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WD 2006/ 014361 PCT/ US2005/ 023564 5 10 15 | NH BI TORS
OF | AP FI ELD OF THE | NVENTI ON 20 The present
WO pwefi436n rel ates to organi ¢ conmpounds usef ul PEDUS2005/023564

t herapy and/or prophylaxis in a mmmal, and in

particular to inhibitors of | AP proteins useful for

treating cancers. BACKGROUND OF THE | NVENTI ON 25

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. 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 30 linked 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 Lcystei ne containing

aMartate specific proteases . Caspases are strong

prot eases, cleaving after aspartic acid residues and

once activated, digest vital cell proteins from

within the cell. Since caspases are such strong

prot eases, 35 tight control of this famly of proteins

IS necessary to prevent premature cell death. In

general, caspases are synthesized as largely inactive

zynogens that require proteolytic processing in order

to be active. This proteolytic processing is only one

of the ways in which caspases are regulated. The

second mechani smis tINUBHIORS OBMMP Yy of proteins that

bind and inhibit caspases. 1 WD 2006/ 014361

PCT/ US2005/ 023564 A fam |y of nol ecules that inhibit
Fﬁﬂgﬂgp@ggqNQEQTkﬁ@ I nhi bitors of Apoptosis (LAP)

(Deveraux e J din Immunol (1999), 19:388-398).

| APs mere,orlglnally di scovered in bacul ovirus by o
The pregant invepfioatplgisalto kgapicopmpeyngds yaofyltfor theragy apdgr prophylaxis in a
mamBR0 b i parBBulANb i ARGRLRTAL pRRAR ubiIGoKdlindlancd:d 993) J

5 |rology 67, 2168-2174). | APs have been described in

organi sns rangi ng from Drosophila to human.
pACRegs NS oF 9fs iRaiNTION 9i N, structurally, | APs

conprise one to three Bacul ovirus TAP repeat (BIR)

domai ns, and nost of them al so possess a

I 0. .

Apoﬁ@s{sb?;tﬁ%ggngrﬁég (%? é&%ggarll Hoclbout llg é%ylage:a%éecgamsm that
playscamiprpog it gold uakip\hza}ph@hﬂ gdshoandst@ishigtiavertehrtands wellias Nertebrates.

Aberf"'a¥1§’ Ese ﬁ%po%&glsg@hgt egcjgl l?c? preh%b‘gg%glhgha% AR Of)ge!nnﬁnkedt hea variety of

developmental disorders. DefICIGIlCIGS 1n 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).

One 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
to be active. This proteolytic processing is only one of the ways in which caspases are regulated.

The second mechanism is through a family of proteins that bind and inhibit caspases.
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10 Struct. Biol. 6, 648-651). It is the BIR domain
that is believed to cause the anti-apoptotic effect by
WO pivsloi436ng t he caspases and thus inhibiting apopUSENS023564

As an exanpl e, human X-chronosone |inked TAP (Xl AP)
i nhibits caspase 3, caspase 7 and the
Apaf - | - cyt ochrone C nmedi ated activation of caspase 9
(Deveraux et al (1998) EMBO J, 17, 2215-2223).

A farpilysof aolecutes s irhibif casnasis jafs; the Iphifjtorsiaf Apppipes Gé#%a@?vaﬁux etal,

J Chﬁ(lhﬁ%uném‘%b@)t e3d3l988). d OB Rereforibindfy Hﬁch@&BQH%@JI&/ﬂJQ by their
the inhibition of 15 caspase 9 activity. XIAP i

functiopal, hiléts do bsithte &ustIp Prateip op aaa@p@pt@tmgwét(&rmh & Alied993) J
Viroloky &% %6@@1’@1) IA?@BWe%eerl%gs@nbe’a g(o@éaﬁfﬁ}ns 34 ing ﬁ‘&‘g Drésophzla to

over expr essed in a nunber of tunor Ce 1 nes of
humanCReggdlessaff thejriopginpwmeturallzdAd's eempgise o@xla @hff:q;%acu@@g@s TAP repeat

BIR odett, kPROSE 1l 6] e PRy BRAnBIRG finger moyit, The BIR
domdireitselide aams binding dlomain b ab @it 7§ residaestdoomprisingyéiplpha-helices and 3 beta
strané{s (»)nﬁt st&Ile %Hd%ﬁﬁ&@‘r Edugs &151! J]_&”gg a?eWﬂe ? he F[)Qlt(ggnds et al., (1999) Nat.

nce erapy (LaCasse
StrucQB:@igé‘.rﬁé8 6199&, is the (BlB)domzm Mat isGehsied toecmusevdlet imtitdpoptoti@effect by
0 correl a e XLAP p oteln ev
1nh1bsf1n|gvtﬂg Syisppses &e éhﬁls Ighn%ﬁ’rs? i c%pt%flsf AS a:g telxen l?unilaﬁaﬁ-chliomosome
linkedyaP GIARD urhitlite okspise &, (afpdsel asd the &Npaf~ Btmmﬂh)ome C mediated activation

ofcagiir o g et 1 sl T Y2 I SRR S iy i by

the BIR? ldsmtia o 6FAR, whithuihe BTRY damiih @& XITAP geredponsible for the inhibition of

caszgégégﬁYqP ?)tiﬁ %g]?fte%?d %gtglntolu \éllbtmro%c%gg)angg%% tlsﬂef,} (Iéfton et al,
Natui| 1998] STHE5EB)I349), 2601, ov&‘éﬁpré.?&&i inHhugibends, turddr @l ilifes of the NCI 60

cll itk AR 2 CoPapueh ZOMen i Q6B Fols e [hger Res. 2000,

6(5): MOBH abveRfxpfdbdi fnESFEXIAH 1oL Bdlls Hab BEH deﬂloﬂﬂﬂfgd(lglcﬁnfer protectlon
i nduced by a variety _of pro-apoptotic drugs ( et

agamat] a vayietymt pro-anepietic stugé;ogld pze;?c(tgﬁg)esqwgéo cl‘pmoﬂxgraa (IéiICasse et al,

Oncdg@ﬁeu ﬁ@%d@ﬁ) 30400 Loniéh: vﬁgxgbhlseal Qtr&lg @rrela%@@éiwg&oiIAP protein

419 Vucic et al, J. Biol, Chem,

levelaamrl(sazmva bas peen dPﬁWQSt@fedafPr Patigiie With pesde myei%eous deykoryia gBamm et

al, subta). BOWARLANM ot XERP(NVretfi) by shtiddhsd A%oﬂ&tleoqgés%g 8tn&hown to
in"nost normal adult tissues but is strongly

sensitizsy ol eplletp deathrirduserbbien (ida ainge ef pratapomqtme;)ts bathrie piro and in

vivo g’Segal& Qt zglgézglcgr?l@@ 20@8(%@6515%% 'L‘?lpetoaﬁ Bllg’crh@ﬁlqI QO@lt 55’?&99[ ﬁu et al,

monstrated significant honol ogy he M-UP’B

Clin. RCRGef | Reor 2@&5‘@9(%2;282613 cémﬁ@’%ﬁb@ﬁgrl‘(féna?m@eqo r@s‘,@e rﬂlso been
demdélgkrng Qer?gltég a ngmljﬁ%% dﬁfbgengtdnﬁp %ell t@h}?ﬁpgo%gqﬁdﬁcﬁcf b)Mr variety

pears to have the nost S|n1 aritres to
of P@Pdﬁﬁptatmjdtﬁg%rmm Al AIBIOKJ:he@tP,lZOQa,cWMWB%Equa chphdatus: Med.,

e f _apoptosi S,
2002 %t(gfg%ghe by dqgfl 6110 dZB %& S. Qp"ﬁgvﬁafgogl %io Bé%%m"zooz’
27T(RET22IS2 Vet <) A3 6aker B&sr IZG(B 633(4)3831‘)/uci c et al.,
denonstrated that M.--1AP could inhibit
chenot herapeuti c agent i nduced apoptosis. Agents such

MelaBSmAUKP av.dAR) Bndh APt @t tde@Etyblb i yﬂoahemdd dddk TiRRdps v&rie strongly

woregy PR i e PP COGRar 1O ARG Ategpigarion of

protet@ctufel @hohdu@RBbighificas RoRbbacd i tNeMLNARIBIR hAGRING flnger domains

cell's when conpared to a normal nel anocIXPe contro
to conrpsponding domains present in human XIAP, C-IAP1 and C 2. The BIR domam of ML-

TAP appears to have the most similarities to the BIR2 and BIR3 of XIAP, C-IAP1 and C-IAP2, and

appears to be responsible for the inhibition of apoptosis, as determined by deletional analysis.
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5 mechani sm by which M.-LAP produces an anti-apoptotic
activity is in part through inhibition of caspase 3
w@n6@1438_- | AP did not effectively inhibit casperes2005/023564
2, 6, or 8. Since apoptosis is a strictly controlled
pathway with nultiple interacting factors, the
Furtighrisorey duyict étail., deABﬁsttateﬂnﬁed MESLA&T €odl€ ghllibit etetd@Beri@ltic agent

BN g B PSR b Rl i

cell puitteedyRmITHEdlGdhhy overdxpleatls MLtIhPaa‘ﬁQ tﬁm&:ﬁbt‘hmﬁ{@n@ Bdnts were

tic_activity of the Drosophila fam |
signififs r@ﬁi%ﬁﬁmve mtl‘ﬁli%thsf%lf Sydespepasidipraormdl frejagogyfegertrol. The
mechadiBml YRS high d1atA o o&&@pﬁrp&tﬁaﬁ)ﬁtoﬂé Q&ﬁﬁ? is 1|ntpa¥@§ro§§hqmbltlon of
that during nornma afpo ptosis, €6pr ocessed 1nto

CaSP%Fﬁ 3ged Py MLFREHid Ref ef! §°t‘rV%1D’é‘§§féb°aﬁl?a(§?ﬁ1t Red. A §-ochondri a
into the cytoplasm where it physically binds to | APs
_and prevents the AP frombinding to a caspase. This
Sinog W%S‘ts iohstiglygiontrelied pagoway Wé‘i’/@“?ml@ leta@ptagefaqt@rs,rtbmﬁmvery that
IAPSfdh¥ReaRd rééﬂlé%ed%e@ G8EHuWal. N ARORL ?ﬁ%ﬁbls!)ﬁtﬂg rtﬁﬁfé\élﬁglj ¥pr), Head

sequence honol ogy between the | AP tors
Involutign Defestize j(kidy and GRIMnpiosingcphysindlyi intdract twith and inhibit the anti-

apop%t&%&mnwt&fnﬁo nitd QEAS g{sﬁg amhx %a%&g; ﬁrﬁ%tmxb §MAC/DIABLO

tetrapepti de appears to into a
act to bloklethe (LAPY #rel alPR agopiesisto anated. It wpt Slovvh ehaBHIngowaml apoptosis,

L e e

whergdt @hysigdlly, bifd@ 0T Psad pregendOBe LD Bom2ondiila . caphMARY inhibition

I as t of the present. .
of WSTOE ok i ot £ el AR RRCDs BloniQivll ERGRY agriresingt.
sequprrceﬂlemnlsgﬁ hatwasgl thanaAP obibaom Ishdvor thatl tb]eré is)a felir aritnd ad®2 m¥tif in the
R, RS X2 NR5- X3 30 wherei
el O ot SR Y0 B A8 O UTiepglp # bycrophobic

pockBYGH/ thiSBOO 86828 26l disiiptssthd BHRAothain biddingrto Saspadee (€had enal., (2000)

et 35 40 T s, PRy Yely R e 0 Pl alodiire wos s00s.

10123r vl oxy or aral kyloxy; A is a 5-nmenber heterocycle
conprising 1 to 4 heteroatons optionally substituted
with am no, hydroxyl, mercapto, hal ogen, carboxyl,
am di no, guanidino, alkyl, alkoxy, aryl, aryloxy, 5

v Ex acyl am no, alkoxycarbonylan1no
S ¥ o, al kylsulfinyl,

In one aspect of the present invention there is provided novel inhibitors of IAP proteins having the

general formula (I)

R R 1 Y
4\' I ! 2 l | RG
R/' N Re
* R 5 X
3 2 R:'
X3 NZ S
I

wherein

X, X, and X are independently O or S;
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al kyl sul fonyl, am nosul fonyl, al kyl am nosul fonyl,
al kyl sul fonyl am no or a heterocycle; wherein each
wa@bdoglo143al koxy, aryl, aryloxy, acyl, acyl oxy, PCT/US2005/023564
acyl am no, cycl oal kyl and heterocycle substitution is
optionally substituted with hydroxyl, hal ogen,
Y isngiHRapL, 0 or (Sarvhraiejﬂ nlialllkzylz argl RO\, lﬁ&ig@ﬂ,l a{ﬂWl,l, ar@iNiafalkyl, amino,
nltr .cya C ., or. a hete cle; 10 R
i s ap(%'?l %/% H%HH“‘%?Z @%Jéfv"i‘f@ E]#%ﬁyrﬁréb?ﬁf%r%hﬂ@{’ ring;
A sl 85@6@& hezarodyor! doytlprisiay ¢ |0 al Heydradedidd opt@hMly: suBstantky I\Nﬂth amino,
% ﬁCéele or heterocyclylalkyl each optionally
suk])l§ okt BEFCHRtY HIAREER SRIPPY InBRid Rt Flaniioo glkH, ket aryl aryloxy,
Carabﬂ?()ébylc)@' ké('JylarrﬁhﬁJ OgkdytarboRl i, &Eloﬁkﬁ}’laﬁl@ﬂtﬁm R¥ylsulfinyl,

P or alkyl; 15 R4 and R4'" are i ndépendentl
hy(‘]‘ kéf&éWO“thﬁ‘%OSﬂ%ﬁWw alkylpagiposulfpryy, ks;lkylsvéf;@eﬂ@rmnkyqr a heterocycle;
CY Gineaik ¥l lﬂ.\(%'l allJB% e raY;'l@xyo racﬁeta%rl@;@r yalcﬂLn]ﬁﬂlB cycloalkyl and

wher ei n each ar al , _cycloa
cy CFEERrYS aﬂﬂk&ywtwn hit @m@mﬂyl s@ﬁﬁu%twlb éwqowlkymlog@, mercapto,

OPtehBBAN | a¥kys ldﬁ(%;dl thE('lBQ%rl r+1£‘o lﬂﬁ{ 0880, JHLRNY: lqr 2 heterocycle

mercapto, car boXyl koxy, -am no -an
Ry lﬁéor%mdﬁswga@erfemhwm@ﬁmmuy H or al kyl; 20 R6

R, lgr&ﬁ(ﬁ'ﬁqucﬁ{lﬁyle el aﬁlﬁfﬁﬂ% P\%llg%kg t‘Ler!: fcle {SryhethG%ycléllalkyl each

ara and ere
opu%bﬁe@tbst@ﬁted fethihyguomyli mﬁrcantch dalogeay emmpmammml alkyl, haloalkyl, alkoxy
or alR QIR fRpsitions conprising conpounds of fornula I and a
carrier, diluent or excipient. 25 In another aspect of
lQlimerdhﬂention there is provided a nethod of inducing

o OBt 8 bR U BLSREA A0AI, 58

| n\hetmtoaltyh or hdrtabecylaﬁ(ypwmmd ezd:h alklye atybcrafyl soytisaliylzéyolgal@ylalkyl,
ce t ot .30 SI ng, i nt n
i nih%tes el(t)égo la 1%{)1 i H]anog yf S Ibﬁ,ﬂ'}ungcli th hglog%gnﬁg?xy ngercapto,

aspabhmmhﬂwhembnwemhmamdnmbere is prOV|ded a met hod

|nh| n ndj of an | AP protein to a
Rﬁangéﬁfgz 3%H&%@ﬁgi §#ﬁg contacting said | AP protein
Re, anil Rk am@@lﬂﬁﬂep'edd@lﬂyﬁ-bﬁlﬂ‘jdl ayllor aratky}AD 2006/ 014361

P S2 05/ 3564 | n another aspect of the invention,
Emd¥ﬁj?§ ﬁ%ﬁ d a method for treating a di sease or

condltlon aSSOCIated Mﬁth the overexpression of an
P p npr.i sjing administering to

rotei in a
In a% 4 aw thsr}n%@mlebtql% %ﬁ&ﬂ?ﬁ%?orevoea%goiﬂwrwg compounds  of

- formhRIT AR AcdrrierDdildEdt As'rb 15?13:_':SCR| PTI ON OF THE PREFERRED

EMBODI MENTS 10 " Al ky nmeans a branched or unbranched,
saturated or unsaturated (i.e. al kenyl, alkynyl)

In afdilieP Q@ﬁe'btcof the invention, there is provided a method of inducing apoptosis in a cell

comprising introducing into said cell a compound of formula 1.

In another aspect of the invention, there is provided a method of sensitizing a cell to an apoptotic

signal comprising introducing into said cell a compound of formula I.

In another aspect of the invention, there is provided a method for inhibiting the binding of an IAP

protein to a caspase protein comprising contacting said IAP protein with a compound of formula I.
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hydr ocar bon group, having up to 12 carbon atons unl ess
ot herwi se specified. Wien used as part of another
wo esoao143er exanpl e "al kyl am no", the al kyl pore¢DNS1085/023564
preferably a saturated hydrocarbon chain, however
al so includes unsaturated hydrocarbon carbon chains
In argxieh aspsct (ﬁltlkﬁﬂydnaﬁﬁ,nbé're anstovideal K@Beyiba for ﬂféatl@@ﬂ@éa@esoﬂfondltlon

roups include nethyl, eth

asso atﬁ(ﬁ g}%je ?vg Pra n’ &r?nllg‘%%?w n agBanbtmly(Foympgléleg Bglrpl}ppstermg to
said rafinabaiteffectiva ap@tde ok a cangahdyt BA 1.

2, 2-di met hyl propyl, n-hexyl, 2- nethyl pentyl,

2, 2-di met hyl butyl, n-heptyl, 3-heptyl, 2-nethyl hexyl,

and the like. The terms "lower alkyl" "C2-C4 al kyl™

and "alkyl of 1 to 4 carbon atons"” are synonynous and

used i nterchangeably to nean nethyl, ethyl, 1-propyl,

DETASOMb OBYCRIFAYON QI B PrEARIOREDY EMEGSHMIND] or t-butyl.
Unl ess specified, substituted, alkyl groups may

contain one (preferably), two, three or four
substituents 20 which may be the sane or different.

“AlCaRRhES bidhchb M 6r @ﬁ%@heﬁugﬁrﬁtwsﬁ%sﬁh&&h (. 911%9@1 alkynyl) aliphatic
include, but are not limted to; cyanormet h

hydrpgarhog @{uﬁylpavmg)p@ oy Gerben atoms plplpﬁﬂog)@wgeq Wplfled When used as part

f arREHRP AR b XU HBIk P #
e carb gxyet hyl IIIEFIc ar %i@?ﬁog@gl g rIt<138/ gsx{’/}é F%W%aturat%d lTy drocarbon

ChaﬂalhloyYP‘@k gleapisldgs envhtriored thigrocarkonr dashen whainy sneh Iasl I‘alkenylarmno and
IaHﬁB&V r@ctarﬁéies of ﬁ%ﬁ%g Qlﬁ%l;%&)upggncmg ,feﬁ% 5 éx(—)pr%%qyll], )}fo’propyl, n-

acet oxymst | or onet rononet
butyb gsq-putyl] sesriwiibt ieyttbutyd.- h-jpdﬁ]dx Yhasthpilbutyl, 2 ,2-dimethylpropyl, n-hexyl, 2-

| "
meth%lpént?lbg1 ?rél;f/rfxéﬁ()gpb&}ﬂ x%’ Lgpéyn§§ ?P{?&n %xkxg‘tgyl% gp ?z%(thr: 11lg<? C)The t%rﬁnfl lower
alkyl3|“€oChakdlibst Tatlyt efdl twi4 dartmn caamtsb atyecsymngmomqmnd Exalrrpde&:hangeably
to meﬁxc }ngt%g te&x%lc I1 %}ﬁ)yllsﬁopg clﬁ% qb&jtﬁnﬁty Sec- %ulj%l or t-bgltyl Unless
specxﬁeﬂ | subsnutetdq alkgbgme[spoa}dmngam eiehipleferatiy)o pyd thre® Ut §olur substituents
whlchln?(agtbg ltheasrarglgéou glf retnu?]g mﬁ)%ets H){/F gg\&rs%gstﬁg?cﬁ%}ﬁlé}roglgi)include, but
are swobist ilimiteéd hy t lf[sem&ﬁﬂbylsubﬁﬁdrﬁdﬂmt S hdrokfifiethyl, trityloxymethyl,
ed 30. K Exanpl es of the
P mpmﬁ)zlngyr?e%hygd nﬁ'f‘w{netgr?wp ﬂ)/aFPé’l’(%a‘aé%g’r ouyére W@ﬁ‘YE carboxypropyl,
alkylbyﬁmd)myygiﬁ&thy/ll dlproﬁycaﬂioﬁﬁarhyxdm@thYIITBdahialno&l@xﬁnethyl methoxymethyl,
tetrahydropyr anyl oxymet acet
et TS o ORSHERIA - WEF P PEb omGE AETE R S EHREHy,  iodomethy,

tnﬂu@fbﬁl’@ﬂn&y l&'ﬂiybr)bkyhehﬂpmfmm%(n%ﬁgl) 2~@ﬂﬁlﬂ§§d\2%rbpyl)3§ carbamoyloxyethyl
ereln

AY%1 d?notes the F%
and the I kﬂﬁ aly! geup gy als ep?"@th‘t‘tF gith 3 ippayeleiggouph @X@w}eﬁpmclude
cyclopMﬂyﬂeMﬂ tmutﬁmmlz%%%ﬁﬁﬁﬁl&i:gd Hg%ggéﬂiﬁéﬁ%ﬁ %ﬂ')ups as well as

denot es pri mar secondar’y

the Compﬁnd&wefhéf} rlean} Plltyg -penwhﬁslexahgrme@, etc. PPeefféTeﬂéeletltuted alkyls
are sﬁ%ﬁ@l&q%&h}@pg ta%ettﬁﬂ Sdouft gﬂﬂgﬁ?ﬁteﬁ i Rl kb QB yIFS as, the ‘substituted

| am'ne, arylam ne, diarylamne, ara
Go Canfdk}d’l &FfallpkylEaﬁﬁmnléS oBathe | swbitiarted mestiasi rgdume@d)WagryumndJch as

hydr&{?lén%%l}?a r@f&tg(? Shaﬂfo‘?(gx%ﬁfﬂﬁ]t Eé/ Jg a%ﬁ%ﬁ%&%&ﬂ%&%’?ﬂ acetoxymethyl

carbamoa@mwtbyh nerlﬂlm»rmeltiwll amlﬂmomdhyir opydbamrmadlyan dbromomethyl and
10dmﬂtﬁﬁpropylamne " Am no- protecting group" as used

erein refers to a derivative of the groups commonly

enpl oyed

“Amidine” denotes the group -C(NH)-NHR wherein R is H or alkyl or aralkyl. A preferred
amidine is the group -NH-C(NH)-NH,.
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to block or protect an am no group while reactions are

carried out on other functional groups on 10 the
w@oerspowsdl Exanpl es of such protecting groups PODUSZIES/023564

car bamat es, am des, al kyl and aryl groups, imnes, as

wel |l as many N-heteroatom derivatives which can be

renoved to regenerate the desired am ne group.

g e R o B o 08 S e e B Wframines

Prefeied Ge@adgy andl tdﬂ.larﬁ;amMes Wt Skylaminet @8k 1in€Y QYiRfire N diarylamine,
John Wley & Sons, |nc.

aralk%&ﬁ%logrkis%m gg?ég(?u@r pre tepred ﬁg%qng%iﬁ‘/ ang tertiary amines are

methyIBfnﬁfee c te!t rﬁieo u pﬁop}ﬂarﬁl&a n hs%pt@@@ﬂ?nﬁﬁa 'Y phe 1ang=he W benzylamine
Pl enum Press, NY,

e )
dlme@ﬂé?ﬁt“&s d’SthYI&W&erIWPB@I@@ﬁ and dipppapaleminge Gr ou ps in
Organic Synthesis", John Wley and Sons, New York,
NY, 1981. The tern1 protected am no" refers to an
‘ Am@mm%ecgmé Ei9UB LA 3¢d heredyretars torp dsrwatiyp of the gepps,eommonly employed

to bl@dE' B YRR LS GhalnD S b WS reRfonsAkd darri o6 f’&h&féﬁal

part of another term neans a car ocyciﬂl c aromat i %‘i’oups on
the cgmewdvmf@amlps off such protecting grohpavinglyde: ¢rebamateermidds, alkyl and aryl

groulﬁsg{n?ff& %th aS qrﬁrciil ﬂ%{e?&toglﬁ % vatiRs OMIEH %En l!)esrequ8§édqg] %g%%tate the

car bon” at ons erred aryl groups inc
desirgh @mjﬂe i1 Hifrt:fytred bmplhemtegtughgpapst teebgel Fmoc and Cbz. Further

exau@%@%ﬁﬁ%&eg{x& (ag{%u&p §1 + \%’eGgegﬁ ezixgilﬂ é@nabllabl 0%8%0 li_‘vroups in

Orga[n:c%'&t}lésméinﬁ ﬂstbhrdeé)e&rSGds fdve MNebv. Y@k 3$Y | 1901, ebagdy@nkil Haslam,
“Protézctwetg%gltl Ist ub {uc g:¥1 rmts%]’os GC? Ve Igl {r)nﬂregél Pl?rb prg?sf ]f\Ig\L ork NY,

one,
1973pChdpear e lal)d T M2, Grier8, Girotdetdve CB‘UII[];ﬁtln Quignics Sgitbeaash, John Wlley and

upl e C|L|e ronmhal F,.d Br .
sonsy o0 OV T o TRERED RGP BRSO AP Py fubstined
with Of eftier ablohe/anGhe-fibtealidgydrdupsal koxy (preferably Cl-C6
- al koxy), benzyloxy, carboxy, protected carboxy,

carboxynet hyl, protected carboxynet hyl, hydroxynethyl,

Aryp’rxﬁﬁeﬁ @b@ichldny oF SPARRIE ydther dfinHepany zhc)ékbocwhe taR@ita€6 group whether or
no

m_nonet r|qu ronet h 30 al kyl sul f onyl afm
not 0 Ra s E’ﬁﬂ‘ 5 carhen BpBe é%%rgyﬁfgﬁ PY O mamps S designated, up to 14
carbd'iﬁtaﬁ)hﬁcy@r&érredaﬁlyi gréips Cih&lﬁde pﬂén@ll PSapSBSL lflﬁ)&ﬂyl @H@aaﬁ!hrenyl
nore neth and/ or, neth gC}g?

naphihgeenyl, a%ﬁ?thkﬁ (SRS N #at"éhOﬁk BE CemE (DeEH Jupe RIa13" ed.

Tabl$ 78 [1985)04raURosB preteiS %h&ﬂ?ﬂ Otﬁgstﬁhgygaen%mﬁi)s@lﬁlté?if arylt A?:ﬁotes a
term "substituted phenyl” includes is not limted

phenylgropps 38! gigpp Wbetﬁlaqe@yvgh SRRy WYy ,tlggﬁb fauy enfivey greferably 1-2, 1-3 or 1-4

subst?tu&ﬂi Elfo@é?lh BRYs otiRrPIsO 5&91'?1‘35‘ yﬂrom ﬁal@&lnqlﬁoéh Hy g hydroxy, protected
dic Iorophenyl 2,'5- | oro

hycrefycrbBropHEny alkyls(mﬁﬂe@bbpﬁ‘eﬁiyl HoB: bty CiCo alkory),

benzfl %{) < opﬂ@ 6% ectsc?’? aﬁﬁmg}ﬁ&g}ﬁ dp %ct&f‘éa&tgo(}yx%etﬁ%l %ydroxlymethyl
protedied hy dydeyy)pittahy | Itmp%ﬂs'bch peseated 6 mm@lﬂlwﬁmoromethyl

o S SEIELR XN BAASLERY g, o o

groupsh epeeidied. a@de tdn emd>r|e keethgnen (CH)o phdory megyleup (SHeh g@8ps3in these

N, Er I TN T

the te@hiC Rutagtutbd pRényY ipdiedey but i2 nék-lintlieded hydo@dﬂ&iﬁ yli(halo)phenyl group such

as Z—él?rﬁpl?h%l ?%%W@h?ﬂy I ?F%lc{gtﬂglp 1,) £6 Ew}{ oropheny ,% Rlclﬁo%phenyl 34-

dichlorophenyl, 3-chlorophenyl, 3-bromophenyl, 4-bromophenyl, 3,4-dibromophenyl, 3-chloro-4-
fluorophenyl, 2-fluorophenyl and the like; a mono- or di(hydroxy)phenyl group such as 4-
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5 like; a nmono or di(al koxy)phenyl group, for exanple,
3, 4- di met hoxyphenyl, 3-net hoxy-4- benzyl oxyphenyl ,
WQ@20080003KY - 4- ( 1- chl or onet hyl ) benzyl oxy- phenyl , PCT/US2005/023564
3- et hoxyphenyl , 4- (i sopropoxy)phenyl,
4- (t - but oxy) phenyl , 3-ethoxy-4-nmet hoxyphenyl and the
hydrdxykileenyl3 3-hgdrodypheyil,f2, Mﬁhﬂhﬁybl}ﬁnph &i&)plroteoaedﬁﬂyﬂﬁmy dérivatives thereof

o 5 BOURDER o 2555 B BGLLAEE L8P cxamo,

4-cygopHeyle 0a<y1ﬁatohybr) ralt(ﬁﬁbéf AQkyDphergt egb@d such as 4 methylphenyl, 2.4-

dlfﬂﬁﬂ&&)ﬁ*@l@@% §1<1S%Pmsyli>%awé rﬁ/ﬁﬁﬁﬁ%& Pri-piopdippnyl gnd the

like; D M&@mo Odr dﬂélﬁ@@)ﬂﬁ@ﬂwtéi‘wp) € BYAmp, ﬁ@-ﬁﬁﬁéﬁ?&x 15hen 1, 3-methoxy-4-
am nonet hyl ) phenyl such as 2- %ﬁn1noneth

benzgloRDREo7 6 Peo - HONR RGO SRBRIRY Tbptsh. hohetowphensl, 4
(1sop€Hp6J(\§7)f)H% hyd. @-U&JIOQWL@W @éﬂl@)&%ﬁl&h@kﬁhe@? Ad(Me like; 3- or 4-

onyl am no) ) phenyl term

tnﬂm@wévlpb@n.‘/éoa PRRM 2K dlcarégmh@m §r (ﬂr@@qﬁ@t arerpphenyheayp such 4-
carbcgtﬁlﬁﬁéﬁfl wh %{oﬁo t&%l@&ﬁ%@ﬁy'rﬁeﬂﬁﬁfﬂ%n@rcﬁ (gllotefcéﬁ E9droxyfrhyDphenyl such

exa ydr oxy
as &mreﬁe@em ﬁy@f@m@qﬂry@nwnyl 201hre§ ﬁ 9yd¢0)b'rr@ﬁwbh@nyll a mono- or

et RN pond N A1 oS SRR pons o2
(protht«frdsa]msvmtblxlhadjerphemylmogpmmh(Nmmtleflsutfhwl@mb@pmm e as 3-(N-
methglfsﬁgo%k%f(n?{ E Zsr%1§§ rtlTh)‘/FubSStLlﬁu 8 qeg 1 nrgpresgzlts disubstituted
phenvﬂegrh@sywhtbrda the zpbstiigat§ apméaffyllents dibrf E{xalylb]ar‘rﬁmthyiiﬁ}ﬂydroxyphenyl 3-

chloréeﬂft ygi?‘o#? en IUt Sgneﬁgg 1y lbrognrogfilér)lyl V\Qeertheyl E~hydroxyp grtlyllt l%ehydroxy—él-
nitrohenpt Mx@reﬂy—be‘tﬂmbltmyl &drimst lftlgel as6xq1)]ha$ Imydubﬁmltéd)pﬂy‘:h)a ErauPs where

the s%lgstlﬁ{egtﬁsgz%r e;} Zgogtﬁ‘fua:ﬁrg)g BX)X)ZQ %l&%’ﬁﬁ%ﬂ?‘%{hﬁ suft]onylarmno 3-
methaxy?r%bmmwe-lpyényl Sulﬁinblamyhop hﬁdil)tétrasﬂbsﬁﬁlﬁbﬁybmylpbﬁﬁw where the

subséuegl?s:j 21?%)( %1%3;:&% n%?‘f:hs gt {:@{:% i%/% —%Eé—ﬁ%nyl sulfonylamino.

