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WO 2008/ 063912PCl | US20071084154 SUBSTI TUTED PYRAZCOLE AND
TRI AZOLE COVPOUNDS AS KSP | NHI Bl TORS BACKGROUND OF THE

| ROUF R 1Er 0ss- Ref erence To Rel at ed Appl i cat F(ORVB4H{0&4154
application clains the benefit under 35 U . S.C. 119(e) to
| TS. ed
A g e A
reference in its entiretyINHIBITORS the | nvention Th| S

i nvention generally relates to substituted pyrazol e and
triazol e conpounds and 10 pharmaceutically acceptabl e
salts, esters, oBARGRGIEND B BHE INVENTI®MNention is
further directed to conposi tions of such conpounds

together with pharmaceutical |y acceptabl e carriers, to
uses of such conpd@iRelesegcs he Relafrdedpplisatify  and to

ot or Dps el e Raattsdit s o LR LY st finget o

MhyliGdtioh Ubres No 160/ @83chog eiled @i Soveadbars, cado, ivalct es inddrp@siem s
Lﬁe Char ct eri.zed by a notor domain havi ng about 350

IH8 béié Glgrenssdh BUgEThe crystal structures of several

ki nesi n notor domai ns have been resol ved.

Currently, about one huridided thi Ine&itionr el at ed prot ei ns

(KRP) have been identified. Kinesins are involved in a

of 200ryanuan B FURE o BRERRG T AR B AR pRERE ano

epidoph@stidallg acroeptalo:lu bal) csGey enr;abdrK@Rhermﬂ @hadiivewsidrhis fureher

m,cr ot ubul e

TR uatpe Ry Rl bt g ey aily apgrabi

dedrtigrg td hes F duoh bemsdua@e o tbéir plaparein| aneiye tetatedliiRERediates.

mtotic KRPs are of particular interest for the

devel opnent of cancer the%ta Eg Ki nesin

spi ndl e protein (KSP) (al 8% as Eg5, IisEg5, KNSL1,

or KIFI1l) is 250ne of several kinesinlike notor proteins

t hat dfiecdimead ingledpoinshigt pictadtnosing pﬁphdimaiam@bihdm mmiCt(muttot@s
%weaeergtefrr%rcléa[mcap%‘fceo %me&lns arg gg ?c(ﬂ%ri’]z%dn B%DfneFolr gﬁmg p h%gﬂg about

uSS Ongniad acaah tesidodly Tt cgsthletiuagas nBicverhieki@sinenstomdosnadfs hK&Peen
was sh wn to arrest !deka cells in mtosis with

nBRUSE r al merotubule arrays (BI angy et al., Cell

\?msl gﬁ5§% reeng hagcl)u grSQe %ur{guedq(tmeolrr]lsfe 34 Brotemsa(ﬂ%gg{ave bgen Sentified.

f Hlﬂem:eare mvolend masanety € par lablbglallpmcéspsemgudhhgl ﬁal’ﬁ;pﬁitl bans

5( Eno 1027

aﬁf@atsi IR 32‘8 S%Qﬁsaf“b‘{\lﬁ@@@n%‘&ﬁﬁfzth‘(‘ %{?Blﬁsm’lc re“"é{h‘al ﬁﬁeveraﬁ?@s
Yﬁlltbazgjt dah tli‘d&ﬁlbllfoﬁlbal%? 05@3 mBB6c splRAOIr. w1mtﬁath’f®fﬁbsoﬁ'fe; giedckl$ and
with either ATR A ( trans-retinoic ac ich . .

r SWGEES PQSP PRREH 5&% 6*}7’ pRYic gt thq & ég’de \gﬂletﬂ%'ﬁl‘t%tﬂ‘i BRPs
Ofire KBFAartiGl FGntadétifSIQRS EevOlbp B B e boBd tRi@spchyeal ed a
significant growth inhibition in DAN-G pancreatic

car ci NoiBsic §liddie hro@ind&SPNGIsH fkﬂwaK&FE%lﬂ gbt g ShRNSDY adr\kad1 1)fs
t he 10ant|EroI|ferat|vc action of all trans-retinoie aC|d
( RS éflaver Kinegig- likg motoy prosins|that @eé%al@eﬁl‘to thegytntic i}gg@i and
1R to bBtRUREE foP Bl MatidhREd/SERARLS of B8R Wil ARiRidsfifdiat ed
protein kinase pEg2 was shown to associ ate and
phosphorylate XIEg5 (Get, R, et al., J. Biol. Cheri.
274:15005- 15013, 1999). Potential substrates of
Aurora-rel ated ki nases are of particular interest for
cancer drug devel opnent. For exanple, Aurora 1 and 2

ki nases are 15overexpressed on the protein and RNA | evel
and the genes are anplified in colon cancer patients.

The first cell perneable small nol ecul e inhibitor for
KSP, "nonastrok"” was shown to arrest cells w th nonopol ar
spindl es without affecting m crotubule polynerization as
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screens and it was suggested that this conpound may serve
as a lead for the devel opnent of anticancer drugs. The

i nhibition was deternmined not to be conpetitive in

respect to adenosine triphosphate and Lobe rapidly

rever slhﬂ9% (ideBpleiis) of K SP wingain anti‘rBid@ dhemdsztgaimt the C-terminus of

4§8§ %?g\/él tg g%%by@ggelﬂs 111 mlt(%sltm w1% ?ﬂndas’[ral (il‘(éthl]ﬁ():lge 2y fray’s (Blangy
| orpit. oV b8 X skt be rl&%uMmzﬁxoni inEhnﬁClaﬁd eutn gmés fvdnch}@@con&dered

to s th re ef ctL VIVO ||1h|b
aicpeRepBlogr STl B sl IR nsGpmate e Pk Byt ians
| (Enosien Pl ReNtorris, Oels 60: mnenltoaorl 9D®) et Sﬂﬁiﬁ&ﬂcch&)‘omyces pomnbe

stituted pyrazol and t unds an he .
b ot oy PR DR anr 6 SEER S SRIP BHARg e K fciher
t hemqfau trhld@etinddd £RBIAitIORduRESFRERUsioRdN tEOIFPORI [EicQ RS,

uses for treating KSP nedi ated di seases Swher ei n t he

cewb%laﬂ AEKSP wsip i eEnp BB o HES TRl P eant v RgRybiton

RB] N R; ﬂan(:ife)mé’\@ll%lﬁdn'ih ceftd indRaR (B4 KeP dc'lfgﬁ’trﬁetlﬁ‘\%l\%ﬁ%@le
consi sting gTand substituted al kyl ; is sel ected
Iﬁﬁﬁ [

f ?rémqllﬁ@atgwc@etgp RRSHHNAE 2R dradger - %ﬁlak vi BlOéerlcm 274,
sypbikode @9@'} kbﬁlteresgi % thch%%ﬁsclE@\gs jJer-rteﬁ?ed?)ﬁQHQ kinase pEg2

consisting of-L"- erein 124 is selected fromt
graupows rtfs%gqum@ar@fphow(ﬂgwlate XEES)Gict, Rg(c0yl-, ). Rinll Ch‘é'((lO) 2-

apgh. Mook 5?5%’1%' F@bfdﬂﬁ{nﬁ D duDGra@S BHRLGAR o8l kiBs Qfard Hpcular
subst’i t ut oxy, substltuteé/al oxy, ar
s ubsest fompmerawg devn'ep@ptﬁaFyﬂ exagiplgsp ot le@dﬁéﬂ@swgll

UL PRyl Aokl ek oyl oLt o

spitectsed fromthe group consisting of hydrogen, alkyl,
substituted al.kyl, alkenyl, substituted al kenyl, aIkyI,
and sdﬂsﬁhﬂu@bnmakﬁymyhdlmveﬁmsmhﬁﬁémmt5§%th@nmmbthwmhﬁown
a%o al;r[%st cg n§0w1t}{ %ngnﬁ th% a¥ yﬁt%l/(%{ S w1ﬁ1?u{ e&fe’ct%{sﬁjnrg ?ohfbu[ ?&)?y‘ﬂ{elﬁ\égloth as do
hamsmomydkhahwthgmmwpuMhsnemo@tmdnakéMkﬂnmsad@wtﬂdﬁahal

L 5052 SN 1), opds BTt o B S AR gy neptascd

gscdns oansivad supgeset thy tisageaipourtiaho, ahikywb a lad tbrshdogiélbprhed of

alk I s selected fromthc group, consistin
GEIHPRY L AR SPGUpE S mngf it 6 B e b EFORFy o
%den@indhﬁp@@pﬁﬁ%}/jan?@o Bﬁﬁagﬂrﬂeb@ms C] blSéBdnlLBt sd etVMl t Bzocl{e]zﬁs)tra/,
ere Rl | s as define erein 4, an
é%#gR’f@ i baraopd Maskalor: ilFH: re’ri? 9%8%? 20005 2, 3, or
wherein L2 is Cl-C3 al ene and, A2
seI ect Bdlgﬁtr(tfb?etlﬁlgo‘é%ﬁﬁ ‘W%Veéfﬁwtwapé?w L%Bsat‘}e%foégsg
amylbitoRet«e kRar¥dtive LRSS inhBited cNRER bABK YP-rcl@YEhoRikY |
substituted cycl oal kyl, heterocycl oal kyl, and substituted
het erocycl oal kyl, provided that R7 is not attached to X;
is selected fromthe group consisting of hydrogen and
alkyl; RO is selected fromthe group consisting of
hydr ogen, hydroxy, al kyl, substituted al kyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
cycl oal kyl ,
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substituted cyctoal kyt, heterocycloal kyl, and substituted
het erocycl oal kyl ; or R7' and RO together with the
nitrogen atom pendent thereto join to foini a

het er oeyel oal kyl or substituted heteroeyeloal kyl; Rl is
sel ected fromthe SUMMABRYGFIHEMENVENEIAN, al kyl ,
substituted al kyl, alken | substituted al kenyt, atkynyt,
subst i t

bt e BN o Eon LB SRS L ool
ccmspogtld d gfe phymiraogeinallyadckaptablossalhs eitersitoes drodiugy khereof, their

AT B SRR LS, DETAL LR, DESFRL T Y, e

Cohpoinnigscoofpotiiis arenv;sastenmdby ficlFodeult Adse of Formula (1)

or a pharmaceutically accepgwabl e salt, ester, or prodnig

thereof: R7 N6N R6--(sxR2 R4 (1) mhereln R1 is

sel ected fromthe group EQE%FStW®g of al kyl and

substituted alkyl; R2 i rfromthe group

consi sting of hydr ogen, al k§| nd substituted al kyl;

R3 is selected fromthe groudeon§|s¢jng of -L'-A",

wherein L." is selected fromthe 25group consisting of
-C(0) -wheS{ir) -, and -5(0)2- and At is selected fromthe
group consi 0 bst tut ed a oxy,

subst IItgu éect[ drh%m Ihegou% cbnsw!leB%? atlla/ r(lldsu g?r"tutbfii]z?li(klr oaryl .

subst iRt eﬂiedtmltfmhomegfqup «:misoag kﬁ/ﬂy,dr(@mh&tlayt uhdghbstituted alkyl;
cyclo erocycl oal k substitute

ot er oy PSRy Tort Rt 1 T4 4 UG befoelepisd fan the
group cog@hﬁtdﬂ@gtmgomwtb)ogem) aﬂ;(b)l and8SL dndt/€ds @ldeyedd from

APV AREE A G R A o)
respect i vigkiyutch@f@thetefdaiy stibstifu@édReterdary EcylcRak @l Qbstituted
nmenber ed heter ocydoal kyl or substjituted hetcr oeﬁfl og[ kyl

group wheY®abpt heRReygoadng sdbsitited hstrsecyelpally!atnd
addi t i s kQecidagrdni the QERP c&%tsaﬁg@ﬁ @magen Wiy€ @u@ﬁm@aql@

are attached) is selected fromth consi sting of O,

r
S, or Ni alkenyl.psybstifusedapgnyy alkynyRgngd @%@P@é@'&‘dﬂﬁf Iy om t he
group GeNsheki Bgetﬁér whbﬁclﬁ@&&ﬂs b&lﬁ\'d?esp@étl%é{ kthe?@éjjom to form a five
substituted alkyl; R6 is selected fromt group
consi st i gewin regmbewil heterocyresliey! oc subbigatek ykterogyojdalkyaaigup
het er oar t

M/ggre %{I)l{lla’] gfrl% éﬂg d‘aﬁmﬁﬁ% ggg at%?\ il 9@%&3&5%% %}qltug ‘c%&img?g
3, or Oﬂhds eadR'RI may be the same or different when m
is 2, )’{3 11.2 is -L2-A2 wherein L2 is Cl1-05
al kyl ene ancf) ,Rb is selected fromthe group consisting of
aryl , Rubsdlé¢ctadtfen the gtoup hettssrmgofyﬂy;ircgarbimllot alk@ohand substituted
het er oary, IlK cycl oal kyl, substituted cycl oal kyl,
het er ocyc %al kyl, and substituted heter ocycl oal kyl ,
20pr ovik de skl dclaitfrobd thd grasip mtsisahg afod’yeldallkpl Meterddycalksl, aryl, and

oo e o L SR LA, S LT
hydr oxy, asdefiyiéd hesaihsh ist1yR ey oﬁcﬂ lﬁ)ﬂh cacARY! mapbdst bdnut @different

aryl, het frmor%rlg/é’ 3, uLEst ituted heteroaryl, cycloalkyl,
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substituted cycl oal kyl, heterocycl oal kyl, and substituted
het erocycl oal kyl ; 250r R5 and RO together with the
nitrogen atom pendent thereto join to finni a

het crocycl oal kyl or substituted hetcrocycloal kyl; RR is
sel ectRs firemviteecigh ois 01 €onkiysné agl Afis syeted, froml tay lgroup
substituted. al k al kenyl , supstitute | kenyl . al k I
subst i ¢t ey oy PR v B birdh S KSR eron SY ey
hydr oxy; substitu@0 Rycloask ysdlceatcedodlkydant kebsgruadmecanrsgélsdlkyig

of hydrogen, kyl+. substit | al kyl, -S02al kyl, and
-SOZSUbS%P?ﬁF%&mgéH?PQ“Ideyaﬁgﬂn one enbodi ment, R2 is

al kyl .RYinsdfreedaspetit grond cosisieg otlydrdgan anotiher aspect. Rl
and re nmethyl. I n.ane odi nent, provided.is a
conpo 9gis ﬁ%??ﬁﬁigyolﬁb?lﬁﬁfoé{p (:?Ig)sppg of(ek'n};g5og81}, X rOX}p, aﬁ(yl, substituted
phar macegkiicayl yudeeeptbab|etetakhll, suBsi@éd hdroddy0eicldlkyl,

t her eof : - Owherein RI, R3, R4, X, R6, and R7 are as
defi ned FEPUESH fepleplipl)heterasy eyl emp seishindgeisrocy Healkyl:
coOMOouRes aff RFREEMH Vil the ARGgdhbdm pkBent MeSetdNjoin to forma | N

ot her enbodi nents of the conpounds of Fornula (lI) and
(1a)- (1 efstorreyelpalbmbor sppstigesrecaspseeledkylRs i s hydrogen

I'n oner 'erQRLERRbm (ROFRP ARSIy drBGanb MBNLL B ndERalkyl, alkenyl,
represented by Fornmula (11) or "a pharmaceutically

accept abpubststaied alkerst etk ynply subsigeied atkbied a6, alkgie sebstitutqd]
i's selecLe onsi sting of al kyl and

substithe%qgﬁﬁgk%Hgﬁg?gHg?iy[ substituted with one to
five sRibstscleciehiremgled geteensistowof hedrggoougkyd onbstgutehgkof
hydnxy, & , Substi oxy, am no, substituted
am no, a?%ﬁ%ﬁgfﬁg;gﬁﬁ#&#&ﬁgiéggén-containing

het er ocycl oal kyk substituted nitrogen-containing

het er ocycl oalldyTAILADR PESERIR BN O hEARVENIAON | and
substituted nitrogen-containing heteroaryl; A is

sel ected from the aroupc&ap&ingtoNthehveakiby! , substituted
al kyl, al koxy, substituted al koxy, aryl, substituted

ar 36 I, (ttﬁﬁ;ﬂigﬁ@f()f:the i?taa;abﬂ ﬁuhe&thb@t(ﬁmeﬂmzli D &yﬁﬂlﬁﬁﬁ%wtgally
substi t ut cycl oal ky et erocycl oal kyl, substitute
hRACERERLG R to 2 gy AT ProgRts REBEE: or Al and R4 toget her with
the atons bound respectivelyg thereto join to forma

het erocycl oat kyl or substifufed heterocycl oal kyl group
where optionally one addi t/i al i ng atomis sel ected
fromthe group consisti%b O,fS¥or NRil; Xis CR5 or
N, R5 is selected fromthe group-gensi sting of hydrogen,
hal o, alkyl, and substituted &kyl; @® is 4,2-A2 wherein
L,2 is Cl1-05 al kyl ene and A2 is selected fromthe group
consi sth¥gmof aryl, substituted aryl, hetcroaryl,

su b;st i flt;L(m ﬁéﬂeoﬁe‘a:fﬁfnome )gfoup l‘éi&slﬁsﬁﬂé Kﬁédlkyl gﬁkf@%étztﬂg@ flkyl;

cyel oal kyl, heterocycl oal kyl, and substitute .

het er oy pdesigdyffom i%s group setssépe el BT ey rpdpLstituted alkyl;
consi sgii0g1Qked il 09 Eﬂ)uﬁrd&ls%ltik%l)ﬁ -LRA ! whep&h eCLs@elcdiéPmh R

roup consi sting of dr ogen droxy, al kyl, substituted
J P group consf%ting of -%(O)-,g-C(S)-, -gl(O)-, ar)lld -S(O)gy and ASq is selected from

the group consisting of alkyl, substituted alkyl, alkoxy, substituted alkoxy, aryl,
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al kyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, cycl oal kyl, substituted cycl oal kyl,

het er ocycl oal kyl , and substituted heterocycl oal kyl; or
R 8 and RO together with the nitrogen atom pendent

t hereto ﬁt@ﬁhubd afyb hitcevahgtsebstioyal fw&lrdawl cmclosldmls subsurtied
Pﬁtee; g%c}l}c 0d dcy¥ {wterOC}/c?(\),%ké/l subs%tutﬁl he?Tocg&o%E Tﬁifﬁay be
sel ectRds fala@mdtfiven g gtqnp comnsiisg oMy daigec pikyo ,sulahklyeld alkyl,
substi t ut

al kynyl , E%@ﬂ%&fﬂé‘? ang%R ?H(ynyyé‘fé S‘}bugtﬁtg%‘}fkk?abst i tuted

al koxyar [ﬁah@R apethdwdihakysto@antourd' respécnselbmmcdjoimerfomhzefve

group consi sti ng of dro | k su i tut k |,
Tt S e T S R A AR AT
conpou ndsher oﬁﬂfnﬁlﬁﬂf ane(ddhl)tmnaxrmg atNm (m addltlon td me atnla,gén
enbodi nents, of cogpoungds o

CR
In sone 5@%@@9@ to Wélcpg H%Boﬂ%ﬁttached) 18 selectpﬁfrelﬁléhe group
enbodi mepdnsisRELA Fl@dod 9R B; compound having Fornul a (Eta)
or a pharnmeceut i cal [y acceptable salt, ester, or prodrug
t her eo¥is G& or(V13) I'n one enmbodi nent, provided
i's a cenpunedtR 8 ofRp 'i‘yﬁs?stlﬁé of H%z)iro%én %alBh@}Eﬁ%%%Bsﬁﬁ&édy
acceptable salt, ester, or prodrug thereof
one embodkient of the compounds of Formula (1), (1a) 410
(11), @n Dethhi- B h$o iyl Glkyl
enbodi ne%%élélgl@l S se)agr gg&%lsnng lﬁdgk%ro pﬁ‘eé%ﬁé&fcgb“f% alg# and
i sopr opy heterpartghitly pf wiapllmpy b@%tlonallmuw@tedmmldr(ﬁemwhdm Ri’dgs
-CO-. odi St
aryl. |1 nass%egg&ghseg%gtngﬁﬁl glggg{‘jk?gé\leaéh?{ egﬁ%{)yr bé&ﬁ%u t(%rtdhf{tfgé%q
phenyl . whenmis?2,3, ém};one enbodi ment, A is heteroaryl or
substijut ed eroayyi 0 asp
substll%u gﬁl %fWhﬁﬁeélh t‘utseg‘ 5V anéi ® fer%ecct)eﬁief%énn%l 681 ent
Al is cycdnsatitgydf aoyl, mblshnsllted uyleuetoWDMMymted heteroaryl, Icpclosilieyl,

het er ooy SISy PR LRSS H SR angﬂvbeJ Bty or

unsubst | pat@ed thaor ik adti areched to X; one enbodi nent,

Al or. substituted alkyl n sone ects, Ais
al kyl ‘%Jdég%%“ﬁdt [ﬂ“é@‘eﬂ‘luﬁ caskeE% Ofo‘}Y W&‘P ?kSJI?n one
enbodi mERteleofNd fiotn the grolaﬁ ramtshh@dﬂ Bafgedt hydirox ¥, alkyt, @xstituted
but oxy, n-buto 2-di met hyl propoxy

et hoxy, Pi¥lady Slghstlmfeéawi%imgwa| SubH FrORRITO AR wloalkyl
2- et hy| pryoRexy cydvcthﬂaylhetemcpasmyl rhnasubsnmdae{efemcpcléalwl,
npropo>§)§ Kgldané‘f yridi ne-3-yt, pyridin- -fyl

pyr azi#- WP togetheny b tbs wfragﬁnzlwym pentd@ttrt@ﬁwwm orfam 3- y| |
|5 tet rana%%c@#@vmﬁbsﬁnm he%e‘fbctfabg ggol -1-yl,
2H-tetrazol hi azol - 4- 4-t hi adi azoI 2-yl,

1, 3- beﬁqz@tsﬁieﬁﬁa/ ﬁg@ﬁhe@gryqlp con51st1ng of cyano, alkyl, substituted alkyl, alkenyl,
3, 3-di hy@l{b@@ﬁﬂ%&@kéﬂﬁ h%l&lhklﬁa@'ﬁr%%mﬁnw-cg, alkoxy, substituted

benzi m dazol - 2-yl, "benzi m dazol -
benzo[ 1, 2k&in hiladindhplrexy; bethzoxadi azol 4-yl, eyclopentyl,

| 02t 15 RHRROL oy PORIFEIL Y o, i,

-SOzalkyl and -SO,substituted alkyl.
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pyrazol -3-y!, pyrrolidin-2-yl, pyrrolidin-3-yl,

oxazol -4-yl, tetrazol-5-yl, or piperidin-Nyl. 20l n one
enbodi ment, A is a substituted aryl or heteroaryl group
sel ected fromthe group consisting of

5- net hy ba@dmtedimendaR’ob aldyll In @rcarspich &Yl matbyl- 4a yrother aspect, R’

4-t - but yl plicnyl, 2-chl orophenyl,
Z?EH?3¥%W%¥WEthyIpyrid-4-y|, 3-chl oroplienyl,

4-chl or o . 6-C pyridi n- .

3 4o AR e Kaim o GEGRL LRl Kiving Porpula gl gy e
HelpymazolicaBy agckeptal@de dalicl eateredripyddring hzodf 5- yi |

1-ethyl- 3-nmet hyl - 1H pyrazol -5-yl, 2-nmethoxyphenyl,

254- met hoxyphenyl, 4-inet hy’i soxazol - 3-yl ,

5- net hyl i soxazol -4-yl, 4- Myl phenyl, 1 -nmet h yl -3-tri
fluoronet hyl - 1Fprrasz{\ , R'-met hyl-5-c hioro-

| H pyrazol - 4-yl, 5-netﬁyll.%+p azol - 3-yl, 6-nmnethyl
pyriditi-3-yl, 2-pyrro | idin-3Nyds phenyl, 4-(trifl
uoromet hyl 6-(trifitioronethyR)p}nadiar-3-yl ,

2, 5-di net hyl oxazol - 4-yl, 2-am nothi azol -4-yl,

4- et hyl pyrazol -5-yl, 3-R{ifluoronethyl pyrazol -4-yl,
2-met hyl -3-trifl uoronethyl azol -5- 3 Oyl
4-eh|oro-1,3-dirnethy|QML&E%&QR?Bh]pyridine, and

| - met hyl benzi m dazol - 2-yl . X I n one enbodi nent, A]
is a substituted heterocyclic_gi~gycl oal kyl selected from
he group consisting of 3-[(an$noaceﬂﬁvianino]cyclohexyl,
1- met hyl pi perazi n-4-yl,
342-an1noethy|su|fony|an?%otcyclohcxyl,

1- met hyl car bonyl pi peri di nN=YI , L,

- met hoxycar bor t yl pi per i@di-Rs 4 Rqui nueli di n- 3-yl,
2-oxopyrrolidin-5-yl, 2-oxdpyrrbolidin- 54-yl,

2- 0x0- di hydr of ur an-5-yl , 2-on£%TB&ol'din-4-yl, and

3- hydroxypyrrolidin-5-yl. In one e Kdi ment, A i s2

- (hydroxynet hyppyrrol idin- 1 -yl. In one

embodi ment, A is a substitut®d al kyl selected fromthe
group consi sting of 3-an1@5? -OXET
I(21-O-pyridiny|nethy|R&CQa yl, (N, N-di net hyl am no
net hyl , et hoxynet hyl , p- f | udr ophenoxynet hyl ,

hydr oxynet hyl , 11-1-i mi dazol -ﬂp’yTWet(%I , 10ni ctliox
ymet hyl , (N-ineilaylarn ino)nethyl, thylsti | fonyl
met hyl, (5-nethyl- fl-tetrazol_1- yl)methyl,
(5-nethy|-ZFLtetrazoI-Z-yI__t%yl,
nDrphoIin-4-yIinethyI,I-‘%E h y1,,2,3 -Haw | -yl net hyl
214- 1,2,3 -triazo |-2-gt %  11-1.,24-triazol- | -
ylmethyl, 211- 1,2, 4-triazol-2-yW methyl, 411- |
,2,4-triazol-4-ylinethyl, 11- %l et%@ | -1-yl et hyl ,
1Htetrazol -5-yl nethyl, 2Htetrazol -2-yl net hyl

| phdanql- g kk,@?,tﬂﬁyelrﬁd RLLfB %'axﬁmrfml@%a ah. Sylinethyl,

pi peridih-4-yl'rethyl', trifluoronethyl,

di _mat m{ls@rm: %%Méms @fqge go'n%gﬁd%'of Formula (I) and (Ia)-(l¢), X is N.
am nopyrrolidin-I-ylmethyl. I'n one enbodi nent, A'is
NRBRO. 11 RihePBRLITRGR SRR conffBuld® o ¥GHRAEM) anki MaR0S), X is CR®. In
enbodi nent, 'R8 and R9 are hydrogen. 20l n one enbodi ment,
RzardpRG, Br & halikgdn. | n sone aspects, R8 and R9 are

met hyl . In one enbodiment RO is selected fromthe
group consisting of alkyl, substituted al kyl, and
cycloal kyl. In some aspects, RO is selected fromthe

group consisting of nethyl, hydroxynethyl, nethoxynethyl,
I net hoxyet hyl, 1uran-2-ylnmethyl, 2-hydroxyethyl,

cycl opropyl and isopropyl. 25In one enbodinent, RO is
aryl or substituted aryl. In sone aspects, R9 is selected
fromthe group consisting of 4-cyanophenyl,
3%$1-di fl uorophenyl, 2,3,5-tritluorophenyl,
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In one enbodi nent, R8 and RO are cyclized with the
nitrogen atom bound thereto to forma heterocyclic or
substituted heterocyclic. In some aspects, -NRBRO are
sel ected fromthe group consisting of thianorpholin-Nyl,
1 1 -dn omtmbcaiilrocrrp,rmtﬁpnuﬂﬂs yf the i@kntioamant tep@samted foylFormula ¢il),or
a Ey (g)%nF%ag ccegtl)a?lp rsap? gltgrl cl)r r{)r?\(]i_r%;% thereof:

2 6- d| met hyI mor phol i n-N-yl,  3- hy%oxypl peri di n- Nyl ,
3- hydr oxypyrrolidi n- N-yI
4- (butyl sul fonyl Thi pera ycl opr opyl sul
fonyl ) pi pera. zi n- N-yI ano)plperldln Nyl ,
4- (et hoxyear bonyl ) pi N-yI
4- (et hyl sul fonyl ) pi rra2| n- N-ylom
154- (i sopropyl sul fonyl ) pi perazi n
44i net hyl ear bot t yl') pi perazi n-N-yl,
4- (metJydrsrtl f onyt) pi peridin-Nyl,

- |
2 ggft hﬁé{ﬁé@“ Y ngg{ugg)rglsﬂpgf)falkyl and substituted alkyl;
4- cycl phiexiyl pupekazd Withbnd to fide mbgltﬁr@éemle&etreu o th Yroup
4-1 sopropyl pi.perazi n-4-yl, 4-not hyl pi peridin
i soxazol PUPRLREE §fihydiesy. sHOKY- ﬁuwﬂwed %ﬁ%éf%ﬁ% SNZSiy)ruwd amino,
pi peri di geyNmytho, thQZm{r&\gé‘Eifc@Kﬂaﬂﬁfg%Q%y&@é{Eﬁ OsJubﬁitﬁt&i Mrrb{éen-
and pyrrolidin-N some enb
subst it ut?(élé?llan&wemmlogkkﬁ’e na@ﬁ@bf@talrmg h%erawwnd substlmted

substi t upgdeM dotatnidPnerrsist i tuents sel ected fromthe
group consisting of -am no, substituted am no, hal o,

al koxyA' is shentadtframe the grduoegnsising ofafler oxpstityted alarhealkoxy,
enbodi ne t u f:
hydr ogenmbg%tbn:gggfrkﬁ d;ﬁ%ly‘?%hlf‘s%&é %Eél %?ﬁ\ﬁéﬁ RubGRSd 8Lk D&y P
-Cl-12- azs@ﬂqaﬁthswasytutedn@t@alm, fEtetﬂmdyylda bplymb@ﬂlmed yl),
-(012) 3 -0124 11-1-i nidazol -4-y1),
- CH2- pyr%l%gpoﬁ)%ﬂé&y%and%% 1{)2 (2- hydroxypyridin-4-yl),
- C1T246 AHyidd Bx;qutherdmmtﬁe ytding ber@idrdspeqiyely Olfcreld foiBtoyfbrm a
- CH243-f li.toro
G 2 (a- RpapoRpl Pk eed oo s perrargayvare
i di n- 3- ydgdition@l ridg-afbetn Byselcstek frmyiticadrew@lcbasiftg of O, S, or NR'';
30hydr ox hyl pyrrolidin-3-yl),
-oﬂ-;??b%(rr%o‘?r ©3-yl, 1,2, 3-triazol -4-yl)1,
- CL- 120CH( Mlecla)fbh2i¢ gloup 461kR)idg Oflrylirogen, halo, alkyl, and substituted
- (Cl- 12)%\ 0(c0) plienyl, -(Cl12)2-N1-12,  (CH2)32NHCF12,
2( CH213- {‘ --(CH2)3 NHOCHI , - ( CH2) 3- NHSQ2CHS3,
- ( C"|2)I37NHI(25G;2 vﬂm\éaermp%@ icdicn a&ywﬂa and- A%&Md frozy Gk eRIpPY|
4CH2) 3NH- cycl obuty -( Himdazol 2-yl1),
-(CH2) 3 4@@9@[}%{)?&1@})%1'115@ gl het?ro?rﬂ, substltuted hetefoaryl, cycloalkyl,
- (( CH2) 3Nk e CRrHIBA, h})é{em&?é'lb’ill}yl and substltuted heterocycloalkyl,
- (CH2) 3NH 5tr|fluoromethy pyrldln- yl
- ( CH2) B NHEHEEL Gy EID e STy cons{sahe el hwimazn and alkyl;
;5 ( py[(ﬂ 19 kenec’f)bd)f’ld?ﬁ(ﬁﬁ)a whoupk cbnsﬁqgggi} hydl?b§¥r4- h?droxy, alkyl, substituted

-(CH2) 3 hoxy- H-indazo

(CH2) | NH@HZl mL stmtymd aryihictsea o) subs:gmng cterqpl CHOMaINHD
-Cl 2CH
- CHZOC?L%l_]%g@@?@ '%ué_goalky%%(i@gg%%%nﬁ_g%gu?ﬁdﬁeterocycloalkyl,

- (CH2) 2C( 0) NH2, 2( 041 2) 2CH( NH2) C( 0) N142,

_( CH2) 2CH( NH2) C( 0) OH, - ( CH2) 2CH( NH2) CH2C( 0) NH2,

- (CH2) 2CH( NH2) CH2OH, 10 - ( CH2)2CH( NH2) CH3,

- ( CH2) 3NHC( 0) CH2NH2, - ( CH2) 3NHC( 0) CH( NH2) CH( CH3) 2,

- CH2Cl111- 7012NH2, - ( CH2) 2N1- | C( 0) 012N - 12,

- (CH2) 3- NI | CH2C1120H,  ( CH2) 3- NHCH2C2H,

- (CH2) 3- NHCH2C, 02042CH3, - ( CH2) 24- N( CH2CH20H) 2,

- CH2) 3- NHCH( CH20H) 2, - (CH21), CHI, - ( CH2) 2CH( NH2) CH2OH,
- (CH2) 2C( CH3) 2NH2, - (0- 12) 20- 1(NH2) 01200- 13, 40-12) 201(

=4 NN PN A PN PN A

B
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In one enbodi ment, Fe is aryL or substituted aryl. In
sone enbodi nents, R6 is selected fromthe group

consi sting of phenyl, 3-chlorophenyl, 3-flitorophenyl,

2, 5-di fl uorophenyl , and 2,3, 5- trlfluorophenyl 10En one
enbodi ariitapd R%tog@hd:retlélrtbamydganratcsm bslert titcedo foét ©rfoar y |
Lgngrgt Ieﬁgerg?y%? a k;;{l ?r sufés%gﬁed he eLoec%c ]Z)eri %W the group

2- fIuanm+52chkmngmhemwnfoﬁmgbéﬁm@mﬁbéﬁhﬂﬁnaphemyhxw2 3,0r4;
3, 5- dlehggfrphenyt 3- ehl orophenyl , 4-cyanophenyl,

2,5-diff ophenyl , 3-f|uoropheny|, 2-nethoxypheny|,

3- met ok ypheoyd frodh tnfmgrbquqophamgqu cfenEdly | spbmﬁyéd alkyl alkenyl

S RS B A T

seIectedakégnhaaemghgu&qc@mﬁlstlng of 5-c¢chl or o- 2-
fl uorophenyl, 2-fluoro-5-chl orophen

3, 5-di}| thoFGHRERPN, thea%{aupsw@%tv@mf By%ﬁgfén%yl wpgitgpdalkyl,
enbodi memo,aikd, kil -S6L@6dRAcd 41 t he group consisting of
phenyl , 6-ami nopyridin-2-yl, 3-chlorophenyl,

3- cyangphas yﬂqbod?mémﬁd)ffthélwn%hﬁﬁ)df F012nu55 ?1)f1k oy ophenyl ,
3, 5-di |l uorophenyl, 2-fluorophenyl, uor ophenyl ,

4-f1 UQH@ﬂﬁﬁwﬂ)odlrﬁeﬁﬁQ{ af OX ¥phgiwls of@offﬁlﬁlbl oy Rheog! ., ln|some
(5- t@yl)-lsoxazol 3-yl, 2-incthyl phenyl,
33%%@ﬁﬁi§H§’VBm14 nethylphenyl pyridin-2-yl,

pyri di n- 3-yl yridin , tetrah dropyran- 104-y
t hi azo1on¢ Wbodgm%rlt é’r?‘fliithl%FWH??{?W rpuly iﬂiﬂrprane
ephedhddBidally Achiabld sdi, SNRPEPVrug Bbrcof:

3- trlflouro%ethglphenyl %n one enbodi nent, L7 is
nmet hyl ene and A2 is selected fromthe group consisting of
phenyl, 3-fluorophcnyl, or 3$pydnxyphenyl In sone
aspects, 12.7 is benzy R1n one enbodi nent, R1
is t-butyl, L2 is nethy i phenyl, and R6 is
phenyl or ISsubstngb Fheny| N—os4 EN anot her
enbodi nent 121 is t-bltyl, L2 P§jﬁethylene A2 is phenyl.
R6 i s phenyl substituted with 1 t0 2 hafg substituents,
such as chloro or fluoro. In one enbodinment Rl is
t - but Yih .onEmbsti¥ A rﬂ?&g&bd lgg céép&ﬁﬁ& Her?grl%rmﬁ@ (H§) (ﬁ"ﬁenyl

R4 is substituted al . I'n sonme such 'enbodinent, R4 is

- pleHnpgapticall Cpprepip iy @ltzwg orppodqee thorpod1( G | 2F) NLI 2,

1012) 201( CR20013) ML2, 4012) 2CMCL13) N1-12,

- (t H7) 2C( CH3) 2NH2 or -(C1412)1C13ﬁ(04120140N H2.

~¢

Representati ve Conpounds of I nvention Specific
compounds within the sgo Q%Laginvention are
exenplified in Table I n t he NExperi mental section.

25Met hods and ConpaRPLi6hs of bhe YTwention Al so

provided is a conposition conpriding a conpound of
formulas (1), (la)-(le), (I11), arfd (1ldﬂbX11b) (i ncl udi ng
m xtures and/or salts thereof) and a pharmaceutically
acceptlalohecrekeiiping nf the compaunileef Fortya fhdtaréle), 48 p eed (1lap-hiédb),
PR€ i

e Ao BERERCAE R (R HRnfhe R LRy of poropy.
| elgyl, aml ppari., by KSP. Thus, the present invention

provi des nethods of treating a nmanmalian patient in need
of such treatnent conprising admnistering to the patient
a therapeutically effective anmount of a conpound of
5formulas (1), (la)-(le), (Il1)g and (I la)4lll))
(including m xtures thereof) either alone or in

conbi nation with other anticancer agents. B.Definitions
and Overvi As di scussed above, the present
invention is directed in part to new ubstituted pyrazole
and triazole conpounds. 10lt is to be understood that the
term nol ogy used herein is for the purpose of
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descri bing particular enbodi nents only and i s not

intended to limt the scope of the present invention. It
nmust be noted that as used herein and in the clains, the
singular fornms "a," and "the" include plural referents

unl esslnphecobniiextt, ICliedid-y di ctates otherwise. In this
speci fication and i n the clains which ffillow, reference
wi | | be onmdebadimentrinbery! afsubsituted dr@whi stmedypdats g substituted

d the foll ow ng neani ngs: As used herein,
SJ%S‘&%“&%FE%& o nonoval ent saturated aliphatic

hydr oear r r 1
il Srr%eﬁéé %rggc{a‘i’érgﬁ /{‘6&\3{ hggrp%f’&?s?bsﬂ&te%?er&?ﬁ at o%% A0, A
ewanipliiufdde ubglbgrtutaqbpyrgiybh as nmethyl, ethyl, n- pr opyl

i so-propyl, n-butyl, t-butyl, n- pentyl and the l'ike.

