| AP BI R DOVAI N Bl NDI NG COMPOUNDS CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clains priority to U S. Provisional Patent

Appl i cat iwo06100893, 809 fil ed February 12, 2010 and 61/ 2t5j163881/600ked
Novenber 19, 2010. BACKGROUND OF THE | NVENTI ON [ 0002] Apopt osi' s, or
programmed cell death, typically occurs in the nornmal devel opnent and

mai nt enance of healthy tissues in nulticellular organisns. It is a conplex
process which results in the renoval of danaged, diseased or

devel opnental | y redundant cells, in the absence of signs of inflammation or
necrosis. [0003]Intrinsic apoptotic pathways are known to be dysregul at ed
in a variety of disorders, including cancer and | ynphoproliferative

di sorders, neurodegenerati i i and i nflamatory
conditions such as nul ti pllésgﬂl @ﬁ%?éBHmﬁFmWart hritis. Cancer
cells, for instance, gain the ability to overcone or circunvent apoptosis
and conti nu%R\@Stsrha@fd AEEAREPAPPAEATIGNG despite strong pro-apoptotic

signal s such as oxl a, endogenous cytokines, radiation treatnents and

chenot her apy® kbno?%PFPR}'C%{‘BBB‘PmSlpé'Oﬁ‘% Lé?a'?ff""%‘éﬂai' Batgntdpriegliclspeen | i nked to
aut oi nmune amfdoa ,80d fasdrfebaaly 1d] BEa%ad 6 Ho15,638SilcdNoeemiBP0PtA0sd.Cc- r esi St ance has
been observed in fibroblast-like synoviocytes in connection with rheumatoid

arthritis (BAckGHUUNDOKSHRINVENOARS i n connection with psoriasis.
Abnormal ly a gt otic resistant T-cells al so have been observed in several

aut oi mune 81902hf | ARRRIASEY O RIPERBRE el e AWPicllY pecHisdn Wemeimadi s, rheumat oi d
arthritis, delepaicht anditainteriaoydf opathy dsspes ipurudticelafid oghagres iitds ar eat a.

Pat hogeni ¢ ‘8&%51‘8{ ;?r&e%&‘ h/h Fh ?e's§|§ u*ﬂﬁ\é CerfiSAPY E%Qée%ddlée%édsér%@&eﬁ%%%n{éﬂr mal
apoptotic cues resi stance to nornma {0815 is
caused, at resysdant ¢elindp the absenpeefsigas eldnfiesymalipr 9 neerogift i - apopt oti ¢ pat hways
or expression of anti-apoptotic genes. [0004] The caspases are an integral
part of thel[ede8]pt otntrimsipapdpiatiy pathiveyscas asedo be dyseeghlatet lirya airietyrodt eol yti ¢
enzymes I ¥ OBlebBrsChinganG ShELABNRANIARSE St HuREE kBN Lo | Nt ate

and execute apopt 0Sis. In normal ce caspases are pr esent as
i nactive zyﬁﬁ@@ﬁ% a”Bat'tOHWémeéf‘%!”i}%’i"&%lP’ly;?O%f@toi‘?/a{C@@SW't'aﬁ;fc'STOS@év‘ér al
external si giamatoidGABMBS Eaaddr ¢alks] Bdingargsadan the abilitge, ovémbmemnmhrﬁvent he

Recent or ac EYURsaa ofinh SN BoeHlcF s pRARIH S0 Letohe Y Mg ploi B84 LB, Dot
cyt ochrome €igndlssuchas h@oglémm@gﬁneus etakines Gadiation tseatma@is and derpiewerd

cellular i nmuﬁ&maliy%@&btmes.ét@hbalstaebsma@é‘ bR DA d sutdimmiure asa (| APS)
constitute a,fam a t her eby

oot esel g TPt dReall Kof il daoploBehridarsh FeS @R BB NIt T oY equl ati ng
caspase act fibroblgst-likehgyndpvifegtes ineconagetityl withgheunretdidh prttiritigy (RAY) capddmmed cel | deat h

froma w de ké’rﬁtr rio@;tté/s .ﬂfcoﬁrreb&g%ﬁ pséﬁ%@s' Rt?rﬁarrﬁ&l@ aB@dtét%V@é?stér@TQEIQYals% role in
the |1 oss of honeostatic or end agenous cel lLul ar grqc}%?a§ contr ol chanlsms

as wel | as PR REERARSENER L5V B HIPETITYE FinigBmaR $tSUehas RYHRD
[ 0006] The | Athsosie) mbeimatoithathtitis, tdivpetbic iomb@gopenicpurpLed, Lanalblophmmaarema known as

bacul ovi rus Pgtﬁgg%én%%‘ﬁ‘@ééor(clélle@lsoq%q@li&ﬁ%ns-mgé( re'gg%lp@é %o @WS@p%tl@c@s Nip zi nc

finger doma

ubi qui ti nyl $thelavedihal iRpistaNGede AGMAAROBIGFIE S c\w%?d' %téewn PR &% @Cf%?ﬁﬁ ion. The
human | APs k&tniyof aati-Xbopiitic bhtiys (cabgeessioh ef arfichpbmotayefésAP2) , and H AP2

(cl AP1) each have three BIR domains, and a carboxy term nal RING zinc
finger. Ano | Al I and
BIR3) . but ltldc?gFll Phé‘&@%e@%e% Re%rg%ﬁn Bhﬁ@gpd%to\?cm BQH\%){‘\S/E h%@é%ses@r%d e
have only a2&my IOEPrB‘IePiY‘d?cﬁ?éY'?FSa[WH“ the gipsiff éyﬁfﬂ'?@@'@%‘ﬁ?ﬁ”h'c[hcm)'?']ﬂ"ﬁéo

chr onbsone- Irmaieeﬂdlendrwtelatpomtoﬂé lapopiadsdlls, tiedadpYses sreqfesentaigjraetivef an | AP
whi ch can i Y, wn as
caspase- 9, ahﬁﬁ hsé bptafr a{tﬁ?tkal&sa@guée{eg bytan)?of's@!/érél%at%rnapﬁér% 3 @gpase 7

is via the PBHtiR&iNgSigaRAINCkES: f‘)(le)ﬁé!l’“%? Nweleeseamaytpiﬂmﬁsmr t@"%@ﬁ'ﬁ@@ggﬂs The

| i nker - Bl R2olewiBd Ryahd-dkleABebilfcbEftsr dctatiar; bi té tfea8d olCRitRRsARal factiR¢] - 7. The
Bl R donmai ns have al so been associated with the interactions of |APs with
tunmor necrosis factor-receptor associated factor (TRAFs)-1 and - 2, and to
TABl1, as adaptor proteins effecting survival signaling through NFkB
activation. Xl AP also can induce the renoval of caspases by way of the E3
| i gase activity of the RING zinc finger domain, which induces

ubi qui tyl ati on- medi at ed proteasoﬁﬁNHgMﬁﬂaﬁﬁﬂPﬁn [ 0008] The | APs thus
function as a direct brake on the apoptosis cascade by inhibiting active
caspases and re-directing cellular signaling to a pro-survival node. The
sust ai ned over-expression of one or nore nenbers of the AP famly of
proteins therefore alloms di seased ceIIs such as cancer cells and cells

T Y T M T Y 1A N



SUMVARY OF THE | NVENTI ON [ 0009] Provi ded herein is a conpound of Formula 1
or a salt thereof, wherein RL is Hor alkyl; R2 is nethyl or ethyl; R3 is
al kyl , cywbaalikpBgo4het erocycl yl, heteroaryl, or aryl, amgTaB2oabb@besacan be
optionally further substituted with an am no, al kylam no, or al koxy; R4 and
R5 are each, independently, Hor alkyl;. R6 is H halogen, or alkoxy; Xis
0, S, CH2, -(CH2)2- or CHR7, wherein R7 is NR8, ON NC(0)0138, NHC(0)R8 or
NHSO2R8, wherein R8 is al kyl, cycloal kyl, heterocyclyl, aryl, arylalkyl, or
het eroaryl, any of which can be optionally further substituted with an

al kyl or halogen; and Gis NR9 (1), wherein RO is substituted or

unsubsti tuted aIkyI cycl oal kyl, heterocyclyl, aryl or heteroaryl' or

a substituted, or ubst ed azol e or rrol fused to a
SUbst! L Ut ed S AALERETTY b lpveyeros PSR ScpUrBI PSR er ocycl i
Al so provi deflinherein are methods for preparing a conpound of Forrmula 1 or
salt thereof, as well as conpounds useful as internediates in the

pr epa{ at It ﬁn cmbs]a tccrﬁmﬁmsi%r@(if AE@ﬂStBaﬂé laroib.r@r |Asa)l 6on§tiﬂﬁé @Qi‘mny bD&a:@ﬂwé fhagnot her
aspec e i on es a on r|S|n a
colrorpound of ! h Cﬁs%s‘%l‘ B‘S‘aq%l' s‘t’ﬁ?é% By © rT%H'&' %°°Bﬁ>a'? ngg‘%ﬂfef %férfel'rfe% 5t ablge
carrier, asinedulatiag caspaset dutity ahe [fPs@eg ¢apgbls afriehitdingprogsanrgecbesitioeath ng a

conpound of frErﬁ mﬁe%il.et%nﬁedefrs tﬁ%n@&far%éﬁav&a tehaapmswm&@ééaf accept abl e
carrier. [0011 ] i nventi1on further FFOVI t ho enhanci ng

apoptosi s i HO'BGQ?@I“? or §nHegsReYSRSEuIZ TR sonyg! 'E‘%FH?%{EP? ﬁawﬁ“ %%’IGF'SWQEh a
conmpound of clm‘mdﬁwramebta:c{tug&ransaddiatlbdnmeepf A nethod of treating a disease or
di sorder characterized by insufficient apoptosis also is provided herein,

the method gRpey | Sthﬁgeadu.%ﬁertbweér%mo@Hm SbuiNddRas Khbes 8of a compound
or pharmaceuti cal

abov at .t he
o e e B IR [pga PR damars. ek mandse ponaisa BNG S MobTdimiast e
conpound of atftbe Guéraninlis,ovithsaadapattiliveof draficiag dbiquitahelatont ch A Rebihdvimeholeateswel | as a

met hod of u§|5 QQEE Eﬁas@?ﬁ%nt Qhéq HI];\VSS %o%%e%mid I-ﬁmt al@b Fé@e?retjcpo 4N | AP BI R

domai n, the rising contacting an AP BIR domain with the
probe to fofRFa ﬁ'ﬂcb‘ﬁ'é K%%Bﬁﬁ‘?'}'f‘a&%mee@é'q dP'ﬁé'”i)raBBéCH@PWde'ﬂ]"?b'f”é‘@eabl e by a
test conpoupiek firfge). AmRARLIANPNGown 8¢ KAIR| hdsritree BiFeddaraniagBIR0, BIR2khad BEBRDI i sh a

reference | "t%ﬂﬂ(lé)dor%gnt%@ dtﬁ‘e‘?l&aﬁll%&[/r??s[lhm Rsﬂb%aw %v%m ,th a test

conmpound,; rom aring the
si gnal fronﬁlgmléﬁlﬂmﬂw Qfﬁi ﬁtﬁ’rmler%'f‘l@r@ﬁ@é‘ I eveI wher ei n a modul ati on of the
signal (e.g., an increase or decrease in the S|gnal relative to the

ref erence | poer])) i Tidh X etiresodohr@tlinkdvantitg®t ofapomasisXIAR) ks éxamplbef 81 R domai n.

DETAI LED DERGR Ol b Vb Ohe A PLRE R §5n A bR ed 8, o cOmpOUNd
the effector caspases, known as Caspase-3 and Caspase-7. It is via the BIR3 domain

that XIAP binds to and inhibits caspase-9. The linker-BIR2 domain of XIAP inhibits the
activity of caspases-3 and -7. The BIR domains have also been associated with the
interactions of IAPs with tumor necrosis factor-receptor associated factor (TRAFs)-1 and -
2, and to TAB1, as adaptor proteins effecting survival signaling through NFKB activation.
XIAP also can induce the removal of caspases by way of the E3 ligase activity of the
RING zinc finger domain, which induces ubiquitylation-mediated proteasomal degradation.

[0008] The IAPs thus function as a direct brake on the apoptosis cascade by inhibiting
active caspases and re-directing cellular signaling to a pro-survival mode. The sustained
over-expression of one or more members of the IAP family of proteins, therefore, allows
diseased cells, such as cancer cells and cells involved in autoimmune disease, to avoid

apoptosis. In fact, IAP overexpression has been demonstrated to be prognostic of poor
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or a salt thereof. The invention enconpasses all conpounds descri bed by
Formula 1 and salts thereof without |imtation. However, for the purposes
of furthewoi2blumsgoati on, preferred aspects and el enent s pofi/iBla1/Hoveent i on
are di scussed herein. [0014]1In accorandance with Formula 1, G can be a
group with the structure O NIRO wherein RO is substituted or unsubstituted
al kyl, cycl oal kyl, heterocyclyl, aryl or heteroaryl. For exanple, RO can be
a phenyl group optionally substituted with a hal ogen or al koxy.

[0015] Alternatively, G can be a substituted or unsubstituted azole or
pyrrole ring, optionally fused to a substituted or unsubstituted aryl,

het er oaryl , cycloalkyl or heterocyclic ring. For instance, G can be
wherein X1 is CHor N, RL is H haloge hydr ox I, al kyl , al kox aryl,

ani no, or NEMSC8)uicaMey multiplgjcggcerss F F’B?j%r?“*’%{? 9 IAR PXFNﬁ@PO} h G also
can be X2, RNARbiksehde orNiRNAlDrabdgic€sensitikbRiliBoratells tilla, W|d}é Fatiety whaggopiotic X2 i s NH,

NR12, 0O, or |n§uIN d %ﬁerﬁ&ﬁeré faﬁﬂﬁBfapf‘ b i ' %nﬁ%&%% \i%gé%f ’tq_?cc)éﬁlhoa' kyl,
heterocycly 0 ona st |tu one or nore
al kyl , al ko;@yept@rls Mh%@@ﬁ ob}(l@ﬁptgls has een shown m cancers as diverse as leukemia

and ovarian cancer. Over expression of clAP1 and clAP2 also has been observed in a

diverse variety of malignancies, including medulioblastomas, renal cell carcinomas,

glioblastomas, and gastric carcinomas. For these reasons, the IAPs are valid therapeutic

targets and compounds that inhibit their expression or function are believed to have

significant utility in the treatment of proliferative diseases associated with dysregulated

apoptosis, including cancer, autoimmune, and inflammatory diseases.

SUMMARY OF THE INVENTION
[0009] Provided herein is a compound of Formula 1

0 RS R%’X R5

RTH\{JkH/LwrN\(i/%\G

R2 o} N

or a salt thereof, wh;arein

R'is H or alkyl;

R? is methyl or ethyl;

R® is alkyl, cycloalkyl, heterocyclyl, heteroaryl, or aryl, any of which can be optionally
further substituted with an amino, alkylamino, or alkoxy;

R* and R® are each, independently, H or alkyl;

R® is H, halogen, or alkoxy;

X is O, S, CHa, -(CH,),- or CH-R’, wherein R” is NR®, OR®, NC(O)OR® NHC(O)R® or
NHSO,R®, wherein R® is alkyl, cycloalkyl, heterocyclyl, aryl, arylalkyl, or heteroaryl, any of
which can be optionally further substituted with an alkyl or halogen;

and G is



[ 0016] According to one enbodinment Gis: or a substituted or
unsubstituted pyrrole, specific exanples of which include, wthout
i mtati owo 200NHN890H , or or a substituted or unsubstit ut @dTiiBtodaamblel,
speci fic exanples of which include, without limtation: or a substituted
or unsubstituted thiazole, specific exanples of which include, wthout
limtation: sss'S N or, wherein RL1 is NHC(0)CH3 or phenyl; or a
substituted or unsubstituted tetrazole, specific exanples of which include,
without Iimtation: / N N NNL or a substituted or unsubstituted oxazol e,
speci fic exanples of which include, without limtation: or a substituted
or unsubstituted isoxazole, specific exanples of which include, wthout
limtation:
o]
9
AR

(1)%1 H

heterocyclyl, aryl or heteroaryl; or

, wherein R? is substituted or unsubstituted alkyl, cycloalkyl,

(2¥ a substituted or unsubstituted azole or pyrrole ring, optionally fused to a
substituted or unsubstituted aryl, heteroaryl, cycloalkyl or heterocyclyl. Also provided
herein are methods for preparing a compound of Formula 1 or salt thereof, as well as
compounds useful as intermediates in the preparation of a compound of Formula 1 or salt
thereof.

[0010] In another aspect, the invention provides a pharmaceutical composition
comprising a compound of Formula 1 or salt thereof and a pharmaceutically acceptable
carrier, as well as a method of preparing same comprising combining a compound of

Formula 1 or salt thereof with a pharmaceutically acceptable carrier.

[0011] The invention further provides a method of enhancing apoptosis in a celi, the
method comprising contacting a cell with a compound of of Formula 1 or salt thereof. A
method of treating a disease or disorder characterized by insufficient apoptosis also is
provided herein, the method comprising administering to a subject in need thereof a
compound or pharmaceutical composition, as described above, so as to treat the disease
or disorder.

[0012] Also provided herein is a probe comprising a compound of Formula 1 or salt
thereof and a detectable label, as well as a method of using the probe to identify a
compound that binds to an IAP BIR domain, the method comprising: (a) contacting an
IAP BIR domain with the probe to form a probe:BIR domain complex, the probe being
displaceable by a test compound; (b) measuring a signal from the probe so as to establish
a reference level; (c) contacting the probe:BIR domain complex with a test compound; (d)
measuring the signal from the probe; and (e) comparing the signal from step (d) with the
reference level, wherein a modulation of the signal {e.g., an increase or decrease in the
signal relative to thé reference level) indicates that the test compound binds to the BIR

domain.



or a substituted or unsubstituted oxadi azol e, specific exanples of which
include, without limtation: NriO NN or a substituted or unsubstituted

i ndol e, swecnfims®xanpl es of which include, w thout |i mpPCRIBBNI1/000064 a
substituted or unsubstituted i mdazo[1, 2-a] pyridine, specific exanples of

whi ch include, without limtation: or a substituted or unsubstituted
i mdazo[ 1, 2-a] pyri m di ne, specific exanples of which include, wthout
limtation: or a substituted or unsubstituted indolizine, specific

exanpl es of which include, without limtation: or a substituted or
unsubsti tuted tetrahydroindolizine speci fic exanples of which include,
without limtation: a substituted or unsubstituted

tetrahydr0|n1daz d|ne cific exanpl es of which include,-
wi t hout |i mbEd DESQA"QMOB' B‘g’tElN( A or unsubstituted

1H—benzo[d]wmndpzoPewwe@Bmemnia@mammkasFOMumthh i nclude, w thout
limtation:

Sy

S

73
= \Re

or a salt thereof. The invention encompasses all compounds described by Formula 1 and
salts thereof without limitation. However, for the purposes of further illustration, preferred

aspects and elements of the invention are discussed herein.

[0014] In accorandance with Formula 1, G can be a group with the structure
o .

o

wherein R? is substituted or unsubstituted alkyl, cycloalkyl,'heterocyclyl, aryl or heteroaryl.
For example, R® can be a pheny! group optionally substituted with a halogen or alkoxy.

[0015] Alternatively, G can be a substituted or unsubstituted azole or pyrrole ring,
optionally fused to a substituted or unsubstituted aryl, heteroaryl, cycloalky!, or

heterocyclic ring. For instance, G can be



N or a substituted or unsubstituted

6, 7-di hydro-5H-pyrrol o[ 1, 2-a] i m dazol e, specific exanples of which include,
wi t hout IWwoi2batd9ew4 or a substituted or unsubstituted beczapujios@zel e,
speci fic exanples of which include, without limtation: or a substituted
or unsubstituted im dazo[ 1, 2-a] pyrazi ne, specific exanples of which
include, without limtation [0017]Rl can be any al kyl, such as a Cl-C3

al kyl (e.g., methyl, ethyl, or propyl, including isopropyl), preferably
methyl, and R2 is nethyl or ethyl. [0018] R3 can be al kyl, cycl oal kyl,

het erocycl yl, heteroaryl, or aryl, and can be optionally further
substituted with an am no, al kylam no, or al koxy. Non-limting exanpl es of
suitable R3 roups include C1-C6 or Cl1-C4 aIkyI (e.g., nethyl, ethyl,

propyl, isopropyl, butyl, isqputyl, t-b tyIR etc.), cl hexyl
cycl opr opyl, d}%Etrahydrﬁﬂ? ranyl exanplegxﬁi? Ove
Desi rably, R3 i té\t but yclo exyI‘Fﬁégﬁlrydropy rOEt
[0019] R4 and R5 aré.R'| ndepende hfi§ hydr ogen-o Ralkyl sdeh/a§ a Cl-C6

al kyl . R6 can be hydrogen, halogen or an al koxy, such as a Cl-C6 al koxy.

Desirably, R6 i %%gaggen rine, or C C3 al koxys_sgch as net hoxy or
et hoxy. [0020] 0, S, - (CH2) 2- R7, whéyejn R7 is NR8,
ORS, NHC( 0) ORS® NHG(:@)FR8 or ﬁ Q2R8,,, and 3 kyl, cychoalie?,

het er ocycl yl , aryl aryl al kyl, or heteroaryI\ZRBRcan be further substuted

with an aIkyI XY, haloalkylx1or hal ogen. Accoraﬁng to sone
enbodi nent s, %&xlnoﬂm di nents s%quq0ﬁw and R8 is
al kyl, aryl, aryI yl2 alkox e\eroary? any jo Ni ch can be
optional Iy further Sttt uted mnchéh al kyl , aIkox%Z fakoal kyl , or

hal ogen. In yet other enbodinents, Xis CH-OR8 and R8 is aryl or arylalkyl.
whi ch can be optionally further substltuted mnth hal ogen. Specific exanpl es
of X include, without limtation:

wherein X' is CH or N, R is H, halogen, hydroxyl, alkyl, alkoxy, aryl, amino, or NHC(O)-
alkyl, and R"' is hydrogen, alkyl, or NHC(O)CHs. G also can be

R12

NR*2 /L/ NRTE ™ N
§ 1 >_R12 L R12 —n‘\ §£N’N_R12

12
R , or

frr
\/r‘j/\
N‘N Ri2

wherein X?is NH, NR™, O, or S, and each R is independently hydrogen, alkyl, cycloalkyl,
heterocyclyl, NHC(O)CHs, or phenyl optionally substituted with one or more alkyl, alkoxy,
or halogen groups.

[0016] According to one embodiment G is:

N
N 0

or a substituted or unsubstituted pyrrole, specific examples of which include, without

limitation:



or, nore particularly: [0021] Any of the foregoing substituent groups, in
both general and preferred aspects, can be enployed in any conbination to
provi de avoanmpovsa4of Fornmula 1 or salt thereof. SpecifipCTARZITPD@640f
conpounds of Fornmula 1 or salts thereof are provided in Table 1 and the
Exanpl es. [0022] Whenever a range of the nunber of atons in a structure is
indicated (e.g., a C1-C8, Cl-C6, Cl-C4, or Ci1-C3 al kyl, hal oal kyl,

al kyl am no, al kenyl, etc.), it is specifically contenplated that any
sub-range or individual nunber of carbon atons falling within the indicated
range al so can be used. Thus, for instance, the recitation of a range of
1-8 carbon atons (e.g., Cl1-C8), 1-6 carbon atons (e.g., Cl-C6), 1-4 carbon
atons (e.g., Cl-C4), 1-3 carbon.atons (e.g., Cl1-C3), or 2-8 carbon atons

(e.g., C2-C8) as used with resﬁgg{ to any chenical group (e.g., alkyl,

hal oal kyl , Lkézanlno /akkenyl ref erenced herein enconpasses and
speC|f|caIIy &Hi Beés W, 2, 3, 4\ﬁ%?76, 7, or 8 carbon atons, as
appropriate, as well asHaﬁy sub-range t hereof (e.g., 1-2 carbon atons, 1-3
car bon ato”ﬁraéub@nt@t@dﬁ BQms@dsilfed intid@zokAEReifc 8tdiPlos ol whiclt REIDEY) wikqs, 1-7
car bon atogﬁrh carbon atoms, 2-3 carbon atons, 2-4 carbon atons, 2-5
carbon ato ,Eﬁ-% carbon atons, 2-7 carbon atons, 2-8 carbon atons, 3-4
carbon atonms, 3-5 carbon atoms, 3-6 carbon atons, 3-7 carbon atons, 3-8
carbon atons, 4-5 carbon atons, 4-6 carbon atons, 4-7 carbon atons, 4-8
car bon at ons, ﬂ-G carfpon 5-7ncarbon gto =8 carbon atons, 6-7
car bon atonﬁ—a©iﬂ6—8ﬁc rbﬁﬁxgggnﬁ—*%? Fﬂgfe)\\g 3] As used herein
unl ess ot herw 8€ spediTi ed ter SU st MMt ed" nedns a group
substituted by oné to fOur or mbre substituents. Exanples of substitutents
include, for ingtance, , al keny aIkyny ¥Floalkyl cycl oal kenyl ,
ar oyl , haloé—hgggalkylg endn; trlfTﬁg:LnE hyI) oal koxy (e.g.
trifluorometho dr oxy, a y, alk |oether Ioalkyloxy,

het er ocyl ooxy, o0xo} Ikanoyl , aryl alky het er oar yl ,

het er oaryl al kyl , alkylheteroaryl heterocyclo aryloxy, alkanoyloxy, am no,
al kyl am no, aryl am no, arylalkylanlno cycl oal kyl am*§ het er-ocycl oam no,
mono- and di-substituted anlno (inwhich the two subgtt uents on the am no

group are sele®¢ed frog;ggg aryI orN yl al kyl ), #&Nkaghoyl ani no,

ar oyl am no, aﬁgf angyl N s bstl | kanoyl am no, substituted

aryl am no, subs ar al k I am no i al kyl t , arylthi o,
aryl al kylthio, c kylthlo S erocyclo ~al kyl ono, arylthiono,
aryl al kyl t hi ono, al kyl’sul f onyl , arylsulfonyl arylélky sUIfonyI

sul f onam doon(zesn@sututamrl\l}ﬁzn)bstitsteUWIiathe,ede@‘iglefxamlaias afeyhichiiriciude, wltjnauﬂo, car boxy,
car banyl ﬂumo§CNH2) substituted carbanyl (e.g., CONH al kyl, CONHaryl,
CCNH—aryIaIL f i nstances where there are two substituents on the

ni trogen se% l"er(sIHfrornaIk or aryIaIkyI) al koxycar bonyl , aryl,
substituted*ar) guanis o. substlt ted or unsubstituted heterocycloal kyl,

substituted or u,ns |tut eher o Nsuch as, indolyl, imdazolyl,
azol yl , py i dyI ridyl, pyri m dyl and the |ike).

furyl, thienyl, th
[ 0024] As used hereln, -the term aible" IS ihtended to include a

five-nmenber gy mbtsﬂ't@g@armmsmhtwrmz&b,%eéim;aéxa@ I8 8 vitbcrahclldceasithoane ot her

ri ng- menber %$rog sul fur, or oxygen. Non-limting exanples of azoles

i ncl ude pyrHE an- |n1dazole triazole, tetrazole, pentazole, thiazole,

i sot hi azol e, oxazole, and Mtooxazole [ 0025] As used herein, the term
"pyrrole" is intended to in de a five-nmenbered aromatic heterocycllc ring
cont ai ni ng one nitr n aton1 rrole, as used herein, also enconpass the
hydrogenateqﬁderlvat €S 1- -, and 3-pyrroline. [0026]As used herein, the
term "al kyl ™ X\s i nt enged to | ude both branched and straight chain
saturated al |‘@\ iC roca* groups having the specified nunber of
carbon atons , 020 a Cl-C8 al kyl, Ci1-C6 alkyl, etc.). For
exanple, a Cl- Gﬁalky net udés alkyl groups with 1, 2, 3, 4, 5 or 6 carbons
in a linear or branched arrangenment. Similarly, a Cl-C4 alkyl includes

al kyl groups having 1, 2, 3, or 4 carbons in a linear or branched
arrangenent, and a Cl-C20- al kyl includes al kyl groups having 1, 2, 3, 4,

5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbons in a

| i near or branched arrangenent. Representative saturated straight chain

al kyls include -nmethyl, -ethyl, -npropyl, -n-butyl, -n-pentyl, -n-hexyl,
-n-heptyl, -n-octyl, -n-nonyl and -n-decyl; while representative saturated
branched al kyl s include -isopropyl, -sec-butyl, -isobutyl, -tertbutyl,
-isopentyl, 2-nethylbutyl, 3-nmethylbutyl, 2-methylpentyl, 3-nethylpentyl,

4 nethylpentyl 2 nethylhexyl 3 nethylhexyl 4 nethylhexyl
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WO 2011/ 098904PCT/ 1B2011/ 000264 [ 0028] As used herein, the term"al kynyl" is
i ntended to nean unsaturated, straight chain hydrocarbon groups having the
speci f i edwoentigswh carbon atons therein and in whi ch aClrapsxii/beedacar bon
atons are bonded together by a triple bond. For exanple C2-C4 as in C-C4
al kynyl is defined as including groups having 2, 3, or 4 carbon atons in a
chain, at least two of the carbon atons bei ng bonded together by a triple
bond. Exanpl es of such al kynyls include ethynyl, 1-propynyl, 2-propynyl,
-1-butynyl, -2-butynyl, -1- pentynyl, -2-pentynyl, -3-nethyl-1-butynyl,
-4-pentynyl, -1-hexynyl, -2-hexynyl, -5-hexynyl, -1-heptynyl, -2-heptynyl,
-6- heptynyl, -1-octynyl, -2-octynyl, -7-octynyl, -1- nonynyl -2- nonynyl,

obonor ! e SN byt YR AL B Y

t he i nventi tmiatibie tern1"a|kyny|" enconpasses an "alkynylene." [ 0029] As

used herein, the term”cycdoalkyl" is intended to mean a nonocyclic
sat ur at ed aI i ¢ hydr c@phon group having the specified nunber of carbon
atoms therein,l| Rédxa C3-C7 as in C3-Crcycl oal kyl is defined as

i ncl udi ng group haviaig 3, 4, 5, GwheseinR daNHEHACHAoKPha®loCyC i C
arrangenent. Exanples of C3- C7 cycl oal kyl as defined above include, but are
not | i m t edot DsubeitGb@pruPBYstitutey Gdtabalé, sbecifi\eehopmendtwhich iyube eyt and
cycloheptylumfgr the purposes of describing the invention, the term
"cycloalkyl enconpasses a "cycl oal kyl ene."” [0030] As used herein, the term
"cycl oal kenyl " is intended to nean a nonocyclic unsaturated aliphatic

hydr ocar bon 0 havi ng the specified nunber of carbon atons therein, for
exanpl e, C3-C7lasNin C3- Crcycl oal kenyl is defined as including groups

having 3, 4, 5N"W, or 7 carbons in a nonocyclic arrangenent. Exanples of
C3-C7 cycloalken s defined above include, but are not limted to,
cycl opentenyl, a ycl ohexenyl . For the purposes of describing the

invention, the termycycloal kenyl" enconpasses a "cycl oal kenyl ene. "
[ 0031] As used herein, the term"halo" or "halogen" is intended to nean
fluorine, cp @édb@lﬁute@li%t%tltﬂ@g ok%lengpec& O8RS obaReh iRGdR! WithotNe term
"hal oal kyl" is Intended to mean an al Kyl as defined above, in which each
hydr ogen atﬂﬂ*ﬂﬂy be successively replaced by a hal ogen atom Exanpl es of
hal oal kyl s include, but are not limted to, CH2F, CHF2 and CF3. WD
2011/ 098904PCT/ 1B2011/ 000264 [0033] As used herein, the term™"aryl", either
al one or in cop natFgn with ﬁ th adi cal, neans a carbocyclic aromatic
monocyclic %;;E?%Téﬁzj} ning 6lc tons which may be further fused to a
second or a%hird 5 6- ﬁEnbe ed carbocyclic group which may be aromatic,
saturated or unsaturateJ Aryl includes, but is not limited to, phenyl,
i ndanyl, 1- fHopijyted orungyistitiied '80t<@1oleam¢e'f"bﬁ@mﬁ>temot whigh ip¢heder withen |,
2- ant hr acenphitati@r:ant hr acenyl , 1- phenant hryl, 2-phenanthryl, 3- phenanthryl,
4- phenant hryl, and 5-phenq9thr |. The aryls may be connected to anot her
group either an-@ suitab é pagi thon on the cycloal kyl ring or the aromatic
ring. For ega,w\ [ ravvn per pendi cul ar to a bond between
menber s of ring, suwch as the arrowed |ines above, indicate a bond that
my be at!aghedelfiady Aludsieien Skddthbe, Sk SLRBRs bufn indibedirAGh Ten!
point at any suit mber o e r|n63 For the purposes o escri bing
the inventi tz’t'?’he tern1"ary| enconpasses an "aryl ene" where appropriate.
[ 0035] As usgd hereln the term"heteroaryl” is intended to nean a
nonocyclic or 5,1’ ri ng systemof up to ten atons, wherein at |east one
ring is aroman-g contains from1l to 4 hetero atons selected fromthe
group consisting of 0, N, and S. The heteroaryl substituent nay be attached
ei ther vi a ar asubgtitded ramsatstitmed indoleespetific dxamhpiet ef athondudeBxitopt es  of
het er oar yl %I include, but are not linited to thienyl, benzindazolyl,
benzo[ b] t hienyl, fury!, benzofuranyl, pyranyl, |sobenzofuranyl, chronenyl ,
xant henyl , 2H—pyrro|y| pyrrolyl, imdazolyl, pyrazolyl, pyridyl,
pyrazinyl, pyrinidinyl, pyridazinyl, indolizinyl, isoindolyl, 3Hindolyl,

i ndol yl, indazolyl, purinyl, 4H quinolizinyl, isoquinolyl, quinolyl,

pht hal azi nyl , napthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
pteridinyl, isothiazolyl, isochromanyl, chromanyl, isoxazolyl, furazanyl,
i ndol i nyl, isoindolinyl, thiazolo[4,5-Npyridine, and fluoroscein

derivatives such as: OH



NH X\ orsoj. For the purposes of describing the invention, the term
"heteroaryl" enconpasses a "heteroarylene."” [0036] As used herein, the term
"het er ocywbydi1/d9sount ended to nean a 5, 6, or 7 nmenber e@CmaB20a1/000864 C ri ng
system containing from1l to 4 heteroatons selected fromthe group
consisting of 0, N and S. Exanpl es of heterocycles include, but are not
limted to pyrrolidinyl, tetrahydrofuranyl, piperidyl, pyrrolinyl,

pi perazinyl, imdazolidinyl, norpholinyl, HN NH im dazolinyl,
pyrazolidinyl, pyrazolinyl, andO0 . For the purposes of describing the
invention, the term "heterocyclyl" enconpasses a "heterocyclylene."

[ 0037] As used herein, the term"heterobicycle" either alone or in

conbi nation with another radical,, is intended to mean a heterocycle as

defined above fused to another cyclic grolfiy, be it a heterocycle, an aryl
or any othe% CYf Wiigéou$,se ine i n. BExanples of such heterobicycles
i nclude, but arg-R (my ‘@o G in, |7!{/J[d][l, 3] di oxol e,
2,3-dihydroben;p[b][1,4]qux ne and 3,4-pi dro- 2Hbenzo[ b] [ 1, 4] di oxepi ne.
[ 0038] As used herein,” the term"heteroafom' is intended to mean 0, S or N
[ 0039] To t her @substittted nyurisnigititisedédidaashis2-alpyreive, speditipsxamples bewhichconpat i bl e
with the syphet iwindRiifedendescribed herein, the substituent may be
protected with a suitable protecting group (PG that is stable to the
reaction condi N u§gQ£§ﬁiEE?se_g§EZggig Thg_gggggEZLng group may be
removed at "§&Lha9ﬂe poknl LAt pon sequ the nethod to
provi de a desired nter medi at e "or t ar get C8Hpound. sui t Mfe protecting
groups and the et hods fomh%iiiecting and de-protecting different

@ab

substituents u uch sqi e prgte,\ing gr QUPs are wel | known to those
skilled in #he\axt  lexanpl kehl ma bg_kggﬁz;jﬁ T. Greene and P.
Wits, Protecting G odfs "¢ Chenical sis t3Me#ed.), John 18 Wley &

Sons, NY (1999), which is incorgQra ed herein by reference in its entirety.
Exanpl es of profectdng group ed t iy oughout include, but are not linited
to Fnoc, Bné—BQgiﬁEE%m?ﬁg (IéIB.‘ oipe, NSt ances, a substituent may be
specifically se eCHe o~be reactive u the reaction conditions used in
the methods of this ifVentioon. Under theéSe:circunmstances, the reaction
condi tions epAY@kitutdsr SRLRGTIERM iHbat 1 3-HBHmidiRd, Qoaielchehpl&s i Shich uent  t hat
is either usefuyl in an jntermedi ate conpound in the methods of this

i nvention onwgaémB@gﬂP@WO%ubstituent in a target conpound. [0040] The

i nventi on enconpasses any salt of aﬁ€0anund descri bed herein, especially
pharmaceutically acceptable salts. Ph \n§c$utically acceptabl e salts

i ncl ude both agj d and, bage_addi tion salt¢. Wcid additional salts enconpass,
for instanc%r*ijﬂf§\fﬁrﬁggﬂzglg inorganiéZggids such as hydrochl oric acid,
hydr obr oni ¢ “acidaN~stl furic &ie, opitric aci @ phosphoric acid and the Iike,

or organi c acids such as acetic acid, trifluoroacetic acid ropionic acid,
gl ycol i ¢ acPd? sybsiiteie er wisyRptituipddndolizings sRecific gamptes ohwhig '”ﬁ‘é‘ieogﬂt'@”hci d,
succi ni ¢ acliditatibetmari ¢ acid, tartaric acid, citric acid, benzoic acid,

ci nnam ¢ aci d, \glic aci d, nethanesul fonic acid, ethanesulfonic acid,
p-tquenesuE#egf%iggid, salicylic acid, and the |like. Base addition salts

i ncl ude those ed fromaddition of an inorganic base or an organic
base to a free acid. Salts derived frominorganic bases include, but are
not |im t edof Ogpkfified BlindBstiRRuasShitiMinddilite, Y5cird BRRRIAEB: whith fhaR,
magnesi um 1ron, zlnc, copper, nmanganese, alumnumsalts and the like.
Salts deriv¥ihqu BRfaie5ani ¢ bases include, but are not limted to, salts of
primary, segon ~and tertiary am nes, substituted am nes incl udi ng
naturally o Eﬁ{iﬁggjsubstituted am nes, cyclic am nes and basic ion
exchange resins, sUch as isopropylam ne, trinethylannine, diethylam ne,
triethylamne, tripropylam ne, ethanolam ne, 2-di nethyl am noet hanol, 2-

di et hyl am noed fidsilited di wwgdisbiver ydtahydigmidagafl, 2re]pyrdding, specidc examplasdf ne,
caffeine, PLAGRINBEe WS RARANMGS, choline, betaine, ethylenediamn ne,

gl ucosani ne, met hyl gl ucam ne, theobroniyie, purines, piperazine, piperidine,
N- et hyl pi peridine, polyamne resins and the |ike. Preferably, the salt
retains the desireabl e biological effectiveness and properties of the free
acid or base formof the conpound. [0041] The conpound of Formula 1 or salt
t hereof preferably binds a BIR domain of an | AP. Exanpl es of BIR binding
proteins include, but are not limted to, caspases and mtochondrially.
derived BIR binding proteins such as Smac, Om/VWTR2A and the |ike.
Exanpl es of | APs include, but are not limted to human or nmouse NAIP (Birc
1), H AP-1 (clAP2, Birc 3), HIAP-2 (clAPl, Birc 2), XIAP (Birc 4), survivin
(Birc 5), livin (M-1AP, Birc 7), ILP-2 (Birc 8) and Apollon/BRUCE (Birc 6)
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XI AP, nore preferably human Xl AP. BI R domai n bi nding can be detected by any
sui tabl e techni que. For instance, BIR donain binding can be detected on the
basi s of wotestoswmapounds ability to conpete with the bipnaitazpi1ohHooasknown

Bl R-dormai n binding protein (e.g., inhibiting or preventing the binding of a
known Bl R-domain binding protein to a given BIR domain). Naturally
occurring and synthetic BIR domain binding proteins are known in the art.
In sonme enbodi ments, the conpound of Forrmula 1 or salt thereof binds one or
nore | APs (such as NAIP, H AP-1, H AP-2, XIAP, survivin, livin, ILP-2, or
Apol 1l on/BRUCE) with a K, of |ess then or about 500 pM 250 pM 100 pM 50
pM 25 pM 10 pM 1 pM 500 nM 250 nM 100 nM or 50 nM (wherein a | ower
K, value represents a greater binding affinity). In some enbodi nents, the

conpound of Forymula 1 or her eof binds one or nore IAPs with a K,
bet ween abo@ 6ﬁ;§ylto anon 0 nM such as about 250 pMto about 50 nM
about 100 pMt Y tor 1 or about 1 pMto about 50 nM In sone

enbodi ments, the conpound of Fornula 1 or salt thereof binds both Xl AP and
HAP2 N 8r Ksiodug o Alnskiddfiy ROV e 18Suazo ¥ 3p2 A0 4RRIN B2011/ 000264
[ 0043] The conpounds descr] eg herein ray contalin one or nore asymetric
centers, chwggpad%@§¥“@ﬁﬂw6hiral_planes. These conpounds nay, thus, give
rise to enantioners, diastereoners, and other stereoisoneric forns and may
be defined in qprns of absolute stereochem stry, such as (R)- or (S)- or,
as (D - or g%am no acids, and/or by optical activity, such as (+)
and (-). Thé piesest.invention is intended to enconpass any and all such
possi bl e stereoi soners, whether present in a pure or substantially form

(e.g, an opticall re for r 1 Xt ur . SQmers in.any proportion,
ol uding - aEEmee B pradsThysale AP P s <lREREl soePi ™ aha (S o
(D) - and ( Lpxangteserf whinmipclbde, pitepdlireithtiby chiral (asymmretric) synthesis using
optically active reagents, substrates, catalysts, or solvents (chira
synthons or chinalreagents), or by converting one enantioner to another by
asymretric g sﬁ@i%atiqn. Alternatively, isonmers can be resolved from

m xtures of isoneric'forns (e.g., racem c m xtures) using conventi onal
techni ques, including without Iimtation reverse-phase HPLC, formation of

di ast er eoi senesubstitsiadl bsunshiztitutedive o [Bepaniaspetifio pxamgies of Which iciude,
gas-liquid Qnddt fHittloshr omat ogr aphy, sel ective reaction of one stereoi soner
with an enantioner-specific reagent. \Wen the desired enantioner is
converted into @no her chem cal entity by a separation technique, an

addi ti onal 3 be required to formthe desired enantioneric form

[ 0044] Certai‘n nds of the present invention also may exi st under
certain conditions in anionic, cationic, or Zwitterionic fornms. Conpounds

of Formula 1 an t her farnul .described herein specifically enconpass
Such ai ter ndt = RURRe P UTILRR GRS P p R AR BN - The
conpound of inclgdenwitaout limitatigm| t t her eof provi des oral bioavailability when
adm ni stered to a manmal, particularly a human. Desirably, the conpound of
Formula 1 or, sald thereof exhibits an oral bioavailability of about 10% or
nor e, aboutéiﬁ%@ r _yjore, or about 20% or nore. More preferably, the
conmpound of Fornu 1 or salt thereof, exhibits an oral bioavailability of
about 25% or nore, about 30% or nore, about 50% or nore, or even about 75%
or nore (e.goi7aboRt cah¥any alkptich &D90I-COARA @g. Modteyl, etHyl, absropyl, 95% or nore) .

In some enbodi nent s e un f._Fas alt thereof exhibits an

oral bi oavainlcggﬁ is?@o@’%gig\%lé r'lneght}'g&f]d 5% e&“’é‘%{%ﬁ}yﬁso% about 50% to about

75% or about 75%to about 100% Synthesis Methods WO

2011/ 098904 K€18l1 B2B 198RS G4 cyclekE] MEHEOYERPRIRIERY 0P A AYERR i on descri bed

her ei n can bgiopalgpathedsubstitataywit arsanies, alkylbemborgkes. Ndadioitidy Bganipgesone

aspect of the Lnveri] . o] C e d i rgance with
g of et hut e, P tclBe EOEPBLELE, 8Ne'0] RERERLM bl AERABIE D e’ o
met hod of pkepasebutyl &betghgiol sicieextaypipRrepyl apd teyadra Zikpuatyl. 5er wel | as
nmet hods for preparing internediate conp8unds associ ated therew th,
conprising one or nore of the follow ng steps: (1) conbining a prolinal
derivative (1-i) with an am ne having the fornmula R, foll owed by reduction
with a hydride, to provide internedi ate conpound 1-ii, wherein PGL is a
protecting group; (2) protecting the am ne group of internedi ate conpound
1-ii with a protecting group (P&) that is different fromPGL, followed by
deprotection of PGL to provide internediate conpound 1- iii; (3) coupling
i nternedi ate conmpound 1-iii wth PG3(H) N(R3) CHCO2H usi ng am no acid
coupling agents, wherein PG3 is a protecting group that is different from
P&, followed by deprotection of PG3 to provide internediate conpound 1-iv;
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R4 RS p,"3 NCO2H _2) 1-iii,P& R33) P& deprotection 1) Coupling reagents
PG4 N7CO2H 2) 1-iv R2 PGQ deprotection 1-v WO

2011/ 0989woRar/me®d@11/ 000264 [ 0048] Met hod B provi des anPalttiBzmabiozetr nmet hod
of preparing a conpound of Formula 1 or salt thereof, as well as nethods
for preparing internedi ate conmpounds associ ated therewi th, conprising one
or nore of the followi ng steps: (1) coupling a prolinol derivative
(intermedi ate conpound 2-i) with a conmpound of the formula

PG3( H) N( R3) CHCO2H usi ng ami no acid coupling agents, wherein PG is a
protecting group, followed by deprotection of PG3 to provide internedi ate
compound 2-ii; (2) coupling internmediate compound 2-ii with a conpound of
the formula PGA(1 1) N(R2) CHCO2H t o provide internedi ate conpound 2-ii
wher ei n PG4 Sf&ENRP E%S@b%%lng group; (3) oxidizing internediate conpound
2-iii1 to provide the correspondi ng al dehyde, internediate conpound 2-iv;
(4) reductive am nation of conmpound 2-iv, for exanple, byccgnblnlng
conmpound 2-iv wth an nlne follomed by reductlon with anmapproprlate

hydride, to pro und 1- Vi g atLon of conpound
1-vi by conbi -v. it 27 forggf}) Eg(O) G
wherein LG isl.a I | gr IIo deprotectlon of tbp provide
a conpound of Formul'a 1 or salt thereof Method Bis illustrated in Schene
2, below. E i nternedi ate conmpound of Method B, as wel | as each
individual EE%EGSS step for preparlng t he |nterned| menpouﬁgbais

consi dered toj be_an additional aspect of the inventidgn. Thus rovi ded

herein is a €8nmBEHACHKR dhiptoHY! BICloREMNEIREYBRY 8Ky gigh 2-9'v "Or For nul a
1-vi of Schenme 2, |nclud|ng salts thereof. Also provided herein is a nethod
of prepari néPOA9k onBbamR’aie, Insiepandentty, lydrogen er alkyk setfas adk-GaalkyintE caredi at e

conpound of b@ﬂ}’dr&%nﬁ%‘i h, 3% art alkoxy NdueH 881a &;-CY alkdxy FOESAbI, As/hydRigeChene 2,
including salts t one or nore of steps (1) through (5) of

ere sin
Mot hod B doltd PBeta Sy alkoxy, S o v IPHGSSBRPCT/ 182011/ 000264 [ 0049] Met hod C
provi des anot her alternative nethod of preparlng K] conpound of Fornula 1 or
salt thereof0028k w¥ican beOn®tdbd{CHabr ofFhBamhagin %tl%Nﬁe@Pathé‘lQa(@B@)‘ﬁ)unds

associ ated Npe{EWE bINHSOMP 4n8 RAE a@@ec@roawr@t&écytctblear@phﬂyﬁ Ing steps: (1)

acylation of inte un scrlbed in Method A,
or by ot her L%&Oﬁ%ﬁ Lo Ot e S B o e A
conmpound of Aterding ta sbr@ SnBydigntsiptds 6Hn IPGbei entadiprentseX isi CHNGEWIB?, f ol | owed

by depr ot echjppge t i oupl i ng
compound 4- Ia &P @Elkﬁcﬁ‘yl &ylh d;f?‘@ll&!ﬁ"y brﬂ{e%éd’é}?;ﬁgraﬁ% l@faxﬁfgégféH'BQ ésohally(f@r)hﬁPUSI ng

Wi
ani no acid é%BtPieHd"t%l@’ggM a'W’érhé'iO%'k’ﬁ’(%h?lggeé? Pt 5t eIES Oﬁ I5: X%l | owed by
depr ot ect i o0GHaDRRBE3 R? & goyl ovargielkyl.ntrdohoad ba bgticoallyputhedsubstitited ¢i8) coupl i ng

i nt er nedi at g the fornula-

PA(R1) N(R2 %ﬁ%%g%M§§F§m£g%§%%hgﬁ?%ﬁbouppﬁggaggents to provide internediate
conmpound 1-vi, wherein P4 is a protecting group, foll owed by deprotection
of PG4 to provide a conpound of Fornmula 1 or salt thereof. Method Cis
illustrated in Schenme 3, below. Each internedi ate conpound of Method C, as
wel | as each individual process step for preparing the internediate
conpound, is considered to be an additional aspect of the invention. Thus,
provi ded ' .
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herein is a conpound of Fornula 4-i or 4-ii of Schenme 3, including salts
thereof. Al so provided herein is a nethod of preparing a conpound of

For mul a Iwonroslgoother eof , or an internmedi ate conpound eCTABIOTUWD@264- i oOr
4-ii of Scheme 3, including salts thereof, conprising one or nore of steps
(1) through (3) of Method C described above. Uilities [0050] The
conpounds of the present invention can be used for any purpose. However,
conpounds of Fornmula 1 and salts thereof as provided herein are believed to
be especially useful as | AP Bl R domai n bi ndi ng conpounds. As such the
conpounds of Fornmula 1 and salts thereof described herein can be used to
enhance apoptosis in a cell or subject, particularly in cells that exhibit
abnornmally | ow | eve of apoptosis or_in subjects afflicted with, or having
a predi sposition tv ds, sease condi n associated with

i nsufficient apopto 5. Ins ci ent\ apopto ans a | evel or degree of
apoptosi s that i sg-abnormal /under qs en condi ttgns, or otherwi se leads to or
causes a pathgh i cal stat Thus, 1 g fflCéen(Dapoptosis enconpasses, for
i nst ance, ateomherel di sease caus r continues because cells
deleterlouszt o\ he subjechhave ngT/époptosed.wfbnditions or di seases
associated with insufficient apoptosis enconpass cell-proliferative

di seases and di sorders including, wthout |imtation cancer, autoi nmune

di seases, inflammatory disord , and @ pr ol ration i nduced by nedi cal
procedures, I ;éfding, but mted sur , angi opl asty, and the
| i ke. [0051] Thugyprovi deg-Rer e is a nethod of enhancing or inducing

apoptosis in el | % i ng adm'tN"8fering .a cfrpound of Formula 1 or
salt thereof%to,a cell/mgmnpounds FStmula 1* or\ salt thereof can be

adm nistered to a cell by any sui tabl®® nethod, fof instance, contacting the
cell with a conpound of Fgrnula 1 orcsalt thereof or a conposition
conprising a cofypound of Gornula 1 @r salt thereof.Fs%@rget cells can

include cells Jrny type/that exhi bihs i nsulRfi ci ent tosis, in other
wor ds, are char erized esi st a to aﬁgg%osis o} ich exert

pat hol ogi cal dxnctions that{can be ab ogated apopt05|s i ncl udi ng but
not limted to ncer ous, an |nfla Qry c s cells can be any
type of naligpaz?; inclué , but Ilrnt n col orectal,

hemat ol ogi cal , b¥east, |ung or pancreﬁflc caneer ceIIs ”Tnflannatory ceIIs
can be any type including, but not limted to, B-cells, 1-cells,
nacrophage,mdﬁgg&b k&a I 1's, and granul ocyt es. Addi ti onal exanples of
target cells’include topi c endonetrial cells and psoriatic keratinocytes.
[ 0052] Apoptosis of a ceII or a population of cells, is enhanced if the

| evel of apoptosis is increased by any degree in the presence of the
conpound of Formula 1 or salt thereof as conpared to the |evel of apoptosis
exhibited in the absence of the conpound of Forrmula 1 or salt thereof.
Enhancenent of apoptosis, thus, enconpasses inducing apoptosis in a cell
that otherw se woul d not apoptose, as well as increasing the rate at which
a cell undergoes apoptosis, increasing the nunber of apoptosing cells in a
cell population, or increasing the sensitivity of a cell to apoptotic
stimuli. When neasured in a popul ation of cells, preferably the nunber of
cel | s undergoi ng apoptosis is increased by at | east about 25% nore
preferably at | east about 50% at |east about 75% or at |east about 100%
(e.g., at least a 1-fold or 2-fold increase). Any techni que for neasuring
and conparing the | evel of apoptosis in cells can be used to detect
enhancenent of apoptosis. Such techniques may be based, for instance, upon
changes in cell proliferation, increases in cell nenbrane perneability,
reduction in metabolic activity of mtochondria, fragnentati on of DNA ( DNA
| addering) or chromatin condensation, alterations in nenbrane asynmetry
(e.g., translocation phosphatoylserine fromthe cytoplasmc to the
extracel lul ar side of the nenbrane), activation of apoptotic caspases,

rel ease of cytochrome C or apoptosis iphibitory factor (AIF) into the
cytoplasm by mtochondria, or any other basis known to be an indicator of
apopt osis. [0053] The conpounds of Fornmula 1 and salts thereof also can be
used to alter the release of inflammtory cytokines froman i mune system
cell, thereby reducing the inflammatory potential of the cell. Inflamuatory
cytoki nes include pro-inflammatory cytokines and anti-inflamrmatory

cytoki nes. The rel ease of cytokines is altered if the anobunt or rate of

rel ease of any one or nore cytokines is increased or decreased by any
degree in the presence of the conpound of Fornula 1 or salt thereof as
conpared to the anount or rate of rel ease of the sanme one or nore cytokines
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of Formula 1 or salt thereof to a cell in a subject afflicted wwth a

di sease associated with insufficient apoptosis or an autoi nmune or

i nfl ammatwoyodimemge is effective to treat the di sease. PCmuB2011/h@264anvent i on
al so provides a nethod of treating a disease associated with insufficient
apoptosis or an autoi mmune or inflammtory di sease conprising adm nistering
to a subject in need thereof a conpound of Fornmula 1 or salt thereof. As
used herein, the term"treat"” is intended to enconpass alleviating to any
degree, or preventing the onset of, any synptom of the di sease or

condition. The term"treat" al so enconpases inhibiting, arresting, or
reversing the growth or proliferation of diseased cells or the progression
or spread (netastasis) of the dlsease or condition, or altering the

rel ease of infla @ cyt nes. 3t ment 4-Acl udes preventative
eat men a patient afsurgr cal renoval of cancer

treatnment, such as

or tunor cells tgprevent egrowth of the canc&r or tunor, or treatnent to
prevent pat hog,g c cell -surcyl val , ONH nst ance Ounder conditions that |ead
to di seases.s h as ast d/&-e li ké 0057] Di seases and conditions
associ at ed \kn/“%,r nsuf fici apopt Si encorrpafs'g proliferative di seases
characterized by inappropriately high |evels of cell division,

i nappropriately low | evel s of apoptosis, or bot Such di sease may i ncl ude

those in which there is a def in noy |y programed cel |l -death or the

cel lul ar apop(g i ¢ machi ner L, F apopt ). [0058] Exanpl es of

aut oi mmune of H ammat ggyLdi sorders vxg re apoptotic resistance contributes
“® may be erapeutical ly benefici al

t o pat hol ogy o wher e wgreased apo
i ncl ude mul ti®pl ewscl eros , athero er sis, atthyitis (e.g., rheumatoid
arthritis (RA)) and the |like. Anot her” aspect of tHe present invention
provides a nmethod of inducing apoptosks in a cell such as a rheumatoid
arthritis fibroplast-1i keosynovr ocye with a conpouniQof Fornula 1 or salt

t hereof al one qr jjn conbi pakion wit t oki n¥s~ or dea =y eceptor |igands
such as Fas, TRAMAN or " ecept goni nt i bod [ 0059] D seases
wher e apopt otd' resi stance gontri but to pa | ogy or ere i ncreased

apopt osi s nmay Ht herapeg 1y be ef? ci aI | ude ypes of cancer
including lu coI or ect br east pr os ate canc r O her cancers that

may be treat ed brgfcorrpoundg’” corrposrtr“bns and “ffet hods of the invention
i ncl ude but are not limted those listed in the followng table. Tissue

Exanpl e Ad:rgiaéﬁa R\ﬂﬂorfnﬂ%;f?rg?é r?éuﬁ%%ﬁﬁ@%t&%%%%h a%ﬁj&%’?@re@% e%%sarcomi)

fibrosarco chondr osar cona, Ew ng

sar conm, rraP@"gtr%ﬁ'i'i! qY?‘i‘rtﬁ‘r?GVrﬁor(‘li"@ﬁ“PMﬂ RiPMideed qompapRaREPMYA] o1 sait ﬁ‘efﬂ‘?fel orra

mal i gnant gSﬁéHfrcfé%Hrplédﬁfﬁémrﬁdiuﬁdsﬂ@frmrmmi eozhs hefebdra plovisécEinaanié it laagi nous
exost oses), th Xanqq chondr oma, chondrobl ast oma, chondronyxofi broma, osteoid
Ti ssue Exarrpree O%%soma and giant cell tunors Cardi ac sarconma

(angi osar corra fi brosarcoma, rhabdonyosarcoma, |iposar corra? ngx
r habdony onal[0083lbr oWﬁe”qV?rrﬁ)'ﬁﬁg%‘Héhet'é’F%Fb?rétoﬁé‘ﬂ R yeluss isiingligated (e

C-Cg, C1-Cg, C4-Cy4, or C4-C3 alkyl, haloalkyl, alkylamino, alkenyl, etc.), it is specifically
contemplated that any sub-range or individual number of carbon atoms falling within the
indicated range also can be used. Thus, for instance, the recitation of a range of 1-8
carbon atoms (e.g., C4-Cg), 1-6 carbon atoms (e.g., Ci-C¢), 1-4 carbon atoms (e.g., C1-Cy),
1-3 carbon atoms (e.g., C4-Ca), or 2-8 carbon atoms (e.g., C»-Cg) as used with respect to
any chemical group (e.g., alkyl, haloalkyl, alkylamino, alkenyl, etc.) referenced herein
encompasses and specifically describes 1, 2, 3, 4, 5, 6, 7, or 8 carbon atoms, as
appropriate, as well as any sub-range thereof (e.g., 1-2 carbon atoms, 1-3 carbon atoms,
1-4 carbon atoms, 1-5 carbon atoms, 1-6 carbon atoms, 1-7 carbon atoms, 1-8 carbon

atoms, 2-3 carbon atoms, 2-4 carbon atoms, 2-5 carbon atoms, 2-6 carbon atoms, 2-7
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esophagus (squanous cell carcinoma, adenocarci nona, |eionyosarcong,

| ymphona), stomach (carcinoma, |ynphoma, |eionyosarcoma), pancreas (ductal
adenocar cwoansa,/0989gul i noma, gl ucagonorma, gastrinona, caPCrnpodi/beeer s,

vi poma), snall bowel (adenocarcinoma, |ynphoma, carcinoid tunors, Karposi's
sarcoma, |eionyoma, hemangi oma, |ipoma, neurofibroma, fibroma), |arge bowel
(adenocarci noma, tubul ar adenoma, villous adenoma, hamartona, | ei onmyona)
Genitourinary tract kidney (adenocarcinoma, WIms tunor [nephroblastomg],
| ynphoma, | eukem a), bladder and urethra (squanous cell carcinons,
transitional cell carcinoma, adenocarcinoma), prostate (adenocarcinona,
sarcoma), testis (sem noma, teratong, enbryonal carci noma, teratocarcinom,
chorlocarC|noga, sarcoma,, inters |t| cel rci noma, fibronma,

fi br oadenonfR PYHUABI RSP FHRSISs 34 1R, 8'Prﬁt m?z;ﬁn%%adt?%‘gqt% S@tcé‘&’f}@ B donet ri al
car ci noma) , 3-earbon aloowy 38 caborczaoros Aenerbop remtsudd catben etowma.l 4-dysipnasi a) ,

ovari es ( OV ajol8h-6 BIEdT\AERs, bHEAA ARl 89 8ABGRNGRE MR earlBIChSHU!E-7

cystadenocar0|nona assi f carcl hona granul osa-thecal cell tunors,
Sertol i Lede‘”g'b‘?Ib@t‘I’m% Gh%§§a’b6’3‘/§‘@'é‘ﬁ ASIPBRFAPTIaRY i gnant teratoma), vulva
(squanous cell carcinoma, intraepithelial carcinom, adenocarcinons,
fi brosar conf0023lel aAnnwy heredigumess(otflesdse spetitied: te dermd substitglgd’amerns acel |

carci noma, bt stﬁu@awgﬁmo G&WQ(M@r@%bbsﬁ!&@r@o@ézzﬁs%%ﬂﬁ)smutfe% l.eRian tubes

(carci noma) Hemat ol ogi c (nyel oi eukem a [ acut d roni ¢], acute
| ynphobl ast [% nF@0teeAY, a”‘@ﬁY'oﬁ#‘fYGY'i YRpAbGyY Fiealeay - dalonlRloalyt 619 f er at i ve
di seases, nuittidrphenhyty Bhicairoxy (B/e) toitysplettoky) chydroXy, atiaey, Bikgimpkwer, syndr one) ,

Hodgki n’ s dbﬁ%@&@bf){'ﬁ%‘ rb%&y Q)xé a'ugéﬁ'&%}g%@? gh@g%g@% 1, héfém%}gm] Liver

hepat oma (hepato ar ‘carci noma arci pat obl ast ong,
angi osar contetemaiiata caihetesearderpsepicio, W@ﬁ%‘hgﬁ"@‘iﬁy'%xnﬁmb? alk'ABEHeni c
car ci nona (sgla\amrmuay@wémmurtsiuééwaamci ﬁét@dcﬁ:féﬁﬂnthﬁér{Or ant@listibsafueiat i at ed
| arge cell adenOCﬁ 3\% Ubﬂ ﬁa ébr onchi olear? e rcrlnn e, bronchl al
adenoma, safCBRAM " f}rﬁ%ﬁ RO SHAF 811L° HSHR Footrs CRESBEREY ¥R Ner vous
syst em skul brylatsgi, @&ﬁmylanmmargvlmo agalsanayiamag. saabmmmanemr@ml s
?ef?rmants) s%ﬂht@gﬁﬁlamnkdwﬁt%&araiRﬁﬁByi&thﬁﬂﬁdl?%mthncgbwm@ta@ﬁdl@)muo bri'il n |
astrocytom, rnj no pi neal ona
gl i obl ast onf¥® WﬁnFYfléfooP?ffroﬁwcrgE‘iﬂé‘%WW@P|®ﬁ@'°”%@%m&ﬁ’; n!‘yést“ﬂﬂ | ast onm,
congeni t al anyisuifos)l, argpkyiadforyd isdfanemidofe.opr S0aNH.); sensiitnigdl sutiepargitieovte, sar coma)
Skin mel i gnaph, g b%ﬂp%barﬂ)ﬁ?@# @ehhz)%sﬁmfm ba%w@rgmcm%%w GO,

Kar pOSI S Ssarconm ast | C nevi onma, angl ona ermat of i br ona,
kel oi ds [o%bF@h'é' %ﬂﬁ‘ﬁ’é&ﬂ@ﬁ%@?ﬁﬂ?%F%felar%FW%P?t'tLt%@Péé’fe Rit99eBe used in a
pure or subsdledd feh alkyporzzyldlion)Nalkaycaiisonpadryl, afbsiuted A gudniddn, conpri si ng t he

corpound of sﬁ)g{ t[ﬂébg LiIhS stlﬁj?eldthe{etbgpcﬁgglkgﬁQﬁjcgﬁtut%ﬂ 'oF &%L@itlmdrl{e?erroar %Qh the

conposition i rally a
human subj eg% "@P'me'q’aéﬂt/' futyhéhienuk iiazely's Psiglicy!, lﬁé“da(' Bﬁtﬁﬁ%@’é’df‘? My
acceptabl e carrier. As used herein, the ternms "subject” and "pati ent " are
i nt ended t o[00R4in hAsEIRE hanemv\mbhermSazmm\vshmaMd neintiedesa fivaeiendergdr i mat es,

cats, dogs, I he AR ce and
the 11 ke | DB FanRhh ot 8188 OBRS onh R rbABR fithach S, L St Fon
can be prep@peen thn Ilmmng examples of azoles mclude pyrazole, |m|dazole tnazole tetrazole,

pentazole, thiazole, isothiazole, oxazole, and isooxazole.

[0025] As used herein, the term “pyrrole” is intended to include a five-membered
aromatic heterocyclic ring containing one nitrogen atom. Pyrrole, as used herein, also

encompass the hydrogenated derivatives 1-, 2-, and 3-pyrroline.

