mrtin, A ; Chassaing, G Perrzhzdicon Lett.
1991, 32, 6547; 30.0g, 68 mml) in HWA (60 nL) and THE (300 nlL) was added
n- BuLi (1.6 Min hexane, 42.4 nL, 68 nmds- dropwi se, naintaining the 15
tenperature below -65 C. The reaction was allowed to cone to rt, at which
time . a solution of 1 brom) 3-fluoroethane (17.4 g, 137 mml) in THE (30

m.) was added dr Opy ter.18 he r. our.ed,.over H2Q
HOAC (200 i/ 2 m_) oy e‘ﬁbeé/“Hlenalﬁeﬂ - 5@?1‘?3@%?1 9 pdatigrd washed
Wi th saturated Nm%uab*draﬁmﬂﬁw%wﬁshms% iPRAich CRGER bhabedy The
resulting 20 orange oil was thén further purified by S|I|ca ge?

chr omat ogr aphy ( 25%ubitithee! vdlx substijuenis seleftod dro thia |gtcmpsmh51sltm/gnfc h was

recrystallized from 15%. EtOAc hexanes ive the desir material (24.3
g, 70%. MS (ESI) ?i‘wdsr% Cyaigs] @?geﬂ &Wn?aéadil?}?g@%ﬁ e‘&geréﬂiz = 7 2)

T 5 58 Chia. oy TyliSfindiy bGbyERimeing prfnll i Shaich Biaieditd,
1.84-1.87 (m 2H), GhaBed GO (Hal&ldh)zCHr@Q (@, Salkyldtib, anfin® O, salky3H-, WO
03/ 053912 PCT/ usoz/ 40605 -85 H2N

(2R) - 2- Ani no- | - { (1" §(C.atkghNy.gnorpholinttds thipmaphdin-4yb pyrelidingl-yhi a- 4' - aza-

(oRy 75, Coomziydr o1 BRI bipatiit B 90 Slolpipdia-3ah o0l vt on of

fi net hxél t3 |3 - di ox 6%@5&&@1@-‘1 41 @Baizyrm]grefsélﬁ-ﬂ %E%n@/lﬁﬂp?f‘a%rnffl-g}” }t N
uor oput an- one g, was reate W

HC (200 ni0) . AfterCGZHIL COlig ﬂkﬁkC(’dﬁ)TM@ ﬁllklymaad GO lkyldl; ext r act ed

L LD T e R MRl Al L
564 Ta (o tpé{g%%@ ‘%*@2‘?4]&"?%"1“9‘8@[‘3‘@ sl ioqupbll¥ 00, ©,.
4.4), 1.17-2.23 ( mpipé&idin-13yl1¥pérazindl-yl, [Q4PSxakedan-4-y, aZdthdin-Cly1,153-

(2R) - 2- (4- Chl or obenzensul f onyl am no } 1-
{(1'9), (5'5)- 10", 10iibyfreddhippingol-2-yl, or 2,3-dihydro-1H-indol-1-yl; in which each is

di 3" kst hi 4

Tone: To d3sol ut i or PPt RS iceruh SRty b dp BRI

20 di oxo- 3' X, 6-t hi afhydris; éyl’ah6,v}fé|lc§geh5(halogen)3 halogen CH-, halogenCH,-
1.0' 5] dec-4'-yl}-4-fluoro ut'an- 1- one: 12 dEt3N(f04m_

72.0 mol) in mchleewsgynﬁy)l beagyladd h‘ly@lp@lkeh 190}4Yiony| chl ori de

(9.1 g, 43 mmol) ortion. h trated
and the resulting &egiﬁg lﬁiaagmflgk %Pfliﬁ% é&&eaﬂge&&a%m B@T bri ne,
dried over MySO4, ORIkl & C t iy . was WO 03/ 053912

PCT/ US02/ 40605 86a3ttﬁen fur“t’hebf1 purlﬁ@wgif sR?jlaca gel chromat ography (30%
Et OAc/ hex&@fies)R’t o 1aﬁﬁ1mmghudré>ran0hewaam®pgnlhyi Cgleeallaengl b@ﬁ@,@l @phanylhint e wax.
'"H NMR (CDC13) S 7..79 (d, .2H, 5.69 (br d,
8.0), 4.42-4.77 (mwlmgh éachgs qath;lal;ljé syel%ﬁtlttﬁe_g w1t§ sgbstl(tggg&s se tedfmng the4 4)

2.11-2.29 (m 2H), ( Cl
(2R) - 2- (4- Chl or A é/ fEhalo e)gﬁ-“’faﬁ‘ of%ﬁ%lﬁgﬁ?c“g%ﬁﬁ”(a%’lﬁa
rapidly stirred soldu{ﬂ mky:le(, QRLaRyD@}tehyI()NQbmrpm&uhiyﬂmm@momﬂoﬂmM- 1-

{(1 S) (5'9§-10", 10 -di net hyl -3', 3" - di ox0-3"? 6-thia-4"'-aza-tricyclo-
[5.2.1.0" 5] dec-4' yll}pymdlfimolrb;bmmdm-b%plleeremgl ﬂza%‘bl) in acetonitrile
(200 m_) s adde aﬁ’c&l)& %(_?%rgl 6 mol ), tetrabutyl anmoni um brom de

(4. 13q, 8mm|) “"a g, 0.130 nol). After 4.5 h the reaction
was 15 concenWat egk Eﬁr&@nfagﬁhgﬂﬁrtﬂi'ﬁ{éhéd lcyglﬁcj; Whfkh:H2O and extracted with
CHZC12. The aqueous layer was acidified with 1 "R'HO" and extracted with

Et OAc. The EROAc &xa $t13ﬂ:g19 mvbraewh@dﬁthameﬂf, catllnile@, oyeloalyEPhenyd ey ridyl,
concentrated to give_.a

i d of which 9 4 t direct |
t owards the next sPEBr‘ramH S]?fﬂ\?géfo%t)‘ol Iy salst] %hsggsen |s,r e(7: 7% (d,
oH, J= 6.8), 7.64 oH) |
3. 80- 3. 88 %m 1H) | g%e%ﬁoégh?@ Bkci)%gs%i&g%t(%%&%g%g?g GeafofB.! theos -

87 (2R) - 20 (4- Chl o(ChelkybNesLdi{ OnylkagniNaohedphblinardbihianapholacidlam de: To a
solution of (2R)-2-(4-chlorobenzenesul fonyl am no)-4-fl uorobutanoic acid
(9.0 g, 31 mol) in DW (250 nL) was added consecutively 1-

hydr oxybenzotri azol e hydrate (6.2 g, 46 nmol ), N, N-diisopropylethylam ne
(23 5 m., 124 mml), amoniumchloride (3.34 g, 62 mol), and 1-[3-

(di met hyl am no) propyl ] - 3- et hyl carbodi i m de hydrochl oride (8.8 g, 46 mol)
under N2. The resulting solution was stirred at rt for 18 h. The sol ution
vas poured over |ce water (500 m_) and the SO|Id was f||tered of f and

e o " - ., A NI ™1 O ~NN o v Y Y N 1



(DVMBO-d6) b 8.12 (d, 1H, J=8.8), 7.77 (d, 2H, J=7.0), 7.62 (d, 2H,
.0), 7.38 (br s, 1H, 7.03 (br s, 1H), 4.22-4.47 (m 2H), 3.71-3.85

, WD.086530192 (m 2H). CL NH2 15 PCT/US02/40605

-[ (4- Chl or obenzenesul fonyl ) - (4- cyanobenzyl ) - am no] - 4- f | uor obut yram de
l e 360): (2R)-2-(4-Chl orobenzenesul 4@nyl am no) - 4-f1 uorobutyram de (20
.7 20 mml) was converted to the title conpound as in Reaction Schene
thod A to afford the titled corrpound (208 ng) in 73%yield. M5 (ESI)

1
- " . ; d
(ZI\H/I JE) 8. j? 77.928 (Bﬂr@f %_Y]]eplﬁf?n&l’?'lsbl > PHper m—l?k dﬂ)(g?;ﬁﬂép%fzaz% J=

8.4), 6.29 (br s,, 3Ky, 5.21 (br s, 1H), 4.19-4.67 (m 5H), 2.17-2.28 (m
1H), 1.49-1.61 (m 1 25 WD 03/ 053912 PCT/ US02/ 40605 -88- Exenplification
of Reaction ScRéne i sftaightr branched-chain C, alkyl, C,, alkenyl, benzyl, phenyl,

2- (4- Chl or obenzenesul fogél am no)-6-fl uoro-hexanoic acid amde (lI11): A

m xture of (benzhydP¥3%° Hépﬁ'ﬁ‘iyﬂd}lé’&@?lil gachds gpteamally sebstigted with g, 32
1), 4-b | -fl
ol ). et abut y1 ansRERGSE sbufins Yot Mtng SR et o (300

m) was heated at {dgex),CHr, habodenCTNe O, SMEfl] O a8y, GRah d
filtered through a g% sg:én)tzer ed Iglgssﬁ?ﬁnne The fi |}[I’I’ at e@\c/{/g}‘sg(l:%ntl:\gﬂ-trat ed
in vacuo. The resi ddﬂécM&yl)m-s@mehnﬂwldﬂlwmhmm@yl (ysolidinyl-ghd a white
solid precipitated. Thdg.l lg re 45@6 wumflltratlon A solution
of 1 N HA (100 ni)PRELIVBdaé p‘tPBIaFWe —y e lGHIPREradR lned the crude
product (2- (be&z&wammcqﬁﬁﬁﬁseeaeaﬂmchmmesen@eﬁei%efc acid ethyl ester). The
resulting biphasic mxture was stifred vigorously 15 for 3 h. The m xture
was transflédrred to I awefler atederyedfambreimenthihe anpentions idchydes compsunddbf ect ed.
The organic | ayer vva extracted with 1 N HA (30 nL). The _combi ned aqueous
| ayers were wabWERlafaqr anhgrpacencaliyacesptable st thereohwhesmRitisghesl (10. 8

M) vas added gk GRS BOE LRRnRRE LGl B3 Mo SQhulion pas heat ed

e reaction mxture was CO
concentrated ilmlogealioydrdol, @rtekmcagmd (lhalotgagﬂgmgﬁb@ngam 1dd@ m xture was
reconcentrated in vacuo to afford 2-am no-6-fl uoro-hexanoic acid ,
hydr ochl ori de haegeaClifri-t e solid. The crude anmino acid salt was used without

purlflcatl n or- erd zat i - no- 6-.f I.uor ohexano

hydr ochl or Sde (32. 9% rYT%}DiSnmh%rl%ego%? %lgﬁn%)?le%gleslﬁg WBé’&ch‘i?séﬂWBlefs
met hanol (300 d¢fiBor@iR IQ@PhgHMc&t%ﬁHQacc-EBtaﬁlkyslaltQﬁ%r@('if'\gl?erélﬁ@{z?’s m., 129
mmol ) was slowly was over mn. The "resulting solution was allowed to
warmto rt and stir for 18 h. The reaction mxture was concentrated in

vacuo to acrd nethyl 2-am no-6-fl uor @- hex ,c WD 03/053912 PCT/ US02/ 40605
-89 acid hydrochloride. Toluene (100 m{ 28% ammonia in water (75 nlL)

were added to the crude ami no ester. & ting bi phasic mixture was
stirred vigorously at rt for 24 h. Th ction m xture was concentr at ed
in vacuo. The residual solid was suspendedin toluene (200 m) and
reconcentrated in vacuo to 5 afford 6-fl uorohexanoic acid amde (lI1) as a
white solid. The crude amno acid am de was dissolved in anhydrous DMF (50

nL) and ChgCl2 (350 ni) andprog@tRIANMTESTING METRROBSNesul fonyl chl oride
(82 g, 32.3 mml) and Et3N TI375 nL, 96.9 mmot ). After 2 h, a second

portion of 4-chl or dhenrandsof Fanylc{I) afeledpectécﬂio&%ssbssﬁsécrétﬁéﬂﬁhﬁbﬁﬁryadded
After an additional 18 h, the resulting mxture was 10 poured into N
HC1(500 nil). TPhivity: ghe d@tectayvecpf wmratasbIaemlsdreqmmemsdysatapubﬂdbfmhatée, (2 x
500 ni). Hexane (600 nL) was added to the organic |layer. A white

preci pitate f@FFHEYe alT‘h@Xl%eéland%@%“%’d?ﬂYe‘@?@éFSB?le@%ﬁdetSs pativ@earlyri nsed

with cold drledJn cuotoa rd 4.95 g (48%yield,
6 steps) of ZI}\%;Qf Frj%%ﬁz“glﬂ H\}’@é SPO@PP‘F%{WE thepressst MVERIQR ani de
(rrr): L 1 1H, J=
8.8), 7. %@(d§S é%ﬁ}ﬁ%ﬁe@ﬁgﬁ‘g assa 2“}5“&’2%9“’%@2 %’r%@’%ﬂ% ‘{gstﬁgﬁi?ffs 6.95 (s,
1H), 4. 34 (dt deRHbedbelow. £bnipoudds withinlthe sébp@%f (1l presdt in¥entionchafe J = 8. 6),
1.60-1.39 (m 4H), 1.36-1.15 (m _2H), Anal. Cal cdpfor C12H16C1FN203S: C,
44.65; H, 4. 9beerighomneq inkiotithe:actyity dfly-edrethte, 85 dBerniinedusity asgfys@ar NH2 F
2-[ (4-Cnl orobenzenesul f onyl ) - (4- cyanobenzyl ) - am no] - 6- f | uor o- hexanoi ¢ aci d
an de (Exanpl & 3?§5 Viths 5. (4- Chl or obenzenesul f onyl am no) - 6- f | uor o- hexanoi ¢
acid amde (0.500 g, 1.55 mmol) was converted to the title conmpound (360

ng, 50%yield) as in WO 03/053912 PCT/ US02/ 40605 -90 Reaction Schene 1,
met hod A. LCMS (MtNa)} 459.9; 'H NWR (400 MHz,




DMSO-d6) 8 7.82 (d, 2H, J=8.8), 7.79 (d, 2H, J=8.5), 7.63 (d, 2H, J=
8.8), 7.58 (d, 2H, J=8.3), 7.52 (s, 1H), 7.09 (s, 1H). 4.82 (ABg, 2H, Ov
= 37.2, Jabo3/053726), 4.34 (dd, 1H, J= 8.0, 6.6), 4.25 (dtrcTaldp2/dmos= 47. 2,
J=57), 1.58 (m 1H), 5 1.49-1.12 (m 5H); Anal. Calcd for

C20H21CI FN303S: C, 54.85; H, 4.83; N, 9.5 _ Found: C, 54.92; H 4.76; N,
9.54. Exenplification of Reaction Scheme 20 Cl1 10

(2R) - 2- (4- Chl or obenzensul fonyl am no) - 1- f

(1'S),(5' S)-10", 10" - di net hyl -3'., 3! - di oxo-3'

a.6-thia-4'-aza-tri 99’6’?891%}’2‘?"1‘3@@]%ﬁé&y@tl%ﬁou@-aﬂqomﬁr‘{ﬁeﬁlﬂ Aettedardsent an-

| - one: 15 To J; f .. o . .

(2R) - 2- (4-chl oF6 13 eéﬁs@@?%%“é‘}ﬁ the ebifity pfi 2 peteptial gharmageuticgl to ighibitAR)| - 3+ |
3" -diox 0-3' @roludtidh. Thdse waAd bk preNEedlifcomnRerdiallkifs isHRGr mpothd} -4
met hyl - 4- pent elﬁ-l -one [500 ny, 1 %rml , pr&gar eoli lgs i nCOR agtl on ISncphoélrlr% 18
from of this invention.

N- 2-(benzhgryl i dene-am no)-1-{(1'S), (5 5)-10", 10" -di net hyl -3', 3" - di oxo-

3" k6-thia-4" -aza-tricyclo-[5.2.1.01,5 ]Jdec-4'-yl }ethanone (ref: Josien, H;

Martin, 20 A p (hassRldfg Tetrahedron lLett. . 1991, 32, 6547) and
1- br ono- 2- net hI)I/li - L-B%ldu e%?e&?t."ﬁéeﬁﬁ@%?ﬁmms added hydrofluoric

aci d-pyridine (10 ntom etffﬂ@b[rﬁl%(%&@ sBa¥i e d'RSidahtlfH WafleduPos R Ritligyt T T and
stir for 18 h. The reaI():ti on con enfys wer e cgr efullyf9addeed tso aq%}g?lar at ed

aqueous sol ut itbaibiaflingaHi@GEAdi6RBEled Mspcrethbeinhibi®e dad fexdfoieenhiBi yext r act ed
with EtOAc (3 x 100 niL). The 25 conbj ned organjc Ia?éers were sequentially
washed with 1 SRPIRK@Pe pABEEY nfE'pr exaenplelieCompound A cape usadfanbindingyer was

dried over,nMy - t concent rated..i aguo.to. afford 490 ny
(4% of iR ereys MilnBEEten 80 om IR CAT Sl o BRI G prob i o1

sol i d: "H NVR 460200, 278MA03661081)/ - i - H J=
8.8). 5.37 (d. 1t JTB. 1), 4 65 (m %ﬁ%@?@f%ﬁﬁﬁl gi&g&i‘%&%%s ( ABa,
2H, z\v = 5. 4:Gxlisnexybenaylp2-03041 B3zepin-33H)-2-(2-ndethylpRpy)+3-(pBddy])- 1. 04 (s,
3H), 0.94 (s, . Cl.5 . o . .

( ;D R) - 2- (4- (Chl 5’}‘%5%‘?&%%% tesspbesinPhuhichis dersriBedind SnprtendAeeaddtes aci d

am de: (2R)-2 0 ' 1 ot .

Ny (ER3 gﬁ;%p% %?@Pﬁéﬁlt%ﬂwm/@@ﬁ,PCT Publication WO 00/07995;

3", 3" - di 0b- 3'and BeiffertaD4 Bradlay,tJr btcalc VaBiob .Cheln. Q06),DF6: 34081 34041.f | uor o- 4- net
hyl pentan-|-one was converted to the title conpound in two steps as in
Reaction Schenme 18 (165 ng, 55%vyield): LCMS (MtNa)+ 345.1;'H NVR (500
MHz, DMBSO-d6) 8 8.10 (d, 1H, J=\9.2), 7.77 (d, 2H, J=8.5), 7.62 (d, 2H,

J=8.9), 7.34 (s, 1H), 6.92 (s, . 3.8 (m 1H), 1. m 1H), 1.74 (m
1.2 (do3H, J= flf : mplification of

Reaction Schene 21 Cl 20 Ethyl

1H), 1.31 (d, 3H, 15 J= 21g7),
2- (4- chl or obenzenesul f oHgyT a N ytN4-p oate: A solution of

no

et hyl 2-am no-4-nethyl -4-pentgnoate (2.84 ¢, 18.1 mmol, prepared as in
Reacti on Schene 19 from (ben{ﬁydr | i dexweam no)acetic acid ethyl ester and
n

1- br ono- 2- et hyl - 2- pr opene) CH2C 2 (250 m.) was reacted with 4 25

chl orobenzenesul fonyl chloride (4.20 g, 19.9 mmol) and Et3N (3.78 niL, 27.2
WO 03/ 053912 PCT/ US02/ 40605 - 92 nmol §ompeend A4 h " the resulting m xture was
poured into 1 N aqueous HCO (500 nl) and extracted with Et OAc (3 x 150
m.). The organic | ayer was washed with brine (50 nL), dried (MJSO4),
filtered,2@nd concEethedeedsays, PERUGe]ITRers g1ode inGpRme dul@ke mapmMur i fi ed
using silica gel colum chromatography (10:1 to 5:1 5 gradient,

hexanes/ Et OAc)640oafdiming L3gl0umgnd &EDA(/iel B-nosreapt@thdneptp)a ddnsiey b x 2- (4-

chl orobenzeneﬁg&g lggl % ) - 4- et hyl - 4- pent enoat e: LCMS fl\/HrNa) + 354.2; 'H
NVR (400 Mz, 52134 -6hi Yere hopyested by gentyifugatign apg celppellets werg qgick 5. 07 (d,
1 H J=29.0) 4 .84.(s 4. 73 (s, 1H),..,4.05 (m 1H), 95 (g, 2H, J=
7.1), 2.40 (nfoBn ‘ﬁfh(y ff?’é@a?%l,anéﬁ}",(fe‘i?‘fs%( {C pEgy tg)il_se?l.f?}ﬁ} peligef o 1 N,
FtC d d 2-(4-Ch aonyl am no) - 4-f1 uor a- 4- net - pent anoi ¢
aci d et hyl es%pégog;%%%ggfgﬁﬁgﬁ%ﬂﬂﬁ (cgl){s Werer}‘o)mogemzegusmg a Biinkhan

5- di met hyls 2-Fotptrdredtrsatimgisoof U0 a&:. 3rhe oyl dgoog¥ ¢ ogen
fluoride-pyri di%(ra (10 nL) was added tooz;l;(%e?:%géﬁ%ﬁ%g% 0 e%t%loow%

2- (4- chl or o- blen2mas,Anfl dig/tesirtiing peldet rvests Iwdshdd e ndpentirat the hdmOgenizadio nmol )
in THE (15 mL). The reaction m xture was allowed to warmto rt. After 5 h,
an additional portion (10 nL) of hydrogen fluoride-pyridi ne was added. The
m xture 20 was stirred for 24 h, then a third portion of hydrogen
fluoride-pyridine (10 m)



was added. After a total of 53 h, the reaction was quenched with ice chips
(20 ). The crude m xture was poured into ice water (500 niL) and

extract edwaioBlos@BHRC1L2 (2 x 200 nL). The conbi ned organi c lPaydarse2/esn® washed
with sat. ag. NaHCO3 (100 nL) and concentrated in vacuo. The crude
concentrate was 25 purified using silicasgel colum chromatography (10:1 to
5:1 gradient, hexanes/EtQAc) to afford 8 395 g (37%yvyield) of ethyl 2-(4-
chl or obenzenesul f onyl am no) - 4-f | uor o- 4- net hyl - pent anoate and 0.425 g (46%
yield) of 4-chloro-N-(5, 5-dinet 2- oxo-tetrahydro-furan- 3- yi WO

03/ 053912 PCT/andgentzifessono3hy énzéﬁamllq:tmwmpen@ad i budfer éq wigld a

2- (4-chl b | f 4-1 |
(M) + 374, 1 PO RENRE RGO O Pt O7ne T, AR Engfhenyle, o1y

2. 142 (d, éﬁvw%%%%? oty skfiepsil o, 5035 of iy Bt Gmiglig 2“7_(3; _
Data for 4-chlggga ;l\tl(o'Ef racﬁo% éﬁﬂ'vaﬁo@%n&ﬁﬂfaﬁbﬂmﬂmﬁdye&ﬂ c%mg)unds.
benzenesul f onam de: Na) + 326.0; 'H NWR (400 MHz, DMSO-d6) 8.41 (d,

1H, J= 9.1}, Blﬁﬁngdssays-lwem:p@fo&)lpdﬁl @]Z)ll@d:ﬁ i2phlypropgleBy 96-&/&37[31:{‘@; inlaH) ,
2.22 (dd, 1H, 1.72 = 12 n L. 33.(S, , 1.31 (s,
3H. Cl 10 2- (fﬁlabﬁéamsQZH%%%H@IB%I&S&HQM#MS#HI%P@ aagﬁe*( ﬁwt &nt anoi ¢
acid am de:

2-(4-chl or obenzenes%l %emﬁc blsxdlﬂg Wla%g?%neﬂ usm? ub%té%r%sggll(t)}} 360 al(]:l}/ld et hyl
ester (457 ng,coﬁlpB%dTm(lShffeﬁ B, Biad120, okt al WlSBib I, mmdzo(xbzm t32086- N NaCH

(780 L, 7.8 nmol) at rt for 18 h. The crude reaction m xture was
concentrated |3|4091@ClMterT1hre1baelsg@m?é%rﬂrMImmlmmesep@E@ednﬂmmand 1 N

