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APPLICATION This application claims priority to and the benefit of U.S. Provisional
Patent Appligatiga,Ng»$0/915,010, filed April 30, 2007, which is ingQrpgrated by
reference in its entirety herein. FIELD OF THE INVENTION The present invention
relates to organic compounds useful for therapy and/or prophylaxis in a mammal, and
in particular to inhibitors of fIAP proteins useful for treating cancers. BACKGROUND
OF THE INVENTION Apoptosis or programmed cell death is a genetically and
biochemically regulated mechanism that plays an important role in development and
homeostasis in invertebrates as well as vertebrates. 30 Aberrancies in apoptosis that
lead to premature cell death have been linked to a variety of developmental disorders.
Deficiencies in apoptosis that result in the lack of cell death have been linked to cancer
and chronic viral infections (Thompson et al., (1995) Science 267, 14561462). One of
the key effector molecules in apoptosis are the caspases (cysteine containing aspartate
35 specific proteases). Caspases are strong proteases, cleaving after aspartic acid
residues and once activated, digest vital cell proteins from within the cell. Since
caspaséps are such strong proteases, tight control of this family of proteins is necessary
to prevent premature cell death. In general, caspases are synthesized as largely
inactive zymogens that require proteolyligRrasassingin order

15 RELATED APPLICATION

This application clalms priority to and the benefit of U.S. Provisional Patent Application No.

60/915,619, filed April 30, 2007, which is incorporated by reference in its entirety herein.

FIELD OF THE INVENTION

The present invention relates to organic compounds useful for therapy and/or prophylaxis in a

mammat, and in particutar to inhibitors of IAP proteins useful for treating cancers.

BACKGROUND OF THE INVENTION

Apoptosis or programmed celi death is a genetically and biochemically regulated mechanism that
plays an important role in écvclopmcnt and homeostasis in invertebrates as well as vertebrates,
30 Aberrancies in apoptosis that lead to premature cell death have been linked to a variety of
developmental disorders. Deficiencies in apoptosis that result in the lack of celi death have been

linked to cancer and chronic viral infections {Thompson et al., (1995) Science 267, 1456-1462),

One of the key effector molecules in apoptosis are the caspases {cysteine containing asparfate
35 specific profeases). Caspases are strong proteases, cleaving after aspartic acid residues and once
activated, digest vital cell ;}rbteix&s from within the cell. Since caspases are such strong proteases,
tight control of this family of proteins is necessary to prevent premature cell death, Tn general,

caspases are synthesized as largely inactive zymogens that require proteolytic processing in order
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WO 2008/134679PCT/US2008/961891 lobe active. This proteolytic processing is only
one of the ways in which caspases are regulated. The second mechanism is through a
family of proteingdfaldind and inhibit caspases. A family of molegules gags%l(qmplt
caspases are the Inhibitors of Apoptosis (TAP) (Deveraux etal., 5J Cﬁln Immunol
(1999), 19:388:398) IARSWereorginally gI&@pM@r@fcﬂhmw!&yal';leamam@{etuﬂ%'ona'

ability to subgfitute. for B35 RrotRIN. ANARNdInoRIAts gene. et al, (1993) Virology
67, 2168-2174). LAl\Ps hiavé been 5es§rlill3%d in o?glgsa{rlalsr%rlfs{e }&gﬁgi%t from- Drosophila to

human. Regardless of their origin, structurally, IAPs comprise one to three Baculovirus
AP repeat (BTEY USRI AN it Srmarcats s bbiseda eoearboagl RamiakRING

finger motif TRE:BIRu1O deihald-H8eitts dFinecbindingldomainrdfiabeutvoyesidues
comprising 4aipha-helices andidbetarsirands, withcysieine and bistidine residues that
coordinate the.zincqon dings, etal, t1902) h‘@ctmbg&rﬁc&r Q}lasﬁaﬁz}ﬁ) @1‘5131)1)”; l@aﬁb?kﬁ IR

domain thathlénge“l@\égrmgq &QME‘?‘? I%Qi% @z‘rt]]ytu?‘ ;S’Q%O%ﬁ T?\((::t()‘i] to 1 ree% E& F ases and
thus |nh|b|t|rE|£gI po tosis. As an eg uman romosome linke

inhibits caspas 3%1“% pase%? Shdth PAB M f%EW&r"ﬁ‘Bnﬁf‘lrﬁ%é‘féﬁ EBH(/aﬂESH?HiS of
caspasd’9 (ESBGRAK ‘éf‘ ape ?1’9’9@5‘"&"&1’8@‘3’“1779 ropis iy Chibpadeiss and trare
inhibited by FHedBIRD tieirimaimOiNAR revthite the BiRBdbmainief MhaRis.responsible for
the inhibitiortofcaispase O aotivitynXitAR dsexprassad-thiguitousyinmastadwtand
fetal tissuesi(liston et akyNAWE 49 i3 Q@é@é@g 34@)&1@6}%&0\4&{ %&r@ﬁ%&lg Qe

number of tymor;celhlings af,he, NCJ?Q cell line; panel (Fong, et
70:113; Tammeet a )%:anc “Res. 2000, 20 6 ?‘ g %@emreet;(mreéusefo“ﬁi’thﬁﬁAP in

tumor célls has’ écegn‘(:j emonst r‘%ttéc?gg }Ekg]rgi?er b (%@if:ﬁ%%:i)a smsta Vﬁﬂé’fﬁ‘ﬂf‘b‘fed by
pro-apoptotite RiRUIPEHY Proffoteds dsiSikH dempn i emBtharapipilede st of
Oncogene, ¥998, 1 7(28). 3247)is Consisteptwithithispatstrongcorelatisnibetween XIAP
protein levelsiand stirvivalshas oeen demenstiated fonpatientsvith acute myeiogenous
leukemia (Tamacehaki SupE): RowRsHRAUBHONRfXIARSXPIEssian LY.ANisenss,

o||gonu5gleo[4gge§7r},&}sdg§r%,§ 1001} 19,25, 5805 tize tumor cells tgdgs?g'ze'@ducs&te
wide range o ro- a opto |c a ents, both in vitro and in vivo (Sasaki et al, Cancer Res.,

2000, 60(2 %V s &t “"g" Sy SIS SR R RN (S Res.,
2003, 9(7): @f”“sﬁ?%%/ﬁ B%Jdé?i\%'éfaﬂb@ﬁn&ésaha% atgeHeEhrdemShdtreted to
sensitize a ftthberspidifferdnttdmorsicell finesitysapdptosisyinduceddy-aivarietyeof
pro-apoptoti¢ sipugstAmtetababf Biok &heama 2002:2¢ 6(46)44236 1 & uldagt.al Nature
Med., 3020Q2:i848):808:1 6546k aldBload, 3&9%@@@%&%%%&&%@ IO i

Chem. 2002, zz;agmw%zlac,\@p%gal{)&@%r 3080 2000 %bk?%@zwan [na 1AP

(ML-1AP) is an 1AP no %Bg le in most norma tissues’ but is strongh
AnCer

upregulated in me anoma Ucie etal” io)get ﬁ%lh? @f&}’ efipPejise: 1@6"’6)“1” Vcen

DeterminatiSH Bt S5A 76 (67 ﬁtgﬁﬁﬁfﬁi’ér d@%ﬁ%&?ﬁ’f@d@ igtficamnemsinbioey bf theiNL-IAP

B1R and RIN@*iger ddmairisnto ebir8spshding doniains presentdiehiintanXIAR,

C-IAP Band@2] AR2:sTheGB] Red@mBisv foM]99(9):3419; Vucic et al, 7. Biol. Chem.2002,
ZTH14):12275; Yang et al, Cancer Res., 2003, 63(4):831),

Melanoma IAP (ML-IAP) is an IAP not detectable in most norma) aduit fissues but is strongly
upregulated in melanoma (Vucic et al., (2000) Current Bie 10:1359-1366). Dctérmjnaﬁon of
35 protein stiucture demonstrated significant homology of the ML-TAP BIR and RING finger domaing
to corresponding domains present in human XIAP, C-IAPT and C-IAP2. The BIR domain of Ml .-
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- WO 2008/134679PCT/1182008/061891 LAP appears to have the most similarities to
the BIR2 and"BIR¥&H/MAP, C-IAP1 and C-IAP2, and appears to be’f&8fseefisiesfor the
inhibition of apoptosis, as determined by deletional analysis. Furthermore, Vucic et al.,

demonstrate AR K G5t AT CHehistRErape e a@%ﬁ%’.ﬁdﬁ&é@%@%g@
Agents such arsaditdrmyrsharsinld drtdrtiahjbbiotyhhewotid T BR)wirerc toiethin aalbsicell
culture systernbinmelanomas evetexpressingd ol AP aod thevshametharane ulic:
agents were 1%5%5’&(3'@%@@1@'5(@4@& he &?AA@ eﬁam%fﬁ%g aqermal
melanocgte cont u.%m: he. pﬂlg.ngn b a\rzgplr%QSM éﬁ%& antl -apop tgtlc
activity is in part t roug tlon 0 cas an did not elﬁe F\?el‘ffefnhlblt

caspases 1, 258V eﬁfdg?ﬁ%é ?6‘8%’0%“@%‘”@%&W&ﬁﬁﬁ&ll’éﬂ“ﬂ&fﬂ%@‘%\ﬁ?ﬁ“%uﬁﬁble
interacting fafEﬁ@F@S‘m@’ diseb Yy e tRP st iemBelivts aafayeyl e dwas nobitmusual.
In the fruit flyBresophita MhesR dapere(fprchieathinvohsdiare Defective (hid) and GRIM
proteins physically interact with and inhibit the antiapoptotic activity of the Drosophila

family ofdAPg,n i manmak G RIERANAG RIARLD a6t jo.0lock g AR and
- allow apoptagsis 1o pr¢ ceed \11\13% shown that d&mn nonnala ptosis, 5 SMA &

N Torrh and is raleased from the i ‘S’Héar&@ﬁ%i’fhgp%b‘iasm

~ processed into an active IS release

where it phy&‘@é‘ﬂ?%ﬁﬁ%ﬁ%"lﬂfﬁ% %ﬁ%éﬁfﬁ%h@@ﬁ@ﬁ&‘ﬁrﬁfn‘fﬁﬁ@% ahédispase-This
inhibition of #herPiEPcElib\wEithEesspiesntty divdin active:and. thus proc®edaiithBLO
apoptosis. Interestinghy; sequentehomolegy betseanthenbA? irhibifersshows ihat
there is 3 fogpamingReidmatitindie Nstermip ;&Q;fzmsnpm%%ﬁgm@ﬂ%%@ 9&%&&%1 This
tetrapeptide ApReat JaRIBINIE ool '%E%QPOQ AL SRS AAmaL e e

disrupts the BIR domain bindin ocaspases Chai eta '}?bNa ure 4

Liu et al., (26005 Rair& a8 76te 1058 r e and %@@fﬁ%’fﬁ L0 IR Y,
SUMMARY TR EORIGHE W@Nﬂséﬁﬁé‘d@ﬁéﬁﬁwéﬁﬁﬁrbm%fammpaﬁﬁovefm Rraving
the general fommites @) Adrocduped I whertem. Uhandpdidavednagenetal forengisbd)
whereinX1 anekbXe B & BabhibOoepaREpRtly: BB Hinain binding to caspases (Chai et al.; (2000)

Nature 406:855-862, Liu et al,, (2000) Nature 408:1004-1008, Wu et al., (2000) Nature 408 1008-
1012).

SUNMMARY OF THE INVENTION
25 .
Disclosed are nove! inhibitors of IAP proteins having the general formula (I)

U -M-1,
wherein U, and U, have the general formaunl ()
30 ‘
Rs X
Rd’ 3 RS 2
“ N
{ RSI
o X1 Rz
I
wherein -

X, and X; are cach independently O or §;



WO 2008/134679PCT/US2008/061891 R2 is alkyl, a carbocycle, carbocyclylalkyl, a
heterocycle or heterocyclylalkyl each optionally substituted with halogen, hydroxyl, oxo,
thione, mercgpta, carboxyl, alkyl, haloalkyl, alkoxy, alkylthio, sulfon lgl U%g]ng]o and nitro;
R3 is H or alkyl optionally substituted with halogen or hydroxyl or Ad 124 together
form a 3-6 h@t%rq&yplgd%%@ﬁﬁmﬁfo@?rya&% Fi%lctg)@%ﬁlc b mocyc?fyﬁf fQQCXCAt?ﬂ R4 and

R4' are mdepen%%n}‘! wih¥q£%X mlpo k ocy cebca{ oc cioa kyl, carbocycl
alkyl oxy, carbocyc AlkVI0XyCarbo y(iX e é)rolc()’}“cak-:‘-n FatErSEYEIEalil; ioatkst alkoxy,
heterocycloalkﬂl@%} or éPé‘r*&WE’Iﬂ‘élWl%xycarbonyl wherein each aIkyI
carbocycloalkyt, ™10 kifisoiyelbalikyiossy, darbdeyclodikytoxycRibohy aeter 6eyclé;s
heterocycloalkytidnetekocycloalkyloxy and heterocycloalkyloxycarbonyl is optionally
substituted with; hadogen: hydrexy sraereaptiasgarboxyl, alkyl, alkoxy, amino, imino and
nitro: or R4 And R4 I0GRINGAQND, A NATORYEE: finlo HoF A tRConselaelRg rom

the group consisting of |V hereln Rf Hor a Iand R2
together form aaé’%%) k laXF/ heterc?cy@ S RBNSTBY alkylhetel [T a%‘%ﬁ%’ﬁloa”‘ylv

mdependently ﬁieéﬁ%’yﬁﬁdﬁ?ﬁy‘f%r & B WY DO R 6 TOPETRIS H0RTIBPEYEks.

carbocycloalkyloxy, carbocycloallyloxycarbonyl, heterocyele, heterocycloalkyl,
heterocycloalkyloxy and heterocycloalkyloxyearbonyl is optionally substituted with halogen,
hydroxyl, mercapto, carboxyl, alkyl, afkoxy, amino, imino and nitro:; or Ry end Ry together
form a heterocycle;

Rsis H or alkyl;

15 G is selected from the group consisting of IVa to TVe

Y
A Rs
r ’ R
R 13 N \L/Rg . NR 5'
|
Wa ¥ b V¢
R y R.
Y
T’ Ré 7/ R
N ’ N §
. RB RE
=
Z
= QQ
7,
\Zrz‘i
g Ve
wherein

20 Ry is H, OH or alkyl; or Ry and R, together form 2 5-§ member heterocycie;
Rs” is H or alkyl;
Re, and Ry” are sach independently H, alkyl, aryl or aralkyl;
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R7 is in each occurrence is independently H, cyano, hydroxyl, mercapto, halogen, nitro,
carboxyl, amidino, guanidino, alkyl, a carbocycle, a heterocycle or -11-V; wherein U is
-0-, -5+, -5(0);,2(M 25 zN(R4)-, -C(0)-, -C(0)-N148-, -NR8-C(0)-, -SOZTZ NROg;td -NRs-S02-,
-NR5-C(0)-NR8-, - NR8-C(NH)-N124,-, -NR8-C(NH)-, -C(0)-0- or - (fl(?ff 86 is aIkyI

a CabeCyC@aQE?AQa%i;%';@&ye‘ﬁk%u@ﬂ&ﬁ’é/'il%(%!rhocf&?nﬂ%ox GHZS! i T Arope oL 2!
is optionally replaced with -0-, -S-, - (f C(

o91an; Ino )

-NRs-C(0)-, -SO3-NE -] é”‘%o ¢ g\fﬁé‘gc’:‘%ﬁm@% r40) W“’*&P’ i:(b) aitPin
alkyl, carbocyc?é énd\lﬁeé)[erggg)cle ?Ub??onﬁﬁy%@bst?tﬁt‘éﬁwﬂﬁgh%oms Sﬂ?@)i\éﬁb acyl,
halogen, mercaptd,; XoNBar Byt ey, -RdtoCsubstittited alky, iamtinos cyamochitrog
arnidino; guaniginocarcoptiorrall substitute d easbosyele,l Oon.an-o ptignally,substituted
heterocycle; R9ids-Q1:0r- Q@ isithl, isa:3-meoberhaterocyele eompsising 149 4o,

heteroatoms optionally:aubstied wiiaging, ISyl merc %gferﬂgagi%@mggmoxy'
amidino, guanld a(llkxjftal ox(}/ 1ar¥111 arylo iacy acy ox acylamino

alkoxycarbonylarﬁlllﬁlg c oa)fﬂyf( ARy IET0, ky 1A méﬁﬂil?sﬁl’f?jnwb‘i’@iaﬁ‘?fho@ﬂﬂTonyl
alkylaminosulfé#yi Ak %If‘ﬂiﬁ‘ﬂﬂa‘iéfﬁ‘i’fd“fﬂ’ é‘ﬁ@t@ré\byﬂé“) irerett eat s BIRGRy, aryl,
aryloxy,‘acyl, ayhoxyioaeyrabririsd yeloatkyl and heterocycle substitution is optionally

substituted With @yardxyl, halogen, mercapto, carboxyl, alkyl, alkoxy, haloallcyl, amino,
nitro, cyanoacycleatkytheanakRIneIBRAGKEIRH, 4 1AL ATNEMPELAAMALS 2mino.
heterocycle inqoimorAipGLLID dibeletaaiy D52 BB AN 220@_}' AR Sg;gf;\%uted

with one or morel(l)?}{? and Rs S qio Tgs bLISi‘;% é 3) 1 or-C
wherein X3 IS 0or Fﬁ‘ R12"sH O blf a)ﬁd’ tar éyln?i“eﬁ ﬁiﬁi’gﬁ% Y
carbocytle, a ﬁ%’téibéigﬁiﬁ’l{ a’%ﬁé}‘é?ﬁﬂ(ﬁ?’i‘él &F%‘Bl@@ﬂ?‘%?r@ﬂeﬁ% Bhear stk ki
optionally replabetviftth Apoxs-acyb(@MoB( 0 laahi(R syel0aB(D)ad -B{B)eyMNRBbstitution is
-NR8-C(0)-,-N 222:802:ybsN 125 «G0)y MR 8- halNfRg ) - DR Sxy1- MR B-GNHa10By1,
-C(0)-0- or -0-G{Q)-mand-wherein.any £fi the ferggeing alkyl, carbocycle and heterocycle
is optionally,substiyted with.one &@em% DU 2R, B RIATEN, MELRRIO,
0Xo, ca.{(f)oxyl aggl]alheglu ss}ﬂneﬁt'%eogc grl %\rrglllpo cyano nitro, amloTlno guanidino an
optiona substituted carbocyc

e or an of ohaﬁy %%iituted heterocycle. X3 1S 0 or S;
30Y is a boﬁéf “ee1h 5154y ,,%Wr’g YhErdit Wt Sriod RYSs ik prdtegen. alkyl, aryl,

aralkyl, aryl8mif & afkiareifaraHbylarritiesvaikokycrandexyhoriaratkytoxy ¢ ZbisiNits, 0,
5, 50 or S02; groups of an alkyl is eptionally replaced with -O-, -S-, -S(Q)-, S(O},, -N(Rg}-, -C(O)-, -C{O)-
NRg-, “NRy-C{O)-, -802-NRg-, -NRg-80y-, -NR3-C(O}-NRy-, -NRs-C(NH}-NRg-, -NRg-C(NH)-,
25 -C{O)-0- or -0-C(0)-; and wherein any of the foregoing alkyl, carbocycic and heterocycle is
optionally substituted with one or more hydroxyl, alkoxy, acyl, halogen, mercapto, 0xo,
carboxyl, acyl, halo-substituted alkyl, amino, cyane nitro, amidino, guanidine an oprtionaily
substituted carbocycle or an optionally substituted heterocycle.
X310 orS;
300 Y is 2 bond, (CR7Ry)y, O o1 §; wherein n° is 1 or 2 and R, s H, halogen, alkyl, aryl, aralkyl,
amine, arylamino, alkylamino, aralkylamino, alkoxy, aryloxy or aralkyloxy;
Z: 15 NRy, O, S, 50 or SOy;
Za, 73 and Z, are independently CQ, or N; and
M is a linking group covalently joining U, and U,; and

35 nineach cccurrence is independently O to 4.



4, 73 and 4 are independently CQ2 or N; and M is a linking group covalently joining Ut
and U2; and 35n in each occurrence is independently O to 4. In one aspect. there is
provided a compound having the formula L1, - M - U2 wherein ill and U2 have the
general formula (1) R3 R wherein X1 and X2 are each independently 0 or S; 12, is
alkyl, a carbocycle, carbocyclylallcyl, a heterocycle or heterocyclylalkyl each optionally
substituted withshalogen shyerneyk exmethibheimadrcaptelccarboxyl, alkyl, haloalkyl,
alkoxy, alkylthio, sulfonyl, amino and nitro; U -M-U,

wherein U, and U, have the general formula (3)

fa 2
N G
/Ry .
Ry X R

wherein

¥, and ¥, are each independently O or §,

R, is alkyl, a carbocycle, carbocyelylalkyl, a heterocyele or heterocyclylaliy! each
optionally substituted with halogen, hydroxyl, oxo, thione, mercapio, carboxyl, alkyl,
haloalkyl, alkoxy, alkylthio, sulfonyl, amino and nitro;

R: is H or.alkyl optionally substituted with halogen or hydroxyl; or R and R, together
form 3_3—6 heterocvele, ' ’

Ry’ is H, or R; and R’ together form a 3-6 carbocycle;

R, and RS are independently H, hydroxyl, amino, alkyl, carbocvele, carbocycloalkyi,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl, heterocycle, heterocycloalkyl,
heterocycloalkyloxy or  heterocycloalkyloxycarbonyl;  wherein each alkyl
carbocycloalkyl, carbocycloalkyloxy, carbocycloalkyloxycarbonyl, —heterocycle,
heterocycioalkyl, heterocycloalkyloxy and heterocycloalkyloxycarbony! is optionally
substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, imino
and nitro; or By and Ry’ together form a beterocycle;

Ry is H or alkyl;

Gis J

./N\L/Rgf

Rs

Va



R3 is H or.alkyl optionally substituted with halogen or hydroxyl; or R3 and RA together
form a3-6 heterocycle; R3'is H, or R3 and R3' together form a 3-6 carbocycle; RA and
R4' are independently H, hydroxyl, amino, alkyl, carbocycie, carbocycloalkyl,
carbocycloalkylé‘ﬁt'ﬁe&f‘arbocycloalkyloxycarbonyl, heterocycle, heterocycloalkyl,
heterocycloalkykxy Brehglietocycloalkyloxycarbonyl; wherein each alkyl,
carbocycloalkyl rcarboayalaatler aday, carbocycloallcyloxycarbonyl, heterocycle,
heterocycloalkyl, hgtsrg cloalkyloxy and heterocycloalkyloxycarbonyl is optionally

substituted with haloge x t boxyl alk inpand
nitro: or RA and"RY' tg%?gtﬁer fn% % 8r%pc§gi%%lélsﬁ%éﬁa%r¥ Sz)alk%/l géxfsgglsgl}gl?;? 13

wherein R5' is H'of B RB:H, alkyl, aryl or aralkyl; Rs' is 0, or Q2; L is a bond,
-C(X3)-, -C(X3)NR2 0r a@@@@wdwﬁerlémi% iShen e antE RIS ISR AATRE]S
1- hl OH or alkyl; th angiQ2 @Leindepandantly fialkyl raiearbacycie B F@@mﬁ@%le
wherein one or mbre o R’L? ok Gt gfgygﬁgpf,gﬁg_@ﬂal is@ptippaly. replaced. with-

5(0)2, - N(R8)-, -C(0)-, C(E%ﬁ' ! % },05§%@;.\J)R —o%ﬁﬁ o008 Whri}ﬁ%n?(g)ﬁlém&

-NRE-C(NR)-NR8-, NRE -> and wherein any of the foregoing
alkyl, carbocycle and ﬁéfé?@%féfé‘aléaﬁ’ﬁ%ﬁafw LeiFSEREife WRTTORS G BT HY dfosy,
alkoxy, acyl, halogen, moercaptoxyoxdycarboxyl hdoyh- hato=stih stitutedtatky| 2&itni e
cyano nitro, amidino, guanidinqian.eptionally sthstitutedcatbacycleyiondin optionslly
substituted hete rocyd%rbocycie, or an optionally substituted heterocycle;
Rg is H, alkyl, a carbocycle or a heterocycle wherein one or mbre CH, or CH groups of
said alky! is optionally replaced with -O-, -5-, -5(O), S(Ch, N(Rg}, or -C(O);
and said atkyi, carbocycle and heterocycle is optionally ;ubstituted \#ith hydroxyl,
alkoxy, acyl, halogen, mercapto, oxo (=0}, carboxyl, af;yi, halo-substituted alkyi,
amino, cyano nitro, amidino, guanidino, an optionally substituted carbocycle, or an
optionally substituted heterocycle; and '
M is a linking group covalently joining U; and Us.
In one aspect, there is provided a compound as defined above for use in inducing

apopiosis in a cell

In one aspect, there is provided a compound as defined above for use in sensitizing a cell

to an apoptotic signal.

in one aspect, there is provided a compound as defined above for use in inhibiting the

binding of an AP protein to a caspase protein.

In one aspect, there is provided a compound as defined above for use in treating a disease

or condition associated with the overexpression of an IAP in a mammal.
In one aspect, there is provided a compound as defined above for use in treating cancer.

In one aspect, there is provided an in-vitro method for inhibiting the binding of an AP
protein to a caspase protein comprising contacting said IAP protein with a compound as

defined above.
ba



Rs IS H., alkyl, a carbocycle or a heterocycle wherein one or more CH2 or CH groups
of said alkyl is optionally replaced with -0-, -5-, -5(0)--, 5(0)2, -N(R8), or and said alkyl,
ca_rbocycle and heterocycle is optionally substituted with hydroxyl, alkoxy, acyl,
halogen, mereaptciisokos(=0}, cembentjinacyiialosseystiuntsdoalikgmamingideay arivenitro,
amidino, guaniding -araptianally substituted carbocycle, or an optionally substituted
heterocycle; and M is a linking group covalently joining Ul and U2. In one aspect, there
is provided a compound as defined above for use in inducing apoptosis in a cell. In one
aspect, there Rspreded 3L SoIMEEE RSl dbd e P TRETE JEHSHIRd Y Blf' to
an apoptotic sigralotmoanédspectzthere is provided a compound as defined above for
use in inhibiting the binding of an IAP protein to a caspase protein In one aspect, there

is provided a orri11 nd as pledflnfed a?ove for yse in treating a disease or condition
15 a met SCnsl 1 an a !18 COTPTisINg HRrOUUCcIng
associated wi

& overexpress on o anIAP inam njfmaﬁ IR One aspect, there is
provided a cdﬁ‘n‘b%ﬁﬁﬁé@%@ﬁ’ﬁé‘dﬂ ab@vaYer-use in treating cancer. In one aspect, there
is provided an in-vitro method for inhibiting the binding of an IAP protein to a caspase

protein comprsing,cPRIaGHRg.sRid AR ROt WIth &@M@@qm defingd.Rbpveiba

Also disclosed are compositjons gomprising m{npcc()]%ng% F?((;r;@]ld a.l and a carrier,

diluent or excipTERE HiSKIESERIE S ethod of ihducin apopt05|s i cell comPrising
introducing into said cell a compound of formula I. Disclosed is a method of sensitizing
a cell to an apepteta signaheamprisingdairgducingdntosaidndelba esmpodndiof fokmula

1 overexpression of an [AP protein in a mammal, comprising administering to. said

mammal an effective amount of a compound of formula I

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

“Acyl” means a carbony! containing substituent represented by the formula -C(0O)-R in which R is
H, alkyl, a catbocycle, a heterocycle, carbocycle-substimted alky! or heterocycle-substitiied alkyl
wherein the alkyl, alkoxy, carbocycle and heterocyele are as defined herein.  Acyl groups include

alkanoyl (e.g. acetyl), aroyl (e.g. benzoyl), and heteroarovl.

“Alkyl” means a branched or unbranched, saturated or unsaﬁjrated (t.e. alkenyl, alkynyl) aliphatic
hydrocarbon group, having up to 12 carbon atoms unless ot}’.lerwise specified. When used as part
of another term, for example “alkylamino”, the alkyl portion may be a saturated hydrocarbon
chain, however also includes unsatorated hydrocarbon carbon chains such as “alkenyiaming™ and
“alkynylamino, Examples of particular alkyl groups are rhethyl, ethyl, n-propyl, isopropyl, n-
butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, I-methylbutyl, 2,2-dimethylpropyl, n-hexyl, 2-
methylpentyl, 2,2-dimethyibutyl, n-heptyl, 3-heptyl, 2~methylhexy1 and the lke. The terms “lower
1 “Cy-Cq alkyl” and “‘alkyl of 1 to 4 carbon atoms™ are synanymous and used interchangeably
10 mean methyl, ethyl, 1-propyl, isopropyl, cyclopropyl, 1ibutyl, sec-butyl or t-butyl,  Unless
specified, substituted, aliyl groups may contain one, for example two, three or four substitnents

which may. be the same or different. Examples of -substi;cuents are, unless otherwise defined,
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Disclosed is a method for inhibiting the binding of an IAP protein to a caspase protein
comprising contacting said IAP protein with a compound of formula I. Disclosed is a
method for tgepting, g disease or condition associated with the overexpression of an IAP
protein in a mammal, comprising administering to: said mammal an effective amount of

a compound.Qlfarma by ik %E&Qﬁﬁ@? IBILAN QF IHERREFERRE szdmo

EMBODIM T%mda‘ CIX s"xﬁ’on %n ?n)ﬁl}%%gu Ollr;] ng l?ﬁlpﬁgmyﬁgltnc)ep{gfﬁ;ulggl (J:!nm
formula -C(0)-R in WhICh Ris H alk I a carbocycle, a heterocycle

carbocycle-SUBStittted AKSTEr HeR OC)?’clflécyslﬂ’Hsﬁt‘fffg?fyé’I‘f(ﬂ Wﬁ‘é%‘ilﬁ &S| O%Flfoxy,
carbocycle é}??&eh%’fé?‘&‘ﬁ?cf@‘ﬁré"%’sdé*ﬁﬁ% Pitsréth relcinisg o sciaiuelie alkEnosive.g.
acetyl), aroyh {egivdnzoydoandihbtercargytyihalkyl4rmeansiachhanched erunbranchecl,
saturated oruimsgturateditiiexalieenyhalkynyl)aliphatic.hydiesarbenygreup:yhaving up
to 12 carbo&@t@m&mwe\sﬁo@m@mlseb@@w% When,Hsed acﬁxm{& 13@%‘}hﬁﬁe¥ﬁ‘ﬁm for

however also |ncludes unsaturated hydrocar on’carbon cha ns sudé: 1as® Méeyr%ylamlno
and "alkynyfAmiRo. Examples ot Fartcatar Sy dF&LfﬁgeéFBbM%Vlﬂlémmﬁcbrbw
isopropyl, n&s5tt) "‘;|§’6“b‘ﬁf3¥|31‘§éi?yﬁlﬁ‘§7¥’ teploBtTyTehp vttty gy lohexyimethyl
2,2-dimethydpropyts nehiexy| 12- smethylpentydh @, 2 dinyethylblutykemiheptyl, S<heptyd,
2-methylhexybsane theylikecithestermsdlaaenaliyls "GrG4 alkylsaneiialkyl of kig.d
carbon atoms: G SYnaRYRMsaNd, @seﬁwt%qha@gﬁ%weﬁqlm%&ﬂtmﬁtm aﬁm&(&,

1- propyl ISQ{B[&le QX)%lpospropLXli 1- bUtyl’hngx?nliIé[ }y]or t-oul }ro1t C1E:(Pn %y m)TE)melL ﬁ
substltuted alk % rou S may contain one, for examp hre€ or tour substitients

which may 587t élOXP aeﬁéll)edﬁfm@%ﬁ%léébﬁ‘fl%yu%g‘ﬂ?ﬁénT?&‘i’@WﬂW&@"b"rﬁ‘é?Wse
defined, W@‘?@BWE@ABW@W@@Z@@B‘?@&S% halogen, amino, hydroxyl, protected
hydroxyl, mercapto, carboxy, alkoxy, nitro, cyano, amidino, guanidino, urea, sulfonyl,
sulfinyl, aminasutfonyyalikylsutiorylaming arylsalionylaaino, amipreaeRMycle,
acylamino, alkgxyi-aeukiacylony: a.catReeysleurdpieracycle. kxamples,of the.above
substityted alkyl groups.include, byt are npt imi R R e R g}ﬁz
hydroxymethéll rityloxymethyl, proplonyloxymet ydI amlnomethy é’ar%’oxym
carboxycthfﬁ tarboxypropyl, alkyloxycarbonylinethyl, allyloxycarbonylaminomethyl,
carbamoyloxythethyl, methoxymethyl, cthoxymethyl, t-butoxymethyl, acetoxymethyl,
chloromethyiinbromomatiynicdoriEthydectniflup femethiyl pe--hydnofyhexiR) amines in
2,4-dichloro(mebutyd Jy, 2taminegiscypropy)sryaarbamoyloxyethyl and thadikeydhe alkyl
group.may alse.he sHbstituied with.a g@gt@pw@l@ygmp hétgo@s@rmplgsdhagéu A8
cyclopropylmeihy]. y%'&RUIXJmﬁw%/'m x&'%re s !m%_t Aﬁmapn yelahexy md?t%%foups

as well as the ¢ rrespon in -pen

rou

Substituted é’llt%/ T RS s n}/ &t mm i:y‘f 3t 1@“5’%3@1‘%{}1?’?@1 gﬁl% E@li’ﬂ%’&"ﬁ% the
same subsfittiEhts a%cﬂﬁé“%ﬁgtlfﬁ‘t‘éw CIs aly|mghoipnExahipies of ey subistituted
methyl groujireiide g roupdasirch werHyoiroxiiméttyhinor otettediny dioxyraethyh(@.g.
15tetrahydropyranytaxymethyl), acetoxymethyl, carbamoyl oxymethyl, trifluoromethyl,
chloromethyl, carboxymethyl, bromomethyl and iodomethyl. 41Amidine" means the

group C(NEAJ?)HN Iﬁlﬁcmlﬂg\l E’ Ilﬁgllﬁgléna 1&%‘5&:{ Ci‘&%it & h Qragye S cofnn only

carbocycle- S%PSIIEU'[GC! at or gterocycle substltute al }/fwﬁerem the aﬁ%/lloye(ikox
20carbocycle and hBtarocy Ta a e 45 difinad Rersif A batie iy SRsmeas e group

-NFI- C(NH}"el\‘fﬁmﬂ?ﬁur%“ﬂ?ﬁ%ﬁfs“ﬁhﬁﬁ%{mﬂéwwﬂud%@é@ﬁéréwﬁ@% NREHd tertiary

(| e. -NR R) ViR @8iiep. as well as many N-heteroatom derivatives which can be removed to regenerate the

desired amine group, Particular amino protecting groups are Boe, Fmoc and Cbz.  Further
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which R is H, alkyl, a carbocycle, a heterocycle, carbocycle-substituted alkyl or
heterocycle- . 25 substituted alkyl wherein the alkyl, alkoxy, carbocycle and heterocycle

are as defingg,herein -pParticular secondary and tertiary amines a;&%-‘é%i@ﬂ?é%%

diaikylamine, arylamine, diarylamine, aralkylamine and diaralkylamine wherein the alkyl
is as herein defined and.opfignally, substituied. Earligular secendapy,and fertigry,amines
are methylaming, Siylaming AIORYIAINE, 1 0RaRYIaIing, Bepy amine, benzyiamine
dimethylaminé |qt)hy]am|ne, Ipropylamine _antf[ ISOpPro fammé Amino-protecting
group” as uSEH RerBii TRIR S 4 dErIE B the 'gto ib S R OHTSh I§ ErfpiGyRdT® block
or protect arf &nifo Gréuphwtiié reattbrigeare Carriat oiron othrerfarictioral grdups on
the compouRdsExaiwiescof SuchNprotécting groupsinclidecaramatesmamigdes, alkyl
and aryl 35gteupsJmines:; aswelvasimany:diheterpatom derivatives which can be
removed to regenerate the desired amine group. Particular amino protecting groups are
Boc, Fmoc apd Chz. Further examples of these groups are found in T. W. Greene and
B M S e R A S e
Inc., New Y8180 BHAISIAF 778" 1R8I R 457 St b Birb S it igahi 14
Chemisfty",sFb@. WikcOmisvEdanPlentin PresksnXewaguk, Riveth97ge@hdptet 5, and
T.W. GreeneypliRrotettivé @roupsir. O fgarnicisynivesis-dohn BWiley andiSorisiNew
York, NY, 1981 Thedeim Apretested-aminenyefarsdoanaming graup:-suhstituted with
one of the afiaye AmIBPRTQIGHING ATRYRR: ofArYEWhen H5ed AIORe QF. a5, hart of another
term means g catboeyelin atomale giouphehel Lok issdhaing e fdmeer of

08en,, W Ol F, Cl, D), hydroxy,
carbonlgtoms desn nated or If no number Is designated, up-to 5.4

protected Tiydroxy, ¢yano, nitro, alkyl {for example C-Cq alkyD), alkoxy (for example C-Cg
alkoxy), benzyloxy, catboxy, protected casboxy. carbaxymethyl, protected carboxymethyl,
hydroxymethyl, protected hydroxymethyl, aminémcthyl, protected aminomethyl, trifluoromethyl,
alkylsulfonylamino,  alkylsulfonylaminoalkyi,  arylsulfonylamino, arylsulonylaminoalkyi,
heterocyelylsulfonylamino, heterocyelylsulfonyluminealkyl, heterocyclyl, aryl, or other groups
20 specified. One or more methyne (CH) and/or methylene (CH,) groups in these substituents may
in turn be substituted with a similar group as those denoted above. Examples of the term
“substitated pheny!” includes but is not limited to & mono- or di(halo)phenyl group such as 2-
chlorophenyl, 2-bromophenyl, 4-chlorophenyl, 2,6-dichlorophenyl, 2,5-dichlorophenyl, 3.4-
dichlorophenyl, 3-chicrophenyl, 3-bromophenyl, 4-bromophenyi, 3 4-dibromephenyl, 3-chloro-4-

2
n

fluorophenyl, 2-fluorophenyl and the like; a mono- or dithydroxy)phenyl group such as 4-
hydroxyphenyl, 3-hydroxyphenyl, 2 4-dihydroxyphenyl, the protected-hydroxy derivatives thereof
and the like; a nitrophenyl group such as 3- or 4-nitrophenyl; a cyanopheny! group, for example,
4-cyanophenyl, a mono- or diflower alkyDpheny! grovp such as 4-methylphenyl, 2.4-
dimethylphenyi, 2-methylphenyl, 4-(iso-propyl)phenyl, 4-ethylphenyl, 3-(n-propyl)pheny] and the
30 like; a mono or difalkexy)phenyl group, for example, 3,4-dimethoxyphenyl, 3-methoxy-4-
benzyloxyphenyl,  3-methoxy-4-(1-chloromethyl)benzyloxy-phenyl,  3-cthoxyphenyl,  4-
(isopropoxy)phenyl, 4-(t-butexy)pheayl, 3-cthoxy-4-methoxyphenvi and the [like: 3- or 4-
trifluoromethylphenyl; a mono- or dicarboxyphe_pyi or (protected carboxy)phenyl group such 4-
carboxyphenyi, ; a mono- or di(hydroxymethyliphenyl or (protected hydroxymethyl)phenyl such
35 as 3-(protected hydroxymethylphenyl or | 34-dithydroxymethyl)phenyl; a mono- or
di{aminemethyl)phenyl or (protected aminomethylipheny! such as 2-(aminomethyhphenyl or 2,4

8



10 carbon atoms. Particular aryl groups are phenyl, naphithyl, biphenyl, phenanthrenyl,
naphtbacenyl, and the like (see e.g. Lang's Handbook of Chemistry (Dean, J. A., ed)
130 ed. Table 7:2]19851). A particular aryl is phenyl. Substituted %@y ? substltuted

aryl means a phenyl group or aryl group substituted with one, two, three, ur or five, for

example 1- %p,;lném@ lJmﬂuwﬁ;;ﬂy@m gh%e&w%ﬁah%faﬁz;masnﬁgﬁmf sucﬁfg,@ &Qa'oge”

(F, Cl, Br, D.. I} %}/1 tec]ted hydr Xy, cyano, nitro, a or exam
alkyl), alkoxy (for exajfn i al oxy énzyf'g?(q)’?t%gir ’hcw}{ chicesﬁtes cLébr"'B]thd

carboxymeth§i™h Ft‘j‘l‘@’ét"éhe%aﬂ]ﬁ6W%Wreﬁvaff8ﬁyf?feat’f‘?§ﬂmbr?)’(’é?&}éd W&’@Wétﬁyl
am|nomethyi‘”?jPd‘té&i@éﬁdﬁ?ﬁorﬁeﬂﬁ‘ylxlrﬁﬂ%mh%’éhyﬂ Aikiisutfonylaming;hydroxy-4-
alkylsuIf@nylallmlbh@a}Lkg‘ll}yade@rlffmmyblamin@zdarylﬁumwylwmiﬂoﬁuaydtn-ureei phenyl groups
heterocyclylsufonyamineinateracycitsulionylaminealkyl hatexeeyelvh v LRiather
groups 20 SpeGified, @%laﬁmqﬁemg&wﬁa&%ﬁlufﬁng/&)rnmew%Q;%&QH%&Gr?ylgﬁ in

these substltuent%ﬁnra){hc guglm e} Subs SuV\{ a sw&nlar roup as tholse elnoted
above. Exam les of the term 'substit e Ay includes burfs ot MAIEd t6°% mono-
or di(halo)pREKiYPEtp i ‘*éé”?””k’:’f’?ﬁb?b“ﬂb'eWF"?HFB%B&W@HWW-Y}HC%MW
2,6-dichorophietgtb s -disklsrspheny - SavdichiorophenylrB-ohldrophenyknyi, 3-
3-bromopheriyiy4-brovirophenyl 3 3.dedibrornophen:3-chlosa-4ph 25 fluaraphenyl,
2-fluorophenybandihg:likesa mano- QH@@@WM&@B&W*%M@ qph]@ﬁ\ﬁﬁ sulforyl

hyd fOXypheﬂM lno§!' é})ﬁﬂl@%go h@é@é{lar% 1 er'RYQII?&%%U&%MQ%&@?Qtﬁglsqp %q r%}’z of
derivatives E\—Ier%glt&ntss cgfj 5 érelzrllqt';gcpbdme g{dl%rogFga%Ltl(t:t (?SE{B o 42n|tr0phenyl a
cyanopheny! group, for example, 4-cyanopheny A Rono- araiidfier alkyl)plienyl group

such ad’- methylphenyl, 2,4- dlmethylpheny| 2-methylphenyl, 4-(iso-propyl)phenyl,

4- ethylphenﬁ&*’?:@f}‘f-‘p‘ropiﬂ’)‘w%hw arfd e BOkE arvrore deadifalkdxry)phersigroup, for
example, 3,4-dinarkbexypheny J«amesboxyecdenzytoxyphenyli-, or tricyclic aliphatic )

3-methoxy-4nglnahiorametbyRbenzylaxy-phanyk. 3- @dnlggxmh,ewiaﬁm@%@pﬂrgﬁ@mphenyl

A-(t- butoxy)gnﬁmyma%m%mmsmémgmlam&n@ 82 Ohstios are cyctopropyl
trlfluoro,l('pethy ?j rotectedé carbox henT group

en |l o

such 4- carbox eny pegl%rlrfi(l)l(rilE:)ycor i:m OXy yfﬁﬂ RN B TRt octé”cﬁy cgP oy
hydroxymerﬁvglﬁ &1‘3“??3&‘?“(3? ‘“técdﬂﬁi?ﬁro%ﬁﬁ‘é?hyﬁﬁ‘ﬂw Goocycles are
3,4-di(hydrd‘k‘i}?ﬁﬁﬁ?l)ﬁﬂe@ﬁ%i’%&m&ﬁ@ﬂw thifamhifometinyfighehyTor (protéebeduted
aminomethyfiplveryl.stelt@s-R-(amiriemethyD phenylear 2idips (proteciedy the same
aminomethyiiphenkk:or2a amenacidi No@@nethylsulfonylam no))phenyl such as
3-(Nmethylsulfonylamino))phenyl. Also, the tenn -substituted phenyl" represents
dlsubstltutedcdp swhere the substituents are different, for example,

(}Xy%r( GG in Erou S USCa perein fegers to,0ne of s el rivat b
3-methyl-4 hy roxyp eny Chioro-4-hydroxyphenyl. s Shethosy - Brofrio pReRy|

A-ethyl-2-hy AHCSSBIERSH™S - ﬁya%%é;}%?'“% ﬂ.ff&fp“ﬁ@ﬁwwmwﬁdw&rf%@hyfe and
the like, as WBliGE T8 UHstitted Bheysgrotpswhrerd. tHesulbstifuerts:drexdifferént, for
example 3-methoxy-ggenzytoxy-GHmethyhsulfonylambaoy!, 34-dimethoxybenzyl, 2.4-
3-methoxy-di-henzyloxy:6-phemylsukfomdaming apditattasubsiituiespheny! greups
where the gkgg%gg%%;%a,{%ldiffere@g@ as 3- mﬂhﬁ?%ﬁn@@éﬁé)ﬁ(%y 5- me}gy} 6 phenyl

sulfonylamipp. Particu %upstl yI oups mclude th 20h|oro nyl
2-aminophenyl, l((})Xy-bromo (gkﬁ Lf%ametho%(l heny F“gethdjx TR

