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WD 2008/ 134679 PCT/ US2008/ 061891 5 10 | NHI BI TORS OF
| AP 15 RELATED APPLI CATI ON This application clains
wW@eri0sns46y9t o and the benefit of U S. Provi si onedT/B810681061891
Application No. 60/915,010, filed April 30, 2007,
which is incorporated by reference in its entirety
herein. 20 FIELD OF THE | NVENTI ON The present
invention relates to organi c conpounds useful for
t herapy and/or prophylaxis in a mmml, and in
particular to inhibitors of | AP proteins useful for
treating cancers. 25 BACKGROUND OF THE | NVENTI ON
Apoptosis or progranmed cell death is a genetically
and bi ochem cally regul ated nmechani smthat plays an
i nportant role in devel opnent and honeostasis in
invertebrates as well as vertebrates. 30 Aberrancies
in apoptosis that |lead to premature cell death have
been linked to a variety of devel opnental disorders.
Deficiencies in apoptosis that result in the |ack of
cell death have been |Iinked to cancer and chronic
viral infections (Thonpson et al., (1995) Science 267,
1456- 1462). One of the key effector nolecules in
apoptosis are the caspases (cysteine containing as
artate 35 specific proteases). Caspases are strong
prot eases, cleaving afféHB ?F &Alci d resi dues and
once activated, digest vital cell proteins from
REWMATTBDMHEPNEC £BION Si nce caspases are such strong
proteases, tight control of this famly of proteins
IS necessary to prevent premature cell death. In

Th98PFlicdlion cIGRARPARBSy B SraSHP LRSI 28D QsprbaAtissh )Pa{eﬂtaﬁfépﬁé@tion No.
ens that rgﬂglre proteol ytic processing in order

zyno

60/2}/5&3 2leg A7 YPIBCTHIEISE IB8IOBIEIPY referepes iads prjigcty Iripia.
proteol ytic processing is only one of the ways in
whi ch caspases are regulated. The second nmechanismis

FIBUD opghEantanTionof proteins that bind and inhibit
caspases. A famly of nolecules that inhibit caspases

Th plesen vy et ABFE £60B9010 b3 A0 SOBY DY PR gloss n o

mafdfrla Q) bitBin [pXrtidhIBCO Vi @rsl oF LR Gl R iuEdsSl fOirdali@d dancers.
functional ability to substitute for P35 protein, an
anti-apoptotic gene (Crook et al. (1993) J Virology

BACLGRUAGSD OFAE NWARSTIDRVE been descri bed in organi snms
ranging fromDrosophilTa to human. Regardl ess of their
origin, structurally, | APs conprise one to three

Ap&ﬁ&% @r\ﬁr(';éilﬁnﬂl&ig ceilGRE@s a éﬁeﬁgallg gﬁ@biealen%ﬁ Iiro:%ﬁfateﬁfmechanism that
them al'so possess a carboxyl -term nal RIhE?flnger

plappdn fmpoTthye ric R Hgvedimeitnandt hoaiepstists ig ipyerfebriienel wejl as vertebrates.

Ab%ﬁ%&%@ ki)rgia%(ﬁ)kt)&ﬁt thAO1hEFS PHERGO TR a2k hatte BLAPRAKIE!S GSariety 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, 1456-1462).

Omne of the key effector molecules in apoptosis are the caspases (cysteine containing aspartate
specific proteases). Caspases are strong proteases, cleaving after aspartic acid residues and once
activated, digest vital cell proteins from within the cell. Since caspases 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 proteolytic processing in order
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strands, with cysteine and histidine residues that
coordinate the zinc ion (Hnds et al., (1999) Nat.

W®R008a84678i ol . 6, 648-651). It is the Bl R donakCr/ubmns/ 061891
i's belleved to cause the anti-apoptotic effect by

to lkgal?: 1VE. t”f’hl%brf)gglyﬁg esége{%%%nd r}/:)go?re h%l%a%isﬁnl \ngﬁbga(s ts%%réc’ tegulated.
Thé sreb(bridl hehadspaseodh adasihasiprateiandiatttiel and inhibit caspases.

Apaf -1 -cytochrone C nedi ated activation 15 of caspase

9 (Deveraux et al., (1998) EMBO J. 17, 2215-2223).
A fiadpas@slcail@nkht Thhibitcabpakdsid @ idbibitotshvE ABbR2sid@AR) (Deddraux ct al.,

J %ﬁéqnwﬁmbé 1??9; h ?9 %8Fg§d ° gg]l’esnsggrfg (f)l)r<lllg€]i§]tbl9 ﬁwé&%&g qg lbg(lu?owrus by their

mnetmmes&me} td mussmtt@ ur&l B35 prot¥ns tana@laboantd fak E(Crdokse‘ﬁ ue5(1993) J
re, 1996, 379(6563):349), and
Vlf@\?@f é7< p%1é§ %64)1 r{ABS hﬁ%?n 8FsCHRRdDP EEAniSME rnginggfony Wéosophﬂa to

huM R ardl@@s' Jr tﬂeirrﬂ)@iﬁﬁaﬁﬁlhtu(alﬁ? QQP@Eongjnse RNOMrESBacadPBus IAP repeat
111 Tamm et a Cancer Res. 2 20

0,
(BIBE dymairg gyd moys ef diepy diesnasiesot Caxbonl- teﬁnwr%TN Cclgrgesmptils The BIR

dorRE® ﬁse@ﬁg@ Qﬁl% 'Bﬁltdﬁl% d()ﬁ’iai?lQ)@faﬁfut ) %ﬁﬁés‘ c‘aﬁllprlﬁ Qlﬁﬁa Relices and 3 beta
variety of pro-apoptotic stimuli pr onot e

strandss wathghigeing mldclh%ﬁmeﬁ@mpgzthew@@y@@ the zigg ion (@m@l@ gferhe(1999) Nat.
Strac?. Qé?h)]] 376{4’62 %)5 3%3 he éfﬁgﬁ)ﬁqﬁh a0t 1S\Meﬁ el H)' cusedh f&nqloa@gq}ot ¢ effect by
correlation etmeen X proteln evel s and sur
inhfpggmghibe raspesyonsd rthats eldhlbmng pRant@et sAwiah lexarople.ehuman X-chromosome
hnl% %kp ?%%u hlbgtg %% PlsXI %;g%%% ?%réds t?i(% A p%fu]o éﬁ%chrome C mediated activation
of @bpagoh (lkdvertix ced, (14S8)TDEBO $ hﬁmmlﬁdzzs :&asr&sets i3z@d 7 wraoinhibited by
thec]fﬂlE 2811’131{1 é)?%{:lﬂgé\ggrest%d lg&t(% acl)nrllal{l/ I0 ?@Qg & drespﬁ)nmble f%r the inhibition of
casf)agai“)aktlwqt RIAP ﬁ&ﬂp:r@sfsed?&lﬁqmtoﬁﬂ@% mﬁﬁi(aﬂ@l} amB &S] tikduss @fiston et al,

353:299; Hu et
ot 1o SRRt 3adie toitir i BEr e el e N 60
celg ﬁif&{é':‘ pades QFhiges ald@lﬁilﬂﬁhiﬁf:sf anes 1001 1S e Msininl ztealg Cib) g‘ggﬂcepﬁzes 2000,
ifferent tunpr ce Jjnes to a 0Si I nduce
6(5‘),5]%6ét(gvere5preﬁsll(51 %fp%ﬁ ot Mgy aed]g qka%j; ogqtrateg to BPlgFr protection
ag agﬂﬁzm/arle%o@gnro 3& (oﬁé);tnfhﬂlzﬁﬁ prédiebre8itarb to &l@ﬁlUih@raﬁ'ﬁdeaCasse et al,
30 20 8).: @uo et al, Blood, 2002, 99(9):3419;
Ongpgence 1%9}8 Py (25)\]324@ &onm%rwnhztbg,za strczrgwg_rg};aﬂqlzlzey‘geen\}élﬁé? protein
IGV?E art sunFANERbeFEEmondRARA forfRlid)s SR dcute VR ARG lebkemia (Tamm et

-1AP) is an I AP not detectable in nbost normal adult
al, fupsguReVibTRRuIpdonse i HAG] oppresspmety Angiscate ¢ligonsloatidavehas been shown to

senQMHaCﬂuﬁloleEellQlto deaﬂh%g&g%d @‘g&/ﬁl@tra L Of 15'1’9 aﬂ@ﬁi‘&c%ﬁé@ both (zjn vitro and in

term nati on of roteln structure dennnstra te
vive |(§¢$ﬂklletdn€aﬂq@rﬁﬁsoé@ﬂoofio(ifﬁé%m L aB(BRocher TR, $33:A98r Hu et al,

.donm| Cohd-esgponsi depai SeAL, i :
CHEPRRA R SUESRIPEREY TRERPRAEE GG, Byt hys atso been
den2@Qi@dtd B 6@’1&1t12€'ﬁ/nu&2@03 [d6:180 tumar A B é@ pgoptosis hiadpeed Hyea variety
st sl I ar| S, 1 0; t I I
of nP Gap&ptf) (%&ér% eé alpeéir}(gl Ehenbe ( e’Sp(lg)ég 4{238(’1‘%\%21 eﬁal 1@ tire Med.,
2ooznrﬂ(&)| f08prCwf capbpBo®IEN02RSIAUBE T i Medicbyt del £t BanalChem. 2002,

R v Lo PR A hEABRHEr abeut 0 agent

|nduced apopt03|s Agents such as adrlanyC|n and

ter ph | (4-TBP) were test
Me@&?% %19@[%35%# a“’n]{éli(fD ?PSSﬁiﬁ@C% %Péﬁ]ﬁ?té’é’gfl g"‘dﬂ}t “FS}B@s ‘&‘H dS strongly
uprtAgat€h ﬁlniﬁEIBﬁfnﬁw @llicicCetag e N0 WeaRent BigN T Bﬁﬁm%)’ b%fe&mnatlon of
effective in killing the cells when co ared t

DProfed WtuWqugﬁgs&?{eg shgaﬁlpring homelpgy of thedYLAAR BRI §nm1\{q]ﬁnger domains

to dkred pORIIRYE AHMGERr&BntaR himAPRIMPOCLIAPRGA] ®ITAY2.1 Bhd BIRRRAain of ML-
t hrough 1 nhi bi tion of
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caspase 3 and 9. M-I AP did not effectively inhibit
caspases 1, 2, 6, or 8. 10 Since apoptosis is a
W@ 200884699 control | ed pathway with nultipl e i ntRCHU$1008/061891
factors the di scovery that | APs t hensel ves are
eargJl L q]ave f:ﬁlg)(s)tt éngl?ari%le 0 th I]QIRI%IQ d Efl#énv 8{IA¥41 C-IAP1 and C-IAP2, and
applaa‘fs e«i:tbe ve&sp ¢isibil) fcmnbb (EIB‘Iqunrafta@bptSSm hay sleteahihyd bmﬂeﬂetamhl analysis.

i th hibit th toti tivit f ot
F“%B‘%?f%ﬂ?t‘étg L R e TS R
indGMAGH It ABL A gedms tuch@s bdrdakcihhed hMSaraB@ty@hémwmmptm t8sted in a

o .proceed. It was shown that opt osi s,
et BGRGIP of P BETE PTG AL 1Yo oL B TRGIpeche agets were
mgﬁ@b@@ eds RV d iR RilnAd tBE LMR ehbcdniphad th e néihDREI&SF Y te control. The

e it physically binds tqo I APs. and prevents the | AP

er
me‘FhraB]ﬁﬁnBt-‘/n‘tfh figMLoAR redisicad an*Ft?P%Ptt’tt?rﬁCB‘r”tY ignn Pyt thigpgh findbition of
casPdst QWRd §.NRILAAPRABR 1 EBedki AR IMibAChipH&s &N 6t figs proceed

wi th apoptosis. Interestingly, sequence honol ogy

between the I AP inhibitors shows that there is a four

Sln@t{r&ﬂéﬁtoﬁg i s'fm:ttlkffcoﬁtfbll%&‘?athv{/\!iytvﬁfﬁ'ﬂlﬁltiﬁle thergétlﬁg @Jcﬁ)?ﬁe ?h%@ﬁjscovery that
active protelns This tetra pept i eapearsto bi' nd

IARsrthansglvesyate toghlets cvamotplew@t I thetfiyet 8| IRosphd, thediedper (rpr), Head
e (0] l:

Invgh.ﬁ§tp ?%368%?; (}@ﬁ}fr&eﬂ%g\g Igtgtgf_ﬁ%g)%y&%iﬂgaﬁgﬁaﬁf %Vltﬁq?lg infibit the anti-

apoletia peliva) 81 tho MosPIOR, farily efi IARS.. In thi@@@0nalNge pmellzs@\/IAC/DIABLO
| E 5 .

actJf Q@Cli &lgfljg%shan§m§] %I:lr%\-g(l)e_' olc%lyﬁ ea?eélh(l)vgn ‘%1%1’[2@9 gg aormal apoptosis,

SMrMX/E Iprqcﬂstwbtnt(mrSacuffe foAR apd otrelemsd Frami thgmithehondg@netoahe cytoplasm
U2 wher nd, Uz have the e

wh%rg tg%fllylcaglgﬁ)glg I%ILP)S a%prﬁ‘g:ngéﬂsg% %ﬂn R]ﬁglﬁﬁ' b caﬁgﬁsg(lﬂﬁi inhibition

of the Inhetlewnthlcagac Kxemtia a@ﬁ@ﬁaﬂdﬁﬂl@ﬂﬁﬁ&emwlﬂ& dPoiabsisS; InBrestingly,

WO 2008/ 134679 P 200 /061891 R2
QleTEBBUYEPE, DSBS RNy MAPRYT ST HBR dieicy it gpino scid morit i te

N- tblﬁjlhﬁfsQ)(f Y}@pydoaiskd/ :actﬁanﬁ‘otéiﬁ%] | THigdetryp episdeppdatsb @gld\lﬂltlb @ hydrophobic
hal o roxy oxXo, thion cato car pno R
P°C§Ftk1§}| he Bl %%PW pnd distpt; yhe BIY E%}’I"‘t“h[”é‘dmgtﬁ? FHRFS (Sl 51 2000)
Naﬁfbd40618t551862 R &5l H2000) alakied 40p000000, WSB! 20040 &dure 408 1008-
wi th hal ogen or hydroxyl; or R3 and R4 together form a

1013).6 5 heterocycl e;

SUMMARY OF THE INVENTION

In one aspect of the present invention there is provided novel inhibitors of IAP proteins having the
general formula (1)
U -M-U,

wherein U; and U, have the general formaul (I)

. RoRry
R4 N5
AN
N G
/Ry
R4 X1 R

wherein

X, and X, are each independently O or S;



R3' is H or R3 and R3' together forma 3-6
carbocycle; R4 and R4' are independently H, hydroxyl,
w@piona34629 kyl , carbocycl e, carbocycl oal kyl , PCT/US2008/061891
car bocycl oal kyl oxy, carbocycl oal kyl oxycar bonyl ,
E:%ﬂg lggzglbob cEe::cng Igfga%%ll kay Elé é)?yz:I eﬁ(r)rgacgrlo%%hrﬁ(ky? Xcho(gptionally
csabéuongdc\lvniahddygen, H;,(dr(rx&l’ bxxf;ylubmhieydapm, Garboxyl, alkyl haloalkyl, alkoxy,
CYC arbonyl het er ocycl e,
%ygﬁ&%}ltl':fo%ya\l%? %%ﬁléf %r ocycl oal kyl oxy and
R; kel er Aky opahky hlmxmﬁtan RaxAhlogsh @ miydrona) dryR;SUDRE toegeth@dorm a 3-6
mth hail ogen, hydroxyl, mercapto, carboxyl, alkyl,
KXY Sanmi no, inino and nitro; or R4 and R4’ toget her

Ry TiOFNOrR; Ad R @spythl€fordRl 3i6Scatdodycleal kyl; 15 G is sel ect ed
fromthe group consisting of IVato W R6 RI~ Y R

Ry and R4g argy 1%epelﬁ8ntl}R5H Nh.‘/qi_TOXBFbg anjjosy alkyd, Cﬁzrbopx;:ée |q}1rlkpcycloalkyl
c\a(rbgcichaMyB%ff Y. cmb&:ﬁloaﬁloxﬁaﬁonﬁ s’ he{\Jr&g'cle Z aleB?@ycloalkyl

Ve wherein 20 OH or al kyl ;

Fhete&mg@kstl@ge%h?terp‘aiclﬂaléfylexz@a%wﬂe Whﬁfétne??’éb)ﬁélfyé carh%ycloalkyl
[ I ng nt |

10 c%rbbkﬁ[oa?(&iﬁx% : ?gﬁbé&i@loa@ylo%grgg%g/ 1346%&%1@ yheiélrocycloalkyl
Fb@rpmqﬁz 9§ 189 hetemyql@lky;}m@%bpnmb@ WpHerde spbstituted with halogen,
| n a hal ,
nﬂl’y‘ztﬂl?)gﬁ glg{(]:%%[é ({a'rbo%\’rl] gﬂ%ﬂ Qﬁé@[dg {ﬁﬁﬁ& ?:E{/ 191,tr0,a(9' R9HAR, together
dambmhqwt)@clea het erocycl e or - U-V vvher ein Uis -0-,

RS{S%EOI.a@‘O)-’ S(O)Z’ 'N(Rg)" 'C(O)" 'C(O)'NRQ',

“NRg-CfO) -, -S02-NRg-, -NRg-S02-, -NRg-C(O) -NRg-, -

15 G ilNRipcd Kt thiRgroyp sdNRgting(oliHyato IVE( O) - O or -0-C(O) - and
V is alkyl, a carbocycle or a 5 heterocycle; and
wherein one or nore CH2 or CH groups of an alkyl is
opti onaldby repl aced mith -0-, -S, -5(O-, S(O 2,

-N(RP< A O -, -O- R-NRg oge) ‘/\/¥802 NRg-,

b 6
RG' ‘/ RG'

&) |
IVa Vb Ve
R1 Y R1
Y
7/ Rg 7/ R
N N 6
- RGI - Re
=N
Ly
e
7,
‘\/Z
Ly e
IV d Ve
wherein

20  R;is H, OH or alkyl; or R, and R, together form a 5-8 member heterocycle;
Rs’ is H or alkyl;
Rs, and R¢’ are each independently H, alkyl, aryl or aralkyl;
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-NRg-C(O-NRg-, -C(O-0O or -0-C(O-; and an al kyl,
carbocycl e and heterocycle is optionally substituted

wawaok/1susdy oxyl , al koxy, aryl, hal ogen, nercaptBCT/UX2908/061891
car boxyl aryl, halo- substituted al kyI am no, cyano

I NO. ani Q; a0, 3P i subst it uted
R, bs alrrl 630(3(1’:1 ocpur urge 50 15 H%,lé r?dop]ty r(]:gﬁo flyd(P(B(g : erciagta ltlalogen fitro, carboxyl,

Ivahmn@(gy@dlmno R9<yl laatBocyote, QBetenébycﬂ@oraUSV neticbe U is -O-, -S-, -S(0)-,

AR R B G R R S AT

o OH) N}am NIIR@-@(NIQ)J Aani(0)-00,0r aDKS(b) aldkoxy ,alkgt, W carbocycle or a

3{ %I ox%%ra&g ﬁx}}effﬂﬁ I O%Wgﬁ’ @{Eﬁ‘ 570&% ¢fhingalkyl is optionally replaced

aIanJ@ ukt -, sab)gyNau;b f@wI -C16)-BRi- mm,;lcf(oylyls,o2 NRg-, -NRg-SO;-,
al kyl am nosul f on sul fon | am no

h@?@ FERV IR -l e(?rn &a{épl kyl ﬁiu*k%y(]‘le agq, [terocycle is optionally

Lt wathyhydrd§Y! A¥dky, %63)1' asmog&l htEdpRAl dk! c@Bkyl, acyl, halo-
het er cle subst itution is_ opfionally substituted
wvb%ﬁmw%ql@smmmm SYBgaro. pidingy gepnidineraapyipnally syhppituted carbocycle

qula%pftlonmaJs%ItIﬁﬁédhet&my nitro, cyano, cycloalkyl,
aryl ‘or a’heterocycle; A2 is a 5-nenber aromatic

Ry’ h%Qe@fdbycl e incorporating 1 to 4 heteroartons N, 0O or
1 .
A §7§g%}f‘n‘%§r lgér?%‘u%ue%ﬂ#l‘lylgg Ong,h%{-é%?%é‘géﬂ-oﬁjﬁ(}%?i §?JI\S|U 5 dg?flth amino,
m@mgylmemee dialvgXB cirboxyl,emidna rgdarRiifo, iatkyH atkox R Bryl,Qtyloxy, acyl,
d I .no
aag 0r OC?/);l?me ql?o ?aglpog lém(l) r0 %F%ﬁ%l%ﬁﬁl%ﬁﬂ%%ug%na@ a(l)l%ylsulfonyl,
aatrmmwl}?dnyl Stllwkatnmmaifdnyl rixplsaomglamitohor -alkeferedyele; wiBf@) each alkyl,
Saé@%y, ‘%iiﬁég a(gg(z c)ylo’xNF?Cgr% N3 ldalkyll\lﬁg% E%?l?ﬂ_ﬁgcle[\ﬁlbstitution is
a@ﬁf NI:rl)sﬂtut@lSwrthh@re)@-l letogef)-h¥rédpto, cabokyhekyd) dik@myhaloalkyl,
of t he. f or egoi (g aﬁﬁ’b( " a%boc C%E and heterocycle is
FPT AR § LU BT SE W 1 'BAEEr nore hydroxyl

A’ ad Koshembdt Yromdiil w&yclaaﬁ@a@ramgoum 4 Heafdensyb N, a8k ,S and is
ubsti tuted al am no, cyano nitro, am dino,

hal.o
dﬁ&?ﬁaﬁv ﬁ‘g)s%tﬁteéﬁi‘tlﬁhé?ﬁ%ﬂ’rl more Kok R &i0W% car bocycl e or an
L 1§@l§dn@n@(k3\) %{k%)tNRtIMre@()@ﬂ QYHRENEX Sis 0%5F Siand @,,08 HIr R3O Y

is a bond, (CR O or S; wherein n'" is 1 or 2 and
Q F?’?d staryndmp%g}ﬁ Q}quyz} carlé)pgf,qle aélgtﬁqumle wh%nﬁ)@e or more CH, or CH

alrodpe ot apalkﬁllw tRIAIROne 1@&@%&@1‘ @o s@%k@,m ﬁ(mgoz@(m -C(0)-
or_aral kyl oxy; Z1 is NRg e;
2Rar¥Ri-hdpehaeNRi-y-Nigs O@'ra Ws %@d Nsi, SNRe- ¢ N> -NRs-C(NH)-,
o] cav I I

SRR e 0 O Mol ShoUny br B0 fsEinediHy, I3sBA S RTG roevete »
RETY 182 COBOBAB 91th | ane amombrer hydeple talkoky. t4eel. ihalpgen iremcapto, oxo,
tégﬁ)r ?ylagc‘?f} I%I%V SZ%&PETQ Slyh Q”éyaﬁc?ﬁi%' ShidfhoC %%%defhnoptionally

a carrier, uent or exci pi ent
anotiherd @gpecte afan Dbt@nalﬂwselhitltmm hettdreayelei s provi ded a
X ey (I)Ir ] of inducing apoptosis in a cell
Y is a bond, (CR/R7)», O or S; wherein n” is 1 or 2 and R; is H, halogen, alkyl, aryl, aralkyl,
amino, arylamino, alkylamino, aralkylamino, alkoxy, aryloxy or aralkyloxy;
Z,is NRg, O, S, SO or SO3;
75, Z5 and Z, are independently CQ, or N; and
M is a linking group covalently joining U; and U,; and

n in each occurrence is independently 0 to 4.
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5 conprising introducing into said cell a conpound of
formula I. In another aspect of the invention, there

W0 g00pndssided a nmet hod of sensitizing a cell toPERUS2008/061891
apoptotic signal conprising introducing into said

In 'tcl:rﬁ)lt}ler Aspe \ngt?%g ﬁe i V%Ielt%(feno E[hrri‘Je areI I‘OVl Cﬁd'c%ﬁlg)?%}l(gl% rco%%tqselrcl:gt cc?mpounds of

ﬁnmnhﬂbmiaagmﬂhhmbnmdmmgn@ﬂ an IAP protein to a caspase
protein conprising contacting said |AP protein with a
conpound of forrmula I. |In another aspect of the

In hroviePhipae, oft the fieehtfonp FHRY¥ ﬁlqﬂoxaddd&t hmlod Qf iddo€iag bp@tdis in a cell
di sease or .conditjon aSSOCI$%ﬁg t he
COWEF‘&%F"SE%%]H“’&“%“ (@Vatelnde ﬂm?‘ﬂa mammal |

conprising admnistering to 15 said mamual an
ef fective anount of a caonmpound of fornula |I. DETAILED
In gyetergspagl eNhern PRI nPREERRIEN dEhBOBIMRERTSsiBEng fesH| to an apoptotic
mgmwﬁpr@m%aﬁthﬂﬁ&h 2RI il Reo & bt fdBAllla T €Pr esent ed by
the formula - -R in which H, alkyl, a
carbocycle, a heterocycle carbocycle substltuted
In a%m asséct Bﬁ@h@ EIR/EM%%@M b@lsrb$laéc€9médhl§a/for lam%rgl the bi1&ng of an 1AP
al kyl , ~al koxy, carbocycle and heterocycle ar€ as
proghésf fodesesPRSrEYtRIN cappiisingreguipeiing neifl IR proggirkeiting ¢ongpeugyl of formula 1.
acetyl), aroyl (e.g. benzoyl), and heteroaroyl. 25
"Al kyl" means a branched or unbranched, saturated or
In anethat anpedt efl thei ineentie, kKleeng/1s, previdedryhdthed fop heating a disease or condition
n
ass%%{ﬂge&) &/Iﬁé 21%30&%%9&8856);1%9 %Aﬁg gtgn }I? a npn%p c%&ﬁ@?%an? i§1§termg to
said mpmmalfapreffextavapmeurt af kydngrwimbdf, fomtmda Ial kyI portion may
be a saturated hydrocarbon chain, however also
includes unsat ur at ed hydrocarbon carbon chains such as
"al kenyl am no" and 30 alkynylanlno Exanpl es of
n- propyl ,
S 0 1 SO=bt v tert- butyl
n- pentyl '2- nethylbutyl 2 2- dlnethylpropyl n- hexyl ,
2 nethylpentyl 2 2- dlnethylbutyl n- heptyl
Aayil o arnX a g‘flfﬁg}}rﬁt h rﬁ%glg)lst%s?n? régﬁ%entgﬁgﬁlg— g[rmlalgrgﬁ)a R in which R is
H, slayib® BarbéHers,” a tRoSYI0 Od’:lMﬂSBytﬁe ansitus@ allkyIrdr ﬂhét@fb&f@@ﬁbktﬁu‘[ed alkyl

to ethyl propyl, isop
Wh%rﬁlerﬁﬁ‘pﬁﬂbg%l OXy: gogicle %@c,het?w?le B % dﬁfﬁﬁ) [hereiin| Aggkergyps include
alk@ROLClcfgl Riy1)SabAYd.E Weedyl), @h&ﬁéte@ﬁ@ﬁps may contain one,

for exanple two, three or four substituents which may

be the sane or different. Exanples of substituents

“ARY® mddfN L& AEDE Mﬂb?a%clﬁb@f éaﬂl@&ged or(imy%rgtg@ @lelAGP alkynyl) aliphatic

PCT/ US2008/ 061891 hal o am no, hydroxyl, protected
hydagegPbeR wroup s g 9o 4o 1% satbiaajomapiesx 9thewuter5@emﬁ<3ﬂa m¥ghen used as part
of Qrmtl%k rﬂé}m f(gufkgllngl'e nglkyfalﬁl%i ﬁ’ll%‘lail@fp-\ﬁ!)moﬁ %agfllﬁya{ saturated hydrocarbon

am nosul f ony kyl sul fonyl am no, aryls onyl am no;

chagrhpwesr blgmyiclud@sdylbfaww@ hydbéatho, caldvply krl,lalla@yﬂoa@y “alkgnylamino™ and
cl e I -
“SFERRRKE, SyoBi T SHARYEL SRR £F ningd Vet ARREY, sgpromy. o
butylp ;isoetygyrio sﬁetbhwll,, terfibutyb e éngyl, 251dﬂyfdhumk,yhé{dhy¢thylpropyl n-hexyl, 2-
me{hrgflp%%gf(lo% %{&rﬁn&q@[}!ﬂ%ut I?e);) ny3J lilep}gf??;:]%fglhex dﬁﬁé hye "The terms “lower

alkgll’ K¢ |- 63(@11@3&1‘ hmingalldybdiﬂwlydo 4 cafbloy hoxyCac Isyzm)yyrams rodredel ydterchangeably
to gqga{nb%guq 1, ?ﬁ%r,“?tprr‘é’ﬂyl, isopropyl, cyclopropyl, 1-butyl, sec-butyl or t-butyl. Unless
specified, substituted, alkyl groups may contain one, for example two, three or four substituents

which may be the same or different. Examples of substituents are, unless otherwise defined,
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met hoxynet hyl , et hoxynet hyl, t-butoxynethyl,
acet oxynet hyl, chl oronethyl, brononethyl, iodonethyl,
W@ eioBhissronet hyl , 6- hydr oxyhexyl PCT/US2008/061891
2, 4- dichloro(n butyl), 2-am no(iso- propyl) 2-
hal(g%aegl ba? ni‘rjl Jé%{(ylhértotea eg h?f!ﬂm)éyl Cnal?rgag)l—(i? é}F.I‘ d%,/ 816(9)5}/? ljl_lgro ¢yano, amidino,
ngﬂampIESalnmﬁm@B myﬂmmpmﬁmmhﬁﬁmmylmkﬂynknﬁmhmbn&tﬁyﬂmnwmmmq

am‘%%rbo(ﬁgln %/?réanalg? raélg)é\éna&?/ écyl(%tyﬁ g%/:arggcé/?%,l‘ﬁ/ P’,”g[gr-%lé%fei/l ]?)Ec’amples of the

abovp esubitityted REXY |gr@ipo Liﬁcﬂudeetbﬁ:lt aréSWbs tintitell ed; aldaymsthyl, nitromethyl,

hy(Jgn(:l U&Srh?rgtgl%ggrtl t d ITet Olgilﬁg }gt ﬂ]glﬁglgétgél (iaﬁ)@)(yrgethyl carboxyethyl,
carb SYPBHyIL Lﬁl@do;&}carb@ﬂ’lr@étﬂ@l" allgroﬁybﬁrboﬁylﬁﬁiﬂblﬁ&hﬁf (Iahﬁmoyloxymethyl

substituted neth grou i ncl ude groups such

MBI e ﬁmwme&}%t sevet R o SR REIY echéom%hyl bromomethyl,
iodbREthAh isnoaymanyl OG(H}["@(;)?! Yiéxyl, 2QEHAXFORIBAKA), 2-amino(iso-propyl), 2-
car banoy| oxynet trifluoronethyl, chloromethyl,

carpapaylpxy st H?‘F the Eﬁé% rBiveley Eroameray alsobrethsfituted with dFskecycle group.
Msinél&% cgél%’fgpy'hgét{}!ﬂ') cyNdB{ltgfﬁleY}‘ﬁfl Qpclgfaehﬁflnlféthy@l Y 'cycl(ﬁlexylmethyl
car bocycl e, het erocycl e, ~carbocycle-subst’itut

grogpsk s well tret '@P o@gfr@mn@u@sﬁﬂwm @tppaf/ kyutymﬁréyln h%l groups, etc.

Sul%lgéli/elr(]i’e dl%hé( QNude %gstﬁﬁgggﬁe?ﬂ%lrl a'%ng ﬂ&hﬁr é]r‘c;%éé s@%s%%dal?y the same

ereln. partl Ine 1st
substiMBEn@ dHhe “NHBtitutedrf. (6" alksdagoupr |En@n}yles( of the su‘tNt—in)ed methyl group

. on (i. - NRH) ary NR

1ncﬁ1§g W%@(g%s R | SEC}H aaf ky qu&gﬁlgthOtyC| rdtgc‘tedhe @d 3{)‘?}1‘1@&@1 (e.g

tetrala/rdmpgmﬂexmeﬁsfl)i étqatoeyinah)hl ydarbemoyletyametigy, atifaor@aethyl, chloromethyl,
&>1 %»1 gh re| the al kyl , al koxy,

car Fg% Ve @ngnﬁ %é? ‘are as defined herein

Particul ar secondary and tertlary am nes are

AT e S DD ATEG (ARG el B HES ARG 3 beeroyele

car&&y&le@wsntud:ef bIR@d oanBetePéyicRrabdtiyuel ksityl t‘k.lheﬁ’éin the alkyl, alkoxy,

rticular secondary tertiary am nes
car P%d#qtﬁéocyele A aaﬁﬁﬁzfﬂ hereBpyt BT an?dé’beplﬁ G5y -NE; CINH)-
NH@henyIanlne benzyl am ne di net hyl am ne, diethyl am ne,
dipropylanine and 30 disopropylawine
"Am no-protecting group" as used herein refers to a

“ARRLP MRk \8inRfy G.RENGEP ug%s,mfa@mpal L YREITRhPYRHry i, blmais amines in
or rotect an am no gr oup | e reacti ons are carried

whightR gnHotlkgr 2 featbeesctsn alheﬁrwﬁ@ @rbocydresubgiigediakyl or heterocycle-
sub@l(tﬁlg@ aﬁ<§fl inleréllﬂqge Qﬁ(ﬁt Qlﬁ) gngar%(gfylg%nh !ﬂgtle%gfclé:% ?'E@ﬁrﬁ:ﬁ’herein .
aryl groups, Imnes,” as we as '
Partreiiar N@é@féra@étt@ml’ﬂ epiinea erovakylwhine hlidblarhige. raeytovied digylamine,
r

arafk?%ﬁlg%talﬁ% gla{; p%bagg%i%? Og{g]a 1% Bglil]‘egeua:gé{nte{i__ur ! %Q%‘umted
Parﬁ@()@"/ k8ad9y Pad USRROB8/ 4oi89 Jarc emathyihleme,ofeﬂt}’rlra@mee, propylamine,
1501% :?n%n? r eheenggnqgel Qenzylar&neanmgt gaﬁai{}]%eﬁleth%amfmd\ég)aopylamme and
dmdnhmmNMh@y & Sons I nc. BEM/York NY, 1991, chapter

7; E. Haslam “Prot ecti ve Groups in Organic

Chem stry", J. G W MOme, Ed., Plenum Press, New
AMﬁlblp,rotMﬁng $9d3; asUbayiicaiin kferand d@n%ftlv&ﬁﬁﬂ gr,oups commonly employed

'Protective Goups i ani.c nthe is"

o bl el R P AT Jgons Fia g i Y dpagonal Houps on
the@BIPUnd! &x@hsled 6f @Oh PFHtRIBNLEOUR 1nc1ude carbamates, amides, alkyl and aryl

groups, imines, as well as many N-heteroatom derivatives which can be removed to regenerate the

desired amine group. Particular amino protecting groups are Boc, Fmoc and Cbz. Further
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substituted with one of the above am no-protecting
groups. "Aryl" when used al one or as part of another
W@ 20087M18#82NSs a car bocyclic aromatic group whet hRCT/082008/061891
not fused having the nunber of carbon atoms designated
or LT .no nunber Sj t t ‘kﬂ
exan{ples of ﬂ’[ssaer IOUDE arc ?()grrlc)?/ o ”gp&guarseeréer gnd }ﬁ eén' \%Htg’ph tr%tgcitlve Groups in

Organmfﬁzyrmﬂieels ph&Enaht lheyiley &aphsh axcerN,dw Yaﬂd NY]e19|9ﬂ Kkéhapter 7; E.

Ho TGRSR OBy T G ableDEth A Biplin s New

Yoﬂ@ﬁwy [1973Sahgitdrt ) e T W ebrgtneDt ProtadaB e iGrbilips dn a)fgahlcrrsml&sa John

Wi Er%g Sm? So Ie@o orlr,%\l"él 1%5) q'ge(ze%%fi)lrotiel{:tﬁe%daflvl\ﬁ%ot’ grlef%rslto An amino group
subSttBRH WitHend &f tE MBS eNamitehRER1RL Steupsl se speci fied, from
hal ogen (F, d, Br, 1), hydroxy, 15 protected hydr oxy,
cyano, nitro, alkyl (for exanple Cl-C6 al kyl), al koxy
“AfyP Ol he@ XN Ehe GF asFRrt oRhKMREY dorm RRBLW @Y eycHd hldg%Ne group whether or
prot ect ed carboxy, carboxynethyl, protected
not(’fas,egéﬁv%thﬁwnnberw g?rbggyﬁ@phg,qmgnﬁe(b@re@pgaumber is designated, up to 14
carbHda@0yset bMJtlculeﬂ’maﬂ@ n'EItoli‘Qél ardd oA rﬁ/@t %gph%{fl‘l n@{ﬁﬁ&l}}" phenanthrenyl,

trifluoromethyl, alKky sulfonla N
nap&rh&wnelulaﬁ%ﬂlyllém(m@lg(wng aﬁynéﬁgpk eﬁ%@vmtryo (Dean, J. A., ed) 13" ed.

S
nEYLO TP b ! SMLSILL Y R o
phe@lvll*gzoupgmotwfigr@@ seipatitedi veth or@wtefoothrquoer vreﬁ\hyfme eXa@ifje 1-2, 1-3 or
a 0 o hes i tye
IR TEL X O T OURS ) LOSERUATLT KAL), s,
protehted dydernpnt @dng bitve . allﬁkzﬁfopleezsnpjé (11-I€e atkgl’)nalkoxy (for example C-Cs

alko bff Eng%lu%ﬁe ((j%aDlP e?f% I;])reort]eﬂte% cab E{yg W 1%)0)&/8 ne%yl c Hli%}eftgg ca?quymethyl
hy BoxXyiretio) hamytted Mdiokimatiophenydmettd], praeadd afio@heiny) mﬂuoromethyl

dlchloro hl or enyl ,. .
alké‘g %‘Blﬂe n;ear %‘EFB?yiarPBB‘P@W? aW?%BBI?’%aﬁ‘ﬂg%yl arylsulonylaminoalkyl,
hetgmf;ict&nslarfaf]mm@@weaer&gam:smf(oeylémaﬁalkym asteRBRNY| aryl, or other groups

uqQr opheny nd the |ike
SPegiiethy RO PR @?@Wﬂ@ FOEgioE Frethy oas (G iug R dhpt substituents may

in 8rdye rs@%ﬁﬂff&ln\)ﬂth aZsifhilgH Y BXIHRRE Bdtlotedt dbBve. Examples of the term
Er ot ect ed- hydroxy derivatives thereof and the |ik
“su

W‘F%H@W’i “@f‘#‘éﬂ% bufijg fpotalimited tgra Moty oF éﬁk?é??phlenylagmup such as 2-

chiG¥ARaPN eilbﬁlom%l{éﬁﬂ i aﬂoremfml % dléhlgaéamlglh eNylfichBrophenyl, 3,4-
nono-"or di (lower al kyl)p roup suc

dichlorpphdnyl, rsbleyapheyl, 4- br@p@@pWJ ébhr@ﬁ)y]phenﬁ fa;é-(dﬁ)y(prmpéﬁw 3-chloro-4-

ﬂucﬁeﬂﬂﬁﬁ%r gg@g%%ﬁéeﬁgg Qﬁ{c{a ;c]h 41’11<‘?et I'%uylngﬁ? n(}fl dl(hydroxy)phenyl group such as 4-

hydiexyahduglk yhpdrexwphenyt, @;jlpdlh)fdmxygh@ayﬂpthg protected hydroxy derivatives thereof
an&h%ebg‘%’] g%‘)i}!“b%ﬁ%n?rhgﬁ?{% Fugﬁet %ﬁ‘elg(%/ e%ﬁngé/ ﬁgﬁ%P& E%Iup, for example,
4-cgangplivoxly phengro; &- di(losep rablg(b)pygnph @nq/dp, such as 4-methylphenyl, 2,4-
dlnfelﬂ&}éo:hglﬁ{l,%%gtﬁﬁﬁe%yl% éll ul(%ore t%r%%( xohlerafg%t er%l?y)fﬁllfe qn%— r{—f?fglgyl)tpﬂgnyl and the
likedi « adnoXytp hl(aamydxylphel(yp rendupc tfed ex:aafpﬂxo X3y)-pinerykypdegulp 3-methoxy-4-

ben&}lf'll() WB?%& f ¥t$j) 'h&;ﬁh;l%?m{%a)g%%zgf[%gphenyh 3-ethoxyphenyl,  4-
(isdpyaoopplivayinyd- O@hﬁﬂy’)bhﬁsﬂcm 3bo:asi-Bethpyph@et add the 11ke 3- or 4-

hydro t hy henyl or_ 3,4-di(h rox thy
mfﬂ%??&*-eﬁ%ﬁe‘ﬂ%(’( ﬁ?‘ﬁ’o ee P ?’ﬁﬁ%‘ﬁvf ly@ @S g“’uP such 4-
car@dﬂyﬂm;alt hy Inopbresdi(hgkte ey BpHeay dﬂQﬁlBieb&‘il hﬂﬂ@@)ﬂeﬂ*@l)phenyl such
8 WD 2008/ 134679 PCT/U82008/061891 rot ect ed
as a%(ﬂﬁﬁ‘?%‘?%ylll)ﬂhﬂ’@ﬁgﬁlthyl)%enﬁl o o3-* g}(hydroxymethy phenyl; a mono- or
di(HhibNnderefpRddys s (f)ﬂ)ﬁﬁé{ea %ﬁfé)n)e@@%ﬁéhyl%ﬂ&;hs @S(algrn()ﬁlethyl)phenyl or 2,4-
nethylsulfonylan1no))pheny| so, the ter
"substituted phenyl" represents dlsubstltuted
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phenyl groups where the substituents are different,

for exanple, 3-nethyl-4-hydroxyphenyl, 3-
w@kiosndeas hydr oxyphenyl , 2- net hoxy- 4- br onophenB€T/US2008/061891

4- et hyl - 2- hydr oxyphenyl , 3- hydroxy 4 5 nitrophenyl,
(pr%tFCQéS/cﬁ %ml{lgr{lez]ﬂ%y(i)g)ilew 5 %Igerﬁé)rn% upsdd(Nt \ASE is%lﬁ'enygau 11 1p{hené/n Fuch as 3-(N-
me&ybulﬁ]n&faemmm)bhenﬁfbr Ax@ngpb germ “substituted phenyl represents disubstituted

3-met hox enzyl.oxy- 6- |, .sulfo
PRGBS BERTBYS RenTErT SRR P HBo - Sgronyphenyl 3-
dﬂmemn@suhsmmﬁuleﬂnﬁm@mw#bmgmpmm§Lmheﬂ@1nhﬁhsu@shwtuengﬂnmy4
mtrgplﬁrgy kg&g’ﬁf%{séﬁ%{]%ﬁ%lyb-%ttm|1i.k%- eﬁh\gﬁlg,las trisubstituted phenyl groups
whéd| fROY kavdtitaents Paret | gitbht, Subist éxathprd pﬁ@myky HH&PSxy-6-methyl
include the 2- chlorophenyl 2-am, nopheny

sul@nbl?laﬁxﬁp h%éﬁc;}poxysfl %MWM@W| Sul@ngﬁlﬁl&ﬁy anll etﬁtﬁsubs‘ututed phenyl

grofipsPRAGY lIRXABREMNks ard d'i‘f?&é}@)éﬁmﬂ'@sny Inethdxy-4-benzyloxy-5-methyl-6-phenyl
et hoxy- 4- benzyl oxyphenyl , 3, 4- dlethoxyphenzr

sul@nﬂ@mwex;?amwwgn%ww%ﬂ@ﬁxh groups jstude k8- 24ch(lorophenyl 2-aminophenyl,
2- b%o‘ﬁﬁ&ﬁ?t ihﬁﬁleﬁlgﬁﬁ%éﬂ DXy etﬁ&@rbﬁlenyl 4 benzylox henyl 4-methoxyphenyl, 3-
3- net hoxy- 4- (1- chloroneth benzg g) t hyl
ctheyiy-4- hﬁmloxmh‘mb pﬁrﬂediyﬂhowbw 3-1Pgl8e- 4abey¥yl¢>iyn1@@yhéynethoxy -4-(1-
Y, 2.0
cHi B T UL b PN Rlon RIRTR Py Sttt slfonyl
amimaphvey! gasips ubstd ayt rds adak wlso ge eubpiguted Bith @ay, oeyatylp 1,2 or 3, of
" carl. |yl e "¢ cle" and."c » alone
the 3 Y e ety B PR e 0 AR B "5
a carbocycloalkyl group, refers to a nono-, bi-, or
CLIC carb qn_at

C'c}rf;ocyé{l ,n,pcfar 0§§)<;[1§61c !)%cg%l J;‘IaVI ngrbwc ghllf?,rée ang en use% as h moiety
in Sadnmplet @ﬁi,lp(}fuch amesaatrlwcml&dkyl gfoﬁ)ﬁ&t*fe& 0 fa V@0 -, &i-poratieyelic aliphatic

sat ur at ed carbo are .
ring st bl SosB ST BB AR g SRR JPmRrhicy B A seyirared or
uns@mﬁalﬂ@ﬁ aroﬁqa’@@bi h(ﬁtdrahatﬁ:aPMhaIlﬂdsaﬁl&ft&D&ywcﬁ:hic Sroups are cyclopropyl
prapyl ther particul ar turateg rbocycl
uty Creierpt an SR A R et 6%?@ gl tupglopropy.
An@thé}r@h'idélae s@uraRl Yhrb@&yRINS c?&olﬁ&ﬁw esduar defshiebd (faﬂfocycles are
exanpl e phenyl. The terns "substituted carbocyclyl”
aromatig BECYY| 80U PIEHPHE Jlingd. e srpieRlengy o s terms “substituted
car§d<':l9§lgfl|’ ot utehbchiet Iﬂﬁd S%ocy@le%éahuﬁgges Rdps B&bstituted by the same
'substituted al kyl " roup. 25 rboxy protectlng
subgfiitaeiss asdls “yelsttukdedyyh g'@ers to one of the ester
derivatives of the carboxylic acid group comonly
enpl oyed to block or protect the carboxylic acid group '
“Caghaxyerretectiog gong” @srused leagin radets thutme of thotekter defivaites ofith¢ carboxylic
acid %1%519 §on?rg(t)l{el£{§1|n lgi;ggﬁg B%gk fﬁﬁgp@{:}%ﬁe &%blo?{ %Eagﬁ%{ﬂ% \¥1111 le%eactions are
carlded'remthmxytbenleycttl,ona groupis et tho xyibpnmy.| Ex,’a_imp,les@f such carboxylic acid
pro%c Angte;hgr)(() pbsenz P%eﬁlzlér"l}tpobér{ I 1?2;21}9 q?%l?e% 1 3,§—d£1_1ethoxybenzyl, 2,4-
dmmﬂtohyﬂeezya‘:dl my-bﬁnalydxyl’)dme}flz hy,dmythmethylbenzyf p’entamethylbenzyl, 3,4-

4' - di xybenz 2,2 ,4 T
me  p RS onzhy BFOPION iyl SLEATRI YRRy 224"
tetrtbmaiylyberizhydryll , alihd meichoxy t £-hutyl| or 4t-#nyl, trityl, 4-methoxytrityl, 4,4’-
dnrfthﬁﬁtgﬂgfxyéﬁ%p rlthhO)inr?tWE{Ztﬂ%\thﬁ ﬁrgqoﬁ( ¥r tnmgtlhylsﬂyl t-butyldimethylsilyl,
phelhadyuit YQQLtHaﬂﬁM%tﬁyI: Ybta- (tnﬂ{é&ﬂﬁﬂ}/lbethyi Bet2( difnl tw Me@s1sylhethyl, p
-(trimet Si
tohﬁgfsglfétafﬂe(ﬂwl ﬁhlelyplaeﬁ@tlw}fpgyl?tbyl) @{yhyapnnarﬁylsé (trimethylsilylmethyl)prop-1-
en- gxfyl Ued arUnbRANM! eltﬂé)é%ecm@ Jﬂlcﬁt’b&gﬁﬂiéﬁé&t lglgfr&,;@yénﬁﬂdwa is not critical so
I'yl, cinnanyl, 1-(trimethylsil yl methyl ) prop-1-
en- 3- yI and |ike noieties. Phe species of
carboxy-protecting group enployed is not critical so
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9 WO 2008/ 134679 PCT/ US2008/ 061891 1|ong as the
derivati zed carboxylic acid is stable to the condition
wo@Rosubseguent reaction(s) on other positi onsP@f/US198/061891
nol ecul e and can be renpved at t he appropriate poi nt
lonﬁar ?ﬁ)ué n%t%rea‘ %gri) n)%/hc taglr tlSa I’S1 ? %{eocogg 1on o lllb%ecqlilller% I‘eaI.C%OH(S) on
othera;rdsmmys— pﬁthé ﬁmteede amb tachl rembpsdsal nl&rvg)pmpndue @Dllﬁt Witlbout disrupting

h d
e R B B il oG AT BT A0R 0 B et Ry rgoreced
moku@l tasstrbhgAhteopibid Chusdiarsdh e s hy@r@fdldd: tok QMO &r reductive

so to be ayoi ded mhe enyvi ng am no- ectin
cor@}tlaaijgmglﬁamﬁ gr 'Sllctw?)tp @??lﬁ@’l(%? 6%&513% Ay, sg%’ﬂﬁj harsh removal
cond@logW.afe BRE tto cw avoi€ar KXy hréova dmmb@hﬂ&iuhg’l (}gr@fp@ Wag hydroxy-
are the al kyl nmet hyl , et hyl, tfbut¥ yl,
pro%%gm%ddlﬁcqﬁqe@ I’bS%@(I‘?Z ylam@llll%rﬁgboxgilqﬁq%pro ecting groups are the alkyl
(e.& MRRX et QLRGN MGy, HLAHREd PSRebbbiyt Bouse péaﬁhmmokytpmtecung
penicillin and peptide arts can al So be used t
groppsgisetin the @ﬁhﬂé@fpgﬂr& OcFiBinEnd Depside pigpesn lso hw% &protect a carboxy
gro%& §15H§ht%§nt§’f FidiRs ExatipRY P t&E@@%nﬂe kdind in W WOR&AE ANE G, M.
Wits, "Protective oups in Cr?anlc
Wugy nPW@ﬁiI@ GfOEPStjlnéi)fgamQ] Syirhops)’ e%/ @1 Soh Wilepick Somelic., New York,
o] 1 c £
N.S?& Ldl?pl)’s ch%]tg &, E. %Ig%lanéjg’?nﬁéc@i(fe %rougs 1n|_@1§519gbhen$ Et%';’ FE}dW McOmie,
Ed.PPI@nmmPFaseé‘éew Kek, Nof. k1978, G’ha,‘ptel 97®d Udh;ﬁreﬂne 5 ‘Pratentive Groups in