HO (20 rrL The agueou utj.on vva trac th Et 100 ni).
The combilfed ﬁ&Fﬁ%‘ﬂP]&gq flél %?%0‘095 Bt e’bﬁ WéPEQS;B%)“%(}/P ed over
MpSH4, filt E%r{gr i f i

cont ai ni ng 2-%@61%&%8?8 enz ésﬁfeugg fglrll%fsc‘?rl&ﬁg@s dﬁegrt%lég%nlelf §Qllllp&eirnt anoi c
acid. A m xt uie cld phssphatedbaéiesd slahlne iali}wol,rdongahﬁm()tl% BritoineX(1263 my, 1.95

mol ), diisopr opyI et hél amne (670 iﬁF ammoni um_chl ori de (140
ng, 2.6 nmol) Filidrbpun rmmwam%meawﬂ blesces@tﬂ ign cogHingnilte VAP ochl ori de

§r13>7<i3 ure w;s 9gour ngil)e ¢ %pfgglw':a{lé ageﬂgb)dalﬁﬁi%tesﬁr,h&aﬁfeg u@{n sﬂtles %ﬁ&{ﬁzﬁi}f%% The crude

Cayer s welS wSRea BRI e atauied yhrdsBdas %g%ﬁ%" Pereq and
concentrated ifhiMiass K mu&rwgglﬁgﬂﬁﬁqbl{%ge was purified using silica gel
col utm chr omat ogr aphy (]95 chl orof ormi MeCH) to WD 03/ 053912

PCT/ US02/ 40605 - 94 Fabingled of tba@s18ts(obBiédyi edntthe fHvehiitdr ddnipcRm@oagound: LCVS
(M:Na) + 345.3; 'H NWR (400 MHz, DVsO-d6) S 8.10 (d, 1H J=9.2), 7.77 (d,
2H, J= 8.5), mlagcte((tpthgabomdesc@ed aysag4rq showntn Tabled2 Jpghe teble, 28, 85 (m
1, 1.89 (m f&ﬁ%_xtozy concegmltlon &Q:SO) of l%ss tilaﬁ or equaI]to 5%1111\% 18 representgzcii by 3H, J=

21.9). 5 C

[ (4- Chl or ghenzencsdnytanyo Mﬁ’rrdcsmﬂ\l@%gm, bet@R b0 v dddorovod nveby! -
pentanoi ¢ acid am de (Exanple 357

2- (4- Chl or obenzenesul f onyl ani no) - 4 fluoro-4-methyl -pentanoic acid amde
was converted to .the tIe co pound n,Re,ac |,o Schene 1, nethod A
LCVS ( M+Na) +4dABLE 1i: dpxam MASTVIHR Ehe pigding Assay,  j= g 5), 7.75
(d, 2H, J=8.3), 7.68 (s 1H) 7. 64 (d 2H J- 8. 6) 7.49 (d, 2H, J= 8.1),
7.20 (s, 1H), 4.67 (ABg, 2H, Av = 28.3, Jab =17.3), 4.54 (dd, 1H, J= 9.3,
3.2), 15 2.23 (m 1H), [TERANWLELH), LASIIVITYIATINGZ21.6)] 1.21 (d, 3H, J=
21.7). C
2-[ (4- Chl or obenzenesul fionyl P6( 4- cyanobenzyl ) sani no] - 4- hydr pxy- 4- et hyl - 20
pentanoi ¢ acid am de (Bxapple—443)—A sealedvial—containing a m xture of
4-chl oro-N- (5, 5-dinethyl -2l%%o- etrahydro f’ﬁfkan 3-yl)-bepzenesul f onam de
(0.20 g, 0.66 mml) and 28"/‘3§:§.‘) 03105391 2—PCTHHUSO2/46605—=9p ammonia in
water (3 nmL) was heated in @ m crpwave reactor at 80 C for{40 mn. The
reaction m xture was cool edzfp rt|and concentyated to dryness in vacuo to
afford a white solid containing
2- (4-chl or obenzenesul f gnyl a#d1no) - 4- hydr oxy- 4-+het hyl - pent apoi ¢ acid am de.
The crude solid was converted to the title 5 conpound (98 , 34%yield) as
in Reaction Scheme 1, netho¥/A: LIOVS (MtNa) +%58.2; ' H NMR (400 NHz,

DMSO- d6) 6 7.84 (d, 2H,-3="8-6—F++6(c5s—2H—3=8-"3)—7062 (d, 2H, J=
8.8), 7.51 (d, 2H, J=8.3), 7.40 (s, 1H), 7.11 (s, 1H), 4.63 (ABgq, 2H Av
= 5.9, Jab = 17.6), 4.56 (dd, 1H, J= 8.3, 2.5), 4.54 (s, 1H), 1.95 (dd,

1H, J= 13.7, 8.6), 1.26 (dd, 1H J= 13.6, 2.4), 1.04 (s, 3H), 0.99 10 (s,
3H). Anal. Cal cd for CZOH22C1N304S C 55 10 H, 5. 08 N 9. 64. Found C,

— oA ~ o~ " ~ ™ N p— -~ 4 o NSO
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WD 03/053912 -98 CN O EtO O SO C PCT/ US02/ 40605
2-[ (4- Chl or obenzenesul fonyl ) - (4- cyanobenzyl ) -am no] -5, 5-difl uoro-pentanoic
aci d et hyWoasisi2 5 PCT/US02/40605

2-[ (4- Chl orobenzenesul fonyl ) - (4- cyanobenzyl ) - am no] - 5- oxo- pentanoic acid
ethyl ester (0.05 g, 0.11 mmol) was slowgpadded to a solution of DAST
(0.020 m., 0.11 nmol) in CH2C12 (2 nm.) at rt and stirred for 16 h. The
reaction was diluted with CH2C12 (20 nm.) and extracted with H2O (2 x 25
mL). The conbi ned organic Iams wer e Q@ﬁgﬁfi with H2O, brine, dried over
Na2SO4 and 10 concentrated to give

2-[ (4- Chl or o- benzenesul f onyl ) 144- cyxanobgpzygh) nri no] - 5, 5-

di fl uoro-pentanoic acid ethyl ester as a crude yellow residue (61 ng). This
crude residue was taken ontotthe mext stepnMi dndotit0,G00mMher purification.
CN H2ZN V 'F 15 CI 2-[(4-Chl orobenzenesul fonyl ) - (4-cyanobenzyl ) -am nol -5,
5-di fluoro-pentanoic acid am de (Exanple 377): The crude

2-[ (4-chl og’.ob ze esulf(t)nd ~£4- cyanobenzyl ) -am nol ;5. 5:..
di fl uoro-p ntzim—g—g%?ﬁ—e{v—wo S P CliNs T pIIOT DAsS D S-S i
MeOH 20 (2 Mﬁoml&ﬂﬂ?&ﬁﬂrﬁﬁﬂﬁggggmﬁgﬁged 10 N NaOH (0.052 m, 0.52 nmol)
and the WO 03/ - resulting solution was stirred at

rt for 16 h. The r eagfdoltedBembidnetfedtivh WhidH2Onfazls fuidtjonalg beliveived with 1 N
HC1l, and extracted with CH2Cl2 (4 x 100 M.). The conbi ned organic |ayers

were dried ovesecid@sadd BraiPR sutstates atregenemte peenetase clgpvage priodudtar boxyl i c
acid noiety as a crude colorless oil. The carboxylic acid 5 internedi ate

was then di ssongladingifbitoberts, $B); Bendriek.de 8- Winkisky, Ak lemds ezt i azol e

ol ), 10 (% GiRe mers A hseh SESATSE Y dlrs S Earten Ay iBtRh & Ge (0”0
g, 0.20 mmol) m@npds Vi p4iest @ﬁp1%hﬁ6rpNo.7ﬁEf9961Td9a103%3a03ﬂe@ﬁnaﬁ@m.; BbhditBdetW th

Et OAc (150 nl) and washed with H20O (4 x 50 m.). The organi c 10 layer was
dried over Na2&OBiawhemisamc2iils 39,686988 Nacdimngol gfong, b. efralidBioohdmistj t e
solid. Further rifi i by, fl ash chropat ogr aph i02, 51to 85 %

Et OAc/ hexanes)2 f‘ﬁﬂé@%é'tsﬁgs)t i Qﬁfaé@rfﬁﬁrﬂ%‘nf’ %?&M%SW%PWJ‘?WSOI idin
19 % yield. LEMS (AMNE) el fdosQlich kb VR, (EDEE DI B Bebirarpbibtealiiud- 3)
7.60 (d, 2H, J=8.3), 7.49 (m 4H), 6.18 (br s, 1H), 5.67 (tt, 1H, J= 56,
4.0), 5.235(brwisd typ2 ol utard f&zrs(MBIAPRHr aAdintan bfcalidephozbBithse BLaPP( M 1H),
2.03 (m 1H), 1.68 (m 1H), 1.38 (m 1H), 0.86 (m 1H). Exenplification of
React i on Scherfesig®c@truct, and stably express high levels of y-secretase substrates. The
(2R)-2-[[4-(2-Brono-acetyl am no) - benzyl 1@5{44-chl or obenzenesul fonyl(} -am noj] -4
- et hyl - pent ®n6pgenaus rrsepretase provenhinstgp igolaied wpmbranes prepared at 0-4 °

2R)-2-[(4-am b [)-(4-chl 5 )
E)en)zene[sfjl f g?ﬁ%)aa?ﬁntﬁ%ﬁzéfﬁéﬁwﬁ Oé’%ﬁ%‘ﬁh‘? megbraes grebifted fomg-4 19 36 Gl )

and Et3N (176 1.7 ). .in 2C12 (3..nL), was .added bramoacety] chl ori de
V0 031 053617 MESH5 T ek Bt a T SR RS R
m xture wag StbdhinRfhe®MNRhHs Fakmmb Acipgﬂa_ﬁon (Cideh) 1N IHeK WIS cvaS pbé uted with

CH2C12 (5 m.), washed with 1 N rine, and dried through a cotton
pl ug. The sol Vet Aned SceddS4d 996 ABalAFd0-1BU7 S ivesteimoriot (Ktafki,abHW.;

ey o o0 P, (B Bt I IR AR B oo,
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described elsewhere (Roberts, S.B.; Hendrick, J. P.; Vinitsky, A.; Lewis, M.;
Smith, D.W.; Pak, R. PCT Publication WO 01/0175435; Shearman, M.; Beher,

25  D.etal, Biochemistry, 2000. 39, 8698-8704). Results are obtained by analysis of

the plate in a fluorescence plate reader and comparison to the mock treated
membranes and samples in which known amounts of Ap were added to. construct
a standard concentration curve. A positive acting compound is one that inhibits
the AP relative to the control sample by at least 50% at the initial tested

30  concentration. If a compound is found to be active then a dose response
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were separated using the following nmethod. 4.6 X 250 nm 10 M Chiral pak
AD colum, 1.0 ni/mn, 75 % Hexane/ EtOH 0.15 % DEA, over 25 min. 10
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inhibitory concentration (IC,,) of less than or equal to 50 nM is represented by
44+ between 50 nM and 500 nM by ++; between 500 nM and 10000 nM by +.

TABLE 2: Examples of activity in the in vitro assay based on the inhibition

10 of AB formation from membrane preparations

EXAMPLE ACTIVITY RATING
1 -+
2 A
3 +++
4 A+
5 -+
6 -+
7 -
8 4+
9 -+
10 A+
11 F++
12 -+
13 -+
14 4+
15 +++
16 +++
17 4+
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EXAMPLE ACTIVITY RATING*

18 ++

19 ++

20 ++

21 -

22 -

23 +++

24 ++t

25 +++

26 +++

27 ++

28 ++

29 +-+

30 +4+

31 ++

32 ++

33 -

34 A+

35 ++

36 ++

37 ++-+

38 +++

39 R

40 +++

41 +++

42 -+

43 +++

44 +++ ‘

45 +++
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EXAMPLE ACTIVITY RATING

46 +++
47 | ++
48 +H
49 ++

50 -
51 A+
52 =+
59 ++

61 +++
83 + -
85 +

87 +++
89 +++
95 +++
103 +++
113 ++
122 +

133 +++
153 +

a Activity based on ICs( values:

= <50 nM
++ = 50-500nM
5 + = >500nM and <10,000 nM

In vitro assays to identify y-secretase inhibitor based on the inhibition of AB

formation in cultured cells.

Cultured human cell lines, such as HEK293 and H4 cells, which express

10  APP and y-secretase activity or transfected derivative cell lines that overexpress
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wild-type APP, mutant APP, or APP fusion proteins will secrete AR peptides
into the culture media that can be quantified as previously outlined (Dovey, H.,
John, V. et al., J. Neurochem. 2001, 76, 173-181). The incubation of these
cultured cells with y-secretase inhibitors decreases the production of AP peptides.

5  For instance, H4 cells stably transfected to overexpress the HPLAP-APP fusion
protein described above were grown as above, detached, and adjusted to 2 x 105
cells/ml. 100 ul of the resulting suspension was then added to each well of a 96-
well plate. After 4 hrs, the media was removed and replaced with 100 pl serum-
free media containing various dilutions of the test compound. Plates were then

10  incubated for 18 hrs at 37 °C and a 100 pl aliquot of the tissue culture
supernatant was removed for determination of AB levels using time-resolved
fluorescence of the homogenous sample as outlined above. Alternately, the other
methods described above for AR determination could be used. The extent of A3

inhibition was used to calculate the IC,, value for the test compound.
15  Compounds of the present invention are considered active when tested in the
above assay if the IC, value for the test compound is less than 50 uM.
Examples of the results obtained when the invention compounds are
subjected to the above described assay are shown in Table 3. In the table, an
inhibitory concentration (ICs,) of less than or equal to 50 nM is represented by
20  +++; between 50 nM and 500 nM by ++; between 500 nM and 50000 nM by +.

TABLE 3: Examples of activity in the in vitro assay based on the inhibition

of AB formation in cultured cells

EXAMPLE ACTIVITY RATING®
1 -+
5 | +++
19 +H
26 +
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EXAMPLE ACTIVITY RATING®
38 +++
41 -t
51 At
55 +++
61 +++
72 +++
80 H+
89 ++H
96 +++
101 +++
123 -+
127 ++
l 43 +++
147 ++
158 +H
171 ++
193 -
203 +t++
205 ++
207 +++
245 +H+
246 +t+
249 ++
254 +++
256 -+
260 ++
272 -+
280 ++
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282 +++

288 ++

301 ++

302 4+

321 ++

322 +++

329 +++

330 ++

331 +

340 +4+

341 ++

342 -+

349 4+

352 ++

358 ++

359 +++

366 ++H+

367 +

378 -+

383 -+

394 +++

403 ++

416 ++

418 -

424 .

433 -

434 F++

439 ++

M
NU
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EXAMPLE ACTIVITY RATING*
442 Fan
472 +++
481 +
492 ++
495 +++
497 -t

2 Activity based on ICs( values:

+H+ = <50 nM
++ = 50 - 500 nM
5 + = >500 nM and <10,000 nM

Compounds of the present invention have been demonstrated to have an
IC,, value less than 10 uM in one or all of the above assays. Therefore, the
compounds of Formula I or pharmaceutical compositions thereof are useful in the
10  treatment, alleviation or elimination of disorders or other disorders associated
with the inhibition of B-amyloid peptide.
In addition to cleaving APP, y-secretase cleaves other substrates,
including: the Notch family of transmembrane receptors (reviewed in: Selkoe, D.
Physiol. Rev. 2001, 81, 741-766; Wolfe, M. J. Med. Chem. 2001 44, 2039-2060);
15  LDL receptor-related protein (May, P., Reddy, Y.K., Herz, J. J. Biol. Chem.
2002, 277, 18736-18743); ErbB-4 (Ni, C.Y., Murphy, M.P., Golde, T.E.,
Carpenter, G. Science 2001, 294, 2179-2181); E-cadherin (Marambaud, P., Shioi,
J.,etal., EMBO J. 2002, 21,1948-1956); and CD44 (Okamoto, I., Kawano, Y., et
al., J. Cell Biol. 2001, 155, 755-762). If inhibition of cleavage of non-APP
20  substrates causes undesirable effects in humans, then desired y-secretase
inhibitors would preferentially inhibit APP cleavage relative to unwanted
substrates. Notch cleavage can be monitored directly by measuring the amount of

cleavage product or indirectly by measuring the effect of the cleavage product on
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transcription (Mizutani, T., Taniguchi, Y., et al. Proc. Natl. Acad. Sci. USA 2001,
98, 902679031).

In vivo assays for the determination of AB reduction by y-secretase inhibitors.

In vivo assays are available to demonstrate the inhibition of y-secretase
activity. In these assays, animals, such as mice, that express normal levels of
APP and y-secretase or are engineered to express higher levels of APP and hence
AP can be used to demonstrate the uﬁlity of y-secretase inhibitors (Dovey, H.,
John, V., et al., J Neurochem. 2001, 76, 173-181). In these assays, y-secretase
inhibitors were administered to animals and A levels in multiple compartments,

such as plasma, cerebral spinal fluid, and brain extracts, were monitored for Af3

levels using methods previously outlined. For instance, Tg2576 mice, which
overexpress human APP, was administered y-secretase inhibitors by oral gavage

at doses that will cause measurable AP lowering, typically less than 100 mg/kg.

Three hours after dosing plasma, brain, and CSF were collected, frozen in liquid

nitrogen, and stored at —80 °C until analysis. For A detection, plasma was

diluted 15-fold in PBS with 0.1% Chaps while CSF was diluted 15-fold in 1%
Chaps with protease inhibitors (5 pg/ml leupeptin, 30 pg/ml aprotinin, 1 mM
phenylmethylsulfonylfluoride, 1 uM pepstatin). Brains were homogenized in 1%
Chaps with protease inhibitors using 24 ml solution/g brain tissue. Homogenates
were then centrifuged at 100,000 x g for 1 hr at 4 °C. The resulting supernatants
were then dituted 10-fold in 1% Chaps with protease inhibitors. Af levels in the
plasma, CSF, and brain lysate were measured using time-resolved fluorescence
of the homogenous sample or one of the other methods previously described.

A y-secretase inhibitor is considered active in one of the above in vivo
assays if it reduces AP by at least 50% at a dosage of 100 mg/kg.

Therefore, the compounds of Formula I or pharmaceutical compositions
thereof are useful in the treatment, alleviation or elimination of disorders or other

disorders associated with the inhibition of B-amyloid peptide.
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In another embodiment, this invention includes pharmaceutical
compositions comprising at least one compound of Formula I in combination
with a pharmaceutical adjuvant, carrier or diluent.

In still another embodiment, this invention relates to a method of

5  treatment or prevention of disorders responsive to the inhibition of B-amyloid
peptide in a mammal in need thereof, which comprises administering to said
mammal a therapeutically effective amount of a compound of FormulaI or a
nontoxic pharmaceutically acceptable salt, solvate or hydrate thereof.

In yet another embodiment, this invention relates to a method for treating

10 Alzheimer’s Disease and Down’s Syndrome in a mammal in need thereof, which
comprises administering to said mammal a therapeutically effective amount of a
compound of Formula I or a non-toxic pharmaceutically acceptable salt, solvate
or hydrate thereof.

For therapeutic use, the pharmacologically active compounds of Formula I

15  will normally be administered as a pharmaceutical composition comprising as the
(or an) essential active ingredient at least one such compound in association with
a solid or liquid pharmaceutically acceptable carrier and, optionally, with
pharmaceutically acceptable adjuvants and excipients employing standard and
conventional techniques. '

20 The pharmaceutical compositions include suitable dosage forms for oral,
parenteral (including subcutaneous, intramuscular, intradermal and intravenous)
bronchial or nasal administration. Thus, if a solid carrier is used, the preparation
may be tableted, placed in a hard gelatin capsule in powder or pellet form, or in
the form of a troche or lozenge. The solid carrier may contain conventional

25  excipients such as binding agents, fillers, tableting lubricants, disintegrants,
wetting agents and the like. The tablet may, if desired, be film coated by
conventional techniques. If a liquid carrier is employed, the preparation may be
in the form of a syrup, emulsion, soft gelatin capsule, sterile vehicle for injection,
an aqueous or non-aqueous liquid suspension, or may be a dry product for

30  reconstitution with water or other suitable vehicle before use. Liquid preparations

may contain conventional additives such as suspending agents, emulsifying



NNNMo Mb bCb O tNnttrd ciNNtkr) o idct~d" a) Q+r a)roy O d) NV
pz~z LLOLL. O O C NNfil Z N W 03/053912 - 110 PCT/ US02/ 40605 N N

ON OO N NWooQoS®ND ~ (VX 0 x n O-~ V~xi "0 n O M N 'POTO®02/40605 N. 0 00
' --~MII=x NN --1 & Mxi xen-i »O00 .O NNOO[~Np OMMO.OM
xxx "ty 'l M-. b.~". Il v _co 0"~ 40 ~N~v ~NMod N~ ~Oct .- 0 ~i
v. O MNNO~d -"~ixr- t\ NN\ r- N r- r- -~

agents, wetting agents, non-aqueous vehicle (including edible oils), preservatives,
as well as flavoring and/or coloring agents. For parenteral administration, a
vehicle normally will comprise sterile water, at least in large part, although saline
solutions, glucose solutions and like may be utilized. Injectable suspensions also
5  may be used, in which case conventional suspending agents may be employed.
Conventional preservatives, buffering agents and the like also may be added to
the parenteral dosage forms. The pharmaceutical compositions are prepared by
conventional techniques appropriate to the desired preparation containing
appropriate amounts of the active ingredient, that is, the compound of Formula I

10  according to the invention. See, for example, Remington's Pharmaceutical

Sciences, Mack Publishing Company, Easton, PA, 17th edition, 1985.

The dosage of the compounds of Formula I to achieve a therapeutic effect
will depend not only on such factors as the age, weight and sex of the patient and
mode of administration, but also on the degree of B-AP inhibition desired and the

15  potency of the particular compound being utilized for the particular disorder of
disease concerned. It is also contemplated that the treatment and dosage of the
particular compound may be administered in unit dosage form and that the unit
dosage form would be adjusted accordingly by one skilled in the art to reflect the
relative level of activity. The decision as to the particular dosage to be employed

20  (and the number of times to be administered per day) is within the discretion of
the physician, and may be varied by titration of the dosage to the particular
circumstances of this invention to produce the desired therapeutic effect.

A suitable dose of a compound of Formula I or pharmaceutical
composition thereof for a mammal, including nian, suffering from, or likely to

25  suffer from any condition related to -AP production as described herein,
generally the daily dose will be from about 0.05 mg/kg to about 10 mg/kg and
preferably, about 0.1 to 2 mg/kg when administered parenterally. For oral
administration, the dose may be in the range from about 1 to about 75 mg/kg and
preferably from 0.1 to 10 mg/kg body weight. The active ingredient will

30 preferably be administered in equal doses from one to four times a day.

However, usually a small dosage is administered, and the dosage is gradually
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increased until the optimal dosage for the host under treatment is determined. In
accordance with good clinical practice, it is preferred to administer the instant
compounds at a concentration level that will produce an effective anti-amyloid
effect without causing any harmful or untoward side effects. However, it will be
5  understood that the amount of the compound actually administered will be

determined by a physician, in the light of the relevant circumstances including the
condition to be treated, the choice of compound of be administered, the chosen
route of administration, the age, weight, and response of the individual patient,
and the severity of the patient's symptoms.

10 The following examples are given by way of illustration and are not to be
construed as limiting the invention in any way inasmuch as many variations of

the invention are possible within the spirit of the invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

15 In the following examples, all tempefatures are given in degrees
Centigrade. Melting points were recorded on a Thomas Scientific Unimelt
capillary melting point apparatus and are uncorrected. Proton magnetic resonance
(1H NMR) spectra were recorded on a Bruker Avance 300, a Bruker Avance 400,
or a Bruker Avance 500 spectrometer. All spectra were determined in the

20  solvents indicated and chemical shifts are reported in & units downfield from the
internal standard tetramethylsilane (TMS) and interproton coupling constants are
reported in Hertz (Hz). Splitting patterns are designated as follows: s, singlet; d,
doublet; t, triplét; q, quartet; m, multiplet; br, broad peak; dd, doublet of doublet;
br d, broad doublet; dt, doublet of triplet; br s, broad singlet; dq; doublet of

25  quartet. Infrared (IR) spectra using potassium bromide (KBr) or sodium chloride
film were determined on a Jasco FT/IR-410 or a Perkin Elmer 2000 FT-IR

spectrometer from 4000 cm~! to 400 cm-1, calibrated to 1601 cm~! absorption of

a polystyrene film and reported in reciprocal centimeters (cm-1). Optical
rotations [a], were determined on a Rudolph Scientific Autopol IV polarimeter in

30  the solvents indicated; concentrations are given in mg/mL. Low resolution mass
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spectra (MS) and the apparent molecular (MH™) or (M-H)* was determined on a
Finnegan SSQ7000. High resolution mass spectra were determined on a
Finnegan MAT900. Liquid chromatography (LC)/mass spectra were run on a
Shimadzu LC coupled to a Water Micromass ZQ.