4-benzyloxyPise m’hox i 1m4é1ho>2§}b1ﬁ5?%?/’i“§l ?ﬂ’&%grﬂﬁﬁéﬁzww%ﬂégyl’“‘y Idimethylsilyl,

3,4- d|ethoxyliﬂ’il‘“réi‘]’yl2 Bt Bekziiosgiiiamy 3-rrethioxyugi@ethylsilylethyl, p
chloronfethifibendjdoigphenyhb3ayiethioxyddL(dchioreme thyfibenzyioxgisbrapeathy
sulfonyl aminephenyligraupss Fusegd.aryLringsmay:alse ba;substintedwithany, for
example 1,2 or 3, of the substituents specified herein in the same manner as
substituted alkyl groups. 15 "Carbocyclyl", "carbocyclylie, "carbocycle" and "carbocyclo”
alone and when used as a moiety in a complex group such as a carbocycloalkyl group,
refers to a mono-, hi-, or tricyclic aliphatic ring having 3 to 14 carbon atoms, for
example 3to 7 carbon atoms, which may be saturated or unsaturated, aromatic or

maart Aavrsivaestiaca Daviiatilar acatiivratardd AavrichAacsvraliA At irme ares s aralAam e~y sl AN ~AvralAala 4 sl



25 "Carboxy-protecting group” as used herein refers to one of the ester derivatives of
the carboxylic acid group commonly employed to block or protect the carboxylic acid

group while {gactions age carried out on other functional groups on the compound
Examples of such carboxylic acid protecting groups include 4-nitrobenz (i

4- methoxyb%lea t%%cﬁhmﬂh&%%%fézééld %4lal§0glmgm9 M&pue&%%l)bc ucm reaction(s) on
2,4,6- tnmetrtl) ben ‘yl %,14 6- ri eth Ibengy{: E)entarl‘peth

methylened|o>](eyk}))(oebﬁﬁz0 | benzhyaryl, 4. éfa-n Fmeﬁ?'u(g%(y enzh ﬁ?“fmz}/ﬁl?f X%im disrupfing
tetramethoxyBERTHY Hr% ﬂﬁlf%v%ﬁﬁhzﬁvﬁﬁffﬁfll biF¢: W“fﬂﬂ’;ﬂ" ﬂ*q@ﬁfémﬁﬂvﬁ’(tﬁ?‘lo’“ﬂ"&j
dimethoxytrifpfe@ia 10 4 trinfeeroRytetytse- piva iy froprobydrarivnethiisiy|, or reductve
t-butyldimethyigilyls phemaeyhi2 )2 R<trich|erethyidbeta trimethylsilydfiethylh remova
beta-(di(n-butyfimethydsily)ethyd, poidGtelneneswianylatopk.d:nitroRgpzyisufanylethyl,
allyl, cinnamyl.ds{trimethyisilyl @%M)Pﬁ%zgah?&@o%!h@&% ke moieliss. JhgSpeies of

carboxy-protecting grop g W employed is not critical so_lang as the derivatized ca%ox lic
acid is stable o the condit |onyo$ S seenzaefﬁ‘ eac |o°ﬁ 5)fon’ )éthgenﬁma{)%? oMot hae

molecule arfd CaBL HEEVEE B the C&’ﬁﬁ%ﬁﬁéﬁéﬂﬁﬁﬁf %‘PtﬂﬁU’ﬁdf‘éﬁ*Lfbﬁ?f@“th &Heiiainder
of the Mble&& T HErIEUEEY e SHTpeTtAfTor o stbjeerkicirBosprotadted Molecule
to strong nuBles philicbases;suchasilithiuhashydroxidenr Wa®kl sofredustiver s,
conditions employinghighly activaiedrmelaldydidasosue asbidil:34; (Sughoharsh
removal CO%‘“%&@%@'W%@ aweided when removing amino-protecting groups and

hydroxyprotgctln qups, discu sed rtl ar car lic aC|d rotectin
groups are thedlglk e 0. nget Sthy Onb‘:jy % b{er%zﬁ ’n'y B-nitroBersy Lgrgf)ups
&

Similar carbo%{/’xﬁrbetfééﬁ{h‘tjcﬁ%’ﬁ'ﬁé“ﬂ’ssé‘ﬂs‘i’ﬁ’ ‘(‘}é‘ffﬁéf&?ﬁ%‘ﬂﬁ Cﬁ‘éﬁYéﬂﬂﬁC&Wﬁ@ﬁtlde arts
can also be used to protect a carboxy: 10 group substituents. Further examples of
these group€arecfolnadndd saW =@ relens @rdiFia@s) Merddfuts, "Protective Groups in
Organic Synthesis", T'd ed., Sohn Wiley & Sons, Inc., New York, N.Y., 1991, chapter 5;

E. Haslam, : Emgagéivge%gompsgighpﬁg@%@fi@mi%rx}{m}l e %SP‘”‘%MF%@E'S”Ufn
Press, l)\Aew Y.ork CNC e, Prg{gctlve Grou s |n

nc‘zcrocjr LCAHO yc[3 @x%q xg g %l het IRLE ere%tl whergin Sh k
Organic Synthesis' ah Wiley an f)\]| ST Y B8 1 5 The term
"protected TE&EHH Sl? “y%:f@?’%%e’éfcé‘é{f’ﬁ’b"ﬁ &ﬁ%ﬁ%*ﬁ%@tﬁd@@%ﬁfﬁ”ﬁ‘ﬁ@%ﬁﬁ‘é #fBve
carboxy-prot&ctifg)gréups. "Compounds" include salts and solvates (e.g. hydrate

thereof. "Guanidine" means the group -NH-C(NH)-NHR in which R is H, alkyl, a
carbocycle,‘ahetgrocyaley sarbosyclensuhstivuied alkylQr heterogyelerspbstituted alkyl
whereuabthecayw@dalgwk coarpmclﬁe%9&@559%1%%&% defingd hergin, Aparticular

guanidine is. the. roup - NH- Céc F(‘,))I]’N!j}%& EX‘% -pro ect;[;i Léc};ﬂrguy as used herein
refers to a derivative of the hydroxy grotp comimt &55em foved o Bibek o brotect

the -hydroxy Grougw ’l”ilé"lyeaéﬁﬁ)ﬁ]s é?‘é“éhrﬁ"éﬁ”ﬁﬂf“éﬁ Sfnet- Pund silylethers (e.g. TBS,

TBDPS) groups. Fuither examples of these groups are found in T. W. Greene and P. G, M. Wauis,
“Protective Groups in Organic Synthesis”, 2™ ed., John Wiley & Sons, Inc., New York, NY,
30 1991, chapters 2-3; E. Haslam, “Protective Groups in Organic Chemistzy”™, J. G. W. McOmie,
Ed., Plenum Press, New York, NY, 1973, Chapter 3, and T.W. Greene, “Protective Groups in
Organic Synthesis”, John Wiley and Sons, New York, NY, 1981. The term “protected hydroxy”

refers to a hydroxy group substituted with ene of the above hydroxy-protecting groups.

35 "Heterocyclic group™, “heterocyclic”, “heterocyele”, “heterocyclyl”, or “heterocycko™ atone and
when used as a moicty in a complex group such as & heterocycioalkyl group, are used
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functional groups on the compound. Examples of such protecting groups include
tetrahydropyranyloxy, benzoyl, acetoxy, carbamoyloxy, benzyl, and silylethers (e.g.
TBS, TBDP%)OQ{(%%mgurther examples of these groups are found j U‘%\?Vééﬂﬁ(ggeene and
P. G. M. Wuts, "Protective Groups in Organic Synthesis", rd ed., John Wil éons,

Inc., New Yo ,0 199 ChaRleTs.a:34F. Haam. Bipleetve, Gloups I Qrganic

Chemlstry %he?roaw]} ar n01 droxhaﬁc ting ?dvmo tP m.m ezN oefvg,tm Orﬂesw dlgzn ha tert5 and
LW. Greene, "Protective é oups In ‘Or aﬁlc esIs”, Jo ‘i’]&'i“‘le d‘ﬂgon ew

York, NY, 188X FRBPR;- ?)}%?é%‘télabﬁﬁ?a}sd%ﬁ“?@féﬂd%1?%9&%@°@P6Uﬁ’t§ﬁﬁi§ﬁ%ﬁlféd
with one of He*aIBYETHRPDRY-ProteetirieryrompsB5 SHetdrotyelidgroup tiothetendcyclic”,
"heterocyclethd"hetefoeyciyty or: theterotycio! alenenand whem usedias-a-taoietiydn a
complex gragposighasia-hetaracycloalieyLaraup-aradsesh 10y Wihaty ve qualemlzcd

2098/ 13467&%&1—]—3{ 14%&%496ﬁ§e?0t};&£§ r%aﬁgﬁﬁ%@% ﬁ\ rlé?]:)?ln(}:!'o QM]@II}?[ oXnaﬂﬂ,or

tricyclic, satyrated or unsa %r]%te in] ic. ( eroady[) or non- i'mi)matlc ring having the
number of atom§ designate gvenefa from %% abOOr T4 rifg HORE Wherd e ring
atoms are cgl’%’ﬁ; a4 Bive H@fé’f@”étoﬁ?ttﬁ%gbﬁc‘gﬂtﬁﬂyﬁb‘fl%xy@@ﬁ‘)‘“ﬁér &ample
1 to 4 héter& Rt TYpibaHya Bl raberédaringhasOgon? dottiledodndscantnBy or
7-membereteriag has @140 Sdpublefhendsanddiienitrogenei sulfuehrieatams may
optionally besoxidized{e:gn3Q ,U&ta)ﬁ@ndr@geyamt{og@tmgg@rﬁ@&%&#%ﬁﬂﬂg%ﬂy be

quaternizeds RAFHCHIALQD- aﬁmm h#'i%e&y?kf% ﬂﬁdmxp N ¢ 70l Rholinp).,
pyrrolidinyl, oxw?lgly oxeta yokte drofura %3- ih ro urany, 21-1-pyrany l[

tetrahydropyrany mle?gﬁjp tet?za roﬂne‘f Qﬁzlrﬁmy“f SzetiEinypoyL and s
1-methyl-2-BYHEiSlns? ’ﬁ?ﬂfyré‘i?a*fﬁiﬁ%ﬁﬁ.hﬁf"ﬁ?@*ﬁﬁ@%&y&%w&g}}%ﬁ&ﬁfﬁ%%Plude
heterocycle fi&tpy hs definstdaisbiralcovalehty bentdd bzl alkyl groep dsidéfined
above. Particetds 5tmeberedyheieroeyclas:contamningrasuliurner-oxygen-atepsand one

to three nitrages:atems z@ﬁa)ihﬂam}ylbéﬁhﬁaﬁiiétu%ﬁm;ﬁ}](%zbﬁlz@ﬂ@lﬁh@é@k%e}@ocmao“de1
thiadiazolyl, i paicuataty 3 thigdiagelied Aehd Bdiipdingel 5 yuc§a§%4 Qlyk, for

examplg oxazol ]2 ) oly L, su s] 3,4- oxadlazol 5-y|
oxadiazol-5-y. &e%cdaf é) %—:-ymé ‘ry d'ring (Jf HM "33nﬁ{éiln?ﬁC11f?8‘41'(§“ r%an n

atoms incluB& THida: ST gl ne |Hr6“§2"61Iu'2~X}f”1r &%WZlgﬁé’h @%’@@%—tﬁéﬁfﬁ?y@-fm
1,2,3-triazoRBEin32 e gy esiosly T iditeay ollessud imaidatibg-tetradzo kEL i Particular
benzo-fusedybamemberéddretenocyeles aie benzoxazalAylrdbenzalnazes-\sl.and
benzimidazel2iknR asticuiad-Gmanshered heierasycles cantaln.ane @ three pitregen
atoms and gpfignally,a &.§y4fw(ﬁg&gz%g9&aé9me fOh£Q fX3ma mell%xrw ﬁté% ) Ng
pyrid-2-yl, py. %llg 7’353yl i?l. 1pxircl&i Iﬂf%ljbmpdxl%nrpld %hsuc i}g/{))égmi d- h‘é/l an r|m| 4 y1,

triazinyl, such as 1,3,4-triazin- AZin- azin P“?’ﬁ“’pél"t‘*ﬁ
pyridazin-3 VF“%W&%W%%’W"H‘ h‘ﬁkﬁyﬁl&i’ﬁé Rﬁ’é%id%"ar‘fﬁrﬁi?ﬁ’déﬁnéd‘ﬁf”@kld@’é éﬁt’)‘ the
pyridyl,  SubstpiAdiid-4no pyRidarinyiaitich the e@dntriazin-2-y1 groups, are a
particular group. Substituems for "optionally substituted heterocycles”, and further
examples of the 5- and 6- 25membered ring systems discussed above can be found in

W. Druckheimer,et bkl §q B P@c@mmaﬁa&?ﬁ,zsac%m% A RAIEEL SmBOdens, suoh

optionally supstltttuted het%rocycj roups are substitu d with h ?XX alk oxy,
O any mono % 1 13at1C rnﬁ, ?rstem 1011(: aumfi atoms debl orated
acyl, halogen, mercs Pto ox0, car acyl, halo- Sub [ aming cyano, nitro,

where at l ne~ng s a 5-, G- or 7 me;nbercd rin
amidino an df guan 8 %’rd 2 4 contaznmﬂ from (}ne to four he‘reroatomq
selected from the group nitrogen, oxygen, and sulfir, and in a particular embodiment at least one
35 heteroatom is nitrogen (Lang s Handbook of Chemisiry, supra). Included in the definition are any

bicyclic groups where any of the above heteroaryl rings are fused to a benzene ring. Particular
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"Heteroaryl" alone and when used as a moiety in a complex group such as a
heteroaralkyl group, refers to any mono-, bi-, or tricyclic aromatic ring system having
the number gf atoms designated where at least one ring is a 5-, 65, or 7-membered ring

PLT/USZI08/06 1851
containing from one to four heteroatoms selected from the group nitrogen, oxygen, and

sulfur, and I@e@rpﬂﬂquéaqjambpq ment ¢ Jeqst %Q&éégeteﬁ%aft%f%u HAHP%%@[]&LWG S
Handbook of CI:IIQ Mmistry“cupr I% éww%de in_the definition are any bicyclic ﬁroups where

any of the above eteroar are Tused To a bahsehs trlr%gj%r(’f'-"3 riciEh "héteidaryls
incorporate &Wﬁ?@ IIB?“ES]X ”ﬁ@fé‘f%ﬁ@?ﬁmﬁhéhf'fﬂ?fii/vlﬁijhﬁﬁéyéygfé?ﬁé srEEkAmples
of the heterd&@®Mwtiether dubsittdd ortardubstttied)groupsdenated bysthedérm
"heteroarylbythienypsaryinimidazoly|, opyiazolyhzthiazeyl:isethiazabylyoxazedyhy,
isoxazolyl, triazey, tlaiaﬂii&zl@lyl;&m@hamtykaﬁ%ma@hﬁéﬂ@t@%@l}é!zn%a%iﬁgﬁl}ﬁﬂ pyridyl,
pyrimidyl, 5@5’%@5&@%@9%@&?&%& ﬁQ'&?'Q%LzQ&‘[@%'Eﬁ%h 'éﬂ%%'zm’ ls ;'55‘}%9"’%;2'\9 Ml hq}xadlazmyl

clithiazinyl, il.d?x zn}l/I >§at laziny btetrazm tlitatriazin oxatrlazmy ithia |aZ|nyI

imidazolinyl, di 1r’c‘>/£|2)yr|mldryexf‘elfrahy Amicly R OCIIERS [T%D‘rﬁpy?“é‘é@ﬁgwqéﬂd
purinyl, as WL Eh AoreBia vt @%ﬁé%@é{mfﬂ‘é benzekaFoly BeRZofiingt,
benzothtaz i Bengbthiachdrolythen Zotr dZelyerizdimicazoly-tine iadolyldivtn
particular "helcroarythisiabl3-thiczokRayl ,24-thb@iazot-5-y1, 1,3,4-tiazol-5-yl, 2-methyl-1,3.4-
(carboxymethiyh)-5ymethyloly3:thiazal:2-y, Ac{@afp@xﬁmw&)fém%Ihylo&é]tm;azsol 2-yl
sodium salt. 2, dathiay WQA éay& wnethy'uéﬁz% }h'aq'@zw ARSI A

2-methyl-1 3 4 tr| -9- XY rla
i v a. -
5. carboxy 4 me ? A% Igraoxo _é_y 1 S}él It zo%ﬁ yb ] 2 ‘4-oxadiazol-5-y1, 1,3,4-thiadiazol-5

carboxy>4- rﬁe%&‘?r"i]fs“ ﬁ‘h‘?&%‘l‘%lﬁ)l 21{'%@‘8%5%112 4yihiadizai-gsyia itk thindiazol-S-
2-methy1-1;3 H-sxereidzd | suyhyDiFhytiroxymiethy it isoxadiazol-Styktrazel-5-yl, 1-
1,2,4-oxadiazdle&uyti B H-thiadiazol-5+-yh@-thialyl,Gid-thiadiazolsbayly  sair, 1-
2- (methylth@hly@u#oﬁﬁ&&i@l@?&%a%tyllH{B@cﬁf%ﬁlﬁﬁlc}/&c&yn}ﬁUMJolﬂyf%U%QLﬁ W, T
(dlmethyla%ngl)%tlhcgay& J]'}H Eeztga(%94055)01 JT n(e‘%f?&qum a%ghxlj)l mc P]Z?g 1‘?1:%0’1 S~

1- (carb%xymerlg)( h1 r%% ?ﬁll sodium salt, | - (Enet1 ylsu fonl%

acid)1H- tetrazol- “yl, 15(met Ifonic acl d)\iﬁu BtrazSE T ESH G EEE S mthyl-1
H-tetrazol-5 Wloiwdfﬁd’ioll%1%}TYIRWFhefﬁyI1 ey h-5- S’Hdl?‘m?é'tm?f“ly@lg‘ frfazol-5-
20 yl, 4-methRARIdR; Sotdiaxot-Beiiyipytida2-3 11N didesrehrethOxy2s (o xide)pyridaz-3-yl,
6- hydroxypyiridazsB-yb-damethylpyriddRayladrmetwyl pyridndayl s 2<bydsoxypysimic-4-yl,
1,4,5,6- tetrah¥d[ﬂn5sﬁfdi%mﬁm%ﬂaﬂ%&miﬁbﬁy&mﬂm 3-yl sodivm salt, 2, 5-dihydro-5-

1,45 6’55"3‘”%!?(}’9 595%)@ QQ%MHFQDMQ@» f dl%d@?&q%zég?og Mc’thex 2- merhyl ~as-triazin-3-y
2,5-dihydro-, Q xo 6 droxydas ﬁZé@-q-yl 2,5- dlhydro -5-0xo0- é droxy-as- tt|a2|n3 -yl

sodium salt, 2, dihydro-b-0%o-6-hy drox Or%é’fﬂylnggﬁiaa‘szfﬁaﬁn yi y’s% TR

2 5-dihydro2s-FE G- EHYdrdxy- ?Wfé{ VERTTZMe3ly], and  S-aminotetrazolo[1,5-b]-
2,5-dihydroPBueRe-63n ethakyupui et d Shiifaeint 3inpln2s54dityeronShoxoashiriazin-3-y],
2,5-dihydroubagxo-2-methixasetijgizinedhyl | 3-thiazol-2-y1 sodium  salt, 1,3 4-triazol-5-y], 2-
2,5-dihydronktex02 brelinethylrasntiiazint3- W@tﬁﬁtﬁﬁztgl%lsﬁybieri(glﬁgtil@Iﬁnny)élpﬁj
8-aminotetrazalql.5sbl: ypynid@mxg.x h}/x\n@tﬂp@@%@ groee&,g (! hsigroaul-ingluges

4- (Carboxym%ﬂ%}ll mgf&g ‘i]{f 11 30%%'] 7¥ l- Carl %Xﬁ 8 f 11 (;1d éua 1-3-y1
1,3-thiazol-2-y1 sodium salt, 1.3,4-trazol-5- a% 5301 |‘l § ﬁ friaz o}f oy
1H-tctrazolBYf? S&H‘]eiﬁﬁf“ﬁ% Tethad St Vi mM o Wfétﬁm‘é‘tﬂlﬁgd)t?ﬁﬂ%"‘ 1.4.5.6-
y)-1H- tetra’fﬂlj}hgdw“l12(@a¥6@g§)yﬁégwwxypp:téﬁaz’@ﬁ5%q diltydro-5-0xo-6-hydroxy-2-methyl-
1-(carlbéxyraethayl-}-HHstétrazdl- 5y Ehgtditimosaltd={rmetimlsulienic 31, tetrazolof1,5-
acid)-1H-tetrazol-5-yl, 1-(methylsulfonic acid)-1H-tetrazol-5-y1 sodium salt,
1,2,3-triazol-5-yl, 1,4,5,6-tetrahydro-5,6-dioxol-4-methyl-asTriazin-3-y|, 1,4,5,6-
tetrahydro-4-(2-fonnylmethyl)-5,6-dioxo-as-triazin-3-yl,
2,5-dihydro-5-0x0-6-hydroxy-2-methyl- 35asTriazin-3-y1 sodium salt,
2,5-dihydro-5-0x0-6-hydroxy-2-methyl-as-triazin-3-yl, tetrazolo[1,5- blpyridazin-6-yl,
and 8-ami lotetrazolo[1,5-b]pyridazin-6-yl. Hetermaryl groups are optionally substituted

s AAacAarilhAaAdA FAr hAatAaramsy ralAs



"inhibitor" means a compound which reduces or prevents the binding of IAP proteins to
caspase 5 proteins or which reduces or prevents the inhibition of apoptosis by an TAP

protein. Altegnativei,.inhibitor" means a compound which preverggﬁggzgghq;g{)q
interaction of X-IAP with caspases or the binding interaction of ML-IAP WItF\ SMAC.

"Optionally sybstitited; unless.othenwise: spegified meansdhal.a %&yp MY REy
=substituted or .| O d%ggcsstlrggtggrk% .Qne or more (e.g. 0, 1, 2, 3 or 4) of the substituents
listed for that group In which sai Substituents may be the same or different. In an
embodiment an optionally substituted group has 1 substituent. In another embodiment
an optionally"SViystitireees &FoupyHAS DB Igatitue NS i Bnbilee embbdimenrareptionally
substituted group hasy8igubstitaentspiGiR harmadetticaflyasosptable saltshinclude
both acid andibase:addition.salisns Rharmaceutioaly-asceptable asid-addition.salt"

refers to thogg, salis whighyetaindeRiplagical pffectiveness and properties of the free
bases and which are not biologically or otherwise undesirable, formed with inorganic

acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, carbonic
acid, phosphdtiR"aEd5Hl tHe il YR SFg BRI LG THE e St s d R aT Wb Hatic,
20 cycl&aliphatieidroniatie, sraliphdtic, 2hétefo ey thcrsarsoxiiied Bnthasatfonic dlasses of
organic acidsisuthiasiformie dcidpracetiteaeid rpropionie@acia pglyeoliesbaide ghiopnic
acid, lactic acid,spyrundig. asid axalieasidnmalic.acid sipalgia acid walengic.acid,

succinic acighfumaficsacid o japans Ackl GitHe A . asRaric.acid, ascorbic acid,
glutamic acid, anthranilic acid, benzoic acid, cinnamic acid, mandelic acid, embonic

acid, phenylacetic acid, methanesulfonic acid, 25ethanesulfonic acid, p-toluenesulfonic
acid, séﬁcycﬁémé‘féﬁ”éfﬁaébiﬁ%eﬁ@{c'sﬁﬁa}’m‘é‘j&é’ﬁ‘ cafyudespiabie ise Humtohiedinclude
those derivéeFfBhl itvtrefitie baSedsuerbas sdiclivinsh protadsigiviodithiafictaenmonium,
calcium, magmesiund fiedns zine acogperpmangenasdy aluminnusadtatancihe fike.
Particularly bageaedditionsalis araithe 2 MaRiic 30pAIASS M, Sd I Laleilm and
magnesium, saltg.salis.derived fiemyrharmagceutically ageeptable grganic hontoxic
pases includes At OLRIMANG, ARconqanaNd teriany amines, DS er amies
including nagura fly occurring fsﬁfbs ituted amines, plc)f jﬁfn%llinehg é{lﬁa ‘géﬁ%?oﬁl ‘[%hange
resins, such 48 [E8bFoTamiik 2tHinatHyraRiing "tk ayrinie, shratiyramitde «id
tripropylamity&vEthah olahsirad 2udie e arpivrosiharmdind nretarrittreacticieivliexiflamine,
lysine, 35arginiiresihistidined. cafeineidprocaine;idydraliaininaheholing betainesid,
ethylenediamingjghiensamine, mrthylgiicamine ;ihgabreming, puHnesRIREkZINe,
piperi Cgf'e' Mﬁﬁ&m#m%jgiln%iucncsuifonic acid, salicyclic acid and the like.

“Pharmaceutically accoptable base addition salts™ include those derived from inorganic bases
such as sodium, potassium, fithium, ammonium, calcium, magnesivm, iron, zine, copper,
manganese, ahnminum salts and the like. Particularly base addition salts are the amntonium,
30 potassium, sodium, calcium and magnesivm salts.  Salts derived from pharmaceuticaily
acceptable organic nontoxic bases includes salits of primary, secondary, and lertiary amines,
substituted amines including naturally occurring substituted amines, cyclic amings and basic jon
exchinge resins, such as isopropylamine, irimethylamine, digthylamine, tricthylamine,
tripropytaming, ethanolamine, 2-dicthylaminoethanol, trimethamine, dicyck}hcxj/lamine, lysine,
35 arginine, histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine,
glucosamine, methylglucamine, theobromine, purines, piperizine, piperidine, N-cthylpiperidine,
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polyamine resins and the like. Particularly organic non-toxic bases are isopropylamme
diethylamine, ethanolamine, trimethamine, dicyclohexylamine, cho line, and caffeine.

"Sulfonyl" mgansa3282-R group in which R is H, alkyl, a earbocygle,.a.heteracycle,
carbocyclesubstituted alkyl or heterocycle-substituted alkyl wherein the alkyl, alkoxy,

carbocycic andhateracyclasane agdefingdherain.Raricular sulfonyl aroups.ans.,
allkyisulfonlyl (e a02:aliYinIRY SxamRi.Metvsufomd arysuond, for example

phenylsulfonyl; aralkylsulfonyl, for example benzylsulforyl. The present invention
provides novel compounds having the general formula - M - U2 wherein M is a linking
group covaletitisoifiiigahd &2 A%e i dRard s HattegenetarfsimaragieMess'a linking
group covalentlipjeiritig Ul barndcrs 2 shhsavpairtibul artembodinient Mos.aclihbdng: 28igroup
covalently joiming/R2yRE 1R4dRE0r Gutd8lLitonRR 2R3 xR Ak 14d.0n Geofdd2.kmna
particular embediment-Mhoqvelentiyiqins.@ af: Uiio e ofdd2uif.apaticilargmbpdiment
M is a linking group. covalently joining R2 of U1 to 122 of U2. In a particular
embodiment M is alkylene optionally substuted with alkyl and hydroxyl and 25 wherein
one Or more non-adjacent methylene groups is optionally replaced with -0- or -NTT. In
a particllar embodiment said alkylene is unsaturated or partially unsaturated. In a
particular erfitsorsent i nOiECE2@ K0 Y @ g Hreerpartiowar embodiment M is
-CH2-0-842C-CH2-- In a particular embodimeant-M issdCRioRipmr- Wherein Rm and

R11 are independentiyiatkylers0 Rydioxyli-in A.particular embodiment R10 and Rp are

both methyl. In a particular embodiment one of R10 and Rl is hydroxyl. In a particular
embodirsnerég Mli% -%CVH(% 45,8'%:'}'0"' (-&CHZ)48-. In a particular embodiment M is
-(CH2)46-(C(& i’& CTAAAB T A Particular embodiment M is - (CH.2)4,4-, for

example -(C1212)242-, -(CH2)4_8-, TCHg/4-6, -(GH2j2-, -(CH2)25 -(CH2)35
4C112/45 - (CH2)8-,-(0-12)65 -(0-12)8-, -(§AL: )85 -(CH2)18-, -(0412)1 1-
and -(CH2)12-- 14 A S

' ]

M is a linking group covalently joining U, and U;. In a particular embodiment M is a linking
20 group covalently joining Ry, Ry, Ry, Rs or G of U to Ry, Ry, R, Rsor Gof Uy, Inz particular
embodiment M covalently joins G of U, to G of U,. In a particular embodiment M s a linking

group covalently joining R, of U, to Ry of Uy,

In a particular emboediment M is alkylene optionally substited with alkyl and hydroxyl and
25 wherein one or more non-adjucent methylene groups is optionally replaced with -0- or -NH-. Ina
particular embodiment said alkylene is unsaturated or partially unsaturated. In a particular

embodiment M is -CHy-{C=Cl4.4-CH,-. Int & particular embodiment M is -CH,-C=C-CH,-.

In a particular embodiment M is -(CR;pR. () 4~ wherefa Ry, and Ry, are independently atkyl or
30 hydroxyl. In .a particular embodiment Ry and R;; are both methyl. In a particular embodiment
one of Ryg and R is hydroxyl. In a particular embodiment M is -(CH)-(CHOED(CH3) i 4-. In
a particular eﬁlbodiment M i -(CiTa) -(C{CH;):)-(CHy)1e-. T 2 particular embodiment M is -
(CHz)1.14-, for example -(CHah. iz, (CHplas-, «(CHaYase, -{CHa}im, A(CHp)ar, {(CHos-, (CH,)m, -
(Cip)s-. -(CHslgm, -(CHar-, -(CHa)g-, (CHade~, -(CHy) 10, ~(CHy)y:- and -(CH) 1o-.
14



WO 2008/134679PCTRIS2008/061891 In a particular embodiment M is
-(CH2)q[(012),-0-k-(CH2)i- wherein g is 1-2, ris tis 1-4. In a particular embodiment M is

-(CH2)i-civOKChi ) tadl-es(CHe)Ovis embodiment M is -(CH2)34Q(CH2)213-CH2-. In a
S

particular embodiment Ni 5(CH 1 11 - 2,2,26, -n a particular embodiment M |
-ICH2h-4-INH-(CH2)tc4CG2204-. embodiment M is -(CH2)3418TH(CH2)2I-CH28 G is
selected from the group cansisting of. oWe: A0IValVIIvVe IVe and Al A2, L,
Ql, QS, X3, l?(d %iﬁ%%e%%%}fﬁélg[l]g@é%@%ﬁﬁ%QﬁQ\%gﬁ%qnqér% 'éséltfesslér?géadherein.
Ina particuIé\?ber"nb(%?jfirﬁ’(—‘f'rr'ff‘@lise”f{’/)gf“iﬁ“awbﬁrff(c,&%ﬁ“é%%air‘ﬁé‘ﬁ?f@“iﬁ' IVb? B4 &rticular
15embodim&eERWE In Qpattdtiak eribodia e Geigm e odipertprticuiF):-L0-
embodimentB:ig-We. :Auiscal® anardiber Meterceyclecomipiisingclito.4 hetereatoms
optionally substitutecwithcamina-hydroxyl,: mercapto, halogen, carboxyl, amidino,
guanidino, alkyl, alkoxy, aryl, aryloxy, acyl, acyloxy, acylamino, alkoxycarbonylamino,

cycloalkyl, glkytthio. alkulsulfinyl, alkylsulfonyl, .

Ry AN
?"' R,
."N Rv
i §
Rg'N my Ry y MR,
- ®
10 Vs b We
S Ry
¥
;z—i Rﬁ N7’ Rs
RGI . Rét
e
7 N
V“S’Qz
7, M}
‘Zrz’l
'l Ve

Ioad oy 7 B ) . . .
and A, A° L, QL Qu Xa, Y, 20, 7o, Zs, Za, R, RS, R, Re’, Ry, Ry and 1 are as described herein.
In a particalar embodiment G is IVa. In a particular embodiment G is Vb, In 2 particular

15 ombodiment G is [Ve. na particular embodiment G is 1Vd, Tn a particular embodiment G is IVe.

Alis 2 5-member heterocycle comprising 1 to 4 hetercatoms aptionally substituted with amino,
hydroxyl, mercapto, halogen, carboxyl, amidino, guanidino, alkyl, alkoxy, aryl, aryloxy, acyl,
acyloxy, acylamino, alkoxycarbonylamino, cycloalkyl, alkylthic, alkylsuifinyl, alkylsulfonyl,
20 aminosulfonyl, alkylaminosulfonyl, alkylselfonylamino or a heterocycle: wherein each atkyl,
alkoxy, aryl, aryloxy, acyl, acyloxy, acylamino, cycloalkyl and ‘heterocycle substitution is
optionally substituted with hydroxyl, halogen, mercapto, carboxyl, alkyl, alkoxy, haloalkyl, amina,

nitro, cyano, cycloalkyl, aryl or a heterocycle. Tn an embodiment, the 5-member heterocycle ring

15



20 aminosulfonyl, alkylaminosulfonyl, alkylsulfonylamino or a heterocycle; wherein each
alkyl, alkoxy, aryl, aryloxy, acyl, acyloxy, acylamino, cycloalkyl and 'heterocycle

substitution ig@ptipnally substituted with hydroxyl, halogen, merca,;&tlgﬂ%gg%wl alkyl,
alkoxy, haloalkyl, amino, nitro, cyano, cycloalkyl, aryl or a heterocycle. In an

embodiment; the.h-memben HeleracyelamingNORA08/ AGFORGTA 782008/061891 Ai
groups are QRUIARRMSHOAIICAWIRAMNG, ARV MAICAR0, IAQIET. CATRR
amidino, gu%ﬂ'%ﬂ%mﬂla I qdl OX ,alairyrl, zlir)}/onyl, ac f acyloxy, acylamino, ¢ _c_(_)aﬁq’/l ora
heterocycle; wherein eagf‘] AT é%b%?,”d’ryﬁfyardiﬂg%?’ Acimey IS At Hta Ry
cycloalkyl aftifigterdtspiediipetiirehisdptionaly supstnted witlhyelkoxpriakibgen,
mercaptd, czrbexyioaitgpahdl oullyh Sarmind; intnortycloatkylranyler aiheterocyele. In a
particular enmbgdimentfinguAiids aromatienin & patticular embodiment ring A’ has the
formula Ha or fib; r-140.9"--a5 A\ 3ks, ,./a6 012a, Hafib 10wherein Q'iis NR, O or S;
Q'5, (F6, Q'5, and Qis are independently CR9 or N; wherein Ry is H, amino, hydroxyl,
mercapto, halogen, carboxyl, =Wire.guanidino, aIkyI,"@l{jﬁo&(é/, aryl, aryloxy, acyl,
acyloxy, acylamino” cycloalkyl oga Mekerocycle; whergine&ch alkyl, alkoxy, aryl,
aryloxy, acyl, acyloxy, acylamino,‘scyzﬁgélkyl and heter ssubstitution is optionally
substituted with hydroxyl, halogen, mercapto, carboxyl, ai’k l, haloalkyl, amino, nitro,
cycloalkyl, aryl or a heterocycle; 129 is H, alkyl, acyl, aryl "ycloalkyl or a heterocycle;
wherein‘eacH &Y aryiTeyeloatk il afd-ietebocyoldlis aptidnailtyisishstitute dRvithN:
hydroxyl, hatbgenRkiretcapto, @arbbdxydcaticyhahatoatkylsvamingonitkeiday cleal kiyaryl or
a heterocyche;.ane gy i/ Cldy @k INacke2i RAEiGUHR: @MDQAMEN,; TG iAcals AGrQUDP!
formula Ea..lp a.pedicular embodiment ring, Al.is, A ronp.of formula, Ha, wherein js CR9

wherein R9 i3 aryl or.heteroary] optionally ,%fy %%E‘éytﬁ%f&? 2Pdescribed above, In a
particular embodiment ring Al Is a g(roup b formula Ha wherein 2(]M S @ﬁ@
15 aryl yl, acyl, aryl, cycloalky! or & heterocycle; wherein each alkyl,

aryi or a heterocyels; Ry is H, 4
aryl, cycloalkyl and heterocycle is optionally substituted with hydroxyl, halogen, mercapto,
carboxyi, alkyl, haloalkyl, amino, nitro, cycloallcyl, aryl or a heterocycle; and Q' is CH or N, Ina
particular embodiment, ring A’ is & group of formula 112, In a particular embodiment ring A’ is a
group of formula Ila wherein Q°4 is CRy wherein Ry is aryl or heteroarvt optionally substituted as

20 described sbove. In a particuler embodiment ring A' is a group of formula Jla wherein (3, is CRe
and Ry is phenyl. In a particular embodiment, ring Alisa group of formuia ila wherein Q°, is CRq
apd Ry is phenyl and Q75 is CH or CF. In another embodiment, ring A' is a group of formula Ma
wherein Q"4 is CRy and Ry is pyridin-2-yl. In another embodiment, ring Alisa group of formula
I’I‘a wherein Q74 is CRs, Ry is pyridin-2-yl and 75 is C-Me,

25
In ancther embodiment, ring A' according to Ila or ITh is a pyrrele ring optionally substituted with
alkyl, aryl, araikyl, cycloalkyl, cycloalkylaikyl, a heterocycle or a heterocycle-alkyl optionally
substituted with halogen hydroxyl, mercapio, carboxyl, alkyl, haloalkyl, amino, nitro, aryl or
hbteroa;yl. In an embodiment ring A' is substituted with an aryl or heteroaryl group, In a

30 particular embodiment, ring A' is selected from the group consisting of:

16



and R9 is phenyl. In a particular embodiment, ring At is a group of formula Ha wherein
is CR9 and R9 is phenyl and Q'3 is CH or CF. In another embodiment, ring Al is a
group of formyidg,asherein Q',1 is CR9 and R9 is pyridin-2-yl. In,appther g();lfrgp]odlment
ring Al is a group of formula Ha wherein Q'4 is CR9, R9 is pyrldln -2-yl and Q' 3 is C-M

25 In another embogh '
substituted with:

haloalkyl, amino, nitro, aryl or h groaryl In an embodiment ring Al is substituted with
an aryl or he%eqr_glg[%/ % ulgy a BO%artlcuIar embodiment, rlglg Alis sglected from the
group consishng of WO B008/ TR 7EBE T I ESBT T8I GETAET “REN €38 wherein 12;
alky! (for exdrptEFHEERICER®Iortdpy") or acyl (for example acetyl). In a particular
embodiment Rg is H. 5In another embodiment ring A" is furan optionally substituted
with alkyl, anyhratadleyhocycioalio/h' eyplealgylalitylaheterasyole.ara heteroayciesalkyl
optionally substifited,with-balogen Bmé%elemgr@@mu}cam@m Al halagaliyl, amino,

nitro, any! o RRIgIeARLN. 7R LTIRGRIMENLING,A- 8 ubstivted with.an,any ;%Lhetffan'

group. In a p%rtlcu grq qlm nt, rlng Al is selected from t rou consistin
stifuied with an aryl or elemdry group. In a particular cmbodlmci . Ting A is selected Trom

the group consisting of:

10

In another embodiment ring A' is thiophens optionaﬂy substitated with alkyl, aryl, aralkyl,
cycloalkyl, cycloallkylalkyl, 2 heterceycle or a heterocycie-alkyl optionally substitated with
15 halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A' is substituted with an aryl ar heteroaryl group. In a particular embodiment,

. | 4 ..
ring A’ is selected from the group consisting of*

20
In another embodiment ring Al s pyrazole optionally substituted with alkyl, aryi, aralkyl,
cycloaikyl, cycloalkylalkyl, a heterocycle or a heterocyele-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyi, amino, nitro, aryl or hetervaryl. In an
embodiment ring A’ is substituted with an ary! or heteroaryl group. In a particular embodiment,

25 ring A is selected from the group consisting of:

17



10 In another embodiment ring A" is thiophene optionally substituted with alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyt a heterocycle or a heterocycle-alkyl optionally
substituted wifh,da Nalegen hydroxyl, mercapto, carboxyl, alkyl, hg|galkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A" is substituted with an aryl or %eteroaryl
group. In a particulgeembodimept, ring Al is selected from-the group_sgnsisting gk
In another embydi AL allysu ted}yvit yl, dryllaralkyl,
cycloalkyl, c%\‘% kylalkyl, al terocycle ©ria heterodygle-alkyl eptlonally subs futed
with halogen hydroxyl, mercapto, carboxy’és' alkyl, haloalkyl, amino, nitro, aryfqor
heteroaryl. In an embodiment ring A' is substituted with an aryl or heteroaryl group. In a
articular empodiment, 25ring Al is selected from the group consisting of: WO
2008/13467‘%%%%%%6@76 TeE ™ WRB eI R T HIRY LT S e Fidthii “ethy

or propyl) oP S ErEETpTe Alfdy1). In a particular embodiment R; is H.
3

In another embodiment ring A' is imidazole optionally substituted with alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, & heterocycle or a heterocycle-alkyl optionally substituted wilk
halogen lrydroxyl, mercapto, carboxyl, alkyl, haioalicyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A is substituted with an aryl or heteroaryl group. In a particular embodiment,

10 ring A is selected from the group consisting of:

‘ h\/© e j NQ NTQ ;m ;\,
ReN_ Ny NRy (’; B & N &N

wherein Ry is H, aikyl (for example methyl, ethyl or propyl) or acyl {for example acetyl}. Ina

particular embodiment Ry is H,

In another embodiment ring A’ is oxazole optionally substituted with alkyl, aryl, aralkyi,
cycloalkyl, cycloalkylatkyl, a heterocycle or a heterocycle-alkyl optionaily substitated with
halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A’ is substituted with an aryi or heteroaryl group. In a particular embodiment,

20 ring A is selected from the group consisting of:

DO

In another embodiment ring A' is isoxazole optionally substituted with alkyl, aryl, aralkyl,
25 eycloalkyl, cycloalkylalkyl, 2 heterocycle or a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amine, nitro, aryl or heteroaryl. Tn an
embodiment ring A’ is substituted with an aryl or heteroaryl group. In a particular embodiment,

ring A’ is selected from the group consisting of:



5 In another embodiment ring A' is imidazole optionally substituted with alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally

substituted wjth,halgaen hydroxyl, mercapto, carboxyl, alkyl, haloglkyl. aming, nitro, aryl
ﬁeteroaryf group. In

or heteroaryl. In an embodiment ring A' is substituted with an aryl or
a particular embodimeqt, ring A is select

embodiment R; : 7
with alkyl, aryl, aralkyl, cycloalkyl,
optionally substituted with halogen hydroxyl, mercapto, carboxyl, aIkyI haloalkyl, amino,
nitro, aryl or;hetgrpanyhJi.an meQd'm%ﬂLE @9) Ao;lx?m? e A dlf’m a% Ueiey,
neteroary gioyp, I & Rameler embodiment, 20rng ALIS pelected from the arou
consisting o in‘another em oélment Fln AI is [S0XAZole DpHORANY SUBSHTed With
alkyl, aryl, aF4iksH, % EYCIBERYE: éfféﬁéérks}réikkﬂmﬁ]%féraﬁytﬂ@ - Ph HeRTEEcldalkyl
optionally siBetitaretringth fratdgiHehydroRyivheheamto] earboxyh rtkylishatbadikyhtamino,
nitro, aryl orheteroahytedranembodimentzring Al is substituted with an aryl or
heteroaryl group. In a particular embodiment, ring A 1 is selected from the group
consisting of: WO 2008/134679PCTRI|$2008/061891

In another embodiment ving A' is isothiazole optionally substituted with alkyl, aryf, aralkyl,
cycloalkyl, cycloalkylalkyl, a heterccycle or a heterocyele-alkyl optionaily substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl, haloalicyl, amine, nitro, aryl or heteroaryl. In an
embodiment ring A' is substituted with an ar_y] or heteroaryl group. In a particular embodiment,

15 ring A’ is selecled from the group consisting of;

20 In another embodiment ring A' is LE,S—tria;'olc optionally substifuied with alkyl, aryl, aralkyl,
aycloalkyl, evcloallkylalleyl, a heterocycle or a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A' is substituted with an aryl or heteroaryl group. In a particular embodiment,

ring A is selected from the group consisting of:



In another embodiment ring A' is thiazole optionally substituted with alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally substituted
with 5 haloggg hygroxyl, mereapto, carboxyl, alkyl, haloalkyl, ami@%r}%'g{&s &r%glglor
heteroaryl. In an embodiment ring AE is substituted with an aryl or heteroaryl group. In
a particular grabadiment. Jing A is.seleclad: ftam shﬁ-&c}@%p399Qﬁj%iagp@ef:dc&@nlnl@yOther
embodimenlgagjlpcgI ALlS s g;glgqggql%pptionally substituted with alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally substituted
with halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amino, nitro, aryl or
heteroaryl. i dREmdatmertrad At is’substintedomith arrat ortheteroanyl grsyp. In a
particulgr embodishent®BrildyAl4sheelecteddromdthecgroupyconsistingefin28invanother
embodimentaring: Afirisl, 23-isiazale.optionalhusubstituted sithaallal naryla-aratkyl,
cycloalkyl, cygloalkaliyh: a heterogyels or A hetaracyslesalkvkoptionally substitited
with halogegntg%dgg)%},{:ldtgpgg% Qetg[,mcmargg%xl %kyl, haloalkyl, amino, nitro, aryl or
heteroaryl. In‘an embodiment ring Al'is éustltuted with an aryl or heteroaryl group. In a
particular embodirfieny, ring A" is selectgd fripm the group cqfisigting of: 2,:5 Rg!

