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5 10 INH BITORS OF | AP 15 FI ELD OF THE | NVENTI ON The
present invention relates to organi c conpounds useful
for therapy and/or prophylaxis in a nmanmal, and in
particular to inhibitors of | AP proteins useful for
treating cancers. 20 BACKGROUND OF THE | NVENTI ON
Apoptosis or programmed 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. 25 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 Ilinked 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 (Usteine containing
aspartate 30 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
proteases, tight control of this famly of proteins
I's necessary to prevent pgif Eﬁgwgg r§gp! death. In
general, caspases are synf ized as largely inactive
zynogens that require proteolytic processing in order
to be active. This proteolytic processing is only one
I it | ch caspases are regulated. 35 The
second nmechanismis through a famly of proteins that

ThE Peksedi GhvieRtinbielates 35 RARAR .- co%pé\lﬁd@%ét‘t’l Rf tHERIpS GHE/BS prophylaxis in a
that inhibit caspases are_the Inhibitors of Apoptosis

meppl, andiepartigyiar tatinhghitors of JARproteinsisefRbior '{rqa@ggyancers

19: 388 398). I APs were originally discovered in

bacuIOV|rus b thelr functional ability to substitute
BAGKURIN NP sifelh 2BION apopt oti ¢ gene (Crook et al.

(1993) J Vlrology 67, 2168-2174). |APs have been

described in organisnms ranging fromDrosophila to 5 .
Apeptesis orReegrmtined eellodeathhie k gensticgiyrand Stochrmical iregplatedapghanism that
plggsnngnlr Lnip%ngﬁjo%osidgeeﬁ%nﬁem a dn(eldsctas!lﬁﬁl 15969%%&5 Q?L&R}l as vertebrates,
Abardmoi)cy lin tapopdsisathaRlchs 6 |pnegnaturm]1 fd.eatlIHEachIbEbn tokeditn a variety of
devgl?g[),Bmentfd dlSOE% Bt C‘R%%“F‘F%‘é’sapgﬁta“%ﬁ%‘ resucftulé ttl'r?eglﬁg esfl c% tecl%ath have been
hﬁlgeﬂltcetaneerandic}homt vied] hdfeatiesd (Queapsohat al cﬂ@@ﬁuﬂmhee 16!791456 1462).

zinc ion (Hnds et al., (1999) Nat, Struct. Biol. 6,

648-65 1). It is the BIR donain that is believed to
OB WS ¢het kg fttior apRbed irCawihbioeigtardshe 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 inhibiting the caspases and thus inhibiting

apoptosis. As an exanple, human X-chronosone |inked

| AP (XIAP) inhibits caspase 3, caspase 7 and the

Apaf -1 -cytochrone C nedi ated activation of caspase 9
(Deveraux et al., (1998) EMBO J. 17, 2215-2223).

Ac,fa%l}ézagé@ols%%dhaﬁ ‘it ¢asPAses e the BpibijorcofEmRptogis RRAPH (Rgveraux ct al.,

J X"Jlrﬁﬁmn’!%bi ?Pbﬂe 188833659 BAPs QbreXirfYmali$ dﬁs@%%&slhbdagulf)ﬁfus by their

the inhib on of caspase 9 activity:
f@ﬁmbé@bt}’u@ hstivge gby PP pregen, aeadmtrtapawgth etrm (Qr@@cs@teaé (1993) T

Virblo ?% @7 fltGSQ 4)15[A|§§t n%ebeer"r%ggrlbéy%( @r? &%s?ri‘sﬁélzgi%% ﬁ?ﬂeli)r%sophila to

overexp resse I'n a nunber of tunor ce
hwgin. G@gardbbd of [thefreorigam sttucfuFadlyglAdls camnprisGonotei thrse B2@@jrus IAP repeat

Ot s Bpep BTSSP FRPR NG e e o B

dpremn 1tdﬁfhls asctm dfrelthgt ctmma(mffabmp ﬁOt@mBmmpagmg Asitpha-helices and 3 beta

var,i et otic,st
8 S b RE SRR g Elconn@Re PR g 01999 vt
St89&Bioll 8,(628)65 BR 4171k the@IRJombmnhat v HelieteHitG cause thé m0Rgpoptotic effect by

rrel ati on bet rotein. 20 | evels d
BB RRa e G i RET R Rt A eenly Pymag. frcbromosome
lifRee [1aP EXIUFS illebik @ Bdpase(3] ad¥pasety andithe Aﬁ:idﬂ[-a))tochmme C mediated activation
gbmn re uIatlon of XLAP._expression :ééantlsense

125’6?1% VoL N HFMEL ol 2 -2 88 h raspases & tiydgare inhibited by

tHe GRIRS doRafeAtIAPNGHLE the BIRS dbinglg JFalIge 1§Jf'espon51b]e for the inhibition of
pr o- apo totic ents, both in vitro and in viv

Ca(ssaéé Siaeirgty a?‘m}%gr?ééﬁessﬁéé‘blqmm in Geyetzﬁiflt@e@éﬂtaqusweé(Llston et al,

Netfure, BYSRC BRITE 5133)73@2 Qg i3R3red P Rssedth hunfer of tgnblncellq:ﬁ\9§§ff the NCI 60
Res., 2003, 826) Snac/DIABLC)derlved pept i d

ctllalies apish (E@@netzd é?@n@wgﬁ, ri0@07¢: bl 3s diegint ey al, £y r@@éqer Res. 2000,

685 1@65 f@w‘e gretséf&p{)f ﬁﬁill 114 fuﬂl%ls diR ﬁ?ﬁ@&oﬂnﬁnfﬁ%&%%ﬁgﬁr protection
a variet pro-apoptotic drugs nm et al, J. Biol.

agafrea varzooczf PreFpkey sumeigend Fomheles wsistance thsltemothendpy (IaCasse et al,

OF e, 150531299 B Sk 20852 SR 4080cs 0P rocn

leg¢ls ald, su@amb s HRersdemoREBE:d fﬁfag(adl):ntsﬁlﬂi)wut@@ymeam ﬂwkﬁﬁﬂ@ (Tamm et
( an,. TAR hat det ect bIe in st n
al ! gadéggm feep gtl% Hohg expx&%srl%n o anttls%ise I%PC?(:O”%ES has l‘rJJeen shown to

se@MUEﬂ tomet cedlk tq deahaf@iced by & @ide ridige of ProbPoBeticIe6its, both in vifre and in

Det.er mi.nat.i n of ei t ture str
vigs SioP REel CsResbo0lss Sad obo Sl ARG R g Hu eran
Ci?ggaﬂ&ér LﬁglCQO%BQSéﬂ(GRgSZﬁD ﬁ@i’fgf/MABR g LB&Eﬂi'efdl PeftidsBrhave also been
an e onmgin o )
d%{?%‘é‘ﬁﬁl%d PSEMirS e F(o‘gftd‘fgﬁr?ﬂt I“ﬁ?‘rft"F]ggn"tS&O Pﬂ‘é’tcélsﬁé‘?l‘éiﬁ‘bby a variety
oBbidZapehtotd dildes GorhtAPall 1.ah6l. @héné\%ﬂ?_ aIUd(43§4%BeRﬂ§a dt @1, BRture Med.,
responsi bl e tor the i nhi bition of tosis

200y A8 PP G112t PRedIZ0%halSe) 157 3 oetsy ehesbnrdr &iol. Chem.,2002,

2MUEA) Q2215 fhng ot dEERNSE RAL 2003, BHU):M1y! AP coul d i nhi bi t
chenot her apeuti ¢ agent i nduced apopt05|s Agent s such

as adrianycin and 4-tertiary butyl phenol (4-TBP) were
MeBALAH AP (AL- I@@k/L s AUAPUER RUSHBRED nolBARRANREIt tissues but is strongly

over expressin P and the chenot herapeutic agents
uRteguate lngmplﬁnmwt;mq efsa)., 62408k Curent Bio K0} 135 $rg3GGhe Determination of

pl%% A ﬁru@@fc%e&%ﬂ@ﬁ%ﬁq \%ﬁgﬂﬂ @Eﬁq{}iﬁ%}r 5@%9101@%%{&%9& Rﬁ*!I G finger domains

5 mechani sm produces an
tognetTEspapdng dnmecnsamsiew i puman Kbl @rItAPtl ndGghP2nihdBER domain of ML-

LlﬁJC 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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caspase 3 and 9. M-I AP did not effectively inhibit

caspases 1, 2, 6, or 8. Since apoptosis is a strictly
controlled pathway with multiple interacting factors,

the di scovery that |APs thenselves are regul ated was

ngt unusual. In the fruit fly Drosophila, the Reaper
F‘(I?*BP‘)‘OYC HEEgC ef el WemPRARisH s e AT ecquid a)hﬁahehmhwapeutw agent

iRt @hdpsosih Yief@ kikch ab Q&%@@& W hﬂerﬂﬂ‘? bb@tﬂ)'hg}{oq 4 'hﬁPFﬁWré tested in a
C¢kp$t0tlc activity of the Drosophil

THE SyEeaf metan@nﬁr%@@mgssmmﬁ@hea femqtbermeuWagents were
m%ﬂ’lﬁcalnﬁf Resfdtcatd 19“%]9[%& Q3 bR cd I\A&ﬁfeﬁ%&la ndrmal @8t %WOHUOI The

during nornal apoptosi's, rocesseq
ma?ha%ﬂ&mlbb'éh'lfl@‘rw fireduces| apcantiehpotolin 4che1t>msnmohm> thdeugh inhibition of
4 O € V. |1y, bi to | APs
ce i i, LR AR R RS el IR 12 B e i
i nhibition 15 of the AP allows the caspase to remain

C th & feresti I
S8 nERe AU R o Dy SO A TEL bl ARBURR P G Rt I dHecorery ha
[APs altthShletsaret sgalated was mnunmsualc Ilﬁlt}ﬁ"(ﬁulltfﬂyl Mrotdpiila, the Reaper (rpr), Head
N--ter s of .t r sed i ve.pr.oteins.
Intvoel trloanpep ctave g%cg eagn{a 88@5{ bqrﬂt’amfs 851%?Ilﬁylatre81§h %tP Cand 1nh1b1t the anti-
apoplokehctivity bhihe BIrcRoﬁlﬁrmhrﬁﬂ;a@fdAm Shuhd Sarhhgl, Bk Brdﬂﬂﬁ%MAC/DMBLO

R = NI N T —

SMACEb pRilcessed iAR04) actiid HR aADR rdIPR8d 3 tADhZdchoRIMVAR Yhe cytoplasm
ENTI ON 25 I n one aspect of the present

I
WP%%HFY%% lly Refgto LaPs and prereegts fls P ﬁf%P’B#%F‘éa gAspasgpThis inhibition

ofnh@llﬁlp RBoWAAhE r&ﬂspﬁ*beto St ra@dwef ﬁﬁ%ﬁr(ﬂe}d Riith aBﬂptz)(sls Réterestingly,
~t -) RNNNRs RA R3

S
SCW?@F%'P‘?W%W bepvesn dhed Paplibitarsieiown deantheye io adwrsml@ agid wotif in the
N4&eHlRGs b the ?ro@éss@ aM¥e bRJtdInd) T8 tl’tréb'épt?deaag% fgto iyhdfFhto a hydrophobic

hal ogen, al kyl, aryl, “aral kyl, am no
pogkgéyn shei BB, domaiy i d;mlms) theaEIBod@ynalrablpﬂlo&yo easpases (Chal et al., (2000)

|
N ithﬁ's%%z Pl & aP 8 | %ﬁﬁggﬁ@e Al 1%69‘%%({8'(931 (e t'Iﬁr(‘zghdoﬁ gagure 408 1008-

et'er oat ons o substit
1012).

SUMMARY OF THE INVENTION

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

general formula (I)

wherein

X1, X, and X; are independently O or §;
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hydr oxyl, mercapto, hal ogen, carboxyl, am dino,
guani di no, al kyl, al koxy, aryl, aryloxy, 5 acyl,
acyl oxy, acyl am no, al koxycarbonyl am no, cycl oal kyl,
al kyl thi o, al kylsulfinyl, alkylsulfonyl,

an1nosu|fony| alkylan1nosulfonyl alkylsulfon l am no
Yo (GHRete ey 81 whereiieisel AT @a0R RalikJi Malopsio iyl aFxH aralkyl, amino,

ar Yl eMmiRC Ykyland] 23 1aRhY, B P QryIGHTr 3Rk ¥HyaNd
het erocycl e substitution is optlonally substlguted

Avif 2R -RgEbas hpierociel @glewsnrae} tmptheteroatomstypsignally ghsfifuted with amino,
al ko?f))ﬁ'rm@ﬁlrgé?&atﬁ%l hal@%@ nQarb(QM ‘Pmdl&y agﬂgmdlﬁg gﬂl%l zhl\(dxy, aryl, aryloxy,

aryl ‘or a heterocycl
t ogetdybr adybrm acBaiginge rarﬂfexycﬂrbngylarmzo,l sy@Mle,, alkylthio, alkylsulfinyl,

ﬁ)e/f le@g%l%j%{orlylclé Ir ?lellr&é% F(él alfa:r%kmg aﬂlyﬁ\ﬁ Tllygdr]il’glil(f or a heterocycle,

subswherein echchv dllyl, hylldwxyx yakyl, myiaxga,p teyl, myloa,e mc;ylmrnm ogycloalkyl and

carb I oal kyl , ..al kpx: r .al t hio; ,R3
c)%/rodgl Ey L}f)sﬂltgp Qg 1, ﬁ)al}{(ﬁ&lly as.}lgs)%%%ﬁig BVéﬁ d E%c{r?:gyll,i_ll’:aiogen, mercapto,
hyd r eaxydxyl, alikyindkoxal katdalkydraytino, Aitra) dyyho, cpyaaligf laky by a heterocycle;

R @R, UL Sk IR PRl "Cycroal byl

Rp ysChlBﬁl kydialilgy; | cycloblgylelkgiamll, aaylhat l&t@@ywlb ar N‘béterdc?;'clylalkyl each
Bt S B RS TR ePron FIGHED, ol DR o gloalkol, alkosy

maﬂqumad R5' are each |ndependently H or al kyl; 20 R6,
and Re6' are each i ndependently H, alkyl, aryl or

Regs 8 %¢lk: and salts and sol vat es thereof. In another

RASRE axefm&ebedmwtmfbxylt BRlS, ﬁ!&ﬁ moyﬂaﬁt?ﬁ eyeloalkyl eycloalkylalky,
conposi tions conprising conpounds

car r isdgroargh prifistaroagylalisd sthstedhgach Ql'lwll Wbﬁ@ﬂﬁb PYCé@aHebtcy‘aﬂalkylalkyl
the eI £A hek#b%ﬁ?allky?f 1@5&%hﬁ@@u@st1ﬂﬁ%§\9§h Hafloécﬂdlﬂfalrd?cgl mercapto,
apoptosis’ in a cel conprising I ntroduci ng I nto sai
cel Icaab%mhﬂbﬂndk@w, frginerendenitto; | n anot her aspect of t he
b t ' idaed a nethod of sensitizing a
Rsg%f@tg%gﬁdggﬁﬁgg%ﬁgPﬁ%%Qs gnal conpri sing introducing
R, mcheSanedad'ehdlepandcmﬂvamwl agfyloosmildyla | . | n anot her
%%an Slvtﬁﬁhﬂn%entlon there is provided a nethod
N ﬂ ¥ the bi nding of an LAP protein to a
caspase proteln conpr|3|ng contacting said TAP protein
4 1.n another as
i thef, RN B epie™ Bt ingfiist oBPROHE PP ag Fpgpounds of
&anﬂasaa&ﬁmahr&mndﬂbtemmma5300|ated with the
overexpression of an I AP protein in a manmal,
conprising admnistering to said mammal an effective

InadiBihet afbctfGRITRAERNOfhefeOl Prdvadeld-a method of inducing apoptesis in a cell

comprising introducing into said cell a compound of formula I.

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 1.
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5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 10
"Al kyl" means a branched or unbranched, saturated or
unsaturated (i.e. al kenyl, alkynyl) aliphatic
hydrocarbon group, having up to 12 carbon atoms unless

ot herw se specified. Wen used as part, _of anothe

Intaélp r gsgget QE gﬁﬂp‘@m:% reaﬁpﬁqyldedtaﬁgetgqq(gpr n'ﬁqulgladhsepg or condition

asRICRAQT R YhevardkptERIoR bf Y mﬁnﬁﬁaﬁ)ﬁh a GRAIR, BRWBMES administering to
al so includes unsaturated hydrocarbon carbon chains

said rpmgd] an sffReding prapynh ef 2 compoundfifgrapladii no.  Exanpl es of
preferred al kyl groups include nethyl, ethyl,
n- propyl, isopropyl, n 15 butyl, iso-butyl, sec- butyl,
tert-butyl, n-pentyl, 2-nethylbutyl,

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

2 2 dlnethylbutyl n- heptyl 3-heptyl, 2- nethylhexyl
ANILERDE$G: & B II@MBGDHWENﬁSC4 al kyl "

and "al kyl of 1to 4 carbon atons" are synonynous and
used interchangeably to nean nethyl, ethyl, 1-propyl,
|sopropyl cycl opropyl, 1-butyl, sec-butyl or t-butyl.

“wleglsanssad@mcmde@r ungghehed.tsatuetkd aluksaturged (igsalkeny], alkynyl) aliphatic

h)@ﬁ%grﬂ)l? 51%[}](? ShQ%E VﬁanEi é’a}bon (2 ﬁnlﬂarsg Sthglrwge?#%cfi%c}dé thV}.xen used as part

e sane or
ofBrethpites), &ir etmlam@wudﬁsthcmmybld)rmm;lIprfg‘fcmblps saturated hydrocarbon
chhﬁ?b%{gneg?rh{/f%{ inﬁ];@écrs 61)r1£1§attn%?tﬁ%yc§?c'arb[o9lcgl>y? ott s}.llc}i as “alkenylamino” and
“afkyoypaoiny | Exymmédyfl prefeddradioe ietopbs mcladé)ﬁmwletthyu n-propyl, isopropyl, n-

i O T BRRRLOR o AN AR s, o

mﬂﬁ;tlb@x)ymez hlyﬂethylbﬁtyﬂl@lxhéﬁgﬁ B\Heptyt, 200 MNeREL Mdl the like. The terms “lower
oraomet hyl , bronpnet hyl, iodoneth

all%’g'ei;cs?%{gﬁgp%z{?@t“ﬁ 1 ofé tﬂﬁ&fu‘&?lg/ ﬁtg%l are syrionymous and used)llrljtcrchangeably

to dnedn Ghat il Oétﬁﬂlnilﬁkﬁp%ﬂ )lsopl?cpﬁlmc_f/@&lir&@d prsmyll )sec-butyl or t-buty] Unless
2- carbanoé oxyet h and li K al kyl group

spEgi e BRPSEiss Al erP e canfe@r%ledgrefeéab@f)ow *@@a?rpfpwssubstltuents

whiflhb¥IBe the ¥EhOBY @R¥eRE tHYinple§ YO QIBHVX |sﬁ@¥1tﬂ%ld ralkyl groups include, but
cycl opentyl net hyl, and cycFohex roups,
arue| fotas mitph clof r exyprsRFYg - @tmpmethyl, pr bbgoxynwﬁwt y| trityloxymethyl,

pro;ﬁ@rﬂzﬁé&lymethple XY arhQHARy], et E:ﬁrbgfﬁ(eﬁ{ ed §2H'9%&|3ﬁ191t Edpcarboxypropyl

are substituted nethyls e.g.” a met
all@m@ﬁrmﬁwb@tw eHdoxyganboryildmingroaiist @a@gmo)ﬁ@ymethyl methoxymethyl,

et}g%g‘?t | t u'i ggt nég% gf}'l Cr%c@!o% r OMOroMﬁEL%ﬁon&geﬂ}E todomethyl,

ute gr oup ude groups
UiﬂWﬂ@WﬂEﬁhydmx)@lle cL4-dghlasodr-butylve-dryiho(fse-pgopyl), 2-carbamoyloxyethyl
rahy 0
anh glieblg@nn q’?u? W%%ﬂ 3%’)):5 go]n%/ u%?sgﬁ%e{aﬁw Y ATE C%F%V"lﬁé‘i"HE/ | Examples include
cydaprbpydyln‘lhylhyjclobbwmthdyylbp@tg,dmethﬂdmd&:tylﬂyhcxyhr&thyﬁgﬁ&ps as well as

denot es .t he oup - - NH erein Ri o al kyl .
TR RETRYE < B BV BSmadn rReBo e BRbRe Sbstied eyl
are Nl::lst(ﬁgtNﬂ-l)neﬂdb?G €.goa mithyhg'oulanaitesd py theBirye s(dbst&uentsme “substituted
seco r I.e_ -NR nd tertiary m nes.
neﬁ@ﬁyﬁgéfoga-cpﬁawwe aﬁg t?t‘eﬁtﬂ?saw 2 ekl | r?clu%e groups such as
hyatokyth@hi N rotebitéd Kyh@dRimdhyl aleyd. A drodin@fifbamiensl), acetoxymethyl,
carbamoyloxymethyl, trifluoromethy!, chloromethyl, carboxymethyl, bromomethyl and
iodomethyl,
“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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aral kyl am ne and di aral kyl am ne. Particul ar preferred
secondary and tertiary am nes are nethylam ne,

et hyl am ne, propyl am ne, isopropyl am ne, phenyl am ne,
benzyl anune 5 di nmet hyl am ne, diet hyI am ne,

di propyl am ne and di SOfrOpy| am ne. " Am no-protectin ,
“ApipRptengss BByt ePil:t eveqndany ie ~NBH) pad fegiarpfi<t hgVRR) amines.

P@feﬁb@%ec%ﬁ’cﬁﬁp B teBIRY OnRHs alteoallwlé?)‘ﬁﬁe, %al%"lzﬁﬁlﬁé:tarﬁﬁnﬁg‘ d1&ylamine,
group whi | reactions are carried out on oth

ar@lhﬂ@mme n@ld diesliptanyee.  tFreticsbrpoeinacd mnﬂﬂ%sanéftﬂgwh amines are
in QRS | ar m I
mp‘hﬁgrg?éq %g@far oups, }Qﬁé#zﬂlgg& E@é@)ﬁﬁnm@ gﬁe?lylaﬁ'hﬂ%}/ benzylamine
dimﬁeb@mad@hyldmmvhmrpmé@mmmr@ml@ammmrr@noved to
regenerate the desired am ne group. Preferred am no
protecting groups are Boc, Fnoc and Cbz. Further
“Aewaoptotstiog gromE'se ugﬁddmp@ wfegs th @uidvatisie T thegro@seemeoaly¢mployed
to@&l/or?? g!'otev\p Snzaram OESSJhﬁlg? 1091% 91% ég%heg%gag{)t?crl@nvstionai groups on
th¥ookpoullY, EX&fdles afaph p:.rotei‘tmgfgrmhﬂashdmﬂc catbemetes ciriides, alkyl and aryl
ST BBr tStET ERET FRErRpn deiry e MR ol pesencrate the
defirddy afaine gfteup. "HrEfor&C himine (Colttdg groufsr garBee, Byt hedibz, Further
Joh (|l ey and Sops, ork, NY, he term.. :
cEppS SEiER: i g PRS- Qi Sifi‘ﬁrp%ﬁbs"f?tfﬂ?’a groups in
OMhatib SPMBes@l, 2Nl a&wwumrsan@mt Bedvi Yigk, N QUPSL, chaﬁte}’ﬂ E. Haslam,
when used al one or as part_of _another ]ger m nea

“TeQlPESiye (EpuPe PisARE P&efglﬁfa% oY wh &Y HdgOmgie. EbFlepym ?f&%elaew York, NY,
ISfTQVC%te? ReadiTRE 1Grodne CALHONIVR IR ETDs FE DX SRt SehtRsist fJoRO Wiley and

mber is desi %nat ed, up to 14 carbon_ atons.
Sqnnselﬂ@fr rYeek, A% 1 élro@b%terfﬂ ‘Protreted EvRpl refiisdp @R gmino group substituted

wl@}k&{ked?yﬁeabgﬁ%ﬁm &g{%@a{,{g opabht hacenyl, and the Iike

(see e. Lang' s ndbook of Chemi stry (Dean, J. A,
ed) 13th ed. Table 7-2 [1985]) and nost preferred

mp%en u%ﬂgﬁ}nk B{J‘Iis%ﬂrt%lﬁ F‘rﬂ)él#eg %F%ms 5 El%td cIaH)to@)g:h@ El%knagg Er?ﬁ;?%hether or

phenyl group or ary i tute
ndtiwsed hiwvimethe humbper of cérbmea}torps ddsgnatbd gr if no numbe i%des{gnﬂled up to 14

5onS %tﬁm%' t 5rerflt dc%%' upé‘I Sﬁcﬁe gﬁé?lgf V\ﬁa ?tg geo%l'rghﬁd phenanthrenyl,

From ogen {
ndpytthawnyl acdy tha dike Ifsck recg. Laj:g@/ Ha@qttroek ef é‘bényst@l (DBara Tk, ) 13" ed.

T%;!Jeg?-é C[E é&% Cag';ei%gg%y’ rfrgI gfﬁgal %Stlt%gde rh%%p%’é%um?ﬁn&"&%% denotes a

pheayxestyroe biyy grpuﬁlwstautymthyhc, tw@ttoée ddue dr five, preferably 1-2, 1-3 or 1-4

o PERBHE: P SRSt SPTay R pfigsen O CE B 1 hydroxy, protected
h)ﬁl&dk'ﬁ u:|y£rQi|,’1ydlia<b‘!1 aqulzl gt RrBBY cjl-gjé Sl razhﬁgn (t@f];cfcrably C,-Cs alkoxy),
eterocyc ary or ot r rou ECI | €
by reyp éarhwwﬂ@ctew %ovagwxmt { R th °X§'F’6‘g s}%&ﬁoxmﬂhﬂ
pbRE2e  HRSHIiMBN S JBYonidthyd,Ur Hréitect& bSirhthh&Hylw tﬂﬂaoromethyl
sim | ar group as those denoted above. nﬁl es of th

alidubiondampinei prytseldorieanng, he?%rﬂﬂ&&foﬁulﬁmmg BEroRyeh gl or other
ngstasﬂEPi?ﬁa obng'cﬁ'hﬁ!n%) ﬂ@tﬁ?ﬂ/el ((gﬁpldi?df&u%t ﬁr&‘ﬁe (CH,) groups in these

2-chl’orophenyl, 2-bronophenyl, | or ophe
substEUIRSIRYOIN BYh @p. yybstitpted wdqh(ﬂ»ﬁprmlqg Wﬁ a: thosp d@noted above. Examples of
thg lts%'\lﬂl %lﬁ t%%ﬁ%ken 199{1%;5 ‘Bchﬁ Hé{tl hm@d t?(; 9 %g@ g{?ﬂl(halo)phcnyl group such

as - Gﬂdﬁrcp‘iﬁenlyﬂ brqznqphwi oﬁaf#héfnynheww 6ﬁ@h10rqpéenya Zypthighlorgphenyl, 3,4-
dﬂl&l&!&}ﬂfi’efn?fflﬁ)cﬂf%?d}é{ényﬂ rSOM&n%%Hy],@?br%mophenyl, 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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6 hydroxyphenyl, 3-hydroxyphenyl, 2,4-di hydroxyphenyl,
the protected-hydroxy derivatives thereof and the
i ke; a nitrophenyl group such as 3- or 4-nitrophenyl;
a cyanophenyl group for exanple, 4- cyanophenyl a
or di (Il owner | ) phenyl group such
hgg‘ﬁ’@ﬂﬂﬁwb Haarghoxwéwaﬂ %4 “HEYHgRpRERY e pzotﬁﬁ%qudmwﬁﬂwatwes thereof

afkt he $iRe; F&rlﬁﬁc‘/ﬂh}m %fb‘,{n{) such aﬁt?:h}zﬂ ﬁh%ﬁlllmyl a cyanophenyl group, for example,

3-(n ) phenyl and the ik
ﬂV%"QPﬁ%‘%@) phBesa- g slifpwer oalk:é)p&wl egroup "Such as 4-methylphenyl, 2,4-
d?me‘[‘hﬂiheﬁll NOXYRDBHOA, 4%s di&%ﬁhﬁﬁyﬁ oxy;%h&ﬁVPfef? BY¥pylphenyl and the

4- (1-chl or omret
1136: eQ H@@Wpﬁfe ditpikoxgiphend ogyperp ofey )epirarlg:l 3.4-dimethoxyphenyl, 3-methoxy-4-

b?f}z&ﬁe)?)tb%ﬂ%y) Pk %Mlloﬂ-‘@ g?&ﬁ]&%ﬁy i’sgﬁ%ﬁ%ﬁ&@%@%") a3 rgthbﬂ%henyl, 4-

- tri uor onet
(ighpeepokprlqnbie n'il-[f botoxﬂphw{%cﬁ-ethoma#-bmﬂly))pﬂnetyyl angr theplike; 3- or 4-

ng?ﬁ%ﬂ»;/nge;thgﬁaég F@S{lyor carb%x 31 of {pr%tected carboxy)phenyl group such 4-

eny or (pr tec
ciryakypheppiet h yﬂo)lp-l'mr@l(]hydi‘unﬂmeﬂﬁrl)ahen@]- sﬁrﬁpﬂﬂ@ e&d éﬂdroxymcthyl yphenyl such

oY QURIEL D ABRERN I Bhedy ol SEESIYRNDRRRSY s Bono- or
ddgaminanehiiyphgmpmh eﬂ{spfot&mtll’anﬁﬁorﬁbﬂ(y@phdmgnﬁblh 3 I-Qhswonetion)phenyl or 2,4

r.ot ec nomet h | : or no-.. qQr
it RERR R B ey W<t GuTBmnapsheny! such as 3.0
myhmltf@?ﬂatﬁﬂmyjd pamyno);).xaaefmyl ternf\' sgbsnﬁgeat p}?h{n drepresr?nts cliisubstituted
supstitute represents di substjtute en
PRA¥LSSUR e ﬁﬁ E%WFS?%H‘F@WHF dorgsrpmglee methy ydroxyphenyl, 3-
clﬂéﬁ%%;ﬂroxﬁpﬁéﬁﬂhyjz hﬁtlﬁyﬁﬁmﬁwl 433‘:}455-2 hydroxyplhenyl 3-hydroxy-4-

chl oro-4 drox hen 2- met hoxy- 4- bronoph
mg'ogl%eﬁyll, Z-Qy 9@?6&1}}% y] a@th@,@lfeeg(sy\mﬂ_asﬁmqu gﬁtﬁ@:h}ghenyl groups where

the- YNk~ Ae ‘Hnjfe?én@ pﬂaﬁ RYdnpl @B GnettRy ULt Ry 1RS-6WRdthyl &81fonylamino, 3-
trlsubstltutedpg enyl groups where theé substituents

mgthaxyg#-bengylony-6-rhesy] swlienylagino, and tetrasubstltuted phenyl groups where the

s%éﬁfﬁ&ﬁso e %1@?&% yéugﬁ(yas en}l;]g%!'s leJ 5#“%1‘3?%’ e yP6 I]ﬁbgenyl sulfonylamino.

oxy- 4- benzyl oxy-
Pméqmeéguttsgtw*tetdmhe@vl mnyinc@dc) the? mmlemeZ argiwbsltehyluhtomophenyl,

ent
S e e
b@@ylﬁx)ephsryi ed Cis%bsthbtyﬂladfl phehmbthgx%bcnzylnxﬂpbda{] t he3-methoxy-4-(1-

lﬁor%gteﬁzé enﬁfe phe%ﬁlrent nggen fﬁlmbo&l%b éﬁ??}%& y)bh g o nilethyl sulfonyl
ammn‘pitehy:i)gcpjpe nyhsed afyfbhh@(maﬁalsd)‘&nmwtmmycphrﬁhyhy, preferably 1,2 or 3, of

bW RS PR 4 BRETT é‘r&?%ﬁib@% B bies

3- nethoxy 4- (1-chl or onet hyl ) benzyl oxy - 6- nethyl

«SUu enyl rou s. Fused a ring

S é @i s u‘ifgg‘ﬁci"ﬁggd WP ﬂcya % CEPRpALS Me gl hen \asleenslsedoqs a moiety

in2PcdnipBexSibigt Jubh ed &r&ﬁ?&beﬁkﬁ ‘érdﬂlﬁr@fefh toh théiR- %@-‘Tﬁr tricyclic aliphatic
ner as substituted al k roups. "Carbocy cl

nma
ring. VHM@ VI qa{:l)on atoE§Apg) Ef r émﬂ @@5?%?5@3}1% ]wbzcg a}ab_; (& saturated or

uBRErAAE NarbHSEt &% AolRofhic. PRIGredOTRIS%d JERYERySIHC rhré\fps include
a carbocycloalkyl group, refers to a nono-, bi-

cxelapeapyl crclehupriaeiogentyliand cyrehery goups andymets efed syclopropy!

arﬁi’l@’cl@ﬁ&&?ﬁn@%&é%&e%geg is Q?JIQQQ latP%‘ﬁ're\ﬁhﬁrﬁﬁufm cpr%ocyclcs are aromatic
saturatéd or 30 unsaturated,” aromatic or non-aronati c.

e-prasylegrouwnd as areyiontle defingd bibe }r@sq m‘efglrr@shlpﬁsng menylddhe terms “substituted
£Vl QPP OpY, ! ta ) t I

c %r og gl on cflrl?%:?%Q Qh e%{%ﬂé d&g@quie/agl %:f)lese g\%uﬁsy %Ll%hﬁﬁ@ﬁ by the same

su tltuents as the ° substltuted alky] group.
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and cycl ohexyl and nost preferred is cycl ohexyl.