5 The following abbreviations are used: DMF (dimethylformamide); THF
(tetrahydrofuran); DMSO (dimethylsulfoxide), Leu (leucine); TFA
(trifluoroacetic acid); DAST [(diethylamino)sulfur trifluoride], HPLC (high

pressure liquid chromatography); rt (room temperature); aq. (aqueous).

10  Exemplification of Reaction Scheme 1
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(2R)-2-(4-Chlorobenzenesulfonylamino)-4-methylpentanoic acid amide:

15 To a solution of (D)-leucinamide hydrochloride (0.25 g, 1.5 mmol), and
Et,N (0.43 mL, 3.0 mmol) in CH,Cl, (150 mL) was added 4-chlorobenzene- .
sulfonyl chloride (380 mg, 1.8 mmol). The resulting solution was stirred at rt for
18 h. The reaction was then diluted with CH,Cl, (200 mL) and washed with H,O,
0.5 N HCI, brine, and dried over MgSO,, to afford the titled compound (410 mg)

20  as a white solid in 90% yield. MS (ESI), (M+H)"305.2; '"H NMR (DMSO-dg) &
7.77 4, 2H, J=8.7), 7.62 (d, 2H, J=8.7), 6.90 (br s, 1H), 3.67 (m, 1H), 1.54 (m,
1H), 1.31 (m, 2H), 0.81 (d, 3H, J=7.0), 0.71 (d, 3H, J = 7.0).
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Method A for conversion of II1 to I:
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5 (2R)-2-[N-(4-Chlorobenzenesulfonyl)—N—(4-methoxybenzy1)amino]-4-

methylpentanoic acid amide (Example 1):

(2R)-2-(4-Chlorobenzenesulfonylamino)-4-methylpentanoic acid amide

(300 mg, 1 mmol), K,CO, (170 mg, 1.2 mmol), and 4-methoxybenzyl chloride
(170 mg, 1.1 mmol) in DMF (25 mL) was heated to 60 °C for 18 h. The reaction

10 was then diluted with EtOAc (150 mL) and washed with H,O, brine, dried over
MgSO, and concentrated to give a crude white wax. Further purification by flash
chromatography (SiO,, 25% EtOAc/hexanes) afforded the titled compound (297
mg) as a white solid in 70% yield. [a], = +44.2 (¢ 1.00, MeOH); MS (ESI), (M-
H) 422.9; '"H NMR (CDCL,) 8 7.63 (d, 2H, J= 7.0), 7.42 (d,2H,J=17.0),7.25(d,

15 2H,J=8.0),6.79 (d, 2H, J = 8.0), 6.25 (br s, 1H), 5.35 (br s, 1H), 4.36 (dd, 2H,
J=150,15),4.26 (t, 1H, J=7.2),3.78 (s, 3H), 1.83 (m, 1H), 1.18-1.34 (m, 2H),
0.75 (d, 3H, J=7.0), 0.67 (d, 3H, J = 7.0); IR (KBr) 3480, 2959, 1693, 1674,
1514, 1333,1158 cm™.

20  Method B for conversion of ITI to I:

(o) OMe
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Methyl 6-dimethylaminonicotinate:

A solution of methyl 6-chloronicotinate (4.0 g, 23 mmol) in
dimethylamine/MeOH (2 M, 80 mL, 160 mmol) in a pressure vessel was stirred
at 95 °C for 2 h, cooled to rt and concentrated. The residue was dissolved in

5  EtOAc (250mL), washed with water (2 x 150 mL), dried over Na,SO,, and
concentrated to afford the title compound as a tan solid (4.1 g, 98%). MS (ESI),
(M+H)" 181.24; '"H NMR (CDCl,) 3 8.79 (s, 1H), 7.99 (d, 1H, J = 9.2), 6.45 (d,
1H, J=09.2), 3.85 (s, 3H), 3.15 (s, 6H).

OH

10 N

2-Dimethylamino-5-hydroxymethylpyridine:

A solution of methyl 6-dimethylamino-nicotinate (4.14 g, 23.0 mmol) in

anhydrous ether (80 mL) at 0 °C was treated with lithium aluminum hydride (1 M

15  inether, 20 mL, 20 mmol). The mixture was stirred at rt for 0.5 h, cooled again to
0 °C and quenched slowly with sat. aq. NaHCO, (10 mL). The resulting mixture
was stirred at rt for 0.5 h, filtered, and washed with ether. The combined filtrates
were dried over Na,SO, and concentrated to give the title compound as a beige
waxy solid (3.5 g, 100%). MS (ESI), (M+H)" 153.4; "H NMR (CDCL,) § 8.06 (d,

20 1H,J=2.4),7.47 (dd, 1H, J=2.4, 8.8), 6.45 (d, 1H, J=8.8), 4.50 (s, 2H), 3.06
(s, 6H), 1.98 (br s, 1H).

N
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(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(2-dimethylaminopyridin-5-yl)amino}-

4-fluoro-4-methylpentanoic acid amide TFA salt (Example 459):

To a cloudy solution of (2R)-2-[(4-chlorobenzenesulfonylamino)-4-
5- fluoro-4-methylpentanoic acid amide (prepared as in Reaction Scheme 20 or from
y-fluoro-D-Leu-OH methyl ester, Papageorgiou et. al., Bioorg. & Med. Chem.
Lett. 1994, Vol. 4, p.p. 267-272; 0.060 g, 0.18 mmol), 2-dimethylamino-5-
hydroxymethylpyridine (71 mg, 0.46 mmol), triphenylphosphine (122 mg, 0.464
mmol) in CH,Cl, (9.5 mL) at rt was added dropwise diisopropyl azodicarboxylate
10 (75 uL, 0.46 mmol). The resulting pale yellow solution was stirred at rt for 2 h
and concentrated under vacuum. The residue was dissolved in methanol an
purified by reverse phase preparative HPLC (YMC S5, ODS, MeOH-water-TFA)
to afford the title compound as a white foam (90 mg, 85%). MS (ESI), (M+H)"
457.2; 'TH NMR (CDCL,)  8.11 (s, 1H), 7.95 (d, 1H, J=9.6), 7.77 (d, 2H, J =
15 6.8),7.51 (4, 2H, J=6.8), 6.76 (d, 2H, J = 9.6), 6.34 (s, 1H), 6.02 (s, 1H), 4.58(br |
d, 1H, J=8.4), 4.46 (d, 1H, J=16.0), 4.06 (d, 1H, J=16), 3.29 (s, 6H), 2.50 (m,
1H), 1.39 (m, 1H), 1.25 (d, 3H, /= 22.0), 1.17 (d, 3H, J=22.0).

Exemplification of Reaction Scheme 1 — Solid Support

20
Nj\_/NHz
H =
he

Polymer-bound D-Leu-NH,: FMOC-protected Rink amide resin (30 g, 0.61

mmol/g, 18 mmol) was treated with piperidine/DMF solution (250 mL). The
25  mixture was shaken at rt for 24 h, &rained, washed with DMF (5 x 200mL),

CH,CL, (5 x 200 mL) and dried under vacuum. The resin was then treated with

FMOC-D-Leu-OH (22 g, 62 mmol), 1-hydroxybenzotriazole hydrate (2.5 g, 18
mmol), 1,3-diisopropylcarbodiimide (9.8 mL, 62 mmol), and DMF (250 mL).
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The mixture was shaken for 20 h, drained, washed with DMF (4 x 200 mL),
DMF-water (1:1, 3 x 200 mL), DMF (3 x 200 mL), MeOH (3 x 200 mL), CH,Cl,
(3 x 200mL) and dried. The completion of reaction and the loading of the resin-
bound FMOC-D-Leu-NH, (0.56 mmol/g) were determined by the treatment of 52
5  mg of the resin with 10% (v/v) TFA/CH,CI, (2 mL) to give 11 mg of FMOC-D-
Leu-NH,. The resin-bound FMOC-D-Leu-NH, was deprotected with 20% (v/v)
piperidine/DMF solution (250 mL) to give polymer-bound D-Leu-NH, (20 g).
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Polymer-bound (R)-2-(4-Chlorobenzenesulfonylamino)-4-methylpentanoic acid

amide:
The above polymer-bound D-Leu-NH, (20 g) was treated with CH,Cl,
(150 mL), pyridine (100 mL) and 4-chlorophenylsulfonyl chloride (20.0 g, 94.8
15 mmol). The mixture was shaken for 24 h, drained, washed with DMF (4 x 200
mL), CH,CL, (4 x 200 mL) and concentrated to give polymer-bound (R)-2-(4-
chlorobenzenesulfonylamino)-4-methylpentanoic acid amide as a yellow resin
(22 g). The completion of the reaction and the loading of the resin (0.57 mmol/g)
were determined by the treatment of 50 mg of the resin with 10% (v/v)
20 TFA/CH,Cl, (2 mL) to give 8.7 mg of (R)-2-(4-chlorobenzenesulfonylamino)-4-

methylpentanoic acid amide.
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(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-methylbenzyl)amino]-4-

methylpentanoic acid amide (Example 60):

To a mixture of polymer-bound (2R)-2-[N-(4-

chlorobenzenesulfonyl)amino]-4-methylpentanoic acid amide (loading 0.45
mmol/g, 50.0 mg, 0.0225 mmol), 4-methylbenzyl bromide (44 mg, 0.24 mmol)
and DMF (1.5 mL) was added 2-tert-butylimino-2-diethylamino-1,3-
dimethylperhydro-1,3,2-diaza-phosphorine (0.10 mL, 0.34 mmol). The resulting
mixture was shaken at rt for 2 days, then was drained and washed with DMF (4 x
2 mL), MeOH (4 x 2 mL) and CH,Cl, (4 x 2 mL).

The resin was then treated with 10% (v/v) TFA/CH,Cl,. The mixture was
shaken for 1 h, filtered and washed with CH,Cl, (2 x 0.5 mL). The combined
filtrates were concentrated under vacuum to afford the title compound as a beige
solid (7.7 mg, 100%, HPLC purity > 95%). HRMS (ESI), (M-H)  for
C,,H,,SCIN,0, calcd: 407.1206, found: 407.1201; '"H NMR (CDCL,) 8 7.64 (d,
2H, J=8.0), 7.44 (4, 2H, J=8.0), 7.22 (d, 2H, J=8.0), 7.08 (4, 2H, J = 8.0),
6.29 (br s, 1H), 5.34 (br s, 1H), 4.53 (d, 1H, J=15.2), 4.34 (d, 1H, /= 15.2), 4.27
(t, 1H, J=17.2), 2.32 (s, 3H), 1.84 (m, 1H), 1.30 (m, 1H), 1.21 (m, 1H), 0.75 (d,
3H, J= 6.8), 0.67 (d, 3H, J= 6.8); IR (KBr) 3467, 3367, 2956, 2869, 1694, 1670,
1340, 1160 cm™.

Exemplification of Reaction Scheme 2
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(2R)-2-(4-Methoxybenzylamino)-4-methylpentanoic acid amide:

A solution of D-leucinamide hydrochloride (2.8 g, 16.8 mmol), and p-
anisaldehyde (2.29 g, 16.8 mmol) in methanol (150 mL) was treated with
anhydrous ZnCl, (538 mg, 5 mmol). The resulting suspension was then treated

5  with NaCNBH, (1.05 g, 16.8 mmol) portion wise and heated at reflux for 3 h. The
reaction was cooled to rt, quenched with saturated NaHCO, (3 mL), diluted with
EtOAc (500 mL), and washed with brine. Concentration afforded the crude
benzyl amine as a white wax, which was carried on without further purification
(3.57 g, 84%). MS (ESI), (M+H)*251.4; 'H NMR (CDCl,) & 7.20 (d, 2H, J =

10  6.6),7.10 (brs, 2H), 6.88 (d, 2H, J= 8.4), 5.30 (br s, 1H), 3.80 (s, 3H), 3.63 (dd,
2H, J= 4.5, 12), 1.44-1.65 (m, 3H), 0.95 (d, 3H, J=6.3), 0.80 (d, 3H, J=6.3).
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15  (2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-methoxybenzyl)amino]-4-

methylpentanoic acid amide (Example 1):

(2R)-2-[N-(4-Methoxybenzy)lamino]-4-methylpentanoic acid amide (3.57
g , 14.3 mmol) was dissolved in CH,Cl, (100 mL) and treated with Et,N (4.2 mL,
29 mmol) and 4-chlorobenzenesulfonyl chloride (3.6 g, 17 mmol) at rt for 18 h.
20  The solvents were removed and the residue was taken into EtOAc (500 mL). The
organic solution was washed with H,O, brine, dried over MgSO,, and
concentrated. The resulting material was then further purified by flash
chromatography (SiO,, 1% MeOH/CH,Cl,) to afford the title compound (2.4 g) as
a slightly colored solid in 40% yield. MS (ESI), (M-H) 422.9; '"H NMR (CDCl,)
25 87.63(d,2H,J=17.0),7.42(d, 2H, J="7.0), 7.25 (d, 2H, J=28.0), 6.79 (d, 2H, J
= 8.0), 6.25 (brs, 1H), 5.35 (br s, 1H), 4.36 (dd, 2H, J=5.0, 15), 4.26 (t, 1H, J=
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7.2),3.78 (s, 3H), 1.83 (m, 1H), 1.18-1.34 (m, 2H), 0.75 (d, 3H, J=7.0), 0.67 (d,
3H, J=17.0); IR (KBr) 3480, 2959, 1693, 1674, 1514, 1333, 1158 cm".

Exemplification of Reaction Scheme 3
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(2R)-2-[N-(4-Morpholinohexyl)-N-(4-chlorobenzenesulfonyl)amino]-4-
methylpentanoic acid amide (Example 25):
10 A solution of (2R)-2-[N-(4-bromohexyl)-N-(4-

chlorobenzenesulfonyl)amino]-4-methylpentanoic acid amide (Example 24;
prepared as described in Reaction Scheme 1; 0.20 g, 0.44 mmol), Et;N (0.25 mL,
1.7 mmol), and morpholine (150 mg, 1.7 mmol) in CH,Cl, (2 mL) was stirred at
rt for 18 h. The reaction was then concentrated to give a crude white wax which

15  was purified by flash chromatography (Si0,, 85% EtOAc/5% hexanes/10%
MeOH) to afford the title compound (112 mg) as a white solid in 54% yield. MS
(ESI), (M+H)" 474.4; '"H NMR (DMSO-dg) 8 7.82 (d, 2H, J = 8.0), 7.64 (d, 2H, J
=8.0), 7.42 (br s, 1H) 6.99 (s, 1H), 4.25 (m, 1H), 3.51-3.60 (br s, 4H), 3.18-3.41
(m, 2H), 2.25-2.35 (br s, 4H), 2.27 (m, 2H)1.15-1.62 (m, 9H), 0.80 (d, 6H, J =

20  6.0).
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Exemplification of Reaction Scheme 4
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(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-aminobenzyl)amino]-4-

methylpentanoic acid amide (Example 48):

(2R)-(2-[N-(4-Chlorobenzenesulfonyl)-N-(4-nitrobenzyl)amino}-4-

methylpentanoic~ acid amide (Compound of Example 24; prepared as described in
Reaction Scheme 1; 2.8 g, 6.6 mmol) was suspended with 10% Pd/C (1 g) and
conc. HCI (1 mL) in MeOH (100 mL) and placed under a hydrogen atmosphere at
40 psi for 1 h. The suspension was filtered through Celite and then concentrated
to give the title compound as a tan solid (2.4 g, 88% yield). MS (ESI), (M+H)"
410.1; 'H NMR (CDCl,) 6 7.80 (d, 2H, J = 8.5), 7.63 (d, 2H, J=8.5), 7.52 (br s,
1H), 7.46 (d, 1H, J=8.0), 7.26 (d, 1H, J= 8.0), 7.02 (br s, 1H), 4.70 (dd, 2H, J =
50, 18), 4.30-4.41 (m, 1H), 3.67 (br s, 2H), 1.28-1.33 (m, 3H), 0.86 (d, 3H, J=
7.0), 0.57 (d, 3H, J=7.0).

EREZAN

(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-methylaminobenzyl)amino]-4-

methylpentanoic acid amide (Example 51):

p ~h

N C4
N c
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A solution of (2R)-2-[N-(4-chlorobenzenesulfonyl)-N-(4-
aminobenzyl)amino]-4-methyl-pentanoic acid amide (Example 48, 400 mg, 1
mmol), Et;N (0.16 mL, 1.1 mmol), dimethylsulfate (139 mg, 1.1 mmol) in 25 mL
of toluene was stirred at rt for 18 h. The reaction was concentrated, then taken
into EtOAc and washed with H,O, brine, dried over K,CO, and concentrated to
give a crude mixture of starting material and product. The material was further
purified by flash chromatography (SiO,, 35% EtOAc/hexanes) to afford the title
compound, 195 mg, in 46% yield. MS (ESI), (M+H)"424.1; 'H NMR (CDCl,) &
7.65 (d, 2H,J=8.0), 7.58 (d, 2H, J=8.2), 7.47 (d, 2H, J=8.0), 7.31 (d, 2H, J =

8.5), 6.24 (brs, 1H), 5.16 (br s, 1H), 4.50(dd, 2H, J = 50, 17), 4.27 (t, 1H, J= 10),

2.44 (s, 3H), 1.74-1.83 (m, 1H), 1.25-1.33 (m, 1H), 0.93-1.01 (m, 1H), 0.74 (d,
3H, J=17.0), 0.63 (d, 3H, J="7.0).
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(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-dimethylaminobenzyl)amino]-4-

methylpentanoic acid amide (Example 65):

(2R)-2-[N-(4-Chlorobenzene-sulfonyl)-N-(4-aminobenzyl)amino]-4-

methyl-pentanoic acid amide (Example 48, 0.10 g, 0.22 mmol) was dissolved in
DMF (5 mL). To this solution was added iodomethane (62 mg, 0.44 mmol), and
cesium carbonate (220 mg, 0.66 mmol). The reaction was then stirred at 40 °C for
18 h. The reaction was poured into EtOAc and water. The organic was collected,
dried over MgSO,, and concentrated to an oily residue. The residue was further
purified (Biotage 408, loaded in CH,Cl,, eluted in 25% EtOAc/hexanes) to yield
a yellow powder (15 mg, 16%). MS(ESI), (M+H)" 438.1; 'H NMR (DMSO-d,
500 MHz) 6 7.74 (dd, 2H, J=1.9, 6.7), 7.54 (dd, 2H, J= 1.9, 6.8), 7.43 (s, 1H),
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7.16 (d, 2H, J=8.6), 7.01 (s, 1H), 6.61 (d, 2H, J = 8.8), 4.59 (q, 2H, J = 16, 25),
4.34 (dd, 1H, J= 5.0, 9.3), 2.85 (s, 6H), 1.27-1.47 (m, 3H), 0.80 (d, 3H, J = 5.9),
0.52 (d, 3H, J=6.1). '

5 Exemplification of Reaction Scheme 5

{N-[(1R)-1-Carbamoyl-3-methyl-butyl]-N-(4-

chlorobenzenesulfonyl)amino}acetic acid tert-butyl ester (Example 46):

10 (2R)-2-(4-Chlorobenzenesulfonylamino)-4-methylpentanoic acid amide
(3.00 g, 9.87 mmol) was dissolved in DMF (50 mL). To the solution was added
potassium carbonate (6.0 g, 39 mmol) and bromoacetic acid fert-butyl ester (6.0
mL, 39 mmol). The solution was heated to 70 °C for 3 h. The reaction was
quenched with EtOAc and saturated NaHCQO, . The organic layer was washed

15  with brine, dried over MgSO,, and concentrated. The crude oil was further
purified on a Biotage 40M (loaded in CH,Cl,, eluted in 30% EtOAc/hexanes) to
afford a white powder (1.2 g, 35%). MS(ESI), (M+H)"* 446.3; '"H NMR (CDCl,) &
7.76 (d, 2H, J=8.0), 7.52 (d, 2H, J= 8.0), 6.61 (br s, 1H) 5.45 (s, 1H), 4.15-4.18
(m, 1H), 3.09-3.24 (m, 2H), 2.50-2.58 (m, 4H), 2.31-2.39 (m, 2H), 1.92-1.99 (m,

20 1H), 1.15-1.59 (m, 8H), 1.00-1.04 (m, 7H), 0.71-0.74 (m, 6H).
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{N-[(1R)-1-Carbamoyl-3-methyl-butyl]-N-(4-
chlorobenzenesulfonyl)amino} acetic acid (Example 59):

Trifluoroacetic acid (15 mL) was added to a solution of {N-[(1R)-1-

carbamoyl-3-methyl-butyl]-N-(4-chlorobenzenesulfonyl)amino} acetic acid tert-

5  butyl ester (0.50 g, 1.2 mmol) in CH,Cl, (15 mL). The reaction was stirred at rt
for 4 h. The reaction was then concentrated to a white solid (0.40 g, 92%), which
was used without further purification. MS(ESI), (M+H)* 363.1; '"H NMR
(DMSO-dg, 500MHz) 6 7.90 (dd, 2H, J = 2.0, 6.8), 7.65 (dd, 2H, J= 2.0, 6.8),
7.60 (s, 1H), 7.06 (s, 1H), 4.32 (d, 1H, J=18),.4.12 (t, 1H, /= 8.0), 4.02 (d, 1H, J

10 =18), 1.55-1.65 (m, 1H), 1.35-1.45 (m, 2H), 0.78 (d, 3H, J=6.1), 0.73 (d, 3H, J
=6.1). '

15 (2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(cyclopropylcarbamoylmethyl)amino]-

4-methyl-pentanoic acid amide (Example 88):

Toa solutién of {N-[(1R)-1-carbamoyl-3-methyl-butyl]-N-(4-
chlorobenzenesulfonyl)amino} acetic acid (Example 59, 175 mg, 0.480 mmol),
cyclopropylamine (41 uL, 0.58 mmol) in CH,Cl, (3 mL) was added 1-

20  hydroxybenzotriazole (47 mg, 0.72 mmol), and 1,3-dicyclohexylcarbodiimide
(144 mg, 0.720 mmol). The reaction was stirred for 18 h at rt, and then was
poured into an EtOAc/water mixture. The organic layer was separated, dried over
MgSO,, and concentrated to a clear oil residue. The residue was further purified
by Biotage 40S (eluted in 40% EtOAc in hexanes) to afford a white solid (54 mg,

25 29%). MS(ESI), (M+H)" 402.2; '"H NMR (CDCl,, 500MHz) & 7.85 (dd, 2H, J=
1.9, 8.9), 7.50 (dd, 2H, J=2.0, 8.7), 7.40 (br s, 1H), 6.55 (br s, 1H), 6.30 (br s,
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1H), 4.23 (dd, 1H, J=2.9, 8.9), 3.92 (d, 1H, J=17), 3.83 (d, 1H, J=17), 2.68-
2.73 (m, 1H), 1.75-1.83 (m, 1H), 1.50-1.57 (m, 1H), 1.40-1.49 (m, 1H), 0.88 (d,
3H, J = 6.4), 0.87 (d, 3H, J=6.7), 0.80 (d, 2H, J = 7.0), 0.51 (t, 2H, J = 4.0).