) e; "R gan| «
Org;%/n\év %resh%glg' J p}m Wﬁ’e&%ﬁ& SX h%‘ggﬁf} W 1 3 ’pger\l@’ T]iﬁ‘gtglil’l protected
carlghapteders &.a chitbexy gronp é‘qbstuuted:welﬂ orfebof (tmdbovqﬁhrlxo@—pﬁo&cﬁmg goups.

carboxy group substituted with one of the above

car boxy-protecting groups. "Conpounds" include salts
“Cantbus®@l vatuds s{le agd sowads &t € dydrhthenieadof. " Guani di ne"

nmeans the group -NH C(NH)-NHR in which Ris H, alkyl,

a carbocycle, a 20 heterocycle,
“GeaaldIRC yiat@s Shd $tdub UMﬂC@NﬂD}’NHRr in which R is H, alkyl a carbocycle, a

het erocycl e-substituted a | wherein the a

R‘H‘e ?ﬁste

het%rloi:(ya CarbaEyg Csyleqtlgn%ina Vafcée %Pgltlggd dtg?y?/ H@arem the alkyl,

alk e Szirﬂecyﬁe Rad hét@r‘d{?@[e AU NI FHNBEhdr&int rAengtli@l'ﬂa\‘i’ guanidine is the group -
roxy- protecting group” as used

NH2. " Hy
NHH@P&%ﬁE%@fers to a derivative of the hydroxy group
commonly 25 enployed to block or protect the hydroxy
. group while reactions are carried out on other
Hydipwytnretecting graonpas wed haian derp Sumderivakgmp e iy dpxs gigpp commonly
em@B&tdeﬁ)t bl@&( af %H}?&t tfl]ec lh%@x (gﬁ)hﬁ WergQ(}firoﬁ@ﬂeo&)fmed out on other
enzoyl , acetoxy, carbanoyl 6xy, benzyl, and
fungfiqngl egroiws s off ethg. cIESUNd. TBORSIPlgs oo ssuclFuprbieeting  groups  include
t g [

tet@ﬁ@kﬁﬁﬂ%ﬁ, Sl%%‘ﬁ%@%br %ct%g)g @&rﬁa&f}ogw}g anzg] aWdi Cgﬁﬁé?ﬁls‘?s a0d TBs,
TBBY Bt grelgjssF‘qrthQIrﬂzkamgles oﬁlbetsn gmnpgye &)u&bns'l,“ Wr@r_e¢nel\dgva. G. M. Wuts,

Yar k C§,991 ter a2+ 35 E. Hal l
“Prgy (r:tbvi’:eecrtou%s in anic¢ SP’I’IP[E g,a%l Cd oehrr%‘l \éf%ley &aggys, I&c., WW York, NY,

19NE Ompeers 2-EdE., HRﬂmUﬁ’roﬁHo&%Grd\ianYOfgamc I’(Nﬁ,emilsﬁ?’S J. G. W. McOmie,

o R AR S a8 GTLHE SGEPYshngros

Org;hﬁﬁ 1Synmels t, @5HN Wﬂé}OZtnﬂ(Sbﬁfd Neydy @k WY, 198f.eTlg tém':h ‘@rotected hydroxy”
dr rou bstl ne of the above
refﬂé[ﬂ’r%m ¥ 81 f ﬁt&u’ﬁ HHE gne %‘Iég %@Y%I?Y&E%’/‘&PFO&“&P%%rﬁ“PS
“heterocyclic", "heterocycle", "heterocyclyl", or
"het erocycl 0", alone and when used as a noiety
“HegRpich sgBup helereryels ahﬁ%rf’@fck?cy CEEICRSYT goTo dlﬁteroa}fféo alone and

whitS&6kd as a moiety in a complex group such as a heterocycloalkyl group, are used
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10 WD 2008/ 134679 PCT/ US2008/ 061891 i nt erchangeably

and refer to any nono-, bi-, or tricyclic, saturated
w@eoogns@mrur at ed, aromatic (heteroaryl) or nonPGF/USMD$/@61891

ring having the nunber of atons designated general ly
mtefréh%g% g.blt garr]ldar%%yta? 1a?1%rals(?n% dﬁ‘;eom;f ttg\(rglg: a1r esatt rate(i I %nsattura]{gd aromatic
(he&:r,daf'y]l)’ or - OXGeN)ng ﬁavrngethalﬁplhlber]ofta&tm& di’eeige:ttexatg@nEBally from 5 to

i her ed daubl e bonds 5
sbogt Bl &5 i, Sl B F1mgrhast P 25 Rd bt BENGS Cafgen. sufor
or dpdygeﬂ)u,l for ﬁgﬁﬁleﬂrto 3 Gkt toatoRSt BIpRAllQ e -Mayberdiingdaad toy2 dwble bonds

i di e. n i frogen heteroat om
yoro megl&%ﬂsqg Vn% asqutgtzs)efi%%[}j@ dsy e}gg the piffpggn or sulfhr%eteroatoms may

optﬂﬁslﬁli}afeQﬁﬁﬁie@ (H215%Y, SOY)CARISINA hgroBEN 1RFDbaitdHy hqay optlonally be quaternized.
lénnr pholino), pyrrolidinyl, oxiranyl, oxe

Pa l%ttl?faﬁ%?ramaﬁmaﬁmemczcl%ﬂ ar%mr@foamanworplmlw% r%@?ildmyl oxiranyl,

oxdi@l T, aRMBLRRYILAR! | 2 BRIy AN hnyl, tIH-SraRY ! ’tetrahydropyranyl thiiranyl,
tetrahydrothletanyl aziridinyl, azeti

n
thiefangypt fgfrabypdrfhictapyly | aermupyé»r FZFHYIYLa riqubylp%y Eioldi mjiteraziyl and
plpellﬁﬁltlﬁr O&Vqlletgl%kwféalkyg{ ?xldgp IS a%en:% ?519 CgY&Jp sgﬂecﬂﬁ@d @Bove covalently

fined above coval en bonded

0 an roup as
bormléql ith el alkgbgreup Pari@fﬁr@dlaapves Weﬂnﬁéb%?%ha}%p% es containing a
sulffl? BI 9}1 érngor"f} and Ulllef tldrt 8¢ nl%€¥1ed@0n?st ﬁmhmglyf) 'ﬁfp&r@cu‘ie@ rﬁﬁ%ol—Z—yl and

n at ons aret i azol articu
thlatzhh %tzloN @4@@1 tambazolyhi mzpdrti@lay| 1 deatdmol §-pi awi d2dthladiazol-5-yl,
di d :
oxafglﬁlo?{ ﬁ}lgaa 21\% Zo%?z%%f’ g;{ ha g dx%&l %0;1)5 mrch aﬂelx%4 Of(aedlazol—S—yl, and 1,2.4-
oxadikad -yl 2 -Pyﬂtlpulalrﬁjmemwe(hm@ I}ﬁlte,rO(S(cﬂehccal&mmg 2 to 4 nitrogen atoms include
oxadlaz
h s

Hmé’dzf’ Pclf ?‘%Zﬁ_)ge& dtrl Or?/g %ué?eaf ogjyzgf(ng‘g(l’lcoﬁlc 1§ﬁ)ymazo£5 vl 1.2.4-

triakzl- 54y1n|ahd1 omgte:n:om Os&h i di’sCllHdetrazbm daz o]Paythqulas ubﬂnzcaﬁlsed 5-membered

hetim(@/c Z?u"rel bggéxa@ %yia% 12212013%J ?frag;iﬂen%mviﬁz ng’)amcul%* 6-membered

hetéretycRE @bithin (S'ith tBSe thkotgai ﬁt@ﬂ@hn&-o)éﬁonaﬁ’@m Jubfll &f oxygen atom, for
benzo-fused ered . heter

exa%m%g%loquclz asygyrl ﬁéﬂzp(Yﬂfl ézyé,| ang yC(J ‘g?ﬂ]d fa)ytnemidyl such as pyrimid-2-yl and
pyrRfi0ziyn Gazeyl- dchlas 1Bar bbbt afd mgrmaazam yh %ﬁﬂ&ﬁl‘g{fp|11€§artlcular

contain one to three nitrogen atons and opti onal
PYI’s‘l'f}Flfléryl ot daniagenl- al Bipyridene Boxidzatil r&ﬂﬂwnedlwwﬂdéwﬁi the pyridyl,
1612(%/1 ﬂimld XA ! p§¢1§az§ﬂyl afthe Py, i-gaBim¥- yl PN 'srrzlrgﬁél particular group.
such yr|w1 r|n1d-4-yl tr|a2|nyl
Su@%lﬁma@fl ‘Pligually | ﬁtlﬁutgi Weraﬁs@lei ,3ing - furthes Axpmples pf the 5- and 6-
meR¥&rk A AZS f%{ems 'dﬁc&%& b5 @arn be%ﬁﬂdqﬁzdl rbécléﬁ'enne?@zdaz U.S. Patent No.
pyrazi ny he pyridine N-oxides and pyridazi ne
4208, 6% dele aapeltiedar qughodiyeint,  sypr dpitoeklle - S}Abstlttpwlhﬂeebcacly lgroups are
[ s onflE 12 i
suth}'t[lfeg% hg%ﬂrdé@% éﬂéﬁ,s gﬁ%yl, ta%#lh?iélbgbo n%,é%)crajl?{ (f,‘lc)aﬁ)ogyl, acyl, halo
smmwmedamut@dmRGWeﬁmmmnhmsmnoanﬂammdmher exanples of the
5- and 6 25 nenbered ring systens di scussed above can
be found in W Druckheiner et al., U S. Patent No.
4,278,793. In a particul ar enbodi nent, such optionally

substj,ttuted terocycl e .groups ar.e subst ut W t
“Het 8?%L ;ﬂ“’ne 'é“i“id} on ‘EF{%S 01% 3 CoIIGHBRUP ?‘r’ﬁ Sa*’p\?eg?“’%?z‘gY I group,
refﬁ‘at’omhyyﬂonoab‘iy lor tlﬁt@lblﬁ.b arsmhﬁ:tririguyﬁtdn ahvkny the AurmbRo of BYBN@Esignated
nitr am di no a |d| 30 "Heteroaryl" al one
whilh o Bt A, S g 6 PR TR BT Pl 97 Bl et goatoms
seldv@ldaroaaiha lgionih nBfoped oxygeffagdl Sulfud, 2alYh APdiGcular i@inbodlaem at least one

tricyclic aromatic ring g¥s en1haV|n t he nunber of
hetgpa}% 1%%@?%&{,% Rhdpook g Cheaystyy, W r ]nﬁ]gldqum gle\:;ieﬁmgon are any

bicRdlic LroBIRAERANY bNGe GOV eRRtdAB/1 FhQMrOMRed ® § Bdhkene ring. Particular
et er oat ons

11



10

15

20

25

30

35

sel ected fromthe group nitrogen, oxygen, and sul fur,
and in a particul ar enbodi nent at | east one 35
whedendarom i s nitrogen (Lang' s Handbook of Cheei/E82098/061891
supra). Included in the definition are any bicyclic
ups. where any. of the aboy roar, I S _are
nerdbGUR oM Re an didlon 1E oNEY el ERe e B 088 S s are
mmBﬁ%ﬁU$2EﬂRﬂﬂﬁﬂ8@Gﬂmhmﬁﬁmgamyd$rmmmbﬁmnmﬁugm@smmﬁm@QEmﬂwtenn

B U KEE T RO N S

triad1gIu bﬁﬁdlhid)ﬂ}e d ))X&@l[a@blpﬁ tét@aﬁ@ltyﬁ dthhj,hafzdﬂ?l txatiazolyl, pyndyl pyrimidyl,
fur Yy

Pyl‘tlﬁli%’ ; :Qgﬂséa}élnpfg otﬁqghzla% 1n§6X é}gz&n{ﬂ qﬁ 5&1&1&/]0 F%agiazmyl "dithiazinyl,
diokdzirZ 0 bydthiaidyil, ad&’ltl@ﬁﬁﬂdy |th1a@%ﬂﬂylam11tﬁhzm§tl etd[tﬂlééﬁhzlhllyl imidazolinyl,

thiatriazolyl, oxatriazoly ridyl rim 5
dlh%‘}f?@ﬂ“ﬁ@fl te%%}yiir@@gp]ﬁgyl tetr:mo&if%p]pyn%gglzf/ﬁvmurmyl as well as benzo-
fuséd 'd@lﬁa‘ﬁyés b e RAHAZ bBYAoxaz0X B dbeRZIY], , betlkdithRAH, n}éénzothladlazolyl

di oxazin oxat hi azi nyl, tetrazinyl, thiatriazin

ber@%&ﬂﬂ}é,zgmwnn@mlﬂu adi adelrly A pm%?az Seterppyl” s 1,3 %fnazol 2-yl, 4-

(ca@ow 1RPY4- hlgl‘h%( 3 tﬁ&%fﬁw dlr (Qﬁ)rlﬂ&lyliﬂe%l)é methyl 1 3 th1azol 2 yl sodium
tetrazol o 1 bl pyri dazin puri

n
Sal‘behié thlﬁdl@@@ﬂér |3Vﬁaftthxlé52,a ﬂlwﬂlaégéérbw ely bém;@éstla%ﬂl yI methyl 1,3,4-
tnag(ﬁ% ¥ Ihi i()gf,g%fqlgyoﬁg ?carlﬁ&?é %ﬁi nggllzt&%%llg\yl sodium salt, 2-

enzo benzoi azo
Gﬂbawﬂﬂummdﬂ3‘h§h@ﬂéaﬁyl13H8aﬂﬂ2)$ tthzah&@my5y14 2-orethyl-1,3,4-

y Y Z
0xXa !Pa (531;5? ogﬁlﬁ?@i’% ?I?thg? :lrgt4h x%ch%zogg lyﬁl lgizé(l) % %1 az?l 5 yl 1 3 4 thiadiazol-5-
yl, @athipl-1 3_,,421;114(11&2]01 a&dl, a?z(mieﬂﬁltlylb) 1,3,4-thiadiazol-5-yl, 2 -amino- 1 3 4 thiadiazol-5-

yl, gl—l% 3/1 5 \%1 %fngthgf]{] I—?%Itr%z g y? ly(l (dlmef'%lyﬁmmOBe%‘%Q lyl)ﬁl—%’tetrazol 5-yl, 1-
(caﬂ)ohﬂﬁhﬂ@bl)jl—l—l teBazbl Syil,az Ol-(eﬁb(}édymethyl) 1H-tetrazol-5-yl  sodium  salt, 1-

- car box thyl-1,3,4-trjaz diumsalt, 2-
oG RS de TR a5 Fobdhdffient oy I90R SR hdogfim sait, >
meﬂayﬁl maemaﬂhsajz gl 25 -tiy{:ltz,ol Qyneﬁ llgyﬂlyllll,,233 frazéxag] 3zdthyd I3 triazol-5-

roxynet oxadl azo
yL, 14?1%%;(351 ta%ZaYS@I yPy“dlz gf( N f)ﬁlidad.%nz%ﬂmg 2@-ojde)-pyridaz-3-yl,  6-
hyRoxtypilaz-3.y8, ‘ff‘tﬁehiygg'h@@%h 5‘11Yejthylpyr1d 4-yl, 2-hydroxypyrimid-4-yl, 1,4,5,6-
2- (et hyl t hi o) - 4-t hi adi azol - 5-yl
tetrohygiR-H6y dPX?r“Zm@(ﬂWl Aniriazisi-- ]y‘l 3 6*1611;3%1%9 42 5rmgmgihyl)-5,6-dioxo-as-

tnaaeln[?)eytlh 'dllﬂsldltoei&é)z@il d@ox)!flastrlazm 3-yl, 2,5-dihydro-5-0x0-6-hydroxy-as-triazin-
di net %’l am no) et h-2-yl)-1Htetrazol -5-yl, "1-

3- yt @gwwyné’eﬁ A ero-fF@.Xpéthygrpéy 25ngﬂpyl -astriazin-3-yl sodium salt, 2,5-dihydro-5-
OX016 ﬁfﬁ&@%% lha)é ltl)iaz;rl_g Sflet rag. gﬂhycﬁ‘o-)sl 0X§ %qhé{ﬁ@x%@l ﬂlethy]l as-triazin-3-yl,

ylI'sul fonic acid)-1Htetrazol -5-
2 S@T(yd@thyx%wtflmn &yhciddibydep-b-oKe- azrmthysasyﬂna@@dryurﬁ &dihydro-5-oxo-

2 hy -Latr Ia SN ERE
GoplR L OB R by i) 230 Sl 5o
pyrRBziy6;y1.4- malﬁwﬂlaﬂi{@ 2ro8p bf | Iazemarsﬁ ynicludgpy m(@rlz)xylhlethyl) -5-methyl-1,3-

thlar%olgf%ld €. (carbg)%megﬁ%fa g m&%ﬂ%@?%—%@%&/?%’—%l{ %sélpr%- %a!llt, ?,-3,4—triazol—5—yl, 2-
meﬂnthB hyﬂlqzyri ol 41Hyétrazél SayldT-owhiply YH-rerezod-Syl,, 1-(15(dinfsi§tamino)eth-2-

BB ARG ESRy BT ROMRDRT ) | Sttt ool s

sodﬁlfnh adlt,nt- Gn@ﬂhylsulfomc acid)-1H-tetrazol-5-yl, 1 (methylsulfomc acid)-1H-tetrazol-5-yl

2,5-d'hyd ox0- 6- hydroxy-astri azi n-3-yl, .
sod5ing iy i GIBZGhcaL 0. 1 e SR PGS B QAo g, 1456
tetr8i@ldba-4- (2 formylmethyl)-5,6-dioxo-as-triazin-3-yl, 2,5-dihydro-5-0x0-6-hydroxy-2-methyl-
2, 5-di hydr.o- 5- ox0- 6- h r oxy- 2- nethyl astriazin-3-yl
as %ap éml §aqht1m sglt,52 ald érrooﬁ (g(ozﬁshydroxy 2-methyl-as-triazin-3-yl; tetrazolo[1,5-
0X0- 6- hydr oxy- 2- net hyl -as-triazi n-3-yl,
2,5-dihydro-5-oxo-6-nethoxy-2-nethy|-as-triazin-3-y|,
2, 5-di hydr o- 5- oxo-as-triazi nt23-yl ,
2, 5-di hydr o- 5- oxo- 2- net hyl -as-triazin-3-yl,
2, 5-di hydr o- 5- oxo- 2, 6-di net hyl -as-triazin-3-yl,
tetrazol o[ 1, 5-b] pyri dazi n-6-yl and
8- an1notetrazo|o[1 5 b] pyrlda2|n 6 yI An

I o, o o
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30 nethyl-1,3,4-triazol-5-yl, 1Htetrazol -5-yl

1-nmethyl -iHtetrazol -5-yl, 1-(1-(dinethylam no)eth-2-
\NQRWB&&km%trazol-s-yl, PCT/US2008/061891

(carboxynethyl) 1FLtetrazoI 5-yl,

pXrl(ga%%r(g%:/lI Sﬁ% 11)0tleraZ ?[tl)fﬁﬁ ?Zé% (%)lyl S?—Pe#eroary grodps are optionally
mmMn@méhhykeﬂkﬁﬁmhafmqwﬂ$ 1FLtetrazoI 5- yI sodi um sal t,

1,2,3-triazol-5-yl,

1,4,5,6-tetrahydro-5, 6-di oxo-4-net hyl -as-triazin-3-yl,
“Inflib#erS nans a compound which reduces or prevents the binding of TAP proteins to caspase

ol AL, 2o LTeL ) 8B s S LT i
Alta@attvelya ZinRibsory Im@adh 'dBihﬁﬁﬂnﬂ which prevents the binding interaction of X-IAP
2, 5-di hydr o-.5- 0x0- 6- roxg 2-nmet hyl -as-triazin-3-yl,

with é%swiwrd'[*@lblsdlnal?tev@%ﬁé\/{ 348 yv9h B4 Ys2008/ 061891
b] pyri dazi n-6-yl, and
8- an1notetrazo|o[1 5-b] pyridazin-6-yl. Heteroary
O@W@albssuh?téut%tm%amherl@wB%cvﬁ%dup@as Hhat g gup |Hﬁ§&eﬂa$ubsmuted or
sub@ﬁtlt%ﬂ 8¢ ¥fd &Smore |(<9%I | Ob htor orni?@f]f:}le Ryt ANRAY AL MY Bl group in which
reduces or prevents the binding of |AP proteins to
said gbpeaents IBaYﬁ?edhfeﬁW op diffgrpnt Hn pe gubekment ap peiipapiyssubstiguted group
n n
has! %?E%%n?vléﬁ%oﬁ&o&%b%ﬁ nfbgf% %glﬁd;hl? asﬂlgsghl%d[ﬁ%(&lpv&]a‘s 2 substituents. In
anoiree viebridemdrit en mtwdalhgubsmwmwpdns B)ﬁubxtltum with
caspases or the binding interaction of M.-1AP with
SMAC. "Optionally substituted" unless otherw se
“PI&pmcbliticeld:y aegrabld Sfaliti iaclg(tedm)ﬂl a’ct{yankiéamrvsldihisﬂ isatllﬂt Bthagnaceutically
ubs

10
accggtalﬁ% %c@ %(P ttmnt sap[n < erF Ehgae (VS}%Q retalp C‘)[ué blolﬁ)glw?]l ef:ﬁctzveness and

proﬁa“he‘i; G U]hsﬂreethamtaﬁd whigh be ﬁohﬁloﬁ)gi?fﬁﬂlmr odief‘\fflee‘ @fesirablg, fafmed with

nt . an naII titute roup .has. 1 . )
ino G RR A e Sieh 0 B Mt i SR R acid. carbonic
aci® Upisisp ot etid el ﬂhd’l aﬂi[le ,2arflu b%hmb uentss. mhyﬂ be age@cRR@r from aliphatic,
i.ment an optional]y substitute
CYCE%EEWW vERTRIIC, pealiphatic, {ﬁﬁa%wﬂl% LRIPXKic 8 'gff alﬁt%awsﬁ?w of organic
ac1disn§1bh1 de thetdacat |aé’et1@rhdldbﬁl%ﬁloﬁfé¢bfd| Ql@c&@'atcﬁl gluconic acid, lactic acid,
Pharnaceutlcally acceptable acid addition salt”
pytpdf @rid, pxlie Reidemalg pdd.\iplein apidt BpINYiRacidi BFgRF @gld: fumaric acid,
tanﬁlflé 864 HBOESE a@faflic BIIOREEHIcESIAOf iR aL1ICSIRAS BSa@ Benzoic acid,
whi ch 'are not blologlcally or of herw se undesirabl’e
cinpagpifredFidy tndalipopgdinicebendd dids ueliendacchy dicib higfpgssulfonic acid
eth%klgfoni%)égiﬁ%l{o gsuﬁ&diﬂaci(f léélfc%l Cacﬁ%h&jthe 'i‘iké ric acid,
carbonic acid, phosphoric aC|§ the Iike, and
organic aci ds may be sel ected fron1aI|phat|c 20
bi h
PRSI Bl g A fon B SRR s ARHELL YR fhbiganic bases
suc uzsh s@isunt, opcmtsslumml(ﬂhlulag emeniag), ¢alcpmg pinggmeguracirdy, zinc, copper,

ma%a}{%gl a!llgm%(l:nlndsaltg ancf: 8‘1 l%eacéagtg:uia Ctblaé:e a%h%a sal?sy %;rlémt € ammomum

potassiuch, g@dmm, matcmm:lacdd ﬁmgimlum lth. d Saltsaldtrared cfrani p:harmaceutlcally
ci.tric aci r rblc aci

sccufie St onRR ookt eGSR B° Reiin” StePiie bl Ty amincs

subbt@@de hinteadictiding bR oadinthg Pbemyttdaries catic dmines and basic ion

t hanesul foni ¢ aci d, FS.ethaneﬁgﬁfonic a@jg,. < othvlami

exchanes| gshes iPfbndsc BPFYaEEc ey laginey  disthyiappine ; gigthylamine,

triprdpYRbIRG ethbhdlahihy, 22geRAhahbahids aridetlihin®Ndisalohsylamine, lysine,
i nclude those derived fron1|norgan|c bases such as

argudig U]ﬁftld&& a ﬁe% n9%aHiey rﬁy deah?raine urﬂlo gy Cheﬁﬁlﬁe ethylenediamine,
glubRENRS,] Mbhyl lﬁl’h@efﬂmnez IR brofRRP ?ﬁrmes RRGRME SHiperffité NI Ipiperidine,
salts and the like. Particularly base addltlon salts
are the ammoni um 30 potassi Bm sodium cal ci um and
magnesi um salts. Salts derived from pharmaceutically
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accept abl e organi ¢ nontoxi c bases includes salts of
primary, secondary, and tertiary amnes, substituted
wa@ediosasterncl udi ng natural ly occurring substit up@rUs2008/061891
am nes, cyclic anmines and basic ion exchange resins,
pol? F}Ilcl:ié]% ﬁ'gﬁll’llss 01‘1:)(1r %pey {l nlgdrtuiuiarlrrﬁ}érEXrllahngﬁo Xécgr:bﬁs‘:eelgyallreel r{‘lsorf)redpylamme
die&ylitrﬁiehgtha&tﬂanm&t hlarediamlrter dicgetdhaxyilang@ine, choline, and caffeine.
di cycl ohexyl am ne, |ysine, 35 arginine, histidine,
caf fei ne, procai ne, hydrabam ne, choline, Dbetaine,
“Sudfohyl? ﬁi&ﬁﬁlaarm)ﬁl-ﬁ gro@hﬂ@ﬂhﬁzaﬂﬂ 9 €], alkHl hydrlgicykﬂamhﬁﬁrocycle carbocycle-

subﬂ_ltgtleﬁ)ﬂ?lgr:l FS)é rl}e ?({?Iéc bgp tv%g rzagléflé?ﬁ@gfgl per al yl alkoxy, carbocycle and

hetaﬁaryclésa@@ﬁwﬁaﬁﬂelemp@hmmmw@s lgﬂ)%pﬁzﬁé an@@ulkdnlyp(l e. -SO,-alkyl),
Particularly organi c non-toxi c bases

forj &@3pPls pwfén%w&onyl AP e e cxigtlia b iyl aralkylsulfonyl, for

exalmpld RhANK ﬂ%§1 dlcyclohexylan1ne choline, and
caf f ei ne. ul fonyl" nmeans a -S02-R group in which R
is H alkyl, a carbocycle, a heterocycle, carbocycle-
5 substit ut ed al kyl or heterocycl e-substituted al kyl
wherein the al kyl, al koxy, carbocycle and heterocycle
Th%\wre%ea@nﬁ@fwrn@mlﬁ@rr@ivﬁ coppgunilchiving thegepaphyfprmytoups ar e
al kyl sul fonyl (i.e. -S02- aI&xI Ufor exanpl e
nmet hyl sul f onyl ; arylsulfonyl, or exanple
wherhienM issuinking ghoup apaldayly piniiodydnd ¥or  exanpl e
benzyl sul fonyl . 10 The present invention provides
novel conpounds having the general formula Ul -M U2
U, whied diame ik geneel Farmkdaiy gr oup coval ently joining Ul and
U2- 15 Ul and U2 have the g eral fogmula (1) R3 RS X2

RA~S-NR NY G R4 X1 R2 | Qﬁls ‘a IRmklgg gr oup

covalently joining Ul an i cul ar

enbodi mrent Mis a Iinkiﬂg( BQ ro&g covalently j 0i ni ng
R2, R3, R4, R5 or G of R4, R5 or G of
U2. In a particular enbodi megt M covalently joins G of
Ul to Gof U2. In a particular enbodinent Mis a
linking group covalently j oining R2 of UL to R2 of

B B S RO) IP, A g p « on

groum ewalentlsowmmg R:mBré RinBneradjod te nd Rm,rm Bner @m@ [Up)s Ihg particular
emgcﬁ% Cdlrt]%J[ | Vafe ]a()cl:es% Wf {Jbto 8 of PIr % atrtl%ﬁ] I embg(iil Ik Itq\?ljlm a linking

i's uns
groupnmlenmjedunglm oﬁUpa)nglotfﬂﬂlz.ar enbodl nment M | s
-CH2-[C=C] 0-4-CH2-. In a particular enbodinment Mis
-CHz-C-C-CHz-. In a particular enbodinment Mis
In a (p@ﬁ]:@lﬁ?ﬂ. dhBodldent Wi es a'lldyleﬁa QpadndR4dbsauked Wwifid @fgn ﬁiﬁl’lhﬁd}mxyl and

al kyl or 30 hydrox In a particul a od
whEfh g 3 e P 'tyfﬂ%ﬂlyleﬁe grdibpiopitl D BRRo e V- Ina
particular embodiment said alkylene is unsaturated or partially unsaturated. In a particular

embodiment M is -CH,-[C=C],.4-CH,-. In a particular embodiment M is -CH,-C=C-CH,-.

In a particular embodiment M is -(CRgR;);.14- wherein Ry and R;; are independently alkyl or
hydroxyl. In a particular embodiment Ry and R,; are both methyl. In a particular embodiment
one of Rjg and Ry; is hydroxyl. In a particular embodiment M is -(CH,),.s-(CHOH)-(CH,)4-. In
a particular embodiment M is -(CH,),-(C(CH3),)-(CH,)6-. In a particular embodiment M is -
(CHy).14-, for example -(CH,),.12-, -(CH2)s5-, (CHy)a6-, (CH,)1-, -(CHy)o-, -(CHy)s-, -(CH,)s-, -
(CH»)s-, -(CH,)s-, -(CHa)7-, -(CH,)g-, (CH»)o-, -(CHs)19-, -(CH,)( - and -(CH,) o-.

14
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one of R10 and R11 is hydroxyl. In a particular
enbodi nrent Mis -(CH2)1-6-(CHOH) -(CH2)1-6-. In a
w@a0siisgrar enbodi nent Mis PCT/US2008/061891
-(CH2)1-6-(C(CH3)2)-(CH2)1-6-. In a particular
enbodi nent Mis - (CH2)1-14-, for exanple -(CH2)2-12-,
-(CH2)4-8-, -(CH2)4-6-, -(CH2)1-, -(CH2)2-, -(CH2)3-,
In & {a@idd)ad emboedith&@iti®) 5-~(CH.{,[0ER))60;]-((HIHAY Werein g (sTHR Y 8-1-4, s is 0-8 and

t 1%8%%&%%5%5%@/( gjg'zf)g‘é‘%ﬁz)? Aﬂ%‘(— 1hi-E ]:é‘?%f 015-4 Y\Da particular
ettt Merit. -\HLS:-[O(CHR) HCHEH2 )i G- ﬂ’ﬁﬁ‘(tﬂrﬂ)rﬁbodmaf @i s qCH,),-[O-

(C%Zizlbf | i‘h? B?I’Itl‘z‘ml{oﬁ‘gl? iﬁ{erslﬁ\ﬁdl-lg (36]]'9)1 4%\1{{ Cglzh 4] (%H%o 4~ In a particular

embddihidy 1 #-(C&, ) (t14)1lcs-(CH2) 0-4- In a particul ar
enbodinent Mis -(CH2)3-[O(CH2)2]3-CH2-. In a
particul ar enbodiment Mis -(CH2)2-[O 5 (CH2)2]2- In a
Glp@ﬂécte@lﬁloﬁf th I\Eiéﬁlﬁédﬁﬁl@ﬁ NFirga to TVe: _
CH2) 1-4-| (CH2)1 1-s-(CH2)0-4- In a particular
errbodlmsnt Mis -(CH2)3-[NH (CH2) 2] -CH2-. Gis
selected fromthe gquup consi sting Rof IVa to |Ve: Rs

RL R,_-¥i-Y N Rs 6R5NL g NRS X3 A2
A~ VbIVC ;\/ RR RY -oN's RNRs R6 R
6 N N-R-E Z X3 O ¥ Z2Zz4-X R7)'n 1vd | Ve
and Al, L, Ql, @, X3, Y, z1, 72, ¥3_ Z4, Rl, R5',
R6, R6' R7TLRY," and «f ar'@sas descril erein. In a
parti cul ar enbodi ment i 3. In a particul ar

enbodi nrent Gis |Vb. icular 15 enbodi nent G
is W. In a particular enbodinent Gis IVd. In a
particlifar enbodiment G ilsbWe. Al is a 1Bsnenber

het erocycl e conprising 1 to 4 heteroatons optionally
substituted with am no,

Y
Rs'
N

Vd Ve

and A, A2 L, Q, Qu, X5, Y, Z1, Z», Z3, Z4, R, Rs’, Rg, Rs’, Ry, Ry’ and n are as described herein.
In a particular embodiment G is IVa. In a particular embodiment G is IVb. In a particular

embodiment G is IVc. In a particular embodiment G is IVd. In a particular embodiment G is IVe.

A' is a 5-member heterocycle comprising 1 to 4 heteroatoms optionally substituted with amino,
hydroxyl, mercapto, halogen, carboxyl, amidino, guanidino, alkyl, alkoxy, aryl, aryloxy, acyl,
acyloxy, acylamino, alkoxycarbonylamino, cycloalkyl, alkylthio, alkylsulfinyl, alkylsulfonyl,
aminosulfonyl, alkylaminosulfonyl, alkylsulfonylamino or a heterocycle; wherein each alkyl,
alkoxy, aryl, aryloxy, acyl, acyloxy, acylamino, cycloalkyl and heterocycle substitution is
optionally substituted with hydroxyl, halogen, mercapto, carboxyl, alkyl, alkoxy, haloalkyl, amino,

nitro, cyano, cycloalkyl, aryl or a heterocycle. In an embodiment, the 5-member heterocycle ring
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30

hydr oxyl , mercapto, hal ogen, carboxyl, am dino,
guani di no, al kyl, al koxy, aryl, aryloxy, aryl,
W@eeBa34679 acyl am no, al koxycar bonyl am no, cyclPel/Kg1008/061891
al kyl t hi o, aIkyIsquinyI aIkyIsquonyI 20
%‘rrgu]gsosu%)ft%% I1 ?u% thé{t & w1tﬂ %%Pnlofﬁy qx%l ?Aelé uhafl c%rrlglf))rqu amidino,

roc erelrn eat BPER
guaaididooxikyl, athpky, agly hoioky, agyl @apiory, acylymimabj(:jdalkah dr a heterocycle;

R ERENELE RURPLLAULION, 5 SRLISTEL LK SHOCALAE S o

subatith@otyis optadnaidy ipbtitutadrivitd hydrokitl Fajoge, aitesap @y Cdrtraly K y]lkyl haloalkyl,

aryl. or et e enbodj ne the 5-np

amﬁét‘é% éyg?agbﬁlaﬁa "Y?Lget?ﬁfﬂﬁb’o al%”‘%‘"i‘% ?’%ﬁ‘?dlﬁ‘é‘@%% 661f g‘é’i}la“" Ina
parful Gl PEmaKteing Pt hantad foymslb/ s bi kit ed Wi t h ami no,

hydr oxyl, nercapto, hal ogen, carboxyl, am dino,

guani di no, al kyl, al koxy, aryl, aryl oxy, aryl,

acyl oxy, acylan1no cycl oal kyl or @ heterocycle

wherei n each al ky}s— koxy, aryl, a YLOX Y, aryl,

acyl oxy, acyl am /chcIoaIkyI and/hé% ocycle

substitution IS(%QF29Q§||y subst i t@s ;L h hydroxyl,

hal ogen, nercapto, Qgarboxyl, al kyl, oaIkyI 5

amno, nitro, cycloalkyl, aryl or a heterocycle. In a

particul ar ermbodi nént ring Al |s aroméfic. In a
th@&QbE#ﬁﬁﬁ&gﬂgf%'@enQ rQQQQ g ? 7%%1 Orﬁyhﬁhg&ﬂmﬁg(ﬂgorN
wh@rip Ry ligH] 4niyng, (bydvh@flenﬁca‘gtq, halggeNR@rbOleo@m@m@l@md@o@lk}/l alkoxy,

[

aryﬁ;arAyl(\)K}?,e %g},gcgg)()lg SaZy'lﬁrﬁlig(?ﬁ c%l,galgil rr SQ%FQ?&RQEQ (T\gllb&%lg:@choarlkyl alkoxy,
aryhadrdgen ,acdartdoeyl acdamide,neyclogllan i h@¢r0atclq/$qbstahﬂx(mxys, optionally

V] | | | | | |
subgtqtﬁtee%l é‘?ﬁ&éhy%f%%ﬂ’ %r'l](}é/%,efé,i nﬁec%ée(aggq);&lar})%&?l, ’a n] Egl)’(()alﬁﬁcarg % rXtro, %gfcloalkyl,

aryhowd be¢yr,0c3atey Rg 1saHydtlbydyacyBcay}Il,arybkb®1kylc(y(al la&dr(bwble,awhbrem cach alkyl,

ary\[;\lleciyﬁlroP1 n)egl ﬁeuterﬁé%c%;tgkgp 1%5187 a%{bg %ﬂt%% ; 181)( cBo;gfl H‘%logen mercapto,

carbady alkl_rﬂy haloﬂ]ml n@nind) mttli’opcycﬁ)yﬂkbfp aldykyrl a, heileSoo&ElyJ an@Q’@is CH or N. Ina
hetero Rs is. H, [, a aryl, . cycl oal k

P e BBU e e o et ATl Ry Ry She A' i

groaf af foah@s o mlmem @ QPCR ORI did RS s ¥1i or UEtefba I)Ihlonally substituted as
hydr oxyl, hal o mer capt o, carboxyl, al ky

desﬁ%‘?eéé‘P%‘g?l In a g3 8’1 arrﬁn‘t P@}me’&v&ﬂgo%d1§(§Er0u]é9§f0r181}13 ga wherein Q4 is CRg

an(ﬂegtlﬁf)l%}‘lc |I§ a p@tﬁgulg Shbbdinfehl, kg A i 1s birdup oPBrhbI6 Wh &herein Q74 is CRo
enbodi ment, ring IS a group ormula Ila. In a

andyf2yr i Phgiy hndery eﬁo@ﬁ@h £Fr il gnoter P@b%{hm%ﬁ I8 Afis G 04 formula Tla

whérbﬁ (y"h%r@grhn@R% id @n@@l W']Qﬁ %ﬁ(ﬂhe&%mb§dlﬁ'ﬁ51w rif A is a group of formula
heteroaryl optionally substituted as 20 descrlbeé;r

la wheygia Q') K CRogdouris Peidina?-Yiewd 641 iwerle.ring Al is a group
of formula Ila wherein Q4 is CRO and RO is phenyl.
In a particul ar enbodlnent ring Al is a group of
In dngthauidnaborlinzeniwnieg &i' acogrding tg TigROIIb ésrrp 3RO mngpipepnally awhgtituted with

alkgf §1a¢5 %ﬂz#logycﬂélkyi %&/&Q@ﬁ] s hg%gg{oggp%%ﬁlﬁ% (ggclé §lk9l optionally

subptytniediwith2hatdgen | hydanplf mercaptob odboryhtalkyl,i Imdoaliyl,i enigo, nitro, aryl or
he‘u(::‘roarylO ?r]: ar]; %ﬁlgy&ir%ent ring A' is substituted with an aryl or heteroaryl group. In a

particular embodiment, ring A' is selected from the group consisting of:
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Ila wherein Q4 is CR9, RO is pyridin-2-yl and Q3 is
C-Me. 25 In another enbodinent, ring Al according to

WO b@80s46/9 b is a pyrrole ring optionally substPCTUS08/061891
with alkyl, aryl, aralkyl, cycloal kyl,

kylal kyl, a heterocycle or g heterocycle- | kyl
d with hal c@ hydr ox\yIN@
kyl, hal ga , amn

substi t
carbo
Ry . I'n an enbNdNRENt ring\&
substituted withsan aryl or heteroaryl group. In a 30
particular enboditrent, ring Al is selected fromthe
wh@tRRR i€ BNSkd (foRgka@iple Iﬁ&hmt}@@&%raﬁﬁﬂ)ﬁ)?gcyl (for example acetyl).

</ z-

PCT/ US2008/ 061892 N N R8 N N | N R8, R8 wherein

In agarticugr engpqdipent Ry is By appl e net hyI ethyl or propyl) or
aryl (for exanpl e acetyl). 1In a particular enbodinent
R8is H._ 5 In another enbodi ment ring

In %{hpbquyne@hﬂgg At itfegn qptignally Wftltutg(} V’th algylaprlyl, |aralky1 cycloalkyl,
cyc@déﬂ(lyl%ﬁJyhélhetero“éi&é &al %ye!r@éy&warkypoph@ﬁm/ egagﬁ{ueed%thahalo gen hydroxyl,
het érocycl e- al optionally Substituted w th hal ogen .
memmp,(pﬁmoxyl q;}]é}fl,crgb)lakkyl @@}n@ol%yp, ar§d|0k9¢teroqq’a] dg_pkyqnbodlment ring A" is
bR wifiah R ofhiroRY1 RERETRA W ticul! n?d%dﬁ‘ﬂ?ap% Mt selected f
T ng Al A |as Rﬁsabst%r?é}?e%&vhu th gﬁ 1gllrly © het ér ogﬁ  selected from
thegragngonsistingofpar t i cul ar enbodi nent, ri ng Al is sel ect ed
from the group consisting of: 10 Ool Coro 1In
anot her enbodi ment ring Al is thiophene optionally

substituted w I kyl, aryl, al kyl, ¢ycl yl,
cycl oal kyl gLk het er ocyc a heterQc al kyl
optlonallygs bstituted w ¢hl\15 hal ogen h a1§xyl
mercapto, c rboxyl al kyl ,Ohal oal kyl, am "o, nitro,
aryl or heteroaryl. In an enbodinent ring Al is
substituted with a | or heteroaryl group. In a

In pegthar capbadimeph Hog rfenl@ t iophong onfionady substiitesd with iyl.haryl, aralkyl,
cyc%rrrgggp (ﬁgﬂﬁ'k?l‘ﬂ'k?lg oiletergcycﬁsl 0} aShetgrQC)ché Jsbﬁg alle substltuted with

pyrazol e optlona
halggen Hydtokyll mea:mytp,, caaboa]ylkylkyl helpelkdahikipb, mtro aryl or heteroaryl In an

emﬁcy 11181%5%’ Aa'lé‘%l'b tit@u{‘%gﬁ 58%%5(?' ﬁhﬁiqgroaﬂ%lhﬁ&g{ i/élcﬂaﬁicﬁiawﬁlbodimem,

|ona y Su

nngﬁ>maptmmi&mmbmgympcaﬁkyhgamaJoaIkyI am no, nitro,
aryl or heteroaryl. In an enbodlnent ring Ai is
substituted with an aryl or heteroaryl group. In a

partlcular e jment, 25 ri i is selecte m
t he group co ing of: 17 \

/| =

S N\ S

In another embodiment ring A' is pyrazole optionally 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. 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:
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WD 2008/ 134679 PCT/ US2008/ 061891 11 '0 11 N RSN - NN

&G NCNNOCNR R8 R8 wherein R8is H, alkyl (for
we@anse7aet hyl , ethyl or propyl) or aryl (forPERHESPLE061891

acetyl). In a particular enbodinment R8is H 5 In

anot her enbodi ne s 1 m dazol g_optiona

subs ted wt arakakgigcycloal , |

CHr€ yl al ky e or Jan roc kyl /=
RsHQ onaIIy Sy b t|tuted haloggm hydr o \-NRe

nmer capt o, cahgoxyl al k o hal oal kyl , am no, nitro,
aryl or heteroaryl. In an enbodinment ring A is
substituted with an aryl or heteroaryl group In a

Whgrg Col-?i;alllgr??fo 1d Iex%?n?ﬁe metﬁ?q }I(]Q)'{I pr(ﬂ%Rl ﬁg s orIT\J:( %\TE%/I) Ina

pmﬁﬂmmenmn@mmmmeBHs H, al kyl (for exanple nethyl et hyl
or propyl) or aryl (for exanple acetyl). In a
particul ar enbodi mrent R8is H 15 In another enbodi nment
In Ehdliger AmboSinRKAZNE A Olstlmad)lb YopELHSY | subkti@dedMnith aitykydryl, aralkyl,

ryl, aral kyl cycl oal k | oal kyl al kyl ,. a . .
crcfeih GB5Er gk a 1 Be BRBEY o P S RTPes gl substiuted with
halﬁg-ébﬂiydiobdffledlewlaﬁtb caftk oI @Iy N haloaky| amivB Kiep} zﬁyl or heteroaryl In an

car boxyl , hal oal kyl , am no, nitro, ary
em'PPé‘t‘E?“éélP%lA 1% wb%mute%w%av ABHET hSieraanst erpup. sle@s&arttcataéambodlmem

rinM idlscRBte@ fi¥h (R b &hQamylor:group. In a particul ar
enbodi ment, 20 ring A" is selected fromthe group

consi sting of: N~O DAN In another enbodi ment ring A

is isgxazol e opiiAonally s tituteg=wth alky aryl,
a‘r@z;\‘lg@ Z%C.@al kyl , /@I oa} ky @ yl, 'a N\(O
rocycl a hete ycl e- al option \
RBBuﬁétltute§KWNRh hal n hydro y , nercap NN

car box) hal oal kyl , tro,
Wh%tlel?gofwa%i ?ﬁflowamf?daatgﬂeﬁﬁy (9 ﬁ@vp)&b oF 84 Eﬁiﬁtﬁt\tﬂ%&cctﬂ) In a

parvibdld? c@Bod@fyht RQris ket eroaryl group. In a particul ar
enbodi nment, ring A is selected fromthe group

consi sting of: 18 WD 2008/ 134679 PCT/ US2008/ 061891 N~
In Ghotkdr embodiment ring A' is oxazole optionally 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. 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 isoxazole optionally 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. 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:
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.00 NNN In another enbodinment ring A" is thiazole
optionally substituted with alkyl, aryl, aralkyl,
w@ywBoddoky| , cycl oal kyl al kyl, a heterocycl e orPEI/US2008/061891
het erocycl e-al kyl optionally substituted with 5
hal ogen hydroxyl, nercapto, carboxyl, akkyl,
, amno, nitr ryl or heter
t ring Alis tituted
roaryl group.
sosel ected from taeNgroup conS|sthg of : P I%\N
NHS SvN 10 I n anot her enbodi nent ring A is
i sot hi azol e optionally substituted with al kyl, aryl,
In @hAdhdfYdmbodfikat mb kle ,1s wa:zloﬁabﬁ%halyky&bsmatebem{ qmypl &yl, aralkyl,
a heterocycl e-al k optionally substituted w

cyqlp‘rgilgjb eq,yqq?ltljylgl}@flk a h@ﬁr@ € Of @apeﬁgg%c e- aélfyp(wptwnally slabstltuted with
hal@@hqghll&dfl; n@feme, catbdx§10 alk@, YhloRlky NShR0 ORifrY! aryll & l%ﬁ’eroaryl In an

i ment gg is subsfituted with an ary
embpsiiagng sing 1A & Bhpitutpd with ga e et hasrou s eNeRtE, paatsu}ar pigbodiment,
ring' s SciREkAThRe LEAPLUARAAQUp consisting of: 0 S 'S
i I ITINNN S §' 20 I'n anot her enbodinment ring A" is
1,2,3-triazole optionally substituted with al kyl,
aryl, aralkyl, cycloalyl, cycloal kylalkyl, a
heterocycl e or a heter
substituted with A
car boxyl, al kyl, , aryl or
heteroaryl. In an enbodlnent rin IS substituted
mﬁth an aryl or heteroaryl group. In a particular
In a Selr Sem'?) ﬁn&at rni%A\ li |1s\%th?aezm\%c(%p 1%}13{11gfonhstt1lr{]\%ecﬁlwﬁﬂ Hﬂ(lq\'ﬁryl’ aralkyl,
cyclNrai‘kyN MNeNalkNRRYIN aNhet&Bcyk® WO a20880dy8%&INS/1 optionally substituted with
PCT/ US2008/ 061891 wherejn R8is H, al kyl. (for, e
halSgER YR, HTEIRp. FOYh TGk AP PO LAY SRy Tn an
embdllir@ent Piag Al GUuBdtin@edRdh aiealtyl BR8hderbhryll dowdN Ot AGfarticular embodiment,
nmpodi ment_ring Al is 1,2, 4-triazole optionally
nn%ﬁbléﬁfil?%ﬁdef@nwh? Rroyp R%Slsméﬁ%fl aral kyl, 5 cycl oal kyl ,
cycl oal kyl al kyl , a heterocycle or a heterocycle-alkyl

optionally substituted wth
/ /
N, |
's s-N

In another embodiment ring A' is 1,2,3-triazole optionally 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. 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:
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hal ogen hydroxyl, nercapto, carboxyl, alkyl,

hal oal kyl, am no, nitro, aryl or heteroaryl. In an
wepdwsds4sent ring Al is substituted with an ar yPCDES2008/061891

heteroaryl group. In a particular enbodinent, ring A

IS selecte m.t.he ar S
ook Y, E5 S ORS00, SR S F b AP M. o
paroxdaticabodimeaR:iioHal | y substituted with al kyl, aryI

aral kyl, cycl oal kyl, cycl oal kyl al kyl, a heterocycle

or a heterocycle-alkyl optionally substituted with

In hakiegemnbbydeaxilg, A'ne rlcaptrmzole aptewity sutitayeld, with alkyl, aryl, aralkyl,

al oal ky] , i no, nitro, r heteroaryl. In an . .
&%h%g ﬂ%i?f‘lk?lnfﬂ?gl A ﬂ?tg“’%lfsf’?/taug%“’%ﬁr??@i Pﬂ}fraﬂéﬂrsu‘”“mted with
halbg%hafya@&yll n@fcaptp; cakbbxdl, RRKL hgldhiayl, eninedhifre niryl orll&tdrbdi\g In an
Al is selected fromthe group consisting o

cmbodimyt Qg &y WIS B 47 a‘f%f’h]éfi‘er%%]o‘ﬂ?%nlfl arnaﬁgful&r elinéodlmem

rind A ﬁ@él@o}&i f?on@ﬂl'é'gﬂﬂﬁu)ﬁélsﬁh@&t ituted with alkyl, aryl,
aral k 20 cycl oal kyl, cycl oal kyl al kyl, _a

ycle or a heterrw e-al kyl opti y .
lted with ‘"al og ydroxyl , ﬁrer Y
|, al kyl, hﬁTUaI' . anmi no, 0, Yaryl or

N, theroaryl I'n anN 9mpod|nent ring A$,Ns substltuté§ .