2008/134679RG reinR; is H, alkyl (forexample yl or
propyl) or adyhlfefor example acetmma particular '_ entRs'is H.QN,‘N

10
In another embodiment ring A' is oxadiazole optionally substituted with alkyl, arvl, arallyl,
cyoloalkyl, cycloalkylalkyl, a heterocyele or a heterccycle-alkyl optionally substivted with
halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amine, nitro, aryl or heteroaryl. In an
embodiment ring A' i substituted with an aryl or heteroaryl group. In a particular embodiment,

15 ring A' is selected from the group consisting of:

In another embodiment ring A' is thiadiazole optionally substituted with alkyl, aryl, aralkyt,
20 cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapte, carboxyl, alkyl, haloalkyl, amino, nitro, ary! or heteroaryl, Tn an
embodiment ring A' is substituted with an aryl or heteroaryl group. In a particular embodiment,

ring A' is selected from the group consisting of

25
In another embodiment ring A' is tetrazole optionally substituted with alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally substitted with

halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amino, nitro, aryl or heteroaryl. In an

20



In another embodiment ring A' is 1,2,4-tr azole optionally substituted with alkyl, aryl,
aralkyl, 5 cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally

substituted with,halggsh hydroxyl, mercapto, carboxyl, alkyl, halogwhs%'&mas itro, aryl

‘or heteroaryl. In an embodiment ring A' is substituted with an aryl or heteromyl group.
ina paftiCUl@ﬁztﬁﬂ?Q&QH}Elbeﬂtu‘J LGQ;H?H'DQ @ﬁl%ﬁtﬁg EK%CPD&%/%}QHP gppﬁﬁg[ﬁgr gltibod;n%nltp
another emho Hn;‘?Qe'ie@!égff%{niﬁle%%%i%% > optionally substituted with alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, a hetéeroc cleora heterocycle-alkyl optionally substituted
with halogen hydroxyl, mercapto, €arby
heteroaryl. In an embodiment ring<A' ig substituted with an_arykqrHeteroaryl group. In a
particular embodiment, 15rri%\%\l is selected from the ggoup consisting of: In another
embodiment ring A" is thiadiazole optionally substituted \\/vifrfl\JaIkyI, aryl, aralkyl, 20
cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally substituted
with halegem hyérioxyl simeraaptayecarboxyl, alkyl, haloalkyl, amino, nitro, aryl or
hetcromyl. In an embodiment ring Al is substituted with an aryl or heteroaryl group. In a
particular embodiment, ring Al is selected from the group consisting of:  In another
embodiment ring A' is tetrazole optionally subst'%uted with alkyl, aryl, aralkyl,

Ry

In & particular embodiment ring A* is:

10

A is a S-anember aromatic heterocyele incorporating 1 1o 4 heteroarioms N, O or S which is
15 substituted with group Q, and is optionaliy further substituted with one or more R, (for
substitutions at a ring carbon atom) and one or more Ry (for substifutions at a ring nitrogen).

In a particular embodiment ring A” has the general formuia TT:

Y

i \

¥ LY

1 Y
[

/\zz' Z,
2@ z@ /

237N, ZaﬂN‘\

\\ - LY

20 I r
wherein Zr- is NR;, O or S; and 7y, 7z and Z, are each independently N or CRo. Group Qy i
attached to ring A* of formula 11 and 1 at the ring member between Zy and 7y, In a particular
embodiment 7y is 5. In a particular embodiment Z¢ is O. I another particular embodiment Z- is
NRe wherein Ry is as defined hercin. In a particular embodiment Z,- is NRy wherein Rg is H. In

25 another particular embodiment Zy is NRg wherein Ry is Me. In another embodiment Z,- is O or S

21



cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally substituted
with halogen hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amino, nitro aryl or
heteroaryl. Ig,8n,\}Q,2008/134679PCT/US2008/061891 embodiment I(Aﬁ
substituted with an aryl or heteroaryl group. In a particular embodlment ring Al is
selected froq,ihe,gLoup EONSISHNGRT; 5lnaﬁaﬁé}rp&Hﬁ%\&ﬂ%m@%@%&e@gg% all &, i

partlcular er‘egoanp}?dpfg_cgpgcfﬁbo? 6311923 NSWI}N % zq§ 5 m mber aromatic .
heterocycle incorporating 1 to 4 eteroartoms N WhIC is 15substituted with

group Q, and is optionally further substituted with one or more R, (for substitutions at a
ring carbon BtorisHY BFRebridies REforsedsSatutiond)at a Mnithogen)s sciected

5 fromthe group consisting of Ta' - Hec”:

R
R~
e,
aQ
R, !

Ha' Hb' 11!

16

L' Ik T/

20 Uy’ 1In' ilo! lip!
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In a particular embodiment ring A2 has the general formula Ti: 20 wherein Z1, is NR8,
0 or S; and Zr, Zy and Zr are each independently N or CR,. Group Q1 is attached to
ring A2 of fogmula)l.ang 11' at the ring member between Zr and focjrﬂj?zq%%i&%lar
embodiment Zs, is S. In a particular embodiment Zu is 0, in another particular
embodiment Z1, is NRE, wherein RE, is as defined herein. In a particular embodiment
4, is NRE wherein Rg is K. In 25another, particular embodiment Zu is NR8 wherein RE
is Me In another embodiment Z1, is 0 or}g WO 2008 134@;9P09g52008/061891
while Zr is N and Zr is N(or GR,. Inr-paticlilar emgdimeént zr ISy §‘\&hile Zris and Zris
CRIi. In a particular embo 'rﬁ%@t Zris S wﬁﬂ*‘eﬂ;r is NYanb.Zr is CHv—Ndn a particular
embodiment, ring A.2 (Skown tdgether with QI) is an aronfétic heterocﬁ"e selected
Sfrom the group consisting of Hal - ibce ljgi e ¢! .

: SRR N,
/ Q Q Q / Q4
R, 1 1 1 =
0 1z’ Tiaa' ITbb' Tee!

"X, and X; are each independently O or S, In a particular embodiment, X, and X5 are both O. In
another particular embodiment X, and X; are both S. In another particular embodiment, X, is 8
while X, is O. In another particular embodiment, X, is O while X, is 8.

15

- Y is a bond, (CRsR3)», O or S. Inm an embodiment Y is a bond, (CR/R)y, O or 8; wherein n is 1

-or 2 and Rr1s as defined herein or is H, halogen, alkyl, aryl, aralkyl, amino, arylamino, alkylamine,

- aralkylamino, alkoxy, aryloxy or aralkyloxy. In o particular embodiment, Y is (CHR;), O or S;
wherein n’ is 1 or 2 and R, is H, halogen, alkyl, aryl, aralkyl, amino, arylamino, alkylamino,

20 aralkylamino, alkexy, aryloxy or aralkyloxy. In a particular embodiment, Y is CH,. In a particular

embodiment 0’ is 1. In a particular embodiment Y is a bond. In a particalar embodiment n” is 1

_and ¥ s CHR; wherein R; is aralkyloxy, for example benzyloxy, In a particular embodiment n’ is
1 and Y is CHR; wherein R; is F. In a particular embodiment 1’ is 1 and Y is CHR; wherein R is

_aralkylamino, for example benzylamino. In another particutar embodiment Y is O. In another

25 particular embodiment Y is S.
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WO 2008/134679PCT/US2008/061891 Hs' 'R7R7 R7---(r R7R7 /t:11tiQ1 R8R/8
10Hz' Mal[Ebb'lle& XI and X2 are each independently O or S. In a particular

embodiment, Xi and X2 are both 0. In another particular embodin}%g&ﬁ(zﬁmlgg are

both S. In another particular embodiment, Xi is S while X, is 0. In another particular
embOdimenEu ?§|1\*§3,Q)Y‘§)H@ %%d% %1@1’6511 Rg is defined herein. In an embodiment, 7, is NRg, O or S,
In an cmbodiment, Z; is NRg wherein Ry is H, alkyl, aryl or aralkyl, In a particular embodiment,
Z1 is NRg wherein Ry is benzyl, Tn a particular embodiment, Z, is NRy whersin Ry is Me. Ina
particular embodiment, Z; is NR; wherein Ry is H. In & particular embodiment, Z; is O. In a
§  particular embodiment, 7, is S,
Zy, Zs and Zy are independently CQ; or No Tn a particular embodiment, 7Z; is I. In a particular
embodiment, Zs is N. In a particular embodiment, 7, 13 N, In an embodiment, Z,, Z; and Z. are
~ CQy. Inan embodiment, Z, is N, Z5 is CQ; and Zy is CQo. In an embodiment, Z; 15 CQq, Zs 15 N and
10 Zyis CQn In an embodimem, Z; is CQy, 7z is CQp and 7, is N, In an embodiment, Z, is N, 7, is
CQqand Zy s N,

)y and (3, are independently H, alkyl, a carbocyele, a heterocyele; wherein one or more CHy or CH
groups of an alkyl is opiicnally replaced with -O-, -8-, <5(0)-, S{Q), -N(Ra)-, -C(O)-, -C{O)-NRg-,
15 -NRgC(O)-, -502-NRg-, -NR3-50s-, -NRg-C(O)}-NRg-, -NRg-C(NH)-NRy-, -NRy-C(NH)-, -C{O)-0-
or -0-C{0)-; and wherein any of the foregoing alkyl, carboeycle and heterocycle is optionally
substituted with one or more hydroxyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-
substitoted alkyl, amine, cyano nitro, amidino, guanidinoe an optionally substituted carbocyele or
an optionally substituted heterocycle,  Substituents of the “optionally substituted carbocycle” and
20 “optionally subsiituted heterocycle™ are as defined herein. In a particular embodiment such
catbocyele and heterocycle groups are substifuted with hydroxyl, allyl, alkexy, acyl, halogen,
mercapto, oxo, carboxyl, acyl, halo-substituted alkyl, amino, cyano, nitro, amidine and guanidino.
In a particular embodiment Q) and (), are independently is a carbocycle or heterocycle optionally
substinzted with halogen, amino, oxo, alkyl, a carbocycle or a heterocycle; wherein one or more
25 CHyor CH groups of an alkyl is optionally repiaced with -O-, -3-, -S(0)-, 5(0),, -N(Rg)-, -C(0}-, -
C{O}NRg-, -NRg-C(03-, -803-NRy-, -NRg-50;-, -NRg-C{O)NRg, ~NRg-CNH}-NRg-, -NRg-
C(NH)-, -C{0}-0- or -0-C{O)-; and wherein said alkyl, carbocycle or heierceyele is optionally
substituted with halogen, amino, hydroxyl, mewapto, carboxyl, alkoxy, alkoxyalkoxy,
hydroxyalkoxy, alkyithio, acyloxy, acyloxyalkoxy, aliylsulfonyl, alkylsulfonylalkyi, alkylsulfinyl,
30 and alkylsulfinylalkyl

In a particular embodiment, @, and Q- are independently a carbocycle or heterocycle selected from

the group consisting of TH-1 to 1II-16



15 Yis abond, (C12.212.2)",, 0 or S. In an embodiment Y is a bond, (0.22R2)11', O or
5; whereinn'is 1. or 2 and R7 is as defined herein or is H, halogen, alkyl, aryl, aralkyl,
amino, arylaming,alylamino, aralkylamino, alkoxy, atyloxy or argky| Qg%{ﬁs/&%g@artlcular
embodiment, Y is (CHHH,t, O or S; wherein n' is 1 or 2 and R.2 is H, halogen, alkyl, aryl,
araikyl, amino, aryl lamino, alkylamino, 20 aralkylamino, alkoxy, apy

a particular em Ikhent Y |s CH2.Ina partlcular /m bodiment
embodiment’Y i&aBond. In ffartlcular emb@ en his 13
is aralkyloxy,¥ef’ example R y In a pardicyfar embodi "islandyY is CHR,
wherein R7 is ¥4 a particular Embodiment n' is 1 and Y is CH&, wherein R7 is
aralkylamino, fon example bemzylamino. In anather particular emppdiment Y is 0. In
another 25particular embodiment Y is S. WO 200W134679PCT/11S2008/061891 Zr is
NRS, 0, S, SO or SO,; wherein R8 is defined herein. In an embodiment, Z, is NR8, 0 or
S. In an embodiment, Zr is NR8 wherein Rs is H, alkyliaryl or aralkyl. In a particular
embodiment, Zr i i [
wherein R8is'Me,
particular eripodiment, Zr is 5part|cularg2m ment, Zr is and Z4 are
ndependently’C@Z orN.Ina pachuIar embodigient 1 iSN.Ina b‘ lar
embodiment, Z3sis N. In a pagtigular embodimgp4, Z4 is N. In a,gmbodiment, 22, Z3
and Z4 are CQ2. In an embodiment, Z2 is N, Z3 is CQ2 and Z4 is CQ2. In an
embodiment:. Zs is CQ2, Z3is N and Z4 is CQ2. In an embodiment, Z2 is CQ2, Z3 is

R 4 particular
s CHR, wherein R7

odlment, i 8 Wherein R

CQ, and Z4 is M¥M,an embodi Sis N, Z3i 32 and Z4 is N..Q1 and Qs are
independently|H, afikyiRa-carbotyclejidRdterocy
groups of ag” ,

; : I)ﬁ one e Cl-12 or CH
is optlonaI%r;p aced with {Sa;N 5(0) S(0), N{MS)-, -C(0)-,
-C(0)-NR8-t 15 :NR8-C(0)-, ANR8-, -NR8-§054:NR8-C(0)-
-NR8-C(NH)-NR8-, -NR8-C(NHj-, -&0)-0- or -0-G(0)# and wherein Anyrof.the foregoing
alkyl, carbocycle and heterocyéle is optionally subStitlted with one or more hydroxyl,
alkoxy, acyl, hatogen, mercapts,ioxo, carboxyl, aeyl: halo-substitutecalkyl, amino,

cyano nitro, amidino, guanidino an optionally substituted carbocycle or an optionally

substituted het cle. Substiluents of the "optionally substituted carbocycle" and 20
“optionally sub bdrhgterocyclearg as defined hergifi. ™ a partic mbodiment
such carbocytheand heterocycle groapdtawe substituted with hydrox alkyl, alkoxy,
acyl, haloge grcapto, oxo, farbyxyl, acyl, halo- bs ted alkyl,@@ming, cyano, nitro,
amidino and Ttino. In a paticutar embodiment d Q2 are x\d\epé)ndently is a

carbocycle or,hseterocycle optionally substituted with halgggn amino, oxdRalkyl, a
carboci}/)cle or a heterocycle; wherein one or more 25 CH2 or CH groups of an alkyl is
optionally reptddéd with -0-, -SH=5{0)-, 5(0)s, -N(18)=!E(0)-NRg-, -NR5-C(0)-,
-S02-NR8-, -NR8-S0,-, -NRg-C(0)-NR8-, -NRg-CaNTFO-NRg-, -WagC(NH)-, -C(0)-0-
or -0-C(0)--andiwhereinsaichalkyl; carkesyeic-nrhetesgeycieid® aptianallyrsubstituted
with haloges ~anines, Ry drexyl.mcmantaqcarhkoxyl, a lkoxy, alkoxyalkoxy,
hydroxyalkoxy, alkylthio, acyloxy, acyloxyalkoxy, alkylsulfonyl, alkylsulfonylalkyl,

alkylsulfinyl, 30and alky|sulfinyl .
. y y&'h a par chla.l mXLohllmenX 8 i aXd Q; are independently a carbocycle or heterocycle selected from

the group consisting of Illa to Ills:



hi a particular embodiment, Qi and Qs are independently a carbocycle or heterocycle
selected from the group consisting of 111-1 to IlI-16 WO
2008/134679RGT{US2008/061891  111-2111-3111-4 (R2)n 11 '”9%9‘2%6&5%1891
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wherein n is 1-4, for example 1-3, for example 1-2, for example T isO, S, NR8 or
CR7R8 W is 0, NR.8 or GRA,: and R7 and Rg are as defined herein. In a particular
embodiment, Q] and Q2 are independently a carbocycle or heterg le glgct(ed from
the group consisting of Ina to ills; WO 500811346 79PCT/LIS2008 DETSRY iEeuifillg
100 WO 2008/134679PCTRIS2908/4161891

A # v
TR 3 N
NN Ny N
9 » %
R, (Ryda
Mg {iIr s -

5  wherein n is 1-4, for example 1-3, for examnple 1-2, for example 1; T is O, 8, NR; or CR3Ry; W is
G, NRg or CR+R; and R and Ry arc as defined herein. In a particular embodiment Q; and O, arc
independently any one of Ia - ITi wherein Rs is H and R, is selected from the group consisting of
H, F, CI, Me, methoxy, hydroxyethoxy, methoxyethoxy, acetoxyethoxy, methylsulfonyl
methylsulfonylmethyl, phenyl and morpholin-4-yl.  In another particular embodiment Q; and O,

10 are independently 1Id. In a particular embodiment Q) and @, are independently IId which is
substituted at the 4-position with Ry In another particular embediment Q; and Qs are
independently Ilfd which is substituted at the S-position with R+. In a particular embodiment Q, .
and Q» are independently F, Me, iPr, phenyl, phenyl substituted as follows: 2-C, 3-Cl, 4-Ci, 2-F,
3-F or 4-F substituted, benzyl, pyrid-3-vl or pyrid-4-yl,

5
Ry is H, OH or alkyl; or R and R, together form a 5-8 member heicrocycle. In a particular
embediment, R 1s H. In a particular embodiment, R, and R, together form & 6-member ring, Ina
particular embodiment, R, and R» tegether form a 7-member ring. In another particular
embodiment, R; and R, together form an 8-member ring. In another particular embodiment, R; and

20 Ry together form & 7-member ring while Y is S. In another particular embodiment, Ry is H, while
Y is CHy.  In another particular embodiment, By is H, while ¥ is S.  In ancther particu]a.rr‘

embodiment, Ry is H, while Y is Q.

Ro is alkyl, a carhocycle, carboceyelylalkyl, a heterocycle or heterocyclylalkyl each optionally
25 substituted with halogen, hydroxyl, oxo, thione, mercapto, carboxyl, alkyl, haloalkyl, alkoxy, )
alkylthio, acyl, hydroxyacyl, alkoxyacyl, sulfonyl, amino and nitro, In a particular embodiment R,
is alkyl, a carbocycle, carbooyclylalkyl, a heterocycle or heterocyclylalkyl each optionally 7
substituted with halogen, Liydroxyl, oxo, mercapto, thione, carboxyl, allkyl, haloalkyl, alkoxy, |
allkyithio, acyl, hydroxyacyl, methexyacyl, sulfonyl, amino and nitre. In an embodiment R is ’
30 alkyl, a carboeycle, carbocyclylalkyt, a heterocycle or heterocyelylallkyl each optionaily substituted
with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino and nitro. In a particular

embodiment R, is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a heterocycle or
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111r Swherein n is 1-4, for example 1-3, for example 1-2, for example 1: Tis 0, S. NRs
or CR,Rs; Wis 0, NR8 or C124147; and R7 and Rs are as defined herein In a
particular emghodiment Q and Qs are independently any one of Ma - fin wherein R8 is H

and R7 is selected from the group consisting of H, F, CI, Me, methS;/yU, Of}?:f%lfglethoxy,

methoxyeth%o@&%ﬁﬂ%’e'l!PWJQ‘SHM%HJIQEM'E!l Lhyﬂa'ﬂ'f 0yl m?thy"hau%&xleanﬂ
2

morpholin-4-yl. In an ticular embodjment 2 are |nde endéntly Md. In a

ticufar embo

particular erln odiment lf’éﬁa]b" “re indi i nden fm]ﬁﬁ“‘w OIS SUBSHUESE St the
4-position WA BT 4riother parﬂ\&ﬁﬁ]i‘yéh‘fp Hiﬁ?@ﬁ‘l‘éyénd Qs &emdeheremarty Bid
which is subgtifutedh e the-Spositior: Witk R70 idizpdfteufdr efbodirient@4andiQ are
independentiybxyMeaoiRiphenyldphenytsubstituteckas folewsie2asdo3ak 4-Cl, 2-F, ,
3-F or 4-F susfiftiech- ﬁen3&721ylpyﬁiﬁls13re&€lﬁ§l PY gk -4 145 1ﬁ3ac't$yi!a;lmeH @§1alkyl or.

H. Ina partlcugrr I dm{ R {‘%m et er %rdm a 6- rnlem err | par cu ar
embodiment’ B and IPQf tyo rm a menm ASPRNGTIH AnOtarpaRicalar Y

em bod|men‘f"’i’—‘l‘fyéu‘fécWﬁxﬁ”éggcé‘t‘ﬁ%?%rm"é?ﬁ 8 ‘Fﬁé?ﬁ*ﬁ@?’fr?hﬂrﬂl nf wrerpeﬁr@urer R
embodithent, 121vand 20228 4egethelformia B-metviser ring wiiler eig GinimaRother
particular empodiment-Hl is HewhiledYuis Ghisilcarothenparticular.eanhodimenty Rl is
H, while Y isi& $raanothernparticidan:. embedimeant, Rlis HnwhileXdsHnRsiis:alkyl, a
carbocycle, garhocyslvlalkyl. a.hsteracycls.ar heterasyslyialky ;?%&Dp%yﬁnﬁ“érck%i;

substituted Wltfh halogen, hydroxyl, so, thione, mercapto, carboxyl, alkyl, haloalkyl,

ratio

alkoxy, aIkyTthl acyl, hydroxyacyl, alkoxyacyl, sulfonyl, amino and nitro. In a particular
embodithent R2 is alkyl, a carbocycle, carbocyclylalkyl, a heterocycle or
hetcrocyclyFalikyil ey optiondlysabstitith deleith haloer; fydroxy, osceniercapto,
thione, carbexylyalkyly hadoatkiealkoxy, @laglthioR aeyir hygmxyacyl 3 Bintboxyacyh,
sulfonyl, amine-aneRilr®, In anemhedimgnt Rsis .3Qakyh a GarQQeKalRy paricutar
carbocyclyI@AMhllacgergrpwg enrarryet%rcagsrgly@u%asa%bo(ap %”@"}é substituted with

halogen hydr m, m %n ng)Rcar 00)%1% Xy, amino and gntro Iinapar;umljlar
embodimerft B cycloalkyl°cycio %lky’fa?k{ill “Pdr AR S FateFo dy R or™

anoiher pdmc al embodiment R i hydroxyethyl. In a pamcular embedunem Rs is fluoromethyl.
In a particular embodiment R; 1s hydroxyethyl. In another embodiment Rs is oriented sucl: that the
amino acid, or amino acid analogue, which #t comprises is in the L-configuration. In & particular
embodiment R; and R, together with the atoms from which they depend form a 3-6 heterocycle. In
25 aparticular embodiment R anri R, together form an azetidine ring. In a particular embodiment R,

and Ry together form a pyrrolidine,

Ry*is H, or By and Ry” together form a 3-6 carhocyele. In an ombodiment, Ry’ is . Tn another
embodiment Rs and R;* together form a 3-6 carbocycle, for example a cyclopropyl ring. In a

30 particular embodiment Rz and Rs™ are both methyl.

R, and Ry are independemtly H, hydroxyl, amino, alkyl, carbocycle, carbocycloalkyl,
carbocycloalkyloxy, carb:ocycloalkyonycarbonyl, heterocycele, heterocycloalkyl,
heterocycloalkyloxy or heterocycloalkyloxycarbonyl; wherein each alkyl, carbocycloalkyl,
33 carbocycloalkyloxy, carbocycloalkyloxycarbonyl, lieterocycle, leterocycloalkyl,

heterocycloalkyloxy and heterocycloalkyloxycarbonyl is optionally substituied with halogen,
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WO 2008/134679PCT/US2008/061891 heterocyclylalkyl. In a particular embodiment
122 is alkyl, cycloalkyl or a heterocycle. In a particular embodiment R2 is selected from

the group capsisting Rft-butyl, isopropyl, cyclohexyl, tetrahydropy};(aﬂiézxdmﬂsg .
N-methylsulfonylpiperidin-4-yl, tetrahydrothiopyran-4-yl, tetrahydrothiopyram4-y1 (in

which the Sﬂss‘d}l&ﬁ)qgga%% f&(@&&@lﬁf §Q%) ' 19])’9)@&%%1%1“:%“8 T\’ﬂ'and Ry together forma

Shydroxycygiohexane,s- Yod-eth CIohle N I-tefrahydropyran-4-yl, 2-
hydnlxyprop 2 yf telolz an 01§b ? nc{%%gﬁ nd y‘TneI\]t e (?nﬂ[\_seﬁ%f(/h%y am a]‘@ll aryl,

Nhydroxyetﬁvtﬁtb@ﬁtﬂ’?ﬂt‘% W’lﬁ\t ke HPBW&&&H%‘@W&HHYM%Wmh alkyl, ary, araliy,
N-(2-methogyaeenirreteimd- yEpyridrddupophiefyl anehdahydadxiyetd-ri. inoan.
embodimentafetiye inventionR)is thutylkisopropyhreyoiohexyl, eyclopenty; phenyl or
tetrahydropyitandeyl. hn g-paiticwiabembodiment; R4S hanyledn & marticilar s an
embodlmentyﬁataﬁg/%ton%x rdm: att,om555119@9!&%%%5%}%%%@/9&9Wraqnﬁﬂxl In

another partlcul Qr%glr}%qmm L RS IS IS rop | c, t e yal ine amino acid side ¢ aln) In
another par icular em iment, ﬁcé lysat but 1. Th a p teular embodiment RY' |sR6r|ented
such that th@ﬁ?ﬁ-‘(ﬁtﬁ)ﬁlﬁﬂ“l&thaf?ﬁﬁdsah&’éﬂr“f’éﬂﬁaﬁé"‘{ﬂ}t‘?i&ﬁ% e eSS Rch o
L-configUratith. T8MR31S iy wiikyHsptionally Substitated withitetogers ot iy droxyl; or R3
and R4 together fotnrak3:6:heténacycleitragn.cmbodiment-R3sigor alkyharcR3 and
R4 togetherdfapnas:6 heterpcyeled -amembodiment R3 is H or methyl, ethyl, propyl
or isopropyl. In a particularly particular embodiment R3 is H or methyl. In another
particular embodiment R3 is me\thyl In another 20 particular embodiment R3 is
fluoromethyl. In an@ partieuldy erg bodjment R3 is ethyl. In another partlcular
embodiment R3 is ! ar e bodme@_&ﬂuor ethyt Ina
particular embodi i ethyl. In a@&mbo ent R3 nted such
[ i€ [ v it comprises isint
L-configuration. In a particular embodiment R3 and R4 together with the atoms from

which they depene{form a 3-6 h@terocycle In 2:5’:\? :artlcular embodiment R3 and R4

together form an a ding- ficylar e bo f,R3 and Rt together form a
pyrro tiding Rsi rR3 an together form4 3-6 carbocycle. In an embodiment,
R3is H. In anoth bodime and R3' togé form a 3-6 carbocycle, for
example a cyclopropyl ring. In a 30particular embedjiiet"R3 and R3 are both methyl.
IL and R4 are independently H, hydroxyl, amino, alkyl, carbocycle, carbocycloalkyi,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl heterocycle heterocycloalkyl,

haterocycloalkylo QI jeteroc ejn each alkyl,
carbocycloalkyl
350arbocycloa|ky\ox/icaxb yC aIkonxycar nythete cycle heterocycloalkyl

o
T T

20
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heterocycloalkyloxy and heterocycloalkyloxycarbonyl is optionally substituted with
halogen, WO 2008/134679PCDUS2008/06189 hydroxyl, mercapto, carboxyl, alkyl,
alkoxy, aming, iming.and nitro; or R4 and R4' together form a hetero Sg!}eg/églsq
embodiment R4 and R4' are independently H, hydroxyl, amino, al}l){yT aryl, arafkyl,
cycloalkyl, cycloalkylalkyk heteroaryl or heteroarylalkyl wherein each alkyl, aryl, aralkyl,
lalkyl is~qptionally substituted with
lkoxy; aning and nitro; or R4 and Rz'

. diment R4 and R4' together form a
heterocycle, for example an azetidirk ring, or a p%dine ring. In a particular
embodiment R4 and R4' are both H. In another particular embodiment R4 is methyl and
Rid is H. In a particular embodiment one of 124 and R4' is hydroxyl (OH) while the other
isH. In another embod|ment one of 112 4 and R4’ |s amino, such as :LO NH2 NHMe

l.Ina partlcular
O™ 20NO2CI
HO

R; is H or alkyl, In a particular embodiment, Rs is H or methyl. In a particular embodiment, R is

H. In another particular embodiment, Rs is methyl.

10 Rgund Re are cach independently H, alkyl, aryl or aralkyl. 1n a particular embediment, Rg is
alkyl, for example methyl . Tn another particular embodiment Ry is aryl, for example phenyl. In
another particular embodiment Rg is araikyl, for example benzyl. In a particutar embodiment R,
and R are the same, for example both alkyl, e.g. both methyl, Tn another particular embodiment

Rg 18 methyl and R¢” is H.

Ry it cach occurrence is independently H, cyano, hydroxyl, mercapto, halogen, nitro, carboxyl,
amiidino, guani(ﬁnqj alkyl, a carbocycle, a hetorocyele or -U-V: wherein U is -O-, -S-, -8(0)-,
S(0)z. -N(Rg}-, -C(O)-, -C(O)-NRg-, “NRg-C(O)-, -50NRy-, -NRs-850;-, -NRs-C(0)-NRy-, -NRg-
C(NH)-NR,-, ~NR8;C(NH)-, -C(Q)-0- or -0-C(0)- and V is alkyl, a carbocyele or a heterocyele;
20 and wherein ong or more CH, or CH groups of an alkyl is optionaily repiaced with -O-, -8-, -S(O}-,
3(0)2, -N(Rz)-, -C(O}, -C(O}NRg-, NRe-C(O)-, -30:-NRs-, -NRy-850s-, -NRg-C{O)-NRg-, -NRy-
C(NH}-NR;-, —NRg;C(Ni{)—, -C{Q)-0- or -0-C(0}-; and an alkyl, carbocycle and heterocycle is
optionally substituted with hydroxyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-
substituted alkyl, amino, cyano, nitro, amidino, guanidino an optionally substituted carbocoyele or
25 an optionally substituted heterocyele. Substituents of the “opticnally substituied carbocycle” and
“optionally substitited heterocyele”™ are as defined herein. In & particular embodiment such
carbocycle and heterocycle groups are substituted with hydroxyl, alkyl, alkoxy, acyl, halogen,

mercapio, oxo, carboxyl, acyl, halo-substituted alkyl, amino, cyane, nitro, amidine and guaniding,
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WO 2008/134679PCT/1782008/061891 R5 is H or alkyl. In a particular embodiment,
R5 is H or methyl. In a particular embodiment, Rs is H. In another particular

embodiment, Radsmethyl. R6 and R6' are each independently H,alkyl, aryl or aralkyl.
In a particular embodiment, R6 is alkyl, for example methyl . In another particular

embodiment,RG is@wdh.far @xamnlehmgny L. apathenRarticylar embediment.Re is
aralkyl, for example 2.0 gﬁgz%l Jna. 0z];\gld(ﬁullar embodiment R6 and R6' are the same, for
example both alkyl, e.g. both'methyl. In another particular embodiment RO is methyl
and R6' is H. 15 R7 in each occurrence is independently H, cyano, hydroxyl, mercapto,
halogen, nitfo sdariakyl CartitiRc” Hermeiro LR 0% e*a«rﬁ@c%}a@; Ereterodyelelby -U-V;
whereinili ig @uon&ly, <g0)x »SE0I2, -N{R8)-, SCO)NRE(0)-NRs-p2eNREE{0 parbocycic
-SOs-NR8- anNRSr&H AR is INREDA (0) MRS itINRBEG (NF)-N RS, mINRs:- Q«{W}) ox6(@);,0- or
-0-C(0)- anqd%d@alkwh ALARARYEe. AR nﬁtgr%@@m%omghwh gIR.QNG szimzq 9 CH,
of CH grouns af.an Al couptmath%a@%%%myy B0 -’s:%(u g@& I

-C(0)-, -C(0)-NRS-, NRE-L(0)- C(0) NS C TNRY: ii
-C(0)-0- or VTS d]bacgﬁea &, 0%68 &ﬂ%faﬁa’ ﬁé‘fé?*af&&?daﬁs% BHEHV"%b ifuted
with hyé“roxwfﬁﬂk@d@*ﬁ?ﬂﬁﬂhﬁiﬁg@f?@ﬁﬁé%ﬁﬂ)ﬂ&mﬁmlwmmw &byl oi8ubstitided
alkyl, aminoioyattonivg, amidiney guandinerambptionalbyssubstituied. caibocyete or 25
an optionally:subsiituted.heteioeyclenSupstiuenismefithe: optionalysubstituted .,
carbocycle".apsheptigralwmsy mmxgqmagm%@ e as. defined Nerain.Ra u.

partICU|ar emb&l?QlTEp%n‘ﬂen l'aclgrp? ](":' gl}lalhr(]thyt?UXV]OCyg r(a(u?%dﬁ}d?(}%l{)p§ltell tleq Wlth
hydroxyl alk%/I al or% en mercapto, 0Xo, car ox halo-s bsﬁuted

ticular er 181 lel% é Hufog Lﬁ}}ﬂéﬁﬁ: or %‘1 pam{;uldr cmbo&zmcnt RrisH. itis

alkyl, amind’ ¢Yano:
2008/1346 79T 1820081081891 M AnhReAibSeifetitRe! KhH viafdyerivaliy ary,
aralkyl, amimbjcetrylemind; alkiylamino, aralkylamino, alkoxy, aryloxy or aralkyloxy. RR is
H, alkyl, a. carbocycle or a heterocycle wherein one or more CH2 or CH groups of said
alkyl Sis Opft\l.rla(HYJe@ QQ@Q“H!H% . ' 'aﬁ%ﬁ%dir%@)%@ N( 1)730&;&}«(@(;’ %méc !:d alkyL
carbocygle ¢ %@tht@serﬁqyc'%g%%gQno@'%a%%%'tg%eﬂ WA 0@/@ KO B

halogen, merczz\fto oxo (=0), carbox alo-substituted alkyl, amino, yanoy nitro,

amidino, guaRIdNG Aff optish: laﬂ*ydé?%sﬁfﬁf&?ﬂ“c&?t?‘&i%ild%ybH’éﬂ%b‘n61ﬁ%i‘|¥y deibsafitited
heterocycIea“S‘le%t‘ifu@Ht@‘%lf‘?fﬁéd"ﬂpﬁﬁﬁ’aﬂv% Batittitesdt Barb oty har andioptioniily
substituted h@@eﬁq@lygﬁeﬁ@r@ag o efiretbiel @irgreln @ch is optionally substifisted with halogen,
hydroxyl, mercapto, carboxyl, alkyl, haloalkyl amino, nitro, aryl and heteroaryl.
25 |
nisito4. Inanembodiment nis 1. Inan embodiment nis 2. Tn an embodiment nis 3. Inan

embodiment n is 4.

30 Compounds of the invention contain one or more asynunetric carbor atoms, Accordingly, the
compounds may exist as diastercomers, enantiomess or mixtures thereof. ::Thc syntheses of the
compounds may employ racemates, diastercomers or enantiomers as starting materials or as
intermediates. Diastereomeric compounds may be separated by chromatographic or
crystallization methods.  Similarly, enantiomeric mixtures may be scpaliated using the same

35 techniques or others known in the art. Each of the asymmetric carbon atomns may be in the R or S

configuration and both of these configurations are within the scope of the invention. In a
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li) particular embodiment such carbocycle and heterocycle groups are substituted with
hydroxyl, alkyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-substituted

alkyl, aminoy,yaRg,spiteo. amidino and guanidino. In a particular erpbadiment &8 is H,
alkyl, or acyl. In an embodiment Rg is methyl. In another embodiment Rs Is acetyl. In a

particular erphdiment,RgnisH-Jn.aaempodimentRy sk, halpgan,aming.aydroxyl,
carboxyl, alkgylsNRIRalkY QL ARl R AL paricdiar embodiment R Y 1s halogen, for
example Cl or F. In a particular embodiment 10 is H. It Is un erstood that substitutions
defined for R7 and R8 as well as all other variable groups herein are subject to
permissible valency. R9'is Q or Q2 as defiped herein. In an embodiment, R9' is alkyl, a
carbocycle, carbocyclesubstituted alkyt,a éter@cyc é or heterocycle-substituted alkyl,

* wherein each is optionally substituted w)th ogert, hy@roxyl, mercapto, carboxyl, alkyl;
haloalkyl, alkoxy, alkylsulfonyl, ami ho,Fitro, afyl and heteroaryl. In a particular
embodiment R9' is alkyl, aryl, aralkyl,cycloalkyl, cycloalkylalkyl, heteroaryl or
heteroaralkyl wherein each is optionally substituted with halogen, hydroxyl, mercapto,
carboxyl, alkyl, haloalkyl amino, nitfo, aryl and heteroaryl{ 25 islto4.inan
embodiment nis 1. In an embodn gnt iis % arfembodiment nis 3. In an
embodiment n is 4. 30Compounds pf theliqventj tain one or more asymmetric
carbon atoms. Accordingly, the compcﬁﬂ'ndgama@lsex' t asJZIiastereomers, enantiomers
or mixtures thereof The syntheses of the compounds may employ racemates,
diasterepomers or enantiomers as starting materials or as intermediates. Diastereomeric
compounds,fay, be serasated bychramatqgraphic or grystallization. methods, Similarly,
enantlomen& my&rg&&a& CE%S?\%arI%e,q \y‘slp\%,the same 35techniques or others known
in the art. Each of t in'a

e'asymmetric ‘carbon atbmsorrr%gf/:be in the R or S configuration and
both of these configurations are within the scope of the invention. In a WO

2008/134679PCT/1182p08/061891 Eﬁ[t_igular embodih?$, compounds of the invention
have the following/stafeochemical configugation of formulaynayhich the monomer have

the same stereochesiisty orientatiofi: Svhierein XL, X2x¥, 4,72, 4, QR/,R2,R3, R3,
R4, R4, 124, R6 ahd R6! arems descri herein and G d 02 are independently
1 1 1. XB ; Q
IVa', TVd' or IVe": ° w
[V¥a' W Wt
Rf y R1
N)/ fa NT, R
- RBI - Rﬁ
0
TN
4o
\Z 3/24
10 . Iy Ve’

wherein A], AQ., L, Ql, Qg, X3, Y, Zi, 22, Z_’g, ZA, Rg, R;g,, R6> R.(,’_, R';., Rg’ and n are as described
herein, dn a particular embodiment G, and G, are IVa’. In & particular embodiment G, and G, are
IVE’. In a particular embodiment Gy and G, are IVe®. in 2 particular embodiment G, and G, are

Wd’. In a particular embodiment G, and G, are IVe.
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IVd'IV.eR wherein Al, A2, L, Q1, Q2, X3,Y, 4,72, 4,4,R/,Rs', Rs, R6', R4, R9"and n
are as described herein. in a particular embodiment G/ and Gs are IVa'. In a particular
embodimentGl,and.Gs are IVD'. In a particular embodiment Gl and G %g&)lﬁ{g% Ina
particular embodiment Gl and 02 are IVd', In a particular embodiment Gl an are

IVe'. 1l'c II'e wherein Xi, X2,Y, ZQ, RI, R2, Ri, R4, RA', R5, R6 and RA" are as

described h?reln éhl abpt?lrrtn!:%%'ll%l cm g%gclgl egctn e ﬂ?uq{ds of the invention have the

h particular em

formula V or Va ,R4 N-R

R
. R g
4};3)1 2 R4 X1 2 Re
Rl
Rf é & /\]/
Ly
Q // Q
N
N
a I'b
X R, Ny "y
R ' 4 R
pAP B N Y
- N/H/ Rg' SNy Re'
Rs = R RS 2 Rg
3 X5 =N Rs Xy =
z Z
e
Q = Q
Ny i N i{;
He rd
R4
¢ X R Y
R4\ RS ! 2 7/ Rg
/NQ/LN*H/N y
RA' = R5
RB XZ =N
Zy
e
Q
-
N

e
wherein X, X2, Y, Zi, Q, Ry, Rz, Rs, Ry, Ry, Rs, R and Re” are as described herein.

