// | NHI BI TORS OF | AP The present invention relates generally to
novel compounds that inhibit the binding of the Smac protein to

I nhi bitor of Apoptosis Proteins (I APs). The present invention

i ncl udes novel conpounds, novel conpositions, methods of their use
and net hods of their manufacture, where such conpounds are generally
phar macol ogi cal | y useful as agents in therapies whose nechani sm of
action rely on the inhibition of the Smactl AP interaction, and nore
particularly useful in therapies for the treatnment of proliferative
di seases, including cancer. BACKGROUND Programed cell death
plays a critical role in regul ati MHIBETORBOHIAP and in elimnating
stressed or damaged cells fromnornmal tissues. |Indeed, the network of
apoptotic signaling mechani sns i nherent in nost cell types provides a
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Tunmor cells ave eVIS a nu er o strate to circunvent

apoptosis. One recently reported nol ecul ar rrechanl sminvol ves the

over expression of nenbers of the | Bl,.f[pr of Apoptosis) protein
famly. | APs sabotage apoptosis by%é%cgl??y I'nteracting with and

neutralizing Caspases. The prototype 1APs, Xl AP and cl AP have three
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dividing c Such t eraaﬁtl c nol ecul es are useful for the

treat nent E’PCB'F‘SV??@PH fo &¥ases, including cancer. In other

wor ds, Smac anal ogs would bind to BlR3 domain of IAPs and will renove
the AP's Inhibition of activated Caspase 9 which would then go on to
i nduce apopt osi #PoRIGRiSignating BWOF]?ﬁ/%'ﬁtciaéﬁ'fed as eithgidntpgie wifen mediated
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wher e such cohpounds ar ener a arnacologlca y use S agents
i n therapi ssbsirates effect eamuoﬂiom@ftt ene¥.ely on the inhibition of the
Smac/ 1AP interaction, and nore particularly useful in therapies for
the treatnment of pr oliferative di seases, including cancer. DETAILED
DESCRI PTI ON  Théupwesslisthavadensised a nustber efstrajegiestontinctimvent agaptosis.

formula (1gpe recently reported molecular mechanism Involves the overexpression of
members of the IAP (Inhibitor of Apoptosis) protein family. IAPs sabotage apoptosis
by directly interacting with and neutralizing Caspases. The prototype !APs, XIAP
and clAP have three functional domains referred to as BIR 1, 2 & 3 domains. BIR3
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wherein R1 is H, Cl1-04 alkyl; G -C4 alkenyl; G -C4 al kynyl or

Ca- G ocycl oal kyl which are unsubstituted or substituted;, R2 is H,
C-C4 alkyl; Cl-C4 alkenyl; Cl-C4 al kynyl or C3-Ci ocycl oal kyl which
are unsubstituted or substituted; R3 is H, -CF3; -C2F6; Cl-C4 al kyl;
Cl-C4 al kenyl; Cl-C4 alkynyl; -Cl-13-Z or R2 and R3 together with the
nitrogen forma het ring; Zis H -OH F, d; -CH3;, -CF3; -CH2C;
-CH2F or -CH2OH, R4 is C1-Cl16 straight or branched al kyl; Cl1-Cl16

al kenyl; C1-C16 al kynyl; or -C3- Giocycloal kyl; -(CH2)14-Z7i;

(CH)aryI and én(!Cl 109- s- het:; wherein al @kﬁ?c ycl oal k%(u and phenyl

are unsubs¥¢Tmap e'@Ptssq.lW]Y wilh Saspase § and iepbijityde do%{'ld@ﬁave its
- N(R5) - C( OpatlifarR)ukirdte Préodepasdy,) . - N(R3) - C(0) - (CH2) 0_6-phenyl ;
N R5) C(0)- (CH2) 14-hét ; - 0)-N(125) (RL0); -C(0)-0-Ci -Cioal kyl : -

C(0)-0-(CH2) 1- 6- CrCchcI oal kyl ; C(O) 0- (CH2) 0_6- phenyl ;
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Cs- Crcycl oal kyl ; -(CH2) 1. 6-Cs- C7cyc| oal | cyI -Cr Gioal kyI aryl ;
-(Cl112) 04- C3- C7cyc| oal kyl - (CH2 0 epafl CH2) 0- 4CH4( CH2) . 14-
phenY02; 4CH2) 043- CH(phenyl)z * P ¢ ‘G}‘ lied - i oal kyl ;
-C(0)-(CH2)1: 3-C3-C7- cycroal kyI C(O) (C112)0 6- phenyl ;

- (CH2) 0, 6- C(0) -phenyl (CHR) 04- het C(‘ (CH2) 1s-het; or Re |§
residue of an JB?H&GS&GF invenlirn ielates drnera WP now@g}@p@apwgqs ihatiahibit th?nd

2{ ytctsﬂlrnztulu?m@gﬂmggpg%@m td thiBﬁoerfﬂc%HPﬁabisth@ﬁvs (APS). FhephueAt i N
invention includes nove! compounds, novel compositions, methods of their use and
methods of their manufacture, where such compounds are generaily
pharmacologically useful as agents in therapies whose mechanism of action rely on
the inhibition of the Smac/JAP interaction, and more particularly }rsef(:l in therapies

for the treatment of proliferative diseases, including cancer.

DETAILED DESCRIPTION

The present invention relates to compounds of the formula (1}



Fla and Iib are independently an 0, S, or N atomor Ce-e alkyl
wherein one or nore of the carbon atons in the al kyl chain may be
repl aced by a heteroatom selected from0O, S or N, and where the al kyl
may be unsubstituted or substituted; Rd is selected from (a)-Re - Q
- (Rf)p(Rg)g; or (b) Art-D- Ar2; Rc is Hor Re and Rd may toget her
forma cycl oal kyl or het; where if Rd and Re forma cycl oal kyl or
het, R5 is attached to the forned ring at a C or N atom p and q are
i ndependently 0 or 1; Re is Cl4 al kyl. or al kylidene, and Re which may
be unsubstituted or substituted; Qis N, 0, S, 8(0), or S(0)2; Ari
and Ar2 are substituted oRsunsubstituted aryl or het; R and Rg are-
each independently |-1; - Cr Omal kylaryl; -OH -0-01-

Cual kyl ; - (0OH2) 04- 084Q7c X 3] ) 04-qnyl ; phenyl; aryl;
phenyl - phenyl; - (CH2) M- het]f -0¥(CH2)1..6-het;-C(0)-Rii; -C(0)-NRi
i)(RL2); -N(Rii)(RL2); 8- 1; 48(0)-Ri1; -S(0)2-R11; -S(0)2-NR11
R 2; -14R 1-3(0)2- R12R; S-CramaRkyl; aryl -G asal kyl ; het- Cl- C4- al kyl
wherein al kyl, cycloal kyl, het and aryl are unsubstituted or
substituted; -S02.Cl.C2al kyl; -802.C . C2al kyl phenyl ; -0-GC -C4al kyl ;
or R9 and itl]?f forma.ring selected fromhet or aryl; Dis -CO;

al kyl ene o¥'&FW ene; -CF2-; -0-; -5(0), where r is 0-2;

1, 3di oaxol RPR:H: @;- | - Sk . i %rpga e may
be unsubstia?utl-ie?ogéskﬁs%?h%nm 9%3;@?%!01'”%}6?}6& od%g@@gﬁjg

- 0- 01- Col kYftsubstituted or supstifutedy - CF3; or Dis -N(Rh) wherein Rhis H
ClL.7 alkyl (unsub or substituted); aryl; -0(G .. 7cycloal kyl) (unsub
or substituted); C(0)-GC -G oal kl; C(0)-00-Cloal kyl aryl;

C- 0- G - C10%2 Ryt C1€.a@lkyb Qs Qealkenyl;-Cur G4 allgmny ST 68 1o Cyalar ik Which are
S0z--(.Co- C . ., R 6 and R 7 are each independently H,
-C1-00 al k%hﬁﬁé@é%fots%ﬁguégi aryl - Cl- Cl10 al koxy; -OH;

-0-G -Cl0al kyl ; -(CH2)0. 6-C3-Crcycl oal kyl; -0-(CH2)(graryl; phenyl; -

UNCR) (19553 1 GETEPL SRl g D Ciheet B i i R ana
- NR11- 8( 0)tpgeatharwithidhe mitrageal ferrh 2 hey dhgral kyl and aryl are

unsubsti t%E%%ﬁ‘i—bﬁr;i—tdﬁ;?‘?c':F%rlﬂHE@: -&?27" ol?-éngBH; R 7 can be united

to forma T ing syste

R4 is C4-C1g straight or branched alkyl; C4-Cis alkenyt; C1-C1g alkynyl; or -Cs-
Ciocycloalkyl; -{CHz)16-Z1; -{CHz)pe-aryl; and -(CHa)g s-het; wherein alkyl, cycloalky!
and phenyl are unsubstituted or substituted; '

Z4 I8 -N{Rg)-C(0)-C4-Crpalkyl; -N(Rg)-C(O)-(CH2)1.5-03-Cycycfo?alkyl; —N{Rg)-C(O)-
(CHz2)o.s-phenyl; ~N(Rs}-C(O}-(CH2)1.e-het; -C(O)-N{Rg}(R1a); -C(0)-0-C1-Cyoalkyl; -
C(O)-O-(CH2)1.5—83-C;rcycioaIkyl; ~C(0)-0-{CHy)o.s-phenyl; -C(0O)-0-{CHz)y.g-het; -O-
C(0)-C1-Cyoalkyl; -O-C(O)-(CHz}1.6-Cs-Croycloalkyl; -O-C{O)-(CHz)os-phenyl; -O-
C(O)-{CHa)v.s-het; wherein alkyl, cycloalkyl and phenyl are unsubstituted or
substituted; ‘

het is a 5-7 membered heterocydlic ring containing 1- 4 heteroatoms selected from
N, O and S, or an 8-12 membered fused ring system including at least one 5-7
membered heterocyclic ring containing 1, 2 or 3 heteroatoms selected from N, O,



R11 and R12 are independently H, C1-010 al kyl;

-(CH2)0_6-C3-Ci cycloal kyl; -(0-12)o-6- (CHO.t(arypi. 2;

-C(0)-G -G oal kyl; -C(0)-(CH2)1-6-C3-Crcycl oal kyl; -C(0)-0-(CH2) 04-
aryl; -C(0)-(CH2)04-0-fluorenyl; -C(0)-NH (CH2)043-aryl;
-C(0)-(CH2)0.6-aryl; -C(0)- (CH2)1:6-het; -C(S)-C, -Cictal kyl;
-C(S)-(Cl-42)14- C3-Crcycl oal kyl; -C(S)-0-(CF12)0_6-aryl;
-C(S)-(CH2)0.6-0-fluorenyl; -C(S)-NH (CH2)0_6-aryl;
-C(S)-(CH2)0_6-aryl; -C(S)-(CH41-3- het; wherein al kyl, cycloal kyl
and aryl are,ynsubstituted. or substityted; or Rl1l and R12 are a
SUbsti 1 uenfd HoPNIRR EpleFackPRETng Ol fuses Hng siere i Boituteacar subs Guted on
menbr ane; feamBdA oRRBroGBRatopget her with the nitrogen atom form het;
wherein the al kyl substituents of Rii and Ri 2 nay be unsubstituted or
substituted by one or nore substituents sel ected from Cl-Cloal kyl ,

hal ogen, CkLiS'}QE@Ha?@%@bHﬁOEQreQ%FW or -CF3; substituted

cycl oal kyl _substituents of and 2 are substituted by one or nore

subst i t uenResaRERe@ragach Bgependently il Swlemikyl; Ca-Coeyaloakyl teHDgelr OH;
-0- G - Coal : « G} : ' . I
of RL1 and B3 A Qo E P e el R e Wy B
f r om hal og&rsubalitatedxor Rt Ra trgéthepwitithegitregep fom hety; - oN;
-0-p(0)-CilC4alicyl and -C(0)-O G -C4-aryl, or pharmaceutically
acceptabl e salts thereof. The present invention also related to the
use of conpoighl GfCh-alkylagyll phamyl Ba-Cropcloatiht-(GHl2) ps-B5-Cheycidalind -C-

ot ot et PR ACHPRE TS R ERARY Rk BB CF R R
nmanuf act urgheolyln H@HRetlfphahypofpanyl, i-0(0)-CoCalkel; FH(QHEH,)RLBABAL

of said di of ,use, ds of f I L, A e
freatment OFCalh-GRdG Rl RO CE e Bh e e are eb O HE
conpoungs eet}feti an‘ngjFa ré'siyiu? of an laelir_tdm%mmmeinﬂhesakﬂ, ?JM% 8 ?iz_henyl and
conmpounds 0 I o] n the.treatnment of sai i seases.
The gener aqwltsé'ﬁﬁ@gﬁ@@%%g’?s@bﬁﬁﬁeég%’Hﬁhtﬂ{ggei nafter preferably have
within the context-of this disclosure the foll ow ng neani ngs, unless
otherwi se jndicgted:. S Aryr js an aromatic radical having 6 to 14
carbon at ot @ DW'Wuﬁtérqu'sed or unfused, and which is
unsubstituted or substituted by one or nore, preferably one or two
substituents, wherein the substituents are as described bel ow
Preferred aryl |s phenyl, nap i ndanyl. "Her refers to
heteroaryl and heterocycli cRp{n fsqg rings containing
aromatic. and non-aromatic_hg icrings. "Het" is a 5-7
menber ed heterocyclic ri ngR@on ainfng 1-4 heteroatons selected from
N, 0 and 8, or an 8-12 membeLe ring systemincluding at |east
one 5-7 nmenbered heterocyclic ring cof&bm-rrﬂﬁé—r 2 @pr+ 3 heteroatons
selected fromN, O, and S. Suitable het substituents include
unsubstituted and substituted pyrrolidyl, tetrahydrofuryl,

t et r ahydr q4fyrgfur anyl , piperidyl, piperazyl, tetrahydropyranyl,

nmor phl lino, 1, 3-diazapane, 1, 4-di azapane, 1, 4-oxazepane,

1, 4- oxat hitsp8rfs, furyl, thienyl, pyrrole, pyrazole, triazole, 1,2, 3-
triazole, et Lﬁ}z]q:jry\{., oxadi azol e, thiophene, imdazol, pyrrolidine;
pyrrolidone, thiazol'e, oxazol e, pyridine, pyrimndine, isoxazolyl, )
byr azi ne, ReuanbRbes Idependanty and, $yariNiipiar Sonclkybyheeive pge PEmAE of
f ur opy! | diyhg calbBH Gldins NS Al Akin REGAR!BHALAY B'a nBRAG BN HRocted from

benzoxazol'e, pyrroloqul no and e |l ubstituents are
unsubst i t UD,62100N, antbwhéredhe alkyhmay baupsubstitubed trsubstitviasty, especial |y

fluorine i ydroxy, 01-04 al kyl, such as nethyl and ethyl,
Cl-4 al kﬁ@ﬁ@g@é’&éﬁf&q Yy nmet hoxy and et hoxy, nitro, -0-C(0)-Cradal kyl

or --C(0)-0-C (9t al IRd— Qr— (RN HRaktorogen by Cl1-04 al kyl, especially




The amino acid residues include a residue of a standard am no acid,
such as al ani ne, arginine, asparagine, aspartic acid, cysteine,
glutam ne, glutamc acid, glydne, histidine, isoleucine, |eucine,

| ysi ne, methionine, phenylal anine, praline, serine, threonine,

trypt ophan, tyrosine and valine. The am no acid residues al so include
t he side chains of uncommon and nodified am no acids. Unconmon and
nodi fi ed am no acids are known to those of skill in the art (see for
exanple G B. Fields) Z Tiamand O Barny; Synthetic Peptides A Users
GQui de, University of Wsconsin biochem stry Center, Chapter 3, '
(1992)) and i ncidde AmilroAsti ds such as 4- hydr oxyprol i ne,

et o oAb L B R i an ot

or ni t hi ne, azycloalkg- (Hmehd?aa‘slhﬂatmeddbﬂ';e Brasd fog aps Giar Ngioth; 2- or 3-
am noi sobu “@55 )ropi onlc acid, diphenylal anine,
hydroxypro:pl ne q’f%&”"ﬁi’%’é‘ﬂ he side chain of the am no acid
resi due cofeds B4.g alkylbor allafiidersd) laed Reowhich eyrbeamsUbkitiited Grisobstaie80,
the side c eri |zed by a substituent that reacts Wi th
the cleri vgﬁ%?'a§§ %ﬁgg %@2' exanpl e, acidic amno acids, |ike
aspartic and aldArares sestititedor imsibstituted Pl lor hett ed si de chains, |ike
those of serine or threonine, nay be dedvatized to forman ester, or

am no side chains may form am de or al kyl amino derivatives. in

parti cul ar thh@R@ezrr?e\eat:ﬁ ¥ele ng?welnﬁyfl S@Pé foalkyeat- damtylef CLOHL -85

addition, carboxylic acid

|
aroup 1 n ¢ et i ela Oy CemBBIYE oo-(EXleprBl RARTY: Bith PAPHCPNYL-
acid gr oup((;ﬂcp‘xﬁ;;(6 het: @{@MQE L..g@@l @R“dl @(@l}sﬁﬁd_gmm@(fmmﬁg rmgﬂﬁﬁtz)ar_sor

am de. S bstlt ents that facilitate t'ransport

across a ¢ 18 (@RGSR 2tNR 11 Razs eNRBf+-S{ Q)4 R13; $-Cim 1omel EiryleC -
chem stry Eﬁélﬁyl (ﬁ‘éf-%é @@Ikﬁ&ﬂi@élﬁ alkgﬁﬁgéi&‘%kyl auet _?HSHWEH s GBubMir g

B., Siahaan T scovery

Today, vol 3“@"“&@@@5@1@2@'@% -SOul aalkyphenyiH-O€heCabiek os Ry and Rf form
Phar maceut hqﬁbsg@g@@rﬁﬂnpfgp&ra - p 885 (1990)). Generally, such

substituents are |1 pop IC S bstltuents Such |ipophillic
substltuents |ncI ude a C6-C30 al kyl which is saturated,

t .t - | ted

ol yene. - phanylO-REAAEE SRIKIRRE b iie G 85 SO VPt R A ey
groups, Chigdiceyaaneil &yC+7 diyl@H;oykdrealkyl; lalkylene lor Brylenatrsay bet ed by
O R SRS iy S I oohs BT P S
X1- 05- C? cSZsaIqutbk-)fkaaoor Dis GB(RliavmvdyecémﬁHoylH ; Shi; alkyl (Fnallﬁoelt;unﬁhmd)y
one or two_Cil-.C8. a rOLDS ere S - a | S
cat ur at ed. b3 eat dralbUEtBson B iRt So By e Maﬁ@fﬁtﬁﬁ#mmﬂ:
branched ch@l m-oxmsoham QO HCrobRylearpiet SM-CRaAR-diGI SO LORN

the only sulgﬁ uent. Any of the above defined aryl, het, alkyl,

cycl oal kyl @ YHet erocyclic groups may be unsubstituted or
i ndependent | y substituted by up to four, preferably one, two or three

substituents g fromthe gro stin sch as d
o By e B T R B a RoEh pie TRV S Crgig SIPBUGH Sy
whi ch rray C&%IE*ESJOH uoe©1-méah<yan¢CH2%te ths7@u1b§kylt @J(Ieﬁf Es'-a

her ei n; ower al kanay X

met hoxy) m

KI .
- &Héh“@%z? e Gl R G W Rt S
{1 vor phenuh,m(?Fuﬁmos ELORAR Ry NRGS(OF, fWhSiaib gt am no

am no | ower -al k (suc am no; o | ower

al koxy ( su@ﬁ:lowyé@mbwhmermsubwttted or §\}Qﬁilblte%3?add%l Bu&'s anddyly can be
car boxy; Eljbféﬁ't ;ﬂgﬁﬁ%g@{ efmsuch as [ ower al koxy carbonyl e.g.

nmet hoxy carbony y tarbonyl -or iso-propoxy carbonyl;



Any asymmetric carbon atom may be present in the (R-, (S)- or

(R 8)-configuration, preferably in the (R - or (8)-configuration
Substituents at a ring at atons with saturated bonds may, if

possi ble, be present in cis-(= Z-) or trans (= E-) form The
conpounds may thus be present as m xtures of isoners or preferably as
pure isoners, preferably as enantioner-pure diastereoners or pure
enantioners. Preferred enbodi nents according to the invention: In
the follow ng preferred enbodi nents, general expression can be

repl aced by the correspondi ng nore specific definitions provided

abovet and By ang Rizhne independerglyH; QG alkyl; gt@lﬂit)@?ﬁg.@@,eblmql gs.((g}f-]z)&pe

i nventi on. i nds e fornula

phar maceut i@aﬁt‘f‘? &igi%é é&ﬁ“@ ﬁi@?@# h’%ﬂﬁpécyﬂ?éh‘(ﬂ s@ﬁ@éot(‘@"@@-a' '
brotein toLhh st ‘fc??*% L gg‘““?ﬂ?” AL CIOL 930,808 S0

!to he presem{bggﬁh‘ﬂ oﬁ&lt')e@p& RWL G é P-)G}&"Cé‘lcﬁ Eﬂ'@’r‘ i B)-PLfFHz)os-aryl;
e ) "GS- (EHa Ohibil C(SANRAOH oo -CRoy GHALLUAY - CRCHahe

cycl oal kyl h are nsubstltuted or substituted
subst i t uenf'€h é"@??ﬂﬂ %‘HY i PxsiRavanl s Ayl amnsuwttutewsubsns@d.@r R1cand Riz

-SCN and nigtd @ suli¥atieht fifat félaﬂﬁﬂéé &aﬂxspo%rgéet rﬂbfé&ﬁlg agro@% a%n%éﬁiﬂeéhe%

cycl oal kyl _whi ch_are unsubstitut or su y one or

subst it uentiyt agd Bmt@wh?mmﬁﬁdymen-mm forgHhet; OCH3, - SCHS, CH - SCN

and nitro; E?@

al kynyl ; _Owﬁgrééﬁg'é I!ng:E ds t' of@’%bd%ﬁ% Rghn%sg Jé%cf‘ lg?unqggfu%by z
is 11; -0191€ oFmo& subsmntsaalﬁctectirm&—cqﬁaw lmioge@Hm-lLlO-Ccha]kyt -S-
Cl-C15 strg 1@2? orb,ﬁpmched al kyl; 01-C16 al kenyl; C -C16 al kynyl; or
- C3-Cl16 cycl oa WI 2) 1 4-11; -(CH2)O0. Erphenyl; and -(CH2) 04- het

wherein al RWStltLﬁQ}d:i;Maﬂgyl[ sublitysntsngh Ria aed Rasarb stbstiiuted byrone or more
substi t ut edypeitents selected from a Cs-Cag alkene; Ci-Csalkyl; halogen; OH; -O-C-Cgalky!; -
§-C1-Calkyl or -CF3; and ‘
substituted phenyl or aryl of Ry and Ry are substituted by one or mrfre substituents
selected from halogen; hydroxy; C4-C; alkyl; G4-C, alkoxy; nitro; -CN; -O-C(0)-C-
Caalkyl and ~C(0)-0-C1-Cy-aryl, '
or phamaceutically acceplable salts thereof.

The present invention aiso related to the use of compound of formula tin the
treatment of proliferative diseases, especially those depende'n.t on the binding of the
Smac protein to Inhibitor of Apoptosis Proteins ({APs), or for th{-; manufactuse of
pharmaceutical compositions for use in the treatment of said diseases, methods of
use of compounds of formula (1) in the treatment of sald diseases, pharmaceutical
preparafions comprising compounds of formula (1) for the treatment of said diseases,
compounds of formula (I) for use in the treatment of said diseases.

The general terms used hereinbefore and hereinafter preferably have within the
context of this disclosure the following meanings, unless otherwise indicated:



t is -N(R8)-C(0)-OrCioal kyl; -N(f18)-C(0)-(CH2) 14- C3-Crcycl oal ky1;
N(RO- C(0)- (CH2)O0.61phenyl; -N(138)-C(0)-(CH2)j43-het;

-C(0)-N(R9) (R10); -C(0)-0-CrcC10al kyl; -
C(0)-0-(CH2)i.6-C3-Crcycloaticyl; -C(0)-0-(Cl-12)0_e-phenyl;
-C(0)-0-(CH2)terhet; C(0):CrGioal kyl;

-0-C(0)-(CH2) 14- C3-Crcycl oal kyl ; -0-C(0)-(CH2)0-5-phenyl; -0-
C(0)-(CH2)-G het, wherein al kyl, cycloal kyl and phenyl are
unsubstituted or substituted; het is a 5-7 nmenbered heterocyclic ring
containing 1-4 heteroatons selected fromN, 0 and 8, or an 8-12

menber ed f YRgH iy dngrofatié Rilidd) hharlh B30 Al caRRAlatENS, Which fased or
or 3 heteroatons selecfed from N,

heterocyclic_ring containing 1, 2

0, and S, Hﬂﬁﬂé?ﬂ@@#é‘ﬂ%gﬁe ungubstigfed pr sybsitytad; bypna asiraere, greferably one or
unsubst i t upRslsubstituRB! Whvefttng BuBsRASHS BreiBSRIbERbOBRNP RIS PENYI s
Cl- C4al kyl, Cl1-C4 al koxy, nitro, -0-C(0)-CG C4al kyl

or - C( 0) - 0- phengh ngphihy! ofindamyl ni trogen by Cl-C4 al kyl,
-0-C(0)-C1-CA4al kyl or -C(0)-0-G -C4alkyl; Rgis H -CH3, -PF3 ,
-CH2OH or -CH2Cl; Rg and RLO are each Independently H, Cl-C4alkyl;
C3- C7cycl odfiet: tefers 1q iplenoand apd beigrecyslic fvgs and fosebringsrantgining wharaticn

and’ 1110" ¢ RSP Fhar At RERICy it Andlioitar b B PhheiocfetPbtotady Bt vy ™
i t, C3- C7cyebmiahiogl i~ 4-hetroai)s. sblectd fi5o\N; ICbaid Sydr,an €12 Gherabérgd fused | ;
p CI(—|%_|(2)) Z' S 'i%: %;%@%d@%é%&%}%% %ﬁ@é‘kep%rﬁﬁrfﬁclm ring containing 1, 2 or
- ( CE12) 04- Bhejepvadoms selrdizdyitrmNy O, afd ) SGkabl@ bel supktituents include
S0 Bl Pty M SR iR
al kyl, cycpipatidy,| pipepaehytetraindrayrameyl, enorphilitxs ti,3-dlaedparte, dodibidpsned;
Ui 2 a5 2hoWRdfhnd! § YShibRagdrie, TSN pyrkdle, SIS Tridbole, 42,5 X
triazole, tetrazolyl, oxadiazole, thiophene, imidazol, pyrrolidine, pyrrolidone, thiazole,
oxazole, pyridine, pyrimidine, isoxazolyl, pyrazine, quincline, isogquinoiine,
pyridopyrazine, pyrrolopyridine, furopyridine, indole, benzofuran, benzothiofuran,
benzindole, benzoxazole, pyrrologuinoline, and the like. The het substituents are
unsubstituted or substituted on a carbon atom by halogen, especially fludrine or
chlorine, hydroxy, C4-C4 alkyl, such as methyl and ethyl, C;-C4 alkoxy, especially
methoxy and ethoxy, nitro, -O-C(0)-C+-Cjalky! or —~C(0)-0-C4-Caalkyl oron a
nitrogen by C4-C,4 alkyl, especially methyl or ethyl, -O~C(O)-C1;q4alkyl or -C(0)-0-
C4-C,alkyl, such as carbomethoxy or carboethoxy.

When two substituents together with & commonly bound nitrogen are het, it is
understood that the resulting heterocyclic ring is a nitrogen-containing ring, such as
aziridine, azetidine, azole, piperidine, piperazihe, morphifine, pyrrole, pyrazole,
thiazole, oxazole, pyridine, pyrimidine, isoxazolyl, and the like.

Halogen is fluorine, chlorine, bromine or iodine, especially fluorine and chlorine.