Nwth an aryl or heteroaryl group. In a particul ar
enbodi nent , ring Al is selected fromthe group

consi sti n Yo~ NON. .. S 25 I n another
in G g e i o ab o g e ey aretion,
cycdMally], adyksihikylalkyll ,a astadokstle, or @yﬁétaa&yl@ela.lkyl optionally substituted with

c cIoaIkyIaIkyI a heter r a heterocycle al kyl
hal Eﬁ?fl RAIORYy METTBRP: Gt %a]ﬁélf%dg %‘Hmﬂy’é‘FB’xW or heteroaryl. In an
embRIBERAg ACE ROBMhted Mtk ¥h arydt Badrbtl oradP. N@.a faticiRr embodiment,
aryl or heteroaryl. In an 20 WO 2008/1 4679
EP@TFUQQWU@WU@EﬁgﬁmPéﬁﬁ@ﬂ?&%&t ring A is substituted
with an aryl or heteroaryl group. In a particular
enbodi nent, _ring A is selected fromthe group

consi sting @ I Ol% zzz| " N T N 1%N, N
5 1n a ar enbodi ment A is:
a
O N N.

In another embodiment ring A' is thiadiazole optionally 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. 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:

) ) )
1 1 1
g N N
N - NS
N rg-N -

In another embodiment ring A' is tetrazole optionally 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. In an
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Ph I N In a particular enbodinent ring A is: 10 Ph
N S-N A2 is a 5-nenber aromatic heterocycle

wo penpwrating 1 to 4 heteroartonms N, 0 or S whCTKS1088/061891
15 substituted with group Q and is optionally further

eml?od?nslénlt E‘llf{%%b 18 su%?utu OF wh wotiél an algf? oﬁhet rEa?rgf]]%rgll{[I)? Iatpl“all 1cuﬂf¢' emlt)odlment
nngﬂbskﬂmuﬁhhnsﬂm@nmpbmmgmngmﬂogen) In a partlcular

enbodi ment ring A2 has the general fornula . ~Z2,

Z 72 ;~ 74 -N Z3 20 11 11" wherein 2 s NRg, O
or S; and z2\, Zz3 | 74, are each i\ndeps tly N or
CR Goup Qi at¥ached to ring A2 N la Il and

1" at the N_nglmenber between 72' &hd Z3,. In a
particular ewbodinment Z1' is S. In aNpartlcuIar
enbodi nent Z1' is O |In another particul ar enbodi nent
Z1' is NRg, wherein Rs, is as defined herein. In a

In gpgrtiquias PRPOIERBGHP$ RN Zi' is NRg wherein Rs is H In
25 anot her particul ar enbodi ment Z1' is NRg wherein Rs
is Me. In another enbodi nment Z| isO0Oor S 21 W
2008/ 134679 PCT/ US2008/ 061891 hwhlle Z2' is N and Z3
is Nor CR7. In a partlcular $nbod|nent Z1' is S while
Z2' is Nand Z3' is CR7. a particul ar enbodi nment
Z1' is Swhile Z2' is N and %3‘ is CH In a particular
enbodi ment, ring A2 (shown together with Q) is an
aronatic het erocyl e selected 5 fromthe group

PR R R ) SR o R R

Ph

Z2N
17

S—N

A’ is a 5-member aromatic heterocycle incorporating 1 to 4 heteroartoms N, O or S which is
substituted with group Q; and is optionally further substituted with one or more R; (for
substitutions at a ring carbon atom) and one or more Rg (for substitutions at a ring nitrogen).

In a particular embodiment ring A® has the general formula IT:

il r
wherein Z;- is NRg, O or S; and Z,,, Z5- and Z4 are each independently N or CR;. Group Q; is
attached to ring A” of formula II and II’ at the ring member between Z, and Zs. In a particular
embodiment Z;- is S. In a particular embodiment Z;- is O. In another particular embodiment Z;- is
NRg wherein R is as defined herein. In a particular embodiment Z;- is NRg wherein Rg is H. In

another particular embodiment Z;- is NRg wherein Rg is Me. In another embodiment Z;- is O or S
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R/ 100 Rt QL R7 R7 Ilc"'." Ild Ilee ~-NR7 ~-N~ OS
OS\/ ) Z1--- \N N "~ QL '"--QL rQR7 R7 IIf" 11g'
WO R98/134679 15 RS R~ OR7 /S RAN -fi N-. j, PCMUS2006061891
QA NQ@ 1 101j" 11k" Ili, %R7 NR7T RT NRB-NN1 ~

Wl 5815 6 71 S G B B B BE e g ik Srahle i b i 2ok
CRN, INa partthNnoNimnNZ, Qs B vihilk Z, R-Nkhd)Z5 1 €. |1 se liti Kk
k 1k 11 NNR/-~~ R7-~~ Q1 'Q Q' Qj 1

In a particular embodiment, ring A* (shown together with Q) is an aromatic heterocyle selected
5 from the group consisting of Ila' - Tlcc':

Y
v
[y
[}

~ R, ~ R, ~ R,
) S Re—
e . e ~ — .
Q Qq Q4
R7 1 R7 R7

ITa' Ib! Iic!
\“ \\ \‘ R8
S N~
rR—d © R7 4 R7 /
7 N o
— Ss
Q4 Q
R Q1 R, 7 !
10 7
Tic!! 11d" Ile!
‘\‘ \ \ R7 \ R7
= /x S =
o N g N o\/j/ g
— . ) N/ \\ N/
Q Q Q4 Qq
1
R7 R7
If! IIg' ITh' ik
15
\“ Y \ R8
S J N~
R7\C &l ! 41
N/ . N \Q1 \Q1
Q1
15" 1k’ 1/
‘ | \ I~
~ Ry ~ R7 =N Rs—N N
A N R7 \ _/ ===,
N/N >/N\ N Q1
Q1 Q1 Q1 R?
Rg R7
20 IIm' IIn' Ilo' Ip'
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5 R/ R7 I'lul Ilvl 11x1 1lyl R7T RR RT 7 RRWR7 R7T N
Pl p 'pl S-p1 N-p1 R8 R8 10 Ilzi Ilaai IIDbbi

WO b@8i134¢79 and X2 are each independently 0 or SPCT/HSH08/061891
particul ar enbodi ment, Xi and X2 are both O 1In
anot her particul ar enbodi nent Xi and X2 are both S. In
anot her particul ar enbodinent, Xi is S while X2 is O
I n anot her’, particul ar e\rrbodl rrent, Xi is 0 whitle X2 is

815Y|s/a§ nd, (CR7 N” 0 or  Rzan enhodi nment
Y is a bodd, N CR7TRR}= Ohor S; wfer¥in n' i Nor 2
and R7 is Ndefi ned heggeNn or is\H-Nhal ogen\\N,aNkyI
aryl, aral/kyl,Qamni no, aryl a@ino, 2\ kyl'api no, Q

aral kyl amno, al koxy, aryloxy or aral kyloxy. In a
par ti cul arggnbodi ment, s (CHR7) T, O or Syt wherein
n is 1 or and R7 is H, hal ogen, alkyl, aryl,
aral kyl, am no, arylam no, alkylam no, 20
ar al kyl am \no, al koxy, \ar yloxy or aral kyloxy. {n a
particul arl_enbodi nent,} Y i s CH2. tn a particular

Vas

enbodi msw/\no is 1. partFQ c_u_%é?l\énbo@ W is a
bond. In rtlcularggaizodl 8 ’IS 1 IS
CHR7 wherdin RI,is ar ylcm1xy, exaqrpl e beﬁzylgxy
In a partR7cuI ar enbodiznent n' |s 1 and Y is CHR7
wherein R7. s F. In a particul ar odinment n_ s 1
and Y is QR7 wherein Vis aral Elg/lmam no, folrlyexarrpl e
benzyl ami no. I n another particular enbodinment Yis O
In another 25 particular enbodinent Yis S. 23 WO
2008/ 134679 PCT/ US2008/ 061891 Zi is NRg, 0, S, SO or

SO2; wher ei n iRs |s defiyped herein. \In an errbodi\rrent,

Zi is NRg, In odi me 7|s NRg R7
wher ei n m aIRk yI OR; .
particul ar e Jment ~J S NRg eln Rs

benzyl. In /part(?t:ul ar errb@dl ment, Zi ®s NR8 (Nher91n
R8 is M. Ina particul ar enbodlnent Zi |sﬁg
wherein Rs ismd In a pasd'icul ar enhpgli ment, Ziicd's O.
In a 5 particular enbodinent, Zi is S. Z2, Z3 and Z4
are independently CQ2 or N. In a particular

X, endRAhrgREh, indeperddnty: O loR SA IR & hrkiGhradnbo SFHRAC XTBME X, 3 both O. In
is N In a particular enbodinment, Z4 is N._In an

anolep SRRt embzélmez%xaﬁlai ¥yargbath Sedp anather partisHBbembAdiment X is S

th@X&ﬁd\'InZ@the?RI $ERANhbEdmle s, méodvﬁne@@ iggbodi nent, 72
C@ and 10 Z4 is . I'n an enbodi nent, Z2

CQR, Z3is CQR and Z4 is N I n an enbodi nent, 22 IS
Y 1L\Ia ngﬁ( kﬁ?R7RgnQ,20 P4, ffad Snddinnt ¥19a (Efndaf@%Rr}g,e@ %pge\%elré{n n’is 1

a car ocycle a heterocy wherein one or
or Zh@ndé%@@ define@dferein or is H, halogen, alkyl, aryl, aralkyl amino, arylamino, alkylamino,

aralkylamino, alkoxy, aryloxy or aralkyloxy. In a particular embodiment, Y is (CHR7),-, O or S;
wherein n” is 1 or 2 and R; is H, halogen, alkyl, aryl, aralkyl, amino, arylamino, alkylamino,
aralkylamino, alkoxy, aryloxy or aralkyloxy. In a particular embodiment, Y is CH,. In a particular
embodiment n’ is 1. In a particular embodiment Y is a bond. In a particular embodiment n’ is 1
and Y is 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 n’ is 1 and Y is CHR; wherein R; is
aralkylamino, for example benzylamino. In another particular embodiment Y is O. In another

particular embodiment Y is S.
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groups of an alkyl is optionally replaced with -0-,
-5-, -S(O-, S(O2, -N(Rg)-, -C(O-, -C(O-NrRg-, 15
WO DRGSO -, -502-NRg-, -NRg-502-, -NRg-C(O) - I\Rgr/Uszoos/omsm
- NRg- C(NH) NRg- , -NRg CINH) - C(O) O or -OC(O) and
7y %i‘ OCy or°§02 I‘glgr egsode?ge ’ Ircl:ar bO %c%mentaﬂrls NRg, O or S.

Tonariy" st s tute one
In membdrtmdcm)@lhs Nag kbayin RadyH, alklyilj zﬁglem araﬂiﬁ/ﬂ Chipi @ytion}o gmbodiment,

c oxyl ,. acyl, hal Q- substitute
2 Ko ¥egip B Fobergilantt aniaoust SRl B PRred e, n
parianbempodimett Z, AINRPVhad¢ialR; ys Hu bﬁt 4 patti@darhaibedioeyclzeis 0. In a
Substituents of fhe "optionally substituted
parg %Sﬁ%ﬁﬁﬁﬁma%ds 0 "optional |y substituted
heterocycl e" are as defined herein. In a particul ar
enbodi nent. such carbocycl e and heterocycl e rou s are

Z%szaagé 7t dicdBdopFidRnthy GRo YN, I pipprticulay gghdfiment 4> is N. In a particular

embliRGR %5 is REML @@Bﬁculﬁx&lboﬁﬁ{eﬁpwlw Naﬁqyina embodlment Z,, 75 and Z, are
hal o- substituted al ky am no, %ano nitro, am di no

CQarle 2y eralidimand 2> 51 Za srfé@ztainé & BICQenigaEemBtimeyt, ZyC@p Zs is N and

Z4 fgr@)z' rjlq %pgrﬁg&i%ény Zzsis 9%5 l%c@%caln% Z}rls Iheﬁleaﬁ(%ﬁ%&!hﬁlent Z, 18 N, Z3 is
optional |y subst’itut e wi t h hal ogen, am no, oxo,

CQabid4is M. carbocycle or a heter ocycl e; wherein one or

nmore 25 CH2 or CH groups of an alkyl is optionally

replaced with -0-, -5-, S(O _, S(O2, -N(R8)-
Qi ai @)arg 1nde@(1®)1tlj\|ﬁgalkyl a\ﬁg;oq@ a hete@@@-ld‘;lﬂ@erem-qﬂﬂgn 1502-CH;, or CH
grou@( )Q%@rls ngtgn&l)gRgfaggd h mﬁsr 5 ns@ir d(ogf, l'}%;ﬂ)k’gy, C(O)-, -C(0)-NR-,
-NR:AC (00 ySE).eNRyr, -NBY- 6©@£Mg£(O$Nﬁpt +Nmar(Ny1) I\ERgbleRst agNad-, -C(0)-0-
or V&? Egb h'al oe)’r(e)}rg |g1ﬂ3g )8(1;/ "[heytﬁlreg(%(l kanlE Xy’cyg ky [ bt%%((%ydle is optionally
subalﬂ?tyﬂed))ﬁyth oaeyﬂ Iﬁ&ﬂyaﬂy&mxﬂ al]ajxkyd@luh:ﬂ@gwj mercapto, 0Xo, carboxyl acyl, halo-

al. k sI | al k al kyl sul fin
subétlltR §1 L Wi)/] af 1) nmio a ldB]z?r gqa&%l'mé)rane%g&?lﬁé“lfstlm@d cgﬂ)acycle or
an @}oﬁﬁlﬁj siuﬂ?iﬁﬂ&ﬂﬁb@ﬁ&dyylea SuBsthaeyscdf %eOfopif'kﬁilafPT Qifytﬁhte(i iairbocycle and
se te ro t he oup co i St ng o - to -
“orpane BOUH LB AR UB2008 BB kaI. In_ PURFIH il??ﬁfiﬁnem such
carbleycl1StaBd hetéle)dFe lgllollpslaré ]silleZituléldlwﬁh :hgldroﬁlyl L1RA) Blkody, acyl, halogen,
(R7)n (RAHN (RA-S ~LWN 111-5 111-6 111-7 111-8

meg:ip_t() F@;())ﬂca(l:';q-)]zylna(\yl |ha]6)FQ?lysﬁturte(\ zN(y’l ’a;nullo EYaQ0, INfrey aRpidio agdpguanidino.
In 2(5%@1&1129 em%g-éllﬁqgnt]@]aha: QQZ el iﬁée%er;ld%ﬁ-ﬂylig a carbocycle or heterocycle optionally
substituted with halogen, amino, oxo, alkyl, a carbocycle or a heterocycle; wherein one or more
CH; or CH groups of an alkyl is optionally replaced with -O-, -S-, -S(O)-, S(O)2, -N(Rg)-, -C(O)-, -
C(O)-NRs-, -NRg-C(O)-, -SO»-NRg-, -NRs-SO;-, -NRg-C(0O)-NRg-, -NRg-C(NH)-NRg-, -NRg-
C(NH)-, -C(O)-O- or -O-C(O)-; and wherein said alkyl, carbocycle or heterocycle is optionally
substituted with halogen, amino, hydroxyl, mercapto, carboxyl, alkoxy, alkoxyalkoxy,
hydroxyalkoxy, alkylthio, acyloxy, acyloxyalkoxy, alkylsulfonyl, alkylsulfonylalkyl, alkylsulfinyl,
and alkylsulfinylalkyl.

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

the group consisting of I1I-1 to II-16
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| Th (R)n/ I NI ,%j (RRAANI N%NO/ N~ cx/~

n n(RFTA R (R7A 10 8 111-13 111-14 111-15 111-16
wob@saswn is 1-4, for exanple 1-3, for exanplRBCTUR008/061891

for exanple 1; Tis 0, S, NR8 or CR7/R7; Wis 0, NRg

or CR7R7; and R7 and Rs are as defined herei 15 1In a
Zieul ar enbodi ment, Q and 2 are |ndep deny |
A bgsycle ory heterocycl e sel/e\cﬂ:éﬂnfrom . B 7)n

S|st|ngo toIIIs WO 2008/ 1346

/U82008/FQ7 R77(R Ry, 7). ) ARl S
RRJJ1a 111D N:Illd (R7Yn (R7)n | ~ nwa-~T
5IIIeIIIfIII i (RA, (RA, NO \ I- (RA, \ ]
HRY) n -\ (RAHIRIIb HEiiij 113 1114

5 1I1-5 111-6 1I-7 111-8

|_(R7)n . o |_(R7)n N
\\\ | by \\'N\f
| RS
N /\
\ / (R7)n
N
mI-11 11-12
F
. (Ro)n DN
[\\ SN
)
v° <\\¢\(R )
7/n
10 Re
11-13 111-14 1I-15 1I-16
wherein n is 1-4, for example 1-3, for example 1-2, for example 1; T is O, S, NRg or CR;R,; W is
0O, NR;g or CR;R5; and R, and Ry are as defined herein.
15

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

the group consisting of I1la to Is:
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] (RA, I (RA;, (RAA, NNN R8 10 0 1211k 111/ TI1lm |
(R)n (R7), NO7NNO NN(R7)N R$ IlInIllo Illg
W@ 20086340 2008/ 134679 PCT/ US2008/ 061891 11 ( RIOTUN20080061891
Q" IN(R)n (R7)n Illg Illr Ills 5 wherein nis 1-4,
for exanple 1-3, for exanple 1-2, for exanple 1; T i

0, S, NRg or CR7R7; Wid; 0, NRg or CR7R7; and R7 andl R,
Rs ate defined hereig. In a pacti (Rpn enbadi o
Q andf@ rE i ndeperdent |y any orffé Ila -

wher ei (§7) and R\'L,\? sel ected grgmthe gro

consistimg of H mR/7C," Me, methoxy, hydroxyetho

nmet hoxyet hoxy, acet oxyet hoxy, methyl sul fonyl
met hyl sullf®nyl met hyl ,  ph®Byl and nor ph# i n-4-yl .
anot her particul ar enbodl ment QG and @ 10 are
i ndependent |y I I Id. I'n a particular enbodi menggq)a
1 t

| nlid

and

Q@ are indepegttently I11d whi S substitut the
4-position R/R,J,n anot he (Roul ar enmbodf
Q and (2 ape dependentl whi ch is_sub§tit ted
at the plt'on with R7. {n g particul ar gnboyi+aent
Q and Q2 = i ndependent| yFN Me, i Pr, ph Jl.
phenyl substituted as follows: 2-C, 3-d ,0g4-d, 2-F,
3-F or 4-F bstituted, benzy yrld 3-yl or

> pyri d- 4-yl .Sﬂj% R is H OH orﬁrél kyl: or R and'f®
toget her forma 5-8 nenber heterocycl e. In a
particular epgpodinent, R is H Inaparticular
enbodi nent, ma 6-neppb ring.
In a parti QIgr)fbodlx[ne R (R7§’hd R2 t getcher forma
7-menber r|ng. In anotheNparticular e ment, Ri
and R2 t her forma menber ring. {\n gnot her
parti cul Al ment Rg), A

10

15

1l 111

Ik

7
Y N (Rr)n
N\f S
\ N No
(2
(Rr)n Ry
IlIn 1o IIp
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20 R2 together forma 7-nmenber ring while Yis S In

anot her particular enbodinent, R is H while Yis
W@Rs/13487an0ot her particul ar enbodi nent, R is PCT/WRI00$061891

Yis S In another particular enbodinment, R is H,

while Yis O R2 is alkyl, a carbocycle,

car bocycl yl al , a heterocyclg_or

each optional %E substi tufed W

hydr oxyl . ﬁ@ mer c Ncar box
hanaIkyI XY, aIkyIt [ aryl
alkoxyacyl Nfonyl, amn nitro

enbodi ment i's aIkyI a car
car bocycl yl al kyl, a heterocycle ot het er ocycl yl al kyl
each optional ly substitutied w th hal ogenls hydroxyl,
oxo, nercapto, thione, carboxyl, alkyl, hal oal kyl,
al koxy, alkylthio, aryl, hydroxyacyl, nethoxyacyl,
sul fonyl, amno and nitro. In an enbodinment R2 is 30
al kyl arboc cl e, carbocyclylal kyl, a_heteraocycle )
WhHFmWéﬁ &t of%; 61“’9‘1‘ § kyi PegemPlpd gt e s Upd s Put éﬁ QPR W is
0, NﬁL BOER R, WATRI%NA Ry A8 LS afFInBd h&dihbaxy art1@"ﬂlalt?)éh1b0(ﬁh15ﬁ)()’pand Q; are
mno and nitro. In a particular enbodi mnent R2
1ndg?eyag,qntly é%qm@ﬁf &I% Hlbqur@aﬁk}q Iéplp@,lp 18 g;‘rle;gted fegythg g{oup gonsisting of
H, hﬁt %rloq\)fé:l ﬁleﬁlrbxy Zﬁy(}f\@y%@lgf%l 1%@13)%76 n% (géétggéfggr%ethylsulfonyl
het erocycl y In"a particul ar envodi nent
el s et A SRl st Mt vy 61 woten patoygRreTbeimgRt Q. and Q:
arqui%ggddgﬁw 1f3# TS ?ﬂl&ﬁgree%bgﬂl%tt@ ardlf @ Bre GR g&ﬁ%ﬁtﬁgﬂﬂfwhlch 18
I sopropy cycl ohexyl ietra ropyran
subptitrietl hzy| ol 4-pevitiopi peh iRl n-14-apother part1cu1ar embodlment Q, and Q. are

1nd%;|)%%15%¥ %g(? %&/Efé:fl’ %y{ugﬁ}u?]te% %1(‘[{ the ggé&@!}y 1%%51 L?lp%éﬁﬁéuf'dr)éhlbodiment Q
andcQciéro relkgamdehtly e Med i3, mubrlmnycshlushemalm follows: é Cl, 3-Cl, 4-Cl, 2-F,
3FXHQ¥QR8%%¥(¥E§ﬁgy:%%§{q(§3yn$4yb hydr oxypr op- 2-yl ,

but-2-yl, thiophen-3 yI plperldln 4- yI

c rld drox th eridin-4-yl, .
R, H— ]?128%%//&5) %)lg)a #ﬂ/ Fl}dp%ébg &Fr oam)fl g/ % é/ml%r Beterocycli]e. Iny a particular
emlb\drd(irﬂetﬂtﬁi h@Hy alceba)ﬂu)l,ﬂarmﬁibbdimﬁnMRyind R, [pydethdt form -a)6|-member ring. Ina

hydoxyet h-1 - In an enbodi ment t he
parf) ﬂ'@aénfml?fﬁlr@t é Leﬁ }oget%{?rs@ﬁitpo?)ﬁ meIElgpélrg}gerP another particular
emByEhaR SN a)d R, @Q@naf |forﬁfant8%é'1ﬁﬁéy ﬁlﬁg)miraacnhé}pyﬂuculmnmodlmem R, and
articul ar _enbodi nent 10 i s pheny
Ry Eéﬁtb?rcfallna? GG lﬁ%nwhﬂeﬁélsl% Ieye?tbﬁ@mculali ﬁnboﬂ@lwe% R1 is H, while
Yy gredi MRnhotRe patticul @ lhBOYAAEAPRE &4 whlle Y B @NOth&fother particular
géﬁtlcular enbodi ment, R2 is isopropyl (i.e. the
embesliei Rari RoviEleYais Gsi de chain). In another particul ar
enbodi ment, R2 is t-butyl. In a particular enbodi nent
R2 is oriented such that the am no acid, or am no
Ry achldylanatadyeaxsle, mribéwdytalkybrmhi:tsr@sydesofu h\et@rh@/cwlalkyl cach optionally
a i p
subgt(ﬁ g{i %l{,lht fé%@%n fgfdh(%%r 5 (2(8 (t)h?(g e h‘}é tP Edr@d} a}‘kﬁ/l haloalkyl alkoxy,
alktldg@mbbérhyﬂwmcal %&yaﬁétsekfm cahtmo and nam én’@@d’utlntdmenfbadlment R,

is hl‘l%}f ér 5 (c:ar%} éé{le,l ﬁ&ggoc?agﬁ{l}gld réﬁél%?&%li‘ Er%{epacﬁeglﬁlﬁyl cach optionally

substithigdl , w1‘pr bqjg@en,ohydr@«ypr(ozpy hlerchpto,athpmle,t carbdxar Iaykyl haloalkyl, alkoxy,
alkgg{t Ia‘g{” a}[dr%xr?%%;fg,l n%tn?xy?égf? i sglsf%glft ,oa{ning(? ¢ E 31rt] nlnanOt I?)odlment R, is
alkplas tdrieath e, cembodiyimtion, aR3tetowydlé udfecemwiylblkyll dac}amley substituted

witl?eilr Iolggnmha}lf{irogy %gelrcggto cargagxyi alkytl thLoxy, amino and nitro. In a particular

embodiment R, is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a heterocycle or
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anot her particul ar enbodi nent R3 is hydroxyethyl. In a

particul ar enbodinment R3 is fluoronethyl. 1In a
w@aosiiagrar enbodi nent R3 is hydroxyethyl. |n BeDUR®O8/061891

enbodi ment R3 is oriented such that the amino acid,

r 0.acid an i ch | t [
het rf)%yop‘? nlg&w ;I{ll o%ar@ (iu?ag eniboﬁ\{n ent glgﬂg chifor%eﬁ(l){l ohé ri‘lG%G 0pc?zﬁe In a
partiagetendbdiwichthR -t ik eelatt@hﬁorﬁ Itlﬁ:ngrmiy @hsittheyof dbpeh Ghof)mpyl] ayclohexyl,

BT § or m AN RDEEPERHB NG 5 partiLLpap ey

tetrelmaﬁdma@mn R (imndicR4hd sgelhhexldi&m fora soyrnr oD1) d¢ya&>he>83 4-one, 4-
and ' to e{lﬁ orma3 rbo

|
v Biebtiens RO e R P R R T LR
hydﬁg’xypio@gae;tlherbuf 2KMm ath%)pﬁercm/bocy@b@m h91, exwwdy@@ndm 4-yl, N-

propyl. rin a artl cul ar enbodi
hydé?faethzlplpa?@nﬁd@ % F?eh!mxyaom JaiRerigurd-yhNs(Z gt s%?@é%lpmpﬁﬂdm 4y,

pyridin-By 0 Bl ;an@ MLEYAexyAhK 1, ﬁlaﬁlb%y&inﬁent of the invention R, is t-butyl,
car bocycl oal kyl car bocgqcl oal k I oXYy,

150]@8]336,(5@79]@]1@5] RXAIWWIaPIE?@ﬁ rtetwbjf 9@% g In a particular embodiment, R,
is Eﬁéﬂ{nﬁr %y'gl[ﬁﬁlcmﬂ 'emblaﬁha%ﬁtoq% 0@3Lclf(§ﬁle Y o anotherI embodiment R, is
y

erocycl oal kyl oxycar bony!’; mhereln each al k
tetrglpidppeipaidod) kydnothgagtipulas grthdgm%)ﬂzgw}sopropyl (ie. the valine amino acid
id Cylﬁ' XUGAEROM hent "RL £ 1 R
si ‘%et ocyc %&@ F[ ﬁet 20 Ociln(h R ﬁ t%lﬁ%‘)l:(y 8art1cu ar embodiment R, is
ori¢nétdesuole ytiodt dhﬂ Ialylirmx@caﬁarob@mym pgd @p@lp@nahvlhyhgu lgemprisgs esdin the L-
al ogen, 28 WD 2008/134679 PCT/ US2008/ 061891
conff
oxyI nmer capt o, carboxyl, al kyl, al koxy, am no,
im no and nitro; or R4 and R4' together forma
Rs 1sn dg r% gﬂttl(fnahwu%ﬁtltan‘gwuk rﬁelgt nF\())4r h? rg%\%:ﬁ'or :a%i ’R4 together form a 3-6
hetaba,lcleylln aic yrﬁlbdnlﬂhéhy Rﬁ 1s('H/ 61# ﬂmlkgtllalak&m tdgetharfom yB 6 hBterocycle. In

oar al. kyl wher e h al k
an 8 ﬂ{S is %‘CP mew lcpm]%é t%rla(g)ggﬁgr ar}a a pa1¥1cularly particular

emttﬁlﬁrﬁérﬁ)éﬁg)/lls & loy Imdtigy1.oahi aﬁiﬁt&ibﬂ Yaretidgt dnﬁb&bﬂﬁﬁnWRg fis methyl. In another
hal oge capt o, Tgar box

dr oxyl ,
Para?%ﬁn OQWGH%RaﬁdH?ﬂf?%Lﬂorm RO ?fdpﬂﬁadvulatr 6@@9%@@% 8 iy gyl In

andARt BArAEN S| ctibodihe@ RIS fhydedX aﬁyle OO Bhirfi®Mr o dmentRY is ﬂuoromethyl
together forma heterocyc for exanple an  azetidi

Ing H)aﬁtgculaé ngodﬂ;i;rp & ilsd}yﬁg)xyqt% In |aﬁotgerﬁg1|b9q1@9qltaﬁg is oriented such that the

amfﬁﬂtﬂgi@“ 1n(R€mdi£‘erlo‘§ﬂe vwiHich 1p&;ntbrﬁs il th ﬂi@ @,tcl&ﬁflguratlon In a particular
articul ar embodi ment R4 is met % and IS H Ina
ey o

meng §b aird Rerpgstlicraith the pomsiromyw thmdeprs@d fory @8 dipterocycle. In

a p&rgc_alar%{bloﬁmteﬁq{ Oa'ilh]ﬁA tdgéth‘l:_ll foﬁrparp'ﬁgltl(ﬂha’er rn?gmilq I\/Ig%r:ﬁlar AHbBdiment R;
i's amno, such as 10 NH2,” NH and NHEt ,

and/hltb&et}teh@rmtaméﬁolﬂ@net—l In a particul ar enbodi ment, R4'
is Hand R4 is H  alkyl, aryl, aralkyl, cycl oal kyI ,
cycl oal kyl al kyl, heteroaryl or heteroarylalkyl. In a
Ry’ patt bcRi ard R:&mdgodiemiorh aR46 d:asbcaygt olmensmibedinedt, Rs’omit hig another

emeord?_r'ﬁfnt 3na§1£1§gl E)%etger fo}m a'_y\% rhlocycl’e foHNxa}mp < a%?fcl})pror\)yl r11>|1g Ina

particular embodiment R; and R’ are both methyl.

R4 and R4 are independently H, hydroxyl, amino, alkyl, carbocycle, carbocycloalkyl,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl, heterocycle, heterocycloalkyl,
heterocycloalkyloxy or heterocycloalkyloxycarbonyl; wherein each alkyl, carbocycloalkyl,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl, heterocycle, heterocycloalkyl,

heterocycloalkyloxy and heterocycloalkyloxycarbonyl is optionally substituted with halogen,
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(CH2)2 (CH2)2 (CH2)2 C~-(CH2)2 02N 1:)~O(Me)2N H OH
H2N PhO 20 NC2 CI 29 WD 2008/ 134679 PCT/ US2008/ 061891
WO 2091H67HO | Br HO HNC NO2 HONO2 5 Rs i s HPOF/US2008/061891

al kyl. Ina parti cul ar enbodi msnt R5 is Hor methyl.
na, parti I ment | .S I n _anat he
hyc{roxly% mer(fagro cear X lnbl%dl Ik amlno 1{11hn0 and ﬂi)ro % ad ﬁé to%ether form a

hetﬁathel nhhe@emimﬂhﬁeﬁt Rlﬂ and IRyI are am@tberﬂentarlﬂ,l ]k}ylkoxyl Rmdno, alkyl, aryl,

aram ﬁ)gfl‘l"oa kyl, r({y%%@@f}]1 gl%l &g}e{oaﬁy&l Oy Pgtgrﬁ%rgg lﬁ;{g\%{leerﬁg n?cél agi,y{, Iaryl aralkyl,

cydaatkyexadtpdlie/ ke, I’lyslteroakﬁ andhetfoery lafigl isi optibisnily @l ahtaadenith halogen,

s aral kyl | e benzyl I.n ap rti | ar
hy(g(a%had}“?f&aﬂ?fo ﬁebe@ﬁdal% aare- HE %‘Wen”rf”o? ﬁ‘g%é pog¢ther form a
het@bd¥le, a Qartlaﬂirrbnfﬂbﬂlliﬁéht R/ z[hd&&owg@ﬂhelpﬁﬁﬁ |aCHéJ[eﬁfcycle for example an

enbodi ment Is nmethyl and R6' is H 15 i n each
azeHding RS RE R py@ohdméﬁénl&élmapvu]q er&lv)gﬁlgfnt Fw%nd&y?re both H In another

parﬂ&ﬂﬁ%%@dlmgﬁlmgﬁﬁethw anfl Ry’ i6 &Il bﬁ’é}%ﬁwul%ndﬂo&%ent one of R4 and Ry is
uani di no, , a car bocg;r het erocycl e or -
embo X‘R

hy |1 @Iﬁ) \y_}nlesthe gther 18 Q,. In _alg(t @(n@tzone qﬁ @1)1d R4’ is amlno such as
H'z,cf(I@/I'ce:'(and gl—@t \MBE the oﬁ’Bgls(I:( @l a'partéglgr &lag)dlml_?)n[t\'@ §Q¥ and Ry 1s H

alkylce%y,- P cyc@oa@(y@ & ey haﬂekoytyl on hetrdsodaflelle Tora aamcular
| e CH2 or CH
e B0 B Rl o B 018 O R o Wi o o0
-S, -S(O) S(O2, -N(Rg)-, -(O-, -(O-NRg-,
-NRg C(O) -SOQ NRs-, -NRg- 802- -NRg- C( O - NRg-,
NRg- N=NRg- GLNH) -, - (O - & or -0-C(O) -

¢ and het er ocycl

H
ed w t hHRydyoxyl ,- a@/‘aryl N /
pbx0, car bpxyl yI hal o- @/
am no, cyamne, nitro, amdino,

guani dino an optionally substituted carbocycle or 25
an optionally substituted heterocycle. Substituents of

the X |onaIIy tituted cggﬁﬁle and
"opti t erogyc g as defined
her ei gﬁ%%lr Gl a?ctf odi mevft suc?ﬁ

NO, Cl
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carbocycl e and heterocycle groups are substituted wth
hydr oxyl, al kyl, al koxy, acyl, hal ogen, nercapto,
wo@@s/13@mrvboxyl , aryl, hal o-substituted al kyl, BeA/H82008/061891
cyano, nitro, am dino and guanidino. 30 WO
2008/134679 PCT/U82008/061891 I'n an enbodi ment R7 is
3 , = arylan1no

CH groups of
said alkyl 5 is opsionally replaced with -0-, -S-,
-S(O -, S(0)2, -N(Rg), or -C(O-; and said al kyl,
carbocycle and heterocycle is optionally substituted
wi th hydroxyl, al koxy, aryl, hal ogen, nercapto, oxo
(=0, carboxyl, aryl, halo-substituted al kyl, am no,
cyano nitro, am dino, guanldlno an optionally /
substi tuted carbocycle &

het er ocyclje. Substituents

substitutdd carbocycle" “optionally,su

het; y are a yhed herein. In g 10 pa Haul ar |,
enb nt such ca

cl e and heterocycl e grgups ar e /
Dago W tihiyt NO, &l kyl, oxy _atyl, HN=
hal ogen, ner%apto 0Xo0, carBoxyI ary

hal o- substituted al kyl, am no, cyano, nitro, am di no

and guanidino. In a particular enbodinment Rs is H,

al kyl, or aryl. In an enbodinent Rs is methyl. In
R; %ranB Cﬁ?l%yenppa@m%e%?dngeﬁ h Irhﬁ%}] 1. A" tp'al%g‘!ﬂ%rembodlment Rs is
H. WQMmgenpmammm@nmhymmox%h$nmmyboxyl, aIkyI hal oal kyl

or aralkyl. In a 15 particul ar enbodinment R7 is

hal ogen, for exanple C or F. In a particul ar
R, emtbRgli ane edch Hl?de'p&dbhtlyl H, dlisyl, Mﬂdﬁra&tlm.d Inh@particular embodiment, Rg is

alkgli'l Z:e;(%}jéqﬁ?l ]glgﬁ 1;[ I ne%e{]gq&gcfuxa 05S glﬁ%ﬁ%\éf L]{yb ?’g’r e%larlnple phenyl. In
andlef Eﬂuﬁ&llbﬂ @nb\()aﬂn&fiﬁﬂa 18 Bﬁalkyll go@xaﬁhble%nz’i}@ def pagehlar embodiment R

rein a enbo a carbocy
nd iy B@éb%faale St hah ik o o mgﬂlfﬂetl%mg% Do Simbodiment

R Retaryosnat erssbsti tuted al kyl, wherein each is
optionally substituted with halogen hydr oxyl ,

nmer capt o, carboxyl, al kyl, hal oal kyl, al koxy,

R, ¥ Kith DeddrRRM is 1n&ﬂ3ﬂﬂ@ntlynﬂit (f}ﬁno %Eféﬁloxyalnﬁilellegﬂt@ rlﬁﬁfgé’ﬂ nithd) carboxyl,
a particular enbodi mnent Ro' I 'kyl, aryl, aralkyl

am@y@l gurnidjno, alkyl, @ @$0le%|wweroqyélpe>rrow| whgrein U is -O-, -S-, -S(0)-,
s<d) ﬁh&? at oy &6%@48 '@<dr)s _9pLARNANRY, S@JbSItJRt é@qﬂzg, ‘NRy-

[ ogen, y capto, carboxy ,
C(Nfé)l N&d k*NRgzﬁﬁNHbg G(Db o or & QKO)amld Neis eﬂwlawhrbmz@lerpr|a§16ter0cycle

and &&Ee‘in oﬁer]or%g)reegﬁo(qj dT?EEouISL df%? }11%1' i oﬁﬁ%ﬁgﬂ r@h&'&ﬁ %h”O- ., -S(0)-,

di nent nt n
S((BO -Batp ot df(Ot)h@m, HN%ﬁ@GQ)ﬂ -8OANRi-N-NFedor, Nﬁsr@(o) NRg, -NRg-

C(I\ml(ﬁgg% —g\llfg—acgﬁg?—ggkg(g) AT8r 6‘06(8512:11?(9 |a11¥ hlktglh %arbocyc]t it %eterocycle is

eoner s I onmer
optidnaliyeaibstitiibd with rhly e s salkdxyt oy, halbppo uReBpRAYxoe mpb@gyl, acyl, halo-

Su"%%ﬁ%&?‘@?’i aglfrlog%ag?l‘ ﬁ]llotgo?r R Ig)l, gga%yﬁog%f (g Elg%aﬁ[lér?#ﬂgstl uterzigcarbocycle or
an Gpmiﬁﬂl.}mﬂlSstﬂﬁiyd hgersSpRr ahmlmteyts ohfierapt@a@phibeitoed carbocycle” and

%‘gl Za%A ggtergm ge?da(sr% & ?’Fg %%@ne né ngrgg{lércembodlment such

carbocycle and heterocycle groups are substituted with hydroxyl, alkyl, alkoxy, acyl, halogen,

mercapto, 0xo, carboxyl, acyl, halo-substituted alkyl, amino, cyano, nitro, amidino and guanidino.
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30

35

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

W@ ovBiigerat i on and both of these configurati onBCEHDS2008/061891
within the scope of the invention. In a 31 WO

In 200@1{1"1%467%&&%;%1%%8/ Pgnﬁﬁav ,? Ir%}eg g: i%{nng ngr%f?almqr?ont alkylamino,
ara&&bﬁﬁ@ChMﬂypayloxy:mmfraﬂg,{M@'tl on of forrmula I’ | n which
t he nmononer have the sanme stereochem stry orientation:
RE35X2 RNRN5GL R4 X1 R RV\RXIRNN®& 4 =R

R R, 21kXP a &rbbéycwra&iefer&ﬁcle X(Bereﬁ!f ond &; méid ,CHE3r CR g?ﬂups B2 said alkyl

i GRapTY el iha o Pk g e Spggikyl, crbocscle
an(M@teré@cle @ op¥énally Ritifttell \WthYly&fronyl alkoxly, acyl-ralodd®, n%eapto( oxo (=0),
REN- L~R9 Nb X3 A2 Iva. IVFIVC

car‘p@xyl Yacy‘l \hamupgéllt\lut%valkw YN0, \fYNRORNIETO, fmigino, ’Lgu'(“FQdW? #1 optionally

subditéd ArbbeycR7or n Jé)@tlcl)r}tﬁl?I sublsttuld Hé’f&%c?él@ Aﬂ;ubstﬁaentio)f t@ ‘optionally
2, X3, Y, Z1, Z3, Z4, R1, R6, RG6'

subfiftiteth catbecygle cPé‘é Toptinglly fabsgiued lllerﬁeracyslﬁ 27 & é@ﬁned herein.  In a

parﬁmdénm%ﬁfgneg s@:ﬂdca@%cﬁ:'iee aﬂdvﬁ'eteroéﬁleagr&ﬂ;st dr€ Whifituted with hydroxyl,
nbodi men and
alkyl, alkoxy, acyl, halogen, mercapto oxo carboxyl, acyl, halo-substituted alkyl, amino, cyano,

nitro, amidino and guanidino. In a particular embodiment Rg is H, alkyl, or acyl. In an
embodiment Ry is methyl. In another embodiment Rg is acetyl. In a particular embodiment Rg is H.
In an embodiment R, is H, halogen, amino, hydroxyl, carboxyl, alkyl, haloalkyl or aralkyl. In a
particular embodiment R is halogen, for example Cl or F. In a particular embodiment R is H. Itis
understood that substitutions defined for R; and Rg as well as all other variable groups herein are

subject to permissible valency.

Ry’ is Q; or Q, as defined herein. In an embodiment, Ry’ is alkyl, a carbocycle, carbocycle-
substituted alkyl, a heterocycle or heterocycle-substituted alkyl, wherein each is optionally
substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, alkoxy, alkylsulfonyl,
amino, nitro, aryl and heteroaryl. In a particular embodiment Ry’ is alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl or heteroaralkyl wherein each is optionally substituted with halogen,

hydroxyl, mercapto, carboxyl, alkyl, haloalkyl amino, nitro, aryl and heteroaryl.

nis 1to4. Inan embodiment nis 1. In an embodiment n is 2. In an embodiment n is 3. In an

embodiment n is 4.

Compounds of the invention contain one or more asymmetric carbon atoms. Accordingly, the
compounds may exist as diasterecomers, enantiomers or mixtures thereof. The syntheses of the
compounds may employ racemates, diastereomers or enantiomers as starting materials or as
intermediates. Diastereomeric compounds may be separated by chromatographic or
crystallization methods. Similarly, enantiomeric mixtures may be separated using the same
techniques or others known in the art. Each of the asymmetric carbon atoms may be in the R or S

configuration and both of these configurations are within the scope of the invention. In a

31



IVb'. In a particular enbodinent G and & are |Vc'.
In a particular enbodinent G and Q are IVd . In a
w@a0siisgrar enbodi nent G and Rare We'. 32 WEPCT/US2008/061891
2008/ 134679 PCT/ US2008/ 061891 In particul ar
par%ﬂ?ag’dee nE%mn 'Sé%?cw?{)](gl_n% Fﬁ[rqﬁie;:{glq’g eﬂd gf%'_ M@I g)ll]%gidgl\lit%ﬁggllemical
condfighngtidd dRGOrmul INinNwIg¢h th&homRBndrbavé2hd\land steRoE¥emikery Nkientaion:
QNQ 11'all'b RILRL RAR3. X1 RR YR R3, X1 R
4 R3RS X2\ N 4 R3

Zi
RLRARXIRY

Y R R RAN NN R6' RAN NN 6

RE X2 N QQ zi zfWN— 7 N Ve I1°d
31l R NNNG®& 4R3RB35HI X Q
5
N

Ry
\NM \E)k@
/" R3
R

X4

pellll]
N

X R
4 1 2
AN R3'
N G
A YN 2
Ry 2 Rs
Rs X2

wherein X, Xo, Y, Z, Z,, Z5, Q Ry, Ry, R3, R3%, Ry, Ry, Rs, Rg and Ry are as described herein and

G, and G, are independently IVa’, IVb’, IVc’, IVd® or [Ve’:

Rs : Y v Y
(E 7/ R 7/ R
N ) R6| R6|
R5'$N\/R9' NR ' e

: X3 Q1

Va' Vb Ve

R1 y R1
Y

N\]/ R¢ 7/ R
Prae RGI /,—N R6I

N

Zy

/

Q,

7 I

N

7774

Ve'

10 V'
wherein A, A%, L, Q, Qu, X5, Y, Z1, Z», Zs, Zs, Ry, Ry, Rg, R¢’, Ry, Ry’ and n are as described
herein. In a particular embodiment G; and G, are IVa’. In a particular embodiment G, and G, are
IVb’. In a particular embodiment G, and G, are IV¢’. In a particular embodiment G; and G, are
IVd’. In a particular embodiment G, and G, are [Ve’.
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NON | I
R4', Rs, R6 and R6'

the fornmula V or Va

e wherein X,

X2, Y, Zi, Q
are as descri bed herein.
-N R31 "

RA R NNR4' R4’

R, R2, R3, R4,
51n a

w@a0siiggrar enbodi nent conpounds of the i nvent PGRURANE061891
X1 X1='~

R3 HNNH X2 ~= X2 G1 & V 33 WO 2008/134679
PCT/ US2008/ 061891 R4 R4 R4'- N 8311, NR4, X _ e-W
In fa8iculbr m@odﬁndﬂRBGl RBING NrdNd{peidiehtly 12 -Nid N DI X X2 G 2

GlLp2 Va a particul ar enbodi ment conpopynds of
the| ent on eYtheforrruIa VI or Vla R4 N-R4
2 X1 X1 R5NR4 RS 2 Gl | 5
\ R6
R4 N )
; /. : N Re
= R4 = R5
Rj Rj Xo ~N
Z, Z,
Q = Q
Ny /
T’a 1I'b
R4 R
R v X R Y R D R Y
4 Ry 1 2 7/ Re 4 Ry {1 2 7/ Re
N N \ N N .
/l z N R6 /| H N R6
R4 H Rs R4 H Rs
Rs Xy ~N Rs Xy ~N
Z1 Z1
// Q // Q
e rd
Ry
R v X R Y
N N .
R4 = R5
RS X2 \N
Z,
)
N
XN

I'e
wherein X, X5, Y, Z, Q, Ry, Ry, R3, Ry, Ry’, Rs, Rg and Rg’ are as described herein.