[0026] As used herein, the term “alkyl” is intended to include both branched and
straight chain saturated aliphatic hydrocarbon groups having the specified number of
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conbi ni ng a conmpound of the present invention with an appropriate carrier.
The carrier can be any of those conventionally used and is |imted only by
physi o- chwoi2enlo9smasi der ati ons, such as solubility and lPaTkBmfii/n@aet i vity
with the active conpound, and by 33 the route of admnistration. It wll
be appreciated by one of skill in the art that, in addition to the
foll ow ng descri bed pharmaceutical conposition, the active conpounds of the
present inventive nethods can be fornmul ated as inclusion conpl exes, such as
cycl odextrin inclusion conplexes, or |iposonnes. [0062] The pharmaceutically
acceptabl e carriers described herein, for exanple, vehicles, adjuvants,

exci pients, and diluents, are mell-knomn to those skilled in the art and

are readily available to the blic ferr d that th

phar naceut?le%(}é?'i/a 3’8%&&6%[@0 @g‘%]{rd"eq" ay)%' Bhé %Yf E O RERP'EA &‘ycﬁ'nert to the
acti ve agentlkg)nchudes akykgrahpsolithiag8, h16, Bleta dartens mmlala;em‘e)r blahgetis or toxicity
under the an%;gtetngﬁks sﬁﬁnaH‘?%C Ico%ﬁl idURES iRl sroapefrfgvlnﬁnyz Qf orSiUiah iRt 7

formul ati on ar maceut i ca conmposition o resent | nvent| ve

net hods. Thé g Mramqhe%ar@gﬁera%m Fd Giifse aﬂ’MH”C"é{’eéélkY'@mUQ%H?"é’@I i &3

i quid, inckuglieng & abiloetis 12,aapsulgss, oNslapsr 2(g¢aausumlsesa|m@arrﬁnmmntried

sol uti ons, or, es, and
aerosol s. [gggrg;]%il el eSI%S?r{%E{?Il&%g%lfrg{aa Stréw%aﬂml ls' (gus(% m%gl Qﬁ{e knovvn or
w il be appﬁfO@Yit n- bEJb!' thessey!, sfl’ch‘iﬁwbd1 herWtY! it QCtldr ﬂ-nom%ancbﬁml eNh"%ee

Remi ngt On S rdpraeRBH/R Bhiufddd bRrcBELAS/s iAdhida -Bbropyl, Mre utiiiddost, nert-Conpany,

East on, 990 n b mnistered wll, in any event,
contain a tﬁ%t Vapt ?'?tg;lt"e mﬁtﬂggﬁgtét gylgﬁ%u%?‘e%ylp%mﬁ 8t8¥|%e”8' % he pr esent

i nventi on, metha'ppthtﬂrmeethulhexytaBinjﬁtla/&ea{htmmm"wvlt5tnleéwl!a@fyl 2f8or treatnment of
a di sease- SH%%yﬁﬁgyﬂQ%qm&%eﬁ@PYQ d.&&%m 3Mtﬁﬁ¢e?<w2@ﬁ| conposi tion

can be formu] ated ‘H'\é dmmnis incl udi ng, for instance,
oral, topicametyingne ey apthyleexyine, ﬁlﬁ’lf’@fé'éwpe”'é(le?@sd&‘eﬂ?ym‘?éY'éﬁ on, parenteral
(i ncI udi ng dinttieylpentll] B-datetiyhesyilRictidinntbghexyl, emhylamﬁyimjsthylpqmw &ruscul ar,

I ntrasernal thblﬂ&@/r B%’EHthﬁF%' % J\r{é&ﬁ azcrﬁ%tﬁfrzaétwldeﬂtkg ggfeﬁﬁgﬁgth iyl &

i ntradermal)
adnmi ni st r at MEHY-optBYIRSAM 2apeth 2teihyihgyy. Zppethy éﬁﬁw@éi‘yét%“?th%ﬁ @§éy' rout es of

adm ni st er i n@-didig/peaiyl 0 BRKbiGhekne,3-tiviayihdx9IN3,aldetHymexynandtngl iikea |Ankatyigh  nor e
t han_ one T 05;0(3 85}1%%3&%‘3& Ei%r ?u%g?it@t'eé.t &l 3% acﬁ@ﬁ'otsésc ldggcrigigw% vgntloﬂ
particul ar out &°'can provi de “a"mor e i mmedi and nore efrective tesponse
t han anot hetherteron “alkyl'eneomeasseramgkyleneniyhele aprisrrigiee descri be for the
pur poses of further illustration, and are in no way intended to limt the
i nvention. [00@7]201Aé 0528 9ekRCihe 16320 hike D02 Birenf&06 Giebn pe ohsahiraed airaight at i ons
are anong tQ gnchgcg %Iln%hr%gérbé Btfdlﬁa}é p ess?ileéf?elaln%mbﬁr o‘?ggr%rpzﬂ&’ﬁg er th the
n f

present |nve I on. equi re ective pharnaceutical carriers
for inject akhieh adegsdiordf @ﬁ§a@%a‘ﬂ@§ RreqendRs te 6aghyaes byp ey heaeyandki | 1 i n
tcge art (gﬁa?v.@ e?lher ?&zrrag&eBhanmg@ oﬁﬂdntﬁﬁ@bmbéoprmbkdhﬁﬂe d.BC, hk@r@lon((?(i)tg t8 2
npany, Il ade anker  and :
and ASHP HaRGEBY 'B%??a’Tyﬂ’°83c’P Thf QP GG 2 sselecai?%‘s ot ey RS 650
(1986)). Formaigamewna Ie:eai twa bl the f:@borpmrémb@mganond@ﬂrﬁp@ﬁtmr bag ﬂ@w’ple brodude
aqueous and E%ﬁh&%%?—@?alkér?ﬂﬁ@ume(‘etr%hﬁr (bity®), 1 Bioﬁ@ﬁyl Ohrshyt 1- ‘Bﬂt%nylvﬁll ch can
contain antl) oxi d rlE‘ l Sl ct erl é‘ and s | ute tfw t’l)a rlender t he
for mul at i onPYEW:SHPWMEYh tRTEeRY s (ﬁ’e'&?” 'R eh%%l‘y &g )élr%t “d aqueous
and non- aqueguimahypibuendudhexsilo@shekérat, %menmcﬁﬂdﬁerwusaammbnmlg 3agent s,
sol ubi 1 zer ept iyl, SK&RAO AL o%teﬂw hiRémsy, @Mere§ﬁ5rYe§‘|§/l' weo%cenvhe

conpounds o é’invention can dm nisteréd in a Si 0 gqs
accept abl e dhrfagemt: ?Hecé”ﬁﬁ&‘i‘?‘?ﬁ(‘f‘é%tpr’k%e”ﬂéforupé?” b"s%Hb% tegd s 6 f'tPE’di iquid or

m xt ure of Férghe plsposesof deedribing et iventidalhie mem “akprgdescodpasseoae and rel at ed
sugar soluthﬂgﬁ m%nwﬁrgggggm such as ethanol, isopropanol, or hexadecyl

al cohol % such a opylene gl ycol or polyethylene gl ycol
dlnethylsquOX|de glycerol ketal s, such as
2,2-dinethy1-1,3-dioxolane-4-nethano|, thers, such as pol y(ethyl enegl ycol)
400, an oil, a fatty acid, a fatty acid ester or glyceride, or an
acetylated fatty acid glyceride with or without the addition of a
pharmaceutically acceptabl e surfactant, such as a soap or a detergent,
suspendi ng agent, such as pectin, carboners, nethylcellul ose,

hydr oxypr opyl net hyl cel | ul ose, or carboxynet hyl cellul ose, or emul sifying
agents and ot her pharmaceutical adjuvants including pegylated or fatty acid
nodi fied glyerols and triglycerides. [0067]O1ls, which can be used in
parenteral formnulations include petroleum aninmal, vegetable, or synthetic
oils. SpeC|f|c exanples of 0|Is |nclude peanut, soybean ~sesarne,
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[ 0069] The parenteral fornmulations will typically contain from about 0.01%
to about 10% by weight of the active ingredient in solution. Preservatives
and buf f ewe 20myo9k®4used. In order to mnimze or elimnaceiBroi/b@téson at
the site of injection, such conpositions nmay contain one or nore nonionic
surfactants having a hydrophile-Iipophile balance (HLB) of from about 12 to
about 17. The quantity of surfactant in such forrmulations will typically
range from about 5% to about 15% by wei ght. Suitable surfactants include
pol yet hyl ene sorbitan fatty acid esters, such as sorbitan nonool eate and

t he hi gh nol ecul ar wei ght adducts of ethyl ene oxide with a hydrophobic
base, forned by t he condensati on of propyl ene oxide with propyl ene glycol.
The parente f ornul ations n be nted in unit-dose, or i -dose
seal b cont 1R o R nate, B SreaRini R e e e S gt | 1
freeze-dri edhgin wmmadbplzgmpscmwdg thespedifequiumbergpf catbgn dtéres thekdintandim of t he

sterile | QY SHEP R Yarooh Qo 5T BHnEed 188414 by & Hpid RIn8CELQRImot BTR at el y

prior to use. oraneous I njection solutions and suspensi ons can be
prepared fr 8%”&2&4l kenyhis\aited as gl Aing 8urshiaying an$ Of 4 C%PO’I HEKI"Rd previ ousl y
descri bed. R Q] [Bagtveadf tfeaiartioh atoms meing bendae tdgethaowra ttigle bbvass eExamplski | | i n

the art. Su I ui,t i ontext of the
present | nvghiuf@%&wgg%cma? rfyll g?ﬁ‘%gﬁ\” 231%% 2' 11@? @arzpblué/nﬁ q){) sui tably
conprise a 8emywl oﬁ‘ﬂpe“é’ﬁﬂl §r“@ﬁﬁhy' biPHY e nt-Petyyk H -IRxyw), -ZrhexyBase engyl exanpl e,

may conpri ser. Repynor- 2rﬁébﬁn»mf6h&ﬂyrfyohl SoIg-2-deehyI 0l Ry, -I-ABMINYIN.2-
h, as, wat er and

pol yet hyl ene ner al SHC
al cohol , anfl° @Hﬁi glnf)f“@ly %,ayﬁsy argoﬁc?' r%yergdeq‘ﬁﬁc%é nlge aéeﬁ'pénylrga?“pbcgnpr esent
ina phar rrabeumsucaltutmglsﬁtlm@n Fbothe perpdsealof @dmhmgsmerlavqnuw thefterimt ended f or

transder mal «adpjindrebhsdss&an glhﬁypegérpom tion may include a transdermal patch
or iontophoresis device. Topical fornulations may contain a concentration

of the conp of the PLESE \, out 10% w' v
(wei ght per %Q vof used 9 "(’)E]ﬂ'% %OI‘);I’?I;L?E&?I %hngéﬂg %‘ﬁ%‘{%aﬂ a]n(8n09 C%)

admi ni strat ﬁ%infa@é@"@‘@h%h@tocéfmf( arpup hayuigdhesswqﬁedowmbersqj@w bersatgms ef f ect i ve
anount of t h\%refﬂfﬂdr\éﬁan%'r@g@'?gs ﬂl@&phmﬂmwns @uf.héteﬁ.ﬁolucﬁ@)gr&@%w.@ss 36

sachet s, roc es a n redeterm ned
arount of |+ A et sateRg R AR S aR et SRR et IR R BRer o (a)
suspensi ons defrmeaabca{ppmmpelbat @e hotdimiteld toacydloprepyl.syclotalyl.eyeepentyl, ons. Li qui d
formul ati ong,dgRYx Md&@l@héﬂﬁyﬁ ‘ﬁ!ﬂr% pu&}éfs‘& cﬁ%eé&%ﬁg{theﬁ%r‘:tﬂﬁ th@fdfn al cohol's, for
exanpl e, ethanol , d the polyethylene al cohols, ei t her
with or wit Pa‘f)’l’@” afs?eér? 6‘1’°°3 ?fé?rnaceutl cally acceptabl e surfact ant .
Capsul e fornms can be of the ordinary hard- or soft-shelled gelatin type
cont ai ni ng, [G080] exAasmpded herin; fhaderaricysloakeryl iciatandsd taamdan meopodyelicl er s, such

as |actose, u%Wrﬁé@al|pﬁé’t'c¢l$/&5&mwttﬁvm@mg sﬁ&ﬁfl@d ﬁ@rﬁtﬁ& laf caTlﬁJﬁla%méc 0{ ”f can
cro starc (0]

i ncl ude one or ose,

starch, al gfrﬁfe@ng’éfeé?m% ?‘P g&?i/'gtoﬂ 7PXF a@@w ﬁIdSQ'?d aﬁ '89 9QEPHARY guar
gum col | oi da4, 5s6,lor € carbalisdnxa cenoaycliosoangesiehio Saamplds offfs-Q; ayaqalkengresi um
stearate, Cééffr‘nb&' Bk %fug& %ut Jrla H& nﬁﬁr?%f{,ﬁmpéﬁ&@f bt %Elbﬂ'exeﬁi‘dF&ttﬁéer

exci pients, colorants ents, disintegrating agents,
noi st eni ng Bgyeeses of ‘ﬁﬁséféb&g\}%% 'PYFé‘E"” fhederBy’ F\‘Fﬁ)a @@’r‘\teé‘cor%ﬁ?és%ﬁar macol ogi cal | y
conmpati bl e exycbgkerpibse.” Lozenge forns can conprise the active ingredient in
a flavor, usually sucrose and acacia or tragacanth, as well as pastilles
conpri sing fdagqjact hYGscliMerefding Mrmi“Raiddr iHaRhEn” h%aiﬁt%nde%q&h\e%fl&%@t' n and
glycerin, or sucrose and acacia, enulsions, gels, and the Iike containing,
in additi onC'?"Ef'“Fh@O’HEF?%'O?"H%red| ent, such excipients as are known in the
art. The oral forrmulations will typi cal | y contain fromabout 0.1%to about
70% by wei gi032ff t Asusedthese, thadgrexdhaerikyl” [O0ZXeTtemeamqpuakytias dsfingche

I nvention, %&B%%nch Ba&%@rbé@%ét&ﬂn%b@s@c@&fve@ ﬁ_ﬁ:‘% By & RABRAEGHENS can be

made i nto aer osol &ghal ation. These
2 30t abl e propel | ant s,

aerosol for ﬁmr%&'?Sé’ﬁEa'e%{W'Sb%C'%ea%af% Wi '5”'??3 & &%2'?

such as dichlorodifluoromethane, propagg, nitrogen, and the like. They also
may be fornul ated as pharmaceutical s for non- pressured preparations, such
as in a nebulizer or an atom zer. Such spray fornul ations al so may be used
to spray nucosa. [0073] Additionally, the conpounds of the invention, or
conpositions conprising such conmpounds, can be nade into suppositories by
m xing with a variety of bases, such as enulsifying bases or water-soluble
bases. Fornul ati ons suitable for vaginal adm nistration can be presented as
pessari es, tampons, creanms, gels, pastes, foans, or spray fornmnul as
containing, in addition to the active ingredient, such carriers as are
knomn |n t he art to be approprlate WO 2011/ 098904PCT/ 1B2011/ 000264
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t herapeutic efficacy of the conpound. For instance, the conmpound or

i nhi bitor could be conjugated either directly or indirectly through a

| i nker towe 20aryeddng noi ety. The practice of conjugati RGTABIPONAG Or
inhibitors to targeting noieties is known in the art. The term "targeting
noi ety" as used herein, refers to any nol ecul e or agent that specifically
recogni zes and binds to a cell-surface receptor, such that the targeting
noi ety directs the delivery of the conpound or inhibitor to a popul ati on of
cells on which surface the receptor is expressed. Targeting noieties

i nclude, but are not limted to, antibodies, or fragnents thereof,
peptides, hornones, gromﬂh factors, cytokines, and any other naturally- or
nonnat ur al | e strn%; gand% whi.ch brn Eo cell surface 6ece tors. The
term"linket U8B EFeHEFEIM e (MY 168 %ﬁymsgbﬂPO%P“ﬂBPé@ P%Sat bri dges
t he conpouncadial, meimskd datocydlic flomatid raorgeydingronm cataningheartadn avonel wiaehy ski | |
e art FEFPONEES LR o SlcbRFaAInid'® I BRRANBNS cbod Bl b sAlifon Wi Ch ar e

not necessary or t function o e CO oun are ideal
sites for affRXERRRGEC. SatHRISH oapsatyrated. t‘\érr HeqasgPytisinot imited i PPyl t hat t he

| i nker and/ Qﬁarﬁy@,ﬁg%bhtﬁg dpathyl, teParyarodsghityh @ dintheackhg ccantpaugnygl, or i nhi bi tor,

00781 The. agauicEnfarelulhf <R, Spndndfufl TRAURRL ABT ) U5y
dependi ng up®heranipad.i Breyands maykee @srngethbtp aeethey gtqwe eithgs akpaLitable positvrpound
enpl oyed, t BRI ArygRethe RebnSdY ARd. tR6r efanighe condition to be treated, and

the age, body weight, general health, sex, and diet of the patient; and t he
node of admi nistration. Generally, a therap utically effective daily dose

may be from about 0.1 ny abqut 40 g Of bod el ght per day or tw ce
bund la 1 or salt
An be accordance with the

per day. Conbi nation the

thereof, or conposition cong

met hods descri bed herein anne or |n conbrnatron mnth one or nore

addi tional active ingrediants. tance .a or nore different
conpounds of Fornmula 1 or salts f can ed toget her, or one or
nore conpounds of Fornula 1 or sa hereof can be used in conjuction with

oné or nore dbég]f"t tlﬂer e%’r’ﬁér&é%lcﬁc%qaretgfa%%& HStw SRS of aWr\SFEuEI}i"Qs tq:‘erpound of

Formula 1 o ) IS use n con%unctlon W t
addi ti onal arewsfdinesour: idicaieRond dat BALbh@Rckes P SR “&?fsuli%ﬂ'?riﬂga 1 or a
di fferent cawpeuag)an étiaehrﬁ)éh@p@ﬁt areiyesustle inbabatlof te mrng)u Foisthe purpdaes of

adm ni stered_siul t aneo Il 0 ion of the
conmpound of g‘ﬁsgr'?rtﬁt “IVor .ogérp%"feﬁ héPe st %rﬁé arnn%&%% %hrﬁo}){'u 5ster ed
srnultaneouslé the one or nore aqdrtronal_ ngounds can be adm nistered in
the same coFR93% t i Bnused herl. e AeBURIERTYIE(S NENdgd © BraNAIPPNOCKACBLf . or in a
di fferent coiopsiitg @@tem[cﬁ)GfB@]taH"lﬁomelv&ﬁteirm leabt oe ding iscranhatit rmuamams c agents
depend, at [ HatO FheGB AU LeRcRa TRl GG 10, GlandS T8 on To be
treat ed. Acb@?f@ﬁwbsubﬁ"%ﬂﬁe“%%%tac'éﬁd edth%! Vlarﬁ/é‘lgtcﬁ@ﬁ" atopeor eppfdithd of Fornul a

1 or salt th&ér@%thE%ﬂrﬁﬂld%ldﬁh@ér@drylg?o&‘p@rﬂéluﬂ@,ttiuﬁé‘re‘ﬁbttlrhmé@to&lérﬁw t hat

directly or _indirect eath rece t hway .
W hout wi s eEowe barBb et By S, s R R AR PEME HhBrPRld Y ha
t he conbi nedanywmsyloiH-pyrotyhputahd ipiklazolyh Pimakely!.1pyody!, wﬂatzlnylhe/rlwnyand an agent
that stinul ﬂr%ﬁzrﬁﬁ@ncﬁﬁzﬂyh |s'b@r9&9t9«f mﬁ&ﬂpin&ﬂ)}l GndR@SINVIRYinKl &4HJquinoBziflgat h

receptor agonist) produces ome c ses .s grstrc

ef fect. The'sa‘é‘a’i‘% hoEpR¥t Wha}ﬁﬁ‘ﬁ'i E%p%a%"%equa‘ﬂyaq'ageqwnaé aﬂb‘rr&yﬁry 'stinul ating
t he pro apoptedding, isoggzolgls Bocheanatyle chriyyartyh ésorbzalyh furazemybtimtoinyl, Such agent s

i ncl ude sou I t gent that increases
the. oi roul ar e | R T 2 L B S o e yst em

nmodul ators such as interfereon-al pha or ionizing radiation (e.g., UVB) that
can induce the rel ease of cytokines, such as the interleukins, or TNF.

[ 0081] TRAIL receptor agonists include any conpound that m m cs TRAIL by
stinmulating the TRAIL death receptor. $ych conpounds may i nclude, for
instance, a small nolecule or an anti body agonist of the TRAIL receptor.
Agoni st anti bodi es directed against the death receptors TRAIL-Rl1 and/ or
TRAIL-R2 are preferred, particularly antibodi es known as HGS- ETR1 and

HGS- ETR2. Exenpl ary agoni st anti bodi es include those described in U S. Pat.
No. 7,244,429; in U S. Patent Application Publication Nos. 2007/0179086,
2002/ 0004227, 2006/ 0269554 , 2005/0079172, 2007/0292411, 2006/ 0270837 (now
U S. Pat. No. 7,361, 341), 2009/0026429, 2006/ 0269555, 2004/0214235, and
2007/ 0298039; and in International Patent Publications W2006/ 017961 and
VW98/51793 Each of these publrcatrons IS hereby |ncorporated by reference
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[ 0085] Ot her microtubul e disrupting conpounds are described in U S. Pat.
Nos. 6,458, 765; 6,433, 187; 6,323,315; 6, 258, 841; 6, 143,721; 6,127, 377;
6, 103, 698yoao0aRs®26; 5, 985, 837; 5,965, 537; 5, 955, 423; PBCIAR2A 9800264
5,939, 527; 5, 886, 025; 5, 831,002; 5,741, 892; 5, 665,860; 5,654, 399;

5, 635, 483; 5,599, 902; 5,530,097; 5,521, 284; 5,504, 191;

AN

HO,C._~
HOC._/ )
i NH
s, or & . For the purposes of describing the

invention, the term “heteroaryl” encompasses a “heteroarylene.”

[0036] As used herein, the term “heterocycly!l” is intended to mean a 5, 6, or 7
membered non-aromatic ring system containing from 1 to 4 heteroatoms selected from the
group consisting of O, N and S. Examples of heterocycles include, but are not limited to

pyrrolidinyl, tetrahydrofuranyl, piperidyl, pyrrolinyl, piperazinyl, imidazolidinyl, morpholinyl,
S

S
imidazolinyl, pyrazolidinyl, pyrazolinyl, and O . Forthe purposes of describing the

invention, the term “heterocyclyl” encompasses a “heterocyclylene.”

[0037] As used herein, the term "heterobicycle" either alone or in combination with
another radical, is intended to mean a heterocycle as defined above fused to another
cyclic group, be it a heterocycle, an aryl or any other cyclic group defined herein.
Examples of such heterobicycles include, but are not limited to, coumarin, ’
benzo[d][1,3]dioxole, 2,3-dihydrobenzo[b][1,4]dioxine and 3,4-dihydro-2H-
benzo[b][1,4]dioxepine.

[0038] As used herein, the term “heteroatom” is intended to mean O, S or N.

[0039] To the extent any indicated substituent groups may be incompatible with the
synthetic methods described herein, the substituent may be protected with a suitable
protecting group (PG) that is stable to the reaction conditions used in these methods. The
protecting group may be removed at a suitable point in the reaction sequence of the
method to provide a desired intermediate or target compound. Suitable protecting groups
and the methods for protecting and de-protecting different substituents using such suitable
protecting groups are weli known to those skilled in the art; examples of which may be
found in T. Greene and P. Wuts, Protecting Groups in Chemical Synthesis (3" ed.), John
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4,879, 278; and 4,816,444, and U. S. patent application Publication Nos.
2003/ 0153505 Al'; 2003/0083263 Al; and 2003/0055002 Al. [0086] Taxanes and

Q her M cwothwivgoo$t abi | i zi ng Conpounds: Taxanes i ncl ugeTppmiliH@zel |

docet axel , RPR 109881A, SB-T-1213, SB-T-1250, SB-T-101187, BMs-275183, BRT
216, DJ-927, MAC-321, IDN5109, and |1 DN5390. Taxane anal ogs i ncl ude
BVMS184476, BMs-188797, and functionally rel ated non-taxanes incl ude
epot hil ones (e.g., epothilone A epothilone B (EP0906), deoxyepothil one B,
and epot hilone B | actam (BM5247550)), el eut herobin, discodernolide,

2-epi -di scodernol i de, 2-des- nethyl di scodernolide, 5-hydroxynethyl di scoder -
nol i de, 19-desam nocar bonyl di scoder nol i de, 9(13)-cycl odi scodernol i de, and

U S pat Wikp8 Sos B epl whiR elronsestediuni b - RSBE e o, ses, 200,
6, 576, 658; Ex&dddesd protedtitgBdroup8 TseGthB0GhBEBclud, BB &re2ioT imifeda® 5mbeBn,
6,489, 314 @odeB8CoBFI At sdROinstndd la Ab2titudin hhf o0 docifiCalp Sfed'to be
reactive under the reaction conditions used in the methods of this invention. Under these
circumstances, the reaction conditions convert the selected substituent into another
substituent that is either useful in an intermediate compound in the methods of this
invention or is a desired substituent in a target compound.

[0040] The invention encompasses any salt of a compound described herein,
especially pharmaceutically acceptable salts. Pharmaceuticélly acceptable salts include
both acid and base addition salts. Acid additional salts encompass, for instance, salts
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid and the like, or organic acids such as acetic acid,
trifluoroacetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid,
malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid,
salicylic acid, and the like. Base addition salts include those prepared from addition of an
inorganic base or an organic base to a free acid. Salts derived from inorganic bases
include, but are not limited to, the sodium, potassium, lithium, ammonium, calcium,
magnesiurh, iron, zinc, copper, manganese, aluminum salts and the like. Salts derived
from organic bases include, but are not limited to, salts of primary, secondary, and tertiary
amines, substituted amines including naturally occurring substituted amines, cyclic amines
and basic ion exchange resins, such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, ethanolamine, 2-dimethylaminoethanol, 2-
diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine, caffeine, procaine,
hydrabamine, choline, betaine, ethylenediamine, glucosamine, methylglucamine,
theobromine, purines, piperazine, piperidine, N-ethylpiperidine, polyamine resins and the
like. Preferably, the salt retains the desireable biological effectiveness and properties of
the free acid or base form of the compound.

[0041] The compound of Formula 1 or salt thereof preferably binds a BIR domain of
an IAP. Examples of BIR binding proteins include, but are not limited to, caspases and
mitochondrially derived BIR binding proteins such as Smac, Omi/WTR2A and the like.
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6, 380, 395; 6, 380, 394; 6, 362, 217; 6, 359, 140; 6, 306, 893; 6, 302, 838;
6, 300, 355; 6, 291, 690; 6, 291, 684; 6, 268, 381; 6, 262, 107; 6, 262, 094,
6, 147, 234y0@p308®@8; 6, 127, 406; 6, 100, 411; 6, 096, 909; @COAB2038B00264
6, 011, 056; 5, 965, 718; 5, 955, 489; 5, 919, 815; 5,912, 263; 5, 840, 750;

5, 821, 263;

Examples of IAPs include, but are not Iimitéd to human or mouse NAIP (Birc 1), HIAP-1
(clAP2, Birc 3), HIAP-2 (clAP1, Birc 2), XIAP (Birc 4), survivin (Birc 5), livin (ML-IAP, Birc
7), ILP-2 (Birc 8) and Apollon/BRUCE (Birc 6) (see for example US Patent Numbers
6,107,041; 6,133,437; 6,156,535; 6,541,457; 6,656,704; 6,689,562; Deveraux and Reed,
Genes Dev. 13, 239-252, 1999; Kasof and Gomes, J. Biol. Chem., 276, 3238-3246, 2001;
Vucic et al., Curr. Biol. 10, 1359-1366, 2000; Ashab et al. FEBS Lett., 495, 56-60, 2001,
the contents of which are hereby incorporated by reference). The BIR domains of the
IAPs are documented in the relevant literature, typically characterized by a number of
invariant amino acid residue including conserved cysteines and one conserved hisitidine
residue within a particular sequence. The BIR domain residues for some human |APs are
include, for instance, residues 21-93 (BIR1), 159-230 (BIR2), and 258-330 (BIR3) of XIAP
(Referencing Swiss-Prot P98170), residues 41-113 (BIR1), 179-250 (BIR2), and 264-336
(BIR3) of HIAP-1 (Referencing XP-006266), and residues 24-96 (BIR1), 164-235 (BIR2),
and 250-322 (BIR3) of HIAP-2 (Referencing XP-006267) (see Verhagen et al., Genome

- Biology, 2(7): reviews 3009.1-3009.10 (2001)).

[0042] Desirably, the compound of Formula 1 or salt thereof binds to a BIR domain of
XIAP, more preferably human XIAP. BIR domain binding can be detected by any suitable
technique. For instance, BIR domain binding can be detected on the basis of a test
compounds ability to compete with the binding of a known BIR-domain binding protein
(e.g., inhibiting or preventing the binding of a known BIR-domain binding protein to a given
BIR domain). Naturally occurring and synthetic BIR domain binding proteins are known in
the art. in some embodiments, the compound of Formula 1 or salt thereof binds one or
more IAPs (such as NAIP, HIAP-1, HIAP-2, XIAP, survivin, livin, ILP-2, or
Apollon/BRUCE) with a K; of less then or about 500 uM, 250 uM, 100 pM, 50 uM, 25 pM,
10 uM, 1 pM, 500 nM, 250 nM, 100 nM, or 50 nM (wherein a lower K; value repres‘ents a
greater binding affinity). In some embodiments, the compound of Formula 1 or salt
thereof binds one or more IAPs with a K; between about 500 uM to about 50 nM, such as
about 250 uM to about 50 nM, about 100 uM to about 1 pM, or about 1 uM to about 50
nM. In some embodiments, the compound of Formula.1 or salt thereof binds both XIAP
and HIAP2 with a K;in one of the above ranges.
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5,767,297, 5,728,725; 5,721,268; 5,719,177; 5,714,513; 5,587, 489;
5,473, 057; 5,407,674; 5,250,722; 5,010,099; and 4, 939,168; and U.S. patent
appl i cat iwo 208uloBdogat i on Nos. 2003/ 0186965 Al ; 2003/ 017@CTABA1]1/000264
2003/ 0176473 Al ; 2003/0144523 Al ; 2003/0134883 Al; 2003/0087888 Al ;
2003/ 0060623 Al ; 2003/0045711 Al ; 2003/0023082 Al; 2002/0198256 Al;
2002/ 0193361 Al; 2002/0188014 Al; 2002/0165257 Al ; 2002/0156110 Al;
2002/ 0128471 Al; 2002/ 0045609 Al; 2002/0022651 Al; 2002/0016356 Al;
2002/ 0002292 Al, each of which is hereby incorporated by reference.
[ 0088] O her chenot herapeutic agents that nmay be adm nistered with a
conpound of the present invention are listed in the follow ng table:
e, |l onustine husul fan procarbazi ne

Al kyl ating ts cycl ophos ham'_g _
T ost am do HOBRLt a i ETREY IR AP OB R SR TIaY TS RIS BRGNS hy | el ami ne
mechl or et hanemes,tdhird rgsaarst aheg papes | Theehtampanixisendy, thesygiverisstode dacar bazi ne
senustine C@ﬁéﬂﬂﬁlé@,edias%r@&ﬂe%{ h @SR sRereoisomeric forms and may be defined in terms

of absolute stereochemistry, such as (R)- or (S)- or, as (D}- or (L)- for amino acids, and/or

by optical activity, such as (+) and (-). The present invention is intended to encompass

any and all such possible stereoisomers, whether present in a pure or substantially form

(e.g, an optically pure form) or as a mixture of isomers in any proportion, including racemic

mixtures. Optically active (+) and (-), (R)- and (S)-, or (D)- and (L)-isomers may be

prepared by chiral (asymmetric) synthesis using optically active reagents, substrates,

catalysts, or solvents (chiral synthons or chiral reagents), or by converting one

enantiomer to another by asymmetric transformation. Alternatively, isomers can be

resolved from mixtures of isomeric forms (e.g., racemic mixtures) using conventional

techniques, including without limitation reverse-phase HPLC, formation of

diastereoisomeric salts that can be separated by crystallization, gas-liquid or liquid

chromatography, selective reaction of one sterecisomer with an enantiomer-specific

reagent. When the desired enantiomer is converted into another chemical entity by a

separation technique, an additional step may be required to form the desired enantiomeric

form.

[0044] Certain compounds of the present invention also may exist under certain
conditions in anionic, cationic, or Zwitterionic forms. Compounds of Formula 1 and other

formulas described herein specifically encompass such alternative forms.

[0045] According to a preferred embodiment, thé compound of Formula 1 or salt
thereof provides oral bioavailability when administered to a mammal, particularly a human.
Desirably, the compound of Formula 1 or salt thereof exhibits an oral bioavailability of
about 10% or more, about 15% or more, or about 20% or more. More preferably, the
compound of Formula 1 or salt thereof, exhibits an oral bioavailability of about 25% or
more, about 30% or more, about 50% or more, or even about 75% or more {e.g., about
80% or more, about 90% or more, or about 95% or more). In some embodiments, the
compound of Formula 1 or salt thereof exhibits an oral bioavailability of between about
25% to about 50%, about 50% to about 75%, or about 75% to about 100%.

Synthesis Methods
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cisplatin carbopl ati numoxaliplatin ZD- 0473 spiroplati num | obaplatin

car boxypht hal atopl ati num satraplatin tetraplatin BBR-3464 O mplatin

SM 11355 wpnoplm@ston AP- 5280 azacytidi ne tonudex genti rabitamii/néocet r exat e
capeci t abi ne deoxycofornycin 5-fluorouracil fludarabine floxuridine
pentostatin 2-chl orodeoxyadenosine raltitrexed 6-nercaptopurine hydroxyurea
6-t hi oguani ne decit abi ne cytarabin cl of arabi ne 2-fl uorodeoxy cyti di ne

i roful ven nmet hotrexate DVDC idatrexate ethynyl cytidine Vi ndesi ne LU
223651 dol astatin 10 D 24851 rhizoxin ER- 86526

[0046] The compounds of the invention described herein can be prepared by any of
several techniques. According to one aspect of the invention, the compounds can be
prepared in accordance with any of Methods A-C illustrated by Schemes 1-4.

[0047] Method A provides a method of preparing a compound of Formula 1 or salt
thereof, as well as methods for preparing intermediate compounds associated therewith,
comprising one or more of the following steps: (1) combining a prolinal derivative (1-i)

~ NH,

I
with an amine having the formula RG// , followed by reduction with a hydride,
to provide intermediate compound 1-ii, wherein PG' is a protecting group; (2) protecting
the amine group of intermediate compound 1-ii with a protecting group (PG?) that is
different from PG', followed by deprotection of PG’ to provide intermediate compound 1-
iii; (3) coupling intermediate compound 1-iii with PG3(H)N(R®)CHCO,H using amino acid
coupling agents, wherein PG? is a protecting group that is different from PGZ, followed by
deprotection of PG® to provide intermediate compound 1-iv; (4) coupling intermediate
compound 1-iv with PG*(R")N(R®)CHCO,H using amino acid coupling agents, wherein
PG* is a protecting group that is different from PGZ, to provide intermediate compound 1-v;
(5) deprotection of PG? of intermediate compound 1-v to provide intermediate compound
1-vi; and (6) acylation of intermediate compound 1-vi by combining intermediate
compound 1-vi with a compound of formula LG-C(O)-G, wherein “LG” is a leaving group,
followed by deprotection of PG* to provide a compound of Formula 1 or salt thereof.
Method A is illustrated in Scheme 1, below. Each intermediate compound of Method A, as
well as each individual process step for preparing the intermediate compound, is
considered to be an additional aspect of the invention. Thus, provided herein is a
compound of any one of Formulas 1-i through 1-v of Scheme 1, including salts thereof.
Also provided herein is a method of preparing a compound of Formula 1 or salt thereof, or
an intermediate compound of any of Formulas 1-i through 1-vi of Scheme 1, including
salts thereof, comprising one or more of steps (1) through (6) of Method A described

above.
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Punp inhibitors CBT-1 zosuquidar trihydrochloride tariquidar biricodar
dicitrate M5-209) Hi stone acetyltransferase inhibitors tacedi naline

pi val oyl oxgrmetimgkoobut yr at e SAHA depsi pepti de Ms-275 MetralrhB201pr@bkei nase

i nhi bitors Neovastat CMI-3 marimastat BMS-275291 Ri bonucl eosi de reduct ase
inhibitors galliummaltol ate tezacitabine triapine didox TNF al pha

agoni sts/ antagonists virulizin revimd CDC 394 Endothelin A

[0048] Method B provides an alternative method of preparing a compound of Formula
1 or salt thereof, as well as methods for preparing intermediate compounds associated
therewith, comprising one or more of the following steps: (1) coupling a prolinol derivative
(intermediate compound 2-i) with a compound of the formula PG3(H)N(R*CHCO,H using
amino acid coupling agents, wherein PG? is a protecting group, followed by deprotection
of PG3 to provide intermediate compound 2-ii; (2) coupling intermediate compound 2-ii
with a compound of the formula PG*(R')N(R?CHCO,H to provide intermediate compound
2-iii, wherein PG* is a protecting group; (3) oxidizing intermediate compound 2-iii to
provide the corresponding aldehyde, intermediate compound 2-iv; (4) reductive amination
of compound 2-iv, for example, by combining compound 2-iv with an amine followed by
reduction with an appropriate hydride, to provide intermediate compound 1-vi; (5)
acylation of compound 1-vi by combining compound 1-vi with a compound of formula LG-
C(O)-G, wherein LG is a leaving group, followed by deprotection of PG*, to provide a
compound of Formula 1 or salt thereof. Method B is illustrated in Scheme 2, below. Each
intermediate compound of Method B, as well as each individual process step for preparing
the intermediate compound, is considered to be an additional aspect of the invention.
Thus, provided herein is a compound of any one of Formulas 2-i through 2-iv or Formula
1-vi of Scheme 2, including salts thereof. Also provided herein is a method of preparing a
compound of Formula 1 or salt thereof, or an intermediate compound of any of Formulas
2-i through 2-iv or Formula 1-vi of Scheme 2, including salts thereof, comprising one or
more of steps (1)'through (5) of Method B described above.
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I NC-1C11 M scel | aneous agents SR-27897 (CCK A inhibitor), Sanof

Synt hel abo) BCX-1777 (PNP inhibitor, BioCryst) tocl adesine (cyclic AW
agoni st, Wokapbmsgewy ranpi rnase (ribonucl ease stinul ant, pArfirzai/hgo2éd voci di b
(CDK i nhibitor, Aventis) galarubicin (RNA synthesis inhibitor, DongA)
CV-247 (COX-2 inhibitor, Ivy Medical) tirapazam ne (reduci ng agent, SR
International) P54 (COX-2 inhibitor, Phytopharm N-acetylcysteine (reducing
agent, Zanbon) CapCell TM (CYP450 stinul ant, Bavarian Nordic) R-flurbiprofen
(NF- kappaB i nhi bitor, Encore) GCS-100 (gal 3 antagoni st, d ycoCGenesys) 3CPA
(NF- kappaB i nhibitor, Active Biotech) GL7DT i munogen (gastrin inhibitor,
Aphton) seocal citol (vitamn D receptor agonist, Leo) efaproxiral

t Al | Th 131-1-TM 60 t t
o P eouiogs] P Maoq BEatde Baite? Aiigtbe meihed Guaeines T GPMAUNY e ( coC

i nhi bitor, Fbjﬁmlacr\mcslamgfgepeot, aswell asfreetbodsliorptepaiingsntamtesigtenios topurdyl
Bl 0Sci encesh gy rQ@Q'Er%'FEvﬁth%h{Bnéuﬁbs&%%‘F Rtk hblPMnBrt JRIRRGUES & hi st ani ne

(hi stam ne eceptor agoni st stinulant, Eisai)
tiazofurin (’l‘?@ﬂl"@?ﬁﬁi‘%“ﬁ‘%ﬂ i (e praphas Cr&’ﬁﬁ I“dY"ﬂ'éOd( I°“I'b3i 9Pa"51eMAS) B¥har manvar )
ci | engi ti decérmtbirginteiméedidtacrponid 1-Mattic i cdthpoihd bfi foreilaedh C(CJ02 hamini body,

Gonent ch) S 13 0okl ko Rk BB e (02
( hemat opoi e§¢rgpcwn%émd@rcounmn@pm@n@é1l Wifh @eqmngURCchRRVINBIE fYMUkthi bi t or, Cel |
Pat hways) | mmm(ﬁkfbﬂtbwhg?émm adid éduarﬁ@,ag&mglqohe@k?rw@lsw@%c%g nhi bi t or,

Cell Path di 7 GART
b bi tor - BRI RERbYPOTLAT o B ReS e Fmab B LR Licr

( pl asni nogemtawedigtatompdunt tiivitb r compousg hadingthe Mrrﬁ)alaBG“(R‘DMRZ{GHﬁQtHot oxin, KS
Bi onedi x) FBLind 4RRo 6EMDLBlidgagkAB o pri@\Rkintedlatd @RPLERCER)wherein PG* is

a protecting group, followed by deprotection of PG* to provide a compound of Formula 1
or salt thereof. Method C is illustrated in Scheme 3, below. Each intermediate compound
of Method C, as well as each individual process step for preparing the intermediate
compound, is considered to be an additional aspect of the invention. Thus, provided
herein is a compound of Formula 4-i or 4-ii of Scheme 3, including salts thereof. Also
provided herein is a method of preparing a compound of Formula 1 or salt thereof, or an
intermediate compound of Formula 4-i or 4-ii of Scheme 3, including salts thereof,
comprising one or more of steps (1) through (3) of Method C described above.
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PCK- 3145 (apoptosis pronotor, Procyon) bortezom b (proteasone inhibitor,

M I | enni un) dorani dazol e (apoptosis pronotor, Pola) SRL-172 (T cel

st i mul antwoSRi1Rieseore) CHS- 828 (cyt ot oxi c agent, Leo) TLERCZ8B2001gbaat hi one S
transferase inhibitor, Telik) trans-retinoic acid (differentiator, N H)
PT-100 (growth factor agonist, Point Therapeutics) MX6 (apoptosis pronotor,
MAXI A) m dostaurin (PKC inhibitor, Novartis) apom ne (apoptosis pronotor,

| LEX Oncol ogy) bryostatin-1 (PKC stimulant, GPC Biotech) urocidin
(apoptosis pronotor, Bioniche) CDA-1l (apoptosis pronotor, Everlife)

Ro- 31- 7453 (apoptosis pronmotor, La Roche) SDX-101 (apoptosis pronotor,

Sal medi x) brostallicin (apoptosis pronotor, Pharmacia) ceflatonin
(apoptosi s pronotor, Chenenex) Her i [ 0089] When t he di sease or

di sorder to be treated is an inflanggﬁgﬁgi%r aut oi nmune di sorder,
especially rheumatoid r{thritis (RA), the conpoundwsof Fornmula 1 or salt

t hereof can be adninisﬁé’ d %2 conpi atllon with ohﬁ/'rpﬂnre non- st er oi dal
anti-inflammatory drygsN Rbs) , anaﬂébsﬁisr>corthﬁ epoi ds and

di sease-nodi fyi ng antirheluatic drugec! &dphestioagent s i chgmy be useful in
conmbination with Formula 1 § salt thereof for such appNications include
interleukin-1 (1L-1) receptoryantagoni st therapy such as—gnaki nra
(KineretTm, tocilizumab, {Act aTm), hydroxychl orogi ne aqueni |l Tm,

sul fasal azi ne (Azul fidi neTm | flunom de (AravaTn), tundr mecrosis factor

i nhi bitors such as etanercept rel Tm, adalimmab (Hu Am, and
infliximb (Rem cadeTm), 1-cell costinulatory bIockinqvagents such as
abatacept (OrenciaTn), B cell depleting agents such s Y+Kuxisnab

(R tuxanTn), natalizumab (TysabriTn%{ intrqnuscular/Q%L ¢ ot her

i mrunonodul atory and cybot oxi c aQSRtAHER " 8s azdtNi opri n (JmuranTn),

cycl ophospham de andpcyﬂhﬁgﬁé?ingyﬁ (Neoral TM Sandi nfune . §0090]Still

ot her agents which may besusef ul 5§ 2,600} fiaton with a conpéund of Fornula
1 or salt thereof for the treatment of RA include nethatrexat al ent uzumab
(Canpat hTnm), anti-RANKL MAb (denosumeb), anti-Blys MAb bel
(LynphoStat BTm), certolizumab pegol (G nziaTm), p38 inhibitoksx JAK

i nhibitors, anti-TNF agents, anti CD20 MAbs, anti-IU LR targetin& agents
such as those which target IL-1, IL-5 [IL-6 (toclizurriab),  11-4, IL-13,

and I L-23. [0091] Addi ti gpal conbi nations may alsopéizﬁ?dﬁsﬁgan RMMich

S
reduce the toxicity of Fhe af or edapebimggeagseds such \as hep tig toxigcity,
neuronal toxicity, n@@hPSFSQ?tity;aﬁﬁ‘rﬁé_TTke. BEr e€niiig Wssdys \\ [ 0092] The
conpounds of the present gznvention nmay al so be used R?n 4 net ho o &creen
for other conpounds that bind to an I AP BIR domain. Generally speaking, to
use the conpounds of the invention in a nethod of idenﬂﬁfying conppunds
that bind to an AP BIR domain, the AP is bound to a support, an

conmpound of the invention is added to the assay. Alternatively, thax
conpound of the invention may be bound to the support and the | AP i sRadded.
[ 0093] There ar «anu Bﬁrg{ ways in which to determne the binding of a
conmpound of t R priesgnt I n tion to the BIR domain. In ong,way, the
conpound of ®fie~xynvehtyony f Xy abiBrectifBt PRe fl uoregcens RS

radi oactivel y | afpel 8d and iGig—determ ned-direchll y, roex e, this
may be done by attaching thel\lAP to a solid suppé?t,;adﬁ?%@/a e[&géably
| abel ed conmpound of fihe i nventlon, washing off exces®¥ reagént, d

det er mi ni ng whet her the anoun the detectable | abel js that present on
the solid support. Nunerous b iing and washing steps may be used) which
are known to those skilled in th&art. 7
SN
RG
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[0094] I n sone cases, only one of the conponents is |abeled. For exanple,
specific residues in the BIR donmain may be | abeled. Alternatively, nore

t han one worrpormesgo4nay be | abel ed with different | abel spcraB2oaxervpése, using
1125 for the BIR domain, and a fluorescent |abel for the probe. [0095] The
conpounds of the invention may al so be used as conpetitors to screen for
addi tional drug candi dates or test conpounds. As used herein, the terns
"drug candi date" or "test conpounds"” are used interchangeably and descri be
any nol ecul e, for exanple, protein, oligopeptide, small organic nol ecul e,
pol ysacchari de, polynucleotide, and the |like, to be tested for bioactivity.
The conpounds nay be capable of directly or indirectly altering the | AP

bi ol ogi cal ggtivity. [0096] Drug candi dates can include various chem cal

cl asses, _al h typically they are small organic nol ecul es having a

nmol ecul ar wi90§0lt ofhermompotridanf the Presend invergisn tarere usbd tor ay, BO®sBal t ons.

Candi dat e agepd 3, ka{rﬂb&mhg § F'onﬁlwdsnd‘ ééQQPh'e:%Bfaés BB RRRCRS B&EYed 18 be

structural interactio ro el ns, for exanp dr ogen bondi ng and

| i pophilic ﬁ%ﬂ%&?h@)sefa'r?& 'f";’/BI damajn ?mmepawndﬁeégﬁuca 8UNds 8t bony!
hydroxyl, eFéreiuja 1candcaltdiberydf dgsapibigal hefde calrhegiseddindadtce apadtdstnin el ude
g%’f'u'cfﬁ'r ega@ﬁ%@ e&r {h‘?“c&% \Af%‘én'ns tﬁat%&%MP&bHBrfr%ng@%%F%F Q&g{o'sﬁ ofé Sgtgﬁgr omatic
candi dat es éfﬁ'ﬁteﬁé"”ibt?f Bavnece AredivRoaiign tAdER R ddﬁea%%ﬁtcére%t'oﬂ ﬁéf’roﬁﬁleﬁd‘“t i braries

of syntheti ms@rmmawpa:ls'scmﬂaMSpan&rs neoeAE R Vel oR HEREOH SpHREINSthaIE
avai l able for ra%dom an nt.he of a w de arl eLy, qf organic

Compounds. afiToBT B HGTEUrLEr Tyt e e B podube TeafBltblit
ol i gonucl eoﬂ@emsuffmletntean@atomvehqpmplaﬁﬁs deriiestange, mmwmre@@rqmams in the form
of bact eri afaysb¥8dBhtinubd Bethusantdidddidi@ouswtifdsb cﬁfa@e ﬁd{%b& g or readily

produced. Additjonally, natural S n;f heti cal LI brarjes and
conpounds aP&"4teg%P 4] eﬁf)‘ﬁﬂsf%ﬁ‘w{dmtgd{w 'E'BW@B?Rt?%Sn%CO'BWéﬁlC@ f°'”‘ifﬁ&¥§| cal and
bi ochem cal disezansand dAOrdeeelid¢@BRO O RUTINMIBRAYICEhGOOREAMM 0BIBJeBsrmpet i t i ve
screeni ng a@ﬁ%)ﬁﬁa@@%ls%e@oé}% c%b(pr%ﬁ’f@?%h&i |H&Jc@(§]b)} lﬁgdlngl B’og&frpé nlhélﬁ@nc?a probe to

forma prob main conplex in a tirst sanple followed by adding a test
conpound f r B¥hnat ‘%’é‘é%ﬁ’ds‘g@?ﬁ)laég'oﬁ‘?%y BPHEE M- of the test is deternined, and a
change or difference in binding between the two sanpl es indicates the
presence of [085t]est Tresppwidad heraipdd wetbéd dfientianspg toindiwngBpFptaTmiarceind
potential | V?Jﬁ‘.}ﬁ*éuh&%rﬂﬁisiehﬁg é(%?np%uﬁ&&f'%hﬁlya1 bOQA Heldtv a del OMbrq&gmB@r ein as

an aspect o he Tnvention is be co ris %5
i nvention aPidoanyat actalineseqf awe "H?t?rF?\ eﬂ'&ga””[%‘it 6E@B‘I 8 I%{bel s incl ude
any chemi cainstaml tontechia theregll vidia al domeuhdtobF@mulanpm salttherkoftdne pr esent

| nvention s og.n@&co\mﬁangﬁQgeq@meemrmwu ereReTdr AR Lyslcan RRABE al ed

with the Bl omal n ows elther direct Irect detection
of the conpeRinal anpiwediakprhjbits ingefligign @porigsisoin AtheHWRIdF. Gre HassieriFaddyt i on.
Affinity tagsiseh& taep@itcbsesorWnah ekerCpattiologica! firkabratthad Bardife prdgatddest i on of
conpounds to ich L h e term
"probe" is f nwg Raed” Lfoer}é it nOt?Me% %%Cglogggr%pkﬂﬁ%é@?geng E?hé@{c}l{é?g& whi ch
is | abel ed edntlde asy typepf raaltge@rmmbweg |bgbeat lipikeddey oxafanpedigjedtalg, and which is

capabl e of hén%%nsg;em %éa@ﬁfun&@r"@h@r@&ﬂc)ﬁaﬁlfer@&l@ mmh@taiylcws daf baany e Bl R
e 1S no bound, it nmay be

domai n.

di spl aced b?c'éd'?%gi’t ”(?gpﬁﬁf?ah%%c\ﬁﬁseﬁ ey ragrQRl Feen '8%'%%5’ i s bound

coval ent | y, gratulomies badditond examples ohtaygetsshsl inghkiedctapid eadometrighéadharhy be
quantified gndacidhdg@dsby a test conpound. [0100]In one case, the binding
of the test conpound 1S determ ned through the use of corrpetl tive binding

assays. In t he robe i S bel e arescent | abel .
Under certafoﬂg%i rg&?goi'ﬁggce"th ROPHAUP éCe&l‘Sn%% a{"fe\? ftﬁ? 'ﬁaelf {apSBEOW%en t he
test conpouisdnceraded teanpdedree inTespresoapoiurieommeirdf (EpEfpllaayortShéﬂ}ﬁrQ@be

resul ting ig &npRARGS e evbildf Rﬁcﬁyﬁﬁ%’l&ﬁ%bl% it PEBBIREL §iAnLQpb@a ofar e
considered to bind to the BIR region. [0101]1n one case, the test conpound
may be | abeled. Either the test compoupd, or a conpound of the present
invention, or both, is added first to the IAP BIR donmain for a tine
sufficient to allow binding to forma conplex. [0102] Formation of the
probe: BI R domai n conpl ex typically require incubations of between 4 C and
40 C for between 10 minutes to about 1 hour to allow for high-throughput
screeni ng. Any excess of reagents are generally renoved or washed away. 50
The test conpound is then added, and the presence or absence of the | abel ed
conponent is followed, to indicate binding to the BIR domain. [0103]1n one
case, the probe is added first, followed by the test conpound.



Di spl acenment of the probe is an indication the test conmpound is binding to
the BIR domain and thus is capable of binding to, and potentially

nodul at i rgo 20hien9sami vity of | AP. Either conponent can becirabziiedoo2éor
exanpl e, the presence of probe in the wash sol ution indicates displacenment
by the test conpound. Alternatively, if the test conpound is |abeled, the
presence of the probe on the support indicates displacenent. [0104]In one
case, the test conpound may be added first, with incubation and washi ng,
foll owed by the probe. The absence of binding by the probe may indicate the
test conpound is bound to the BIR domain with a higher affinity. Thus, if
the probe is detected on the support, coupled with a |lack of test conpound

bi ndi ng, t bl f bindi to the BIR
Gomai - [ OxbBTRRLS ek bk et aRenyp celsh T POt Rarsa b ound: s
ability to apuhidsistieacéighaothewisewaild nodRpeptrde asotellde mceesing the nge at t est
conmpound W {RicRH clelﬂ%d@rlggeéjéﬁgﬁ%ogs u%?eééﬁ'@@l{e' r*ﬁ%elacp‘éﬁ tosﬂ‘@@e@qﬁﬁ%m ning an

alteration in the bi ol 6gi cal act|V|2% herefore in this case,
the test coRPRWAIANOhBEIEASHLNR SHISHYYL afﬁ'bm IgP??tQiBﬁﬁ'?‘W' (V&ﬁ"we)%@we? Ki% may not
be necessar ysgopulanmd ofadetisg prefergbiyith@ hogpet al celic tinderdoing apopdiesds i mdrehsxddiy rat

[ 0106] Posi t 'Ie\égt Cia%&ﬁltz%% ﬁo%%qef%glggf lgfslg Gt %{9) Sﬁt féﬁéﬁ aQ@ut Y54 dor a'f'!eta%ealb&ﬁsays'

Al'l control tines to o
statisticall 90°é i 4t |'Q§§trﬁ 1-folelq I2tf%'d '”F@PF%M%‘GFWBEE&HWSU’QQ E'danpl es are
washed freec@hpdiagtepeel df lapadtdsis i OaI8 dariTed @t ad deaéweﬁﬁaacearmuatapq&oému nd

probe deter ed. For exal a_ radi gl abel. sanpl es
may be coun?@ b hn'qug ik r??asf?\gﬂ'%soaﬂ]ﬁ et ¢ a(q%?se'rr1 ?ﬁgl ?O aé“ﬁn'%"’%% of bound

conmpound. [ M@vmmbraﬁabeweablﬁb redugticnl in rrtetaa@hcazucwtneftréltchdrla\ t he assay may

i nclude fl UQhESERAGE of mzs(:Umg&eﬂﬁ@rogyhr&rham%foﬁcﬁenséﬂonﬁaneeﬁ&ismed
fl uorescence, radioactiv

resce olariz | asnma . resonance,
or e | i RECEIR AR TP G- [ e Ra phrRRe S fan MPeBE e 88 anor
Det ect abl e kslzeblslansidé of the merperraﬁejramtlvaglosofr@emomgcaaway,seleasetohl S invention
i ncl ude a f o mbr A@E@L@wmr@%&t HOE) e.%smer& 2%&99ﬂmﬁ&%@ﬁhnad§nsyl

r hodam ne, tetr odam ne, "texas red em | um nescent | abe
such as Iuc?F%?Q@éB&%HFUWﬂ%EE?WEdW%ﬁeﬁémx@ﬁfynat|c mar kers; or

radi oi sotopes such as tritium 1125 and the |like. Affinity tags, which may
be useful i {P0p3k f oifimd ¢rppohmisof Feamianpndsaitetheredf aishesapbessedto alievat i on

i nclude be hiokk Bs mffé(PAnYe{%r?Htg&H’ég fr@r'ﬂcéntirhi%urllé &@tem'%éﬁ\l\f%égﬁ redbtPginEhe fol |l ow ng

ternms and abbrevi ati ons ener a| res are used in the

Cxamp es: ASHFEURG) g T A R S e S N
Boc L- 2( cyckpbidneglahg bateinffeennBoary bitdkindsa T -HeMaBoof-ciokipedy higdrehif the

. benzyl %ﬁ&ﬁ%h%{éy%f relc!,%lsg Ef%n? IOF)?/IQM&Q% Bk r@éh&ﬁ%r@%ed or decreased by any

DNAP 4- (di met am no di ne; or mam d
DTT: di t hi ot H?Qi?ﬁt githe FE%”QQ‘E &PW'{”&W ﬁ%’ﬁ}“@p&?’)sa@théfeﬁwséﬁfnﬁéﬁp iH8e
hydr ochl or i depurtblkteaif Ferdaea etthasaniedretor aved dyeokmes i;the absence of the

Fnnoc: N-(9- ‘E&Hé’oruﬁ&‘ Xﬂ r—‘B%JﬂS’ 4%??2“'(9}%?3&) besireably, the amount or rate of release of any
one or more cytokines is altered (increased or decreased) by at least about 25%, more
preferably at least about 50%, at least about 75%, or at least about 100% (e.g., at least a
1-fold or 2-fold increase). Any technique for measuring and comparing the level of
cytokine release in cells can be used to detect alteration in the release of the inflammatory
cytokines. Such techniques may be based, for instance, directly upon changes in the
amount of cytokine in a sample or cell culture, or indirectly by detecting cellular responses

to increased or decreased cytokine concentration.
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HBTU: O- (benzotriazol -1-y1)-N, N, N, Adet r amet hyl ur oni um hexaf | uor ophosphat e;

HCl : hydrochl oric acid; HOAc: acetic acid; HOBt:1-hydroxybenzotri azol e;

HPLC. hi ghwpenfiamwsmace | i qui d chromat ography; LCMS: | i qui @CT/IB2011/000264

chr omat ogr aphy- mass spectroneter; MOH net hanol ; MgSO4: magnesi um sul f at e;

M5: mass spectrum Ms: nmet hanesul f onyl ; NaHCO3: sodi um hydr ogen car bonat e;

Pd/ C. pal | adi um on carbon; WD 2011/ 098904PCT/ 1B2011/ 000264

TEA: triethylam ne; TFA:trifluoroacetic acid; THF:tetrahydrofuran;

TMEDA: N, N, N, N-t et r anet hyl et hyl enedi am ne; Ts: para-tol uenesul fonyl. 1C50: The
anount, concentration, or dosage of a particular conpound that achi eves 50%
of a maxi num response. EC50The anobunt, concentration, or dosage of a

particul ar conpound that achieves 50% i nhi bition of cel| survival.
ol ccul ar o 0B ucpahadsBRs lehediouit of aaneddr DRk meRatr BIiR Na X1 AP
codi ng sequesdieeedihatnioe @oipdsndg46Fet@idla 1 bind to or otherwise inhibit XIAP, clAP-1, :

and/or clAP-2. Thus, in a related aspect, the invention provides a method of reducing the
activity or protein levels of XIAP, clAP-1, and/or clAP-2 in a cell comprising contacting the
cell with a compound of Formula 1 or salt thereof. The activity and protein levels of XIAP,
clAP-1, and/or clAP-2 can be measured by known assays and protein quantification
techniques. All other aspects of the method are as previously described.

[0055] The compounds of the invention described herein can be administered to a cell
in vitro. As used herein, the term "in vitro" means that the cell is not in a living organism.
The compounds of the invention also can be administered to a cell in vivo or ex vivo. As
used herein, the term "in vivo" means that the cell is a part of a living organism, for
instance, when the cell is in a host subject. The term "ex vivo" as used herein refers to
the administration of a compound to a cell or a population of cells in vitro, followed by
administration of the cell or population of cells to a host subject. Often the cells are

autologous to the subject.

[0056] When the compound is administered to a cell in a subject, the subject
desireably is a mammal, especially a human. The methods, in accordar;ce with this
aspect of the invention, are most suitable for use in conjunction with a subject that is
afflicted with a disease, or at risk for developing a disease, associated with insufficient
apoptosis or an autoimmune or inflammatory disease. When the cellisin a subjeét, the
compound of Formula 1 or salt thereof can be administered to the cell by administering
the compound of Formula 1 or salt thereof, or composition comprising same (e.g.,
pharmaceutical composition) to the subject. Preferably, the administration of a compound
of Formula 1 or salt thereof to a cell in a subject afflicted with a disease associated with
insufficient apoptosis or an autoimmune or inflammatory disease is effective to treat the
disease. Thus, the invention also provides a method of treating a disease associated with
insufficient apoptosis or an autoimmune or inflammatory disease comprising administering
to a subject in need thereof a compound of Formula 1 or salt thereof. As used herein, the
term “treat" is intended to encompass alleviating to any degree, or preventing the onset of,
any symptom of the disease or condition. The term “treat” also encompases inhibiting,

arresting, or reversing the growth or proliferation of diseased cells or the progression or
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cloned into PGEX4T3 via BanHl and AVA I. The plasm d was transforned into
E. coli DH5a for use in protein expression and purification.

[ 0110] GS™WHI26R29¢k AP- 1) |inker BIR 3: H AP2 codi ng seq@eman20fii/e0oair no
aci ds 251-363 cloned into PGex4T3 via BanHl and Xhol. The plasm d was
transforned into E. coli DHS5a for use in protein expression and
purification. [0111] GST-H AP1(cl AP-2) linker BIR 3: H APl codi ng sequence
fromam no acids 236-349, cloned into PGex4T3 via BanHl and Xhol. The
plasm d was transfornmed into E. coli DH5a for use in protein expression and
purification. [0112] GST- |inker BIR 2 BIR3Ri ng: Xl AP codi ng sequence from
am no acids 93- 497 cloned into PGex4T1 via BanHl and Xhol. Am no acids
93-497 were anplified fromfull | engt h. XI AP in pGex4t 3, ing the priners:
TTAATAGGATCERTES NPCISshee cr@tesreAisieeasq | g eeeHdar d PR
condi ti ons. cﬁh@e@ﬂﬂeﬁﬂmﬂbmndaﬁ@&vﬁﬁamdmetdwenmm:h;aé:Reélmaznt(of ayattenoajien) .

Linker Bl R 2, B8 38tk 6820 i5haV0ef Bt BErbole BB e, i gost i on

The plasm d ransformed 1nto use I n protelrn expression
and puri fi cHe3GAM tg prevest F%]'I‘qgﬁr"éﬁ@il’wr%‘(ilhéﬁﬁ inglange, upgerscpdiions Batdeadder 23. XxiI AP
codi ng sequeBeReaBIchAs acthils, MS,49d thellikéied i nto GST fusion vector, PGEX4T3
via BanmHl and Xho | restriction sites. The plasm d was transforrred into E.
coli DHba f f 2011/ 000264
[0114] GST- XFUXI‘% | i nEEeé%IQER'%Z&nQH%S s% altémmth ﬁéQn&Qrg]]a/pr?%Zsoeﬁgﬁﬁcﬂéés rom am no
aci ds 93- 497roffpEHeriseises Cﬁ@'@ﬁtﬁwd@b’é{‘a%ﬁwm%}h’wwﬁ%ﬁ‘s ?ﬁ'bd“ﬁ?'%{‘sm d was

t r ansf or medinapgropriatelydow levékibeapbptbsisi HEbOtN. PlichtdiSefseam Py iSiRieatbsa mdvhich
purificatio i ne
S-transfer ag’éere(l;r%ﬁ@é? 'A)Horglglg%%%e%nrﬂégﬁlgp étﬂtorﬁggé%g wé&b@s%@%%ﬂ% a coli

strai ns DH5{IANhEASRACPESPPDssi on of full length X AP, individual or

conbi nati ons of Xl AP-BIR domains, clAP-1, cl AP-2 and Livin transforned

bact eri a we[oasgul tBXemblas\oeamb@hmnabf idlanBhaitory Hiseriers Bhert lapdptdd rensthingen

suppl enent e it s then

di luted 25 q%cs)tulgﬁ?ogp#%ésgﬁ Eﬁhémc Hd %Optwging ét‘% éut.E Igrbgﬁ c ct eria
were grown wﬁlugq\)mklﬁples@eresq ﬁg&qrqsﬁglggé@rtwntsﬂeg mgpmatmd arthrms (RA)) and the

i sopropyl - thJer tARbBEradspEd: eé prasst Meerfiion pBviBEsd Bethbipeindutiay aidp@Ris ic€l | s wer e
centrif uQed H 0:? 0 rRhgll}/lrrjgtgld a;ﬂertlé Froglga iR %n&@c&% h% cm%ﬁown%”?}égr% Each

pel | et obt af¥ rter tare recerve ul‘afer (50
mM Tri s- HCI | opgrl) thevedilaiche orlin pevnlihTtion witheytaaass-or @aﬂﬁgﬁﬁaﬁpt%flgangi%wﬁé 100

pg/ m)), wagad rRURY: eRARtreddptorbidbnBEMHb&I&haki ng. After 20 minutes of
i ncubation, the cell suspension was placed at -80C overni ght or until

Fecondi nant (%P9 e Sedten bAEARARAE A LELIR B WpditiodlE Mg ) U7, 1Y gt
of lysis bum@pse(dsa@ommlwmsbmﬁrawnvaﬂﬁ berefigialingludprAlyPaD Cﬁmel\la@dmgloo pg/ m.
of |ysozynejng 290redal, ‘Bfea@trdnglpﬂ)@iatecdéh&dﬂ @tr@n@bnb@@uﬁameﬁbmatmyf or 15 mn.
and 5 cycles of freeze/thaw d .ni gen and

u

37C vat or bERTPoURRCTTRRE P SRt Bl BRLP BB pe AL B R T e
suspensi on ligediotHedolgwingvabdcous and centrifuged at 13000g for 20 minutes to
coll ect soluble fraction (supernatant). [0117] The resul ti ng supernatant was
m xed with 3nf of mgsubat n| one Sephar ose beacs(amaaar Macl a) for 20mn. at 4C
Afterwards, t : 22 A i ne
(TBS) to r emoy B9ERB GRS pr RESIOPRe 1 et ai ned proteins were eluted with 2
washes of 1nL|B&neb0 MM TRI |Ssfbgéhidsacmntagoneasgreda)nfibrosachooadnglguarat hi one.

2dded 1o thonfor atorage [Areu SRMeRbRBRdoRRRRAREWR A ERRET °  1E4°
proteins were|>90% pure. TH@"SP%‘EBWH“%@ ﬁP'P’atCP'b??fW%u"N“ﬂoieed protiei ns was
determ ned fromthe Bradf grlyemeid)edignant giant cell tumor chordoma,

osteochronfroma {(osteocartilaginous exostoses), benign

chondroma, chondroblastoma, chondromyxofibroma, osteoid
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WO 2011/ 098904PCT/ 1B2011/ 000264 [0118] Hi s-tag proteins were expressed in
the E. Coli strain in E. coli AD494 cells using a pet 28ACPP32 construct.
The sol ubWwe 2priavedon fracti on was prepared as descri bed @bwoas201F0r02@r ot ei n
purification, the supernatant was purified by affinity chromatography using
chel at i ng- Sephar ose (Pharmacia) charged with Ni SO4 according to the

manuf acturer's instructions. Briefly, the supernatant were | oaded into the
Ni SO4charged sepharose with 2nL of sepharose for 20mn. at 4C . Afterwards,
t he beads were washed 3 tines with 10 mM MOPS, pH 7.0 containing 500 nv
NaCl to renove unbound proteins. The retained proteins were eluted with 2

m. of elution buffer (500 MM imdazole in Tris pH 8.0) and appropriate
reagents wer e -added-to-themfor-storage—at QNC Dnrlfu of the elut ed

L= % oo

protein was >90% E]'[ﬁsgeas det er mi ned by SDS- EXREPleTHe pr otein concemtration
of purified pr ot el ns was d&is&bmalaemigﬁmt@mmmersBr adf ord assay. Prepatation of

Probes P1 and FOH9 AT Harescen
Frnoc- Al a- Val - D(ri%rdﬁhe Tyr (t Sgwfs'lnﬁ3‘%5‘égart’&ﬁw'?‘osﬁéiﬁ%dh%myosammr epar ed
usi ng standar ¢ Fnoc cheni stlipgsamema), lykepatrrabdgmyasms. thrpoa lipesd and see Int. J.