5 In a particular embodiment compounds of the invention have the formula V or Va

Ry Fa
N-Ry’ Re=N

R3||=S= =2ﬂR3
X X2

G‘E l@g



xXINH V R4 R4c--N In a particular embodiment compounds of the invention have
the formula VI or Vla In a particular embodiment compounds of the invention have the

formula VII QF Mita /134670 PCT/US2008/061891

Ra
Ry=N

Rs

Q X?‘:@@

pr— &‘"N >h. NRS

d % HN'W(CHz)ju‘jszH ;

N o e
O 2

Va

In & particular embodiment compounds of the Invention have the formula Vior Via

; i
Ra
Ry—
Ry
X
$iftans
Gy

Via

Iz a particular embodiment compounds of the invention have the formala VI or Vila

10
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WO 2008/134679PCT/1182008/061891 icular embodiment compounds of the
invention have the formula VIII or Villa WO 2008/13467911CT/US2008/061891 In a
particular erg‘gp %ﬁn ompounds of the invention have the formu}jaﬂlﬁé )ém ;WO
2098/134679PCT/I S2008/061891 5In a particular embodiment compoun A& the

invention have the formlFJQIa X, Xa or Xb
.3

b ©
Vila

R2um

VHI I
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WO 2008/134679PCT/US2008/061891 Re X1 R2 IRS' N...-i-"5 "N.
(RS)N-.,...5.,...,, T(R7)n Fl ..., 0 :5 NE-(CO2)1-4 \N [0-(CHO1-4 | 0.5/ -r-----2 3aH R5

(R4,51--1TIRDNO. RGN EI R5", R2 X POT/USH008/061891

5
In a particular embodiment compounds of the invention have the formula IX or IXa
10
R, Fa
\N“& RN
Rg‘l llllll JRE‘
X X
RsN NRg
RZ Rzuum.
N O T tires N
Rg o
o 7
Zj { Re ) Fe N//_‘ 1
i
Zz \ N f\%i
Z
3 gy 3
Zd/ {32 154 QE Z4
15



Xb The invention also encompasses prodrugs of the compounds described above.
Suitable prodrugs 5 where applicable include known amino-protecting and
carboxy-pro@sg@g (?%ps which are released, for example hydrolycz% .10, %%!91 the
parent compoun er physiologic conditions. A particular class of prodrugs are
compounds in which a_nitrogen atom in an amino, =Wino, aminoalkylgneamino,
iminoalkyleneamino orR%L idino group is substituted with a hydfgxyr\(éH) group, an
alkylcarbonyl (-CO-R) roﬁ%l an alkoxycarbonyl (-CO-OR), an ﬁﬁz«m
acyloxyalkylalkoxycarb}wu 00-0-R-O-CO-R) group where R is & valent or
divalent group and aB:tlefined above or a group having the formula NRs
-C(0)-0-CP1P2-haloalkyt™where Pl ang ne.or dlffereht nd are H, lower
alkyl, lower alkoxy,)&y %10 0 ,@, FEarysin @ teyla odirfient, the
nitrogen atom is one of the filtfégen atoms of the amidifid gro@p%? e compounds of
the invention. Theseg prodrug@ompounds are prepared reacting; ppunds of 15
the invention desc:ie aboVe with an activated acyl compound t& ifrogen

atom in the co und of the invention to the carbonyl of the activated cyI gﬁmpound.
Suitable actlvat nyl compounds contaify a good leaving group; onied to the
carbonyl carbon and include acyl halides, acy:{%mlnes acyl pyridinium salts, any]
alkoxides, in particular acyl phenoxides such as pnitrophenoxy acyl, dinitrophenoxy
acyl, fluorophenoxy acyl, and difluorophenoxy acyl. The 20 reactions are generally
exothermic and are carried out in inert solvents at reduced temperatures such as -78 to
about 5QC. Fhe.rRACHARS AFe.HSHAl: Alsacarried outinihe.Riesenss Qf an inorganic
base such as potassium qgrbonate or sodium bicarbonate, or an organic base such as
an amine, mcluehngmyndinejm thylamine, etc. Ong~manneL-Q preparlng prodrugs is
described in ted"Ag ril 15,399

W09846576§“Ihe ,gSCcmte Ys ofywhi \cnh/gre mcorpora 6
entirety. Particular’compouha of nu

(R)n O/\@ (R7)
s /

X
Ry
=i
Ri X R YN g N L
R4/ ; N i N RS (R;r)n"""'“\ g [ (R?)n
E R S
Rs X, N H Ry
X3 R5|§ ﬁ—“—(Cth 12——N\H/\N X:'! R5 83
ey Sy 'S N iR
Ry | GON Rey /™ .
= £ R |
° Y/j\R Ra Xy Ry
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Compounds of the invention may exist in different resonance forms and that all such

resonance forms are within the scope of the invention herein, WO

2008/134679RGL41.122008/061891 SYNTHESIS Compounds of @&}ﬁ\é&%&gﬁre

prepared using standard organic synthetic techniques from commerci

2

y avallable

starting materials and ra@ggnts. It will be appreciated that synthetic 5 procedures
n

employed in th%"‘pr pafati

gmpounds of the inventiaq will end on the particular

substituentsifesentin grcompBung and that variouws prQtettion andrdeprotection steps

that are standardin organi
following schemes. In a ge

tic scheme.nena rr\r]mﬂ\'lN

ay, be required but may.naqt be illustrated in the

2 ate frepared

first and then coupled Withg lipking grvtipM to give compdurfds of i
Monomers may be prepared using typical peptidle chemistrygi?ac i

amino acid residue analogues with typical amide coupling procedures which are
described in US2005/0261203, 0S2006/0014700, US2006/0167066 and

PCT/US2006/062335 each of which is incorporated herein by reference.

amine-protevieahaminaiacitiesidue analogues Bre cauplsdiandidrpratestestodrnss

5

I5

25

where applicable include known amino-protecting and carboxy-protecting groups which are
released, for example hydrolyzed, to yield the parent compound under physiclogic conditions, A
particulat class of prodrugs are compounds in which a nitrogen atom in an amino, amidino,
aminoalkylencamine, iminoalkyleneamino or guaniding group is substituted with a hydroxy (OH)
group, an alkylcarbonyl (-CO-R) group, an alkoxycarbomyl (-CO-OR)}, an aoyloxyﬂlk).fﬂ
alkoxycarbonyl {-CO-0-R-O-CO-R) group where R is a monovalent or divalent group and as
defined above or a group having the formula -C(Q)-O-CP1P2-haloalkyl, where P1 and P2 are the
same or different and are H, lower alkyl, lower alkoxy, cyanc, halo fower atkyl or aryl. In'a
pariicular embodiment, the nitrogen atom is one of the nitrogen atoms of the amidino group of the
compounds of the invention, These prodrug compounds are prepared reacting the compounds of
the invention described above with an activated acyl compound to bond a nitrogen atom in the
compound of the invention to the carbonyl of the activated acyl compound. Suitable activated
carbonyl compounds contain a good leaving group bonded to the carbonyl carbon and inciude acyl
halides, acy! amines, acyl pyridinium salts, acyl alkoxides, in particuler acyl phenoxides such as p-
nitrophenoxy acyl, dinitrophenoxy acyl, fluorophenoxy acyl, and difluorophenoxy acyl. The
reactions are generally exothermic and are carried out in inert solvents at reduced temperatures
such as —78 1o abeut 50C. The reactions are usually alse carried out in the presence of dn
inorganic base such as potassium carbonate or sodivm bicarbonate, or an organic base such as an
emine, including pyridine, triethylamine, etc. One manner of preparing prodrags is described in
USSN 08/843,369 filed April 15, 1997 (correspouding to PCT publication WO%846576) the

contents of which arc incorporated herein by reference in their entirety,

Particular compounds of formula I include the following:

He&b;%coép.ling the

In scheme I,



15sequentially to give the final compounds Scheme 1  20Monomers in which R4 or
R4' are other than H may be prepared according to standard organic chemistry
techniques, {px sxanple by reductlye amlnatlon in WhICh a startlnq)gr%gz% %ﬁ'?sgrfs'du?
analog e.g. NHO-CH(R3)-C(0)-OH is reacted with a. suitable aldehyde or Ketone to give
the desired R4 and R4' substityents as illustrated in the fgllowing scheme. The resulting
R4/12.4" substituted amino a&i‘q:i(r)ltermediate can then bg~eonjugated to the next amino
acid intermediate or the 25remainder af the con?ag irusimg standard peptide coupling
procedures. Scheme 2 WO, 7\9\1(7[78*8 839@1891 In a particular

embodiment, alanineiis re ith I-methylindole-2{Carbexaldehyde and reduced with

i
¥

sodium cyanobor?dﬁcf%’;ssolved in 1% HOAc/DMF tay i;ﬁé NO-substituted alanine
b F

residue which may be usgq in preparing compounds of the Jamention as shown in the
following scheme. Sche '

N ~~NH
i O:()w

HN H N:) _NH

) o O™ Nl



Alternatively, the reductive amination procedure to introduce R43124' substituents is
the final step in the preparation of the compound. When compounds of the invention
mcorporgte R4 %éﬁg%s,ybst.ltugnts othgr than H they may also be p%'i%%%%% (Q oy
substitution of a suitable acid intermediate which incorporates a leaving group with a
ith.an amine R4-NH3

IN41 X R3 OR'

or R4- NH-R4' according to the fb-l(>o:wing scheme. Scheme 4 R4
Li011.1190 R4 R41/ ©

HN _{O
N N
| O o
».N S
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TI1IR1120 20Alternatively, the substitution reaction introducing R4 or R4' substituents
may be performed as a final step in the preparation of the compound as illustrated in
the followingsehemgscheme 5 In a particular embodiment, 2-bramgpropignic acid is

reacted with the following amines dissolved in DMF and bubbled for until substitution is
complete to form N-substituted atanine residues:

/;}?N\)kgq Q T HW/L -
9 ‘/\‘ HN}}‘/\QK[T)BO i

NH HN

i2
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WO 2908/134679PCT/US2008/061891 Cl 11>--NH2HO NH2 10 Compounds of the
invention in which either X1 or X2 is sulfur, i.e. the compound incorporates a thioamide,

may be prepgred.according to established organic chemistry tec 'gl%gzs(.mgoo(gsgxample,
compounds in which X2 is sulfur can be prepared starting with an Fmoc proiec%ed

amino acid 15residue analog N{43-C1(R2)-COGH which is reacted with a thionming
reagent such as Lawesaon'siiﬁggent or PS[(. HN

0 &

i3

14

N N.
Z— H 1 ~
A\
™ N N\'T,&“‘ NH
l .s.)
G
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20Monomers (U1 or 152) in which G has the formula IVa in which L is -C(X3)-, a

general synthetic scheme may involve an N-protected 6-amino-azabicyclo-octane

group that is,gpsipled 10 an activated ester of the desired acid (e.gtmsmw

naphthalene-carboxylic acid) followed by deprotection of the ring amine an

subsequent coupling of amjno acid residues thereto using typical amide coupling

procedures. 25 WO 2098/184679PC1711S521198/061891 Sc;'!v?&; 6 The
0:

461891

N-protected 6-amino-azabicyclaoctane intermediate may bé&"p red according to the
procedures described in %ﬁ“’{fetrahedron Letters, 198 352Y illustrated in the
following scheme. In genegal, an adiN/‘a\@ ester of cyclopenteng&tetid acid is coupled
to methylbenzyl 10 ainingé. The methylbenzyl group serves a$dn amine protecting for
the ring product prior to cupling to amino acid.residues. The regulting amide is
reduced with lithiyf algnjinum hydride to form gée_crgﬁmdaéy aNIj{ne which is then reacted
with N-bromosuccinad id%.;ﬁhe resulting N-bromo ar;/),iag@s yclized with a catalytic
amount of cuprous br 0 generated the 6-bronfo substiyted azabicyclo-octane
ring. The ring is then reagtged with ammonium hydroxide to canvert the 6- 15bromo
group to the corresponding*6-amino ring intermediate which th&h may used in the

synthesis of the compounds of the invention

WNH
!rn,L
20

43



0 WO 21418/134679PCT/US2008/061891 Monomers (U, or U2) in Which G has the
formula IVb are prepared by coupling an amine-substituted ring A to a proline analog
employing stapdard amide coupling techniques. The amine-substjuted.ring A js
commercially available or else prepared from standard organic chemistry techniques.
For example, 1-aryl-5-aminetetrazoles, such as. phenyl-5-aminstetrazole, may be
prepared according to the #llgiving scheme from commercially, available phenyl
Scheme 7a H2N )r | H2N
N HN, N 3-Aryl-5-amino-1,2,3t nylé3H41,2,31triazol-4-ylamine,
may be prepared 15a g to the! hed it J. 9{, em, 1981,
46:856-9 anddllustrated-in th€following scheme by reacting phéhyl e with

aminoacetonitrile. <}8:O 0:3
-0
N HN

20

21

.
N A

N
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5-Amino-1-phenyl-1H41,2,3]triazole-4-carbonitrile may be prepared by reacting
phenylamine with 2-amino-malononitrile as illustrated in the following scheme. Scheme
7c WO 2008/4 346(9R¢ T/US2008/061891 4-Aryl-5-amino-1,2,5-gxadiazoles, such as
4-phenyl-furazan-3-ylamine, may be prepared according to the proceaures described in
Lakhan et al, (Indian journal of Chemistry, Section B: Orgasjc Chemistry Including
Medicinal Chemistry (1987) 26B( @ e following scheme by

90-2) and illustrated
reacting benzoyl cyanide with hydro a,gning. Ho4-AlT1-3¢amino-1,2,4-triazoles, such as

4-phenyl-4H-[1,2 4]ttiazol-3-ylami - hyﬁe\pke’p re \ 1@ reacting
phenylisothiocyanate with hygtrazi ecarbogjmidamid® to givé""

5-amino-4-pheny1-4H[1,2,4]t iazole23-thiol in which the thiol gral p may be removed
with Raney nickel @ Strated in the following scheme -e 7e NH
HN
-

HN-—

[

3

23

24

15



4-Aryl-5-amino-1,2,3-triazoles such as 3,5-dipheny1-3H-[1,2,31triazol-4-ylamine
according to the procedures described in J. Org. Chem., 1990, 55:3351-62 and
illustrated inthe follgwing scheme, 20by reacting benzeneacetoni})r(ijlg yvi'%h o
azidobenzene (or alternatively trimethylsilylazide, TMS-N3). Scheme PR N,N
254-Aryl-3-aminopyrazoles such as 4-phenyl-21-1-pyrazol-3-ylai e may be prepared
according to the pro ure'§%9&gri di pgrgﬁr}@P 69,859 arei|lustrated iu the
following scheme, t@e&rgf W 2008/134679PET/ PO

benzeneacetgnitrile with, @ ofonnic acid | iethyl ester to Give

3-oxo-2-phenyl-prow§ whi is rea
LN 0
N H HN

ith hydrazine, 2,
! y razmeO,} ,»Q

Compounds of the invention may exist in different resonance forms and that all such resonance

forms are within the scope of the nvention herein,
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Various hydrazines and derivatives of benzeneacetonitrile can be used to prepare
substituted4- aryl1-3-aininopyrazoles as illustrated in the following schemes. Scheme 7h

1-Aryl-5-amiggpyrazoles such as 2-phenyI-214-pyrazoI-3-yIaminepgﬁysg%gg%;}]ared by
reacting phenylhydrazine with 3-oxo-propionitrile. Various nitriles can be used to

introduce sufsityign at the 3-position of the pyrazole ring as illustrated in the following
scheme. WO 2008/134679PCT/US2008/061891 Scheme 7i

Compounds of the invention arc prepared using standard organic synthetic techniques from
commercially available starting materials and reagents. It will be appreciated that synthetic
5 procedures employed in the preparation of compounds of the invention will depend on the
particular substituents present in a compound and that various protection and *deprotection steps
that are standard in organic synthesis may be required but may not be illustrated in the following
schemes. In a general synthetic scheme monomer U; and U; are preparad first and then coupled
with a linking group M to give compounds of the invention. Monomers may be prepared using
16 iypical peptide chemistry techniques by coupling the amino acid residue analogues with typical
amide coupling procedures which are described in US2005/0261203, US2006/0014700,
US2006/0167066 and PCT/US2006/062335 each of which is incomporated herein by reference.

In scheme 1, amine-protected amino acid residuc analogues are coupled and deprotected

13 sequentially to give the final compounds

Scheme 1

R3 X Ry X R
Ry . R : Re ™1 4 z
il T Bog-N A N% )ﬁ]/s
G 7 N
0 R Ry R
f ! Ry Ry Y

20 Monomers in which Ry or R,” are other than H may be prepared according to standard organic
chemisiry techmiques, for exampie by reductive amination in which & starting amine acid residue
analog ¢.g. NHy-CH(R3)-C(0)-0H is reacted with a suitablc aldehyde or ketone to give the desired
R; and Ry substituents as illustrated in the following scheme. The resulting Ry/Rs substituted
amine acid intermediate can then be conjugated to the next amine acid intermediate or the

25 remainder of the compound using standard peptide coupling procedures.

Scheme 2

j\ Ry I NaONBH, Ro LIOH.H,0 Rs
HoN OR' OH
RO~y o2 or T ~N —  pp
1% AcOH H Ry THE, 1, H Ry
R X 1
DMF

30
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X X" H. Me, Et, CO2Et, CF3 3-Aryl-4-aminoimid oles such as
3-phenyl-3H4midazol-4-ylamine may be prepared by reacting phenylamine with
aminoacetonjifrile and arthofortnic acid triethyl ester as illustrated i the followin

2108 - . ~ . PCT/US26P8/06189T
scheme. Substitution at the 2-position of the imidazole can be intro uce u‘sfné analogs

of tf;]e ort;of_ﬁr.m;@fﬁ&&aﬂyﬁ%@ﬁ@é;9&!9}4\%&qh@é@ﬂﬁi&iu;5-26§;f%\5¥9@£@%}£1na5@%!x ML%'@%Q'GS
suchn as o-phenyi- -imi 6r101O oy Srsg _\I;le lr}r11ayo e ge areo 0y r?eac_lngi _Og]mml ne
with aminop lé*n{})FéL&%f&ﬁi%ﬁ?e%gS |_ %J/ga ra.{e in *ﬁ&%‘ﬁ&\?\%@tséhefﬁe% ‘%ﬁtstﬂ’tfﬁidﬁvgﬁ the
2-position of tHECIHIEAIBIE FiHG CAR B i foBuREt G5y AFEIB9s Srtnediniditiiine.
Scheme 7k PMH H2N CNNNCN R NH2 HORANH? 20

5 . Scheme 3
LS @]
H N\)l\
0 NaCNBIH, T OR
\ +  HN . T T -
;7 OR 1% AcOH
N =
\ DME

Alternativety, the reductive amination procedure to introduce RyR,’ substituents is the final step in

the preparation of the compound,

10
When compounds of the invention incorporate Ry or Ry substituents other than I, they may also
be prepared by substitution of a suitable acid intermediate which incorporates a leaving group with
a desired amine. For example Br-CH{R3)-C(O}-OH i substituted with an amine Re-NH, or Re
NH-R,” according to the following sci&cmc.
15
Scheme 4
R4\NH e E?Hf ME R4\N \FPXQ LOAN0 Ry f
Ve OR / OR" e N\{AOH
Ry Ry R, By THEF, H,0) R4'/

R

20 Alternatively, the substifution reaction introducing R4 or R,” substituents may be performed as a

final step in the preparation of the compound as llustrated in the following scheme.

Scheme 5
' R
Rd\ Ry X P2 DMF R4\ Ry X; Rg
NHE B N)\rG /NYU\N)\n’G
Ry Rs Re' R
RB ) X.? R3 & XZ

in a particular embodiment, 2-bromopropionic acid is reacted with the following amines dissolved

in DMF and bubbled for until substitution is complete to form N-substituted alanine residues:
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4-Aw1[1,2,13]thiadiazol-5-ylamines such as 4-pheny1[1,2,3]thiadiazol-5-ylamine may
be prepared according to the following. 2-bromo-I-phenyl-ethanone is reacted with
lithium phthalimjde and,the substitution product is reacted with hy}gcr%g;(g%gllasgi(ylate
ethyl ester. The resulting bydrazinecarboxylate ethyl ester is cyclized to form a
thiadiazole by reacting with thionyl chlorid moval of the phthalimide
group with ne: N2008/13 ~
Monomers U2) hi which G
reagents employing standard orga
is thiazole, the intermediate may be prepared according to the follo
Scheme 8a

NH2 e
O>—\_/NH2 M2 >/\/NH2
)
F F
5
NH,
/\/\/ NH2 NH2 NHZ
HO
HaCO
OCHs OCH, Ci
E>—N HZ HO_NH2
10

Compounds of the invention in which ¢ither X, or X, is sulfir, i.e. the compound incorporates a
thicamide, may be prepared according to established organic chemistry techniques. For example,
compounds in which X, is sulfur can be prepared starting with an Fmoc protected amino acid
15 residue analog NH,-CH(R)-COOH which is reacted with a thionating reagent such as Lawesson’s

Reagent or P4Sq.

20 Monomers (U or Us) in which G has the formula [Va in which L is -C{X3)-, a general syuthct.ic
schermne may involve an N-protected 6-mmino-azabicyclo-octane group that is coupled to an
activated ester of the desired acid (e.g. naplthalene-carboxylic acid) followed by deprotection of
the ring amine and subsequent coupling of amino acid residues thereto using typical amide

couphing procedures.
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Lawesson's reagent NH2 wherein Q, Y, R, R5, and R6' are as defined herein and
Pr is an amine protecting group. A proline analog wherein the alpha nitrogen is
protected (Py),, ggsﬁxgmple with Boc or Cbz, and 15 amidated is con\llgsrt%% nt(%sghe
corresponding t |oam|c?e for example using Lawessonis reagent accoroflng the
procedures described in Williams et al (I. Otg, Chem, 2001, 66:8463). The thiamide is
then cyclized with an appropriate bromide to give the desired thiazole substituted with
group Q, for example using the procedures described in Ciufolini et al, (3. Org. Chem.

1997, 62: SSWernatlvely, the bromi de he present.sgheme may: |norate a

i RO L — — R
functional gr ] ich T o e - ﬁ‘r/{ U P
P NH, : R : T

. . R X i
X.’: /Nj\ré R? XS
" Pr Y.
{ fect R R I\E: :
3 =
i Ry N

Geproiection

g Ry X

The N-protected 6-amino-azabicyclo-octane intermediate may be prepared according to the

procedures described in Cary et al, Tetrahedron Letters, 1989, 3015547 Hlustrated in the following

scheme. In general, an activated ester of cyclopentene acetic acid is coupled to methylbenzyl
10 amine. The methylbenzyl group serves as an amine protecting for the ring product prior 1o

coupling to amino acid residucs. The resulting amide is reduced with lithium aluminum hydride to

form a secondary amine which is then reacted with N-bromosuccinamide. The resnlting N-bromo

amine is cyclized with a catalytic amount of cuprous bromide to gensrated the 6-bromo substituted

azabicyclo-octane ring. The ring is then reacted with ammonium hydroxide to convert the 6-

15 bromo group to the corresponding 6-amino ring intermediate which then may used in the synthesis

of the compounds of the invention,

Scheme 6a

H H
N N

EE LA E E \/\\/\
\m \:-;/

N _NH»
| . NH,OH
Br s N N

Br. NH;

R R

HOOC o
e +
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20may be used to couple a desired group Q to the thiazole formed from the cyclization
step. For monomers in which G has the formula 11Vc in which ring A is an oxazole, the
intermediate,may,bg prepared according to the following schemePC /Q, os /061801
20(18/134679PCDUS20118/1161891 Scheme 8b wherein Q, Y, RI, R6, and R6' are as
defined herein and Pr is an amine protecting group. The 5 starting proline analog is
reacted with an appropriate amine using standard amide forming procedures. The
resulting amide is cyclized, for example using Burgess Reagent according to the
procedures Y&¥EHBeY: iNBIRKS &Fish Tesrge %’H@Pﬁ Mote PERYSS 5y, TR thanine
dihydro-oxa®Bémrhergihidrsbrazele: e dadeddndegive thdedesired Brarzoke
substituted withiigrouipeQ: Altennatissly; tiebamireeqfthefirsinstepdindthesschemanmay
incorporate a-fuijetional graup:in place.h0et-whichmay hetisaeghdiractiyorindirectly

to couple a g@]mdd&a%g Q tf?etﬁﬁotn@sz@Jormﬁqoﬁcgmcm@ QvslizaYQn. SteRuMofomers
W1 Or UZ) Incyc\:ltl?nlo WH?SO( utn, ctzui dnd e, cu%cc lor cy be prepared by coupllng amino acid
residue ana ogués employing yplca amide coupling procedures. In the following
scheme, 15 wherein Q, Y, Z1, Z3, Z3, Z4, RI, R6 and R6' are as defined herein and Pr
is a suitdble protecting group, amine-proteé?é@"aﬁ%ino acid residue analogues are

coupled and deprotected sequentially to give the final compounds. Scheme 9

k)

3-Aryl-5-amino-1,2,3-triazoles, such as 3-Pheayl-3H-[1,2 3[triazol-4-ylamine, may be prepared
15 according to the procedures described m J. Org. Chem, 1981, 46:856-9 and illustrated in the

following scheme by reacting phenylamine with aminoacetonifrile.

Scheme 7b
NC.,_.NH, | P N
. . vaN - . 2 N
HpNT NG Z( N
H N

Similarly, 5-Amsno-1l-phenyl-18-[1,2, 3triszole-4-carbomitrile may be preparéd by reacting

phenylamine with 2-amino-malonenitrile as illustrated in the following scheme.

Scheme 7¢
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WO 2008/134679PCT/1182008/061891 Alternatively monomers in which G has the
formula .IVd may be prepared by coupling amino acid analogs in any order and may be

prepared usipg selid phase support which is routine in the art. For gx/%s,&mﬂ e
following scheme illustrates an alternative amino acid residue analogue coupling

Sroute. Sch@m@@@m Fbsae&glgz@i@@'nglaplqga%l@gﬁ ahé%mm }Jl}éd,md V%hlcgzwmé S,
may be prepa. re d acc scl eme wh 3, 74 and

m To the 31‘0 d r 5 descri han et al (Thidian’} ournal henist Secuon B
R6' are as ddc?l here CF I5r IS a SUI aE)Tk teC{ group g% réb
Or;auc Chcmlssry Inch;dmg Medicinal Chcmlstry (198/} 26B(7) 690 2) dnd illustrated in the

following scheme by reacting benzovl cyanide with hydroxylamine.

Scheme 7d

i NH2OH
TON —-

4-Aryl-3-amino-1,2,4-triazoles, such as 4-phenyl-4H-{1.2,4Jtriazol-3-ylamine, may be prepared by
10 reacting phenylisothiocyanate with hydrazinecarboximidamide o give 5-amino-4-phenvl-4H-
t1,2,4]triazole-3-thio in which the thio! group may be removed with Rancy nickel catalyst as

illustrated in the following scheme,
Scheme 7e

NH

A - NH, 7
HNT N Q Ni(R)
e HaN, : T HN

'a &
15 N‘N/)\Si“I N‘N/)

4-Aryl-5-amino-1,2,3-triazoles such as 3,5-diphenyl-3H-{1,2,3]triazol-4-ylamine according fo the
procedures described in J. Org, Chein., 1990, 35:3351-62 and illustrated in the following scheme,

2 by reacting benzeneacetonitrile with azidobenzene {or alicrnatively trimethylsilylazide, TMS-N;).

Scheme 71

PhN,

~N, 2N
Pt

25 4-Aryl-3-aminopyrazoles such as 4-phenyl-2H-pyrazol-3-vlamine may be prepared according to

the procedures described in patent EP269,%59 and illustrated in the following scheme, by reacting
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R6 yRe HLawesson's N.reagent, ¢ z3 z2 57 WO 2008/134679PCT/US20118/061891
Amine a is coupled with b using standard amide formation procedures, to form amide c

which is conygrigd 10, the corresponding thiamide d by reacting wih, | awesson's

reagent. Thioamide d is
benzeneacctonitrile with orthoformic acid triethyl ester to give 3-oxo-2-phenylpropionitriie which

is reacted with hydrazine.

Scheme Tg

CHOEY), GHO NHNHE
R=H,CONH,

5

Various hydrazines and derivatives of benzeneacetonitrile can be used to prepare substituted-4-

aryl-3-aminopyrazoles as illustrated in the following schemes.

Scheme 7h
NH,NHR
_uuwu____@,
X =H, Me, Et, CO,Et, CFy
R = H, CONH,
10 ‘
COREt NHoNHR
CN s -t
CN NoH,
S

15

I-Aryl-S-aminopyrazoies such as 2-phenyl-2H-pyrazol-3-ylamine may be prepared by reacting

phenylhydrazine with 3-oxo-propionitrile. Various nitriles can be used to introduce substitution at

the 3-position of the pyrazole ring as illustrated in the following scheme.
20
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5cyclized, for example with KtFe(CN)6 in EtOH to form e which is deprotected to give
the desired thiazole amino acid analog f. Alternatively, thiazole amino acid analogs in
which Zr is g, may. he prepared according to the following scheme}icw%é%o-gﬂ% 2
Chloro-substituted amine a is coupled with acid chloride b to give amide c which is
reacted with Lawesson's reagent and heateg 1o give cyclized compound d. Compound
d is then deprotected to give the desired thiazole intermediate e to be used in
preparation of compounds of the invention. Oxazole amino acid analogs of formula
IVd, in which Zr is 0, may be prepared according t§ the 20proce@s described by
Wang et al.(Bioorganic & Medicinal ﬁ;hemistry , 12(1N17-2Fyas illustrated in the
following scheme. WO 2008/{34§79PET/US2008T081891 @ﬁme od

X
X= H, Me, Et, CO.Et, CFs

3-Aryl-4-aminoimidazoles such as 3-phenyl-3H-imidazol-4-ylamine may be prepared by reacting
phenylamine with aminoacetonitrile and orthoforiic acid triethy] ester as illustrated in the
following scheme. Substitntion 2t the 2-position of the imidazole can be introduced using arvalogs
of the orthoformic acid triethylester as follows.

10

Scheme 7]

e NH, RC(OEt) N
+  HaN__.CN %i e 12N,

5-Aryl-d-aminoimidazcles such as 5-phenyl-3H-imidazol-4-ylaminc may be prepared by reacting
15 formamidine with aminophenylacetonitrile as illustrated in the following scheme. Substitution at

the 2-position of the imidazole ring can be introduced using analogs of the formamidine,

Scheme 7k

Ph
NH N _CN N eN HaN
” ‘)j\ —
R” “NH, HCI p R NH, HNYN
2 E R

20
4-Aryl-{1,2.3]thiadiazol-5-ylamines such as 4-phenyl-[1,2,3]thiadiazol-5-ylamine may be prepared
aébording to the following. 2-brome-1-phenyi-cthanone Is reacted with Hthivm phthalimide and
1115 substitution product is reacted with hydrazinecarboxylate ethyl ester. The resulting
hydrazinecarboxylate ethyl ester is cyclized to form a thiadiazole by reacting with thionyl chlorice

25 followed by removal of the phthalimide group with hydrazine.
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a Similar to the previous schemes, an acid chloride h is coupled with amine a to
give amide e. However, amide c is refluxed in a solution of p-tolucnesulfonic acid in
toluene to giyg f.apd e JOprotecting group Pr is removed to glvgcmesgg-g% %g oxazole
e. Alternatively, oxazole amino acid analogs of formula 1vVd may be prepared accordlng
to the procedures described by Kauffman ef al,.(dournal of Heterocyclic Chemistry
(2002), 39(5), 9815 988) illustrated in the following scheme. 15 Scheme 9e WO
2008/134679 o L Acid a with dioxans, thignylchloride and

N-methylpy i e ey nder-'rﬁert the-resultingaci loride is-eeupled with
hydroxy/amirné . d with bpriccacid in dlbtgylc rbitol to
give e and the protecting grolp Pr is removed to give the d&sired oxazd‘i*ézntﬁr’mfate
e. Imidazole amino acid analogs of-formula IVd, in which Z1 is NH, may be prépared
according to the.procedures described by Kumar et al. (Bioorganic & Medicinal
Chemistry 20/3 >|=Q§12)3997 4004) as illug ;

soc:l2 NoH,

NN N NH
N--g Ne—d
6

Monomers (U, or Uy) in which G has the fonmula IVe are from commercially available reagents
employing standard organic chemistry fechnigues. For example, when ting A is thiazole, the
intermediate may be prepared according to the following scheme:

16

Scheme 83

Rq v R'; v O R1
" nwasenn’ . Y
7”‘ R Ld“ esson's T— Rs Br\/]k 7—‘ [,
N 8 reagent N . Q N §
Pr RG Pr RG e Pr/ RSI
of NHp g NH2» g \-§f\1
Q

wheretn O, Y, R, Rs, and R¢ are as defined herein and Pr is an amine proteciing group. A
proline analog wherein the alpha nitrogen is protected (Pr), for example with Boc or Chz, and
15 amidated is converted to the corresponding thicamide, for example using Lawesson’s reagent
according to the procedures described in Williams et al (J. Org. Chem, 2001, 66:8463). The
thiamide is then cyclized with an appropriate bromide to give the desired thiazole substituted with
group Q, for example using the procedures described in Ciufolind et al, {J. Org. Chem. 1997, 62:
3804). Alternatively, the bromide in the present scheme méy incorporate a fanctional group which

20 may be used to couple a desired group () to the thiazole formed from the cyclization step.

For monomers in which G has the formula IVe in which ring A is an oxazole, the intermediate may

be prepared according to the following scheme.
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15 Acid chloride a is coupled with nitro/amine b to give amide c. The nitro group of
amide c is reduced to the corresponding amine d, for example with iron, and is then
cyclized by i vith acetic acid to give e. The protecting group Pr of e is removed
to give the dhfgr%a(?ffwl azole amino acid analog 20 Dimer compo@ﬁagj%f"fﬂ‘é”ﬁ?\llention
are prepared using standard organic chemi%ggnte%hniques. They can be conveniently
prepared starting with a monomer U, and coupling to a second monomer U2. Dimer
compounds of—e‘}rle invention h&Ving thérg ngbral formula.RVa\jn which R2 ig, a t-butyl

T .

protected pi? ir Rnayy repareet isgolving anPF,rgﬂiB otected mgﬁ rain
%f

e
HCI in 25didsa difowed-by-reaction with-endiisocyanate inker. WO Fr”
2008/134679P HTS2008/061891 Schefpe 10 Dimer CQ@g;unds of theq
having the general formula Via in whichR2 is a 5 hydroxylphegayl may be pr
reacting a Hoe-protected monomer a with propargyl bromide to give propynyloxy

‘monomer bixvr]]é%hQisYd' q{iz%ddt}y,combmn \ﬁvith_ Pd(OAc),, Cul and DABCO in
acetonitrile foliowed byﬁlgoé’ removal with ﬂ%?f i doaNe . "SeRER LTk ey The
compounds ‘i e BN TBINh SVIFG the Je b rarrsFitita PR wRichrdrd Arikedvproline
residues mayPidste ghrati g enctitg wihyt foxeyrprotine sdsiceReaasithnccording to the
4-erhynylbenzsdbrendigeilpd in Pikke et al (1. Org. Chem., 1999, 64:652), to give the dihydro-oxazole,
The dihydro-oxazole is then reduced to give the desired oxazole substituted with group Q.
Alternatively, the amine of the first step in the scheme may incorperate a functionat group in place
10 of Q wlich may be used directly or indirectly ¢ couple a desired group ( to the thiazole formed

from the cyclization step.

Monomers (U; or Uy) in which G has the formula 1Vd may be prepared by coupling amino acid
residue analogues employing typical amide coupling procedures. In the following scheme,
15 wherein Q, Y, Zy, Zs, Zs, Z., Ry, Rg and Ry are as defined herein and Pr is a suitable profecting
group, amine-protected amino acid residue analogues are coupled and deprotected sequentially to

give the final compounds.

Scheme 9

Ry
T\ R :
R R Y
N 5 2 2 7‘/
. 4
H Re OH AN Rs
- - Prmg — Pr~r§ m/ Rs ——
z X X Sy
=== Q Z}/L
Z5. / TN Q
Vs A é{?/
20 Z5
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WO 2008/134679PCT/US2008/061891 prepared from the corresponding alcohol a. The
resulting ethynylbenzyloxy praline d is dimerized by combining with Pd(OAc)2, DABCO
and Cut in aﬁ%t%g%gg_fpllowed by Boc deprotection with HCI in dloxa}ge9 {%}(‘:}pgm 12
Dimer compounds of the invention having the general formula Xa may be prepared by

reacting an Finoe-pyotected carboxylic acid monomer a with the aprroprlate diamine

using HATU a FE 1§|n DMF followed by Fmocrdeprotectian wythv
4- amlnometl;\yplyg:bie INDICATI@NS—The*C’ompo £, Y inhibit the
binding of TAPsprgtein % caspases, '?m ular XIAR bi ding. interac jgn with
caspases 3and 7. The c mpounds Ibii:the binding “of MLL.A. {t0)Smac protein.
Accordingly, the com%%f the inventian are useful for inducing amm in cells or
sensitizing cells to hpop;zﬁ signals, in particular cancer cells. Comp of the

invention are eyl oL, NdUSing, ARORIRSIR. R ells hat.overexs ress JIAP proteins,

AIternatlver, gomp ounds of the invention are useful for inducin os°s in cells in
which the mifocRoRdHa’ SpOPICHE Patisiay 15 Mistlibraas ﬁe??’fh"gljﬁléi%ﬁgté“‘b?@?ﬁgb from
ML-TAP prot&ifsTe'a0'rl b‘ft’é%iS%fﬂf’eﬁ%ﬁﬂﬁféan/“ﬁ*ﬁdFé@eﬂartmﬁ%ffeﬁbp@ﬁ?wﬂmg
regulation ofcBaxiBak. More broadly, the compounds can be used for the treatment of
all cancer types which fail to undergo apoptosis. Examples of such cancer types include
neuroblastoma, intestine carcinoma such ag.fgegtym carcinoma, colon carcinoma,
familiary adenomatous polyposis carcinoma and hereditary nonpolyposis colorectal
cancer, eso hager;x(l carcinoma, Ial;gal carcinoma, larynx carcmoma 15 hypopharynx
carcinoma, Nﬁc choma salivaty glang carcinoma, gastrig ma
adenocarcm@’m métullary th?‘rglde carcinoma, paplllap)}“ﬁ:r(ﬁ Binoma‘ren’al
carcinoma, kldnEy parenchym carcintma, ovarian carcinéma, ceRix farcinoma, uterine
corpus garcinoma, endometrium carcinoma, .chorion carcinoma, pancreatic carcinoma,
prostate carcinoma, testis carcinoma, breast carcinoma, urinary carcinoma, melanoma,
brain tumor%such)ils %boblastoma trocytoma, menlrpglomaﬁgnel;la oblastoma and
peripheral ne‘i;N gltumors,, Eﬁ Iyrﬁ‘h—d’ma;n! o) ma,
Burkitt lymphoma, Q ute ymphatlc Ieuk mla (ALL) chrénic mphatic lelikemia (CLL),

acute myeloid IeRu’kemla AML) chronltz1m loid leukemia (CML), adultZ ENII leukemia
lymphoma, hepatocellular carcinoma, g der carcinoma, bronchial a,
small cell lung carcinoma, non-small cetkJury carcinoma, multiple 25 m@e}g a,
basalioma, teratoma, retinoblastoma, chéroidea melanoma, seminoma, rhabdomyo
sarcoma, craniopharyngeoma, osteosarcoma, chondrosarcoma, myosarcoma,
iiposarcoma, fibrosarcoma, Ewing sarcoma and plasmocytoma. Compounds of the
invention arenusefubfor sensitizingraels torapaptatie, gRalsmACLOrdiRglYsdbing 1o

15 scheme 3 wherein Q, Y, Z1, Z2, 73, Z4, R, Rs and R° are as defined herein and Pr is a suitable

protecting group.

Scheme 9b

R i Rg
HoN @ R1{Y gs. ) v Re'H Q Lawesson's
2P 7+ Rr( N Sy reagent,
It / ] : N g4 T
2 Pr ' / i ; toluene
5 3 HO Py QO Z;,Z

20 a b

I
ls}
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30 compounds may be administered prior to, concomitantly with, or following
administration of radiation therapy or cytostatic or antineoplastic chemotherapy.
Sui.table cyt%&%i(g8 /gzﬂgmotherapy compound; include, but are nOtPE@,[?Seg‘;g%ﬁ(,Qm
antimetabolites, such as cytarabine, fludarabine, 5- fluoro-2 -deoxyuiridine,
gemcitabine, hydroxyurea or methotrexate; (iixDNA-fragmenting agents, such as
bleomycin, (iii) rosshinking agents, s Bschlorambucil, cisplatitg, Q
350yc|ophospk(§\i ide-Br i en_mustarar%i( el ing-age kamycin
(doxorubicin) WO 2008/1346, 9PCTR3S2608/0 1 ofmitoxantrahe; rotef
synthesis inhibitors, such &8 L-asparaginase, cyclohe%’rﬁ?de, puromycin or dipfitheria
toxin; (Vi) topoisomegase | poisons, such as camptothecin or topotecan; (Vi)
topmsomerq\%gnlel _c_pig I(§)9yr)1§d e Q u%asngesttgi%%%l g%_((cvtgﬂa:l[aﬁg110;£'§93Q319¢9,51|0d% h;f\ém)é which is
microtubule-directed agents, such as colcemid, colchicine, pactitaxel, vm%fastme_ or
vincristine; (%) KiiaSe ninBitbrs s SUEH a8 HaVpiador, seatrespsrrms T tehu
57148BY or YEROP" 2RYErsRySERrdSpBAE) o FriigtEtdhéausdrbesigatiolidicagents
such as thiopkatin xPi&: 3ddanphehylbutyrate, ET-18- OCH3, or famesyl transferase
inhibitors (L-739749, L-744832); polyphenols such as quercetin, resveratrol,

piceatannol sepigallgcateshing:galiatentneallaving, flavanls»procyanidins:Retulinic
acid and dew(c}gi\ég%;ggcr‘eof; (xi) hormones such as glucocorticoids or fenretinide; (xii)
hormone 10 antagonists, such as tamoxifen, finasteride or LEIRG antagonists. In a

particul%or embodiment, compounds of the BFi &rifinvention are coadministered with a

cytostatic compoun@ selectedgf[g group consisting of cisplafir}; ggéoru@icin, taxol,
[
mtzh

taxotere and # C. Ina iclifar embuiiveent, the cytestatic ¢ nd is
doxorubicin. 15 ef class d¥factiyé tompounds which can be,sed i
invention are those Which are able % sensitize for or induce apoprtosig
death receptors (ideath receptor agonists”). Such agonists of death receptors include

death receptor ligands such as tumor necrosis factor a (TNF-a), tugor necrosis factor ti

(TNF-B, lymphotxiasa) , LT-1 'notox -B), TRAIL (Apo2L ﬁ*d@and 2 CD95
(Fas, APO-I) ligaftieTRAMF , ' and,ﬂRﬁ—Hgan(ﬁaégN e ragments
and derivatives afiany of said ligands-—i_an éfmbodiment, the dedth recefitor IJ?gand is
TNT-a. In a particular embodiment, the déatf receptor ligand is Apo2L/TRAIL
Furthermore, death receptors agonists comprise agonistic antibodies:.to death receptors
such as.anti-GRARaRbOLY, AN TRAMLRLLORM Aoty - TRAILRZ(DRR)
antibOdy’ a%\l_q&'g}!*lﬂgée qrz]utalap e(aj%ﬁ %n}-il\;f-:r RélzL-R%l%ntl(Pg é(dn?')gl%]- i86r %?Eilp(r)ogcy fed t l—
anti-INF-R1 antibody and anti- 25TR/KMI9(‘D§§§ ntibody as well‘as fragrhents and
derivatives SF 2l Bf Al AftBEHes Hof Biapliposagrdsemmome eeis s &optosis,
the compounds of the present invention can be also used in combination with radiation
therapy. Thexphiageradiatidrthé fapyl: igters toidhe ise ofelecteomagnetioon the
particutate ragdiationdrc-the: teatnentiobnegplasia-Radiaticnitherapyisibased onsthe
principle that highsdoseradiationdelivered to a target area will result in the death of 30
reproducing cells in both tumor and normal tissues. The radiation dosage regimen is
generally defined in terms of radiation absorbed dose (rad)" time and fractionation, and
must be carefully defined by the oncologist. The amount of radiation a patient receives
will depend on various consideration but the two most important considerations are the
location of the tumor in relation to other critical structures or organs of the body, and the
extent to which the tumor has spread. WO 2008/134679PCT/US2008/4161891
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Examples of radiotherapeutic agents are provided in, but not limited to, radiation
therapy and is known in the art (Hellman, Principles of Radiation Therapy, Cancer, in
Principles 'I %}9 ﬁ)gﬂ%&i&f of On'cology, 24875 _(Devitg et al., 4th ed}.)F\lg/olslzb %?913331 Recent
advances in raélatlont erapy include three-dimensional conforma extérnal beam
radiation, intensity modulated radiation therapy 5 (JMRT), stereotactic radiosurgery
and brachytherapy (interstitial radiation thega%/),gt(pe latter placing the source of
radiatinn directly into the tumor as implante(ﬁ )Seeds'. These newer treatment
modalities deliver dgreater doses of radiation to the tumor, whichraccounts for their
increased effétti $s whem, g]i{e,d toRt4Haard extern R radiation therapy.
.. .. . N APR e C P P N
lonizing radiationwithibeta-emi radionuclides is conside m eful for to
radiotherapeuic apglications bécaus&of the moderate lineapenergy tr sfg%a(LET) of
the ionizing particle (electron) and#s intermediate range (typically séerafmillimeters in
tissue). Gamma rays deliver dosagge at lower levels over much greater distances. Alpha
particles represent the otherextreme, they deliver very r}igh LET dosage, but have an
extremely limited range a t, therefore, be in inti ontact gith the cells of the
tissue to be treated. Imaédw gmitters 1&@@%& avy metals, which
limits the pos?rpig—ehemi ry a (51 ,éser}zts undueéhazatds fkom feakage of radionuclide
ending

e 7gn the tumor {0 be treat g-aafg kinds of emitters

from the area to be treated. Dep

are conceivable within the scope of the present invention. Furthermore, the present
invention encompasses types, of n%n-ionizing radiation like e.g2ultraviolet (UV)
radiation, high energy visible light, microwave radiation (hyperthermia therapy), infrared
20(IR) radiatioirandiaserssindacpartioulad embodinentioftherpreseatinventian: dV
radiation is appliegatibecinvenbion:aisoning udes phannacessical:Sempe sitions.Ofhe

medicaments,cantaining the.conpounds.of the inveption and a therapeutically inert
carrier, diluent or excipient, as well as 25 methods of using the compounds of the

invention to prepare such compositions and medicaments. Typically, the compounds of
formula | used il e rEIEAESr e imvktioh Lra fohuatelt BFRBAT AT Hnibibht

temperaturé atetiesasisropbatepnaapd ot thee b sirstr degresafpuity 2 withs). 981-
physiologicéfs) dicgeptable: Galriénsschevg.carriers that are non-toxic to recipients at the
dosages and concentrations employed into a. galenical administration form. The pH of
the formulation depends 30 mainly on the arficylar use and the concentration of
compound, but may range anywhere from about 3 to about 8. Formulation in an acetate

buffer at pH 5 is a suitable embodiment! In an embodiment, the in\hi tory comgound for
use herein is Stetfle; compo warily wilPBelstored ag a(solid cofhpo ;tion,
although lyophiliZé& ulations or’ Queggs solutns are accépt? le] WO| Za
; F e =
HO 2

2008/134679PC171,J82008/061801 2 dioxane
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The composition of the invention will be formulated, dosed, and administered in a
fashion consistent with good medical practice. Factors for consideration in this context
include the %tigw@}rﬂg,iﬁsorder being treated, the particular mammal being treated, the

clinical condition of 5 the individual patient, the cause of the disor?(feTF?SfﬁeS/soﬂg%f

delivery of tﬁ@i&g@m’dmﬁn'é',‘%mﬁ%?&QQ mhr}lrsﬁeﬁg%%ggc 111§gehe§cg HEHQ%LP 1511%9%([ IST}[ adltlltpn’

and other fagtors known 1o medical practitioners, The "effective amount’ of the
compound to be administered wifi Be governed By Stich tersiaatations: Al sed
minimum afiount FHeEE<B AR T 18P S e raE Her SHrtheesB pades mivtliee ptiptosis
or sensitize #shtdligpaaniselietiran apoptotic signal. Such amount is may be below the
amount that is toxic to normal cells, or the mammal as a whole. Generally, the initial

pharmaceuticaliy gtfastive amaint afthe.compewng.of thednugniion.administered
parenterally,per doge will-he.in 1he.rangs af about 9.01:100 majkg, for, example about
0.1to 20 mgél&gé%f.%%ggpdt.bg\d}{)[vvelgﬂht er day, with the typical initial range of
compound 15u ed eing 0.5%0 ﬁ??ﬁ’é? '%?8ay. Oral unit dosage forms, such as tablets
and capsules, may contain from about 25 to about 1000 mg of the compound of the
inventidh. The compound of the invention ridyniséfadministered by any suitable means,
including oral, to\Piq@;I, transdermal, parenteral, subcutaneaus, intraperitoneal,
intrapulmonaﬁ(,’ dntranasal, and, 20 ibdesired for Iggﬂ r%ﬁé@ne %, intralesional
administration, erdl infusions include intramusCal rrav ous; iftradrterial,
intraperitoneal, or_Subcutan USzdninistration. An exampleof jtetble oral dosage

form is a tablet containing about 25mg, 50mg, 100mg, 250mg, Br 506mg of the
compound of the $nvention compounded with about 90-30 mg &nhydrous lactose, about

540 mg sodiumyc %gannegose, about 5-30m gquviny{lgyrrolicione (PVR) K30, and
about 1-10 mgm gneéiig%teara@)}gr he p@/v;?%;e%e\d ingredients are f[[g &ﬁa@ toggther

and then mixed\With(a sdfutiofi of the=PVP. The fes &ompgsitigh e 2,
granulated, miked with e shfgnesium stefratednd\caipressed to tablet formwusidg
conventional equipmeﬁt. An aerosol formulation can be prepared by dissolving tfte
compound, for example 5-400 mug, of the invéntion in a suitable buffer solution, e.g. a
phosphate buffer, adding a tonicifier, e.g. a salt such sodium 30chloride, if desired. The
solution is typicatlyfiteredy@igl wgingrathi2emicron:fiies to 1emaove dapurities.and
Contaminar}@uccd to the corresponding aniine d, for example with iron, and is then cyclized by heating with

acetic acid to give e. The protecting group Pr of g is removed to give the desired imidazole amino

acid analog £

Dimer compounds of the invention are prepared using standard organic chemistry technigues.
They can be conveniently prepared starting with 2 monomer U and coupling to a second monomer
U, Dimer compounds of the invention having the general formula Va in which R, is a t-butyl
protected piperidine may be prepared by dissolving en Fmoc protected monomer a in HCE in

25 dioxane followed by reaction with a diisocyanate linker.
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WO 2008/134679PCT/11IS2008/061891 EXAMPLES The invention will be more fully
understood by reference to the following examples. They should not, however, be
construed ag;imisingthe scope of the invention. Reagents and solyents, wers pobtained
from commercial sources and used as received. Abbreviations used herein are as
follows: AcOH: acetic acid; ACN: acetonitrilg; 1QGhg: cyclohexylglycine; DCM:
dichloromethane DIPEA: diisopropyletlaylamine; DMAP: 4- dimethylanaisnopyridine;
DME: 1,2-dimethoxyethane; 15 DMF: dimethylformamide; DMSO: dim th§ﬁ|s aﬁoxide
EDC: 1-ethyl-3-(3-dimiethylaminopropyl)carbodiimide; EEDQ: 2-eth6i§§f s
-ethoxycarbonyl-l,Z-Gij‘droquino 1ine; EtOAc; He’thylacetate}@(o')EtOI—i‘rﬁet% ol LCMS:

liquid chromatography mass spectrometry; Nt (CH/)‘ |
5 HClin 1) il g
4 disxane
, N{" 0 . - ng 0 N{CG H
Y 7<JL§ i OYN ¥ S bipEa ncw {CHabrs
0 R}RE‘ » 0 0 RaRg'RS o [ - .
2y m holine e
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O. 0 i

fo
e
-
m
=
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Dimer compounds of the invention having the general formula Via in which R, is a
5 hydroxylphenyl may be prepared by reacting a Boc-protected monomer 2 with propargyl bromide
to give propynyloxy monomer b which is dimerized by combining with Pd(OAc):, Cul and

DABCO in acetonitrile followed by Boc removal with HCl in dioxane.