Preferred unsaturated carbocycles are aromatic e.g.

aryl groups as previously defined, the nost preferred

being phenyl . The ternms "substituted carbocyclyl"
‘carbocycl e" and_"carbocycl o’ nean these group

“CUbIPrAreledde gruphas ussdhercinselers e enerf dit féteaéert\fﬁeves of the carboxylic

aci@ %ﬁ b&Hh&dy @ E]Y)&red tgrbfb‘df? or grote%p%yo;@flé)ﬁc@&: Eﬂo[ﬁg while reactions are

group” as used herein refers to one of
ceed el onyeiberofunetinnalcerpmrsxsn the coa@p@dgrwpb@mfemfycarboxyhc acid

pﬁ)@iﬂ‘@’egroh bl el 04- nmo%&gt t4hrﬁetﬁ8{y9&ﬁgilf' g,z;a&fngth GLRUDyI, 24-

ilons are carri out on-ot uncti on
dignebupzbenrylt hdd.6dnmeherdberzxianglidstriofetyibeheyt artsoeykihglbenzyl,  3.4-

ing gr cl ude 43.n s 440,
nﬁﬁﬁgn ox§'§%@ %y%ﬁ%%ﬁhoxybéﬁgylﬁégggmé%kydyl 2244
te@ﬁmethbvodoyrtxhﬁkyll aIRyM séoht ras rrebtltplwaenzxyjzl trityl, 4-methoxytrityl, 4,4’-
dlmefl-h 9}/&‘1 Il &P% 2% lbgen %{xﬁrﬁtg a?)w r11Zt¥11‘rfethylsﬂ'yl t-butyldimethylsilyl,
plzﬂe,ndéy4 dE,ﬂﬁtthdﬂytbeth)ﬂh)b@lfa}(tr1meﬂ1y251ly]4etl4yl beta- (d1(n-butyl)methy151lyl)ethyl p-

oill?eé%@ ny{l]ei%()%fylf %rgg%%}%/lﬂ,gg? 1F1¥¥ly Fllljy? 4cuzilamqu tr‘}/methylsﬂylmethyl)prop-1-

etdB-ljFETah@Kyé frioleYits. '14he4spec465- dfrchimBkpsiet figl tbup employed is not critical so

2- ph trinethyl sjlyl .. .
long k’ﬁ‘Eltt ?%ér% sbpgpflic acighis ﬁzi@iﬂ  the gongitionof PR FBERhipRction(s) on
ofaert Rsiibiid dl"ﬁ{em{d)l&duleﬂn)] Qirnd removed at the appropriate point without disrupting the
bet a- (di (n-butyl) et hyl silyl)ethyl, p 10
ffm?m?éfn ek Eheflaﬂwéet hy# palzumﬁiirt il elﬁlz’ylr@u mPo Ry FUbiIGsY P carboxy-protected

mdlebt o %ﬁ?%&leoﬂul{ct bdstetshod 8d hlﬂlﬁ?ﬁtlﬁ)ﬂo)(ﬁé% 1LIaOH or reductive
en-3-yl, and |ike noi et i es. The speci és of

crditisnk yUplying dighhy agjivetap meatd hagedssisycinay LrHyi dychshgrsh removal
cdrAN@ndse taiaet&trerakfxlasd %hh 1EA5RR & pﬁgécgnéoﬁn‘oﬁ% t%ﬁ&e gydmy.pmtecﬁng

the condition of subsequent reaction
gigors: disgisesddlonhie Prefiresd whibortid aeid prasesting eovescratheratiel (e.g. methyl,
PLARL IOttt ti :
cFPECARL, NP, BN anttriRithrh Bl S Mook BRI PR gl used n
tmu@phﬁdctsr)airc am‘:bmﬂlyn yand)mepxtdeobr&&amﬁl@cbﬁ @sedotosprowetga carboxy group
su%gt?tluen hy u h%r Qx%%ne%s of ﬂx%?e grs IsI atreh fou n%ht}/ ﬁrW(I &nd ra cl\lﬁq;' M. Wuts,
or Téduc I ons lnﬂ 1y activat
m‘ete@tivef@rdupsdlesi)xgamh SaghdsisAl :Hiled ;(Bhﬂl’Wil‘@r&rSone rmw,aNew York, N.Y.,

T Plsbls O Bt QPR SaR R B By BIGRG iy O - MeOmie, Ed.,

P fuahl [F3ess dNS\QU‘S(ﬁ’EdNUlE‘J 0973) CRagéeb,) &l TAY bGkyhd, CPatdctive Groups in

rotegcting gr are the k . |, hyl, .
2apiGy %hega v &n%ﬂ@hafg 1505, Y€ )Qr?lﬂé ?@géﬂﬁ tn%ngesép?iqe Yerm protected
cabbdRy! aters & 2¥6x P 0L S Siibk it Gte @ (it Bic sf3RHabote ciebokiProtecting groups.
cephalosporln penicillin and peptide arts can also b
Jsed to protect a carbox ? oup ~substituents. Furt
%%ar?mee Sengytestthe gr@u@ r%ldﬂé@ whrein & 15 H oy alkyl s ﬁ'é‘“%(h deefe"cd
Bnidiae iMhe ive Goups in Organic
gSynthemsg&%g ?%%n Wley & Sons, Inc., New
York, N.Y. 1991 ter 5, E Haslan1 "Protective
I@c{tjw§3rptﬁct@@gmlpc a@f@@rﬁgglpyefers Jo a derivgtivend ¢ hydrogy group commonly
erhibl6: P ; grobg /
T]!: Vg@dmoeglﬁgg' or g’fﬁg%cgg{i%(\lllg&l&%o l%oégl ﬁhlleq@ag)ga Iage cﬂ'ngd out on other
fuggtimple siretps  gohtheWepmpoundd SorapleNewf Yanek , piectingdgaroups  include

teca b&%gra ¥10)§h Edé)inl ?%{Eogc e%&rﬁﬁm%)ﬁ % g]&?é%fﬁlér %Lde rsﬁylél:ﬁ*::rél (e.g. TBS,

TBQPE)}ﬂ‘yuggrlmr@grthngp]gs ofltpese groups are found in T. W. Greene and P. G. M. Wuts,
“Protective Groups in Organic Synthesis”, 2™ ed., John Wiley & Sons, Inc., New York, NY,
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" CQuani di ne" denotes the group -NH C(NH)-NHR wherein R

is Hor alkyl or aralkyl. Preferred guanidine is the

group -NH C(NH)-NH2. 30 "Hydroxy-protecting group” as

used herein refers to a derivative of the hydroxy

1 ro%g conmnon| %aﬁenpjoyed to block or protect the

%)d? RS b dp Hawtiame Prodectivs Groupsip Orgamic Chemisiyt, Jof: Wt MsPmie, Ed,,

PleblB6 PHead) NewI¥ RKRFY, qr973 a5 AN -w EXBIHR! €8010tive Bedlips in Organic
protectln roups_include tetrahydropyran ?oxy,

S’B’é@?ﬁ’éyl ohny Fb?(‘}ﬁi S%‘&rWS?IIROW; 199 nAPe tenar‘fgrotected hydroxy” refers to
a ﬁjfdrd/ﬂyegtr%rsﬁbsﬁ ﬁ.rttgi wittoRe oPthe Iﬁg%?ﬁﬂgh?ﬁ&%wd:\%ﬂ}@}e‘ene and

1
exanpl es of these groups are f
“Hetergpychg gnpp’s “heterpeysti€c  hejeroagelstipheterecydiyamt ¢heterocyclo™ alone and

S ed. j S , Yor kK,
Wl%({]nhgbg é:iLS; 1r,nglgtﬁ’aglt %r(:smg!% §Vygﬁy }—Séﬁsl-'l g%% hﬁ!ﬁ%@?yglgglﬁ%\{ gBIOUP, are used
in@grehapesabln a@d gafer ¢o @me moso+ \pi-, od tric@clidNsatvin@di @, ursaturated, aromatic

(h Jethg\H@’ (]):; %S‘a orlll\#:{‘ c Ve%&‘% I\IYl’le 1&?1%3%? gﬁh 3 R‘lt %{/ﬂgﬁl&e 'n ge.n:gfaYl\)/f from 5 to

abdohid rikgl aaynsawderSd'reSmg hl&iMs‘éfHdﬁrboNﬁd At It ond hetedo®biM (nitrogen, sulfur

S I T M N

bcgtdmrmls 6- & 7'-ﬁtbﬁlﬂ:r@10wg| Has 0 @ Dﬂlcﬁlble bohﬁ A Grdgen or su]fur heteroatorns
m hetﬁro%%% heter gb% or "heterocycl 0" al
3 PSRRI ot Saliad (& And, 205 Afogsn betaaﬁorguew giionally be
quatelttedr Ocmfaﬁddkyﬂongﬁ'&h%c HeRrddSALL 1hé]ﬁ&r chapBEaAR! Y(morpholino),
fer to ny nmono -. or tricyclic, saturated

pygpﬂgﬂﬁ at UPat AREARe tet’(ahlé‘%r%’?uf?&ylyl ) 2-fihyerefusanghat PH-pyranyl,

tefrdh}@roPRihyld tHuI?&lyn URehyI10 fretBh QB thEes ) 0 Nk Rithyl, g&@ﬁ&n@ll Y -methyl-2-
from5 to about 14 ring atoms, where the ring a

PYFeE L cRiPHeYA fad Aipcridazt éneheﬁ'é?cefﬁledhdmgcmtwghqﬁerocycle group as
deitiéd bzlfov@Qo@J?en%?%ﬁ&h @%aﬂéﬁfg?(%@bisyd ﬁnédoab%ve Pﬁeferrcd S-membered

heteroatons Typi cal |y, ere rong
heieaprprles coplsinire sswfeer asygenatpendydione torthieg nﬁtager@tqrms igclude thiazolyl,

in %%Qﬁ]@r tlﬁﬁ%i% ﬁ'ﬁgd hﬂﬁplgi gﬁ@g ide QElaégoﬁ%&;ﬁgﬁﬁﬁlgxaf M ¥hiadiazol-5 -yl

Optl onal e OXl

angl {2 ddleipdisret- éwbammlwawmfmblm nadatcy-zbé, alqhakahazolzb.dsuch as 1,3,4-
OXE&E{O y? qn??? 4%&9{1}?%0& S. ;1 e]‘rgfeg'gé/ g lfn%glbereﬁg rm%ﬁetergcr}fc‘es containing 2 to

YFTo
4 mkegeamydms mdudcahyéhzolﬁzu mmﬁgthbly ﬁnﬂazd;i-nyij rmafzulyarpyéferably 1,3,4-triazol-

A T A

beazefusadi iambmbe]:ecmﬁatdngdyelﬁs alﬁ)bbrrzﬁkazbl, 2-pi, peizthtazolyd-ylednd benzimidazol-2-
gr ou

p A "het erocycl oal kyl
lheI{%eF%e‘{/g%gmaFrSﬁ &etﬁg‘f’cyﬁ R é?f’o(?ethﬁc&fﬁﬁ“@ﬁllIaﬁf’“ﬁoar?&e(lﬂmo“any a
sutfar an’loﬂjgkxwatc%ﬂi ?Mp eﬂﬁn}lﬂefpyﬁ@ﬂt akBVA. pyrides 1{5:1][ pRGh-3-y1, and pyr1d-4—y1
eter es containing a _sul fur_ or oxyge
PYHP’W éﬁﬁ‘grahléf BB Ah PY By e YAt BREYIneefFErbly 1.3,4-triazin- 291 and
1,3 htrﬂzZﬂl-@/jl’l, pyridBzifA[ thipaticdlbr fyMdRZRE-y2 afd pARSnyl. The pyridine N-oxides
ol -2-yl N-oxide, thiadiazolyl, in particular

an Pé“ 21k N dep o g, pyrisyl, gyeimip-Dyl pyinigd ezl and the 1,3,4-
Ul&&ﬁ%@i Erblipsg bRf £hRRir¥d %E 0|S‘ugstfﬂentsafﬂldoﬁ?&ﬂmy%ggtﬂted heterocycles,

4- oxadi azol - 5-yl,
anq fugthgr W@aﬁe&g%qhe §=apd, 6-1mrglffréqdrr§;g ssstm-,@;wge@d plqYg can be found in W,

Dri@hELREY G €8 .SCPALANI NF7827950

“Heteroary!” 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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4 nitrogen atons include imdazolyl, preferably
i m dazol -2-yl; triazolyl, preferably 1,3,4-triazol -
5-yl; 1,2,3-triazol-5-yl, 1,2,4-triazol-5-yl, and
tetrazolyl, preferably 1Htetrazol-5-yl. Preferred
benzo-fused 5-nmenbered heterocycles are

WHER2bleas Gne g s 2 re ﬁz%?@i@b@rgy UNe eanépinies TP a8 3o faup heteroatoms

se?e'éteﬂ'fronf’ iR f BeupetréeNEsRELE dnd &hiRK, OnY %Le?&a@? reﬁ ﬁhﬂ olf'Beteroatom is
to three nltro%on at ons andotlonag}; gh fur or
inqthe

nigRgPeth aug b ifanglenok o Lihemistrpysupta) Inclyd p&ﬁm@mzagq any bicyclic
glﬂﬁ(ﬁs' v@le% z}ﬁ of %Qbmérﬂegrqéghf bin ﬁ 4y ﬂsgﬂ &'135' i%ﬁce;n?% af?ét%'ﬁary]s in which
pyrim - triazi n rerera

nifrogen/pr tOKYgQE |1:hthg hytproaﬁqdl arq;n:gfesrsdr Thczfqlﬂomnghmg systems are examples of
| 13

thQ%ﬂe%ﬁJl QML&H}]& %u@s%E%é uﬁ%ﬁ%l'teg?ﬁaoﬂgpz %%/{Jﬂeg g:?iqlb]ee term “heteroary!”:

thNnElXI de’é amdaaolryé p)yrazoribyl thigeplyl, misdthizety, qglyzq]yh dsodazply], triazolyl,

thpa\ﬁ[akg élrogéé az%l}’gu{eggzg LY 3 hf' tr;?’aQZHﬁy gl t%%{:rlazo% ¥y 63xlgjﬁ)iqugyrinn%yl pyrazinyl,

p)smbzanyll mhlmﬂnynebmzngy cirmanyl amialdifiy, hexad&xmy’pl cﬁ&uaﬂfnyl, hétoxazinyl,

0 6h1ar%81y1 gewl%flthFgT rl ngggyté%m m? dd th S %?Vlﬁgf %rhygropynmldyl

tc#ak@ﬂﬁ)p?&&dyl Itdﬂﬁaaﬂﬁ[&lb')ﬂ]pyrﬁlbﬂﬁb& 280 ﬁur\ibfw,rhs eflChs d8n-fused derivatives,

fo@r L et ple g?o%g@ 3@ %g@g@f?]réﬁ%gotg]ﬁ;ﬁy]hgtgeg%q%i?i@s!ﬂ%ryé benzotriazolyl,
beamﬂiaiamylrana gnc&]/ﬁt@ mﬁwar{wp&i&ﬁemgﬁbﬁbf ﬂi‘eteedaemmclude 1,3-thiazol-
de3|%ﬁated r

6-
25L nts @Péﬂ“‘ﬁ‘ﬂ& Hﬁﬂ’ﬁ’h FnﬂH@Z‘# 23 616%“'%06)’11'*61]}'1) 5-methyl-L,3-thiazol 2

sddfle rsgat pPE- thl§<ﬁ!11%§-§ffﬂ j-ﬁenayth@ 4qhiSdH 0Nk tyr ON€R.riRSN SN 2-methyl-
and sul fur, era | east one heteroatomis

L trasgltry Rdwgrosy- l‘-léﬁdﬁ%’ﬂcgﬁf 2egqdeigtmethyb g deyiazol-5-yl sodium salt,
2 l:ai?'%ﬁj}'dﬁt%thﬂ t iw trga%l' NIt T QA RLA)I @@V bi £y Giddféz?lw ﬁup§-methy1 1,3,4-

wher & any the above’ heferoaryl rifngs are fused
oNgigzateylr ﬂgdropwethﬁhﬂ yldpxpdiazghPoh 152 #rivzadizgelrs-gr 1,3, 4 thladlazol 5-

yIOXNAED § 3-tki 2 0RE Gf 2 : mgﬂgﬂ% ?) E?,ﬁgﬁﬁ&e: i oip% Jn? \A#]Q\ﬁﬂtlntgladlazol 5-

ring systens are et'h
VisUbstitaied lomethyisiibstrazolt ot )l - dimethy devrodein 24y)- it hetrazol-5-y1, 1-

h | t hi d Lyl .
(cgrﬁs me&? )el}?%frézzogf )ﬂ Ilgg %{ldxgmo E‘nél% '1H- &%az%llz {ﬁ/l’ sodium  salt, 1-
(meﬁxyi@a]imh«ylawdl ‘rfﬂmtglﬁ-yl t-matblyl audiohiy Ia,c1dO})IHdétmzoll-fyj/l sodium salt, 2-

metﬁ ﬁ%ztg %z'oi S a@ gsﬁam%% ’é@ﬁgl&ﬂj}fﬁﬁ'}#g? ﬁ méthyl-1,2,3-triazol-5-

yloxéamleﬁly]-l 2 anazsi 5wl |, pirid-Bdi at-bxive,, @Xﬂﬁbx&lﬁ-(ﬂ)dmde) -pyridaz-3-yl, 6-
i thiazinyl I t
SRk oy Erv R ohy P A Py SRR, 1056
tetrd‘ﬂyd@liﬁ Hioyd-¢ nd:tHﬂrYﬁHﬁﬁMﬁBt?l dyil.4,5 6-&@1taﬁﬁi%’ df(ﬁﬂwlhﬁihSiMJS;G dioxo-as-
pyrj dazi nyl and

tet
iR A géﬁlyg‘@rg KRG peoxy-aptypzinet; é’ﬁ'pq %d%ﬁs és@ézérwoxy-as -triazin-
3-bendiahual,2,s- &ﬁy&@smxaz%aﬂoxy baxpast- erﬁ&irﬂ??i s)bhlurn salt, 2,5-dihydro-3-

benzotri azol benzoi m dazol yl "and i ndo

O’ﬁSE{Sr‘TYﬁE‘I}D’E@r’P?XBHTaé'F&ZWe%y lgr o?uizdlardmﬁ@ﬁeﬁdmtwv ern%thx]aertnazm -3-yl,

2 idﬁy&xjalﬁéc@[as tr%z}ﬁlé %1 2,5- dlhydro 5-0x0-2-methyl-as-triazin-3-yl, 2,5-dihydro-5-oxo-
(car box 3-thiazol -2-yl,

2 ﬁrﬁ(ﬂ@é%é%éﬁ@ﬂﬁwl)tetgznleﬂhiﬁm@zmm@ql 8 amiyiotexszole) i bipyridazin-
6- glal tan a]rve%a&vet %bl?;ﬂbfa‘%g efodf mi:/ﬂudes 4- 3(carbr.uan;m:thylP -metl-fyl -1,3-thiazol-2-

t'hi adi azo
ylp 4@@9}{ymet§y13-54neﬂhﬁléédhtagﬂ-§l}yl sodium salt, 1,3,4- trlazol-S-yl 2-methyl-1,3,4-

nlgzolp-¥ ,OXM- i!e'h”ézo‘}'S;}fl I az. 8463;1?1’ VI-I_I tetrafol g_y)ll,l Ec, (()1 dgdbrrrﬁtl%yelﬁmtn’no)eﬂq -2-y1)-1H-

- car boxy- 4- net hyl’ triazol-
te@azeb&bbxy(mbmymythyl}lﬂ tefraroliSadol -Ganpbxymethyl)-1H-tetrazol-5-yl  sodium

salt; ?’:(Iglétﬂ;lglhfo%fcyLcid)g'l’l-ﬁteééz%i(-@-q/i, aﬁ%étl%ﬂ%hbni@_ag%S-l?Ml-téuJa’zg’l’-ﬁﬁl sodium
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oxadi azol - 5-yl,

2- (hydroxynet hyl ) -1, 3, 4- oxadi azol - 5-yl

1, 2, 4- oxadi azol -5-yl, 1,3, 4-thiadiazol-5- yl,
2- thioI 1 3 4 t hi adi azo] - 5-yl,

Eé &23 1, 3, 4-1 hi adi azol -
B SxtfiraTe %Gﬁwxyﬁ-memlﬁ@frraa:z& Y15L.46 6-tetrahydro-4-
(zlfoﬁﬁ_,tll'i‘lb’thylb E%tcﬁ&xbfh%-@nllazﬁl 34%1;, 2,5-dihydro-5-ox0-6-h droxy—Z -methyl-as-triazin-3-yl
di et hyl am no -M+tetrazoF -yl -
SO(il-}lg}EBl %,ﬁ-gthﬁ )S—cpqq_ l@{dfogzgrmghxhas-mazm -3-yl, tetrazolo[l 5-b]pyridazin-6-yl,
onk SEAFRENYIRII horddphgtnazol -5yl sodium salt, 1.
(net hyl sul fonic acid)-1Htetrazol -5-yl,
1-(nethyl sulfonic acid)-] Htetrazol-5-yl sodiumsalt,

“L@qlblfﬁ?* mélns]a%ohﬁwrﬂzﬂlfﬁsrg&&ces éﬂ'zﬁ‘ev%nﬁ t*ea%gé gofy fAP apggtflng to caspase

- et y triazo
pr91|ems 4orng¢hrp)l;n| re_’du@s 301 Ipreazlm -the yhhlblpym i &f- quptosi‘sl- by(l age JAP protein.
A@eﬁ%@?é{}?ﬁg@;” gﬁ%ht?seg i&'}f E@{V}l?éh prev; ts %1?6 binding interaction of X-IAP
with ¢aspassd quyirei mnMnyhteraznmwmﬂxmwnmSM yI 1,4,5,6-
tetrahydro-5,6-dioxo-4-nethy|-as-triazin-3-y|,
1,4,5,6-tetrahydro-4-(fornylnmethyl)-5, 6-di oxo-as-
“Pﬂmril‘razéurtieﬂl-yyalcceptable sa]ts” include both acid and base addition salts. “Pharmaceutically

5- ox h & trjazi
seeobf VR ETBnGRE! Bty B Biy e phEatten ol Yplogiltiivencss and
prS]&i'tie,s of the free bases and which are not blologlcally or otherwise undesirable, formed with
dr o- 5- yl -astriazin-3-y

m%rg%ﬂ %?ﬁ asquh aiﬁ%dgéﬁ?ll-'%/h%%sld lxllyd2 obromlc ac:1d sulfuric acid, mtrlclac1d carbonic

acilX phOsphyGld QxM- QrIdT\‘ﬂ{ethe agmit b gélﬁé Neds Y may be selected from aliphatic,
- OXO0- nethox - yl -as-triazin-3-yl,

hydro-5
cyé@gggngu an&,_ gal&b@n%gxeferqcagl}cn_cgb%yhc and sulfonic classes of organic

acils Budh AYYRFfic 5{:1@(9&3&5 H8H S]M'l)pl@iﬁc taEnHail i3 aYild; luconlc acid, lactic acid,
2, 5-di hydr o- 5- oxo- | - as* r|a2|n %

P}’f%’}cr %{:ﬂﬂo(?jflfpc g.qu]rpa}]l,c, @aiz il ege 9q1d angjoneic acid, succm:c acid, fumaric acid,

tarr R A OLi Bl 28ROl Phrdic émg’]as&)\‘l;l& dad 'g’ﬂltarﬁic }éng difhranilic acid, benzoic acid,

al ternative group of "heteroaryl™ Inclu
Clrmal(ﬂ@araﬁléxyﬁmdhl}q acgl, nemtippic- [acig, tihenylasktio- acyil, methanesulfonic acid,

ené.néstgasrﬁ@a@w%tt&mes fo tappa' st ré %Q @ﬁ,g.ﬂg;,e el sodium

4-triazo
triazol-5-yl, 1FLtetrazoI 5-y

T]}%ﬁ&?%{:aﬁl&ﬁ:&ﬁ%&kﬁﬁ% e ?%&l Jédn a)lts ﬁcglge ﬂéQ[SF gsr&edsfr%ﬁn inorganic bases

such- @g apthomy rmtalssytkn)n HHiunet erramm{mrﬁ yalcium, magnesium, iron, zinc, copper,

ma 'g %&r Eﬁl)r%s{ L{J]en% gnl é‘ &}tc dﬁ(t r a?t%;ﬂ%é& lcgre Odegt}luarrré th%aangmomum, potassium,
sodlul(mﬁﬂdmgdh snd frxagneeluﬂﬂsadé Sdttstdetivaiziddm phathmac@tdtalinacckPtable organic

nofSt ot e o8 PRy oRes s R e, g AUBgped amines
mc]udfﬂngSnaﬁzrh]QI 6@h1yﬁngul48tltuted amines, cyclic amines and basic ion exchange resins,

ég for S@X % 5, 6-di oxp-as-triazin-3-y
SU, 525 1%?@/ i85 o-BIRPUFBI. 29Ky lpincas nﬁthyéﬁﬂlms _tgjpropylamine,
ethafdlarhine,s - dlethylammocthanol tnmethamme dicyclohexylamine, lysine, arginine,
2..5-di hydr o- 5- 0X0- 6- hydr oxy- hyI-as triazin- g
hlsflglp? a5 ?{ YL, psocgﬂn&y hydygbamineg - c§;p]1ne A/@ine, ethylenediamine, glucosamme
medryBiNicaRine! HRgtloRlint %uﬂe@)’ bipdazihd)- Bpddined N- étﬁ'ﬂblgirsd?ﬁ olyamine
means, a conpound mﬁ reduces or prevents t di $
resgp fn8p thsr fke| nEafP@Jl%fbs pederedp prepnie rfzpndpxmma@ﬂs areduempylamme
dleﬂ{ylaﬁﬁﬁev eihrd1driife, hﬂﬁ@tﬁﬂlh&o 810 ﬂo%gg%ﬁé ' c%oﬂye, Qﬂlj e,
protein. Alternatively, I bl means” a conpolnd
whi ch prevents the blndlng interaction of X-1AP wth
caspases or the binding interaction of M.-1AP with
SMAC. 10 "Pharnaceutically acceptable salts” include
both acid and base addition salts. "Pharmaceutically
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acceptable acid addition salt" refers to those salts
which retain the biological effectiveness and
properties of the free bases and which are not
biologically or otherw se undesirable, fornmed with
%b anlc acids such as hydrochl oric acid, hydrobrontc
e Eiyention Iaro‘&é?samﬂ.cm%mgtztawns chergspRpldomBilak g,
phosphoric acid and the |ike, and organic acids nmay be
sel ected fromaliphatic, cycloallphatlc aromati c,
aral i phatic, heterocyclic, car xyl c, and sul f oni ¢
cl asses of organﬁb aci m_¢ acid, acetic

acid, propionic aC|N coI c anld coni ¢ aci d,
lactic aci d, pyr |c aC| oxgl i cXaci & malic acid,
mal ei ¢ acid, mal orf ei Craci 5su C|n| |d, fumaric
acid, tartaric acid, |tr|c act dxZaspartic acid,

ascor bi ¢ aci d, glutantc aci d, anth?anll cid,
benzoi c acid, 20 cinnam c acid, mandel £i d, enbonic
aci d, phenyl acetic acid, nethanesul foni cid,
et hanesul fonic acid, p-toluengsul fonic acid,
salicyclic acid and the like. "Pharmaceutically
accept abl e base addition salts" include those derived

whdr@ind, FOAIRNRG KIARER,, RURD, RSand @i 448hs RIS hétdh.
l'ithi um amoni um cal cium magnesium iron, zinc,
copper, 25 manganese, alum num salts and the Iike.

xP: ﬁ{dt)tzcdt‘é @JchYncﬁﬁé?zE 8808 eIntz{:[? %@Qﬁ me‘ﬁ?ggsaﬁéll gtg]are bothO. In

sodi um cal C|un1an na nesi
anphgirPisFeaeArgmbodimeni| leard&éem zbblhe? dngtavth@ prefomedostitpdiment, X; is S
wﬁ?esfsls bn%ln %%r ﬁl"at’eh%d 91];1?&1%1%\? 'i§ 6%?19 FsyS . and
ertiary am nes, subs ut ed ‘anti nés di ng
naturally occurrlng substituted antnes cyclic am nes
[ hesins
Ya[Q gCﬁﬁavf%r?? %é%{%r : rret]%yl an? ﬁ'%d R {ih ﬁﬁ%ﬁn alkyl aryl, aralkyl, amino,
arylamet)hglkjdmlme,, art]ky]pnmpydlhtxyﬂz&yloﬁ;@oreztrkihﬂoiyan].‘hmeparttcular embodiment,

Yds é| o %}} al %‘teh %nglg}?pt ] %Snthl an;?aﬁtédular ﬁplg?ql]a'ﬂlﬁ'él is 1 and Y is CHR;
“’Mé‘ﬁ &) “@Talm@@aﬂ)ﬂ exanipyecicab@oryn e a ﬁdﬂ@duﬂzﬁt embdil:&ﬁ]att R€s 1 and Y is CHR;

et h%%???ﬁid hlgg]Pg%lF?l%L%n%oa%gg&?e isj lnagﬁ%?/ Fgg—l} m R7 is aralkylamino, for

exblnﬁl%hyén@j/@rﬁfnbdl e, anPBérY BERIAGar ERBIdNEerANY ffsh@ | ik @nother particular
Particul arly preferred organic non-toxi c bases are

embOdiEBhY ISt ne,  di et hyl anmi ne, et hanol ani ne,
tri met ham ne, dicycl ohexyl am ne, choline, and
caffeine. 35 11 The present invention provides novel

Rig® o it S-FEPER BeteREY CletRBIPaRIng drimfl Beteroatorpg optionyily gebstituted with
anino, %drok'lj\i, NleNaﬁ%, haﬁ&eﬁ, ér%%yl%a%o, %uamdmo, alkyl, alkoxy, aryl, aryloxy,

acyl, acyloxy, acylamino, alkoxycarbonylamino, cycloalkyl, alkylthio, alkylsulfinyl, alkylsulfonyl,

aminosulfonyl, alkylaminosulfony], 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, acylamine, cycloalkyl and heterocycle
substitution is optionally substituted with hydroxyl, halogen, mercapto, carboxyl, alkyl, haloalkyl,
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5 wherein X, Y, A R, R, R3, R4, RA', R5, R5', R6
and R6' are as described herein. X, and X2 are each
i ndependently 0 or S. In a preferred enbodi nent, X,
and X2 are both O In another preferred enbodi msnt X,

and X2 are hoth S. In anot her preferred enbodi men X,
ammoguira, syglpgliod. aggl or @ hejeroeyele fyp H@Fc%@r@p‘@pqllgﬁnt g A is aromatic. Ina

p&Na0sHHBBdiment rinlg S IQS\MH bR & Y is (CHR7),,, 0 or
S, wherein nis’| or 2 and R7 is H halogen, alkyl,
aryl, aral kyl, am no, arylam no, alkylam no,

ar al kyI am no, al koxy, aryloxy or ar aJ kyI oxy. In a
parti cul ar enbodi Y is CH2. rtlcul ar
embodi nent n is 1. 5 In a‘ partlcular eyfng Fnsnt nis 1
and Y is CHR7 15 ﬂme;u R7 is aral@e ) for exanple
benzyl oxy. In a par}mﬁjl ar enbodi ment Ng7is 1 and Y is
CHR7 wherein R7 is F. In a particular ‘D]’oodwrent nis
1and Yis CHR? whel®in R7 is aral kyl anﬁ for
exanpl e benzylami no. In another particul ar enbodi nent

by s Vs Ural Rl hrtar B gl o con pRtmepially CRpoips wherein &

ishEf eﬁlﬁlat QUE 00N medapth,yhaeteht tdrbtixel] antidiRo, ga,mnamo, alkyl, alkoxy, aryl,
hydr oxy mer capt o,. hal agen, carboxyl, am din
ary[9X ki "&V]n acylgqyk?,qylangqlq{ (gyg}oa]lgfl ¥F 2 hgﬁcwcﬁg&, wheéedlg, Fach alkyl, alkoxy, aryl,
a@lb)ﬂ/ Qe W, ao@f(‘oﬁ}/ @%?lﬁl@nmoa&)]@%ﬁc?pefna%@ﬁéfo@fﬂl@ﬁbbstﬁb(@dnqsﬂbﬂﬁdnally substituted
I yIt sulflnyl aIk lfyi
gw f Beﬂgaem mERSAtR rAerhesYl #lisHy haloalioily4raing. froteey Icaeipaley], aryl or a
h&éro%cn:etfﬁ rQQy.Cdigyl, Wr:ﬁj{ln c?@&aliky@lohél heter@c!ykféx)hher%ﬁlyéach alkyl, aryl,

aryl oxy, acyl, acyl oxy, | am'no, cycl oal ky
cm@wb@%heéerg%btw pnﬂqnelrlw F@stztgteé peithdrydronyl, b@lb@m tnaltceao carboxyl,
t | ox ¥l Vard
alﬁ?lkfga)}é}ly}@?] aq I?hﬂ% %%lk%mfyﬁ&?% getcr %ﬁoﬁﬁﬂ Qo 1 Fggll d&ﬂln a particular
erapadimet, ralghétleacwwloef forinmlaall. dmrie qditiselat ;mbd\ﬂem@n magifers a group of

fC!Pl% Ellﬁ P&/M&ng (%I il %R%thxre]%l'i? is %{y? of ﬁettt%rgg}gll J»legI‘Zl :lllgsﬁ{lﬁﬁttlwte%das described
alam: dﬂma) part1gwjmndno|quenahkg/h is al glmqquf fan;uﬂg It ar.rhytemx% is CR9 and Ry is
pﬁacél Inr‘]‘ péh%x%g ¢ @%ﬁ] I%%nt,ﬂg If)%ngyc o?quéjl fol )2?/ ’IIhv?'hereim E}yls p and R is

pieayll 20 W2, iaCHloa MFN Oy amytet aﬁlbdd)dhelﬁ,ﬁﬁlgl’ﬁeisargﬁm}podféorﬁﬂla I wherein Q, is
ubstitutio opti onal | ubstituted with dro : .
CRa S PHEEAI o RB SO AR L A G RyY TOrm rherein Qi
Camﬂa(ﬂspyﬂﬂfn[py] aﬁ@rQqut ky¢l, aryl or a heterocycle. In a
particul ar enbodiment ring Ais aromatic. In a
particul ar enbodi nent ring A has the fornmula Ila or

Il dnBihePerilbd@mtBing @laddBrdfdgAo Ror Wb jis 4 pyrdold riky Sgfiokdlly 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:
\..‘-. \ l--. /@ \hl
’ o O/Q
RBNj© (JQ \-NRg g
Rs

13
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51lallb wherein Q is NRB, Oor S, @@, @B, A, s,

B, Q7, and B, are independently CR9 or N, wherein RO

is H amno, hydroxyl, nercapto, hal ogen, carboxyl,

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

acyl, ac oxy acyl am no, cycl oal kyl or a heterocycle;
WW@P&EdS 13 leyfxamg]ele%pyl %{p)g)pr py_qyyglﬂwa@gly( or géwplc acetyl). Ina
p@ﬁ&{jlé})é};hbo(ﬁﬁ]yrhtq.{plm cycl oal kyl and heterocycle

substitution is optionally substituted wth hydroxyl,

hal ogen, nercapto, carboxyl, alkyl, hal oal kyl, am no,

IrFHanh@v erfoalrRdk lﬂ}{% A JQE‘MLn Qﬁtmﬁ?ll)hﬁbﬁ hﬁ&i’ Ghe alkﬁi8 a%y? afalkyl, cycloalkyl,

ary cycC or a heterocy

cmﬁ@laﬂwb adliqteeqcm}cr or aabeydroCYCIG?H@MWWIIY&H@UMQ@F% elpgen hydroxyl,
t I
m%]%a}gg c'a%?yl ME%;]}%?%QH&% E—:?/rro\”vh aI %ﬁlﬁf( %%toaﬁag?&ﬁﬁbrogl’mcnt ring A is

mercapt o, car

s@ytﬂh@éw(tyla,n amly)l' heteroaryhgbey. olmyechagticudan dmbpdimer@Hing ANs selected from

L.n [ r 15 embodinent, ring Ais a group of

thfgmza Q&Hl g?tﬁ a particul ar enbodl ment ring Ais a

group of fornmula Il wherein Q4 is CRO wherein RO is

aryl or heteroar optionally spyhstituted as descri bed

above. I n apar | ar enbodi Mg '

formula |1 v A is CH8 ¥R is pheayl™Tn a

particul ar @gbodi nent, rin§ is a group 6 dormula Il

V\,herein X is CRO and R9 is~ phenyl and @B is CH or
In anot her enbodinment, ring Ais a group of

ofor » .
pgrﬁd?%lr aengJod \M%ﬁ %lgnot tt?xoé‘%ggg?}@{%ﬁy %?‘Péﬁlgut% iwéth aa]]grr],o ﬁrr\)/l, aralkyl,
cyfoaliopl, mybhpa]llcylaﬂvh]e rae ihctel@fyCilfS or @GRBster@yciesallyl r dpdiorgl- gbstituted with

hagcggegr aldrlr(])xyl mci-c]a%to,o C alit F']{%Qf}%”f axt‘rﬂnoirql(\:]nop ?ryl o i:teroary] In an

ersbd&hert tmhgok i substmad:dwith axa aryl pr Batabdeyll growqy clnoaalbdttydular embodiment,
Ioa a heterocycle or a heterocycl e-al kyl

AR g o B FESERE i« hal ogen hydt oxyl

mer capt o, carboxyl, alkyl, haloal kyl, am no, nitro,

aryl or heteroaryl. In an enbodigent ring Ais

substi t ut e.d Wi n aryl ok hearyl group.

particul ar] ment, ri s~ sel ected pLOR

group congls i ng of: N p NR6 Ra 30 1% herein R8

is H alky (for exanpl e neghyl, ethyl or prdpyl) or

acyl (for exanple acetyl). In a particular enbodi nment

R8 is H In another enbodinent ring Ais furan

Iropmtkmaml;od'snﬁmstringuﬁea miredelea prtjonallia sybstitugadawidly | alkyl, aryl, aralkyl,

Yo%{ f§(¥1oalk§l?&<g]%/ H&(a"f)ﬁi )§¥|Su @tm{a?)ht k. t]ﬁ]oﬁe{l v substltuted with

hdiggtndwslioxyl nreroagtpi GQTbQXaY ladixs haloalkidy lemirtwahiral Ryl or hetet’oalyl In an
err%bo r&?&t rm& Pis s%gs\{&utgar I%]?EU? ng?gly J-Le'ter!)ﬂylaé}o&r.mﬁdal mc,tular embodiment,

ring A is sclectcd from the group consisting of:

O 00,0
~ 5 N
N, N NN =N NRS
Rs Re

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

-

particular embodiment R; is H.