Pept. Prot. Res. 38:555-5QkeraibBd1). C eavage fromthe resin was perfornmed
usi ng 20% acetic-acid in iLchl oronet hane {(dichloromethane) which left the

LA LA

si de chain st | PRSUGMISIRAY | ATePraoySFaHamers (I RIPRa: FRPHEECME aci d | was
coupled to 4';: (am nonet hy)ibramsescea, nynfdvbinek stomactRicarbiesma, Avi@biba, Eugene,

Oreg.) using excess dii sopqgﬂxyogg,rcgggl %g%(dghg)ad;eﬁbcg;cmghgyl f or mam de

(DVF) at roomtenperature |a ur| y silica gel chronmatogtaphy
(10% net hanol | i n di chl or onefiRER, Q'WOWW%Bﬁt'H‘&WaF??&”OHtHWB@H ng @group was
renoved usi ng| pi peridine (Zﬁﬁkﬁnaj,@m%wea@derwdﬁmhbraal oyphsink, caecirged
chr omat ogr aphy (20% net han i chlo ; 9 aI ly, the
t-butyl side ¢hain prot ectq m&rg,r%@g,sm%fcgﬁ%gﬁgﬁgo %3?/%1‘5@3@% Fﬁl ' ugr oacetic
aci d contai ni hg 2. 5% wat er| "gH@firomasfibramag daseepael @denpgarcinerpa, ﬁlFtMﬁfd( pr obe
P1 (>95% pure| HPLCO). WO ?@éﬂd,ﬂg&@&éla@aﬂo]ﬁm&ﬂdr@ma%mpmm Pr obe P2 was

pr epar ed usi ng—net hnrlc as daeceri had i.n \AO 2007/ 121

EXANPLE 1 [ 01DEFTRLTEB | oviNHBoLamscacrpT ey P Waol WS‘“B?%"&M o &

conpound 5-e, |tdtch can beg lyephdmasleekemiantéaddedinduestlira (sahanquseplar at | on of a

conpound of Formula 1 or SQ':lachtonl‘ért%gltlonaﬁgeh%%ln§ma%égﬁcﬁgl%f%m%f Int ernedi ate
5-e [0122] Step 1: To a sollution of Boc-Chg- OH 1) in DVF

cooled to 0 QC were sequenthresiats( aﬁﬁ?f@ﬁfc‘fb? a@%@a)S?sﬁﬁ_(serB'@O@a 'mol ) | HOB
(4.81 g, 35.6[mmmol) and HBET&alohd, &fbrgonaBardnomapiejatocAictnemast i rri ng for 10

mnutes (S)-prolinol (3.0 %on?o%ar@m%?'s)arc\éﬁuﬁ\@gr@ﬁ% @é(]@ ﬁ‘émé%?o’iﬁ m xture

was stirred ovyernight at r|o yl “acet at e|were
added, the organic |ayer wd@f%éwmétwno'ﬁﬁg'ﬁéd“% ﬂ'IPP”IfD %citric acid,

aqueous NaHCOBGa@olBgitdle, Qﬁér@ﬁ(e%etr&ﬂ&ﬁ(@ﬂidh@ dMB/&C()éerVII:dI bér&h@ﬂa and

concentrated | n vacuo. Purifl ao on f% é' \gﬂeﬂe ﬁ?vrom%%ro hy provi ded
internediate b-a as col or ||&E" G\ %s'f f‘@p ANVHE P - di pxane (30

nL) was added|to internedi ds@otfsxastedp@oqamcugamaz@umnwvgtad@n@pammn@ol ution was
stirred for 1fhour at r00mJnam%at:%.ﬁomé{%raﬁundsashée@urc@ufu%%vg&dundvr

reduced pressyure and the rgﬁ(ﬁ vas trjturated w di et %/[na to
provi de interfediate 5-b. yig cell tyiApTe: Yﬁﬁﬂ"r'amw '9:932‘ te ) PHya 2 WD
2011/ 098904PCjI/ 1B2011/ 00026Gdquamous cell carcinoma, intraepithelial carcmoma

' adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell

carcinoma, squamous cell carcinoma, botryoid sarcoma

(embryonal rhabdomyosarcoma), fallopian tubes (carcinoma)

Hematologic blood (myeloid leukemia [acute and chronic], acute
lymphoblastic leukemia, chronic lymphocytic leukemia,

myeloproliferative diseases, multiple myeloma, myelodysplastic
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[0124] Step 3: To a solution of Boc-N-Me-Ala-OH (6.02 g, 29.6 nmol ) in DW
cooled to 0 2C were sequentially added DI PEA (20.70 nmL, 118 mmol ), HOBt
(6.35 g, w0.2611mysdoy and HBTU (14.61 g, 38.5 nmol ). AftercIuBrmi/mg2é4sor 10

m nutes internediate 5-b. HCl (8.20 g, 29.6 mmol) was added and the reaction
m xture was stirred overnight at roomtenperature. Water and ethyl acetate
wer e added, the organic | ayer was separated, washed with 10 (3/0 citric

aci d, aqueous NaHCO3 and brine, dried over anhydrous MgSO4, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided
internediate 5-c as colorless oil. [0125]Step 4: To a solution of
internmediate 5-c (1.20 g, 2.82 nmmol) in CH2A 2 cooled to 0OC were
sequenti al | y added sodium-hydrogencarbonate (2. .36 g, 28.2 nmopl)-and
Dess-Martin peri odiss4Re (1. 49 g, 3.52 mol) AWP€he reaction was then
stirred for 2[hours at 10 Qynd}qu@ousd@&aigi@@sa@nﬂorﬂ%b@an'a@mpa@reawere added,
the organic | ayer was separat ed ver anhydrous MgSO4, filtened and
concentrated in vacuo to pr R vmpﬁpngld. ate 5-d as colorless oil.

[0126] St ep 5: |Teera sol uti grhephtoinatrepatectiiabrecaiingmah @0olangjocarcib@manol
CH2A 2 was adgled phenet hyl g a6k, Hkﬁloér&%amk%cellﬁgﬁﬁen%érr' ng for 2
hours at roomtenperature |sodi umtri acet oxyborohydride (300 ng, 1.41 nmol)
and net hanol yere added and®fRBY9PB3ction was stirred at room tenpefature
overni ght. Safuirgt ed aquedqusorisaddenid camidoeé (vylaraastcal, enditsrentiaddenhall § he
organi c | ayer|was separat g filtered
ang concen%/ra1 ed in \F/)acuo %Ilwﬁggﬁgnt%etdharsg&%i adeq&gﬁc&o%\sé?ggp/‘grl ess|oil. M
(mz) Mr1=528|4. EXAVPLE 2 P'@E‘Zﬂ'ar)r@@'&"laowoﬂ‘ﬁ‘aéﬁ%ﬁﬁ*ﬁ'l“é Sa[PWat r at es |t he

preparation of conpound 6- hymmolarr@fbr@ad}orh@towmammannésamewdmdl ate in the
pr epar at i on o a r-nnlr‘nnllnrl Carmil o or-—calt tharaof

Synthesis of | NE¥PFedFETe S (03‘6?'681§§T§?9é°5”a19'ai“t51°’83§‘8?tU?T%r?S‘8F'S '
N- (tert-butoxycarbonyl) - L-|permars), n@nmgé¢sl@edingiombOnehingipsarEorma
di chl or onet hape (300 ni) V%orﬁ&l@&g R Rt BYARHE, %d&ll@b@&orﬁ&ghé@a 2 mpol ).

After stirrin
0 C sodiumt
portionw se a

y for 2 hourg
i acet oxybor @
nd the reacti
6 agueous NaZG(R

roomte

rﬁ?ﬁfﬂqva"@mez% ingma Waﬁmﬁ}'rﬁ'f"}"

er

ature,

he reacti on was cooled to

aHaLa auy™

mﬁgadendruglsmthhmnmaIneﬂrmeralstama rooogarttanper at ur e

overnight. 10 hifiaib@ S separated,
t he agueous phase was extr|act egﬁ%ﬁ%@ﬁ rtc;)'ﬂf%cr)(Sr?r'l;\s\a%J ' glbtﬁ’g cﬁé@nbl ned|organic

extracts were|washed with |[5{A®2) dri ed over anhydrous MpSH4, filtered and

concentrated [Bkivacuo to prr@angﬁeent mBlafdérheE Bhstl EelGaktingmadsqGaheUsicess Ol
| nternedi ate b6-b was di ssal ieth

1 'glr | Saret herolgﬁ%gSS 613_%" 5|h|e soI ut i on was
cooled to 0 Cland 1N HCI Cac‘f" gF‘ﬁy %‘%h ?0%36’ YSB: rembp)O added. A
precipitate 59 forned and anl'p@ﬁrr@dn@tc’f@rcﬁn&nkﬂmﬂs was col | ected by f| ltration
as a white soﬁ—m—mmﬁmf
internediate 6-b (6.11 4- di oxane (50.0 nlL) and water
(50 L) cool Qﬁolto bes 9“ gef”%&ﬁ?a' ‘é‘efﬁéffj‘” biﬁﬁedd”%ﬁtﬂrle)or After stirring
for 15 m nummstabmﬂzmhremdndnoasr@fscpanmltaaco(n&odifﬂormompaslngﬂﬁe pomyoundvafsoadlded and t he
reaction wor%g%ﬁédféﬁoeysﬁgugegp% ! R BirBolith S0 Uminchp aand et hy!

acetate were e organi c er was se brine,
dried over WWF@GE‘?WS@W”W P‘E'B"i“b’iﬂ'bﬁﬁ‘d" Eﬁﬁebﬂlercé't"ébsmwd\*?aéuo
Puri fi cati ophddyjaculidatpagedtaisiéiconat agusfimerddt, oeiteled “subjeer Amitpatcdt’@rec as a

colorl ess OI legdé@t%%e%%h@rﬂar%&s%ll '591?% mmfa grgqﬁr%&?%lﬁh g?ér‘lr}?tgg‘%atgvad%ggdded to

i nt er medi at € on was-stirred
for 2 hour sswite caidenshespperais. Nprees. AP rte Sickeand ted®ved under reduced
pressure and the residue was triturated with diethyl ether to provide

i nt er medi at po6t]d. Hle prarneacba@icgeompbditbns dfhd pregent ivichtiorB@9.08 prepared by

combining a compound of the present invention with an appropriate carrier. The carrier

can be any of those conventionally used and is limited only by physio-chemical
considerations, such as solubility and lack of reactivity with the active compound, and by
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[0131] Step 4: To a solution of internediate 6-d (394 ng, 1.05 mml) in DV
cooled to 0O C were sequentially added

(S) - 2- Boowd-20t1evsmhydr o- 2H pyran-4-yl) acetic acid (300Paw/Bi011/Boo2swol ),
HATU (520 ng, 1.36 mmol ), HOAt (48 uL, 0.21 nmol) and DI PEA (733 uL, 4.21
mol ) and the reaction was then stirred at roomtenperature overnight.
Sat ur at ed aqueous anmoni um chl oride and ethyl acetate were added; the
organi c | ayer was separated, washed with saturated aqueous anmoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous M504,
filtered and concentrated in vacuo. Purification by silica gel
chronatography provi ded the expected internediate 6 e as a yell ow sh oi
[0132] Step : AN HCl in 1,4-di oxane nL) was ded to |nterned|ate 6-e

(610 ng, 1. fPh‘iﬁPf)adat'”'ﬁfat'?fhr{H”Hﬂ%a%O Ctﬁ“%dd’ﬁ{ e s ¥l "?V‘E&”éﬁ‘”‘t@%‘?df'BP 4 hours.
Vol ati | es wer the fotiomingdesarige pharedoatichl poregsiivg tiendttivd@mpesndd wétheas

triturated t i diate 6-f. HC
as a white ﬁggndq{v%gn%me %Qﬁa _b%é{@r@%%leﬁ%ﬂr@?g%@&@ﬁ &(%o Sg&g{i) ut| on of

i nt er medi at €Y@RIEXtAminclpgign cafplexes, SOIIPRFRAINSS- i n DMF cool ed to 0 C were
sequentially added Boc- N Me-Ala-OH (117 ng, 0.58 nmol), HATU (240 ng, O0.63
nmol ), HOAt [§062ZF ulhe ghatfagentitally aaeptdblidEakicerS8dScriled hgrelOfomaxampleand t he 60
reaction vegefifian, {;Jawse&cgrea{s%@op@émemwl Sodio B0 Ulifea iRE U 3he

aqueous ammoni um chlorid acet wer e he organl c layer
was separ at t¢ el Riatip torihes il aJ i @reipied N1rs tha phRAREHIERYY 8FGe@DIes at ur at ed
aqueous NaHc&Xeraetbnbmihiar js dlemalyanegtito Wig20the agentisparerbreandiichdasent rat ed in
vacuo. Purlf prOV| ded the expected

i nt er medi at egtg%hg&d% ffg&%{)ﬁ& g%&eggq%@%%@t%gg? ep 7: To a solution of

i nternmedi ate 6- (277 0. 41 mmol) in THF and stirred under N2 was added
10 % Pd/ C ( 5¥83Tv wbgRie é’re %‘@H?téﬁﬁu‘t?%mf?@)'a“oﬁ%f heRlRmasRulicAAOlPesis pur ged
wi th H2 andosthe blreeéhtfnx)éntﬁe hethogs. Thia¢ormeiatidni can bagsr ibdte@me fd dotigrsedi-t hr ough
gel ' chr omat SaPapyiBhANBTRAR SaRIcE BhaR, FARNS, (e SBIGAT Y D7)
M+1= 531. 5. SEBQAWPL'ES BiqetanssPhakrnts; gels, Mfﬁ@hésearﬁﬂpéeﬁow'ﬁstrat es the
preparation of compound 7-d, which can be used as an internediate in the
pr epar a_ti on [a64p ceutpanmwhodé offpeparib@siuth dosagakdrms lanrerkecwfm or@thene 7:

gygt EES' ? ggfag%e{?érﬁrt%géﬁkﬁleg lnthE; %I\)l:iﬁr]&%rﬁ@ ]svee Cogﬂlgﬁgls %&thlcélnt ernedi ate
sequenti al | >$°'86R?éd188b%d t@@%?‘iﬁmmg(%@‘pfﬂy Gastop Pamigdy). Thﬁ@ﬁﬁ‘p?sﬂﬁ?”(ﬁo nm., 25.6
mmol ), HATUbé 28ingtersdGil, I’ﬁ’ﬁﬂy)evétﬂdoﬁ!laﬂﬁ%e{rdﬂéﬁhdﬂﬂy effddd@ amvnht)of and t he

Lﬁ?g“ 32 :ﬁ or]ﬁ?cﬁjﬂ? gllthé {x% enﬂnv&tn& Eaﬁaq?wﬁle@xtlcaﬁgg&re&%gg g%ﬂﬁgg&?gggrg?' gm
washed wi t hUS%tfﬂaﬂtaOﬁ éélsa@ﬁﬁétﬁ%a%@'ﬂ?ﬁéﬁb%’m oride, saturated agueous NaHCO3
and brine, dried over anhydrous My504, filtered and concentrated in vacuo.
Puri fi cati ofooey] si Trhe:ﬁhagﬁdaceoﬂmammtpogmcmmby b foovilgted fok hey rextpett ed

i nt di at 1, 4-di
el 2 R B LeRBaRl! gl LTl S, AL 140 oxane
(130 nL) at agresihalating, B%Pri]?r?'df’i‘c'\‘f\ﬁ@ g%”@?'@dtaFQi‘rSUQ@“?ﬁeﬁ‘ﬂR Byawgnogs. C f ol | owed

by 3 hours akrai0siat, ¢tiaesrAdIURterpeMohaal, intraerdaISintr £FB30RE auadﬁédermemuced
pressure and he resu?ue was trltur ted th. ds; thyIOneth 'T%i

i nt er nedi at &° 5“?—‘&9” CUIar\h)rqtr?nasal d’ag' afjrﬁnz rathl ﬁglﬁ eg
a solution @ﬁpremt@thabfﬁewtreutes of aldmmlsmlsg he cgmpaund ohitve inverntian @Mimown

and, afthough more than one route can be used to administer a particular compound, a

éftep 3. To

particular route can provide a more immediate and more effective response than another
route. The following formulations are describe for the purposes of further illustration, and

are in no way intended to limit the invention.
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(870 nL) cooled to O C were sequentially added Boc- N Me-Al a-OH (38.90 g,
192 mol ), HOAt (37.70, 22.64 mml), HATU (72.80 g, 56.3 mmol) and DI PEA
(122 ni, wO620nmoBY4and the reaction was then stirred at pOT@BIoar/od26wour .
Sat ur at ed aqueous amoni um chl oride and ethyl acetate were added; the
organi c | ayer was separated, washed with saturated aqueous anmoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous M504,
filtered and concentrated in vacuo. Purification by silica gel

chr omat ogr aphy provi ded the expected internmediate 7-c as white foam
[0139] Step 4: To a solution of intermediate 7-c¢c (1.56 g, 2.45 mol) in
nmet hanol and stirred under N2 was added 10 % Pd/ C (50% w w wat er content)
(500 ng). The reaction m xture was ur%ed with H2 and stirred for 3 hours.
The react i ofP Bk t INERSPRIRTEHBIERFATTO RSP {EmUARRE HE! FRY bF S1gPRAS
concent r at edcdordaviescwith th@prgsenginverttien. TEei raduiremients &s effecta alneessuteal . V5 (Nl z)

Mr1= 503. 5. ool Ii:nd)e%ta%%é:%%v\%ﬂ%ﬁgg MRS BIRE B drdihdt? LR A% 4See,

prepar ation conpou or sa
t her eof . [@94frgfr@setmcsqf@%ba§mcuﬁa9hceofl Bi Heringe GoapanysPiladalgita, r?g;\ 0. 28
mrol ) i n DMBanke@@hdChairfer§), 5., patles 238 25PU €982),aht WSBH¢rRAdbook on Injectable

1o, 0 a5 BTN MER RS B Gotti Soirtiarf sulan ol Bkl e e
stirred for aQrmh@Uat@nmcluﬂ@emnep@qm@rr@ﬂ@ﬂ@eoumomcatﬁmleeﬂmbn ae'etioas.e wer e

added; the Qh@RBAFcIn@IINWRBarRE RafeS, %@eter‘(&’é’f@gnd’\écﬁdﬁesﬁﬁét%r@bﬁﬂe aqueous
anmoni um chl ori de, .satura ne, dried over anhydrous

MGSOR. 111t SrBatedsolsiR S AR B and, B b AP P9UERIAMsi 1§ ca gel
chr omat ogr apbryaqueons dierie suspensiveslinat @n Bchidasuspending ageste) sotlbilife@d, 42] St ep 2: 4N

HCl in 1,4- mﬁkéﬁﬁﬂaagfe%ts stggﬂ)zeﬂé’a?d%q%gﬂlaﬁ@s' Weetfo%gblﬁfs%f t%eﬁ"hvén%%n% pd. 14

nmml) in eth acetate . solution was stirred for 1 hour at
room t enper é@'ﬂ'ﬁ@tere\?d'l‘ éPW{S@é"QW@ yecrRRRleRiuem Hed PhagBrferiFalfaEEs FHED 28R t he
resi due was sferuleunwmbmdxtmetdnhqimdet ihgilidiref weaer, $ating mquwode deanimanadelate@HCI as a

white sol i ds*dr\]éﬁsc(lmoﬁg aME c";ho‘l?’7 ch as etmgrﬁ %}LP#‘%%LJJ&%yl aBl)M?\rgd@QI?exanpl e

illustrates reparation o Formula 1
or salt thepédfas P[QM'&@F] @Y‘@bOfPO'YEf'BY'%PWCe't i"ﬁﬁ%'ﬁ“'ioh'ﬁ%rgl'r@ﬁio I$syeh@s21 ny,

0. 43 rmr?ll) bJ- di?h&hmczlcﬁ&orgﬁe @n%@ra\ﬁ@lr&hérgQU@ﬂéd sy athydshdgigcol) 400, an oil, HaA TU (206
i m dazo i ne- car |ca ,

| dazol, 1. 25} ALl 08 08 B 5 0k biehdyy TR SRR FATU ¢
stirred for WBhdmblhesld@ltonrQbenmrmmmaﬁt"wﬁ@cep@blta@F@C@at aephees @ssoamPici um

chloride anaeteﬁgeml S@E&Idﬁqb%gmrs%aagéﬂséétm rcbr%omérgaﬂétﬁyléewsge was separat ed,
washed with s ammoni um chl

u rat ed s NaHCO3
and bri ne, @%{PfB@ﬁmetﬁﬂ?ﬁ)H‘PﬁﬁJ ' GaRseyme ‘FX‘?eﬁ&&?S@db SE}ES' %%t”g(? °h vacuo.
Purificati ophdmmaqutmatadjlg&ahtsmwnnamegmaamy faity avid dedifietglgeroledncit e 9-a as a
col orl ess o]y cér%%éﬂ Step 2: 4N HCl in 1,4-dioxane (554 uL) was added to
i nternedi ate 5 107 mg, 0.15 mmol) in ethyl acetate (0.5 nL) at 0 C and
the solutio |rr d for h a wer.e, renmoved under
Foduced pr oDORAe ShiF pEn PRLaes8? Kipeerspribalriy ER PRI B Rg 't
provi de corrpeggtablem@lynmeta@ﬂa Surecifieexaoipied of éif§ irfchide peaviul SoyEEN, 4esamMEAVPLE 6

[0146] The f b A¥eBofii BRI Setiolalts bh@nferdl. NSuitRbie RAY atiunr Rk itpdraqsad 6,
which is a compound of Formula 1 or salt thereof. Scheme 10: Synthesis of
conpound 6 @rmulatlons include oleic acid, stearic acid, and isostearic acid. Ethyl oleate and

isopropyl myristate are examples of suitable fatty acid esters.

[0068] Suitable soaps for use in parenteral formulations include fatty alkali metal,
ammonium, and triethanolamine salts, and suitablé detergents include (a) cationic
detergents such as, for example, dimethyl dialky! ammonium halides, and alkyl pyridinium
halides, (b) anionic detergents such as, for example, alkyl, aryl, and olefin sulfonates,
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[0147] Step 1: To a solution of internmediate 7-d (1.97 g, 3.94 mmol ) in DW
cooled to 0 2C were sequentially added

i m dazo[ Iw®-2aijppstoni di ne- 2- car boxylic acid (642 ng, 3. 92CwmBLoj]/oddaddU (1. 94
g, 5.12 mmol) and DIPEA (2.05 nm., 11.81 mmol),. The reaction m xture was
stirred for 2 hours at roomtenperature. Saturated aqueous anmoni um
chloride and ethyl acetate were added; the organic |ayer was separated,
washed with saturated agueous amoni um chl ori de, saturated aqueous NaHCO3
and brine, dried over anhydrous MgSO4, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided internediate 10-a as a
white solid. [0148]Step 2: 4N HCl in 1, 4 di oxane (9.40 nlL) was added to
intermedi ate 10-a % 2. 69 @H et h%II acetate (5 m) at OC and the
sol ution \/\/a's"kgt‘?"?f'f‘e%ih‘?ro?” Reglyeeridg s E‘fes\?(?ijé OPYEINGIEPd I BNBYEd under
reduced pr essemgentasuthtahgorexaindlagfatyesnite oxidesafayoaocd dfandiaeiday,lanet her to

provi de co 4 EXAVPLE 7

[ 0149] The FEW%‘@'%@' &?pé’%“ %ﬁf@?’%ﬁe@mﬁ%té@ dgeé%%r?”‘g‘é for mpound 9,
which is a 6fRuA Y't?fa"i“@ﬂpfﬂﬂ'o&atfscﬁ” SAlyl- 'E”H’@F‘é'ﬁ? q“%‘%’ﬂ%’b’rémﬁ‘ﬂ?”'“@?ﬁ'f%ey s of
conpound 9 hfEPhSiues tAsredo a sol ution of intermediate 7-d (200 ng, 0.39
nmmol ) in dichloronmethane cooled to O C were sequentially added DI PEA (174

uL, 0.99 erJO%Q]anth?éééyént«;alqghgﬁﬁongmﬂ?&?@&a‘ﬁ%@érﬁalﬁma&gﬁog‘l790 gmt) . The

reaction mixture was stirred for hours at roomtenperature. 1IN HCl and

et hyl acet af &% R VeigBl 1§, actvedngsrdipahin SOl tiRie PrevgEratives 2P PEg™s MidYd%ed sat ur at ed
aqueous NaHGESd. anstdérms meimigk orestimidterirrigatiéy atitiuste biSdtionf such esmesbsaions

concent rat ef | B yAGHR, o PULL Lk ey Sl 95 B UL ARD Y s V1 ded

i nternedi ate e SO a So 1on O
i nt er medi at ef fiem apogptPIo gout H7. 3EnerAvaNtYY U Bl eRforIasors wikypisdlied 2N

aqueous Li Ohlngéfr&n Bbout 8%Qo aﬂmk )5°/@B¢wéiblﬁi BGl@ébIel Nack@fs m&ludermi/ethénel hour at
room-t enper

tat |
was separ at 8‘%{?' %é%tﬂ*eaalai\ﬁlsﬁef? B‘foﬁr?8¥°r8?alnerrc’1°ar'8\e/'8? °an ?1%% ﬂmo"%@ |n : tC er egygﬁld
concent r at eddduptswhethdertecxjge eith ad,suyqirmr@bmawafoemqqm)thagormlewamreofso| id.

[0152] Step Bropshedoxiti ith bRByIEfe qubﬁrmgh@h@ralérrﬁjle(t%%)cdﬁg)e daesaﬂtemﬁol) in DVF
cooled to P- re sequen

ani li ne DI PEA
Co0 ol ' Sutiarst B RSP oREd perteife S Guel s Ao At s 2P R Uy &
was - sti rr edinfadfree2e- umnnir (yopttlized) Condilioh eequirind odly Ingladdiiet cithe siitedigaidded; t he
organi ¢ | aY Bl & Sthter IBSHEioM, ﬁrmnéd\stagpﬁcﬁ%uééCIExteaasaaﬁ&tued agueous

NaHCC3 and rine, r| ed over anhydrous tered and concentrated in
vacuo. Pur i Mestansohtions %”PPV%E’&”%‘P CE%P%P@P%@‘?%%?GHFBW‘E%%QWP§1°' B ate 11-c
as a white adletsthf tHekibdP}vlonsly déscilseda sol ution of intermediate 11-c (230 ny,
0.35 mmol ) in dichloronmethane (2 nL) cooled to 0C was added TFA (2 nL) and

the reacti opoy@s th&a’baﬁﬁohﬁmmn@ém% kwndo B of sSKipirahd b SsueRT € removed
under reduced pressure and the residue was triturated with dieth et her to

provi de conﬁﬂﬁﬁ@'%?ﬁrﬁ\ pég'C‘élaWﬁ“ttaé)'es'B tHecFos of Kie PjesrmtivgRten for eRi
[ 0154] The f @lthoswimdrhexanmipt reay dulitatsy conripeise & bautjonegalisadn, ointmeht @@Hm}usmd 12- g,
whi ch can be d (8s. ' rg;ﬂ [ he i Mol ound of
het5 , iBex3Mpl ntjh ln@é Sheld? n‘Fo of e3B! BBtrdtturf, 15RATH
Formula 1 or aﬂQt thereg:?. 2 . o o
polyethylene glycols, bee wax, mineral oil, diluents such as water and alcohol, and
emulsifiers and stabilizers.  Thickening agents may be present in a pharmaceutical
composition for topical administration. If intended for transdermal administration, the
composition may include a transdermal patch or iontophoresi_s device. Topical
formulations may contain a concentration of the compound of the present invention from

about 0.1% to about 10% w/v (weight per unit volume).

[0071] Formulations suitable for oral administration can consist of (a) liquid solutions,
such as an effective amount of the active compound dissolved in diluents, (b) capsules,
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Scheme 12: Synthesis of Internediate 12-g [0155] Step 1: To a sol ution of
N-(tert-butoxycarbonyl)-L-prolinal 6-a (30.0 g, 151.0 nmol) in

di chl or orw0lane9gd@00 nl) was added 2- (4-fl uorophenyl) erhanamineoogdoO. 79 ni,
151.0 mmol ). After stirring for 2 hours at roomtenperature, the reaction
was cooled to 0C, sodiumtriacetoxyborohydride (38.3 g, 181.0 mml) was
added portionwi se and the reaction m xture was then stirred at room

t enperature overni ght. 10% aqueous Na2CO3 (800 nL) was added, the organic
| ayer was separated, the aqueous phase was extracted w th dichl oronet hane,
t he conbi ned organic extracts were washed with brine, dried over MSX,
filtered and concentrated in vacuo to provide internmediate 12-a as a

col orl ess oi e 12 & di. s Ive i ef. 400 m),
Che ol ut i orfEs EOBFatrere ot el RO RS b Peahit a8 1ol o
mol ) was addelingikdignicas grlidaerardrolendo r@wdersdﬂ)eﬁuﬁwis?@n%in@zaapmmat%s

col I ected byqfd; bid @} éﬁﬁbl@ﬁm@ls% tL%uﬁﬂbr'nﬁHahN@ raggl.zamdmmuen&&,oa a50156] Step 2:

T | ut f t 1, 4- di

(500 o) " andReacaie Sugge. Srbfatb i etuhd tate! adel e Feeatehle® o S50 0
mol ). Af t erlcsHoist eithagwithosr witboutthewaddiiorbd mzpphrnehewicaly @ceeptable(stifackdt.m, 123. 0
mol ) was agdedca scaﬁ 6ARE baRaRardt Br%gé%hélkaﬁgaﬁhyae%marn%p@r ature for

1.5 hour. V\ater an %f acetate were e organi c | ayer was

separ at ed, FEEs sylfaciintsy Ibkrisantsand ipeg ilgrs, éH‘HW:?r'?ﬁf&sel\ﬁj‘S@ﬁe pitfer ed and
concent r at efhdsphat@ e céro sfarcby iTdigletiforing camittladeconkr Mogesof tactoed, autress 0i | .

[ 0157] St ep er ate 12-b
(50.7 g, aBrﬂ IE!% S{a h @qatgétgiéﬁnﬁ%éil;%l gﬂﬁéro all fq(rérglgj(fg? Qégggﬁgﬂurs at
0C. Vol atl I e@ar\gemecq*l@%\?@@nmw m@&%@@ﬂoﬁgﬁé@%rtélcdﬂ%ﬁnﬁﬁ@“ ﬁ@@fatme was

triturated whidilindieglalty bin@étb@hte pdishriba¥ianmg otr@r Wc@léh@ecdld’ﬂérﬂ%’ ar@hate 12-c¢ HC

as a white aam I\/ISé{ﬁni.zét Mt1= 357.3%#81 84 sfPI ution of
i nt er medi at u%ﬁg%aqq > Qiggegralng agghtyy Fy" EWe r%% a}e\ﬁs §'Y"e wer e
sequent i al | ggentid andl BaoracBiegighlly caRptibE. e3dipignts.cenzengerfoins camHponwpriggheg g, 129.0
nol ), HOAL iddingRdi@ht in 2 fafe, ﬁm%)sum b BER a(&%a@acmﬁh a%%llgs Bﬁgﬂllés dropw se

over a period of 30 m nutes reactio hen stirred at Cfor 1
hour . Sat ur SteRYsRg fEATHVeIRaTE cﬁ‘?rﬁfﬁa@H"ed"rt?aa% | Segcefﬂf'f‘ and QlYeE OV\é‘fcéosﬁdded t he
organi c | ayenmd maamﬂaﬂm’sm&b}s amsthed(evdonﬂammalluaadlm tatpa@ctivs irgraviEnt, um

chl ori de, SQ&CW g&ﬁgnt?géjg'glﬂﬁ étaﬁﬂe era! Bﬁnulglﬁhﬁ\gll @ﬁ@ﬂly%ﬁ%’from I tered

and concentrated 1 n vacuo ur| I cation 't ca gel romat ogr aphy

provi ded t hadQkpdetieabquhiEr Renpighto! e a&“"éé"%ﬁ'ﬁ”é foam [0159]Step 5: 4N HC
in 1,4-dioxane (108 nL) was added to a solution of internediate 12-d (49.0
g, 86. 0 mMo[0072]n eTleydompowidatobthe ir@entio), adne@Cinaaaibinht@nmdth otheosuitaliixt ur e was
stirred for 4, DauGs cah p®mbde R eféFdsblEf&n%ﬁ&ﬁsrt@H@X&Hmb‘t@@%ﬂnaﬁ%i&ﬁ@rﬁj pressure

and the reS| ue was triturated wth die ry ether to prOV|de|nt r medi at e
12-e-HCl as %%FP@”M@H‘P“‘WSC?W%B?‘a?\%iimo prepuszqdocgentaliepoRsiants; SuChs of ut i on
of 1 nt er nedaadienidriddiguordGlett{ahe, ptofgne, 2ﬁ1rd§5n rnwthp likex sl also ol te foon@ated wer e

55 ot | SR e T e e e bila St TP Ol gl gt ) > ©

dr opwi se ov§F0haﬁpr?e¥rf<i>f6‘el'W”S@@Orﬁ'%@?é@e%ﬁépﬁahé‘“P‘é“&ct| on was then sti rred at 0
C for 1 hour. Saturated aqueous anmmoni um chl oride and ethyl acetate were
added; the [0033Ini cAdditipeallywhs coepmndd & dhe imgestined ovdotmipositane cat@@inggueaous
ammoni um chi.opi A é&?w@éﬁ%ta%ﬁ%&m R QCérféf‘y o gégeeckuavs‘g MySO4,

filtered and concentr at I'n vacuo. Purifi ca€| on Ica gel

chr omat ogr apRYSHINGPRERSPT WA 8UYRIR basEs i ’fﬁ”@l"'ﬁ‘&ﬂ‘?é\‘:"@b%iorf"a%@a'v\hl te foam

[0161]( St ep Zdmidietraios o4rliid REscdfediadbedsardd Binpors? edean§.ga1s, @ste?&ﬁo@ﬂs ot I( nmol ) |) n
MeOH (100 3.4

The reacti g1§ r#@ﬁﬁgaesl\é\éﬁt\é@\% %HQQQUO%QQM%/a%e&%‘P{Ier‘M}‘g A/V\?é o%%mogm )
reaction wai ﬂDQ]@‘htO@'ﬁlaP@'PEfditQ hr ough celite and the fil trat e was concentrated
in vacuo. Purification by silica gel chromatography provided internedi ate
12-g as a colorless oil. M5 (mz) Mtl= 521.5 EXAMPLE 9 [0162] The fol |l ow ng

exanple illustrates the preparation of ggonpound 40, which is a conpound of
Formula 1 or salt thereof. Scheme 13: Synthesis of conpound 40



0 HO 12-g DI PEA, HATU 4N HCl in 13-a 1, 4-di oxane WO

2011/ 098904PCT/ 1B2011/ 000264 [0163] Step 1: To a solution of internediate
12-g (610wogp112098904mmol ) in DMF, cooled to 0 2C, were sequaRiiiabiogedadded
1-net hyl - 1Hi m dazol e-4-carboxylic acid (177 ng, 1.40 nmol), HATU (624 ng,
1. 64 mmol ) and DI PEA (816 uL, 4.69 nmol) and the reaction m xture was
stirred at OC for 2 hours. Saturated aqueous anmoni um chl ori de and et hyl
acetate were added; the organic | ayer was separated, washed with saturated
aqueous ammoni um chl ori de, saturated aqueous NaHCO3 and brine, dried over
anhydrous MgSO4, filtered and concentrated in vacuo. Purification by silica
gel chromat ography provided internediate 13-a as a white foam [0164] Step
2: 4N HC i di oxane 3 nL s,.added to a soluytion of intermediate
T3 (550 nonH. oanigyel. Hiekerppunt 8 B B e areitan e pRifed vas
stirred forin® aideposfoan, SO thaldthearharinesin which theexowpedhdwhthe inveddadsed pressure

dth
28 2}—10? ;gsg ‘éﬁ‘@t% Sﬂ'(iﬁr &c{?';i tALEh i n}% tab‘mﬁ!sFeFé&yé c&ﬁr@l?eﬁ vJ]tR ré%[i&}( toq165 ound

f ol | owi ng ei@ﬁﬁﬁpé‘"th'l‘lﬂl?sb(opéfsé‘% e’tﬁhéj ﬁrpé’é%ﬂ‘ §P1 ‘b‘f?o TSOECH?BB‘JWH‘SS’()the\R)ﬁW"Eh is a
conmpound of cérgoimd eanlbedfor é)alntplet heinptitable[c0hpaditch epmprising theecogpburid on  of

el i ot | :
Lt er ek of nd 25floleiRe oy A% RS bR oSRBLET O Beea P
salt (226 nglffusr@difsowahgwt)themop@n(a&%ml @e dgpozsgthemmplaatﬁ@mmtmdesc%S uL, 3.07

mmol ) and trbeatroﬁamhlhm U%%&Mtﬂe ¥éiSpobihd & r@shsad fr&'ﬁ:tﬁeQrE\plantl’élDélrS Sat ur at ed
agueous amn chI or| cetate ¥¥§r added; the organic |ayer

hyl
was separ at Br&d dat\?n gﬁq(ﬁb%‘%@ljﬁ%aﬂgﬁj@ ni um chl ori de, saturated

aqueous NaHCO3 and bri ne, dr| ed over anh?/dr ous MgSHA, filtered and
concent r at elPO7H valogeme pomtefts, detGomrows 8f the ixenyan cartiedatrgeay provi ded
i nter medi at gdiifis@redSviataniiplafted BB thhilOwd iblr@Recdl defdnti@uch B délivérydi oxane (1.0

dded .t
m) was adde glsleg[[)%{lal Y)Hse?ul?oré?llv?rlyéaﬁgrfu%snggwehCl\i'ér)%vﬁrgrftL%gug%#nbMLt I%Set ate

(1.0 nL) an8°R 4tTTEs were
removed undée netetheodsk ffisiestiyrrenetrate thablopdbiaiharigas triturated with di et hyl
ether to provide conpound 50.2HCI as a white solid. M5 (mz) M:l= 592.5
EXAVPLE 11 [0d2618] Th@ud! elctrods Siprapaanguuen dodays toiras @@ khdven, preipes at i on of
conpound GBBp%@énE r'Po fhgseaskilled in this art; for example, see Remington's Pharmaceutical
Sciences, 18th Ed., (Mack Publishing Company, Easton, Pa., 1990). The composition to
be administered should, in any event, contain a therapeutically effective amount of a
compound of the present invention, or a pharmaceutically acceptable salt thereof, for

treatment of a disease-state as described above.

[0077] One of ordinary skill in the art will readily appreciate that the compounds of the
invention described herein can be modified in any number of ways to increase the
therapeutic efficacy of the compound. For instance, the compound or inhibitor could be
conjugated either directly or indirectly through a linker to a targeting moiety. The practice
of conjugating compounds or inhibitors to targeting moieties is known in the art. The term
"targeting moiety” as used herein, refers to any molecule or agent that specifically
recognizes and binds to a cell-surface receptor, such that the targeting moiety directs the
delivery of the compound or inhibitor to a population of cells on which surface the receptor
is expressed. Targeting moieties include, but are not limited to, antibodies, or fragments
thereof, peptides, hormones, growth factors, cytokines, and any other naturally- or non-
naturally-existing ligands, which bind to cell surface receptors. The term "linker" as used
herein, refers to any agent or molecule that bridges the compound or inhibitor to the
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conpound of Forrmula 1 or salt thereof. [0169] Step 1: To a solution of
internediate 12-g (15.17 g, 29.1 mmol) in DVF, cooled to 0 2C, were

sequent i avbyouddea46- f | uor oi m dazo[ 1, 2-a] pyri m di ne- 2- caclhar3dii/eooaei d, HBr
salt (86-c) (9.16 g, 35.0 mmvl), HATU (13.29 g, 35.0 mmmol ) and DI PEA (20.0
m., 117 mmol) and the reaction m xture was stirred at 0OC for 2 hours.
Sat ur at ed aqueous anmoni um chl oride and ethyl acetate were added; the
organi c | ayer was separated, washed with saturated aqueous anmoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous MySO4,
filtered and concentrated in vacua. Purification by silica gel

chromat ogr aphy provided internediate 15-a as a white foam [0170]Step 2: 4N

HCl in 1, 4-di oxane % %{E ﬁided to mterrraé ate 1 6 g, 21.88
mol ) in et 958 BPEYe qnff Taré{ﬁﬂ' ple WhieERgnERS Rakses 91 880 ‘?ﬂ“” hours at
0C. Di et hyl oeinhigitorsyabich daed: nexegragdonhé¢ heioh of thre dorsguang ompitkited a63. 2HCI was

col [ ected by, %l'éﬂ&gf%’; ét%@hlﬁgfae \Qﬂqéﬁdﬁ)rﬁ?irééilln M@le(y%r%gld%ﬂtétﬂ%a%ké anE’éANPLE 12

[0171] The fol low ng exa ustrates preparation onpound 66,
which is a &Qﬁﬁ'ﬁ@ﬁ‘ﬂ'ebﬁ O@S@H%ﬂhédPtB? C‘%‘%Ot‘”‘i‘l’fé’?”@b‘f” d?(ei'l‘?] @Fé?fei‘“thﬁ? a

sol uti on of fdnllﬁcﬁ?urdffﬁﬁlcamﬁouha-ogmﬁl&ﬁﬁ ng, 0.67 mmol) in DMF, cooled to 0 QC
were sequentially added 1-(4-fl uorophenyl)-1H i m dazol e- 4 car boxylic acid,

li thium sal 200(7§]8 e)’hé grﬂ&np&ms@ergd B theragditiddig @f%létn}@gwll var ugsRd DI PEA

(468 uL, 2. reaction mxture was stirred at OC% 1 hour.
Sat ur at ed a&dé@ﬁﬁ%Ofé‘?ﬁ‘r%ﬁI”ﬁ'Hi"% hSF*IecF@e%ff?cFOE‘Pﬁ%d eqployeg: @%ﬁe%seém@ad t he
organic | ayeévevveys)f e earditiorth benesalteitland thdageabadyateiytit, geneed tisalanzaxnandm

chloride, Fe%feﬁqe ;ga[tlgguﬁg"l'ﬁe M%dﬁa trat E'@{ﬁ raq aqﬁerg;?éﬁﬁcaﬁp&‘reg{ iRuS MySO4,

filtered and concentrated i n vacuo ur i

chr omat ogr agaly depoWRYesRIromh alkquRe § Mgtte abst 40 @g/kaoww weip i d&[Y(PlWB(]eSt ep 2: 4N
HCl in 1, 4-deiegne (1.0 nL) was added to internediate 16-a (515 ng, 0.78
mmol) in MeOH (0.5 nL) and the solution was stirred for 2 hours at OC.

Vol atiles wWelL B hefRedadynder reduced pressure and the residue was
triturated ether to provide corrpound 66. 2HCI as a white solid.

VS (niz). I\/Hr%: g 9n% EXAI\/PLrI]EdQ]A% %,HJJFMJ” f ol L exar}r%I eriiirl]l uastrat es the
prepar at i on B9k onpBLFRTPSY PEH'q Lorpal g ﬁEIC BRI G ¢
t her eof . Schamnie dséd iRycndrhiase svitb theaatipols delscﬁﬁ'edheﬁ@?glmemm donRipatiorHATU 4N HC
in 1, 4-di OX@AK one or more additional active ingrediants. For instance, two or more different

compounds of Formula 1 or salts thereof can be used together, or one or more

compounds of Formula 1 or salts thereof can be used in conjuction with one or more other

therapeutically effective compounds. When the compound of Formula 1 or salt thereof is

used in conjunction with one or more additional active compounds (whether another

compound of Formula 1 or a different compound), the one or more additional compounds

can be administered simuitaneously with, prior to, or after administration of the compound

of Formula 1 or salt thereof. Furthermore, when administered simultaneously, the one or

more additional compounds can be administered in the same composition as the

compound of Formula 1 or salt thereof, or in a different composition.

[0080] The selection of additional therapeutic agents for use in combination with a
compound of Formula 1 or salt thereof will depend, at least in part, on the particular
disease or condition to be treated. According to one aspect of the invention, the
compound of Formula 1 or salt thereof is administered in combination with an agent that
directly or indirectly stimulates the death receptor apoptotic pathway. Without wishing to
be bound by any particular theory, it is believed that the combined use of a compound of
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[0175] Step 1: To a solution of internmediate 12-g (856 ng, 1.64 nmol) in
DMF, cooled to 0 @C, were sequentially added

6, 7- di hydwo-26H/qegqorol o[ 1, 2- a] i mi dazol e-2- car boxyl i ¢ acipdT/iBvbassssal t
(87-e) (340 ng, 2.13 mml), HATU (875 ng, 2.30 mml) and DI PEA (859 ulL,
4.93 mmol ) and the reaction m xture was stirred at OC for 30 m nutes.
Sat ur at ed aqueous anmoni um chl oride and ethyl acetate were added; the
organic layer 76 was separated, washed with saturated aqueous ammoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous MySO4,
filtered and concentrated in vacuo. Purification by silica gel

chr omat ogr aphy provi ded internediate 17-a as a white foam [0176] Step 2: 4N
HCl in 1, 4-di oxane éa was added to internediate 17-a (515 ng, 0.78
mol) in et ﬁ?rm“é?cb?ré?léthff?o hap aaﬁaﬂtah%} MUAR POACAMECHI AP Cor 2 hours at
0C. Vol ati | eathwey (e.gr, ardestd decepid ezgonisyl poedcep e shaneedanod hiseme esdedue was
triturated ?ﬂﬁ) Al ite solid.
M5 (nlz) M%@&&%b%f%&{@% %f’@fiﬁiﬁ#ﬁs‘? é?%%ﬁerﬁz nploégtlﬁ?ﬁauﬁ?rat es the
pr epar at i onthePregngpistinesemse msfiatgd pyihg d&@iﬁ]ﬂ%ﬁtéfso UgbRERIF WClydetoulls) t

t hereof . Scherr, 118A|LSecaptbefgoaustefarﬁ@ﬁ}a@gumdthﬁtancreas[eethz8}@uaaﬁg kvetd0 a sol ution

of int er mad'Tﬂkgdn asxgoﬁ%:glmclu% xr%mune sgggrln)modula ds‘ugrlas]mt%ger%%] %81% or’ Wer ZATU

sequenti al | I"ZI'n carpoxylic aci

(285 ng, O. wzmo)atlam& DI WBA taB can induce the7dleapgf Fytaldngstsheh asdthet i on M xt ur e
was stirreghdieulMs, oS30 m nutes. Saturated aqueous ammoni um chl oride and
ethyl acetate were added; the organic | ayer was separated, washed with

saturated a and bri ne,
Saturated agugstes SNRLUIPRLL IR, oA LRLETh AR aR: AR

Puri fi cat i ostimyatiap tieciiiAdedeadeeapiar o §YEFRTPRNNGSS IMai icluge. derstinge @ stBl a as a
white foam nloRui®bSredtigody4bbrikebs th@TﬂzAr&Tsheg%an@goh&t Qltlﬁdd)esVMﬁrécté’djded to

t diate 18- dth
ol 1 on wasodts PeSah gropon Tah R syl ToRIcH? pEERIEE ARIOLE under
reduced pr esslibpdiesikidwn e HCSSE IRIeanddi S ETRaJr%sB@dlamaghmdlaethes ackde to

provi de COMRUGe<BbliGl uESPa, Mbirizts 184y SMEa b ichich P BRASH IRAVPLE 15
[ 0180] The foI |_ow ?@eexa ustrat es paration of conpound 62,

o on e oA A Rpucer, 2004pALEHs e PLER 7 BhiAed s OT N0

sol uti on of 2006/627 0830 (edveU.B2Pg. N T(B6mG41)02063/00264RY, J006/CRAB555,
2004/0214235, and 2007/0298039; and in International Patent Publications
WO02006/017961 and WQ98/51793. Each of these publications is hereby incorporated by
reference in its entirety. In preferred embodiments, compounds of the invention are used
in combination with one or more of these TRAIL receptor agonist antibodies for the

treatment of cancer and other neoplasms.

[0082] Other agents useful in combination with a compound of Formula 1 or salt
thereof include, for example, estrogen receptor modulators, androgen receptor
modulators, retinoid receptor modulators, cytotoxic agents, antiproliferative agents, prenyl-
protein transferase inhibitors, HMG-CoA reductase inhibitors, HIV protease inhibitors,
reverse transcriptase inhibitors, angiogenesis inhibitors, PPAR-y agonists, PPAR-&
agonists, inhibitors of inherent multidrug resistance, anti-emetic agents, agents used to
treat anemia or neutropenia, immunologic-enhancing drugs, proteasome inhibitors such
as Velcade and MG132 (7-Leu-Leu-aldehyde) (see He at al., Oncogene (2004) 23, 2554-
2558), HDAC inhibitors such as sodium butyrate, phenyl butyrate, hydroamic acids, cyclin
tetrapeptide and the like (see Rosato et al., Molecular Cancer Therapeutics (2003), 1273-
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cooled to 0 9C, were sequentially added sodi um

benzo[ d] oxazol e- 2-carboxylate (139 ng, 0.74 mmol), HATU (263 ng, 0.69
nmol ) andwOI2PEA9g9@1 ulL, 2.30 mmol) and the reaction m PCUNB20A&800264 r r ed at
OC for 2 hours. Saturated aqueous ammoni um chl oride and ethyl acetate were
added; the organic |ayer was separated, washed with saturated aqueous
anmoni um chl ori de, saturated agqueous NaHCO3 and brine, dried over anhydrous
MySO4, filtered and concentrated in vacuo. Purification by silica gel
chromat ography provided internmediate 19-a as a white foam [0182] Step 2: 4N
HCl in 1, 4-dioxane (1.20 nL) was added to internediate 19-a (294 ng, O0.44
nmol ) and the solution was stirred for 2 hours at OC. Vol atiles were
renoved und edyced ressure and the residue was trit ted with diethyl
Ceher to- pr SIS SRR RE S do PSP R 1= Be6. 5
EXAMPLE 16 [n6ibB33. Thied sokch eguniscare sencyitbed in WIOLG{ 0082 BIS(PCAIS0B/AR%H1AL | on of
conpound 53, which is a conpound of Fornmula 1 or salt thereof. Schene 20:

Synt hesi s ofoo89)"POOHer 3wh Qﬂ@ﬁ’dt@r@éuﬂc agthts BarSHd &Eeti Heombbination with a

(2S,4S)-1-(tert - but i ne-2-carboxylic acid
S0on (1. 40 GomapuRkorhali { A ikeeas RaReeAD B Qe GiaRt rpiatg oer

t et r ahydr of gnohtaranmqjﬂeexe wﬁ&pz@le td Ghem@thgrapyroAr)y, chemetherepestic agenivee bt i rred at
OC for 15 m,Quities tlérp\ﬁlmthé’%?ﬁﬂo%&‘&q:oﬁﬂlﬁé N OdHit therdds UTIR RiLcAAURQUS

anmoni um chl ori de an acetate were added; the organic |ayer was
separ at ed, RESIOHE RS agﬁ'ﬂtmaé(tdéﬂe”gq'ﬂé’é'ﬁrsonéwcﬂﬁ‘f ¥Ps Bflcf"ﬁcé"r Osat ur at ed
aqueous NaHﬁI@Heamia digeasebeirdy tteatkd0 ERem@arh ylobmantiser dyip B0dagehts lateateactibadh th

concentrat eq i sol. W
2011/ 09saoa e riBE YR b5, Tt @E@%@c{%‘?@zﬁ@%@ségﬁ P e L rmct at e
20-b (1.33 HYustativezangde 0 novapidiing5. 24 i, 73.9 nmol) and di chl or onet hane
(10 nm.) was added TEA (2.53 nlL, 18.13 mmol) and pyridine- sulfur trioxide
conpl ex (1. {084, 9Vi6da Akaibids artdidicrolbé-DisruptissCorgmuinds: i incacikabid®C f or 30

m nut es and|nl%l%’err\‘nrﬁc‘ﬁ?ﬁ?@r\ﬁfﬁb‘l‘é[sﬁne]c 9|'?1de?é91e dﬁﬂt‘ﬁlﬂé vin e, Qﬁ@arﬁ%ﬂfvmtﬁé‘sﬁﬁ@t e were

added; the organic er was separated, washed wth oaqueous citric

aci d, saturQ?'éﬂatéﬁ@&ﬂ'QORQ&FMaéHH“%M 'H‘é’ferﬂf"ﬁ't@HJbBM”’ﬁr‘(ﬁ?ﬂ?'ﬁﬂ@' My SO4,
filtered angingiogeandin. woadtatm iV le @okastati- /(INDS 376128, rmdstaﬁreﬁzm_)«ssas
colorless o 1 t dd- 32 g,
4.53 mmol ) :F%T (11I(|£2((:-}h$y91 hang%\ﬁggtggr! h&’gumg??{jgr&é? gicfoﬂqgnam ne (595
pL, 4.53 nmmtfg. CFNQPQYC'Q;’t B'MQFYWWWH%LWW @%DIQQ)HPH'mVMhI”é iRy bor ohydr i de

(1.21 g, 5. 4fas@Bndingasmaddasindice G2 amsht bitLagop@siti on mi xture was then
stirred at roomterrper ature overnight. Water and ethyl acetate were added,;

t he organ c Naé?-,l., wat er and
brine, gdr: e @%Cg%'%ﬁ[b@%eregv\ﬁi%ﬁggmég%{%s ?ﬁgcuo to I’OVI de
i nt er nedi at @4%7%3 3370 PLeL3! 5P £08.84118 115(Ep6.42737; @1%‘F9{§‘E§8??p

i nt er medi at §98%)83¥; §,465353795,095,468; 510%d,298: 5,983\527; 5,088,61h; 593f)oo%95 7HESID;

ool A obSL A Bl oL B 68 B ANAG  fofdatl 8, O

reaction mni f1d4.&16464, andahS.rient zplication Bublicationples. 200/ @1 5§5®r"h1| ght. Saturated

aqueous anmmpayswaBSHaE A 4R BgoeIsyd Aficet at e were added; the organic |ayer
was separated, washed with saturated aqueous ammoni um chI ori de, saturated

d
aqueous Nale—@%ﬂandng(rh&e B#ﬁ%’%%&%nan rovi ded

concentrat
504 RBIC101757. ne (1.0

i nt er medi at eachixel degetaxehiARe! 098%IM, SPJ1888.Sthep !
m.) was addgdr bos,iD0igey Nwakt-a2 € 135169,(a38 (ONEB90. IradaherBialogs .aa@betﬁms sol ution was

stirred at r Vol at i | re removed. under reduced pressure and
AR P N A R i e e o e

20-f - 2HCI aspcthileie A.eepsibilang B (FBOPEA) zdeokjepethidDe B, fraldoihiine lactam¢BMSsol ut i on
of inter mdb@%@(g?%@&h@:‘d@h &chgerﬂﬁghde]ﬂ ﬁéi dBeBdekmbilie Pescool ed to 0 C were
sequentially ad Boc-t Bu-gly-OH (3 my, 1.71 mml), HOAt (357 uL, 0.21
mol ), HATU (707 ng, 1.85 mmol) and DIPEA (1.0 nL, 5.72 mol) and the
reaction was then stirred at roomtenpgyature for 1 hour. Saturated aqueous
ammoni um



chloride and ethyl acetate were added; the organic |ayer was separated,
washed wi th saturated agqueous amoni um chl ori de, saturated aqueous NaHCC3
and bri neyvodniledswmeer MgSO4, filtered and concentrated POTURZUQ000264
Purification by silica gel chromatography provided the expected
internediate 20-g as white foam [0190]Step 7: 4N HCl in 1,4-dioxane (1.0
m.) was added to internediate 20-g (651 ng, 0.96 mmol) and the sol uti on was
stirred for 1 hour at 0 C. Volatiles were renoved under reduced pressure
and the residue was triturated with diethyl ether to provide internediate
20-h.2HCI as a white solid. M5 (mz) Mt1=573.5 [0191] Step 8. To a solution
of internediate 20-h2HCI (300 ng, 0.49 mvl) in DVF cooled to O C were

sequenti al | ed Boc 40 ), HOAt (123 uL, 0.07
nol ), lﬂ‘?‘%ﬁg's‘f?ﬂemﬁ’“%wg%ﬂym érﬁ( Sﬁi’cg%&“c?'gﬁi ggfv 1.97 mml) and the
reaction \Nasmmb@rbosyldlscrodelmwﬂlder, 6018)-tyelopieccaibumalidey ed laulgilide. Sat ur at ed aqueous
anmoni um chl ori de and ethyl acetate were added; the organic |ayer was

separ at eﬂlé edd@lh&hﬂ|§|@¥dbﬁ|§ts€éﬂthﬁﬁblkmp‘éur&i§m&8ﬂltﬁb lirow sdeat. 1t ;Jr at eg
agueous I’l e in
vacuo. pur FeasTonBi P o S SE, PN ol D SR AT ES AR e

i nt er medi at &500D858; 8498251 6,#20,59abv8q DHOC . B16; ©44 UNGHER41,02516.414019xane (1.0
m) was add@@sf @zﬂ @éﬁf 55ds, %@39?406 362(%86 98b, 146 61506%331 8, 3@%@ @@oosﬁslﬂ ion was

stirred for essure

0o Cc’
Snd L ha 1 ot P ARSaE 2 S 2R bR < RS O i 20 o A e et
53-2HC as &196yties,0ed.909; 6,085 188t & p1 \U5b5,6806718; EXR0/FIE5,91,§16198] 2T16s;

1Ol owl NG xRy bbd il 8r8Rad78 75 ARAL 91 A, @?1&%9‘7‘%@15 kez 9l ch_can

be used as an r'ntér’ne E) aration’ o oun Forrmula 1 or
sal t thereo$ 473 CThafey o7 5.85h{d7e3P 3939 §Peand Uzsi-pﬁ‘e”‘ applicaiorgac
N. --7. - -- 0CBlblicadibn No&No6HE186965 A1; 2003/0176710 A1; 2003/0176473 A1; 2003/0144523

A1; 2003/0134883 A1; 2003/0087888 A1; 2003/0060623 A1; 2003/0045711 A1;
2003/0023082 A1; 2002/0198256 A1; 2002/0193361 A1; 2002/0188014 A1,
2002/0165257 A1; 2002/0156110 A1;2002/0128471 A1; 2002/0045609 A1;
2002/0022651 A1; 2002/0016356 A1; 2002/0002292 A1, each of which is hereby
incorporated by reference.

[0088] Other chemotherapeutic agents that may be administered with a compound of
the present invention are listed in the following table:

Alkylating cyclophosphamide mechlorethamine

agents lomustine thiotepa
busulfan streptozocin
procarbazine chlorambucil
ifosfamide temozolomide
altretamine dacarbazine
melphalan semustine
estramustine phosphate carmustine

hexamethylmelamine

Platinum cisplatin tetraplatin

agents carboplatinum BBR-3464
oxaliplatin Ormiplatin
ZD-0473 SM-11355
spiroplatinum iproplatin
lobaplatin | AP-5280
carboxyphthalatoplatinum
satraplatin
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AN HCl in 21-cHC
[0194] Step 1 :

NM

T o a solution of

13c 1, 4- di oxane

i nternedi ate 21-a. HCI

HATU, HOAL DI PEAO 0Owe

21-d

(10.0 g, 35.6 mmol)

in 1,4- dwvoxan®9g®9 nl) and water (89 nmlL) cooled to 0C weraBzego@add al | y

added sodi um

Antimetabolites

azacytidine
tomudex
gemcitabine
trimetrexate
capecitabine
deoxycoformycin
5-fluorouracil
fludarabine
floxuridine
pentostatin

6-mercaptopurine
hydroxyurea
6-thioguanine
decitabine

cytarabin

clofarabine
2-fluorodeoxy

cytidine

irofulven methotrexate
DMDC idatrexate

2-chlorodeoxyadenosine ethynylcytidine
raltitrexed
Topoisomerase | amsacrine TAS-103
inhibitors rubitecan Topotecan
epirubicin elsamitrucin dexrazoxanet
exatecan mesylate J-107088
etoposide pixantrone
quinamed BNP-1350 rebeccamycin
teniposide or mitoxantrone analogues
gimatecan CKD-602 (
irinotecan (CPT-11) BBR-3576
diflomotecan (Beaufour-lpsen) KW-2170
7-ethyl-10-hydroxy-camptothecin
Antitumor dactinomycin (actinomycin D) bleomycinic acid
antibiotics amonafide idarubicin
doxorubicin (adriamycin) bleomycin A
azonafide rubidazone
deoxyrubicin bleomycin B
anthrapyrazole plicamycinp
valrubicin mitomycin C
oxantrazole porfiromycin
daunorubicin (daunomycin) MEN-10755
losoxantrone cyanomorpholinodoxorubicin
epirubicin GPX-100 mitoxantrone
bleomycin sulfate (blenoxane) (novantrone)
therarubicin
Antimitotic paclitaxel RPR 109881A
agents SB 408075 docetaxel ZD 6126
E7010 TXD 258
Colchicines PEG-paclitaxel
PG-TXL vinblastine epothilone B
IDN 5109 AZ10992
Vincristine T 900607
A 105972 IDN-5109
) Vinorelbine T 138067
A 204197 AVLB
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bi carbonate (8.98 g,
nmml ) and the reaction was then stirred at
avben1(@8®4nL) was added;

Di et hyl
over anhydr

internediate 21-b as colorless oil.
(30.0 nm.) was added to internediate 21-b
solution was stirred for

in DMF cool
mol ), HOAt
(23.35 ni,

t enper at ur 4
acetate wer
aqueous amj
anhydr ous N
gel chromat
oi . [0197]
i nt er nedi at
hour at 0 (

1

ous MgSO4,

07.0 mol ) and benzyl

chloroformate (6.72 g,
roomtenperature for 3 hours.
the organic | ayer wasPseppzoai/e@264dri ed

filtered and concentrated in vacuo to provide

1 hour

as a white sol

DFD

ed to O C\
(5.57 ni,
134. 0 mmol
» for 3 hour
e added; tH
roni um chl o
/by SO4,
ogr aphy pr(
Step 4: 4N
e 21-d (15.

C_ Vol m‘i | p<.

1

D

filte

eiRh@ani c | ayer was se

iEfhese554@t ur at ed aqueous
rdbandtomorerntin At ed |

eerdadbtih he expected i nt eBusdisad7zs 21-d as col orl

iHGhomahallchdndiindkane ( 30
8 g, 32.1 mvol ) and t hq

were remved ||ndpr re

[ 0195] Step 2: 4N HCI
-(13.0 g, 34.4 mol) and the
at 0 C. Volatiles were renoved
reduced pressure and the residue was triturated with diethyl
provi de intermedi ate 21-c. HC

[0196] Step 3: To a solution of intermediate 21-c HC

74¥¥¥#ﬂﬁ44ﬂ4%Léﬁkk¥i

"%S' HATU (13.9
e reactlon was {4 &;%;

%24 urat ed aqueous a

ether t
d. M5 (mz) Mrl= 279.3
(10.52 g, 33.4

Scr%pto%hgmg %?narﬁqie))otkl%ﬁa %Dlg i

rred at room

hl ori de and eth
%ﬁﬁtaufﬁg shed with sat
B sand brine, drieq
Ndoastatia-10Pur i fi cation by

OAfL) was added to

BNISI1G8T99Nn was stirred f
m{xamem essure and the 1

37. 4

in 1, 4-di oxane

under

(0]

nmol )
36.8
EA

D

yl
ur at ed
| over
silica
ess

or 1
esi due

was triturated with di
white solig
i nt er nedi at| &'
sequenti al |
nmol ), HATY
reacti on we
aqueous amj
was separ af
agueous Nah
concentr at ¢
t he expectd
i nt er medi at
bor ohydri dd

|Ar

ﬁr HCI

y added Boc

@ﬁ"@'df 0198] St ep
agj‘e 35.5 mmol) in
ﬂ@ OH (7.58 g, 3

and—DBHPEA

sanagpazoles o yt i on of
& e&o Ied to 0 C were

Th eg’
13y g Stif
nnmnma?schl o

pe éréiH&" ) EA
h8igtrédegr 0Oom t enper at ur ¢

i de and ethyl acetate |

,JEQQKQWhours Sat ur at eq
per e added; the organic

HOAt (5.92 ni

1S a

, 3.55
1id the

|
| ayer

emA washed
4GEﬁg@mmthi
'd i n _vacuo.

Whbdtteimtrmdiafi@tldaqueous
glefosthmided over anhydro
apapidqubieat i on by silic

apwminl+werPchl ori1 de, sat (
166 by&@guahiné themedadmd
hedpeotiler onat ogr aphy pr

ir at ed

vi ded

b dfainasyer medi
&ransferpse( 20

atgiabipttipffaraib lopafatnéd f oam
29, 35.0 mol) in THF

73.6 mol) and the reaction was stirred at

I’\ \II

p¢rile@p®lep 6: To a sol U
cooled to OC was added
r oof

iti on of
[ithium
n

t enper at ur ¢

d

RIS ¢

’
Fa X NNl
.I. ouT

C).-

\AAt ar t
LA % T LEA® Tt
h 0/ Ao AHS

Lo
A T
t
9

D P

t wWere- addad:
Ve C y
o
L' avil u, 9

t
C
of
at

ani c

| ayer was
NaHCO3 and
vacuo. Puri

<

drle

?Fcaﬁ]on b)

ad 1
wH-h—10% agueous

r’éaarzm@gg (YN SOH

I ca ronat ogr

diﬁé.apa nd_conc

- |
& d'
RIBYo0B S OVI ed interne

aqueous
ited in
ite 21-g

as a white

foam |_ UZUU

jb[ep 77 To a solution

bll
of |meHmmau341g(

0.1 g,

18. 41 mmol )
cool ed to (
trioxi de cq

HisfoneVBO (5.
Geapsanafderd
impibitors ( 8. 79

CracéBinalinedpialdyiaRy met@ind
Dbir&e84  (11.22 i,
SABS. 2 mol ), the re

bise7enol ) and pyri di ne
Acti on was then stirred

gspe@iogmet hane (184 i)

[

sul fur
at 0C

f or

2 hours.