Scheme 11

't

0

Rg‘Ra g, Y
A
g, ©

1) Pd{0Ac),. Cul, g
TN DABCO Acn,
R: g
| - R 0 " . ”
i ) 5 K.CO, DHE | N DABCO = 1,4'd|323‘
Bae” *L;?b ] : El}zdegs‘c Boc’N%Lg G bigyclo|2.2.2]octane H
R;" R Ry™ Ry 70
v P o 2] BCldioxane
a . b 0

itoo
Vi HNXKN 6
R;.‘RS Ry o

Dimer compounds of the invention having the general formula Vila which are linked via proline

34

restdues may be prepared by reacting a hydroxy proline residue ¢ with 4-ethynylbenzylbromide b

61



HATU: 0-(7-Azobenzotriazol-1-34)-1,1,3,3-tetramethyluronium hexafluorophosphate;
HOBt: N-Hydroxybenzotriazole HBTU:

2-(1H-Benzqyd%%(%l-].g.-%p-l,1,3,3-Tetramethyl-uron|un Hexafluoroppr}:%%g%%%;ﬁ%gﬁPLC:

high performance (iqulcf chromatography; MeOH: methanol; NHS:
N-bromosuqsgggm s JARE Wsdintsthylamino)sulfopiur ge%;LWJgg,%Hg

13 dmmerized

%If,jli ate: TEA:
{.

triethylamine; 30TEA. triflugroacetic acid, THE; tetrahydrofuran; W o
2008/13467%”ﬁt_‘f“f°1‘.’fi%‘ﬁﬁb%‘f6’é‘i§9‘1%§8ﬁ%‘6|%“i’§Ef%‘f’fl (REREEHPORRA fprotestion with
El-pyrrol--2-ybhefiRif&minoonic acid
5 Scheme 12
O
Re

DO, 0° BocN OH -
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O 2

d Py, DCM

OH Br ¥ Rs 1) Cyanuric flueride
BocN O o — Py, BGCM
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Dimer compounds of the invention having the general formula Xa may be prepared by reacting an
Fmoc-protected carboxylic acid monomer a with the appropriate diamine using HATU and DIPEA

15 in DMF followed by Fmoc deprotection with 4-aminomethyipiperidine,
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Alanine ethyl ester b (5g, 32.5mmol), pyrrole-2-carboxaldehyde a (3.1g, 32.5mmol),
sodium cyanoborohydride (2,049, 32.5mmol) and AcOH (1%) were mixed in DMF and
stirred overnjght, The reaction was quenched with FLO, and DMFyV(‘:’%%s(%%nPE@ted The
mixture was diluted with 10 EtOAc, washed by 0.1N NaOH, dried an concentrated to
yield product ¢ 2.5g. The resulting ester ¢ (2.pg9,.12.8mmol), di-tert-butyldicarbonate
(3.06g, 14mmop were mixed in THE, FLO with Na.HCOs and stirred overnight. THE
was evaporat§d and the mixture was diluted with EtOAc, washed by IN NaOH, sat.
NH4C1 and brkne ~SAfter dried, the mixture was db‘ﬁ%mrated to yield the Bg@-npr,otected
ester d 3.3g. Th 0g-protected gﬁster d(L.679, 5. ol), lithium hydroxide*neno hydrate
(284mg, 6. 77mm,Q w%re mlxgqqn THE and 1-120 a RC§ . THE was vacl d off, and
the solution was acidified; by dllute HZSO4 extracte "EtOAC twice, Orgemic layers
were combined, dfie aﬁd evap)@ra%eci giving produet%y/gﬁ butoxy arﬁ/gf;;h
1H-pyrrol-2- ylmetlayréyﬁmolp#ememc—ae}d»e 20 Exampler2tetrahyd ranylglycine 0
e-c OH H2N Tetra yE‘jfroﬁyranylglaycmeewas purchﬁs dffom'NovaB obk%?rfﬁ

ser'to the literAtlife: Ghosh? A, K. ’\#.Rﬂh oway, M. K.;
McKee, S. P.; Dugng,;T. T.; Lee, H. 25Y.; Muns . r 3 ;

= Xa
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W. A.; Huff, J. R.; Anderson, P. S. J. Aled. Chem, 1993, 36, 2300-2310. WO
2008/134679PCT/U 52008/061891 Example 3piperidinylglycine 0 Piperidinylglycine

was synthesgggm%;g%ging to the procedures described by Shieh et al.

Asymmetry, 2001, /]2,2421-2425. S Example 44,4-diiluorocyclohegf/rélll)?

Tet
2008/
cine

Fahedron:
"#9140H 0

4,4-difluorogyelehexylglycine was made according to the procedures described in pate

10application US 20030216325.

The compounds of the invention inhibit the binding of IAP proteins to caspases, in particular X-

1AP binding interaction with caspases 3 and 7. The compounds also inhibit the binding of ML-

5  TAP to Smac protein.  Accordingly, the compounds of the inventien are wseful for inducing

apoptosis in cells or sensitizing cells to apeptotic signals, in particular cancer cells. Compounds

of the invention are useful for inducing apoptosis in ceils that overexpress JAP proteins,

Alternatively, compounds of the invention are useful for inducing apoptosis in cells in which the

mitochendrial apoptotic pathway is disrupted such that release of Smac from ML-IAP profeins is

10 inhibited, for example by vp regulation of Bel-2 or down regulation of Bax/Bak. More broadly,

the compounds can be used for the treatment of all cancer types which fait to undergo apoptosis.

Examples of such cancer types include neuroblastorna, infesting carcinoms such as rectum

carcinoma, ¢olon carcinoma, familiary adenomatous polyposis carcinoma and hereditary non-

polyposis colorectal cancer, ecsophageal carcinoma, labial carcinoma, larynx carcinoma,

15 hypopharynx carcinoma, tong carcinoma, salivary gland carcinema, gastric carcinoma,

adenocarcinoma, medullary thyroidea carcinoma, papillary thyroidea carcinoma, renal carcinoma,

kidney parenchym carcinoma, ovarian carcinoma, cervix carcinpma, uterine corpus carcinoma,

endometrium carcinoma, chorion carcinoma, pancreatic carcinoma, prosfate carcinoma, tests

carcinoma, breast carcinoma, urinary carcinoma, melanoma, brain tumors such as glioblastoma,

20 astrocytoma, meningioma, meduliobiastoma and peripheral neuroectodermal fumnors, Hodgkin

lymphems, non-Hodgkin lymphoma, Buzkitt lymphoma, acute lymphatic leukemia (ALL),

chromic tymphatic lenkemia (CLL), acute myeloid leukemia {AML), chronic myeloid leukemia

(CML), adult T-cell leukemia lymphoma, hepatocellular carcinoma, gali bladder carcinoma,

bronchial carcinoma, small cell lung carcinoma, non-small cell lung carcinoma, multiple

25 myeloma, basaiioma, teratoma, retinoblastoma, choroidea melanoma, seminoema, rhabdomyo

sarcoma, craniopharyngeoma, osteosarcoma, chondrosarcoma, myosargoma,

fibrosarcoma, Ewing sarcoma end plasmocytoma.

fiposarcoma,

Compounds of the invention are useful for sensitizing cells to apoptotic signals. Accordingly, the

30 compounds may be administered prior to, concomitantly with, or foilowing administration of

radiation therapy or cytostatic or antineeplastic chemotherapy. Sultable eytosiatic chemotherapy

compounds inciude, but are not limited to (1) antimetabolites, such as cytarabine, fudarabine, 5-

fiuoro-2°-deoxyuiridine, gemeitabine, hydroxyurca or methotrexate; (i) DNA-fragmenting agents,

such as bleomycin, (ili} DNA-crosslinking agents, such as chlorambucil,

cisplatin,

35 cyclophosphamide or nitrogen mustard; (iv) intercalating agents such as adriamycin (doxorubicin)
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15 Example 5Boc (S)-2-amino-2-(4-hydroxycyclohexyl)ace c acid Following the
procedure deseribed by Sbeih et al. (Tetrahedron: Asymmetry, 2001, 12, 2421- 20
2425), a solytion of ketone a (8.4 g) and EtOAc (30 mL) was added to so ution of

N- Cbzphosphongglycme methyl ester b, TMG (4.5 inL) and EtOAc %6 t‘}s QFhe solution

was mamtamem;md@ 4§h gim washed withIN He, (3x30,Mk)brine, &%@&‘émmlr) dried
(Na2s04), WO 200 (} 82008/061891 flltered and concentrated. The

residue was adsorbed nto elite, add] ified by SRSt GrABIY Bk PR burified
by re-crystaﬂi‘éf?B?iSfFB‘i‘ﬁf’Elf@ﬂdl’?éﬁ%fﬁé%‘*fd’%ﬁ‘%l(d 51@ b BPIB%?fu f‘g“\/‘:\"@b“lc directed
ChzHNCO2REEEAHINCO2NIE Fllwing:tHe protetire destribee by Sheitinibior
(Tetrahedroncisymmetiy, 200&pda, 20271-2425); 1asB)selution ofepeamide.g (™. g),
(S,S)-Me-BRE-RR{L)(h:5gvStramChemicals.sNewhuryear, MA)waRdMeQ 189 mL)
was shaken,viggQre v%%g%agsr i ﬁha%&pf(ﬁ%J94)4§m4Iflﬁ% SgLY P&W@%&mé?vgu%éépdef

reduced pressuie, The residue was taken up,In EOAC, ang Titered thiough SI02 with
more EtOAc. The Solvent was femoved undar reduced pressurets s d?d“zt Bwnfm
product d a&¥ BSFEES SaliaeY @Biﬁmﬁf@?‘ﬂbﬁémﬂ’@@?"w fppyetinide; (xif) homore
10 antagonists, such as tamoxifen, finasteride or LMRH antagonists. n a particular embodiment,
compounds of the present invention are coadministered with a cyiostatic compound selected from

the group consisting of cisplatin, doxorubicin, taxol, taxotere and mitomycin C. In a particular

embodiment, the cytostatic compotmd is doxorubicin.

15 - Another class of active compounds which can be used in the present invention are those which arc
l able to sensitize for or induce apoptosis by binding to death receptors ("death receptor agonists™).
Such agonists of death receptors include death receptor ligands such as tumot necrosis factor a
{(TNF-a), tumor nccrosis factor B (TNF-8, lymphotoxin-a} , LT-B (lymphotoxin-8), TRAIL
(ApozZL, DR4 ligand), CD93 (Fas, APO-1) ligand, TRAMP (DR3, Apo-3) ligand, DR6 ligand as

20 well as fragments and derivatives of any of said Hgands. In an embodiment, the death receptor
ligand is TNF-o. In a particular embodiment, the death receptor Hgand is Apo2L/TRAIL.
Furthermore, death receptors agonists comprise agonistic antibodies to death receptors such as
anti-CD95 antibody, anti-TRAIL-R1 (DR4) antibody, anti-TRAIL-RZ (DR3) entibody, anti-
TRAIL-R3 antibody, anti-TRAIL-R4 antibody, anti-DR6 antibody, anti-TNF-RI antibody and anti-

25 . TRAMP (DR3) antibody as well as fragments and derivatives of any of said antibodies,

For the purpose of sensitizing cells for apoptosis, the compounds of the present invention can be

aiso used in combination with radiatior: therapy. The phrase "radiation therapy" refers to the use of
clectromagnetic or particulate radiation in the treatment of neoplasia. Radiation therapy is based

on the principle that high-dose radiation delivered to a target area will result in the death of

30 reproducing cells in both twmor and normal tissues. The radiation dosage regimen is generally
defined in terms of radiation absorbed dose (rad), fime and fractionation, and must be carefully
defined by the onceclogist. The amount of radiation a patient receives will depend on various

- consideration: but the two most inportant considerations are the location of the ftumor in relation to

other critical structures or organs of the body, and the extent to which the tumor has spread.
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A mixture of Cbz-carbamate d, (4.0g) Boc20, (2.99), 20% Pd(OH)2C (1.0g) and MeOH
(30 mL) was maintained under an atmosphear of H2 for 61). The mixture was filtered
through Cate with MeOH. The solvent was removed under reduced pressure to afford
4.5 g of resgvlj&é%e '\v/\!;%)c]:h was taken on dlrectly BocHNCOZMeBoc ﬁ&g%ﬂe 15 The

reSIdue e fr%l}%ﬁ’gvgl%%ﬁlg‘ ]3&} 1CV§Igl’] D&II'_I(:‘i) \( ¢d in Ll')\ll 2]0 anl'{[(%% rd ch.l()l} 1%1’(1.])}’ £ Ll)lba d

dlchloroaceii\1 amd{1 mL) and maintained at rt overnight. Water ( Ol)wasa ded and

the solution SRA MaIntaned uhtl Ayroiy S E\‘fjv’gémb%%rpqétganéé H)\Sﬂiif&ﬁlé By Fisievms.
Solid Na2CETW&s %f‘é&%&’%é%éhéw ﬁnﬁvida@‘é%?a%&ﬁé@éﬁ@eﬂ rfsionikeire wWhscdiluted
with aq NaHE®8marthR0 extracted with 19% EtOAc/DEMsiT hecddibinddtiorgésmiey
phases werenmrashed:.onge withbeine dried(Na2SQh) filtered;.andconsentratee. The
residue was, putifiedhy.chrpamatoarapbyiomfiond 2 9gakrredust e WQuw e treatment

2098/13467%&9?@'%$@Q '§(!Q§ Sé%&o@%ﬁa@ﬁ k)' ﬂBOt%!;UN \%11c?|>1/lccean CHINt}%IQ%MeeBé)CHN
CO2Me f. A mixture of ketone f 50 me was treate with 4 (260 mg)

at 0C for 20°min. The Wik L‘i’tzm\r/\claté’ 3c§}d ‘8“%8“ SEFT WA 10884 itric acid and the MeOH

was remov%gage;aﬁﬁg&w%xpr&%ﬁ%@%@ﬁmg was gilyied th S%P' gtraced
with 209 oEtO§ CM..The Scombined 0{ ganic phases were washed opce with brine,

herapeitic applicaiions because of the modérate Hnear energy franster (LET) of the lonizing
dried ( a2s04 trxllfered‘i and concentrate
)drtlcle {elcclron) and 1ts ntermediate rangc (typically several millimeters in tissue). Gamma rays

deliver dosage at lower levels over much greater distances. Alpha particles represent the other
extreme, they deliver very high LET dosage, but have an exiremely limited range and nmist,
therefore, be in intimate contact with the cells of the tissuc to be treated, In addition, alpha cmitiers
15 are generally heavy metals, which limits the possible chemistry and presents undue hazards from
leakage of radionuclide from the area fo be treated. Dé;}cnding on the tumor to be treated all kinds

of emitters are conceivable within the scope of the present invention.

Furthermore, the present invention encompasses types of non-ionizing radiation like e.g. ultraviclet
{UV) radiation, high energy visible Hght, microwave radiation (hyperthermia therapy), infrared
200 (IR) radiation and lasers. In a particular embodiment of the present invention UV radiation is

applied.

The invention also includes pharmaceutical compositions or medicaments containing the
compounds of the invention and a therapeutically igert carrier, diluent or excipient, as well as
25 methods of using the compounds of the invention to prepare such compositions and medicaments.
Typically, the compounds of formula I used in the methods of the invention are formulated by
mixing at ambient temperature at the appropriate pH, and at the desired degree of purity, with
physiologically acceptable carriers, i.e., carriers that are non-toxic to recipients at the dosages and
concentrations employed into a galenical administration form. The pH of the formmlation depends
30 mainly on the particular use and the concentration of compound, but may range anywhere from
about 3 to about 8. Formulation in an acetate buffer at pH 5 is a suitable embodiment. In an
embodiment, the inhibitory compound for use herein is sterile. The compound erdinarily will be
stored as a2 solid composition, although lyophilized formulations or aqueons solutions are

acceptable.
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The residue was purified by chromatography to afford 1.17g of product g and 0.23g of
product h. OHOH H", BocHN CO2MeBocHN CO2H A mixture of ester g (1.179)

LiOH-1420 ( %02%9/)134-E~|;T)|F (3 mL) and water (4.5 nth) was stirred V{,%(%rouslg]at it

oVernight. The mixture was diluted with brine and exaustivly extraced with EiJAc. The

combined organic phases were washed once with brine, dried (Na2S04), filtered, and

concentrated to a%gggi(%c(l)cfi tléSé%ﬁ%.r\gggg f%%%lf—g%g%%tlé%cé%%gg%g?gtg¥L;%igilan|r

15 a  L-ahminemenyiEst _ 35:ghundl _
cycloproparféEatHoXaRispRyTach20rPB7m I 2a5sdhirtiotdere sudBended irrSonit THF
w/1% AcOH:=AddhtidrpofSmk ofGH 20 brticular mammal being treated, the clinical condition of

5  the individual patient, the cause of the disorder, the site of delivery of the agent, the methed of
adirinistration, the scheduling of administration, and other factors known "to medical
practitioners, The “effective amount™ of the compound to be administered will be governed by
such considerations, and is the minimum amount necessary to inhibit IAP interaction with
caspases, induce apoptosis or sensitize a malignant cell to an apopiotic signal. Such amount is

10 may be below the amount that is foxic 1o normal cells, or the mammal as a whole,

Generally, the initial pharmaceutically effective amount of the compound of the invention
administered parenterally per dose will be in the range of about 0.01-100 mg/kg, for example
about 0.1 to 20 mg/kg of patient body weight per day, with the typical initial range of compound
15 used being 0.3 to 15 mg/kg/day. Oral unit dosage forms, such as tablets and capsules, may

contain from about 25 to about 1000 mg of the compound of the invention.

The compound of the invention may be administered by any suitable means, including oral,
topical, transdermal, parenteral, subcutaneous, intraperitoneal, intrapulmonary, and intranasal, and,
20 if desired for local treatment, intralesional administration. Parenterai infusions include
inframuscuiar, intravenouns, Infraarterial, intraperitoneal, or subcutaneous administration. An
example of a suitable oral dosage form is a tablet containing about 25mg, 50mg, 100mg, 250me, or
500mg of the compound of the invention compounded with about 90-3( g anbydrous lactose,
about 5-40 mg sodium croscarmetlose, about 3-30mg polyvinylpyrrolidone (PVP) K36, and about
25 1-1G mg magnesium stearate. The powdered ingredients are first mixed together and then mixed
with a solation of the PVP. The resulting composition can be dried, granuiated, mixed with the
magnesium stearate and compressed to tablet form using conventiona! equipment, An aerosol
formulation can be prepared by dissolving the compound, for example 5-400 mg, of the invention
in a suitable buffer solution, e.g. a phosphate buffer, adding a tonicifier, e.2. a salt such sedivm
30 chioride, if desired. The solufion is typically fillered, e.g. using a 0.2 micron filter, fo remove

impurities and contaminants,
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made the cloudy solution turned to clear. NaCNBH4 (2.250, 35.8mmol) was added and
the WO 2008/134679PCT/US2008/06189I reaction mixture stirred overnight The
reaction was,guenched by addition of IN ag. NaOH, extracted by }I)EéOAc twice, organic

3 TrOS2668/661891
layers were dried over Na2S0O4 and concentrated to dryness. The ¢rude material was

the compound ¢ (1g, 18%). The compound ¢ (1g, 6.37mmol) and di-t- 5 bocdicarbonate
(2.1g, 9.55mmol) were diluted in THE (20m21) and H20 (20m1), NaHCO3 (1.3g,
15.9mmol) WA HGHBH Rt s s IR Stiffstrb Pebhigin ior Compretion’ stuE was
removed unterreaiedd pressdre, antshe sguedubelayetivagextractetbyeFi0AT 3
times. Combinedidrganicnayerswerenwashed-bydN NaOH:, sat, NHACI followed by
brine, the concentrated-to dryness. The Hoc-protected compound d (1.39g,
5.4011111201) was sticced with 1i0d1,1-120 (1.14g, 10 27=01) in THE (20m1) and H20
(20m1) overpight at room temperature. THE was stripped off, and the aqueous layer
was adjusted to 'pal—f:4 _%y adding 10% citric acid, then extracted by EtOAc 3 times.
Combined &ﬁgﬁﬁ@‘lﬁi}%’% were washed by brine and concentrated. The crude was
purified!by reteersePhiasé®=18 column eluted by 0%-50% acetonitrile/H20 to give pure
compound &@g:diwhite:siphid (794mg). 15 Example 7N-Boc-N-methyl-L-alainne
cyclohexylglyeine i20A.sautignief Finoc-L-cyclohexylglycine (3.6 g, 9.6 nunol)
dissolved ingeM,(3Q.m L. ARG RIBEA (5.6 mL, 32 mmol) was added to 2-chlorotrityl
chloride resg;w > 92-‘?!1;%%%) ﬁ}]ﬁnld_ gently agitated for 3 hours at room temperature. The
resin was washed wit I'4'times, DCM/MeOH/DIPEA (17:2:1) 3 times, DCM 3
times, and 2tmegdiiémiTiEetamide (DMA). The Fmoc group was removed by
treating the P&Sip Hitit2O96 pilveridine/DMA (50 mL) for 15 minutes. The resin was 25
washed witlBEM AGtiresniselutign ol Bacdi=methylalanine (3.3 g, 16 mmol), HBTU
(6.1 g, 16 mmat), anshDIPHMA(REML1 BEHImekhand DMA/DCM (1:1, 50 niL) was
added to the,fgsinand.gently agitated for 2 hours at room temperature. The resin was
washed with DMA 5 times, DCM 2 times, and dried under reduced pressure. The
dipeptide was cleaved from the resin by gentle agitation with HOAC/TFE/DCM (1:1:3,
100 mL) for2 iUt A€ oBH BRIy BRI i esin 30was removed by filtration and
the solutiont¥dicentratddnResidual AcO P vrasteioved bydreotrophg with hexanes
(15 times volome): Fhegohidiresidue was purified by reverse-phase

HBTU: 2-(1H-Benzotriazol-i-y})-1,1.3,3-Tetramethyl-uronium Hexafluorophosphate;

25 HPLC: high performance iquid chromatography;

MeOH: methanol;

NBS: N-bromosuceinamide;

TASFE: tris(dimethylamino)sulfonium difluerctrimethylsilicate;

TEA: triethylamine;

30 TFA; triflucrcacetic acid;

THEF: tetrahydrofuran;

35
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WO 2008/134679PCT/US2008/061891 ITIPLC (C18, MeCN-H20, 0.1%TFA) and the
solvents removed by Iyophylization to provide 1.2 g (43%) of dipeptide
N-Boc-N-methyl:l.- %I% njne-L-cyclohexylglycine as a white powder ;égml 901
8N-Boc-N-methyl-L-alanine-L-dehydropyranylglyeine 0 0 A mlxture

N-Cbz- dehMng{Biér?nylgLYlg% fégysln?!sz:ﬁg [%x(ﬁ%ﬁan’é@sﬂ)u@;@f%ﬁ\ﬂnm at Martmez - P.di
71m Chem. See. 1995, 117, 9375, and references therein) (5. 2 g, 17 mmol), 5% Pd-C
(500 mg), MeOld (75 mL) and THF (25 mL) was maintained under an atmosphere of
FI2 for 24 h. The J0 mixtyre wgs filtereeCtrough Celite an lhq(zCellte washed with

i-tert-butyldicarbpnate
MeOH, and ¢ongerni Fated 6n r e&iucq P sure o Thtita |ne

b as a colorlé&ss oil, which was carried on rectly 2N OZMe . THE, 50, NatiCOs
a b
5
H . .
¥ Niyfoa TiOHH,0 H l'fOH
® N
w| I THF, IL,O g\ Y
BOC EOC
d ¢

Alanine ethyl ester b (5g, 32.5mmol), pyrrole-2-carboxaldehyde a (3.1g, 32.5mmol), sodium
cyanoborohydride (2.04g, 32.5mmol) and AcOH (1%) were mixed in DMF and stirred ovemight.
The reaction was quenched with H;0, and DMF was evaporated. The mixture was dituted with
10 EtQAc, washed by 0.1N NaOH, dried and concentrated to yield product ¢ 2.5g. The resulting ester
¢ (2.5g, 12.8mmol), di-tert-butyldicarbonate (3.06g, F4mmol) were mixed in THF, FLO with
NaHCO; and stirred overnight. THF was evaporated, and the nuxture was diluted with EtOAc,_
washed by IN NaOH, sat. NH,Cl and brine. After dried, the mixture was concentrated to yield the
Bocprotected ester d 3.3g. The Boc-protected ester d (1.67g, 5.6mol), lithivim hydroxide mono’
15 hydrate (284mg, 6.77mmol) were mixed in THF and 1,0 at 0°C. THF was vacuuined off, and the
solution was acidified by dilute H.SQ., extracted by EtQAc twice. Organic layers were combined,
dried and evaporated giving product 2-[tert-butoxycarbonyl-{1H-pyrrol-2-ylmethyi)-amine}-

propionic acid g.

Exampie 2 tetrahydropyranylglveine

N OH
O .
Tetrahydropyranylglycine was purchased from NovaBiochem, or synthesized according fo the
literatore: Ghosh, A. K.; Thompson, W. J.; holloway, M. K_; McKee, S. P.; Dueng, T. T.; Lee, H
25 Y.; Munson, P. M.; Smith, A. M.; Wai, I. M; Darke, P. L.; Zugay, I. A.; Emini, E. A.; Schieife,

W. A.; Huff, 1. R.; Anderson, P. 8. J. Med. Chem, 1993, 36, 2300-2310.
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The amine b prepared above was combined with CH2C12 (40 at), saturated aqueous
NaFICO3 (40 15 mL) and cooled to O C. Beirzyloxy carbonyl chloride (3.0 mL) was then
added dropwj the mixture stirred vigorously overnight. The phases were
separated avﬁ%(? %%]%di‘ggous phase extracted with CH2C12 (3 x 2 (r:ﬁrﬂszf'g%ﬂ?:g?ﬁbined
organic phagggn}yyeejre w %Q%%il M&i&ri”e (1 x 50 mL), dried.(Na2S04), filtered, adsorbed
onto Celite and chromatographed (ISCO, 120 g silica column, gradient elution 5-55%
EtOAc-hexaties) to afford 4.15 g (80%) of ra ic Cbz-pyranylglycine 20methyl ester.
The enantiomers were separated on a Chimed OD column eluting with 10% EtOH-
hexanes. The desired Stenantiomer c elutesfifst under these conditions. WO
2008/134679PCT/US2008/061891 o ON I—E OH

0
Piperidinyiglycine was synthesized according to the procedures described by Shieh et al,

{(Tetrahedron: Asymmetry, 2001, 12, 2421-2425,

Example 4 4 4-difluorocyciohexylglyeine

FE F
HzN)ﬁ(OH

_ O
4, 4-dgifluorecyclohexylglycine was made according to the procedures described in patent

10 application US 20030216325.

15

Exampie 5 Boc (8)-2-amino-2-(4-hydroxycyelohexyl)acetic acid

ChzHN COsMe

OmO.
S

o]
+ o I;L"Ol’\ﬂe L
Obie
A !
‘ ChzHN COzMe
a b [

Following the procedure deseribed by Sheil: et al. (Tewrahedron: Asymmerry, 2001, 12, 2421-
20 2425}, a solution of ketone g (8.4 g) and EtQAc (30 mlL) was added to a solution of N-Cbez-
phosphonoglycine methyl ester b, TMG (4.5 mb) and EtOAc {30 mL). The solution was
maintained at 1t for 48k, then washed with IN HCI (3x50 mL), brine {1x50 mL) dried (N2,S04),
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H2N CO2Me A mixture of (M-N-Cbz-pyranyl glycine ¢ methyl ester (2.4 g, 7.82 inmol)
10% Pd.0 (700 mg), MeOH (80 nth) was maintained under 1 atmosphere of IT for 24 h.
The mixture (f§§ éklﬁ(%%g through Celite with MeOH, and concentrated under reduced

f

(U SZO08/06 %8)‘1
pressure to affor (100%) of 5 amine d as a colorless oil. ﬁ‘ferna |ve pyranyl

glycine can mr%mm%ﬂzqu iohsa 9&% amgb f? 9"‘@”190”3% P&em% SLEH9sY
(Ghost), A. K Hol owq%m e S. P uon T T ee, H.

Y.: Munson, B’ Rﬂgcé‘% Céh\y 1ﬁ/l°rvi/i‘hmﬁ“ qle\l‘-”“eltq iﬁﬁ%ﬁ; ‘i]”fﬂ\“*“ﬁ%ﬁm E. A
Schleif, W. A.: Huff, J. R.; AndetSom, P. S. .1 vied. Chem/, 1993, 36, 2300). 1.0 A
mixture of amine 4(1.35 g, 7.8 1), Ai-Doc-AT-methyl atanine ¢ (1.74 g, 8.6 mmol),
EDC (1.65 g 8.8 mmol) and Me€N.£50 mL) was maintai 3 [

0.5 N HCI (3 x 10 mL), 0.5 N*RIAOHE3"& 10 mL), drieeb{NgS4¥: filtered, and
concentrated to provide 2.1 g (75%) of ISprotected dipeptide f, as a clear oil.

FoHlowing the procedure described by Sheih, (Terrahedron: Asymmetry, 2001, 12, 2421-242%), =

5 solution of encamide ¢ {5.0 g), (5,5)-Me-BPE-RK(I) {1.5¢, Strem Chemicals, Newburyport, MA),

and MeOH (100 mL) was shaken virgorousiy under 70psi of I, for 48k, The selvent was removed

under reduced pressure. The residue was taken up in BEtOAc, and filtered through $i0, with more

EtOAc. The solvent was removed under reduced pressure to afford 4.0g of product d as a colorless

solid.
)
o_ b o_ 0
CbzHN™ TCOsMe BocHN™ TCOzMe
10 d £ _
A mixture of Cbz-carbamate d, (4.0g) Boc,O, (2.5g), 20% PA(OH)»*C (1.0g) and MeGH (30 mL)
was maintained under an atmosphear of H, for k. The mixture was filtered through Cefite with
MeOH. The solvent was removed under reduced pressure to aiford 4.5 g of residue g, which was
taken on directly.
[\ o]
o_ G
BocHN COsMe BocHN COshe
& f
15 -

The residue ¢ from above was dissolved in H;0 (10 mL), AcOH (30 mL), THF (5 mL), and
dichloroacetic acid (3 mL) and maintained at t overnight, Water (5 mL) was added and the
solution and maintaned until hiyrolysis was complete, as monitored by HPLC-MS. Solid NaxCO,
was added cautiously until gas evolution ceased, the mixture was diluted with ag NalJCOs, and
20 extracted with F0%EHOAC/DCM. The combined organic phases were washed once with brine,
dried (Na;50,), filtered, and concentrafed. The residue was purified by chromatography to afford

2.9g of product £
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To a 0C solution of ester f(2.10 g, 5.86 minol) and THE (50 mL) were added LiOH.020
(1.23 g, 29.3 minol) and water (2 mL). The mixture was maintained at O C for 2 h, then
the cooling %qo%sglyg(aé removed and the mixture was stirred oveg&i}ggté I(\)/chg;tsgc%f the
THE was then removed under reduced pressure and the residue was aHdted With
CH2C12, washed with 0.5 N,HC1, dried (MgSQ4), filtered, and goncentrated to provide
1.53 g (78%) of dipeptide oc-N-methyl-L-aldnine-Ldehydropyranylglycine g, as a
colorless solid. WO 2110 4679P€—I¢U8261891 Example 9(S)-ten-butyl
2-(4-phenylbenzoid01 zol-24yOpyrrolidine-lI-earfoxylate a 5T a stirred solution of
Boc-L-proline (1.0 g, 4% ifudiPit*50 ml ofetyDMENgas duded DIREA (2.4 ml, 13.8
mmol), followed by HATU (%£.75g, 4.6 mmol). The resulting solution wa.s stirred for 5

minutes at rogm,{RMASAIE s&-aminesPiRenYl.AL.39¢.2:3 MRQ)) was then gdded in
a single portion and stlrrln%%v%/]da% C())]Q[tln%eq gt room temEethure for 211. The solution

he vuxture was aci ~ with citric, acid and the MeOH wag x rod under .
was then heated to 458 for bh and cooled to FO6m tamparatira over 16A e Fshction

was then pdtitse! it 50 Tt s atdricfo Whrervias arietrs® HtBIBameMr ks
aqueous phasbivwhe exir atet3rtimes ity S0hininEAGAC -ifd) thitvotganicsreomidined.
The organictphases weperithe hywashedwith:d 08mi. I MripGlcaneh 100 4vt Brina before
being dried with .N/IgSO4, filtered@and concentrated to an @i This oil was adsorbed

onto silica gel and purified by fl chromatography (409 , 0% to 40% EtOAc in
hexanes) to afford the desired e b as atctearoil (1.2 .3 mmol, 71%). 15
H/;,, H/n.
BocHN™ "CO.Me BocHN™ "COsH
2 i

A mixture of ester g (1.17g) LiOH-H20 (160mg), THF (3 mL} and water (4.5 mL) was stirred
vigorously at 1t overnight. The mixture was dituted with brine and exzustivly extraced with
10 EtOAc. The combined organic phases were washed once with brine, dried (Na.80.), filtered, and

concentrated to afford acid i (525mg).

Example 6 N-Boc-N-cyclopropylinethyl-L-alanine

Q 0 NaCNBH,
HaN \_)J\O/‘ + V)‘\H THE/1%AcOH Jﬁro\
. MeQI1 w H
8]
[

a ' b

I5

i

e THE, H,C
THF, 1,0 Boc o : Boc

di-t-I3oc dicarbonate o B OH
Nal1CO, V‘\T)L“/ ~ LiOH, 11,0 V/\TLY(
B e B
O

d e

L-alenine methyl ester hydrochloride a (5g, 35.8mmol) and cyclopropancearboxaldehyde b
20 (2.67ml, 35.8mmol} were suspended in 50mi THF w/1% AcOH. Addition of 5ml of CH,OH
made the cloudy solution turned to clear. NaCNBH, (2.25g, 35.8mmol) was added and the
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To a stirred solution of b (1.06g, 2.9 mmol) in 30 nil toluene was added Lawesson's
reagent (0.69g, 1.7 mmol) in a single portion. The reaction was warmed to 80C on an
oil bath for 3@ D, 40 ooled to room temperature over 16h. The solution was

o d - ‘
adsorbed onto tslgll‘clz{‘cét géél:and purified by flash chromatography (40PgC g}&m}ﬁ%i?g 40%

EtOAC in hema%ﬁ)lmfef@me&hag,%gir,eﬂg%odam!%%ch%%gﬁeglgmaﬂi&Q -§39 1§ mmol,
57%). WO 2008/1 4%79PCT/1JS 008/061891 To a stirred solution of K4%e(CN)6

(1.51g, 4.6 mimol) in4 mi watsr SEEBCWas SloWly Atded 2 s HIEpERSIA e Gbtdined by
initially wettilty (6 426578, 21U site Shredrerapy ofetorte tHencAauiig oty
solution of Na®OFI(1!2 k0@ swyobrdnd [gigéting Wgorpasly fdt @ sHverdl mindites.
After additionaiashcompletes therraactionivasistine tion 2né2hours.at8bCoafteg which
the 5 reactian was diluted.with. 2.mbwaleransiiliered. Thefilirate was dissalved in

clehioromethiane And.agagiked, Pio.glliea askand pHiisd PY.iazh shiemelogiaphy
(12g Si02, 0% to 25% EtOAc in hexanes) to give (S)-tert-b f

S u
2-(4-phenyibenzoft ’ﬁig%roelY‘ﬁ"f13}/(‘1"?p1§9(rrlc]ﬁiarlgr?eﬂ-’1S-acrj’a3\rT Sy LSS {’65@6 BB RiHEF 5296). 10
Example 10{8)stert:Bubiir 2risidethipnen 2 o] dfthmZep 1pyirelitifd Eiokytie a
15Compoundrewas prépadied adcdiditigiioprogedures imexampled vabavesd off,
Ortho-toluidin®iOadi2aml|ayer was adjusted to pi=4 by adding 10% citric acid, then extracted by F10Ac
3 times, Combined organic layers were washed by brine and concentrated. The crude was
purified by reverse phase C-18 column eluted by 0%-50% acetonitrile/H,O to give pure

compound g as a white selid (794mg).

Example 7 N-Boc-N-methyl-L-alanine-L-oyclohexylglycine

I O
BocN\)J\
NH COOH

20 A solution of Fmoc-L-cyclohexylglycine (3.6 g, 9.6 mmol} digsolved in DCM (56 mL) and DIPEA

lE]];xn

(5.6 mL, 32 mxmel) was added to 2-chlorotrity! chioride resin (5 g, 8 mmol) and gently agitated for
3 hours at room temperature. The resin was washed with DCM 4 timés, DCM/MeOH/DIPEA
{17:2:1) 3 times, DCM 3 times, and 2 times dimethylacetamide (DMA). The Fmoc group was
removed by treating the resin with 20% piperidine/DMA (50 mL) for 15 minutes. The resin was
25 washed with DMA 6 fimes. A solution of Boc-N-methylalanine (3.3 g, 16 mmol), HBTU (6.1 g,
16 mmol), and DIPEA (5.6 mL, 32 mmol) and DMA/DCM (1:1, 50 mL) was added to the resin
and gently agitated for 2 hours at roomn temperature. The resin was washed with DMA 5 times,
DCM 2 times, and dried under reduced pressure. The dipeptide was cleaved from the resin by
gentle agitation with HOAG/TFE/DCM (3:1:3, 100 mL) for 2 hours at room temperature. The resin
30 was removed by filtration and the solution concentrated. Residual AcOH was removed by

azeotroping with hexanes (15 times volume). The solid residue was purified by reverse—phase



6.7 mmol) was converted to compound a (I .49g, 4.9 mmol, 87%). Compound a (1.1 4g,
3.7 mmol) was then converted to compound b (0.27g, 0.84 Immo', 23%). Compound b
(0.27q, O.84er£10%ls)/is\$v%s converted to compound c. 20 Example 1%%8 -St%rt-b(ut I
2-(4-isopropyl%enzor(flzol42-yfip olidine-I-carboxylate Cair.N BEIR 25
Compound r ed according to procedures in example 9. 2-isopropylaniline
05 m 5.2 I GG L] SRS R ST SRR i o
(1.53g, 4.9 mhop \WELHRER CaveHEI s cBmpboung Elhﬁﬁﬁﬁ?’gf’%arﬁmﬁﬂ’ %). Compound
b (I.14g, 3.3 mmol), was converted to (S)-tert-butyl
2-(4-isopropylbenzo[d]thiazol-2-yEpyrrolidine-1-carboxylate ¢ (0.35g,

5  Example & N-Boc-N-methyl-L-alanine-L-debydropyranylglycine

O ®
o)
9
O’ﬂ‘N CO.Me i
H HNT COsMe
a b

A mixiure of N-Chz-dehydropyranylglycine methy! ester a (Burk, M. J.; Gross, M. F.; Martinez, J.
P.J Am Chem. Soe. 1995, 117, 9375, and references therein) (5.2 g, 17 mmol), 5% Pd-C (500 mg),
MeOH (75 ml) and THF (25 mL) was maintained under an atmosphere of H, for 24 h. The
W mixture was filtered through Celite and the Celite washed with MeOB, and concentrated under
reduced pressure to afford a quantitative vield of amine b as a colorless oil, which was carried on
directly.
C O

HQN COZM@! g\o

b

N7 CO,Me
H

o

The amine b prepared above was combined with CH,Cl, (40 mlL), saturated aqueous NaHCO; (40
15 mL} and cooled to 0 °C. Benzyloxy carbonyl chioride (3.0 mL) was then added dropwise and the
11zixtq.rc stirred vigorously overnight, The phases were separated and the agueous phase extracted
with CHaCla (3 = 20 mL). The combined organic phases were washed with brine (1 x 50 mL),
dried (Na,80y), filtered, adsorbed onto Celite and chromatographed (ISCQ, 120 g silica colamn,
gradient elution 5-55% EtOAc-hexanes) to afford 4.15 g (80%) of racemic Chz-pyranylglycine
20 methyl ester. The enantiomers were separated on a Chiracel OD column eluting with 10% EtOH-

hexanes, The desired S-enantiomer ¢ elutes first under these conditions,
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301.0 mmol, 31%). WO 2008/134679PCT/1152008/061891 Example 12(S)-tert-butyl
2-(4-benzylbenzold]thiazol-2-yfipyrrolidinel-carboxylate ac Compound c was
repared acgording to_procedures in example 9. 2-benzyl anilineécl.18 6.4 5 mmol)
\F/)vaspconvertg% g&%%rﬁbgound a (1.43g, 3.8 minol, 59%). CompounP 5’?%%@’8‘??& nunol)
was then converted to compoupd b (0.85¢g, 2.1 mmol, 69%). Compound b (0.85g, 2.1
nnnol), was converted to (S)-fert- O
2-(4-benzylbenzo[d]thiazol2-yfjpyrrolidine-1-carboxylate c¢ (0.18g, G.46;mmol, 22%). 10

Example 137-phenyl- -(:pyktg' '@E;Z,\%fit zolo[5,4-b]pyridine
H

HNT CO,Me
£ ' d

A mixture of (S)-N-Chz-pyranyl glyl:ine ¢ methyl ester (2.4 g, 7.82 munol) 10% P&C {700 me),
MeOR (80 mi) was maintained under 1 atmosphere of I, for 24 h, The mixture was filtered
through Celite with MeOH, and concentrated under reduced pressure io afford 1.35 g (100%) of

5 amine d as a colorless oil. Alternatively, pyranyl glycine can bé synthesized in enantiopure form
following the procedurc of Ghosh {Ghosh, A, K.; Thompson, W. 1.; Holloway, M. K.; McKee, S.
P.; Duong, T. T.; Lee, H. Y., Munson, P. M.; Smith, A. M.; Wai, J. M.; Darke, P. L.; Zugay, J. A.;
Tnimi, E. A.; Schieif, W. A.; Huff, J. R.; Anderson, P. 5. /. Med. Chem., 1993, 36, 2300),

O

| O
* BoeN. L : ;9
Ioon o BN e
H2N COQME = é H 2
& € £
A mixture of amine ¢ (1.35 g, 7.8 mmol), N-Boc-N-methy! alanine ¢ (1.74 ¢, 8.6 mmol), EDC
(1.65 g 8.8 mmo}) and MeCN (50 mL) was maintzined at rt overnight. The MeCN was removed
under reduced pressure, and the residue diluted with E1CAc, washed with 8.5 N HCI (3 x 10 mL),
0.5 N NaOH (3 = 10 mL), dried (MgSQOy), filierad, and concenirated to provide 2.1 g (75%) of

15 protected dipeptide £ as a clear ol

|G |9
BOCN\/I\ﬁ COZMG BGCN\-)LH’ \COZH

g
To a 0 °C solution of ester £{2.10 g, 5,86 mmol} and THF {50 mL) were added LiQOH-H,0 (3.23 g,

H

1=t

29.3 mmaol) and water (2 mL). The mixture was maintained at 0 °C for 2 b, then the cooling bath

20 was removed and the mixfure was stirred overnight. Most of the THF was then removed under
reduced pressure and the residue was diluted with CH>Cly, washed with 0.5 N HCI, dried (MgSO.),
filiered, and concentrated to provide 1.33 g (78%) of dipeptide N-Boc-N-methyi-L-alanine-L-
dehydropyranylglycine g, as a colorless solid.
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b R-14 ¢ R=Boc (2-chloro-4 odo-pyridin-3-yfl-carbamic acid tert-butyl ester a (4.20g,
11.8 minol), phenyl boronic 15 acid (1.90g, 15.6 mmol), potassium carbonate (2.42g,
17.'5 mmql) %dmta%}{%jatriphenylphosphine palladium(O) (0.68g, 0?%%@%9)351 ere
weighed into a 20 ml' microwave vial. The vial was evacuated, then purged with
nitrogen gas 3 times. 16.7 ml dry MR' was added, then 3.3 ml of water, which had been
degassed by bubbling nitrogen through it overnight. The vial was then capped and
orowaved STR0C for N0 M ton e R G Lo B JSLre ko 250 mi 20
water and extracted with Et0Ac (3x50 %_ng& gombined organics were
MgSO4, filtered and congéntrated. Thesasuitag oil was adsorbed ont
purified by flash chrgmatergraphy (1509 $i(2, 0% 10 40% Et(@%ﬁmpx
2-chloro-3-amino-4-phenykipyridine b (0.82i; 4.1 mmol, 3586 andithe B
chloro-3-amino-4-phenyl pyridine ¢ (1.74g, 5.7 mmol, 48%) as yelfbw &t
respectively. 25 WO 2008/134679PCT/17821108/061891 0 Ryridine, CH2CI2 100%

(2h Iste_gs%%qmpgwla@sls;hﬁ?o?@B§c1wm@|)fwg§4gﬁ§9hy§%mn59f E%lt _gmrvlﬂmgmb:ﬂﬁm Joc
cnlorige n or [0 ne wa res sojution, was nealtedq 1o
ot e e B E R R e e 2
solid was dis8SIVET IS0 FIPRESy faTer chdrtie2a it tvad s With To0Hi'dy s dsts IN
NaOH. AftertHer e reisrassspipated. the stoeovs phasewasduasaractden dftitier two
times with 50 miométinilene chloxidesthecor ganiceXtractstiwere dcembingd;tdei@dwvith
MgSO4, filtereaanseancentatediaanelowssalidewhieh wascarriedian without further

pu”flcatlon'El(QAc, and the organics combined. The organic phases were fhen washed with 100 ml 1 M HC!

and 100 ml brine before being dried with MgSQ;, filtered and concentrated te an oil. This oil was
adsorbed onto silica gel and purified by flash chromatography (40g Si0;, 0% to 40% EtOAc in

hexanes) to afford the desired amide b as a clear 01l (1.2 g, 3.3 mimol, 71%).

