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WD 2008/ 086122 PCT/ US2008/ 050149 CYCLI ZED DERI VATI VES
AS EG 5 | NHI Bl TORS CROSS- REFERENCE TO RELATED
WQ@RPBIOEATL ON Thi s application clainms the benefPCT/URNES/050149
35 U.S.C. 119(e) to U S. provisional application
serial No. 60/883,740, filed on January 5, 2007, which
i s i ncor poCAEdIZED BERDBIATEVER AN EGeRINHIBI'BORS
entirety. BACKGROUND OF THE I NVENTION Field of the
I nvention This invention relates to substituted
I m dazol e (ROPSREEBEREN(HAOREEANTERIABPLILCXAEIDNDI e
salts, esters, or prodrugs thereof. This invention is

further d cted.to 1 0S| t f C ounds.
AT A G TR R e e
applRatidh® &&iaP NoSEE/R T 20N FUASH Jarh@AlS, 20071 RehidN f ikdoRSthtl8 herein by
are notor proteins that use adenosine tri phosphate to
refpiene ingtsreingrady.ubul es  and gener ate nechani cal force.
Ki nesins are characterized by a notor domain having
about 15 350 815&&?«?1&9%1\51981% INVENTTON 2
structures of severa inesin notor domai NS have been
resolved. Currently, about one hundred kinesin-rel ated
proteins (KRP) have bd#eldiofield Irfvieatlon Ki nesins are
involved in a variety of cell biological processes
I ncMudiingertioaRspes to fibstitafcdamedaz6ie conPoviesi U pharn@dButically
mai nt enance of the endoplasm c reticulum Several KRPs
acezptaplprsahtaesters phpopaigritharentudhisagvetion refutheipdirested to
r
co gb%ﬁ%@ ot sugﬂv%Jtﬁlaéo%ﬁd gtggtf\ggﬁ &Ha%@h{clk(%ﬁ‘g Btggf%gc?frlers and to
usdshe seel donqgomhés These mitotic KRPs are of particular
interest for the devel opnment of cancer therapeutics.
Ki nesin spindl e protein k@R thalAge known as Eg5,
HsEg5, KNSL1, or KIFl1ll) is one of several
Ki N@§hdirsi SR %Eot@iﬁ@ﬁﬁ't 5 Jd'aﬁ(tsu?er@lphmhﬂe%@ BindQ tfi€rotubules
mtotic spindle and known to be required for
and geneedte orvechanayad forfe nlétnesins afc chhraclsiipal by a motaytdomain having about
indle. In . 199 t he .depl eti on KSP. usi ng _.an .
35 Rt ey chher st ot f s Sbvett Kkl REgomggs have been
resdshewn to arrest HelLa cells in mtosis with nonoastral
m crotubul e arrays (Blangy 1 WD 2008/ 086122
PCTICURRR0S! a@@&](ﬂl% huﬁ&rea lklneSI%Jeiaté%%)r&t%él% kRPY hav]egc%'é)l identified.
Mutations in binC and cut?7 genes, whi are consi dere
Kingiserhonolvod ues V@‘ietKSPQelldaulsglcﬁbptbmseeﬂ inclgding tresspoet of

or%n%? rs%%lfj Silgglclnﬁgspﬁ %{)a%[lltlill%?%é ?T u' a(_g[]_(%g %gg%icuﬁim Severa‘ii KRPs
intSea b oIS BRGhIRFRI& O TR otic splndle or with the chromosomes directly and
appear to play a pivotal role during the mitotic stages of the cell cycle. These mitotic KRPs

are of particular interest for the development of cancer therapeutics.

Kinesin spindle protein (KSP) (also known as Eg5, HsEg5, KNSLI1, or KIF11) is
one of several kinesin-like motor proteins that are localized to the mitotic spindle and

known to be required for formation and/or function of the bipolar mitotic spindle.

In 1995, the depletion of KSP using an antibody directed against the C-terminus of

KSP was shown to arrest HeLa cells in mitosis with monoastral microtubule arrays (Blangy
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(Hagan, 1., and M Yanagi da, Nature 347:563- 566,
1990). Treatnent of cells with either 5 ATRA (al
WO e@R®sq1er i noi ¢ aci d), which reduces KSP expr eBGI/U820081050149
the protein Ievel or depletion of KSP using
n [ i ev, nifi
et B Sty e BPofyoot es FRRCCEtat] 8Pk g cpusicered

to b@ﬁbrﬁ@b'gm of I8P, KfRe Maihé 1rb@ntr6m|16/&@aﬂafioﬁ tedspergillus nidulans
antlprollferatlve action all trans-retinoic acid

(EqqgaprderandAN.R. orgp, Cellp0: E?larlo%b‘%%o) oy Schizpgerhangyses pombe
(H 9? andrlflat eliffgllcﬂlgi\ﬁéturé E@ Wg%ﬁgb%\/fréatme t of cells with either

rora-re rotern I hase was S
A"Iﬁsﬂs Gl @dns-rafigbig hmdp i gh IaﬂmceXKEj’Sex(pﬁselbn oRthe pibteai leyel, or

Biol, Chem 274: 1 005- 1999 Pot nt i al
et ok SE Ve ARG PRI P I hES Bdoh i et I3 grof} ighibition

in DANR G cleBiic CRABREMa AEINDindRY G PRAEIREP Bt t%’iﬁ‘&@b@d in the
Aurora 1 and 2 kinases are overexpressed on th

anfproliksiativaadidN dlletvzei5-ratnnbl¢ had (énies, ar. et alngl qule@hanm 274,

RPN LRFRHII the Fap oo tyffurp BT ggukinase pEe2

wa$ BRWh tot Bsidt&8hd sbﬁorwatéﬂxmagaqmétan sPaINg| B WEHhp Ut
affecting m crotubul e polynerization as do

27¢dp0nt 3 ﬁa199c9heR®t@hfeaf1 ép‘éﬂﬁltateé of dyedragelated karpees apgf particular

indg T8 i B o L Bl Ao e

ovérokprbist@ bn ithe heRoindoENAdsed ané tHegR@Ass @8 dmiplifivd colon cancer
suggested that this conpound nmay serve as a |ead for

Pa“t‘?ﬁ]gs-devel opnment of 20 anticancer drugs. The inhibition
was determ ned not to be conpetitive in respect to

adenbsifing cell ppmsgpleamallanelceude ditritgp far KSH.emeongstisil& was shown
to é{Pe ? 8& S \Xilth‘nbncgéola%‘l spind% th%m[ %‘fé’%ﬁhg n}ﬂéa?%n}?s%og%mgr@za%bn as do

corﬁ.&ﬁﬁdnal kherhbtg&ap@itict Bechi a¥paahaaRl whca ddleOMe (Mayer, T.U., ct al.,
chenot her&?eutl cs, there is a need for KSP inhi bitors

Sciengg 288:% 1e¥ e £99%) e Managtrel gvasadgnsificd ps apfnhgadtor ihphenotype-based
selS-ahBliah &R g&ft@d St ﬁﬁkﬁg@@ﬁ P & NN g i Ghment of

Invention Is |recte to's d'im dazol e
anttcanpauingss. dfheRrdribitiboa wak Jdgetetroinkhaot tpﬁﬁrcn’amenmlvecmlrbgpect to

adgiRaF ttr&%a%ﬁ% %rtsswo Bglglawarﬁﬁfa@%@t b@an’é gtgﬁfl»e Bistgbemistry,

42398BUH SI0NA: KRSodtOTRPURGS, Jand] B/.1 NR).975USEE 2H@),
treating KSP  nedi ated di seases: 2 WO 2008/086122

?FW%%&%%%%an&%éﬁpr&ea‘lcﬁgmot}lel/afa\%&s, th&8Xs Liced for KSP

inhibitors that are effective in vivo inhibitors of KSP and KSP-related proteins.
SUMMARY OF THE INVENTION

This invention is directed to substituted imidazole compounds of Formula (I), to the
pharmaceutically acceptable salts, esters, or prodrugs thereof, to their preparation, to
pharmaceutical compositions comprising the compounds, and to their uses for treating KSP

mediated discases:
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OH R4 (1) wherein: RL is selected fromthe group
consisting of alkyl and substituted alkyl; R2 is

waetosos@e f rom t he group consi sting of hydrogePCT/EE209$/050149

and substituted alkyl; 5 L is selected fromthe group
consisting of a) -0-; b) ; CH2O-, -C(O NR7-; c)
- CH2OCH2-, - CH2NR7CH2-, - . C(C»NR?CHQ-, and

- CH2CH2NR7-; R3 and R4 ar ependently sel ect ed
fromthe group conS|st|ng of hal o, alkyl, and 10
substituted al kyl; R5 andlR6 ate independently

sel ected fromthe group copsitsti pg of cyano, al kyl,
[tk ed al koxy, hal o,
t he group consisting

substituted al kyl,
-SOZaI ky T ARs 0, 1, 2, or

72

and hydroxy; R7 is
of hydrogen, al ky;l;e)n/

3; 15 nis 0, 1, 2, or 3 andO |—Dr1 DETAILED
DESCRI PTI ON OF THE | NVENTI ON ~A. caﬁ of the

I nventi on Conpounds of the invention incl'ude those of

For mhleﬂ:n( ) or a pharmaceutically 20 acceptable salt,
esterl, pr odrug thereof 3 WO 2008/ 086122

PCTRUS? e ghe grr@%yonsrqtlﬂg Rﬁalkyl gnd spstitytpgplkyL

>( e

or (?ﬁl)gf?sc%}]ég;ceéi?’?ontg It%e gr%&ﬁ{sﬁtl St | éLIIlt g%@p &ﬁ ?ﬁﬂs{lﬁﬁed alkyl;

sel éas ededtedfiomitbe grompponmtmgsifl ng of hydrogen, alkyl,
and suakgs_bi_;t uted al kyl ;
b) -OCH,-, -CH,0-, -C(O)NR’-;
¢) -CH,OCH,-, -CH,NR’CH,-, -CH,CH,0-, -C(O)NR'CH,-, and -CH,CH,NR-;
R? and R” are independently selected from the group consisting of halo, alkyl, and
substituted alkyl;
R’ and R® are independently selected from the group consisting of cyano, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, halo, and hydroxy;
R’ is selected from the group consisting of hydrogen, alkyl, and —SO,alkyl;
mis0,1,2,or3;
nis 0, 1, 2, or 3; and
pisOorl.

DETAILED DESCRIPTION OF THE INVENTION
A. Compounds of the Invention

Compounds of the invention include those of Formula (I) or a pharmaceutically

acceptable salt, ester, or prodrug thereof:



5L is selected fromthe group consisting of a) -0-;
b) -OCH2-, -CH2O, -C(O NR7-; c) -CH2OCH2-,

WO gHgmBiacH?- , - CH2CH2O-, - C(O) NR7CH2-, and - CHAOHMEBIRFS/950149
R3 and R4 are independently selected fromthe group
consi sting of halo, alkyl, gt substituted al kyl;

R5 and R6 are independently s dftded from the gr oup
consi sting of cyano, alKkyl, bstituted al kyl,
al koxy, substituted al koxy, ha o, and hydroxy; R7 is
sel ected fromthe group c si i ng of hydrogen, alkyl,
and -S02alkyl; mis 0, 1, yZNor R$' 15 nis 0, 1, 2,
or 3; and p is 0 o™ iment, R and R2
are al kyl. In one afpect, RlN and R2 ar e nethyl In one
enbodi ment, Rl iRl and R2 [ Z/)%m en. In sone
aspects RL is selected from consi sting of
i sopropyl, t-butyl, and propy 4ong)errbodi nent ,
p is O. In anot her enbodi nent, p i's some aspects
R3 whesdikkyl such as net hyl . I'n ot her aspects, R3 is
hal 0., .4 WD 2008/ 086122 PCT/ US20Q8/ 050149 \Wen is 1
R3 Rafs weeckad Eun die sT8umpgnsEipBahalkybdonbstyuted .aﬁ@fl
Sui u
sul OEA %tlé;c@r%i ocy{?%ﬁé g%rHﬁ% Ofhsish WE%gPﬁ{éd}Sgél Qﬁkérl taH%g@dgﬁtuted alkyl;
t he Laasdertedafrom tho gwiup chndtingofat t ached, for exanpl e
aS|nt) following formula: (Rm HNRL /NH (Rs)
"O°R4 5 wherein R, R3, R4, R5, R6, n, and m

are asp)defdmedcino-Fe R-(1). The substituents R3
and R4 )do r%t |E%I udew}rﬂg)ups that cyclize o forma

Spl ro Qi ﬁ@bOCQm hCHIzN@sCIér-e-GiéicﬂzﬁbJ GOINRCHpeand -CH,CH,NR';
def 12 Iand R aR are n epe}{den?ly sele cteatfrorn hé groupkcyon51st1ng of halo, alkyl, and

substituted alkyl;

R’ and R® are independently selected from the group consisting of cyano, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, halo, and hydroxy;

R’ is selected from the group consisting of hydrogen, alkyl, and —SO,alkyl;

mis0,1,2,or3;

nis 0, 1, 2, or 3; and

pisOorl.

In one embodiment, R' and R? are alkyl. In one aspect, R' and R? are methyl.

In one embodiment, R' is alkyl and R? is hydrogen. In some aspects R' is selected

from the group consisting of isopropyl, t-butyl, and propyl.
In one embodiment, p is 0.

In another embodiment, p is 1. In some aspects R? is alkyl such as methyl. In other

aspects, R? is halo.
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In one enbodi nent, R4 is substituted alkyl. In sone

aspects, R4 is alkyl substituted with 1 to 5
waashsdierent s sel ected fromthe group consi stiPQr/o$2008/050149

am no, substituted am no, 10 hal o, al koxy, substituted

?lr EWQ{% 15 (r:i 5 B?;g%ngbﬁe&s/ e}tts %l@ed% %P%‘ E%'%gn a ont Egrmé sul?ab?ec%o?d
substi€itidh 2Nt ding (sGhi2rahibi2 ,ca@Bﬂ atdaiZ6PH.. InfonerenbetReat e an be on

and i ndependent of R4, R3 is selected fron1the rou
theeERRANSHITA GO0 WHIChHR| ip attachppNppexampds gy innpfollo W@@‘)%@NPE

and -CH20OH. 15 I n one enbodinent, mis 0. In one

enbodi nent, R6 is halo. In gi ment, R6 and the

phenyl ring to which it is ed is selected from

t he group consisting of phen 3- br omophenyl ,

3-chl orophenyl, 4-cyanophenyl, )2,5-difl uorophenyl,

3-fl uorophenyl, 2-nethoxyphen 3 ;ret hoxyphenyl,

4- et hoxyphenyl, 20 R h nyI

2-trif|uoronethy|phe

The linker L is a diva Ilnker i s disclosed

herein in the -C(df)E-CHR4- orien atioq¥35 WO

2008/ 086122 PCT/ US2008/ 050149 | nbodi ment, L and

the atonms to which it is joined togetH%r with (R p and

th{Jem ROMEN R rRSnwsnehﬁ@ﬁleﬁe biS @M el Go I L pSI sting of:
NHZ O O’ONH O=0"" d- 00 NH2 2 0 N Al' NNN

N Nlll%e S% d@h'?s @zagd\ly'd% %Nﬁ% ch?\‘f%ﬁ “[Igt ngz%@ chan Spiro ring.

Such rlngs are not included in the deﬁmtlon of alkyl and substituted alkyl.

Huoronethylphenyl

In one embodiment, R* is substituted alkyl. In some aspects, R*is alkyl substituted
with 1 to 5 substituents selected from the group consisting of amino, substituted amino,

halo, alkoxy, substituted alkoxy, and hydroxy.

In one embodiment, R* is selected from the group consisting of halo, -CH,NH,,

-(CHQ)QNHQ, -(CH2)3NH2, and -CHQOH

In one embodiment and independent of R?, R? is selected from the group consisting

of halo, -CHQNHQ, -(CHQ)QNHQ, -(CH2)3NH2, and -CHQOH.
In one embodiment, m is 0.
In one embodiment, RS is halo.

In one embodiment, R® and the phenyl ring to which it is attached is selected from
the group consisting of phenyl, 3-bromophenyl, 3-chlorophenyl, 4-cyanophenyl,
2,5-difluorophenyl, 3-fluorophenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
4-methylphenyl, 2-trifluoromethylphenyl, and 3-trifluoromethylphenyl.

The linker L is a divalent linker and is disclosed herein in the -C(O)-L-CHR*-

orientation.
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ONONON.'"IF::)- FNN ) NHHHO2 HHONH O

NH2 5555 "N-"rTNHNNH2'NNH2 NCHOO- NH,S
W@2MNB/H086TH3 O HO H HS5S 555 No ONH2Z % PCT/US2008/050149

N-,,,,'-- NHONNH 2N NH2 O~ ~-NOOHOO-~CH3 O

55 @) 20 |

N 1 poNEEE o7 oS ety gt d by Ry ana R
forhh @riflg 6212cte Ofr¥¥D tROBBLP B6A2RinBGT/ US2008/ 050149 I n one

enbodi ment, provided is a conpound having Formula (1la)

or a phar macegﬁ‘l cally acce;p\lt abl e salt, r,ﬁ»ster or
e

f’:’\pr rug ther
%VNHZ o:& " o:Q---'\ o:Q "

Hy

N \ >
\ 5 N g
N NH
0 0 " 0 2
%NHZ :&3 \NH2 ‘(}—\NHZ ozﬁ_}j
o~ \
\ 2y A
\ N N \
X 0= o= ] O N
N—> /—NH2 O @) ”\ T > ||\
° | ’ NH2) NH2) O NH2
e A
Ao \ \ . .
\ 0N 0N r’“{ X
OTN% T >-"F T F :<N> :<N
(0] " (0] %
0 NH, N N NH NH,

\
R ! \
N/j \ NH2 \ —% \
0 N 0 N NH
0 20 S A
O H 2 2 O CH3 2 O 2
3 o
\ %Y \
N N

MY \I\II\IV\J AY
Os_ _N F Os_ N ‘JJJ\‘r
i j\/[ i j\/\ "
o N 0 N NH T %
N NH2, N and 0 NH,



(R5. HNRL NH ~R6) ~(RB3)pn OH 0 R4 (la)

wherein Rl, R3, R4, R5, R6, n, m and p are as defined
wo erosPsgieul a (1). 5 I n one enbodi ment, provi deRICT/ES2008/050149

conpound having Fornula (Ib) (Id) or a

phar maceuti c cce I g
e b AR R b 5 g,
phidthacélcally E&)emabieNalRleste(r Rﬁ)prédru@tﬁ‘drs}o(f%) p OR4 (lc) 7
WD 2008/ 086122 PCT/ US2008/ 050149 (R5). H NRL (R6)"
ONj(R3) P ;~~-HONRA R d}Rs)vvherein Rl, R3, R4,
R5, R6, n, m and p are aS\@e ned for Formul a (). In
one enbodi nent, provided is compound havi ng Fornmul a

(le)-(li) or a H

I\ R

] N N/)\eH
(RO)y N"‘/(R;)P
O O R4

(Ia)
wherein Rl, R3, R4, R, R6, n, m, and p are as defined for Formula (I).

In one embodiment, provided is a compound having Formula (Ib)-(Id) or a

pharmaceutically acceptable salt, ester, or prodrug thereof:

=\_(R%),



pharmmaceutically acceptable salt, ester, or prodrug
thereof (R5" HNRL NH (R6) nO0ON-(RPH XR4 O
wQ288@8F6182e) - (R5)m HNRL (R6) Z) 0 ~~( N--PCT/BS0P8/050149

~Ra  000000~~~~~~ (1f) 8 WD 2008/ 086122
PCT/ US2008/ 050149 (R5) m Rlcs,~ (R6) n 0 N>/ (R3)P
~H R4 NR7 (Ig) (R5)m N (R6) Z o N(R3)P H

0 R4 (Ih)

R
N
O/ >R,
H
& N R
R’ (1d)
wherein Rl, R3, R4, R, R6, n, m, and p are as defined for Formula (I).

In one embodiment, provided is a compound having Formula (Ie)-(Ii) or a

pharmaceutically acceptable salt, ester, or prodrug thereof:

GO
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(RB)" HNRL NH (R6) ZO N/(RAPNPR4A \R7 (li)
wherein Rl, R3, R4, R5, R6, n, m and p are as defined
wo orosPedipail a (1). 5 I n one enbodi nent of the cREPUNNAS050149

of Formula (1la)-(li), Rl is alkyl. In another

enmbodi nent Rl is selected f &Qe group consisting of
i sopropyl, t-butyl, and prQpyts I'R one enbodi nent, R4
is substituted alkyl. In s aspects, R4 is alkyl
substituted with 1 to 5 gubsdituents selected from
the group consisting of amng, iubstituted am no,
hal o, al koxy, substi d_fl Kaox y and hydroxy. 10 In
one enbodinent, R4 i s¢l ected fromthe group

consi sting of hal qge)2< NHz,oIvstm\le, - (CH2) 3NH2,

and -CH2OH. I n one enbodi nent,| andxt+hhdependent of R4,
R3 is selected fromthe group igting of halo,

- CH2NH2, - (CH2) 2NH2, -(CHZ)SNW% and - OH 9 WO
2008/ 086122 PCT/ US2008/ 050149 I n sone pects, mis
1. In one enbodinent, R5 i L@s | n one enbodi ment, m
is 0. In sonme aspects, n i %/ r 2. 1n one enbodi nent,
R6 is halo. In one enbodi R6 and the phenyl ring
to which it is attached i sepected from 5 the group
consi sting of phenyl, 3-br phenyl , 3-chl orophenyl,

4- cyanophenyl, 2, 5-gh o) th,  3-fluorophenyl,

2- met hoxyphenyl , 3- hgxypNenyl , 4- et hoxyphenyl ,

4- et hyl phenyl , 2«87 FFuor o YtpHBhyl , and
3-trifluoronethyl phenyl. In orle emgodi nent, provided
is a conmpound in Table 1 or a nﬁéeqﬂbcally
acceptable salt, ester, or prodrug thereof. In one
enbodi ment, provided is a gtenedsoner of 10 any one
of the conpounds in Table Jh one aspect, the
stereoi sonmer is an enantioner\ In another aspect, the
stereoi somer is a diasterdonery. Table 1 Conpound
Structure Nane R

\
R™ (1)
wherein Rl, R3, R4, R, R6, n, m, and p are as defined for Formula (I).

In one embodiment of the compounds of Formula (Ia)-(Ti), R' is alkyl. In another

embodiment R' is selected from the group consisting of isopropyl, t-butyl, and propyl.

In one embodiment, R* is substituted alkyl. In some aspects, R*is alkyl substituted
with 1 to 5 substituents selected from the group consisting of amino, substituted amino,

halo, alkoxy, substituted alkoxy, and hydroxy.

In one embodiment, R* is selected from the group consisting of halo, -CH,NH,,

-(CHQ)QNHQ’ -(CH2)3NH2, and -CHQOH.

In one embodiment, and independent of R*, R? is selected from the group consisting

of halo, -CHQNHQ, -(CHQ)QNHQ, -(CH2)3NH2, and -CHQOH

9
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woRoodsaehyl propyl ] -1, 3-oxazol i di n-

T e R e e g
2,5MdiHderophtid/1i 33fld@ophensd, P-hetRpRyphenyl, 3-rnethoxyphenyl 4-methoxyphenyl,
4-methylphenyl, 2-trifluoromethylphenyl, and 3-trifluoromethylphenyl.

1 ~ (5R)-5-(2-am noethyl)-3-[(1R)-

1-(1-benzyl -4-phenyl -1 H HC ~CH3 i m dazol -2-yl)-2,2

N OO 2- onkCT/BBHdHES/@50149
~ (5S)-5-(2-am noet hyl)-3-[(1R) -

1- h ~CH3s i i |-2-yl)-2,2

N NHLRE S;?F%?E’p?ﬂ/ gl licgime s MERee 5y

5(mno I)SélR)l-[l-Hc

enz f%boéﬁ%? PrHafyi) -1k 3 im'dazol 2- yI] 21 /cH3
© 0 4

((3t5 hi}% E%gﬁ(p %Sl,p}ieéfé,]riselg H;);q)%aZZ 2111 Ip?l!q_ Qlﬁ})odlment R 1so Eaﬁo
1- (1-benzyl - 4-phenyl -1H H3c cc 3 3 imdazol-2-yl)-2,2
di mkt Pga WWmPnthé angkthg iphemyl rgItp whichpt is ait\ack@démel@ted from

YSH%%hePy'l

In one embodiment, provided is a compound in Table 1 or a pharmaceutically

acceptable salt, ester, or prodrug thereof. In one embodiment, provided is a stereoisomer of
any one of the compounds in Table 1. In one aspect, the stercoisomer is an enantiomer. In

another aspect, the sterecoisomer is a diastereomer.

Table 1
Compound Structure Name
1 (5R)-5-(2-aminoethyl)-3-[(1R)-
@ HG o 1-(1-benzyl-4-phenyl-1H-
| N>_8<cﬁ|3 imidazol-2-yl)-2,2-
N Nj dimethylpropyl]-1,3-oxazolidin-
Og(o ""\\ 2-one
NH,
2 (5S)-5-(2-aminoethyl)-3-[(1R)-
Q MG o, 1-(1-benzyl-4-phenyl-1H-
>_840H imidazol-2-yl)-2,2-
dimethylpropyl]-1,3-oxazolidin-
O’(o 2-one
NH,
3 5-(aminomethyl)-3-{(1R)-1-[1-
@ e benzyl-4-(3-chlorophenyl)-1H-
N imidazol-2-yl]-2-
| )—8\ o methylpropyl}-1,3-oxazolidin-
Cl N N_>\/NH 0-one
OJ\O ?
4 (5S)-5-(aminomethyl)-3-[(1R)-
@ H 1-(1-benzyl-4-phenyl-1H-
N >—8£CHH3 imidazol-2-yl)-2,2- '
| NN dimethylpropyl]-1,3-oxazinan-
O=< :>n||\ 2-one
o NH

10




di met hyl propyl ] -1, 3-oxazinan- N N o=~ 2-one 0 NHz 6
(6S)-6-(am nonethyl)-4-[(1 R)-
waz2qosovaezyl - 4- phenyl -1 H N H3c cH3 i m dazol - 2PgIT/PSDORK050149
3 dinet hY1lProPY1l]lnmo holin-3- NN Oone ~ONH 7
( 6R) F6=fantmonet iy =411+ Ry~ Y
1- (1 benzyl|-4-p @ l-1H N H3c c@) %(EH%HSWG%QI)%([(&R%
3 difreth 1ro 1 Okjcng3 N N Yp- (ﬂf\he 4%1%1
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1- (1-benzyl - 4-phenyl -IH H CH3 imdazol-2-yl)-2,2 NN
w@2a@smstiby | propyl ] -1, 4- oxazepan- "\ NH 3- one PCT/BS2008/050149
(6R)-6-(am nonmethyl )-4-[ (1 R)- 1-(1-benzyl-4-phenyl-IH

H CH3 i m dazoly,2-vl,) -2 N N 3. .

i ot byl br ooy NIEUS3 354 Eotulbsiligns of the knventiony ¢

6R).- 6- (ani,nonmet hyl ) - 4- 1R. }

b BT R it T b Faine g cpmgopagsof Formula (1) or (1)-(1)
(infludREORRERY dmrdMdrHshid tﬂ&%@%‘aﬁd a@drmydchutichil¢acdeptidtd\xWibtnt or

oxazepan-3-one o z 27 (6R)-6-(am nonmethyl)-4- {(1 R)-
carficf. 1- benzyl -4-(3-fl uorophenyl)- H30 OH33

1H i m dazol -2-yl]-2,2 F NN

di mixt mdtiper appydc}, tis dresena pepatien provideOintidd8eDinentih8 aWDmmalian

w?Q981885122 PCTLUSPO08I 020145, 28 E '\ i, the prscn
invehfforf préQfdePaRA} ofttréadink adfardialian patient in need of such treatment

fl uorophenyl )-1Hi m dazol - 2- CH3
comprigng adinimesi¢ryigde dpy/patienta therapepiqglly effective amount of a compound of
Formula (I) or (Ia)~(Ii) (including mixtures thereof) either alone or in combination with

other anticancer agents.
B. Definitions and Overview

As discussed above, the present invention is directed in part to new substituted

pyrazole and triazole compounds.

It is to be understood that the terminology used herein is for the purpose of
describing particular embodiments only and is not intended to limit the scope of the present
invention. It must be noted that as used herein and in the claims, the singular forms “a” and
“the” include plural referents unless the context clearly dictates otherwise. In this
specification and in the claims which follow, reference will be made to a number of terms

which shall be defined to have the following meanings:

As used herein, “alkyl” refers to monovalent saturated aliphatic hydrocarbyl groups
having from 1 to 6 carbon atoms and preferably 1 to 3 carbon atoms. This term is
exemplified by groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-pentyl
and the like.

“Substituted alkyl” refers to an alkyl 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.
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1] -2, 2-di net hyl propyl } -1, 4- oxazepan-3-one F NO-~

;L\ (NT Aék}z?]lgné ﬁgker% o((f‘Yalelnq Eﬁtﬁﬁ{rﬁa)(el‘sd) %I%E%ﬁg_é@drocarbyl groups preferably

havifig @701 t025 &ﬂd) prEeraHIb'-l (N3 carbon atorns Wthh are either stralght-chalned or
di et h 4- di azepane- ~1. NHZ 2, 3-di one H
bragghgd. 'Pépg teg[m[ls( @pf_q)m 1@@ i eFoups such 3y r@ethylene (-CH»-), ethylene

I
(Cg%rretzt?j/ﬁﬁ)lrrédgayi i ?6-% uor o- I)ZZEO%\I%W%1 (Z%H%a%H&C%SrQ D~N
(-CH(CHz)@HBRar{dbtBy dike [ ( 1R) - 1- ( 1- benzyl - 4- H c
henyl -1 H i m dazol - 2-yl )-2,2- CCH3
di metA1yé:prapietd toGhd graap OalkyKo- ’Lwﬁi@hv[rcﬁdéh 2BeP@NoZxanple,
N H 33 (R)-5-(am nonethyl)-3-((
methoxpyegthQyy. 2=Rropaxy, FOMEEPUY F@B@épjﬁéﬂw%}h $94-Pyip¥a Fopentoxy and

M GH8 1) -2, 2 N di met hyl propyl ) oxazol i di n- 2-

“Substituted alkoxy” refers to the group “substituted alkyl-O-".

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

“Aminoacyl” refers to the group -C(O)NRR where each R is 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 and where each R is
joined to form together with the nitrogen atom a heterocyclic or substituted heterocyclic
ring 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.

“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(0O)O-, substituted aryl-C(O)O-, cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-,
heteroaryl-C(0O)O-, substituted heteroaryl-C(O)O-, heterocyclic-C(O)O-, and substituted
heterocyclic-C(O)O- wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
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~ None F ONHZ 34 (S)-5-(am nonethyl)-3-((R)-1-

(1-benzyl -4-(2,5- F H3C difluorophenyl)-1Him dazol -2
WORMBIB8d122 2, 2 CH3 di net hyl propyl ) oxazol i di n- 2- PCI/0R08/650149

0~0 I NH2 14 WD 2008/086122 PCT/ U82008/ 050149 Met hods

subs?gute(c:{) Q?}QITQ’ In celgpo’filkyi sugs%tutga 8 cloaq 1 ?ry st%s?}/ tgcf ?,I‘y %et%roaryl

sSi'ng aco oun

su‘t(sﬂlabtec{ hdtgroarfyl, ﬂh@{ewhyﬁﬂc s dubkated hd{cdscysid s ab hefu&QIf Berein.
and a pharmaceutically acceptabl e excipient or

car rigfyacyd” bi@rRi ?f—‘ést&s P&Bis to tHRErBHRSEND)DAKEML | ON
treatlngarmrmallan atlent

rOV|des net hods o
-C&Uﬁ}@bﬁh@terdraékﬁlaCdOé@faﬂ@nnyhe@(Cb)ﬁéwbShwqd@élsqny lnCAQ-alkynyl,
-C@ bg‘%lmgeésaékynng rh‘rg{ i ana%’é’t bg(éﬁytsl ‘t?sglgg%d) Feég@% r013(1)c(iloalkyl

-C@O)eﬁid!%ﬁﬂhtedcd?mﬁl 1 ,AQ(@Drhétebs/l) -@OD(O—S&MU&@& h&Bﬁoa@l
therapeutically effective amunt of
Prigteropyolicopnd-L4P)Q1sphstitptad h‘?}éﬁ%@d}ﬁ Wb@?l@@lhm@%ﬁwed alkyl,
h
alk%% T Slos B RA% By, MGRTLARLRA M) SIS, sybstitted eycloaliyl,
arydli ssbststed asyb, d\eeeroﬁﬂyle spisseiseed héteroeryl,iheterosycie matiubdtituted
part to new.s fu tltuted pyrazol e and triazol e
het@@ﬁﬁﬁllﬁﬁgas fi¢fined hegihe under st ood that the terni nol ogy
used herein is for t he purpose of 15 descri bing
par t 1Adkeral” wiess i HHseyS tompy hadee fremndio ¢ earkeiyetams gnd preferably

2t '4%12)05 %?orﬁscﬁﬂqlagglg Aol LHR efe?%ﬁff%]:nolnto 2 §1teEU§Elkpr?yl

at as used-herern and Int
unsiturgtidrar Suchrgn@upsate exethplifict &y vinyt,|alige bpt- Brcal 1 -ylehwd entike.
unl ess the context clearly dictates otherwise. In this

speciSubsiatitc@nlkdnd” iréfcishe aldeaINBoWi Hakink Gtdn®Wito 3 substituents, and
reference will be made to a nunber of terns
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, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic with the proviso that any hydroxy substitution is not attached to a

vinyl (unsaturated) carbon atom.

“Alkynyl” refers to alkynyl groups having from 2 to 6 carbon atoms and preferably
2 to 3 carbon atoms and having at least 1 and preferably from 1 to 2 sites of alkynyl

unsaturation.

“Substituted alkynyl” refers to alkynyl groups having from 1 to 3 substituents, 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, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic with the proviso that any hydroxy substitution is not attached to an

acetylenic carbon atom.
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to 6 carbon atons and preferably 1 to 3 carbon atons.

Thi st erm, npllfl by groups such as nethyl,
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of a|Sp<1§Wute§ 4B9RY eetod xeyP ey, W%ﬁﬁey[l‘g are independently
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déo-ngf:% ‘L“%?O ﬁf% ﬂ%&?%ﬂa‘ﬁ Qﬁle&& Koxy"" r e%re%ean{ué ﬁ? %%Oth' When

refgrimgpo aaiskipbtit@ed amdincg fit i Pehdast, nehyer\/]ia’yord(” iekadnoken.
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t- bumwml@e%mgtt@xue ZiOuPSINREYOANG 1, NRE(O)distituted alkyl,
Substi tuted al kox refers to the ‘substitute
NREG Iy onlksh R Ty e eydloal ko N e Delepe (O substituted
| b
alk%£ g#ﬁ%@gglkgﬁgé%q{&@%&ﬁk&?ial%@l%@ddﬁﬁ%s{\I%C@bg%lbstltuted
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NRE(Q Fa’aﬂ}we&@yrocygwo\ghqr? Reishyfregen %raalrﬁy @herem .
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eterocyclic wherei n” al kyl”, "substituted
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an Gy R M BRIAR RS2 Tt o8 het o obr y1

heterocyclic and substituted heterocyclic are as
deflﬁ@HOhgﬁﬁﬁﬁ)tegﬂﬁﬁhaﬁgyl refers to the group

-C(O)NRR where each R is independently sel ected from
t he ‘g¥aliprcoms roders tya sfonpyaderd gegmatigl daphocyedisnzronr of Eem 6 to 14
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substituted heteroaryl, heterocyclic, substi

2- h@g{c%@y&np@%ﬂ& Wﬁ)@p@%éﬁﬂ:}-q@ -7-yl, and the hke) prov%ed that the

point of attachment is at an aromatic carbon atom. Preferred aryls include phenyl and

.'I‘

naphthyl.