14
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substituted with an aryl or heteroaryl group. In a
particul ar enbodinment, ring Ais selected from the
group consisting of: 10 &&o0&0 I n anot her enbodi ment
ring Ais thiophene optionally substituted with al kyl,
aryl, aral kyl, cycloal kyl, cycloal kyl al kyl, a
Inp gashies pibodimspt sing A o dederale @pkwallbaﬂb&&ﬁmq yith alkyl, aryl, aralkyl,

cy%N}Qﬁchl td}'/%l%glkifalm hﬁét%@ﬂ:]ch }ﬁ)d ! oﬁé’tkmcﬁﬁr eﬁ]@@t (Hytlonally substituted with

car boxyl, , amno, nitro, ary

h%@eérlwérpwh mewa@m’ %bféﬁbeuwhélnkoalkylngmmm Qltrguais't Plt mt@aaryl In an
ﬁ%otdhn B i W s Qibdifh & @ t
oAbt 0N A 08X B 8 R L g i e
rmﬂyhsﬂ Ssteptn@frglm 8 gTSip don@stpg ofn anot her enbodi ment ring

A is pyrazole optionally substituted with al kyl, aryl,

aral kyl, cycloal kyl, cycloal kyl al kyl, a heterocycle

erocycl kyI opt IIy su ptuted wi .
hydr X rca rboﬁ | kyl, )ﬁ N
R T‘alkyl & n|tr ryI or ¢hd eroaryIN./ an gvh

enBddi nent rPﬁg is suNstltuted Wth an aryl
het eroaryl group. In a particul ar enbodi nent, rlng A
is selected fromthe group consisting of: 25 N N O
RBN N NN NN NN- NNRB R8 Ra wherein R8 is H, alkyl
whdr@h @K@Wlaﬁyﬂ?S%mp@ttﬁéfﬁyl Oérthﬁ foP BYop. n‘%;l) gyf- a8 Yfor g(eﬁﬁple acetyi) Ina

exanpl e acet In a particular’e I ment
DQWFW$WEM@¥MQHRe#Hbd|nent ring Ais imdazole

optionally substituted with al kyl, aryl, aralkyl,

cycl oal kyl, cycl oal kyl al kyl, a heterocycle or a
Inheofétrwyooﬂimeaﬂ riagl A t;ptcazohaiptiynaaﬂu oatistitutet edthwlldyh anharabigéreycloalkyl,

0X | K | it
?ﬁcgléwgl’ a té cgragggeg cyé'llf Hlkgl op}ﬁor}[gblgg l{(é(i with H%& gch hydroxyl,
m&umw Ichnbbad aAk}tl I'hai-:dalkaY yhinoy nilret eeylammyﬂeroglryb ufp.anl ambadlment ring A is

su’lgéat tﬁé: u ﬁan &, ﬁr geroar_yll\grwpr Llrﬁ]%@%fif%ﬁgel ﬁ?c{'\ﬁd f ring Eshs]e{ellected from
m&@nﬁbc&ﬁwmmﬁﬁbln R8 is H, alkyl (for exanple nethyl,
ethyl or propyl) or acyl (for exanple acetyl). In a

N O C(;Ir[::]

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:

/ /1 O, . N
N \ O-N A N'O
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particul ar enbodiment R8 is H |In another enbodi nent

ring Ais oxazole optionally substituted wth al kyl,

aryl, aral kyl, cycloal kyl, cycloal kyl al kyl, a

het erocycl e or a heterocycl e-al kyl optionally

substituted w th hal ogen hydroxyl, 15 mercapto
Ing anqilesk ygmboginept ringaf ol HiAzole apRteBRIYN Fttbﬁ*éiuteérwh @ikyl, aryl, aralkyl,
cﬂa%ﬂ‘c&papryh’lbalk}lﬁ‘lkﬁ aeﬂa%b)m-’en%r fal Rerbeylcfe- ﬁl&‘?%p’t]%hﬁl?dsubshtuted with

an-ary heteroaryl group. In a particul

haé?ﬁ@@dwﬁ@ﬁxl nxetca@o,psar@xgle IaE‘E’t édloﬂlkﬂnﬁmtnhem@fpowl or heteroaryl. In an

|
oRR5h3L 13606 R4 570y, SIS g S When,

ring A jis selgetad krgm the 81’9\81 ®a$1$¢ylg oficycl oal kyl al kyl, a
het erocycl e or a heterocycl e-al kyl optlonally
substituted with halogen hydroxyl, nercapto,

car boxyl, al kyl, hal oal an1no nit aryl or
heteroaryl. In an ‘enb ring A i bsti tuted
with an aryl or hq&ér aryl group a particular

enbodi nent, 25 r|n§z$\|s selecte%yiwon1the gr oup

consisting of: O O OONNN 15 In another

enbodi ment ring Ais thiazole optionally substituted
Invarfokhefilekipbdimatityting & &l lepthiazole YeptiGalll ubstituted with alkyl aryl aralkyl,

cy8%f\|:kgal k%/l?aﬂgqh%lgj{l' taup‘g%fg\’rﬁ% %grl Ea %38 Qﬁgﬁglggé%!)&lly su%stltuted with

heJI@Eﬁ apdroxyl CRERPLY,| cartithy kikyh AbBaAkY kmind"hike, ar?l bi' Bbteroaryl. In an

aryl or heteroar¥ In an enbodinment ring Als
el%‘%?ﬁé?qnf e d Wisehs I%daw% MoRTy ht EFeRAy) | Er¢Po Up 2 Repficylar embodiment,
rifPA sl serebiad remiRdi ns:sté LENg A is selected fromthe

group conS|st|ng o] 11 Z 1111 1 NHS SVN In another
enbodi nent ring A i s isothiazol e optionally

substitfuted with alkyl, |, aralkyl, 10 cl oal kyl ,
yl al kyl, a hete cle or a heterd e-al kyl
pt-rounal |y substit upes hal ogen a
s.ngf capt o, carboxyl,&alkyl, hal oal kyl ,Na nitro g-N

Bryl or heteroaryl. Nn an enbodi nent ?ing Ais
substituted with an aryl or heteroaryl group. In a
particul ar enbodinment, ring Ais selected fromthe
group consisting of. SN N 15 NN S In another

IneBeE BERIdihi gmé A$s 123.@addld a&%alwmbh&ﬁ@hlvaﬁth alkyl, aryl, aralkyl,
substituted with al kyl, aryl, aralk

cycloalkyl, cycloalkylalkyl, a heterocycle” or a hcterocycle 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:

=~ / NQ ]
Rahf@ ”KO L
N,N N’N N

\ _,
==

\ /N 4NR8

m

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

particular embodiment Ry is H.
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cycl oal kyl, cycl oal kyl al kyl, a heterocycle or a
het erocycl e-al kyl optionally substituted with 20
hal ogen hydroxyl, nercapto, carboxyl, alkyl,

hal oal kyl, am no, nitro, aryl or heteroaryl. In an
enbodi ment ring. Ais substjtuted with an ar

mh@wg%amwdﬂa?mw Aris & Jhiriarale |°aﬁ1°né%béldq%r?é with piKy: Ayl aralkyl,
cﬂcﬁ)aﬁ(ﬁli e&_,&%@lgmm tahﬁet%éwe epfs ha&bgmeoaflky]\ophoﬁan& Jubbtituted with

hajpes dwvdrorg. r@rcwto,asvak@ﬂxyle ﬁl#wl é‘ﬁ]@hlfﬂ’le amehyitro, avhgl hfas?roaryl In an
er%o(am(én) rifl Aaﬁr,)ébbthE@Jd @1’5@5@5@1 @Icﬁcttéﬂ)a?%)] ér{)hpa m%aﬁ‘ﬁc%% @f'nbodlment
nbodi men H. I n anot her odinent ring A
ru]g12lmtepfﬁéfreméhwwwawﬂylg@ﬂbst ituted with al kyl,
aryl, aral kyl, cycloal kyl, cycloal kyl al kyl, a
heterocycle or a heterocycle-alkyl optionally

substd ed with hal og droxyl, mercapgfo
tarb al kyl, hal oal ami no, nitro, Yyl or \
Jrenet yl. In an grRodMweENnt ring AN-srsuB Titut ed

Nwitlh an aryl or helgrdaryl group. | jgarticul ar <\
&Nibodi nent, 5 rlng\ﬂ I's sel ected fr\ﬁTthe group
consisting of: ~N\ NJOI V' I ' NNONNONNN I I <
I 10 I n another enbodinent ring A is oxadiazole
optionally substituted with alkyl, aryl, aralkyl,

Incé’rﬁ)lt}féﬁlclﬁ'}ﬁl)dlrrﬁb{@hﬁ’gal&(ﬂ @J&'J@Ya&@]@ %ph@ﬁaﬁ %Mﬁllttﬁcd) Rmtﬁ alkyl aryl, aralkyl,
het er ocycl e- al kyl Etlona y substituted wt

cxmipeisey lopr Il 6. heerpBeley b sahwisbeycisalon degpnalansgiiuted widh
I t |t 1y1€ | t
LSSy L SEOR o i €L TR0 o8| Db, 1
epkpdtmantiFing Acisisolebitimtadl with mi gyl o hetereasylegroupd leaomwwbtr embodiment,
: N NO, N ~0 NMN.O In
n%% e@&@&z%@ ﬂ9%§&$$%§“‘gyg t hi adi azol e optionally
substltuted with al kyl, aryl, aral kyl,

L] \ 1
S— S
o N N

\N" N \O' N

In another embodiment ring A is thiadiazole optionally substituted with alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, a heterocycle or a heterocycle-alkyl optionally substituted with
halogen hydroxy!l, mercapto, carboxyl, alkyl, haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A is substituted with an aryl or heteroaryl group. In a particular embodiment,

ring A is selected from the group consisting of:

In another embodiment ring A is 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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cycl oal kyl, cycl oal kyl al kyl, a heterocycle or a
het erocycl e-al kyl optionally substituted with 20
hal ogen hydroxyl, nercapto, carboxyl, alkyl,

hal oal kyl, am no, nitro, aryl or heteroaryl. In an

enbodi ment rjn Is substituted with an aryl or .
eTRROCIERPRFIE Ayl aﬂtp;mum withar avken hetereanr gaeuRe i 2 Partioglyr gmbediment,

rnigSA%%Eﬁ@t&@ﬁo%rt%&g‘ﬁ:ogflﬁhﬁgoFonS| sting of: 11/ I 11/
11/ SNS IN NS 25 In another enbodinment ring Ais

tetrazol e opti onal bstituted wth al kyl#Zanyl ,

aral kyl, cycloalk ycl oal kyl al kyl \ a h: dcycl e
or a heterocy optionally sub ith

hal ogen hydrQxyl\y nercapt o, carboxyIN al

hal oal kyl, anﬁﬂﬁN nitro, aryl or hetergafyl. In an 17

enbodi nent ring Ais substituted with an aryl or
het eroaryl group. In a particular enbodinent, ring A
Injagagellecengmdinmentmidghs isgr oup consi sting of: 11~ NO I N
--ro NNNI NN 5 1n a particular enbodinment ring A
is: Ph I N "IDNI/ In a particular enbodinent ring A
is: 10 Ph N S -NR is Hor R Pand R2 together forma
5-8 nmenber ring. In a particulﬁf enbodi nent, R is H
In a particular enbodi mentsy ;R nd R2 together forma
6-nmenber ring. In a particul d odinment, R, 15 and
R2 together forma 7-nmenber rly I'n anot her
particul ar enmbodi mrent, R and R2 toget her form an

8- ne, ri In a other particul ar enbodi ment, R,
In&ﬁﬂ‘gg %@%@ 3 7- menber rlng while Yis S In

anot her partlcular enbodlnent R, is H, whlle Yis
CH2. In another particular diment, R is H while
Y is S. In another particula odlnent R is H
while Y is O. -

~ / N

R; is H or R, and R, together form a 5-8 member ring. In a particular embodiment, R; is H. Ina
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. In 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.
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20 R2 is al kyl, cycloal kyl, cycloal kyl al kyl, aryl,

aral kyl, a heterocycle or heterocyclylalkyl. In a

preferred enbodinent R2 is al kyl or cycloal kyl. In an

enbodi nent, each Rz group is each optionally

substltuted wi th hydroxyl, nerca hal ogen, am na
Reiathexgial- dp ryprefereg) eé!aaoment B E&EW msﬁhylapt»%ylp PPy or|igppropyl. Ina

pmuﬁmqﬁe@@m efbodifiént RIS bPthelRS1. 1 #n b rl%st )Sl'esferred embodiment R; is
i sopropyl, cyclohexyl, cycl opentyl or

meRylt %@no&rer e%@}dar dimept, Rslséybéth]é%)HTefWWy eﬁ‘?h?f’ﬁ@i‘lt R, is oriented
I t
S o S T o SRR cliiises £ BBl Rhguration
val i ne am no ac!d si de chaln) I n anot her particul ar
e i rtiiC Sﬂmﬁ
R‘ﬁg%qe E%Plltldg egiljl tglu% h}R,H ch#l a‘ﬁ@ﬁ%&ﬁo@c%@‘br amﬁéﬁ’g%%loalkylalkyl’
hemqaaﬁylawalf@@ﬁn@,rylvlhylcwhq_:rcmcmpralb)és aiys #mlkyheytloalkyl, cycloalkylalkyl,
he?eg%gr%}g ?rtéoﬁ:he%)‘ary}a%dm' : ﬁpeflﬂﬁ @1!&{%411 efjl %}t@ 1%?0%%? ' chgoxyl mercapto,
cartmaplr olyll a]kbxy, aminpaant! ingral. ahlaypaptlcafae bmbwﬂlmemmmrré Rt #R8both H. In

anﬁém{:hga[r{xcwqm gﬁg@]ﬂ'tgzﬂt Ig, 1|sln? @B'F cf lg‘hﬁsog[ n%t%grt %rr%’odlment one of R,

arid-Rquis )hlydroiy’] (GH])WEﬂ]eEﬂ’lé etlerdrHO G arRHer EBbddimant, Ioﬂﬂbﬂﬁ and Ry’ is amino,

suc 0 aci d. an e
S AN IOWB e ot 1§ B e P AT T R f and Ry i
HF%lkylaaz@l Iaﬂ%ﬂ@DQﬂ?@l@ﬂkﬁyc;}dloahcyﬁﬂ@}()hleberoaml RO hetadokeylalicyBr ¥ a particular

ar al k cycl oal kyl , cycl oal ky het eroaryl, or
em@@w&h?wamw SqlFRSTdefTam @awuapw}sg%?y ar al kyl ,
cycl oal kyl, cycl oal kyl al kyl, heteroaryl and
heteroarylalkyk\ls optlonally substituted with
haloos1,\pydrexyﬁ,\percapto carboxyl, al kyl, al koxy,
d ro. 5 partlcular e nent R4 _and R4"
anot herHyra | cul arsge od| et is”
' .Ina (Ul ar enbodi mert_one of
Ty dr oxyl mhlle the other is H 1In
anot her enbodi nent, one of R4 and R4' is ami no, such

NHMe and NHEt while the other is H In a
partiowt|r enbodiwery, R4 is HNa R4-is H, alkyl,

aryl , CHa)cy ¢l otkidHz)cycl yT&HRy 1, heteroaryl
or hgte oaryIaI In a partlcular enbodiment R4 is
a gro el ect ed gm t he group sisting of: 15 HN\
\ N\ \ HNYY0- N9 HN\\\@ﬂZ—)(éHggHZ)Z\

z o i i
: (Me)oN” : : :OH ;
OH
:l/\ HoN~ : PhO” i
Cl

NO,

19



10

15

20

\ A\ 02N\ Vv (Me)2N' v OH 20 OH H2N 0 PhO' NO2
a 191 (v EEO 1N I\ ; HO HO Br 101~ NO2 140 N2
HO 5 R5 and R5' are each independently Hor alkyl. In
a preferred enbodinent, R5 and R5' are H or nethyl.
In a particul ar enbodlnent R5 |s H and RS is nethyl.
I n anpther parhéﬁular enbodlnent R5 is methyl and
R5' 1S enbodi “R5 and R5
hyl . | oth‘*rtlcul a,&@odi ment, R5
botho . re eéach
|ndepende tly H alkyl, aryl or alkyl. In a
particul ar enbodiment, R6 is alKyl, for exanple

met hyl . In another particular enbodi nrent R6 is aryl,
for exanple phenyl. In another particular enbodlnent
R6 is aral kyl, for ex’nple benzyl | In a partd cul ar

enbodi mrenty R6 and R6
, €. d. both nmet hyl || I n another
T TRep R6 i s #4884 and R6' is H 15 ds of
t he tion cont one or nore agynmmet ric céug

i ng NOgonpoun nay-exlst
dlastereoners enantionmers or mxtlUres thereof. The
syntheses of the conmpounds may enpl oy racenates,

L CR AL TR e

m&ﬁ‘ﬂa'[@& gt arGRibodBlMIR AR M Snda;” RGneihY. Shﬁlnbthélaﬁahwﬂlar embodiment,
nmet hods. Simlarly, enantioneric mxtures nmay

Rsis ot @nd Rsi Bt H% agefie patticelth PebRUmEH Ford r% R‘i‘fd%‘b methyl.
arothet ﬁhem,%rafr emb&he?/ R lH@ RESYIBEA Hi C carbon atoms may be
in the or S configuration and both of these
conflguratlons are within the scope of the invention.
Pﬁﬁf Rr’aal?é ¥ach ifrdd %@SH oztlk)}l hﬁylI &Va?ﬁfq}]onmr?? T 1&@&@ embodlment Rs is

fo OMAng stereochen1ca1 configuration of rmul a
allpd, fior exapmplexnetiRy . i gRother particular embodiment Ry is aryl, for examp]e phenyl. In

* for éxanple both

partigul ar

another particular embodiment R is aralkyl, for example benzyl. In a particular embodiment R,
and R;' are the same, for example both alkyl, e.g. both methyl. In another particular embodiment
Re is methyl and R’ is H.

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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NJNR NR6 R3 X2 X NR5S' 3 1' wherein X, Y, A R,
R2, R3, R4, R4', R5, R5', R6 and R6' are as described
herein. 5 The invention al so enconpasses prodrugs of
t he conpounds descri bed above. Suitabl e prodrugs
wher e applicabl e include knomn n1no protecting and

car boxy- protect|n groug§ WQ rel eased, for
exanpl e hydrolyze t he ﬁ% conpound under
physi ol ogi c cond| %}T?AN dsass of prodrugs
are conpounds in ch a m

ragen gtomin an am no,
am di no, anlnoalkyleﬁéanlno *% NRyl eneam no or

guani dino group is substituted mﬁ%h a » -roxy (OH 10

group, an al kyl carbonyl (-CO R) group,

al koxycar bonyl (-CO-OR), an acyloxyalkv

al koxycarbonyl (-CO O R O COR) group where Ris a

monoval ent_or divalent_group and as defined above or
whergp e 8- el Ry Rorfes RorfruRes BapdRe grepsidosarbed sy | |

where P1 and P2 are the sane or different and are H

| oner al kyl, |ower al koxy, ano, halo | ower al kyl or
le;rlyyentlp} alse prmgmyassgsrigoﬁpgsrqfd cq@@qugegﬂﬁ@e@gboyﬁe Suitable prodrugs
wl‘ﬂa‘r$ raﬁﬂﬁ:@bl@t AL kndhe aﬁiﬂo%&@ct&ﬁ 04 &ﬁ'bc;xp %r(ﬁ&:'fmé’ WElDs which are

e 15 invention. These prodrug conpounds are
rebﬁ@éafpw&amhfchﬁdr@m%éo visipibe narsntcompprnd undeshygelogic conditions. A
L.hed 0
PR R o Bl e MR 3o RTRAH IR b ming, amidin
anpigoalkybencamiba nwnoelﬂcylbmmawtor\gaaredinragl;ohp esonpsitte with a hydroxy (OH)
i tabl I vat bon ound 00

et gt Ratis o fashRl Pl GLABRKIReni GCtRR 8P Mytonaton
alkqxgd:amld:eyh(:ﬂ) -OR-OUESR) aoyp vd’m'cnRSls a mohdvalpytr orddinalern group and as

al ) al k X|de i n parti.cul I en
it Pon®8 rBies SRR B rory R Clh R 2 RRlonuRT R B Bnd P2 e the
safnk wodifptear myire&&,ylowe?zlnﬁyl dbﬁvétwlllfoﬁp h@ﬁ\{@( galallwer alfflﬁbr gryl Preferably
reactions are al. exot h are c rrie
the, HETOBeT RiAwY i °§% ggﬁt@“éﬁe“ PERRC a‘ﬂ]‘f éﬁ‘ﬁg’f REarR 8 gﬁdﬂ“‘&%‘mds of the
invehfod. 0 TRRRUProdRE. compbghdk QL bic?aﬁ'éd adaCtings thel doyhpadiRie of the invention
carrled out in the presence of an inorgani c base such

deseibpd phove wifhan SSPBISH AP CHPBE L VA AT ISR glom in gie cgppound of the

in@hgaicGhd @son s h@ tidite by NS mpolsd. Usliiale Eétfvht@& Bﬁrbonyl compounds
triethylam ne, etc. One manner of prepari

coplgingfegqed iegate ErpupbaMed &y Ba garbeyl fqupcwns&mcm%e 291 hrdydgs acyl amines,
acHIRFid(rRh Eﬁﬁp&@'ﬂ hiRGkidR, RehrRuik h&@ﬁ)h%}ﬂ\@@%ﬁ 3¢ ShitkdpBenoxy acyl,

contents of which are |nco oratéd  herein
dipigprbcaeraeacyn flugrephenesn 4oy WP difigerophenpt acgb nﬂ%’l@@@otﬁ are generally

ex&lﬁ’iEMé &nd aré wl&fj&:t glhl%ﬁlft QAIL@PM a@geduce%]tergpegatur%cmaﬁm tUabout 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 W(09846576) 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

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
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

1
R4\ X1 Re 7—’Y Re 1) Pr removal R 4 X1 Ry T’Y Re
Ry N\KU\N)WN Re' ) o Ry N%N/H\/N R
4 R Ry X R5'HN 4 R Ry ¥ '
3 2 OPr E: 3 2 NRs
X3 X3 E
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NN /~H'NC 163 0 164/ 1 HNNNOg-NOHO NN
H-N NOHHON OHN 165 HO 166 HO/NNI~N "N N
H HOONHNaNH/ \ O N\ Br NN 38 167 HON
"~N,,J~-N HOONHF N SYNTHESIS 5 Conpounds of the

i nyention, are prepared using standard organic
I évyxﬁmwlwah%i n¢ AYFANRSTREY OF SPYRI AR oFdgh g may be prepared
usHipablid PghsdRpFort RhiSh ARGt A0MORS. It Wi ll be _
appreci ated that synthetic procedures enployed in the
preparation of conpounds of the invention will depend
ARihet fiBstithted bing UA 8hiSHRE Vst MEM $ntRERERBRAL fo réaiRgTROMARINds of the
~and that various protection and deprotection nag'be
nyesgon pedorEnargaliyt avadabledon flseorrg arApared fiphensiraerciplly gyailable reagents
bartifH B84HiE &ﬁh&?‘% GRAMROUNES QhimbiBe1-AR1istMERtEtR oles, such
mﬂ%ﬁﬁﬁgtﬁrepargd]uginé ygich peptidém%hengékry' ' eséuc
ast ghehyl-reigotbiyazelsupky prypreprecdaacicording ¢¢ sbhemed ifigmecommercially available
I i1 [ - ] e gcedures. In
S R I o U e e
anal ogues are coupl ed and deprotected sequentially to
give the final conmpounds. Schene 1

Scheme 2
JSL NaN3, HgCl Q
—  H)N
HoN" N 2
2 H }/—l‘v{
N, .N
N

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

below by reacting phenylamine with aminoacetonitrile.

Scheme 3
o 0 O
_—— ————— H.N
H,N N 2
N7 N
ne NN 7
H N"N

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

phenylamine with 2-amino-malononitrile as illustrated in scheme 4.

Scheme 4
NC\T,NHZ
CN
Jo R N s R &
HoN L e HoN .
NC™ "N~ (A
H NG N"N

4-Aryl-S-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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Boc S 2 R4 1 X3Pr N X3RE OH1I5R3 R4 X1 RRLY

1) Pr renroval R4 X1 R RL R~Y R R/ NY NN Rg ,N NN Rs

4 R5 2) R HN4 R5E R3 X2 OPr R3 X2 NR5 X3 X3 20 39

It wll be appreciated that the am no acid anal ogs may
ChsarisoUpyehme G Padr e bt Be 2pEp s 20 Hgraet i geheme 5 by
reidg %er&HﬂQ?Mde%%l’ﬂrd&o%yfa&%' ne in the art. Amne

substituted ring A'which serves as an internediate for

preparing conpounds of the 5 invention are

comercially available or else are prepared from

commercially avail abl e reagents enpl oyi ng standard

organi ¢ chemi stry techni quessher®oY exanpl e,

1- Aryl -5-am notetrazol es, such as.

phenyl - 5- am not etrzol e, Ma,de prepared a
scheme 2 fro '

by reacting

10 Scheme 2 S ™NANS, HgCIZ Hz NAN H2N HT‘ROD\N%

3-Aryl -5-amno-1,2,3-triazoles, such as

3-Phenyl -3H[ 1, 2,3]triazol -4-yl ani ne, may be prepared

4- A?’yl ?n%ﬁlgdg !I. Rg. t%@zé)%eg esgpfg gsg@ ?]:rélli'lgl?{}? gltsié d]'ll{?d%&*lsjc amine % be prepared by

reactmg phenyllsothlocyanate with hydrazinecarboximidamide to g1ve 5-am1n0-4-pheny1 -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
A nH,
Iolue: L
DS
SCN HaN HoN N

7
7 ~8H 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-N3).

Scheme 7

PhN3

oo

~N. N
PNy

4-Aryl-3-aminopyrazoles such as 4-phenyl-2H-pyrazol-3-ylamine may be prepared according to
the procedures described in patent EP269,859 and illustrated in 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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bel ow by reacting phenylam ne with am noacetonitrile.

Schene 3 z NC. NH2 % H N N HN NC-NN NH"NN 20
Simlarly,

5- Ami no-| -phenyl -1 H[1, 2,3]triazol e-4-carbonitrile may
be prepared by reacting phenylamne with

2-am no-mal ononitrile as iltéf{?%‘ieﬁgat ed in schene 4.

Schene 4 NC%%N CN I's CNgNgH2N lhT N, // 25
AN 4- 8 _amino- 1,)2,5 -oxadl2¥0kes, such
- phenyl -Furazan: 3-yl "S@dy be prepared N
actording to the proced descri be®RiHCQEKRhan et /™

al, (Indian Journal of Chem stry, Section B: OrganBE‘N’
40 Chem stry I ncluding Medi cinal Chem stry (1987),
26B(7), 690-2) and illustrated in Scheme 5 by
Virpac hidrazitee nao derieyias dehentehbachipalicrtix ghrabe ned b phiphenmbstituted-4-
rg3o NH2OH % eox CN l&IZN EIIO,%\I
ey SRR TaZRen B HUS At i B s such as
4-phenyl -4H-[1, 2,4]triazol -3-yl am ne, may be prepared
by reacting phenylisothiocyanate with
hydr azi necar boxi ni dami de t e 5- ami no- 4- phenyl - 4H
10 [1,2. 4Ptriazol e-3-thiol in whi the thiol group
may be rlenoved wWNHENRB®ney ni ckel al yst as

i1 ed i n STHEME—@ ScHE H H2NE W, MeNstNEB,Et, CF,
Ni ( CN / HZN H2N //~ \
RN (& X R = H, CONH;
CO,Et NH,NHR
N ——— HN
RN,
N7 0
H
CN NoHg
cN ———— 4N
HN‘N/ NH2

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 S

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

42




10

15

20

25

N'J -gHNN,) 15 4-Aryl-5-amno-1, 2,3-triazol es such
as 3,5-diphenyl-3H[1,2,3]triazol-4-ylam ne according
to the procedures described in J. Og. Chem, 1990,
55:3351-62 and illustrated in schene 7, by reacting
benzeneacetonitrile wth azi dobenzene (or
alternatively trinethylsilylazide, TM5-N3). 20 Schene
3 Z\rﬁmhﬁm%ﬂg%]g hailbh Bt 3?)?1&{},'}’51:1 %nﬁ%dﬂﬂ@l’zﬁﬁﬁ@ln@? b8 febard® by reacting
nyl - 2H pyrazol - 3-yl am ne may prepar ed
pf&@ldéﬁf@? mthraginopestenifsilanng eethefperic @I‘éé m@ﬁwé@ﬁtqr 85 Phistegied in scheme 11.
I%El%ggcrﬁé Qheaf ﬁoét&(}n%ttﬁeaiﬁnﬁ&zélg C eiHFod%cecply t{geﬁgﬁ)%ﬂff the orthoformic
enzeneacetohitrile wt orth orm e acid triet
acgbtriethylkegiergs allowsox o- 2- phenyl propionitrile which is
reacted w th hydrazi ne. Séﬁp“%% 8 CH(OEQ@ CHO NH2NHR
CN crl~ CN H2ZN R=H, CONH2 N Various hydrazi nes
and derivatives of benzeneacetonitrile can be used to
prepare substituted-4- 5 aryl 3- am,n\oc%/razol es as
srated in schemfGOE8phene NH2NHR CN 10 2\ _
w_ A TR ~EN copErers MX’“R = A CORH2 Z_,)\
CH2Et NH2NHR CN H2N RN N~ R

5-Aryl-4-aminoimidazoles such as 5-phenyl-3H-imidazol-4-ylamine may be prepared by reacting
formamidine with aminophenylacetonitrile as illustrated in scheme 12. Substitution at the 2-

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

Scheme 12
z
NH HoN. _CN N7 TCN HzN
, — —
R” “NH, HCI R” “NH,

HN\—rN
R

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 thiony}

chioride followed by removal of the phthalimide group with hydrazine.