Prefedreti@ifitsavayed4phédyd gtdapomelaed fhy |2)dhﬁiﬂdghbﬁm,ﬁ phiaepHenyl, 2-bromophenyl,

T TR

benzyﬂbﬁ@h&@l SUb§4~Hiethb>€ﬁ>héMyI h aﬁﬁdeth&fyeff wnaﬁbyypﬁenyz ors RBeth&¥y-4-(1-
e Su stltuents SpeCIer herein | n

CHIo RIS S SR KT PSS bHOSY iy ety sufony
ammolﬂ@ﬁﬁ QBdipk.Y Fhé’éd aryl GiaghRGYAdEe sﬁﬁﬁltut&ﬁﬁlbﬁ’ QIY}C lp&ferﬁhﬁ n ez or 3, of

d when used as a noiety in a conplex group such
the Sl&seaﬁﬁﬁweﬁ%hwp infhe eae TRABRGITAS St teﬁﬁH%l oW | or
tricyclic aliphatic ring having 3 to 14 carbon atons

. and preferably 3 to 7 carbon atoms which may be .
Carlogyalylas eeprloeyddichnsabenyeleend “srdagyelog algpe ben gsrtas @ moiety

' Lud : :
i SEG1ATE8 A0 W oL AR Ve BUR Byg i
ring lga(vmglgﬁstoam@arbgn @topis @fikpretecblyr 2 tq;z/ cirbor dpy$ whighdhay be saturated or
unsatﬁ%?eld S‘él%gt Cfac L ' Ero{ﬂgt%f ef’{e?egreh S e%%yrgé & hgc)é‘wcgcl? r efoq{gg eﬁilclude

unsat ur a ocycles are aroma
cyclopeppl emlwsﬂ ycydbpenqé dnd tjw@hﬁmtgrcmpeﬁm:r mexé ;inﬁ'enn@l are cyclopropyl
and c@& %{ T and mqsg fe rred 15 lélbczg N t%e I Ct§1 é cycles are aromatic

car Scycle BRGTCEFD g& ﬁ%% ?ﬁ% 8 F%B%g
e.g. asylk@dsupt at @davbysly ﬁeﬁrﬁdrtﬁe md& Iﬁetfh%éd teit@ihenydS Thé €rms “substituted
st i.t | k 006/ 014361 .

curbsgeh IR g e oRRBRy T Bt Ut ottt e dtp same
substhi@m6 28 tHeSf@Hshitutcd 2GR gfupt he ester derivatives of the

car boxylic
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acid group commonly enployed to bl ock or protect the
carboxylic acid group while reactions are carried out
worooehssl f uncti onal groups on the conpound. EREIPEHS5/023564
of such carboxylic acid protecting groups include
4-ni trobenzyl, 4-nethoxybenzyl, 3, 4-dinethoxybenzyl,
“Cartibxgd-photatiing gﬂmlx yzh; eﬁédﬂiexeni rederStot dnk WEhL @Xtyddpizatives of the carboxylic

acid g?{ig’?%G e %j ¥ lbgrent anetgﬁhc)élrbkggﬁzy acid grouAi) while reactions are

carriedl, &kt dﬂl &E&rmﬂdlbﬂﬂzﬁm)dn the c@mpoind’ -Examples of such carboxylic acid
t et ranet hox benzh dryI al kyI such as t-butdyl or
protei:tugnygrouﬂsr i % ﬁ”é‘i‘)hﬁl)%ij’lt r tn&qthoxylbe&zyl 3, 4-dimethoxybenzyl, 2,4-

dlmeﬁlbf%taﬁt@KytZT A6 thetﬁ’ox%enﬂyl toh @Qﬁﬁ@tﬁ%éﬂz&]\[' jpentamethylbenzyl, 3,4-
prop-2-yl, trinethyls

phe
methyletg:gtog;ylmn;m,et hyi Sl?qng,l]ydryl,p hen aé‘% d1methoxybenzhydry1 2,2’,4,4°-
tetrargetgoxgbén&ﬁ}@ 10 ra(HSll hylen bet tabu(}Il r bfrettzﬂ%]l S 'thbﬂ ) Qlfhoxytrityl, 4,4’

ta- (di (n-buty z]neth ylsily Lg
dlmethemetﬁbﬁuﬂ %ﬁwet Pytritylq thflb’ éumﬁféﬂfﬂlbé{ hiutyldimethylsilyl,
pheniclr)]'_, %%,%,F %Jl‘lﬂﬁggfﬂ\yl %etgt(ﬁllrrgﬁlgﬂﬂir?tﬂyyl H&E wdn)-ﬁﬁﬁﬂ)(ﬁlelthylsﬂyl)ethyl p-

I'i'ke noi e e ‘speci es of
tolueewmgﬁﬂpt &rle@@bengvlsyﬂfou@etemlby e_dma@yl!n dltrigreittyl selalmethgl)prop-1-
e X . | . e ..
o 00 B OB A SO 15l o S
long po dietdeomdtized carhexyhimlacidus etabindo thencobditipe vh veldequentt taaction(s) on
other?aﬁg[l(?n% k g}% Fncﬁ’é%‘.lﬁtanx\%atnm% li.!%m(gx}eé Etl{f?é ég)%&)@%ht% lpoirnF %ﬁc{ﬁgg sru8t1ng the
remadiddy] efcthe ancda:uboxy} parotudst eds 115p¢rtahe ootl ® gubjest 4 @myoxy-protected
molecout,fg lrtcg oghlig: Im(l:clek%)aﬁ a?egsg Eu 8 as, (_1)t§/1|1h Inu cli%%l?él) Xolégt%}@-g t e reductlve
condmibhsabmjslyying di@lys amlhatac]s rdetal\lhjyﬁhdeé Suuhhashla:mm r efhmh dlarsh removal
ondi ti.ons . are to be. avoi.ded when renov .
cond 1oPs ke E}FO tto é)&aiv?} e gVV 6%movH1(§ aﬂWf %Xg?ct&g Ryt Fuh droxy-protecting
grouggl dllstrmssed telsa)SBetbribe cavoxyliPaad protetneaomayd the akkgl @.g. methyl,

r.ot u are the al kyl (e, g. thyl, .ethyl, .
ethylp -w(ﬁ gl)r/]glée‘% )a agg B QHWFDZngH}/ n §§11nbag gﬁg%y—%f)tsﬂw grc}{lps used in
the oSpmdspdnnc; epeﬁxemyr Enﬁcbbqﬁﬁé ngs a0 UPRs veseddio ptbedithe carboxy group

b EBR 1 RGBS ob HF D B ot 1t RO Rt iy Yot

“Proeaaemfe@sqﬁ GrE@ﬁ&Sﬁﬁl@dﬁS 28 &1, fron Wile) & SolY, I, @eRe Y8RdN.Y.,
Protective Groups LN Organl

1991 )b 313 oS3l Bl o GHAVN I SRR O bIcOmie, Ed,
Plenuf® Pless, NNetw ,YorIlQIQ]Y @é’?@Ptﬁ@te"} 3, Eand wa adﬂeenepr‘ Pzto%é{vlreVGroups in

GOUSII’] gani c Chemstr

Orgapip éYHWP L@im Wiy ané PROS, NPWYork1W319%h‘§b€tpé€F 55 ’Th%\ﬁﬂn ‘protected
boky Wefded t%%%@ b L eGSR RYBR df PheZBotd GARBK tecti
% )y/nte hesi s" ' %félrg\ﬁ ey a%d Sons, New (\)(or K, I\f&,pro X Hﬁfggmups
Chapter 5. The term " protected carboxy refers to a
13 @ t %}/ 1
Guaf R B0 Bl D PP 20 RN R BO% £ AUBABY iy, Prefened
guanigimg igthe HekuCONHCINHRNWherein R i s H or aI kyI or
aral kyl. Preferred guanidine is the group
-NH C(NH) - NH2. 30 "Hydroxy-protecting group" as used
“Hydoexy eprateatie$ grospt @ wediBréiv afféry ® aoderitvinevelvf d‘redl)ygtrogy gopp commonly

[of0) I empl t | ock or otect the hydr.o
cnpl G 1B ok, ST PIET By BB Pt BC gl e et Yue on other
functfongiC tgrampal ogr depsompoubdie dEXaREMNdof Exeppresctiy uips include

tetral rg%tgg%tl; g e 3158;5{))? %:cgfolﬁgﬂg%ﬂn%%ty ox%}é gﬁ@z&y ra lsi?y)fé{hers (e.g. TBS,

TBDBS$)| gYdupk MRk ther(eRadiples@Fhesd Brol Rl oud RURW. (ﬁ‘ééﬂefhﬁﬁP G. M. Wauts,

exanpl es of these groups are found in T. W Geene and
“Protpct1ngrmpthQrgan1c Synthesis”, 2" ed., John Wiley & Sons, Inc., New York, NY,
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"Protective Goups in Oganic Synthesis", 2nd ed.,
John Wley & Sons, Inc., New York, NY, 8 WD
wQo@600B4B861 PCT/ US2005/ 023564 1991, chapt er SPQF/BS2085/023564
Hasl am "Protective Goups in Oganic Chem stry", J.
G W MOme, Ed., Plenum Press, New York, NY, 1973,
1991 Chhapite2-35 E. Histhml “WoteQiesGevps iP0ogartGhemis@yaups. WnMcOmie, Ed.,

prenity P o AR NFE 1375 hEE Y mnf Ty ARG Babide (ffubyn o

Syntﬂé}ih@’f 0Xhh W[l@}U@dS%bﬁmthY &d, M| 1'98@.“ Fheferrh Mprorbey Bydroxy refers to
(P rox% rotecti roups 5 "Heter oc%tcl i C roup
a hydregexg é@ fijogod,wi ef@e;a}'aqu hydrotyspraie
heterocycl 0" alone and when used as a noi ety in a
nmpl.ex group such as a heteroc¥cloalk¥ gr.oup
“Helge@Alc POy ¢ FeRalry “hatroeler heteroattly mon hetefa?yclo” Gfone and

whert i@y hcmmé:@t Hr At RehpRk HOSALMMALEH, hddrOdyRiohikyl group, are used
het er oar or non- aromatl C ri n “havi ng 't he nunber of
mtere(a“@ 5 ghisx

Bgeably g ¥ & anyy @vep-albl-y Of isyf ’tsétu dapyowsatyrpted; pgpmatic
(heteﬁataﬂﬁﬁsor YR&E Sl %m&' ﬁglngtt%rﬁfe? of 8loRe Qleﬁé\%te)ﬁt gén%ﬁl%/ from S to

one eteroaton1 nltrog or oxy
abouty}eringraggshsy where heding @toarsozetcarhon argsiless dng | etarostomﬁnﬁeg@d sulfur

or ofry?%g Eggreger%bgy g t%%%{e?oabongg% 93519 %S rr%;nbzreg‘?i[ﬁg $0E6 to 2 double

1
an e nitrogen or
bonds ek Gt ortememtatdoing has@lyo dpeublerimndyandgheoxirelien odsylfar beteroatoms

i I
oy S b AMATE 5781 50 MELSL LR RS Aoy o
quatqnmoddude Brefepdio| mcmydrortlamxr plekdcpdys, ib8lugey r motphalinyy/| (morpholino),

ny et tetr f urany
pyrro%{iglgzla !)xdran ur }n ahyl tetralﬂg&jro uranyﬁle i % gﬁlhddrofurana/ fiy| 2H-pyranyl,

tetraltykirqpylamﬂj thitrdnybt mrwcinyl tteltahadlydmauinhl GtZ&mYﬂﬂ mtlmn}d; r1y1he;thy1—2—

pyrro?)){zlgtgl:p?rélznlﬁglg/ll’angl'&)qg?e:rllgi/nlélpg_@y eg%i?%%*oalk@l”peéu%zignzy heterocycle group as
defmlacetaacrveo,wdlmﬂgrhmu@bda@ mﬂﬂkylr@dlpahodeﬁnabulaive ntHrgfeMnﬂaﬂmbered

al k def d b Pre
notst S5 hettive RRTHP oo SR APRISa BoBr o nalngrybipeont
in pagticQla ehirctolon @ dn@ tﬁlli]zfoEE-yDNtdeE etﬁlaaiaﬂﬂjﬂ inﬁﬁl’tid:dﬁr 1,3,4-thiadiazol-5-y1

iazolyl, 2 ti r th|
and 3 BTl e B ST PR ARLRElafuch a5 134
oxadihzal, 5yl dadadi Aﬁ@)@hraﬁﬂéﬁl-yl Bféﬂarﬂgd 3, n%ﬂbﬁted(ﬂlhgthabro%cl/ds ,contalnmg 2to
oxazol yl, preferably oxazol - dy oxadi a %
4 mt@g@hata@s TC dcalmls%}yx ﬁ%fpraglyypu azdm &-yl tnazolyl prefera Iy’ 1,3,4-triazol-

5-yl; 11, 23- A0 a501 27, QhTﬁa%i-S-nyaﬁB eétfa@&yﬁ PRy @H-tEtkd261-5-y1. Preferred
het erocycl es cont ai ni ng nitrogen atons incl

ude
benzq;-ﬁg]sadd%a}egxpere%]a@?r@?ygw Val tﬁpﬂ%@@l 2491, )}apnz igz0k 2] %d benzmndazol 2-

yl. Prlefeh:8d 3hotblred, hrdrédydigObontain Bhe o tl@eesnltrﬁgcﬁzéi‘é)m@aﬂd optionally a
1,2,4-triazol-5-yl, "and tetrazoly Jre erab
ML

sulfug |qr togy geazaipms foy| exapplef pirideld spdh Bﬁea 3ok anyrig- 3ﬁrén@é’r pyid-4-yl;

oS R i TP e S A7 e

1,3,5dorimd-5il; opadagioyh hr eaetioviar pvgénmeﬁﬂdrmda)mzi@plt i T atidingN-oxides

f
and p:}hé d% ﬁroFfaé% %{r%ﬂ 9%)9&}13/1 gp ﬁﬂf&’c{ ) gy % ncﬁ%gl ;ﬁ.ﬁ the 1,3,4-
triazipr2efl @raip$, \argy rprerﬁerr.bd&rgvdp a‘ihﬂbstpymmfod ogtu;nlatly whsamted )hleterocycles
f er abl Lazin

and fggg er axazm lc)é o} the 54 a%4§ mézwp er é{/l‘(i{ ?ya E‘IF éisgusseld abgve can be f(de in W.

Drucpfjﬂirﬂﬂ'lentyll US'rPetem/Ncb di278,79%.0xi des 30 and pyri da2| ne
N- oxi des and the pyridyl, pyrimd-2-yl, pyrimd-4-yl,
pyri dazinyl and the 1,3, 4-
“Heteroaryl” alone and when used as a moiety in a complex group such as a heteroaralkyl group,

refers to any mono-, bi-, or tricyclic aromatic ring system having the number of atoms designated
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triazin-2-yl groups, are a preferred group.
Substituents for optionally substituted heterocycles,
war@sowssher exanpl es of the 5- and 6- menber edPCT/I§2005/023564
systens di scussed above can be found in W
Druckheimer et al., U S Patent No. 4,278,793. 35
wheré Helb&t 08 dhg isal BNG @W@n&%ﬂ%?ed&ﬁ%%oﬁ&uﬁhgmd)rﬁtoye tdfodr heteroatoms
| ex group.such as a heteroaral ky roup, refers )
selecigg] Lopy FrSFrRYP, niteen. oy sy fpd ulfing 2 ﬁiaf?éqrﬁ%éy Al iyt sysheigrpatom is
nitrod@VILARL 't PRASOOSF CREMSHH NBipAS SInR@ER th8 d¥dition are any b1cychc
2006/ 014361 PCT/U82005/023%64 where at | east_one
groups gvhgrezany ofthe gpove hptgriopy}t HopsArnigseddn e Rpwerfine: &Fﬁtea??évlf al Pwhich
mtrogeﬁl& oRglg 'isotﬂé ﬁé{@roat&%l dﬁr@férrfe& Offpd ﬂﬁoxgirn? YR By stenRA8dexamples of
xygen, and fur, referab east” one

the hhtémélryé Avesther §ubsﬁqudgeWSl(h_htﬁ@d>s gq@mﬁdcbmeq@d &Y tehtermn shetgroaryl™:
thlenﬁu FHJ i mln@zleoﬂig eﬁ’yrﬁf&ly‘l hﬁu&g l nisﬁ 2010 %X%ylbllsgx&loigi: triazolyl,

S where-any he abs et eroar ri ngs
thladlfaml,bld oxasliazolyb ntz@frzelyi i ihgltnaaelwb rmﬁrgaz@yh myml c pyrgnidyl, pyrazinyl,
L RO . e pr red. 5 .
pyrld%lté)rl,f %ﬁ%&)}%,n g)%(a%?l g tjél)ﬁ/zél{lﬁe néﬁlgérlé;zﬁ Q{Rdﬁﬁ”?‘%]f (ﬁtfh ra&ﬁﬁl, dioxazinyl,
oxathirgingl, tarayinyl( tingidamyl, smamrlyhtdeumdmzmorwJHM@tmItrwt éﬂl)ydmpyrimidyl,

tetralgr é?r%rm%ﬁ Cfi‘ir%%hﬁ? Stbgérndgmﬁ@l agc? %ﬁmn&? ra¥ \xfell alsté)glizﬁ:}%{ Zeg ldelii\’/atives,

for ewaapldl \Hepzaxsakd,z d:lelgdofurylr I &m&bt;nlazolylt fbeazhtlazcmlnglyl benzotriazolyl,
benzcgﬁ(l?cfjaaoE}%lOe{né ifido rﬁ? d{ Sargc&i?r by, Ilartﬁ]fefrec{ :grglzwo 0 da{ieteroo)% 1ncl%183 %l,s"—thiazol-
2-y1, th(caﬂjomylhethﬂxamemy] 1 34t1r1mn4yyl 4—(¢ai’boagzlmahy1}}§'-hnethyl—l,3—thiazol—2—y1

o B3 UL Bty Oy IBEDY 510 SIS

1,3,44ti4701-86l1, 2ziydpky-1,8 @t @0 5iyD Pcartdk iy aieti3y-1 B telydo]l-5-yl sodium salt,

oS ORI, e Seol oLl &bl bt el o0

oxadﬁ%calmh e2bsazayaapyly, 3, shsadefus yl, , 1, heszdidablezal yJ3,4-th1ad1azol 5-
benzot hi adi azoly], benzotrl?aﬁé%> benzoj m da

vl 2-tmg-1.34 61111%11320}45 ?SIa erQn‘@myglin %, é(iil?zé)&S @”’ C?LmeB? %% 4—th1ad1azol 5-
yl, lHj%?lta%l@agﬂﬂ-meﬂhﬁCﬂI-Uﬁﬁ‘azolﬁgd tltﬂlflalﬁiethyl%nﬂﬂo,)eth 2-yl) 1H-tetrazol-5-yl, 1-

- (car box thyl)-5-neth 3-thiazol - 2-
<carbaxmyao&¥r wyﬁ)vl :5- e Xy&let@yleﬂﬁarﬁf&w@ yll | pedivggi gal -
(metl%@s)utfomél a&dﬁiltﬂ?étﬁ%lg | Iéhéﬂéylsulfomc acid)-1H-tetrazol-5-yl sodium salt, 2-
-th i azol - X 4-triazol -5-yl,

methz]_ ]rﬁ;{eﬁwoléyl 31 ABttqiqzalz%yL 5= pptl yI-1,2 3—tnazol-5—y1 2—methyl% 2,3-triazol-5-

gnﬁbﬁw P%X-tﬂazgl-ff Lr bm-yﬁ Nloxide, 6-methoxy-2-(n-oxide)-pyridaz-3-yl, 6-
2- car boxy- 4- net éw 4- trlazol-5-yl Sodiumsalt,

hydrcggygjgrqg@ﬁyl 4 1-msthyiplyrid- 2—'3/1 41 methydpyrid 5=y} 2-hydroxypyrimid- 4-yl, 1,4,5,6-
tetra}%/ 6(31% 1) 4%ne¥l’lyi—as]1'r1§z1ﬂ B%adf 25 @ltetéhyciroA %fo%ﬁmé hyﬂJS%-cﬁoxo-as—

az O
tnaz@ﬁ(yh,y@l,ﬁd)&yd@tﬂmq&ljyd@x/y-agtxlazjn—éwb| 2 5d5h[ydro -5-0x0-6-hydroxy-as-triazin-

3.yl %d%\ﬁl sa{%@?gﬂg&’% e é% hgénl'oﬁ%ﬁ Wﬁé?ﬂﬂ%té&?d 391 solfumn salt, 2,5-dihydro-5-

0X0-~ @h;(dn@dylfﬂjﬂntthyle:a}-tﬂa,zﬁl, -yl hi %d&xm‘o—é&}xy% methoxy~2—methyl—as-tnazm 3-yl,

2,5—d§1:yﬁ%> %%0 q’s Ep%z&—%lglggpa (é%gﬂr 5 -0X0- %lmethyllts t%%.glfal—z:‘) yl, 25 %mydro 5-0x0-~

2,6~ dikne(tﬂyl(adtrhiﬁhlﬁy)ﬂﬂmﬁeh)ﬁtﬁb]%ymda)zmlﬁ-kltaﬁd B-amirotebrazdio[ 1,3-b]-pyridazin-

6y 1 c ar )[%Qﬁt'rg‘% wi ps th tetr ,az olﬁ‘ldeSS s fpartaimetty s gpethy1,3-thiazol-2-

yl, 4((6@5&%@@&&1615%@}&413dhraidtlr2tﬁtsbalzlﬂll sa'i'r Ml3,,4—tr1azol-5—y1 Z-methyl-l 3,4-
| sul fonic acid)-1Htetrazq

trlazoi-S 5ﬂ’et F%-Itetrfgg Pty abq methgl-w-tetrfzcé 53;11{ r i ég gﬂlmghx}pnnno)eth—i-yl) 1H-
tetrazlﬂ ﬁ%t h)ﬂ(Calb(gcyl%Bﬁlf'lb @I?IQétra'éolyﬂ 2I (Eﬁﬁbm@mel iz)»ﬁ{ AdtaAA8lyl Ssodium

hyl - -triazol rld N- oxi de,

salt, é (ﬁ@thﬁ]@t)@ongl ecHd)O])H HERZObY Y, dh—gmeghysn fOGlC 7_@51 -1H-tetrazol-5-y1 sodium
hydr oxypyri daz-3-yl, 1-nethyl pyrid-2-yl,
1- et hyl pyrid-4-yl, 2-hydro pyrinid-4-y|, 1,4,5, 6-
t et rahydro-5, 6- di oxo- 4-net hyl -as-tri azi n-3-yl,
1,4,5,6-tetrahydro-4-(fornylmethyl)-5, 6-di oxo-as-




10

15

20

25

30

35

triazin-3-yl,
2, 5-di hydr o- 5- oxo- 6- hydr oxy-astri azin-3-yl,
WQ2®e6a14390dr 0- 5- 0x0- 6- hydr oxy-as-tri azi n- 3-yl BOOUSI005/023564
salt,
2, 5-di hydr o- 5- oxo- 6- hydr oxy- 2- net hyl - astri azi n- 3-yl
salt, $ Bditrimmod-8iyt,, 1,£3,6-tatialydels-8,6 Bioxo-4-methyl-as-triazin-3-yl, 1,4,5,6-tetrahydro-4-

o S PN S S e davtsypisina

soditdfsalt, 2,5 AW Doskr-OURIrES=-L thbtB B 1azitl-3-y1, tetrazolo[1,5-blpyridazin-6-yl,

0XQ- 2- net hyl -as-triazin-3-yl,
amiém%mﬂFﬁ%ﬁpilgb Bdaz-GVldi net hyl - as-tri azi n-3-yl ,

tetrazol o[ 1, 5- b]pyrlda2|n 6-yl and
8-am notetrazol o 5-b] - pyri dazi n- 6-yl
“Inbibj(gre maRY 3/fomp0 %‘Fh s PHRIEYANES the bindine gf IAP proteins to caspase
protefn‘s( 6 RRY FEJubM ))r ?r%ﬁt‘é‘ﬂhe 11n§1bitﬁhagp |ap(§5tosYs by an JAP protein.
carbox%nethyl nmet hyl 3-thiazol sodi um
Altexgg}vply, inkibitoy’ ey p cgmpqund 2&1}1@( Pigyents the ,hmdmg interaction of X-IAP
with Ez{sbﬁséé%r tRe Mhdm%iﬂ'térﬁ:hf)@gm/ll,w lwith SMAC.
- et y - razol - 5- y )
1 (1-(di met hyl am no)eth-2-yl)-1H 35 tetrazol -5-yl,
Phaﬁn&%g{cgloxycggﬁﬂﬂ% %a]t% ﬁn%lg«gei tgoglg%\cug r)q base a dldlr%n S%Its[ “Pharmaceutlcally
accepkatiloredith piditdrf enatti” cefens itel )hog_q-saltewha:,l_no:btaﬁl th¢ biological effectlveness and

prop%%@gﬁgﬁé%%age%%%@%g d’k)?&% tg{c %r ShefyisS QekiMyiel MR with

inorghni2 agids suchza@lh-y&oyﬂlgnc acid, hydrobrormc acid, sulfuric acid, nitric acid, carbonic
acid, 1p1§)s§1 21 c[r gﬁé( :Eleo hi< Gaﬁjd %%(g%mﬂrc % shylrnay et géléac%eldnfrgrhylaliphatic,

cyclqaﬁpffatw,ngtbmmidnatallpﬁa,tlﬁ betargchs - darboaglion -and yiﬂfonlc classes of organic
ac1ds su : um Sarct ac1d Wic acl}iy propf(o\{uc ac{zlB PyXolicaa%l U%CZ)I%I(I;] acid yllact1c acid,

pyruﬁc eid) hﬁyﬂib Qwﬁ- ﬁmﬁ)e 6e181y1dﬂax)a€ﬁ matonyit asifl; uctidici 42id3 fitharic acid,

tetr z 1, 5- rldaz and 8- anj not.etr.azol o
tartar[tc af1 %}:Iu? & 361dy?scorglc af%lhglgﬁafn&:ramdn@g @nifjc &%%SW& acid,
cinnankié Citid, edﬂﬁ(ﬁlc Ohcif)l ebotis 4che Pheagiactgic Oficid, Athefiafdsglifdic acid,

t o _caspase rotej.ns or reduc [ prevents the
cthane ORI B G- “eaffak Rigfeid E‘%}lwz icyag8 4 ek,

Alternatively “inhibitor" neans a conpound mhich
events the binding interaction of X-I

“Phagmacppiically grecptpide g?%?oqdﬁﬁlop G A0 Grgre dEivechfsom ppreanic bases
such SMACodiukl) pothaffRagkbinG AldmbnRAGE edétcﬁﬂxl) emsdelidm, iR hﬁgg copper,
both aci d and base addition salts. Pharnaceutlcal y
manggpese AlaBIEMSaltyand the likenPageylarly pipferred ais the, yamoniamy Rotassium,
sod1dM"“c§leﬁ?£xﬁ' rﬂaotngﬁurﬁ sQsOHafidlerRbd ok Mﬁﬁﬁa%@utﬁglﬂ/ acceptable organic
erties of the free bases and which are not
nontcm‘wo gt dngludgs ealtsonfhiesinirs escenvdasi pugbfegtiary gmines swbttiuted amines
y .
1nclu1hﬂ? gg@ﬁfﬂ? (ﬁ?t}rgﬁ% %I}ﬂwgllﬂufglé tall?liy%g ac?bﬂéco Lihfn car %dﬁlfjl%asg ngg g%?r{g69651ns,
such plags p*quparlaamed Hnnbth}iﬁfemh¢,keiletb)riM¢,g amsfbylammds tri@yombnﬁne,
te iC al
BB °3 AOMBANRY. om0, LETILE 0
histidinea s éfeine f pmczgmal hydra&amnis, slwhhe abetailmf, mtlrylemadndnumc %iUCcsamlne

mets i B R it St B P gt o S potyamine
resingTedn@ | the ah‘,ked Papdica uelly Cplaferrdd (ﬁ“gkﬁﬁli RbG-toaii Base$ Luﬁéaﬁsc@ropylarmne
. .,acid, tartaric acid, rtlca
i 5ol bRl e traine: Sibtelpre e iTng o P

benzoic acid, 20 cinnam c acid, mandelic acid, enbonic

aci d, phenylacetic aci d, met banesul f oni ¢ acid,

et hanesul foni c acid, p-tol uenesul fonic acid,

salicyclic acid and the Iikﬁ.

sme arginine,
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"Pharmaceutical ly acceptabl e base addition salts”

i ncl ude those derived frominorgani c bases such as
wa@oomsiom3epot assi um | ithium amoni um cal ci unPCT/US2005/023564
magnesi um iron, zinc, copper, 25 manganese, alum num
salts and the like. Particularly preferred are the

The praseotninvengioppbagss nongl comgoundy havalgehegenanidormadaEsi um
salts. Salts derived from pharnmaceutically acceptable
organi ¢ nontoxi c bases includes salts of primary,
secondary, and tertiary am neRB, substituted am nes

i ncluding naturgy l'y oogurrikng Zubyt ituted am nes,
h

cycl i c am nes and,basilc i oh ex Resins, such as
i sopropyl am ne, T '
triethyl am ne, RL‘H p%ﬂopy Ryri ng, 30\ et hanol ani ne,
2-di et hyl am noet han tri methag

di cycl ohexyl am ne, |ysine, arginéne, kstidine,
caf f ei ne, procai ne, hydraban ne, chol bet ai ne,
et hyl enedi am ne, gl ucosam ne, nethylglucam ne,

t heobr om ne, purines, piperi.zine, piperidine,

N- et hyl pi peri di ne, pol yam né resins and the I|ike.
Particularly preferred organi c non-toxic bases are

e Ot WA R e ) By Re. “EROoH4 Sia

caf feine. 35 11 WO 2006/ 014361 PCT/ US2005/ 023564 The

. BLESEILERL Lon, PhovLiGs, novel comppunds_having the o
anotifer Bre'fﬁrreﬁ e/}@ocﬂinﬁﬁt X Xand Kz are BUfheS ehrhn?ftherYpref%rrecRémbdﬂzment X, is S

R4’ RS’ and R6' are as descri bed

Whﬂfh%wé.% In%roﬂaqﬁarefezreére@bedaeﬁnta )ﬁlo‘é{?éﬂﬁ’ér?%llizs Oor S In a
preferred enbodi nent, XI and X2 are both O 1In

anot her preferred errbodl ment X, and X2 are both S. In

Y is{frERmer O s ¥ etheedn @nipodpivaed Bxiis Hs hajogepg alkpi, jagylygralicy, amino,
aryla@mo| Qlk@@ﬂinheﬁr ﬁf‘nﬁ{or @lﬂo@%@k%f‘&mkﬁbxﬁl SInoa. fMﬂﬁéu@ar )é%bodlment

; wherein n i's or

Y is |C§-Iz HIn HQP‘@@@?’F enéhq;qulent arls),l Ingz parfigylar egﬁ;pqlfglent n 1s 1 and Y 1s CHR;

wher@¥, %51 108, rarlemmgbeneﬁetmr @Barrraﬂar%lseaa}ﬁemwhgaw is CHR,
or aral ]%/oxy I n particul ar enbodi ment, Y I

wherpif Ry ipBr |aa)arfr&rdlaeﬁ‘bm§1rm@hn il gnd Y is ¢IrIrR7awlp‘z§¢1t1 Re i aa¢1ky1anuno for
exanﬁ)fﬁbggd Plgfx]ﬁnon 'I§ énoﬁ’t@fj p&tfb axcgﬁgoékéleﬁﬂh?r fs' B. R7InI other particular

ar al oxy, for exanple oxy. In a particular
emb@ﬂmm'l’rr%ﬁ-t nis1landyYis CHR?

Ring ‘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
A groups are optionally substituted with amino, hydroxyl, mercapto, halogen, carboxyl, amidino,
guanidino, alkyl, alkoxy, aryl, aryloxy, acyl, acyloxy, acylamino, cycloalkyl 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, haloalkyl,

12
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wherein R7 is F. In a particular enbodinent nis | and
Y is CHR7 wherein R7 is aral kylam no, for exanple
whemsplsani no. | n anot her particul ar enbodi nent POT/US2005/023564
In another particular enbodinent Yis S. 20 Ring A
is a 5-nenber heterocycle conprising 1 to 4
aminbhadies,aqtlodlsy1.opyliod Adblesocpdd $i & pattiedarwintbbdimand rin@, A is aromatic. In a

.hydro mer capt o al oge r boxyl, am dino,
pmnaﬁgﬁFﬁﬁﬁgmméWQ%ﬂPng oxgpHe ??ﬁﬂ’aryloxy, acyl ,

acyl oxy, acyl am no, al koxycarbonyl am no, cycl oal kyl,

al kyl t hi o, al kyksul finyl, aIkyIsquonyI

am nosul fonyl, akkyl am nosul fonyl, 6Iky|su|fony|an1no

or a heterocyclg/:%ﬁ ein each al k al koxy, aryl

aryl oxy, acyl, g@yﬁo , acyl am no,q cchoalkyl and

het erocycl e subsﬁhdﬁ %n is 25 optl @W substi tuted

wi th hydroxyl, halGgen, nercapto, carboxyl, alkyl,

al koxy, hanaIkyIHaan1no, nitro, cyafo, cycloalkyl,

aryl or a heterocycle. In an enbodi mrent, the 5-nenber

heterocycle ring A groups are optionally substituted
whergintCh iaNRa ©, oridy s, (Qész} Qmﬂecéptamd Qb aﬁlr@'glécrpendmﬁbGRybl; N; wherein Ry

is Hamnﬁx n %dr?)grllj aﬁuerga ha'rilcly%x ¢arl§lc1|x§ %m?lacg ygu’amﬁe e?lo 1§/ glkgxy aryl,
aI'YIQWLG?tCEﬁ acmwhacalalnyduq, cpdlbadbyy or amﬂerocwlgflmeye,m aabylalkyl alko;(y, aryl,

| kyl d. he
oy Nt VptoRE P ol oo PRt B SUREN Sn GraPy subsies
with h@ﬂm)gyinhal@n Cr&fl‘/b%),éo ggm}agyzdyhlkylah&ydlkyl heahing | vkeyd, ,cycl&élkﬂﬂryl or a
nete BRIy U 3 eSO ef & IS BapbrE geh sl a
cyclcﬁﬂdybéhdmmtﬁrodyble ds Aptichaldy arsdthed with I@droﬂs'ﬂ[ hdﬂSanﬁﬁlercapto carboxyl,

e i 0 i A B e B
embddsmdNRSing0A Q¢ a Sroufldf f@ﬁmla@ Ilgi pa@ula@mbcﬂﬁﬂen@mg@[ 8 a group of

endent |

formwgf 1:1n %g ggbwgereﬁ§9d§ éWl o%]éertegez;g% optlglgﬁllalsHl&tltuted as described

abovBU&Nh ghrﬂallaraénllbbhbmeﬁi h@gx is @rngu,p of F6Y¥du@XY whae! Q@4 is CRy and Ry is
acyl oxy, . acyl am no, cycl oal Kyl or_ a heterocycle;

phenyln I gintticwlaheraltadipment. gingk {7, 2 &Py of tprmuls i vﬂs@gﬁm Qe §#I CRo and Ry is

phen$iCank @% Ys CRGY CRM hottel ShiRRk Kbk, Y QQX Rat é@&t\%q}\f %tﬁmla i Wherem Qq is
substitution is optionally substltute W th dr ox

CRs pigd Regie Ryridisgoh ploginother esghediment ripg 1A, is B grayalok @rmuhrﬂ wéerem Qs is
CRg,"I’dgflsf@zndﬁ)QC;ll‘aﬁ& &YyilscRieyl or a heterocycle; R8 is H,
, acyl, aryl, cycloal kyl or a heterocycle;
mhereln each aIkyI aryl, cycloal kyl and heterocycle

In an'oﬁlepgﬁﬂoﬁﬂ@n ¥ H)rmﬁ% PWOLQP %?Wé %nr%f}%g’glgaﬁl?%s?bos}ituted with

mer capt o, car
alkyle piyl, Tkl cycmawl @Wclaalh)éalbyloey@teeocydﬂ @r @hejegooPble-@lkyNoptionally
M e n roup of.
8 A K5} R TR T 4 ol 8o e, o
hetergarmh pn af emtfodinmant Ang A isMubstgnted Gh brsar@RY hwhx@mtyl groﬁQ l’n:a particular

embo%lr}{ent Ting eltS geﬁ&:?ed%rorr? E'g%ﬂf%‘ cor}élsfcingo Ituted as described

RN /NT/Q N NRq O @/Q
R
8
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above. In a particular enbodinment ring Ais a group of
formula Il wherein 4 is CRO and RO is phenyl. In a
w@arbiocusbar enbodi nent, ring Ais a group of fPRCTHUBZ0$/023564
wherein 4 is CR9 and R9 is phenyl and B is CH or
CF. I n another enbodinent, ring Ais a group of
wheréiorRylib &, hikyWier eiampleXndtityl 28hyTRY peopell) B9 atyd (for example acetyl). In a
pyridin-2-yl.  I.n another enbodinent, ring Ais a group
partiqir pboimentRe ifier i n Q4 is CR9, RO is pyridin-2-yl
and B is G M. In another enbodinent ring A

according to llaor Ilb js a rro e ring optionall
In ang{ReEmbateat iFs A is Sy Perioas i hbsiurdyith alyle FhiARYL cycloaliyl,
cycloak§laBdl, k Bk@iokydle ord Ha&t&@ae_mypopﬁan@y hehsBrReNeALE habded Ihydroxyl,
optionally 25 substituted with hal ogen_ hydroxy

merci, capesl daliiaplkyl, amiap nithearglrbgteroagi Hign emb@ii@ent ring A is
substﬁﬁ%h wath 2R &t J@%Qﬁété’rbaryll &odf] ﬁ@&%dﬁﬁ?%mﬁéd‘ﬁerﬁ firkk A is selected from
substituted with an"aryl” or heteroaryl group. 1n a
the groap consistiag of: enbodi ment, ring A is selected fromthe
group consisting of. NN RBN NI CNR8 R8 30 13 WO
2006/ 014361 PCT/ US2005/ 023564 wherein R38 is H, alkyl

(for exanple yl, ethyl iiiiopyl) or, ac for
exanpl e agef In a pg r enbodl\\ is H
I n anot hey gnbodi nent ri \A is furan o t| nal |y
substituted with al kyl, a@yl aral kyl, cyclfoal kyl, 5

cycl oal kyl al kyl , a heterocycle or a heterocycle al kyl
optlonally substltuted wi t h hal ogen hydr oxy
In angtheg FHbgdiment Hag v} is Ahirghene patienalik yprbstigisdn aYIth rAlipfhoaryl, aralkyl,
cyctoan%i QEloRRYIBKPAIY heterb&ycRN of D GBS e-diiky? Sopfiohatl substttuted with
su

stituted wih an aryl or hetercaryl group. In
halogen thyflonyla meeapiediaphony], alkyh dalaakkyl, gwinec pidig. pybas hﬁttﬁearyl In an
embddirBihP nﬁg S s Shibsichidf withl h 5@1 SR AE Ieémtﬁ)c“ ]Hean[;art{duﬁg efbodiment,
I's thiophene optionally substltuted w th al kyl, aryl,
ring Adsielegied fromykd meunaphsistagef-oal kyl al kyl, a heterocycle
or a heterocycl e-al kyl optionally substituted Wi th
hal ogen hydroxyl, nercapto, carboxyl, alkyl,

hal oal kyl , , hitro, ary heteroaryl an 15
enbodi mept Ais subgtitiged with an ary

hetero I'n a pdrti cul ar enbodi , ring A
is selecC fromthe grotgp~consisting of: S S~ S 20

In anot her enbodinent ring Ais pyrazole optionally
substituted with al kyl, aryl, aral kyl, cycloalkyl,
In amdfledr csrhHoydingenk ying A& bqt)eizﬁléyﬁﬁtﬁnﬁily authatued ool | dlleydl| dyl, aralkyl,

oGBS, SOk S0 g POLRRST I Gy e i
halogh Wyd@kylh eleeagar c)étboxylr,t atkm 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:
0 50 10 50 0 L0
N S
= 4 /1 /N i
RgN, _ N, | <: N | 8
8 .N N N,N C- N Q N—NRB
Rs Rg

wherein Rg is H, alkyl (for example methyl, ethyl or propyl) or acyl (for example acetyl). In a
particular embodiment Rg is H.