“Substituted aryl” refers to aryl groups which are substituted with from 1 to 3

substituents, and preferably 1 to 2 substituents, selected from the group consisting of
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joined to formtogether with the nitrogen atom a
heterocyclic or substituted heterocyclic ring wherein
wa@bdploge1subst i tut ed al kyl, al kenyl, substit ut eRICT/US2008/050149

al kenyl , al kynyl , substituted al kynyl , cycl oal kyl ,

ubstlt cl tu
R Bkl e Bl PRI T B BRI bR Bt o
alk&tﬂ&lﬁiubﬁwﬂh&ﬂ dﬂl@iﬁl@f @ﬂdyﬁﬁlll Sulititut@balklafyil, %ﬂnﬂ,@hﬁstﬂutea @mino,
yloxy" refers to the groups al kyl -

améwsrlp trad SHOSHItWGA iy, @XBDXY, SHpsEiEHd a@t@)vcyarb@%sqarhwb%ﬁter

cyﬁ'{ kﬁﬂMl algl% gs’ub?t tﬁﬁépﬁ%(yggmg Qyétld@g ?l?(%st}%ue éieg?rltlluo e&rejatrylthlo

suhstaﬂitﬂh]hd(@tbarﬁj(tﬁi)o&ycl&hh&lthnd lstt‘mﬂtttuyd: by byt thie, (B):@rqcychcthlo
sutpsgtitgé %} pp quh@ @yglgb U § g?q (%yg %ﬂqX lh_aF( nltro heteroaryl,
suﬁbﬁttﬁéd)ﬁéf&lohﬁi G 8eycib %ﬁ@sﬁﬁ@ut@d Ké’tbvoc?élﬁsﬁétgﬂéﬁﬁ%@ kiWstituted

kenyl , substltuted al kenyl ,
he@ﬂl@&/lm h@@rd@@b'lﬂwo%smﬁ@ﬂmter@ybsdomamdloaﬂukfynyll (NH»-S0O»-),

| k t| uted cycl oal kyl, aryl, substituted
an(ggt%s{) fa eéi%/ aé];uB tl

Ysubst it ut ed heteroaryl

het er ocycl j ¢ and bstltute eterpcyclic are as
def | HEHIOHET BAfFTS 10 e e a1yl 60- ek 6. bastBiof i amglesphenoxy.
naﬁlﬁh&;@ea&f@t@@& C(OOGalkyl, -C(OOsubstituted al kyl,
O al kenyl, CXC»C>subst|tuted al kenyl ,

c< 45 attﬁwuy%%&s QuibihaLd bt es sbifuny

uted a
,0a sti uted cycl oal kyl ,

C(O) rth%&yg elr%//o C% %sotg?]i P ted heteroaryl,

-C( Q) cI i C, S st it ut .

et S OEelSk e bty Ry EhBR gt dao aP kgibon atoms having
sm@ie‘%ﬁ Wlhtlpl% lé?@ﬁd ﬁﬂ’éﬁﬁ’cl@dlﬁg M way@bfkaMipie, ﬁ&‘&ﬁéﬂtﬂuéﬁ‘%propyl

kynyl ,” cycl oal Y subsSti'tut'ed cycloal kyl, " ar

CY@d@EYhﬁwﬂ@@maﬂybwCNGbémmhmymkesubst|tuted heteroaryl

heterocyclic and substituted 10 heterocyclic are as
def i‘tspaobyeiailkyl” tolbrk MWGlicrgaﬁL@lsﬁoho3 & Ik@mgtborgatomsstavmg a

g.from2 to 6 .carbon ataqns referab
ey g bBin B s PeiG HEC pion dagecdih Angr aros §BfC§ it gty
corhrdof rferRbdr &8 tli%frlrfgsj(z%r%e Ipﬁﬂ@@%&' E@tﬂoH@Wln@éﬁ{lctﬂfs@Ups are
exenpllfled by vinyl but - 3-en-1-yl, and the
i ke. "Substituted alkenyl ers to alkenyl gr oups
having from 1l to 3 substituenys, and 15 preferably 1
to 2 substituents, selecge _he group consisting
of al koxy, substituted Fﬁ@xy Hg |, acyl am no,
acyl oxy, am no, substituted antno antnoacyl, aryl ,
substl ut ed ar bs ut ed ,aryl
cyansubHiRGE Ry ol s 0Tl doi R gty o 3
su‘t%ﬁﬁ%hts scleY el ARnknk, &hbb&)‘nhltsﬂﬂﬁ§6‘f A | Qadbvled alkyl, oxo ( O) thioxo
het er oaryl , substltuted het eroaryl’, heterocycllc
Eublsoxy, uu@&ﬂltlrted elk@:eyy abylcagilaminp hsyjsgyvansimot tvévstltatwl armno
a ed to a
aHE A B SR bRy AR 4 oty od¥ly oy
mtﬁf ouPsxylaskirbgkyl EQen 2ydiealByl Caibbeitedlcgtlalkiy hptefaeyladilbytituted
to 3 carbon atons and having at |least 1 and

hetst@ﬂéfwrycwlémubsttt@teé hgfereeych, -aPryhyl and —SO,-cycloalkyl.

“Halo” or “halogen” refers to fluoro, chloro, bromo and iodo and preferably is

fluoro or chloro.
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unsaturation. "Substituted al kynyl" refers to al kynyl
groups having from1l to 3 substituents, and 25

wee@Bes@Ekiy 1 to 2 substituents, sel ected fronP€@TES2008/050149
gr oup consisting of al koxy, substituted al koxy, acyl,

acyl. %fn ?Xy,,%%fso[x %muIPSPHSUbSt ituted am no,

am no aryl, aryl oxy,

car b %155%& i R g B MR ier®ind 1 104

hetedtfatodd deVdctedTRIR HRAIMp csildlihi bEbBhRatiRG g@lra)ﬁh,sulﬁlr w1th1n the
heterocyclic, and substituted heter ocycl Ic with t

ringr Svehslketernayl aroyphgal hewg asinsie liltlgjfei gammsinndtor ﬁtrylé@h énilltlple

corlg%?? 22 agg%ﬁgggfngh%%%glg&h 6%1% hterel Vﬁgzcgrrq e{}llges 12:25 may or may

not’ ISE)/zﬁBKhatlé afdérscontrin B Betgfoatidn pfoMided Budy Sid ﬁdiﬁt&ﬁ a@BdHmeEnt is through
refers to the q@oup -NR R V\,F]ere R and R
an piogeplthe arprpafic hstoreasylegroyn- olmqnﬁ@rr@pémpﬁnédh%n%nog%awor the

L I
o BASSEORT L BAREH S SR LSRN et o e
oxie YN;—Q) kslfinyloe Shlﬁrnyl momyled; OBdel?fyied hetelsdry ks idabetle pyridinyl,

cycl oal kyl , .het er oa bstituted heteroaryl,

py]ﬁétyLrl %ltﬁhé?p‘?@%sfl}“%/{‘}faé’éfrheterocycl|c -Se- al kyl ,
-S02-substituted al kyl, and where R and R' are
j oi nSubstitpigdhpisroaRylt Fefetdo Apteroghyd groups trd ateribaiteted gvith from 1

to} ?%tgh egﬁtsglre?t%@d t&@r gl gfotélbtbogisﬁ%t 'Elf‘e‘hﬁs&%%&& fft s %s%ﬁed aryl.

d d h 2
T0 g SUpersEBHErE hseRo Zerd PR G500 R
refalsky h@t@idaﬁyl 9B affl s@Rdtud m@o%kg&uﬂg &enprividsdtildadt @t

am no group 1 s sonetines referred to herein as
nitghigan KPR afanhand epfonall e eeppiisige ether npnmyHesbatere gingd@toms such as

nt that either R or R' is hydrogen
Sul@[pt &eh%o(#ﬁn referring to a d| substltut ed

Acyl ertﬁrﬂ%ryfc'orng gﬁir}lgrs t%ﬁ{elggoe@t, %ég‘cer 6)1 “ﬁlﬁ)ﬁﬁl%gedqg?eroaryloxy

refeﬂéﬁ@ﬂ@) GO 10-bustiehted ktéroardbwhiNRH K &r¥&lyoaddStibstituted heteroaryl

Sg_()) substituted cycl oal kyl, -NRC(O) al kenyl,
are.qy igykhaseini tut ed  al kenyl, - NRC(O) al kynyl ,

-NRC(O) substituted al kynyl, -NRC(O aryl,
- NRC(HB)@;QM& taut ‘beterogyslic,” or [\R{D@I@)m%kyj py|heterocyclyl” refers to a
- N O)su ed heter O heterocyclic.
satgibrd kgt b ol s e! Mol R e o SHEKCrife yigmbfiiple condensed
rinBy, Qﬁ&lﬂﬁﬂ% Afse@bkitgedand spheriak Byséhy Ifiom $ 4D $O tdrbb@etoms and from 1
al kyl kenyl, substituted Ykenyl al kynyl

to 4 hiefera atema élel@ﬁt%i/frym the g@luﬁ APRSIting2d nﬁmm ufueer oxygen within the

I
ring (eP Y ool s SO ook B BOREIE ine POkt
heibﬂiaﬁﬂ@@()’x&di&dithaftﬁe psmd@ﬂ‘ atmeﬁlmbt&netm@ughl‘ﬂhé hé&térocgdlRringt dn one
t he group " refers to a nonoval ent

embpdifinl éhecIaFremd(% S@Lf@wma{s)@f Bxnhstareeyglic group are optionally

oxidized to provide for the N-oxide, sulfinyl, and sulfonyl moieties.

“Substituted heterocyclic” or “substituted heterocycloalkyl” or “substituted
heterocyclyl” refers to heterocyclyl groups that are substituted with from 1 to 3 of the same

substituents as defined for substituted cycloalkyl.
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carbon atons having a single ring (e.g., phenyl) or
mul ti pl e condensed rings (e.g., naphthyl 25 or

W@niokogd122 i n whi ch the condensed rings may or PEHUSINS/050149
be aromatic (e g , 2 benzoxazolinone

2k %,’x%mgf"eF ﬁa %:rlgcyc Si n@ RE groa ﬁ‘lﬁg but %re I%Ol% %}mted to, azetidine,

pr ovi Mfent

py&blematit £zotd @b@ﬁola; Sidiky, plakine dp}&erHﬁlel @ﬁidﬁdﬁeﬂhd@lﬁme
and naphth%1 "Substituted aryl" refers . to ar
Y

isogfidgip&ndpisi drhydraindals didagele epprinict fringlirinc 15106111310?/% quinoline,
phtZiHP§ﬁ1'etrgl%P{h }Rﬁﬂ&epéﬁﬁﬂﬁgk udzBlife ?%?gﬁ%?e%dﬁle carbazole,

ecte Cons st ng
carBON&, pB&hAhridEE, h&ﬁﬁﬁ)ﬁ/pﬁ&ﬁﬂlﬂﬁohﬂty d;bthxa}z;oleapblénazme isoxazole,

nacy | am n | oxy. substituted al kyl,. al koxy,
Phgeeine. ﬁ@&otﬁ%myml ﬁ@lﬁga lm@%fsﬁ%? PiB Rigpiypine: indoline,
phith ¥l 1,235@%1'215%)&6@0 ghikymd 4 S%ﬁi@vah§%§$ﬂzﬁfﬂ]ﬁ1¢0phene thiazole,
am no, am noacyl, , substituted aryl, arylo

thigastidirict thicepicn, 90‘3@0&‘?]ﬂual"f@@%)morpbalnmxyiomplmhnyl (ajmrrgferred to
hi o L kyl substit.uted al kyl t h
os IR b Gl B or S Hoap B Fincitsd). vtk ey aroturanst,

andigleqikear yl t hi o, cycl oal kylthi o, substituted

cycl oal kyl thi o, heterocyclicthio, substituted

het eﬁ\ﬂﬁbf%én' &nltlifing ‘Pl)%élr&%llfdf L andS‘Hltﬂﬁ)tgbltl %Bﬁgln%éugﬁ thdel

hal o ro, heteroaryl, substituted heteroaryl, o
hmhemgﬂnﬁycknbmI@Ub@bmhmgm@phaﬂbnbayuwd@pmhﬁbehQgmw@&mynpnmng

ubstituted .heteroa het er oc . )
o« Biigbe biiogtn Fit sRELFI oyl sty henitrogen hetero ring
atolNHacPPsul fur, RGeS atlisthe tiké ed am no sul fonyl. 10

"Aryl oxy" refefs to the group aryl-0- that includes,

by weyf1* rGXAWIR crPEReKY,  naphthoxy, and the i ke.
"Substituted aryloxy refers to substituted aryl -

gr ou%ﬁk}zlkhlfa&b%éélko@f ekt {ooche 8ly&al ts thereof.

S to cyc gro ps of from3

2 §c|l|% e bog ﬁﬂ%’@ﬁﬁd P)%S“ %g&tu%ﬁ%?l%&i nr&feés o tji.g SEpyB-substituted

amgyclopropyl cycl obut yI, cyclopentyl cycl ooctyl and
the |ike. Splrocycloalkyl refers to cyclic groups

f rom Bykiiol RAEQTDAR %@ém DRV o Pury X G AR KMovE | NG

Wth a spiro union he uni on fornmed by a single atom

\émxgﬁgilubftltﬁ &a h 0” r%féﬁ% %’g&’ﬂ? { %g{l‘t&strtlgﬁec{ 51319, %)hfgé‘?lﬁ)smted aryl

is deBmbd tbdwet ed cycl oaI kyl" refers to a cycl oal kyl group,
having from1l to 5 substituents selected fromthe

gr ouetansiyRhion gefols t@ theydrous Habdtéiobity® dviddr& Métero@s0 is defined
(=0, thioxo (=S), al koxy, substituted al koxy, acyl,

ab%l‘@ylarnno acyl oxy, am no, substituted am no,
“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.
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am noacyl, aryl, substituted aryl, aryl oxy,
substituted aryl oxy, cyano, hal ogen, hydroxy, 25
wmpaosog61ear boxyl , carboxyl ester, cycloal kyl, PCT/US2008/050149
substituted cycloalkyl heteroaryl substituted
het er, er cli I tut et efoc i
B DN O N RS R e
heﬂ'eﬁfcsadslslo&g” fdfere I’[@the(glﬂd)LQi’ @bsﬂﬂtmﬁmcembyb@d@ azmére heterocyclyl and
preferably is fluoro or chloro. 19 WO 2008/ 086122
SmP@ﬁ%%E@%@B¢ﬂ%ﬁIﬁ@ cfinggd @bovsy" refers to the group - CH
" Het er oar refers to an aronatlcdﬁrou of from1

10 ¢ &?rmbﬁYkaitb 5 refiet to thaograup hetcwele éules@tﬂé@ri emlkylthw”
rou n|t gen
reflerset‘% ﬁ -(gjsurl%)a{ltu Ccl%/cllgeif%r oar cygcr i %al& 15! hﬁ%" %utel'cli cycloalkyl
aresddﬁgb@awd\aag (e.qg., pyridinyl or furyl ) or nulti pI e 5
condensed ri ngs (e g., indolizinyl or benzothienyl)
whergiplobhgl £APAENsaded hBigmh MRYs & anTRNibitAtcoR&ntration when
aromati c and/ or contain a heteroatom provided that the
tes]@dulnu vt lofst ane atthewptays gutlinedhrybin aad agdeimeadfin ghlgast one example
?ﬁHtIC het eroaryl group. In one enbodi nent, the
HFirogen and/or the sulfur ring aton(s) of the

P gtr ﬁlgé({éerglgpg]g t?arhf % %&%ﬁ%‘%%ﬁ‘éé%&gﬁﬁﬁaﬁ%n%&m to t%e nontoxic
acil®k 8lkhBSe cdRthahahl &ds beine rc@ﬁ'bﬁh&s'dﬂ%ﬁﬂ@la@?’m bt (13)-¢10). TBese salts
é;rolyl i ndol yl, thiophenyl, and furan
cant

m@pam@v’eﬁtm@gdlaﬁr frnal lmtmnend@uh‘é@@maﬁyhe @’fmqygds of

ol (e BRI drebvSSmtbe Pelsh e g bty B TR Ry o suitable

or%lﬁfc GRS phditbeid o by, respddtivEl9g BRpRAEH: &I sAs include, but are not
eteroaryl"™ and "nitrogen-containing substituted

linjied &o.dhg fpllowingsfaseiate, adinaie et giaptpl cijrisuppparste, benzoate,
be%ﬁ%ﬁ%f%ﬂ&tgdmghﬁfa% Bﬁ@ﬁt%%gﬁgﬁﬁra&o %/hcdrﬁﬁ’foﬂﬁtel &Bf ?Igiﬂee

rogen r oha risin
cydi@pbntﬁnbpmgmaieeﬁ@twylsﬂﬂﬁge a:ﬂtalfiBSLﬂsﬁmlilteagluccﬂiebfaUﬁate oxygen
and the like. "Heteroaryl oxy" refers to th roup
glycprophesehefsr Ramizwifateshigntgnoptst berepetteryariate 81“00?]@%‘19?’3

hy Bbidnfidd rh%fblocgdé lﬁ%’r&&’eﬁﬁn&%{f@ﬁ&@rlXétatMﬁl%ht@ m?thanec?ulfonate

eteroaryl’ and subst’itut'ed heteroaryl are as I ne
mohenzeﬁ, -ngdhdi¢desef@rye; bedlator pdhivet @ poctinatd, pérsmlrfate
" het er oc Ioa

S G P e VS IOP B o B gt R g Sghiocyanate,

p- tBﬁ%héwlfé‘na?té Bt @ndebDaRr AT, thPbLiCARIENS&taifiing %§0ups can be
i ncl udi ng fused brlgﬁed and spiro ring systens, m 1

quatgmmdcmt hagansa delfhabdfr81su0&1@smdﬁletlefrtbylapr@nﬁl and butyl
ted. from.th gl sthn
ch18r1d Gt)romlde\sm atnﬁllo 1g%e81aﬁqy? V@ﬂegr 1ke%1rnlethyll lﬁiéeglgr dlrb1%ty an& diamyl

sulSy&d, &, chBifehatiicsMCE ad H‘&y[ 0G5!, 6RRiste afy ba Kitdrides! Btbmides
or 25 heteroaryl provided that the point of at t achnent

ang gbdmsmy@lhyltlw@d% bagyd gnd nhmrghyllbﬁoraﬁiés a8y reWater or oil-
solu;l% of 'd¥s¥391§1%@e @Jgnaﬁ% ar%%ér%y gii@mts) of the heterocyclic

group arée opt

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 in situ during the final
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oxi di zed to provide for the N-oxide, sulfinyl, and
sul fonyl noieties. "Substituted heterocyclic" or

WO 2uwb®sd1eut ed het erocycl oal kyl " or "substit ut eRCT/US2008/050149
het erocyclyl"” refers to heterocyclyl groups that are

- bstituted with.from1l to. 3 h a .

isoBtBR ot Hhoh gt itol i oo DR miapiggparssy by

reath 2 00860816 bl R6iE(i44SRI0 8 6 tdbldShse bxchngslteshyfroxide, carbonate or
. heterocyclyls and heteroaryls include, but are not )

bicprhenpte @T ¢ phatmaseytifias ,acq@yra%kﬂ racta) Atign Pp Méth agyReiLip|os an organic

PP} S5 Bl o UC R ) SRERR s e, bt

linited & @b eonsghas¢de) theuikadland iatkaline sothumetalsi sieh as sodium, lithium,
ui.nol i ne, ht hal azi ne,. napht hyl pyri di ne, .

pogﬁﬁlwamlqlwz ‘%a&@q%%w?%}m@i %%fﬁ%;%q? e hg?,eﬁs i"fillfis ammonium,

qu&t%gﬂzﬁﬁﬁoniﬁnﬁ @ﬁ@%h{é_%atim,eﬁﬁﬁfdmg., et 1kl db Bfimonium,
phenant hrol i ne, 1sothiazole, phenazine, isoxazole,

tetphetolarinneiuny tetraothiyl carneraymi micthykeotinelidwasthylamine, trimethylamine,

tﬁ%ﬁl%ﬁfq%%tg% ’am%ileg g]%cl g{e{]]%f:r gjﬁl)g}:g&%aﬁzré%ﬁ -tiiﬁg g%ﬁli 10%mines useful for the
forfhaBioR of bisetatl @iyl kAREAZAl OliehyRRhiea &thyll dHeamalife, ethanolamine,
t hi azol i di ne, thiophene, benzo[ b]thi ophene,

diethsnplagiing piperaziicomgrtbhbke. nyl (al so referred to as
t hi anorpholinyl), 1, 1 -di oxothionorpholinyl,
pi péwsivdedidreinpthetahi dihasnadcceticadllyyadeapfabl@espér, refeB tansiers which

el e bR OB b o EURIN B o8 arng prn

cothPoliRL 8 EAEMESHOE, oF hPhREABG GUP StifLhedbblat eK@etd bker groups

_groups conprising at |east one nitrogen ring atom and '

mfg\m gmmrypl@othpﬁ derivgd Homephappacontics bpsaciiehle plophatia garboxylic
) ) h | ) i ke. .15 ." Thi ol "

o B IREE, Hngh Cn o YRR s bAF S Bt i cct

alkiyBbedlBertyd niohdy gd@inprgedusty kaslnot mdubskh buhehdnakdayd. tREpdSsentative
or "substituted thioal koxy" refers to the group )
cxamplgy picpartiglar gstery Rglude, baf yremef Bmited fos farmagesy petadesp pygpionates,

bwgﬁgﬁ%%#gmﬂg%$8eﬂﬁ%&C&ﬁmg§fined above. 20 "Substituted

efers'to the group -S-substituted aryl,

Whep[%e ’?elflgls‘ltp%htil‘fl%a%gut{f‘r W?I gcc%e%tat% ef irggr%gg Q? és?eﬁ&erein referls :co those

"Heteroary refe gro eroary

prodif@ssehies @ngiils d5the pfdser dnveaktiow &hichud) stitHinitiRGcope of sound
heteroarylthio" refers to the group -S-substitute )
meqigpbiidampnt; swikbledor p%s 18 gpRtpetwitlethe fissuss @hhymansund lower animals

ifgh irrifdEof ARYSL FROAR. arldBheTiRe Bty ith
IR R L OGHEL R TR ey e
reas@fabiesbanofit/tisk gtiond-cHestinasfor theiradtchdddarsocasoldlas thiewterionic
heteaocycILc a%d : . « .
forms, wherepossible, of the compounds of the invention. The term “prodrug” refers to
compounds that are rapidly transformed irn vivo to yield the parent compound or a
pharmaceutically active metabolite of Formula (I) or (Ia)-(Ii), 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.
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substituted heterocyclic are defined above. 21 WO
2008/ 086122 PCT/ US2008/ 050149 "Heterocycl yl oxy"

WO 2§08/08612D t he group heterocyclyl -0 and " subseCT/USAS/050149
het er ocycl yl oxy" refers to the group substituted

het are 5 bstituted.
het :Ar o%&c 41&F1na rarétlc neet ¢ a tg’bg Ve%eﬁ(téyfa hg t eétﬁet%%lo% éjanggr refers to
agdr@f @esintiadé, g \@i}m&xaﬁp&y&ﬂ@ algkoyth than ﬁlduwklﬁiptdsw; péelynucleotides

cycloalkylthro refers to the g rouF -S-substituted
(e.gyHPRramMeH): pOMépféieé&%geamWesmau%uB@ qgiGyt mgmetics; alkaloids;
SHSNEHETNL o LF ASEE ARl S0l SO Ko
monbelbnaltaagibeded configatedasith aneawder tih%s,assmy,&mdmr Iradmmdlchdes;
her.ei n and %ﬂngfi ed in at Ieag e, exa :
biologdral gsponss e e Eriirons RJ e ukBNar hre QP | y
1m§1%ﬁ§ﬁﬁ51%9 | e &Rd; h8malo Bf%ﬁ@ gﬁd%vth @@ct&@nig%ﬁﬂs Ghat @ﬁ‘du‘éle Almor cell
al kal i ne earth neta sal of the conpounds of
diffegerratios (e( & )allatn@hs(magrol@ racl)i ctThemnc thelrany reggentshentisense therapy
p din during. t he nal i.sol.ation a
redB P A By igh: e LGt bBTS oFSidi ST e g tike
Nuldeddus(dthor agéntbyres;e@arvaﬁﬁltue p@rhi SYbnkhE sbiase iRy arfici d
functions with a suitable organic or inorganic acid
or hag ﬁndér%@&ﬁfa{ MeJINsubBﬁH{eQ%?&{p@tdbﬂﬁedsaﬁJo‘{zé ﬁo[‘ﬁhé%@' Grrived at by
but are not 15 Iimted [ ow n acet'ate,
defaing autetitughtgiwitt &irthei Sturosmtertntawaﬁmattlees (bgn zsolrtigyted aryl having a
surgsﬁquéeg Y ﬂérfpgﬂ g% gSubdz &eﬂ%%? i 1%'56}/#’ sa{)s%tut%g o t%%rs%%stituted aryl

grcﬁr%b LON AR 1 BRERRU FoEhElusidN HeeH]. Sl shat ases, the maximum number of
hanesul f onat e, glucoheptanoate glyceroghosp ate,

suqheqmbstgngtftmséhreheg ariv et sy thys xaehoedttbe aaygelchnigions is constrained by
a H%Yiﬂ‘mgﬁ gl&(ait;(re Pﬂgxnaglsgl %( ggﬁsg{a%na ?Ialc ! gg grleq %lgc(% to —substituted aryl-

(suleﬂith@ﬁaﬁyl) fupsdtuged 91, ni coti nat e,
2- napt hal enesul fonat e, oxal ate, panpate, pectinate,

per suhflatyeit is 3nRAGHYd MEOTHEABSR ddPin@lodt Gre MRt itbfc@ to include
propi onat'e, succinate, sulfate, tartrate, thiocyanate,

1mperﬂm$5dé¢r sehstifunn pettens(amdeetirbabstitusdsoth 3 Aeotaspups or a

hy&slrgc Bn?s%é‘ élie%a aalcgtale%?c usngCtll]lraql%%mthclhzl%%e%fs?lble
sulﬁ;hﬂﬁl)bh,paﬂﬂﬂs Bratwdll krowrotoiteeskildédoarties, and i odi des
di al kyl sulfates |ike dinmethyl, diethyl, dibutyl, and

di ambhlpgﬁn@stﬁfftﬁ’rs eSvenliONFha§ RhiBit B&ké&%&ﬁ&mﬁ%ﬁ%whe presence
lauryl, nyristyl and stearyl chlorides, bromn des

of prioidaere agyrahkiric drahirglessnierkia tbﬁemrypomd@l Phepresdny lmventlon

cor%emniageg l‘tlﬁ aar{jo}lgtatelg o?sogl\r/e\gst ?%enﬁier}nré( li}resot[l)lglreol;1 :Igeplgrxon rr%f th% corppounds

of Béintlfia (IE ahd (IE)‘(IDQnﬁﬂ(ﬂHSQM@ﬁeﬂeﬁlsﬁﬁémtﬂ&@dﬁﬂlﬁﬂ@@ teCitdrbachemistry of
acceptable acid _addition salts include such inorganic

a particykar slgraegeiteydm inshGatedptherwisey | Gagtaincofgbe goraprynggof the invention
corﬁEﬁ?eoﬁ% g@&ﬁt ﬁﬁ;%ggtg@ Par%rg%{n% %ﬁ&lgg‘syﬂﬁné%@kh ycsuggﬁtgted carbon

el C” acl oni Cc
atoms can result in the compounds of the invention cornprising mixtures of stereoisomers at

a particular asymmetrically substituted carbon atom or a single stereoisomer. As a result,
racemic mixtures, mixtures of diastercomers, single enantiomer, as well as single

diastercomers of the compounds of the invention are included in the present invention. The
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succinic acid and citric acid. Basic addition salts
can be prepared in situ during the final 22 WO
wQee8Ne8e122 PCT/ US2008/ 050149 i sol ati on and PCT/US2008/050149
purification of the conpounds of Fornmula (1) and
1a)s (11 dn0Or rately reactin rboxyl i i
el 87 i R For SRR s ek PR Bl SRR W G AR
“Re@yMan@b £rioNs Fdi Sarinenaf BunafAMeENIRaISTBREMIHECAITIRY > Pure Appl.
acceptable netal cation or with_ammonia, or_ an organic
Chgppri ﬁ§ﬂ§r,305b%7<§n dgsiredenangpekyGan Rriohiinepibychiieletynthesis fipm
co R RE B A i A ARG B s L i fle g, or may
be sbiamed Srosodhixtnres lof theicnantionpoat bg sépamtingahcdasired enantiomer by using
magnesi um alum num salts and the like, as well as
kn%wﬁﬁﬁ? 8. quat ernary anmmoni um and ami ne cati ons,
including, but not limted to anmonium = . ) )
t et CRMPOHIISAHTBIR AN pR M2y alsA K BIRHERPRATICARISOI)eIATR ngcometrical
DA . Ci ot . . : '
oo D2l 15 ok R Y po b e e APt haying lkenyl o
alkanyloed nusetiag] Thoprdshe indddtibocompiicn tf indasduabdetinhdtocal isomers
alts.include diethylam pe, ethylenedi am ne,
aniﬁﬁ@ﬁ&P%ﬁﬁﬁ@;rmaﬂg? #6Pami ne, pi perazine and the
i ke. As used herein, the term "pharmaceutically
accept abl e ester" Fef er Sonposaddrepyysition hydrol yze in
vivo and include those that break down in the human '
body he gompewnsls phthipaveriton agobp puerdreddranalreadilier aitsble sharting

ar maceut.i.cal.ly acti,ve abglite, Suitable ester . ..
e BILTRERY Rty e Sulibh and piisgaust, DR e idicated
thehatinBaRtbriakalt Yora@erpIBllvailallé pRBdvER keawDaxthkiag. Suitable
acids, particularly al kanoic, al kenoic, cycloal kanoic
stagiig radtRiAHE E185ibe Pariagrs asiin PRAYER2 Q2R 2063 ppblidied 45 keny |
Wﬁ?d)(%t/dozg%,aa%%gﬁpfé*rm%6}b@ﬁ 1563@&1%@@ aSWEHRI21794, both of
atonms. Representative exanples particul ar ‘esters
whilghcdréldexcinbiutorpo@taddly refondrice th their choramat ke svill ¢ eppreeisted that

propi onates,  butyrates, acry)ates and ) )
wheterypisplrinsefered piogespianditipny Jl-ﬁ-h ERERTIFMPEEtyrgs: times, mole ratios
of AREERLaRIRNR! PEdLes) 3R éi§&g her gfo'aesrs%gﬁﬁiﬁ_oﬁsocatnth@s%eoe used unless
prodrugs of fhe con%ounds oP the present 1 nvention
othehwish stated, Opitinhinmrepbigorscmdéions neywady witk thegairticular reactants or

judgnent, sujtabl.e for yse in contact wth the tissues.
solg HATED b St Do st b8 e bigd e ey Totine
oplifi{zatied pRReddéd. €r gi ¢ response, and the |ike, _

commensurate with a reasonable benefit/risk ratio,

and ' LT . ) . )
e PAIRRARNS 190 L Ube OS2 MLy B rrcing
grappepryhdsicofssarhi¢o preventtcedan fiinionalrgrodpricon ugdergethg usdesired

to ¢ ounds that are rapidl ransforned in vjvo t.o
reaiansy D AFRT e SApEIAr Briods FERHp M GBuPs aap] oS suifible
corﬁﬁﬂibﬂé@of‘%%@&ﬁhg hid @é_pr&_@étfﬂﬁbﬁrﬁdlﬂar%ncgﬁ%ﬁﬁl' drblips aré Qkll known in

exanpl e by hydrolysis in blood. A discusSion is
theproiiadedamplemurpfrgucprotegiiolg grouss acldgscrided i ugs Gaeene and

I liver stens, Vol .. 14 of the A.G.S. .
P. GoKE StSy RréE g SRS TP orgfilc sitdls s ia egiyidn. ey, New vork,
198, ahe YEEBhEdsitC@ k@RS i n Drug Design, Anerican
Phar maceuti cal Associ ati on and
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Perganon Press, 1987, both of which are incorporated
herein by reference. 23 WD 2008/ 086122

W(P@DB/OBQ@D8/ 050149 As used herein " anti cancerPEnEN1088/050149
or "agent for the treatnent of cancer" refers to

ageﬁl t haotre Itl?eccI dungél ofy@}/s 18V n%oﬁ1 %%gscog{zm}/ ane enér% chiral

t ha uceapopt 0s1'S; G|
ceﬂtétbOA)CU@ﬁ)nglﬁ@f JRERd, Isdﬁﬁcc(rﬁp@mds &ﬁlzbél"iﬁ*sl)aredjﬁrulg&ated as pure

bi ol ogi cal m netics; alkaloids;  alkylating agents
StCERTORH . ¢t ME AU §nanaﬁm@wréiqur%%6r&r% AirpREeisomer-enriched
B PSR TRAU o AL RO L GO T oo
thipingkotipng ahlesmpmsﬁ imidatbd e Psre(seergpisdnmdre (dfrennoisedancttures) may

i nterl eukin ; adOﬁtlve I munot her a

P
be RespaKed gt o8 G&IB%P*PH"&E BEive sERgmpteEels o O Gy reagents
weﬂ%ﬂownqh I8N it@hh@R1, 8a@mi@hdixliF3 B8 sﬁfc%tdoﬁffﬂoﬁn@scdag be separated
etc.); gene therapy reagents; antisense therapy
usingdgeenanpadhralcdoboni deromatagnaphyyeluei resslvingdgehist axdghe like.
of angi ogenesis, and the |ike. 10 Numerous ot her
agefhs imemeﬂ&ltés mayt b iset! éregtiy i teown oft stepeftof bakg tdcovared from
the art. i s understood that. in al] substituted
theng%ﬁIilﬁg e opHeRAdlY t %f‘om@feél%s F%Eﬁre&fyswhze&@r PHiifgd via
coeRB A H?e"alﬁ?bé%ltehlsﬁs&' o t'H@ heﬁl&%t 'Alyﬁr}%@uﬂs%ré 5‘59([%%&{ €t Formula
(e.g., substituted aryl having a stituted aryl
(Dgroup as a substituent which is itself substituted
with a substituted aryl group, etc.) are not intended
for inclusion hereiStep An KetobEstas®gthedie nmaxi num
nunber of 15 such substituents is three. That is to
say that each of the abgve drfjinitions is constrai ned

by a limtation tHaP; anpl e, substituted (s

gr oups ar@l mted to -su tut ed aeylo (sub |/ u ed
aryl)-s red aryliwp Sinmlarly, Hiut dexst vod
that the pbRve definitions—are—not i eznﬁed to 1 nclude

i mpermi ssi bl e substitution patterns Y& g., fethyl
substituted viiath 5 fluoro groups or a 20 hydroxy
group al pha to ethenylic or acetyl enic unsaturation).