Scheme 13
Q
Br 0]
+ LiN _— N
N._o
© ) NHs~ \"/ ~
0
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NO 10 HCN N2H4 CN H2N - / HN, i N NH2 15
1- Aryl -5-am nopyrazol es such as
2- phenyl - 2H pyrazol - 3-yl ani 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
/ﬁ—Gcherre 10. Schenme 10 ON NCkX 2 HZN N 20 X X=
OoEt, COREt, CF3 42 3- 4- am noi m dazol es

phenyl - 3H i m dazol - gyl ne may b r epar ed
, enyl ai{&2 wi t h jami ndacet Qni t rirl2e2and
orthfor C & triethyt esf a atee—n AN

q itution at&h 27RO of the \ NH2
dazol e fan be introduced VisP ng @nal 0gs of the
¥thoforni@ 5 acid triet hyl ester @s foll ows. Schene
11 NH2 RC(OEt)3 HNCN H2N + H2ZNWCN > R N, Ph ~-R 10
5- Aryl - 4-am noi m dazol es such as
5- phenyl - 3H-i m dazol - 4-yl am ne may be prepared by
reacting formam di ne with am nophenyl acetonitrile as
illustrated in scheme 12. Substitution at the 2-

Covensipdsorf th invension g aishI B ariRagasaithepdhan Al pe be SErperst Agpording to
stzfﬁﬁéjdqg%n%f c}{eﬁl?sngrQEdm%gé Bt exgﬁgﬁ"@/ rlgucPOe at}ﬂnla\{lloanHgllﬁ'ch a starting

amino acid residue analog e.g. NH,-CH(R;)-C(O)-OH is reacted w1th a suitable aldehyde or ketone
to give the desired R4 and Ry’ 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

Xt NaCNBH3

o LiOH.H,0 R3
1% AcOH H THF, H, N

R3 X1
DMF

In a particular embodiment, alanine is reacted with I-methylindole-2-carboxaldehyde and reduced
with sodium cyanoborohydride dissolved in 1% HOAc/DMF to give the N-substituted alanine

residue which may be used in preparing compounds of the invention. See scheme 15.

Scheme 15
o) NeCNBH, \HKOR'
N . HN ,
W)I\OR 1% AcOH
N
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151 R 4-Aryl-[1,2,3]thiadi azol -5-yl am nes such as
4- phenyl -[ 1, 2, 3]t hi adi azol -5-yl am ne may be prepared
by procedure illustrated in scheme 13.

2- brono-1 - phenyl -et hanone is reacted with Iithiun120
6%thalln1de and the substitution product is react

TRVl RS PR S AR ATrRCed YR | inrequse Raby substiments ¢ i tPFgﬁna' step in
m@ﬁ@ﬁ@gﬂﬁ@@@ﬁngM&ﬁﬁe ethyl ester is cyclized to forma
i adi azol e by reacting wth thionyl chloride
foll owed by renoval of the phthalimde group with

Whéﬂ'g&ﬁiﬂoﬂﬁis @Qﬁbeﬂ?enagn 909-&9:1'%&3% Jr Rl'{ édblstgle,l}}ts dtheg tﬂan/H Nlré% may also

beNPf@aNdeY smmwmwh‘dg agd lmqﬁ@eﬁlﬁv éflhtCh @womqramadwvm group with
a Qt{szrggl am £yl Qfa pif{'}ﬁpctll{l{?% i ?Bﬁ)@ﬁg c@%ﬁﬁrﬂ' e{ﬁgné R4 -NH; or R,-
andar organlc chem's nlques or exanple

NHéﬂu%tmdmganwhan¢Uh in which a starting amno aC|d

resi due analog e.g. NH2-CH(R3)-C(O-CH is reacted with

a suitable al dehyde or ketone to give the desired R4

and R4' substituents. See S8chkewd614. The resulting

R4/ R4' substituted amino 10 acid internedi ate can then

be conjugated to the next am no acid internediate or

the remainder fof the compoundRugi ng Xiandajgypepti g
i ng mrocedures Sfene 14 O{ CNBH3 B3 - X1
LiOH HZ0 R3T H2RR~N(OR " (OH ‘RR @RT%P/@FWR N
R&E XL THF, R@ R N X1 3 4 R3 s Re™
3

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

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

Scheme 17
R1 R1 Y
X R. Y R4 X R
Rq ., 1 2 lz—‘ Rs A X 1 2 h\l[" Re
NH  + N A R e
R, R
! 30 X NRg Re 7 % 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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15 DMF In a particul ar enbodi nent, alanine is reacted
wi th 1-nmethylindol e-2-carboxal dehyde and reduced wth
sodi um cyanobor ohydri de di ssolved in 1% HOAc/ DMF to
give the N-substituted al anine 20 residue which may
be used in preparing conpqunds of the i nventi on. See

, ~Scheme 15 O0 /H H'NB,: T +
DVECS  Dhload 7 Ak vely, t SNIGCt TN
’/Jation pr ocedurje i ntyoduce RA| substi tue
" the final step gy pr epar at i On=0f e conpo .
VWhen conpounds of the inJention incorporate R4 or R'

substituents other than H, they nmay also 5 be
prepared by substitution of a suitable acid

i nternmedi ate which incorporates a |l eaving group with

a desired amne. For exanple Br-CH(R3)-C(O-CH is
substituted with an amne R4 or R4- NH R4’

a cording to schenme 16. Schene 16 10 R4\ Br X, DVF R4

Li OH HZO Ra\ X1 R4 /NH4& OR R4 / _R3JI _QR, THF, NH
5ﬁ?7w§¥1;(@H3 R4 ' /R3FAI TB natuvek?RQFﬁé \>r’”\\// )
—s@bst it ut reaction in rodu ing R4 or R4’

substituents may be pgs ¢ a 15 final step in
the preparation of the conpound as illustrated in
scheme 17. Schene 17 RL R XII1 R2 -YR4 XX, R'Y
RNH + Br\ NNRs' 66 DW R N R ,N N R6-

T O

OCH; OCH;

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 i1s
dissolved in THF and cooled to -25°C, with addition of DIPEA followed by addition of
tsobutylchloroformate. 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 pentasulfide
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
thicalanine 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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Yy (4 RA R3 RS XZNRS RB RSB XZNRSRs X3 Xs 20 In
a particular enbodi nent, 2-bronopropionic acid is
reacted with the follow ng am nes dissolved in DW
and bubbled for until substitution is conplete to form
N-substituted al ani ne residues: 25 45 NH2 as NH2
prjise amipqzeid epigue anjogiby diggaypebath o WHOTW1WCWUWY then be
debl%@@ed%h@%/ﬁMA 10 15 mines ke Nél?ft RAs Rf RME?-N-CH(R;)-

I nvention in which any one or nore of Xl 2 and X
CQPH ayuing peid residue prog fajlopispyuRH-denrotseroy aledeeowhng to an amino-
subfHnRedTh 36 uH'E&%quﬁteO rARA RGP e Hntll '?Jgot&?edecﬁﬁﬂmdé ed coupled to an
organic chemstry techniques. For "exanpl e, ounds
anipo GUpBlthteX A fing Igtgrrmdnate@&iooed bii Brpen daraigstion endnsgl gequent coupling to

rotected am no acid
th‘?g“shlﬁ“mcéﬁk? w&&%&g}e&g@&ﬁ%&#ch is dissolved in
THE and cooled to -25C, MAth addi ti on of DI PEA
foll owed by addition of i F‘ %chlorofornate After
10 m nutes, the di am ne, 4 nitrobenzene- 1, 2-di am ne,
is added and 20 the reaction m xture is continuously
stirr at -25C for 2ypours, then at room tenperature

overn| t. THE i s vacluhed o the m xture is then
ks xgatograp y using 50%

NH,
e pr odu The Empc- al am%/
dent asul fit and sOghsdAN
carbonate are mxed iy THE and stifred overni ght
solution is concentrafied and dir&ct~chronmat ogr aphy ©
usi ng 80% Et OAc/ Hexane “§i el ds the acti vat ed
t hi oal ani ne. The acti vated NO,

Ro NH; H N
H N -
N FmocHN N7 Sy
P,8p, NaHCO;  FrocHN NaNO2, AcOH
. S5
THF S H0
NO,
O,N
R4
R Y
" 2 7” Re
N R
R, FmocHN 6
Y
7" Rg S OH
HN Re' XS
OH
X3

47



10

13

20

25

30

35

25 thioalanine and sodiumnitrite are then mxed in
acetic acid and diluted wwth H2O The resulting
precipitant is filtered and dried to yield the
product. The thioalanine is coupled to an OH protected
46 proline amno acid residue anal og by dissol ving
both in DMF. The thioam de product may then be

ytgpret ected with 20% PI P/ DVA for 15 m nutes and used
to conjugate to the R4/R4A'-N-CH(R3)- COOH ami no acid
resi due anal og foll owed by OH deprotection and

T SRpb s bP tlr@r]n@Hiuﬁpmhl%H bt dikd#h Lk IAPrﬁr&gné fﬂ)tc%ﬁﬂmég| ﬁtpﬁrtlcular X-
Alternatively t Frnoc-protected thioamde is first

IAPGRipsd vl infesactipn sflth psrases isad 7t Jhe gompaundgaliminkibitdlen ipding of ML-

1Ol WB&&Yen{: 'Tg&ccgﬁlﬂggt et dofRodHad o3 YIRS RYLRTH a‘?@ WRIAH Gr inducing
to the R4/ R4 - N- CH amno acid resid

apapiabip i cels hesmpsitigng mls Nr-@omotlmgpﬂw IRparfygar cmtzms +C‘9mpounds
o f U BTSE d, rbs  AE R GES gp row
Al B vIME oB1pel2@s oRigR id@NHon Fe Reeful Ay indaciRg apdptdRis inRells in which the
mﬁ&%gn'_cq}'llaﬁapoptotic pathway is disrupted such that release of Smac from ML-IAP proteins is
inhibited, for example by up regulation of Bcl-2 or down regulation of Bax/Bak. More broadly,
the compounds can be used for the treatment of all cancer types which fail to undergo apoptosis.
Examples of such cancer types include neuroblastoma, intestine carcinoma such as rectum
carcinoma, colon carcinoma, familiary adenomatous polyposis carcinoma and hereditary non-
polyposis colorectal cancer, esophageal carcinoma, labial carcinoma, larynx carcinoma,
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, ostcosarcoma, 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; (i) DNA-fragmenting agents,

such as bleomycin, (ili) DNA-crosslinking agents, such as chlorambucil, cisplatin,
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Rs SOH HNR6' X3 OH X3 47 UTILITY The conpounds of
the invention inhibit the binding of AP proteins to
caspases, in particular X 5 LAP binding interaction

wi th caspases 3 and 7. The conpounds al so inhi bit the
bi nding of M- I AP to Smac protein. Accor

, the .
CYEISH%HIP?&E 9T NitERgen myvstard; G igtercalating agents gyc |a,s| gg%qlqygm {doxorubicin)

ord RABLA®bRe; | (V) CRblet QYniBRRS hdhilﬁtbﬁlg sl |a§ L@s@&@ﬁﬁ&t |®c]ohex1m1de,
si gnal s, in particul ar cancer ounds of t

PUGTORSHY ProfiPhihesia edni (VD tepoisometrss h@m%ﬂ%pﬁ ia§ C?mpteté?qngor topotecan;
(vhﬂ%f)m%?erra%gffrp%ﬁéné ARKRE BLEINR- (VP%¥ &' Babdsie! (30111) microtubule-directed

ounds the invention are useful for induci ngk
agalpi@wds ps c¢leenyd| dotrhicinewpdclixelheinhlgsting top vingrigineafix) kinase inhibitors

rrgp h?‘gogﬁldﬁft P drﬂglt g’lfﬁzy%le@ 5% ﬁ@? glth(- 9:132 &F’staurosporlne)

(belisaﬁilanecglahmsttgntlml dgehts fuchres thopietnel:B 4l bkmlykbﬂtyrate, ET-18- OCHj,
orB%%u%? Mﬁ’:r se "ﬁﬂ*o}(s Ltﬂ%ﬂﬁorﬂ)?m %Cﬁ | Fnot('sz esqcﬂc Qs quercetin,

t he canceér types
remrha‘bg cmmgtamtohsapgallocﬁbcahuﬁ eslagf tisafidvirsafeenols,ypesyanidins, betulinic

ac; e%rtd %rw%ﬁz?%&ﬁgﬂét xngg? | nt esr%%ﬁ Eeﬁégorcgrgl@gl f{/égrrétil%ae; (x1i) hormone

anddgeniesBiuobl his parhyyifas, ﬁnasaﬁde o0 MR RAN dnth@nestm e ypreferredl mbodiment,
ol si.§ col orectal. cancer arci noma

cq?u%?.\/ S og ﬂ‘,e d%““rf’S‘Hd“"eP‘é?‘W% c%agppﬂlﬁgﬁgwgﬁ W&S’Fﬁ ﬁtéﬁ' g})mpohnd selected from

th€ @Fdup ROA%Msting @R glsﬂaﬂirﬁ IdoRiTEbiciE adakol afayotétk andl ni@metin @rdMost preferred,

th?astrl Cc carcino denocarm noma, medul |l ary

W?S(S"rt’&éaml%‘&]“él ]ﬁg)pl |lary thyroidea carcinoma,

renal carcinong, ki dney parenchym carci noma, ovarian
carci noma, cervix carcinona, uterine corpus carcinong,
endomet ri um carci noma, chorion carcinoma, pancreatic

AL R ac QR PbEhdE Fhich RATBe k@i the pl%Q:nF AV&H0H BR those which are

reast carcinom, uri nary car ci noma, el anonm, brain "
ablestopessitzadbr cisndyics exsiptesis Gyindingde deshy reeeniors (et Frcerier, agonists”).

sqif g}g{?ﬁl&n&?' POl AR oGt RSN Ei@itﬁlre B RERL SRR tyrh 8t Wi factor o
(TINFaph dwragr a@ise faytmp Hht(THF-IBe ddmﬁomx'(nw Ly LT-& Iﬁ]wgnhqjoxin-l’&), TRAIL
AT B T S T O) 0 B, oma
wtl1e bk Bngnaentsyip hiemtwé"aecpfadnp o€ kdid Iligmds‘.dlrcf;cmbllyathe glaith receptor ligand is

ﬂﬁ-hﬁg 1@%{? g%ﬁ%ﬂg\? {ﬁagﬁa F.Fgfﬂ?o glhl aJ F&?&ﬁt{grﬁglﬁﬁ gsﬁa ermore, €hdath receptors

agfé'ﬂistslcpxhﬁ'lseri)g@hﬂﬁ&ntlﬁlﬁ&a kd deth, redeptottsietbas anti-CD95 antibody, anti-TRAIL-

R T M N T VS SR VY

ar@b@dw amsaaa%abodwaﬁmaa antlboPP 8R) SOTERAMP (DR3) antibody as well as

fi brosarcoma, Ew_ ng sar nd pl asnpcyt ona.
fragments and derivafives of any of sa1g %og‘l P y

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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30 Conpounds of the invention are useful for
sensitizing cells to apoptotic signals. Accordingly,
the conmpounds may be adm ni stered prior to,

conconm tantly with, or follow ng administration of

r adi atl on therapy or tostatic or anti neo

S
R FBENSTHEYIcS SEOTeRBt 6 Hy eY-cAndcine R¥AB tﬁe‘?lagy the tumor has spread.

E:GRIPRE W Gilid tRGApe et aééh'& afd FroNBdd il Bilttn%fjllfnﬁcd to) radlatlon therapy and is
anti netabolites, such as cytarab i ne, fl udarabi ne,

ko g the zrt (Helissapy Princenlsseof Rgiintion: Hisrames, Cangdr g Ry iales b%ﬂd Practice of
Oﬁ@%td%?tﬂgﬁiﬂfewti kgl ARAaf {r(ﬁg MRJ3h . RYcAIEIVE Roes %&M tR&apy include

onycin, (ili) DNA-crosslinking agents, such
th’@mdﬁﬁfa]ﬁiﬁllﬁil onfaringlpexternpl beagy redjationp Fﬂ'ﬁ%ﬁhrﬁ@é‘la@ﬂd radiation therapy
0 t.ak: ) it h
R e SR R el 0 Tl GERy e
plm the gqug:eq of ke diitibo disectly insd thg gurhoras p‘mla'gq:(.’n' . These newer treatment
m{}éﬁ? g@ﬁvg] gr%at‘:r Q&E&W%dﬁtlgﬁ ’t(sj t}%httug%lt \91%% é&cguntg \fgr) their increased
Ol soner a pol sons, such as canﬁ ecli n or
effeo’mu’xem ahen cc(nwpare)i to stmdam beahd ragiafi®ahagpysuch as
et oposi de (VP-16) or teniposide; (viii)
IoFH'zﬁlﬁot'éﬂi%loﬁ qﬂ]tﬁe%tg drnptifg" ergﬁlgmucﬁﬁ’&h i@ScoRQUGEM fle most useful for
col ¢hi ci ne, pac itaxel, vinblastine or vincristine;
ra(hp;b;ramqﬁlagpphcnmnlg bpq;pg of dhgcodesatg ]1@@bgﬂergyd;@psfer (LET) of the ionizing
ﬁﬁﬂ{e%%g% S?tH%l &?OMS o%dlét@?@igé Zt%;;]@a@y s%ef#gn}ﬁlfpr;eters in tissue). Gamma rays
dallmve&ﬁagg&n ilowel le\aaglﬁe%tes rrsial; lgreater ﬁhtaomsaﬁlpha pRgclee tepresent the other

Ee ?’b otﬁﬂ)s;/h ?f_ v‘?‘é’g};}r 5% %ET%ZS B?lr h%'gll@ en oFlg r]s u gﬁlaégge and must,

therdﬁ)re:; bt imintimate sategch tvith khe cpllod a]neam;m tp be treated. In addition, alpha emitters

ary ﬁ%‘%al l q%?a‘h’gnqgﬂ Jﬁﬁ{lrgﬂttgﬁe Eglé]f% \éim(rizlfe ia{r}g ?zl\'{aseglgsl tdue hazards from
leilags &Dﬁdlmﬁuﬁiﬂe ﬁaﬁm 16 e rearad. @iepkmdn@roh itigsotinaisr torbe treated all kinds

enretini de; nt agoni.sts, such as
off St M RomereRlE b e Speeof R PR TS n s
preferred enbodi nent, conpounds of the present
Furtheemire, cbln: Iatsentom@dmrmrsorepaeits wwhofalocwmmﬁleﬂon like e.g. ultraviolet
(Lg\ﬁggé?lg ge)%tg db\flsgllgnmhg%x h%lc[q'[)\g gt?(;él @k}%gth%-%%h&raﬁy), infrared
(IK) rafagibn pndaﬂaeers e, a pdrhealﬂ"ydnﬂ@t!mtcnt:of:thﬁpwmi ingention UV radiation is
aR%ﬁX‘gr ubi cin. 15 Anot her class of active conpounds
h 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
Tlxg Giniesti®l’ Jalso fBunbesagbarinstenticll chagbkitiorsc eptrordscamauth udbetaining the

co?n%%@cg; ﬁsﬁ%ﬂ%%nti?é%ng%?tglgrlﬁge&%qﬁlygn{% necrdﬁf?’én? cn]f @fctip%nt,aas well as
mbmmmm@xg fheacbmpounds d8thé hrWB?ﬂl'mttm }ﬂteparB)such’E%bd:sltﬂﬁs and medicaments.

2L, DR4 |igand), 5 AP and, .. TRA
paoaponfigahlimbag 1t Zeofb et MR RpUG A gmulated b
mamg sledmibict ltemﬁraﬁfre anthe Gbpropridle pHY armala tthHesﬁredl abgryc of purity, with
the death receptor ligand i s TNF-a.
PhyRglogicahace el BITieTT dan 8 TIEs A3h S PRI o PRI %ﬁ%df’sages and

cHB&HR1 SR CRIPIIES intAD) §Abr3daP aiMiiRratioR RGO Mhs bHGT the formulation depends
anti bodies to death receptors such as anti -

maity oy paripglpr usRaRg the mpncepirsdion of coRRAMd, b&hf%ig?eﬁhm 1anggs anywhere
frbt2Bdut 3R ANRRCY . FRRblhrokALk 22t ERTPRGY] 5 BAlshitabRAbo&ihent.
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25 anti body, anti-DR6 anti body, anti-TNF- Rl anti body
and anti-TRAMP (DR3) antibody as well as fragnents
and derivatives of any of said antibodies. For the
purpose of sensitizing cells for apoptosis, the
ounds of the present jnvention can be also used
T*iﬂn n@éﬁw FARPAdViPR e harsinais iparierabli staple: H"ﬁémﬁ'ﬁ?‘@éé’f“mmly will be
storE@qlsaé s thepamsn, HelRES lffd?)hﬂlagd WsBuftions or aqueous solutions are
el ectromagnetic or particulate radiation in the
aceendablerent of neopl asia. Radiation therapy is based on
30 the principle that high-dose radiation delivered to
a target area wWill result in the death of reproducing
Theetdmpopition of Hhe invertioandilinks famulateds dessd, andeadminibtanel gn a fashion
[
cogggglgte\iv%}ﬁ%b%%g}e%§% %gﬂ;%%@ Fic CBJIQ %f @&qld%gt]érf Eal{gﬁjllsg%)antext include the
paatinuhlamdssprdee baag géamdd, yhe mafcuhe chablyaat heng treaddo @leswlmlcilh@ndltlon of
TR P bR RLER. & RAGLGRE PSS! MER M b BERERY RPmethod of
adoonstratien attheo nshednlngt h)é hantiaktraionOfant hethtru fators nknown to medical
i on 49 other gritical struc s or 0
Prbf Sy ThEaiTepd it ior s RpneBird R BBl R Be vemed by
suBPrcefdideratioNgraplieis tbd niidiehuat lilﬁd&tﬁ]pelti&dsﬁqage Miisbia AP interaction with
provided in, but not limte adi ation ther and .
Cais@seskﬁ’é‘b\ﬁ’? FRYPIORS 0%1?65‘51(1%? ﬁ’an e {#p PRYYE Semat a?‘icgﬁm““m s
prifRELBKIowGRO &86unt that iIPEdxtGb Rb@k] delldnd (RmAGhrhd @s 9vhole.
Oncol ogy, 24875 (Devita et al., 4th ed., vol 1, 1993).
Recent advances in radiation therapy include 5

GRS, denRil %ﬁ#nas&ﬁsa%natec% Shb@h d?etﬁén&)ﬁ?btﬂﬁil @Nihe invention

intensity nodul ated radi ation therap éé
adsiieiptesd aerenteralaafroloss iy g rwaeﬁ%oh Ap}00 me/ke, preferably about

0.4 'tJ‘E(ﬂ'n%Fkgto‘f @Ltw‘ht’igdd?t\ﬁe@g%t biedad) p&/ﬁh the l?ﬁnéaﬁinﬁt?ai ranBd 8€¢dRPound used

t he source radi ation directly int he tunor as
beingpP-Arie dd mgfb@dw Orpheniée dasge rfortmealch@ﬁttablﬂma@ral fappues, preferably
coq‘?allﬂ ¥&h 8 24 fr‘) bgﬂ:ﬁgﬁ) 9 oft‘ﬂgb e}# ?Hd bnd ﬁ@entn%mr whi ch

accounts for their 1 ncreased tiveness when

conpared to standard external beam radi ation therapy.

NiZd 8 0 [ :

The CDngpns der e ?nﬁ%uog usel‘a E)rﬁtn?s te(?éﬁl H}gts ‘?1 g‘gig @bﬁ%’cgmdmg orel,
to;umﬂl trmﬂarmmlspd:vemamls subofitarieles, nmdperra«tmau 1ntra1aximme5r gnd intranasal, and,
Pparticle (el ect

if aﬂﬁ‘ﬁre{ efor {68%{ ?tg]Fll'é}e 1&&%@51({@6 afu.,é”ftv 18% rarg{xtera m}usmns include
mﬂ‘hx’nﬁdcﬂl&i, EihBaviefous) &ﬁﬂaaienaﬁaﬁmeﬂay&l drelslibmetandd»os ag@indstration. An

r | eve er mnmu reater dj stan es
IR0k P S sl Sarret Tom o REE! coBleT b oN 64T e (e 250m, or
5008igYofhthg gorh{E)-ﬁn&j 513 ﬁ@ﬁnvdﬂti%n btamga@demt}f sovel 90-50 migtzmbydrous lactose,
ran an nust 15 therefore elniLn cont
S TR I SEQh PSR 0ties- B BB o VD) K30, and abour
120 eHot hesidth BRAaRM Tt §bHderdd Rg@ERAE ated HirsthBRVY togethe a‘ﬁd then mixed
which | imts the possible chem stry and presents und

Whia 2 4P yHOT piohe PVEa@@ aessting GEMBRFHGPI i OF A67, EBURISEmpg) with the
m%eglﬁﬁaﬁcﬁ%te ERPERHAGeOR LS fo%%m%‘%o%nﬁ&ﬁﬁ%@ﬂprﬁénlt fAn aerosol

kinds of emtters are conceivable within the scope o
formglatinneage e Prenwrethby issol g thepmiptuad. ff’h@‘aﬁlpbs%‘i’ﬂo mg, of the invention

inl f%ﬁﬁtﬁ’lﬁlk %fo&%ﬁﬁl?ﬁ%sge% &h)ﬂ%%&e Q0 Qddu?gné EnRekidr aéjg at daRRuch sodium

|'travi ol et radi at1on, high énergy
cwryiemfeieslreghtTherﬁObmowaw@pwdm Altdreda E(ghy@eg 2 ek miczon filter, to remove

1n1ip%9{195pd¥121 cor{tﬂ&hﬁ{tg d
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(IR radiation and lasers. In a particul ar enbodi nent
of the present invention UV radiation is applied. The
i nvention al so includes pharmaceutical conpositions or
medi canments containing the 25 conpounds of the
invention and a therapeutically inert carrier, diluent
or excipient, as well as nethods of using the
conmpounds of the invention to prepare such
conposi tions and nedi canents. Typically, the
E%bﬂ%@ﬁﬁds of formula | used in the methods of the
invention are fornmulated by m xing at anbient

tenperature at the appropriate pH and at the desired
Thtdgreatiorofillgwmarg fullwiunderstgaybyirefesgieda Meyollydepexatbles. They should
nat, HoWefdr She don&m’e% ﬁ?f&lltﬁg $he' s@%ﬁ oggl?e iR 5P X AGbrlBations used herein are
reci pients at the dosages and concentrations
asdolivoyed i nto a gal enical adm nistration form The pH
.the farmul ati on depends mnainly on the particul ar
A@@é&ﬁﬁam?ﬁe concentration of conmpound, but preferably
Chgmngdshaplghyhmee from about 3 to about 8. Fornul ation
Dégraﬁ %%Ft te buffer at pH5 is a suitable enbodi nment.
L HSHOTOMSIBIS ory compound for use herein is
Dl efisblopylsthetaming; The conpound ordinarily will be
red,.as solid conposition, although |yophilized
Dﬁ%&hﬁﬂﬂ?ﬁ@ ampePYiSous sol utions are acceptable. 5
DNiEe 10dmembijetian®f the invention will be fornul ated,
dosed, and adm nistered in a fashion consistent with
Dﬁ@b@”ﬁﬁﬂ#@ﬁﬁ”ﬁ?&ctice. Factors for consideration in
DMBDS digRyRstiodigc! ude the particul ar disorder being
treated, the particular mammal being treated, the
ERE; hethdt3-@otimethyleningpropyllsarbpdimids:dual pati ent, the
EBISYS 80 - 1endlrardf. 108 Sidubiofe del i very of the
%@gntf_tﬁ% nEtH%H oﬁf adn?%igﬁrgti%n, t he schedul i ng
L@¥Sa dawi chyromatoprephy mase spsetiemetfyact ors known to nedi cal
HAPUPHRE I bbeADR i Sro1- 196- 1,164, 3 BBy R hex uctMRosphate;
conpoSndztg %gﬁéﬁn%gﬁsfefeg m#?ﬁyggﬂgovgﬁnég(%&Oﬂ%%%h
HEBnh &-dedratyborrstriagelel i s t he mi ni mum anount necessary to
ahi b ) ract ] W - .
HEP Pl Ao REEAR: B9 ek e PR R i Bhosphac
HBlgGphigh pefemaraliquiSaomatwgaplty; i s  preferably bel ow the
Nﬁgaﬁg%n%gﬁ;mjskﬁpxic to normal cells, or the manmmal as
a whol 8. I8 &gheTally, the initial pharmaceutically
TA&SH: edd(divethahminu)sutfbnitun &i fuongénettlylgficatdie i nvent i on
m ni.stered parenterally per dose will be in the
Tﬁggbghgkngﬁbut 0.01-100 ny/ kg, preferably about 0.1
TEA R0lubmbdegutdf patient body wei ght per day, with the
pical ipitial range of conpound used being 0.3 to
Té%‘ﬁﬁ%ﬁﬂ?@ﬁ?: Oral unit dosage forms, such as tablets
and capsul es, preferably contain fromabout 25 to
about 1000 ng of the conpound of the invention. 20 The
conpound of the invention nmay be adm ni stered by any

Etipleab| € §repnpioxbNC-HRyddiseiddl-2-yl)-5-oxo-octahydro-thiazolof3,2-a]azepine-

3-carboxylic acid ethyl ester
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topical, transdermal, parenteral, subcutaneous,
intraperitoneal, intrapul nonary, and intranasal, and,
if desired for |local treatnent, intralesional

adm ni stration. Parenteral infusions include

i ntranuscul ar, C;ntravenous, intraarteria

intripe\r'toneal 0 subcutmwdmnitiom 5
LA o

exanpl.ess | oral dosage form '
cont ai ni ngj about 25ny, 50mMy, 100MYy, 250ny, 500ny
Wt h™~about

of the ceApound of the i(g?;'ga't%? Hs'%&m'pounde
90- 30 rrgydrous Iactosé%;%_ gut™ 5-40 rrgi UMls.
croscar neltose, about 5-30nmg pol yvi nyl pyrrolYdone
(PVP) K301 and about 1-10 ng nmagnesi um st earat e. The
powdered ingredients are first m xed together” and then

Toraxéded wolbtivnaofSHi(Diphenylmadthldie) ElEine Thetyl eserl & (g, 10.1 mmol) and

(f0) it}.0 be .drie r.anul.at ed i Xe ifh th .
o3 L oo AN 8P oPutiee e BuREuREtin Borif Gl fey i mmod in ry
DOM 30 MIQ RS REdedading GYdrBBA {17 AN B@MOB OIThe fe@btiol vadsicObled to -78°C
_can be prepared Ey di ssol ving the caonpound, for o ,
mea)égwpqeeacsto%@tw dbpromel -tPu,tRyxé ffas éiipedir%opé{vlsgui&f% |a@d1t10n the reaction
ws Ufit-RH fv?gg}dﬁglgcﬂlgderwz%t l-‘t@°@r¥9§@§1ﬁ$ 2. iy Elfher 8914384 Bllowed by H,0.

onicifier, €. .¢g. a salt such sodium “chloride, if
Thteetigendel layeh avas e¢ngtatagnandswasped alwith HiQit by bne, dngd with MgSO, and

coSirihed, ol Oy bildhfThy SO chRBraph TN b K BRp AT 10% ErOAC
inffExanch (d giye Lmdbestigddd by reference to the foll owi ng
exanpl es. They shoul d not, however, be construed as
limting the scope of the invention. Abbreviations
used heg® are @s follows: ACN acetonitril\iﬁem :
cycl ohekylLgl yay he DCM Niti,OH| a@aret hapen. D EAﬁ
di i sopropyl e ﬁyl\:_gjrjr?‘ﬁe; DVAP—4——» n 0

di et hyl ami popyridi ne; DMVE: 1 MROH met hoxyet hare;
DVF:  di net @o m de; 15 DVS&%-t%ret hyl sul fg)?ge
EDC. |- et hyr=3- ( 3- df net hyl am nopr opyl ) car bodi i mde;

EEDQ : 2-ethoxy- | -ethoxycarbonyl-1,
2-di hydroqui nol ime LCMS: |iquid chromatography jmss

TP EirreRTeRY Bf £ (o 42 JmeDiin frsMSOFSS) ki g leipe 720 me

8.5%13151} Hﬂfﬂﬂt@ﬁ@f@t(ﬂ() mg, 7.6 mmol). Stirred under N, at room temperature for 2
hours. DCM and 0.1 N NaOH were added. The aqueous layer was separated and extracted 3x with
DCM, dried with Na,SO, and the DCM fractions were combined and concentrated. The product
was purified by SiO,chromatography, 0-10% MeOH in DCM with 0.05% TEA to give 3 in 70%
yield.

o)
HQN\)J\ /}\ ©\/0\n/0'
E\Q TEA, Dc: Q\/OYH\;LO%

o z
53%-79%
T

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

3

mmol) and benzyl chloroformate (550 uL, 3.9 mmol). The reaction was stirred at room




20 HOBt: N-Hydroxybenzotriazole HBTU 2-(1

H Benzotri azol -1-yl)-1, 1, 3, 3- Tetranet hyl - uroni um
Hexaf | uor ophosphate HPLC. hi gh performance |iquid
chr omat ogr aphy; NBS:. N- bronosucci nam de; TASF:

tri S(dl met hyl am no)sul foni um
LIPS o Rk e SPLHtionaas conosntrafedsend pprifieddyy Sy lgomatography over

g'ég ntbm Bd)%%@ﬁsﬁ]t%%s tol e 4 Indepafivdr of uran; 30

anpl e
6- (1, 3- D|oxo |, 3-di hydro-isoi ndol - 2-yl ) - 5- oxo- oct ahydr
0- thlazolo[3 2-a) azepi ne- 3-carboxylic agc ethyl
er 52 I Nchiral catalyst Cs-OH, %6%};% /\\
%t/ﬂ\r sol ut i onhﬂHsWDi pheny
IyC|naﬁ Ut y® lester 1 (3; >] mol ) andege

hi r3
catal ys® OALlyl N-(9 ant h? 3 5‘@%& hyl ) - ci nchoni di um
brom de (613 .0 mmol) ary”® DCM (30 nlL) was

added cesi um dI‘OXI de (17 g, 101 mmol ). The reaction OH

was cgoled to -78C 5in a dry i ce acetone bath andg
4-bro but was added p er additio
T Y e TR M A g g E 3@%@@/) BRI G e Hlded BHy THF.
AhQI1 ﬂ&r@oNrﬁaO}Et(fﬂ()l p@t@@%uﬁ@ﬁalﬁidﬁ (ﬁ@é hQW@d rHMolb"Z\Qs added. The

The organi c ayer was seperated an

reaqpign v»las( s@rqdﬁefem@ah_r el wbsqquwglscdaluaﬁ dwthcléa% éﬁ‘!’%cﬁ’@e?d Wﬂrfh@thyl ether,
arRE QA 1¥O2 Mok L dnfithey TRL Brod GO PRBLABLAANYIC) ¥Ronfitography over a
gralen %o Et anes to glve
gradigit df 101‘05% E@!’@c ih HCKWNHM,S iNGOAYIFHENI MEOH 28% 79%
2 3 To a stirred solution of 2 (1.52 g, 4.3 mol) in

' dry MeOH (50 ni) was added NaOAc (720 ny, 8.6 mmol)

and NHz&NHCO (540 7.6 Mol ). Stirred under N2 at
roomtrat%HMrs DCM and 0.1 m$:e
added. S separ.at naH

3x with 15 DCMG dried with Nafg&l" r@%l'ﬂ

fractions were conb ed and concentrat®d. The ‘p1\duct

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.