14
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enbodi nent ring Ais substituted wth an aryl or
heteroaryl group. In a particular enbodi nent, ring A
w0 2008436t ed from the group consisting of. 25 PCRYMNG5/023564

NN NN N ~NR8 R8 R38 wherein R8 is H, alkyl (for
exanpl e nethyl, ethyl or propyl) or acyl (for exanple
acetyl). In a 30 particular enbodinent Rg is H 14 WO
2006/0 4 61 PCT/ US2005/ 564 anot her enbo nt

In apqthey eobodimegt qug A ols dﬁlquaﬁ%qugw pspstittted Wikt ﬂ‘qge Ry, aralkyl,

cyclalkyl, , cyatoalicilioyl, £ heteBYdiY lor o€ Yi&bi0ay clfélédﬁ}tl kdltion®ly substituted with

het erocycle or a heterocycle al k optlonaIIY
halogeg Jwsoxyl @grsapien car]apdqyb iprmq@e pip eyl or heteroaryl. In an

emb&RhAR XML A & slﬁﬁitltutgtﬁl)vﬁﬁlaﬂfﬁllyl O@Hét&garyln%t)ﬁ[p » In® ¥drti@flar embodiment,
heteroaryl. In an nmbodi nent ring 'S substltuted
ring {jig Wleﬁﬁdéﬁowth@?:fohle?(@ﬂét&}g)ﬂf group. In a particular

enbodi ment, ring A |s sel ected fromthe group

consisting of: ~N NI rN RENVN N-.NR8 NJ <N N~ N 10

MWhep R8 |s alky ( exanpl t hyl , et or

0r oM™ 153 I n a CLH anqer/[::]
RgNe (podi rrentN R /\anot her 49 odi ment N\)g Ais Q\,‘N

Bxazol e optlonﬁlly sub%tltuted th alkyl, ‘aryl,
aral kyl, cycloal kyl, 15 cycl oal kyl al kyl, a
heterocycle or a heterocycle-alkyl optionally
substituted wi th hal ogen hydroxyl, nercapto,
whele@rlbgqu{ allgl kit exabipleométkyl] ethyrer rp@opynldrra@yl (B Yekarle acetyl). In a
eter yl. In an enbodi ment ring Ais substituted
partighlqrigmig ‘H’FVIRgdSr heteroaryl group. In a particular
enbodi ment, ring Ais selected from the group
consisting of: 20 N O O,, N In another enbodi
In a@?%@eraborlgnqnge&gafi &1 s ergARally pubstad; with a1 mlarﬁr%lmwcloalkyl
cyclcali¥lalkyR adleteYdeycle Slyapllle@e%dﬂllleaalk‘;}ygﬂti%ﬁzl‘ﬂ&yslll@étllﬁﬁéd with halogen hydroxyl,
y

heteracycle or a het er oCyc| e-al'kyl optional |

mercgpipstaraowylet kvl batoaliyh | agyfon nifpdarghar hetepraryd a it 45 embodiment ring A is
subs@ @B W an a?;lrll%Y lhetm%@llgp?tlo}ﬁy | 10 25 Qar RhobbBmed! Yhe Ris selected from
heteroaryl.” I n an 25 enbodinent ring Ais subzﬁltu
the gygupisonsistiag 9ft or heteroaryl group. In a particul ar
enbodi ment, ring Ais selected fromthe group
consisting of: N ~Y

\\ \
1

-_—
—

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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,31. ON N N~ O 15 WD 2006/ 014361 PCT/ US2005/ 023564
I n anot her enbodinent ring Ais thiazole optionally
waewshi4et ed with al kyl, aryl, aral kyl, cycl orRYE2005/023564
cycl oal kyl al kyl , a heterocycle or a heterocycl e-al kyl
optionally substituted with hal ogen hydroxyl,
In anwhaaghtedingat bingy A, isaktiarble bgloaallyk ylbstited N@ith reltyl,0aryl, aralkyl,

a or teroaryl. odi ment ring A . .
exl L, PelR BT ¥ bivesPy or T BREPORIAbY GuraLPn upstved wih
ha1o@arnyumuy1aﬁneaﬁ§tedtaiwdyl aués}l MHadglkd, afmirde Rl a6l bf askibh®l. In an

cons;st%%gg?£ S~ N In anot her enbodj ment
emb “Hﬁ‘ R g sy Wigh arbf% AahstgroaylEpyR: PR AT ‘embodiment,
rlngA'lkéélecteafﬁéhbth@ér@ﬁMnmstm]gQ)fCyC| oal kyl, cycl oal kyl al kyl,

a heterocycle or a heterocycle-al kyl optionally

substituted with halogen hydroxyl, nercapto,

car boxyl, al kyl, halogkkyl, am no, nitxo, aryl or
heteroaryl. In an, ment ring A substi t ut ed
with an aryl or =ef Oaryl group)mn B Pparticul ar

enbodi nent, rlnﬁ%ﬁsls sel ect edS{ rgm t he group
consisting of: NS SS S 15 N I n anot her
enbodiment ring Ais 1,2,3-triazole optionally

l. I K a I

o SRR CRILTERURE 2 Koy BB ongBh DibairmCd SATURY gy sl

cyclapl, mYaIOBIyylslkblsta ﬁl@t@@dqu h a Zﬂeﬂoedctﬁgﬁlwl hgnﬂnooalgyl substituted with

halo%ﬁ QR)&% @ Xc\,( bo kaM(Hl hn_%ol?}?l Xx%ﬂo %mon%\rﬂ Betgfoaryl In an

embcshrb@tt |r1lng tAed subatlltutahwah yh agyt ohlsttepaglr gtbu;ngnLquariumla embodiment,
a odi nent. ri.ng Ais selected fromthe

“"gR £seiec%ég§r§|m§ FIRESEIE A () )N RN SNN NoNR8 N NON
N N~ N RRS 25 wherein R8 is H alkyl (for exanple

or acyl (for exapple acetyl).

nt R8'is H. 16

/
S

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:

%
Z\Z_,¢

\ 4N \ /N /NRs

wherein Rg 1s H, alkyl (for example methyl, ethyl or propyl) or acyl (for example acetyl). In a

particular embodiment Rg is H.
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WD 2006/ 014361 PCT/ US2005/ 023564 | n anot her
enbodinent ring Ais 1,2,4-triazole optionally
waewshi4et ed with al kyl, aryl, aral kyl, cycl orRYE2005/023564
cycl oal kyl al kyl , a heterocycle or a heterocycl e-al kyl
optionally substituted with hal ogen hydroxyl,
In andther apb@imerdhgxslis 12ldtyiazold aptahity lsubsﬁlmeﬂazvltma]kﬂo aryl, aralkyl,

eyeloglil FPigHEISRIL 1 heieraPioR ar S BRPBRIRAIs, R tiaralp sustituted. wich

halogaamw@wlame@aﬁwddamyh a1k§1 lhlal'aﬂkﬁ b®indChi@6! 841 b RRbOAGL. In an
rouP .consjstin ' ~/'" N1 0z- NIr" N
embogimant {ing K i SHPsK teiioWIﬁhafaﬁa{ ?fefreteé%ﬂoarﬁ»@mm igHioular gmbodiment,
ring XAdiead @I 8mARe droipAlohdistmghst i tuted with al kyl, aryl,

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

or a heterocycle aIkyI optionally substltuted W th

hal ogen hydroxyl, nercgplo, carboxyl, alk
kyl', ami no,\ nlryl or hetero . In amj/@
X ent ring st i tuted wiN-h e
N&tgeteroaryl groug?*fn a particul ar pgn dlnent H

NTs selected fromw#& group conS|stﬁhd“of 15 01N hN

~iN NN In another enbodinment ring Ais thiadiazole
optionally substituted with al kyl, aryl, aralkyl,

cycl oal kyl , cycloalkylalkyl a heterocycle or a

hgl'}eg&?gﬁx ) e? g&k A gsgt L.anal leyo(gglg txlyﬁ::uggtlgﬁ% |w1th all%rq aryl, aralkyl,
cycloﬁﬂtbpaiykmhlkylﬁﬁyln a hélérbé}@le oF il h&éro&},@teeﬁll@@rdﬂtmndllﬂ @Bstituted with

nﬁgglnent ring Ais supstituted with yl

halogqB hef g8y yfne@ma& carioyla alilh thalogficdy a‘é‘WBoEFFfﬁei‘Wl or P?tfff@aw In an

embddfmche HBE el shissamtddn@itfhO b 6ORSdrSINGodf oD PrtidMaN¥Bbodiment,
NN%N, S 25 In another enbodinent ring Ais

ring 4 d selestsd Bopdhs Bopn qopsigiigefi tuted with al kyl, aryl,

aral kyl, cycl oal kyl, cycl oal kyl al kyl, a heterocycle
or a hetero ycl e- aIkyI optionally substltuted with
hal ogen hyd olyl mer capto, @& Qpxyl, al kyl,

hal oal kyl no, nitro,: ar heteroaryl\ 17
' 361 PCT/ US200671923564 enbodi ne ‘“ |ng Ais
substi e ed with an aryM on heteroaryl grdip_on a
partlehlar enbodi nent, O ng Ais selected fromthe

group consi sting of:

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:

\ \ \

\ A 1
— a —
g N N,
\NIN \S/N NIS

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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I N NNNzr, NA\NNN 5 1In a particular enbodi nent

ring Ais: Ph I N N In a particular enbodi nent ring
wWQ@\2008/014380 Ph N S-N RL is Hor R and R2 togep¢iIFUSI005/003564

a 5-8 nmenber ring. In a particular enbodinment, Rl is

H In a particular enbodinent, R and R2 together

embdd@héhit am@ Mﬁ@ﬁiﬂtﬂ’té&@ﬂh ki ay] Bﬁﬁdtérﬁ&wlaéro@mmcﬂ pRfduiar Rnbodiment,
and ﬁgther forma 7-menber ring. |In another

ring éﬁ%”%ﬁﬁé@“ﬁ Farmertistingofand R2 toget her form an
8-member ring. In_aqother particular enbodiment, RI
and R2 together ‘ a 7-menber ring Wwhi
anot her part\i cul& gbodi ment, R |§ H, | s
CH2. I n anozhelN particul ar enbodi nty Is H while
Yis S InNanoNher partlcular embodiverN, R is H,
while Yis &N 20 R is al kyl , cycloaPkyI
cycl oal kyl al kyl , aryl, aralkyl a heterocycle or

n a prﬁewedeMdemm R2 is

%ﬁ%ﬁzgg%ﬁ%¥%?gg¥é¢fg I n an enbodi nent, each R2 group
is each optionally substituted with hydroxyl
nmer capt o, hal ogen, am no, caqﬂgxyl, al kyl , hanaIkyI,
al koxy or alkylthio; In an enbodi nent of the

invention R2 is t-butyl, d_s pyl, cycl ohexyl,
cycl opentyl or phenyl. In p%rticular enbodi nent, R2
is cyclohexyl. In another e iment R2 is 25

t et rahydropyran-4-yl. In another particul ar
enbodi nent, R2 is isopropyl (i.e. the valine am no

In a @cticlar sinb@li@brairing A i$:n anot her particul ar enbodi nent,
R2 is t-butyl. In a particular enbodinent R2 is
oriented such that the amno acid, or am no acid
anal ogue, which it conprisesHhs in the L-
configuration. 18 WD 2006/ 014361 PCT/ US2005/ 023564 R3
is Hor alkyl. In a prefer odinment R3 is H or
met hyl, ethyl, propyl or isgpriopyl. In a particularly
preferred enbodinent R3 is methyl. In a nost
preferred enbodinent R3 is

R; is H or R, and R; together form a 5-8 member ring. In a particular embodiment, R; is H. In a
particular embodiment, R; and R; together form a 6-member ring. In a particular embodiment, R,
and R, together form a 7-member ring. In another particular embodiment, R; and R, together form
an 8-member ring. In another particular embodiment, R; and R, together form a 7-member ring
while Y is S. In another particular embodiment, R, is H, while Y is CH,. In another particular
embodiment, R, is H, while Y is S. In another particular embodiment, R, is H, while Y is O.

R, is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a heterocycle or heterocyclylalkyl. In a
preferred embodiment R, is alkyl or cycloalkyl. In an embodiment, each R, group is each
optionally substituted with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy
or alkylthio; In an embodiment of the invention R; is t-butyl, isopropyl, cyclohexyl, cyclopentyl or
phenyl. 1In a particular embodiment, R, is cyclohexyl. In another embodiment R, is
tetrahydropyran-4-yl. In another particular embodiment, R; is isopropyl (i.e. the valine amino acid
side chain). In another particular embodiment, R, is t-butyl. In a particular embodiment R, is
oriented such that the amino acid, or amino acid analogue, which it comprises is in the L-

configuration.

18
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methyl. In another particular enbodinment, R3 is
t-butyl. In a preferred enbodinent R3 is oriented
W@ o@h/0i43at t he ami no acid, or am no acid anal oPUEDUS2005/023564
which it conprises is in the L-configuration. 5 R4 and
R4' are independently H, hydroxyl, am no, alkyl, aryl,
R; isall ak kg1, Inya:ﬂ)reah\tf\% bmbcﬁij!xﬁdzrﬁ)&lﬁ lt’sy]l{?;)lr lkf;ékhyl elﬂﬁfl Qiic@l’cy[ y:{ isof@6pyl. In a
a o .
part18,§%rfr oa{%treg E¢81118’§1%rk§1 13 ;ap'(r: met é%/ élldlg]irn%fft pé%rarreé< meodlment R; is
methYEt18 ap@het | patticyiar érsboaphdn®akid busibEL d SrbteBed ¥Wnbddiment R; is oriented
ner ca car boxyl, alk al koxy

en, hydroxyl
Suchglm HhE e Hich prAmipoyaci %Péﬁsve@ whigh it<pBBHIHER ¥1R4~ chmiERion.
are both H In 10 another particul ar enbodi nent R4 |s

thyl and R4' is In a particul ar enbodi mrent one
Ry aIF@4R4 éﬁdnﬁ?&efi#%tlh;ﬁdhw?ﬂyl @O0, oyl aryh peliyl, wwloaﬂsvlmclpﬁlkylalkyl
heterd Ih&r h& 68 t ang 1R
oS00 WERSITAERA o B e Sy, Sekiouic
hetefﬁa?/l 28| fﬁter%ﬁﬁﬂéléwlwe&wphmﬂy jsgbstituedd wh halogep, haﬁrl@yyl mercapto,

carb&yY, lalkyBafloky! a~n?1ﬁ"<y Fﬂdotﬁ &Yl a ﬁéfﬁ!:u@? elﬁ%lofﬁkjéw dR4ne %tlﬁngé wéth H. In

or heteroary I'n a particul a
anothpr @m@elgiars@n@ét@t Ry onmethid apd Buips &b nlyi aspartnglaa)femeCBmHN one of Ry

and 1{&/ s l],ym%l'\kl (%_%hyyt% sfle ié')ﬁ Jo ?‘Sﬂ} %%ﬁ@%&w&%%&% %ﬂg'i@ # amino,

such j4p NHRRGIMpard WHES, thf@(bﬂﬁf 0 14 3G pREhldySR0@BMOR IB64 Hand R, is
H, aﬂ{yli,L ary}, al'alk&l,xgychgk% cy&galkylalkyl, heteroaryl or heteroarylalkyl. In a particular

embodiment R, is a group selected from the group consisting of:

N
Sl N N\
- _
@‘(CHQ)Z &(CHQ)g Q‘(CHg)z

(CH2)2

; i OoN i !
: (Me)oN” : i :OH ;
OH
Q/ H2N/©/ Ph0/©/
cl

NOg
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1, N2 N2 HO5 R5 and R5' are each independently H

or alkyl. In a preferred enbodinent, R5 and R5' are H
wo@eoosiret3hyl . 1 n a particul ar enbodi nent, R5 i SPEI/ERIN05/023564
R5' is nmethyl. In another particular enbodi nent, R5

is methyl and R5' is H |In another particul ar
enbodi nent RS and RS’ are both nethyl I n anot her

par th &nb are b H 10 Re,
and RG e each H, al aryl or

ar glo N a.py z t, s alkyl, for
exanpl elmethyl . I n another p cular enbodi nrent R6
i's aryI| for exanpﬁé phenyl . | anot her particul ar
enmbodi mnent R6 is aral kyl, for exanple benzyl. In a

particul ar enbodinment R6 and R6' are the sane, for
exanpl e bot h al kyl, E g. both nethyl. In ariot her

[ [ and is H 15
n confain one nor e

: i ngliy, th conppunds
eoners, enantignmers or mgtures
N Y51 f the ounds mayoenpl oy
racenates 2 di '€ or enant/i oners as starting
materials or as internedi ates. Diastereoneric
conpounds nay be separated by chronmat ographic or 20
Rs and Rstaad bdch andependamiynid ds alk@l. minl saprkfgrred eabrddiroentr Rcand Rs* are H or
methgir Xﬂll’c{ en?n%di%%%?h 5 18] 1selq arlildc' E%l%nmgsyls <rilnngnotﬁeg: 1cuqalilree§nbod1ment

Rers  kKnown 1N the asy
R;s 1&:meﬂhy:lnandtlbsm‘ss HayInbmothar pahemﬂ%rcnmbﬁdummrm gmlrm |a®enb<ah dnethyl. In

mmtbOthgﬁm%h%SSA onﬁl ur t%g e within the scope of
e e MR 1 B 1§

raventi ounds of the invention
have t he follomnng stereochenical configuration of

o 2 ey R0 RO B, PTLAONR] 0288 Bl .
alkyl\/\fte re@duﬁplé(me‘giyl Aln Rlaéheﬁgartlaﬂar dntbodiRént, RS ,arle5for T)Bﬁ)p&ﬂdlenyl. In
are as scripe in. 5 tion also
anotly opBIR TG BoS TR MBI ol PHECH S sRndiment Rq
and 11 Iafe&hé eanfe] Rl ex@sple VOB bRyRBR! botiahk@yll N6 bbdiBerlpaMMar embodiment
o;e%Eing and car boxy-protecting groups which

Rg 1Séxﬂeéhy?arpdr AT

Compounds of the invention contain one or more asymmetric carbon atoms. Accordingly, the
compounds may exist as diastereomers, 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. Preferably,

compounds of the invention have the following stereochemical configuration of formula I’
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rel eased, for exanple hydrolyzed, to yield the parent
conpound under physiol ogic conditions. A preferred

W@ b@s®14361 pr odrugs are conpounds in which a ni PEDYSI005/023564
atomin an amno, amdino, an noal kyl eneani no,
I m noal kyl eneami no or guani dino group i s substituted
with a hydroxy (OH) 10 group'%an alkylcarbonyl (-COR

group, an alkox arbo ) acyl oxyal kyl -
al koxycar bonyl (- Wwhere Ris a
nmonoval ent or d alemt dW%up an Wefined above or

a group having the frarmul a -X( O 1P2 hal oal kyl ,
where P1 and P2 are the sane d&3d| ®rent and are H,
| ower al kyl, |ower al koxy, cyano, ha omer al kyl or
aryl. Preferably the nitrogen aton1 one of the

nitrogen atons of the am dipo group of the conpounds
of the 15 invention. These grodrug compounds are

wherpineg{) af, &d Ry, Ra R4, Rg Ri’hR;, RenRoamidy’ af at ficriiad @akinon
descri bed above with an activated acyl conpound to
bond a nitrogen atomin the conpound of the invention

The in@erttioe atsarchamypassed ploli@gact thy abxﬁpbuaag/ deser¥PALARE. Suitable prodrugs

Sui t activated carbonyl conmpound contajn a
wherp eaé\vfi-ﬁ[ff Pl BoRBR A PHs 6t Hoh oo o Ao Wit are
releabdd( fod @ea@ﬂy hydiallzed £®,yiag we lﬁmm&ﬁmpouﬁptﬂdepyﬁylsldldgic%hdmons A
sal t al koxi des, in partijcular acyl phenoxides

prefegid £l35g OgPFﬁdf‘}gé e REREPUEY 0 Waishh RIOPBHEHORyaTREYinS, amidino,

aminbAIKAERPRRO OMInAIKY lencattifb 6 fulakiainORRAPAX YubdiUled with® hydroxy (OH)
reactions are generally exothermc and are carrie

grougy, @1 j {Kylepsbnyks drGRRY seiqep. r el uREryeasbRIsl dtGf-O8)s 38 hagdoxyalkyl-

alkoxyé&béi1 UeLb-FROE0-RY NRodpeRRdré Q@?s AnRnbial by dRhRR: group and as
carried out in the presence of an inorganic base such

defingd abgyp Q53 PP MEdRD 8&@5@@1“& -GQuPUrR 1R daletlsrlatiieredil and P2 are the

sameXr Qﬁfyr&lt BRBRe AUGWRTIKGNIARE Afoxyl Bahs! GhidGo RNl &edryl Preferably
triethylam ne, etc. Ché manner "of preparing prodrugs

the rjitsogge gkam iseene of thysiMogay Bargs 8h thefanidido Apup|of 28 qagpounds of the
inverk N,/ TIRRL 'b?ﬁ\[ﬂ\%"gdrﬁ}ﬂuﬁcﬂ zﬁgg) %g{%gltlg%hh% Qhev\@o%ﬁé)gﬁ;s(%f {hIQanentlon

contents O ch™are inc erei
descriel @pevecwithi an achiedted asplt domppynd tPhend a:mtragen@mmpmuh@smmound of the

GRS s AL A A, Sl ROSRUALR ons
contain #ggpddedNihg/ gr@p honded to theNatkjonyd c@bbﬁ\laddl\ihqludemcyllﬂamidxl A amines,
acyl ergauhlmn sgtg,_"éw}l aMdes, 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 W0O9846576) the contents of which are incorporated

herein by reference in their entirety.

Particular compounds of formula I include the following:
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SYNTHESIS

5 Compounds of the invention are prepared using standard organic synthetic techniques from
commercially available starting materials and reagents. It will be appreciated that synthetic
procedures employed in the preparation of compounds of the invention will depend on the
particular substituents present in a compound and that various protection and deprotection may be
required as is standard in organic synthesis. In a general synthetic scheme compounds of the

10  invention may be prepared using typical peptide chemistry techniques by coupling the amino acid
residue analogues with typical amide coupling procedures. In scheme 1, amine-protected amino

acid residue analogues are coupled and deprotected sequentially to give the final compounds.

Scheme 1

15 3

Y 1) Pr removal Y
R4\N 1 R N7" Rs ) I:{4\N 1 2 3" Rg
/1 N Re' 2) R/‘ N Rg'
R4 Rs Rs'HN 4 Rs
Rs Xo OPr @ Rs Xa NRs'
X3 X3 i:

20
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2006/ 014361 PCT/ US2005/ 023564 157 H O 158 O rNN N NN
WOR2006101435 O O NH O TONH O NON N 159 0 160 Crqu/nNiSIeM023564
N HH ONHI IONH ONNON NH 161 H162 / N NN
HNNNSN HONH/ IOHHOONR N \/~H NCOC 163
It wilDbd hraciatdd thiX e dddndNaditl khatthds Irhall be Codpldd anfl order khd\imayl Bbprepared

usingl_slohlg plil'aQeG sugportowfli'éﬁ\liswoftge \1/n t[hle le}lrt

Amine substituted ring A which serves as an intermediate for preparing compounds of the
5 invention are commercially available or else are prepared from commercially available reagents
employing standard organic chemistry techniques. For example, 1-Aryl-5-aminotetrazoles, such
as. phenyl-5-aminotetrazole, may be prepared according to scheme 2 from commercially available

phenyl thiourea by reacting with sodium azide and mercuric chloride.

10
Scheme 2

—_—
HoN” N HaN
H N
N

'z

N

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

below by reacting phenylamine with aminoacetonitrile.

Scheme 3
O =0 0
———
HoN N HoN "
AN
N
20
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 scheme 4.
Scheme 4
NCYNHQ
CN
O RSN & R
N P N
o [
25 NC Nid

4-Aryl-5-amino-1,2,5-oxadiazoles, such as 4-phenyl-furazan-3-ylamine, may be prepared according
to the procedures described in Lakhan et al, (Indian Journal of Chemistry, Section B: Organic
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PCT/ US2005/ 023564 167 HOiINN N HOONHNF -N
WEYNEMESKS 5 Conpounds of the invention are pPEPESEAS/023564
usi ng standard organi c synthetic techni ques from
commercially available starting materials and
Cheniggdacitding Medisinkl cmmpaem)atzemm hésto-2 yind Hilabtrated in Scheme 5 by

procedyr es Io t he preparation of conpounds of
reac“?ﬁgeriZPPU(?Pﬁql%n W%%md‘é &S on the particular

substituents present in a conpound and that various
protection and deprotection nmay be required as is
standard in organic synthesis. In a general synthetic
scheme conmpounds of the IQndgvention may be prepared
using typical peptide chemstry technlque
the am no acid oesidue @@Q%pgues with
coupling procgdyres. In Sch ne
amno acid ¥i did anal ogues are cou
deprotected~sgquentially to give the §jnal conpounds.
Scheme 1 RLrYRE R RL~-NR2)-YR A"R6 + Boc-N OH
N R OPr R5 2 Boc- N 6 X3 RS 2 XOPr R41 3RO NOHA4

R4 1 R2 Rl Pr renqpval R4 X1 R2 R1 Y
4- Ary]I— -amino-1,2 4-triazoles, such ag 4-phenyl-4H-[1,2,4]triazol-3-ylamine, may be prepared by

reacting phenylisothiocyanate with hydrazinecarboximidamide to give S-amino-4-phenyl-4H-
[1,2.4]triazole-3-thiol in which the thiol group may be removed with Raney nickel catalyst as

illustrated in scheme 6.

Scheme 6
NH
NH
HaN N Ni(R) Q
e ey — e R
SCN HzN HoN
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 scheme 7, by reacting

benzeneacetonitrile with azidobenzene (or alternatively trimethylsilylazide, TMS-Nj3).

Scheme 7

PhNg
N — HaN

~N_ N

4-Ary1—3-arrﬁﬁopyrazoles such as 4-phenyl-2H-pyrazol-3-ylamine may be prepared according to
the procedures described in patent EP269,859 and illustrated in scheme 8, by reacting
benzeneacetonitrile with orthoformic acid triethyl ester to give 3-oxo-2-phenyl-propionitrile which

is reacted with hydrazine.
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R6 R R4 NR5 NR6 2) R"HNRA NR5S NR6 N "~KN -"f

R3 X2 OPr R3 X2 NR5' X3 X3 20 39 WD 2006/ 014361
wWEAABBE05/ 023564 1t will be appreciated thaPCT/H82005/023564

am no acid anal ogs may be coupl ed any order and may be

prepared using solid phase support which is routine

in the art. Am ne substitysh@sk 8i ng A which serves as

an internediate for preparing conpounds of the 5

Rovedti on ace(@Epgnerci al |y &% | abl eNebNigRse ar e
P@d f rem-conmer ci alky avaj| abl e—reagemks N
efipl oyi ng standard org chem strypt egﬂhques.
exanpl e, 1-Aryl-5-am not™razol es, suc as? RN,
phenyl - 5-ami not et razol e, may be prepared according Yo
schene 2 fromcomercially avail able phenyl thiourea
varid¥ S e b S 0L AL e A TR B QI Ol Gssuted s
5  aryl-BaihypyriroREbdlluskrated3n Sdhk@z 9l es, such as
3-Phenyl -3H[1, 2,3]triazol -4-ylam ne, may be prepared
15 according to the procedures described in J. Og.
Chem 1981, 46:856-9 and Schémsdrated in schene 3
bel ow by, reacting phenyl am ne wi th am noacetonitrile.
Sche | NC. Negnbr\ H2N - H2N N HNN 20

S
' oo - 4- Xarb i Eb CPeEEEe

no-c%’- phenyl -1 H[1, 2, §TN

b epared by reacting phgnydagi ne with
2-anmino-nmalononitrile as illustrated i B=d&5Et4.
Scheme 4
COLEt NH.NHR
CN —_— HaN
RN
\N Q
10 H

CN NaoH,

©/ch > HzN
HN\N/ NHa

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 scheme 10.

Scheme 10
O

NC
H\NH \/u\x
O Ty
N
/,N
20 X

X=H, Me, Et, CO.Et, CF;

42



10

15

20

25

NCNH J/ I CNI / HNHN 111 INNN2 N NC N ~//7

25 HNC NN 4-Aryl -5-am no-1, 2, 5-oxadi azol es, such as
wd2@henmgbt f ur azan- 3-yl am ne, may be prepared aPCDU8:00§023564

to the procedures described in Lakhan et at, (Indian

Journal of Chem stry, Section B: Organic 40 WO

2006/ 014361 PCT/ US2005/ 023564 Chemi stry I ncl udi ng

di ci nal . Chem str 6B 690-2) and .
3 Ary L 410 BBl RO eTe - Bl adpoe i, 2y P Byeare by reacting
pheny!hﬁﬁhe Wﬁraﬂﬁﬁﬂaé’eﬁﬂlﬁlﬁle 4nd Deh6raENic acid PichiyREdtr aCud@atedHANcHeme 11.
yl -3-am no-1,2,4-triazoles, such as

SubsatuB%Whe %ppsptzpn@f Hyeripridgsele cagt b infrpiiieed g Falopt eidhs erghoformic
acid R¥thyle@BCisifighwrheny! i sot hi ocyanate with

hydr azi necar boxi m dam de to gi ve 5-am no-4-phenyl -

10 [1, 2, 4]triazol e- 3-t hi 8Fhems hhi ch the thi ol group

may be renoved with Raney ni ckel catal yst as

illustrated in scheme 6. Schene 6 N HH \ 112N N NH2

NiGR) SCN H2N H2N RG(OEDs - gH NHN aw N 15 HeN
CArY| +5- B noGNL, 2-3—++-aol es ,ith]’PhaS —_— N
, b-di phenyl -3H[ 1, 2, 3]tr|azol 4-Y| am ne according t ﬁ)\R

the procedures described in J. C)g. Chem, 1990,
55:3351-62 and illustrated in schene 7, by reacting
benzeneacetonitrile W th azi dobenzene (or

5—Ar)a|4t aerrrugghlll azolgs suc tSrl%enyll I?)I)i-ln%lzdlazo? 4y awnﬁﬁe’\@ay be prepareg %‘}é reacting
formamidine with aminophenylacetonitrile as illustrated in scheme 12. Substitution at the 2-

position of the imidazole ring can be introduced using analogs of the formamidine.

Scheme 12

NH HoN._ _CN N7 CN HoN

R” “NH, HCI R” “NH,

4-Aryl-[1,2,3]thiadiazol-5-ylamines such as 4-phenyl-[1,2,3]thiadiazol-5-ylamine may be prepared
by procedure illustrated in scheme 13. 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.

Scheme 13
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PhN3 CN H2ZN Ph'"'N N, N 4-Aryl - 3-am nopyr azol es such

as 4-phenyl - 2H pyrazol - 3-yl am ne may be prepared
waewondid3nyg to 25 the procedures described in pBCENB2005/023564

EP269, 859 and illustrated in schene 8, by reacting

benzeneacetonitrile with orthoformc acid triethyl

ester to give 3-0xo0-2-phenyl-propionitrile which is

acted with hydrazine. 41 2006/ 014361
§%§= 2005/ 023564 Schene CEt)3 CHO CN NH2NHR
@'& HZN R=H, CONH2 RN, N
Y0 vat i

i gus hydrazi nes and
es of benzepegcetonftri

Ne can be usgy to

A ted-4-.5 - 3- g-nePwW azol es, as
Lchems 0. SEhymN FONER 7\ AN D—NH,
. Et, oozENrscm Fx R = H CONWb-s

. H CN N2H4 cr~ CN
H2N HN, N NH2 15 1- Aryl -5-am nopyrazol es such as

2- phenyl - 2H pyr azol - 3-yl ami ne may be prepared by
reacting phenyl hydrazine with 3-oxo-propionitrile.
Various nitriles can be used to introduce substitution
at the 3-position of the pyrazole ring as illustrated

Compdun8€ BEKe idntion 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(R3)-C(0O)-OH is reacted with a suitable aldehyde or ketone
to give the desired R4 and R,’ substituents. See scheme 14. 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 14
o) X1 R . R
NaCNBHj 3 LiOH.H,0 3
R’lkH + HaoN o ———— R/\N)\’]/ORI —_— R/\N/lﬁ(OH
1% AcOH H THF, Hy H
R3 X1 X'l

DMF

In a particular embodiment, alanine is reacted with 1-methylindole-2-carboxaldehyde and reduced
with sodium cyanoborohydride dissolved in 1% HOAc/DMEF to give the N-substituted alanine
residue which may be used in preparing compounds of the invention. See scheme 15.

Scheme 15

0 NaCNBH3 \[)‘\OR'
AN HoN
+ 2 \
\ru\OR 1% AcOH
N

\ DM
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Schene 10 OHNC ,,kX\ NNH2 N HZN N 20 X X= H,
Me, Et, COREt, CF3 42 WD 2006/014361
WERADABBO05/ 023564 3- Aryl - 4- ami noi m dazol es SPCTYUSH05/023564
3- phenyl - 3Hi m dazol - 4-yl am ne nmay be prepared by
reacting phenylamne with am noacetonitrile and
Altemzl:ttvhbrf e rddacteiachidaribeploydduesd fitrodsee IR, Ry substitvedts isthe final step in
h ere fth Substjtution at the 2-position of the
ePFR%faé%ﬂé SQPPBEY nt r oduced usi ng anal ogs of the
orthoformc 5 acid triet hyI ester as foI I ovvs Schene
11 NH2 OEt) 3 HNCN H2N + H2N N Ph Z
When_ gpmpquids o _the Wenﬁlog Hicﬁ’é’imfﬂeo%‘z%l%s s@at&tﬁené%other‘than H, they may also

be pr&a@ﬂ%ﬁhbﬁﬁtiomoﬂﬁgﬁlablé Ml @ﬁérﬁﬁdlﬂ@)(wh% iREBRAi8h IBWing group with
reacting _formam dine with ani nophenyl acetonitrile as

a desiTE{ GBYeatoW SR RefrB ey ClUBHIP Puhshfpdyith Hpamine ReNH o Ry
NH-102 8dcbiddfy t9Echkhg 16,M dazol e ring can be introduced using
anal ogs of the formam dine. Schenme 12 NH H2N CN N CN
H2ZN JL + -0_ill, 30 H 0 R NH2 HOI R NH2 HN, N 15 R
4-Aryl-[1,2,3]t hi adi azol SPhekled® Nes such as
4- phenyl -[ 1, 2, 3] t hi adi azol -5-yl am ne may be prepared
by procedure illustrated in schene 13.
2-brono- | - phgnyl - et hanone isgeacteg with |ithi um 20
Re~pht hal | de and the BUBstitution prdduct FORELCt
I'fh+h I n r boxyl ate ethyl/és(t%}oﬁThe resultin N
hydr azi ne ggrboxyl ate ethyl edlér ifs cycliZ88H0 fopr OH
t hi adi azol e by reacting with thi onﬁl chl ori de Rs
foll owed by renoval of the phthalimde group with
hydrazi ne. Schene 13

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

final step in the preparation of the compound as illustrated in scheme 17.