Wat er and

et hyl

acetate were added;

the organic | ayer \

Va S

separ at ed,
and brine,
to provi de |[in3Pdergedi at
i nt er nedi at
2-(4-fluoro
t enperat ure

Wetitled Wit h
dﬁ¥%ﬂ@3@ver

(10

Neowstahddods citric ac
anhydrous MySH, filtef

60r1 in—di

oharimagtalr at ed aqueous Na
BMSZA8RYoncent rated i n

[ 0201] Step 8. To a-sol-ufi

hl oromet hane was—add
acd

\HCG3
vacuo

i on of
i

g%@*ﬁ

@lght

;re§§
inni

TR ANEEERR~a ]

e

rlacetoxyboroh

g@? e After stirring a
L4 Pde (4. 93 .9, 23.27 m|

room
ol ) was

added porti

o wse at—0—C d.IIU LIIB reactTon

xture—was LIIBII bLIIIBU

temperat ure
| ayer was $
filtered an

TNPlga hrou

ldma

'9|ruI|BFHéﬂn‘ﬁ ed—agqueous

T\{
shed with brine, drie

Nei 29 y
0 over anhydrous My504,

ted in vacuo to provid

b i nternedi ate 21-i as

at room

gani c

vhite

foam M5 (71

n z)

NHl 670 6 [0202]Step 9: To a solution of

I nt er nedi at

e 21-i

(10.0 g, 1

lEﬁ&tmﬁm lA) amtlasentadazol 1,

2-al pyrim

AbuaesL- car boxylic acid,

salt (84-c)
added HATU

aqueous NaHCO3 and bri ne,

(3.64 g, 1

(6.24 g,

concentrated in vacuo.

i nt er nedi at

internediate 211 (2.75 g,

I T

e 21-j

o ya

16.
reaction mxture was stirred at
aqueous ammoni um chl ori de and et hyl
was separat ed, washed wi th saturated aqueous anmoni um chl ori de,
dri ed over anhydrous MySO4,
Purification by silica gel
as a beige foam [0203]Step 10: To a sol ution of

in TEA (4.0 m, 28.7 mmol) were
sequentlally added paIIadlun1(II) chlorlde (60 Ny, 0.34 mol ) and

in DVE, C

BEA

4.93 mmol )
42 mmol ) and D

3.37 mmol)

I Y —— -

2 hours.
t he organic

filtered and

.

HBr

ooled to 0 2C, were sequentlally
(10.43 nm., 59.70 mmol ) and the

HmmtammaUMefm
acetate were added;

Sat ur at ed

| ayer

sat ur at ed

chr omat ogr aphy provi ded



[ 0204] The follow ng exanple illustrates the preparation of conpound 55,
which is a conpound of Formula 1 or salt thereof. [0205]Step 1: To a

sol uti on wO 20rrms9medi ate 21-k (420 ng, 0.61 mmol) in di ecraBmmebivase (2.0
m.) cooled to OC were sequentially added DI PEA (385 ulL, 2.20 mmol), DVAP
(4.50 ng, 0.03 mmol ) and acetyl chloride (63 uL, 0.88 mmmol) and the
reaction was stirred at roomtenperature for 18 hours. Water and et hyl
acetate were added; the organic |ayer was separated, washed with 10%
aqueous citric acid, saturated aqueous NaHCO3 and brine, dried over
anhydrous MgSO4, filtered and concentrated in vacuo to provide internediate

22-a as white solid [0206] Step 2: 4N HCl in 1, 4-dioxane (2.0 nL) was added
to internediate 22-a (230 ng, 0,32 mrrnl\ and the solution was stirred for 1

hour at O (‘re"%ﬂP'a i | esYMe1% renpved under refuced pressure and the fesidue
was tl’lturu‘?%ag%;h direthyl—ether—to—provi-delconpound—55-—2HC—as—a—yhi te
solid. M5 ( - J”3 5—FEXANPLEE 1 0204 -The o G\M—ﬁg——exaﬁm—e—
. r’foxc amd reﬁnlde it éf— rb'm [ v\hGﬁ-15$U .
illustrat es T R el d 59, ich™s a conpound of Kormul a
1 or salt t n%qg Scherre 23: Synt heS| s of cpnpound 59 21-k DI PEA, DVAP
benzene sulfT, ],ﬁmyﬂo_cnl OlMfi&reron23- @ 4N"HCI 11N [ horelin
modulators dexosome therapy oncophage IRX-2
pentrix BLP-25
GMK PEP-005
ISF-154 MGV
adenocarcinoma vaccine cancer synchrovax vaccines
vaccine (Intercell) beta.-alethine
CTP-37 melanoma vaccine CLL therapy
p21 RAS vaccine
Hormonal and | estrogens bicalutamide
antihormonal Prednisone testosterone propionate;
agents conjugated estrogens fluoxymesterone
methylprednisolone flutamide
ethiny! estradiol methyltestosterone
prednisolone octreotide
chlortrianisen diethylstilbestrol
aminoglutethimide nilutamide
idenestrol megestrol
leuprolide mitotane tamoxifen
hydroxyprogesterone caproate P-04 (Novogen)
goserelin Toremofine
medroxyprogesterone - 2-methoxyestradiol
leuporelin dexamethasone
testosterone arzoxifene
Photodynamic | talaporfin motexafin
agents Pd-bacteriopheophorbide gadolinium
Theralux lutetium texaphyrin hypericin
Kinase imatinib C225
Inhibitors kahalide F ZD4190
leflunomide rhu-Mab
CEP-701 ZD6474
ZD1839 MDX-H210
CEP-751 vatalanib
erlotinib MLN518 2C4
canertinib PKI166
PKC412 MDX-447
squalamine GW2016
phenoxodiol ABX-EGF
SuU5416 EKB-509
trastuzumab IMC-1C11
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2HCI 1, 4-di oxane [0208] Step 1: To a solution of internediate 21-k (420
ng, 0.61 nmol) in pyridine (4.0 nL) cooled to OC were sequentially added

Dl PEA (3280ubi1/cbs®3% mmol ), DVAP (3.8 ng, 0.03 nmol) andPheneznesw2ésonyl
chloride (79 uL, 0.61 mml) and the reaction was stirred at room
tenperature overnight. Water and ethyl acetate were added; the organic

| ayer was separated, washed with 10% aqueous citric acid, saturated aqueous
NaHCO3 and brine, dried over anhydrous MgSO4, filtered and concentrated in
vacuo to provide internediate 23-a as a white solid. WO

2011/ 098904PCT/ 1B2011/ 000264 [0209] Step 2: 4N HCl in 1, 4-di oxane (2.0 nl)
was added to internediate 23-a (100 ng, 0.12 nmmol) and the sol ution was

stirred for—1l hour at 0 C_ Volatiles were renpved under reduced pressure
and the resi due was tr? BG6%t ed with di et hyl PSS o provi de conpound
i
IS

59. 2HCl as|a white soligl@f(niz) Mri= 721. 5 EXARPIE 20 [0210] The
follow ng exanple ill1 é@g the preparatio oipound 24-d, whi¢h can
be used as|an internedighggsn the preparation ggay COmpound of Formyla 1 or
salt thereof. Schene 24: Synthesis of |nternpdaimr24-d [0211] Step 1: To
a solution|of internediate 12-c HCl (13.7 g,| 3d4c9omol) in DVF cooled to -
10 C were sequentrally added Boc-Thr(Me)-OH (8.1 g, 34.9 mol), HATU (14.6
g, 38.4 mol), HOAt (63.9 nL, 38.4 mmol) and DI PEA (24.4 ni, 139.0 nmol)
and the reaction was then stirred at 0 C for 1 hour. Saturated aqueous
ammoni um chl ori de and ethyl acetate were added; the organic |ayer was

separ ated, washed with saturated aqueous ammoni um chl ori de, saturated
aqueous NaHCO3 and brine, dried over anhydrous MgSO4, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided

t he expected internmedi ate 24-a as white foam WO

2011/ 098904PCT/ 1B2011/ 000264

=]
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[ 0212] St ep
24-a (10.8

2: 4N HC

g, 18.9 mol) in ethyl

in 1,4-dioxane (94.0 nL) was added to internediate
acetate (10 nL) at 0 C and the solution

was stirrwo 20owoofvohours at 0 C. Vol atil es were renoved ®odgaB2imedweed

pressure and the residue was triturated with diethyl
as a white foam M (mz) Mrl= 472.5 [0213] Step 3: To
in DM cooled to O
HATU (26.2 g,

i nternmedi ate 24-b. HCl

a sol ution

68.9 mmol ),

reaction was then stirred at 0 C for
chl oride and et hyl

of intermedi ate 24-b HC

(25.
C were sequentially added Boc- NMe-Al a-OH (12.0 g,

0 g, 49.2 mol)
59.0 mmol ),

et her to provide

HOAt (12.3 ni, 7.38 nmmol) and DI PEA (34.3 ni, 197 mmol) and the

1
acet ate were added;

|r:-\1' Qf’l QﬂIIQﬁIIQ QI’YTYthIIm

hour .

the organic |ayer was separat
chlori rin

Sat ur at ed aqueous ammoni um

ed,

washed wi t h—sat

and bri ne,

MlSC%l neQys ag $1urlr aous MpS

fllfnrn rlun

sat urated nqnnnnc NaHCO3

vacuo.

Purificati
i nt er nedi af
i nt er nedi af
10 % Pd/ C
with H2 ang
celite and

as col or| esgalaubicin KENA sdnm)ssth]Jdaltﬁ’SUOr‘@ E)OWMJE(PEE V] io@ais}f, Tred PRbivaysM Nng

exanple ill
Formula 1

DI PEA, HAT
i nt er nedi at
sequenti al |
(85-d) (5.7
115. 0 mol

Sat ur at ed aqu@m,ﬁofammmaggagz.hﬂ“gfdrde and 1gkbyiéncaget at e were added,

organi c | ay
chloride, $
filtered al

chr onat ogrqaﬁh@bﬂwnégﬁ!‘ D@ﬂffé‘r'ﬂ@féﬁoat e 25 derapiglagoleAPPRIOFIORIAT

HCl in 1, 4! dpoﬁal&n a%&r 0( ﬁﬁ'ﬁ
18. 45 mmol

hours at 0O Eﬁﬂ; g¢e ?t 136598 2 3
58. 2HCI was$ (%—@ rati on as
EXAVPLE 22{ f m&&lnhagwrr@oge@rmle
conpound 72 eflgih@B (OISC dhibitor, ILEX Oncology)

e

$ GCOF A0 ¢ghlarteonist, Syl esysil

JSR% % €L 'QEF'“’@h?%’}?ﬁu ogr

t ograp
V@B\;/:tgr 0214]

vvat er content) (3 53
raﬁblkrfa&@dlbf)ﬂfcl&sehé)hﬂu&nt Agen)e

tiberidib (QDKabiebivwaAveraiscent r at
Bstrates the p aration of

EVL24Y KC@X@N@MW RSM?@'
J“@RPZPI@”G (fpdycing agiepix aRle [0216

et

[IOI’] mxture wa

reac
Ehcor@s separ ated, washed wit

naCRA feleppald wdibitar, ActivaiBiotefhlr

tesmilifene (hlstamme antagonist, YM
BioSciences)

minodronic acid (osteoclast inhibitor,
Yamanouchi)

histamine (histamine H2 receptor agonist,
Maxim)

indisulam (p53 stimulant, Eisai)
tiazofurin (IMPDH inhibitor, Ribapharm)
aplidine (PPT inhibitor, PharmaMar)
cilengitide (integrin antagonist, Merck
KGaA)

%; ‘f&(?%mr?@*'@%e‘@(% |
&5

;mégaﬁegﬁactl on m xture was
elafxisiima (PBS Viittsitof, Cell RatRwlaysI
dmnmnMH’b(umlot;ah @alviasd, Ehéd)medi

tyluriding Biriding prodrug sWellsteadmp
@?gs(ﬁéﬂﬂiﬂnh&ﬂ BUfﬁd 58 \ L|

115 %‘%‘?‘ @P%Weof

ﬁ] VBEEE" wer e

i thid
uﬁ&égﬂ-bl
QDEﬁlmdizf @@Al\ﬁéﬂn@la@t PRiMedc hOUf tSr
m@esuﬁaamﬂtoaqmmrmm@nnpm
bJorta@,rmtdfprc&@hsomemhamchydr ous |

iMileratumon by silica
Fgom] St ¢
Efc%%iw{a@t
‘%? stirred

£§§ tgfone%erﬁ‘laﬂ%%faand cony
Gy |ﬁO|§ bidy EliifreNRtiAtBR, Ry M+ 1=
Ir*%-v@t (ERWESa &Eég%ﬁpﬁ&ﬁt ion-d
Therapeutics)

MX6 (apoptosis promotor, MAXIA)
midostaurin (PKC inhibitor, Novartis)
apomine (apoptosis promotor, ILEX
Oncology)

bryostatin-1 (PKC stimulant, GPC Biotech)
urocidin (apoptosis promotor, Bioniche)
CDA-I (apoptosis promotor, Everlife)
Ro-31-7453 (apoptosis promotor, La
Roche)

SDX-101 (apoptosis promotor, Salmedix)
brostallicin (apoptosis promotor,

Mghrgﬂ; iy §599 SMBP V\R/fei\& whs added

5 pur ged
pugh

ate 24-d
)
ound of
g- 85-d

Im sal t
(20.0 m.,

e
SO,

bp 2. 4N
09,

for 3
yound
567.5

of

rituximab (CD20 antibody, Genentech) Pharmacia)
SR-31747 (IL-1 antagonist, Sanofi- ceflatonin (apoptosis promotor,
Synthelabo) ChemGenex)
Herceptin
[0089] When the disease or disorder to be treated is an inflammatory or autoimmune

disorder, especially rheumatoid arthritis (RA),

the compound of Formula 1 or salt thereof
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conpound of Forrmula 1 or salt thereof. Scheme 26: Synthesis of conpound
72 0 LiO [0219] Step 1: To a solution of internediate 24-d (400 ng, 0.76
nol ) i n WhBp1icoedoed to 0 QC, were sequentially added PCT/IB2011/000264

1- (4-fl uorophenyl)-1Hi m dazol e-4-carboxylic acid, lithiumsalt (88-e) (212
ng, 1.0 mmol ), HATU (437 ng, 1.14 mmol) and DI PEA (400 ulL, 2.29 mmol) and
the reaction mxture was stirred at roomtenperature for 30 m nutes.
Sat ur at ed aqueous amoni um chl oride and ethyl acetate were added; the
organi c | ayer was separated, washed with saturated aqueous anmoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous MySO4,
filtered and concentrated in vacuo. Purification by si I i ca gel

chr omat ogr a provi ded |nte medi ate 26-a as a whit 0220] Step 2: 4N
fa T 1 S S o RE o Mo pnh ek e ReaaEBs . 0. 54
mol ) i n et bybs ONSAIRH) ean@lfeScsirtgrticastdroids and diberse-ompdifryy stithevrealicfdougs?2 hour s at
0 C.volatibig eht vﬁﬁ{mﬁe(a%elae&smn bRt w.&reﬁow@s@pganttn@ree;@a'g was

triturated W|t her to pr oun as a te solid.
M5S (M z) I\/HEP“@E'SE”%'”C'B?AWLGEK'% [LOQQ%WEE"F%HOPEWWQPV&P&W @‘aik'lnfaust rates the
preparation merammwﬁdmatsmcmr@h ihgdrexyclaoipquinmd PekudriiT™yLEuashlagine sal t

ther eo{ Dlvééal} (%R efm ileﬂu 8n %@PAvH*ﬂ@?&n&%eb#&é & almagfn@él?o dgélhcg aé gtggergaﬂ 1.11

nmol ) sequent

1- net hyl - 1H¢Enﬁfeﬂwa@¢@mrr@btw§ﬂ“f cangldn w'm%ewademﬁ cathesislimulagiayy (591 ny,

1.55 mmol ) pBeki r@ldagpﬂs é&&lastabatagepa(@réﬁmh)) Boél deb@tnﬁ@@@htb@ubhmsxﬁu*rnﬁabms
| ori de and et hyl

t d at
che'[ 211? e aer &S:é{ 3“8 nattﬁ'é“'B?b Qﬁa@ﬁ;@Q@?‘aﬂ\}dﬁ%&é@a}gno g &g & 'WB‘ET\%&O% %W sat ur at ed
aqueous anmmem eymitedl ageitd eychsataaatbivprihe dquen(ty, Mbﬂ@@pfmndddﬁndne dri ed over

anhydrous My3(porihk hiREGE™RInGARGRALy at ed in vacuo. Purification by silica
gel chromat ogr aphy pI’OVI ded internediate 27-a as a white foam WD

2011/ 098904 1B2Q11/.000264 [,0 t e 4N _HCI 4-di oxane (2.0 nlL)
was added tgg%]t er%l]a"c?ﬂbet 3962“79\&1"%‘55%% Lgeﬁ"gfomb'n?t'fm W'rtlh %F%nf/‘foua%efate (0.5
m.) and t heFgolulatt esalivhsrestiprinetiedtment 3f Ré inckidameharexetsl aleniuawmaker e r enoved
under reducmnwaﬁsgum kLN 8|$dde§bV\@rﬁ| yg; Aa@é'neaqmegmgmtml ether to

provi de co MPLE 24
[ 0224] The ?B%l ﬂﬁ“@%’hﬁ?ﬁ’@cﬂ‘i‘%% %P?ﬁ'@%‘ °ﬁse &gi%?ﬁ%{fu%ﬁm a%%f?&aé‘ﬂ d 75,
whi ch is a coapbabg aoti-ILALR rndetind agemtsssath ag theseordfich t8géitdire, IR8; ILBynt hesi s of
compound 75 8jizumab), i1-4, IL-13, and IL-23.

[0091] Additional combinations may also include agents which reduce the toxicity of
the aforesaid agents, such as hepatic toxicity, neuronal toxicity, nephrotoxicity and the
like.

Screening assays

[0092] The compounds of the present invention may also be used in a method to
screen for other compounds that bind to an IAP BIR domain. Generally speaking, to use
the compounds of the invention in a method of identifying compounds that bind to an IAP
BIR domain, the IAP is bound to a support, and a compound of the invention is added to
the assay. Alternatively, the compound of the invention may be bound to the support and
the IAP is added.

[0093] There are a number of ways in which to determine the binding of a compound
of the present invention to the BIR domain. In one way, the compound of the invention,

for example, may be fluorescently or radioactively labeled and binding determined directly.
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[0225] Step 1: To a solution of internmediate 24-d (1.8 g, 3.44 mmol) in DVF,
cooled to 0 QC, were sequentially added

6, 7- di hydwo-26ti9gsonar ol o[ 1, 2-a] i m dazol e- 2- carboxyl i ¢ aeca/iBraii/mioaén sal t
(87-e) (743 ng, 4.48 mmol), HATU (2.0 g, 5.51 mmol) and DI PEA (1.80 ni,
10.33 mmmol ) and the reaction mxture was stirred at 0 C for 1 hour.

Sat ur at ed aqueous anmoni um chl oride and ethyl acetate were added; the
organi c |l ayer was separated, washed with saturated agqueous ammoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous MySO4,
filtered and concentrated in vacuo. Purification by silica gel

chr omat ogr aphy provi ded internediate 28-a as a white foam [0226] Step 2: 4N
HCl in 1, 4-di oxane nm.) was added to internediate 2$ (1.62 g, 2.46
mol) in et l'f?'lexéﬁ‘é'tea‘f‘@ ”(ai b@dPH‘I‘Sbya?rﬁtﬁc'i'%h%w:’d??éﬂ“qﬁé@p@tf" C1”5’d'5for 2 hours at
0C. Di et hyl dettabtehslylaaelecachﬂnmduncﬁofmeecvepndnaWesrﬁngrdﬁ@dcaacbagmmamvdnd 75- 2HCI was
col | ect ed b\ﬁft{e!ﬂk'ﬁ'ﬁ héier Wﬁf&f%e%%le'cgbl M%e( Mhépprwe%t'o Egscﬂ’dEXANPLE 25

[0227] The foll'owm ng exanple illustrates preparation o ound 74,
which is a éb)??ﬁﬁuNélmé'”PU%:@P“rﬁj’igéz‘”qWé?“"@aﬂtetpst”}?étbé@ﬁed ["b'Q'?B'Féf‘@’ﬁ‘ 9 thoFB a

sol ution of skiddes mediate 24-d (956 ng, 1.82 mmol) in DMF, cooled to 0 2C,
were sequentially added 6-fl uoroi m dazo[ 1, 2-a] pyri m di ne-2-carboxylic acid,

HBr salt (8i00§)t (5¥n550|?\g’ca}2]eelgnl l&the"cleﬂ; rﬁeprrsq)szl]algaledz FZ) JISH%‘B s@@ DI PEA

(958 uL, reaction m xture was st or 1 hour.
Saturated a B%'”é'?ﬂw%ﬁldﬁﬁ*ﬁ'&H’Padrbieé@eﬁﬁd“"@f”ﬁwe'ya@@'ied'ﬁ%‘ %F@’“B‘Hﬁ@‘d“ayt he
or gani c | ayee labalsd spdaffatetbbelspidhedmpiet sirgattuibathe 81 Rdpnein) andamoni um

chl ori de, gtc%s%ﬁt b%%pﬁg?rongCCB and brine, dried over anhydrous MySO4,
filtered and concentrate n vacuo. Purification by silica gel

chr omat ogr ap% rovided internediate 29-a as a white foam [02291]8t ep 2: 4N
HC in 1, 4- 8%B%%kne T{SCHEPORIIs e InyaRfion M2y alSAPR MAREASLLBPIIRrg IoSEregn fpr 1. 45
mml) in et laydi|tuoma|eirla§®ndlaiates orlt@st aovdpduhes. @l ugbd bareingbe wtg ded f or 2 hours at

0C. Di et hyl 2HCI was
col l ected. b;?g rat ?ec?ﬁ&q@%né Q{ei&é&éh%%ﬁw%&é %ﬁ%f’ggg@@% WPLE 26

[ 0230] The f@raneﬁ}ﬁ REPte ligaPertide) Srall oEpRBis molesuiprRolyarcabardn. RofYNedRAidind 30- d,
whi ch can bendi$elketo tﬁartestétttafm|a@eTh@cd:ﬁp@urmsemrb@tcla@db|etﬁf daedgipopound of
Formula 1 or Sealtﬁll&% %efIAP %tteﬁ) 1: To a solution of internediate 12-c
HCl (13.7q, ngfeeyy %8 dYo - 10 C were sequentially added

Boc- Thr (Et) - OH(81 349mm) HATU (14.6 g, 38.4 mmol), HOAt (63.9
m., 38.4 A0 bndD[HQIﬁEW‘EaZQP C@"m@iudq_woes ?ﬁ?ﬂl")a' g??ée%’ﬁléhorué'w?'f’%'ﬁ s t hen
stirred at @reGniaiorghnib@istecul&aavingtagtbleuylae atightanmiorei thin 1Oblaod ledethamd et hyl

Rueous. it oot phRFs cEAE BXShlaR RARRIpie BRI IP 2 10T 2
anhydr ous Ngtscgmralﬂrmr@@pewt@ﬁr@te@@nfewmaleewdrqgewa@f@wg apg figophiticlindig. by silica

?8|23§]hr8 onat gad §pibaly HcRMé dashst Beabixe eaivdny! HplrdkyIReHea tof calfoxgl dsupMnihd 3 f oam
tep 2; nt erredi at e
50-a (10.8 grotsdianmsiet vk AsRaCeleon et dhbonTs < 3FOEE adle’ FEhES, uei on
was sti rredpélmrorﬁatmcstmcsuras supsute¥pitlapid esnomeiuactioaahgoeds.under r educed
pressure and the residue was triturated with diethyl ether to provide

i nt elr medi at foo@@]— b- H@g caﬁduﬂaté@'(f)ﬂagﬁeHgBtalﬁgd ﬂ&%n ang r})gnb%’ﬂ‘df-soél@@slﬁch[dﬂ%33] Slt e(}:j) 3: '(I)'O
a solution i nt ate ed to

C were sequﬁe)&h?”eﬁlol yy dce%(r@ural ngpo'&ln %3 %f‘pff num%g&d)'eans eavﬂ&% (26.2 g,
68.9 mmol ), faHEmdor Bad diragted Syntwlmlwdemdetmfmn(mmawﬁgs a'1097 mmol ) and the
r ﬁIaCt ' gn V\’aglanPﬁ&JIg inel&Hg atprddsion B%n&enh@ﬁrohgoﬁ@éléﬁt@é@ﬂlt@ﬁéﬂﬁélylSlb@ﬂ@@[‘| gm
chloride and e ace s separate

s hed i ¢ hOSTR spREOGRY A oam R A CHIGsE PHB g 4P DL B Reous. NatoCS
and brine, dvdiele oveadipptogddredu sdditady, nétirat erspuihainally pordoesdtiibatiesiarndn vacuo.
Purificatiog, ouﬁ&4 érS?eaQﬂ’J m&d?fe@%&&bwcﬂm})ﬁnd?ﬁ'épéﬁbﬂﬁgl bR 4RE Gb &R mical

i nternedi ate 30-c as white foam
means.

49



[0234] Step 4: To a solution of internediate 30-c (15.88 g, 23.67 muol) in
MeOH (118 nL) under N2 was added 10 "3/0 Pd/C (50% w w wat er content) (3.53
g). The rweacbiigmswixt ure was purged with H2 and stirredpConBoiivoaees The
reaction was then filtered through celite and the filtrate was concentrated
in vacuo to provide internediate 30-d as a colorless oil. M5 (mlz) Mtl=
537.5 EXAMPLE 27 [0235] The followi ng exanple illustrates the preparation of
conmpound 76, which is a conmpound of Forrmula 1 or salt thereof. Schene 31:
Synt hesi s of compound 76 0 [0236] Step 1: To a solution of internediate
30-d (2.0 g, 3.73 mmol) in DW, cooled to 0 QC, were sequentially added
1-met hyl - 1Hi m dazol e-4-carboxylic acid (564 ng, 4.47 mol ), HATU (1.70 g,
4.47 mmol ) and DI PEA (2.60 nL, 14.91 mol ) and the reaction m xture was
stirred at P88k or ComPRIYjYasScresaing ASHREIMAY RTINS LY AT RP IR deM3Rd et hyl
acet at e wer anddgede totfbren DprgnBI& doadrcompiex Biefastataple falagdtasy adbihpasat ur at ed

aqueous anmpy M6l 12 socd Ui InaBNERLS MALORBANA DA g, O i ed over

anhydrous My Ttered anc centrated 1n vacuo. Purification by silica
gel chr onat &¢anap RYJiffRrenze ddindingtketwaea thetteo samplesiadigategting rresenaerPf 10$37] St ep

2: AN HCl i Bordponglt4paBie of fiddind)o tHELBIR \Wamain da@potérdiallytheiumest he eardsl- a (1. 90 g,
2.95 mol) aqgithe solution was stirred for 3 hours at 0OC. Vol atiles were
removed und&F"Peduced pressure and the residue was triturated with diethyl
ether to provide conpound 76.2HCI as a white solid. M5 (nmlz) Mtl= 545.5
EXAMPLE 28 [99318] THauist PYieRf heepinessafaseest P (iR invetiesis @rpeoscemaiisiididon of
conpound 78 corbbuadnof the idvehtioandEtdetdctdbRriaBe & alfinfy tagabttetthisié ROEIs inSateme 32:

Synt hesis of ¢ 0 78 t : i f ] r [ate 30-d
o0 g 3. AR ol BaEbsRR b koL oRa eI T 'z
[ 1, 2- a] pyri #herethe coapdyos gorirrisiag the, latie] is lapagaiated with {reS3Ii florpagis therigbel 4. 47 nmol )
HATE (1.70 gllot\né-eﬂt?eém?fe?ﬁbr iﬁ(ﬂh@ct[aege%ﬁsn(o?tr@Qoﬂ}[aounli?P%erﬁﬁmhﬂe I%Wal&&eﬁlofv@am i Of‘d
m xture was stirred a . or ours urat ed aqueous amoni um chl ori de
Thd ot hyl sl bt Aiielse e areaietRriE S RE Y SRARER washod wi th
sat ur at ed ageremusdstnwbich they etd abtectdd, sat ur at ed aqueous NaHCO3 and bri ne,
dried over anhydrous MySO4, filtered and concentrated in vacuo.

\f\’zr ifi fcat i orookwo]; io}ié ?@Sggieirgfg%@émtzﬂggb?rﬁggteﬁdmb dmgﬁlnoé Bét‘ﬁ—';fdm@jUZ bioAmd21a as a
ite foam ] F 011 %? é 4 e : AN HCl. in
174" Gi oxancO( TP JOGAS HEARAANTE Bkt OF HAdH S pEs Sorhatii 46 ard widh s
capable of binding, either covalently or non-covalently, to an IAP BIR domain. When, for
example, the probe is non-covalently bound, it may be displaced by a test compound.
When, for example, the probe is bound covalently, it may be used to form cross-linked

adducts, which may be quantified and inhibited by a test compound.

[0100] In one case, the binding of the test compound is determined through the use
of competitive binding assays. In this embodiment, the probe is labeled with a fluorescent
label. Under certain circumstances, there may be competitive binding between the test
compound and the probe. Test compounds which display the probe, resulting in a change

in fluorescence as compared to control, are considered to bind to the BIR region.

[0101] In one case, the test compound may be labeled. Either the test compound, or
a compound of the present invention, or both, is added first to the IAP BIR domain for a

time sufficient to allow binding to form a complex.

[0102] Formation of the probe:BIR domain complex typically require incubations of
between 4 °C and 40 °C for between 10 minutes to about 1 hour to allow for high-

throughput screening. Any excess of reagents are generally removed or washed away.
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(1.60 g, 2.35 nmmol) in ethyl acetate (0.783 nL) and the sol ution was
stirred for 3 hours at 0OC. Volatiles were renoved under reduced pressure
and the rwei2duesmg triturated with diethyl ether to preeirdsB2oon@eend
78.2HCI as a white solid. M5 (mz) Mrl= 581.4 EXAMPLE 29 [0241] The
follow ng exanple illustrates the preparation of conmpound 79, which is a
conpound of Fornmula 1 or salt thereof. Schene 33: Synthesis of conpound 79
[0242] Step 1: To a solution of internmediate 30-d (1.6 g, 2.98 mml) in DV,
cooled to 0 2C, were sequentially added

1- (4-fl uorophenyl)-1Hi m dazol e-4-carboxylic acid, lithiumsalt (88-e) (632
nyg, 2.98 mmol), HATU (1.36 g, 3.58 nnnl) and DI PEA (. 10L 11.93 nmmol ) and

t he reactlon m xture was stirred at 0O Bours tur%}ed 99 aqueous

ammoni um chl'BF fegleomRerndisen adse.and t%eqr%sea%%& See“ﬁ%ofd'?ega?ﬁ' toqperethas

separ at ed, wdslibedd,w hiicgabindiag ®dhagRedoainanmoni um chl ori de, saturated
aqueous NaHCO3 and brine, dried over anhydrous MySO4, filtered and

concentr at efbm%n Vac Wone Red, frie GRivke Madd¥d first, foﬂ@weﬂ@ytmegmwnaphy provi ded
i nt er nedi at a as a 4- di gxane

(6.62 m) §p’§8ed‘é‘?ﬁ“ pfdhg Wf’té‘i"ﬁﬁﬂling]'f:@[oﬁéhe ‘L?‘f“g%c’“(jd 'Slb'%gﬁ%‘re) R he
sol uti on wasndthus is egbablerof Bindliogitosarait po@Gtially olodtlating sthavactwity & hiv éithernder

d d
Iroreoglcge g(r)eé o%e@@g%BQEbélgtF'thﬁ(a%I% fﬁ% brﬁk’ér@&@pp n;aset htt@'m%%ﬁ'}{%utghg% th EE 20

[ 0244] The fmce}m figPlaceaiept kY the esispmaguad- /f'ﬁ@ab\feiyp%hﬁtt?%ﬁorBCfOUE%ﬁpound 80,
which is a cospaumntbredentodstind mobl drthealpport iheicaed disghrbeem. 34: Synt hesi s of
conmpound 80 WD 2011/ 098904PCT/ 1B2011/ 000264 [0245] Step 1: To a sol ution of

intermedi at g9 d ( ﬂl‘rc‘.@m@ cHse, %e?&t EHﬁQdo)md Ha@@add@@ﬁﬂs{e%tﬁ HCLQ)a% anger e

sequential |y added 6-f| uoroi m da %‘5 di ne- 2- car box I|c acid, HBr
salt (86-c) Wagne. f?ﬁowe§ by ghenripie) Th %é?ﬁ?ﬁcef ggb@h%emh%“?y indifefe BlepeA (2. 07
m., 11.93 me@hpouadd botrel to @@EIR domaih witkl b @igheraffitty. The] if stte fdbefiodet&tdrour s.

Sat urat ed_ aguRSLANTRLUTY RIL BEL BeADe RN bnd R LAY FotSlcnalded: ¢ he

organi c | ayer was ‘se satu gueous anmmoni um
chlori de, sa‘?fﬂﬁo&f“éﬁcaléﬂﬁ’&ﬁi@nﬂlaﬁwe 8ifo9Bdime, dried over anhydrous MySO4,
filtered and concentrated in vacuo. Purification by silica gel

chr omat ogr apig5]pr ov MdeulationisstesredibyedceseBidg for asesacantpioted’s atdlity to modulate

the activity of IAP and includes combining a test compound with an IAP BIR domain, as
described above, and determining an alteration in the biological activity of the IAP.
Therefore in this case, the test compound should both bind to the BIR domain (although
this may not be necessary), and alter its biological activity as defined herein.

[0106] Positive controls and negative controls may be used in the assays. All control
and test samples are performed multiple times to obtain statistically significant results.
Following incubation, all samples are washed free of non-specifically bound material and
the amount of bound probe determined. For example, where a radiolabel is employed, the
samples may be counted in a scintillation counter to determine the amount of bound

compound.

[0107] Typically, the signals that are detected in the assay may include
fluorescence, resonance energy transfer, time resolved fluorescence, radioactivity,
fluorescence polarization, plasma resonance, or chemiluminescence and the like,
depending on the nature of the label. Detectable labels useful in performing screening
assays in this invention include a fluorescent label such as Fluorescein, Oregon green,

dansyl, rhodamine, tetramethyl rhodamine, texas red, Eu®'; a chemiluminescent label
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[0246] Step 2: 4N HCl in 1, 4-dioxane (7.93 nL) was added to internmedi ate
34-a (1.48 g, 2.11 mmol) and the solution was stirred for 3 hours at 0 C
D et hyl ewbeniwvmsgioadded, a precipitate forned and conpoeaa/1BiPbhiGRémas
collected by filtration as a white solid. M5 (nmz) M+l= 600.5 EXAMPLE 31
[0247] The follow ng exanple illustrates the preparation of conpound 81,
which is a conmpound of Formula 1 or salt thereof. Schenme 35: Synthesis of
conmpound 81 [0248] Step 1: To a solution of internediate 30-d (1.6 g,
2.98 mol) in DMF, cooled to 0 QC, were sequentially added

6, 7-di hydro-5-H pyrrol o[ 1, 2-a] i m dazol e-2- carboxylic acid, lithiumsalt
(87-e) (566 nmy, 3.58 mmmol ), HATU (1.36 g, 3.58 mmmol) and DI PEA (2.0 i,
11.93 nmol ) and iuhz reaction [Ti)i%[ re was,_sti Fre_d at 0 Cfor hours.

Sat urat ed adUfGECheHSh PN CIR e Pe STl R e b tadlosolRRP TS IS AR d; t he

or gani ¢ | ayeitiuma¥® sejthe tikee dffiniaiabs svhich ray batsefatregbriaoniapttis saserdig um
chloride, s B el anhydr ous MySO4;
filtered angg%gﬁgﬁg%gp%H%%e%&#®P i d(%i;p lls{gc{'lﬁegé}dgﬁ{ |rk8'a gel

chromat ogr aphy provi ded i nter nedi atg gﬂPgEgs a white foam [0249]Step 2: 4N
HCl in 1, 4-dioxane (6.48 nL) was ad & nternedi ate 35-a (1.45 g, 2.16

nmol ) and t ol uti jLr 2 Q. .C  Di er was
2dded, o pr RAPEFt o O iSRgLl  obBbuiol§ by ariros i Sy’
filtration &% usediitheEprles. Ms (mz) Mrl= 571.5 EXAMPLE 32 [0250] , The
follow ng exanple illustrates the preparation of conpound 36-h, which can
be used as abbrevidtensredi Bresi n t he preparation of a conpound of Formula 1 or
salt thereof. Scheme 36: Synthesis of Internediate 36-h WO

2011/ 098904B6d/ 1B201145,@0984#0odyP251] Step 1: To a solution of internediate
21-a. HCl (15.0 g9, .53.4 | ), in dichloronethane cooled to 0 C were

sequenti al | O%S&QEDP%EE?"X%@XHPJVC'Q&4. 0 mvol ), DVAP (326 ng, 2.67 nmol)
and benzoyl BotiNdaAtleOK6. 82-Bot-N-rb8hydalanirel ) and t he reaction was then stirred
at room tenpgpature BX&SIBL)%QrtbonWt er and ethyl acetate were added, the
organi c |l ayer was separated, washed with 10% aqueous citric acid, saturated
aqueous NaHBHFAand bAiSROPYRIIMYMBRer MySO4, filtered and concentrated in
vacuo. Puri Diveeti on bydiseihylaaingplridie: omat ogr aphy provi ded the expect ed

i nt er medi at 6-a as Wiy id . [0252]Step 2:4N HCl in 1,4-dioxane (141.0
m.) was addggna_to i nt g}q@ng'hl%g?@&@gmg[a’( 19.6 g, 56.3 nmmol) and the sol ution was
stirred forPIThour a#itiotimeitolip] atil es were renoved under reduced pressure

and the reskdge was Brdieihah@mopvobyd-Hétafidiydodfhiae hydréchprigyi de i nter nedi ate
36-b. HCI asEBTx\[ni te s%l id . NS Qr{{ zg. I\/Hr.%_:249. 2
: ethylenediaminetetracetic acid;

Fmoc: N-(9-fluorenylmethoxycarbonyl);

HBTU: O-(benzotriazol-1-yl)-N,N,N’,N-tetramethyluronium hexafluorophosphate;
HCI: hydrochloric acid;

HOAc: acetic acid;

HOBt: 1-hydroxybenzotriazole;

HPLC: high performance liquid chromatography;
LCMS: liguid chromatography-mass spectrometer;
MeOH: methanol;

MgSQ.: magnesium sulfate;

MS: mass spectrum;

Ms: methanesulfonyl;

NaHCOg: sodium hydrogen carbonate;

Pd/C: palladium on carbon;
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[0253] Step 3: To a solution of internmediate 36-b HCl (14.7 g, 51.6 mol) in
DMF cooled to O C were sequentially added Boc-tBu-dy-OH (13.13 g, 56.8
mrol ), H®O 208/00al, 5.16 mol), HATU (21.59 g, 56.8 mromjiB20anoooRb4PEA
(36.1 nL, 207.0 nmol) and the reaction was then stirred at roomtenperature
for 3 hours. Saturated aqueous anmoni um chl oride and ethyl acetate were
added; the organic |ayer was separated, washed wi th saturated agueous
anmoni um chl ori de, saturated aqueous NaHCO3 and brine, dried over anhydrous
My504, filtered and concentrated in vacuo. Purification by silica gel

chr omat ogr aphy provi ded the expected internmediate 36-c as colorless oil.
[0254] Step 4: 4N HCl in 1,4-dioxane (130.0 nlL) was added to internedi ate
36-c (24.0 52.0 mml) and the solution was stirred for 1 hour at 0 C
Vol atil es V\EF'@: r enovEEYREYE r educed pressure and the residue was
triturated WAh di et Imflloreddee adidy provi de internediate 36-d-HCl as a white
solid. M5 ( ) Mtl= 55] Step 5: To a solution of internediate

36: d. HCI (13(—'%3 g, Sﬁrgayr%z%\[’r)ggl n DMF cooled to O C were sequentially added
Boc- NMve- Al aTWBRDA10. 730 N.Nstetrgmetiygthylenadiamines. 80 ni, 5.28 mmol ), HATU (22. 07
g, 58.1 mmolrg:;, and DbRaAol(eesdony, 211.0 mmol ) and the reaction was then
stirred at omtenperature for 3 hours. Saturate e ni um

chl ori de an!ﬁ"%t hyl a?é AP récegt(ﬁ%ga’;orfj he%r é%é‘i"@"”%gg%rﬁ& &ﬁ@mggpar at ed,
washed wi th sat ur at edchieyge 0% oharmmeximumresmonsel de, sat ur at ed aqueous NaHCO3

and brinegcgried ovgg aRBih,oREPrABRQF doddgb bed shine caARrAdinaat ed in
vacuo. Purification by sil ls(?oggﬁ)]l%l ch orTat 0 rlaphy provi ded t he expected
i nternedi ate 36-e as #H7\ER°Y S |t106§[39§1 §t"¥8%6: To a sol ution of

internediate 36-e (29.0 g, 53.0 nmmol) in THF cooled to 0 C was added
lithium bormwwﬂgﬁ%@wo mrol ) and the reaction was stirred at
roomrerr})er fi1uge fOGSi—WEnkeMBIFﬁRI%IQ(Im %$g%m@5@aM?agim¢g7t het o
organi c | ayer S rat e e o agueous citric, aci saturate
sueous Nareresiiig PERRAE! eprtfT AGLAVAL Rodo Bttt g Gl odhg

concent r at e@Hbafor agsuia prorRim ¢Xpressivn amd wwifiction.ca gel chr omat ogr aphy provi ded
internediate 36-f as a white foam [0257]Step 7: To a solution of
i ntermedi at @136 T ( 25TH18P2 @R/ )Wk BIR 51 HIBQddhg sdqiefita frohPSmido 8@ ) and

di chl or onet (200 ool ed t.0 ed. DI PEA (.30, . 1Z4.0 nmol )
and pyr 1t nee Ca ey FrlpF e dn el pdE el R bRt R iR d Eacr s on

was t hen st eolirfithoder 3Einfpsptein elpragsion\sad evrifigatipnet hyl acet at e were added; the
organi c | ayer was separated, washed with 10% aqueous citric acid, saturated

aqueous NaH@IB1]and GSTHEAPQEIARQ) nker BIRBAKMNPO 4sdiM)S&denck ifoinaiirtb avig

concentrat ed,l b, v , [ OMI | r ate 36-0. '

[0258] St op. 625" QOB MPPBERMLVR Sl B IBAE: SucahBial rkih o ) |

di chl or onet pelifdHagder use dadotein eapressipgrapp Refigatiost hanami ne (6. 21 nL, 47.4
mol ). After stirring at roomtenperature overnight, sodium

trijaccre]t oxybgaozlydr i GST(I&kerMRg,BI%?i@:mddodmgs.e@ddmirqnoamih@acidd%e gt h0 C
and the rea . : . =2 eel=l ours.
Sat ur at ed a%%feg%se m@%@ 4ﬁ§'a?§§@a;§aﬁ{j %é&b¢§%%%§8%§ er vvéé:grg@mgé g(%néd, washed
wi th brine, fullang XARin P&srdtarusing thapsimers: TTATARGGRAT, T@éﬁ@@ﬁ@ﬁ AT G n vacua
to Er?vi de mmd @CT@OA'&B'FS'@F@C&&B(?}WJF%@S%M PdR c&dﬁ@h@lﬂh@gCRgranér&r medi at e
36- 27. 4 .3 L i e t her was e HCl in

di et hyl et hg'?s ?éﬁ'?rie%?)pgg%{j '”Vﬁﬁ"?‘?”’g“”ﬁ‘re %%|§%0§1§[§g} Porhs ‘%’HS" i:lnn er medi at e
36- h. HCl. wasGed(Tl éx BarHIpghof dipestion. iToa plagmid wah iraresfesmid ito BvBol{ Biigg fonr 1= 640. 6
EXAMPLE 33 [Q2RBlofditeedpristiombmthupkciid.e i1l ustrates the preparation of
conpound 49, which is a conpound of Fornmula 1 or salt thereof. [0260] Step

1: To a sol yi,on of i | at 65 (2. ] i , cool ed
to 0 CC, wetbt‘el'@equeﬁ?lpgﬁt@ﬁgﬁd%eﬁp‘?’n%ég}ag%qé gwﬁ?ﬁ??%ﬁ%?%@éﬁ%l ic acid
(507 ng, 3. aminmaofy 1-4¢paepedinte @S fusPn y¥ectomBRFXAlPviaIBPEA @l Xhe Inl, 11.83
mol ) and t kBric@AGHED MhdThidsiE Fa¥\Bansfihéd 8@ Eakoll DI98R AR @btdihe for 2 hours.
Sat ur at ed aauef'.g%s ammoni um chl ori de and ethyl acetate were added; the
organi c | ayBf" @S "separat ed, washed wi %g sat urat ed aqueous anmoni um

chl oride, saturated aqueous NaHCO3 and™brine, dried over anhydrous MySO4,
filtered and concentrated in vacuo. Purification by silica gel

chromat ography provided internmediate 37-a as a white foam [0261] Step 2: 4N
HCl in 1, 4-dioxane (3.19 nL) was added to internediate 37-a (1.0 g, 1.27
mml ) and the solution was stirred for 1 hour at 0 C. Vol atiles were
renmoved under reduced pressure and the residue was triturated wth diethyl
et her to provide conpound 49-2HCI as a white solid. M5 (nfz) MH1=685.5



EXAMPLE 34 [0262] The foll owi ng exanple illustrates the preparation of
conpound 69, which is a conpound of Fornmula 1 or salt thereof. Schene 38:
Synt hesi swof2otiorpmund 69 [ 0263] Step 1: To a sol ution of pcmiBzOTEO0As4 36- h
HCl (2.0 g, 2.96 mmol) in DMF, cooled to 0 QC, were sequentially added

i mdazo [1, 2-a] pyridine-2-carboxylic acid, lithiumsalt (85-d) (525 nyg,
3.11 mol ), HATU (1.23 g, 3.25 mmol) and DI PEA (2.06 ni, 11.83 mml) and
the reaction mxture was stirred at roomtenperature for 3 hours. Saturated
aqueous ammoni um chl ori de and ethyl acetate were added; the organic |ayer
was separated, washed wi th saturated aqueous ammoni um chl ori de, saturated
aqueous NaHCCB and bri ne, dri ed over anhydrous MySO4, filtered and

concentr at ed vac cati,o chromat ogr a rovi ded

i nt er medi at g&g %’g T@E‘ Qt"%ﬁ@ﬁﬁf&'ég gf”grﬁﬁqmce?r ,ﬂ "Ei‘ocﬁ"@ﬁane
(3.19 n) was 4aﬁdembdtxrm peegﬁmdu&wlawmq Th@ plagmid vaS amafaingd @recE.t he

sol ution wa 0| b 16 s gﬂ{pr&teﬂﬂ%%reé’éon%dgyﬂlc dnl €s were renoved under reduced

pressure an e reS| ue was triturate di et hyl ether to provide
conmpound 69 2HCI. ¢ white S|9| id M (mz) M1=684.4 EXAMPLE 35 [ 0265] The
foll owing e sign P& preparati on of compound 86, which is a
conpound of [AdsIul aGlutahiorsa$-transfreasedGST) tagged PlotdiGOBH0 HRCISABR011/ 000264

[ 0266] St ep -}Esch-ggclﬁa c%ﬁlsfr'ﬁlﬁé)lﬁ'l-lé)glpﬁdw:@f%%%@of?ﬂﬁrlghgkﬂ@kmﬁan@\n&bal & 96 mmol) in
DVF, cool ed wer e _sequent i

1- met hyl - 1H$?’H‘P B%‘EEFI A XIAFe Eﬁﬂﬁaﬁﬂscc'% ?‘/oc”(\':z’rﬁgnﬁ‘r’g“"”§a%%°fﬁ‘ﬁ6P§°‘e'ﬁA("F(? (1.23 g,
3.25 mmol ) audrddlovetnighia2 306C mlLurid Bro83(LBNmédiurasuppleirented aith 6@ ng/mi oft Ur e was

stirred at éﬂgt@}ﬁ efﬂ%%(x?%@ﬁtecu WG wis g@ﬁ%ﬁn% b %c?ﬁeslﬂ GHSMRiHTTON UM

chl oride an ace e were ad organi c | ayer "'was separ at ed,
washed W|thswﬁmeategd“eé@@ééﬁém%ﬂﬁwﬁﬁ?afﬁWBHP&%@@0%&’?0#”&#@6 withiedds NaHCO3

and brine, dbpegy-OvehicgaRNeHyRInesid&IBY hodré. IUpeR mdu@and cemRatdnali@@dian vacuo.

Purificatio chr mato raph v nt rmalate 9-a as a
Whi te 1 onm PO by SBriles b REHAR AR N BER A8 el RN £1787%, 5

i nt er medi at eul®gergcgived40 my of |1$l$3l7ilffﬁhﬁ50)ﬂ'\éﬁf@ Pﬂﬁe20§0FMtNa6h1MéD§T|1rde for 1
hour at OC. pMgkas hh@rﬁoh’%o@ rﬁ@ﬁ@@’ﬁ@mﬂﬁ%é inbGSAtRIaf 4 I RRSEHNBe &Bﬂmé hetef €S1 due

was triturated. Wt th r to provide CcOmpou S a white
Solid VB (B TiaepLs L Rl wsbrRO R PRAS T 0 BTGB CL il o

illustrat esnedfdedpreparatl on of conpound 87, which is a conpound of Fornul a
1 or salt thereof. [0269]Step 1. To a sol uti on of internediate 36-h HCl

(2.0 g, 2.96uimetoh ot ”’ecbMbtnant proteins
[0116] For purification of recombinant proteins, the pellet was thaw on ice and

resuspended with 25mL of lysis buffer (50 mM Tris-HCI pH 7.6, 0.1 mM EDTA, 100 mM
NaCl, 100 pg/mL of lysozyme) /500 mL of original culture and incubated on ice for 15 min.

and 5 cycles of freeze/thaw cycles were performed in liquid nitrogen and 37°C water bath.
The mixture was sonicated using a probe sonicator until the suspension is no fonger

viscous and centrifuged at 13000g for 20 minutes to collect soluble fraction (supernatant).

- [0117] The resulting supernatant was mixed with 3mL of glutathione-Sepharose
béads (Pharmacia) for 20min. at 4 °C. Afterwards, the beads were washed 3 times with 1X
Tris-Buffered Saline (TBS) to r'emove unbound proteins. The retained proteins were eluted
with 2 washes of 1mL of 50 mM TRIS pH 8.0 containing 10 mM reduced glutathione. The
eluted proteins were kept separately and appropriate reagents were added to them for
storage at -80°C. As judged by SDS-PAGE the purified proteins were >90% pure. The

protein concentration of purified proteins was determined from the Bradford method.
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cooled to 0 QC, were sequentially added

1- (4-fl uorophenyl)-1Him dazol e-4-carboxylic acid, lithiumsalt (88-e) (662
ng, 3.11 woebit/oosddFU (1.23 g, 3.25 nmol) and DI PEA (2. 0@CwiiB2011/0@364mol )
and the reaction mxture was stirred at roomtenperature for 3 hours.

Sat ur at ed aqueous amoni um chl oride and ethyl acetate were added; the
organi c | ayer was separated, washed with saturated aqueous amoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous M504,
filtered and concentrated in vacuo. Purification by silica gel

chr omat ogr aphy provided internediate 40-a as a white foam WO

2011/ 098904PCT/ 1B2011/ 000264 [ 0270] St ep 2: 4N HCl in 1,4-dioxane (5.92 nl)
was added tog |nterrred| ate 40-a ?1 40 1 87 mmol ) and the sol ution was
stirred for [Bbyur &istaErrolghiserg ger F@rﬁ)@@'d“@ﬁﬂ%ﬁ fHARYCHF essure and
t he resi due uviaga pete8ACRIR3edongtrutt. THeadohyle pedtdiefradtion paoprepteecaaeoctivdd 87. 2HCI

a2 Wi te_Sobeto Wi iTh i 128 EXANER B b 027 ol i no_exampl e

illustrates e pr Ion o f Formul a
1 or salt tH@F‘%@Telat'[‘QﬁqFQ‘F@@@bD harmagi) ghasgaaith HWSQfackergiag 'f?é@ﬁ’ ate 36-h HCl

(2.0 g, 2. 9arvfatthrel dinédvictions OBreay tﬁ&u@erﬂ&ant%?@lo&@@ht&@thb&h&k(}ﬁcﬁéig@dj

0. 7- 01 hydt o 2o B PR AL & RoRAdD 984 he PO T o Rl b o2l ¢

11. 83 ol ) Béumﬁs whte 1¢ @NOVPBR pil %@ containiegsS09tni Nedl tatemqy@nmoeln@enomr@r e for 3
hours. Sat urRl RELIRAVRALISS @érmamelamnﬁ lenmf%u&%ffe,t By mRcRlaide Watigpadded;

the organic | was .se at ed, Wt h saturat ed S, anmoni um
chiort dor AL VE| S RETIE g E PR O BETHE SatRd BUSr PR Mo VSO,
filtered andlucdmoseit was e2D% pury as daermiediby SD&tHAGE. Biye proteincangpetration of

chromat ogr a white foam [0273] Step 2:
aN HOl in 18%}*59{8%6%% Idgk%w@iﬁg%aedé&? 0l ernedi at e 41[a (1] 02 8

1.32 mmol ) and the §st|rredfor 1 hour at 0 C. Volatiles were
renoved und r nd the residue was triturated with diethyl
et her to pr (il coAyloonasteBpeRtidte pralz R, Wwiot-8lasGl-P-PHeB y(hBw)LeMPlo=674. 5

EXAVPLE 38 ORTED BROR Abds b X RERlaRad Fi3S Erhikhy biRe-RRRN BAbRR O

conpound 42- as an internediate in greparatl on of
a conpound W'”ﬁ&?%‘ﬂﬁ éPbePf%aﬁeP %ﬁ@ﬁé@ﬂ 199hHleRyagR e tigvesa as

performed using 20% acetic acid in dichloromethane (dichloromethane), which left the
side chain still blocked. The C-terminal protected carboxylic acid was coupled to 4'-
(aminorhethy)fluorescein (Molecular Probes, A-1351; Eugene, Oreg.) using excess
diisopropylcarbodiimide (DIC) in dimethylformamide (DMF) at room temperature and was
purified by silica gel chromatography (10% methanol in dichloromethane). The N-terminal
Fmoc protecting group was removed using piperidine (20%) in DMF, and purified by silica
gel chromatography (20% methanol in dichloromethane, 0.5% HOAC). Finally, the t-butyl
side chain protective groups were removed using 95% trifluoroacetic acid containing 2.5%
water and 2.5% triisopropyl silane, to provide probe P1 (>95% pure, HPLC).
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[0275] Step 1: To a solution of (2S, 4R)-nethyl

4- hydr oxypyrrol i di ne-2-carboxylate, HCl salt 42-a (4.0 g, 22.02 mmol) in
DVF cool estot2o119®dmer e sequenti al |y added Boct Bu- G y- OHPC®/IR201g000261 4
mml ), HOAt (5.51 ni, 3.30 nmol), HATU (10.89 g, 28.6 mml), and DI PEA
(15.39 nL, 88.0 nmol) and the reaction was then stirred at roomtenperature
for 3 hours. Saturated aqueous anmoni um chloride and ethyl acetate were
added; the organic |ayer was separated, washed with saturated aqueous
ammoni um chl ori de, saturated aqueous NaHCO3 and brine, dried over anhydrous
My504, filtered and concentrated in vacuo. Purification by silica gel
chronatography provided the expected internediate 42-b as a beige solid.
[0276] Step 2: 4N HCl in 1, 4-di oxane (80 nt% was added to internediate 42-b
(7.89 g, 22[%2%hol) Pokg PRh@s gesparer orngumetheds gsieserped VR 3074134360 C

Vol atil es were renoved under reduced pressure and the residue was
triturated with diethyl etheHOto provide internediate 42-c-HCl as a white
foam MS (mz) Mrl= 259.1 [027%Step 3: To a sol utlion of Boc- NMe- Al a- CH
(7.16 g, 35.2 mmol) in DW co 340 0 C were se tially added HOBt (5.73
g, 37.4 mol), HBTU (14.19 g, pl ), and D (19.23 m., 40.0 nmol).
After stirring for 10 minutes i pdi at e 42+l (6’ 9 g, 25.1 mol) was
added and the reaction was @ S edPHat [elo]yy erature overnight.
Water and ethyl acetate were ac ; the organid | r was separated, washed
with 10% aqueous citric acid, saturated aqugndéiﬁbFKIB and brine, dried
over anhydrous MgSO4, filtere @ at ed ¥ n vacuo. Purification by
silica gel chromatography provi ded thg é€xpegtgd i nternedi ate 42-d as a
white solid. [0278] Step 4: To™~sol uti on of intermediate 42-d (2.32 g, 5.23
mmol ), 4- fluorophenol (704 ny, | ) yand triphenyl phosphine (1.92 g,
7.32 mmol) in THF was added /Pl ) ,\7.32 mmol ) dropwi se and the
reaction was then stirred aN ekaf @ for 2 days. Diethyl ether and
hexane were added, a preC|p|taIeFkorQEd and_triphenyl phosphi ne oxi de was
renoved by filtration. Volatiles were removed under reduced pressure and
the residue was purified by silica gel chro graphy to provide the
expected internedi ate 42-e as a col orl ess oi [0279] Step 5: To a solution
of internediate 42-e (4.6 g, 8.56 WW'éF by THF cooled to 0OC was added

|'i thi um bor ohydride (559 ng, 25.7 mmol¥°afid the reaction was stirred at
roomtenperature for. 3 hours. Water gRRflPEE Y| acetate were added t he
organi c | ayer s a ted washed with 10%citric¢c acid, ted aqueous
Naboe and’ Bl afhelenis aRRgdrstre SR rioncbrdpounS fotidieaPat od | n
vacuo. Puri be csediasan infersiediate én the breparatiomatf @ gorayduyd pi formadled or seitehereai at e 42-f
as colorless oil. [0280]Step 6: To a solution of internediate 42-f (4.2 g,
8.24 mml) in DVMBO (2.33 nL, 33.0 nmol) and dichl oronet hane (80 nL) cool ed
to OC was added DI PEA (5.04 nlL, 28.8 mml) and pyridine sulfur trioxide
conplex (3.94 g, 24.72 mol ), the 114 reaction was then stirred at 0C for
1 hour. Water and ethyl acetate were added; the organic | ayer was
separated, washed with 10%citric acid, saturated agueous NaHCO3 and bri ne,
dried over anhydrous MgSO4, filtered and concentrated in vacuo to provide
internedi ate 42-g as beige solid. [0281] Step 7: To a sol ution of
internediate 42-g (3.8 g, 7.49 mmol ) in dichloronethane was added

2- (4-f1luorophenyl)ethanam ne (935 uL, 7.13 mml). After stirring at room

t emperature overnight, sodiumtriacetoxyborohydride (3.18 g, 14.26 mmol)
was added portion wise at 0 C and the reaction m xture was then stirred at
roomtenperature for 2 hours. Saturated agueous NaHCO3 was added; the
organi c | ayer was separated, washed with brine, dried over MpSO™4, filtered
and concentrated in vacuo to provide internediate 42-g as yellowoil. To a
solution of internediate 42-g in diethyl ether (100 nL) was added 1IN HCl in
diethyl ether (7.84 nL, 7.84 mmol ), a precipitate forned and internedi ate
42-h HCl was collected by filtration as beige solid. M5 (mz) Mtl= 631.5
EXAMPLE 39 [0282] The foll ow ng exanple_illustrates the preparation of
conpound 82, which is a conpound of FoPhula 1 or salt thereof. Schene 43:
Synt hesi s of conpound 82




[0283] Step 1: To a solution of internmediate 42-h.HCl (1.50 g, 2.24 mol) in
DMF, cooled to 0 2C, were sequentially added

1- net hyl -wbR2pni/dswal e- 4- car boxylic acid (397 ng, 3.15 mror)iB2otiA0ad2¢4l. 19 g,
3.15 Mol ) and DI PEA (1.57 nlL, 8.99 mml) and the reaction m xture was
stirred at roomtenperature for 2 hours. Saturated aqueous anmoni um
chloride and ethyl acetate were added; the organic |ayer was separated,
washed with saturated agueous amoni um chl ori de, saturated aqueous NaHCO3
and brine, dried over anhydrous MgSO4, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided internediate 43-a as a
white foam WO 2011/ 098904PCT/ 1B2011/ 000264 [0284] Step 2: 4N HCl in

1, 4-di oxane (4.50 nlL) was _added_tgq internedjate 43-a (1.10 g, 1.48 mmol)
and the solution was stirPEEPOP: gyﬂg‘fﬁ’sgﬁ"{?'@d'@&sﬁi |l es were renoved
under reduced pressure and the resi was triturated with™di ethyl ether to
provi de conpound 82- 2HCksTasios, Whi t lid. M5 (mz) M+r1=68
[ 0285] The fol | qwi Be,HeRdIPMFI | | ystrdt eg_phe pri@p@inati on of co@znd 83,

which is a cH®fipound ofzdasarul a 1 off s@l t{ t her e@fiioxandAD  H:N

2011/ 098904PCT/ 011/ 000264 [ 0286] St®p I°HTo a sol uti omiof 9 nt eoHedi at e
42-h HC (1.40 2.01 nmol) in DMF, Tooled to 0 QC, were seguential ly
added 6, 7-di hydro-5-H pyrrol o[ 1, 2-a] i mi dazol e-2- carboxylic acid, lithium
salt (87-e) (447 nmg, 2.94 mol), HATU 12 g, 2.94 mmol) and DI PEA (1. 46
m., 8.39 mmol) and the)#eacbson m Xty tirred at roomtenperature for
2 hours. Satur/é‘t\gdozaqd?é’@ﬁ@"'émonig?n i and et hyl acetate were added;
the organic Ef°&yegr was s@par at ed?°°wa§he{&1 t \_sat urat ed aqueous anmoni um
chlori de, saturated aqueous NaHCO3 and brine, Hried over anhydrous MySO4,
filtered and concentrated in vacuo. Purif¥cation by silica gel

chromat ography provided internediate 44~a as a white foam [0287] Step 2:
AN HCl in 1, 4-di oxane (6.69 nlL) was ad to internediate 44-a (1.02 g,
1.33 nmol ) and the sol wesssmatimas st jrred If or hours at 0 C. Vol atiles were
renoved under reduced psRsSUre &ud I enfegidie was triturated with diethyl
ethe r to provide conpound 83-2HCI as a whit€&%olid. MBS (mz) M1=665.5
EXAMPLE 41 [ 0288] The foll owi ng exanple ilidustrates the preparation of
conpound 84, which is a conpound of For, a l or salt thereof. Schene 45:
Synt hesi s of conmpound 84 [0289] Step 1: a _solution of internediate

42-h. HCl (2.0 g, 2.96ympk)cir DVF| cpolled it 0 QC, were sequential |y -added
i m dazo [1,2-a] pyridi me=2-ctarbo®yd’I ¢ ayf thiumsalt (85-d) (494 ny,
2.94 mol ), HATU (1.1PNg©**®4 nmol ) and I PEAK(1.46 ml, 8.39 mml) and the
reaction mxture was stirred at roomtenpggature for 3 hours. Saturated
aqueous ammoni um chl ori de and ethyl acetate wer dded; the organic |ayer
was separat ed, washed with saturated aqueous a y um chl ori de, saturated
aqueous NaHCO3 and brine, dried over anhydrous MySO4, filtered and

concent r at e®122] vac8tse 1Pl @ sqlian pBpcyhostH (L1 o 8p-6 armdbriabPi§caged/iof ovi ded

i nt er medi at & @&edeqenhiyMadded DirEM10.33 mL, 59.3 mmol), HOB (4.81 g, 35.6 mmol) and
HBTU (13.50 g, 35.6 mmol). After stirring for 10 minutes (S)-prolinol (3.0 g, 29.7 mmol)
was added and the reaction mixture was stirred overnight at room temperature. Water and

ethyl acetate were added, the organic layer was separated, washed with 10 % citric acid,
agueous NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 5-a as colorless oil.

[0123] Step 2: 4N HCl in 1,4 -dioxane (30 mL) was added to intermediate 5-a
(10.10 g, 29.7 mmol) and the solution was stirred for 1 hour at room temperature. Volatiles
were removed under reduced pressure and the residue was triturated with diethyl ether to

provide intermediate 5-b-HCl as a white solid. MS (m/z) M+1=240.2
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WD 2011/ 098904PCT/ 1B2011/ 000264 [0290] Step 2: 4N HCl in 1, 4-di oxane (5.97
m.) was added to internediate 45-a (926 ng, 1.19 mmol) and the sol uti on was
stirred fwo281ioseog at 0 C. Vol atil es were renoved undePCraB2aedopéessur e
and the residue was triturated with diethyl ether to provide conpound
84.2HCI as a white solid. M5 (mz) Mr1=675.5 EXAVPLE 42 [0291] The fol | owi ng
eXanple illustrates the preparation of conpound 10, which is a conpound of
Formula 1 or salt thereof. Schene 46: Synthesis of conpound 10 [0292] Step
1: To a solution of internediate 12-a HCl (25.0 g, 69.7 muvl) in DWVF cool ed
to 0 C were sequentially added i mdazo [1, 2-a]pyrim di ne-2-carboxylic acid
(13.64 g, 84.0 nmol ), HATU (34 4 g 91.0 mol) and DI PEA (48.5 niL, 279.0
nmol ) dropw se over per m nut es and the reaction t hen
stirred at 1% or §f§’pﬁ| n[&%%o'“t")%aﬁﬂca{\t Mg %9@6@?%%@@%‘8 ride and

et hyl acet at@latao 0 *@ddedeqidndalig agdaai P EA YA 70wsS 1 $&paohtiHeBt (0BShed.5M t h
Saturated agiedsa ABTRMANNG B BHnif: ARRLHIAL B ARERL REED s 4 br i ne.

dri ed over r ous concentrated I'n vacuo.