5 Exemplification of Reaction Scheme 6

QAN

4-{IN-~((1R)-1-Carbamoyl-3 -methyl-butyl)-N-(4-chlorobenzenesulfonyl)amino]-

10  methyl}-benzoic acid (Example 89):

A solution of the compound of Example 61 [4-{[N-((1R)-1-carbamoyl-3-

methyl-butyl)-N-(4-chlorobenzenesulfonyl)amino]-methyl}-benzoic acid methyl
ester, 354 mg, 0.782 mmol] was dissolved in methanol (4 mL). A solution of 5 N
NaOH (1 mL) was added, followed by enough THF (1 mL) to achieve

15 homogeneity. After 1 h, an additional aliquot of 5 N NaOH (1 mL) was added,
and stirring was continued for 2.5 h. The solution was acidified to pH 2 with 1 N
HCI and extracted with CHCl, (2x). The combined organic layers were dried
(Na,S0,) and concentrated to give a white solid (343 mg, 100%). MS (ESI),
(M-+H)"439.17;, '"H NMR (CDCl,, 300MHz) & 7.91 (d, 2H, J = 8.2), 7.81-7.84 (m,

20 3H),7.56 (d, 2H, J=8.6), 7.49 (d, 2H, J=8.2), 6.55 (br s, 1H), 5.10 (d, 1H, J=
15.4),4.23 (dd, 1H, J=4.6,9.7), 4.05 (d, 1H, J=15.4), 2.04-2.14 (m, 1H), 1.20-
1.31 (m, 1H), 0.80-0.89 (m, 1H), 0.74 (d, 3H, J= 6.6), 0.68 (d, 3H, J=6.6).

r(~
4
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(2R)-2-{N-(4-Chlorobenzenesulfonyl)-N-[4-(morpholine-4-carbonyl)-

benzyljamino}-4-methyl-pentanoic acid amide (Example 101):
5 To a 0 °C solution of 4- {[N-((1R)-1-carbamoyl-3-methyl-butyl)-N-(4-

chlorobenzenesulfonyl)amino}-methyl}benzoic acid (50.0 mg, 0.114 immol) in
DMF (0.3 mL) was added morpholine (12.9 mg, 0.148 mmol), followed by 1-
hydroxybenzotriazole (18.5 mg, 0.137 mmol), 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (26.2 mg, 0.137 mmol), and iPr,NEt (26 pL,

10 0.15 mmol). After 2 h, the solution was warmed to rt. After 4 h, the solution was
poured into 10% aq. citric acid and extracted with EtOAc (2x). The combined
organic layers were washed sequentially with water and sat. aq. NaHCO,, then
dried (MgSO,) and concentrated. Flash column chromatography (SiO,, 40 to
100% EtOAc/hexanes) gave the title compound as a white solid (46.0 mg, 79%).

15 MS (ESI), (M+H)" 508.22; 'H NMR (CDCl,, 300MHz) & 7.68 (d, 2H, J = 8.6),
7.29-7.47 (m, 6H), 6.38 (br s, 1H), 5.75 (br s, 1H), 4.65 (d, 1H, J = 16.0), 4.42 (4,
1H, J=16.0), 4.32 (t, 1H, J=7.5), 3.30-3.85 (br m, 8H), 1.69-1.78 (m, 1H),
1.28-1.37 (m, 1H), 1.08-1.14 (m, 1H), 0.76 (d, 3H, J=6.5), 0.63 (d, 3H, J = 6.6).
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5 4-{IN-((1R)-1-Carbamoyl-3-methyl-butyl)-N-(4-chlorobenzenesulfonyl)amino]-

methyl}-piperidine-1-carboxylic acid tert-butyl ester (Example 92):

To a solution of (2R)-2-(4-chlorobenzenesulfonylamino)-4-
methylpentanoic acid amide (4.2 grams, 14 mmol) in DMF (50 mL) was added
cesium carbonate (13.6 grams, 417 mmol). To this reaction was added 4-(toluene-

10 4-sulfonyloxymethyl)-piperidine 1-carboxylic acid fert-butyl ester (ref.: Gilissen,
C.; Bormans, G.; De Groot, T.; Verbruggen, A. J. Labeled Cmpd. Radiopharm.
1999, 42, 1289; 10.4 g, 282 mmol). The reaction was stirred at 70 °C for 18 h.
The reaction was then quenched with sat. aq. NaHCO, and extracted with EtOAc.
The organic layer was collected, washed with brine, dried over MgSO,, and

15  concentrated to a clear oil. The oil was then purified on a Biotage 40S (eluted
with 30% EtOAc in hexanes) to afford a white solid (3.0 g, 44%). MS(ESI),
(M+H)" 502.1; 'H NMR (DMSO0-dg, 500MHz) § 7.86 (dd, 2H, J = 2.0, 6.8), 7.65
(dd, 2H, J = 2.0, 6.8) 7.37 (br s, 1H), 7.07 (br s, 1H), 4.19 (t, 1H, J=7.6), 3.92
(brs, 2H), 3.35 (dd, 1H, J=15, 6.8), 3.05 (dd, 1H, J =15, 8.1), 1.85 (br s, 1H),

20 1.50-1.70 (m, 4H), 1.38 (s, 9H), 1.10-1.20 (m, 1H), 0.80-1.00 (m, 3H), 0.82 (d,
6H, J=7.6).
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(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(piperidin-4-ylmethyl)amino]-4-methyl-

7N

o

/OH
Cl
o
(o]

N
S

pentanoic acid amide (Example 126):
To a solution of 4- {[N-((1R)-1-carbamoyl-3-methyl-butyl)-N-(4-

chlorobenzenesulfonyl)amino]-methyl}-piperidine-1-carboxylic acid tert-butyl
ester (Example 92, 2.6 grams, 5.2 mmol) in CH,Cl, (25 mL) was added
trifluoroacetic acid (10 mL). The reaction was stirred at 1t for 1 h and then was
concentrated to give a white solid (1.6 grams, 84%). MS(ESI), (M-+H)" 402.15;
'HNMR (DMSO-dg, 500MHz), § 7.87 (d, 2H, J = 8.5), 7.66 (d, 2H, J = 8.6),
7.41 (s, 1H), 7.04 (s, 1H), 4.17 (¢, 1H, J = 7.3), 3.40-3.50 (m, 1H), 3.20-3.25 (m,
1H), 3.03-3.10 (m, 1H), 2.65-2.80 (m, 2H), 1.85-2.00 (m, 1H), 1.20-1.85 (m, 2H),
1.45-1.60 (m, 1H), 1.30-1.40 (m, 1H), 1.10-1.30 (m, 4H), 0.75-0.90 (m, 1H), 0.82
(d, 3H, J=17.3), 0.80 (4, 3H, J=7.0).
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(2R)-2-{N-(4-Chlorobenzenesulfonyl)-N-[ 1-(pyridine-4-carbonyl)-piperidin-4-

ylmethyl}-amino}-4-methyl-pentanoic acid amide (Example 278):
To a solution of (2R)-2-[N-(4-chlorobenzenesulfonyl)-N-(piperidin-4-

ylmethyl)amino]-4-methyl-pentanoic acid amide (Example 126, 0.10 g, 0.22
mmol) and Et,N (0.06 mL, 0.5 mmol) in CH,Cl, (3.0 mL) was added
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isonicotinoyl chloride hydrochloride (56 mg, 0.32 mmol). The reaction was
stirred at rt for 18 h and then was poured into a mixture of EtOAc and sat. aq.
NaHCO,. The organic solution was separated and washed with brine, dried over
MgSO,, and concentrated to an oily residue. The residue was purified on a

5  Biotage 10M (eluted with 80% EtOAc/hexanes) to give a white solid (36 mg,
30%). MS(ESI), (M+H)" 509.20; '"H NMR (CDCl,, 500MHz) & 8.66 (br s, 2H),
7.80 (d, 1H, J= 8.6), 7.73 (d, 2H, J= 8.5), 7.51 (d, 2H, J=7.6), 7.41 (br s, 1H),
6.64 (brs, 1H), 5.35 (br s, 1H), 4.70 (br s, 1H), 4.10 (br s, 1H), 3.71 (br s, 1H),
3.33 (brs, 1H), 3.02 (dd, 2H, J = 4.8, 16), 2.70-2.85 (br s, 1H), 1.50-2.09 (m,

10 5H), 1.18-1.33 (m, 4H), 0.73 (d, 3H, J=6.7), 0.68 (d, 3H, /= 6.5).

5
ESaen

N

4-{[N-((1R)-1-Carbamoyl-3-methyl-butyl)-N-(4-chlorobenzenesulfonyl)amino]-

=z

15  methyl}-piperidine-1-carboxylic acid phenethylamide (Example 256):
To a solution of (2R)-2-[N-(4-chlorobenzenesulfonyl)-N-(piperidin-4-

ylmethyl)amino]-4-methyl-pentanoic acid amide (Example 126, 0.10 g, 0.22
mmol) and Et,N (32 pL, 0.25 mmol) in CH,Cl, (3.0 mL) was added (2-
isocyanato-ethyl)-benzene (0.040 mL, 0.30 mmol). The reaction was stirred at rt

20  for 18 h and then was poured into sat. aq. NaHCO, and extracted with EtOAc.
The organic layer was washed with brine, dried over MgSO,, and concentrated to
an oily residue. The residue was further purified on a Biotage system (eluted with
75% EtOAc/hexanes) to afford the desired product as a white solid (67 mg, 52
%). MS(ESI), (M+H)" 549.00; '"H NMR (CDCl,, 500MHz) 8 7.71 (d, 2H, J=

25  8.6),7.71 (d, 2H, J=8.9), 7.15-7.35 (m, 5H), 6.64 (s, 1H), 5.86 (s, 1H), 4.15 (dd,
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1H, J=5.2,9.5),3.88 (d, 1H, J=13),3.76 (d, 1H, J = 13), 3.46 (t, 2H, J=6.7),
3.21-3.29 (m, 1H), 2.97 (dd, 1H, J = 4.6, 14), 2.65-2.85 (m, 4H), 1.75-1.95 (m,
3H), 1.00-1.30 (m, 5H), 0.75-0.80 (m, 1H), 0.72 (d, 3H, J=6.7), 0.67 (d, 3H, J =

6.7).
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(2R)-2-(N-(4-Chlorobenzenesulfonyl)-N-{1-[2-(4-cyanophenyl)-2-oxo-ethyl]-
piperidin-4-ylmethyl}-amino)-4-methyl-pentanoic acid amide (Example 286):
10 To a solution of (2R)-2-[N-(4-chlorobenzenesulfonyl)-N-(piperidin-4-

ylmethyl)amino]-4-methyl-pentanoic acid amide (Example 126, 0.050 g, 0.12
mmol) and E;N (0.040 mL, 0.30 mmol) in CH,CI, (2.0 mL) was added 4-(2-
chloro-acetyl)-benzonitrile (55 mg, 0.30 mmol). The reaction was stirred at rt for
18 h and then was concentrated to residue. The residue was purified on a Biotage
15 system (eluted with 80% EtOAc/hexanes) to produce 29 mg (48%) of the desired
product as a white solid. MS(ESI), (M+H)" 545.16; 'H NMR (CDCl,, 500MHz) &
7.72 (d, 2H, J = 8.5), 7.50-7.65 (m, 2H), 7.50 (d, 2H, J = 7.0), 7.35-7.45 (m, 2H),
6.67 (s, 1H), 5.32 (s, 1H), 4.14 (dd, 1H, J=5.0, 9.0), 3.52 (br s, 1H), 3.28 (t, 1H,
J=14),2.97 (dd, 1H, J= 3.5, 14), 2.82 (br s, 1H), 1.00-2.00 (m, 10H), 0.71 (d,
20 3H,J=6.5),0.66 (d, 3H, J=6.5). ‘
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Exemplification of Reaction Scheme 8

(2R)-2-{N-(4-Chlorobenzenesulfonyl)-N-[4-(tetrahydro-pyran-2-yloxymethyl)-

benzyl]-amino}-4-methyl-pentanoic acid amide:

(2R)-2-(4-Chlorobenzenesulfonylamino)-4-methylpentanoic acid amide
(6.35 g, 196 mmol), Cs,CO; (5.62 g, 196 mmol), and 2-[(4-
bromomethyl)benzylJoxy)tetrahydropyran (5.62 g, 196 mmol) in acetonitrile (200
mL) were heated to reflux for 1 h. The reaction was filtered hot with suction
through Celite. The filtrate was reduced in vacuo to a white foam (9.5 g, 96%).
The foam was used as is in the next reaction. MS (ESI), (M+H)* 510.9, 'H NMR
(CDCL,) 6 7.83 (d, 2H, J=8.0), 7.75 (d, 2H, J = 8.0), 7.39 (d, 2H, J = 8.0), 7.24
(d, 2H, J=8.0), 6.25 (br s, 1H), 5.35 (br s, 1H), 4.82 (d, 1H, J,,_12), 4.65 (m,
1H), 4.52 (d, 1H, J,,_12), 4.30 (d, 1H, J,,_16), 4.20 (d, 1H, J,,_16), 3.74 (m,
2H), 3.46 (m, 1H), 1.89 (m, 1H), 1.66 (m, 6H), 0.97 (d, 3H, J=7.0), 0.94 (d, 3H,
J=17.0).
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(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-hydroxymethyl)benzylamino |-4-

methyl-pentanoic acid amide (Example 95):

To a solution of (2R)-2-[N-(4-chlorobenzenesulfonyl)-N-[4-

(tetrahydropyran-2-yloxymethyl)benzylamino]-4-methyl-pentanoic acid amide
5 (9.5 g, 186 mmol)in methanol (200 mL) was added a catalytic amount of p-

toluenesulfonic acid. The mixture was stirred overnight at rt. The solvent was
removed in vacuo. The resulting foam was dissolved in CH,Cl, (100 mL) washed
with 1 N NaOH, H,0, brine, and dried over MgSO, The filtrate solvent was
removed in vacuo. The resulting foam was crystallized from hot hexane affording

10  the product as a white solid (7.7g) in 92 % yield. MS (ESI), (M+H)*425.17, 'H
NMR (CDCl,) 8 7.68 (d, 2H, J = 7.0), 7.46 (d, 2H, J=7.0), 7.33 (d, 2H, J = 8.0),
7.28 (4, 2H, J = 8.0), 6.26 (br s, 1H), 5.35 (br s, 1H), 4.67 (br s, 2H), 4.59 (d, 1H,
Jp=16),4.37(d, 1H, J,, = 16),4.26 (t, 1H, 7.0), 1.86-1.80 (m, 2H), 1.34-1.28
(m, 1H), 1.16-1.10 (m, 1H), 0.96 (d, 3H, J=7.0), 0.93 (d, 3H, J=7.0).

15
_SO,CH3
o
Cl
o]
ST
HzNﬁ/_i_ w S %
Methanesulfonic acid 4- {{N-((1R)-1-carbamoyl-3-methyl-butyl)-N-(4-
chlorobenzene-sulfonyl)-aminojmethyl} benzyl ester:
20 To a stirred solution of (2R)-2-[N-(4-chloro-benzenesulfonyl)-N-(4-

hydroxymethyl-benzyl)amino]-4-methyl-pentanoic acid amide (1.5 g, 3.5 mmol )
in CH,Cl, (15 mL) cooled to 0 °C was added Et;N (0.74 mL, 5.3 mmol). A
solution of methanesulfonyl chloride (0.29 mL, 3.5 mmol) in 5 mL CH,Cl, was
added dropwise and the reaction was allowed to stir at 0 °C for 1 h. The reaction
25  mixture was diluted with 25 mL CH,CL,, quickly washed with 1 N HCI, brine,
' and dried by passing the organic phase through a cotton plug. The solvent was
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removed in vacuo affording the title compound in quantitative yield. The
resulting foam was used as is in subsequent reactions. MS (ESI), (M-95)", 409.15
'HNMR (CDCL,) § 7.70 (d, 2H, J = 8.0), 7.48 (d, 2H, J=8.0), 7.41 (d, 2H, J =
8.0), 7.38 (d, 2H, J=8.0), 6.27 (br s, 1H), 5.32 (br s, 1H), 5.24 (s, 2H), 4.64 (d,

5 1H,J,=16),443(d, 1H, J, =16),4.33 (1, 1H, J=6), 2.90 (s, 3H), 1.90 (m,
1H), 1.60 (m, 2H), 0.96 (d, 3H, J=7.0), 0.91 (d, 3H, J=7.0)
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10 (2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-dimethylaminomethyl-

benzyl)amino]-4-methyl-pentanoic acid amide (Example 110):

To a stirred solution of methanesulfonic acid 4-{[N-((1R)-1-carbamoyl-3-
methyl-butyl)-N-(4-chlorobenzenesulfonyl)amino]-methyl}-benzyl ester (150
mg, 0.298 mmol) in (3 mL) CH,CI, at 0 °C was added 1 equivalent of Et,N,

15  followed by dimethylamine (0.3 mL, 2 M in THF). The reaction was stirred
overnight at rt. The mixture was diluted with CH,Cl,, washed with H,O, brine,
dried over MgSO, and concentrated to give an amber glass. Purification by flash
chromatography (SiO,, 10% MeOH/CH,CL,) afforded the title compound (95 mg)
in 71 % yield. MS (ESI), (M+H)" 452.23, 'H NMR (CDCl,) § 7.94 (d, 2H, J =

20 8.0),7.74(d, 2H, J=8.0), 7.63 (d, 2H, J=8.0) 7.38 (d, 2H, J = 8.0), 6.23 (br s,
1H), 5.35 (br s, 1H), 4.22 (d, 1H, J,, = 16), 4.14 (d, 1H, J,;, = 16), 3.28-3.23 (m,
3H), 2.17 (br s, 6H), 1.95 (m, 1H), 1.55 (m, 2H), 0.96 (d, 3H, J = 7.0), 0.93 (d,
3H, J=17.0).
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Exemplification of Reaction Scheme 9
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5 (2R)—2-[N-(4-Acety1aminobenzyl)-N—(4-chlorobenzenesulfonyl)amino]-4-methyl—

- pentanoic acid amide (Example 163):

A solution of the compound of Example 48 [(2R)-2-[N-(4-

chlorobenzenesulfonyl)-N-(4-aminobenzyl)amino]-4-methyl-pentanoic acid
amide (250 mg, 0.60 mmol) and Et,N (120 mg, 1.2 mmol) in CH,Cl, (20 mL)

10 was treated with acetyl chloride (56 mg, 0.72 mmol). After stirring for 18 h, the
reaction was concentrated, chromatographed using silica gel flash
chromatography (1% methanol/CH,Cl,) to afford the titled compound (110 mg,
41%). MS (ESI), (M-H) 422.9; 'H NMR (CDCl,) & 7.67 (d, 2H, J = 8.0), 7.28-
7.46 (m, 6H), 7.12 (br s, 1H), 6.24 (br s, 1H), 5.19 (br s, 1H), 4.48 (dd, 2H, J=

15 50, 15), 4.27 (t, 1H, J=7.0), 2.18 (s, 3H), 1.80-2.01 (m, 1H), 1.12-1.32 (m, 2H),
0.75 (d, 3H, J=17.0), 0.67 (d, 3H, J=7.0).
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(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-{[(2-dimethylamino-acetyl)-methyl-

amino]-methyl}-benzyl)-amino]-4-methyl-pentanoic acid amide (Example 272):

(2R)-2-[N-(4-Chlorobenzenesulfonyl)-N-(4-methylaminomethyl-benzyl)-

amino]-4-methyl-pentanoic acid amide (75 mg, 0.17 mmol), (o~

5  dimethylamino)acetic acid (18 mg, 0.17 mmol), 1-hydroxybenzotriazole (24 mg,
0.17 mmol), and 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide h}./drochloride
(33 mg, 0.17 mmol) were combined in 3 mL CH,Cl, and stirred overnight. The
reaction mixture was diluted with 5 mL CH,CI, and washed with 1 N NaOH and
brine. The organic phase was dried by filtering through cotton and the solvent

10 was removed in vacuo. Purification via preparative HPLC afforded the title
compound (61 mg) in 68% yield. MS (ESI), 523.4 (M+H)" '"H NMR (CDCl,) &
8.02 (d, 2H, J=8.0), 7.71 (d, 2H, J=8.0), 7.37 (d, 2H, J = 8.0), 7.28 (d, 2H, J =
8.0), 6.23 (br s, 1H), 5.51 (br s, 1H), 4.46 (s, 2H), 4.70 (d, 1H, J, = 16), :1-.33 (d,
1H, J,, = 16), 3.25 (t, 1H, J= 6.0), 2.69 (s, 3H), 2.63 (s, 2H), 2.20 (s, 6H), 1.95
15 (m, 1H), 1.60 (m, 2H), 0.98 (d, 3H, J=7.0), 0.94 (d, 3H, J=17.0).

Exemplification of Reaction Scheme 10

20
(2R)-2-N-(4-Chlorobenzenesulfonyl)-N-(2-dimethylaminopyridin-5-

ylmethyl)amino]-4-methylpentanoic acid amide TFA salt (Example 254):
A solution of (2R)-2-[N-(4-chlorobenzenesulfonyl)-N-(2-chloropyridin-5-

ylmethyl)amino]-4-methylpentanoic acid amide (prepared via Reaction Scheme
25 1,18 mg, 41 mmol) in dimethylamine/THF (2 M, 20 mL, 40 mmol) was stirred at

95 °C for 30 h in a pressure vessel. Five mL of reaction mixture (25% of total
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reaction volume) was purified by reverse phase preparative HPLC (YMC S5,
ODS, MeOH-water-TFA) to afford the title compound as a white foam (17 mg,
30% yield). HRMS (ESI), (M-H) for C,,H,,SCIN,O, calcd: 437.1426, found:
437.1420; 'H NMR (CDCl,): & 8.04 (s, 1H), 8.03 (d, 1H, J=9.8), 7.76 (d,2H, J=
7.6), 7.54 (d, 2H, J="7.6), 6.83 (d, 1H, J=9.8), 6.62 (br s, 1H), 6.40 (br s, 1H),
4.64 (d, 1H, J=15.9), 4.29 (m, 1H), 4.18 (d, 1H, J=15.9), 3.30 (s, 6H), 1.84 (m,
1H), 1.29 (m, 1H), 0.93 (m, 1H), 0.77 (d, 3H, J= 6.5), 0.72 (d, 3H, J =6.5).