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

Ry Re
N-R Ry—N
Rslt R
i S=x1 x1=8‘ i

NH



X1 X1 RSNNRS X - X2 GL & Via In a particular

enbodi nent conpounds of the invention have the fornul a
wO/R1080846%4 | a 10 34 WD 2008/ 134679 PCT/ US2008/ PGL/BS108/061891

RA RA NRg RA'-NR3" R3 X1 X RGN NRS R2 R2nl I, 1" X2

R~ R~ X2 NNR6 R1 Xs X3 NR5R6 RS"N A~ Al VII R4

R4 "N-RA" RA'-N R3uun” R3 X X R5N NR5 R2 Rem X2 R

R X2 N Npgp ...... X3 ,~R6 ~R6 X3 NRSRR5 N A~ Al
VI I a \N R4'\N
RsII'S:R4 o X1=8<R3
RsN * N I NRs
HN—(CHy)1.12—~NH L
N X
X5 = & 2
G O
Va

In a particular embodiment compounds of the invention have the formula VI or VIa

R4\ R4
N_R4' R4'_'N

Rt Rs
X4 X4

RsN — — NRs

A

G G,

Ry

\ /

N_R4' R4'_N

R3I||m-- R3
X1 X1

Via

In a particular embodiment compounds of the invention have the formula VII or VIla

10

34



5 1n a particul ar enbodi nent conpounds of the

i nvention have the formula VIII or Villa R4 [\J-R4
wWoR2008MB4e3UW R3 X X1 R5N NR5S N R2 R2X?R6' ~ RRCT/ES2008/061891

P....... R6 R6' R6 A2 VIII 35 WO 2008/ 134679

PCT/ US2008/ 061891 R4 'N-R4'" R4 -N R3uw .. R3 NR5

RSN X X1 RR2um R2X2R1R1X2NNppR6EG_ Rs

Rs A2 VilMNaRsy5 In a particular enbodi nent cébnpgunds

of therdmnyention have the formula I X or I Xa 10
R4' - N R3" XRON =X j 1 NR5 X

N
VII

Vila

In a particular embodiment compounds of the invention have the formula VIII or VIlla

=

35



RRem' 2 RIR X2 X2 Np-p....... N ZI \ R6R6 R6'

Z, ZNR6 NZ2 2i3272~23 \ QIX Q@4 15 36 WO
WQ®813684679 PCT/ US2008/ 061891 R4 R4 N-R4' RAPQI/US2008/061891

RBm... RB X1 X RGN NRS RR2" 2 R X2 X2 R N Np

- P, Zj R~R6 Rs R6 Z~ N Z2 N zZ2 ~3 13, Z4

@ I1Xa @ 5 1n a particular enbodi nent conpounds of

the invention have the fornula X, Xa or Xbo R R4'" X1

R2- ' 7R6. R&SNNNR6 (R7),,- 1 (R)n R- R3 5 X2
X3 N~/ \NRMNF -N - N X3 ;4
N—R,’

R3|"""'

Villa

In a particular embodiment compounds of the invention have the formula IX or IXa

10

15
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RS=HX2 RS R3 (R7)n C', CO(R’An OR6R6 N N NR4
- ~~1 RRXILR4. X, R RAUXIR ~YC7Nv N

WORRSB3ERY) , - (R7)n Rs H=R R3 X2 X3 NR5 HOHESD0L@51891

NNS X3 X2 R3 --~ R5 0 RR6 NNNR4 (R7)n | \ CD (R7)n
/ 6 Y- RR XL RA Xa RL 37 WD 2008/ 134679

PCT/ US2698/ 061891 R I~ jj 1 R2 ~ Y Rs Rq~N§_,_R/'?Q R6
O (R-)n \\HRP31 (R-)n 5 R3 X2 X3 R5 ~(CH2) 12*H'R5 X3

\ \ [R@H 1-41 o-s/ NXf 2 RS R3 (RA' = (R7)n O R s
N ~NYNR4 »=tx, Xo R6 1 Y~ R2 X1 R4’ Rl The in \ on
al so npasses prodrugs of the conpounds descriNRsl

above?ﬁﬁ LL@bl e prodrugs 5 where applicabl e Rned ude
known, an¥ no ﬁ# and car boxy-pra i
whi ch*2ar ! —exanpre \Q\v . i

. 9=

the pare physi ol o c

In a particular embodiment compounds of the invention have the formula X, Xa or Xb

Ry

' X R Ly
E“\)ﬂ 2 7( s el 1 Fwo
R4/ Y ﬁk’( R6 O ( 7)n \ g N I 7/n
Ra ° X N H iR
Y "N——M—N X3
ORI N X, R, R
AN A O N A Ra
(R7)n@/\O|/_(R7)n R?6 W‘/\
Y/( R Xy R4
Ry
X
R4
"X, R g
&Qﬂ 2 Y R - | - I—R
RN Rs O (R7)n q P (R7)n
Ry T5 X I Ry
3 % X4 Q ; N—(CHz)1.12—N N> 3
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particul ar class of prodrugs are conpounds in which a
nitrogen atomin an am no, am di no,

W@ ra0803d6ky | eneam no, i m noal kyl eneam no or guaPCTUs08/061891
group is substituted with a hydroxy (OH) group, an
al kyl car t;gnyl (-COR) group, an al koxycarbonyl

(R4CO(1Q?DQQ ?JYH'Y c I .oxyal kyl 10 al koxycar bonyl

/( roup where Ris a va %n

Ridi val eﬂwt rolp as defined affovesg i ?fhw ng
t hBsfor 284

-, hal oal kyl, whereRg?lxgnd P2
are the sane _dlﬁ‘erent\a[ o, R R

| ower al yan )l ower é{ F‘(VI oro ary! ; Ip%r _
parti cul ﬁm(t t%e nitrogen at onhlh on h@N R
nitrogen atons of the am di no_group of t he EO‘E:B
of the invention. These prodr?fg conpounds are prépared
reacting the conpounds of 15 the invention described
above with an activated aryl conmpound to bond a
nitrogen atomin the conpound of the invention to the
Th&%&ﬁf&}{'ag{? enéolﬂ‘@agg rgé’ljil sdofatlaé/ l:o w&%%lb%(}%@? | gultable prodrugs
activate car ony oun ta| n a good | eavin
whege cﬁmph@bhdeldluﬂfo knnen @an@myﬂectmar poncaldyipngéatide mlypb which are
I
rel%?%( giéasn%lé/ #ﬁ&&%gculyierlcy glre @?ﬁrehth 09{8 es dér l}ﬂhﬁggl}gélc conditions. A
parﬁd:lﬂa"rocpztse ruﬁmyomgsl are «tpmpdmldqoinewmcy mmydogenf dtororio pﬂnemmmy, amidino,

aml%éylgl I}aanqmgi 1lhoa[kl§hpenear11ray r%lxnlgl gro&p ugs%‘%ute(i) wi'cﬂg atilydroxy (OH)
groﬁ@l e n:tlBylaatrbdngkj YEBTRY egrpay, adl rams)xy@dmhyla$ CO?GR) Oadbayiboxyalkyl-
50C. . Th e usu also carrjed o t he
i gpsubipt (SPGB0 R Snite B R ShmSE s goib R 05 and as
deftd Eﬁﬂabﬁa glouss Qﬁ{nug’ﬁ}bifi&ﬁfubﬂﬂlﬁbﬁo cgmpanalwmmﬁﬁ?b @$and P2 are the
suc S am ne, inclu i dine, triethylam ne,
Samet @ dl%ffsmr?&ﬁ &t Hof lopeT frll&ﬁ ﬁgﬂg? {S‘H‘ryu g, shaboe@&ﬂ BEY gyl Tna
r’s@ﬁ[ﬂ e%étﬁﬂ@mt%@ nftﬂog@ﬁateﬁﬁ fid dne bPthe llaﬁ)éer( S0k 65RO Meidng dr&hp of the
ublication W9846576) the 25 contents of which

COI%HOén‘F s dhepigrantien hbsse Pﬁ)dw eRpaydh e Nrepateddeacting the compounds of

the SfMehfi6 YescritRl tab&kl Rith &0 RRRWEE SR oS k@ bbnd DNEHE& atom in the
the fol | owi ng: 38 WD 2008/ 134679 /uszoosu 0618

conpqund RfHthe|ipygniiyn o the garbonybefie NictiIRd| aqy] @upomdy Slgame Qctivated
car%ny{ éorﬁlpHuIle NG N a%&l)\él lgavull\é gr!)_{lp NddedNo 1 chbonyl carbon and include acyl

halides, acyl amines, acyl pyridinium salts, acyl alkoxides, in particular 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 to about 50C. The reactions are usually also carried out in the presence of an
inorganic base such as potassium carbonate or sodium bicarbonate, or an organic base such as an
amine, including pyridine, triethylamine, etc. One manner of preparing prodrugs is described in
USSN 08/843,369 filed April 15, 1997 (corresponding to PCT publication W09846576) the

contents of which are incorporated herein by reference in their entirety.

Particular compounds of formula I include the following:
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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.
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NHHNO O -%\0 HWM / NH Conpounds of the invention
may exist in different resonance forns and that al
WG owh/1830nance forns are within the scope of P€TES2008/061891
i nvention herein. 46 WO 2008/ 134679 PCT/ US2008/ 061891
ﬂE§ES|S Compounds of the invention are prepared
using standard organi c synthetic techni ques from
connerC|aIIy avallable starting naterlals and
. will be appreciate nthet
ColFRERAT s bbirishettc RO sPepsribRonEtie Sisdg aemigpes from

cothrhi@cibly @idilabla swirfidg thefea#el add rédgentparit il |barapprec1ated that synthetic

progﬁ‘x@{seté Icetgr;il) ()ﬁfeél ﬁﬁ rt]gez Eea?e%zfrlétg(maaﬁ QR néjs aﬂ giet %?%tl\él? gj{qﬁ effeaend on the

partiCul@rsgefiitents YRdsR Sh & compoude aﬁ@ ‘ﬂ&dtt Klﬁd)ub [dfotdcfﬁé/n ElQlt de@ﬁ‘)tectlon steps
illustrated in the follow ng schene
thaksgr piaadard InsU FiFSYRBAGBRY 5 fegwitpd gyt Qi%n?jrbé 5%48%‘6@ rnr thg following

schélﬂgs t 1 &N R@HRyBflcticMchdin@mbhdMek 19 afld O BreMrdpRredif¥® and then coupled
npounds of the invention. Mnoners may be prepared
Wltb §| lwéjmz @reuppYLdalsiveepip e dt plethp stvieytione dYiprogigessmpy be prepared using

typfé@%phﬁ@cﬂeﬁl@st@%cﬁ‘l%qﬁ&' 15%7 c'f(ﬁlﬁhl%uﬁe %ﬁ‘lﬁlo%ﬂﬁl%m%et ;thato%ﬁ’éscxﬁlth typical
am de coupling procedures which are descri bed

amids2 ovBinR aXoE8ureUSP06/ 09 1depethed UJSMQ@@Q?@'YW Hﬁ%p%/ 0014700,
USE(%-E/ gg{l@ﬁ@?ﬁ/ﬁ%é %29&% e\%ﬂ (S:fIQVHI(ﬁl 1& HI‘B&J{SBe}g{e@B&Qm'%SE&Jane.

y reference am ne- pr ot ec am no
reS|due anal ogues are coupl ed and deprotected 15

In E&%}ﬂ%n&%&ﬁé&ﬁ%@\@&?e@ E%Elugo%%gﬁ?qsar‘?c d Ald é‘eprotected
seqhbntipfdy §lgikRZhdRBnabeodizboutds20 Mbnoners in which R4 or R4
are other than H may be prepared according to standard
organic chem stry techni ques, for exanple by

reductive am nation in whiSsher& Btarting am no acid
residue_ analog e.g. NH2-CH(R3)-C(O -OH i s reacted

Wth a S |table al dehyde o’ ket one to gﬁvé“t 1 defsi red
R4 any, Gbsti t uentesi .asli] | ustrated i nit 6
folloﬁﬁhg scheme. The resul tfng R4/ R4’ sﬁbstltu%ed

am ¢ aci d'i nt er medi at e dan then be conjugafed to the
next amino acid internediate or the 25 remainder of
t he conpound using standard peptide coupling
procedur es.
Monomers in which R, or Ry’ are other than H may be prepared according to standard organic

chemistry techniques, for example by reductive amination in which a starting amino acid residue
analog e.g. NH,-CH(R;)-C(0O)-OH is reacted with a suitable aldehyde or ketone to give the desired
R, and R, substituents as illustrated in the following scheme. The resulting Ry/R,” substituted
amino acid intermediate can then be conjugated to the next amino acid intermediate or the

remainder of the compound using standard peptide coupling procedures.

Scheme 2
/jl\ Ry {1 NaCNBH; Rs LiOH.H,0 Rs
HoN - . OR' — 5 OH
R H + 2 OR' R/\N R/\N
1% AcOH H R3' THF, H, H Ry’
R3 X1 X1

DMF
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Schenme 2 0 R3' X1 NaCNBH3 R3 LiOH H20 R3 H2ZN OR 'COH
"INJRH+ OR1%ACOHR HR3" THF, H2 R H R3 R3 DWW
WX2008134630 47 WO 2008/ 134679 PCT/ US2008/ 061891PCTUS2008/061891
particul ar enbodi ment, alanine is reacted with
1- net hyl i ndol e- 2- car boxal deh and .reduced, w
in S R D R R R BTk BNy and reduced
withyisvdiuihgaddbstobgdridt uissdval anlMeHOAePMIU® yiki dle Naybsb@ted alanine
resiésed iﬂ repari conpounds of 't i nvention s shown .
MW%F%WW%1%%%@@%%t%we%%WW6”“mmg
schhlaeNBH3 OR + HZN v OR 1%cCH DM Alternatively,
the reductive am nation pr@gedu e to introduce R4/ R4
substituents is the final ¥t'€°Tn the preparation of

t he conpound. 10 Wen conpounds of the inventi on, 9

i ncorpordteiR4 or R4' substituents other than HnNt

may. be prepared®by substimiyti on of a sujtablife ©F
ac & medi at e,Nhi | ncorporates a METTY, gr aup

Wi a_desired am ge. Por ekakplie Br - ; O-CH

i s subst i\t ut ed wth™an am ne BR4xNH2 or R N R4
according to the foll ow ng schene. 15 Schene A R4, , ~,
Br R~ X1 DMF :10R ::: NH + RA0 R )NLCH 34 R3 20

Alternatively, the substitution reaction introducing
AltRatorlyRbe rgiugsiciatmirefitspiresduisao pgofiwe el asbséituchts pehe final step in

thestree%aj;i(p éfjﬁ% hre l?.nrdati on of the conpound as illustrated
PRPERET oI T oW Hg schenme. Schemre 5 RX R R4 R3 1 2 DW

Rg R 12 RNH+ Br N(GRN.\ tN G
When compounds of the invention incorporate R4 or Ry’ substituents other than H, 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(R;)-C(O)-OH is substituted with an amine R-NH, or Ry-
NH-R,’ according to the following scheme.

Scheme 4
, X1 R4 X .
Rin Rs DMF AN LIOHH,0 Ry X1
Br —_— NS _— AN Rs3'
i o /TR /N on
' ' THF, H,O
R4 R3 R4 R3 2 R4’

Rs3

Alternatively, the substitution reaction introducing R4 or R,’ substituents may be performed as a

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

Scheme 5
R4\ R3' X1 R2 DMF R4\ RS' X1 R2
R4’ Rs R4’ R
R3 X2 R3 5 X2

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 R3 RS XZ4 R3R5 X2 25 1In a particular enbodi nent,
2-bronopropionic acid is reacted with the foll ow ng
w@priosaestedd ssol ved in DMF and bubbl ed for untiPCT/US2008/061891
substitution is conplete to form N-substituted al ani ne
resi dues: 48 WD 2008/ 134679 PCT/U82008/061891 NH2 NH2
)

- CF
v N
Compounds of
I's sulfur, i.e. é
t hi oam de, nay be prepared according to established
organi ¢ chem stry techni ques. For exanple, conpounds
in which X2 is sulfur can be prepared starting with an
Fnoc protected am no aci d I¥x esi due anal og
For  U2)

Reagent P48i,0. 2 NH
Sh G ha the ormul a | in 2
—W®hi ch L - C( X3) - synthetic schene may

i nvol ve an N-prot ectpged AMm np- azabi cycl o- oct ane group
that is coupled to an activated ester of the desired
acid (e.g. naphthal ene-carboxylic acid) followed by
deprotection of the ring anm ne and subsequent

coupling of NamM no ~|€ues t her typlc
H:>,C0/f;)4\q

api.de ~ceufl i ng pr
OCHs

agent such as Lawess

HO

E>—NH2 HO—NH;

Compounds of the invention in which either X, or X, is sulfur, i.e. the compound incorporates a
thioamide, 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
residue analog NH,-CH(R,)-COOH which is reacted with a thionating reagent such as Lawesson’s

Reagent or P4Sy,.

Monomers (U; or U,) in which G has the formula IVa in which L is -C(X;)-, a general synthetic
scheme may involve an N-protected 6-amino-azabicyclo-octane group that is coupled to an
activated ester of the desired acid (e.g. naphthalene-carboxylic acid) followed by deprotection of
the ring amine and subsequent coupling of amino acid residues thereto using typical amide

coupling procedures.
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WD 2008/ 134679 PCT/ US2008/ 061891 Schene 6
deprotection + RO R NRSNTUPr HNRO" Pr,NR2 Xy
WOoROOBI34679 Pry NH 2 X X RS R X2 X 3 3 Pr' NXRURD0S/061891
depro tection "~ QR3 RN RaN-'"-/N5 ~( HNTRO R 4 ~ R3
ORRI~ R3 X1 R2 2 X3 N~ o, R4l R3' X The N-protected
. ; cheme 6 .
6- am no- azabi cycl o- oct ane ‘Nt er medi at e may be prepared

according to the procedures described in Cary et at,

Tetrahedron Letters, 19 0: 5547 illustrated in the
owi ng schene. In ﬁ@l, an achi.yiated ester @

(:jﬁ?ypem cetic .aci #7i S| coupl ed_to. et hyl benzy
Yame. The et hyl benzyl” gr Blpyserves as an ami-h i E
Prprothdeting for the ring product priﬁ@r ¢ coupling Yo |,

amno acid residues. The resultipng a , 1's reduced

with lithiumalum numhydride to fofm a secondary

am ne which is then reacted with N bronosucci nam de.

The resulting N-brono amne is cyclized with a

catal yti c anount of cuprous forrde to generated the

@ebrasptiocsubstituted azabicyd| o- ane ring. The ring

is then reactedywi t R ambai u

6 15 bronp group‘t i ontli ngrﬁ-gam' no ring

i nt gr.nedi at e which thep may uséd in kge synthesis of

Rt he 3o pinds ofR 4 he3i)§1\/en iZon. Sche 6a HH
W+ NH2 N',n/\ LAH N ,n/~ ~/ I\ I\ OH~ ~/
RS0 3 HN ' 111f NHOH N N

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

procedures described in Cary ef a/, Tetrahedron Letters, 1989, 30:5547 illustrated in the following
scheme. In general, an activated ester of cyclopentene acetic acid is coupled to methylbenzyl
amine. The methylbenzyl group serves as an amine protecting for the ring product prior to
coupling to amino acid residues. The resulting amide is reduced with lithium aluminum hydride to
form a secondary amine which is then reacted with N-bromosuccinamide. The resulting N-bromo
amine is cyclized with a catalytic amount of cuprous bromide to generated the 6-bromo substituted
azabicyclo-octane ring. The ring is then reacted with ammonium hydroxide to convert the 6-
bromo group to the corresponding 6-amino ring intermediate which then may used in the synthesis

of the compounds of the invention.

Scheme 6a
§ §
+ T OH -
0
NH,
|_”\|‘ NH,OH
Br 0 N N
Br NH,
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NH2 Br O Br NH2 50 WO 2008/ 134679 PCT/ US2008/ 061891
Mononmers (UL or U2) in which G has the fornula IVb are
Wpe@pase® by coupling an ami ne- substituted riPgI/BS1008/661891

prol i ne anal og enpl oyi ng standard am de coupling
techni ques. The amine 5 substituted ring Ais
comercially avail able or el se prepared from standard
or gani c cherri stry techniques. For exanpl e,

ot e l.es,, such a ) )
Mg 2 BTNt SRTRIES theal PR g prsgers i capplipeyap amine-
subtsﬂri;t&teﬂ ehg Wb ﬁ@r(ﬂﬁlg aitio of efnqﬂk‘pyﬁ:r(gl'ﬁmﬂﬂﬂ ahql(ijd,e cavfdink amhlﬁqlaes The amine-
phen our ea reactin sodi ma2| e an
SUbFFétPt&ﬁ Fing Ati’ﬁ BWIH%XIaIi H‘%}ﬁgf ? ¢ P§Pi“e\1 QENFandaggloy Sqpsqchemistry
tecllﬁ@NeH Nior NRbmple,- Aayl- 55mrn@f&r@ﬂ)-leslsL2:h3as b]idn?lzﬂhrﬁﬁnoteﬁr&t@fé may be
as 3-Phenyl-3H[1,2,3]triazol -4-yl am ne,

Pfeb%f%dpaw@aimgw @&cfefrlwmgg S%H{ehfé% rce@@a{ﬂaélg ad@?@h phayl; thiourea by
reagtingWith soG08AYidd FBilmerdBic@BRridc.and il lustrated in the

foll owm ng schene by reacting phenylamne with

am noacetonitrile. Scheme 7b \ NCvNH2 I \ / \ H2N

HZN / NC N, NyN H N. N 20gSidHelar!y,

5- Am no-1|-phenyl -1H[ 1,2,3]tri azol e-4-carbonitrile

may be prepared by reacting phenylamne with

2-am no-mal ononitrile as illustrated in the [ 1 ow ng
schene. Sche 7c NH2 \YNS Figel,CN CN | /@ N H2N
/ NCITI N, N /@N N
HoN R
N, .N

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

following scheme by reacting phenylamine with aminoacetonitrile.

Scheme 7b
NC_ _NH,
0 —= 2 C
————- ’N D — N
4N’
HaN NCTN I\
H N'

Similarly, 5-Amino-1-phenyl-1H-[1,2,3]triazole-4-carbonitrile may be prepared by reacting

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

Scheme 7¢
NC

N NH,
O CN " H,N
' N
H2N N \
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51 WD 2008/ 134679 PCT/ US2008/ 061891 4-Aryl-5 -am no-
1,2,5 -oxadi azol es, such as

wWa2Raple f ur azan- 3-yl am ne, nay be prepared BCTUS0$1051891
to the procedures described in Lakhan et al, (Indian

__nal f Lhem stry, ctiop B: . ani Chen1stry
A B g AR B & Py R gy provored
accbidlingstb I"thti pldcddnret describaal ih dwking s ah émdiabyoured of IClhgmstry, Section B:

0 g%ﬁ@%@ﬁéwa%lﬁ%@”mf%c%?Qﬁgﬁﬁ%}?}/_ma(’f%gh?ﬁ]g&?%‘56'?2)7a%dcﬂlustrated in the
follbwihgdelciic®¥ @daeSng BULIY] @Gnide with hydroxylamine.
4- phenyl -4H[ 1, 2,4]tri azol -3-yl am ne, nay be prepared
by 10 reacting phenylisothiocyanate with
hydr azi necar boxi m dam de ®enegievy@ 5- am no- 4- phenyl -
[1,2,4]triazole-3-thiol in which the thio roup may
be renoved with Rapgey nickel catalyst a | ustrated
in the following sfihene. S¥&E 7e', JINI N' _H, NH2
Ni (R) SCN O GPN=r—T—=P=- K 15 N SH, N
4- Aryl -5 -am 1 2,3 -triazoles su
3,5-diphenyl-3kb[1,2,3]triazol-4-ylanfﬁé according to
the procedures described in J. Og. Chem, 1990,
55:3351-62 and illustrated in the foll ow ng schene, 20
4 Abyl F-gaiadl g thmzeenﬁlalo: ed 4}phetnry] 4}9[1\4\2,#]Itrmzliialydbm‘rmz,enmj {eqprepared by

rea tgg%}%%glh\éﬁl (Xzé w1t yhysdﬁz% nﬁid;rml\{ge_ [}Ig’)g'ive §9ar1]ne1r%?4—g}flenyl—4H—
[1,44]8kayble-3-thi6) ﬁDWHlE:EZlEH Bl UG @8y be removed with Raney nickel catalyst as
.. 4-phenyl - razol - 3-yl am ne may be prepared
ﬂmﬁ%ﬁ%?ﬂ%ﬁd§WByﬁiﬁ Bt ocedures described in patent
EP269, 859 and illustrated in the foll ow ng schene, by
reacting 52 WD 2008/ 134679 PCT/ US2008/ 061891

benzeneacetonitrile with SF¥HSf6rnic acid triethyl
ester to g|vew8 0x0- 2- phenyl - propi onitril e which

.NH»
Ni(R)
— - HoN ——  H,N
N N

4-Aryl-5-amino-1,2,3-triazoles such as 3,5-diphenyl-3H-[1,2,3]triazol-4-ylamine according to the
procedures described in J. Org. Chem., 1990, 55:3351-62 and illustrated in the following scheme,

by reacting benzeneacetonitrile with azidobenzene (or alternatively trimethylsilylazide, TMS-N3).

Scheme 7f
PhN,
O/\CN — H,N
~N_ N
Ph N

4-Aryl-3-aminopyrazoles such as 4-phenyl-2H-pyrazol-3-ylamine may be prepared according to
the procedures described in patent EP269,859 and illustrated in the following scheme, by reacting
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is reacted with hydrazine. Schene 7g CH(OEt)3 CHO

NH2ZNHR CN CN H2N R=H, CONH2 ~-? RN, N 5 Vari ous
wohydsaziomes and derivatives of benzeneacet oni t PCT/ES29881061891

be used to prepare substitut ed- 4-

aryl - 3- [ | e ated in the follown
benSZ% e%criosn%n% C}’HHIVO ﬁ)rm§ %% %QH Sty &Ne ]3_ d)XﬁEﬁhgglyl pﬁplol‘(}gnle which
is ré&tcted @B BYdrathS RN, 10 N X R = H CONHZ2 COZ2Et NHZNHR

CN 10 H2N RNAONHC? HﬁHN CN 2 HN NH2 N
15 1- AryI ani nopyrazole RSV

2 phenyl ﬁ - 3-yl am ne-ppmy be "E F'Eed by
ighg ph ydrazi ne wt 3oxoﬁ\EE‘ nitrile.
|ous nitr Ies can be l@- &N nt r oduce subst i thieN
t he 3- p03|t|on of t razol e ri RgHE@9ONH,| ustra

in the fol | owing schene. 53 WD 2008/ 134679 RN~N’
PCT/ US2008/ 061891 Schene 7i O

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

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

Scheme 7h
X 0
NH,NHR
—_—
CN H2N X = H, Me, Et, CO,Et, CF5
RN, Z~x R=H, CONH
10 N 2
COE NHoNHR
CN — > HoN
RN
\N O
H
CN N,H, -
CN ——— 2 __
HN, ~
N NH
15
1-Aryl-5-aminopyrazoles 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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HNCAHN OINNH2 N X X= H M, E, COREt, CF3 5
3-Aryl - 4-am noi m dazol es such as
WR2@haswsle 3H- i m dazol - 4-yl ami ne may be prepar eRCBHYS2008/061891
reacting phenylamne with am noacetonitrile and
orthoformc acid tri ethyl {geteer7 as illustrated in the
foll ow ng schene. Substitution at the 2- position of
the i m dazol e can be introduced using anal ogs of the
orthoformc acid triethylester as follows. 1 chene
7j NH RC(CEt)3 HN-CN / \ 2 + CN H2N | | Ph N
~ R NR 5-Aryl-4-Hnmi noi mi Y& S, suchy,rs
5- phenyl - 3H i m *MHYy| amdne ey e prepaned by
reacting 15 f m di ne wi th am nophenyl@cgjonitrile
as illustrated ih the follow ng schene. Sulstitution
at the 2-position of the imdazole ring cak be
i ntroduced usi ng anal ogs of the forrra [
7k Ph NH H2N CN N2CN H2N + [ 111 Wﬁ&%ﬁ?%@
NH2 HN X N 20 4-Aryl-[1, 2, 3]th| ad| azol - 5-yl ani nes such
3 Ar§1e4 %Iirlgle Aaz&%s sd}cg]at ? 8%%1}%/2%]% E_%121%/01 qmlamme Ian Be prepared by reacting
pheayllamﬁﬁowith puhﬁrmylbet(ﬁﬁth&n@]ﬁte ortsofblaﬁctaad tndethil kdtérhasuitlustrated in the
pht hal i m d t he substitution uct is reacted
g St S RREEPbASYT dpe g oablerle Sabeab s i ine anatoes
ofthydﬁ}ﬁ)lérﬂﬁﬁz&[&ﬂxmiflait@ aetdmysivs.est er is cyclized to forma
t hi adi azol e by reacting with thionyl chloride 25
foll owed by renoval of the phthalimde group with
hydrazi ne. 54 WO 2008/ 1346¢£nRG]/ US2008/ 061891 Schene
71

NH, RC(OEY)s <~CN Q
©/ + HN_CN HN 5 HN

)\\ —Ph N
R N Z_N/)\R

5-Aryl-4-aminoimidazoles such as 5-phenyl-3H-imidazol-4-ylamine may be prepared by reacting

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 HyN _CN N™ “CN HoN

* — A —
R” “NH; HCI R” “NH, HNYN
R

4-Aryl-[1,2,3]thiadiazol-5-ylamines such as 4-phenyl-[1,2,3]thiadiazol-5-ylamine may be prepared
according to the following. 2-bromo-1-phenyl-ethanone is reacted with lithium phthalimide and
the substitution product is reacted with hydrazinecarboxylate ethyl ester. The resulting
hydrazinecarboxylate ethyl ester is cyclized to form a thiadiazole by reacting with thionyl chloride

followed by removal of the phthalimide group with hydrazine.
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OOO Br O +LINI NOONH NYO-/ O /-O0==01 [/
HN, T O SOC12 ON2H2 NIV NNNH2 NSS OO0O5
woRMweHBH39 (UL or U2) in which G has the fornmul BCT/US2088/661891
fromcomercially avail abl e reagents enpl oyi ng
standard organi c chem str;gﬁ}tlecehpl ques. For exanpl e,
when ring Ais thiazole, t i'nternmedi ate may be
ared accofding to the follow ng schepge: 10 Schene
O R~ sson's Y'Y Bro6 P -- R6'
TOLN2 SN-Q wh
Ro' are as defjne erein and /"°
protecting group. A proline a g whergin the al pha N O~
nitrogen is protected (Pr), for exanple with Boc or ? T
Cbz, and 15 am dated is converted to the correspondi ng
t hi oam de, for exanple using Lawesson's reagent

/E%%gi ng to the proceduresdescribed in Wllia
al ? Org. Chem 2001, 6

63). The thianide i
then cycRi zed withg Qe broni de,0 give

A% oup gg for
dd i n ClufoN \ g,

g. .
e bron@de in the present schéme may incorporate a
functional group which 20 may be used to couple a
desired group Qto the thiazole formed fromthe
cycl i zation step. For nononers in which G has the
Mongx%‘éw (Lr\ﬁg i) wmh ggha%rtgeggfrﬁlelﬁ égg 31%3?0 !:(?mn% E glly available reagents
employihgwiandprd oi’mmte ch&bistry techniques. For example, when ring A is thiazole, the

intermediate may be prepared according to the following scheme:

Scheme 8a
R1 R1 O R1
\]'_’Y R Lawesson's 7’Y R Br \)J\ T’Y
N 6 reagent _N 6 Q N Re
Pr Re Pr Re Pr~ Re'
Q

wherein Q, Y, Ry, Rs, and Rg’ are as defined herein and Pr is an amine protecting group. A
proline analog wherein the alpha nitrogen is protected (Pr), for example with Boc or Cbz, and
amidated is converted to the corresponding thioamide, 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 Ciufolini et al, (J. Org. Chem. 1997, 62:
3804). Alternatively, the bromide in the present scheme may incorporate a functional group which

may be used to couple a desired group Q to the thiazole formed from the cyclization step.

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

be prepared according to the following scheme.
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RLYY NYR HZNQPr'NR6 NR6 RNR6 Pr' R6 O Pr'
WQRE008@846R6 O OH OH NH O /N 1. Q Q Q wherei nPCY/UN2008/061891

R, R6, and R6' are as defined herein and Pr is an

am ne protecting group. ngh e%{)artl ng proline anal og

is reacted with an appropri ate ‘ani ne usi ng standard

am de form ng oxpr oce8|71r/ es. The resulting anmide is

|zed fo exanpl e/u Bur gess

éﬁ PH res RIEs
Pr mRe 19_9_9._6_4, 652), t '

The~ghy hydr o- oxazol e igHt hen reduced tgyQiwe the
esired oxazol e subst rtutt with group\Q{ _
Alternatively, the aming of the first ste@ in the Q

schenme may i ncorporate a functional group in place 10
of Q which may be used directly or indirectly to

whereiund.ey aR (0@ bRURGrHeps @fined hhemtdau@z@é aa fnﬁihﬁlpﬁotecfuﬁg)gioup The
the cyclization stgep nomer s %u1 or, g

stafigg At BRiog1 A PHF YR B8 PPEPERE Y 61618%Isfaﬁéar rﬁHH%e forming

prod&dufbs. TBS fedmngmh@g;@alzemlo%ﬁgletumg @@}ge@m&l@em according to the
coupl i ng@groce ures. In the follow n

promé]:eéldﬁsc edyin 12111(0 %211 (Jz:g)rg ﬁpelel 99 éﬁgp %gwg,ﬂ@ (glgydro -oxazole.

Tha&ftyagdxhLie 'isnth@HQG(Pl{:ed % gwé Uhd @Qsln%d RIX@LSRC LhRGuBH OMifh group Q.
am ne- pr ot eCt ed am no aci resi due anal ogues are

Altergpipyickethg saning @b e tfig e insihg sRbemp F12y yncprgoraty afangtigeal group in place

i . - . .
of gﬁ%h+&%%w&rec§%9$%%r%%ly ﬁ;(ﬁégp% agem’r\l&{ Fg@%@ é(R{;%e ;(m%glle formed
fro@tiricyclizatigd sty 73 74 72 '74 20 Z3 4

Monomers (U; or U,) in which G has the formula IVd may be prepared by coupling amino acid
residue analogues employing typical amide coupling procedures. In the following scheme,
wherein Q, Y, Z, Z,, 75, Z4, Ry, R and R¢’ are as defined herein and Pr is a suitable protecting
group, amine-protected amino acid residue analogues are coupled and deprotected sequentially to

give the final compounds.

Scheme 9
Ry
Y R,
e FF;: § OH N Re
+ Pr—N)\’( — Pr—N)\'( Re' —
= R R
Z%Nkr o S )
== Zy
Q ol
ZZ é >/§/Q
7—L4 25, 2
724
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R4 RBXI1 R ~YR6 / HN1f NR6 /INNNRG' RS Il R4
WR03134629 RS | N\NR3 5 X2 'N Z1 / OH Z1 Q P@RUSX0B8I061891

R3 Zz2, .Z3Z4 ZcZ4 Alternatively nononers in which G

has he formula 1'vd may be prepared by coupli am no

acRd l ogs in any order and mayg be rnepage l7JS.IYn
SO|I ﬁhm sSupport which is routi ne Rgx& ehar N Re
H- ex t foll ow ng sct;)ene illust Re'
%ﬂt L natjye am no acRg Reésf'due analb (R},p| S
route. z&chenme 9a R4 RN 3 K4 R R2 +z1H-
OPr /N Ph R4 RRRS X2 R5 3 R3 X2 1OR R1
R4\ R R2/ 1~--Y R4 RS. R2 R6 N3 NR6 iNN +/
NR6R4)%/§4R6 R4 R5 R3 5 X2 N R3R5X2NZZ.?LZ3/ZAZ

z Z3 Z4 Z3 4 Thiazole am no acid anal ogs of
Altpraatﬁ.ﬁ]yamqngalerslnﬁ whish &hhas the f§rnglla Mm% emrg?%ﬁd@d coupling amino acid

anag%g% Qﬂyn&déroan& %@%%aﬁed\mﬁ% SbIR ase’ supgtl)rt w%%h i¢Rutifin the art.
' are as _defined herein and Is a
Forsqggplpglm tbe followmg scheme illustrates an alternative amino ac1d residue analogue coupling

Q

5 route.
Scheme 9a
1] R
R4\ R3 1 2 R4 Ra' 1 R2
N + O-Pr . N 3
s OH H-N N O-Pr —
R4 Rs X Ry R
R3 2 R3 5 X2
10
R1 R1
Y Ry R X1 R Y,
Ry R X1 Rz ,\z/ Re — NR3 I\Z/ Re
N OH H” Re R N Re
/\ N + 4 Rs
R4 Rs SN Rs Xy =N
Rs X2 vd Zy
%S/Q = Q
Z, J 2y, é

Thiazole amino acid analogs of formula IVd, in which Z; is S, may be prepared according to
15 scheme 3 wherein Q, Y, Z1, Z2, 73, 74, R, R and Ry’ are as defined herein and Pr is a suitable

protecting group.

Scheme 9b
@ R1\(Y Rg , Lawesson's
HoN / 7 6 R /( reagent
Il =4 O ,
23 tquene
Zs HO /

2
20

e
o
10
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protecting group. Schene 9b Q R6 R6 O Lawesson's H2N

Z4 + 1~ R6, _ Rl-~Y tR6'H N reagent, u ON Z4 Z3 Pr
WPr0081846Z8 t ol uene Z2 HO Z2 20 a b ¢ 57 WD PCT/US2008/061891

2008/ 134679 PCT/ US2008/ 061891 Y ~~ HQY ~R6 N Q ~R6'

Q RLNNRI~-NNRI~-NN P StZ3 ZPr S4 HS/ 2

ZZSRZ%ZS e f Anine ai pl ed \@thbu3|
st’a H deformatlolg,groe tofor
Rﬁ/& ('S erted—to theNcor{espon y/ \

rF;irfact ng /rzLavvesson S p.éage L Thi ém de d |
cyclized, t&r exarrpl e wth K3Fe( 43n EtOH to form e Z/Zs
which is deprotected to give the desired thiazole

am no dcid analog f. Alternativelyg, thiazole amno f

Am%?e a’is 3%%%9(?\21‘[1# ﬁ élm% gtﬁ.lilcéild An%dés %thol?lep{gcreg&)gsr ?odfogjm a81($ ¢ which is

accor ow ng s C
conRértd’dGo Iﬂﬁl\tofréspbncﬁﬂgthﬂﬁ‘nnm/d by wwetn@lwﬂfRBaWs@nis Rage@. N'H2ehmide d is

5 cycflée\ﬁlégosr amsplef Vrdhg ]%I(Q%één E@P?té)af in g whé% is ﬂfp%[ecﬁf tRI give the desired

thidzole ueiv® abid abaldaf H S ?a Z' 2-Z3 Z2 Z3

Alternatively, thiazole amino acid analogs in which Z; is S may be prepared according to the

following scheme.

10 Scheme 9¢
Q v_ Re
R1\( - Re' H
HoN Re idi
e W e T
R /Z3 Pr
Cl Z5 Cl /23
a b c

Lawesson's
R’<
reagent, 1 / \
toluene
Z/Z3 Z/Z3
d 4

15 Chloro-substituted amine a is coupled with acid chloride b to give amide ¢ which is reacted with

R1’<

Lawesson’s reagent and heated to give cyclized compound d. Compound d is then deprotected to

give the desired thiazole intermediate ¢ to be used in preparation of compounds of the invention.
Oxazole amino acid analogs of formula IVd, in which Z, is O, may be prepared according to the

20  procedures described by Wang et al.(Bioorganic & Medicinal Chemistry (2004), 12(1):17-21) as

illustrated in the following scheme.
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d 15 Chloro-substituted amine a is coupled with acid
chloride b to give amde ¢ which is reacted with
W@ 2M833mMm s reagent and heated to give cycli zeRCT/US2008/061891
conmpound d. Conpound d is then deprotected to give
the desired thiazole internediate e to be used in
preparati on of conmpounds of the invention. Oxazole
am no acid anal ogs of for Stlemelodd, in which Z1 is O,
may Qf prepared according to the 20 procedures
descrj bed by Wang et_ al . (Bi oorgani ¢ & Medi cifhea

Hotdhe ry (2094).Y12¢1): 1794pCas il lusty

folllowiffg scheme. FBRAD 2608/ 1346%9 PG/ .
S 2 A3d ORG N Y pyridine y Re H® :)z 1114 +7*
HRIR6 R1~ N ZZAI N IF~4 HOO 2 Pr Pr O Z%r Cl aZs

agto
bc R R y4-R6 'CQy R’ Q p RI~N/N Z RI~N HR® 2
toluene Pr 0 4 HO/ 45 2722 Z3 Z2 Z3 de Simlar to
t he2previ ous schenks, an acid chloride b is coupted
with amne ago give amde c. Howeveg, amde c is
refluxed ip.@d gol uti ommof p-toluenesuy ?Qpic acigd in
tg%ﬁgneRt gi\ve #i,.and/the 10 protgct\ng group/Pr is
¥ ed to “th

i red_ox NE- te | vely,
“Oxard! e apino ap fogs of Tormyla I y b
prepared accordi ng Yo=rhe procedures descrNgedyz.by
5 Kauffinan et al. (Jodrnal of Heterocyclic Chéfhistry

(2002), 39(5), 981y 988) illustrated in thecfollow ng
schene. 15 Schenme 9¢e R6 QR6 Q Rl Y R, H2N SCC12 Y
R6 H

Similar to the previous schemes, an acid chloride b is coupled with amine a to give amide c.
However, amide ¢ is refluxed in a solution of p-toluenesulfonic acid in toluene to give d and the

10 protecting group Pr is removed to give the desired oxazole e.

Alternatively, oxazole amino acid analogs of formula IVd may be prepared according to the
procedures described by Kauffman et al. (Journal of Heterocyclic Chemistry (2002), 39(5), 981-
988) illustrated in the following scheme.

15

Scheme 9¢
Q Re
R - Q
Y. 6 Y R
R4 : H,N SOCl 6 H
R 2 2
\( 6 + =z v R»]/( N S 7
N o I NMP N Z4
Pr HO \zz’ Zs dioxane Pl o) 223
HO HO Z;

e
o
(]

Re Q Re
H;BO; Y~{—Rs' Y~{—Rs Q
Lo L
—_— PI / Z4 L 1 / 24
r O / (@] /
20 25 % z= %
d [
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6/ ZRI< Njv O+ 1l 4 NW\P NI\ i4 Pr HOHO\Z2 Z3
dioxane P OHO Z2 Z3 a b c R Rs H3B03 1Y R6' QY Re6'
wWOoBBEA6RL' \N N~ R~ N1/ 7 N/ Z Pr 0 _ HOI/BS2008/061891
Z2 Z3 Z 723 2 2 de 59 W 2008/ 134679
AC@%T{% %OOSQ’% eglihr%"A Ia%d?%mf"th ?qldd“’ﬁ%%r& refluaed wader ingy gas and
the uemihmg iatie rchlogaeslsalubled With hﬁhmiytfan'ﬁge ha givef:inhide c.d@&hisgs then heated
.coupl ed ,w drox am ne
Wil AR RISV ag rer IR g et Fopged o sive e
des@tb ¥ exagolamtbrinbdatp .0t ectl ng group Pr is renpved to give
the desired oxazole internediate e. 5 Inmdazole am no
acid anal ogs of formula Ivd, in which Zi is NH may be

ImiRiRRANE[L AGE Malligh9f FPmulh Med PLOCEEM LR NI Shdyi HegflepRied according to
Kumar et al. (LBl oorgani ¢ & Medi ci nal Chem str

2002
the peegdiresylyseribedi iyl ymareet ), Kl%ﬂg?ﬁg%&l%éc Medligipad th%m}%wwpg?a 10(12):3997-
40036 ReBstraitl imGP Mg sHRnf@ R 6 Q J: " RY R, H2N
pyridine ,(Y R6 H +Z4Q'\NNOIIN1-4 Pr Z3
PrOZSCIOZNZZOZNZZ abc R REREYR' HQY

Rs" QY R6" Q Scheme 9f

RS E i idi

1\g RS HaN 2, pyridine . &i‘/ jik
/ e 7

i cl OzN \Zz/ ’ 273

1S
1S
(e}

Q % e Re Q e Q
6 Y Re'
R1’< t'( \ AcOH R1’<Nt(/N N R1’<N Z
) / Zy 1 / Z4
// Pr HN / H  HN /
2% z7

Z

f

=N
[¢]

Acid chloride a is coupled with nitro/amine b to give amide ¢. The nitro group of amide c is
reduced to the corresponding amine d, for example with iron, and is then cyclized by heating with
acetic acid to give e. The protecting group Pr of ¢ is removed to give the desired imidazole amino

acid analog f.

Dimer compounds of the invention are prepared using standard organic chemistry techniques.
They can be conveniently prepared starting with a 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 an Fmoc protected monomer a in HCI in

dioxane followed by reaction with a diisocyanate linker.
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R-~NACOHR - NRI~NNZ4 NZN Pr OZ3 Pr HN 4 H
HN H2N 722 72 7z3 72 Z3 d e f 15 Acid chloride ais
weowplid@g7ai th nitro/amne b to give am de c. TPEI/HB1008/061891
group of amde c is reduced to the correspondi ng
amne d, for exanple withdraon, ,and is then cyclized
by heating with acetic aC| n{o give e. The protecting
group Pr of e is renoved to give the desired |n1d&zole 0
am no cid analog f. 20 Di nmer conpounds of the N
|nvent\§ﬁ'are prepared using standard organic "¢
chem st ¥§bechniques They can be convenientlyR, ©
prepared ktarting with a nmonamgr U and ¢oUpling to
second Qner 2. Dinmer co nds ofcthe,i nvention N
hayi n %C;! formila Valin]whith|R2 i's a t but yl [
prgfe plgeﬁfﬂfﬁe nayhbeopr ar ed chglssoIV|ng an N
d nononer. N i 0 CH
reaction wlth ﬁ is cyan g ﬁﬂﬂ 60 WD e
PCT/ US2008/664891 °~ Sthene 10 R3 R RS R s 0 HN N
0OTd- H2 /NCO R a O N N+ N2)H@mhme|HQ)l 124
d i 0 NoO NH'd N Y R ONR
\- (OH2) 2 0 | R305R5NH2)
nDrphollne 0 DCM N | 0

HNR3 6
a b Va ﬁ)j\N
a N

R, 0

Dimer compounds of the invention having the general formula VIla in which R, is a
hydroxylphenyl may be prepared by reacting a Boc-protected monomer a 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

I{ £, 0
OH

1) P4(0Ac),, Cul, 0

Br\/ DABCO, Acn,

R
| ¢+ 0 .
DABCO =1,4-diaza-
N G K,CO5DMF | ¢ b |
Boc %QB 00 deq G Boc” N bicyclo[2.2.2]octane ||
: 0 R R, Re g

2) HClidioxane

|
I=
O

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

residues may be prepared by reacting a hydroxy proline residue ¢ with 4-ethynylbenzylbromide b
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a Boc-protected nononer a with propargyl bromde to
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Hcgljio ane. Schene 11 R RBRS OHNNG Il R4 0 OHO

anﬁ%i‘f&c)z, Cul, 011-1 B R DABCO Ach, R4 0/ [/ Il

14 0 DABCO = 1,4-diaza Boc' N R G 60 deg C MP BocN N G

bi cyclo[ 2.2.2]octane \ 5 ' R%ORSRSRSOZ)

HCl/dioxane a b 0 R4 0 VPEFR'N G R3 R5 0 10 R

D mer conpounds of the invention having the general

formula VIla which are |inked via proline residues

may be prepared by regctghg a hydroxy proline residue

c Wwth 4-ethynyl benzy ide b 61 WO22Q08/134 - -

8%/ US2008/ 061891 gpiepar ed from t he @ ot %g?gucrﬁﬂ”mde
al colmal; a. The resulting et\hynyl benzyd, o> [ I
merized onbi ni g i th PB(QACH2R, DABCO andy, Cut NH
N ageho t fol |l oned by Bocgddrptoteation with C
” n di oxane. 5| Sc heniat,PHF, 0° e

a b

/_< >i: 1) 4N HClidioxane /_< >i:
1 RI

0 Re 0 R6
R Re 2 Ri 6
1 Rs' PR X R, R4 A Ry Rs
Boch N BOCN%N)\’FOH BocN%‘\N)\’(N N
R
0 LR R, R g S PR
f DIC,HOAT, DCH b
R4\ X
Ry N_R4| R4 N R3
R3>3=X1 x1=8<R3
R NR
. . R, Ra
1)1,4-Diazabicyclo[2.2 2]octane R L R X,
Pd(0Ac), Cul,CH4CN Z \ - - N
0 0
2) DOMITFA x Ry R "
g Rs Rop g
NR 5 i
.“ Vila

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

in DMF followed by Fmoc deprotection with 4-aminomethylpiperidine.



OH R6i" Y R6 1) Cyanuric fluoride OH Br BocN ON, Py,
DCM PBr3 C R6' OR6 2) RS N\H DCM 00 BocN CH
wWORMB/Ts679 00 11 Il Oe d Py, DCM a b F-O 1)P@NUS2008/061891
HCIIdioxaneOR6OR6' RR5' 2) RA X R R XL R

R5' R6'" R, 6 Boc N acl?lNOHBOCSNNNNNO
O3 RBRR XRR3IR5E X0 O 0O f DIC, HOAT, DCM h
R4 j 4 R'" N-R4
14
Cu

R 4' NR3 3 R3XXR3 1-~< R5N
g\IRS R2 R 1) D az ablcy o[222]octane RX2 Pd
TOVAR) 2, , CH3 )%2/|R4—/\ONNO 2Fmoc
M(FA R61 R31 X3R6 RSN OAI
Rs'™ ks /(CHz)Mz ¥(
R 5N

H N RN
IRZR ! 5 Ry R NRs
© HATU, DIPEA, R | :
N DWF Xz \Lx

N

2, T QY

R ‘N R6 ) 4-aminomethyl-

piperidine Re R6 NR;'
g Mot
Q Q O
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V Ila D nmer conpounds of the invention having the

general fornula Xa nay be prepared by reacting an
WO-pm8ApDe ect ed car boxylic acid nmononer a w t hP€T1ES2008/061891

appropriate di am ne using HATU and DI PEA 15 in DV

by Froc deprotection with
méﬂém er51\§rgr\9t hyl pi peri dine. 62 WO 2008/ 134679

PCT/ US2008/ 061891 Schenme 13 F moc,N-R a F ~ Fm oc

1. R3X1 X 1
Thﬁﬁl@u@f geinﬁnﬁownﬁﬁﬁl&%nd“?&oﬁ%)prﬁlpﬁ%ﬁaﬁaw,n pggtigular X-
mp@nﬁin@lﬂ%r&ﬁ%ﬁ withRRaddasts 3%nd 7X The ,coﬁt(p@&ndd:ﬁ;d\in]ﬁglt Rs: lﬂl)ding of ML-
am nonet RSN ridine 0 s
IAPNIESS mag) Profeify Acgoré%‘%hfdiﬁ@pfgﬁ% 7’§ VERESD FET B@ilé gyr inducing

apoptBk GAJIINSschkizig ® bAR YA asopitic tiagals, nﬂﬁﬁild:lﬂﬁ chivRt &Ik, CB@pounds
bi ndi ng. of | AP proteins. to caspases, particul ar_ X-

of fhepinerign e iuptiel Kkt ingeing %H?P@ézg ﬁas%gs 3haa YErPXPIag gl AP proteins.
AlLGRIRRHNESnRLER Jritd ilVehntidhe Qéeﬁﬂ'f&gn&fcuglﬂpop'iosllsﬂig ckI® in which the

Smac protein. Accordingly, the co
mitpehppdital aRpPEtie PR IS dﬂseﬁptqdrfe}dtﬁh b@@mf 98P frpi MlglARproteins is

inhfited Gf&séxgllnﬂe BY up @J:éu?atlgﬁ) 0?98@ &tdo@n $b g@ﬁlﬁbl? of B'B(/ Bak. More broadly,
partlcu ar cancer npoun s of the invention

the &p@p@@é¢ eAn be gped; fﬁdthle mgma@@éta% singer thipas ehich faih gt undergo apoptosis.
LEPLRE Scah&F ththl #Hikﬁ ?euﬁ!bﬁa% fopat inf&lide c&&%ﬁy @Qéh O rectum

e invention are use duci ng apoptosis in
car@ecblhzs dolpnvyaicgtentah éamihdry @dmmmuabolampt Qatquwrrpamdvi@yedltsfy non-

pol%éo% u%lgr%(l:télu %Bnctep agsr()){)ﬁag daéfS? arS) Iloen)?%an% 13[ gcg}cb S r o laran)i carcmoma

hymbh@yﬂx- Zammonha,v\mrrge qalﬂca]bm@ n s@lﬁvaﬁa)glaﬁaak carbinpea,b lgmuﬂ y:,arcmoma
eat nent

aden carcmo Oun u%l qﬂ roidea Gar 11’10 tlFaI’ thyroidea arcuq(];maalrelnal carcmoma
ca Whi g Ct n%"‘é’ apoptost's

ncer

kldh'egamﬁéreh\/mﬁ:aremmha CavaG@r caliipms, k:mixuﬂmmmr otlehﬁst@pm carcinoma,
d'ent estine .carciCFoma such as rectum carci nomm,

cn

AP E o FRC™ 4B Py R RS e U D ST B8EY's prc?étf’“& ‘ﬁl{fr‘ﬂﬁ)ma testls

caréiféind) ®¢ Qe dagindniaOfivinary carcinoma, melanoma, brain tumors such as glioblastoma,
astrocytoma, meningioma, medulloblastoma and peripheral neuroectodermal tumors, Hodgkin
lymphoma, non-Hodgkin lymphoma, Burkitt lymphoma, acute lymphatic leukemia (ALL),
chronic lymphatic leukemia (CLL), acute myeloid leukemia (AML), chronic myeloid leukemia
(CML), adult T-cell leukemia lymphoma, hepatocellular carcinoma, gall bladder carcinoma,
bronchial carcinoma, small cell lung carcinoma, non-small cell lung carcinoma, multiple
myeloma, basalioma, teratoma, retinoblastoma, choroidea melanoma, seminoma, rhabdomyo
sarcoma, craniopharyngeoma, osteosarcoma, chondrosarcoma, myosarcoma, liposarcoma,

fibrosarcoma, Ewing sarcoma and plasmocytoma.