Puri ficati off-#\8 39-fmsmplges aé‘l’ﬁdoq‘?ﬁt"??gﬂeﬁcﬁ'ﬁ?mﬁf%@/waﬁeﬂ"rﬁﬁf’\éﬁ"ﬁ@’alahﬁoém46 a as a
bei ge foam te[n(bZ&ﬁ]r@Nﬁler%nd 4iNylHCktatervele doodil, aadrgar(iclidyer a3 sapasat@rided to

internediate o t dfor
nour at 0 cretraah 16 il af ste AR et ind B b8P 0T 656,

col | ect ed bfifitered ft”ﬂ&@”@h"%@ﬂ i vegtiot Ruriiestipgl by W!sa@ﬁ‘{cb)onmopfapafsefosld?d)294] Step 3:
To a sol uti prrRédidieberaeebdseoft6-b 2HCI (25.0 g, 56.8 mml) in DW cool ed
to 0 C were sequentially added Boc-tBu-gly-OH (14.44 g, 62.5 mmol ), HATU

(281G, T3(@a4fIo] ) g R {148, oo bR JUPL)ocAnd oDLEER 3.6, 1T, 227.0

mol ) dropw se ‘over a peri CLI’on “Was t he
stirred at ©rafediteP Umergiseaveetally Gﬁeﬁﬁ@ﬂ‘l@dhmdwb%ﬁﬁdﬁﬁ@lm?@tﬂ BiPkle and

et hyl acet ahy M@l’sw@m&docj.ﬁdﬁe oag@msz rhrﬂM%ndWﬁ&reﬁ@i@ﬂﬁv@é gdn stsined with

d db
dri od over S ArSLE NGEOE A i AP AR R o e
Purificati oaepbsat@i HiieglzpvereAnhyrousriéa Sy fdipiey apet cwniced@tedirevasup teatretde

i nt er medi at BtehBadiatd§-alichierdseain [ 0295] Step 4: 4N HCl in 1, 4-di oxane (62. 4
m.) was added to internediate 46-c (14 5 g, 24.97 nm)l) and the sol ution

was stirred rrredlate
has o oHa w2, 7, O8RS bl frefuelpiHecld i et Rl IS MRl LR TR LS,
[ 0296] St ep ®as addedpwteuhvla@meé%?»mht bffreioht Aftengiri@iie 2 Hous, asr@m 26.7 mol ) in
Dl\/FI §OOL2$Uteﬂ1 @ra@réA&fdﬁmsmgdémwo%Hym.o@qg!@ﬂn@qwWﬁolfér@ ridthdnet v%ge %i PE9A ?18 A
nmo , an

o o7 0 e 2 st et ey ot elpe st SHER O ENERRe | on v

t hen stirreNald€O0ang etigt acgtitaware bdded, iBabigrait Bgerapssepmsatadimaahagwitbh| or i de and

ethyl acet abgoWaleB o0 4Rf50, tfh@re@ %g@&n%edn%Ye‘arm VRS0 RERMdRLREmMRRISLa th
saturated aqueous ammoni um chl ori de, saturated aqueous NaHCO3 and brine,

dried over &HHpET FuYSNESON1192P¢er ed and concentrated in vacuo.
Purification by silica gel chromatography provided the expected
internedi ate 46-e as white foam \VEXAMRUEB98904PCT/ 1B2011/ 000264
[0297] Step 6: 4N HCl in 1,4-dioxane (58.2 nL) was added to internediate
46-e (15.5 912-2]3 28Tmarm|l|o)~mgrexehhytuuafa@etsaheepré&raﬂo)t ofdtthpolied &8/ wHidh@an was

stirred for hour s et her d 10. 2HCI
was col | ect ed“sﬁd a?r”‘t‘t”te"t"?%%eé{‘g‘e PR "’“ “°”Q’? C\Qr@ ?’e‘p‘l’"f}‘m Pg%g%quofEXANPLE
43
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[0298] The follow ng exanple illustrates the preparation of conpound 47-d,
whi ch can be used as an internediate in the preparation of a conpound of
Formul a Iwonroslgoother eof . Scheme 47: Synthesis of i ntecwasal/eoodd d

Boc' NCO2H [0299] Step 1: To a solution of internediate 12-c. HC (29.57 g,
75.0 mol) in DMF cooled to O C were sequentially added Boc- Chg- OH (22. 27
g, 87.0 mol ), HATU (42.9 g, 113.0 nmol ), HOAt (18.82 ni, 11.29 mmol) and
DI PEA (41.4 nL, 226.0 nmol) over a period of 30 m nutes and the reaction
was then stirred at roomtenperature for 1 hour. Saturated aqueous anmoni um
chloride and ethyl acetate were added; the organic |ayer was separated,
washed with saturated aqueous anmoni um chl ori de, saturated aqueous NaHCO3
and brine, dried over anh ous Ng red a q%concentrated i n vacuo.
Purification by silica ge HPSRa 8®$Sﬂﬁ9 %‘%WF&@@ e expect ed
intermedi ate 47-a as a mhlte am % 8904PCT/182911 0264

[ 0300] St ep AN PIENCH:G:PY 8= di 0xane ACPY 8 Bl atided to' T Nt rngdi ate 47-a
(44.7 g, 75%*>‘ LLN@@Bﬁthyl acet at €°10 nl) WQ§O-Ga&Qﬂ t he sofNiti on was
stirred for HmhouasuamemeaVbla iles were re ed under reducednpressure
and the resi dwe was trituratesd di et hyl set to provide &at di ate
47-b. HCl as a white foan1 MS (m M+1= 596. 4 | 1] Step 3. To a | ution
of intermediate 47-131 m&ﬂm%ZS 8 g, 48.50 nmmol ) in DV cooled to 0 C were

sequenti al |l y added Boc- - Al a- 1 33 g, 55.8 nnnl) TU (25 8 g, 67.9
mmol ), HOAt (8.08 ni, 8 nmol ) PEA (33 8 nL | ) dropw se

over a period ofq20 nLnuLeS»amQ 1 er¢ d at 0 Cfor 1
hour. Saturated aquagqﬁmamﬂgplunmc | ond w@ aﬁ@m@thyl acet t @ added; the

organi ¢ | ayer was separ at ed, mashed wi th
chloride, saturated aqueous NaHCO3 *8nd brine, dried over *Anhydgaus MySO4,
filtered and concentrated in vacuo. Puri xatlon by silica gel
chromat ogr aphy provi ded the expected |nte'ned|ate 47-c as a white foam
[0302] Step 4: To a solutlon of |nterned te 47-c (23.7 g, 34.8 nmol) in

sat urated aqueous a ni um

MeOH (100 nmL) under N2 mgsNaﬁdgd 10% P (50% wW w water content) (7.4 Qg).
The reaction nmixture was puriged wi tlh 2 an tlrred for 2 hours. The
reaction was then fiftered Thrdygt c Iﬁ @ﬁe filtrate was concentrat ed

EXAMPLE 44 [ 0303] The foll ow ng exanple ilFPustrates the preparation of
salt thereof. Schene 48:
ion of internediate 47-d

conpound 20, which is a conpound of Fornmula 1

in vacuo to provide |nterned|ate 47-d as a fte foam MS (mz) Mrl= 547.4
Synt hesis of conpound 20 [0304] Step 1: Po, a s;%ig

(17.9 g, 32.7 mml) in DNFggeol ed to 9 re sequentially added
i m dazo[ 1, 2- a]pyrlnlﬁpne—z—carbo %hkgmﬁ Br salt (84-c) (9.59 g, 39.3
nmml ), HATU (18.67 g, 49.1 nmmol ) and: .11 n, 98.0 mmol ) over a

period of 30 mnutes and the reaction nl%gure s stirred at 0 Cfor 1
hour. Saturated aqueous amoni um chl oride and ethyl acetate were added; the
organi c | ayer was separated, washed with satur d aqueous NaHCO3 and
brine, dried over anhydrous MgSO4, filtered and concentrated in vacuo.
Purificati o188l si| Stea Tgelo zénldivanroyftaphytopcapidd-prefinerte di0d e >548- a as

white foam m {38 @ddisHRemetharNBddihL)iwas hadedtineMaRgantidd e 2miv), stasnnagided to
| nternedi at gfté}' sfir?‘mg for 2 hours at room temperature, the reaction was cooled to 0 °C, sodium
triacetoxyborohydride (21.0 g, 100.3 mmol) was added portionwise and the reaction
mixture was then stirred at room temperature overnight. 10% aqueous Na,CO; was
added, the organic layer was separated, the agueous phase was extracted with
dichloromethane, the combined organic extracts were washed with brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo to provide intermediate 6-b as a
_colorless oil. Intermediate 6-b was dissolved in diethyl ether (125 mL), the solution was

cooled to 0 °C and 1N HClI in diethyl ether (50.0 mL, 50.0 mmol) was added. A precipitate
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(12.32 g, 17.81 mmol) in ethyl acetate (10 nL) at 0 C and the sol ution was
stirred for 4 hours at 0 C. Vol atiles were renoved under reduced pressure
and the rwei2duesmg triturated with diethyl ether to preeirdsB2oon@eend
20-2HCI as a white solid. M5 (nfz) M+l= 592.4 EXAMPLE 45 [ 0306] The

follow ng exanple illustrates the preparation of conpound 103, which is a
conpound of Fornula 1 or salt thereof. Schene 49: Synthesis of conpound 103
[0307] Step 1: To a solution of internmediate 47-d (500 ng, 0.91 mmol) in
DMVF, cooled to 0 QC, were sequentially added

6-fl uoroi m dazo[ 1, 2-a] pyri m di ne-2-carboxylic acid, HBr salt (86-c) (276
ng, 1.05 nmol), HATU (522 ng, 1.37 mmol) and DI PEA (478 uL, 2.74 mmol) and
the reaction mxture was stirred at 0 for 1 hour. Saturategﬂa} ueous
anmoni um chf9gPsYRNEMEeARIA 6-6 HEY Waeqlerted bydieon ?%W?ﬂegsavﬂ gVSr was
separated, mwasheth. th saturated aqueous ammoni um chl ori de, saturated
aqueous NaHCO3 and brine, dried over anhydrous MgSO4, filtered and .
concentrated in vacuo. Purification by silica gel chromatography provided

i nt di at " e%q;,;gé 00264
[0308] St ep. BN Lo PR 99@%‘%@%@3‘%’! drrediate 49-a

(250 g, O. §‘9xar?|%§-’()0i“|h Hﬁte’@e’f"a?t‘:@ 'E%@d) ﬁ‘ﬂasaﬁqﬂed[ N B9 8n!WREs stirred

for 2 hour smatol)0 Affer stieihgitor il & sinwes enzghaoesioramata8.48 eduzeth pmelswas e and t he

whi 2“5&’?‘3&%5 {6 ekt et Sk 6 e %Edééj TRLSATRRMBd By T e @
i || ustrat esagsie }!YP"@G&?’%& therPraanicdyRpwRmMEPraatedyivaseed Vit RInegiedaY of For nul a

1 or salt theiyaebs M&bgmr&ﬁan&wmdﬂﬁaeam%c@onwumnbﬁs.[x&?gbo] Step 1: To a
D ) in DVMF, cooled to O 52C,

solution of j|ntermne jate 47+ 0.5

wer e sequenfhrgm?‘ygrﬁ cYé’ Vﬂeséﬂerbﬁg'@te Sz“?’?’” 1(9) ci") and i m dazo[ 1, 2-

a] pyri m di ne- 2- carbonyl chl ori de 250 n&? 1.38 mmol ) and the reaction

m xture was @89k r ed SEP roﬁ\'ﬂ"@@ﬁﬁér‘%&"a‘i‘% dr‘“%@’aﬁ?ﬁ’ﬂ?f’é%'”tegéﬁiClﬁ%@éd aqueous

anmoni um chigs1i gj@9.a8 chrddh) hy b <Capatias luner wassiieed for £ heuro agasrh cenipa;emre was

separ at ed, ted
aqueoUs NaH%%é“gs de“”%‘e%%‘é Ui B, BNRaRs TR A Pl wPUh
concent r at e@thprio peyide intappediate 64HG 8s B)be'gi? Felid M €r/ZLMr erd&gr aphy provi ded
internediate 50-a as a white foam [0311]Step 2: 4N HCl in 1, 4-di oxane

(1.85 nL) wpr3tidded Step 4 nted saddioabeinteOrealiafe36 6 (398, md) 153 mmab|ir) DWA met hanol

(200 uL) angootléaqo 6% g}e}eoéég%ﬁa@ta'd&éoe@éfz%roc % é@gw\éroaﬂ-l alrgf 4- %{P%jp%‘ i¢ érﬁtf dWer €

renoved under reduce sure and th ethyl

ether to pr&PPas &éf’rﬁm?ﬁdﬂ@ PREMIal 3Gummen. HM; %IB“'-IVB%W i PP

EXAMPLE 47 (733 uL, 4.21 mmol) and the reaction was then stirred at room temperature overmght.

(D

Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated agueous
NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided the expected intermediate 6-e as a
yellowish oil.

[0132] Step 5: 4N HCI in 1,4-dioxane (3.68 mL) was added to intermediate 6-e
(610 mg, 1.05 mmol) at 0 °C and the solution was stirred at 0 °C for 4 hours. Volatiles
were removed under reduced pressure and the residue was triturated with diethyl ether to
provide the expected intermediate 6-fHCI as a white solid. MS (m/z) M+1= 480.4

[0133] Step 6: To a solution of intermediate 6-fFHCI (271 mg, 0.52 mmol) in DMF
cooled to 0 °C were sequentially added Boc-N-Me-Ala-OH (117 mg, 0.58 mmol), HATU

(240 mg, 0.63 mmol), HOAt (175 uL, 0.10 mmol) and DIPEA (366 ulL, 2.10 mmol) and the
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[0312] The follow ng exanple illustrates the preparation of conpound 120,
which is a conmpound of Formula 1 Schenme 51: Synthesis of conpound 120

[ 0313] St ewolnitliwsmw4sol uti on of internmediate 47-d (500 mpCTABDI1/MOR64) N
DMVF, cooled to 0 2C, were sequentially added

1-net hyl - 1H i m dazol e- 4-carboxylic acid (138 ng, 128 1.09 mmol), HATU (522
nmg, 1.37 nmmol) and DI PEA (478 ulL, 2.74 nmmol) and the reaction m xture was
stirred at 0 C for 1 hour. Saturated aqueous amoni um chl ori de and et hyl
acetate were added; the organic | ayer was separated, washed with saturated
aqueous ammoni um chl ori de, saturated aqueous NaHCO3 and brine, dried over
anhydrous MgSO4, filtered and concentrated in vacuo. Purification by silica
gel chromato rap provi ded internedi ate 51-a as_a white foam é0314 ] Step
2: 4N HCO i ff i“% %ﬁ%@@&ﬁé”%ﬁ}g0‘ij’t)€%?‘%ﬁ’éa hpYs | SAIERIRE ATUSOES SRTNBAD Ny,
0. 37 mmol ) chiorelehynld aitt bedtate (WedD adde)l; trcbrgdne lagdr wtas Grepavaied svashea@ avith or 2

hours at 0O Qang\éf%h%huég:% ampﬁur%nrar&d sAOERE géﬁe%& ﬁgﬂﬁge%ﬁrgﬁgﬁ% bl residue

was triturate her t o provi 0 : as a white
solid. MS (Mg§§)4 Niltgred sang ‘@”EX'}(WPHE" 4’8°L[°O§3!5f]cwfé‘ng F'I"W?igCh&i‘éﬁﬁﬂ’@ y

i I I'ustr at espiohigeddthe pfediet 0iterdbdige BROsighthdiowdii. ch is a conpound of Fornmul a
1 WO 2011/ 098904PCT/ 1B2011/ 000264 [0316]Step 1: To a sol ution of

i nt er medi at g f%]dgd( g@g 70 Qso‘?JnoHUHht)arnﬁé?ila@\é:g &ﬁ?‘ﬂlgeééﬁ fhmidl) %Hﬁ‘@r{cﬁoxyl e

sequential |y dr o- 5- g%g azol e-2
acid, lithi ﬁ‘ﬁiegé.‘f‘?e'(‘%")@%?d 439 Y Wa)ter CP{Z{ W @879)-d he feagtionympl ) and
Dl PEA (478 wixtur@wad<purgaal withaiGnd btereﬁe(a@thoom THeXbabtien wasther fillefeddhratigh0 C for 1

hour. Satur géh?e an%qﬁjeefﬁt%% @Q%&ﬂhéﬁ%‘ﬁfég llno\;atcﬁo Pﬁﬂ%at?o% lsrlrga uietl gr]isrgm% rgprﬁdded; the

organi c |ayer was separa saturate

chl ori de, sa'towri%ﬁ'é@"mﬂ?é%‘érb am@m@sah&r%ﬂvwﬂdﬁm over anhydr ous MySO4,
filtered and concentrated in vacuo. Purification by silica gel

chromat ography provi ded i nternedi at EXBRBPBEAs a white foam [0317]Step 2: 4N
HCl in 1,4-dioxane (1.37 nL) was added to internediate 52-a (373 ng, 0.54

ol ) in et fybsacet 8herofAR dkhp@ st BObubi-aRn RSrTolid 28 i Enhour s at

0 C Diethy] et her was Brem nd 113-2HC
was col | ect B‘EI”W aPlan’?eé?‘F?i?feé[‘sth% RAR'E ”é’ Ficﬂnp%gg?frﬁa r)‘”'ﬂ/ljrf S%é'le.r EXAVPLE
49 [0318] The foll owi ng exanple illustrates the preparation of conpound 104,
which is a conpound of Fornmula 1 Schene 53: Synthesis of conpound 104
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[0319] Step 1: To a solution of internmediate 47-d (500 ng, 0.91 nmol) in
DMF, cooled to 0 @C, were sequentially added
1- (4-fl uowophamgsdo4 1H i m dazol e- 4- carboxylic acid, |ithipamiB211/0§o38 e) (224
ng, 1.05 mml), HATU (522 ng, 1.37 nmol) and DI PEA (478 uL, 2.74 mol) and
the reaction mxture was stirred at O C for 1 hour. Saturated aqueous
ammoni um chl ori de and ethyl acetate were added; the organic |ayer was
separated, washed with saturated aqueous amoni um chl ori de, saturated
aqueous NaHCO3 and brine, dried over anhydrous MgSO4, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided
internediate 53-a as a white foam [0320]Step 2: 4N HC1 in 1, 4-di oxane (886
uL) was added to internedgﬁge 53- %'&ﬁ 0.%& anI) in ethyl acetate
(0.5 nL) and the sol ution &1 PYEgesidP Qwﬁa iateffd o C. Volatiles were
renoved under reduced pressure and the residue was triturated with diethyl
ether to provide cogpoMndcO4. 2HCl as a white solid. M5 (m z) Mrl= 635.3
EXAMPLE 50 [0321] The follomnng e I |IIustrates the prgparati on of
conpound 91 g-awhi
of internediate 124AJY(HPAGRIPES, 2 ®8 I
sequentially added 1-cycl opentyl- 1H%i i d%zol e- 4- carboxylic aC|dﬂ lithium
salt (831 ng, 4.47 mol), HATU (1.3%ag, 3746 mmol) and DI PEA (2. 0\, 11.52
mmol ) and the reaction m xture was stlrreo 0O Cfor 2 hours. S at ed
aqueous ammoni um chl ori de and et hyl aceta er e added; the organ | ayer
was separated, washed with saturated aqueous annnnlun1chlor|de saturat ed
aqueous NaHCCB and;cxbl"lxrl%p2 dried oy ek>a ygrqus MgSO4, filtered and
concentrated in vacua.: Purific tL |N a gel chromat ography provided
i nt er medi at € 54" a, a8 @abibte foam 13 %@1098904PCT/ 1B2011/ 000264
[0323] Step 2: 4N HCl in 1, 4- di oxane (8.79 nmL)\was added to internediate
54-a (1.20 g, 1.75 mmol) in ethyl acetat® (500 uL) and the sol ution was
stirred for 1.5 hour at 0 C. Volatiles were re ed under reduced pressure
and the residue was triturated wth diethyl et to provi de conpound
91-2HC as a, whiteP¥dlid. M5 (nfz)YMHI=\ 583.5 EXAMPLE 51 [ 0324] The
fol |l owi ng exanpl e illustr abed~ rati on of conpound 93, which is a
compound of Formula 1 Scherme 55: MSynt hésigs of compound 93 [0325]Step 1: To
a solution of internediate 12-g (1.40 g, 2,69 mmvl) in DVF, cooled to 0 QC,
were sequentially added 1-cycl ohexyl-1H i mdazol e-4-carboxylic acid (783
ng, 4.03 mml), HATU (1.23 g, 3.23 nmol) Dl PEA (1.87 nL, 10.76 mmol)
and the 133

I ﬁ gp a sol ution
i DMmxane00! éd %t o Gher e

[0136] Step 1:  To a solution of intermediate 6-d'HCI (95.90 g, 256 mmol) in DMF
(1300 mL) cooled to 0 °C were sequentially added Boc-tBu-gly-OH (65.10 g, 281 mmol),
HOAt (42.6 mL, 25.6 mmol), HATU (107 g, 281 mmol) and DIPEA (179 mL, 1023 mmoi)
and the reaction was then stirred at 0 °C for 30 min. Saturated aqueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSO,, filttered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 7-a as a colorless oil.

[0137] Step 2: 4N HCI in 1,4-dioxane (480 mL) was added to intermediate 7-a
(141.00 g, 256 mmol) in methanot (130 mL) at 0°C and the solution was stirred for 30

minutes 4t 0 °C followed by 3 hours at room temperature. Volatiles were removed under
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reaction mxture was stirred at OC for 1 hour. Saturated aqueous ammoni um
chloride and ethyl acetate were added; the organic |ayer was separated,
washed wiwb 2satsated agqueous ammoni um chl ori de, sat ur aret/1aZpe0M264NaHCO3
and brine, dried over anhydrous MgSO4, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided internediate 55-a as a
white foam [0326] Step 2: 4N HCl in 1,4-dioxane (5.17 nL) was added to
internediate 55-a (960 ng, 1.37 mml) in ethyl acetate (1.0 nlL) and the
solution was stirred for 1.5 hours at 0 C. Volatiles were renoved under
reduced pressure and the residue was triturated with diethyl ether to
provi de conpound 93. 2HCI as a white solid. Ms (nfz) Mtl= 597.4 EXAMPLE 52

[ 0327] The fol| exa le illustr testhe tion of ¢ d 94,
Lhioh i o a COMRLMERSOE SBMRIPHCE s sy SDR oS Brevits iSRRG o
2011/ 098904 PGTHA B2 WhtOSDAOAS [V32811St46p41: To a sol ution of internediate
12-g (1.60g, 3.07 nmmol) in DMF, cooled to 0 2C, were sequentially added

1-i sopropyl {chbgy m d@zerplse 40 GadoR@NY bl ifte@fdddte T-bHBI (88108 @) 174 AR fFODM#A. 76

Toact oﬁuﬁ%w@?wﬁ@e@ A Eo pechtplot e B N e ok f @ﬁgaﬁdﬁgﬁﬁmm um
chl ori de an#Oat (87170a2x84ammoteH BT A (29,9, 5h8 mmganiddIPRY ¢r22viels 182 pancit ed,

washed wi thgatdr @safan'cmetﬁéw s@r@@%w% %}I Phbsle sapkdd %t@gu@QMﬁgH§mNaHCCB
and bri ne, 3r| ed over @% r ous | tered and concentrat ed |n vacuo.

Puri ficati ofM#ifesand; "6'%{/'6 g HYeETva rﬁ‘ﬁfﬂfg%‘r‘cowqﬂéﬁ‘fsl $PRREdVat eI 38 la as a
white foam st0329]aGuenns 2mméhumiChioide, datdratidaxyases (NAHCO; arln)brma,sdraddml to

i nt er nedi at ( i 1 i t.hyl ebat ) apgd the
sol ut i on ved"Siels (SR elal dhd TBhdbnlted) P iachE PR Batch. By Ttk REer
reduced pr eS¥omatogiaphyievided shecrxeeqiesniermadigeat-eds wWiiteHod-et hyl et her to
provi de conpound 94.2HCI as a white solid. M5 (mz) Ml= 557.4 EXAMPLE 53
[ 0330] The f gd1Bawi ng SezparplTe ai dolutient paittesnddiate prdpas gt 2.5 mofol)Gonmethana 95,
which is a 0 h 95

[ 0331] Step %Qﬂﬂ%%rﬂ%uﬁl %ﬁyé?de%’npgfrg&yleagg% @m& &S&O%tem g%g}j%e) in
DVF, cool edraastiqy ’@UFG\M@IS@Ugéﬁﬂ’éI?]H? and %}lrrgﬁ@éahours ereactlon was then filtered

1- ('t et r ahyde@oudh-cpite and 4heyﬂllt)até.Hab oskeredtied havdooxyd gite meindedidte t7hd agmsal t
(89-d) (656, 1es§m?§/l Mo1EH8dd5 (1.23 g, 3.25 nmol ) and DI PEA (1.74 ni,
10. 0 nmol ) an reaC|on m xture was stirred at 0 C for 2 hours.

Sat ur at ed aqueous anmoni um chl oride_and et hyl acetate were added; the
organic |ayer was separated, washed ESAMRLE At ur at ed aqueous ammoni um

chl oride, saturated aqueous NaHCO3 and brine, dried over anhydrous MySO4,
filtered an{PideincenihafotieivitghexaapigollusPates fﬁecmenamﬁorbyf eanipogrd ferhich is a

chr omat ogr apfhpdeh@¥i kbeHulh MbesdiRibrédie S7-a as a white foam [0332] Step 2: 4N
HCl in 1, 4-dioxane (4.43 nL) was added to internediate 57-a (960 ng, 1.18
mmol) in ethyl acetate (1.0 nL) and the solution was stirred for 2 hours at
0O C. Volatiles were renoved under reduced pressure and the residue was
triturated with diethyl ether to provide conpound 95-2HCl as a white solid.
M5 (mz) Mkl= 599.4 136
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EXAMPLE 54 [0333] The follow ng exanple illustrates the preparation of
conpound 61, which is a conpound of Fornmula 1 Schene 58: Synthesis of
conmpound w0 2p03AB4Jost ep 1: To a sol ution of internedi at ePC2AB20186@26wy, 0. 67
mmol) in DMF, cooled to 09C, were sequentially added

1- phenyl - 1H-i m dazol e-4-carboxylic acid, lithiumsalt (190 ng, 1.0 mmol),
HATU (435 ng, 1.14 mmol) and DI PEA (468 ulL, 2.69 mmol) and the reaction

m xture was stirred at 0 C for 1 hour. Saturated aqueous amoni um chl ori de
and ethyl acetate were added; the organic |ayer was separated, washed with
sat urated aqueous anmmoni um chl ori de, saturated aqueous NaHCO3 and bri ne,
dried over anhydrous MySO4, filtered and concentrated in vacuo.

Purification by silica gel rovi de nternedi ate 58-a as a
white foam WD 2011/ 098904%17%%91‘%8%2&“{'%?] Step 2: 4N HCl in

1, 4-di oxane (1.25nlL) dded to inter ate 58-a (345 ng, 0.50 nmmol ) in
met hanol (500 ulL) ande \§ﬁ1 tion was stilred for 2 hours at 0 C

Vol atiles were renoved undék—educed pre. t he resi due was
trlturated\Mtr?%hethVT—?ﬁTEW—To P ¢ '..U 63-2KCl as a white solid.
M5 (mz) M+l= 591.5 EXARFABABS [0336]The flol | pwi PNy | lustrates the
preparation of conmpound 122, which is a conpound ofi Fo |l a/ 1 Schene 59:

Synt hesi s of conmpound 122 [0337]Step 1: To a@solution of Internediate 12-g
(213 nmg, 0.41 mmol) in DMF, cooled to 0 2C, were se tially added
1- phenyl - 1H pyrrol e- 3-carboxylic acid (90-c) (100 .53 mmol ), HATU (203
nmg, 0.53 nmmol) and DI PEA (286 ulL, 1.64 nmol) and the reaction m xture was
stirred at 0 C for 1 hour. Saturated aquequd~amoni um chl oride and et hyl
acetate were added; the organic |ayer was par at ed, washed wi th saturated
aqueous ammoni um chl or isfleycgat ur at ed ,aq 3 and brine, dried over
anhydrous MgSO#8-afi | tered—and>-concent\ Yagud? |f|Cﬁ%4 n by silica
gel chromat ography prol# 88" nt er nedi ate 59- g as (?0338]Step
2: AN HCl in 1,4-dioxane (1.22 nL) was added to i nter 59-a (244 ny,
0.32 mmol ) in ethyl acetate (325 ul) and<hhammw ution was stlrred for 2
hours at 0 C. Volatiles were renoved under reduced ppessure and the residue
was triturated with diethyl ether to provide conmpou 122 . 2HCI as a white
solid. M5 (mz) Mrl= 590.2 EXAMPLE 56 [0339] The foll oW ng exanpl e
i | lustratesl@A8 pr eftaodt | tnagolufonpbintrimddi@e SwhildA me G2& owmpdundP\#, For nul a
1 cooled to 0 °C, were sequentially added imidazo[1,2-a]pyrimidine-2-carboxylic acid (56

mg, 0.34 mmol), HATU (162 mg, 0.42 mmol) and DIPEA (500 ulL, 2.87 mmol). The

reaction mixture was stirred for 2 hours at room temperature. Water and ethyl acetate

were added; the organic layer was separated, washed with saturated aqueous ammonium
chloride, saturated aqueous NaHCO; and brine, dried over anhydrous MgSQO,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 8-a

as a white solid.

[0142] Step 2: 4N HCI in 1,4-dioxane (1.8 mL) was added to intermediate 8-a (99
mg, 0.14 mmol) in ethyl acetate (0.5 mL) and the solution was stirred for 1 hour at room
temperature. Volatiles were removed under reduced pressure and the residue was
triturated with diethyl ether to provide compound 5-2HCI as a white solid. MS (m/z) M+1=
574.4,
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Scheme 60: Synthesis of compound 109 WO 2011/098904PCT/ 1B2011/ 000264
[0340] Step 1: To a solution of internediate 12-g (229 ngy, 0.44 mmol) in
DVF, coolwo 20m/089€, were sequentially added PCT/IB2011/000264

5- phenyl - 1H-i mi dazol e- 2-carboxylic acid (195 ng, 0.87 nmmol), HATU (220 ng,
0.57 mmol ) and DI PEA (310 uL, 1.78 mmol) and the reaction m xture was
stirred at 0 C for 1 hour. Saturated aqueous anmoni um chl ori de and et hyl
acetate were added; the organic | ayer was separated, washed with saturated
aqueous ammoni um chl ori de, saturated aqueous NaHCO3 and brine, dried over
anhydrous My504, filtered and concentrated in vacuo. Purification by silica
gel chromat ography provided internedi ate 60-a as a white foam [0341] Step
2: AN HCl in 1,4-dioxane (2.22 nl) g gegﬁd to internediate 60-a (307 ny,
0.44 mml) in ethyl acetate (445 uL)gQ il e solution was stirred for 2
hours at 0 C. Vol atiles were renoved under reduced pressure and the residue
was trituraf@d3i t hThe illewing exanele itustrples edueramiipo ahePPOINDBiYhiciss & whi t e
solid. M5 (@dgoult dFFortldia 2 oEMRELrS7 [ 0342] The fol | owi ng exanpl e
illustrates the preparation of compound 90, mhlch is a conpound of Fornul a

1 Schene 61: Synthesis of To a sol ution of
internmediate 12-g (598 ng gagﬁgﬁngy@ﬂeéggfgﬂ coo éﬁ to 0 QC, were
sequentially added 1-ph nyh 1H pyr azol e- 4-e8rpoxylic acid (217 ng, 1.15
mol ), HATU (526 ng, L vﬁnﬂ? and DI PEA (803 uL, 4.61 nmol) and the
reaction mxture was stirre t 0C for 20ho rs turated aqueous ammoni um
chloride and ettyl acetatewere adg c Ray was separ at ed,
washed with saturated amaammsuannonlun1chH0r| @bﬂgie laqueous NaHCO3
and brine, dried over anhydrous MySO4, flltered and co rig%}’ated i n vacuo.
Purification by silica gel chromatography proyided Inter iate 61-a as a
white foam [0344]Step 2: 4N HCl in 1, 4-dioxane (3.13 ) was added to
internediate 61-a (577 ng, 0.83 nnDI) in ethyl aceta 500 uL) and the
solution was stirred for 2 hours at C. Volatiles were renoved under

reduced pressure and the residue was tr|t Qted with diethyl ether to
provi de conpound 90.2HCI as a white solid. (mz) Mtl= 591.4 EXAMPLE 58
[ 0345] The fol | owi ng exqmpkgnlllustrans he prqg%iation of compound 88,
es®s of conpound 88
-9

which is a conpaund of—Ferruta
[0346] Step 1: To a sol UffigfEndf |nterned|ane 3Q%WMD|) in DVF,
-3-carboxylic

cooled to 0 QC, were sequentially added 5-phenyl -
acid (455 ng, 2.42 mol), HATU (1.0 9, 2.dompbarak) an. (1.60 L, 9.22
mmol ) and the reaction mxture was stirred at 0 C fo 2 hours Sat ur at ed
aqueous ammoni um chl ori de and ethyl acetate were ado the organic | ayer
was separated, washed with saturated aqueous amoni umchl ori de, saturated
aqueous NaH{Dd84Jand IStdprie, Taai stltiovef inderinydiate sh N&ESOhg, 0.41 trenad inaDMIF
concentr at eéodéé; té%@we%eg&énﬁép!agaeobhfm&azbm S35 AhnidrA 2O ARy 7ROV ded

i ntermedi ate as a e solid.
mg, 0.45 mmol), HATU (206 mg, 0.54 mmol) and DIPEA (218 uL, 1.24 mmol),. The

reaction mixture was stirred for 2 hours at room temperature. Saturated aqueous

ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO,; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 9-a as a colorless oil.

[0145] Step 2: 4N HCl in 1,4-dioxane (554 ul) was added to intermediate 9-a (107
mg, 0.15 mmol) in ethyl acetate (0.5 mL) at 0 °C and the solution was stirred for 1 hour at
0°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 3-2HCI as a white solid. MS (m/z) M+1= 576.4.
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WD 2011/ 098904PCT/ 1B2011/ 000264 [0347] Step 2: 4N HCl in 1, 4-di oxane (6.15
m.) was added to internediate 62-a (850 ng, 1.23 mmol) in ethyl acetate
(500 ulL) wocdotimes®al uti on was stirred for 1.5 hour at OPCr/iRmiabiokes were
removed under reduced pressure and the residue was triturated with diethyl
ether to provide conmpound 88-2HCI as a white solid. M5 (mz) Mrl= 591.4
EXAMPLE 59 [0348] The foll ow ng exanple illustrates the preparation of
conpound 117, which is a conpound of Formula 1 [0349]Step 1: To a solution
of internediate 12-g (1.0 g, 1.92 nmol) in DMF, cooled to 0 2C, were
sequenti al |y added 5-phenyl -1, 3, 4- oxadi azol e- 2-carboxylic acid sodi um sal t
(91-c) (1.36 g, 6.41 nmol ), HATU (2.19 g, 5.76 mml) and DI PEA (1.34 i,
7.68 nmmol) and the reaction mxture : %lrred at room tenperature

overni ght. Saturated aqueous annnniﬁgx@ﬁi Pi de and et hyl acetate were
added; the organic |ayer was separated, washed with saturated agueous
ammoni um chl®Aélde, 3Ibe ipiewiediexaqumeolistrilasiiearenachtibn pheompdricedl vdiasris anhydr ous

MySO4, filteskshbunier PRALNF &fit@kkbrédt. vacuo. Purification by silica gel
chromat ography provided internediate 63-a as a white solid. [0350] Step 2:

AN HCl in 1, 4-di oxane (10. Qmﬂb%e |rrggggﬁ#%§hﬁaﬁkﬁ?dlate 63-a (453 ng,

0. 65 mmol) and t he sol ution was ours at 0 C Volatiles were
renoved under reduced espur e and t he reS|due was triturated with diethyl

ether to provide conmpaynd{ DIPs2HC as a id. M5 (mz) Ml= 593.2
EXAMPLE 60 [0331] The foIIoWhg% exanpl Iu tr te 6he preparation of

conpound 115, which is a conpound Bt~ yntheS|s of
conpound 115 WO 2011ﬂU§§95ﬁﬁtT/182011f00656 ﬁ?%ﬁ;t 1N To a sol ution
of internediate 12-g (847 g, 1.62 mmol) in DVF, ed QC, were
sequentially added 5-pheny|isoxazole-3-carbox9ﬁic aci\d (431 ng, 2.27 mmol),
HATU (1.05 g, 2.77 mol) and DI PEA (1.13 nL, 6.51 and the reaction

m xture was stirred at roomtenperature overnight. rat ed aqueous

ammoni um chl ori de and et hyl acetate were added; the organic |ayer was
separated, washed with saturated aqueous annDnlun1chIor|de sat ur at ed

aqueous NaHCO3 and brine, dried over an MySHA, filtered and
concentrat ed |n vacuo. 4RCiihi cati on i chr omat ogr aphy provi ded
intermedi ate 64%8 as E@ e Toam S e

nm.) was added to interre ‘ate 64-a (356 51

HCly i n, 1, 4- di oxane (5.0
N h ol uti on was

stirred for 2 hours at 0 C. D ethyl ether mas adde i

and conpound 115. 2HCI was col |l ected by fi¢ompeurién as\a white solid. M

(mz) Mrl= 592.1 EXAMPLE 61

[0147] Step 1: To a solution of intermediate 7-d (1.97 g, 3.94 mmol) in DMF cooled
to 0 °C were sequentially added imidazof1,2-ag]pyrimidine-2-carboxylic acid (642 mg, 3.94
mmo}), HATU (1.94 g, 5.12 mmol) and DIPEA (2.05 mL, 11.81 mmol),. The reaction
mixture was stirred for 2 hours at room temperature. Saturated aqueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueo.us ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 10-a as a white solid.

[0148] Step 2: 4N HCI in 1,4-dioxane (9.40 mL) was added to intermediate 10-a
(1.74 g, 2.69 mmol) in ethyl acetate (5 mL) at 0°C and the solution was stirred for 3 hours
at 0°C. Volatiles were removed under reduced pressure and the residue was triturated
with diethyl ether to provide compound 6-2HCI as a white solid. MS (m/z) M+1= 548.4
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[ 0354] The follow ng exanple illustrates the preparation of conmpound 65-i,
whi ch can be used as an internediate in the preparation of a conpound of
For mul a Iwonroslgoother eof Schene 65: Synt hesi s of i ntePoedBate0@264

[0355] Step 1: To a solution of

(2S, 4R) - 1- Boc- 2- net hy1- 4- hydr oxypyrrol i di ne-2- carboxylate (18.0 g, 73.4
nmmol ), 4-fluorophenol (9.05 g, 81.0 nmol) and tri phenyl phosphine (21.17 g,
81.0 mml) in THF was added DIAD (17.07 g, 84.0 mml) in THF (20 nl)
dropwi se and the reaction was then stirred at roomtenperature for 2 days.
D et hyl ether and hexane were added, a precipitate formed and tri phenyl
phosphi ne oxi de was renoved by filtration. Volatiles were renoved under
reduced pressure and the residue mgﬁ @HEEZied by silica gel chronmatography
to provide the expected internediat B s yellow solid. [0356] Step 2: 4N
HCl in 1,4-dioxane (78 nL, 312 mmol) was added to internediate 65-b (21.2
g, 62.5 mmol014¢nd t e fohowing EMRigsIiusirates Bg preparatiomef fompeu T WAKE i§ Aen 30

m nutes at EaeBuh&BRFRRFrAlIAYT 6r sadiieldty! et her was added, a precipitate forned
and intermedi ate 65-c-HCI was collected by filtration as a white solid. M5

(mz) Mtl= 240.0 [0357] St egcﬁem J - %\@%&Fé&%o&% ,q{gr medi ate 65-c-HCl (14.2

g, 51.5 mmmol) in DIVF cool e re sequen y added Boc- Thr(l\/b) CH
(13.22 g, 56.7 gpm HATL{ (a 56.7 nol ), to( 5 15 mol )
and DI PEA ( 36. &@.CH‘@'H—’WBB% room
tenperature fo b\@urs Sat uf"atoe ous anmoni um chIHor d et hyl

aqueous ammoni um chl ori de, saturated eous NaHCO3 and br| ne i ed over
anhydrous M504, filtered and concen ed in vacuo. Purificat by silica
gel chromat ography provided the expected internedi ate 65-d as white foam

[ 0358] St ep 4. AN HCl in 1,4-dioxane (63.3 nL) was added to internediate

acetate were a&de the organic 1Lgye\x€ s separated, washed WILE sat ur at ed
t

65-d (23.0 g, 50.6 mml Juaibed he soI, uto| stl rred for 1 hour at 0 C and
then 30 mi nutes at room‘t‘g’nﬁ’at Ugol ™~ I s added, a precipitate
formed and internediate 65- e. HCl was cbl Itration as a white
solid. M5 (mz) Mrl= 355.2 [0359] Step 511CT0 a ut| on of internediate
65-e-HCl (16.2 g, 41.4 mmol) in DVF cooled to were sequentially added

Boc- NMe- Al a-CH (9.27 g, 45.6 mmol ), HATU (1734 45.6 mol ), HOAt (6.91
m., 4.14 mmol) and DI PEA (29.0 n{, 166.0 ymol) and the reaction was then
stl rred at room tenpgratidroemfor 3 h UIOS Sgtyrat ed aqueous ammoni um
chloride and ethyl acetate were adde A r yer was separ at ed,
washed wi th saturated agueous ammoni am chf or 1\ Je,o satur at ed aqueous NaHCO3
and brine, dried over MgSH, filteredeapdsconcentrated i n vacuo.
Purification by silica gel chromatography pr ov'd t he expected
internediate 65-f as a white foam [0360]Step 6 To a sol ution of
internedi at @16§-f ( 82pQ: dgro 42.s6lutiviDlo) intBrmBdhatec Jad g80a ond) C3vaamalfided

li thi um bor 8|Fr¥9rorlngt%ar(e Co%%{igo QMQngre ue}nn%@%d&%lg?lb%ﬂﬂﬁqm dgﬁdl)'[aLedO?;anl c

room tenperature overni ate were a
| ayer was seipdrlsghéao- ZW@@GVW thmmo@/Z Q ubhecieagtiop mbgyrg was #tinghired aqueous

NaHCOB and Réur8t rodift fempbirdt@d. OVACI @iahatsin %&até@&@”addéd kiiecdrgghiciagbr was

concentrated in,v ation chromat oqr rovi ded
i nt er medi at & p@?t%faggs |Sf’“(r§‘ralle(§’%ﬂ”e(fﬁ§%(§ gnggr"%o OIE"AGJ;OIeu'fmheggr %)'wn Brmedi at e
65-g (8.7 gfiteied. @1d panoentraied iDVBENQ. FugBatien bﬁsm@i aeroihjomatagraphe iryidgdet hane -

(150 ni) com{eg,qea,gera\Q@§mqg§mle PEA (10.40 nL, 59.5 mmol) and pyridine
sulfur trioxide conplex (8.12 g, 51 0 mmnol ), the reaction was then stirred

or g;ﬁ?? T gg@’%ﬁaur eggﬁ%ﬁ;‘%a SOIU {'n%frﬂec% Y% Ci ?@?%%;69&'0? gr at edt ggueous

NaHCCO3 and &rolagetp 0diG eals edded Qéand@l@ulsol\VgS@ﬁmL 20 mewek@ndihe r@mﬁ@@rws ated in
vacuo to prgyed®ori1NofF BedmRtthdBRtdle. A% MEYidng ef9rdbtalc0Rbe hdlcaptn8 otanid
solution of internediate 65-h (8.0 g, 15.70 mol ) in dichl oronethane was
added 2-(4-fl uorophenyl)ethanam ne (1.87 nL, 14.3 mmol). After stirring at
roomtenperature for 2 hours, sodium tghacetoxyborohydride (6.37 g, 28.5
mmol ) was added portion wi se and the reaction mxture was then stirred at
roomtenperature for 2 hours. Saturated aqueous NaHCO3 was added; the
organi c | ayer was separated, washed with brine, dried over anhydrous My504,
filtered and concentrated in vacuo to provide internediate 65-i as a yell ow
oil. To a solution of internediate 65-i in diethyl ether (100 nL) was added
IN HCl in diethyl ether (15.7 nL), a precipitate fornmed and internedi ate
65-1.HClI was collected by filtration as beige solid. M5 (mz) M:l= 633.4




EXAMPLE 62 [0363] The follow ng exanple illustrates the preparation of
conpound 100, which is a conpound of Formula 1 [0364]Step 1. To a solution
of intermedizatiensd®4i HClI (1.5 g, 2.24 mol) in DVF cool edTuB2001/2@28€r €
sequentially added i m dazo[ 1, 2-a] pyri m di ne-2-carboxylic acid (464 ny, 2.84
mmol ), HATU (992 ng, 2.61 nmol) and DI PEA (1.65 nL, 9.48 mmol) and the
reaction mxture was stirred at roomtenperature overnight. Saturated
aqueous ammoni um chl ori de and ethyl acetate were added; the organic |ayer
was separated, washed with saturated aqueous NaHCO3 and brine, dried over
anhydrous MgSO4, filtered and concentrated in vacuo. Purification by silica
gel chromat ography pr ovi ded i nter rredi ate 66-a as white foam [0365] Step 2:
AN HCl in 1, 4-di oxane . % added to i nternedi at e 66- ﬁ 8760 ng, 0.97
mmol ) at 0 layemiras ﬁ%paé%i?‘bt‘i"?fﬁ ‘I’Né{“é‘hs'?ri”?r@rdFdf gYer 2nRtRus aMItPe Ed tavdn 30

m nut es at roeaonttagsiievadio teeprodidenyternastieteat ieb seswhitidetl. a precipitate fornmed
and conpoundl100-2HCI was collected by filtration as a white solid. M5 (m z)

Mr1= 678.5 [pibdfPLE GRplH03AOk HaidPbi Miehhichi amp! (@oo ngugtsaaﬁr% ) lhemF
preparation of cogﬁound 102,

ARSI T R e R T o ST

HCl (2.0 g, m2nd&naalTy (172 mve.4Souha@dartdah®reaGionemixdurs @@s etivtadddr 3/hcauckde d

i m dazo[ 1, Zoaliwéfepléﬁbeetﬁ%ﬁé’eﬁé??%lé 'a&id@@'ﬂ%pfgr%ayy %i@r%v%é % Zéaﬁa"?eod),va§ 6jthggt b

mol ), HATU
reaction ni WLﬁqée%i#CétsiaW@ﬂd éﬂ“@b%h‘?'f'@@pé’?‘b?rﬁﬁeedré?\?é?”ﬁi g droes MaPQy ed
agqueous anmmuifgrétTaed keicetteataine ety | Puatetied ey \bﬁdieﬁgadﬂlﬁﬂlnatddﬂ@hw;g@mw | ayer

was 150 se k saturated aqueous NaHCG3 and brine, dried
over anhydr%ﬁeg%%}g%awégsg'gﬁée gnd concentrated in vacuo. Purification by

silica gel chromatography _provided i nternedi ate 67-a as white foam
[0368] Step 153N HCPEPH- 1T<21 agispletigne of antemepiptendica@d®dne.00PAt BFREdNate 67-a
(900 ng, 1. dichlorsmieihasd (20niG catled tohECamsuEddenTMaER alt)i ant etk feastiod wastrenat 0 C

and then 30 e'al“éli g%fg 1589%3&?@;%6? %h@veol%rﬂgll re C%E?Fe %@ﬁ?@ﬁgg&l

preci pltate ormed and conpoun was co tration as a
white soli dwaWB'“{fﬁ‘Pﬁ)N'tMﬂ@mYBeﬁVe@O ErNideL eMeauTIOBEY Fhe V‘fhtSGF seifi M§ @%@l e

i Il ustratesmihssgprieparati on of conpound 99, which is a conmpound of Formul a
1

EXAMPLE 8

[0154] The following example illustrates the preparation of compound 12-g, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt
thereof.
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[0370] Step 1: To a solution of internmediate 65-iFICI (2.0 g, 2.98 mmol) in
DMF, cooled to 0 2C, were sequentially added

1- net hyl -wbR2pni/dswal e- 4- car boxylic acid (478 ng, 3.79 mro)iB2otiA0ad2¢4l. 32 g,
3.48 mvol ) and DI PEA (2.20 nlL, 12.64 mmol) and the reaction m xture was
stirred at O C for 1 hour and roomtenperature overni ght. Saturated aqueous
ammoni um chl ori de and ethyl acetate were added; the organic |ayer was
separated, washed with saturated aqueous amoni um chl ori de, saturated
aqueous NaHCO3 and brine, dried over anhydrous MgSO4, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided
internediate 68-a as a white foam [0371]Step 2: 4N HCl in 1, 4-dioxane (3.0

m.) was added to interne te 6 0Q L 1,16 |y at 0 C and the
sol ution was stirred for dé?‘ﬁﬂ'ﬁr a%yé‘%ﬁs 3%"{%%9'3@”% nut es at room

t enper at ur e. Ethyl 2 dded, a preC| tate forned conpound
99- 2HCl was Ieate by fb&t tion @§{g vidad-t soI|d4Nm&h( Mel= 641.4
EXAMPLE 65 @oThe fol 1T T&@2d 171 ust r 2 % rbl on of
conmpound 114pmwh|8H“P§%3*co oun of Formula 1 Synt i s of
conpound 114 i937§T§F86mTW“W6QQ soghution of ipter dlate 65- i, HG (600 ny,
0.90 mmol ) in DMF, cooled to 0-9 re sequenti added

6, 7- di hydr o- 5- H—pyrrolo[l 2-a]imdazol e-2- carboxylic acid, lithiumsalt
(87-e) (236 ny, 1.42 nnn HATU (397 ng, 1.04 mmo ) and Dl PEA (662 ulL,
3.79 mmol ) and the rea@flbﬁ hlxtur was stirred at 1 hour and room

tenperature for 2 hours. -$aturate aquepus AN um chI or d d ethyl
acetate were addé#t® t e organi &% t hy,sat ur at ed
aqueous armmoni um chil FTUEA R yr af ed a ried over
anhydrous MgSO4, filtered and concentyated in vacuo. Purifigation by silica
gel chromat ography provided internediate 68 a as a white foam 74] Step
2: AN HCl in 1,4-dioxane (750 uL) was added’t o internedi ate 69-a{(230 ng,
0.30 nmol ) at 0 C and the solution was stirred for 1 hour at 0 C gnd then
30 mnutes at roomtenperature. Ethyl acetate was added, a precipitate
formed and conpound 114, 24 \Maﬁicollectsf%i filtration as a white solid.
IN

CM'M&H?%IB and brPne

M (mz) Mrl= 667.1 EXAMPLE 66 [ 0375] The | oW ng exanple illustrates the
preparation of conpdtff 107, whichei sya N owpoung,of Formula 1 Schene 70:
Synt hesi s of conpound 10Vm{ﬁ§W%T%hep 1: To%a sd ution of internediate 65-
HCl (600 ng, 0.87 nmmmol) in DWF, cooled to ®f2C, re sequentially added

6- fl uoroi m dazol[ 1, 2- a] pyri m di ne- 2- car boxyl i ¢ ac# HBr salt (86-c) (298
ng, 1.13 mmol), HATU (397 ng, 1.04 nmmol) and DI (662 uL, 3.79 mmol) and
the reaction m xture was §}|rred at OC f 1 hour rand room tenperature
overni ght. Saturated1aqueeés—aﬂnn |qn1 HfE;]d and ethyl acetate were
added; the organic | ayer was sepabPuat ed, Nva he wi th saturated aqueous
annnnlun1chlor|de saturated aqueous NaHCC% an®brine, dried over anhydrous
MgSOH4, filtered and concentrated in vacuo. 'Rurification by silica gel
chromat ography provided internediate 70- a as a yte foam [0377] Step 2:
AN HCl in 1,4-dioxane (1.41 nL) was added to int diate 70-a (450 ny,
0.56 mol) at 0 C and the solution was stirred forr 1 hour at 0 C. Ethyl
acetate

[0155] Step 1: To a solution of N-(tert-butoxycarbonyl)-L-prolinal 6-a (30.0 g, 151.0
mmol) in dichloromethane (1000 mL) was added 2-(4-fluorophenyl)ethanamine (19.79 mt,
151.0 mmol). After stirring‘ for 2 hours at room temperature, the reaction was cooled to

- 0°C, sodium triacetoxyborohydride (38.3 g, 181.0 mmol) was added portionwise and the
reaction mixture was then stirred at room temperature overnight. 10% aqueous Na,CO;
(800 mL) was added, the organic layer was separated, the aqueous phase was extracted

with dichloromethane, the combined organic extracts were washed with brine, dried over
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was added, a precipitate formed and conpound 107.2HCI was col | ected by
filtration as a white solid. M5 (mz) Ml= 696.3 EXAMPLE 67 [0378] The

f ol | ow ngwexanpleooisl | ustrates the preparati on of conpoumrdTABB)1/00€h IS a
conpound of Forrmula 1 Schenme 71: Synthesis of conpound 108 [0379] Step 1: To
a solution of internediate 65-i HCI (600 ng, 0.87 mml) in DVF, cooled to O
C, were sequentially added 1-(4-fluorophenyl)-1Hi m dazol e-4-carboxylic
acid, lithiumsalt (88-e) (303 ng, 1.42 nmmol), HATU (397 ng, 1.04 mol) and
DI PEA (662 uL, 3.79 mmol) and the reaction mxture was stirred at 0 C for 1
hour and room tenperature overnight. Saturated aqueous anmoni um chl ori de
and ethyl acetate were added; the organic |ayer was separated, washed with
sat urat ed agueous anmmonj um chl ori de, saturated aqueous NaHCO3 and._ bri ne,
dried over XeRYefiiRied agsenceniated BragHodn Arovdn i TFARIE 42 R RS ¢ &eigdess ol

Puri fi cati omtdoyediate it 2-a wge dissdivednradioyl @piay (400 ow ), thedsolutivrewaemboletiéo °C- a as a
white foam ndN Iy LN ol 7 ) Addsed to

i nt er medi at gégﬁ@g}bﬁéggthﬁﬁ%é.(1|2E"g'or¥1'1'rli’)l1$1'g{n %g}éﬂgﬁg&? hgp'lsé(l;%)ﬁét%i@@rrl was stirred
for 1 hour B#termediate LR-AYICT wasstohected Rydiltiatiensas a whitgseld: MSt(az M+dr #2438 and
conmpound 108. 2HCI was col lected by filtration as a white solid. M5 (m z)
Mtl= 721.1 EMBS]IPLE 6&p[203Bild Jdheioh of ihtenmeaulipteeiaaniiCig40.D uttti rterhmsl) inHed-
preparation P i ~AL b in the
D cpar at i on’arerE RIH] Snd wafl (el LA (06 R adita REHCOLBRBRE 5578

Synt hesi s of"Moht éﬁ?fggﬁ”ﬁg for Yamiputes bpregiehiostfermate: (17780 BL'EB Qe wis

i nter medi i’ilt edded-afld thtBeddtich vlveﬂaﬁhefh gtirred 3t rodin {vipeoé e 1.6moll. Ratenarticethyl N
sequenti a i.m ) PWHF 49 4. 06 Mo
and tert-bu%?%%%ﬁ%ﬁé@?%@ﬁ%§ﬁ§$ﬁgﬁémgﬁv%gm%fgn%%%%jﬁnnrygé%'d ¢ reaction

m xt ure wasa’itypiopeoa®.. fikssed andrepeseatraiedinyeeuorie gievide \ieraedigied 2t apd  acet at e
wer e added; cdibyrsosbigani ¢ | ayer was separated, washed wi th saturated agueous
NaHCO3 and brine, dried over anhydrous MgSO4, filtered and concentrated in

2ea col or | LU, "SR5 ANHRA T RLATEP B AL e O el Bl 2 (e 0
g, 10.76 nmt5i0)7 a. A1 TFHEMob 81 @ and e seluliprswasdrdiead for BAINAYE B BhyRiftitle (1.17 g,
23£ 8 n{mld) #Bd réMeet @AGdr kélﬂcéﬁﬁlﬁ}:ﬁeé_égﬂerarnﬁﬂwe&%sﬁdt{é@fﬁsﬁr?lﬂfﬁféﬂ&\ﬂithlﬂi@th?h&fdﬁl ?Et :
at urat ed agueous a ni.ym ol 1 a e . ace I a ; e

R SRR R PP S e R DT MR 29578

organic | ay gqueous Citr

[0158] Step 4: To a solution of intermediate 12-cHC! (38.9 g, 99.0 mmol) in DMF
cooled to 0 °C were sequentially added Boc-tBu-gly-OH (15.07 g, 65.1 mmol), HATU (48.9
g, 129.0 mmol), HOAt (24.75 mL, 14.85 mmol) and DIPEA (69.0 mL, 396.0 mmol)
dropwise over a period of 30 minutes and the reaction was then stirred at 0 °C for 1 hour.
Saturated agueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over MgSOQ.,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided the expected intermediate 12-d as white foam.

[0159] Step 5: 4N HClin 1,4-dioxane (108 mL) was added to a solution of
intermediate 12-d (49.0 g, 86.0 mmol) in ethyl acetate (10 mL) at 0°C and the reaction
mixture was stirred for 4 hours at 0 °C. Volatiles were removed under reduced pressure
and the residue was triturated with diethyl ether to provide intermediate 12-e-HCl as a
white foam. MS (m/z) M+1= 470.5

[0160] Step 6: To a solution of intermediate 12-eHCI (10.4 g, 20.55 mmol) in DMF

cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (5.01 g, 24.66 mmol), HATU
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acid, saturated aqueous NaHCO3 and brine, dried over anhydrous MySO4,
filtered and concentrated in vacuo. Purification by silica gel

chr omat ogwvepby/qswyi ded i nternediate 72- b as a white feamiBiAR8eR& ep 3:
To a solution of internediate 72-b (5.6 g, 10.57 mmol) in DVSO (3.0 ni,
42.3 mol ) and di chl oronmet hane (80 nlL) cooled to 0 C was added TEA (5. 89
m., 42.3 mmol) and pyridine sulfur trioxide conplex (5.05 g, 31.7 nmmol),
the reaction was then stirred at 0 C for 30 m nutes and room tenperature
for 1 hour. Saturated aqueous amoni um chl oride and ethyl acetate were
added; the organic | ayer was separated, washed with 10% aqueous citric
aci d, saturated aqueous NaHCO3 and bri ne, dried over anhydrous MySH4,

[l er 030516 as 8 ol Ko S SR 1.6 Rl pedilea T EEM B 0 G 66 ot )
i n di chl or odephiaaevena pedmiche 40 Binutbs fahd the ogdrdongsdbérestiand atedd TAAG! hduy. 5. 68
mol ). Af't eéaerarerd (jiqﬂ&m@tam'hﬂﬂr%tcﬁﬁﬁ&r ﬂrduarueyr 24 &w&@raddédheeeeaﬁ.u & was

cooled to - um tri acet oxyboro nmol ) was added

portion w sé’a%?ﬁﬂ’afal‘f'é’ paded WB'P\SW'QFGF%“%?TW@W”'EPF'(PJ’rdé’dsaéLf’atPﬁéﬁ*HeP%?rper ature

for 2 hour sNaSaOusratteite, atjeeows MBI Bredhandaddatirated d vac@aRurdichtay @y was

separ at ed, st concentrated

in vacuo to prgﬁep@\é\w%f@gdnggrmgt%é& %g gy%{edwéﬁgd'a{eggrﬁg o'tifg%g] ution of

internediate 72-d in dieth et her Hé was added 1N HC in diethyl

et her (5.688J a preact pl %?‘eu“PBP tﬂméBﬁ’H’t HdPARE; B 32 Mooy NeCHas

col | ect ed bylobinll) uader Nywassadded yE%FalC (0% IWBw(Walez Forrit{38%9). . The EB48IALE 69

03861 The f k8l Db IR TN, ahls Uk Aol Sn@fEORR Uk 83n AferGPHR Wgrrd 73-b,
ed as

whi ch can be us rate in preparation of a conmpound of
Fornul a 1 ofeliand thefdlraiewas epprivrated 3 vagyg PHEfsRYONGY siligd el Aramaleerany- b 0
[0387] St ep providied intefrmdditid ONg 0 a balbresTaid vt @z Md=BE3.5 (7. 02 g, 10.78 mmol)
in DMF cooled to O QC were sequentially added

i mdazo[ 1, 2-a] pyri di ne-2-car boxyl i CgggpLgbi t hi um salt (85-d) (3 08 g,

18. 33 rrrml) HATU (6.97 g, 18.33 mvol ) and DI PEA (7.53 nL, 43.1 nmmol) and

the reactio Xt ur stirred er atu e over Sat ur at ed
aqueous armgﬁ%m ch?'&érl\PEOé‘V ‘?ﬂ‘a@f"ﬁallus"éageestqh? ReRRRNS Ef)é'bnou?cﬂ%(p &]ﬁgf‘? % 1 ayer
was separ at eamponad bidebrnmila h osseitiiiea¢abd aqueous NaHCO3 and brine, dried over
anhydrous MgSO4, filtered and concentrated in vacuo. Purification by silica

gel chromat ography provi degdchdmeet3T8ghtAbsls 6Bcompsunalaot e foam [0388] Step 2:

To a sol ution of interrredr e 73-a (6.14 g, 7.72 mmol) in THF cooled to O
2C was added 1.0 M sol uti on ofNTBAF in THF (10. 04 m., 10.04 mmol) and the
reaction m xture was stirHed roomte er@t 2 hours. Water and
et hyl acetate wer e|2§dded,_u3e_ar_g.an| C I er wa aped, washed with

brine, dried over anhydrous MSQ4, f|‘P°L°ered aﬁh on en%d i n vacuo.
Purification by silica geID'PEﬁ‘ t ogr aphy provi d&d i ate 73-b as a
white foam EXAMPLE 70 [0389] The foll ow ng exarrple |II gstrates the
preparation of conpound 111, which is a conpound %Sf Fornula 1 Scheme 74:
Synt hesi s of conmpound 111 [0390] Step 1: To a sol ution of ernmediate 73-b
(1.95 g, 2.86 nmol), 4- (trifluoronethoxy)phenol (561 ng
tri phenyl phosphine (901 ng, 3.44 mol) in THF was added Dk AD (724 uL, 3.72
nmol ) dropwi se and the reaction was then strrr d at roomtenperature for 2

days. Diethyl ether and hexane wer e .added, ciphtate forned and .

tri phenyl phosphing_oxi de r"er[oved byH tr ti VQ| aHd es were renoved
under reduced pressure ang 4hg)gné’ esi due "wa )\g@ca gel

chromat ography to provide 't he expected i nrer rreerate a Yi%\l colorless oil.

Compound 40
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[0391] Step 2: 4N HCl in 1,4-dioxane (6.85 nL) was added to internedi ate
74-a (921 ng, 1.09 nmmol) in ethyl acetate (500 uL) and the sol ution was
stirred fwo281ioseog at 0 C. Diethyl ether was added, appraBipit@bet f or med
and conmpound 111-2HCI was collected by filtration as a white solid. M
(mz) Mrl= 741.3 EXAMPLE 71 [0392] The follow ng exanple illustrates the
preparation of conpound 106, which is a conmpound of Fornulal Schenme 75:
Synt hesi s of conmpound 106 Q [0393]Step 1 : T o a solution of
intermediate 73-b (2.30 g, 3.38 nmmol ), pyridine-4-ol (353 ng, 3.72 nmol)
and triphenyl phosphine (1.06 g, 4.05 mmol) in THF was added DI AD (854 ulL,
4.39 nmmol ) dropwi se and the reaction was then stirred at roomtenperature

tri phenyi” p3EIR na R el Sa By T oot of PUELB) M ere T enpved
under reduceablegrtes %wr@mueme"w@sleﬁweimw tbimidazpled-daghoxylic peid (1géImg,

chr omat ogr apbc/nm ,QMJ @@4 H@e1 BXRRRN 8RY meaRMLah @g %ﬁroa, aAG tHePbRfidess oil .
[0394] Step 2; 4N CI to, int e{ rredl ate

75-a (1.12 Guewss ?Wr‘ﬁ? ft qbé f%ftztﬂ?f‘rsa%%'t"aieé aﬂ%ﬁs 5"02{% C'E"ﬂ%desac'fpﬁ on was
stirred foratdewers adtied)the.ordanietidygt wast deparatee svastietbaiih satupatetaqpietest e f or nmed

and conpoun VS
(2 whae gmgdfe ﬁxﬁk&ﬁ%}%{e@%@%ﬁ%ﬁ*é? MR A B IR the
pr epar at i onfilsfedcangsenasatratessin vagyp crrrificatign Bysiisa gRFEMaRgFaplly BroYidedScheme 76:
Synt hesi s ointe¢admasingla k02 whsRanhStep 1: To a sol ution of internediate 73-b
(1.79 g, 2.63 nml), 4- nmethoxyphenol (359 ng, 2.89 mvl) and

tri phenyl phoggly ne’ 6325: Ml 1814 JTe B dilfitaauadsisdo@oADr (665 uL, 3. 42

mol ) dropw se "and t reaction was st omtenperature for 2
days. Di et hipferBediae 13APWRNR AL RHFY '%E‘H)élécetéteb‘? @&Lb?'idéf‘%mfx&‘r‘ ¥ and
tri phenyl phosphdrBeoosiade-Crasiatienste eerivyed idder @tiiced predalratind e remine renoved

under reducgd, pu?a%é&m.ﬁ\cg&%éﬂsnsgﬁova& BoiBiRin 4 b ihnd bl fs §)

chr omat ogr ap e expecte nter rre iate a as ol orI ess
oil. M+1 529
EXAMPLE 10
[0165] The following example illustrates the preparation of compound 50, which is a

compound of Formula 1 or salt thereof.
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[0397] Step 2: 4N HCl in 1,4-dioxane (4.05 nL) was added to internedi ate
76-a (510 ng, 0.64 nmmol) in ethyl acetate (500 uL) and the sol ution was
stirred fwo281ioseog at 0 C. Diethyl ether was added, appraBipit@bet f or med
and conmpound 105.2HCI was collected by filtration as a white solid. M
(mz) Mrl= 687.1 EXAMPLE 73 [0398] The follow ng exanple illustrates the
preparation of conmpound 77-b, which can be used as an internediate in the
preparation of a conpound of Forrmula 1 or salt thereof Scheme 77: Synthesis
of internediate 77-b [0399] Step 1: To a solution of internediate
72-d.HCl (3.0 g, 4.61 mmol) in DVMF cooled to O 2C were sequentially added
1-N-net hyl i m dazol e carboxylic acid (988 nmg, 7.83 nmmol), HATU (2.98 g, 7.83

mol ) and DI PEA (3.22 ni, %8(&% HP% ang Qﬁhréﬁ% r?'hgn m xture was stirred
at room tenperature overnlgﬁt arora gﬂ 8qued%s ni um chl ori de and

ethyl acetate were adde fjhe organic layer was separated, washed with -
sat ur at ed aqueous NaH ndlbrlne dried over anhydrous MgSOH4, filtered
and concentrated in vacuo. fication by silica gel chromat ography
provided internedi ate 77-a agig%lte f oam ep 2: To a solution of

i nternedi ate 77&9 (570 _ng, 0.5 ﬁﬂD|)N nc%H co I 40 0 2C was added 1.0 M
sol ution of TBAF 1n THF 970 uL, 0.887 ea&tlon m xture was

stirred at roon1tenperaPﬁFé*FGP 2 hours: vateo an | Mcetate were
added; the organic |ayer was separated, washed with -rlné, ried over
anhydrous MySO4, filtered and concentrated in'facuo. Rurif tion by silica
gel chromat ography provided intermediate 77-b as whi [ WO

2011/ 098904PCT/ 1B2011/ 000264 [0401] The fol l owi ng exanple illustrates the
preparation of conmpound 97, which is a conpound of Forrula 1 Schene 78:

Synt hesi s of conmpound 97 [O402]Step 1: To a solution of internediate 77-b

(700 ng, 1.08 mml), 4- (trlfluoronethoxy oI 445 ng, 2.49 mmol) and
trlphenylphosphlne (71248yCiiR. 71 nnol S aqped DI AD (549 uL, 2.82
mmol ) and the reacti on was then stlrre ra ure blar 2 days.