Exemplification of Reaction Scheme 11
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(2R)-2-[N-(4-Allyloxy-3-ﬂuorobenzyl)-N—(4-chlorobenzenesulfonyl)amino]-4-

methyl-pentanoic acid amide:

To a solution of (2R)-2-(4-chlorobenzenesulfonylamino)-4-methyl-
pentanoic acid amide (1.00 g, 3.29 mmol), and Cs,CO, (1.29 g, 3.95 mmol) in
DMF (25 mL) was added 1-allyloxy-4-bromomethyl-2-fluorobenzene (ref.:
Graham, Samuel L; et al., Eur. Pat. Appl. (1992): EP 487270; 0.88 g, 3.67
mmol). The resulting solution was stirred at rt for 18 h. The reaction was then
diluted with 9:1 EtOAc:hexanes (350 mL) and washed with H,O (4 x 200 mL),
brine, and dried over Na,SO, to afford the titled compound (393 mg) as a white
solid in 26% yield. MS (ESI), (M+H)" 469.1; "H NMR (CDCL,) & 7.66 (d, 2H, J =
8.1),7.45 (d, 2H, J=8.1), 7.11 (d, 1H, J = 12.0), 6.98 (m, 1H), 6.84 (t, 1H, J=
8.0), 6.22 (br s, 1H), 6.04 (m, 2H), 5.42 (m, 1H), 5.16 (br s, 1H), 4.59 (m, 2H),
4.40 (m, 3H), 1.83 (m, 1H), 1.32 (m, 1H), 1.14 (m, 1H), 0.76 (d, 3H, J=7.0),
0.68 (d, 3H,J="7.0).
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(2R)-2- {N-(4-Chlorobenzenesulfonyl)-N-[3-fluoro-4-(2-morpholin-4-yl-ethoxy)-

5  benzyl]-amino}-4-methyl-pentanoic acid amide (Example 427):
' A mixture of the allyloxy intermediate (0.39 g, 0.84 mmol) from above,

osmium tetraoxidé (0.01 g, 0.04 mmol), and trimethylamine N-oxide (0.140 g,
1.81 mmol) was dissolved in acetone (10 mL) and stirred for 4 h at rt. The
solution was concentrated in vacuo and redissolved in 1.5:1 dioxane:H,O (15

10 mL). Sodium periodate (0.22 g, 1.0 mmol) was added and the solution was stirred
at rt for 18 h. The reaction was then diluted with EtOAc (200 mL) and washed
with H,0, brine, dried over Na,SO, and concentrated to give (2R)- {N-(4-chloro-
benzenesulfonyl)-N-[3 -ﬂuoro-4-(2-oxo—ethoxy)-beﬁzyl]-amino} -4-methyl-
pentanoic acid amide as a crude beige solid. This crude material was taken onto

15  the next step without further purification. (2R)-2- {N-(4-Chlorobenzenesulfonyl)-
N-[3-fluoro-4-(2-oxo-ethoxy)-benzyl]-amino} -4-methyl-pentanoic acid amide
(0.16 g, 0.34 mmol) and morpholine (0.090 g, 1.0 mmol) was dissolved in EtOH
(5 mL) and heated to 80 °C for approximately 15 min. The oil bath was removed
and sodium triacetoxyborohydride (0.290 g, 1.36 mmol) was added and the shury

20  was stirred at rt for 16h. The solution was concentrated to dryness, taken up in
brine, extracted with EtOAc (2 x 100 mL), dried over Na,SO,, and concentrated
in vacuo to give a crude orange residue. Further purification by Prep HPLC (20 x
100mm YMC S5 ODS C-18 column, 25 mL/min, 0-100 % MeOH/H,0 0.1 %
TFA 15 min) afforded as a TFA salt the titled compound (69.5 mg) as a pale

25  yellow solid in 31 % yield. [a],+23 (¢ 6.4, CH,Cl,); LCMS (M+H)" 542.25; 'H
NMR (CDCL) & 7.71 (d, 2H, J= 8.0), 7.50 (d, 2H, J=8.0), 7.16 (d, 1H, J =
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12.0), 7.05 (d, 1H, J=8.0), 6.87 (t, 1H, J=8.0), 6.38 (br s, 1H), 5.91 (br s, 1H),
4.41 (ABq, 2H, J = 16, J,, = 176), 4.45 (m, 2H), 4.27 (t, 1H, J= 8.0), 4.03 (m,
4H), 3.70 (m, 2H), 3.51 (m, 2H), 3.10 (m, 2H), 1.83 (m, 1H), 1.29 (m, 1H), 1.05
(m, 1H), 0.75 (d, 3H, J = 8.0), 0.68 (d, 3H, J = 8.0).

Exemplification of Reaction Scheme 12
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10  (2R)-2-{N-(4-Chlorobenzenesulfonyl)-N-[4-(1-hydroxy-1-methyl-ethyl)-benzyl}-

amino}-4-methyl-pentanoic acid amide (Example 287):
| A solution of the compound of Example 61 [4-{[N-((1R)-1-carbamoyl-3-

methyl-butyl)-N-(4-chlorobenzenesulfonyl)amino]-methyl} -benzoic acid methyl
ester, 101 mg, 0.221 mmol] was cooled to 0 °C in THF (2 mL). A solution of

15  methyl magnesium bromide (1.4 M in toluene/THF, 0.50 mL, 0.71 mmol) was
added dropwise. The dark yellow solution was stirred at 0 °C, and after 30 min,
additional methyl magnesium bromide solution (0.25 mL, 0.353 mmol) was
added. After 1 h, the solution was allowed to warm to rt. After 3.5 h, the reaction
was quenched by the addition of sat. aq. NH,Cl, and the mixture was extracted

20  with EtOAc (2x). The combined organic layers were dried (Na,SO,) and
concentrated. Flash column chromatography (SiO,, 20 to 100% EtOAc/hexanes)
provided the title compound as a white foam (62 mg, 62%). MS (ESI), (M+H)"
453.16; "H NMR (CDCl,, 300MHz) § 7.61 (d, 2H, J = 8.7), 7.40 (d, 2H, J = 8.7),
7.37 (d, 2H, J=8.4), 7.26 (4, 2H, J= 8.4), 6.28 (br s, 1H), 5.25 (br s, 1H), 4.49

25  (d4,1H,J=15.9),4.41 (d, 1H, J=15.9), 4.33 (t, 1H, J = 6.6), 1.73-1.80 (mm, 1H),
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1.55 (s, 6H), 1.28-1.35 (m, 1H), 1.20-1.25 (m, 1H), 0.77 (4, 3H, J= 6.5), 0.66 (d,
3H, J=6.6). '

Exemplification of Reaction Scheme 13
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(2R)-2-{N-(4-Chlorobenzenesulfonyl)-[4-(5-methyl-[1, 3, 4]Joxadiazol-2-y])-

—

benzyl]-amino } -4-methyl-pentanoic acid amide (Example 436):

Step 1: A solution of the compound of Example 61 [4-{[N-((1R)-1-

10  carbamoyl-3-methyl-butyl)-N-(4-chlorobenzenesulfonyl)amino ]-methyl} -benzoic
acid methyl ester, 0.500 g, 1.10 mmol] was diluted with methanol (10 mL) and
hydrazine (2 mL) was added. The starting material slowly dissolved over 5 min.
After 30 min, the solution was heated at reflux. After 22 h, the solution was
cooled to rt. Water (15 mL) was added, and a white precipitate formed. The

15  mixture was extracted with EtOAc (2x). The combined organic layers were
washed with brine, dried (Na,SO,), and concentrated to give the corresponding
acyl hydrazide as a white foam, which was carried directly on to the cyclization
step without purification.

Step 2: The crude acyl hydrazide (0.150 g, 0.331 mmol) was dissolved in

20  pyridine (2.2 mL) and ethy! acetimidate hydrochloride (60.0 mg, 0.364 mmol)
was added. The mixture was heated at reflux for 1.25 h. The solution was cooled
to rt and concentrated to remove pyridine. The residue was taken up in EtOAc,
and was washed sequentially with water, 1 N HCI (2x), sat. aq. NaHCO,, and
brine. The solution was dried (MgSO,) and concentrated. Flash column

25  chromatography (SiO,, 50 to 100% EtOAc/hexanes) provided the listed
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compound as a white solid (138 mg, 88% for 2 steps). [a], +11.1 (¢ 7.0 mg/ml,
CHCL,); MS (ESI), (M+H)" 477.22; '"H NMR (CDCl,, 300MHz) § 7.94 (dd, 2H, J
=1.8, 8.4), 7.69 (dd, 2H, J= 1.8, 8.7), 7.45-7.50 (m, 4H), 6.23 (br s, 1H), 5.19 (br
s, 1H), 4.65 (d, 1H, J=15.9),4.46 (d, 1H, J=15.9),4.31 (dd, 1H, /= 6.6, 7.8),

5 2.61 (s, 3H), 1.75-1.85 (m, 1H), 1.28-1.35 (m, 1H), 1.08-1.15 (m, 1H), 0.76 (d,
3H, J=6.6), 0.64 (d, 3H, J= 6.6).

Exemplification of Reaction Scheme 14

7N

10 \(

(2R)-2- {N-(4-Chlorobenzenesulfonyl)-N-[4-(3-methyl-[1, 2, 4Joxadiazol-5-y1)-

benzyl]-amino}-4-methyl-pentanoic acid amide (Example 437):

Step 1: To a rt solution of the compound of Example 89 [4-{[N-((1R)-1-
15  carbamoyl-3-methyl-butyl)-N-(4-chlorobenzene-sulfonyl)-amino]-methyl} -
benzoic acid, 520 mg, 1.2 mmol] in DMF (2.4 mL) and CH,Cl, (7.1 mL) was
added 1-hydroxybenzotriazole (192 mg, 1.42 mmol), 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (272 mg, 1.42 mmol), and iPr,NEt (0.31 mL,
1.8 mmol). N-Hydroxyacetamide (105 mg, 1.42 mmol) was also added. After 21
20  h, starting material was evident, so additional portions of all reagents were added
periodically to push the reaction forward. After 3 d, the mixture was concentrated
and partitioned between sat. aq. NaHCO, and EtOAc (2x). The combined organic
layers were washed with brine, dried (MgSO,), and concentrated to a yellow oil,

which was carried on to the next step without purification.

N
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Step 2: The crude acetamidoxime was dissolved in toluene (10 mL) and

the solution was heated at reflux. After 1 h, pyridine (2 mL) was added and
heating was continued for another 15 h. The mixture was concentrated and
diluted with EtOAc. The organic phase was washed sequentially with water, 1 N
5 HCI(2x), sat. aq. NaHCO,, and brine, then was dried (MgSO,) and concentrated.

Flash column chromatography (SiO,, 10 to 40% EtOAc/hexanes) gave the title
compound as a pale yellow solid (238 mg, 42% for two steps). [a]*;, +9.30 (c
5.93, CHCL); MS (ESI), (M+H)" 477.18; '"H NMR (CDCl,, 300MHz) 6 8.04 (d,
2H,J=8.4),7.70 (dd, 2H, J= 1.8, 8.4), 7.45-7.52 (m, 4H), 6.23 (br s, 1H), 5.19

10 (brs, 1H), 4.67 (d,J 1H,J=16.2),4.47 (d, 1H, J=15.9),4.31 (t, 1H, J= 7.2),2.47
(s, 3H), 1.75-1.85 (m, 1H), 1.28-1.35 (m, 1H), 1.08-1.15 (m, 1H), 0.76 (d, 3H, J =
6.6), 0.64 (d, 3H, J = 6.6).

Exemplification of Reaction Scheme 15

15

Z N

(2R)-2-{N-(4-Chlorobenzenesulfonyl)-N-[4-(5-methyl-[1, 2, 4]oxadiazol-3-y1)-

benzyl]-amino}-4-methyl-pentanoic acid amide (Example 465):

20 A solution of the compound of Example 6 [(2R)-2-[N-(4-

chlorobenzenesulfonyl)-N-(4-cyanobenzyl)amino]-4-methyl-pentanoic acid
amide (0.20 g, 0.47 mmol) in ethanol (6 mL) was treated with hydroxylamine
(50% solution in water, 0.050 mL, 0.71 mmol). The reaction was heated to 80 °C
for 18 h. The reaction was concentrated to a residue and recrystallized from

25  EtOAc/hexanes to produce a white solid (136 mg, 51%). This solid (0.18 mmol)
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was then dissolved in chloroform and treated with Et,N (0.030 mL, 0.24 mmol)
and acetyl chloride (0.020 mL, 0.18 mmol). The reaction was stirred at rt for 2 h
and then was poured into EtOAc and brine. The organic layer was separated,
dried over MgSO,, and concentrated to residue. The residue was taken up in

5  toluene and heated at reflux for 24 h. The reaction was concentrated to a residue
and purified on a Biotage system (eluted in 1:1 EtOAc/hexanes) to afford the
desired product as a white solid (35 mg, 39% yield). MS(ESI), (M-+H)* 477.13;
"H NMR (CDCl,, 500MHz) § 7.98 (d, 2H, J = 8.2), 7.68 (d, 2H, J = 8.9), 7.45 (d,
4H, J=8.5), 6.21 (s, 1H), 5.19 (s, 1H), 4.62 (d, 1H, J=15), 4.48 (d, 1H, J = 16),

10 431 (1, 1H, J=7.0), 2.65 (s, 3H), 1.75-1.85 (m, 1H), 1.20-1.35 (m, 4H), 1.10-

1.17 (m, 1H), 0.85-0.90 (m, 1H), 0.75 (d, 3H, J = 6.7), 0.64 (d, 3H, J = 6.4).

Exemplification of Reaction Scheme 16
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(2R)—2—[N—(4-Acety1benzyl)-N—(4-chlorobenzenesulfonyl)arnino]-4-methy1—

pentanoic acid amide (Example 273):

A solution of the compound of Example 251 [4-{ [N-((15)-1-carbamoy]l-3-

20 methyl—butyl)-N-(4-chlorobenzenesulfonyl)—amino]-methyl}—N-methoxy—N—
methyl-benzamide, 0.100 g, 0.207 mmol] was cooled to 0 °C in THF (2.1mL). A
solution of methyl magnesium bromide (1.4 M in toluene/THF, 0.178 mL, 0.249
mmol) was added dropwise. The resulting solution was stirred at 0 °C for 3 h, at
which time additional methyl magnesium bromide solution (0.178 mL, 0.249

25 mmol) was added. After another 30 min, a final portion of MeMgBr solution (0.3

mL) was added. After a final 15 min, the reaction was quenched by the addition
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of sat. aq. NH,Cl and 1 N HCI, and the mixture was extracted with EtOAc (2x).
The combined organic layers were washed with sat. aq. NaHCO,; and brine, dried
(Na,S0,) and concentrated. Flash column chromatography (SiO,, 20 to 60%
EtOAc/hexanes) gave the desired compound as an off-white foam (79 mg, 87%).
5  [a]®,+20.4 (c 7.57, CHCl,); MS (ESI), (M+H)" 437.13; '"H NMR (CDCL,

300MHz) 6 7.87 (d, 2H, J= 8.4), 7.67 (dd, 2H, J= 1.8, 8.7), 7.42-7.46 (m, 4H),
6.21 (brs, 1H), 5.28 (br s, 1H), 4.64 (d, 1H, J=15.9),4.45 (d, 1H, J=15.9), 4.31
(t, 1H, J= 6.6), 2.58 (s, 3H), 1.73-1.80 (m, 1H), 1.25-1.35 (m, 1H), 1.05-1.14 (m,
1H), 0.74 (d, 3H, J= 6.5), 0.65 (d, 3H, J= 6.6).

10 '

Exemplification of Reaction Schéme 17
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15  (2R)-2-{N-(4-Chlorobenzenesulfonyl)-N-[4-(3-piperidin-1-yl-propionylamino)-

benzyl]-amino}-4-methyl-pentanoic acid amide (Example 274):
To a solution of N-(4- {[N-((15)-1-carbamoyl-3-methyl-butyl)-N-(4-
chlorobenzenesulfonyl)amino]-methyl}-phenyl)-acrylamide (0.10 g, 0.22 mmol)

in toluene (5 mL) was added piperidine (20 mg, 0.24 mmol). The mixture was
20  heated at a gentle reflux for 1 h and then the solvent was removed in vacuo.
Purification by flash chromatography (Si0O,, 10% MeOH/CH,Cl,) afforded the
title compound (105 mg) in 86% yield. MS (ESI), (M+H)" 449.16, '"H NMR
(CDCl,, 400 MHz) 6 7.69 (d, 2H, J=8.0), 7.63 (d, 2H, J= 8.0), 7.38 (d, 2H, J=
8.0), 7.23 (d, 2H, J= 8.0), 6.25 (br s, 1H), 5.35 (br s, 1H), 4.75 (4, 1H, J,, = 16),

~
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438 (d, 1H, J, = 16), 3.25 (t, 1H, J = 6.0), 2.65 (¢, 2H, J= 6.0), 2.56-2.44 (m,
6H), 1.95 (m, 1H), 1.68-1.45 (m, 8H), 0.98 (d, 3H, J="7.0), 0.94 (d, 3H, J=7.0)

Exemplification of Reaction Scheme 18

(2R)-2-(Benzhydrylidene-amino)-1-{(1°5),(5’S)-10’,10’-dimethyl-3’,3’-dioxo-

3°A’-thia-4’-aza-tricyclo-[5.2.1.0" *]dec-4’-y1} -4-fluorobutan-1-one:

To a —78 °C solution of N-2-(benzhydrylidene-amino)-1-{(1°S),(5’S)-
10°,10’-dimethyl-3°,3’-dioxo-3’A’thia-4’-aza-tricyclo-[5.2.1.0" *]dec-4°-
yl}ethanone (ref: Josien, H.; Martin, A.; Chassaing, G. Tetrahedron Lett. 1991,
32, 6547; 30.0g, 68 mmol) in HMPA (60 mL) and THF (300 mL) was added n-

Buli (1.6 M in hexane, 42.4 mL, 68 mmol) dropwise, maintaining the
temperature below —65 °C. The reaction was allowed to come to rt, at which time .
a solution of 1-bromo-3-fluoroethane (17.4 g, 137 mmol) in THF (30 mL) was
added dropwise at rt. After 18 h the reaction was poured over H,0/ HOAc (200
mL/2 mL), diluted with EtOAc, and the organic layers were washed with
saturated NH,Cl, brine, dried over MgSO,, and concentrated. The resulting
orange oil was then further purified by silica gel chromatography (25%
EtOAc/hexanes) to afford a white solid which was recrystallized from 15%
EtOAc/hexanes to give the desired material (24.3 g, 70%). MS (ESI) (M +H")
483.27; '"H NMR (CDCL) & 7.66 (d, 2H, J = 7.2), 7.13-7.44 (m, 8H), 4.82-4.83
(m, 2H), 4.39-4.81 (m, 2H), 3.84-3.87 (m, 1H), 3.28 (ABgq, 2H, J= 18, 10) 2.33-
2.41 (m, 2H), 2.02-2.04 (m, 2H), 1.84-1.87 (m, 2H), 1.32-1.39 (m, 2H), 1.10 (s,
3H), 0.91 (s, 3H).

00 00~i 00 - t1) NVN~ N -84-N7 p~.v ~. i*~}' CM~~ cCNF
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(2R)-2-Amino-1-{(1°5),(5°5)-10",10’-dimethyl-3°.3’-dioxo0-3’A’-thia-4’-aza-

tricyclo-[5.2.1.0""]dec-4’-yl}-4-fluorobutan-1-one:
5 A solution of (2R)-2-(benzhydrylidene-amino)-1-{(1°5),(5°S)-10°,10’-

dimethyl-3’,3’-dioxo-3"A’-thia-4’-aza-tricyclo-[5.2.1.0"*]dec-4’-y1} -4-
fluorobutan-1-one (20.0 g, 41.0 mmol) in THF (400 mL) was treated with 1 N
HC1(200 mL). After 3 h, the reaction was diluted with H,O and extracted with
Et,0. The aqueous phase was then neutralized by the addition of 0.5 N NaOH.

10  The basic phase was then extracted with CH,Cl,, dried over MgSO,, and
concentrated to give a white solid (11.9 g, 90%). 'H NMR (CDCl,) & 4.56-4.71
(m, 2H), 4.23-4.31 (m, 1H), 3.40-3.49 (m, 3H), 3.11 (d, 2H, J=4.4),1.17-2.23
(m, 8H), 1.13 (s, 3H), 0.93-1.12 (m, 3H).
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15 F

(2R)-2-(4-Chlorobenzensulfonylamino)-1-{(1°5),(5°5)-10°,10’-dimethyl-3°,3’-

dioxo-3’A’-thia-4’-aza-tricyclo-[5.2.1.0"*1dec-4’-y1} -4-fluorobutan-1-one:
To a solution of (2R)-2-amino-1-{(1°S),(5°S)-10”,10’-dimethyl-3°,3-

20  dioxo-3’A’-thia-4’-aza-tricyclo-[5.2.1.0"*]dec-4’-yl}-4-fluorobutan-1-one: (12 g,
36 mmol) and Et,N (10.4 mL, 72.0 mmol) in CH,Cl, (350 mL) was added 4-
chlorobenzenesulfonyl chloride (9.1 g, 43 mmol) in one portion. After 18 h the
reaction was concentrated and the resulting residue was taken into EtOAc and

washed with H,O, brine, dried over MgSO,, and concentrated. The material was
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then further purified by silica gel chromatography (30% EtOAc/hexanes) to
afford the titled compound (16.0 g, 92%) as a white wax. "H NMR (CDCl,) &
7.79 (d, 2H, J=8.0), 7.43 (d, 2H, J=8.0), 5.69 (br d, 3.0), 4.42-4.77 (m, 4H),
3.71-3.72 (m, 1H), 3.10 (ABq, 2H, /=9, 4.4) 2.11-2.29 (m, 2H), 1.33-1.99 (m,
6H), 1.04 (s, 3H), 0.91 (s, 3H).
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(2R)-2-(4-Chldrobenzenesulfonylamino)-4-ﬂuorobutanoic acid:

To a rapidly stirred solution of (2R)-2-(4-chlorobenzensulfononylamino)-

1-{(1°8),(5°5)-10°,10’-dimethyl-3’,3’-dioxo-3’A’-thia-4’-aza-tricyclo-
[5.2.1.0"°]dec-4"-y1}-4-fluorobutan-1-one: (16 g, 32 mmol) in acetonitrile (200
mL) was added LiBr (13.9 g, 16 mmol), tetrabutylammonium bromide (4.13g,
12.8 mmol), and LiOH (5.45 g, 0.130 mol). After 4.5 h the reaction was
concentrated to half volume then diluted with H,O and extracted with CH,Cl,.
The aqueous layer was acidified with 1 N HCI and extracted with EtOAc. The
EtOAc extracts were combined, dried over MgSO,, and concentrated to give a
white solid of which 9.4 g was taken directly towards the next step. '"H NMR
(DMSO-dg) 6 8.39 (d, 1H, J=9.0), 7.76 (d, 2H, J=6.8), 7.64 (d, 2H, J=6.8),
7.00 (br s, 1H), 4.29-4.48 (m, 2H), 3.80-3.88 (m, 1H), 1.66-1.96 (m, 2H).
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(2R)-2-(4-Chlorobenzenesulfonylamino)-4-fluorobutanoic acid amide:

To a solution of (2R)-2-(4-chlorobenzenesulfonylamino)-4-fluorobutanoic
acid (9.0 g, 31 mmol) in DMF (250 mL) was added consecutively 1-
hydroxybenzotriazole hydrate (6.2 g, 46 mmol), N, N-diisopropylethylamine (23
5 mL, 124 mmol), ammonium chloride (3.34 g, 62 mmol), and 1-[3-

(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (8.8 g, 46 mmol)
under N,. The resulting solution was stirred at rt for 18 h. The solution was
poured over ice water (500 mL) and the solid was filtered off and dried. The
material was then precipitated from 10% EtOAc/hexanes to afford a clean white

10  solid (4.5g) in 50% yield. [a], =-21.0 (c 1.00, DMF); MS (ESI) M —H’) 293.01;
'H NMR (DMSO-dg) 6 8.12 (d, 1H, J=8.8), 7.77 (d, 2H, J = 7.0), 7.62 (d, 2H, J
=17.0), 7.38 (br s, 1H), 7 .03. (brs, 1H), 4.22-4.47 (m, 2H), 3.71-3.85 (m, 1H),
1.65-1.92 (m, 2H).

15 F

(2R)-2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-4-fluorobutyramide
(Example 360):
(2R)-2-(4-Chlorobenzenesulfonylamino)-4-fluorobutyramide (20 mg, 0.7

20  mmol) was converted to the title compound as in Reaction Scheme 1, method A
to afford the titled compound (208 mg) in 73% yield. MS (ESI) (M - H) 407.99;
[a]p =+39.13 (c 1.00, MeOH); '"H NMR (CDCl,) § 7.72 (d, 2H, J = 8.4) 7.58 (d,
2H,J=8.4),7.50 (d, 2H, J=8.4), 7.45 (d, 2H, J = 8.4), 6.29 (br s, 1H), 5.21 (br
s, 1H), 4.19-4.67 (m, 5H), 2.17-2.28 (m, 1H), 1.49-1.61 (m, 1H).