Scheme 17
R1 R—|
X R Y R X R Y,
R4 B 1 2 7—’ Rs DMF 4\N 1 2 I’Z" Rg
NH + Br N N Re — =/ N Re'
Ry R R4 R
4 R 5 2 [ Ra S X2 t
3 NRs NRs

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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of the invention in which R4 or R4’ are other than H
may be prepared according to standard organic
chem str technlques rexanppl e by reductlve
: i LS —rtlng Zanir gsi dy
. ) - O -OH i s ﬂed\M%ha
I tabl e al dehyde one to g he desir el
and R4' substituents. e schene 147 Thé resul ting
R4/ R4' substituted amino 10 acid internmediate cangfhen
be conjugated to the next am no acid internedi ate or
the remai nder of the conpound using standard peptide
coupling procedures. Schene 14 0 X1 NaCNBH3 R3
LiOH H20 R3 R ' + H2N OR _RAN-OR R'N OH H 1% AcOH H
THF, H2 HR3 X1 Xi 15 DMF In a particul ar enbodi nent,

—a@lanine is reacted wth
hyl i ndQlg- 2- car boxa yde and-reduedliz with NH,
odi u obor ohydri d¢f sol ved in 1% HOAc/ DMVF t
glve the N-substitutedXal ggne 20 residue which nay
be used in preparindg compound$ of the invention. See
schene 15. Schenme 15 OHH O N O NaCNBH3 OR + H2N T

K OR 1% AcOH

O

OCH, OCHs

[ o

Compounds of the invention in which any one or more of X;, X, and X; are 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 according to scheme
18 starting from an Fmoc protected amino acid residue analog NH,-CH(R,)-COOH which is
dissolved in THF and cooled to -25°C, with addition of DIPEA followed by addition of
isobutylchloroformate. After 10 minutes, the diamine, 4-nitrobenzene-1,2-diamine, is added and
the reaction mixture is continuously stirred at -25°C for 2 hours, then at room temperature
overnight. THF is vacuumed off and the mixture is then subjected to flash chromatography using
50% EtOAc/Hexane to yield the product. The Fmoc-alanine derivative, phosphorus pentasuifide
and sodium carbonate are mixed in THF and stirred overnight. The solution is concentrated and
direct chromatography using 80% EtOAc/Hexane yields the activated thioalanine. The activated
thioalanine and sodium nitrite are then mixed in acetic acid and diluted with H,O. The resulting

precipitant is filtered and dried to yield the product. The thioalanine is coupled to an OH-protected
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Alternatively, the reductive am nation procedure to
WO posotsce RALR4A' substituents is the final stREI/US2005/023564
t he preparation of the conmpound. When conpounds of the
i nvention incorporate R4 or R4' substituents other
prohﬁel'mﬂiind-hmd feeluue e[iiBI)bg ay gsolvan®eotP inaIpeiiFe Ahdthicaidt fréduti @4y then be

confl ) Y R SRS 32,01, 00T BOLRLSR A

cooﬁr aﬁdé R2)d @(s@he Ghhibs fellhel i ByuDeddpididitian aadnca@hlﬁé tbm amino-
- NHR4' according to schene 16. Schene

Substmltid Aﬁmmts%meﬂ@teawtw tyely E}ecﬁmqqz@tﬁae%éhw@% J&ﬁf;sé ?@ﬂed toan
5 armnBSIQ&n-ﬂ'eld H ik eBnedhiOdBwad By Bdoc @éﬁ&&édﬁ@ﬁ bYEdubseqhdi coupling to

substitution reaction introducing R4 or R4’

the Re/Riy N-{HRAHCOQH §mise agid psislopalplofs a 15 final step in
the preparation of the conmpound as illustrated in
schenme 17. Schenme 17 RILRL RXI R rYRRI XL R rY
NH+ Br NRs DVF N N R6S#hemB IR4 N R6' R4% R3 R5 X2
X3 NR6" RZR5 X2 X3 "~-NR5' A 20 In a particular
enbodi nent, 2- brom)rop| onic acid is reacted with the

foll and bubbl ed for
unti o form N-substitgfed NH,
FmodH o H
FrmmocHN
O
10 NO,

R NH2 Te H N
H N, -\
N FmocHN N7 N
P4S1p. NaHCO3  FmocHN NaNO2, AcOH

.——_> S
THE S H,0
NO,
O,N
15
Ry
- Ra 7/\( Re
N R
R4 FmocHN 6
Y
7/ Re S OH
HN Re' X3
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Compounds of the invention in which any one or nore of

X1, X2 and X3 are sulfur, i.e. the 15 conpound

i ncorporates a thioam de, may be prepared according to
UTngigab' i shed organic chemstry techniques. For

npl e, conmpounds in which X2 is sulfur can be
prepared according to schene 18 st arti ng froman Fnoc

The (oA Ui BESH LN 1 EDGAGO LG BBeRb © S Rpticular X-
IAP Biflgin irfdtadtion BittkAsgagk 3@ d. bihe @EMb&InAR alS inhibit the binding of ML~
| sobutyl chl oroformate. After 10 m nutes, the dianm ne,

IAP jo S/EG BRI e fiecqrdpigly; Herforwounds of fhe anvepiipnoge upedul for inducing

apoptoSR G LR ofkentiriBe ba1sGO BYdptie Ythis Sh bﬁﬁl@lﬁalantanceg 5éﬁsf @’om%ounds
hours, then at roomtenperature overnight.

of thpabyentien ¢ fusefld far hiaduping: apaptosis inhesils Shi @@feénrestIAP proteins.
Alte&!lt?v%ﬁl Gﬁﬁﬂ%ﬁﬁis‘w rtl%qn‘)’enH&{ ad uséﬁ%ﬁn%é’%%ﬁt@ﬁofn%em &l which the

r oduct . Fnoc- al ani ne deri vat sphor us
nntO%@mrwé abdptatie patawely selifrantedoaeh batreleaserad Spriag érdrmMLTAEprotems is

t
o0 514550 S 1820 g B RJRPEDLEL e
the cginpduads @dméaeamd fputhe dreatmegiaif alicaer Fhes wgehi fad teund2ego apoptosis.
) n e.
sl ) A0 p 0B U D T o 5 et

carmmtm:mplonaqatcmomaf fdntiBare chdenachathus edlyposisy catioorth end hereditary non-
R L RERL S
hypopharynx carcinoma, tong carcinoma, salivary gland carcinoma, gastric carcinoma,
adenocarcinoma, medullary thyroidea carcinoma, papillary thyroidea carcinoma, renal carcinoma,
kidney parenchym carcinoma, ovarian carcinoma, cervix carcinoma, uterine corpus carcinoma,
endometrium carcinoma, chorion carcinoma, pancreatic carcinoma, prostate carcinoma, testis
carcinoma, breast carcinoma, urinary 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,
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proline am no acid residue anal og by dissol ving both
in DMF. The thi oam de product nmay then be deprotected
wowaok/0203% Pl P/ DVA for 15 minutes and used to chPO/USENE023564
to the RA/RA' -N-CH(R3)- COOH ami no aci d residue anal og
foll owed by OH deprotection and coupling to an am no-
cyclczpbmhzimidet ethifogein nglsial'd (éilvhﬁtéir@laeing Apcnersnet asvadliymydixe(doxorubicin)

tected thi first .
or RRRURETLE0! R APy TR et S f bty Seeimide

puroﬂi@cﬁﬁ Ot ﬁ@hthéﬁh taxid; Mbﬁ)@ﬁiktﬁﬁ&ras@ 0pPisbriRY stk astcbﬁptothecm or t0potecan,
am no. acid residue.ana

(vii) T@Olsg@erﬁqzﬂ ]@13064 s §topasiqg iy P- o) B iemipgsiqe; gyng rNCI@tubule-dlrected

agenfs| NS kolkerhid, Michidine, %Qchml Rinb'lﬂ&m%zor vchHstINle ij:ﬁﬁ&‘s@%hlbuors
I\I(]&r N P4SlO NaHCOB8 Fnoc OH. THE S
such ¢ {favopiridel, stap@os];@m RT Iﬁi'llﬂggm 5,%145@3) orv[}CNOh@ }ydgqystp.]mosporme)

(x) niR@ellatdous @ edtBraftdnal ¥2-AR QBMAL 4385 RCPS WP QRS ARBRRE ET-18- OCH,,
or farnesyl transferase inhibitors (L.-739749, L1.-744832); polyphenols such as quercetin,

resveratrol, piceatannol, epigallocatechine gallate, theaflavins, flavanols, procyanidins, betulinic
acid and derivatives thereof; (xi) hormones such as glucocorticoids or fenretinide; (xii) hormone
antagonists, such as tamoxifen, finasteride or LHRH antagonists. In a preferred embodiment,
compounds of the present invention are coadministered with a cytostatic compound selected from
the group consisting of cisplatin, doxorubicin, taxol, taxotere and mitomycin C. Most preferred,

the cytostatic compound is doxorubicin.

Another class of active compounds which can be used in the present invention are those which are
able to sensitize for or induce apoptosis by binding to death receptors ("death receptor agonists").
Such agonists of death receptors include death receptor ligands such as tumor necrosis factor a
(TNF-0), tumor necrosis factor B (TNF-B, lymphotoxin-a) , LT-8 (lymphotoxin-8), TRAIL
(Apo2L, DR4 ligand), CD95 (Fas, APO-1) ligand, TRAMP (DR3, Apo-3) ligand, DR6 ligand as
well as fragments and derivatives of any of said ligands. Preferably, the death receptor ligand is
TNF-a. More preferably the death receptor ligand is Apo2L/TRAIL. Furthermore, death receptors
agonists comprise agonistic antibodies to death receptors such as anti-CD95 antibody, anti-TRAIL-
R1 (DR4) antibody, anti-TRAIL-R2 (DR5) antibody, anti-TRAIL-R3 antibody, anti-TRAIL-R4
antibody, anti-DR6 antibody, anti-TNF-RI antibody and anti-TRAMP (DR3) antibody as well as

fragments and derivatives of any of said antibodies.

For the purpose of sensitizing cells for apoptosis, the compounds of the present invention can be
also used in combination with radiation therapy. The phrase "radiation therapy" refers to the use of
electromagnetic or particulate radiation in the treatment of neoplasia. Radiation therapy is based on
the principle that high-dose radiation delivered to a target area will result in the death of
reproducing cells in both tumor and normal tissues. The radiation dosage regimen is generally
defined in terms of radiation absorbed dose (rad), time and fractionation, and must be carefully
defined by the oncologist. The amount of radiation a patient receives will depend on various

consideration but the two most important considerations are the location of the tumor in relation to
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UTI LI TY The conpounds of the invention inhibit the
bi nding of | AP proteins to caspases, in particular X
wW®B2006@1435ndi ng i nteraction with caspases 3 andP@T/US1965/023564
conpounds al so inhibit the binding of NL | AP to Smac
protein. Accordingly, the conpounds of the invention
otherad‘rmcalmfublhreﬁ @F otgafldief HE bodPOogidose Sxteft ©ekhish dfe tumor has spread.

Bxan i e e, SR AL R DY PEHTH6h P ek oy and i

knownG# theraﬁtqglbmﬁanap@mlg@d oF Raalaﬁ@l Tterdph At anOd S @PKRLIPRS I dniPractice of
ounds of the invention

r ot ei ns. Alternativel Y,
Oncogcrg@ USLF (Bevitpet alndthed: nt})lép ngéﬁegenr plvapqep @ Tediatgn; theyapy include

threeldM@enb@ndll tRERRAC Ekt@ﬁnala BORt QhdisioR ARy | Bodhl8ddUPldR@on therapy
such that release of Smac from M.-1 AP proteins is

(IMRTphhpespetactic mdipsusgeaysné braphyiperpryg (intatstion radiatinn thoragy), the latter
placiflONB sBWs 21diRiBn erecg@)ﬁ{tgﬁlé tuﬂy&ra iIARH Yeeds't hﬁese newer treatment
Qqnpounds can be used for the treatment of al cancer
modalijipdelivpl ghatmilgses of gafinsion 6o Aisopymes which Mﬁw dar Weir increased
effectVinbss GARE E5m L};aﬁe[aqé sthM&&%&?Ué&Maﬁﬁﬁ% apylt €stine

carci noma s as rectum carcl nonm car ci nonsg,

fam |l jary adenonmat ous posi s carcing

na
lonctigr Gy "N PT8 BURYpREREY Gt SRSGaLeie most useful fo

radio@RAPARG APPLiCEAIS HBQIE: of tBDindder & lifdaN ¥Ry thAEMNLET) of the ionizing
car cl nona, h po harynx carcCcl nona, tonﬁ car Ccl nonma

particle, (glsppn) 2gel ifh alteealﬁ@ﬁtﬁ ange (pisahyj sevesa mafliggstags in tissue). Gamma rays

delivadgRAaL: AbWQ ByeldTBRY Inhdh ¥rdaRY GRIHER. ABHS IPR@ERs represent the other
papilTary thyroi dea _carcinoma, renal carcinona,

extregieq Hey dpfavee vemiyiele 2EL] drspag; Dl BEVE 2 SHPRPl Jiraitedcignag gnd must,

therefE, Bk FORBmatt L&A /ith HeRYBs FRRLABRITS be trERAO BRI alpha emitters
carci nonma, chorion carcinona, pancreatic carcinong,

are gpme@@lyahe@vyemt@lﬁ ritieh limisthe posslechemisiyraad pipsenissndue hazards from

leaka! é‘B 2 BI0RR 1dé1{) HMYar&Ab bk RO, nﬂﬂl%%ﬁ'thebcﬁﬁlbptotbg WRAted all kinds

as g astonmm, astrocytomm, meningio

Ofmmﬁ@@mbe@ma@ﬂdmwﬂhndwﬁewmpﬁdwahwﬁéuﬁ@@@ﬁodernal t unors,

Hodgki n | ynphoma, non-Hodgki n | ynphoma, Burkitt

Furtﬂeﬁﬁﬁb WBpresefiih ot dHdahpBsch epkesn n@n-ﬁoﬁ-ﬂiﬁ% radigfidrQike ©.g. uliraviolet
hatlc | eukem a (CLL acute q¥eI0|d eukeni a
ra

<UV>( ;&ﬂneswn FhoTPREY rfgﬁélrle) ilighty gnigeevit'a radiesian) (hyeraipprmisr thegpy). infrared
dR) Ea%iﬂﬁﬁmaﬁd ha)é&@ hﬁ@parh&@ﬁt&%hhléhta&f ﬁx@fp@és&ﬁniﬁvengad UV radiation is
bl adder carci noma, 25 bronchial carcinoma, snall cel
applitding car ci noma, non-small cell |ung carcinona,
multiple nyeloma, basaliom, teratons,
reti nobl ast onn, choroi dea nel anonm, semnm nonm,

The MARRGIMAR0 HEhEQMBharfh@0 i r@)’iﬂ{)@ﬁﬁ&ﬁaor Q8ddRQAHBAE WBRiaining the
chondr osarcomm, nyosarconsa, |iposarcons,

compoppss 5 fhe thoE\/ﬁnﬁ@ @@F@R@@ﬁ@?ﬂanﬂ%%@% dgeahar exgipient, as well as
methg&re@%mg FheQbm| E)J;lﬁldé ovee In!vefﬁloﬁ &@pﬂéﬁﬁé chhfcgﬁlgésﬁ[bﬁb b Zh@fcaments.

I's to apoptotic signals. Accordingly
Typl@@@ﬁp@g ﬁ@l@pcrmgls blefozitvii Ajusedeinedle methods plothe deyeation aa rﬁ@myﬂated by
o 0 |
il o [ N0, AU LAALIOT L 0 S b of s, s
physiSisigicallyl @ceppablrstaatars ichearnerh éraapy nomrmximu m@an:mﬂ:at mldaedosages and
concf*:é'}tlrtatél&lasl %mﬁf%g/en{[ 1|n{n daagaq%ntlc%l gdr%m?r?ertt oﬁ‘%r b%é éﬁ f th%lfgl{}m@a%on depends
mainglecm:thé alotiodar sy dudothy labmntmtlonmf bmﬂp‘oemhtbet pr(sfera)aly ranges anywhere

won e RSB L AR

ci splatin,
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WD 2006/ 014361 PCT/ US2005/ 023564 cycl ophospham de or
nitrogen nustard; (iv) intercalating agents such as
w@esamaei n (doxorubicin) or mtoxantrone; (VRCPUS1005/023564
synthesis inhibitors, such as L-asparagi nase,
cycl oheximde, puronycin or diphtheria toxin; (Vi)
The hDIPROS Qﬂﬁp@ﬁlﬂ for o IhSI@i’mSm pﬁdﬂ&hblﬁ&teﬁ@ﬁpltlﬁtcbmpdm’md @frdinarily will be
opot ecan; i 1P0| s?rrerase 1 poisons, such as
store%taé pzbg?laje C?WSEP@ g*ha%i f((rg }apyns or aqueous solutions are
acceptdbld, Ot ubul e- di r ect ed 5 agents, such as colcemd,
col chicine, paclitaxel, vinblastine or vincristine;
(ix) kinase inhibitors such as flavopiridol,
The %Iﬁﬂb%ﬁ%ﬁ’%‘f‘tﬁb imodrkod lwﬁlqg)eG‘foﬁ%{!tﬂ&@ d&red %%ﬂﬂlstered in a fashion
( 7-"hydr oxyst aur ospor.i ne) ; ()s(f) m scel | aneous
consiptenie¥ith gaad medital ke Sauprsder eonsigatation i thiscauext include the
artiRDE AR ¥EifY Bearda ik 1 b8P EsNHa, eATRicEr @bt
P h"E bitors e7a39749%aL 744§“3‘2'§H’31 éfl%/] palcd, MeXhlept nfition of
the inglipaduak patient, thequvagrcétthedllsor@ﬁr{;@asmmfgiehvery of the agent, the method of
admﬁgtlragi%{ll fo ts glﬂ? iil &ﬂﬁ%tr&d%ﬁafaﬁqﬁ“’ tgér fgck(ﬁ‘y al&%kvi to medical
procyani uli d and derivatives
praciitioaere o he (effeytl\hcammm@ of shectompeurgll o de edministepéddwillope governed by
f (:xi [ mn ta
such tc% sru?ergftfgmg Idnlg St 7 rélng‘xr SIE?J'HE' g{%sa‘é}g Itﬁ %r{h%b Fﬂasinteractmn with
caqusasseirﬁnﬁsaeabopmbs di smesitize a oplipgoonad tofan taheptqsicesgdal  Such amount is

prefe&a ir/\rlgan 0 ar § fg%tdl]s L gdrcrzlstg Sérzr%éc\‘f\é&)lts horglbe nré tn%;n? %g z!n(v:vpole

ci spl atl n doxor ubicin, taxol, taxotere and mtoinycin

o B S b R e oo

adnnmbdef‘eh peRfteRBy p&adsd willthden heesRs bf Aboven0i-00D B/ke, phdsebly about

0.1 tc\gg(g roﬁ Qattegl gc)élté{g’f?lgigg%t ézs,re%lilotrha géxllciz? ducgmngq? BfI (%?’rllp%und used
bemgaggrtb SI5Smg/ke/daSUCOrA iR |d8§a§e @brneeaich af @Rl BidScdphddsy Pfeferably
deat h recegt or |i gands ch as tunpr necrosis factor a

contginripm ghout L., toapor{ dH0Gyag ef he pergpouneof tyqgayepsion.
I yrrphot oxin-a) , LT-13 (Iynphot oxi n 13) TRAI L 20
DR4 |igand), CDO5 (Fas, APO 1) agand TRAMP
The EW““MB ﬂ@ ml"?‘{j‘&ﬁ dnaYD\’&B aﬁm@gﬁaedagy aWé pyitagle PeaggniEpluding oral,
toplcﬁnQarﬂgérfnﬂlaﬁéréﬁﬁ@ralogub@tﬁ%ne@ﬁs, ﬁﬁt‘aﬁbritbxﬁ@lnﬁ§faptﬁﬁ&{a%r @R Miranasal, and,
t death receptor ligand is TNF-a. More preferably

if d‘FSFTéd dfoat locale regment. |ipgalesionek adpipstratin) Pareptggal hléfums?fl% include

1ntra19§s%1tllgr 1@5’%@5&1@Smtx@&%ﬁﬁtlﬁtréb@%ﬁéﬂ eozagl%htﬁﬁéoﬁs administration. An
antibodies to death r eceptors such as anti - CD95

examgletaf p Guiiablezpmal idospgenform iy taplpfRepntagning abeeh2SmgnttmeT HQme, $§0mg, or
' t
son8Eke PSS Ty Ty o B L, A4 bl o

abouafrd0 angtsdiTRANBCA DRB)se, aﬂbwttﬁeii}mwlmyllpyashddnp @V@d{@ and about
ri

1-10 %%rd%%glggu}olr?tsﬂg%rﬁtél ?Ifh% ?Q‘édeg%q 1?1811 ?lgl?tmgfegfg?t rﬁ&ed F g‘%thér%d then mixed

with gcsniptimn disthe PVPh&hp nesgking cbmpce;rttqncmn ba drldaie graahlstad usixed with the

magnleglgr%ioséetalrageﬁg dg In\}:r%%fgedr t§f I%IF é())n :ul%hlj%é 3§%ve t;or}l%l Q(lei]_)aﬁ?e%t. An aerosol

formelhigit da Ihiagﬂs@irbd: bpdlss!,mau’lﬂig thel bahgounddbedxiamplei SH00MEg, of the invention

.neopl as tion.therapy. is base .
in 2 S0 Buon R G & ARPOIRPR PHECe R SITBTBE S dorbA Ghodiom
chiorddle} #rd@itedar®@ solutibn se§piciily fAltdr&iE e@eatife 010.2 MREMOGE] dGemove
cells in both tumor and normal tissues. The radiation

impUEHESAGE COUYNIARE- i s general |y defined in terms of
radi ati on absorbed dose (rad), tine and fractionation,
and nmust be carefully
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defined by the oncol ogi st. The anount of radiation a
patient receives will depend on various consideration
whedehhset wo nost i nmportant consi derati ons ar ePCTES2005/023564

| ocation of the tunmor in relation to 49 WO

2006/ 014361 PCT/ US2005/ 023564 other criti cal

structures or organs of the body, and the extent to

whi ch the tunor has spread. Exanples of

radi ot herapeutic agents are provided in, but not
EXAMPHESed to, radiation therapy and is known in the art

(Hel Il man, Principles of Radiation Therapy, Cancer, in

Principles | and Practice of Oncology, 24875 (Devita

The i@¥end@ibn w1114l§e|"in&9 fully\ﬁﬁhers'kood]tg&@ﬁsren&ec% P foRSViaE &R Epled. They should
radi atj on therap é i ncl ude 5 three-di mensi onal

not, hogehdr Pratongiied ap Hmiting Aha searsi A ttheoinventian.e ABbreviatingg tiied theigin are
as foli@6- ati on therapy (IMRT), stereotactic radiosurgery
and brachytherapy (interstitial radiation therapy),
ACNt gestopigtileer  pl aci ng the sour ce of radiation directly
Chg'd@zEl‘ahéxE}FglJcH%m as inplanted "seeds". These newer
treatnent” nodalities deliver great er doses of
DCM: dighlerdmgathap® t he tunor, which accounts for their
n Lﬁfétlveness when conpared to standard
DIPE'A ﬁﬁ&)ﬁ?ﬁ%‘}lgthgi;% radi ation ther apy. 10 lonizing radiation
DMAH thditpetbailamiriopyidie; r adi onucl i des is consi dered the
f, radi ot herapeuti c applicati ons because
DME[TDIS%%MI%& ee}lggé | i near energy transfer (LET) of the
DME: dmetiytfgrmapade;i cl e (el ectron) and its internediate
DMSrOaggr?etl{tlﬁYl 6;?1 é ly several millineters in tissue). Ganmma
Iver dosage at |ower |evels over nuch greater
EDCd1- smﬂm:é&sd1médhpllamnppmpyllchfbsdﬁr&ipe esent the other

peDg air ety irta 2 SR MBSt 1 therof ore.  be

LCMSN ligaitl ichiiratogaphyaetss wpectiomdtsy; cel | s of the tissue to be

st 80 Hravapafsgi o o RS i S Gy heRyng

HOBpmeﬂgidlbﬁyUdml)uﬁstlazar ds from | eakage of radionuclide

sl ST p i e G e va R B hepb e

HPL®4 high ge&&ﬁmm&d@ﬁrohﬁ@gﬁmsent i nvention.
Furthernore, .the present I nvention enconpasses types

NBSY- FfB’i‘PSP‘iﬂﬂaE’i‘q‘?g radiation like e.g. ultraviolet 20
TASK:\WisAafttalanib) sulfofimeMBIo8iMbBBligard;| ght, m crowave
radi ati on (hypertherm a therapy), infrared (IR
TEA; gisthylangpe:and | asers. In a particul ar enbodi nent of
TFAL h8HBFSSRRE; i nvention UV radiation is applied. The
i nvention al so includes pharnmaceutical conpositions or
THFrteteibgénefiysa’s cont ai ning the 25 conpounds of the
invention and a therapeutically inert carrier, diluent
or excipient, as well as nethods of using the
compounds of the invention to prepare such

Exang gegg 83 Iné éf)y ? c?tg(rjlﬁgl}? HM%S‘ US i 88], 2—y13'—§%5(8 %%tﬁ%’é‘ %Z?lﬂ%,Z-a]azepin&

i nvent i duarhoxylif ecidrethgitestdlr by m xi ng at anbi ent
tenperature at the appropriate pH, and at the desired
degree of purity, wth physiologically acceptable
carriers, i.e., carriers that are non-toxic to

reci pients at the dosages and 30 concentrations

enpl oyed into a gal enical adm nistration form The pH
of the fornul ati on depends
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mainly on the particular use and the concentration of
conpound, but preferably ranges anywhere from about 3
W o00abowssl 8. Fornul ation in an acetate buffer BCT/p52085/023564

is a suitable enbodi nent. 50 WD 2006/ 014361
PCT/U82005/023564 The i nhibitory conpound for use

: |spr@er bl y steg ile. The compGxnd ordimarijly

e st orle a solld/66ﬁ625|t|Jﬂi!ﬂtlmggﬂk /¥\

| yoptti | r'ized "f o atlons—eL_aqueous SO utlens rar

fornuls , dosed, andC=dHiPrMt-80ed in a
consi st®at with good medi4€&t74pr actice. F
consideration in this context include the partlcular
di sor det being treated, the particular manmé@l being

t.r. I n. of du
To apsglfrl %utl cgf 1g adag)élgrgjflm%ﬁng{g? grc%;g rt—bul’tyE esternf{j ESV% fg % 1 mmoli) and
chirabletalyse OyAlffl- N—(?emﬂgmhylmbmﬁ)—nmtﬁweﬂlm broadids (Gl 3tgat.0 omol) in dry

oo (LRt a3 et [ on il emofina® Bfpisucfygodied o T8

5 ina d?(srﬁctérﬂcetoﬁkf bith end O-BRAACb e Fers addedrirSive §ee JA Mdr lalidibién the reaction
over ned such consi derations, and is the

was Sisse) Htgoﬁe‘é Sader Ny 35 1R BT 8 froums. {Bipd ethex waﬁqaﬂvﬁ nﬁollowed by H,0.

The 623RAIBRr wWal ALSLat@PARE Radhdd Ok WENBLD, e bAndI Rkt RAM MgSO, and
cell to an apoptotic signal. Such amount is

conceigledr Ab Dot G pEfiod v Hie2 chrpmatagiaphy RYeE 2 EEdisdt #fefl-10% EtOAc
in H&xlek o %1%2 iNgamepal as a whole. 15 Generally, the

initi pharmaceutically effective anount of the

10 compound of the invention admnistered parenterally
per dosg Wil | n the range of about 0.01-}) / kg,
prefe ou 1 to 20 80 ko pa /¥i
wei ght : y/mﬁof%\the t yBI cal g|t|aF;§aﬂég

compound uged < being 0.3 to N@cwg/kg/day al unit

dosage fd \qaz as tableU&%anﬁ@capsules?iﬁtgferably
contai n fygm abo 25 to about 1000 ng of the>sonpound
of the invention. 20 The conpound of the invention may
be adninistered by any suitable nmeans, includifg oral,

topical, transdernal, parenteral, subcutaneous,
To ajstirecbgpistion of 84152 ignt-3 apumlmmay MeOHrKQO inkl{) rveas added, Naghf, (720 me,
8.6 nlngol eSd {\I?ld (t)ItI(ﬁCll 2(? l r7% rrc?l ’Stn‘rQ& i{zoalg %om temperature for 2
a nis 1 oNn are tera if USI ons |n
hourd. DiCiVAaads 6.0 INNaOHeroadded The aqundmsd@mt was sabarated and extracted 3x with

5 Do, BEPRER Ml pRpEMIFAi SR SRS bR e o8 Ritef " rre product

was PRified b iSO,chdmtogRPIY 0- 15GMYOHAR MM EGrN5% TEAZORIE 3 in 70%
of the conmpound of the invention conmpounded w th about
vieldgn_ 30 ng anhydrous |actose, about 5-40 ng sodi um
croscarnel | ose, about 5-30ng pol yvinyl pyrrolidone
(PVP) K30, and about. 1-10 ng magnesi um stearate. The

powder edOi ngy edi en re first m xed together and then
mi xggh, with g _sol u gfOL pel PVP._The resul ting
conposidi ofl tan be dried, éi anul Xedy VVI

30 nmagnesi um st earate and npr essed N g Q N ka
usi ng c?ﬁégntlonal e p t. An aerosol ornula

can be pr

exanpl e 5-400 ngy, of the invention
3

ared by dlgﬁb yﬁng the conpoun® b%L\
X

4
20  To a solution of 3 (610 mg, 3.3 mmol) in dry DCM (20 mL) was added triethylamine (550 uL, 3.9

mmol) and benzyl chloroformate (550 pL, 3.9 mmol). The reaction was stirred at room
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in a suitable buffer solution, e.g. a phosphate
buffer, adding a tonicifier, e.g. a salt such sodi um
w@hdoeniqdel if desired. The solution is typical PgT/US2005/023564
filtered, e.g. using a 0.2 micron filter, to renove
“inpurities and contanm nants. 35 51 WD 2006/ 014361
tempdREfeIS200 285 6dtuti d2X ANRb RSt I hd pANBAE byOROYEHrbm&Beraphy over

nor e fuII under st ood by reference to the foll ow ng
a gradigng RpP-aQ% ¢indirrancg to gyt 4 Hevigd, be construed as

limting the scope of the invention. Abbreviations

used herein are as follows: ACN aceto itrile Chg

cycl ohexyl gl ycine; 10 DCM di chl or on®g DI BEA: \/ﬂ\
.ilsopnepy et hyl am ne T /$\
' ~anﬁﬂggyﬂld|ne Bﬁ%@_{ﬁagdlnethoxyethéﬁé ;

. gi met hyl f'or mai ni de; gm%dwﬁgb dlnethylsulf
EDC. 1-ethyl-3-(3- d|nEthyIaﬂ%monropyl)carbodl|n1de
EEDQ 2- et y- | -ethoxycarbonyl -1, 2-di hydroqui nolin
LCVS: |iquid chromat ography nass spectronetry, HATU. OH
O-(? Azobenzotriazol -1-yl)-1,1, 3, 3- tetranethyluﬁhnlum

5 To ahﬁﬁf@_‘ sdupion PRAsEALE; 1.820mbIPBE THR-blY el 9 XMde N0l 4si added BH;- THF.

HBTU:
Afterpl paun BH I (20oKL:) Q-9 immal) ani3HA:TEP6 dfreRAyrmab oS gded. The

reactﬁﬁ %@ oL O0RRY 91?@1'@ %ﬁ@ sub"ﬁ:%g;ltl hhﬁh:d R&H H{d@%&téd‘ By ethyl ether,
chr omat ogr aphy: ronosucci nam de;

dnedt\ylﬁgwsqae@WOanﬁgt)eguﬂﬂng @radpst was purified by SIOZ chromatography over a

gradl% ’&% 9/% F{Cg@ct HeRhdeb ?@él%_":m%%% . triethylam ne;

uor oacet at e; tetrahydrofuran; 30

10 Exanple 1
6- (1, 3. D oxo- 1, 3-di hydr o-i soi ndol - 2-yl ) - 5- oxo- oct ahydr
o- th ) of 3, ZH\Vﬁf?Eqﬂ\- 3-carboxylic acid ephyl
este
Pd(OH)o, MeOH HzN\.-/U\O/!\
L |
OH OH
5 6

To a stirred solution of 5 (71 mg, 0.21 mmol) in MeOH (2 mL) under 1 atm H, 10% palladium
hydroxide on carbon (30 mg) was added. The reaction was complete after 30 minutes. The

reaction was filtered over Celite and concentrated to give 6 in quantitative yield.

wdb O @{@%
\k‘ DIPEA, AGNIHO

OH OH
6 7
To 6 (42 mg, 0.21 mmol) in ACN (2 mL) carbethoxyphthalimide (50 mg, 0.23 mmol) was added

15

with DIPEA (40 pL, 0.23 mmol) and stirred at room temperature for 2 hours. H,0 (1 mL) was
added and stirred for an additional 10 minutes. The ACN was evaporated off and DCM and 10%
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WD 2006/ 014361 PCT/ US2005/ 023564 9% N chiral catal yst
Cs-OH, DCM -50 46% 74% 1 2 To a stirred solution of
woR@Boptsenyl net hyl ene) gl ycine t-butyl ester 1PCBUS2005/023564
10.1 mol ) and chiral catal yst
O Al lyl -N-(9-ant hracenyl nmet hyl ) - ci nchoni di um br om de
citric(d8ii3werg ,addedOThfﬂ‘mj@ods Raydr yas EXphafed Qunarkextraseed 3addadDCM, the DCM

pori G et e 1 gy e bitghis BT Qi Vi

4-bronD-I-butene was added dropw se. After addition
the reactjon was stirred vigorously under
for 48 hgurs Ethyl ether was added f ol

: JaNi ¢ ljayeyr was seperated and wd

NTES ~ed ngt%!tgg%géeand gi“ni , e’IThe
product g purified b onatograph‘ over a

gr adi ent” of Q- 10% Et oS, ITERepames to gi ve 2 65%
yield. 10 O WNHZOH, NaOAC H2N-OK MeOH 28%79 3
To a stirred solution of 2 (1.52 g, 4.3 Mol ) | ry
MeOH (50 ni) v&&é added NaOAc (720 ng, 8.6 mol) @nd

NH2CHHCI (340 ng, 7.6 mol ). Stirred under N28at room

ol SRR Bl e o R B N g o

5 mimXesWolldweliSyDidMiiodl bf & doludidnofNaRASEAsdfRide g70REM12.3 mmol) in DCM
fractions were conbi ned and concentrated. The Product

(25 mhs Pt pirERe By SSPERieh rorhdP oy PepHymed in dighlpromaihape GOVRL) was

adde&"fdll'@w@d 955%\3{[1%& _ﬁg BY 1 3 17 0 I‘I'KIQ)%S 31(59&: %a@ﬁor@vas%l} Qrarrked to room
87
temp%ture DCM and HZO were added the aqueous layer seperated and extracted 2x with DCM.

a

The DCM portions were combined, filtered through Na,SO,, and concentrated to give 8 in 95%
yield.

%\;)OL O/l< HoN \__-:/U\ o %\/U\ Jé
O ~ \
\|7—H KOAc, EtOH \‘\’/ S,
(@]

HN

O
EtO

L-cysteine ethyl ester hydrochloride (643 mg, 3.5 mmol) and potassium acetate (343 mg, 3.5
mmol) were dissolved in stirring EtOH (13 mL), and cooled to 0°C in an ice water bath.
Compound 8 was dissolved in EtOH (13 mL) and added. The reaction was stirred at 0°C for 4
hours, LCMS confirmed the conversion of 8§ into two diastereomeric products. The reaction was
filtered, EtOH evaporated, redissolved in DCM and washed with brine, dried with MgSO, and

concentrated to give a 1:1 mixture of diastereomers 9 in quantitative yield.
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4 20 To a solution of 3 (610 ng, 3.3 mol) in dry DCM
(20 n.) was added triethylamne (550 L, 3.9 nmmol) and
whewspladehl orof ormate (550 L, 3.9 mmol ). The rPEUS®NG/023564

was stirred at room 53 WD 2006/ 014361
PCT/ US2005/ 023564 tenperature for 2 hours. The

i oPwas concentrated and purifie Siér
t\oﬁo Igv a gradient of O- JEHOAC G n \
2 in 669 HO 1. FA_ON
o N 30 2 BT e rodbhErE e 500 o I 6 E T8
stlrrgd SO t|on of 4(577 7.8 mol) Pn THR (20
nm.) under added BHSTHF After 1 hour 3
(300 L, 0.9 [}y and H202 (306 L, 2.7 mol) was

added._ The tion was stirred overni ght and HN
subsquuently di Natgd with H2O extracted 28 with et IO
ether, driedgygth MJSO4 and concentrated. The proddct
was purifi ed by Si 02 chromat ography over a gradi

of 10-45% Et OAc in Hexanes to give 5 in 50%yi eld. 10

The }ila g}telg%g%rgg{er% e%?ioWe%ngzgng%wm ?ﬁgdqg S rre §orLl:] gurr at room

tempéraallrem H2MSB0Mowal ¢aagilatronagrdionxo 1. dthe @éﬂtb@ﬂwé%mtﬂj})rated to give

The reaction was conplete after 30 m nutes.
101"%2 yl?dlgg%rtﬂf’ W OBECFM R ed over Celite and

concentrated to give 6 in quantitative yield. 15 O O
~ 0 H2N 1 I\bODIPEA, ACN H20

R& é‘»

To a stirred solution of 10 (675 mg, 1.67 mmol) in THF (20 mL), EEDQ (619 mg, 2.50 mmol) was
added. Stirred at room temperature for 2 days. The THF was removed under reduced pressure, the
product redissoved in EtOAc. The organic layer was washed with 0.5 N HCI, 0.5% NaHCOs,
HyO, brine. The EtOAc solution was dried with MgSO, and concentrated. The product was
purified via reverse phase HPLC 10-70% ACN in H,O to give two diastereomers 11, 20% yield for

diastereomer 1 and 18% yield for diastereomer 2.