Di et hyl ether and hexane"¥®P¥ added, a preﬂlpbtat d‘and tri phenyl
phosphi ne oxi de was renoved by f||trat|on VOIatlle noved under
reduced pressure and the residue was puri fGeeruigysili ¢a g%if?@;onatography
to provide the expected internediate 78-a as colorle N

2011/ 098904PCT/ 1B2011/ 000264 [0403] Step 2: 4N HCl in - di oxane (6.0 nl)

was added to internediate 78-a (450 ng, 0.56 nmol) in ethyl acetate (500
uL) and the solution was stirred for 2 hours at 0 C. D'ethyl ether was

added, a preC|§ftate formed and conmpound 97, 2HCI was col | ect ed by
filtration H968] whi SEPdel T sHiop /Y iptermaciate 78)g(490 mg, 0.76 mmol) in DMF,

cooled to 0 °C, were sequentially added 1-phenyl-1H-1,2,3-triazole-4-carboxylic acid,
lithium salt (226 mg, 1.15 mmol}, HATU (467 mg, 1.23 mmol) and DIPEA (535 ulL, 3.07
mmol) and the reaction mixture was stirred at 0°C for 2 hours. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by

silica gel chromatography provided intermediate 14-a as a white foam.

[0167] Step 2: 4N HClin 1,4-dioxane (1.0 mL) was added to intermediate 14-a
(282 mg, 0.40 mmol) in ethyl acetate (1.0 mL) and the solution was stirred for 5 hours at
0°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 50-2HCI as a white solid. MS (m/z) M+1=592.5
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EXAMPLE 75 [0404] The foll owi ng exanple illustrates the preparation of
conpound 96, which is a conpound of Fornmula 1 Schene 79: Synthesis of
conpound W6 2Ma98dN®D 2011/ 098904PCT/ 1B2011/ 000264 [ 0405] 8CepBAol1/lm264
solution of internediate 77-b (484 ng, 0.75 mmol), 4- nethoxyphenol (214
ng, 1.72 mmol) and triphenyl phosphine (492 ng, 1.87 mmmol) in THF was added
DI AD (379 ulL, 195 mmol) and the reaction was then stirred at room
tenperature for 2 days. Diethyl ether and hexane were added, a precipitate
formed and triphenyl phosphi ne oxide was renoved by filtration. Volatiles
were renoved under reduced pressure and the residue was purified by silica
gel chromat ography to provide the expected internedi ate 79-a as beige
solid. [0406] Step 2: 4N HCl in 1,4 %ﬁﬂﬂé (2.80 nm.) was added to
internediate 79-a (420 ng, 0.56 A 1%y| acetate (500 uL) and the
solution was stirred for 2 hours at 0 C. Diethyl ether was added, a

preci pi t at e[@68hed adhelfobeittorrampiod!ugtFtes theprepahticnef eaindoynd 63, whigh isoh as a

white sol i dcodfubdbzdortiid T oPSltterEeXAVPLE 76 [ 0407] The fol | owi ng exanpl e
illustrates the preparation of conmpound 123, which is a conpound of Formul a

1 Schene 80: Synthesis of To a sol ution of
internmediate 12-g (0.478 gsgﬁgﬁigﬁgwé%%mLgﬂgﬁiﬁgfﬂgﬁqc were sequentially

added 5-phenyl oxazol e Nowpri ¢ acid, sodiumsalt (92-d) (0.194 g, 0.919
mol ), HATU (1. 05g, %o \ Fand DIPE%( 42 , 3.68 mMmmvl) and the
reaction mxturg was stseered at roomJt enper ht uf e vernight. Ethyl acetate
and saturated aq%eous anmoni_um chleo¢1 d; \t he o&ganlc | ayer was
separ at ed, washed wi t PFEA TS ed aqueoas HHHEM|U ﬂ%T§$rﬁe> sat ur at ed
aqueous NaHCO3 and brine, dried over anhydrous MyS Ntered and
concentrated in vacuo. Purification by silicd%gel ch onat ogrfaphy provi ded
internediate 80-a as a white solid. [0409] Step 2: 4 in 1,4-dioxane (5
m., 20.0 nmol) was added to internediate 80-a (390 0 564 mmol) at 0 9C
and the solution was stirred for 3 hours at 0 C Diet et her was added, a
preci pitate was formed and conmpound 1232HC was coIIected by filtration as
a white solid. Ms mz Mrl= 592.2 EXANPLE 0 0] The foll owi ng exanple
illustrates the QreparaNHGhnof conpouQVJk h |s a conmpound of Formul a

1 1.4 N 2HCI
ioxane 5 »\&Y

Compound 63

F

[0169] Step 1: To a solution of intermediate 12-g (15.17 g, 29.1 mmol) in DMF,
cooled to 0 °C, were sequentially added 6-fluoroimidazo[1,2-a]pyrimidine-2-carboxylic
acid, HBr salt (86-c) (9.16 g, 35.0 mmol), HATU (13.29 g, 35.0 mmol) and DIPEA (20.0
mL, 117 mmol) and the reaction mixture was stirred at 0°C for 2 hours. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ.,, filtered and concentrated in vacuo. Purification by

silica gel chromatography provided intermediate 15-a as a white foam.

[0170] Step 2: 4N HCl in 1,4-dioxane (82.0 mL) was added to intermediate 15-a
(14.96 g, 21.88 mmol) in ethyl acetate (11 mL) and the solution was stirred for 3 hours at
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Schenme 81: Synthesis of compound 125 [0411]Step 1: To a sol ution of
internediate 12-g (316 ng, 0.608 mol) in DVF at 0 2C were sequentially
added 1- (wof2buamwsephenyl)-1H 1, 2, 3-tri azol e- 4- car boxyl i c patitB201vo@Reim sal t
(93-c) (0.2 g, 0.790 nmmol ), HATU (0.347 g, 0.912 mmol) and DI PEA (0.423 ni,
2.431 mol) and the reaction mxture was stirred at roomtenperature

overni ght. Ethyl acetate and saturated aqueous ammoni um chl ori de were
added; the organic |ayer was separated, washed with saturated aqueous
ammoni um chl ori de, saturated aqueous NaHCO3 and brine, dried over anhydrous
MySH4, filtered and concentrated in vacuo. Purification by silica gel
chromat ography provided internediate 81-a as a white solid.

2011/ 098904PCT/ 1B2011/ 000264 %0412 Ste 2: 4N HCl in 1, 4- d|oxane %}

6.06 nmol ) fds RefhEaeoVE KPP AiRgRdRte f‘ﬁ?‘@ﬁ" ARtFoRPQUIHE32HH wascqject 606
mol ) in et bylitraoetatehidsdid 9 (np)dMitkea8gsl uti on was stirred for 2 hours at
0O C Volatiles were renoved under reduced pressure and the residue was
triturated with diethyl ether to prpwimE gpound 125. 2HCI as an off-white
solid. Ms mlz Mrl= 610.1 EXAMPLE 78 [0413] The followi ng exanple illustrates

t he prepara of und 119 of F Schene
52 Syt nea 070k “conpo RS m o e e B ethe SR Eor SO M bava st ep
1: To a soIg@nmwn@ﬂﬂﬁmv@amﬁdﬁﬁﬂﬁﬂﬂﬂ h (250 ng, 0.396 mmol) in DMF at 0 QC
were sequentially added 2-(4-fluorophenyl)-2H 1, 2,3-triazol e-4-carboxylic
acid (94-d) (130 ng, O0.630Sthene 16: Bfrthkedid éflcompoudd 663 nmol ) and DI PEA (207
uL, 1.189 mmol). The rgaction mxture was stirred for 3 hours at 0 C and at
room tenperature overnwg%g Et hyl acetate and saturated aqueous ammoni um
chl ori de were added Bganic | ayers were separated. The aqueous phase
was extracted with ethyl ac ; the conbined organi c extracts were washed
W th saturated aqueous nnnZiE%kzhlorlde rated aqueous NaHCC3 and
brine, dried over anhy rous My f|Hterd nd cgncentrated in vacuo.
Purification by’ ?Ilca——ér—tﬁrﬁnat teymedi ate 82-a as a
white solid. [0415]Stéﬁ BA. HATRH HCl |n 1 4- dFox ne ﬁ} 3.70 nmol ) was
added to internediate 82-a (303 ny, O. 370 nol ) and\_t he-8gol uti on was
stirred for 1 hour at 0 C. Volatiles were renosed under red pressure
and the residue was triturated with diethyl ether to ovinde{ conpound
1192HCI as a white solid. M5 mz Mrl= 720.1 EXAMPLE T9 p0416] fhe fol | owi ng
exanple illustrates the preparation of conpound 126, which is a conpound of
Formula 1 [0417]Step 1: To a solution of i nt er medi at e F12- g (300 ng, 0.576

mmol ) in DV at
. o)
: 4N HClin H
16-
} 1,4-dioxane /N\:)J\INI Q i N 2RCl

’ = o) N)X\<\\\7

: N

Compound 66 Q

F

F

[0172] Step 1: To a solution of intermediate 12-g (350 mg, 0.67 mmol) in DMF,
cooled to 0 ¢C, were sequentially added 1-(4-fluorophenyl)-1H-imidazole-4-carboxylic
acid, lithium salt (88-e) (208 mg, 1.0 mmol), HATU (435 mg, 1.14 mmol) and DIPEA (468
uL, 2.69 mmol) and the reaction mixture was stirred at 0°C for 1 hour. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
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0 9C were sequentially added 2-(4-fluorophenyl)-2Htetrazol e-5-carboxylic
acid, sodiumsalt (95-d) (190 ng, 0.749 mol), HATU (329 ng, 0.864 nmol)
and DI PEAVO4001/0989042. 305 nmol ). The reaction m xture wa®CItBroiedoass O C f or
1 hour. Ethyl acetate and saturated aqueous amoni um chl ori de were added,;
the organic | ayers were separated. The aqueous phase was extracted with
ethyl acetate; the conbined organic extracts were washed with saturated
aqueous ammoni um chl ori de, saturated aqueous NaHCO3 and brine, dried over
anhydrous MgSO4, filtered and concentrated in vacuo to give internmedi ate
83-a. [0418]Step 2: 4N HC in 1,4-dioxane (1.76 nL, 7.03 mvl) was added to
a solution of internediate 83-a (303 ng, 0.370 mol) and the sol uti on was
stirred at 0. 9C for 2 urs re renoved un r edyc

o e PR e AR s e B e g S BB e ormpound
126 2HClI assitcawel ¢cheonsaddgrahhy Mevideg inteiedifd 16-4 aEXAhRLBa80 [ 0419] The fol | owi ng
exanple illustrates the preparation of imdazo[l, 2-a]pyrimdine-

2- car boxyl i mal d, zs&m HEBAH Q)dl&ﬁrﬁbe(m@ 4 waS¥addaes infer@édifd16-a0

[ 0420] St ep rim 526 mmol )
‘n DVE (375 m:@é? Baeh et WS AL A e it 2BaiS 0%  a (g8, o
g, 526 mmol )/olatTdmeweTeamnqvemur\msreslmqedp@dsm afd 1@ fesidu@ whetitusatedhditht dighy! war ned
Lo room t enpgrab bk G UShoctnd 951901334 w?ntté 54808 B2l 1ok, Acetoni trile
(650 nL) was él) precipitate formed and was collected by filtration. The
precipitate was rinsed with acet o_n:%{AMaFg_Eaﬁd di ethyl ether and dried in
vacuo to obtain internediate 84-b White solid. MS mz Mr1=182.0
[0421] Step 2: To a suspension of internediate 84-b HBr (98.80 g, 377 mmol)
in THF (600[‘}1{‘}1 was TRefakawing sxemp pilusiiatasdeq RIPAIIop 2BCaMPPUNdiye WRIEREHE on was
stirred at &mgouhdéf Ffnl@ubssatée@oed to roomtenperature and poured into
acetonitrile (700 mL). A precipitate was formed and collected by

filtration, rinsed with acgé t{7|5 ﬁgg Q&H}}’Jun te er and dried in vacuo
OXy

to glvelmdazo[12a]pyr|m e2c caC| HBr salt (84-c) as a
beige solid. MS mz IVHP- 2 EXAMPLE 81 [ 422] The fol I owi ng exanpl e
illustrates the prepan >aN i m daz [1@ p d| ne-2- carboxylic acid,
lithiumsalt (85d) Srﬁéﬁe__85. Synt %
DIPEA, HATU
17-a

4N HCl in H
17-a QJ\ \/E( .
1,4-dioxane »\& 7\——:

Compound 67

F

[0175] Step 1: To a solution of intermediate 12;g (856 mg, 1.64 mmol) in DMF,
cooled to 0 2C, were sequentially added 6,7-dihydro-5H-pyrrolof1,2-alimidazole-2-
carboxylic acid, lithium salt (87-¢) (340 mg, 2.13 mmol), HATU (875 mg, 2.30 mmol) and
DIPEA (859 uL, 4.93 mmol) and the reaction mixture was stirred at 0°C for 30 minutes.

Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
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LIONO LiO 85-d [0423]Step 1: To a solution of 2-am nopyridine 85-a (20.00
g, 213 mol) in THF (417 nL) was added et hyl bronopyruvate (30.0 nm, 215
nmol ). Thworenowsma m xture was stirred at room t enper ataraBioar/o@®m36dours. A
precipitate formed and was collected by filtration and rinsed with THF to
provide internmediate 85-b HBr as a yellow solid. [0424] Step 2: To a
suspension of internediate 85-b HBr in ethanol (550 nL) was added AcOH (5
m.) and the m xture was heated at reflux for 3 hours to give a clear
solution. The solution was concentrated in vacuo, precipitate was forned
and triturated with diethyl ether; intermediate 85-c HBr was col |l ected by
filtration as a beige solid, dissolved in water (0.5 L) and basified to pH
8 by using NaCH pellets. This solution was extracted with eﬁp‘ | acetate
four tines; WeheereBHS: W%?ﬁ‘e%w&fé?ﬂt‘ﬂatﬁgﬁ%‘fegum@omwﬁ'% EHP ﬁ%‘,ec"dﬁi ed over
anhydr ous NgSGEO dridltriee, @decovdr edydend Ma$@d filkened/andicondeotrpediviva@ioi nt er nedi at e

B« ?iea?mpfgfﬂ%m‘“%gd'ﬁ&]h e i‘“ﬁ%“%j%é”éb%ga‘% %ﬁa‘ﬁégﬁil i
70 nL, 140 5
hour 5. The IR onoRP ﬁ%ﬁﬁaé”%?%“x’%% 35 o e iR R MoAT AL For e,

col | ect ed bys16ingt 0.28 momwl) dmethyl aeesatel (06 inh) ahidettdsplutien Was stitred b2 Aours at

i mdazo[1, 2 white
solid 1iH NR/EJ %'éibgﬁjw-ég %%%g@gﬂydelr Féd@é@dgyresgur%gha’mb$éllotue%?fr?@t@éwfﬂw 11 (s,

Th . 7. 53 (denyieirgr o pvice pppOinIRT PLiges s IS (1) b3 FERS 145 6. 00
(dd, J= 6.7 Hz, J= 6.7 1H EXAMPLE 82 [0426] The foll ow ng exanpl e
ilustrates the preparation of 6-f|EXAMRUR Wazo[ 1, 2-

al pyrim di ne 2-carboxylic acid, HBr salt (86-c) Schene 86: Synthesis of
86-¢ 0 Rﬁﬁjl St ephelfollo-ﬁﬁhgﬁbx&ﬂblblﬁlhﬁfhté%fth@prﬁbéi&foﬁ@Védnﬁ'ﬂodmd\GSZwalﬁh ke 86-a
(3.17 g, %gﬂg [PIVFr( A} % at 0 C was added bronopyruvic acid (7.73
g, 53.4 mch)mpoTLﬂ QURYF LATSAETF% was stirred for 2 hours at 0 C and then
for 2 days at roomtenperature. The reaction was diluted with acetone;
precipitate formed and int §?'??E€ﬁ1§t 8ygbesis PB?°'VH§'"€(§PI ected by filtration as

a beige solid. [0428] Step suspensi on i nternedi ate 86-13. HBr (8. 40
g, 30.0 mmol) in THF ( ~and AcC]—I(JQO stirred at 70 C for 72
hours. THF was agdgded and the preci p|t te was c cteed by filtration,

rinsed with THF and di e}yl et her &ecd uojL.t rqvi de
6-fl uoroi mdazo[ 1, 2-a] pyri indi ne-2-car beyI i COaC| "N'HBR dal® (86-c) as a
pal e beige solid. M5 mz M+l= 182.0 =

F
4N HClin W
18-a N 0
: -~ \_)kN N HCI
1,4-dioxane : H AN
= 0 N \ N N

Compound 68

F

[0178] Step 1: To a solution of intermediate 12-g (300 mg, 0.57 mmol) in DMF,
cooled to 0 °C, were sequentially added indolizine-2-carboxylic acid (107 mg, 0.66 mmol),
HATU (285 mg, 0.75 mmol) and DIPEA (301 uL, 1.72 mmol) and the reaction mixture was
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EXAMPLE 83 [0429] The follow ng exanple illustrates the preparation of

6, 7-di hydro-5H pyrrol o[ 1, 2-a]i m dazol e-2-carboxylic acid, lithiumsalt
(87-e) Swebenm/BFw4Synt hesis of 87-e 87-c¢ TEA 0 Li O PCTAB2021/040Q¢i30] St ep
1: To a solution of internediate 87-a (5.00 g, 70.3 mmol ) in THF was added
ethyl propiolate (6.90 g, 70.3 mmol) at 10 C. The reaction m xture was
stirred for 1 hour at roomtenperature and concentrated in vacuo to provide
internediate 87-b as a yellow oil. [0431]Step 2: To a solution of
internediate 87-b (11.90 g, 70.3 mml) in acetonitrile (1400 nL) was added
4-nitrobenzenediazoniun1tetraf|uoroborate (16.66 g, 70.3 mmol ) and the
reaction was stirred for 1 hour roon1tenperature to provide a solution

of internedi ate 87-c. 0432%Steﬁ 3 To a sol utjon %f |nterqﬁdiate 87-c was
added TEA (8789 ahp°Cfé: (RIS RAUPQUS AMMARIVA PPN RSy at ref | ux
for 2 hour sweecobet] trte@rganmnaybewweaararee aastied wirrcaantrated agphebus aracanum

Purificati d
br own ol | 4EREehE L’fﬁﬁ?@%@“@%ﬁ’%?@m AR UL RS dpRasfa ] 20 2 o
87-d (5.36 Eoncomratediicyo. Ryrifigation yssilisa aele r@ma@qwe@ugrowe@we@?dwerﬂ@- 65. 4

mol ). The neaawhdfoainXxture was stirred at roomtenperature for 48 hours
and concentrated in vacuo to obtain 6, 7-di hydro-5H pyrrol o[ 1, 2-

f/]si m gaﬁ/ﬁllg[oiggagb%yépizc ACHEin ksl V4B 6 hi)WBE uBdeddS infbrR@dife PE09E sol i d.
_(360 nig, 0.54 mmol) in ethyl acetate (0.5 mL) and the solution was stirred for 2 hours at

0°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethy! ether to provide compound 68-HCI as a white solid. MS (m/z) M+1= 564.5

EXAMPLE 15

[0180] The following example illustrates the preparation of compound 62, which is a
compound of Formula 1 or salt thereof.

Scheme 19: Synthesis of compound 62
O N
Naéy*%:[:] |
N (0]
129 EEE——— Boc/N\:/U\N }\\(N
DIPEA, HATU i H g N 0_1::i7

19-a

4N HClin

N
1,4-dioxane @

Compound 62

F

[0181] Step 1: To a solution of intermediate 12-g (300 mg, 0.57 mmol) in DMF,

cooled to 0 2C, were sequentially added sodium benzo[d]oxazole-2-carboxylate (139 mg,
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EXAMPLE 84 [0434] The followi ng exanple illustrates the preparation of
1-(4-fluorophenyl)-1 H imdazol e-4-carboxylic acid, lithiumsalt (88-¢€)
Schene 88vo3lymntdeemis of 88-e [0435]Step 1: To a sol uti orCoiBAIING00Q&E de
(7.32 g, 90 mmol) in formc acid (20.7 nm., 540 mol) at 0C was added
4-fluoroaniline 88-a (20.00 g, 180 mmol ). The reaction m xture was stirred
at 70 Cfor 1 hour, cooled to roomtenperature, diluted with ethyl acetate
and filtered over a pad of Celite. The filtrate was washed with water, 10%
aqueous Na2CO3 and brine, dried over anhydrous MgSO4, filtered and
concentrated in vacuo to give internediate 88-b as a beige solid. M5 niz
Mr1= 140.0 [0436] Step 2: To a solution of intermediate 88-b (8.35 g, 60.0

I d 111 dd h | ph
(1779 g, 654ty yAT > s 985 o aod BTG dng 0 EPEB PO el 1 g
(6.21 ni, 6miduremasb jtirredfat @1C ferta maurmgarblated‘bauéuualasmrran:um@blmldesarrp@ﬂm ure, the
reaction m )éI:v.ﬂétgl Scaroggaékr%%éa%q?ﬁrwﬁs L6611 &hEd WarsschPLBEEdqueb® | ect ed by

filtration an trate was concentrated and suspended in
col d di et hy RMEVREM chigrds. satyiategiegugoss NatleCuals REipe:|dued 2T BYYecrs MaPPon and
di scarded. Tit@ed ardidondertrives incaswePirffisstied by Blicaaelchrdntat@yraphy @mvided er nedi at e

88-c as a br 7 RS To a suspensi on of copper oxide (1.20 g,
8. 40 ol ) ”?ésﬂig%[“dmla%zeé%a"hﬁ% G ne (3.03 g, '16.80 ol ) in THE (400 i)

purged with nitrogen were sequenti al added internedi ate 88-c 47 27 g,
60.0 mol ) &H§2kt hyIStqps%c%HgbﬂEét“aq"@‘a(‘@ (12077L) wag agdpd|tg inteppediate L3-fr rj ng at
70 C for 18(Mmgs014hem|i<ﬁ)aamtinr@rsomoﬁwsenmasmc@ndnedattoocrmnm&wnner ature and
filtered ov I vacuo.
pur 11 cat | ol tgegBitef! ed&’%d o i e ool G B S AR el B L d s a
li ght yell oWOé!@PP@mPWBd ileMﬁla:w@twow @@4@@ B+&po66-5 To a sol ution of
intermedi ate 88-d (10.47 g, 44.7 mmol) in THF was added 2N aqueous Li OH
(24.6 nL, 49.2 mmol ). After stirringXAMPLEtN t enperature overni ght, the
reaction m xture was concentrated in vacuo. The resulting residue was

diluted wit Irm\e@]t er anéifoﬂaw.ﬁgag&aﬁfélewnuwatga 68 bR HERINHRBENPol SN WBRRAisCa
fractions were ueous | ayer was concentrated in vacuo to
provi de 1- (&0?‘?95’888%%@1)1 or iﬂtp‘ﬁ?‘gazol e-4-carboxylic acid, lithiumsalt
(88-e) as a light yellow solid. M5 mlz Mtl= 207 EXAVPLE 85 [ 0439] The
follow ng exanple illustrates the preparation of 1-(tetrahydro-2H pyran-4-

y1l) - 1H i m dazol e- 4-carboxylic acid, lithiumsalt (89-d) Schene 89:
Synthesis of 89-d OV 0 ON--L'"OVe-i<jAO \ / NH2 \/ EtO0O | flCEt \
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. -'OEt Th\l 89-a189-b 0 [0440] Step 1: To a solution of ethyl
2-1socyanoacetate 89-a (5 g, 44.2 mol) in anhydrous ethanol (50 nL) at OC
was addedw,2btidiosmthoxy- N, N- di met hyl met hanam ne (10. 53 @CTAB20mvodope4 Aft er
stirring at roomtenperature overnight, the reaction m xture was
concentrated in vacuo. Purification by chromatography on neutral alum num
provided internediate 89-b as a yellow oil. [0441] Step 2: To a seal -tube
were added internediate 89-b (1.00 g, 5.95 mmol) and

tetrahydro-2H pyran-4-amne (1.80 g, 17.84 nmmol). The tube was filled with
ni trogen, sealed and heated at 70 C for 2 hours. After cooling to room
tenperature, the reaction mxture was purified by silica gel chromatography
to provide internmediate 89-c as a b e solid. %i ﬁ42]8tep 3: To a solution
of intermediate 89-c (0.72 @he"?ae@ZS Fﬁ'sf’h‘mé" UPd3dt hanol / wat er i xt ure

was added Li OH 116 g, 4.83 ). After stlgf}ng at roomtenperature for
18 hours, the r tion m xtur S concentrate n vacuo to give 1-
(tetrahydro-2H an-4-yl)- 1HQrng@zoleng car bd Iic acid, lithiumsalt
(89-d) as a whitepam B B W v =7, 86 [0443]The fol | owi ng

exanpl e illustratses.t he preparéfbgn of “Mepheny1FfEHypyrrol e-3- carboxylic

acid, lithiumsalt (90-c) chene 90: thesis of 90-c | 4] Step 1: To a
dried seal -tube were adde d 1FF 5 ol e- 3-car boxyl ate,90-a (150 ng,
1.199 mmol ), cogpBEnt:) i dé“ °0. 060 nnnhyq K3P4{ (534 ny, 2.52

mol ), |odobenz“§;gIGQVﬂ 1ﬂgqg hmaf dh%&é’ U B 1. Zgﬁ%Xi(FiLWGQen was

bubbl ed t hr ough the m xtad@ for 5 mn foNl by addi tion
Al, N2- di net hyl et hane- 1, 2-diram ne (21 ng. 0.2 mol ). The tu e Wwas seal ed

and the reaction was stirr over ni ght at 0 C It was_tH&n luted with
ethyl acetate and filtered er q%%ad of lite. The fi{ pratetwas washed
w th saturated aquegmsmawnnﬁlun1c

MSH4, filtered and cgn centrafﬁ%" vacuou,t@, gi ve infe diate 90-b. M5 mz
Mt1= 202. 2 [04ﬂ%fsre__2_*To ayNs n of, Lhrer rfedi=at (241 ngy, 1.198
mmol) in a 2:1 THY/™PWater nlxtureN%qﬁyadded Li OH (92 ng'LEﬁB 2 mol ). The
reaction mxture was heated at 50 \eer ni ght and ®3ncenirat€d i n vacuo.
The residue was dissolved in water xtracted wi th dichl nmet hane and

di ethyl ether and the organic extratts were di scarded. The aqueous phase
was acidified to pH 2 using 37%)aqueous HCl and extracted twice with

oride and bri ne, TE;ie over anhydrous

di chl or onet hane. The conbi ned orga extracts were dried r anhydr ous

MySO4 and concentrateu d oy vacuo toqg?ve 1- phenyl - 1H—pyrro| =3- car boxylic

acid, lithium salt T9C- ¢) as<a 2 sol i dewwbMS 1M Z |, \J\ i? 2 EXAMPLE 87
2HCI

HATU, HOA, DIPEA B°¢ i T \L J\E 14—d|oxane

\>—N \>—N
\——) compound 53
F

[0184] Step 1: To a solution of (25,45)-1-(tert-butoxycarbonyl)-4-
phenoxypyrrolidine-2-carboxylic acid 20-a (1.40 g, 4.56 mmol) in THF cooled to 0°C was
added borane tetrahydrofuran complex (18.22 ml, 18.2 mmol), the reaction was stirred at
0°C for 15 minutes and room temperature overnight. Saturated aqueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSO,, filtered and concentrated in vacuo to provide intermediate 20-b as a

colorless oil.
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[ 0446] The followi ng exanple illustrates the preparation of 5-phenyl-1, 3, 4-
oxadi azol e-2- carboxylic acid, sodiumsalt (91-c) Schene 91: synthesis of
91-c [WO46{18vew41: To a sol ution of ethyl 2-chl oro-2Porapzmeal/eioecsl- a
(5.61 g, 41.1 mmol) in toluene was added 5-phenyl-1Htetrazole (6.00 g,
41.1 mmol ). After stirring at reflux for 2 hours, the reaction m xture was
diluted with ethyl acetate and water. The organic |ayer was washed tw ce
wi th 1IN aqueous HCl, water and brine, dried over anhydrous MgSO4, filtered
and concentrated in vacuo. Purification by silica gel chromatography
provided internediate 91-b as a yellow solid. M5 mlz Mrl= 219.1 [0448] Step
2: To a solution of internediate 91-b (1.40 g, 6.42 mmol) in THF was added
1IN aqueous NaOH (6.7 mL,_6.74 mmol) at 0 C_ The reaction m

stirred at (188 ¢ enBEATGR SR SHMBIRBISARS LosoAee 2a 7 AMYGLaGE o

provi de 5- phenyd.9 thmdl) 4nd dizfdatbragtohre- (20 mtpwdzcaddbd TEAEL.E8 misddil@mnsd)land ( 91- ¢)
as a white ﬁ kﬂ'ing sd}fﬁ' t%)gde%pngfe}g% :lg %M?ﬁo% fﬁg r&a@f}% hﬁenlscﬂ r!echWOn@ exanpl e

illustrates e preparation 4hen | oxazo - car Ic acid, sodium
salt (92-d) fosghavpstesand Wﬁ‘ttﬂ’@@‘?@t“@ff‘” _ngjnutes. V@&@P‘Sﬁ’t@ﬁ aietat?é"eé? sol ution of
gl yci ne et hylideasthe brghniel agetwasisbsheatdd wasked. vidh 10% addecls Al aeid $hturated

di chl or onet hane n o] I (3.22 i,
27.7 mmol) 3%‘%190'1%& I%i(% aﬁ'g%m% %g‘%u& F%@% %ﬁsqag&gcﬁﬁgeﬁ a%m!’x er% é\}\ec/a!]gnstl rred at
0 9C for 2 Mawepio ﬁnﬁd%ﬂteﬁwm@ma@r@ﬂq}?@@ver ni ght. Ethyl acet ate and wat er
wer e added; the organic | ayer was separated, washed with 1N aqueous HC

1E\M| ce, 1; ol | comeel] by ‘\Sadpex: T@mdouhlrohroeinmasdwam(i-ed :mgen santmyairious MySO4,
iltered and. i i ' a n oil.
04517 St ep FGBAEARAALE U, YREH Do G Yl B BR6H &%%3%4%%% Y in
t ol uene (5. etirfing fox@PamigefaeepdisToispteimxupr @ gridel bﬁi aed- ‘(42""1‘8' wes adgied 380 mpl ) .
tThe r ea;:t i orc aﬁthélreacm«,ttamh@@m@l tr@? sf‘rﬂ{d' éﬂ)boﬁM@rﬁxBérGtmeH&&dugﬁDWa%ﬂSg@dr o?rr?
enperature, ace nd sat ur at ed ueou re adde e
or gani ¢ I_ay8V“l7:I éatg IS5t %‘{dsgﬂh HSHES A RS §eg)[a[ﬁ?%(fgg&§§ﬁ% S AREEDB, wat er
and brine, dlaDHdW@iereaﬂd@nrrwdneﬂmlewm fl'fGrGIdta@demcamwteﬁjnamwfamreddq n vacuo.

Purificati on“gpy,egétglz@@agg&orq‘elggg,[mt ography provided internediate 92- c as a
white solid. MS mz Mrl= : WO 2011/ 098904PCT/ 1B2011/ 000264

[0187] Step 4: To a solution of intermediate 20-d (1.87 g, 4.51 mmol) in DMF,
cooled to 0 °C, were sequentially added imidazo[1,2-a]pyrimidine-2-carboxylic acid (1.21
g, 4.96 mmol), HATU (2.05 g, 5.41 mmol) and DIPEA (2.36 mL, 13.53 mmol) and the
reaction mixture was then stirred at room temperature overnight. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was sepadrated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 20-e as a white foam.

{0188] Step 5: 4N HCl in 1,4-dioxane (1.0 mL) was added to intermediate 20-e (800
mg, 1.43 mmol) and the solution was stirred at 0°C for 1 hour. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
intermediate 20-f-2HCI as a white solid. MS (m/z) M+1=460.4

[0189] Step 6: To a solution of intermediate 20-f2HCI (709 mg, 1.43 mmol) in DMF
cooled to 0 °C were sequentially added Boc-tBu-gly-OH (397 mg, 1.71 mmol), HOAt (357
uL, 0.21 mmo!), HATU (707 mg, 1.85 mmol} and DIPEA (1.0 mL, 5.72 mmol) and the

reaction was then stirred at room temperature for 1 hour. Saturated aqueous ammonium
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[0452] Step 2: To a solution of internmediate 92-c (200 ng, 0.921 mmol) in
THF was added 1 N aqueous NaCH (1.1 nmi, 1.105 mmol) at 0 2C. After stirring
at room twoperiavseoe for 3 hours, the reaction m xture wReTaBraenioeat ed in
vacuo to give 5- phenyl oxazol e-2-carboxylic acid, sodiumsalt (92-d) as a
white solid. M5 mz M-l= 190.2 EXAMPLE 89 [0453] The foll ow ng exanpl e
illustrates the preparation of 1-(4-fluorophenyl)-1 H

1,2,3-triazol e-4-carboxylic acid, sodiumsalt (93-c) Schene 93: Synthesis
of 93-c [0454] Step 1: To a solution of 1-fluoro-4-iodobenzene 93-a
(0.926 g, 4.17 mmol) in DVBO (4.0 nlL) and water (0.44 nlL) were sequentially
added sodi um azide (0.325 g, 5.01 mol), sodiunlcarbonate (0.088 g, 0.833

mmol ), L-proline 833, mmul 4. 17
nmol ), sodi ﬁW?rlgeé’éQS'?‘ %at(ad"e dg&'f?ﬁﬂ%‘% ;’ %%fé)‘”%gul fate
(0.052 g, Os&0@8terhanligous Anmonivachipdde, saturhied equeass eiame@md@rme@r@ éver 18
hours and C%be fik&led AR EIREEE 0. AGHIBRIGA b} S YeRcrdmdtbgraptt y| acetate

(25 nmL) and water ( n.)  were ases were separate and the
aqueous phaB@V'ﬂ%theﬁfﬁeé@PéﬁPrWF?ﬁteéf’ﬁ)ﬂsWQE%{B’Q The conbi ned organic
extracts were washed with brine, dried over anhydrous MSH4, filtered and
concent r at e(P1B®] vac&ep PwN HEGa Aalipxbye (1 dvelr) s phdasido intaroediate §é-aphy

provi ded i ngh %gb 35 ﬁm% apd th%olmlc% vMEjstTrrg@f@r ﬂh&@%ios\/@@hlgsw @ a sol ution

of internediate rrgels i ﬂ? % aqueous NaCOH
(0.425 m, EmEsed ?ﬁ?ﬁ[')ed“%f’tp Slg???dr‘f‘ﬁges GWS%MLF%%@% 'APE 8T8 hour s,

t he reactl O prokiti Interreediats 20-b12EIEhds aawieie solit. WS onde) l\/91=|aﬁr7c3\5 de
1-(4-fluorophenyl)- 1H1,2,3-triazol e-4-carboxylic acid, sodiumsalt (93-c)

as a ?/el ! |0\|N (o) d. rﬁ 21V N 3 0 |Qtern@&%md5h eIl SbaRd Bhe rirfd)) ieW ng
ixgrrg '? r : az rcgg'g‘ipﬂ)owqrr %’(r’:’g%flaﬁ%@g’ieﬁ ﬁ?ég #"9@”3{14%%@@@ W) Synt hesi s
of 94-d FI NHEB} (N23 ul\ 0@ nii@dl), HNTN (281 md\BL73 mAdi)OrhDIAIPES4344 YLOUS7inBokp 1: To a
sol ution of ar?a“?h@re(aéﬁozﬁvag’the%étirq)& ma tehBer@fur@&@lni&%@aMec}"ﬁﬁeous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over MgSOQ.,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 20-i as a white foam.

[0192] Step 9: 4N HCl in 1,4-dioxane (1.0 mL) was added to intermediate 20-i (348
mg, 0.45 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
compound 53-2HCI as a white solid. MS (m/z) M+1= 658.5

EXAMPLE 17

[0193] The following example illustrates the preparation of compound 21-k, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt

thereof.
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added 4-fl uorophenyl hydrazine (1.90 g, 15.08 nmol) and the reaction was
stirred at 70 C for 30 mnutes. Water (16 nlL) was added, the reaction

m xture WO 2hezvem4t o 85 C, concentrated by one third amdTaBmiiedoo2és an ice
bath. A yellow precipitate fornmed and was collected by filtration. The
precipitate was dissolved in a 25% et hanol /tol uene m xture (40 nmL). The
flask was equi pped with a condenser and a Dean-Stark trap and the reaction
m xture was heated at reflux until all ethanol was collected in the
Dean-Stark trap. The m xture was cooled to roomtenperature; precipitate
formed and internmediate 94-b was collected by filtration as a brown solid.
[0458] Step 2: A solution of internediate 94-b (1.64 g, 7.32 mmol) in acetic
anhydride (13.8 nlL, 146 I s stirred ro t erature for 30

m nutes. The reaction \A/ag%\e}'ﬁt%zd SXPERSIRE! @er?’ég%ﬁwsti rred for 30 nin
and the resulting fzeci pitate wasnewel | ected by figickati on. The solid was
partitioned bet @t hydHcacet at nd water. The yers were separated; the
organi c | ayer ﬁﬁ rledcgyer awhzg?ousumgscn "fifNt@red and concentrated in
vacuo. The residu€ was di ssol ved ¢/P™THF and cesi @ar bonate (2.62 g, 8.05
mmol ) was added. The ntxture was grirred at room fenperature for 30 minutes
and filtered. The flltra;@ was conceptrated i n vacuo; the resi due was

di ssol ved in di et hy? et Yher an ed with water, drf'ed over anhydr ous
MySO4, filteredrand _cohtent sat &dni vaé'i'ﬂS"‘—Il'ncel ing solid was
di ssol ved i n 2M aqueausaideia (500 ome PATEFOr nafde yde (0.433 g, 14.41 mmol)

was added and the reaction m xtuse was heated at ref 'ux for 2 hours. Upon
cooling to roomtenperature, the mxture was extracted with diethyl ether.

The organic | ayer was) | separ at ed wesnlaed wi th water, driedcover anhydrous
MySH4, filtered andeec OrEéht rat c Pur| fi cat |00 b ilica gel

chr omat ogr aphy21;})t*QD\n—dt::d—r‘ntBetN e d5—a pal e)L sol id.

[0459] Step 3: To a"€brEtIBn of |nt‘ér Pate 94-c (300 ntf, 1:°869 nmol) in

met hanol (15 nL) at OC were added *pot assi um cyani de (17%*ng, 2.62 mol) and
manganese (1V) oxide (1078 ny, .40 mmol ). The reactiqp i xture was
stirred at room tenperature 8 hougsy i*zlteregl Qa pad of Celite and

H

the cake was rin%®EH wi fhnget T LLtraj enudg entrated in vacuo.
Purification b}bvn@k#uwrca gel: C*hr, 000 elysHpr ovi ded™ NH
2- (4-f1 uor opheMyT§™2H 1, 2, 3- t zi|azol e- 4- car boxyl i ¢ acmd diumsalt (94-d)

as a pale yellow solid. I\/Bn12 M+1= 2442EXA|\/PLE91[046 he foll ow ng

exanple illustrates the preparation of 2-(4-fluorophenyl)-

tetrazol e-5-car q\&xl ic acid, sodikt,trgozsalt (95-e) Schene 95: F%ynt hesi s of
95-e [0461] St ep?Iiv o a spl yt f 4-f1 uoroani I i ne, 95- 0 g, 18.00
mmol) in etWanet—'%—S—? aﬁqj (% 0 A was gdtled 99“5 HCl (3.7
m., 45.0 mol) "ERd*t’he reaetl 0 SEs#p ol ed to Fs5ic \ttzré‘ m xture
was added 5N aqueous sodi um ni ki te m., 19.80 mmol )mdr

foll owed by an addition of 6N aqueo SOdI um acetate (9.0 niL, 0 mol ) .

The reaction m xture was stirred forsst0 mnutes at 0 C then et I

2- chl or o- 3- oxobut anoate (2.96 g, 18.00 mml) was added and stirfing
continued overnight at 27 C. THF (20 nL) was added and the reaction m xture
was war med [Q394Jo 40 SEE fahala solativs fobinteatediate &1-a-EiGh(180I0085.8 mmoklin 1.4he aqueous

| ayer was sgga@i@fmaNhaNaks nfd'Qqﬁg codi gt?to@'@ @@Fe“seg@éﬁﬁélly Gedadbaed | nternedi ate

95-b as a THF sol ution. {HHE quapp 2: To a solution of
i nt er nedi at BCyB3q @989, bm Ol@mﬁ%”cibq”ﬁy"?hl—ﬁo atg S54RI NHAOH (16

m., 108 mmoleactain was GienBhieed & aim emperatuteives mass. ity eterg200rmolgmat enper at ur e
for 3 hours ﬂ%;ﬁﬁ s |l ayer was
separ at ed an(gd?egit‘sjézg@g'ﬂgrapﬁqvgggﬁﬁaé%?%%fgé%\@Paghgaggénhg%ntrg%e Ed t he residue
was triturat@gentfatad igyacupig prey Ptﬁﬁ'&%@tﬁﬁe%‘ thasqalpriess Preci pitate was forned
and internmedi ate 95-c was collected as a red-brick solid. WO

2011/ 098904 RA9%]11B20 Skp@OOL 6L ih 0 468)xShe (303 movas agdedud ine@nmexfiate At-Br medi ate
95-c (1.36 T

18. 12 mmol )ngr?g; tgﬁé%é))catn%hr? %ﬁgéﬁ\rzaeggﬂ)rea\@;; ﬁg{g%ﬂo@é%g@eé%% rén]r e reactl on
was added 2. 6N aqueous sodi um n|tr|tew?§ 8 nm, 7. 25 mol ), the mxture was
stirred at 85 C for 4 hours and concentrated in vacuo. The residue was

di ssolved in ethyl acetate and washed with saturated aqueous NaHCO3, the

| ayers were separated and the aqueous phase was extracted wi th ethyl
acetate. The conbined organic | ayers were washed with brine, dried over
anhydrous MgSO4, filtered and concentrated in vacuo. Purification by silica
gel flash chronmat ography provided internmediate 95-d as a yellow solid. M
mz MrNa= 258.9 [0464] Step 4. To a solution of intermediate 95-d (840 ny,

3. 56 rrrml) |n THF was added 2N aqueous NaO-l (1 78 m., 3.56 nmol). The
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under reduced pressure and the residue was triturated with diethyl ether to provide
intermediate 21-c-HCI as a white solid. MS (m/z) M+1=279.3

[0196] Step 3: To a solution of intermediate 21-cHCI (10.52 g, 33.4 mmol) in DMF
cooled to 0 °C were sequentially added Boc-tBu-gly-OH (8.50 g, 36.8 mmol), HOAt (5.57
mL, 3.34 mmol), HATU (13.98 g, 36.8 mmol), and DIPEA (23.35 mL, 134.0 mmol) and the
reaction was then stirred at room temperature for 3 hours. Saturated aqueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueous ammonium chloride, saturated aqueous NaHCQO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 21-d as colorless oil.

[0197] Step 4: 4N HCl in 1,4-dioxane (30.0 mL) was added to intermediate 21-d
(15.8 g, 32.1 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
intermediate 21-e-HCI as a white solid. MS (m/z) M+1= 392.5

[0198] Step 5: To a solution of intermediate 21-eHCI (15.2 g, 35.5 mmol) in DMF
cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (7.58 g, 37.3 mmol), HOAt (5.92
mL, 3.55 mmol), HATU (14.86 g, 39.1 mmol), and DIPEA (24.8 mL, 142.0 mmol) and the
reaction was then stirred at room temperature for 2 hours. Saturated aqueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 21-f as white foam.

[0199] Step 6: To a solution of intermediate 21-f (20.2 g, 35.0 mmol)-in THF cooled
to 0°C was added lithium borohydride (1.60 g, 73.6 mmol) and the reaction was stirred at
room temperature for 1 hour. Water and ethyl acetate were added; the organic layer was
separated, washed with 10% aqueous citric acid, saturated aqueous NaHCO; and brine,
dried over anhydrous MgSQ.,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 21-g as a white foam.

[0200] Step 7: To a solution of intermediate 21-g (10.1 g, 18.41 mmol) in DMSO

(5.23 mL, 73.6 mmol) and dichloromethane (184 mL) cooled to 0°C was added DIPEA
84
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(11.22 mL, 64.4 mmol) and pyridine sulfur trioxide complex (8.79 g, 55.2 mmol), the
reaction was then stirred at 0°C for 2 hours. Water and ethyl acetate were added; the
organic layer was separated, washed with 10% aqueous citric acid, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSO,, filtered and concentrated in vacuo to
provide intermediate 21-h as white foam.

[0201] Step 8: To a solution of intermediate 21-h (10.60 g, 19.39 mmol) in
dichloromethane was added 2-(4-fluorophenyl)ethanamine (2.70 g, 19.39 mmol). After
stirring at room temperature overnight sodium triacetoxyborohydride (4.93 g, 23.27 mmol)
was added portion wise at 0 °C and the reaction mixture was then stirred at room
temperature for 2 hours. Saturated aqueous NaH003 was added; the organic layer was
separated, washed with brine, dried over anhydrous MgSQ,, filtered and concentrated in
vacuo to provide intermediate 21-i as white foam. MS (m/z) M+1= 670.6

[0202] Step 9: To a solution of intermediate 21-i (10.0 g, 14.93 mmol) and
imidazo[1,2-a]pyrimidine-2-carboxylic acid, HBr salt (84-c) (3.64 g, 14.93 mmol) in DMF,
cooled to 0 2C, were sequentially added HATU (6.24 g, 16.42 mmol) and DIPEA (10.43
mL, 59.70 mmol) and the reaction mixture was stirred at room temperature for 2 hours.
Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 21-j as a beige foam.

[0203] Step 10: To a solution of intermediate 21-j (2.75 g, 3.37 mmol) in TEA (4.0
mL, 28.7 mmol) were sequentially added palladium (Il) chloride (60 mg, 0.34 mmol) and
triethylsilane (1.34 mL, 8.45 mmol). The reaction mixture was purged with H, and stirred at
room temperature for 2 hours. The reaction was then filtered through celite and the filtrate
was concentrated in vacuo to give intermediate 21-k as a beige solid. MS (m/z) M+1=
681.7

EXAMPLE 18

[0204] The following example illustrates the preparation of compound 55, which is a

compound of Formula 1 or salt thereof.
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Scheme 22: Synthesis of compound 55
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- [0205] Step 1: To a solution of intermediate 21-k (420 mg, 0.61 mmol} in

dichloromethane (2.0 mL) cooled to 0°C were sequentially added DIPEA (385 uL, 2.20
mmol), DMAP (4.50 mg, 0.03 mmol) and acetyl chloride (63 uL, 0.88 mmol) and the
reaction was stirred at room temperature for 18 hours. Water and ethyl acetate were
added; the organic layer was separated, washed with 10% aqueous citric acid, saturated
aqueous NaHCO; and brine, dried over anhydrous MgSQy, filtered and concentrated in
vacuo to provide intermediate 22-a as white solid

[0206] Step 2: 4N HCl in 1,4-dioxane (2.0 mL) was added to intermediate 22-a
(230 mg, 0.32 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compound 55-2HCI as a white solid. MS (m/z) M+1= 623.5
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EXAMPLE 19

[0207] The following example illustrates the preparation of compound 59, which is a

compound of Formula 1 or salt thereof.

Scheme 23: Synthesis of compound 59
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[0208] Step 1: To a solution of intermediate 21-k (420 mg, 0.61 mmol) in pyridine

(4.0 mL) cooled to 0°C were sequentially added DIPEA (323 uL, 1.85 mmol), DMAP (3.8
mg, 0.03 mmol) and benzenesulfonyl chloride {79 uL, 0.61 mmol) and the reaction was
stirred at room temperature overnight. Water and ethyl acetate were added; the organic
layer was separated, washed with 10% aqueous citric acid, saturated aqueous NaHCO;
and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo to provide

intermediate 23-a as a white solid.
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[0209] Step 2: 4N HCl in 1,4-dioxane (2.0 mL) was added to intermediate 23-a
(100 mg, 0.12 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compound 59-2HCI as a white solid. MS (m/z) M+1=721.5

EXAMPLE 20

[0210] The following example illustrates the preparation of compound 24-d, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt
thereof.
Scheme 24: Synthesis of Intermediate 24-d
,H,,,h CO.H

Boc
L OMe OMe
MeO 4N HCl in N
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[0211] Step 1: To a solution of intermediate 12-¢HCI (13.7 g, 34.9 mmol) in DMF

cooled to - 10 °C were sequentially added Boc-Thr(Me)-OH (8.1 g, 34.9 mmol), HATU
(14.6 g, 38.4 mmol), HOA’E(63.9 mL, 38.4 mmol) and DIPEA (24.4 mL, 139.0 mmol) and
the reaction was then stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride
and ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQy, filtered and concentrated in vacuo. Purification by silica gel

chromatography provided the expected intermediate 24-a as white foam.
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[0212]) Step 2: 4N HCl in 1,4-dioxane (94.0 mL) was added to intermediate 24-a
(10.8 g, 18.9 mmol) in ethyl acetate (10 mL) at 0 °C and the solution was stirred for 3
hours at 0 °C. Volatiles were removed under reduced pressure and the residue was
triturated with diethyl ether to provide intermediate 24-b-HCIl as a white foam. MS (m/z)
M+1=472.5 '

[0213] Step 3: To a solution of intermediate 24-b'HC! (25.0 g, 49.2 mmol) in DMF
cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (12.0 g, 59.0 mmol), HATU
(26.2 g, 68.9 mmol), HOAt (12.3 mL, 7.38 mmol) and DIPEA (34.3 mL, 197 mmol) and the
reaction was then stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride and
ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 24-c as white foam.

[0214] Step 4: To a solution of intermediate 24-¢ (15.88 g, 23.67 mmol) in MeOH
(118 mL) under N, was added 10 % Pd/C (50% w/w water content) (3.53 g). The reaction
mixture was purged with H, and stirred for 5 hours. The reaction was then filtered through
célite and the filtrate was concentrated in vacuo to give intermediate 24-d as colorless oil.
MS {m/z) M+1=537.5

EXAMPLE 21

[0215] The following example illustrates the preparation of compound 58, which is a

compound of Formula 1 or salt thereof.
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Scheme 25: Synthesis of compound 58
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[0216] Step 1: To a solution of intermediate 24-d (15.0 g, 28.7 mmol) in DMF,
cooled to 0 °C, were sequentially added imidazo [1,2-a]pyridine-2-carboxylic acid, lithium
salt (85-d) (5.79 g, 34.40 mmol), HATU (13.10 g, 34.40 mmol) and DIPEA (20.0 mL, 115.0
mmol) and the reaction mixture was stirred at 0 °C for 3 hours. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 25-a as a white foam.

[0217] Step 2: 4N HClin 1,4-dioxéne (69.20 mL) was added to intermediate 25-a
(12.30 g, 18.45 mmol) in ethyl acetate (9.20 mL) and the solution was stirred for 3 hours at
0 °C. Diethyl ether was added, a precipitate formed and compound 58-:2HC} was collected
by filtration as a white solid. MS (m/z) M+1= 567.5

EXAMPLE 22

[0218] The following example illustrates the preparation of compound 72, which is a

compound of Formula 1 or salt thereof.
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Scheme 26: Synthesis of compound 72
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[0219] Step 1: To a solution of intermediate 24-d (400 mg, 0.76 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-(4-fluorophenyl}-1H-imidazole-4-carboxylic
acid, lithium salt (88-e) (212 mg, 1.0 mmol), HATU (437 mg, 1.14 mmol) and DIPEA (400
uL, 2.29 mmol) and the reaction mixture was stirred at room temperature for 30 minutes.
Saturated aqueous ammonium chioride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO, and brine, dried over anhydrous MgSQs,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 26-a as a white foam.

[0220] Step 2: 4N HCl in 1,4-dioxane (1.30 mL) was added to intermediate 26-a
(385 mg, 0.54 mmol) in ethyl acetate (0.5 mL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 72-:2HCI as a white solid. MS (m/z) M+1=611.5
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EXAMPLE 23

[0221] The following example illustrates the preparation of compound 73, which is a
compound of Formula 1 or salt thereof.

Scheme 27: Synthesis of compound 73
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[0222] Step 1: To a solution of intermediate 24-d (580 mg, 1.11 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-methyl-1H-imidazole-4-carboxylic acid (168 mg,
1.33 mmol), HATU (591 mg, 1.55 mmol) and DIPEA (581 uL, 3.33 mmol) and the reaction
mixture was stirred at 0°C for 1 hour. Saturated agueous ammonium chloride and ethyl
acetate were added; the organic layer was separated, washed with saturated aqueous
ammonium chloride, saturated aqueous NaHCO; and brine, dried over anhydrous MgSQ,,

filtered and concentrated in vacuo. Purification by silica ge! chromatography provided

intermediate 27-a as a white foam.
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[0223] Step 2: 4N HCl in 1,4-dioxane (2.0 mL) was added to intermediate 27-é
(510 mg, 0.81 mmol) in ethyl acetate (0.5 mL) and the solution was stirred for 3 hours at
0°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 73-2HCI as a white solid. MS (m/z) M+1=531.5

EXAMPLE 24

[0224] The following example illustrates the preparation of compound 75, which is a

compound of Formula 1 or salt thereof.

Scheme 28: Synthesis of compound 75
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[0225] Step 1: To a solution of intermediate 24-d (1.8 g, 3.44 mmol) in DMF,
cooled to 0 °C, were sequentially added 6,7-dihydro-5-H-pyrrolo[1,2-alimidazole-2-
carboxylic acid, lithium salt (87-e) (743 mg, 4.48 mmol), HATU (2.0 g, 5.51 mmol) and
DIPEA (1.80 mL, 10.33 mmol) and the reaction mixture was stirred at 0 °C for 1 hour.
Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
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was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSOQO, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 28-a as a white foam.

[0226] Step 2: 4N HCl in 1,4-dioxane (6.17 mL) was added to intermediate 28-a
(1.62 g, 2.46 mmol) in ethyl acetate (1.0 mL) and the solution was stirred for 2 hours at
0°C. Diethyl ether was added, a precipitate formed and compound 75-2HCI was collected
by filtration as a white solid. MS (m/z) M+1= 557.4

EXAMPLE 25

[0227] The following example iliustrates the preparation of compound 74, which is a

compound of Formula 1 or salt thereof.

Scheme 29: Synthesis of compound 74
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[0228] Step 1: To a solution of intermediate 24-d (956 mg, 1.82 mmol) in DMF,
cooled to 0 °C, were sequentially added 6-fluoroimidazo[1,2-a]pyrimidine-2-carboxylic
acid, HBr salt (86-c) (575 mg, 2.19 mmol), HATU (1.04 g, 2.74 mmol) and DIPEA (958 uL,
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5.49 mmol) and the reaction mixture was stirred at 0 °C for 1 hour. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chioride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 29-a as a white foam.

[0229] Step 2: 4N HCl in 1,4-dioxane (3.65 mL) was added to intermediate 29-a
(1.0 g, 1.45 mmol) in ethyl acetate (1.0 mL) and the solution was stirred for 2 hours at 0°C.
Diethyl ether was added, a precipitate formed and compound 74-2HCI was collected by
filtration as a white solid. MS (m/z) M+1= 586.4

EXAMPLE 26

[0230] The following example illustrates the preparation of compound 30-d, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt
thereof.

Scheme 30: Synthesis of intermediate 30-d
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[0231] Step 1: To a solution of intermediate 12-cHCI (13.7 g, 34.9 mmol) in DMF
cooled to - 10 °C were sequentially added Boc-Thr(Et)-OH (8.1 g, 34.9 mmol), HATU
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(14.6 g, 38.4 mmol), HOAt (63.9 mL, 38.4 mmol) and DIPEA (24.4 mL, 139.0 mmol) and
the reaction was then stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride
and ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 30-a as white foam.

[0232] Step 2: 4N HCI in 1,4-dioxane (94.0 mL) was added to intermediate 30-a
(10.8 g, 18.9 mmol) in ethyl acetate (10 mL) at 0°C and the solution was stirred for 3 hours
at 0 °C. Volatiles were removed under reduced pressure and the residue was triturated
with diethyl ether to provide intermediate 30-b-HCI as a white foam. MS (m/z) M+1= 486.5

[0233] Step 3: To a solution of intermediate 30-b'HCI (25.0 g, 49.2 mmoi) in DMF
cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (12.0 g, 59.0 mmol), HATU
(26.2 g, 68.9 mmol), HOAt (12.3 mL, 7.38 mmol) and DIPEA (34.3 mL, 197 mmol) and the
reaction was then stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride and
ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 30-c as a white foam.

[0234] Step 4: To a solution of intermediate 30-c (15.88 g, 23.67 mmol) in MeOH
(118 mL.) under N, was added 10 % Pd/C (50% w/w water content) (3.53 g). The reaction
mixture was purged with Hp and stirred for 1 hour. The reaction was then filtered through
celite and the filtrate was concentrated in vacuo to provide intermediate 30-d as a
colorless oil. MS (m/z) M+1=537.5

EXAMPLE 27

[0235] The following example illustrates the preparation of cdmpound 76, which is a

compound of Formula 1 or salt thereof.
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Scheme 31: Synthesis of compound 76
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[0236] Step 1: To a solution of intermediate 30-d (2.0 g, 3.73 mmol) in DMF,
cooled to 0 ¢C, Wefe sequentially added 1-methyl-1H-imidazole-4-carboxylic acid (564 mg,
4.47 mmol), HATU (1.70 g, 4.47 mmol) and DIPEA (2.60 mL, 14.91 mmol) and the
reaction mixture was stirred at 0 °C for 2 hours. Saturated aqueous ammonium chloride
and ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 31-a as a white foam.

[0237] Step 2: 4N HCl in 1,4-dioxane (11.05 mL) was added to intermediate 31-a
(1.90 g, 2.95 mmol) and the solution was stirred for 3 hours at 0°C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compound 76-2HCI as a white solid. MS (m/z) M+1= 545.5
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EXAMPLE 28

[0238] The following example illustrates the preparation of compound 78, which is a

compound of Formula 1 or salt thereof.

Scheme 32: Synthesis of compound 78
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[0239] Step 1: To a solution of intermediate 30-d (2.0 g, 3.73 mmol) in DMF,
cooled to 0 °C, were sequentially added imidazo [1,2-a]pyridine-2-carboxylic acid, lithium
salt (85-d) (752 mg, 4.47 mmol), HATU (1.70 g, 4.47 mmol) and DIPEA (2.60 mL, 14.91
mmol) and the reaction mixture was stirred at 0 °C for 2 hours. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated agueous NaHCO; and
brine, dried over anhydrous MgSQ.,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 32-a as a white foam.
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[0240] Step 2: 4N HCl in 1,4-dioxane (8.81 mL) was added to intermediate 32-a
(1.60 g, 2.35 mmol) in ethyl acetate (0.783 mL) and the solution was stirred for 3 hours at
0°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 78-2HCI as a white solid. MS (m/z) M+1= 581.4

EXAMPLE 29

[0241] The following example illustrates the preparation of compound 79, which is a

compound of Formula 1 or salt thereof.

Scheme 33: Synthesis of compound 79
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[0242] Step 1: To a solution of intermediate 30-d (1.6 g, 2.98 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-(4-fluorophenyl)-1H-imidazole-4-carboxylic
acid, lithium salt (88-¢) (632 mg, 2.98 mmol), HATU (1.36 g, 3.58 mmol) and DIPEA

(2.10L, 11.93 mmol) and the reaction mixture was stirred at 0 °C for 2 hours. Saturated
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aqueous ammonium chloride and ethyl acetate were added; the organic layer was
separated, washed with saturated agueous ammonium chioride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 33-a as a white foam.

[0243] Step 2: 4N HCl in 1,4-dioxane (6.62 mL) was added to intermediate 33-a
(1.28 g, 1.76 mmol) and the solution was stirred for 3 hours at 0°C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compound 79-2HCI as a white solid. MS (m/z) M+1= 625.5

EXAMPLE 30

[0244] The following example illustrates the preparation of compound 80, which is a

compound of Formula 1 or salt thereof.

Scheme 34: Synthesis of compound 80
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[0245] Step 1: To a solution of intermediate 30-d (1.60 g, 2.98 mmol) in DMF,
cooled to 0 °C, were sequentially added 6-fluoroimidazo[1,2-a]pyrimidine-2-carboxylic
acid, HBr salt (86-c) (937 mg, 3.58 mmol), HATU (1.36 g, 3.58 mmoi) and DIPEA (2.07
mL, 11.93 mmol) and the reaction mixture was stirred at 0°C for 2 hours. Saturated
aqueous ammonium chloride and ethyl acetate were added; the organic layer was
separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 34-a as a white foam.

[0246] Step 2: 4N HCl in 1,4-dioxane (7.93 mL) was added to intermediate 34-a
(1.48 g, 2.11 mmol) and the solution was stirred for 3 hours at 0 °C. Diethyl ether was
added, a precipitate formed and compound 80-2HCI was collected by filtration as a white
solid. MS (m/z) M+1= 600.5

EXAMPLE 31

[0247] The following example illustrates the preparation of compound 81, which is a
compound of Formula 1 or salt thereof.
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Scheme 35: Synthesis of compound 81
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[0248] Step 1: To a solution of intermediate 30-d (1.6 g, 2.98 mmol) in DMF,
cooled to 0 2C, were sequentially added 6,7-dihydro-5-H-pyrrolo[1,2-a]imidazole-2-
carboxylic acid, lithium salt (87-e) (5666 mg, 3.58 mmol), HATU (1.36 g, 3.58 mmol) and
DIPEA (2.0 mL, 11.93 mmol) and the reaction mixture was stirred at 0 °C for 2 hours.
Saturated agueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 35-a as a white foam.

[0249] Step 2: 4N HCl in 1,4-dioxane (6.48 mL) was added to intermediate 35-a
(1.45 g, 2.16 mmol) and the solution was stirred for 3 hours at 0 °C. Diethyl ether was
added, a precipitate formed and compound 81-2HCl was collected by filtration as a white
solid. MS (m/z) M+1=571.5
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EXAMPLE 32
[0250] . The following example illustrates the preparation of compound 36-h, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt
thereof.
Scheme 36: Synthesis of Intermediate 36-h
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[0251] Step 1: To a solution of intermediate 21-a-HCI (15.0 g, 53.4 mmol) in
dichloromethane cooled to 0 °C were sequentially added DIPEA (37.3 mL, 214.0 mmol),
DMAP (326 mg, 2.67 mmol) and benzoyl chloride (6.82 mL, 58.8 mmol) and the reaction
was then stirred at room temperature overnight. Water and ethyl acetate were added, the
organic layer was separated, washed with 10% aquéous citric acid, saturated aqueous
NaHCO; and brine, dried over MgSQO,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided the expected intermediate 36-a as white solid.

[0252] Step 2: 4N HCl in 1,4-dioxane (141.0 mL) was added to intermediate 36-a
(19.6 g, 56.3 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
intermediate 36-b-HCI as a white solid. MS (m/z) M+1=249.2

[0253] Step 3: To a solution of intermediate 36-b'HCI (14.7 g, 51.6 mmol) in DMF
cooled to 0 °C were sequentially added Boc-tBu-Gly-OH (13.13 g, 56.8 mmol), HOAt (8.60
mL, 5.16 mmol), HATU (21.59 g, 56.8 mmol), and DIPEA (36.1 mL, 207.0 mmol) and the
reaction was then stirred at room temperature for 3 hours. Saturated aqueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueous ammonium chloride, saturated adueous NaHCOQO; and brine, dried over
anhydrous MgSQO,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 36-c as colorless oil.

[0254] Step 4: 4N HCl in 1,4-dioxane (130.0 mL) was added to intermediate 36-c
(24.0 g, 52.0 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
intermediate 36-d-HCI as a white solid. MS (m/z) M+1= 362.2

[0255] Step 5: To a solution of intermediate 36-d'HCI (10.73 g, 52.8 mmol) in DMF
cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (10.73 g, 52.8 mmot), HOAt
(8.80 mL, 5.28 mmol), HATU (22.07 g, 58.1 mmol), and DIPEA (36.9 mL, 211.0 mmol)
and the reaction was then stirred at room temperature for 3 hours. Saturated agueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,

washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
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brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided the expected intermediate 36-e as white foam.

[0256] Step 6: To a solution of intermediate 36-e (29.0 g, 53.0 mmol) in THF
cooled to 0 °C was added lithium borohydride (2.42 g, 111.0 mmol) and the reaction was
stirred at room temperature for 1 hour. Water and ethyl acetate were added; the organic
layer was separated, washed with 10% aqueous citric acid, saturated aqueous NaHCO;
and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 36-f as a white foam.

[0257] Step 7:  To a solution of intermediate 36-f (25.8 g, 49.7 mmol) in DMSO
(14.13 mL, 199.0 mmol) and dichloromethane (200'mL) cooled to 0°C was added DIPEA
(30.3 mL, 174.0 mmol) and pyridine sulfur trioxide complex (23.75 g, 149.0 mmol), the
reaction was then stirred at 0°C for 1 hour. Water and ethyl acetate were added; the
organic layer was separated, washed with 10% aqueous citric acid, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSOQ,, filtered and concentrated in vacuo to

provide intermediate 36-g as white foam.

[0258] Step 8:  To a solution of intermediate 36-g (25.7 g, 49.7 mmol) in
dichloromethane was added 2-(4-fluorophenyl)ethanamine (6.21 mL, 47.4 mmol). After
stirring at room temperature overnight, sodium triacetoxyborohydride (21.14 g, 95.0 mmol)
was added portion wise at 0 °C and the reaction mixture was then stirred at room
temperature for 2 hours. Saturated aqueous NaHCO; was added; the organic layer was
separated, washed with brine, dried over anhydrous MgSO,, filtered and concentrated in
vacuo to provide intermediate 36-h as white foam. To a solution of intermediate 36-h (27.4
g, 42.8 mmol) in diethyl ether (500 mL) was added 1N HCl in diethyl ether (52.1 mL, 52.1
mmol), a precipitate formed and intermediate 36-h'HCI was collected by filtration as a
white solid. MS (m/z) M+1= 640.6

EXAMPLE 33

[0259] The following example illustrates the preparation of compound 49, which is a

compound of Formula 1 or salt thereof.
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Scheme 37: Synthesis of compound 49
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[0260] Step 1: To asolution of intermediate 36-h'HCI (2.0 g, 2.96 mmol) in DMF,
cooled to 0 °C, were sequentially added imidazo[1,2-a]pyrimidine-2-carboxylic acid (507
mg, 3.11 mmol), HATU (1.23 g, 3.25 mmol) and DIPEA (2.06 mL, 11.83 mmol) and the
reaction mixture was stirred at room temperature for 2 hours. Saturated aqueous
ammonium chioride and ethyl acetate were added; the organic layer was separated,
washed with saturated agueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSOQ, filtered and concentrated in vacuo. Purification by
silica gel chromatography pfovided intermediate 37-a as a white foam.

[0261] Step 2: 4N HCl in 1,4-dioxane (3.19 mL) was added to intermediate 37-a
(1.0 g, 1.27 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were removed
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under reduced pressure and the residue was triturated with diethyl ether to provide
compound 49-2HCI as a white solid. MS (m/z) M+1=685.5

EXAMPLE 34

[0262] The following example illustrates the preparation of compound 69, which is a

compound of Formula 1 or salt thereof.