25
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Exemplification of Reaction Scheme 19
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2-(4-Chlorobenzenesulfonylamino)-6-fluoro-hexanoic acid amide (III):

A mixture of (benzhydrylidene-amino)acetic acid ethyl ester (8.6 g, 32
mmol), 4-bromo-1-fluorobutane (10.0 g, 64.5 mmol), K,CO; (13.4 g, 96.9 mmol),
tetrabutylammonium bromide (2.1 g, 6.5 mmol), and acetonitrile (300 mL) was
heated at reflux for 72 h. The reaction was cooled to rt and filtered through a
sintered glass funnel. The filtrate was concentrated in vacuo. The residue was
dissolved in diethyl ether (250 mL) and a white solid precipitated. The solid was
removed by vacuum filtration. A solution of 1 N HCI (100 mL) was added to the
filtrate, which contained the crude product (2~(benzhydrylideneamino)-6-fluoro-
hexanoic acid ethyl ester). The resulting biphasic mixture was stirred vigorously
for 3 h. The mixture was transferred to a separatory funnel. The aqueous layer
was collected. The organic layer was extracted with 1 N HC1 (30 mL). The
combined aqueous layers were washed with 200 mL of diethyl] ether.
Concentrated HC1 (10.8 mL) was added to the aqueous portion and the resulting
solution was heated at reflux for 6 h. The reaction mixture was cooled to rt and
concentrated in vacuo. Toluene was added to the residue and the mixture was
reconcentrated in vacuo to afford 2-amino-6-fluoro-hexanoic acid hydrochloride
as a white solid. The crude amino acid salt was used without purification or
characterization. 2-Amino-6—ﬂuorohexanoic acid hydrochloride (32.3 mmol,
theoretically) was suspended in anhydrous methanol (300 mL) and cooled to 0
°C. Thionyl chloride (10.3 mL, 129 mmol) was slowly was over 5 min. The
resulting solution was allowed to warm to rt and stir for 18 h. The reaction

mixture was concentrated in vacuo to afford methyl 2-amino-6-fluoro-hexanoic
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acid hydrochloride. Toluene (100 mL) and 28% ammonia in water (75 mL) were
added to the crude amino ester. The resulting biphasic mixture was stirred
vigorously at rt for 24 h. The reaction mixture was concentrated in vacuo. The
residual solid was suspended in toluene (200 mL) and reconcentrated in vacuo to
5  afford 6-fluorohexanoic acid amide (II) as a white solid. The crude amino acid

amide was dissolved in anhydrous DMF (50 mL) and CH,Cl, (350 mL) and
reacted with 4-chlorobenzenésulfonylchloride (82 g, 32.3 mmol) and Et,N (13.5
mL, 96.9 mmol). After 2 h, a second portion of 4-chlorobenzenesulfonylchloride
(1.70 g, 8.1 mmol) was added. After an additional 18 h, the resulting mixture was

10 poured into 1 N HC1 (500 mL). The organic layer was collected and washed with
water (2 x 500 mL). Hexane (600 mL) was added to the organic layer. A white
precipitate formed. The solid was collected by vacuum filtration, rinsed with cold
ethanol (50 mL), and dried in vacuo to afford 4.95 g (48% yield, 6 steps) of 2-(4-
chlorobenzenesulfonylamino)-6-fluoro-hexanoic acid amide (III): LCMS

15  (M+Na)" 345.2; '"H NMR (400 MHz, DMSO-dg) 7.99 (d, 1H, J=8.8), 7.77 (d,
2H, J=8.8), 7.62 (d, 2H, J=8.8), 7.29 (s, 1H), 6.95 (s, 1H), 4.34 (dt, 2H, J, =
47.5,J,=6.1), 3.65 (dt, 1H, J; = 5.6, J,= 8.6), 1.60-1.39 (m, 4H), 1.36-1.15 (m,
2H); Anal. Calcd for C,,H,;CIFN,O,S: C, 44.65; H, 4.99; N, 8.67. Found: C,‘
44.61; H, 5.08; N, 8.75.
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2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-6-fluoro-hexanoic acid

amide (Example 333):
25 2-(4-Chlorobenzenesulfonylamino)-6-fluoro-hexanoic acid amide (0.500

g, 1.55 mmol) was converted to the title compound (360 mg, 50% yield) as in
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Reaction Scheme 1, method A. LCMS (M+Na)" 459.9; "H NMR (400 MHz,
DMSO-dg) & 7.82 (d, 2H, J=8.8), 7.79 (d, 2H, J=8.5), 7.63 (d, 2H, J = 8.8),
7.58 (d, 2H, J=8.3), 7.52 (s, 1H), 7.09 (s, 1H). 4.82 (ABq, 2H, Av = 37.2, J, =
17.6), 4.34 (dd, 1H, J = 8.0, 6.6), 4.25 (dt, 2H, J,=47.2, J,=5.7), 1.58 (m, 1H),
1.49-1.12 (m, 5H); Anal. Calcd for C,H,,CIFN,0,S: C, 54.85; H, 4.83; N, 9.59.
Found: C, 54.92; H, 4.76; N, 9.54.

Exemplification of Reaction Scheme 20
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(2R)-2-(4-Chlorobenzensulfonylamino)-1-{(1°5),(5°S5)-10°,10’-dimethyl-3°,3’-

dioxo-3’A5-thia-4’-aza-tricyclo-[5.2.1.0"°]dec-4’-y1} -4-fluoro-4-methyl-pentan-1-

one:

To a solution of (2R)-2-(4-chlorobenzensulfonylamino)-1-{(1°S),(5’S)-
10°,10’-dimethyl-3’,3°-dioxo-3’A’-thia-4’-aza-tricyclo-[5.2.1.0"*]dec-4’-y1} -4~
methyl-4-penten-1-one [500 mg, 1 mmol, prepared as in Reaction Scheme 18
from N-2-(benzhydrylidene-amino)-1-{(1°5),(5°5)-10’,10’-dimethyl-3°,3’-dioxo-
3°A%-thia-4’-aza-tricyclo-[5.2.1.0" *]dec-4’-yl} ethanone (ref: Josien, H.; Martin,
A.; Chassaing, G. Tetrahedron Lett. 1991, 32, 6547) and 1-bromo-2-methyl-2-
propene] in THF (5 mL) at 0 °C was added hydrofluoric acidepyridine (10 mL).
The reaction mixture was allowed to warm to rt and stir for 18 h. The reaction
contents were carefully added to a saturated aqueous solution of NaHCO, (300
mL). The aqueous mixture was extracted with EtOAc (3 x 100 mL). The
combined organic layers were sequentially washed with 1 N HCI (200 mL) and
brine (100 mL). The organic layer was dried over MgSO,, filtered, and

concentrated in vacuo to afford 490 mg (94%) of the title compound as a white
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solid: '"H NMR (400 MHz, DMSO-dg) & 7.83 (d, 2H, J = 8.8), 7.45 (4, 2H, J =

8.8),5.37(d, 1H, J=8.1), 4.65 (m, 1 H), 3.64 (t, 1H, J=6.4), 3.43 (ABq, 2H, Av

= 5.4,J, =13.7), 2.19-1.83 (m, 7H), 1.41-1.31 (m, 8H), 1.04 (s, 3H), 0.94 (s,

3H).
Cl
l H
s/N NH,

N

0o

5 F

(2R)-2-(4-Chlorobenzenesulfonylamino)-4-fluoro-4-methyl-pentanoic acid -

amide:
(2R)-2-(4-Chlorobenzensulfonylamino)-1-{(1°5),(5°S)-10’,10’-dimethyl-

10  3’,3’-dioxo-3’A’-thia-4’-aza-tricyclo-[5.2.1.0""]dec-4’-yl}-4-fluoro-4-methyl-

pentan-1-one was converted to the title compound in two steps as in Reaction

Scheme 18 (165 mg, 55% yield): LCMS (M+Na)" 345.1; '"H NMR (500 MHz,

DMSO-dg) 6 8.10 (d, 1H, J=9.2), 7.77 (d, 2H, J=8.5), 7.62 (d, 2H, J = 8.9),

7.34 (s, 1H), 6.92 (s, 1H). 3.85 (m, 1H), 1.89 (m, 1H), 1.74 (m, 1H), 1.31 (d, 3H,
15 J=21.7),1.29(d, 3H,J=21.9).

Exemplification of Reaction Scheme 21
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Ethyl 2-(4-chlorobenzenesulfonylamino)-4-methyl-4-pentenoate:

A solution of ethyl 2-amino-4-methyl-4-pentenoate (2.84 g, 18.1 mmol,
prepared as in Reaction Scheme 19 from (benzhydrylideneamino)acetic acid ethyl
ester and 1-bromo-2-methyl-2-propene) in CH,Cl, (250 mL) was reacted with 4-
25  chlorobenzenesulfonyl chloride (4.20 g, 19.9 mmol) and Et,N (3.78 mL, 27.2
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mmol). After 4 h, the resulting mixture was poured into 1 N aqueous HCI (500
mL) and extracted with EtOAc (3 x 150 mL). The organic layer was washed with
brine (50 mL), dried (MgSO0,), filtered, and concentrated in vacuo. The crude
concentrate was purified using silica gel column chromatography (10:1 to 5:1

5  gradient, hexanes/EtOAc) to afford 3.04 g (25% yield over 3 steps) of ethyl 2-(4-
chlorobenzenesulfonylamino)-4-methyl-4-pentenoate: LCMS (M-+Na)* 354.2; 'H
NMR (400 MHz, CDCl,) 7.77 (d, 2H, J=9.1), 7.46 (d, 2H, J = 8.8), 5.07 (d, 1H,
J=9.0), 4.84 (s, 1H), 4.73 (s, 1H), 4.05 (m, 1H), 3.95 (q, 2H, J=7.1),2.40 (m, 2
H), 1.66 (s, 3H), 1.13 (t, 3H, J=7.1).

// \\O p/

2-(4-Chlorobenzenesulfonylamino)-4-fluoro-4-methyl-pentanoic acid ethyl ester

and 4-Chloro-N-(5, 5-dimethyl-2-oxo-tetrahydro-furan-3-yl)-

10

neh

o)

o Z—I

15 benzenesulfonamide:

Hydrogen fluorideepyridine (10 mL) was addedto a 0 °C solution of ethyl

2-(4-bhloro-benzenesulfonylamiﬁo)-4-methyl-4—pentenoate (1.0 g, 3.0 mmol) in
THEF (15 mL). The reaction mixture was allowed to warm to rt. After 5 h, an
additional portion (10 mL) of hydrogen fluoridespyridine was added. The mixture

20  was stirred for 24 h, then a third portion of hydrogen fluoridespyridine (10 mL)
was added. After a total of 53 h, the reaction was quenched with ice chips (20
mL). The crude mixture was poured into ice water (500 mL) and extracted with
CH,CI, (2 x 200 mL). The combined organic layers were washed with sat. aq.
NaHCO, (100 mL) and concentrated in vacuo. The crude concentrate was

25  purified using silica gel column chromatography (10:1 to 5:1 gradient,
hexanes/EtOAc) to afford 0.395 g (37% yield) of ethyl 2-(4-
chlorobenzenesulfonylamino)-4-fluoro-4-methyl-pentanoate and 0.425 g (46%
yield) of 4-chloro-N-(5, 5-dimethyl-2-oxo-tetrahydro-furan-3-y)-
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benzenesulfonamide. Data for ethyl 2-(4-chlorobenzenesulfonylamino)-4-fluoro-
4-methyl-pentanoate: LCMS (M+Na)* 374.1; 'H NMR (500 MHz, CDCL,) 7.78
(d, 2H, J=8.9), 7.47 (d, 2H, J=8.5),5.19 (d, 1H, J=17.9), 4.08 (m, 1H), 3.93
(m, 2H), 2.09-1.94 (m, 2H), 1.42 (d, 3H, J=21.6), 1.37 (d, 3H, J=21.6), 1.12 (t,
5  3H,J=17.0). Data for 4-chloro-N-(5, 5-dimethyl-2-oxo-tetrahydro-furan-3-y)-
benzenesulfonamide: LCMS (M+Na)" 326.0; '"H NMR (400 MHz, DMSO-dg)
8.41 (d, 1H,J=9.1), 7.86 (d, 2H, J = 8.6), 7.67 (d, 2H, J = 8.8), 4.57 (m, 1H),
2.22(dd, 1H,J=12.4,9.0), 1.72 (t, 1H, J=12.0), 1.33 (s, 3H), 1.31 (s, 3H).
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2-(4-Chlorobenzenesulfonylamino)-4-fluoro-4-methyl-pentanoic acid amide:

A solution of 2-(4-chlorobenzenesulfonylamino)-4-fluoro-4-methyl-

pentanoic acid ethyl ester (457 mg, 1.30 mmol) in MeOH (20 mL) was treated

15  with 10 N NaOH (780 pL, 7.8 mmol) at rt for 18 h. The crude reaction mixture
was concentrated in vacuo. The residue was treated with water (50 mL) and 1 N
HCI1 (20 mL). The aqueous solution was extracted with EtOAc (3 x 100 mL). The
combined organic layers were washed with brine (50 mL), dried over MgSO,,
filtered and concentrated in vacuo to afford a white solid containing 2-(4-

20  chlorobenzenesulfonylamino)-4-fluoro-4-methyl-pentanoic acid. A mixture of the
crude solid, 1-hydroxybenzotriazole (263 mg, 1.95 mmol), diisopropylethylamine
(670 mg, 5.2 mmol), ammonium chloride (140 mg, 2.6 mmol), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (373 mg, 1.95 mmol),
and DMF (20 mL) was stirred at rt for 24 h. The crude mixture was poured into

25  water (500 mL). The aqueous solution was extracted with EtOAc/hexane (90:10,
3 x 150 mL). The combined organic layers were washed with brine (50 mL),
dried over MgSOQ,, filtered and concentrated in vacuo. The crude concentrate was

purified using silica gel column chromatography (95:5, chloroform/MeOH) to
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NMR (400 MHz, DMSO-dg) & 8.10 (d, 1H, J=9.2), 7.77 (d, 2H, J = 8.5), 7.62
(d, 2H, J=18.9), 7.34 (s, 1H), 6.92 (s, 1H). 3.85 (m, 1H), 1.89 (m, 1H), 1.74 (m,
1H), 1.31 (d, 3H, J=21.7), 1.29 (d, 3H, J = 21.9).
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2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-4-fluoro-4-methyl-
pentanoic acid amide (Example 357):

10 2-(4-Chlorobenzenesulfonylamino)-4-fluoro-4-methyl-pentanoic acid

amide was converted to the title compound as in Reaction Scheme 1, method A.

LCMS (M+Na)" 460.2; "H NMR (400 MHz, DMSO-dg) & 7.83 (d, 2H, J=8.5),

7.75 (d, 2H, J= 8.3), 7.68 (s, 1H), 7.64 (d, 2H, J=8.6), 7.49 (d, 2H, J=8.1),

7.20 (s, 1H), 4.67 (ABq, 2H, Av =28.3, J,, = 17.3), 4.54 (dd, 1H, J=9.3, 3.2),
15  2.23 (m, 1H), 1.42 (m, 1H), 1.25 (d, 3H, J=21.6), 1.21 (d, 3H, J=21.7).
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2—[(4QChlorobenzenesulfonyl)—(4-cyanobenzyl)—amino] -4-hydroxy-4-methyl-

20  pentanoic acid amide (Example 443):

A sealed vial containing a mixture of 4-chloro-N-(5, 5-dimethyl-2-oxo-
tetrahydro-furan-3-yl)-benzenesulfonamide (0.20 g, 0.66 mmol) and 28%
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ammonia in water (3 mL) was heated in a microwave reactor at 80 °C for 40 min.
The reaction mixture was cooled to rt and concentrated to dryness in vacuo to
afford a white solid containing 2-(4-chlorobenzenesulfonylamino)-4-hydroxy-4-
methyl—pentanoié acid amide. The crude solid was converted to the title
5  compound (98 mg, 34% yield) as in Reaction Scheme 1, method A: LCMS

(M+Na)* 458.2; "H NMR (400 MHz, DMSO-dg) & 7.84 (d, éH, J=18.6),7.76 (d,
2H, J=18.3),7.62 (d, 2H, J= 8.8), 7.51 (d, 2H, J = 8.3), 7.40 (s, 1H), 7.11 (s,
1H), 4.63 (ABq, 2H, Av= 5.9, J, =17.6),4.56 (dd, 1H, J= 8.3, 2.5), 4.54 (s,
1H), 1.95 (dd, 1H, J=13.7, 8.6), 1.26 (dd, 1H, J=13.6, 2.4), 1.04 (s, 3H), 0.99

10 (s, 3H). Anal. Calcd for C,,H,,CIN,0,S: C, 55.10; H, 5.08; N, 9.64. Found: C,
54.96; H, 5.14; N, 9.58.

Exemplification of Reaction Scheme 22
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2-(4-Chlorobenzenesulfonylamino)-5-hexenoic acid ethyl ester:

A mixture of (benzhydrylidene-amino)acetic acid ethyl ester (20 g, 74.8
mmol), 4-bromo-1-butene (10.1 g, 74.8 mmol), K,CO, (31.0 g, 224 mmol),

20  tetrabutylammonium bromide (2.41 g, 7.48 mmol), and acetonitrile (150 mL) was
heated at reflux for 6 h. The reaction was cooled to rt and filtered through a
sintered glass funnel. The filtrate was concentrated in vacuo. The residue was
dissolved in diethyl ether (250 mL) and a white solid precipitated. The solid was
removed by vacuum filtration. A solution of 1 N HCI1 (150 mL) was added to the

25  filtrate, which contained the crude product (2-(benzhydrylidene-amino)-hex-5-
enoic acid ethyl ester). The resulting biphasic mixture was stirred vigorously for

18 h. The mixture was transferred to a separatory funnel. The aqueous layer was
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collected and concentrated in vacuo. The residue was dissolved in toluene (2 x
200 mL) and reconcentrated. The crude amino ester was dissolved in CH,Cl, and
reacted with 4-chlorobenzenesulfony! chloride (15.8 g, 74.8 mmol) and Et,N

(3 1.2 mL, 224 mmol). After 18 h, the resulting mixture was poured into 1 N HC1
(500 mL). The organic layer was collected and washed sequentially with 1 N HCl
(500 mL) and brine (50 mL). The organic layer was dried over MgSO,, filtered, -
and concentrated in vacuo. The crude concentrate was purified using silica gel
column chromatography (5:1, hexanes/EtOAc) to afford 5.57 g (23% yield over 3
steps) of the title compound: LCMS (M+Na)* 354.0; 'H NMR (400 MHz,
DMSO-dg) 6 8.47 (d, 1H, J=8.8), 7.76 (d, 2H, J = 8.8), 7.66 (d, 2H, J=8.8),
5.69 (m, 1H), 4.95-4.88 (m, 2H). 3.86 (q, 2H, J=7.1), 3.76 (m, 1H), 1.98 (m,
2H), 1.71-1.54 (m, 2H), 1.03 (t, 3H, J=7.1).
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2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-hex-5-enoic acid ethyl

ester:

2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-hex-5-enoic acid
ethyl ester was made in a similar manner to Reaction Scheme 1 starting from 2-
(4-chloro-benzenesulfonylamino)-hex-5-enoic acid ethyl ester. 2-[(4-
Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-hex-5-enoic acid ethyl ester
was isolated as a crude yellow solid (1.14 g) and used in the next step without
further purification. "H NMR (CDCL,) § 7.71 (d, 2H, J = 8.0), 7.61 (d, 2H, J =
8.0), 7.53 (d, 2H, J=8.0), 7.46 (d, 2H, J = 8.0), 5.54 (m, 2H), 4.90 (m, 2H), 4.74
(d, 1H, J=16.0), 4.48 (m, 2H), 3.90 (m, 1H), 1.95 (m, 2H), 1.81 (m, 1H), 1.48
(m, 1H), 1.11 (t, 3H, J=8.0).
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2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-5-oxo-pentanoic acid

ethyl ester

A mixture of (4-chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-hex-5-

enoic acid ethyl ester (1.14 g, 2.56 mmol), osmium tetraoxide (0.030 g, 0.13
mmol), and trimethylamine N-oxide (0.41 g, 5.5 mmol) was dissolved in acetone
(50 mL) and stirred for 4 h at rt. Upon completion, the solution was concentrated
in vacuo and redissolved in 1.5:1 dioxane:H,0 (50 mL). To this solution, sodium
periodate (0.66 g, 3.07 mmol) was added and stirred at rt for 18 h. The reaction
was then diluted with EtOAc (500 mL) and washed with H,O, brine, dried over
Na,SO, and concentrated to give a crude colorless oil. Further purification by
flash chromatography (SiO,, 5 to 75 % EtOAc/hexanes) afforded 2-[(4-
chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-5-oxo-pentanoic acid ethyl ester
(0.26 g) as a colorless oil in 23 % yield. '"H NMR (CDCL) & 9.57 (s, 1H), 7.69 (d,
2H, J=8.0), 7.51 (m, 6H), 5.99 ABq, 2H, Av = 16, J,, = 168), 4.47 (m, 1H), 3.89
(m, 2H), 2.53 (m, 1H), 2.32 (m, 1H), 2.11 (m, 1H), 1.61 (m, 1H), 1.06 (t, 3H, J=
8.0).
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2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-5, 5-difluoro-pentanoic

acid ethyl ester: A

5 2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-5-oxo-pentanoic
acid ethyl ester (0.05 g, 0.11 mmol) was slowly added to a solution of DAST
(0.020 mL, 0.11 mmol) in CH,CI, (2 mL) at rt and stirred for 16 h. The reaction
was diluted with CH,Cl, (20 mL) and extracted with H,0 (2 x 25 mL). The
combined organic layers were washed with H,O, brine, dried over Na,SO, and

10  concentrated to give 2—[(4-Chloro-benzenesulfonyl)-(4-cyanobenzyl)-amino]-5, 5-
difluoro-pentanoic acid ethyl ester as a crude yellow residue (61 mg). This crude

residue was taken onto the next step without further purification.

CN

cl
1 /©
N ~
HoN S

o’ Yo

15

2-[(4-Chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-5, 5-difluoro-pentanoic

acid amide (Example 377):
The crude 2-[(4-chlorobenzenesulfonyl)-(4-cyanobenzyl)-amino]-5, 5-
difluoro-pentanoic acid ethyl ester (0.061 g, 0.13 mmol) was dissolved in MeOH
20 (Z2mL). To this mixture was added 10 N NaOH (0.052 mL, 0.52 mmol) and the



Lj

‘00
I

AQ~~~~~ kg .r, 13 xcqb My*ti ~p"vCO Ovi NONXi x uN” Vtai
00 ONOO X M- NO.mx ~ MO 11g x MMti p NEr "" d NONOXI ~ ~»
NN M N OWo.Bi053%1n » O~0 "'p N9 Nh .- co Mt~ v n V1 NPOTIUS0L}06DE M
ONr~NNrnx ~ pp~ ~+d O0OONAKhII r N'" ~x~11 z,,0mo Il
t~ ~ G,l: ri tn~=c+i NNNNl ~ XXXN~C N -Lag4r,; X~ NNM ONO-n OO0 NWA

~COo Mcfvlto ga o u 0000000 N U cn U ~Z ..ZzZLZ/ DG OO N MM WO
03/053912 -144 'o ,no Co I'D 00 "d 01 d MWx X[~ b OHO .-r x 00 Zvi

~p

.
=P

X rn

10

15

20

25

,chi_mg “~ '0000, Qti Xx~X %Qb NIl v.. a -~O/Ni-i
resulting solution was stirred at rt for 16 h. The reaction was diluted with H,0 (25

mL), acidified with 1 N HCI, and extracted with CH,CI, (4 x 100 mL). The
combined organic layers were dried over Na,SO, and concentrated in vacuo to
give the carboxylic acid moiety as a crude colorless oil. The carboxylic acid
intermediate was then dissolved in DMF (10 mL) and mixed with 1-
hydroxybenzotriazole (0.030 g, 0.20 mmol), :Pr,NEt (0.090 mL, 0.52 mmol),
NH,C1(0.01 g, 0.26 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.04 g, 0.20 mmol) and stirred at rt for 72 h. The reaction was
diluted with EtOAc (150 mL) and washed with H,O (4 x 50 mL). The organic
iayer was dried over Na,SO, and concentrated in vacuo to give a crude off-white
solid. Further purification by flash chromatography (SiO,, 5 to 85 %
EtOAc/hexanes) afforded the titled compound (10.7 mg) as a white solid in 19 %
yield. LCMS (M+Na)* 464.01; "H NMR (CDCl,) & 7.69 (d, 2H, J = 8.3), 7.60 (d,
2H, J=8.3), 7.49 (m, 4H), 6.18 (br s, 1H), 5.67 (it, 1H, J =56, 4.0), 5.22 (br s,
1H), 4.52 (ABq, 2H, Av = 16, J,;, = 100), 4.34(m, 1H), 2.03 (m, 1H), 1.68 (m,
1H), 1.38 (m, 1H), 0.86 (m, 1H).