SucRpédRER ir‘nSStE‘IB A, anl Qﬁﬂrbf)ﬂﬂtél‘?%o&@été&ﬁlﬁﬁmaicﬁi Welid dissolved in a
known to the skilled artisan npounds of this

suifapleegingwn ofraly ineitspbicat itk pemicdiehel Pthpndpr Wqﬂmﬁe Soiitablae
prdﬁ%c%%% g?ogl&rﬂp’lg%}%g@u%? AL S RRYITRLE | ?%té’&m% %r&%t eﬁ%ﬁ&ﬁ& $e noted

present PRVEnt T on
thak hmmo&rcimbug 1§typroaby smﬁﬁfeﬁclﬂr}k‘h\mlmlu ae&ddt&d@olﬁstltuted amino acids
ction of the compounds 25 of Formula (1) and
(P@i‘ﬁ)l LRR; )rfé@%]és ToHa iy @%dreé& siQiphpBcH eyt @ﬁﬂ wegovalent

catfd?le stch&ls g@%{?ﬁ'@aﬁ}oﬁﬁﬁe Ee G a ?&H%Wm 5&95&9& 8 t§ form the

I ndi cate erw se e conpound
carboxdate isalh (noct olnpri)s &J mmysuhmrrtlad: abrh]ylesaubsf the uetacedon; aymoaﬂy about

at.oms. Suc metri cal subst i t ed car bon
15 BT A0 A O OmP ORI oo HE R FERRarEph untef oduced

pr&QUFRS Thé RYidTh Xl RSsaffis BlcBEAlsSOVES & AluitaBlcREVEAC W@las DMF
asymmetrical |y substituted carbon atomor a single

and then erhisd math. ondgo SurequivelenBOT tecppiaprinioxt-balesketone 1b (1 cq.),
€.y gx l% %ﬁ%?uée gphdelnoaﬁet and saed at R%I un l e FOR 1t01|1 %ns‘%l{)StaI?t%alblweclolrnplete.
Alternatively, compounds 1a and 1b can be mixed with K,COj3 in acetone containing KI to

give compound 1c.
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di astereoners of the conpounds of the invention are

included in the present invention. The 24 WO
wQee8Ne8e122 PCT/ US2008/ 050149 terns "S' and PEI/US2008/050149

configuration, as used herein, are as defined by the

R TR S R Gragt o ccion
filtébioh3e\dPoraliBil Gind Beslikest AomativE s disgetipén dltnakingeh Without
chiral _synthesis . from comercially available chira
furghen puiifigitiopeBd/PRISEIZHYN met hods wel |~ known in the art,
or may 5 be obtained from m xtures of the enantioners
by separating the ddep Bedmidasod¢ Bormatign usi ng known
techni ques. Conpounds of this invention may gl so

exhi bit geonmetricglRsoneri sm Geonetrical igeherg
includé®tfle cis nd|trans forms of conpounds af %ﬂé@

i nverfil i enyl_ar alkpnyhpnyl|nBTeti%s. Nhe
presengkt igavent ion conprises the individu eonetri eal

I Somers 1? ang st ereoi somers and mi xt @& ks thereof. C
Conmpound Preparati on The conmpounds of this invention
can be prepared fromreadily available starting '
mat dpiagitisred splagon pekgteichtond hiometerAin euitbisamngimt of nert
c res. I erW L ndi ¢ St i ng.
so e e Ry BRI W PR S Bl Bty
frotthgboat 2 to Sut d0kguildest afid pre@eratl abdalscqubpldae. In one
m@éepared as i n PCT/US2005/ 022062, published as
emppdioBs}. @0 X286 tarktrds added pad theszagenesix g is hvatedite peept 120 °C
to aﬂ)souwg(? 98/ Icl)t(%jljtéeg fr"e’act?oor{ 1151 s&‘tf)stan%llc I'c]or%lroleet h h&hthe rnboqi ent, toluene
fncor porat'ed By Fer er &fce i the?r Pen |rePy. W

is xed aphoecd BtadStaliatrap. VORdcaht ydactal is@ubgpiially tetplcte, the mixture
rocess conditions (i.e., reactjon_ tenperatures,

. P {
is glloped to geftldo Fapm tpanpegrtutiee Ja¢ Rrrdyct, dBidgenie 44, is thapggeaygyed by
coﬂeﬁtigﬁa\f 'tthi% Igl%h R QEGESRHC Al 'ti%h,o&% &%ﬁorﬂ!aﬁ@ tHRELS §fis generally
unl ess ot herw se st at ed. Ul Feacti on
pucandugh onsec dayctiyainythewnmdsn stehe parti cul ar reactants or
sol vent used, but such conditions can be determ ned by
one skilled in tdig &t INDkylatibh B thephidazaat i on
procedures. Additionally, as will be apparent to those
skilled in the art, conventional protecting~=gfOups
may be necessary to prevent certain functidQaly groups
from undergoi ng undesired 25 reactions. Sui |l e
protecting gHougﬁ for various functional gmQu
well as suita \C

3
tions for protecting ap %I¥

depr ot ect i KE @éaF—#Hﬂe%+eﬂa+—grou hﬁﬁﬁg
| B

known in |t art. r exanpl e, nunerou pyotect
gr oups @54 described®in T. W Greene . G M
Wit s, 5ro?ectﬂng G oups in Organic Synthesi ste Second
Edition, Wley, New York, 1991, and references cited

t hemak tmidd2ole 1d is then reacted with an appropriate aryl- or heteroaryl-substituted
alkyl halide, such as benzyl bromide. Typically, this can be accomplished by stirring the
imidazole 1d with an excess of potassium carbonate and DMF and then adding at least an
equimolar amount of the aryl- or heteroaryl-substituted alkyl halide. Once the reaction is
substantially complete, the N-alkyl imidazole 1e is recovered by conventional methods such

as extraction, filtration, evaporation, recrystallization, and the like.
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WD 2008/ 086122 PCT/ US2008/ 050149 Furthernore, the
conpounds of this invention nay contain one or nore

w@hiosaseieent ers. Accordingly, if desired, suchPCT/US2008/050149
conmpounds can be prepared or isolated as pure

St ereol SRl Similiafa 1ea% s ol VétQ“B' pantioners or
di ast éreorers, of as s ere0|so r- enrlched m xt ur es.

Al'l such stereojso nd enriche tures) are

Mol uded w thi roEROPsptEoR PIREFTRARTST i ess

ot herw se indicqﬁgd Pure stereoisoners (or enrlched

m xtures) ma e prepared usi ng, for exanpl (R)m

optically act starting materials or ster ospl ecti ve

reagents well-kpown in the art. Alternatively,

raceni ¢ m xt'tces OR' such conpounds can be

usi ng, for_ex np}ekjihiral col utm chr omat ogr DQMLkRZ

chiral res Iy aggnts, and the like. N\

I nt er medi s may hisused directly in the pext step?

after B¥ng recovered from 10 the re n mxture,

or optionally'fhe internediates can be F'ecry$tallized

or purified via conventional neans before used in the

nextThs papectibllgrddpg POLIP shealremasedisf ¢oneehtfomal tlédmmuea to Movide

Step A  Keto-Ester Synthesis 0 Halo ~R6)" PG PG
amgty whiohy 1@_@ep1&ph.@allpi)gmﬁgd ]:Q;qu_ny.eggonaj_ meihodg guch as extraction,
ﬁltﬁﬂl%ﬁ' Ha @Qllgh n, a'nH e G, aagmﬁp iPf 8%@&@&1?%‘}(13% %%&@Q?p

amno a a, 1s disso Ina sult anount o

an inert solve th or acetone.

Suitable prot egcteﬁhiqghla(?rglbps n(@%qnm %Iepegggyc}]

wel |- kno Boc tectln oul d e.noted. .

th alAnélﬁe \I,Il:/EIS é:gp to cQmp psing |alv>grlety of Ting forming
meahalk| @@hﬁn@t&@@nﬁt@dgﬂ h@unﬁgtfatéat 1ﬁ@cﬁé‘fh&ol -8Gh&$ Examples 1-26. In

(PG NHC(RL) (R2)-COOH). To la is added
thesYchicimhs, dnemntidezoxhmarety @faralnﬁdﬁmﬂévbeqvtatezbase&tr oModifigegions or

ad%@gffl {Eeo gtr%nmg% an a%iogt} os))%d ?oa]?reggrtgféﬁ%gﬁ ?yﬁ?ﬁ% % vehtion. Such
modpfyatisaeos il ety ap@hre@ommIetdf@nlldﬁ tiidhgt.reaction, typically
about 15 mnutes to about 2 hours, excess solvent i's

renoved by evaporation und@hepduced pressure. The
residual cesiumsalt is then re-dissolved in a

sui tabl e sol vent, such as DM and then treated vad;
one to four equivalents of the appropriate AP*%
a- hal o-ketone Ib (1 eq.), 25 e.g., 2'bTUﬂUacetop¢§r
and st rred at RT until the ctlon i s subst antg

conpl ﬁgggpnatlvely Aﬁ_ﬁbounds la and | bl.Tan be

3 in acetone ®miaining K to
NH2 RY R!

1f Ry 12 HO Ar—ER?

R4

Scheme 1 shows a synthesis of the compounds of Formula (I) where, for illustrative
purposes, L is -O- or -CH,0- and p is 0. Amine 1f is reacted with epoxide 1.1 where R* is
as previously defined for Formula (I) in the presence of a Lewis acid such as Yb(OTf); to
give amino alcohol 1.2. Treatment of 1.2 with phosgene or a phosgene equivalent under

cyclization conditions gives the five-membered carbamate 1.3. An example of this
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gi ve conpound 1lc. 26 WD 2008/086122 PCT/ US2008/ 050149

The product Ic is then recovered by conventi onal
woreaoRosig2xsuch as extraction, filtration, evapoPEE/U8W8/050149

and the like or alternatively used directly in the

nex 1 Wit ho fyrther, pur.ificati.on or

wsf 8B Bl bt sn B bR 1G] Blopchigrageen

chiBAde RGhOpH¥ence@fan ordanic BNsNklhchRt R2etdamd cdR69srth&sikandrilbered
To a stirred solution of keto-ester 1c fromstep Ain

lacang k4 abl e amount of inert solvent, such as tol uene
and xyl enes, is added an excess of ammobni um acet at e,
typically from about 2 toScdiemét2 20 equi val ents and
preferably about 5 equivalents. kn one enbodi ment, ga
DeanR'St ar k trapoi s added and trh reaction m xturgrlng
Heat%elg to about]j120 C 10 to abou} 160 until the
readiiqQn i s s fitiarTy co g.]\ﬂ’n anot her
enbodi ‘, tolugae is used W thoytOd Dean- Stark
trap.H@nce the reaction is subsgantially conplete, gthe
m'xtqrze is all d to cool to roomtenperature. The23
product, imdazole 1d, is then recovered by '

conyenti onal nethods su as extraction, filtration,. :
A ORS D Ao RS LA RETou e Ay (e ot lustarve
puﬁ_@@é{kgn i$ THRR Midpast! Wohilo kREeh&EXE issbifed diRlcBh@&Ratfen conditions
N-Akylation of the Imdazole (R5). HNHRL R2 H.N
witRicompoNnd\B INvINEP XeinR & -arPBavinR grenps du¢iRisghtorineeand Rads as

i m dazol.e i.s the agted wt apprapr.i.ate aryl -
preg PGB ) 68 bRRNAE SEMRaE B AR GRS AR %S ecor
and ol 1P irDMie Gessedosifeatal ic THAB(tGaY BRnAmEeNT didd) e DBYF gives

stirring the imdazole Id with an excess of potassium
lacteap Bdnat e and DMF and then adding at |east an 20

equi nol ar anount of the aryl- or

het eroaryl -substituted al Kydhenl3 de. Once the reaction
is

R4

R1
0O R2
R1 RA Ar—eRz Ar—e
R2 _— HN - . N
Ar H O:< R4

NH }R4 9

PgO HO
1.2 31 3.2 3.3

Scheme 3 shows a synthesis of the compounds of Formula (I) where, for illustrative
purposes, L is -OCH;-. Amine 1.2 is reacted under reductive amination conditions with
aldehyde 3.1, where Pg is an oxygen protecting group and R* is as previously defined for
Formula (I) to give the corresponding amine. Suitable reductive amination conditions
include condensation of 1.2 and 3.1 in methylene chloride followed by reduction of the
imine with a borohydride such sodium triacetoxyborohydride. Removal of the oxygen
protecting group from the resulting amine gives amino alcohol 3.2. Reaction of 3.2 with
phosgene or a phosgene equivalent under cyclization conditions gives the six-membered

carbamate 3.3.
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substantially conplete, the N-alkyl imdazole le is
recovered by conventional nethods such as extraction,

wo pooBl0SdI2DN, evaporation, recrystallization, aPcI/UR®08/050149
i ke. 27 WD 2008/ 086122 PCT/ US2008/ 050149 I n either
case, imdazole le is use%ﬁlh %tégp D below. Step D
Deprotection to the Free e )m (R 5). HOr9rR2 HN
RL2R NHNNH NPGI z 6 zgR)nle (R6)/ if The Rt
protegting griup, PG i's ”K? a?mved by convent AMRZ

chplgues t BYide 5 anmi Lf, which is then
ti IIy |f)'urlfl ed by conven 7)\21@ la et et hods sucho }th

extractsi on, fiNt¥ation, eva and the |ike.)>NH
The am ne i f i s used dlrectly |n the next step. St@p
E: Fdrmation df!anine heterocycle #fine if is 4.
converted to ¢ nrpounds of Formula (1) using a variety
of ring for _r%}Reret hods. Certain of these nethods are
illustrate yochenes 1-9 and in Exanples 1-26. In
16—the—Sche t gim dazoyl noiety of amne if is
abbr evi at ed as ". Modifications or adaptations of
t hese nmet hods L£ankwal so be used to prepare conmpounds of
the inventi on. ?y nodi fications will be apparent to
one of skill in™The art. Schene 1 Rl Ar__ R2 N Rl

3

Rz O-ORa R2 + Ra Ar 1.3 Ar~ HN NH RL 1f
1. 1 Sghomgfshgws a gynshesis of the compounds of Formula (I) where, for illustrative

purposes, L is -C(O)NR’-. Amine 1.2 is reacted under reductive amination conditions with
aldehyde 4.1 where Pg is a nitrogen protecting group such as Boc and R” is as previously
defined for Formula (I) to give the corresponding amine 4.2. Suitable reductive amination
conditions include condensation of 1.2 and 4.1 in methylene chloride followed by reduction
of the imine with a borohydride such sodium triacetoxyborohydride. Amine 4.2 is reacted
with oxalyl chloride CIC(O)C(O)Cl in the presence of triethyl amine to give the
corresponding amide. Isolation of the intermediate amide and removal of the protecing
group followed by heating gives the cyclized di-keto compound 4.3, that can then be
functionalized to form 4.4 using known procedures. Such methods include alkylation of the
amine with an alkyl halide or reaction with an alkyl sulfonyl halide to give the

corresponding sulfonamide.
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N O=—~Ra 1.4 O 15 Schenme 1 shows a synthesis of the
conpounds of Fornula (1) where, for illustrative
wEeoposds2 L is -0- or -CH2O and p is 0. Am nkCT/1/S1088/050149
reacted with epoxide 1.1 where R4 is as previously
defined for Formula (I) i he esence of a Lew s
acid such as Yb(OIf)3 to rbC%&‘éleggm no al cohol 1. 2.
Treatnment of 1.2 with phosgene or a phosgene 1
equi val ent under cyclizati ongeonditionslgixes the R
five nberedgcar amat e 1.3- 2exanmpl & of thisA28<¢ﬁ
20 6122y BS2008/050149N-tr ansf or ma8i on i $,g]
in ple 3. ,_{F;grnatively, rea iqe)n_df_l._Z_Wtri/ R
chl oroacetyl chldride in the ypnesence of an or ganhe-NH
basgy such as tg4 et hyl am ne gi ves tge six-nmenbered 5.4
lactam 1.4. Schene 2 RL Rl RLIII AA~R2 Ar~R2 Ar- R2
IO4 HN+ , /X MRN ~R4 XTO=~_ O0OR4 HOR3 X H
OR3 R3 5 1aR¢R 2.2 2.3 Schene 2 shows a synthesis
of _the gonpoynd Formula (1) where, for
illustrative pyrpo *Lis -CH20 and p is 1. Amino
al cohol 1.2 is weagted under acyl ation conditions
wi th conpound.®2.1 wiRére X and X are |eaving groups
such as chlorine and R3 is as previously defined to

gi VEcthdS sitows a SNBRSMIE tRf codnpduh@s drarGukqMihdre/¥Br illustrative
such as CsCO3 10 .and optionally in the presence of

pugpgsest i3 CHEALNR = bhmyne hanoisread podir deductive ppmagpy eanditions
wiﬂhaacf&e%%gsﬁ'wléggﬁg?s asni%ggg’pt%tecfi% gl%ué‘%m—h—as%ocpélﬁgﬁ{“ is as
previously defined for Formula (I) to give the corresponding amine. Suitable reductive
amination conditions include condensation of 1.2 and 5.1 in methylene chloride followed by
reduction of the imine with a borohydride such sodium triacetoxyborohydride. Removal of
the protecting group gives 5.2 that is then reacted with 5.3 where X is a leaving group such
as chlorine. The resulting amide intermediate is next treated with acid such as
trifluoroacetic acid to give the Michael addition product 5.4. Functionalization of 5.4 using
known procedures gives 5.5. Such methods include alkylation of the amine with an alkyl

halide or reaction with an alkyl sulfonyl halide to give the corresponding sulfonamide.

Scheme 6
R’ j\/ R
O 2 Z R
1 Ar_eR X Ar
4
R R . HN 6.3 N
Ar H . O R
NH; OH R 2wl
1.2 6.1 HO 6.2 6.4
R1
Ar—eR2
N
O@Rzl
O
6.5
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Ar--- R + HRA HN NH2 ~R4 1.2 3.1 3.2 3.3 Schene 3

shows a synthesis of the conpounds of Fornula (I)
wob@ses61tdr il lustrative 15 purposes, L is - OBHRUS2008/050149

Amine 1.2 is reacted under reductive am nation

conditions wth aldeh 3.1 wher [ n px n. .

or ochn st SR e oo & Py B AR AR ltstaive

pufpokd¥uLas {CHLAMOY Wenihb €.200 Fdae il andémgdwotive @amifitioh @bhditions with
reductive am pation conditions include condensation )

aldshyde G1,aperaR1 isjas DigtieHHedrdined for farmutadl). dneige gy corresponding

amfRS L S0 H0d retdE@[ive!a ih&ti Wc‘oﬂdﬁ'{’ioﬁg{n‘aﬁﬁdg Lbilfen é{f%g ofq% M 6.1 in
triacet oxyborohydri de. Renoval of the oxygen

megrydérecthiargledoldaped yord tdtenrofshd ining wathiartergiydeide aimhrsodium
.alcohol 3.2, Reacti of 3.2 with hosgene or a :

trlaﬁﬁ%@‘é%ghwémev A 2riaasacisgerit Beabinien FRAMPUD-Fivbers X is a

lea“(?:l% %6135 ARNRSERErinC R %m&%ogegponaﬁg\ﬁﬁi&)@&g./ R36ARA of 6.4 with a
PCT/"USZ2008/ 050149 Schenme 4 RL'R1 27 RL ArR2 Ar--- R

mepguric-acRatesueh B et roddeg te-fatlomed Py bipdiim torghydride under
é.1.4.2 4(11.t3 RL 2 S;Ar ~ RN ORA ~-NOR7 4.4

CYGRAHMRLCOPILIORGEES 8t hesi s of the conpounds of Formul a

(1) where, for illustrative purposes, L is -C(ONR7-.

Amne 1.2 is reacted underS9€H§ct i ve anination

conditions with 5 aldehyde 4.z where Pg is a nitrogen

protecting group such as Bg R4 is as previ ousIPgﬂ2

defingd for romula (1) to gi t he correspondixﬁug—éR

api NEre. 2, B'e_redyctive am\nai on condition

' .1 in nethyl en@j}N}R“

i ncl condensjati on of 1.2 and
chl c;rzl de fopy 71d by reducti ONpg0 . o o

} } . g0 7.3
R1
Ar—eR2
N

— ey

© 7.4

Scheme 7 shows a synthesis of the compounds of Formula (I) where, for illustrative
purposes, L is -CH,OCH,-. Amine 1.2 is reacted under reductive amination conditions with
aldehyde 7.1, where Pg is an oxygen protecting group and R* is as previously defined for
Formula (1), to give the corresponding amine. Suitable reductive amination conditions
include condensation of 1.2 and 7.1 in methylene chloride followed by reduction of the
imine with a borohydride such sodium triacetoxyborohydride. Amine 7.2 is reacted with
chloroacetyl chloride to give the corresponding amide 7.3. Removal of the protecting group
from 7.3 and exposure of the resulting alcohol to cyclization conditions such as CsCO3 and

optionally catalytic TBAI (t-butyl ammonium iodide) in DMF gives lactam 7.4.
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of the imne wth a borohydride such sodium

triacet oxyborohydride. Amne 4.2 is reacted wth
w@@Bgs61ehl ori de CLC(O C(O C in the presence RPET/US2008/050149

triethyl amne to give the 10 correspondi ng am de.

| sol ati on of the internedi arg de and renoval of the

protecing group followed %%tl/l%ﬁlee;gi ng gives the

cycl i zed di-keto corrpound 4. 3R1that can then be R1

nc ;onaliz to form 4. R@ known procedurAe
t hods Rtide_al l;yl at n_of the amne vv| t hN
aI | de or| reaction w t an kyl sul fonyl i dp—R4

to g| vé t hegnigOr respondi ng sul f am de. 30 WO
2008{:{286122 PCT/,US2008/ 05014 ch rze 50 RL FQl P

R2 Ar R R2 + HR4 HN NH2 NHPg H N ~R4
~NH 211515254 RlArR1R2R4 0--~-( NN
5 5 R7 Schy Ezshovvs a synt hesNr R*t he conpounds of

‘CHZCHZNR?O 1. >—sreact@ eductive

am nation co |t onsvalth al deh 1vvhere Pg is a
ni trogen prote group such as agpg R4 is as
previ ousl y deflne for Fornula (1) t'% glvethe

correspondi ng am ne. Suitable reducti | ve amna
condrhsnens shavey vpathesis @éthesomneunds af Eprayle @ "Ih?fﬁ, or illustrative

pu %eﬁyt q{;or OINIg'dee Aﬁluhé) gs IQXC’[G& ﬁg&b(ftrécﬂﬁ orﬁnlgtlbﬂ&ﬁhtlons

dride suc umtriacet oxy or
witReahadnhgtc 8f whdnePQ ot @b ergprgteoting gioupSudh & Bd?raindlE is as

preyuay GG (KOG (DA hejcotisaer it B s ot Dbl reductive

amtXibn CoRASES MeILbe AKIdEnSHER 088.2 ah[i I8f1I 1%%&%%é &l@t‘fdléjfollowed by
to give the M chael addition product

redughert pichalmnatwitne bdrobydtidgsiglgsodium trlacétoxyborohydrlde Amine 8.2 is

reacted with chloroacetyl chloride to give the corresponding amide 8.3. Removal of the

Fornula(l) for |IIustrat|vao§f poses Lis

protecting group from 8.3 and exposure of the resulting amine to cyclization conditions
such as heating in a polar solvent gives lactam 8.4 that can then be further functionalized to
form 8.5 using known procedures. Such methods include alkylation of the amine with an

alkyl halide or reaction with an alkyl sulfonyl halide to give the corresponding sulfonamide.

Scheme 9
1
o) R R
R Ar—eR
Ar—eR + H OPg HN I ‘?—\
NH
2 OPg OPg HsCO
1.2 9.1 9.2 OPg
1 R'] 1
A—CR A—ER? Ar—R?
N N
Oj\ OH Oj\/)/\NHBoc Oj\’j/\OH
o © &0 SN
9.4 9.5 9.6
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known procedures gives 5.5. Such nethods include
al kyl ati on of the amne wth an al kyl halide or

WO 2@8Msae2 wit h an al kyl sulfonyl halide to gi vVRCT/H82008/050149
correspondi ng sulfonam' de. Scheme 6 ORL Rl 4 Ar~R2 X

6. 2. :
?ﬁlﬁn%e %%36& séélntlﬁils ff ﬁﬁcontpou%—%\?fé 681® \ghege%t‘gr %stratlve
pu@)@@@%{ 08612D)RRTCHS2HAR A5 CHAOH. Sehare . Bissbasad @nder reductive

synt hesi s of the compounds of Forrmula (1) where, for
amatigg £pad fighs With pleghle %1 where Bgiopp oxygeafrofectingRrpyp to give the

corg%ggﬁ(gg% H@l.q%@ EV\/ne gl;ﬁg}b@/ I%df’ilgﬂs)% %&ﬂlﬂéﬂlo‘ﬁ%ﬁaﬂlgg%] hett éi% P%I}dens ation of

I'S as previous
1.2Rowdrful & rhéthyleho clgbiiée fotlewed Foyesdmndm ngthe aimirmeevith 2borohydride
ui tabl e. reductive am nati on anditiogns_ in
suhALHS Sisp T groranysidha Agnine 9 15t Reﬁy\flme%ﬁh Sehigeo-2-
oxbREl 8 1VQ‘YthE BOHSGHbANN O imi .3 MRBGoWI TR 11 ﬂ?@ﬂ’e@ﬁﬁféjﬁofiﬁs from 9.3
such sodi um triacetoxyborohydride. Am ne 2.
and egosed Qﬁnthdremﬂen@dnobtoeqynhz%wp@umlitlansasum @5 65&05 endaOptlonally

cah Y ERNTERYD) SR LBV S By gy ipmen o . i

PPH}E rdﬁwpr dpﬁ@z%ﬁ@b&o&w@fé (@Alﬂ?rﬁidr(Eﬁ)d}zP(d)Nlm&ﬁﬁﬁIEﬁMitsunobu
%/ sodi um borohydri de under cyclization
Co@bﬁ‘mstglﬁﬁé YPIPESteg., a@nnq%smal?of thapromctlpeg grRUP spgh as by

exﬁ{sﬁt?e to a'c_ldfé conhlitgﬁs glst ﬁle r%nged diketo compound 9.6 that can be further

functionalized to give additional compounds of Formula (I).

In another embodiment, provided is a method for preparing a free base of a
compound of Formula (I) or (Ia)-(Ii) comprising reacting an acid addition salt of the

compound with a base to form the corresponding free base.

In another embodiment, provided is a method for preparing a salt of a compound of
Formula (I) or (Ia)-(1i) comprising:

a) reacting a free base of a compound of Formula (I) or (Ia)-(Ii) with an acid to give
an acid addition salt; or

b) converting a salt of a compound of Formula (I) or (Ia)-(Ii) to another salt of a

compound of Formula (I) or (Ia)-(11).
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.
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PgO Pgo 1.2 7.1 7.2 Cl PgO7.3 RL 2 Ar--(- RONR4

~ O 7.4 Schene 7 shows a synthesis of the conpounds of
wo-008108@2y 1) where, for illustrative purposesPCL/UBZ08/050149

-CH2OCH2-. Amine 1.2 is react ed under reductive

am Nat S 18V6n%co) chl Iso n?crhdes arrnaceu ? ornposltions w%lc% tan’? as the
R

an oxygen protecting group as Pr eviousty

actdefihgpredich bnd 6r fnoraaflthe édn)poutnds of e sﬁﬁj ectGvahasP ablici@sociated
.am ne. Suitable reductive am natjion conditions
withphpimaeceidsidlemserntate gxriarso Impakinghg sprpasiipne pethis invention,

theg%&ig%1 1n%?edf1éﬂt hsoﬂgﬁglly%&e%%‘fﬁ éﬁ&cgélerghgihﬁé ?gne W eﬁ’t or enclosed

ride such sodiumtri acet oro
wifhirﬂsu’ch arceaGir evdhicki daln bedhklerfoanef y |Capishleo saoﬁet papegow ethblh(BJntalner.

corr.espondi n m de Rermoval .o rotectin
Th@ F%‘%}Bleg ail% ﬁ&%?@l%‘F S‘PH& erfgéﬁff ‘inh%ra'é?% man
sullj 90t§¥10$th@13rhérﬁﬁlaf‘so Rehdd @R %Xé?&ﬁt @?ve@%%ﬂﬁ&ﬁ! i€0an be a sohd semi-
opt| onal Iy catal ytic TBAI butyl ammoni um i odi de
solplvier gqmégnatqml,a\nhﬂh 4cts ag2 lezmﬂﬂgﬁ 12@ium for the active 1ngredlent.
ECTLUSR0081 020180, Sohefle 8 RURL 20l M, 2 AL R,
cadﬁgﬁi"'el&u% elBlonRZemisions, satiOhs; sPhufé ablotdls (2@ dQolidNr M a liquid

4 R7 8 Scheme 8 shows a synt hesis of the
meémpb omiaes caprimngalor exampler e tof 180 by wigkaht af thg @ctive compound,

soft and hard gelatin capsules, suppositories, sterile injectable solutions, and sterile

packaged powders.

In preparing a formulation, it may be necessary to mill the active compound to
provide the appropriate particle size prior to combining with the other ingredients. If the
active compound is substantially insoluble, it ordinarily is milled to a particle size of less
than 200 mesh. If the active compound is substantially water soluble, the particle size is
normally adjusted by milling to provide a substantially uniform distribution in the

formulation, e.g., about 40 mesh.

Some examples of suitable excipients include lactose, dextrose, sucrose, 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 thercof may be varied or
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purposes, L is -CH2ZNR7CH2-. Amine 1.2 is reacted under
reductive am nation conditions 5 with al dehyde 8.1

wWoL@Besde2 i s a nitrogen protecting group such BGI/B82908/050149
and R4 is as previously defined for Formula (I) to

adjgls%g ngeef n% gn ﬂ% am n?ar 88%021?%“‘5%9 Rgte%gyggéhiea \é%ticular

am nat 1 O ns I ensa’tl 0]

coﬁpduﬂdrhnﬁ&hd‘l&és&@@c@ﬂﬂeﬁﬁ‘rﬁtﬂﬁl. f 0| | owed by reduction of
the imne with a borohydri de such sodi um

tri %@%@tﬁ?&f?ﬁ&ﬁ)ﬁ% pid€radNitseBated inSa udiC@ssh@fornt Sach dosage

chl or oace é chloride to give the correspondi ng am de
cogaBingRErro R ¢utdft0tah@ut15@0gng)tuemllyrﬁ@ogfr DioprbopbHleNg, engasionally
abocu)éﬁgi%? Ia‘t(?;or%lggotm[j&e R%ﬁls E\éﬁ %lgrerglerrll? a’f%eo f l“' Zﬁ td'gs%{ée forrné refers to

physa¢iligdidrede thigd sugrable tak aﬂltabsa dbsagthfyr hﬁhliaﬁ kulgoas aﬂce@kh&mammals
form 8.5 using known_ procedures. Such methods include
cack) wyt NfagHN A PEadSteaRinGd dARtHY ahactiye R"wemﬁé cplgelatgd to produce the

dediRAGhdr Lied@n naa!s@/cllat Hlvxljl buifiBlel fGrh R i 48 Hﬁlent.
Al R Bl elgtfont

corres sul'f onam
Prdﬁab]@lthércomﬁ)oulﬁl 63 the Altbj&if 1nivei'thﬁP@bd'le 1\HRp loigédht noRgore than about
1.2 9.

- R Ar-
20 w?%t perﬁgnt q%o 196'\1) gce@j'cqb CQNHB%EO@ m@'p%r% 19 1gpIQq than about
15 é%ﬁggrrtréelgeé Rith thegl?’alMQe 2008/ %%&tﬁ’cg L YR20084 809149

hows a synthesis of t he conpounds of Fornul a

I
' o SRR BRSPS BB e rdne i agmerally
admirdecred @ pheimmcela'malm;abﬂ tharapentitatly offsctisve tahoahd dhylebe
n oxyge

| rotecti up.to. iv t.
un@%ﬁtp%% E’SW&Vﬁgﬂ‘QM myht ol perppenddatielly saminittrrad inﬁ be
deCARAEA | ng%h Q&b dE 1EOnAR B8 ﬂlte'rg’l@vagft cRetimgaiad 1gcl&d1'n the

net hyl ene Iorlde foI owed by reduction of the
conditidn ® Updreateddthicdeverity of the condition being treated, the chosen route of
administration, the actual compound administered, the age, weight, and response of the

individual patient, the severity of the patient’s symptoms, and the like.

In therapeutic use for treating, or combating, cancer in mammals, the compounds or
pharmaceutical compositions thereof will be administered by any appropriate route, such as
orally, topically, transdermally, and/or parenterally at a dosage to obtain and maintain a
concentration, that is, an amount, or blood-level of active component in the mammal
undergoing treatment that will be therapeutically effective. Generally, such therapeutically
effective amount of dosage of active component (i.e., an effective dosage) will be in the
range of about 0.1 to about 100, more preferably about 1.0 to about 50 mg/kg of body
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
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such sodiumtriacet oxyborohydride. Amne 9.2 is

reacted with nethyl-2-chloro-2- oxoacetate to give the
we@orsespendi ng am de 9.3. Renoval of the prot eRCi/H§008/050149

groups fron19 3 and exposure of the resulting dioI to

sub Clldl? tto 9 ﬁ‘%ét‘ge u tscfé‘rén%)e%rmcsslc:% ag‘p %le?f t Bﬁ%r_a loyl%sules This

nrum

solicﬂpt"eﬁﬁfinalaﬁon Tsf thad @i&fdﬂiw@éd Dttt dd%aéé)folﬁﬂh Bf the type descrlbed above
di ] sopropyl azodi car boxyl ate_( DI AD), and
cotpnimeXpne) igppgEnRindb} tathoyt g Oé ety o ingrogiisns of theepresent
inRhQsect ed amine 9.5. Renpval of the protecting group
such as by exposure to acidic conditions glves t he

rea ta% s(oj%k h2 esrr%}n %Bh%t Heda bg r {he Sise compounded
functio @e addiY§"o Plg 8 8" O Forntta?

to ﬁﬂo)fldelartioazig%tfbﬁﬁ aﬁntmg mielaﬂvatwgé\df@ﬁdomg’edalcﬁ@i hiest dkample, the
b@?teparlng a free base of a 15 conpound of Fornul a &}k

tabgt of i capwp)npéléw IREFTEPsh B AP ST dRstas CoaMoRFBnths datter being

0 e 0
in i SR ot SPRARAN olir e Rl PTACI LGS Bhl 66 Ry an
entboc lqyeephichngrvas S)aie!;mtuflslﬁtegmnpn) imntthe gfomdeb and bern{it jhe atiner
la) - I r react free b e 0
COI%Bﬂ%fe a0 g 'Hf&ﬁ') gﬂe(qu;)de}une %")quﬂ SJayGgl fhre czgara%ty of

magérié?s ca%%e%@e@ﬁir guﬁﬁéﬂtéric‘lﬁye?@ b ¢o a@ihg? )su&ﬂﬂyt%flﬁl's 'ﬁg:lt?dmg a number
of a conpound of Formula (1) 1) t

of p(pigtnhsc agid$ andofmixgures oﬁjmjumdn@ﬁmd?&)w[th Isacl(myttenals as shellac cetyl
)-(Ji),.,D. Pharmaceutical Formnul ations Wen
akéﬁ%ﬂVLﬁﬁ%g’%ﬁﬁ?%ﬁceuticals t he conpounds of the
fS g ?ﬁg 1qwﬂgg%%1gnmlﬁg]§rh2eg}8wus ud‘Qa Hn%élﬁglrlg %g g{eggntllgvetntlon may be
inco 8§dl fdr%ﬂﬁmﬁﬁpatloﬁ%reﬁ%r gsﬂhfef:@&l B¥Re ﬁ@l‘iéoﬁg Yol@fions, suitably

routes including oral, "pareénteral, transdernal
ﬂatf@pd syiups, rgatoal or od mlsplenmcman ashﬂavo‘fetdeaeulsmnpwuh atdibdy @ls such as
ctive xanpl.e,

h b| d oral o
COI@ 8%‘1“%1}5%%01[ éﬂ%ﬂle(%]rrﬁ%@fﬂ{lf%ll‘ or IQEA@U%P ,‘fgre% arSrF?lré%S and similar

phiBAR&ticaydhidigown in the pharmaceutical art and
conprise at | east one active conpound. 34 WO

200%{0%@;@1&15 ot iRRPRR P AR & A tiod m&uderbﬁﬁfﬂltohéjﬁhcﬁétéﬁensmns in

i ncl ud har maceut i cal conpositi ons which contal
phartmcacttcak]zﬁ a¢q¢gtabk¢g mpumr@rganlmleenmf ot hextomsploareafs araf powders.

t bj t b d_with
T PR S04 COPI e dH B BL A B AL i getaRibe

cx GPIRRRRS HERRASePEu éfrzh' Brefdap Ttﬂec%mpotsﬂﬁ%nﬁ%'aﬁﬁnﬂlﬁ‘tgfe@QJyQHé oral or
is usually m xe an exci pi ent, | uted by

na@kmsm‘r@nw r@rlteefntlog@ead sgstewnicifigcs L(E;crmlepsetmnls |11epr6fﬂ1ialdh
pharﬁﬂa b%ccgf;}/ g(lscregtagfe s?Eern éxg?p?egnnet%u%%%lcbh Hsk o of§ atf%?t;gp)ag%salwebullzed

solafo@xahpbeithaldd diradlyefréra rth@@dﬂuﬁhﬁ% datic®Br the nBbiiBihg device may
subj ects or other mamual s.. When t he exci pi ent serves

be gacheditq y Ease mask tephpr precnigentingsitiye giessure 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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carrier or nediumfor the active ingredient. Thus,

W@ b@sogipDsi ti ons can be in the form of tabl etBCT/pb100&050149
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(as a solid or in a Iri?dqulﬂu atl?’reg unf’fé,lcral nt ment s
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suppositories, sterile inJectabIe sol.utions, and

sterile packaged powders. In pr@b‘ﬁPT‘H’g a for mul ati on,

it may be necessaf§gredienf|| the @BE/FaRSWAnpound to 15

provi de the appropctiat bigpakiantcl e3@Pze prior to

conbi ning with th8taotther ingredi 88. If the active

conpound i s subst dfighadiry sicased ublbe, it ordinarily is

mlled to a particle size of less than 200 nesh. |f

the active conpound is substantially water soluble,

t he Tparbeve iagistigatsiase miedpa fijlcd dyte %@r@ogeiﬁ}mrﬁapwl%gnﬁéo mg
5 qw?”g jde a substantially uniformdistribution in the

ormul ation, e.qg., about 40 nmesh. 20 Sone exanpl es of

sui tabl e excipients i e.l act ose extrose,
sucrose, sorbitol, r}'g "ﬁ%‘i‘on Ef‘%\?‘@keisj gum acaci a,
cal | nat h, gel atin,
cal g@ﬁﬂ@%ﬁ@%&ﬁ Brepﬁ’ie 9@? q%%éltsgléqth?‘ﬁl ose,

pol yvi nyl pyrrolidone, cellul ose, sterile water, syrup,
and nethyl cellulose. The fornul at QyABtEan
addi tional |y i ndhgxpdientupri cating agegitabletich as tal c,
magnesi um st ear dtative dmgtedrenter al  oi 125.0etti ng agents;
ermul si fyi ng and lispsadniegpcagetiiss 28).(or eser vi ng
agents such as rilojdat siiach Piveidy! hyty.oxy- benzoat es;
sweet eni ng agentsgsaridiadid fl avori ng aggnts. The
conpositions of the invention can be fornulated so as
to provide quick, sustained or del ayed rel ease of the
act ifhe compereniseae birhtet analchwimpressedatoi form tabletheaghat i ent
by .e oyi ng procedures known in the art. The quantity
10 “@3%“3£?%V%conponent that is the conmpound according to
t he subject 30 invention, in the pharpaceutica
conmposition and unit %Hgﬁﬂ%‘?‘bpﬁi“?‘ﬂ@r%of may be vari ed
or 35 WD 2008/ 086122 PCT/ US2008/ 050149 adj usted
wi déY drydepdadinhgleriosmulaten Faprepared entaipingitegiolleing ¢penponents:
potency of the particular conpound and the desired
concentration. The grpdient i ons ¥yeightr’sf er abl y
formul ated i n a uniActtieslagedicor np each dosage
cont ai ni ng from aboldctdset 0 about 9500 ny, usual |y about
5 to about 100 ng, occasionally 5 about 10 to about
30 , of the active ingredient. The term"unit dosage
f or e apteiedpgregisni yaixedhimith thil lsetpsa and the mixtyis is added tag dry
for human subjects and ot her mammal s,
15 poggéhﬂﬁﬁpg%§g%§§|hing a predeterm ned quantity of
active material calculated to produce the desired
therapeutic effect, in association with a suitable
phar maceuti cal excipient.