Compounds of the invention are useful for sensitizing cells to apoptotic signals. Accordingly, the
compounds may be administered prior to, concomitantly with, or following administration of
radiation therapy or cytostatic or antineoplastic chemotherapy. Suitable cytostatic chemotherapy
compounds include, but are not limited to (i) antimetabolites, such as cytarabine, fludarabine, 5-
fluoro-2°-deoxyuiridine, gemcitabine, hydroxyurea or methotrexate; (ii) DNA-fragmenting agents,
such as bleomycin, (iii) DNA-crosslinking agents, such as chlorambucil, cisplatin,

cyclophosphamide or nitrogen mustard; (iv) intercalating agents such as adriamycin (doxorubicin)
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pol yposi s col orectal cancer, esophageal carcinoms,
| abi al carcinoma, |arynx carcinoma, 15 hypopharynx
W@ 2008f18u8mB, tong carci noma, salivary gl and carRCTHOsmp8/061891
gastric carcinona adenocar ci nona, nedullary
tIl’I;} orXOItld 9 %V r CI eln Pfrggg‘spsl I1r|1h %r Iﬂ]ss(lch(:)I C%lr‘a%ingé)ermdyclohe)umlde
remar  carcl par enchym car cridie
puromycﬂn IDdllB];lthﬁ’ﬂlrmXIK (Gfa)’ttop(nmmraselﬁ @mscme SmﬂlpmSarﬂfﬂﬁthedﬁomepotecan

(Vllg g)lpg S?%‘%‘ngléq]p[(}:()gsg)fl%f'éc Cagftgp?fbci‘?g(}Pﬁgg?r tgnolg(%g\e (Ia Hgﬁé}omﬁule directed

agdafsearh a€aslcénmioNEvlchitine) piidlitaxall ©inblRsthe ofRin@riaing; (ibridndde inhibitors

suchéﬁn%gqur%ﬁ] S?lem%%%g :S'g%%g@%%g %35 iﬁé{l\gém 1"(7-hydroxystaurosporine);

(x) lﬂﬁ&b”e%@&@dﬂeﬁiﬁéau&ﬂéﬂ@eﬁt@ sm% Iamspladnymmwghen@mﬁrym@i @HLIR- OCH;,
nphoma, Burkitt nphati c | eukem a

I
or f%@ﬁsyl el dnllﬂk’/lf’%h a(h FE0 T4 ﬁi‘%@{ﬁ RY'yPhgRaliy guch s quercetin,

resVRRIoD] fcdaRR M pRoal1fMebhin€ BAIGR, GheaHRER] Hala8bK §Fb& anidins, betulinic
CML), adult T-cell I|eukem a | ynphona, hepatocell ul ar

ac1é ardlqniypRiyes &grqof KK deiarongsasueh A ﬁlﬁcocomcg}ﬁ%ﬁq fepretinide; (xii) hormone
ant%ﬁﬁfsn QIR as St%!))llfeﬁek Jlas{eHH@ of @E—l@t[—p Qrﬂ?gonﬁ@n e Q'%la}tlcﬁlgll Iembodlment
I'Ung car ci nonm, nu1t|p e 25 neel oma, basal i ong,
corpwipdsorghe Ireehtriotntiet sravadatiderdeih meyiapetiscompound selected from
Sl
e o o R O RHETE . g porticulr
emlﬁddbnmahwmtan@wm@us@s dovrgutagid pl asnocyt oma.
Conpounds of the invention are useful for sensitizing
cells to apoptotic signals. Accordingly, the 30
conpounds nay be adninistered prior to, concon1tant|y
or.follow n stration of radia
Angihirtl it s R PSR SR b S BeereteREh s R dpye which ar
ablSw deaditi2 foydrasduat kSopedds MY biRIMERY detlD reoEpIdtel 8’ dealie lad€lRor agonists™).
ut are EOt [imted Hﬁ %k% ﬂntinet bolltei such as
caPalioh &t aRIPaRIGit dsathpagpirhligandy SR yiitHRordiegsis factor a
(TNIe&)Dltﬁlﬂ&i Reorosiky GHoX YBIERFB! [ymhdRkmeyat er- Kll_yﬂlphotoxm B), TRAIL

R OE ST e - e 38 AT PER e et DR fiand o

weltia§ Bhghdddy andodetiyathveP BOSRNG el AhdsNid 5P S8 diH&H, &k death receptor
(iv) Intercal ating agents such as adrianycin

ligand otk oFNfbfLci W) 2 rerticye 2obslimgte s deathy 9saosliged 89 AngPL/ TRAIL.
Fu&ﬂehﬁ&?@n&e'éﬁ&nl%ce ford aéb‘h%seéoﬂqpﬁé’enﬁgb%%hé ahtiH3liRL tPiSuh ?e‘c'&ﬁors such as
as L- asparaglnase cycl ohexi md puronyci n or
antdC MY hetibodyt exti-ARA[LVR) (D@ﬂblagblvﬁélww@ TRAGi-BorORSE peobody, anti-
RAF - PALSATE ; i
T ho] gg %?b%‘g{} gﬁﬁ g’gl{%glf tgg %Stltﬂg)% nc\m}B I‘lﬁé&) d.l’l)lb(; eérﬁtlpos gﬁz?h%b!)ciy and anti
TRAWIH (DR3prirgbodyuds o edl-agl lfmgumwnd dgremlsqs 0£ apihrfasd egiboding. d,
col chicine, paclitaxel, vinblastine or vincristine;
Forl th& bursd3a$ GerlsfiBin 'cElﬁrf% PGl @S cctﬂl]gﬁ)\ﬁf?@ dJf 'tl%o[;resent invention can be
staurosporin, ST1571 G 57148B) or UCN Ol
alsq gsef ymog;b}@pgmw@lg fjxg}ap%t}wrap}( e phraseeradigtienthgrapy” refers to the use of
elec':tﬂ%%ﬁﬂétlg k b%@&la@%ﬂéﬁ%m%&l% tﬁ%tn{eﬁf Me%lhsna 1f§1'a§c§‘illtherapy is based
phenyl butyrate, ET- OCHS3, farnesyl transferase
onﬂhhwmmmérﬁw(h%h§9%¢9¢MUHv¢ﬂ8®2§topdhygh@woMﬁlyug%naﬁw<hmhof
vin HoBSMEK ala
repBFEEP PR ip REPKELELPhoraBl GRAA PR badinion dosage e is gonerally
dﬂhﬁémyannﬁph@de@tdkp&ﬁ@dmﬁdmd)amazméﬁhwammn@sanmemsdﬁcmmﬁﬂw
detfn)éd >by'h[ﬁ onco?o 1s O I I%Ou%n |u§ ?agila{lgrll %OIag éc'nt qgcew% eﬁ deen(? on various
corfs1dmaecbrelmt d& t@o nioHRiﬂpmtﬁnagmmlﬂ&‘hﬁons hre tbe lpeatﬁon ofnlha fumor in relation to
ound of the present inventiqgn are
ot B SR AT 47 L30T GRiseLR T Be B8 B has spread
from
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t he group consisting of cisplatin, doxorubicin, taxol,
taxotere and mtonycin C. In a particular enbodinent,
WO b@8a§460st at i ¢ conpound i s doxorubicin. 15 AnPCTIE82008/061891
cl ass of active conpounds which can be used in the
ention are those di
Exapmé)nes Q( racllo ¥erapeu iC a%]eau are 0V1dVH1 Eut no? qu s'a;:c)hatlan t}{eﬁapy and is

ce
knawecie }d‘te@ris(HéIhdﬁﬁPhncmﬂem}fftRaﬂlaa@ﬁﬁie&tps, ()ancerSm(PlIunang:nI a?ddSPractlce of

onglo TS NERTRETA Phof . MEhekeh T RlRs nyaR R B ntuce

thrdeadiinesioBal( ddforbhal leytdtmaD beath I’l‘a(ﬁﬁtlo,n, hﬁcﬁlty modulated radiation therapy

(IN@”&Q&%&{] ?0@15%%}6 l %ﬁ&&éﬁ%&?}py %tsrsggﬁ rﬁé\a CD&W) the latter

platih@BBdodse FQadiiloh dasctllyfiidg MRAlSoral tnglaitdd aEddYE Th&E n@df treatment
of said ligands. In an enbodi nent, the death receptor

molgligigh gelivsr ¥IopieR doseh of ragltion o Mgy TUEIeh oBfBR ATCOUR T Eorcei fpereased
offEcBC&REsOVheh baANEed 1§ sARRZ-dxTIRM beam 1%&'1%{1&&5&9% ¥ deat h
odai

receptors agonists conprlse agonlstlc ant es to

Ion%?ﬂaglt hgféﬁﬂ tﬁ?tlil? B%%:eh tﬁPg brggf)()nuc Si ISI'FSQIHEIS% (tbﬁssnost useful for
radﬁiﬂietd@&dyz applliﬁatlons_l')%luhe cHSh@llﬁbdldmdyneaﬁéﬁergy'Eﬁﬁéfbr (RET) of the ionizing
ﬂ ntibodﬁ %QJ_TNF_ .antlbod¥ ag%
parbigyg fclec snhﬁaﬁﬂ;ﬁlfttms@afaﬁ%ﬁgs opcaly sqrt mLinReRy RNt Sfma rays
delier Hokadd maswaf ievany ot nﬁl@il dreant dRediRsSAlpho haitibles RipFRQS ehe other
of sensitizing cells for apoptosis, the conmpounds of

extieps. e gieher j\ivehigh & Todptagse Dughayg' @s@&emﬁ.‘/clawtﬁdrfa?geowd must,

theMddrl) bk dfininh@ Rod e V@R Yhe cEMEL R RSR 10 baBbadd Rhdlifeh,aRa emitters
refers to the use of electromagnetic or particulate

arcregerrallyi hsavy wcteiheVhisleliite e petsibiedsmissy and Regsinist yngpe hazards from
lealtatgg Bf’"ﬁ}hoh&hgé‘ﬁ%q theoa[?eat B%e PEABE 'I)Qi)&ldhlg%h tlh:' tgllﬂmdtg %@ treated all kinds
radi ation delivered to a target area w !l resul
of qnpjtierg| atgtcpncgivatd @ withip tlerchgeriornd tl@@qussntulnYGWh t unor and
normal tissues. The radiation dosage reginmen is
Fmﬁ@ﬁﬁ@raltha/pregéﬁﬂ‘m%adoﬂ EhebiBfdI%es Bfped oAl dniinBE i JAa ke ¢ ‘gsuﬂtrawolet
U%b time and fractionation, and nust be careful
reriation. theht shsreyndvible dickt mierpwavgrradinionofhypesrratia Hﬁraay) infrared
(IRE@Jdla%BB hEFRENER %éﬁlcﬂﬁp&ﬁ%dﬁ’&ny 8f i Lf)?eseﬁ‘tClﬂV%ng@ﬂ' &t RAliation is
ut the two nost inportant considerations are the
appligdati on of the tunor in relation to other critica
structures or organs of the body, and the extent to
whi ch the tunmor has spread. 65 WD 2008/ 134679
Thmﬂeuﬁap%looﬁéﬁﬁés pﬁ&ifﬁﬁ&luﬁ&ll Ofont; é)@gihéﬁsh@{ RQALINENt@ASRfathing the
are provided in, but not limte radi ation therapy
congm)@}n(s)ssof 171 @mnt}qﬁ gng gt taprppe(up@qllpfﬂﬁq{t CDFigrY éﬂlmn‘@gr gifcipient, as well as
meB@&jsl (ﬁ{u'sfﬁg th-Eh:%fn Eﬁﬁ’ds S:laﬂﬂg ﬁlrventioﬂ t(g[élleﬂé}é Blcﬁ%oﬁlp(%ﬁﬁi)ns and medicaments.
Practice™ of ta et al ed.
Tynigilly1the rgmsqundeeE éwtlulad\paﬁh@st ¢ methads off the nmteh@naqu formulated by
s LQ| r
et R el TR AN o BRCH A B oK% BEE) 48AT0t puriy, with
physioMBichlly &Icandm eretidre icadirogs thgeary namthi@rtaa:mmaW dosages and
cont(:ﬁntllag (E))rﬁstrelcrznt ong 1n gl gz%lulen(i)cqﬂt mlmat?%l)oh t he 11 eE‘the l ac iatlgn depends
mainfypbratht @aimélslaemks and Theesaccneasian otf beapdmmtbut mayi aﬂangel aagwhere from
ater doses of rad 0 the t. r, which
b ¢ bt o TRUMIH Pt S d ol s i g st Resobdh e m an
emB@iifpaitatle tndib&b@rdmpeingXbiesa dkreheiavictiRdiTat icompdune baparily will be
| Qni zi ng..radi ati.on et a- em t ng .radi onuclides |s
solgris: taPit BTSSR bEued oPduh Bl ey dputfis golitions are
accdppdié.cat i ons because of the noderate |inear energy
transfer (LET) of the ionizing
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particle (electron) and its internedi ate range
(typically several millinmeters in tissue). Gamma rays
walelosiate7dosage at | ower | evel s over nuch gr eak@r/US2008/061891
di stances. Al pha particles represent the other
extrene, they deliver very high LET dosage, but have
an extrenely limted range and nust, therefore, be in
Thé ndmpmiten cdnhadivemionhwilhee dehubitedf dbédad dndsalnénitterethén a fashion

treate | n, addi t.i on,. al emtters, 15 are _generall
consi, i e ARt aiied: RA%oR o bEkRprto L HEAPSEFAL iftuce the
parfifudaalidosdet! Belbe triada tigspakticd iy mMagalehgen®fredt@ilit@nuli@ichid®ndition of

fromthe area to be treated. pendi on e tunor to
eyl e a e BTGy TPy FERE S BGhebiNg B he iethod of
adiisiatidn! NBe SeR@AliY JdfhedRinBeRavh, 1aAY efhérOMactors known to medical

Furthernore, the present invention enconpasses Iypes
pragiftiongfiy- iT8hi ZTeRGYr AeAUaL i 6 SoRgoRndgo b e Gfdewill fogpyermed by
such &h@lidr&bns, N his ARE MEYimdirS hiRb it Ink&ary 9 GILWMOYEP interaction with

radi ation (héperthern1a therapy), infrared 20 (IR )
caspasgl, NdUEAPRAIPSTP 45 4nSi1izq 1 malignapt GellUip 4P aperidigisteBAk BFh amount is
ma} DELAEWE B Ainohil ViR 1 Qe Mot b@lsi @hd RamBRRL b §lole ThE

I nvention al so includes pharmaceutical conpositions or

medi caments containing the conpounds of the invention

A . . , I . .

oo A SHARHARPLLK DGR LB aL bl g of e e
adngiowisted masentsfally hper idesgewitli boninttee pnepal @oguAl-100 mg/kg, for example

Pt : i A lv.. the..
sboPOPaTaS Y of Ao MbF RARRL By 4l Ui e tpied AR YP Eipoun
usefl dreimgl (B3 ed 1 Hyng/kyi dey nOralt uranidiseget foresypectaturableatant! vapsules, may

oprj at H t ot desire ree..of purity,
ol RORhGL 25 Pilo BIPp O ha e LBe FERIL L PG Sh B
carriers that are non-toxic to recipients at the
dosages  and. concentratjons enpl oyed inta gal eni cal ..
TS, GRTHICEY DAt 1 N POR ™obh B BRMBI 16 0¥ 8Pt PledRedieppdne orel
top@l, fraistrinal) parthi€ralp Ambtiteneody, intGeerddidall MeaRORGRARL il in@ihasal, and,
.. of ¢ ound, but may range apywhere from_  about 3. to .
if &58_&33 b 6 micaftern felavens giﬂgstﬁufﬂ?-e?afa?t_erah igfupigng, include
intiamhidcalal eneaRasls Mitaartdridl, ARtrap@ ARAQEHL, MBI tubchithi® ol BiBInts@Eon.  An
conmpound. for use herein is sterile. The conpound
exagipfi Harriaplagralidotsge fasmay wiblgscogtaging GoorpesidneoH)ms, 250mg, or
S500Md froe Bo&%’dﬁﬂ@ lok kG Hyd RS ATLARA WAfh ARBHESIISH ﬁlglauﬁ RS lactose,
are acceptable. 66 WD 2008/134679 PCT/ US2008/ 061891
aboyhe-4¢ srgredinmi cercamelire. dbawtend duegrpohivinylygrofidomer(iT Gt P 0. and about
1-10 958 HagnBlthn 3LALAT SHEHETadril AelARhtt R ArGARREFHLERherYhd bhen mixed
~good medical practice. Factors for consideration in '
with i sgluggnpiethe PVRe | Thdacsulimg cpripesition|car belidgest denulpeil.gixed with the
e i i :
oS S B Bleh S0Pl TGl B RaboE R cpifins, An acrosol
foroplggen @h bt Ipeepeakicd by d's:;qlvingr@e sbmlg)ug@, foiedxiampleyp-490 nhdh gf the invention
in £ o5 ESDSCL 1 UMM o KB RERSEA Sy s
chlpidec ifi debioaderBhe sbhugiofl &f fypicsliyvBltach et Usind a tOlemcanpltendio remove
. ta,.be gdnﬂnistqred wi Il be governed by such
IMRYERET BEFSITBIRY™ and i s the ni ni mum anount necessary to
inhibit 1AP interaction with caspases, induce
apoptosis or sensitize a nmalignant cell to an
apoptotic signal. Such amount is 10 may be bel ow t he
anount that is toxic to normal cells, or the manmal as
a whol e.
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Generally, the initial pharmaceutically effective
anount of the conpound of the invention adm nistered
weamenseral |y per dose will be in the range ofPEUs2008/061891
0.01-100 ng/ kg, for exanple about 0.1 to 20 ng/ kg of
t body weight per day, with the typical initia
EXR%h;%%of conpound 15 used being 0.3 to 15 ng/ kg/ day.
Oral unit dosage forms, such as tablets and capsul es,

cont n fr abaut 25 to_.abou 0 of the
Theclélﬁ%‘]élalﬁ 3/1 ?lﬂrg%%v%ﬁ?ﬁs%ﬂg b)ﬁ.ﬁéer%ﬁéooté% 8)918%ﬁéampqes. They should
nmgmMﬁﬂ%ﬂeacammuaﬁmﬁMﬁMHgﬂheka&(hwhanymﬁmht&&m@nmeaﬂsowmnswem

i.n di n oral t opi transdermal, parenteral,
Omgﬁﬁbﬂﬂﬁﬁ getaf yopic PﬁgﬁégpmVWﬁtrapulnonary, and

intranasal, and, 20 if desired for l|local treatnent,
|ntraIeS|onaI adn1n|strat|on Parent eral infusions
Ab@ﬁ@@ﬂ@éuﬁﬂﬁ@@ﬁﬂ%%ﬁﬁﬁym“%ntravenous intraarterial,
AcOAt s3BEesdid:oneal , or subcut aneous adninistration An
exanmpl e of a sui tabl e oral dosage formis a tabl et
ACRbtenfTilsy about 25ngy, 50ngy, 100ny, 250ny, or 500ny
Ch%quggmgﬁﬁkggnd of the invention conpounded with about
anhydrous | actose, about 5-40 ng sodi um
DC@?@§@E¥%@¥M@Se about 5-30ng pol yvi nyl pyrrol i done
AVR) out 25 1-10 ng nmagnesi um st ear at e.
DH%ﬁéaﬁgﬁggygg&gﬁ%%edlents are first m xed together and
DMARH- dinethollamisiopyridines ol uti on of the PVP. The resulting
DNﬁ?npfﬁmkhBQvﬁ%ﬂebe dried, granulated, mxed with the
magriesi um stear dt e and conpressed to tablet form using
DNﬁbdummn&bnmmeQU|pnent An aerosol fornulation can be
|ssoIV|ng t he conpound, for exanple 5-400
DN@%F%“?G Wy ﬁ?ﬁventlon in a suitable buffer solution,
EDE€: gem§lph@@mbmybmbmﬁ&@wymﬂdﬁhﬂ@ea tonicifier, e.g. a
I uch_s dlun130 C deS|red The sol ution
EEﬁ@ ?f%?%%ﬂl OKYqa[bgp: dﬂigﬁﬁgmwg} B%a 0.2 micron filter,
EtdA: e@fBsteate | Npurities and contam nants. 67 WO
2008/134679 PCT/ US2008/ 061891 EXAMPLES The i nventi on
EtQf:1efh2pd: nore ful Iy understood by reference to the
Lchgl qumrwroﬁmgﬁb@ﬁmasﬂa&m&h@w d not, however, be

construed as |n1t|n%>the scope of the |nvent|on

HARS, §drt zobgrgotgigaol éwbsl. hbs éetra@e%blfl@mwgah%?wwéﬁ%% al

HOBRW -G8 &oyMntbnfdoi@s recei ved. Abbreviations used
herein are as follows: AcOH acetic acid, ACN

HBdEet oHi-Benrogiazalg Xhy! S dytremenyirgeryen Rexallupophosphate;
Hpﬁtcmg%%hﬁ@ea% uidlcffe togfab%;;/Eropyl et hyl am ne;  DVAP:

- dirmet hyl am nopyr | 2- di met hoxyet hane;
Me%IEMIMQJJmsthylfornamde

NBS: N-bromosuccinamide;

TASF: tris(dimethylamino)sulfonium difluorotrimethylsilicate;
TEA: triethylamine;

TFA: trifluoroacetic acid;

THEF: tetrahydrofuran;
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DMSO:  di met hyl sul f oxi de EDC:

1- et hyl - 3-(3-di net hyl am nopr opyl ) carbodi i m de; EEDQ
WQ2@Bhdteye | - et hoxycar bonyl - 1, 2- di hydr oqui nol i P&F/US2008/061891

Et QAc: et hyl acet ate 20 EtOH:. ethanol; LCMs: liquid

chromato rone
Exa&p(l%m OB ieaeE g‘e@fl)pyi“’ﬁi élhé@“@tam%étpﬁ"y Wi um
hexaf | uor ophosphat e HOBt : N- Hydr oxybenzotri azol e
HBTL!
i D0
- (}H Benzotri - 1- WONBH; 1, 3, 3-fTet rarre hyl - ur on|
L uor, 6N E@ —25—+HPEC Ree I t&‘ﬁﬁ’wldwﬂb"“‘e

r omat ogr aphy MoOH: 1Hee®ianol ; N H
N- br onosucci nami de; TASKit ri s(di met hyI amono) sul foni g eos
di fluorotrinethylsilicate; TEA triethylamne; 30

TFA: trifluoroacetic acid; THF: tetrahydrofuran; 35

68 WD 2008/ 134679 PCT/ US2008/ 061891 Exanple 1
2-[tert-Butoxycarbonyl -(1H pyrrol -2-yl met hyl ) -am no]-p
roplonlcaC|dHO~NaC|\|BI—|3H INH+H2NOEtNNOEt

M s Jd Ac CHOH. I, (MM a OEt L| OH. H2O H

N OTCTrr—1T™0 B Gthi ne et hyl
\ edtt er h (59, 32. 5mmAw, H,0 pyrr o} e -ca | dehyde a
(3.1g, B32. 5Smmol ), sodi um cyanobor ohgg 5 i de (2.04q,
32. 5m'ré)l ) and AcOH (1% were m xed i 0 DMF and stirred
over night .
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 overnight.
The reaction was quenched with H,O, and DMF was evaporated. The mixture was diluted with
EtOAc, 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, 14mmol) were mixed in THF, H,O with
NaHCO; and stirred overnight. THF was evaporated, and the mixture was diluted with EtOAc,
washed by 1N NaOH, sat. NH,Cl and brine. After dried, the mixture was concentrated to yield the
Boc-protected ester d 3.3g. The Boc-protected ester d (1.67g, 5.6mol), lithium hydroxide mono
hydrate (284mg, 6.77mmol) were mixed in THF and H,O at 0°C. THF was vacuumed off, and the
solution was acidified by dilute H,SQO,, extracted by EtOAc twice. Organic layers were combined,
dried and evaporated giving product 2-[tert-butoxycarbonyl-(1H-pyrrol-2-ylmethyl)-amino]-

propionic acid e.

Example 2 tetrahydropyranylglycine

OH
H,N

O
Tetrahydropyranylglycine was purchased from NovaBiochem, or synthesized according to the
literature: Ghosh, A. K.; Thompson, W. J.; 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.; Emini, E. A.; Schleife,
W. A.; Huff, J. R.; Anderson, P. S. J. Med. Chem, 1993, 36, 2300-2310.

69



10

15

20

The reaction was quenched with H20O, and DVF was

evaporated. The m xture was diluted with 10 Et OAc,
wor@Rasioy 0. 1IN NaOH, dried and concentrated tBCHU82008/061891

product ¢ 2.5g. The resulting ester c¢ (2.5g,

12.8 ). di.-tert.-butyl di carbonate (3.06g, 14mol
EX&\‘AH/g’rleeyTrTnpxélgerildﬁnﬂaﬁmﬁ—Qoyw th NaHCGO3 Sand stgi rred )

overni ght. THF was evaporat éd, and the m xture was

diluted with Et CAc, wash IN NaCH, sat. NH4Cl and

brine. After dried, the m|xturje was concentrated to

yield the Boc-protected e r d 3.3g. The

Boc- protected ester d (1.67d, 5tﬁpnl)' ['ithium

hydr oxi de nono 15 hydr at, , 6.77mmol ) were m xed

in THF and H20 at 0C. THF mascyacuuned of f, and the

solution was acidified by dilute H2SO4, extracted by
PipEitiddAdgly vine evas Qyghpiizsd| ayedmgwer thecorobxidnesl, desaibeé cbyaBldich et al.

v rated givi pr,0
(et flﬁfﬂ'%"geﬁ'ijyt%)%’o%y?&?%ﬁgspyr fol - 2-yl net hyl ) - ani no] -
propionic acid e. 20 Exanple 2
t et rahydr opyranyl gl ycine O CH H2N
Tet r ahydr opyr anyl gl yci ne was purchased from
ExdNgptaBi ocheniiflofocsyloiichgigiyziael according to the
literature: Ghosh, A K ; Jh son, W J.; holloway,
M K.; MKee, S. P.; Duong, T.; Lee, H 25 Y.;
Munson, P. M; Smth, A i, J. M Darke, P. L.
Zugay, J. A.; Emni, E A chleife, W A ; Huff, J.
R ; Anderson, P. S J. Med. \Cheyy 1993, 36, 2300-2310.
69 WD 2008/ 134679 PCT/ USEO8/061891 Exanple 3
pi peridinylglycine H N OH H2N O Piperidinylglycine
4RGN REn GOtk nd BTHACRI B5RaGRAE
appRid@ibn U203 B 163¢anpl e 4 4, 4-di fl uorocycl ohexyl gl ycine F
F HZNOH O

Example 5 Boc (S)-2-amino-2-(4-hydroxycyclohexyl)acetic acid

S CszN\w//COZMe 4N
+ o1 ~0oMe
OMe
0

CbzHN” ~CO,Me
a b ¢
Following the procedure described by Sheih et al. (Tetrahedron: Asymmetry, 2001, 12, 2421-
2425), a solution of ketone a (8.4 g) and EtOAc (30 mL) was added to a solution of N-Cbz-
phosphonoglycine methyl ester b, TMG (4.5 mL) and EtOAc (30 mL). The solution was
maintained at rt for 48h, then washed with 1IN HCI (3x50 mL), brine (1x50 mL) dried (Na,SQ,),
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4, 4-di fl uorocycl ohexyl gl yci ne was nade according to

the procedures described in patent 10 application US
wWQo®80266825. 15 Exanple 5 Boc PCT/US2008/061891

(S)-2- anino 2-(4- hydroxycyclohexyl)acetic acid O
ﬁltgg%_, aﬁl con,cen ra{) ﬁqherr(e)séde uwraé a%gﬁx\)/e toglbte %’ﬁi éouﬁpl%by (ihromatgography,
thef ﬁﬁﬂle@mﬁemw reAsy;smimattroy ,froﬁl(BB(DAc/]leanébltéZ Afford G.224pyqduet c.

sol ution of keto a (8.4 g) and Et OAc 0 mL) was

added to a sol uig orb of N Cbz- phosphogoglyyci ne net hyl

ester b, TMG (4. ) and Et OAc (30 P<_The sol ution

was nai nt ai ned t for 748h,”t hen d with I N HC

(3x50 nmL), brine x50 mL) dried (Na2S , 70 VO
2008/ 134679 PCT/ U$%2008/ 061891 filtered, and
concent r at edCrZFiNe r&sMelue was adsotded oitogvel it e,

and purified by clromatography, then fgarther purified
by re-crystalization from Et OAc/ hexanes to afford 5.2
Foltpvotig the pubaeduracdeseribe@bOSBei) (Tetsatddl (@OA Mam@z HNOCORZIVRA23 -2425), a

oflg PHhEN B SIS RSSFSIUB SERFORG YIS sowgmrar, v

andSMEQHI( 000 1of) vessshakienl elrg)rtélﬁlyﬁmgér 705,051 %4BPEEhRI§t(er)nt was removed

unde 53eq PRSI SHEsflh Mg BRI FRE0 AL a0 B g with more

EtGH The fugveaOlasatitiowad Sindee iiaMed presnde fo 4TReUE eglofipr@msid &.a colorless
The residue was taken up in EtOAc, and filtered

solidny ough Si 02 with more  Et OAc. The sol vent was renpved
under reduced pregsore to afford 4. Qg/of\ product d as
a colorless soli © 000 ChzHN CRMP BocHN CO2Me

10 d A m xture of -carbamate d, Boc20,
(2.99), 20% Pd( (1.09) and MOHY30 nL) was

mei nt ai ned under anf at nosphear of H2 fgr 6h. The
m xture was fidgapeded s ough Cel i g )
sol vent was renoved under reduced pressure to afford
4.5 g of residue ed which was e

A mixture of Cbz-carbamate d, (4.0g) Boc,O, (2.9g), 20% Pd(OH),*C (1.0g) and MeOH (30 mL)
was maintained under an atmosphear of H, for 6h. The mixture was filtered through Celite with
MeOH. The solvent was removed under reduced pressure to afford 4.5 g of residue e, which was

taken on directly.

O O

BocHN COsMe BocHN COsMe
e f

The residue e from above was dissolved in H,O (10 mL), AcOH (30 mL), THF (5 mL), and
dichloroacetic acid (3 mL) and maintained at rt overnight. Water (5 mL) was added and the
solution and maintaned until hyrolysis was complete, as monitored by HPLC-MS. Solid Na,COs
was added cautiously until gas evolution ceased, the mixture was diluted with aq NaHCOs;, and
extracted with 10%EtOAc/DCM. The combined organic phases were washed once with brine,
dried (Na,SOy), filtered, and concentrated. The residue was purified by chromatography to afford
2.9¢g of product f.
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taken on directly. O O O BocHN CO2Me BocHN CO2Me e f
15 The residue e from above was dissolved in HO (10
wWorRgos/1AsCH (30 nl), THE (5 nl), and di chl or caP&L/U82008/061891
acid (3 nL) and maintained at rt overnight. Water (5
n) was addeg and the solutigp and maintangd unti |l
hyrol ysis wag conplete, as nopitored by HPLE-MS. Solid
[ ntil gas ev ion
, wi t htaq , and 20
extracted w {h 10%kt GAc/ DCMH,Jhe comnbi ned Haf gani c
phases WeeN wekhbld once Wwb¢HN"bTdmEe  dBpadl”( BHA) ,
filtered, ang concentrated. The residue wasypurified
by chromat ography to afford 5. 9g of product f. 71 WD
A BRRR! 34 f @%M%%@lo@() ]trealgd Qﬁlhg_lBItM (ﬁo’mg)ldt ® PC for 20 min.
BocHN CO2Me oc HN m Xt ure of
Thg sxxdwe Was (atiddgd taveidH ¢80 18Y9pq wﬁgc Wlé&tl @WMFQHWBquoved under

red%cgeg%lcr) }ﬁoriﬁg%yaszcglu{yd%nh \-Nrgj[gr %]d;%&g&%g%ﬁl V\g)g/!)]gbf&g/ﬂ)CM The

citric acid
5 comlémdvmghnwrmmes weedaslesd Opcee‘s@ublme difred (NeSDghu Blteyed and concentrated.

dil. e 09 o
R e S e e e B
dried (Na2SO4), fQHtered, and concentraéld The
resi due was puri d by chromat ogr aphy #x .
of product g ang 23g of proeduwct h. OH H%g . HI,
BocHN CO2Me Boc 2H g i A mxture ester ¢

THF (3 m_ﬁ angiyater (4.5 i)
was stirred Qﬁ"@‘or n'% rt over APGHY. GH&E ni xture
was diluted with krine and exaustivly extraced with 10
Et OAc. The conbi ned organi ¢ phases were washed once

A miktule dffestoneg (1d7g)dd OENAZSYmgY, THFE3 endl) aminvehter (4.5 mL) was stirred

Vigf%?)gs eg]t}{i (Ea:v%gg 61% %{1}?}@%@% Id]ﬁutéﬂ \&ﬁl?z ﬁrg%)a'nd eE%a%sr{Rlllyeex?raced with

10 EtOAc. The combined organic phases were washed once with brine, dried (Na,SQ,), filtered, and

concentrated to afford acid i (525mg).

Example 6 N-Boc-N-cyclopropylmethyl-L-alanine

Q 0 NaCNBH,
+ —>
HZN\)J\O/ THF/1%AcOH O
: H MeOH V/\ N
o)

b

15

I

di-t-Boc dicarbonate 0
NaHCO3 - V/\NL’( \ LIOH HZO V\ %‘/
- THF, H,0
| O 2 Boc

THF, H,O
2 Boc

d €

L-alanine methyl ester hydrochloride a (5g, 35.8mmol) and cyclopropanecarboxaldehyde b
20 (2.67ml, 35.8mmol) were suspended in 50ml THF w/1% AcOH. Addition of 5Sml of CH;0H
made the cloudy solution turned to clear. NaCNBH, (2.25g, 35.8mmol) was added and the
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15 O 0 NaCNBH4 H2N~0/ + H THF/ /Al OH N ON-1 MOH H
Ob c di-t-Boc dicarbonate O OH NaHCO03 N Li OH, H20 N
WO 2008/T54679 H20 1 oc O THF, H2O Boc O d e L- al arCTrES2008/061891

nmet hyl ester hydrochloride a (5g, 35 8mmol ) and

e e R B S

extmbtedlluga (BtDHadecet hegaaicdaydtys et dtiedover Wart€d ahd caldcedtrated to dryness.

TOSBORY 15 B DRD 0 DGR SARPE o hiefo i B (sained by

ninBidrify &d oexsiarthé ghrhpouttle (1gard%)onTh@sonepéant B t, y37mmol) and di-t-

boddfeRAEL (oo VS s Sl T SR i R b Sty (132

15.08meN YWaes&led. Thereadtida ehixmatetiiréd o%ﬁﬁghpﬂfrlcfnh}ﬁéndhyTHF was removed
chr omat ogr aphy usi ng 30% Et QAc/ hexane ést al ne

under feeadi IFFSSHIS: Bisk P avgrEs LyRpdEm ErtEcier §y HBds % fpﬁ%% Combined

orgﬁlﬁ ﬂdwé}e Wahed By}, aRdNdicit foRoRQCEY sdtcbaRalBeentrated to
55mml ) were diluted in THE (20Ml) and H20

d"-‘/(@@n%’e BNaHe@ete(l gorgepund 41 9%rS1HPmingl Ve gdiacd Wi LIOH.H.O (1.14g,

271FR&6 i PAF 'Z‘i@fﬁl}lﬁrﬁi B0 (2()1%9 o@yﬁfg‘ﬂi ghborh @é'm[)%fhﬁﬁ"l: &t ORas shiffped off,
was renmoved under reduced pressure, and the agqueous

and th aquegisdaysx veed etbddy pErOae adling Wé/scm@mm theg extracted by EtOAc

ang .aye I S 1
3 i BB aRe Mo 8, DY i Ghecnli e crude vas
purBed- by ateot edla@oﬁﬁp@un@lurdn (Aut@Ddy %40%@6)%%@&9& for gife pure
10 27mmol ) in THE (20nl) and H20
0 Bﬁ%%_gsoq!g?% ig (7Mflg‘gl')oomterrper ature. THE was stri pped
of f, and the aqueous | ayer was adjusted to pH=4 by
addi ng 10%citric acid, then extracted by Et OAc 3
ti mes. Conbi ned organic | ayers were washed by brine
Exaiide Toncardcat-adthylFhalagihedecydlabexylycinki ed by reverse
phase C-18 colum el uted by 0% 50% acetonitrile/ H20 to
give pure conpound e as a white solid (794ng). 15
Exanpl e 7 N Boc- N net hyI L- al anjames L- cycl ohexyl gl yci ne
0O BocNY

BocN
NH COOH

A solution of Fmoc-L-cyclohexylglycine (3.6 g, 9.6 mmol) dissolved in DCM (50 mL) and DIPEA
(5.6 mL, 32 mmol) was added to 2-chlorotrityl chloride resin (5 g, 8 mmol) and gently agitated for
3 hours at room temperature. The resin was washed with DCM 4 times, 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
washed with DMA 6 times. 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 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) for 2 hours at room temperature. The resin
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
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NH COON 20 A solution of Fnoc-L-cycl ohexylglycine (3.6

g, 9.6 mmol) dissolved in DCM (50 nL) and DI PEA (5.6
workQo8326mnol ) was added to 2-chlorotrityl chl oP¢TES2008/061891

resin (5 g, 8 mml) and gently agitated for 3 hours

HP?& égoomﬁ@ﬁ”% %tl%r'lg‘é& an(? E{?%gllv%ts n{ove glelgf%di%ti{%gt\néeé’ovide 12 ¢
(4380 of @ptrititesi- mbcnémmyabetaammy(;m)ﬂglyihé aEMBBitgEOupr.
was renoved by treating the resin with 20%

pi peridine/DMA (50 nmL) for 15 m nutes. The resin was
25 washed with DMA 6 tines. A solution of

S5}’ TP (B L TR S (5 81

50 nL) was added to e resin and gently agitated for
2 hours at roomtenperdture. The resin was shed with

DVA 5 ti mes, 2 s, and dried undef reduced
pressure. The %tl e was cl eaved from resin by
gentl e agj 00 W It éTFEDCI\/I(llS 100 nL) for

2 hours ten'fﬁerature The resin BeNwasOpdeoved

by filtratidn and at he solution concentrateg. Residual

AcOH was renoved by azeotroping with hexanes (15

A mlkme@of\wbuﬂeéhydﬁbﬁa@agl'ydﬂner@ahﬂ BaeMBBufkIM. T 68oshM. F.; Martinez, J.
2008/ 134679 PCT/ US2008/ 0

e i TBen Bt s Gm R AR E 251N AR Sese 00 me).

MebYI t%orabyhﬂdzaHF qms 1fd.) RYaQ \theiRaihe Rudicr ééa%osg{eréﬂbpap&fdrda h. The
N- Boc- I\I-rreth};l/ alanlneLchohedy%h cine as
mlw Vs F%Wé i rogghézeal%p e Celite washed wi ¢OH, and concentrated under

red{}lcea%s&hmtﬂ%kd L q@haniine lad@ebme BRY L ROMHEE YAi WRich aLarried on
O 1L/ HCY 02Me H2N O&Me e ab A mxture of
dlreNﬂIZEbz dehydropyranyl gl yci ne methyl ester a (Burk, M
J.; Goss, M F.; Martinez, J. P. J. AmCaem Soc.
1995, 117, (9375, and ref er ences therein) (5.2 g, 17
nmol ), 5% (500 ng), MeOH (75 nlL) and\JHE (25 nl)
was mai nt ai ned under an—atwospher e of fdr 24 h. The

10 m xtungn d.iMet ered through Be. el ite
washed wi th I\/EC)—2| and concentr g @ under Hreduéed
pressure to afford aquantltatl yield of amne b as

a colorlesspoil, which was carried on directly. OO

O
The amine b prepared above was combined with CH,Cl, (40 mL), saturated aqueous NaHCO; (40

mL) and cooled to 0 °C. Benzyloxy carbonyl chloride (3.0 mL) was then added dropwise and the
mixture stirred vigorously overnight. The phases were separated and the aqueous phase extracted
with CH,Cl, (3 x 20 mL). The combined organic phases were washed with brine (1 x 50 mL),
dried (Na,SOy), filtered, adsorbed onto Celite and chromatographed (ISCO, 120 g silica column,
gradient elution 5-55% EtOAc-hexanes) to afford 4.15 g (80%) of racemic Cbz-pyranylglycine
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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Y HCO2Me CC O-H C0O2Me b ¢ The am ne b prepared
above was conbined with CHzCl z (40 nlL), saturated

W@ 808 7NaHCO3 (40 15 nl) and cooled to 0 C. BenEy100%961891
carbonyl chloride (3.0 nL) was then added dropw se and
the mxture stirred vigorously overnight. The phases
wer e separated a t he aqueous phase extracted @wth
CHzCz (3 x 2 . The conbi ned organi c phased wefe
washed withCbrihe (1 x 50 nlL), _dried (Na2SO™4),
filtereds R Qpto Celite and chromat ographéd
(I @?E g sili ca col um, gradient eluti or]-|z$¢ 0,Me
Et exanes) to afford 4.15 g (80% of racemc

Cbz- pyranyl gl gcine 20 nethyl ester. The enantionegs

were separated on a Chiracel OD columm eluting with
A Moy ED O -Mieeaenyl dikindegictwtieBrdAdrg 7 dfarmd) 8% Pds (700 mg),

j d [t 3 :
Me@%{r@g Srg]g) Og% 0%‘%%%%68 %ﬂ%r 1 O&gl_%fpﬁl%r% o0 I\/Ezzgpgé—@l ﬂ]@g % xl\tlure was filtered
thr@@h Meliteowith Me@Hx engr @neehtrt®) uddeCoxlugpdrragsyire ¢ 3ffirde.36 g (100%) of

R A AT ——

follbwing2Ke procelihve afiGhbwhr (©hwes Af Kl; {Tapmpsont Wr dugblldelyi MeK.; McKee, S.

A N e O

ImiAl, EeAnathlsie W, A pyifaayR.; ghycioneP.San el Sydnt. hi®ss, zem2300).
enantiopure form follow ng the procedure of Ghosh
(Ghosh, A K ; Thonpson, W J.; Holloway, M K ;

M Kee P.; Duong, T. T.; Lee, H Y.; Minson,
E

M; Wai, J. M; Darke, P. L.; Zugay, J.
A A ; Schlgif, W A ; Huff, J. R;

S.

M ; hth, A

o ini, E

AndePgon, P.*S. JBoohkd. m, 1993, 36, 2300)® obp o
Bﬂ(z:N A Y BocN-N:C2 H2N CO2Me HBocN\/”\H CO,Me

d e f
A mixture of amine d (1.35 g, 7.8 mmol), N-Boc-N-methyl alanine ¢ (1.74 g, 8.6 mmol), EDC
(1.65 g 8.8 mmol) and MeCN (50 mL) was maintained at rt overnight. The MeCN was removed
under reduced pressure, and the residue diluted with EtOAc, washed with 0.5 N HCI1 (3 x 10 mL),
0.5 N NaOH (3 x 10 mL), dried (MgS0,), filtered, and concentrated to provide 2.1 g (75%) of

protected dipeptide £, as a clear oil.

O O

| 0O
BocN ” COzMe BOCN\)J\” COzH

1—h

g

To a 0 °C solution of ester £ (2.10 g, 5.86 mmol) and THF (50 mL) were added LiOH-H,O (1.23 g,
29.3 mmol) and water (2 mL). The mixture was maintained at 0 °C for 2 h, then the cooling bath
was removed and the mixture was stirred overnight. Most of the THF was then removed under
reduced pressure and the residue was diluted with CH,Cl,, washed with 0.5 N HCI, dried (MgSQO,),
filtered, and concentrated to provide 1.53 g (78%) of dipeptide N-Boc-N-methyl-L-alanine-L-
dehydropyranylglycine g, as a colorless solid.
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10d f A mxture of amne d (1.35 g, 7.8 mmol),
N-Boc-N-nethyl alanine e (1.74 g, 8.6 mol ), EDC

W@ 200833478. 8 nmol ) and McCN (50 L) was nai nt aPCEUSANS/061891
rt overnight. The McCN was renoved under reduced
pressure, and the residue diluted wth Et CAc, washed
with 0.5 N HC1(3 x 10 nL), 0.5 N NaOH (3 x 10 nL),

Exaiiled ( MfS04)-butflid-¢ehedbecandd]diaroehyhpretdine | pabwviyiac

2.1 g (759 _ of 15 protected dipeptide f, as a clear
oil. OQ O BocNH BocNH CO2H f To a 0 C
sol ution ester f (%g%ro § 86 mmol ) and_ THE (b
) dded Li GHH20(1 23—g—29.3 mol ndeva
(2 m e m xture was B®Fnt ai ned at ocm N

t hen thelcodling bath 28'%as renoved apét't he i x
was stirré&d overnight. Mst of the THE was théh

renoved under reduced pressure and the reS|due was
diluted & th CH2C12, washed with 0.5 N HCL, 2dri ed

To éwﬁgﬂaolutlofl ok BEE-EGrolABY1. @Eﬁszemnm)t B30tA PUBVDIE Was2dd& DIPEA
78% of dip Ftlde N- Boc -al ani ne- L-

. ‘H@h;}é@dﬁwlb rfﬂ)l qieg &y M1y (lagedt ¢ w)r Ehgregyfinggpoluyign ey stirred for
5 nglqgél at AR %nBQI{uHS% g.%o%%&%)ll (@8@ Pmfhol was then added 1n a single
(S)-tert-butyl2-(4-phenyl benzo[ d] t Ri azol - }ém pyrroli
porfipip and staFing X aQIembcat [roqsp éﬂmpﬁeturm@h Bhe PENORRS v heated to
45 Nof?{ 51_7%2‘{90(10?%2 t@rokdm t@mﬂ-é?atﬂre%tvlslr {6ﬁdT}§60118M{§[11|09 foaQ%en poured into 250 ml
of water, awlach ‘@ls%dpd f(02m]49fr’p|r1ne ;[@e 8quenes ghasef\msle@m@d:d@ytlmmh 50 ml
h r
Exci, S befp T omuincl Phd SEC LG SRS BT b oD M rcl
and| BO8RIrinG b&orreing dwed with @fgs@ddddradmnd cgicagtagd tpan blil Aljs oil was
adsf?{]l])gd g)}(l) | L %rlicg el an% p%og ETY sh d:th{oma om ! E?‘gérﬁ)rg%dﬂraﬁ d/f f:()) 40|2/h gtOAc in
hextafesy m@lﬁﬁot(ﬂmo&fsﬁédmmd@yﬁa élﬁzln oil Thg r3caninbhnlxwas t hen
poured into 250 m 10 of water, to which was added 50
m of brine. The aqueous phase was extracted 3 ti rres
wth 50 m , and the organi cs conbi ned. The
or gani ¢ phas re tlhessssashagenti th 100 M 1 M HC

and 1@0 r@ 7€ bef or éoli@ergp°dried with
filte a apcent rat ed %}o an ol l. This oN
ica gel 8h8 purified by B‘ob’ash

adsacbed fintd
chr omat ogPaphy 0g Si02, 0%to 40% Et OQAc in

b c
To a stirred solution of b (1.06g, 2.9 mmol) in 30 ml toluene was added Lawesson’s reagent
(0.69g, 1.7 mmol) in a single portion. The reaction was warmed to 80°C on an oil bath for 3h, then
cooled to room temperature over 16h. The solution was adsorbed onto silica gel and purified by
flash chromatography (40g SiO,, 0% to 40% EtOAc in hexanes) to afford the desired thioamide ¢

as a clear oil (0.63g, 1.6 mmol, 57%).