Lawesson's reagent O
glﬂ/g} toluene, 80°C Qfﬁ
C,
Bod > | 7% Boc O
.

S

b ¢
To a stirred selution of b (1.06g, 2.9 mmol} in 30 mi toluene was added Lawesson’s reagent
{0.69¢g, 1.7 mmol) in a single portion. The reaction was warmed to 80°C on an oil bath for 3h, then
20 cooled to room temperature over 16k The solution was adsorbed onto sitica gel and purified by
flash chromatography {40g SiC», 0% o 40% EitDAc in hexanes) to afford the desired thicamide ¢

as & clear oil (0.63g, 1.6 mmel, 37%).

O KaFe{CN)g O
H NaOH, 85°C
/N N . /N /N
Boc Q 52% Boc O
S

23 ¢ d
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To a stirred solution of 2-chloro-3-amino-4-phenyl pyridine in dry methylene chloride
was added pyridine (2.5 ml, 30.9 mmol) and then (S)-benzyl

2- (chlorocarg%mhpgrrgl|d|ned carboxylate (1.83g, 6.8 nimol) prepared Lin (%%%pple 14,

dropwise. The reaction mixture was stirred 16h under a nitrogen atmosp ere, then

poured into %QQ&U::SPEQ N “g}l ‘C:‘C@yg@l cW?F 1%%8 11 m&j WQGI dttE@Clwas y d(?i(%hase

extracted with methylene chlorid he combined Qrganics were dried with
MgS04, fulte“éé“%ﬁ%"é%ﬁé“e‘ﬁ ?a et t“\Lﬁé”?‘e“%%ﬁ%426’”;\/%/3%“%6‘5"6‘%6 B TS A ydfhnd
purified by fA&RECHIOMUtEYrAPIY (404 giB2 ﬂt’ﬁ%) ﬁ@fb@%%@A%@ilﬁ‘h@k&?fé@}lt@@% the
desired amidéstz@gmfoanr(20EkyH8 Bntirnotas1 009%) ok Aweszonis fEagent tolderte,
100C H H GhztiNiwNisEdoNICIDA20QCH: d NSrdd. N Cormp ouinds@i(2i 5l g b 6mat)

andtawessons.ieAge tl:{ 1u3 1 g 34 mmwm@mmm@oqmmx @rgiatuene,and

heated to 1 1 v —T 1Y }970 t & o 11]6(:) l%gf tC gel
and purlfledqéz{gs&% pr%grjrﬁ%toé}izs 3}%’1 b\é\’%?o%fl Oe/lodytoh4 /?gEstOEAc (lgn ﬁegan(]éz% o give

25the desire ‘bétizothiazole e as a white foam (1.30 g, 3.1 mmol, 54%).

10

Example 10 (S)-tert-butyl 2-{(4-metlylbenzo{d]thiazol-2-yDpyrrolidine-1 -carboxylate

# H
,er N O ——— @r N [P—— /NQ(/N
Boc Boc Boc
o S S

15 Compound ¢ was prepared according to proced.m';es in example 9, above. Ortho-toluidine (0.72 mi,
6.7 mmol) was converted to compound a (1.49g, 4.9 mmol, §7%). Compound a (1.14g, 3.7 mmol)
was then converted to compound b (0.27g, 0.84 mmol, 23%). Compound b (0.27g, 0.84 mmel),
was converted to compound ¢.

20

Example 11 {S)-tert-butyl 2-(4-isopropyibenzo[djthiazol-2-ylpyrrolidine-1-carboxylate

Bod Bod Bod e i
o S 5 R

Compound ¢ was prepared according to procedures in example 9. 2-isopropylaniline (0.9 ml, 5.2

mmol} was converted to compound a (1.53g, 4.9 z"mm)l, 87%). Compound a {1.53g, 4.9 mmol) was

then converted to compound b (1.14g, 3.3 n11n§1, 67%). Compound b (1.14g, 3.3 mmol), was

converted to (8)-tert-butyl 2-(4-isopropyibenzo[djthiazol-2-ylipyrroidine-1-carboxylate ¢ (0.35g,
30 1.0 mmol, 31%:;. L
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WO 2008/134679PCT/1iS2008/061891 f Compound e (1.30g, 3.1 mmol) was

dissolved in 30 ml TFA. Thioanisole (2.9 ml, 24.7 mmoh was added, and the solution

was Warmed%; ﬁ%ﬁé f,16 hours. The volatiles were then removed under 5 vacuum,
IS

T/1S20087
and the resultin solved in diethyl ether (50 mL). The solution Wagﬁf)sooﬂ}sg into1 N

NaOH (200 E?Q!Qnﬁ‘i”%the(é"?‘y A SEPARIE e, E‘e‘?dﬂﬂ%%@_f_ﬂ)r?v@a??n‘é‘@ gxragted with

dlethyl ether (2 X 50 ml) and.the organics combined. The organic phases were dried

washing withesold etther (3 X 5@qeni) tgr iy
IDphenyl-2-(pyrrolidin-23yfithiazolo[5,4-b]pyridin .
mmol, 86%) as fine whie crystals. Example 14(S)-benzyl - ¢
2-(chlorocarhepy@pyrialidinard-eathoxylate.&hy hlddnp©Ot Dovenzyt aniline (1. 18g, 6.4
5 mimel) was converted to compound a (1.43g, 3.8 mumol, 59%). Compound g (1.18g, 3.1 nmmol) was
then converted 1o compound b (0.85g, 2.1 mmol, 69%). Compound b (0.85g, 2.1 mmol), was
converted to (S)-tert-butyl 2-(4-benzylbenzo[d]thiazol-2-yl)pyrrolidine-1-carboxylate ¢ (0.18g,

(.46 mmol, 22%),

1o
Exampie 13 7-phenyl-2-(pyrrolidin-2-yljthiazolo[5,4-blpyridine

« Q
B(OH).
=

aY,

BocHN N H
] Pd (PPhs), K004 N
| 5:1 DMF/H,0 U
-
c” N
a bR=F ¢R=Boc

{2-chloro-4-icdo-pyridin-3-y[)-carbamic acid tert-butyl ester a (4.20g, 11.8 mmol), phenyl boronic

15 acid (1.50g, 15.6 mmol), potassium carbonate (2.42g, 17.5 mmol) and tetrakistriphenylphosphine
palladium(0) {0.68g, .59 mmol) were weighed into 2 20 ml microwave vial. The vial was
evacaated, then purged with nitrogen gas 3 times. 16.7 ml dry DMF was added, then 3.3 ml of
water, which had been degassed by bubbling nitrogen through it overnight. The vial was then
capped and microwaved at 130°C for 40 minutes. The resulting solution was poured into 250 ml

20 water and extracted with EtOAc (3x50 ml). The combined organics were diied with MgSO,,
filtcred and concentrated. The resulting oil was adsorbed onto silica gel and purified by flash
chromatorgraphy (150g 5i0,, 0% to 40% EtOAc in hexanes) to give 2-chloro-3-amino-4-phenyi
pyridine b (0.84g, 4.1 mmol, 35%) and the Boc-protected 2- chloro-3-amino-4-pheny! pyridine ¢
{1.74g, 5.7 mmol, 48%) as yellow and white solids, respectively.

25
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CI0 cat. DME, DCM a Cbz-Pro-OH a (2.0 g, 8.0 mmol) was dissolved in DCM (10
mL) and oxalyl chloride (6 mL of a 2M solution, 12.0 mmol) was added. DMF (2 drops)
was added and the mixture was stirred at room temperature for 30min. The solution
was concen%%?éggsfg Afford 2.1 g (100%) of acid 20chloride (S)-beiﬁ‘czT)//]i""?’2"%’06l %1
2-(chlorocarbonyppyrroliding:|-carboxylate b as a pale yellow oil. Example

157-pheny1-2d(S)-pyrrolifiin-2-yEthiaza kel 4;94PY di WO

2008/134679PCT/1182008/061891 toluene M
BocHN 5 N N e
; Cbz |
N e .
Ci N Chz Cl Cl N
O
pyridine, CH,CIl,
100% {2 steps)
c d

Compound ¢ {1.74g, 5.7 mmol) was dissolved in 50 ml of 4:1 methylenc chioride/TFA and | mi of
toluene was added. The resulting solution was heated to 40°C for 2h, after which the reaction
5 mixture was concentrated fo a yellowish selid. This solid was dissolved n 50 ml methyiene
chloride and washed with 100 ml aqueous 1IN NaOH. After the layers were separated, the agueous
phase was extracted a firther two times with 50 ml methylene chloride. The organic extracts were
combined, dried with MgSO,, filtlcred and concentrated to a yvelow solid, which was camied on

without fusther purification,

To a stirred solution of 2-chloro-3-amino-4-phenyl pyridine in dry methylene chloride was added
pyriding (2.5 ml, 30.% mmol) and lthcn {S)-benzyl 2-(chiorocarbonylpyrrolidine-1-carboxylate
(1.83g, 0.8 mmol) prepared in example 14, dropwise. The reaction mixture was stirred 16k ander a
nitrogen atmosphere, then poured iﬁto 200 ml of IN HCL The layers were separated, and the
15 aqueous phase extracted with methylene chloride (3x5¢ ml). The combined organics were dried
with MgSQy, filtered and concentrated. The resuiting oil was adsorbed onto silica gel and purified
by flash chromatography {(40g SiC,, 0% to 60% EtOAc in hexanes) to give the desired amide d as

a foam (2.51g, 5.8 mumol, 100%),

Lawesson's reagent

@H ﬁ © toluene, 100°C @H N
o 1 l/ | % o T T ]
O o 7 S \N

d 154

Compound d (2.51g, 5.76 mmol) and Lawesson’s reagent (1.37g, 3.4 mmol) were dissolved in 30
mL of dry toluene and heated to 100°C for 16 hours. The solution was cooled, then adsorbed onto
silica get and purified by flash chromatography (120g Si0,, 0% to 40% EtOAc in hexanes) to give

the desired 7-aza benzothiazole ¢ as a white foam (1.3G g, 3.1 mmol, 54%).

jou]
hn
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4-amino-3,5-dichloropyridine a (2.0 g, 12.3 mmol),
tetrakis(Iriphenylphosphine)palladium (696 mg, 0.6 mmol), phenylboronic acid (1.9 g,
15.9 mmol) and, otassmm carbonate (2.2 g, 15.9 mmol) were mixed in a 10 ml.
microwave wgf tinder No atmosphere. DWI (6 mL) and deoxygen&Ed 43652 ml.)
were added. N2 was bubbled thrQugh the mixture for 5min and the mixture was 5
heated for 20min at 140C in th @ rowavg., The mixture was diluted with Water (30 MT)
and extracted with EtQAC (§x20 fAL). The comiiihed organic ptiases wergwashed with
water (50 mL) and Bnrﬁb ried with Mg 04, filter E‘% ted. The
resulting brown oil was adserb ed on silica gel and purified by flashs tography
(Si02, 0% to 70% ethyl acetate/hexanes) to afford 970 mg (37%) of b as'a colorless oil.
MS: rniz = 205 (WTI). 10¢ 4-amino-3-chloro-5-pherwlpyridine b (650 mg, 3.16 mmol)
was dissolvea PN ¢1e B hzs Probili(1l 68, I rvmol)c Gigsolved imdEM (5
mL) was add, followediity pyyidine(4670°Mgy 6.8.15 mmobh:anddheambduredMas
stirred overrightaiOamctempeliatiitg.cd mlsﬁam&gn(waﬁnmnnb@g with Q-2hEGL, the

phases Wer%a%ﬁﬂ%@%%@@ﬂetn?c@%%%@ 'Hnacl?}@eow %as ng%;?gcte( IPg: el y(zgl(zezr 2% L)

The combln%d q)rgqn hases were d]rf]e with 04, filtered and concentrated The

resulting oil was adsorbed on siica gel and pe Pifdbcd %ﬁlcff‘égh"z’:‘ romatograply tditas, 0%
to 100% Etd?&&)ﬂ&&?éﬁléé‘j tarhtsram ¥4y a(%@@/‘)“ﬂ)f‘ é"a@ P EOIBELSiTMD R 22136
(MTH). 20 cisHowie the brefan shscdduréio Gharéttée(Gharette xABilebalyd 7Org,
Chem, 2003h68)- 51921157 94)iconmpoibigyeldds Fygro3u8rmmal) @sek pyridiae: (%QQamL

4.7 mmol) watesmbedidegether in

‘rﬂ

Example 14 (8)-benzyi 2-(chlorocarbonylypyrrolidine-1-carboxylate

C,)kﬁ,m
'S}
N
L il N
Chz cat, DMF, DCM Cbz”
OH o

15 © o
a b

Cbz-Pro-OH & (2.0 g, 8.0 mmol) was disselved in DCM {10 mL) and oxaly] ¢hloride (6 mL of a

2M solation, 12.0 mmol) wes added. DMF (2 drops) was added and the mixture was siirré{l at
room temperature for 30min.  The solution was concentrated fo afford 2.1 g (100%) of acid

20 chloride (8)-benzyl 2-(chlorocarbonyl)pyrrolidine-1-carboxylate b as a pale yellow oil.

Example 15 7-phenyl-2-((S}-pyrrolidin-2-yl)thiazole[3,4-cIpyridine

NH2 NHZ
] = Cl Phenythoronic acid, (PPh;),Pd Cl e
l / KCOs. DME, H0 F P
N N
a5 140°C

a

=
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25 DCM (20 nilL) at OC and the solution was stirred for 5inin. Trifluoromethanesulfonic
anhydride (1.3 g, 4.7 mmol) was slowly added. The solution was stirred for 3h and
allowed to W@E}%&H}‘%%pom temperature. The reaction was quenched by ra |d addltlon

of 20% aqueous ammonium sulfide (2.0 mL, 5.8 mmol) and stlrredCO\j/[eqrn?gﬁ &t'room

temperature¢ c;”ql% W%Hﬂ%‘z %H t(:a\r@% WQ ?9}9%()1349105 \Ep cny p ROSP 1zncgpa§11(§um {I(QI&OUQh
a pad of S|I|ca g%I an wasf]gmILC dmg)g 9351 ?5 9”‘?26)& filtrate was concentrate and the

resulting oil Was adsorbed on Siica d purtied sy (ﬂa“ RIS apRy T2, 0%
to 70% ethyT’%{E@fé‘f%}Hé%ﬁﬁ&s‘j“fﬁ(’&%rﬂ%@@%\d} {oBoR) o &HS & %ﬂéw SBiEENrSdin/z =
452 (M+H). 50 [Compoendifistadidiss bhbbidliDRIES e drdtireasbliionwassstirred
at 120C for B-aays: Thér mixitirewas:gooted torreom-denmpertdieyidiluted with 2QsmL of
FLO and exiraciedwith &0 Ac(3x235 Ml bheicambi 9&%@&&@@&1@5‘%@@%@@% Washed
with water (g{:& Q?ilng é@qlpﬂlal@C&ﬁPQTWS&Ofg! Ir%cg a\{l\{!tpm cn ra J‘Iq}tce 1£9:8 tHig g}g\%p g’i?ntrated

The resultlng{ oil was ads e % 3 purified by flash .C romatogr aphy (Si02,
hexanes to et%&l\%{l Onté’dleﬁ “to" affor mp A3 My (98%)°3 o mam%”‘gfh efiow-oll *MS: Rtz 2415
(M+H) acclate/hexanes) 10 afford 9f0 mg (37%)olbasa CU]OHC‘,bb oil. MS: nvz = 205 (M+H).

Pyridine, DCM

4—amino~3~chlorom5—phen;ylpyriéinc b (650 mg, 3.16 mmol) was dissolved in DCM (10 mL). Chz-
Pro-Cl (1.6 g, 6.3 mmol), dissolved in DCM (5 mL) was added, followed by pyridine (467 mg, 6.3
15 mmol) and the mixiure was stirred overnight at room temperature. The reaction was quenched
with 0.5N H(I, the phascs were separated and the aqueous phase was extracted with DCM (2x20
ml). The combined organic phases were dried with MgSQ., filtered and concentrated. The
resulting oil was adsorbed on silica gel and purified by flash clromatography (Si0,, % fo 1002

EtGAc/hexanes) to afford 1.12 g (80%) of ¢ as a colerless oil. MS: m/z = 436 (M+T1).

Chz~ Nj

20

L) TR0, Pyridine, UM

o Cl 2
2.) Ag, (NH,),8, R.T. | \)
N/

e
i

Following the general prcccdurc of Charette (Charette, A.B. et al, J. Org. Chem., 2003, 68, 5792-
5754), compound d (1.7 g 3.9 mmol} and pyridine (0.89 mL, 4.7 mmol} were mixed together in
25 DCM (20 mL) at 0°C and the solution was stirred for Smin. Trifluoremethanesulfonic anhydride
(1.3 g, 4.7 mmol} was s{ewly added. The solution was stirred for 3h and allowsed to warm up to
room temperatare. The reaction was quenched by rapid addition of 20% aqueous ammonium

sulfide (2.4 ml, 5.8 punol) and stirred overnight at room temperature. The mixture was filtered
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15Compound g (423 mg, 1.0 mmol) and tbioanisole (993 mg, 8.0 mmol) were dissolved
in TFA (40 mL). The mixture was stirred at 40C overnight. The mixture was cooled to
room tempegat B%mgwgoncentrated. The residual oil was dissolved in ether $20 11Th)

and washed with 1IN Naafi (30 mL). The aqueous phase was extracted with ether (2x20

mL). The comphined,organic. phases.were drigdvath Mas04,and filttered. 4N HCLin

dioxane was added.until 3 solid precipitated. The solid 20was collected by filtration,

resulting oil wy

washed with Sther and air dried fo afiord F48 MG P68y SFmBIRaRR 910 0% t© 70%
((S)myrrolid A2 2fitTAZ 816" 85, ALRibyidiR o asp amsiEifelt: J6Hd Mg5ins Hi2g2
(M+H). Example 167-phenyl1-2((S)-pyrrolidin-2-yDthiazolo[5,4-d]pyrimid e hon powder
(12.5 g, 112 mmol) was agtcred to a suspension of 4,6-di -5-nitropyrimidine a (7.0
g, 36.1 mmol) in acet@a’é‘igm mL). The mixture was sti at 40C for 45min. The 5
mixture was poured onto ¢€enand tralized by additig?F of splid so bicarbonate.
The aqueous phase wasi th_Et0AEBx200 inL). Phe sgatiin Ad organic
phases were dried with M BQ, , filtered and geacentrated to affogdl a pale yellow solid.
Recrystallization in hot ethylfacetate afforded 3.6 g (61%) of coﬁﬂpound b as off-white
needles. MS: ink = 165 (M+#H). Compound c was prepared fronz compound b (1.0 g, 6.1
mmol) using:she.ganeral precedurnforsprepaiing cempaLngd.Riniexample 13, The
procedure %9&9@9&9%@1@@%@&?{ an%&t@rﬁ @]M%HQ\WE]% ngll)q T—ﬂ}é)%n&%&tr:acgeg(é\nm@[&%

Compound dwag Rrepared oM, compaLnd. ¢ (B0 Mdh 12 IO VSg e geheral
procedure for pre arlné;gcompoun c in example 5 The procedure ‘afforde mg

- prep 1€ | b
(99%) df d &84 815088 6‘fﬁr‘f{}|§%diﬁ?{@“&%?d-(mhrm?ulﬂﬂg o1l was adsorbed on silica gel and

purified by flash chromatography (Si0;, hexanes to ethyl aceiate) to afford 423 mg (98%) of gas a
vellow oil. MS: m/z = 415 (M+H).

N HCI* BN
F
Chbz %N 1.) TEA, Thianisole, 40°C (%:_N.
d _

i 2.) 4N HCYDioxane I

2
=
N

e

g

15 Compound g (423 mg, 1.0 mmol) and thioanisole (993 mg, 8.0 nmimol} were dissolved in TFA (40
mL). The mixture was stirred at 40°C overnight. The mixture was cooled to room temperature and
concentrated. The residual oil was dissolved in ether (20 mL) and washed wi.th 1N NaOH (30

mL}. The agueous phase was extracted with ether (2x20 mL). The combined organic phases were

dried with Mg8Q, and fiftered. 4N HCI in dioxane was added uniil a solid precipitated. The solid

26 was collected by fiktration, washed with ether and air dried to afford 240 mg (76%) of 7-phenyl-2-

{{8)-pyrrolidin-Z-vhthiazolo[5 4-clpyridine h as a pale yellow solid. MS: m/z = 282 {M+H).

Example 16 7-phenyl-2-((S)-pyreofidin-2-yDihiazolo5 4-dIpyrimidine



A mixture of compound d (550 mg, 1.26 mmol) and Lawesson's reagent (341 mg, 0.84
mmol) in toluene (10 mL) was heated at 80C overnight. The solution was concentrated,
adsorbed ongjlica gel.and purified by flash chromatography (SIC-F 90/ ta Gol%oﬂethyl
acetate/hexanes) to afford 514 mg (98%) of e as a pale yellow so d Mz 2417
(M+H). WO 2008/134679P|\%171182008/061891 NN Compour;g,f was prepared
from compound e (51Q; 2d#nmol) using procedure for pre ar| C@mpound hin
example 15. The proced re afforded 378 mg98%),of l

7-pheny1-24(S)- pyrrolldlr%i’yEthlazolo[S 4-glipytimidine f as an "ffWhite solid. MS: m/z
= 283 (M+H). Example 172,3-dian biphenyl a 2-Aminobiphenyl a {21.9289g, 130mmol)

was dissolvegh 8620 (30, 348mmoN.and,sired 40 minuies, Anadionat partion
of Ac20 (10 mL., 1966mm0 was ad sd lihen stlr ed for 10 snore minuytes. The sample

ifi ACeHC 4C mL 1 iay 40°C 5 il
was poured ont’o ice. resuiting Sofid Was VACUUM Filtersd ahd Wasked T&‘%Wlﬁﬁel 120

to give N-acBHij2 ‘ﬁﬁ%ﬂ‘ibrﬁffpﬂ’éh%b‘(‘?@?@‘%ﬁd Pr N, S8y, obNp bicarbonate.  The

aqueous phase was extracted with EtOAc (3x200 mL}. The combined organic phases were dried
with MgS8Q,, filtered and concentrated to afford a pale yeilow solid. Recrystallization in hot ethyl

acetate afforded 3.6 g (61%94) of compound b as off-white needles, MS: m/z = 165 (M+H).

Cbz‘N;

INH; NH N 2

¢l e PN @ Cbza e @
E R Phenylboronic acid, {PPh,),Pd ) - . & Cl .

N r\} N o W
—_—
2N K0, DME, H,0 P
o : -~ Pyriding, DOM e
10 . 130°C

Lol
ie]
—~
(o)

Compound c was prepared from compound b (1.0 g, 6.1 numol) using the general procedure for
preparing compound b in example 15. The procedare afforded 410 mg (28%) of ¢ as a vellow
15 solid MS: m/z = 206 (M+H)., Compound d was prepared from compound ¢ (270 mg, 1.3 nmeol)
using the general procedure for preparing compound ¢ in example 15, The procedure afforded 565

mg (99%) of d as a colorless oil. MS: m/z = 437 (M+H).

Cl R S i Lawesson's Reagent S

N Toluene, 80°C N

A mixture of compound d (550 mg, 1.26 nunol) and Lawesson’s reagent (341 mg, 0.84 mmel) in
toluene (310 r};L) was heated at 80°C overnight. The solution was concentrated, adsorbed on sitica
gel and purified by flash chromatography (Si0s, (0% to 60% ethyl acetate/hexanes) to afford 514
mg (58%) Of’g as a pale yellow solid. MS: m/z =417 (M+H).
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Following the general procedure of Stepan (Stepan, A. H., et al, 3. Am. Chem. Soc.,
1949, 71, 20 2438), N-acetyl-2-aminobiphenyl b (7.198g, 34.1mmol), 110Ac (6mL), and
Ac20 (5mL) were mixed and heated at 120C for a few minutes ur&;g,f CS2008/061551
N-acetyl-2-aminobiphenyl b was dissolved. The sample was cooled to room
temperature. HOAc (1.9mL) was added slowly to 2.3mL of fuming HNO3 (2.3mL,

54.5mmol) in an ice . While maintaining a temperatyye of less than 26.5C, 1.5mL of
the HNO3 mixtureawas aglded quickly then the remaining kiNO3%mjxtur s added

. . i 1) TFA, Thisnisole, 46°C
drop 25wise to N-acetyk2-amiAQhidvh was s

temperature for 4 hours thien JVO 2008/134879PCT/U82008/06189 1\ stored at 4C
overnight. The reaction mixture was poured into ice and extracted once with benzene.
The benzene layer was sfored at 4C for 1 hour. The resulting solid was vacuum filtered
and washed-vrithuad ivbengend forgivenacetiiil 2:aminos8initichipheny| o (2:346g,
9.15mmol, 27@%0Jund DilN=Aaetyk-2ramineddnittabipre agkoe(] Q08g:3.93mmel)&iOH
(19mL, 325minal)-andiconeantiated HGL.(mb: 5Qnme!)- wers: mixed and refluxed at
120C overnight. The sample was 10adsorbed onto silica gel and purified by flash
chromatography (12g Si02, 0-33% EtOAc in hexanes) to give 2-amino-3-nitrobiphenyl d

(0.720g, 3.36mmol, 85%) Fe 0 HOAc, 60C
Example 17 2,3-diaminobiphenyl

10

e
-y

2-Aminobipheny! a (21.9289g, 130mmol) was dissolved in Ac,0 (30mL, 318mmol} and stirred 10
minutes. An additional portion of AgQ (10ml, 106mmol} was added then stired for 10 more
minutes, The sample was poured vato ice. The resulting solid was vacuum filtered and washead

15 with HyO to give N-accetyl-Z-aminobiphenyl b (26.935¢, 128mmol, 98%).

HNO;
Ac,0, HOAC

27%

Following the general procedure of Stepan (Stepan, A. H., et al, J. 4m. Chem. Soc., 1949, 71,
20 2438), N-acetyl-2-aminobiphenyl b (7.198g, 34.1mmol), HOAc (6mL), and Acy0O (Sml) were
mixed and heated at 120°C for a few minutes until N—acetyl~2~ami;1ol5ipheny'1 b was dissolved. The
sampic was cooled to room temperature. HOAc (1.5mL) was added slowly to 2.3mL of fuming
HNO; (2.3mL. 54.5mme}) in an ice bath, While maintaining a temperature of less than 26.5°C,
1.5mL of the HNGs mixture was added quickly then the remaining HNO; mixture was added drop

25 wise to N-acetyl-2-aminebiphenyl b. The sample was stirred af room temperature for 4 hours then
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02e,m83%H2N dc 152-Amino-3-nitrobiphenyl d (0.613g, 2.86mmol) was purged under
nitrogen for 30 minules then HOAc (5mL) was added followed by iron powder (0.4895g,
8.76mmol). w. s heated at 60C for 30 minutes then HOAc

added. The %grzﬂggmv@a% stlrred at 60C for | hour then poured intoice." ‘éﬁgfgéwble was
NaHCO3 (3 X lOO mL The tOAC Ia er was dried over M tltered, 20and
concentrate S GivE 2 B2ami S’B?ﬁﬁgﬁ)?f I CRRL A 1§8ﬁﬁlﬁﬁ "gg'%?“ ERE pligred
182(S)-[[(2-teéiophehyHatrihtiearb ony1i-N-a¢dvi-dirnethylethykesterj2f46g, 9.15mmol,
pyrrolidinecatboxylic acid 25 WO 2008/134679PCDUS2008/061891 a Boc-Pro-OH a

(5.0030g, 23.2mmol) was dissolved in dry CH2C12 (50mL) then cooled to OC. Dry

o [ C
)J\NH EfOH, HGE, 120°C HoN

0 - O
OpN O,N

¢ d

N-Acetyl-2-amino-3-nitrobiphenyl ¢ (1.008g, 3.93mmol), EtOH (19ml, 325mmel), and

ceneentrated HCI (5mi, S0nmol) were mixed and refluxed at 120°C overnight. The sample was
10 adsorbed onto silica gel and purified by flash chromatography (12g SiC., 0-33% EtQAc in

hexanes) to give 2-amino-3-nitrobiphenyl d (0.720g, 3.36mmol, 85%)

Fe
HaN O HOAz, 60°C HoN O
O.N 83% HoN

d ¢

15 2-Amino-3-nitrobiphenyl d (0.613g, 2.86mmol) was purged under nitrogen for 30 minutes then
HOAc (SmL) was added followed by iron powder (0.4%935g, 8.75mmol). The sample was heated at
60°C for 30 minutes then HOAc (SmL) was added. The sample was stirred at 60°C for 1 hour then
poured into ice. The sample was exiracted with EtQOA¢ (3 X 100 mL). The EtQOAc cxtracts were
washed with saturated NaHCO; (3 X 100 mi. The EtOAc layer was dried over MgSQs, filtered,

26 and concentrated to give 2,3-diaminobiphenyl e (0.439g, 2.38mmol, 83%).

Example 18 2(8)-[[(2-Todophenyl)amino]carbonyi]-1-(1,1-dimethylethylester)-1-

pyrrelidinecarboxylic acid

85



pyridine (3.8mL, 46.4mmol) was added. Cyanuric fluoride (2.2mL, 25.5mmol) was
added drop 5 wise. The sample was warmed to room temperature and stirred for 30
minutes. H2Q, (5m1k.)was added to quench the reaction. The reactg)(g@izxﬂg%%gvgs
diluted with H20 and extracted three times with CH2C12. The CH2C12 extracts were
washed with saturated NaC& TD{{% 0-1202 layer was drigd,over MgSO4,filtered, and
concentrated to gime fhe aciﬁﬁw@‘riﬁfgdnz which, used wvithput further purification. The
acid fluoride b'as d s&j,ved—'rrrdTT@H‘Zf:I%"fSO 2:IUq4'(8§nﬁiﬁeB(’&.99 ZQH 10
22.8mmol) was added, and the sample was stirfed overnight. The reacfionymixture was
adsorbed onto silica gel and purified by flash chromatography (80g Si02, @;/o EtOAC
in hexanes) to give :
2(S)-[[(2-iodopheriyflamino]carbonyfl-1-(1,1-ditnethylethylester)-1-pyreolidinecarboxylic
acid c (3.848g;-9s24muial) 34096 )2 EExamigl@ved in dry CH,Cl, (S0mL) then cooled to 0°C. Dry
192(?Eyt(z-mgamgjay@im%xlmim;g@g@_armtxmﬁ@t-é;@;ag meshyisthvlenen) dio o
pyrrolidigecarhoxylic aci 4- -Tetramethy1-1,3 2-dioxaborolan-2- ridine
Bee’ Pd (P P?ég, d?{ ;2"2%@(:”3"%?6“0(‘?:;‘1% i f"z‘ifoflf?gS?/%ﬁ%gafB" ¥ ‘f’“’m‘_?ﬂo (%‘l% b
2(S)T[(2-lodophenyiiaminofcarbonylic iz (T gty Bt ddten sy HBRaHRES BEXylic
acid a (0.48105¢ U k6ol eiaeds 578 Tathahidthy rrs DNefidxdb StofdnazyDpyidine
(0.3240q, 1588=2080K280) 012496 1:68rmma sen P AERPILB yhy( QIR further
0.0607nnnofjuene-combirediingb mis microwavevial.dhe:sampleawasmwevasuated and

purged 1With2@.ié§ﬁ9&%ﬂvh|_§lE@&Jj%@%mﬁlypm was stirred overnight. The reaction mixture was adsotbed
onto silica gel and purified by flash chromatography (80g Si0,, 0-50% EfOAc in hexanes) 1o give
2US){E(2-iodophenylyamino]carbonyl]-1-(1,1-dimethylethylester)- 1 -pyrrolidinecarboxylic  acid ¢
{3.845g, 9,24mmol, 40%). )

15

Example 19 Z(S}{E(Zm(éinpyriéyl)phcnyl)amine]carboﬁyl]— F-{1,1-dimethylethylester}-1-

pyrrolidinecarboxylic acid

_N 4-(4.4.5,5-Tetramethyl-1,3,2-dioxaborolan-2-ylipyridine N
Boc Boc” 7N
NH Pd {(PPhy}s, KoCO H )
e} @I 3 =

51 DMEH,0 . o
95%

20 a ' b

2(S)-{H2-1odophenyhaminejcarbonyl - 1-(1, T-dimethylethylester)- 1 -pyrrod dinecarboxylic acid a
{0.4810¢g, 1.16mmol), 4-{4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-ylipyridine (0.3240g,
1.58mmel}, KoCO;, (0.2190g, 1.58mmol), and Pd(PPhs), (G.O?()Zg, 0.0607mmol} were combined in

a 5 mL microwave vial. The sample was evacuated and purged with nitrogen three times, Dry

o]
A

DMFE (Zmi) and deoxygenated HO (G.4mL) were adécd The sample was microwaved at 130°C
for 10 minutes, The reaction mixture was diluted with HéO and extracted three times with EtQAc.
The EtQAc extracts was dried over MgSQ., and filtered. The crude material was adsorbed onto

silica gel and purified by flash chromatography (4g Si0,, 0-100%EtOAc in hexanes) to give the
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25 DME (2mL) and deoxygenated H20 (0.4naL) were added. The sample was
microwaved at 130C for 10 minutes. The reaction mixture was diluted with H20 and
extracted theeg fimes,wijth EtOAc. The EtOAc extracts was dried oyer fMQSsOmA'is%nd
filtered. The crude material was adsorbed onto silica gel and purifleg B“y Hash
chromato g r@@?ﬁ(@@@]ﬁ?{%@ EJI}Q B?&%EQ&%AQ} h ‘?WH%?&&%%Y&@B‘? -p%(%dinccarboxylic
2008/13467%?%}()%(?42,00@@?&% (;)2 S)-[[(2-(4-pyii iyOphenyl)aminojearbonyl 1- 1 -(1,1-d
ethylethyleste%ﬁ -py olidinaear oxylie acid b (0.404g, 1.10rnmol, 95%). 5Example
202(S)-[[(2-(3'-Chloro(1,1'-biphenyl))amino]earbonyll-1-(1,1-dimethylethylester)-1-
pyrrolidincearboxylic acid a 10Following the procedure of example 19,
2(S)-E[(24odophenyl)amindicasbomydd ;T €iphchyamino]carbonyl]-1-(1,1-dimethylethylester)-1-
dimethylethylester)-1-pyolidinesarhaxyie add a (0.4576g, 1.10annol),
3-ehlorophenylboronic acid (0.2520g. 1.61mmol), K2CO3 (0.2431g, 1.76nunol), and
Pd(PPh3)t (0.0725g, Q.0627mmol) gave the

2(S)-[[(2-(3'-chloro(, 1pbiphenyWapingicarhony11-1-(1,1-dimethylethylester)-1-
pyrrolid iccarbo&sfic agid b (o.wgg,dgﬁsmﬁb&%uma le

212(S)-[[(2-(2'-Chlor 1,%ﬁbiphenyWB?fﬁﬁ‘@P@é‘iﬁ@myl]—l-(dime le

7 SR 5:1 DMF/H,0
pynolidineearboxylic ac 0%

a I
10 Following the procedure of example 19, 2(S)-[[(2-Todophenylamino]carbonyl]-1-(1,1-
dimethylethylester)-1-pyrrolidinecarboxylic acid a (0.45376g, 1.10mmol), 3-chlorophenylboronic
acid (0.2520g, 1.61mmol), KoCOs5 (0.2431g, 1.76mmol), and PA(PPhs)s (0.0725g, 0.0627mmol)
gave the 2(8)-[[(2-(3-chloro(1,1”-biphenyl))amino Jcarbonyl]- 1 -(1,1-dimethylethyiester)-1-
pyrrolidinecarboxylic acid b (0.399g, 0.995mmol, 90%).

Example 21 2(53{[(2-{2"-Chloro{1,1"-biphenyl)amino]carbonyl}-1-( 1, 1 -dimethylethylester)-1-

pyrrolidinecarboxylic acid

N 2-Chlorephenylboronic acid LN
- .
& NH PA(PPhy),, KGO, o NH
&1 DMF/H,O
94% Q <l
20

g b

Following the procedure of cxample 19, 2(S)-{[(2-Todophenylamino]carbonyl]-1-(1,1-
dimethylethylester)-1-pyrrolidinecarboxylic acid a (0.4554g, 1.09mmol), 2-chlorophenylboronic
acid (0.2518g, 1.59mmol), K:CO4 (0.2592¢, 1.88mmol), and PA(PPhs)s (0.0752g, 0.0651mmeol)

25 gave the 2(8)-[[(2-(2 -chloro( 1,1"-biphenyl))amino]carbonyl}-1-(1,1-dimethylethylester)-1-
pyrrolidinecarboxylic acid b (0.414g, 1.03mmol, $4%).
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a Following the procedure of example 19, 2(S)-[[(2-lodophenyl)amino]earbonyl]-1-(1,1-
dimethylelhylester)-1-pyrrolidineearboxylic acid a (0.4554g, 1.09mmaol),
2-chlorophegylhoronie. acid (0.25 | 8g, 1.59n5mol), K2CO5 (O.259§(g{,/tg.s.2§)388r/r016r}1891!), and
Pd(17Ph3)4 (0.0752g, 0.0651mmol)

25gavethe2(S):1[(2-{2-chorel L I-hinhery\Waminaicarbonydir |
-(1,1-dimethyleﬁgylestegﬁf%ﬁ;gd %r\%geaglr?%{%éﬁ] acid fﬁd%ﬁ)ﬁjr 49(1%’]16(1)%(?#?#81!%
2008/134679PCT/ILTS26HI66T88Y Example
222(8)1[(244'-Chloro(1,1'-biphenyl))amino]carbonyl]-141,1-di lethylelhylester)-1-
pynolidinecarboxyliciacid

I 4-Chlorophenylboronic acid P Q a
Boc : Boc O
&N PA(PPhy)y, KoCO5 o N
5:1 DMF/H,0
100% Q
b

5 4

lester)-
84%). wo

Following the procedure of example 19, 2(8)-[[{2-lodophenylaminccarbonyl]-i-(1,1-

dimethylethylester)-1-pyrrolidinecasboxylic acid a (0.4494g, 1.08mmol), 4-chlorophenylborenic

acid (0.2561g, 1.6Zmmol), K,COs (0.2639g, 1.91mmal), and PA(PPhs), (0.0732g, 0.0633mmol)

gave the 2{S)-{1(2-(#chioro( 1, 1"-biphenyi))amino]carbonyi]-1-(1,1-dimethylethylester)-1-
i0 pyrrolidinecarboxylic acid b (0.411g, 1.08mumnol, 100%).

Example 23 2(8)-[[(2-(3"-Flaoro(l,1 *-biphenyl)aminolearbonyl]-1-(1,1-dimethylethylester)-1-

pyrrolidinecarboxylic acid

N 3-Flucrophenytboronic acid N

Boc” Boc” Q
NH PA(PPhs)y, KCOs o NH F

|
0 5:1 DMF/H,0

Following the procedure of cxample' 19, 2(S)-[[(2-lodephenylamino]carbonyl]-1-(1,1-

e
=

dimethylethylester)-1-pyrrolidinecarboxylic acid a (0.4507g, 1.08mmol), 3-fluorophenylboronic

20 acid (G.2158g, 1.54mmol), K-COs (0.2343§, 1.69mmoed), and PA(PPh:). (0.0756¢, 0.0654mmel)
gave the 2(3)-{[(2-(3*-Tluoro(1,1”-biphenylYamine jcarbonyl]-1-(1,1 -dimethylethylester)-1-
pyrrolidinecarboxylic acid b {0.387g, 1.01mmol, §9%),

25 Example24  2(8)-[[(2-(2"-Fluoro(1,1-biphenyD))aminolcarbonyl]-1-(1,1-dimethylethylester)-1 -

pyrrolidinecarboxylic acid
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5a Following the procedure of example 19,
2(8)-[[(2-TodophenyDaminolcarbonyl]-1-(1,1- dimethylethylestcr)-1-pyrrolidinecarboxylic
acid a (0.44 8mmo 1), 4-chlorophemlboronic acid (0.2561g, 1.62mmol), K2CO3
(0.2639g, 1.%‘%9%‘%’?6,%% Pd(PP113)4 (0.0732g, 0.0633mmo1l) 3%%%%)8/@618”
2(8)4[(244'-chloro(1,1-hiphenyl))aminoicarbony11-141,1-dimethylethylester)-1 -
10pyrrolidinecarboxyfic acid b (0.411g, J.98mmekd0%). Exa
232(8)4[(2(3'-Flu&re(1,14-bipheny)yaoferbonyl} (1, 1-dimefrylethylester)
pyrrolidinecarboxylic a&id [I\:g) I/Ia Folldw 'ﬁ@%@ﬁz@%cedure of exdmple 18

2(S)4[(2-lodophenyl)ami rbonyl]-141, Tegdintethylethylester)-1-p
acid a (0 4507g, 1.08mmof);“3-fluorophenylboronic 20acid (0.2158g;~#
K2CO3 (0.2343g, 1.69mmol), and Pd(PP113)4 (0.07569g, 0.0654mmol)
gavethe2(8){[(@-(3 - kiwopakls-bighenyMiamincdsarhonyllidlfadimethyiathylester)- |
- pyrm”dine@%@@&ﬂﬁl&é&ﬂ Mgiﬁﬁzcgmlx%mmoi’ é%ygaj,Zﬁg‘égﬁlplﬁﬂuomphenyiborouic
24284142 - fluara(tLipiRhsnamcaPanyll Lik dfime e vissieds,

gave the 2(8)-[{2-(2" fluoro(1,1”-biphenyi)amino]carbonyll-1-( 1, 1-dimethylethyiester)-1-
pyrrolidinecarboxylic acid b (6.410g, 1.07mmol, 99%,).

1 BExample25  2(8)-[[(2-(4"-Fluora(1,1"-biphenyl)amino]carbony!]-1-(1, I-dimethylethylester)-1 -

pyrrolidinecarboxylic acid

N 4-Fluorophenylboronic aci F
Boc Q uorophenyiboronic acid B{)C/Q\
NH PA(PPh,)s, KaCOs NH

5:1 DMF/H,0
92% 7\

15 Following the procedure of example 19, 2(8)-[[(2-Todephenyi)zminocarbonyli-1-(1,1-
dimethylethylester)-1-pyrrolidinecarboxylic acid a (0.4467g, 1.07mmeol), 4-fluorophenylboronic
acid (0.2230g, 1.5%mmol), KoCO; (0.2434g, 1.76mmol), and Pd(PPh;), (0.0686g, 0.0594nmol)
gave the 2{8)-[[(2-{4’ fluoro(1,1°-biphenylVamino]carbonyi]-1-(1,1-dimethylethylester)-1-
pyrrolidinecarboxyiic acid a (0.382g, 0.994mmol, 92%).