HZNJLA\ (% { @ﬁ\,w\

DIPEA, ACN/HQO

15

OH OH
6 7

To 6 (42 mg, 0.21 mmel) in ACN (2 mL) carbethoxyphthalimide (50 mg, 0.23 mmol) was added
with DIPEA (40 uL, 0.23 mmol) and stirred at room temperature for 2 hours. H,O (1 mL) was
added and stirred for an additional 10 minutes. The ACN was evaporated off and DCM and 10%
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was purified by Si02chromatography, 0-10% MeOH i n DCM

wth 0.05% TEA to give 3 in 70% yield. OC HpN O
".,KOIl " 00 H u O~0YN TEA, DCM O 53% 79% 3 4

20 To a solution of 3 (610 ny, 3.3 mml) in dry DCM

(20 nL) was_added triethylam ne (550 L, 1)
cityg rpsig) wern pédeds Bhonagueoys 35igr pas sporatedyng extrﬁﬁ@d r3éa‘t1t11 IaﬁM the DCM
pdf\ﬁ’&s etd doflirRY, dLOWith R s‘éﬁmﬁrc%ﬁééh@até@tb g?vef’vQH 55, yie

sol ution was concentrated and puritied by SO

chr omat ogr aphy over a gradient of 0-30% Et OAC in

Hexanes togive 4 in 66%yield. N 1. BH3-THF B"'-~OYN
2. Na , H202 39% 60% OH 4
soljyt i 4 (577 mg, 1.8 mol) i}

dded BH3dlyFchioridét er 1 he

I) and H262—366—At, 2.7 mmol
added. The redction wadMEQ.TEAP@Mer ni ght and
subsequently ditputed with H20, extracted 2x with
ether, dried w MySO4 and concentrated. The prodtct
was purlfl ed_by S Q2 chromat ography over a gradient
of 10-45% Et ®Ac in Hexanes to give 5 in 50%yiefd. 10

Oxalyl chloride (561 pL, 6.60 mmol) was dissolved in DCM (35 mL), cooled to -78°C, stirred for

5 minutes followed by addition of a solution of dimethylsulfoxide (870 pL, 12.3 mmol) in DCM
(2.5 mL). After stirring for 5 minutes 7 (1.05 g, 3.15 mmol) in dichloromethane (20 mL) was
added followed by triethylamine (2.37 mL, 17.0 mmol). The reaction was slowly warmed to room
temperature. DCM and H,O were added, the aqueous layer seperated and extracted 2x with DCM.
The DCM portions were combined, filtered through Na,SQ,, and concentrated to give 8 in 95%
yield.

0
:z:N\:)OkoJé Q i\)\k
0 :\H,7 \s

(e] HN

?

0
EtC

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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\' I NN O Pd(OH2IMOHJ 0 HZN OHOH5 6 To a
stirred solution of 5 (71 ng, 0.21 mmol) in MeOH (2
m.) under 1 atm H2 10% pal | adi um hydr oxi de on carbon
(30 ng) was added. The reaction was conplete after 30
m nutes. The reaction was filtered over Celite and

co wed to give 6 in quantitative d ©15 H2N
0-\ : CI\V O OHOH 6 7 To 6 ( 0.2
nmol ) ) car bet fpxypdthal i m de ~Eh 23

stirred at rgomtenperature for 2 hours (1 ) was

added and sti for an additional 10 m nutes. S
ACN was evapo of f and DCM and 10% 54 citric agid
wer e added. The ueous | ayer was seperated @nd
extracted 3x with the DCM portions wef
conbi ned, driedew th Na2SO4,, and concentrated to gie
7 in 95%yield. I N"~ oxalyl chloride ~ly DVSO, TEA,
DCMH OH0 7 8 5 Oxalyl chloride (561 L, 6.60 mmol)

ThOSiadhrEhRtlry Qerel 13diE¥eNel 3® 1NLTFA DT €00 hid.) ad S Ghirrétt foF fleld)ur at room

for 5 mnutes foll owed by addition of a solution
tepseit ey | LSYIP shaverd complgte conyepsian fonkd) -y Theyrepgtign w23, can?ﬂtfated to give
l(ﬁ]“lbg%y%ldf&kﬂ%gwggfastée&h&gt es 7 (1.05 g, 3.15 nmol) in

di chl 6oronet hane (20 nlL) was added foll owed by

triethylamne (2.37 nL, 17.0 mml). The reaction was

slowly warnmed ¢go room tenperature. DCM and H20 were

added, t agyeouy | ayer seperated and extragted 2x

W th e portions were conbi | tered

t hr ough , UoncenEE%@,er'lFto ivg 8 jn 95%

yield. O- 04
& T

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% NaHCO;,
H,0, 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)
i H
0] Q 1. (COC),, pyridine, DCM, 0 °C N N
B°°'J‘\./!LN N? *HN 2. TFA, DCM -~ \;)\H I
= o 7
o ~OH

Pue
7
N

=N
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NOI L 1-12N O\/ N OASH O FH KOAc, EtO~S OMHN 8
9 O EtO L-cysteine ethyl ester hydrochloride (643 ng,
3.5 Mol ) and potassium acetate (343 ng, 3.5 15 nmol)
were dissolved in stirring EtCH (13 nL), and cooled to
OCin an ice water bath. Conmpound 8 was dissol ved in

EtOH (13 n.) and added. The reaction was stirred at
AF‘E)‘P“QP ofrﬁ%rl\éeAlE@nsP&fb% (Fhdane RAOTERCE R8T BYFide @6 r”'htoéz mmol) in

anh%oﬂ:' Gt i6loRRFEAd E:30@r;9? Wég Sooldd' & b@%ﬁd gnso‘ﬂﬁ%n of doxaly] chloride in

[tered, EtOH evapora redi ssolved in
dlvbé@hmdthwet B4 I, |2nQaM drliledmol) tas Mifs4irepmdse aven tﬁarmnfumse& he mixture

was Stlg‘F(y %ta(f?\];%rlls mx%tlég %%ggljes)algrgt Eir{f? 0 %foédfgmlulq_%es ardeﬁoHtlon of 5-
amm@-lphd:ri}l]p@ralze]&'{ﬁ 9 tpy (HINO r&n@ TOI ﬁ@uﬁtc@lalo’ﬁl#e‘\()lﬂ) and pyridine (15.5

ST L SIS SRl B0 bt bl B AR s s

anSHEeshpRRARRE & @ 6 RN edifited Rvithodidiforomdthghelt6 a6 il QaﬁhdMShed with 0.2 N
concentrated to give 5 10 in 95%yield for the t

agyeoys pedivp hpdrexid ﬁnﬁk@e ongapic-phase) wWas dries (Mg§0.) and concentrated under

reduced pressure. The crude product was purified by column chromatography (silica gel, 60%
ethyl acetate in hexanes, then 100% ethyl acetate) to vield a yellow oil: m/z 581 (M+H"). The oil
was treated with 5% trifluoroacetic acid in dichloromethane (2 ml), and after 18 hours the solvent
was removed in vacuo. The resulting oil (29.3 mg, 57% vield over 2 steps) was further purified by
reversed-phase HPLC to yield the product (TFA salt, 9.6 mg, 15% yield): m/z 481 (M+H"), 503
(M+Na").

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

0
o 0]
Br Q
+ KN - ©)¥N
DMF
o o)

(@)
2-bromoacetophenone was dissolved in DMF (3 vol) and potassium phthalimide (1.1leq.)
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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10 O 11 To a stirred solution of 10 (675 ng, 1.67
mol) in THE (20 nlL), EEDQ (619 ng, 2.50 mml) was
added. Stirred at roomtenperature for 2 days. The THE
was renoved under reduced pressure, the 10 product
redi ssoved in EtOAc. The organic | ayer was washed wth
0.5 N HCl, 005% NgHCOB, H20, brine. The Et 0AQHol ution
was dried W N& @ coflobsatbezaeed. The ppieduct was
purifie a rev 5

se W?O%ACW n 2O to
give t ast er egfrer 511, 7 0yl el d for ast@r eoner

1 and 18% yield f€r diastereoner 2. 15 Exanpl e
1-[ 2- Cycl ohexyl - 2- ( 2¢ayet hyl am no- pr opi o = ty
|']-pyrrolidine-2- carboxylic acid 0o
(2-phenyl -2H-pyrazol -3-yl)-amide p r // 1. (COCh
Pyridine, DCM 0 CBocNj N' H2N N 1. TFA, DCM~N~KN
C@&mpbisidHal) eyl carbbia2 {.54q) bnd CH-H,EO (8,1%9) weteosonifined in toluene (S
Boc- MeAl a- Chg-Pro-OH (47.0 , 0.107 mol ) and )
vcﬂg, Andy p?péed\r tpraflux qusigtg E}T-PSFI)-S]; trgp kg EFrBRNS Water. The solution turned a

. _ d
adlifel 0N GRE pbeiBtlye by Y IMEOARBINI RS 1R of che poluene was
retho¥edbyOdidtillatien] Jhevsutihdeds doolpiMis &.toumd cdfkefirited d6.vacuo. The

The m xture 5 was stirred at OC for 15 mnutes, then,
regltingrsplichwvag shypasdain BOH ghe agnimun (velime pereasasy fasstiging), heated

- -Na- | - | Ry l. - - o1 b
o0 (8 BRSO 5 BefidBorefiphiof BPhoty Jidmers. The
solidolds dolleclicd lyauenai HRreion Owashell Jvitesol@®HOH. andhdtied under vacuum
resulting mxture was stirred at _anmbient tenperature

torgaye bgh frgress ofgiomposad (hhas agioéhwbitesalidian@0ayild. n |
and washed with 0.2 N aqueous sodi um hydroxide (20
m ). The organic phase was dried (MySO4) and
concentrated under OH reduced pressure. The crude

product was purifi by col unmm chropat ography (silica
gel, 60% ethyl et&e i n hexanes en 100% et hyl
acetate) to yieldl a y@llow Oidy M 1 (MH ). The
oil was treated W thywhs%.{ri oacktic idin

di chl or onet hgyté 2 @o after sol vent

was renoved I- acuo resul ti ngiai ng, 57%

yield over 2 steps) vids further puritied @)y.
rever sed- phase HPLC to ¢ el d the product (FFA salt,

SN K I TN AT UL R
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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20

Br O + KND/ N cr~ OO 20 (a) 2-bronoacetophenone
was di ssolved in DVF (3 vol) and potassi um phthal i m de
(1.1eq.) was added. The reaction, initially mldly
exotherm c, was stirred overnight at room

tenperature. The DMF was renoved in vacuo and the
reacti on was uted with DCM (-3 vol ol | owed by

O 1IN NaOH (- 8§ 5|; 1:1 aq/oﬁg% and st| i vigorously
t hen extract ed] e org i ni

solid rnatterlal\yvaz\I ntra H:n vac Q.and the
resulting solN.d e ied i et hyl, etmeNHand
collected by NriRiog filtration to glqu{s) as a
white crystalline s%q(j|r1-95@6y|eld % O O Gt \
et hyl carbazate O all- N/ TsOH toluene HNI1 N O
(a) CNI1)~ O(b) Cbnpound (a), ethyl carbazate

ASBIoTod of Misrarine b s a @ Aeut T BTG fh e awon aSRed SapRvies Hpe refluxing
sothﬁ e&m%&"ﬁf(ﬁ? ggﬁégrwlb?izﬂ% Egahﬁostqﬁﬁlﬁdfaqgﬁ%]ﬁ? e reaction

V\BS co pr oxi mat e
warf coinpleteall blﬁﬂ&@/vals ~5hrsel’fth‘ee&d>hh;ondwa$ icbdlad Itorrt the the phthahmlde

sol ution s cooled to r.t. and conce n_vac
clyage PEREpdych §vas dflieaedayas pod Wélaeq Wi Eﬂ?ﬁ‘/{ CHe FRORRGM fitrate

%:9 lcmnﬁgtggsiﬂ afatud ‘1{ ntif bl sEdl ”tg}mat fj Wad obb@vELTTHE shiffension was
mn and then coo nice tate
stpredciveitigliti ol 1he d‘D}ZHtillmasdiElr mlxtﬂihewa§ﬁilledtewagl suction filtration and
coIIected by suction filtration, washed with cold Et OH
ashad it Golsh Bl slored, impyatissopRre Keayed, giving the thiadiazole

ar@@?%%ﬂ%s%eﬁ R'n QFF sl LSl dofid) - 90% yield. 10

Example 4 1-[2-Cyclohexyl-2-(2-methylamino-propionylamino)-acetyl]-pyrrolidine-2-
carboxylic acid (4-phenyl-[1,2,3]thiadiazol-5-yl)-amide

1)
BocN
g OH
N NF, - HEIIN N
w HOBt, EDCIHCI, DIPEA, DMF N N
N—S O Sur\'f
(d) 2) 4M HCl/dioxane (e)
MeCN

Boc-L-Pro (2eq), HOBt (1.9eq), EDC-HCI (1.9¢q) and DIPEA (5eq) 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 HCV/dioxane (4-5eq acid) and MeCN (1 vol eq to the dioxane solution) and stirred at r.t. until
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HVLO N OSOCCL ONNN ON O (b) (c) To

i ce-cool ed thionyl chloride (4eq, -0.85 vol) was
added, portion-wise (in order to control the
exothem ), the isonmer m xture of (b). The ice bath was
renpved and the reaction warned to r.t and stirred

L%‘éémﬁlfgﬂr?fi COMRRBFProERi Ry -lE W LeAPUSRTBETS WaSARBeRITalpf vacuo and

thé fesM@h solﬂavaa/aﬁgoe&sa@cmaai tnhen h@N (Mﬁmﬁ,hmwoaﬂhe negessery for
with IM NaOH (1 vol; 1:1 ag/or susggnsn on

oy HTEG B Mdcoctie 2By Hientobd cAed b el Aliahon Fidvaesg with cold

MatN ruﬁhlelq'mﬂﬁ‘al 8ot Wi RShovEd A thd Pfke 1o DlciimE \H@l Léﬁ‘f? (e) as an off-white
necessary for easy stirring) for 30 mn, cooled

sofid {n approg imately: gusatiivesielei on filtrati on and vvashed with
a mnimum of cold EtOAc give (c) as an off-white

crystallin idih -8 ield. 20 hydra2|ne
tOH N N NS ONS (

ydrazi ne .. at@ (2. 4eq) (1 v

pwi se tB° rIUX| ng ofH(c)
m)t

hydrate N
upi on of

dded
HEL ) . NA precipitat® fo rmed
and“t he re&eNi on 5 \MOBtLEIRPHEL ed b LCH nO 3hrs
sol Ztl on was cool ed BEA, DMF and t he phgﬁal i mde
cle ?)age by- product was filtered away d washed with
DCM The Et OH DCM fi }V&’Eﬁ@ i0%3%€ concentrated in vacuo
untiI crystal format was observed. This suspension

stirred ov rni.ght and the_cr | | ine/sol.id
T gms (hag ORI S0 R G OB DI H P 14 i s added the Boc-
-wa§ tneségy\mquph&) B dEDOMAl(1.8&). Ql‘cﬁ hdg'%ércbﬁabl@& a\ﬁexrezhrs by LCMS,

I vi d? t hi adi azol e ME’(Q - 75%

T*Vuréqcamwa%ﬂ%? W%Et%%@w?léﬁw WéShﬁ‘bl""i'tb IMERIG b NgHCO; (1x), and
br;he [(2x)Q>{ ql Qﬂ&g)y IThé OQ@nﬂ%xBxAt% PP LR s@&ﬁln%ﬂfﬂt@)an@%@ﬁc)éntrated in

rrolidine-2- carb |c aci d 4(§Jhenl-

vag_uoz %T g'qﬂ.llggg Aol is 5]].].?‘]6}1-1@ Q{Ié/foaB@(g 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

deprotection, ~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} l 0
BocN\_:_)k(DH o
—————
HCI HN QH S HEIN\_)\N %H
N N » : = H N N
0 g Ky DIPEA, DMF : O g L
~N 2) 4M HCVl/dioxane ~N
4] MeCN (2

The HCI 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 HC! (2x), NaHCO; (1x), and brine (Ix) (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% vield. The Boc-protected conjugate 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 deprotection, ~lhr. The reaction was concentrated to dryness with toluene
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OH NH2 OHNH N HOBt, EDCIHCI, DI PEA, DM HO N NS

OIN (d) 2) 4M HC1l/di oxane (e) MeCN 15 Boc-L-Pro

(2eq), HOBt (1.9eq), EDC-HC (1.9eq) and DI PEA (5eq)

were dissolved in DMF (10- 15 vol). To this was then

added the thiadi azole am ne (d). The reaction,
(2 {seme P iymerin dsPreiciehaoition) snd e Tl dolido vos thurgiglyin a solution of
MSBE/ERE (1030 (hhigfhbl, volume h@ehsatmfof OMtitrEY) Bhadduhd® callttkdttd@eld crude (g)

ot O et e gbre S T Batt ) s et M ! minimy

an(d2dgsplved with IGeBig (al 6L, V\aml Ioprapg] Qbetjte (&8 YoRdy addgd in two portions,

The organic | ayer was c entrt i.n vac and the, . .
ke RER B RGPEBRES SpaRPr et (0ot e SEPHT Ry IISER, tp £o0! with stirring.
Cﬂ%tﬁlhﬁltfﬁhvt@bw PRcd epaths ahy skspénsRasyasSitirtet |20 @dorh Gmperhitt Mor several

t hen cool d to r.t E]Je%uct on filtr

hogase thsp stiaed 45(9 € &9 e Biriomst %9&1@ @gcgﬁfj 5#9%?#% diltration, washed

with VRO PO a9, 2 Gi'ol) Bnd dHeory VielddinalltAe pid@sct BY OBied/ Tl white crystalline
roduct was suspended in a solution of 4M HCl/di oxane

ig IR0 e e lg)fr MeCN (1 vol eg to the dioxane
solution) and stirred at r.t. until 59 LCMS indicated
| ete deprotection, -lhr. The reaction m xture was
Ewggeeht r al-Hertibutoyyeethonyir H-pyuel- Trdnathy)Aginggprogiopiggcid
vigorously slurried in refluxing MeCN (a m ni num
vol upe necessary for easy stirring), cooled to r.t.,
and i he SO|IdC||eCtHﬁtNB}‘l3SUCtI(p|an|t tion and _
Wi t}hz é\{E‘GN"H-HPH re G Bhas dl-tcn-buwldlcmboniti
ved from the %akel%@cﬁﬂﬂel d \he/ HCIHsaht (e) A% AR namco -
off-white 5 solid in agggoxi mately quantitative 2 ?
yield. 1) ~ OHHNHBocNHO NNHN-NN OS'N HCG
O HOBt, EDC.HC1 S-N (e) D PEA, DVMF 2) 4M HCl/ di oxane
MeCN

H N ogt  LIOHH0 H NJ\H/OH
U TT weme VY
Boc Boc

Alanine ethyl ester (Sg, 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,0, 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,80,, extracted by EtOAc twice. Organic layers were combined,

dried and evaporated,

Example 6 tetrahydropyranylglycine
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The HCl salt (e) was dissolved in DM (10-15 vol) and

DI PEA (5eq). To this was added the Boc- L-Chg (1.5eq),

HOBt (1.4eq) and EDC-HO (1.4eq). Coupling was

conplete after '-2hrs by LCMS. The reaction was

diluted with Et CAc (15 vol) and washed with 1M HC
Tqushydromgagyigtye(nexyas Ryfghases IB"PF‘n'éI"(ﬁBR‘BC%E% 9r SR Sceppfing 1o the

liteaBAR IGhoS Il RCITHARD s, Wed.; AYIRIwas O Kmm;te%ag @ ;aMng, T. T,; Lee, H.
concentrated in vacuo. The resulting solid

YsMunpored: M Spith-A-RcalVel §.24; Baje.( B T Avgavond v%t B, E. A.; Schleife,
WORC ERIAT IR { A ders8RIY SSE Wfeli! By, 3093, k6, hi®redot o give

Boc protected conj ugate product as a fluffy white

solid in -80% vyield. The Boc-protected was di ssol ved

in a solution of 4M HCO /di oxane (4-5eq acid) and MeCN

(0.25 volune eq to the di oxane solution) and stirred
Expmpie & . upipériding@i®inendi cat ed conpl ete 15 deprotecti on,

-1 hr. The reaction was concentrated to dryness with

tol uene (2x) (the sanme volunme as the deprotection
Pigaidiyl gyoinet wasysywhabizedh ecchi@ingga the lifdrjtumsStaechyfi-Ce Xue, S.; Reel, N.; W,

CLYS I|n rg I itative
RyFUFUTRGRED. Bl BRPRP R TBRE 4 2R N e
EDC.HCOHOO HNN ODPEA DV OOS NS-N 2) 4M
HCUdi oxane (g) (f) MeCN 20 The HCI salt (f) was
di ssolved in DVF (10-15 vol) and DI PEA (5eq). To this
Exyatplegidedd tlagiuBagydloidxyiglybivée Al a (1. 5eq), HOBt
(1.4eq), and EDC-HO (1.4eq). Coupling was conplete
after -l hr by LCVMS. The reaction was diluted with
4, EQPRGrobldlonéRy 1 lyainewibs iR Acotirdifl tbvhd¥ebceliddy desbistad@BUS

200bx21638md brine (I1x) (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, foany solid in -85%yield. The
EBRpdY Ot egle®). s QnidtdRlLhWRRydicRBOl e ik i@ 25 sol ution
% I—|CUd|(§6>§f);me (4- 5€eq aci ddj%and SN (6 25 vol une eq
to the di oxane sol ution) and stlrred at it. until
LCVS i ndi ed conpl ete deprot ection, /—l\hr The

reactio & conc¥hitiMar eGOeNe drynessovm @ toluene 60
(2x) (sape~yol une as }ggrot ection,.sol uN

resultin l'i dwas bved in a sol

MIBE/ Et 70: 30) (m oMesl ¥ssary for easy

stlrrlng) filtered and collected to y|e|d crude (Q)
as an of f- vvhlte free-flow ng solichzHNNE copde HC sal t
(g) was suspended in MOH (4 vol mniminm and

F()?{g\svéq%l\%ﬁse é)jro%;Megturg Oozéhesi;,n&%% egg%cﬂgzvﬁt\grge??y! ?()%E),rﬁf) ﬂlZ I%%)ataesolutlon 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 ¢.

o) o_ 0
CozHN™ “CO,Me CbzHN™ CO,Me
c d
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5 keeping the tenperature at approx. 60C, and the
solution was allowed to cool with stirring.
Crystallization took place rapidly, the suspension was
stirred at roomtenperature for several hours, then
stirred at OC for an hour before the solid mas
Ilec ed by suctjon filtration
it piagedprp: o} Shgh, eﬁfﬂ’&ﬂﬁ?ﬂd#fyw% %ﬂ% fd? ?—W #423)n @ solution of
enramd@@*(s I@g) ]ge\s S»de@fﬂrtEtﬁh(vﬁéxtsg SHer(tJ}@h‘hdaﬁe NeS®liyfort, MA), and MeOH
yi e rom
(190 Ptlé ryas tﬁh@l@w@aﬁmﬂy uogey Hﬁﬁﬁyrqf éiz for §§thdihg ppiverivasgpmpved under
re&tﬁ:@c‘i %ésﬁr@%@rem@@wfs’ t“e}(u}: ﬂ\@t@ﬂ%"&d@ﬁteﬁd tl’\rodlgh"i": %&ntﬂ-r@xe EtOAc.

Ttho]-\qe@ wras remlc@{i ur@e;—]ﬁdm@ptess@regg @ffg@(jl ng]f amdwé d@p pyplorless solid.
ester (5g, 32.5mvol), pyrrole-2-carboxal dehyde (3. 1g,
32.5nunol), sodi uny—gyanoborohydride (27949, 32.5mmol)
and AcOH (1% weré&ypXed in DMF and sty red overni ght.

20 The reaction enched with H20 d DVF was
evaporated. The m e was drtuted w Et CAc,
washed by 0.1 N NaOHY dried and concentrfted to yield
product 2.5g. g, i ng ester g 2n2Urcalge 8NUNOL),

di -tert-butyl di carbgnate (3.06g, |4mmmol } were nixed in
THF, H2Owith NaHCO3 and stirred overni ght. THF was

A%ﬁﬁﬁrcﬁ‘@g—car@ﬂgm@ he(4f0§)<tabtf2© 190)dpdob bE@LEM Eg)%a ,MeOH (30 mL)
washed I N Na and brine. After drie

qu@amﬁampq{ p@deyvgg am@'@m el ot9r O %egp@tqqqgaggltered through Celite with

M??ﬁ ?ﬁe%og\feg?‘g?s)e(%&?fetdﬁ{ng% rﬁ£§ @@%u&rtgtaﬁ&td%% g%f fekidue e, which was

nono d
take@@amyecty, 77mmol ) wer e nlxed in THF and HZO at 0C. THF
was vacuumed of f, d the solution was acidified by
di lute H2S04, extoacbed by Et OAc tw ce. gani c | ayers

wer e conbi ned, dgi and evapor at ed.

BocHN COxMe BocHN CO:Me
€ f

The residue e from above was dissolved in H;O (10 mL), AcOH (30 mL), THF (5 mL), and
dichloroacetic acid (3 mL) and maintained at rt overnight. Water (5 mL) was added and the
solution and maintaned until hyrolysis was complete, as monitored by HPLC-MS. Solid Na,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,S0Oy,), filtered, and concentrated. The residue was purified by chromatography to afford
2.9g of product f£.

Hf/: H/.l
BocHN™ “CO.Me BocHN cone BocHN COzMe
f

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%aq 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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Exanpl e 6 tetrahydropyranyl gl yci ne 61
Tet rahydr opyr anyl gl yci ne was purchased from
NovaBi ochem or synthezed according to the
Iiterature Ghosh, A K Thonpson W J. hoIIovvay,
; McKee, S. P.;
om}nrpoeg Iqrgap:c pMses ‘gﬁptvwsheA onqs\ﬂ mt]\/@ﬁne glrled,q\lagggﬁ)k gltergi ap;d concentrated.

T}?e%ﬁa/u whs plirified SeltEl {5 of piiud g andib bl duct h.
R Ander Son @C%ma%gf\?@}éymdnem 1593° 3% Fand: 23g°%pr° uet

5 Exanpl e 7 piperidinylglycine Piperidin l yci ne was
synt hesi zed accord¥flg to the literature: ieh, WC ;
Xue, S.; Reel, N.g , 10 R; Fitt, J Repic, O

Tet r ahedr on: Asy
4, 4-difluorocycl rxylglycine 15
4, 4-di fl uoroc e ci ne was S fng to
t he procedureé&%es rlééy in US 200 §3gg Exanpl e
9 Boc (S)-2-am no-2-(4- hydroxycyclohexyl)acetlc acid

A'?_ng)r ne &be%ﬁ'\'ﬁ é{ F&% (39 HiH ?1% Yﬁ: (.?Q[nﬁ %d? J‘"}‘z& SHNEvas stirred

OWI n ure o
wg\symlsehlry ovﬁlﬁhﬁg‘ht T2, m&dﬂ&%@dﬁﬂ)ﬂed am’ehobruttﬂ ol Qxhustlkbrt oxreced with

E QA i SRR BTG ehire: WaERF e sascogityirns, s, flered, and

cdﬂte)ntratladitoﬁtf@Pd:aoﬁcBQSMg) The sol ution was mai ntai ned at
rt for 48h, then washed with IN HC (3x50 ni), brine
(1x50 nL) dried (Na2SO4), filtered, and concentr at ed.

Exbifple 10ES| shagpowabroadsor bed onto Celite, and purified by
chr omat ogr aphy, then further purified by re-
crystalization from Et OAc/ hexanes to afford 5.2 ¢
product ¢c. Oo CbhzHN CO2Me CbzHN CO2Me 30 ¢ d 62
Fol | owi ng the procedure of Sheih, (Tetrahedron:
Asymretry, 2001, 12, 2421-2425), a solution of

Br
O
sN \)L HN~~OH
H O 4 —_—

BOP, DIPEA, DMF  BF

of

a

Ho©O H O
HO E ' H N

N
N
c 29 d

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 10ml DMFwas stirred at room temperature for 2
hours. LCMS analysis indicated reaction completed. 100 ml FtOAc was added to the reaction and
organic laver was washed with sat. NaHCQ, followed by brine, dried over Na,SO, and
concenirated to dryness. The crude material was purified by chromatography using 50%

EtOAc/hexane to obtain compound b.
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eneamde ¢ (5.0 g), (S,S)-Me-BPE-Rh(I) (1.5g, Strem

Chem cal s, Newburyport, MA), and MeOH (100 nm) was

shaken virgorously under 70psi of H2 for 48h. The

sol vent was renoved under 5 reduced pressure. The

resi due was taken up in EtOAc, and filtered through

Si02 with nore EtQAc. The solvent was renoved under

e f f

T B 1 S e e B R B g n 3
DMF ang siirred saternight dgr cetnple@atr bAkateactign rtemruwgvyasa@eﬁ@# by reverse phase

HERS Rt RS Ao DB R e ) el

m xture was filtered through Celite with NEOH The
I t pressure to afford
E%SEMFH' “@Z%m%ﬂ%mﬁ%m§%%mﬁwﬁE%ﬁ&?%ken on directly. 0 O
BocHN CO2Me BocHN CO2Me e f 15 The residue e from
above was di ssolved in H2O (10 nL), AcOH (30 ni), THE
and di chl or Gacetic aCNdﬁﬂﬂhnL) and mai nt ai ped
erni ght. Wt 5 nL) Treaeagead and th
solytlo and mai ned "unti | mMeosl ysis was nplqg
as #onitored by LC-MS. Solid Na2CO3 was &dded
cautiously until gasgevolution ceased, the m xture, was
diluted with aq NaHC%B and 20 extracted W th
10% &t OAc/ DCM  The conbi ged organi ¢ phases were mashefl\w/

noR: Wkdddndg i Nne, dried (Na%§04) f||tered a57//\\

corgiemhy at ed. T eSNdu §\pur

T'nmpﬁggraphy afford [2.99 of mprodect f OC]—|C]—‘
H BocHN CO2p6: B CHN CO2Me BocHN co2me f
25 A mixture of ketone f (1.59) MeOH (50 m) was
treated with NaBH4 (296 my) at 0 C for 20 mn. The®

L-ma k! rrﬁetm &j@e‘fv\ﬂl@dto%ﬁohge aP E%eWStSWUW% %&élBﬂr&paﬂgdagJoxaldchydc b

renoved ced pressure.
(Zrﬁé'slil dé dmyveed) weiirt ertspahded HOWLTHE veliid Asfat: ofedsiationi of hml Of CHJOH made

the QAL PG EREMumbi %o clear. NaCNBH, (2.25g, 35.8mmol) was added and the reaction
mixture stirred overnight. The reaction was quenched by addition of 1N aq. NaOH, extracted by
EtOAc twice, organic layers were dried over Na,80, 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,0 (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,0 to give pure compound e as a white solid (794mg).