KsFe(CN)g O
NaOH, 85°C
N N
52% Boc/ i O

S

[N

76



10

15

20

25

30

hexanes) to afford the desired amde b as a clear oil
(1.2 g, 3.3 mol, 71% . 15 Lawesson's reagent H
W@ 2008asus79 B0C H Boc N N 57% Boc NN O S b c pPADUS2008/061891
stirred solution of b (1.06g, 2.9 mmol) in 30 m
on' s _reagent o
To a S(?cp ll\ﬁ%n 0?%d€gcgg¥§|§g%qglﬁlg ﬁg%é tnlll a%}a?ﬁ{/rvaaggi\ﬁ/va Cl Wwas Cfl({wly added a
mwﬁ&@oﬁhfﬁhﬁﬁmhlbﬁmhmﬂymmﬂmgcﬂhémg20lﬁmmbadmmdkwmwnmofEKHIﬂwn

oo L i a7 gtk ) P PR ar e Ry & o minves

AftS %tuﬁ%ﬁsocoﬁ@%dittmﬁeattmnh@asa@ma f6r02 af hourdl at REC, after which the
desire r oi

reas e GRS T KRN BUS BIBIIRS9, e 1 Tgomethane
andZRsGb&ll of> 220054 :!9314@6?19) R@H éﬂﬁ%@ﬂ@g’r@fﬁ% 8% Sld-zo O% to 25% EtOAc in

stirred sol ution of é
hexgpesyiorgdye (t-tedheihd g4 ghf‘éw ﬁnzaaﬂaj 2ol 3 sémﬁ%lfﬁélfeohcaé?oxczlate d(0.22g,
0.59bindi3ed)by initially wetting g (0.42g, 1.1 nmol) with
a feM/drops of EtOH, then adding a 30% sol ution of
NaOH (1.2 m, 9.0 nmol) and pipetting vigorously for a
several minutes. After addition was conpl ete, the
reaction was stirred for 2 '/2 hours at 85C, after
Exagpile H) t heS)sert-belt2-@rmatiepdbeszal dithazrolg-yhpy2wligine hegpbpxydaiel
filtered. The filtrate was dissolved in
di chl oronet hane and adsorbed onto silica gel and

i ed by flash chronatOyraphy (12g Si02, 0%t qfiigfﬁ
iNQ_hexanes) ta giM Lert-butyl N
he enzo[d]t hlmzol \‘rol i di ne-| -Bodr bo s)//l_‘ﬁ)
(0.229, 0.58 mml, 5 /@ Exanpl e 10
(S)-tert-butyl 2-(4- nethylbenzo[d]thlazol 2-yl)pyrrolid

I ne-F-carboxylate HHNWNNNNN Boc | Boc | Bot O
Comp@mnl ¢ Svag preparkd according to procedures in example 9, above. Ortho-toluidine (0.72 ml,

6.7 mmol) was converted to compound a (1.49g, 4.9 mmol, 87%). 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 mmol),

was converted to compound c.

Example 11 (S)-tert-butyl 2-(4-isopropylbenzo[d]thiazol-2-y)pyrrolidine-1-carboxylate

H H
@W N _ @”/ N —_— /N(lr/N
Boc Boc Boc
(0] S S

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 mmol, 87%). Compound a (1.53g, 4.9 mmol) was
then converted to compound b (1.14g, 3.3 mmol, 67%). Compound b (1.14g, 3.3 mmol), was
converted to (S)-tert-butyl 2-(4-isopropylbenzo[d]thiazol-2-yl)pyrrolidine-1-carboxylate ¢ (0.35g,
1.0 mmol, 31%).
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15 Conpound ¢ was prepared according to procedures in

exanple 9, above. Otho-toluidine (0.72 m, 6.7 mol)
woresadverted to conmpound a (1.49g, 4.9 mmol , PEIY$2008/061891

Cbnpound a (1. 14g, 3.7 mol) was then converted to

d | . )
Exadn 4qun ’térp bu% nvgz;‘iftlbr%%t[(gthlazo -2 ﬁl%)afr%f)(&jlﬁ (g)x fa?eg

-tert-b 2-(4- |sop en t hi azol - )pyrro
drneHI arboxylate N NN Boc I Boc
5abc S prepared a o N
to pKDC es in exanﬁ?e 9s 2 propylanlllne (0s8
, 5.2 mmol) was converted to conmpound a (1.53g, 4.9
nnDI 87%) . Conpound a (1 53@ 4.9 nnDI) was thers
rd RQ VA
Coffy Jl’%lgunﬁggblgl?%a?l4g, H@g%b[ ?‘Lgs\s,a 1‘21 gkg ve9r tZSo 1{9y1 aniline (1.18g, 6.4
mirfo8)was gprvetiert tplcompound a (1.43g, 3 8 mmol, 59%). Compound a (1 18g, 3.1 mmol) was

o bk SOR] SAREDSQRIBL Y Al 500) RUEESLACE DBk 3788, v

COIP@%/dU@ZW&/:@BGJ&EI -(4-xeyibbezokthiazol- 2 ylpyrrolidine-1-carboxylate ¢ (0.18g,
048n%1 %5& but yl 2- (4- benzyl benzo[ d] t hi azol - 2-yl ) pyrrolid
P A 4 boxylate \ \ |\ HHB-NNB-NNB-NN OS
\' 1 S \ a b ¢ Conpound ¢ was prepared according to
procedures in exanple 9. 2-benzyl aniline (1.18g, 6.4
5 mol) was converted to conpound a (1.43g, 3.8 mol,

Ex&999 13 Conpaehyt2-dyirblidiBQ,ylghidzom®4-b]pwadine t hen convert ed
to conpound b (0.85g, 2.1 mvol, 69% . Conpound b

(0.85g, 2.1 mmol), converted to ( rt-butyl
2- (4- benglyl benzo[ d] 8&%% yl)pyrrolr - | - car boxyl
aBecHN g, 0.46 nmol anpie 13
7- phenyl - 2r (pyrr ol pdipp ykttglazo Q] pyri di ne
Cl aB BocHN / NgHgg ﬁho I (gP ‘ 4 K2C03 RN
5:1 DWF/ H20

a bR=H ¢ R=Boc

(2-chloro-4-iodo-pyridin-3-yl)-carbamic acid tert-butyl ester a (4.20g, 11.8 mmol), phenyl boronic
acid (1.90g, 15.6 mmol), potassium carbonate (2.42¢g, 17.5 mmol) and tetrakistriphenylphosphine
palladium(0) (0.68g, 0.59 mmol) were weighed into a 20 ml microwave vial. The vial was
evacuated, 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
water and extracted with EtOAc (3x50 ml). The combined organics were dried with MgSO,,
filtered and concentrated. The resulting oil was adsorbed onto silica gel and purified by flash
chromatorgraphy (150g SiO,, 0% to 40% EtOAc in hexanes) to give 2-chloro-3-amino-4-phenyl
pyridine b (0.84g, 4.1 mmol, 35%) and the Boc-protected 2- chloro-3-amino-4-phenyl pyridine ¢
(1.74g, 5.7 mmol, 48%) as yellow and white solids, respectively.
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Cl Nab RH c R=Boc

(2-chl oro-4-iodo-pyridin-3-yl)-carbam c acid
W@ 2008AbtYy| ester a (4.20g, 11.8 nmol), phenyl PGDDS20E061891

15 acid (1.90g, 15.6 nmol), potassium carbonate

(2.42g, 17. ) and tetrakistriphenyl phosphi ne

pal | adi unm( . 684, 945%§HQ%Q%:mere melghed i nt

m m crowa aI The evacuat e t hen
pur ge h ni trogen—gas
addedg %%L

tines.  16.7 n1 BVF
~3 m of2 wat ry which had b en gessed
by bubblin \nJ rogen throug it overnlgR The vial
was thenCl"caliped and m cvdwavpdCat 130C for 47 N
m nutes. The resulting sol uticon was poured into 250 ni
20 water and extracted jwdife ERGAC (3x50 nl). The
conbi ned organics were 1do%¢®lst@¢§) MpSH, filtered and
concentrated. The resulting oil was adsorbed onto
silica gel and purified by flash chronatorgraphg

Cor%pc%%ﬁ 8?109% am%no sh((ilssgllgA(? n ngloﬁgqg %lartleélﬁ%hlow.ieiTFA and 1 ml of

toluen® was 3&%1 Tﬁhujresﬁienﬁmﬂutmnotaedteetdd pie 40°C for 2h, after which the reaction

w5y R YRITRRT A RVYEY SOHE A P phis( g 3Ty mettyien

ch1dfdc200 8J'a§lﬁ4 &8 1PCh h@%@%]/bﬂﬁﬂ@ﬂhftel the@a%rﬁbﬂ&éﬁ)/afﬁ&ﬂ, the aqueous

t ol uene H cHN / N Ch c oCl.
o il e et 21 1009 Fre B 3 edipaen ver
corfbificl, dddl, with ¥1g8D| HltevedSandicss@htyel fom oWl soRd, which was carried on
met hyl ene chl oride/ TFA and 1 ml of toluene was added.
withe e inwifinyiogol uti on was heated to 40C for 2h, after
whi ch the reaction 5 m xture was concentrated to a
yell owi sh solid. This solid was dissolved in 50
To gestifigd whion of Pploge’-amtovierdwad Piidine hoby methalia%éﬂgﬂqewas added

per%Q"(z Abd £50. $ I?lﬁn(!l)'i)ﬁ@cf theWQKEbSHERH - @,Ihﬁ)%caltbbﬁyl)'ﬁglqﬁ%ﬁ% 1-carboxylate

%éase vvas extracted a further two tines wt
(1998t iy maed) edrtaendiin exanplrel o fhigawine Té\szfqaatmngmmreewas stlrred 16h under a

mtlf)géﬁgétglg%helg r {h 1? Ip%r%%l{yg §6y' ml folf | INeerp T qaﬁ:&?ﬁ%ﬁ :sgﬁyreﬁgi, and the

[ ow so was carried on
aqucoust [ese qxtre¢téd with imgthylene chloride (3x50 ml). The combined organics were dried

with MgSQ,, filtered and concentrated. The resulting oil was adsorbed onto silica gel and purified
by flash chromatography (40g SiO,, 0% to 60% EtOAc in hexanes) to give the desired amide d as
a foam (2.51g, 5.8 mmol, 100%).

Lawesson's reagent
Q“/ toluene, 100°C QH(
N N
54% CbZ/ 2 =4 |

X
S N

d IS
Compound d (2.51g, 5.76 mmol) and Lawesson’s reagent (1.37g, 3.4 mmol) were dissolved in 50
mL of dry toluene and heated to 100°C for 16 hours. The solution was cooled, then adsorbed onto
silica gel and purified by flash chromatography (120g SiO,, 0% to 40% EtOAc in hexanes) to give

the desired 7-aza benzothiazole ¢ as a white foam (1.30 g, 3.1 mmol, 54%),).
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10 To a stirred solution of 2-chl oro-3-am no-4-phenyl
pyridine in dry nethylene chloride was added pyridine
W@ 2008/184679 30. 9 mmol ) and then (S)-benzyl PCT/US2008/061891
2-(ch|orocarbony|)pyrro|idine | - carboxyl ate (1.83g,

6.8 mmol ) prepared in exanple 14, dropw se. The

reaction n1xtu as stirred 16h under a nltroge

o1 gour ed Fﬁt'ﬁ?ﬁ?@ﬂ of IN Th

‘ epa ate ous

extr ved W e hylene chésbi de (3x5Q¢ nm

conmbihed oro--'cs| ere dried wth NQSOA f||t amd

concentrated. Th¥ resulting oil was adsorbed onto N

silica gel, and purified by flash chronatograppy (409

Si 2, 096to 60% Et OAc i n hexanes) ive the desired
Compiueid el 3. 34 nfra] hwisxlisolkyed B, 39 mirHA T%@@l%ole 2wk b mynol) was

add’%aagﬁlmg s\'(;'luhg& gg&gorm%g Bon dd_g %\%?xfhksg’ghe \gﬁ]‘a(ﬁ %l‘\é 1Jh &%Q,moved under

vachamesg oire rsswté)ag)érwswlteﬂﬁ gictl®] dthentdd pLvdihe sditgmolas@duredhinto 1 N
Na(?.ﬁ é26SH(_) tafl% {I}% (e)rsl’ég na?ateg{] Q“P?]a(hteoeug §’o(r) 1%9%(t{ag{ed tlhlzhelfhy? ether (2 x
50 gl angnigk q:rgxmcfsloenhbhyd fllhastgagia rphamai wgne aiph@l with 20POG) 404 filtered. 4 N

HCY S8 U 5 3 Tt Robduind & Wisan i Sy Red e material was

codob, 476489 4 hoik8 ) 08I kaaﬁﬂgewmmwazdﬂwe%ﬂ&gﬂ 50 Tl give 7-
t hi oani o 4 0%
ok Rl YO Tgolalar bl bty LR SatE P Pk 86%) s

ﬁn&%hﬂ&%&mﬁ$loanlsole (2.9 M, 24.7 mol) was added,
and the solution was warmed to 40C for 16 hours. The
vol atiles were then renoved under 5 vacuum and the
resulting oil dissolved in diethyl ether (50 mL). The
solution was poured into 1 N NaOH (200 m) and the

Exqnple s sé%abﬁwb%r(ch#ﬁ@aﬁ)aaﬁéwgolgﬂﬁlﬁsbcmyw racted wth
diethyl ether (2 x 50 m) @nd the organics conbined.
The organi c_phases were d oM t h NgSCﬂ and

NS

filtered. HCL in di oXan (0.8 , 3.2 was
added, andNa/white sohrd—ﬁfee+ﬁ++afed. The nw ia
was codred 4C for 4 hobMsDCVvhen filtefled, shi ng
W th cold dyg ether (3 x 50 nl) to give 7 Cl

phenyl - 2- (pyrrolidin-2-yl)thiazol o[ 5, 4- b]pyrlg I ne
hydrochlorade salt f (0.852g, 2.7 nol, 86% as fine

Cb%l\"l;I (¥%tg, 8% 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 concentrated to afford 2.1 g (100%) of acid

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

Example 15 7-phenyl-2-((S)-pyrrolidin-2-yl)thiazolo[5,4-c]pyridine

INH NH,
Cl N Cl Phenylboronic acid, (PPh5),Pd Cl N
| ~ K2CO3, DI\/IF, HzO | p/
N N
140°C
a b
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Exanpl e 14

(S)-benzyl 2- (chl orocar bonyl ) pyrrolidi ne-1-carboxyl ate
wW@20081134679 O N N Cbz cat. DVMF, DCM Cbz OH Cl PABUS008/061891

ab Cbhz-Pro-OHa (2.0 g, 8.0 nmol) was dissolved in
4- alff u%,é" %ﬁﬁ“%gy%aqne a % 019' 81%1'1%6 %%&k%&‘%é?ngfrl}os}l%s'\g&l\glse)palladium (696
mga@j@l enhod)nphehyiBoromix hmd el 9\@,31 59tmmole ehdgtotassime rarb erpaR Atau t £9 mmol)

t f .1
werg r{nﬁfg%a %Q rngclparow?ﬁe Xlﬁll I‘z’rdeo%‘[%)%g rg%Z ﬁﬁ\/d: ?6 ?an) %ﬁcg dzeoxygenated

H2(2-(( zhiigracandiray IN, pyis habblel theoush Glar iyt adrenlin asd the mixture was

eI |l o
hea?e%pfe ReAYRIn At e‘fdsl; Hg;%falﬂoaraﬁe 2188 a8t O 8ehveh gpter (0mt) and
extﬁcﬂéﬂi‘lgqth"ﬂZOAgﬁéxQ@ mEb']eT\lyd d@ﬁibﬁl@d 6rg@1ﬁb Bhasé¢sRPRSwWAREd @hth water (50 mL)
K2C03, DIV, 80 WO 2008/ 134679

andpgEye ISH oete/ é%ﬂﬁs@lih NQ&SQm fHE?ff@ asldmoecﬁr%?t%ﬂpyﬁf‘dreﬁléﬂ%g prowg oil was

adSGrbe&-zon3 sml Qel Jn@t @Hﬂea( by | fRige nonk ih{p e@ﬁ@zl | @i ﬂém70% cthyl
| boronic acid (1.9 15.

acefﬁ*ﬁélwarg%d 55@%95@ %Q&Mﬁaﬁécqlzﬂ%s gl M$ gz 7 $§M+Were
mxed in a 10 nL mcrowave vial under N2 atnosphere.
DMF (6 nmL) and deoxygenated H20 (1.2 ni) were added.
N2 was bubbled through the mxture for @my and the
m xture was 5 heated for 2 at 1447 the
m crowave. Tnﬁ fNUr e was ut ed vvlthO
and ext Iact ¢ Et O&E?Z( g:l The c
or gani ¢ % washed @t IV wat er {'s¢
brine (50 iy Jdried wThn™MgSOF, T t er eq
concent rat edN” The resul tifbgilsr¥ih oi | was Nadsorbed on
silica gel nd purified by flash chromat o?r aphy (Si 02,
0% to 70% et acet at e/ hexanes) to afford 970 ngy

4- aﬁﬁf)v@-c}ﬂxfro-b paSny@y&dine bl(€Xsmgi3l. 16 tMbol) whg dissoRES il IMEM) (10 1€.). Cbz-

Proga (1.6g, gl EQmmol)Cﬁlssolveglr'NE'CM (5 mL) was added, followed by pyridine (467 mg, 6.3

mmol) and the mixture was stirred overnight at room temperature. The reaction was quenched

with 0.5N HCI, the phases 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 chromatography (SiO,, 0% to 100%
EtOAc/hexanes) to afford 1.12 g (80%) of ¢ as a colorless oil. MS: m/z = 436 (M+H).

Cbz~ Cbz~
i 1.) TF,0, Pyridine, DCM i
P “NH ) THO, Pyridine

0°C S” "NH
Cl > Cl
S N
| 2) Ag. (NH,),S, R.T. |
P P
N N
d e

Following the general procedure of Charette (Charette, A.B. et al, J. Org. Chem., 2003, 68, 5792-
5794), compound d (1.7 g, 3.9 mmol) and pyridine (0.89 mL, 4.7 mmol) were mixed together in
DCM (20 mL) at 0°C and the solution was stirred for 5min. Trifluoromethanesulfonic anhydride
(1.3 g, 4.7 mmol) was slowly added. The solution was stirred for 3h and allowed to warm up to
room temperature. The reaction was quenched by rapid addition of 20% aqueous ammonium

sulfide (2.0 mL, 5.8 mmol) and stirred overnight at room temperature. The mixture was filtered
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Cl OCd d NPyridine, DCMnj b c
4- am no- 3- chl or o- 5- phenyl pyridine b (650 ny, 3.16
WOoeBN34625 di ssolved in DCM (10 nL). Cbz- Pro-ET/[$2068/061891
g, 6.3 mml) di s_sol ved in DCM (5 L) was added,
thr(];u% of 51 S%é n%l over ith IH%T\/[ §? mL&léhe?PPra‘Pe W And conce et]:lahed and the

1 el erature.
resmlem: blil mas WESrquJ en eihied galahth pﬁhﬁ'ﬁl& HyiGlash t:]lirempxhgsﬁs; (WED.e0% to 70%

ethf"%g%%?{ay%?%n%g&% ReaS e et ELCERE e R

wth MgSO4, filtered and concentrated. The resulting
oil was adsorbed on silica gel and purified by flash
chromat ograplly (Si 02, 0%to 100% Et OAC/ hexanes) to
af f or d SPZ12Y4 (80% of c as a colorle
436 (MtH) Cbz' N 1.) TiQ®
NH 0C S NF
Fol | owi n Char et 1)
A B. et al,[J. _JOg. Chem, 2003, 68, 5792- ‘
conpound d (IN7 g, 3.9 mml) and pyridine (0.89 rrL
4.7 mol) wer e m xed together in 25 DCM(ZO rrL) at 0C
and the solution was stirred for 5mn.

Corhpount g ovas didtdinaed és DIMTO(Si roL Jeam yiekr Sobheion (Vis irgd ath120 (Enme)days The

.was sl ow dded. The so ian . r r
il s G REIPRE e SRR Bl P o s Er0AC
Gxpamlouane batbihyd sragidplasdividrowaditd ROHovatp eﬁxuﬁlLaaﬂimmImrﬁo mL),
sul fi 2. stirred., overni at ...
drigdowith g&‘?&ér%{%ﬁeangfﬁﬁceﬁ%r%% Eg‘i/ﬁémf”ilg Pib Mg ads@% é\@“ silica gel and
purﬁfb@%& h&ﬁﬁ:ﬁ%nﬁ%@ﬂéﬁ? 08/, 86k8& ko cthbir Rugh) @ ApRAl 28 nf D8%Rof g as a

washed with DCM (50 nL). The filtrate was

yel%m%ﬁﬁ%ea%@“ﬂ% resulting oil was adsorbed on

silic el and purified by flash chromatog hy (Si 02,
0%to 70/o ethyl acetate/hexanes) to %Icfl*

(2??)/2/’\‘0 as a yellow solid. Ms: mfz H) .
Cbz”* N C=N z H G TEN Tgpnigole\40iC E)lvlF S S—N
SN 2.) 4N HCl/Dioxane | N
® _
N N

g h

Compound g (423 mg, 1.0 mmol) and thioanisole (993 mg, 8.0 mmol) 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 with 1N NaOH (30
mL). The aqueous phase was extracted with ether (2x20 mL). The combined organic phases were
dried with MgSO, and filtered. 4N HCI in dioxane was added until a solid precipitated. The solid
was collected by filtration, washed with ether and air dried to afford 240 mg (76%) of 7-phenyl-2-
((S)-pyrrolidin-2-yl)thiazolo[5,4-c]pyridine h as a pale yellow solid. MS: m/z =282 (M+H).

Example 16  7-phenyl-2-((S)-pyrrolidin-2-yl)thiazolo[5,4-d]pyrimidine
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120C N 5 N f Compound f was dissolved in DVF (5 nL)

and the solution was stirred at 120C for 3 days. The
worooBase7mas cool ed to roomtenperature, dil utPCI/Wb1008/061891

20 nL of H20 and extracted with EtOAc (3x25 nL). The

conbi ned or I C phases were washed with wat eg éSO m.)
and brine (5072 10 dried with MySO4, t}te e (3
concent N e resul tingpgoil was adsor l'ica

gel and riﬁied by fHash—ehrora-ography (
hexanes to efhyl acetateY“@H4ﬁK¥ord 423 ny (9 /6 of g
as a yeIIow oil. M5 mz 415 (M+tH). N HC1% HN Cbz i
-N 1.) TFA2 Thi ani sol e, 4OC -NS S\ 2.) 4N~

Trodphilico X 82 gNI 19 mihol) Ias Gadgaad ndkugpe a3 ofﬂg,6 dilchlbrmitl)opyrlmmme a
| oan i sole.(99 ,-8.0 muol) were
U‘?@A“{ﬂ m *FREC Fﬁlit({ﬁg’é’l“?/xag'h%ﬁ”r‘t?"‘@dwaét S“ﬁrﬁ 2 véﬁnﬁ"b H?mm The

mixtie WhsXjoufd MRS 1&omdeﬁieutralzwcw 4daMRerAtsUh@ séd@n bicarbonate. The
concentrated. The residual oil was dissalved in ether

aqueoky HRESC WP AT WEIGR G (3 Rar-) 3be cppbynedrHganiyassygvere dried

witRNBS©), Wk rdehll 86c8traMdti a @80 @rpal(e 228 §0kh: R Jf}?stﬁﬁfgﬁbﬁ] fchot ethyl
organi ¢ phases were dried with MgSO4 and filtered. 4N

aceﬁ@lﬁﬁOWﬂéﬁ&@ﬁé&%%COﬁ@M bmﬁtoiffrwkategléﬂka Pre VDT { &t @4+H).
The solid 20 was collected by filtration, washed with
ether and air dried to afford 240 ny (769@ of
7- phenyl -

-N
((S)-pyrrolidin-2-yl)thiazol o[ 5, 4-glpyri diye h &% 3
palig2yel l ow solid. MS: mz = 2§22 ooz "Bxanpl e 16 NH
C'Wl-zmnw@m 'r(erthiddi n-3 zol o[ &8 d] pyFi
i Ne182 ID 2008/ mad4b79 PCT/ US20Q8Y 06189T—NO—2—RH2 LN
c a\va o\ Fgooarvm, N NON AcOH, 40C“N™¥ b Iron
powder (12.5 g, 112 nmmol) was added to a suspensi on of
4.%6-di chl oro-5-nitropyrimdineca (7.0 g, 36.1 mol ¥
in acetic acid (70 nmL). The m xture was stirred at 40C

for 45mn. The 5 m xture was poured onto ice and
Compaynd &l Wa@erdemsﬂdafdm tompvund b4 bDigd 64 odinelnubing thetzoreatlerocedure for

prea;{}?\.g Q?ﬂlé&glg ‘%31%8%1% %ﬁé Bﬁ)%é(ﬁlge Xﬁ&@ed’%l%gg 2081(/% ¢ as a yellow

rganic ases were d
solid. MS: m/z = 206 (M+H) Compound d was prepared from compound ¢ (270 mg, 1.3 mmol)

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).

Cbz~ ? /N
O” "NH Coz =N
CIY@ Lawesson's Reagent -~ S | N
I Toluene, 80°C N\¢ N

N\¢N

(=N
I¢]

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 80°C overnight. The solution was concentrated, adsorbed on silica
gel and purified by flash chromatography (SiO,, 0% to 60% ethyl acetate/hexanes) to afford 514
mg (98%) of ¢ as a pale yellow solid. MS: m/z =417 (M+H).
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with MgSH4, filtered and concentrated to afford a pale

yellow solid. Recrystallization in hot ethyl acetate
w@dosnses® 3.6 g (61% of conmpound b as of f - whi PEI/US2008/061891

needles. Ms: mz = 165 (MrH). Cbz' N? NH2 NH2 | Cbz N

O NH C__C Phenyl bronicacid, (PPh3)4Pd Cl \ OCQ C

I N N{K2 , HVF, Hzo NON NON Pyridine, 10 130C

bcd, ound c_was prepar ed fron166ﬁp6s'
6. 1 ol ) geq%m&mmsag%*ére for
conmpound re affégdagd

ng (28% ofl clas a yekbemmmﬁmaabld MS: niz
(N%FD ConPle™ d was prepared fron1conpound'%~(§70
ng, 1.3 mmol) using the general procedure for
preparing €onmpound c in exanple 15. The procedure
Coﬁif)(ﬁmﬂ deths pedparc0droOpoaid € (59 nae, ¢ @mbB $iSin@ btocedl for preparing

corthsgpL SRl T Bopedre ﬂé*e%%gﬁ?%@owmw@ @rgymotidin

2-yDthiz¥ ko (524199 rifame ¢ uch G- hiRdsong., ME: 6 sl M+and
Lawesson's reagent (341 ng, 0.84 mmol) in toluene (10

nm.) was heated at 80C overni ght. The sol ution was
concentrated, adsorbed on silica gel and purified by
flash chronatography (Si02, 0%to 60% et hyl

Exagpnde bt e/ Réxmanobihgyaf f or d 514 ng (98% of e as a
pal e yellow solid. M5: mz = 417 (N%FD 25 83 WO
2008/ 134679 PCT/U82008/061891 * HN Cbz N-N 1.)

TFA, Thi ani sol e, 40C \ S\ \ 4N HC1/ Di oxane
NON NON
ACZO
H,N NH
98%

2-Aminobiphenyl a (21.9289¢, 130mmol) was dissolved in Ac,O (30mL, 318mmol) and stirred 10
minutes. An additional portion of Ac,O (10mL, 106mmol) was added then stirred for 10 more
minutes. The sample was poured onto ice. The resulting solid was vacuum filtered and washed

with H,O to give N-acetyl-2-aminobiphenyl b (26.955g, 128mmol, 98%).

HNO, O
i O Ac,0, HOAc  §

NH ________”’JKNH
2 (J
O,N

b c
Following the general procedure of Stepan (Stepan, A. H., et al, J. Am. Chem. Soc., 1949, 71,
2438), N-acetyl-2-aminobiphenyl b (7.198g, 34.1mmol), HOAc (6mL), and Ac,0O (SmL) were
mixed and heated at 120°C for a few minutes until N-acetyl-2-aminobiphenyl b was dissolved. The
sample was cooled to room temperature. HOAc (1.5mL) was added slowly to 2.3mL of fuming
HNO; (2.3mL, 54.5mmol) in an ice bath. While maintaining a temperature of less than 26.5°C,
1.5mL of the HNO; mixture was added quickly then the remaining HNO; mixture was added drop

wise to N-acetyl-2-aminobiphenyl b. The sample was stirred at room temperature for 4 hours then

84



10

15

20

25

e f Conpound f was prepared from conpound e (510 ng,

1.2 mmol ) using procedure for preparing conpound h in
weaanswe795. The procedure afforded 378 ng (98R4T/UH2008/061891

7 phenyl 2-((S)-pyrrolidin 5

A
stor§8 I azo %& GZ%Q%MW ulren %)?grp&lrg ip?to 1ce an(i extracted once with

ben%er{% wlheawenmb 8RN stNeP4D 46T AN 1INH The r&BItih® sclfd was /vacuam filtered
2- Am_nobi phenyl a (21, 9289 130nmmmol ) . was di ssol
ancﬁ Hasked yith h@f en@%ntﬁcﬂ“)e Nrraetglr4-smiger3 pgrobiphpip &l %‘s 9, 15mm01
2793ddi ti onal portion of Ac20 (10ni, 106mmvl) was added
then stirred for 10 nore minutes. The sanple was
poured onto ice. The resulting solid was vacuum
filtered and washs 15 with H2O to gi ve
N-acetyl - 2- am no enyl b (26.955qg, 128
HNOB 0 Ac20( 0 / ANH 27% ANH 02N b
t he general /;JJLEQ re OfEtSHe@EM 2SI epan, N
J. Am Chem Soc 1949—7F1—26—2438) ,
N- acet yl - 2- ami nokj phenyl b (85"/@989 34. B HOAC
(énm), and ALY (5m.) were mxed and h@%ﬂ ed at 120C
for a few mnuteg until N-acetyl-2-am nobi phenyl b was
di ssol ved. The Sanple was cooled to roomtenperature.
N—A@(&Z(amli@ﬂ)ﬁtm]aish@dkjegj @IOQ&Q, y 3t9<3m@03m_ET@IH f(dﬁlinhg 325Magl), and

. b
cont(‘,éntraer a d emnqé%()s}jq?%g rr]m «& trQﬂui&!% 1%5@' ﬂetrr?ilﬁmge sample was

adsm'bxcﬂ whe Vs gadad muifick by ﬂdabrchtolnﬁtorgmp’ay mlzggsllemm-%% EtOAc in
ure r 1. S€e f o

ot B iRt Tt BRERy T 6™ DR’ S s stirred a
roomtenperature for 4 hours then 84 WO 2008/134679
PCT/ US2008/ 061891 stored at 4C overni ght, The
reaction m xture wags Youred into ice an extracted
once with benzene! RS2
for 1 hour. The resujting sq#dd was vacuym filtered
and washed wt 3
N-acetyl - 2-am no- 3
27%. 5 0 O,N

2-Amino-3-nitrobiphenyl d (0.613g, 2.86mmol) was purged under nitrogen for 30 minutes then
HOACc (5mL) was added followed by iron powder (0.4895g, 8.76mmol). 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 extracted with EtOAc (3 X 100 mL). The EtOAc extracts were
washed with saturated NaHCO; (3 X 100 mL. The EtOAc layer was dried over MgSQ,, filtered,
and concentrated to give 2,3-diaminobiphenyl ¢ (0.439g, 2.38mmol, 83%).

Example 18  2(S)-[[(2-lodophenyl)amino]carbonyl]-1-(1,1-dimethylethylester)-1-

pyrrolidinecarboxylic acid
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A NH EtOH, HCl, 120C H2ZN 85% 02N 2N C d

N- Acet yl - 2- am no- 3-ni t robi phenyl ¢ (1.008g, 3.93mmmuol),
WEe@B1§469m1., 325nmmo1), and concentrated HCL (BE/PS2008/061891

50mmol ) were m xed and refluxed at 120C overni ght. The

sanple was 10 adsorbed onto silica %%Id and purifi by

f1 adh ¢hr omdYaRtsplEIde12g Si 62, 0-3'(3@?5&&8 in

hexanes) to ‘o8 Elrizno- g5t obi phenyd 2d (05720

3. 36 oH85% Fe H2N HOAc, 69€H2N QN 83% H2N NH

15 2-QAmi no- 3-ni trobi phenyl d ©0.613g, 2.86nmml) was '

purged under nitrogen for 30 m nutes then HOAc (5nL

was added foll owed by iron powder (0.4895g, 8.76mmol

The sanple was heated at 60C for 30 m nutes then HOAc

(5mM3 was added. The sanple %as stirred at 60C fér 1

r e, : o

o PO AR P8 S by Spin R FECRLE KL T T80 . Dry
pyriwaish@dnwi, t4h.4gatolr wiseadlddda IQ@BIC Furid © (2. 3rhl., 2Pkfennikt]OAes added drop
. r [ r [t
i sl R O el B3 Mperbbicl 0 S, 5° a8 Pinugsofgz0 (Sm) ws
add2d 88qmendh, th8394tion E@mpiceonliBixture was diluted with H,O and extracted three times

el Lo reamto Lamonl s Rl SRS s

ove2 00801 X6V, BIIbhiSA048] 0618 e adly Amuttde ® WHithowdsdged without further

pur, B:Et?%o%e::écz %?%&e%\%r %(sjs:oﬂf%g i%@@%é@&%%aﬁﬂine (4.9932¢,
22.81&111@@3@@ l,ad(%a,- AN JanmpBSwib ﬁiSIfgh ‘é%it(li@lﬂ. ﬂhdre%@hﬂxtl(lﬁﬂﬁds)adsorbed
t hen cqo to 0C. pyridin 3.8, 46.4mMmm was )
ont et ex}diﬂmﬁee %f/ |ﬂa§?%ﬁ%mc F@H{%O@é}%ﬂép% FiRs-< &a%%anes) o give
2(S9l [@ﬁiod@ph‘éﬁyﬂﬁmiﬁg]@rb%ﬂﬂﬂlh £1 ,Mﬁnéﬂ%‘leﬂl%ﬂ’este@)— I-P@fBlidinecarboxylic acid ¢
tenperature and stirred for 30 mnutes. H20 (5nm) was
(-Hagel v ferieh the reaction. The reaction nixture was
diluted with H20 and extracted three tinmes wth
CH2C12. The CH2Cl2 extracts were washed with saturated
NaCl, The CH2Cl2 | ayer was dried over MySO4, _
Exinhﬂ_lé 15 ed2(S§—ﬂ@2—@%ﬁﬂ§ﬂh@ﬂﬁﬁnﬁlﬁ)](.‘»Mb\()ﬁylﬁ—Ii]—%l,@—%n%tﬁﬁé‘ﬂ%ﬁés%ﬁ—p
whi ch was used w't hout further
pyrrolidinecarboxylic acid

_N 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine _N
Boc Boc J R‘
NH Pd (PPhj)s, KoCO3 NH —_

0o ! 5:1 DMF/H,0 0o
95%

a b
2(S)-[[(2-Iodophenyl)amino]carbonyl]-1-(1,1-dimethylethylester)-1-pyrrolidinecarboxylic acid a
(0.4810g, 1.16mmol), 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yD)pyridine (0.3240g,
1.58mmol), K,CO; (0.2190g, 1.58mmol), and Pd(PPhs), (0.0702g, 0.0607mmol) were combined in
a 5 mL microwave vial. 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 10 minutes. The reaction mixture was diluted with H,O and extracted three times with EtOAc.

The EtOAc extracts was dried over MgSO,, and filtered. The crude material was adsorbed onto

silica gel and purified by flash chromatography (4g Si0O,, 0-100%EtOAc in hexanes) to give the
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purification. The acid fluoride b was dissolved in dry

CH2C12 (50nL). 2-lodoaniline (4.9932g, 10 22. 8mmvl)
weer®sasiged, and the sanple was stirred overni ghCT/US1968/061891

reaction m xture was adsorbed onto silica gel and

2(SEM£I p%fgld?%phen ainn%oicar l?géflggxnfeghnghy‘?esper 1 I())yrrS() 1%/1necarboxyhc

am@ﬁalﬂmgpbhmnmﬂyﬁﬁ®no]carbonyl] 1- (1, 1-di net hyl et hyl est
er)-1-pyrrolidinecarboxylic acid ¢ (3.845g, 9, 24mmol
40% . 15 Exanple 19
2(S) [[(2-(4- pyridyl)phenyl)anino]carbonyl] 1- (1 1-dim

<, AT B S SRR ) e
e N Boc' pﬁmldm%argaxmh—& Rl (PPh3)4 K2COB O NH 5:
DMF/ H20 95% 20 a

2(S)-[[(2- Iodophenyl)an1no]carbonyl] 1- (1, 1-di net hyl et

hyl es )-1-pyrrolidinecarboxylic acid a . 4810q,
1.16 hiorophenyl d

4804, 4, 5 Tet ranet Ciw OIrolo ef})}/ bfroglcgglabor oEBc&ﬁ 21yl ) py
e (0.3 ‘

58mMmop) R (§O 2190g, 1. ol
é?OZg, o&ﬁﬁ% §:) were conbi Hed

vial. The saunle was evacuat ed af
Wth nitregen three tinmes, Dry 25 DVF (2nL) a
deoxygenated H20 (0. 4nL) were added. The sanpl e was
m crowaved®at 130C for 10 nminutes. The reactdon

Foltowiiigir ehewgsoddillrtit ed wkaplH2 @, anSpK i addphehyi hinae |daiborgd]-1-(1,1-

t OAC xtra dri.ed ove SA, )
g e ey et et al b ap ks b BBl shpiMicnyiboronic
aci®i (Di2s20gg elo 1amdl) prirdd;i @d4bns, fi l78 ol hananmed ey 2 pMY7254.90.0627mmol)

gavglo 8 ét;hi g 4 éZ%g) %OAC i ﬁ /1 Uglfg@zyl))a?tu%] (\:/ eb otnlgﬁ 1 —(?,?—d\llﬁ\ll)ethylethylester) -1-

pyrEdhamééang/hdiaehd)m%@y% ausaebl, sernhonyl ]
(1 di met hyl et hyl ester) - i- pyrrolidi necarboxylic

acid b (0.404g, 1.10mmol, 95% . 5 Exanple 20
2(9)-[[(2- (3 Chl oro(l, 1" - bi phenyl))am no]
car bony I% é% 1- dlnethyleth | ester)-1-
Exqmmle 3l i dPived @oﬂﬁlqﬂtﬂ»écblﬁh%ﬁb)ﬂf@%ﬂ@ﬂﬂbhéh%d@éﬂthymtléylestef) 1-

aci d Boc %Olﬁn%urgoxgg&f@sm K2003 ONH G 5:1
DVE/ H20 B00% &

Pd( PPH3) 4

_N 2-Chlorophenylboronic acid _N
Boc Boc Q
& NH Pd(PPhg)s, K,CO4 & NH
5:1 DMF/H,O
91% Q cl
a b

Following the procedure of example 19, 2(S)-[[(2-lodophenyl)amino]carbonyl]-1-(1,1-
dimethylethylester)-1-pyrrolidinecarboxylic acid a (0.4554g, 1.09mmol), 2-chlorophenylboronic
acid (0.2518g, 1.59mmol), K,CO5 (0.2592¢g, 1.88mmol), and Pd(PPhs;), (0.0752g, 0.0651mmol)
gave the 2(S)-[[(2-(2°-chloro(1,1°-biphenyl))amino]carbonyl]-1-(1,1-dimethylethylester)-1-
pyrrolidinecarboxylic acid b (0.414g, 1.03mmol, 94%).
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10 Fol Il owm ng the procedure of exanple 19,
2(S)-[[(2-1odophenyl)am no] carbonyl]-1-(1,1

walrewetdugiet hyl est er) - 1- pyrrol i di necar boxyl i c ar¢TUS2008/061891
(0.4576g, 1.10mml), 3-chlorophenyl boronic acid

Ex SP(J : g?ﬁ(s%b[?%%?ﬂ%ﬁg%%%gaﬁﬁ% \?éb]()%l{]lg—m&)dime?l{]y‘ijethylester)—l-

2(S) - [ [ ( ByrtBidinedurtanxeliclacid - bi phenyl ) ) am no] car bonyl ] - 1-
(1, 1-di net hyl et hyl ester)-1- pyrrolidi necarboxylic acid
b (0.399g, 0.995nmp1, 90% . 15 Exanple 21

2(S) - -(2'-Chloro(l, 1" -biphenyl))am no]

car bopy!f - 1- (1, 1- di-sRbRyheybybested) - 1- N cl
pyBe®dl i di necar baxylic acid BocN 2- Chl,oiBegheny! bor o#

aci d Bg , NFZP | 0 NH Rah3)<dcok2C03 0 5:1 NH20

I 94% a b Fe O

O

ow ng the1ovztedur e of exanple 1
2(S)-[[(2 pphenyl ) am rnéd%car bonyl ] -1-(1, 1-
di met hyl etyf ester) - 1- pyrrol i di necarboxylic ac#a
(0.4554g, }.09mmol ), 2-chl orophenyl boronic pacid
(0.2518g, 1.59nmol), K2COB (0.2592g, 1.88mvl), and
FolRauPh8ie4 nr@eds2gf Gx0a8d midl ) 2(3b([(Faledophhiyl)amino]carbonyl]-1-(1,1-

. - ( 2_' - . ' -bi bh anm r e - .
D Pl LT TR EA, TEMcblckyboronic
acith (0Q5&1E4¢.62hmOBNKEIQ; (929992, 8 1WBoR OO/ PBRIBIYH (0.0732g, 0.0633mmol)
gavg E:-Sr; tH[:S[Z(() T %)2[?(}%%%(:0}1}00%%(@ ,rTPi—!bl_%B?zns/H arrﬁ}?(a]saél%ﬁnﬁlé—]l -(1,1-dimethylethylester)-1-
pyrodidhocybdxylle 4cid B.di ngtl ghetohy bess. er ) - 1-

pyrrolidinecarboxylic acid CI Boc ,N
4- Chl or ophenyl boroni c acid Boc, | ZP O NH Pd( PPh3) 4,
K2C03 O 5:1 DM/ H20 / 100% 5 a b Foll owi ng the

rocedure of ex le 19, . ) )

Engi”(l%j 23[ [ ( g(sp—g&%&%—gﬁvm( hﬁ%—m@}egél,’))ﬁlawi]cja[bfr_lxl}ﬂ —il_, 1-dimethylethylester)-1-
di met hyl girhyildgstBokyllc £y rol i di necarboxylic acid a
(0.4494qg, 1.08mmol), 4-chlorophenyl boronic acid
(0.2561g, 1.62nmol), K2CO3 (0.2639g, 1.91mmol), and
Pd( PPA3} 4 (0.0732g, 0.0633mmpl) gave theli%i

C

et hl ot | bony! ] - 1-
(%o)af. dl[ tfwyl ot hyf%[e@%"ﬂ*?rf}?do%%%”am nojcgpbonyl |

pyrr ol i Bbdiecar boxyl/
aci db ~Hllg, 1.08 Prh)0R%e, Exanpl e 23 NH F
2(9) - [P(2: 43" F Uor(gr(ﬂﬁg:ﬂbﬁl/)fb/il—é@esnw )) ani no] ©
car bonyl ] 1, 1- di met hylge¥hyl est er) - 1- Q
pyrrolidi ar boxylic acid 15 Boc, N 3-

Fluorophenxlboronic acid Boc"N O NH I Pd(PPQ3)4, K2C03
0 NH F = =
Following the procedure of example 19, 2(S)-[[(2-lodophenyl)amino]carbonyl]-1-(1,1-

dimethylethylester)-1-pyrrolidinecarboxylic acid a (0.4507g, 1.08mmol), 3-fluorophenylboronic
acid (0.2158g, 1.54mmol), K,CO5 (0.2343g, 1.69mmol), and Pd(PPhs;), (0.0756g, 0.0654mmol)
gave the 2(S)-[[(2-(3’-fluoro(1,1’-biphenyl) yamino]carbonyl]-1-(1,1-dimethylethylester)-1-
pyrrolidinecarboxylic acid b (0.387g, 1.01mmol, 89%).

Example 24  2(S)-[[(2-(2’-Fluoro(1,1’-biphenyl))amino]carbonyl]-1-(1,1-dimethylethylester)-1-
pyrrolidinecarboxylic acid
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5:1 DVMF/H20 / 89% a b Followi ng the procedure of

exanpl e 19,

WQL®BAB46(R- |odopheny|)an1no]carbonyl] 1- (1, 1- PCT/US2008/061891
di met hyl et hyl ester)-1-pyrrolidinecarboxylic acid a
(0.4507 1. 08mmol ), 3 f I uor ophenyl bor oni c acid

0. 215 1. 54mol ) 23439, 1.69 and
éd(@vh'i%g (0. 07569,2"6“%%@39&??1 Aic 35l o t Bg
2(S)-[1[¢( -quoro(% E 54 Egyl))aﬁ1no]car

(1, 1-di@eth Ihylester ol i di necar béXyl i\c 2
b (0.387g, @mm anpl e 24 Q
2(S)-[[(2- Fluoro(l 1 S)blphenyl))amno]

carbonyl]-1-(1, 1-di methyl et hyl ester) - 1-
pyrrolidingcarboxylic acid 88 WO 2008/ 134679
0 1,B uo
FOIP%A S%Q r%gﬂl?fg b é)f P%%%r%ig %mggg[?%h%@E%%lﬁga%onyl -1-(1,1-
dmgg%eﬁlyleateﬁ 1- 11?7@511011@%%@70531@ mcbee@&ﬁ@gofl Ogsoznepl @-flugrophenylboronic

ac1g((§)2]%{ (¥shﬁﬁzggt Rf )@!}‘3 Lffﬁg@%@% d&lﬂﬁhlp (00663g, 0.0574mmol)
cavg0. 4T4187g 281, Kﬂ@rﬁ?mﬂl)orO(z i bipbsrophery mlromml 4-(5.1 glonahylethylester)-1-

. 4 I 05g, 1.67mmol), and
pwﬁ%f%%%é%%y%ﬁgggggﬁﬁ0%5%%%%#%%?%3 gave the
2(S)-[[(2-(2"-fluoro(1,1"-biphenyl))am no] carbonyl]-1-
(1, 1-di net hyl et hyl ester)-1- pyrrolidinecarboxylic acid
b (0.410g, 1.07mmol, 99% . 10 Exanple 25
Exadfp®) 29 [ ( 26504 (2-@r wona( 1,1 hiplzinplpenito)chebionyip] -(1,1-dimethylethylester)-1-
car bonyl di net hy| et hyl ester) - 1-
pyrrol|d¥ﬂ5%§?f%§?¥?%”§%|d Boc , N
4- Fl uor ophenyl boroni ¢ acid Boc, N F 0 NH | Pd(PPh3)4,
K2C03 O NH 5:1 DWW/ H2O / 92%a b 15 Foll ow ng the
proceduryg of exanple 19, E

2(8) VP{ -Iodophen?ﬁP@ﬁPWﬁW@@PW@ﬁ?@]:léﬁ
Xy

di met hyl Iest gy @
(0. 446, nylboronlc oaci g
(0. 2230g, mml) é(%@? 434g, 1.76mol) d
Pd( PPh3) 4 686g, 0.059 gave the

2(S) [[(2-(4" -fluoro(1, 1 b|phenyl))anlno]carbonyl] 1-
(1, 1-di methyl et hyl ester) - 1- b

Following the procedure of example 19, 2(S)-[[(2-lodophenyl)amino]carbonyl]-1-(1,1-
dimethylethylester)-1-pyrrolidinecarboxylic acid a (0.4467g, 1.07mmol), 4-fluorophenylboronic
acid (0.2230g, 1.59mmol), K,CO5 (0.2434g, 1.76mmol), and Pd(PPhs;), (0.0686g, 0.0594mmol)
gave the 2(S)-[[(2-(4’-fluoro(1,1’-biphenyl) yamino]carbonyl]-1-(1,1-dimethylethylester)-1-
pyrrolidinecarboxylic acid a (0.382g, 0.994mmol, 92%).
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pyrrolidi necarboxylic acid a (0.382g, 0.994mvl, 92%.

20 89 WD 2008/ 134679 PCT/ US2008/ 061891 Exanple 26
WQ2088118487% - chl or 0- 2- phenyl pyri di ne OH HNOG3 OH PETMUS2008/061891

H2SO4, OC 02N I N HO 74% HO a b 5 Follow ng the

eral proced Norman, M H., et al, J.