Ra and Rb are independently an 0, S, or N atomor Cu al kyl wherein
one or nore of the carbon atonms in the al kyl chain may be repl aced by
a heteroatomselected fromO, S or N, and where the al kyl nmay be
unsubstituted or substituted; Rd is selected from (a) -Re - Q -
(Rf)p(Rg)q; or (b) Ar2; Rc is Hor Rd and Rc together form
cycloallryl or het; where if Rd and Rc forma cycl oal kyl or
heteroring, R5 is attached to the fornmed ring at a C or Natom p and
g are independently O or 1; Re is Cmalkyl, or alkylidene, preferably
met hyl i dene, and Rei-day be unsubstituted or substituted; Qis N, O,

8, 8(0), oUnfesdbtheriBe 3pLciféd aBHP iSRS éllﬁlgﬂ@g%eraﬁﬁﬁfdlﬁ Hiedsdivds

or het Rf and are each Independently
C, - Gipal | rmeé[‘ryﬁ thyby-Propyicisopigryh nibptyl, e@@ubﬁdeﬂ@mnpemwwmmnched

-0-(CH2) 06 @ﬁml _hg%@ylld bré‘ﬁdﬂed H@Qﬂngc,td BaRy!; - (CH2) 14- het;
-0-(CHZ)1 - het N(RII)(RJ.Z) -N(Rtl)(RlZ);
-8- R11; -S(0)-R11; -8(0)2 Rll -5(0)2 NRL1R12; -NR||--8(0)r R12;

8-01- Cl-al K%yc\@ai%h"‘g%ﬂ frahk s o E‘? Yetod ﬁ)ﬁlhﬁ‘ihg% r{ﬁuc[aJrﬁcyA atoms and

cycl oal kyl, het and ar are unsu

]:soz Gi - C2ERNPR; forswnpjet cysdepremylsyeiobutyl, cysigiontd) MIoheayl Eg&:loheﬂtylnbr
orma rin t ene
or aryl enes““ﬁcggg»P P%&é{aB]}"s?%oafﬂ% cﬁ)clbh?%t&lsTEg%iclg%%gi%qpawg ry014 '
al kyl - OH; mbatlmtmr substitytedvathamyaf yieesubstitrgniseleinsd bskin preferably -
bsti t ut , -0-C1-C6al kyl, -S-C1-
SCl:galsklyl u;%l%@&%ﬁqéﬁ%ﬁﬂgﬁkﬁﬁgﬁétwﬁh s H Cl?l al>/kyl (unsub or °
substituted); aryl; -0(ci4oycl oal kyI ) (unsub or substituted);
0) - Cr Ona: @]
g o) 00- 013+’%'<ar£1§‘/’“'“ a&id ge% ‘@5831&?@%3 !ﬁswﬁ °?§g O?%%M‘%FWB 88 Rs,
R|7k R s anﬂ?ﬂhé agmnrmaabparagmemaﬁtclacmbystelﬁéc7g]ﬂﬁlrrﬁﬂad<)drutam€é]adi3 0
al koxy; ar cycl oa
0= (e o, Syt st fbietinecushe. e, Tebioang) Ahaiaknive. graine.
-C(0) - Ri i ; serdeOhrdiritie, tyRophan,- %E@nb)ah@lraﬁne -fhe ammwa%(cp:)esla%s also

AOZR s ﬁ%eﬁtdfapéam LTI odied AT s, eRemaORANd R o

and Ry camobifled BiriOadi®s ARIKndwA tb 'tmﬁe%\fgﬁuwmthe art (see for example G. B.
Fields, Z. Tiam and G Barany; Synthetic Peptides A Users Guide, University of
Wisconsin Biochemistry Center, Chapter 3, (1992)) and include amine a¢ids such as
4-hydroxyproline, 5-hydroxylysine, desmosine, beta-alanine, alpha, gamma- and
beta-aminobutric acid, homocysteine, homoserine, citrulling, ornithine, 2- or 3-amino
adipic acid, B-aminocaproic acid, 2- or 3- aminoisobutric acid, 2 3-d|am|noprop:onlc
acid, diphenylalanine, hydroxyprohne and the like. If the side chain of the aminc acid
residue contains a derivatizable group, such as COOH, ~OH or amino, the side chain
may be derivatized by a substituent that reacts with the derivatizable group. For
example, acidic amino acids, like aspartic and glutamic acid, or hydroxy substituted
‘'side chains, like those of serine or threonine, may be derivatized to form an ester, or
amino side chains may form amide or alkylamino derivatives. In particular, the
derivative may be a subsiituent that facilitates transport across a celt membrane. in
addttion, any carboxylic acid group in the amino acid residue, for example, an alpha
carboxylic acid group, may be derivatized as discussed above to form an ester or
amide.



R11 and R12 are independently I-1; Cl1-C10 al kyl;

-(CH2) 0. 6- Cs-Crcycl oal kyl ; -(Cl-12)D-6- (CHO.1(aryl)l. 2;
-C(0)-C1-G Oal kyl; -C(0)-(CH2)1-3-C3-Crcycl oal kyl; -C(0)-0-(CH2) 34-
aryl; -C(0)-(CH2)04.0Ofluorenyl; -C(0)-NH (Cl-12)o-s-arVl;
-C(0)-,(CH2)cha-aryl; -C(0)- (CH2)1.6-het; -C(S):C -G oal kyl;
-C(S)-(CH2) 14- C3-Crcycl oal kyl; -C(S)-0-(CH2)0-6-aryl;
-C(S)-(CH2)04-0-fluorenyl; -C(S)-NH (CH2)13-s-atyl;

-C(S)-(0H2)-0. 6-aryl; -C(3)-(C1l-12)14- het; wherein al kyl, cycloal kyl
and aryl are unsubstituted or substituted; or Rii and R12 are a
substituent that facilitates transport of the nolecul e acioss a cell

gﬁr{b;ﬁgeiﬂ can&% gh%lﬁ&gg%ﬂ%whﬁ? °ﬁ?ﬁ{'ﬁ,ﬁg <5 arlflpem rarts dre O

unsubsti t uth@WmJtO thossoﬁ skilt iadhe a'leld}dmabi:hdausmads ek, fovexaeple, Gangewar

roma Ol Sttt M Yles. Sigraah 17, SRIE N, . Boralof R <5 bHo and
-CF3; cyc Dm‘bkgry TotlaR Vo), Vbl &0 ch 1RB21 5561 96 amdaamgaarutmctnammt i tuted
SRR o R A o Y R N M
ﬁlr) ¥Ie gL bgfgcﬁ:gmlrﬁ?es?tgg?he SumﬁU@ﬁphmlub@lshtxﬂfegwhﬁhﬂ% ?E&%J@hl!@ﬂﬁh%ﬁ 5
al koxy, ni 7' ch"ar@}mﬁ @A%é)wﬂua a&cg CEJ '"Oﬁthé[WP"mG%/mf’ted

phar maceut pelgbne paese il Ewhih kabdt :
pr esent |n\?e@$|%gém§iﬁs to the usfgﬁg@%oné\gﬁﬁfd@fc ornﬁ@bnﬁ@tcﬁ t'he .
Sery

t r eat nent ?ﬁllﬁﬂ'l clnalley! whichds subsiifwied By e ?M§ﬁ§p@“§ﬂeﬂﬂ@un§n-
the bindi n%@heﬁwexﬁsnénwwai i sh@stLﬁlQﬂ i the ph@ﬁ;ilﬁﬁgrrgg%b%r%&abﬁ :
(I APs), or for the manufacture of maceut | ositions for use

in the tre8lHeiouns; Xs-&is&som@@aﬂ%or Yl d-Gaieyclralkyb whish iz suhstituters by one

formula (I g%;g. caI

prepar atloggh@oérﬁphg?éélﬁﬁy oundéibg qjor%%ﬁgﬁ?’h'w%:) gﬁe treat nent of
sai d di seaB@sounsatraied s pclvuﬂsﬂtumt@d and straight @5 branchedhehdimeat ment  of
sai d di seases. One enbodi nent of the present invention relates to
conmpounds of the formula (1) wherein Rl and R2 are independently H or
subst i t ut etineubstitviaris intendestitoChe@ithiakyydroges is theQinlriBbsttusmitght or
branched al kyl, or Cs-GC ocycl oal kyl, wherein the al kyl or cycl oal kyl
may be unsubstitut ed or substitut ed; Rs is H Cil1-C sal kyl;

C1- C10al kyAnuphihe aboyenjefinedianylphetPallyly tycloalkgl beheterdeylic grobhpsiriay be

L s oo ol 3 BB . BFRRRTBIE BT 520

as shown i substilvantspseledted fromhibegroupconsitibg of<halk (s€dh @8 CNor Br); hydroxy;
lower alkyl (such as C1-C3 lower alkyl); lower alkyl which may pe substituted with any
of the substituents defined herein; lower alkenyl; lower alkynyl iower alkanoyl;
alkoxy (such as methoxy); aryl (such as phenyl or benzyl); substituted aryl (such as
fluoro phenyl or methoxy phenyl); amino; mono- or disubstituted amino; aminc fower
alkyl (such as dimethylamino); acetyl amino; amina lower alkoxy (such as
sthoxyamine); nitro; cyane; cyano lower atky!; carboxy; esterified carboxy (such as
lower alkoxy carbonyl e.g. methoxy carbonyl); n-propoxy carbonyl or iso-propoxy -
carbonyl; alkanoyl; benzoyl; carbamoyf; N-mono- or N,N-disubstituted carbamoyl;
carbamates; alkyl carbamic acid esters; amidino; guanidine; urea; ureido; mercapto;
sulfo; lower alkylthio; sulfoamino; sulfonamide; benzosulfonamide; sulfonate;
sulfanyl lower alkyl (such as methyl sulfanyl); sulfoamino; substituted or



Re and Rb.are independently an 0, S, or Natomor CO.5 alkyl wherein
one or nore of the carbon atonms in the al kyl chain may be repl aced by
a heteroatomselected fromO, S or N, and where the al kyl nmay be
unstsbslituted or substituted; Rd is selected from(a) -Re Q -
(Rt)p(Rg)q; or (b) Art-D- Ar2; Re is Nor Rc and Rd together form

cycl oal kyl or het; where if Rd and Re forma cycl oal kyl or
heteroring, Re is attached to the fornmed ring at a C or Natom p and
g are independently O or 1; Re is Cl1-8 alkyl, or nethylidene which
may be unsubstituted or .substituted; Qis N, 0, S, 8(0), or An and
Ar2 are subsubstifuted solfonamidé éuch wsdenze gulfopamtids); subltitutet ourspbstibuteth

| ndepende ' r ' - p .
G oar kyt arSHrndle Shuc SRR e HBRAER ey bEstin! SRfCutiny;
- C( 0) - C1- Fheayldpive pilsyisulfingl; GIKyphebyisaliniy lower SRZneSLIFARA] hydnylsuifonyl;
-802-C 2 nyly 1S =CLO) s . | kvl ene, or | ene: .-0-, or
&5y © ey PRERY sy BytohyE aldibhenyisuibnd foGiaRr BldinESancs  be
ug S uO bs tOIe t lu’mmtmlowabalkflﬁflfalﬂ; sd:&?hgg@ecfallﬁtﬂﬂ&othg{heﬂm%uﬁaﬁﬂ phosphono
-0-CGi -Cea 7o Gl: CBa or .- - or D,is,. rei g H
017 al oot LRI hrdfiasiowet Bkery Bbashontplgniowerakoynoshenty |-
(u Ini u:Jst i tsﬂbe}?tuwd Lﬁug@jcglab@t}iﬂuorG%éRiﬁ%iﬂgﬂleﬂylKwéa)palkgrchkbagﬁic??ﬂ-&%rb@
-alkyl or aryl; an , , s, an are ea ndepengde ,
) ol kPl lsuch e Sty e helivg carbamals) of miRAEEOUR B Ryand R can
accept abl ebesthblsanfe@idifirentldhdard Hfdeb@ﬁdéﬁﬂ??ﬂidwfalkfvuel%& n@eth%l?é‘lﬁ#!id?
sat urated or Lfr]sa urated ring system conSisting of all carbon _
skel et on JYORYik g an Rs tegedherarity tha Mnemdaem ags t%?mm@f_sﬂﬂ\etemwchc
pref er abl yrirgSconfivifg 112 SirbyeH, Skfoen or sulflr afms (2. gVBiBerBRNEiphrazinyl, lower
alkyl-piperazinyl, pyridyl, indolyl, thiophenyl, thiazolyl, n-methyl piperazinyl,
benzothiophenyl, pyrrolidinyl, piperidine or imidazolinyl) where the heterccyclic ting
may be substituted with any of the substituents defined herein.

Preferably the above mentioned alkyl, cycloalkyl, aryl or het groups may be
substituted by halogen, carbonyl, thiol, S(O), §(02), -OH, -SH, -OCHs, -SCH3,
-CN, -SCN or nitro.

Where the piural jorm is used for compounds, salts, pharraceutical preparations,
diseases and the liks, this is intended to mean also a single compound, salt, or the
like. '

it will be apparent to one of skill in the art when a compound of the invention can

exist as a salt form, especially as an acid addition salt or a base addition salt. When

a compound can exist in a salt form, such sait forms are included within the scope of |
the invention. Although any sait form may be useful in chemical manipulations, such
as purification procedures, only pharmaceutically acceptable saits are useiul for
pharmaceutically products.

10



wherein any of the ring carbon atons can be unsubstituted or
substituted with any of the substituted defined above for R6, R7. RG,
and R71; Xis CHor N, Vis 0, F2, Cl2, Br2, 12, S, YH H2, NH, or
01-C4 alkyl; Wis -CH, or -N, nis 0-3; and mis 0-3. In a preferred
enbodi ment the ring atons may be substituted with subsituents

I ndependently selected fromhalo, H OH |ower alkyl or |Iower alkoxy,
wherei n al kyl or al koxy are unsubstituted or substituted by hal ogen,
OH, | ower alkyl -or lower al koxy. In a further enbodi nent, U of
formula Il or Il together with Rs forma fused ring system

Especi al | fom*rmbeémduy écoaptahreasamhcuide‘ WheH lag hatahphaamfacaati@u 133

are preferablg ar,..et hx ' a 85e eC| ?(l:r H; nEf[et] ch
chl or omet HACERG @ﬁ‘élt’ﬂ?ﬁ % "i‘ RAATR t“’kﬁp,
-C3-C7 cy%mkéwancfém&rmbeb&ﬁméta@akylammamuﬁ@dasoargaﬁmlamuwamuon

cyCl openty

f:)?(r:f Bﬁgx {Sa)ﬁsgnﬁawe {Oi%ﬁgi%@ﬂﬂf%%%ﬁﬂ%r cl@:ﬂédlamﬁ%s inclde | s
-Gi - C4al k
al kythoBBRiIBWeid adaﬁtf%h ~slts SdeH 4y tdﬁgfﬂbﬂde er;lﬁfat%ﬁd sé;%@ aR@eny

or aryl; R5 1's particul arI%? phenyl e
phenyl pr Opgrgamp ﬁqlgra)dplmongg Wh a& yulfo @nésg}ﬂon@ﬁe, aqgtate, maleate,

2= CL0) - Pagkate, Tande] dfatdafia [oRite."EXAHples bt gk SR bl Hhdtadals,

formula |
such as lithium salt, sodium salt and potassium salt, alkaline earth metal salts such

as magnesium salt and calcium sait, aluminum salt, and zinc sait. Examples of
ammonium salts are ammonium salt and tetramethylammonium salt. Examples of
organic amine addition salts are salts with morpholine and piperidine, Examples of
amino acid addition salts are saits with glycine, phenylalanine, glutamic acid and .
lysine. Sulfonate salts include mesylate, tosylate and benzene sulfonic acid salts.,

in view of the close relationship between the compounds in free form and those in
the form of their salts, including those salts that can be used as intermediates, for
example in the purification or identification of the compounds, tautomers or
tautomeric mixtures and their salts, any reference to the compounds hereinbefore
and hereinafier especially the compounds of the formula 1, is to be understood as
referring also to the corresponding tautomers of these compounds, especially of
compounds of the formula |, fautomeric mixtures of these com_pgunds, especially of
compounds of the formula ), or salls of any of these, as appropriate and expedient
and if nof mentioned otherwise.

Any asymmetric carbon atom may be present in the {(R)-, (S)- or (R,S)-configuration,
preferably in the (R)- or (S)-configuration. Substituents at a ring at atoms with
saturated bonds may, if possible, be presentin cis- (= Z-) or trans (= E-) form. The
compounds may thus be present as mixtures of isomers or prefesably as pure
isomers, preferably as enantiomer-pure diastereomers or pure enantiomers.

Preferred embodiments according to the invention:

11



X wherein wherein any of the ring carbon atons can be unsubstituted
or substituted with any of the substituted defined above for R5, R7,
136, and RI; Xis N, Vis 0 or Hz; Wis -N, nis 1; and mis 1 or 2.
Especially preferred is a conmpound of formula (1) wherein Rl and Rs
are preferably nmethyl or ethyl; RRis H R4 is C-Colkyl; Cs-C7

cycl oal kyl ; phenyl -Ci . Cral kyl or aryl. R4 is particularly nethyl;
ethyl; butyl; Isopropyl; t-butyl; or cyclohexyl; -CH2- cycl opentyl;
- CH2- cycl ohexyl ; -CH2-cycl opropyl; phenyl or -CHrphenyl; R5 is

-G - C4al kyl - phenyl; -C(0)-G -Col | cyl -phenyl; -Cl-a4dal kyl -C(0)-pheny

or aryl. Ra mei’fomcamhg pt&f@féd/embsdimﬁwwgéneram@fassmnrbaﬂwblace%@ihe
-Cl - b. - phenyl; %Hz henﬁ (CE30) phenyl et h
correspon ing more specuﬂc de nstlons provided above and below, thus yielding

stronger preferred embodiments of the invention.

Preferred is the USE of compounds of the formula [ or phanﬂaceutically acceptable'
salts thereof, where the disease to be treated is a proliferative disease depending on
binding of the Smac protein to inhibitor of Apoptosis Proteins (1APS),

An embodiment of the present invention relates to compounds of the formuta (1}

wherein

Ry is H; C4-Cq alkyl; C4-C4alkenyl; C4-C, atkynyl or cycloalky! which are unsubst:tuted
or substituted by one or more substituenis selected from halogen, -OH, -SH, -OCH;,
-SCHs, -CN, -SCN and nitro;

Rz is H; C4-Caalkyl; C+-C, alkenyl; C4-C4 alkynyl or cycloalkyl wh‘ich are unsubstituted
or substituted by one or more substituents selected from halogen, -OH, -SH, -OCHj,

-SCH,, -CN, -8CN and nitro;

Rs s H '-CF3, -Cst, C1-C4 EH(YI C1-C4 alkenyl C1~C4 alkyny! ~-CH>Z or Rz and R3
together with the nitrogen form a het;

Zis H; ~OH; F; Cl; =CHg; -CFs; -CH,CJ; -CH2F or -CH,0H;

12



R5. Rs, RT and R7 are H U has the stricture of formula II

wherein wherein any of the ring carbon atons can be unsubstituted or
substituted with any of the substituted defined above for R6, R7. R5,
and RI; Xis N, Vis 0 or 142; Wis -It nis 1; and mis 1 or 2.

Anot her enbodinent is directed to a conpound of formula (1) wherein
Rl and R3 are preferably nethyl or ethyl; R2 is especially H nethyl,
ethyl, chloronethyl, dichloronethyl or trifluoronmethyl; R4 is
01-Corky! or C3-C7 cycloal kyl particularly isopropyl, t-butyl,

eycl opentyl, or cyclohexyl; RS is H U has the structure of formula

i1 wher ei NRYisSC N5 BRaight 8r brBieh k% &-8ls@IKEnyE; C1-Cs alkynyl; or -Ca-Cig
cycloalkyl; (CHz)1.6-Z1; -{(CH2)o.s-phenyl; and -(CHz)os-het, wherein alkyl, cycloalkyl
and phenyl are unsubstitufed or substituted;

Z4 is =N(Rg}-C{Q)-C1-Cpalkyl; —-N{Rg)-C(0)-{CH2)16-Ca-Creycioalkyl; —N{Ra)-C({O}-
(CHz)oe-phenyl; ~N(Rg)-C(O)-(CH)1.e-het; -G(O}-N(Rs)(R1o); -C(0)-O-C1-Cagalkyl; -
CG(0)-0-(CHz)1.6-Ca-Croycloalkyl; -C(O)-0{CHz)os-phenyl; -C(O)-O-{CH2)y¢-hef; -O-
C{0)-Cy-Cuoalkyl; ~O-C{O)-(CHz)1.6-Ca-Craycioalkyl; -0-G(O)-(CHy)e.s-phenyl; -O-
C(O)-{CHa)16-het, wherein alkyl, cycloalkyl and phenyl are unsubstituted or
substituted,;

het is a 5-7 membered heterocyclic ring containing 1- 4 heteroatoms selected from
N, O and 8, or an 8-12 membered fused ring system including at least one 5-7
membered heterocyclic ring contzining 1, 2 or 3 heteroatoms selected from N, O,
and S, which heterocyclic ring or fused ring system is unsubstituted or substituted on
a carbon atom by halogen, hydroxy, C4-Caalkyl, C1-C4 alkoxy, nitro, -Q-C(0)-C1-
Caalkyl or ~C(O)-0-C+-C4-alky) or on a nitrogen by C4-Cy4 alkyl, -O-C(O)-C4-Caalkyl or
—~C(0)-0-C+-C,alkyl;

Rgis H, =CHs, -CF3 , -CH20H or -CH2CI;

Rg and Ryq are each independently H; C4-Caalkyl; Cs~C7cycloaIk.yl; ~(CH2)45-C3-
Cyeycloalkyl; -{CHg)o.s-phenyl; wherein alkyl, cycloalky! and phenyl are unsubstituted
or substituted, or Rg and Rqp together with the nitrogen form het;

Rs is H; C1-Cypalkyl; Ca-Croycloalkyl; (CHz)1.6-Ca-Croycloalkyl; ~Ci-Cepalkyl-aryl; -
(CH2)o6-C3-Croycloalkyl-(CHz)as-phenyl; <{CHz)osCH-((CH2)14-phenyl)z; -(CHz2)o6-
CH(phenyl)z; -(CHa)os-C(O)phenyl-indanylaryt -C(0)-C4-Capalky}; -C(O}{CH)16-Ca-
Cyeycloalkyl; -C(O)-(CHz)os-phenyl; -(CHz)g.s-het ; -C(O)-(CHz)1.6-het; or Rsis a
residue of an amino acid, whersin alkyl, cycloalky), phenyl and aryl are unsubstituted
or substituted;
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nis 0, Reis H An and Ar2 are substituted or unsubstituted phenyl
or het partipularly tetrazolyl, 1, 2,3-triazole, pyrazoie, oxazole,
pyrrolyl, triazine, pyrimdine, imdazol, oxadiazol; and and Dis Cl
al kyl which nmay optionally be substituted with halo, especially F.
Anot her enbodinent is directed to a conpound of formula (I) wherein
Rl and R3 are preferably nethyl or ethyl; R2 is especially H nethyl,
ethyl, chloronethyl, dichloronethyl or trifluoronmethyl; R4 is

C - Col kyl; Ca-C7 cycl oal kyl; 01-C7 cydoarkyl - C1- C7al kyl ;

phenyl -01-Cr7al l cyl or aryl. R4 is particularly nmethyl, ethyl, butyl,

| sopropyl, t- butyI or cycl ohexyl; -CH2- cyclopentyl,

-CH2-cycIo CH2: cycl ppropyl; phenyl or -CH2-phenyl; RS is H U
has the stﬂ %3?@“ Wﬁ%WﬁﬁgeﬁF wherein Xis N, Rs, Rs, R7, and R 7.
are H or Rs is -C(0)-C -C4al kyr-phenyl and RQR7, and R7 are H, n
is 0; Reis H At and Ar2 are substituted or unsubst i t ut ed phenyl or
het, particularly triazine, | m gtene, pyridine, oxazol e,

2, 4-di fl uorophenyl, d -phe | u Qphﬁgyl and Dis N(Rh), where
Rh is H M, -C}{). -802, - s or -802CH3. Anot her
enbodi ment is directed to Becogpoufid of formula (1) wherein

{(Rb)r—Rd~——— 1l

wherein
n = 0:5;
Xis—CH or N;
Ra and Rb are independently an O, S, or N atom or Cp.g alkyt wherein one or more of
the carbon atoms in the alkyl chain may be replaced by a heteroatom selected from
O, S or N, and where the alkyl may be unsubstituted or substituted:;
Rd is selected from:

(@) -Re-Q-(RM(Ra)y or

(b) An-D-Ar;
Re is H or Rd and Rc fogether form eycloalkyl or het; where if Rd and Rc form a
cycloalkyl or heteroring, Rs Is attached to the formed ring ata C or N atom;
p and q are independently 0 or 1;
Re is C1.5 alkyl, or alkylidene, preferably methylidene, and Re tiay be unsubstituted

or subsfituted;

Qis N, O, S, $S(0), or S(O)z;
Ary and Ar2 are substituted or unsubstituted aryl or het;
Rf and Rg are each independently H; -C1-C4q alkyl; C4-Cqpalkylaryl; -CH; -O-C4-
Cioalkyl; -(CHz)o.s-C3-Croycloalkyl; -O-(CHz)os-ary); phenyl; aryl; phenyl-phenyl; -
{CH2hg-het; ~O{CHzp1s-het; ~ORq4; -C{O)-Ri1; —C{O}-N(R11)(R12}; -N{R11)(Re2); -S-
Ry1; -8{0)-Ru; -8(0)2-Ri1; -8(0)2-NR11R12 -NR11-8(0)z- R1z; S-C+-Cr-alkyl; aryl-Cy-
Caalkyl; het-C4-Caalkyl wherein alkyl, cycloalkyl, het and aryl are unsubstituted or
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Rl and R3 are preferably nethyl or ethyl; R2 is especially H nethyl,
ethyl, chloronethyl, diehloromethyl or trifluoronethyl; R4 is

Crasal kyl ; C3-Crcycl oal ky4; 01. Crcycl oal kyl - phenyl -C Cral kyl or aryl.
R4 is particularly nmethyl, ethyl, butyl, isopropyl, t-butyl, or

cycl ohexyl; -CHr cycl opentyl, -CH2-cycl ohexyl; -CH2-cyclopropYi;
phenyl or -CH2-phenyl; R5 is H U has the structure of fornula II
wherein Xis N, RS, R6, R7, and R7 are H nis 0; Rcis H At and
Ar2 are substituted or unsubstituted phenyl or het particularly

pyri m di ne, pyridine, oxazole, 2-nethyloxazole; and D is-O. Another

enbodi mentsubstitdted S L Crafkyk CBDRCNG Alky iyl | -@-C1-LC. 0087 & R, 48 RyTIMR3
are preferablal r}et h%b or ethyl: R2 is especially H, met'hyl , ethyl, .
chl or oret H/1ING $FieHedFemdtehor agk trifluoromet hyl; R4 is 01-01al kyl or

C3-Crcycl oal kyl particularly isopropyl, t-butyl, cyclopentyl, or
cycl ohexyl ; | .