20
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pyrrolidinecarboxylic acid WO 2008/134679PC171182008/061891 ah Following the
procedure of example 19, 2(S RE 2-loduplicuy IHminoicarbony
dimethyleih s}(%g)-}i(gyrrolidinecarboxylic acid a (0.4487q, 1.08mmo|i)S
2-fluorophenylboronic bacid (0.2154g, 1.54mmol), K2CO3 (0.2305G" 167
Pd(PPM)4 (R.0663g, O-QQLfkmmﬁ@ogr}%g@s%(@a[[(2-(2' - _
-fluoro(1,1Abipheny)aminoicarbonyl]-1(1,1-dimethylethylester)-1- pyrrolidinecarboxylic
acid b (0A10g, 1.07mmol, 99%). 10Example 252(S)A[(2-(4I-Fluoro(1,1
Abiplienyl))aiojearbozw1)- | -(Alimet Hlethyleste[)- I{-)[’)\P/rr itlinecarboxylic acid Boc
Boc ." N4-Fluorophenylboronic aci FeS0, 0°C 2 7N

HO 74% Ho™

a b

8/06189
mmol), and

5 Following the general procedure of Norman (Notiman, M. H., et al, J. Med. Chem., 2000, 43,
4288), 2,4-dihydroxypyriding (4.931g, 44 4mmol) and H,80, (20mL) were combined and cooled
to G°C. HNO; (20mlL, 444mmot) was added dropwise, The sample was stirred for 30 minutes then
poured onto ice. The resuiting solid was stored at 4°C for 1 hour then vacuum filiered to give 2.4-

dihydroxy-3-nitropyridine (5.143g, 32.%9mmol, 74%).

10
OH cl
OzN\'E)‘\N POC, 106°C OzN]I/j\]
" O/k) 83% o =
b g

Following the general procedur'é of Norman (Norman, M. H., et al, J Med. Chem., 2000, 43,
4288), 2.4-dihydroxy-3-nitropyridine b (2.0013g, 12.9mmel) and POCI; (25mL, 268mmel) were
15 combined under nitrogen. The mixture was heated to 106°C and stirred overnight. The sample was
concentrated and poured onto ice. The reaction mixture was extracted with FtOAc (3 X 100 mL).
The EtOAc extracts were washed with saturated NaCl (1 X 100 mb). The EtOAc fayer was dried
over Mg50, and filtered. The crude material was adsorbed onto silica gel, filtered through a plug
of sifica gel (50%E1OAc in hexanes), and concenirated to give 2 4-dichloro-3-nitropyridine ¢

20 {2.058g, 10.7mmol, 83%).

e o c
OZND HOAG, 40°C HZN%I\H
o F Br% o~
¢ d

2.4-Drichloro-3-nitropyridine ¢ (2.058g, 10.7mmel) was dissolved in HOAc (10mL) under nitrogen.
25 Iron powder {1.91%1g, 34.411111105) was added. The sample was heated at 40°C {or two hours. The
reaction mixture was poured 011[6 ice and then NaHCQ; was added to give a neutral solution, The
sample was extracted with EtOAc (3 X 100 mL}. The EtQAc extracts were washed with saturated

NaHCO; (1 X 100 mL). The combined aqueous layers were back exiracted once with 100 mlL

o0



OPcl(PIph3)4, K2CO3 0 NH 5:1 DMF/H20 92% a 13Following the procedure of
example 19, 2(8)-[[(2-lodophenyl)amino]carbonyl]-1-(1,1-

dimethyleth -1-pyrrolidinecarboxylic acid a (0.4467g, 1.07mmo%,
4-fluoropheny %gr‘%ﬁ%éggcid (0.2230g, 1.59mmol), K2C0i (0.2434g 1 768K *And
PCl(PP143)ﬁr(@coﬁﬁQ&n&a@?gﬁqﬂ"éﬂﬁrg@é’z%' (mf% over 1 Uf04, filtered, and concentrate Eﬁ give
2(8)-[[(2-(4'-§Iumo(l&({i—ctﬁ )c{,l))amlno carbonyl]-1-(1l,1- |methy]fetf1y ester)4-

: iphen; I -
pyrrolidinecarboxyfie acﬂc@gjfa 3854 0 804t '99%). 29 WO

2008/134679PCT/U82008/061891C|Example 263-A0-4-chlor henylpyri e
HaN Sy Phenyiboronic acid
HoN
al 7 Pd(PPhg)y, KxCO4 ,
5.1 DMF/H,0 ol
49%
d e

5 3-Amino-2-4-dichloropyridine d {0.7047g, 4.32mmol), phenylboronic acid (0.5177g, 4.24mmol),
KoCO5 (0.8023g, 5.80mmol), and Pd(PPhs)s (0.0702g, 0.0607minal) were combined. The sample
was evacuated and purged with nitrogen three times. Dry DMF (2mL) and deoxygenated H,O
{0.4mL} were added. The sample was microwaved at 130°C for 40 minutes. The reaction nixture
was diluted with 1,0 {50 mL) and extracted with BtOAc (3 X 50 mL). The Et0Ac extracts was
10 dried over MgS80y and filtered. The crude material was adsorbed onto silica gel and purified by
flash chromatography (40g SiO;, 0-30%EtOAc in bexanes) to give 3-amino-4-chloro-2-

rhenylpyridine ¢ (0.435g, 2.12nmmol, 49%).

15 Example27  2(SH[[ 4-phenyl-2-thiazolo[4,5-c)pyridinyl]-1-(9H-fluoren-S-yimethyllester-1-

pyrrolidinecarboxylic acid

Chz-Pro-Cl N
CHyClo, Pyridine %
HoN NH
2! \N o
( P 100% Cle? ¥
ol __N

]
=

20 3-Amino-4-chloro-2-phenylpyridine a (0.435g, 2.12mmol) was dissolved in dry CH.Cl, (10mL).
Dry pyridine (G.86ml, 10,6mmol) was added. Chz-Pro-Cl (1.0804g, 4.04mumol), prepared
according to example 14, in CHCl: (SmL) was added dropwise. The sample was stirred for one
hour. The reaction mixture adsorbed onto silica gel and purified by flash chromatography (40g
5i0,, (-100%EtOA¢ in hexanes) to give 2(8)-[[4-c1110r0-2—phenyl—3~py1'idinyl)a111ino}cari§0nyi}-]-

25 {9H-fluoren-9-ylmethyl)ester-1-pyrrolidinecarboxylic agid b {0.986g, 2.12mmol, 100%).
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5Following the general procedure of Norman (Norman, M. H., et al, J. Med. Chem,,
2000, 43, 4288), 2,4-dihydroxypyridine (4.931g, 44.4mmol) and 1T2S04 (20mL) were
combined a%gg qlto 0C. FINO3 (20m1" 444mmol) was added dro IE)WISG The
sample was stlrrecf ?or "30 minutes then poured onto ice. The resuﬁ% SORHAWES stored
at 4C for 1 hour then vacuum filtered to give 2.4- dihydroxy-3-npjtropyridine (5.143g,
32.9mmol, 74%). 10 Foljowting the general procedufe of Norgnag (Norman, M. H., et al,
J. Med. Chem., 2008°%43, 288), duh&ﬁ&?ﬁﬁ@@ﬁ?@%}byﬁ&ne (2. 0013g 12. 9mmol)
and POCI3 (25mL 268 ol} weket! itrog

ice. The reaction mixture was“ektracted with EtOAc (3 X 100 inT#).n he EtOAc extracts
were washed with saturated NaCl (1 X 100 mL). The EtOAc layer was dried over Mg804

and filtered.;Ehe crude Material was.adserhed oot §U£9aa9f%!f JUfstadiihroygh a plug of
silica gel (59%45 Igéacrblr;{ hexa(p%ﬁ)) %%%n}o) ‘ﬁii-%ﬁ Ive 2,4-dienloro-3-nitropyridine
¢ 20(2.058¢ 10.7mmol. B596). ClEac oK ORE Zfd‘&#’%ﬁ g rhbE essors
2.4-DieRlord St bE A E 088G I%0, ¥hrMER S RSO & Gritd el onmiyander
nitrogen. 25 horPponeer L9191 -84nrrimoty walsraddéd: TEhesamplewaghexted at
40C for twothowrsiTheireaction mixtureswas-pewnecianthice anddthen: NaHGR3wvas
added to givenamssisal-selution.he, sampleivas extractedayith EtOAc (3 X 100 mL).
The EtOAc extracts were washed with saturated NaHCO3 (1 X 100 mL). The combined

aqueous layers were back extracted once with 100 inL WO
2008/134679PC171182008/061891

Bxample 28 N-Boc-protected cyclic sulfonyi amine acid

.O\ﬂ/ ] o~ g | o~
O o}
) 1;5\\
a b

Sulfide a (810 mg, 2.5 mmol), synthesized according to the general procedure of Shich [Shieh, W-
15 C; Xue, S.; Reel, N.; W, R.; Fitt, I.; Repic, Q. Tetrahedron: Asymmetry, 2001, 12, 2421-2425],
was dissolved in methanol (25 mL.). Oxone (4.3g) was dissolved in deionized water (25 mL), The
methanol solution of substrate was cooled to —10 °C, and the aqueous solution of oxone was added
to the reaction slowly. The reaction was kept on ice and gradually aflowed to warm to roem
temperature while stirring overnighi.  Deienized water was used o dilute the reaction to
20 approximately 150 mL, then poured into 90% eihyl acetate-hexanes for extraction. The organic
phase was dred (NasSQ,), adsorbed onto Celite and purified by chromatography I1SCO
CombiFlash 40 g columm, 5-90% ethyl acctate-hexanes over 30 min to afford 804 mg (2.27 mmol,

91%} of the product sulfone b.



EtOAc. The combined EtOAc extracts were dried over M3SO4, filtered and concentrated
to give 3-amino-2-4-dichloropyridine d (1.510g, 9.26mmol, 87%).

53-Amino-2-4- oro r|d|ne d (0.7047g, 4.32mmol), phenylboronlc acid g? 5177q,
4.24mmol), l%%%% 239 5.80mmol), and Pd(00113)4 (0.07054" B>46Y i’ﬂlml)
were combined. The sample wgs %vacuated and purged with nltrogen three times. Dry
DM:0 (2mL) and deox ated 20 (0.4mL) were added.-{he saﬁ@, e was microwaved

at 130C for 40 minute e refction mixture.was d|Iuteh H20 (50 mL) and

chrométography (40g 8102, 0-309%Et0AC in hexanes) to give 3-dming4-chloro-2-
phenylpyridine e (0.435g, 2.12mmol, 49%). 15Example

272(S)-{[4-phgnyik: hg%%czi [4.3:clpyad) ;é'LPL (P fluor methyf '$H‘Ff 1
: Be L H 6" dd6%
pyrrolldlnec%rp %gs ellafC‘)IJTFSCjS_'?%?%l%an (7(375{111?& 2. P921n2[)0 g}fal‘gc%lﬁgl; (40 mL), and {55 M?:~

5 BPE-RR{COD)]'OTF (560 mg, 0.8 mmol) were mixed in a Parr shaker flask purged with nitrogen.
The Parr flask was evacuated and subsequently charged to 60 psi with hydrogen gas and shaken
vigorously overnight. Methane! was removed under reduced pressure, and crude product was
fittered through & small plug of silica gel using cthyl acetate. Evaporation of the solvent yielded

730 mg (2.0 mmol, 94%) of product ¢ with >98% vield.

10

O\‘o #O O\} 4’0

S

, _

LY NI
A A Ao

H 3 O

¢ d

Z-protectod amino ester ¢ (804 mg, 2.27 mmel) was dissolved i methanol (16 mL). To this
solution was added BOC-anhydride (1.5 g, 6.8 mmol}, followed by 20% PA(OH),-C (250 mg). All

I5  air was removed from the reaction flask by house vacuum, and the mixture was stirred vigorously
for 5 min. The flask was then filled with hydrogen gas and allowed to stir vigorously at room
temperature for 6 L. After evacuating the hydrogen atmosphere, the mixturé. was filtered through
Celite using methanol, and crude product ¢ was obtained by evaporation of the solvent {508 mg,
1.56 mmol, 70% vield).

[=%
tew

Ester d (508 myg, 1.56 nunol) was dissolved in 8 mL of THF. Deionized water (4 mlL) was added,

followed by LIOH - H,O (120 mg, 2.8 mmol). The mixture was stirred at room temperature

3



Cl a 203-Amino-4-chloro-2-phenylpyridine a (0.435g, 2.12mmol) was dissolved in dry
CH2C12 (1 Om1_,). Dry pyridine (0.86mL, 10,6mmol) was added. Cbz-Pro-ClI (1 08044,
4.04mmol). accordlng to example 14, in CI-12C12 (5mL) was added

dropwise. ngégsga?rgn}eple was stirred for one hour. The reaction mlxt%%“és 46H&d onto

silia gel ang.gurfieg . fash, yomaraarapln (408,502, 0:300%EIPAG I hexgpes) to
give 2(S)[[4- -thloro- 2 %/ §(P riclinyflaminMear on
Ste

(9H- quoren%‘g’ﬂme’?ﬁ Bt ﬁP&ﬁﬂiﬂ %é?BbWﬁE’%?ﬁ‘&%”ﬁ@“@%‘@d SEAM8I ! £60%).
WO 2008/13?14@Vgﬁf/eqﬂﬂg)sqobgyb%(f@%ecteélcyc ic sulfonyi amino acid e, which was carried on
2(S)-1[4-Chtafou2epemt-3-pyridinyfiamino]carbony1]-149H-fluoren-9-yhnethyfiester-1-
pyrrolidinecarboxylic acid b (0.986g, 2.12mmol) was dissolved in dry toluene (20mL).
Lawesson's 5reagent (0.6315g, 1.56mmul) was added. The sample was heated to 80C .
and stirred (Bygme%t The reaction mixture was adsorbed onto silica gel and purified by
flash chromatography (40g Si02, 0-100%EtOAe in hexanes) to give 2(S)-[[
4-phenyl-24hiazolo[4,5-e]pyt QQEJ] 1-(91Tfluoren4- %

ylmethyllester-I- pyrro%ﬁaﬁ;aﬁ* ig,acid ¢.(0.294, 0.71%&;\%3%})\%
o]

a b c
16 Following the general procedure of Grigg (Blaney, P.; Grigg, R.; Rankovie, 7.; Thornton-Pett, M.;
Xu, J. Tetrahedron, 2002, 58, 1719-1737} a roundbottom flask was charged with sodium hydride
{(480mg 60% dispersion in oil, 12.0 mumol, 4.0 equiv) and purged with nitrogen for 15 min. THF
(6.0mL) was added 1o the flask, and the suspension was cooled to (0 °C using an ice water bath. A
separate flask was charged with BOC-glyeine a (525 mg, 3.0 mmol), dry THF (6.0 mL) and efhyl
15 iodide (1.0 ml., 12 mmol, 4 equiv). This mixtare was added dropwise to the NaH suspension in
THY, with vigorous stirring at 0 °C. After 1 h of stirring, the reacfion was warmed to room
191111)eratﬁ1'e and allowed to stir overnight. The reaction was again cooled to 0 °C, and methanol (4
mL) was added very slowly to quench the ¢xcess hydride. Deionized water was added to dilute the
mixture, and methanol was removed under reduced pressure. Impurities were extracted into 90%
20 ethyl acetate-hexancs, the aqueous layer was then acidified by adding solid citric acid until the pH
reached 2-3. The product was extracted info 90% cthyl acetate-hexanes. This organic layer was
dried (N2,S0.) and filtered. Removal of the solvents under reduced pressure afforded a

quantitative yield of the product b.

[
wh

Example 30
9 0o o© Ho
R e
o F ¢
4 b ¢
A mixture of unprotected amino acid a (775 mg, 7.24 mimol) and sodium carbonate (1.69 g, 16.0
30 mmol) was dissofved in a 1:1 solution of deiontzed water and THF {15 mL each). To this mixizre

was added BOC.anhydride b (1.73 g, 7.96 mmol). The mixture was stitred at room temperature
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10 Example 28N-Boc-protected cyclic sulfonyl amino acid Sulfide a (810 mg, 2.5
mmol), synthesized according to the general procedure of Shieh [Shieh, W- 15 C.; Xue,
S.; Reel, N.; 3 Fi Cift, J.; Repic, 0. Tetrahedron: Asymmetry, 2001, 12, 2421- 2425]

was dlssolve in meﬁ'\anol (25 int). Oxone (4 5g) was dissolved in %Te]?’osr%?%%( \Water (25

mL) The m%$h!%1r|8| ]1%'%'&9[\1169 f,sl‘l‘i()g§¥rual]£ LI I’b UCC O]’)Q(,lﬁe'aglctoT comgturaquz th}%nadglq% %Jls SQIUtlon
of oxone was ad?;ied to the reaction slowly The reaction was kept on ice and g1 gra ually

allowed to warm 0 Foony efmparatire W’ﬁiil &t iy o\‘i%grﬁ?éfﬁctm‘b@ fonizad Wkt iifas
used to dilutEBREPE4 o Yo 20 S dprd X ‘iﬁ%ﬂ@’lﬂ@@@niir@t%ﬂ*‘b@mféﬁai%@‘gﬂ%@tﬁyl
acetate-hexaregfordxtiabio AOThetorganiophese Was. drieds(N & 504 fy<adsbrbedtonto
Celite and purifieghbyeghromatography ISCO CombiFlash 40 g column, 5-90% ethyl
acetateMexanes over 30 min to afford 804 mg (2.27 mmol, 91%) of the product sulfone
b. WO 2008/134679PCT/US2008/061891 Following the general procedure of Burk
[Burk, M. J.; Gross, M. F.; Martinez, 1' P. J. Am. Chem. Soc. 1995, 117, 9375-9376d,
alkenc b (ﬁzéf‘m 39 fiﬁﬂr’ﬁ‘b‘lﬁm Wmethanol (40 tit), and [(8,5)-Me- 5
BPE-Rh(COD)110TT~(500 mg, 0.8 mmol) were mixed in a Parr shaker flask purged
with nitrogen. The ParPﬂ’é?sk was vacuated and subsequently chafyéd to 60 psi with

hydrogen gas and sha%wgom Iy overmght Methanol was rem%d under reduced
ida

pressure, and cg)uq@vﬁr Gl wass hrough. acsmall plq%ggﬁl e} using ethyl
%g wm with

acetate. Evapor joR di so‘lvens Ided 7304mg (2.0 m
>98% vyield. 10 IZ-protected ammewester ¢ (804 mg, 2.27 mmol) was diss

methanol (1 o this I o Na
a B P
- O

W0 Ina 25 mb round-botfomed flask, dipeptide a (1.2 g, 2.1 mmol) and compound b (500 mg, 1.2
mmol} were dissolved in dichloromethane (5.0 mL). N N-diisopropylcarbodiimide (0.35 mL, 2.2
mmel) and 1-hydroxy-7-azabenzotrizzole (300 mg, 2.2 mmol) were added and the mixture was
stisred at room temperature overnight. The mixture was then concentrated on silica gel and
purified by flash chromatography (100% Hex to 100% EtOAc, 4{). & column) to afford 1.1 g (87%)

15 of compound ¢ as a white solid. MS: M/Z = 907.

|
Onp0 ¢l ﬁ

N
;O 4N HCl tn Dicxane S
VJL N ' ")L N
= 0 4 : - O 7N
S
o Q'O 7
. o HN
. .

g /N

e}

X

In a 50 mL round-bottomed flask, compound ¢ (1.1 g, 1.2 mmol} was disselved in a solution of 4N
HCHin dioxane (20 mi, 60 mmol) and the solution was stirred at 1:09133 temperature for 30 minutes.

20 The solution was then concentrated to afford 1.0 g {$9%) of wmpound d as 2 pale yellow solid.
MS: M/Z = 807.
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solution was added BOC-anhydrideg, 6.8 mmol), followed by 20% Pd(OH)1C (250 ma).
All .5 air was removed from the reaction flask by house vacuum, and the mixture was
stirred vigoro%s%}{oggggﬂmin. The flask was then filled with hydrogen %a__s and allowed to
stir vigorously at ro6m temperature for 6 h. After evacuating the hjaFSGEFAtEYsphere,
- the mixture. was filtered through Celite using methanol, and crude product d was
obtained by evaporation of the solvent (508 mg, 1.56 mmol, 70% yield). 20 01-1 O
Ester d (508 mg, 1.56 mmol) was dissolved in 8 mlb of TI-IF. Dcionized water (4 lit) was
added, followed by Li01-1 H20 (120 mg, 2.8 mmol). The mixture was stirred at room
temperature WO 2908/134679PCT/1JS2008/061891 overnight, acidified using
aqueous 1 N HC1 and extracted into ethyl acetate (3 X 25 mL). The organic extracts
were dried further with Na2S0O4, filtered and concentrated to give 372 mg (1.21 mmol,
78% yield) of the N-Boc-protected cyclic sulfonyl amino acid e, which m%‘{grried on
without purification. 5 Examnle 29 Oh 0 SN
H ( ]

+ o] o)
o B, O H © %N
N . O)LN%NY}L@
(Y
5 ) )
c>§i,r~s\,:“J=Lﬁ N o N i
3 S
Q D bl DIPEA, DCM
HN

G HN, O
¥
N

5 0 4 S%Q
)

& O

[[+9

- Ina 10wl round-bottomed flask, 14-diisocyanatobutane (9.0 uL, 0.671 mmaol), dissolved in
dichloromethane (0.5 mL), was slowly added to a solution of compound d (120 mg, 0.14 mnol)
and N,N-diisopropylethylamine (37 uL, 0.21 mmol) in dichloromethane (0.5 mL) and the mixture

10 was stirred at room temperature for 6h. The mixture was then concentrated on silica gef and
purified by flash chromatography (100% DCM to 5% MeOH/DCM, 12 g column) to afford 81 mg

- {65%) of compound e as a white solid, MS: M/Z = 1753.
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Oy NH OH OH 00 a It)Following the general procedure of Grigg [Blaney, P.; Cirigg, R.;
Rankovic, Z.; Thornton-Pett, M.; Xu, J. Tetrahedron, 2002, 58, 17191737] a

roundbotto as charged with sodium hydride (480mg 60% dispersion in oil, 12.0
unnol, 4.0 %ﬁﬁ%&é%ﬂrged with nitrogen for 15 min. THF (6.Omlfﬂ()%§0&%’(§ég 'to the
flask, and the suspension was cooled to 0 C using an ice water bath. A separate flask
was charged with BOC-glycine a (525mg 3.0 mmol), dry THE (6.0 mL) gnd ethyl 15
iodide (EO mL, 12 nnnol, 4 equiv).”Ms mixture was added dropwise to ther Nali
suspension in_ THE, with vigoroug Stifrigg, at 0 C. After 1 h of stirring,otlag_N ipn was
warmed to rg pératurié dhatallowed to stir overnight. Thé. péadtioq was again
cooled to 0 C, and methanol REE) was added very slowly to' geteAchthe excess
hydride. Deioni water wasgadded to dilute the mixture, and m nol was removed
under reduced pressure. Imgtigities were extracted into 90% 20 etfiyacetate-hexanes,
the aqueous layer was then acidified by addingf‘_"%rﬂﬁﬁfcilric acid until the pH reached 21.
The product was extracted into-90% ethyl acetaté-fiexanes. This organic layer was
dried (Na2S04) and filtered. oval of the solvents under reducéthgressure afforded

a quantitative yield of the produet b. 25 A mixture of unprotectedramino acid a (775
mg, 7.24 mmol) and sodium ¢ Of;te (12.69 g, 16.0 30mmon M}@ﬁ%@ edinal:l
C

solution of deionized Woafﬁe?'_ n (15 ml, each). To this mixtuge W

ded
BOC-anhydride b (1.73§, 7.96 mn@oliﬂ;@ mixture was stirred at room ?emé@ure
o'o

S)ﬁN

A . HN
3 | ©

In 2 25 mL round-bottomed flask, compound g¢- (81 mg, 0.046 mmol) was dissolved in

dichioromethane (5.0 mL) and morpholine (¢.40 mL., 4.6 mmo!) was added. The solution was

stirred at room temperature overnight. The solution was then concentrated and purified by reverse

5 phase HPLC to afford 22.6 mg (37%) of compound 1 as a white solid. MS: M/Z = 1308,

Example 32 dimer compound 2

0O N O N
Oy N ‘S |\?\T-|-VJ\J C/) # O o b
é ;—N
10 2

Compround 2 was prepared using the procedure for compound 1, (12.6 mg of a white solid). MS:
M/Z =1336.
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WO 2008/134679PCT/1JS2008/061891 overnight, and THE was removed wider
reduced pressure. The mixture was then acidified to pH 2-3 with saturated aqueous
citric acid, a&% o] g tlwas extracted into 10% ethyl acetatedlchloromethane The
organic layer was fied (Na2S04), filtered and concentrated undérredaced’ bsr%ssure to
afford clean HOC-protected amino acid ¢ (1.40 g, 6.7 mmol, 93%) to be used without
Sthriller purification. Example 31dialer compound 1 oir 10In a 25 mL round-bottomed
flask, dipeptide a (1.2 g, 2.1 mmot) and compound b (500 mg, 1.2 mmol) were
dissolved indieRiBrometiisneseel.). N,N-diisopropylcarbodiimide (0.35 mL, 2.2
rnmol) and 1-hydroxy-7-azabenzotriazole (300 mg, 2.2 mmol) were added and the
mixture was gtirred at room temperatyre overnight. The mlxtur was tgen cgncentrated
on silica gel'agtrpuitified by fla chrg{p@iqgra%[y (100% Hex tp 09 EtO&:

ard 1.1 g {879 L5¢F Sompound gas awhite solid {MS 997. In a 50
ml. round-ba; ed flask, compound 2(1.1 g, 2ZvmPAety Was diSsplved M a solution of
4N HCI in dioxane (20 ml., 60 mmol) and the solution wa.s stirfed at room temperature
for 30 nﬁnu%?(% a%py-gp(?c (l )IIC)IE m} eﬂ) anfc[:ﬁntrat%g Sodl%]i::)!;gl[g tg)' Q& g:c(c (K? %%rlmg
compound d as a ale yellow soli S: M/Z =807, WO
2008/13 4676 8T&é%yﬁéy6§11§§/%lycme (1.0 g, 6 mmol) and NaHCO; (1.0 g, 12 wmmel} in 10 mi

waiet, After complete addition, solution was warmed to room temp and stirred overnight. THF

was cvaporated off and 10 ni water was added. The aqueous layer was extracted twice with 20
10 ml ethyl acetate and the aquecus layer was acidified to pH 3 with aqueous citric acid. The
aqueous layer was extracted twice with 25 ml ethyl acctate and organic layers combined. The
organic layer was washed twice with brine and once with water, dried over MgSO. and
concentraied 10 yvield 1.5 g Roc-4-hydroxy-L-phenylgiveine (Boc-Phg{4-OH)). The protected
amino acid was a single peak with the correct mass by L.CMS and was used without further

15 purification. Caleulated mass 267.3, found 268.5.

Boc-L-Proline (9.7 g, 45.2 mmol), 4-phenyl-1,2,3 -thiadiazol-5-amine (4.0 g, 22.6 mmol), EDC
(8.2 g, 42.9 mmol), HOBt (3.8 g, 42.9 mmol), DIPEA. (19.7 mi, 113 mmo}) were combined and
stirted for 3 days in 40 ml DMF at 60 deg C. Ethyl acetate and saturated aqueous NaHCO; were

20 sdded. The aqueous jayer was separated and extracted with othyl acetate. Qreanic layers were
combined and washed with aguecus NaHCO; and brine. Organic layer was dried over MgSO, and
concentrated to a brown residue. Pure Boc-prolyl-4-phenyl-5-amino-1,2,3-thiadiazole ¢ was
obtained by crystallization from 100 mi hot acetonitrile to obtain 5.9 g Caloulated mass 374.5,
found 375.3.

D )(i J< 1. HCI
. ifdioxane
v NA@ 0 I\E / Jb \El/ K
H 2. Boc-Phg(4-OH), BOP,

DIPEA, DMF 3 hr

c

Compound ¢ (1.5 g, 4.25 mimol) was treated with 20 ml 4N HCl/dioxane for 30 minutes and the
solvent was removed, Boc-L-Phg(4-OH) (1.25 g, 4.68 mmol), BOP (2.1 g, 4.68 mmol), DIPEA

(1.63 mi, 9,36 mmol) were combined in 30 ml DMF and stirred for 3 hours at room temp. to give
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Ta a 10 mL round-bottomed flask, 1,4-diisocyanatobutane (9.0 gL, 0.071 mmol),
dissolved in dichloromethane (0.5 naL), was slowly added to a solution of compound d
(120 mg, 0. d N,N-diisopropylethylamine (37 gL, 0.21 m

dlchlorometha(}n g %‘?EL) and the mixture 10 was stirred at room ]t)erTrﬂ]{fJSeg?%l8 Ui for 6h.

The mixture ywas then %an@m@ﬁg gmy%ligcatg%!maﬂﬂcwm'ggmbly F'a&mgbca)m,%g graphy

100% DCM to 5% MeO column) to afford f'compound e as
<(awh|te solid V& Wi/ blféf%%*“W@f%&‘é?ﬁ %?ﬁﬁd%@? Mé@‘f“cc’lﬁd HEL
round-bottofFElTEEIE BBt e eS TG RO A 6 D dsTdisses Bgpext step without
dichloromethiatiex(5:0-avkpahdamerbhdline 03.40 mL, 4.6 mmol) was added The solution
was stirred at room temperature overnight. The solution was then concentrated and
purified by reyesse 5pha5@ HPLC to afford 22.6 mg (37%) of compgund Lus a whlte
solid. MS: 2 3 imer compound 2 102:C

using the progedute .r ognd I, (12.6-mg-ofa-white soliq)

2. Boc-MeAla, BOP,
DIPEA, DMF 3 hr

OH

Compound d from the previous step was treated with 20 ml 4N HCldioxane for 30 minutes and
the solvent removed. Boc-N-methylalanine (0.95 g, 4.68 mmol}, BOP (2.1 g, 4.68 mmol) and
DIPEA (1.63 ml, 9.36 mmol} were combined in 30 ml DMF and stirred for 3 hours af roem temp.
10 Standard workup: Fthy] acetate was added and organic layer washed fwice with agueous sodium
bicarbonate, washed twice with brine, dried over MgSQ, and concenirated. The residue was

purified by HPLC to yield 1.2 g of compoind g. Calculated mass 608.7, found 609.3.

il
[

-
Boc

N o
Boc

kzcoa, DMF
60degC

I®

! H
15 Compound g (1.2 g, 1.97 mmoi), 80 weight % propargy! bromide in toluene (8§79 mg, 5.51 mmol),
[C0: (817 mg, 5.91 mmol) were combined in 40 ml DMF and stirred for 16 hours at 60 deg C.
Water was added to solution and cxtra_bted 3 times with ethyl acetate. Organic layers were
combined, washed fwice with aqueous NalHCOs, washed twice with brine, dried over MgS0, and
concentrated. Crude residue purified by HPLC to yield 200 mg of compound £ Calculated mass
20 646.8, found 647.3. '
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WO 2008/134679PCT/1iS2008/061891 Example 33dimer compound 3 a5 Boc
anhydride (1.6 g, 7.2 mime in 10 nil THE was added dropwise to an ice-cooled stirring
solution of 4@%&%¥i&5obenylglyeine (2.0 g, 6 mine]) and NaHCC%(S: %Sg)ﬂ%m}zsgmmol) in
10 ml water. After complete addition, solution was warmed to room temp ant tirred

overnight. THE was evaporated off and 10 ml water was added. The ggueous layer was

extracted twice with 20 10 ml ethyl acetate and the aqueags, ygtwas ified to pH 3
with agueous,ciric gcid. gheHaqgeous layer was extracted twice wjth 25 ml th;'vfi
: i H ashed tfiicg with brine

acetate and Qg8 u _ jblq ed. The organic layer @
and once withjwater &drjed ovel Mg80O4 and concentrated to'yield 1.5 g
b @ e (Boc-%ﬁbﬁﬂ%m‘l@g@protected amind’acid was a
single peak with the correct mass by m used withoeut further @ 5purification.
Calculated mass 267.3, fournd 268.5. BacxizProtiae: (9.7 g, 45.2 inmol),
4-phenyl-1,2,3,-th¢iadiazol-5-ﬁ;mine (4.0 g, 22.6 mmol), EDC (8.2 g, 42.9 lifinet), HOBt
(5.8 g, 42.9 mmol), DIPEA (19.7 ml, 113'1{if{6lf were combined and stirred for 3 days
in 40 ml DME at 60 deg C. Ethyl acetate and saturated aqueous NaFICQ3 were 20
added. The aqueous layer was separated and extracted ethyl ac =@ Organic
layers were combined and washed with agueous NaHCO3ang, brigﬁe\,é Ofgafic |ayer
was dried over MgSO4 and concentrated to a brown residgeyPuré Nrﬁ*ghl\
Bec-proly1-4-phenyl-5-amino-1,2,3-thiadiazole ¢ was obtdified by crystallization from

100 ml hot acetonitrile to obtain 5.9 g. Calculated mass 374.5, found 375.3. 25
Compound £ (200 mg, 0.31 mmol), P& OAc) (1.2 mg, 0.0062 mmoi), Cul {1.4 mg, 0.0062 mmol)

and DABCO (104 mg, 0.93 munol) were combined in 20 ml acetonitrile and stirred overnight at
5 room temp. Ethyl acctate was added and the organic layer was washed twice with aqueous
NaHCO;, washed twice with brine, dried over MgSQ, and concentrated. The residuc was treated
with 20 ml 4N HCl/dioxane for 30 minutes and concentrated. The crude residue was purified by

HPLC to obiain §1 mg of compound 3. Calcalated mass 1091.3, found 1091.7.

10

Example 34  dimer compound 4

OH Br

PBr3

¥

oCM, &°

i I

Ht

2 b
4-Ethynylbenzyl alcobol 2 (1 g, 7.57 mmol) was diluted in 20 ml DCM, and cooled to 0° in ice
15 bath. Phosphorus tribromide (4.1 g, 15 mmol) was added dropwise. The reaction was allowed to.
warm fo room temperature gradually, and stirred under nitrogen overnight. The reaction wag
quenched by addition of H,0 in ice bath, extracted by DCM. Combined organic layers were,

washed with brine, dried over Na,S0, and concentrated to dryness. The crude material was
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OH Compound c (1.5 g, 4.25 mmel) was treated with 20 ml 4N HCl/dioxane for 30
minutes and the solvent was removed. Boc-L-Phg(4-0H) (1.25 g, 4.68 mmol), BOP (2.1
g, 4.68 mmqp0 %1'55&7@1.63 ml, 9.36 minol) were combined in 30 m| DMF and stirred for

3 hours at room temp. to give WO 2008/134679PCDUS2008/061891 ¢ompoind d.

Standard w : e de d or anic layer washed twice with
aqucous UL DAL 4Shes U il i, Ghed i NSO T
concentrated. Th ‘residué was a single peak with the correct mass by LCMS and was
used in the next step without purification. Calculated mass 523.6, found 524.3. 5 01
Compound d from the previous step treated with 20 nil 4N HClidioxane for 30
minutes and the solvent removed. Bec*N-methylalanine (0,95 g+=4,68 mmol), BOP (2.1
g, 4.68 nunol) and DIPEA (1.63 mb9: ol) were compinedyin/80mi DALE and
stirred for 3 hours at rpom temp. S

e BochN OH
NaH, THF, ¢° O

b

5 NaH (135 mg, 3.4 mmol, 60% dispersion in mineral oil) was suspended in an ice-cooled anhydrous

d

THF solution {3 ml) under nitrogen, N-bog-cis-4-lrydroxy-L-proline methyl ester ¢ (437 mg, 1.7
mmol) was added foilowed by 4-cthynylbenzyl bromide b (220 mg, 1.13 mmol). The reaction was
allowed to warm to room temperature gradually, and stirred under nitrogen overnight. The
reaction was quenched by addition of H;0 in ice bath, and concentrated to dry. The crude materiaf

10 was purified by chromatography {ISCO)} using 10% MeOH/DCM to obtain 200 mg compound d.
MHH 346.2 '

sN

’ 2 N ——
g _
e H
_ BocN Ne__8

BocN OH Cyanuric fluoride Py, DCM o | N
i Py, DCM =

d | 1(\/

The compound d {200 mg, 0.578 mmol) was diluted m DCM. (10 ml), cooled in an ice bath, tréated
with pyridine (137 mg, 1.73 mmel} and eyanuric fluoride (109 mg, 0.81 mmaol) dropwise. After
13 complete addition, sclufion was warmed 1o room temperature and stirring for 4 hours. 1 ml of 5,0
was added, solution was stirred for 15 minutes. Additional H;O {20 ml) was added, and agueous
layer was exiracted by DCM twice. Combined crganic fayers were washed with sat. brine, dried
over Na,50., and concentrated to dry. The residue was used in the next step without further
purification. The crude oil {205 mg, 0.578 mmol), 4-phenyl-1,2,3-thiadiazel-5-amine ¢ (207 mg,
20 116 mmol) and pyridine (136 mg, 1.76 mmol) were combined in 10mi DCM and stirred overnight,
Additional DCM was added, and washed with agq. NaHCO;. Aqueouns layer was extracted by

DCM twice, washed with sat. brine, dried over Na,SO, and concentrated to dry. The crude maerial
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10 Standard workup: Ethyl acetate was added and organic layer washed twice with
agueous sodium bicarbonate, washed twice with brine, dried over MgSO4 and
concentrateq}o'l'zge residue was purified by 11PLC to yield 1.2 g of compound e

Calculated massoglbegf'}?
propargyl br\Qar;n %ﬂdg}itgéuc 1@%12(%&'%)@9(’[&8)1%

combined in 40 ml DM

ol

AMQt), Kt ég 7mg, 5.91r
and stirred for 16 hours ;9'{/ fls%a ggg% ?%ex““"g“’ et ]

BCT/UIS

found 609.3. 15Compound e (1.2 g, 1.97 mmof)ﬂ,ﬂgff%%ight %
m

waere

0
Water was added to

solution and BXF5cted 3imes with ethyl acetate. Organic layers were combined,
washed twice with aqueous NaHCO3, washed twice with brine, dried over MgS0O4 and

concentrated. Crude residue purified by HPLC to yield 200 mg of compound f.

¢ -fgand 647.3. WO 2008/134679PCT/1JS2008
0.31 mmol), PE{OAEP{E2 mg, 0.0062 mmql), cull
0.0062 mmoé)mn D/&&BCO (104 me;6:93-mm
and stirred overnigit a %Qom temp. Ethyl

Calculated mass,
Compound f (2

was washed twice Wit
and concentrated.
and concentrated

9o

gueous. NaHpOﬂ,
residue was L

crude residue was ptt

Z
891

itrile

o)-were combine 20 ml ac
te was add ; o rg&ini layer
hed twitd' d Owér Mg804

by HPLC to obtain 81 mg of

compound 3. Calculated mass 1091 3¢ fewuad @291.7. 10 Example 34 dinder compound

4 OH

D

The compound £ (40 mg, 0.079 mmol} was treated with 10 ml 4N HCl/dioxane for 30 minutes and
solvent was removed. The residue, Boc-N-Meala-Chg-OH g, DIC and HOAt were combined in §
mi of dry DCM and stirred for 4 hours at room termperature. H,0 was added to selution and
extracted twice with DCM. Organic fayers were combined, dried over Na,S0., and concentrated,
The crude material was purified by chromatography (ISCO) using 40%-80% EtOAc/Hexane to

obtain 48 mg pure compound [y, M+H™ 720,35

1. 1.4-Diazabicyclo]2.2. 2]loctane
Pd{OAc},, Cui, CHiON

2. DCW/TFA

The compound h (20 mg, 0.027 mmol}, Pd(OAc), ({1121 mg, 0.00054 mmol), DABCO (9 mg,
15 0.082 mmol) end Cul (0.105 mg, 0.00054 mmol} were combined in 5 ml of acetonitrile and stirred

overnight at room temperature. Bihyl acetate was added and the organic layer was washed twice
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Pars DCM, a 4-Ethynylbenzyl alcohol a (I g, 7.57 mmol) was diluted in 20 ml DCM, and
cooled to O in ice 15 bath. Phosphorus tribromide (4.1 g, 15 mmol) was added
dropwise. TQ@ reasc/:ltls%r} was allowed to warm to room temperature %%radually, and stirred
under nitrogen overnlght The reactlon was quenched by addition S 1E8fi1¢E*ath,
extracted by, HCM N %blﬂed or9: |c l%}/ﬁ rs were: wajshed with brine, dried over

he o oro ayers were washed ‘Tnh brine, dried over Na;SO. and

Na2S04 and concentrated to r ness e crude materia
Wo2oosu:aﬁ‘é?@‘ﬁ??ﬁu‘%&é‘b@}“ﬁé‘féérid]ﬁu AffBd by Erramathy r@?) Ky (S EOyHEm3100%
hexane to gi&BlirEYU-EthyH{iBERZ Brorided by(PPO g M THE d08ebouBNaM-{135
mg, 3.4 mm&i;B0% dispersion in mineral oil) was suspended in an ice-cooled
anhydrous THF solution (5 ml) under nitrogen. N-boc-eis-4-hydroxy-L-proline methyl
ester ¢ (417 mg, 1.7 mmol) was added followed by 4-ethynylbenzyl bromide I) (220 mg,
1.13 name. [} Qne]pq %ct'oyllggla(;s(} allowed to warm to room temperature gradually, and
stirred under nitrogen overni 1Ht ulnﬂe reaction was quenched by addition of H20 in ice
bath, and concentrated to dry. The crude material 10,was pliriied by chromatography

(ISCO) using 10% MeOH/DCM to obtain 200 mg co @ TH+ 346.2 The

compound d (200 mg, 0.578 mmol) was diluted in DCM (10 @oled man ice bath,
treated e
[ 0
Fmoc’N\:/{LN Q
z H
: 0 Sy
A
a O NH
T
! G
Fmoc N\)J\N Q
= H O
g N
N

10 To a solution of _4 {0.1 g, 0.12 mmof) m dichloromethane (2 mL} was added diisopropylamine
{0.0456 mL, 0.26' mmel). Adipoyl chioride (0.00862mL, 0.06 mmol} was added to the mixture.
The resulting solution was stirred at room temperature for 4 hours. Diisopropylemine (0.0456 mL,
0.26 mmmol) was added to the nuxture again. The solution was stirred overnight, The crude material
wag adsorbed onto sifica gel and purified by flash chromatography (4 g 810y, (-5% methanol in

13 dichloromethane) to give the Fmoc protected dimer b {3.073 g, 0.046 mmol, 78%).
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with pyridine (137 mg, 1.73 mmol) and cyanotic fluoride (109 mg, 0.81 mmol) dropwise.
After 15 complete addition, solution was warmed to room temperature and stirring for 4
hours. 1 ml of 1-120 was added, solution was stirred for IS minutes. Additional H20 (20

ml) was added, ‘and agueous layer was extracted by DCM twice. EoMBHES S Yanic

layers were washed with.sat, brine, dried over Na2S0O4, and cqngentrated to thy. The
residue was use next step without further purification, Tne grude oil (205 mg,
0.578 mmol), 4-phenyl-1 2 3-thiadiazol-5-amine e (207 0 17T68.mmol) and pyridine

(136 mg, 1.76 mmol) W&%(f bingd in | Oml DCM and stirred 0 t. Additional

DCM was added,: and wagshe ~INEMPEO3. Aqueous layer. sy
DCM twice, washed with sat, brifie, dried over Na2S04 and conc t@dry. The
cnide maerial WO 2008/134679PLCIMS2008/061891 was purified by chromatography
(ISCO) using 40%-80% EtOAciblexane to obtain 101 mg compound f. MiH 505.4 The
compound f (40 mg, £.079 mitbl) Was treated with 10 ml 4N Haldiex&i¥e Tr 30 minutes
and solvent was removed. Thé residue, Boc-N-Meala-Chg-OH g, DIg"and HOAt were
combined M 5 ml of dry DCWI and stirred for 4 hours at room termperature. H20 was
added to solution and extrasted twice with DCM. Organic laye e combined, dried
over Na2S04, and conélntrated. 10The crude material was pttﬁ\'k/ied by chromatography
(ISCO) using 40%-80% EtDAc/Hexane to obtain 48 mg pure compound it MTH- 729.5
The compound h(200mgy 0. ininol), Pd(OAM4 (0.121mgp O
(9 mg, 150.08:nMm 0.105 mg, 0.00054 rn )
acelonibile and stirfed ‘dveenight at room temperature. Ethyl acbtate w
organic layer was washed twice-\W 8/134679PCT/[S2008/0618Y%1 {vith
NaFICO3, the combined orgaRjc Jay ere washed with brine, dried,over SO4
and concentrated. The residue was treated with 1:1 DCM and TFA (20 m[‘i) for 30
minutes and tAHCEKEAIEH TR ErI A& AEAR svdd BurmePby R Preteobiin 724ng of
compound A4 THFIEEE ExamplergSditreritmpoutice®3 hours. Morpholine (0.21 mL,

2.4 mmol) was added to the solution again. The solution was stirred overnight. The sample was

5 concentrated and purified by SFC {ethyl-pyridine, 20-60% methanol in CO; in 6.5 min at 50
ml/minj to give dimer 5 (0.019g, 0.017 mmel, 36%).
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,Emoc FmoeT 10To a solution of a (0.1 g, 0.12 mmol) in dichloromethane (2 mL) was
added diisopropylamine (0.0456 mL, 0.26 mmol). Adipoyl! chloride (0.00862mL, 0.06
mmol) was added to the mixture. The resulting solution was stirred at room temperature
for 4 hours. BiiSOBEM/famine (0.0456 mL, 0.26 mmol) was addedFfd #iéikitite again.
The solution was stirred overnight. The crude material was adsorbed onto silica gel and
purified by fA8RFETOmABYEPRS A% SICT, 0-5% methanol in 15dichloromethane) to
give the Finoe protected dimer b (0.073 g, 0.046 mmol, 78%). WO

2008/134679PCT/11S20118/061891 @/@
N N° moc °
IS

ZX

1w
O

__q
z

| O
Fmoc"N\E/u\ﬁ Q
E O SN
=
o0

5 To a solution of 2 {0.1 g, 0.12 mmol) in dichlosomethane (2 mL) was added diisopropylamine
(0.0228 mL, 0.13 mmol). 1,6-Diisocyanatohexane (0.60954 ml, 0.06593 mmel) was added to the
mixture. The resulting solution was stirred at room temmperature for 4 howrs. A small crystal of
N N-dimethylaminopyridine was added. The mixture was stirred for 30 minutes. Diisopropylamine
{(1.0338 mL, 0.13 mmol) was added to the mixture again, The mixture was stirred for 3¢ minutes,
10 1,6-Diisocyanatohexane (0.00478 mL, 0.0297 mmol} was added. The solution was stired
overnight. The crude material was adsorbed omo silica gel and purified by flash chromatography
(4 g 510y, 0-5% methanol in dichloromethane) o give the Fmoc protected dimer b in quantitative

yield.
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FINOO.NH HN5 (NH To a solution of Fmoc protected diner b (0.073 g, 0.046
imnol) in dichloromethane (5 mL) was

W 2608/134679 PCT/USZ008/061891

To a sofution of Fmoc protected dimer b (0.12 mmol) in dichloromethane {5 mL) was added
morpholine (0.38 mL, 4.3 mmol), The mixture was stirred 3 hours. Morpholing (0.38 mL, 4.3

5 mnol} was added to the solution again. The solution was stirred overnight. The sample was
concentrated and purified by SFC (ethyl-pyridine, 20-60% methanol in CO; in 6.5 min at 50
mL/min) to give dimer 6 {0.0392g, 0.033 mmol, 28%).