Scheme 38: Synthesis of compound 69
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[0263] Step 1: To a solution of intermediate 36-h'HCI (2.0 g, 2.96 mmol) in DMF,
cooled to 0 °C, were sequentially added imidazo [1,2-a]pyridine-2-carboxylic acid, lithium
salt (85-d) (525 mg, 3.11 mmol), HATU (1.23 g, 3.25 mmol) and DIPEA (2.06 mL, 11.83
mmol) and the reaction mixture was stirred at room temperature for 3 hours. Saturated
aqueous ammonium chloride and ethyt acetate were added; the organic layer was

separated, washed with saturated aqueous ammonium chloride, saturated agueous
107



39 HN ONH O\ _ M1=583.4 0 40 H

WO 2011/098904 PCT/1IB2011/000264

NaHCO; and brine, dried over anhydrous MgSQ.,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 38-a as a white foam.

[0264] Step 2: 4N HCl in 1,4-dioxane (3.19 mL) was added to intermediate 38-a
(1.24 g, 1.58 mmol) and the solution was stirred for 1 hour at 0°C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
compound 69-2HCI as a white solid. MS (m/z) M+1=684.4

EXAMPLE 35

[0265] The following example illustrates the preparation of compound 86, which is a

compound of Formula 1 or salt thereof.

Scheme 39: Synthesis of compound 86
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[0266] Step 1: To a solution of intermediate 36-h'HCI (2.0 g, 2.96 mmo!) in DMF,
cooled to 0 °C, were sequentially added 1-methyl-1H-imidazole-4-carboxylic acid (448 mg,
3.55 mmol), HATU (1.23 g, 3.25 mmol) and DIPEA (2.06 mL, 11.83 mmol) and the
reaction mixture was stirred at room temperature for 3 hours. Saturated aqueous
ammonium chioride and ethyl acetate were added; the organic layer was separated,
washed with saturated agueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 39-a as a white foam.

[0267] Step 2: 4N HCl in 1,4-dioxane (4.68 mL) was added to intermediate 39-a
(1.40 g, 1.87 mmol) and the solution was stirred for 1 hour at 0°C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
compound 86-2HC! as a white solid. MS (m/z) M+1=648.5

EXAMPLE 36

[0268] The following example illustrates the preparation of compound 87, which is a
compound of Formula 1 or salt thereof.
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Scheme 40: Synthesis of compound 87
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[0269] Step 1: To a solution of intermediate 36-h'HCI (2.0 g, 2.96 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-(4-fluorophenyl)-1H-imidazole-4-carboxylic
acid, lithium salt (88-e) (662 mg, 3.11 mmol), HATU (1.23 g, 3.25 mmol) and DIPEA (2.06
mL, 11.83 mmol) and the reaction mixture was stirred at room temperature for 3 hours.
Saturated aqueous ammonium chloride and ethyl acetate were added; the o.rganic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 40-a as a white foam.
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[0270] Step 2: 4N HCl in 1,4-dioxane (5.92 mL) was added to intermediate 40-a
(1.40 g,-1.87 mmol) and the solution was stirred for 1 hour at 0°C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
compound 87-2HCI as a white solid. MS (m/z) M+1=728.5

EXAMPLE 37

[0271] The following example illustrates the preparation of compound 89, which is a

compound of Formula 1 or salt thereof.

Scheme 41: Synthesis of compound 89
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[0272] Step 1: To a solution of intermediate 36-h'HCI (2.0 g, 2.96 mmol) in DMF,
cooled to 0 °C, were sequentially added 6,7-dihydro-5-H-pyrrolo[1,2-ajimidazole-2-
carboxylic acid, lithium salt (87-e) (589 mg, 3.55 mmol), HATU (1.23 g, 3.25 mmol) and
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DIPEA (2.06 mL, 11.83 mmol) and the reaction mixture was stirred at room temperature
for 3 hours. Saturated aqueous ammonium chloride and ethyl acetate were added; the
organic layer was separated, washed with saturated aqueous ammonium chloride,
saturated aqueous NaHCO; and brine, dried over anhydrous MgSO,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 41-

a as a white foam.

[0273] Step 2: 4N HCl in 1,4-dioxane (3.29 mL) was added to intermediate 41-a
(1.02 g, 1.32 mmol) and the solution was stirred for 1 hour at 0 °C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
compound 89-2HC! as a white solid. MS (m/z) M+1=674.5

EXAMPLE 38

[0274] The folIoWing example illustrates the preparation of compound 42-h , which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt
thereof.
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Scheme 42: Synthesis of Intermediate 42-h
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[0275] Step 1: To a solution of (25, 4R)-methyl 4-hydroxypyrrolidine-2-carboxylate,
HCl salt 42-a (4.0 g, 22.02 mmol) in DMF cooled to 0 °C were sequentially added Boc-
tBu-Gly-OH (6.11 g, 26.4 mmol), HOAt (5.51 mL, 3.30 mmol), HATU (10.89 g, 28.6 mmol),
and DIPEA (15.39 mL, 88.0 mmol) and the reaction was then stirred at room temperature
for 3 hours. Saturated aqueous ammonium chloride and ethyl acetate were added; the
organic layer was separated, washed with saturated aqueous ammonium chloride,
saturated aqueous NaHCQ; and brine, dried over anhydrous MgSQ.,, filiered and
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concentrated in vacuo. Purification by silica gel chromatography provided the expected
intermediate 42-b as a beige solid.

[0276] Step 2: 4N HCl in 1,4-dioxane (80 mL) was added to intermediate 42-b
(7.89 g, 22.0 mmol) and the solution was stirred for 3 hours at 0 °C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide intermediate 42-c-HCI as a white foam. MS (m/z) M+1= 259.1

[0277] Step 3: To a solution of Boc-NMe-Ala-OH (7.16 g, 35.2 mmol) in DMF
cooled to 0 °C were sequentially added HOBt (5.73 g, 37.4 mmol), HBTU (14.19 g, 37.4
mmol), and DIPEA (19.23 mL, 40.0 mmol). After stirring for 10 minutes, intermediate 42-c
(6.49 g, 25.1 mmol) was added and the reaction was then stirred at room temperature
overnight. Water and ethyl acetate were added; the organic layer was separated, washed
with 10% aqueous citric acid, saturated aqueous NaHCO; and brine, dried over anhydrous
MgSQ,, filtered and concentrated in vacuo. Purification by silica gel chromatography
provided the expected intermediate 42-d as a white solid.

[0278] Step 4: To a solution of intermediate 42-d (2.32 g, 5.23 mmol), 4-
fluorophenol (704 mg, 6.28 mmol) and triphenylphosphine (1.92 g, 7.32 mmol) in THF was

~ added DIAD (1.42 mL, 7.32 mmol) dropwise and the reaction was then stirred at room

temperature for 2 days. Diethyl ether and hexane were added, a precipitate formed and
triphenyl phosphine oxide was removed by filtration. Volatiles were removed under
reduced pressure and the residue was purified by silica gel chromatography to provide the

expected intermediate 42-e as a colorless oil.

[0279] Step 5: To a solution of intermediate 42-e (4.6 g, 8.56 mmol) in THF cooled
to 0°C was added lithium borohydride (559 mg, 25.7 mmol) and the reaction was stirred
at room temperature for 3 hours. Water and ethyl acetate were added; the organic layer
was separated, washed with 10% citric acid, saturated aqueous NaHCO; and brine, dried
over anhydrous MgSOQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 42-f as colorless oil. '

[0280] Step 6: To a solution of intermediate 42-f (4.2 g, 8.24 mmol) in DMSO
(2.33 mL, 33.0 mmol) and dichloromethane (80 mL) cooled to 0°C was added DIPEA

(5.04 mL, 28.8 mmol) and pyridine sulfur trioxide complex (3.94 g, 24.72 mmol), the
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reaction was then stirred at 0°C for 1 hour. Water and ethyl acetate were added; the
organic layer was separated, washed with 10% citric acid, saturated aqueous NaHCO;
and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo to provide
intermediate 42-g as beige solid.

[0281] Step 7: To a solution of intermediate 42-g (3.8 g, 7.49 mmol) in
dichloromethane was added 2-(4-fluorophenyl)ethanamine (935 ulL, 7.13 mmol). After
stirring at room temperature overnight, sodium triacetoxyborohydride (3.18 g, 14.26 mmol)
was added portion wise at 0 °C and the reaction mixture was then stirred at room
temperature for 2 hours. Saturated aqueous NaHCO; was added; the organic layer was
separated, washed with brine, dried over MgSQO,, filtered and concentrated in vacuo to
provide intermediate 42-g as yellow oil. To a solution of intermediate 42-g in diethyl ether
(100 mL) was added 1N HCI in diethyl ether (7.84 mL, 7.84 mmol), a precipitate formed
and intermediate 42-h"HCI was collected by filtration és beige solid. MS (m/z) M+1=631.5

EXAMPLE 39

[0282] The following example illustrates the preparation of compound 82, which is a
compound of Formula 1 or salt thereof.
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Scheme 43: Synthesis of compound 82
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[0283] Step 1: To a solution of intermediate 42-h'HCI (1.50 g, 2.24 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-methyl-1H-imidazole-4-carboxylic acid (397 mg,
3.15 mmol), HATU (1.19 g, 3.15 mmol) and DIPEA (1.57 mi., 8.99 mmol) and the reaction
mixture was stirred at room temperature for 2 hours. Saturated agueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 43-a as a white foam.
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[0284] Step 2: 4N HCl in 1,4-dioxane (4.50 mL) was added to intermediate 43-a
(1.10 g, 1.48 mmol) and the solution was stirred for 2 hour at 0 °C. Volatiles were removed
under reduced pressure and the residue was triturated with diethyl ether to provide
compound 82-2HC} as a white solid. MS (m/z) M+1=639.5

EXAMPLE 40

[0285] The following example illustrates the preparation of compound 83, which is a

compound of Formula 1 or salt thereof.

Scheme 44: Synthesis of compound 83
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[0286] Step 1: To a solution of intermediate 42-h'HCI {1.40 g, 2.01 mmol) in DMF,
cooled to 0 °C, were sequentially added 6,7-dihydro-5-H-pyrrolo[1,2-alimidazole-2-
carboxylic acid, lithium salt (87-e) (447 mg, 2.94 mmol), HATU (1.12 g, 2.94 mmol) and
DIPEA (1.46 mL, 8.39 mmol) and the reaction mixture was stirred at room temperature for
2 hours. Saturated aqueous ammonium chloride and ethyl acetate were added; the
organic layer was separated, washed with saturated aqueous ammonium chloride,
saturated aqueous NaHCQ; and brine, dried over anhydrous MgSQ,, fittered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 44-

a as a white foam.

[0287] Step 2: 4N HCl in 1,4-dioxane (6.69 mL) was added to intermediate 44-a
(1.02 g, 1.33 mmol) and the solution was stirred for 2 hours at 0 °C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ethe r to
provide compound 83-2HCI as a white solid. MS (m/z) M+1=665.5

EXAMPLE 41

[0288] The following example illustrates the preparation of compound 84, which is a
compound of Formula 1 or salt thereof.
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Scheme 45: Synthesis of compound 84
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[0289] Step 1: To a solution of intermediate 42-h-HCI (2.0 g, 2.96 mmol) in DMF,
cooled to 0 °C, were sequentially added imidazo [1,2-a]pyridine-2-carboxylic acid, lithium
salt (85-d) (494 mg, 2.94 mmol), HATU (1.11 g, 2.94 mmol) and DIPEA (1.46 mL, 8.39
mmol) and the reaction mixture was stirred at room temperature for 3 hours. Saturated
aqueous ammonium chloride and ethyl acetate were added; the organic layer was
separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ,, filttered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 45-a as a white foam.
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[0290] Step 2: 4N HCl in 1,4-dioxane (5.97 mL) was added to intermediate 45-a
(926 mg, 1.19 mmol) and the solution was stirred for 2 hours at 0 °C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compound 84-2HCI as a white solid. MS (m/z) M+1=675.5

EXAMPLE 42

[0291] The following example illustrates the preparation of compound 10, which is a

compound of Formula 1 or salt thereof.

Scheme 46: Synthesis of compound 10
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[0292] Step 1: To a solution of intermediate 12-aHCI (25.0 g, 69.7 mmol) in DMF
cooled to 0 °C were sequentially added imidazo [1,2-a}pyrimidine-2-carboxylic acid (13.64
g, 84.0 mmol), HATU (34.4 g, 91.0 mmol) and DIPEA (48.5 mL, 279.0 mmol) dropwise
over a period of 45 minutes and the reaction was then stirred at 0 °C for 30 minutes.
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Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 46-a as a beige foam.

[0293] Step 2: 4N HCl in 1,4-dioxane (171 mL) was added to intermediate 46-a
(32.0 g, 68.4 mmol) and the solution was stirred for 1 hour at 0 °C. Diethyl ether was
added and intermediate 46-b-2HCI was collected by filtration as a white solid. MS (m/z)
M+1=368.3

[0294] Step 3: To a solution of intermediate 46-b-2HCI (25.0 g, 56.8 mmol) in DMF
cooled to 0 °C were sequentially added Boc-tBu-gly-OH (14.44 g, 62.5 mmol), HATU (28.1
g, 73.8 mmol), HOAt (14.19 mL, 8.52 mmol) and DIPEA (39.6 mL, 227.0 mmol) dropwise
over a period of 30 minutes and the reaction was then stirred at 0 °C for 45 minutes.
Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided the expected intermediate 46-c as white

foam.

[0295] Step 4: 4N HCl in 1,4-dioxane (62.4 mL) was added to intermediate 46-c
(14.5 g, 24.97 mmol) and the solution was stirred for 2 hours at 0 °C. Diethyl ether was
added and intermediate 46-d-2HCI was collected by filtration as a white solid. MS (m/z)
M+1=481.5

[0296] Step 5: To a solution of intermediate 46-d2HCI (13.8 g, 26.7 mmol) in DMF
cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (5.97 g, 29.4 mmol), HATU
(13.19 g, 34.7 mmol), HOAt (6.67 mL, 4.0 mmol) and DIPEA (18.6 mL, 107.0 mmol)
dropwise over a period of 30 minutes and the reaction was then stirred at 0 °C for 30
minutes. Saturated aqueous ammonium chloride and ethyl acetate were added; the
organic layer was separated, washed with saturated aqueous ammonium chloride,
saturated aqueous NaHCOQ; and brine, dried over anhydrous MgSQ.,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided the expected

intermediate 46-e as white foam.
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[0297] Step 6: 4N HCl in 1,4-dioxane (58.2 mL) was added to intermediate 46-e
(15.5 g, 23.28 mmol) in ethyl acetate (5 mL) and the solution was stirred for 1.5 hours at
0°C. Diethyl ether was added and compound 10-2HCI was collected by filtration as a white
solid. MS (m/z) M+1= 566.5 ‘

EXAMPLE 43

[0298] The following example illustrates the preparation of compound 47-d, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt

thereof.
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Scheme 47: Synthesis of intermediate 47-d
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[0299] Step 1: To a solution of intermediate 12-cHCI (29.57 g, 75.0 mmol) in DMF

cooled to 0 °C were sequentially added Boc-Chg-OH (22.27 g, 87.0 mmol), HATU (42.9 g,
113.0 mmol), HOAt (18.82 mL, 11.29 mmol) and DIPEA (41.4 mL, 226.0 mmol) over a
period of 30 minutes and the reaction was then stirred at room temperature for 1 hour.
Saturated agueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated agueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided the expected intermediate 47-a as a

white foam.
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[0300] Step 2: 4N HCl in 1,4-dioxane (188 mL) was added to intermediate 47-a
(44.7 g, 75.0 mmol) in ethyl acetate (10 mL) at 0 °C and the solution was stirred for 4
hours at 0 °C. Volatiles were removed under reduced pressure and the residue was
triturated with diethyl ether to provide intermediate 47-b-HCI as a white foam. MS (m/z)
M+1=596.4

[0301] Step 3: To a solution of intermediate 47-b'HCI (25.8 g, 48.50 mmol) in DMF
cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (11.33 g, 55.8 mmol), HATU
(25.8 g, 67.9 mmol), HOAt (8.08 mL, 4.85 mmol) and DIPEA (33.8 mL, 194.0 mmol)
dropwise over a period of 30 minutes and the reaction was then stirred at 0 °C for 1 hour.
Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSOQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided the expected intermediate 47-c as a

white foam.

[0302] Step 4: To a solution of intermediate 47-¢ (23.7 g, 34.8 mmol) in MeOH
(100 mL) under N, was added 10 % Pd/C (50% w/w water content) (7.4 g). The reaction
mixture was purged with H, and stirred for 2 hours. The reaction was then filtered through
celite and the filtrate was concentrated in vacuo to provide intermediate 47-d as a white
foam. MS (m/z) M+1=547.4

EXAMPLE 44

[0303] The following example illustrates the preparation of compound 20, which is a

compound of Formula 1 or salt thereof.

124



0 0 # N MW1=721.5 Cnpd # Structure M560 O/ NOOS 1

WO 2011/098904 PCT/1IB2011/000264

Scheme 48: Synthesis of compound 20
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[0304] Step 1: To a solution of intermediate 47-d (17.9 g, 32.7 mmol) in DMF
cooled to 0 °C were sequentially added imidazo[1,2-a]pyrimidine-2-carboxylic acid, HBr
salt (84-c) (9.59 g, 39.3 mmol), HATU (18.67 g, 49.1 mmol) and DIPEA (17.11 mL, 98.0
mmol) over a period of 30 minutes and the reaction mixture was stirred at 0 °C for 1 hour.
Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous NaHCO; and brine, dried over anhydrous
MgSQ,, filtered and concentrated in vacuo. Purification by silica gel chromatography

provided intermediate 48-a as white foam.

[0305] Step 2: 4N HCl in 1,4-dioxane {44.5 mL) was added to intermediate 48-a
(12.32 g, 17.81 mmol) in ethyl acetate (10 mL) at 0 °C and the solution was stirred for 4
hours at 0 °C. Volatiles were removed under reduced pressure and the residue was
triturated with diethy! ether to provide compound 20-2HCI as a white solid. MS (m/z) M+1=
592.4
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EXAMPLE 45 _

The following example illustrates the preparation of compound 103, which is

a compound of Formula 1 or salt thereof.

Ho}\\&

Scheme 49: Synthesis of compound 103
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[0307] Step 1: To a solution of intermediate 47-d (500 mg, 0.91 mmol) in DMF,

cooled to 0 °C, were sequentially added 6-fluoroimidazo[1,2-a]pyrimidine-2-carboxylic
acid, HBr salt (86-c) (276 mg, 1.05 mmol), HATU (522 mg, 1.37 mmol) and DIPEA (478

uL, 2.74 mmol) and the reaction mixture was stirred at 0 °for 1 hour. Saturated agueous

ammonium chloride and ethyl acetate were added; the organic layer was separated,

washed with saturated aqueous ammonium chloride, saturated aqueous NaHCQ; and

brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by

silica gel chromatography provided intermediate 49-a as a white foam.
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[0308] Step 2: 4N HCl in 1,4-dioxane (882 uL) was added to intermediate 49-a
(250 mg, 0.35 mmol) in ethyl acetate (500 uL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 103-2HCI as a white solid. MS (m/z) M+1= 610.3

EXAMPLE 46

[0309] The following example illustrates the preparation of compound 18, which is a

compound of Formula 1 or salt thereof.

Scheme 50: Synthesis of compound 18
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Compound 18

[0310] Step 1: To a solution of intermediate 47-d (303 mg, 0.55 mmol) in DMF,
cooled to 0 °C, were sequentially added DIPEA (483 uL, 2.77 mmol) and imidazo[1,2-
a]pyrimidine-2-carbonyl chloride (250 mg, 1.38 mmol) and the reaction mixture was stirred
at room temperature for 30 minutes. Saturated aqueous ammonium chloride and ethyl

acetate were added; the organic layer was separated, washed with saturated aqueous
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ammonium chloride, saturated aqueous NaHCQ; and brine, dried over anhydrous MgSOs,
filtered and concentrated in vacuo. Purification by silica gel chromatography provided

intermediate 50-a as a white foam.

[0311] Step 2: 4N HCl in 1,4-dioxane (1.85 mL) was added to intermediate 50-a
(366 mg, 0.53 mmol) in methanol (200 ul) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 182HCI as white solid. MS (m/z) M+1= 591.4

EXAMPLE 47

[0312] The following example illustrates the preparation of compound 120, which is
a compound of Formula 1

Scheme 51: Synthesis of compound 120

SN
»\&5
HO \N\ | o
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F
4N HCl in H 0
51-a e /NJLN N 0 \
,4-dioxane :
PH g N»\<\\\7 2HCI
N
) AN

Compound 120

[0313] Step 1: To a solution of intermediate 47-d (500 mg, 0.91 mmol) in DMF,

cooled to 0 °C, were sequentially added 1-methyl-1H-imidazole-4-carboxylic acid (138 mg,
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1.09 mmol), HATU (522 mg, 1.37 mmol) and DIPEA (478 ulL, 2.74 mmol) and the reaction
mixture was stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride and ethyl
acetate were added; the organic layer was separated, washed with saturated aquéous
ammonium chloride, saturated aqueous NaHCO; and brine, dried over anhydrous MgSO,,
filtered and concentrated in vacuo. Purification by silica gel chromatography provided

intermediate 51-a as a white foam.

[0314] Step 2: 4N HCl in 1,4-dioxane (918 uL) was added to intermediate 51-a
(240 mg, 0.37 mmol) in ethyl acetate (500 uL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 120-2HCI as a white solid. MS (m/z) M+1= 555.3

EXAMPLE 48

[0315]
a compound of Formula 1

The following example illustrates the preparation of compound 113, which is

Scheme 52: Synthesis of compound 113
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F
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Compound 113
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[0316] Step 1: To a solution of intermediate 47-d (500 mg, 0.91 mmol) in DMF,
cooled to 0 °C, were sequentially added 6,7-dihydro-5-H-pyrrolo[1,2-a]imidazole-2-
carboxylic acid, lithium salt (87-e) (152 mg, 915 mmol), HATU (522 g, 1.37 mmol) and
DIPEA (478 uL, 2.74 mmol) and the reaction mixture was stirred at 0 °C for 1 hour.
Saturated aqueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 52-a as a white foam.

[0317] Step 2: 4N HCl in 1,4-dioxane (1.37 mL) was added to intermediate 52-a
(373 mg, 0.54 mmol) in ethyl acetate (500 ulL) and the solution was stirred for 2 hours at 0
°C. Diethyl ether was added, a precipitate formed and compound 113-2HCI was collected
by filtration as a white solid. MS (m/z) M+1= 581.3

EXAMPLE 49

[0318] The following exampile illustrates the preparation of compound 104, which is

a compound of Formula 1
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Scheme 53: Synthesis of compound 104
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[0319] | Step 1: To a solution of intermediate 47-d (500 mg, 0.91 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-(4-fluorophenyl)-1H-imidazole-4-carboxylic
acid, lithium salt (88-e) (224 mg, 1.05 mmol), HATU (522 mg, 1.37 mmol) and DIPEA (478
uL, 2.74 mmol) and the reaction mixture was stirred at 0 °C for 1 hour. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 53-a as a white foam.

[0320] Step 2: 4N HCl in 1,4-dioxane (886 ulL) was added to intermediate 53-a
(260 mg, 0.35 mmol) in ethyl acetate (0.5 mL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 104:2HCI as a white solid. MS (m/z) M+1= 635.3
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EXAMPLE 50

[0321] The following example illustrates the preparation of compound 91, which is a

compound of Formula 1

Scheme 54: Syntheéis of compound 91
9 N
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1,4-dioxane : H »\&W 2HCI

Compound 91

[0322] Step 1: To a solution of intermediate 12-g (1.50 g, 2.88 mmol} in DMF,
cooled to 0 °C, were sequentially added 1-cyclopentyl-1H-imidazole-4-carboxylic acid,
lithium salt (831 mg, 4.47 mmol), HATU (1.31 g, 3.46 mmol) and DIPEA (2.0 mL, 11.52
mmol) and the reaction mixture was stirred at 0 °C for 2 hours. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ.,, filtered and concentrated in vacuo. Purification by

silica gel chromatography provided intermediate 54-a as a white foam.
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[0323] Step 2: 4N HCl in 1,4-dioxane (8.79 mL) was added to intermediate 54-a
(1.20 g, 1.75 mmol) in ethyl acetate (500 ul) and the solution was stirred for 1.5 hour at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 91-2HCi as a white solid. MS (m/z) M+1= 583.5

EXAMPLE 51

[0324] The following example iliustrates the preparation of compound 93, which is a

compound of Formula 1

Scheme 55: Synthesis of compound 93
3 N
HO»\&Z

12- >
9 Boc” N\:)J\N N K N
DIPEA, HATU H H o) N}\\<\\\7
N
55-a \O

F

. O
4N HClin H
55-a /N\/U\N

Q o
1,4-dioxane : N
i H 3 N»\<\_\7 2HCI
N
Compound 93 \O

[0325] Step 1: To a solution of intermediate 12-g (1.40 g, 2.69 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-cyclohexyl-1H-imidazoie-4-carboxylic acid (783 -
mg, 4.03 mmoi), HATU (1.23 g, 3.23 mmol) and DIPEA (1.87 mL, 10.76 mmol) and the
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_reaction mixture was stirred at 0°C for 1 hour. Saturated aqueous ammonium chloride and

ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 55-a as a white foam.

[0326] Step 2: 4N HCl in 1,4-dioxane (5.17 mL) was added to intermediate 55-a
(960 mg, 1.37 mmol) in ethyl acetate (1.0 mL) and the solution was stirred for 1.5 hours at
0 °C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 93-2HCI as a white solid. MS (m/z) M+1= 597.4

EXAMPLE 52

[0327] The following example illustrates the preparation of compound 94, which is a

compound of Formula 1

Scheme 56: Synthesis of compound 94
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[0328] Step 1: To a solution of intermediate 12-g (1.60 g, 3.07 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-isopropyi-1H-imidazole-4-carboxylic acid,
lithium salt (734 mg, 4.76 mmol), HATU.(1.40 g, 3.69 mmol) and DIPEA (2.14 mL, 12.29
mmol) and the reaction mixture was stirred at 0°C for 1 hour. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCOj; and
brine, dried over anhydrous MgSO,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 56-a as a white foam.

[0329] Step 2: 4N HCl in 1,4-dioxane (4.14 mL) was added to intermediate 56-a
(850 mg, 1.10 mmol) in ethyl acetate (1.0 mL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 94-2HCI as a white solid. MS (m/z) M+1= 557.4

EXAMPLE 53

[0330] The following example illustrates the preparation of compound 95, which is a

compound of Formula 1
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Scheme 57: Synthesis of compound 95
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[0331] Step 1: To a solution of intermediate 12-g (1.30 g, 2.49 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-(tetrahydro-2H-pyran-4-yl)-1H-imidazole-
4carboxylic acid, lithium salt (89-d) (656 mg, 3.25 mmol), HATU (1.23 g, 3.25 mmol) and
DIPEA (1.74 mL, 10.0 mmol) and the reaction mixture was stirred at 0 °C for 2 hours.
Saturated agueous ammonium chloride and ethyl acetate were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSO,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 57-a as a white foam.

[0332] Step 2: 4N HCl in 1,4-dioxane (4.43 mL) was added to intermediate 57-a
(960 mg, 1.18 mmol) in ethyl acetate (1.0 mL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with

diethyl ether to provide compound 95-2HCI as a white solid. MS (m/z) M+1= 599.4
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EXAMPLE 54

[0333] The following example illustrates the preparation of compound 61, which is a

compound of Formula 1

Scheme 58: Synthesis of compound 61
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[0334] Step 1: To a solution of intermediate 12-g (350 mg, 0.67 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-phenyl-1H-imidazole-4-carboxylic acid, lithium
salt (190 mg, 1.0 mmol), HATU (435 mg, 1.14 mmol) and DIPEA (468 uL, 2.69 mmol) and
the reaction mixture was stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride
and ethyl acetate were added; the organic layer was separated, washed with saturated
agueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSO,, filtered and concentrated in vacuo. Purification by silica gel

chromatography provided intermediate 58-a as a white foam.
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[0335] ~ Step 2: 4N HCI in 1,4-dioxane (1.25 mL) was added to intermediate 58-a
(345 mg, 0.50 mmol) in methanol (500 uL) and the solution was stirred for 2 hours at 0 °C.
Volatiles were removed under reduced pressure and the residue was triturated with diethyl
ether to provide compound 61-2HCI as a white solid. MS (m/z) M+1= 591.5

EXAMPLE 55

[0336] The following example illustrates the preparation of compound 122, which is

a compound of Formula 1
Scheme 59: Synthesis of compound 122

o)

Ho)x\{\N
90-c O o

12-g — BOC/NQK

DIPEA, HATU »\O

S E >
4N HClin H
59-a N\/u\

N
1,4-dioxane I H »\(\ 2HCI
NO

Compound 122

[0337] Step 1: To a solution of intermediate 12-g (213 mg, 0.41 mmol) in DMF,
cooled to 0 °C, were sequentially added 1-phenyl-1H-pyrrole-3-carboxylic acid (90-c) (100
mg, 0.53 mmol), HATU (203 mg, 0.53 mmol) and DIPEA (286 uL, 1.64 mmol) and the

reaction mixture was stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride
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and ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 59-a as a white foam.

[0338] Step 2: 4N HCl in 1,4-dioxane (1.22 mL) was added to intermediate 59-a
(244 mg, 0.32 mmol) in ethyl acetate (325 uL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 122-2HCI as a white solid. MS (m/z) M+1=590.2

EXAMPLE 56

[0339] The following example illustrates the preparation of compound 109, which is

a compound of Formula 1

Scheme 60: Synthesis of compound 109
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[0340] Step 1: To a solution of intermediate 12-g (229 mg, 0.44 mmol) in DMF,
cooled to 0 °C, were seqUentially added 5-phenyl-1H-imidazole-2-carboxylic acid (195
mg, 0.87 mmol), HATU {220 mg, 0.57 mmol) and DIPEA (310 uL, 1.78 mmol) and the
reaction mixture was stirred at 0 °C for 1 hour. Saturated aqueous ammonium chloride
and ethyl acetate were added; the organic layer was separated, washed with saturated
aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ;, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 60-a as a white foam.

[0341] Step 2: 4N HCl in 1,4-dioxane (2.22 mL) was added to intermediate 60-a
(307 mg, 0.44 mmol) in ethyl acetate (445 uL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 109-2HCI as a white solid. MS (m/z) M+1= 591.2

EXAMPLE 57

[0342] The following example illustrates the preparation of compound 90, which is a

compound of Formula 1
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Scheme 61: Synthesis of compound 90
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[0343] Step 1: To a solution of intermediate 12-g (598 mg, 0.44 mmol) in DMF,
cooled to 0 2C, were sequentially added 1-phenyl-1H-pyrazole-4-carboxylic acid (217 mg,
1.15 mmol), HATU (526 mg, 1.38 mmol) and DIPEA (803 uL, 4.61 mmol) and the reaction

mixture was stirred at 0°C for 2 hours. Saturated aqueous ammonium chloride and ethyl

. O
. 4N HCl in H .
S LIS S Q o

acetate were added; the organic layer was separated, washed with saturated aqueous
ammonium chloride, saturated aqueous NaHCQO; and brine, dried over anhydrous MgSO,,
filtered and concentrated in vacuo. Purification by silica gel chromatography provided

intermediate 61-a as a white foam.

[0344] Step 2: 4N HCl in 1,4-dioxane (3.13 mL) was added to intermediate 61-a
(577 mg, 0.83 mmol) in ethyl acetate (500 uL) and the solution was stirred for 2 hours at 0
°C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 90-2HC! as a white solid. MS (m/z) M+1= 591.4
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EXAMPLE 58

[0345] The following example illustrates the preparation of compound 88, which is a
compound of Formula 1

Scheme 62: Synthesis of compound 88
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[0346] Step 1: To a solution of intermediate 12-g (1.2 g, 2.30 mmol) in DMF,
cooled to 0 °C, were sequentially added 5-phenyl-1H-pyrazole-3-carboxylic acid {455 mg,
2.42 mmol), HATU (1.0 g, 2.77 mmol) and DIPEA {1.60 mL, 9.22 mmol) and the reaction
mixture was stirred at 0 °C for 2 hours. Saturated aqueous ammonium chloride and ethyl
acetate were added; the organic fayer was separated, washed with saturated aqueous
ammonium chloride, saturated aqueous NaHCQO; and brine, dried over anhydrous MgSOQO,,
filtered and concentrated in vacuo. Purification by silica gel chromatography provided
intermediate 62-a as a white solid.
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[0347] Step 2: 4N HCl in 1,4-dioxane (6.15 mL) was added to intermediate 62-a
{850 mg, 1.23 mmol) in ethyl acetate (500 uL) and the solution was stirred for 1.5 hour at
0 °C. Volatiles were removed under reduced pressure and the residue was triturated with
diethyl ether to provide compound 88-2HCI as a white solid. MS (m/z) M+1=591.4

EXAMPLE 59

[0348] The following example illustrates the preparation of compound 117, which is

a compound of Formula 1

Scheme 63: Synthesis of compound 117
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[0349] Step 1: To a solution of intermediate 12-g (1.0 g, 1.92 mmol) in DMF,
cooled to 0 °C, were sequentially added 5-phenyl-1,3,4-oxadiazole-2-carboxylic acid
sodium salt (91-c) (1.36 g, 6.41 mmol), HATU (2.19 g, 5.76 mmol) and DIPEA (1.34 mL,
7.68 mmol) and the reaction mixture was stirred at room temperature overnight. Saturated

aqueous ammonium chloride and ethyl acetate were added; the organic layer was
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separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSOQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 63-a as a white solid.

[0350] Step 2: 4N HCl in 1,4-dioxane (10.0 mL) was added to intermediate 63-a
(453 mg, 0.65 mmol) and the solution was stirred for 3 hours at 0 °C. Volatiles were
removed under reduced pressure and the residue was triturated with diethyl ether to
provide compound 117-:2HCI as a white solid. MS (m/z) M+1= 593.2

EXAMPLE 60

[0351] The following example illustrates the preparation of compound 115, which is

a compound of Formula 1

Scheme 64: Synthesis of compound 115
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[0352] Step 1: To a solution of intermediate 12-g (847 g, 1.62 mmol) in DMF,
cooled to 0 °C, were sequentially added 5-phenylisoxazole-3-carboxylic acid (431 mg,
2.27 mmol), HATU (1.05 g, 2.77 mmol) and DIPEA (1.13 mL, 6.51 mmol} and the reaction
mixture was stirred at room temperature overnight. Saturated aqueous ammonium
chloride and ethyl acetate were added; the organic layer was separated, washed with
saturated aqueous ammonium chloride, saturated aqueous NaHCO; and brine, dried over
anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 64-a as a white foam.

[0353] Step 2: 4N HCl in 1,4-dioxane (5.0 mL) was added to intermediate 64-a
{356 mg, 0.51 mmol) and the solution was stirred for 2 hours at 0 °C. Diethyl ether was
added, a precipitate formed and compound 115-2HCI was collected by filtration as a white
solid. MS (m/z) M+1= 592.1

EXAMPLE 61

[0354] The following example illustrates the preparation of compound 65-i, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt
thereof
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Scheme 65: Synthesis of intermediate 65-i
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[0355] Step 1: To a solution of (25,4R)-1-Boc-2-methyl-4-hydroxypyrrolidine-2-
carboxylate (18.0 g, 73.4 mmol), 4-fluoropheno! (9.05 g, 81.0 mmol) and
triphenylphosphine (21.17 g, 81.0 mmol) in THF was added DIAD (17.07 g, 84.0 mmol) in
THF (20 mL) dropwise and the reaction was then stirred at room temperature for 2 days.
Diethyl ether and hexane were added, a precipitate formed and triphenyl phosphine oxide
was removed by filtration. Volatiles were removed under reduced pressure and the
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residue was purified by silica gel chromatography to provide the expected intermediate

65-b as yellow solid.

[0356] Step 2: 4N HCl in 1,4-dioxane (78 mL, 312 mmol) was added to
intermediate 65-b (21.2 g, 62.5 mmol) and the solution was stirred for 1 hour at 0 °C and
then 30 minutes at room temperature. Diethyl ether was added, a precipitate formed and
intermediate 65-¢c-HCI was collected by filtration as a white solid. MS (m/z) M+1= 240.0

[0357] Step 3: To a solution of intermediate 65-¢c-HCI (14.2 g, 51.5 mmol) in DMF
cooled to 0 °C were sequentially added Boc-Thr(Me)-OH (13.22 g, 56.7 mmol), HATU
(21.54 g, 56.7 mmol), HOAt (8.58 mL, 5.15 mmol) and DIPEA (36.0 mL, 206 mmol) and
the reaction was then stirred at room temperature for 3 hours. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided the expected intermediate 65-d as white foam.

[0358] - Step4: 4N HCIin 1,4-dioxane (63.3 mL) was added to intermediate 65-d
{(23.0 g, 50.6 mmol) and the solution was stirred for 1 hour at 0 °C and then 30 minutes at
room temperature. Diethyl ether was added, a precipitate formed and intermediate 65-
e-HCl was collected by filtration as a white solid. MS (m/z) M+1= 355.2

[0359] Step 5: To a solution of intermediate 65-e'HCI (16.2 g, 41.4 mmol) in DMF
cooled to 0 °C were sequentially added Boc-NMe-Ala-OH (9.27 g, 45.6 mmol), HATU
(1734 g, 45.6 mmol), HOAt (6.91 mL, 4.14 mmol) and DIPEA (29.0 mL, 166.0 mmol) and
the reaction was then stirred at room temperature for 3 hours. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated agueous ammonium chloride, saturated agueous NaHCO; and
brine, dried over MgSQ,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided the expected intermediate 65-f as a white foam.

[0360] Step 6: To a solution of intermediate 65-f (23.0 g, 42.6 mmol) in THF cooled
to 0 °C was added lithium borohydride (1.95 g, 90.0 mmol) and the reaction was stirred at
room temperature overnight. Water and ethyl acetate were added; the organic layer was

separated, washed with 10% aqueous citric acid, saturated aqueous NaHCO; and brine,
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dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by silica ge!
chromatography provided intermediate 65-g as white foam.

[0361] Step 7: To a solution of intermediate 65-g (8.7 g, 17.01 mmol) in DMSO (4.83
mL, 68.0 mmol) and dichloromethane (150 mL) cooled to 0°C was added DIPEA (10.40
mL, 59.5 mmol) and pyridine sulfur trioxide complex (8.12 g, 51.0 mmol), the reaction was
then stirred at room temperature overnight. Water and ethyl acetate were added; the
organic layer was separated, washed with 10% citric acid, saturated aqueous NaHCO;
and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo to provide
intermediate 65-h as white foam.

[0362] Step 8: To a solution of intermediate 65-h (8.0 g, 15.70 mmol) in
dichloromethane was added 2-(4-fluorophenyl)ethanamine (1.87 mL, 14.3 mmol). After
stirring at room temperature for 2 hours, sodium triacetoxyborohydride (6.37 g, 28.5 mmol)
was added portion wise and the reaction mixture was then stirred at room temperature for
2 hours. Saturated aqueous NaHCO; was added; the organic layer was separated,
washed with brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo to
provide intermediate 65-i as a yellow oil. To a solution of intermediate 65-i in diethyl ether
(100 mL) was added 1N HCI in diethyl ether (15.7 mL), a precipitate formed and
intermediate 65-rHCI was collected by filtration as beige solid. MS (m/z) M+1= 633.4

EXAMPLE 62

[0363] The following example illustrates the preparation of compound 100, which is

a compound of Formula 1
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Scheme 66: Synthesis of compound 100
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[0364] Step 1: To a solution of intermediate 65-rHCI (1.5 g, 2.24 mmol) in DMF
cooled to 0 °C were sequentially added imidazof1,2-ajpyrimidine-2-carboxylic acid (464
mg, 2.84 mmol), HATU (992 mg, 2.61 mmol) and DIPEA (1.65 mL, 9.48 mmol) and the
reaction mixture was stirred at room temperature overnight. Saturated agueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated aqueous NaHCO; and brine, dried over anhydrous MgSQ.,, filtered
and concentrated in vacuo. Purification by silica gel chromatography provided

intermediate 66-a as white foam.

[0365] Step 2: 4N HCl in 1,4-dioxane (2.0 mL) was added to intermediate 66-a
(760 mg, 0.97 mmol) at 0 °C and the solution was stirred for 1 hour at 0 °C and then 30
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minutes at room temperature. Ethyl acetate was added, a precipitate formed and
compound100-2HCI was collected by filtration as a white solid. MS {m/z) M+1= 678.5

EXAMPLE 63

[0366] The following example illustrates the preparation of compound 102, which is

a compound of Formula 1

Scheme 67: Synthesis of compound 102
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[0367] Step 1: To a solution of intermediate 65-iHCI (2.0 g, 2.98 mmol) in DMF

cooled to 0 °C were sequentially added imidazo[1,2-a]pyridine-2-carboxylic acid lithium
salt (85-d) (641 mg, 3.79 mmol), HATU (1.32 g, 3.48 mmol) and DIPEA (2.20 mL, 12.64

mmol) and the reaction mixture was stirred at room temperature overnight. Saturated

aqueous ammonium chioride and ethyl acetate were added; the organic layer was
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separated, washed with saturated aqueous NaHCQO; and brine, dried over anhydrous
MgSO.,, filtered and concentrated in vacuo. Purification by silica gel chromatography
provided intermediate 67-a as white foam.

[0368] Step 2: 4N HCl in 1,4-dioxane (3.0 mL) was added to intermediate 67-a
(900 mg, 1.16 mmol) at 0 °C and the solution was stirred for 1 hour at 0 °C and then 30
minutes at room temperature. Ethyl acetate was added, a precipitate formed and
compound 102:2HCI was collected by filtration as a white solid. MS (m/z) M+1= 677.5

EXAMPLE 64

[0369] The following example illustrates the preparation of compound 99, which is a

compound of Formula 1
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Scheme 68: Synthesis of compound 99
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[0370] Step 1: To a solution of intermediate 65-rHCI (2.0 g, 2.98 mmol) in DMF,
cooled to 0 2C, were sequentially added 1-methyl-1H-imidazole-4-carboxylic acid (478 mg,
3.79 mmol), HATU (1.32 g, 3.48 mmol) and DIPEA (2.20 mL, 12.64 mmol} and the
reaction mixture was stirred at 0 °C for 1 hour and room temperature overnight. Saturated
aqueous ammonium chloride and ethyl acetate were added; the organic layer was
separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 68-a as a white foam.

[0371] Step 2: 4N HCl in 1,4-dioxane (3.0 mL) was added to intermediate 68-a
(900 mg, 1.16 mmol) at 0 °C and the solution was stirred for 1 hour at 0 °C and then 30
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minutes at room temperature. Ethyl acetate was added, a precipitate formed and
compound 99-2HCI was collected by filtration as a white solid. MS (m/z) M+1=641.4

EXAMPLE 65

[0372] The following example illustrates the preparation of compound 114, which is

a compound of Formula 1

Scheme 69: Synthesis of compound 114
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[0373] Step 1: To a solution of intermediate 65-rHCI (600 mg, 0.90 mmol) in DMF,
cooled to 0 °C, were sequentially added 6,7-dihydro-5-H-pyrrolo[1,2-a]imidazole-2-

carboxylic acid, lithium salt (87-e) (236 mg, 1.42 mmol), HATU (397 mg, 1.04 mmol) and
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DIPEA (662 uL, 3.79 mmol) and the reaction mixture was stirred at 0 °C for 1 hour and
room temperature for 2 hours. Saturated aqueous ammonium chloride and ethyl acetate
were added; the organic layer was separated, washed with saturated aqueous ammonium
chloride, saturated aqueous NaHCO; and brine, dried over anhydrous MgSQ,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 69-

a as a white foam.

[0374] Step 2: 4N HCl in 1,4-dioxane (750 uL) was added to intermediate 69-a
(230 mg, 0.30 mmol) at 0 °C and the solution was stirred for 1 hour at 0 °C and then 30
minutes at room temperature. Ethyl acetate was added, a precipitate formed and
compound 114-2HCI was collected by filtration as a white solid. MS (m/z) M+1= 667.1

EXAMPLE 66

[0375] The following example illustrates the preparation of compound 107, which is

a compound of Formula 1
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Scheme 70: Synthesis of compound 107
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[0376] Step 1: To a solution of intermediate 65-rHCI (600 mg, 0.87 mmol) in DMF,
cooled to 0 °C, were sequentially added 6-fluoroimidazo[1,2-a]pyrimidine-2-carboxylic
acid, HBr salt (86-c) (298 mg, 1.13 mmol), HATU (397 mg, 1.04 mmol) and DIPEA (662
uL, 3.79 mmol) and the reaction mixture was stirred at 0°C_for 1 hour and room
temperature overnight. Saturated aqueous ammonium chloride and ethyl acetate were
added; the organic layer was separated, washed with saturated aqueous ammonium
chloride, saturated aqueous NaHCQO; and brine, dried over anhydrous MgSQ,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 70-

a as a white foam.

[0377] Step 2: 4N HCl in 1,4-dioxane (1.41 mL) was added to intermediate 70-a
(450 mg, 0.56 mmol) at 0 °C and the solution was stirred for 1 hour at 0 °C. Ethy! acetate
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a precipitate formed and compound 107-2HCI was collected by filtration as a

white solid. MS (m/z) M+1= 696.3

[0378]

EXAMPLE 67

The following exampie illustrates the preparation of compound 108, which is

a compound of Formula 1

65-iHClI

71-a

[0379]

Scheme 71: Synthesis of compound 108
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Step 1: To a solution of intermediate 65-irHCI (600 mg, 0.87 mmol) in DMF,

cooled to 0 ?C, were sequentially added 1-(4-fluorophenyl)-1H-imidazole-4-carboxylic

acid, lithium

salt (88-e) (303 mg, 1.42 mmol), HATU (397 mg, 1.04 mmol) and DIPEA (662

uL, 3.79 mmol) and the reaction mixture was stirred at 0 °C for 1 hour and room
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temperature overnight. Saturated aqueous ammonium chloride and ethyl acetate were
added; the organic layer was separated, washed with saturated aqueous ammonium
chloride, saturated aqueous NaHCQ; and brine, dried over anhydrous MgSQ,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 71-

a as a white foam.

[0380] Step 2: 4N HCl in 1,4-dioxane (670 ulL) was added to intermediate 71-a
(220 mg, 0.26 mmol) at 0 °C and the solution was stirred for 1 hour at 0 °C. Ethyl acetate
was added, a precipitate formed and compound 108-2HCI was collected by filtration as a
white solid. MS (m/z) M+1= 721.1

EXAMPLE 68

[0381] The following example illustrates the preparation of compound 72-d, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt

thereof
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Scheme 72: Synthesis of intermediate 72-d
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[0382] Step 1: To a solution of intermediate 42-d (18.0 g, 40.6 mmol) in DMF

cooled to 0 2C were sequentially added imidazole (3.32 g, 48.7 mmol), DMAP (496 mg,
4.06 mmol) and tert-butylchlorodimethylsilane (6.73 mL, 44.6 mmol} and the reaction
mixture was stirred at room temperature overnight. Water and ethyl acetate were added;
the organic layer was separated, washed with saturated aqueous NaHCO; and brine,
dried over anhydrous MgSQ.,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 72-a as a colorless oil.

[0383] Step 2: To a solution of intermediate 72-a (6.0 g, 10.76 mmol) in THF
cooled to 0 °C was added lithium borohydride (1.17 g, 53.8 mmol) and the reaction was
stirred at room temperature overnight. Saturated aqueous ammonium chloride and ethyl

acetate were added; the organic layer was separated, washed with 10% aqueous citric
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acid, saturated aqueous NaHCO; and brine, dried over anhydrous MgSQ.,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 72-
b as a white foam.

[0384] Step 3: To a solution of intermediate 72-b (5.6 g, 10.57 mmol) in DMSO
(3.0 mL, 42.3 mmol) and dichloromethane (80 mL) cooled to 0 °C was added TEA (5.89
mL, 42.3 mmol) and pyridine sulfur trioxide complex (5.05 g, 31.7 mmol), the reaction was
then stirred at 0 °C for 30 minutes and room temperature for 1 hour. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with 10% aqueous citric acid, saturated agueous NaHCO; and brine, dried over
anhydrous MgSO,, filtered and concentrated in vacuo to provide intermediate 72-c as

white foam.

[0385] Step 4: To a solution of intermediate 72-c¢ (3.0 g, 5.68 mmol) in
dichloromethane was added 2-(4-fluorophenyl)ethanamine (746 uL, 5.68 mmol). After
stirring at room temperature overnight, the reaction was cooled to -5°C, sodium.
triacetoxyborohydride (2.54 g, 11.37 mmol) was added portion wise and the reaction
mixture was then stirred at room temperature for 2 hours. Saturated aqueous NaHCO,
was added; the organic layer was separated, washed with brine, dried over MgSQO.,,
filtered and concentrated in vacuo to provide intermediate 72-d as yellow foam. To a
solution of intermediate 72-d in diethyl ether (100 mL) was added 1N HCI in diethyl ether
(5.68 ‘mL), a precipitate formed and intermediate 72-d'HCI was collected by filtration as
beige solid. MS (m/z) M+1=651.6

EXAMPLE 69

[0386] The following example illustrates the preparation of compound 73-b, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt

thereof
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Scheme 73: Synthesis of intermediate 73-b
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[0387] Step 1: To a solution of intermediate 72-d-HCI (7.02 g, 10.78 mmol) in DMF
cooled to 0 °C were sequentially added imidazo[1,2-a]pyridine-2-carboxylic acid, lithium
salt (85-d) (3.08 g, 18.33 mmol), HATU (6.97 g, 18.33 mmol) and DIPEA (7.53 mL, 43.1
mmol) and the reaction mixture was stirred at room temperature overnight. Saturated
aqueous ammonium chloride and ethyl acetate were added; the organic layer was
separated, washed with saturated aqueous NaHCO; and brine, dried over anhydrous
MgSQ,, filtered and concentrated in vacuo. Purification by silica gel chromatography
provided intermediate 73-a as white foam.

[0388] Step 2: To a solution of intermediate 73-a (6.14 g, 7.72 mmol) in THF
cooled to 0 °C was added 1.0 M solution of TBAF in THF (10.04 mL, 10.04 mmol) and the
reaction mixture was stirred at room temperature for 2 hours. Water and ethyl acetate
were added; the organic layer was separated, washed with brine, dried over anhydrous
MgSQ.,, filtered and concentrated in vacuo. Purification by silica gel chromatography
provided intermediate 73-b as a white foam.

EXAMPLE 70

[0389] The following example illustrates the preparation of compound 111, which is

a compound of Formula 1
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Scheme 74: Synthesis of compound 111
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Step 1: To a solution of intermediate 73-b (1.95 g, 2.86 mmol), 4-

(trifluoromethoxy)phenot (561 mg, 3.15 mmol) and triphenylphosphine (901 mg, 3.44

mmol) in THF was added DIAD (724 ul, 3.72 mmol) dropwise and the reaction was then

stirred at room temperature for 2 days. Diethyl ether and hexane were added, a precipitate

formed and triphenyl phosphine oxide was removed by filtration. Volatiles were removed

under reduced pressure and the residue was purified by silica gel chromatography to

provide the expected intermediate 74-a as colorless oil.

[0391]

Step 2: 4N HCl in 1,4-dioxane (6.85 mL) was added to intermediate 74-a
{921 mg, 1.09 mmol) in ethy! acetate (500 uL) and the solution was stirred for 2 hours at 0
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°C. Diethyl ether was added, a precipitate formed and compound 111-2HCI was collected
by filtration as a white solid. MS (m/z) M+1=741.3

EXAMPLE 71

[0392] The following example illustrates the preparation of compound 106, which is

a compound of Formula“1

Scheme 75: Synthesis of compound 106
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[0393] Step 1: To a solution of intermediate 73-b (2.30 g, 3.38 mmol), pyridine-4-ol
(353 mg, 3.72 mmol) and triphenylphosphine (1.06 g, 4.05 mmol) in THF was added DIAD
(854 ul, 4.39 mmol) dropwise and the reaction was then stirred at room temperature for 2
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days. Diethyl ether and hexane were added, a precipitate formed and triphenyl phosphine
oxide was removed by filtration. Volatiles were removed under reduced pressure and the
residue was purified by silica gel chromatography to provide the expected intermediate
75-a as colorless oil.

[0394] Step 2: 4N HCl in 1,4-dioxane (9.24 mL) was added to intermediate 75-a
(1.12 g, 1.47 mmol) in ethyl acetate (500 uL) and the solution was stirred for 2 hours at 0
°C. Diethyl ether was added, a precipitate formed and compound 106-3HCI was collected
by filtration as a white solid. MS (m/z) M+1= 658.1

EXAMPLE 72

[0395] The following example illustrates the preparation of compound 105, which is

a compound of Formuia 1
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Step 1: To a solution of intermediate 73-b (1.79 g, 2.63 mmol), 4-
nol (359 mg, 2.89 mmol) and triphenylphosphine (828 mg, 3.16 mmol) in THF

was added DIAD (665 ulL, 3.42 mmol) dropwise and the reaction was then stirred at room

temperature

for 2 days. Diethy! ether and hexane were added, a precipitate formed and

triphenyl phosphine oxide was removed by filtration. Volatiles were removed under

reduced pressure and the residue was purified by silica gel chromatography to provide the

expected intermediate 76-a as a colorless oil.

[0397]

Step 2: 4N HCl in 1,4-dioxane (4.05 mL) was added to intermediate 76-a

(5610 mg, 0.64 mmol) in ethyl acetate (500 uL) and the solution was stirred for 2 hours at 0
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°C. Diethy! ether was added, a precipitate formed and compound 105-2HCI was collected
by filtration as a white solid. MS (m/z) M+1= 687.1

EXAMPLE 73

[0398] The following exampile illustrates the preparation of compound 77-b, which
can be used as an intermediate in the preparation of a compound of Formula 1 or salt

thereof

Scheme 77: Synthesis of intermediate 77-b
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[0399] Step 1: To a solution of intermediate 72-d-HCI (3.0 g, 4.61 mmol) in DMF
cooled to 0 2C were sequentially added 1-N-methylimidazole carboxylic acid (988 mg,
7.83 mmol), HATU (2.98 g, 7.83 mmol) and DIPEA (3.22 mL, 18.43 mmol) and the
reaction mixture was stirred at room temperature overnight. Saturated aqueous
ammonium chloride and ethyl acetate were added; the organic layer was separated,
washed with saturated agueous NaHCO;3; and brine, dried over anhydrous MgSQ,, filtered
and concentrated in vacuo. Purification by silica gel chromatography provided

intermediate 77-a as white foam.

[0400] Step 2: To a solution of intermediate 77-a (570 mg, 0.75 mmol) in THF
cooled to 0 2C was added 1.0 M solution of TBAF in THF (970 uL, 0.97 mmol) and the
reaction mixture was stirred at room temperature for 2 hours. Water and ethyl acetate
were added; the organic layer was separated, washed with brine, dried over‘anhydrous
MgSO0.,, filtered and concentrated in vacuo. Purification by silica gel chromatography
provided intermediate 77-b as white foam.

EXAMPLE 74
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[0401] The following example illustrates the preparation of compound 97, which is a

compound of Formula 1

Scheme 78: Synthesis of compound 97
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[0402] Step 1: To a solution of intermediate 77-b (700 mg, 1.08 mmol), 4-
(trifluoromethoxy)phenol (445 mg, 2.49 mmol) and triphenylphosphine (712 mg, 2.7i
mmol) in THF was added DIAD (549 uL, 2.82 mmol) and the reaction was then stirred at
room temperature for 2 days. Diethyl ether and hexane were added, a precipitate formed
and triphenyl phosphine oxide was removed by filtration. Volatiles were removed under
reduced pressure and the residue was purified by silica gel chromatography to provide the

expected intermediate 78-a as colorless oil.
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[0403] Step 2: 4N HCIl in 1,4-dioxane (6.0 mL) was added to intermediate 78-a
(450 mg, 0.56 mmol) in ethy! acetate (500 ulL} and the solution was stirred for 2 hours at 0
°C. Diethy! ether was added, a precipitate formed and compound 97-2HCI was collected
by filtration as a white solid. MS (m/z) M+1=705.4

EXAMPLE 75

[0404] The following example illustrates the preparation of compound 96, which is a

compound of Formula 1

Scheme 79: Synthesis of compound 96
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[0405] Step 1: To a solution of intermediate 77-b (484 mg, 0.75 mmol), 4-
methoxyphenol (214 mg, 1.72 mmot) and triphenylphosphine (492 mg, 1.87 mmol) in THF
was added DIAD (379 uL, 195 mmol) and the reaction was then stirred at room
temperature for 2 days. Diethyl ether and hexane were added, a precipitate formed and
tripheny! phosphine oxide was removed by filtration. Volatiles were removed under
reduced pressure and the residue was purified by silica gel chromatography to provide the
-expected intermediate 79-a as beige solid.

[0406] Step 2: 4N HCl in 1,4-dioxane (2.80 mL) was added to intermediate 79-a
(420 mg, 0.56 mmol) in ethyl acetate (500 uL) and the solution was stirred for 2 hours at 0
°C. Diethyl ether was added, a precipitate formed and compound 96-2HCI was collected
by filtration as a white solid. MS (m/z) M+1= 651.4

EXAMPLE 76

[0407] The following example illustrates the preparation of compound 123, which is

a compound of Formula 1

168



N

WO 2011/098904 PCT/1IB2011/000264

Scheme 80: Synthesis of compound 123
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[0408] Step 1: To a solution of intermediate 12-g (0.478 g, 0.919 mmol) in DMF at
0 °C were sequentially added 5-phenyloxazole-2-carboxylic acid, sodium salt (92-d)
(0.194 g, 0.919 mmol), HATU (1.05 g, 2.76 mmol) and DIPEA (0.642 mL, 3.68 mmol) and
the reaction mixture was stirred at room temperature overnight. Ethyl acetate and
saturated agueous ammonium chloride were added; the organic layer was separated,
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCOj; and
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo. Purification by
silica gel chromatography provided intermediate 80-a as a white solid.

[0409] Step 2: 4N HCl in 1,4-dioxane (5 mL, 20.0 mmol) was added to
intermediate 80-a (390 mg, 0.564 mmol) at 0 °C and the solution was stirred for 3 hours at
0 °C. Diethyl ether was added, a precipitate was formed and compound 123 2HCI was
collected by filtration as a white solid. MS m/z M+1= 592.2
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EXAMPLE 77

[0410] The following example illustrates the preparation of compound 125, which is

a compound of Formula 1

Scheme 81: Synthesis of compound 125
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[0411] Step 1: To a solution of intermediate 12-g (316 mg, 0.608 mmol) in DMF at
0 °C were sequentially added 1-(4-fluorophenyl)-1H-1,2,3-triazole-4-carboxylic acid,
sodium sait (93-c) (0.2 g, 0.790 mmol), HATU (0.347 g, 0.912 mmol) and DIPEA (0.423
mL, 2.431 mmol) and the reaction mixture was stirred at room temperature overnight.
Ethyl acetate and saturated aqueous ammonium chloride were added; the organic layer
was separated, washed with saturated aqueous ammonium chloride, saturated aqueous
NaHCO; and brine, dried over anhydrous MgSQ;, filtered and concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 81-a as a white solid.
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[0412] Step 2: 4N HCl in 1,4-dioxane (1.5 mL, 6.06 mmol) was added to a solution of
intermediate 81-a (0.43 g, 0.606 mmol) in ethyl acetate (1.2 mL) and the solution was
_stirred for 2 hours at 0 2C. Volatiles were removed under reduced pressure and the
residue was triturated with diethyl ether to provide compound 1252HCI as an off-white
solid. MS m/zM+1=610.1

EXAMPLE 78

[0413] The following example illustrates the preparation of compound 119, which is

a compound of Formula 1

Scheme 82: Synthesis of compound 119
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[0414] Step 1: To a solution of intermediate 42-h (250 mg, 0.396 mmol) in DMF at
0 °C were sequentially added 2-(4-fluorophenyl)-2H-1,2,3-triazole-4-carboxylic acid (94-d)
(130 mg, 0.630 mmol), HATU (271 mg, 0.713 mmol) and DIPEA (207 uL, 1.189 mmol).
The reaction mixture was stirred for 3 hours at 0 °C and at room temperature overnight.
Ethyl acetate and saturated aqueous ammonium chloride were added; the organic layers
were separated. The aqueous phase was extracted with ethyl acetate; the combined
organic extracts were washed with saturated aqueous ammonium chloride, saturated
aqueous NaHCO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in
vacuo. Purification by silica gel chromatography provided intermediate 82-a as a white
solid.

[0415] Step 2. 4N HCI in 1,4-dioxane (924 uL, 3.70 mmol) was added to
intermediate 82-a (303 mg, 0.370 mmol) and the solution was stirred for 1 hour at 0 2C.
Volatiles were removed under reduced pressure and the residue was triturated with diethyl
ether to provide compound 119-2HCI as a white solid. MS m/z M+1=720.1

EXAMPLE 79

[0416] The following example illustrates the preparation of compound 126, which is
a compound of Formula 1 '
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Scheme 83: Synthesis of compound 126
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[0417] Step 1: To a solution of intermediate 12-g (300 mg, 0.576 mmol) in DMF at
0 °C were sequentially added 2-(4-fluorophenyl)-2H-tetrazole-5-carboxylic acid, sodium
salt (95-d) (190 mg, 0.749 mmol), HATU (329 mg, 0.864 mmol) and DIPEA (400 uL, 2.305
mmol). The reaction mixture was stirred at 0 °C for 1 hour. Ethyl acetate and saturated
aqueous ammonium chloride were added; the organic layers were separated. The
aqueous phase was extracted with ethyl acetate; the combined organic extracts were
washed with saturated aqueous ammonium chloride, saturated aqueous NaHCO; and
brine, dried over anhydrous MgSQs,, filtered and concentrated in vacuo to give
intermediate 83-a. '

[0418] Step 2: 4N HCl in 1,4-dioxane (1.76 mL, 7.03 mmol) was added to a solution
of intermediate 83-a (303 mg, 0.370 mmol) and the solution was stirred at 0 2C for 2
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hours. Volatiles were removed under reduced pressure. Purification by reverse phase
chromatography provided compound 126:2HCI as a white solid. MS m/z M+1=611.1

EXAMPLE 80

[0419] The following example illustrates the preparation of imidazo[1,2-a]pyrimidine-
2-carboxylic acid, HBr salt (84-c)

Scheme 84: Synthesis of 84-c
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[0420] Step 1:  To a solution of 2-aminopyrimidine 84-a (50.00 g, 526 mmol) in
DMF (375 mL) cooled to 0 °C was added 3-bromo-2-oxopropanoic acid (88.00 g, 526
mmol). The reaction was stirred at 0 °C for 2 hours and then warmed to room temperature
over 2 hours and stirred for 18 hours. Acetonitrile (650 mL) was added; precipitate formed
and was collected by filtration. The precipitate was rinsed with acetonitrile and diethyl
ether and dried in vacuo to obtain intermediate 84-b'HBr as a white solid. MS m/z
M+1=182.0

[0421] Si‘ep 2. To a suspension of intermediate 84-b'HBr (98.80 g, 377 mmol) in
THF (600 mL) was added N,N-dimethylacetamide (48 mL). The reaction was stirred at 80
°C for 48 hours, cooled to room temperature and poured into acetonitrile (700 mL). A
precipitate was formed and collected by filtration, rinsed with acetonitrile and diethyl ether
and dried in vacuo to give imidazo[1,2-a]pyrimidine-2-carboxylic acid, HBr salt (84-c) as a
beige solid. MS m/z M+1= 164.2

EXAMPLE 81

[0422] The following example illustrates the preparation of imidazo[1,2-a]pyridine-2-
carboxylic acid, lithium salt (85-d)
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Scheme 85: Synthesis of 85-d
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[0423] Step 1: To a solution of 2-aminopyridine 85-a (20.00 g, 213 mmol) in THF
(417 mL) was added ethyl bromopyruvate (30.0 mL, 215 mmol). The reaction mixture was
stirred at room temperature for 18 hours. A precipitate formed and was collected by
filtration and rinsed with THF to provide intermediate 85-b'HBr as a yellow solid.

[0424] Step 2: To a suspension of intermediate 85-b'HBr in ethano! (550 mL) was
added AcOH (5 mL) and the mixture was heated at reflux for 3 hours to give a clear
solution. The solution was concentrated in vacuo, precipitate was formed and triturated
with diethyl ether; intermediate 85-cHBr was collected by filtration as a beige solid,
dissolved in water (0.5 L) and basified to pH 8 by using NaOH pellets. This solution was
extracted with ethyl acetate four times; the combined organic layers were washed with
brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo to provide
intermediate 85-c as an off-white solid.

[0425] Step 3: To a solution of intermediate 85-c (26.40 g, 0.139 mmol) in ethanol
(140 mL) was added 2M aqueous LiOH (70 mL, 140 mmol} and the reaction was stirred at
room temperature for 5 hours. The reaction mixture was cooled to 0 °C, precipitate was
formed, collected by filtration and rinsed with diethyl ether to obtain imidazo[1,2-a]pyridine-
2-carboxylic acid, lithium salt (85-d) as a white solid. 'H NMR (200 MHz, CD;0OD), 5 ppm
8.41 (d, J=6.6 Hz, 1H), 8.11 (s, 1H), 7.53 (d, J= 9.2 Hz, 1H), 7.29 (dd, J=8.0 Hz, J=7.3
Hz, 1H), 6.90 (dd, J= 6.7 Hz, J= 6.7 1H)
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EXAMPLE 82

[0426] The following example illustrates the preparation of 6-fluoroimidazo[1,2-
alpyrimidine-2-carboxylic acid, HBr salt (86-c)

Scheme 86: Synthesis of 86-c
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[0427] Step 1:  To a solution of 5-fluoropyrimidin-2-amine 86-a (3.17 g, 28.0 mmol)

in DMF (14 mL) at 0 °C was added bromopyruvic acid (7.73 g, 53.4 mmol). The reaction
mixture was stirred for 2 hours at 0 °C and then for 2 days at room temperature. The
reaction was diluted with acetone; precipitate formed and intermediate 86-b-HBr was

collected by filtration as a beige solid.

[0428] Step 2: A suspension of intermediate 86-b'HBr (8.40 g, 30.0 mmol) in THF
(100 mL) and AcOH (10 mL) was stirred at 70 °C for 72 hours. THF was added and the
precipitate was collected by filtration, rinsed with THF and diethyl ether and dried in vacuo
to provide 6-fluoroimidazo[1,2-a]pyrimidine-2-carboxylic acid, HBr salt (86-c) as a pale
beige solid. MS m/zM+1= 182.0

EXAMPLE 83

[0429] The following example illustrates the preparation of 6,7-dihydro-5H-
pyrrolo[1,2-alimidazole-2-carboxylic acid, lithium salt (87-¢)
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Scheme 87: Synthesis of 87-e
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[0430] Step 1: To a solution of intermediate 87-a (5.00 g, 70.3 mmol) in THF was
added ethyl propiolate (6.90 g, 70.3 mmol) at 10 °C. The reaction mixture was stirred for 1
hour at room temperature and concentrated in vacuo to provide intermediate 87-b as a

yellow oil.