38



10

15

Preferably, the conpound of the subject invention

above is enployed at no nore than about 10 20 wei ght
w@ersesi2df the pharnaceuti cal conposition, nOPEI/US2008/050149

preferably no nore than about 15 weight percent, wth

t he bal ance bei ng pheig: CeuL |ﬁ:ﬁ|| lnf” carrier(s).

The active conpound i eq’ Ive oyer a w de dosage

range, and i ener.a m ni ster

ohad ey picB AP e %@ﬁfgé&n%&gre gicar prscvevaedirfliws
It will be wunderstood, however, that the anmount of
the compound actual |y adni nistered wiPUapdtys

det ermi ned by IBgisdienitci an, in the |i gmg/éablee

rel evant ci r cuwtivairgsedientne udi ng the30@omition to be
treated, the Séarerity of the conditi ofS.0eigg treated,
the chosen r oMlieroafystaldnd ¢uillatosat i on, 3Henact ual
conpound adm Posividygshrrdliden@ge, wei ghypnand response
of the indi vr@gj%@@l{m@fnfmstgrn@@%yprrty of the

patient's syn‘gtogfﬁencaq yniinlliske®eh | N L Bgp@apeutic use
for treating, ﬁ cancer | nogq,srz—al s, the
compounds or ],;g ar rraceu?l cal conpo ns t her eof
will be adm n| red by any appropri a; route, such as
orally, topi c , transdermal |y, and/ot"Barenterally

at a dosage to obt ain and maintain a concentration,

t hatrhb aeu@cnng\%aréﬁr stafth AlQedalb&VEh PQ{SﬁggﬁéV)&y%%l &@g%‘ﬁ@% US.

in the manmal  under goi ng treatnen
sievh m(hlpewdlth(&bhghlEf The salugon @:fq:wéy\ahylyyrr@umhe is mixed with the

resy g aRa e i arhegppss R d ey NP R S | G s so
prc%%cé@aﬁg Qrief aPRPUt tosoloct anﬁll%%kgd thRReh MeEnEhaT ST 88leY The sodium
about 1.0 to about 50 ng/kg of body weight/day. For

caqueymethyrlgstaxdh |mhgnesrpm$tetaramsmd tedr IESVIOIEBM’ pa:sscd thiveigh a No. 30

ive in i ent s m xed Wi
e e FE AR aRErpiod Rt EBuES L S pne are compressed on
tablit @RRA M k@ iRt aBRIRASH WehingCOMALNI Ng a honbgeneous
m xture of "a conpound of the present i nvention. Wen

referring 30 to thesq;&;lﬁﬁﬁﬁ E‘I“lng[bs:onposml ons as
t the

honbgeneous, it is nmeant t ctive ingredient

e CCRRRGR T aa A, 16 UM SRR TR RSB | 7

PCT/ U82008/ 050149 subdivided injo e aI ly effective
unit dosage forns_such, as tabl etgﬁ}} and capsul es.
This solid prefol®8iedienbn is th ggwﬁ ®)i ded into
unit dosage for s A6HVE gredjené ded@®Pited above

contai ning from Pf@chexanple, 0.10%@mgout 500 ny of
the active ingr edi\@gnesmtﬂmtst@erapfr es@mg invention. 5 The
tablets or pills @btathe present iju@ntg on may be
coated or otherw se conpounded to provide a dosage

form af f ordi ng t he advant age of prol onged action. Faor
ex aFFBF éctlweﬁégretilém BleIcHrangimagneyHMSEHHHT ais bhgndeshrnassed ‘through a

N TRg PO o IR IR ERTRAT Ry g} 0T G0

component s can be separated by an
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enteric layer which serves to resist disintegration in
the stomach and permt the inner 10 conponent to pass

WO ni0ao8612nt 0 t he duodenum or to be del ayed i n PEI/E82968/050149
A variety of materials can be used for such enteric
|ayers of coatings. such eorbelsjae! uding a nunber
of polyneric acids and mX urestd pol ynmeri c aci ds

with such materials as shella cetyl alcohol,, an
cel SuPSHobR. FigtdoRfing 75 medptrs it herrdfinf &1 i olaws:
conpositions of the present invention pay be 15
i ncor por at ed f $REEHIEDA stration oral | YABPUBY i njection
i ncl ude aqueoudcsuf Igshent suitably f44V8red syrups,
aqueous or oi | Sguspehitynsid gyegritcaieork@kmel si ons
with edible oils such as corn oil, cottonseed oil
sesdire adive, ingredionus passkd thopughemNat 6(inksh HsS. welv¢ ambsuspended in
el | xir nd sjmlar har maceut.j cal . vehi cl es.
theists Fhe R e Pl PR TGRS b et Pt beghecessary.
Thé edikifutOR $haaFbusddSIRRNSIUPPSsitody ABIPSRITHASAWL 0 §@hpatity and allowed
accept abl e, aqueous or organic solvents, or mxtures
to ¢qedr eof , and powders. The liquid or solid
conpositions may contain suitable pharnmaceutically
accept abl e exci pi entloramlaéscEximplespra. Preferably
the conpositions are adm nistered by the oral or
nas 8uspeasipng, aidr gontanihg 50 arg dfaaadicamens pst Boind. édscaed made as
Conpositions in preferably pharmaceutically
followsept abl e sol vents may be nebul i zed by use of inert
gases. Nebulized 25 solutions may be inhaled directly
from the nebimgrediegt devi ce or the nebul i AmYPMevi ce
may be attadistue ingredigndace nmask tent, or SPAteg mitt ent
posi tive preXsothengnmat hi ng machi ne.  SoKHdtgn,
suspensi on, Sodipovneieoxgorns céliudess (i) be
adm ni st er ed/ Matretgk@bing c@n@lbbeyﬁse%) nasakdy,mgrom
devi ces whi cRuglgtd ver the fornulation iniggg
appropri ate RBMHIBI bendife f Ol | owi ng formul gaphgR, exanpl es

illTustrate repLegssnt@libye pharnaceutical (30
composi tions,0f.~1t sent invention. 3

e _nr \
2008/ 086122 PEITSIBBE020149  For mul at g'ov%anm e 1

Har el ati.n capsul es containing the foll ow n

oo R EAREH siEp e AP b ord Ris i Bfiscd through a No.
10 (0egh CAPSihve) andAGbn Mexddngities beRtoudl- Raddtsangidn 3@ thelnicrocrystalline

Magnesi um stearate 5.0 The above ingredients are m xe

celineserant sediumpagbaramgthyé peltulescdapatare dhe pod3wn begzoag:, flavor, and
coldF &R ilutdRwith 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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Formul ati on Exanple 2 A tablet fornmula is prepared
using the ingredients below. Quantity [|ngredient

m'crocrystalline 200.0 Colloidal silicon dioxide 10.0

St E%I G ﬁ%r%%hent Stt%léct%]]? 2;?(9 & ﬁe%w%{ %Bara ag%gleg&giABassed through a

conpr essed orm

NoF00 mekia U D idws gl filled iftodiayd @éléﬁdﬁ(faplsﬂhﬁinmﬁ(ﬁﬁlglqhaiﬂt@@.

is prepared containing the follow ng conponents:
I ngredi ent Wi ght % ﬁqﬁrh}{ﬁaﬂi&g]}]gyﬂnﬁ]‘gg 5 Lactose 95
The active ingredient is mxed wt the | act ose and

t he added J nhal i ng
appﬁr@éfrﬁ’tégﬁﬁegg%\o 2oolé"/h(()hsls%'ll?zjerzlyr PpCT? 8850140

Formul ati on Exanpl e 4 1k taining 30 ny
of active ingredient, &%dgeﬁlzpar 3@@ ﬂ?ol | ows

Quantity | ngredi entActmfght@éﬂlatt) 5.0Amigi ve | ngredi ent
30.0 ng Starch 45. 0 0ygn OM crocryst@hili ne cel | ul ose
35.0 ng Polyvinylpyrrolidone 4.0 ng (as 10% sol ution
in sterile water) Sodi um carboxynethyl starch 4.5 ng
Magnesi um st ear at e 0Férmylatipallexamged Total 120 ny
The active ingredient, starch and cellul ose are passed
t hr duighical fdanuldGomemfy bb)p&:pared as follows:

Ingredient Quantity
Active Ingredient  1-10 g
Emulsifying Wax 30 g
Liquid Paraffin 20g
White Soft Paraffin to 100 g

The white soft paraffin is heated until molten. The liquid paraffin and emulsifying
wax are incorporated and stirred until dissolved. The active ingredient is added and stirring

is continued until dispersed. The mixture is then cooled until solid.

Formulation Example 11

An intravenous formulation may be prepared as follows:

Ingredient Quantity
Active Ingredient 250 mg
Isotonic saline 1000 mL

Another preferred formulation employed in the methods of the present invention
employs transdermal delivery devices (“patches”). Such transdermal patches may be used
to provide continuous or discontinuous infusion of the compounds of the present invention
in controlled amounts. The construction and use of transdermal patches for the delivery of
pharmaceutical agents is well known in the art. See, e.g., U.S. Patent 5,023,252, issued
June 11, 1991, herein incorporated by reference. Such patches may be constructed for

continuous, pulsatile, or on demand delivery of pharmaceutical agents.
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5 sieve and m xed thoroughly. The solution of

pol yvi nyl pyrrolidone is mxed with the resultant
w@omdesd?22 whi ch are then passed through a 16 nRSHUEL008050149

sieve. The granules so produced are dried at 50 Cto

60 %r gntgr?go 1‘ijl‘bt h({?gﬁ? S% qr 1 6cesr£gn§r oyntisodu%e Tha?ceutl%?l

sodi U Xy met nesi um s e ra e

cothpbditiorPfoali¢ Blta&i )éltﬂ@’i&ﬁl%dtlj% bif md@&btl@l NirecB8fEchiigeds dsudlly involve
sieve, are then added to the granul es which, after
plageei@f agires ddrsrecadhcgerdntogha bost srwiricHar pisken o xpres the
ho jméln%
bloégtﬂrﬁfﬂ%aﬁ‘?egac g‘%cf]ﬂt 12%%%%901@8611%%9% écegr?%ﬁ?l@grméﬁr?gt
blﬂsgléa]) Ifziomtws to s@dﬁ"ﬂt&nﬁ@mléaﬁ gﬂfg@hs&lftthe( lm:gi/yaa desetibyd inAGISi Patent

In ie St ar ¢ Magnesi um st ear at e
5011 EﬁVhl QFYGTS g%f?% i ngredi ent, starch

and_magnesi um st ear ate are bl ended @Bassed throuP a .
15 Rylircoptephnigiiey, which jpesygenemty prafeired upnlly ingglye formulating the

cof By R B8 BP0 o B S b iR Bt dpues o

lipfﬂbmﬂldﬂé thaugs. eBateﬁtfimh)ndmgdimraﬂyr@hﬁﬁed@r@Igh&ﬂ(bGMEg of the hydroxy,
redi ent &Le made as foll ows: i ent

unt
carhe Yl faf ARG PIRRATY AN IRE SEAPY PEEIY OPg 889 EFAHET the drug more
hpﬂil %‘ﬁﬁﬂé Qﬁisantiéhagbqu Qraﬁﬁ)oﬁgﬁo@&trbéﬁhé 5‘196@ A-ERbarkSr. %&?@a&ilvely,

hr ough . 60 mesh'U. S. sieve and suspended in
theghaﬂluﬁawé diyﬂl@phmcaﬂwgﬁ; rgdyyleeeribdessddryaviraesgtyal nefusied of hypertonlc
t.he m ni nrum heat SsS 5 The m xture is
solfFp il eff ﬁrmengygaﬁb@g%?%d@fﬁeb B nom nal 2. 0
cap C|tya IIo o cool ., Fornul ati gn Exanp
Sus ﬁélﬁi g‘&@ﬁ atight PG th?)P’f?éeIBfm‘f?éH% abﬁ'loﬁ’é‘xm
Re%ré Gk @ﬁ%a@élﬁlc‘lﬁ@ﬁe@&s N9k MIshllng &g agﬁ%lﬁgﬁéiﬁﬁla, PA, 17th

ve | ngredi ent . Xant han
ed. (1985).

E. Dosage and Administration

As noted above, the compounds described herein are suitable for use in a variety of
drug delivery systems described above. Additionally, in order to enhance the in vivo serum
half-life of the administered compound, the compounds may be encapsulated, introduced
into the lumen of liposomes, prepared as a colloid, or other conventional techniques may be
employed which provide an extended serum half-life of the compounds. A variety of
methods are available for preparing liposomes, as described in, e.g., Szoka, et al., U.S.
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
mediated, at least in part, by the activity of KSP. In one aspect, the disorder that is
mediated, at least in part by KSP, is a cellular proliferative disorder. The term “cellular
proliferative disorder” or “cell proliferative disorder” refers to diseases including, for

example, cancer, tumor, hyperplasia, restenosis, cardiac hypertrophy, immune disorder and
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Sodi um car boxynet hyl cellul ose (11% /

M crocrystalline cellulose (89% 50.0 ng Sucrose 1.75
W@200808ki1ean benzoate 10.0 ng Fl avor and Col or BPCW/US2008/050149

Purified water to 5.0 nL 10 The active ingredient,

1nf}s<abtrjnrn29[881 ?Hed ere%n%h@ L @5 pI%Vldg? do%g of 18 Sf%gtahﬁulﬁga%uoq hétmalian

Sl eve en m xe

sutijé v aesl of stEtdecamkit t@ﬁp@s‘mg htﬁnﬂiliIs@dfrﬁigrty $toaubjcdea therapeutically
cel l ul ose and sodi um car boxy 2/ cellul ose I n water
cffqdycamounheireserenaued of Fa%rla (Ia aBla;@DepithsF alogr P freggmbination

Wlﬁg‘uc}ftllfﬂ?rsdﬁﬂgan%r tglaﬁtsv‘@ﬁ 613'% e%ggg)@ld@dtape dstek bF k Egmpound of Formula

clent wa is t uce t
(I) oea)-(Iedn vicd proparaticn (charmudhaa‘rnm de)QBH‘pli eeBingQUARP ntediated
| ngredi ent (ng/capsule) Active Ingredient 15.0 ng
disefdyf-ch 407.0 ny Magnesi um stearate 3.0 mg Total 425.0
mg 40 WO 2008/ 086122 PCT/ US2008/ 050149 The active .
i ngrldgcempounis of ths pressat inkgHiogiaihlse Bepfgia agyaps cvaluating relative

i P PASSE ik OHIM RN n{b FSHENE (1) 3P Pha)-(1
ae H ﬁrl'}ggé’sl nto ﬁar o}f ge1 at f|£llnsfi]lcc:apsssﬂfs(e)s | fgg\%é %ﬁm 03 f’la) (1)
cargbkaiet ttd dstermiko retativatinkoibitédyaaepl ey Of aﬁ\teswwqioan@m as another

f or mul be repared as f I red| ent
ComNRM qaf%ﬂﬂe gt blseaetsT 65%1;} For- QVReh Speriploved, the
corP i &{Fo%ul@fﬂrﬂ%l(ﬁa) %ﬁ} 1s'%n{p@®eﬁéhll ah ABWALFRAITRY alRfy the

prepared as fol ngredi‘ent Quantity Active
skillpdyprtidiretot deleclmhgaltlﬁnuﬂ the KiPrignasiix B@hgn amount is sometimes
referred to herein as an “effective inhibitory amount.” In a preferred embodiment the
inhibitory amount is an amount that will reduce KSP kinesin activity by approximately 50%
as compared to the activity in the absence of a compound of Formula (I) or (Ia)-(Ii). Test
compounds can then be evaluated as providing greater or lesser inhibition at the same
concentration so as to provide a ranking of relative activity. Such information is useful in
determining structural changes and other modifications to the test compound to improve its
activity. Accordingly the present invention provides a method for inhibiting the activity of
KSP kinesin which method comprises contacting said kinesin with an effective inhibitory
amount of a compound of Formula (I) or (Ia)-(I1). Also provided is a method for inhibiting

the activity of KSP kinesin in a cell, which method comprises contacting said cell with an

effective inhibitory amount of a compound of Formula (I) or (Ia)-(Ii).

The compounds of the invention are useful in vitro or in vivo in inhibiting the
growth of cancer cells. The term “cancer” refers to cancer diseases including, for example,
lung and bronchus; prostate; breast; pancreas; colon and rectum; thyroid; stomach; liver and
intrahepatic bile duct; kidney and renal pelvis; urinary bladder; uterine corpus; uterine
cervix; ovary; multiple myeloma; esophagus; acute myelogenous leukemia; chronic
myelognous leukemia; lymphocytic leukemia; myeloid leukemia; brain; oral cavity and
pharynx; larynx; small intestine; non-hodgkin lymphoma; melanoma; and villous colon

adenoma.
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Liquid Paraffin 20 g Wite Soft Paraffin to 100 g The

white soft paraffin is heated until nolten. The liquid
w@2008/08d1e2 and emul sifying 10 wax are incor por B€BEUS2081050149

stirred until dissolved. The active ingredient is

add nd, st.i orin i nt i,nued until. di spersed. Th

L SRR St P AT el oy PR conl e of
carci@dfiab eaddodArinhdthdsayeosiss, ed Rarhablogitalfayli@angesepar ed

as follows: Ingredient Quantity Active Ingredient

250 AMitidn 810y, I Gp8 BF EMR AR Bertblcdied Aoat theTardlpedoRtik@sh of growth

formul ati on enployed in the nmethods of the present

of palidenmiopvimalegnaheips myxeiksdukieund el ¢ayeipgmado¢atysdvanced tumors,

hulgl:lf? %fg PIS%S") 'rc%%(r:n% Ea{n%grs’ detraln‘ga%les psat gl’?lglsls r'elf‘lycatlgcgnol'l 3E d 0 th%geal
provide contI nuous “Gr “di €&ttt ie I h Ui on  Sr e

SqUEBHTTAE Yolll SarBinotnaComll &8ERbmb UMb ctlnlye@ihohfal Hedgkin’s
amounts. The construction and use of transdernal )
gon-Flodgka sdzmphemy, gpcer oh Hieradeast s, AgdAt-gradyeing

| ' ) ¢ t )

g HORYR ooy S gy ERER!woloscn cacer

maligoarcpsfoftledchylcrgehalarsce mafigaim qatof hiesmalyeehial tract, kidney
con?tnucted for continuous, %ulsatile, or on.demand

cangel INER AT SRAF RHCET PR FanegentyTOId §anRe SETSPES TR
neﬁ%fay%g%rgé%ﬂgfﬁs%ﬂ? %@i@ﬁin\f pldutal Wi bioR En 8@ iBRla EWalms s
necessary to introduce the pharnaceutical conposition
turhqrs dedl thadsiencaneit, lrephalilaséic mbgplavms, hanamgopoyicyinragend Kaposi’s
techni ques usual ly involve placenent of a drug
Salf¥Pvery catheter into the host's ventricular system
to bypass the blood-brajn barrier. One such
i npFarRaUad Qe FeRYNi I RIMIRSEHOT BI2Y PRAITHIHETSE @ @ gfammal by
a sRitdIOtRE, s@lh s2R4IB) ?ntia?ze&ﬁﬁé}, Eé&n@%&?ﬂh&é&nﬂﬁgl %‘j]}fcaﬁﬁz,
the body 1s descri'bed in U S’ Patent " 5,011, 47 I ch
rectalyher mtmandsalkyr por at ed by reference. Indirect
techni ques, which are generally preferred, usually
I nvolareméleimdlihdrt forgxhple, manmBint odres ptimas gt decdmpanion
drug latentiation by the conversion of hydrophilic .
ama}atﬂ%; gughasglogy piyl eptsy iqhe?&}t%rycﬁnu@@.& sugh anfafsafigspndgabbits, and farm

an ,g@ghla)éh@ggg%,g%{%?sg%gpmgameqcki ng of the hydroxy, 10

carbonyl, sul primary am ne groups present on

t he r .t e} - o

amo b e ¢ DPRREL sk Dol PP Eup RSB piticason of
theowils isamcolrdlRxrat ipy@iryssivet Bemdalicly groytinf arbpekiigittiut bthers are

drugs may be enhanced by intra-arterial infusion of
terpgh epiplaiant” A Ghileddo Rtk KT therpreamasa Madiggans geeplases or
“cANcOR9aRI @it BRAEd £bm HhiMalerGWint AP{rGt, 5Ok B G o Ribh i

Cusce iﬁ fﬁ% gresentlpnveﬁgﬁ%n can te’#od%EI?%O [OITHE AERTEssIve

cellular proliferation, they can invade surrounding tissues and metastasize. Moreover,
malignant neoplasms are characterized in that they show a greater loss of differentiation
(greater “dedifferentiation”) and organization relative to one another and to surrounding

tissues. This property is called “anaplasia.”

Compounds having the desired biological activity may be modified as necessary to
provide desired properties such as improved pharmacological properties (e.g., in vivo

stability, bio-availability), or the ability to be detected in diagnostic applications. Stability
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15 Rem ngton's Pharmaceutical Sciences, Mack

Publ i shi ng Conpany, Phil adel phia, PA 17th ed.
W@ 1®80%612E. Dosage and Adm ni strati on As not edPEIUS®08/050149

t he conpounds described herein are suitable for use in

a variety of .drug delivery.,syst d i ve,
e REiln Fyerity 48 v W& RS T B B8 EF Yfmpounas
duddfl; malibatiohfvaithopeptilgscadimirhat plagda 6048p@uNnd, the

conmpounds may be encapsul ated, introduced into the

| ungBr @hghdsBe ?91’}56&35, PLERA LRAS, (@GP P be linREd @BttheEompounds,
conventional techniques may be enpl oyed which provide

whigh B pievlisd, diesctlsnonaidircrily.a dstectabls verboliheis themompounds and/or
co BBt TR LS FBLARURCLIE, LB P g ot o
c\l;"ﬁh@ﬁies Nafile sfill2&Rindklbiogh@llaclizfy antadditon! vOzdiseaadivekites may
which is_incorporated herein b{ 25 reference. )
asrpdecadder Baking fo ptielgnisolidvenirptsh mgcsomalesyles, peg the like.
inhibiting or treating a disorder nediated, at |east
i n pabeled pympdavadsean kd wsgd of a KBty Phinoriw eisipedtq apigations. A
.di sorder.that is, nediated t |l east | art by KSP,.
i SIBET PG ms? g TR e el Rk i Evting
radiGi€dtbpdsaiich & ethdedtIVe iddisnan- Uen), flrescesl(k.g., fluorescein),
proliferative disorder” refers to diseases I ncluding,
CNFYHRCS IENZFINS B PErates apizame cpfpgtsns, cCRyyIae hihdtozs, chemiluminescent

iy bl { 1 . . '
co B by Y BRS LHRR i o TG o DA A e it
knpw @$ ethicr suitabletlalahs for didddestonied twnisleods, diredlt bendplatoasomtain such
usigé ﬁ%]iamgm?%%ée%gmﬂst%}bojélte gl;tlye:,bgn 11”3(;e g% fe%ef}gli():eg%{sragﬁitegg({] 1tls'ing standard
techRRLEAP&HHER thosc&flop@hhyRKAMMUYRL apf @ compound of
Formula (1) or (la)-(Ii); either alone or in
co . - . : .
op o RSO ica b RIS oPIHLiFARGEH AAENT, Rl BhPE ariety of
drug gelioery(syisemé.] Bhitabie fdrupriepafortuboin thé pasere diveatigmare found in
for use in treating. a KSP nedi fed disorder.-TQEW-
RepypgiothBliarpreeyisalndaicrt Mansdnbligingf emppey, Phdagelphiz.Pa.,
17@§§aggggyaluating relative activity of KSP kinesin
inhibition. In such assays a conpound of Fornmula (I)
or - i ) ‘a j i . .
e PPt Wk RSO A BliNNR s s beine
adﬂlﬁﬁﬂ%ﬁ'@,@h@ ﬁl\llx\%bsd:@frthu hdlflﬁl[s)rélﬁbn,(hsihd) ay prbﬁ)h;méxia?ﬂﬂlhﬁpy,l%ﬁé’state of
i nhi bitor. en_so enpl oyed, the_ conpound of Formula
thenaicwty the ragnney ¢ admynisiipiasy aed hs ks é\‘g@l@ﬁﬁ’e‘ét_tﬁ PEFE S,
coﬁlﬁos"?ﬂi(lnﬁvé( & Mminiltdrbd & fifehSARalP sBIB G frd BidNehdeaR aRfamount
the KSP ﬁlne5|n. Such an anount” 1s sometinmes referre
sufffioichetosiune arsat denst' it drvest tha lprdyiressiop caspuptonts dfthadisease and
.. preferred enbodi nent, the inhibitory. amunt is. .an .
its BF g B A MO R e SR RBLis t Rty sy erapeutically
ffBRRICRROLATRL BhYumO Hrdcriva oG RIRAE §4l1 HEABnARL di¥daky cdd¥ition being
the absence of a conpound of Formula (1) or (la)-(li).
treqted as well as by the judgment of the attending clinician depending upon factors such as

en
be

the severity of the disease, disorder or condition, the age, weight and general condition of

the patient, and the like.
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conmpounds can then be eval uated as providing greater
or lesser inhibition at the sanme concentration so as
W@ o00piogoaezie a ranking of relative activity. Suedil/US2008/050149
information is useful in determ ning structural
cha%g Toih gu C()is a8m1 n?[grlegi L& § k 4y 1160[&%'85:‘1% tl%stfle fR %%grmaceutlcal
to |rrprov8 o8 4Rt &cor &itn y he resen
compygtidrisQiRsqived Iaﬂ@s‘a‘e arheed ttﬁﬂpcfsﬁfonls ﬁi’[hlybietsteﬁ?@lzbdnﬁy conventional
activity of 20 KSP ki nesjn _which _nethod conprises
SteEB?ﬁt@@tt?%l%lﬁ$ @ RISt filerga. Eh@ Esuiting afygeup selyrigns may be

T e 8 SRR, LA il bgofosna

steKﬁthklbms:iamar priar E)eddmml\txhatuml rtelpdd oﬁt(hmcbmpelsnd preparations
otac sald eII effecti I bito
RS awoﬁ S Boriien arefqrﬁblzsﬁ % utp .t9 Snghgost
pre‘f&ﬁpl‘?/mﬁ a&futtﬂig 81 ISt Ot dRfsfoddS R tWse bPcatatd OF RE fdr@gomg
vivo'in inhibiting the 25 growth of cancer cells
ex¢ipients, gangeror stabflecss widl resiicie thadfosmas@sof phatru@hengqal fsa.its
exanpl e, lung and bronchus; prostate; breast;
pandhedrrapeotiodosape of the tcompotiitgraad @y cahpositidns off mheqzrresent

and intrahepatic bile duct i dney and r naI el vis
imGRigPY| B AR g rf?rnwew.’lep@%e Pag e TRraiyFlythe tieatment is

rna9¥ QEé/ rnaHHértdf Ehﬁuﬂ'ﬂ&ﬁ{ﬂ%%f HRSPRRIANS th@ﬁé!ﬂtﬁ atfy %b@ﬁ&?b‘isthe
I'eukem a; chronic nyel ognous | eukem a;

pammmmtleudgmbmqu theeprksombang Wryaicren. @Dabxample,tfyr embl 30

h [ ] t -h Ki
PO, ARG SHl B 1B EREs POTPoLadkdabou SRS pe
kllw&%@%lﬁ’%{ &@29&% ?Jaﬁ&u 1GAR &R kbt 30 nigser lltﬂ@?arn body

tunors or neopl asns sel ected fromthe group consis
wegght peradayi dio thesilteaatine dar iviravenays admmesiatien, tqdose will typlcally be

in {111% é%lo?%t)g %l5 ;g%aﬁl 'a%{)lqtgﬁjf I%% I%e@% ijoggérg %311% e e}&%thp %rér%lgg%;yogbout 500

canc can rou
ugd6 avdud 5000 g pbﬂ ld1diged® bed yrakigin anBérastive @l df adtbinisgtich
cell carcinoma, |ocally, advanced tunors, 5 human soft

cortpaglateddnelufis Sirnare @ahlé@rtem Hiraawb tragsdeamaly éhaled) subcutancous
4!
an% glﬁrglhﬂlgén{%}r. o %gﬁg%g@geﬁ_caﬁgt?{fé%ﬁplﬁ% froﬁ%@e%%s@&ﬁk]es derived
frohyinpliveorar amonal todg kest 'sgstdrysryphoma, cancer of t he
adrenal cortex, ACTH producing tunors, nonsmall cell
can@egsnerdlf thasdbmp@NLRIS and/gASIhSUsiticRS bF fhil subjReciarétion will be
ur ol ogi cal cancers mal i gnanci es of the fenmal e
ad@éﬁst@rﬁfi i 3 ferapenigallyishiseiiesntunt R anae bthg asgepisd npedss of
adiQEYiot Q?\fa% at RLAL BinfiRp Giftfiei s0 %%102}3%?18 r:[1*?‘e!rapselﬁ{19 efficacy of
cancers, thyroid cancer, retinoblastong,
sudheronqioluadd cmmhe cta&lrmimd@al Stﬁﬁﬁﬂd&ﬂh@ﬂnad&’aﬂléa@] parctdypkeinrall cultures
ef f usi on heI|o W.I ns's unor gal | e
or EHISERINH PRFHH P o S SHEBIIAS S, Lﬁ%@ﬁ&%’@ﬁ%%%ﬁ%& the
i Jei
PofifpRnE kD S e A t&?ﬁ?ﬂ%@?ﬂ? G RO ok Ry ulagon). The
dosge 8¢ betlpicen toxurt #yd thcnapelas edfcats |1§/1;he ithdrappve o ouwlsk ylnd it can be

exprassed tase {h%ler Lf) der o¥1hds B ¢ %h)llty large therapeutic indices are

preferred.

The data obtained from the cell culture assays and animal studies can be used in

formulating a range of dosage for use in humans. The dosage of such compounds lies
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rectally, or intranasally. Mammal s include, for
exanpl e, humans and ot her primtes, pet or conpanion
w@nioa@s@d22 such as dogs and cats, |aboratory anP@EIUS2008/050149
such as rats, mce and rabbits, and farm animals,
e SR BRSPS RSB LAp B0 AL e or o
topd‘m{yt I THel db@zigeQﬁa}O'fzary whthiictlid 9ngSdeprading npd 8@ dasdbke form employed
iro gressive. Some such growths are benign, but others
andhphe Toytg ofagminigiratigh yHlizeds for é&hcqwn@@n@/@aﬁ%nmsweused in the
g
g B A e (R REEE ey @hlig nitialy from
celt culaxd adsays ny daggnesbe feemutzedd ivlaaimg meddefseo athiove a tiheyating
can i nvade.surroun sues_and net ast asi ze.
plagpp SeRGePratian 1agpg ‘gﬂ%&ﬁqﬂ %ﬁﬁﬁ%%@ gﬂﬂ% CQUleaRERton S shetestypompound
whidhBichlc8Ya RIOMRird §RliBHioh OF gctBfityflhd d@EHNAI BRI LN culture. Such
(greater "dedifferentiation") and organi zation
ln%ematmvenbgu&MdoamUthenwan@rbwngumnmgh@ﬂm@sntmssmssIﬁvdsnl
This property i,s.cal Ie asi.a.”" V|n
plapfha %%sher%ﬁ%ﬁe& g etPlach e feidape G FhRa
provj de ire erties_su

Pﬁ;r 39 2%! 3% REERtisgnd 3?@5115%16 é’?‘i‘l’ingk‘?s 3 Og‘fereqc Qi @w@t@s@s
1nv%]§1§@d Aild e nQﬂ B1R\Bhdtakl i Eﬁ/)) waPhs Ellﬂﬁm%k%hé sdo¥e BPtﬂ?@mventlon

detected i n diagnostic applications ability

2008/ 086122 PCT/ US2008/ 050149 can be assayed in a
variety of ways such as BXAMBHESNng the hal f-l1ife of
the conpounds during incubation with peptidases or

hu .as r.s stl r

R T A, PRI P RRBERuRor
symhdstAed nBing plicomictheds discabdd herein, drvdhdr@edthods, @hich are well known in

detectabl e signal. Thus, the conpounds and/or 5
th %%%p05|t|ons of the subject i nvention may be nodified

in a variety of ways for a variety of end purposes

whi ITae sempoundgaad/al mgerpicdlatagiveas chegadterizeg byihigh performance liquid
chlrfaodd qtglre(l) rfl’y IQ{I%:LO guglrnr G Eltle}/ letme . gl% era htyrsgs le‘lr(r:lewdith a

269@@&@@10@@41)@&@ (Mnfbrti haAJ)l lrﬁe andl el e@luﬁmmtmﬁﬂmarc 18
be used in a va ivo or in vit

revepisH iPhasci HAK 298 Wo%m@ ﬂitW¢%ﬁrﬁe% PADS Awﬁgﬁdufélt clution was used,
typ?@:yggal I V\C’JHH @Waasce[c@lﬂhww} lvga?e?f aglg R}%ﬂesgﬁg@ém a éit??ltrlle over

otopes such as technetiu I um
a petiodo 4T mimitdse Agl sol¥dniocasantd). | % tefinyressticewnizy(TEA).

subst rat es enz of a tor me i nhi bitor
CogREHR{UHTTRISEER Oy SUTRYGRIAdLEN 67 81 HRORSSDEh £ Ap AR aAS! .
HPi'@dsotl%té W8 frohh Bﬁﬁil&i Iﬂrﬁbl&%ﬁﬁ(hﬁl@égan' ML BPF@H& S¥dnkific
know of other suitable Iabels for bindingt

(PigenpilePes), osomi iﬂstabeesapllnetytmsasmmdehyrthmdewr Chmmgography
xperi The, hi ndi ng of .t hese

(€ i e G G et Bitied 2T BE A, B SRl Bke-Flox Silica

Gel B3 E Bdxiwle dhdedy. YTIK kdshitd WelchadiiytdetdRRANVIRGRY Uh&@lultraviolet
conpositions of the invention are suitable for use in
light, 9 by empleyfing well known iodine vapor and other various staining techniques.