D is —CO-; -G(0)-C17 alkylene or arylene; -CF; -O-; -S{0), where ris 0-2;
1,3dioaxolane; or Cy.y alkyl-OH; where alky}, aikylene or arylene may be
unsubstituted or substituted with one or more halogens, OH, ~O-C4-Csalkyl, -S-C~
Cegalkyl or -CF3; or D is —-N(Rh) wherein Rh is H; Cq.; alkyl (unsub or substituted);
aryl; ~O(Cs.yeycloalkyl) (unsub or substituted); C(O)-C4-Cqoalkyl; C{O)~-Co-Cioalkyl-
aryl; C-C-Cy-Croalkyl; C-O-Co-Cpalkyl-aryl or SOz-C1-Cqg-alkyl; SO2-(Cg-C1o-

alkylaryl);

Rs, Rz, R'sand R’z are each independently H; -C4-C4p alkyl; -C4-Cqg alkoxy; aryl-Cq-
C1o alkoxy; ~-OH; -O-C1-C1ealkyl; -(CH2)a.s-Ca-Creycloalkyl; -O-(CHa)os-aryl; pheny!;
(CH2)1.5-het; ~O-(CHz)s.g-het; -ORqz; -C(O)-Ry1; ~C{C)-N(R11}(R1z2); -N{R11)(Rs2); -8-
Ri1; -8{G)-Ry4; -8(0)z-R14; -8(0)2-NR11R1z; ~NR11-5{(0)z- R12; wherein alky!,
cycloalkyl and ary! are unsubstituted or substituted, and Rg, Ry, R'sand R’;can be

united to form a ring system;

Ri1 and Ry, are independently H; C4+-Cq alkyl; -(CHz)o.s-Ca-Croycloalkyl; {CHaps-
(CH)a-1(aryly.z; -C{0O)-Cy-Coalkyl; ~C(0)-(CH2)1.6-Cs-Croycloalkyl; -C(O)-O-(CHz)o.s-
aryl, -C(O){CHz)os-O-fluorenyl; -C{O)-NH-(CH2)o.s-aryl; -C(O)-(CHz)os-aryl; -C(0)- '
(CHoro-het; -C(S)-C-Croalkyl; -C(S)-CHa)r6-Ca-Creycloalkyl; -G(8)-O-(CHa)os-ary;
-C{S}{CH2)es-O-fluorenyt; -C(S)-NH-(CH2)gs-anyl; -C{8)-(CHz)os-aryl; -C(S)-(CH2)1.6-
het; wherein alkyl, cycloalky! and aryl are unsubstituted or substituted; or Ry1 and Ry
are a substituent that facilitates transport of the molecule across a cell membrane; or
R and Ryz togsther with the nitrogen are het, aryl of Ry4 and Rqz can be phenyl,
naphthyl, or indanyl which is unsubstituted or substituted;

alkyl of Ry; and R4z may be unsubstituted or substituted by one or more substituents
selected from a Cy-Cypalkene, halogen, OH, -O-C4-Cgalkyl, -8-C4-Cgalkyl and -CFy;
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R5 is 1-1; U has the structure of formula It wherein Xis N, Rs, R 6,
R7, and R7 are H nis 0; Rcis H Ari and Ar2 are substituted or
unsubstituted phenyl or het; and Dis S, 8(0), or 8(0)2. Another
enbodi ment is directed to a conpound of formula (1) wherein R 1 and
R3 are preferably nethyl or ethyl; R2 is especially I-1, nethyl,
ethyl, chloronethyl, dichloromethyl or trifluoronmethyl; R4 is

Cl- C4al kyl or C3-C2cycl oal kyl particularly isopropyl, t-butyl,

cycl opentyl, or cyclohexyl; R5 IS H U has the structure of formula
Il wherein Xis NN R6, R6, R7, and R7 are It. nis 0; Rc is H

cycloalkyl of R4 and Rq; may be unsubstituted or substituted by one or mora
selected from a C;-Cyp alkene, one or more halogens, Cy-Cgalkyl, halogen, OH, -O-
C4-Csalkyl, -S-C4-Csalkyl or -CF3; and

phenyl or aryl of Ry and R12 may be unsubstituted or substituted by one or more
substituents selected from haiogen, hydroxy, C1-C4 alkyl, G1-C4 alkoxy, nitro,

-CN, -0-G(0)-C4-Caalkyl and —C(O)-0-C4-Cs-aryl;

or pharrnaceutipaﬂy acceptable salts thereof.

A further embodiment the present invention relates fo the use of compound of
formula | in the treatment of proliferative diseases, especially those dependent on
the binding of the Smac protein to Inhibitor of Apoptosis Proteins (IAPs), or for the
manufacture of pharmaceutical compositions for use in the treatment of said disea-
ses, methods of use of compounds of formula (I) in the treatment of said diseases, -
pharmaceutical preparations comprising compounds of formula (1) for the treatment
of said diseases, compounds of formula (1) for use in the treatment of said diseases,

One embodiment of the present invention relates to compounds of the formula (I}
wherein

R1and R; are independently H or subsfituted or unsubstituted C4-Caaikyl;

R4 is G1-Cis straight or branched atkyl, or C3-Cocycloalky!, wherein the alkyl or
cycloalkyl may be unsubstituted or subsfituted;

Rs is H; C4-Csoalkyl; C-Cqoalkyl-aryl; -C(O) {CH;)es-Phenyl; (CHz}oLs~C(O) Phenyl;
aryl; indanyl; naphthyl or Rs is a residue of an amino acid, wherein the alkyt or aryl
substituents are unsubstituted or substituted;

U is as shown in structure 1l

X
/ (Rb)n—Rd— 1§
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Art and Ar2 are substituted or unsubstituted phenyl or het,

particul arly oxazole, thal zole and ozadi azole; and Dis 0(0), or

1, 3-di oxol ane. Anot her enbodinent is directed to a conpound of
formula (1) wherein RL and R3 are preferably nethyl or ethyl; R2 1S
especially H, nethyl, ethyl, chloronethyl, dichloronmethyl or
trifluoronethyl; R4 is Crasal kyl or C3-Crcycloal kyl particularly

| sopropyl, t-butyl, cyclopentyl, or cyclohexyl; R5 is H or phenyl
Cl- Cl0Oal kyl such as phenylethyl; U has the structure of formula I
wherein Xis N Re, Re. R7, and IT? are H is 0; Re and Rd are a
het er ocycl whemelnng, particularly pyrrolidine; pyrrolidin-2-one; or
pyrrolidin-3- Anot her enbodinent is directed to a conpound of
formul a (I ﬁkgreln Ri and R3 are preferably nmethyl or ethyl; R2 is
especi al | 'y XHe T8t G, ethyl chl or onet hyl dlchloronethyl or
trlfluoroneth\ég R4 is CAaIk | _or Cs-C7 cycl oal k particularly

i sopr opy! Rprare HW@PB@@RWW @rScgrdy atrensyC o-ami/\é/hﬁ[el“ ope ERMpTe dr
phenyl;  h@g chhfnsis e iyt ER1IA Y de' refiB8EPbya heteroatom selected from

0, S or N, and where the alkyl may be unsubstituted or substituted;
Rd is selected from
(a8 -Re-Q-(Rf)(Rg)y or
b)Y Ar-D-Ar;
Reis H or Re and Rd together form cycloalkyl or het; where if Rd and Rc form a
cycloalkyl or heteroring, Rs is attached to the formed ring at a C or N atom;
p and q are independently 0 or 1;
Re is C1.g alkyl, or methylidene which may be unsubstituted or substituted;
Qis N, G, S, S(0), or S(0)z;
Ary and Arz are substituted 'c->r unsubstituted aryl or het;
Rf and Rg are each independently H or substituted or unsubstituted Cy-Cygalkyl; Cs-
Cyealkylaryl; aryl-C4-Cyalkyl; het-C4-Cipalkyl -C(0)-C4-Cy-alkyl-phenyl; -C{0)-C;-Cs-
alkyl; ~502-C4-Coalkyl; -S02-C4-Caalkylphenyl; -0-Cy-Ca-alky:

b is ~C(0O)-; G417 alkylene or arylene; —O-, or-S(0); where 1 is 0-2; where alkyl,
alkylene or arylene which may be unsubstituted or substituted,va{ith one or more
halogens; -OH; -O-C4-Cealkyl; -S-C4-Cgalky! or -CF3; or D is NRh wherein Rh is H;
C17 alkyl {unsubtituted or substituted); aryl; -OC4.y cycloalkyl {unsubstituted or
substituted); -CO-Cq.19 alkyl or aryl or S02-Ge-1p -alkyl or aryl; and Rg, Rz, R'sand R’y
are each independently H, -C4-C+o alkyl, or —OH, alkoxy, or aryloxy;

or phamaceutically acceptable salts thereof.

In a further embodiment, U is a bicyclic saturated or unsaturated ring system,
consisting of all carbon skeleton or with one or more heteroatoms such as O, N, S
but preferably as shown in structure Iil:
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Xis N is 0, R, Rs, R/, and R7 are H is 0; Reis Cl alkyl; and p
and q are 0. A further enbodinent is directed to a conpound of
formula (1) wherein Rt and R3 are preferably nmethyl or ethyl; R2 is
especially H, nethyl, ethyl, chloronmethyl, dichlorornethyl or
trifluoronethyl; R4 is Cl-Csal kyl or C3-C7 cycloal kyl particularly

| sopropyl, t-butyl, eyelopentyl, or eyel ohexyl; R5 isindanyl or
phenyl; has the structure of fornmula Il wherein Xis N, is N RS,
Rs, R7, and R7 are I-1; is O;

( )n ) m ]|

X W
K Y

wherein

wherein any of the ring carbon atoms can be unsubstituted or substituted with any of
the substituted defined above for Rg, Ry, Rgrand Ry’ '
Xis CH or N;

Vis O, Fz, Cla, Bry, I, S, YH, Hz, NH, or C4-C4 alkyj;

Wis -CH, or -N;

nis 0-3; and

mis 0-3.

In a preferred embodiment the ring atoms may be substituted with subsituents
independently selected from halo, H, OH, lower alkyl or lower alkoxy, wherein alkyl
or alkoxy are unsubstituted or substituted by halogen, OH, lower alkyl or lower
alkoxy.

In a further embodiment, U of formula I or Il together with Rs farm a fused ring
system. '

Especially preferred is a compound of formula (I} wherein

R1 and Rj are preferably methyl or ethyf, '

Rz Is especially H; mathyl; ethyl; chlaramathyl; dichloromethyl or trifluoromethyt;
R4 is -C4-Caalkyl; -C3-C7 cycloalky; —(CHz)1.scycloalkyl; or (CHz)oearyl. Re is
particularly ethyl; propyl; isopropyl; t-butyt; cyclopentyl; or cyclohexyl; —~CHe-
cyclopentyl; —CHz-cyclohexyl or —CHz-phenyl.
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Re is Cl1 alkyl; and 129 is H Cl-Ca al kyl, nethyl, ethyl, hexyl,
heptyl, octyl; or CH2CF2; or aryl-C _at al kyl particularly

phenyl et hyl , furanyl ethyl; C3-C7cycloal kyl particularly cycl ohexyl;
et hyl phenyl ; -C(0)-01-C4al kyl - phenyl ; -C(0)-Cradal kyl ;

- Cl- Col kyl -aryl particularly - CH2-phenyl; -CHrthi ophene,
-Cl-12-furan, -CHrpyrrolidinyl, -CHrimdazole, -CH2- triazole,
-0OH2-im dazole; and Rf is Cl-C2 al kyl; Cl1-C2al kyl phenyl;

-S02- G - C2al kyl ; -SOr G - Cal kyl phenyl ; G -Caal kyl particularly

0-et hyl; phenyl - phenyl, 1,2, 3, 4-tetrahydronapt hal ene and i ndanyl. A
further ermuidLopOlaliy: Heﬁwcb@@wmaamﬂrﬁh@ﬁggtmic&mm@ (e

R1 and R3 .are | refera met h

ethyl, chii®p 'ﬂﬂ@! tbylonlmmﬂthﬂan@ Ph?ﬂ%ﬁ%ﬂﬂ’@ﬂ)" rRghtyk G(0)
C1- Col Kyl ©Omhen d§¥|b_ t| cularly isopropyl, t-butyl,
cycl opentyl, or cI ohezc@q é}@[ i ndanyl or phenyl U has the

structure%faﬂdd?ﬁﬂ!ﬁé‘qq"@m&eln XIS N Qis N Re, R6, R7, and R 7
are H n 'l?hQsthB%tﬂJ&quﬁbﬁ%{ﬁla ﬁind Rg and Rf forma ring sel ect ed
fromhet or aryl particular & - tetrahydrobenzo[ c] azepi ne;

1, 2,3,4 tetrahydrogui noline; |ndanyl \/\hi ch may be substituted with
Cl-CoI kyl phenyl A further enbodinent js directed to a conpound of
formula (1) wherein R and R3 a}bly met hyl or ethyl; R2is
especially H nethyl, ethyl hl of omet hYI’™ di chl or et hyl or

trifluoronmethyi; Ret is G - or 7 cycl oal kyl particularly
i sopropyl, t-butyl, cyclopent¥- yl;

wherein

wherein any of the ring carbon atoms ¢an be unsubstituted or substituted with any of
the substituted defined above for Rg, Ry, Rerand R7;

XisN;

Vis O or Hg;

Wis-N;

nis 1; and

mis1or2.

Especiaily preferred is a compotnd of formula (i) wherein

R4 and R3 are preferably methyl or ethyl,;

Rzis H;

R4 Is C+-Caalkyl; C5-C7 cycloalkyl; C4.Cr cycloalkyl-Cy.Cralkyl; phenyl-C,-Cralkyl or

aryl. Ry is particularly methyl; ethyl; butyl; isopropyl; +-butyl; or cyclohexyl; -CHz-

cyclopentyl; -CHz-cyclohexyl; -CHx-cyclopropyl; phenyl or —-CHz-phenyl;

Rs is -C1-Cqalkyl-phenyl; -C{0)-C+-Csalkyl-phenyl; -C4-C4alkyl-C{O})-pheny or aryl. Rs

is particularly phenylethyl; indanyl, naphthyl; -C{O} ~CHz-phenyl; ~-CHa -C(O)-phenyl
-or (CFsO)phenylethy);

Rs, R's, Ry and R’z are H;
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R5 is phenyl; has the structure of fornmula Il wherein Xis It 1is O,
S, 8(0) or 8(0)2; R, Rs, R7, and R7 are H nis 0; Reis C alkyl;
qgis 0; Rcis 1-1; and Rf Is C2 alkyl. A further enbodinent is
directed to a conpound of formula (1) wherein RL and R3 are
preferably methyl or ethyl; R2 is especially H nethyl, ethyl,
chl oronet hyl, dichloromethyl or trifluoronethyl; Rt is Cl-C4al kyl or
C3-C7 cycloal kyl particularly isopropyl, t-butyl, cyclopentyl, or
cycl ohexyl; R5 is phenyl; has the structure of formula Il wherein

U has the stricture of formula (1l wherein

wherein any of the ring carbon atoms can be unsubstituted or substituted with any of

the substituted defined above for Rs, R7. Rg and Ry":

XisN;

yiSOO?Hzi

Wis -N-

nis1; and

mistor2,

Anather embodiment is directed to a compound of formula (1) wherein

Ry and R, are preferably methyl or ethyl;

R; is especially H, methyl, ethy), chloromethyl, dichlosomethy) or trifluoromethyl;
R4 is Cy4-Cqalkyl or C5-C7 cycloalky! particularly isopropy), t-butyl, cyclopentyl, or
cyclohexyl;

Rsis H;

U has the structure of formula il wherein

Xis N;

Re, R's, Ry, and R'y are H;

nis O;

Reis H;

Ar and Arz are substituted or unsubstituted phenyl or het particularty tefrazolyl, 1,
2,3-triazole, pyrazole, oxazole, pyrrolyl, triazine, pyrimidine, imiciazol, oxadiazol; and
and D is Cy atkyl which may optionally be substituted with halo, especially F.

Another embodiment is directed to a compound of formula (I) wherein

R4 and R; are preferably methy} or ethyt;

R; is especially H, methy), ethyl, chloromethyl, dichloromethy! or triflucromethyl;

Ru is C4-Caalky!; C3-Cy cycloalkyl; C4-Cr cycloalkyl-C-Cralkyl;, phenyl-C4-Cralkyi or
aryl. Ry Is particularly methyl, ethyl, butyl, isopropy!, t-butyl, or cyclohexyl; ~-CHz-
cyclopentyl, -CHa-cyclohexyl; -CHz-cyclopropyl; phenyl or -CHz-phenyl;

Rsis H;
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Xis N is N Rs, Rs, R/, and RR7 are H nis 0; Reis CH qis O
Rc is H and Rf is OC alkyl. In a particularly inportant enbodi nent
of the present invention, R3 and 114 have the stereochem stry
indicated in formula IV, with the definitions of the variable
substituents and preferences described herein above also applying to
conpounds having the stereochem stry indicated in formula IV.
Especially preferred is a conpound with the stereochem stry of
formula (1V) wherein Rl and R3 are preferably nmethyl or ethyl; R2 is -
H, nmethyl, ethyl, or substituted nethyl especially chloronethyl,

di chl Oro”@ﬁé@ﬁ&@%ﬂu{:&#ﬁ:ﬁﬁﬁﬁﬂ?@%em referably R2 is H or

unsubstituted nethy kyI or C3-07 cycl oal kyl
particul aptip N.sopropyl t-butyl, cyclopentyl, or cyclohexyl; Rs is

heny! prongt Foaaan PRk o B SRR CRYpre AR K5 A ey g
pref erred st er eocher ni stry for Uis as shown in Figure V
nis O,
Reis H;
Arq and Arz are substitufed or unsubstituted phenyl or het, particuiarly triazine,
pyrimidine, pyridine, oxazole, 2,4-difluorophenyl, Cl-phenyl or fluorophenyl; and D is
N(Rh), where Rh is H, Me, -CHO, -50;, -C{Q}, -CHOH, ~CF3 or ~S0,CHa.

Another embodiment is directed to a compound of formula (1) wherein

Ry and Rj are preferably methy! or efhyi;

Rz is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trlﬂuoromethyl
Ry is C1-Caalkyl; Cs-Creycloalkyl, C1.Creycloalkyl- C1.Cratkyl; phenyl-C1.Cralkyl or
aryl. R4 is particularly methyl, ethyl, butyl, isopropyl, t-butyl, or cyclohexyl; -CHz-
cyclopentyl, -CHz-cyciohexyl; -CHz-cyclopropyl; phenyl or —CHz-phenyl;

Rsis H,

U has the structure of foﬁnula ti wherein
XisN;

Rg, R's, Ry, and R’y are H;

nis Q;

Reis H;

Ars and Ar; are substituted or unsubstituted phenyl or het particularly pyrimidine,
pyridine, oxazole, 2-methyloxazole;

and D is ~O-.

Another embodiment is directed to a compound of formula (I} wherein

Rs and Rj are preferably methy! or ethyl;

R is especially H, methyl, ethyl, chioromethyl, dichloromethyl or trifluoromethyl;
R4 is C1-Cqalkyl or C5-Crcycloalky) particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;
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In. a particul ar enbodi nent of the present invention, one or both of
R6, R7, R6P, and Ftr is H If one of Re, R7, Re, and Ry? is other
than H it is especially hydroxyl or phenoxy. Synthetic Procedure
Abbrevi ations: CH2d i net hyl ene chl ori de CH3CNacetonitrile

Dl BALdi i sobut yl al um ni um hydri de DI PEAdi i sopropyl et hyl am ne
DMEet hyl ene gl ycol di nethyl ether DVFN, N-dinethylformam de

DTBB4, 4' - di ert - but yl bi phenyl EtOAcet hyl acetate

HBTUO- benzyl triazol -111- N, N, N1O-t et r anet hyl ur oni um

hexaf | uor ophosphat e H013t 1- hydr oxhbenzotri azol e HPLChi gh pressure

l'iquid chrpgr‘@]qggr aphy
U has the siructure of formula It wherein
XisN;
Rs, R's, Ry, and R’y are H;
nis Q;
Reois H;
Ary and Ar; are substituted or unsubstituted phenyl or het;
and D is S, S(0}, or 5(0),.

Ancther embodiment is directed to a compound of formula (1} wherein

R1 and Rs are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chloromethyi, dichloromethyl or trifluoromethyl;
Ry is C1-Caalkyl or C3-C;cycioalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rsis H;

U has the structure of formula Il wherein

XisN;

Re, R's, Ry, and R’y ara H;

nis Q;

Rcis H;

Ary and Ar, are substituted or unsubstituted phenyl or hef, particularly oxazole,
thaizole and ozadiazole; )

and D is C{O), or 1,3-dioxolane.

Another embodiment is directed to a compound of formula (f) wherein

R; and R3 are preferably methy! or ethyl;

R; is especially H, methyl, ethyl, chloromethyl, dichloromethyt or trifluoromethyl;
Ry is C4-Calkyl or Ca-Creoycloalkyl particularly isopropyl, t-butyl, cyclopenty!, or
cyclohexyl;

Rs is H or phenyl C4-Cqpatkyl such as phenylethyl;

U has the structure of formula |l wherein
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KOTMSpot assi um tri net hysi | anoat e. MeOHmet hanol MySO4magnesi um sul fate
Mh02manganese di oxi de Na2CO3sodi um car bonat e NaHCO3sodi um bi car bonat e
... NaOHsodi um hydr oxi de

Tetr aki st etraki s(tri phenyl phosphi ne) pal | adi um{0) WAtrifl uoroacetic
acid TI-IFtetrahydrofuran ' The conpounds of fornula (1) may be
prepared as depicted below in schenme 1 (for compound # 9- 26, 29-
31): General synthesis schene for conpounds of fornmula 1 where |IN=11
and X and X' are independently selected fromthe subsituents defined
above for Re. KOTM5 is defined as potassiumtrinethysilanoate. Step

A Xis N;
Rs, R's, Ry, and R'; are H;
nis O;
Re and Rd are a heterocyclic ring, particularly pyrrolidine; pymrolidin-2-one; or
pyrrolidin-3-one.

Ancther embodiment is direcled to a compound of formula (I} wherein

R1 and R3 are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 1s C+-Caalkyl or C3-Cy7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H, indanyl or phenyl;

U has the structure of formula Jl wherein

Xis N;

Qis O;

Rs, R's, Ry, and R'y are H;

nis O;

Re is Cq alkyi; and

p and qare 0.

A further embodiment is directed to a compound of formula (I).wherein

Ry and R; are preferably methy! or ethyl; :

Rz is especially H, methyl, ethyl, chloromethyl, dichloromethy! or triflucromethyl;
Rs is C1-Cqalkyl or Cs-Cy cycloalkyl patticularly isopropyl, t+butyl, cyclopentyl, or
gyclohexyl;

Rs is H, indany! or phenyl;

U has the structure of formula Il wherein

Xis N,

Qis N;

Re, R's, Ry, and R'z are H;

nis O;
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X BrCl43014 1-111- PG K2C0 XBr PG = nen] or benzylic protecting group
n0l or 2 Step C Step D Step E

Re is G4 alkyl; and

Ry is H C4-Cg alkyl, methyl, ethyl, hexyl, heptyl, octyl; or CH,CF3; or aryl-C4.C4 alkyl
particularly phenylethyl, furanylethyl; Cs-Creycloalky! particularly cyclohexyl;
ethylphenyl; -C(0)-C+-CqalkyH-phenyl; ~-C(0)-Cy-Caalkyl, -C4-Caalkyl-aryl particularly —
CHz-phenyi; ~CHa-thiophene, —=CHx-furan, —CHz-pyrrolidinyl, -CHz-imidazole, -CHz-
triazole, ~CHz-imidazole; '
_and Ry is C4-Cz alkyl; G4-Coalkylphenyl; -80,-C1-Caalkyl; -S0,-Cy-Caalkylphenyl; -C-
C+-Caalkyl particularly O-ethyl; phenyl-phenyl, 1,2,3,4-tetrahydronapthalene and
indany!.

A further embodiment is directed to a compound of formula () wherein

Ry and R; are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyt;
Ry is C4-Cjalkyl or C3-Cy cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H, indanyl or phenyl;

U has the structure of farmula Il wherein
XisN;

QisN;

Rs, R’s, Ry, and R’7 are H;

nis O;

Re Is C4 alkyl; and

Ry and Ry form a ring selected from het or ary) particularly 2,3,4,5-
tetrahydrobenzofclazepine; 1,2,3,4 tetrahydroquinoline; indanyl which may be
substituted with C4-Csalkylphenyl

L]
L3

A further embodiment is directed to a compound of formula (I} wherein

Ri and Rj are preferably methyl or ethyf;

Rz is especially H, methyl, ethyl, chloromethyl, dichioromethyl or trifluoromethyi;
Ry is Cy-Caalkyl or Cs-Cy cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;
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Step F Step H Schene 1 Step A:. This step involves the formation of
an aziridine ring via standard base nedi ated conditions. Step B: This
step involves the formati on of a secondary amne via the reaction of
an al kyl brom de with excess amne in the presence of a base. Step C
This step involves the coupling of a secondary am ne with an
activated derivative of the aziridine nethyl ester to forman am de
substituted aziridine. Step D This step involves the intranol ecul ar
cycl oaddition of the aziridine to the tethered al kene through a
thermal |y accessible azonethine ylide internediate. Step E: This step
invol ves tRegisiphenylf i on of the amide to an am ne via standard
reduction ndi,t i Qns, e in | BAL- H. Step F: This step invol ves
t he remvaﬁﬁ%aﬁﬁ%éﬂﬁ%gg*%%%dﬁé&% group using standard pal | adi um
condi tionsxggmer a hydrogen atnosphere. Step 0: This step involves
coupling of the scaffold with a f-Boc protected natural or unnatural
am no aci ddgPng: §&Hrﬂ!§r@)abepti de coupling conditions followed by the
removal ofRf ire, R;,Bpd FOy Aray:wi th TPA. Step H This step involves the
coupling of ‘the am ne generated in the preceding step with a f-Boc
prot ect ed Bis Qerti ary natural or unnatural am no acid using standard
peptide cogpld ®gaigendi tions fol lowed by the renmoval of the f-Boc
group with TFA 1 f "applicable. The product is then purified by
hi gh- per f i i¥dtice |i quid chronmat ography (HP LC). The conpounds of
formula (lg %q_y be prepared as depicted below in scheme 2 (for
conpound # %5 28) :

and Ry is G alkyl.

A further embodiment is directed to a compound of formula (1) wherein

R1 and R; are preferably methyl or ethyi;

Rz is especially B, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
Rs is C1-Cyalkyl or Ca-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopenty!, or
cyclohaxyl;

Rg is phenyl,

U has the structure of formula |l wherein
Xis N; '

Qis N;

Re, R’s, Ry, and R'7 are H;

nis Q;

Re is CH; .

qis0;

Reis H;

and Rrls OC, alkyl.

In a particularty important embodiment of the present invention, Rs and R; have the
stereochemistry indicated in formula IV, with the definitions of the variable
substituents and preferences described herein above also applying to compounds
having the stereochemistry indicated in formula IV.
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The conpounds of forrmula (1) rmay be prepared as depicted below in
schenme 3 (for conpound # 32 - 33): WMi0211 chfoofform 02

1140/ Na2C04frt a"Cr"tH'' " ,".Cl _b./11E173B ath 714F /.11C The
conpounds of formula (1) nay be prepared as depicted below in schene
4 (for conpound # 34- 35): RI Schene 4 Conpounds 36-38 can be
prepared anal ogously to the preparation of conpounds 34-35 according
to Schene 4. As di scussed above, the conpounds of the present

i nvention are useful for treating proliferative di seases. Thus, the
present invention further relates to a nethod of treating a
proliferative disease which conprises adm nistering a therapeutically
effective anount of a conpound_of the invention to a mamal,

preferably a human, in need of Rsuch tregt ment.
Ry \

R, O

2
=

I
e

P [

Especially preferred is a compound with the stereochemistry of formula (V) wherein
R¢ and R; are preferably methyl or ethyl;

Rz is H, methyl, ethyl, or substituted methyl especially chloromethyl, dichloromethyl
and friflucromethyl; preferably Rz is H or unsubstituted methyl;

R4 Is C4-Caalkyl or Cs-Cy cycloalkyl particularly isopropyl, t-butyl, cyclope_ntyl, or
cyclohexyl;

Rs is -Cy-Cq-alkyl-phenyl, particularly phenylmethyl, phenylethyl and phenyipropy),
indanyl, naphthyl; and .

Rg and Ry are H or methyl.