EX%%96&§ Qﬁmn(bgﬁﬁoiﬁzgﬁaéf¥s$ 2, 4- dlhydroxypyrldlne

(4.931g, 44.4mol) and H2SO4 (20nmL) were conbi ned and

cooled to OC. HNOG3 6 Oonm., 444mmol) was dded

dropwi se. The sanple Was stiN@=ed for 307 nutes then

poured onto ice. TBEiL?SUMthd)@Ol MNwas gt ored at 4C

for 1 hour then va fittered to give 2. 4-

di hydr oxy- 3- ni t rpyri“di ne (5%%43g, H3Y. |, 74%. 10

OHC @NI L NPQC3, 106C 02N 1 t N HO83%Cl b c

Fol | owi ng t he general procedure of Norman (Nornman, M
Follwingethe gdenperdl. prb@dure@fé‘fnrmaﬁ@@@maﬂ,sM H4,2£&),,J Med. Chem., 2000, 43,

42%%?:%@%%5%@&;@ @gg%%l)é‘dil\gr ea é—% ﬁéz% were m1%1r)ed and cooled
to 0PCt HNQe (20mIh e4mmdlpw& aldsd dregtied The sabﬂﬁﬁwﬁlﬁrrﬁd fdr B&@hlnutes then

over ni ght. The | e was concentrated and po
pousit e1q e, TP @E et ok A it | Rt e By leered to give 2.4-

dihlirGAC3-adropyrikR (F1d3g, 3ABBmbL extracts were washed
gggﬁﬁsatuégted(Nacﬁ’(l X 10gﬁﬁ{) The Et OAc | ayer was
dried over MgSO4 and filtered. The crude material was
adsorbed onto silicapgel, filtered through a plug of
silica gel (509EHQACLi n hexan copcentrated to
give 2, 4- dlCh|é§% |ﬁ1N Qp¥LLﬁfig*§9% 058g,
10. 7mmol , 83% . Cl Okl N HOA C H2ZN | L N
c 87%>CI cd 29-p chloro 3- nltroé§r|d|ne c (2.058q,
10. 7mmmol ) was dissopved in HOAc (I Orl) cunder

nitrogen. 25 Iron powder (1. 9191&@ 34. 4mmmol ) was
Follgweiag The qaeralapfpyedureed N@é%éNca’fna& floret i/ H%fdr §hempn @000, 43,

42988.3€4- H1ﬁ§1dr8§ly>$§ HifiSp e ROY B30 ntz 9minfo® Al d>ddme@5hlaH§6§nmol) were
was added to give a neutral solution.
combined under nitrogen. The mixture was heated to 106°C and stlrred overnight. The sample was

concentrated and poured onto ice. The reaction mixture was extracted with EtOAc (3 X 100 mL).
The EtOAc extracts were washed with saturated NaCl (1 X 100 mL). The EtOAc layer was dried
over MgSQO, and filtered. The crude material was adsorbed onto silica gel, filtered through a plug
of silica gel (50%EtOAc in hexanes), and concentrated to give 2,4-dichloro-3-nitropyridine ¢
(2.058g, 10.7mmol, 83%).

cl o cl
N o
0, Ij\' HOAG, 40°C Hszj\l
o]
N 87% N

c d

2.4-Dichloro-3-nitropyridine ¢ (2.058g, 10.7mmol) was dissolved in HOAc (10mL) under nitrogen.
Iron powder (1.9191g, 34.4mmol) was added. The sample was heated at 40°C for two hours. The
reaction mixture was poured onto ice and then NaHCO; was added to give a neutral solution. The
sample was extracted with EtOAc (3 X 100 mL). The EtOAc extracts were washed with saturated
NaHCO; (1 X 100 mL). The combined aqueous layers were back extracted once with 100 mL
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sanple was extracted wwth EtOQAc (3 X 100 nlL). The

Et OAc extracts were washed with saturated NaHCO3 (1 X
wa®sisde79 The conbi ned aqueous | ayers were backCT/US2008/061891

extracted once with 100 nL 90 WD 2008/ 134679

S2008/ c :

B AT P e Qudp seBEe Tir PG R0 M r bl Ao o aie
3- agmnoez -4-dichlotoperdnddd disdhg, Or26pwirol, d7¥¢ d (1. 5109,

9.26mmol, 87%. C | / H2N N Phenyl boron

Cl Pd(PPh3)4, K2C03 5:1 DWF/ H20 G 49%

3- Ami no- 2- 4-di chl of'opyri dine d (0.7047g,

phenyl bor oni . Bhgrpporonicagifno| )

(0.8023g, 5.80myl), | an g’

0. 0607nMmD1) WeRlE Conbi rFé’gf; £l e

and purged with nitrogen tﬁ) 1 nmes. @ry (2m)

and deoxygenated H20O (0.4nl)” were added. The sanpl e

was m crowaved gt 130C for 40 m nutes. The reaction

m xture was diluted with H2O (50 nL) and extracted

Amlv%ZEtd@héorwnmnsd 7P47eTRE 2o crhenylperenis agidg0-$877g, 4.24mmol),

a dSSOI‘ 823/ gﬁ{b%ﬁg% | CquEI"Flhtg)e'Z(?Gj?OZg rtﬁ()@'?ﬁiﬁ‘l%l) %‘f@eédnﬂme\ﬂﬁfhe sample
wag hivaguradogndaryirged (M@lgmspm thige BO@Et Q@CDMF f?@){ameé Yeaxygenated H.O

(0. I}_/)ewée 'rldﬁ‘eglo%é & hl rg;(e)ls 12nlcir£J hené( l tnlé)rol’(fj roﬁ]%o mnquesL"%f?eqfeactwn mixture
wadldipheinyith B>® d0amb) n{d&xﬁaaz@(pvynh giand (|3 -X 4 5() Sii-H,-)fTh.edit@m: @xtyacts was

aried ST R Fhobya® Buyf rRRET vBs harfe (S N g gng eyrinied b

fladd  Chromatdgraphyb (4(2gf) S3OAM)- BO%EtCloﬁtﬂ gﬂi Ohezzl’&h)e ny! gys |3(;ITmnao? -chloro-2-
0.43%g, 2.12 s.Jdissolved in dry CH2C12 (1On).

Ph%rlwﬂﬁ'?ﬁ‘ %q%rﬁ‘és%ngggé’ﬂ’\@’iﬁg,s'Gmml ) was added. Cbz-Pro-d

(1.0804g, 4.04mmol), prepared according to exanple
14, in CH2C1l2 (5nlL) was added dropw se. The sanpl e was
stirred for one

Example 27  2(S)-[[ 4-phenyl-2-thiazolo[4,5-c]pyridinyl]-1-(9H-fluoren-9-ylmethyl)ester-1-

act

pyrrolidinecarboxylic acid

Cbz-Pro-Cl CbZ,N
CH4Cl,, Pyridine
HN A - & NH
| 100% P
oI NF N

|
[on

3-Amino-4-chloro-2-phenylpyridine a (0.435g, 2.12mmol) was dissolved in dry CH,Cl, (10mL).
Dry pyridine (0.86mL, 10,6mmol) was added. Cbz-Pro-Cl (1.0804g, 4.04mmol), prepared
according to example 14, in CH,Cl, (SmL) was added dropwise. The sample was stirred for one
hour. The reaction mixture adsorbed onto silica gel and purified by flash chromatography (40g
Si0,, 0-100%EtOAc in hexanes) to give 2(5)-[[4-chloro-2-phenyl-3-pyridinyl)amino]carbonyl]-1-
(9H-fluoren-9-ylmethyl)ester-1-pyrrolidinecarboxylic acid b (0.986g, 2.12mmol, 100%).
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hour. The reaction m xture adsorbed onto silica gel

and purified by flash chromatography (40g Si 02,
W@2W80346T0AC | n hexanes) to give PCT/US2008/061891

2(S) -[ [ 4- chl or 0- 2- phenyl - 3- pyri di nyl ) am no] car bonyl ] -1

(9H—f| uoflenp9-yl net hyl )ester-1-pyrrolidinecarboxylic
acid 2(/5' 864, malawedsd69Readebt N, 2008/ 134679
z N'k&%%@@r@s Reagent)xCbZ N O NH

Tol uene, / (S)-[s
[ 4- Chl or o | -3 -pyri d| AYP) ami no] car
-1-(9H-f | uor “yl met hyl )ester-| -

X
pyrrolidi necarboxylic acid b (0.986g, 2. 12mm|'3l was
di ssolved ilm dry toluene (20nL). Lawesson'sc 5 reagent

d. Th
gt RateR e e BRE e nad T HBeE s BRE s
pyrﬁﬂﬁﬁléhﬁld)xyﬁﬁ aidsh (0L98ag, @ell2matoth v[msll‘disﬁdlm ibyryftblaafe (20mL). Lawesson S
0
reaéqnv ég ' af6n¥mo(l)4\9/ S a Sé{dg The%an]i]g)l(e) @s ate ‘9) 2?0 é%?l& S21rred overnight.
Thélresmi%ﬁ mlxtaretv&g a&0lRll 4nid sﬂr&@g/dl bl paiikd By ﬂa%h'z:ﬁﬂohlﬁtrogﬁ %(405; Si0,,

yl)ester- |-pyrrolidinecarboxylic aci

0-1 O%a&tmm in pygpes) POttt eopillet phenki-BHvzplobk %@p@wl@}u {%- L huoren-s-

ylﬁwyf)egaafh AR MRy Oacil o @94~o 9ufini By O~ N O O S
ab Sulfide a (81 .5 mol ), synthesized

accord| ng to the general procedure of Shieh [ Shieh, W

15 C; Xue, S.; Reel, N; Wi, R; Fitt, J.; Repic, O.

Tetrahedron: Asymmetry, 2001, 12, 2421-2425], was
Exapidsd vedl-Bae-pretediethorliq 2ol pmingeode (4. 5g) was

di ssol ved in deionized water (25 nL) ~The nethanol
sol uti f substrate was cool ed to C, and the
aqueou uti on of oxone was added O\ he reggtion

slowy. Thelreagti
allowed to

n was kept on ice an grﬂdu

gom t-erpemat ure whi
over ni ght. Deloni bed water was used to di Icute he

reaction to 2 ppywoxi mately 150 nl, then pdure
90% et hyl acet ate-Jexanes for extraction. Thegetganic
phase was dried Na2s04), adsorbed onto Cel i y&yand
purified by chr omat ogr aphy | SCO

b

Sulfide a (810 mg, 2.5 mmol), synthesized according to the general procedure of Shich [Shich, W-
C.; Xue, S.; Reel, N.; Wu, R.; Fitt, J.; Repic, O. Tetrahedron: Asymmetry, 2001, 12, 2421-2425],
was dissolved in methanol (25 mL). Oxone (4.5g) 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 allowed to warm to room
temperature while stirring overnight. Deionized water was used to dilute the reaction to
approximately 150 mL, then poured into 90% ecthyl acetate-hexanes for extraction. The organic
phase was dried (Na,SQ,), adsorbed onto Celite and purified by chromatography ISCO
CombiFlash 40 g column, 5-90% ecthyl acetate-hexanes over 30 min to afford 804 mg (2.27 mmol,

91%) of the product sulfone b.
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Conbi Fl ash 40 g col um, 5-90% et hyl acet at e- hexanes
over 30 mn to afford 804 ng (2.27 mmol, 91% of the
wW@e@duste7sul f one b. 92 WO 2008/ 134679 PCT/ US2008r/0820890161891

GsO0 G0 9-)L'~ Ol OOO NONHOH bec

Fol | owi ng the %gnefal procedure of Burk [ Bur (IYI

G oss, tinez, J. P. J. Am Chem 1995
117, 93 376. , Ikene b (774 ng 2.

met hano 0 nd [ (SS=w™5 BPE-Rh&COD) + f (500
my, 0.8 wefle ni xed in a Parr shaker if | agk pilirged
wWth nitr N Parr flask was evacuyg 0
subsequent |y char gkd to 60 psi with hydrogerdHgad and
shaken vi gorously overnight. Methanol was renoved
under reducedppressure, and crude product was

il d through |1 pl f sil |
Folbbyigh s e BOCRy s B SRR 6ol Vbt WBRbAcE- 4: Chen

Socmﬂ99(521 @ m@w@ﬂl‘@keﬁé b PI7QGICE, 193mﬂ’foﬁ) mr?%ﬁﬁﬁdl @iodnL)lﬁhd [(S.S)-Me-
OANOQONO-HHO Z-protected
BPETRMGOQ& ‘é?f €500 94 O fgnmad) were mifgad)in wﬁ%ﬂ ehakadlagherprgeq with nitrogen.
ThdBAP ARR! wis ]e@adﬁia:t)ed aﬂ_@s%ggqﬁent@%%écpﬁ Ai asid %%ro%en gas and shaken
BOC- anhydri de (1. fol |l owed by
Vlgﬁr@pwmlgmowﬁlynowas rqlsm@ﬂ wnere@teﬁdmeéﬁufee @mi pwée product was
y, t r
ﬁltérg(??ltrree f a shﬁﬁ ghg of 'Qf?lga? gel\ﬁ@l n? gmyl %gg‘%e[ Iﬁkmrﬁg)ﬂto? él%ées%lvent yielded
73(Fihg [Zermmot H%)/@f@@blnt qywith 2o o ditldowed to stir
vigorously at room tenperature for 6 h. After
evacuating the hydrogen atnosphere, the mxture was
filtered thro @ghO Celite using nethanol, andogp@de

pr oduc alned by evaporation of t he vent
(508 70%yield). 20 OSO GSO [ O JN O-
0
XOJ\N N
H
¢ d

Z-protected amino ester ¢ (804 mg, 2.27 mmol) was dissolved in methanol (16 mL). To this
solution was added BOC-anhydride (1.5 g, 6.8 mmol), followed by 20% Pd(OH),-C (250 mg). All
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 h. After evacuating the hydrogen atmosphere, 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).

O\\ ,/O O\\ ,/O

S

—_—
N I
o N
OJ\H R OJ\N OH

(@] H (@]

d e

Ester d (508 mg, 1.56 mmol) was dissolved in 8 mL of THF. Deionized water (4 mL) was added,

followed by LiOH - H,O (120 mg, 2.8 mmol). The mixture was stirred at room temperature
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NHOH de Ester d (508 ng, 1.56 mml) was

di ssolved in 8 nL of THF. Deionized water (4 nL) was
w@esd34679 ol | owed by Li OH H20 (120 ng, 2.8 mpCY/USZ0h&061891

m xture was stirred at roomtenperature 93 WO
o AL 34510 PR B R BB B o6 o
orghidc Xxt2btsrkere diidiefurtbergeiri Na,801, rfaeted am&x:enodmtraﬁdl th Lglhteh?é’@ mg (1.21

L th, Na2 filtered an tedto ive 372 :
g B0 SRR PRy Er s S N TPb AR g Gy frried on
witBatht parfidati@iri no aci d e, which was carried on w thout

purification. 5 Exanple 29 H O OO )~OyN)LOH 10 OyN
" OH a b c 10 Follow ng the general procedure of
Gigg [Blaney, P.; Gigg, R ; Rankovic, Z.;
Thornton-Pett, M; Xu, J. Tetrahedron, 2002, 58,

Examp|g?2 91737] a roundbottom fl ask was charged wi th sodi um
hydri de (480nmg 60% di spersion in oil, O\ﬁ_mo 4.0
equiv) and pygjged with nitrogen for 15 mn E

(6. O (])_|theflask and t |3{\/613
cool ed dlC using an i ce watér bat h. eparate
fl ask vvas Parged with BOC-gl ycine a (525 Ry,

mml ), dry THE (6.0 nL)pand ethyl 15 |od| dec(l 0 m.,

12 mmol, 4 equi (zg Thi s"m xture was added dropw se to
Folior\‘éng\taﬁg@n@bmm 1e afforiggiiPlangy Ph Guiggydt- oRenkei¢. ;i Thgrngan-Pett, M.;

XuOJ ocz;ﬁt/z}%a%n body, 9k 15759 '1*737 g’rot%lﬁﬁotlroﬁlaﬁ‘gsk Q4s %?geﬁ%ﬂﬁﬁé_ﬁ%ﬁ& hydride

tenpérat ure and to stir overnight
(489@1& e Yootisparaivn ag ail.nl 2c9otmneld 40cqeivOndanicerdetitianiodge( dor 1inyin. THF

(6.0 BAAd8eavs G tnt oha Lok Q 38%11%5@1 {E‘c?ol?edﬁS B=e. %ﬁg Lh gl wator bath. A

i‘'oni ze was addec
sepmtaterfaanlowamrgeé ot D U plgene a &ﬁa@ 3;@nmseloudey THF (6 0 mL) and ethyl
wer e extra ed | 90% .
IOdIOHEf ‘ate” ﬁgxanes4 ¢ %Ve) a hbsen&ﬁ(sur ‘é’f}ser(?dv\ggmpﬁé% tOatclzle (Ij\I a%{ Sggpenston m
THBywahi digogpus Glitrhg cit OriCC  Acteid 1 hndfl dtirtidpe tlmHeadtraﬁcrhedvaﬁn&i to room

o BHORAHES FEEE UHTESGY P Tl otlp{ o °C. and methanol (4
mL{ Na@$addg vansloiyltb Qﬁdﬁdh thReiﬁébS&iydﬁ(ﬂe theeonsRl wert Gaddider to dilute the
redgacl:ljlgd pressure aff a uantitative yield of

{
muﬁl]ns tmeglangsvaé){gﬂcme u r@du@ TeSsyIe. Impurities were extracte e1nt0 90%

ethyl acetate-hexanes, the aqueous layer was then acidified by adding solid citric acid until the pH
reached 2-3. The product was extracted into 90% ethyl acetate-hexanes. This organic layer was
dried (Na,SO4) and filtered. Removal of the solvents under reduced pressure afforded a

quantitative yield of the product b.

Example 30
0O H 0O
0O 0O N
HoN -
Ao+ M I I N ——= oo™ o
O O O
. F
a b c

A mixture of unprotected amino acid a (775 mg, 7.24 mmol) and sodium carbonate (1.69 g, 16.0
mmol) was dissolved in a 1:1 solution of deionized water and THF (15 mL each). To this mixture

was added BOC-anhydride b (1.73 g, 7.96 mmol). The mixture was stirred at room temperature
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HZN OH + BOC- NOH OOOFF abc A mxture of
unprotected amno acid a (775 ng, 7.24 mol) and
waoesasaetar bonate (1.69 g, 16.0 30 mol ) was dPGEUE20081061891
ina l:1 solution of deionized water and THE (15 niL
ove?rf )and o Srego%(e;dul{n?%r re uce<f1 BrFSesul\}E\g (S%lse tn|11>r<t¥f‘ge:j\!x/%qhen acidified to pH
2-3 mtpesraajmwce aqlﬁséusv\ﬁtri’coeaﬂ 1%@@&:%@5%@%@6&89}1)% ethyl acetate-

dicl?lﬁrz)%l@{l%rjéhaec%%a mé?%/gig gp?q @gz#j;) gll_‘ere d%(f rtr%tsé ulrlc?e'r reduced
preSsateltd atfed U BDGSpoteteld amioiadid aNdo Rl 0.d hhﬁﬁolV%%) to be used without
rtglxtra?t ed into 10% et hyl acetate- dichloronethane. The
> PERTIEAByer was dried (Na2SO4), filtered and
concentrated under reduced pressure to afford clean
BOC- protected anmino acid ¢ (1.40 g, 6.7 mmol, 93% to
be used without 5 further purification. Exanple 31
Exdrgliérer cmpmoamplo 00 NN HNNOH+ ONHDC,
tOI\IA NHONDCMHOONHN] HNHNT- b C
a 25 nmL round-bottoned fl ask, dipeptide a
(129 amml) and conpound b (500 ng, 12@@1)

wer e dlsaolved i r\di chl or onet hane (5.0 nli).
N, N- di i slop opyl'@gg&dllmde (0.35 nm, 2.2 mml
1- 7-azab zol e ofd@bany, 2.
aéqd%'gﬁ( Re i xt —stiTredat-r oé% er at ?
e

ove? night .©The ni xbeke vvas t héfMconcentr g ed on
and purified™y flash chromatogrg PR OOA) Hex $
tOAc 40 g colum) to afford 1. ! 15 g&
corrpoundcasav\hltebsolld M5: MZ = 907. OYOCI I-)E—\__

NN 04N HO in Dioxane 0 ONNNO Y N N i ONA
10 In a 25 mL round-bottomed 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

mmol) and 1-hydroxy-7-azabenzotriazole (300 mg, 2.2 mmol) were added and the mixture was

stirred at room temperature overnight. The mixture was then concentrated on silica gel and

purified by flash chromatography (100% Hex to 100% EtOAc, 40 g column) to afford 1.1 g (87%)
15  of compound ¢ as a white solid. MS: M/Z =907.

5
Y cl H2
\ﬁ % 2 4N HCl in Dioxane \j % ?
= O NH = O NH
S
Q'O HNf O'O R
c Ob"\_, d oh"

In a 50 mL round-bottomed flask, compound ¢ (1.1 g, 1.2 mmol) was dissolved in a solution of 4N
HCl in dioxane (20 mL, 60 mmol) and the solution was stirred at room temperature for 30 minutes.
20  The solution was then concentrated to afford 1.0 g (99%) of compound d as a pale yellow solid.

MS: M/Z = 807.
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HOONHiIi t HoS SIIZZT~-HN~HN- 0 If OlIn a 50
nmL round-bottoned fl ask, conpound ¢ (1.1 g, 1.2 mmol)

wor®sdswsol ved in a solution of 4N HO in di okemES1089061891
nm., 60 nmol) and the solution was stirred at room
tenperature for 30 mnutes. 20 The solution was then
concentrated to afford 1.0 g (99% of conpound d as a
pale yellow solid. Ms: MZ = 807. 95 WD 2008/ 134679
PCT/ US2008/ 061891 5 HNI=N S C N2 N O-NH O N No-
ol JI] 0O ONANN HOO\ GCCNNCOO'NH S;_ YN
DI PEA, DCM HN OHNIf,, O N O O/YNNNJ OHOONH
SN HNe O -

S
Q.O ¥N DIPEA, DCM
HN

¢

[
O

In a 10 mL round-bottomed flask, 1,4-diisocyanatobutane (9.0 pL, 0.071 mmol), dissolved in
dichloromethane (0.5 mL), was slowly added to a solution of compound d (120 mg, 0.14 mmol)
and N,N-diisopropylethylamine (37 pL, 0.21 mmol) in dichloromethane (0.5 mL) and the mixture
was stirred at room temperature for 6h. The mixture was then concentrated on silica gel and

purified by flash chromatography (100% DCM to 5% MeOH/DCM, 12 g column) to afford 81 mg

(65%) of compound ¢ as a white solid. MS: M/Z = 1753.
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In a 10 nmL round-bottoned fl ask,
1, 4-dii socyanatobutane (9.0 L, 0.071 mmol ), dissolved

WO p0osds4sid or omet hane (0.5 nL), was sl owl y addeRCT/OS208/061891
solution of conmpound d (120 nmg, 0.14 mmol) and
N, N-di i sopropyl ethylam ne (37 L, 0.21 nmmol) in o
di chl or onret hane (0% ) and the mixture 10 was S
stirred at roomtenperature for 6h. The m xture md@;N

t hen concentrated Nsilica gel and purlfled by fB
chronatggraphy (40 to 5% MeOH/ DCM 12

g affo f conpound e as | ¢9L 1 id.
@’a M % gﬁn@ WD 2008/ 134679 PCT/ usg‘ﬁig% 1@1&3}1 O
N~ HN )2 O OO-NH ~I H OO~NH ~I 11 -JNO N
N HN N 1 O-NHOf" NH Morpholine bCM

HNNO HNNO Q&N O HNJLN NI "~HON- HOO H OO
NHN S NHNHN e gl--~_ |nvVeph@ige ni r ound- bot tonmed
flask, conpound (81 nmy, 0. 04Bcymol) was di ssolbed in
di chl or onet hang” (5.0 nL) and nor pholine (0.40 , 4.6
mol ) was addesl_oThe sol ution was stirred at gt
tenperature oveF%|ght The sol ution was then N

concentrated and Jpurified by reverse 5 pha§e
afford 22. q§g% 3799\ of conpound 1 as a whikk
M Z Y1

C to
MS: le 32 dinmer conpound 2 H - \H
0 0-?"w O );/@ O@

S— ):N
Q'O e Hi:\— | H'(“)b—\__

In a 25 mL round-bottomed flask, compound ¢ (81 mg, 0.046 mmol) was dissolved in
dichloromethane (5.0 mL) and morpholine (0.40 mL, 4.6 mmol) 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

H ~NH

e F
o:%ﬁ’\“«“\/\\\/\ )\ND SQ
OVTH\TS = O

N NH H ? YN§

10 2

Compound 2 was prepared using the procedure for compound 1, (12.6 mg of a white solid). MS:

M/Z = 1336.
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HN ONNNC , NHON~HN-~O ONOOS/19P ON NH
HN SN YHO N 10 2 Conpound 2 was prepared using

W@ b@spswcedure for conpound 1, (12.6 ng of a wWhET/ES2008/061891
solid). M5 MZ = 1336. 97 WD 2008/ 134679
PCT/ US2008/ 061891 Exanple 33 di mer conmpound 3 NS O O
NS OO NH2 + HO N~NO J< EDC, HOBt N N N g < DI PEA,
DMF H 3 days, 60 deg C/ abc 5 Boc anhydride (1.6

n THE was added dropw se to an
EX?%?;PAG oo%ﬁ%f‘w o sol ution of
4- hydr oxy- L- phenyl gI ycine (1.0 g, 6 mmol) and NaHCO3

g 0g, 12 mol) in 10 M water. After conplete
Na d|t|on solutoonvva)s rmsdto roomtenpr&ﬂsjstorred)
Nﬂéght THE rat edcaidstand 10 ,s”\
dded. Tﬁe a ay r vas e §G ﬁed’tvvl cel W h o
m et hyl acet and the @qgg@,meb@yer

idified to pH 3 with aqueous citric acid|
queous | ayer was eoxtract ed twce with 25 et hy

nd o ani nbln . organj
Bog %‘5@! 4 1<E‘e fﬁﬁg e er?dg‘rr%‘?élée i %Ihlcﬁ/ﬁ?‘é?d stirring
sol@tionest 4Qiq§/ﬂfoxw5g@énﬁg]¢cm60(0mﬁ§f6trfnﬂbl¢ dnd Raycel d. olg,azgmnol) in 10 ml
Boc- 4- hydr oxy- L- phenyl gl yci ne (Boc- Phg(4-

waigt. o%f@éfgaplefa&fi%maép “Wa%’asawé‘?rﬁ@lt‘émﬁé’a‘i? mﬁ’%ﬂfefﬁf‘é overnight. THF

wal Qap&ifled OBSRA 1Y nh MR 3Rd 2R, BReLuiiut gLt wistbrxhbk%d twl® with 20
purification. Calculated mass 267.3, found 268.

ml gyl peepte padh gle(agluqoug laygy; was ﬁﬁ@ﬁ;:d to pH 3 with aqueous ‘citric acid. The
aqtl%oﬁ%h@jﬂ‘y Iwag- ’egtréétedttmg@qillﬁlz% P eﬁ?? 'ﬂ:@ta(e and (Q%am?czla )Mﬁl)med The

orgEmPEwe( I’@S 7W=mhed 1‘1136 r‘m’tbl bringe prl embWﬁledVWd driegt pyqredgSO4 and

el debuls Tha RSP B S5 e P RSB B T W
aming el wasa sieglamatieditants extcrtavtsedyviE¥S endyas alwlt witleout further
pm&%%alc@&%& ﬁlﬁé/é/%%? 1‘8191{1?326?%‘3' and washed wi th aqueous

anic layer was dried over MgSO4

and

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 (5.8 g, 42.9 mmol), DIPEA (19.7 ml, 113 mmol) were combined and
stirred for 3 days in 40 ml DMF at 60 deg C. Ethyl acetate and saturated aqueous NaHCO; were
added. The aqueous layer was separated and extracted with ethyl acetate. Organic layers were
combined and washed with aqueous NaHCOj; 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 ml hot acetonitrile to obtain 5.9 g. Calculated mass 374.5,
found 375.3.

MR ke 1. HCIdi N N_O
N P N N 0 . loXane / )‘b \[]/ \ﬁ
H 2. Boc-Phg(4-OH), BOP

DIPEA, DMF 3 hr

Compound ¢ (1.5 g, 4.25 mmol) 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 ml, 9.36 mmol) were combined in 30 ml DMF and stirred for 3 hours at room temp. to give
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concentrated to a brown residue. Pure

Boc- prol yl - 4- phenyl -5-am no-1, 2, 3-thi adi azol e ¢ was
W@bioaiisus® by crystallization from 100 m hot PCT/US2008/061891

acetonitrile to obtain 5.9 g. Cal cul ated mass 374.5,

r{}@(’)@? d37 ard W(irk\l}fpl_l Egmypg eta§ep (ﬁi&&l)an(li_g@@rdulc ﬁ%(y%ln %ﬁwﬁ&\%ce with
aqUBLE S'Bdlhm tGeatb @i, Cotpbiwick itk mu& dricdov25 MO, )md/meemr'ated The

reslthf;éwasszbFl%}%lfﬁl]g)ee%av%ll[]‘]'> télﬁ&),ré%il {n%% d yafrtg“é(onad gﬁoﬁlrlrs] ny é é\exq step without

purfficaBonTelcylateBokys(523.8, fgunds268. nmol ), DI PEA (1 63 nl,
9.36 nmol) were conbined in 30 M DMF and stirred f or
3 hours at roomtenp. to give 98 WO 2008/ 134679

NP§T/ Ld$2008d)06 891 conpound d. Standard gogkupy Et hyl
AL

N organl c layer washgdjtwile wiih N =

quHou onat'eHCYHERAED twi ce tH N
i ed adcon entr ted The i due O

ngl e pea th the cor A‘ B § L nd was us

the next Btep without purification. cul at ed
mass 523. 6, dground 524.3. 5 NS OONSOO/ H/ H=0H
N NNdAN 1. HCI/dioxane NN/ HY H N Boc 2. e
ﬁ@&mﬁ@ipﬁ(ﬁm tl@@?ewdué Ziep vk BEAed WVIr 28 nh uNGht (Ribxade @or 30 minutes and

und d fromthe previous step was treated with 20
therﬁ"lV&N e &%Néﬂ%ﬂal%ﬂqﬁo&ﬁ s %H“noll)hgoé)o@vleﬁt“ 68 mmol) and

andsti I hours BORom tem,
DH‘E@[T?V@;%I Bag nﬁﬁd‘)e\;ifé}g E@h@%dg%g\ \ ((31]1- Q%/élg md"]st g%% gﬂ?ﬂ% 5 BORom temp.

Stamrféwe@%u Efbﬁd acefatg Vaprrddoland aegarie lpypieviashest tvacehill aqugeus sodium
blcglg&ﬁ‘tet %Ephedltg&llét R %'hﬁle Wﬁfeh Wer ﬁg@b 2§ %Blﬂ:reﬁtréeﬁis TaddeGiue was

and ofganic |ayer washed twi ce wth aqueous sodi um

purified & E)ib’h@tt@yleWals%@@lf owipeendwi Erlcatedimass P8 adoende9 iy S04
and concentrated. The residue was purified by HPLC to
yi eld 1.2 g of corrpound e. Cal cul at ed rrass 608 7

Nj‘&Q Jt» b
H Boc Boc
K>CO3, DMF
60 deg C

f ||

Compound ¢ (1.2 g, 1.97 mmol), 80 weight % propargyl bromide in toluene (879 mg, 5.91 mmol),

o]

K>CO; (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 extracted 3 times with ethyl acetate. Organic layers were
combined, washed twice with aqueous NaHCOs;, washed twice with brine, dried over MgSQO,4 and
concentrated. Crude residue purified by HPLC to yield 200 mg of compound f. Calculated mass
646.8, found 647.3.
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NOK2CO3, DMV 0O \ I \ ~60degC\ I \ CHO e f Il 15
w@evposwe® e (1.2 g, 1.97 mmol ), 80 wei ght % prBEEUR08/061891

brom de in toluene (879 ng, 5.91 mmol), K2C03 (817

ng, 5.91 mol) were conbined in 40 M Mg ang stléred

for 16 hours at 60 deg C. Water was ded t ol utign

and extracted 3 tines with ethyl acetaty. i
Ntayerss were gondi ned, washed twice wt
N ' ANl LA with brine, dried
[ & u@ecre3| due purified bySHPLC to vyi
ypound f. POEckl @lled mass 20 646.8, f
. 3. 202008/ 1348PFCPATUSINEBIV61891 N-S O O
N XH " XHIrl i NS Opfhdh 01 4MiddaN NN~V \  H 0 Boc ||
Pd( OAc) 2, N, O DAH%)dopgm,]ocfaa@mtenp O DABCO =
1,4-D aza- b}ycl o[2.2.2]octane 31 t |13] |
HCl f di oxane H 60 H (%)é_,él NS OOH Compound
(200 ng, 0.31 mmol), Pd( (1.2 ng, 0.0062 mol )O
Cul (1.4 ng, 0.0062 mmol)

\n/\N

Compound f (200 mg, 0.31 mmol), Pd(OAc), (1.2 mg, 0.0062 mmol), Cul (1.4 mg, 0.0062 mmol)
and DABCO (104 mg, 0.93 mmol) were combined in 20 ml acetonitrile 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 MgSQ, and concentrated. The residue was treated
with 20 ml 4N HCl/dioxane for 30 minutes and concentrated. The crude residue was purified by

HPLC to obtain 81 mg of compound 3. Calculated mass 1091.3, found 1091.7.

Example 34  dimer compound 4

OH Br

PBr3

Y

DCM, 0°

a b

4-Ethynylbenzyl alcohol a (1 g, 7.57 mmol) was diluted in 20 ml DCM, and cooled to 0° in ice
bath. Phosphorus tribromide (4.1 g, 15 mmol) was added dropwise. The reaction was allowed to
warm to room temperature gradually, and stirred under nitrogen overnight. The reaction was
quenched by addition of H,O in ice bath, extracted by DCM. Combined organic layers were

washed with brine, dried over Na,SO, and concentrated to dryness. The crude material was
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and DABCO (104 ng, 0.93 mmol) were conbined in 20 m

acetonitrile and stirred overnight at 5 roomtenp.
weelvglizmeet at e was added and the organi c | ayer PGEES2008/061891

washed tw ce wi th aqueous NaHCO3, washed twice with

[ d.
pur\l?fvéeléi% rcggotme ra\%}{¥ Llsglg)s Ging m%?xésgxraalgee ure 14-6;: ymelgel%zgleoromlde b

(22amgy).adHdetnat ed. The crude resi due was purlfl ed by
HPLC to obtain 81 ng of conpound 3. Cal cul ated nass
1091. 3, found 1091.7. 10 Exanple 34 di ner conpound 4
OH Br PBr3 DCM 0 b O#- Et hynyl benzyl al cohol a (1 g,
7.57 mml)vvas diluted in 20 Ml DCM and cooled to 00

in i Bhat h. Pho§phorus tribronide (4.‘15_
nmol ) wag added dr se._Okhe reacti onOhas \al Vowed to
m tenperaturellgradual 'y, and stirred under
erni ght. The Peaction was nched by

Conbi nedjjjor gani c | ayg( se washed withlbrine, dried

over Na2804 and concentrated to dryness. Fhe crude

materi al pvas 100 WO 2008/ 134679 PCT/ US2088/ 061891

purified by chromatography (IS 3} usi ng 100% hexane to
Nalgi(138 miPe mmels 60 Jisbrasionyin nijpesafiodlewhs sugizadedrig n icheppled anhydrous

THg%ﬁlaﬁ'o c?srgﬁ ngé}%mro%el} 1FI b((;g—g) %31%‘: Q?SLI ﬂg‘gl'ﬁ'llelrhgr:r]]nyl %stgli p(4q7 mg, 1.7

mni)| Waswd®dsful$<p®ddbed qtlrynalheﬂzybbremmlle &d22nhg.dr BusmolT HHe reaction was
all eggt::: \g?ﬂ*tsn(g) {:1 )cr'l %mggrrﬁtu %{ag&%y’ﬁel%dh st rred néi?r gitr()%reﬁovricﬁr}ight. The
readtion wamtmén):hmlﬂxy agdid ed off 940l ioViezchatity audt c@h&wymytbcbe)rdzy IThe crude material

e e Ch TPy (150 ool iPe” G Sty g e compound &

M+st'i3n6.2d under nitrogen overnight. The reactl on was
guenched by addition of H2O in ice _bath, and
concentrat ed to dry. The crude 5‘ ial 10 vvas

purifie chromat ography (IS | ng 100/9)
to obtorrpound d. HakH+\346. 2

e
_ BocN
BocN OH . . | N

Cyanuric fluoride  py, DCM
o Py, DCM

d

The compound d (200 mg, 0.578 mmol) was diluted in DCM (10 ml), cooled in an ice bath, treated
with pyridine (137 mg, 1.73 mmol) and cyanuric fluoride (109 mg, 0.81 mmol) dropwise. After
complete addition, solution was warmed to room temperature and stirring for 4 hours. 1 ml of H,O
was added, solution was stirred for 15 minutes. Additional H,O (20 ml) was added, and aqueous
layer was extracted by DCM twice. Combined organic layers were washed with sat. brine, dried
over Na,SQ,, 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-thiadiazol-5-amine ¢ (207 mg,
1.16 mmol) and pyridine (136 mg, 1.76 mmol) were combined in 10ml DCM and stirred overnight.
Additional DCM was added, and washed with aq. NaHCQO;. Aqueous 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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SSNN H2Neg H BocN~y NS BocN OH Cyanuric

fluoride Py, DCMO | NNO Py, DCM- d f \ / The
w@ovpose® d (200 ng, 0.578 mmol) was dil uted i PCDUIB200ZQ51891

n1) cool ed in an ice bath, treated wth pyridine

wa% pgriﬁerﬁgb¥ )chg)r %Pag?éy %@Og l%ﬂl%g!l(g’/& 854(J O{S{d:ke dléejxtgr?e T obtain 101 mg
corwumeHHQS%r nmed to roomtenperature and sti rri ng

for 4 hours. 1 mM of H20 was added, sol ution was
stirred for 15 mnutes. Additional H20 (20 m) was

added, and aqueous |ayer was extracted by DCMtw ce. 4
Combi néd wrgani c | ayers were washed with sat. brine,
droed er Na2SO4, and concentrated to dry. The /©/

i due was used i ‘W@C' nestep wi t hout fheb

urijyfigation. The , 0.578 )
i ne e (2|O7og

‘ ' H
ol )O anfl pryrldl ne _(136 76 mMBLiN e do N A
in | CM and stirfed veYni ght Ad H)na "
was sd, and washRNwj AqueousOI aye©  S—

was &xtf acted by dOCM tw cg shed with sat. brine,
dried over Na2SO4 and concentrat ed to dry. The cr ud%
maerial 101 WO 2008?1€34@/4B DO/ US2008/ 061891 was -
purified by chromatography (ISCO using 40% 80%

o R B T B PR bR b o

solNnt BaxcimblvddH The rbs@u€) EN-N-Mchla@hglOHCg, IBmﬁélﬁ,d HIXCM Were bombined in 5

i o SR w0 Bousg st BEHEAIOTeSoHCG Bt S 18 soliton and
extfa@ﬁ&@%ﬁde with E)I?Jé\ESOdgzlﬁlp 1Bes-Wrdvbahbancdh@idddver, N@lE@; aidtlconcentrated.
were Cco N

Th%CWS?J F?teﬂ?l W%)SOI?'H ill]?fﬁ é:?]’é){(r@fograpp&@%gng g g% °t88 ]%t%Ac?Hexane to

obt8i@ 48 trlg@raddghpound h. M+H" 729.5

Al

o ‘O

0 1. 1,4-Diazabicyclo[2.2.2]octane O

Pd(OAc),, Cul, CH5CN
5 ,L o Y H 2. DCM/TFA
oc N /”N ||
z H o N

* |

(0]
(0]
H H
/N\)J\N Q’(N //N
z !
: H o3 O SN

The compound h (20 mg, 0.027 mmol), Pd(OAc), (0.121 mg, 0.00054 mmol), DABCO (9 mg,

1=

0.082 mmol) and Cul (0.105 mg, 0.00054 mmol) were combined in 5 ml of acetonitrile and stirred

overnight at room temperature. Ethyl acetate was added and the organic layer was washed twice
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extracted twice with DCM Organic | ayers were

conbi ned, dried over Na2SO4, and concentrated. 10 The
w@ewwdas4sed eri al was purified by chromat ogr aphyPC1/8810p8/061891

usi ng 40% 80% Et OAC/ Hexane to obtain 48 ng pur e

i PG S DS el ol A e e oggiggso: and
congacfitedN 'NleZ]:eSlM\/KV?thked\bd\lwnhl 101 SGM&nd ITF@ Q0 1hl) fbt 3NMhitNites and
NHOOS N The conpound 2
ConSHARE) E%{“ 615 P! RugaR ﬁ!ﬁ%ﬁ?@ AR (@gﬁﬁldmpfgnd 4 M
1283.40082 mmol ) and Cul (0.105 ng, 0.00054 nmol) were
conmbined in 5 mM of acetonitrile and stirred overnight
at roomtenperature. Ethyl acetate was added and the
organi c | ayer was washed twce 102 WO 2008/ 134679
PCT/ US2008/ 061891 with ag. NaHCC3, the conbi ned
Exgpniam ¢ AresunroEnds washed with brine, dried over

Na2SO4 and concentrated. The residue \reat ed with
1:1 DCM and TFA (20 ml) for 30 m
concentrated. The crude materi al pur ed by HPLC

to obtain 7 ng of conmpound 4. M-H+ ~ 1255\ Itzjxarrpl e_
35 diner compound 5 N N O = H N N NFnoc \n/\ _Fmoc

H
N 0
5 N
N N
Fmoc” T H
= O S
S N

\ A

(1Y)

/

\

To 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. Diisopropylamine (0.0456 mL,
0.26 mmol) was added to the mixture again. The solution was stirred overnight. The crude material
was adsorbed onto silica gel and purified by flash chromatography (4 g Si0O,, 0-5% methanol in
dichloromethane) to give the Fmoc protected dimer b (0.073 g, 0.046 mmol, 78%).
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was added to the m xture agginsS The

sol ution s i rned Dvernlght The crude mat H

was adsorb @@1 and purified by WT/\NH
chr omat ogr gOS|02 0- 5% et hanol in

dlchloronethan o gi ve the Fnoc protected dinmer

(0.073 g, 0.04 78% . 103 WD 2008/ 134679
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To a solution of Fmoc protected dimer b (0.073 g, 0.046 mmol) in dichloromethane (5 mL) was
added morpholine (0.21 mL, 2.4 mmol). The mixture was stirred 3 hours. Morpholine (0.21 mL,
2.4 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 at 50
mL/min) to give dimer 5 (0.019g, 0.017 mmol, 36%).
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dimer b (0.073 g, 0.046 mmol) in dichloronethane (5
wor0osisw79 added nor pholine (0.21 nL, 2.4 muol )PCIK8§2008/061891

nixture was stirred 3 hours. Mrpholine (0.21 n, 2.4
ExdT g maﬁl dedotun he sol uti on again. The sol ution

Was stirred é%nlg The sanple was 5 concentrated

and purlfled by SFC (ethyl-pyridine, 20- 60% net hano
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(0.019g, 0.017 mmol, 36% . 104 WO 3279
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= HNNNFmc HO Ob N Fnoc™N&_

"N TFAt\NONH N~O Fnoc'Nv NN H

a solutlon of a (0.1 g, 0.12 mml) in dléﬁég ﬁLWM&N Fmoc
(2 nmb) added di i sopropyl am ne (0.022 0 |
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nnDI) ma added to the mxture. The resultin
sol zfg%red at roon1tenperature for 4 Mours.

cr st

A

a

o
IZ
C)Z

Fmoc

v
O

_(
:

To a solution of a (0.1 g, 0.12 mmol) in dichloromethane (2 mL) was added diisopropylamine
(0.0228 mL, 0.13 mmol). 1,6-Diisocyanatohexane (0.00954 mL, 0.0593 mmol) was added to the
mixture. The resulting solution was stirred at room temperature for 4 hours. A small crystal of
N,N-dimethylaminopyridine was added. The mixture was stirred for 30 minutes. Diisopropylamine
(0.0338 mL, 0.13 mmol) was added to the mixture again. The mixture was stirred for 30 minutes.
1,6-Diisocyanatohexane (0.00478 mL, 0.0297 mmol) was added. The solution was stirred
overnight. The crude material was adsorbed onto silica gel and purified by flash chromatography
(4 g Si0,, 0-5% methanol in dichloromethane) to give the Fmoc protected dimer b in quantitative

yield.
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di chl or onet hane (5NnL) was added norpholine (0.38
4.3 mmol). The ﬁN e was stirred 3 hougs. Mor
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agai n. The sol |on was stirred overnight. The
was concentrated and purified by SFC (ethyl -pysidine,
20-60% nethanpl in C®2 in"6.5 mn at 50 nL/mMm) to
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To a solution 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. 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 at 50
mL/min) to give dimer 6 (0.0392g, 0.033 mmol, 28%).

10
Example 37  dimer compound 7

OH
; ~OH
HoN
®)

a =

OH

OH
(Boc),0O
NaHCO;
H,N BN BocHN o~
e} e}

c

4-Hydroxyphenylglycine a (1.0 g, 598 mmol) and concentrated HCI (6 ml) in 2,2-
15  dimethoxypropane (33 ml, 813 mmol) was stirred overnight at room temp. The brown solution was

evaporated and the pure compound b was precipitated from a solution of methanol and ethyl ether.
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0-1 H2ZN OHul~ 0 RN BocHN OO a b ¢
4- Hydr oxyphenyl gl ycine a (1.0 g, 5.98 nmmol) and
w@emsaserated HO (6 m) in 2,2 15 di met hoxyprP@EHROS200861891
m, 813 mvol) was stirred overni ght at roomtenp The
ol-ut.i.on t ed t
13 L IR RS, L ERRBT AR AT | GRr ARG TERE EPhginon and
NaHCber(l 0 g106 OViﬁnal)Oﬁdsldishﬁmed E%CT:S 82048/ a6189 inl a.’d:etamgﬂe and Boc-

g iiae 5orned B MnbBTwey 0Eh o Y R Op O Pt gremien

at 109 tempnaBe idihﬁﬁ)ﬁ (I;xxae dvalpb]raﬂ:& aiéd ctivd tagdtat@tvel dddedriThe standard workup was
tonitrile and Boc- yr|

dOI‘foglﬁPrg?*HESM “éadév&“t?fld‘ﬁ OH%H%QSM gi‘?ﬁa W\?Jégggf‘? ?VFEB‘[%SO“ and

cor¥iftattd @héompatind @ CAIchIBRP madd 1B 1 30boUikd @iks WEB1.€vapor at ed
and ethyl acetate was added. The standard workup was 5
done: the organic solution was washed w th aqueous
NaHCCB3, brine, water, dried ovep—b@esoﬁl and
concentraied to cpmwpoyubrdmlce Calccul at ed mass 281. 2,
found ma 282. 1.DMBH pr opar gyl _Qr om deLiOHO DMF

60C _ | HF/ H2#%8oc HN BocHN HN oHTd %% d
Conpoun (1 63 g, 5.8 mol) 80 wei ght%propar I

brom de i @\uene (.93 mM, 14 .4 ), 10 OH

(2. 4BgHNT7Y4 nmol) were diBesoWvey in 30 nd Lﬁ\’/ﬂ*“hnd

heated at 90 degrees overni ght. ¥he solution was ©

evapor at ed, and the standard workup procedure wasedone

as descri bed above. The pure conpound d was purified
CoippourdPlc Cl1.6a] T8imatoddSthrasight3d@rodargyfl brmddnmasalu@R@1.23 ml, 17.4 mmol),

\%gg{,] g?g CT\(‘Qh \%\%Ie ?lﬁs@}le%*nn‘gﬁlg)} Iﬁ@l:s al%jll.‘?e%% ?% (Iieggregg overnight. The
solgttdnrwacbviymiratéd irdsthe ?ﬁaﬁda&b kVUtkiup) Ipr(wachlrcewasp ddir&tasdieajmﬂed above. The
A RN T AR CR ST —
(1.8vers. 8\@15@4 vapdiscodvrdento ail GREIIFYV@‘[@ (ye bvmd\/LmH (480fmg, 11.6 mmol) and
PR B g PP B RG34 otuin
waeMaBOg it EIGAN, Badbl Witk bMndNdri€d @eSMg@O§a'nd concentrated to a yellow oil
of compound e. Yield 770 mg. Calculated mass 305.3, found mass 305.8.