20" Substont embzcdinaéﬂtyA 18 cserllcraﬂsrl osubgstitebkapiclogikglip havi ng
froml to 3, and preferably | to 2, substituents sel ected
from tlheng crobrpilrocmsfh Sib hﬂgoqfclcalldybmysubsmbet hetandaydloalkkloxy some
ae#edts %G){s! S%E%tlﬁlc&bd &5 tlgnx%{t’u e%anogi; oll Isl’cl)JbSt Ituted am no,

noacyl", aryl oxy, substituted
aryl oxy, 0 | o
ol boxlélonggrﬁgod‘rmgm /fr’Q‘?PWW?ub%g%ﬁdgL Eorn S&QF ng)fé{t Al s alkyl
spibstitoted hath lakypky ottetiexpar yt, substi t ut ed het eroar yI :
het erocyclic, 25substituted heterocyclic, -S02-alkyl, and
- 802 _slolost ernbrdederal Ak 1,3-benzothiadidzal-kyl, ehetoxy, dfieks, ntlpitoxy,
di.val ent At ur at dallp atic.h rq carb roup,
oL TR e R Py R TR S By et 5
cam’mtﬂylmbpmm phhmﬁrplparxdlrm vh ptpelsdmar}g hi—pmb‘n&lynmdldﬂf 2-yl,
br an Thi rm i S. ied b r uch
RS R AN SR T
E%Wﬂf@yﬁan-m-ﬁpl-ﬂ}fdhﬁydlenﬁ AH-EH24AHRG] |th131£()l‘4)yl 0Ir,3,4-thiadiazol-

DO T R o BT & iz 2 Gy ediog g e st 2-y1,

e¥@Bhi@azo Bl 0XLo[ 1T, ﬂqmlazeremeammazdrsrq& JyeIReYy, imidazol-4-yl,
n: but oxy, . t - but oxy, sec-butoxy ento and the |ijke,

" B prof- PIYU{S%‘d‘aé‘rlr?@Qym("PE?lér% b alomre azg|1dgb pyiRlén-N-yl,
Hﬂ(ﬁo‘l Byl pyRromENDtyl r@f@ﬁ&nh@ﬂd&@zcﬂﬂ%ﬂﬁ&réﬂog 8D or piperidin-N-yl.
0 Substitdited al kyl - al kenyl
su bSt i hheempddiay] a'GE Q);ubsﬁ't'u{%}d @W[ oﬁ(e%roary"’ ?P&Ip' s'élé&t@&j from the
al kynyl - C(0) - cycl oal kyl -
cgerD MRy Gymethy Zﬁ-lre(iepl 4yls%xbetnpthlﬁze'd4 b tbetppenyl,
helglbRAMMyt, - Q&l@rom%y Lt el het @lRdh¥hyt A Blorophenyl,

het erocyclic-C(0)-, and substituted heterocyclic-

whshleronyagipytyl, Strdishioraphayl 214difluorapheanly | .5 dg%@thlﬁum%@rol 3-

a&zlké* Eilﬁllmetﬁirlﬁlye{i}{ﬂ 5- y11 qsé!fi’ﬁ Hihuhed rﬁb;k\-)(ﬂﬁ{ l5.y| Cﬂ&létﬁ@?!}}f)}{tlmyl
bstituted cycloa aryl,” substituted a
héﬁ@tmmenyls%b@thwtlwwlﬁe’d eroehylisoxdzet-¢vl éy@qthxipleﬁﬂ

s L T R S
i hlde)petmle?rwlt §nediygotidad-¥ Ylom)r/lh@ldgr oupheohgi- (smﬁlumgormefthyl)phenyl
t ituted
R by P SR st BR B P M o Sh | L o
a#-yﬂerhymycdzobj Ky B-triSuobshéthylp walzot-el, dammyyr :3-tBhetoercdatpytazol-5-

e S BDET P  RRP R | GroutRR B dge ner

wWth the nitrogen atoma heterocycllc or substituted

het erocyclic ring wherein alky , substituted al kyl,

al kenyl , substituted al kcnyl, al kynyl, substituted

al kynyt, cycl oal kyl, substituted cycl oal kyl, aryl,
substituted aryl, heteroaryl, substituted hetcroaryl,

het erocyclic and substituted heterocyclic arc as defined
herein. 20"Acyloxy refers to the groups al kyl-C(0)0-,
substituted al kyl -C(010-, al kenyl-C(0)0-, substituted



10

15

20

25

"Aiken yl" refers to al kenyl groups having from2 to 6

carbon atons and preferably 52 to 4 carbon atons and

having at least 1 and preferably from1l to 2 sites of

al kenyl unsaturatlon Such groups are exenplified by

VI nyI lnaht yrthduutmsA ena bub,%tl';utedmdtetohﬁh]mok evc da&ybsﬁiactedtf@m the

Sl.S{l O%I 3 tII(l) ndaaciée Xm n?{?y qgl%sexl}'l] aYI egn Eprl Sn %‘n -yl,
sam &%I me | Sth'ert's,
sékbemeﬂmhyeMﬁmpbmgmmupbh®n$ushmmgc@&n@kMﬁmymwswbstituted
m no ut ed -

R PR AT SN P TRy RS i oo

Sulys idxutdee, daifiytho$yyl, 2cosdthdazoidih-ageand hy@ﬂmxypynmhﬂim@,-yl.

car boxyl, carboxyl ester, cycloal kyl, substituted

cycl oahkyt embetiesmax'yik 2-(sydbstyhicthty Bplyrhgidar balr y| |
heterocyclic, and substituted heterocyclic with the
proviﬂﬁohhahbmmmmhydhgxyMSmb&ﬁbmyhk&mwﬂﬁonﬂhe@bM@&hﬁﬂﬁﬁgbf

a.vinyl r at ed rbon ato ) “Al kyny]| "
e 3 TR G R SR ot ety e ST i o s
aadopnettst, @mw()r(ib'ﬁandx%n&hﬂaﬁmdikyﬁfeﬂ% mmﬂndmaw ngin@thyl,east

1 and preferably. from| of a

oReBo S R o b B n RGO i, O ety igqrrezol-1-

gplwasylh@\&hagylfmpmrazou 0. y@n&ﬂ?ﬁtrﬁdr}b&ﬁ)ﬂh&rylﬁ&ﬂylpIﬂfp@faQ&Lly 1
substi tuents, | ect ed consisting o

avlmvl b riagad Yémktax 2HA yd-triagelyr Hme@al THehd - bkiazol- L

agmq)yl ,SHbst hIthIz%ﬁz-gH%éﬂ%al Am Qqaﬁyém 4%"11Méthylsl'}b-§étﬂa£dﬂleﬂmethyl
aryl, 0 stituted aryl oxy, cyano, halo

X
thﬁ%Wol i metbyl aHriBiEaeg|-2-y bentiybyidagal ey megyl | é%ﬁtWIPYTaZO' -3-
Syl%myi l&p%ﬁdlﬁmc R4kl nﬂublio%{e%@QMéthylg»rHﬁééthﬂ%ﬁdz -0x0-3-
heteroaryl, het erocycllc and ‘substituted heterocycllc
mﬂﬁﬁonﬁémﬁmobyﬁwﬂwhat any hydroxy substitution is not
attached to an acetyl| eni &arbon atom " Am no"
referénpéeﬂh@xﬁﬁ@my¥1NEB11 25" Cyano" refers to the group
- CN. "Substituted am no" refers to the group -NR R’
wher e IRongpEb@RIMeRjipnbelseasdent | y sel ected fromthe group
consi sting of hydrogen, glkyl, substituted al kyl,
al kenyln ong gipkadimentdy aaf Re AyrilydigEsyny| , subst it ut ed
al kynyl, aryl, substituted aryl, cycloalkyl substi t ut ed
cycl oanieys cmbrsimensd yand RS atsst vt Unsampatpestydy pad R are methyl.
heterocyclic, substituted heterocyclic, -SO2- 30al kyl
- S07- sl9at thﬂdéaeraﬁkw sclegtpdi fromdhcesrmap coneistRe of plsyk eﬂbﬁfé%}ted
t gget HRrcyWoliRylt Resodd SRIRNRS R MG BleQrdud bR of methyl,

heterocyclic or substituted heteroc cI|c roup provided
t hggroxrmegyl mefhoxam@thﬂomﬁth%tethw dpragyéry mepned n2-lydrgxyethyl,

hy NI lgﬁq(ék)&p al kyl, the substituted amino group is
sonet s referred to herein as al kyl am no. Wen R and

R' ar g,3h&¥hpoditiét SRP%SM SHsEkHAMNRy IO SpQRTRY is @@éoted
referred to herein as al kyl am no.” Wien referring to ba

nopo g eun nethingl ﬁ@yanwh¢n§1 Aeatitluarenieny; 3, héﬁnﬁvor@hewl

[ both. Wen referring to a
d?gulg§@ﬁ%?% ﬁ?a%l Is meant that neither R or R' is
hydr ogen. Acylanino" refers to the groups
-NRC(0) al kyl , -NRC(0)substinted al kyl, -NRC(0)cycl oal kyl,
-NRC(0) substituted cycl oal kyl, -NRC(0)al kenyl,

-NRC(0) substituted al kenyl, -NRC(O0)al kynyt,

-NRC(0) substinted al kynyl, -NRC(O)aryl,

-NRC(0) substituted 10aryl, -NRE(O0)heteroaryt,

-NRC(0) substituted heteroaryl, -NRC(O0)heterocyclic, and
-NRC(0) substinited heterocyclic where R is hydrogen or

al kyl and wherein al kyl, substituted al kyl, al kenyl,
substituted al kenyl, al kynyl, substituted al kynyl,
cycl oal kyl, substituted cycloal kyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclic
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"Substituted aryl" refers to aryl groups which are
substituted with froml to 3 substituents, and preferably
1 to 2 substihtents, selected fromthe group consisting
of hydroxy, acyl, a%ylanrno aeyl oxy, al kyl ., substltuted
aIkyIlnahkcnyxmsubSRn$mﬂedmahkcwynmawkewydesUbEUWWWtEdw

Fe}ﬁ fto at e gyo ﬁcc‘)nsmHn S(tn‘l tB ubtfegl A S/%/ §I¥11m rﬁls Xt ol d % ar}d

aZﬁkmﬁwnqmmM3m4yMted arytoxy, carboxyl carboxyl ester,
cyano, thiol, alkylthio, substituted alkylthlo arylthlo
s ubst i huhe ernbxrdymazﬂn iR,is hdzte'omrqalldyhmmubsmb&t hetandaydloalkyl group.

teroar | t hio cl.oal k bst i
PSR E g R DR SN Eagrioin.
hetcr clie 0 substituted cycl oal kyt,
hal o, q%% emn% %Fg§ﬁ§?ﬁyrxﬁgtltuted heteroaryl
25%2[ i P l I C%(U]ﬁ Z:.E&oggatnd d arre%tyel{zo(g %/gth thé: qlt?(%l? Et%ar%hm(i( %Preg) to
h&irrﬁfadﬁ’gefﬂcy&lmxy sutatiiured heuefofcwhyct Ir( d‘dﬁ&e]aEpeS&Z-Z\)R *Ré&md sclected from
bstituted am refers to
A A R A O SRR ey s St
ph@ﬂahiﬁmoﬁﬂlblﬁﬁ h—@'}g)l (a@fdmkihglchd)@roldbuist,i t ut ed ar yI oxy"

r fer ubstit r |." refer
Bt Darrd Fhy ey oSy T SET R Vet ang BN

ayrkylhr@ﬁgtp@&ommir\r ﬂml-&)t{t}ﬂsﬂ-@nﬂ ;kwmamqrrs haVI ng single

or nu lic rin |ncIu ng, exanple

I
a&éﬁﬁw%ﬂ%ﬁ@;%@(&lﬂwﬁwr %stly% K%ea@yrmlw%veﬁ
C¥Qét@(9@EMbor@D91FEﬂaﬁnlN keq- (et@%mr@ﬁy Gli QA AW Ny 1§ ef ers to

CliC I‘OU#) rom3 carbon atons haV|n a
%@ISQ}&?W“' P RRT - %Yéﬁr(ﬁ’@twrrﬁlé’ﬁnﬁ(liprf@”&m BYlf ormed by a
Sk ralgktﬁ @Ir%l%]b&hnﬂ 8- d‘“ De e weu G APRRR, ARTDEL- (Qbrphih-N-

rings) as exem& ifie the followi ng structure:

hﬂ@mmrrdrrwefér H1eodinKy v plp@‘f@r §-xl oH-renyéubensipiregralyyl.
B S e I G S G e gt gl

( éﬁ)ethyanmbdyl-N%bwazmﬂedz -gll kospholirabiyutl., pireeazinalNihaiperidin-N-yl,
a i ' St A§,arninoacyl, aryl,
Sgﬁﬁtl OQ%%&SQPﬁﬂggy %i@%ﬂdﬁ%&?%, d aryl oxy, cyano,

Cycl oanRy Y Saiimelt 0§ ARy, SR Rlee Gt Lt
Substinedbel Thed eviptnyk sdetcerionyh Loup substing of o, substituted

hgé%r Ml al,kﬁ)gi sﬁg%ui%d‘é}k g%ﬁd B;ﬁ? CVC' oal kyl

ch lore, bronD and
d f
' g f or 219?(())19% %L&ga%m:r}fs lR8 slefégtred ﬁ{)mC[Fe% {)lgp co%glst}_r%%rf . o§et% o
ampambmr&tyl c(@{za)zuTﬁHofCHzrumldhnBejl }GH@a?r Mmydltopmoleﬁr-ryd) 1to 4

gfoat ol sel, ecie rom t of, oxygen,
F en 3%) §ﬁ|? ?H&]Hwﬁﬂ¥ﬁegr ndlnghéh eterbzryl
ghm@@pmnhaw)e GH si6rigtimxypynglint &y, CH@WdrmorhyD >dr furyl)

It| c rings (&.9., | I Zin
SHEe el etleea R O R IS R S ST
2&}@L(4ﬁmoﬁrp9ﬂfamd1@3@ml@{2 (aoﬂﬂ@kypyarohelh@r AHLOAR(Pr ?vr ded
t t he poi Mtarmm n .atomof the
PGP R GYEPS P)?ryl)g @E@plpr il eﬁﬁbﬂvﬁ@r&% (rfagiel- ZRIS)
anHz@BENH@)@HZQH (08, S OH, WCH, ),y cah orés)., -afHbbeHhet er oar yl
group are optionally oxidized to provide for the N oxide
(N---40), sulfinyt, or sulfonyl noieties. Preferred
heteroaryl s include pyridinyl, pyrrolyl, indolyl,
t hi ophenyl, and furanyl . "Substituted heteroaryl”
refers to heteroaryl groups that are substituted with
from1l to 3 substituents selected fromthe sane group of
substituents defined for substituted aryl.
5"Ni t rogen-cont ai ni ng heteroaryl" and
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ring wherein, in fused ring systens, one or nore the

rings can be cycloal kyl, aryl or heteroaryl provided that
the point of attachnment is through the heterocyclic ring.
In one enbodi nent, the nitrogen and/or sulfur aton(s) of

t Héﬂh)eﬂ‘éf(ﬁd:zydCH@)x@KﬁH@z,af@{ﬂﬁNHGﬁiﬂlsl XICBMJ-UHSQQCHQ -(EiHa) Ntle(5-

for the. n d R
BB ST oD oot S LR ARG izl
h2ty8r -oCHeL-0ahidydxyeidylpipstitiatli-gly €, hotEr- hﬂyﬁimhylphelﬁﬁl S

L AP TR L AR i S QR Fro e pit RS

cystpaaliiyd-yloxy)- 1 H-ind&208 851 Yo S Colh, ; KHCE), 08 yethyk ¢ 1Hrifldazol-3-yl),

o3 P sttt -pfvan 5o, 2Bheh Pl e,

pmzmmCHmHmHsz@zcmc(cm%omzm(cﬁg)z,26H§©(Icm%§abﬁg (4-ndol e,
di hydr oi ndol e, i ndazol e uri ne, U|no i ZI ne,

i BtiPHSTaZRe] -Vl AN ﬂﬁ%%hg NL)AENN Ry | pyri di ne,
qqcm@ﬂi(m)c@»onaqemﬁ@mmmgi éOWHPt(@HQQCH@NHz)CHZOH

car bazol e, carboti ne enant i ne, acri

pHEHakt HOBE) G, Q%i@h‘ﬁ%ﬁ@}@{ﬂ‘%eﬁ%‘iz)ﬁ‘@{C@S%Q&%ﬂGH(CHs)za

Pft@@z@mtﬁmmpmwm@)@ﬁzm (@ﬁ%ﬁ}me}E@szﬁ' dazol i ne,
peridi ne, 2|Cfg)hglerazme i ndol T ne, “pht hat'i m de,

1 (QHS)sMCéII c(SHDoAMAGHBICORSHCH:, (CHz)s-N(CH2CH20H)2>

S plomon chomsel) uaRleney gk,
nﬂﬂHMHﬁ‘in)CHiQ@ﬁm dﬁﬁhb@HﬁWz)@HiFs cﬁﬂéffﬁﬁqwfb)ﬁ%@iﬂ and

tgpggg%ggﬁm&gxt%hNﬁgl-dioxothionnrpholiny!, pi peri di nyl,

drof uranyl, and the Iike
"Nitr
Nt 1 onehe SRMENH10 i SIS AR roBBonsstne of (CHONIL.
heCEp oChETHOH)Nbup S Hahld(FSUHSYH 4 b(t‘Iézd[2l=(€He®HmyobhdJnQﬂle pSH-[4-

c | S at, | ; n H

L LR e L T B ST

at(ﬁP@)z@(@h)zﬂﬁz&(mfﬁj);[cH(ﬁfﬁy)j}ﬂh mdd(GH}zeCH((I&QOCHE)NI@r refers

to the group -5H "Alkylthio" or "thioal koxy" refers to

the grioupme Emaddayints, RSatdR | drut'edd & kogkthbri with e atoms bound
R s R Bl ST e P 2P Rlont g atiived

- Eetab%lcloalklybgreulﬁrly Isoms aspedts, nedubdiavel heterocycloalkyl is substituted

L d f bst i t ut ed
PR e eI R R o e Bl ST R e 1S5
" Ednelseigo@Taytlito) bubstituRl @msnol Rald, koY, QUIRtitutdd-dieix@r Mdahydroxy. In

where heterogryl is fined 15a ubs ed
heM A BEr Yy | ﬂ} YOCH%JPgﬁ%‘ of gt H‘é‘teg$8tﬁ‘|6’CYC§’aé%§'i"“P “tsf’fe%t(iéJ ot
het erRaicyhsistinher e substltuted het eroaryl is defined
above. Fbtcrocyclicthio" refers to the group
-5-Ieterocyclic and "substituted hcterocyclicthio" refers
to the group -S-substituted heterocyclic, where

egfiij>ch c and 205u§st|tuted hete{ocycllc aré(deflned
abovye

-Fbt cycl réfer '(he gpP ero §j>0\ and
sub$t|n|t@d terocyc@yloxy refers 6’th§ gr oup O
substi t ut ed het erocycl y1- 0- wher'e het erocycl y1 and
substituted heterocyclyl are defined above.
"Cycl oal kyl thio" refers to the group -S-cycl oal kyl and
"substituted cycl oal kylthio" 2brefers to the group
--S-substituted cycl oal kyl, where cycl oal kyl and
substituted cycl oal kyl are defined above.
"Biol ogical activity" as used herein refers to an
i nhi bition concentration when tested in at |east one of
the assays outlined in any of Exanples 12-14 and as
defined in at | east one exanple thereof.
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As used herein, the term "pharnmaceutically acceptable
salts" refers to the nontoxic acid or alkaline earth
metal salts of the compounds of Fornula (I), (la)-(le),
(1), and (I la)- ([1b). These salts can be prepared in
situ during thc final isolation and pun‘flcatlon of the
conpounds of Formula 0), (la)-(le), nPnd (rra)-(rib),
,ﬁy separatehq reacting rhe base 5qs—acid functions

NHabl e gaping, or | gargc acl base,
#vel y. Oﬁégée talto*ef’é\c_ef s include, arc not

I|n1 8d to, Bl 1 owi ng: ate, -adi pate, al’gi nate

citrate, aspartate benzoat g,. benzeneaulfonate

bi sty fate, butypate, canphor te, canp Qrsulfonate

di fﬂ;gonate cyblopentane nat ep cylsu ate
f%ég ul f ona® flcohepggﬁo g5 glycer osph
hem - sul\f\ate h :}nbate oat e, rat eo=< ﬂiﬁ
Ohydr ochl d#k de, droHHonldeH hydr oi odiHde, |

2- hydroxyethanesulfonate | actate, nual eate,

nethanesulfflnate m(xn|r§Qe 2- napth”ﬁlenesulfonate
ox \ate panD&FE pecti nateN whfate, N NH,

nyl proi ona @t e\ p mecﬁgy at e,
Q%?;?ﬁ% %i;ﬁggﬁtra?é“ﬁgﬁ5§yanat
to

uenesuF#ona and undecanoat &.> -Al s8, ﬁhe basi c
nltrogen cont ai ni ng groups can be quate nized with such
a alky¥lh I|st ﬁ?Ch as met hyl\ \ et hyl , propyl,
|sa tyﬁzc@ e, Nbro agrandl des. dialkw
silMMates 1i ke hyl , dbgggsé) Hﬁbuty;TNan Hdi anyl
suldatres, | ong haln halld ch as denyICHiauryI

nyrlstyl and stearyl chlorides, bronld s and |od|des
ar kyI halldes i ke benzyl and pheneth&l br om des, and

V%P i | -sol uble or dispersp products arc
sz- aﬁﬁies et Qﬁé;z?ﬁr~ enpl oyed

ﬁ&l pharnac cally‘%ﬁg_/Nable ’tion salts

|nclu e suchr i norgani c acids as hydrochlorlc acrd

sul Yuric acid and osphorlc acid and such organlc aci ds

as lic acid, |nﬂ¥ﬂc aci d, nethancsul fonic acid,

S I niye=aci d and) ic acid. Basic addition salts can

bgeéreparé@zln Slt the final isolation and

pdﬁPflcatlon @ﬁdthe ads of Formula (1), (la)-(1lc),

(1), and (lla)-(1ffi), or separately by reacting
car bOlei loh € cralbd dim v FEtis @51 wistibstitutairylah enhaseognetsag’ he

h i de, 25carbonat.e or bi carhonate of

felfa ot e 80N CHsEERY Sl ﬁ%—%%fe%&emsw Jro5phRYmoni a,
02 S AUFREPABE, Jpd Qmﬁ‘lﬂumfmﬁlary or tertiary am ne.
Pharnaceutlcally acceptable salts include, but are not
l'i m t ed oh®embaihm@nRapadoanl drhgbsatukal Hetedhagylal kal i ne
earth netals, such as sodium I|ithium potassium
cal ci uMon&aghiBhet) R b sdciud frosadht groaﬁdodsnﬁng d)ﬂ‘ffhen}a,s wel |

as_anmoni u uaterpary a i ons,
-iér%l&ﬂphawm BeffUioRse-ohioFenh %&hgﬁ%ér?fﬂ’ﬁmﬁ%nﬁ 3,5 lcholorphenyl
t@kfﬁaidaﬁédw l4asyRmIph s, 2&%@@&5&%@%&@%@39%&

di met hyl am ne, trlnethylan1ne triethyl am ne, hy an1ne
and the tike. Qther representative organic an1nes usef ul
for the formati on of base addition salts include
di et hyl am ne, et hyl enedi ar ni ne, et hanol am ne,

di et hanol am ne, piperazine ang3the |ike. As used
herein, the term "pharnmaceutically acceptable ester”
refers to esters which hydrolyze in vivo and incl ude
those that break down in the human body to | eave the
parent 5 conpound, a salt thereof, or a pharmaceutically
active nmetabolite. Suitable ester groups include, for
exanpl e, those derived from pharmaceutically acceptable
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al kytating agents; antitunor antibiotics;
anti netabolites; hornones; platinum conpounds; nonocl onal
anti bodi es conjugated with anticancer drugs, toxins,
and/ or radionuclides; biological response nodifiers (e.qg.
i Mmﬁoemsylaﬁmethntmhb@m ki-msthylph@vy), py@edioftylygyridin-2-yl, thiazol-2-
cra ents t opqj, e row h factors;
E/J fes Sf‘il{Oﬁ é%l){yl@% q rfd 3- trl%or f% %‘5@1 §

tror ' ce erentlatlon (e.g
all -trangs rﬁBAJ}%n‘% @‘%L Qelec 2 Groh th9 E{‘n ?‘Hg\’ofr 5‘3@}9&855
antisense thera s and % t'uno
vicwbpiesyl, 2- lﬂhd)lb+5t mgomfenﬂn?gﬁ{dgfmnmhmyl andal3 ﬁl’de:hldrdaq;élenyl
Nuner ous ot her agents are well within the purview of one
Of skiInloné pmbdiémanttA’ is selected|ftoni ghe @rmielcslts(mdg oihdkenyln al |
bst t ut u ed above. poly rrlved at by
P long RS R b o PR Ry P T RuBREL £
t henfalovehea &, Noitluonoplenge d-fluotophangl, sworophényh @rfbiorophtiyl,

such, cas t.he Xi er. of. suc bstitu tSIS
TR I LA R L R A R T
laB )ﬁietlg/llﬁhum Wn%ﬂhybmﬂtgbﬂﬂlniﬁ%?ﬁiyigﬁﬂltﬁﬂl @jaddm -YQURSIh A r€pyran-
[ -su ut aryl - (substitute

f‘{yrl )ﬂ“%ﬁ? Ty# taH éﬂ”}?‘fmel@il Pyl i s under stood t hat

t he above de itio re not inte de to | Iude

| or gt S Bt Rk tﬂiyér%g %1@015°met P
substituted with 5 fl.uor S, ,ar rox rou

o ot HBRDF Pebime 1 B OIS st Hot e, 8005 BorlhBiifor
| pRRayITB Sebbrensl B63-hidibtyPheBat hEbMS adks, v&éhé bdap@wn to the
skilled artisan. Conpounds of this invention may exhibit

st er eonsasehb&IMbY, R/ t-teylof? & hetgtasendepiahylonel Kis piunel or

Lé)mmt(ril c OL chiral centers in the conpounds. The
prRsUHEd PRRERt i on conterrpl ates the various stereoisoners

and mxtur s ther.eof n. of the cq ound

For mul ‘4 (¢ S?ef ebpdipeRyR 1y |O t“jtyl Bnia Hmyl?ﬁ" thnﬁﬁ Ru &é%e%e
StudkR0eic8 antharts 2 hhiekemtitudink 88& 4shelosd @rﬂa@ﬁhem stry of a
particul ar stereocenter is indicated otherwi se. Certain

of t heln‘bﬁﬂ@zﬁbmﬂﬁer@le ﬁd“[&)ut)m\/[éfii hy@ifo 20) rlﬁrls ﬁlethglsydméwpt@a}lu B is
su stit ut carbon at onE(? Such_ asynmet ally suS)st ituted

B%‘Hte%f‘ ﬁ's lg 801G wely pndbediment R dérfﬁgeh]ag%o?H@%( ENBYH2 on
CQ@‘HE)E@H{@% m‘wf(@ﬂthHEGI@{cﬁ%gm?t&P%CH(mmHgul ar
on

met r i cal Hy substituted car 20atom or a. single
st Helt & SN2 as-(QHpSHIGH0HN i ¢ mi xtures, mixtures of
di astereoners, single enantioner, as well as single

di ast er eonmer s oRepRSerRATRAINFouRs bhe IMEANbi on are
included in the present invention. The terns "S" and "R’
conf i ion, as.used herein, .are as defined hy. the :
| LI F>A%J Prg74 @ !ﬁl]eé@e “éﬁﬁﬁtl@i\ﬁrﬁ,ex i RVENTRIC 1 in
ShERKEXInhdnMI ERYG." Pure Appi. Chem 45:13-30, 1976.
Desired enantioners can be 25obt ai ned by chi ral synthesis
from comerci al | vai | e chira a materi al s by
net hods wel | 6‘%(%3? ﬁk&’é?lfosm(?f’s ?1'2)‘7 'éveg ¢'hi ned from

m xt ures of the enantioners by separating the desired
enant i@ln@prowdecil'siarcgmhm&w ctomphsihgwe@npound of fori@dapidl as(lof
bR DT B e BRI o T an P RE LA
conpasindsxegfient hecarmrent i on havi ng al kenyl or al kenyl enyl
noi eti es. The present invention conprises the individual
geonetrical isomers and stereoisoners and m xtures

t her eof 5C. Conpound Preparation The conpounds of
this invention can be prepared fromreadily avail able
starting materials using the foll ow ng general nethods
and procedures. Unless otherw se indicated, the starting
materials are comercially available and well known in
the art. It will be appreciated that where typical or
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P. G M '"Nuts, Protecting Goups in Organic Synthesis,
Second Edition, WIley, New York, 201991, and references
cited therein. Furthernore, the conpounds of this
i nvention may contain one or nore chiral centers.
Ac cor dn rag<bty¢r apffecddsipradht isgttonqoopdusmadshadanf tetipy e pamedlian
atle su%m & omgﬁlsordert rgerae zﬁedS O{TE as?in Spa ebey K &P Jl"t?u(gltw dr%saelnh
| OMEr & aste re0i 'sonBr - eh d
mmeémrowrovklek mstholis mtemmg asrnmms liahadene i iecd efkunh xtanmaﬁ)
are incluged within the.s nventio

o b ieddtintunt B P Er Rt ER et Rl i PSR of

nioxiulaed), (lapyie elpaei@anpdiby SindHding ofixxa iRt@f) Pt atak oy in
act i ve st artﬁjﬁr}%hnat erials or stereosel ective reagent s

WeTT IR R PSP nat i vel y, racenic mixtures of
such conpounds can be separated using, for exanple,
chiral col um chr onBt ogrbghitiomshind@verdsol vi ng agent s,

and the |ike. In one enbodinent, provided is a
r[\rl?t hod f(gscu ﬁ%g gg azg#%er argsgegl gé'l ':[]%rrl gs];dé{égtre&r}fllal)%ﬁ(to cwW sug) t1t}126(d| S

prrmdlwn@hmdz))le\mmbomdsorrpound of For rrul a (I\/) under
acylation conditions to forma conmpound of Fornmula (V)
wher e [Ranadb¢ Gldeatood praethic carsiinglagefubadddreantd fR@hd murgose of

nitr ectin r.ou ONHP rea
cirbRRR B AR P EP Rt ey o i R bR e
Fﬁwa’uioa (tVihdsahe red(thAt M) use\Mhei'kﬁl aRar il the pla@ws, thd Sinyul d:etbmwd,”

. Vil NI HP \ Al .
D06 e R e R DBy Rt S AT P iy
g%fefﬁt:zﬁﬁ)hIaﬁdﬂm&?clt’ldhﬁris@ﬂﬁchtiﬁllclikﬁ ;refmmﬁz dgllnse lrﬂ[a)@éN gﬁzd( ftltﬁh?aleg?ﬁg;ﬂfms
| a a ;
WE&‘@? g nedd %vciﬁBe faldovrﬂasmﬁﬁfan@ 111a) or (Vi | Ib)
th R4- x4 der,, d
\L/J\Ander /%Se%fﬁ%?‘fr}%lgr&ﬁﬁ 03@3@\"6@%@%@%@ 'ﬁ“éﬁr%ﬂ yl groups

PRBN g0t Y t&@ﬁdrbtﬁﬁat@ﬁ@arﬁﬁﬁbre piefeRtblyanth Pchrlion atnkse a\msn@m is
group to, forma caonpound of Formula (i Xa) 5or (IX
o%@é%ﬁ%‘gy HOwBrpouhd Y Fea}ymlaomf I;roavfl TP - thn pentyl
R31d#e winder coupling conditions wherein R 4 is previously
defined and X3 is a leaving group to forma conpound of

For nul asybkiitutd 81keI”XefbS tdan alky! group having from 1 to 3, and preferably 1 to
2, substituents selected from the group consisting of alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cyano, halogen, hydroxy, nitro, carboxyl, carboxyl ester, cycloalkyl,
substituted cycloalkyl, spirocycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic, -SO,-alkyl, and -SO, substituted alkyl.

“Alkylene” refers to divalent saturated aliphatic hydrocarbyl groups preferably
having from 1 to 5 and more preferably 1 to 3 carbon atoms which are either straight-
chained or branched. This term is exemplified by groups such as methylene (-CHj;-),
ethylene (-CH,CH,-), n-propylene (-CH,CH,CH>-), iso-propylene (-CH,CH(CH3)-) or
(-CH(CH3)CH3-) and the like.
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10RlI g) optionally convening a conpound of Fornula
(I'Xa) or ( I Xb) to a conmpound of Formula (Xa) or (Xb)
where Wis -C(Y)-X4 where X3 is a leaving goup and Y is
=0 or =S, and reacting the conmpound where Wis 14(Y)-X3
W t h HNRBROy trofefsao thearapiplbulnd- ofhitt-‘rdncmcﬂea, Wyl yaywieraniRg i s

Lo onvertl a CO ound
O%% yﬁﬁqu% P)pr(\}ﬁ%)x?/ 1s%<gro N ?g ox es toxy, s¢c- ng(r)xalgn pEHtoxy and

pthalikeceuti cal | y acceptable salt ther eof I n one
enbodi nent, the conpound of Formula OWNis prepared by

r eact i nepbeiittied hikofXiryfewhe the gRBipi“subptitesed alksl-@-"def i ned wi th
a sulfide and an organi c base to formthi oam de NHNH2
ReR6 NFRRV” iRy Kitho bups H-C(Q)- 58uil-Can)- ,&suhsliuit'ecdﬂkyli(r(f)bude

d it t th /o
P LA ST R S B B o
eguioatdye0t®)-,ahibduyidedazcloel ki nC@)p atydiC (@) substitutsdiail-ag)-,
gi ve le of t wher.e

et hanol roc s
*hOG0G L @S St T AR e R ST SesHRY
EK@&FBJ:}QM: fC(O) , wherein alkyl, substaael hIRY, ﬂfﬁ@@/ﬂF Isﬂ&rlfutdarmsjlgdky@l,
or epari ng, a.conpoun or .a
g o S ER ek SR BrR R P e SHEee 1o fracRbaryl.
I\l&-llBan(ltval heteroaryl, hSig@By i RAd §bOnistcll RELIENR|IE AR HEANRE hérbiY)
to a m xed anhydride such as by reaction or (IV) wth an

al kyl chhpmehamatkersideit @supely Nt &h&%@idﬁ&lﬁitﬂfé nldé@BtseReted

t ﬂg@@?ﬁ:gurlaé%%%pg{]ngﬁ@ g[gq\ane; &l%@gﬁug@dgﬂ nltyg subos{itql][ed\Ql{enyl,

I akymtsemaamw%pw (smmu{ed/égyl 9@9@1691!(?1 Qloscticd cRIRNESS

for formn 2, | uor obcnzonitrilc, PG
i Betgyppryl, Feibs'ilt§tefi hefeiognyl. hafsepcrdici %lbﬁw%@%ﬁow igHsherheach R is

S}o%dlﬁ) Rfm %%%m Ritlh the nitrogen athfl a%@t%r&%&q}r @@dg{ltu%@lgﬂeg)%%hcs
a method for preparing a conpound of Fornmula (VI) by

heag Whgyeipwikyl, aubstigisd et abkawylgbuitied 4lkangl pliymsl, sypstituted
941 E%ﬁ y&l@ﬁpyl %Q&ﬁ%&cﬁél&y lal%/n %ubs't\ilhltéaed%/l R?etg%wpﬁbstlmted

heteroaryl, heterocyclic and substituted heterocyclic are as defined herein.

“Acyloxy” refers to the groups alkyl-C(O)O-, substituted alkyl-C(O)O-,
alkenyl-C(O)O-, substituted alkenyl-C(O)O-, alkynyl-C(O)O-, substituted alkynyl-C(O)O-,
aryl-C(O)O-, substituted aryl-C(O)O-, cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-,
heteroaryl-C(O)O-, substituted heteroaryl-C(O)O-, heterocyclic-C(O)O-, and substituted
heterocyclic-C(O)O- wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl,

substituted heteroaryl, heterocyclic and substituted heterocyclic are as defined herein.

“Oxyacyl” or “carboxyl ester” refers to the groups -C(0)O-alkyl,
-C(0O)O-substituted alkyl, -C(0)0O-alkenyl, -C(O)O-substituted alkenyl, -C(O)O-alkynyl,
-C(O)O-substituted alkynyl, -C(O)O-aryl, -C(O)O-substituted aryl, -C(O)O-cycloalkyl,
-C(0)O-substituted cycloalkyl, -C(O)O-heteroaryl, -C(O)O-substituted heteroaryl,
-C(0O)0O-heterocyclic, and -C(O)O-substituted heterocyclic wherein alkyl, substituted alkyl,

16
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Typically, (V) is heated in xylencs to about 150C and a
Dean Stark trap is enployed to renove the | ower boiling
wat er si de- product. In one enbodi nent, provided

is a nethod for preparing a conmpound of Formula (Vita) or
(Mkctnyl bbstidtalaiipovindkpfyl, Folrsititel afRynyl, pelaadat bedtimeadivycloalkyl,

?( ubs tu¥e<ej aﬁé he?er(%pﬁvslugﬁtgd ebgré)ar}% nrgcy)é{ %j”msd sggstlgug%/d ng
Xﬁetersc)&llhaie(agéafﬁne&ihersml Il other aspects R7-X7 is benzyl
brom de. The reaction can be carried out 5under

al kyI at'Albonyd’oreéhirs toafkeny| Suaips hm‘ttg froro R0 6 nazbcmkeomsmdqirefarably

sol vent such .as h such
D2 L iR i BT ] OB CRG det i it
amxd;at(ukélnbb.) Swh@r@ae hre Fé'ﬁf}tn}hffled solat/edllyl i \3+ed£11a§rll ahdhlye hke
chromat ography at this stage or at a | ater stage when

t hese cfubpiitutedslkamyd” efigpd maﬂ«ényasgrcﬁipahetdirrg;frmﬂ & 3 albstituds, and

exappl f the formation (Vila) and. (M| when R7 i

bgrﬁg“gqb?x Eto t']leﬁtssfeéeﬁteé % P gonlswgl fgakomy I‘QuH_Stlﬂ‘?‘éE(

| %0)?25&/ ,NERE Y] dcglbwaﬁn(o Mlblﬂ-ﬂﬁbeg amino, aminoddyl, @f}e substituted

e I nent roviged IS an | er nedi at e conp

F&¥ W&’X(Y\ﬂ“g?tﬁl)‘teg?fy'(ow IVHY fitsee *ﬁﬁroxmzmtf%éaf%a% Gapoxylester,

a&ycﬁﬁfklyn @&bsflﬁlfed E%lﬂ&lkﬁ Keke}oaryl%b%dﬂgc\ l&éter%‘yNﬁ&e&Wd ik, ah NH2
nbodi nent roviaed | s

p?”é’f)%rl’l eﬁ getarﬁqulff éVrlthélzﬁ %?%S%%ﬁﬂan AYTRFY seBitifeiiog Iy nat rl'lt%fjledotp a

(MhMuRYnexR9shBeh #ogonpound of Formula (Nth) or (VII1))
to deprotection conditions. In one aspect when PG is Boc,

the pr 0A&9ﬁﬂ*"&f&§ fé%ﬂky’n?l g’r&m@‘ﬁ@&in@fforﬁm@ﬁ UhBort Ro@E hili eferably
condi ti ons such treatenent with trijfiuoroacetic aci

eX #praEbesratqry and fpyine ddtasohandrefmagit from Stoehsites %ﬁa@ahm e
| unsaturation. | N anot her enbodi ment, provided is a nethod
for preparing an internedi ate corrpound of Formula (1 Xa)

or (I ngubstltute@\aﬂ‘(%?l”ef‘é'f@s Rfal lgygfllr@r'&g) s t¥ihd BOdmQrto Q\ﬂb’gﬁﬁ)mth 2nd

reacted with wher e iS a bleaving group such as a
heicedty htoohqubgituaniss selesc fmgl hp gerp p@weng el kppi v ribstigricd

alkoxy, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, aryl, substituted
aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxy, nitro, carboxyl, carboxyl ester,
cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic with the proviso that any hydroxy substitution is not attached to an

acetylenic carbon atom.
“Amino” refers to the group -NHa.
“Cyano” refers to the group -CN.

“Substituted amino” refers to the group —NR’R” where R’ and R” are independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, -SO;-
alkyl, -SO,-substituted alkyl, and where R” and R” are joined, together with the nitrogen
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conditions wherein 124 and ftb are previously defined to
forma conpound of Fomma (1Xa) or (IXb). Suitable
reductive am nation conditions include treatnent of a
solution containing (Villa) and (V11lb) with a weak acid

t bowafl theedto fonforme a haenatdlionr Mktimhiet@ycwdd gtoup prom‘de@that R’ and
;gld “r%'br& gﬁya‘ﬁ%e rerggu s]ﬁg, 8o §n Em gz acl gl mﬁlﬁ (setﬁbgfm%% aanno
sgiohp mssoraetahescrehﬂecdto hareth a:slaﬂcytaminn:l Wgeralgeamti R’ sareaalkyl the

bor ohydri dc such .as trlace oxybo

aMtor A SREGH THRrt SomsHBGt EFEdre HEhS ﬁé%?}aﬁ?’%‘f‘““ﬁr Q}S*aew.fﬁfar%g to
C @ ApaLKBstidfted=aninblligis (dehntwhie eigheXRi 6r BN is hiirygdnermehatdgtha When

CUBRING “Comirr Bher e Horsesh AT R fest s b afrous! y

defined, and X3, is a |l eavin hal o tom
o oo e R s om - SR LT R Bt RERedt on

It S\IHEt(Ef)?fcméH’(yl , NRO@®)pIesane @y@iﬁall@m NRgm)aq(ebﬁme(obhuaﬁlmted
ri et hytam ne

ds of F
oﬂkmaﬁw(@@lw@"&Rgﬁoww%éﬁ?wb SRS TS dhy T AL
HLNQC(O)P{ét}ro%I (D)0 b saruamBeteag |, ONREQDM@CM@) an@l

where Wis -C(Y)-X3 where X3 is a | eaving group and
YN Cisupptituted h?t?f(’%%? cevia%rﬁ& ighyqrpgegor %yl(afixﬁlfrerrsaﬂ%act ed
\lezabgt)np%a Qingﬁ GIRAS, tszsftlﬁftéH AR, gkyl{ymhbs\f&’ﬂ%dealﬁ%yls cycloalkyl,

) . The résulting internediate is then reacted '
whibR(Itwee By clqanimg Roy Lt sabstidted arhle heiered vk sipsduted heteromet.gtegpeyclic
(hq s‘ﬁ@ﬁ{nﬁem‘céﬁcycggz NR&RAeq ddiht i onal nodifications to

(Xa) and to form conpounds of the Fornmula (1) 5where

Wand Rﬁtrd) ogeférsttggﬁetég@g A@,forma heterocycl oal kyl or
substituted heterocycl oaI kyI ring will be apparent to one

of ski Ayt h@ éfefrs to%ﬁn&%é‘mt %ro%fan@ brho dyoIcl gﬁb&@&ﬂﬁ%‘ﬁ% toS14
shown i n Exanpl e I n anot her enbodi nent, provided is a
et o ey haymépqémgh:gﬂn@ (egrplesid Obmutﬂ@hmn@nsed rings (ejg, naphthyl
“4)1192111 T n lgazl':‘t It 10 H@'& R R 5
Re, o g) %??Nareh@?%@:&gs\ég hg& Oge dognd I@%atli%;( § %I trogen
pb@tz@@tzo mgng erIub4 b@tzhm $(4H)- One-7 At il ((XIik9) pravidsdiee theedint
t r

8¢ a(t{;é%a ! ofs a?aril”af?oﬁl?ta{%ta%%h %@94 q)réfgﬁé’d 4?915 AHRP B@%@Qﬁ“@g@‘%ﬂ

or 1 can” pbe pre

L

such a r eat nen
RECOTHIRG and mrhfeaihlyolrtgamubstlbas@, wlectad &emlthe growmeonsisting of

A S

cakpol rsdbs(lm‘tﬂd)alkeoyimdbmd s(bfWtuyedi agkynplemminp cabeduted 4rhinazi de

NTEPAGE b0 SRR & By SN A b AT cebops sy

t banpythiak allkglshwvhelﬁmnttdftlealkylmfoog@nhla,t samstinge2Gulfts el hsterdatiti @b,

fol |l owe atio suitabl e

£ SnrRvn o gadi oty ie el Baauby it PERRERY e,
syuktresi aetafocmtmw atsoa(kVi, Is@t)suaml cfyMbdliyl, Iﬁ&phﬁﬁoeb}dtérﬁﬁylof
(X%I.Ia and | 1b) |ve the corres ondlng ;) §3

s aﬂt)lteghﬁrerew tﬁl)ocyq it WP PR RO R e by
aHéier()Q%iLyl TrerddBtylogy, kitshekedfeRedch Qpaky, 286hora goyl (N9,-80,-),
t he procedures described above and 1 n the exanples for
6ﬁbﬁhﬁﬁ§“b@n@¢8ﬂﬁﬂVa (Villa) or (Vint)). In one
enbodi nent, provided is an internedi ate conpound of

For mul a (XVIIla) and (XVIl1b) ;shere R, R2, R5, R6, and
R2 arc as defined for Formula (1): In another enbodi nent,
provided is a nethod for preparing a free base of a
10conpound of Forrmula (1), (1a)-(le), (I1l), or (1lla)-(Hbo)
conprising reacting an acid addition salt of the conpound
with a base to formthe corresponding free base.

I n anot her enbodi nent, prOV|ded |s a nethod for preparlng
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b) converting a salt of a conmpound of Formula (1),
(1a)-(1le), (I1l), or (1l1a)-(lIb) to another salt of a
compound of Formula (1), (1la)-(le), (11), or (Ila)-(11lb).
D. Phar maceuti cal Fornmul ati ons Wien enpl oyed as

phar matéugtaxgatedsrs totbe grompoyhdsthef inglhdes syby@ots ckam@atphowxy,
are, %gsggéh¥l.dninistered in the formof phanuteeutica
coﬁb03|%ions. Fiese conpositions can be administered by a
vari et y.of .r i acl-udi | enteral,
transde%%%??gﬁgﬁiggl%ﬁ?g%g%P§“€¥¥ r@%??%%%?al. These
compounGa, & ¢ r%IeEsetSt-éMS Jrgins?ﬁ(e%g?.! e, as both injectable
and oral conmpositions. Euc conpositions are prepared in
a nmanne, o [ ical .
corr 1 <o L R e i PR ) #BpRb o M prv
abisge bnoliludesyghlamgamelutiingdly wgyngesinplondanitydeycloptoayin,
as the active jngredient ne, or nore of the conpounds of
e S Rab B T st B0 e€0c ot oa it

phar meguld, ALk YI-aGESRI ARl CAKY &l 310 | ML RISIAG LNEe o
conpositions of’this i nvent Font® tHhe dett e Ingredient is
usyeadalky | mgeth wsitito wivngsteiupioe idrmed by atiagdlchionawhiek Githd @y
or encl ose mﬁ¥hin éuch a car %f&,fﬂiCh can be in thc

f BTG MERE S e s ney 48 R %8‘{) 810 St TG A ner . The
exci pi ent enployed is typi cal an excipient suitable for
adm ni stration to human Ssubiggis or other mammal s. \Wen
the ex cipient serves as_gs di nagfit can be a solid,
sem - solid, or liquid materdal , fwhi ch acts as a vehicle,
carrier or nmediumfor thc active ingredient. Thus, the
conposi‘tibstisted ayrldnkyil' hrefeneto fagy cto dkyl igedvb giasing ioind sto 5
psou\%gtiet{lg’ﬂts slepe%t%(ri] %%S’thg a%lrl]pe (t:os islgnaco eka“‘;’/
suspensions, emul si ons," sol uti<ons,
s 619),chllaixy i sabsi tdtedplkack ynaegli, aegl amioo, it yhent, smoonduabtititad aminoy

| t0.10% b i ght of. th ti
BRI Rt Y, 158D Pl D5l FPh AR L e
I fifreCdacdok @, &@bdxlyl @RS, cyabalk gt Qibktiteed agkaget hpemdst, Substituted

re ing a.formulatjon, it. be nec ary t i
tEHfégra%a?ﬁ 5@“8%}9&% %eda}e&wcaehcgﬁ“y&za@fyﬂ G‘ﬂff 3 Zﬁyﬁﬁ‘”ﬁ'ﬂmcl e
si ze prj.qr, tq, conbini Lth t ot her ingredients. |If.
Ehos gl ondmR N B Pk a biptia g e s Bicferanh i
ofidirpaf ¢Hiprol S Ml led to a particle size of |ess 15than
200 nmesh. If the active conmpound is substantially water
sol ubl‘efydtd e’ past ioahegduz ®H.s normal |y adj usted by
mlling to provide a substantially uniformdistribution
int hle“lflﬁél’?'hﬂya’trb@gito en groma@d@uiip eﬂf&rc{ﬂi’egh ]|0 carbon af@d¥&nd 1 to 4
exa es of suitable excipients include | actose, .
ABSITTPHERS Sl BT thE S1oBP FRISURAPAIXY BTN NEPESIARG U g ighin the
agREC | Such GabohyNyPHRSRRaiR 2 sale® Mates., pilidgAeaRl1) or multiple
gg#@tin .cal cium 20si | i m crocrystalline cellul ose,
p

cate, | y

GISRY TSP -8+ IndBaNY! eebangptBisry]) whirin|ths caadaped g gy of may
ahbtthe ARAYE akdr Uh@De: hethRidnOprdvdad ihense fft Ad@ichinemal Ihough
i nclude: lubricating agents such as talc, nagnesium
steYPEPE the gt ARFRRIYBEIoUP-Weons pgbedyapittsthe BIFQEE; angonte
aﬂ@ﬁ&Hﬁ?ﬁ&ﬂ@@Qfﬂgﬁa&%ayP%€ﬁ§&¥bﬂgmémﬁ&£§z&M8 rRRIc TRy ! -
and propyl hydroxy-benzoat es; sweetening agents; and
flavoring agents. The conpositions of the invention can
be formul ated so as to provide 25qui ck, sustained or
del ayed rel ease of the activeigngredi ent after
adm nistration to the patient by enpl oying procedures
known in the art. The quantity of active conponent,
that is the conpound according to the subject invention,
in the pharnmaceutical conposition and unit dosage form
t hereof may be varied or adjusted w dely dependi ng upon
the particular application, the potency of the particular

|- X1 1S _ :
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15adm ni stration, the actual conpound adm ni stered, the
age, weight, and response of the individual patient, the
severity of the patient's synptons, and the |iKke.