Exemplification of Reaction Scheme 23
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(2R)-2-[[4-(2-Bromo-acetylamino)-benzyl]-(4-chlorobenzenesulfonyl)-amino]-4-

methyl-pentanoic acid amide:

To a solution of (2R)-2-[(4-aminobenzyl)-(4-chloro-
benzenesulfonyl)amino]-4-methyl-pentanoic acid amide (248 mg, 0.56 mmol)

and Et,N (176 mg, 1.74 mmol) in CH,Cl, (3 mL) was added bromoacetylchloride

N w

A

N



M Ud v v~ NN UNenx NMx x| i Wv i ppp_Vv-xXNNN"'" OMx NOO
Oh N ~0i- M1C ¢, "G4 "EOc)NNNto mNN” ~N” ~ x~ NO0000 " c)
z

d M N NvO@3/053912~ C4 S tn 00 ZI 00 x "~ Il x ~"x+ ~ 11pc¥/usozmices" |1 N
|~~~ - N~O0NI~~ .Or r- M tr)cf OO0 My N~yl 1'"M+ vON a> U
cc3 cVU0000 a) UU t-Z 7\ -100 -

(105 mg, 0.67 mmol). The reaction mixture was stirred overnight at rt. The
reaction mixture was diluted with CH,CL, (5 mL), washed with 1 N HCI, brine,
and dried through a cotton plug. The solvent was removed iz vacuo. Purification
by flash chromatography (Si0,, 10% acetone/CH,Cl,) afforded the title

5  compound (124 mg) in 42 % yield. MS (ESI), (M+H)* 531.86, '"H NMR (CDCl,,
400 MHz) & 8.78 (br s, NH), 7.95 (d, 2H, J=8.0), 7.82 (d, 2H, J=8.0), 7.42 (d,
2H, J=38.0), 7.33 (d, 2H, J = 8.0), 6.20 (br s, 1H), 5.20 (br s, 1H), 4.30 (s, 2H),
422 (d, 1H, J,, = 16),4.14 (d, 1H, J,, = 16), 3.25 (t, 1H, /= 6.0), 1.95 (m, 1H),
1.60 (m, 2H), 0.98 (d, 3H, J=7.0), 0.94 (d, 3H, J=7.0)
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(2R)-2-{(4-Chlorobenzenesulfonyl)-[4-(2-dimethylamino-acetylamino)-benzyl}-

amino}-4-methyl-pentanoic acid amide (Example 308):

15 To a solution of (2R)-2-{[4~(2-bromo-acetylamino)-benzyl]-(4-
chlorobenzenesulfonyl)-amino]-4-methyl-pentanoic acid amide (41 mg, 0.77
mmol) in CH,CL, (2 mL) was added excess 2.0 M dimethylamine in THF. The
reaction mixture was stirred overnight. The solvent was removed in vacuo.
Purification by flash chromatography (SiO,, 10% MeOH/CH,Cl,) afforded the

20 title compound (24 mg) in 63% yield. MS (ESI), (M+H)"495.14, '"H NMR
(CDCL, 400 MHz) & 8.85 (s, 1H), 8.02 (d, 2H, J=8.0), 7.75 (d, 2H, J = 8.0),
7.38 (d, 2H, J=8.0), 7.29 (d, 2H, J = 8.0), 6.23 (br s, 1H), 5.39 (br s, 1H), 4.62
(m, 4H), 3.25 (t, 1H, J=6.0), 2.95 (s, 6H), 1.95 (m, 1H), 1.60 (m, 2H), 0.98 (d,
3H,J=17.0), 0.94 (d, 3H, J=17.0)

25
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Starting Materials

The following o-amino amides were commercially available or obtained

by standard methods from commercially available amino acids:

(o]
®) NH, R NH. (R) NH, R) NH,
HaN”™ Y HN" Y HaN™ ™Y HN™ ™Y
= = _W 1
0 (o]
®) NH, ®) NH, ® Nw, ) NH,
HoN I HoN = HoN = HaoN I
= , = Y =
(o] (o]
(R NH R) NH R) NH
K ) o
S, /&
5
5,5,5-Trifluoro-2-aminopentanoic acid amide and 6,6,6-trfluoro-2-
aminohexanoic acid were prepared according to: Ojima, L.; Kato, K.; Nakahashi,
K. J. Org. Chem. 1989, 54, 4511.
10 The benzyl bromide used in the synthesis of the compounds of Examples

100 and 155 was prepared according to: Ishihara, Y.; Fujisawa, Y.; Furuyama, N.
PCT Int. Appl. WO 9846590; Senanayake, C.H.; Fang, Q.K.; Wilkinson, S.H.
PCT Int. Appl. WO 9833789.
The aldehydes required for the synthesis of the compounds of Examples
15 91,248, 249, 289, 290, and 300 (see Reaction Scheme 2) were prepared as
exemplified for 4-(piperidin-1-yl)benzaldehyde. A suspension of 4-
fluorobenzaldehye (0.48mL, 4 mmol), K,CO, (522 mg, 4 mmol), piperidine (340
mg, 4 mmol) in DMSO (5 mL) was heated in a sealed tube at 150°C for 18h. after
which time, the reaction was concentrated and purified by silica gel
20 chromatography (CH,Cl,, then 2% MeOH/CH,CI, ) to affbrd 4-(piperidin-1-
yDbenzaldehyde , 748 mg, 98% yield.
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The aldehydes used in the synthesis of the compounds of Examples 317,
318, and 320 were prepared as exemplified for 4-(piperidin-1-yl)-3-
fluorobenzaldehyde. A suspension of 4,3-difluorobenzaldehye (500 mg, 3.5
mmol), K,CO, (483 mg, 3.5 mmol), piperidine (298 mg, 3.5 mmol) in DMSO (5

5 mL) was heated in a sealed tube at 130 °C for 18h. The reaction mixture was

allowed to cool to rt, concentrated and purified by silica gel chromatography
(CH,Cl,, then 2% MeOH/CH,Cl, ) to afford 4-(piperidin-1-yl)3-
fluorobenzaldehyde , 740 mg, 99% yield.

The benzyl chloride used in the preparation of the compounds of

10  Examples 433, 474, 480, and 500 was prepared by the following method. To a
solution of 2-[(4-chloromethyl)phenyl}propan-2-ol (769 mg, 4.16 mmol) (ref:
Creary, X.; Mehrsheikh-Mohammadi, M.E.; McDonald, S. J. Org. Chem. 1987,
52, 3254.) in CH,CI, (14 mL) at -78 °C was added DAST (0.72 mL, 5.4 mmol).
After 1.5 h, the solution was quenched with water and warmed to rt. The mixture

15  was extracted with CH,Cl, (3x). The combined organic layers were dried
(Na,SO,) and concentrated. Flash column chromatography (SiO,, 0to 5%
EtOAc/hexanes) provided the chloride as a pale yellow liquid (512 mg, 66%). 'H
NMR (CDCl,, 300MHz) § 7.30-7.48 (m, 4H), 4.58 (s, 2H), 1.70 (s, 3H), 1.63 (s,
3H).

20 The preparation of the 2-trimethylsilanyl ethyl ester of 4-bromomethyl
benzoic acid, which is used in the synthesis of the compound of Example 470 is
described by Graffner-Nordberg, M.; Sjoedin, K.; Tunek, A.; Hallberg, A. Chem.
Pharm. Bull. 1998, 46, 591. |

25  Conditions for Chromatographic Separation of Enantiomeric Mixtures

Condition 1: Example 345 was separated using the following method. 4.6 X 250
mm, 10 pM, Chiracel OJ column, 1.0 mL/min, 85 % Hexane/EtOH 0.1 % DEA,

over 20 min.
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Condition 2: Example 346 was separated using the following method. 4.6 X 250
mm, 10 uM, Chiralpak AD column, 1.0 mL/min, 80 % Hexane/EtOH 0.15 %
DEA, over 20 min.
Condition 3: Example 347 was separated using the following method. 4.6 X 250
5 mm, 10 uM, Chiralpak AD column, 1.0 mL/min, 65 % Hexane/IPA 0.1 % DEA,

over 18 min.
Condition 4: Examples 365 and 366 were separated using the following method.
4.6 X 250 mm, 10 pM, Chiralpak AD column, 1.0 mL/min, 75 % Hexane/EtOH
0.15 % DEA, over 25 min.

10  Condition 5: Examples 408 and 409 were separated using the following method.
4.6 X 250 mm, 10 uM, Chiracel OD column, 1.0 mL/min, 90 % Hexane/EtOH .
0.15 % DEA, over 36 min.
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What is claimed is:

1. A compound of formula I; or an optical isomer thereof
o) llaz
HZN/U>( N\/s\/ R’ 1
Rgt 0’0
wherein:
R is selected from the group consisting of

(a) a straight or branched-chain C,; alkyl or C, salkenyl optionally
substituted with substituents selected from the group consisting of
hydroxy, C, , cycloalkyl, C, ,alkoxy, C, ,alkylthio, and halogen;

(b) C,cycloalkyl optionally substituted with hydroxy or halogen;

R is hydrogen or R' and R taken together is C, ;alkylene;
R’ is selected from the group consisting of

(a) a straight or branched-chain C, alkyl or C, salkenyl optionally
substituted with substituents selected from the group consisting of
halogen, C, jalkoxy, and NR‘R’;

(b) C,cycloalkylmethyl optionally substituted with substituents selected
from the gfoup consisting of amino, (C,_,alky)NH-, di(C, jalkyl)N-,
C,.alkylC(=0O)NH-, and C, ,alkylOC(=O)NH-;

(c) a straight or branched-chain C,_salkyl-C(=0)-A;

(d) -B-naphthyl;

(e)

' -B S j(D)-X
\CKT(E)-Y

z

D and E are each independently a direct bond, a straight or branched-

chain C, alkyl, C,calkenyl, or C,,cycloalkyl;
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7 is selected from the group consisting of hydrogen, C, salkyl,
C,_,alkoxy, halogen, cyano, hydroxy, -OCHF,, -OCF,, -CF,, and
-CHF,;
X and Y are each independently selected from the group consisting of
5 hydrogen, hydroxy, halogen, (halogen),C-, (halogen),CH-, C, ,alkylS-,
C,.alkylS(0)-, C,,alkylSO,-, nitro, F;S-, and cyano;
-ORS;
-NR‘R’;
-NR’C(=O)R?%,
10 -NR’C(=0)OR?;
-NHSO,C, alkyl;
-N(SO,C, jalkyl),;
-C(=0)W wherein W is selected from the group consisting of
hydroxy, C,4alkyl, C, ,alkoxy, phenoxy, and -NR'R’;
15 -OC(=0)C alkyl;
-phenyl in which said phenyl is optionally substituted with cyano,
halogen, C,_,alkoxy, C, ,alkylS-, CH;C(=0), C, _alkylS(O)-, or
C,.,alkylSO,-; and
heterocyclic group, in which said heterocyclic group is selected from
20 the group consisting of furanyl, thiofuranyl, pyrrolyl, imidazolyl,
pyrazolyl, triazolyl, tetrazolyl, pyridinyl, pyrimidinyl, oxadiazolyl,
oxazolyl, isoxazolyl, thiadiazolyl, and thiazolyl, wherein said
heterocyclic group is optionally substituted with substituents selected
from the group consisting of cyano, halogen, C,.alkyl,
25 (halogen)C, alkyl, and CO,C, ,alkyl;

(f) -B-(heterocycle), in which said heterocycle is selected from the group
consisting of furanyl, thiofuranyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, pyridinyl, pyrimidinyl, oxadiazolyl, oxazolyl,
isoxazolyl, thiadiazolyl and thiazolyl wherein said heterocycle is

30 optionally substituted with substituents selected from the group
consisting of cyano, halogen, C,,alkyl, CO,C, ,alkyl, amino,
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R3

(C,,alky)NH-, di(C, ,alkyl)N-, morpholin-4-yl, thiomorpholin-4-yl,
pyrrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, and 4~
(C,alkypiperazin-1-yl; |

(2) -B-(piperidin-4-yl), in which said piperidin-4-yl is optionally
substituted with substituents selected from the group consisting of a
straight or branched-chain C, alkyl, CH,C(=O)phenyl, phenyl and
phenylmethyl in which said C, calky! and said phenyl are optionally
substituted with substituents selected from the‘ group consisting of
cyano, halogen, benzimidazol-2-yl, pyridyl and tetrahydrofuran-2-yl;
and -C(=0)W’ wherein W’ is selected from the group consisting of
C,alkoxy, R®, and -NR'R’;

is hydroxy, C, 4alkoxy or NR'R’;

is a straight or branched-chain C, salkyl or C; salkenyl;

is phenyl or pyridyl optionally substituted with substituents selected from

the group consisting of halogen, hydroxy, C, ,alkoxy, C, ,alkyl,

(halogen),C-, (halogen),CH-, and halogenCH,-;

R* and R each are independently hydrogen, a straight or branched-chain C, 4

alkyl, C, alkenyl, C, alkynyl, C,_, cycloalkyl, C, ;cycloalkylmethyl,
C,_,alkoxy, phenyl, benzyl, pyridyl, piperidin-4-yl, indan-1-yl, indan-2-yl,
tetrahydrofuran-3-yl, or pyrrolidin-3-yl; in which each is optionally
substituted with substituents selected from the group consisting of
hydrgxy, cyano, halogen, (halogen),C-, (halogen),CH-, halogenCH,-,
hydroxymethyl, benzyloxymethyl, phenyl, pyridyl, C, ,alkyl, C, jalkoxy,
(halogen),C-O-, (halogen),CH-O-, C, ,alkylthio, amino, (C, ,alkyl)NH-,
di(C,_,alkyl)N-, morpholin-4-yl, thiomorpholin-4-yl, pyrrolidin-1-yl,
piperidin-1-yl, piperazin-1-yl, 4-(C, salkyl)piperazin-1-yl, 4-
phenylpiperazin-1-yl, 4-benzylpiperazin-1-yl, 4-pyridylpiperazin-1-yl,
CO,H, CO,C, alkyl, C(FO)NHC, ,alkyl, and C(=0)N(C, ,alkyl),;

R* and R’ taken together may be morpholin-4-yl, thiomorpholin-4-yl, pyrrolidin-

1-y1, 1,2,3,4-tetrahydroisoquinolin-2-yl, decahydroquinolin-1-yl,
piperidin-1-yl, piperazin-1-yl, [1,4]-oxazepan-4-yl, azetidin-1-yl, 2,3-

O

C
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R9

dihydro-1H-isoindol-2-yl, or 2,3-dihydro-1H-indol-1-yl; in which each is
optionally substituted with substituents selected from the group consisting
of hydroxy, cyano, halogen, (halogen),C-, (halogen),CH-, halogenCH,-,
phenyl, pyridyl, benzyl, C, salkyl, C,, cycloalkyl, C, ,alkoxy,
C,4alkylthio, amino, (C,_salkyl)NH-, di(C, ,alky])N-, CO,H, CO,C, qalkyl,
C(=O)NHC,_,alkyl, and C(=O)N(C,_alkyl),;

is a straight or branched-chain C, salkyl, C, ¢ alkenyl, benzyl, or phenyl in
which each is optionally substituted with substituents selected from the
group consisting of halogen, C, ,alkyl, C, ,alkoxy, amino, (C, ,alkyl)NH-,
di(C,,alkyl)N-, (C,,alkyl)(phenyl)N-, morpholin-4-yl, thiomorpholin-4-
yl, pyrrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, and 4-
(C,salkyl)piperazin-1-yl;

is hydrogen, a straight or branched-chain C, 4 alkyl;

is a straight or branched-chain C,_salkyl, C, ; cycloalkyl, phenyl, pyridyl,
or furanyl; in which each is optionally substituted with substituents
selected from the group consisting of halogen, C, ,alkyl, C, ,alkoxy,
(C,,alkyD)NH-, di(C,_jalkyl)N-, morpholin-4-yl, thiomorpholin-4-y1,
pyrrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, and 4-(C, salkyl)piperazin-
1-yl; ‘

is a straight or branched-chain C, _salkyl, C, ; alkenyl, benzyl, phenyl,
oxazolyl or pyridyl; in which each is optionally substituted with
substituents selected from the group consisting of halogen, (halogen),C-,
(halogen),CH-, halogenCH,-, C, ,alkyl, C, ,alkoxy, amino, (C,,alky)NH-,
di(C,_jalky)N-, morpholin—4-y1, thiomorpholin-4-yl, pyrrolidin-1-yl,
piperidin-1-y1, piperazin-1-yl, and 4-(C, salkyl)piperazin-1-yl;

or a non-toxic pharmaceutically acceptable salt thereof.
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2. The compound of Claim 1 having the formula
0 R?
)J\/ﬁ R?
HzN = \//s\\/ la
Rl OO
wherein:

5 R is selected from the group consisting of
(a) a straight or branched-chain C, 4 alkyl or C, salkenyl optionally
substituted with substituents selected from the group consisting of
hydroxy, C,,cycloalkyl, C, jalkoxy, C, jalkylthio, and halogen;
(b) C,,cycloalkyl optionally substituted with hydroxy or halogen;
10 R? is selected from the group consisting of
(a) a straight or branched-chain C, ¢alkyl or C, salkenyl optionally
substituted with substituents selected from the group consisting of
halogen, C, ,alkoxy, and NR'R’;
(b) C,,cycloalkylmethyl optionally substituted with substituents selected
15 from the group consisting of amino, (C,_alkyl)NH-, di(C, ,alkyl)N-,
C,,alkylC(=O)NH-, and C,_,alkylOC(=O)NH-;
(c) a straight or branched-chain C,_salkyl-C(=0)-A;
(d) -B-naphthyl; ‘
(e)

e
2 (E)-Y

20 z

D and E are each independently a direct bond, a straight or branched-
chain C, alkyl, C,¢alkenyl, or C,,cycloalkyl,
Z is selected from the group consisting of hydrogen, C, jalky],

25 C,.,alkoxy, halogen, cyano, hydroxy, -OCHF,, -OCF,, -CF,, and
-CHF,;
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formula I'; or an optical isonmer thereof 0O HZN5 R2 3 1 0 O I PCT/ US02/ 40605
wher ei n: WOiog/0swhiect ed fromthe group consisting of (a) aPSTrE0ynicodDr
branched-chain C,_6 al kyl or CZ _6al kenyl optionally 10substituted with
substituents selected fromthe group congigsiing of hydroxy, C3_,

cycl oal kyl, Cl al koxy, Cl4al kylthio, and hal ogen; R(b) C3_, cycl oal kyl
optionally substituted with hydroxy or halogen; is hydrogen or R and R

t aken together is C2.5%al kyl ene; iS selected fr t roup consi std ng of
15(a) a straight or b?ﬁﬂﬁ%ﬁec‘??ﬁﬁp%p?_ 5‘1%’(9? e‘iﬁ‘?‘?%mgﬁ? g@ﬁ?lcogﬁ%}f%ol ly
substituted with substi C r I a1l gl -

hal ogen, Cl_4al koxy, gk%%%%gaﬁi‘g)ﬁ@f%c%%g@ ﬁ?rﬁ%‘?‘%@@%ﬁﬁ g‘n%uﬁlﬁﬁ’
substituted w th subs(,jadliens€O)sal galtkel$ Mf, mitno, Fy®-, gndeyanopnsi sting of am no,
(Cl_4alkyl)NH, di (CL al kyl)N-, C _4al kyl C(=O N+, and C, _4al kyl OC(=0) NH;
(c) a straight or brarf@Red-chain C.6al kyl-C(=0)-A (d) -B-naphthyl; (e) -B
~ (D-X \jﬁ (B)-Y 25 L rﬁl;_E are each independently a direct bond, a

strai ght or branched- charh C _6al kyl, C2_6 al kenyl, or C3_, cycloal kyl; WO
03/ 053912 -248 PCT/ USORR: RZ is selected fromthe group consisting of
hydr ogen, Cl1_4al kyl, Cl4al koxy, hal ogen, cyano, hydroxy, -OCHF21 - OCF31
-CF3, and -CHF2; X amdRCEAORACh i ndependently sel ected fromthe group

consisting of 5 hydr ydroxy, hal ogen, (hal ogen)3C-, (hal ogen)2CH,
Cl-, al kylS-, C, -4al k&%ﬁg@;&ﬂ@ﬁm kyl SO2 , nitro, F3S-, and cyano; -ORf;

-NR4AR5; - NR7C(=0O R8; _ 7Chim@) ORB; - NHSQ2CL1- 4al kyl ; - N(S02C1_4al kyl ) 2;
-C(=O Wwherein Wis s%&e(%\?lteégﬁ%h t he group consi sting of hydroxy,

Cl_4al kyl ,10C, al koxy, pOE@)Xy whareth WNR4Bscted fom BEEr@pCbnsatikg bf - phenyl in
whi ch said phenyl is optionally substituted with cy 45 Nal ogen,

Cl_4al koxy, Cl_4al kyl Bydrogydéualisyl, Cayallioyyk phegogysa dg&% Ri 4al ky1soe-; and

het erocyclic group, in,ywhi said. heterocyclic group is selected from 20
t he group consisting g?%@? Efﬂ(}qt hi of uranyl, pyrrolyl, imdazolyl,

pyrazolyl, triazolyl, fiRhyEiaciith sady pheliyisl optiousliydubstityted vitiacdyanpl yl ,
oxazol yl, isoxazolyl, thiadiazolyl, and thiaéikyl wherein said
heterocyclic group i shelegemkalalkoriSsaleise CHCFO) thetlkylSE s el ect ed

(hal ogen) G5- B1kyl - 2k eBROtBREy 1 (1) & (hat erotyel &), in which said
heterocycle is sel ect ggtefdcpelid %i@uﬂ,riﬁ' WhiclcQnBh&térobglifgréwy BR¥lectetl fiopd ur anyl ,
pyrrolyl, imdazolyl, pyrazolyl, triazolyl, tetrazolyl, pyridinyl,
pyri m di nyl , oxadi azothe grogxemsisyihg of fisadztblofiranylhpwalsk anidazelyll t hi azol yl
sher et 58 & el erocycle o 30, o0 anelLy AVhRLL Kb Bp AL
CO2Cl-4al kyl, ami no, MWIQ@&%glyL tlgiﬁgiazﬁgflah@%%@ﬁp@herein said
20 heterocyclic group is optionally substituted with substituents selected
from the group consisting of cyano, halogen, C,_,alkyl,
(halogen)C, jalkyl, and CO,C, _alkyl;
(f) -B-(heterocycle), in which said heterocycle is selected from the group
consisting of furanyl, thiofuranyl, pyrrolyl, imidazolyl, pyrazolyl,
25 triazolyl, tetrazolyl, pyridinyl, pyrimidinyl, oxadiazolyl, oxazolyl,
isoxazolyl, thiadiazolyl and thiazolyl wherein said heterocycle is
optionally substituted with subs%ituents selected from the group
consisting of cyano, halogen, C, ,alkyl, CO,C, alkyl, amino,
(C,alky)NH-, di(C,_jalkyl)N-, morpholin-4-yl, thiomorpholin-4-yl,
30 pyrrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, and 4-
(C,.calkylpiperazin-1-yl;



(C, 4al kyl )NH, di (C, 4al kyl)N-, norpholin-4-yl, thionorpholin-4-yl,
pyrrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, and 4-

(C, _6al kywpppsvazi n-1-yl; (g) -B-(piperidin-4-yl), in whipch/tsaz/d605
piperidin-4-yl is optionally 5 substituted with substituents selected from
the group consisting of a straight or bpshched-chain C -, al kyl,

CH2C( =0O) phenyl , phenyl and phenylnethyl in which said Cl1_6al kyl and said
phenyl are optionally substituted with substi tuent S sel ected fromthe

group consisting of .\ cCua b azo Fid and

t et rahydrof ur an- 2- ﬁg) %gggﬁgglﬁgngﬁ%é}%l Wndlg lﬁgﬁté%laﬁ}’omthe gr oup
consisting of Cl al k@&%tmﬁ&dwﬁﬁgubdﬂ%ﬁ%sa&cteam Cg‘siémﬂ@hhgzsvaor
NR4R5; B is a straight or branched-chain Cl_6al kyl or 6al kenyl; R3 is

Egetnﬁl or pyridyl oFt stamghﬂq;mmhed-pgalgﬁlwlkﬁqgﬂéﬁ:g)MSp;helll)é@néd from
e group consistin I] % ﬁlgle‘glg rg;y,lk al %%