Example 12 acid fluoride coupling procedure
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63 conbi ned organi c phases were washed once with
brine, dried (Na2SO4), filtered, and concentr at ed.
The residue was purified by chronatography to afford
1.17g of product g and 0.23g of product h. OH OH
HHo.. BocHN CO2Me BocHN CO2H g 5 A mi xture Qf ester
(1 179) L' 0 (160ng), THE (3 nlL) and

% igorously at_rp overnilghg.
m Xt
BB rmen

Il yted with brlne and exgyeRrt i W raced
e Yonbi ned g ganic phases yver[){, shied
once with b'fjln@ ared (NaZSflltered' and © o” “NH
concentrated to Afford acid i 25mg). 10 Exanple 10
compound 29 15 Br OH 1Jil> O H\2 ONS—%OyJ~HNk®
S-NNHN-~OH OHNBOP, DIPEA, DM Br O N DVMF a

p HOHO-~-N~-KNNSN+HO,~-NAHNS-NN HONOMH
AQdNitiod 9ofd Boc-MEAIACHE-RioWDIE @f3 a[ﬁildll)e afd (plriBiGe MW Jmol) in anhydrous

o3 GER B ST Sl (T8, 4 SRl B (M i v

34de! MR ikt QAR biFaaed: abg rf&- ’[.‘Dfer at BRibies:. texhq%ure for 5 hr, and then
anal éSI s indicated reaction conpleted. 100

MFAE FE VoS HhremikBEC VRO TATiEd these g evwhaigﬁél}ormﬁhm (total 100 mi),
adﬁgtgg %%ngﬂﬁ%d" orzdtic phAECHEHED WiRViREe Y d REFikd 8ver BhhRELR%BHIUm sulfate.

Filtration and concentration in vacuo yielded the peptide acid fluoride as a clear, colorless oil used

directly without further purification.

A solution of the crude acid fluoride (0.50 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

L
N

h

=

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
N

a

o

3-methyl-1-phenyl-1H-pyrazol-5-amine is commercially available from TCI America (catalog#
Al1311).
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concentrated to dryness. The crude material was
purified by chromatography using 50% 25 Et OAc/ hexane
to obtain conmpound b. 64 The conmpound b (0.832g,
1.5nrnol) was treated with ethanol am ne (200ul
2.73mmol) in 3 M DM and stirred overnight for
conpl etion. The reaction m xture was purified by
E{a eerlsse pheﬁe% 1rtiiRofe-1 24@RERI N two diastereoners c
and {conpound 29) (150ng). 5 Exanple 11
N—Boc N—cyclopropylnethyl rly al affi e O 0 NaCNBH4  H2N O
AH THF1%®AcOH MCOH H O a % . Boc di carbonate |
/OH NaHCO3 N 1( Li F, QYN ® 10 1 THF, H2O ~eoc O THE
H20 Boc Od e 10 L-al ani net [
a (5g, 35.8mol) and cycl egnopanecar boxal dehyde b
(2.67nmL, 35.8mmmol) were suspended in 50m THE w 1%
5-phenylthizgler3.4-8amie is pemprercaliy Greiakife fromndcres Srgppics (catalog# 11234-
pc3@j.ution turned to clear. NaCNBH4 (2.25g, 35.8mmol)
was added and the reaction mxture stirred overnight.
The reaction was quenched by addition of IN agq. NaOH,
extracted by EtOAc twice, organic |layers were dried
over Na2SO4 and concentrated to dryness. The crude 15
Exmatpbyital  Svéts flperpinéthgit4ipyerotthiopendepnaphy  usi ng 30%
Et OAc/ hexane (stained by ninhydrin) to obtain the
conpound ¢ (1 g, 18% . Thid:No o@]o c (lg, 6.37nmol)
and di-t-bocdi carbonate (2./= >85nrnol ) were diluted
in THE (20m) and H20 (20 %% NaHCC3 (1.3g, 15.9mmvol)
was added. The reaction mxturé&fstirred overnight for

eqd. pres e .
5- §10 g&i ﬁt%étg%lb4-§ ymg%lgeﬁhqga\é&g%q%g?rn%lgli%%H? ba&mﬁb&?d@ Acros Organics
(cbtalops SEROMIB3DAY. organi c | ayers were washed by | N NaCH
sat, NH4Cl followed by brine, the concentrated to

dryness. The Boc-protected conpound d (1.39g,
5.40mmol) was stirred with Li OH H20 (1.14g, 27mol)

(2 20nl) overnight at room
E*%ﬂﬂgfgtu g&%ﬁﬁﬁgﬁﬁgﬂg iPPed of f, and the aqueous
| ayer was adjusted to pH=4 by adding 10% citric acid,
then extracted by Et OAc 3 tines. Conbi ned organic
| ayers were washed by bripg and

N ]
N

H

4-phenyl- 1 H-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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25 concentrated. The crude was purified by reverse
phase C- 18 columm el uted by 0% 50% acetonitrile/H20
to give pure conpound e as a white solid (794ng).
Exanpl e 12 acid fluoride coupling procedure 65 o 1 o
BocN,. A,N O N H2ZN BocN NN N H O A’
sol uti on of Boc- MeAl a-Chg-Pro-OH (2.3 nmmol ) and

E%ledl@ne ﬁﬁhe%yﬁﬁ?h)z

3|
was cool ed to 0C

RaANRNHERUS
an

added dropw se over 5 304%¢

at OC for

15 mn, at anble

t hen quenched with water. L m Xt
three times with dichlorone ﬁﬁne (total 100 M), and

Pl Annue S ettt e Ploolfrdesipe in K. M.

- HOOOHONHD A

di chl or onet hane (23

cyanurlc fluoride (2.3 mmuol)

mxture was stirred
ature for 5 hr, and
ure was extracted

Bﬁmpe.nﬁrmdmmm uaugaaucr. GieClal, 193¢, 4oegie-83e. aci d

fluoride
W t hout f

In

as a clear, colorless oil

used directly

urther purification. 10 A solution of the
crude acid fluoride (0.50 mml) and pyridine (1.5

di chl oronmet hane (2.5 m)

was added to the

E"é‘&p?edzoam frehepylisgsaziirgPyincand the resul ting mixture

stirred either at anbient tenp
(seal ed vessel ). The mi xt'th
sodi um bi carbonate and the
di chl or onet hane (t ot al 1000q ‘

Th

erat ure or at 50C
ured i nto aqueous
eXtracted three times with

e conbi ned 15

organi ¢ phases were washed wth brine, dried over

4-pleinylihosars!- Seuing mes prdpated acdarding toettie ardedusrisemibediirel]. Peeters, W.

H pyrazol -
1- phenyl
from TCl
3- net hyl -

Example 21

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

The crude peptide am de was used directly
V%ﬁlﬁgutg?urther purification. Exa

5-amne HZN N 20

Anerica (catal og# A0174).
I-phenyl-lkkpyrazolﬂiiam
2

/Y
N’N
3-phenyl-1H-pyrazol-4-amine ~ H

npl e 13 1-phenyl -

-] H pyrazol -5-amne is commercially avail abl e

Exanpl e 14
NN N

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

Example 22

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

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

H,N

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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25 3-net hyl -1 -phenyl -1 H pyrazol -5-amne is
comercially available from T TC Anerica (catal og#
Al1311). 66 Exanple 15 5-phenylthiazol e-2, 4-di am ne
HZN S HZN 5-phenyl thi azol e-2,4-diamne is
commercially available from Acros O ganics (catal og#
11234- 5 0010). Exanple 1N

5-(trifluoronethyl)-4- pheny en-3-amine HZN/ S
CF3 10 5- (trlfluoronethyl)\A henyl t hi ophen-3-amne is
comercially avail able fromNACros Organics (catal og#

1 r?%%%la%ﬁﬁllH @%EPLI %mir? ﬁasﬁﬁﬁﬂf@ﬁaeéﬁ}r@}z{% ?)_Ztgl? g%c%c{eﬁégedescnbed in C.

Chgn p.aW dchxaut, d oR .V elCprthg; Td)@h@#@t@ﬂuﬂe% deseee-Bzd. in E
L. Anderson et al.; J. Med. Chem, 1964, 7, 259-268.
20 Exanpl e 18 5-net hyl -4- phenyl -1 H pyrazol - 3-an ne
HZN /  '"NH N 5-nethyl - 4- phenyl -1 H pyrazol - 3-am ne was

re ed to the rocedures described in E
B tZ‘Y‘q‘Jalr’]‘%nylhs‘”‘%B BBRE&m , 1964, 7, 259- 268.
25

H,N

Q

N

N
3-methyl-4-phenylisoxazol-5-amine was prepared according to the procedures described in H.

Peeters, W. Vogt; EP 43024,

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

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.

Example 26 4-phenyl-1,2,5-oxadiazol-3-amine 0
4-phenyl-1,2,5-0xadiazol-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

H,N

2z
=
\

=
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67 Exanple 19 3-phenyl-3H 1,2, 3-triazol -4-am ne H2N
NON 3-phenyl -3H 1, 2, 3-tri azol -4-am ne was prepared
according to the procedures described in K M 5
Baines T. W Rourke K. Vaughan; J. Og. Chen1 1981
46, 859 Exa 20 4- hen | i soxazo
11‘6““2 i1 |Hs*65{ WSS RFRPAEd A5 g‘”ﬂ)‘ﬁ%ﬁ%rt&‘a Pé‘EEQ}F‘Eﬁ ﬂﬁ“ﬂ't?d in T. L.
GlI&RisH GOEEGRhESC g SRéck bﬁ@hm Sk, PO Shdhns. NV1975Vq>g¢7,1755’
43024. H2 N N Exanple 21 phenyl-lH—pyrazoI -am ne
H 15 3-phenyl -1 H pyrazol - 4-am ne was prepared
according to the procedures described in C. Chen, K
Wl coxen, J. R NbcarthY Tetrahedron Lett., 1988, 39,
Expgupie 2803 24-agp@,-ﬁ3]pl-@nﬁzm ,2,4-riazole
1- net hyl - 3- phenyl - | H pyrazol -
1- met hyl - 3- phenyl - | H pyr alAg - 4- e was prepared
according to the proceduresNdgscribed in C. Chen, K
Wl coxen, J. R MCarthy; T%Pwahedron Lett., 1988, 39,
8229-8232. 25 Exanple 23
A-hmimet3pHenB-4plhBRteidzble pyas g epared -aactirdiag tcOfBe ii¥eddrdy described in A. A.

W Lﬁg%}”?%ér%w&e%&%é@%aeé%%ﬂ2%0””as & “ohen, K

Wl coxen, J. R MCarthy; Tetrahedron Lett., 1988, 39,
8229- 8232. 5 Exanpl e 24
3- et hyl - 4- phenyl i soxazol -5-anine H2N/ O

Example 29  3-phenylthiophen-2-amine

m\mne H2N/ N -N 20

HaN

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 ef

al.; EP 737682 (US 5747518).

Example 31  4-phenylthiophen-3-amine

H,N

/]
S

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

Cagniant, P. Cagniant; J. Heterocyclic Chem., 1982, 19, 443-443.
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N 3-net hyl - 4- phenyl i soxazol - 5- am ne was prepared

according to the procedures described in H Peeters,

W Vogt; EP 43024. 10 Exanpl e 25

1-phenyl -1 Htetrazol-5-amne HZN C N~ N\ | N, N

1- phenyl -l H-tetrazol - 5-am ne was prepared according to
E¥m@kﬁﬂocé&@ﬁ@§4d$§6W#@éﬂe?ﬁmd A Batey, 15 D. A

Powel | ; Org. Lett. 2000, 2, 3234/3240. H2ZN N N

Exanple 26 4- phenyl 1) [ | - 3-am ne

4- phenyl -1, 2, 5- oxadlazol 3-amyne~has prepared

accordi ng to t he procedure§ @scribed in R 20

Lakhan, O P. Singh; Ind. 4 Chem, 1987, 26B

690- 692. Exanpl e 27 1-am no=5-phenyl -l Htetrazole H2N
5-amihb-4-phbhylthlzdie 6%1&1— ﬁm' ﬂt@pzﬁed) heopding d- the tpk@zdires dwdaribed in A, H.

PPl et e e LT HERRE™S Ghom soc.

Perkin Trans. 1, 1975 1747-1750. 5 Exanple 28
4-an1no-3-pheny|-4%#1,2,4-triazo|e H2ZN <N, N
4- am no- 3- phenyl -4H 1, 2, 4-tri azol e was prepared
according to the procedures described in A~ A
Ikizler, N Yildirim J. Heterocych 1998, 35,
377-380. 10 Exanple 29 3 -phenylthi%r~: “am ne H2N
S =N

Example 33 2-(methylthio)-4-phenylthiazol-5-amine MeS
2-(methylthio)-4-phenylthiazol-5-amine was prepared according to the procedures described in A.
H. Cook, I. Heilbron, A. L. Levy; J. Chem. Soc., 1947, 1598-1609.

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

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  S-amino-2-(methylsulfonyl)-4-phenylthiazole

S

a D
MeS 3?5\
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0

3- phenyl t hi ophen-2-am ne was prepared according to the
procedures described in Y. Yoshi kawa et al.; EP 737682
(US 5747518). 15 Exanple 30 2-phenylthi ophen-3-am ne

H2 S 2-phenylthi ophen-3-ani ne was prepared according

to the procedures described in Y. Yoshi kawa et 20

al.; EP 737682 (US 5747518). Exanple 31

Tos- mgail(hgﬂh%ﬁl% 12 23 hiakde S0 1.36 mmol) in dichloromethane (5.0 ml)

4- phenyl t hi ophen- 3-am ne vvasge ared according to the
wa pddsd dbartion wise ehlomparberro ackd 3% e, 3% weadhmanl) with cooling to 0°C.

Th%mu tNBS ﬁ:lmb&?%&lo&&ﬁ !’bl‘l-:letn’] 310 ‘11@8%@ z?]ﬁ%r 545 Afbed 48 warm to
Exanpl e 32 5-am no-4-phenyl thiazolé-2-thiol HZN N HS
anfieahiemperdtuph évfiet 8 tir aAoitieer Auanititiod! Ireldorppasraree acid (305 mg, 77% wt,

1 f\%ﬁmﬁé qYag gd(‘e(a pkﬂ%ﬂ& Ecﬁi%{ r2§§1r %%Si'ﬁl%u%e\gasl t{"]sféﬂ_yﬁh sog;ggllﬁhlosulfate (2
mll598M1.61ﬁ):®red5mtdz SdturhtedN aqlEnw”nsﬂdwnS:Blcarbonate and extracted three times into
% nyl t az - 5-an
di 10 ?‘%?t F: Oozfn?g i )%nin m% 1 Qrgarjic pr t=°- were \gasB ed w%‘h saalrated aqueous
sodimﬁcbﬂc.drbthgaté and brénepdrixdede edivdesitiate I@&dﬂcomen@ratedhh vdoookq give a dark
br(i»'gbggllilgg%%n%(é@%%gv%kiﬁ]ch gg](%my] asc%tcate’/he%e?ndézy vielded pure 5-amino-2-
(mBthaleal By -4 (piedyngilagalt {donygd, R6%y.phenyl t hi azol e HZN HZN
N+ NMSDHDP,S

\:)
.

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

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
dituted 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
== — == + =
SYN SYN SVN
O=

N

o Cl

2-Mercapto-4-phenyl-5-phthalimido-thiazole (203 mg, 600 umol) 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 | hr and then
partitioned between dichloromethane (50 ml) and water (50 m!). 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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To 5-am no- 2- (et hyl sul fanyl ) - 4- phenyl t hi azol e (305

mg, 1.37 mmol) in acetic acid (3.0 m) was 15 added

aqueous hydrogen peroxide (660 I, 30%w, 6.9 mol)

dropwi se at anbient tenperature. After 4 hr the

m xture was partitioned between di chl oronet hane (60
anﬁﬁylecb@i\@r s SL(]@@. ﬁqlt’a_tlormryl COpECRRAIAn ipHaa vigdded a mixture (231 mg) of

L riced:pv M wi i -5-

2R AR g A i Beols  (BEhoP DR ORnbT wigh  phenyls
phinlioiattbigrodpley. 200, wed withougpiriffcetiony| acet at e/ hexanes)

yi el ded pure 5-

am no- 2- (et hyl sul finyl)-4-phenylthiazole (285 ny,

87% . 20 Exanple 35

5-am ne: 2- (et hyl sul f |') - 4- phenyl t hi azol e ~ HS H2N

PR S 71 To PhthN I HoN HaN
5T o 2- ( rfet hyl ay|)-4-—ph@ny|thig&w/Qsozhg, 4=
1" nmmol) in dic romet hane (5.0 m) s added
@ﬁi onw se 3-chl oroperbenzoic acid (638 ng, 77%w,
2 F'mmol) with cooling to OC.  The mi»x& uM was dil uted
wi th dichloronethane (3.0 mM) and after 5 mn all owed
to warmto 5 anbient tenperature. After 3 hr a further

Thguemds tryixpfe 3f cﬂqlf@mbpéﬂ@énzwi% depticaly}Sadmhafigpidortiipgalg (231 mg) in
ko QAN . .

ool 95 TE 0N 0T B bSR3 0 ropwie

antbidit Mmpepaure.edftemi® nimtther aliaédre avpseonsengeidd umvacuo. The residue was

ST RS W U BB . 0 o o
hepld sesfver eftandshiacs firthér atardtetandligiydnsine sasadded (660 ul, 1.0 M,
oof bR tE B PO o6 he 24T RS P s gl Eoncenraea i

vaﬁ@ﬁ]aéﬁ?ét@&ﬁit@@‘ﬁ;&@hyn Qﬂigsiée'l qahgehcefaettitydnes) yielded pure 5-amino-2-
acet at e xane i.el de e. 5-am no-2: . .
iR P%'S}?ﬁ)gﬂv tgﬂﬂgalfp{?gﬁs}%’gﬁ‘rﬂaf?o% Sy eﬂﬁﬁ?m%%ﬂ?hmﬂth‘a%‘e (17 me,
16X pPkRped6 S- am no- 2- (am nosul fonyl ) - 4- phenyl t hi azol e

and 5-am no- 4-phenyl thiazole 15 HS PhtS _\ \rN'r N

HS HS 5- Ami no- 2- ner capt o- 4- phenyl t hi azole (1.01 g,

4.83 mmol ) and phthalic anhydride (716 ng, 4.84 mmol)

in acetic acid (20 m) were heated at_ 100C for 64 hr
Exargleal?l oweaming-2déstbutsivbiapgli-aheaylihiazo0 diluted into

cold water (150 nml) and the precipitate collected by

filtration, washed with water (50 m) and dried under

hi gh vacuum (1,469, %9 . The phthali q}l\de [
cont ami nated Wit h nor _quantity of dis e but
used without fgrther purification. g

YN YN

HS S,/

To a suspension of 5-amino-2-mercapto-4-phenylthiazole (210 mg, 1.01 mmol) in water (1.0 ml)
and ferz-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 S-amino-2-(tert-butylsulfanyl)-
4-phenylthiazole (220 mg, 82%).
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Pht SPht S_ + Pht SN\r N~N 0S HSO0'SC 25

2- Mer capt o- 4- phenyl - 5- pht hal i m do-t hi azol e (203 ng,

600 nmol) in acetic acid (4.5 m) and water (0.5 ni)

at 0C was treated with N-chlorosucci nimde (243 ng,

1.82 mmol) in one portion. The mxture was stirred at

OC for 10 mn, allowed to warmto anbient tenperature

for 1 hr and then partitioned between dichl oronethane

(50 M) and water (50 n1%ﬁ The a ueous phase was
Exsnpleai®t e o -20movr e -brivie irt ehea fég“eleet hane (2 x 25

m ), and the conbi ned organi c phases washed with brine

72 and dried over sodiumsulfate. Filtration_and

concentratiomﬂNn % yi el ded a n1xtgmp ( ng) of

2- (chl or osul f onyl henyl_-5- phthall zol e

(maj or conponegt)i wi th 4-phenyl -

pht hal i m do- thf?i%le (ca. 2:1), used MA %ut

purification. 5PhthN_\ + PhthN_ \ Hﬁ \ 4+ HZN_ \

S\rNSANSNSALgvsos&Clo H2YThe crude

m xture of sulfonhyl chloride with

4 phenyl - 5- pht hal i m do-thi azole (231 ng) in

gﬁ%ﬁ[}? é’(b@t& lggﬁbwﬁ%en\gﬁg Bwﬁ%@bgpgmsl%hpw ﬁ%e%c acid (5.0 ml) was

adti&:m):@téatslhy&rogﬁf PesxideO(208 nl, BOR wi, XU VARpe 8 @Eﬂﬂlﬁxatt @¢perature.

n vac The resi due S _Sus ed in e
Al B i ot R R e Eeem PRSP S 1D 2 ey (50 m). The
aq&fds AR Jwad Béhardiaing ExirRted &f ithUdichldbinethank. (20 h'ﬂ) @The combined organic
further portion of ethanolic hydrazi ne was adde(‘*iﬁllmSule_ate G

Pheses pegs washedowith spBirgtedaiiequs pPARD BSAPPHlRe dNFdbrver sy ltered
and REnceRRd&in ThXloUb §1e‘ﬁﬁésécn|t1!aﬁ}eﬁtﬁéj5-@ﬁgm‘ﬂ?&'ﬁ&l(tj?l@dlﬁ@l]ﬁphenylthmzole

vacuo. Fl ash chromat ography on silica gel
(1j¢mgatuenthexanes) yi el ded pure 5-anino-2 15

(am nosul fonyl ) - 4- phenyl t hi azole (56 ng, 36%for 3

steps) and 5-am no-4-phenylthiazole (17 ng, 16%for 3

steps). Exanple 37

BRI 80- 25 (hable Rl st d AR Aupig M blcazol e 20

=N =N
by oA
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.

74



10

15

20

25

HZN  \ HZN. \ NS'r N HS S)~- To a suspensi on of
5- am no- 2- ner capt o- 4- phenyl t hi azol e (210 ny, 1.01
nmmol) in water (1.0 nl) and tert-butanol (82 ng, 1.1
nol ) was added concentrated sulfuric acid (3.0 m)
with cooling to ca. 20C. After 1.5 hr at anbient
A selntier oft the eegaptarthizrote 381 MeoR0lonmelyprd priassite) carbengta (3 me, 2.11

mﬁ'ﬁﬁ)% bMARQ® mB Qvag/lsatg’&%d R i RS AR §8kideMy! Bfobingfob'§ min, and the

m xture was poured I nto excess aqueous sodi um
veﬁﬂeb avabrdnandeheated Eéxftof@cfpeé(’tﬁmne@h‘t coaded jitere was again saturated with

mﬁh&%&%@eﬁ%@@%ﬁ ﬁ%?%’dﬁ!t; ﬁa‘ﬁ’r@. gL g}r e GRERYNGY Héoquﬁ&k Saturated with

ases re Wﬂs i ed over so
tnﬁucbrbmetbyl fodide,eretidnedrtd 100UE éntal 34 de) and allaved .to cgdxla's‘he mixture was

plic hyl / . :
AN B0 ol L Py S A0S s v
phdsep Imewlvatshéch\ziﬂi wate24d binige, dBi2&Pver ﬁﬁgﬁﬁﬂﬂﬁuﬁat&&iltered and concentrated
5-am n

in H4G49 %MSRI 1%'%@ ggurg%lys étllf : Péﬁl )gel4 (gtp)%ane /ﬁlexanes) yH%:’rcd the pure

(trifharinfethyBulthgd )t thiazdly (72 uhg, 29%) Js-atolokless\chishilmz Gilre. ( 102
ng, 385 gnol) in acetic acid (5.0 mM) was added
aqueous hydrogen peroxide (218 I, 30%w, 1.9 mol)

dropw se at apbhent tenperature. After 5 hr the
m xture was @Ti bet ween di chl qp gmet kg (50
m) and water (30 The 10 aqueous P ase
separated and extriacted with dichl oromeyhane (20 m).
The conbi ned or c phases were washe th
saturat ed aqueows sodi um bi carbonate, drged over

sodi um sul fate, f¢Hstered and concentrateeFsi n vacuo to
y| eld.es

sential | . .

A SRS o e diezals, {1 e st yesorloming Fy PR asd €1 P gig? mmoD in

etiiBlol GLUARL). Yas HeatetangdluR 18917 hr, diluted with acetw acid (3 ml), refluxed for a
rrirﬁ-4-oﬁlhenyl 2- (tr|fluoro hyl sul f an hlazoe

pndycencenyagdiie i 3 mlg ‘béﬂ%‘F‘gﬁthP € as treated with aqueous

hy@rcﬁ?ﬂaﬁﬁw%‘l RBAIC @@%Qvtﬁaﬂhéﬁh‘ﬁédﬂb 3&Mxerof 5D Br. Mhe nﬁxtﬂﬂe was treated with

in acetic acid 2’1 was treated wt
my

Wfﬁ@”x(ézh galpami gptuspied eq_;gguq sodg carhggrie (59 ng}rmdesmtracted three times into
dit BORRERLAI (Botd1 Q00 A, The Athitel @eanic phases were washed with brine, dried over

sodium sulfate, filtered and concentrated in vacuo. Flash chromatography on silica gel (ethyl
acetate’hexanes) yielded pure 5-amino-4-phenyl-2-(trifluoromethylsulfanyljthiazole (12.5 mg,
22%).

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

PN

NH; HN” ™CF,

©/LCONH2 - O)\CONHZ

o-Aminophenylacetamide (2.00 g, 13.3 mmol) in methanol (50 ml) at 0°C was treated with ethy!
trifluoroacetate (3.2 ml, 27 mmol) for 30 min and allowed to warm to ambient temperature for 18
hr. 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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20 heated to reflux for 3hr. The m xture becane
honogeneous at reflux and on cooling deposited a

preci pitate which was recovered by filtration, washed
with acetic acid (3 x 1.0 mM) and dried in vacuo to
yield the pure pyrrglidino-thiazole (624 ng, 90% as a

bright yellow mcrogrystalline solid. N\ \' SN N
\r N HS S 25 CHy~74rA sol ution of tH&

mer capt o-t hi azQl e I( 201 ng, 701 nol) and ium
carbonate (2 ONLt  miry i DVF 820 m) was
saturated wt rlfl uor onet hyl i odi de bubbl i ng for

5 mn, and the vessel seal ed and heat at 50C for 30

THE BifluddSeeGRR4E SEnn? urse Mﬁ&) %Q@ILBwés%SM ﬁ:ﬁ%@lt Y. AH% 3, 59 mmo]) were
trifluoronethy e, and heated to 100C for

trepisd tpgefieniih m&yd&\@ @mfijnee(”fs?amu ragf &y Wixtuge Beated to [00°C for 200, The
co'bfeH ftﬁl“ﬂfeo\gfst ﬁﬂll'ed' 191‘3' sqglraté'deiqu&ﬁlg Qodifn Jo%Ql@oMtp 51?& e;éﬁlct@& Yree times

[ owed to cool m Xt ure was poured into

lnmh&rofam (tetal i@cmlédThemoe@rled QEZanic mh@esawny |wasledtveithewater containing
i

on\%\;t%{t]l‘gléolawg% ?]emrated I(!ﬂ.l%o %é@lhﬁeo%a @% agls ‘gﬁgé?ratgcﬁ%rgﬁu %er sodium sulfate.

Fikuatipatral, cofi¢ehtragropdn amlo m]rdcémterddirem oif (829 angh I'he Fiuds bras treated with

o GRAThVRDe By 7 0y Selhy 1% ookl BOREEDER dmes ino

di¢tid@onmmpthar2q¥4tal 460 mll: he rémstssedorysicaptasen avetd WaslledI.Q"lth\laqueous sodium

i 2o 4D Wy R S5 RN DR AP GEpEed in vaco

FlE@l c]ﬂ:olﬁatﬁgfﬂih)y o 311165 fpein (thy( QcOategxanas yieddddepliré 6-amino-4-phenyl-2-
ted with acetic acid (3 m),

| ux f 17 hr
(t‘?@'\ﬂf ¥]B?Z°E?(6$ﬁ‘gt g’r")z hr, and concentrated to ca.
The cool ed m xture was treated wi th aqueous 15
hydroxyl amine (1.0 mM, 50%w) and returned to refl ux
for 42 hr. The mixture was treated with water (50 m)
Edabfsat ur ahamoageeds , Sngtiadisk car bonate (50 n) and
extracted three tinmes into dichloronethane (total 100
m ). The conbi ned organi ¢ phases were washed with
brine, dried over ngogkbum sulfate, filtered-and
concentrated in_vaguo. Flash chromatod aph) silica
gel (ethyl acetatel/®éxanes)—yiel ded ?1 @
5- am no- 4- phe 2-(trifluoronethylsu f§,yl )t hiazol e

(12.5 nmg,
To a solution of sulfur monochloride (24.0 g, 178 mmol) in DMF (30 ml) at 0°C was added -

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 sulfate 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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20 229% . Exanple 40
5-am no- 4- phenyl -2-(trifluoronethyl)thiazole O NH2
HNMCFS JLCONH2 CONH2 25 a- Ami nophenyl acet am de (2. 00
g, 13.3 mmol) in nmethanol (50 m) at OC was treated
3ﬁ$mr ethyl triflugroacetate 27 _nmmml.)

O R A0, (Do alied SHROLL i T aBg el s G gvas treated

drb}fmseTwhﬁh %@qhwn%mulﬁe&@tﬁﬁkmtsﬂﬁ)awaﬁam (17868, 1,0 M 17 0 mmol).
honmogeneous wit h met hanol g@é concentrated
AL t(tgm

Af;tfffehodmtnhfée priFtre: dlioped ée tva%ttfa perfurefgahe . Iy, W%ed with IN
h}@fkﬁ'ﬂogg %catflzandcg\\b“ﬂgteé tllhlee Fidfes ThE ettlel (ot @Q@Qﬁf aFHed&memed organic
ng, and Lawesson's reagent
hsses QWWaﬁhWe rveih aaFUéaé@cb daycoge s9rym vhl‘tafbﬂaﬁﬂy@ﬁ olwe and dried over
m%Eélﬂﬁ B@fate’ard c%c)en@fﬂgd ENGelp *E@fe@dﬁ@@&setﬂssBﬁecﬂ-Ql%tﬂaqlﬁl (50 ml) and
cooled m xture was poured Into saturated
trigrlewins (§édml)nwac| keate) do agfbuxafer 18 rand tagein tchmasptratedrins vaguo. Flash
' r of ¥ 6. M £ 5_thiadi
otk gl g B e R ey Baes PRI RR TR RS, DRAPRY 55 hinciaaol
(196lgushso)sat wolatled sagueous sodi um bi carbonate, and
brine, and dried over sodiumsulfate. Filtration and
concentration in vacuo yielded a red-brown oil (829
The crude was treated with aqueous sodi um

ol %24’5{? PACg el A EPOREeEne (total 100 mi). The

combi ned organlc phases were washed w th aqueous

sodi um 10 hydroxide (25 m, 1.0 N) and bring, dried
over sodi um sul f at ﬁZFF"tered and copgentr d in
vacuo. Flash Ngraphy-—on silicakrge et hyl
acet at e/ hexan nhenyl - 2-

y|eIded pure 5-am no
(trifluoromethyf)thiazole (65 ny, 53@’ 15 Exanple 41

3-am no- 4- phenyl -1, 2, 5- thiadiazole NHQ HC C / CN N~

T(ﬂi% sﬁsp&sllo)n-rdf caatﬁﬂb;bﬂchﬁﬁbeﬂfmtﬁw Hyulrocmn&c(hlaorg, de.0(mrold agd powdered
o

subfi W&bw&&aﬁpgd@m\mu@ F?hF”é)l r{%l P’él:ﬁl & Wé ﬂ(dﬂed pricgylaggnex(4.18 ml, 30.0
miABRhid REX hdeRMMhaR (2981, £OmMoD). TH Vel WA 83184 and heated to 60-70°C for

1 hr. The cooled mixture 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 ml). 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 5-amino-2-methyl-4-phenylthiazole
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20 the m xture was allowed to warmto anbi ent
tenperature for 20 mn, diluted with DMV (20 mM) and
stirred for a further 20 hr before pouring into
ice-water. The m xture was extracted with ether (200
m), filtered, and the extracted twice nore with _ether

A(stpﬁn%l o g-amaheaplapatendacobygansiioridp Hetdes M mmphspryrered sulfur
(3‘@4 E’}r@ hf(b Mol d)ddl'ngq gﬂﬁﬁéca%gﬂggﬂygmlﬁil l{‘datZ@.O %gol) in ethanol (10 ml) was

entrate cuo to give
‘m@tﬂdo’ﬁﬁl wiethhlemyrie-(2.02 ng, 1340 a?m0§z mdethasﬁvﬁumbwct\at&ﬂ%h@é 80 min. The

co% }1 né %tqrf]wg)dlﬁ? %ngxség%ggfq? Zalgdeééa:tééi: &{s hiéro]qhérﬁme (700 ul,

50@/@ or 1lessobiat at(ﬂleﬁtaetgperﬁet%fomkﬁ bh amdr 9@&1 witlz dghlogmethane (50 ml).
Sa%&r%ﬁ? ?u%o% soﬁll trzca:[boératg V{raﬁlagéj aa?g Ithee: S(a%a}ritad agc?ucil.g.pi;lase was extracted

twmmhc)relmtthﬂEhlérBﬁ]eﬂrhl)c (@italOK00ual3. Theamtnbihed drgapiviphasewwitiv dried over

) 1111}1 6‘H£?It 6orw{eﬁh?_a.}e n}nglfg[%’: g;rtl néi{ge{] é d?é %%W ° f(l?ﬁrr]n I YAR g). Flash
cmmmq)hyo dn/arsmchg gganf:ﬁ?t hcetmﬂreghm)edﬁaﬂcdl. 5aﬂngm-2 (4-pyridyl)-4-
treate ' I ydrochloric acid, and extracte
ﬁFﬁﬁﬁﬁmg$ﬁLép$ﬁy%)ether (total 300 m). The conbined
organi c 5 phases were washed with saturated aqueous
sodi um bi carbonate and brine, and dried over
magnesi um sul fate and concentrated i n vacuo. The
Exa@ipledise \A@s.dqih&gmhi\é% -Sidmifeet hanol (50 nml) and
triethylam ne ( was heated to reflux for 15 hr
and agai n concentrated i n vacuo. Flash chronmatography
on silica gel (ethyl acetatel/hegxanes) yielded
3-ami no- 4- phenyl - 1, 2, 5- t hiiz}i (1.96 g, 68% as a
col orl ess solid. 10 Exanple 47
5- ani no- 2- net hyl - 4- phenyl t B amol e NH2. HOI H2N  CN
-\/N 15 To a suspension of /a-am nophenyl acetonitrile
hydrochl oride (3.37 g, 20. hnm)I) and powdered sul fur
2, Q-G(blaeﬂ’j?ghlai’c@ﬁ‘lhlnﬂmis)p(réﬂﬂreﬂta?ﬂcaﬁdihg fodfe ﬁﬂobeld;;iies G?CM;D&! in K. Gewald, H.
riet am ne. (4 : nmo and then
&%nggpﬂgm E@X{f*@hﬁvwm4i§ﬁ%ﬁﬂ§§&%ﬁg'vessel was seal ed
and heated to 60-70C for 1 hr. The cool ed m xture was
filtered and concentrated in vacuo, and the residue
treated wwth ethanol (20 ml) and hydrochloric acid
E{adP1d¥s,  INbhdnQL2-&3ribin.2-yiiBaBl S ot Was treated with

aqueous 20 sodi um carbonate and extracted three tines

into ethyl acetate (totaIH§@0 The conbi ned
organi c —

S\ N

=

]
4-pheny!l-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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phases were washed wth brine, dried over sodi um
sul fate and concentrated in vacuo to give a dark
brown oil. Flash chromatography on silica get (ethyl
acet at e/ hexanes) vyi el ded 5-am no- 2- net hyl -
phenyl t hi azole (1.31 g, 34%, which crystallized from
tol uene. 25 Exanple 43
5- ami no- 2- et hyl - 4- phenyltﬁ HON N NL 77 A
suspensi on of a-am nophenyLSac toni trile hydrochl oride
(1.69 g, 10.0 mml), powder sul fur (321 ng, 10.0
mmol ) and 4-pyri di necar bo ehyde (1.91 m, 20.0
nmmol) in ethanol (10 m) s/ treated with
triethylamne (2.09 nm, 15% mrol ), and the m xture
stirred at 50C for 80 mn. The cooled m xture was
diluted with ethanol (5 m) and treated wi th aqueous
4nbehy bk (yadiney|jtige]{5;anBns @8 prtrarcd Boapnding todhe pipdsidenas described in K.
r Iy, u thho.
GI!:d\:’?c ﬁ%?g%ﬁ lﬁaegeUgfgaé&Js)’%wgg%'{'ﬂ%?gdwéq%gggé sodi um
bi carbonat e was added and the separat ed agqueous phase
was extracted twi ce nore with dichloronethane (total
100 m). The conbi ned organi c phases were dried over
Exodiladit sub-baim-2affthocamimptphtetthiarnlvyacuo to give a
dark brown oily foam (3.23 g). Flash chromatography
on silica gel (ethyl acetate/hexanes) yielded

5-am no- 2- (4-pyri dyhH) +#4+ 10 phenyl t hi aNzoI eAt 41 g,

569 . Exanpl e 44 2,)4-di phenyl t hi azol HNa @ H2N N

15 Ph 2, 4-di p@?%zol G-am ne vvas

according to t procedures descri bed I}Q’NK. Gewal d, H.