The preferred sterecchemistry for U is as shown in Figure V

b

Rz Rs
R, Rajn Re
R ¥,
A !
(Rbin—Rd—

In a particular embodiment of the present invention, one or hoth of Re, Ry, Re,, and
Ry is M. if one of Rg, Ry, Re, and Ry is other than H, it is especially hydroxyl or

phenoxy.
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A proliferative disease is mainly a tunor disease (or cancer) (and/or
any netastases). The inventive conmpounds are particularly useful for
treating a tunor which is a breast cancer, genitourinary cancer, |ung
cancer, gastrointestinal cancer, epidernoid cancer, nelanonma, ovarian
cancer, pancreas cancer, neurobl astoma, head and/ or neck cancer or

bl adder cancer, or in a broader sense renal, brain or gastric cancer;
in particular (1) a breast tunor; an epidernoid tunor, such as an

epi dermoi d head and/ or neck tunor or a nouth-tunor; a |lung tunor, for
exanple a small cell or non-small cell lung tunor, a gastrointestinal
tunor, forggifiagtielFRocstiyg®! orectal tumor; or a genitourinary tunor, for
exanpl e, a prostate tunor (especially a hornone-refractory prostate
tunor); or@élo. .proliferative disease that is refractory to the

t r eat ment b %Wﬁ@r chenot herapeutic%or (iii) a tunmor that is
refractory to treatnment with other chenotherapeutics due to nultidrug
resi st anceCHiGk a br metlgtensahimidef the invention, a proliferative

di sease fArthernore ., a hyperproliferative condition such as
Ieukeniagﬁgﬂﬁgirmzfﬁ%ﬂﬂéﬁgbrosis (especial |y pul monary, but also

ot her typeBIBAL fi brdisiobutylalrhinim hdwde fi brosi s), angi ogenesi s,
psoriasis,sQl ?ﬁgroscLerosis ngd snooth nuscle proliferation in the

bl ood ves suchliSOPOPXIGHYAMIBR | est enosi s fol | owi ng angi opl asty.
Wiere a tUmWE, a tusmylesé gResilimethgpéRbNOMA Or a cancer are

ment i oned, I@ESO metgstasis.ip the original organ or tissue and/or in
any ot her P¥Eati on Hr -dimpihy id® natively or in addition, whatever

the locatipre®f thes hugmendng/phdmpl astasis. The inventive conpound
is sel ectivg}lﬁgé toxic or noretoxic'to rapidly proliferating cells

than to nd cel 1gthylagetate ul arly in human cancer cells, e.g.,

cancer ous rs, t R AORLE kool iferative

ef fects an'.?jm;')urponot e&g%gﬁ?gg%gﬂlﬁ g??’(ﬁ#'@.%%@ﬂggyﬁ%@c e arrest and
apopt osi s.hexpfuogephpsphate of the present invention may be admi ni stered
al one or ipgpgENbI ”a%h?&}oiéﬁﬁéhz%ﬂ%lea”“ cancer agents, such as
conpounds that inhibit tunor ahgiogenesis, for exanple, the protease
i nhi bi t or $}PXpi der rhigh grasakne liqtisk dromatogrepby ki nase i nhibitors,

vascul ar ggsiaygel i f}iotgsfsﬂ%%rﬁé’tﬁ Q(an{)gt[gept or kinase inhibitors and the
| i ke; cytotoxic drugs, such as antinetabolites, |ike purine and

pyri mi di nédekl og anetanolabol ites; antimtotic agents |ike

m cr ot ubul abiliz] d antimtotic al kal oids; platinum
coordi nati O §éc"orrpl e'ﬁ%@?esg{#?’?l{%%or anti biotics; alkylating agents,
such as niln@gen mmeegatesadibxitiet r osour eas; endocrine agents, such as
adr enocor ty cast eroi ds, a s, anti-androgens, estrogens,

anti-estr éﬁ 3 ar o%ﬂ%gg{bﬁﬂg%l tors, gonadotropi n-rel easi ng hornone
agoni st s aNaHCG@ymat asidain bicarb@helgues and conpounds that target an

enzynme or ptor that is. overexpressed and/ or otherw se involved a
specific r[r\{aat%g_gol iC Sﬁgﬁfr‘m}a\}df?ﬁﬁ? is upregulated in the tunmor cell, for

exanpl e ATietrakid GTRetpdiOs(piphdhgphesphie)paiadid(@r s, hi stone deacetyl ase
i nhi bi tors‘, pr ot ei Rii\; nase . nhibitors, such as serine, threonine and
tyrosine Kifftase i nHIMHYPRLICAGH exanpl e, Abel son protein

tryosi nai RiHRse andefréi§draéfutapus grow h factors, their receptors and
ki nase inhibitors thereforei, such as, g&i@derm&l. Provvt h factor

recept or KiNRESEPLRAISPifamauia (13 atay be Prepried e dppicteg belavninscheme 1 (for - .

recept or lkhip@send #8 bbs0ss. af): brobl ast growth factor inhibitors,
insulin-like growh factor receptor inhibitors and pl atel ef-derived

growt h f a&ieprral ewtpess sehams bor campainds of ferla haherad=NwndKendng
am nopept LeipAepdidehint géléete@?reﬁﬁﬁé%ﬂssitdéilﬂsmetnﬁg&F%ﬂ{égfiofgg' ooxygenase

i nhibitors or exanp cycl ooxygenase-1 or - s. The
present i iMEIMS$ rdefined e pofassimekimathysilannateod of pronoting apoptosis
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ceptabie salt thereof, as active ingredient together or in adm xture
with one or nore inorganic or organic, solid or |iquid,

phar maceutically acceptable carriers (carrier materials). The
invention relates also to a pharmaceutical conposition that is
suitable for admnnistration to a Warm bl ooded ani mal, especially a
human (or to cells or cell lines derived froma warm bl ooded ani mal,
especially a human, e.g. |ynphocytes), for the treatnment of (this, in
a broader aspect of the invention, also includes the prevention of
prophyl axis against)) a disease that responds to inhibition of
protein kinase activity, conprising ajegpgount of a conpound of
formula 1 or a pharmaceutically acceptable salt thereof, preferably

which is effective fgor said inhibition, together with at |gast one
pharmaceutically ac abl e carder. The ph@ﬁgnceutical conposi tions
according to thes.j ¥®h are those for ent®ral, such as Masal,
rectal or oral, or parenterat, $&R &5 int Jguscul arg or | avenous,

adm nistration to ooded animals (especially a ), khat
conprise an effective dode of the pharmacol ogically ac &v%
i ngredient, alone or together with a significant anmoun of a
phar maceutical |y acceptghl | h e of the active
E’ﬁ b%n%?&rr ek ic é\r‘gr&m ng

i ngredi ent depends on e Specl es boded ani mal, the body
wei ght, the age and the individual condition, individual

phar macoki netic data, the disease to Ee éreated and the node of .
admini stration. The Invention relate* %o to a method of treatnent
for a disease that ra&gggd&ugp i nhi n of g{ﬁtg;g;nwggnase and/ or
a proliferative disease'whi'CK corgalchuggo,2dM il st eriing “ax(agai nst the
menti oned di seases) prophylactically or especially therapeutically

ef fective anount of a conpound of fornmula 1 according to the

i nvention, or a tautonerstthefzeof or a pharnmaceutically acceptabl e
salt thereof, especially to a warm bl ooded ani mal, for exanple a
human, that, on account of one of thetgeoti oned di seases, requires
such treatnent. The dose of a conpound of the fornula I orja

pharmaceutically acceptable salt thereof to be adm nistgred to
war m bl ooded ani mal s, {for exanpl e humans sbmappr.oxXi ly 70 kg body

wei ght, preferably is ronlappr$¥ipaxgdyfgfﬁg to tely 109
nore preferably fr°6ﬂ§%m oxi ﬁ‘a/tel y'"10 *hy steawappr O)ii t¥el y‘ 1.5 g, nost
preferably from abo 100 ng to about 1000 ng / per's@n/ day, divided
preferably into 1-3 single doses which may, for exangle, be of the
sanme size. Usually, children receive half of the adu dose. The

phar maceuti cal conpositions conprise fromapproximately 1%to

approxi mately 95% preferably from aggmRi mately 20% to approxi mately
90% active Ingredjeme. Pharmaceutical conpositions according to the
i nvention may , exanple, in unif dgse rm such as in the form
of anpoul es, vi aks, 0Si t pldws, dra ahl ets or capsules. The
phar maceut i cal o] itiongdgxgghq pres ~.ydvention are prepared in
a manner known penry se, for exanﬂ?% by neans ®f conventi onal

di ssol ving, |yophi%j zing, m xing, granulating or confectioning
processes. Conbi nafions A conpound of the fornubepdraigediadiércomess used
to advantage in conmbination with other antiprollferative agents. Such
antiproliferative agents Include, butSteg® not linmted to aronatase

i nhibitors; antiestrogens; §qpossonerase | iguhi bix di*s; topoi somerase
Il inhibitors; mcrotubff 3 'vq(ageg%s; al ky¥aty agents; histone
deacetyl ase inhibitors; g S mhhéh*inducp cetd differentiation
processes; cycl ooxygenas xitors; MVP i nhi bi t #&ris; mIOR

i nhi bitors; antineoplastic antinmetabolites; olefin conpounds;
conpounds . targeting/decreasing a mg%g*n or lipid kinase activity
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The term "anti-androgen” as used herein relates to any substance
which is capable of inhibiting the biological effects of androgenic
hor nones and includes, but is not limted to, bicalutam de (CASODEX),
whi ch can be fornulated, e.g. as disclosed in US 4,636,505. The term
"gonadorelin agonist" as used herein includes, but is not limted to
abarel bc,. goserelin and goserelin acetate. CGoserefin is disclosed in
US 4, 100, 274 and can be adm nistered, e.g., inthe formas it is

mar ket ed, e.g. under the trademark ZOLADEX. Abarelix can be

formul ated, e.g. as disclosed in US 5,843,901. The term

"topoi sonerase | inhibitor asg ysed herein includeg, but is not

limted to topotecan, gf* iridzﬂggan,& d hecian and its

anal ogues, 9-nitrocanpt ot | Ad th cromyitecu canpt ot hedn

conj ugate PNU- 166148 (co*p Grig\ Al in VRRJ99/ 1780%)x I rinotecan can be

adm nistered, e.g. inthe formas it is marketed, e.g. under the

trademar k CAMPTOSAR. Topot ecan can b%%éﬁxglﬂ stered, e.g., In the form
r

as it is marketed, e.g. under the tra k HYCAMTI N.- The term

bt opoi sonerase Il inhibitgr as used herein includes,® i's not
limted to the anthrdtyetNads suchgdihgod ubirs] n(3 ¥li ng

| i posomal fornulation,, g ¢ tLYX)r—daunorubici ep+¥bi cin,

i darubi cin and nenoru& i'nx \§ he afAtfH™™qui nones Ik nt rone and

| osoxantrone, and the podophi || ot oxi nes etoposide an t eni posi de.
Et oposi de can be administered, e.g. in the formas it is nmarketed,
e.g. under the trademark ETOPOPHCS. fﬂﬂ?bbside can be adm ni stered,
e.g. inthe for.ni as it is marketed, e.g. under the t deﬁark VM
26- BRI STOL. Doxor ubi ci necag™e administered, e.g. in therflyyrmas it

is marketed, e.g. zundes tradenark ADRI BLASTI N qr AMKCI N.
Epi rubicin can be aym i st %d," 'ﬂﬂﬁﬁﬁfhe form gsW i & mar ket ed,
e.g. under the traqegpak/FARMORUBITTIN. | dar ubiging

adnini stered, e.g. in th& form e Tabar ket le g=* under the

trademark ZAVEDCS. |VIitoxantrone can be adm ni8tergd, e.g. in the
formas it is marketed, e.g. under %%ﬁetr demar k NOJANTRON. The term
"nni crotubul e active agent” relates 1 PCr ot ubul e stabi lizing,

m crot ubul e destabilizing agents and m crotublin polynerization
inhibitors including, but not limted to taxanes, e.g. paclitaxel and
docet axel, vinca al kaloids, e.g., vinblastine, especially yin-

bl asti ne s3tef At Thisstas invelves theeformatian dfan\dzitidineSingfa stahaidebasand
vinorelbineé q%acoqﬁ{nnlides, cochi cine and epot hil ones and

deri vat i veBeqipled £8pditoNSy enot hilone B orb or derivatives thereof.
Pacl itaxel may be adm nistered e.g. in the formas it is marketed,:

e.g. TAX cetaxel can be admnistered, e.g., inthe formas it is
mar ket od, SIoRB" THiRHOR RUOVPSEHAPRAARR A RESREor T BTG Yk eSioRF ISRy
be adni ni siigl Bdmide Bith ekdbsbnih@ihadrédents of@bkat ed,” e. g. under the
trademark VINBLASTIN R'.. Vincristine sulfate can be adm ni stered,
e.g., inthe formas it is narketed, e.g. under the trademark

FARM STI N. i i i , ; j us
St% BCagRy {fgﬂasrﬂsw@ mé;agc%.%ﬂa@bf@ Qecdﬁdgr[y. anfife \%tlﬁ %h%ﬁ?até&‘

5,010, 099. Also included are one derivatives .are

di scl osed derivaiive od thepaziridine wethyd asteptp fonynan gnidsosubstiptedomiiliso, WO
99/ 43653, WO 98/ 22461 and WO 00131247. Especially preferred are
Epot hilone A and/or B. The term "al kytating agent” as used herein

i ncl udes, Sep D Thisostep invpives thedntrampelespiat cysinadidilien of theszitidinglo the
nmel phal an I AL j L da:.can be
admi ni st ertée{([]?{yg%@gml%g ﬂ}égf orm gg%ﬁgléﬁﬁﬁﬁéﬁgwaqﬁggﬁﬁhe
trademark CYCLOSTIN. |fosfam de can be adm nistered, e.g., in the

i ot one. GUBEET JPUEER iyl pBhodc RN SRR 2B NG U sfteld ™

reduction conditions employing DIBAL-H.
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c) conpounds targeting, decreasing or inhibiting the activity of the
Trk receptor tyrosine kinase famly; d) conpounds targeting,
decreasing or inhibiting the activity of the Axl receptor tyrosine
ki nase fam|ly; e) conmpounds targeting, decreasing or inhibiting the
activity of the c-Met receptor; f) conpounds targeting, decreasing
or inhibiting the activity of nenbers of the protein kinase C (PKC
and Raf famly of serine/threonine kinases, nenbers of the MEK, SRC
JAK, FAN, PDK and Ras/MAPK fam |y nenbers, or P1(3) kinase famly, or
of the P1(3)- kinase-related kinase fam |y, and/or menbers of the
cyclin-dependent kinase famly (CDK) and are especially those
staurosporine derivatives disclosed in US 5,093,330, e.g.

m dost auri$tep Ex Amis siep ivolvas theciemeyeixfihelbenaylit pioteoiing graupnising

318220 and RSB g FOEEE rete iGEeT ShARpbiA 575 06

i sochi noli ne conpounds such as those disclosed in WO 00/ 09495; FTIs;

PD184352 P;gmi '

decr easi ng ogﬂ\leﬁz%gﬁang t esrég‘épﬁ@ocg )the a Er"oi'ﬂelé)%-a g??lp g@%ﬁgab?ﬁ%' oF
se, such aswatustlianiibo aezdyiswesmﬁaNEpmﬁsﬁE:ﬁEﬂjngwonﬂwoph fodlowad bthe

tyr phosti ecul ar weight (M < 1500) conpound,
or a phar %@g‘@ ggﬁ@é&%@pb%?ﬁsﬁ\a” t hereof, especially a conpound
sel ected from the benzylidenenmalonitrile class or the

S-aryl ben rile o bi subst r.at e UI nal i ne cl unds,
nor e espec FE@?R/S@BW 8“&9?%’5@4 8 AIPR ITHTH % %rte b’
pr DEOSE l mt%@ﬁlgg’&(m(bmté&iteﬂ%r tﬁﬁm m@atrﬁlrbr{&ﬁnaa:?ai aﬁnﬂdom Uflhg Afandidrs;
yr phostin in rphosti nant i

Tor bhost | PoRE S TR Chasone ol Py iHRdSDars) of i Boeoda iR JEA
(4- (112, 5-4p W@Xm%}dhéﬂﬂﬂ&'pu@lﬂb@ﬁ% higaedofmasdediquiRichiambtdgraphy
ester; NSC 410, adaphostin) h) conpounds targetlng,

decr easi n ﬂnhl biting the activity of the epidermal growth factor
famly of receptor tyr05| ne ki nases (EGF-R, ErbB2, ErbB3, ErbB4 as
hono- or heterodiners), such as conpounds which_ target, decrease or

i nhi bi t t heheLompaupgs gf formuladBineay bﬁapreaamazi deplotest belew insehemad{foy
are especi n proteins or antibodies which inhibit

menber s of&HP() E%gp?gcg% ‘or tyrosine kinase family, e.g. EGF
receptor, ErbB2, ErbB3 and ErbB4 or bind to EGF or EG- rel ated

| i gands, and are in particular those conpounds, proteins or:

nonocl onal anti bodi es generically and specifically disclosed in WO
97/ 02256, e.g. the conpound of ex. 39, or in EP 0 564 409, WO

99/ 03854, EP 0520722, EP 0 566 226, EP 0 787 722, EP 0 837 063, US
5,747,498, WD 98/10767, WO 97/30034, WD 97/49688, WD 97/38983 and,
especially, WO 96/30347 (e.g. conmpound known as CP 358774), WO

96/ 33980 (e.g. conpound ZD 1839) and WD 95/ 03283 (e.g. conpound
ZML05180); e.g. trastuzurnab (HERCEPTIN), cetuximb, |ressa, Tarceva,
Cl -1033, EKB-569, GWM2016, E1.1, E2.4, E2.5, E6.2, E6.4, E2.11, E6.3
or E7.6.3, and 7H pyrrol o[ 2, 3-d] pyrim dine derivatives which are

di sclosed in WO 03101 3541 . Further anti-angi ogenic conpounds

i ncl ude conpounds havi ng anot her mechanismfor their activity, e.g.
unrelated to.protein or lipid kinase inhibition e.g. thalidom de
(THALOM D) and TNP-470. Conpounds whi ch target, decrease or inhibit -.
the activity of a protein or lipid phosphatase are e.g. inhibitors of
phosphat ase 1, phosphates 2A, PTEN or CO0C25, e.g. okadaic acid or a
derivative thereof. Conmpounds which induce cell differentiation
processes are e.g. retinoic acid, a- y- or 8- tocopherol or a- y- or
8-tocotrienol. The term "cycl ooxygenase | nhibitor as used herein
includes, but is not limted to, e.g. Cox-2 inhibitors, 5-alkyl
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The term "bi ol ogi cal response nodifier as used herein refers to a

| ynphoki ne or interferons, e.g. interferon y. The term I nhibitor of
Ras oncogenic isoforns", e.g. 1l-1-Ras, K-Ras, or N-Ras, as used
herein refers to conmpounds which target, decrease or inhibit the
oncogeni c activity of Ras e.g. a "farnesyl transferase inhibitor,

e.g. L-744832, 131(80557 or R115777 (Zarnestra). The term "tel omerase
i nhibitor as used herein refers to conpounds which target, decrease
or inhibit the activity of tel omerase. Conpounds which target,
decrease or inhibit the activity of telonerase are especially
conmpounds whi ch inhibit the telornerase recepﬁor, e.g. telopmstatin.

The tern1"neth&ggbne am no nhgﬁ@@ajnhibﬁkq; ed herein gefors
t o conpounds vvhich,. éerease~or inhibit thg ti?ity f

met hi oni ne ani nopept+gAse. ConpBlinds which target, decr eas Lli%
inhibit the activity of methionfft aninopepfiglase are e.g. befigani de
or a derivative thereof. The term "proteasone inhibitor as used

herein refers to conmpounds which target, decrease i nhibit the
activity of the proteasone. Conpounds which tajgegt, \decrease or
inhibit the activity of the pgoteasone inclyudefeNy. P8-341 and M.N
341. The t ef. RaBHAL)THK Ilqproteinase #nhiB+{ or “or (aMVP i nhi bi tor)
as used herermrnctudes)y I"sn y mi t ediot o Gpl | agen

pept i donni m&{"FACHHI nonppt i domi i nhibitors,® tetracycline

derivatives, @wg. hydroxamate peptidom netic inhibitor batimstat and
its orally bioavail abl e anal djue marimastat (BB-2516), prinomastat’
(A03340), metastat (NSC 683551) BMsS-279251, BAY 12-9566, TAA211,

MM 270B or AAJ996. The term "agents uged NHp the treat pent of
hemat ol ogi ¢ mal i gnanci es B used her | ncl udes, b ;ﬁ? not limted
to FMS-1i ket.opeqsomarin nase A nhhieQr s e. OrR conpgynds QARG geti ng,
decr easi ng Qﬁwugnhbltlﬁg the actilvitly of FI%-S, i'nt er Pgr gn,

1- b- Dar abi nof ur aAsy! cyt osi ne (amf&) amd bisul fan; and i nhi bitors
e.g. conpound®hich target, decreasg or inhibit anaprasti | ynphonma
ki nase. The term "conpounds whi ch target, decrease or inhibit the
activity of Fit-rare especially conpounds, proteins or antibodies

which inhibit FIt-3, e.g. PKC412, m dostauring a staurosporine
derivative, 31J11248 and MLN518. The tern1".u€E§H i nhi bitors" as used
;Piée

S, .
ouyds targeting,

herein includes, but is nqg imted to,9¢o0

decreasi ng Qr,d2hi-Ri t-LNg @ ntrinsic A tivity of HSP9O;

degr adi ng, Lo toflrirs ecn Qi t Rpg Ree HSPYO cl i ent
proteins viazwacwl, quitin proteasﬁge atshway. Conpounds targeting,
decreasing or inhibiting the intrinsic Pase activity of HSP90 are
especi al | y conpounds, proteins or antphbodi es which inhibit the ATPase
activity of HSP90 e.g., 17-allyl am no, 17- denet hoxygel danamycin
(17AAG), a gel dananycin derivative; Seheige 2gel dananycih rel at ed

conpounds; radicicol and HDAC i nhibitors. The term"antiproliferative
anti bodi es” as used herein includes, but is not limted to

t r ast uzunalhe(gasmounds ol fprmaladl ey beprepaied agdeplcted helgw i schemeos (for
bevaci zu nﬁég 1490 hay.r1 tuxi mab (R tuxaMLO), PR0O64553 (anti-CD40)
and 2C4 Kﬁ?l 0 @fkégpaé?}bodies is neant e.g. intact nonocl onal

anti bodi es, polyclonal antibodies, nmultispe- cific antibodies forned
fromat |east 2 intact antibodies, and antibodies fragnents so , |ong
as they exhibit the desired biological activity.

31



For the treatnent of acute nyeloid | eukema (AM.), conpounds of
formula | can be used in conbination wth standard | eukem a

t herapies, especially in conbination with therapies used for the
treatment of AML. In particular, conpounds of formula |I can be

adm nistered in conbination with e.g. farnesyl transferase inhibitors
and/ or other drugs useful for the treatnment of AM., such as
Daunor ubi cin, Adrianycin, Ara-C, VP-16, Teniposide, Mtoxantrone,

| dar ubi ci n, Carbopl ati num and PKC412. The structure of the active
agents identified by code nos., generic or trade nanes may be taken
fromthe actual edition f the standard conpendiunt"The Nbrck | ndex
or from dat alfffses, e. t Btk | ondf e, ‘A
Publ i cati o 0+"The - mer?f on oﬂnds whi CH -
conmbi nation wth a 6bnpound of the formula I, can be prepared and
adni ni stered as described in the art such as in the documents cited
above. A conpound of the formula | may al so be used to advantage in

conbi nati onmiat t h kovvnt rapéhf“% OCESSRSA £, g. uprédhe
admi ni st r atdwmmdf es Wchi at‘i’o‘n‘“ﬁ;i;‘ df

formula | may in parti cul ar be used as a radi osensitizer, especi ally
for the treatnent of tunors which exhibit poor sensitivity to

radi ot herapy. By conbination, there is nmeant either a fixed

conmbi nation in gne dosage unit form or kit of pails for the

conbi ned adrg glt’ration where a conmppupalof the formula | and a
conbi nat i ot “ner may be admi ni st*r d‘fi ndependently at the sane °
time or sepaRater Wi thin tifn |nter\)hls t hat espc D I% al | ow t hat

the conbin t n€ris ENowW g.Rfeooperati-ve, (el i stic,
effect, or émsﬁgl n| otHeNe,of Egppgﬂ%'es
i

he ol‘f,lﬁm ng exanpl es
are intende@™o illustrate, but not £4wsthet limt, pnvention.
Exanpl e '
N- D- cydohexyl - 2- oxo- 2- ( 5- phenet hyl - céahégro pyrr ol 012 3-cl pyridin-1-
yl)-ethyl]-2- methyl am no- propi onani-§ Compound 9 according to
Formula | is prepared according to the procedure set forth in Schene
5> ol The compounds of formula (I) may be prepared as depicted below in scheme 4 (for

compound # 34— 35):

i N
Ao 5 /q’u no—RE stqo\
/ o4  ELN. DCM FG NzH RY

PG 3 =0 DMF
AN
PG a Protecting e
Group Yoao
’ ”tj‘
%
N
R, HBTIJ, HOBt o, HBTU. HoBt
DIEA, DMF Ri  DiEA, DMF i
M N Removal of PG |0} Removal ot PG \Rf
N f
Scheme 4
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Dl PEA Hoetarrsu 2) 7FA 2514 toursteps Schene 5

1- (1- Napht hal en- 1-yl - et hyl ) -azirl di ne-2-carboxylic acid nethyl ester
(1). To a solution of (S)-(+1-(1-naphthypethylamne (20.8 g, 120
nmol ) in acetonitrile (HPLC grade, 600 m.) is added K2CO3(52.7 g,
360 mml ) and net hyl 2, 3- dibronopropionate (30 g, 120 mol ). The
solution is stirred overnight at roomtenperature. The solution is
evaporated to dryness, then H20/Et0Ac (1:1) (600 m) is added, and
the mxture is extracted with EtOAc (4x100 nL). The organic extracts
are conbi ned, dried and concentrated under vacuum The residue is
purified SRR bj%ﬁﬂﬁ o

provi de 2% F{IF%SO of the tltﬁgbﬁigﬁn?ghk uﬂﬂoth reéof two %p%hn&@
di ast er eordér¥ aoeosfin@ tpubohanadd ar ratio. 11 44+14 256. 10.

But - 3-enyl - phenethyl -anmi ne (2). To a solution of 2-phenylethylan ne
(72 nmL, 570 mmol) is added k2CO3(82 g, 570 mmoi ) and 4-brono- 1- butene
(25 g, 18Rsrietussedabovsyha ¢amraunds o theememfrwegtiqnae uselhfor treating

(1D) (600 A o etk Tndo NI PRERRFRVERIN TR ToRRR O RIRROT A 1 o0

mL). The dregéing 8 pedliferatitesdiseaseounith noriprishsi msma\enn@a¢MpwthIwnder

vacuum T i I omat el ;
Fevane! et QHseRe Gk o1 BYbipbf s it e BB st = .
176. 10. 1-if heddhpiduchiteatenti - et hyl ) - azi ri di ne- 2-carboxylic acid

but - 3- enyl - phenet hyl am de (3). To a solution of 1 (12.8 g, 49.75
mml) in THE (200 m) is added KOMS ( 6.38 g, 49.75 mml). The °

mxture i A ﬁrtohfermﬁ@weaee gshmangty d m?cmréd@meé ertwacerﬂmdmmhwz gol er

concentrate resi dye dissolved in di

and cool ed"¢ 466163?9 ‘eH’ M%ﬁ@%”%l%‘? PR c‘(fﬁﬂbﬁsﬁ 3"%‘{1%}’5"0}
added sl owhictaied Brbﬁstfﬁhhw Qemﬁ)uﬁﬁér?‘tdnéﬂ lUﬁ Eaﬁﬁmj%fsﬁbm&hﬁﬁﬁfanaer
hours. The [thurels cooled to -78 C r( 49, 25 I

added and Bt eﬁFPHg‘-FBﬁ% Rgianogta, oyaran eancer Qaﬁcre%f’%ﬁé@“ ﬁﬁ?ﬁ"a
bi car bonatrgad %99!&)1%!@0&@:@?& @&&Hé{hﬁn&rxbﬂh% Brﬁa@éﬂs@H@rén%I Wi ok O

rt. The mxture is extracted (4x100 nL) and the organic
extracts #PEEsABTeTe Patiwal (%ﬁdare@ﬁté@n% ap @aldarra@ﬁ tyraRi SHED ghan

residue i gp %Hh&uﬁ%a@énﬁl’o%@cl@ﬁ&r%Q%&Rm’urﬁéﬁ hinfiy tRor, fblesaRg &R O0AC
1:8) to provi 6% ecor’r‘E‘wlmg as a mxture of two

di ast er eorfEal cef OQHO@QWHﬁﬁlé@OQél#mPﬁﬂQ?str dumay7 for example, a

7 one (0o daor B Doy Cinth ohEERIC! PR RT (kRN

(100 ) |as‘1dnmaaedefmet@3@®ataie turpon; @ (fiha arqlﬁeeatwamaseﬁtﬁtcﬂrefmmw

m xture i i h gf%%}g/ t OAc
1:1; secoflt(()jmsé o%%trﬂg %%F#ﬁ'gp“@?@&%%ﬁ@ %{r ge&lf'i t'frﬁgr tggin%(gun a t(gn
enant i onerticathént withradherarhematteerapdatics due §oMuBidrug resistance.