Mass spectrometric analysis was performed on one of two LC/MS instruments: a
Waters System (Alliance HT HPLC and a Micromass ZQ mass spectrometer; Column:
Eclipse XDB-C18, 2.1 x 50 mm; solvent system: 5-95% (or 35-95%, or 65-95% or 95-95%)
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drug delivery systens. Suitable formulations for use
in the present invention are found in Rem ngton's
web@ssaeut i cal Sci ences, Mace Publishing ConpR€ily/s2008/050149
Phi | adel phi a, Pa. 17th ed. (1985). 20 The anount
ace\Aﬂ n‘trﬂe t ert%fj w&tg 0 ad%eA) PEAl t I()I 8 it /shi %Po? % ngvelijé%l? range

el'ng mnis ére pur poSe 0

500dB0Micohé FoitOsb 206VICEbl@SNn %ﬂ@mh@q(ﬁocgrortal}m"va@w Paékﬁ@d System
state of the pati ent t he manner of adm ni stration,

(Seaied 11 ¢ HPLKe Columit %hawe&DBcCh%@ § x &P ingnissolvent system: 1-95%

acecfor% e int \I)vgns with9. @%EASES\EV%Q‘[JO 4 rnL'?a}nl ?nno?eeu ar wetléhtt range
EF Iy T 8 e wire dase P H 1A Canduh iclen
156866, @dhe %uhg@% VPasltal tbp@hiueS30 tdEe A RAERS WelrePbrted as
tons of the disease and 25 its conpl i cati ons.
thOé@rSE‘ih@ peeferpied parew igsconpl i sh this is defined as
“"therapeutically effective dose.” Anpbunts effective
f or GUIMS ansbysisi b penﬂtﬁpwdabn@rﬁtwhlettd’ias]wé ensgomdit (HRO890 Series gas

chi BTG ik Vs Shcebys IRt Sk T G oL AL nitial column

terﬁge@atﬁev 86 béyﬁ@aﬁ csmﬁm%ﬁl @paﬁm G5B O R PfimE ORI @R eas flow
he age, wel ght and gen condition of the patli ent,

ratarﬂdrnLl‘reuﬂ, cMamn45%\fﬁeﬁﬂ03¢tﬂﬁ&ﬂﬁ?arﬁQWoU&2@6) ane 59(]9419 44BI;1e
. conmpoungds  admi |st to a patient are typically in

dineps %nﬂ%% 6@3 f®cal compositi ons descrl bed

above. These conp05|t|ons may be steriljzed

con%ﬁ{eabmagnet@tresppﬁwﬁ%%) B ST OHPe‘hﬁ%/S%@e of the

| I r

N e N U R
cithor GPNAS lor tecknpwepaemtdabshifef tig sobrebi. retnardnlpoand samples were run

steri]le aqueous carrier prior to admnistration. The
at ¢leyased EHBCRBHBOGH B Sp4P RtaneHs Incrspsedsample yalyhilie

bet ween about 3 and 11, nore preferably from about 5

to dhg purlmpitsomp péﬂ@rlatﬁrgt/mfl compasists gssesgedby plemgital analysis

(Desert%na‘? f of"ucs8 %Z)use of cer_ta! n of the f or egoi ng

carri ers, or stablllzers will result in
t h tr mat | on of har eut tsa Tgﬁ t era ut 'tC
dos YYEtg PRIRts afs '8 %‘fl??s & ?mlf aratus

(HOMSHANIAO i nventi on Wi I I vary according to, for
exanple, the particular use for which the treatnent is

TR PR L L0 B
anq1 Kdrefork 60 AoBidther, ﬁﬁleﬂcﬂtesbll]ﬁgV{Ah,ycmb@Il féash Cﬁ-lﬂlmn@hm'[pdltegraphy using
S ) LA 8 S350,y LB

col'ﬁHnOQF map&q‘)’en‘{‘@ér@‘lﬁ y&FEfor @Mlaﬁréﬁf l@fo@%’eﬁéyﬁgﬁ Whd haﬂgccﬂﬁ’mn
a out er kil ogram body 15 wei ght per day.

chnon@t@r@pélwnmrﬁ dehldrgnethang, avednoak E4AAT iesangardone, tameeous

e, l.an
nydiB3 oo o HR et bt el SRS BREhLsTy bl reLc
weBObaryiag cbicenbatidnsaPA0:tgitrile andkivaR@ fvadh (0D Yri @drgidetic acid.
Alternative routes of admnistration contenplated

| NCIUAARs ofidbwiRE ﬁafé@tallltérﬁiéérﬁ@rets%re infcbARR8Rlsius. Also, in these
transdermal, inhal ed, subcutaneous

examples and elsewhere abbreviations have the following meanings:

AcOH
aq.

acetic acid
aqueous
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and i ntramuscul ar. Effective doses can be extrapol at ed

from dose-response curves derived 20 fromin vitro or
wa@piosmse1epdel test systenms. I n general, the coPgEDURNGS/050149

and/ or conpositions of the subject invention will be

adm nistered in her ap gltive amount by

any of the accep :ij) rmde%fnf)%glé erﬁhggght% “ation for

agents t hat servg |mI L UIYPWC@ ony XI city and

t herapeutic effi SHEhSEYhS § can be

determ ned by s arT:i ?Féf’rcr?é’éféml}l@épo lybétedur es in

cel | cultures 2@ expedllchlﬁfﬂfmt #@imals, e.g., for

det er mi ni ng t heDIABO < t hdiishpspyl etodiartiosyB@% of t he

popul ati on) anBDIBA& ED50difdobetythhseinihelryaipeat i cal |y

effective in SO0BIBA the pdpsprapylehylamlie dose ratio

bet ween toxi c @pEAher ap&@gobfop@f&lﬁﬂgrﬁmbs t he

therapeutic ingayaand it giphisminByRiGased as the

rati o LD50/ ED50 yGompaundg; fdadtisfs t large

t herapeutic mﬁq gé are d‘?‘g ﬁgul% defo The data
c ur’e

obt ai ned from eI I says and ani nal
studi es can be u ng a range of dosage
for use in humansethe d%“é’é@? % such conpounds |ies
46 WD 2008/ 08612BLOCTT USPSS] 801149 preferably within
a range of circuf@ali g ctisdehematd ons that include the
ED50 with |itt|EOdc o ¢tbxliasktee The dosage may vary
wi thin this rangeOHependethgnaipon t he dosage form

enpl oyed and the goute ghnmadm nistration utilized.

For any conpound amd/-or g&Fposition used in the

met hod of the ipgpgption,p H%eﬁf@&ﬁﬂ@@ﬁguiﬁ%h{o\fna% S5ty ve
dose can be estimajed inj; ly from uré

assays. A dose| be_fo
achi eve a ci rcu FQH lr?%hgoglﬁ%gg?ﬁ“ ﬁ%n rggétf%s‘so%y
whi ch i ncl udes theMI C50 concentration of the t est
conpound whi ch acfii eves teiﬁal f-maxi mal inhibition of
activity) as det M ned MASERIeedatio ure. Such

i nformati on caMebdlused methybfmingccuratel y det erni ne
useful doses in hogars. meliglasnin  pl asma may be
nmeasured, for exampl es bwithitgh performance |iquid
chromat ogr aphy. 1@LThe falillibwirng synt hetic and

bi ol ogi cal exanplgs are pilliglced to illustrate this
invention and ar g,Njot=t opp@nfoPpst rued in any way as
limting the scopg,of=thig; EQ) ention. EXAMPLES
Referring to the exanplegs t follow, conpounds of
the present inven on mere ?ynthe5|zed usi ng the

net hods descri bed herei n"°'0F ot her nethods, which are
wel | known in 15"he ar Rano#s Tconpounds and/ or

i nt er medi at es \/\/erlé\/lchara’&%n@i“} #d by hi gh performance
liquid chromat d8¥BpHy (MPLEY magpefte gsopgnes s M | | eni um
chromat ogr aphy sPRzer wi triphanyd®dosrBesar at i on Modul e
(MIford, MA). HIt@ganEal ytrifalorcghylberzenere Al lti ma

C 18 psi pounds per square inch

RT = room temperature
sat. =  saturated

TEA = triethylamine

THF = tetrahydrofuran

TFA = trifluoroacetic acid

TLC = thin layer chromatography

TMS = trimethylsilyl
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reversed phase, 4.6 x 250 mmfrom Al ltech (Deerfield,

IL). A gradient elution was used, 20 typically
we@Bodg2 Wit h 5% acetonitril e/ 95% water and PCT/US2008/050149

progressing to 100% acetonitrile over a period of 40

m nutes. All quseﬂt S Co{}fn?étgﬁ?ﬂ cﬂ[l Erl fl uor oacet| C
d (TFA ds
T ont () SO ot VHFERED égﬂgv%agl&ﬁwavsh pfite:

sol vents were fromeBurdi B84 ackson (Muskegan, M),
or Fisher Scientitic = (Pm{“tf@]btﬁlfgh PA). In some

i nst ances, purityMas™ assegemglapy thin | ayer

chr omat ography 25 (TLC) using glass or plastic backed
silica gel plates, such a¥xatnpe &xanpl e, Baker-Fl ex
Silica, Gel 12Ff| Xib]l e sheets. TILC results re,

- SRY g8t Bhens TR Dok -0 BT oD pming (1-5
by enpl oyi ng well known iodine vapor and ot her various
stai ning techni ques. Mass g trometrl c anal ysis was
performed on one of two LC/ MB(i nstrunents: a Waters
System (Al l i ance HT HPLC and & M\cyonmass ZQ nmass
spectroneter; Colum: 30 EC| Pse -C18, 2.1 x 50 mm
sol vent system 5-95% ( or 65-95% or 95-95%
47 WD 2008/ 086122 PCT/ 8/ 5049 acetonitrile in
water with 0.05% TFA; rate 0.8 nL/m n; nol ecul ar
wei ght range 500- 1500, cone Voltage 20 V; colum
tenperature 40 C) or a Hew ¥ep APackard System (Series
1100 HPLC; Col umm: Ecli ps% XDB-C18, 2.1 x 50 mm

sol vent system 1-95% onitrile in water with
0.05% TFA; flow rate (? niCPai n; nol ecul ar wei ght
range 5 150-0850; cone Voltage 50 V; colum enper @
30 C)BocAN gﬁes—wefe—repﬁﬁ—ed—as—> B

pr ot onat edj parent ions. GO M analysis is perq or

a Hew ett ckard instrunent (HP6890 Seri gas

chr omat oqraph with a Mass Sel ective Detector 5973;
injector Wolume: 1 ni; initial colum tenperkRure: 50
C, final colum terrperature: 250 C ramp tinme: 20

m ndt sigredgakitibh oiheGpprpeate N-Aocracrd (4db11numh) ¢ BYrqrhenyyl leucine

- B 08RG 4 by P LT Rg e 4G iR 10H was
rerflONR)byaR @boretich Waker &@ﬁé Ngfesiuﬁw THO PRidhI ée@ﬁlrn SOPRURARssolved
with a Varian 300 Palo Alto, CA). The

in BE/&(lrSamL} @ﬁéh@h@@at%‘éﬂth éhlet HBFOPTVE GhaloHetonsona. 2-
bro‘}ltfoea%t%ﬁflen gé gét ﬂfm&lgg éﬁ{r}/e%rhtt RTIAR g&?@%ﬁ?%%ﬁpﬁe. The

were r erature
reapfimﬁﬁuﬂenﬂars&haep}arﬁﬂﬁ@d&)eﬁ@éeub]tOIAtc)and'H}e) piut thieyor@dnics separated,

the@|%$f{ %ﬁﬂq 2}{9,”(%2? ifm‘i%‘ beSdnen 3@%1 (ﬁ%géf) fsrﬁ%rg@%d&zyporated under
recﬁ@%& ﬁrﬂagsupéﬂorg&e @Ak %eﬁi)eets%F Fﬁmﬂlcﬂ Qvaé)ph?eb&l5ag@{ovus%vﬂe&gsln the next

enp appar at us i ston

step.
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15

20 Preparative separations were carried out using a
Fl ash 40 chromat ography system and KP-Sil, 60A
W@ Biosvegez Charlottesville, VA), or by flash cRCTI#2008/050149
chromat ography using silica gel (230-400 nmesh)
packi ng material, or by FF%éEﬁigng a C 18 reversed
phase colum. Typical sol ShE S enpl oyed for the Flash
nd flash col um chronatograpnM
@, met hanol, Et OAc, hexane,

40 Bi ot age system
wer e di chPor onet

acedsad QUS K 1 ne.
Typi cal enlls enpl oyed for the reverse pLd\HBoc
wer e vaiw ng cBncentrations of acetonitri and wat er

with 0.1 %trifluoroacetic acid. Unless otherw se
stated al " enperatures are in degrees Cel sius. 1& so,

in these exanples and el sewhere, abbrevi ations have

t he Toal dtioedl nglutremnf kgs-estéc R (4.0asebl)an aglicdes (@6 mIo was added

o AR B BT TR S8 il B o 14

°C BMfecthO R4k MGh R8I sUMPLRUINE Mix afMyvas ARIWE t835BINb WM, then partitioned
nol ybdate DCM = dichl oronet hane DI AD = dii sopropyl

betaveod E¢@AD end bait as. NBHBA):. EFheipiggnissvpreadicnaraiednthiny shaslpd with sat.

| = din l.et hyl am.ne DI PEA T
g8 G0 B ERA L C RMBR PO Bl pndggorated under
redabld preshureiorpivd e faon vl emdvEEd 3-3hvARh Ryds putd @ougieto §3E Uirectly in
= dithiothreitol eq. = equivalents Et20 = di et hyl
thegtepb$tep-Et 3N = triethyl amine EtQAc = ethyl acetate
EtOH = ethanol g = gram h = hour

Step C
©/\ Br Z/
NH N
| ) . | )
N NHBoc N ‘NHBoc
13 1-4

To a stirred solution/ suspension of imidazole 1-3 (4.0 mmol) and K,CO; (8.0
mmol) in DMF (10 mL) was added the benzylating agent, e.g., benzyl bromide (4.40
mmol). Once the reaction was complete, the mixture was partitioned between EtOAc and
H,0. The organic layer was separated and washed with H,O (x3), brine (x3), then dried
(NayS0,y), filtered, and evaporated under reduced pressure to give the crude benzylated
phenyl imidazole. The crude reaction material was then crystallized (EtOAc, hexanes) to

give pure product 1-4.
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HPLC = hi gh performance |iquid chromatography L =
liter LOMS = liquid chromat ography / mass

W@ p®snsaesropy M= nolar m= nmeter nlz = nmass/PUED§H08/050149
ratio MeNH2 = nethyl amine ng = mlligrammn =

mnute nL =mlliliter =mllimeter M=
mllinolar mmI:mIIirmIrT(regtepm = nmole N = nor mal nm
= nanonet nM = nanonol ar NVR = nucl ear ngghetic
resonance 3 = triphenyl phosphine PhCF

trifluorone | benzene psi = pounds per square

RT = roomtenpergture sat. = saturated TEA =
triethylam /}\ngz tetrahydrofuran TFA = N
trifluokgaeefdcyacid TLC = thin lTayer C
met hyl sNH$Pc 49 WO 2008/ 086122
3608/ 050149 TMSCL1 = tri nmet hyl sil cthl ori de

Yb(OTf)3 = Ytgerbium (111) trifluoronethanesujgonate
g = mcrogram

Boc-protected amine 1-4 (1.0 mmol) was treated with 10% TFA in DCM (5 mL).

Once reaction was complete, the reaction mixture was concentrated in vacuo and then
5  partitioned between EtOAc and sat. aq. NaHCOs. The organics were separated, then washed
with sat. aq. NaHCOs3 (x2), H,O (x2), brine (x2), then dried (Na;SOy), filtered, and

evaporated under reduced pressure to give the phenyl imidazole free amine 1-5.

Example 2
(R)-1-(1-benzyl-4-(2,5-difluorophenyl)-1H-imidazol-2-yl)-2,2-dimethylpropan-1-amine

10 (2-6)
F

F
o
0 0
ﬂ,o N ©22F j/o N
\ﬂ/ OH > T o)
o o} O F
- 2-3

E NH F N
@INA% S A K
_— HN \fo —_— HN \0(0 » N L.
F
24 >r " 2-5 >r F 2-6

Step A: Preparation of Compound 2-3

To a 5-necked flask containing 1 eq. of Compound 2-1 was added 0.7 eq. of K»,CO3
15  to give a 0.25M solution of K,COs in acetone. After being stirred under N, for 45 minutes,
1.0 eq. of Compound 2-2 in 1 M of acetone was added followed by addition of 0.2 eq. of KI

in 5 M acetone. When the reaction is completed (about 3 hours), the reaction mixture was
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L =mcroliter M= mcronolar Exanple 1
(R)-1-(1-benzyl - 4- phenyl -1 H-i m dazol - 2-yl ) -2, 2-di net hy
WO p0osfsa122 -am ne (1-5) N N NH2 Step A O Br - PCHPR200£150149

O~ BocHN OHBocHN OO 5 1-1 1-2 A stirred solution

L.tk ropfLi aLe ;
coff IR IRLRRG' RSl FERRPE ki fefP0AS st g v
reaC8@Ras(added vamkifitioAfilireie] dSubh B spdell@hdtt{dHcw@srature diaMed exceed
15 Qé evaporation under, reduced pressure. The residual
5

iAdter Seing stiged mendpe bah Jerpneihquipiie predughivas saticeteddhy vacuum
fildrdt A q‘ﬂe Wlﬁeﬂc&@%&za@%sgw 3 ﬁh%s "JEOQ/' éﬁ%ﬁcgﬁednd untvi%]tlil'@ater.

ronoacet ophenone stirre
Tht ffiéter exde twas rauwhgdcanmﬁluﬂtee dridgthen arr @aatak 60°G1H Kl‘rt.lmﬁil\MHSistent

Wet@ﬁl}]gn Fggeéégéagggget&%n%%and ngm(jxgl)ﬁe brine

(x3), then dried (Na2S™4), filtered, and evaporated
under reduced ptesBuPseparagiopef CGomnaswnd Zedter 1-2

whi ch vvas%%ure enough to use directly in the next
st ego agbl t@o@aﬁ odetiopof =} /iusrauasnHakavas @idedh 2@cq of

NPNQA BolchHN 1€(tqueé tW s 84 rt1r%'%r r?B Ereﬂ[lxdmtli]'tglle)reactlon Wes %ér%{%'](e}fg (about 8
h).ﬁlt-)Namﬁolaﬁi SR T aadiRni w6 §lal tCafp2dkifarily onefourth of the volume of
Dean-Stark trap was added and the reaction heated to )
tolyeng used @ theyragtigmevasadded. ohhapiganie rpase s seppsataq srd washed with

Wasg d&?'l\&aqﬁ Al bfd 889& ?\‘éﬁ—l@qo hﬁ{% SBWGH \tvhsol%ﬁ{r%vpc? nefello to give 2-4.

gani cs
Yidepsr. 50 £Q9.6%e rHI\‘/HS pedtynp1t. h%s at
Step C: Preparation of Compound 2-5

A flask containing a 0.5 M DMF and K,COj solution of 2-4 was stirred under N,
for 30 min at 0-5 °C, and then 1.1 eq. of PhCH,Br was added to it. The mixture was then
stirred at RT overnight. It was then stirred in an ice bath during which ice water
(approximately equal to the volume of DMF used in the reaction) was added dropwise. The
product was collected by vacuum filtration, washed twice with 50% DMF, twice with 25%
DMF and three times with water. The solid was dried in an oven at 50 °C / 5 torr. Yield:
69.20 g (95%). HPLC purity: 94%.

Step D: Preparation of Compound 2-6

MeOH was added to a flask and placed in an ice bath. To this was added 9.85 eq. of
CH;COC1 dropwise over 30 min. followed by 1 eq. of 2-5 to form a 0.25M solution of 2-5
in MeOH. The mixture was stirred at RT until the reaction was completed (about 12 h).
After removing the solvent under reduced pressure, the obtained solid was suspended in
MeOH (equal to approximately one half of the volume of MeOH used in the reaction) and
stirred at 0-5 °C. To this mixture were added 2.5 M NaOH / MeOH solution dropwise until
the pH reached about 10 and water was then added. After being stirred at 0-5 °C for 1 h, the

product 2-6 was collected by filtration. It was dried in an oven at 50 °C /5 torr. Yield:
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aq. NaHCO3 (x2), H20 (x3), brine (x3), then dried
(Na2SsO™4), filtered, and evaporated under reduced
wWpe@sssie2to give the phenyl im dazole 1-3 whiRET/WE2908/050149
pure enough to use directly in the next step. 10 Step
HBocC. NHBoc , 1-3 1-4 . TQ . irredo
26 23700 60 HENShERS % oty 4% g dEniladle S 3
(enéR@8deriBexesyvet)). in DMVF (10 nl) was added the
benzyl ati ng agent, e.g., benzyl brom de (4.40 mmol).
Once the reaction was compx@hfple $he m xture was
partitioned between Et OAc and 15 H2O The organic
| ay8R) viaE-zmproethydd3-ddR)viatihbenzyl-tphepg- L HImidapol-deyD)-2,2-

i P e P SN Bl -
P2y l-4-iphieAAZIH-mi d:e1-2 VIR, 2 SR AR tiydpr o] T, 3-dkasudidlii-Deyme (2)

crystallized (Et OAc, hexanes) to give pure product
1-4. 51 08/ 086122 PCT/ US2008/ 05QT49y Step D N N
\ N NHBo H2 1-4 1-5 Boc-protectey gmne 1-4 (1.0
mol ) was trgated with 10% TFA in DCM (5ynL). Once
reaction wasg conpl ete, the reaction m r e Was
concentrat/fedjyin/vacuo and then 5 partijfi bet ween
. . NaHCO3. The orgganyCSNwer

ned i th sat.. Na Bﬁ@/NHZO
' 200" t'en Wi ed (Na2SD4), filteped™ and'
evapor at ed under reduced pressure to give the phenyl
i mi dazol e freelamine 1-5. Exanple 2 2
(R)-l-(l-benzyl-4-(2,5-dif|§££9€henyl)-1FLinidazoI-Z-y
[)-2, 2-di net hyl propan-| - am ne 0 (2-6) FF C ~ON
O02-2 FONO

: A\_\N 0 N
N * O‘<£§j — [:j/ﬂ;(
/ >~24 N 3
©/E S TS ’ MN;:@
3-1 3-2 3.3 0

To a solution of amine 3-1 (1 eq.) in methylene chloride at room temperature was
added epoxide 3-2 (1 eq.) followed by Yb(OTf); (1eq.). Reaction was heated at 40 °C for
14 hrs. After complete reaction, EtOAc¢ was added followed by washing with water (2x).
Organics were dried over sodium sulfate, filtered, and concentrated. Crude product was
purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide compound 3-
3.
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HY OOOF2-12-3/ ~N\ 9FN H\OI HNOIN
NI YI N2 FOFO 2-4 2-5F 2-6 Step A

woe@pas@ae: on of Conpound 2-3 To a 5-necked fl aBKI/US2008/050149
containing 1 eq. of Cbnpound 2-1 was added 0.7 eq. of
K2C03 15 to givea025M ﬁtﬂon of K2C03 in
acetone. After being stlrrecf nder N2 for 45 m nutes,

1.0 of Conpound 2-2 in 1 M of acet was added
follQwed by addition of 0.2 eq. of Kl 5 M acet one.
When e reaction is conpleted (about 3 hours), the
reacti qy ture was 52 WD 2008/086122

speed t hat tbe tempe re did not exceed 159C. "Aft
being stirred in ay | C&€ bath for one hour, the pro
was col |l ected by vAcuum filtration. The filter cake
was washed 3 tines with 20% acetone and 3 tinmes with
water. 5 Thesfilter cake was air-dried and faurther
dried in an oven at 50C/5 torn until a consistent
wei giita dofutioBdE BRGhe Bl dq.9% rheylc86 WioritlP E{Qoﬁﬁhrtblﬁlgérature was
99% Step B: Preparation of Conmpound 2-4 To a 0.19 M
addagl nhepgens 6plutipohl . beq. Ifcslqmdéoyrt@atbylamnef (285K )\wksactidaeras heated

o S0t Sl R ket B P B oy Bebdp Lt RTse wigy waterana
orgﬁ&nc lhjerwesareiod| eidd! @nBintard dndgurifial en silieddeal wiip0-100%
pproxi mately one fourth of the volunme of toluene used

Et%Cﬁ?éamee%@%trelumwm%@e corpRoOudE dahi ¢ phase was

separated and washed with water, sat. NaHCO3, and

dried over MgSO4. The sol vedepfas renoved in vacuo to

give 2-4. Yield: 59.50 g (99.6% . HPLC purity: 91.4%

St efio@: soRtiepaif ahthelnode Bdrpaynio OB was added hydrazine (25 eq.) at

room temperature. Reaction was heated at 60 °C. Upon completion, the cooled reaction

PCT/ 8 0149 cooled_witf) an ice bdtp—fce water
0 Rpproxi n@tely 2.5 X volu acet used O
Feact ixpn) lded _vi a additi unnep=Aat ré

ct

was filtered and concentrated. The resulting oil was purified by reverse phase HPLC to

provide the desired compounds 1 and 2; MH+ 433.2.

Example 4
5-(aminomethyl)-3-{(1R)-1-[1-benzyl-4-(3-chlorophenyl)-1H-imidazol-2-yl]-2-
methylpropyl}-1,3-oxazolidin-2-one (3)

Oa\ j\/NHZ
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15 A flask containing a 0.5 M DMF and K2C03 sol ution
of 2-4 was stirred under N2 for 30 min at 0-5 C, and

w0 b@s/0d6122 eq. of PhCH2Br was added to it. The PERUS2088/050149
was then stirred at RT overnight. It was then stirred
in an ice bath during mhicqﬂjé%‘water (approxi matel y
equal to the volune of DW €84 in the reacti on) was
added wi se. The product was collected b
filtr n, washed twi ce with 50% DVF, tw

vacuum
M th 25%
was dri ed
5

20 DVF a three t| with water. The soli®
in an ov torn. Yield: 69. 209(
CHPLC p rl D:. Preparation of Co Hund
Nad Iask cikn
T S wasHad . of CI'BOOO].\‘F)JWI:SE ol o
30 mn. foIIdV@dbyleq of25tofor

solution of 2-5 25 in MeOH The m xture was stlrred

at RT until 4he reaction was conpleted (about 12 43.

After renoving the solvent under reduced pressure, the

obt donedBhiod 4asmig g peqdpedpamd 1Ii\/b§id1i(aemaﬁheﬁa@ in Examples 1 and
mat el y one half of the vo MeOH used in

3) ?}%5%@%&% Fipfidapidoogitempergtusg Was @'dgg pl%%saem‘ golptign (Jrleeq.)
folWe% waded l?anﬁn% Nagh, /Re%@t?ﬂ Wttt 9 @@%ﬁﬁco%létE cyclization

he pH rea hed out "10 and water was t en ad
waAbbmvd:oiel'Ei'@ redation &chs a&taslﬁ)stNﬂh fvater andhorghie 13@r p@mchcrt dried,

cofsrRias aggpistiedcin gfica ol i i Pliss ENERiss et pinution to

providd dde4084 @520149  26.12 g (90.5% . HPLC purity:
97.0% Optical purity was determ ned to be >99%

(enantioneric excess (ee)).g qule 3 (5R)
-5-(2-am noethyl )-3-[(1R) - 1 enzyl - 4- phenyl -IHimd

o Tl ey R SR T AR HeAic3S cq)

rodiﬁé Ebll)@eraé’euﬁéh mybtianWaghed&Zlet 6@ (yl Ypan Zoﬁpﬁﬁbﬂnych@écﬁﬂ@d 1]eact10n
- oxazol i di n- 2-one " NNNNO~/~

wag 4 étereétaaé canqQnisated ifhwq&rﬂ@ng om Was\purifieg bqurse@@@ féPIzC to

prc?(zl& e desired compound 3; MH+ 439.2.
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10 To a solution of amne 3-1 (1 eq.) in nethylene

chloride at roomtenperature was added epoxide 3-2 (1
w@enop/08aki owed by Yb(OTf)3 (I eq.). Reaction WeSI/H8uD&050149

at 40 Cfor 14 hrs. After conpl ete reaction, EtOAc

was added fol | owed by \NaSlEX éh wat er (2x).

Organics were dried over 3d! an$ ulfate, filtered, and

COoNGShEL(@indilomEdhy)E3- [:(nnghlqu m:iyl-apphbﬁqudmmc&izbi-ml) 2,2-

gel wi th 0-100% Et QAc/ Hexane gradient el uti

plisatidpeamblolAwxazinan- Zsones(A)wgﬁ@BM%mnethyl) -3-[(AR)-1-(1-

RSV g A2 2 B R B M3 g e 9
eq.) in meHA I ene chloride at roo enper at ure was
added phosg e sol uti on (1.1 eq.) | owed by
trlethylam e 20e . Reaction was~heated 5 at 30 C
until conpl eteNc atl on was observed. The reaction
was washed vv|[th, er and organic | gy&r par at ed,
dri ed, Natedj dpurlfled on fil4c gel Wi th

0- 100% radi ent e on o de
conpoun -4 Step o] a1|—|§ol ut ko of p }rﬁ

(I eq.) in EtOH was added hydrazine (25 e at N"l'@
roomtenperature. Reaction heat ed at 60 C. Upon
conpl etion, the cooled reaction was filtered and

concentrated. The resulti ng oil was purl "-- by
rev phase HPLC to provide the desireg onpounds 1

and 433.2. Exanpple 4

5-(am nonet hyl )-3-{(1R) - 1-]
1- benzyl N4- hl or -1Him dazol - 2- yI|] 15
met hyl gir -1, 3-oxazal i dl.a~ 2- one (3)

1S4

N = 'NH,

1-5 5-1 5-2

To a solution of amine 1-5 and aldehyde 5-1 (1.1 eq.) in methylene chloride at room
temperature was added sodium triacetoxyborohydride (5 eq.) in portions. The reaction
stirred for 12 hours and was quenched with water. The organic layer was separated, dried
with magnesium sulfate, filtered and concentrated. The resulting residue was purified on

silica gel with 0-100% EtOAc/Hexane gradient elution to provide compound 5-2.

Step B
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55 WD 2008/ 086122 PCT/ US2008/ 050149 Step AC N/ O

NC NNNC I O\ NN~----~-NgO Fi O 4-14-2 To a
w@oavsae2 of 4-1 amine (1 eq.; prepared in a sPEi/U82008/050149

manner as in Exanpl es 1 and 3) in nethylene chloride

at er, e . Iut| 1.1

eq. ;Ico) spiusnﬁ of grtng r| e g?alglnen Pe?lggﬁllgala§ atr 8ac &Berature was
addedsphidsgdnedolatios 0l . Ceql ntdllowedrtgltat@yRyind @atdqon Rewétton was heated

ob§erved The reaction was washed w th water and
at Y} Ganntd cpaspé‘-‘rte supgrtianayas ehserrad. Thorraeiy wiewashisg with water and

I 0

ol TR @R R Aol M St PP 0 19
EtGAc/&le&@mmgmdmmosﬂutpﬂﬁtbqir@m’ldeorﬂp(ﬁm(is -2g.) Iin Et ()—I was

added hydrazine (25 eq.) at roomtenperature.

Reaction was heated at 60 Gtepgon conpl etion, the

cool ed reaction was filtered and concentrated. The

resulting oil was purified by reversg phase HPLC to

provi de the desired conmpound 3; M+ 439:2. 56 WO

yl - 1I—|-|m—daz-el—)2
xazZiman-k—ne (5) / 1 1l

o) OH
5-3 5-4

To a solution of alcohol 5-3 (1 eq.) in THF was added resin bound PPh; (2 eq.)
followed by stirring at room temperature for 10 minutes. To this reaction were then added
phthalamide (2 ¢q.) and DIAD (2 eq.). Reaction was heated at 40 °C for 30 minutes and
upon cooling was diluted with EtOAc, filtered through a plug of Celite, concentrated and
purified by reverse phase HPLC to provide compound 5-4.

Step D

To a solution of phthalamide 5-4 (1 eq.) in EtOH was added hydrazine (25 eq.) at
room temperature. Reaction was heated at 60 °C. Upon completion, the cooled reaction
was filtered and concentrated. The resulting oil was purified by reverse phase HPLC to

provide the desired compound 4 and §5; MH+ 433.2.
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5 ONH2 Step AHNNoOOI/ Nox NNH2 O- HO 1-5
5-1 5-2 To a solution of amne 1-5 and al dehyde 5-1

W@ 2008/08112) i n net hyl ene chloride at room tenpRCHUS0E8/050149
was added sodium triacet oxyborohydride (5 eq.) in
portions. The reaction 10 (st h{qeg for 12 hours and was
quenched wi th water. The of garp I'c | ayer was separ at ed,
dri @s)- 6V(fahhn61ﬁaih§BL4J[UIR9l-llf(atlﬁmz§lL4 bﬂéneyi ld{lﬁinldazol- -yl) -2,2-
concentrated. The resulting residue puri f

digethydpropy | mgrpholin-3 oo, (6} 2k (600 tfanig pawﬂaﬂHd(llB)rloﬂ benzyl-4-

o i PR 5 OB et

PCT/ USZOO 050149 To a solution of a A 5-2 (1 eq.)
[ ; chl oride at room tenperat\ was added
phosgene solNtion (1.1 eq.) followed by tKiethylam ne
(20 eq.). was heated at 30 C until npl et e
cycllzatlol as Observed. The reaction d with
wat er_-8

oA X
conc not™ pur i f'?”é?d on silid OO0 %2
Et OACIN¢ @?@nf elution to pre¥ide c(gﬁ(;
5 St ep C i I N O
Step A
61 6-2 6-3

To a solution of amine 6-1 (1eq.) in methylene chloride at room temperature was
added epoxide 6-2 (1eq.) followed by Yb(OTf); (1 eq.). Reaction was heated at 40 °C for
10 14 hrs.. After complete reaction, EtOAc was added followed by washing with water (2x).
Organics were dried over sodium sulfate, filtered and concentrated. Crude product was

purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide compound 6-

3.
Step B
N N>\24
Je @Q
" H'N_>_/N 0 o:&_}_/ 0
HO
15 6-3 6-4
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NNONNO I\, NO/( NO OOH5-3 5-4 To a solution

of alcohol 5-3 (1 eq.) in THE was added resin bound
woRW8/0§ad22q.) followed by stirring at room t eP@EDS1008/€50149

for 10 minutes. To this reaction were then added 10

pht I}%I agluqﬁfﬁ%%: 1?1 e) %SQF@ I AD %ﬁlgnae éhlochFe a(f‘i)b@ nwawgéded

heat'e upon cool T ng”was

triclhylah 8@ (9¢d. HfoHb®AE by fchﬂotcfhk&@ﬂ Ehetdoi . ﬁqr)l RgactfonGedsi dli@wed to
concentrated and _purified by reverse phase HPLC to
Sty Q1A S TRRSAHBISHENL ceuﬂplstee\ﬁhqzmmnéh%m TuitqromscAuenched with waer

fol%?ﬁ&gﬁegﬁélg)&d@&n)acﬁ&hsacqﬂl e@'gglﬁgs @Xrggdaﬁh RSer dsodlum

roomtenperature. tion wa
sulédte,G0te€ed dddaoncanftedt iConde prbéuct ol @drifiedot sitina galasith 0-100%

red and concentr at ed. heresu.tin .oil was
Et(géP}er B %99?’&/&‘2‘11%%1 tﬁli’é%‘@ %&E@%ﬂe opwoyadi feg DMF
solGQEPELAd aﬂn@en\gaéadd%'ltséé? (l?eg )%d%ﬁ&%@tﬁ%@ﬂ- 2Rcaction was heated
PCT/ US2008/ 050149 Exa

at § (B)S)foﬁ-s hawris nodmpmymmplei{ic(m@s g_hddéq'yzayild;tmnpjf eogiumlifikcirbonate

hol 6
(S&&H%ﬁ:e% 8?%9 %%}/o g&%ﬁiﬁ.}@%ﬁxi %clfn((%%/ éonil%B(gﬂ]lz%ngﬂ%%% cque)d over
sodb@ i fatd Hiltdrbd @gdDéonedttake , Crudé Nﬁﬁfdm’tl V%SCiﬁlYﬂﬁ]ed on silica gel with 0-
hoI|n30ne(7) NN iJ 5 Step A
IOWPEP@AWP@XW @radiont plutipn Nﬂmﬂ@e cemmomd26 é 3
Step C

To a solution of phthalamide 6-4 (1eq.) in EtOH was added hydrazine (25 eq.) at
room temperature. Reaction was heated at 60 °C. Upon completion, the cooled reaction
was filtered and concentrated. The resulting oil was purified by reverse phase HPLC to

provide the desired compounds 6 and 7; MH+ 433.2.