Example 2 1-[2-Cyclohexyl-2-(2-methylamino-propionylamino)-acetyl]-pyrrolidine-2-
carboxylic acid (2-phenyl-2H-pyrazol-3-yl)-amide

o
|0 @ 1. (COCl), pyridine, DCM, 0°C R N
BooN. Q + HN__ /2 TFA DM A I
i H EN :
O 4 OH

X0
N

=N
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OHOH 67 To 6 (42 nmg, 0.21 nmmol) in ACN (2 nl)
car bet hoxyphthali mde (50 ng, 0.23 mmol) was added
WORMh/0DIBPEA (40 L, 0.23 mmol) and stirred at rPORUS2005/023564
tenperature for 2 hours. H20O (1 nL) was added and
stirred for an additional 10 m nutes. The ACN was
evaporated off and DCM and 10% 54 WD 2006/ 014361
A soRGaH &fS2006L AR ITHFPro-OH (470 nag; 0d ONeihel)edd @deﬁfh@&lﬂ{,ulﬁﬂuﬁmol) in

d.3 DCM
oy FiGHEm B i Koo opleh Dt ok STSeon bl toide n

dichieReMbhd éhe;ﬁ 3.0 1\@' 0/ £1 M&Mv%%yéd% d‘_’{;\m@ Q'er ‘M %ﬁ[dtes The mixture

chloride O al yl
was gigled pf e fQISBSlmElute@ t@@ Wbl)ent\/tagpqmtg@ é?denWeD@M ¢ gBution of 5-

ammm-l)phe &91&(?5 9 K%Co 164 bbb Ych R&erlgyﬁﬂuﬁﬁﬁoi:}g %@‘;i%ﬁﬁme (15.5

by "addition o ol'ution of dinet oxXI
pl, 01121 3nmetblin) dichloR@Mithag (G5 mil) waphdded. Thd resiltigg fuprtur® was stirred at

ambie tqgrééer:’ature gocf I%Ef‘pgfsr g’llujt di \gﬁp ilh?:hlg o% hgr?ﬁl tﬁr 8?§t %% vrzﬁf{lezd with 0.2 N

aquedu?é sGdlmmhblc)mxﬂh €0rmin CThe(IﬁgamhﬁdeOWS Viried(MESD,) andrceadentrated under

eand SRRSLELE: o R b o0 ORI B ERim B FRBERI (R con
ethylpuogthte GnBexads £therd DaNi7h exlyl abéthtt)pio §kld DyeloghoilNaZS0M, (MwHY). The oil

was Con%enthw ?r%lqto(r)qa et]\,éeac%_m 810?5% e 92 rpi\l 2}‘1‘9@&?1:18 lgl{ﬂqh%solvent
was fbiNd i8 v@eud. Th Lshltity&t @D Benges’mﬁ Iyleﬁﬁ&)%f 2 Etypb) %bh@chérq)‘anﬂed by

assi um acet at e
revefg%d @ﬁ%'}lgiiﬂ’% fOeYlaHdg?gf‘o 81&?? Hseatty Porige: éé@/l%lié 'Mz)481 g, 503
M+&gpl ed to OCin an ice water bath. Conpound 8 was
di ssolved in EtOH (13 nL) and added. The reaction was
stirred at OC for 4

Example 3 4-Phenyl-[1,2,3]thiadiazol-5-ylamine

o}
@) 0]
Br Q
+ KN > ©/U\N;\:©
DMF
@) 0]

@
2-bromoacetophenone was dissolved in DMF (3 vol) and potassium phthalimide (1.leq.)
was added. The reaction, initially mildly exothermic, was stirred overnight at room
temperature. The DMF was removed in vacuo and the reaction was diluted with DCM (~3
vol) followed by 0.1N NaOH (~3 vol; 1:1 ag/org) and stirred vigorously then extracted.
The organic layer, containing some solid material, was concentrated in vacuo and the

resulting solid was slurried in diethyl ether and collected by suction filtration to give (a) as

a white crystalline solid in -95% yield.
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hours, LCWMS confirned the conversion of 8 into two

di astereoneric products. The reaction was filtered,
wEe@btoessapor at ed, redi ssol ved in DCM and washeRPCT$1905/023564

brine, dried with MgSO4 and concentrated to give a

1:1 m xture of diastereoners 9 in quantitative yield.

20 55 WO 2g06/ 004361 PCT/ US2005/ 023564 O OEtTFA / DCM

NOH S S 19 HN YN & 0 dalyQafshe The di astler eoners

were fem ) I F;ér-BeM-)elo ) d irred

for 1 ) n’pengfldPléene LCVS sholed gonpl ete

conversion to 16 . The reacti on was conc

give 5 10 in 95% yjyeld for the two dj

~ 1 OH -IrA0CH EEDQ THF O O H 0S OO HNl

To a stirred solution of 10 (675 ng, 1.67 ) in THE

(20 nL), EEDQ (619 ng, 2.50 mml) was added. SPirred

Confly BT TSI 0,499 g 205100 RS GRTR e

vol) Emmeatedr kerefluganing 4 Byas-Svals tnapsbl ecnovet Waidr. STHY ddBiltion turned a
NaHCO3, H2Q brine. The Et OAc solution was dried
darkm ﬁolmg &k Wah QOB el LR, ZhﬂﬁeAppr@auaatebod@lf e tolaepe was

remoﬁI d bé'e(Ylgtrlﬁa%OHh cﬂgg})% &8? gg?/f’ ol Itn I'tl_%goﬁc%nghﬂf& 1}1V¥5%cuo The

ereoners |as reoner

resulihﬁgosyhda kvas fstufriet ﬁ;SEtQ)IQthiErnualmﬂxﬁ voxanphecegsary for st1rr1ng) heated

cl ohexyl - 2- (2- met hyl am no- pr opi onyl anmi no) - acety
to reﬂ]lx 5@; Qymiiny prpfgthgn cooled on ice to facilitate precipitation of both isomers. The

solid was collected by suction filtration, washed with cold EtOH and dried under vacuum

to give both isomers of compound (b) as an off-white solid in ~90% yield.

OFEt

HN
! SOCl,

©)‘25©_’ O

(C)
To ice-cooled thionyl chloride (4eq, ~0.85 vol) was added, portion-wise (in order to control
the exotherm), the isomer mixture of (b). The ice bath was removed and the reaction
warmed to r.t and stirred overnight. Thionyl chloride was removed in vacuo, DCM (1 vol)
was added and the reaction was stirred with 0.1M NaOH (1 vol; 1:1 ag/org). The
suspension was extracted and the organics were concentrated in vacuo, slurried in refluxing
EtOAc (the minimum volume necessary for easy stirring) for 30 min, cooled to r.t.,
collected by suction filtration and washed with a minimum of cold EtOAc to give (c) as an

off-white crystalline solid in ~80% yield.
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carboxylic acid (2-phenyl-2H pyrazol -3-yl)-amde 0 1.
(caCl),, Pyridine, DCM 0 C H BocN N H2N N 2. TFA, DCM
WO dokloN3sL 0 off rN O o NH~ N ' ~N 56 WO 20P6r/0840880123564
PCT/ US2005/ 023564 A sol ution of Boc- MeAl a- Chg- Pro- OH
(47.0 ng, 0.107 mml) and pyridine (26 pl, 0.32 mmol)

i n anhydr ggdxdi chl or onet hane (300 | sas cooled to OC
and a solu @ of oxalyl chloride i @ chl or oret hane
M¢ 0. 1 nmol ) hyasinsigdel se over 10

(541, 2.0

m nutes. The xtu s was—stirree at OCfor 15

mi nutes, t hgh Jt—Mnbi t erf@ERt ur epf Ol nut es,
and a sol ut ijgngof aZm no- | - phenyl pyi{}g oI e 15.9 ny,
0.100 mmol ; TCI Aﬁ%rl ca catal og # A0174) and pyri di ne
(15.5 111, 0.191 #mol) in dichl oromet®ane (0.5 nl)
was added. The resulting m xture was stirred at

anbi ent tenperature for 16 hours, diluted with

A soflitminl afrkqdmzhmﬂgldtam @eqy) in BIQH (B sbl tvagiatiedddrdpMise to a refluxing
ue hydroxi de (20 m ). The organjc phase .
Soluw%s ﬁ@ﬁ %(@E‘ ? JaAdPrESREER fPHRspIRscimmestiatgly and dhe reaction
was Q:'b RHEF bP/T'ﬂEC 9% uqﬁrf r’ﬂ%“?&lut&\%{? wial réoE‘eﬁdtobﬁ/t GBHYAD phthalimide
matog I'Tca ge acetate in
clea\fm dyesodadt amslﬁ)l(ﬁe%@hh/yly andetahed whth D(BII dThe FeOHMCM filtrate
oil: mz 581 (MtH+), The oil was treated wth 5%
was (CPREFgIedale VRO ALY GYteli R aas ahseod nilis asppnsion was
st1rre?1; é@s{ t%ﬁtg u }% (c%rg.&%;ﬁ%/?{&g#%yl é&‘] ggggéél?&&édg?% Q\ﬁ.‘;ﬁ%n fitfiGtion and
wasledr itk rcofd lEt@Hedntﬁycolmed e'mpadﬂﬁsh&&ﬁe b &reldp gitting dhet kigadiazole
pr oduct FA salt, , 15%yvyi eI d): nl/z 481
7503 IS iR e ol
4Pheny| [1,2,3]thiadiazol -5-ylamne OO0 0 O Br KN/

é "1JclJ ND OO 20 (a) 2-bronpacetophenone was
Exangile$ ol v &d2-Coiclovryi3(2rntthylemidopepissiammophetdl-pyriotidine-2-

(1. 1ed. 2y Y88 Q&&J?dg ;2?15@?&15&11 %istyﬁ'ahh@é ly mldly

exothermc, "'was s over ni g room

1)

BocN
S OH
y NH, _ HIQH
\ HOBt, EDCIHCI, DIPEA, DMF HC N N
N—S 0] S r\’l'
(d) 2) 4AM HCl/dioxane @)
MeCN

Boc-L-Pro (2eq), HOBt (1.9eq), EDC-HCI (1.9eq) and DIPEA (Seq) were dissolved in DMF (10~
15 vol). To this was then added the thiadiazole amine (d). The reaction, initially mildy exothermic,
was heated to 75°C and stirred overnight, cooled to room temperature and the DMF was partially
removed in vacuo. Dilution with EtOAc (10-15 vol) was followed by washing with 1M HCI (2x),
NaHCO; (1 x), and brine (1x) (1:1 ag/org). The organic layer was concentrated in vacuo and the
resulting solid was slurried in refluxing MeCN (a minimum volume necessary for easy stirring) for
30min and then cooled to r.t. Suction filtration gave Boc-protected conjugation product as an off-
white crystalline solid in ~77% yield. The Boc-protected product was suspended in a solution of

4M HCl/dioxane (4-5eq acid) and MeCN (1 vol eq to the dioxane solution) and stirred at r.t. until
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tenperature. The DMF was renoved in vacuo and the
reaction was diluted with DCM (-3 vol) foll owed by
W@2@kloNge€H (-3 vol; 1:1 aqg/org) and stirred vi POF/OSRDY023564
then extracted. 25 The organic |ayer, containing sone
solid material, was concentrated in vacuo and the
LCMSeiﬁdibzItd:d’@nqﬂﬂté deprasctioh, it g rb:ﬂ:udﬁ giiiyie vek b&fcestibd in vacuo and
suctio

the rw#t]lne(:t 1?“9 g/?%}llg?rﬁléﬂ% gpllfnjal tn]r,]? M Qg‘tjé Igl%a volur%e necessary for

easy 3&%@3 J;éaécl uPQtF / Mﬁ&ﬂ@&m&'ﬁlé&ed & @uc@aa it diph aﬁdiwaﬁléatvﬂth cold
- - t ol uene

a
Mec&‘ﬁﬁ% Eﬁ?Hi“EL]a‘§°1°fe‘YarWPm%‘§fi (prathe cple tsevquld é‘r?dHé'F%@ﬁ-(F? ®an Rit-wtite
solid (PagpRSimvely QuiRiive §did n t ol uene (5 vol) and heated
to reflux using a Dean-Stark trap to renove water. The
sol ution texped a 1)da ed col or and was conpl et e _by
TLC in -2 Appr oxi ly half of
stillatiorf, thg soluti
HN-Y. ﬂnd cpncent r atBedNi acuo. The
",/’ . .

sHrring eat ed
cool ed o?\i ceto 3 ]9 € precipitation of botS‘h\N
i sehers. The solid vvas col | ected by ®uction
filtration, washed)amiCicidxeheEt OH and dried under
vacuum to give botMeGNsoners of conmpound (b) as an
off-white solid in -90%yield. 10 OBt HNL~"O NO

The BCCEB (6) WhsMid¥olved N DMF QL0215 {db) anl OIPEA @5elq S oahis wasl added the Boc-

o SR G 8 S5 P ey e L
The teScﬂﬂSE rwamdidﬁtlddi evithfEtO g (15TNob) and evakiat FvithalM IFEITGE ANSHCTO; (1x), and
bnne E f‘ Pg[; The organic extract was dried over sodium sulfate and concentrated in
vacuo. The resulting solid is slurried in EtOH/Hexane (20:80) (a minimum volume necessary for
easy stirring) and filtered to give Boc-protected conjugate product as a fluffy white solid in ~80%
yield. The Boc-protected was dissolved in a solution of 4M HCl/dioxane (4-5eq acid) and MeCN
(0.25 volume eq to the dioxane solution) and stirred at r.t. until LCMS indicated complete
deprotéction, ~1 hr. The reaction was concentrated to dryness with toluene (2x) (the same volume
as the deprotection solution) to yield the HCI salt (f) as a white crystalline solid in approximately

quantitative yield.

1) | o)
I O
HCIHN” N H HN\—/KN N H
N N HOBt, EDC.HCI HCl £ 4 N
O ¢ DIPEA, DMF : @) ,,N

S=N . S~N
2) 4M HCV/dioxane
® MeCN (@

W
Q
9]
Z
o]
I

I

The HCl salt (f) was dissolved in DMF (10-15 vol) and DIPEA (5eq). To this was added the Boc-L-N-methyl
Ala (1.5eq), HOBt (1.4eq), and EDC-HCI (1.4eq). Coupling was complete after ~lhr by LCMS. The reaction
was diluted with EtOAc (15 vol) and washed with 1M HCI (2x), NaHCO; (1x), and brine (1x) (1:1 ag/org).
The organic extract was dried over sodium sulfate and concentrated in vacuo to give the Boc-protected
conjugate product as a beige, foamy solid in ~85% yield. The Boc-protected conjugate was dissolved in a
solution of 4M HCV/dioxane (4-5eq acid) and MeCN (0.25 volume eq to the dioxane solution) and stirred at

r.t. until LCMS indicated complete deprotection, ~lhr. The reaction was concentrated to dryness with toluene
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warmed to r.t and stirred overnight. Thionyl chloride
was renoved in vacuo, DCM (1 vol) 15 was added and the
WO e@ehiem was stirred with 0. 1M NaCOH (1 vol; 1rdT/US2005/023564
ag/org). The suspension was extracted and the
organi cs were concentrated in vacuo, slurried in
(2x) (sehd wxlhmg as Hbghectibi Rautivhn iaﬁmnibvredulmg sOIRIC @&sS slyled @ a solution of
MTBE/%&YAC%%d ’3;0?1 npngn?l V3 umggecggrs] 1:;\); § e gr Vx\htg%oﬁ{teéédrﬁhcrl] focrilgértr%dgé: I?lglg crude (g)
as an efﬂwtiltﬁte@ﬂewm@ sty €hq epdealdClasalt (fwas\shiperded iy XieQH {ryel minimum)

Lid.in-80%uvi . ' .
ond R BB oAk Mb P T m Sl RIS RO i pddeip g porions.
keepiNg 2he NiBepturdNaSagr)x. (60)C, shdshd welitdom whs hlaived zto ol with stirring.
CrystaM at?o}net)?cgl% Bﬁgeq)ra[pbcpY Ethe g%ls&)?ns :%as\é%%ﬁé ?ag%gonlg ;té)rgpl&ra%re 9 several
houry) ttea isthrédadt@°C domachoal mfsﬁe thensobid ivak ebl}ecad dy tshaion dicitionwashed

with @%ﬁﬁ?@ g(?}géj {,Ieé{., S(:\i/gﬁ én dﬁ‘?‘ {"ﬁér}fnﬁ{ t&% Br%ét? Z g%aa\élglte/c\ﬁ? -white crystalline

solidhy ~govoduidtironad).f i | t ered away and washed with DCM The
EtOH/ DCMfiltrate was concentrated in vacuo until
crystal formation was observed. This suspension was

Exan§gld § I €d2-pxebiiogitartand-( ey s1ySiiakihkNamsol-bebplthictadide
was collected by suction filtration and washed with
cold EtOH until colored inpurities vvere renoved,
gi®@ing the thoadi az 10 am ne (d) -75% vyi eI d as

H
N apll of f - Wﬁg st a I ng ,SO| i dN Lot di-tert- butyldlcarbonate
\ [-[20ok |M5@ (3nrRbY! an@ﬁﬁ?ﬁ.o yl am moyy=acety—>
a

]-pyrrolidfne-2- carboxylic THF, H,0, NaHCO;
(4- phenyl -[ 1, 2, 3] t hi ali™izol -5-yl)-ami de 1) BocN OH N f
NH2 O HN H NN HOBt, EDCI HC1, DI PEA, DMV HCO N 'N

SN (d) 2) 4M HO | di oxane (e) MCN

H . OEt LiOH.H,0 o NJ\n/OH
T T wwe 1Y
Boc Boc

Alanine ethyl ester (5g, 32.5mmol), pyrrole-2-carboxaldehyde (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 3.3g. The Boc-protected ester (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,SO,, extracted by EtOAc twice. Organic layers were combined,

dried and evaporated.

Example 6 tetrahydropyranylglycine
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15 Boc-L-Pro (2eq), HOBt (1.9eq), EDC-HCI (1.9eq) and
DI PEA (5eq) were dissolved in DM (10- 15 vol). To
wao hios/owssl t hen added t he thiadi azol e am ne (d)PCT82005/023564
reaction, initially mldy exothermc, was heated to
75C and stirred overnight, cooled to roomtenperature
TetraBftHopyReyDMeindasasPirtiasdd Yrom RBRBRCENER, ¥AGHAhezEN labdordil to the
W th EtOAc(lO 15 vo vvasfollovvedb vvashin with 1M
hterap@ Cihg% t\)l ijw s My Kné\/[%{eﬁ) (Pl; uong, T. T.; Lee, H.

Y.; MAfh&Y, @) M. HﬂﬁthOAgﬁﬂl Wai, R DXRS PONCEINY At edl: ERin{ A% U0, Schieife,
and the resultlng.solld was slurried in refIUX|ng
I

W. Aot §-R-rAnserseinby o1 b Medrfeicas 858y 36. 87002340 stirring)
for 30mn and then cooled to r.t. Suction filtration
gave Boc-protected conjugation product as an off-
white crystalline solid in -77%yvyield. The

E @C7 pro ggduct was suspended in a sol ution of
Xar@M /%’?ox e (4 5eq acid) and MeCN (1 vol eq to the
di oxane solution) and stirred at r.t. until 59 WO

Plpexﬁl‘?\gff%?&ndé%a]s s§) (Eﬂ—f{s#§89($?{d% ﬁl[% htél’% Iﬁgﬂ %Ee g(u%%e%i N W,

ection; ion mx ureé wa
R.; FaohcRertie, & @dralmdmameatdy 200ie 12,8421-2425¢ soI id was
vigorously slurried in refluxing MeCN (a m ni num
vol ume necessary for easy stirring), cooled to r.t.,
and the solid collected by suction filtration and

i, | d. .M til i dual |
Exan\%ll\'@ngvedwf"nﬁg]r%%foﬁgkg]ﬁﬁggl\lﬁ'glg?: el gef :ﬁeul(:CI Cgalotr \(Ng? as an

of f - V\,hlte 5 solid in approximtely quantitative

el N N O HN
‘2’ :og{(gng 3#@1016"* @Wﬁféfcﬁﬁﬂ,thwe%mﬁ%d%eﬁ ik an e
the HCl salt (e) was dissolved in DW (10-15 vol)
and DI PEA (5eq). To this was added the Boc- L-Chg
(1.Seq), HOBt (1.4eq) and EDC—HO (1.4eq). Coupling
was |l ete after_-2hrs The reaction was
Exangfiq %t ocb9 Sh2ErERE ﬁﬁfsydwvsycgwymcaﬂ@a% th I M HC
(2x), NaHCO3 (1x), and 10 brine (Ix) (1:1 aqg/org). The
or gani xtract was dried over sodi sul fate and
concerdrajed i nCbzMislc ugCOMee resultbng(§olld IS
slurriesddin Et OH Hex ne (20 80) (a nqi mum vol une
necess for easy |ng) and -red to give
Boc- pr t ed conj roduct as \g uffy white
solid in -80% yleld he Boc- protecled was di ssol ved
in a solUtion of 4M HC1/ di oxane,( A: 58q,4¢i.d) and MeCN
(0.25 val ume eq to tRe di oxane soﬁutpoﬁ? and stirred

at r.t. until LCVS indicated conplete
Following the procedure of Sheih, (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 1N HCI (3x50 mL), brine (1x50 mL) dried (Na,SO,), filtered, and concentrated. The

residue was adsorbed onto Celite, and purified by chromatography, then further purified by re-
crystalization from EtOAc/hexanes to afford 5.2 g of product c.

/_\O F’\O

CbzHN CO.Me CbzHN CO-Me
c d
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15 deprotection, -1 hr. The reaction was concentrated
to dryness with toluene (2x) (the sane volune as the
wale@esoi46t i on solution) to yield the HCL salt ¥E)/Us®08023564
white crystalline solid in approximately quantitative
yield. .~ 1) I O BocN'-k OH1 OHCl HN NHN NN N N
HOBt, EDC.HCI HCCHNN OO~ D PEA, DF QON N 2)
FolloffingHist podcaboeene Shejh, Fe(rhihedhaCNs2netiye2000] 12 ad21-342%), viasslution of

enearajggsgéé §g (Eﬁé%cé%h ﬁﬁﬁtmm’@é@' P%Aé\éﬁsw%ﬂh&% QAN Sd MeoH

(100 (n?L)m) slhmgv@%uL ﬂﬁ:lu#]e]; 084 )of TGOMP hamg%nélesslvemmhseﬁeﬁloved under
ter - ) e reaction  was djlute
recudhy ey e BOINGS GRS RBER BICEH T Brec bt Qi more EiOAc.
The solvéht waaREndVel Bdef tethcel %re@su?eﬂdo QFed 4. Ogﬂ}%r&’lﬁél&fﬁs% colorless solid.
extract was dried over sodium sul fate and concentrat ed
in vacuo to give e Boc-protected j ugat e product
as a beige, foardy s9lid in -85%yieldg. Jhe
Boc- protected copjugat e was di ssol ve n a 25 solution
of 4M HC / di oxan- 5eq-acid) and (0.25 vol une
eq to the dioxaneysolution) and stirr at r.t. until
LCVS i ndi cated codpl ete deprotection, J-| hr. The
reaction was @dMEent?Meed to dryded Witk ol uene 60
WO 2006/ 014361 PCT/ US2005/ 023564 (2x)e (sane vol une as

A migefy G <rhatean aBbhosP” GABerER Blomgs Gy wiiNqr a0 m
was Maihtaied Rede 38 a[ryosﬁlibﬁr 6y fos 6h ) The@xturé iwas ﬁft&éﬂ @iRéhgh Celite with
colgected to yield crude n of f -wh

MeOH, The sqlyant W@S ©egevd unqlﬁete@}ca% grepwea@zﬂffprd( iﬁ g\%gemdue e, which was
takenSonseBged in MeOH (4 vol mninun) and dissolved with
stirring at 65C. _\\arm | sopropyl Acetate (6-8 vol) is

added in two pogtigns, 5 keeping the tgnperature at

approx. 60C, and>fhe solution was all d to cool with
stirring. Crysizatieﬂ—t—eek pl ac pidly, the
suspensi on was St¢Tred at roomtenperajyure for several
hours, then stirrled at OC for an hour hefore the solid

was col | ect eEOCB‘X'/ sG@ﬁNeon filtrati 8F™NwasRe® with
McOH i PrOAc (1:4,° 2 vol) and drledtoﬁlleldflnal t he

The P r’gg%u %Itféqe}% qv\ghﬁ%fazsfés%l&@lmgl(t g Cré(}/%tl_,?l ./lklcOnI% (30 mL) THF (5 mL), and

dichi@rohdeBiE taciaU(@olagup Ak falaided Hr wav&hlg@ WaRtBYhly 388 BRkd Rnd the
Fopl oni ¢ aci
solution %nd maintaned until hyrolysis was complete, as monitored by HPLC-MS. Solid Na;CO,

was added cautiously until gas evolution ceased, the mixture was diluted with aq NaHCO,;, and
extracted with 10%EtOAc/DCM. The combined organic phases were washed once with brine,
dried (Na,SO,), filtered, and concentrated. The residue was purified by chromatography to afford
2.9¢ of product f.

H,,; l
BocHN™ "CO,Me BocHN Cone BocHN COzMe

f

O
|IIO

A mixture of ketone f (1.5g) MeOH (50 ml) was treated with NaBH4 (290 mg) at 0 °C for 20 min.

The mixture was acidifed to ~pH1 with 10%agq citric acid and the MeOH was removed under

reduced pressure. The residue was diluted with water and extraced with 20%EtOAc/DCM. The
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O 0 H NaCNBH3 1% Ac di-tert-butyl di carbonal% AcOH
~YNIrOEt N + RN Ot HH O THF, H2O NaHCO3 DWMF 15 H
w@eH06k13H H2O H N N OH C+ THF, H20O Boc Boc APGEIUS®05/023564
ethyl ester (5g, 32.5mol), pyrrole-2-carboxal dehyde
(3.1g, 32.5mmmol), sodium cyanoborohydride (2.04qg,
comiBRdsnganic)phases wém@is(léﬁo@ca/\ﬁﬁlebnﬁiex éded (INafIVE), difteked,tand b@f&entrated

ov.er The react enched with

e R P AP B AR oA Al B e of Foduct b
Et OAc, washed by 0. 1N NaOH, dried and concentrated to
yield product 2.83 The resulting esterQH(2.5g
12. 8rnnol ), di-téct-butyldicarbonate (3.\06g, 14mmol)
were mxed in H20 W t-h—NaHCO3 atirred
overni ght. THF wgs evaporated, and theNai xture was
diluted with Et"@Ac, washed by IN NaCfz sat. NH4Cl and
brine. AftePoeliNedCOMee mi xture whocEncERerated to
yield the 25 . Béc-protected ester 3. Bd The

3 Boc-protected ester (1. 5.6nol ), lithium hydroxide
A iR, of %}Edrga(tléw;is@ﬁgl&% (lﬁ%ﬁaablTﬁRA@r@Lmdewatﬁrr{WHmaw stirred
0 :
e g Ty e B T DROr: el e g BRMhP BB v
EtOAy dhn¢anbinpderganigenbeses wedsivrasked onglr Wéhiblam dueer(PlorShle filtered, and

o SRaEHBAR SR ey oy o1 e e 1 V0

10 Tet r ahydr opyr anyl gl yci ne was purchased from
VaPi og synthezed according to the
Exmﬁﬁtgfatdggghﬂgg%h A K ; Thonpson W J.; holl oway,
McKee, S. P.; Duong, T. T.; Lee, H. Y.;
NUnson, P. M; Swith, A M; Wi, J. M Darke, P. L.
Zugay, J. A; Emni, EE A; Schleife, W A ; Huff, J.
15 R ; Anderson, P. S. J. Med. Chem 1993, 36, 2300-2310.
5 Exanple 7 plper|d|nngIyC|ne Pi peri di nyl gl yci ne was
heS|zed accordbng tothe lit ture: Shieh, WC ;

Reel , )\]’OH

HgN/\/OH
BOP DIPEA, DMF B"
DMFE
a b
O/\/N\_/U\ ; 2 N HO/\/N])L ; :

29

20 A mixture of amine a (1.56 mmol), 2-Bromopropionic acid (0.72g, 4.68mmol), BOP (2.1g,
4.68mmol) and DIPEA (1.6ml, 9.36mmol) in 10m! DMFwas stirred at room temperature for 2
hours. LCMS analysis indicated reaction completed. 100 ml EtOAc was added to the reaction and
organic layer was washed with sat. NaHCO; followed by brine, dried over Na,SO, and
concentrated to dryness. The crude material was purified by chromatography using 50%

25  EtOAc/hexane to obtain compound b.
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10 R; Fitt, J.; Repic, O Tetrahedron: Asymetry,

2001, 12, 2421-2425. Exanple 8
wa20bsdifbuor ocycl ohexyl gl yci ne 15 PCT/US2005/023564

4, 4-di fl uorocycl ohexyl gl yci ne was nade according to

t he procedures described in US 2003/0216325. Exanple

9 Boc (S)-2-am no-2- (4 hydroxycyclohexyl)acetic acid

The GRBPBRED (0 5 PR g1S ket S8t thapeleprine b APt in 3 ml

DMFPﬁM aRéd Nvenﬁé}ﬁ ¥or cbénpletid 1 TRARBItion Eimﬁt‘ﬁ%el»'\t\léts%nﬁﬁd by @IveYRE phase
nd Et OAc %30 mL) was to a solution of

a
HPL Qi s REEIs (amBoh i commuattR LOmET I (45
m.) and Et QAc (30 nli). The sol ution was naintai ned at
rt for 48h, then washed with 1IN HO (3x50 nlL), brine
BxanpieHo nyBagr-exrlqorepyomahyl-Lealaniner ed, and concentr at ed.
The residue was adsorbed onto CBIlte, and purified by
chr omat ogr aphy, then further purified by re-
crygtalization frofEt OAc/ hexamaggyto afford 5.2 gyof

H,NRI aduct Y0 1 (bzHN C—caw; ch2HN CO2Me 30 ¢ 62
20067 014361 Pt 005/ 0ZEEAPARY) | owi Ren N

peocedure of Sh¥l h, (Tetrahedron Asymet 2001, 12,
2421-2425), a solution of eneamde c (5.0 g)

(S,’S) - Me- BPE- Rh(1) P(1. 5g, Strem Chenical s,

hbmburyport MA), and MeOH (100 ni) was shaken

Ll gorously under 70pgi of H2 for 48h. The sol vent S OH
di-tilek artam%nder 5 egd]pﬁéssurdmmqhﬁore3| wa|
nd fililtered i O wi th| nor
RN S

[23098 The so vent;T sQenoved U reduced pressureée
to afford 4. Qg of product d as a colorless solid. 00
CbzHN CO2Me BocHN CO2Me d e 10 A n1xture of

R Sl TS S S SPBPRASEI oe

(2.67ad /I SReAY wat sidgerdded intvm] THE Wil %tAHCR]. Wadditidnl df Sk 6f CH;OH made

h.Celite with
the c‘ioudy solution turned to c}ear NaCNBH, (2.25g, 35.8mmol) was added and the reaction

mixture stirred overnight. The reaction was quenched by addition of 1IN aq. NaOH, extracted by
EtOAc twice, organic layers were dried over Na,SO, and concentrated to dryness. The crude
material was purified by chromatography using 30% EtOAc/hexane (stained by ninhydrin) to
obtain the compound ¢ (1g, 18%).

The compound ¢ (1g, 6.37mmol) and di-t-bocdicarbonate (2.1g, 9.55mmol) were diluted in THF
(20ml) and H,O (20ml), NaHCO; (1.3g, 15.9mmol) was added. The reaction mixture stirred
overnight for completion. THF was removed under reduced pressure, and the aqueous layer was
extracted by EtOAc 3 times. Combined organic layers were washed by 1N NaOH, sat, NH,Cl
followed by brine, the concentrated to dryness. The Boc-protected compound d (1.39g, 5.40mmol)
was stirred with LiOH.H,O (1.14g, 27mmol) in THF (20ml) and H,O (20ml) overnight at room
temperature. THF was stripped off, and the aqueous layer was adjusted to pH=4 by adding 10%
citric acid, then extracted by EtOAc 3 times. Combined organic layers were washed by brine and
concentrated. The crude was purified by reverse phase C-18 column eluted by 0%-50%

acetonitrile/H,O to give pure compound e as a white solid (794mg).

Example 12 acid fluoride coupling procedure
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MeOH. The sol vent was renoved under reduced pressure

to afford 4.5 g of residue e, which was taken on
wa@leoeoi43y1 n 0 O BocHN CO2Me BocHN CO2Me e fPCI/BS20h#&023564

residue e from above was dissolved in H20 (10 nli),

AcOH (30 nL), THE (5 n), and dichloroacetic acid (3

nm.) and tained at rt overnight. Water nm.) was
adde and sol uti on and mai ntaned,unti yrol ysis
noni tGT—e‘d_bT'HPLC- I\/B li 2

vva§° usly unijN_ gas evolRfE Ut he
m xtur® was ted with aq‘—“ ana‘- 206t ex:t r gt ed
wi th 10%et OAC/ "' The combhaed or gani c phaseSQ/ve
washed once with brine, dried (Na2SOQ4), filtered,~20d

concentrated. The residue was purified by
chromat ography to afford 2.9g of product f.

A so]luué)n hofH ?gc k'?a—?}tﬁ%rggy{ C@t o gc H'\cll g&lyﬁ;@ g@lg H%Cfﬁ%&/eanhydrous

dichlmmethareé(ﬂfedﬂ)vwas kodexBidD°C Zﬁtﬂ)cy.'{gl)nc&luoﬁdﬂﬁbmmﬁl) atided .dropwise over

Th mxt f HL w t.h 0%1
30 seh T gt w e B ERE RL0'C oo b A b s, 6L & b and then
quenchaé wmﬁsmwn €Thaasix@itd wisatttrudtédthwatiigtes st dekitor @nithne tbial 100 ml),
0%t QAC /01 CT/ US2005/ 023564
and tg% AL ?ﬁg@% P‘?ﬂsﬁﬁqﬂ%"é‘% \)%'gg’ ig“% QYT BRIyl jSRdum sulfate.

' Filtratibh &6l doDERERHbh in Tackid §leRIdd tHRPEpraRAcEATbAdeLs .2 clehh @olorless oil used

sj due S purlfled by chromat ography to afford 1.
dlrec‘iﬁﬂ“’b?‘“%ﬁ‘%’f‘ igpligpg 0. 23g of product h. OH OH H,..
H% BocHN CO2Me BocHN CO2H g i 5 A m xture of ester

(1.17g) Li CHH20 160n5%) THE é nm.) and water
A soﬁt{_? gle &tudp 2eid fluoride (0 mmol) and pyridine (1.5 mmol) in dichloromethane

(2.5 ml) was added to the solid amine (0.50 mmol), and the resulting mixture stirred either at
ambient temperature or at 50°C (sealed vessel). The mixture was poured into aqueous sodium
bicarbonate and the extracted three times with dichloromethane (total 100 ml). The combined
organic phases were washed with brine, dried over anhydrous sodium sulfate, filtered and

concentrated in vacuo. The crude peptide amide was used directly without further purification.

Example 13 1-phenyl-1H-pyrazol-5-amine

w L
N

Iy

=

1-phenyl-1H-pyrazol-5-amine is commercially available from TCI America (catalog# A0174).

Example 14  3-methyl-1-phenyl-1H-pyrazol-5-amine

w O
N

/

=

3-methyl-1-phenyl-1H-pyrazol-5-amine is commercially available from TCI America (catalog#
A1311).
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vigorously at rt overnight. The m xture was dil uted
wWith brine and exaustivly extraced wwth EtQAc. The
W@ wbionsell or gani ¢ phases were washed once w t hP@F/US®05/023564
dried (Na2SO4), filtered, and concentrated to afford
acid i (525ng). 10 Exanple 10 conpound 29 15 Br OH O
HN2 O NS'NNONNS-NHN~OH OHNHBOP, D PEA DW
Br. N b H . HO HO- NNNSN+HO" - - N
ExarigInt, NS PR R GARA0S Ne H 1\ 26 d 20 A mi xture
of amne a (1.56 mol), 2-Brog:zjopionic acid (0.72g,
1)
p

4.68mmol ), BOP (2. 1g, h=Ns land DI PEA (1.6,

9.36mmol) in | Ol DVFwas i at room tenperature

for 2 hours. LCMS analy S ndi cated reaction

conpl eted. 100 m Et OAc s added to the reaction and

organi c | ayer was washed ®wi th sat. NaHCO3 fol | owed by
5-phdnylthiezol€l Helthnomers MNARBELalBNGVailsid R Aatoe OrkMiddr ¥RESSH 11234-
mnOThe crude material was purified by chromatography

&sing 50% 25 Et CAc/ hexane to obtain conmpound b. 64 WO

2006/ 014361 PCT/ US2005/ 023564 The conpound b (0. 832g,

1.5mmol) was treated with ethanol am ne (200ul,

2.73mmol) in 3 M DM and stirred overnight for
ExarGf}épg et sqmﬂumﬁlefhﬁmtﬁheﬁqusﬁéﬁtﬁaﬁeﬁ_@ purified by

reverse phase HPLC to obtain two di astereoners c

(53mg) and d (conpound 9% (1 ). 5 Exanple 11

N- Boc- N- cycl opr opyl nmet hy - ne 0 0 NaCNBH4 H2N+

H THF/ 1%cOH /\N O M V{H

S” “CF;

S5-(trifluoromethyl)-4-phenylthiophen-3-amine is commercially available from Acros Organics
(catalog# SEW03133DA).

Example 17 4-phenyl-1H-pyrazol-3-amine

4-phenyl-1H-pyrazol-3-amine was prepared according to the procedures described in E. L.

Anderson et al.; J. Med. Chem., 1964, 7, 259-268.

Example 18  5-methyl-4-phenyl-1H-pyrazol-3-amine

5-methyl-4-phenyl-1H-pyrazol-3-amine was prepared according to the procedures described in E.
L. Anderson et al.; J. Med. Chem., 1964, 7, 259-268.
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abc di-t-Boc dicarbonate (c) NIy OH NaHCO3 i \

THUOH, F, HO, H20 Boc 0 RO Boc 0 d e 10 L-al anine
woreaohpl43est er hydrochl oride a (5g, 35.8mvpl) aPd/US2005/023564

cycl opr opanecar boxal dehyde b (2.67nl, 35.8mmvl) were

suspended in 50nl THE w 1% AcOH. Addition of 5nil of

CH3CH made the cl oudy soI ution turned to clear.