(hal ogen) 3C-, (hal ogeﬁg ¥ f é@ﬂ pKY O § iy

| pdependens! eyt g bl BliE P HAUEROR FORE frouporPlo ol oy

phenyl , 1benzy| pyrl dyjranophaiegerxdbmm;dazoll-malpyﬁdyﬂ andltetcmnydﬂ)fm‘an 220; 1

tetrahydrofuran rrolidin- 3(}% in which each is optionally

substituted with subsmrf%@%éﬂﬁé@é Fissrleetsd fignoiie sEmssonsisting of

hydr oxy, cyano, hal og§ #éx%ﬁg é s(hal ogen) 2CH, hal ogenCH2-,

hydr oxynet hyl , benzyl k‘y St 1% %B ny, ’pyridyl, C, -4al kyl, Cl al koxy,

(hal ogen) 3CG-OA (ha E%ﬂﬁ}?@h@mx}%ﬂqkm thio, amno, (C1 aI kyl ) NH-, 25

pho

di (C1. 4al kyl ) N-, nor lin-4 , thlom)rpholln4yl pyrrolidin-1-yl,

pi peri di n1@-yIB pi p@a atzalghtlothandhe@dlmn@akﬂkyl)qml%ealhmy&s- 1-yl, 4-

phenyl pi per a2| en er.azi =yl 4-pyridylpiperazin-1-yl,

CoeH, coed 4affk i@@%&ﬁwl’m‘%ﬁ%{ Sﬁ?gi’&“ﬁé&}) Béf}ﬁ?‘gs ngéfteg‘r%"% t aken
t oget her may be m)r t ﬁ) qkdde Tkd®y! €0laiidin- 30 1-yl,

1,2, 3,4-tetrahydr oiﬂgé(; ol 86?%%tm-gydﬁflhg caﬁ%r o&ﬁ%éﬁ I n¥’ C a@l

pi peridin-1-yl, pi mhﬂlagem);(l (hlalogei),@H- cnndzlm]ngan@HyL, azetl di n- 1- yl, 2,3 WO

03/ 053912 -250 ,PCT/ lSJSOZ/ 40605 di hydro-| H i soi ndol - ‘\)/I , .or .
2, 3-di hydr o- | B2 & @adwe mq@pmeeﬂy SXdI02rR 2 Higighb AL qapclseéﬁ‘é@i%teed Wit h

bstit | fo
ol ogen. _(hal ogen J+ Caratistfl € Ry EPEP, PO R CREMIBHIILRRND )
C _6al kyl, C3_7 cyd, qakdw, phéiﬂyl ngym@lqmﬁahdmm ym, dagiylpindan-2-yl,
(Cl_4al kyI )NH, di (C al kyl ) N- CO2C, 4al kyl , Cﬁl O NHC, 4al kyl , and
C(=0) N( C1-, al kyl )ZFGtR@Yd@f'éFaét3r§dl grhmyrmhdm andw@dvléﬁlap @somwrlayy C3._6

al kenyl , benzyl stituted with

substituents sel ecf‘éd“‘?%?l‘nwﬁ‘ﬁ‘esuﬁg%t%ﬂg g?%?é??lﬁé OET%HB %mg@f 4al kyl ,
Cl_4al koxy, am no, nidrbx9 lésmhbwldiogeﬁo(lﬂldg%)ﬁal(ﬁa{bgé}i?,c}tCK agéiwﬂ(phenyl)N
rmrpholln 4-yl, thionor ’ho lin-4- yl, pyrroli din-1 i perrdin-1-yl,

pi per azi n2Q-yl , andiydro@ﬂneﬂﬁ'élblcyzs)lpxspmthzh, phmyylpynayl Csﬂilyxlr cgelkoxy,

straight or branch al k ai br.a d-chain
C1 6a![ kyl , IICS 7 gy@%%%@% nglgﬂﬁge%ﬁ%g FS ?lﬁ?gﬁibz agﬁ?%g{;l#agﬁyﬁ)%ﬂﬁrch each
is optionally subs ﬂml roup
consi sting of hal ogie(gu %%lzligl Kyl C;f 4 F%l%moﬁﬂio%% ﬁgll Egllﬁé)%ll\lal-ll- -5
di (C1_4al kyI )N, nprgehdin—h—y&l; py;bqramimleylm-m@mallmmmekamn-mwﬂ relidin-1-yl,
pi peridin-1-yl, pi pera2| n-1-yl, and 4-(Cl_6al k?( ipl perazin 1-yl; 20 RO is
a straight or bran®haw maﬁqaﬁmdrylsérb@wylpmra@lra R rﬁzpyn%mmazmplh@ﬂw
oxazol yl rid C I

et SPLul e ot cthie %ﬂg&m&up cons‘r“gl??ha}{d tlbé N‘{S;ﬁa%%% ogen) 3C-,

substituefits sel ected fromthe’gro

(hal.ogen) 2CH-R* Qﬁ’dR@&R@i‘ﬂ?ogeﬂ@in{b@MéMho %lﬁ@hlsﬁlﬁmon@dfplﬁtmn-‘@-@ ,p3trsiiinNH-

di (C 4al kyl )N, norpholin-4-yl, thlom)rpholln -yl pyrrolldln | -yl, 25

pi peridin-1-yl, pi pelakz?.3,Atepphydipigoquinglin-Bailikddcipdsequandlin-l-yhl ; or a
non-t oxi ¢ pharmaceuti cal l cce tabl e.s t her eof /0 3 251 2.
The conpound of d BIPff mﬁia/\}’f &Flnﬁl’@ -Gggzepanyg-yl, ?ﬁ-@ﬂi‘ g.y?%z, 00 la
PCT/ US02/ 40605 whe 1A S-561 1t of (a)
a straight or br angﬁgam Igllr%n&:a g E?Q%ddlﬁ%fz}%l[f' e(%glq%gpﬁlﬁgl%?%fﬂgs

substitut®d with suﬂaﬁnallyenbmtlﬁedi mﬂmﬁbit{tﬁﬁﬁtt hﬁecged)frpmctbagrcmplcngsmfng

hydroxy, C3_, cycloal kyl, C alk le C, 4al kyl .t hi o, ~and hal oge
of hydroxy, cyano, halogen, (halogen)3C (halogen),CH-, halogenCHz-,




(b) C3_, cycloal kyl optionally substituted with hydroxy or hal ogen; 10 R2
is selected fromthe group consisting of (a) a straight or branched-chain
C, _6al kylworo3@sz96al kenyl optionally substituted wth sub®Cirtuseni®osel ect ed
fromthe group consisting of halogen, C, 4al koxy, and NR4R5; (b)

C3_7cycl oal kyl met hyl optionally substitu2®t-w th substituents selected 15
fromthe group consisting of amno, (C, ,alkyl)NH, di(C al kyl)N-,

C 4dal kyl C(=O NH, and C -,al kyl OC(=O NH; (c) a straight or branched-chain

Cl 6al kyl -C(=0 - A \ Y 20 D and E
are 2ac% iﬁfﬂep)enden?lfe% g‘—l p?n%g g‘ 6a%ltrﬁggﬁ¥9ky¥t9‘éﬂléé&- chain o
C _6al kyl, C2_6 al kenyikylthio, ﬁmo @ GhRFHKHA-, didC,|, 81k BNecct@cﬂ fomw, jdie19r oup

consi sting of hydro en, C 4a 25” Cl4al koxy, hal ogen, cyano, hydroxy,
- OCHF21 - OCF3, - (ﬂmcmm,,m@mmgamkybz%z PCT/ US02/ 40605 X and Y

h ind dent | ted f f
hydr oxy. hal 38@" e?w?gé%h“ﬁanv@%&"h B SR o MR ez or pRERS O™
Cl_4al ky1S(0) - C é?ﬁic%%&@g optl&iatlog(%u éﬁ%éed uﬂfﬁclsuﬁé‘tﬁ{ﬂéhts sdi¥ed frin MRARS;
-NR ( O)R8 - -dal kyl;  -N(SO2C, 4alkyl)2i 10

-C(=0 Wwherein W i groseta@sistidg bf hatogdne Cy padloy, Gp4|aﬂqosy,| anginoff (C, ajichriNE-,
C al kyl, Cl1_,al koxy ((gheno , and_- NRAR5; 1 4al kyl; -phenyl in

whi ch” sai d pheny!l i 4(pRikBntI((: Sl pheaybN- »\/W?Whel}‘kﬁﬁ’l th]%‘l‘%@@ﬂm‘ -
Cl_4al koxy, C, -4al kyl é o) C, - 4al kyl1SQ2-; and
heterocyclic gr oup!(}yl ﬁ’nv%ﬁﬁﬁggg%p%n%%??lyk%gérlo 1[f)[nilcgg,sel ected from the

group consisting of(d,! Wl)ﬁlperhiihqf}tl! anyl, pyrrolyl, imdazolyl, 'pyrazolyl,
triazolyl, tet razol yI pyridi ny pyrim dldﬁé oxadi azol yl, oxazol yl,

i soxazol yI10 t R'adi azbb'gﬂogeraﬁdtr@mhhﬂﬁr?mhe pisi oyl 20 het er ocyclic group

i's optlonally bst.i t ut ed wlths t.uent eect frao e p
consi sting of ano1 aﬁé{f‘lgbte‘?{ br@c ‘?’ﬁbar Pd?faﬁléil Sé’rﬁ aJ @eﬂﬂaﬁgﬁ

C2C, _4al kyl ; (f) -B-ANRVE iPFKich @hch is DpbhA1y stBbittulR8 bWAGYSHBents Sel ect ed
fromthe group consisting of furanyl, thiofuranyl, pyrrolyl, imdazolyl,

pyr azlol IyI 25 tri alzsaley:ted fromt thezgybuy qonpgstlnﬁofﬂyalf)gqmyﬂh Jaﬂlqilrgll_4alkoxya,d| azol yl, I
s “opti onal Ty cubstrsabd BHE et Wum@w&@%gﬁﬁéﬁbﬁa@%%ﬂ?éﬁL"Cy" )
(C st kyl MRer , “HF ( GPTRPUBRER, pinerttBl r%‘ﬁﬁ. e B ybgipgtering

pyrrolidin-1-yl  pilpgLi di n-1-yl, piperazin- and 4-
(C _6al kyl) pi perazin-I-yl: WO 03/ 053912 PCT/ USOZ/ 40605 - 253
- B- (pi peri di n—&f yl s alsﬁal\%m qrtbranehed-ghaie Cr.eAllavlaCyd ak@%ﬁ’@@ﬂe}?he?yl

subst it uted W L oYL ROSELFORS PR RiHBGATR A D o @
phenyl met hyl in whisgBstiadnik ﬂm@s’iﬂﬂfbﬁh,’c oﬁpbdn@ﬂﬁi@ﬂfh@lb@e@@hal@g‘@zw(}‘ 5

substituted with substituents selected fromthe consi sting of cyano,
hal ogen, B@nzi ni daibaloﬂers)JCH-pilalpﬂ"s;ﬂCI&ncC1t4élﬂ<5’h@dﬂf ?i}’l; amirm, Q(EwalkaHBIH (=0 W

“NeuRs, A 15 hyar o ek Ry R o STt e oy
branched-chai n Cl_&aldain 9ry1 Gp&atikaoy! ;md%_(@i aIk@ﬁBiﬂera&fn— y1:i dyl optionally
e

substituted wth substi tuents selected from dgroup consisting of
hal ogen, hydr axywnofi;toxialpkaxnace@icallybéogptable(daltithereof) 3C-, ( hal ogen) 2CH, and
hal ogenCH2-; R4 and R5 each are independently hydrogen, a straight or
branched-chain C]_6 15 al kyI C3_6 al kenyl, C3_6 al kynyl, C3_7 cycl oal kyl,

C3_7 cycl gal ky net ecgmﬂ) !)F@fé 2H W(JE e}t{ir)ah%alcﬁh%%rq%éhefi chaln

plperldln- -yI in |ndan uran-

pyrrolidin-3-yl; i T\ u@hoﬁapgalkeﬁylamlbﬁag} $ubstitutddsith bﬁlﬁdui&hﬂslael%ubﬁtl tuents
sel ected fromthe group consi sting hydr ox cyano, hal ogen,

(hal ogen) 3G, (hal dtyemilE@pup msr@g@&m oxp Gry ayadealkdd: Gylalkoxy,
benzyl oxynet hyI p'&gﬁkylt}f)g,rang%alogenf al kyl, Cl1 al koxy,

30 4. The compound of Claim 2 in which R' is C, ; cycloalkyl optionally
substituted with hydroxy or halogen.



(hal ogen) 3CG- O, (hal ogen)2CH O, Cl1_4alkylthio, am no, (Cl al kyl)NH,

di (C 4al kyl ) N-, norpholin-4-yl, thionorpholin-4-yl, pyrrolidin-1-yl,

pi peri di r'wOb3/0y3912 pi perazin- 1 -yl, 4-(C, _6al kyl) pi per azi mCTAN02/40605
phenyl pi perazin-1|-yl, 4-benzyl pi perazin-1-yl, 4-pyridylpiperazin-1-yl, 25
CO2H, CO C, 4al kyl, C(=0) NHC1_4al kyl, and28%=0 N(C, 4al kyl )2; R4 and R5 taken
toget her may be norpholin-4-yl, thionorpholin-4-yl, pyrrolidin- 1-yl,

1,2, 3,4-tetrahydroi soqui nolin-2-yl, decahydroquinolin-1-yl,

pi peridin-1-yl, piperazin-1-yl, [1,4]-oxazepan-4-yl, azetidin-1-yl, 2, 3-

di hydr o- 1H-i soi ndol - 2-yl, or 2,3-di hydro-|l Hindol-1-yl; in which each is

' 30 optional | y5.subsThe econgsbuni bfi Chailns3 intwieinh B' sed stcdtighd of bramchddechgiroup
consisting of hydroxy, cyano, halo (hal ogen) 3C-, (hal ogen), CH,

hal ogenCH2-, WO 03/@1533@?1}2OP@?@S@W%G‘GTG@MMnSM@ﬁ?W -pyridyl, benzyl ,
Cl1_6al kyl, C3_7 cycloal kyl, C, -4al koxy, C, 4al kylthio, am no,

(C, - 4al kyI YNH, di(C, -, al kyI )N-, CO2H, CO2C, -4al kyl, C(=0 NHC, 4al kyl, and
O(=0 N(C, - 4al kgl ) 2; Tﬂ%ﬁ:dn@o@nabf@laghts mrw}h&l@Ré:iﬁdstfaE@ut or Granb@ldketain C3. 6

al kenyl, benzyl, or phenyl in 5 which each is optionally substituted with
substituents sel ect@d alpdeptionallygrbsiitutedmathdraloggnof hal ogen, CL. 4al kyl

d . al koxy, amno, (Cl_4alkyl)NH, di(Cl _4alkyl)N, (C, _lalkyl)(phenyl ) N,
nor phol i n-4-yl, thionorpholin-4- yl, pyrrolidin-1- yI pi peri di n-1- yI

pi perazi n-1- yl7, andd dof ouﬁ@bf‘@ia)rﬁ'Zﬁﬁrv@ﬁbH‘Rils%Jhenyl{Q) Bnél el a
strai ght or branched- chal n Cl al I's a'straight or br anc d chain
Cl _6al kyl, C3_ 7 cyo’lzldaiadbymtuemheeiycttﬁd ﬁpm ity [grouparonéistimnyf halogenylydrbxygach i s
optional |y substituted with, sypstit ents sel ected _fromthe group

cons St 1 ng0of hal odoralkens Failnh, (nelORsrkGsyhalogey-CEks R hHPRRCH:

di (C, 4al kyl ) N-, norpholin-4-yl, th| onor pholin-4-yl, 15 pyrrolidin-I-yl,

pi peridin- 1 -yl, piperazin-| -yI , and 4-(C, _6al kyl )pi perazin- 1-yl; RO is a
strai ght or brganc héldre(tbﬁipbuﬂ ofo@laki 2,in Ghiéh RY k@yidyl Geivayily subigmiydd
oxazolyl or pyridyl; in which each is optionally substituted with

substit uents-sel ectvah i’rulbéfrlﬁu?mfé sgjediebireribe Staupgonsisting oftosenhandseen) 3C- |

20 Chmosem 2+ el ARnOe g TS S Py e )

pi peridini%-yl, piperazin-| -yI and 4-(Cl _6al kyl ) pi perazin-1-yl; or a
non-toxi ¢ pharmaceutically acceptable salt thereof. 25 3. The corrpound of
Claim2 in whi%h RThesompetndoiyBlainaf ibmémcdhRtis pheiyl opGpnadlysukstitusd

C2_6al kenyl opti onal. ubstituted with substituents selected fromthe
group consisting of*! WH; C3_7 cycloal kyl, C _4alkoxy, Cldalkylthio,
and hal ogen. 30 4. The conpound “of daim2inwhich R is C3_7 cycloal kyl
optionally substituted with hydroxy or hal ogen. WO 03/053912

PCT/ US02/ 406080- 29he c5mp6’i1mi aftCipion Adn etidl R imaStraightbi ledandRedichaia st r ai ght

or branched-chain C, _6 alk opt i onalmgll substituted wth C3_, cycl oal kyl.
y

5 6. The ¢Bnpound gﬁsﬁfﬂl% 64“?%PHI‘P isubsiituted Wb HugiSeleciRe chai n
Cl_6 alkyl optiona gen. und of Claim?2
in which R3 is pherlt;lly %ﬁédr?a F‘gigm\t%)éﬁe{f%eglﬁe all{qﬁcys st fig(e)nts sel ected
fromthe group consi st| ng of haI ogen, hydroxy, 10 Cl1_4al koxy, Ci1_4al kyl,

(hal ogen) 3C, Shal ogen ) 2CH, and hal ogenCH2. 8. The conpound of Claim2 in
which R3 i's py#i dyThegemperd of Gaises 2iin whish Riis ﬂymlk}tlmﬂﬁéosfmr@&’ed from

the group consistin e 0Xx 4al kox Cl 4

(hal ogen) 3C-, (hal S‘g’éﬁg“é@%&ﬂ%ﬁ“ﬁ@@gﬁeﬁﬁé% ficGErig, Gorg 88??8‘“8?@0 aim7
in which 8 is Pheg(l’maﬂtpi)N‘PIlaJl (Y,AﬁﬂtPBN-t@L‘é‘ I%UjN@plgﬂen. 10. The
conpound of Claim straigh branched-chain 20

C -,al kyl or C3. GaQMWIOGﬁGJNW I y substl t ut ed wi th substituents sel ected
fromthe group consisting of hal ogen, C ,al koxy, and NR4R5. 11. The
compound of Caim2 in which R2 is C3_7 cycloal kyl nethyl optionally

S UL A, S L R e o
Cl4al kyl OC(=0) NH- . ClalkyHg=0pmpound of Caim2 in which R2is a straight or

branched-chain C, -,alkyl-C(=0-A 30 13. The conpound of Claim2 in which
R2 is -B-Haphthyl . V\D 03/ 053912 - 256 14. The conpound of Caim2 in which

Reis -B ~ (D3X Fpd Bipound ot LidfRO2 19808 R? is -B-naphihyl.



15. The conmpound of Cdaim2 in which R2 is-B-(heterocycle), in which said
heterocycle is selected fromthe group consisting of furanyl, thiofuranyl,
pyrrol yl ,woms@ds»et yl , pyrazolyl, triazolyl, tetrazolyl, ppcCrdisaytq6os

pyri m di nyl, oxadi azolyl, oxazolyl, isoxazolyl, thiadiazolyl and thiazolyl
10 wherein said heterocycle is optionalt35Gubstituted with substituents

sel ected fromthe group consisting of cyano, hal ogen, C, 4al kyl,

C2C, , al kyl, am no, (C, ,alkyl)NH, di(Cl-4alkyl)N, norpholin-4-yl,

t hi onor phol i n-4-yl, pyrrolidin-l-yl, piperidin- 1 -yl, piperazin-Il-yl, and
4- (C, _6alkyl)pip erazin- | -yl. 15 16. The conmpound of Caim2 in which
R2 is -B-(pipadidi nFkegompound of\Biaitn 2 imavldcipRperi di n-4-yl is optionally
substituted with substituents selected fromthe group consisting of a
strai ght or branched-chain Cl_6al kyl, CH2C(=0) phenyl, phenyl or

phenyl methyl in which said Cl.6al kyl gand 2ggai d phenyl are optionally
substituted with substituents sel ecte | r‘/t_SlnEES group consisting of cyano,
hal ogen, benzim dazol -2-yl, pyridyl an /\%g 'ghydrof uran-2-yl; and -C(=O W
wherein W is selected fromthe group consjsting of C 4al koxy, R9, and
-NR4R5. 25 17. The conmpound of Claim14 in ich Bis straight-chain

C ,al kyl. 18. The conmpound of Caim1l7 wherein Z is hydrogen. WO 03/053912
PCT/ US02/ 40605 -257 19. The compound of Caim1l7 wherein Xis C(=OW E is
a direct bond @nd hd ®nodn@eeclaiRQ inWikcie RoBuikktabeg@la) n Wiickvksdei n X i s
-NRAR5, Eis a direct bond and 5 Y is hydrogen. 21. The conpound of Claim
17 wherein X i s - OR@fergcyicee ig seleeted fromothe gxawp cpnsistinggiditsgeh thiefyranyl, The

conmpound of Claim 17 rei.n X,i.s -NR7C( =0 i S I bond and Y is
hydrogen. 23. A phdPie p’t‘?lgyd%lo%%q%}%m&%’t%ﬁa O{yiéjg){lr(}gnﬁ{l’ of disorders
responsive 1o the gyl QRadlhadid BfbRIAORB I ehindiagigt rdnhiagdIpl | ST ng a
15 therapeutical |y ‘éffective amount of a conpound of claim1l in association
Wi th a phaonaceut i oebdryinseicidptaatdyeledappiienallyrsubltitated withzubstifuents hod for the
treatment of disorders responsive to the inhibition of _(3;amyloid peptide
production in a mareicteddTom the Se eapsisting oEfyane, Ralegsn; & 11%’% nistering to

I

1

sai d marmal 2 ther aEaN! Rl XSl RSTANSINRIDNIE, Oy ANCaIHOShBly1cl ai m 1

25. A nethod of clain 24 érein N 'sor de %\I zhel ner's Di'sease and
Down' s Syndrone. 25hiomorpholin-4-yl, pyrrolidin-1-yl, piperidin-1-yl, piperazin-1-yl, and 4-

(C,salkyDpiperazin-1-yl.

15
16.  The compound of Claim 2 in which R? is -B-(piperidin-4-yl), in which
said piperidin-4-yl is optionally substituted with substituents selected
from the group consisting of a straight or branched-chain C, calkyl,
CHZC(=O)pileny1, phenyl or phenylmethyl in which said C, salkyl and
20 said phenyl are optionally substituted with substituents selected from a

group consisting of cyano, halogen, benzimidazol-2-yl, pyridyl and
tetrahydrofuran-2-yl; and -C(=0)W’ wherein W’ is selected from the
group consisting of C,_,alkoxy, R®, and -NR'R’.

25 17.  The compound of Claim 14 in which B is straight-chain C, ,alkyl.

18.  The compound of Claim 17 wherein Z is hydrogen.
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19.  The compound of Claim 17 wherein X is C(=O)W, E is a direct bond and
Y is hydrogen.

20.  The compound of Claim 17 wherein X is -NR*R’, E is a direct bond and
5 Y is hydrogen.

21.  The compound of Claim 17 wherein X is -OR®, E is a direct bond and Y
is hydrogen.

10 22.  The compound of Claim 17 wherein X is -NR’C(=O)R?, E is a direct
bond and Y is hydrogen.

23. A pharmaceutical composition for the treatment of disorders responsive to
the inhibition of B-amyloid peptide production comprising a
15 therapeutically effective amount of a compound of claim 1 in association

with a pharmaceutically acceptable carrier or diluent.

24. A method for the treatment of disorders responsive to the inhibition of
B-amyloid peptide production in a mammal in need thereof, which
20 comprises administering to said mammal a therapeutically effective

amount of a compound of claim 1.

25. A method of claim 24 wherein said disorder is Alzheimer’s Disease and
Down’s Syndrome.
25