Example 7
(6R)-6-(aminomethyl)-4-{(1R)-1-[1-benzyl-4-(3-chlorophenyl)-1H-imidazol-2-yl]-2-
methylpropyl} morpholin-3-one (8) and (6S)-6-(aminomethyl)-4-{(1R)-1-[1-benzyl-4-(3-
chlorophenyl)-1H-imidazol-2-yl]-2-methylpr0pyl}morpholin-3-0ne )

o=Qﬁ o=Q N

2

Compounds 8 and 9 were prepared in a similar manner as example 6; MH+ 453.2
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To a solution of amne 6-1 (I eq.) in nethylene

chloride at roomtenperature was added epoxide 6-2 (I
w@enop/08aki owed by Yb(OTf)3 (1 eq.). Reaction WeST/H8uD&050149

at 40 Cfor 10 14 hrs.. After conpl ete reaction,

Et OAc was added fol | owed l@& gng with water (2x).

Organics were dried over 3d an$ ulfate, filtered and

CONGRIM6E @t Aflinoeihyiiest- R()Lllc(tl -Masyl- mbﬁyleﬂmm@dzbi-z@l) 2,2-

gel wth 0-100% Et OAC/ Hexane gradl ent elutio
dlrpﬁf&vlmepﬁmﬁ&mdl@ oge (k) apdgoN)-¢- (Nanrm@tlww [ﬂl?x) 1-(1-benzyl-4-

cr e BEb A5y Zﬁ%ﬁa??%z‘ﬁeﬁgﬁnogﬁgéééz-one ¢

in met hylene chloride at 0C was added et hyl am ne

(3eq.) f wed by chl oroacetyl chlo (1.5eq.).
Reacti on allowed to stir at roomtexgperature
until conplete ereupon the sol ution : ched

wi t h wat ep—Nf ol d by net hyl ene chl ofi de

extractiqg sl\f/ nbi ned organi cs we d o If)r sodi uerrJI
5 su e, Tiltkred Nigoncent r Crude _ﬁgu T2

was fi edo a gel with 0¥00% é?f)\/@c_/ "%g;e
gradient elutio ®o provi de the internedi ate ahi de

conmpound. To a DVMF solution of the am de was added

Cs CO8nfpourdp. D0 axdl ITBAE pfepatealiy hisolilarReamtt ancxaeple 6, MH+ 447.3.
heated at 50C for 5 hours and upon conpl etion was

guenched by addition of sc];j;hmp]@'gcar bonate (saturat ed

) followed by Et QAc extraction
Gl nor By BA-Bd Rovlell-Ba0 5 b ins g bplana - midazal-2-11-2-

ST N e

pr o-ctdoxopipoyiyd HBinidagslepyks-2Tmethydmiopy 1l arorpholin-3-one (13)

pht hal am dg_6-4 (1 eq.) in EtOH was _added hydrazi ne
(25 eq.) @ roomtenperature. Rea n was heated at
60 C. Uporgycoupl etion, the cool ed fon 15 was

filtered and cbncégdterated. The resultind oi Knas
purified by pewerse cHase HPLC to pr e Hiesi r ed
conpoyinds 6 and’ 7. 433. 2. anpl e 12 7

(6R)--

& NN
benzy(S c h%\INL_(%i {(lj-;) 1%|:I ol _?_zy‘g\J-__(}_—\—NH

Compounds 12 and 13 were prepared in a similar manner as example 6; MH+ 467.2.

2
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met hyl pr opyl } nor phol i n-3-one (8) and
(6S)-6-(am nonethyl )-4-{(1R)-1-[ 1-benzyl-4-(3- 20
W@ kiosogqaeenyl ) - 1H-i m dazol - 2-yl ] - 2- net hyl pr opyP¢HOS0®050149
in-3-one (9) CH3 CH3 f NCH3 NCH3 C N NC 1ZZ N NO
O NH2 NH2 Conpounds 8 angd_9 re prepared in a
simlar manner as exanpl eﬂgmmﬁ’%& 2 60 WO

(296R)-88a Mo eThy SR QA R) Q5[0 18éhzy Ea-a39plu@ r §phenyl)-1H-imidazol-2-yl] -
(6R) - 6-(2-am noet hﬁl @4- (IR -1-(1- benZéla- 4- fhenylo- 1H
22rignesylppeppll-2-gnethy Riingras/(IthengpFR.PR)-6-(aminomethyl)-4-
- ' [} ~ 4« - h-A 4- - 4-
i e S s R U
3-one (11) N N N NmNHylmokphblin-Bddne (E5)Conpounds 10

and 11 wer repared in a simlar manper as exanple 6;
M+ 447. 3 anple 9

(6S)-6-(2 oethyl)-4-{(1R)-1-[1- | -4-(3-chlorop
henyl ) - 1H i ni ddzal -f2-y1]-2

met hyl propyl}n-S-one (12) and N

(6R) - 6 (2- anlhn 1)-4-{(1R) - 1-[ 1- benglyl >4 10

( 3- chl' oxophenyN) - INT\ri dazol - 2- Nyl pNepy! } nor p
hol i n-3 (13P=0- ~ 0--1, CH3 cl

al--Z NO™ C NO- o NH2 tHNH2  Conpdunds 12 an@ 13NH,
were prepared in a simlar manner as exanple 6; M
467.2. 61 WD 2008/ 086122 R{gd)US2008/ 050149 Exanple

10

(2S, 6R) - am nonet hyl )-4-{(1R)-1-[ 1- benz -(3-fluor
ophenyl i m dazol - 2-yl ] -

2, 2-di ropyl }- 2- met hyl nmor phol i n-3-one ('44) and

(2R 6R)-6-(a

pzd

{(1R-1-[1- @/S%P{g-%ﬁhorophan&)-lﬁim azpl -2-y! ]
-2, g di et Byl 410 ,\}’|_||2}+2C'§ mBthI nor phel i ps3; (D )_\>
° 0
10-1 10-2 10-3

To a solution of amine 10-1 and epiclorohydrin 10-2 in methylene chloride was
added Yb(OTf); at room temperature. Reaction was heated to 45 °C until consumption of
starting materials was complete. Reaction was concentrated and resulting residue was
purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide compound 10-
3.

Step B
| ¥ —» . | 4
F HN~\> N HN
) GEREN
10-3 10-4
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1: I NNFI /1 ONN\ NFONHR 0=~-0NH2 Step

AN HH2+Cd FNHN FNNO 10-1 10-2 10-3 To a
w@ioavsae2 of ami ne 10-1 and epi cl orohydri n 10-BCT/HS2008/050149

nmet hyl ene chl ori de was 10 added Yb(OTrf)3 at room

te r t 45

Comrrp Iuélr?no?g%g eaﬁf?i ﬁpg’an,& g\r/llggrltaq Jogm C%O e]ratPrG was added NaNj
(4 E{{E)iCTh@ﬂ&aMﬂﬁq stiae €ty édysdn@nds cesdehirato@td €St 40l thaSvas used in

fied on silica gel with 0-100% Et OAc/ Hexane

theg‘}eéﬂﬂélht’V“éP‘%thpﬁhertp@ﬂﬁ%ande conpound 10- 3. Step B N N

FNHNY F N~z NHNV-\ O HON3 15 10-3 10-4 62 WO

2008/ 086122 PCT/ US2008/ 05018ep CTo a sol ution of ami ne
10-3 (1 eq ) in MeOH at room tenperature was added
NaN3 ( . The reaction stirred for 3
concen d to give 10-4 that was used

step W|thou further purlflcatlon StepCN

FI\ION-)[ 5104105 [
N3 HN3

5 10-4 10-5

To a solution of crude amine 10-4 (1eq.) in methylene chloride at 0 °C was added
tricthylamine (5 eq.) followed by 2-chloropropionyl chloride (2.5 eq.). Reaction was
allowed to stir at room temperature until complete whereupon the solution was quenched
with water followed by methylene chloride extractions. Combined organics were dried over

10 sodium sulfate, filtered and concentrated. Crude product was purified on silica gel with 0-

100% EtOAc/Hexane gradient elution to provide compound 10-5.

Step D
| N
|/>QL > F S
F N N
<\ o~
g N
j OH Nj 3
Cl
10-5 10-6

To a solution of alcohol 10-5 in DMF was added CsCO; (1 eq.) and TBAI
15  (catalytic). Reaction was heated at 50 °C for 5 hours and upon completion was quenched by
addition of sodium bicarbonate (saturated aq.) followed by EtOAc extraction (3x).
Combined organics were dried over sodium sulfate, filtered and concentrated. Crude
product was purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide
compound 10-6.
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To a solution of crude amne 10-4 (leq.) in nmethyl ene
chloride at 0 C was added triethylamne (5 eq.)

WO 200Bo%@Ee2 by 2-chl or opropi onyl chloride (2.5 eRCP/US2008/050149
Reaction was allowed to stir at roomtenperature
until conpl ete whereupon tl'k‘i é% ution was quenched
wth water followed by neth tie ne chlori de extractions.

Conmhi ned i C. ' d] | fat

1 dereddind ot aioe Hode datr e 465 sPERCEPh RSP RS tgoom
ten@friifel Reeabifdn Whe Kalkd 21909 B QACHJIRXRAG G RATIEAY 10 e(w was added

elution to provide conpound 10-5. Step D/ /| ~I ~ N

and regpfign heapgdnnrdditigna) hour at 40 © hep o hgur aOBP R@. Beactipg-v&s then

coifiyolh Gupshith Al LSRRt Rl DR RS AEE s i
redog@i &ds atbj&tedGofsomicatidnofar $0 ettt thanfltatd eitow@sSa pad of
qgquenched g)y addi ti on of sodi um bi carbonate (saturated .
Celitg. Filtigte witer@npstiatadmad dRrifige by srye(sgppase ithegye the desired
[ r rj over sodiumsulfate, filtered and
pro%%%%ﬁd‘i’gal_@l% !b%gs

concentrate product was purified on silica

gel with 0-100% Et OAc/ Hexane qradient elution to
provi de conpound 10-6. é@xaquﬁgg%/ 086122
PCTERPA0QSHiIRMMEI)- B1@R)E-(IDehz§PA-pheryl- O -idid 0281-161)62,2-
in THF/ H20 was added tri phenyl phosphi ne at room

t enper at ure. Rémethylprgpxlpipay azines2,3aboee €16) 14 hours
wher eupon TFA (10 eq.) was added and reaction heated
an addi tional hour at @ t hen one hour at 80 C.

Reaction was then 5 coolMédyto room t enperature and
treated with a solution of Ngi_‘?tl—in acetonitrile/water.
0

This reaction was subjecle soni cation for 10
m nutes and then filt thhr o aNpad of Celite.
Filtrate was concentr ai 111 ed by reverse

phase HPLC to give the desire products 14 and 15;
M+ 465.3. Exanple h a

Step A
N l
| OTBS N
—>
N  HN |4
N N OH
NHBOC 0 3—4
N
o
111 11-2

To a solution of amine 11-1, prepared as in Example 13, in methylene chloride at
room temperature was added tricthylamine (5 eq.) followed by oxalyl chloride (2.5 eq.) at
room temperature. Reaction was stirred at room temperature until complete consumption of
starting materials was observed. After this time, the reaction was washed with water and
organic layer separated, dried and concentrated. The resulting crude material was then

treated with 50% TFA in methylene chloride and heated at 40 °C until cyclization was
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(5R)-5-(am nonet hyl )-1-[ (1R) - 1- (1- benzyl - 4- phenyl -1 Hi
worR@ansgd122-yl ) - 2, 2- di met hyl propyl ] pi per azi ne-RCBUS10081¢50149

(16) NI/ - NON1 NH2 N StepANIOTBS N HN N N CH
COTIR_F’ ﬁxz ”lglre erg%c?gl]waais' tlﬂ'e?‘r]l cé)l(lcelnl‘:f tecc)i dscgucfje ol ‘ﬁaﬁ (Iel% emeaﬁg{rF d treated
witht TB AP QLB g MOBT it HHE) VR?@C&&C’QQS he’alteﬁit ahlyﬂ) am ame u(>5n e@tnplete

foll owed by oxalyl chloride (2.5 eq.)
deprafpsdomat %Oncm?é%d S Rfuag“leétbw?\éeasediha%@wlé%@feaklu% e

until conplete consunption of starting materials was

observed. After this tinBtepsBeandécti on was washed

with water and organic |ayer separated, dried and

concent ed. The resulting crude @ al was then 20
treated lh 50% TFA in net hyl ene chkoride and heat ed

at 40 C unti) cyqlization was 64 WO 2008/ 122
N wag T hen
and

PCT/ US2008/ Onp conplete. The reacti
concentrat §d ) crude oi | “wad™di ssQl v
2 0 F)!\l Re ﬁ\k_’gﬂ%s
r ot e&XT
NHi fied by reverse phase L& o

(2.6Heq.; 1 Mi
give 11-2. Step6 B and CNN NNOHNNMNNH o ONH
-NH OO

11-2

To a solution of alcohol 11-2 (1eq.) in THF was added resin bound PPh; (2 eq.)
followed by stirring at room temperature for 10 minutes. To this reaction were then added
phthalamide (2 ¢q.) and DIAD (2 eq.). Reaction was heated at 40 °C for 30 minutes and
upon cooling was diluted with EtOAc, filtered through a plug of Celite, concentrated and
purified by reverse phase HPLC. Hydrazine (25 eq.) was then added to an EtOH solution
of the phthalamide (1 eq.) at room temperature. Reaction was heated at 60 °C. Upon
completion, the cooled reaction was filtered and concentrated. The resulting oil was

purified by reverse phase HPLC to provide 16; MH+ 446.2.

Example 11b
(55)-5-(aminomethyl)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]piperazine-2,3-dione (17)

Prepare in a similar manner as Example 11a but starting from Boc-D-serine methyl

ester; MH+ 446.2.
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5 11-2 To a solution of alcohol 11-2 (I eq.) in THE
was added resin bound PPh3 (2 eq.) followed by

W@ 00B/08G1g2 at room t enperature for 10 m nutes. HOI/URI088/050149
reacti on were then added pht haI am de (2 eq.) and DI AD
(2 eq.). Reaction was heaﬁegl 0O Cfor 30 mnutes
and upon cooling was dil u%elap\ﬁl h Et OAc, filtered
t hr@RY3-@njih ovg ey ) B| (1RG-1- (qqmiﬁyu@mdylarlmﬂaﬂia&ur-izfyil)eM-
by reverse phase HPLC. Hydrazi ne .)..was_then
added to andimethylpsony]- 6ﬂnetavlpﬂma§nﬁﬂg1 -gimgélP1 eq. )
at room tenperature. tion was heated at 60 C. Upon
conpl etion, the coole action was filtered and
concentrated. The res oil was purified by
reverse phase HPLC to prov;\ld 6; M+ 446.2. Exanple
[1b 15

|

(5S) - 5- (am nonet hyl ) - - 1 be -4-phenyl - | Hi
m dazol - 2-yl) -2, 2- thyl'g e?a2| ne- 2, 3- di one
(17) N1/ N N NH2 repar SI m | ar manner as

Exanple 11 a but starting fro Boc D-serine nethyl
ester; M+ 446.2. 65 WO 2008/ 86122 PCT/ US2008/ 050149
Exanpl e 12 Step

(5R) - 5-(am nonet hyl ) -1-[ (1R) - 1 (1 bepzyl - 4- phenyl - 1H- |
m dazo yl)-

di met h yI]’4 nmet hyl pi per azi ne- ione (18) N N
N~NH2 N O]5 Stlep ANNIT NN OIBS N I~o~
I~ o0 NH NN

lN/ OTBS

OTBS — 3
0294 3./
O
12-1 12-2

To a suspension of CsCOj3 (3 eq.) in dioxane was added amide 12-1, prepared as in
Example 11, at room temperature and the reaction was stirred for 10 minutes. Methyl
iodide was then added followed by stirring for one hour. Reaction was quenched with water
and organics were separated, dried over Na;SO4 and concentrated. Crude product was
purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide compound 12-
2.

Step B
| ¥ otBs | NN OH
0
AN
12-2 12-3
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OO 12-1 12-2 To a suspension of CsCO3 (3 eq.) in
di oxane was added ami de 12-1, prepared as in Exanple
wda 1908as61eDom t enperat ure and the reacti on was BCT/DR®A8/050149

for 10 m nutes. Met hyI i odi de was then added foll owed
by %tl O:PBi v&?ars (ﬁ)ssgl ((1) Yhord %%?ealte% i glfbe(g%hEdoMM in THF).
wat er organi cstwer e sep Arat e r|e over

Rehﬁﬂ)ﬁ%s&ﬁdted @mem wad @sbn dairqﬂﬁe ﬂé}ﬁdtﬂ:@tlorv\@SS cangenttdt@dland
on silica gel with 0-100% Et OAc/ Hexane gradi ent
pu@ﬁ@ﬁbmve@eEPW%@Q&@B%&M 2. Step B\l \I NN |
NNOBSNNOIN==N OO0 12-2 12-3 66 WO
2008/ 086122 PCT/ US2008/ 08@p8¢ amj Bohol 12-2 was
di ssol xed THE and treated with TBAF (2.5 eq. of 1 Min
jction was heated at 40 C and @pgn conpl ete
depr otgethon was concentrated and pur ed by reverse
phase HPLQ t ive 12-3. Steps Cand DN N] N NO
NNH2 O p 5 12-3 18 To a solution_ o hol
207) Sn THE was addedgresin bound| P (2 eq.)
y. s |T?>_}O'ét roomt enper agrGre”’TOr 1 NH,
ed. ToOTN s /Aeaction was then @ pla-hal ani-ee
(2 eq ) and D Alj\'\(z eq.). Reaction was heated NMO C
for 30 m nutes and upon cooling was diluted W@ th
Et CAc, filteégdthrough a plug of Celite, )gé:entrated
5 and 10 purifftéd by reverse phase HPLC. To a sol ution

of the phthal
Toa s%lutlon o?nlcohol 12-3 81 €q. ) 1n THF was a(?ded resin bound PPh; (2 eq.)

followed by stirring at room temperature for 10 minutes. To this reaction was then added
phthalamide (2 ¢q.) and DIAD (2 eq.). Reaction was heated at 40 °C for 30 minutes and
upon cooling was diluted with EtOAc, filtered through a plug of Celite, concentrated and
10 purified by reverse phase HPLC. To a solution of the phthalamide (1eq.) in EtOH was
added hydrazine (25 eq.) at room temperature. Reaction was heated at 60°C. Upon
completion, the cooled reaction was filtered and concentrated. The resulting oil was

purified by reverse phase HPLC to provide the desired compound 18; MH+ 460.3.

Example 13
15 (25)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-dimethylpropyl]-2-
(hydroxymethyl)-1,4-diazepan-5-one (19)
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added hydrazine (25 eq.) at roomtenperature. Reaction
was heated at 60C. Upon conpletion, the cool ed

w0 2@8vsae2 was filtered and concentrated. The reGUUS1008/050149
oil was purified by reverse phase HPLC to provide the
desired conpound 18; MH 4 ‘7éA‘ Exanpl e 13 15
(29)-4-[(1R) -1-(1-benzyl -4- i nyl -1 Him dazol - 2-yl) -2,
2- di met hyl propyl ] ©2- OH O OTBS
(hydroxymet hyl ) - 1 )l4- dd azepan-5-one (1 IX- OH \ N
N~J o N 2947 §7 WO 20087086180 PCY! US2008/ 050149
Step A O OH 0 OrBS NNB@F MOy NHBOC NWBEGC13-1 13-2
To a solution of alcohol 13-1 (1 eq.) in DW was added
triethylamne (3 eg.y), DVAP (0.2 eq.) gnd TBDVSC
(2.2 eq.). Reaction was allowed to stir for 5 hrs. at

dditeion P oA G e i s U euts drdr ey ine (3 <),
DMAPI(0rRd )Rvd EHEPMISEX X 264.). ORcAcBY) waSandh &Le Bt BAY 16S. at room

were dried over sodiumsulfate, filtered and
tengaiateretand tupan canplgtopves geanchedbypadditioreef sodiugi bicerhoppie

ith,0- % Et xane gradi elution to provid
(ol iy P GO S s kb B P8 over
sodinBGRI iNeBEerd@adBechcdidrated. TOude pRIJUET &y faifrified on silica gel with 0-
BOC- L-serine nethyl ester 13-2 in toluene was added

1050840 A/ Hexang gradgit oluonq proyide gemegungk 12.C.  React i on
was allowed to warmto roomtenperature and

Step B
O OTBS OH OTBS
o
NHBOC NHBOC
13-2 13-3

To a solution of BOC-L-serine methyl ester 13-2 in toluene was added DIBAL-H (3
eq. of 2.5 M in toluene) at 0 °C. Reaction was allowed to warm to room temperature and
stir until complete conversion was observed. After this time, reaction was treated with
methanol and concentrated. To this residue was added 2M potassium sodium tartrate
solution (sat. aqueous) and stirred vigorously for 30 minutes. The resulting residue was
partitioned between EtOAc and water, layers were separated and aqueous was extracted
with EtOAc three times. The combined organics were dried over sodium sulfate, filtered
and concentrated. Crude product was purified on silica gel with 0-100% EtOAc/Hexane

gradient elution to provide compound 13-3.

Step C
OH OTBS 0] OTBS
—» H
NHBOC NHBOC
13-3 13-4
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stir until conplete conversion was observed. After

this tinme, reaction was treated wwth nethanol and
w@orsestient ed. To this residue was added 2M porGEEER20018/050149

sodiumtartrate 15 sol ution (sat aqueous) and stirred

vi g%%usséh}fl for x29 f'%hgx? S(l ih& y({r t%s egg ghlv@ae at -78°C

partitione be e ter, ayers

waS awdabpl@mdz AR S MBS s&pﬂnrga’st B0Imiitdsh AE&&DQ@OII Maﬂ@hol 13-3
e combined organics were dried over sodiu

(1 %P md%l@thylﬁm ¢llpdde wanthCe graduesdbdren Wit adellgrsd ubfea%efgr 5

f ly %
i RHEL R Bl 59, 4 e O A0 W gt i,
rea&br@f&&d(fof)l’@ﬁnn w7 H8 ONHBIIBSNNIHBQBI) niiBut8s dt&edm&&n}d@ature. Upon

2008/ 086122 PCT/ US2008/ 0 olytio Yl
corapictsy GogCIpipnathg geactipn was, ﬁﬁ g&’éﬁ%&%ﬂ%‘ﬁ H?"SWP@ ‘g{m
blcaﬁi%gafé@%tﬁgfé@q @m {ifred GGanics %f'e%q oW Sididrh klﬂ%té Hitered

m nutes. A solution of aI cohol 13-3 (1 eq.)
andre@ﬂwnteated chitudr ipdslupasag mﬁlqdmrsaima(wblwdh Opl Os Et%d Hexane
?\Aﬁ‘g reat for 5 Qutes Triethylam ne (5 eq.)
g eél A Onlfrlog Saupey and upon conpl ete additi on,
the 5 reaction stirred for 10 min at -78 C foll owed by

30 minutes at room tenperatfFRD Upon conplete

conversion, thg reaction was diluted wtp-E

washed with s

times. Organiss nere dried over sodiums

fitePE#S and concents pted. Crude product wa P
i ca gel vvi 0- % Et QAc/ Hgxane
provifje/cokpound 13-4. 10 Step

eI u to

R‘B%@ N2 WHA N OHN - 2 N
135 To a s tion of aldehyde 13-4 andzam
(1.1 eq.) in nethylene chloride at roomtenperature

was 1#flded sodi um t riracet oxybor ohydride (5 eq. )4 n
portions. The reaction stirred for 12 hours and was
quefiohesdlutionlof ukitkyde Bré and gamied-$ aly beq Zvasmithylene chloride at

bl et et L F g ban R ob) ot SO

reaction stirred for 12 hours and was quenched with water. The organic layer was

separated, dried with magnesium sulfate, filtered and concentrated. The resulting residue
was purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide
compound 13-5.

Step E

To a solution of amine 13-5 in methylene chloride at room temperature was added
tricthylamine (5 eq.) followed by acryloyl chloride (3.3 eq.) at room temperature. Reaction
was stirred at room temperature until complete consumption of starting materials was
observed. After this time, the reaction was washed with water and organic layer separated,
dried and concentrated. The resulting crude material was then treated with 50% TFA in
methylene chloride and heated at 40 °C for a required period of time as to affect cyclization.

After this time, the reaction was concentrated and crude oil was dissolved THF and treated
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was purified on silica gel with 0-100% Et OAc/ Hexane

gradient elution to provide conpound 13-5. Step E To
w@2@slstieon of amine 13-5 in nethyl ene chl ori deCHUS2008/050149

tenperature was added 20 triethylamne (5 eq.)

s nyl o hl,or i. ; , rqom
witCHRAPEE Pl S Bl B8 o S0 40K 483y soplee
deptotectiorc @aPt@icenteAedaiiurdiRd oy redarsd phage ARLETtD @i MASMH+ 447.3.

observed. After this tine, the reaction was washed

with water and organic | aggsmprp@ ated, dried and

concentrated. The resulting crude material was then

t r d3Re3-@minomedyDR[(1R)- 1nd thnzelé-phianyr § Hidmidagohgat)ed2-
at 40 C for a requised. per.i f ti as af fect
cyclization. 2@%?"%‘9?1"{‘13’.@'?’?' azepp Fe"efc({zl n was

q

concentrated and crude was di ssol ved THE and

treated 69 WO 2008/ 0§
TBAF (2.5 eq. of 1 Mi

) . action was heated at

40 C and upon conplete depr i on was concentrat ed
and purified by reverse fgha PLC tﬁHgi ve 19; M+
447. 3. Exanple 14 N N 2

(2R) - 2- (am nonet hyl ) [ (1RP=¥- (1-)9€nzyl - 4- phenyl - | H-i
m dazol - 2-yl) -2, 2- N.

di met hyl propyl ] - 1, 4- di azepan-5-one 120) 1 N / NH2 C
NONyYy N H Step AN OH NgNAN NNOH N BOC 14-1
14-2 To a solution of amne 54-1, as prepared in

Exanpl , 1n MeOH was added BOC- 10 aphydride (1.2
eq.) f wed by triethylamne (3 eq.

)

reacti on"way stirred at roomterrpera unt i |
conpl ete consu on of starting materials S
observed. (|Re 0

1 on OH — | N&L
N N 7 OH
~_ o< Y
N. O
H iN\

141 14-2

To a solution of amine 14-1, as prepared in Example 13, in MeOH was added BOC-
anhydride (1.2 eq.) followed by triethylamine (3 eq.) at 0 °C. The reaction was stirred at
room temperature until complete consumption of starting materials was observed. Reaction
was concentrated and resulting residue was purified on silica gel with 0-100%

EtOAc/Hexane gradient elution to provide compound 14-2.

Step B
N '
| )QL OH B
"o NV S e
< Ly
“BOC i/N\H
14-2 20
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was concentrated and resulting residue was purified on
silica gel with 0-100% Et OAc/ Hexane gradi ent el ution

W eoopiogoie2zie conpound 14-2. Step B N 0, OH N NQWHEBS2008/050149
NON-\T1 Kk, ,, NNBOCO1-1 N, H 151422070V\D
2008/.086122 P 0 of
2P R SRy R PPATRRAS  8 RB LB o)

fol(o'&ve@(?by) stiti@ngd me@lmbe/mﬁdraﬂufd fog latrmﬁ@tem T@ﬂ@ﬁea&twnawére tthen added
nut es. iS reaction were then

phfélﬂlaﬁlaqiea% de a(né I%Iq\la (%&Ad- Breaghonet. lseateﬁa@%(? .%Fpr»%ﬁgmnutes and

upéé}??&o?ﬁil %&tfas:bﬁ %df&%{h §t?)|473t e;ﬂ%%ﬁ tﬁ%g%h EBH}% cﬁ}%lhlte? g%ﬁtrated and

5 pudfbedentavatse @h&md—lf&(ﬁ) uTo hiselitiby of the @lhémlamhds €l cHPILCELdE was
ol ution he pht hal am de

ad &rmr@g i A PEMgMmpeigfure. %ﬁw@w@é é‘F%}Fg‘t @?&ct%%
coMpRtibgahetbAld @Qctgn WRM ter &P @hbratddh erneeedudishe oil was

reaction was filtered and concentrated. The resultl ng
dissdlvedvas20%6liTE dah veathyleneadderideandreated b4 @& euithlcomptise

eated af. until compl ete
doPRRef STy o iliecto el ipn S R SoeriRlen rd gulfed B reverse
10 ph%ggﬂgL@ﬁblﬁﬁv{d@\lggqumphase HPLC to provide 20; M
. anmpl e

(2R) - 2- (am nomet hyl ) - 4- [(ﬂ@mgre(l%“ benzyl - 4- phenyl - | Hi
m dazol - 2-yl ) -2, 2- di met hyl

1- ((ﬁBt)-Iiy(IaguhOmngHy))-éﬂ_-[(J,Rd-|la(jdpmny54-thenﬂglll§-1mlddﬂal-24yl)m2-

J oz Odnﬁethywpi'opy%‘\/-F(‘meghylsutlieonyﬁ 1,4-diazepan-S-one (21)

©;h+

15 Step A

~
Q/ENCELNV ,}N{TBS . | />—7L yoms

151 15-2

SOzMe

To a solution of amine 15-1 (1leq.), as prepared in Example 13, in methylene
chloride at 0 °C was added tricthylamine (5 ¢q.) followed by methane sulfonyl chloride (2.5
eq.). Reaction was allowed to stir at room temperature until complete whereupon the

20  solution was quenched with water followed by methylene chloride extractions. Combined
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15

NN OBSIx~ NNNOOMBS ~1 ~Y V, ., N OH
S02Me  15-1 15-2 To a solution of amne 15-1 (leq.),
w@g00poeqer ed i n Exanple 13, in nethyl ene chl oPCTHES2D8/@50149
C was added triethylamne (5 eq.) foll owed by nethane
sul fonvl .chl oride.(2.5 . actian S I t
or@eh SR gl Rt R Rl biberr R B R R Rk wes
pudfedon siticDpe]l Weith GHUETY RO AW Hdx anapedichotlhtyet fyvide compound 15-
nmet hyl ene chl ori de extractions. Conbined 71 WO
2. 2008/ 086122 PCT/ US2008/ 050149 or ganics were dried
over sodiumsulfate, filtered and concentrated. Crude
product was purified on si$tep® gel with 0-100%
Et OAcktdexane gradient elution to provide_conmpound 15-
BNN OBSI / OH 0-- N1\ ~N\

SMe 5 15-2 15-3 Sulfonam de 1

N/

s
and treated with TBAF (2.5 eq| of /1 Min
THF) . tigh was heated at 40 C and upo %)anleve
deprot f was coieéntrated and purifigd ever sgH
W&s. Step C Nq@ﬁw&mw
N{ b/\\/N

SO;Me “S0O,Me

d
15-2 15-3

Sulfonamide 15-2 was dissolved THF and treated with TBAF (2.5 eq. of IM in
THF). Reaction was heated at 40 °C and upon complete deprotection was concentrated and

purified by reverse phase HPLC to give 15-3.

Step C
N o N
W OH | O
N N 4 N~ =0
0
Q/\VN‘SO M i/N
2Me ~S0,Me
15-3 15-4

To a solution of alcohol 15-3 (1eq.) in THF was added resin bound PPhs (2 eq.)
followed by stirring at room temperature for 10 minutes. To this reaction were then added
phthalamide (2 ¢q.) and DIAD (2 eq.). Reaction was heated at 40 °C for 30 minutes and
upon cooling was diluted with EtOAc, filtered through a plug of Celite, concentrated and
purified by reverse phase HPLC to give 15-4.

Step D

To a solution of phthalamide 15-4 (1 eq.) in EtOH was added hydrazine (25 eq.) at

room temperature. Reaction was heated at 60 °C. Upon completion, the cooled reaction
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I/ 1~ o NN SO02Me SO2Me 10 15-3 15-4 To a sol ution

of al cohol 15-3 (I eq.) in THE was added resin bound
woRW8/0§ad22q.) followed by stirring at room t eP@EDS1008/€50149

for 10 minutes. To this reaction were then added

m, d L.AD e Rea

wag I%tlt 1%8 itbc(e&tr? gd) ?ﬁsﬁu P%s{ &%u%}ﬁgcri] §¢ geovlell(’)sr? d)\ﬁgsse HPLC to
Ind%ddm@damm6n45tcmc, flltered through a plug of Celite,

concentrated and 15 purified by reverse phase HPLC to

give 15-4. Step D To a SEthqu6of pht hal am de 15-4

(1 eq.) in EtOH was added hydrazine (25 eq.) at room

t en@ )-3t(@ménorrethyDi o H 1 R4 - (ﬁdwméﬁl-‘&phwldH-Upimzol-Z-yl)-Z,Z-

PSS By oo SRRt riRias e R B RP R £t 0-1-0-
rmluyl-upge@yllmmldmm-myﬁdz Mlmeu@umppnasf—okﬂegaﬁxs -one (23)
provi de 21; M+ 524.3. Exanpl e

(2S) - 2- (ani nonet -4 [(1R)-1- (1 b | - 4- phenyl - 1H- i
m dazol - 2-yl ) -2, 2%v_ £

di met hyl propyl ] -1, 4- oxazepan 5- one (

(2R) - 2- (am nonet hy S

benzyl - 4- phe ! zoI t hyl propyl ] -

1, 4- oxazepaoné\‘ N No o N NH2 ~~NH2
Step AH 0=~~ ONT/ HQHN~

Step A

" _>—\
O
16-1 16-2 16-3 _@

To a solution of 16-1 amine and aldehyde 16-2 (1.1 eq.) in methylene chloride at
room temperature was added sodium triacetoxyborohydride (5 eq.) in portions. The
reaction stirred for 12 hours and was quenched with water. The organic layer was
separated, dried with magnesium sulfate, filtered and concentrated. The resulting residue
was purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide
compound 16-3.
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NNH2 HHNO O 16-1 16-2 16-3 1) 10 To a solution

of 16-1 am ne and al dehyde 16-2 (1.1 eq.) in nethyl ene
W@ Rki0s0sde2 at room tenperature was added sodi uPET/US2008/050149

tri acet oxyborohydride (5 eq.) in portions. The

reaction stirred for 12 ho d was quenched wth

mater ~The organic |ayer was " separated, dried wth

an um sul fate, filtered and conc
res g reS|due was purified on
0- 100% / Hexane gradi ent el ution

. 73 WD 2008/ 086122 PCT/ USZ0
~~- NNONON~NO
NTdég\solutlon of "am ne /

Pat 0 C was addé P
eq.) follome by agrol oyl chloride . ) -
was allowed to stir a5 roomtenperature until
conpl et e wher eupon oI uti on was quenched with gb
water followed by ne | ene chl oride extractions.

Conbi ned origani cs were dried over sodi um sulefsat e,

filtered and concentrated. Crude product was purified

on Sold SautRalor Wnile 5-100%) ik lé'tﬁ)@[kﬁflcﬂra@d'(’@%as added
ep C

elution to provide conpound 16-
trigthyl@nie @S ©q.) folla dhyRc®Ipd chloride (2 5 eq.). Reactlon was allowed to stir at

room temperature until complete whereupon the solution was quenched with water followed

ageI\Mth
prOV|de 15

by methylene chloride extractions. Combined organics were dried over sodium sulfate,
filtered and concentrated. Crude product was purified on silica gel with 0-100%

EtOAc/Hexane gradient elution to provide compound 16-3.