5. ) was added and the reaction

Example, ure3§€‘?“r‘”lr5g%' évﬂ’ A nIé’he reacti on was quenched
by addition of IN ag. 2?‘4 cted by EtOAc tw ce,
organic | ayers were drl’él ov 2504 and concentrat ed

to dryness. The crude 15 salfertal was purified by
chromat ography using 30% @Ac/ hexane (stained by
i nhydrin) to obtain the conpound ¢ (1g, 18%. The
-Ph@b) b 3S-wiagol-g amdne3vasrmeparedrageatiling 1dythe drasadusesndes@ibed in K. M.

B o 0 g, e

reaction mxture stirred overnight for conpletion.
THE was renoved under reduced pressure, and the
aqueous | ayer was 20 extracted by EtOAc 3 tines.
Exan@tad$) nedpbanghsoxazol-&ymire wer e washed by I N NaCH, sat,
NH4C1 followed by brine, the ncentrated to dryness.
The Boc- protected conpotsNl d 99, 5.40mmol) was
stirred with Li OH H20 (1. ; nol ) in THE (20nl)
and H20 (20ml) overni ghtOatiroom tenperature. THE was
stripped off, and the aqueous | ayer was adjusted to
4-phdﬁkrl¥sfbx&)é1 adﬂmﬁgwa%q)%pafeutaw&dlag: tdthe tphRBdR4t deddiibed ibM. Peeters, W.
Et OAc ti mes. Conbi ned organic | ayers were washed by
V"gtbllﬂl)f'?é)zénd 25 concentrated. The crude was purified by
reverse phase C-18 colum eluted by 0% 50%
acetonitrile/H20 to give pure conpound e as a white
solid (794ny). Exanple 12 acid fluoride coupling
procedure 65 WO 2006/ 014361 PCT/ 882005/ 023564 p O
BocNN N H2N BocN N N H H pHéH A NH O A sol ution of
Boc- McAl a- Chg-Pro-OH (2.3 and pyridine (6.9
unol ) in anhydrous dichl orogenhane (23 nl) was cool ed
Exarﬁp@eﬁc a@gh&}\éﬁME)*%ZJlu%ﬁéje (2.3 nmol ) added dropwi se
he m xture was stirred at 0OC for 15
—phqwthmraaﬁ-Bra@me vesperesadaceordiog tothh procetieestdseasibed in C. Chen, K.
. [ tracted three
Wllc%ﬁwcﬁeﬁcﬁﬁrgﬁéﬁ?;ﬁedmﬁ- &it. ”1‘9?t g fo:i&@%%@(

mes wt or onet hane

Example 22 1-methyl-3-phenyl-1H-pyrazol-4-amine

/7
N

-

/

1-methyl-3-phenyl-1H-pyrazol-4-amine was prepared according to the procedures described in C.

Chen, K. Wilcoxen, J. R. McCarthy; Tetrahedron Lett., 1988, 39, 8229-8232.

Example 23  1-methyl-5-phenyl-1H-pyrazol-4-amine
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and the conbi ned organi c phases washed with brine and
dried over anhydrous sodiumsulfate. Filtration and
w@eween3shat i on in vacuo yi el ded the pepti de acPdr/us2005/023564
fluoride as a clear, colorless oil used directly
wi t hout further purification. 10 A solution of the
crude acid fluoride (O'g31 nd pyridine (1.5
nmol ) i n di chl oromet han ) was added to the
solid amne (0.50 mmol), tfHe resulting m xture
stirred either at anbi eny-Nenperature or at 50C
seal ed vessel). The m xture was poured into aqueous
1-mefybp-phanyloi FE pyraehdteningntiast inepaesdtaceqrdiag tq e @eocedurgssdegiribpd in C.
ChendKC‘ﬁ/'ﬂQJx%ﬁ"%t RAEC ! ﬁétm&%ome)n 198¢€ 36 Qﬂgb e 15
organi ¢ phases were washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated
i n vacuo. The crude peptide anm de was used directly
wi t hout further purification. Exanple 13
ExandplgaMe ny3-mibthyp4rplenplisofazahd-amine?N N ~"N 20
1- phenyl -1 H pyrazol -5-am ne i s~commercially avail abl e
fromTCl America (cat al Bg¥ . Exanple 14
3-net hyl -I - phenyl - 1H pyrazel<S5~amne HZN N k _N 25
3-net hyl - | - phenyl - 1H pyr@zgl-5-anine is comercially
avail abl e from TCl Americ& (catal og# Al1311). 66 WO
~me§@ﬂ%%§%iaz€p§:ékﬁ30@&/ ﬂgwacc@ﬂ&fgmoethlﬁ)mcedures described in H.
henylthlazole 2,4-diamne H2ZN / NS H2N
RWEgiﬁﬁ %6t e-2, 4-dianine is comercially avail abl e
fron1Acros Crganics (catal og# 11234- 5 0010). Exanple
16 5-(trifluoronethyl)-4-phenylthiophen-3-am ne H2N

Example 25  1-phenyl-1H-tetrazol-5-amine

HQB\N/Q

N, A
N/N
1-phenyl-1H-tetrazol-5-amine was prepared according to the procedures described in R. A. Batey,
D. A. Powell; Org. Lett., 2000, 2, 3237-3240.

N "

SN
Example 26  4-phenyl-1,2,5-oxadiazol-3-amine ~ ©

4-phenyl-1,2,5-oxadiazol-3-amine was prepared according to the procedures described in R.
Lakhan, O. P. Singh; Ind. J. Chem., 1987, 26B, 690-692.

Example 27 1-amino-5-phenyl-1H-tetrazole
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SICF3 10 5-(trifluoronethyl)-4-phenylthi ophen-3-am ne
is comercially available from Acros O ganics
w@ cavalosgt SEW3133DA). Exanple 17 PCT/US2005/023564
4- phenyl - 1H pyrazol -3-amne 15 H2ZN N | ~N H
4- phenyl - 1H pyrazol - 3-am ne was prepared according to
1-aminbS-ghen e HLERS0Id 888 profled Acdordihg to @ﬁw?fos@mreetdeadrib'ed Jn T. L.
e

d, m, 1964, 7, 259-268. 20 Exa 8
Gilchiinfi e s st f i Seh- st e HBRPNTH-UTSN 1
5- met hyl - 4- phenyl - 1H pyr azol - 3-am ne was prepared
according to the procedures described in E. L.
Anderson et al.; J. Med. Cheni., 1964, 7, 259-268. 25
Exanle 240 20081,054:367k1 G/ 1520056023564 Exanple 19
-phenyl -3H 1,2, 3-triazol-4-amne HZN N JO N N
3-phenyl -3H 1, 2, 3-tri azf(pglN 4- was prepared
according to the procedurgs ibed in K. M 5
Baines, T. W Rourke, K. (Vayghan; J. Og. Chem, 1981,
46, 856-859. Exanpl e 20 4Nphenyli soxazol - 5- am ne H2N

~ 10.4- | | -5- . d . .
i ool LR AP BT R LSRR B R i & 2

accC es e
IkizleVYN. Whigtin; JERedid0fic Chem., 1998, 35, 377-380.

Example 29  3-phenylthiophen-2-amine

HoN

S

3-phenylthiophen-2-amine was prepared according to the procedures described in Y. Yoshikawa et
al; EP 737682 (US 5747518).

Example 30  2-phenylthiophen-3-amine

HoN

NS

2-phenylthiophen-3-amine was prepared according to the procedures described in Y. Yoshikawa et
al.; EP 737682 (US 5747518).

Example 31 4-phenylthiophen-3-amine

HoN

/]
S

4-phenylthiophen-3-amine was prepared according to the procedures described in G. Kirsch, D.

Cagniant, P. Cagniant; J. Heterocyclic Chem., 1982, 19, 443-445.
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H2ZN NN Exanple 21 3-phenyl -1 H pyrazol -4-am ne H 15
3-phenyl -1 H pyrazol -4-am ne was prepared according to
wao b@oprascedur es described in C. Chen, K W/ cPXENS2085/023564
R MCarthy; Tetrahedron Lett., 1988, 39, 8229-8232.
Exanpl e 22 1-net hyl - 3- phenyl - 1H pyrazol - 4-am ne H2N
ExanijleN$220 F-amimoniepteyylthdzglbenyibt 1H- pyr azol - 4- ani ne was
prepared according to the procedures described in C
Chen, K. Wlcoxen, J. RN v: Tetrahedron Lett.,
1988, 39, 8229-8232. 25 oke-23 1-net hyl - 5- phenyl -1
H pyrazol -4-anmine 68 Ws20Q6/ 014361 PCT/ US2005/ 023564
H2ZN N N 1-net hyl -5-pheny\lyf H pyrazol - 4- am ne was
prepared according to thdSprocedures described in C

j . ;. Tetrah o
5 am%@%&)he@éth%é\%—%ﬁ%?&&%s gggg@nﬂp%kg%g to gle proc%g&rgpdésgttlﬁed m A. H.
Cook3L ietlbrph,-A Lphevyy V.i Gexaiaol, 194 7aid38el 602N
3- et hyl - 4- phenyl i soxazol - 5-ani ne was prepared
according to the procedures described in H  Peeters,
W Vogt; EP 43024. 10 Exanple 25 1-phenyl-1
Htetrazol -5-amne H2ZN N, wWN
1- phenyl - 1H-tetrazol - 5- am ne wasHgNepa
the procedures described in R A Bate
Powel I ; Org. Lett., 2000, 2, 3237-83240.
26 4-phenyl -1, 2, 5- oxadi azol - 3-am ne O N
Examplepite ny R~(thetRylfhic)¥ephemytiblaz@-5amiing M@Ps pr epar ed

2—(m§gﬁt%£o ~I4D];glert1y9th}a|2§—595{rrggee\%sr &gpagg &E&rﬁ%‘g t(l) ﬁle I?)'rocedures described in A.
H. Cook, L Heilbron, A. L. Levy; J. Chem. Soc., 1947, 1598-1609.

according to
15 D. A
H2N Exanpl e

Example 34  5-amino-2-(methylsulfinyl)-4-phenylthiazole

HZIL(O Hﬂ\j\(@
SN SN

MeS _sz:
To 5-amino-2-(methylsulfanyl)-4-phenylthiazole (305 mg, 1.37 mmol) in acetic acid (3.0 ml) was
added aqueous hydrogen peroxide (660 ul, 30% wt, 6.9 mmol) dropwise at ambient temperature.
After 4 hr the mixture was partitioned between dichloromethane (60 ml) and water (60 ml). The
organic phase was separated, washed with brine, dried over sodium sulfate, filtered and

concentrated in vacuo. Flash chromatography on silica gel (ethyl acetate/hexanes) yielded pure 5-

amino-2-(methylsulfinyl)-4-phenylthiazole (285 mg, 87%).

Example 35  5-amino-2-(methylsulfonyl)-4-phenylthiazole

o
n =
T@
o
Nz
%

i
z

/]
g
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30

20 Lakhan, O P. Singh; Ind. J. Chem, 1987, 26B
690- 692. Exanpl e 27 1-am no-5-phenyl-IHtetrazole
WOo20d6/01481 NON N 69 WO 2006/ 014361 PCT/ US2005/ PRBES2005/023564
1- am no- 5- phenyl -1 Htetrazol e was prepared according
to the procedures described in T. L. Glchrist, G E
Gyner, C. W Rees; J. Chem Soc., Perkin Trans. 1
1975 747-1 Ex | e -
o SRR SRS TR 3 i dloppfgne 50 m
was ﬁd&l@diﬁor&w&f@ﬁlﬁbmﬂérbellz&c 4cill (438264, 97%R%, P Wﬁ\dlth cooling to 0°C.
according to the (ﬁfedures described in

The ppityre oyas qifuted; yigh dichjoromethane &8y jap¢ af_tfre?nm f@%ed s warm to
mbl&ﬂerﬁ&eaturé Oak43aRY £ fidBleSqRh@R Wk BhihRRRReRzRMRE (30 %g/ T1% wt,

S 3- phenyl t hi ophen-2-am ne was prepared accor di ng
14 %011 Ties sidet Bertipwised édier Phlcthe pinpure s freateduait sodiygn thiosulfate (2

ml, E@I\Z)s Z)@&gd (S s&ﬁﬁ?&lﬁueoul; %o@ﬁﬁnml:aﬁb&lgte and extracted three times into

yl t hi ophen-3-am ne H2

dlchlztogﬁ@ﬁw EnaldppEn- ih@mrm’féned@sgaplp @b%spwera@@@hed i setrated @queous

soduﬂﬁ &@ﬁg&{aésanqef)ﬁﬁé | DE obd? sJdiyny Qﬁ%é(ﬂl\ﬁ%oﬁctentrgcgd gl vacudto give a dark
682 (US 5747518). Exanpl e

brown.fpeh@ fjash whwpﬁmgra@h:ann pidica §£¢d N:th)g ap&tate/hexanes) yielded pure 5-amino-2-

S D T S S

Cagni ant; J. Heterocyclic Chem, 1982, 19, 443-445.

Example 36 5-amino-2-(aminosulfonyl)-4-phenylthiazole and 5-amino-4-phenylthiazole

S S
=N =N
Hz/ H;Z/
5-Amino-2-mercapto-4-phenylthiazole (1.01 g, 4.83 mmol) and phthalic anhydride (716 mg, 4.84
mmol) in acetic acid (20 ml) were heated at 100°C for 64 hr and allowed to cool. The mixture was
diluted into cold water (150 ml) and the precipitate collected by filtration, washed with water (50

ml) and dried under high vacuum (1.46g, 90%). The phthalimide is contaminated with a minor
quantity of disulfide but used without further purification.

PhthN PhthN PhthN
== I == + G
S S S

=N VN

7N\,

o <l

2-Mercapto-4-phenyl-5-phthalimido-thiazole (203 mg, 600 pmol) in acetic acid (4.5 ml) and water
(0.5 ml) at 0°C was treated with N-chlorosuccinimide (243 mg, 1.82 mmol) in one portion. The
mixture was stirred at 0°C for 10 min, allowed to warm to ambient temperature for 1 hr and then
partitioned between dichloromethane (50 ml) and water (50 ml). The aqueous phase was extracted

twice more with dichloromethane (2 X 25 ml), and the combined organic phases washed with brine
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70 WD 2006/ 014361 PCT/ US2005/ 023564 Exanple 32
5-am no- 4- phenyl t hi azol e-2-thiol H2ZN SvN HS
WG 2@an36¥- phenyl t hi azol e- 2-t hi ol was pr epar edPCT/US2005/023564
according to the procedures described in A H  Cook,
I. Heilbron, A L. Levy; J. Chem Soc., 1947,
and dhib8 8vel 66 Bum SutfdtINFiliratisn aﬁxmérﬁraﬂ& in vacuo yielded a mixture (231 mg) of

2 eBroapRrRY gy S RO G301 G ey o pe-phenyl-s-

phthaie@-@Hiabge tca. 2: Deused as@enpasticgascr i bed in A H  Cook,
I. Heilbron, A L. Levy; J. Chem Soc., 1947,

1598- 1609. 10 Exanple 34
5-am no- 2- (net hyl sul fi nyl)-4-phenyl t hiazol e HZN _ H2N
S\rNS, N1+ MeS-QOS\ To

PhinND- - 2- (el su yl) - 4- phenylt;.iénaz (305 Ny HN
[)+in ace acid (3-6-m) was dded+ —~
8 eous hydroge®_peroxide (660 |, 30%ufk, 6 9 mol)

SN
ropwi se at anbient tenperature. Afdgr 4 hr the

onmoxt ure was partitioned between di chéowesret hane (60
m) and water (60 ml). The organic phase was
separated, washed with brine, dried over sodium

The &HIdE afhikturd idft @61 adiorideORaR NM-phPIcs-pHthAliAGdPthiazbl8S231 mg) in

chr onmat ogr ap on silica gel et hyl acet at e/ hexane
dichlwog]e@@a: gl rg{] évas treated with gmmor(ua m ¥nethanol (900 ul, 2.0 M) gropwise at

ambiéd¥l t@@pezat{l@ekmﬁl 30! hibh Nié ImiduRhRAY bdnbémarl 6n (28R . Mhe residue was

Susp%ldgmnn%ha@o]( ﬁﬁéplﬁyqr%aéﬂdf%ﬂwt}mwhﬁ hedrFRen 089 atlel My §60) wmol) and

heatelldN rdftux SAfter! 1.3 AlNEMERHRISE ethhhoOyAPRRE Gl 38ded (660 pl, 1.0 M,
PCT/ US2005/ 023564 To

660 @l@l}ﬁlﬁbt&ﬂu){ ﬁ@ttqu:cgfﬂrflg ry1 Thescogled ﬁgq(tpﬁ:i wasdfileergd3gyl gepcentrated in
vacud-- BRsHTERbhatoBraftyC Bh Qi IRLN BBy RectutdMhoxanes) yielded pure 5-amino-2-

(aminosulfonyl)-4-phenylthiazole (56 mg, 36% for 3 steps) and 5-amino-4-phenylthiazole (17 mg,
16% for 3 steps).

Example 37  5-amino-2-(tert-butylsulfanyl)-4-phenylthiazole

To a suspension of 5-amino-2-mercapto-4-phenylthiazole (210 mg, 1.01 mmol) in water (1.0 ml)
and tert-butanol (82 mg, 1.1 mmol) was added concentrated sulfuric acid (3.0 ml) with cooling to
ca. 20°C. After 1.5 hr at ambient temperature a further portion of tert-butanol in water (300 pl, 1.0
M, 300 pmol) was added. After 1.5 hr the mixture was poured into excess aqueous sodium
bicarbonate and extracted three times into dichloromethane (total 120 ml). The combined organic
phases were washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo.
Flash chromatography on silica gel (ethyl acetate/hexanes) yielded 5-amino-2-(tert-butylsulfanyl)-
4-phenylthiazole (220 mg, 82%).
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was added portionw se 3-chl oroperbenzoic acid (638 ng,
77%w, 2.9 mmol) with cooling to OC. The m xture was
waldoevedowi t h di chl oromet hane (3.0 nl) and af t B€T/BS200$023564

allowed to warmto 5 anbient tenperature. After 3 hr a

further quantity of 3-chl oroperbenzoic acid (305 ng,

77%w, 1.4 mmol) was added portionw se. After 20 hr

the m xture was treated with sodiumthiosulfate (2

m, 1.0 M, poured into saturated aqueous sodi um
Example®8! D0N@hiGo- 2Bty @mr?q -4 PHep@itidzHBS i nto

di chl oronet hane (total 100 m ). The conbi ned organic

phases were washed with saturated aqueous sodium

bi car bonate and b e, dried over sodium st fate and
concent r at €tNi n o to give a darN1O b f oam
Fl ash chr omat/egraptty on sttTtTa gel (ethy

acet at e/ hexa yi el ded pure 5-am n®c
(et hyl sul fonyl ) - 4- phenyl t hi azol e (99 , 269 .
Exanpl e 36 5- 0- 2- (am nosul f onyl 9= enyl t hi azol e
and 5-am no-4-phenyl thiazole 15 HZN\/I PhthN\ S N
S, - NHS HS 5-Am no-2-mercapto-4-phenylthiazol e
(1.01 g, 4.83 nmol) and phthalic anhydride (716 ng,
To 5- émﬁé—Z—(mﬂr&yléuﬁfaaﬁ)&#—bhen&hlhidzo@&@mﬂng %rumollbeiataemﬁc atid 1DO@I) was

t ol . ture
added RS FOVRED PP UAGL b (T80 v AR TREVRS LR grperature.
AfterCSOHld tB€ toxdurb ywab |phmnaﬁeidmatweeaﬁhald>mmdtﬂmwveﬂoerm) (abd wat&‘r }[50 ml). The
dried under, high vacuum (1.46q, 909 h . .
scse B PHERF P ST G B A RACD G HOBHRAL0 mh S FeRpitge orsaic
phased inetd WdsHel Wit satisRel afuédie Ybdidl bich®bnapd) dtidd @@t dodium Jalfhdd Niltered

| Pht hN + Pht hN = Ski SvN
and cgnq%ﬁraéeadpwawoaﬁ S SETEHDHANS FRErH s a {BtY enyhiazoe
(110§1QQ111E1I{H;|) in acetic acid (4.5 m) and water (0.5 m)
0OC was treated with N-chl orosuccini mde (243 ny,
1. 82 Mol ) in one portion. The mxture was stirred at
OC for 10 mn, allowed to warmto anbi ent tenperature
for 1 hr and then partitioned between dichl or onet hane

Exampl39ny| ) S-angovabery 1 2gpiflpejometysulignybtirgolhase was

extracted 30 twice nore with dichl thane (2 x 25
m ), and the conmbined organic pha§\;@$% egthwi th brine
72" WD 2006/ ri} & / US2005/ 023564 “and ed over

sodi um sul f ay/&~(FiYtrati 6n and concegtTativn in vacuo
y| el ded a mi e (231 ng) of =N
2- (chl orosul fionyl ) - 4- phenyl - 5- pht hal 41 do-t hi azol e

(maj or conponent) w th 4-phenyl-5-
A suspension of 5-amino-2-mercapto-4-phenylthiazole (503 mg, 2.41 mmol) in acetic acid (5.0 ml)
was treated with hexane-2,5-dione (290 ul, 2.47 mmol) at ambient temperature for 14 hr and then
heated to reflux for 3hr. The mixture became homogeneous at reflux and on cooling deposited a
precipitate which was recovered by filtration, washed with acetic acid (3 X 1.0 ml) and dried in
vacuo to yield the pure pyrrolidino-thiazole (624 mg, 90%) as a bright yellow microcrystalline

solid.

/

|

T
w
n
/
O
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pht hal i m do-t hiazole (ca. 2:1), used w thout
purification. 5 Pht hN Pht hN HZN HZN N S\ N~ "N S\ N
W@®B6B861 Od 'Cl O "NH2 The crude m xture of BUi/U8209$/023564
chloride with 4-phenyl -5-phthalimdo-thiazole (231 ny)
in dichloronmethane (10 m) was treated with anmoni a
A solutionef Hernmdrc{p8Ofiadole 2200 hj, 70t qlmM)S@d btasshiin asrbérart (291 mg, 2.11

After 10, nmin t ncent rat ed
e RO 520 S s Gt Wtk st oriod BY RS o i an e
vessdll sealed {a?c&theﬁed/\ﬂai BO"GI harsol tn%‘nl hﬂlﬂr%féleﬂ efm&@lg@ r\;&fab ,agzgin Qat&%ated with
.. 660 a eat t ter r a further
witlaggsymelyh fogle CORdRer] W@& B L e G pERIGE Frorepsagprated with
triflubtome@§P iddiddD ke)tuﬁélﬂ td @(ﬁd"gx(tcﬁ&lrliéﬂ MY edd fafbwekbrondool. IR mixture was
cooled mxture was filtered and concentrated in

pourgryipipovater agd grteasted Suecoypes iy coml aspiatediotal 490 mby Hipjcombined organic

has@acﬁér@t’vﬁéﬂaﬁW%&r)ﬁh@i}l@iﬁdd&yﬁeﬁn%% Suifa f1ltered and concentrated
(ami nosul fonyl) r;])heny t hiazole (56 ng, 36%for 3

in  vaeuop Shlaghn ¢hwmateieripby -95h sitigh g6l atedvk a(cqtate&hgxanesiewm the pure
(tr1ﬂ§$r§1ﬂ§tjlyls@%ﬂ?mlﬁaz§1% (72 mg, f9%) asa colorless c 7ta1 ine film.

5- am no- ert butylsul anyl ) -4-phenyl thiazole 20
"2N 0 N S\/NHS S\r~- To a suspensi on
of 5 am no- rcapto 4 phenyl t hi azol e (210 ng, 1.01
mol) in vvat\er and tert-butanol 32 ng, 1.1
nunol ) was -added entrat ed sul fur e\ aci 3.0 m)
with coollngt 20C. "After 1.5 hr/st Di ent

tenperature a\ffuNther portion of t ert Sulanol in water
(300 I, 1.0 25{M 300 nol ) was added. After 1.5 hr the
m xture was pou\ceg into excess aqueous gegdi um

bi carbonate and extracted three tines into

A sugpeapiPn o6 it ivele (TDmg) and bydspxylamipee hydseahlonidel (G gi@ni€ mmol) in
ethaIRJﬁ] §§§ %Wa? h&@eﬁhﬁdreﬂ‘ﬁ); Ry H?edﬂu%d §th QUBE 2895 Ll’ﬁﬁz‘,srﬁfluxw for a

fate, I'tered and concentrated in vacuo.
furthelh ﬂohfataa@ rC@pmltr@de 49 Iceca el Theeedeled mixture tvess Hesatedewith aqueous

hydré{)gy‘fa nqﬁg ﬁ]ﬁﬁn 909% @i )(aﬁzﬁ rréturlﬂyc%%l %ﬁlng g‘ﬂv\%)hﬁ 0'5% 181])_(2%% Yas treated with

eny | azol e
wateP (Gl g 200 Sﬁtg@Q,aQMueoEs( aqr}‘y,lre b@grbonate (50 ml) and extracted three times into

d1ch]]§ro%}lﬁﬂe aotglt @Of\rfﬂgl’i%x 'c§ﬁnf1éd“éfr§2mc p}ﬁlg'e% Weré Qlis%gcp Lvﬁh B@Jl\@ dried over

sodium sulfate, filtered and concentrated in vacuo. Flash chromatography on silica gel (ethyl

acetate/hexanes) yielded pure 5-amino-4-phenyl-2-(trifluoromethylsulfanyl)thiazole (12.5 mg,
22%).

Example 40  5-amino-4-phenyl-2-(trifluoromethyl)thiazole
O

X

NH, HN" CF,

O/J\CONHZ _— ©/kCONH2

o-Aminophenylacetamide (2.00 g, 13.3 mmol) in methanol (50 ml) at 0°C was treated with ethyl
trifluoroacetate (3.2 ml, 27 mmol) for 30 min and allowed to warm to ambient temperature for 18
br. The mixture was concentrated in vacuo, made homogeneous with methanol and again

concentrated top yield the pure trifluoroacetamide (3.27g, quant.).
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+5)I-""- 0oS~L To
5- ani no- 2- (tert-butylsul fanyl)-4-phenylthiazole (102
woreo6®8B86nol ) in acetic acid (5.0 mM) was addedr/us2005/023564
aqueous hydrogen peroxide (218 p,I, 30% w, 1.9 muol)
dropwi se at ambient tenperature. After 5 hr the
m xture was partitd oned between dichl oronet hane (50

m) and water ( Jn‘lg% The 10 aqueoygyphage yas
separated and exfract®ed w th dichl oronet hbage’ (20 m).

The conbi ne amosiH, phases—were wa Wi th
saturated a us sodi um bi carbonate, drl ed over
sodiumsul fate, filtered and concenkgated in vacuo to

he Yiy d%gesf?m? B et oS b Loneepas rarit o 65 -PrapoD were

treat&ﬂtogﬂh@ﬂﬁlth) anhjdrolX@iaie® (B9 mil) and the mixture heated to 100°C for 20hr. The
am no- henéll -2-(trifluoromethyl sul fanyl)thi azol e
S

coolq:gbﬂlxﬂpre g'as ppyired 1 atp@aqyegwglﬁg kiparpgnate and extracted three times

into ShlaFMA-(AtdlBLE A1) %éc&ﬁlﬁﬁéﬂ' drfinRZMafes (\J&Eé%?’wg@ed %nﬁ’ vater containing
mol ) in acetic acid (5. was treated

one ekl SHUEHeHFEUORD wdwn blzar paienid)brige, a@ﬁ@necht»ver sodium sulfate.
Flltritﬁ)ﬂﬁﬁ‘d %n%‘&ﬁraﬁ&f inMhcdyyidd L BEBows Bl I@@@trﬁg TR J |M treated with

hr. The m xture becane honbgeneous at re
aqueew é%vmn@yda@mu@ﬁednla 0 @9 fort 4p emighiandh Wsctqa@d@vertedes into

d1chf8)/on{elﬂafné' g&'aloﬂ)o ﬂ’i‘ﬁsﬂl%dco}%ﬁx %%gxﬁé ﬁha@gsj \gerg %/aghe& vgthr}tqlle)ous sodium

drie vacuo to y|e
hydr@yder @Pindi ho N andboiee d(lmemdlumfa@sfﬂaertd anglebnagelrdtainn vacuo.

Flasgﬁggog%{o%%&%,o% rggic%%l (%?ﬁl/ %%5%&??%‘3@5§§Ided\lpsol u? | cr)lﬂ %cﬁ’h enyl-2-

(triflpgremethylithiptade (Ohinez 31560)( 201 ng, 701 [tnol) and
pot assi um car bonate (291 ng, 2.11 nmol) in DW (2.0
m) was saturated with trifluoronethyl iodide by
bubbl ing for 5 mn, and the vessel seal ed and heat ed

C for mxture was again
Exa a? ul?atéﬁn%lot%phetnﬂ' JTguohr1 n%zf) i odi de, and heated to
100C for 1.5 hr. The m xture vvas once nore saturated

with 5 trifluoro tf%! i odi de, returned tg _100C (total
24 hr) and allo 20" cool . The mi xtare pour ed
into water tRct ed—t-hree ti nes ) hyl

acetate (tot 00 m). The conbi nedN or*r\ganl c phases
were washed wth water and brine, dri®d over magnesi um

To aSidlutiad 6f sififul HRNELhIRRE (PR I8 AhES in DMF (30 ml) at 0°C was added o-
aminophenylacetonitrile hydrochloride (10.0 g, 59.3 mmol) portionwise over 20 min. After 40 min
the mixture was allowed to warm to ambient temperature for 20 min, diluted with DMF (20 ml)
and stirred for a further 20 hr before pouring into ice-water. The mixture was extracted with ether
(200 ml), filtered, and the extracted twice more with ether (2 X 50 ml). The combined organic
phases were washed with brine, dried over magnesium suifate and concentrated in vacuo to give 3-
chloro-4-phenyl-1,2,5-thiadiazole as a mobile orange oil (10.1 g, 87%). Short-path distillation of
this oil (9.35 g) at reduced pressure yielded a clear, colorless oil (7.75 g, 83%) which crystallized

on standing.
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i n vacuo. Flash chromatography on silica gel (ethyl
acet at e/ hexanes) yielded the pure
w@ oos0i43er onet hyl sul fanyl )-thi azole (72 ng, 29P4T/HS2085/023564
colorless crystalline film 10 QH2ZN ~ro S, NS, _ N
S\CF3 S'CF3 A suspension of the thiazole (72 ng) and
3-Chhwyatt-phanly R Sehibdighotec (8. I gd#6.2 Tmety ,in THF (A20in)) atn0°C was treated

oo P80 50 A Sl o, 170 o,

Afterf L0 tfye the AniRfure &lltGhed 06 GRIAh It a8BichOteBPerattrdfor 1BNEr, GeREEHith 1IN
' dwth ous 15 hydro mne (1.0

tu treat |
R pon g S LR R Qi e (o iy They g orgaic

phasd¥l ¥eddr RashBd wiithe R stedM aljheouyVabd@tm (5i8arbdnhtedidll e, raﬁa Qﬁhed over
aqueous sodi um bi carbonate (50 ml) and extract ed th

magnep HESUIHE and neaRiraied iHetasuh d e festd wandisselved immpgthanol <50 ml) and

triethG RS SNHORRN FeaRas geanetR Waghed MhihhoREdnRed 3 hEGw0. Flash
over sodiumsulfate, filtered and concentrated in

chrompaiegraphy rmasilicacsst &l Geptaphigranes) gidlded 3-againo-¢-ohenyl-1.2,5-thiadiazole

1.963C 8k At £/:-NenaR&sHg/| el ded pure
( %Cam ’no a4 pglenyl 12 (trifluoronethylsul fanyl)thiazole

(12.5 ing, 20 22% . Exanple 40

5-am no- 4- phenyl -2-(trifluoronethyl)thiazole 0 NH2

HN) ~ CF3 CONH2 CONH2 25 a- Am nophenyl acet am de (2. 00
Exangple 423, 35-amiyio)2-inethytet-phengdihiazéle ml ) at 0C was treated

with ethyl trifluoroacetate (3.2 m, 27 mmol) for 30

mn and allowed to warmto anbient tenperature for 18

hr. The m xture Was.HCbncentr at ed irg_”yacu de
honbgeneous w qet hanol and agai n”\co Irated top
yield the p [@ rifluoroacetam de (3 2fg, quant.). 75
3

WD 2006/ 01438¥ PCT/ US2005/ 023564 O MNxNCF3 H2N  CONH2
S\r N F3C The trifluoroacetam de (881 ng, 3.58 mmol)

o oS DE RgbAPAh  FD: PEBLL L ) g o
sulfut h@lmng,tZ!Dr(EmhieBtle ctlanol1@0 @l ot 0ZDes adihé tri&tlmba_irﬁide (4.18 ml, 30.0
mmog] angl off acda %d%oéqje @g&t Ff;%? ﬁ)h?‘ et vee?ﬁeﬁgfgses%g%d gr(l)({jllle%{gd to 60-70°C for

1 hr. T}iaacrooleg a':m)e(ture was filtered and concentrated in vacuo, and the residue treated with
ethanol (20 ml) and hydrochloric acid (20 ml, 1N) for 15 hr. The mixture was treated with aqueous
sodium carbonate and extracted three times into ethyl acetate (total 300 mi). The combined organic
phases were washed with brine, dried over sodium sulfate and concentrated in vacuo to give a dark
brown oil. Flash chromatography on silica gel (ethyl acetate/hexanes) yielded 5-amino-2-methyl-4-
phenylthiazole (1.31 g, 34%), which crystallized from toluene.