1- (1- Napht hal en-1i d- et hyl) - 6- phenet hyl - oct ahydr o- pyr ‘rol o[ 2, 3-c] pyri di
ne (5). To a solution of 4 (4.8 g, 12 mmol) in THE (100 nL) is added

slowly 1 NhBbRfsider Bemsﬂ ofdhe invéditomyia, prolfenativa Jisedse-mdCiurtheemonebewr e i s

vt er - ThOVRTPRUITERG QpiiBnitln oo Miker Bl hRDES o GRoRbalo o
EI 0 i 1( Z aSOIrﬁﬁlﬁﬂy Rt BRblotheraypes 1 ol suehnat rbhaﬁ'&o«ﬂs’)amﬁgiobaﬂebh
C X ried

Th t t
concentr atp@ana%ﬁ,@g}eerg%%am % ﬁ)én{oz; %Hgélg grc@g&gtfqnég tlmblpp%gﬁsseis such

chromat ograa&mhoé@drlr@@eﬂ@drsfmmg@ngm@mtyl 9) to provide 2.3 g (48%
of the title conpound. M+H = 385. 26.

6- Phenet hyl - oot ahydr o- pyrrol op, 3-ol pyridino (8). To a solution of 5
(2.3 g, 6ym&ba thmmoMaDidhidridRbasd.: éaar@iﬁ@mﬁle} al candétdre nidptiohdd] als300

ng). The mixture is agitated under 50psi, hydrogen at rmsphere for 10
h. The ni seetegasis if thewsiging! Pusﬁa@gnswec@d!@ren gay otheplocatiqn argi@pliad

alternatively or in addition, whatever the location of the tumor and/or metastasis.
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Compound (7). To a solution of 6 in dichloronethane (25 nmL) is added
sequentially diisopropylethylamne (4.17 niL, 24 mol),

t - Boc- L-cycl ohexyl gl ycine (1.549, 6 mmol), and a solution of 0.45 M
HOBVHBTU in DVF (16 m, 7.19 mml). The m xture is stirred overni ght
at roomtenperature, then diluted with Et0OAc (200 nL) and washed
sequentially with 1 Maq. citric acid (50 nt.), water (50 nt.), aq.
Sat NaHCO3(50 ml) and brine (2x50 nL). The organic layer is dried and
concentrated under vacuum The residue is purified by flash

chromat ography (silica gel; Hexarie/EtOAc 1:9) to provide a yellow
oil. The yellow oil is dissolved in dichloromethane (20 nL), TFA (10
m.) is added and the m xture is stirred at roomtenperature for 3 h.
The mi xt ur Beiigventve eempairtisselectivaly touisi alwrore $oxit ogepidlycproliferating cells

di chl
b1 car bonat 2t Gombf et pA R Birsh Eantie o & SRR AR ML, o
m ). The oogmeund bas sigoifisanirantipmiiferative effdets @dd prameotes differerdiatich, eogler

vacuumto wo steps) of the title conmpound which
is used i n&'ﬁe %IQS\E%:& e&;o%{{?sﬁ Sirt her purification or

characteri zati on. Corrpound 19) To a solutien of 7 (1.76g. 4.74 mmol)

di chl . tiLall .
Idln i slogr og; cttqu]%gﬁniszgftgk %5 ?g.%@%ﬁ%&eﬂ I%B@Y%rﬁg?fﬁﬂe qrat ani ne
(5 0681 g, lébombmaﬁuh With aitiesransiodnder ageri$, SAcH as %M@\‘:ﬂdﬁ'ﬁwai iRhiPVurGdr3 i,
nmo

ture i irr do ht oomt erature,
Tho. m Xt orsioge R el dh Ao asg Dot A s Ao WL eiot FeepipT
with 1 M a«.rtasewmmb &E&méﬂenwmeﬁalg(r&othrfh&tor n%@eptﬁakmawhﬁméé(bnmt)
and brine F\YTQO The o f5§ (iil‘l ed . and concentrat ed
under vacJ &igi u%'s,. P%@Bﬁ'%@bP' egillsd PuinshaIchRyTiitpe aRaipg
TFA (10 mént#n%ta%dﬁl@é" aifhifol abits YkEmidtorbbilb LRibiBing HOGE AFRIRAIAIIES

for 3 hours. The mxture is concentrated and the residue i s dissolved

in di chl ordfaidsRitirumEosrdinaion coamexssi %bﬁum Antibigtice paikylatingAgaRs,
bi car bonatgch Z9RitregeM hiuRbarlS aﬁdhﬂ:@gélﬁ-@awehﬁoair@ c?%&ne&aﬁﬁse (3x50

m ). The organic extracts are conbined, dried concentrat ed under
vacuum THdreneserticestersids, pndiogens pniindrogens, @swgert,Saa pBlEEStromens,

CH3CN/ H20 ad;&-;;%z%ﬁ@tof\ﬁﬂ?ﬁ?&d&%@lgﬁle%gﬁl%r{omgﬁé Sdonist@bin QSmE’(otsla%n

conpound

g S) - tN;] U|S) -apalggussomksampoyndeshaifargeidreenymetroncertion thahis vurenprensad -
ne
(28 \ Aot binehflsc ingbhved s Metdtio BBy 3O u R RRBAAR
s ?I t[J;vlF ont deme- f:(ell)fo&emhlglA'E:t ayd &7 F?l plnesphsﬁheﬁergmmﬁlmml, histame160 i
(0] a . . S
After sti ruggﬁééﬁgfedﬁﬁ@tﬁ% gﬁzﬁ&ﬁﬁw%sgirﬁbi%{)%gpé%gé F‘i’%@? Hde&ﬁ%%h%ﬂml ) is
added dr onymr:]sme kindséd imhibitors) fdne:@zhiple( BBeBog pradéin tnsnmht) klnﬁss?ndithe 9'5 c
rtion The reacti suspen ea (o}
T ARG FAM ARl Tl SraBolin SRR R e ghedbgiad
'(Ij'lhl ut ed V\/lefpidleﬁﬂé] g%wmffaabhﬁcepmﬁlngg@&nﬁﬂntwﬂ {?as'ﬂ:ubatr éﬁ?othéha@brmﬁh &ictor
e organic i ri.e G ntr.a
ot oduct | SSelKIne3S BYMCER. PFERE Aot ta S TR HEHe SRR
xL/JI4 illg 62180%@ tc[ﬂgﬁ}uﬁngwaﬁ? F%tsﬁ&de}ﬁeagﬁowﬂg %r&a@bp%@l mteés@t |ﬁtﬂﬁ'ﬁdr‘(éj éﬁ?ﬂ |
u en j-e am no ic acid e
ester (B):th W%ﬂ%ﬁtwm%%mmor%am%eé%bwﬁ #Ol)fa?ﬂ{%m Fﬁr?}‘g ani ne Y
(6.37 9, 3GydosmyBbnasenAiblorslfop bxdivbie déyclbolydehasdd et HakkiBitdrd0. 0 g,
72.8 mml) "in Small portions. After stirring at 0O Cfor 10 mMm

et hyl bronpacetate (8.35 g, 54.6 nmol) izs added slowy. The reaction
m xture, I : ) The
\é@k%s‘épiﬂ@&ﬂlbﬂ fggger' elatdd tB $t%d bf brorrﬁb\ﬁﬁg @nbgﬁ'tbélé@n I‘Hgﬁily

solution is wth mL of e washe
of wat er. prligeratingoeelip, whick pomﬁrlmmcrrmﬁn@;hedﬁp@lhmr@@fe@ng cells with an

effective apoptosis promoting amount of a non-naturally-occurring compound that
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LIC1(3.29 g, 77.48 mmol) in THF(80 nL) slowy. After stirring at 0C
for 10 mn, allyl bromde(7.26 g, 60 nol) is added dropwi se to the
reaction solution, and warned very slowy to rt. After stirring
overnight at r.t., the reaction is quenched by addition of 60 nil of
saturated NH4Cl and extracted with 3X150 nL of ether. The conbi ned
organic layers is concentrated. The crude product is purified by
chromat ogr aphy (hexane/ Et OAc: 85/15) to give a colorless liquid(7.4q,
82.6% . (NWR and MS data confirmed, U 4117-40-19, U 4117-34-35).
**ZnBr2** is dried at 150C under high vacuum for 1hour before used**

(2S, 31i) - 1ihddotke Shﬁbﬂnd?nd%i@éﬂmw%&%? iab SHofiyel) Prfdranig e RbRPY | )

pyrrolidine-2-carboxylic acid ethyl ester (D):

(2S, 3R) - 3- Fhfnrly-aeapIng gamapaurid Hepmpaundohpresept fpmalla dpRBL 2- car boxyl i c
acid ethyl ester(1.0 g, 3.32 mmmol) is dissolved in EtOH(10 nL) with
FIC (0.5 Wnt i ; | Sri ()TeTNTey

t he sol ut m\eﬁgﬁgéﬁﬁn%mﬁgrtﬁatﬁ%ﬁ &te egglhgfgmdnéﬁ@”tgﬁbﬁgyevery

| i ght bl ueesiscisity myliiglermyelogenT baatennsmiyaloniad ds vaerdibereirhielates ipta wmar or

e haded ZATREEAGY G EGGe rBrhdf AMAb i honkinbdGyy P61 A IR,

at r.t. fomygomaf as used erehimhearsta dinserhipated melignantineogiasont efplasmar 50

m of CH2 R ) - m
of water. q‘A%P g&%&l\r’}?éﬂﬁgﬁtgh%%ﬂn@ghﬁ@ﬁeg@gn@jk%m&oyiaaﬁ{%gt:%hén é?arf S
obt ai ned vitdompbnéntr{s hemoplenalinmairioglobiiin framenent; bepodiatiad With widdsihdad
and MS dat firnmed, U4117-51- 30). . -

(28, 3R) - 3- %‘g‘ﬁ-ﬂbcd%?'%@ﬁ ’&ﬁ%"ﬁ'&g m‘g%ﬁ%"i*fé‘%@"??pfﬁaew PEIIRFTRIFIMB A ne
E 2- ca; boxygrivocaivic Mrh}dcywsamw&i&)m#ﬁplemy@tﬂngﬁ isdmmﬁble(by the use of N
28,3R) - 14(2E, 42)-(S) -1, 2-. Di net - hexa-2. 4-di enyl) - 3- (,3- 0X0- pPr.OpYy
byt ol i TR i ATt ey e dE Ry (e Bvertiel dEptas b e oRnas o

i s added pﬂm&agwewmm%ﬁgeéﬂggmyéio% WO Yesistant 16 convifntiehalst i rri ng
at r.t. for, 30 min, NaBH3CN(O.3 g, 4.87 mmol) is added in one _
portion, AFEBIOSTBRYing at r.t. for 1.5 Hrs, the reaction solution'is
diluted with 50 ml of ether and washed with 20 m of brine. The ether
| ayer is concentrated and the crude product is purified by

chr omat ogr aphy. (CH2C12/ MeOH: 97/3) to give a pale liquid (405 nyg,
30.09% . (NMR and MS data confipi@hacadtitdlidorgostidhs

(3aS, 7aS) - 6- Phenet hyk1- aS) - 1- phenyl - et hy1) - oct ahydr o- pyrrol o[ 2, 3-c] py
ridin-7- oH hpgntion relates also to phamaceutical compositioris comprising a compound of

(28, 3R) - 3- !6511@5 ‘F,Q@i@r' (3 i %%@%ﬁg&% é %%(faggpbnﬁ@é;c ofthBYivenBi AISh pf-n

e-2- carboxylic acid ethyl ester ' i's dissolved in
20 mL of NeORCKOHraatoenter@spelied offrpatmeant ofra kinase depgndenigli@aserespecially
his, the s ' | ' ok ~
NCL( 379 e e rEhed Satds HerfBndly HBlK, P cofipbfite 8 B Uk ol 16 phams
di ssol ved dautitalprepafationg @nd theintapifciores dspdoialydor saidheast silica gel
plug and eluted with OH2C12/ MeOH(93/7) to give a pale glassy solid
(250 ny, 78.9% as the acid. (NVR and Ms data confirnmed,

U- 4117- 60- P& preSentinveotion alen (€lat@S+0 poo-dgoéf acerdpgundezfiomaliz hthpt convert

DMF at r.t. Is .added diisqpy | et LN Y f it
stirring df "’P’.%tt?i ﬂ*eo?o"%ﬂw'ﬂ ,Ofgé}éyﬁjﬁgo%i W@?e?%ea‘lgg] ‘E‘ﬁﬁ%’%{’ f?;onnu!ai
equi val entis therefdre8 Be(Und2rstond asitederting also tdife dosreapisheting protdrags of the
reaction m xture, ?%C@qtinued t 0 be atir%r&‘ed for 1.5 h (or nonitored
by TLC). THUPRQURH O IHMUlE 85 BRPTPRNAIF PDY SPRHEN et her (1X5-10 times by
vol unme of the solution), and washed with water( tw ce X3 by vol une of
the solutign). The conbined organic solu ioq is concentrated. .Th

crude prodiig Phasmareiogieally accRPEPiEPTPRHRALRT the PEseR! INGYen MayRp present

purified by g 5@ 96 PR STEIET o\ RENEr b DF phBmeHceatied! B atisy that
(70-95% yibiél d)em{%vﬁ and I\/Blgeg{at a cﬁ% med Lp} 4117-102). II};'?ocedur e
comprise an effective amount of a compound of the formuta I, or a pharmaceutically ac-
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(NVR and Ms data confirned, U 4117-105).

(S)-N-05)-1-Cycl ohexyl -24( 28, 3R) - 24( et hyl - phenet hyl - am no) - net hyl ] -
3-net hyl -pyrrolidin-1-yl)-2-o0xo-ethyl)-2-nethyl am no-prop, i onam de
(conpound 23): Prepared from conpound H foll owi ng the procedures
established in Scheme 5. Exanple 3 Schenme 6 Dipherrethylamne (0).
To a solution of phenyl acetal dehycle (6.0 g, 50 nmmol ) and 2-
phenyl et hylam ne in THF (200 m.) is added sodi um

tri acet oxy- borohydride drop wi se. The solution is stirred under

ni trogen overni ght at- roomtenperature. The solution is quenched with

aq. satur | | . ext I i C
(4x100 m %@ﬁ%ﬁ%%&?%}%& rac E‘gga%i&é?%Fhﬁgg?mmgﬁéeﬁ%t%h%gﬁgg By
under vac uuganicoromgaricdiedid ios igeidi phastatgutithllysicce pleblestaotpra (dayri¢ranatec a
gel ; Et OA‘}{a OH 9:1) to provide 1.25 g (119% of the conpound D as a
clear oil. H+= 226. 10.

D phenethyl -(S)-1-pyrrolidin-2-ylnethyl-amne (E). To a solution of

S)-2-F | |i di,ne- 1z | i i d ten-but ter, (1.0 9. 50
ol 5 and TheriverSin Iees Hsadp A e Bpdlite) caipostibe insl Sisgblir dumint
triacetox mﬁ@wﬁu ivdﬁnmcxwemamaﬂéwe&iau)yr% homaiw fordb icelieok mdhﬁs geriv_édh
nitrogen qverni { { oom.t enper at yre. e solyution I,S enched Wt
20, sat ur Ji0BYA SBPTR e ATB AP SPCIRDY JiumaRy & S VAP RV PY) ot dhes Eeattient
Wi th Et OA®f (thispH dibibaddispetitsihe inshicie BBo alcRideaid prdentidin sfg=and
concentrat ed u?der vac%sg}diThe resi due i,s pur

ur fi ed by flash -
Chr omat og PRIy 39515t) 8idisares 4 remongs Is Impibitgn gf el Kiaage petiiy.
oi | . The Yehipfidngiah dnfouti 868 kyMBolAY 6 B POES PRdithacaMtidaly acddpfatlid Balt
m.) is added and the m xture is stirred at roomtenperature for 3 h.
The ni xt urtieereel, pesferebly vwhiehis afgcivedor said mhibition, tngsther wilh at feast one
di chloro alized with saturated sodi um
bi car bong'?}g.a T :ﬁlﬁ%}g{gﬁ?@ﬁg’?@@%ﬂr acted with dichl oronet hane (3x50
m). The organic extracts are conbined, dried and concentrated under
vacuum to T%ﬂa‘ﬁ'aﬂﬁélce%céh &ﬁ‘ﬁ%ﬁki s ?Ec?o‘?ﬁ)ug ™ tnb! .e'i'rﬂ%rl ErsROROISP Enferat uh
is used in the next step wthout further purification or
char act er iagd@sanrects epowhdr ERyentdral, sudoasintramussular or intravenous, administra-

s L eXELObRehalosneni ERagRual ARGy, 47 0y8kol e o

stirred f dhe pitarmacalpgicaiiy activeingredipel alone er toghther witk el sigriiftnanbameynt of a

' adie. PRAEiyed e Hokephte hter el ddhetr e STl Blondeth e

t hen di | utspeciby obwhrer-blo206d ahimairthe badhedighe thecage arid thewndivideal coddition,

citric aci,d,. (.50 wat er ..( 50 ,esatd. ag H 50 ni. n

br i e ( o iRyl PRREnR BRI deter Iecch SR 1p PRirodlRt 20 Mo mePs cLadiitiste-
vacuum Thigns esidue is purified by flash chromatography (silica gel;
Hexene/ Et OAc 2:3) to provide a yellow oil. The yellow oil is

di ssol ved In dichloronmethane (20 nL), TFA (10 nL) is added and the

m xture i Shetihvahtioh Alates aotte ENRERbY bEtrédtment fopd diseadd thalrespongs fosnhibi-
concentrat ed gnd the residue is dissolve or onet hangm&#(gg@rgg

| 8 in digf]h"l r
and neut r PN 968 PIRIEH KNase R0 aRsaliGratie diseasen which CPMPrises 4

ext ract ed (widifst e eRiGHERL DanReb PreBhyikdticall s c@pssatychersbeatdally afféctiy
conbi ned, (% iIe(; an@ﬂegf(i)ncent r at gdf%{ngeﬂé%l/acm tg Prg\c}i g?egp780 pé‘\e 52%3

two st epsy@masint efacompoundc forauial peaprdian to the lnveaptiom of adattame for
wi t hout f bl ' LRE ' | vemsl i

sol ution gﬁ@ﬁgggéu&@gﬁéﬁﬁﬁb g%ni ne@?ggﬁbgg&?lw?% nmol gai&l‘br(]jz%I-’\I/nlg-arl()ga(q)t
m) is adésamgleisbymapythal ayegeauns of onaddhamentioned disrasps. reRLIes sUchr e
is sti ”eqrefaf?ﬁ A0 m nutes at roomtenperature. Then a solution of F.
HOBt (267 nuy, Tog mmol ) and HBTU (751 ng, 1.98 mmol) in DWVF (30 niL)
is added. The m xture is stirred for 3 h at roomtenperature, and
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Schene 7 Conpound I. Conpounds G (122 ng,1 mvole) and H (226 ng, 1
mmol e) are dissolved in 5 nL DME. To this a mxture of 1 nt. 2 N eq.
Na2CO3 and 50 ng Tetrakis is added. The resulting m xture is degassed
for 5 mnutes, stirred at 90 C for 6 h, cooled down to room
tenperature, and concentrated. The residue is purified by flash
chromat ography (ethyl acetate/hexane) to provide |I as an anber oil
(204 nmg, 90% . The crude product is used directly in next reaction

wi t hout further purification or characterization. Conmpound J. LAH (38
ng) is added to a solution of I (226 ng,1 nmole) in 5 nL THE O C. The
t enper at ur gﬂn&

further stTﬁr (ratt;f?dé gﬁ%ﬁmgﬁ”'ﬁ’ 6ﬁhélrféer§]\gﬁjloélr%l %ﬂgﬁg%&ﬁk &% g%%ﬁmé a‘rf]kgﬁergf}fj
Fi sher nethbel admlrﬁat@reédo aasmddensisdtanimalg, fovexample tmmanasf aprrotivateds &0

Further - pipPPREAPIOBh e iied Akl Bl 5RGH AR (8 more s

of conpouretzably frtaBapmyoxitaiaipi e)ngmcapmmam@tsm 519, mtst preferably fromEbourhlL

chl or of or ih t IO | ded
product K 128 g tofgBl LD Sty RidEbrBRGP RIETS g ot
1H), 7. 72 iy, irpxariplé/bé of thaldamersids A Bualy, childieh reoéw@haﬂfsnf tﬁtl—&duitdose
Compound L. A m xture of 3-chforopropyl arnine hydrochloride ( 140 ng,
1.1 mol ), aldehyde K (196 ng, 1.0 mmol), and sodi um carbonate (212

my, 2 mmITheIphamcemlédiQoﬂ’ip))sihﬁnsstdmpﬁsé frone Bpprefinatély 1 %0 approximately

(5% 20, e BEGaPRY ™ APPRAAIEH 2RUe PP BeY Nore s RO TrAbar-

(15 Torr) mabemmc@ﬂp%mao%b}dinmrtﬁe fiveiticrapkebe, fbaéﬂanmé Wk Boss
used for the ne reactl on thoui furkher puri flscar g@ daM +Ft + 272,
a

cab. 272) TP i the farAonampopiesyyials. SyRpositere bietsioie
suspensi ORa@dyldd. t hi um powder (75 ng, 10 mmol) and a catal ytic anmount
of DTBB (30 ng, 0.10 nmmol; 5% nolar) in THF (5 nl4 at -78 C. The
resulting mxture is stirred for 2 h at same tenperature. Reaction is
quenched whk i leuticd cBszoé‘i‘hbﬁ’é"bﬂEe b%eﬁﬁﬁ%ﬁ@f] %Fe?pltegafétﬁﬁ alrRargfer C
The resulting solution is purif successi ve aci d- base

ext ract i ofngWR ﬁEYZSGvaTﬁifﬁWﬁ by n*@aa%p eptiongl cﬂfﬁgohamw lyopllizing: osing,
hydr oxi de ution is extracted with ethyl
acetate (gﬁa%ugagﬁﬁtngngﬁﬁé{d ?éd over Na2804 and evaporated to
give pure conpound M ( 214 ng, 90%; (M 4+14- 238, cab. 238)
Conpound 0. A m xture of conpound l\@;é‘%ﬁﬁf%ml e) , compound N
(257 mg,1 mvol e), HBTU (460 ny, 1.2 T (170 ng, 1.1 nmole),
DI PEA (5124 cumpo@ndmﬁtr@)foannlas mﬂy diivirbe ysard toradeaniage mcgminaﬂmewnh other

ared overfiretSiBid heiE, SSin b RirtraE Badts Hehde Binile nfl i i aro-

is treat ed}atéﬂmnﬁibitd:spénti’éb&é‘géﬁsi'téﬁo(sbmb)'asesltlmmblmds ftqm?léprherase H inhibitors;
505 (- iEtolBylR'2tS SaeAlh SHkainb ARt BRlche EapAYiatE inrtfelé dnfipumas
E 2 6738 ng, 11Nhiﬂmiufi)ce deil_llg?réﬁltﬂgbﬁ b&lo?aisema Of?l&ﬁ@gegﬁgginmmiﬂzfﬂ)hﬂhﬂﬂ i B bltors)
, 1. " ng, . €) iu: ) mmol e
ind 5 o ERROR DHEor: c R AP BRE OBl GoERRNF S RO RCET bt
(25 nm), }(tﬁ(@jé\ﬁ%ld@c?dhsﬁ@@bmt&ﬁ ioR gzald Hinaed afiay ahl Bither bhihbﬁg!egemand
e

concentra he resultipg residue is treate h 2

I TFA (1/ 1)30"\3?‘#’}4%60'%“B?U@S%V@%f%%ﬂc‘é‘?ﬁf?%ﬁeéﬂ 'M‘rgﬂe\?‘éﬁﬂn{?ﬁ? acﬂ?%%"r lipid

gggorrat ogrfﬁaéﬁh Zyggvg&ﬁﬁoﬁa A i%t@%nﬂ-%néro@éﬁ@ n¥hibeine sRlikcheplide no,
cal c

(S) N- ( ( Sjnhibiteys bispBRsRhOpEteS; wloefqah%ﬁ&pgngﬁ pegiirrerAntprglifarative anthodies

t - 2- oxo- eth@kﬁrtan% if:mﬁlsaﬁh ol é?ma%rl:ﬁ‘ﬁbgﬁué Réforms; telomerase inhibitors;

(S)-2-Met hanesul T ony oxyrre pyrr0| di he- 1-carboxylic acid

t ert - but yipredeaseme lnme)torSAaQer‘éwseﬂ indbe treament piiaeatolpgicinalignancies;
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carboxylic acid tett-butyl ester (1 g, 5 mmft, dichloronethane (DCVM
( 20 m.) and triethylamne (0.70 m., 5.2 mmol) is cooled to OC under
N2 i s added a solution of nethanesul fonychloride (0.38 niL, 5 mm)) in
DCM (5 nlL) dropwi se over 10 mnutes. The reaction is stirred for 1
hour. After addition of DCM (100 nL), the reaction m xture i s washed
with brine, dried and concentrated in vacuo. The residue is purified
by chromat ography on 5102 (5% Et OAc/ Hexanes) to give 1.38 g of

met hanesul fonate ester (P) as a clear colorless oil: LCM5 (ES) 280.10
(MH). (S)-2-(Indan-2-yloxynethyl)-pyrrolidine-1-carboxylic acid

I'ef t - but yl copgdods whlch ta'ﬁget, dBLie%es oFRhbRAE adtRitPoFit-34H<og0Mhibitdrs;
added to a flame dried flask charged with indan-2-ol (0.965 g, 7.2
nmmol ) and tRmezapmisiey EMQRAL®E and veriro ), cooled to OC under N2
and stirred for 30 mnutes. A solution of (S)-2-

Met hanesul X ST g e Wl f |4 ' i
estor (P [T SHEalee MBI B P e RIDRRE L 8 RS E i ifbis the
reacti on reskogerpioducininl.e. theGerversign ohtheduhstmates awirogtaeedicae andtestaste-
stirred at ; ' i

i1 Ut od wi Ph AR 208 Rl o, PP B TR or GG BVt il tostero
concent r atidel gspegaly piamesiane caxemestane andrfomiastarisyansh incvariedarapen-seroids,

gllggr ( g"o/? O%g@gﬁ%ﬁmg@%ﬁi%, Y@J%?ﬁd?,@i@&@ﬂ%id@? fiilstdife, té%?ol?ctone‘l
('S) - N-{ ( 3)ketelOperaihaopizole, fdspzale,(dnadtiozdd andkipirezdlg. Gxapyestase einbelagni-
]( ( 523) ?ﬁ ( Sfﬁl%&@/d&%ﬁg@ p%é‘gﬁ %? ‘ltgé 91%'1!%?3@9@99. unféthe trademark AROMASIN, Form-
[, s sty ot ettt
it 2sor oo TENTRSPHrFibzdlkb% pE BBt £ 1R otn BV RS mafhpted, oy

for 45 m rdgreéise tradeendrk AFERDN Anastrozale can beadmhiigtaedde.gn iviueform as itis

P byl i haReE e8! L i Fiden AR AT MIBES. ool Sap e Al Slerd, ., n
T b oeobonss foris d¥ NG PRANOLY shiEh e Gedohlark PRAMRS O FEMAR. Aminoght
o S EORENIoh S b BRItk 8l JA Rt 2o s HReteh ShBaet thh tapg-

of NWP i s iakiGRIMETEN 7 edbindtoribithé ﬁﬁehﬁbnaco?ﬁgﬁhlh‘gfﬂ/@werﬂ'chﬁerapeuﬁc agent
het er ogeneous m xture is filtered t hed of Ce

[ AR hrour?ha lite d the
resi due i SVRNEI S alpratasedmybitor Ispartieylarly ygeful for the ipatment 8? Fme\xﬁm-

IN NaOH ( 28PgdsktiveRimenst BRChbRMstuhibrst OAc (3 x 100nil). The organics
were conbi ned, dried over Na2804, filtered and concentrated under

reduced pressureg to give crude,product as a yellow,oil which i.s

bur 11 e BIPEBOAMERTRIAR 95 LaER De IO PABdg e Shiagonizes the
br omp- 3- phafeKyrd23ag&eatate astfcyeAreesitodktel (Theddim sL6iEs AbEZinARA to
(MF1). 5-(3- Ph_onox;r phen%;I ).- 3,4-di hydr o- ZHJ&\ér role éB - To.,a cold

sol uti on (tamagferefulvestighs frioxilepr andglonangddrachionda.q Tamgxigsnean bg sAmi-
anhydr ous @gﬁgﬁieg,lagm HRTBmY B Ris RiaF KD 4. TndsdRe radEivbik NOLIADEX, Ralo-

44. 7mmol , He mxture is allowed to stir for 30 mnutes before
bei ng addetfens hydreehleridssan beadpinidespdot.g., in the form as it is marketed, e.g. under

L- (1 't Eut A RAMESAPK B EATBE PRIV AY BB in SOTOIndRE

nitrogen via cann mxture I's a to warmto

r oom t enpesaather asininietened; letg. piaftoe rmeasibis quarketne.c-ov Undergieciradentasii )
and extra 1 . ] ; r%ﬂy

dried ove%m%' ;ﬁ:{}'ﬁglp égoﬁéﬁéﬂggpﬁ%gﬂgﬁr]g?rgﬁ u d%?h%%tﬁggﬁlegﬁgé ures.
The resi dughitls isdinsanilesteopentis gaicl@rly peefu) forihe tremtrosrdiof psiregeadieseptal t h
stirring. Thﬁ m'!xture IS Sti\r,&[‘ﬁﬂ for 30 m nutes and quenched over ice

col d sat. RESHLAMAZ ¢ EE W - 12c12 (3 x 100nL) and the
organi cs were conbi ned, dried over Na2804, filtered and concentrated
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{(S)-1-Cycl ohexyl-2-oxo-2-[(8)-2-(3-phenoxy-phenyl)-pyrrolidin-111]-e
thyl}- carbamc acid tert-butyl ester (0):
(S)-2-(3-phenoxy-pheny9-pyrrolidine (1.2g, 5.02mml) is added to a
sol ution of Boc-L-a-cycl ohexyl glycine (1.42g, 5.2nmmol), HOBt (1.0g,
7.53mmol ) and HBTU (2.86g, 7.53mmol) in 10nL of Dnr. Hunlg' s base
(3.6ML, 20mmmol) is added and the m xture is stirred for 30 m nutes.
The m xture is diluted with brine (20nL) and extracted wth Et0Ac (3
x 10nm.). The organics were conbined, dried over Na2S4, filtered,
concentrated under reduced pressures and purified by silica gel

col um chr éﬁg‘aﬁfﬂfﬁhd(' Y B %@d ﬁét%ifﬁl@%‘iés tb%n?'s\dﬁstance whlch is capable of

{(S)-1-cycl ohexyl-2-o0xo0- [‘E[ffﬁé phenoxy-phényl)-pyrrolidine-1 3[/
-ethyl ) - deibiingthedielogiealieiBaisaf a@@@éﬁ"'ﬁ@ﬁ“%ﬁsta@dﬂw byt igmot limited
669 . LCMg, rﬂuzuﬁ;&d% %@Ddﬁhh%h%n‘H%%%n@é(t%hoé’ﬁxélsldiécloééa mdsd 3- ph
en oxy-ph en yrroli 1-y11- et hanone To a solution of
{(8)-1-cyd -2-0X0-2-[(S)-2-(3- phenoxy phenyl) pyrrolidinel-y1J-
ethyl)-carbamic acid tert-butyl ester in CH2C 2 (20nL) is added TEA

(10nL) and hbh@mi“g‘ﬂnﬁ&&ehﬁ aéémét“ esubay hé”r@rnﬁhélh'&@ buti§ Roffinited B db%rehx
concentrated under reduced pressures to

(S)- 2. ani 9Setely and Beseralin acatals. GoperelmisHisolset inySys A2 araﬂ panbe

Il -eth T
71T ML, e S St RO OLNORY,

-1-y1) - et r@xrcaarlwmmd@tnsuggmémlowrb 81584&80 tert-butyl ester
(F): To a solution of Boc-Nnethyl-L-alanine (771ngs, 3.79mmol),

1B 7001 ey AS5TRbherags VB B Rga vl ko, i RVt s o  iobo-

added (S)-2-am no-2-cycl ohexyl
( 3- phenox Qeqmeameatecwr irgptegan.- thmeclﬁaﬁoﬁés anajogyesgR-nitgrpamptothecin and

17. 25mol
ot no( 20 RGOSR campdhodf EaiBba NG 2608 EApSlId AP Wody
conbi ned, 1&8%)dlrmwtacamaam administerasti e. g;dmibe demuasill isunaketedes €.9c bader the

pressures @Bgsngl—j{ Cﬁmo%n\eﬁ.gdgg Eﬁ%;fug% %%g?ﬁ% gﬁﬁmé‘/foﬁﬁ QL% is mar-

Et 0Aci Hexane cyc dhex 1-

2- 0x0- 2- [ (ksjed2e g3updariox rageroark HYQAMISN.odi n- 1- yI f et hyl car banoyl yet hy
| ymet hyl carbami c ads tert-butyl ester as a white powder (1.3g, 849%.