In therapeutic use for treating, or conbating, cancer in
ndlrmalecsN-tOe s@ﬁmpwmuﬂgonyt mpleaesricdertdddatcraoyiposiuté gyslinyl,

t her f adm ni ter d by ally appropriate route,
sEryrﬁO ‘“‘%'%‘r thph?n(}'l and?lf ?t ransdermal |y, and/ or

par ent e§u%| Jl%tegh%t%ogryp’sr@g% & Ret%&?l groﬂlqil &tlpl_ltgd \?mh from 1

concenttati on , an afoun 'eve
aataM@mnmmpanbmmdﬁmmthﬁwnn@nmboﬂmdsmgﬁum@ﬁhmbﬁmmﬂnmm@haw
will be therapeutically effective. Generally, such

t her aﬁ@ijtrégealfcbytaiefnfgélete'roaal ’aa‘tldlj‘nttrogén—dmwgeg Bllbstétwbd hﬂeroaryl”
R A e B R

1mffrogem raflpautm ot djﬁgbk@ly@bmb@ﬁg/g Mﬂerglbh-/ndﬂ)}gen 25dro hnp atemasudngs

soI ositions such as tablets, the principal active
&é@ﬁ aP%‘Wﬁ%%d with a pharnaceutlcal excipient to

forn1a olid preformul ati on ¢ sition,containi

homogen@‘ifﬁr Aoy u“reger%tf’a‘ée 968%‘% “S?WWQ i}’rbé%t&‘i‘?fl BeterBaryloxy”

I Fde ol tingrovfhensubefitetct hargrotug| tvh@sia hpleehot aad @bitdited heteroaryl

conpo&%ligﬂs as honogeneous, it is neant that the active

i gAY At "7"§"di sper sed evenly throughout the conposition
ition e readj bd|V|d

so that the conpos e

coual | TIEPPRE DL e R Pt el o as L o a
psdggsw@gﬂgﬁa@mh €But natmr@nmb %ﬂp]ﬁh@ﬁ@d’@ﬁﬂg@é mogbrgﬁnﬁm Bondensed
SuU 1 VI I.nt sage. folns Of the t pe escri
a%%?em&'&ﬁ‘fl&lﬁﬁ?(ﬁb“‘?gre& ﬁﬁldo YOP o Sy, frem 1 tp 59 Ssban at@aﬁawg‘mm 1
Ofo 4 her@ &by Selbdig feshh B8R tordih cbesting esanb gehn NYE0E dr@Rygen within the
The tablets or pills of the present Invention ma %

cag whergip. BeHed {ins &/SEBPBG REBETS BS PRasvre ke %ycmag%(é éw# B m
aﬁétawmgo&la&i tﬁg\fw(ﬁg & fachh&l ANGRUgRHE h@BrocfBit rig¥ aHRe .
the Stablet or pill can conprise an Inner dosage and an
o@ﬂ@dlrﬁ@%db@m@@g‘?ﬁ@ﬁ@ﬁt sulfuhgomey plethe hripragyclip gione afcopenstly
a@xﬁl%loetlogﬂgl iRVEF tht ﬁleoxfl(ﬂ:r ]E[Eﬁnyl E\?\E sﬁl%ylcrﬁapt@égem s can be

separate y an enteric ayer Ich Serves to resist

di si nt egrati,Qe ha@m&yhﬁacs&pq&s‘sﬁm@e@cﬂle@%w&a@eoﬂ @ﬂ‘c%fltuted
conponent to pass intact into the duodenum or
detterpesshil'frefee tedsierocysl vigrqups hatre ms@weamsthcfmm he h@féhie same
farbfé«g&ns ANBddGol s%m{@e@%ycm@( | ngs, such materials

i nc Ing a number l'ymeric acids and m xtures of
pol y o] y

B conar RS PER TR OLE aﬁéﬁﬁéﬁlﬁhg‘“&sbﬁ% By betigine

whitete, fhiaznby ebrag@apording orsziof, pyheidpre spindazingvedizon may
be i r-por r t X! Lon
A G

aglubzdusneonapd)thlylps(uélpemlmnzmneawdlamlmvmw isgyplesidonscakiatdie,

ega[rg)(!h%e aJhef?atnﬁllfJL%%e acn!il%g het%a%lhr?llngogotﬁ)lg;fsq?e ghe%lafme 1sr%§g‘zr5?e
SphmbmlmmeMQune amidazodabmel im$dazoline, plpeﬁ:‘xdnpo]spd:ram irffdoline,

| at.i. o nsufflat|on i n ons d .
SO BURLHE S i Bl PPute Ty SR b s gpizole
oth@alidine eHiopdbiices ber@b[bthdbhunesmirpiesl@ef, thidmndpipomdiaasoe refdieed to
liquid or solid conpositions may contain suitable
phar maceutical |l y acceptabl e 20exci pi ents as descri bed
supra. Preferably the conposi bpons are adm ni stered by
the oral or nasal respiratory route for local or systemc
effect. Conpositions in preferably pharmaceutically
accept abl e sol vents may be nebulized by use of inert
gases. Nebulized solutions nay be inhaled directly from
the nebulizing device or the nebulizing device may be
attached to a. face mask tent, or intermttent positive
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Magnesi um stearate 5.0 The above ingredients

are mxed and filled into hard gelatin capsules in 340 ny

S5quantities. Fornulation Exanple 2 A tablet fornula is

prepared using he ingredients below Quanlity

| srgheohiogmhb ims), § Alsli@doyhichedrphading i piperdd et B35:00di@e, edtrahydro@icynyl,
M, CF OCKyst ¢ al line 200.0 Colloidal silicon dioxidel0.0

st'eari ¢ aci d5. 0 The conmponents are bl ended and corrpressed

t 0 l ot. ngcgg%g Cfgﬁtgmm%gl%gm%o b %H rhgtro%%{? {Qalnln 51% 1t% edon

al er for prepared
cbmazracy@lwigefel'seto hedeﬂoowhn grauipsrpinebdtisuted hegar@ujmlm@i@s@bmp%ing

| di t 5L
PR RER RS st WARREM) sommgisine givg e Rieh Yy ine

aﬁi‘dmdsﬂoﬁ aasudfuy, ok ppawderheilitbal i ng appli ance. Fornmul ation

Exanple 4 Tablets, each containing 30 ng of active

i ngr edi“gridl; rdere tqpthep@npeSas fol l ows I ngredi ent Active

I ngredient Starch Mcrocrystalline cellul ose

Pol yvi nylkplyirie obri ‘dostkoxa’s rel@9bosbd grbumis-dlkylst eri |l e wat er)

Sodi um car boxynet hyl starch Magnesi um stearate Tal c Tot al
“Substituted alkylthio” or “substituted thioalkoxy” refers to the group -S-substituted

alkyl.
“Arylthio” refers to the group —S-aryl, where aryl is defined above.

“Substituted arylthio” refers to the group —S-substituted aryl, where substituted aryl

18 defined above.

“Heteroarylthio” refers to the group —S-heteroaryl, where heteroaryl is defined

above.

“Substituted heteroarylthio” refers to the group —S-substituted heteroaryl, where
substituted heteroaryl is defined above.

“Heterocyclicthio” refers to the group -S-heterocyclic and “substituted
heterocyclicthio” refers to the group -S-substituted heterocyclic, where heterocyclic and

substituted heterocyclic are defined above.

“Heterocyclyloxy” refers to the group heterocyclyl-O- and “substituted
heterocyclyloxy refers to the group substituted heterocyclyl-O- where heterocyclyl and
substituted heterocyclyl are defined above.

“Cycloalkylthio” refers to the group —S-cycloalkyl and “substituted cycloalkylthio”
refers to the group —S-substituted cycloalkyl, where cycloalkyl and substituted cycloalky!

are defined above.

“Biological activity” as used herein refers to an inhibition concentration when
tested in at least one of the assays outlined in any of Examples 12-14 and as defined in at

least one example thereof.

21



10

15

20

25

30

Quantity (ng/tablet) 30.0 ng 45.0 ng 35.0 ng 4.0 ng 4.5
fig 0.5 ng 1.0 ng 120 ng The active ingedient, starch
and cel lul ose are passed through a No. 20 nmesh U. S.

5si eve and m xed thoroughly. 'The solution of

poI yvi Ayhspy herolhj o vem i Bhamna(cedtiqmy hcd.etteblc edtaT tedans toplavtherasjc

o O Pl SRR SEM o UG ot SRy Tan 58 sy

t o, u@lnesa salt@ cmrelsefprhpa&d 8 lwm/dmm?gltiﬁ: feathisoint asanb q)umﬁmtlhnybf the
starch nesi u a revio
g R 1) e B P wftha)-Elor B it R frbase
gbﬁmgil fasctiohs @hh a afitadle orglagicra)g glloagaﬁlccaelﬁm 058 Qﬁsp@ﬂn?lyo

| Dt abl et .mac ie a each wei ghin ..
B REIe Rt e e b s et SR s G i Tginete

MEieHh 6 2P Hatcab @ zbRE %e@%nefs@ﬂf&;rﬁ\fésblsdlfhw BatyeR, caAfhore,
I ngredi ent Starch Magnesi um stearate Tot al ﬁ%@nt

It
( FTRBSpELITEY ASgoy SORe RO, ddeC Ul ethandsulfonate,

F@c&eﬁw&ta @lQE&SBh%EHhateSEe%ﬁ%hlfzﬁ@ Ghe RShdkhcutL @t fe,ar e
ended assed t hr oug 5No. 20 nesh U.S. sieve, and

f hﬁrqr@éﬂqnﬁ? dlyr%@bwng%q awrﬂloél&&%@}@@&yﬁh%@ﬂf?@ata Jagiatetiadegte,

F&%Me@ﬁ e Eﬁﬁ@(m%t% BnaptRPOSdsh | ﬁfna@soﬁﬁl@ péiﬁ&tt@béﬁtﬂgte 25 gy
of active ingredient are nmade as

| PRIFEGIcehphenylpiones Pigetd npek Erﬁpl%at%gu@mam atiae, fagtatey
faﬁlli(Q: Hal Cﬁ‘iﬂ@&és*@nﬁe QIQinggeanoahe A1§J hig RSLIMS m%n%ﬂﬁlg%t

IS p ssed roug si eve and suspen
i grotprecas ¢ auagdreided with yuch egaitsgs ykak hatidss, prekes moadlly cthel prepyl,

S8R YIS AGSSE01Y RILEWTLS, Sl

aad ddrhygweldht¢sologg othain Fredides Hualt asaiecﬁxlam‘pl my?istyl and stearyl chlorides,

iﬁro% Seglarg rlgdlggsggrgl g/P?atlﬁesnﬁkre]%erllza/l grh tth) n!d:)ers]t and Ot others
Water or oil-soluble or dispersible products are thereby obtained.

Examples of acids that may be employed to form pharmaceutically acceptable acid
addition salts include such inorganic acids as hydrochloric acid, sulfuric acid and
phosphoric acid and such organic acids as oxalic acid, maleic acid, methanesulfonic acid,
succinic acid and citric acid. Basic addition salts can be prepared ir situ during the final
isolation and purification of the compounds of Formula (1), (Ia)-(Ie), (1), and (I1a)-(1Ib), or
separately by reacting carboxylic acid moieties with a suitable base such as the hydroxide,
carbonate or bicarbonate of a pharmaceutically acceptable metal cation or with ammonia, or
an organic primary, secondary or tertiary amine. Pharmaceutically acceptable salts include,
but are not limited to, cations based on the alkali and alkaline earth metals, such as sodium,
lithium, potassium, calcium, magnesium, aluminum salts and the like, as well as
ammonium, quaternary ammonium, and amine cations, including, but not limited to

ammonium, tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,

trimethylamine, triethylamine, ethylamine, and the like. Other representative organic
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Active I ngredient50.0 ng Xant han gum4. 0 ng Sodi um
carboxynet hyl cellulose (11% / klicrocrystal |ine
cellul ose (899 50.0 ng Sucrosel.75 g Sodi um benzoat el0.0
ng Flavor and Colorqg.v. Purified water to5.0 nL 10The
aahinyseusefug fog dieefmtrr;atism of l@seaculfrti]bnﬁalm ihdmdegijlfml)aminlal ended,

gtfl enedlarr]nrlr(l)eugtﬂa olamme Jdletha 0 flmlne pl?er% SeSnd ?heqlkt hen m Xed
¥1 P ously made s Zhe m cr ocryst alline

cel | U| L%G(?Egelﬁotg% %C‘ﬁl{apr%gl(ééut caﬂy lalthl—SI cQ&E reiﬁ%ts }éxgets%rst\%hlch

The sodi um benzba avor r are d
sh)ymolgie i o wat ecludanidlosdbie droak tibws tn| the hungan b8d§ fo leavenlie parent
wat er

added to produc r i red.v. ne,
etontP 2t e e R0E Rt BOTARRIED hel5e LERERG o RbE T sy erouns
Aitiude formg treplie.ahdst Dlelveagrost ﬂfaﬁh&ﬁﬂn&lly’@ocb@@”les iphatic carboxylic
ste rate3. 0 Tot al 425. 0 The act n i ent
SR i St i St B e g ke OREEL Bfich cach
t Ak Qug blkanmoﬁbtmﬁ/hmh,gesuslﬁ h&ut mardhdni d daﬁsﬂmlam IR@p@sentative
gelatin capsules in 425.0 ng quantjties, Formul ation

EXLHpIE © p%@%ﬁ&ta@gﬁa@aw B Al EPiSHO Ry als: Hrdisamaepionates,
f Bhtl @106 Jackngsedi emyIQtamhicty Active Ingredient 5.0 mg Corn
O11.0 nt, Fornulation Exanple 10 A topical fornulation

may ben&rtaﬁarpﬁmgeu‘nemcha\eﬁeptalb&q;r&ﬁlhgmsQs@mefeﬁryreﬁﬁi o \igbse
I ngredient1-10 Ermul si fyi ng Wax30 qui d Paraffin20

W eseffthe %l?p&flwswf fl’t? pmentgn@eﬁfwewmm %r@ Wit ths seope of Wurl%
headiesd jsfaticht, SBlabiefor uldR boh@stivlihRAE Ashdsrr adaRIHY vy hiifhals

without undue toxicity, irritation, allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their intended use, as well as the zwitterionic
forms, where possible, of the compounds of the invention. The term “prodrug” refers to
compounds that are rapidly transformed in vivo to yield the parent compound or a
pharmaceutically active metabolite of the above formula, for example by hydrolysis in
blood. A discussion is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery
Systems, Vol. 14 of the A.C.S. Symposium Series, and in Edward B. Roche, ed.,
Bioreversible Carriers in Drug Design, American Pharmaceutical Association and

Pergamon Press, 1987, both of which are incorporated herein by reference.

As used herein “anticancer agents” or “agent for the treatment of cancer” refers to
agents that include, by way of example only, agents that induce apoptosis; polynucleotides
(e.g., ribozymes); polypeptides (e.g., enzymes); drugs; biological mimetics; alkaloids;
alkylating agents; antitumor antibiotics; antimetabolites; hormones; platinum compounds;
monoclonal antibodies conjugated with anticancer drugs, toxins, and/or radionuclides;
biological response modifiers (e.g. interferons and interleukins, etc.); adoptive
immunotherapy agents; hematopoietic growth factors; agents that induce tumor cell

differentiation (e.g. all-trans-retinoic acid, etc.); gene therapy reagents; antisense therapy

23
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wax are incorporated and stirred until dissolved. The
active ingredient is added and stirring is continued
until dispersed. The m xture is then cooled until solid.
Formul ati on Exanple 11 An intravenous fonm ati on may be
pﬁagmm@mdasd&mwb@ManWm@h@&ﬁdﬂﬁﬁuamhmgygﬂwﬁhwadngkedient
2%9 qu%us (&Q%r%gl wep w1t% the %%Vlew otf Rne of s{qho S ed f't t he

preferre ion enp

(p,r, S:teg% nggferﬂé at nﬁrglrl] g gtrlt}lr{g régoglﬁsr E‘Q‘J neé:i %OV%Z{ )ém%? I'Ic \?ed at by
pdeﬁmr@eubsmtuents wothSulrer sitsgoerits muhnmselvnsf us nolnnteﬂideti lﬁ(ﬁ‘ inclusion
C ﬁgs of present |ngen g o 9 eq:anounts
Thé 180 ey %ats? CAKE IS "EROF PLHSH SVRSH e‘b%ds fres FBEXYIS
delriav@bstit@fon2 Opduasthmceaty | @alpsagdbnive othsr sdbtitutsd awhgrotipstahe
art. See, .e.qg., US.  Patent 5,023, 252, issued June 11,
1B@T?§ﬁéw@ﬁﬁ%ﬁﬁ@8'§8W§F@ﬁﬂﬁvgﬁgF@W ﬁ@@d Such patches may
be const.ructed for c satile, or on

ool o e SR P SR BN RSN ke P R

Winhjerhigsisle smtrsaﬁhen pantefhe ¢S SdbiyltsQbdtiffEdChte € fTidte groups or a

ppa{naceutle |t|on ’o t he brai ei t her dlr?ctl
oY %@m@?‘a PRPERLC PBERR GlSSOSULAEYy ST PPyRISsible
Spiba@ei®E Hatterhs @re Well Gn6leh toMBE YiltaAtaAeker into the host's
ventricul ar systemto bypass the bl ood-brain barrier. One

such i oghpah@drenisdrivEntRh Ynag ¥ShiBiktiS6idorh@lsmt Byevitaicd TSRO rEsence
of _bi ol ogical factors tﬂ Pe0|f|c anatonlcal regi ons of
t HePI5 GETOTeAs YRREY T BB ehiTahoqntes; inBig GoRPoedyq Thyprosethinytipy

hgdn@dnkp OGRS ﬂﬁ’fo@i aécYori@§ ﬁfd@ﬂlﬁﬁlres thereof Dbﬁl@’ti(fn%tthe compounds
t echni ques ar e genera referred usual

i Pyl aKBrﬁlﬂ)T@t)al(Hb apdh I%Wrﬂdg@lv ity Sf%e%ﬁos'wd@r?wnlawbe
| ﬁ&%&h‘eﬁts‘trg 3f QMaﬁlaﬁar%fe%b%rﬁérQﬂn@lt:ath’ ShORMC! certdlh WPl Nt o
I i pid-sol drugs. Latentiation is generally achieved

t prmenegAdssif d@kmwgtl@f conpsishgayPeicabypubsiyicd cabort aipras. Sish
pagyﬁmeym%m( (1B SLAURSY, ﬁéﬁp&anq&utth@thg Lbdpdidd{ GNAEHy iGN
druag nore 1ipid soluble and anenable to Frans ortation
@mnrs‘emlglmextbre@ ofstpreabomdsaatra particulAl asgmmetrioakdy gubsttthted carbon

del i lic g
%f) ra- ar g | Sm?/e%fsg%tiésna %guqth?ac onﬁ ?t(l:l?e Q‘R&ﬁ‘?%lokgﬁ?ﬂv\ﬁ?rgﬁrs’
csmgle c@nsoreert dsywaps mingteeiidsteo&odmetsrcﬁltht dosupourels of the invention are

Uit able f.ormul ati.o QL» US |n 1 resen
. Hl\(}@ﬁeas in the CpreselE)‘[ 1n\fe?1H0n ther%ﬁnm % néiﬁ S fgguref%lon ats used herein, are

Sa:s (Elﬁﬂﬁfsby tMa kP AU b97i4S‘REag\Ammamms rhBtadel EerwapAMTAﬂt h

ed. (1985). E., a tr 20As not ed abov
R G tme e e B ol P PRt el e
vatithietd/byodhirdrr dygthele firote E:(ymslylstaegrsvaﬂlesle chibe dtaﬂhgmtenals by
Addi ti on ,I , 1..n_order to._enhance_.the in vi ¥ ser

POt ‘Y% ‘S%WPH%*S&% Hirpdre taE‘B&rﬁBﬁ‘ﬁH““‘tr%é’ ﬁﬁ?iﬁ‘ﬁﬂﬁrsﬁ’é{y
bepenRtapas airedenanidrhadycsidg kidven éiidussren of Li posomes,
prepared as a colloid, or other conventional techniques
may be enpl oyed whi ch provide an extended serumhalf-life
of the conpounds. A variety of 25methods are avail abl e
for preparing |iposones, as described in, e.g., Szoka, et
al., US. Patent Nos. 4,235,871, 4,501, 728 and 4, 837,028
each of which is incorporated herein by reference.
Compounds of the instant invention are useful for
inhibiting or treating a disorder nediated, at least in
part, by the activity of KSP.24n one aspect, the disorder
that is 30nedi ated, at least in part by KSP, is a
cellular proliferative disorder. The term"cellul ar
proliferative disorder” or "cell proliferative disorder”
refers to diseases including, for exanple, cancer, tunor
hyper pl asi a, restenosis, cardi ac hypertrophy, immune

di sorder and inflammtion. The present invention provides
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cervix; ovary; multiple nyel oma; esophagus; acute
nmyet ogenous | eukem a; chroni c nyel ognous | eukem a;
| ynphoeytic | eukem a; nyeloid | eukem a; brain; ora

cavity and pharynx; larynx; small intestine; non-hodgkin
|y mp h ot poed sarf onainveridn wialy Iabu sxlolok gﬁrmrradimtimerﬂsmmﬁtrica
al so inc tu 0f.__neo asns cted fraomithe

1somers mcllude?l?e cis a ITH Irans torms o oundS el" t%e mventlon av1 n% alkgng/? gp

consrsting carci nomas,  adenscar ¢rrnomas,

hﬂikﬁtyﬁin@lgnmaﬂlesnﬁhe psncinesition comprisddidie ﬁndmmial geontehfcalt iyqueers
ncer can he .selected.fromthe group consisting of

Wd“ﬁﬁ“&?n§8VP nPﬁHEF@F fi gnanci es, tnyxoid and round

ceII carci noma, |ocally advanced tunors, hunan soft

ti ssue carcinoma, cdncer Gueipashd®eqardigmanous cel

carci noma, esophageal 20squanous cell carcinoma, oral

car ci nBreompenrdneblbls ifvegiedt cah papieowrad fibiodgkliinawikblephdma,

ngg-ﬁg : 0} C e r

ARG p?g%;%ﬁ%tlh?] 631?68‘9%%?&;1}1&%‘%&0{5 agd BIIOP&U%Q EJ?%LS (%19&&/1%? indicated,

c Ehn cserting grmiatsi arﬁt @mtrilanah Iycandaisinduradl kagive &l the amckmsll be

ract,. malignancies of
R e el TR B e Srerth Rb g 47 e e S
camce rrs)le rmkosrof canees,Solveiy,rodsslired peeyiveny @bdrpolgkasbodiggns can

CRPRTBRT VRS st REH AT VoS <P iog e g oy 4 e

Cpard@lar réarcamlg oblasdnt GschOpHi@b uSndithwsaimdicaRemhityd bydne skitidd in
s sar npound or conposition of this

Kaposi
-ﬁ\?éﬁlb?/6%%913%@2%{%??&90&%? ed to a manmal by a suitabl e

{rancisemed S5l iy S HERT) i B oo Piiat prprecine

MioTBy rBayl ttGlctidigary fodirev@Xadephia, furltu o@D §r0aﬁcdfr@f1 Dederg@ingmidesred
pet or conpani on ani mals,_ such a s, and cats

Bt o$19ta§'ﬁ PFRLTEENE ZiguR fagvmy%, n 0%%‘ RS Pl psuitaiey

f @Rl FRbSiccBUEIIARpBRESRSparRuGS furnShRRPgro@R @Il kown in

Tunors_or neopl asns i nclude grow hs of tissue cells in

WHIE &H- Fh@%ﬂ% BINERB PEYCCHRE BOHRS Feflgseritied iy hcWnbresns @d

apd; i %%S%fégtmg%}%ps% oh ﬁf&é%hés@rs%ccﬁ% rEdSH&m ‘Wﬂ%y, Nchey Sk,

are termed "mal i gnant and can ead to death t he

o#%ﬁn@ghﬁ&ﬁﬁﬁﬁgﬁah@mﬁ@opIasns or , cancers" are

di stin QU|shed from beni gn %fomths in that, in addition to

exhi bi furigrmege ihesompeunds pf Tisapvepre MResoatanee of meye ap

| pyade &&B{dwHff&sﬁédsél*éﬁ%orﬁ'ﬁdﬁndﬁedaﬁ%é BRb&Ed oISV R pure

mal i gnant neopl asns arc characterized in that they show a

g;;tgrg@leqmer@g s of Ingjivfdpalcapntiopresen diapicrgpiaens gt as stercoisomer-enriched

1je§ CAf ch %{egﬂo%eégﬁd%ﬁlg%li %ﬁ{t{n%%b a.rr(,qn@i'ﬁlié/aewl'ﬂﬁn ﬁl@%cope of

ano er and to surrounding tissues hi's property Is

ctild iegbntigm aplesssitizrvisCodpeigd.dBurh algicngomere (ate@siighed mixtures) may

b c

Bé)é/@%rcc eSlsn%f Fé)(lrjg% % thlggy gcgghfst]aﬁ‘ag %te?@iﬁ?’? Sc‘tgregsetegtlve

pftagam&mdlle@owalm }:hlecape rAﬂtlelestl\(eey ga.cpmlcnmwmvem o b chmpqp,nds can be

blseo ar%‘}é ulsnell blfl)rI txXl)n eo(!hlrta c% érlrp chro at raF reso?vm a ents and
ggnost g’app |cgklons Ibl? %@%Jh e assay Yo

v&emEéy of ways such as by neasurlng t he haIf-Ilfe of the

compounds during incubation with peptidases or hunan

pl asma or serum For di agnostic purposes, a w de

variety of |labels may be linked to the conpounds, which

may provide, directly or indirectly, a detectable signal.

Thus, the conpounds and/or conpositions of the subject

invention may be nodified in a variety of ways for a

vari ety of 20end purposes while still retaining

bi ol ogi cal activity. In addition, various reactive sites

may be introduced for linking to particles, solid

substrates, macronol ecul es, and the |ike. Label ed

conpounds can be used in a variety of in vitro or in
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Phar maceuti cal conpositions of the invention are suitable
for use in a variety of drug delivery systens. Suitable
formul ations for use in the present invention are found
in Rem ngton's Pharmaceutical Sciences, Mace Publishing
Conpaniy on@bmbaidedmphireyidddas ¢ meihb fa@ ghrepfri@B8HJompoiinieo fdivoamt (1)
agﬂt 5§tefed to the patient will vary dependi ng upon what
%elng adm ni stered, the purpose of the adm nistration,
such as prophyl axis or theraﬁy the state of the patient,
the manner of admnistrationj and the like. In
t her apeutic appllcatlons,eg* osiRli ons are admi ni stered
to a patient already sufffem\y @ a. disease in an
anmount sufficient to cure or at eaet partially arrest
the progression or synptons of gfheRdi sease and IDits
conplications. An anpunt adequate to acconplish this is
defin ARE tically effective dose."” Anpunts
effec?ﬁbe ?or$§h|s %Ee wi |l depend on the di sease

condi t ) QDB Dot &}dﬁo X"ghﬂ) with aQXm &ﬁdjok"ﬁ&ﬁﬁrﬁﬂ?ﬁﬁd&@r
atten ng clinicran dependi ng Upon f ors such as
seyétipn yongftionhte fding @ agepoudi lefqmrllddw) wbrrd R iBnandKerage,
atient, and the
%QBE%§$%eS%%£ﬁ%%ﬁ &%#ﬁ?g%é?%%%wp a patient are

typlcally in the form of pharnaceutl np03|t|ons
descri bed above. These comp03|t|ons na er@ierlllzed by

conventiongly\gterilizati %ghnlques e sterile
filtered. The resultlng>aq ous sol utiong e packaged
for use as gﬁnlyophll d@ |y0phI|IZ )

preparation bei combi ned MAth sterlle aqueous carrler
prior [

pr eparﬁ t [ ong]a%%b(tglg%ioggﬁm%ﬁrb @femt?gtg\/\éen agﬁgmu ¥ V])

11, nore preferably fromaPboewH 5 to 9 and nost preferably
fromabout 7 to 8. It W 5gb§gﬁ grstood that use of

certain of the foregoing eXCi carriers, or
stabilizers will result inth L9§nat|on of
phar maceutical salts. H he?hpeutlc dosage of

t he conpounds and/ or, c 03| of; resent

i nvent P SHCNY 1 cappeyneids Z;VIS ejwthffi)-r>£ &ﬁa deomppnd of Formula
PeVIld) GHAlD) USkeré atls\eqteveditslweﬁﬁeﬁeat Nenta lbfvidpageup t he
manner of adm nistration of the conpound t he health and
condition of the patigent, and the Rudgment of the

prescri bi ng phystNa For exanpl e N&gQr oral
adntnlstratlﬁﬁ—<th dvse wi ty%réall Rde in the range
of about 5 lug tB8”a R 50 ng per kNT%gfdhtbody wei ght
per day, preferably t ng to about

ki | ogr am body wei ght ‘?%&? I'n the al'\t*&’%nggilgk for

I ntravenous adm nistration, the dos pically be
30i n tREXRosiTge compag of Femidp tlea&Bbt}tHba@ t@r%@m& Fqnégjtoa%ﬁo
be@l%vweq»mt@cnaggteﬁﬁhltafahqvtné%@mtlg)to about 5000 , ug
per kil ogram body weight. Alternative routes of

adm nistration contenplated include, but are not limted
to, intranasal, transdermat, inhaled, subcutaneous and

i ntranmuscul ar. Effective doses can be extrapol ated from
dose-response curves derived fromin vitro or anina

nodel test systens. In general, the conpounds and/or
conpositions of the subject invention will be

5admi nistered in a therapeutigally effective anmount by
any of the accepted nodes of adm nistration for agents
that serve simlar utilities Toxicity and therapeutic

ef fi cacy of such conpounds can be determ ned by standard
pharmaceuti cal procedures in cell cultures or

experinmental animals, e.g., for determ ning the LD50 (the
dose | et hal to 5096of the populatlon) and the E1)50 (the

— o~ N
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pl asma may be neasured, for exanple, by high perfornmance

i quid chromatography. The foll ow ng synthetic and

bi ol ogi cal exanples are offered to illustrate this

invention and are not to be construed in any way as

limting the scope of this inventikRn. EXAVPLES

Referring to thenexafpl es that fol INL% conpounds of the
3

pr esent inveth_gn e synt hesiﬂ@d<\u ng1t he nmet hods
descri bed herei Ny her net hods,N»vr)s'a,;mzare wel | known
in the art. It is ungderstood that conpgunds not prepared
or anal yzed may be p¥&paredgr 5Sanal yzétusiwigns;he

nmet hods descri bed herein, or other nethods, which are

WE| | kd)g&&ﬁtiﬂgrh édﬂ@oaﬂic{‘] of Formula OT il'%) %C(Wﬁﬂbl)ﬂdﬁl [&‘?37 @{der coupling

i nt er medi at es re characterized by high performance |

| Fﬁi&}%ﬂ%ﬂ%f&%‘ﬁ@ﬁ%ﬁ%f@%@bﬁ'@e EPatgh SOV S TR ot Bisyiously
C SRR LAROE aENY. SN SIAMW § Radn 2830 BaBak AtdRbuMPEtE Bmula (1Xa)
(Mlford, MA). The analytical colums were Altim C 18
107 @Y®r sed phase, 4.6 x 250 nmfrom Al I tech (Deerfield,
IL). A gradient elution was used, kypically stalling with
5% acetonitril e/ R % wat er and pr ogrﬁgsi ng to 100%

acetonitrile Fggv_e({/\ period of 4%6m;nu Nes. All sol vents
. \ 1
N

contai ned 0.1%t ulkeacetic aci rz Compounds wer e
detected by ultraviolfet Iight (UV) absolption at either
220 or 254 nm HPLCHsQl vents were fronHiyrdi ck and
Jackson (Miskegan, MO, Ror(IKisher ScientifiRc (IXb);
15(Pittsburgh, PA). In sone instances, puritgy was

asses sf ccabryngtahiompbaydert FotmdméKegrd Py wWitilRG) X usidergoghlags
ChuhPRt PR B AR BRl PR SR B5p Bl pamonnd
TefFareslal(b) svhaerdeiseadi | y detected visual ly under
ultraviolet light, or by enploying well known iodine

vapor and ot her various staining techniques. Mass
spectronetric anal ysis was forred on one of two LC/ MB
instrunments: a 20Waters k4 ance HE E1P LC and a
M cromass ZQ mass spectronet lum: Eclipse XDB-Cl 8,
2.1 x 50 rum solvent system &#95% (or 35-95% or 65-95%
or 95-95% acetonitrile in water with 0.05% TEA; flow

FIEI E
PRarkatd XSy st (& (/Ber Ve s -CO00X HPhE; XColaueavingErhuppse Y is =0 or =S,

XDB- C1 .1 x 50 l.v yst 9D %

oat e fistr Bl O TRy o R SIE TR Pofir aeamepge of
mEérruby (Doieeck] i@arCMONGM’ r ange 150- 850; cone Vol tage 50
V; colum tenperature 30C) All nmasses were reported as
those of the protona&ed par ent i oRs. cC/ Vs

anal ysis is perflomnfed on a Hew ettNRgckard instrunment (H

P6890 Seri e’gds hrehmat ogr aph "Wt Miss Sel ective
Det ect or 5973; V] & vol ume: 1 N¢niftial col um
30tenperature: 50 "€ ; final colum tegperature: 250 C

ramp tine; 20 m nut’eSr! yflow rate” e r(Qiog;and:ol um:
5% phenyl nethyl sil oxane, Mdel No. HP 190915-443,

di mensy, QPBonaftd c&hvh@in?la £ImPBuhd Of Potnitla (I) where X NG kAT cster,
magneti c resonance (NWVR) anal ysis was perfbrned on somne
oProfiye, @ arppauRatighlbracecriaiid sah teoef.MHz N MR (Pal o Al to,
CA). The spectral reference was 5Seither TMS or the known
chem cal shift of the solvent27Soni c conmpound sanpl es
were nmu at el evated tenperatures (e.g., 75 C) to pronote
i ncreased sanple solubility.
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The purity of some of the invention conpounds is assessed
by el enental analysis (Desert Analytics, Tucson, AZ).
Mel ting points are deternmined on a Laboratory Devices
Mel - Tenp apparatus 10(Hol liston, M. Preparative
separ ahioon smkmilreemaher ¢oacpooudt ofUldirmyla &l iy tpadf by reacting nitrile
and. KP- QA
O P e S P pPiden 3 i E S S g iy
ugXihg silica gel (230 400 nesh) packi ng material, or by
HPLC using a C- 18 reversed phase colum. Typical solvents
enpl oyed for the Flﬁsh 40 Bi gt age systemidhdlzf | ash col um
15chromatograph¥6 e—dﬁthlo onettrartc, nﬁg@anol Et OAc,
hexane, acetone® aqueous h§dr oX§ani ne &id PWlethyI ami ne.
Typi cal sol vents emxpl oyed fakit he reverseliphase |1 PLC
were varying concentrations of acetonitrile and water

WS hibR. shiftdtd i IhaomPB T8 ah€ s1debld amines incluld bRES l&iREMM0S Byridine.
stated all tenperatures are in degrees Celsius Al so, in

t hisamids &Ml e dn it Sehea? ®, EvgIS ) P IgHrRAY & 4 ier solvent

f Qlch @V iRghonBANNAS). MACGERERLE thidkb&s@dhIRERUS
ATPadenosi ne tri phosphat e Hoctert - butyl oxycarbonyl

BSAloRRbeRzon{iiHAc Al ard i SanBer F&a@ptidni um nol ybdat e

DCMi chl or onet hane DI ADdi i sop azodi car boxyl at e

DI BAL diagsbsitepbatigisniiinyi#sids 6@th Es@rarass %ﬁwp@tlmffﬁrrﬁ@a
gm M@achﬁéngnpw@@g 'u%{@r N%gléa%\%’&idﬂﬁ;nbyl am nopyr i di ne

di met hyl f or mam met hyl sul f oxi de
DTTdi t hi ot hrei tol eq.equival ents Et20di etiyl ether
FAINtriethyl am ne EtOAegihyl acet at &}~ 4@t hanol gram

1

R1
NHNH, 5 R2 NHO R2

R SNH (111 NHPG (1v) NHPG (v)

Such conditions include converting (IV) to a mixed anhydride such as by reaction or
(IV) with an alkylchlorofomate such as ethylchloroformate and treating the resulting
anhydride with hyrazide (III) to form (V). In some aspects, the amine protecting group 1s
t-butoxycarbonyloxy (Boc). An example of this process for forming (V) where R is
2,5-difluorobenzonitrile, PG is Boc, R' is t-butyl, and R’ is hydrogen is shown in Step B of
Example 1.

In one embodiment provided is a method for preparing a compound of Formula (VI)

by heating (V) in a solvent having a boiling point of greater than 100 °C such as xylene.

NHPG (V1)

Typically, (V) is heated in xylenes to about 150°C and a Dean Stark trap is

employed to remove the lower boiling water side-product.

28
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hour HPLChi gh performance |iquid chromatography liter

LG VBl i qui d chromat ography / nmass spectroscopy nol ar

i nmeter m zmass/ charge rati o MeNLI 2net hyl am ne

mum lligrammnmnute milliliter mmmllineter

naMm | lhionmotrabodmmoitmirdidaos e methbdniir@raperimgd conmponahdifetrenla

n Q r, LNNL Rnuc i C_reson 7 7. .

o SEI3R Bhe O RO A R ERRED b FROPBTEE N b chgreviowy

paifpodiadsX pie r |sging EeupndhsoRcras@on) R erperzat un ether aspects, X is a

sat.saturated TEAtr i ﬁ%yl. m ne. THEt ctrahydrofitran .

TEAORRT SN Gea e s B AT P gfer TR R Gl SOPARH e ou

TiMBler IR Lt Dhdividns TMBEIcHfidind@ts gl uyd ofaotr k&l eent such as
dimethylformamide and a base such as Cs,CO;. The reaction may lead to a mixture of
(VIIa) and (VIIb) and each may be isolated individually by chromatography at this stage or
at a later stage when these compounds are employed as starting materials. An example of

the formation of (VIIa) and (VIIb) when R’ is benzyl is shown in Step E of Example 1

R7
\
_</N\N/R7 4<N\N
R® R R® | R
N’KFRZ \N R?
NHPG  (VTla) NHPG (VIIb).

In one embodiment provided is an intermediate compound of Formula (VIIla) or

(VIIIb) where R', R% R® and R are as defined for Formula (D:

R7
\
6_< 6. <
NH2  (vTTla) NHz  (vTTIb).

In another embodiment, provided is a method of preparing an intermediate
compound of Formula (VIIla) or (VIIIb) by exposing a compound of Formula (VIIa) or
(VIIb) to deprotection conditions. In one aspect when PG is Boc, the protecting group is
removed by exposure to acidic conditions such treatement with trifluoroacetic acid. An

example of this deprotection is shown in Step F of Example 1.
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m crogram Fi Lm croliter p.Mmncronolar Exanple 1
N-((S)-3-am no-4-fl uorobuty0-MR)-1-(1-benzyl-3-(2,5-difl
uor opheny0- 1H 1, 2, 4-

triazol -5-yl1)-2,2-di net hyl propyOni coti nam de 5Step A
Thi o- Am'ad@thﬁysntbhésiest providgd {kh-r@ethod for prépaging am extkreediati on

of the itrile e.qg.,

Zf(gl}p&u?(?uoréﬁulai l)f)r(:?%g)n(l 1), (15 mmol) in pyridine (10
rtiLl) was treated with sulfide (20%w solution in water,
16,5 nmol ) and trletlg{yl am ne (16 nm)I) The reaction

m xt ure was stlr at 50C for hr r&untll the reaction
was conpl et e.R ?(lzlng to ha ni'xj ure was
diluted with coIdeva Extracted With O0Ac, and the

organi cs separat ed, jhhen washed with 1120 (x3) sat .
brine (x3), then drl edR{ Nats0o4), filter edR’ angh)evapor at ed
under reduced pressure to give the crude. Purification on

si | i caa géhpsal YNForinROOvet )Yk (wms atrelchexan®)’-X'oviakd BT da
t hi o-am de as eIIowsolld 1- a{‘leld885° "H NNW
( BBONGEEPUP @B&f%ﬁ alegen aipm, Epyvith RECHO yndgeyegygive snimaiory
ecglaltfom wller@iill)':{4 and R‘!E'a%]p'rg’mously defil&i t@ fhd 4 Jo%ﬁ)oﬁﬁﬂ Gftﬁoﬁﬁulﬁ)fIXa)
hi o-am de 1-2 5.0 mol) in EtOH (5 nlL) was added

h%ﬁDé'%)r natitatde @dﬁﬁme)ammfﬂ% ponglitiopy nglydetreaamert gf @ s@%qa
r &%ﬁﬁ@?(%%) é%ﬁa'mhﬁi) it ek N d t@&?ecv\mlﬁ@foﬁﬁédoq followed by

reci pitated precipitate was filtered and washe
mmdﬁque»f aﬁ@utn@g agqnb rld sprpel pmegtetie eid iy apj aagagioggadsucisisep C

A@a){lll]fﬁ}dsgl@oﬂé adY Y AZInG8I acid suth Fskacdds aild, and the reducing agent is a

borohydride such as triacetoxyborohydride.

In another embodiment, provided is a method for preparing a compound of Formula

(I) where X is N

R7
oW
R
RGAN)\ng
R3’N\R4

by reacting a compound of Formula (IXa) or (IXb) under suitable coupling conditions with
R*-X? wherein R? is previously defined and Xisa leaving group such as a halogen atom.
In some aspects R*-X? is an acyl halide and the reaction is preformed in the presence of an

organic base such as triethylamine.

Compounds of Formula (I) where X is N may optionally be prepared by converting
a compound of Formula (IXa) or (IXb) to a compound of Formula (Xa) or (Xb) where W is
-C(Y)-X3 where X is a leaving group and Y is =O or =S. In one example, (IXa) or (IXb) is
reacted with triphosgene to form (Xa) or (Xb) where W is -C(O)-Cl. The resulting
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5The N-Boc-D-ted-butylglycine 1-3 (2 nunol) was converted

to a m xed anhydride by adding ethyl chlorotbrmate (2.4

nmmol), FAIN (3 mol) in dry Tiff at --5C. to 0C. The

m xture was stirred at -5C for 30 mn. The resulting

sokdrgediats isfthért rexcead voiftf wildENRJRS] tb ifomethe diey cathffound ofVasmutah(®

p‘r)v%_| btat‘f 'Haﬁgresultl ng reaction solution was added to
E"solu |on of hydrazide (1-3,2 nmmol) at -5C. Then the

reaction was stirred and gradual Iy ckOwarmed to RT

overni ght. Once the rgaction was co lete, the mxture

was partiti oneGd NVeen Et OAc and The organi c | ayer
was separ at ed?an with Hﬂ) brine (x3),
then dried (Na2SO¥), tered, and é\\/ap ed under

reduced pressure to mve the crude prodgct, which was
purified on silicaVgel %okxu)n (Fl exan®/Ef R§/I (agetate) to
afford 1- 5. (Yield 67% |SStep D. Phenyl - Trlazole

For mat A@iional modlﬁcansﬁ:slm QMET)dm& (Bb)(te f6t JEAPbInMBSthe Fesallvad
in xylenes (5 Dean-Stark trap was added and the

r BAEE MO AR dPl@dO&ewacf@m eheef%w@a}k@é%ft%uwlﬂ%%?sheé%wﬂ@eléyl

t gy WIKEcWhBarWaso ld s7ueid it Be A0 AnteRarflc of i8N mBatAtlon OR&Hown
bet ween Et 0Ac and sat. ag. NaHCOL . The 20organi cs were
sEfarEpEd; then vvashed with sat. agq. NaHCO3 (x2), 1420
(x3), sat. brine then dried (N a2S01), filtered

and evlaﬁﬁ‘Ptg?r§61b9WH@P Povide® i 2pndlad fprprersrige § somprng RERgMula
t{h RRAE & i€ CR\?\@g SBWNESS e 16»01%19131 RO RFSR6 dhd Rtsllexérev{a)uglpe
next ste E: Benzyl ation of the’ phenyl Triazol e:
@f@eéﬁmﬁf%&@bﬁ?ﬁep@ﬁ%e%%ﬁéh%l on of triazole (2.0 nmol)
and Cs2CO3 (4.0 nmol) in DIV1I-7 (5 nL) was added the
benzyl ati ng agent, e.g., beP@yMehronide (2.2 mvl). Once
the Speaction was ¢onplete, the mxture was partitioned

bet we@nrREt OAc and ,Ther@ogarr°c | aygr §epaR§NMH2
anmor%Xr@ﬁ Wi th 1320 I§3) sat. Dri n@%n dri ed
(Na2SOMNHpd i | tered, HAAGevaporated undergrsr d pressure

toogvive the crudavbenzyl ated phenyl txviazole m xt ures.