[0431] Step 2. To a solution of intermediate 87-b (11.90 g, 70.3 mmol) in
acetonitrile (1400 mL) was added 4-nitrobenzenediazonium tetrafluoroborate (16.66 g,
70.3 mmol) and the reaction was stirred for 1 hour at room temperature to provide a

solution of intermediate 87-c.

[0432] Step 3:  To a solution of intermediate 87-c was added TEA (19.0 mL, 141
mmol) and the reaction mixture was heated at reflux for 2 hours, cooled to room
temperature and concentrated in vacuo. Purification by silica gel chromatography provided
intermediate 87-d as a brown solid. MS m/z M+Na= 202.9

[0433] Step 4:  To a solution of intermediate 87-d (5.36 g, 29.7 mmol) in THF was
added 2N aqueous LIOH (32.7 mL, 65.4 mmol). The reaction mixture was stirred at room
temperature for 48 hours and concentrated in vacuo to obtain 6,7-dihydro-5H-pyrrolo[1,2-
alimidazole-2-carboxylic acid, lithium salt (87-e) as a pale b'eige solid. MS m/z M+1=
153.0
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mixture was stirred at 70 °C for 1 hour, cooled to room temperature, diluted with ethyl

acetate and filtered over a pad of Celite. The filtrate was washed with water, 10% aqueous
Na»CO; and brine, dried over anhydrous MgSQ,, filtered and concentrated in vacuo to
give intermediate 88-b as a beige solid. MS m/z M+1= 140.0

[0436] Step 2:  To a solution of intermediate 88-b (8.35 g, 60.0 mmol) in
dichloromethane (111 mL) were sequentially added triphenylphospine (17.79 g, 67.8
mmol), TEA (8.32 mL, 60.0 mmol) and carbon tetrachloride {6.21 mL, 64.2 mmol). After
stirring for 72 hours at room temperature, the reaction mixture was cooledto 0 °C. A
precipitate was formed, collected by filtration and discarded. The filtrate was concentrated
and suspended in cold diethyl ether. An insoluble residue was collected by filtration and
discarded. The filtrate was concentrated in vacuo to provide intermediate 88-c as a brown

oil.

[0437] Step 3: To a suspension of copper oxide (1.20 g, 8.40 mmol) and 1,10-

phenanthroline (3.03 g, 16.80 mmol) in THF (400 mL) purged with nitrogen were
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sequentially added intermediate 88-c (7.27 g, 60.0 mmol) and ethyl isocyanoacetate (9.2
mL, 84 mmol). After stirring at 70 °C for 18 hours the reaction mixture was cooled to room
temperature and filtered over a pad of Celite. The filtrate was concentrated in vacuo.
Purification by silica gel chromatography provided intermediate 88-d as a light yellow
solid. MS m/zM+1=235.0

[0438] Step 4: To a solution of intermediate 88-d (10.47 g, 44.7 mmol) in THF was
added 2N aqueous LiOH (24.6 mL, 49.2 mmol). After stirring at room temperature
overnight, the reaction mixture was concentrated in vacuo. The resulting residue was
diluted with water and extracted with dichloromethane. The organic fractions were
discarded and the aqueous layer was concentrated in vacuo to provide 1-(4-fluorophenyi)-
1 H-imidazole-4-carboxylic acid, lithium salt {88-e) as a light yellow solid. MS m/z M+1=
207

EXAMPLE 85

[0439] The following example illustrates the preparation of 1-(tetrahydro-2H-pyran-4-
yl)-1 H-imidazole-4-carboxylic acid, lithium salt (89-d)

Scheme 89: Synthesis of 8§9-d
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[0440] Step 1:  To a solution of ethyl 2-isocyanoacetate 89-a (5 g, 44.2 mmol) in

anhydrous ethanol (5'0 mL) at 0 °C was added 1,1-dimethoxy-N,N-dimethylmethanamine

(10.53 g, 88 mmol). After stirring at room temperature overnight, the reaction mixture was
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concentrated in vacuo. Purification by chromatography on neutral aluminum provided
intermediate 89-b as a yellow oil.

[0441] Step 2. To a seal-tube were added intermediate 89-b (1.00 g, 5.95 mmol)
and tetrahydro-2H-pyran-4-amine (1.80 g, 17.84 mmol). The tube was filled with nitrogen,
sealed and heated at 70 °C for 2 hours. After cooling to room temperature, the reaction
mixture was purified by silica gel chromatography to provide intermediate 89-c as a beige
solid.

[0442] Step 3. To a solution of intermediate 89-¢ (0.72 g, 3.22 mmol) in a 3:1
methanol/water mixture was added LiOH (0.116 g, 4.83 mmol). After stirring at room
temperature for 18 hours, the reaction mixture was concentrated in vacuo to give 1-
(tetrahydro-2H-pyran-4-yl)-1 H-imidazole-4-carboxylic acid, lithium salt (89-d) as a white
foam. MS m/zM+1=197.0

EXAMPLE 86

[0443] The following example illustrates the preparation of 1-phenyl-1H-pyrrole-3-
carboxylic acid, lithium salt (90-c)

Scheme 90: Synthesis of 90-c
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- [0444] Step 1: To a dried seal-tube were added methyl 1 H-pyrrole-3-carboxylate
90-a (150 mg, 1.199 mmol), copper(l) iodide (11.4 mg, 0.060 mmol), KsPO, (534 mg, 2.52
mmol), iodobenzene (160 uL, 1.439 mmol) and toluene (1.2 mL). Nitrogen was bubbled

through the mixture for 5 min followed by addition of N',A*-dimethylethane-1,2-diamine
(21 mg, 0.240 mmol). The tube was sealed and the reaction was stirred overnight at 100
C. It was then diluted with ethyl acetate and filtered over a pad of Celite. The filtrate was
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washed with saturated aqueous ammonium chloride and brine, dried over anhydrous
MgSO.,, filtered and concentrated in vacuo to give intermediate 90-b. MS m/z M+1= 202.2

[0445] Step 2:  To a solution of intermediate 90-b (241 mg, 1.198 mmol) in a 2:1
THF/ /water mixture was added LiOH (92 mg, 3.832 mmol). The reaction mixture was
heated at 50 2C overnight and concentrated in vacuo. The residue was dissclved in water,
extracted with dichloromethane and diethyl ether and the organic extracts were discarded.
The aqueous phase was acidified to pH 2 using 37% aqueous HCI and extracted twice
with dichloromethane. The combined organic extracts were dried over anhydrous MgSQO,
and concentrated in vacuo to give 1-phenyl-1H-pyrrole-3-carboxylic acid, lithium salt (30-
¢) as a white solid. MS m/z M+Na=210.2

EXAMPLE 87

[0446] The following example illustrates the preparation of 5-phenyl-1,3,4-
oxadiazole-2- carboxylic acid, sodium salt (91-c)

Scheme 91: synthesis of 91-¢

o i N‘ﬁ )X\(,N\ NaOH )\\(/N\
Ot - EtO 0 N —— NaO v N

0]
91-a 91-b 91-c
[0447] Step 1: To a solution of ethyl 2-chloro-2-oxoacetate 91-a (5.61 g, 41.1

mmol) in toluene was added 5-phenyl-1H-tetrazole (6.00 g, 41.1 mmol). After stirring at
reflux for 2 hours, the reaction mixture was diluted with ethyl acetate and water. The
organic layer was washed twice with 1N aqueous HCI, water and brine, dried over
anhydrous MgSO,, filtered and concentrated in vacuo. Purification by silica gel
chromatography provided intermediate 91-b as a yellow solid. MS m/z M+1=219.1

[0448] Step 2: To a solution of intermediate 91-b (1.40 g, 6.42 mmol) in THF was
added 1N aqueous NaOH (6.7 mL, 6.74 mmol) at 0 ¢C. The reaction mixture was stirred at
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room temperature for 2 hours and concentrated in vacuo to provide 5-phenyl-1,3,4-
oxadiazole-2- carboxylic acid, sodium salt (91-c) as a white solid. MS m/zM+1=191.1

EXAMPLE 88

[0449] The following example illustrates the preparation of 5-phenyloxazole-2-

carboxylic acid, sodium salt (92-d)

Scheme 92: Synthesis of 92-d

O 0 o
o} >_® OEt  poc, )X\(/N
HCI TEA 0 o)
92-a 92-b 92-¢c

o)
NaOH )\\(/N
92¢ ——= NeO” U/

92-d

[0450] Step 1: To a solution of.glycine ethyl ester hydrochloride 92-a (4.64 g, 33.2
mmol) in dichloromethane at 0 °C were sequentially added benzoyl chloride (3.22 mL,
27.7 mmol) and TEA (11.49 mL, 83 mmol). The reaction mixture was stirred at 0 °C for 2
hours and at room temperature overnight. Ethyl acetate and water were added; the
organic layer was separated, washed with 1N aqueous HCI twice, followed by water and
brine wash, dried over anhydrous MgSO;t, filtered and concentrated in vacuo to give

intermediate 92-b as an oil.

[0451] Step 2: To a solution of intermediate 92-b (1.10 g, 4.68 mmol) in toluene
(5.0 mL) was added phosphorus oxychloride (2.18 mL, 23.38 mmol). The reaction mixture
was heated at refiux overnight and cooled to room temperature. Ethyl acetate and
saturated aqueous NaHCO; were added; the organic layer was separated, washed with
saturated aqueous NaHCOs, water and brine, dried over anhydrous MgSQ.,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 92-

¢ as a white solid. MS m/z M+1=218.1
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[0452] Step 2. To a solution of intermediate 92-c (200 mg, 0.921 mmol) in THF
was added 1 N aqueous NaOH (1.1 mL, 1.105 mmol) at 0 °C. After stirring at room
temperature for 3 hours, the reaction mixture was concentrated in vacuo to give 5-
phenyloxazole-2-carboxylic acid, sodium salt (92-d) as a white solid. MS m/z M+1= 190.2

EXAMPLE 89

[0453] The following example illustrates the preparation of 1-(4-fluorophenyl)-1H-
1,2,3-triazole-4-carboxylic acid, sodium salt (93-c)

Scheme 93: Synthesis of 93-c

(0] (@)
i N
I NaNj;, Na,COs, L-proline N, NaOH N
/©/ Bo” | N ——— N0 |
F O L-ascorbate, CuSO, N
OEt
932 /J\ 93-b Q 93-c Q

F F

[0454] Step 1: To a solution of 1-fluoro-4-iodobenzene 93-a (0.926 g, 4.17 mmol)

' in DMSO (4.0 mL) and water (0.44 mL) were sequentially added sodium azide (0.325 g,

5.01 mmol), sodium carbonate (0.088 g, 0.833 mmol), L-proline (0.096 g, 0.833 mmol),
ethyl propiolate (0.409 g, 4.17 mmol), sodium L-ascorbate (0.207 g, 1.043 mmol) and
copper(ll) sulfate (0.052 g, 0.208 mmol). The reaction mixture was stirred at 65 °C for 18
hours and cooled to room temperature. Agueous ammonia (1 mL), ethyl acetate (25 mL)
and water (20 mL) were added. The phases were separated and the aqueous phase was
extracted with ethyl acetate. The combined organic extracts were washed with brine, dried
over anhydrous MgSO,, filtered and concentrated in vacuo. Purification by reverse phase
chromatography provided intermediate 93-b. MS m/z M+1= 236.1

[0455] Step 2:  To a solution of intermediate 93-b (200 mg, 0.850 mmol) in THF
was added 2N aqueous NaOH (0.425 mL, 0.850 mmol). After stirring at room temperature
for 18 hours, the reaction mixture was concentrated in vacuo to provide 1-(4-fluorophenyl)-

1H-1,2,3-triazole-4-carboxylic acid, sodium salt (93-c) as a yellow solid. MS m/z

- M+Na=230.0
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EXAMPLE 90

[0456] The following example illustrates the preparation of 2-(4-fluorophenyl)-2H-
1,2,3-triazole-4-carboxylic acid, sodium salt (94-d)

Scheme 94: Synthesis of 94-d

94-a 94-b
(0]
(0]
1) Ac,0 H»\@ N M
ga.p A% - N-N 91-c _MnOx KCN "¢ "N
2) Cs,CO4 N-
3) paraformaldehyde Q
94-c F 94-d

[0457] Step 1: To a solution of 94-a (1.75 g, 15.08 mmol) in ethanol (16 mL) was
added 4-fluorophenylhydrazine (1.90 g, 15.08 mmol) and the reaction was stirred at 70 °C
for 30 minutes. Water (16 mL) was added, the reaction mixture was heated to 85 °C,
concentrated by one third and cooled in an ice bath. A yellow precipitate formed and was
collected by filtration. The precipitate was dissolved in a 25% ethanol/toluene mixture (40
mL). The flask was equipped with a condenser and a Dean-Stark trap and the reaction
mixture was heated at reflux until all ethano! was collected in the Dean-Stark trap. The
mixture was cooled to room temperature; precipitate formed and intermediate 94-b was

collected by filtration as a brown solid.

[0458] Step 2: A solution of intermediate 94-b (1.64 g, 7.32 mmol) in acetic
anhydride (13.8 mL, 146 mmol) was stirred at room temperature for 30 minutes. The
reaction was diluted with water (60 mL), stirred for 30 min and the resulting precipitate
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was collected by filtration. The solid was partitioned between ethyl acetate and water. The
layers were separated; the organic layer was dried over anhydrous MgSQO,, filtered and
concentrated in vacuo. The residue was dissolved in THF and cesium carbonate (2.62 g,
8.05 mmol) was added. The mixture was stirred at room temperature for 30 minutes and
filtered. The filtrate was concentrated in vacuo; the residue was dissolved in diethy! ether
and washed with water, dried over anhydrous MgSQ,, filtered and concentrated in vacuo.
The resulting solid was dissolved in 2M aqueous HCI (50 mL), paraformaldehyde (0.433 g,
14.41 mmol) was added and the reaction mixture was heated at reflux for 2 hours. Upon
cooling to room temperature, the mixture was extracted with diethyl ether. The organic
layer was separated and washed with water, dried over anhydrous MgSQ.,, filtered and
concentrated in vacuo. Purification by silica gel chromatography provided intermediate 94-
c as a pale yellow solid.

[0459] Step 3:  To a solution of intermediate 94-c (300 mg, 1.569 mmol) in
methanol (15 mL) at 0 °C were added potassium cyanide (171 mg, 2.62 mmol) and
manganese (IV) oxide (1078 mg, 12.40 mmol). The reaction mixture was stirred at room
temperature for 18 hours, filtered over a pad of Celite and the cake was rinsed with
methanol. The filtrate was concentrated in vacuo. Purification by silica gel chromatography
provided 2-(4-fluorophenyl)-2H-1,2,3-triazole-4-carboxylic acid, sodium salt {94-d) as a
pale yellow solid. MS m/z M+1= 244.2

EXAMPLE 91

[0460] The following example illustrates the preparation of 2-(4-fluorophenyl)-2H-
tetrazole-5-carboxylic acid, sodium salt (95-€)
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Scheme 95: synthesis of 95-e
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[0461] Step 1: To a solution of 4-fluoroaniline 95-a (2.00 g, 18.00-mmol) in ethanol

(5.7 mL) and water (2.0 mL) was added 37% aqueous HCI (3.7 mL, 45.0 mmol) and the
reaction mixture was cooled to -5 °C. To the mixture was added 5N aqueous sodium
nitrite (3.96 mL, 19.80 mmol) drop-wise followed by an addition of 6N aqueous sodium
acetate (9.0 mL, 54.0 mmol). The reaction mixture was stirred for 10 minutes at 0 °C then
ethyl 2-chloro-3-oxobutanoate (2.96 g, 18.00 mmol) was added and stirring continued
overnight at 27 °C. THF (20 mL) was added and the reaction mixture was warmed up to
40 °C and transferred to a separation funnel. The aqueous layer was separated and
discarded. The organic layer contained intermediate 95-b as a THF solution. MS m/z
M+Na= 267.1 |

[0462] Step 2:  To a solution of intermediate 95-b (4.40 g, 18 mmol) in THF was
added 25% aqueous NH,OH (16 mL, 108 mmol) at 0 °C. The reaction mixture was stirred
at room temperature for 3 hours and transferred to a separation funnel. The agueous layer
was separated and discarded. The organic layer was concentrated and the residue was
triturated with diethyl ether/hexanes mixture; precipitate was formed and intermediate 95-c

was collected as a red-brick solid.

186



WO 2011/098904

67 BAA25BA 68 BAA26BA 69 BAAZ27BA

PCT/1IB2011/000264

[0463] Step 3:  To a solution of intermediate 95-c (1.36 g, 6.04 mmol) in THF (27
mL) was added acetic acid (1.1 mL, 18.12 mmol) and the reaction mixture was warmed
up to 85 °C. To the reaction was added 2.6N aqueous sodium nitrite (2.8 mL, 7.25 mmol),
the mixture was stirred at 85 °C for 4 hours and concentrated in vacuo. The residue was
dissolved in ethy! acetate and washed with saturated aqueous NaHCOQ;, the layers were
separated and the aqueous phase was extracted with ethyl acetate. The combined
organic layers were washed with brine, dried over anhydrous MgSO,, filtered and
concentrated in vacuo. Purification by silica gel flash chromatography provided
intermediate 95-d as a yellow solid. MS m/z M+Na= 258.9

[0464] Step 4: To a solution of intermediate 95-d (840 mg, 3.56 mmol) in THF was
added 2N agueous NaOH (1.78 mL, 3.56 mmol). The reaction mixture was stirred at 50 °C
for 18 hours and concentrated in vacuo to provide 2-(4-fluorophenyl)-2H-tetrazole-5-
carboxylic acid, sodium salt (95-e) as a yellow solid. MS m/z M+1= 209.1

[0465] Compounds prepared according to the above procedures, or minor
modifications thereof, are illustrated in table 1. Minor modifications to the procedures
above and use of the appropriate starting materials as needed to arrive at the compounds
of table 1 will be apparent to one skilled to the art.

TABLE 1

Cmpd Structure MS

Ho O »
1 NN
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187



70 CAB28BA- 71 CAA29 CA -

72 BAA3BA 73

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure Ms
#
2 Ho§
\/N\)J\ N
: u I 0 M+1=588.4
= N
N
fﬁm
o)
Y7 N 0 M+1=576.4
: H 5 N
N
Hﬁm
' o)
0
4 H
N N
~ Vu\y%/ % 0 M-+1=500.4
= O N
N
kL;H»

188




BAA331BA- 74BAA32BAA775BAA33BA 768B

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
4 .
H @ '
N I M+1=574.4
- N
N
J\E -
N_)
H O
- N (@]
6 N NN
y N
0 NT T\ D M+1=548.4
H i N '
7 7Y N 0] M+1=547.5
- 0 N
N \ AN
O
§
8 e M+1=546.5

189




AA34 BA-77BAA35AA 78 BAA3GBAAT9BA

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
h 0
N N
9 d \;)J\N o 4 M+1=550.1
2 Ho0 N
N
Ejo
y O
N N o]
10 - \/U\u )J\EN M+1=566.4
= 0 N A\ N
\N>~ \:
F
P
N N
11 g \)Lﬂ ? Q N M+1=566.4
= (0] J—N
et
N\§>
F

190




A 37 BAASOBAA 38 - 81 BAA39BA- 82 AAA
WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
b 0
N 0
12 - Vlkm J\EN M+1=566.4
= N N
\ >—N:
ElN |
0
13 H l N? M+1=573.5
~UNON 0
i H
0 NJ\EN\
E) -
0
N N
14 ~ \)J\H ? o \ M+1=562.4

191




40 BAASB3IAAA41 BA 84 AAA42 B A 85 CA A 43

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
e
N N >
15 - \/U\N 0 M+1=551.5
H
: 0 N
N)I\E\
N
o)
16 H
N N
- \)I\N ? Q H Mi1=547.4
i H )\\(N
N
N
y
i H M+1=565.4
z 0 N
NJ\E\
O
F

192




BA 86 BAA Cpd No. XIAP k, (nM c-1AP1 k, (nM clAP2 k, (nM Cpd No.
XIAP k, (nM c-1AP1 k, (nM clAP2 k, (nM 87 B
WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
18 H O M+1—5914
H H
NJKEN\
; NE \>
. o M+1=593.4
19 H
AN ? 0
: H
N/U\EN\
E NE \>
20 Ho§ M+1=592.4
/N\.)J\N 0
I H
N/U\EN\ N
N \

193



A A107 BAASBS BAAI108 BAASB89S BAAI109 BAAO9BA

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
e
N N >
21 - \;)LN o M+1=497.2
z H
) © N N\
| Y
NH
h 9
N " N
22 - \)J\N 0o M+1=497.2
i H o5 E J\(ﬂ
N
\
; N\/)
h 9
N N
23 - \-_)LN 0 M+1=496.4
:H | H
: 0 N N
E)\ |

194




A110 BAA99I BAA111 AAA92 CAB112 BAA93BAA

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
PN ’Z\>
N N
24 d N O M+1=546.2
I H
pod O N
\
N
E) H
e
N N >
25 - \)]\N 0 M+1=560.4
i H
= O N
\
E) |
AN
26 “~Y N o M+1=560.4
z H
: 0 N

195




113 BAA94Y BAAI114 AAA9S BAA11I5 BAA9 B A A 116

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
27 - N o M+1=546.2
= O N
N
M
28 7Y N 0 = M+1=548.5
: 0 N N/
Y
N
o)
29 H,N \.)J\N N o N M+1=573.4
i H

196




AAA97Y BAA1l1l7 CAA98 BAA 118 - - -

99 B A A 119 -

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
0L ’Z\>
N N
30 Y N O M+1=561.4
z H
S 0 N
N \ \>\:
E} a
y © .
N N
31 - \;)J\N % 0 M+1=561.4
:H
z o} N
NJ\E\
O
P >
N N
32 YT N 0 ' M+1=565.4
=z H
: e} N
N/“\E\
NE \\>
F

197




100 B AA120BAA101 - - 121 - - - 102 B A A 122 B A

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
y ©
33 /NJJ\N N M+1=560.4
CH o
= O N N
SOy
N_)
34 - N Q M+1=511.4
H N
N
N
5 |
Pl
N N o)
35 - H N, M+1=548.5
i © N LT

198




A 103 BAA123 BA'A104 BAA124 BAA10S AAAI125 BAA

WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
#
H o OMe
/NVU\N Q 0] N
36 R N M+1=568.5
5L~
N —
F
i
H,N N o}
37 H Ne N M+1=552.5
- 0 N \ 7/ N
N —
F
y ©
N N
38 - \)J\m { o) - M+1=566.5
; 0 N N//>
| N
N
F

199




106 B A A 126 B AA Cell Culture and Cell Death Assays [0470]Col orectal
carci noma HCT116 cells were cultured as nonolayers in 96 well plates at a
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penicillin/streptonycin (HyClone). 24 hours later, triplicate wells were
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i ncubated in the presence of conpound and HGS agonistic Trail receptor
anti body, ETR1 (Mapatumamab, 30Ong/nl) for 72 hours. Metabolic viability of
remai ning cells was assessed by MT (thiazolyl blue tetrazolium brom de,

Si gma) assay. [0471] EC50 val ues (50% ceII survi val in the presence of
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[0472] Mal e Lewis rats (Charles River, 125-150 g) were habituated to the

ani mal f awDI2nty9gwr one week prior to the day of chal |l erge/meaiivo@gent heti c
adj uvant |ipoidal amne (LA). On experinental day (d)=0, when the nmean body
wei ght (BW of the cohort was 165-200 g, rats were anesthetized with

i sof l urane, the | ower back was shaved and wi ped with al cohol and then 0.1
mL of LA dissolved in Conplete Freunds Adjuvant (CFA) (50 nmg/nL LA in CFA)
was i njected subcutaneously at the base of the tail. On experinental d=7,
BWwas recorded for each animal and the ankle w dth nmeasured using

el ectronic calipers (QuantuM ke m croneter; Mtutoyo). Bal anced groups were
fornmed based_an_ankle width_and treatnment was initiated.  _Animals were
treated oral | §™PPQ) once a day (QD) SEYY'Gice a day (BID) with MSst
conpounds 5, |6,#7,| or 10 (see Table 1) at 10, 30 & 60 ng/ kig, PO,
dexanet hasone—( 015 nyrkg, PO, ot Vt:lll cte—atone— (5 nt/ kg, PO—fFromd=7
until d=14, with BWand ankle w hcrecorded daily. WO
2011/ 098904PCT/ 1B2011/ 0002644 [ 0473 Th tested conmpounds at| the hi ghept
doses denonst fat ed greater -t'hs Ctdon in paw swel I|i n"Y+'a8'conpar ed
to controls. |Sonme [conpounds showdd m arllef i cacy at the | ower tested
dosages. These resjults indicate the effedtiVngss of the tlested conppunds
for this indication. Collagen-Induced Ar (ClA): Sem|-Therapeut|c
Dosing [0474]Male, B10 RIIl mce (7-8 weeks ofdy Jackson |Labs) were
habi tuated tp the janimal facility for 1 T ere then chall enged with
col  agen, which was enulsified in CFA su ment®d wi th mycobacterium
tubercul osis{ on experinental day 0 and 15; Fromfexperi nental day 12
onwards ani mals were dosed with test conpound 6, 7, or 10 |(see Table| 1) at
3, 10, 30 nmg/kg (RO BID), or dexg ®ne (0.2 ng/ kg, posjitive contfol).
Clinical arthritis]| severity V\ﬁs ss SsS sing an established scoring

system for thg durjati on of the™ : 75PThe tested conpoyndssis
cy\a

Y

denonstrat ed| greatjer than 50% reductlfén itc score jat the highest
doses. Sone conpounds showed simlar effica the | ower| tested dosages.
These results indijcate the effectiveness oa \t ested conpounds for|this

i ndi cation. Cl A Therapeutic Dosing

OMe '
e
/NQLI\I(N
74 T N Q M+1=586.4
N >_
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[ 0476] Mal e,
t he ani mal

B10 Rl

facility for

mce (7-8 weeks old, Jackson Labs) were habituated to
1 wk. They were then challenged with coll agen,

whi ch waswermii#iogdoed i n CFA suppl enmented wi t h nycobact ePcunBiouaberced osi s,

on experimnmen

(PO BI D),

t al

day 0 and 15. From experi nment al
dosed with test compound 10, 40, 45,

cinical

day 15 onwards aninals were
or 66 (see Table 1) at 3, 10, 30 ng/kg
or dexanet hasone (0.2 ng/ kg, positive control).

arthritis severity was assessed using an established scoring systemfor the

duration of the study.

[0477] The tested compounds reduced

t he nean

arthritic score in the treated aninmals as conpared to vehicle (water)

control
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control group. [0483]M ce showed positive growmh curves and mnimal or no
clinical signs as a result of treatnent, with slight weight |oss observed

for conpounds 63 and 40 at the 350 ny/ kg dose.
Compound in Plasm
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[0484]CD-1 mice were dosed with conmpounds 5, 6, 7, 10, 17, 34, 58, 63, 66,
77, 78, 80, 81, 86, 87, 99, and 114 by IV or oral adm nistration.

Post - admwobrizvsma, the concentration of drugin the pl aswaBmfii/bdvecd r eat ed
m ce was determ ned by HPLC-mass spectronetry, and drug concentrations were
estimated relative to standard curves of the test conpounds. The area under
the tinme-concentration curve (AUC) was determ ned fromthe plasm
concentrations, and the oral bioavailablity (%) was cal cul at ed.

[ 0485] Test ed conpounds of Formula 1 denonstrated good oral bioavailability
(19%to 100% F) in CD-1 mce. Additionally, conpounds selected fromthe
tested group of conpounds denonstrated positive allonetric scaling to human
equi val ent doses. [0486]All references, including publicatiaons__patent
appl i cati ons| @R patents, cited heSEYHUSre her eby i ncor p r at efSby
reference to|the sanme extent as if each reference were individually and
speci fi cal | yindicated—tobeincorpygted by reference—andwere——set—forth

inits entirety herein. [0487] The the terns "a" and "an" and |t he"
and simlar referents in theN bf _degcribing the invention
(especially {mthe context of :thel fgll o ng clains) are tqg b¥+iebfisktrued to
cover both the singular and the plural, /Pﬁig\ herw se i|ndi cated herein
or clearly contradjcted by context. The t hﬁzéyprising," "havi ng, |
"including,"|and "containing" are to be copstr as open-lended terns

[

(i.e., nmeaning "including, but not limt 0, ") unl ess otlherw se noted.
Reci tation of rang%s of val ues herein ar rely intended jto serve as a
short hand nethod of referring individuallylto each separatfe value falling

within the range, unless otherwise indicat®d herein, and each separate
value is ingorporfated into the)s Etication as If It werle individually
recited herefn. Al nethodedfes ri ped/heyein can be perforjmed in any
sui tabl e order, unless ot her N E%%imereln or otherwus& c&% y
r
[

contradicted % context. The aseof can agl exanpl es, |or exenpl afy
| anguage (e.g., "such as") provided herelln, |s>|ntended merely to bepter
illumnate the invention and does not pose,a N mtation on the scope|of the
i nvention un|less ot herwise clained. No | a uag n the specification|should
be construed|as indicating any non-cl ai ngd 4l as essential to the
practice of the invention. [0488] Preferr nmbodi nent s of [this invention
are descri bed herein, including the best :de knomn to the inventors|for
carrying out|the ilnvention Vhrjatlnnq nf t hose preferred lenhodinents nay

becone apparent to those of ordj inthe art upon reading the

f oregoi ng descriptfion. The | xp ct skllled artisans to enpl py such
vari ations asgmappriopri ate, t e |nv nt intend for the mnvests op to be
practiced ot herw se than as speC|f|6hII Nlbed herei n.| According|y,
this inventipn includes all nDdlflcatlona valents of the sub)ject

matter recited in the clains appended here o ernltted by applicable
| aw. Moreovef, any| conbination of the abgoyesdescribed el enents in al
possi bl e var|ations thereof is enconpass:ﬁ!ﬂy the inventign unless
ot herwi se ingicated herein or otherw se cl'garly contradictled by context.
CLAI M5 1. A cpnpound of Formula 1: or a®alt thereof, wherein RL i5 H or
al kyl; R2 is-mrethyt—or—ethyt; R3—ts—atkyt;——cyctoatkyt—heterocycl yl
het eroaryl, or aryl, any of which can be optionally further substituted

wi th an am no, al kylam no, or al koxy; R4 and R5 are each, independently, H
or alkyl; R6 is H, halogen, or alkoxy; Xis 0, S CH2, -(CH2)2- or
CH 137, wherein R7 is NR38, OR8, NC(0)OR8, NHC(0)R8 or NHSO2R8, wherein R38
is al kyl, cycloal kyl, heterocyclyl, aryl, arylalkyl, or heteroaryl, any of
whi ch can be optionally further substituted with an al kyl or hal ogen; and G
is
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' ZzzsN- RO (1) H wherein RO is substituted or unsubstituted
al kyl, cycl oal kyl, heterocyclyl, aryl or heteroaryl; or (2) a
substi t utwa 20r1/098®ubst i t ut ed azol e or pyrrol e ring, optipomaBioi/Huzed to a
substituted or unsubstituted aryl, heteroaryl, cycloal kyl or heterocyclyl.
2. The conpound of claim11l, wherein GisN, RO, and Rs is substituted or
unsubstituted al kyl, cycloal kyl, heterocyclyl, aryl, or heteroaryl.

3. The compound of claim1l, wherein Gis and X1 is CHor N, RL is H,

hal ogen, hydroxyl, al kyl, al koxy, aryl, amno, or NHC(O)-alkyl, and R11 is
hydr ogen, al kyl, or NHC(O)CH3; or Gis s-ss. O Nf\r- R12 wherein X2 is
NH, NR12, O, or S, and each R12 is independently hydrogen, alkyl,

cycl oal kyl, heterocyclyl, NHC(Q0)CH3, or phenyl optionally substituted with
one or nore af®M | al koxy, or hal ogéWgeups. WD MS

2011/ 098904PCT/#.B2011/ 000264 4. The conpound of claim1l, wherein Gis

./...,C,"S OEt
O
H
/N\)LI\I(N o
81 : H M+1=571.5
= O N
N N
/U\[ d
N

82 ' M+1=639.5

83 Q M+1=665.5
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- -....,I>Ri 1_Flii Nt === N0 ----N, wherein R11 is
NHC(0) CH3 or phenyl; /NrN,,i-- NMi:CL'NIrNL-,--- -N /\ N .<---F O
, Ove , WO002011109098904PCT/ 1B2011/ 000264 ., =", .. "cs - PCT/IBD)11/00R244 - - N
..--S1 Ri 1 Nor , wherein R11 is NHC(0)CH3 or phenyl; or

Cmpd Structure MS
#
F
84 Q M+1=675.5
0
H o)
H o'
NJ\[N

OMe
y O
/NQL'\I(N
85 i H | M+1=531.5

86 HN ,i M+1=648.5
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, Wherein R" is Hor alkyl. 5. The conmpound of any of clains 1-4,
wherein R6 is H, F, or methoxy. 6. The conmpound of any of clains 1-5,
wher ei n XV00110@P8%D4 . 7. The conpound of any of clpairnB2011/8Bg02&dherei n X
is CHNHC(O)R8 and R8 is al kyl, aryl, arylalkyl, alkoxy or heteroaryl, any
of which can be optionally further substituted wth an al kyl or hal ogen.

8. The conmpound of any of clains 1-5, wherein Xis CHOR8 and 1:18 is aryl
or arylal kyl, which can be optionally further substituted with hal ogen.

9. The conpound of any of clains 1-5, wherein X is: 10. The conpound of
any of clainms 1-9, wherein R4 and R5 both are hydrogen. 11. The conpound of
any of clains 1-10, wherein RL and R2 both are nethyl. 12. The conpound of
any of cl ai 1-11, wherein R3 is tert-butyl cyclohexyl

tetrahydropyf SM9¥,| or 13. The conpoBW¢F'Sf claim 1, wherein t heMSonpolind is:
No. Structur# 1 H\ N
)
NN N
i 0 N\ N
N
F
| F
e
N N
88 g \/U\ﬂ ? 0 M+1=591.4
= o N,
N 7 "NH
F
89 ' HN M+1=674.5
o
e
AR
z H AN
0 N \ N
F
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NNlel 2HN \e N\3HN (:))\ lel N\ _
WO 2011/098904 PCT/IB2011/000264
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8 HNO O N\ No.
WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
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Structure 9 H .N 4111 1110 10 H1\1 O NH 1.1 N\
WO 2011/098904 PCT/IB2011/000264
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11 HNO NN\ 12 HN 1 SF No.
WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
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Structure 13 H 0 \_ 14 HNO ii 4111 N\ 15
WO 2011/098904 PCT/IB2011/000264
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HNLN O\ 16 H N | 21
WO 2011/098904 PCT/IB2011/000264
Cmpd Structure MS
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Structure 17 O HNNN/ \ O \ 18 H1\1 \ 101
WO 2011/098904 PCT/IB2011/000264
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Structure 20 H N 0O N\
WO 2011/098904 PCT/IB2011/000264
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No.

Structure 23 OHN / N\ O HNO *24/ NO 25 H

WO 2011/098904 PCT/IB2011/000264
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EXAMPLE 9
[0466] The following example illustrates the use of a compound of Formula 1 or salt
thereof.
Fluorescence Polarization-Based Competition Assay
[0467] Binding of compounds of Formula 1 to target BIR domains was measured

using a fluorescence-polarization (FP) assay. Fluorescence-polarization was evaluated
using a GENios microplate reader (TECAN) Pro instrument with the excitation filter set at
485 nm and the emission filter set at 535 nm. The final amount of protein used in the
assay corresponds to the amount of protein necessary to obtain 80% of the maximum FP
value in a P1 or P2 fluorescent (FITC) probe saturation experiment. The compounds

potency -(ICso) and selectivity, was assessed in the presence of the amount of target
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NO/ N* 40 26 HNO/ N/ N\4100 0 No.

WO 2011/098904 PCT/1IB2011/000264

protein established, fluorescent probe, and a 10 point serial dilution in assay buffer (50mM
Hepes, pH 7.5, 250 mcg/mL y-globulin, 2mM DTT, 1% DMSO) of the selected

compounds.

[0468] Assays were carried out in duplicate using untreated black 96-well plates
(Corning #3915) and a total volume of 100 microliters, containing 25 microliters of
fluorescent probe at a final concentration of 2 nM in assay buffer, 25 microliters of diluted
compound, 25 microliters of BIR protein into assay buffer and 25 microliters of assay
buffer. Buffer only (blank) or probe only in buffer (G-factor) were used as controls for
calibration. The plate was incubated at room temperature in the dark for one hour and FP
values in millipolarization units (mP) were recorded using Genios Pro FP reader.

[0469] The measured FP values (mP) were then plotted against compound
concentration, and 1Cs, values were calculated based on a sigmoidal dose-response
(variable-slope) curve fit using GraphPad Prism version 4.02 for Windows, GraphPad
Software, San Diego California USA and/or CambridgeSoft BioAssay Enterprise Version
10.1. The ICs value is the concentration of test compound at which 50% of the tracer was
displaced. k; values were derived from the calculated ICso values as described above and
according to the equation described in Nikolovska-Coleska, Z. (2004) Anal Biochem 332,
261-273. The results are presented in Table 2, wherein A = less than 25 nM; B = less
than 250 nM; C = less than 1000 nM; and D = greater than 1000 nM. Compounds aree
identified in Table 3 according to the compound numbers presented in Table 1. As the

results show, compounds of Formula 1 demonstrating good binding affinity.
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Structure 27 HNO / NHN \ 410, S 28 HNO / N/
WO 2011/098904 PCT/IB2011/000264
Table 2
Cpd XIAP | c-IAP1 clAP2 Cpd XIAP | c-IAP1 | clAP2
No. | ki(nM) | ki (nM) | ki (nM) | No. | ki(nM) | ki (nM) | k; (nM)
1 C A - 44 B A A
2 D B B 45 A A -
3 B A - 46 B A -
4 C B B 47 B A A
5 B A - 48 B A -
6 B A A 49 C A A
7 B A A 50 B A A
8 A A - 51 B A -
9 B A - 52 B A -
10 B A A 53 B A A
11 B A - 54 B A -
12 C A B 55 B A A
13 B A - 56 C A A
14 C A B 57 C A -
15 B A - 58 B A A
16 B A - 59 B A A
.17 B A A 60 C A -
18 B A A 61 B A A
19 B A - 62 B A -
20 B A A 63 B A A
21 B A - 64 B A -
22 B A - 65 A A A
23 A A - 66 B A A
24 B A - 67 B A A
25 B A - 68 B A A
26 B A - 69 B A A
27 B A - 70 C A B
28 B A - 71 C A A
29 C A - 72 B A A
30 B A - 73 B A A
31 B A - 74 B A A
32 B A A 75 B A A
33 B A - 76 B A A
34 B A - 77 B A A
35 A A - 78 B A A
36 B A A 79 B A A
37 B A A 80 B A A
38 - - - 81 B A A
39 B A - 82 A A A
40 B A A 83 A A A
41 B A - 84 A A A
42 B A - 85 C A A
43 B A - 86 B A A
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S 29 H2N .

NHO NL N3O HNONH /

WO 2011/098904 PCT/1IB2011/000264

Cpd XIAP | c-IAP1 clAP2 Cpd | XIAP | c-IAP1 | clAP2
No. ki(nM) | ki (nM) | ki (nM) No. | ki (nM) | ki (nM) | k; (nM)
87 B A A 107 B A A
88 B A A 108 B A A
89 B A A 109 B A A
90 B A A 110 B A A
91 B A A 111 A A A
92 C A B 112 B A A
93 B A A 113 B A A
94 B A A 114 A A A
95 B A A 115 B A A
96 B A A 116 A A A
97 B A A 117 C A A
98 B A A 118 - - -
99 B A A 119 - - -
100 B A A 120 B A A
101 - - - 121 - - -
102 B A A 122 B A A
103 B A A 123 B A A
104 B A A 124 B A A
105 A A A 125 B A A
106 B A A 126 B A A
Cell Culture and Cell Death Assays
[0470] Colorectal carcinoma HCT116 cells were cultured as monolayers in 96 well

plates at a density of 2000 cells per well in McCoy's 5a medium (HyClone) supplemented
with 2.2 g/L sodium bicarbonate , 10% FBS (HyClo,e) and 1% penicillin/streptomycin
(HyClone). 24 hours later, triplicate wells were treated with HGS ETR1 (30 ng/ml) in
combination wit, compound. Cells were incubated in the presence of compound and HGS
agonistic Trail receptor antibody, ETR1 (Mapatumamab, 30ng/mi) for 72 hours. Metabolic
viability of remaining cells was assessed by MTT (thiazolyl blue tetrazolium bromide,
Sigma) assay.

[0471] ECs, values (50% cell survival in the presence of compound as compared to
untreated controls) were calculated from survival curves using BioAssay software
(CambridgeSoft) and GraphPad Prism (Graph Pad Software Inc.). The results are
provided in Table 3, below, wherein A = less than 50 nM; B = less than 250 nM; C= less
than 1000 nM; and D = greater than 1000 nM. Compounds aree identified in Table 3
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according to the compound numbers presented in Table 1. As the results show, tested
compounds of Formula 1 demonstrated strong potency.

Table 3
Compound HCT116+ Compound HCT116+
Number mapatubimap Number mapatubimap
EC50 @M) EC50 (nM)

1 B 41 C
2 C 42 C
3 C 43 B
4 D 44 B
5 A 45 A
6 B 46 C
7 B 47 B
8 B 48 A
9 B 49 B
10 A 50 B
11 B 51 B
12 B 52 B
13 B 53 A
14 B. 54 A
15 B 55 D
16 C 56 C
17 A 57 C
18 A 58 A
19 A 59 C
20 A 60 C
21 Cc 61 B
22 B 62 C
23 B 63 A
24 B 64 B
26 C 65 A
27 C 66 A
28 C 67 A
29 D 68 B
30 B 69 B
31 B 70 C
32 B 71 C
33 B 72 A
34 B 73 B
35 B 74 A
36 B 75 A
37 D 76 ‘A
38 B 77 A
39 B 78 A
40 A 79 A
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Compound HCT116+ Compound HCT116+
Number mapatubimap Number mapatubimap
ECs (nM) ECs (nM)
80 A 103 A
81 A 104 A
82 A 105 A
83 A 106 A
84 A 107 A
85 A 108 B
86 A 109 A
87 B 110 A
88 B 111 A
89 A 112 B
90 B 113 A
91 A 114 A
92 B 115 B
93 A 116 A
94 A 117 B
95 A 118 B
96 A 119 B
97 A 120 A
98 B 121 A
99 A 122 B
100 B 123 A
101 A 124 A
102 A - -

Adjuvant Induced Arthritis (AIA) Model
[0472] Male Lewis rats (Charles River, 125-150 g) were habituated to the animal

facility for one week prior to the day of challenge with synthetic adjuvant lipoidal amine
(LA). On experimental day (d)=0, when the mean body weight (BW) of the cohort was
165-200 g, rats were anesthetized with isoflurane, the lower back was shaved and wiped
with alcohol and then 0.1 mL of LA dissolved in Complete Freunds Adjuvant (CFA) (50
mg/mL LA in CFA) was injected subcutaneously at the base of the tail. On experimental
d=7, BW was recorded for each animal and the ankle width measured using electronic
calipers (QuantuMike microrheter; Mitutoyo). Balanced groups were formed based on
ankle width and treatment was initiated. Animals were treated orally (PO) once a day (QD)
or twice a day (BID) with test compounds 5, 6, 7, or 10 (see Table 1) at 10, 30 & 60
mg/kg, PO, dexamethasone (0.15 mg/kg, PO), or vehicle alone (5 mL/kg, PO) from d=7
until d=14, with BW and ankle width recorded daily.
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[0473] The tested compounds at the highest doses demonstrated greater than 50%
reduction in paw swelling as compared to controls. Some compounds showed similar
efficacy at the lower tested dosages. These results indicate the effectiveness of the

tested compounds for this indication.

Collagen-Induced Arhritis (CIA): Semi-Therapeutic Dosing
[0474] Male, B10 Rl mice (7-8 weeks old, Jackson Labs) were habituated to the
animal facility for 1 wk. They were then challenged with collagen, which was emulsified in

CFA supplemented with mycobacterium tuberculosis, on experimental day 0 and 15.
From experimental day 12 onwards animals were dosed with test compound 6, 7, or 10
(see Table 1) at 3, 10, 30 mg/kg (PO BID), or dexamethasone (0.2 mg/kg, positive
control). Clinical arthritis severity was assessed using an established scoring system for

the duration of the study.

[0475] The tested compounds demonstrated greater than 50% reduction in Arthritc
score at the highest doses. Some compounds showed similar efficacy at the lower tested
dosages. These results indicate the effectiveness of the tested compounds for this

indication.

ClA: Therapeutic Dosing .
[0476] Male, B10 RII mice (7-8 weeks old, Jackson Labs) were habituated to the
animal facility for 1 wk. They were then challenged with collagen, which was emulsified in

CFA supplemented with mycobacterium tuberculosis, on experimental day 0 and 15. From
experimental day 15 onwards animals were dosed with test compound 10, 40, 45, or 66
(see Table 1) at 3, 10, 30 mg/kg (PO BID), or dexamethasone (0.2 mg/kg, positive
control). Clinical arthritis severity was assessed using an established scoring system for

the duration of the study.

[0477] The tested compounds reduced the mean arthritic score in the treated

animals as compared to vehicle (water) control at the highest doses.

MDA-MB-231 Compound + Mapatubamab Xenograft Study
[0478] Female, nude mice received 5 X 10° MDA-MB-231 (CD) cells subcutaneously
in the right flank (0.1 mL volume) on day 0 of the experiment. When the average tumor

size reached ~100 mm?®, groups were formed using a balanced design based on tumor
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size, and dosing was initiated. Test compound 10 or 7 (see Table 1) (or corresponding
vehicle alone) was given daily, and mapatubamab (or corresponding vehicle alone) was
given twice weekly. Tumor size and body weight were measured twice weekly throughout

the study.

[0479] Compounds 10 and 7 when dosed at {30 and 60 mg/kg, PO, QD) in
combination with mapatubamab (10 mg/kg, 1V) reduced tumor volume by 50% as
compared to control, demonstrating combinational efficacy between the tested

compounds and mapatubamab.

. MDA-MB-231 Compound plus Taxol Xenograft Study

[0480] Female, CD-1, nude mice received 5 X 10° MDA-MB-231(CD) cells
subcutaneously in the right flank (0.1 mL volume, cells suspended in serum-free media)
on day 1 of the experiment. When the average tumor size reached ~100 mm?®, groups
were formed using a balanced design based on tumor size. Compounds 10, 7, 20, 40, 45,
58, 63, and 66 were then administered twice weekly at 30 and 100 mg/kg, PO, for two
weeks. Taxol (20 mg/kg, IP) was co-administered with the initial treatment with test
compound, and then once weekly for the duration of the study. Tumor size and body
weight were measured twice weekly.

[0481] The tested compounds achieved stasis or tumor regression in the xenograft

study.

Maximum tolerated Dose (MTD) Study:
[0482] Male, CD-1 mice (20-25 g on arrival, Charles River) were habituated to the

animal facility for four days and then randomly assigned to treatment groups. Animals
were dosed by oral gavage twice weekly, for a total of six treatments, with compounds 63,
58, 45, 10, 20, 40, and 66 at 15, 70, or 350 mg/kg in water, PO, or water alone (5 ml/kg,
PO). Body weight and general health were monitored throughout the experiment. Twenty
four hours after the last dose (day 19), animals were anesthetized with isofluréne, and
blood was collected for serum biochemistry. Serum biochemical parameters were
restricted to random glucose, urea, creatinine, total protein, albumin, globulin, A:G ratio,
total bilirubin, AST, ALT, alkaline phosphatase, GGT and amylase. Once exsanguinated

the animals underwent full necropsy and organ weights were recorded for brain, heart,
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liver, spleen, kidneys, stomach (empty) and intestine (empty, from stomach to cecum).
Because some treatments were suppressing weight gain (see below), organ weights were
normalized to brain weight, and then expressed as percent change from the vehicle

treated control group.

[0483] Mice showed positive growth curves and minimal or no clinical signs as a
result of treatment, with slight weight loss observed for compounds 63 and 40 at the 350

mg/kg dose.

Pharmacokinetics (PK) of Compound in Plasma

[0484] CD-1 mice were dosed with compounds 5, 6, 7, 10, 17, 34, 58, 63, 66, 77,
78, 80, 81, 86, 87, 99, and 114 by IV or oral administration. Post-administration, the
concentration of drugin the plasma of the treated mice was determined by HPLC-mass

spectrometry, and drug concentrations were estimated relative to standard curves of the
test compounds. The area under the time-concentration curve (AUC) was determined
from the plasma concentrations, and the oral bioavaitablity (%F) was calculated.

[0485] Tested compounds of Formula 1 demonstrated good oral bioavailability (19%
to 100% F) in CD-1 mice. Additionally, compounds selected from the tested group of
compounds demonstrated positive allometric scaling to human equivalent doses.

[0486] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in

its entirety herein.

[0487] The use of the terms “a” and “an’; and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein
or clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value

falling within the range, unless otherwise indicated herein, and each separate vaiue is
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incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein
or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is intended merely to better
iluminate the invention and does not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be construed as indicating

any non-claimed element as essential to the practice of the invention.

[0488] Preferred embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to employ such
variations és appropriate, and the inventors intend for the invention to be practiced
otherwise than as specifically described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in the claims appended hereto
as permitted by applicable law. Moreover, any combination of the above-described
elements in all possible variations thereof is encompassed by the invention unless

otherwise indicated herein or otherwise clearly contradicted by context.
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CLAIMS

1. A compound of Formula 1:

or a salt thereof, wherein
R'is H or alkyl;

R? is methyl or ethyl;

R2 is alkyl, cycloalky!, heterocyclyl, heteroaryl, or aryl, any of which can be
optionally further substituted with an amino, alkylamino, or alkoxy;

R* and R® are each, independently, H or alkyl;
Réis H, halogen, or alkoxy;

X is O, S, CH,, -(CH,),- or CH-R’, wherein R” is NR®, OR®, NC(O)OR®, NHC(O)R?®
or NHSO,R®, wherein R® is alkyl, cycloalkyl, heterocyclyl, aryl, arylalkyl, or heteroaryl, any
of which can be optionally further substituted with an alkyl or halogen;

and G is
O

AP

W % R

cycloalkyl, heterocyclyl, aryl or heteroaryl; or

, wherein R® is substituted or unsubstituted alkyl,

(2) a substituted or unsubstituted azole or pyrrole ring, optionally fused
to a substituted or unsubstituted aryl, heteroaryl, cycloalkyl or heterocyclyl.
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M g
N
2. The compound of claim 1, wherein G is * H | and R%is substituted

or unsubstituted alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl.

3. The compound of claim 1, wherein G is

j\[\ X1 N xt & 511, AN
aTwLe 0y SRRaN

\_/\R10 "l-z_L \_/ R10 \R10 \ _\R10
N N F P
/E\ \ g A\ N
N N , 0O A\ ' | ' | >\\ '
% N T N A N TR
: R —/"R10 \—/"R10 NP
& X1 X! 8 811
\>__ \>_ N
\EN ! ;N ! or \W / X1
\__°R10 Y \_"R10 N \\>
—_ R10

and X' is CH or N, R is H, halogen, hydroxyl, alkyl, alkoxy, aryl, amino, or NHC(O)-alkyl,
and R"" is hydrogen, alkyl, or NHC(O)CHy;

orGis

R12
12
NR'2 /(\/ R =N,
§ ( >—R12 \L/ R12 _E §£N,N‘R12

R12 , or
o
e
N\N/>\R

wherein X2 is NH, NR'?, O, or S, and each R'? is independently hydrogen, alkyl, cycloalkyl,
heterocyclyl, NHC(O)CHs, or phenyl optionally substituted with one or more alkyl, alkoxy,

or halogen groups.

240



Structure 44 HNo HNIIP 45 HNO NH

WO 2011/098904 PCT/1IB2011/000264

: 4, The compound of claim 1, wherein G is
H H
0 AN SN ~
Oy g —Cly oA
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§~© H \ \ N
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F N \
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S
S R11
\[ )—R! H/[N/>_
N

, wherein R is NHC(O)CHj; or phenyl;
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or , wherein R"" is NHC(O)CH; or phenyl; or
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N R}’ R!
\ N N
. =T I |
T , or N , wherein R"' is H or alkyl.

5. The compound of any of claims 1-4, wherein R® is H, F, or methoxy.

6. The compound of any of claims 1-5, wherein X is -CHp-.

7. The compound of any of claims 1-5, wherein X is CH-NHC(O)R® and R®is
alkyl, aryl, arylalkyl, alkoxy or heteroaryl, any of which can be optionally further substituted

with an alkyl or halogen.

8. The compound of any of claims 1-5, wherein X is CH-OR® and R® is aryl or
arylalkyl, which can be optionally further substituted with halogen.

9. The compound of any of claims 1-5, wherein X is:
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o
by Q Q . 3@
L -

10.  The compound of any of claims 1-9, wherein R* and R® both are hydrogen.

11. The compound of any of claims 1-10, wherein R' and R? both are methyl.

12. The compound of any of claims 1-11, wherein R® is tert-butyl, cyclohexyl,
OMe OEt

LI

tetrahydropyranyl,

13. The compound of claim 1, wherein the compound is:
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or pharmaceutically acceptable salt thereof.

14.
a compound of any of claims 1-13.

15.

16.

A method of enhancing apoptosis in a cell comprising contacting a cell with

The method of claim 14, wherein the cell is a cancer cell.

A method of altering the release of inflammatory cytokines from a cell

comprising contacting a cell with a compounds of any of claims 1-13.

17.

antigen presenting cell.
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18. The method of claim 14, wherein the cell is in a subject, and the cell is
contacted with the compound of any of claims 1-13 by administering the compound to the

subject.

19. The method of any of claims 14-18, further comprising administering to the
subject a chemotherapeutic agent prior to, simultaneously with, or after administration of
the compound of any of claims 1-13.

20.  The method of any of claims 14-19, further comprising administering to the
subject a death receptor agonist prior to, simultaneously with, or after administration of the
compound of any of claims 1-13.

21. The method of claim 20, wherein the death receptor agonist is TRAIL.

22. The method of claim 21, wherein the death receptor agonist is a TRAIL
receptor antibody.

23. The method of any of claims 20-22, in which the death receptor agonist is

administered in an amount that produces a synergistic effect.
24. The method of any of claims 14-23, in which the subject is a human.

25. The method of claim 24, wherein the subject is afflicted with a proliferative
disease.

26. The method of claim 25, wherein the proliferative disease is cancer.

27. The method of claim 25, wherein the proliferative disease is an

autoimmune disease or inflammatory disorder.

28. A compound of any of claims 1-13 for enhancing apoptosis in a cell in
accordance with the method of any of claims 14-27.
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0 * or pharmaceutically acceptable salt thereof. 14. A method of
enhanci ng apoptosis in a cell conprising contacting a cell with a conpound

of any ofwol2aiwm®sd413. 15. The nmethod of clai m l1&CcTahznebmshe cel
is a cancer cell. 16. A method of altering the rel ease of

i nfl ammatory cytokines froma cell conprising contacting a cell with a
conpounds of any of clainms 1-13. 17. The nmethod of claim 16, wherein
the cell is a |lynmphocyte, granulocyte or an antigen presenting cell. WO
2011/ 098904PCT/ 1B2011/ 000264 18. The method of claim 14, wherein the
cell is in a subject, and the cell is contacted with the conpound of any of
clainms 1-13 by adm nistering the conpound to the subject. 19. The

nmet hod of any of_clainms 14-18, further co rising adm nistering to the

subj ect a chenmotder apeQIPRUEFEATY $ el ' 3 °§VW%&W€5@§‘FS‘} k%, or after
adm ni st r at treximert of & protferapedictasd. any of clains 1-13. 20. The net hod
of any of clains 14-19, further conprising adm nistering to the subject a
deat h receptor agoni st prlor to, sinmultaneously with, or after

admi ni stration 0%’ t h&/se BiARATIQURSH of 2Ry Of Sfaires bl #i Prepese a medicamendfpr thehe et hod
of cl ai m 20tremtneriter & piolferatheadideasecept or agoni st is TRAIL. 22. The
met hod of claim 21, wherein the death receptor agonist is a TRAIL receptor
ant i body. 23. The nmethod of any of clains 20-22, in which the death
receptor agoni st3l s AdePHPEINEpEaNYIchFemulgRdtkroughadtvi, Bri duieHge 2-w 45yaidr gi sti C
ef fect. i, 24. The nethod of any of clains 14-23, in which the subject
is a human. the subject is
afflicted with a&%pr O%T%?oftq?ﬁr@pﬁf"g@a@@pound O%dé"m\é\gcomﬂﬁ'ém%?%'a f claim 25,
wher ei n t hecgmmlund eviatitheecodipsesise farsule AGEHPD)-G, wherein L@Ts a Baengwgblod of cl ai m

25, wher ei ngthesns leloﬁ&flﬁgtdr&?p QJII&F&G& deﬁro%@tlcﬁ% BEATAG i aSC%ﬁﬁgurQ)r of

i nfl ammatory di sor der. A conpound of any of clains 13 fo
enhanci ng aé Bsh's in a cell |n accordance with the method of any of
clainms 14-27. V\D 2011/ 098904PCT/ 1B2011/ 000264 29. A conpound of any

of clainms 1-13 for usea%xa medi came for the treatnent pf a proliferative

di sease. gFOnpoyg gf any of aigrs gs- Xoﬂpr epare a
medi canent {4 ﬁNtbﬁ\,’ﬁ: of —a—prottterati ve \(dh Q‘W 031. An
or hrji \v

conpound of any Bf 1 i 2) Pe‘clagbtediovi | }\Ael, or 4-
1-vi
74 \ J )
2 N
RS \\R6

wherein the method optionally further comprises
(a) deprotection of PG? of compound 1-v to provide compound 1-vi, wherein PG? is a
protecting group;

287



32. A nethod of preparing a conpound of claim1 conprising conbining
conpound 1-vi with a conpound of fornmula LG C(0)-G wherein LGis a |eaving
group andwBGdiims@4pr ot ecti ng group, followed by deprot ecriiBrwiohooRéd t o
provi de a compound of Fornula 1: wherein the nethod optionally further
conprises (a) deprotection of P& of conpound 1-v to provide conpound 1-vi,
wherein P& is a protecting group; wherein the nethod optionally further
conprises (b) coupling conpound 1-iv with PG4(Rl) N(R2) CHCO2H, wherein PG4
is a protecting group that is different fromP&, to provide conpound 1-v;
wherein the nethod optionally further conprises (c) coupling conpound 1-iii
with PG3(H) N(R3) CHCO2H , wherein PG3 is a protecting group that is
different fromP&, fol I owed by deprotection of PG to provide conpound
1-iv; whereingt hg rrgi xoptl onal ly further conprises (d) protecting the

am ne group of\c iR"Wi th a protecting group (P&) that is
di fferent frP@i’n I\‘ dpgy deprotection of PGL to provide conpound
1-iii; wher eifd tkhe Qret h optionally further conprises NH2 (e) conbining
conpound 1-i with an am ne ing the formula R6, followed by reduction
with a hydride, to provide coppound 1-ii, wherein PGl is a protecting
gr oup: 73
2 X
RG
PG2deprotecti RQ R3R4YX
eprotection U
P PG"'N\.)LN/'}(N{RS
e M 0o NH
1-vi
7
\\R6~

wherein the method optionally further comprises
(b) coupling compound 1-iv with PG*(R")N(R?)CHCO,H, wherein PG* is a protecting group
that is different from PG2, to provide compound 1-v;

R*
R1 FI\)1 o) R3 YX s
4 COZH 4 N \)J\ N R
PG PN PG?
R2 R2 O N’
* R 1-v
R3 X
M !
H,oN o ="Ré
P
0 N
1-iv
7
\
S \RG ]

wherein the method optionally further comprises
(c) coupling compound 1-iii with PG*(H)N(R%)CHCO,H , wherein PG® is a protecting group
that is different from PG?, followed by deprotection of PG? to provide compound 1-iv;
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33. A nethod of preparing a conpound of claim21 conprising conbining

conpound 1- vi

R2NHR-2 H 1-vi

with a conpound of forrmula LG C(0)-G
| eavi ng gwoupii/fedokowed by deprotection of PG4,
Formula 1: R40 RL,R3 )---

wherein LGis a
t o provipde/R20aon@eend of

1) LGAGM R, 0 R3 )----R5 PG4 NN1-1\i'J-NNO _

reductive am nation of conpound 2-iv to provide conmpound 1-vi:

wherein the nmethod optionally further conprises (a)

NH 1)

R6

2) hydride wherein the nmethod optionally further conprises (b) oxidizing
conmpound 2-iii to provide conmpound 2-iv: R4R4 Fi RBR1LR3 oxi dati on
R4
R® X
H Z” RS
pg3 N~ CO2M HzN/k[r )
- PG
R . 0 N
1) coupling
* 1
3 ; -iv
R47/x 2) PG* deprotection Y \
HN._—R® ~gs
,PG?
N
1-iii
R
\\R6

wherein the method optionally further comprises
(d) protecting the amine group of compound 1-ii with a protecting group (PG?) that is
different from PG’, followed by deprotection of PG' to provide compound 1-iii;

R* Rei
}7\]/ 51 PG?2 protection 7/ RS
PG1' HN
2) PG’ deprotection . PG?
NH ‘ N
-ii 1-iii
1-ii Y \ Y \
S \RB = \RG

wherein the method optionally further comprises

~ NH,

[ =
(e) combining compound 1-i with an amine having the formula R®

, followed

by reduction with a hydride, to provide compound 1-ii, wherein PG’ is a protecting group:
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P#A N P&A NNROOCHR-2 H O CHO _ 2-iii wherein the nethod optionally

further conprises (c) coupling conmpound 2-ii with a conpound of the fornula
PGAA(1: 31)WORE)109E302H t 0 provi de conpound 2-iii, wherei nPPEAB2031/600p640t ect i ng
group: Fiz1l 1) coupling p& NCO2H RL PA N R200H 2-iii H2N OH wherein

the nethod optionally further conprises (d) coupling conmpound 2-i with a
conpound of the formula PG3(H) N(R3) CHCO2H, wherein PG3 is a protecting
group, followed by deprotection of PG3 to provide internediate conpound
2-11:

1-i 14ii

33. A method of preparing a compound of claim 1 comprising combining compound 1-
vi with a compound of formula LG-C(O)-G, wherein LG is a leaving group, followed by
deprotection of PG*, to provide a compound of Formula 1:

o

R4 4
1 3 X R
E\/?‘\ i E/ re 1 L6 O ROYTUR
Pe ”J\W 2) PG* deprotecti RTN\/[LN/kWN{gL
- eprotection z
1-vi 1
=~ <o

wherein the method optionally further comprises
(a) reductive amination of compound 2-iv to provide compound 1-vi:

1 3 RY X m hk R" 0 R3 RS/X
"o R LS NI N/ R
PGt \)J\N/'}( N PG* TN
2 H re Mo NH

R2 o) CHO 2) hydride

2-iv 1-vi

73
wherein the method optionally further comprises
(b) oxidizing compound 2-iii to provide compound 2-iv:
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2-1 OH2-ii 3) PG3 deprotection 34. A nethod of preparing a conpound of claim
1 conprising deprotecting conmpound 1-vi to provide a conmpound of Formula 1:
WO 2011/ 0882011RGIYo B2011/ 000264 wherei n the met hod opti ecahB1i/cookéer
conprises (a) coupling conpound 4-ii with a conpound having the fornul a
PA(R1) N(R2) CHCO2H t o provide compound 1-vi, wherein P4 is a protecting
group: FI p&A N, ,CO2H R2 wherein the nethod optionally further conprises
(b) coupling compound 4-i with a conmpound having the formul a

PG3( H) N( R3) CHCO2H, wherein PG is a protecting group, followed by
deprotection of PG3 to provide conpound 4-ii: WO

2011/ 098904PCT/ 1B2011/ 000264 PG N ! CO2HR4 R3 R31) couplingHN R4 R5

R? R4
Fl{1 o) R3 YX R5 l$1 o) R3 YX R5
oxidation
PG,,NYKNJ\WN{ PG‘,NYmNJ\WN \(¥
rz N o OH Rz H § CHo
iv

2-iii 2-
wherein the method optionally further comprises
(c) coupling compound 2-ii with a compound of the formula PG*(R")N(R?)CHCO,H to
provide compound 2-iii, wherein PG* is a protecting group:

1 (0] R3 R%/X

'}’1 1) coupling R RS
pt "M 507 PG"N\;)J\N/H(N{
ﬁZ . R4 R2 H (o) OH
RS s 2.ii
HZN/H(N{
0 OH

wherein the method optionally further comprises

(d) coupling compound 2-i with a compound of the formula PG*(H)N(R*)CHCO,H, wherein
PG? is a protecting group, followed by deprotection of PG® to provide intermediate
compound 2-ii:

. 4
H 1) coupling R3 RYX
4 N__CO,H RS
PG Y 2) R4 N
R3 YX H;N _
O OH
ol

HN R®
21

OH
3) PG® deprotection

34. A method of preparing a compound of claim 1 comprising deprotecting compound
1-vi to provide a compound of Formula 1:
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HNO 2) deprotection of PG3 R6 4-i R6 wherein the nethod optionally
further conprises (c) conbining conmpound 1-ii with a conmpound of fornula
LG C(0) - Gvonhewmsw4PG is a protecting group, followed pgTdBpnob@eés on of
PG to provide internediate conmpound 4-i: R40 R5 PGL. N1) LGAG HNO 2) PGL
deprotection 4-i 6

R4
4 3 X
RG* O Rj/ RS
N 0 4

-N R
R! \_)ku/'\ﬂ/ {)\\ 1) deprotection of PG* 0o R® YX RS
R? 0 N © N N/ O
S ).
5 H

1-vi R? o N~ C
73

=~ X

R® Y )

=X

RG

wherein the method optionally further comprises
(a) coupling compound 4-ii with a compound having the formula PG*(R')N(R?)CHCO,H to
provide compound 1-vi, wherein PG* is a protecting group:

R4
1 4 3 X 5
F$ 1) coupling P\G\)O]\ R Y R
ot N COZH _ N N/'\H/N o)
i 2) 4-ii CH )&
R2 R4 R? o} N~ G
3 X
& [{RE’ 1vi
0 .
H2N/Hr 74
@) N)LG \\\
R6
74
X

RG
wherein the method optionally further comprises
(b) coupling compound 4-i with a compound having the formula PG3(H)N(R*)CHCO,H,
wherein PG® is a protecting group, followed by deprotection of PG? to provide compound
4-ii;
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H
|
4
o N~ COH SR
R3 7/ R
1) coupling N 0
. HoN L
Re 2) deprotection of PG3 0 N~ G
T AR )
HN{O 4-ii / \
N»\G =N g
R
41
7\
\\RG

wherein the method optionally further comprises

(c) combining compound 1-ii with a compound of formula LG-C(O)-G, wherein PG’ is a
protecting group, followed by deprotection of PG to provide intermediate compound 4-i:

" 5, 0
X 5
N_ )RS ) 1676 TR
pPG" HN &
1 .
NH 2) PG' deprotection N G
1-i 4-i
@ 7
~ \RS =~ \Re
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