LOVB 'z 564 16 Il infibiter” jude bt t limited to th
(S)- NA(S) - mﬁ%"x""y"f"ezméio"}l'? 35 yspd fjerein includes. butis not limifed jo fhe,

yl | et hyl )agthmmw@mmbaprd@pombm urar)g lippsomak rrnu iatm@ﬁg CAELYX},
((8)1. {(?;a_ ér?gﬁlnﬁg ﬁ‘%}cm idaru cm andn m%i'ublm tqelantl?]raﬂumones m|t?)f?g{ y?

2- 0x0- 24( €noxy- pheny yrr of car banoy
yet hyl carpdidsoxantones and mﬁgodopbﬂleioxmesemgslde and tﬂm;bc)srdm Efmaside can

Concent r atBeiersch dok aurB T by B alled 8 4 WA Fe i ce ' °
col /(;J m L(c::'r\\/rgi‘mcolghﬂaﬁhyenlpogd@ eam he agmindsietsdas. gainTive\foseil ds if i3 70ansted, e.g.
829

4.1

(5 5. ( TropBerts gradmpn V28R RIS Doronyhiein gpr be geminisiersc. gk §) the
ester b(tA) lfoﬂfﬂa@tt&ﬂ’?ﬂﬂ(em , 8fg. OﬁderZh@aanmthAsﬁwe?mamvcm .aci d
tert u ) A i me or ma

' Prs niohicitan g SaRIcIS G0 1 e aBits HRiEler 5. AARENT 6 Pde-
(1|50t Ny, Zndtk Fﬁﬂ%@RU?l‘(ﬁgﬁ}Mdeiﬂﬁ chf betadmimisterdd, Qgtciﬁﬂﬁ@lform it i |s The
solution is poured into 5% SO onvvl I
i xtur o STk ngRr RaasiaEnark RBVEIC MlcRatane oA A DleRp o
bri ne, drl.ﬁﬁmeafaﬁn 26 AS ARHIASEE. 4 VAGEr HBGMUBMaHOVANIRON.] i s used
directly in the next step W thout further purification. MH+= 240.

Lot -but y N84V TIBPROHE dabetREipfos s TECLBIB R fifotbule
N-di met hy |lgeb@bhiRgiegents andiniciotulitgelnie2elorl ihibfors indudindlTRi hotisited to

taxanes, e.g. paclitaxel and docetaxel, vinca alkaloids, s.g., vinblastine, especially vin-
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stirred at roomtenperature for 1 hr. The mxture is diluted with
Et 0OAc and washed with brine. The organic |layer is dried and
concentrated under vacuum The residue is purified by flash colum
chromat ogr aphy (Hexanes/ Et 0Ac) to provide 404 ng of the title
conmpound M+Ht = 330, and 401 ng of the other region isomer (S)-2-(1-
Benzyl - 1H-tetrazol-5-yl)-pyrrolidine-1-carboxylic acid tert-butyl
ester (CQ. Mi-H= 330. Conbined yield is 87% for 2 steps.
2-Benzyl-5-(S)-pyrrolidine-2-yl-2Htetrazole (D). To a sol ution .of
conmpound B in DCM (5 nmL) is added triethylsilane (479 uL, 3.0 nmol)

and then Thidsting sikdte, iRGishife ugr%éé&ihépsmﬁi&ﬁ eaghifdle, BRPUNBRIGSE, Aidto8ein®)-

1 hr and dried under vacuum ude oil is used directly in the.
next step lfestroghicihgrandeapothilones abd Aesivativgs tberepf ®@.g. epothiloné B or D or

2-1(S) - 2- 42 - =5 i g - ~2-
oo oty ) AuaRE Herch, PLEEA ey darifiien £ ind by &/ snite
(S) -t ert - bag.oQk.Henoptaxe! carche pdmgitredongi i the ferm a2 isonatieted, ag.

T, 0. 656 Shosf {helf=telr SARETERE Mhtctutie Btagd oy Be FEBItetoli) b of P
m xt ur ed| sbfosn Z13 nt@lrnatkerter:;?%.emﬂerwsmmdemerk ANBLASTES R.A. Victistinersuliate
enetion repratiinREted, o "iRE i s s Tk el 4 b e g ragelitic

concent r at PARMIBIEN. Diacodenmolide carebe dutrined, elgl, at disclused rB8AC010[088, Also
and br i ne. MR ReRRaS dpHyEheR shicArS et bAD e U AT Lkurda. 101,
\(/acuum Thwg%ilm, V\&)Bgmﬁﬁﬂngbml)Q‘MmB, Wit gnggm m‘gtﬂg‘;\%b@lﬁm%?. 266
Hexanesi Ac) .t o provjde fitle c und 190ny % . MrH+= :
2- Ani no- 15%%99%-"3( ECQ%QFFA@?;Q@EEOPE%?"-‘@Q%) -pyrrolidin-1-y11-2-cycl oh
ezyl et hanone; conpound with trifluoro-acetic acid (F). To a sol ution
of conpountheBetm “ANKALG adent’i a6 wdddereiitivcudesibut &t nd Gmitet éo, sytlophaspha-

i ti d_at i { f 1 i .

crude of | e EEPHEPCEEPeEh  iiosRute BER i GlgEh s GiapYs amde Ban

purificati lﬁmadmmistéfed,%@l. in the form as it Iis marketed, e.g. urlldedr the trademark CY(.‘.I.l(}-h
3)-142- -2-(2-B -2H-t et - b- - 1 din-1- -1-

L 2- ox o TNy MasiFmERAy i S Eisiated - B B b Raharkeibas b fder B2

ester (G .trademare PIOLOXN.Of _ _ _

(S)-2-(tert-butoxycarbortyl-nethyl-am no)-butyric acid (53.0 ng, 0.24

| i 2 .. i dded HBTL). 5. 0. A | 4. 6
Ol 55 s G Distone Rediteot Tmba? B ok sieitrd Fates b Bhpiilits
m xt ur edi lséwl_ﬁéﬂ il‘ggf\t/lﬂ tgé histome d@gpﬂ(ljabmd wihioh rﬁ:saﬁMrEiprolimrtaWaﬂdﬁuity. dhis
coO oun - 1. N IS, a e ove m e, a e
PR HndidrRearyauah disgIREd LW R E e B N arBhy- 3@
concent r at yareiyeay P MO )otas-simoletioneasl-HE LIprEpAmIa/te
by ¥ e e Y2 o Br L ingo SR S i B E I AR netar
vacuum Thﬁg?éh#ﬂﬁd@iahd bﬁ?ﬁﬁ@féﬂﬁ ug%rﬁ@ Gicbaptible BHIEs thé?@qf. 9t faFth&y ddpevitily

further puritication. ) o,

(S) - Nt ( 2- [ Inglydes gubemapianilidehydraxanais elddSMHN-pyr r ol i di n- 1- y1] - 1- cycl oh
exyl - 2- oxoet hyl ) - 2- met hyl am no- but yram de; conpound wi th

& addod T B o e 1T bt oo et
i s adde a : e. solution is irred, at roo - :
t enper at ur &FPofapechabing,@emsiEling, hE'rA W%m@eepuazécrbqqnéiagacyudme and
purified bysdiBbife MelRbh¥ds ahd@dhairélate, GRaRENiRid Atdgdntsts 46ch as Exanpl e
8 2- (Benzyl oxyl m no- net h

1) - Iidl ne-| - || i d
tert-butyl pwtaxedﬁﬁ;apenﬁ?ainé@%D%&\%‘%ﬂﬁlists%%z91&%B@%Fﬁ%ﬁﬂgé merigaep. e.o.
16. 56mml e} dp Flfgdtl}’ad&‘riérﬁ IO BaméihMedaf be administered, e.g., in the form as it

2-fornyl -pyrro ne-1-carboxylic acid tert-butyl ester (3.30g
is marketed, e.g. under the trademark GEMZAR. Also included is the monocional
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{(S)-21Benzyl oxyl i m no-met hyl - pyrrolidineil-yl]-1-cycl ohexyl- 2-oxo- et
hyl | carbam c acid tert-butyl ester (C). The solution of
boc-L-a-cycl ohexyl gl ycine (1.27g, 4.92mmole), 1-hydroxyl benzotriazol e
(0,999, 7.38mmle), dilsopropylethylamne (2.54g, 19.68mvle), and

0- benzotriazol e-N, N, N, Nt et ranet hyl - ur ouni um hexaf | uor ophosphat e
(2.80g, 7.38mmmole) in dichioronethane (30nml) is stirred for 15
mnutes at roomtenperature. A solution of pyrrolidine-2-
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e.g. midostaurin; examples of further compounds include e.g. UCN-01, safingol, BAY
43-9006, Bryostatin 1, Perifosine; limofosine; RO 318220 and RO 320432; GO 6976;
Isis 3621, LY333531/LY379196; isochinoline compounds such as those disclosed in
WO 00/09495; FTls; PD184352 or QANG97 (a P13K inhibitor);
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g) compounds targeting, decreasing or inhibiting the activity of a protein-tyrosine kina- -
se, such as imatinib mesylate {(GLIVEC/GLEEVEC) or tyrphostin. A tyrphostin is
preferably a low molecular weight (Mr < 1500} compound, or a pharmaceuticaily
acceptable salt thereof, especially a compound selected from the benzylidenemalonitrile
class or the S-arylbenzenemailonirile or bisubstrate quinoline class of compounds, more
especially any compound selected from the group consisting of Tyrphostin A23/RG-
5081C; AG 99; Tyrphostin AG 213; Tyrphostin AG 1748; Tyrphostin AG 490; Tyrphostin
B44; Tyrphostin B44 (+) enantiomer; Tyrphostin AG 5§55; AG 494; Tyrphostin AG 558,
AG957 and adaphostin {4-{](2,5-dihydroxyphenyl)methylJamino}-benzoic acid
adamantyl ester; NSC 680410, adaphostin); and

h) compounds targeting, decreasing or inhibiting the activity of the epidermal growth
factor family of receptor tyrosine kinases (EGF-R, ErbB2, ErbB3, ErbB4 as homo- or he-
terodimers), such as compounds which target, decrease or inhibit the activity of the epi-
dermal growth factor receptor family are especially compounds, proteins or antibodies
which inhibit members of the EGF receptor tyrosine kinase family, e.g9. EGF receptor,
ErbB2, ErbB3 and ErbB4 or bind to EGF or EGF related ligands, and are in particular
those compounds, proteins or monocional antibodies generically and specifically disclo-
sed in WO 97/02266, e.g. the compound of ex. 38, or in EP 0 564 409, WO 98/03854,
EP 0520722, EP 0 566 226, EP 0 787 722, EP 0 837 083, US 5,747,498, WO

98/10767, WO 97/30034, WO 97/49688, WO 97/38983 and, especially, WO 96/30347
(e.g. compound known as CP 358774), WO 86/33980 (e.g. co{npound ZD 1839) and
WO 95/03283 (e.g. compound ZM105180); e.g. trastuzumab (HERCEPTIN), cetuximab,
Iressa, Tarceva, C1-1033, EKB-589, GW-2018, E1.1, E24, E2.5, ES.2, E6.4, E2.11, _
E6.3 or E£7.8.3, and 7H-pyrrolo-[2,3-d]pyrimidine derivatives which are disclosed in WO
03/013541.

Further anti-angiogenic compounds include cotnpounds having another mechanisni for
their activity, e.g, unrelated to protein or lipid kinase inhibition e.g. thalidomide
(THALOMID) and TNP-470.
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Compounds which target, decrease or inhibit the activity of & protein or lipid phospha-
tase are e.g. inhibitors of phosphatase 1, phosphatase 2A, PTEN or CD(G25, e.g. '
okadaic acid or a derivative thereof.

Compounds which induce cell differentiation processes are e.g. retinoic acid, a-y- or 5-

tocopherol or - y- or 8-tocotrienol.

The term “cyclooxygenase inhibitor” as used herein includes, but is not limited o, e.g,
Cox-2 inhibitors, 5-alky! substituted 2-arylaminophenylacetic acid and derivatives, such
as celecoxib (CELEBREX), rofecoxib (VIOXX), etoricoxib, valdecoxib or a 5-alkyl-2-aryl-
aminophenylacetic acid, e.g. 5-methyl-2-(2'-chloro-6'-fluoroanilino)phenyl acetic acid,
lumiracoxib.

The term "mTOR inhibitors” relates to compounds which inhibit the mammalian target of
rapamysin (mTOR} and which possess antiproliferative activity such as sirolimus
{Rapamune®), everolimus (Certican™), CCI-779 and ABTS78.

The term "bisphosphonates” as used herein includes, but is not limited to, etridonic, clo-
dronie, tiludronic, pamidronic, alendronic, ibandronic, nisedronic and zoledronic acid.
*Etridonic acid" can be administered, e.g., in the form as it is marketed, e.g. under the
trademark DIDRONEL. “Clodronic acid” can be administered, e.g., in the form as itis
marketed, e.g. under the trademark BONEFOS, “Tiludronic acid” can be administered,
e.g., in the form as it is marketed, e.g. under the trademark SKELID. *Pamidronic acid®
can be administered, e.g. in the form as it is marketed, e.g. under the trademark
AREDIA™, “Alendronic acid” can be administered, e.g., in the form as it is marketed,
e.g. under the trademark FOSAMAX. “Ibandronic acld” can be administered, e.g., in the
form as it is marketed, €.9. under the tfrademark BONDRANAT . “Risedronic acid” can be
administered, e.g., in the form as it is marketed, e.g. under the trademark ACTONEL.
*Zoledronic acid” can be adminisiered, a.g. in the form as it is marketed, e.g. under the
frademark ZOMETA.
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The term "heparanase Inhibitor” as used herein refers to compounds which target, de-
crease or inhibit heparin sulphate degradation. The term includes, but is not limited to,
Pi-88.

The term “biological response modifier” as used herein refers to a lymphokine or inter-

ferons, e.g. interferon v.

The térm “inhihitor of Ras oncogenic isoforms®, e.g. H-Ras, K-Ras, or N-Ras, as used
herein refers to compounds which target, decrease or inhibit the oncogenic activity of
Ras e.g. a "farnesyl transferase inhibitor”, e.g. L-744832, DK8GS57 or R115777
(Zarnestra).

The term “telomerase inhibitor’ as used herein refers to compounds which target, de-
crease of inhibit the activity of telomerase. Compounds which target, decrease orin-
hibit the activity of telomerase are especially compounds which inhibit the telomerase
receptor, e.g. telomestatin.

The term "methionine aminopeptidase inhibitor” as used herein refers to compounds
which target, decrease or inhibit the activity of methionine aminopeptidase. Compounds
which target, decrease or inhibit the activity of methicnine aminopeptidase are e.g.

bengamide or a derivative thereof.

The term “proteasome inhibitor” as used herein refers to compounds which target, de-
crease or inhibit the activity of the proteasome. Compounds which target, decrease or
inhibit the activity of the proteasome include e.g. FS-341 and MLN 341.

The term *matrix metalloproteinase inhibitor” or {"MMP inhibitor”) as used herein in-
cludes, but is not limited to collagen peptidomimetic and nonpeptidomimetic inhibitors,
tetracycline derivatives, e.g. hydroxamate peptidomimetic inhibitor batimastat and its
orally bioavailable analogue marimastat (BB-2516), prinomastat (AG3340), metastat
(NSC 683551) BMS-279251, BAY 12-8566, TAAZ11, MMI270B or AAJ996.

The term "agents used in the treatment of hematologic malignancies” as used herein
includes, but is not limited to FMS-like tyrosine kinase inhibitors e.g. compounds tar-
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geting, decreasing or inhibiting the activity of Fit-3; interferon, 1-b-D-
arabinofuransyleytosine (ara-c) and bisulfan; and ALK inhibitors e.g. compounds which
target, decrease or inhibit anaplastic lymphoma kinase.

The term “compounds which target, decrease or inhibit the activity of Flt-3" are
especially compounds, proteins or antibodies which inhibit Fit-3, e.g. PKC412,
midostaurin, a staurosporine derivative, SU11248 and MLN518.

The term "HSP20 inhibitors” as used herein includes, but is not limited to, compounds
targeting, decreasing or inhibiting the intrinsic ATPase activity of HSP90; degrading,
targeting, decreasing or inhibiting the HSP90 client proteins via the ubiquitin
protéasome pathway. Compounds targeting, decreasing of inhibiting the intrinsic
ATPase activity of HSPO0 are especially compounds, proteins or antibodies which
inhibit the ATPase acfivity of HSP90 e.g.,17-allylamino,17-demethoxygeldanamycin
(17AAG), a geldanamycin derivative; other geldanamycin related compounds; radicicol
and HDAC inhibitors. ‘

The term “antiproliferative antibodies* as used herein includes, but is not limited to tra-
stuzumab {Herceptin™), Trastuzumab-DM1, erlotinib (Tarceva™), bevacizumab
{(Avastin™), rituximab (Rituxan®), PRO64553 {(anti-CD40) and 2C4 Antibody. By
antibodies is meant e.g. intact monoclonal antibedies, peolyclonal antibedies, multispe-
cific antibodies formed from at least 2 intact antibodies, and arjtibodies fragments so

fong as they exhibit the desired biological activity.

For the treatment of acute myeloid leukemia (AML), compounds of formula 1 can be
used in combination with standard leukemia therapies, especially in combination with
therapies used for the treatment of AML. In particular, compounds of formula | can be
administered in combination with e.g. farnesyl transferase inhibitors and/or other drugs
useful for the treatment of AML, such as Daunorubicin, Adriamycin, Ara-C, VP-16,
Teniposide, Mitoxantrone, Idarubicin, Garboplatinum and PKC412,
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The structure of the active agents identified by code nos., generic or trade names may
be taken from the actual edition of the standard compendium *The Merck Index” or from
databases, e.g. Patents International (e.g. IMS World Publications).

The above-mentioned compounds, which can be used in combination with a compound
of the formula |, can be prepared and administered as described in the art such asin
the documents cited above.

A compound of the formula | may also be used to advantage in combination with known
therapeutic processes, e.g., the administration of hormones or especially radiation.

A compound of formula | may in particular be used as a radiosensitizer, especially for
the treatment of tumors which exhibit poor sensitivity to radiotherapy.

By “combination”, there is meant either a fixed combination in one dosage unit form, or
a kit of parts for the combined administration where a compound of the formula | and a
combination partner may be administered indepéndenﬂy at the same time or separately
within time intervals that especially aliow that the combination partners show a coope-
rative, e.g. synergistic, effect, or any combination thereof.

Examples
The following examples are intended to illustrate, but not further, limit, the invention.

Example 1

N-{1-cyclohexyl-2-oxo-2-{6-phenethnyl-octahydro-pyrrolof2, 3-clpyridin-1-yly-ethyl}-2-
methylamino-propionamide {9);
Compound 9 according to Formula | is prepared according to the procedurs set forth
in Scheme 5.
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Scheme

1-{1-Naphthalen-1-yl-ethyl}-aziridine-2-carboxylic acid methyl ester (1}. Toa
solution of (S)-(-)-1-(1-haphthyhethylamine (20.8 g, 120 mmol) in acetonitrile (HPLC
grade, 60C mL) is added K.CO3(52.7 g, 380 mmol) and methyl 2,3-
dibromopropionate (30 g, 120 mmol). The sclution is stirred overnight at room
temperature. The soiution is evaporated fo dryness, then H,O/EtCAc (1:1) (600 mL)
is added, and the mixture is extracted with EtOAc (4x100 mL). The organic extracts
are combined, dried and concentrated under vacuum. The residue is purified by
flash chromatography (silica gel; Hexane/EtOAc 1:2) to provide 24 g (78%) of the
title compound as a mixture of iwo diastereomers in an equimolecular ratio. M¥H"=
256.10.

But-3-enyl-phenethyl-amine (2). To a solution of 2-phenylethylamine (72 mL, 570
mmol} is added KoCO3 (82 g, 570 mmol) and 4-bromo-1-butene {25 g, 185 mmol).
The solution is stirred overnight at room temperature. The solution is evaporated lo
dryness and H,O/EtOAG (1:1) (600 mL) is added. The mixiure is extracted with
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EtOAc {4x150 mL). The organic extracts are combined, dried and concentrated
under vacuum, The residue is purified by flash chromatography (silica gel;
Hexane/EtOAc 1:8) to provide 20 g (62%) of the title compound. M+H"= 176.10.

1-{1-Naphthaien-1-yl-ethyl}-aziridine-2-carboxylic acid but-3-enyl-phenethyl-
amide (3}. To a solution of 1 (12.6 g, 49.75 mmol} in THF (200 ml) is added KOTMS
(6.38 g, 49.75 mmol). The mixture is stirred overnight at room temperature, The '
mixture is concentrated and the residue dissolved in dichloromethane (200 mL) and
cooled to 0° C, Trimethylacetyl chioride (5.94 g, 49.25 mmol) is added slowly and the
mixture is warmed to room temperature over 2 hours, The mixture is cooled to -78°
C, 2 (8.63 g, 48.25 mmol) is added and stirring continued at -78°C for 1.5 h.
Saturated sodium bicarbonate (100mL) is added and the mixture is allowed to warm
to it. The mixture is exiracted with EtOAc (4x100 mL) and the organic exiracts are
combined, dried and concentrated under vacuum. The residue is purified by flash
chromatography (silica gel; Hexane/EtOAc 1:8) fo provide 15 g (76%) of the title
compound as a mixture of two diastereomers in an equimolecular ratio. M+H'=
399.37.

1-{1-Naphthalen-1-yl-ethyl)-6-phenethyl-octahydro-pyrrole[2,3-clpyridin-7-one
(4). A solution of 3 (15 g, 58.7 mmol) in o-dichiorobenzene (100 mL) is heated at '
250° C for 1200 s in a microwave reactor. The mixture is purified by flash
chromatography (silica gel; Hexane/EtOAc 1:1; second spot) to~provide 5 g (33%) of
the title compound as an enantiomerically pure compound. M+H'=369.32.

1-{1-Naphthalen-i-yl-ethyl)-6-phensthyl-octahydro-pyrrolo[2,3-c]pyridine {5}. To
a solution of 4 (4.8 g, 12 mmol) in THF (100 mL) is added stowly 1 M DIBAL in
toluene, (50 mL, 50 mmol) at -78°C. The mixture is stirred at room temperature for 1
hour and quenched with 20 mL of water. The solvent is evaporated, the residue is
diluted with 100 mL of 1:1 saturated Rochells salt/15% NaCH, and this extracted
with EtOAc (4x50 mL). The organic exiracts are combined, dried and concentrated

48



"4 HN, |:1 H Exanple 22 M5 ESI 497.35 (M+H)

under vacuum, The residue is purified by flash chromatography (silica gel;
Hexane/E1OAc 1:9) to provide 2.3 g (48%) of the title compound. M+H"= 385.26.

8-Phenethyl-octahydra-pyrrolo[2,3-c]pyridine (6). To a solution of 5 (2.3 g, 6
mmeof) in MeOH/CH2Clz (1:1; 200 mL) is added Pd{OH). (300 mg). The mixture is
agitated under 50pst. hydrogen atmosphere for 10 h. The mixture is filtered through
a celite pad, the filtrate Is concentrated and the residua is used directly in the next
step without further purification. M+H"=231.17,

Compound (7). To a solution of 6 in dichloromethane {25 mL) is added sequentially
diisopropylethylamine (4.17 mL, 24 mmol), {-Boc-L-cyclohexylglycine (1.54 g, 6
mmol), and a solution of 0.45 M HOBYHBTU in DMF (16 mL, 7.19 mmol). The
mixture is stirred overnight at room temperature, then diluted with EtOAc {200 mL)
and washed sequentially with 1 M aq. citric acid (50 mL}, water (60 mL), aq. Sat.
NaHCO4 (50 mL) and brine (2x50 ml.). The organic layer is dried and concentrated
under vacuum. The residue is purified by flash chromatography (silica gel;
Hexane/EtOAc 1:9) to provide a yellow oil. The yellow oil is dissclved in
dichloromethane (20 mL}, TFA (10 ml) is added and the mixture is stirred at room
temperature for 3 h. The mixture is concentrated and the residue is dissolved in
dichloromethane (100 mL) and neutralized with saturated sodium bicarbonate. The
solution is extracted with dichloromethane (3x50 mL). The orqanic extracts are
combined, dried and concentrated under vacuum to provide1.75 g (79% two steps)
of the title compound which is used in next step without further purification or

characterization.