Example 43  S-amino-2-methyl-4-phenylthiazole
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5 into chloroform(total 120 ml). The conbi ned organic
phases were washed with water containing one tenth

wao edoaneidsat ur at ed aqueous sodi um bi car bonat e, BETUS2005/023564
brine, and dried over sodiumsulfate. Filtration and
concentration in vacuo yielded a red-brown oil (829

A su@1)s1oanileoc-@ﬁlﬁﬁ@he\ﬁ@laceltd’nﬁﬁlee@dmchlhnd@glL@)gJ SlO&Dﬁﬁhidm powdered sulfur
hydr oxi de (25 m m n and extract

(321 pigy LRV pympcang Hrnyndlaﬁfémoa?le?’?m@r% aky 89 9|mr&@bmrﬁﬂ)an°h<ﬂ% ml) was

treated QR tﬁeﬁ%raﬁlg@rm 99 Hﬁaﬁﬁﬁn%l')ead@&% ik WYle shrr@IA SRS for 80 min. The
sodium 1 LFh{dr oxide (25 n O N) and brine, drie
u

cooleg)yaiktureowas dud Vit cshanel; (5 o) il IR dCBH P pdoRYiamine (700 ul,
50% Wcﬂommoﬁla@%ﬁbl&t&rtgrﬂﬁérﬁ%%pﬁ B0 akd bk Qﬁlll dfcﬁl.tomﬁllethane (50 mi).
acetate/hexanes) yield pure 5-am no- 4- pheny
Saturited pguegesy @d@miwa)rbdmafams @dde@zmngthe sEpEgpd a%OlE)«élﬁvl veasfpxtracted
[
wvice BTN ARSIk Co R PSR BRr Eagt pyf VY ared over
sodiufri7 Sulfateppi)d iconcBNFat(d3® micjo db HC wakukadohed aﬂy foam (3 23 g). Flash
] enyl onitrj h I e.. 0
chrmlqgmgrat)#%ﬁgor : %ﬁ%&s éelgv e#h?h OXc%{age% ?{ee) %ggt@d 5 915161%%—1 -pyridyl)-4-
phenyfihxdzole €1.4bg, S&¥d).onwed to warm to anbient tenperature for
20 min, diluted with DM (20 m) and stirred for a
further 20 hr before pouring into ice-water. The
m xture was extracted with ether (200 m), filtered,
and, t he ce nore with ether (2 x 50 nl).
Exam? fetco Eﬁg%. El%qtlga“ﬂﬁases were washed with brine,
dried over magnesium sulfate and concentrated in vacuo
to give 3- chloro-4-phenyl-1,2,5-thiadiazole as a
nmobi | e orange oil (10.1Hg 8 7% . Short - pat h
distillation of 25 this o} 35 g) at reduced
pressure yielded a clearg cflorless oil (7.75 g, 83%
which crystallized on st nolng Cl \' I HZN NSIN NS N
76 WD 2006/ 014361 PCT/ USP0O05/ 023564

2,4-dﬁ3|1‘}§}lltﬁira90'1$ F?%G'WAS |‘ﬁ1 p%reﬁ g%'r&g%ﬁlxztﬁée tOée urkd P%Bwﬂeg eng Gﬁwald H.
Sdm@bﬁglUtH@nwanﬁvﬁﬁxmnﬂ%VBéikRﬁ%ﬂﬁylS|IyI)an1de in THE

(1720 mM, 1.OM 17.0 mmol). After 10 min the m xture
allonwed to warmto anbient tenperature for 1.5 hr,
treated with IN hydrochloric acid, and extracted

Exantoll &€ thgﬁ%#é%@gﬁglt ﬁltd%tlgla 300 n). The conbi ned

rganic ?% sat urat ed aqueous

sodlun1b|carbonate and ne, . dri ed over
magnesi um sul fate and ¢ cen -d i n vacuo. The
resi due was di ssol ved in met hanol (50 nil) and

triethylamne (0.5 n) ma Neated to reflux for 15 hr
and again concentrated in/vacuo. Flash chromatography
on silica gel (ethyl acé e/ hexanes) vyi el ded

3- am no- 4- phenyl -1, 2, 5- ™Niadi azol e

4-phenyl-2-(pyridin-2-yl)thiazol-5-amine was prepared according to the procedures described in K.
Gewald, H. Schonfelder, U. Hain; J. Prakt. Chem., 1974, 361, 299-303

Example 46  4-phenyl-2-(pyridin-3-yl)thiazol-5-amine
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(1.96 g, 68% as a colorless solid. 10 Exanple 42
5-am no- 2- net hyl - 4- phenyl t hi azole NH2. HCI H2N/ CN S

WO M08514B61 a suspensi on of a-am nophenyl acet oni BCT/U§2005/023564
hydrochl oride (3.37 g, 20.0 mmol) and powdered sulfur
(641 ng, 20.0 mml) in ethanol (20 mM) at OC was added

triethylamne (4.18 m, 30.0 ) and then
acet al dehyde (2.3 m, 41 I he vessel was seal ed
and heated to 60-70C for hr>” The cool ed m xture was

filtered and concentrat ed\#M vacuo, and the residue
treated wiwth ethanol (20/m ) and hydrochloric acid
(20 M, IN) for 15 hr. eym xture was treated with
aqueous 20 sodi um car bo and extracted three tines
into ethyl acetate (total 300 m ). The conbi ned
organi c phases were washed with brine, dried over

-pheﬁﬁdz {-Wh&lﬂl?)f ﬁ}tnaﬁng aﬁm%e we@zu%@l aécerd\(@cta GhetRocBlinEs @scnbed in K.
brown oi | . sh chromat o on silica ge

Gewa(l%tfhwhoaﬁeédeatlé/ﬂﬂéuérf’é@’ﬁ Gheat.da §6 @%OQ met hyl - 4-
phenyl thiazole (1.31 g, 34%, which crystallized from
tol uene. 25 Exanple 43
5-am no- 2- net hyl - 4- phenyl t hi azole H2N N N 77 WD

Emmég%ﬁfgﬁggenyla tonl%g Qéﬁﬁgg? g?ngskgnGng, 10.0

nmol ), powdered sul fur (321 ny, 10 0O mol ) and
4- pyrldlnecarbOXthﬁgyde (1.92 m, 20.0 mmol) in
et hanol (10 m) treated with HgNeth '
m, 15.0 ' aneN t he w—xtwre stirpeg d
mn. The coqlegd m xture was dil ute& wnth ethanol (5
m) and treated with aqueous hydroxyl/amne (700 I, 5
50% w, 11 mmol) at anbi ent tenp@?ﬁ Mre for 15 hr and
diluted with dichloronmethane (50 m). Saturated
aqueous sodi um bi carbonate was added and the separated

A sugprieien of p AagEnaphny ResteElce dydroghlerident ¥ & 1RO mmol) and Fmoc-

1soth1@bﬁh$t9 (OPEL, h@ @qmﬁ&lﬁn%cﬁ%s Redted WRE eﬁ%éog%yﬁﬁ]%% 82 ml, 208

8 ases were dried over sodiumsulfate an
mmol ¢h 8&n forat Brjandnthom afygmbient dgenmeraqurg 4p1k3 B ohbe iK{uge WesgpAured into

sature(tgﬁ %ﬁle&)s sodfi hﬁ%arﬁbﬁﬁt@% 8@1%&9&" er&entnﬁés 1ht%%t%? Llce(a?et Iﬁﬂé combined

acet at e/ hexanes) K - am no- 2-
organithhagdstwra waghed Wg mtegand%gxy angydgnﬁbp‘@r zmhum suI ate and concentrated

in vagu .'Fﬁjz{sf? Qﬁ%a[o%l‘a@ﬁ;plm §ll§'c{Tkae(etl1yl acetate/hexanes) yielded 5-amino-2-(Fmoc-

amino)-4-phenylthiazole (3.75 g, 48%).

Example 48  N-(5-amino-4-phenylthiazol-2-yl)acetamide

AcHN
N-(5-amino-4-phenylthiazol-2-yl)acetamide was prepared according to procedures similar to those

described in example 47.
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H2ZN ~N 15 Ph 2, 4-di phenyl t hi azol - 5- am ne was
prepared according to the procedures described in K
wa@ewahoeH  Schonfelder, U Hain; J. Prakt. QOPenES2005/023564
1974, 361, 299-303. 20 Exanple 45
4- phenyl -2-(pyridin-2-yl)thiazol-5-amne H2N N\ Ju
Exandplgdve nyN-(2-afinor4-phicylBrigzbl) 1-Mihieaoinmife am ne was prepar ed
according to the procedures described in K Gewal d,
H. Schonfelder, U Hain; J. Prakt. Chem 1974, 361,
299- 303 25 Exanpl e 46
4- phenyl - 2- (pyri di n- 3-y|"j2{\'hi a5- amne 78 WO
2006/ 014361 PCT/ US2005/ 023564 Y2N CID 6 ' -N
4- phenyl - 2- (pyri di n- 3-yl )T\gtNazol - 5- am ne was prepar ed
according to the proce réﬁjdescribed in K Gewald,
H. Schonfel der, U. Fbiggf’. Prakt. Chem, 1974, 361,
299-303 5 Exanple 47 P
N—(S—ﬁmﬁfi‘)hﬂﬂfegyl(hlfﬁgpz-?l R Pahides WRGatel a8 RdiRe torleeliirbs dHalr to those
1CN. N~ FnocHNJJ A suspensi on of
descrghed if e¥epRlerdy| acetonitril e hydrochloride (3.19 g, 18.9
nrol) and Fnoc- isothiocyanate (5.31 g, 18.9 mml) in
DCM was treated with ethyl diisopropylamne (3.62 m,
Exang@e 3  netbyl)5-anin@Ephenylthiatet-2akedrbpinetn at  anbi ent
tenperature for 3 hr. The m xture was poured into
saturat ed aqueous sodi um bi carbonate and extracted

three tinmes into ethyl qgégj;@ge conmbi ned 15
organi c phases were washed, wi ter and brine, and
dri ed over sodi um sul f at eséh concentrated in vacuo.
Fl ash chromat ogr aphy on sit#®%a gel (ethyl

acet at e/ hexanes) yield {@m no- 2- ( Fnoc-

am no) - 4- phenyl t hi azol e, 3.75 g, 48%.

ethyl 5-amino-4-phenylthiazol-2-ylcarbamate was prepared according to procedures similar to

those described in example 47.

Example 51  N-(5-amino-4-(2-chlorophenyl)thiazol-2-yl)acetamide

AcHN
N-(5-amino-4-(2-chlorophenyl)thiazol-2-yl)acetamide was prepared according to procedures

similar to those described in example 47.

Example 52 (9H-fluoren-9-yl)methyl 5-amino-4-(2-chlorophenyl)thiazol-2-ylcarbamate

FmocHN
(9H-fluoren-9-yl)methyl 5-amino-4-(2-chlorophenyl)thiazol-2-ylcarbamate was prepared according

to procedures similar to those described in example 47.
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20 Exanpl e 48

N- (5- am no- 4- phenyl t hi azol - 2-yl )acetamde H2ZN S r N
wa\eHhl01436 1 5- ami no- 4- phenyl t hi azol - 2-yl ) acet anm PET/WaR05/023564

prepared according to procedures simlar to those

descri bed in exanple 47. 25 79 WD 2006/ 014361

PCT/ US2005/ 023564 Exanpl e 49

N- ( 5- am no- 4- phenyl t hi azol - 2-yl ) benzani de H2N / SrN

O-NH Ph N-(5-am no-4-phenyl t hi azol - 2-yl ) benzanm de was

ExamipleSBar el oL @iifglatodylP4-pRagii8slesi m | ar to those 5
escribed in exanple 47. Exanple 50 et hyl

5- am no- 4- phenyl t hi azol - 2-yl carbamate H2N SrN O-NH
Et O 10 ethyl 5-aginacd- phenylthiazol -2-ylLear banate was
prepared accordi hg to procedures siig Iar t hose
descri bed i ! anpte 47, —Exampl e 51 /~
N- ( 5- ami no- 4<(2- chl or ophenyl )t hi azoP<2nyl ) acet ani de
H2ZN / C  S"'r N 15 AcHN
N- (5-am no-4- (2-chl orophenyl ) thi azgxg~ yI ) acet am de
was prepared according to procedur N simlar to those
descri bed in exanple 47. 20 Exanple
A suS(pgwqq o éﬁmgplwnylﬁ@[twle hydrochloride (5. 01 g, 29.7 mmol) and thiocarbonyl

d11rru§az§legl5.@9 : 2§? I PRhARGANYH0 Wb REQteaka Wl@l%fﬁ@cﬂﬁéﬁopyﬂ%{%e (5.69

ml, 32.7 mmol) at 0°C for 15 min and then at ambient temperature for 3 hr. The mixture was
poured into saturated aqueous sodium bicarbonate (50 ml) and water (150 ml), and extracted three
times into dichloromethane (total 300 ml). The combined organic phases were washed with brine,
dried over magnesium sulfate and concentrated in vacuo to give a dark brown oil (8.18 g). Flash
chromatography on silica gel (ethyl acetate/hexanes) yielded S5-amino-2-(1-imidazolyl)-4-
phenylthiazole (2.47 g, 34%).

Example 54  MeAla-Chg-Pro peptide amide of 2,5-diamino-4-phenylthiazole

] O
BooN. I\ AN
I H
‘ 0
5 °F

5-Amino-2-(Fmoc-amino)-4-phenylthiazole (250 mg, 605 pmol) was treated with the acid fluoride

JGLTY

@

FmocHN

(730 pmol; derived form Boc-MeAla-Chg-Pro-OH as previously described) and pyridine (147 ul,
1.82 mmol) in dichloromethane (2.0 ml) at ambient temperature for 6 days. The mixture was
poured into saturated aqueous sodium bicarbonate and extracted three times into dichloromethane
(total 100 ml). The combined organic phases were washed with brine, dried over magnesium
sulfate and concentrated in vacuo to yield the crude peptide amide as a yellow oil (525 mg), used

subsequently without purification.
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SyN FnocHN (9Hfl uoren-9-yl) net hyl

5-am no- 4- ( 2- chl orophenyl ) t hi azol - 2-yl car banat e was
w@e@pareel according to procedures simlar to PECDES2005/023564

descri bed in exanple 47. 80 WD 2006/ 014361

PCT/ US2005/ 023564 Exanpl e 53

5 anpne- 2- (1-i m dazol yl ) - 4- phenyl t hi azol e NH2

5 A suspensi on of a-am nophenyl aceto |
|hyiro hl gride (5.01 g, 29.7 nmmol) and thIIOC rb nyI
tfedt eobV\/l et

(5.30 g, 29.7 mml ) in
mol ) at 9C for

i i sopropyl am ne (5 69 i H32b
m n and then at ambi ent terrpera ur
for 3 hr. Terh[nxture was poured into saturated _
aqueous sodi bi carbonate (50 m) and water (150 m)}/

and extr@ee®d three 10 tines into dichl oromet hane N

[

The Gl Bep e Ty n DV 007 s R P RSEENL TS ra g ambien
tempmim:eefnt 2madand mhena@u@ntr@te@iwcw Fheslk clisprostpgraphly qngilicg gel (ethyl
aceta&)he%( % ) ﬂ%‘}%ﬂg‘g% |8e lﬁhﬁo%a]ae%ﬁ&e Q tde o(FZ% )mg A 61% for 2
stepsphenylthl azole (2.47 g, 34% 15 Exanpl e 54

MeAl a- Chg- Pro peptide am de of

2 5 di am no- 4- phenylthiazole OO BocNL NANNNHO

NH N FrocHN

5- Frnoc- am no) - 4- phenyl t hi azol e (250 605
*ﬁ;) reated with _the acid f uoridem 2p (130
dformBocI\/bAIaCthroCHas i ousl
deschi bed d| ne (147 |, 1.82 mol ) |r‘|'l o) NH
di chl oro O m) at anbi ent tenperature for°6 .
days. The rri Hre was poured into saturated aqueous s

sodi um bi car nat e and extracted three tines into N
di chl oronet'hfine (total 100 m). The conbined organi &N 2T

The Qlll]laé %ﬁpt\’@r ﬁmﬂ@%ﬁﬁe ‘iing‘M 7t8hu1}ﬂ[)]!) ng. dlgﬁérgﬂetﬂéﬂér (Zrﬂa %)ay eated with

sul fate and concentfated I h vacuo yieldt cru .
triflupropsteliel ecid 03-@ ezt ambieat teopergiure {0526 rrp@)The upg@t@re D& concentrated in

vacuo, %ﬁg H&‘l‘ﬁggeh%u%{tﬂ] Qigﬂlofa)lfﬁeh{a{lé: QIdi a%crﬁn concentrated. The residue was purified

by preparative reverse phase HPLC (acetonitrile/water) to yield the fully deprotected peptide

amide trifluoroacetic acid salt (42 mg, 73%) as a white amorphous solid.

Example 55  MeAla-Chg-Pro peptide amide of 2,5-diamino-4-(3-chlorophenyl)thiazole

%@L

2

b

MeAla-Chg-Pro peptide amide of 2,5-diamino-4-(3-chlorophenyl)thiazole was prepared using the

same procedures described in example 55.
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81 WD 2006/ 014361 PCT/ US2005/ 023564 O O BocN N N BocN

LNNHONHHONH S N ~ N FrmocHN H2ZN The crude
w@epbidseam de in DMF (9.0 nl) was treated w tPCT/US2005/023564

piperidine (1.0 m) at anmbient tenperature for 20 mn

and then concentrated in vacuo. Flash chromatography

on silica gel (ethyl acetate/ hexanes) yi el ded t he

2, 5;: Lt hi.azol e ti am de (228. ng,
Exergl 5 o VoA s RE Bg et St R TR B ARG O
NH S\r N N H2N H2N 2 TFA The crude pepti de am de

78 nol) in dichloronethane (2.0 m)

‘o with trifluoroacetic acid (2.0 nl) a
; for 30 mn. The m xture was con@e

D
| at
BooNi. 110 lvagug? made honogeneots—wi-t+ di chl gt odet flan

i ent

agaig cbncgntrat The residue was puri Fi ed Hby

prepar aPi Nibv phase HPLC (acetonitrile/ wat@

yield the f protected peptide am de
trifluoroacétke acid salt (42 ng, 73% as a white N
anor phous id. 15 Exanple 55 MAl a- Chg-Pro pepti deHN

am de of 2,5-di am no-4-(3-chl orophenyl)thiazole O
iNLNN HOONHC \rNH2N/ MAl a-Chg-Pro peptide ©

The B S86& anfin® ﬂﬁazam@@mg A3 &Hd%@ﬁ}i‘d?ﬁé&;)r&@la%ﬁﬁé Q4488 0.80 mmol)

a
prepared using t sanme procedures desc
in dighleraypthags(2. 02(91)8\Qere treated with pivaloyl chloride (50 pl, O. 40 mmol) at ambient

temperature for 3 hr, and then with saturated aqueous sodium bicarbonate and extracted three times
into dichloromethane (total 60 ml). The combined organic phases were washed with brine, dried
over magnesium sulfate and concentrated in vacuo. The crude oil was treated with trifluoroacetic
acid (5.0 ml) in dichloromethane (5.0 ml) at ambient temperature for 20 min. The mixture was
concentrated in vacuo, made homogeneous with dichloromethane and again concentrated. The
residue was dissolved in aqueous acetic acid (50%) for purification by preparative reverse phase
HPLC (acetonitrile/water) to yield the pure peptide amide trifluoroacetic acid salt (38 mg, 68% for

2 steps) as a white amorphous solid.

Example 57  MeAla-Chg-Pro amide of 5-amino-2-(pivaloylamino)-4-phenylthiazole

¢ e
BooN. A\ Q N Q
LA Tip P

o]
S =
—=N
H,N MeO,5—N
SOgMe

The Boc-peptide amino-thiazole (38 mg, 62 wmol) and ethyldiisopropylamine (107 pl, 0.61 mmol)
in dichloromethane (2.0 ml) were treated with methanesulfonyl chloride (24 ul, 0.31 mmol) at
ambient temperature for 20 min, and then with saturated aqueous sodium bicarbonate and extracted

three times into dichloromethane. The combined organic phases were washed with brine, dried

83



10

15

20

25

WD 2006/ 014361 PCT/ US2005/ 023564 Exanpl e 56
MeAl a- Chg- Pro am de of
WG2@an362- ( pi val oyl am no) - 4- phenyl t hi azol e O ELT/Bs2obb5/023564
LNNN NN HHONHONH S\rNN H2N HNk O 5 The
Boc- pepti de am no-thiazole (48 ng, 78 nol) and
over erlafyyekitin sitfpe @y tanedited b4 Oadue. TheBudeonl was tieated with trifluoroacetic

o) t hane (2. wer.e treated pi va | .
acia P ) R lgmarethaty b il bt obient B Hre fop RGPt TG migpre was
concehtied iAREcdoh ﬁﬁchhblhog%ﬁédaE aHif0di K] kO QldthafO St dUsBain concentrated. The
bi carhonate and extracted three times into

residgf ¥ Grsghed Harequssegic s @P ) forrP@ﬂ@eamsp BB @repRgHYs TEverse phase

HPLORe8/itIEMHAeWas DRI e fnne B&gaE amME @ Thor¥&L aeﬁga@ (smﬁg 23% for
sul fate and concentrated i'n vacuo. The crude oil

2 steps) asa Wiitegniorphops ofligor oacetic 10 acid (5.0 m) in
di chl oronmet hane (5.0 m) at anbient tenperature for 20
mn. The m xture was concentrated in vacuo, nade
honbgeneous wi t h di chl oronet hane and again

E Qneent 5 1 Ssolved in aqueous

*a cet7|ec ag%cgg(agg‘%?‘lfamﬂ 9@#%?@% by preparative
reverse phase HPLC (acetonitrile/water) to yield the

pure peptide am trifluoroacetic acid s (38 nm,
68% for 2 steps) as a white anorp 15
Exanpl e 57 - - Pr o—amide of

5- am no- 2- ( | oyl am no) - 4- phenyl t oal
BocN~N N N1,/LN NHOONHHONH N H2N

McO2S-N SO2Me 20 The Boc- pepti de Afino- t hi azol e (38
rrg, 62 m)l) and et hyl dii sopropyl amne (107 I, O. 61
i n di chl or gnet hane 2 were treated wi

“‘Bf?fB?H‘i‘SWé%CE‘iOf“&Hﬁl (0§ &r Pdé '(nzwlh in_ gthgrolpfhg) by vas afFPBWé nyith N-

acetyl{RiGW@S 8d49 n? ap n%@olmtrhmbﬁzﬂfjtefrﬁ}@rﬁtum foh 4 $AtaHd BHef Beated to reflux for
aqueous sodi um bi carbonate and extract ed three tines

35 hlht bhedicoplied r BHEIMaNES CTRRENEWPDI fheticdr galdi ¢haghRzEloRgd  Between

d1ch1¥@ﬁ1/@%%nze\é‘%1g/r§8tggdtéaeaqugfub Skiur Bic ok RO ThO LAARL phase was washed with
brine, dried over sodium sulfate, filtered and concentrated in vacuo. Flash chromatography on

silica gel (ethyl acetate/hexanes) yielded 2-(acetylamino)-4-amino-5-phenylthiazole (295 mg,
23%).

Example 58  2,5-diphenylthiazol-4-amine

ijs

Ph

2,5-diphenylthiazol-4-amine was prepared using the same procedures described in example 57.

Example 59  5-phenyl-2-(pyrazin-2-yl)thiazol-4-amine
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over magnesi um sul fate and concentrated in vacuo. The
crude oil was treated with trifluoroacetic acid (4
woregosione3di chl or onet hane (4 nml) at ambi ent t enpRCHUSZ005/023564
for 20 min. The m xture was concentrated in vacuo,
made honogeneous w th di chl oronet hane and agai n
concentrated. The resigwg wa | ssol ved i n aqueous
acetic acid (50% for pUFKfic n by preparative
reverse phase 5 HPLC (aCﬁ Itrile/water) to yield the
pure peptide amde triflu cetic acid salt (11 ng,
23% for 2 steps) as a whijte anorphous solid. Exanple
57 2-(acetyl am no) - 4- ani/foyb- phenyl t hi azole 10 Br H2N
CN NS AcHN a- BronophenYkadetonitrile (1.08 g, 5.48
nmmol) in ethanol (10 m) was treated with N
acetylthiourea (649 ng, 5.49 mmol) at anbi ent
-phdr@T1P AL By 1 tRiazdt- i i e hlobedufeQ descri i
s S B kbl described in
examplcfo and then partitioned between dichl oronet hane and
sat urated aqueous sodi um bi carbonate. The organic
phase was washed with brine, dried over sodi um
Exangdd §0At e5-ahinotie@esirap@n@pyeentr ated in vacuo. Fl ash
chromat ography on silica gel (ethyl acetate/hexanes)
yi el ded 2- (acetyl am no)-4-am no-5-phenyl thi azol e (295

ng, 23%.~0 Exanpl e 58 2, 5-di phenylthiazo -am ne
H2N / h 2, 5-di phenyl t hi azol - 4- arfiele @;&par ed
usi nga, teod@dur es—destri bed in gxy » 25
Exanpl e 59 5- phenyl - 2- (pyrazi n- 2- yl )Nhi - 4- ani ne

.84 WO _2Q06/ 014361 PCT/ 005/ 023564 H2N / NJ
3-Nigonhenyyrasing yﬁf’ra%l?ﬂdz@%%tgh?égm%)’m??éo YE?WE%%%“’L 54.5
mmol)S 120§ 4ol ® il OK&E Usipsd dafrier indffeh Mt room temperature for 2 h.
Ethoxymethylenemalononitrile (4.52 g, 36.3 mmol) was added, after which the reaction was
refluxed for 1 h. Reaction was cooled to room temperature. Solvent was removed under reduced

pressure until precipitate crashed out. The solid was filtered to yield 6.54 g of the cyclized product
(78% yield).

A\ 2
N

JN NO _— /N NO,

NC~<t; _N
5-amino-1-(3’-nitrophenyl)-4-cyanopyrazole (559 mg, 2.44 mmol) and phosphoric acid (86%, 6
ml) were refluxed at 170°C for 15 h. The reaction was cooled to room temperature and neutralized
with ammonium hydroxide. The organics were extracted three times with diethyl ether (total 40
ml), washed with brine, and dried over magnesium sulfate. Removal of solvent gave 5-amino-1-

(3’-nitrophenyl)-pyrazole as a yellow powder (398 mg, 80% yield).

Example 61  1-(2-fluorophenyl)-1H-pyrazol-5-amine

HoN /@
@

N F

85



10

15

20

25

30

35

exanpl e 57. 5 Exanple 60
5-am no-1-(3"-nitrophenyl)pyrazole HZN 100 WNH2. HCI N
WORD06a143EN H NC-/ ~ 2 ~N 10 3-Ni trophenyl hydPEriUsm®05/023564
hydrochl oride (7.03 g, 36.3 mmol),
di i sopropyl ethylamne (9.5 m, 54.5 mmol ), and et hano
(60 M) were stirred under nitrogen at room
enperature for, 2 h. Ethoxynethyl enemal ononi rils ) .
1'(2‘fi“4’.f eiyD-IbpysazeirpPinfa Was, AFRYCd AFing theyiiph Prgygdures described in
exampled0tion was refluxed for 1 h. Reaction was cooled to
roomtenperature. Solvent was renoved under reduced
pressure until precipitate crashed out. The solid was
filtered to yield 6.54 g of the cyclized product 15
Exampled®, yi le(3cphlorephrpD)-1H-pprgal-5-anipeN02 N NO2 NC ,N tc N
5-am no-1-(3"-nitrophenyl)-4-cyanopyrazol e (559 ng,
2.44 mol ) and phosphgf c agfdy(86% 6 20 nl) were
refluxed at 170C for h. R Saction was cooled to
room tenperature and ne tMal i zed® with anmoni um
hydr oxi de. The organics e extracted three tines
wth diethyl ether (total 40 m), washed with brine,
1-(3-chirdorhen Bt L bywezokdgress was PrAPhEt d1sReHp\same Procedirgse Agscribed in
exmn% ~5-am no-1- (3'-nitrophenyl)-pyrazole as a yellow
owder (398 ngy, 80%yield). 25 Exanple 61
1- (2-fluorophenyl)-1H pyrazol -5-anine H2ZN N N F 85
Examgie 6200 61-G1A88phegh- 15 nes)-0 28664
1- (2-fl uorophenyl)-1H pyrazol - 5-am ne was prepared
usi ng the sane procedqgg§ d i bed in exanple 60. 5
Exanpl e 62 1-(3-0h|orodﬁ/q¥ prrazoI-S-anine
\
=N

1-(3-fluorophenyl)-1H-pyrazol-5-amine was prepared using the same procedures described in

example 60.

Example 64  1-(3-bromophenyl)-1H-pyrazol-5-amine

1-(3-bromophenyl)-1H-pyrazol-5-amine was prepared using the same procedures described in

example 60.

Example 65  1-(3-trichloromethylphenyl)-1H-pyrazol-5-amine

4
& CFs

\
=N

1-(3-trichloromethylphenyl)-1H-pyrazol-5-amine was prepared using the same procedures

described in example 60.

Example 66  1-(pyridin-2-yl)-1H-pyrazol-5-amine
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HZN/ Na C ~"N 10

1- (3-chl orophenyl ) -1H pyrazol - 5-am ne was prepared
w@206Q143he sanme procedures described in exanpP@r/682005/023564

Exanpl e 63 1-(3-fluorophenyl)-1H pyrazol -5-anm ne H2N

NaF 15 1-(3-fluorophenyl)-1H pyrazol -5-am ne was

prepared using the sane oce s described in

exanpl e 60. 20 Exanpl e 8 “

1- (3- bronophenyl ) - 1H pyr gZzolN- 5Nami ne  H2N ) NBr N

1- (3- bronmophenyl ) - 1H pyr azeN- 5- ami ne was pr epar ed

usi ng the sane procedures described in 25 exanple 60.

anpl 5 . . o
1oy R 5t WAapoReye Hping e 3196 piscsgien descrpg in example
60. tIN CF3 N 30
1-(3-trichl oronet hyl phenyl ) -1H pyrazol - 5-am ne was
prepared using the same procedures described in
exanpl e 60. 35 Exanpl e 66 )

Examplq §yyr i &i(?meQt-h%y)PthBp‘%@%ﬂOl‘%ﬁ@Fﬁene 86 WD 2006/ 014361
PCT/ US2005/ 023564 H2N ON N N
1-(pyridin-2-yl)-1H pypazol m ne was prepared using

t he same procedures desgrj (ganple 60. 5
Exanpl e 67 1-(3-nethox h%nyl)- pyrazol - 5-am ne

1-(3-methoxyphenyl)-1H-pyrazol-5-amine was isolated following decyanation of 5-amino-4-cyano-

1-(3'-methoxyphenyl)pyrazole in example 60.

Example 67 1-(3-hydroxyphenyl)-1H-pyrazol-5-amine

OH

Iy
=N

1-(3-hydroxyphenyl)-1H-pyrazol-5-amine was prepared using the same procedures described in

example 60.

Example 68 4-amino-5-phenyl-1,2,3-thiadiazole

CO,H COLH

Phenylpyruvic acid (25 g, 149 mmol) and ethyl carbazate (16 g, 149 mmol) were refluxed in
benzene (225 ml) for 2 hr, and the mixture concentrated in vacuo. The crude was dissolved in
minimum warm dichloromethane to yield the hydrazone as a yellow precipitate upon cooling to

ambient temperature, isolated by filtration (30.4 g, 81%) and used without further purification.

COREL COLEt
NH _NH
i i
COZH COzMe
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HZN s N Ove N 10
1- (3- et hoxyphenyl ) - 1H pyrazol - 5-am ne was i sol at ed
wo edobowi3nyg decyanati on of 5-am no-4-cyano- PCT/US2005/023564
1- (3" - met hoxyphenyl ) pyrazol e in exanpl e 60. Exanple 67
1- (3- hydr oxyphenyl ) - 1H pyrazol - 5-am ne 15 H2N 6N - aCH
DiazdmdiBanhy wamxg@iaﬁmﬁl oy Ll diyg az odohdioa MoneDwRasd p (Mmth@lalN—mtroso-p-

toluegg%igﬁ% th Slglgeagn ggrﬁ? qu? etﬁ)glzet er? (H%% )a)é)gﬁngl)]%%?f potassium
hydm;dﬂld @8N g, @@thn@mkﬂ waldp (E’hﬁmydnawwéu@xfmdi X &Eangl (3¥48) at 65°C,

%ﬁgnd .ethyl car t%z(:}zat e

dfoPW’é‘F Pirk &a opip: gadine thes pu vﬁesl ap s'iherzalrfplutla%af Qlﬁ?@mﬁf%w@ch was
adde@ QRERN 6 ls8Med ﬂ)ldﬁ%ﬁ WP ihe RQraEJnHQﬁ) 9«@84305 $:581) € eheltBnol (150 mi) at
.~ M ni mum war m di chl oronethane to yield the hydrazone as

0°C. I h9 SYSLSN 3 é}@pe& Vigh excapsoetbdoithen gmttﬂodmtgm leagpme clear, the mixture
treatédem AdHdr £id lffls fhated c&ﬁéeﬁtﬁa&eﬁrzﬂtda% ( @‘Qe flesgltuég %%kvlvAﬁ%ltloned

used w thout further purification.
betwggrgthyl acetan(300 mi) and 2pdium gizasponapd (360 @1_1)431311the organic phase dried over

SOdlUPIrpg—l{I%rE]hg%z 2‘9@% Fb%t : g;liorg;fght%ifg)ggr? k]@ézlﬁl_y‘i@éﬁdgﬁg E{e&&f«?s&égé_s a yellow solid
(10.2tmBfehesul f onami de; 18.6 g, 86.9 mmol) in diethyl

ether (180 ml) to a solution of potassium hydroxide

(18.2 g, 325 mmol) in water (37 nm) and

2- (2- et hoxyet hoxy)$@®Fhanol (37 nl) at 65C, dropvvi se

over 45 m p~pi sfiW ation thus proc‘\ge ed an ereal

sol uti on ot hane whi ch_was éde ectly to

a stirred sof utionc@mMet he hydrazone (30.9 g, 43.5

nmol ) i n net hanol (150 rr1) at 0C The\\mﬁstem was
The ‘El;égsede-l\gp g]r ees)t(egﬁiﬁq ?% )t \bvgsr trel:'lart]c;[dl \lmtl(xj Ithsugnlyll Icl%onde (25 ml, 343

mmol) at ambient temperature for 24 hr, and the mixture concentrated in vacuo. Crystallization

from hexanes yielded the thiadiazole-methyl ester (4.81 g, 56%).

HN
N\\ _ S N\\ - S

N N

The thiadiazole-methyl ester (2.79 g, 12.7 mmol) was treated with hydrazine hydrate (1.09 ml, 93.9
mmol) in methanol (50 ml) at ambient temperature for 24 hr, and the resulting white precipitate
recovered by filtration. Recrystallization from isopropanol yielded the thiadiazole-hydrazide (3.99
g, 83%).

HoN

\
N\¥ S N\\ /S

N~ N
The thiadiazole-hydrazide (3.99 g, 18.1 mmol) in water (40 ml) and concentrated hydrochloric acid
(1.8 ml, 21.9 mmol) was treated dropwise with a solution of sodium nitrite (1.52 g, 21.3 mmol) in
water (15 ml) at 0°C for 2 hr. The resulting precipitate was recovered by filtration to yield the
thiadiazole-acid azide as an off-white solid (3.95 g, 94%).
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treated with acetic acid (1 ml), and concentrated in
vacuo. The resulting oil was partitioned between
werlvghigeet ate (200 m) and sodi um bi car bonat eP¢R082005/023564
m ), and the organic phase dried over sodium sulfate.
Filtration and concentration in vacuo yielded the
nmet hyl es er @s g~yellow solid 10tg%g
@H

CO2Et \ I\/b G CO2Me \ NON S
hydr azone- eSter (1T0-27y, 38.6 S treated
with thlonyw chloride (25 m, 343 oMy _at anbi ent

tenperature Pbr 24 hr, and the m xture concentrated in
AccopdingI®. theCprpsd¢datds idesribahin KLOMisndaerhéx Ehes Riaeh.dbdl. 11981, 29, 1743-

R 555 Sy b AP e
and theralijtureasndeneas®th wickd) Jrysthlldatisrefrby deddese (idlded tHeﬂ ethyl carbamate

3 nmmol ) in nethanol (50 nl) at anbient tenperature
(&yﬁ%FB@% hr, and the resulting white precipitate

recoveredEQnylltr n. Recrystallization
i sopr opanol y| flde e thiadi azol e- hYd
20 g, 83%. N0 N8 OV NN JS | NS

thiadiazole hydgexzi de (3.99 g, 18.1 ¥Sin water (40
and concentrated hydrochloric acid (1.8 m, 21.9

)

The pd| progmate P amedL- 60 spwlsadiyeiese Bemideile aoa agiddfB uwh 30% wi)
wererHeEtE& snea Qéaie%zvegsel gtj-S()?’C'mph@ hi. "Thofl rhikRirdvhs Qz(rtu@cged between
. The resul tlng preC|p|tate was recovered
ethylf 4CP‘lﬁ§€a(t15 dnb tagd yyasdr 15 wel). apg theh prgavia pbise-cposaitrated de vago. Flash

chroxg%_ré}%fs 5\6\481'5 iffca 3%6 i&h#\é&c&é\ /ﬂexaﬁé&%wkﬁ% ﬂ%ggg%%ﬁ?,%%-thmdlazole

036wmmﬂ%%)ﬁmcordlng to the procedures described in K
Masuda et al.; Chem Pharm Bull., 1981, 29, 1743-
1747, the thiadiazole-acid azide (3.95 g, 17.1 mmol)
was at reflux in ethanol (40 m) for 45 mn, and the

xarpi&&dH T € e d i vacuo. Crystallization from
Exarbpidéd” 4G ?“@1?%1?9%81)/

enzZene yie | carbamate
H02§\(© C'O§\(©
N N\
\-© O

5-Phenyl-4-isoxazolecarboxylic acid (460 mg, 2.36 mmol) and thionyl chloride (1.71 ml, 23.6
mmol) were heated at reflux for 3 hr, and the mixture concentrated in vacuo to yield the acid

chloride which was used without purification.

cIoG NOC
— I —— —
N N\
NO N-O

The crude acid chloride in acetone (7 ml) was treated with a solution of sodium azide (165 mg,
2.62 mmol) in water (2 mi) at 0°C for 1.5 hr, and allowed to warm to ambient temperature and
concentrated in vacuo. The resulting white solid was washed with water and dried in vacuo, and

used without purification.
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5 (3.37 g, 74%. EtO2CNH HZN 1 NN S NINS The et hyl

carbamate (399 ng, 1.60 mmol) and hydrogen brom de in
wae@bioctsacid (3 ml, 30% W) were heated in a BEHUSM05/023564

vessel at 80C for 18 hr. The cool ed m xture was

partitioned between ethyl acetate (15 m) and water

(15 M), and th gani c phase corng¢ vacuo.

Fl ash 10 aphy on silica gef (
acet at e/ hexaf lelded—
4- am no- 5- phgAyl - 1, 2, 3-t hi adi azole (1 499 .

Exanpl e 69 4-am no-5-phenyl i soxazole HO2C CIOC N O
The #¢idnzides(482 Pige b I mamals wrnbeoted ea radax i methaedl doy @ B0 apgthe mixture

concgrm%éd Eqéchz)to t%g/gel %?{My a%[ h:daQ a()v]ﬂ CPZ g’tﬁﬁ' useg svltﬁout m19atlon

wer e ted e mxtur
concentrated in vacuo to yield the acid chlori de

whi ch was used wi thgut purification. 20 C oC \
,0 NCO THELryde & chloride in acefpne ) was

treated with ajsc n of —sedi-um azi de , 2.62
mml)invvaterlSrH)at OC for 1.5 hr,Napnd allowed to
warmto anbi ent™tenperature and concent¥ated in

The 8@ %arbhib@te (STUInE] NTB Whtol)&vaS Aehtdd WtE hy@dh@hiddid(18ahIEN3% wt,
and dried in vacuo, and 25 used w thout ur| fi cat| on.