The region-isoners 1-7a and 1-7b were separated on silica

gel col wm (Hexang/ Ethyl acetate). The rpgi ocheni gal

outcomu Was veri flled\lb)ﬁ 1H NMR nCe Oemperanents N— N

I- Ral s, . 457.3 | =200} mg
(Rgosz cr503)6778(rn Il -+ 7.39

511) PG *718 ' NP 15 53 (sR 2 1), 5. 20 dNFb

Fl 83 (d, 2 3= 9.9 | 1.41 9 11 0.
Z{XVI%I ( col or xéi% oil, I\/ISZ)(tn lz §<§||7) 3 [)1/ 11rt%zvI

% (132 ”M‘d Q@IJQ J}')g'%%ﬁ?o ngWﬂe; %Z%ablgle%ilﬁgg%”%gwb%ﬁaio

ldr imlcﬁﬁol(a,dhe Bttér]o)” which43n ()fsprelglréd Yar eQarfple, (bg red@ddn) of (Sl\epwikh a

el RS D e e R e R

20medcbisosuchas liump hedametht tisilazeiacd foon tesrregooding eatad i n

vi.ten d then i one en EtO
BRI B A R e B IR Rafho e R Ve Eibipo i v
zalten gad(n?{ila MI-KX&Z X 1§7x\t|21)zNle-lngoﬁ% g)razcﬁ@t(val) hﬁte(xgwm) Autg@anv(;ely,

rie ) Iltere n ev orate unaer reqQuce
¥l it éeategwg‘?h\hédﬁaﬁae ipHawy | etpwiaéf?s% wharg B NURRFHEANRIth was
PUKs@bRRASD Follo@ el BRaldyIERGW ¥h 4 fiithhle RABXhph@R St PX AI) and
Reductive Am nation to install Side chal n:
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1-81-9 5To a stirred solution of triazole amne (1.0

m nol ) and appropriate al dehyde, eg,

(S)-3-0, 3-di oxoi soi ndol i n-2-y0-4-fl uorobutanal (1.0 mol)
in CH2C12 (7 nL) was added Ac011 (1.0 mmol). The m xture
\A@QVIétlb)lasvlmriqu abbver fof e sptimdsi ot;aﬁmoandst{é’ Ila)j@iidt(ivdﬂlh) of

a%rf) thrnl [¢) gf{/ﬂ n%ﬁng t(gbﬁgi;]%gees t)& COI‘[‘eeSpV(\),g Sm % grﬁllélgsn {l“a and
v@CVAchLb) pmtdrmtdma echfpehdw @V IHL)AG AU Magdpe ﬁm@(‘fﬁﬁnoﬂ'dheed

CR5q Y ooes G RR g i EStoy G RamP e PB4 TREIZSTR)

f ForhitaIIgnd (eNmpor at ed under reduced pressure to give
product which was either purified by silica gel colum,
or norie ous trabddymwa,pripudee] iemoitn@hnécbatu s@nghiun@oft Formula (XN@lla) and

oAU ut‘,ﬁgnf{éﬁ% %téi .5 d?fsneé%?ﬁﬁ?r‘?mf‘ D CH2C12T(()6arr1 )

was added Et3N (2.0 nmol) followed, by the appropriate
acid chloride, cg, picotinyl chi oP‘ de (1.0 rnrnol). Once
the reaction wadl~ggnpl ete, the m xbuge was partitioned

bet ween CH2EE , ag. Na heTo;ganl CS were
separ ated and th 1120 (x2), brine (x2),

then 20dried (Na2SO), filtered, &ahd eygporated under
reduced pressure to gfveXpfHalct . Stepzr 'ﬁ%‘l’)

| )eprotection to Eg5 I nhibitor: a
sti rr &8 2BgheerBAdigrn AKERY mad%etwrfawwmg 1@6% bass htrol )
i &ngogﬁ(floi(lﬂon%ulm@) (‘I‘Qﬁ]e@‘%ﬁ? dr @!‘J?XHB)%&phMQg ?e%btﬂl% ah heid addltlon

he reacti on was reaction
eWrﬁ’cﬁ ﬁlmce@pgln@efrlﬂwe@@@@cfom s §Qﬁre§p@n§h@i ftﬁ@ b@ﬁfe title

conpound, which was purified by reverse phase prep
|11 PLCn a@@h@mp@o@msnt provided is a method for preparing a salt of a compound of

R) - 1- (1- benzyl - 3- (2, 5-
*ﬁéﬁéﬁﬁ% ny (1?31%@5)% § Wnhprse( (R) - 1- (1- benzy (

triaz t _ 2] :
gl .y S 10, 4.0 s
with an acid to give an acid addition salt; or

b) converting a salt of a compound of Formula (I), (1a)-(le), (II), or (Ila)-(1Ib) to
another salt of a compound of Formula (1), (1a)-(I¢), (II), or (I1a)-(I1b).

D. Pharmaceutical Formulations

When employed as pharmaceuticals, the compounds of the subject invention are
usually administered in the form of pharmaceutical compositions. These compositions can
be administered by a variety of routes including oral, parenteral, transdermal, topical, rectal,
and intranasal. These compounds are effective, for example, as both injectable and oral
compositions. Such compositions are prepared in a manner well known in the

pharmaceutical art and comprise at least one active compound.

This invention also includes pharmaceutical compositions which contain, as the

active ingredient, one or more of the compounds of the subject invention above associated
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9 To a solution of amne 9(0.154 mol) in DCM (2 nL) was
added Et 3N (0.615 mmol ) followed by triphosgene
(0.184 nintop. Once the reaction was conplete, the
15reaction m xture was concentrated in nmew), partitioned
beitivpatmEtcQhcllgncbep@ble cafitrsNaGHG@Bng thh eorop@amnest theieyention,

?%g%gtlavteel%reéler? 1525sua§{y]/ mlxn\% d Wi e%a%x&g) bﬁ[}llaltw%r{e erXéJ d)’leﬂ“zl' qsnclosed
ewépia _rsgcthedca_meﬁ whldheaimb@m él}ner @ﬂ? of aec_:dpsutlg isveheC Eamkfomhidn aontaner.
ch] ori de [ e rec i ext ste
IR R PR &SPttt BF SRy S e
Ckﬂb@fct's@e othbr: rﬁﬁﬁﬂlals anB@Ml(e Ixétpipntwas caddeiubtt 3Ncin(he 164lid, semi-
nm? f ol | owed. priate am ne, e. hol.i ne

o7 i) rﬁ‘ater raé AR SREST QoRpliLe & or' THEUHT et

wasuscme @&ﬁﬁdsﬁfoﬁﬂcdnrber@tl\!): forpedfidtldtQ PR, Ikwd\eﬁelazeag%@cam
sat., aq.. Nal 4C03, The organics were separated, th

weRS R %Wf%a SUSRENSIofy emum PORTPREDSYIUPpASTSRLS 35 2 selaql Wem a liquid
( ¥Rdiumb, REfmEH EshtdiNAL Sk amplie] 5&5 ech, b@%@v 8PQ¢ @&ﬁ@l cHASRIA,

10r educed pressure to give cru roduct. Step C

DeYSt e dadj g fptin can?élﬁwwp%ﬁor% étclal?tlwa%t@tﬁ? ﬂ%ut]@%tae% $tPiHlg

%&H&e@%GQH&lé ng to the procedure of Exanple 1 gives
(S)-3 -am no-4-tluorobutyll-N-HR) - 1-(1-benzy43-(2,5-d

i 1 uorigphg %Qfo%lﬁa‘uon it may be necessary to mill the active compound to
1542, 4- tr| azo - di met hyl propyl ) ni coti nam de.

DIV (IBEOPINPEALe mg§lze Bior gocquihining with thepthegingppdicpts| jifythe
7 23R b&h (%ﬁ&}s’sugstalltlglg} inoldbhd. it o'?d1§§hl§ b milidd b partRicze(desd

1°7), 5.25 (s, 1H), 3.98 4.30 (m 2 1-1). 3.45-3.80 cm 8

1than 2¢) pesy. 2f the pctivg cerpfjound ispBbstantallpwatprn soluplegthe partiglejsipe is

CORUP a1 bvids 2 gy ity iy Sgogieng i o
Stotm{lktigyge)., wesit 40 ss¢gl. ved in DVE at a concentration of

approxi mately 0.5 M 5and 2, 2-di met hoxypropane ( 1.16 eq.)
and p-Iotareaaplad dionitelacicoimtriotydrlattesc @x0@cegcipse, sorbitol,

mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, sterile water, syrup, and
methyl cellulose. The formulations can additionally include: lubricating agents such as talc,
magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending agents;
preserving agents such as methyl- and propylhydroxy-benzoates; sweetening agents; and
flavoring agents. The compositions of the invention can be formulated so as to provide
quick, sustained or delayed release of the active ingredient after administration to the patient

by employing procedures known in the art.

The quantity of active component, that is the compound according to the subject
invention, in the pharmaceutical composition and unit dosage form thereof may be varied or
adjusted widely depending upon the particular application, the potency of the particular

compound and the desired concentration.
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were added. The solution was stirred for one or nore
days, and was quenched with TEA (0.5 eq.). As nuch

sol vent as possi ble was renoved in vacuo and the

remai nder was purified by distillation under vacuum

Ex arrp | BredohPoNitRhs arvptrdfyrably f@ndlilatodane-ubi desapaiodeppdedddeye

Under t lLorid 1.4 eq.. S
araaoehOR ool RRRP AR g SR T B o0 oyt
( 2ot qur.o)abmé’ao a@deﬁhe ddnivs imgaddieht. Ofhewas ‘Sihit ldomge foorns’ a’eﬁtstto

oI Ve

S*fyé“: fca?té 31“ &Plﬁb c%#&g?ﬁ/ Pé%as%%o? g R URjE g gfher thammals,

r et uhingorftdfiinDa Piedettr@dned Ignbnt(th oﬁaﬂ;tl)fe wvasrigdeledated i oduce the

m, Xt u stlrre&for 10 mnut&za l78 C, thenlfor anot her

1665}?? @Be“&f BT CERPEILO e SUFA I PhaBTRtePR! G BEst

PR M1 thelmpbadusFititGuBjedt invkntici dbBvdk chgkadtat the nﬁirmhn about
acetate as the devel opi ng solvent and vi suali zi ng

¢ ELHPER! RRTCeR AR SR BT RCU T HEOFBa o O Bt G ywaénqy%@an about

ekt in ic S n
T

i met hy’méra@@%l cbm}aoéndqz,( atz&ﬂa&ox%r QWR‘ie dosa%@treﬁ‘%e MAnd Reduediiyve

am nati on f i ssol ved | n DCM
i %dn&lﬂ’d@ﬁ?dt"ba ahaa@ﬁsﬁatéca!ﬂy o1 %lfap%w% Yaﬂffee%\f?@é}wmatlﬁ Wi be

b@ﬁdé%%d%olveoerléad\(he A& &I oﬁchmd?ﬁgo%ﬁd Ldagull Fy%éz%nhs@é?ed »slu be
cooled to O C and OAO)SBll (1.5 eq.) gl aci al

agderancddy @ physiag. yn ihg lighi @é ehe ratpent @@émﬁtéweﬁ Sndhyshing e ed
byonldlaoh% tfr&fedctﬂgpév%tlﬂy%@ the-Ehﬁdllrl(ﬁ%'iﬂgq{éaﬂeﬁ AL EHAE&Golte toh

y acetatethen wash hree tines wt a saturated
s@ftlliuumrﬁw@athb el éorgmumi ﬁdmmisrﬁr@/datl@ rage, Mer@blayd repippase of the

p{n l%ﬁle ﬂaﬁ H%@Qev\é‘h %fﬁl%ggt‘?'efn%' \;@ﬁ%&'%ﬁ%ﬁ' fh?ée filtered,

sof vent errov tep LI: Acetylatiun

Am ne g tl‘?erelp%uﬁjd %é @Ar\ﬁg?tlﬂ\%f OI%MEA&(gg%gerE}n Qragm%' dgeglgl &hb&‘ﬁds or

and cooled'to I's a
spharmeqguticat canpesionseerethi it bo adreinysierasiiiyomy depréi3iagxpoyte] sich as

2?1gﬁﬂ t(g[{ S ﬁs’a%sdegrggl I r%?(‘):r:%)%%nte l\}ll\g{ %csq%é%cg ?g?ﬁ ?‘g% n%iﬁ gn

e reaction g w
vvatmhemngtmm rtlelenst amasouni, bhblaods kel plt@ce smdpqmnmtbn temizonmatl e

Zﬁrlh tdglro%l% treat t gt fl fbglthrgnaalp]@%fcgg eefgeo {1 etnﬁraﬁ%,d{l%hetg?ra}i)eggcally
r ﬁmMedamdunvafcrlmaageBﬁ ectipe O(dgpﬁnemti{z @mmb&ﬁe?WSmysage) \;nrl]l be in the
chr o r adj. en u %
ERPETBRH TR i3l 16 B SRl Sautr Bt Mt Hboay

weight/day.

For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation composition
containing a homogeneous mixture of a compound of the present invention. When referring
to these preformulation compositions as homogeneous, it is meant that the active ingredient
is dispersed evenly throughout the composition so that the composition may be readily
subdivided into equally effective unit dosage forms such as tablets, pills and capsules. This

solid preformulation is then subdivided into unit dosage forms of the type described above
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5-35-4 10Chloride 5-3 is dissolved in acetonitrile and
cooled to 00 C 3N 1-1C is added dropwi se and the
reaction nonitored by LCMS, with further addition of HU
until! deprotection is conplete. The solution is
comcambg somdfor exawgbu 0,1 taahout 2 mg ofthetdiyt ingoeicat &, thaprdsent
wash %%nt hree tines with a saturated sodi um bi carbonate
solat1’on in water. Fi nally, the product is dried with
?2%3; Stabsf gbr lls ol'fl ge%r(%eﬁt 1%1@1?{) eﬁilg¥ ?% (goa g% ét% & tcoln%ounded
d@m‘rm\tldﬂ:a: @kﬂa@l fomhaﬂfordmg mesaslodn%d of prolobDidd dcoomretioe emnﬁplél, thd
ot o PabP Rt e S s R St v E Rt G Hhhe
r }abd foan ofSn ehﬂ&lbﬁ«dmteﬁtlﬂ[f@ﬁ@)(l Tﬂ’&tte/by:oﬂﬁmﬁﬁts cfh Beodep#tatbd by an
hours.lm ETO | etion the react.ion s con érated in
v IR, A MHCE AR A T émteg'ﬁHOW§ UL RS B TV b igner
bb&@;][obag @Jbﬁass Eﬂt‘&t ntdoAe dli(ﬁlytﬁfm biSto 66 ﬂaeybg mateeeisdf m \t/)aafmoofand
purified by c rorratograp usi ng a gradient of about
om#isyple e Uelontush PhCHB %O BpEESBUCNISHY Y Bchdgd i BRer
t Qf m@ﬂc%&d&mhmures of polykBA&kcidN2vigasich M%RHMb aLdhbRdcl @keyl
g i s dissolved in DCM and then cooled to -78
6%% cjuigse $tte- eq) is added. This solution is
stirred for about 10 mnutes 10t hen al.cohol 5-5 (| eq.)
s di <Usilais TP MEIcheER TosE! AMPRY NS b6 SHpIRIT G igFAY be
Oindporifeti @61 atifRGdttaNsh &Qﬂy & W jdEiRinclER aﬁ&eoﬁgs&uﬂo‘ﬁ‘s @Qﬁ%ﬁf
This m xture is stirred Tor m nutes at. -
aHOtRRErSYO S v R er ik Su?I&BﬁPQSe%Pﬁ‘é}aé{t“@ii émufmés Wélaécilblé ﬁ11$ gich as
didri b8 dotbtsBe £IiNYdsaRE 6l ab&nth &N oy\?éﬁlﬁ%l t D@8 &leNBss M KihiBr
saturat ed sodi um bi carbonate solution in water. Finally,
t Plarppastiifet viheeldr i ed wi th anhydrous sodi um sul fat e,
filtered, and the solvent is |ISrenoved in vacuo. Step F:
Conv er&mnpstigng fieinpylatzgigpr Q@)lffbtl@rbﬁélﬂlée solutpnggtEgHenHons in
HSAY LG RS al Spidh IS S i SrodTRt ARk, ik QR B 2na .
A{% [uti oﬁnangaco%t al ggoc &Sodi um bor oﬁygrelgléer 5 g&wim
i $haldriedor sah@cqmt@smlem:mmntam smaahi@ plianwepefiiaral B a@O@ptilﬁle
L
TR TSR bl B R PRI PR Bt B e by R or
EbBAocdpayery togte é@ﬂ@@hbwmtemlcl dfifevta€loenpasidorpumr pricfeedhl oy

r.omat ogr.aph t t hi di_ast eregner
Eharm & ﬂ? aér/cgptsee g(}lvin S dn e&rng\[}]@}zse%g% S¢ 0% 1rie]1|gﬁ§s ﬁlebuhzed

solutions may be inhaled dlrectly from the nebulizing device or the nebulizing device may
be attached to a face mask tent, or intermittent positive pressure breathing machine.
Solution, suspension, or powder compositions may be administered, preferably orally or

nasally, from devices which deliver the formulation in an appropriate manner.

The following formulation examples illustrate representative pharmaceutical

compositions of the present invention.
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Step F: Conversion to am ne 5-7a To each

resol ved al cohol diastereoner dissolved in dry THE is
added 5 en of resin bound PPh3, 5 en of phthalin de, and
5 eq DIAD. The reaction is warned to about 55C for

1030m n.. On conpl et e Eonmdatemokxample he pht hal i m do
derivative, the reaction is diluted with EOAc, filtered

t hr ougthard @blptirecapsiies opatghead thi foHowiag inreaedehtsNahEEBredThe

Et OAc | ayer was dried over anhydrous N oSO4 and
concentrated in vacua, and purifiQeamigy' PLC. The purified
pht hal i ndo deri vat i mgeedigat e subj dotzé@pswe)a fi nal
deprotection step whethye2nrodaiEL2 30D met hanol (used as

sol vent) at 60C forStabout | h. The’0éude product is
purified by reverseMiSphasetckRtd C.0 Exanpl e 6 Preparation
for Internedi ate of 13- Fl uoro Al dehyde Si de Chai n (6- 7)
5L A LS L RIS Ry B RSB ot
( 3@nbBesg, 0.3371 not) in DV (500 Dserl ne net hyl ester
hydrochl oride (35.0 g, 0.2250 noth KJ (18.66 g, 0.1124
nmol ) and benzyl brom d?or(n%ﬁa&% @xanQ 12623 nol ) were added
in one shot. The reaction m X V\%S stirred vigorously
for 5 h at RT. After conpl etlon of the reaction, the

cont end &ablgefasmplouy erdpari using thaoiagigdiceds belpd: ext racted with
Et OAc. The conbi ned organic | ayer was washed with water,
brine, dried over Na2SO4 and concentQuwnéty to give a cr ude
product 6-2. Purifngredie®in was carri éagdahlethy col umm

chr omat ogr aphy t oAyiied ldgnedicet (61. 7 §7.091. 799 as pal e

yel low oi |l . Step Cetlulgeymiciavatsiame 8026-3 15To a stirred
sol ution of di et h¢bberideilison ghude | d-lf)10uor| de (32.3 ntt,
0.2006 nol) in Stearic acid

The components are blended and compressed to form tablets, each

weighing 240 mg.
Formulation Example 3

A dry powder inhaler formulation is prepared containing the following components:

Ingredient Weight %
Active Ingredient 5
Lactose 95

The active ingredient is mixed with the lactose and the mixture is added to a dry

powder inhaling appliance.
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TI-1F (400 inT), was added compound 6-2 during the span
of 3 h at RT. After conpletion of addition, stirring, was
continued for further 1 h. The m xture was extracted with
et hyl acet ate and conbi ned organi ¢ phase was washed wth
saturated sol ution of Ralm@dion Remppdak of sol vent under
vacuum |l ead to a crude product, which was purified by

R T S R N R A

yellow oil. Step C. Reduction O Dn.N ank 6- 36-4

To a nmechani cal iy, S§ibad €d sol ution of ( «230.8 niL,

0. 4651 nol t |n o) 21 ikl methyl esggp (100.0 g, 0.3322
awl) in TI-1F was added dropvv|4§% -3 through

addi ti on funnel of 311 15 " C under
N2. Alter the c%ﬁwgrgﬂaa 15@?:?9@det i on, |ng was

continued for 4 h as] / sol tlon Jrate Wae oI ut| n or NH CE (500
nm.) was added d "CarutX ‘;hh ls?gr%}{ m,xt ure and extracted
with EtOAc. The S Organi' € phas vva% washed 10w th
wat er, brine, lgﬂesb\rlne?eal{% SO4 and c fitrat ed under
vacuum Resi duab,a(% was di ssol ved in (I’I:‘?‘g-ICI (200 i),
extracted with Pté‘ hyl et her and pH of | 31 aft |ayer was
adjusted to 10 with the help of NI1-140H (50% 300 ni4.
The r emdl abﬁsfbtlng”@&elﬁ)@d’r&ﬁirgd:ehlﬁlbd@ abd e d aARughQimng. 110 @h(;ish US.
extracts were concentrated und uum.to give pr ct
> eéave@gé e toeyy- Téleﬁgle%%? B pyrri@&&%wef with the
Depiighesdwden, \Bﬁc%@@%bpﬁ%e&%u BERE 16161 B.S. sieve. ThA glan¥lebisE
of al cohol 6-4 (50 18315 not) and Pd( Or—&Z on car bon
( pOdyced apairigd atcﬁod’@gg 50 fplayd p%se&ts%r@vgh el enpriinod- s{e0Th seflium
r
\g%ﬁb(ﬁ(ty{ne{h9pst%r9[{ ma éeéﬂlgg%%e{r?g r?HH %ﬁcs Pl%gggglz\gssgérdg%g)\g%@ BIO 30
f inlefthrléﬁl Beveard theasildid o thasrovinsehich.afiedmome @neaompressed ona
t. 6-5 (15.8 g, 92.79% as
0. PHPRPERAAL & 9icR QS NGBEREE, P L oN: Thv oo
BocHN(}| 6-56-6 To a stlrred m xture of am no al cohol 6-5
(15.0 g, 0.16129 nol) EeranH2BECEXB®IBSg. 0.24195 nol) in
aq. dioxane (about 25% 375 in L dioxane in 125 nilL
wat er )Cap§L(lg§0 @E)Cg Qo&té’a%m@@o hg FnllicaRcdRRL haddas ragded drop
wise at 0 . Tereactlon m xture was stirred
over ni ght at RE after the additi Quane Ur at ed sol ution of
KHSO1 was added to fBEqfdaeve M Xtifofeab@u@dj ust the pH 3-4
and extracted W th EtRQAGgrdfi& OF 9RNY GgPhase was
concentrated under g/tglgyumto o] velogl@rrg product 6-6 (27.7
g, 89.09% as a pal eyRWImQichrateSt @PmE:  Oxi dation to
Al dehyde Total 150.0 mg

The active ingredient, starch and magnesium stearate are blended, passed through a

15 No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 150 mg quantities.
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15

106- 66-7 To a cooled (-78 CC), stirred solution of
oxalyl chloride (84 mmol) in CH2O 2 (180 int,) was added
a solution of DIOS() (168 mMml) in Cl1-12C12 (90 m -).
After 111, solution of alcohol 6-6 (56 nmol) in CH2Cl12
(90 nL) was added. Afi Bormiulationt Exaeaplyb am ne (281 mmol )
was added and stirred for a further hour. Then a solution

Co AT %ﬁ%ﬁg?%g%ﬁ‘%@%?‘é%%p é?ﬁﬁ’@%%&ﬁ“@“e%ﬁg B s

saturated brine { ]e,{ hen dried, fi It @nd evapor at ed
under reduced prg rlg i ve the cru dehyde
Purification by d the pure
(S)-al dehyde 6- 7§ gﬁf&yagﬂ%ﬁ%ﬁ%??ﬂyngb t he ot her
cum o ffe ofl)e 1§§r@&1@rﬁ 1§%‘émlthr§§§hedrNé %@%Qesl'i 0. § Bi8ve and suspended in
20(R) - cnant i oner Exanple 7-A Preparation for

| the eatmatid datey amdtghyqendQSIPtchmﬁlytHWPd SiigethChaimu@ heat necggasy
SR oy e B RPRY o5, 791981 BRSSO Spafiing loved

540l copk opanoi ¢ aci d To a stirred solution of'
compound 7-1 ([0.0 mol) in 20 nL of DCM was added 10
inf, of TEA The m Xt URG-\ASic Efdnfgle 8t RT for 24 h. The
reactlon progress was followed by LC?I\/S After
conpletion, the solvent and TEA were renoved b

evapor #PEHiony GHASPRIBIGOR AR erclisr@crimgr ) sPHiase gratmagh as
tRuget: white solid as TEA salts. The crude solid was
suspended in 50 m . of THF and N-earboet hoxy phthati m de
(10.5 mol ), Ejidhdidd nmol ) were added. ThgodHe Xt ure was
refluxed under AMRvef1RrediBnth- The reactionspas,g£ool ed and
t he sol vents vvgglﬁhg]v rated DCM was addeqg),gnd washed

wth water, bri g&gum Eﬂb&%&‘ﬂﬁf cgtﬁg;sy(mb}ql fate, filter and
concent rat ed. dr&dréf‘s@atll‘l&r};e lo&EOIRL 0gr aplay,pn silica

15gel colum (kg Et OAc) to give 2.68 col orl ess
oi |, compound fé LeR.B: Formation of (lg)o nzyI
0

4- hydr oxy- 3- (113(:;,j (gin%@ gQi ndol i n- 2- yI)butq/n
stirred solutig ter to
(S)-3-fibenzyl oxy ear onyl)-2-(1, 3- thox0| 30| ndoI i n-2-

The active ingredient, sucrose and xanthan gum are blended, passed through a No.
10 mesh U.S. sieve, and then mixed with a previously made solution of the microcrystalline
cellulose and sodium carboxymethyl cellulose in water. The sodium benzoate, flavor, and
color are diluted with some of the water and added with stirring. Sufficient water is then

added to produce the required volume.

Formulation Example 8

Quantity
Ingredient (mg/capsule)
Active Ingredient 15.0 mg
Starch 407.0 mg
Magnesium stearate 3.0 mg
Total 425.0 mg
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yOpr opanoi c acid (conpound 7-2, 6.07 nmmol) in 30 nL. of
dry THF at--1S 0C. were 20successively added

N- net hyl nor phol i ne (6.07 mmol), iso-butytchl orofornate
(6.07 mol ). After stirring for 5 mn at -15 C, a
solution of NaBH4 (689 ngy, 18.21 mmpl) in 2.73 mL of
Vvag-gg 5 actéve mﬁerg(%lat QeH?/hg A1 yg [ sel%;(r:lts 6911[21’[6\/\5@68 bl(:%{i{iagseéﬁhrough a
Exbr %)Ohﬁd Unb tshevEtaBAEG [ {KinB) hardmdnmdapﬂuteh mMéZISE!ng Nuad)itics.
brine (xl), dried over sodiumsulfate, filtered,
concentrated. Purifica C graphy on silica
gel colum (hexanel Et Ok r%]lflg%n E{aqﬁﬁgeg of colorless oil,
conpound 7-3. 5Step C Fornatlon of (S)-benzyl
4- f | uok eutButancods Hiroxleiigoingled nrepapedyas Yol lovanoat e
To a stirred solution of (S)-benzyl
4- hydr oxy- 3- (1, 3- di oxoi lagredérl i npQpBhiyanoate (7-3, 5.6
nrnol) in acetonitril ded

pertl uoro-1-butane s g t{\'ﬁﬁlgqal%n\gfg 44. 8 mol ),
di i sopropyl et hyl anni ne ? and
di | sopropyl et hyl am ni e trihydrofi ttori de (134 mmol). The
m xture was stirred at A The reaction
progress was Fol | oned FO@Q‘LE&OW er conpl etion, the
reaction was cooled to RT and t hen evaporat ed under

r educed IqpreesHpdationteayrhonignarodas fallken: partiti oned with
DCM washed with water (x 3), brine (x2), dried over
sodi um sul fate, filt&r@ediertoncent rQE&HIY Puri fi cation by
chr omat ogr aphy on si Ackye lggredigys] unh1Q Bexanel Et 0Ac) to
give light yellow 158mu|81f121®§p¥ﬂ}nd 370-81 Step 1..):

Fornmati on of quu1d Paraftin

(S) - 4-11nor o- 3- (1, 3- WNhoix S8 dendol |tn-120 gCObut anal
To a stirred solution of (S)-benzyl 4-0 itoro-34

L3- di i SO ' - 1Q ( ,

ot 1 A S e b AR Rt FRERGMT Sl g ertutifing
dwws mb uncptmtammﬁ and mirzefalhyldr diiskelv(ed, DhdMAciine ilngﬂedlemtes adde® amhairing

ntin ntl%ISr eéaeCt r 1 rr{ce% for

SbsP SRS BE% HRae AT BPLEOT R AT ¢ er
conpl eti on, the reacti on was quenched by add| ng water (10
m.) at -78 t. Extract débrmulatioatthamplcdt at e, washed with
wat er (x3), brine (x2), dried over sodiumsulfate,

filt er&@m@r&@e lét%%y 'ab?elpﬁlrel{%fo%QQUCt conpound

7-5, was use |nt e next Ion step Exarrp e 7-B

Alternate route for Hagenqon'pou%agﬁ Step A
Preparation of corrpoujg ivéTRredlet 7280 md© Pr epare

(S)-4-fluoro-3-(1, 3-di dol | ) but anoi ¢ aci d,
conmpound 7-4 (0.20 m%@?‘gbg'mngl sstl)?‘tmznayl n et hanol (5 nL).

This solution was purged with nitrogen for 10 m nutes,
t hen 1@1%tlprab’reéfuired oronlagian boployalsn &d;de&ﬂhqd@ oDfe prendneinvoftion

RO O, ABERARERSS SO iR, B

Stol momquonﬁmrouapml@mnmmmed lylﬁmloh of fﬁheompxamtis oithpprognessention
FeaPalBARPull  Papnt Gorg Pl ot SRR Tl bl B gtiveryof
Cpharigccwa fdens edwéliNkroen\ih thia arre Sy Ie.gnej € raeni 1J€23,76bgissued
-filtrate was then concentrated to give the crude

product, conmpound 7-6. The crude product was used for the
next reaction step. 39
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Step B: Formation of (S)-S-ethyl

4-fl uoro-3-(t, 3-di oxoi soi ndol i n-2-yl ) but anet hi oat e

15Conmpound 7-5 (0.20 mmoD, 1, 3 dicycl ohexyl carbodiim de

(0.30 mol ), ethanethiol (0.6 nmol), and

44w gt 1991 almehoipwrpm”hua@ by GfdcamBuch paghes rddystealovsidicicd fdDVF
contmllouts,dau?sapl Li:hor U GG d (?élll (4§ n%%.\r/ealcréll l

Feaction wa ore aglel%(s)anC/ M5 Et OAc
h d
xaf hamgcglellt‘fyzllt \/\% g%%lllg;ﬂg Hgﬁ%%& torﬁlloé.{ g%ls Htllal%ﬁcgl@%ge
t bmpoditioe tb thwbﬂalnselmeummcuy bramel;recﬂyl Dee@d:chmqwbs usual y involve
t
S P T s R R bR PR PE ik e Rast P
oBloéeSbraértfalmr On3sueh Implu@xiae StﬂivB@Cslysté‘m ZSeﬁGbuhaualsport of

ound. 7-7 (0.2 s .di ssql ved i C
R R R ot o RN Al e (A
aslded4undaeh @ReRinTR&PRELE] Bf refrdnc@gen. Triethyl silanc 5
(0.5 mol ) was then added. Bubbling occurred after about

10 seciamgs: tealﬂﬁlqllekl@vlﬁ@laﬁé £ABralR srefdric@OVWB tlal fyQn @it fortbl@ating the

until the bubbl ed (30 mn The re t|o
nEfTROS AR 1 é’f%‘l rl% B&dion by “‘Flf@nl‘eé%%rt ¢ H‘llm?’élgwéo
f lqblti@m@slletihfg@ug&teralaﬁ&l is loencPd 1§ GichidNg thblgh Mekindas etk ge

with nethylene chloride, and the filtrate was then

c EhbQut: Pulfasd aRbPIENATS ANHE ERURYBICHNBRIUKE drugdR BRAG ks more
TREId GEIHBI8 iR BRUHGHI eY@@an%lﬁ(ﬁQnd)rl‘aJr(lk@ tHABKodIBAF bhrAB:. Alternatively,
Starting fromthe other (R) enantiontr

( ]:IQ)C: _dgh\(e(wrllzgqoglyd}y é@gb@ﬁype 9nh2nc¢3§l_ bgintra- “arterial infusion of hypertonic

di P RInS Ahih b kdsath) dRh GRAUMRIDrAR bhlricl €ads to the (R)
enantiorner (7-8), having the follow ng chem cal

ST I UCt OLEr suitdlisl Sform EXAIR & ule & 1Al (%1@%'3@15@%?5@ BAMRIHERA if O
Internmedi ate with 13-Fl uoronet hyl Al dehyde Side Chain

SBpg@mgtog S Pha@qas@élﬁal,&cwp@e@pl\ép@qRt@hsl@qg @@mmm,r{ﬂul?q_edphm PA, 17th
(300 nL.) was charged to a 1000 niL round bottom

f ask and the systemwas cooled with an ice bath. Acetyl

chloride (89.3 nL; 1251 mmpl) was added dropw se over a

period of 15 ni nut s, TResagegud NdmynisERien on was war ned

to anbient tenperature and the (S)-2-am no-4-pentenoic

aci d (As ked ol thic cdRBolRTBEskrivMADeRAAEE sifdbR & RYInG: variety of
portion. 10The reaction mxture was heated at reflux fof

t My HlileE syHamaA%cH brarbeso 1siditiope s st 19 eithpseaha s aivoTergm
Mhatf @ WRS e EPARGREAR HREMBoMRIS HRAy bO clRhNldR, RitrB@lced
yellow oil. The product was dispersed in ethyl acetate
(DBthE Finen o4 HpesaErss, arparid eoheadlatds e alker icpnvgaieqral tedimicaies may be
S 7 an
R el A e s S IR R %l%?él?é’%t
1HetivR anadayalile fos eoneren  livesquras chiclesaribedia, of-» SaokictilemtS.

S Eb ol e A O e R P

Ac®jncevi sual i zati on wi th ninhydrin). |FINVR (400 MHz,
CD,ON 5.84-5.73 (m 1H), 5.32-5.26 (m 1.17(dd, 1H, J=7.0
1. 6 MEIMpoBn@fthy, ingdnt jnverpioneQusefl {ormnhibiting or (@M gNdzsorder

dgle 1 )a't lzlé% i lzatg’lb[)%%ﬁ %l\é&f’oingPs:l’n (grle_?gp E:mhe%il’s:%ordfg glgtll(g 5.14

2h‘l,ed1at1¢d:,m [LaQ 119pari By KSP, is a cellular prol1ferat1ve disorder. The term cellular
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"C NVR (101 MHz, d6-DMSO): (?) 169.33, 131.37, 119. 88,
52.65, 51.65. 4.22. Step B: Preparation of Conmpound 7-11
The crude (S)-nethyl-2-am no-4-pentenoate hydrochl ori de
(7-10) fromthe previous step was dissolved in THE (190
nmphﬁ#mheQEmﬁbeomamﬂmngmﬂmhechegmthbh@tedbdﬁﬁdnduas&added
ﬁ){:x pu Ic%lﬁ r {nor hlyg?rglgsslcﬁg slt'einﬁ rdlac h Itztrcg %P/ 1{nénune dls?rder acr)ld
r mlﬁlannnmdorafrhapmemxmnatneh yrdyides m%bdsdrf |t1eatidgya, huslan ghmammahan
rmthe addi.tion funnel containin
¢RI oy RS b h R P B GtbMfeaty
Sé)ﬂfdd:tlwozﬁndtmt debeoiiﬁ)Ohr\/cﬁ)f(deMﬁlﬂﬂi dril eheaBioNOords t@hbindd@@Rvith other
| etion of addition, the addition funnel was rinsed
mﬁq a%ﬁr%ﬁd§t|onal 20 n|L portion of THE. The ni xture was
t hen Iuted with_ dieth ether, (500 mL) and the excess
A e gaSPerdiet PPty ionate St Brtrar thaf th BROER io
%rgwgﬂ-af,caﬂ&?/wﬂlwf Yhe tﬁﬂh‘ ﬁ@d&er E&Q’l’k (ojclndé}'-dls@@éi eIk 3 Borkample,
added at a rate such that the internal tenperature
r B AR OB SRR Dot ePef g FUOVEY TFRSHT (PUP G aREe figer and
f inkrbidpattaliR d0BS kWWRSHR roMaf feladldiihiroBakds @&ﬂiﬁél colufi@fterinthe
filtrate was dried over Na2SO4, filtered,
CORYERVRRS BRIPIE PULRIB: CPPBRBY a&étealwlagpw I‘eiu&d‘i“él» chrenicr -
18y 8loghoud RURIRE, qyﬁlﬁlﬁﬁyﬁr YulRasse %}%R)%’]lel:h&%llkg bﬂﬁfp |0r39 t:a\ﬁ@)ang
am no-4-pentenoic acid). The am'™no al cohol (7-
afrarmXelﬂwy dhaditintestige noR-hodakon txmpeemﬂ,dmlanomabwéwelkous col On
m, Lol | nprovement was observed in the subsequent step
so the crude material was generally used 20w t hout
fur t heganpyra sB'n?tﬁﬁdeQﬂtmors orpeg lasms sy%?\e& ﬂ'@rg t%@up%n%g)of
5 5.87-5.77 (m 114), 5 05-4, 97
1#4reipem@, glengarcinggas, sercgmas( d@ heﬂﬁtolm@mallgr@nczeW)
2.69-2.63 (m 1H); 2.15-2.09 (m 1;?1 1.92-1.86 (m 1H).
NVR ( 10dditaally, dis: tnsg)canegr qapéde 4gectad] fsons the gp@ipgnsigipg §8growth
38¢ Bfkd nM/ﬁlQh%an(P éseﬂ?’{(ﬁ& hlﬁf]rogrfxd (QQQEIQHIBHI& oela% advanced ‘rumors
(S)-2- Am no- 4-pent eno 11; 13.4 g; 132. t Ao 3
Na2GO30 086 @&cmommal)lcevxmeestdsessqums ol @rcllmna( Amha[gﬁflt_lL

(A

(LRl 6] Rl DM Riancous Tl Iymphomy Hodgkines
mbmmhaddemnahﬂthelﬁemmhmlmmamnﬁmeaeemasmvm9666H3hmmmng
Ful rorfsglgcénast ﬁ‘ r&gl cea%%?r%g)rgglsetrc%tlc% tegastr01ntt?s¥1na% cerl]n%le’lrs urol-l)-lg‘l(c:a | cancers,
nmhlngﬂanaes[c(fshufemmtb @mldbmacy )mzaugbmmels b mokteenital krect, kidney

l@ \% tﬁ narM@wlwaMOr

C?rh ‘Pecﬁ’h‘ieh ﬂ@e ‘i*?ﬁfeé% P"Wéi%“ HREECEPGeLgeigdlgstom

se@mﬁﬁﬁﬁmygﬁammebhﬁmdoexﬁmaﬁhedwwmlhﬁEmBAmamexmﬁﬂdvmms)

The co ed Et OAc ex cts were shed with 0.5

x K6 %‘4&2\ T HPreT 8 a%&&)““ﬁ%@%%ﬁ&%ﬁ’%@@%ﬁsa“& %O Béﬂ’ S

ovefont¥a2SM4, filtered and concentrated in vacuo to

provide a yellow oil (7-12 19.3g; 570% that was used in

t he nemborﬁpcﬁmdw &dﬁ@i@&ltlﬁlﬂbﬁthﬁﬁmﬁﬂﬂidnfﬂl@aid admmiivited #00mavhinal by
. 67.90-7.83 5.74-

4a %ta leg ut? ﬁ\lCh'oaisL ﬂ?jal ydnéa?veamﬁg) ?aﬁ‘?ntﬁ_ri%) tralgsd%r@qaély gg_glquy,

1kdball - B3mdn&8Ilkm A-1), 2.64-2.44 (m 214).

NVR (101 MHz, d6-DMS0): 6 168.25, 134.86, 134/12, 131. 37,

122. 94 117 11, 60.63, 53.47, 32.59. 10Step D

Preparation of Conpound 7-13 NN- Di

i sopropyl et hyl am ne (215 tn4; 41240 ninol), triethylantine

triltydrolluoridc (81 nmL; 496 mol ) and perfluoro-1

- but anesul fonyl fluoride (15.0 inL; 83.5 mml) were added

to a solution o[7-12 (19.1 g; 82.7 mol) in PhCF3 (310

n,) and the resulting mxture was stirred at anbi ent

tenperature. Additional perfluoro-I-butanesul fonyl

quorlde 15(7.5 inL; 41. 8 n1no|) was added after each

A~ P~ A P~ o~ =~ A P~ P~ A o~
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(m 2.514), 4.80-4.73 (m 111), 4.65-4.61 (m 0.510,
4.60-4.49 ( m 114), 2.68-2.47 (m 21-1).