10
Example 37  dimer compound 7

OH
BD(‘)(
NaHCO,
O
HzN . BocHN
a
3 b [

4-Iydroxyphenylglycine a (1.0 g, 598 mmol) and concentrated HCI (6 mi) in 22-
15 dimcthoxypropane {33 ml, 813 mmol) was stirred overnigit at room temp. The brown sohution was

evaporaied and the pure compound b was precipitated from a selution of methanol and ethyl cther.
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added morpholine (0.21 mL, 2.4 mmol). The mixture was stirred 3 hours. Moipholine
(0.21 mL, 2.4 mmol) was added to the solution again. The solution was stirred
overnight. The sample was 5concentrated and purified by SFC (ethyl-pyridine, 20-60%
methanol in E&2HE%’ min at 50 inUmin) to give diners (0.019g, BTEHEG$B36%).
WO 2008/134679PCT/1 152008/061891 Example 36dime’. compound 6 5To a
solution of a (LG HLEFRHSH H“blféﬁ%rfﬁ?ﬁ‘éﬁféfnﬁg {2 mtysed added ikBErIgYamine
(0.0228 mL oS mhiod). £ 6 midoeyatisdtidxane (0.009544rE 70,6598 rimrof) vas
added to thenhyikiisre.c Ehezresulling (sl 0tionvwasistittpdiatano emitemperatire fordd
hours. A smalkeiysial ofk8uNodimethylaminapyridingwasagdednd. m(mm;ﬁ@pms
stirred for BQOHAI%tgganmmrrppmmmw(%9 & Jﬁ!m&lml'@g ) Was addgddto IF

mixture again. The mixture was 6-Diisocyanato exane
(0.00478 mL Onﬁcbﬁyﬁnﬁﬁn uﬁas%; %a géggr(;lf’n!fog?] Was ]é}% rred overnight. The crude

material was adsorbed onto silica gel and purified by flash chromatography (4 g SiOt,
0-5% methanol in dlchlo(gp‘methang 1o give the F(r)nvfprotected dimegb TR quantitative
yield. To a solution of Eipoc protemgte%dlmer b (0,12 mmalhin dichlorgmethane (5 inL)

60°C THEHO
was added R z

o, OH
BocHN ~ BacHN O BocHN
o

c d =

Compound ¢ (1.63 g, 5.8 mumol}, 80 weight% propargyl bromide in toluene (1.93 ml, 17.4 mmol),
0 KoCOs (2.4 g, 17.4 mmol) were dissolved in 30 ml DMF and heated at 50 degrees overnight, The
solution was cvaporated and the standard workup procedure was done as described above. The
pure compound d was purified by HPLC. Caleulated mass 319.4, found mass 320.1. Compound ¢
(1.85 g, 5.8 mmol) was dissolved in 50 mi THF/water (1:1) with LiOH (487 mg, 11.6 mmol) and
stirred for 4 hrs, The solution was evaporated and acidified with aquecus citric acid. The solution
13 was extracted into EtOAc, washed with brine, dried over MgSO; and concentrated to a yellow oil

of compound ¢. Yield 770 mg. Calculated mass 305.3, found mass 305.8.

Cyanuric fluoride,
Pyridine, DCM
Q oy e AN Q F o HN B N
BOC/ 9/ BOC/ g,/ R 4 e 3B L
& & -S*N
f S
To an ice-cooled selution of Boc-Proline (598 mg, 2.78 mmol} and pyridine (411 uf, 5.09 mmol) in

20 10 ml DCM, cyanuric flooride (406 mg, 3.01 numol) was added dropwise. The sclution allowed to
warm 10 room temperature and stirred for 90 min. The solution was evaporated and EtOAc was
added and the organic layer was washed with brine, dried over MgSO. and concentrated. 4-phenyl-
2,2"-Bithiazol-5-amine {600 mg, 2.31 nuno!l) with pyridine was added to the residuc and stirred
overnight at room temp. The solution was evaporated, BtOAc added and the standard workup was

€25 done. Compound f was purified by HPLC. Yield 270 mg Calculated mass 456.6, found mass
4573,
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morpholine (0.38 mL, 4.3 mutat). The mixture was stirred 3 hours. Morpholine (0.38 mL,

4.3 5 mmol) was added to the solution again. The solution was stirred overnight. The

sample was concentrated and purified by SFC (ethyl-pyridine, 20-60% methanol in CO,

in 6.5 min atSUHUHH) to give dimer 6 (0.0392g, 0.033 mmel, 2858 EO°EAftIple

37dimer compound 7 4-Hydroxyphenylglycine a (1.0 g, 5.98 mmol) and concentrated

HC1 (6 inl) in 2,2} 15dimethoxypropane (33 ml, 813 mmol) waEstirred overnight at
mpound b was

room temp. The bggwn solution was orated and the pure
precipitated from asgolution qQf h%n
189

f ol and ethytether. WO

2008/134679PC 2008/0 X Jlobtaifd@ Elibulated wmas 81.2; und mass
181.9. Compoqu &3 g, 5.98 nimol) apdNaHCCE (1.0,g,,12- %ﬁﬁdissolved
in 15 ml water and ¥5 ml acetonitrile anoBB%canhydride (1.6 g, 7.2 namol) #7410 ml THF
was added drop®ise and solution was stirred overnight at room temp. The s @on was
evaporated and ethyl acetate was added. The standard worlam was 5done: the organic
solution wa$' WARHEE W adda st NS ESS, Bhfe VA dhéasvedPMyso A 4t
concentratedtercomippdndrec-Calfctiimedaiads 281127 found Atags B2 engompdund ¢
(1.63 g, 5.8smmotdi8eaietghitdbopreparg yt-blomisesit:tol (ke (A0 3ynhE7udshmol), 10
K2CO3 2.4 idsmmods were disselvied:in:3t ml DMband-heated:at 50.degi8es
overnight. The slution waseyaperaied.and,he standard werkyp.Rresadure was,done
as descrlbe}dmggbﬁgyg.qu%ﬁqugr%ggmpound d was purified by TIPLC. Calculated mass
319.4, found mass 320.1. Compound d (1.85 g, 5.8 mmol) was dissolved in 50 nil
Trill/water (1:1) with LiOH (487 mg, 11.6 mmol) and stirred for 4 hrs. The solution was
evaporated andlacidified with aqueous citric acid. The squtionj{\LSwas extracted into
EtOAc, washed with brine, dried over MgSO4 and concentrate té) a yellow oil of

compound e. Yield 770 mg. Galculated mass 305.3, found massi305.8.
; 7 ; ?Cfi{;ﬂio&(ana
H - TEADCM - Boc O M
BockHN g}\(N ¢ N 3. Boc-MeAla, g ’N\.)kN N NN
. ==N

BOP,DIPEA, DMF 3 hr H O
10
Compound g (282 mg, 0.44 mmol) was treated with 20 m] 4N HCl in dioxane for 30 min and the
solvent removed. Boe-MeAla {98 mg, 0.48 mmol), BOP (213 mg, 0.48 mmol) and DIPEA (168 ul,
0.66 mmol) were combined in 20 ml DMF and stirred for 3 lus af room temyp. Standard workup
was donc and purification by HPLC was done ’lto obtain compound h. Yield 47 myg Calculated

15 mass 728.9, found mass 729.3.
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To an ice-cooled solution of Boc-Proline (598 mg, 2.78 mmol) and pyridine (411 ol, 5.09
nunol) in 20 10 ml DCM, cyanotic fluoride (406 mg, 3.01 mmol) was added dropwise.
The solution allowed to wain, to room temperature and stirred for 90 min. The solution
was evapordted"4Hd*EtoAc was added and the organic layer wastWwaSFEE Wit brine,
dried over M SO4 and concentrated. 4-phenyl2,24Bithiazo 5\5 amine (600 mg, 2.31

linnet) with ne was added to the residue and stirred night at room temp. The
solution was e or@ted &=tOAC added and the standard wolkup was Sdone. _
Compound f e 3S0 |eId 270 mg. Calculaté "- Ad mass
457.3. WO 208 /2113 7 PEC T 8%08/061891 Compou 0.44 miol)

was treated wjthi20 ml 4 in dioxane for 30 min and th Ivent re

Boc-Phg(4-0-propargy0-OH e (147 mg, 0.48 mmol), benzotrlazol f- .

yloxytris(dimethylamino)phogphonium hexafluorophosphate (BOP) (213 M , 0.48

mmol) and 5 DIPEA (168 ul, .96 mmol) ##&reicébined in 20 ml DMF and[]stlrred for 3
s done and puirifiga

‘Acetonitrile, 24, R.T.

hrs at room temp. Startdard workup wa: tion by HPLC was done to
obtain compound Calsulatedmass 6438;dount-mass 644.3. i
N
TN N N
H Boc

E H

V Y\H

Compound g (94 myg, 0.128 mmol), compound 1 (84 mg, 0.128 mmol), PA(OAc); (1.1 mg, 0.0051
mmol), Cul (3.98 mg, 0.0051 mmol} and DABCO (86 mg, 0.77 mmoi) were combined in 20 ml

5 agetonitrile and stirred overnight at room temp. Ethyl acetate was added and the organic layer was
washed twice with aqueous NaHCOs, washed twice with brine, dried over MgSQ4 and
concentrated. The residue was treated with 20 ml 4N HCVdioxane for 30 minutes and
concentrated. The crude residue was purified by HPLC to obtain 12 mg of compound 7. Caleulated
mass 1173.4, found 1173.8.
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10 Compound g (282 mg, 0.44 mmol) was treated with 20 ml 4N HC1 in dioxane for 30
min and the solvent removed. Boe-MeAla (98 mg, 0.48 nsmol), BOP (213 mg, 0.48
mmol) and D1PEA (168 0.66 mime were combined in 20 ml DMF and stirred for 3 hrs
at room temp ®3t&HaHEd workup was done and purification by HPEE H&8"d8H& o obtain
compound h. Yield 47 mg. Calculated 15mass 728.9, found mass 729.3. WO
2008/134679PCPUS2008/961891 Compound g (94 mg, 0.128 mmol), compound i
(84 mg, 0.128 mmol), Pd(OAc)2 (1.1 mg, 0.0051 mmol), Cul. (0.98 mg, 0.0051 mmol)
and DABCQOA8&nig, 0.F¥cmmobrweére combined in 20 ml 5 acetonitrile and stirred
overnight at room temp. Ethyl acetate was added and the organic layer was washed
twice with aquesys NaHCQ2,.washed twice with brine, dried over MgSO4 and
concentrated. residue ated with 20 ml 4N FICl/dioxane for 30 minutes and
concentrate o as purifiedby-HPECtqu@btain 12 mg of co Bund 7.

Calculated S 117?5.42, féurel & ﬁ 8-cWO 2668/134679PCT/US2008/06%89

1. HATU, DIPEA, DMF

2. 4-Arminomethyl- Q N
piperidine ow

Q e, NH
4 O % HN/QO
,N\é)Lg @ o rfﬂ

OON"‘)L

N
H: s

Compound a (160 mg, 0.2 mnol) was dissolved in 1 ml DMF and HATU (91 mg, 0.24 mmoi)

i)

fellowed by addition of 1,6~diami'nol[;iexane (12 mg, 0.1 mmol) and diisoproplyethylamine (52 pL.,
0.3 mmol). The reaction was stirred at room temperature for 14 heurs. The reaction was difuted
10 with EtOAc, washed 2x with saturated NaliCO; and washed with brine. Dried over MgS80, and
concentrated.  The residue was d-_issolvcd m 2 mi DMF followed by the addition of 4-
aminomethylpiperidine (120 pL. 1.0 nunol} and sfired at room temperature for 3 hours.

Preparative HPLC gave compound 8. MS = 1205.2 (M+1).

i3

Example 39 dimer compound 9

\ HoNL_~_-NH>

7
= P9 .
@/\,OWN\Z/‘LN Ni o ,
o = F oo Mn I, 1. HATU, DIPEA, DMF Q’NH

o g1 2. 4-Aminomethyl- o HN

a O éijine ONBJ\C;

110



Example 38dii er compound 8 Compound a (160 mg, 0.2 mmol) was dissolved in 1 rnL
DMF and HATU (91 mg, 0.24 mmol.) followed by addition of 1,6-diaminohexane (12
mg, 0.1 mmol) and diisoproplyethylamine (52 pL, 0.3 mmol). The reaction was stirred at
room tempetdtdP&6#14 hours. The reaction was diluted 10 with EtGAE2HH461HE 2x with
saturated NaliCO3 and washed with brine. Dried over MgSO4 and concentrated. The
residue was Gi88NE4' TR BT DIME 51ioisy By thB At S Of 42 me- 0-24 mmol) was
aminomethy’fbit“ﬁeffai’an‘i?—5i e gimrotiolf dhd Stirred!htrbdiererhpritire frid-hours.
Preparative HPi@gaVe cerpoundiB:MSan129e2:(Mid ) 4 hbukExamplhe:i30dinm@ited
compound S:iCempound:a {18k ma-ddmmolwas disseled inrkdiitQM, BATT' (91
mg, 0.24 mmal) was addeddallewsd By &rdiaminopsepans (& itk Qc%dteqoe} gnd

diisoproplyeth ne.(44.id- 6.n I The reaction was stirred at ro
temperatured ]%‘lor(mfr;}!1 %E(?slmﬁg%rfact@l%\?v%{s Iﬁ]tcedu\r/ffi?h ‘EtOAC. W as hec ﬁxq\:v]ft i
saturated NARIEES SR WASKEE With oAle, Wﬁéd%\}er MgSO4 and 5 concentrated The
residue was dissolved in 2 mt, DMF followed by the addition of 4-
aminomethylpiperidine (104 L, 0.85 mmol) and stirred at room n temperature for 3
hours. Prep&rativel PLE&gavercormpound 8. MS = 1164.5 (M+1). 10 Example 40dimer
compound 9 Compound 9 was prepared according ot the procedures described for
compound 8. =1310. 7 +1) WO 2008/134679PCT/US2008/061891 %ample
41dimer co 22’t‘ \)L HeNoo O g O N,

1. HATU, DIPEA, DMF

2. 4-Amincmethyi-
c pipericing
33 JO

N\)'LN/\/\O/\/O

i

10

Compound 9 was prepared according ot the procedures described for compound 8. MS = 1310.7
(M+1),

[11



To compound a (665.0 mg, 1.036 mmol) in N,N-dimethylformamide (10.0 mL, 129
mmol) was 5 added 1-hydroxybenzotriazole (0.154 g, 1,14 mmol),
1,3-diaminopropan-2-ol (0.0467 g, 0.518 mmol), and N,N-diisopro}pcyletha/lamine (0.451
mL, 2.59 mmiAf*Rf&fthe solids went into solution, HUSZO08/061891
N-(3-dimethylaminopropyl)-NLethylcarbodihnide hydrochloride (0.218 g, 1.14 mmol)
was addedhgﬁaaj%ﬁg%olf}%ﬁ Was s |¥”r%ed at RT overnight. The solution was heated to 50
C and continued stirring overnight. The solution was diluted with EtOAc (150m1) and
washed with IN HC1 2x (150m1). The combined acidic aQuUEDUSP were extracted

with EtOAc Ix (100m1) and the combined organics were-washe i NaOH 2x

(150m1). The combined basic layers were extracted with EtOAt leO LT
combined arganic p&%ﬁ were washed with brine Ix (150m1), dried {Na ltered
i

and concentrated w enevac evap atdf and then flashed (ISCC: solid load

(0-80%) 109&&‘4@9&@ MuDEM) to give Hog+proteeted dimer. The protected

dialer was treatetl with 151 sglution ofDCM FEA Gyl for 10 minutes-and

concentrated. The Crude n@atel @o ified’by HPL . to give 77.3 mgyaffinal dimer

49/9PCT/US2008/061891 Example 42ckier compound

.Ong, 1.0§)1Tr1ﬁﬁ?nol) was added I-hydr@%enzotriazole
1)

o gthylfonnamide (3.500 mL, 45.20 mmol), )=

(0.475 mL, 2.73 mine!), N¥3- dimethylaminopropyl)-N'-ethylearb%di' nide hydros
(0.230 g, 1.20 mmol) in order and stirred at 50 C overnigiﬁp\}lﬁp\;o;[uti“n was diluted
with EtOAc (150m1) and washed with IN 10 HO 2x (15(3’1?11) The co@ned acidic
aqueous phases were extracted with EtOAC Ix (100m1) and @o mbined organics
were washed with sat bicarbonate 2x 50m1). The combined basie’phases were
extracted with EtOAc Ix (100m1) and the combined organic phases washed with brine Ix
(150m1), dried{Mazd e dxsfilieret)concentratediandtherdashec (SCC 806G selid load
column 9- 5% MeQEELCM:42.min) e give Bacpratesied.dimen.la tederesidue
was added Lﬁa&\{%%&@@yﬂg&m&muea@% ic,agidmsthylene, chigride. (399, niL)
which was stirred for 10 mL?'J ?{, T and then ro%o aped followed by addition of D

[

and then rotovaped again. s WA %)6%"531 {FaRABY ‘CERevaE %‘geéﬂ%/%g 657 ‘r?lné(%‘w
crude dimeFHATEH WA pHfiEBY 11 €16 YiAsE6.3 mg of purified dimer compound
23.

16 The solution was heated to 50 °C and continued stirring overnight, The solution was diluted with
EtOAc (1530ml) and Washled with IN HCI 2x (150ml). The combined acidic aqueous phases were
extracted with EtOAc Ix (100ml) and the combined organics were washed with IN NaOH 2x
{(150ml), The combined basic layers were extracted with EtCAc 1x (100ml). The combined
organic phases werc washed with brine 1x (150ml), dried (Na,SQO.), filtered and concentrated with

15 a Genevag evaporator and then flashed (ISCO 80G solid Ivad (0-80%) 10% MeOH/DCM, DCM)

to give Boc-protected dimer.

The Boc-protected dimer was treated with 1:] solution of DCM and TFA {5 mi) for 10 minutes
and concentrated. The Crude material was purified by HPLC 1o give 77.3 mg of final dimer

20 compound 22,



WO 2008/134679PCT/US2008/061891 Example 43TAP inhibition assays 5in the
following experiments was used a chimeric BIR; domain referred to as MLXBIR3SG in
which 11 of 110 residues correspond to those found in XIAP-BIR3, while the remainder
correspond WMUZEHEBBIR. The chimeric protein MLXBIR3SG WaECSASHIES Bihd and
inhibit caspase-9 significantly better than either of the native BIR domains, but bound
Smac-based peptides and mature Smac with affinities similar to those of native
ML-1AP-BIR*THE fhprd{REa-tt4&hase-9 inhibition of the chimeric MR domain
MLXI31R3SG has been correlated with increased inhibition ofdoxorubicin-induced
apoptosis when transfected into MCF7 MLXB1R3SG sequ%n 2
MGSSHHHHHIISSGLVPRGSHMLETEEEEEEGAGA‘!;IN%PPE\ SEELRLASFY
DWP 15 i
LTAEVPPELLAAAGFFHTGHQDKVRCFFCYQ\]QLQSWKRGDDP?N i
LR SKGQEYINNIFILTHSL (SEQ ID NO.: 1) ﬁ%IERET Peptide Binding -é‘

Time-Resolved Fluorescénce Resonance Engtgy Transfer competition [Nerlments
were performed o ¥Walfac,Victor2 Multilaheled>»geunter Reader ( in Elmer Life
and AnalyticiSei #NC;Y according to the procedures of Kolb et al rnal of
Biomolecular ScF‘eenlng QQ ~1i4): AheEgenteockialil ccmtammg% MO
his-tagged MLX131R3SG; 200 M‘s\lg@onnyiated—smpeptlde (AVM) 5 ngl/int,
anti-his allophycocyanin (XL6 ISBio Im)tem@tlonal) and 200 ng
streptavidin-europium (Perki Imer) was prepared in reagent buffer (507 |V| Tr|s [pH

7.2], 120 inM NacCl, 0.1% bovin@globulins, 5mM OTT and 0.05% octylg COSHIE).
(Alternatively, this cocktail gan be made using europium- gbeled ant W%Pe Rin

Ehner) and streptavidin-allophycocyanin (Perkin Elmer) ns of 6.5 rtM and
25nM, 30 respectively). The reagent cocktail was inc te at £00 perature for 30
minutes. After incubation, the cocktail was added to 1:3 serlal |ons of an antagonist
compound (starting concentration. of 50 pM) in 3134-well blac PTA plates (Greiner
Bio-One, Inc.). After a 90 minute incubation at room temperature, the fluorescence was
read with filler&fst (e eReration BeiBpnTY (S40ih)-adth fetktiamniis8ion & 120
wavelengthswfleurdpitma(BLE-mmi afdia 3Ballophyoecyahind66oy inmynAntagonist data
were calculateghasma ratioof thenemisson signalkeiaiophyecocyaninat 6ahimmnia-that of
the em|SS|O&9&I@M}Q@HGﬂﬂt@-&ﬁygrﬂ:‘)&ﬁhﬁﬁg E?&iQ&lWﬁEe(e.zso g, 1.20 mmol) in order and
stirred at 50 °C overnight. The solution was diluted with EtOAc¢ {150ml) and washed with IN
10 HCI2x (150ml}. The combined acidic aquecus phases were exiracted with EtOAé 1x (100mi) and
the combined organics were washed with sat bicarbonate 2x {150mi). The combined basic phases
were extracted with EtOAc 1x {100ml} and the combined organic phases washed with brine 1x
(150ml}, dried (NaxS04), filtered, concentrated and then flashed (ISCO 88G solid load column §-
5% MeQII/DCM, 45 min} to give Boc-protected dimer,
15
To the residue was added TFA/DCM 1:1 solution of trifluoroacetic acid:methylene chloride (5.00
mL} which was stirred for 10 min ai RT and then rotovaped foliowed by addition of DCM and
then rotovaped agaim.  This was concentrated by Genevac to give 163.7 mg of crude dimer which

was purified by HPLC to give 86.3 mg of purified dimer compound 23.
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WO 2008/134679PCT/1J 82008/061891 multiplied by a factor of 10,000 for case of
data manipulation). The resulting values were plotted as a function of antagonist
concentration and fit to a 4-parameter equation using Kaleidograph software (Synergy
Software, REZANY %Y. Indications of antagonist potency were dEtEFHAEGHSM the
IC50 values. Compounds of the invention that were tested in this assay exhibited IC50
values of less than 200pM indicating IAP inhibitory activity. Fluorescence Polarization
Peptide Binding Assay 10Polarization experiments were perfonned on an Analyst HT
96-384 (Mofett4r'Deviddd s sitEording to the procedure of Keating, S.M.,
Marsters, j, Beresini, M., Ladner, C., Zioncheck, K., Clark, K., Arellano, F., and Bodary.,
5.(2000¥ in Rroceedings-af-SRiE wa Mire Diaghosticinsiiumentation(Cohn;<$6.E., Ed.)
pp 128-137:Bellingbam, WawSamnles.fok flugrescance Belasization @finit e

measurements, }gv%%%eﬁmg%%%ggg 8&%&@&@% tans AL, ﬁ? Fdinal

concentration of 5ttM of MLXBIR3SG in oarlzatlon m rls 120

mM NaCl, 188 boving GloBUIing Bk ﬁﬁﬁe‘i"’é\”ﬁlae ORVE %‘c@iﬂj’lﬂ%&’g ideytd ™ ““C'b‘md
5- carboxyflam@éé@iﬁebﬁ bgated R VDEILP et kBT 2heaPudiPHELE RNV a f Be il
concentfationr®H nNtl2e7 GAYPciRHe-FAMoprobs ThatEactionsewerertead affer an
incubation time:oft HBiminutes-atraam-tempesatstewith-standasd, cutsofffilters for the
fluorescein fluorophore (tie, = 485 nm; 2" = 530 nin) in 96-well black HE96

MLXBIR3SG sequence!

MGSSHHHHHEHSSGLVPRGSHMLETEEEEEEGAGATLSRGP AFPGMGSEELRLASFYDWP

15 LTAEVPPELLAAAGFFHTGHODKVRCFECYGGLQSWKRGDDPWTEHAKWFPGCQFLLR
SKGQEYINNTHLTHSL (SEQ IDNO.: 1)

TR-FRET Peptide Binding Assav

20

Time-Resolved Fluorescence Resonance Energy Transfer competition experiments were
performed on the Wallac Victor2 Multilabeled Counter Reader (Perkin Elmer Life and Analyrica)
Sciences, Inc.) according to the procedures of Kolb ot al {Journal of Biomolecular Screening,
1996, 1(4):203). A reagent cocktail containing 300 nM his-tagged MLXBIR3SG: 200 nM
biotinylated SMAC peptide (AVPID); 5 pg/ml. anti-his allophycocyanin (XL665) (CISBig

ey
La

International}; and 200 ng/mI. streptavidin-curopium (Perkin Elmer) was prepared in reagent
buffer (56 mM Tris [pH 7.21, 120 mM NaCl, 0.1% bovine globulins, 5mM DTT and 0.05%
octylgluceside). (Alternatively, this cocktail can be made using ewropium-labeled anti-His {Perkin
Efmer) and streptavidin-allophycocyanin (Perkin Elmer) at concentrations of 6.5 nM and 25nM,
30 respectively). The reagent cocktail was incubated at rcom temperature for 30 minutes. After
incubation, the cocktail was added to 1:3 serial dilutions of an antagonist compound (starting
concemraﬁoniof 50 M) in 384-well black FIA plates {Greiner Bio-One, Ine.). After a 90 minute
incubation at room temperature, the fluorescence was read with filters for the excitation of
europium (340 om) and for the cmission wavelengths of ewopium (615 nm) and a
35 ellophycocyanin (665 nm), Antagonist data were calculated as a ratio of the emission signat of

allophycocyanin at 665 nm to that of the emssion of europium at 615 nm (these ratios were
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plates (Molecular Devices Corp.). Fluorescence values were plotted as a function of the
protein 25 concentration, and the IC50s were obtained by fitting the data to a]
4-parameter equatlon using Kaleidograph software (Synergy software, Reading, PA).
Competition €Xperiménts were performed by addition of the MLXBTHSEEAESE 1M to
wells containi M of the AVP-diPheF robe as well as 1:3 serial dllutlons of
antagonist coq%gé]ﬁds fgfgftfrﬁ Xa Oallocidﬁ&(?n%tap%ﬁl%l 300 il D ST St Sirer.
Samples wefe ar@&doaft’ér“ﬁdidl?h?ﬂﬁfé‘ﬁﬁ% Butitn® pIh6tEsEEhE@ArCysing Kaleidograph
2008/134679PCTF/IS2E08/0618Fokarfizatibdistne siwerepiottedcas addnetiondof the
antagonist concentratienganddhed@hor valueswene:ohtained by:fitting thewslatacte a
4-parameter.gquation ysingisaleidagranh seffiware(Synergy software, Reading, PA).

~ Inhibition constants (IC) for the antagonists were determined from the 1050 values.
Compounds of the invention that were tested in this assay exhibited an 1050 of less
than 5 1 ORM. Compound 2 had an ICSO of 0.2787 pM, compound 10 bad an IC50 of
1.324 phd, com *HE FBiEE2389 gM, compound 4 had an IC50 of 2.4054
uM, compound 11 had an IC50 of " 1. 0261 pM, compound 12 had an 1050 of 1.0965
pM, compounidit3ihadanics0.ef 38488 phé& compoundslihadian:dOs0ief 2.3450 pM,
compound LahaekanikGaRel38334 M compeund d6.5ad an J&30-01A.2341 pM,
compound 24 had an IR0 pf Jméé%phgla%gmo 0ebr, 18 a0 50,01 08817 M
compound iB had | an IC 01 of 1d?corql oun % had an 1050 of 0.3 3780pM.
15 WE CLATRITK"€8mp %“u“ n?gl’ﬁwe orUTS WRETSIN 10X BPIE X3 APE sssers
independen?Vb?ﬁP’S?fﬁélﬁy?&dWmﬁ“éd%’d%? BB B IR HeteroryERe Bre
heterocyclylaiyPeaentoptibhalyf stBstifdtedwithrhalogeficrli§iondkilis ito] thivaeM
mercapto, cartioxyl, aliay, haloatkyhralkoxysnalkylthiocsigfonyls amine.andmilie:cn-

R2 is H or alkyl.aptianayrsubstituted:with-halegenarhyvdiuigr R3 and R4 together
ISform a 3-6 heterocycle;

NH;

20 AVP-diPhe-FAM probe

The reactions were read after an incubation time of 10 minutes at room temperatire with standard
cat-off filters for the fluorescein flucrophore (hy, = 485 nny; A, = 530 nm) in 96-well black HEY6
plates (Molecular Devices Corp.). Fluorescence values were plotied as a function of the protein
25 concentration, and the IC50s were obtained by fitting the data to a’4-parameter equation using
Kalgidograph software (Synergy software, Reading, PA)  Cempetition experiments were
performed by addition of the MLXBIR3SG at 30 nM to wells containing 5 nM of the AVP-diPhe-
FAM probe as well as 1:3 serial dilutions of antagonist compotmds starting at a concentration of

300 uM in the polarization buffer. Samples were read after a 10-minute incubation. Fluorescence
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R, is H. or R3 and 124: together form a 3-6 carbocycle; R4 and 124" are independently
H, hydroxyl, amino, alkyl, carbocycle, carbocycloalkyl, carbocycloalkyloxy,
carbocycloalkyloxycarbonyl, heterocycle, heterocycloalkyl, heterocycloalkyloxy or
heterocyclogfé( %’/ﬁﬁ%onyl wherein each alkyl, 20 carbocycloalk§/t/U52008/061891
carbocycloallﬁ/lmgy alrboc clolalkg(lox rcarbonlyl heterocycle heterocycioalkyl,
heterocycloalkyl Sxonﬁn%f% SroayCIoaKYIBRYCAR eo“‘ﬁ%?éf’bﬁ%ﬁ%ﬁ;}"gtfﬁg e e
halogen, hy&?ﬁ@ldl?ﬁ%?&éﬁfé% Bartbi, ‘A reaTeeioamitds Arrprreing HitiolSoicRY and
R4' togethepdfority. & hditar8aY EbibRS ivrstaar Sik{r B5Gtg NV avavhiereimR Fds|ocalkyl;
R6 is H, alkyljuaryl @masalieyby RO g QponQRirt. 1cis Q1D ONGss (XDte - G(XI PN LR, 2-Qr

- -C(X3)0s whegeinct3.is:0 0.3 And.Ry @%%RJO}@HQMO'M@ H, oF kOl and Q2 are

independenfil aals AAIRAEYEIS, A NPIRIOEYCIS I re'p[one o E?fed%&é@ OF CH
groups of an [%I}(yl IS optlonajy replaced with -0-, -S-, - E

-C(0)-NR8-, ‘NREC G 250 INRe™ ‘R %(‘fﬁ *‘MN%P@’(S)’N% in I‘E}“ Rl SIS W
-NR8-C(N 11‘)1W 14 Rk @eP\PIi)W’C(M eUp -6 (5 il ere?éﬁv%nwmﬁé 16
foregoing alksjlarcarbdéyéle antl heteroti€leds dptionallyosubstituteditii-dne 16k niore

hydroxyt, alkexy,acyb-halegemamercaptosoxgpcarboxyluacyl shalorsybstitutedalkyl,
amino, cyano nitro, amidino, guanidino, an optionally substituted carhocycle, or an
optionally substituted heterocycle;
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ISRg is H, alkyl, a carbocycle or a heterocycle wherein one or more CH2 or CH groups
of said alkyl is optionally replaced with -0-, -5-, -5(0)-, 5(0)5, -N(R8), or and said alkyl,
carbocycle and heterocycle is optionally substituted with hydroxyl, alkoxy, acyl,
halogen, tnercapto, oxo (=0), carboxyl, acyl, halo-substituted alkyl, amino, cyano nitro,
amid no Yguakidiio, an optionally substituted carbocycle, or an 20optionally substituted
heterocycle; and M is a linking group coyalently joining U, and U2. 2. The compound of
claim I, wherein BQpis.alvinaucathaaycle, carbocycle-substituted alkyl, a
heterocycle or heterocycle-substituted aIkyIU\}/\(IR/?_rg;an each is optionally substituted with
25halogen, hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, alkoxy, alkylsulfonyl, amino,
nitro; aryl and hetemaryl; 1_, is a bond, -C(X3)- wherein X, is 0 or 5; and R5'is H. 3.
'lhe compoundvéfrelanrt WhiereihcRigaH41 PR compound of clahui Iherein Rs is
alkyl, cycloalkyl or a heterocycle. 55.The compound ofclaim I, wherein R2 is selected
from the. group consisting of t-butyl, iscﬁ:)ro yslo |, tetrahydropyran-4-yl,
N-methylstilfonylpiperidin4-yl, tetrahydrothiepyran-4-yl, tetrahydrothiopyran-4-y1 (in
which the S is in oxidized form SO or SO2), cyclohekan-4-one, 4-hydroxycyclohexane,
4-hydroxy-4-methyleyclobexane, | - methyl-tétrahydropyran-4-yl, 2-hydroxyprop-2-yl,
but-2-yl, thiophefnrdryl, piperidin-4-yl, IPN-acetylpiperidin-4-yl,
18-hydroxyethylpiperidin-4-yhN-(Zatydrexyacetyl)piperidin-4-yl,

R, is alkyl, a carbocycle, carboeyclylalkyl, a heterocycle or heterocyclylalkyl each

optionally substituted with halogen, hydroxyl, oxo, thicne, mercapto, carboxyl, alkyl,

haloalkyl, alkoxy, alkytthio, sulfonyl, amino and nitro;

R; is H or alky! optionally substituted with halogen or hydroxyl; or R; and R, together

15 form a 3-6 heterocycle;

Rs" is H, or Rs and R5* together form a 3-6 carbocycle;

R, and Ry are independently H, hydroxyl, amino, alkyl, carbocvele, carbocycelealkyl,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl, beterocycle, heterccycloalkyl,
heterocycloalkyloxy or  heterocycloalkyloxycarbonyl;  wherein  each  alkyl.

20 carbocycloalkyl,  carbocycloalkyloxy,  carboeycloalkyloxycarbonyl,  heterocycle,
heterocycioalkyl, heterocycloatkyloxy and heterocycloalkyloxycarbonyl is optionalty
substituied with halogen, hydroxyl, mercapto, carboxyl, alkyl, afkoxy. amino, imino
and nitro; or R, and Ry together form a heterocycle:

R:is H or alkyl;

25 Gis

Rs

CQ

N\ /RQF
R5’/ L-

Va
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N(2-methoxyacetyl)piperichn-4-yl, pyridin-3-yl, phenyl and 1-hydoxyeth- | -yl. 6.he
compound of claim | wherein R3 is methyl. 157."Hie compound of claim 1, wherein 12.4
is H or methyl, and R4 is 8. The cornpound of claim Iterm R5 is H or methyl.

9. The compound of claim 1, wherein Rc are both H. 20 | 0.The compound of claim 1,
wherein XI and*¥2"4te both 0. 11A compound of claim 1 for use in inducing apoptosis in
a cell. 12.A compouhd dgkxtlaim | for usesensitizing a cell to an apoptotic signal. 13.The
compound of clajm i 2iwheyeinsaid.apoptotic signal is induced by contacting said cell
with a compoung. g,ge&;agp%p from the group consisting of cytarabine, fludarabine, 5-
fluoro-2'- dcoxyumdlne gem(:ltablnc ethotrexate bleomycin, cisplatin,

S @ m { ’NR -whcmn){ 1s O or & aed £ 1s.H o ;4
cyclophosphamide” &dfiamytin [oRonsiEiny Mitoxantions. camptothesin topctscan,
colcemid, colchi%lﬁé’, PHekrael, vmblastine, vmcrlsdne, tamoxifen, finasteride, taxotere
and mitomycin Q: endradmatiodeit)d4Fhé dbrhpouhcofclaimekRyavhereimnsaidoapeptotic
signal is induced by comtacting:said.cell ith-ApIMTRM L WAcompaund abgl in | for
useill hi hi ting the bingling of @) IARPIIEINGQ & GRSRASR BIOIGHN 50, NRy-C(O)NRs-,

0 NRg-CINHPNRg, -NRg-C{NH)-, -C{O»0O- or -0-C(O)-; and wherein any of the
foregoing alkyl, carboeyele and heterocycle is optionally substituted with one or
more  hydroxy!, alkoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-
substituted alkyl, amino, cyane nitro, amidino, guanidine, an optionally substituted
carbocycte, or an optionally substituted heterocycle;

[ Ry is 11, alkyl, a carbocvele or a heterocycle wherein ene or more CH; or CH groups of
said alkyl is optionally replaced with -O-) -5-, -8(0)-, S(0)z, -N(Rg), or -C{O)-;

and said alkyl, carbocycle and heterocyele is optionally substituted with hydroxyl,

amino, cyano nitro, amidino, gu.a.mdsno, an optionaly substituted carbocycle, or an
20 optionally substituted heterocycie; and

M is a linking group covalently joining U} and U,

2. The compound of claim I, wherein Ro® is alkyl, a carboeycle, carbocycle-substituted alkyl,
a heterocycle or heterocycle-substituted atkyl, wherein cach is optionally substituted with
25 halogen, hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, alkoxy, alkylsulfonyl, amino,
nitro, aryl and heteroaryl;
L is a bond, -C(X3)- wherein X; is O or 8; and
Rs™ is H.
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15 16. A compound of claim 1 for use in treating a disease or condition associated with
the overexpression of an IAP in a mammal. 17. A compound of claim 1 for use in
treating ca mer. 20 18. An in-vitro method ibr inhibiting the binding of an IAP protein to
a caspase protein comprising contacting said IAP protein with a compound of claim 1.
1 Sequente Listitige it GCENENTECHRINE: Flygare, John A. Cohen, Frederick
Deshayes, Kurt Koehler, Michael F. T. Gazzard, Lewis 3. Wang, Lan Ndubaku, chudi

4.
3 5.
(e
6.
15 7
8.
9.
20
10.

The compound of claim 1, wherein Rz is alkyl, cycloatkyl or a heterocycle,

The compound of claim 1, wherein R, is selected from the group consisting of t-butyi,
isopropyl, cyclohexyl, tetrahydropyran-4-yl, N-methylsuifonylpiperidin-4-y],
tetrahydrothiopyran-4-y1, tetrahydrothiopyran-4-y1 {in which the 8 is in oxidized form SO
ar SO,), cyclohexan-4-one, 4-hydroxycyclohexane, 4-hydroxy-4-methyleyclohexane, 1-
methyl-tetrahydropyran-d-yf, 2-hydroxyprop-2-yl, but-2-yl, thiophen-3-yl, piperidin-4-yl,
N-acetyipiperidin-4-yl, N-hvdroxyethytpiperidin-d-yl, N-(Z-hydroxyacetyl)piperidin-4-yl,
N-{2-methoxyacetyDpiperidin-4-vi, pyridin-3-vl, phenyl and 1-hydoxyeth-1-yl.

The compound of claim 1, wherein Rs is methyl.

The compound of claim 1, wherein R4 is H or methyl, and Ry’ is H.

The compound of claim 1, wherein R; ts H or methyl.

The compound of claim 1, wherein Re are both .

The compound of claim 1, wherein X; and X, are both O.

A compound of claim 1 for use in inducing apopiosis in a cell.
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<120> INHIBITORS OF IAP <130> P2481R1 wo <150> US 60/915,010 <151>

2007-04-30 <160> 1 <210> 1 <211> 133 <212> PRT <213> Homo sapiens <400> 1
Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val 151015 Pro Arg Gly Ser
His Met Leu Glu Thr Glu Glu Glu Glu Glu Glu 202530 Gly Ala Gly Ala Thr Leu Ser Arg
Gly Pro Ala Phé Br8Re Mist 35454 ClySeF Bre &l 't 8RR 1elFRla Ser Phe Tyr Asp

Trp Pro Leu 505560

13.

3
e 14
I5.

{5
16.
17,

20
18.

The compound of claim 12, wherein said apoplotic signal is induced by contacting said
cell with a compound selected from the group consisting of cytarabine, {ludarabine, 5-
fluoro-2’-deoxyuiridine,  pemcitabine,  methotrexate,  bleomyein, cisplatin,
cyclophosphamide, adriamycin (doxorubicin}, mitoxanirone, camptothecin, topotecan,
colcemid, colchicine, paclitaxel, vinblastine, vincristine, tamoxifen, finasteride, taxotere

and mitomyein C or radiation.

The compound of claim 12, wherein said apoptotic signal is induced by contacting said

cell witls Apo2L/TRAIL.

A compound of claim T for use in inhibiting the binding of an TAP protein to a caspase

protein.

A compound of claim | for use in treating a disease or condition associated with the

overexpression of an TAP in a mammal.

A compound of claim 1 for use in ireating cancer.

An in-vitre method for inhibiting the binding of an 1AP protein to a caspase protein

comprising contacting said TAP protein with a compournl of claim 1.
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Thr Ala Glu val Pro Pro Glu Leu Leu Ala Ala Ala Gly Phe Phe 657075 His Thr Gly His
GIn Asp Lys val Arg Cys Phe Phe Cys Tyr Gly 808590 Gly Leu GIn Ser Trp Lys Arg Gly
. Asp Asp Pro Trp Thr Glu His 95100105 Ala Lys Trp Phe Pro Gly cys GIn Phe Leu Leu
Arg Ser Lys Gly 110115120 GIn Glu Tyr lle Asn Asn lle His Leu Thr His Ser Leu
125130 Sequence Listing

<110> GENENTECH, INC.
Flﬁgare, John A.
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beshayes, Kurt
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Wang, Lan
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<120> INHIBITORS OF IAP
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<150> Us 64/915,010
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<i60> 1
<210 1
<2i1> 133
<212> PRT
<213> Homo sapiens
<400> 1
Met Gly Ser Ser His His Mis His His His Ser Ser Gly Leu val
1 5 10 15
Pro Arg Gly Ser His Met Lew Glu Thr 6lu Glu GTu Glu Glu Glu
. 20 25 30
Gly Ala Gly Ala Tgr Leu Ser Arg Gly Pro Ala Phe Pro Gly Met
5 40 45

Gly ser Glu Glu Leu Arg Leu Ala Ser Phe Tyr Asp Trp Pro Leu
50 55 . 60 -

Thr Ala GTu val Pro Pro Glu Leu Leu Ala Ala Ala Gly Phe Phe

65 70 75
His Thr Gly His GIn Asp Lys val Arg Cys Phe Phe Cys Tyr Gly
80 85 90

Gly Leu GIn Ser Trp Lys Arg Gly Asp Asp Pro Trp Thr Glu His
) 95 100 105

Ala Lys Trp Phe Pro Gly Cys Gln Phe Leu Leu Arg Ser Lys Gly
110 115 120

GIn Glu Tyr Ile Asn Asn Ile His Leu Thr #His Ser Leu
125 130