Step C

: N
| N>j~ O/[N/)\X
©£ gy U
0 O
N O N
PR PR
16-3 16-4
To a solution of amide 16-3 in THF was added mercury(Il) trifluoroacetate (1 eq.) at
room temperature and reaction stirred for 1 hour. After this time, the reaction was cooled to
0 °C and treated with 2N NaOH (2 eq.) followed by NaBH,4 (0.6 €q. of 0.5 N in 2N NaOH).
The reaction was allowed to stir until complete conversion was observed and then diluted

with EtOAc and washed with water. Organics were dried over sodium sulfate, filtered and

concentrated. The crude material was purified by reverse phase HPLC to provide 16-4.
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HO 10 16-3 16-4 To a solution of amde 16-3 in THE
was added nmercury(ll) trifluoroacetate (1 eq.) at

WO owais@rper at ure and reaction stirred for 1 heCr/US2008/050149
After this time, the reaction was cooled to 0 C and
treated with 2N NaCOH (2 eq.gf‘ ﬂlovved by NaBH4 (0.6
eq. of 0.5 Nin 2N NaCH). fR% eaction was al l owed to
stir until co te conversi on was observed and then
diluted 15 w OQAc and washed with water. Organics
were dried over_sodiumsulfate, filtered and
concentr at ed. Th crude material was purified by
reverse phase prOV|de 16 4 74 WD 2008/ 086122
PCT/ US2 S p DN 22 &£ 23 O 4 H
O- To Iut| an1de 16 4 |n Etaﬁ was ad ed} d/ C
(0.5 eq.) at roo te eratu e. Hydrogen gas was
bubbl ed t hrough t xt for 10 mi nutes and the
reacti on was stlrr 5 or hours under an at nosphere
of H2. After this tine, the reaction was filtered
through a pad of Celite, con ated and purified by
reverse phase HPW64t 0 give 22 and 23; M+ 447, 3.
Exanple 17 (2, 2-di nethyl-[1, 3] di oxan-5-yl)-net hanol

HO @ aHEL o3t SnidkO1 614 inlEDH das Jid! Pdl@ 18564, )%ﬂr&oni"ﬁﬁlperature.

di ssolved in DMF at a concentration of approximately
Hydrdgegand a2bibbikdtbtdugh yipr o pdure fQIjI_l OL®inaitgs)and tlak reaction was stirred

forf St SRR B BT Pt RO RAEY B e B i il through a

pad@BACYRS, DHeRERed Ad plrifiEfby (QeePHase- HPSC Mg 20124€08; MH+
as pOSSIb|e was renoved in vacuo and 17-2 was purlfled

44by. 15 distillation under vacuum

Example 17
(2,2-dimethyl-[1,3]dioxan-5-yl)-methanol

Triol 17-1 (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 17-2 was purified by

distillation under vacuum.

Example 18
2,2-dimethyl-1,3-dioxane-5-carbaldehyde

“C*—» L
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Exanpl e 18 2, 2-dinethyl -1, 3-di oxane- 5-car bal dehyde
HO O O'O 18-1 18-2 75 WD 2008/ 086122

WeE@NsBaen8/ 050149  Under N2 at nobsphere, oxal yPCT/US2008/050149
chloride (1.4 eq.) was dissolved in DCMthen cooled to

i 78U%der%ogtmo§ here, gryochlo i§3 1)45_%‘@)3“,%9 Qﬁgolve-lc-ithlh l%éheln cooled

SO|UtI0n |rre m nu

to (-18€d. DrWs@“[SMSU\/(Q@ dofl) Wy aﬁid%Ml" hi@koldtib@thak stirred for about 10
concentration of 0.2 M After reacting for 5 mnutes,

mimggs, (dsenel@ ) (l/\ms) watidigsolveidiis marg DG feitd topad Qomc@ntrat@m of 0.2 M.
Af{n er reac Y or 5 1nu €S Cl?#s 2? Q%gw S acli]({)edh% %Xrt{]lrre] lslgl a 10 rmnutes at

erature. I on was nonl ore

5 -78-'5L(§:thléii 8 agotherl Orainufs Of rddaxRAPctaturet |1f]?ﬂs réfeeibA s BSst rnomtored
t he devel opi ng sol vent and visualizing the results

by lLiChusargve $tlahimo offiexanetecathdrcetatetas tlee daynloping satycngaml

Vls\%\l’%§m%§1d r?ﬁwltfs) ﬁzg ylr s&aﬁ? E 5%%{(%(? ﬁl’%%l coHeabIH%% %/ff-_Z 1\)Y_isiused
wiflib@eeherdvotip 2, 2 di met hyl propyl ] - 1, 4- oxazepan- 3- one
(24) and (6R)-6-(am nonet hyl) - 4- [(1R)-1-(1-
benzyl - 4- phenyl - 1Him dazgkmgméll)q 2, 2-di met hyl propyl ] -
1, 4- oxazepan-3-one (25) Z N I I\ION)-\NH2 O
10 ( R) (68)- 6e(mmmmelﬂiyl))4-¥(180-ﬂz)(11be¢11ylb<bph91hy1§-fbﬁmhlﬂlzoliml):282-

| - - - .
gfinb B Spumv4-bidsBan-Ane ()ng GRYE @minomethy eI URO-1-(1-
??ﬁ@ g4 gneiyt LH hinfdicz8 LM BldimEHIVD(OpyIPL. 4 60askpdfd 3Zone (25)

al dehyde 18-2 for a to concentrati on between
0.1-0.15 M After 5 mutes the reaction was cooled to

(R)-6-(aminomethyl)-4-((R)-1-(1-benzyl-3-phenyl-1H-1,2 4-triazol-5-yl)-2,2-

H2

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

Step A: Reductive amination
O/
O
O~ <
N>__2L 18-2 N
| |
N  NH,

Amine 19-1 (1 eq.) was dissolved in DCM and added to aldehyde 18-2 for a total
concentration between 0.1-0.15 M. After 5 minutes the reaction was cooled to 0° C and

20  Na(OAc):BH (1.5 eq.) and glacial acetic acid (1 eq.) was added. The reaction was
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20 Na(QAc)3BH (1.5 eq.) and glacial acetic acid (1
eq.) was added. The reaction was 76 WO 2008/ 086122
wWEANBSACD8/ 050149 nonitored by LCVS for conpP@r/U81908/050149
The reaction was dil ut ed with ethyl acetate then
| ted so0 r
rnoglﬁ ﬁ%gnﬂﬁllﬁg vajg ern%pl\#l M e r%% l’t'lO% was u{j wrﬂ tgfg)l a%%ta?e tﬁen

wavhddthas biyths aush §§wlllruwt1$bldhﬁﬂ1tlﬁcarf)d)ﬂalt@icﬂ}ﬁhonaﬁdvattéte Finally, the
sol vent was renmoved in vacuo., 5 Step B: Acetyl ation
praductoyaggriedywigh aghydrays sodiup quifa‘@ fikerpgy and ghagolvepy was removed in
vadd-3 Am ne 19-2 was dissolved in DCMto neke a 0.2 M
solution and cooled to 0 C Slowy, TEA (5 eq.) was
added and stirred for lgul\ S la?hl oroacetyl chloride
(3 eqg.) was added drogvﬁps e 88ct i on was diluted
with ethyl acetate, washed three tine h a 10

sat ur gked sodi um bi carbonate sol uti on ter dried
w th drous sodi um sul fate fllter
concentrabed in vacuo. Thémct 19-3 pu?;fl ed

tNogr aghy using ient of abjo

et hyl aclet I °~ hexane.—Step C._.Di bt e o
RNAKTINO | OO0 CHd 9-3 9 ?]5
He 19-'3 was| di §sol ved in acet o tr|Ie and co be/xtj\i
to C. 3N HC1 vvasca%?ed dropwi se and the r t|on
noni toredigy LCMS, with further additi ogg.gf 1 untill
deprotecti on was conpl ete. The sol ution was
COm R 3% B BN SRl LDl iea o0
Sidwl Cyr,armrwb ) /@b u&dléarhnti@tﬂﬁ@& &r-5 mﬁlﬁte\éoc%ﬂﬁsé&%@ ERBride (3 eq.) was
PCT/ US2008/ 050149
added dropwise. The reaction was diluted with ethyl acetate, washed three times with a

saturated sodium bicarbonate solution in water, dried with anhydrous sodium sulfate,
filtered, and concentrated in vacuo. The product 19-3 was purified by chromatography

using a gradient of about 0-70% ethyl acetate in hexane.

Step C: Diol deprotection

Saiacs o{

Cl Cl
19-3 19-4

e
_Zp

Chloride 19-3 was dissolved in acetonitrile and cooled to 0 °C. 3N HCI was added
dropwise and the reaction monitored by LCMS, with further addition of HCI untill
deprotection was complete. The solution was concentrated in vacuo, diluted with ethyl

acetate, and washed three times with a saturated sodium bicarbonate solution in water.
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Finally, the product 19-4 was dried w th anhydrous
sodiumsul fate, filtered, and the solvent was renoved
WO poogagaie2 Step D: Cyclization N Cs2C03 N N RCTDHS72008/¢30149
ONOCH d OH 019-4 19-5 5 The deprot ect ed al cohol
Finégéh d?lctslfs9o 1&5 %gﬁ DNE a%ﬁ o?&u%é%%%aszlf e?{gﬁﬁg solvent
waét@ﬁ@;@buﬁy&c@m’mm um i od| de) vvas added. The reaction
was heated to approximately 40-55 C for 4-6 hours. On

conpletion the reacti gpp@scsaagoh ated in vacuo,
diluted with Et OAc, and washed wi th saturated

bi car bongd The Et OAc | ayer was congehtrated in vacuo
and puri by chromat ography 10 ust

about 0-75% et hyl ' .
Step E. Al deh Zormati on to Racem se cohaly N N N

al o O 19-5 1%s5CO4Under Abzs\?égl yl
chl ori @@t 1. 50T ved™| AZhd Tt hen

cool ed Dropw se, DMSO (2 Jd.- o dded.
This solution wag stir®®d for abo 0 15 mi n%‘s’,\ H
then al cohol 18¢5 (1 eq.) was dissolved in

for a tqfgl concentration of 0.2M Aftey .reacting for
5 mnutes, TEA (5 eq.) was added. This mxture was

A R L e AR M TR W e

eqﬂi‘v&l@ntec;f r@ékC@? gl@d &diIDgDa MBS T@NIG{%tItab%ISaﬂﬂnbﬁluﬁl iodide) was

sat ur at ed sodi um bi carbonate solution in
ad®d08/he8&ikcRan R@Ihblﬁé’d)@ﬁip@ﬁﬁdmgtelw\ﬁl &5 °C E(l)mﬁHB lhyurst (1)} cornpletlon

product 19-6 was dried wi sodi u ,
therrieilctt@fléf@s CQREFI{TRISd i &v%néﬂ%fg E Q844 w%@afgw saturated

bicarbonate. The EtOAc layer was concentrated in vacuo and purified by chromatography

using a gradient of about 0-75% ethyl acetate in hexane to give 19-5.

Step E. Aldehyde Formation to Racemise Alcohol

N N
|N/ - . | 4
N
0 O N
T o h
0 0
19-5 19-6

Under N, gas, oxalyl chloride (1.4 eq.) was dissolved in DCM and then cooled to -
78° C. Dropwise, DMSO (2.2 eq.) was added. This solution was stirred for about 10
minutes, then alcohol 19-5 (1 eq.) was dissolved in more DCM for a total concentration of
0.2M. After reacting for 5 minutes, TEA (5 eq.) was added. This mixture was stirred for 10
minutes at -78° C, then another 10 minutes at room temperature. The reaction was diluted

with ethyl acetate then washed three times with a saturated sodium bicarbonate solution in
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Step F: Conversion to the (R) and (S) al cohols N Nam

NNNNN I I ON/ ON/ ONO~DH~) OH OO 19-6
wa2003a86122 7b 5 Al dehyde 19-6 was di ssol ved i n PEL/K82008/050149

to forma O. 2 M solution and cooled to O C. Sodi um

r d re 0

Waﬁegl g Xetgg P gt ][Q)g %f&m%ﬁle(ﬁ &vﬁg Sahh rgusssg | glﬁ% V\%rﬁltv@ %1 and the
sdﬁ@ﬁ&ﬁﬂ&&ﬁbﬁﬂjhwaMﬁﬁuo, diluted with Et OAc, and washed

with saturated bicarbonate. The Et OAc | ayer was

concentrat ed &p¥a&nvaRforPty the (RS aky (HHIGHRILIr aphy.
At this step the two di astereoners of the al cohol were

se ted by 10 reverse e HPLC. Step G

Co siontoam’ne N-N ION\IO

19-7a ach resolved alc diastereoner 11°S
TH was ag 5 eq. ofN regyn bound PPh

m de eq. DI redction
@‘ d(\')t ON out 15 55 st e
Aver Si he pht ha do he
was dilu vvltq’1 EOAc, fritered ug HC |te OH

washed with saturated NaHCG3. TheOEt QAc | ayer vva

dri edigqver anhydrous Na2SO4eand concentr at edq9-mp vacuo,
and purified by HPLC. The purified phthalindo

ot ef e IRBSUR B 3hEEbieatue 1Bk BRI GRE ik 8 cooled to
C. NN bBroR®AMENQ!5 disesk ARlcd tnd el aea@donﬁﬁas%&ﬁfan@aqult 5t0 10

| h. The crude product was purlfled by reverse phase
mipppe; Thaselugion veas copegppiated 2 vacuo, diluted with EtOAc, and washed with

sat&r%@(déalﬁ(r%ﬂa?eo h]?’L)IdAlcﬁ‘aére(g]W@s c%née%tr(ﬁ%dszn \qucfulo%%d% H&d lb?f

uor ophen
chiofattazgihy?2 -Atlthis 3tcp+leh Rt diydtgeomytsjof thede @hal @paiscparakd by
2

reverse phase HPLC.

Step G: Conversion to amine

@OT“(}OH @OT“)NHQ

19-7a

To each resolved alcohol diastereomer dissolved in dry THF was added 5 eq. of
resin bound PPhs, 5 eq. of phthalimide, and 5 eq. DIAD. The reaction was warmed to about
55 °C for 30 min.. On complete conversion to the phthalimido derivative, the reaction was
diluted with EOAc, filtered through celite, and washed with saturated NaHCOs. The EtOAc
layer was dried over anhydrous Na,SO, and concentrated in vacuo, and purified by HPLC.

The purified phthalimdo derivatives were subjected to a final deprotection step with 2M

79



Compound 26 was prepared in a simlar manner as

Exanpl e 19; M+ 501.2. Exanple 21
W@ 8mRpOg1tanm nonet hyl ) - 4- { (1R) - 1- [ 1- benzyl - 4- ( 3PET/UBR00$H50149

enyl )-1Hi m dazol - 2 yI] 2,2

t h [ o Y {

Me%lgelrr)lrﬁef%garneog&ils%d gs ssol\rfﬁ: %)Zeﬁ%gaﬁﬁegf Wou %()T cru%g}%&k‘ﬁgwas purified
by 46&rs3.phafX@PPCEMIR- 447 3.

(6R)-6-(am nonet hyl )-4-{(1R)-1-[1-(3-fl uorobenzyl)-4-(

3-fl uorophenyl) - 1H-| m daZEkalﬂ le 20

yé@Z 2-di et hyl p f_/ oxazepan 3-one (28) and
) Qi(?(mmpmﬁlmlhﬁ-}{; Rl).lg {&F@, -flifluorobenzyl)-4-(3- ﬂuorophenyl) 1H-
1-(3-fl b 1H 2-
5 h 2. 2. RURRIT Y gyt e RSART M tsins T Rsdy =
g{]pgfllé ?@evgg/p};ppa%géng n%%é%nlggrzag xarnp'l a{9 rﬁﬂwL%Ol.Z

(6S) 6- (am nonet hyl )-1-[ (1R) - 1 (1 benzyl - 4- phenyl - 1H- |
ni dazol -2-yl)-2,2- 20  Exampl

NP R TR ekl 22

PCT/ US2008/ 050 iMet!Simppll4d-okaép@n-Tome @7N G0 H
0---1 O MO 19-2 23-1

10 Compound 27 was prepared in a similar manner as Example 19; MH+ 465.3.

Example 22
(6R)-6-(aminomethyl)-4-{(1R)-1-[1-(3-fluorobenzyl)-4-(3-fluorophenyl)-1H-imidazol-2-
yl]-2,2-dimethylpropyl}-1,4-oxazepan-3-one (28) and (65S)-6-(aminomethyl)-4-{(1R)-1-

[1-(3-fluorobenzyl)-4-(3-fluorophenyl)-1H-imidazol-2-yl]-2,2-dimethylpropyl}-1,4-
15 oxazepan-3-one (29)

Compounds 28 and 29 was prepared in a similar manner as Example 19; MH+

483.2.

Example 23
(6S)-6-(aminomethyl)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
20 dimethylpropyl]-1,4-diazepane-2,3-dione (30)
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To a solution of amne 19-2 (1 eq.) in nethylene
chloride at 0 C was added triethylamne (5 eq.)
WO 200Bos@e2 by net hyl - 2- chl or o- 2- oxoacet at e (2. SPELU$2008/050149
Reaction was 5 allowed to stir at roomtenperature
until conpl ete whereupon tl'sé' é% ution was quenched
wth water foll owed by neth FRA chl oride extractions.
Combi ned_organi cs were dried over sogi sul fat e,
and concentrated. Crude prod was purified
~gel with 0- 100% Et OAc/ Hexane” gradi ent o

i de conpound 23-1. Step B
/ ~NNOQ OOCH 4 )111~ 0f0), Swl/g\/o
sol uti on of am ¥ 2 racet virile

added HC1(3N aq) eqoyXdr op
syirred at roomt erature d

upon conpl ete conversion; the reacti on wasmadl ut ed

wi th Et QAc and wash wi th sodi um bi car bonat e

(saturated ag.) three tines. Organics were dried over

sodi um sul fate, filtered and concentrated. esqde 15

product was purified on silica gel with 0-100%

Et /) ' '

A A A AT R A T
tridivHamanred S teq @ &b edvaa hyfm&hﬁl@B—c(ﬂlorcea .00 Iede (lZBi\bq ). Reaction was

all(;\%gd‘ al yt i %ﬁgﬁ%&%%ﬁ%{g\é@t heai tgﬁlslg(a&h% I%é]ﬁtlg]? gv%s quenched
Wlt%qgét%hb@@d W%&@l&é%hlﬁr@% %Qtré:’cqto}ls f ObmBWe F@én@s %‘Ee dried over
extraction 81 WD 2008/086122 PCT/ U82008/ 050149 3x)

soddomisiuHetd, @lrtegachamthmmraﬂfrd e(arudv erodsddwaﬁmusltﬁleﬂ an@ﬂlca gel with 0-
dJ/ and co ce od was purified
tog BRe B 8e ERARRT R Bt et w@“@‘ L ent

elution to provide corrpoun§le§% 2. Step C 011

N N — N N
0O
MeO O O
231 23-2

To a solution of amide 23-1 in acetonitrile (1eq.) at 0 °C was added HCI (3N aq) (15
eq.) drop wise. Reaction was stirred at room temperature and upon complete conversion;
the reaction was diluted with EtOAc¢ and washed with sodium bicarbonate (saturated aq.)
three times. Organics were dried over sodium sulfate, filtered and concentrated. Crude
product was purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide
the resulting diol that was next purified, suspended in DMF, and treated with CsCOs (1eq.)
and TBAI (catalytic). Reaction was heated at 50 °C for 5 hours and upon completion was

quenched by addition of sodium bicarbonate (saturated aq.) followed by EtOAc extraction
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NEtOP~-N NHBOC /X~ DOl /X~ NNNNOODD O
~NHBOC O O PPh3 0 0 5 23-2 23-3 To a solution of

wW@k@sgd1223-2 (1 eq.) in THE was added resin bRCHUSIOPSIG0149
(2 eq.) followed by stirring at roomtenperature for

(3Xéhos r%)l'lﬁedtoelrg rgcstv%r% dggcg Sﬁlfr%%d%\l%ssutlﬁf ﬁEgreg Cajmd Ic\gnBc%rated Crude

phona action was
prdtieat wsh @irified ok stla gdDwith0NYDEes Ea0wlc/MpdhcG@adient@ s to provide
diluted with EtQAc, filtered through a plug of Celite,
compowddeht rat ed and purified by reverse phase HPLC to
give 23-3. Step DNN NNNNOH 0 NHBOC O = )I PPN
:~N OOO1H 23-3 23-4 Ateplution of amide 23-3 in
20% HCl in benzene was stirred at room tenperature.

conpl ete conversion, the reactigg~was dil uted
tOAc and washed vvlth wat er . 15 ani Cs were
odi um sul fatg%I filtered and®€toncentyat ed.
ct was pur igkd on silica gel wyth
axafde gradi ent elytiNtBQ% provi de (')\f nd 23-

086122 PCT/ US2008/ 0501

23-2 23-3

To a solution of alcohol 23-2 (1 eq.) in THF was added resin bound PPhs (2 eq.)
followed by stirring at room temperature for 10 minutes. To this reaction was then added
N-BOC phosphonate (2 eq.) and DIAD (2 eq.). Reaction was heated at 40 °C for 30
minutes and upon cooling was diluted with EtOAc, filtered through a plug of Celite,
concentrated and purified by reverse phase HPLC to give 23-3.

Step D

Z

N
|
N N
g N
H
23-3 23-4

A solution of amide 23-3 in 20% HCI in benzene was stirred at room temperature.
After complete conversion, the reaction was diluted with EtOAc and washed with water.
Organics were dried over sodium sulfate, filtered and concentrated. Crude product was
purified on silica gel with 0-100% EtOAc/Hexane gradient elution to provide compound 23-
4.
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NN O1 OHH 23-4 30 To a solution of alcohol 23-4
(1 eq.) in THE was added resin bound PPh3 (2 eq.)

wo 200808@e2 by stirring at room tenperature for BOI/US2008/050149
m nutes. To this reaction were then added 5
pht hal ami de (2 eq.) and Dl 19% eq.). Reaction was
heated at 40 C for 30 mi nut®&Pand upon cool i ng was
diluted with EtQAc, filtered throug
concent dd and purified by rever
sol ution .
was added hygr
Reacti on was

8 plug of Celite,

jne (25 eq.) at roomt epe .
ed at 66—C—»pon +on, the
filtered and &Nt at

CtN OR : e
resul t oil o Hfied by rse se APLEH O
provi de=30; M+ )460)3. Exanple 24™(6R)-1- N
R) - 1- (1- benzyl ¢4- phenyl -1 oy
H i mi dazol - 2-yl) - X 2-di net hyl propyl ] - 6-
fluoro-1, 4-dhazepan-2-one (31) and (32) H3C,pH3 H3C

| >CH3 | NCH3 NF NO~~-F NN HH 83 W

CH3
2008, 005172 TSR P58)48 3P Aald el co

fol WA yAbirdng RIr6P@t&Hp@stuldfoEXamMih@ed STo this FBEL A then added
chloride at 0 C was added triethylamne (5

phihelaeg ) oH IMARERRY T Refinn 0 (1 Oy C TrbHbmimses and

upon cooling was diluted with EtOAc, filtered through a plug of Celite, concentrated and

purified by reverse phase HPLC. To a solution of the resulting phthalamide (1eq.) in EtOH
was added hydrazine (25 ¢q.) at room temperature. Reaction was heated at 60 °C. Upon
completion, the cooled reaction was filtered and concentrated. The resulting oil was

purified by reverse phase HPLC to provide 30; MH+ 460.3.
Example 24

(6R)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-dimethylpropyl]-6-
fluoro-1,4-diazepan-2-one (31) and (32)
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5 was allowed to stir at roomtenperature until
conpl ete whereupon the solution was quenched with
wowssdiel | owed by met hyl ene chl ori de extract i BEBEUS2008/050149
Conbi ned organics were dried over sodium sulfate,
filtered and concentrat ed. égﬁ§¥eproduct was purified
on silica gel wth 0-100% FAC/ Hexane gr adi ent
o.provide chloride 24-2. Ste NNO,. F N
F NHBoc N C H 10 24-2 To a solution
of chlorNdg 24-2 (1 eq.) in DVSO was added tetrazol e
(10 eq.) and NaOH (10 eq.). Reaction wag al\ pwed to

stir at rogyn foy _16h whereu t he sol gtion
quenched i ph—dater followed by E

el ution
N N N el

ragti ons.

Co e onNgani were dried over di um syNTat e,
filt d and qg¢nc ated. The cr nate@?%é S\t hen
treatdd with 50%E5 Tedcn net hyl ene chl ori gk, FandNHBoc

upon conpl etion was concentrated and purifﬁ%d by
reverse phase HPLC to provide the desired_conpound
32; M+ 435.22§he ot her diastereoner 31 m&%zprepared

in an anal ogous manner starting fromthe other '
f 1 udpg-oiudiesiodpming s6.arepned asoh Exqmple N-tin mghylzne ghloride at 0

°C \é&%\gs t%g%%_ t%%?l%ﬁl%ﬁgga— %S)Z%ﬂgx/ygé 93]1' %I?loro%)égtgpéh?or% c éysn etqh)e SIiesélction
wak Slowed {oRYir dt lodmbempylatide pherphpldtt vt @aped thdsylu}ioR wds

di met hyl pr opyl am no -2-f|uorogrqpylcarbanate Step E .
quersiet 1ith avargti falleweshbrmethyippseloNdeenraptipng Cogppined organics were

driglé\lé;zrr)er g@?ﬁ]&lgfﬁ%i @lt%éii %n&e— g&}cggt‘?eg&%) C%ig %C X rlrlg% %Eésgplfr{ﬁ%@ on silica

gel with 0-100% EtOAc/Hexane gradient elution to provide chloride 24-2.

Step B
N N
I / —> I V/
N N N N
WF
o~ M Oiﬁ
F NHBoc N
Cl N
24-2 32

To a solution of chloride 24-2 (1 eq.) in DMSO was added tetrazole (10 eq.) and
NaOH (10 eq.). Reaction was allowed to stir at room for 16h whereupon the solution was
quenched with water followed by EtOAc extractions. Combined organics were dried over
sodium sulfate, filtered and concentrated. The crude material was then treated with 50%
TFA in methylene chloride, and upon completion was concentrated and purified by reverse

phase HPLC to provide the desired compound 32; MH+ 435.2.

The other diasterecomer 31 was prepared in an analogous manner starting from the

other fluoro-sidechain diastereomer of 24-1; MH+ 435.2.
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with the al dehyde (1.3 eq., 1.56 g) and sodi um

triacet oxyborohydride (2 eq., 2.65 g) in 30 nL of
woreiokps@aer chl ori de. This was foll owed by acetPCI/EH81008/050149

(2 eq., 0.72 nL) and the reaction was stirred at RT

under nitrogen overnight. Theree%ctl on was wor ked up

with 10 water, saturated léhéa i carbonate then

s%yﬂtmmoﬁ@wwp(s)m((nw (Th@n@frm@hénﬂwmmol-z-yl)-z,2-
dried over magnesiumsulfate tered and
concent r at ecdlimesaylpganylamino)dslynropronsdeashamate: o) urm

and gave the resul tstggg)og}gltﬂgﬁvggnﬁ?mo@ 15 g of a

white solid. Exa esis o

(R -5-( omet hyl ) - 3- ((R) - 1- (1- benzyl - 4- -difluoro
phenyl) - 15 o

i m dazol - Z\yl ) -2, 2-di pr opyl ) oxazol i dim- 2- one and
(S)-5-(am t hyl) - Sg(R) 1- (1 benzyl - 4-(2,5-di fl uoro
phe | i m zol -2= yi)-z 2 / N

di ) oxazol i di n- 2- one Z

HIBDVSO, , J, / NHCbz 10 ~ HCH Tora
solution of benzyl 2. 3-dihydroxypropyl car bamat &1 A~BNEBoc
(0.1 M wa® added 20 TBDVBCI (2.2 eq.) ana5.1m- dazol e
(2.5 eqg.) at roomtenperature. After stirred for 20 h,

t he The photyil onidarole hrietrowstopd? héaxupplwlt(h cHt &Akg) witsicombined

wilfBe SIRRE g s a8 e hoafeselfSao RETERE A R Tos 0y im 30

mEéﬂ&ﬁ@th?leﬁe shibyl &tk WiPRUESIved bMabz A0RIS(2GS 90I2wAT) hrdl the
nmet hanol (0.16 M followed by addition of

reagtioiaesiEEd 4 & endge pidrogemoveraight. Jhy repetign was waeked up with

el EEhIAR b5 Bi 6 63 B el BBl BB Enic taver was

driéd bedgr nﬁagemhmd;umaﬁehﬁmem arad @ohcdatdtdd3 Thg uendiial s8ak phifde on a
the reacti m xture was _extracted w 'Ithh Etg%, whi ch
W apd eaeet r@wlmrgpd%a%r%r?ew Ak Bhyaselid | ayer was
separated dried, concentrated, and purified on silica
gel with 0-100% Et OAc/ HexBRemplegibadi ent el ution to

Zéﬁte?st‘?_ %ﬁ@%“ a?m?ﬁ% Y1) 3-4(R); 1-41-penzyl-4-(25-difluorophenyl)-1H-

hydr oxypr mjdaeal- D@zmaz 2-die Ny opy BoRAz 0lithin-2-od e and NHChz
O-NHCbz F I NEI NI~ ~NN(R.S) NN~SRR) CH1
(%ﬁ-(mm@%(@%@wz(z,SFdlf_luorophenyl -1H-imidazol-2-yl)-2,2-
dimethylpropyl)oxazolidin-2-one

OH OTBDMS OTBDMS

Ho\)\,NHCbz - TBDMSO\)\/NHCbz - Ho\)\,NHCbz

To a solution of benzyl 2,3-dihydroxypropylcarbamate in DMF (0.1 M) was added
TBDMSCI (2.2 eq.) and imidazole (2.5 eq.) at room temperature. After stirred for 20 h, the
reaction mixture was worked up with EtOAc, which was washed with water and brine. The
organic layer was separated, dried and concentrated to give the crude bis-silylated product,
which was dissolved in methanol (0.16 M) followed by addition of p-toluenesulfonic acid

(0.1 equiv.) at 0 °C. The reaction mixture was stirred for 1.5 h at the same temperature.
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To a solution of benzyl
2-(tert-butyl dinethylsilyloxy)-3-hydroxypropyl car bamat
W@200808022q9.) in dichloronethane (0.1 M was aRETS2008/050149
pyridine (5.0 eq.) and Dess-Martin Periodi nane(r)
act i m.xture was stirred for
Aft el nh butrod VRGP AR B A TR B W0

ex‘rimﬁedlw@h M@!ﬂd@@ﬁﬁh m2§a%d&ﬂkw¢vht@ﬂand%ﬁrﬁ Tﬁé bfg’aﬁﬁ lfl}Q’E was
the organic |ayer was separated,

sem&tt%c# dgipds aepfendratedy apurified opgHica el ‘é(ttlég IOﬁF(eEt%ﬂHéxaneS

ST SRS 30 0] Ui

hydmok gaapyle@byhite2, 2- di met hyl propan-1-amne (1.2 eq.),
prepared according to the general procedure reported
prev@usky, in dichlorepgghfane (0.2 M with a drop of

cet Qmlit e at ure—After stirred for
%%Wg)kv'soglun1tr|acefﬁfyﬁbro ydride (1.5 eqg.) was
added to the reactio xture at OC fol | owed\ by
warmng up to roomt ature for 1 h. Af
guenched with saturate HCO3 aqueous sol ution, the
reaction m xture was worke p wth EtOAc whhch
washed with water &nd [prjn he organi cfl ayer)
separated, dried Qonc ntraked. The
di astereoneric m e was,se ted o
with 20 20% Et QAc/ Fexanesgglhisd ONNHC®, pr oyi de tlirgD,@g,tge NHCbz
di astereners, benzyl (S)-3-((R-1-(1- behzyl-4-(2,5

-di fl uorophenyl)-1

H i m dazol - 2-yl ) -2, 2-di met hyl propyl am no) - 2-(tert-

but Jodi sobttioylos berydyd Z{DembpyﬂdﬁaﬁbﬂﬂimylexQrﬁ}hjzrhfnzymopylcarbamate

(1 ﬁ@&%@pfoﬁn@ﬁ%ﬂe%% it ATy e 1S SRDSAY sq Martn

peﬁwlxéﬂé a4 S(i shdoyico m %a%a%ﬁ AR RANR Stirth %163 b Qﬁd quenched with

stereoc ry at the carbon attached to
5%280I8C08 64 @&DuPSIIIUSPHGBY . OMEMoumNy&@ﬁ)g ad)lum)rvﬁsfter stirred for 1 h,

theraf{;g%ﬂtlcr ?alrgflglln %%Se%n%pgdwééhgdaﬁt di ast er Nﬁ{f pﬁr{é) N)qcemrated The
cnﬂdNaMeh BOVEQ ARz a L‘&WR)E-@-be‘ﬁz% zF(i\BJEhﬂi'l}l"oﬂheh«kzl) 1H-
BDMSO NHCbz HO NHCbz To a solution

1maipmlobyh)dt2edlﬁmtppm-émde clotrpoi mder(anedchce@rd)ng tn tle-Eeneral

proppite Mpord WRRGEHF B (0o il 0 ML SR P SERLL Seid ac

rodihl esnefeeduiel Aﬁeﬁﬁirtérd&bﬁ‘d 5 NSy B aiaRtbx yB&bHdride, (115h&)].) was added
reaction mxture was worked up .
to the reaction mixture at 0°C followed by warming up to room temperature for 1 h. After

quenched with saturated NaHCOj3 aqueous solution, the reaction mixture was worked up
with EtOAc which was washed with water and brine. The organic layer was separated,
dried, and concentrated. The crude diastereomeric mixture was separated on silica gel with
20% EtOAc/Hexanes elution to provide the pure diasteremers, benzyl (S)-3-((R)-1-(1-
benzyl-4-(2,5-difluorophenyl)-1H-imidazol-2-yl)-2,2-dimethylpropylamino)-2-(tert-
butyldimethylsilyloxy)propylcarbamate and benzyl (R)-3-((R)-1-(1-benzyl-4-(2,5-
difluorophenyl)-1H-imidazol-2-yl)-2,2-dimethylpropylamino)-2-(tert-
butyldimethylsilyloxy)propylcarbamate, where the stereochemistry at the carbon attached to
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with Et OAc, which was washed with water and brine. The

organi c | ayer was separated, dried, and concentrat ed.
wab@sosdalee product was purified on silica gel RET/KS2008/050149

30-50% Et CAc/ Hexanes gr adi ent elution to provide t he

ure.al cohal, .(ben ) 1- .

ox 5 S R BR E e P R B 5T R e il § isomer
onITO0Y! an no) - 2- hydroxypropylcarbanate and benzyl

(R -3-((R)-1-(1-benzyl -4- (2, 5-di fl uorophenyl ) - 1H

-yl)-2,2-di met hyl propyl am no) /Z\hydr oxypr opy

. 87 WD 2008/ 086122 PCT/ US20 0

HN (RS) N(RR F HO NHCbz NH
S) N HO NHCbz 0 F F NH2

4 T
ok appropriate alcohel (1.0Feq. PEEHEAE
cfhane (0.3 M was sequeniig Added

5gen (f“ .) and triethyla (2 5 é@
S Ler stirred for h, the " ct 98,
m Xt gre was quenche W1h saturated MNaHCOB aqueous

sol ution and worked up wi th dichloronethane. The

organlc Layer was separated, dried, and oncent r at ed.
The cr product was di ssol ved in acet rile (0.1
M foII d by addition of iodotrinethyslane (10
eq.) Adter stirred for 1 h, the reaction e was
gquenghed vjiggﬂéqueous Na2S203 sol utFon ed up
with C# e organic |layer was sg dri ed,
and centrat The resulting oi

e phase HPL nd 10 | yophili ze
de5|%ed conPRMRP as MICHPFA salt . NHCbz
(am nomet hyl ) - 3- ((R) - 1- (1- benzyl 4-(2,5-difluoro

h I )
> orgiorahu PP ALE TS proecied compqyd (P s 1AL M)
Waé M:tﬁe)d TH&AF R cF) 8t166rnrtblm pérShur &-Thantaeaor bliytluje Bas stirred for 20 h.
2. 5-difl henyl
Afjg: ﬁh%)&é%ﬁwﬁgenzg atedNH G| ar?@'?wfs(é[ ek 1e t?ls %%%m BiHwe sevorked up

with@B AchAich W SyakhédMitfth wakde aRl brind- 'lql% J_F% dhidh WMeﬁarated
27 Assay for Determning KSP Activity IS exanp

dripd, awil desceatratepr Bwamuddt produdt wagiptribcdes aijicd el w1th 30 50%

t 1 Ni (SP activit It fi
EQREF IR g el ibe pihsided e sl o6eRl (hot-(Radad -bena-
4-(br50drFIué6h @&&@Lﬁqmldaasl- g@em/ ‘AmetGAbRIpIANindSA) . The
ot or donaln of human
hydroxypropylcarbamate and benzyl (R)-3 ((%) 1- (1-benzyl-4-(2,5-difluorophenyl)-1H-

imidazol-2-yl)-2,2-dimethylpropylamino)-2-hydroxypropylcarbamate).
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88 WD 2008/ 086122 PCT/ US2008/ 050149 KNSL1) was

cl oned, expressed, and purified to greater than 95%
whomsgsiei ty. Bionol Green was purchased fronP@&F/UB2008/¢50149