Compound {9). To a solution of 7 (1.75 g, 4.74 mmol) in dichloromethane (25 mL) is
added sequentially diisopropylethylamine (3.30 mt, 19 mmol), t-Boc-N-methyl-L-
alanine {0.97 g, 4.74 mmol), and a solution of 0.45 M HOBY/HBTU in DMF (13 mL,
5,691 mmol). The mixture is stirred overnight at room temperature. The mixture is
diluted with EtOAc (200 mL) and washed sequentially with 1 M citric acid (50 mL),
water (50 mL), ag. Sat. NaHCOj3 (50 mL) and brine (2x50 mL). The organic layer is
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dried and concentrated under vacuum. The residue is dissolved in dichloromethane
{20 mL), TFA (10 mL) is added and the mixiure is stirred at room temperature for 3
hours. The mixture is concentrated and the residue is dissolved in dichloromsthane
(100 mL) and neutralized with saturated sodium bicarbonate. The solution is
extracted with dichloromethane (3x50 mL). The organic extracts are combined, dried
and concentrated under vacuum. The residue is purified by HPLC (C-18 silica gel,
20% CH3CN/H20 in 0.5%TFA) to provide1 g (36% two steps) of the title compound
as TFA salt. M+H'= 455.39.

Example 2

(8)-N-{{S)-1-Cyclohexyl-2-{(28,3R}-2-[(ethyl-phenethyl-amino)-methyl}-
3-methyl-pyrrofidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide (23)
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But-3-enyl-({S)-1-phenyl-ethyl)-amine (A): To a solution of S-(--1-phenyl
ethylamine (15.75 g,130 mmol) in 156 mL of DMF at 0 °C is added K,CO; (53.9 g,
390 mmel) in small portions. After stirring at 0 °C for 10 min, 4-bromobutene (13.5 g,
100 mmol) is added dropwise and followed by Naj (58.5 g, 390 mmol) in small
portions. The reaction mixture, a white suspension, is heated to 95 °C and stirred
ovemight/16 hrs. The solution is cooled to RT and diluted with 200 mL. of ether, and
washed with 3 x 100 m! of water. The organic layer is dried over Na;SO4 and
concentrated, The crude product is purified by distillation ( 65~70 °C under high

~ vacuum) fo yield a colorless liquid(13.5g, 76.7%). (NMR and MS data confirmed, U-
4117-28-23).

[But-3-enyl-{(S)-1-phenyl-ethyl)}-amino]-acetic acid ethyl ester (B): To a solution
of But-3-enyl-{{S)-1-phenyl-ethyl)-amine (6.37 g,36.4 mmol) in 150 mL of DMF at 0
°C Is added K,CO3 {10.0 g, 72.8 mmol) in small portions. After stirring at 0 °C for 10
min, ethylbromoacetate {8.35 g, 54.6 mmol) izs added slowly. The reaction mixture,
a white suspension, is stirred at r.t. overnight/16 hrs. The solution is diluted with 200
mL of ether, and washed with 3 x 100 ml of water, The crude product is purified by
chromatography (hexare/CHzClz: 50/50} to give a pale liquid(8.5 g, 94.5%). (NMR
and MS data confirmed, U-4117-58).

{25,3R)-3-But-3-enyl-1-{(S)-1 -phenyl-ethy!)—pyrrolidine-'z-car“boxylic acid sthyl
 ester (C): To a solution of diisopropylamine(3.6 g, 35.7 mmol) in THF{80 mL) at -40
°C is added BuLi(14.28 mL, 35.7 mmol, 2.5 M in hexane) slowly. The solution is
warmed to 0 °C and stirred for 30 min to form an LDA solution. The LDA solution is
cooled to -70 °C and added to a solution of [But-3-enyl-((S)-1-phenyl-ethyl)-amino}-
acetic acid ethy| ester(7.8 g, 29.8 mmol) In THF(80 mL) slowly at -70 °C. The light
yellowish reaction solution is stirred at -20 °C for 30 min to become a deep yellow
solution, and then cooled to -70 °C. To the solution is added **ZnBr**(16.76 g, 74.5
mmol) in ether(50 mL) dropwise at -70 °C. After stirring at RT for 1.5hrs, the reaction
solution Is cocled ta 0 °C and added a solution of CUCN(3.47 g, 38.74 mmeol) and
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LiCK3.29 g, 77.48 mmol) in THF(80 mL) slowly. After stirring at 0 °C for 10 min, aliyl
bromide(7.28 g, 60 mmo!) is added dropwise to the reaction solution, and warmed
very slowly to r.t.. After stirring overnight at r.t., the reaction is guenched by addition -
of 60 mL of saturated NH4Cl and extracted with 3X150 mL of ether. The combined
organic layers is concentrated. The crude product is purified by chromatography
(hexane/EtOAc: 85/15) to give a colorless liquid{7.4g, 82.6%). (NMR and MS data
confirmed, U-4117-40-19, U-4117-34-35). ** ZnBr** is dried at 150 °C under high
vacuum for thour before used*

(2S,3R)-1<{{2E,4Z)-(5)-1,2-Dimethyl-hexa-2,4-dienyl}-3-{3-oxo-propyl)
pyrrolidine-2-carboxylic acid ethyl ester {D): (2S,3R)-3-But-3-enyl-1-{(S)-1-
phenyl-ethyl}-pyrrolidine-2-carboxylic acid ethyl ester(1.0 g, 3.32 mmol} s dissolved
in EtOH(10 mL) with HGI(0.5 mL, 37%), and cooled to -70 °C. Ozone gas is bubbled
though the solution for about 10 min or until the solution is turned very light blue
color. The nitrogen gas is bubbled though the solution for 15 min to remove excess
ozone in the solution. To the coal solution is added Zn dust(0.43 g. 6.6 mmol} and
HCK0.5 mL, 37%), and stirred at r.t. for 20 min, After filtration the solution is diluted
with 50 mL of CH;Cl; and washed with saturated NaHCO3{(10 mL) and 2 x 20 ml of
water. After dried and concentrated, a colorless liquid(1.0 g) is obtained without
further purification for next step reaction. (NMR and MS data confirmed, U-4117-51-
30).

A

(28,3R)-3-(3-Phenethylamino-propyl)-1-{{5}-1-phenyl-ethyl}-pyrrolidine-2-
carboxylic acid ethyl ester (E): To a solution of (25,3R)-1-{(2E,4Z)~(5)-1,2-
Dimethyl-hexa-2,4-dienyl)-3-(3-oxo-propyl} pyrrolidine-2-carboxylic acid ethyl
ester(1.g, crude) in EtOH(10 mL) is added phenethylamine(0.44 g, 3.65 mmol) atr.t..
After stirring at r.t. for 30 min, NaBH3CN(0.3 g, 4.87 mmol) is added in one portion,
After stirring at r.t. for 1.5 Hrs, the reaction solution is diluted with 5¢ mL of ether and
washed with 20 mL of brine. The ether layer is concentrated and the crude product_
is purified by chromatography (CH2Cla/MeCH: 97/3) to give a pale liquid (405 mg,
30.0%). (NMR and MS data confirmed, U-4117-52-20).
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(3a8,7a8)-6-Phenethyl-1-{({S)~1-phenyl-ethyl}-octahydro-pyrrolo[2,3-cIpyridin-7-
one (F): (28,3R)-3-(3-Phenethylaminc-propyl)-1-((S)-1-phenyl-ethyl)-pyrrolidine-2-
carboxylic acid ethyl ester(340 mg, 0.83 mmol) is dissolved in 20 mL of
MeOH/KOH/H,0(10 mLi5 g/5 mL). After stirring at 80 °C for 2 hrs, the solution is
cooled to 0 °C and neutralized by addition of HCI (37%} to pH = 5. After
concentration the crude product is dissolved in 1 mL of CHzCly, and filtered through a
short silica gel plug and eluted with CH.Cl/MeCH{93/7) to give a pale glassy solid
(250 mg, 78.9%) as the acid. (NMR and MS data confirmed, U-4117-60-22);

To a solution(0.05~0.1 M) of a'cid (1 equivalent) in DMF at r.t. is added
diisopropylethylamine(5 equivalenis). After stirring at r.t. for 20min, a
solution(0.05~0.1 M} of HOBT(1.2 equivalents} and HBTU(1.2 equivalents) in DMF
is added to the reaction mixture, and continued to be sfirred for 1.5 h (or monitored
by TLC). fhe reaction solution is diluted with ether{(1X5~10 times by volume of the
solution), and washed with water( twice X3 by volume of the solution). The
combined organic solution is concentrated. The crude product is diluted with CH;CI,
and drfed over Na,S0,, and purified by chromatography(CHzClx/MeOH:97/3) to give
pure product (70~95% yield).

(NMR and MS data confirmed, U-4117-102).

Procsedure for compound F:

A solution of(2S,3R)-3-(2-Phenethylamino-ethyl)-1-((8)-1-phenyi-ethyl}-pyrrolidine-2
carboxylic acid methyl ester(400 mg, 1.05 mmol) and 2-hydroxyl pyridine{100 mg,
1.05 mrmol) in THF(10 mL) is stirred at 40 °C for 24 hrs. The reaction is diluted with
50 mL of ether and washed with 2 x 120 mbL of water. After dried and concenirated
to give & pale liquid(350 mg, LC/MS shown a clean product only.) without further
purification for next step reaction,

{3aR,8a5}-7-Phenethyl-1-((S)-1-phenyl-ethyl)-decahydro-pyrrolof2,3-cla
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zepine (G): To a solution(0.02M) of lactam {1 equivalent) in THF at— 20 °C is added
a solution(0.02M} of LiAIH.(2 equivalent) in THF slowly. After stining at r.t. for 1.5
hrs, the solution is diluted with ether{1x5 fimes by volume of the solution} and
washed with water{twice 2 fimes by volume of the solution), dried and concentrated,
The crude product is purified by Chromatography {CH2Ci2/MeOH:97/3) to give
product{yield 70~90%),

(NMR and MS data confirmed, U-4117-104).

(3aR,8a3)-7-Phenethyl-decahydro-pyrrolo]2,3-clazepine {H): A
solution/suspension of reactant (<1 g) angd Pd 10% on carbon ( 20% by weight) in
MeOH (10 mi, with 2 drops of acetic acid) in a 1000ml round flask is vigorously
stirred at r.t. under hydrogen gas (at atmosphere pressure) from a balloon for 4~8
hrs. After degassed by house vacuum for 10 min, the reaction mixture is filtered to
remove catalyst and concentrated. The crude product is diluted with '
CH2Cl/H0(8/2, reasonable amount} and neutralized with 10% NH;OH to pH = 7~8.
After dried and concentrated to give product {80% ~guantitative yield) without
purification for the next step reaction.

{(NMR and MS data confirmed, U-4117-105).

(S)-N-{{S)-1-Cyclohexyl-2-{(2S,3R)-2-[(ethyl-phenethyl-amino)-methyl]-
3-methyl-pyrrolidin-1-yf}-2-oxo-ethyl}-2-methylamino-p ropj'c: namide {compound

23): Prepared from compound H following the procédures established in Scheme 5.

Example 3
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Scheme§

Diphenethylamine (D). To a solution of phenylacetaldehyde (6.0 g, 50 mmol) and 2-
phenylethylamine in THF (200 ml) is added sodium friacetoxy-borohydride drop
wise., The solution s stired under nitrogen ovemight at room temperature., The
solution is quenched with aq. saturated sodium bicarbonate (200 mL), and extracted
with EtOAc {4x100 mL). The organic extracts are combined, dried and concentrated
under vacuum. The residue is purified by flash chromatography (silica gel; EtOAc!
MeOH 8:1) to provide 1.25 g (11%) of the compound D as a clear oil. M+H"= 226.10,
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Diphenethyl-{S)-1-pyrrolidin-2-yImethyl-amine (E). To a solution of (S)-2-Formyl-
pyrrolidine-1-carboxylic acid tert-butyl ester (1.0 g, 5.0 mmol) and D (1.125 g, 5.0
mmol) in THF (40 mL) is added sadium triacetoxyborohydride drop wise. The
solution is stirred under nitrogen ovemight at room temperature. The solution s
quenched with aq. saturated sodium bicarbonate (40 mL). The mixture is extracted
with EtOAc (4x50 mL). The organic extracts are combined, dried and concentrated
under vacuum. The residue is purified by flash chromatography (silica gel;
Hexane/EtOAc 4:1) to provide a yellow oil. The yeliow oil is dissolved in
dichloromethane (20 mL), TFA (10 mL) is added and the mixture is stirred at room
temperature for 3 h. The mixiure is concentrated and the residue is dissolved in
dichloromethane (100 ml) and neutralized with saturated sodium bicarbonate. The
solution Is extracted with dichioromethane (3x50 ml). The organic extracts are
combined, dried and concentrated under vacuum to provide1.04 g (68% two steps)
of the title compound E which is used in the next step without further purification or
characterization.

Compound (F). To a solution of f-Boc-L-cyclohexylglycine (0.868 g, 3.38 mmol) in
DMF {20 mi) is added diisopropylethylamine {1.83 mL, 16.9 mmol). The mixture is
stirred for 20 minutes at room temperature. Then a solution of E, HOB{ (516 mg,
3.82 mmol) and HBTU {1.448 g, 3.82 mmoi) in DMF (30 mL} is added. The mixture is
stirred overnight at room temperature, and then diluted by ethgr‘ {200 mL) and
washed sequentially with aq. 1M citric acid (50 mL), water (50 mL), satd. aq.
NaHCO; (50 mL) and brine (2x50 mL). The organic extract is dried and
concentrated under vacuum, The residue is purified by flash chromatography (silica
gel Hexane/EtOAc 2:3) to provide a yellow oil. The yellow oil is dissolved in
dichloromethane (20 mL), TFA (10 mL} is added and the mixture is stirred at room
temperature for 3 hours. The mixture is concentrated and the residue is dissoived in
dichloromethane {100 mL) and neutralized with saturated sodium bicarbonate. The
solution s extracted with dichloromethane (3x50 ml}). The organic extracts are
combined, dried and concentrated under vacuum to provide 780 mg {52% two steps)
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of the title compound F which is used in the next step without further purification or
characterization.

Compound 26. To a solution of ~Boc-N-methyl-L-alanine (354 mg, 1.75 mmol) ih '
DMF (20 ml) is added dilsopropylethylamine (0.938 mL, 8.75 mmol}. The mixture is
stirred for 20 minutes at room temperature. Then a solution of ¥, HOBt {267 mg, 1,98
hmol) and HBTU (751 mg, 1.98 mmél) in DMF (30 mL} is added. The mixture is
stirred for 3 h at room temperature, and then diluted by ether(200 mL) and washed
sequentially with 1 M citric acid (50mL), water (50 mL), satd. aq. NaHCO3 (50 mL)
and brine (2x50 mL), The organic extract is dried and concentrated under vacuum.
The residue is dissolved in dichloromethane (20 mL} and TFA (10 mL) is added. The
mixture Is stirred at room temperature for 3 h and concentrated. The resulting
residue is dissolved in dichloromethane (100 mL) and neutralized with saturated
sodium bicarbonate. The solution is extracted with dichioromethane (3x50 mL}. The
organic extracts are combined, dried and concentrated under vacuum. Portion of
the residue is purified by HPLC (C-18 silica gel, 30% CH3;CN/H20 in 0.5%TFA) {o
provide 120 mg of compound 26 as TFA salt,. M+H" = 533,47,

Example 4

Compound 32 is prepared as follows:
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Compound . Compounds G (122 mg,1 mmole) and H {226 mg,1 mmole) are
dissolved in § mL DME. To this a mixture of 1 ml 2 N aq. Na;COz and 50 mg
Tetrakis is added. The resulting mixture is degassed for 5 minutes, stirred at 90 °C
for 6 h, cooled down to room temperature, and concentrated. The residue is purified
by flash chromatography (ethy! acetate!hexané) to provide I as ap amber oil (204
mg, 90%). The crude product is used directly in next reaction without further
purification or characterization.

Compound J, LAH (38 mg) is added to a solution of | {228 mg,1 mmole) in & mL
THF 0 °C. The temperatura of the mixture is aflowed to warm to room temperature
and further stirred overnight. The reaction is guenched by following the Fisher
method, filtered and concentrated to provide J as a colorless oil (183 mg, 92%) and
Is used directly in next reaction without further purification or characterization.
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Compound K. The suspension of compound J (198 mg, 1 mmole) and MnO; (870
mQ, 10 mmole} in 15 mL chloroform is stimed overnight. Filtering and concentration’
yielded product K as a colorless oil (192 mg, 98%).

"H NMR (CDCl3) 8 9.96 (s, 1H), 7.72 (s,2H), 7.47 (s, 2H), 7.15-7.35 (m,5H), 4.07 {s,
2H)

Compound L. A mixture of 3-chloropropylamine hydrochloride ( 140 mg, 1.1 mmol),
aldehyde K (196 mg, 1.0 mmol), and sodium carbonate (212 mg, 2 mmol) in water
{10 mL) is stirred overnight at room temperature. The resulting solution is extracted
with ethyl acetate (3 x 20 mL), separated, dried over Na;S0O4 and evaporated in
vacuum {15 Torr) to give an essentially pure oily residue {270 mg) which is used for
the next reaction without further purification. (M +H" 272, calc. 272)

Compound M. Imine L (277 mg,1 mmo} is added to a blue suspension of lithium
powder (75 mg, 10 mmol) and a catalytic amount of DTBB (30 mg, 0.10 mmol, 5%
molar) in THF (6 mL) at -78 °C. The resulting mixture is stirred for 2 h at same
temperature. Reaction is quenched with water (20 mL} allowing the temperature to
rise to 20 °C. The resulting solution is purified by successively acid-base extraction
with 2 M hydrochioric acid (3 x 15 mL) and 4 M sodium hydroxide {3 x 20 mL). The
final selution is extracted with ethyl acetate (3 x 20 mL), separated, dried over
Na;S04 and evaporated to give pure compound M, ( 214 mg, 90%); (M +H* 238,
calc. 238) S

Compound O. A mixture of compound M (237 mg,t mmole} , compound N (257
mg, T mmole}, HBTU (460 mg,1.2 mmole), HOBT (170 mg, 1.1 mmole), DIPEA (512
mg, 3 mmole) and 5 mL DMF is stirred ovemight. The mixture is diiuted with ether
(25 mL), washed with water, brine, dried over MgSQ,, filtered, and concentrated.
The resulting residue is treated with 2 mL of CH2Cl/TFA (1/1), stirred for 2 h,
concentrated to provided product O as a pale yellow solid (320 mg, 85%); (M +H*
377, caic. 377).
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Compound 32, A mixture of compound O (376 mg, 1 mmols), -Boc-N-
methylalanine P (203 mg,1 mmole), HBTU (460 mg,1.2 mmole), BOBT (170 mg, 1.1
mmole), DIPEA (512 mg, 3 mmole) and § mL DMF is stired overnight, The mixture
is diluted with ether (25 mL), washed with water, brine, dried over MgSQ,, filtered,
and concentrated. The resulting residue is treated with 2 mL of CH,Cl; /TFA (11),
stirred for 2 h and concentrated under vacuum. Column chromatography provided
compound 32 as a pale yellow solid, (397 mg, 86%), (M +H* 462, calc. 462).

Example & .
(8)-N-{(S)-1-Cyclohexyl-2-[(S)-2-(Indan-2-yioxymethyl)-pyrroiidin-1-yi}-2-oxc-ethyl}-2-
methylamino-propionamide (34)

(8)-2-Methanesulfonyloxymethyl-pyrrolidine-1-carboxyllc acid fert-butyl ester,
{P). A flame dried flask charged with (S)-2-Hydroxymethyl-pyrrolidine-1-

carboxylic acid teri-butyl ester (1 g, 5 mmol}, dichloromethane (DCM) ( 20 mL) and
triethylamine (0.70 mL, 5.2 mmol) is cooled to G°C under N, is added a solution of
methanesulfonychioride (0.38 mL, 5 mmcel) in DCM (5 mL) dropwise over 10
minutes. The reaction is stirred for 1 haur, After addition of DCM (100 mL), the
reaction mixture is washed with brine, dried and concentrated in vacuo. The residue
is purified by chromatography on 8iOz (6% EtOAc/Hexanes} to give 1.38 g of
methanesuifonate ester (P) as a clear colorless oil: LCMS (ES) 280.10 (MH™).

{S)-2~{Indan-2-yloxymethyl)-pyrrolidine-1-carboxylic acld fett-butyl ester, {Q).
Sodium hydride (60%) (0.6 g, 14.4 mmol) is added to a flame dried flask charged
with indan-2-oi (0.965 g, 7.2 mmol) and N,N'-dimethylformamide (DMF) (20 mL),
cooled to 0°C under Nz and stirred for 30 minutes. A solution of (S)-2-
Methanesulfonyloxymethyi-pyrrolidine-1-carboxylic acid ferf-butyl ester (P} (1 g, 3.8
mmol) in DMF (& mL) is added dropwise to the reaction mixture in such a manner as
to maintain 0°C. The reaction is stirred at 80 °C for one hour, cooled to 0°C,
guenched with brine, diluted with EtOAc, washed repeatedly with brine (86X}, dried
and concentrated in vacuo. The residue is purified by chromatography on SIO; (5%
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EtOAc/Hexanes) to give 0.20 g of indanyl ether (Q) as a clear colorless oil: LCMS
(ES) 340.17 (MNa+).

(S)-N-{{S)-1-Cyclohexyl-2-[{8})-2-(indan-2-yloxymethyl)-pyrrolidin-1-yf}-2-oxo-
ethyl}-2-methylamino-propionamids, (34). ({S)-1-{(S)-1-Cyclohexyl-2-[(S)-2-
(indan-2-yloxymethyl)-pyrrolidin-1-yl]-2-oxo-ethylcarbamoyl}-ethyl)-methyl-carbamic
acid tert-butyl ester (Q) (0.54 g, 1 mmo}) is dissclved in DCM (8mL) and treated with
trifluorcacetic acid (4 mb) for 45 minutes. The reaction mixture is concentrated in
vacuo, purified by preparative reverse-phase hplc to give 0.096 g of the methylamine
(34) as a clear gum: LCMS (ES) 442.26 (MHH).

Example 6

\©/Bl’ HO CI.lzD ©, \©/ tBUU 00\‘©/CN\
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61



Z- -

9 31 o

_ -7z Exanple 57 M5 ESI 511 (MEII)4 401 ..."...Ilt,

1-Bromo-3-phenoxy-benzene (A} A mixture of dibromobenzene (3g, 12.75mmol),
phenol (1g, 10.6mmotl), copper(}) oxide (152mgs, Tmmol}, and cesium carbonate
(3.48g, 10.6mmol) in 8mL of NMP is heated at 195°C for 20 minutes in a microwave.
The heterogeneoué mixture s filtered through a bed of Celite and the residue is
washed with EtOAG (1 x 20mL}. The filtrate is diluted with 1N NaOH (200mL) and
extracted with EtOAc (3 x 100mL). The organics were combined, dried over
NazS0,, filttered and concentrated under reduced pressures to give crude product as
a yellow oil which is purified by column chromatography (100% hexanes) te give 1-
bromo-3-phenoxy-benzene as a colorless oit (1.49, 53%). LCMS m/z 250 (M+1).

5-(3-Phenoxy-phenyl)-3,4-dihydro-2H-pyrrole (B): To a cold solution {-78°C) of 1-
bromo-3-phenoxy-benzene (10.13g, 40.6mmol) in anhydrous THF {(100mL) and
under nitrogen is added n-Bul.i (1.6M, 44.7mmol, 27mL). The mixture is allowed to
stir for 30 minutes before being added to a cold solution {-78°C) of 1-(terf-
Butoxycarbonyl)-2-pyrrolidionone in anhydrous THF (§0mL) under nitrogen via
cannula. The resulting mixture is allowed to warm to room temperature overnight
before being quenched with water (200mL) and exiracted with EtOAc (3 x 100mL).
The organics were collected, dried over Na:S0y, filtered and concentrated under
reduced pressures. The residue is dissolved in CHzClz (20mL) and TFA (10mL) is
added with stiming. The mixture is stirred for 30 minutes and quenched over ice cold
sat. NaHCO3, extracted with CH2Cl (3 x 100mL) and the organics were combined,
dried over Na,S0Qys, filtered and concentrated under reduced préssures. The residue
is"purified by silica gel colurmn chromatography (20% EtOAc/Hexanes) to give 5-(3-
phenoxy-phenyl)-3,4-dihydro-2H-pyrrole as light yellow oil (6.1g, 63%). LCMS m/z
238 (M+1).

(S)-2-(3-Phenoxy-phenyl)-pyrrolidine {C}: To oven dried round bottom flask is
added S,S-EBTRITIF2 (100mgs, 0.3mmol} and diluted with THF (5mL). The flask is
sealed and purged with argon. To the yellow solution is added phenylsilane (4.6mL,
37.5mmol), pyrrolidine {100uL, 1.1mmol), and anhydrous methanol (10Qut.,
1.1mmol). The resulting yellow mixture is stirred for 45minutes until green color
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persisted. A solution of 5-{3-phenoxy-phenyl)-3,4-dihydro-2H-pysrole (1.2g,
5.08mmol) in THF (2mL} is added to the catalyst and the mixture is stirmed for 8 hrs,
The reaction is carefully quenched with 10% HCI (100mL) until gas evolution
subsided and the pH~2, The mixture is difuted with EtOAc (100mL) and the agueous
layer is removed, neutralized with 3M NaOH (50mL) until basic and exiracied with
EtOAc (3 x 100miL). The organics were combined, dried over NazSQy, filtered and
concentrated under reduced pressures. The solid residue is purifed by silica gel
column chromatography (100% EtOAG) to give (S)-2-(3-phenoxy-phenyl)-pyrrolidine
as a yellow solid (580mgs, 48%). LCMS m/z 240.1 (M+1),

{(S)-1-Cyclohaxyl-2-ox0-2-[(S)-2-{3-phenoxy-phenyl}-pyrrolidin-1-yl]-ethyl}-
carbamic acld tert-butyl ester {D): (8)-2-(3-phenoxy-phenyl)-pyrrolidine (1.2g,
5.02mmol) is added to a sclution of Bec-L-a-cyclohexylglycine {1.42g, 5.2mmol),
HOBt (1.0g, 7.53mmol) and HBTU (2.86g, 7.53mmol) in 10mL of DMF. Hunig's
base (3.6MI, 20mmoel) is added and the mixture is stirred for 30 minutes. The
mixture is diluted with brine (20mL) and extracted with EtOAc (3 x 10mL). The
organics were combined, dried over Na,SO;, filtered, concentrated under reduced
pressures and purified by sifica gel column chromatography (20% EtOAc/Hexanes)
ta give {(8)-1-cyclohexyl-2-0x0-2-{(S)-2-(3-phenoxy-phenyl)-pyrrolidine-1-yl}-ethyl}-
cabamic acid tert-butyt ester as a white powder (1.65 g, 66%). LCMS m/z 479.2
(M+1),

a

(8)-2-Amino-2-cyclohiexyl-1-[(S)-2-(3-phenoxy-phenyl)-pyrrolidin-1-yi]-ethanone
(E): To a solution of {(S)~1-cyclohexy!l-2-0x0-2-[(S)-2-(3-phenoxy-phenyl)-pyrrolidine-
1-yl]-ethyl}-carbamic acid teri-butyl ester in CHzCl» {20mL) is added TFA (10mL) and
the mixture is stirred for 30 minutes. The mixture is concentrated under reduced
pressures 1o give (8)-2-amino-2-cyclohexyl-1-[(S)-2-(3-phenoxy-phenyl)-pyrrolidin.1-
yl]-ethanone as a TFA salt quantitavely (1.65g). LCMS m/z 379 (M+1).

{{S)-1-{{S)-1-Cyclohexyl-2-0x0-2-[{8)-2-(3-phenoxy-phenyl)-pyrrolidin-1-yl}-
sthylearbamoy!}-ethyl)-methyl-carbamic acid tert-butyl ester (F): To a solution of
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Boc-N-methyl-L-alanine (77 1mgs, 3.79mmcl), HOBt (700mgs, 5.17mmol}, and
HBTU {2.0g, 5.17mmo}) in DMF (10mL) is added {S)-2-amino-2-cyclohexyl-1-[(8)-2-
(3-phenoxy-phenyl)-pyrrolidin-1-yl}-ethanone and DIPEA (3mL, 17.25mmol). The -
mixture is stired for 30 minutes and diluted with brine (20ml.) and extracted with
EfOAc (3 x 10mL.). The organics were combined, dried over NazS0, filtered,
concentrated under reduced pressures and purified by silica gel column
chromatography (50% EtOAc/Hexanes) to give the product ({S) 1-{(S)-1-cyclohexyl-
2-ox0-2-[(8)-2-(3-phenoxy-phenyl)-pyrrolodin-1-yl}-ethyicarbamoyl}-ethyl)}-methyl-
carbamic acis tert-butyl ester as a white powder (1.3g, 84%). LCMS m/z 564 (M+1).