115 myokpppasly gmpsenesk “we?ﬁ@ezas@# 650 %hheatqé@ B8 INgfind allowed

to cooRMH mWul' wasT heudfiled witd SfiebiCBdiEh hybr&ide%ﬁ'&ttrﬂ@ecd with ethyl
heated at reflux in nethanol for 6 hr, and the m xture

acetagen i end 2awdy The vambiged erapnis| phasasewerst dripd ever radiame syiste and
concalt(\ﬁ‘gh 'ir?va%% t!oq/-xel&@ gﬁjurw 3 ‘ﬂgf’&l Lbik 'a&@g‘/%i?éqsoh%% %igl;IZb‘%). I

he net arrate
mml) vvas treated with hydrobromc acid (13 m, 48%

W,

Example 70  Synthesis of 5-alkyl-2-amino-3-phenylthiophenes

CN
o

ot

Benzyl cyanide (2.33 ml, 20 mmol) was treated with Verkade’s base (2,8,9-trimethyl-2,5,8,9-
tetraaza-1-phosphabicyclo[3.3.3Jundecane; 441 mg, 2.0 mmol) and 3,3-dimethylbutyraldehyde
(2.64 ml, 200 mmol) in methanol (4 ml) and the mixture heated in a sealed vessel at 45°C for 16

hr. The cooled mixture was concentrated in vacuo to yield the unsaturated nitrile as a colorless oil,

used without purification.

CN HoN
N —
S T

The nitrile (10.0 mmol), potassium carbonate (2.34 g, 23.4 mmol) and powdered sulfur (330 mg,
10.3 mmol) in ethanol (2 ml) were heated in a sealed vessel at 160°C for 24 hr. The cooled mixture
was diluted with water, extracted twice into diethyl ether and the combined organics concentrated
in vacuo. Flash chromatography on silica gel (ethyl acetate/hexanes) yielded 5-amino-2-zert-butyl-

4-phenylthiazole (75%).

Example 71  5-methyl-3-phenylthiophen-2-amine
90



115 mmol ), made honpbgeneous with acetic acid (2 m),
and heated at 65C for 48 hr, and allowed to cool. The
wWorRoob01e6nvas neutrali zed with aqueous sodi um hpCF/UK1008023564
and extracted with ethyl acetate (2 x 125 m ). The
conmbi ned organi ¢ phases were dried over sodiumsulfate
and 10 concentrated in vacuo to yield
4- am no- 5- phenyl i soxazole as a white solid (193 ng,
70% . Exanple 70 Synthegip of
5-al kyl - 2- am no- 3- phenyl t
Benzyl cyanide (2.33 nml, g20immol) was treated with
Ver kade' s base (2,8,9-tri thyl-2,5, 8, 9-
tetraaza-| - phosphabi cycl o['3. 3. 3] undecane; 441 ng, 2.0
5-metAyPB-bhéythidphdndlamied Wasipid péfea i@ P M Qamé probiufds destffkd in example
mmol ) in nethanol (4 m) and the m xture heated in a
70. seal ed vessel at 45C for 16 hr. The cool ed mi xture
was concentrated in vacuo to yield the unsaturated
nitrile as a colorless oil, used wthout
purification. CNHN/ S [/ 20 The nitrile (10.0
ﬁggﬁ _ 4 g, 23.4 nmmol) and
pom&%regg%gl?Mgﬂﬁ&gﬁ@mﬂ@&ﬁzggnénnnl) in ethanol (2 m)
were heated in a seal ed vessel at 160C for 24 hr. The
cooled m xture was diluted w wat er, extracted
twice into diethyl ethefNnd conbi ned organics
concentrated in vacuo. F)=as romat ogr aphy on silica
gel (ethyl acetate/hexanég)lyi el ded
5-an1no-2-tert-buty|- 25 4-phenyl t hi azole (75%.
Exanple 71 5-nethyl-3-p -nvlthiophen 2 amne 90 WO

20086 P 82005/023564
S isoB O R R FERT B o PSP AR /10 RllS §PEBAPRIYES fgpoived in
amnmhensane procedures described in exanple 70. 5

Exanpl e 72 5-isopropyl - 3- phenyl t hi ophen-2-am ne H2N

S i 10 5-isopropyl-3-phenylt hi ophen-2-am ne was

prepared using the same procedures described in

s CN \ CNI \ \ 15
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exanpl e 70. 91 WD 2006/ 014361 PCT/ US2005/ 023564

Exanpl e 73 2-am no- 5-chl or o- 3- phenyl t hi ophene HEN
wBowbiiie361 S , S 2- Am no- 3- phenyl -t hi ophene ( 12POr/DRmh3/023564

in THE (7 mM) was treated with di-tert-buty

di carbonate 5 (2.97 g, 13.3 nmmol) and
Exantpld Bopr ppplmetiahl@oB piedyBhidpheit, 18. 1 nmol ) at anbi ent

tenperature for 60 hr, and the m xture concentrated

i n vacuo. Flash chronatography on silica gel (ethyl

acet at e/ hexanes) el ded

2- ( N- Boc- artizh enyl - t hi opheneBEiNog 99 .

BocHt \ | BogHH! S C 10 To =

2- ( N- Boc- am™g¥y- 3- phenyl - t hi ophene ( v 032 mml)
2—An¥q?cb ’Il?lgﬁlhlléjg{ﬁ% %qlgz,}nf%&{nggu%@%% 67()%)@ Wmsg[eﬁtte é dy- ﬁg butyl dicarbonate
Q. 97rg X3.8 frftnod) énawﬁﬁpmylaﬂhylem@gbwﬁﬁ 18 qmﬁélﬁﬁt%&eﬁl%mg&amre for 60

hr. The m xture was luted with dichl or onet hane,
hr, apdsHed MFE efceRrateda i vaeke- oifladinichropRQeEPRh Mde silien gl (ethyl
acetatefheX@eHGiel fddS(V- mEM)@%@%Xh@ﬁheﬁé Higka,;, 884;). (et hyl

acet at e/’hexanes) yi el

2- (N- Boc- am no) - 5- chl oro 3- phenyl -t hi ophene (66 ny,

66% . 15 BocHN! ] SS d d
2- ( N- Boc- affchi

aet hane (3 nl) at anbi t/tenperature
for 1 hr. The mxture was diluted with DMV (1 m) and
the nore volatile materials renoved under reduced
To 2gNBxstangno)-Bhshenyd shibithemg (8920, M2 saloi)t in alichbfromethane (4 ml) at 0°C

RN T —

ambicHd Qi lahad 6 for RCRLE UH2 G0 235 ﬁAutedEWﬁhT’ﬁicEloMethane washed with water,

- Met hyl - 4- rret Iamno pyrazol e H2ZN BocHN
Sl G T A A T R N R e SO
acetat’&'ﬁékéne@r}ﬁ’elﬁﬁdﬂ-(MBocbimhiy’d) Scihtar6-BPhadyd tHioiBSne (66 mg, 66%).

BocHN HoN
c S
Cl cl

2-(N-Boc-amino)-5-chloro-3-phenyl-thiophene (66 mg, 0.21 mmol) was treated with trifluoroacetic

n1) in dICh|

acid (1 ml) in dichloromethane (3 ml) at ambient temperature for 1 hr. The mixture was diluted
with DMF (1 ml) and the more volatile materials removed under reduced pressure. The resulting
DMEF solution of 2-amino-5-chloro-3-phenylthiophene was used in the subsequent coupling step

without purification.
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5ng, 3.66 nmol) in THE (10 M) and water (3 m) was
added dropw se saturated aqueous sodi um bicarbonate
W@ 20061014381 2 M 3.6 nrnol). The m xture was stiPCEUSHEDS/023564

anbi ent tenperature for 7 hr and then poured into
aqueous citric acid (0.5 M and extracted three tines

Exanipit @ et hdfetiyl-al(@bth1@@inB}-3-phenypragalebi ned or gani c
phases were washed wi th saturated aqueous sodi um
bi carbonate and brine, dried over magnesium sulfate
and concentrated _kn, vacuo to yield the cryge. carbamate
as a bromntMNo o 920 ng), used BH¥eque y W t hout
purificationy | BotyN—™1 ~/ 1 /,
suspensi on ok.odi um hydride in m ners /N)I | (327 ny,
60% wt, 8.18 /imol) vvas washed with THE (2 x 5 m) and

suspended in THE ( at 0C. To _this was ad
To ld%fmkﬂ@gu%@wmra%oée <517 rogz A3 0ol apd efirgsyrbity] dm@onate (799

mg, 165 Qmm))lm TeFd 18 5dneind bt ml)nﬁﬁsm&hed @dbHRe (@il aqudo®Osodium

). After a further 30 mn at OC the m xture was
blcar%ﬂnla@v(é anlt b2 Wh3f ogolk e apjxtureatasetigred pteanghint e@ppratugyfgr 7 hr and

then 5&1&&1 mtcr SREGH Wit Rcidqby L@f & &ay&é&l&rearﬁmeg_ uﬁ{meﬁm gstlaﬁﬁ)o ml).

sufficient water to ssol ve solids ure
The cmévmésk OrsaBic ofaseh veie waphed vithrsarasedhaguequs @txhum b@@rbnneyte and brine,
r
e o by B 28R MR b Atk a1 brov
oil (9@ mg), abad S!lh@qmntmeflth@utﬂl@lfwewwl carbamate as a anber
oil (750 nmg, 969, used w thout purification. Boc, NA
HN / The crude N-nethyl carbamate in DCM (1.0 m)
was treated wth @ | uor oacetic acbd&\%@ at
anbi ent tenpefat or 40 mn. The m Xtur S
concentr at ed vacuo, made honobgeneou 1th 25
di chl or omret haneMand agai n concentrat ed " yi el d
essentially pure 1-nethyl-4-(nethylam n/o) 3-

A oA A 120, MR SaDi ne e QU Ak B3 M

THEF Nl Nétrhly landl syshedyd 1T G-G l)ad DAZ d]‘o—tﬁl-sazms raddeHiNr@@wie tlie’l.pyrazole
(744 m'ge armrao Y {%h(f’mg Yl ai;lférzlgg%lh,prlge aozdo(!le (‘Esﬂi‘i' 6o pa glmol) After a

SI Qg ANMe pr o &5CT
furthﬁf)@@mnh at JU thExiaxmde evay Gllowed to warm to ambient temperature for 18 hr and then

treate) Vylgl} ‘Hﬂ&e§|399f°§?r?f‘lﬂn%°‘gu£ ﬁﬁ%? é{r}(? g@ti‘%gr?q\gater to dissolve solids. The

mixture was extracted three times into ether (total 120 ml), and the combined organic phases

washed with brine, dried over magnesium sulfate and concentrated in vacuo to yield the crude N-

methyl carbamate as a amber oil (750 mg, 96%), used without purification.

Boo—y” HN
/Y
N/N N/N
/
The crude N-methyl carbamate in DCM (1.0 ml) was treated with trifluoroacetic acid (1.0 ml) at
ambient temperature for 40 min. The mixture was concentrated in vacuo, made homogeneous with

dichloromethane and again concentrated to yield essentially pure I-methyl-4-(methylamino)-3-

phenylpyrazole (150 mg, quant.) as a brown oil.
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OO0 O0--"~Br & --- NPhth A solution of

2- br onopacet ophenone (30.0 g, 151 mmol) in DMF (120 m)
wor®enteat ed with potassi um pht hal i m de (30. 8PQT/USE5/023564

nmol ) portionw se at anbient tenperature, and then

heated to 40C for 3.5 hr. The cool ed m xture was
Exappld7ed iNvnethyP4-Bheniy 6003 middiabds-extneact ed with

chl oroform 15 (300 mM then 100 m ). The conbi ned

organi ¢ phases were washed wi th sodi um hydroxi de (200

m, 0.2 N, water (2 x 100 and brine (100 m),

dri ed over magnesi um sul i concentrated in

vacuo. The resulting creaprs0 was suspended in

ether (100 m), recover e W filtration, washed wth

ether (100 m) and dried in vacuo to yield pure
N-mgthpld-pheny Ind, 2 3-tlakdzopfrempa evasipreparedhising tBodaing prdcd8durd dgscribed in
exa(%qg/% 20 0 0 NMe2 NPhth | NPhth According to the

rocedures described in C Chen, K WIlcoxen, J. R

McCart hy; Tetrahedron Lett., 1988, 39, 8229-8232 a

suspensi on of 2-phthali m doacetophenone (13.3 g, 50.0

nmmol ) in dinmethyl formam de di methyl acetal (26.7 m,
ExaiBf10 76mo |1} temdaityiid alivtitb-Bphehglbldzold or 28nér andl-2&-butyl-4-amino-5-
h crnce trated in vacuo. The resulting anber oil was
POeTIRYE?AF 1 i zed form i sopropanol (100 m) and washed

with isopropanol (2 x 5 m) to yield of

3- (di met hyl am n8) -1 - phenyl - 2-pht hal i m d8- 2-

propen-1|-one asjyell ow needles (13.7 g, j85% . 94 WO
2006/ 01436 005/ 023564~ 0 N RPN N N, N
/ NPhth A ure of

3- (di met hyl am no) - 1- phenyl - 2- pht hal i m do- 2- propen-1 -on
A sedui{@. 002 fhron@agRopheming (3N g, ti6t tarhol) yi DIWIA(E20 md) was treated with

] y . in.ethanol (94
B Ty o o b Ay o
40°QG for 3 84r.Arhe analed nemird wag paredtintp efatee k60D aml) 24 dtracteBhwth chloroform

(300%@%&%9@};}35. e cc?ml\fl\llgesd ér%a%f‘ct %gseeywtlej% \%?e}g’ﬁé \éﬂtt{‘ﬁ%ﬁ&?%%d%%de (200 ml,

eturne refl
0.2 Xpolten@ AN00 mb)t i diing (180 nayydtienbvel apes@lisuEfad and concentrated in
i pi : i fil h
vacug.g Ceé%%i@{gé:aéa%%ﬁﬁ wg;rpﬁes%%%( ilx'llr %e\g?lﬁg ﬁrla}, trctecg\efq%ieca lgyaﬁgation, washed
with\Wwete£ (100 Guiparidl Jried 3 fladub @ Yibld phRt BplERULGHIY-dodloBkbnbit as a white solid
3438 g% The residue was partitioned between ether (250
( Ziﬁ;% ?&d saturat ed aqueous sodi um bi carbonate (50 m)
diluted with water (100 m ), and the aqueous phase
extracted twice nore with ether (2 x 50 m). 10 The

conbi ned or ganijc phases were washed wi t i brie, dried
over sodi NPhnd concentrate /
NPhth

According to the procedures described in C. Chen, K. Wilcoxen, J. R. McCarthy; Tetrahedron
Lert., 1988, 39, 8229-8232 a suspension of 2-phthalimidoacetophenone (13.3 g, 50.0 mmol) in
dimethylformamide dimethyl acetal (26.7 ml, 200 mmol) was heated at reflux for 28 hr and
concentrated in vacuo. The resulting amber oil was crystallized form isopropanol (100 ml) and
washed with isopropanol (2 X 5 ml) to yield of 3-(dimethylamino)-1-phenyl-2-phthalimido-2-
propen-1-one as yellow needles (13.7 g, 85%).
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in vacuo to give a pale solid (1.92 g). Flash

chromat ography on silica gel (ethyl acetate/hexanes)
wQe@baedell- t ert - but yl - 4- am no- 3- phenyl pyr azol eP€U/USD0%023564

75% for 2 steps) and 1-tert-butyl-4-am no-

5- phenyl pyrazole (114 ng, 6% for 2 steps). 15 Exanple

77

1- (2, 2,22- t¥N€z| uor oet hyI)-S-b'h nyl pyr azol - 42%ni n
ang~l: > 2-trifluorogethyl)-/5yphenyl -1+ =
H

2, Zl\l?rlfl uor oet hyl ) - 3- phgnyl - 1H pyrazol - 4- am
and1(222tr|fluoroethyl) henyl - | H

a r ar mlarly from
e3P <31Frefﬂyﬁauﬁ Hl?gftﬁg 113@8&&19&% Irepet(REO & 938 mmol) and
tert- b\ﬁt@ﬂ@dwzﬁé hgi&‘é@l{lbﬁlﬁch w g mhﬁl)ﬁﬁ ethal%l XD a8d #8tet P4 mi) was

bition assays In th eri nents was

ST o R TE VB0 S B P e T Biredor B M/ TG Seplph e
was \WBhtedlwiki] hpdradeOsb@ ﬁl dsl g%m%?f 4RTRAREd QOOreﬁIEBpﬁ)? 75 N Dnl ddoling and

XI'AP-BI R3, while the renmai nder correspond
stangipg ptagmotyignik tempegatirp 2 pERCinitalg FermsnThLRBIRE BEG fA)éeJeQ; ithsviiolid washed

itht Dmbinie oR Bhahd15 Bilf andS /
BT US2005/ 8233 and? éésﬁteeo%qggga%# %S%lﬁrta'ieyc"ﬁcemrawd i yacuo. The

resiqp (4@ Paréfioneﬁévewm gtheriR¥0 wiband sasuratpd, @qlbwrﬁdd@mncamad (50 ml)
d11utgﬁos 2 erét%b t f{/@l‘%@%ﬁ”}g ptim%gl%& rﬁc%dt tl\)v?S rrsxc|>r<|;,n w1t% etheg9 (2 x 50 mi).

nativ npr ove
The pwhblmd. drganiophasdsevecdasbed witleﬁ?leddmm mzeﬂ\doh(iahmsﬁ%e hasconcentrated

. [ t ase on qf

v gg cli])(} %lgl &ith |%n1%|8§f;I uyeé(#q% p%lf) 1061 5" a\?@%%?ﬂy P ﬁ’é’f;% g%éﬁthylr?fgate/ hexanes)
yieldelTH 7tere- bty s4-atminvl X Bile RABEamEqU SRR 75% for 2 steps) and 1-fert-butyl-4-amino-
5 ph% |5|I'||'(| ,\@B%rslz_";/tlégs EEEEEEGAGATL SRGPAFPGVIGSEELRLAS

L TAEVPPEL L AAAGFFHT GHQDKVRCFFCYGGEL QGSVWKRGDDPWI EHAKWFPGCQ
FLLR SKGQEYI NNl HLTHSL (SEQ ID NO.: 1) 10 TR FRET
Pepti de Bi ndi ng Assay Ti ne-Resol ved Fl uorescence

Exarhjels Ghan qe(zﬁmemguor&taﬂ;:s@nen@pIm@watzdwma%ep giid MRND S-tMBERoethyl)-

per f or mg ac, Victor2 Multil abel ed Counter
Reader Rﬁ&%ﬁ?@% P8¢ and Anal ytical Sciences,

HoN
/ \\
N”Nj
CFs

zo--amneH2N\NH2N/N\ N NN (CF3 \éo
n

‘N
2/
1-(2,2,2-trifluoroethyl)-3-phenyl-1H-pyrazol-4-amine and 1~(2,2,2-trifluoroethyl)-5-phenyl-1H-

pyrazol-4-amine were prepared similarly from 2,2,2-trifluoroethylhydrazine according to the

procedures described in example 76.

Example 78  IAP inhibition assays

In the following experiments was used a chimeric BIR domain referred to as MLXBIR3SG in
which 11 of 110 residues correspond to those found in XIAP-BIR3, while the remainder
correspond to ML-IAP-BIR. The chimeric protein MLXBIR3SG was shown to bind and inhibit
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15 Inc.) according to the procedures of Kolb et al
(Journal of Bionol ecular Screening, 1996, 1(4):203). A
wo eamgensecockt ail contai ni ng 300 nM hi s-t aggedPCT/US2005/023564
M_XBI R3SG, 200 nM bi oti nyl ated SMAC peptide (AVPI); 5
gg/ mL anti-his allophycocyanin (XL665) (Cl SBio
casphsaioesig@ficzmfiqlbpiterahsh eidR9 of GhdThatbieBIR! dothAs) HUB&HRH Wihac-based

El d t buf f 50 M
rorkEERRRTEL ). MRS RO, 0 eadent, B o (R0,

caspaidl [ﬁ_ﬁ-ﬂ:nt&ﬂﬂ of) .tRd Wiaety | RUGARAIA ML XBMNIser RAL b¥&! Yorre?fled with
this cocktail can be made using europi uml abel ed

incregspdiinhipiion eldogprbipinpduredapgpriesis whemtjngtested into MCF7 cells.
al  ophycocyanin (Perkin Elnmer) at concentrations of
6.5 nM and 25nM respectively). The reagent cocktail

MLXBIR3PGsenyansdd at room tenperature for 30 ninutes.

MGﬁﬁfﬁiHHﬁ%@ﬁ(/Pﬁ@SHMﬁ%TﬁEﬁ KEQGAG)&@ESRé? s%EERLAaFYDWP

serial dilutions of an antagoni st conpound (startin
LTAEUHBEIQLAAA@HHEGHS@WR¢W®WLQ%WKR@WFEHAMP&§QFLLR

G@ﬁNﬂﬁL @E%u é) After a 90 m nute incubation
room t enperature, 25 the fluorescence was read with

filters for the excitation of europium (340 nm and

5 [ wavel engt hs of europium (615 nm and
TRAf8 i &ﬁ}nﬁ% Adsa (665 nm). Antagonist data were

cal culated as a ratio of the em ssion signal of

h ani n at 665 t hat of em SSi
TR SRR ERROTRE Rhriiial gl sinstiih SRR g gortonmed
on tlfeaWh]dHC ottoDMDOabkled Ceaser kaaddﬁ(ll)arklﬂmmepHifahlildJMalyt_EbleSmences,

I.ti t t
Ine) et & YR B RLEr Motk st 4 Mol 05 HioRolaSlas, serosping. 1996
1(4):20p)atA edagds codktdiodofial@gr 30 MM Bfstigae € MLIBIRBYY; 200 nM biotinylated

B O I

200 @lﬁDQttEkd@vmﬁ etifdBiuml (PMRIHIMGY) WAE pRpdrelMTedgeniare: (lS(Ni%M Tris [pH
m&g@d actlvlty whi ch_was denonstrated in t
7.2], é%

G Odtsior Siohalss, T D EUR S Aastshncosidd). (Alteratively

this Ebdkﬁﬂile%eﬁé? @nade | Rink ZeakdpRitn-R8AEd A8ti-Bli dbeibn ARFAY and streptawdm—
Pol ari zation experinents were perfornmed on an Anal yst

allopicoggngPerkipFlarn ehroneeiratians obpp M andzopMs ersprgtivedy)t Abe reagent

cockﬁﬂ%cm&ﬁat@ﬁ alKeRtd B8 er§uf¥l for %Gﬁﬁlﬁé&s Afler 15&{b§t§dnn the d¥bitail was
Zi onch ecE Clark, K, Arellano,

Ladn .
addegltﬂ-jl édﬁ?ﬁ §hlut1ogs e@gg@}agpwstpqogp@g@gl, (pfg@mgpotgp’qtgtlon pquO uM) in 384-
well VlaElE prDhiags (@{ein& ﬂzle sﬁn@ Uige: gt Ahel%d I%tifaqnc@bﬁm aFthol ®Rperature,

8-137, Bel %1 | es for fluorescence
the fkyeweéﬁem‘zeawasd%davr ﬁitqwfomagm@h@mfs%umm @f@par ad fbythe emission

wave@éi{lgihg Igpn eQLfo rr12 6‘¢f§k}| fanﬁ/&(éfdﬁg%écfahﬁr §| 2] t @nt?golnﬂ?ldata were

colicent rat i on o atio
calcuiaigd asra raB@ofrthe Fnissor pgal of2lloptiy2ocyain at\@bil nm th¥hds off the emission of

byl kns T 0] vi gl i de)
cwofl 41413 pATA ST o R SO APl e of
manipydydngli Athe 1dsAling adlus webd plotnal asadivpting pBAnta@nnist@once@ritidn and fit
to aQLpAral:llieth equation using Kaleidograph software (Synergy Software, Reading, PA).

Indications of antagonist potency were determined from the IC50 values. Compounds of the

invention where found to have IAP inhibitory activity which was demonstrated in this assay.
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OOOH H2ZNIAN OO H NH NH- N----NH OOOH2 NH

AVP- di Phe- FAM probe 15 The reactions were read after
wa@eoosncusbat i on time of 10 minutes at room t enpRCHUSZ005/023564

with standard cut-off filters for the fluorescein

fluorophore (2 = 485 nnl; 2m = 530 nn) in 96-well
Fluobdseake PR Gatigi Pdpide BiMiheatdaar Devi ces Corp.).

Fl uorescence val ues were plotted as a function of the

protein concentration, and the | C50s were obtained by

Polafitdtioh REpdri@ntabae bef@méd BﬂraﬁfmIaﬁfst BURLIQNME¥cGr Devices Corp.)
Kal ei dogr aph software é ner sof tware, Readin PA

) .
accopsipgfarthe procrduse st Fergt éfoE@’ bé?erﬁmé\d bgdnﬁrdg% Giggeheck, K.,
ClarI@f KL, h@relMﬁgBF R%%B%Har;o SQM)CIO‘? 1W1Lc%e&9§l‘t @‘* ﬂd’b@g B OMoobzagnosnc
t’he AVP-di Phe- FAM as ' well|l as 1:37seria
Instrgfinenfesioin Cabp. Sei-afe |P@t 12§o}$ﬁoﬁqﬂglger|Ang Sallﬂplas for fluorescence
polaﬁ%%ﬁ Bfenal 'n%@su?émen%qger%feﬁirgﬁlﬁ?r B@(!hﬁ(gt{ 624 %%hal? Wiife@hs starting at a
les were read af nute 1 ncubati on
flnalmown@%t@ewé euMp M BIRBS G in pdamzesorv\lmf’ér r.ﬂOotnMél‘dls dsH 4.2], 120 mM
upgt apdct
NaCf Va ueIJ)SoQJ{he %lo&ﬁ % 3 neggl :yl c(?l ng h@gl%c 1t1e) [& ch%o;!y%%urescem«
conjugatrdriaVisti-€he-Nju 64 Vb diPbs- FAM) a5 eMdiopt @themﬁctmvar e
(Synergy 25 software, Reading, PA). Inhibition
constants (K,) for the antagonists were determ ned
fromthe 1C50 values. Conpounds of the i R¥enti on

where found to have I AP inhibitory T whi ch was
denonstrated in this assay. 97 WO 2D 143
PCT/ US2005/ 023564 Al 1 AINE O AN formul a
l: Rl R\ RY < RS X2
NR5'" X3 5 e e|n OH
HgN
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 (Aex = 485 nm; Ay = 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
polarization values were plotted as a function of the antagonist concentration, and the ICs, values
were obtained by fitting the data to a 4-parameter equation using Kaleidograph software (Synergy
software, Reading, PA). Inhibition constants (K;) for the antagonists were determined from the ICs,
values. Compounds of the invention where found to have IAP inhibitory activity which was

demonstrated in this assay.
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X1, X2 and X3 are independently O or S; Y is (CHRY
),,, O0or S whereinnis 1 or 2 and R7 is H, hal ogen,

wa@bdoglo143ar yl , aral kyl, am no, arylam no, al kyPErUsmps5/023564

aral kyl am no, al koxy, aryloxy or aral kyloxy; 10 Ais a
5-menber heterocycle conprising 1 to 4 heteroatons

WE dpslvonal |y substituted with am no, hydroxyl,

nmer capt o, hal ogen, carboxyl, am di no, guani di no,
al kyl, al koxy, aryl, aryloxy, acyl, acyl oxy,
acW ampoond @lfcaaiadar bonyl am no, cycl oal kyl ,

al kyl t hi o, aIkyIsquinyI alk¥gsulfonyl

am nosul f onyl , yl a Y aIkyIsquonyIanlno
or a heterocycle \mgggﬁi éc | Kyl Rgal koxy, aryl,

aryl oxy, 15 acyl, n R-cycloalkyl and
het er ocycl e subsB4tu i on t|o aIIy substituted
wi t h hydroxyl, halog A, nerc oxyl, al kyl,

al koxy, hanaIkyI am no, n|tr 8 cyane,, cycl oal kyl ,
aryl or a heterocycle; Rl is Hor R1 0 R2 together
forma 5-8 nenber ring; R2 is al kyl, “ey€l oal kyl ,

cycl oal kyl al kyl, aryl, aral kyl, a heterocycle or
het erocycl yl al kyl ; 20 each optionally substituted
i "Kdr oxyl , mercapto, hal ogen, amino, carboxyl,

al byl x, Mabgalekideperbit ps. al kylthio;, R3 is H or
aI%zJQERA ang prearegﬁzgependently H, hydrox
v

(CHRyip O oppyiyhercip jisgc pr 2 Wd%@aﬁklytlogen alkyf/ aryl, aralkyl, amino,
cycl oal Mlﬁﬂnk&’ layicy REGARS Béﬂcyfamnﬁ) alﬁ&!ye{rgﬁﬁ !)raa!rehly)llo v;
wher ei n_each al kyl, aryl, aral cycl oalkyl",
cydt Bl RyleabRrylieteronzele compysing b do Heltetsrantanyl eptiRgdlly] sybstituted with

opt i onalyly,.s H%%&éy %e?%ﬁtowhglg%ega&a?&ﬁ b, aE}Idgrfo glygnldmo alkyl, alkoxy,

mer capt o, oXYy, n1no an
R5, and a% a&ﬂ@yea@hl i mﬂm@n crsplaiinoH @koxatdxl}dnylamo aeyloalkyl,

and ool (omle CAFGEPIER, | My ot aniisBls bR kosirons!

PCT/ US20Bsls@if@5Bhino2or I lhetexpqub@ wridrapi egdhadlipl,13lkamye p@l, raryloxy,

&CRIZA &9}% %Jgoxgo%ﬁgﬁbﬁ%ol, Ic@clgarll andghete%déygle %bsuﬁltfgn "1s optionally
substituted with hydroxyl, halogen, mercapto, carboxyl, alkyl, alkoxy, haloalkyl,
amino, nitro, cyano, cycloalkyl, aryl or a heterocycle;

R; is H or R; and R; together form a 5-8 member ring;

R, is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a heterocycle or heterocyclylalkyl;
each optionally substituted with hydroxyl, mercapto, halogen, amino, carboxyl,
alkyl, haloalkyl, alkoxy or alkylthio;

Rsis H or alkyl;

R, and Ry are independently H, hydroxyl, amino, alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl and heteroarylalkyl is optionally substituted
with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino and nitro;

Rs, and Rs’ are each independently H or alkyl;

R¢, and R¢’ are each independently H, alkyl, aryl or aralkyl;

and salts and solvates thereof.
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5 wherein @ is NR8, Oor S, @@, @B, U, & @ Q7
and (B, are independently CRO or N, wherein RO is H,

w@pioao143bydr oxyl , nmercapt o, hal ogen, carboxyl , P@nision®923564

guani di no, al kyl, al koxy, aryl, aryloxy, acyl,
acyl oxy, acyl am no, cycloal kyl or a heterocycle;

2her efThe mgploundadficlaim 1.akiepery nn%aAmlas the FoHnaNYIa R 8!
gcyl oxy, acylam no, cycloal kyl and heterocycl e

ubstitution is optionally substituted with hydroxyl,
hal ogen, nercaptad, carboxyl, alkyly, 10 hal oal kyl,
am no, nitro, cyclatdyl, aryl or aapeperocycle; R8 is
H, al kyl, acyl, yh, \ cycl oal kyl @r Aa\ﬁwet erocycl e;
wherei n each al kyl\ 2%l , cycl oal gk het er ocycl e
is optionally substdtuted with hydr@xyl, hal ogen,
mer capt o, carboxylg, al kyl, hal oal kyl, yjgm no, nitro,

cycl oal kél’ aryl or a heterocycle, and @ is CH or N..
15 vdereihi: EdWiro Ot SofecRailm @5 Quer eichQy i arg intlependently CRy or N;

SoLAeigil T, R EREBUGUT i e, o

99 2lkoxpod/ B1886 2RI IOER GOFABIRE85GdloalR or ElleRBcRBM\Wcrein each
]I\_Iglaﬁlcyg%algoé, |8616wa agtlkl(yl\liagylh %ﬂ% g;%'ﬁl\nlﬁg% ﬂ%k}q (a?nc-l IYletl\lerocycle

substitution is optionally substituted with hydroxyl, halogen, mercapto, carboxyl, alkyl,
haloalkyl, amino, nitro, cycloalkyl, aryl or a heterocycle; Rg is H, alkyl, acyl, aryl,
cycloalkyl or a heterocycle; wherein each alkyl, aryl, cycloalkyl and heterocycle is
optionally substituted with hydroxyl, halogen, mercapto, carboxyl, alkyl, haloalkyl, amino,
nitro, cycloalkyl, aryl or a heterocycle; and Qs is CH or N..

The compound of claim 1, wherein ring A is selected from the group consisting of:

Rsmjg Q\/@ NS 5
Re

! ~ “ <
e @J@ d@ ﬁfg

‘l ‘l \‘ /@ ‘l
N
] ff@ Ci N
( N~ =
Rg
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NO/ N---ON NNV NRNMV I NRN 8 N8 20 100
WD 2006/ 014361 PCT/ US2005/ 023564 Q NN N N N N |
NN 5

Nrl jo NONN S N NNN wherein R8 is H alkyl or
acyl. 10 4. The conpound of claim3, wherein R8 is H
5. The conpound of claiml1l, wherein R and R2 together
forma 5-8 nenber ring. 6. The conpound of claiml,
wherein R is H 15 7 The conpound of cIa|n11

wherein i s al kyl cIoaIkyI he conp
clakm 1 erein [ opropy or'
cyc exyt. 20,9 e conpouno C a|n11 Neln R3

is . 10. &/Uonpound of "wl-HRa 1, mhere R4 is
H or nethyl, and R4&' is H 11. The conpound of claim
1, wherein R5 and R5' are independently H or nethyl.

25 12. The compound of claim1l, wherein R6 and R6' are
i ndependgqt!ly H or methyl. 13. The gonmpound of claim
1, wher each .of and X3 ar

2008 PCT/ 23564 Rge’ conmpoun
clainiz mherelng/J is H R ¢ H‘opropyl,
cyclNhexyl “hethyl; R4 is or nethyl,

is H R5 and R5' are Hor nmethyl; X, X2 and X3 are O.
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15. A nmethod of inducing apoptosis in a cel
conprising introducing into said cell a conpound 5 of

w@b@om4Bsl 16. A nmethod of sensitizing a cell tPCHEHNS2005/023564

10.

11.

12.

13.

apoptotic signal conprising introducing into said cel
a conpound of claim1l. 10 17 The met hod of claim 16,

wher ei n .d apoptotic s IS induce contactin t
sai § ceI with a cohpou elected\fro e groum
congf of cytarabrn- udarab| ‘ 5-¥1 uor o-

2' N ny|r|d|ne g@q;wtablne Wb rexat e,
bl eonycin, cisplatin, cyclophosphan1de adrlanyC|H
(doxorub|0|n) m t oxant rone, canptothecin, topotecan,

colcemd oIch|C|ne clitaxel, vighklastine,
Vi nqu sting, tanoxife nasteri de, ot ere\and
mtaqg 15 18; thod o T 16,

sai optotlc sﬂgn i's inducedi.b contactlﬁﬁ id
ceIINﬂﬁnth Apo2L/ TRAIL. 19. A metMod f or i nhi bVt ng
the binding of an I AP protein to a caspase protein
conprising 20 contacting said TAP protein with a
compound of claim1l. 20. A nethod for treating a
di sease condition g ciated with
ovenexp di on of \an | in ana onpri $i ng
ST T ng to gard memmal an jefyj e ano
cofho _d of claiMk].525 21. A et hd for trebi
cancer, conpri si ng adm ni steri ngNto sai d mammel” an
effectlve amount of a conpound of claim1. 102

wherein Ry is H, alkyl or acyl.

The compound of claim 3, wherein Rg is H.

The compound of claim 1, wherein R, and R, together form a 5-8 member ring.

The compound of claim 1, wherein R, is H.

The compound of claim 1, wherein R, is alkyl or cycloalkyl.

‘The compound of claim 1, wherein R, is isopropyl, t-butyl, or cyclohexyl.

The compound of claim 1, wherein Rj is methyl.

The compound of claim 1, wherein R4 is H or methyl, and R4’ is H.

The compound of claim 1, wherein Rs and Rs’ are independently H or methyl.

The compound of claim 1, wherein Rs and Rs’ are independently H or methyl.

The compound of claim 1, wherein each of X, X, and X; are O.
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14,

15.

16.

17.

18.

19.

20.

21.

The compound of claim 2, wherein R; is H; R, is isopropyl, t-butyl, or cyclohexyl; R; is

methyl; R4 is H or methyl, and Ry’ is H, Rs and R5” are H or methyl; X, X, and Xj are O.

A method of inducing apopfosis in a cell comprising introducing into said cell a compound

of claim 1.

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.

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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