Research Products Ltd. (Matford Court, Exeter, Devon,

Unite i ngdom). M crotubul es and KSP notex protein

(i.e. e KSP notor domain) were dilut n assay

buf fe O MM Tris-HC1(pH 7.5), 1 nM MyC 10 mM DTT

and 0. 25)5 /L BSA) to a final concentratijonyof 35
g/qL m.ci ot u es and 45 nM KSP. The fm c 'QgggfélKSP
g then re incubated at 37 & fo9

nto
| ed ;‘2; ch (RR)
of the tegt g pl ate (384-well e) cg A0

. i nhidi t omape  test conpound lin DVSO (6t
onlfy in the case of controls) were adfed 25 L of ATP

10 solxhji on (ATP diluted to a concentratigR of 300 M
in as4 buffer) and 25 L of the above- ri bed

m cr ot | e/ KSP sol ution. The pl ates wereé cubat ed at
RT for 1

hoyr, Follow ng incubation, 65 L o Bionol
%ggiﬁéhite green-based dye that detects
nor ga phosphat e) was adde
(e

Mnxi_\ |ncubated for
n1nutes t kemM\t he absor bance at

detler mi ned udithg &H&Eeetor 11 15 plate reader@ T LH
anount of absorbance at 630 nn1corres§onded to the 2

e o OrrE g Giroptist Hss gDl GOy was
seRRESAIYNIENRIABSIRASS doh) ARIRERABESAD. BRP) MG t&ﬁ}fﬁlﬂature

concentration, via nonlinear regression usi n%%fl t her
Afiy pinredf or 1 @(&@lrewlopmlsmr@w&qm&h%wh sasfuraiodr P&@/Os aqueous
solq’lmP th?vqfor 88 fut Vvvval{ d1c omrnegrane herorregmg ?a%f) \lflvgsd sseé)gra%ed 81‘16(1 and
I'Aventl on oglca I'Vi y as”’neasur

condehfated. Tl%&ﬁudd‘[ﬁﬁdlab ab dissathdd i dcb@nAsSkay. 10dF f;‘dllob%d b|leddlt10n
this exanple with greferred enbodi nent s havi ng

of md@trwtwﬁﬂa@ét(i%q Adterseged fasdrh, dsoigactg nuxtuig pigs quenched with
aqBRL N%ngég fséf uti®f &{ g‘ﬁg‘%ﬁfliu!o%t?)%é Tﬂé‘x Qlcki%?ér Qs Gl arated,

activit ess t
drisch sihd pomadeetratedi Erdmmlmdm;wlaapunn@eatio;oﬂe@gsephasaﬁﬁm and

of .l ess tha 0 100 nM 25 le 28 I nhibition of
1y0®§111za %PTPV@F%%‘#J%{TF%WWP E@%D ?a?tu nes Tr eat ed

with KSP Inhibitors Cells are plated in 96-wel

pl at(@g-Satamdeaiasthyles-(OR)- o bvenzbg-E@er-diflupophepsil)- Héflmadazol -2-yD)-

2238 B pro B oS ko o%eatg%w)%% OWAPT; PARIOY s min

reate vario

o GeTPTRpkRTR S RGER S rr Hh Siap R Midecol 20
2 Zf—@hfeﬂ%%rbplj?[b&(aﬁ@l(hlﬁl&&ﬁbé LSM®(ni/Fe 458 agRIH ); LC R, = 3.68 min
3-(4,5-di net hyl thiazol -2-yl) 5-
( 3- car boxynet hoxyphenyl ) - Exz{lﬂpﬁl@ﬁ ophenyl)-2Htetrazol
ium (MIS) (U.S. Patent No.
Assay for Determining KSP Activity

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,
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89 WD 2008/ 086122 PCT/ US2008/ 050149 5, 185, 450) (see

Pronega product catal og #G3580, CellTiter 96 Aqueous
w@n@s8sdier i on Cell Proliferation Assay). The BEI/US2088/¢50149

then incubated in the dark for 30 minutes. The anount

KJ@T L\J)vrgsn nl% % s eeddgllécF , mfn edq g?eig]lte?cor oAl abomg%ﬁnt%ﬁy ﬁlomol

Gréﬁmnibw pLﬁ?éha@ﬁi ﬁSmp@ﬂﬁn‘t‘b? |RleseaTﬂﬁP1@dﬁ(b§ Ltd)fM\dtfalbﬂ Ceoui‘ﬁ |E]x$ter Devon,
in the wells that recei ve only 59 serv

Ungtgd Kedomy)i aﬁcwuto%& 49H iK1 R mgter meél @neth Sk mﬁ@a fiomam) were
dllﬁt%h I11§as§g§; N@ff@}%ﬂ; gﬁ%’frﬂmlﬁf !HOﬁSPfl il Mg@[z, E%&%rﬁg\?& ?]nd 0.25

ound concentration t results in-a
rng/m[llBﬂA) ton f{rGl bécentsatthat o 135 igad L gmlatgmlmbmédslayldﬂﬁmm KSP. The

.Si gnoij dal dose-response curves of transforned
MIgFERO U R YRS fg‘%‘ll precigephaéedgi sy cQ?fPr 9 mamfex premptethe

;hﬁ{ﬁ ous conpound exposure. 10 The cell
buﬂ es use r:'[:lnrce&fptg d beI ow. The cell proliferation

0 nad et BELOENTEE pES PR AL AR Forve LT b npipior o

testcqhpiuaiin ©MIGa & IﬁVI‘S%iﬂW{ th chleneScontrdls pEbile AeC DS RL of ATP
+1 9%NaBi carb. MDA 435- breast cancer- high net EMEM +
solution @BEP dilytedgy asconcentugtion of B9PHNE R as feq:)]_an;}f}\%ﬁg% ofithe above-

despfi hATLRRAIRSE polth, TG ey 558 BAVARNSH R3TBy Fhb
Foﬂ?&x:vilng Hm;?sti?{gfg \J;g afdﬁfgg&iﬁ'r@frl(g}aialachﬁe gmemgaie?gjyg ;tmm ldetects the
rel?@%wimorgfngq Igh%ﬂr% a&é%fgf@. e3¢ zyeﬁu Lﬁ‘? gl%w%"g}cgg%tﬁé for an
ad(ﬁﬁblllal 5L fvem RN 11648 ﬁgs%fg:a%\?e 5t1630(f’11m Aay H@t’g}rﬂfﬁed' {l,tsn{% BABctor 11

2ug/ mL Vi nbl asti ne p- gl ycoprotein
plaafssa«terafféd amobn{ ofdibsrgbm@sms tAhomeetrksdonded ONEVhmbOSGBESP

1°/th P/S + | / mL_ Col chi ci .
act B Rt A it eibRIRDT 63 SRARGUES by Hsdeigrmined
baR@loh\hd &ec@@as@ﬁﬁz%ébﬂﬁn&yat 300 nfalaQad cdReSrdtidanvianeslinchr

mM in assay protocols described with sone embodi nent s

regﬁ@sionglsma chen ¥gFic &r Bxeel o Rrpnodats ensdysishsoitvaisoby GeaphPpd
Soﬁ" L1 at her enbodi ments having biological activity of
ess Pﬁan about 1000 nM and with still other
enbggelfgr?en colﬁrlr?ﬁlolu?lgs gf the ?n%egglon I?avsé a biological activity as measured by an
ICs¢ of less than about 1 mM in the assay described in this example with preferred
embodiments having biological activity of less than about 25 uM, 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.

Example 28
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.
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t han about 100 nM 90 WO 2008/ 086122 PCT/ US2008/ 050149
Table 2 shows the activity of sel ected conpounds

WO e@Beghien Table 1 as nmeasured according to tPET/HSMA8/650149
described in Exanples 27 and 28. A "+" indicates that

5,1{85,%9@?{‘?@ Pro%leggiroacp {:t cga?agoag #Q:%%? C%il”[%r & gbﬁé gﬁ%lée S%Mtion Cell

assay Irndi ca | ca

Prdlﬁ‘Bi’@ﬁbkﬂAsW e ¢D5 @r@ﬂheﬁhﬁz@bzﬁéd Ireths dhﬂk&hr 80 mexg4&. The amount
gM and greater. than 100 5 nMin_the assay jndicated;

of @mmqscenqeﬁﬁ fetenaged f%iteactlh‘éelé s aeles tHWK platiyegder, which
t
corrtals Qe Gt ¥ ol SR, e HAPLRRb Mol BECIRSH eyl that

reo@lm‘mmlwﬁl\m (05 %y sdr@sﬁ)s an 1InIGIEa‘r3151 (b-iCDP/o Mﬁbiﬁ&ﬁ, vs‘LhiKBBelB; without
+++ ++ ++

celjls _|_seq_ve +a_§ 1 _QQ % +1nh$)1t1p_p Lof _pgll grlpvqm _ﬂ;e cgmpmgld ,copgentration th@t results in a
50%%r6€bt11]-1%hfbﬁlonj@}lso) ils‘heferf‘fnned 1%3' hléla@ lont si Em'bld'él dés@-r'éé"p"’onse

F+ ++ +++ e i
curves leog—traﬂsfemnedi-delse Vzme&¥ersmell+cou213 (percent of c@@ro})mtﬂz 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

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
Glsg 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 Glsy of less
than about 100 nM.
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NRL \ R (R6) Z~ - /(R3) pH 5R4 (1) wherein: Rl

is selected fromthe group consisting of al kyl and
waemwsosdier ed al kyl; R2 is selected fromthe greCpUS2008/050149

consi sting of hydrogen, al kyl, and substituted al kyl;

L is selected fromthe gr |st|ng of 10 a) -0-;

b) -OCH2-, -CH2O, -(:(O)I\Fa’i’pm8 $2i

- CH2NR7CH2-, - CHZ%E@emcﬁfQ)gNRA@H%rPr@M] CH2CH2NRY - ;

R3 and R4 are independently selected fromthe group

congjustdntanQ Bl fe phitdddt.a RALty SBRIDT Sk per REIKW a 61&11 plate.

R5 and R6 are independently sel'ected fromthe grou
The oerdidgyi mgbr@pouaayi &h Interestyak a cergaip senacotretepnal Rgded taleinwell After
24 ffmczﬁg %tﬂlgrts eo? bnlj: %goés‘% htaclefgsg arg?gﬂf%%tdr Oxé}r/?he fZIk (foun?erqec[theq'ollowmg
step§@r2 @)lefﬁdimed liﬁlﬁ@th@ Multimek 96 liro‘t%t Thérg 500 Vﬂa,b1620611@ peBwell are plated

and 20 pisOorl. 2. A compound of claiml wherein Rl
in g RerwRH pgte ﬂ&‘lt wfoateé with ReJidemade preventaftashmans ef dicgeliyto the

bom Ak kﬁél dAgg'o %5@? mefted, AIGRARC YA mEhidla ﬂ?l 3dded to

reln 1S se om the group consisting
thd cetip toopfihal cbnctmmyhon afin@ 5% opfydr thOR ViR aP QORI RRH ill%&)lates are

. PCT/ US2008/ 050149 d | R4
incugeieet | e d&w&y{ilar@r Bl %f%d & R af et ar kicpbaced
for% 'dﬁltﬁhglyd hGHP STlllé SRl dnkiy thn%e 5& rﬁé‘ei%ﬁf;e'dtdﬂeanf&:an plate reader

sel ected fromthe group consisting am no,
and islsensitierce tb eoriakase whthlthe nlahk@mf CObub;s formetenl sofahgayx W cancerous

1 wherei R4 i .
celf Bapl o optbtie g paE RS AL Sy i Hefeafie PP caiebNipp A reading
of décdeddd R dpidoal d&ﬁh?h{%hmhataﬂﬁ@ cafdcREhs a8 bdn € pHNRAed 10k

claim1l wherein mis O. '
contemplated that compounds of thls invention will exhibit a decrease in optical density.
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9. A conpound of claim1l wherein R6 is halo. 10. A
conpound of claim1l wherein R6 and the phenyl ring to
waioshsdie2 i s attached is 10 sel ected from t heP@r/o83908/050149
consi sting of phenyl 3- br omophenyl, 3-chl or ophenyl,
é: ﬁﬁ@fﬂﬁ TS dlfluorophenyl 3-fl uorophenyl ,
xyp 3 nmet hoxyphenyl , 4 met hoxyphenyl ,
4- nethylphenyl 2- trlfluoronEthyIphenyI, and
3- trifluoronethylphenyl 11. A conpound of claim1,
1. wheneidipoudddr b ?ﬁaﬁ{a@&ﬁlcbﬂ’y Wepfablctsait Seste®] d}qﬁodrﬁg fﬁe@eof having
ring selected fromthe group consisting of ;
thedformulgIy- 0 ONH2 2 ONH2 A N N N N NH O~ONH2
OO \NH2 O-O NH2 ~~0 Iks O= ""O=NDON~O NH2
N2 ON2 ONONON.11K RN N ) NMNNO 2 H
6122 PCT/ US2008/ 050149 %

HONH2 ONH2 94 WO 2008/
N~ NH2 NNNH2 NNH N ~OH L. OO~ 2 ONHoOs., -N
OCHS OHO HONH2 N--1IT NH2 2N NH2 O-~ O ~-N
HO=1 Op ~CH3 O A% A% TNH2R\1NNH2 O NH2 O-NH2
7 R2
N 3
(Re)n N_\/(R)p
H
O
wherein:

R' is selected from the group consisting of alkyl and substituted alkyl;
R” is selected from the group consisting of hydrogen, alkyl, and substituted alkyl;
L is selected from the group consisting of
a) -O-;
b) -OCH,-, -CH,0-, -C(O)NR’-;
¢) -CH,OCH,-, -CH,NR’CHj,-, -CH,CH,0-, -C(O)NR'CH,-, and -CH,CH,NR-;
R? and R” are independently selected from the group consisting of halo, alkyl, and
substituted alkyl;
R’ and R® are independently selected from the group consisting of cyano, alkyl,
substituted alkyl, alkoxy, substituted alkoxy, halo, and hydroxy;
R’ is selected from the group consisting of hydrogen, alkyl, and -SO»alkyl;
mis0, 1,2, or 3;

nis0, 1,2, or 3; and

pisOorl.
2. A compound of claim 1 wherein R' and R? are alkyl.
3. A compound of claim 1 wherein R is alkyl and R? is hydrogen.
4. A compound of claim 3 wherein R' is selected from the group consisting of

isopropyl, t-butyl, and propyl.

93



10

15

OOYNH ~p HBC ~~-OH3C and ON'~~( ONH 2 5 12. A

conpound of claim1l having Fornmula (la) or a
webasaseuti cal |y acceptable salt, ester, or PCDUS2998/050149

thereof: (RS)m HN (R6) (DRL N,, (R p/~J H ~OR

4 (lLa). .9 2008/ 086122 4+PCT/ US2008/.050149 13. A
> corrréo%orﬁn Oélg d::é\f)glia%q Vﬁlaev?lgé osr“rtr’ﬁé‘%% ljy-?(l d) or a
pharmaceutically acceptable salt, ester, or prodrug

6. t hereafmpouhd B} laim Bl wheRdin RN dtkyl (sREstituted NGtR3) to 5QublstitRénts

I b R5). HNRL N.H "N R4 (I
sel%c@e%gr_or(npihe zgroup consistin%oof/ amino, (513?s)tituted a(mF\l)lsn)oPhago, aﬂko(xyc,: )substituted
alkoxy, and hydroxy.

7. A compound of claim 1 wherein R* is selected from the group consisting of halo,

-CHQNHQ, -(CHQ)QNHQ, -(CH2)3NH2, and -CH,OH.

8. A compound of claim 1 wherein m is 0.
9. A compound of claim 1 wherein R° is halo.
10. A compound of claim 1 wherein R® and the phenyl ring to which it is attached is

selected from the group consisting of phenyl, 3-bromophenyl, 3-chlorophenyl, 4-
cyanophenyl, 2,5-difluorophenyl, 3-fluorophenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-
methoxyphenyl, 4-methylphenyl, 2-trifluoromethylphenyl, and 3-trifluoromethylphenyl.

11. A compound of claim 1, wherein L and the atoms to which it is joined form a ring

selected from the group consisting of:

MY X &\ <
N NH, N N N N y
o//l\ /(}\/ , O:<~_O>ﬁNH2, O:Q—_o> \NH2, OI«—} \NHZ’
Ay X, X X
. N NH,
OZQ—_(}ﬁNHz, O:Q—_o> \NH2, OZQ—‘(}—\NH% OZQ_}I ,
X 2 A
\ N N \
X 0 L\ o< 1, ok
N ”/—NHZ ! T > "
© _o> , NH; \NHQ, 0 \NHz,
\ Y Ao
o ‘M\; O \N> O \N>— .r\"{ J.p(
T } T 1F T F N> ) N:>—\
o) NH; ” N 7 o] NH = NH
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NRL 0/ /NH (R6) // N> (R3)p ~k-H OLNRA OS5

R (l1d) 96 WD 2008/086122 PCT/ US2008/ 050149 14. A
we@roposiie of claim1 having Forrmula (le)-(1i) BCT/HS2008/050149

pharmaceutically acceptable salt, ester, or prodrug

thereof: (RSY)m HNRL \./ NH(R6) ~~ 0 N/(R3)p X

kH O NJ RaFV (le) (RB)"™\HNRL (R&}¢Z O ~~( N--,

¥R P oRa =S (IN*‘)\‘ (RBEm PN /N H
’J% ( P~ \,/d?a O:;\ qu
0 NH S chs /> N N

o , o) H , O H ,
X A
\ AY N
o) Ni TNH, HI‘\N o) d ‘;\N NH
:;\N O:Q/\o(\ N, :}N\ NH, o{j/\ ’
0" H , , O CHs o ,
) M
N \ g \N
N Ry N

O:& O=«\/ (0] <
o NH HsC HaC _and
e

12. A compound of claim 1 having Formula (Ia) or a pharmaceutically acceptable salt,

ester, or prodrug thereof:

—\ (R,
Y
H
/ N /N/ R1H
(RG)n// N R
o H
O R (Ta).
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5 R7 (1g) 97 WO 2008/086122 PCT/ US2008/ 050149 (R5)m
HNRL /NH (R6) Z~- ONR3A)PH ORa (Ih) (R5)" HN

WOR2008086t22 (R6) Z O N~/ (R3)P ~H N Ra \R7 (I1iRCT/USDB08/#50149
conpound that is (S)-5-(am nonethyl)-s-((R)-l

3|_£ Ilmbeniﬁl uné 0% méqélavfijlgel:%ﬁm}l %-;ﬁc% Sk 4 oflrmqaceutgzallx acceptable
salffestar, bhgfdai&%eﬂhtelre@ﬁl ly accept abI e 5 salt, ester, or
prodrug thereof F H3C CH3 NFOO 3 ONH2 98 WO
2008/ 086122 PCT/ US2008/ 05049 YXAB)mA conpound that is
(R)-5- (anmi nomet hyl )-3- ((R N\l /£1-benzyl - 4-(2, 5-
di fl uorophenyl ) -1H i m dazol -Zyl ) - 2, 2- di net hyl propyl ) o
xazolidin-2-one or a phatimaceutically acceptabl e

salt, ester, or prodrug th f R
] N /)\kH
K= N 3
(R®); Oﬁ/ \/(R b
< (Ib)
I ()
Y
H
I\ R
] N N/)\%H
(RG)n// o N\/(Rs)p
y\\ )
\/(R5)m
Y
H
IR
I N/)\%H
(RG)n// o N\/(R3)p
H
jN)(4
O 1 R
R’ (1d)
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HBC NF ~L<CH3 F O_j O NH2 5 17. A conpound that is
(5R)-5 -(2-am noethyl)-3-[(] R-1

WO ¢@siosqzy| - 4- phenyl -1 H i m dazol - 2-yl) - 2 2-  PCT/US2008/050149
di met hyl propyl ]- 1, 3- OvaO|IdIn 2- one;

14‘2 | %c( Zpoqungco)?[gl)a@)léévﬁé {%} 6163?511?? Bharmageu%cyﬂy acceptable

salfl cSte@ap@dingi thezofne; 10
5-(am nonet hyl )-3-{(1R)-1-]
-1H i m dazol -2-yl ] - 2-
nethylpropyl}-1,3-oxazolidﬁn
S)-5-(am nonethyl)-3-[ (I R -1
H i ni dazol - 2-yl ) -2, 2- H
di met hyl propyl]-1, 3-0
(5@-5-(amlunmthW) 3-
H i m dazol - 2-yl) N
di met hyl propyl ] - 1‘?56;a2|nazgjibﬁ“(R)p

I

-benzyl 4- (3-chl or ophenyl)

-one, (5
-(1- benzyl - 4- phenyl -

zi nAnN\2- X
=il 1- benzyl - 4- phenyl -

(6S) - 6- (am nomet hyl )-4-[ (I R benzy! - 4- pheny! -

| Hi m dazol -2-yl)-2,2- di nethy op§1]nnrpholln 3 -one
(6R)-6-(am nonethyl )-4-[ (I R)-R"-(1-bengyl - 4- phenyl -

H i m dazol -2-yl)-2,2- dineth Ipropyl]nDrphoIin-B-one;
20 (R%)m
(6R)-6-(am nonet hyl )-4-{(1
enyl)-1H i m dazol - 2-yl ] -
2- met hyl propyl } nor phol i n-
(6S)-6-(am nonet hyl )-4- {(
1-benzyl - 4- (3- chl or ophe

2- nethylpropyl}nnh& )
(6R) - 6- (2- am noet Ky - 4- é%E; - benzyl - 4- phenyl -

H i m dazol - 2-yl ) -2, 2- 25 dlnet l p dgyl]rmrpholln 3
-one; 99 WO 2008/ 086122 PCT/ US

(6S)-6-(2-am noet hyl)-4-[ (I
H i m dazol - [

~[ 1- benzyl - 4- ( 3- chl or oph

M dazol - 2-yl ] -

~

(1 benzyl 4- phenyl -
dpyl ] mor phol i n-3 - one;

1- benzyl - 4 (3- chlorophenyl) 1 FFIH]daZO| 2-yl]-

(6R) 6- (2 an1noethy|) 1Rh}-benzyl-4-(3-chlorop
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(2S, 6R)-6-(am nonet hyl)-4- {(1 R-1-]
1- benzyl - 4- (3-fl uorophenyl)-1 Him dazol - 2-

w@ kqosasad2zi met hyl propyl }-2-net hyl nor phol i n- 3 PORES2008/050149
(2R, 6R) - 6- (am nonet hyl )-4- {(1 m-l -1

- benzyl - 4- ( 3- quorophenyI) dazol 2- 10
yl]-2,2-di met hyl propyl }-2qnme ﬁnrpholln 3 -one;
(5R) - 5- (am nonet hyl ) - 1- [(1 -(1- benzyl - 4- phenyl -
H i m dazol -2-yl) -2, 2- H

di met hyl pr opyl ] pi per azi ne- -di one; (5 §)-5
-(am nonethyl )-1- [( enzyl - 4- phenyl -
H i m dazol - 2-yl) - 2, |

N
di met hyl propyl ] pi peyasfFhe- 2<3iiizggR%&5
(5R) - 5- (an1nonethy|) 1-[ (1R

- (1- benzyl - 4- phenyl - I H i m dazok- 24YIR} % %

di met hyl pr opyl ] - 4- net hyl pi per azi ne- 2, 3- &1one
(29)-4-[ (I R-1 -(1-benzyl /ZAphenyl -1
H i m dazol - 2-yl ) -2, 2-di metWyl pr opyl ] - 2-
(hydroxynet hyl )- 1, 4-di aze 5- one;
(2R)-2-(am nonethyl )-4-[ (h R)»>1 -(1-benzyl -4-phenyl -
H i m dazol -2-yl)-2,2- 20 N g
di met hyl propyl ] -1, 4-giraze éq; - nﬁ'
(2R) - 2- (am nonet hyl (I (1 benzyl 4- phenyl -
Hi m dazol - 2-yl ) - @s 2%
-1- (net hyl sul fonyl ) -1, 4- dlaze an- sirﬂ
(2S) - 2- (an1nonethy|) 4- [(I R - pbenzyl 4- phenyl -
H i m dazol - 2-yl) -2, 2- dlnethylprop 5 4- oxazepan- 5
-one; 25 (2R)-2- (an1nonethy|) 4- [(I R) Q
- (1- benzyl - 4- phenyl - I Hi m dazol - 2-yl ) -2, 2-

15di met dyvhpouap yhak 1s](S§-5C(>&ﬁﬁ1ﬁﬁﬁd’ﬁhﬁ)-Qf(€R) 1-(1-benzyl-4-(2,5-difluorophenyl)-

am naonet h (1- benzyl - 4- phenyl -1

69S) -
1HI(=imii)4#7@ér%d{1) %,Zydn)rwéyﬁﬂ }%@Wd&%ﬂw pr 2 pharmagguficalhy pcegptable
thyl)-4-[ (I R-1
. Salt?‘%gﬁogg‘%?d"% n§|om1e i 0 Gl - 2)yl) 2,2- 30
dlnethylpropyl]-l 4- oxazepAm=3- one;
(6R) - 6- (am nonet hyl ) -4- {(\ I -1
- (3, 5-di fluorobenzyl) - 4- ( 3- orophenyl)- I H

I m dazol -2-yl] -2, 2-dinethyl pnopyl} -1, 4-oxazepan-3
-one; 100 WO 2008/ 086122 PCTY
- benzyl - 4- (3-fl uorg
2, 2-di et hyl propyl } 0

)F4- {( 1 R71-
1- (3-fl uorobenzyl) - 4-(3-f|uonﬂﬁ%e “¥-1 H -
i m dazol - 2-yl] -2, 2-di net hyl propy?} |

2

(6S) 6- (am nonet hyl )-4-{(1R)-1-[1-(3- quorobenzyI) 4- (
3-fl uorophenyl)-1H

(6R)-6-(am nonethyl ) -4- {(/1\R)-
(6R) - 6- (am nonet hyl
1, 4- oxazepan- 3-one; 5
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I m dazol -2-yl] -2, 2-dinethyl propyl}
1, 4- oxazepan- 3-one; (6 S)-6-(am nonethyl)-1- [(1 R -1

WO ¢shgizy| - 4- phenyl -1 H i m dazol -2-yl)-2,2- PCT/US2008/050149
dinethylpropyl] 1, 4- diazepane 2,3-dione; (6R-1- [(1

1y I SRR R b G gRy L b5
dlﬁlg)otﬁph(aliﬂlgﬁlHdmlﬁa&@M =yd)- @B&ilm@ﬂly(lﬁ@yl)'bxh;(olldln 2-one or a
enzyl - 4-
phaymageicaldy a@ema}?lezalzx&rqﬁﬁrm%% Biergefs- £ 1 uor o-
1, 4-di azepan- 2-one; or a phesaceutically acceptable
salt, ester, or prodrug thg f. 18. A pharmaceutica
conmposition conprising a t apeutically effective

and a pharnaceuticaIIyFacceo athk ey rier. 19. The
conposi tion of clai K rising at | east
one additional agen nt of cancer. 20.
The conposition of in the additiona
agent for the treatng is selected from
the group consistingfof irindfec opot ecan,
genctitabine, imatinib, 20 trastuzu
5-fluorouracil, |eucovorin, carboplatin, cisplatin,
docet axel , paclitaxel, tezacitabine, cycl ophospham de,
17vi n@acamhpoanditlds is anthracyclines rituxinab and

el 4t b ainosiad-TH Bare(- sy apphs 1 R 3122

duﬂé}hylgﬁbﬁ) golnpgkggoﬁgmaggh@l steri ng to a mammal i an

pati I'n need such’treatnent a 25 therapeutically
ef f €X¥)i+€-anmonthybf3-H 1B phy ddeniyd-gfengl- il amid@izoR2-yl)The-

. od erein the disorder is a cellular

dn%%hﬂ??@?&t%%8Xﬁ¥i%55%gnq23 The met hod of claim 22,
wherghmidoiet e pbeﬁ -AL(B R HbSRASH- IFRingiaRERD-y1]-2-
101 3@ 2008/ 6125 5E$;U820 8/650149 24§§The met hod vl

1n%hﬂmﬂ%w%1@30XMm@ﬁék%ﬂn%e cancer is selected fromthe
grogﬁ)csog%h%ﬁletﬂyﬁf ﬁ W el d%d bﬁ‘in%ré%l{ﬁll rugrf’ lezng%) 22

bre ancreas
dnhaﬂﬁpm@@qil&bk&ﬁmﬁpabh@ bil e duct; kldney and rena
pel vis; urinar uterine corpus;_ uter

cer (3B)5 Wg)memm Lﬂl B)ﬂ;(é’rh?ﬁ%b’l ‘b@hﬁﬁwhéﬂéml%m 2yD-2,2-
h 5 nyel | euk
i RS PR Ronel DT 6 Peutem o Cbraine oral
cav (GS)- (a(mhmtpxhaﬂhynaé [(1Ry-Y4i k-besaygdlphienyle Bl imédazol-2-yl)-2,2-

Eﬂkbdg in | oma; nelanoma; and vill ous col on
1@5& yUDWRIp 8" %od of claim 23, further

CONMpeR 56-PanRIR My BLEL I RY-11Q-tehey IRHRERY |- 8A-iRAldBNY-y I One-
additional agent "for the treatnent of "cancer.
dimethylpropylmorpholin-3-one;
(6R)-6-(aminomethyl)-4-{(1R)-1-[1-benzyl-4-(3-chlorophenyl )-1H-imidazol-2-yl]-
2-methylpropyl }morpholin-3-one;
(6S)-6-(aminomethyl)-4- {(1R)-1-[1-benzyl-4-(3-chlorophenyl)-1H-imidazol-2-yl]-
2-methylpropyl }morpholin-3-one;
(6R)-6-(2-aminoethyl)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropylmorpholin-3-one;
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10 26. The nethod of claim 24, wherein the additional
agent for the treatnent of cancer is selected from

W0 b@sgsaep consi sting of irinotecan, topotecanPCT/US2008/050149
genctitabine, imatinib, trastuzumab, 5-fluorouracil,

L:gfﬁﬁg@(gm{: %ret @{J‘ggﬁk | C(h Cylcatl 4h%he%°1° Fﬁg%ﬁ?&azol 2-41)-2,2-
dlrﬂétkﬁbﬂipg}gmoqﬂioﬂlhapmcd i nes, rituximb, and
trast uzumab. 15 net hod for inhibitin

ki né@Prp- (%aralnﬁaﬁhﬁﬁﬁ é@R@drhlémzylvﬂw@réhﬂﬂr@awlh&lﬂ%dazol -2-yl]-

} ”%}ﬁ% L.ng to the patient an effective
2@&%{0}?} uinntsgg ‘a conpound of <claimil1. 28. A
met l&R)- 6-(12-annntUeﬂ1yl)|-4f+g(lﬂ%bel plebdne/t-4-(DEhléEhknyips$ HAimidazol-2-yl]-
hCh rreihod c(ﬁn'p ises contacting said kinesin with
2-ethdpry iRIPRGI - $°P®ry amount of a compound of claim

L SRR RS LB LD MDOLIRE RBK I 501
yl]€2a2-direeghylpwiptyh - 2omegifflmotrihebni3adrichi t ory anount of a
€O rT?ﬁ%‘,gﬂ)-gf(ar(r:lgnaornethy][) 4 ]{??R) 1-[1-benzyl-4-(3-fluorophenyl)-1H-imidazol-2-
yl]-2,2-dimethylpropyl } -2-methylmorpholin-3-one;
(5R)-5-(aminomethyl)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]piperazine-2,3-dione;
(5S)-5-(aminomethyl)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]piperazine-2,3-dione;
(5R)-5-(aminomethyl)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-4-methylpiperazine-2,3-dione;
(25)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-dimethylpropyl]-2

(hydroxymethyl)-1,4-diazepan-5-one;
(2R)-2-(aminomethyl)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-1,4-diazepan-5-one;
(2R)-2-(aminomethyl)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-1-(methylsulfonyl)-1,4-diazepan-5-one;
(25)-2-(aminomethyl)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-1,4-oxazepan-5-one;
(2R)-2-(aminomethyl)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-1,4-oxazepan-5-one;
(6S)-6-(aminomethyl)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-1,4-oxazepan-3-one;
(6R)-6-(aminomethyl)-4-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-1,4-oxazepan-3-one;
(6R)-6-(aminomethyl)-4-{(1R)-1-[1-(3,5-difluorobenzyl)-4-(3-fluorophenyl)-1H-
imidazol-2-yl]-2,2-dimethylpropyl } -1,4-oxazepan-3-one;
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(6R)-6-(aminomethyl)-4-{(1R)-1-[ 1-benzyl-4-(3-fluorophenyl)-1H-imidazol-2-yl]-
2,2-dimethylpropyl}-1,4-oxazepan-3-one;

(6R)-6-(aminomethyl)-4-{(1R)-1-[1-(3-fluorobenzyl)-4-(3-fluorophenyl)-1H-
imidazol-2-yl]-2,2-dimethylpropyl } -1,4-oxazepan-3-one;

(6S)-6-(aminomethyl)-4- {(1R)-1-[1-(3-fluorobenzyl)-4-(3-fluorophenyl)-1H-
imidazol-2-yl]-2,2-dimethylpropyl } -1,4-oxazepan-3-one;

(6S)-6-(aminomethyl)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-
dimethylpropyl]-1,4-diazepane-2,3-dione;

(6R)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-dimethylpropyl]-6-
fluoro-1,4-diazepan-2-one; or

(65)-1-[(1R)-1-(1-benzyl-4-phenyl-1H-imidazol-2-yl)-2,2-dimethylpropyl]-6-fluoro-
1,4-diazepan-2-one;

or a pharmaceutically acceptable salt, ester, or prodrug thereof.

18. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of any one of claims 1 to 17 and a pharmaceutically acceptable carrier.

19. The composition of claim 18 further comprising at least one additional agent for the

treatment of cancer.

20. The composition of claim 19, wherein the additional agent for the treatment of
cancer is selected from the group consisting of irinotecan, topotecan, gemcitabine, imatinib,
trastuzumab, 5-fluorouracil, leucovorin, carboplatin, cisplatin, docetaxel, paclitaxel,
tezacitabine, cyclophosphamide, vinca alkaloids, anthracyclines, rituximab, and

trastuzumab.

21. A method of treating a disorder mediated, at least in part, by KSP in a mammalian
patient comprising administering to a mammalian patient in need of such treatment a

therapeutically effective amount of a composition of claim 18.
22. The method of claim 21, wherein the disorder is a cellular proliferative disease.

23. The method of claim 22, wherein the cellular proliferative disease is cancer.
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24, The method of claim 23, wherein the cancer is selected from the group consisting of
lung and bronchus; prostate; breast; pancreas; colon and rectum; thyroid; stomach; liver and
intrahepatic bile duct; kidney and renal pelvis; urinary bladder; uterine corpus; uterine
cervix; ovary; multiple myeloma; esophagus; acute myelogenous leukemia; chronic
myelognous leukemia; lymphocytic leukemia; myeloid leukemia; brain; oral cavity and
pharynx; larynx; small intestine; non-Hodgkin lymphoma; melanoma; and villous colon

adenoma.

25. The method of claim 23, further comprising administering to the mammalian patient

one additional agent for the treatment of cancer.

26. The method of claim 24, wherein the additional agent for the treatment of cancer is
selected from the group consisting of irinotecan, topotecan, gemcitabine, imatinib,
trastuzumab, 5-fluorouracil, leucovorin, carboplatin, cisplatin, docetaxel, paclitaxel,
tezacitabine, cyclophosphamide, vinca alkaloids, anthracyclines, rituximab, and

trastuzumab.

27. A method for inhibiting KSP kinesin in a mammalian patient, wherein said method
comprises administering to the patient an effective inhibitory amount of a compound of

claim 1.

28. A method for inhibiting the activity of KSP kinesin which method comprises

contacting said kinesin with an effective inhibitory amount of a compound of claim 1.

29. A method for inhibiting the activity of KSP kinesin in a cell which method
comprises contacting said cell with an effective inhibitory amount of a compound of claim

1.
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