11C NWR (101 MHz, d6-DWVS0): 6 167.87, 134.79, 133.77,
130. 94, 123.26, 118.21, 81.8 (d, 1=170 flz), 50.217

(d 1= mammyxs ugludeOfof ekafnpl, Hurmdns a@cﬁ@h@mrimate@rrepmcatﬁpmiomf

dangglg V u((:jh eltsndogs ind&gﬁ%ary(aj}%%s %%h ag rr]aés 5mcseo%Né rabblts an farm

Oslrhalis sutted HoR@s, igsilsheepofindacattbo W v sol uti on) was added

Nal 04 (42.2 g; 197.2 mmol) was then added in a single

por ti oTunamdomi@ep m&uhctlhdegrmrdos off tesswas!lsini whigdthatmuhaipbcaioh of
elé tA{ 3 hours, the mhxturg vva$ f.iléetrggto

r rove 1%?%"8“ B! egﬁ%‘?ﬂpr%refsave SORR ALY $TE Pt gk §UgHLers are

\N&ﬁhﬁﬂ‘ ‘rivdlighanEt ©é@an [Ehetofdehth bathe onpasismo mllghemhaqb ldsths yACUO
renove t he |t of the or n| C Ivents The

r e@P?fu?e %‘ES‘B‘%W%A& B W %‘V@%m% ‘|’“8 “%If toexpging pgeressive

]E Eiﬁluﬁlﬁ a{rgh&eﬂlgﬁttﬂé}ccaamvraa@%@rouﬁﬁ@ Wshﬁdn@ﬁﬁfastgﬁzesqglﬂore%ver
iltere and concentrate T resi due was di ssolved |n
Chglienany apfatnsoht Hhascisageddp thet ﬁw shoyet eraser less @3 ditfcregfigtipn
el ditaed “Widlfrer&i%bion3PUad AL zaBO el aB 0o A0 YaJH P Ak foRuRGNRANE.
Conpound 7- 58 was present in the 30% 50% fractions but
cBWP%mTﬁb?tPé%PeWtSWaﬁe%P@ Bt ar |rrpur| ty. The fractl ons
were combi ned and concentrated and the residue wa
appl i €ePrerRuRdshE¥inA dhepsispiregfoilpgicat actiyiy may be @@d\fneti HS mR§egsary to
Ebrg‘eﬁe %i&n@@fﬁ%ﬁﬁﬂésosuﬁﬁ Vi ve® pReMAD 1041 Al ﬁ@p@tléS'(Qgt i\@hd ow

|
3%&%0}310 -agQ ablilty(),sor tl]g.%blllty]g)lheﬁeggted phdlagqlpgtlc agplg:;ithpsg §ta<3lhty
13&1‘1)be aﬂm%&i 1(1ta!vaIQet§313wayl‘S§ch3a% |b8)mea£u-r1§§ e HQA- 1D £ thd é()mpounds

| Qt@lmgmubatdm wwlazpep@%esmvgm)lan IﬂaSZWTEWUmELG? 65, 134.73,
131.15, 123.24, 81.80 (d,J=17111z), 44.81 (d, j=21Hz),

40. 64 Kot diagmysge purpgscs, a@pde varictyyef fgbelpngry be Eﬂ%ﬁdﬁp ghezompounds,
Alzvhl%fl %S/ rO$Y(fét d]?e%ﬂf oﬂhdlge QUL ct?ﬂ:')lt]: %1g§9hQH§s the gi%buzldélg‘nd/or
Step A" Preparation of yound /- Conpound 7-9
masnpoemlbm«édhwuquctzn@nwummbqemo@ﬁ@d‘ inphiehieth b€ waystyok vadiety of

[ |
{}Hj ﬁl?pe?gge i L&%ﬁl I ?J‘[Tlgl%l% bl%gj c\é cggﬂi%é {%%W k@%tu 81%\% sites may

sbd mepducwh®r hekmg/@daauwtbe,rsopd egstates, themesuldu ald thabke.

di ssolved in water with a pH of 4 and then extracted with

et hyl lzbeledt@npolihds @olrbiseddn ovgani o it ayepsinwgraeapphsiions. A

t W h v P \ni ¢

0 gfégfa%t% of lwgélgtl}l ay ?ehéné]g d’%ﬁmﬂglﬁ{‘ 91011- Qﬁﬁes 2 6I’ ggm 2 \%rlélgttmg

I eiowethppy suvln ds taghn@EubA9sr iadinmi-118), Slobicskers (Sie fludBrscein),

Pgnezem[esa %rllz%e%{lbs%{gg%Hzny(;ngc_o}a%tors, enzyme inhibitors, chemiluminescent
compounds, bioluminescent compounds, and the like. Those of ordinary skill in the art will
know of other suitable labels for binding to the complexes, or will be able to ascertain such
using routine experimentation. The binding of these labels is achieved using standard

techniques common to those of ordinary skill in the art.
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Compound 7-14 and 1.2 equivalents of DIEA and 1.1
equi valent of BOP in TI-if was stirred at room
tenperature until a clear solution formed. The sol ution
was cooled to O C, and then 1.0 equival ent of NaBH4 was
added.Phitmeacr@aet domposﬁioatsuf Gewasngdn are gdtablt @ v B au»radeﬂy oN2
untl Id (28 Cst stonrr]ls col aLl% hrula -(l)-rrl]sefofc’ EIJSC\{e te t%e r1]navn Ton ou
anla1g ﬁe Pedcton” Was vvamh 4°8 W't Rt er [%M
pRasmgva's Phﬂ)’aﬂaﬁl’tlm Soiceces,iNlace a’uglwhmglaampaay) cﬂ'hﬂeides)hmdPa/.\a th
1?%;@%2%6 n hexanes to give Conpound 7-12 as a col orl ess
oi : ‘e 8 Synt hesis of Internediate (S)-tert-butyl
izg)o(? ; o%%%oﬁ? sq%rg(?toéy %attlﬁﬁl w1ﬁ vary de%esndmg upmz what is being
Sa((rﬁlefsterdduﬂlepy@a@rebﬁ ﬂmlaaﬂnﬁMI)atlhutsﬁnhCaabﬁ)pBy dxif dr t&erapy, drdtate of
| uene (tx:S%{l was. gi ssol ved I(Blh jﬂ\ hl or omet hane and cool ed
© P4Es AR S8 IETERO L AN DPBAKS | | RGIPGRHE PP 2B was
aglsgsbsitbRe SEnHRAES (N paleiDARBE & fRALL Hbrh h8Gasdlin an/fnoubt
for 2 h. 1SThe reaction was quenched w th nethanol and
 HEGF R BEIOT 2ot HATE U et A PEEPue] R Res Rt g gasynd

pm &%510aNoRQ dA bl Bnb @t hiltie cbdh9IRh @is QG astihEhSStically
fgqcrousl y,at roomtenperat ure for 30 mn, The reaction

tiredatas 4rasynts STAes pehiraenvill deprndpodbeadiscasseondisipr peing

Tl?@até?ireﬁ %“%S bae fJud@ﬁr%nmﬁkeﬁtemlﬁg‘chtﬂ'fdld?l%epgfdin%%p&y Blctors such as
sodi um sul fate [t ered evaporate and dri ed under

r g sevstbp disdifcasc dsprer gendiorpbe A Behand gonargisendition of

y%'eint‘ﬂén?Q}{dﬁl%%é liquid. M5 Mtt = 188.7 Exanple 9
hesi's of (R)-tert-butyl 4-oxobutan-2-ylearbamte Step

A Sy nfﬂ%%fnﬁoﬁlfds Qcﬁ)nn{s{e%qg){ Mient are typically in the form of pharmaceutlcal
3-(tert-bu(oxyearbonyl am no) butanoate 5To () -benzyl

3ccammonitbut descitbed shiive atleess agrapogitipny mayy: sterllﬁedﬁHEconmglonal
aggﬁ%a&gﬂ_ﬁ]}ﬁ A EH b bfg &erﬁgﬁ terBd! dTl’gil rlés%‘l)t %gﬁ{éoﬁg %%h%% ngy be

eacti o m Xt ure was |rre ) )
t ewb@eélf@rruee fis0s, of Hyophilizddethe émhuh@w miperatioe bevag combined with a

\?\g?@ 155 c‘%rr?elp gngrq taéi&nn%ﬁgtgonb ﬁrl)f g'fetlxlngﬁg ?tp%pgﬁﬁ

e orga ayer was sep wat er
atydicblﬁy wﬂal, be(‘heweidn aber 3 sod] Iy mosaj[tréfatabl,y ffanh gt@ueslto 9 and most

eva d red u t rovide 10
cBRBER e 3040710 o A By BN Gy § & bR
Sy:ifiasd, Sarﬁérs,(oR)stabldalzetrs Bt yebuldin chedbmiaginn aF pﬂaﬁﬂxchmmt @lts.
9-2 DIBAL-H, DCM -78C

The therapeutic dosage of the compounds and/or compositions of the present
invention will vary according to, for example, the particular use for which the treatment is
made, the manner of administration of the compound, the health and condition of the
patient, and the judgment of the prescribing physician. For example, for oral
administration, the dose will typically be in the range of about 5 ug to about 50 mg per
kilogram body weight per day, preferably about 1 mg to about 10 mg per kilogram body
weight per day. In the alternative, for intravenous administration, the dose will typically be
in the range of about 5 pg to about 50 mg per kilogram body weight, preferably about 500

ug to about 5000 ug per kilogram body weight. Alternative routes of administration
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Azeotropic m xture of (R)-((benzyl)

3-(tert-butoxycarbonyl am no) butanoate 9-2 (1 eq.) and

tol uene (x=3) was dissolved in dichloronethane and cool ed
to -78C. A1 MIS solution of DIBAL in toluene (2 eq.)
wesitadec delopubsieramd dmith? toatntresgshlerasdarahals tnhpleédulatutancous
S R S S gt T R
2frdnpotias or ermslododemettayiterat.e sol ution at 0 C and stirred
vigorously at roomtenperature for 30 mn. The reaction

m Xt urle gmmalpae tdmp(mndschnb/cet w&mosmbhwdf tlaaacabﬁtten‘eemdonmﬂldre.

Th brin drie
B S RB0UE ¢ PRBu Ry RS AR i D B B e s e POt
r edhuiaRdatpheEsisige@s that eresintiér aoigou mdxﬂf)aanashemmahmfﬁ@sg of
vi scous | i quid. . NB+ = e 10 nt hesi f
Y B e et oe M s B i 2D B G BRSSO et cues
Symxbaﬁh@tmamnﬁtshy L., Br gmlﬂgma% mgtﬂmg& (o cﬁb@@?ﬂ%lo ) sbm d‘ﬂkl?e

me -putyric acl -

ﬁowflﬂ%ﬂafi ﬂ&@%qﬁ%@ﬂ%&tﬁ@aeww cciiyf igafte o me&Ppwaétwn hEhe
I gske tdtRMbei sk ke A3 $hWRE IR Bts [SARMKERPREE Alddk @mﬂﬂ&m be
stirred overnight. The sol vent was evaPor ated to give
ASHBTPIE herftia L/ Ebso- 16mpoxpds ths egfabie g@ilzsranm%ﬁd\x&%are
usefkt@r Step B. Ms: MEl+ = 132.1 Step B: Synthesis of
net hyl 3-tert-butoxyearbonyl am no) - 3- et hyl but anoate To
et hy | Ti3-@mioBRindd TRk té Bt c@[’r@t@tagsa{jgndsaﬁ nfal 310dié( dan @€ udediif
THE was added Hoc- anhydride (2 eg
dfargslafiegd/faeeafidasmen fr pae | @umansrﬁéle ﬁ@salg? plowchfomneredsiiss
Sf)ﬂefe'feﬁ)%/ @thih Q24Ret BIRRNALME SontHirafihsihat HefidE BRADPRith little or no
m xture was concentrated and partitioned between et hyl
awatcdy e Thadbsygstreay. valhheition gaviasgd dpendingawos g dpspge dorm employed

ol t:

R R RO e e SRSl
pmethpdief t|bc bd@mton,lt@e Blealselalcm dfEscial dogk canBe epvishated ipE2lly from
SEe?lpcu re %sg% e%{aé/tbg Ifcgerglr?lgag%al %mmal models to achi%vze 2 ggr}:t(l)l%tlm(lg
rrplmmkr ®noefntmmﬁtyhge Wthh includes the 1Cs (the concentration of the test compound
[t but oxycar bo (
s S HERR DL RRRASN o7 iyt AR R s e Rarsden
amﬂormmbreanﬂae useﬁ&@nohotﬁﬁtﬁly\ﬂﬁ&nﬂdd egfid rdom\nrslem{anM Levels in
sol ution ere

aﬂlasmasww faeagvfeé’ St plSs ehlﬁhm%%f%%{ﬂc? fﬁswdv?ﬁg Dereheg

Wi th and conce trat To co e Si due
s adQOBNMEOPLEET T Soe il v e %‘f‘ﬁf’i“g%{r%\? e
afglergioh afi€tle ib1go be b&@lsyrudltin hioowayt Bripatiad the ecoboof (B ifNeAtion.
The m xture was partitioned between ethyl acetate and
wat er. The organic | ayer was washed with brine, dried
over sodiumsulfate, filtered, evaporated and dried under
reduced pressure to provide product 10-4 as a col orl ess
viscous liquid. Ms: M+ = 202.1 Exanple 11

wLbc
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Preparation of Boc-protected Difluoronethylal dellyde Step
A: Reductive am nation Et hyl

4, 4-di f lour o- 3-ketobutyrate ([1-1, 25 g, 15 mml) was

di ssol ved in dichloroethane (300 tnL). Benzyl am ne (49

m., 45.2 mmol) and triet hylAaMPELESS3 nl, 60.2 mmol) were

t hen added and the solution was stirred for 1 m nute.

- ha, q .
added S arn Raht AT 1By omgBhd STl R G1RRe

r synthRelact usong thor nghedsslewabed loirdiowe dthei mbthd'd_sowh@m glicuyell known in
CYRNRORNOIVALI IR el ST doDoMERT o8 160, AdYE G ared or
dropri se he reaction was rrr

addiiyzr:(bumrig th@mbthod’sft@scr@a«t térain, ariogtteu methnds whah taret wahkedwn in
bﬁlt en Et0Ac and sat. sodi um bi carbonate sol ution. Be
caréful to keep reacti on in the hood and use a cyani de
gﬁgegﬁﬂneo%—‘g%ﬁﬁea or m eramneﬁlczﬁ were aracteazed be{ rforqnaaxze liquid

20 ohiitagrephyf (HIPLEY esdng hmwgsmlaleﬁmnt dhedn dtd draphiy swmjn with a

(PG htsRoreraRac Bolpe My Tt wiah Ty GRotR Sei iR
3evSs@l (ha8Y8 .6 x50 panBfrofex! bemz(pbaﬁ NILYT A toheeliched omdharas used,

g&p{}gﬂwél'q]il_ég}vﬁ%‘g%%%gggé%@%% ]C\@%g g(h(%Na §grgsls§nsé?(l) Y(?Oq/o ia(peto%%relfel oc\:/er
la ﬂer(b)d(iif@hﬁ%rﬁytéil ermeso(vé]gaeﬂﬁalmr(ﬁl%dﬁkﬁ@rcﬁealétabﬁ (TRAgEti on

m xture was heat to egre eel cl us tirring
cOATPoIEY Ve defeﬂa@bx waraviplgf et FLRYFDsoreRs 4 S P ofhoRRag

f abLoweEeM fvbre lEGNMBurdiaR aﬂi@ﬁ@ﬁsb@ MUWasgdnhem), 60BkiRE Stiehtlficand
filtered through a plug of Celite. %e 5Celite was rinsed

WRIEOHEEN Hho |10 SoPRRaINIcEs, ARty WS 24sRwrd BohEATy shrepatemigahy
\]/_ql_q}@%msﬁig gbébsedr%latstr@bé‘éf(ébdsﬁlcﬁ @ICB-!QES suth&s cféﬁ&@mﬂ@t@ik'e@hex Silica

was used directly in the next reaction Wth
plel KB2chatlprapic sheets) TRE Tewlts Peswpdiln getg_qedgvlmllgqt)der ultrav1olet

g?%l?,’&;%g%hlﬁ)g}yﬁ &Qﬂ%&@n f()ljl vglgc)r’an(&)%é}s\%h s%{lpé’{é@ﬁn c{ugél.' 3

_ oxanc were all added to a flask. The reaction
was Sty hds§ V\gec?r%méthc QM%S \Qéstﬂ’eﬁgl%{bdfogroné'gf t%LL@MSR@S%%HG% a
progress s tollowed wth LCMs. The reaction was

ewm %)tseeh tAdliahey HE S LCThe arl\éwmnmsméQ MEASeFNceFonyeass; Column
PRLIEsE @1 §)§tlv§@wgo%enr§;/gteﬁt 9 '6§% (Ilh:% éSa/)( 3)@ 85950 %r 95-95%)
sepdra e and t he aquéous er Wwas extracted two nore
t aqeEwitnjetin wEteomth 0 Wh‘?é Tfs‘orﬂganat@ 0l18ayleman; weqi@:utao whighiednge

| t er

ver
r ALY e VBBt s Bh P s Rl bl URIR e bk g
d(S’eﬁeSM 10oh ano colutimE¢I(p% XDB3OMK, Bt GAD mesrolx&ﬁt dybtom: B@%/ot 0
0 0
é%%é’mc‘)ﬂ\égtrné?vatleawgﬁl 83%993@;& ?lomt'e 0.4%]%%119 mol?eec%Ha(r: %Iel%ﬂt range
150-850; cone Voltage 50 V; column temperature 30 °C). All masses were reported as

those of the protonated parent ions.

GC/MS analysis is performed on a Hewlett Packard instrument (HP6890 Series gas
chromatograph with a Mass Selective Detector 5973; injector volume: 1 mL; initial column

temperature: 50 °C; final column temperature: 250 °C; ramp time: 20 minutes; gas flow
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ONHBocO DI BAL(1M in Tol uene) DODCM 11-411-5 20Conpound

11-4 (2.8 W, 10.48 mmol ) was di ssolved in DCM and pl aced
under an atnosphere of nitrogen. This solution was cool ed
to -78 degrees eeleius in an acetone/dry ice bath. DI BAL
sottait indrim{rl Mlumnt Bb plemg| m20yISoxrne, NM@IedRonihd?)o19wed3.added
d(rilo e\I/lvélg,e T51e rfﬁa t|00g s then stirred for 2 additional

ho nIshe F eactl on was fol lowed with LCVS. The reaction

vvas an 0
s hengyele L SRR R O e
Threnpoands witingV atneo0 M}Mm (\mm Adsol Caat ‘Gt spmttahreEirﬁAe was
(3@9 . ,H]/"Ee oIkI ecte g'Ah ‘ raclt were dri oxer
SOk RV g% bl d o G SRR So B b gl wer run
canteatd fbﬁ“@@rabliﬂ&e(é.g.\{ as U pfitiotd in€@bde® BarkyAS sali@sigy Wi t h
Isco ((0%to 40% Et OAc over 35 mn, 40%to 100% over 5
rri n, 1%%1h@rofl&nmﬂhe nQci@ioM @orhdoudds ¥lagkethed By 8certal anlYis
npound 11- 5 1 n%%o 14 mmol) was dissolved in DCM The
tf[?eé%ﬁéa mmol ), sodiumtriacet oxybor ohydri de
rrgl\ﬂéo 21 mml and éacetl c acid (0.013 IL, 0.21
m’ml) fiag B?iﬂté&reéfﬁﬁ’”flﬁ% ?%%kth&ﬁO%%ﬁFSeMWa crg 4PPRTAYS at
#H(m\{se(;mq\,gat)t The reaction 10 was foll owed with LCVS.
After conpletion, the reaction was washed wi th water
(2X). g@rda@%épawabnsv\@@e thes sl Lt OVREh Aodirdimatsithfhats@stem
f||tere with. a flitted filter, and _concentrated under
Ut By Biiotags Ghﬂrwagsvwn}émog RY fla® el qEssRer hs o9e
PW8D-48 midH) pa rhaerla@(b%pmcmm@am 184R0%ddqhase
ield: 58.0 7.09% . Step F:. Acylalion
ceﬁ’rwemnaym%l s(l‘sﬁatsmwéoye@)fqiherﬂ%h)‘m\ﬁa@agﬂ sygem yedflish cgemni n
ac}§§1§1§\9%1§1§}81 Wdr@hich brahicAraAC Sl AURr Empuéxaﬁ@ la&-;rtérgeaq(lgmg 42
and triethylam ne (0.
vx}ewdéow@ﬁleaa@lwthﬁrﬁ"emm BYpigeh soleesy eé@lcamél fQ’félaﬁt féYiPWed)hA@ PLC
d@gﬁe%@lr%%hceﬁnﬁmgof RROhHAL aMPFardl m Goafi o Lo

cel ci us overni ght After reaction CO[Tp etion, %e sol vent

Swas ey ethHA srtat @ﬂ%ﬁﬁ};er&ﬁf‘es a%%ﬁég‘?&s@el&h&r &85 dhRken

up in acetonitri the [ soners were
separisend dsivwhgre ehbewélomseﬂ@lfo lrarograptey. The
S-isoner showed a retention tine of 1.29 minute on RI M5
the R isomer showkdth retaediciagd time of 1.33 mnute,
Yield of the S-isomar:=1%quony (20.7% . Yield of the
R-isonmer: 15.9 ng 4APA. a%pdengonpphephdte 15, and 18-86 in
the tabl e bel ow weBec prepar-bdylasicagpottie 10nmet hodol ogy
descri bed in the PB®¥vi oudoEraspireslbameh Met hods. Conpounds
16 and 17 are prophdfie conmpoendsurand|ddnical so be
prepared in a sinDCM wadidloronidimnst arting materials used
in the synthesi s RIAD r ecadsipralyl eotlioarboreylaad skill in the
art and are commBIRAlal ¥y dasdutysbineneon hpdydebe prepar ed

usi ng known net hoDEA The dienppgyhdslantinclabl e 1 wer e naned
usi ng Aut oNom 2000PHAAUE o rtEisdpeophisuediad ur e) f or

| SI S/ Base, i npl ememilP ng UohdthyPARinsiyaiadar di zed

nomencl ature. |n oneF eabadhdryHormphidvi ded is a

stereoi soner of aMsS®ne @fmdth@storE@ounds in Table . In
one aspect, the sStEreEOLSQNRbthr&tofN enanti onmer. | n anot her
aspect, the stereoigonmer chsvaedi astereoner. TABLE 1

Conmpound Struct ur ezhdt E UNaYB ether
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robutyl) - N-(OO 1-(1- benzyl-3-(2,5- difluorophenyl)-

1,2,4-triazol-5-yl1)-2,2- dineth ylpropyl)nicolina

e 2 FNNN N ON__F--

-FN 0

uor obut yl ) - N- 4Ry - £- (udlethyl Nifir2 559, 2
S) - 3- ai ni no- £tO0benzyleth3t {2tak>- di t| uorophenyl)-1 I1-
4-triaZOL-5- yE)OIR, 2- ethan@t hyl pr opy Dnor phol i

carboxantide GCg)=

HPLC
L
LC/MS

gram
hour

high performance liquid chromatography
liter

liquid chromatography / mass spectroscopy
molar

meter

mass/charge ratio

methyl amine

milligram

minute

milliliter

millimeter

millimolar

millimole

mole

normal

nanometer

nanomolar

nuclear magnetic resonance
triphenyl phosphine
trifluoromethylbenzene
pounds per square inch
room temperature

saturated

triethylamine
tetrahydrofuran
trifluoroacetic acid

thin layer chromatography
trimethylsilyl

trimethylsilyl chloride
microgram

microliter

micromolar
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F, NNN-1 NrK --F H3co 518.3 N4(S)- 3-am no-4-
fluorebutyp-N-(( R -1-(1- benzyl-3-(2,5-

di | l uvonphenyl )-1H L2,4-triazM5-y!)-2, 2-

di met hyl propyl) - 2- net hoxyacetarnide 4 F\ NN a,, NH2
NN J O/ HO..,.-F 504.2 Nx@@g)e3- am nO- 4-
fluorobutyll-N-((R)- [ -(1- benzyl-3-(2, 5-

di fN-UGS)-dpiany-2)fludkbbultyl)-X-@R)- HH(labotzyb3-y2-ddlu@rophenyl)-1H-1,2,4-

di met hyl pr Opyo_t?‘fazol-S-yl)-Z,Z-dimethy]propyl)nicotinamide

.

-N
PN /}\?L NH,
saSe
o —F
5  Step A: Thio-Amide Synthesis:
b =N F S
EtsN, Pyridine NH,
(NH,),S, 50°C
F F
1-1 1-2

A stirred solution of the appropriate benzonitrile e.g., 2,5-difluorobenzonitrile (1-1),

(15 mmol) in pyridine (10 mL) was treated with sulfide (20% wt solution in water, 16.5
mmol) and triecthyl amine (16.5 mmol). The reaction mixture was stirred at 50°C for 5 hr

10 until the reaction was complete. After cooling to RT, the mixture was diluted with cold
water. Extracted with EtOAc, and the organics separated, then washed with H,O (x3), sat.
brine (x3), then dried (Na,SOy), filtered, and evaporated under reduced pressure to give the
crude. Purification on silica gel column (20% ethyl acetate/hexane) to afford thio-amide as
yellow solid, 1-2 (yield 88.5%). 'H NMR (300 MHz, CDCly): § 7.12 (m, 2 H), 7.90 (br, 2

15 H), 8.08 (m, 1 H).

Step B: Hydrazide Formation:

b ?\ 1.5 eq NH,NH,, EtOH f NHNH,
NH; ” NH
rt
F F
1-2 1-3

To a stirred solution of thio-amide 1-2, (5.0 mmol) in EtOH (5 mL) was added

hydrazine (7.5 mmol). After stirring at RT for 30min, reaction was complete by LC-MS
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h ydrox yacet amde 5 NN- 1-.. F 557.3 M (R)-3-aill

[110-4- fillOOblltyp-N-(00- I -( | - benzyl-342,5- d
il luorophenyO- 11-1- 1,2,4-triazol-5-yb-2, 2- ro
di met hyl ppyOpi perid ill e-l-carboxamde ,,ar- N- NN

<MNid-yhi shid] pre&PitBed\H (1€ frpeifitaerivimolildred and washed with Hexane to afford

;Hg‘{'%%étfygy&%%@ol( | - benzyl-342,5- di fluorophenyl

az01-5-y1)-2,2- dinethyl propyl mn orphoti
ngfeﬁ_(,c: A%S’El?io)l G ﬁ'y(gt%zide:

£ NHNH; o ethyl chloroformate F NH H
NH EtsN, THF, 0°C - RT J\N,N NHB
. 1O N oc

NHBoc O

1-3 1-4 1-5

The N-Boc-D-fert-butylglycine 1-3 (2 mmol) was converted to a mixed anhydride
by adding ethyl chloroformate (2.4 mmol), EtsN (3 mmol) in dry THF at —5°C to 0°C. The
mixture was stirred at —5°C for 30 min. The resulting solid was filtered off. Add additional
dry THF to wash the precipitate. The resulting reaction solution was added to a THF
solution of hydrazide (1-3, 2 mmol) at —=5°C. Then the reaction was stirred and gradually
warmed to RT overnight. Once the reaction was complete, the mixture was partitioned
between EtOAc and H,O. The organic layer was separated and washed with H,O (x3), sat.
brine (x3), then dried (Na,SQy), filtered, and evaporated under reduced pressure to give the
crude product, which was purified on silica gel column (Hexane/Ethyl acetate) to afford 1-

5. (Yield 67%)

Step D: Phenyl-Triazole Formation:
F

F o NH
N~
I Xylene, 150°C p \H
N NHBoc =
H N
© F

NHBoc

F
1_5 1'6

Compound 1-5 (2.86 mmol) was dissolved in xylenes (5.7 mL). A Dean-Stark trap
was added and the reaction heated to 150°C. Once the reaction was complete, the mixture
was allowed to cool to RT, then partitioned between EtOAc and sat. aq. NaHCOs . The
organics were separated, then washed with sat. aq. NaHCO; (x2), H,O (x3), sat. brine (x3),
then dried (Na,;SOy), filtered, and evaporated under reduced pressure to give the phenyl

triazole 6, which was pure enough to use directly in the next step.
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. ) ENNNNOS5 . } 2 Q2S,6R-NI(R)-3-am no- 587.3
4-fluorobutyl I -N-((1)- | - ( 1-benzyl-342,5- di

fl uorophenyl )- | ft- 1,2,4-triazol-5-yl1)-2,2- d

i met hy[ propyi) -2, 6- di nethyl norphol i ne-4- earboxam de
13¢h INBEnsplgtionHf tilyhedy I iidz0le3- ami no- | -
fluorobutyll-14(R)-141- benzyl-3-(2, 5-

di fl uor opheny!) - 1H- p

F
N*NH N\N/_© N=N
+ N\ \
Cs,CO3, DMF, RT N

NHBo NHBoc F NHBoc

1-6 1-7a 1-7b
To a stirred solution/ suspension of triazole (2.0 mmol) and Cs,COj; (4.0 mmol) in
DMF (5 mL) was added the benzylating agent, e.g., benzyl bromide (2.2 mmol). Once the
5  reaction was complete, the mixture was partitioned between EtOAc and H,O. The organic
layer was separated and washed with H,O (x3), sat. brine (x3), then dried (Na;SOy),
filtered, and evaporated under reduced pressure to give the crude benzylated phenyl triazole
mixtures. The region-isomers 1-7a and 1-7b were separated on silica gel column
(Hexane/Ethyl acetate). The regiochemical outcome was verified by 1H NMR nOe

10 experiments.
1-7a: crystals, MS (m/z): 457.3 [MH ], rt = 4.00 min; 'H NMR (300 MHz, CDCl3):
87.78 (m, 1 H), 7.29 — 7.39 (m, 5 H), 7.00 — 7.18 (m, 2 H), 5.53 (s, 2 H), 5.20 (d, 2 H), 4.83
(d,2H,J=99Hz), 1.41 (s, 9 H), 0.91 (s, 9H).

1-7b: colorless oil, MS (m/z): 457.3 [MH"], rt = 3.66 min; "H NMR (300 MHz,
15 CDCl3):87.25 (m, 5 H), 7.15 (m, 2 H), 7.05 (m, 1 H), 5.45 (d, 2 H), 5.28 (s, 2 H), 4.85 (d,
2 H), 1.43 (s, 9 H), 0.97 (s, 9H).

Step F: Deprotection to the free amine:

{ e D <D
N-pN N-N

4 10% TFA/ CHyCly, RT y
N/)\)< - N/)\H<
F

NHBoc F NH,
1-7a 1-8

Boc-protected amine (1.0 mmol) was treated with 10% TFA in CH,Cl, (5 ml). Once

20  reaction was complete, the reaction was concentrated in vacuo and then partitioned between
EtOAc and sat. aq. NaHCOs . The organics were separated, then washed with sat. aq.

NaHCOj; (x2), H,O (x2), sat. brine (x2), then dried (Na,;SOy), filtered, and evaporated under
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1,2,4-triazol-5-y11-2, 2- dinethyl propyl)-3, 3-

di met hyktrea OF -N -\ NNO 2 503.2 14(10-3-am no-4-

fluorobutyl)-14(R)-141- benzyl-3 42,5 - d ifluorophcny

0-1H 1,2,4-triazol-5-y1)-212- dinethyl propyl)- 3-

nEtihch preeard © give-thd\bhehlyl triazote fife@mine-whiciNwig purd8ipugh to use
3-am no- 4-fluorobutyl)-N4(10-1-

m’[?ﬁ? ntwg?&te% di fl uoropheny1)-1 11-

Step G: Reductive Amination to install Side chain:

) o ;(-
H
T ; o)
F N’N}\% O Np0 3 “‘,’N%?L N
Iy N/ \/\/” 0

N NH, Na(OAc)sBH, CH,Cly, AcOH, RT

1-8 1-9

To a stirred solution of triazole amine (1.0 mmol) and appropriate aldehyde, eg,
(S)-3-(1,3-dioxoisoindolin-2-yl)-4-fluorobutanal (1.0 mmol) in CH,Cl, (7 mL) was added
AcOH (1.0 mmol). The mixture was allowed to stir for 5 min before the addition of sodium
triacetoxyborohydride (1.10 mmol). Once the reaction was complete, the mixture was
concentrated in vacuo, partitioned between EtOAc and 2M aq. NayCOs. The organics were
separated, then washed with 2M aq. Na,COs (x2), H,O (x2), sat. brine (x2), then dried
(Na,S0,), filtered, and evaporated under reduced pressure to give product which was either

purified by silica gel column, or more usually was pure enough to use directly in the next

; o EtzN, CH,Cl, N;
-0 ) ¢
Z o
N ﬂ’—F o) N

Cl

step.

Step H: Acylation:

1-9 1-10

To a stirred solution of amine 1-9 (1.0 mmol) in CH,Cl, (6 ml) was added Et;N
(2.0 mmol) followed by the appropriate acid chloride, eg, nicotinyl chloride (1.0 mmol).
Once the reaction was complete, the mixture was partitioned between CH,Cl, and sat. aq.
NaHCO;. The organics were separated and washed with H,O (x2), sat. brine (x2), then

dried (Na,S0,), filtered, and evaporated under reduced pressure to give product.
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1,2,4-triazol -5-y1)-2,2- dinethyl propyl)-2, 6-

di net hyl nor phol i ne-4- earboxamde 11 \/ \ / NN1 -- c)
N/ Nri, """ F 517.3 146)- 3-ani no- 4-
fluorobutyl)-14(R)-141- benzyl- 342, 5-

dbfep Uo Foph Baptopectidn to EGSlIndjbitorr i azol - 5-y1) - 2, 2-

di net hyl propyl) -3, 3- dinethyttrea CA ?--7? N---N /-
NH2 O-

NH2NHo, EtOH, RT NH,

)
F N—NF?L N F r\;—N
I % /
dN N\/\{‘—_FO ©/LNO N\/\/ﬁ_F
O
1-10

F

To a stirred solution of phthalimido compound 1-10 (0.3 mmol) in EtOH (1.5 mL)
was added anhydrous hydrazine (1.5 mmol). Once the reaction was complete, the reaction
5  was evaporated under reduced pressure to give the title compound, which was purified by

reverse phase prep HPLC.
Example 2

N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(2,5-difluorophenyl)-1H-1,2 4-
triazol-5-yl)-2,2-dimethylpropyDnicotinamide

oy F
F <\j:>

10 %

Step A: Carbamic Chloride Formation:

©/H\N/ HN\/_\{’/_F % EtsN, CH,Cl, dN o%‘ﬁ_F
L cl
F 9
To a solution of amine 9 (0.154 mmol) in DCM (2 mL) was added Et;N
(0.615 mmol) followed by triphosgene (0.184 mmol). Once the reaction was complete, the

15 reaction mixture was concentrated in vacuo, partitioned between EtOAc and sat. aq.

NaHCOs. The organics were separated, then washed with sat. aq. NaHCO; (x2), H,O (x1),
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. N--"-F H503.2 14(S)-3-am no-4- fluorobutyl)-1-((R)-14
1- benzyl1l-3-(2,5- (1 ifluorophetlyl)-1H |

,2,4-triazol -5-y1)-2,2- dinethyl propyt)-3- methy 'urea 13
/| NN/ Ncg,,,,INHZ N \F 575.2 N(tR)-3-am i no- 1-

f burer(ebu thgd Yedd- (NaRO4 L i ttred rad zydpoBuddAnBer reduced pressure to give

difluor he , triaz
df e prl%%y?%dr‘ﬂ‘%hrlr‘%hr‘ﬁas SRR A2 T 5 | NN

NSfep B: UreNorlmatlon:
; O
F N—N>\?L N
| 4 / o
“—F

Z

@/}\ %—?L \i EtsN, CH,Cl, <>/1\N Nﬁ -

o~
N

L CI F Q__(}

5 To a stirred solution of carbamic chloride (0.032 mmol) in DCM (1 mL) was added
Et;N (0.161 mmol) followed by appropriate amine, e.g., morpholine (0.097 mmol). Once
the reaction was complete, the mixture was concentrated in vacuo, partitioned between
EtOAc and sat. aq. NaHCOs. The organics were separated, then washed with sat. aq.
NaHCOs; (x2), H2O (x1), brine (x2), then dried (Na,SOys), filtered, and evaporated under

10 reduced pressure to give crude product.

Step C: Deprotection

NH% i | N"N%?L e
i H,NNH p
y; 2 2 N \/\{”

N EtOH ox{ —F

SNe Q@

0]

Removal of the phthalimide protecting group according to the procedure of Example
1 gives N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(2,5-difluorophenyl)-1H-
15 1,2,4-triazol-5-yl)-2,2-dimethylpropyl)nicotinamide. 'H NMR (300 MHz, CDCls): § 7.80
(m, 1 H), 7.43 (m, 2 H), 7.35 (m, 3 H), 7.1 (m, 2 H), 5.85 (d, 1H), 5.50 (d, 1 H), 5.25 (s,
1H), 3.98 — 4.30 (m, 2 H), 3.45-3.80 (m, 8 H), 3.0-3.2 (m, 3 H), 1.25 (m, 2 H), 0.8 (s, 9 H).
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EN-s 575.2 N((S )-3 -amino-4- fluorobutyl
1I-N((R-1-(1- benzyl-3-(2,5- difluorophenyl 1-1H
1,2,4-triazol-5-y 0-2,2- dinethylpropyl hit ionorp hol
inc--1-ctirboxamde 15 \ NN Nci ----.F 557.2
N-4(S)-3-am no-1- fl uorobutBxampMd-JtR)-1-(1-
benzy1l-3-(2,5- (1 ifluorophetlyl)-1H |

, 2, 4-tri azol Sgathésis of (2.2-diinetby k| 3pdiopan-3-pl) peethahoh

e-| - car boxam de 16. | N CL,
HO/\E\OH HO/\E\O
0~ ‘

OH

3-1 3-2

Triol 3-1 (1 eq.) was dissolved in DMF at a concentration of approximately 0.5 M
and 2,2-dimethoxypropane (1.16 eq.) and p-toluenesulfonic acid monohydrate (0.03 eq.)
were added. The solution was stirred for one or more days, and was quenched with TEA
(0.5 eq.). As much solvent as possible was removed in vacuo and the remainder was

purified by distillation under vacuum.
Example 4

2,2-dimethyl-1,3-dioxane-5-carbaldehyde
HO O o~ O
—_—
O @)
4-1 4-2

Under N, atmosphere, oxalyl chloride (1.4 eq.) was dissolved in DCM then cooled
to -78° C. Dropwise, DMSO (2.2 eq.) was added. This solution was stirred for about
10 minutes, then triol 3-2 (1 eq.) was dissolved in more DCM for a total concentration of
0.2 M. After reacting for 5 minutes, TEA (5 eq.) was added. This mixture stirred for
10 minutes at -78° C, then for another 10 minutes at room temperature. This reaction was
best monitored by TLC using a 1:1 ratio of hexane to cthyl acetate as the developing solvent
and visualizing the results with CAM stain. The reaction mixture was used without further

workup.
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, N ( R-6-(am nonethyl)--4- ((R)-1-(I-benzyl-3- phcnyl-

111-1,2,4-triazol- 5 -y1)-2,2- dinmetlylpropyl)-1, 4-

exazepan-3-one 17 F NN 1 N NH (S )-6-(am nornethyl)-4-

((R- -(1-benzyl-3-(2,5- difluoroplienyl )-1H

1,24-triazol -5-yl1)-2,2- di rfixamplepy opyl) -1, 4-

oxazepan- 3- one N-N N HO NNH, 504.2 N-((R)-3-am no-4-
(R)-6-(aminomethyl)-4-((R)-1-(1-benzyl-3-phenyl-1H-1,2,4-triazol-5-yI)-2,2-

dimethylpropyl)-1,4-oxazepan-3-one

S
T
el

NH,
Step A: Reductive amination
N-N 42 °
|/
5-1 5.2

Amine 5-1 (1 eq.) dissolved in DCM is added to aldehyde 4-2 for a total

concentration between 0.1-0.15 M. After 5 minutes the reaction is cooled to 0° C and

Na(OAc);BH (1.5 eq.) and glacial acetic acid (1 eq.) is added. The reaction is monitored by

LCMS for completion. The reaction is diluted with ethyl acetate then washed three times
with a saturated sodium bicarbonate solution in water. Finally, the product is dried with

anhydrous sodium sulfate, filtered, and the solvent is removed in vacuo.

Step B: Acetylation

2, B @
@*NN’%H%ACO @N jAC
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fluorobtityl)-N-((R)-1-(2- benzyl-5-(2,5-

di fl uoroplieny0-21-1- 1,2,4-triaz01-3-yl)-2, 2-

di met hyl propy1l) - 2- hydroxyacetam de 19 F NNN N NNH2 551.2
N-((10-3-am no-4- fluordmtyl )-N4(10-142- benzyl

- 5- ( 2, Amindi5-X & dBsdpldenPICM ta2hdke al), 2MlsotutivaaztdooBd Yd )@, 2-

L s erymiceting Blude 20, RN N LIl

) ad¥ed Gf8pwike( Zhe reaction is worked-up upon completion of the reaction by diluting
with ethyl acetate then washing three times with a saturated sodium bicarbonate solution in
5  water. Finally, the product is dried with anhydrous sodium sulfate, filtered, and the solvent
is removed in vacuo. The product is purified by chromatography using a gradient of about

0-70% ethyl acetate in hexane.

Step C: Diol deprotection

5 L9,

Cl Cl
5-3 5-4
10 Chloride 5-3 is dissolved in acetonitrile and cooled to 0° C. 3N HCl is added
dropwise and the reaction monitored by LCMS, with further addition of HCI untill
deprotection is complete. The solution is concentrated in vacuo, diluted with ethyl acetate,
and washed three times with a saturated sodium bicarbonate solution in water. Finally, the

product is dried with anhydrous sodium sulfate, filtered, and the solvent is removed in

15 vacuo.

Step D: Cyclization

3, Q

N N
L/ Cs,CO; N )\)4
N/\(\OH ©}N (
PR WO
o . OH
5-4 55

The deprotected alcohol is dissolved in DMF to make a 0.1M solution. One

equivalent of Cs,CO3 and a catalytic amount of TBAI (tetrabutyl ammonium iodide) is
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berizyl-5-(2,5- diflti orophenyl)-2H
1,2,4-triazol-3-y11-2,2- dinmethylpropyl)-1, | -

di oxot hi onor phol i tte-4- carboxarni de 21 (07.2
N-((S)-3-am no-4- fluorobutyl)-NOR)-1-(2-

bednizd Ihefreécﬁpﬁ-is lﬁ'atbcﬂ tocappR gmydy 4256 °C for 4-6 hours. On completion the

4-triazol - 0-1,1- dioxoth
bpCR et b fagih Suf Bah BORE ARy Skt i ShRi "o,
I bicarbortaked The BZOAc Qyer is concentrated in vacuo and purified by chromatography

using a gradient of about 0-75% cthyl acetate in hexane.

5 Step E. Aldehyde Formation to Racemise Alcohol

N>\% Swern ’
/
@ : @

5-5 5-6

Under N; gas, oxalyl chloride (1.4 eq.) is dissolved in DCM and then cooled to
-78° C. Dropwise, DMSO (2.2 ¢q) is added. This solution is stirred for about 10 minutes,
10 then alcohol 5-5 (1 eq.) is dissolved in more DCM for a total concentration of 0.2M. After
reacting for 5 minutes, TEA (5 eq.) is added. This mixture is stirred for 10 minutes at
-78° C, then another 10 minutes at room temperature. The reaction is diluted with ethyl
acetate then washed three times with a saturated sodium bicarbonate solution in water.
Finally, the product is dried with anhydrous sodium sulfate, filtered, and the solvent is

15 removed in vacuo.

Step F: Conversion to the (R) and (S) alcohols

N NaBH, n-N + N-N
NN L Y
0 o N BN
~o Q( OH i "oH
0 0 0
5-6 5-7a 5-7b



5

10

15

,. 22z )1-b _z, WO 573 3(2R) N-((3)-3-am no-4-

fl uorobutyl)- N ((R)-1-(2- benz) -5-(2,5- d

il luorophenyl)-2H 1,2,4-triazol - 3 yll-2, 2-

di met hyl propyl) - 2- hydroxynethyl )pyrrolidi ne- 1

- car boxldehyde 56 is diksotved N INciNNP taOfNrm a 0.2 M solution and-codled to 0° C.

1[\| &%@%ﬁﬁ%&%@%f?yq {Il- %g&e)dbaé}qa%regc_té% 1s5malatia1rqed for 5 to 10 minutes.
umﬁ@@h&foy 19 codbntrdte @ irdthid, a2@dd Bitly E)OAL, @nd washed with saturated

dj et hyl pr
Licari)o at ep T?lp)ét())Ac layer is concentrated in vacuo and purified by chromatography.

At this step the two diastereomers of the alcohol are separated by reverse phase HPLC.

Step F: Conversion to amine

Mitsunobu

@OiZ}NHZ

To each resolved alcohol diastereomer dissolved in dry THF is added 5 eq of resin

@ hogt

bound PPhs, 5 eq of phthalimide, and 5 eq DIAD. The reaction is warmed to about 55°C for
30min.. On complete conversion to the phthalimido derivative, the reaction is diluted with
EOALC, filtered through celite, and washed with saturated NaHCOj3. The EtOAc layer was
dried over anhydrous Na,;SO4 and concentrated in vacuo, and purified by HPLC. The
purified phthalimdo derivatives were subjected to a final deprotection step with 2M MeNH,
in methanol (used as solvent) at 60°C for about 1h. The crude product is purified by reverse

phase HPLC.
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hydroxymeth yl 1pyrrolidi ne- 1 -carboxam de 241 N-N NNH2
F OH 573.3 (2R -N4(R) - 3-am no-4- flnonmbutyl)-N UR)-1-(2-
bcnzyl -5-(2,5- difluorophenyl)-2H
1.,2,4-triazol-3-yl)-2,2- dinethyl propy0- 2-

hydr oxynet hyl i pyrw i di ne- [Exgemploxa m de 25 NN NNH2 F N
C.OF 573.3 (2S)-Nr (R -3-am no-4-

flitoro . =1 /.0 | §: Ry1) -2
(o 1 o gl b ERMEr Syl S SRaRGRY
hydr oxynmet hyl vyrrolidi RC IF-car boxa md e

H NHBoc
™

0]
6-7
Step A: Amine Protection

0 0
NH N

’ Bn/N\Bn
6-1

6-2

To a stirred solution of anhydrous K,CO3(46.53 g, 0.3371 mol) in DMF (500 mL),
D-serine methyl ester hydrochloride (35.0 g, 0.2250 mol), KI (18.66 g, 0.1124 mol) and
benzyl bromide (96.18 g, 0.5623 mol) were added in one shot. The reaction mixture was
stirred vigorously for 5 h at RT. After completion of the reaction, the contents were poured
into ice water and extracted with EtOAc. The combined organic layer was washed with
water, brine, dried over Na,SO,4 and concentrated to give a crude product 6-2. Purification

was carried out by column chromatography to yield pure (61.7 g, 91.7%) as pale yellow oil.