Cyanuric fluoride, Y
;; z Pyridine, DCM ;I z
7/ C/OH —— 4 C/F +H2N v N —» BocN N e N
N

Boc 6 Boc 6 54 T

To an ice-cooled solution of Boc-Proline (598 mg, 2.78 mmol) and pyridine (411 ul, 5.09 mmol) in
10 ml DCM, cyanuric fluoride (406 mg, 3.01 mmol) was added dropwise. The solution allowed to
warm to 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 MgSQO, and concentrated. 4-phenyl-
2,2"-Bithiazol-5-amine (600 mg, 2.31 mmol) with pyridine was added to the residue and stirred
overnight at room temp. The solution was evaporated, EtOAc added and the standard workup was
done. Compound f was purified by HPLC. Yield 270 mg. Calculated mass 456.6, found mass
457.3.
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N~Ns) f sJ To an ice-cooled solution of Boc-Proline
(598 ng, 2.78 mmol) and pyridine (411 ul, 5.09 mol)

WO p008284610 mi DCM cyanuric fluoride (406 ng, BCOWUS2008/061891
nol ) was added dropwi se. The solution allowed to warm
to roomtenperature and stirred for 90 m ny The
soI uti on was evaporated and Et OAc was added and the

nlc | ayer was vva with brine, dried\oyver MgSO4
d oncentrate yl - Zdﬁ_' Bi t hi azol - 3- am ne
2.3% h pyr il %’52@@ adde t he
eamd stlrre vrnlgﬁt mte Ds
soI ulio vvas evapor at d,—ﬁt OAc added and thd_ s

BowbiNG U s 25 done. Congggnd f was pur ifoPel b )
Yi el dO270 nmg. Cal cul ated mass 456.6, found ness ‘S_N
45%2.3. 107 WD 2008/ 134679 PCT/ US2008/ 061891 O © BocN S\/
N 1. HCl/dioxane + N 2. TEA/DCM BocHN OH S~-N BocHN N

Cotpddnd & (Z00fmg@ 03t4aniolNwaStteatddomio20Nahl AN (I-Rll@n g xan@.féd30 min and the

soly.ngr?l %W@V\eetsdh g@%&g@%ﬁ}&r&@%ﬁgfpr&ﬂm“ FHJ] Img, bgé( ammoi) bengotrlazol 1-

yloBﬁﬁs(Hi'ﬂ@(}ﬁ}aQnW)mmwuﬁl EaBudrdphéspiBte BOM (DTPDI)g, 0.48 mmol) and
benzotri azol -1 - yl oxytris(di netrﬁ%I am no) hOS?hOﬂI um

5 DIy G508 wbr bhiarhatee epeyded iv 28 DMy apg's nys gt room temp.
Sta@a?ﬂo&&@ &aé«'hone Qn@ﬁu lﬂmﬂl&n BYEHe CRIIOAEEh dbfaird Qorﬁﬂou% Calculated
and stirred f rs at roomtenp. Standard work
ma%é@@oﬁﬁ@“dﬁ%%é‘t‘:ﬁﬂ cation by HPLC was done to obt a| n
compound g. Cal cul ated mass 643.8, found nmass 644. 3.
OO 1. HC/dioxane | I H 2. TEA/DCM Boc 11 HBocHNN
N| 3. Boc-McAla, ANN NN N O O SN BOP, DI H
hr—HOOSA 9 SJ h SJ 10 Conpound g (28 ng 044

mol) was treated with 20 mM 4N HC1 in di oxame for 30
' d the vent renoved. Boc-MAl a (98 _nag, 0.48
my, 0.14BCKimxbde and DI PEA (1 |
2. TEAIDC . Boc©O H
BocHN ¢ N 3 BooMeAm NN TN N
BOP,DIPEA, DMF 3 hr EH 5 O s
g S\) h s/

10
Compound g (282 mg, 0.44 mmol) was treated with 20 ml 4N HCI in dioxane for 30 min and the
solvent removed. Boc-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 hrs at room temp. Standard workup
was done and purification by HPLC was done to obtain compound h. Yield 47 mg. Calculated
15  mass 728.9, found mass 729.3.
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0.66 nmmol) were conbined in 20 M DMF and stirred for

3 hrs at roomtenp. Standard workup was done and
wW@eosfiz4ad i on by HPLC was done to obtai n conpoReiUk2008/061891

Yield 47 ng. Calculated 15 mass 728.9, found nass
~(29.3. 108 WO 2008/ 134679 PCT/ US2008/ 063891 rS fO *-S
({g\N—/ SOOH7 SOOHNHNNDBoc NHNWN-N h O0111

NS\ 1.Pd(OAc)2, Cul + Acetonitrile, 24hN=§§T.
fiCl 4Di Bxane, 30 min N1 H H N N/B§c

N, S O
e

N ML N'"SOO" Conpound
c@pdithd i (84 ng, 0.128 ’
bl mol), Cul (0.98 ny, O
Y~ 0. 77 nmmol ) were conbi ned I'R
acetonitril @_and stirred overnight at roomtenp. Eth
acet atle was atlded and the organi c | ayer was washed
twice with agfieous NaHGEoAspshed twi ce with brine, ”
dried over MgSO4 and corfedrie 24t Bd. The resi due was
treated with 20 nl 4N HEHdioxame—for=30 ninltes and
,,N:~@ncentra®edH The crude MNgKi/Bigensd@smipuri fied by HPLC ||
Nt ai N(Irg/’\of/corrpound 7. Calculated nmass
1178. 4, Yognd 175c8. 109 WO 2008/ 134679 o
/ US200 1891 Exanple 38 diner compeund 8 1 O
TN H2 YNONHR2 OHO ON OH HN (N I
| o)

HATU, D DMF O 2. 4- Ami nonet hyl -

P
s .
i W %VSNW/_NW/\H

Compound g (94 mg, 0.128 mmol), compound i (84 mg, 0.128 mmol), Pd(OAc), (1.1 mg, 0.0051

mmol), Cul (0.98 mg, 0.0051 mmol) and DABCO (86 mg, 0.77 mmol) were combined in 20 ml

acctonitrile and stirred overnight at room temp. Ethyl acetate was added and the organic layer was

washed twice with aqueous NaHCO;, washed twice with brine, dried over MgSO, and

concentrated. The residue was treated with 20 ml 4N HCl/dioxane for 30 minutes and

concentrated. The crude residue was purified by HPLC to obtain 12 mg of compound 7. Calculated

mass 1173.4, found 1173.8.
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I i piperidine NH HOHNXOINHNO OONNHS8 5
Conmpound a (160 ng, 0.2 mmol) was dissolved in 1 nL
wOrmsaMd7HATU (91 ng, 0.24 mmol) foll owed by BOHUS10081061891
of 1, 6-di am nohexane (12 ng, 0.1 mol) and
di i soproplyethylamne (52 L, 0.3 nmmol). The reaction
was stirred at roomtenperature for 14 hours. The
reaction was diluted 10 with Et OAc, washed 2x with
ExSau tegimNaI—C(B a(rg washed with brine. Dried over
%%élg and™CoNEERYT At ed. The residue was di ssol ved in
2 mL DM followed by the addition of 4-
inonet hyl piperidine (120 L, 1.0 mmol) and stirred at

t enper e for 3 hours. Preparative HPLC gave
pound 89 205.2 (M+l). 15 Exanple 39 diner i
{ %NF‘HZO O)/LA'NZ'\N/G/\/OmzH O N 1. HATU,
| PEA, ODM-NH @ H < Am nonethyl - O HN pi peri di neiN™o

N | O mar@Qobe N H _ 9 1
WD 2008/ 134679 P B/ 06183 mrooefdund a ( ng,N
0.17 nmol ) was dis fin 1 nPPBIERS HATU (91 ¥ OYQ

0.24 mmol )2 was added fol | oned-by 1, 6-di am n na
(8 L, 0.09 nmmol) and diisoprofpl yet hyl ani ne (44 ,EQH
0.26 mml). The reaction wasPs¥i ryey at room N

t

tenperature for 14 hours./Nﬂgh% M+ on mas difu

© NN

8

Compound a (160 mg, 0.2 mmol) was dissolved in 1 mL DMF and HATU (91 mg, 0.24 mmol)

N
H

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 temperature for 14 hours. The reaction was diluted
with EtOAc, washed 2x with saturated NaHCO; and washed with brine. Dried over MgSO, and
concentrated. The residue was dissolved in 2 mL DMF followed by the addition of 4-
aminomethylpiperidine (120 pL, 1.0 mmol) and stirred at room temperature for 3 hours.

Preparative HPLC gave compound 8. MS = 1205.2 (M+1).

Example 39  dimer compound 9

9 | O HoN_~_NH;
O O\n,N\_:)LN Q ° - <
o = H O 1. HATU, DIPEA, DMF
HN

N
O H OH 2. 4-Aminomethyl- o

Oo H\:)LN

J
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with Et OAc, washed 2x with saturated NaHCO3 and washed
with brine. Dried over MgSO4 and 5 concentrated. The

W0 e®sdss7vas di ssolved in 2 nL DVF fol | onwed byP€HES2008/061891
addi ti on of 4- am' nomat hyl pi peridine (104 L, 0.85

o 05, 5 S0y O ASTRE AL YGRe 9047 Bt v v

addt® fedioswrep Ibe H@dﬂmnﬁpropmﬁ‘ﬂ@uﬂd 099-~Mikb1) bIZINTGsoPpidRyEiBylamine (44 pL,

0.2 LOYOQ_'L[% Ireglgtfo%wag sﬁ*red%{l?_?og tgc)la{;%\ré' egé%q’éo%_s‘? gﬁaeac 10n|>|7vas diluted
withl-E-t()Ad\l' Wasidd 2x -wifRkatdratt d1X0a HCorgn0 thasheg \Mﬂiﬁbriﬂé epaedj Over MgSO, and

oL LRI, S L0 SO on o1

amiBethé b3 P ORIME mﬁluL E@t@mnﬁom bndistieéd aomum@&t& 6NN hours.
N H71) NH2 0 0 NH 'NBocNONNHZ DWVF O NH

Pregpptivg H@-&WPOE‘JFWS EDES4.5 (MHD).

Example 40  dimer compound 9

Q | O HZN\/\/O\/\O/\/O\/\/NHZ HN10
Fep bR o T 0
o = H o N o 1. HATU, DIPEA, DMF N
o N H 2. 4-Aminomethyl- O
piperidine o
a O O O 1, ,NH

'

Compound 9 was prepared according ot the procedures described for compound 8. MS = 1310.7

(M+1).
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OH N2) TFA22 NHOO OHN S aOnoNH H HN N

NN~ O O To conpound a (665.0 ng, 1.036 mmol) in
wWOoRMNsds4s2e hyl f or mami de (10.0 nmL, 129 mmol) wasPCBUSIHdeH1891

1- hydr oxybenzotri azole (0.154 g, 1.14 mmol),

am,no I (0.0467 g, 0.518 mmol ), and

Ex?ﬁﬁf%%lsoprgpy]x?ﬁg amne (0.451 nL, 2.59 mmol ). After

the solids went into solution,

N- ( 3-di et hyl am nopropyl ) - N -ethylcarbodi

hydrochl oride (0.218 g, 1.14 mol) mmigﬁg he

solution was stirred at RT overni ght HN on

was heated to 50 C and continued stirrinhig gverini ght
The sol ution was dil ut edl)ﬁ‘{'{h Et CAc (150nl) &hdg w

h IN HC12x (150 The conbi ned acidic
were extr cteH with EtOAc |x (100n

aque
and i ded organics repygshed with I'N NaCH

B“@i_ eYconbi ned basic 1ayers were extracted §J1
Et @Ac 100 ) T on@@neqmpggggncc phases wer
washed with%ripe 50aml) dried Na2SO4), filte
and concentr at 15 a Genevac evaporator and hen

flashed (ISCO soI i d RpadA(0-80% 10% MeOH DCM NH
DCM to givg=Roc-protected dimer. The Boc- pr ot eetgd
dimer was treated with 1:1 solution of DCM and TFA
m) for 10 minutes and concentrated. The crude S
material was purified by HPLC to give 77.3 ng of, final
di mer 20 conpound 22. 112 WD 2008/ 134679 0 \/NH
PCT/ US2008/ 061891 Exanpl e 42 di ner cqah%y d 3

HN-L N N H O NH

To compound a (665.0 mg, 1.036 mmol) in N,N-dimethylformamide (10.0 mL, 129 mmol) was
added 1-hydroxybenzotriazole (0.154 g, 1.14 mmol), 1,3-diaminopropan-2-ol (0.0467 g, 0.518
mmol), and N,N-diisopropylethylamine (0.451 mL, 2.59 mmol). After the solids went into
solution, N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.218 g, 1.14 mmol)

was added and the solution was stirred at RT overnight.

The solution was heated to 50 °C and continued stirring overnight. The solution was diluted with
EtOAc (150ml) and washed with 1N HCI 2x (150ml). The combined acidic aqueous phases were
extracted with EtOAc 1x (100ml) and the combined organics were washed with 1IN NaOH 2x
(150ml). The combined basic layers were extracted with EtOAc 1x (100ml). The combined
organic phases were washed with brine 1x (150ml), dried (Na,SQOy), filtered and concentrated with
a Genevac evaporator and then flashed (ISCO 80G solid load (0-80%) 10% MeOH/DCM, DCM)

to give Boc-protected dimer.
The Boc-protected dimer was treated with 1:1 solution of DCM and TFA (5 ml) for 10 minutes

and concentrated. The crude material was purified by HPLC to give 77.3 mg of final dimer

compound 22.
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) NH2 O BocN~NN NHDW O _Z N N2 NH H 0 O NH HOBT,
DIPEA, EDC 23 NH N2) TFAO,N OOH S/ | O®BH\
WO ROISHB4ETH NYNV i O 5 In vi al of conpound a R@DOSD08/061891
ng, 1.091 mmol) was added 1-hydroxybenzotriazol e
(0.162 g, 1.20 mmol), N, N-dinethylformam de (3.500
m., 45.20 mmol ), 2, 2-di et hyl propane-1, 3-di am ne
ExdnthlO655 dimer Gonipdbnd @0l ), N, N-di i sopropyl et hyl am ne
(0.475 m, 2.73 mmol ), N (3-
di met hyl am nopropyl ) - N - et hyl carbodi i m de
hydrochl oride (0.230 g, 1.20 nmol) in ord
stirred at 50 C overnight. The sol ution sYdi |'\}Jt
with Et OAc (150nl) and washed with HN
(150ml). The conbi ned aci di ¢ aqueous phasés re
extracted with EtOAc Ix (100 % and the conbi né&d w
i carbonate 2x (150

or gani cs_were washed withl)s
The co ed basi c phases e extracted with Et
I X (10 and the conmbi ned¢oirgani ¢ phases mashe
brlni , dried (NaadSOAPMKf i | tered,

Bo nd then flashed (1SCO 80G solid | oad

NH
coI:unnHO % OH DO~ 45 oc-Jjur ot ect €
di nmer. h&Hr e @- mlg?ﬁidléﬁ)g‘%r@(g@/lz% }<
sol uti on of tr| of acet 1 ¢ acl d: net hyTene chl ori deNH

(5.00 nL) whic_\as St'rﬁf ¢ghor 10 mn at RT a hen

rot ovaped foll oped by addition of DCM and then

r ot ovaped agd&? .O%hl S was concentrated by Genevac S%@
give 163.7 ng of crude diner which was purifie

HPLC to give 86.3 ng of purified diner corrpoudgd NH

113 WD 2008£134679 PCT/ US2008/ 061891 an’ﬂa ||43 H’AP

i nhibition assays 5 In the foll ow ngneX

used a chineric BIR domain referred tlo Gln

whi ch 11 of 110 residues correspond to thoound in

XI AP-BI R3, while the renainder correspond

M.- 1 AP-BI R The chineric protein MXBI R3SG was shown

to bind and inhibit )
In vial of compound a (700.0 mg, 1.091 mmol) was added 1-hydroxybenzotriazole (0.162 g, 1.20

mmol), N,N-dimethylformamide (3.500 mL, 45.20 mmol), 2,2-dimethylpropane-1,3-diamine
(0.0655 mL, 0.545 mmol), N,N-diisopropylethylamine (0.475 mL, 2.73 mmol), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.230 g, 1.20 mmol) in order and
stirred at 50 °C overnight. The solution was diluted with EtOAc (150ml) and washed with 1N
HCI 2x (150ml). The combined acidic aqueous phases were extracted with EtOAc 1x (100ml) and
the combined organics were washed with sat bicarbonate 2x (150ml). The combined basic phases
were extracted with EtOAc 1x (100ml) and the combined organic phases washed with brine 1x
(150ml), dried (Na,SQ,), filtered, concentrated and then flashed (ISCO 80G solid load column 0-
5% MeOH/DCM, 45 min) to give Boc-protected dimer.

To the residue was added TFA/DCM 1:1 solution of trifluoroacetic acid:methylene chloride (5.00
mL) which was stirred for 10 min at RT and then rotovaped followed by addition of DCM and
then rotovaped again. 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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caspase-9 significantly better than either of the

native Bl R domai ns, but bound Smac-based peptides and
woradoanaednac with affinities simlar to those PET/HS1008/¢51891

M.-1 AP-BI R The inproved 10 caspase-9 inhibition of

the chinmeric BIR domain MLXBI R3SG has been correl ated

with increased inhibition of doxorubicin-induced

apoptosis when transfected into MCF7 cells. MXBI R3SG
ExSIHENCEiA M, SRS

SGLVPRGSHM_ETEEEEEEGAGATL SRGPAFPGMGSEELRLASFYD WP 15

L TAEVPPEL L AAAGFFHT GHQDKVRCFFCY GG QSWKRGDDPWI EHAKWFPGCQ
in G o S LML ! et R R s R Ry B s i
whiéheklgyf Ti'(amsﬁdeuss comgpéndt foothosx fremnd menXIAPYRIRE, while the remainder

cor% e%loalg t(')-rg/ge rbl ]%] | ch'n%‘e:rfly ]!c)r% ]ﬁ%&é}filﬂ%é Calk%%ls %lgowcrjlotg) g)'ined and inhibit

caspase-9) m@ﬁﬁ)@mﬂy bgtdr ahanhéithpr of &ﬂu{aﬁ% (BﬁR Kiolnbingt bualbound Smac-based

perRIR g PR SERT A LB R MG CIB DS AS ML JQERE THe improved
casMsXBl RB®Gon 2600t Mlﬁl’ﬁeﬂiﬁ BIR rdbhﬂtne ISVMAR3 PE pitals A AVRERted with

anti-his cocyani n (XL665 Cl.SBi o
mqeﬁ%ee %ﬁlmﬂ dgxor %}n C%@P?RO%%‘?(' ttravgf%ﬁg%i g %%ﬂﬁﬂls
(Perkin Elnmer) was prepared in reagent buffer (50 nM
Tris H7.2], 120 mM NaCl, 0.1% bovi ne gl obulins, 5mM
MIGPIREMESWUOB% octyl gl ucoside). (Alternatively, this
MGSS@ﬁi}ﬁJHIIH@%LM@WLWEM@GMAMQ@@M@SEELM@FYDWP
é\Per kin El mer]){ and streptavidin-all 08 \I/)coc an
LTAPYPREF-EAYEF T H B H BRI &Y 60T KBUBDR %@@WHWCQFLLR
SK@,%@EWﬁlﬁﬁﬁh‘H’s@(}é)z B.r pagent cocktail was incubated
roomtenperature for '30 minutes. After incubation,
the cocktail was added to 1:3 serial dilutions of an
ant agoni st compound (starting concentration of 50 M
in 384-well black FIA plates (G einer Bio-One, Inc.).
TRARFEPeptid@Bindingif\esay i ncubat i on at room tenperature, the
fluorescence was read with filters for the excitation

of europium (340 nm and for the em ssion wavel engt hs
Tingf-R@uivepi EinvreGdicenMescamttea E3&rgal Toypbfyic aoyattition( 66&riments  were

it PRSPV OR PG Ao sP R Pl Dbt g nayica

Sciedced, Nac. padcsslimgntoahe ptocaivkdd mfalold b ain@urhdlageBic@ble@tar Screening,

o b s A ST SRR ek THO B

bloiﬂﬂﬁatécemm NEepvidd UBSPYRrE ighhlt tamd- hlsasuq)hfymgiﬂuo NXok65) (CISBio
ant agonl st. concentration and fit to a par anet er
Integpiiatd b ring i ekt efasgHdpruroByr (Reren Pé?‘ﬁéﬁ‘@f/ prepared in reagent

bufRRfEyang, TriRe@ei NY, 1PN mM Nl Cat 4.0Rvikf gAY FMMNIDTT and 0.05%
pot en%}jv\ere determined fromthe | C50 val ues

OC@GW s(Adernatiely, thisenckiaih canrhsrmagie paing euspripmilahelep pati-His (Perkin
Eln"i’é)sﬁ%d S%%ﬁh\qHIBQQOﬂ Cﬁ;é&yémy ﬁ*eﬂgﬁ' E‘l:}flerj £SntABRiA98Ms.5 nM and 25nM,

indicating AP inhibitory activity. Fluorescence
resrsiigaly)z affheorﬁagagtpqqclgtgll Byan djqulgatyzqs giggpom temperature for 30 minutes. After

incubation, the cocktail was added to 1:3 serial dilutions of an antagonist compound (starting

I

concentration of 50 uM) in 384-well black FIA plates (Greiner Bio-One, Inc.). After a 90 minute
incubation at room temperature, the fluorescence was read with filters for the excitation of
europium (340 nm) and for the emission wavelengths of europium (615 nm) and a
allophycocyanin (665 nm). Antagonist data were calculated as a ratio of the emission signal of

allophycocyanin at 665 nm to that of the emission of europium at 615 nm (these ratios were
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10 Pol ari zation experinments were perfornmed on an
Anal yst HT 96-384 (Mol ecul ar Devices Corp.) according
WO 00Bh&t6py ocedure of Keating, S.M, Marsters, BCT/US2008/061891

Ber esi ni , , Ladner, C., Zioncheck, K, dark, K.,
l]ano odar , 200 roce d|n s of
mu@%ﬁg] by R fac f 16(‘)'])%‘0 Eor negssezlolf éiata rn(a Py lgﬁ%n ta he resu‘? ues were plotted
as &fimctiorEdf )ntap’gonﬂﬁ&n&&?r,atl(ﬁehﬂdl ﬁtgtham pM&netSadfquhmm lﬁsﬁfg Kaleidograph

scen ol ari.zatl on neasur enent s
softyatt S RGED So iy RihEy PAT Rt 05 FREG ST BoBteg Y i getemmined
froﬁitthcaIdSE vhiuaal C@ﬂ[ﬂmﬁcﬂst dfahd @Rcndibn Hyt Gtre MsKBIIRB D Gadssiy exhibited IC50

riz ffer dris [pH 7.2], 120 nM
val Jesy afsg@wﬁ@ F&‘b‘tﬂ gt lbﬁe&‘e%d 0. 05%
octyl gl ucosi de) to 5- car boxyf | our escei n- conj ugat ed

AVPdi - Phe- NH2 ( AVP-di Phe-FAM) at 5 nM fi nal
concentration. OH Ol HNO ~ OOH H2ZNv NOHONH

Flub¥dsd¥iice I 1NzMdn PeRid@Bihding RsaNH2 20 AVP- di Phe- FAM pr obe
The reactions were read after an incubation tine of 10
mnutes at roomtenperature with standard cut-off

Polaﬁéah@ﬁ éxpfeﬁfneﬁtb Sehd y&foﬁﬁ&ﬁw aﬁ L\mwr}hpb@ 3é42(1\qz§lecula4‘a§ewces Corp.)
nm em = nm - wel 'ack HE96 | at es

accemgé@ Lh\eaafoqgélw eége@@g,pg M., Mar@}em s Bemgial, Yol I@é@ew@r éioncheck, K.,
1R, Q1R % I B 3036 B £k FENy i
cubl o AR MIELSR, 406, B PLELILES P IPAEDL 0 o
Insﬂcurpmtcawet (éllohle qué&t.ilbh) osild§ 13Ka113@h@bgmab\h4 s oFamydas efor fluorescence
i eleit e .
polér%{e}(r?ll{ Hfin )g R&%g;ﬁlée%ems sx%ge rgd;gya%ﬁgﬁ{gg é):‘;t]‘ lojf s%{’]ﬁledllutlons starting at a
ﬁnzl\l/lcb@bﬂ%@l at 51890 oﬁMLtXtBIMG‘r | rmd}milzaiomibnﬁelf(SWm‘ﬂ\/bTrist ﬂpﬁ 7.2], 120 mM
VP di Phe- FA .
N bl B VBT SO 2 e R b Rk Rlearly GRS agurescein-
corijiig@teﬂ/lAlVrPdt Pie:-p6) (aWPzdaPhdmAMmﬁtfserrM fibairpheestradene read
after a 10-m nute incubation. Fluorescence 115 WO
2008/ 134679 PCT/ US2008/ 061891 pol ari zati on val ues
were plotted as a function of the antagoni®

PA) . Inhibition cons

determ ned fromyh G50 »al ues.) Co ~¢.he
i nvent i onHahak e %t [ SHESan exhi bited an
| C50 of |ess thanls P~HadHan | C50 of

0.2787 M conpound 10 had’ an I'tSOJ of-1. 324 M conpound
1 had an 1C50 of 0.2309 M conpound 4thad an | C50 of
2.4054 M conpound 11 had an I C50 of NH,

AVP-diPhe-FAM probe

The reactions were read after an incubation time of 10 minutes at room temperature with standard
cut-off filters for the fluorescein fluorophore (A =485 nm; A., = 530 nm) in 96-well black HE96
plates (Molecular Devices Corp.). Fluorescence values were plotted as a function of the protein
concentration, and the IC50s were obtained by fitting the data to a 4-parameter equation using
Kaleidograph software (Synergy software, Reading, PA). Competition 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 compounds starting at a concentration of

300 uM in the polarization buffer. Samples were read after a 10-minute incubation. Fluorescence
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1.0261 M conpound 12 had an 1 C50 of 1.0965 M

conpound 13 had an I C50 of 3.8188 M conpound 14 had
W@eooBLH@70f 2. 3450 M conpound 15 had an | C50 PET/BSBBBd61891

M conpound 16 had an |1 C50 of 0.2341 M conpound 24

polgr"f‘dgé}gva:w%go 1(])11@ 802 f{}l]ﬁc dg %a%ofllsgg(gly%gra{wn aréd){he 50 values
wecabpdd dy ﬁﬁnigabb m ﬂo@BQpa‘D:fme(ﬁerEﬁﬂﬁlMl usilSKAIRBodMEPh software (Synergy

o0t AR P TGSy 0 TUEP ALl "B TREY Hom e Ca

valﬁdae gengtualls sfahdrmudntioh thaR¥el@Gesied in Rﬁs*hﬂ?ayf\b\f(hﬁlte&dn X1, (BZess than

s, [T 20 20, 02 5 Sk, LIERSISHLLY, 0. 0 Somponn

1 hR@LETQEYA. B09 M) eblﬁpmyalhwi aﬂl kysl) ofEBL(%4 u@/ptcbﬂﬁ(ﬂinh)ll had an ICs; of
substituted with halgf r oxyl 0X0 th|
ko ! 0

1. O%@r Mpf:%npog%q. %;&ﬂ, an aql%,ach{Imounda B@glyan szo of 3.8188 uM,

corﬁﬂolﬁﬂ(i 1Dhad an30L, o@D ¥L50 AWM NOmABEhdNIstHa@an &R, 1338353 h@rcompound 16
alkéscﬁatlonall y substituted with hal ogen or hydroxy

hadegn I 33H4 Wbgempamd 2¢ gl C3 h%&oérlé\éy@n@omﬁsw hia@, an ICso of
0.16%7 dm Bhp&R 2BRad £@1@:§Jd¥%f67§9m1aﬁd §or§po€l§d{ @Pl@a)d%@c 8140 3780UM.
R4 are i ndependently H, hydroxyl, amno, al
carbocycle car bocycl oal kyl , carbocycloalkyloxy,
car bocycl oal kyl oxycarbonyl, heterocycl e,
het er ocycl oal kyl, 20 heterocycl oal kyl oxy or
het er ocycl oal kyl oxycar bonyl ; wherein each al kyl,
car bocycl oal kyl , carbocycl oal kyl oxy,
car bocycl oal kyl oxycarbonyl, heterocycl e,
het er ocycl oal kyl, heterocycl oal kyl oxy and
het er ocycl oal kyl oxycarbonyl is optionally substituted
wi t h hal ogen, hydroxyl, nercapto, carboxyl, alkyl,
al koxy, amno, imno and nitro; or R4 and R4’
together forma heterocycle; 25 R5 is Hor alkyl; Gis
selected fromthe group consisting of IVa to W R6
Ri~-Y RR~Y Rs Rs

116



R6 Rl NRS5N-L--R9 NR5 X3 A2 IValVblVec
117 WD 2008/ 134679 PCT/ US2008/061891 R R, ry ~ Y Rs'
WO ROS/INN NRS - Z X3 @ (RO, Z2 Z3 zZ4 \ | (R7CT/UNIH08/061891
IVe wherein R is H OHor alkyl; or R and R2
together forma 5-8 nenber heterocycle; 5 R5' is Hor
al kyl; R6, and R6' are each independently H, alkyl,
WHEREWAINir aral kyl; R7 is in each occurrence is
i ndependently H, cyano, hydroxyl, nercapto, hal ogen,
nitro, carboxyl, am dino, guanidino, alkyl, a
1. car haoywpbed havihethefeayrl e or -U-V; wherein Uis -0-,
'S'! 'S(C))'! S(C))Z! 'N(Rg)'! '?&OQ'! 'C(O)'NRQ',
“NRg-C(O) -, -S02-NRg-, 10 - NR§-‘60%2, - NRg- C(O) - NRg-,
-NRg- C(NH)-NRg-, -NRg-C(NH)-, -C(O-O or -0- C(O-
and V is alkyl, a carbocycle or _a heterocycle; and
Vmeyvgq:rﬁm&ﬁ@n%}bmyf:@he@p}zeralg?m@q @roups of an alkyl is
optionally replaced with -0-p, -S, -§(0-, S(O2, -
N(Rg)" 'C(O)" -C(O)-NFEQ&, NR'EC( T 'SOZ-NRS-,
- NRs- S02-, - NRg- ¢(O) - NRg- ;N7 > -0 CO-; and
an al kyl, carbocycle anqqzﬁeﬁer cygie is optionally 15
substituted with hydroxyl’, alkoxy, “acyl, hal ogen,
mer capt o, oxo, carboxyl, acyll, halo-substituted
al k}% am no, cyano nitro, am di no, guanidino an
opt "W&"ly substituted carbocycle or an optionally
subsi bitdut ede Heh aldesyiedndly ORs Sts H, al kyl, a carbocycl e
or a heterocycle wherein one or nore CH2 or CH groups
of Redi d‘ﬁé(i’ k=§/|ca1i%§cya]& icaﬁl?awcvlﬂ?law adBtFraRyelh o ghetetocgelylalkyl each
- S(O) -optisHal) Zubstithddgith RllogeHlirokyl, &, BicheSAbdad, eMilboxyl, alkyl,
carbocycl e and heterocycle is optionally substituted
with H%Dﬁléﬁ(ly pl’koxy, alkylthio, sulfonyl, amino and nitro;

R; is H or alkyl optionally substituted with halogen or hydroxyl; or R; and R4 together
form a 3-6 heterocycle;

Rs’ is H, or R; and R3’ together form a 3-6 carbocycle;

R4 and Ry are independently H, hydroxyl, amino, alkyl, carbocycle, carbocycloalkyl,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl, heterocycle, heterocycloalkyl,
heterocycloalkyloxy or  heterocycloalkyloxycarbonyl;,  wherein  each  alkyl,
carbocycloalkyl, carbocycloalkyloxy, carbocycloalkyloxycarbonyl, heterocycle,
heterocycloalkyl, heterocycloalkyloxy and heterocycloalkyloxycarbonyl is optionally
substituted with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino, imino
and nitro; or R, and R’ together form a heterocycle;

Rsis H or alkyl;

G is selected from the group consisting of IVa to [Ve

R . Y . Y
N7/ Rs 7/ R

Ryg' A Rg'

RsN— —R ' all G .
0 |

IVa Vb Ve
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al koxy, aryl, hal ogen, nercapto, oxo (=0, carboxyl,
aryl, hal o-substituted al kyl, amno, cyano nitro,

W@riodi1sus79 guani di no an optional ly substituted PCT/US2008/061891

carbocycle or an optionally substituted heterocycle;
RO' ks Q or @ Zﬁg is a 5-nenber heterocycle
conprksivg 1 to 4 V,ﬁpatons optional ly substituted
wi th /am\por, hydr oxyl, rgapt o, hal ogen, carboxyl,

ami di-N guwni di no,- Rgal koxy, aryl, aryl oxy,
aryl, aqyl oxy, acylam §o, alkoxycarbonylanino,

cycloa% N al kylthi i nyl, al kyl sul fonyl,
am nos L/ yl, al kyl , al kyl sul fonyl am no
or a het/ero be; kyl, al koxy, aryl,
aryl oxysz, 148 WO 2008/ I846Y9 P jUS2008/061891 aryl,
acyl oxy, Zacyl ani no, cyX odl kyl and het erocycl e
substitution is optionall substituted with hydroxyl,
hal ogeh’d ner capt o, carbo%&? al kyl, al koxy, hal oal kyl,
amno, nitro, cyano, cycloal kyl, aryl or a
heterocycle; A2 is a 5-nmenber aromatic heterocycle

i ncohgomating 1 to 4 heteroartons N, 0 or S and is

optkpg@ikxiégﬁgﬁ($gt59%¥&§¥ﬂ89%8§&§$%B%§B?m9§%?§%)O_

wheRgiinHXBalkgl; 0 or S and R12 is H or and

are |nd endentl car,boc I‘ a
het R‘Focyﬁ‘f S h%gepﬁn%ﬁ@’ﬁ al??% e Oba—%ﬁ(?ﬁr CH groups of
an Bl kyin daﬂl oetiraralid yhwdepepdeate @, wydnb, hy@lroxyt DaercapS( hdlegen, nitro,

-S(SOO)ZZNR;} car| OX&E&W gl)lanmé)cégg R&Bocyeli,oaghec(rogycle or -U-V; wherein
- Ngeg Wﬁ( NH)is MRg=S-, fsN?% ﬂ)yHN(Rg) . 4©)-, @(OONR&I@@@(O)- -SONRy-,
an ereln any o e ore 0|n carpocyc

and hete@gﬁf%he NREE TRt 1 %@SP@%?eER%F% )ongﬁ%}o or -O-
nore hyd C(U)y had REKOKN, a @%&: cleh@&l a(l&%ocyﬂs r&a%@nem@ﬁ@ or more CH,
car boxyl, l, hal o- substltuted al kyl, am no,

nitro, aff 9 n&ouny A ALY 1Saﬁptl96't‘~liyo’f?alai3%¢ ¥iithsP+ r%t eSdO) S(0)s, -
car bocycher Qs 0 Rall W i 1 @ﬂ{hﬂﬁ@ YCNR .
15 X3 | SNgW A9 m(op E) @&%& S@Z o ReCO)-NR
\maanﬂ@@P%p%%WWW@W“%M@WﬂWWWmBWWMW
aryl, aglﬁgtlftﬁ'!ed Vﬁﬁﬁ" lﬂ)grox?lr mk@fg} ngl ﬁ‘il&%h %r@&fﬁo oxo carboxyl acyl,
aralkylanlno al koxy, aryl oxy or” aralkyl oxy; I's

NRg, 0, Blo-gdsututedCitkylZaming3 cpamg mrro,aﬂ@ldm@d@p@n@i@mtamyomlonally

I i ni ng
an d U%ubgtgutgh céfb if!:l% g#&ﬂ%tl%aglyg%b%%‘égﬁegglgtte#oxyc%leg im1 G
| s Bs gridugkydfa tdnlg)cﬁqut nud detiddycleRyvherein one or more CH, or CH groups of

said alkyl is optionally replaced with -O-, -S-, -S(O)-, S(O),, -N(Rg), or -C(O)-;

and said alkyl, carbocycle and heterocycle is optionally substituted with hydroxyl,
alkoxy, acyl, halogen, mercapto, oxo (=0), carboxyl, acyl, halo-substituted alkyl,
amino, cyano nitro, amidino, guanidino an optionally substituted carbocycle or an
optionally substituted heterocycle;

Ry’ is Q; or Qx;

A' is a 5-member heterocycle comprising 1 to 4 heteroatoms optionally substituted with
amino, hydroxyl, mercapto, halogen, carboxyl, amidino, guanidino, alkyl, alkoxy,
aryl, aryloxy, acyl, acyloxy, acylamino, alkoxycarbonylamino, cycloalkyl,
alkylthio, alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl,

alkylsulfonylamino or a heterocycle; wherein each alkyl, alkoxy, aryl, aryloxy,
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NR6 R N Z11/ Q@ Z2. Z3 Z4 1Vvd 25 wherein Q is

a carbocycle or heterocycle selected fromthe group
w@oemsitsterng of Illa - 1lls: 119 WO 2008/ 1346 7BCT/US2008/061891

PCT/ US2008/ 061891 R7 7 (R (R?”), 7), 7)nl -( R7)n/

\-NNO? ~TR7 Iy:l I Cgfo%ql( F'?c%/]:a 12110, cyc 0a l&ﬁ@l{' mgm&?c(l)e sqbs‘uti:%) ps ?Sptionally
j ~R7)n stbst{tRed w1t]1]h'|§lbrobdﬁ halbgenj méiedyto, | cafbiedyl, {IRA, alkd‘xl,y[\lhaloalkyl,
N RS

=

amino, nitro, cyano, cycloalkyl, aryl or a heterocycle;
A? is a 5-member aromatic heterocycle incorporating 1 to 4 heteroartoms N, O or S and is
5 optionally substituted with one or more R; and Rg groups;
L is a bond, -C(X5)-, -C(X3)NR; or -C(X3)O- wherein X5 is O or S and Ry is H or R;;
Q, Q; and Q, are independently H, alkyl, a carbocycle, a heterocycle; wherein one or more
CH, or CH groups of an alkyl is optionally replaced with -O-, -S-, -S(O)-, S(O), -
N(Rs)-, -C(O)-, -C(O)-NRg-, -NRg-C(0)-, -SO-NRg-, -NRg-SO,-, -NRs-C(0)-NRg-,
10 -NRg-C(NH)-NRg-, -NRg-C(NH)-, -C(0)-O- or -O-C(O)-; and wherein any of the
foregoing alkyl, carbocycle and heterocycle is optionally substituted with one or
more hydroxyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl, acyl, halo-
substituted alkyl, amino, cyano nitro, amidino, guanidino an optionally substituted
carbocycle or an optionally substituted heterocycle.
15 X3is O or S;
Y is a bond, (CR7R7),,, O or S; wherein n” is 1 or 2 and R; is H, halogen, alkyl, aryl,
aralkyl, amino, arylamino, alkylamino, aralkylamino, alkoxy, aryloxy or aralkyloxy;
Z1is NRg, O, S, SO or SO»;
75, Z5 and Z, are independently CQ; or N;

20 M is a linking group covalently joining U; and U,; and
nis 1 to 4.
2. The compound of claim 1, G is a group of the formula IVd
R4
7’Y
Re
.-N Rg'
=N
Z4
>4S/Q2
Z;. /
z5 %4
Ivd
25 wherein

Q, is a carbocycle or heterocycle selected from the group consisting of 1l1a - IIs:
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100 11tk 11/ 1tim I (R7)nj (R7), NO7NNO NN
(R)n R IlInlllolllg 15 120 WO 2008/ 134679
wWeENBWsE08/ 061891 11 (R7)n Yx N Q, N (R7)n ¥EIYUS2008/061891
I[1Ig Illr Ills wherein nis 1-4;, Tis 0, S, NRg or
CR7R7; and Wis 0, NRg or CR7/R7; and 5 R7 is H,
hal ogen, al kyl, aryl, arkd kyl, am no, arylanlno
al kylanmigg, aralkylan1n al koxy . y or -
ar al ky ox Qf The co d of claifim. mhereln
group é Jor mul a 10 R6 O \L~,R 9
mhereln is al carbocycl e,
car bocycl e- substltuted al kyl, a heterocycle or
het er ocJlél e- substituiled al kyl, whéFein each is Ild
optionally substituted with halogen, hydr oxyl, 15
nmer capt o, carboxyl, al kyl, hal oal kyl, al koxy,
al kyl sul fonylZaqgi no, nitro, 2 and heterodfyh: L

10

15

is a bond, -{C(X3p=rRuherein X (RN, S; and S
H 20 4 \Ih ound of ¢l 9N wherei n-G i g/oup
of the forfula/we R1 N

s W )\T

IlTe

ITh 1
A A
(R7)n . (R7)n
| AN “~~| AN
N
P N
Ik 111/
7
Y N (Ry)n
N\if N
(Rr)n Ry

Iln

1o
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~~ YR6 -NR6" (r)-QL IVC wherein A2 is an aromatic
heterocyl e selected fromthe group consisting of Ila -

WO b@8/1346121 WO 2008/ 134679 PCT/ US2008/ 061891 IR7T/BI20R¥061891
11% 1% S

e % R7

i

OSRS-N ,0,Q RZR7T R Ila, Ilb, Ilc, %
N~R8 OR7 R7 RT OR7 R7 5 R7 Ilcl.1 Iidl |
Np.QS ,0QNONO R7 RZ_AF,
N-Rs R7 ORPS Wi . NJ,, Q7Q
R7 N-R7 R7 NIRe-M R7h

TIIq r s
wherein nis 1-4; T is O, S, NRg or CR7R7; and W is O, NRg or CR;R7; and
R;is H, halogen, alkyl, aryl, aralkyl, amino, arylamino, alkylamino, aralkylamino, alkoxy,
aryloxy or aralkyloxy.

The compound of claim 1, wherein G is a group of the formula [Va:

Rg

~=

Rs'N ~| Ry

IVa

wherein:

Ry’ is alkyl, a carbocycle, carbocycle-substituted alkyl, a heterocycle or heterocycle-
substituted alkyl, wherein each is optionally substituted with halogen, hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, alkoxy, alkylsulfonyl, amino, nitro, aryl and
heteroaryl;

L is abond, -C(X3)- wherein X3 is O or S; and

Rs’ is H.

The compound of claim 3, wherein G is a group of the formula [V¢

R4
7/Y
R
_-N °
- RG
(¥}
Ve

wherein A? is an aromatic heterocyle selected from the group consisting of Ta - Tlcc:
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NONN. N NN Q 'Q/ RO 'QR7 'QR7 15 IIm 11nl 1101
llp, NNRZ N N\l R-1 NM~N.QNON.QNN, |,
WORNSAR6)Q R7 122 WO 2008/ 134679 PCT/ US2008/ OBBOS2008/061891
I1gl Ilri Ilseliti It It 1 1t NONR7-j Rt-j 1Q
'Q0 ,Q0S.SQ R7 R7 Ilyl Ilvl 11x1 Ilyly, 5 Rj NRR?

Rj R/ R7 'R7 N7.QO, RN,Q R8 I LR, Il aai

[l bbi Il¢céi10'5. Th ound ochI_'m\, wherein G
is agro the formylall Vb: R ° ' NR5 X3

| Vb whergin Ay has thg forgula Ila or lTbTgAl ' 4 ~

' 5

QR AL T Q AR)N \ Q3 \\ /QRs 15 Qz Q-7
Ila! Ib Ilc!

\\“ \ R8
S 7
R 7" Ry 4 R7 /N
7 N —
o Ay
Q Q
Q R
5 R7 ! Ry
Tic!! 11d" Ile!
\“ \\\ \‘ R7 \‘ R7
S S NS
o N ¢ N of g
—— >¢l\ N/ N/
Q Q Q Q
R7 R7
If! IIg' ITh' ik
10
‘\“ \I \\ R8
S N~
=, .
Nél\\ N \Q Q
Q
15" 1k’ 1/
“\ “‘\ \‘ “\
N7 7 SN Re—N N
\ N R7 \ | >%l
N—N \ N N, Q
Q Q Q R,
Rg R7
15 IIm' IIn' Ilo' Ip'
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Ila Ilb wherein RL, R5, R6 and R6, are each H X3 is
0; 20 Yis CH2; and Qi is NRg, Oor S; Q2, Q3, Qa,

w@r®gs/183689 V7, and Q s, are independently CRO PCT/NS2008/061891

wherein RO is H am no, hydroxyl, mercapto, hal ogen,
car boxyl ?n1d|no guanrglno 123 \WO 2008/ 134679
PCT/USZOOdIb61891 al ky al koxy, aryl, aryloxy, aryl,
acyl oxy, acyl am no, cycl oal kyl or a heterocycle;
wherei n each al kyl, alkoxy, aryI“ aryl oxy, anyl,

acyl oxy, acyl am no, cycl oal kyl het er ocycl e
substltuh¢bh0|s OptlﬂﬁbT y sg@st d “kéh oxyl ,
hal ogen, gg;hapto oxyl, hal 0dal k I/Janino,

nitro, cygloaldgyl, ar mQarwt OQ@Ie Rs $s My 5
al kyl, aRyl, aryl, cibloalkyl or a heterocycle

wher ei n eqfh al kyl , ary 1cycloalgﬁh and hetﬁr@cycle
i's optiona y substltuted with hy oxyI halog%n

mer capt o, carboxyl, alkyl, haloal kyl, am no, nitro,
cycl oal kyl, aryl or a heterocycle; and Q9 is CHor N
6. The conpound of claiml, wherein Rl is H 10 7.
The conpound‘of cIa|n11\ wherein R2 |s al kyl , \

cycloalkyl yhet erocy Rs8. The ound q/ m
1, whereiRa ip S&; ed fronRi gr up &y t|ng of
t-butyl, |sowr%p CYO hexyl gdropyrm 4Cyl

N—nethylsulf nyI perldln 4% yI 15

tetrahydrothlopyran 4-yl, tetrahydrothlopyran ﬁ yI (in

which the S iszin oxidized form SO obb' sQ2) , Tcc!

cycl ohexan-4- one, 4-hydroxycycl ohexane,

4- hydr oxy- 4- net hyl cycl ohexane, 1-
thyl-tetrahydropyran 4-yl, 2-hydroxyprop-2-yl,

but - t hj ophen-3-y peridin-4-yl,

"I’\IE'HWJIEYBRR/@PP&%BP‘H%W}& n-4-yl ,

N- ( 2- hydr oxyacetyl ) pi pem,di n-4-yl,

N- ( 2- met hoxyacet yl ) pi perig-4-yl, pyridin-3-yl,

phenyl and 1-hydoxyeth-1-yl. 69. The conpound of

claim1, wherein R3 is fet . Rd0. The compound of

claim1, wherein R4 is H or hyl, and R4' is H 25

11. The conpound of cl ai my, rein R5 is Hor

methyl. 12. The conpound of cl 1, wherein R6 and

R6' are both H 13. The conpo of claim1, wherein

Xi and X2 are both O 30 14. The conpound of claim 2,

wherein R is H R2 is isoprd¥yl, t-butyl, cyclohexyl

or %&%%AI has the formula ITa or IIb:

— Qg
4 9~Q 5
4. A1 [ a\
1 y ! Q 8
N\ 3 N\ o6
2 Q'7
ITa IIb
wherein
R, Rs, Rg and Ry are each H;
X518 O;
Y is CH,; and

Q’I is NRS: O or S) Q’Za Q’39 Q’49 Q’Sa Q’69 Q’79 and Q’Sa arc independently CR9 or N)
wherein Ry is H, amino, hydroxyl, mercapto, halogen, carboxyl, amidino, guanidino,
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35

R3 is nethyl; R4 is nethyl, RA'" is H R5 is H and Xi
and X2 are both O 15. A nethod of inducing apoptosis

WO p008/18®79 conpri sing introducing into said cePCT/HS2008/061891

10.

11.

12.

13.

14.

15.

conmpound 35 of claiml. 124 V\D 2008/ 134679

PCT/ USZP0B/ 061891 , L of s nS|t| V4 cel.]
to an a% 1r8) fIKOXY, a?zl arglloxyé ac ‘ijo » acylamiine, cr%%aglfyﬁ:tor a heterocycle;
sai d celhkrem eaclo amgalu alitoof, aol, aar}flmiy, ady‘.{,. acm&y,rmylbmdlopéycloalkyl and

claim 16, where sai d apopt signal..is .induced by

oot achits BT ot RARHAL  GaRhER MR LR ﬁﬁfn‘ée&n@emm’
t hfe| gr Oﬁrbo;@lQl’lﬂiy&Sthanglk@f aGiifoa hadd| Bﬁ:,loaiﬂyl;dlajflaiﬁial’lﬁlerocycle Rg is H
5- uor ulr I ne, em:| ta otre

o comyalit: Sel B LR T e ot R 80 BcTaatkyt and
(doxor ubtetytle 15%[1‘[1@?{@113"1 fuBRRutc€ ARt BIIRRGI, malogap%@@a@m carboxyl,
colcem d, colchicin pacl it axel Vi nbl asti ne

vi ncri gwlnéaloatﬂam%ﬁmfqYﬁlaglkiélr o ahglereis agh@ o is CHor N;

mtonmycin Cor radiation. 10 18. The nmethod of claim

16, wherein said apoptotic signal is induced by
conTheeanmguickefglaia 1y wheygin Ri iapb2L/ TRAIL. 19. A met hod

for inhibiting the binding of an I AP protein to a

caspase protein conprising 15 contacting said |AP

pr ot'b¢ epnygornnl of clignpotivecipR. i lakiyheycloafkyl ora heterdsgelef or
treating a disease or condition associated with the
overexpression of an AP in a manmmal, conpri sing

adniChé serapround) of olaima il dwhdaermrdd: iasﬁlgﬁefdefmm\vl@ gpmuernsistinggof t-butyl,

Co”ﬁg&”gy Of & 91 ex}l Zote?r ydfro(‘)lpg?gag gﬁj etﬁﬁlal:llﬂ)%};lplperldln -4-yl,

canc corrpr sIng” adm ni st'e
ef f etthydethiepysand-ylofetrahyclanig opymah-H§1 (ol sahluh fhe S1i2n oxidized form SO

or SO,), cyclohexan-4-one, 4-hydroxycyclohexane, 4-hydroxy-4-methylcyclohexane, 1-
methyl-tetrahydropyran-4-yl, 2-hydroxyprop-2-yl, but-2-yl, thiophen-3-yl, piperidin-4-yl,
N-acetylpiperidin-4-yl, N-hydroxyethylpiperidin-4-yl, N-(2-hydroxyacetyl)piperidin-4-yl,
N-(2-methoxyacetyl)piperidin-4-yl, pyridin-3-yl, phenyl and 1-hydoxyeth-1-yl.

The compound of claim 1, wherein R; is methyl.

The compound of claim 1, wherein R4 is H or methyl, and R4’ is H.

The compound of claim 1, wherein Rs is H or methyl.

The compound of claim 1, wherein Rg and R¢” are both H.

The compound of claim 1, wherein X, and X are both O.

The compound of claim 2, wherein R; is H; R, is isopropyl, t-butyl, cyclohexyl or pyran;
Rs is methyl; R4 is methyl, R4 is H; Rs is H; and X, and X, are both O.

A method of inducing apoptosis in a cell comprising introducing into said cell a compound

of claim 1.
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16.

17.

18.

19.

20.

21.

A method of sensitizing a cell to an apoptotic signal comprising introducing into said cell a

compound of claim 1.

The method of claim 16, wherein said apoptotic signal is induced by contacting said cell
with a compound selected from the group consisting of cytarabine, fludarabine, 5-fluoro-
2¢-deoxyuiridine, gemcitabine, methotrexate, bleomycin, cisplatin, cyclophosphamide,
adriamycin (doxorubicin), mitoxantrone, camptothecin, topotecan, colcemid, colchicine,
paclitaxel, vinblastine, vincristine, tamoxifen, finasteride, taxotere and mitomycin C or

radiation.

The method of claim 16, wherein said apoptotic signal is induced by contacting said cell

with Apo2L/TRAIL.

A method for inhibiting the binding of an IAP protein to a caspase protein comprising

contacting said IAP protein with a compound of claim 1.
A method for treating a disease or condition associated with the overexpression of an IAP
in a mammal, comprising administering to said mammal an effective amount of a

compound of claim 1.

A method for treating cancer, comprising administering to said mammal an effective

amount of a compound of claim 1.
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