Schonfelder, U Hain; J. Prakt. Chpm.mnN1974, 361,

299-303. 20 Exanple 45

4- phenyl - 2- (pyridi n-2-yl)thiazol-5-amne HzN/ 3 S

4 I o e S q
ALaBRARh 5 KRSkl 6Blocodl) PR IRE R and P
1spthiofcnatn (B8 Herl 8. UnmeimPCY wRrtzkied wtilheﬂwlduic@?oqnylasﬁm (3.62 ml, 20.8

2% _a%%gc for 1 hr and then at ambient temperature for 3 hr. The mixture was poured into

saturated aqueous sodium bicarbonate and extracted three times into ethyl acetate. The combined
organic phases were washed with water and brine, and dried over sodium sulfate and concentrated
in vacuo. Flash chromatography on silica gel (ethyl 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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25 Exanpl e 46 4-phenyl -2-(pyridin-3-yl)thiazol-5-am ne
78 HZN. / S N 6"D
4- phenyl - 2- (pyridi n-3-yl)thiazol -5-anm ne was prepared
according to the procedures described in K Gewal d,
E@g@) Chonf eléggl%ﬁ]oé Qf\fnylthlazgl-Z-yl)benlzeimu(l:eh em, 1974, 361,
5- am no- 2- ( Fnoc- am no) - 4- phenyl t hi azol e NHz. HCI HzN
DO CN ~r N FnocHN 10 A suspension of
a- am nophenyl acetoni trile fyydro ride (3.19 g, 18.9
mrol ) and Fnoc- isothi ocyanate 1 g, 18.9 mol) in
DCM was treated with ethyl &&i sopropyl amne (3.62 m,
20.8 mmol) at 0OC for 1 hr ayd then at ambient
tenperature for 3 hr. ThE\iNG ur e was poured into
saturated aqueous sodi um&i carbonate and extracted
three tines into ethyl acetate. The conbi ned 15
Nd$-gmmioct-pisad ténzoled-d) benzimedt wastpnepared @pcozdiel ferprereduregrimilar to those
d%&h@ ; gﬁlﬁgglun1sulfate and concentrated in vacuo.
tography on silica gel (ethyl
acetate/hexanes) yi el ded 5-am no- 2- ( Fnoc-

o)y 4- I 20 Exanpl e 48
R SR oo b2y ettt Ge TEN Srn
AcHN N-(5-am no- 4 phenyl t hi azol - 2-yl ) acet am de was
prepared according to procedures _simlar to those
described in exanple 47. 25N79 H

N- ( 5- am no- 4- phenyl t hi azol - 2

EtO
ethyl S5-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-(§-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)methy! S-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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HZN -N ONH Ph
N- (5- am no- 4- phenyl t hi azol - 2-yl ) benzam de was prepared
according to procedures simlar to those 5 described
in exanple 47. Exanple 50 ethyl
5-am no- 4- phenyl t hi azol - 2-yl carbamate HZN N OyNH
Et O 10 et hyl 5-am no-4-phenylthiazol -2-yl carbamate was
prepared according to procedures simlar to those
descri bed in example 47. Exanple 51

ExRmpl. i n%ammeieﬂm&aéﬁﬁﬂbﬁthhhlm 2-yl)acet ani de
HZN N 15 AcHN
N- ( 5- am no- 4- (2-chl orophenyl )t hi azol - 2-yl ) acet am de
was prepared accorsHﬂgCto procedures i m to those
descri bed i n exagphe 47 20 Exanple 5
(9H-f 1 uoren- 9- nmet
5- am no-4-(2-ct orophenyl)thlazol 2-yl Mbamate H2N
cl SrN FnocHN (9H-fl uoren-9-yl) net hylLn
5- am no- 4- (2- chl or ophenyl ) t hi azol - 2-\j car bamat e was
prepared according to procedures simiMar to those

Seaganled L mp e AOGEIRIRLE, B4 90 prypnggpeaon
di@Nd4gole (5.30 g, 29.7 mmol) in DCM (100 ml) was treated with ethyldiisopropylamine (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 5-amino-2-(1-imidazolyl)-4-
phenylthiazole (2.47 g, 34%).

Example 54  MeAla-Chg-Pro peptide amide of 2,5-diamino-4-phenylthiazole

BOCN\)\EE I\Q /N\i)l\u N
o

g
=N
FmocHN

5-Amino-2-(Fmoc-amino)-4-phenylthiazole (250 mg, 605 pumol) was treated with the acid fluoride
(730 umol; derived form Boc-MeAla-Chg-Pro-OH as previously described) and pyridine (147 pl,
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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N C 5 N A suspension of a-am nophenyl acetonitrile
hydrochl oride (5.01 g, 29.7 mmol ) and thi ocarbonyl

di i m dazole (5.30 g, 29.7 mvol) in DCM (100 m) was
treated with ethyldiisopropylamne (5.69 m, 32.7
mol ) at_OC for 15 mn and then at anbient tenperature

for 3 The m xture was poured into saturate

aquegu odiuym bi carbonate (50 m) and water pl m )

saNd_gxtdacked three 10 ti-+es—nte—di-chl op \Lﬂgn N
3 )

(tofally . The-conbi ned organi ¢ phases her¥
washed wi% habilithe ried over magnesium sulfate dhdy Eiriijj

concentrated | actio to give a dark brown oil (8.18 s
g). Flash <ch tography on silica gel (ethyl =N
acet at e/ hepraaes) yi el ded 5-ami no-2-(1-imdazolyl)-4- pN
phenyl thi azole (2.47 g, 34% . 15 Exanple 54

Theppmée eenjidpragnigrept DYE 49 del) ofas treated with piperidine (1.0 ml) at ambient

te Op(%étlg_'}egméﬂﬁlﬁﬁﬁf @%@ﬂ%k‘ggﬁ%&@k@m NoNe} Fﬁ%gﬁ}%ﬂo&raﬂﬂymn@ihga gel (ethyl

acBtatafhexane- Xigldek thand, rdiaminophetey ) ithidzale apepti¢e2 BOIda 22508, 61% for 2
St‘,g)g})l) was treated with the acid fluoride 20 (730 nol;
erived form Boo- McAl a- Chg- Pro- CH as previously
descri bed) and pyridine (147 |, 1.82 nmmol) in
di chl orogethane (2.0 m) at anbient tenperature faor 6

days m xture was poured into saturated aq S
sqdiun1 ca nate and extracted three tineg i ot

B&NQQNQN e (total 10ﬁ—ﬂfff~fhe*conb|pngLﬁuo;nlégii
phasesywef e shed th brine, dried over nmagnesj u
sul fate aRdg€oNde ted in vacuo to yield the crude gZ NH
pepti de am de ellow oil (525 ng), used 25 O
subsequent |y Rout purification. 81 BocN,,), NN =N
BocNl',~, NNGFONHHONH/ N S-N FnocHN H2N The N 2TFA

crude peptidezanide in DM (9.0 mM) was treated with
Thyi gedd depiile (dmide #9 mgg 78nivhelntin dichloromethane (2.0 ml) was treated with

trifluoroacetic acid (2.0 ml) at ambient temperature for 30 min. The mixture was concentrated in
vacuo, made homogeneous with dichloromethane and again 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

H @ F;i(

. Cl
S};N
H,N

MeAla-Chg-Pro peptide amide of 2,5-diamino-4-(3-chlorophenyl)thiazole was prepared using the

same procedures described in example 55.

82



15

20

tenperature for 20 mn and then concentrated in vacuo.

Fl ash chromat ography on silica gel (ethyl

acet at e/ hexanes) yi el ded the

2, 5-di am no- 4- phenyl t hi azol e pepti de am de (228 nuy,

61%for 2 5 steps). 0 NBocN,), NN~0 NONHOSN H

OSH/ YN\rN H2N H2N .2 TFA The crude peptide
Exifiptes o 48MeH la-(it-1508hidelon 5 4Gl 0f Mﬁgﬁaﬁlﬁ) {3hbhykhihzoleS

tré)at ed wth (tﬁfgl fl uoroacetic ampd m) Zi}at }ghnbl ent

tenperature for 30 min. The m xture was concentrat ed

in 2 , made honobgeneous wi th di chl or onet pane

everse phase HPLC (acetonitri IHe/ :
|y deprotected peptide am deN N

trlflu‘d)rce a salt (42 ng, 73% as a i/\:hl"ﬂeo ?NH
anor phous SOl | anpl e 55 MeAl a- Chg- Pro pepti de
am de of 2, 5- |ahm no- 4- (3-chl orophenyl )thiazole O IiN s

NN HOONHPEN S\rN H2N / MeAl a- Chg-Pro pepti de
am de of 2, 55N ani no- 4- (3-chl orophenyl )t hi azol e was HN
prepared using the sane procedures described in
exanpl e 55. 20 82 Exanple 56 MeAl a- Chg-Pro am de of
Tis- Boerneptide-apnortiaggle 448 me)734npsieanyd lethiyldaisaprapylaBueeN140 W, {480 mmol)

m'cNMOr}:m&lh:Me (‘2'0'11119“%'?!: Q‘ea%ﬂ_'wn§ valoyll\lcl'}le;nd\l (E@ 'h!l,'ﬂ.\ﬁ) 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
HPL.C (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

@ H §
BooN._A. AN N A AN
: H i H

s

g
}—;N
HaN MeO,5-N
#Y25" s0,Me

The Boc-peptide amino-thiazole (38 mg, 62 umol) and ethyldiisopropylamine (107 pl, 0.61 mmol)
in dichloromethane (2.0 ml) were treated with methanesulfonyl chloride (24 pl, 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
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O 5 The Boc-peptide am no-thiazole (48 ng, 78 nol)

and ethyl diisopropylamne (140 ], 0.80 mmol) in

di chl oromethane (2.0 m) were treated w th pival oyl

chloride (50 Al, 0.40 mmol ) at anbi ent tenperature

for 3 hr, and then wi th saturated agueous sodi
ovsy Elagrgélﬁr&ltsglfgﬁ dndsancegiuated in pyeue Theppade ol vas treated with trifluoroacetic
ackl ey mﬁ:ﬁ‘l@{bﬁqe%ﬁ’é # nﬁgam&blcﬂr\:@mﬁ@mwﬁg 20M8RANITRe mixture was

phases were washed with brine, dried over magnesium
cogganrated iandcugo e hermesstedup w&lctﬂmhlorvmtherreu%r@ pin ¢opgentrated. The

r

regﬁﬁ%?%%%vﬁ% E]r{e QCQJL:MQ agflgc%ldC(SQ‘g {1&%18? g%r egﬁ}fatwe reverse phase
HM.G (acTtheitrie/weigr)do wakl thepure emtlrla@lede iriflupgracriic apmddalt (11 mg, 23% for

Wi If | or onet hane and again
2ggtﬁgent raPL'S"Zl Bugéoﬁgy due was di ssol ved i n aqueous

acetic acid (50% for purification by preparative

reverse phase HPLC (acetonitrile/water) to yield the

pure peptide amde trifluoroacetic acid salt (38 ny,
EG8dOr 2(=mttglasinodd-amivmii-plengitiiazplous sol id. 15

Exanpl e 57 MeAl a- Chg- Pro ani de of

5- am no- 2- ( pi val oyl am no) - 4- phenyl t hi azol e 0 BocN-" AN

NN/ IINDONN HHBONHOM S\rN

SOzZMe 20 The Bqc-peptide am no-thia

nol ) and et hyl sop '\d)pyl am ne (107 | )

di chl oronet hane<€2.0 M) were treated W#h

met hanesul fonyl chloride (24 ], 0.314 ) at anbient

tenperature for 20 mn, and then with saturated

aqueous sodi um bi carbonate and extracted three tines

i TRagcomiingd nj a T
oSSy ROREILIONE, p HRSCHRRTEF LR HOASEE oGS i
acairydhlouma: &P rnm, éd9 |nnnq1hammb1eﬁh3rnp¢ramB: for # hwasd thew heatadd to reflux for
3. ¥M4 ';’r | f l L‘l:l'l? Cwas cercjtrat ) é) Cgldo the@#%@ﬁ?ngd between

enper P E ¥ or 2 The
dlwasromethmmeamﬁrsaumnbdl aqmoae u@ixumhﬂberbhmnmg&m etgamc\phash was washed with

di chl. oromsth ne a ncentrated. The
ol e S BT VBT o HE e B RR B (sior B S Facography on
sipdar pdli @&yl Qbetity/hiNan@aradldade 2(&e¢QTagtnd)/dadeno-5-phenylthiazole (295 mg,
23%).

Example 58  2,5-diphenylthiazol-4-amine

N; 1

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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5 HPLC (acetonitrile/water) to yield the pure peptide
amde trifluoroacetic acid salt (11 ng, 23%for 2
steps) as a white anorphous solid. Exanple 57
2- (acetyl am no) - 4- am no- 5- phenyl t hi azole 10 Br HzN'
CN/ N~S AcHN a-Bronophenyl acetonitrile (1.08 g,
5.48 mmol ) in ethanol (10Hg1) reated with N
acetylthiourea (649 ng, 5.49 | at ambi ent
tenperature for 4 hr, and fhen heated to reflux for 15
3.5 hr. The cool ed m xture concentrated in vacuo
and then partitioned betwe di chl or onet hane and
sat urat ed aqueous sodi um %éj&bonate. The organic
phase was washed with briwe; dried over sodi um
sul fate, filtered and concentrated in vacuo, Flash
chromat ography on silica gel (ethyl acetate/hexanes)
5-phicay dhe@pyRziftelcd )tk atit nolined wampreparéd phing fhet $emezpybesd@reg Gescribed in
exﬁ@ c543% . 20 Exanple 58 2,5-di phenyl thiazol-4-anine
§' Ph 2, 5-di phenyl t hi azol - 4-am ne was prepared
usi ng the sane procedures described in exanple 57. 25
Exanpl e 59 5;pheny|-2-(pyrazin-2-y|)thiazo|-4-anine
ExgmplaQ  kNpminoN=3'Quitkpphenyl)pyrazole
5- phenyl - 2- (pyrazi n- 2-yl ) thi azol - 4-am ne was prepared
usi ng the sane procedures described in exanple 57. 5

ON y-NHz -HC! N NO,
H =N

NC

3-Nitrophenylhydrazine hydrochloride (7.03 g, 36.3 mmol), diisopropylethylamine (9.5 ml, 54.5
mmol), and ethanol (60 ml) were stirred under nitrogen at 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).

7 2
=N

N NO - NO

\ 2 &N
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
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Exanpl e 60 5-am no-1 - (3" -nitrophenyl)pyrazol e NHZ. HCl
HZN ONN f NNXZ Z HNC ~N 10

3- Ni trophenyl hydrazi ne hydrochloride (7.03 g, 36.3
nmol ), diisopropylethylamne (9.5 mM, 54.5 mol), and
et hanol (60 m) were stirred under nitrogen at room
tenperature for 2 h. Ethoxynethyl enemal ononitrile

(ﬁﬂ%;@lmﬁﬁlﬁpﬂgﬁl S-alffin: 9 9%?%7&11%@1{%[ Wik GBmt Hoce ures descrlbed in

reacti on ‘was Reacti on was €00
expoptlenper at ure. Sol vent was renoved under reduced
pressure until precipitate crashed out. The solid was
filtered to yield 6.54 ¢ of the cyclized product 15
ield NC NNR2 t NN

E'%Z%l@éé % ch]om]fhcn%w}l - '-é)}%rl\léopyr azol e (559 ny,
2.44 mml) and phosphori c acid £86% 6 20 nl) were

refluxed at 170C for 15 HpN Thj@i\cti on was cooled to

roomtenperature and neutrpgly ® th amoni um

hydr oxi de. The organics reyextracted three tinmes
with diethyl ether (total 40 nl), washed wth brine,
1- -&loq—éﬁh%rgxlgﬁs lpyra%(grgeasnlnuméwsag lgf al eed ur\glengg esalgig p%g%}efl]ﬁ?;o \idvescribed in
expapied. (398 ng, 80%yield). 25 Exan'pl e 61

1-(2- fluorophenyl) 1 Hpyrazol-5-amine HZNt N NF

BRRPHS ne! LR TGMb L S REAR G T exanpl e B0, 5

g—l

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

HoN

Eae

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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Exanpl e 62 1-(3-chl orophenyl)-1H pyrazol -5-am ne H2N
~N d ~N 10 1-(3-chlorophenyl)-1H pyrazol -5-am ne was
prepared using the same procedures described in
exanpl e 60. Exanple 63

1- (3-fl uorophenyl) - 1FprrazoI 5 amne H2N NFt"N

15 1-(3- fluorophenyl)-lk+p an1ne was prepared
usi ng the sane procedures exanpl e 60. 20
Exanpl e 64 1-(3- bronopheny%?jgkkpyrazol 5-am ne H2N

t NBr N 1-(3-bronophenyl)-1Hyrazol - 5- ani ne was

prepared using the sane procedures described in 25

?ﬁ'ﬁﬂiﬁlﬁy] P OH-p B 20TBL 8N ROwas prepared using the same procedures described in example
3 trlchloronethylphenyl) 1H pyrazol - 5-am ne H2N

60 NCFS N 30
1-(3-trichl oronet hy] phenyl)-1H pyrazol - 5-am ne was
prepared using the same procedures described in

Eﬁ]‘r\?f%ﬁ 6p(3 ﬁéh?&?ﬂéﬁgﬁ lﬁap azol-5-amine

pyri din-2-yl yrazol -5-amne 86 HZN t"N N
1-(pyridin-2-yl)- 1FprrazoI 5-aq ne was prepared using
t he same procedures des&ﬁlbeo exanpl e 60.

t CMe

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

N OH

b

>

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
COREL

Q\i mN H
CO,H CO,H

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%4) and used without further purification.
COEL COE
oL, — O
CO,H CO,Me
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5 Exanmpl e 67 1-(3-nethoxyphenyl)-1H pyrazol -5-am ne

H2N ~N Ove  ~N 10

1- ( 3- net hoxyphenyl ) - 1H pyrazol - 5-am ne was i sol at ed

foll ow ng decyanati on of 5-am no-4-cyano-

1- (3" - met hoxyphenyl ) pyrazol e in exanpl e 60. Exanp
leZf(ﬂset Br Uﬁypsr@ﬁsa?/ %H—ﬁ Jding ot - lulign naf @Bzﬂ]&l\@’ m&lhyl*N nitroso-p-
tofdehesdférndmied rl@?SY%i%@YHnoi‘)"l‘npdﬁtﬁﬂoéthé (@890 Hﬂ?) igﬁ§ solution of potassium

prepar ed usin e sane procedures describe
@Wﬁ@l (@8.3@, 32pmmelnp wates §37 ml) and 2-(2-ethoxyethoxy)-ethanol (37 ml) at 65°C,

drfp gl &Qﬁr 25 R Dibiithtién ?ﬁu§ f%a@e@ Qkﬁer%%no&Wo@&ﬁe which was
% 2H 25 enyf pyruvic acid g, and
adé@dﬁllre‘:dmmaaztat@i selugog of tha dydrazsing (10} & 436 ek dn fogthanol (150 ml) at
0ReRHEN té‘l?a/gs Pﬁh!edf\? th &C?{?’dl&g}q M%? umllgﬁléfﬁﬁ e became clear, the mixture
concentrated I n vacuo e crude was sso
treztedi winhmvwip e Ghinhr emetdrarmrated zymebtd? t Hee hryldtlw orh evag partitioned

C n | . .
be%zvé@% h ?Jcr%{é\% (:Zg(?) fr@t %%’tﬁd@un}al ? @8(2 gx@?%dggé %rf{%w %%ae dried over
sodsnenl sm\fateh Biltration ratith @oncputratibn (ﬁawaan yielR2 Hbe MEREFY estellak Bl yellow solid
(IEI:%N}-%%,;}? 00 CO2H CO02Me 87 Di azonet hane was gener at ed

| ng a solution of Diazald (N-nethyl-N-nitroso-p-
t ol uenesul fonam de; 18.6 g, 86.9 mMmol) in diethyl
ether (180 m) to a tuti on of potassium hydroxide
(18.2 g, 325 mml) ijfn water (37 m) and

2-(2-et hoxye@g);{ anol (37 nl) atmedhE,
COQMB o

The hydrazone-methyl ester (10.2 g, 38.6 mmol) was treated with thionyl chloride (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%).

H,N

) O
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
B, §3%).

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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dropwi se over 45 mn. Distillation thus produced an
et hereal solution of diazonethane which was 5 added
directly to a stirred solution of the hydrazone (10.9
g, 43.5 mmol) in nmethanol (150 m) at OC The system
was rinsed with_excess diethyl ether until distillate
becane cl ean,_the ”’jture treated vetlcagetie geid (1
m ), and concentrated i n vacuo. The resu

partitioned [etiveen ethyl acetate (200 i) and sodi um
bi car bonat e (ZDG m ), and the organic phahe drled over

ARy e Sy desstbi b Myl e g Chir diay uflp 1961, 29, 1743-
17347, tﬁQ%ladlﬁﬁﬁﬁﬁld aPhdblicB. Méﬁﬁ me@@%@ al reNuJNm Jthahol (40 ml) for 45 min,
razone- net ester was
'\?én' ?‘h TATS ﬁwceatrﬁt%slr ’i”cYé“(OZ §r>fffaihzet4°§ fr?meFlazelaﬂ( Ylglﬁmt A tethyl carbamate
(3tenpesedf. ure for 24 hr, and the m xture concentrated in
vacuo. Crystalllzatlon 15 from hexanes vyi el ded the
t hi adi azol eEfteChyy eg (4.81 g, 56% .pRHN
MEONC N | NSE [ S-Hye’ t hi adiazo] e- met hyl__est
g, 12.7 mol) %reated wi th hydrazi neyhygdrate (1 09
m, 93.9 nnDI) |NT met hanol (50 nl) at anmiient

Tlliee rcﬁ{ba(%l%e (99(9 4 ko yﬂfa}l'@ﬁéﬁ%ﬂn@r& e WMhdefic acid (3 mL, 30% wi)

[ recover ed
wﬂedlﬁgtst ol 4 beaBtlivossel stdPPC Sapriopantie opolkel degtuteheas partltloned between

eyl B35 Rl AT T, B e B il Rt ool gt st

chgomat@rdphymoml silidargelvidtied atetfie/Méxpnan dictipd demiinas-phenyl-1,2,3-thiadiazole
Uggdr&ﬁgjorlc acid (1.8 m, 21.9 mol) was treated
¥ with a solution of sodiumnitrite (1.52 g,
21. 3 mmol) in water (15 m) at 0OC for 2 hr. The
resulting precipitate was recovered by filtration to
yield the 25 thiadiazole-acid azide as an off-white

Es@lpleby( 3. 2mbho-54h¥ylis&zole

5-Phenyl-4-isoxazolecarboxylic acid (460 mg, 2.36 mmol) and thiony! 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.

N N

N”O 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 ml) 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 vacue, and

used without purification.
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N3 O EtQZCG-NH\ N "N S NoN According to the
procedures described in K Masuda et al.; Chem Pharm
Bul I ., 1981, 29, 1743- 1747, the thiadiazol e-acid
azide (3.95 g, 17.1 mmol) was at reflux in ethanol (40
m) for 45 mn, and the m xture concentrated in
vacuo. COrysgygld iz n from benzene NaGet-dgd tt hyl
carbamate 5 (3. 74%__Et Q7C N H \ HN S
The ethyl carldanhte (399 ng, 1. 60 nmol ) apdlhydrogen

brom de in aceNr acid (3 m, 30%w) wemsheat ed i n

Tl?e a?c?aailz c?e Qﬁﬁ%?}n 4 gi P\i!r\g g)n'fwg l%%%fi qgiéee gt%(]e ﬁ%%@.&q f'?;' 3%1“ 'afd the mixture

cmammated Ibvaako to yanditht inethyt sg:dmnmtepab aséite sriciemed Mtbcilt purification.
vacuo. Flash 10 chromat ography on silica gel (ethyl

acet at e/ hexanes) yi el ded
hi adi azole (13 , .
nyl i soxazol e FD%@?? \ 15

4- am no- 5- pheRyl

Exanpl e 69 4-am

N O N O 5-Pheny)f=%-i soxazol ecarboxylic (460 ny,

2.36 mmol) and tRj-6hyl chloride (1.71 m ,%29.6 nmol)

were heated at reflux for 3 hr, and the m xt ur e
TheometbritceBemate (A78as o’y Bmplera trepied with dlydrebm@m ged (13 ml, 48% wt

1 ﬁﬁh%gﬁ&%,‘@ﬁa%c H%gge%c}u@% abfc! at:fd‘{@'i'rllp Bnd l?egteﬁ:la% N3G 4\5 hr, and allowed

he crude aci d loride in dcetone (7
tot qoehtldg mikute Hassmmhz@ﬁ vgth wmqarﬁpélzmdlyd(orsi& arg, extr@tftslzwﬂh ethyl

c@HR:' 2 ' N 1%%%%1 t ’hfe %r)lblﬁl‘%d 8@&1&% hllSeé \!vsre (ﬂ'l%g a‘el‘ %\Gﬁgmt Qilfate and

warm< o era concentrated

conegntrated Fhecrewylidd ﬁgmm%t-]mcs)disi)ﬂmass mhtaeadhd(@ﬁ mEat@&6).
and dried in vacuo, and 25 used w thout purification.
89\ N3OC\ | Me02C-7\N O N. The acid azide (409 ng,
1.91 nnDI) was heated at reflux in nmethanol for 6 hr,

d t t t t Id th
FREPIIY capautrar o SaE R e PPt thout

purification. 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[3.3.3lundecane; 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 cotorless oil,

used without purification.

CN HoN
™ o
e

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 S-amino-2-tert-butyl-
4-phenylthiazole (75%).

Example 71 5-methyl-3-phenylthiophen-2-amine
90
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MQZC NH HZN\ 5 NO N, O The nmethyl carbamate (378
nmg, 1.73 mmol) was treated with hydrobrom c acid (13
m, 48% wt 115 mmol ), nade honbgeneous with acetic
acid (2 ni), and heated at 65C for 48 hr, and all owed
to cool. The m xture was neutralized with aqueous

sodi um hydroxi de and extracted with ethyl acetate (2
x 125 m ). The conbi ned or éigases were dried over

sodium sul fate and 10 cohgt d in vacuo to yield
4- am no- 5- phenyl i soxazol e ag~¢ Whi'te solid (193 ny,
70% . Exanple 70 SynthesisSof-
5- aIkyI 2- am no- 3- phenyl t hi gphenes CN \ CN 1 \ \ 15
Benz cyanide (2.33 m, 20 mmol) was treated wi th
S-W@ﬂmp(ga—g eglylétag@e{l-g-agultgy_\tfqaslpﬁ@@wg lusipg the garge procedures described in example
7¢. et raaza-| - phosphabi cycl o[ 3. 3. 3] undecane; 441 ng, 2.0
nmol ) and 3, 3-di net hyl butyral dehyde (2.64 m, 200
mrol ) in nethanol (4 n]) and the m xture heated in a
seal ed vessel at 45C for 16 hr. The cool ed m xture
was concentrated in vacuo to yield the unsaturated
Exsimpld 122 a&-isapropylcrphendthisiphen-2-amimd wi t hout
purification. CN H2N 20 The nitrile (10.0 nmmol),
pot assi um carbonate (2.34 g, 23.4 muvol) and powder ed
sul fur (330 ng, 10.3 nnnh ' nol (2 m) were
heated in a seal ed vessel or 24 hr. The
cooled mixture was diluted With water, extracted
twice into diethyl ether an he conbi ned organics
concentrated in vacuo. Flagsh chronmatography on silica
gel (ethyl acetate/hexanes) yielded
5-Bopab 1 3-phreh@ihiophet-Yhmind Swak- plRedIvd tubin@ 2Bt 8arhd F¥dcedures described in
Exampl e 71 5- net hyl - 3- phenyl t hi ophen-2-am ne 90 H2N /
exgmBle it hy| - 3- phenyl t hi ophen- 2- ami ne was prepared using
the sane procedures described in exanple 70. 5
Exanpl e 72 5-isopropyl - 3- phenyl t hi ophen-2-am ne HZN /
I
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S 10 5-isopropyl - 3-phenyl t hi ophen-2-am ne was prepared
usi ng the sane procedures described in exanple 70. 91
Exanpl e 73 2-am no-5-chl oro- 3- phenyl t hi ophene H2N
BocHN S S 2- Am no- 3- phenyl -t hi ophene (12.0 nmol) in
THE (7 mM) was treated with di-tert-butyl dicarbonate
Exgmple 7 g2-ammoF-¢iase-P-paenyIthiopkespr opyl et hyl ami ne (3. 15
m, 18.1 nmol) at anbient tenperature for 60 hr, and
the mxture concentrated in vacuo. Flash
chronatographyNon ca gel (ethyl ﬁﬁtat xanes)

yi el ded 2- (N— C- ) - 3- Qhenyl thlop 8 g,
59% . BocHN B b,~ S 10 To
2- (N- Boc- am no) -phenyl-thlophene (89 ; 0.32 mmol)

—Aﬁ‘m% 5 Bﬁéﬁ?%{)ﬂé"ﬁ@ Sl Ad mmo)) iRiryf g;7 }’t‘@)sw:& ltlQWEd/ wﬂﬁi gﬁzgrt-butyl dicarbonate

| orosucci ni m

(2rﬁ7)€t g érr'mOII)cmé duwmomlp@aylammém rn! éﬁrfi emattlmtémlb@nt tggperature for 60
hrhranﬁTgl% ]lél‘ gonv(y@rﬁragédl l,g %cr«w tlt"'l.':lsqilI %@o&%&r‘i& Qﬁ silica gel (ethyl
ma er, and the organic phase“corcentr at e&
acetedasanes) yﬁldﬁ@ﬁ (@hﬁ*mzm@rmhyylﬁhowem deP8geb%ket hyl
acet at e/ hexanes) vyi el ded
2- (N-Boc- am no) - 5- chloro-3-phenyl-thiophene (66 ng,
c

66% . 15 Bo Cé-N_' C BocHN

2- (N- Boc- an1no) 5-  0- 3- phenyl -t hi ophene ny,
0.21 nmol) was dr&ated with trifluoroac acid (1
m) in dichloronethane (3 nl) at anbi ent \¥€nperature
for 1 hr. The nixture was diluted wth (1 n1) and

nore volatile materials renoved under reduced

T(b Pégfsﬁﬂc@mlqod-é ghg%ﬁlpmh@n@@&’m &3 mmolnn gchloromethane (4 ml) at 0°C

wis @601 OrdReC RlcBlofssaecniarg | i 'rr%ﬁ D8BEnNAF a8 9Kk fn‘fktﬂirg %llowcd warm to
subsequent coupllnahstep wi t'hout urlflcatlon

argbiennperagurg for VB finylhe quixtas ey ﬁ&tﬂf?%}th dicpRempthieye a‘?ﬁlﬁheé with water,
an'aIZ Me B@%EH}L p-Fstel c&H%Eﬁ%ke% zria%% %‘14%‘ e&ﬁ‘c&rﬁéﬂ;?mﬁ'em{ 3Hi#a gel (ethyl

di -tert-butyl dicarbon
acetate/hexanes) yielded 2- (N Boc-amino)-5-chloro-3-phenyl-thiophene (66 mg, 66%).