Step B: Fluorination

Q 0]
HO/\i)J\O/ Bn\N/ﬁ)J\O/

N.
B Bn Bn F

6'2 6'3

To a stirred solution of diethylamine sulphur trifluoride (32.3 mL, 0.2006 mol) in
THF (400 mL), was added compound 6-2 during the span of 3 h at RT. After completion of
addition, stirring was continued for further 1 h. The mixture was extracted with ethylacetate
and combined organic phase was washed with saturated solution of NaHCO;. Removal of

solvent under vacuum lead to a crude product, which was purified by column
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26 N H2 F/ 518.2 (2S)-N4(S) - 3-am no-4-
fluorobutyl)-N-((It.)-1-(2- ben zyl-542, 5-
clifluorophenyl)-211- 1,2,4-triazo |1-3-y 0-2,2- d

i rnet hyl propy1) - 2- hydroxypropanam|[de 1 2-F 0 Il HO
2dhrdinMotaphy. using hexane gradin'to IMNEIQA0 iBk@41R afforded product 6-3 (70.4 g,

1) - N R) - 1- (2- benzyl-5- (2, 5-
6(%)?@2%5&6 §)05H- ((2)4 t&lazol % yl)(2 2-

Step C: Reduction

0]
Bn.
Bn\N/\)J\O/ /N/Y\OH
Bri F Bn

F

6-3 6-4

To a mechanically stirred solution of LiBH4 (230.8 mL, 0.4651 mol) in THF (2.0 L),
methyl ester (100.0 g, 0.3322 mol) in THF (1.0 L) was added dropwise 6-3 through addition
funnel during the span of 3h at -15 °C under N,. After the completion of addition, stirring
was continued for 4 h at RT. Saturated solution of NH4CI (500 mL) was added dropwise to
the above mixture and extracted with EtOAc¢. The combined organic phase was washed
with water, brine, dried over Na;SO4 and concentrated under vacuum. Residual oil was
dissolved in 1N HCI (200 mL), extracted with diethylether and pH of the aq. layer was
adjusted to 10 with the help of NH4OH (50%, 300 mL). The resultant was extracted with
EtOAc and combined extracts were concentrated under vacuum to give product 6-4 (86.2g,

95.0%) as pale brown oil.

Step D: Deprotection

PN o HN" Y oH

Bl F F

6-4 6-5

A mixture of alcohol 6-4 (50.g, 0.18315 mol) and Pd(OH), on carbon (20%, 6.26 g,
0.04395 mol) in absolute ethanol (500 mL) was stirred for 7 h under the pressure of
hydrogen at 50-60 psi. After the reaction, charcoal was removed by filtration and residue
was concentrated on rota evaporator to provide for product 6-5 (15.8 g, 92.7%) as pale

brown oil.
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di rret hyl propyOﬂ cotina mde 28 NN N N
.................... N H Os HO 4862

(28) N- (3-am nopropyl )- N0O(12)-1-(2-benzyl-5- (2

5-di fl uorophenyl)-2H 1',2,4-triazol -3-yl)-2, 2-

dStcptEa)Eop-lpmquydt)MZ hydr oxyrropanam de 29 FN- N N N
....... ---,....,.. NH 0 HO 2 477 -

N-(3 am nopro N ((R)-1-(2- benzy15§

di f I uor ophélalh- H-Qt'z 4—trazel—3- 1)B 4

hyl propy1) - 2- h\/Fdr oxyaect ani de 30 N- N

6-5
To a stirred mixture of amino alcohol 6-5 (15.0 g, 0.16129 mol) and K,COs

(33.39 g, 0.24195 mol) in aq. dioxane (about 25%, 375 mL dioxane in 125 mL water),
(Boc),0 (38.66 g, 0.17733 mol) was added drop wise at 0 °C. The reaction mixture was
stirred overnight at RT after the addition. Saturated solution of KHSO, was added to the
above mixture to adjust the pH 3-4 and extracted with EtOAc. The organic phase was

concentrated under vacuum to give pure product 6-6 (27.7 g, 89.0%) as a pale brown oil.

Step F: Oxidation to Aldehyde

0]
BocHN/Y\OH BocHN/\l/lLH
F
F
6-6 6-7

To a cooled (-78 °C), stirred solution of oxalyl chloride (84 mmol) in CH,Cl,
(180 mL) was added a solution of DMSO (168 mmol) in CH,Cl, (90 mL). After 1 h, a
solution of alcohol 6-6 (56 mmol) in CH,Cl, (90 mL) was added. After 1 h, triethyl amine
(281 mmol) was added and stirred for a further hour. Then a solution of saturated aq.
NH4Cl was added and allowed to warm to RT. The organics were separated, washed with
H,0 (x2), saturated brine (x2), then dried, filtered and evaporated under reduced pressure to

give the crude aldehyde. Purification by column chromatography affored the pure
(S)-aldehyde 6-7.

Starting from the other enantiomer, (L)-serine methyl ester leads to the

(R)-enantiomer (6-8).

F

Hm/'\/NHBoc

@)
6-8
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NN.,..... - .NH2 0..",--OH No 541.1

(2S) - N—(3 an1nopropy|) N-gR)-l-(Z-benzyI-
(2,5-dilluoropheny 0-211- 1,2,4-triazol-3-yl)-2,2-

di met hylpropyl)-2- (hydroxynethyl)pyrrolidi ne-

1- car boxam de 31 N-N N (Bxamgl&2A. 7 N- ( 3- ammopr opyl) 4\ 1-
((R ) 142-benzZyi-)-(2,5- difltioroplienyll-211-

1,2, 4-tri @Fgﬁ %&ﬁ]f})r & ﬁ-n&{ﬁhﬂﬂwﬂ)‘.'ﬁ%ﬁw&ﬂéﬂﬁﬁ%E@éham

ne- 4- earbo

O
H N
(@] \F @)
7-5

Step A: Formation of (S)-3-((benzyloxy)carbonyl)-2-(1,3-dioxoisoindolin-2-
yDpropanoic acid

[::]\V/ T/\/NHBoc [::]\\/O\W/\\;?[%§::>

A H
’ © o om 7-2 0
7-1 © 0P oH

To a stirred solution of compound 7-1 (10.0 mmol) in 20 mL of DCM was added
10 mL of TFA. The mixture was stirred at RT for 24 h. The reaction progress was
followed by LC/MS. After completion, the solvent and TFA were removed by evaporation
under reduced pressure and lyophilization to get white solid as TFA salts. The crude solid
was suspended in 50 mL of THF and N-carboethoxy phthalimide (10.5 mmol), EtsN
(10 mmol) were added. The mixture was refluxed under N, for 18 h. The reaction was
cooled and the solvents were evaporated. DCM was added and washed with water, brine,
dried over sodium sulfate, filter and concentrated. Purification by chromatography on silica

gel column (hexane/EtOAc) to give 2.68 g of colorless oil, compound 7-2.

Step B: Formation of (S)-benzyl 4-hydroxy-3-(1,3-dioxoisoindolin-2-yl)butanoate

<j\/(3m/\/ﬁ?\j> _ <7§yoj ﬁz??

0 72
© @ oH

To a stirred solution of (S)-3-((benzyloxy)carbonyl)-2-(1,3-dioxoisoindolin-2-
yhpropanoic acid (compound 7-2, 6.07 mmol) in 30 mL of dry THF at —15 °C were
successively added N-methylmorpholine (6.07 mmol), iso-butylchloroformate (6.07 mmol).

After stirring for 5 min at —15 °C, a solution of NaBH, (689 mg, 18.21 mmol) in 2.73 mL of
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doveneddiyth pultypy fi)terdd, comehinydds l.Huf‘lﬁD%ﬁO)l ;by peoaziography on silica gel
ngohllﬁqrcl: &e?gn)é%gg) tgééivlgl}l-.d\lg (I)\} colorless oil, compound 7-3.

Step C: Formation of (S)-benzyl 4-fluoro-3-(1,3-dioxoisoindolin-2-yl)butanoate

O (0]
X P

To a stirred solution of (S)-benzyl 4-hydroxy-3-(1,3-dioxoisoindolin-2-yl)butanoate
(7-3, 5.6 mmol) in acetonitrile (28 mL) were added perfluoro-1-butane sulfonyl fluoride
(44.8 mmol), diisopropylethylamine (44.8 mmol), and diisopropylethylaminie
trihydrofluoride (134 mmol). The mixture was stirred at 50 °C overnight. The reaction
progress was followed by LC/MS. After completion, the reaction was cooled to RT and
then evaporated under reduced pressure. The mixture was then partitioned with DCM,
washed with water (x 3), brine (x2), dried over sodium sulfate, filtered, concentrated.
Purification by chromatography on silica gel column (hexane/EtOAc) to give light yellow

oil, compound 7-4.

Step D: Formation of (S)-4-fluoro-3-(1,3-dioxoisoindolin-2-yl)butanal

Q
H N
o~ L Y
o :\F o 14 75 O NE

To a stirred solution of (S)-benzyl 4-fluoro-3-(1,3-dioxoisoindolin-2-yl)butanoate
(compound 7-4, 0.5 mmol) in dry ether (5 mL) was added dropwise to diisobutylaluminum
hydride (1.0 M in toluene, 1.5 mmol) at -78 °C. The reaction was stirred at -78 °C for
approximately 30 min as monitored by LC/MS. After completion, the reaction was
quenched by adding water (10 mL) at -78 °C. Extracted with ethyl acetate, washed with
water (x3), brine (x2), dried over sodium sulfate, filtered and concentrated. The crude

product, compound 7-5, was used in the next reaction step.
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Step A: Preparation of compound 7-6

SO S

7-4

2,

7-6

To prepare (S)-4-fluoro-3-(1,3-dioxoisoindolin-2-yl)butanoic acid, compound 7-4
(0.20 mmol) was dissolved in ethanol (5 mL). This solution was purged with nitrogen for
10 minutes, then 10% palladium on carbon was added (0.02 mmol of palladium) under an
atmosphere of nitrogen. Hydrogen was then bubbled rapidly through the solution, while

stirring, for approximately 1 h. The reaction progress was followed with LC/MS.

The reaction mixture was filtered through celite to remove the palladium. The celite
was rinsed twice with methylene chloride. The filtrate was then concentrated to give the

crude product, compound 7-6. The crude product was used for the next reaction step.

Step B: Formation of (S)-S-ethyl 4-fluoro-3-(1,3-dioxoisoindolin-2-yl)butanethioate

\r\/ ‘; — Etsj l/\/>;\§j>

-\F O
7-6 7-7
Compound 7-5 (0.20 mmol), 1,3 dicyclohexyl carbodiimide (0.30 mmol),
ethanethiol (0.6 mmol), and 4-dimethylaminopyridine (0.10 mmol) were dissolved in DMF
(5 mL). The mixture was stirred overnight at room temperature. The reaction was

monitored with LC/MS.

EtOAc was added to the reaction mixture. This was then washed with water (2x)
and brine (2X). The EtOAc layer was then dried over sodium sulfate, filtered, and
concentrated. The crude product, compound 7-7, was then purified using flash

chromatography.
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Compound 7-7 (0.20 mmol) was dissolved in dry acetone (10 mL). 10% Palladium
(0.02 mmol) on carbon was then added under an atmosphere of nitrogen. Triethyl silane
(0.5 mmol) was then added. Bubbling occurred after about 10 seconds, and the reaction
was allowed to continue until the bubbling ceased (30 min). The reaction was monitored
using LC/MS.

The reaction mixture was filtered through a celite plug. The plug was washed twice
with methylene chloride, and the filtrate was then concentrated to give the crude product,

compound 7-5. The crude product was used in the next reaction.

Starting from the other (R) enantiomer, (R)-3-((benzyloxy)carbonyl)-2-(1,3-
dioxoisoindolin-2-yl)propanoic acid, leads to the (R) enantiomer (7-8), having the following

chemical structure:

H\H/\[N
(0]

© F

7-8.
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7-8 N ,
o]

Step A: Preparation of Compound 7-10

Methanol (300 mL) was charged to a 1000 mL round bottom flask and the system
was cooled with an ice bath. Acetyl chloride (89.3 mL; 1251 mmol) was added dropwise
over a period of 15 minutes. The resulting solution was warmed to ambient temperature
and the (S)-2-amino-4-pentenoic acid (7-9) (6.0 g; 139 mmol) was added in a single portion.
The reaction mixture was heated at reflux for two hours and was then cooled to ambient
temperature. The mixture was then concentrated in vacuo to provide a pale yellow oil. The
product was dispersed in ethyl acetate (150 mL) and was again concentrated in vacuo. This
sequence was repeated four times. The product 7-10 was an oil that solidified upon
standing under vacuum overnight. 'H NMR analysis showed the product to be of sufficient

purity for use without further purification.

TLC: R=7.1 (silica; eluant 5:3:1 CHCl;:MeOH:(7:3 H,O: AcOH); visualization
with ninhydrin).

'H NMR (400 MHz, CD;0D): 8 5.84-5.73 (m, 1H), 5.32-5.26 (m, 2H), 4.17(dd, 1H,
J=7.0, 1.6 MHz), 3.84 (s, 3H), 2.73-2.65 (m, 2H); (400 MHz, d6-DMSO): 0 8.7 (br s, 3H),
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'3C NMR (101 MHz, d6-DMSO): & 169.33, 131.37, 119.88, 52.65, 51.65, 34.22.

Step B: Preparation of Compound 7-11

The crude (S)-methyl-2-amino-4-pentenoate hydrochloride (7-10) from the previous
step was dissolved in THF (190 mL) with gentle warming. The resulting solution was
added dropwise to a solution of LiAlH, in THF (280 mL of a 1.0 M solution) at a rate such
that the internal temperature remained at approximately 5 °C. Periodically, slight heating
was used to warm the addition funnel containing the (S)-methyl-2-amino-4-pentenoate
hydrochloride solution to redissolve crystallized amino ester. Upon completion of addition,
the addition funnel was rinsed with an additional 20 mL portion of THF. The mixture was
then diluted with diethyl ether (500 mL) and the excess LiAlH4 was destroyed by the
sequential addition of HyO (11 mL), 15% (w/v) aqueous NaOH (11 mL) and H,O (33 mL)
added at a rate such that the internal temperature remained below 10 °C. The mixture was
filtered and the filter cake was washed with additional diethyl ether. The filtrate was dried
over Na,SQy, filtered, and concentrated in vacuo to provide a yellow liquid (7-11; 13.4 g;
95% mass recovery based upon 139.0 mmol of (S)-2- amino-4-pentenoic acid). The amino
alcohol (7-11) may be purified by distillation (110 °C; 20 torr). However, minimal
improvement was observed in the subsequent step so the crude material was generally used

without further purification.

'"H NMR (400 MHz, d6-DMSO): § 5.87-5.77 (m, 1H), 5.05-4.97 (m, 2H), 3.26 (dd,
1H,J=10.3, 5.1 Hz), 3.14 (dd, 1H, J=10.3, 6.7 Hz), 2.69-2.63 (m, 1H), 2.15-2.09 (m, 1H),
1.92-1.86 (m, 1H).

3C NMR (101 MHz, d6-DMSO): & 136.49, 116.31, 66.13, 52.53, 38.51.

Step C: Preparation of Compound 7-12

(S)-2-Amino-4-pentenol (7-11; 13.4 g; 132.5 mmol) and Na,CO3 (70.8 g; 668.0
mmol) were dissolved in H,O (400 mL). CH3CN (700 mL) and methyl-2-
[(succinimidooxy)carbonyl|benzoate (33.1 g; 119.4 mmol) were added and the resulting
mixture was vigorously stirred at ambient temperature. After 2 hours, TLC analysis showed

the consumption of methyl-2-[(succimimidooxy)carbonyl]benzoate. The majority of the
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CH;CN was removed on a rotary evaporator and the remaining material was transferred to a
separatory funnel and extracted with EtOAc (3 x 100 mL). The combined EtOAc extracts
were washed with 0.5 M HCI (2 x 250 mL) and brine (250 mL). The EtOAc phase was
dried over Na;SOy, filtered and concentrated in vacuo to provide a yellow oil (7-12; 19.3g;

70%) that was used in the next step without further purification.

'"H NMR (400 MHz, d6-DMSO0): § 7.90-7.83 (m , 4H), 5.74-5.64 (m, 1H), 4.99-4.91
(m, 3H), 4.27-4.20 (m, 1H), 3.90-3.84 (m, 1H), 3.63-3.58 (m, 1H), 2.64-2.44 (m, 2H).

3C NMR (101 MHz, d6-DMSO): 8 168.25, 134.86, 134.42, 131.37, 122.94, 117.41,
60.63, 53.47, 32.59.

Step D: Preparation of Compound 7-13

N,N-Diisopropylethylamine (215 mL; 1240 mmol), triethylamine trihydrofluoride
(81 mL; 496 mmol) and perfluoro-1-butanesulfonyl fluoride (15.0 mL; 83.5 mmol) were
added to a solution of 7-12 (19.1 g; 82.7 mmol) in PhCF; (310 mL) and the resulting
mixture was stirred at ambient temperature. Additional perfluoro-1-butanesulfony! fluoride
(7.5 mL; 41.8 mmol) was added after each of 60, 90, 120, 150, and 180 minutes. After a
total of 18 hours, the reaction mixture was transferred to a separatory funnel and was
washed twice with 1.0 N HCI, twice with saturated aqueous NaHCO; and once with H,O.
The organic phase was dried over Na,SQy, filtered, and concentrated to provide an orange
oil. The crude material was loaded onto a pad of silica and eluted with 4:1 hexane:EtOAc

to provide the product (7-13) as a yellow oil (15.4 g; 80%).

'"H NMR (400 MHz, d6-DMSO): § 7.88-7.81 (m, 4H), 5.77-5.66 (m, 1H), 5.04-4.88
(m, 2.5H), 4.80-4.73 (m, 1H), 4.65-4.61 (m, 0.5H), 4.60-4.49 (m, 1H), 2.68-2.47 (m, 2H).

3C NMR (101 MHz, d6-DMSO): & 167.87, 134.79, 133.77, 130.94, 123.26, 118.21,
81.82 (d, /=170 Hz), 50.47 (d, /=19 Hz), 31.40 (d, /=6 Hz).

Step E: Preparation of Compound 7-8

Compound 7-13 (15.3 mmol) was dissolved in 2:1 CH;0H:H,0 (1500 mL) and a
solution of OsO4 in H,0 (29.3 mL of a 4% w/v solution) was added. NalO4 (42.2 g;
197.2 mmol) was then added in a single portion and the resulting mixture was stirred at
ambient temperature. After 3 hours, the mixture was filtered to remove precipitated solids

and the filter cake was washed with EtOAc. The filtrate was concentrated in vacuo to
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remove the majority of the organic solvents. The residue was extracted with three portions
of EtOAc and the combined EtOAc extracts were dried over NaySQy, filtered, and
concentrated. The residue was dissolved in CH,Cl,, loaded onto a pad of silica gel and
sequentially eluted with 20%, 30%, 40%, 50%, and 100% EtOAc in hexane. Compound 7-
8 was present in the 30%-50% fractions but contaminated with a more-polar impurity. The
fractions were combined and concentrated and the residue was applied to a second pad of
silica and eluted with 30% EtOAc in hexane to provide Compound 7-8 as a light yellow
solid (11.1 g; 72%):

'"H NMR (400 MHz, d6-DMSO): § 9.61 (s, 1H), 7.91-7.83 (m, 4H), 4.97-4.94 (m,
1H), 4.78 (t, 0.5H, J=9.3Hz), 4.69-4.64 (m, 1H), 4.57-4.53 (m, 0.5H), 3.28-3.02 (m, 2H).

3C NMR (101 MHz, d6-DMSO): 8 200.14, 167.65, 134.73, 131.15, 123.24, 81.80
(d, J=171Hz), 44.81 (d, J=21Hz), 40.64 (d, J=6Hz).

Example 7-D

Alternate Synthesis of Compound 7-12

Scheme 2
1) OH 0 OH OH
/\I /\I ) /\L 3
—_—— —_—
| N
7-9 7-14 7-12
(0] (0]

Step A: Preparation of Compound 7-14

Compound 7-9 was refluxed with 2.2 equivalents of phthalic anhydride in the
presence of 2.2 equivalents triethylamine in ethyl acetate until the reaction was complete.
The solvent was removed under pressure. The residual was dissolved in water with a pH of
4 and then extracted with ethyl acetate. The combined organic layers were washed twice
with water having a pH of 4. Then, the organic phase was dried with sodium sulfate. The

solvent was removed providing 7-14 as a white solid.
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Compoun 7-14 and 1.2 equivalents of DIEA and 1.1 equivalent of BOP in THF

was stirred at room temperature until a clear solution formed. The solution was cooled to

0 °C, and then 1.0 equivalent of NaBH, was added. The reaction mixture was stirred at 0 °C
under N, until reaction completion. The solvent to changed to DCM and the reaction was
washed once with water. The DCM phase was loaded onto a silica gel plug, and flushed

with 15% EtOAc in hexanes to give Compound 7-12 as a colorless oil.
Example 8

Synthesis of Intermediate (S)-tert-butyl 4-oxobutan-2-ylcarbamate

O = o) =

: DIBAL-H, DCM, -78°C :
’/A\O/H\V/A\NHBOC H/M\V/A\NHBOC

8-1 8-2

Azeotropic mixture of (S)-ethyl 3-(tert-butoxycarbonylamino) butanoate 8-1 (1 eq.)
and toluene (x=3) was dissolved in dichloromethane and cooled to -78°C. Then IM
solution of DIBAL in toluene (2 eq.) was added dropwise under N, atmosphere and stirred
at -78 °C for 2 h.

The reaction was quenched with methanol and concentrated. To the concentrated
residue was added 2 M potassium sodium tartrate solution at 0°C and stirred vigorously at
room temperature for 30 min. The reaction mixture was partitioned between ethyl acetate
and water. The organic layer was washed with brine, dried over sodium sulfate. filtered,
evaporated and dried under reduced pressure to provide compound 8-2 as a light yellow

viscous liquid. MS: MH+ = 188.2
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Synthesis of (R)-tert-butyl 4-oxobutan-2-ylcarbamate

Step A: Synthesis of (R)-((benzyl) 3-(tert-butoxycarbonylamino) butanoate

I Tl
@AOMNH2.804 (Boc),0 / THF ©Ao NHBoc

9-1 9-2

To (R) —benzyl 3-aminobutyrate sulfate salt 9-1 (1 eq.) in THF was added Boc-
anhydride (2 eq.) and diisopropylethylamine (4 eq.). The reaction mixture was stirred at
room temperature for 72 h. The reaction mixture was concentrated and partitioned between
ethyl acetate and water. The organic layer was separated, washed with water and brine,
dried over sodium sulfate, filtered, evaporated and dried under reduced pressure to provide

compound 9-2 as a white solid. MS: MH+ =294.0

Step B: Synthesis of (R)-tert-butyl 4-oxobutan-2-ylcarbamate

U O
- _ O,
©Ao NHBoo DIBALH DM, -78°C_ JK/LNHBOC

9-2 9-3

Azeotropic mixture of (R)-((benzyl) 3-(tert-butoxycarbonylamino) butanoate 9-2
(1 eq.) and toluene (x=3) was dissolved in dichloromethane and cooled to -78°C. A 1M
solution of DIBAL in toluene (2 eq.) was added dropwise under N, atmosphere and stirred
at -78°C for 2 h. The reaction was quenched with methanol and then concentrated. To the
concentrated residue was added 2 M potassium sodium tartrate solution at 0 °C and stirred
vigorously at room temperature for 30 min. The reaction mixture was partitioned between
ethyl acetate and water. The organic layer was washed with brine, dried over sodium
sulfate, filtered, evaporated and dried under reduced pressure to provide compound 9-3 as a

colorless viscous liquid. MS: MH+ = 188.2
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Synthesis of tert-butyl 2-methyl-4-oxobutan-2-ylcarbamate

Step A: Synthesis of methyl 3-amino-3-methylbutanoate

SOCL/MeOH ]

I
Q
;j\o
pd
I
N
\
Q
;;\o
pd
I
N

To 3-amino-3-methyl-butyric acid 10-1(1 eq.) in methanol at 0°C was added 2 eq. of
thionyl chloride. The reaction mixture was warmed to room temperature and stirred
overnight. The solvent was evaporated to give azeotropic mixture of 10-2 and toluene

(x=3) which was used for Step B. MS: MH+ =132.1

Step B: Synthesis of methyl 3-tert-butoxycarbonylamino)-3-methylbutanoate

(Boc),O / THF

P QY
~o NH o NHBoc

2
10-2 10-3

To methyl 3-amino-3-methylbutanoate HCI salt 10-2 (1 eq.) in THF was added Boc-
anhydride (2 eq.) and diisopropylethylamine (4 eq.). The reaction mixture was stirred at
room temperature for 48 h. The reaction mixture was concentrated and partitioned between
ethyl acetate and water. The organic layer was separated, washed with water and brine,
dried over sodium sulfate, filtered, evaporated and dried under reduced pressure to provide

product 10-3 as a white solid. MS: MH+ =232.1

Step C: Synthesis of tert-butyl 2-methyl-4-oxobutan-2-ylcarbamate

0 0]
- )J\X DIBAL-H, DCM, -78°C )J\><
0) NHBoc > H NHBoc

10-3 10-4

Azeotropic mixture of methyl 3-tert-butoxycarbonylamino)-3-methylbutanoate 10-3
(1 eq.) and toluene (x=3) was dissolved in dichloromethane and cooled to -78°C. To this

was added dropwise 1 M solution of DIBAL in toluene (2 eq.) under N, atmosphere and
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stirred at -78°C for 2 h. The reaction was quenched with methanol and concentrated. To

concentrated residue was added 2 M potassium sodium tartrate solution at 0°C and stirred
vigorously at room temperature for 30 min. The mixture was partitioned between ethyl
acetate and water. The organic layer was washed with brine, dried over sodium sulfate,
filtered, evaporated and dried under reduced pressure to provide product 10-4 as a colorless

viscous liquid. MS: MH+ =202.1
Example 11
Preparation of Boc-protected Difluoromethylaldehyde

Step A: Reductive amination

0O 0
. HoN Bn
)‘\) p 1O U TEADCE oy
EtO
F

F
2. NaBH3CN/MeOH EtO

11-1 112 ¢

Ethyl 4,4-diflouro-3-ketobutyrate (11-1, 25 g, 15 mmol) was dissolved in
dichloroethane (300 mL). Benzyl amine (49 mL, 45.2 mmol) and triethylamine (83 mL,
60.2 mmol) were then added and the solution was stirred for 1 minute. TiCly solution (1M
in DCM, 60 mL, 60.2 mmol) was then added dropwise. The mixture was stirred overnight
at rt. Reaction progress was followed with TLC. Sodium cyanoborohydride dissolved in
MeOH was then added droprise over 1 hour. The reaction was stirred for an additional
hour. The reaction mixture was partitioned between EtOAc and sat. sodium bicarbonate
solution. Be careful to keep reaction in the hood and use a cyanide detector. The reaction
was then washed with water (2X) and Brine (2X). The organic layer was dried over sodium
sulfate, filtered through a fritted filter and concentrated under vacuum. Purification was

done on Isco (0 to 100 % EtOAc over 45 minutes) to give 11-2. Yield: 36.3 g (68%)).

Step B: De-benzylation of the secondary amine

_Bn

HN ) NH,
Pd/C, 1,4-cyclohexadiene F
F EtO
EtQ Acetic Acid
F

12 F 11-3

73



10

15

20

25

N-(()-3-am no-4- fluorobutyl)-NgR)- | -(1-

benzyl- 3- (5-ehl oro-2- 53 566.2 fluoroplicnyl )- | H

I ,2,4- triazol-5-yl)-2,2- dinethytpropyl Thenzam de

Compound 11-2 (1 eq) was dissolved in acetic acid. Palladium on carbon (0.25 eq)

and 1,4-cyclohexadiene (10 eq) were added and the reaction mixture was heated to 60
degrees celcius. Stirring continued at 60 degrees for 3 hours. The reaction was followed
with LCMS. The reaction was then cooled to rt and filtered through a plug of Celite. The
Celite was rinsed with methanol. The filtrate was then concentrated under vacuum to yield
the crude product. The crude material 11-3 was used directly in the next reaction without

purification.

Step C: Protection of the secondary amine with Boc

o NH, o) NHBoc
= Boc,0,K,COy

EtO Dioxane EtO

F
3 14

Compound 11-3 (1 eq), tert-butyl dicarbonate (1.3 eq), potassium carbonate (1.3 eq)
and dioxane were all added to a flask. The reaction was stirred at rt under nitrogen for
10 hours. Reaction progress was followed with LCMS. The reaction was then evaporated
to dryness. The remaining material was partitioned between water and EtOAc. The layers
were separated and the aqueous layer was extracted two more times with EtOAc. The
organic layers were combined, dried over sodium sulfate, filtered through a fritted filter, and
concentrated under vacuum. Purification was done with ISCO column (0% to 30% EtOAc

over 35 min, 30% to 100% over 5 min, 100% for 5 min).

Step D: Reduction of ethyl ester to aldehyde

0O NHBoc 0O NHBoc
DIBAL(1M in Toluene)

EtO DCM H

F F
11-4 11-5

Compound 11-4 (2.8 g, 10.48 mmol) was dissolved in DCM and placed under an
atmosphere of nitrogen. This solution was cooled to —78 degrees celcius in an acetone/dry
ice bath. DIBAL solution (1M in toluene, 20.97 mL, 20.97 mmol) was added dropwise.
The reaction was then stirred for 2 additional hours. The reaction was followed with
LCMS. The reaction was then quenched with methanol and stirred for 5 min. Methanol

was then evaporated under reduced pressure. The remaining aqueous phase was extracted
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N- (( S1- 3-am no- 4- [luorobtityl)-N UR)-1-(1-

benzyl- 345-chl oro-2- 54 r'z 580. 3

fl uorophenyl)-11-1-1, 2, 4-
with EtOAc (3X). The collected EtOAc extractions were dried over sodium sulfate, filtered
through a fritted filter and concentrated under vacuum. Purification was done with Isco

((0% to 40% EtOAc over 35 min, 40% to 100% over 5 min, 100% for 10 min) to give 11-5.
Yield: 1.8 g (77.0%).

5  Step E: Reductive amination

Bn
/
F N-N
s o
(0] NHBoc I NH, F 7]—N
) E  Na(OAc)3BH,4, Acetic Acid P
H N F
DCM
F HN
F
11-5 F NHBoc

11-6
Compound 11-5 (31 mg, 0.14 mmol) was dissolved in DCM. The triazole (65 mg,
0.14 mmol), sodium triacetoxyborohydride (44 mg, 0.21 mmol), and acetic acid (0.013 mL,
0.21 mmol) were added and the reaction mixture was stirred at rt overnight. The reaction
10 was followed with LCMS. After completion, the reaction was washed with water (2X).
The DCM layer was then dried over sodium sulfate, filtered with a fritted filter, and
concentrated under vacuum. Purification was done with Isco column (0% to 30% EtOAc

over 25 min, 30% to 100% over 10 min, 100% for 5 min) Yield: 58.0 mg (77.0%).

. l/\hN /Bn
x‘)< 1
Bn 0 N\“/\TN F
F

Step F: Acylation

/
F N_N AC i NH Boc
[ ) O\E)J\Q Ac
N F : 117
HN DCM, TEA
F
Bn
F 11-6 NHBoc F ,/\I_N
7
N\/%
O:C.? F
F pum NHBoc
Ac
15 11-8
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10

15

triazol -5-y1)-2,2- dinethyl propyl)-4- nethythenzarn Ede
N-0S)-3-amino-4- fluorobutyl)-N21(10-1-(1-

benzyl- 3-(5-chl oro-2- 55 567. 2 fluorophettyl)-1
H1,2,4- triazol-5-y1)-2,2- clinmethylpropyl )nicot ina
nai de Compound 11-6 (58.0 mg, 0.11 mmol) was dissolved in DCM in a screw cap vial.

(8)-2-Acetoxypropanoy! chloride (0.042 mL, 0.33 mmol) and triethylamine (0.046 mL, 0.33
mmol) were then added. The vial was sealed and heated to 40 degrees celcius. The
reaction was stirred at 40 degrees celcius overnight. After reaction completion, the solvent
was removed under vacuum. The reaction mixture was taken up in acetonitrile and water,
and the isomers were separated using reverse phase chromatography. The S-isomer showed
a retention time of 1.29 minute on LCMS; the R-isomer showed a retention time of 1.33

minute, Yield of the S-isomer: 15.4 mg (20.7%). Yield of the R-isomer: 15.9 mg (21.4%).

Compounds 1-15, and 18-86 in the table below were prepared using the
methodology described in the previous Examples and Methods. Compounds 16 and 17 are
prophetic compounds and can also be prepared in a similar manner. The starting materials
used in the synthesis are recognizable to one of skill in the art and are commercially
available or may be prepared using known methods. The compounds in Table 1 were
named using AutoNom 2000 (Automatic Nomenclature) for ISIS/Base, implementing
IUPAC standardized nomenclature. In one embodiment, provided is a stereoisomer of any
one of the compounds in Table 1. In one aspect, the stereoisomer is an enantiomer. In

another aspect, the stereoisomer is a diastercomer.

TABLE 1

Compound Structure MH+ Name

N-((S)-3-amino-4-
fluorobuty!l)-N-((R)-1-(1-

F N-N NH benzyl-3-(2,5-
1 i Il 7 2 551.2 | difluorophenyl)-1H-
F

1,2,4-triazol-5-yl)-2,2-

—
o
dimethylpropyl)nicotina
7

mide
N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
F N~ F?L NH benzyl-3-(2,5-
2 ! N Wt ? 559.2 | difluorophenyl)-1H-
o§<N —F 1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)morpholi

F Q__> ne-4-carboxamide

O
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56 Br

N-N (

N O=_N.. !

NH ---_0).F

622.2 (R)-N-((9)-3- am no 4- 11uorobuty|) N-4R) - 1- ( 1-
(3-bronmobenzyl) - 342, 5- difluorophenyl)-1F1-

5183

N-((S)-3-amino-4-
fluorobuty!l)-N-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
methoxyacetamide

504.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxyacetamide

5573

N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)piperidin
e-1-carboxamide

5593

N-((R)-3-amino-4-
fluorobuty!l)-N-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)morpholi
ne-4-carboxamide

587.3

(2S,6R)-N-((R)-3-amino-
4-fluorobutyl)-N-((R)-1-
(1-benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2,6-
dimethylmorpholine-4-
carboxamide
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1,2,4-triazol -5-y1)-2,2- dinethyl propyl

oatran-2-carboxam de 57 -N-N 1

Ofal) ydr
2

N n-...F 622.

(S)-N-1(S)-3-arai no-4- fluorobutyll-N((R-1-(1- (
3- br onbbenzy0- 3- (2,5- difluorophenyl)-1H

1., 2,
oftir
tlitd
fl uor
di et
N, ...

4-tri az
an-2-ca
robitty,
ophenyl

hyl pr op

ol -
r boxam §

5-yl

| 1 ak

2\ 2- di met hy
88 544.3 (
-( I- benz

propy
R)-N
y1-3-(
-5-y 0
C 3N hex

| Act r ahydr

F( S)(B)y-aaminoor4-

Zlubrobatiyl)-1-((R)-1-(1-

- 2, Zenzyl-3-(2,5-

andiflGoropieN/ N1 H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-3,3-

dimethylurea

503.2

1-((R)-3-amino-4-
fluorobutyl)-1-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-3-
methylurea

10

587.3

(2S,6R)-N-((S)-3-amino-
4-fluorobutyl)-N-((R)-1-
(1-benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2,6-
dimethylmorpholine-4-
carboxamide

11

5173

1-((S)-3-amino-4-
fluorobutyl)-1-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-3,3-
dimethylurea
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e ..,F

f1l uorobutyl

59 NN N NN N2 0= 11 HO F 543.3
(S) N-((S)-3-am no-4-

)-N-((2)-14 |

(3-cyanobenzyl)-3-(2,5- difluorophenyl)-1 11-

1,2,4-triazol-5-y1)-2,2- dinethyl propyll-2-
hydr oxypr opanam de H2 / 575.8 N-((|S)-3- anino-4-
fluorobutyl)|- N ((R 1- benzy1-3-15-chlqr& ino-4-
tliturophenyl)- | EI'T], 2, 4- triazol-5-y 2
i met Hy1pr opy1) nor phol i ne-l-carboxanide yD-1-(R)-1-(1-
F N—N benzyl 3- (2 5-
12 / P 503.2 difluorophenyl)-1H-
N 1,2,4-triazol-5-yl)-2,2-
N~ NH; dimethylpropyl)-3-
O:< H methylurea
F N— \F
H
N-((R)-3-amino-4-
- N fluorobutyl)-N-((R)-1-(1-
/ benzyl-3-(2,5-
13 )\‘)< 575.2 | difluorophenyl)-1H-
N NH, 1,2,4-triazol-5-yl)-2,2-
o=< \/\( dimethylpropyl)thiomorp
F <N\\> F holine-4-carboxamide
N-((S)-3-amino-4-
. Nt fluorobutyl)-N-((R)-1-(1-
/ benzyl-3-(2,5-
14 N/)\H< 575.2 diﬂuorophenyl) 1H-
Ne_~_-NH, 1,2,4-triazol-5-yl)-2,2-
o=< i dimethylpropyl)thiomorp
F N~> g holine-4-carboxamide
-
N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
TN benzyl-3-(2,5-
15 N 557.2 difluorophenyl)-1H-
N NH 1,2,4-triazol-5-yl)-2,2-
O=< \/\/ ’ dimethylpropyl)piperidin
F D Ne e-1-carboxamide
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-Fc) aG-,%
(2S,611)-N-((S)-3-am no-
- benzy1- 3- (5- chl or o- 2-

(-)

triazol-5-y1)-2,2- dinethyl propyl

di met

_2’ 6-

61 E N () NH2 1 =1= 603.3
4-fluorobutyl)-N4( R -1- ( |
[l tnrophenyll-11-1-1, 2, 4-

hylnorpholiqfiz;

16

ear boxani dc

T

(R)-6-(aminomethyl)-4-
((R)-1-(1-benzyl-3-
phenyl-1H-1,2,4-triazol-
5-yl)-2,2-
dimethylpropyl)-1,4-
oxazepan-3-one

17

F

F

<
Lo~
[i:I/L~O§Ti::>HM\NH2

(S)-6-(aminomethyl)-4-
((R)-1-(1-benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-1,4-
oxazepan-3-one

18

>

F N—N
¢ 7
N
N NHs
F
F
HO

504.2

N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
hydroxyacetamide

19

F N—N
d 7
©/<N)%
O
F

>

551.2

N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)nicotina
mide

20

<

£ NN NH,
| 7 /_‘
N F

N
o<
N

607.2

N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-1,1-
dioxothiomorpholine-4-
carboxamide

80




S0 6" - al
)-N-(1R)-1-1 |-
11-1

t- ..., -F

NH2 / 552.2 N US)-3-am no-4- fhtorobutyl
betrzyl-3-(5-chlero-2- flitorQphonyl)- 1

2,4- triazol-5-y 0-2- methyl propyl

) benzam de N a

21

<

£ NN NH,
L
N N “—F

o={&

607.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-1,1-
dioxothiomorpholine-4-
carboxamide

22

5733

(2R)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
(hydroxymethyl)pyrrolidi
ne-1-carboxamide

23

5733

(25)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
(hydroxymethyl)pyrrolidi
ne-1-carboxamide

24

5733

(2R)-N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
(hydroxymethyl)pyrrolidi
ne-1-carboxamide

25

5733

(2S)-N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
(hydroxymethyl)pyrrolidi

ne-1-carboxamide
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63 566.2 N-((S)-3-amino-4- fittorobuly 1)-N - ((Ft

)-1-(1- benzyl

-3(5-chl oro- 2-

n uorophenyl )- |

H1, 2, 4-

triaz0l1l-5-yl1)-2- nethyl propyl)-4- methyl benzam de

E
(25)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
F N’N NH2 ) benzyl-s-(z,S'
26 ) _/—// 5182 | difluorophenyl)-2H-
N N “—F 1,2,4-triazol-3-yl)-2,2-
023 dimethylpropyl)-2-
! Hd i hydroxypropanamide
;} N-(3-aminopropyl)-N-
F NeN ((R)-1-(2-benzyl-5-(2,5-
27 | N /)\)< 5192 dlﬂuor.ophenyl)-2H-
NH 1,2,4-triazol-3-yl)-2,2-
o N2 dimethylpropyl)nicotina
F mide
I\
(25)-N-(3-aminopropyl)-
. N-((R)-1-(2-benzyl-5-
NN 2,5-difluorophenyl)-2H-
/ 2, pheny
28 7 48621712 4-triazol-3-yl)-2.2-
N ~NH2 dimethylpropyl)-2-
o il hydroxypropanamide
HO
Q N-(3-aminopropyl)-N-
. ((R)-1-(2-benzyl-5-(2,5-
NN difluorophenyl)-2H-
(
29 N’)\A)< 4722\ 5 actriazol-3-yl)-2,2-
N~ NH2 dimethylpropyl)-2-
F © hydroxyacetamide
HO
(25)-N-(3-aminopropyl)-
N-((R)-1-(2-benzyl-5-
o N-N (2,5-difluorophenyl)-2H-
30 (7 541.1 | 1,2,4-triazol-3-yl)-2,2-
N ~_NHz dimethylpropyl)-2-
o< «—on (hydroxymethyl)pyrrolidi
\ ne-1-carboxamide
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z N ---[..------ , 64 520.2 N-((S)-3-am no-4-
f1 uor obut yl) N-4R)-1-(1- benzyl- 3- ( 5-chl or o- 2-
fluorophenyl)-11-1-1,2,4- triazol-5-34)-2-
nct hylpropyl) - 2- net hoxyacet am de 65 506.2 tt
N((9)-3-amrm4- f obu(yl)-N-((R)- [I-( I-
N-(3-aminopropyl)-N-
N ((R)-1-(2-benzyl-5-(2,5-
31 ,)\2< 5272 dlﬂuor‘ophenyl)—ZH—
N NH 1,2,4-triazol-3-yl)-2,2-
N2 . .
dimethylpropyl)morpholi
ne-4-carboxamide
O
(2S,6R)-N-(3-
aminopropyl)-N-((R)-1-
E ’N_W (2-benzyl-5-(2,5-
7 difluorophenyl)-2H-
32 @AN RNty | 2227 | 1 2,4utriaz0l 3y1)-2,2-
L O=< dimethylpropyl)-2,6-
N‘>< dimethylmorpholine-4-
}O carboxamide
; N-(3-aminopropyl)-N-
E N—N ((R)-1-(2-benzyl-5-(2,5-
©/(N/ difluorophenyl)-2H-
33 N NH 604.1 | 1,2,4-triazol-3-yl)-2,2-
o=( N dimethylpropyl)-4-
F N (methylsulfonyl)piperazi
O ne-1-carboxamide
\S,,O
0%\
(2S)-N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
F N—N benzyl-5-(2,5-
34 4 ,)\)< 518.2 | difluorophenyl)-2H-
N .
N NH, | ,574-‘[1‘13201—3 -yl)-2,2-
o) \/\( imethylpropyl)-2-
F oy F hydroxypropanamide
HO
(25)-N-((S)-3-amino-2-
fluoropropyl)-N-((R)-1-
F NN (2-benzyl-5-(2,5-
35 A v . 5592 dlﬂuor'ophenyl)—2H—
\*/NH 1,2?4-tr1320[-3-y1)-2,2-
o =<N 2 dimethylpropyl)-2-
F N OH (hydroxymethyl)pyrrolidi
O ne-1-carboxamide

&3




benzyl
triaz01l-5-y11-2- nethyl

-3-(5-¢c h loro-2- tluorophenyl)-I1H1,2,4-
()ropy 0-2- hyclroxyacetam de

(S)-IN((S1-3-am no-4- fluorobtityl)-N-HR )-1-(1-

benzy1l-3-(5-chl oro-2- 66

520.

2

f 1 uorn
hydr g

opl i cny
Xypr opa

36

H1H1,

-n

-
=z

narnide€j?

triazol -5

pd |
é
-

ryl)-2

573.2

- nmet hyl propyl) -
(2S,6R)-N-((S)-3-amino-
2-fluoropropy!)-N-((R)-
1-(2-benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2,6-
dimethylmorpholine-4-
carboxamide

N

37

n

-
=Z

-

z

=z
\

pd

2 i

pd

I

N

o

I
)

490.2

N-((S)-3-amino-2-
fluoropropyl)-N-((R)-1-
(2-benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
hydroxyacetamide

38

5 0
9

z

\

-
z

L

z
T

o}

<°/:_

544.2

(2S5)-N-((S)-3-amino-4-
fluorobuty!l)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl!)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-
tetrahydrofuran-2-
carboxamide

39

0
X
-

P4

\

.
=z

L

z
O

<°/_;

544.2

(25)-N-((R)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-
tetrahydrofuran-2-
carboxamide

40

565.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropy!)-6-
methylpyridine-3-
carboxamide

84



(S)-N-((S)-3-amino-4- fluorobto y1)-N((k)-1-( 1-

benzyl-3-(2,5- 67

532. 3 di

iltiorophenyl

)-1 Lk

41 I
j\N

551.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)isonicoti
namide

42 F? |
N

551.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)picolina
mide

ke

566.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
(methylsulfonyl)acetami
de

44 ©/4
F

537.2

N-((S)-3-amino-2-
fluoropropyl)-N-((R)-1-
(2-benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)nicotina
mide

45 i A
F

504.2

(25)-N-((S)-3-amino-2-
fluoropropyl)-N-((R)-1-
(2-benzyl-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide

&5




1
y
f

.2.4-triazol -5-y 0-2,2- dinethyl propyl)-2- nmet hox
(S)-N-((S 1-3-ani no- 4-

p
I

r opanam de
uor obut yl

)-N-HRL- | -(3-

46

582.2

N-((R)-1-(2-(3-
bromobenzyl)-5-(2,5-
difluorophenyl)-2H-

1,2 ,4-triazol-3-yl)-2,2-
dimethylpropyl)-N-((S)-
3-amino-4-fluorobutyl)-
2-hydroxyacetamide

47

F all ~

596.2

(2S)-N-((R)-1-(2-(3-
bromobenzyl)-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-N-((S)-
3-amino-4-fluorobutyl)-
2-hydroxypropanamide

48

629.2

N-((R)-1-(2-(3-
bromobenzyl)-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-N-((S)-
3-amino-4-
fluorobutyl)nicotinamide

49

628.2

N-((R)-1-(2-(3-
bromobenzyl)-5-(2,5-
difluorophenyl)-2H-
1,2,4-triazol-3-yl)-2,2-
dimethylpropyl)-N-((S)-
3-amino-4-
fluorobutyl)benzamide

50

550.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(5-chloro-2-
fluorophenyl)-2H-1,2,4-
triazol-3-yl)-2,2-
dimethylpropyl)-2-
methoxyacetamide

86




NN (2, 5-d

( 3- not hyl benzyl) - 1H

fl uor ophenyl )

-
N 1,2,
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520.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(2-
benzyl-5-(5-chloro-2-
fluorophenyl)-2H-1,2,4-
triazol-3-yl)-2,2-
dimethylpropyl)-2-
hydroxyacetamide
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534.2

(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide
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566.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2,2-
dimethylpropyl)benzami
de
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580.3

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2,2-
dimethylpropyl)-4-
methylbenzamide
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567.2

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2,2-
dimethylpropyl)nicotina
mide

87




di met hyl propyl) -2- hydrox ypropanam de
(2S,6R)-N-((S)-3-am no-

F

N N

4-fill Or CoUtyi

HO
)-N-((R)-1-

56

Q

N

©/(o=/N\/\/NH2

A

O

622.2

(R)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
(3-bromobenzyl)-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)tetrahydr
ofuran-2-carboxamide

57
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622.2

(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
(3-bromobenzyl)-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)tetrahydr
ofuran-2-carboxamide
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5443

(R)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)tetrahydr
ofuran-2-carboxamide
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5433

(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
(3-cyanobenzyl)-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide
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Q
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575.3

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2,2-
dimethylpropyl)morpholi
ne-4-carboxamide
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di et hyl nor phol i ne-4- car boxani de S0

(2S,6R)-N-((S)-3-amino-
4-fluorobutyl)-N-((R)-1-
(1-benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-
—/_/—F 6033 1 riazol-5-y1)-2.2-
dimethylpropyl)-2,6-
dimethylmorpholine-4-
carboxamide
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N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-

benzyl-3-(5-chloro-2-

62 5522

-~ F fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2-
methylpropyl)benzamide

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
Hz benzyl-3-(5-chloro-2-

methylbenzamide

N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
520.2 | fluorophenyl)-1H-1,2,4-

—F triazol-5-yl)-2-
methylpropyl)-2-
methoxyacetamide
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N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
506.2 | fluorophenyl)-1H-1,2,4-

N —F triazol-5-yl)-2-
methylpropyl)-2-
hydroxyacetamide

65

O

63 566.2 | fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2-
methylpropyl)-4-

H
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(8)-N4(8)-3-am no-4- fluorobutyl)-N((k)-14 I-
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di fl uorophenyl) - 1H - NN .." . " "-NHo=<i%-F 2
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520.2

(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-
triazol-5-yl)-2-
methylpropyl)-2-
hydroxypropanamide
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5323

(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimcthylpropyl)-2-
methoxypropanamide

68

5323

(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(3-
(2,5-difluorophenyl)-1-
(3-methylbenzyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide
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601.3

(2S,6R)-N-((S)-3-amino-
4-fluorobutyl)-N-((R)-1-
(3-(2,5-difluorophenyl)-
1-(3-methylbenzyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2,6-
dimethylmorpholine-4-
carboxamide
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5183

(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
benzyl-3-(3,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide
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550.2

a@ de 7%3 ammo-f—

ﬂuorobuty N -(R)-1-(1-
benzyl-3-(3,5-
dichlorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide
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587.3

(2S,6R)-N-((S)-3-amino-
4-fluorobutyl)-N-((R)-1-
(1-benzyl-3-(3,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2,6-
dimethylmorpholine-4-
carboxamide

73

536.3

(S)-N-((S)-3-amino-4,4-
difluorobutyl)-N-((R)-1-
(1-benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide

74

536.3

(S8)-N-((R)-3-amino-4,4-
difluorobutyl)-N-((R)-1-
(1-benzyl-3-(2,5-
difluorophenyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide
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5503

(S)-N-((R)-3-amino-4,4-
difluorobutyl)-N-((R)-1-
(3-(2,5-difluorophenyl)-
1-(3-methylbenzyl)-1H-
1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide
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(1-benzyl-3-43,5- difthoroplicnyl

1,2,4-triazol
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(S)-N-((S)-3-amino-4,4-
difluorobutyl)-N-((R)-1-

N (1-(3-cyanobenzyl)-3-
76 / 561.2 |(2,5-difluorophenyl)-1H-
N NH, 1,2,4-triazol-5-yl)-2,2-
\/\;/ dimethylpropyl)-2-
FF hydroxypropanamide
(S)-N-((R)-3-amino-4,4-
X difluorobutyl)-N-((R)-1-
FN—N N (1-(3-cyanobenzyl)-3-
77 4 % 561.2 |(2,5-difluorophenyl)-1H-
N NH, 1,2 ,4-triazol-5-yl)-2,2-
! O=$ . -n\l/I dimethylpropyl)-?-
nd F”°F hydroxypropanamide
(S)-N-((R)-3-amino-4,4-
F difluorobutyl)-N-((R)-1-
E Nt LF (3-(2,5-difluorophenyl)-
/ 1-(3-
78 N/)\)< 604.2 (trifluoromethyl)benzyl)-
o N\/INHZ 1H-1,2,4-triazol-5-yl)-
F =$ il A 2,2-dimethylpropyl)-2-
HO hydroxypropanamide
(S)-N-((S)-3-amino-4,4-
difluorobutyl)-N-((R)-1-
F N-N (3-(2,5-difluorophenyl)-
79 [ N/)\)< 550.3 | 1-(3-methylbenzyl)-1H-
1,2,4-triazol-5-yl)-2,2-
N NH (o) Y »
o \/\:/ ’ dimethylpropyl)-2-
F o M ENE hydroxypropanamide
(S)-N-((S)-3-amino-4,4-
F difluorobutyl)-N-((R)-1-
F Ne L F (3-(2,5-difluorophenyl)-
I 1-(3-
80 N/)\A)< 604.2 | triffuoromethylbenzyl)-
o N 1H-1,2 4-triazol-5-yl)-
F =$ | F/:\ - 2,2-dimethylpropyl)-2-
HO hydroxypropanamide
(S)-N-((S)-3-amino-4,4-
Br difluorobutyl)-N-((R)-1-
F (1-(3-bromobenzyl)-3-
81 614.2 |(2,5-difluorophenyl)-1H-

1,2,4-triazol-5-yl)-2,2-
dimethylpropyl)-2-
hydroxypropanamide




536.3 536.3 dilluorobtityl)-N-((R)-1-
d i nuorophenyt)- | PI- 1,2, 4-triazol-

( I -benzyl-3-(2,5-
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di met hyl propy1l) - 2- hydr oxypr opanani de
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- (3- et Ryl benz 4-triazo|-§-_y0 azop-l};22-
di net hyl propyl hgd M).X/yir"tbpanam ide dlmet propyl) 5
F g N hydroxypropanamlde
(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
Cl N—N benzyl-3-(2-chloro-5-
83 [ )\)< 5342 | fluorophenyl)-1H-1,2,4-
N triazol-5-yl)-2,2-
o} N\/\_;_/NHZ dimethylpropyl)-2-
F sl ~E hydroxypropanamide
HO
(S)-N-((S)-3-amino-4-
fluorobutyl)-N-((R)-1-(1-
FoooNe=N benzyl-3-(5-chloro-2-
84 4 7 591 3 ﬂuorophenyl)-lH-l,2,4-
A NH, triazol-5-yl)-2-
o= \/\:/ methylpropyl)-3-
cl N ~e (hydroxymethyl)morphol
/v Q__> ine-4-carboxamide
HO o]
(S)-N-((S)-3-amino-4,4-
difluorobutyl)-N-((R)-1-
F N=N (3-(2,5-difluorophenyl)-
85 [ )\2< 578.3 | 1-(3-isopropylbenzyl)-
NA NH, 1H-1,2,4-triazol-5-yl)-
023 \/\___/ 2,2-dimethylpropyl)-2-
F i AL ¥ hydroxypropanamide
(S)-N-((R)-3-amino-4,4-
difluorobutyl)-N-((R)-1-
F N=N (3-(2,5-difluorophenyl)-
86 4 ,)\)< 578.3 | 1-(3-isopropylbenzyl)-
NA NH, 1H-1.2,4-triazol-5-yl)-
o VI 2,2-dimethylpropyl)-2-
F » L hydroxypropanamide
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| -(3-eyanobenzyt)

This example provides a representative in vitro assay for determining KSP activity
in vitro. Purified microtubules obtained from bovine brain were purchased from
Cytoskeleton Inc. (Denver, Colorado, USA). The motor domain of human KSP (Eg 5,
KNSLI) was cloned, expressed, and purified to greater than 95% homogeneity. Biomol
Green was purchased from Affinity Research Products Ltd. (Matford Court, Exeter, Devon,
United Kingdom). Microtubules and KSP motor protein (i.e., the KSP motor domain) were
diluted in assay buffer (20 mM Tris-HCI (pH 7.5), 1 mM MgCl,, 10 mM DTT and 0.25
mg/mL BSA) to a final concentration of 35 pg/mL microtubules and 45 nM KSP. The
microtubule/KSP mixture was then pre-incubated at 37 °C for 10 min to promote the

binding of KSP to microtubules.

To each well of the testing plate (384-well plate) containing 1.25 pL of inhibitor or
test compound in DMSO (or DMSO only in the case of controls) were added 25 pL of ATP
solution (ATP diluted to a concentration of 300 uM in assay buffer) and 25 pL of the above-
described microtubule/KSP solution. The plates were incubated at RT for 1 hour.
Following incubation, 65 pL of Biomol Green (a malachite green-based dye that detects the
release of inorganic phosphate) was added to each well. The plates were incubated for an
additional 5-10 minutes then the absorbance at 630 nm was determined using a Victor I1
plate reader. The amount of absorbance at 630 nm corresponded to the amount of KSP
activity in the samples. The ICs of each inhibitor or test compound was then determined
based on the decrease in absorbance at 630 nm at each concentration, via nonlinear
regression using either XLFit for Excel or Prism data analysis software by GraphPad

Software Inc.

Preferred compounds of the invention have a biological activity as measured by an
1Cs of less than about 1 mM in assay protocols described in Example 12, with preferred
embodiments having biological activity of less than about 25 pM, with particularly
preferred embodiments having biological activity of less than about 1000 nM, and with the

most preferred embodiments having biological activity of less than about 100 nM.
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604.2 (3-(2,5-d ifittorophenyl)- 1-(3-

(trif | Wberowsthtpt Mivwsydy) Compoubdd 1, 85 2t 8 indzble-1%xkibited ICso

Zifﬁﬁe% glrea{g? EBX I1 %\f? p()f(:)l'rzlﬁozu_ndshﬂs,/ 98,519121‘ 8¢ g{h%%g%srg]vglﬁes greater than 100
nM and less than or equal to 1 uM. Compounds 1-15, 18-70, 72-76, 79, and 81-84 in Table

1 exhibited 1Csy values less than or equal to 100 nM.
Example 13

Inhibition of Cellular Proliferation in Tumor Cell Lines Treated with KSP Inhibitors

Cells are plated in 96-well plates at densities of about 500 cells per well of a 96-well
plate and are allowed to grow for 24 hours. The cells are then treated with various
concentrations of compounds for 72 hours. Then, 100 pl of CellTiter Glo is added.
CellTiter Glo is a tetrazolium-based assay using the reagent 3-(4,5-dimethylthiazol-2-yl) 5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) (U.S. Patent No.
5,185,450) (see Promega product catalog #G3580, CellTiter 96 Aqueous One Solution Cell
Proliferation Assay). The cells are then incubated in the dark for 30 minutes. The amount
of luminescence is determined for each well using a Walloc Trilux plate reader, which
correlates with the number of cells per well. The number of viable cells in the wells that
receive only DMSO (0.5%) serve as an indication of 0% inhibition, while wells without
cells serve as 100% inhibition of cell growth. The compound concentration that results in a
50% growth inhibition (Glso) is determined graphically from sigmoidal dose-response
curves of log-transformed dose values versus cell counts (percent of control) at 72 hours of

continuous compound exposure.
The cell lines used are listed below.

The cell proliferation assay is performed as described above.

Cancer Cell Lines

Colo 205 — colon carcinoma
RPMI 1640 +10%FBS +1% L-glutamine +1% P/S +1%NaPyr.+
Hepes
+4.5g/L. Glucose +1%NaBicarb.

MDA 435- breast cancer- high met
EMEM + 10% FBS + 1%P/S + 1%L-Glutamine+1%NEAA
+1%NaPyr + 1%vitamins

HCT-15 and HCT116 -colon carcinoma
RPMI 1640 +10%FBS +1% L-glutamine +1% P/S
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Drug Resistant Cell Lines

KB3.1- colon epidermal carcinoma; parental cell line

Iscove’s +10%FBS +1% L-glutamine +1% P/S

KBV1 - p-glycoprotein associated multi-drug resistant cell line
RPMI 1640 +10%FBS +1% L-glutamine +1% P/S +0.2ug/mL
Vinblastine

KB85 - p-glycoprotein associated multi-drug resistant cell line
DMEM +10%FBS +1% L-glutamine +1% P/S + 10ng/mL Colchicine

Preferred compounds of the invention have a biological activity as measured by an
GI50 of less than about 1 mM in assay protocols described with some embodiments having
biological activity of less than about 25 uM, with other embodiments having biological
activity of less than about 1000 nM, and with still other embodiment having a G150 of less
than about 100 nM.

Example 14

Clonogenic Softagar Assay Protocol

Human cancer cells are plated at a density of 3x10° cells per well in a 6-well plate.
The next day, a compound of interest at a certain concentration is added to each well. After
24 and 48 hours of incubation, the cells are harvested, washed and counted. The following
steps are performed using the Multimek 96 robot. Then, 500 viable cells per well are plated
in a 96-well plate that is coated with PolyHema to prevent attachment of the cells to the
bottom of the well. Agarose (3% stock) is melted, diluted in warmed media and added to
the cells to a final concentration of 0.5%. After the soft agar solidified, the plates are
incubated at 37 °C for 6 days. Alamar blue dye is added to cells and plates are incubated
for an additional 6 hours. The optical density change is measured on a Tecan plate reader
and is considered to correlate with the number of colonies formed in soft agar. A cancerous
cell is able to grow on the agar and thus will show an increase in optical density. A reading
of decreased optical density means that the cancer cells are being inhibited. It is

contemplated that compounds of this invention will exhibit a decrease in optical density.
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(3-(2,5-difluorophenyl )- N- N 80 604. 2 N
(trifluoronothy Cbhen zy | )- 0 I

H1, 2, 4-triazol-5-yl)- HO --SF
WHAT IS CLAIMED IS:
L. A compound of Formula (I) or a pharmaceutically acceptable salt, ester, or

prodrug thereof:

m@%

N\R4
@

wherein:

R'is alkyl;

R? is selected from the group consisting of hydrogen, alkyl, and substituted alkyl;

R? is selected from the group consisting of -L'-A’, wherein L' is selected from the
group consisting of -C(O)-, -C(S)-, -S(0)-, and -S(O),- and A is selected
from the group consisting of alkyl, substituted alkyl, alkoxy, substituted
alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl,
substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, and
NR*R;

R* is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, and substituted alkynyl;

or R? and R* together with the nitrogen atom bound thereto join to form a five to
seven membered heterocycloalkyl or substituted heterocycloalkyl group
where optionally one additional ring atom is selected from the group
consisting of O, S, or NR''

X is CR® or N;

R’ is selected from the group consisting of hydrogen, halo, alkyl, and substituted
alkyl,

R® is selected from the group consisting of cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl, all of which may be optionally substituted with —(Rm)m where R'®
is as defined herein, m is 1, 2, 3, or 4, and each R may be the same or
different when mis 2, 3, or 4;

R’ is -L.>-A” wherein L’ is C,-Cs alkylene and A’ is selected from the group
consisting of aryl, substituted aryl, heteroaryl, substituted heteroaryl,
cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted
heterocycloalkyl, provided that R’ is not attached to X
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N-(4S)-3-am no-4, 4- difluorobutyl)-N-((R)-
(1 43-brOMoenzy 1 )-3- 81 614. 2
d

NNOHO.,,......

R is selected from the group consisting of hydrogen and alkyl;

R is selected from the group consisting of hydrogen, hydroxy, alkyl, substituted

alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl,

substituted cycloalkyl, heterocycloalkyl, and substituted heterocycloalkyl;

or R® and R’ together with the nitrogen atom pendent thereto join to form a

heterocycloalkyl or substituted heterocycloalkyl;

R' is selected from the group consisting of cyano, alkyl, substituted alkyl,

alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, -CFs, alkoxy,

substituted alkoxy, halo, and hydroxy; and

R'! is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
-SO»alkyl, and -SOssubstituted alkyl.

A compound of claim 1, wherein R? is alkyl.

A compound of claim 2, wherein R* is methyl.

A compound of claim 1, wherein R' and R* are methyl.

A compound of claim 1, having Formula (Ia) -

RS
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(Id)
R7
N—N 1
R6/< /)\(R
X
N4
’ R
R (Ie).
6. A compound of claim I or 5, wherein X is N.
7. A compound of claim 1 or 5, wherein X is CR®.
8. A compound of claim 7, wherein R is hydrogen.
9. A compound of claim 1, wherein L'is-CO-.
10. A compound of claim 1, having Formula (II) or a pharmaceutically acceptable
salt, ester, or prodrug thereof:
R7
_ /
R1
X
(Rm)m// 0 N\R4
Al (1D

wherein:

R! is selected from the group consisting of alkyl and substituted alkyl;

R? is alkyl substituted with one to five substituents selected from the group
consisting of hydroxy, alkoxy, substituted alkoxy, amino, substituted amino,
acylamino, halo, nitrogen-containing heterocycloalkyl, substituted nitrogen-
containing heterocycloalkyl, nitrogen-containing heteroaryl, and substituted
nitrogen-containing heteroaryl;

A is heterocycloalkyl or substituted heterocycloalkyl;
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12.

13.

triaz01l-5-y11-2,2- hydroxypropanam de 84 591.3
(S)-N((S)-3-am n0-4- fluorobutyl)-N((2.)-21-(1-
bertzyl - 3-(5-chl oro-2- fluorophenyl)-11-1-1, 2, 4-
triazol -5-y1)-2- nethy Ipropyl)-3-

hydr oxynet hyl ) nor phol i nc-4-earboxamidc NN S N
N,",,--,,,NN2 0=( a-7,.. NF /11.2 HO 85 -N-N N

or A' and R* together with the atoms bound respectively thereto join to form a
heterocycloalkyl or substituted heterocycloalkyl group where optionally one
additional ring atom is selected from the group consisting of O, S, or NR'';

X is CR? or N;

R is selected from the group consisting of hydrogen, halo, alkyl, and substituted
alkyl;

R’ is -L-A? wherein L? is C,-Cs alkylene and A is selected from the group
consisting of aryl, substituted aryl, heteroaryl, substituted heteroaryl,
cycloalkyl, substituted cycloalkyl, heterocycloalkyl, and substituted
heterocycloalkyl;

R® is selected from the group consisting of hydrogen and alkyl;

R’ is selected from the group consisting of hydrogen, hydroxy, alkyl, substituted
alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl,
substituted cycloalkyl, heterocycloalkyl, and substituted heterocycloalkyl;

or R® and R’ together with the nitrogen atom pendent thereto join to form a
heterocycloalkyl or substituted heterocycloalkyl;

mis 1, 2,3, or4, and each R may be the same or different when m is 2, 3, or 4;
and

R'" is selected from the group consisting of cyano, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, -CF;, alkoxy,
substituted alkoxy, halo, and hydroxy; and

R'" is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
-SO»alkyl, and -SO,substituted alkyl.

A compound of claim 10, wherein X is N.
A compound of claim 10, wherein X is CR’.

A compound of claim 12, wherein R is hydrogen.
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N---,.."..NH2 0 ..1 iF,R-1- Ho 578.3 (S )-1\14(S
)-3-am no-4,4- ditluorobittyll-N-gR )--

I (3-(2,5-difluoroph eny I )- 1(3-isopropyl benzyl)- 1
H1,2,4-triazol-5-yl)- 2,2-dinethyl propy0-2- hydrox
ypropanamidc 86 NNN 1 N NNH2 o=< .. FF HO 578.3
(S)-M1(R) -3-am no-4,4- difluorobutyl)-N(0-0- | -
(3-(2,5-di litioroph enynl(3-1sopropyl benzyl)-
1H1,2,4-triazol -5-yl)- 2,2-dinmethyl propyl)-2- hydrox

ynpanam de  EX l.e 12 Assay for Deternining KSP Activity
14. fﬂ?@mgyﬁﬁg?%mﬁ&ggvﬂg?”ﬁﬂ?@%¥%§QW¥QT?V€MWRQW??W% assay for
salt, estde oegrodivd thageoKSP activity in vitro. Purified m crotubul es
obt ai ned from bovi ne brain were purchased from
5Cyt oskel eton I nc. (Denvgr, Col orado, USA). The notor
domai n of human KSP (Fd! 5, KNSED was cl oned, expressed,
and purified tg ateptran 95% honogeneity. Hi onol
G een was purchased from Affinity Research Products Ltd.
(Matford Colftm, ExetePyDe¥on, United Ki ngdomn).
M crotubul es and KSP motar praggin (i.e., the KSP notor
domai n) were diluted in assay buffer (20 mM Tris-HC (pH
7.5), 1 mM MCl2, 10 mM DTT and 0.25 10ng/nmL BSA) to a
I5. A eaipound ateanm A Bthiporg Kskm@&(1) erla pharepattishinaespaied 45 nM
salt, eslSBr prddi@: &0t ubul el KSP m xture was then pre-incubated
at 37C for 10 nmto promgte the binding, of KSP to
m cr ot ubul es. mmﬁeacb well (tithe testing plate
(384-wel | plat 0 /i%&égé‘l.ZS ii. of inhibitor or test
conpound in EINBO [or only in the case of controls)
wer e added ZS%K{ — of N~gsol ution (ATP diluted to a
concentration of 300 ttlYl in assay buffer) and 25 tiL of
t he above- A (Ilb).

16. A compound according to claim 10, wherein R' is alkyl.

17. A compound of claim 16 wherein R' is selected from the group consisting of

isopropyl, t-butyl, and propyl.

18. A compound according to any one of claims 1, 5, or 10, wherein A'isaryl or

substituted aryl.
19. A compound of claim 18, wherein A' is substituted or unsubstituted phenyl.

20. A compound according to any one of claims 1, 5, or 10, wherein Al is heteroaryl

or substituted heteroaryl.
21. A compound of claim 20, wherein A' is substituted or unsubstituted pyridyl.

22. A compound according to claim 1 or 5, wherein A’ is heterocycloalkyl or

substituted heterocycloalkyl.

23. A compound of claim 22, wherein A' is substituted or unsubstituted morpholino.
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descri bed m crotubul e/ KSP sol ution. The plates were
i ncubated at RT for 1 hour. Follow ng incubation, 65 tilL
of Biomobl Green (a malachite green-based dye that detects
the rel ease of inorganic phosphate) was added to each
well. The plates were incubated for an additional 5-10
m nutes then the absorbance at 630 am was determ ned
using a Victor Il 20plate reader. The anmount of
absorbance at 630 nm corresponded to the anount of KSP
ctivity in the sa The 1050 of . each inhibitor or
24. SPLY %ﬂﬂﬂg\f{}ﬁygﬁé’ﬁ“ﬂ@f érsn?fﬂgd”*lﬁ%‘é}j‘ %kyr fie decrease
substitjteyl aiysor bance at 630 am at each concentration, via
nonl i near regression using either XILFit for Excel or
25.  Rrdospodabiciamad, yeiksinsod fubaiteedojkyGe aphRad! vsofatkear e | nc.
orhyddRfr ef erred conpounds of the invention have a bi ol ogical
act|V|ty as neasured by an 1 C50 of |ess than about 1 nmM

AL AIRY LRLALOROLDSPGLLDPD. LNoRkANRl £ d2, Wi th

avi ng’ bi ol O?IC& act|V|ty of |ess
L.3- beftzhtaﬁd‘é?’ab‘ht/l 2B RO fRUFRE DICCHPEr Py ey BroPey:
ethoxye”mbmdinBDXaSolBaWImmgmby okogl Zakthgpbpory.tpjiensf, pipesis-t han about

é{ﬂggl @M n- (f 1hd i B?l %tn pfleﬂcyﬁglﬁ @@1 %Mﬁjk mant s having
tetlahy

|
RBHTTaL sy f“taﬁ?‘sy?égg*a?lo- A L
2H-teuTabPel. hisex i li3edhd50!-ral Uésengeteiadigel-¢Han 1 pM
3,3-dih§5&1-8%6w[1ﬂ§3]%7ad1a2084 yﬁBannSzﬁ)da@@{hileibErﬁdeja@Q wal ues greater

.10 h Co ounds
o 40O Al 852 U0 S T By PO
isooxagopf gl aIPhE2r RO LY, %“tazcéduéPlpﬁl im0l AvpzosEXampl e 13
pyrrolilind2iyb ipyiradidinesf yl,GetrdlidinalX -y Preobzof- B yladritomiazel-4Tywnmor Cel | Li nes
Treated with KSP Inhibitors Cells are plated in
27.  26cowpbind pdcaldBg tadny 8RS LIkiine S, 30br 1@bM4tein0s cel | s per wel |

substit da@yl% e\@%al lpl‘IO ts%le&&pfro%t ﬁtllpc\gﬁs%tlsooofgrn%m F% 24 hours.
.y SPptcb BB R0 AL B i

S concentrations of
lmldazelo%aﬁwwgth%ql 472 4ﬁ&at¢/’§benﬁh%ﬁf}1°ﬁ@enytn~ BProcgsl [Titer Ao is
methylagtdiedyl, 3tdGedphdhiyt, échlGophenys, Gachtoedpyi@diob-ylBi-based assay usi ng

dichlorb nﬁ eage&Moradndnth, B3 qln{Eﬁl hyh Eﬁm@% 21 MI;Ir)eth Thigzol.

o ke LR L el 1 e

methyl@axaacrlﬁgll #ess80sox@el-4-Ti ¢- @pthgﬁﬂemq Ueotky-Onélugwimgthylon Cel |
1H- pyﬂa’fdnhlyf ern@thlypslcrﬁsaam)pyla%ne y& SJn{eﬁlylal}ﬁp}tlzﬁGer yincubated in the

methylayl{dm Jﬁ%q 2- ]ayufo%m ge}ﬁen /1 tuﬁumome&hggw H”El nescence is

Toc Trilux pl ate
(trifluorqaagtiarPpyrigii 3ot 7?5%@?*%‘{”‘&%0% Yhﬂ“ﬁ”‘f’ﬁéz%ﬂﬁ‘bér of cells per
methylp@hdol-5-Fhe trifubbeeth vhyrazbladoy £2-0&h1-$- tnllﬂUOIdﬁﬁthy\lﬁjuhzsl f-hat

yl, 4- cl(l@rgq|3vcﬁn&ﬁvl[¥qa%@4fp9m§r@ an%qrr?{e@nyﬁ)@nzﬂﬂdzizgldi ﬁat ion of 0%

I nhi biti on, I's'w thout cells serve as 100%
_ The. 1 trat
'Aﬂ&{n%lﬁllélgg{lol%fn?‘?oeén glgar ?()é‘!'éllihsl 5h§1 1‘60@%%%% %gECOePsra i on

Substl%ct hererAcHEE Oy P sfer'y ?%Wﬁgaowaﬁm tfose- r esponse
3-[(amagcw®Banofioldyolghdx planef arimedyldobeylandhd)eslomayisus cel | counts
l—meth@fﬂﬁh‘aﬁn—h—:yl,Qfmeglgﬁglf) #Dplp@llidliz 1h9H{én%o>®f:an?ch19$E]¥th°US
compound "exposure. The cell "I'ines used are |isted bel ow
The cell proliferation assay is perthrmed as descri bed
above. Cancer Cell Lines Colo 205 col on carci noma RPM
1640 +10%BS +1% L-gl utam ne +1% P/ S +1%\aPy + Hepes
4.5g/ L ducose +1%NaBli®arb. MDA 435- breast cancer- high
met EMEM + 10% EBS + 19/013/S 1%.- d ut am ne+1%NEAA
" YoNaPyr 1% itamins FICT-15 and HCT116 -col on
carci noma RPML 1640 + 09%4713S +11, 14 L-glutam ne +1% P/ S
Drug Resistant Cell Lines



K133. 1- col on epidernmal carcinoma; parental cell |ine
Iscove's T | 011/01-7DS +1% L-gl utam ne +1% P/ S KBVI -

p- gl ycoprotein associated nmulti-drug resistant cell line
RPM 1640 +10%EBS - 1-1% L-glutarnine 41% P/ S +0. 2ti g/ nL
Vi nbl astime KB85 - p-glycoprotein associated nulti-drug
resistant cell line EVEN +I 0, 11A-TBS +l % L-ril utam ne
+1% Ongl i nT Col chi ci ne Preferred conmpounds of the
i nvention have a biological activity as neasured by an

l.ess tha bo t 1 mM i sa tocols descri bed
1. R G Ut o T Broh aar LA SEEROTT y ot 1 eos
yl, 2-oxdttagrolatyotry], 28 3piviroxipyirolidntde. enbodi ments havi ng
bi ol ogi cal 5activity of |ess than about 1000 nM and with
29. st dohipownt! heprdegiody ent clhiaw il 1fgoal 0GB EEM Afis 4 ess t han about

substlta’tgpalM@elegg@m fe %uﬂo@ﬁ&gglaHﬁm&%f-f—%qr(ﬂ-ﬁssay Pr ot ocol
d‘HE‘ BN cancer F@&&lagtclﬁv t)m W‘?’ a ensllty of 3x105 cells
pyridingiietiyls Pyanqmgtiy T )Moy TS W&?ihydéy, a conpound of
fluorogihprtomyreegityl, atdl@ymethtlaifhmc@n@elnﬁm@wl orthosyngddeN-t 0 each
methyWeinb)me At BEth dhifaynediB, HOmESyI 0f- tétﬁwbaﬁ)h@dﬂyl (tshet cells are
; o steps are
memﬂ%rt}ét?z?z&ergkn)%gﬁ%gﬁﬁ%mﬁé%ﬁe)gqgepm?% £ JlJnél?.wl e 200 vi abl e
1,2,3- UeaéPlrlsylw@Pylveél éfl@zqiﬂa'ﬂréedhy A 29"6“'9@! i-yiedve?Hhat i s
1,2 4-ig@altedmwh {1 MHPOL y-klaedra-yimetipt, e Heatazall tyaeduyent- of the cells

tetrazol- 9[\/1%% b% E:QE%P& yl%ﬁylvﬂ éazol&%ﬁ&%@tl(ng’e{ﬁgﬁ)%&%% is nelted,

e cells to a

ylmethF/ Haff”dﬂ’o“n%‘@m? Yt WFP‘WhydeWhy‘NP‘t“%ﬁmy{ A¥ 5Pt agar

aminopyoblidhi-f-yledthyt he plates arc incubated at 37 'C. for 6
days. Al amar blue dye is added to cells and plates are

30.  imeupateedechoing anngdic df tloimall, Bohiouwigreinlh'ds SRR’ cal density
change is nmeasured on a Teean plate reader and is

31, coasipaedetkldif 300ikelnat’ & itubfent he nunber of col oni es
formed in soft agar. A cancerous cell is able to grow on

32, tA@nReRE oPRHn B Ushe Mnl H® a5 OW: b}l ease in opti cal
density. A reading 20of decr eased optical density neans

33, LA0@mphl ofFANH8E, v@]%wln%{g‘?sr s@le@&i‘ fH)Qq th@@b@'c&%@tmo‘&f s

con te | at ed that conpounds of thi's invention will
alkyl, Qi ‘Bﬁdtalkél ﬂ’éé}‘cé‘ﬁg‘él in optical denS| ty. WHAT IS CLAI MED
I'S: 1. A conpound of Fqrrula (Dora pharmaceutically
34 HeREpPHEBrEcEdR|3E, Whsgindy is S@F“iﬁrfts)ﬁ‘rtl}“ggl?%’éiafééf‘“” R7 R XR2
methyINR@@@dmethyWherhek ymethi, mlelﬂim@btkyl furan-2-ylmethyl, 2-
hydroxyethyl, cyclopropyl and isopropyl.

35. A compound of claim 30, wherein R’ is aryl or substituted aryl.

36. A compound of claim 35, wherein R’ is selected from the group consisting of

4-cyanophenyl, 3,4-difluorophenyl, 2,3,5-trifluorophenyl, 3,5-dinitrophenyl, and phenyl.
37. A compound of claim 30, wherein R’ is heteroaryl or substituted heteroaryl.

38. A compound of claim 37, wherein R’ is selected from the group consisting of

thiophen-2-yl, 3,5-dimethylisoxazol-4-yl, and 2,6-dichloropyridin-4-yl.
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R2 is selected fromthe group consisting of hydrogen,
al kyl, and substituted alkyl; R3 is selected fromthe
group consisting of -L'-A", wherein LI is selected from
the group consisting of -C(0)-, -C(S)-, -S(0)-, and
-5(0),- and Al is selected fromthe group consisting of
al kyl, substituted al kyl, al koxy, substituted al koxy,
aryl, substituted aryl, heteroaryl, substituted
het eroaryl, cycloal kyl, substituted cycl oal kyl,
het er ocyc| oal kgl , Subsgtituted heterocycl oal kyl, and
39 Nregrod ogaip g0.gdrEe e i ath‘S'i?fWﬁ’élkﬂPbﬁ%s“é‘kSerﬁ‘si sting of
heterodyyldaliogenyp. al kyl , substituted al kyl, al kenyl, substituted
al kenyl , al kynyl, and substituted al kynyl; or R3 and R4
40. trogebhphed ofMidih 30 héerintR’ aganhat@yaboynd thereto join to
4-(ethdk PR b Y Rid 2yiseven menbered het erocycl oal kyl or
substituted he¥erocyc|oalky| group where optionally one
s HALLORLLhNG ALOM % Sekeg) ed from the group

consrsting o or Xis CR5 or NN RS is

sel ecte romth r oy nsi sting .of hydrogen, hal o,
2. PO AATEb T aRER 210G T e Qe B a R Phm  he
bound ghexsigpo Homs hestroaiglicof subsiglaabRyptyclitdRER chay slsdesteky| , aryl |
from tl&rgd)ub_eﬁneiﬁtﬁl@byt_hi,amaﬂpholiﬂfN-Mi,Bh’iofﬂ&&al;}bﬂah@ﬂtﬂl@ldﬂla:c Iy -

. h - (R 1" whe is as define erein,
1-OXOtrﬁﬁyIF(gqu?lgisgé-\,M.l%llrpoméf.(ﬁg%%pyggl\g@nﬁ%l’rra be the sane or
2-(metpyp Faghommpy a1 ?’%dlzzemzlfnomholw:b’-wé)?@~P>sdr<zxmpeﬁ&mmer ein L2
N-yl, 3HigydiGkyp@solalnkylyle réuatsd (AR pigergairegt ed from t he group
4-(cyc B RO b TpiFraz ALY b, 4-((§1Hgl%ﬁdrﬁiﬁg)ﬁ€eri§i5)f\j-yl, heteroaryl,
4_(ethosubs,bt | tuf elgzi hgyg gr‘lpat%lu c)%/gc.l ggzl. %I substituted

&Y IO RRYF 2 HE LI E) R YAPRPP ARG Y ubst i t ut ed
4-(isophaty el poy wipoatik-Pi-y1. 4ptmonyidaebny bratera®A-N-g. not attached to X;
4-(methRBsulfSnyd pib@Ginad yf §.0HRtlyBEfoByI PR £ R NS St drd@h&fn-thydr ogen and

.alk is.selected fr e onsi st ng of
pirdiN Dol AENSHR LA AT LoR PR GARRLEIN A OF
4-cyclegpdriperagnadyylat-fudroxppesfigAr- y| 4-squippgpireiatiet Yhet er oar yl |
4-meth@\ppe0dd-Kyl, isosdazbistid-2-ut edpieyieiNeal doetazinhetlgrigeyieNoal kyl , and
yl,z-@mamcw&n%pﬁ%kﬁﬁ-ﬁgx,gg@@l~ésbr&il;-luqn. R2 and R9 together with
the nitrogen atom pendent theréto join to forma

43, hﬁ{o‘?r{ 8&%%# Ral iy LI) 8 ﬁzH,*%z?ctebJc%yeagceht%lggaﬂ,ce\ét%l galkyl: R is
select e romthe grpoup consisti Hg of cyano, alkyl,

prodrug tiseefy t ut ed al kyl, al kenyl, substituted al kenyl, al kynyl,
substituted al kynyl ,_ -CF3, al koxy, substituted al koxy,
hal o, and hydroxy, and Rl | is selected fromthe group
consi sting of hydr n, Ral kyl, substituted al kyl,
-502al kyl, and +2ut ed 2. A conpound of claim1,
wherein R is alkyl. 3. nA.conmpound of claim2, wherein R2
is methyl. 4. A conmpoid of plaimlherein Rl and R2 are
met hyl . 5A conpound of claim 1, having Fornula (la) -
(Whe®ingr a pharmaceutical |y acceptable salt, ester, or
' ackeld@ed fvar ®ofroup colRftitg of hNyl(ah@ubdrutddR(khb) (I ¢)

R? is selected from the group consisting of hydrogen, alkyl, and substituted alkyl;

R? is selected from the group consisting of -L'-A', wherein L' is selected from the
group consisting of -C(O)-, -C(S)-, -S(O)-, and -5(0)»- and Al is selected
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N-N 6. A conpound of claiml or 5, wherein Xis N A
conpound of claim1l or 5, wherein Xis CR5. 8. A conpound
of clainf?, wherein R5 is hydrogen. A conmpound of claiml1,
wherein L' is -CO. 10A conpound of claim1, having_
Formul a (11) or a pharmaceutically acceptable salt,

ester, or prodrug thereof: P.7 wherein: R is selected
fromthe group consisting of alkyl and substituted al kyl ;
is alkyl substituted with one to five substituents
selected fromthe groyp consistin droxy, al koxy,
SubSr Foat Fesy T S SR E B Pt B RS acyl ant ho,
halagoxnptyk etpenuteiont dietiony. hettaraidpetoal. Ryloal kgubst i t ut ed

Ni tshiRgRRd GRIBLIAYINeREbc e B 0GB Ral KitlocycRhikyI0gEN- cont ai ni ng
hetersgaryl, and substituted nitrogen-containing
heterodaryl; Al is hetcrocycloal kyl or substituted
IBetSéPQf&S‘}@FEJ‘H[kyI O At and R4 together with the atons
hokhad RE®peiet wmetlhymtrbmﬁ &bi@ bpaitl Fhete® jid Fofoidn a five to

het el REXEhAR oo RloaHRELAL Hha%eBLRIORNEIRA! kyl group

where optiona one i on ring atomis sel ected
fro”Yﬂeter?B“og?i"BLPﬁe@H‘QP%P?W%‘F S%“te%fm‘afhe%ﬁ“i’ Xis CR5 or N
Rl 'copssstisedf €6 8.0dNRHom t he group consi st ng of hydr ogen,

hak er’ &lnkyl , and substituted alkyl; R7 is -1,2-A2 wherein

Igohssslelg%tegfjﬁom tFe 01 01 corg%tl angh%% n haﬁ 9]t %q sgbrst(l)tmed he group

subdvht ut ed het er oaryl cycl oaI kyI subst | t ut ed
@ @l seiadidayttom thedr ﬁfp&ﬁl)é&hl(gaﬂf kgcloalkﬂn}dteﬁdd*]tsdaik&u fugidand
hetier.eye Llpahk%'h pafe dfio ) ﬁlﬁ{(ﬁgedf Wi MR &yl GUP

conS|st|ng roge % |s sel ected fromthe
gr dup delgid hesgip. r’i‘glsé’f ?r;?di‘ d@‘e‘ﬁ“’h yd‘f%%} €SAPkYl, substituted
al kiyfferenawhdn m is@l¥sordt ut ed aryl, heteroaryl, substituted

hﬂsem@wlehemqycslcq% KMMene%ch&T il Eel}lafc@éﬂﬁ&y EhleQx%b yl,
het er ocycl.o er oc oal kyl; or R8

SR S T R b S B B Genr ey et o
j oiqnclpadkyf. grbatitateheyelerlbéyetevaicley! |kylo=>rnd sipgeed ut ed
hetiete@cytamal kydidedmat & idnot Ztackdd tdX; 4, and each Rl may be

tIJa?ssgl £ ¢ éiﬁg) QMan%‘?H r&edﬁld%]’kg‘?” or 4, and R1g is

sgl ect romt gr oup’ nsisst i qg ano, al kyl,
%bss“f’lF‘tti?tf@d‘ B 9P, CO‘&ISRW f“y b SV et aéld é‘l‘bk‘e‘h‘ﬁci al kynyl ,
S ubxsityl, tuyt, edbstah thkdyemyt ] hetero@fy B substltikeakheierssyb stcicaliyled al koxy,
hal sqbsu@n;@l cm&rk xweter@pdoafgﬂa.{d%ubie u@@ﬁ@go Iy&@myt he gr oup
cops % N
Saup I P! 86 S350 P i e o 8 56m
hetelocycloall\yl or substituted heterocycloalkyl;
R is selected from the group consisting of cyano, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, -CF3, alkoxy,
substituted alkoxy, halo, and hydroxy; and
R'! is selected from the group consisting of hydrogen, alkyl, substituted alkyl, -SOaalkyl,
and -SOs,substituted alkyl.
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11. A conpound of claim 10, wherein Xis N 12. A conpound
ol elaim 10, wherein Xis CR5. 13, A conpound of claim 12,
wherein R5 is hydrogen. 14. A compound of claim 10,
havi ng Formul a. (1la) or a pharmaceutically acceptable
salt, ester, or prodrug thereof: 15. A conpound of
claim 10, having Fornmula (Il b) or a pharnaceutically
acceptable salt, ester, or prodrug thereof: (Fib). 16.
A conpound according to cl ai m 10, wherein R is al kyl.
7. Ac ected from
. P agpan B RaRgt St Ror TR SHPEHS Mt BISYR Ry pr opyl
selected Bom e gonpeontinaeicorgi wtptituedamypogdnie. dfoxplseisngted, 5, or
alkoxy,k@d hyehgyein Al is aryl or substituted aryl. 19. A
conmpound of claim 18, wherein Al is substituted or

45. lAﬂ;%M &BH Edé&r@ﬂo Bhl%né/de of dHmé\ %OMQ%@eQQ@EUszM to any one
et eroar

5
rom 0 it S a1 R o AL S N SR Orerei
-CHy-(pf-dipghrepy gt 3t ut €l oimidap@ U bs t Tt Bdmiggaol-¢tyll. 22, A
-CH-p$IP YN HBC T Oy e xig)ritia-4Ghhaiam, l6-Bydrdaypywbiengipn Al i's
-CH,- J&g}h&ﬁno%c'c?uag{}dnm%fzﬁ“gﬁt tfhﬂ&%& Rk 95 y%h"%‘ kyl. 23. A

I'S s s tituted or
hydloxwwltﬂgft Pt S dolpReyiebdin-3 gh. -AHe Brips eyt Hi ng to any
yl), -Cldn@-hedroginaih pipyrib]idib3-yor - Cjﬂe}plpwmef BYIN-CAi 81-aladdeyl or

triazol §%}Stdﬁ éf-l@\q-l %I—KW—I (CI% @'(’é@) ;ﬂgn et @H Xfh, wherein

u it S it th Xy or
cmpSlituyBRbLRES, &%ﬁm cch% aﬂhoécﬁ“wcaﬁﬁiﬁf ohai s
(S-cyanppyrin-Zoyl), ACH) e rysiopropy!, 1& 1 ENE-chaobrot. HCH-8E0 - 4- yI |
imidazé1=20 Q&M,)- @m@&xyyempnpllgatdwyyl) cmL)gzm(zyl

hydroxﬁe%wophen)’%hz%(lﬁ tIYﬂthOIr(])rnlet%}’léBldm )%F (EHY%NHélf‘oxazm 3-yl,

eridin3-yl,
IR VAR DL LA AN ST 04 hNé{‘)AH? a3y,
methoxyHi-ieldanel 4- ), ,(Cwmm{@ﬂqphq [H-etiszahy dy,of ur an-
CHoCﬁﬁd@NMdr@ﬁ %h?éh %HX&Ho h?t (‘Eﬁ*@(@k& 7C%Ei'4((ﬂ¥ Lan 4- yI

teftrazo z |azot-4-yl,
CH{%?§”9H¥%N%HWQ?8“'?If)(QHécggﬁgbthladlazot-6-yl
-(CH)ZHBNAH BN dh € Ao CHRHIThP Hd{ @2 CHANHICH.C(O)NH,,

(CH»Q@WHJ}'CHJ@? qQtul; cﬁmHt)@Hz Lrhdaned oCNH,,

| cycl opentyl,
(CHﬂ?rnl ﬁHZ&ﬁ?! nggg%ﬁtgq%g ?é@gxaz éxélﬁ? yeropenty
(CH°)3W6H4Q¥1 ACHP);- NHEH&Q;H. o)stkI&MQEHﬂHz ﬁfbérl di n-N-yl ,
N(CH.pWs@EDQHCBH)Y- NHCHWI—[oOHDadJ((CHa&CYIL -(CPY)R CHINHAICH> 3, Y|
«}LyggﬁLPNHQ(gHN' (N B@ﬁ%?ﬁ?'«ﬁ{Y&H@ﬁ{xf 2k adi azol - 4-yt. 27.

g y one ainms 1, 5, or 10,

CH*Hﬂﬁ%¥£$ﬁcﬁfﬁﬁ§ma“§ﬁ%§T‘WU?%HW5PV¥ or heteroaryl gr oup
selected fromthe group consisting o

46, BLGRBPPHPP 22PN FoRRY BiIe-cAggims D. Sa?lﬁPﬁWWin&wwhctgﬂ

from thdgtoupernytbiph enyCH.);RHe R{Cok e ERYb H)N2Z,, C@H{O'JH()F)GHoNHo

CH, [mmbhwrmﬁn% i, -CH; [@fabﬁgfs?mﬁmalyu 4cpghl orophenyl
chl pyrid ¥ Iorfﬁhenyl

C<F><Slﬁl°a¥‘tﬂhﬁlr‘&c%‘)oé F‘CP?LF%“& Hethy e Byr azol - 3-y1,
-(CH2)ZHACH) B, brydl -€GH 52T HQB-Hy INH..