BocHN H,N
o =
cl ¢l

2-(N-Boc-amino)-5-chloro-3-phenyl-thiophene (66 mg, 0.21 mmol) was treated with trifluoroacetic
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
DMF solution of 2-amino-5-chloro-3-phenylthiophene was used in the subsequent coupling step

without purification.
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5 ng, 3.66 nunol) in THE (10 m ) and water (3 nl) was

added dropw se saturated aqueous sodi um bi carbonate (3

m, 1.2 M 3.6 mmol). The m xture was stirred at

anbi ent tenperature for 7 hr and then poured into

aqueous citric acid (0.5 l\/g and extracted three tines
Examnls & het- Mqﬂaﬂét(mmwﬂamry))- P lnyEEPIE ned or gani ¢

phases were washed with saturated aqueous sodi um

bi carbonate and brine, dried over nmagnesium sul fate

and concentrgfgd i wvacuo to yield thg,qrud r bamat e
as a brown 106\0il ’0 ng), used subsedue W t hout
purification. Bo¢HN Boc-N A suspension /of] sodi um

hydride in mnewdl oil (327 ngy, 60% wt le nmol ) was

washed wth THE (2 x 5mM) and suspende in THE (3.0

Tml)m@ﬁyl Qleﬂ—cp%r?Ip}/}ﬂ%légﬂ?%% Wﬁ‘@ dﬁg c{?—)é{rﬂ&%l%léa%onatc (799

mﬁaal @fymHWBdn d&F((18ml) and3vayg (Al yas gdeddropwise satyrhied ag@ous sodium
t
bl@rgor%{rea(? E}}leh M.nS)%t Mﬁgl)v‘ﬁ% r@% u?é"@?srstgg'{e a%b'i mtahﬁgﬁ‘eefgr 7 hr and
them uwgdsmammnousmltvhla@ldl(ﬂlé Mhahdsaxfrhéted targe tMentOtether (total 100 ml).
Tl?e OBt %'m‘éS ois %ln ﬁ) ase ¥vorte av]r'gsl?{efl ?ﬂ%gﬁé%{%&é}‘ ééltsgg n%lg b?c rbonate and brine,
dmﬁdqarnn mag‘mhﬂmﬂSu]fm&hbdenh'htedb ¥ri vieyo thryied tieveude carbamate as a brown
"‘Fﬁg bj ms Lfate ana ncetnt .ated in vacuo to yield
ERUHEENIOSAIBEY IO BYELARET: as a anber oil (750
ng, 96%, used without purification. Boc-N\ HN\ |IN-
carbamate in DCM)gl. 0 ) was

a nmbi ent
tenperature for Y. The—mixture was at ed

i n vacuo, made pgeneous W th 25 dichl rcNmt hane and
agai n concentratNe to yield essentially phire

1- met hyl - 4- (et r4yl am no) - 3- phenyl pyrazol‘e (150 ng,

Aq;uﬁiéflsu)n GfSsodiver b’yﬁﬂd@ il mir@eh] X BN @g, /9% wt, 8.18 mmol) was washed with
henyl -1, 2, 3-t hi adi azol - 5-am ne t

THNngﬁétrﬁp |an S%Hgﬂg,q 1n1TILéF -9 mD4 045 Jjo. s 3y ﬁgc?e\MOpwme the pyrazole

(704 ﬁ@az ezslnmu ngrmhfs cﬁﬁg%araﬁ&e@uﬁlﬁsmaﬁﬁqasdlmdm f1, 3.80 mmol). After a
exa e

fuy_thfr(/%tmlglgf (1€ the gmtw@ s ghesyRd tpyarn &) @nkie temperature for 18 hr and then
tréa'tetdev(fltth aTPAR %ﬂed %q@cm,l@ Qmélomgllﬁedm/drﬁy ’ ﬂ@ gl.llf?l(:lllq #c{ter to l\&:ﬂ%lk}e Aolids. The

solution o ronnacetop enone . g, nmol
mi3yFe (Wee @xidcfedniiseettmpsstiolg aiher Htotal 120 ml), and the combmed orgamc phases

washed with brine, dried over magnesium sulfate and concentrated in vacuo to yield the crude N-

methy! carbamate as a amber oil (750 mg, 96%), used without purification.

L X ¢!
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 1-methyl-4-(methylamino)-3-

phenylpyrazole (150 mg, quant.) as a brown oil.
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pot assi um phthalimde (30.8 g, 166 nmmol) portionw se
at anbi ent tenperature, and then heated to 40C for
3.5 hr. The cooled m xture was poured into water (600
m ) and extracted with chloroform15 (300 ml then 100
m ). The conbi ned organi c phases were washed wth
Exomlauta hy Nrosthdd-Rhome: | 43-thiagiagoljyamipgt er (2 x 100 nl )
and brine (100 m), dried over nmagnesi um sul fate and
concentrated in vacuo. The resulting cream solid was
suspended in ether (100 myy” re ered by filtration,
washed with ether (100 m)iane ied in vacuo to
yi el d pure 2-phthalimni do-agetbphenone as a white solid

(34 3 g, 6% 20 0 0 NMVe2 NRPhth Phth Accordi ng to
coxen

N 2 PP reps e 35 w5 G Rauls agperived n
exatpleerdsi on of 2- pht hal i m doacet ophenone (13.3 g, 50.0
mrol ) in dinethylformam de di nethyl acetal (26.7 m,
200 mmol ) was heated at reflux for 28 hr and 25
concentrated in vacuo. The resulting anber oi | was

n%/}%} op 6‘?55% {‘rj('é‘%%géo%?;ﬁmgéé?& gi 2-)?!1 -rert-gutyl-él-ammo 3-

mﬁnﬂghﬁﬁﬂ&ylanrno) 1- phenyl - 2- pht hal i mi do- 2-
propen-1-one as yellow needles (13.7 g, 85%. 94 0

NMVe2 H2N H2N / NPhth N N A mi xture of
3- (di net hyl am no)y 1- phenyl - 2- pht hal i m do-@- pr open-1-on
e (3.00 g, 9.38 mpolg, and tert-butyl hydcazise

i .29 g, 10.3 ol ) inanoI (94 m)
and wat er (94 ) was stirred at ahb¥ent tenperature

AcDbiigh o 1o areteaRacR Bl It w@gﬁggﬁeﬂggggr Sjes st it

poh&sﬁmrmiﬂia)lmaﬁ Cd30 &t Urﬂﬁeﬁinélppdrﬁéd»ﬂs’e 4t @fnbiéht t8inPerat(d?, and then heated to

G G DO pa e vl APREn P VI BPY pDrag g with chloroform
(38@ krdl ﬂ”rewaﬁmﬁ@ Tw admbaqeanoigame @h&ks Réb 3AHed (WathrEbdiudMgldroxide (200 ml,
the filtrate concentrated in

0 %%u‘aaten(ﬁé lqﬂe@t) aertebw;s( Pamd; dricsver BasnaEen sefgieind oogepntrated in
vamud TE ges?t]@ﬁl% Ez%&rﬁqawgsosﬂ&)eﬁ%' LH gthg' @@6 Rﬂnﬁﬁ&eﬁeﬁ%y'ﬁlt}atlon washed

| ut ed wat er m), aqueous phase
w@]y( etherchl @ mi)and drigg rnevamrq 9 y@qlqﬁ glpre @gahﬂjag@dmayetom-@nqqe@s a white solid
Ggg gped organic phases were washed with brine, dried
f sodiumsul fate and concentrated in vacuo to give
a pale solid (1.92 g). Flash chromatography on silica
gel (ethyl acetage/ hexanes) vyielded

O NM
1-tert-butyl - 4-afi nEegr Phenyl pyrazol e .32 e%S@bfor
2 steps) an e Butyl 4=amnirro-

NPhth

According to the procedures described in C. Chen, K. Wilcoxen, J. R. McCarthy; Tetrahedron
Lert., 1988, 39, §229-8232 a suspension of 2-phthalimidoacetophenone (13.3 g, 50.0 mmol) in
dimethylformamide dimethyl acetal (26.7 mi, 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 § 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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5- phenyl pyrazole (114 ng, 6% for 2 steps). 15 Exanple
77

1-(2,2,2-trifluoroethyl)-3-phenyl -1 H pyrazol - 4-amni ne
and 1-(2,2,2-trifluoroethyl)- 5-phenyl -
H pyrazol -4-amine 2N H2ZN + 1 N WN CF3 CF3 20
1(222tr' | uor oet hyl ) - 3- phggry! - | yrazol - 4-afi ne
K/'?"rlfluoroethyl) %ﬂh + @-,
mne were—prepared gimilarly from & N
; [ tording to the N7
procedures described in exanp /6. 25 Exanple 78 | A
i nhibition assays In the foll owmng experinments was

AUSiREreofCdimRdthydarRh - ﬂpﬁmylm ﬂﬁﬁa%ﬁ&ﬂz bRp@s1- Mé@o@%;‘i@ 38 Mmol) and
se

which 11 of 110 residues correspond to tho ound in

(eRIOpP] B R ATCSTIOREE ¢lciRed, A Ml binr<EpRias ) snd water (9.4 ) was
stiMed laf\mmBIER. te&ﬁ@at&r@'f&e&i fr MAGh& %a%%ﬂemﬁrvﬁ%sh%oled mixture

to bind and inhib 95 caspase-9 significantly better

witigated ivithdpydgpine 55@0 éht iB\BemmpliRagtbieairneg, to mflux ey dnin. On cooling and
sta?ﬂﬁ@ * Qﬁﬁignt tgﬁﬂérbtﬁ%sa g%l%&h‘l%déﬂ%? g}{‘it\tfﬁ vk el tﬁ@ solid washed

simlar to those of e | nprove
witthg prast@regof‘ qfihlrl@ll @iron ami wathe((chimbe nnd:thBﬁRraammmtrated in vacuo. The
rr gl
e nhi brthon tgﬁfd l%ggoPu%eF @r%@?]@duce%ﬂrateg %tﬁ{éeg’ ?igo\%bum bicarbonate (50 ml)
ditutedngiflewsted( 106 ), MuFhe aghidoss plﬁs%bﬁﬁbt%ﬁﬁcsmmem&eetber (2 x 50 ml).

XENESB%mEW g&%&%%@%&%&s Eg tE%%%L(? 5\%’ &%P% at%LanEI concentrated
inlvEARMPBEleLaARKGOR AT B@FE@XMMW&&O el Mmmexanes)
W%@%ﬁ &é’%&.% %BE@%%&% % %Fﬁoaé.ﬂ@gsé énd é—fe”-butyl -4-amino-

s-Peagipaacge ENe gyt franSkeE). conpetition experinents were
performed on the Wallac Victor2 Multil abel ed Counter

Reader (Perkin Elnmer Life and Anal ytical Sciences, 15
Inc.) according to the procedures of Kolb et al

(Journal of Bionpol ecul ar Screening, 1996,
Example 77 1-(2,2,2-trifluoroethyl)-3-phenyl- 1H-pyrazol-4-amme and 1-(2,2,2-trifluoroethyl)-

5-phenyl-1H-pyrazol-4-amine

Hﬂ}\{@ N HoN
8 .’
(CFS Fs
1-(2,2,2-trifluoroethyl)-3-phenyl-1H-pyrazol-4-amine and 1-(2,2,2-triflucroethyl)-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 MLXBIR38G was shown to bind and inhibit
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1(4):203). A reagent cocktail containing 300 nM

hi s-tagged M.XBI R3SG, 200 nM biotinylated SMAC
peptide (AVPI); 5 g/nL anti-his allophycocyanin
(XL665) (CISBio International); and 200 ng/niL
streptavi di n-europium (Perkin El ner) was prepared in

caspragr@riignifiseniér betso thaw aithes of fiq napive [BIR 1dporainy e dround Smac-based
agm&e@epl \ﬁ]xart\ﬁe l'rsgp ulath ré?ﬁmt?éMan ?tdaﬁllgse onét%e ML-IAP- ]?]R The improved

ctyl g ucosi Al'ternative hi's cockt ai
cespaserl dehibgiongole theoghiimenid Bk @maanML)EBIéti&@ehw beeE| mllebated with

R R S R e S S R e e S R

reagent cocktail was incubated at room tenperature

9{03[%%@56@[%%@ After incubation, the cocktail was

Serial dilutions of an antagoni st
MSHSHBIHHH SS Gt VRRGS I hE EREEEREGAGATL SUGPANYGNM GSBBARLASFYDWP

IR RO 5ES e S ot et

SKGQEVESNBIICRISMBSEQIBANOM t)h filters for the excitation
of europium (340 nn) and for the em ssion wavel engths
of europium (615 nn) and a all ophycocyanin (665 m).

TRFRETMp6de Bladidg Wahe calculated as a ratio of the
em ssion signal of allophycocyanin at 665 nmto that

of the em ssion of europiumat 615 nm (these ratios
TWI&sGNEJ Fl%ﬂeﬁgn& Re@on%ﬁc‘étEﬁErgQ fTrall@fepQQnﬁceQﬁoneé?&rﬁ’écntsd@etr@perfonned

I pU atlon he resultin val ues were
o Bl Hlse NirioR M RISt CEet e o Eide e 59 Amghaioal Sciences,
Iné’%%&ﬁfﬁﬁé &b tﬁg%c'e&ﬁ‘esu%f 'ﬁ%llﬁ@! &l @B%lebf %@&ﬁd‘l\@cﬁﬁr Screening, 1996,

ner Sof tware, Reading, PA). Indications
1(&h Q@gom @Pgepb@@h@yl cortpiging 0@ niv We@ggﬁrdoMLtXﬂﬁéR}S@@OO nM biotinylated

%ave LAﬂ‘ng g?/g&actﬁ%}f tla @%V\kq%dg V\ﬁ/z/a\g€L c?% rr{)fn&t§ glgtlgt matlonal) and

ZQOIﬂgénhs@fa?;aw@Getﬁbmmn ¢Barlen Fdmep vay prererédon réagpit batser (50 mM Tris [pH
e Palat | . ) . .
781758 A5 S B R A B TS R0 Pl
thgsc cak@il ngent e trlade peiog @dwpmnelhbé{ehmhtnﬂjs Fein Bliaerd tapd ssfreptavidin-
al[lgph)%ﬁc::yamn érkmrfllmerg ﬁ%;mg%egg?ﬁons ogg % E%%aés}! 2§nMF; gqlvc? :i The reagent
capktalbRak incubdted/att xfoOmelﬁgﬂ’flﬂﬁﬁclfBr Bm&ﬁﬁuﬂﬂiem%umbﬁtﬁiﬁhﬂnﬁ cocktall was

, . Ed. 128-137,  Bel.l i ngham Sa s .for
sk s uE il BBy o RO PP S P BTAAELY YefOgaM) in 384-
wll Blaell BId, fidtea@Hitihér@lo-Ohne lIng). S&ftéral 90Chintite iibbativh at fofMGemperature,
at. a final (B]Bcent at ion of 5M of M_XBI

thf) Jraesesnge s 'edraddh F@cfoqﬂw ﬂqltgtlc[%fl et)rogllum (%%bnrm\ﬂnd for the emission

WMQnFThi% beybMemgled uhi) nsd 2niopto@aflind68H Him). Antagonist data were
octy gI ucosi de% to 5-carboxyfl ourescein- 10 conﬁu gat ed

cajoupitgd asdatigal thexsppssgrfigna m} ophycoryaNn £§ G964 nm to that of the emission of
e FQRGRNE QLT AR (ks ok W InitifBed HBNa AactoObf 16108 for ease of data

manipulation). The resulting values were plotted as a function of antagonist concentration and fit

to a 4-parameter equation using Kaleidograph software (Synergy Software, 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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O VNHNb~ 0O O\ OH NY NN -NH 00 OH2 O NH2

AVP- di Phe- FAM probe 15 The reactions were read after

an incubation tine of 10 minutes at roomtenperature

with standard cut-off filters for the fluorescein
fluorohore 4x = _48_nr_n ,, =530 nm in 96-well
Figore EQgriZy SRLIE RBEY Devi ces Corp.).

FI uor escence vaI ues were pI otted as a function of the

protein concentration, and the | C50s were obtained by
P‘f‘?rfzﬁl%e?mﬁ’émalﬁ% 3/ epeoPeATOINGS T A ALY E R P3¢ &Mplﬁgular Devices Corp.)

aclséjdﬁ)'gG!@g{e%ﬂm:ewé bIRESing, %/Merl\%fsté@flt ‘ﬁ@treﬁm Bﬁa]ga!dﬁg cPRoncheck, K.,
Competition experinents were 20 ? for med % addi tion
pC

Clrk, thhe Aralixmr. 3 SmdaBody nfA(2080)e BRI IS 5 IMNNigp Diagnostic

In&ﬁlz@né%)épzog'(egﬁn (EﬁM E’JP?{? 18- 1%' belﬂﬁ’ him3 wA! ' @’Jm les for fluorescence
l'utions of antagonist conpounds start i ng at 3

pcd%m@@m sffininopeaspren@@® werd prepanesl poddaitionaf ilehsapial dibations starting at a

B B AL AR PR GRS Kl 721 20

NiQindts davioé gldbelientalyb M¥1EL and RSkt oayigbuesiden dot rearba@5ourescein-

|
Co\éﬁl ﬁgtr%anev?g 1ghequazt Agﬁﬂ dl'.llgl?{en %F&gﬂé\g gr 3l Cﬁmenﬁﬁﬁgr e

(Synergy 25 software, Read| ng, PA). | nh| bition
constants (K;) for the antagonists were detg§m ned
fromthe 1Cso val ues. [

of formula |l' R

Fk3 X2 X NR5'
i ndependeny hﬁw

AVP-diPhe-FAM probe

NH;

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; Aer, = 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 (X)) 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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Yis (CHR7),,; wherein nis 1 or 2 and R7 is H,

hal ogen, al kyl, aryl, aral kyl, am no, arylam no, 10
al kyl am no, aral kyl am no, al koxy, aryl oxy or
aral kyl oxy; Ais a 5-nmenber heterocycle conmprising 1
to 4 heteroatons optionally substituted with am no,
hydr oxyl, nercapto, hal ogen, carboxyl, am dino,
guani di no, al kyl, al koxy, aryl, aryl oxy, acyl,

\Ng@xhgﬁﬁf acyl am no, al koxycarbonyl am no, cycl oal kyl,
yI'thio,

L.

al kyl sul finyl, alkyl sul fonyl,
am nosul f onyl , aIk&haninosulfonyl, al kyl sul f onyl am no
or & yreweyiaf&raulagherei n each al kyl, 15 al koxy, aryl,
aryl oxy, acyl acyl oxy, acyl am no, cycl oal kyl and
het er ocycl e substitution S opklonally substituted

wi t h hydroxyl, hal rc to7 oar boxyl, al kyl,
al koxy, hal oal kyl, R gglggf n ?ro cycloalkyl
aryl or a heterocycy 8 s R4 kyl ,
cycl oal kyl, cycl oaRKyl IkyI afyl, yaral kyl, a
heterocycle or heteroc élylalk ?' 520 optionally
substituted with hydroxyl, nercapt% hatogen, am no,
car boxyl, al kyl, hanaIkyI al koxy or

is Hor alkyl; R4 and R4’ are independe
hydroxyl, amino, alkyl, aryl, Maral kyl, cycloal kyl,
cychaateky! al kyl , heteroaryl or heteroaryl al kyl
wherei n each al aryl aralkyl cycl oal kyl, 25
cycl é¥%VPE%PE§FyWﬂ@F@Y9éF§I and heteroarylalkyl i s

opt IYORACHK,)S whsteint s € Chr\M ) Rhfﬂ H @@ genMEyI0aYI aralkyl, amino, arylamino,
am no and nitro;

nerc car

B R o e S BB e - Re. and
R6 Aase SGacﬂiber helepenidentprysig, 1 mlmteroamlopmmaﬂgr abitirhted with amino,
and at es t.her.eof

acco?“g‘l r?/g’ I{lerca&a?ohz\ﬁ OgFT, c\:,%box%li %mlfhlnﬂ Amplm at(ﬂﬁﬁé)oaﬁggﬁuaf’yl aryloxy, acyl,
| 1 aagyloxyl heylan@Qup, @ikoarbonylntido, QytlQuky(BaIkthio, @Bylbeifinyllbalkylsulfonyl,

wher, ; d

8, gll}r{ésu%(]) al%ﬁﬁmp?suﬂ%ﬁg a]&ﬁf%@% orqsget%cylclg We@gg each alkyl,
ami ﬁ&oxshwﬂlomyloxy,rmwb apylexy. Ia@brl@gem cyelanlknd xaptl | heterdcpiéln gubstitution is
gua%bl@dnﬁ@y s@lsllﬁfllecl “@ﬂh%xylaﬁiﬁ%gena&%% A ’caﬂag)(yll alkyl, alkoxy, haloalkyl,

acyl oxy, “acyl am no cl oal g or a heterocycl e;
wheﬁ@ﬁw’@E@HwﬁPKV?Mﬂbﬁk%ﬂyﬂa ggrpeyelear yl oxy, acyl,
acylroxdy; acyl amino, cycloalkyl and heterocycle

substltutlon i s, opt
R; is alkyl, cycloalkyl, cycloalkylaxcy] aryl, aralkyl, a heterocycle or heterocyclylalkyl; each

optionally substituted with hydroxyl, mercapto, halogen, amino, carboxyl, alkyl, haloalkyl,
alkoxy or alkylthio;

R; is H or alkyl;

R: and R, 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 Ry’ are each independently H or alkyl;

R¢, and Ry’ are each independently H, alkyl, aryl or aralkyl;

and salts and solvates thereof.
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substituted with hydroxyl, hal ogen, nercapto,
carboxyl, al kyl, haloal kyl, amno, nitro, cycloal kyl,
aryl or a heterocycle; R8 is H, alkyl, acyl, aryl,
cycl oal kyl or a heterocycle; wherein 10 each al kyl,
aryl, cycloal kyl and heterocycle is optionally
substituted with hydroxyl, hal ogen, nercapto,
carboxyl, al kyl, haloal kyl, am no, nitro, cycloal kyl,

. ar y|A gmpautiecerduyolckjm hnhe@h ting A 1Bkl terforiiulei&raillh: at

| east one of @, (:_B‘l Qr, @B, and @®.is N 3. A

conpound accordi ng t a|n11 mherebgﬁblng Ais

sel ect ed fron1the gaogp\con3|st|ng qu 15 N RSN N

\ NR8 ~~ R8 TOMg0 1\SR@N SNN-1T \ |

\' (/ N\ N~ I N ' B R8 99 ~ \ | ~Q7N \ N NR8

ReNVN NNRB N N | \ ha\ I N 5 I N\ | N]ﬁ§ N~ NN

~O OMNNOI ONN 10 N \ i, \ \' NO~S SWN

N / Whereppid inpRs, g] ‘?’{ISRQN\QH*QQ Q5_L§6= 'Q,, and Qg, are independently CR, or N; wherein

R, is H, amino, hydroxyl, mercapto, halogen, carboxyl, amidino, guanidino, alkyl, alkoxy, aryl,

aryloxy, acyl, acyloxy, acytamino, 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, amino, nitro,
cycloalkyl, aryl or a heterocycle; Ry 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, wherein at least one of Qs, Qs, Q, Qq, and Qy is N.

A compound according to claim 1, wherein ring A is selected from the group consisting of:

\_-..- 1) \-..-. [} N@
BNjE:j [N.TQ N\-NRg //
Rs

WO
N I
[\.L/© C'{J N\\

“

4
N Ld
Rg

7 Z

-—
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\ | NI N N\~ N-N NNR8 NON N R8 20 100 \ \
N\ (N NNJNVNNgHF§g N~~N,NS >\V1,; N\VI N
\'1' 1 NN.ON.NONN 5NLNrNN SNNSN»N N
wherein Rs is H, alkyl or acyl. 10 4. A conpound
according to claim3, wherein R3is H 5. A conpound
according to any one of clains 1 to 4, wherein R2 is
al kyl or cycloal kyl. 15 6. A conpound according to any
one of clains 1 to 4, wherein R2 is isopropyl,

N N
J Vv

t-butyl, cycl ohexy 7. A conpo accordi ng 1@
any one lains 1 tQ wher el n nmet hyl . 2
A co accor di i ny one chainms 1 tpo—N;

wher®i RgR4 i s HFol thyI andNR4NRL s H. 9. N;aénpound
accoiing to any one of cI aims 1 to 8 wherein R5 and
R5' are independently Hor nethyl. 25 10. A conpound
according to any one of cI aims 1 to 9, wherein R6 and

R6' are inpdependently methyl. 101 11. A conpagund
accord| n any ,one Ial ns :L to wher eiyn @
of X:h d XS;L[ .

| N
K\/N

NG

\/N
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12. A compound according to claim?2, wherein R, is H

R2 is isopropyl, t-butyl, or cyclohexyl; R3 is

nmethyl; R4 is Hor nmethyl, and R4' is H R5 and RS

are Hor nethyl; X1, X2 and X3 are 0. 5 13. A conpound
according to claim1, wherein R3 is nethyl; R4 is H or
methyl, and R' is H R5 and R5' are independently H,
R6 and R6' are H X,, X2 and X3 are O 14 A conpound

accordi ng 9 claim 13, |n R3 is 10 15.

conpau g‘ordl ng to cI 14, vvher‘l |s a grpu pﬁj

sel L&gd fomthe gr ﬂ“con5|st|ng 'oﬂ N \N I(IlHN
HN VL ( N(CH2)2,,(O‘»|22 IN ~ zz~N"

(CHz)z 2N OMe)2NO OH OH 20 H2N PhO NO2 C 102 | |

\ EE0O HOHOI Br NO2 HO NO2 and H 5 16. A conpound

according to claim 14, wherein R4 is nmethyl. 17. A

conmpound asc¢ording to m 16, mher R2 is alk
cycloalk \
N S

o N ‘N'.N
5
)
**(@ h‘/@ L O -
1 N N
N . ,\
‘g-N N-S , N~ N
wherein R is H, alkyl or acyl.
10
4, A compound according to claim 3, wherein Rg is H.
5. A compound according to any one of claims 1 to 4, wherein R; is alkyl or cycloalkyl.
15 6. A compound according to any one of claims 1 to 4, wherein R, is isopropyl, t-butyl, or
cyclohexyl.
7. A compound according to any one of claims 1 to 6, wherein R; is methyl.
20 8. A compound according to any one of claims 1 to 7, wherein R, is H or methyl, and R, is H.
9. A compound according to any one of claims 1 to 8, wherein Rs and Rs’ are independently H or
methyl.
25 10 A compound according to any one of claims 1 to 9, wherein Rq and R’ are independently H or

methyl.
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10 18. A conpound according to claim 16, wherein R2 is
i sopropyl, t-butyl, cyclohexyl or
t et rahydropyran-4-yl. 19. A conpound according to
claim 18, wherein ring A has the fornula Ila or IIb:
74 /09-Q6 Q\ ~@B B\\ "B 15 Q@ Q7 Ilallb
wherein Q is NRa, Oor S, @@, G, ¥, &, @, Q/, and
@B, are independently CR9 or N, wherein R9 is H,

lam mogontppehdagsordingie emapie of clpizis d dgeH), whereib gaopiof Xait: divh; are O.
guani di no, al kyl, al koxy, aryl, aryloxy, acyl,
acyl oxy, acylan1no cycl oal kyl or_ a heteroc cIe

12\0whe pAecpopTlpgg‘@wc@rckg,g to clglmk é,x»yheregp( %ﬂ is HpR: i rsy]pr t-ba’r(yy jor cyclohexyl; R; is
acy l,Qaey; R SR, 26Y @@ﬂ{ krvlan@ﬁpl aRat BREME 36, X, and X; are O,
substitution is optionall substituted wth hydroxyl,

3 hal ogen, nercapto, carboxyl al kyl , hal oal kyl, am no,

13n: L rpf)eom;ﬁyﬁ R3drltg to @il 1, %e@mh@tlgefr@myl@k@ls iR8r igthy}, and Ry’ is H; Rs
al ky

wher®i R %’}éé‘&q‘?arylwlp’wgf %%IRQ:/!VE%L%’%{; d%ﬂo‘”%ét erocycl e

is optionally substituted with hydroxyl, halogen, 103

t b | k hal qal kyl ino, nitro,
R L R g Y UL S
10 wherein at Ieast one of @&, CB Qr, B, and @@ is N.

20 AA fomcot i C#J Cordin or c(::ia1rngl4t %h&elgl 151§ Ero%]&ﬁe%{gﬂ ggkﬂge %0]]]) consisting

s b ron1 group conS|
\ NR§ R8 0~ ol I \ $ 10 R8N SN N1 VI \ (/
N\ NI N NNN |N R8 R8 15 ,

N
HNTY 7 N7 Ny N
N N
(> _

™~ ™~
N - N
3 (CH2)2 (CHz)z Q’(CHz)z
N S
Q- (CHz),

; Y ;
: {(Me)2N : OH
; HaN : PhO :
Cl
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16.

17.

18.

19.

RBNV N NNR8 Nhk NNV I N\ NI\ I N\ 1T SN Vo
Nv 201041 O ONNOGC, NNN\Y\ I S NO S SvN
N 5SNSI SINRBNN: N \ | \' I NVI N 1, vV N
NI INNNRa ,N10 Re \ \ "O N NN NVN NKN N 15 01
N N~ N N, NpSNN 105 N/ 1 N SN NNN%IN S.NN
%N N wherein R$ is H alkyl or acyl. 5 21. A conpound

according to claim 19, wherein wherein R is H 22. A
conmpound according to claim21l, wherein Y is CH2.

boguogegiog

~\

NO, HO NO, % and C

A compound according to ¢laim 14, wherein R, is methyl.
A compound according to claim 16, wherein R, is alkyl or cycloalkyl.

A compound according to claim 16, wherein R, is isopropyl, t-butyl, cyclohexyl or

tetrahydropyran-4-yl.

A compound according to claim 18, wherein ring A has the formula IIa or IIb:

F DY bg_'oa
Q/ A

\ /Q3 \Q/QG
7

ITa Ib
wherein Q, is NRg, O or S; Qs, Q1, Qu, Qs, Qs, Q7, and Q;, are independently CR, or N; wherein
Ry is H, 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, amino, nitro,
cycloalkyl, aryl or a heterocycle; Ry is H, alkyl, acyl, aryl, cycloalkyl or a heterocycle; wherein
each alkyl, aryl, cycloalkyl and heterocycle is optionally substituted with hydroxyl, halogen,
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23. A conpound according to claim1l selected from 0 O
)J)~NH."N 1 HNH/\ 2 HNHON

SH- N 4 0H/ HNH ONHHNFN ON O
ONH S\N-N 106 O 7 OHN~- N$ H/ H

NH S\eN p NH2 HZN N HzZN N 9 H 10 H-S
'oH 1V

N Nn H\XK N
HZNN 6 - HO

N

/

/\ ONH O

N
N H
\ O NH N N~

mercapto, carboxyl, alkyl, haloalkyl, amino, nitro, cycloalkyl, aryl or a heterocycle; and Qo is

CH or N; wherein at least one of Qs, Qs, Q7 Qs, and Qg is N.

A compound according to claim 19, wherein ring A is selected from the group consisting of:

\\ LY \\ \ NO
RaND/@ é;r@ \-NRg ©
R

S : {STQ QS‘/Q RaN,

N

.
\ \ v '
& /1 7N N |
N‘N NN =N N
Rg Rg
‘\ F(@ " \‘ /@
= N
- — /
N _NR R*‘N\»;N N%/NRa C
N' 8 N
N }\ T
N i
N
<\N\ N\% Q\/N \\./O
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108 H 27 HNgq N 28 HO
| \..___ \ /@ I‘\l\(©
N N, 7N N, &
S” N w=N N~
wherein Ry is H, alkyl or acyl.
A compound according to claim 19, wherein wherein Rg is H
A compound according to claim 21, wherein Y is CHa.
A compound according to claim 1 selected from:
o 0
M. AN . H A AN
L g O Y fe O
d NH N
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//N / 4}\[
N
| ¢
i H : NH
O/“NH‘_ —
HN\ L O\N/
&
HzN\é)LN N y
6 = 10 NH \
O 1y
S\N¢N
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"F,N or a salt or solvate thereof. 24. A

phar maceuti cal conposition conprising a conpound
according to any one of claims 1 to 23 5 and a
t herapeuti ca X

25. Use of 2 pound, or a salt or sol vat
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28. Use of a conmpound, or a salt or solvate thereof,
according to any one of clains 1 to 23 in the
manuf acture of a medi canment for treating cancer. 20
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24.

25,

26.

27.

28.

[T

NH
4

oz

Z--z

or a salt or solvate thereof.

A pharmaceutical composition comprising a compound according to any one of claims 1 to 23

and a therapeutically inert carrier, diluent or excipient.

Use of a compound, or a salt or solvate thereof, according to any one of claims 1 to 23 in the

manufacture of a medicament for inducing apoptosis in a cell.

Use of a compound, or a salt or solvate thereof, according to any one of claims 1 to 23 in the

manufacture of a medicament for inhibiting the binding of an JAP protein to a caspase protein.
Use of a compound, or a salt or solvate thereof, according to any one of claims 1 to 23 in the
manufacture of a medicament for treating a disease or condition associated with the

overexpression of an IAP in a mammal.

Use of a compound, or a salt or solvate thereof, according to any one of claims 1 to 23 in the

manufacture of a medicament for treating cancer,
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