1- et hyl - 3- et hyl - 1H pyrazol -5-yl, 2-nmet hoxyphenyl,

4- met hoxyphenyl, 4- nethylisoxazol-3-yl,

5- net hyl i soxazol -4-yl, 4-nethyl phenyl ,

1- et hyl- 3- trlfltloronethylll-l pynzol 4-yl,
1- net hyl - 5-chl or o- | H¥¥r azol - 4-yl ,
5-net hyl- 1H pyrazol - 3-y1, 6- nethylpyridin-B-yI,
2-pyrrolidin-3-yl phenyl, 4-(trifluoronethyl)phenyl, 6-
(trifluoronethyppyridin-3-y!. 2,5-di nethyl oxazol -4yl ,
2- am not hi azol -4-yl, 4- methyl pyrazol -5-y1,
3-trifluoronethyl pyrazol -4-yl, 2-methyl 3
trifluoronethyl pyrazol -5- yl,

7 o~



yl, quinucl din-3-yl, 2-oxopyrrolidin-5-yl,
2-oxopyrrolidin-4-yl, 2-oxo-dihydrofuran-5- yl,

2- oxot hi azolidin-4-yl, and 3-hydroxypyrrolidin-5-y1 29.
A conpound according to any one of clains 1, 5, 0110,
wherein A' is a substituted al kyl selected fromthe group
consi sting of 3-am no-2-oxo0-1(211)- pyridinyl nmethyl,
eyanot net hyl , (N, N-di net hyl am no) r net hyl , et boxymet hyl
pfluorophenoxyrnethyl, hydroxynethyl nethoxynethyl, (N-

no)ri et hyl , th Isulf | e :
7. Teombp ] pERns Rea ple TSt e R or
and R* fymethe 1 Hictiotns bovoll reppegtOni titteyeto, JOlnmfplhDZI fivgtddseydnret hyl |
membeléd‘h@ﬁélro%z:%hlkyl'oyiuﬁﬁﬁllﬁéﬁlhetelloﬂlloalkﬁ'vtoﬁlb azol - 1-yl net hyl ,
211-1, 2, 3-triazol - 2-yl net hyl ,
438. MO;\pamé 01tcrld ﬁé@lw'hlqeﬁ/lltm%t@%t clogllyllal sugstlavte% tri
N éP] i ¥ Fy ; %% 4-y ol - 4-yl net hyl ,
cterocy UL g Uiy efected frop P’F?“R/TO“S‘S_{‘“%IPetrazol 5-yl met hyl ,
e 2Htetrazol -2-yl nethyl, im dazol-4-yl nethyl,
1 met hyl pyrazol - 3- yllnethyl pi peri di n-4-yl et hyl ,
i fy noronethyh dlnethyla noethyl d 2-oxo- 3-
Q[ :§| rol |, |5%N mef,hy ﬁK 0. A coa@ nd according to
clalng\g ", Kﬁig. er ePrK Al)ii's NROR9.  31.
HA coﬁpound of .cPai m 30, whereih R%2is hyldrodén. 32. A
conpound of claim 30, wherein R§ and RO are hydrogen.
33. A conpound of claim 30, mhekeln RO is selected from
X t he group:con5|st| of aIkyI stituted alkyl, and
-CYC g@lky\ n{A ungHo m 33, wherein R9 is
o=§_ ect ed hb he g Ngon3|st|ng f nethyl
fiydr oxynet , nethox thyI met hoxy&thyl |

Jﬁwfuran 2- ylnethyl 2- Nhydroxyeﬂpyl cyclopropyi and
|sopropyl 35. A conpound of bla|n13Q wherein RO is

O=<:ahyl or su stltute@ .8 conpdﬁhd of claim 35,
rein Rg IS selec?@d fr6n1§Ee:?r6up§giT§|stlng of
4- cyapoph Ny, 4- dlg uor ophe R rh&juorophenyl

3, 5- d|n|trophenyl and phenyl. 37.°A conpoun »of claim
30, wherein RO is hegteroaryl or'substltuted lieteroaryl.

ﬁ” 38 A coppound of c‘aPﬂJZJ n RQ is selected from
grouppeoq2h§p t@léphegz
OZ( éé hyhmsoxazo and N6 dlchloropyrldln 4-yl .
939. conmpound of - cla|n136 whétei'h RO.is a

heterocycloalky| or substituted, heterocycloalkyl group.

\

A co d\of cJa|n139 mhe RO is t

/§¥{9%# oug K1 dm }homyégr | ) pi peridin-4-yi.

=§%m d of © anO wh 2|s a hydroxy. 42.
K conpoeurftl 6f clai m 307 wherei n° R8 dhd ‘RO are cyclized

with the nitrogen at om bound thereto to form a

heterocyclic or substituted heterocyclic -NR8RO that is

selected fromthe group consisting of thianorpholin-Nyl,

1., 1-di oxot hi ai nor phol i n-N-yl, 1-oxothiannorpholin- i-yl,

2- (anni nonet hyl ene) pyrrolidi n-N-yl,

2- (i net hoxycar bonyl ) pyrrolidi n-N-yl, 3-hydroxypi peri di n-

N--yl, 3--hydrox ypyrrolidin-Nyl,

4- (butyl sitlfonyl)pi perazin-Nyl,

4- (cycl opr opyl sul fonyl ) pi perazin-N-yl, 4-(cl

i net hyl at ni no) pi peridi n-N-yl,

4- (et hoxycar bonyl ) pi p&’azi n- N-yl ,

4- (et hyl sui fonyi ) pi perazi n- Nyl ,

4- (i sopropyl sul fonyl) pi perazi n-N-yl,

4- (et hyl car honyl ) pi perazi n-N-y1,

4- (et hyt sul f onyl ) pi peridi n-N-yl,

4- (et hystil fonyl) pi perazin-Nyl,

4- (mor phol i n- Nyl ) pi peridi n-N-yl,



fromthe group consisting of alkyl, substituted al kyl,
al koxy, substituted al koxy, aryl, substituted aryl,
het eroaryl, substituted heteroaryl, cycloal kyl,
substituted cycl oal kyl, heterocycl oal kyl, substituted
het er ocycl oal kyl , and NRBR9; RI is substituted al kyl; or
R3 and R4 together with the nitrogen atom bound thereto
join to forma five to seven nenbered heterocycl oal kyl or
substituted heterocycloal kyl group where optionally one
additional ring atomis selectﬁﬁ fromthe group

¥ consi st RY of 0, S,,or NR X|s\§:R50‘ N, R5 is selected

om4, he onéi drogen, halo, alkyl, and
O=§:§Ebst|tQFg\ ky [0 @{Q%Iect frm t he group

€onsi sting~®f cycl oaMkyl, het&focycl oal kyl, aryl, and
) heteroaryi, ij,aII of mhlch may be optionally substituted
\with -(R18) where RR) is as defined herein, inis 1,

o=<;%€—3, or 49 % each R 8 nmay be the same or different
eMmis 2, 3, 4; R8 is 47-A2 whereinis Cl1-05
HaC alkylenemand i §" %elected fromthe group consisting of

aryl , substltuted aryl, heteroaryl, substituted
49, hedo&b@aa ydcordmg &l @abieyk ¢laimbl DSt i)rtlltvﬂﬂl eGYRC sl sy |
substittnglta?rl i %@tleé(%é—n th@@r‘gups%psﬁnlng ﬁ{é)ggllyhggzﬁg %@%E}l oaI kyl,

I s not I'S selected
3ﬂ“m??%ﬁttﬁé”§P8gﬁnﬁdW§Fééﬁﬁ@mﬁﬁmﬁwdrogen and alkyl; RO is
sel ected fromthe group consisting of hydrogen, hydroxy,
S0. df deypound edseEing tptaayonglok §hims &royr 10switsisini B it selectesr y I |
from tHa@to@p EREiYting oSBT, Bivtin@ghdn @t BEHO@EPhERY], awclne[atle.kwl
3,5- duﬁb&%@&h}l Ut Ploﬁlngt}{(kgp]nﬁ%e?{?g&w gﬁ and subst i tut ed

ocy c oget her mnth the nitrogen

”wmmﬁP%ﬂ¥ﬁ%ﬁﬁ@ﬂWBP%@W@szﬂbPﬁ“tTrYb*ﬁ?% 2Heter ocycl oal kyl or

trifluorsm@ it phenpt, @ od hretflesronsticlidatykyk RI 8 is sel ected fromthe
group consisting of cyano, alkyl, substituted al kyl,

51, al doepyind acuibBg idtany e oatlkenyls, orabkytayetn, A’Sudestted ut ed

from th@l 5%E]¥An§lst1nggf?bhe§h %%Mnopﬁfdgsi }133“&?0‘#0 ﬂnl:rﬁp§y , halo, and

S Sel ecte fg‘@oup consi sti ng
Cya"OPBT“yh§6 Idgb‘%'ﬁphegﬁ] 1T dlﬂ‘éoﬂft?ginly]t oo HPREY: 2-IBEPRIRY | and

3-fluorei @R WHBDIobheh B OB -Iapfdfoyyphenyl, A4nethdx pbanplo iidmehyle | ai m 43,
1sox1sz39yr ei. Fﬁetl%ﬂ‘p}iel%l @eréflltylp%b{'@$mrﬁe%$%nw E))hldint?oyl%yﬁ&mgi I tuents

yl, pyrl%m 4nyg tetﬁlh¥d10p§'n 1t1 ﬁg/%(?/lrlazé%byg’t ?g {ué’llaongm%t ] uranaﬁfgj ﬁ;gfglx;m ed
45 Ac ound accordin to a one of clains 1, 5, or
32 foco“\RH@Sg‘F CHrRE g agy %%’?Ioé&l? 23 %Ot”h}@‘eﬁ‘r”gﬁ‘ﬁmc[oﬁm sting of
methylhy:dnd)g an selepqeqb@om thie grodp gonsisting of phenyl, 3-fluorophenyl, or
3twm0&£k2%2 NFI 2. - CH1- azeti di n-3-y1,
CH2- (2, 5-di hydropyrrol -3-y1), -(CH2)3-imclazol-1-yt,

53. A%mpgulla achoﬂdmg %Q%edo'f ylga)ns 1.5, or 10, wherein R is benzyl.
-(2-hydroxypyridi n-4-y1),

I )s,
%ﬁﬁm&gd@%g{d*‘tétf"% PR D B s Y ).
m“w“W@HaA(QP‘ﬁ%d@@ﬁyﬁWP?%VF6W¥%§“VTFW
- CH2- (4-t| uoropyrrolidin-3- H . .

55. @qzm?wdh%qugfé@p@pqe@m ahi tputs Lyl@t'nethylene,A is phenyl,

R® is phelaii2ni{s@miay drip X yrrehiylpyidnal i di n- 3-y1),
-Cl-12-piperidin-3-yl, -CH2-1111-1-(1, 2, 3-
triazot-4-y1)1, -CH2CH(NH2)CH2011, -(C1l-12)3-01-1,
-(C1-12)3-0(C0) - - pheny®, -(CH2)3-Nhls, -(CE12)3-N | CH3,
-(CH2) 3-N(CH3) 2, -(CHa),-NHOC113, -(CH2)3-N14502CH3,
-(C1-12) 3N11- (5-cyanopyridin-2-y1),

-(d 2) 3NH cyci opropyt, 40:12) 3N13-cycl obut yt,
-(CH2)]-(1H m dazol -2-yl),

-(CH2), - (2- hydroxyet hylpi peridin-1-y1), -(CH2)3NH(2-
hydr oxynet hyl phenyl ),

~ N P —



)ONH, H3C NH2 , and 49. A conpound according to any
one of clains 1, 5, or 10, wherein R6 is aryl or
substituted aryl and is selected fromthe group
consi sting of phenyl, 3-chlorophenyi, 3-fluorophenyl,
2,5-di fluorophenyl, and 2,3,5-trifluorophenyl. 50. A
conpound according to any one of clains 1, 5, or 10,
wherein R6 is selected fromthe group consisting of
phenyl 3- bronophenyl 3-chl orophenyl , 4-eyanophenyl,
5- cllfluoro henyi, 3-fluorophenyt, 2 met hoxyphenyl ,
36. 3* WEPHB‘QWH‘@WI‘O a“ﬂ°”¢ﬁ§f‘ﬂ5‘i§/g§h%‘d§i Whez? ”rﬁet‘h%“[dhényl ,
is hydrpgen dZ iisnme2ryiehe, ADismhaliyl; REi2supditdhilakzol - 2-yl, 2-
trifluotornethyl phenyl, and 3- trlfluoronethylphenyl. 51
57. Abcompamoum;macseaﬂaéﬂemgz“tso(capwﬂnectha-‘r)@}ng,l, 5, or 10,

(CHa)\a’t’;‘i—R&Q%FﬁNﬁz (tﬁ)%%i(@ﬁ?%ﬁih) nzéfgﬁc C@p)@,}ﬁonsisti ng of

, orop enyl, 3-

<CHﬂé§§H6ﬁﬁ%ﬁyﬁﬁﬂkcﬁﬁaiP Uﬂ#ophenyl 2, 5-di f| uor ophenyl ,

3, 5-di fl uor ophenyl, 2- quorophenyI 3-fl uorophenyl,
38, 4“-wawﬁwpwémpm@nﬁ%mrswﬂfz@ﬁ@wpcallseffeﬁfe\teﬁ@szw#@ny|
compoilnd(dB elamt Ihanll ) pharsxaiz0ly «Zeptible Amienet hyl phenyl ,

3- net hyl phenyl , 4-rnethyl plienyl, pyriclin-2-y|,
59. mné bdhhpBsiBon of blaimBg Fir@bto fhpising at 184sr B Y@ RPY hanr fér Y1 |
the t a pl-4 y1l, and 5-trifluoronethyl furan- 2- yl. 52. A

1eatmen QI can
conpo ng according to any one of clainms 1, 5, or 10,

n wher.ei.n s selected from
60, v’@&wgwesmbo“@éﬂglr@i s SToBR o sRme ol S o
cancer 3 spigeiedgsopphegigip.consb@ng oA ipopousdeaticganditapgpet o any one of
imatini®] @k t0Bmbb, 5FluoRlradiDicudth@mEtatbofftin, Ssgd@RZMbeaxeid4. A conpound

rQin i . erein
pachta%qqc% gﬁ_é/%logh%r%lqa%rennégil%%o A]r'lrtahﬁaghc)l/lﬁ%s 1‘itg)amﬁ2 i's phenyl
and ragipzugigbst i t ut ed phenyl 55. A conpound of clai m 54,
wherein Rl is t-butyl, L is nethylene, A" is phenyl, R6
6L jTde phvemasitionspf plaiti WBiliereek inireding 3 sopdehialagnagurpanivptisent s . 56.
which A neRPOUNELsE6 gf, 8f Rgp.t 0 any one of claims 1, 5, or 10,
wherein Rl is t-butyl, R2 is hydrogen. L2 is nethyl ene,

62.  Pie s oPOSRYL, wiReth thesdls%wblslghsemu@ldpl@if&mvedlséﬁ?e A conpound
of claim56, wherein R4 is -(C1l12)3N E12,

63. "[(l;tlgsgdg 521% I\&/_}@rem tﬁeg_@l;g%m%ﬁ)“é%@ 13(091082) 2C H( CH2OCI NN
H2, -(CH2) ZCH Cl-101-12, , or

64. {hQ}se%?llé%%(\ﬁ;”e%e :l%l:el is ?el ecte@??rn?hr q%% eé’!)tnL &%L ofCOI’TDOSI tion

risin er ape ctirve anmount
“m°a%ﬁﬁ%@@ﬁd”ﬁ@”e@ﬁﬁhﬁwméﬁdmgnﬁﬁﬁﬁﬁﬁ%éﬁwW%é@ﬁ?md€€bptabIe
amhnmmﬁmnemmdu&gmehmdﬁmﬂmawkhmonyam«@ﬂammm&&pMurther

uterind@NBE !)\Sal nﬂulﬁble kn?@&ﬁa 043 atgd;ictltle %aboeﬁtgﬁ Iﬂ:tlkefrrng the
Ition of claim 59,

S
MY W e i B Sl T o eanter
cavity prgl phalee taedx: fsmahntehipe:grotipdssohgiptinngebfiona; indot ecan,
villoudORPLLRE&HL gentitabine, imatinib, trastuzumab
5-fluorouracii, |eucovorin, carboplatin, cisplatin,

65. d@;@ €§e§‘ﬁ‘€l£1m d@aGhilet %&‘)hsm«l REA ﬁbﬂo'&%maﬁiﬁ{&llﬁ%&w nam de,
racyclines, rituxinmab,

mwad‘P%? ﬁ%ﬁﬁﬁﬂw“e%Tm“?%@mfonp03|t|on of cIa|n158 for use in
treating a di sordermamual i an patient which is nediated,
at least in part, by KSP. 62. The use of claim 61,
wherein the disorder is a cellular proliferative disease.
61The use of claim 62/0%wherein the cellular proliferative
di sease is cance 64. The use of claim63, wherein the
cancer is selected fromthe group consisting of |ung and
bronchus; prostate; breast; pancreas; colon and rectum
thyroid; stomach; liver and intrahepatic bile duct;
ki dney and renal pelvis; urinary bladder; uterine corpus;
uterine cervix; ovary; multiple nyel oma;, esophagus; acute



68. A conpound of claim1l selected from

N-RS)-3.-am no-4-fluorobutyl)-N((R) 1 (1

benzyl- 342, 5-di f| orophenyl) -

tHL, 2, 4-triazol -5-yl1)-2, 2-di net hyl propypni coti nam de;
N-((S)-3-am no-4-fluorobutyl)-N((R)-1
-(i-benzyl-3-(2,5-di fluorophenyl)-
1,2,4-triazol-5-yl1)-2,2-clirnethyl propyl hnor phol i ne- 4-car
boxam de; N-((S)-3-amno-4-fltiorobutyl)-N4(12)-1

gl benzy 2,5-difitiorop henP{l 2 1H, 2, 47- di et hyl pr opyl
66. )T ewsmfa%y?%év flalllihtl'ﬁéddltlonal agent for the reatment of cancer is

selected\A¢nShhe Srouevnnging off ifinporcobwbgtdeyr, MerfditR)ine, mhenizy 1- 3- (2, 5-cl it

tlastuzﬂgrmrbﬁﬂya&) 'lel-l%voun calbo%latm c1sl€1atm docetaxel, iachtaxel

tezacita ine céylc]})phospgamlde v1¥ca alka101 s, ant acyc¥neP rltuQXna and hydr oxyacet am d

tIaStUZLNZ@M{) 3-am no-4-fluorobutyl)-MNR)-1-(i-benzyl-3-(2,5-dif
| uor ophenyl)-111-

67.  Th@qompbund afddim3fg@sedp e obdtmeve vitnydisprso pyefrhapinpéani di ne- 1 - carb

patlent%@m B8ibiting KSP kindWh( Reredr @fldisBRe én;eﬁlhh@d’ chéeﬂsttlyba}tj N-((R- |

yl -3-(2,5-di fl uor opheny1) -
bymeﬁ&“ EESrlazol 5-y0- 2, 2- ctlnethylpropndDrphoIine 4- car bo

Xa
68. @f@mécﬁj’d RELA R S8 'AB- 4- 11f i or obut yl ) 44- ((R) - 141- benzyl -
I\B(-(Q)Z dino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(2,5-difluorophenyl)- L H-

1,2,4- tldlizélISWWE%@M%I})?M%&&M%MQ triazol -5-y1)-2, 2-di met hyl prop
r
{oa Sl omselel s cromamihun, | o 5 5 ¢
1,2,4- tlpﬁﬁ@lé@flb%%@ﬁ)?tj})lpl?&ﬂ)lﬂ@lphOllne -4- calboxamlde
N-@5)%-dnfih oz Dhordbuty BIN-@R 2-d ety Ny L2 opyblgph Gy 34 Hi et hyl ur ea;
1,2,4- tljia%&%)- 7)37 a?ﬂ‘n l‘Rylglo )](l M%Etg E%Jagnfd(a R) I (1

I“2((521? 3t‘1“r %ft"oﬂ“os(’b;‘)‘i )- “b((%) il q‘?’éztyh@(zrﬁp‘}‘%wﬂe“?sl) Hei hyl urea;
1,2,4-uf22@;56/R) 2. Ndifne By lpiBpyani-imasodydfebtwbidobut y1) - N " R) - | - (| - benzyl - 3

'I\(%ZR)53' ammo -4- f1u010butyl) -N- ((R) 1- (1 benzyl 3 (2,5- d1ﬂu01opheny£
1,2,4-tx1 15 ’pdlmeth 1p: )h)é) epidiie- carb xa1 ée > y Cl | met hyl prop
VYo e g s O R PHBIPE G ln ita TEar‘ boxani de;

- (((1@@ ar@ncaﬁﬂmowrm%ﬁﬁbbmwayl A2y ﬁGOIOPhPHYI) 1H-
1,2,4- mzﬁ@rﬁzy)lz Bdi(néih Pp@piIneephoipBanybyxakidt; 2, 4-tri azol - 5-y0-2, 2-d
[
W&Q) EOBML() 4}%?&0&3@%‘ Hixl %Q)%izyllcﬁ |£12 3 3-(2 5 di t luor op
dlﬂuor?;ihérﬁ/ 1)H lﬁ*ﬂ tufzo] -5-y1)-2,2- dlmethylplopyl) -2,6- d1methylmonpho ine-

carboxgi@igded- t ri azol - 5-y0- 2, 2- di net hyl pr opyO- 3- net hyl ur ea,;
N((I()B)an??noaéfm%%bﬂtyl?hl{@{") QQ! ‘oér&}i)a (blsfd(ﬂ‘ﬁboﬁheﬁyl) 1H-

|
1,2.4- “iazgnjz’){)[%Tg’%B hy]ﬁ'o yg 'gpﬁ“?'lﬁé? hyl pr opyl )t hi onor phol i ne-4-¢

dr(3ox3zminhet- fluombutyl) 1 ((R) 1-(1-benzyl-3-(2,5-difluorophenyl)-1H-
1,2,4-tNz§1-59)-2 Bdiddih Rerofylf-3-theh A y1) N-(JR)-1-(1 -benzyl-3

(%SZGR? I\geﬁ§)23 g:fﬁ’doﬁhﬁ Abl“ éﬁ%"ﬁl rbrﬁ:%)2 P%Q I ne- 4- car boxam de;

dlﬂllOlN)_h(}l’(}’Q)lei /Ilﬁlﬁg)lé_ %dllin@%ﬁl %mmylm?npllolm%één zy 1-3
carboxarfide; 5- ¢l i f 1 uor ophenyl) - | ffI ,2,4-triazol -5 -yl)-2,2-d
nmeth yl propyl)pi perid ne- 1-carboxa m de;

(R -6-(am nornethyl)-4((R- 1 -( | -benzyl-3-phenyl-1H
1,2,4-triazol -5-y1)-2,2- dinethyl propyl)-1, 4- oxazepan-3
-one; and (S)-6-(arninonethyl)-4-((R-1 -(1

-benzyl -3 -(2,5-di fl ubPopheny1l) -

111-1,2,4-triazol 5-yl)-2,2-d inethyl propyl)- 1, 4-o0x
azepan-3 -one; or a pharmaceutically acceptable salt,
ester, or prodrug thereof. A conpound of claiml selected
from N-((R) -3 -am no-441 uorobutyl)-N((R)- |
-(2-benzyl-5-(2,5-di fluoropheny0O-2H1, 2, 4-tri azol - 3-
y1)-2,2-d i neth yl propyO-2-hydrox yaceta m de;



(2 R-N-((R-3-a mno-4-fluoroba tyl)-N((R)-
-(2-henzyl1l-5 -(2,5 -difluorophenyl)- 21-1-1,2,4-triazol 3
y1) -2, 2-di net hyl propyl) - 2- (hydr oxymet hyDpyrrol i di ne- 1-
car box ami de;

(2S)-N-(0Z)-3-am no-4-fluoroblityl)-N-((R- 1
-(2-benzyl1l-5-(2,5 -d uorophenyl)- 2H 1,2

A-triazol -3-yl)-2, 2-di naet hyt propyl)-2-(h ydrox ynet h
yi)pyrrol i d ine- 1 - carboxam de;
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1,2,4- tlﬁz&% qg}flgl%e l¥1£ {\5— gngt%}%zue% (2 benzyl -(2, 5 di

uoro d met h¥1|

PHERYE- 3rﬁp@6ﬂpq{my@é\l -((R)-1-(1- benzyl 3 (25 d1ﬂu010p enyl)-1

1,2,4-n(1a251)5>m~1Sdlamhm@mppwax)lorﬁﬂm(l.(eR)—cailbo((eZm&}enzy1 5-(2,5-difluoro
Rh&@)yi %mlgd_h hack ob )N LRI (1 benzyl -2, 550 Buorophenyl),

azo P roxypropanarnlde
1,2,4- “I\?Z?lsﬁ YDsht- H‘B}ﬁihéﬁlﬂﬁ?%lmﬂp'(“(r?%o ‘Za'bﬁézi’ﬁﬂlfl 5i f | uor ophen
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12,4 t&a%?)s - W ﬁ 3—d1@fﬁ]h9]‘§¥%b§lﬁ: i 1( &aFé)oxalm&eZ benzyl - -

, e
é ?g“ iNE : yiﬁy(g?lpil %/errfzeyt %ﬂ“j“ﬁs‘ b 5?})%’??13 yl) “¢ar boxani de:
dimethIxLP'(OByllalf ﬁpm@mbyie) 2MUR) - 1- (2- benzyl-5 -(2,5-difluoro
R Eaybpmahl gz aR)- B¢lydehzy23-22, HilifliBRdphéhy) 1 P IO hA5DI P

5 5 2S, 6R) - N- ( 3- 1-N((R)-1
S hoJéﬁqﬂﬁy-rHPA}zpcy?rﬁo& %mgd}eo ﬁ(uor op%enéé) grl_nl_ nopropyL) =N (R

P‘ SPhCE a%felg}%t’je solt, 9steli HrBORYE BEGRy 1) - 2, 6- di met hyl mor ph
ol i ne- 4- car boxam de;
69. M%@Wﬁ%@@é)‘i?ﬂ?ﬁq‘ﬁﬁ@@R) -1- (2-benzyl1-5
- (2(15-adinfihoon @pdvany N-( -0, 12024+ $-(3 BadloropBenyly L - 2, 2- di

1,2,4- tHEBlhﬂ%PEQGDC(ﬂ hyl%nogﬂ?ﬁ ﬂé g?!r&'eéﬂ?%/l ) pl perazine- 1
R

- A o= ang %8?%%991\5 CrRFEYY Q %%ﬂ‘ﬂpfhﬁs‘ﬂ) ?Y; 5
1,2, 4-tridblF3-ylp2. o pivemyblopyl Ridotinkm}led- t ri azol-3-yl1)-2,2-d i nmeth
yh\:p(ng@yalq)m&r RYSERN Y - QR -N- ufanzm 51@2,5 dlﬂuomphen@%@{ N-((S)-3

(2,5 -
Lol G R rERPROORY LaeRs oroR R B 5 0% %
y Nt B W&f)&“zﬂw(ql?ytdBﬁlx(ylﬁeltﬁgbwyyﬁ?érdlﬂwqphq«?élb PH¢
1,2,4-tBdZBI0X AN, Bl@imethylpropyl)- 1, 1-dioxothiomorpholine-4-carboxamide;

( @) ?ﬁ)@"h&{fqat E’ruo%bmgﬁ‘%{ §R>f uioof ,gzer 9@y513,ﬂ11§#0(pgé§;,) 1-(2: benzy
21 At P2 SRy 2 G e R PPHRUTBG] e 4-

carboxg@kigoxam de;

N'(78 &5«253% aﬁmorwﬂ% Jbluy@mpmpa@emu Rs=ddophepgy! - 5- (2, 5-

21 21‘{ ?azc?% ?ﬁr 2%[‘ gl T}'l)é (}?"dﬁ’f‘weéllyﬁwlk?} 8By 1) - 2- 11ydr oxyacet a
carboxpinydg;de; (2S) -N ((S) 3 amino 4 fluorobutyl) N ((2)
14%) beqryd- anﬁn({ Zflﬁoléhtlty'l)LIO((Rph@fbéhiy'l 5-(2,5-difluorophenyl)-

2H-1 224'!'53 %ﬁé ?l{kz? plogyljtzf(ﬁuor fge‘{ &3?%53‘% h?r k1J0)((§lmbeg§yl 5-(

Cm““fm@e di fl uorophenyl)
211-1,2,4-tria20l-3-yl)-2, 2-di net hyl propyl) -tetrahydrof ur
an- 2- car boxani de;

N-((S)-3-am no-4-fluotidbutyl)-N(02)-1-(2-benzyl-5-(2,5-d
i fl uorophenyl) -214-

1,2,4-triazol -3-yl)-2,24. 1i met hyl propyi ) - 6- et hyl pyri di ne
- 3- car boxam de

N-((S)-3-anano-4-fluorobutyl)-N ((R)-1-(2-benzyl-5-(2,5-d
i fl uorophenyl)-2H1, 2,

triazol -3-yl)-2,2-di net hyl propyei soni coti nam de;

(2- benzyl



di f 1 uorophenyl)-2H 112, 4-tri azol - 3-y1) - 2, 2- di nnet hyi pr opy

) -2-hydroxypropanam de;

N-((R)-1-(2-(3-brornobenzyl)-5-(2,5-difluorophenyl)-2H 1,

2,4-triazol-3-yl)-2, 2-

di met hyl propyl ) -N-((S) - 3-ai ni no-4-fl uorobutyl)-2-hydroxya

cet am de;

(28) N ((R)-142- (3 br onobenzyl ) -5- (2, 5-di fl uor ophenyl ) -21
,2,4-triazol -

I met hy (( 0-4-fl uorobutyl)-2-h
ye)ﬁbﬁ;@?gﬁmné?%@g% N b B gy - 2. {25
2H-1.2 Adiiazbl-ud - plimehyplop @ H2-(hy dipx vinethy ppyrglzdte- 13 - y1) - 2, 2-
Carboxmia@t hyl propyl) - N-((S) - 3- am no- 4-fl uorobutyl ) ni coti namn de

L bR 8RB Y Y 5N (B s G o GRRERY I 1, 2, 4-tri a
2H-1 2£«(511a.z911%y127 %dm@ﬂly]m@pﬂ%ﬂ hydroxypropanamide;
pPRapydhedby()B)- By BEAiengt-8¢X 3-4i Dicadpudnyl) )2Henzz4atrimziode ;
3.y1)-2 Nd(rge@)ﬂng%p m gbgnaz}n gel uor obut yl) N((R-1 -(2-benzyl-5-(5-c

, PG F”&'??ﬂOPE %R%l é b&?zlyﬁw@t%‘g}tl‘kﬂo@ﬂi}‘il)? 28:1%fst hot i yacet a
triazol- ﬁnydé 2-Nagtify| 1) pyB-2anyiimeypdpidam@eobut yl ) - N- ((R) - 1
4? (h@rﬂﬁxyplo&r)(l\ﬁc(ﬁﬁi @[&nz?y{%] 2|U33<m Hen)é hHal,ZA-triazol-t -
I ; yl propy1l) - 2- hydr oxyacet ar ni de;
3yD-2egym y?p l)éjhgdlox 5=° mfanUor obuty1) - N-((R) - 1- ( 1- benzy1-3- (5
- &R) Hr(bmgmopropyl) ~N-((R)-1-(2-benzyl-5-(2, 5 difluorophenyl)-2H-1,2,4

triazol-Blyparaphemypkd pybid-(hyd2ox4méth i p#edidbe-y-tirbXkadrdeli met hyl propyl) -

2 Q{%&@{%B%{aﬁ{q F&ug?ngs _(2,5- 1f1l1010p(| i1 2b-iazol-
3-yD- 2L~E51€ﬁei Arropymorgiplipg- Gt OF‘PIIB‘B? ‘ophen y1) -

H28,6R)-B-(3-pinagmbpyB-N AR )>- R(2bedkiyhet 2ydi preopyénybeHz ami de;
1,2,4- nN‘l&lS)ylﬁz ﬁm%lﬁoﬂv}lﬂﬂé @bt l;ll]))l MB): 2 arboxamide;

RogtL adn %fgzwvggggﬂ% i 4t azol -5

3-yl)- Zmr@thmOPaWﬁmeth)dsmmepwwmlﬂyboNn(lf(eR) 141
beszy L33 (amhl-Miotrbdyh-Nuan apheai)5-(2 bHiflubioghedyls-r i @

d
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AN=(E)-g pmigo- ’oﬂL‘PTOB‘@PB)pTﬂéﬁWF (35 emf 44ri azol - 5-y0-2, 2-d
difluorbpiertyhy2bpr. Dpyiadd-atyh al 2 didetodpropydre- 2- car boxam de;
(hydro;(y%)efh%p(y(r@dh?é 13(!?{}%%nf}aef| uoroloutyl) N ((R)-I L (3

ﬁr@\zgglam"o‘" tf“_‘)?g'lfb%l %&WWE&&%’&, Bt(é%r ahydr of ur an- 2-

diﬂuonq@plty@)@él {fml thazol-3-yl)-2,2-dimethylpropyl)-2,6-dimethylmorpholine-4-
carbox{ritlie; N- ( ( S) 3-am no-4-fLuorobutyl)-N-((R)-1-(1-benzyl-3-(2

0>P ¥ iohy 2H-
LRG0 3 PRI ok by e R Y Fanyarof
1,2,4- tla’)ﬁOl? )éb} %@f}é&lﬁ/la@pyl) hydloxyacetamlde
( 88)-N-(()-S)amBroair fhiordvdatA-NH O riabbeng §1)5- RS (d(fRprofkeqyl- ( 3- cyanobe
2H-1, ZQLZty;Jz))l' 33y] 22§1met lpro y]éteuahydloﬂuan -2- carboxamlde
fi f di met hyl propyl)

[ en
H QS daarh e (e (R3S RSPkl o buty
2H-1 711)tHN0(1 R)-2.2-d{nkeshtypropyl)-teBahy Grotkn Gragrb@xafideuor ophert y1) -

1H1,2,4-triazot-5-yl)-2,2-di neth yl propyl) norph
ne- 4- car boxam de;
(2S,6K)-N-((S)-3-am no-4-fluorobutyl)-N-((R)-1-(1-benzyl -
3-(5-chloro-2- fluorobRenyl) 1H 1,2,4 triazol 5 yl) 2,2
di met hylpr opyl) - 2, 6- di et hyl nor phol i ne-4- car boxam de,
NAS) - 3- am no- 4-f 1uorobutyl)-N-((R) - 1- (1- benzyl- 3- (5-chtor
0- 2-fl uor ophenyl ) -
1H1,2,4-triazol-5-yl)-2-nethyl propyl i benzapai de;
N-((S)-3-am no-4-fluorobutyl)-MNR)-1-(1-benzyl-3-(5-chlor
0- 2-f |l uor ophenyl ) -

‘a1 oA . - M — N ~ P M N



1H1 ,2,4-triazol -5-y1)-2,2-di et hy

| propyl) - 2- met hoxypr opanam de;

(S)-N-((S)-3-am no-4-fluorobutyl)-N((k)-1-(3-(2,5-difluo
ropherlyl)1-(3-

met hyl benzyl )-1H 1, 2, 4-tri azol -5-y1) -2, 2-di et hyl propy1) -
2- hydr oxypr opar mmi de;

(2S,6R) -N-((5)-3- a|n|no 4-f luorobutyl)-N-L(R)-1-(342,5-d

t Thor opheny11-1.
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1H- l2(4ftf‘?ZPF?J?S'?%ﬁgt"?ﬁﬂgﬁpbc’@?ﬁlm")m”ﬂ—gei 2,4-triazol -5-y1)-2, 2-di met
hyl propy1) - 2- hydr oxypr opanam de;
(S)-N-((S)-3-am no-4, 4-ditluorobutyl)-N((R)-1-0
4, 3- bromobenzy1) - 3- (2, 5- di nuorophenyl)-1H1, 2, 4-tri
azol -5-yt)-2,2-di nethyl propyl)-2-hyd roxypropanam de;
(S)-N-((R)-3-ami no-4, 43di fl uorobutyl)-N-((R)-1-(1-(3-brom
obenzyl)-3-(2,5- d
norophertyl)-11-1-1,2,4-triazol -5-yl1)-2, 2-di net hyl propy1)
- 2- hydr oxypr opanam de;
(5)-N((S)-3-am no-4-fluorobutyl)-N-((R)-1.-(1-benzyt-3-(
2-chloro-5- fluo phenyl)- 1
H1,2.4-triazol -5-yl1)-2, 2-di net hyl propyl)-2-hydroxypropa



(R)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-(3-bromobenzyl)-3-(2,5-
difluorophenyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)tetrahydrofuran-2-
carboxamide;

(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-(3-bromobenzyl)-3-(2,5-
difluorophenyl)-1H-1,2 4-triazol-5-yl)-2,2-dimethylpropyltetrahydrofuran-2-
carboxamide;

(R)-N-((S)-3-amino-4-fluorobutyl)-N-((R)- 1-(1-benzyl-3-(2,5-difluorophenyl)-
1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)tetrahydrofuran-2-carboxamide;

(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-(3-cyanobenzyl)-3-(2,5-
difluorophenyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydroxypropanamide;

N-((S)-3-amino-4-fluorobutyl)-N-((R)- 1 -(1-benzyl-3-(5-chloro-2-fluorophenyl)-
1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)morpholine-4-carboxamide;

(25,6R)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2,6-dimethylmorpholine-4-
carboxamide;

N-((S)-3-amino-4-fluorobutyl)-N-({(R)-1-([-benzyl-3-(5-chloro-2-fluorophenyl)-
IH-1,24-triazol-5-yl)-2-methylpropyl)benzamide;

N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1 -benzyl-3-(5-chloro-2-fluorophenyl)-
1H-1,2,4-triazol-5-yl)-2-methylpropyl)-4-methylbenzamide;

N-((S)-3-amino-4-fluorobutyl)-N-((R)- 1 -(1-benzyl-3-(5-chloro-2-fluorophenyl)-
1H-1,2,4-triazol-5-yl)-2-methylpropyl)-2-methoxyacetamide;

N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(5-chloro-2-fluorophenyl)-
IH-1,2,4-triazol-5-yl)-2-methylpropyl)-2-hydroxyacetamide;

(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropyl)-2-hydroxypropanamide;

(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(2,5-difluorophenyl)-
1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-methoxypropanamide;

(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)- -(3-
methylbenzyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydroxypropanamide;

(2S,6R)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)- 1-(3-
methylbenzyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2,6-dimethylmorpholine-4-
carboxamide;

(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(3,5-difluoropheny!)-
IH-1,2,4-triazol-5-yl1)-2,2-dimethylpropyl)-2-hydroxypropanamide;
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(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-~(3,5-dichlorophenyl)-
1H-1,2,4-triazol-5-y1)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(2S,6R)-N-((S)-3-amino-4-fluorobutyl)-N-((R)- 1 -(1-benzyl-3-(3,5-
difluorophenyl)-1H-1,2 4-triazol-5-yl)-2,2-dimethylpropyl)-2,6-dimethylmorpholine-4-
carboxamide;
(8)-N-((S)-3-amino-4,4-difluorobutyl)-N-((R)-1-(1-benzyl-3-(2,5-
difluorophenyl)-1H-1,2 4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(8)-N-((R)-3-amino-4,4-difluorobutyl)-N-((R)-1-(1-benzyl-3-(2,5-
difluorophenyl)-1H-1,2 4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydrox ypropanamide;
(S)-N-((R)-3-amino-4,4-difluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)-1-(3-
methylbenzyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(8)-N-((S)-3-amino-4,4-difluorobutyl)-N-((R)-1-(1-(3-cyanobenzyl)-3-(2,5-
difluorophenyl)-1H-1,2,4-triazol-5-y1)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(8)-N-((R)-3-amino-4,4-difluorobutyl)-N-((R)-1-(1-(3-cyanobenzyl)-3-(2,5-
difluorophenyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(S)-N-((R)-3-amino-4,4-difluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)-1-(3-
(trifluoromethyl)benzyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-
hydroxypropanamide;
(S)-N-((S)-3-amino-4,4-difluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)-1-(3-
methylbenzyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(8)-N-((S)-3-amino-4,4-difluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)- 1 -(3-
(trifluoromethyl)benzyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-
hydroxypropanamide;
(S)-N-((S)-3-amino-4,4-difluorobutyl)-N-((R)-1-(1-(3-bromobenzyl)-3-(2,5-
difluorophenyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethyl propyl)-2-hydroxypropanamide;
(S)-N-((R)-3-amino-4,4-difluorobutyl)-N-((R)-1-(1-(3-bromobenzyl)-3-(2,5-
difluorophenyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-L-(1-benzyl-3-(2-chloro-5-
fluorophenyl)-1H-1,2,4-triazol-5-yl1)-2,2-dimethylpropyl)-2-hydroxypropanamide;
(S)-N-((S)-3-amino-4-fluorobutyl)-N-((R)-1-(1-benzyl-3-(5-chloro-2-
fluorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropyl)-3-(hydroxymethyl)morpholine-4-
carboxamide;
(S)-N-((S)-3-amino-4,4-difluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)- 1 -(3-
isopropylbenzyl)-1H-1,2,4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydrox ypropanamide; and
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(8)-N-((R)-3-amino-4,4-difluorobutyl)-N-((R)-1-(3-(2,5-difluorophenyl)- 1-(3-
isopropylbenzyl)-1H-1,2 4-triazol-5-yl)-2,2-dimethylpropyl)-2-hydrox ypropanamide;

or a pharmaceutically acceptable salt, ester, or prodrug thereof.
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