{S)-N-{{5)~1-Cyclohexyl-2-ox0-2-[(§)-2-(3-phenoxy-phenyl)-pyrrolidin-1-ylj-
ethyl}-2-methylamino-propionamide(45); To a solufion of ((S) 1-{(S)-1-cyclohexyl-
2-0x0-2-{(S)-2-(3-phenoxy-phenyl)-pyrrolodin-1-yl}-ethylcarbamoyi}-ethyl}-methyl-
carbamic acis tert-butyl ester (450mgs, 0.79mmol) in CHxCl2 (20mL) is added TFA
(10mL) and stirred for 30 minutes. The mixture is concenirated under reduced
pressures and purified by reverse phase column chromatography to give the product
as a TFA salt (370mgs, 82%). LCMS m/z 464.1 (M+1).
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{(8)-2-(1H-Tetrazol-5-yi)}-pyrrolidine~i-carhoxylic acid tert-butyl ester (A). Toa
solution of {S)-2-Cyano-pyrrolidine-1-carboxylic acid tert-butyl ester (500 mg, 2.55
mmol) in N, N-dimethyl-formamide (20 mL) is added sodium azide {174 mg, 2.68
mmol) and ammonium chloride (150 mg, 2.81 mmoel). The solution is stirred at 93°C
over night. The solution is poured into 5% citric acid selution with ice, and the
mixture is extracted with EtOAc. The organic extract is washed with brine, dried and
‘concentrated under vacuum. The crude oll is used directly in the next step without

further purification, M+H'= 240.
(8)-2{2-Benzyl-2H-tetrazol-5-yl})-pyrrolidine-{-carboxylic acid terf-butyl ester

(B). To a solution of crude compound A in N, N-dimethyl-formamide (5 mL) is added
KzCOs (1.16 g, 8.4 mmol) and benzyl bromide (665 uL, 5.6 mmol). The solution is
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stirred at room temperature for 1 hr. The mixture is diluted with EtOAc and washed-
with brine. The organic layer is dried and concentrated under vacuum. The residue
is purified by flash column chromatography {(Hexanes/EtOAc) to provide 404 mg of
the title compound M+H"= 330, and 401 mg of the other region isomer (8)-2-(1-
Benzyl-1H-tetrazol-6-yI)-pyrrolidine-1-carboxylic acid tert-buty! ester (C). M+H'= 330,
Combined yield is 87% for 2 steps.

2-Benzyl-5-(S)-pyrrolidine-2-yl-2H-tetrazole (D). To a solution of compound Bin
DCM (5 mL) is added triethylsilane (479 ul, 3.0 mmol} and then TFA (8 mL), The
solution is stirred at room temperature for 1 hr and dried under vacuum. The crude
oil is used directly in the next step without further purification. M+H"™= 230,

{2-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl}-pyrrolidin-1-yl]-1-cyclohexyi-2-oxo-ethyi}-
carbamic acid tert-butyl ester (E). To a solution of (S)-tert-butoxycarbonylamine-
cyclohexyl-acetic acid (123.8 mg, 0.48 mmol) in DMA (5 mL) is added HBTU (248.8
mg, 0.6566 mmol}, HOBt (88.6 mg, 0.656 mmol) and diisopropylethylamine {305 uL,
1.75 mmol). The mixture is sfirred at room temperature for 5 minutes. A solution of
compound D in DCM (5mL) is added to the above mixture at 0°C. The reaction
mixture is stirred at room temperature for 1 hour and concentrated under vacuum.
The residue is diluted with EtOAc. The organic is washed with brine, citric acid{5%),
brine, NaHCO3(Sat.) and brine. The organic layer is then dried and concentrated
under vacuum. The residue is purified by flash column chromafography
(Hexanes/EtOAC) to provide the title compound 190mg (92%). M+H"= 369.

2-Amino-1-[(8)-2-{2-Benzy!-2H-tetrazol-5-yl)-pyrrolidin-1-yi]-2-cyclohexyl-
ethanone; compound with triflucro-acetic acid (F). To a solution of compound E
in DCM {4 mL} is added TFA {4 mL) at 0°C. The solution is stirred at room
temperature for 1 hr and dried under vacuum. The crude oil is used directly in the
next step without further purification. M+H"= 369.
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((8)-142-{(8)-2-{2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin-1-y{}-1-cyclohexyl-2-0xo0-
ethylcarbamoyl}-propyl)-methyl-carbamic acid tert-bufyl ester {G). Toa
solution of (S)-2-(tert-butoxycarbonyl-methyl-amino)-butyric acid (53.0 mg, 0.24
mmof) in DMA {2 mL} is added HBTU (125.0 mg, 0.33 mmeol), HOBt (44.6 mg, 0.33
mmot) and diisopropylethylamine (192 wL, 1.1 mmol). The mbcture is stirred at room
tempe'rature for 5 minutes. A solution of compound F in DCM (2 mL) is added to the
above mixture at 0°C. The reaction mixture Is stirred at room te}nperature for 1 hour
and concentrated under vacuum. The residue is diluted with EtOAc. The organic is
washed with brine, citric acid(5%), brine, NaHCO;(Sat.) and brine. The organic layer
is then dried and concentrated under vacuum. The crude oil is used directly in the
next step without further purification. M+H*= 554,

(S)-N-{2-}{S)-2-{2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin-1-yl}-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-butyramide; compound with trifluoro-acetic acid {50). To
a solution of compound G in DCM (2 mL) is added TFA {2 mL) at 0°C. The solution
is stirred at room temperature for 1 hr and dried under vacuum. The crude oil is
purified by HPLC to provide the title compound. M+H"= 467.
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2{Benzyloxyimino-methyl}-pyrrolidine-1-carboxyllc acld tert-butyl ester (A). To
a solution of benzylhydroxylamine (2.64g, 16.56mmole) in dry pyridine (20ml) is
added 2-formyl-pyrrolidine-1-carboxylic acid tert-butyl ester (3.30g, 16.56mmole).
The solution is stirred for three hours at room temperature. The reaction solution is
quenched with water and extracted with dichloromethane. Thé organic layer is
combined, dried, and concentrated under vacuum. The residue is purified by flash
chromatography (silica gel; from 50% fo 50% of ethyl acetate in hexane) to provide
4,99 (98%) of the title compound. M+H"-Boc=205.1.

Pyrrolidine-2-carbaldehyde-O-benzyl-oxima (B). The solutioh of 2-
(benzyloxyimino-methyl}-pyrrolidine-1-carboxylic acid tert-butyl ester (1.50g,
4.92mmole) and TFA (10ml) in dichloromethane (10ml) is stirred for 2 hours af room
temperature. Solvent is removed. The crude product is carried to hext step without
further purification. M+H*=205.1
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{(S)-2-[Benzyloxylimino-methyl-pyrrolidine-1-yl}-1-cyclohexyl-2-oxo-ethyl}-
carbamic acid tert-butyl ester {C}. The solution of boc-L-a-cyclohexylglycine
(1.27g, 4.92mmole)}, 1-hydroxylbenzotriazole (0.99g, 7.38mmole),
diisopropylethylamine (2.54g, 19.68mmole), and O-benzotriazole-N,N,N,N-
tetramethyl-urounium hexaflkiorophosphate (2.80g, 7.38mmole) in dichloromethane
(30mi) is stirred for 15 minutes at room temperature. A solution of pyrrolidine-2-
carbaldehyde-O-benzyl-oxime (~1.00g, 0.49mmole) in dichloromethane is added.
The reaction solution is stirred for three hours at room temperature and then
quenched with saturated NaHCOj; aqueous. , extracted with dichloromethane., The
organic layer is combined, dried, and concentrated under vacuum. The residue is
purified by flash chromatography (silica gel; from 20% to 70% of ethyl acetate in
hexane) to provide 1.81g (83% over 2 steps) of the title compound. M+H'=444.2

1-((5)-2-Amino-2-cyclohexyl-acetyl)-prrolidine-2-Carbaldehyde-O-benzyl-oxime
(D). The seolution of {(S)-2-[benzyloxylimino-methyl-pyrrolidine-1-yi]-1-cyclohexyl-2-
oxo-ethyl}-carbamic acid teri-butyl ester (1.769, 3.97mmole) and TFA (10ml)in
dichloromethane (20ml) is stirred for a hour. Solvent is removed under vacuum. The
residue is carried to next step without further purification. M+H'=344.2

((8)-1-{(S)-2-[2-(Benzyloxyimino-methy!)-pyrrolidine-1-yl]-1-cyclohexyl-2-oxa-
ethylcarbamoyl}-ethyl)-methyl-carbamic acid tei't—butyl estt;r {E). The solution of
Boc-L-a-cyclohexylglycine (0.81g, 3.87mmole), 1-hydroxylbenzotriazole (0.81g,
5.95mmole), , diisopropylethylamine (2.05g, 15.88mmole), and O-benzotriazole-
N,N,N,N-tetramethyl-urounium hexafluorophosphate (2.35g, 5.85mmole} in
dichloromethane is stirred for 15 minutes at room temperature. A solution of 1-{(5)-
2-amino-2-cyclohexyl-acetyl)-prrolidine-2-carbaldehyde-O-benzyl-oxime (~1.40g,
3.97mmole) in dichloromethane is added. The reaction solution is stirred for threa
hours at room temperature and then quenched with saturated NaHCO3 aqueous and
extracted with dichloromethane. The organic layer is combined, dried, and
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concentrated under vacuum, The residue is carried to next step without further
purification. M+H"=529.4,

(S)-N-{2-[2-{Benzyloxyimino-methyl-pyrrolidine-1-yl}-i-cyclohexyl-2-oxo-ethyl}-
2-methylamino-propionamide{8). The solution of {((S)-1-{(8)-2-{2-(benzyloxyimino-
methyl}-pyrrolidine-1-yl]-1-cyclohexyl-2-oxo-ethylcarbamoyl}-ethyl)-methyl-carbamic
acid tert-butyl ester (~2.10g, 3.97mmole) and TFA (20ml}) in dichloromethane (40ml)
is stirred for a hour, Solvent is removed under vacuum. 1.36g of crude product is
obtained. The crude product (0.68g) is purified by HPLC (C18 silica gel, from 10% to
70% of CH3CN /H,0 in 0.1% TFA} to provide 0,058g of the title compound as TFA -
salt of isomeric mixtures, M+H*=428.4,

Examples 2-78

The following compounds are prepared by methods analogous to those described
herein ulilizing analogous starting materials:

Compound Structure Example Number
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MS ESI 541 (M+H)"

-

Exémple 146
MS ESJ 547 (M+H)”

A
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Exanpl e 154 M5 ESI 463 (M+H)+ (714- -> H kK Exanple 155 M5 ESI 447
(Mr1-1)+ )1 ". , Exanple 156 M5 ES! 447 (\WHY

Example 147
MS ES1 575 (M+H)"

- Example 148
MS ES] 463 (M+H)*

Exampla 149
MS ESI 505 (M+H)*

Example 150
MS ESI 505 (M+H)"

Example 151
MS ESI 483 (M+H)*

Example 152
MS ESI 469 (M+H)"
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N -3 He Exanple 157 M5 ES1448 (M 1+1)4. H 0 H Exanpl e 158 M5 ES!
446 (MF1-1)+ -...1 HON e

Example 153
MS ESI 483 (M+H)"

Example 154
MS ESI 463 (M+H)"

Example 155
MS ES) 447 (M+H)*

Example 156
MS ESI 447 (M+H)*

Example 157
MS ESI 448 (M+H)"

Example 158
MS ESI 446 (M+H)"

Example 159
MS ES| 447 (M+H)"
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Exanpl e 159 MS ESI 447 (WP 140 , Exanple 160 M5 ESI 441 (Mt -1)4
IP/ Exanple 161 MS ESI 455 (M+1-1)*

Example 160
MS ES! 441 (M+H)"

Example 161
MS ESI 455 (M+H)"

Example 162

MS ES1 469 (M+H)*

Example 163

MS ES) 467 (M+H)"

Example 164

MS ESE481 (M+H)*
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* 0 Exanple 162 M5 ESI 469 (M+1-0+ 111. o It / fi Exanple 163 M5
ESI 467 (Ml1-)4 Exanple 164 M5 ES! 4131 (WH)t

¥
‘ ! Example 165
}/@ ; MS ESI 487 (M+H)"
:2" N n©
H
i
B
(th Example 166
NENN

MS ESI 387 (M+H)*

Example 167
MS ESI 401 (M+H)*

Example 168
MS ESt 415 (M+H)*

g ¢ 4

i
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Exanpl e 165 MS ESI

167 M5 ESI 401 (Mrl-if Exanple 168 M5 ES!
ESI 429 (M.-1-)+ Exanple 170 MS ES|

487 (W1t Exanple 166 M5 ESI

415 (Mi)t
449 (M -1-)+ Exanple 171 MS ESI

387 (M4-1-1)+ Exanpl e
Exanmpl e 169 M5

463 (M - H)

104

Example 169
MS ESI1 429 (M+H)*

Example 170
MS ESI 448 (M+H)*

Example 171
MS ESI 463 (M+H)*

Example 172
MS ESI 441 (M+H)*




Exanpl e 172 M5 ESI

174 M5 ESI

469 ( MrHr

441 (MA1)*

N‘HC
If/un
H
O~
:E’H"zu o
H /NH
"
- H
’02—-”-"]1 o
H /NH

Exanpl e 173 M5 ESI
455 (MtH) + Exanpl e 175 MS ESI

427 (M-111)4 Exanple 177 MBS ES|

413 (WHY' Exanpl e
469 (MtH) Exanple 176 M5 ESI

443 (tv1+14)+ Exanple 178 M5 ES!

Example 173
MS ESI 413 (M+H)”

Example 174
MS ESI 455 (M+H)*

Example 175
MS ESI 489 (M+H)"

Example 176
MS ESI 427 (M+H)*
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Exanpl e 179 M5 ES| 489 (mFriyfr Exanple 180 M5 ESL 401 (M 1-1-1)+
Exanpl e 181 MS ES! 401 (M.-1-1)" Exanple 182 MS ESI 415 (M 1-1-1)+
Exanpl e 183 MS ESI 415 (WH) Exanple 184 MS ESI 429 (MrH)" Exanple 185
MS ESI 443 (Mrl-1)+ Exanpl e 186

Example 177
MS ESI 443 (M+H)*

Example 178
MS ESt 469 (M+H)*

Example 179
MS ESI 469 (M+H)"

Example 180
MS ES1 401 (M+H)*

| Example 181
MS EST 401 (M+H)*
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M5 ESI 463 (M+l-1)+ Exanple 187 MS ESI 477 (MtH) P Exanpl e 188 M5 ES!
455 (MtH) + Exanple 189 MS ES! 427 (Mtl-1)+ Exanple 190 M5 ESI 469
(MtH) + Exanpl e 191 Ms ESI 483 (WH) Exanple 192 M5 ESI 441 (M1:1)+
Exanpl e 193 M5 ES! 457 (Mt -1)+

\H —‘S’ (ﬁ") Example 182
oy %o C MS ES| 415 (M+H)*

Example 183

o
A +
i) ! \—«Z MS ESI 415 (M+H)
H
H

Example 184
MS ESI 429 (M+H)"

Example 185
MS ESI 443 (M+H)*

Example 186
MS ESI 463 (M+H)"

b e

-| Example 187
MS ESI 477 (M+H)"
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Exanpl e 195

(S)-N-RS) -1-Cycl ohexyl-2-((R) -2-(64(2-fluoro-phenyl)..

ridin-2-yl)-

met hyl - am no] py

pyrrolidin-1-yl)-2-o0xo-ethyl]-2-methyl am no- propi onarni de (78)

4,4, N Tri met hoxy- N- net hyl
4, 4-di met hoxy-butyrate(4.99 g,

C
for 30 mn,

dri ed over

M Z=191. 0

in 80 m.
M i n Hexane)

-butyram de (1)
30.8 mmol )

To a solution of nethyl
and N, O-

di nmet hyt hydronl am ne HCl (4.65 g, 47.68 mmpl) in 60 nL of THE at -20
i s added isopropyl nagnesi unchloride(46 ni, 92.28 nmmml, 2.0Min
THE) mai ntai ni ng the tenperature bel ow 20 C. After stlrrlng at - 10 C
the reaction,_:pxture is quenched with 50 nL of watger and
extracted wnth 3 x /80 ik The cc% ﬁ% &;anlc | ayers § s
Na2 fi d through ajfshor |ca gel pl uge} The
solution is co1ceﬁti} 0 gi Ve MS ESI455(M+H)
414, N- Tri met hoxy Y1 butyra 5.9 ¢, 99% as pale liquid.
1?141-Eth-(2) -yl i dene-5, 54 d| met hoxy- 2- ox¢- pent yl | -acryl i m doyl
bromi de (2) Tola suspens of 2, 6-dibr odhh)pyrl dine(8.1 g, 34.03[ mmol)
of efRg r at |s added By , 26.17 moj, 2.5
i t| nN~Mt er Stlr“r'Exém?a 17%0 Cfor 5 mn,
4,4 N-Tri rretho<y N— < but yragide(5. 0 1S B81427 by’ is added to
the solution clropw sd. "After st ng atf - 70 Cfor 1.5 hr, th

reaction m xtu
3 x 130 nL of
purified by ch
N(1-Eth-(2)-yli
brom de(5.96 ¢
N-O0- Et h-(2) -yl
solution of N
acrylim doyl
m ) and water (
g). After mech

reacti on m xtuf

acetone (conta
concentrated a
yield N41- Et h-
g, 88.1% as |
2- Brono-6-[(3)

b 3

eis quenched W t
Ft 0Ac. The eonbl ned or gani (
onat,ogr a ane/ Et OAc:

hoxy- 2- o0x(

)
1 g el low |i
m M 0XO0- pe Facry
(2)-ylidene 54i nef]

(7.0 g, 28.9 mol ) i1

om

1.5 nl) at Room t enper at ur ¢,

\uguw
T

of water and extracted with
i layers is concentrated and
10/ 30) to give

Eﬁ@m)!ﬂ ]aoacr yI i m doyl

Wémgoyl ro de (3) Tjo a
hoxy- 2- oxo- pent yl |

n a sol ution of acetong
b, 1 s added Anberlyse- 1

( 30
5( 20

ni cgl sh for 3 hr af roomtenperature, the

éu$ 'd./ The resin HEXOPRIY washed with

k{07 he conbi N g W ers were

nd plri f/ve® by %ogr arbhy(Hexane Et 70130B to

Z) dene- 2, 5-di -pentytiacrylimdoyi brom de(5.18

gh el low liquid. WZ=421§ 243.9 [ M1l

L 14(R) - 1- phgnyl - et hyl ) - pyrjol i di n-2-y1J- pyri di ne |(4)
wH Example 192

MS ESI 441 (M+H)"

Example 193
MS ESI 457 (M+H)"
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To a solution of N-11-Eth-(2Z)-ylidene-2,5-di oxo-pentyl kacryli m doyl
brom de(1.0 g, 4.1mmol) and R(+)-a-nethyl benzylarnine(0.5 g, 4.1
mml) in 17 nil of CH2Cl2 at-JO C, is added acetic acid(0.6m) and
sodiumtri acet oxyborohydride(1l.74 g, 8 2muvol). After stirring at -70
Cfor 40 mn, the dry ice bath is renoved, and the reaction sol ution
is warnmed to roomtenperature. After stirring at roomtenperature
overnight, the reaction mxture |Is quenched with 20 nL of water and
extracted with 3 x 30 nL of OH2Cl12. The conbi ned organic Iayers wer e
concentrated apd purified by chr omat ogr aphy( Hexane/ Et OAc : 70/ 30) to
yi el d 2-Brono-§-[ (S) - 14( henyl - et hyl|Example 194

rrolidin-2-yil ridi Qe 0;8 , 62.99 w |1 quid
\% =332.7 [MI{ \H%H g 0 | Whs ESBR s AP q

(Z2)-N-(2-Fluore-p thl [($)-14(R)-1-phenyi-ethyl)-pyrr
oi | din-2-y1)- prop-2-én®(E)-ylidg prope¢nam dine (5) To a solufion
of
2-Brono-6-[(S)-1-((R) - 1-phenyl -ethyl)-pyrrolidin-2-ylj-pyridine(86.5
My, 2.57nnnol), 2-fluro-nethyaniline(64.7 mg, 5.14 mmol) and

2- (di - cycl ohexyl phosphi no) - bi pheny(_38. 5 0.13 mmol ) in 20 nL of
tol uene at roomtenperature, were &X¥@@g 2(dba) 3(117.6 ng, O0.13

). Th R f
ool bt tor %%%"‘%‘2%3?5{%‘??‘ ZERP2UBIChRo- ARG ol B 25,
elite, and the fi PYFabidnlsyh?one-ethili2medgiaminepropicnamideF8)ashed

with 2 x 50 nL of water. The conbi ned organic |ayers were
concentrated and purified by chromat ography (CH2C12/ MeOH : 97/3) to

gi ve
(2)-N-(2-Fl D@fﬁr\d-\gfl‘en}yloi)ﬂ- >_ ot ﬁh):‘-iﬁ!phé’h - py
rrolidin-2-yll- op- 5 en- %E) yI i den‘e] vg)ropen di n&f870 . 90.93%
as pale solid. M1=376.0 [ Mt1]

(2)-N-(2- Fl uonewgheny! met hyI-ITm(14(\c§)m£c,l(( enyl - e%U pyr

rol i din-2- yll—w Eﬂwa
(2) - N-(2- Ff uorespheny ‘N—m@thyl [ 1- (EE@? ( 1pheny| 1) - pyr

rolidin-2-aprop-2- en- (E) yl i dene] - pr openami di 500 ng, 1.33 mol)
i s dlssolvqd mm)log MeQ H|n a 500 M round bottleflask with

300 ng of Pd urwrs rreg wnder 2 OR&kernd
atm froma Uéﬁfa’ﬁ'ﬁfo ur %m&nd [ u@;ﬁe
reaction mixture is f ere‘dto r emre C he crude pe@gluct

i
purified by reverse phase HPLC to gl ve give
(Z) - N-(2-Fl uor o- -1- ((R) - 1- phenyl - et ¥ )

pyrrolidin-2 ( ' pnrldlne(oo%_,_
55. 4% as yel,é il 2. 075k 1A (5 oy  DIEARMF
[ (5)-1- Cycl ohbxy17 2- US) - 2-{1- HE) - ( 2) - N- (3- f ior 07 phenyl) - N- mePRyl - 1-1
<pyrroildin-1-yl)-2-oxo-ethyll-carbamc acid

ution of Boo- - cygcl ohexygl yci ne( 204
i s added

m oxopr openyi i m nofal ly
tert-butyl ester (7) T

ng, 0.79 mmol) in 5 .20 t onwat enpe

di | sopropyl et hyl ani e)e(-}fu58° %moﬁ:}l restirring at
roomtenperature f 20" m nutes, ol s ng, 0.86 nmop
and HBTU(325 ng, O0.86 mml) in DIVF (5 m) is added to e reaction

m xture, and the solution is transferred to another flask contained
(Z) - N- (2- Fl uor o- pheny1) - N-net hyl - ht - RS) - 1- ©

et i e o 5
4 e 4

Et 0AC (50 - w P Shidt .

or gani <(: | dmmtlsy[h}drmqimmne HOIEdB5 gy, %@i?fml)m eclmi? oﬂ'ﬂﬂlﬁatufzedCy\lst h

GECI2(10. i, el S S Ok AR o W 8 obin Y AR GRY

the temperature below — 20 °C, After stirring at — 10 °C for 30 min, the reaction
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To a solution of give

{(S)-1-[(S)-1-Cycl ohexyl-24(S)-2-{64(2-fluoro-phenyl)-nethyl am no] - py
ridin-2-yli-pyrrolidin-1-y0-2-o0xo-ethyl carbanoyti -ethyl)-nethyl -carba
mc acid tert-butyl este (300 ng, 0.50 mml) in CH2C12 (I nlL) at -20

Cis added TFA (5 M., pre-cooled to -20 C) slowy. After stirring at

O Cfor 30 mn, the reaction mxture is concentrated and purified by

prep HPLC (Col um: Waters Sunfire prep C18 30 x 100 nm Mbbile phase:
i socratic condition, CH3CN 28%/ H20 72% wi th 0. 1%9FA; Flow rate: 45

1 or - pheltRe REtvache FAB OIS PVRELag paiARaaMiles 1 50 pk pr EXQfw. et

|]1-2- met Sarhibi hiznave ' 9 X i -
Za} t. (FI Rw’lEL fs l\/?%@;gf% SO?QErfIOE&/mﬂdV%F gg?s%@ n@?ﬁ@e&lﬁ@%%ﬁ%hc&

the i nvent95/@US8nIdaSQLtiPR Rpanseriatedicaive 4 g h-damsthaxy iy medalet an

ELI SA and gytpaliddis9af 08%) a¥ paftf IRuidl. Myz2fsh g Rea  Conpounds are
i ncubated with GSGEF 8(12%3 ﬁsi o%n pfraot eﬂ] aﬁ%'%i otinyl ated SMAC pepti de

(AVPFACI K) in stretavidin-coated 98 well platee. For Xl AP Bl R3 Snac
Eli se, a GST-B1R3 fusion containing am no aci ds 248-358 from X1AP is
used. For CIAP1 BIR3 Smac Elise, a GST-B1R3 fusion containing am no
aci ds 259- Hd3-5th-6a)-widene-5,5-dimethoxgel-bxmprutyd]-a0yknidcyd bromidsiz) on,

T . _ ek . ) o
S o1 or S0 el 288 Broni bR s fid e 53 Tadibih A Bied -
anti - GST afft iGdeladded BULIO13 iy 2643 hmmgl, 2r5oMiim Elukarts) imompbHionaidkal | ne

h hat ool t].- t t 1 hodi i | i i fi
g A ¢ olrE P TS 8 Ly iy Feme PRl ii e 2257 e
580nm 10350mol ds addgidndhe soletimmcdmpwizej dftepstirdmypatoL el °Qidrehs i, 3 aces
hal f of : i | 050 -bioti t S | s.400
o The 1 CoBARTBLROR s L 2 e P ey A By B R B e 80 et
EhlSAbaIS'S ?E/t@ﬁ;mﬁ'@ecbofn’wm' d?:r@ﬂﬁc tayéfs i{a icondentrated d?ﬁqﬂdn'ﬁéd_i By 'O'[] Assay

e abili of _conpounds to | unor hinvitro.is

noni t or ed ()(&'g?rﬁﬁt"g%ﬂ&%xﬁ"?’ Ew’g‘ﬁP&éﬂl&@@%@i{'%{%@?%5-ééi'!“"ethox}"z'
Prolifer atdmmeﬁﬁs]aacdfﬂiimb&knidé'{fi.? G BB%) 45 IRPEPARAdiid MpzELemps of

a novel tetrazolium conmpound [ 344, 5-

di met hyl t hi azol - 2- y0- 5- ( 3- car boxynet hoxypheny1l) - 2- (4- sul f ophenyl) - 2H
t etrazol i INY1-Etn)-idehe-2)L8oxa 1-RkpAAImIaByCsfeRlide By eagent
(phenazi nmnet@osul}?is Z%ﬁl\@; Sr?g]bi,?r]educgd by I‘E.[:elqjlzlwé into a .

f or mazan B Pt,'o"fc‘Pf 'g sSHriambidensS. fiqimethoXy-grexenealyl] geryiigiioy bromide(7.0
conver si ory, 28.9YhSol)Mm sthﬁoﬁgmﬂgbﬂggﬁﬁmﬁﬂ nﬂ{)%@ﬂﬁ:g '(ezré??rstgre, is

acconpl i shed hy deh&/dro enase enzynes f i n nmetabol’i ca

cells. Th@dgaﬁmbtey 37-196P 9z Afepheehanical shaaking feed hogt roner temperaturef the
490nm abs i il i i YA

el 15 i ot iR aiuisTREisky THe3Ba ol ol sk Feeldte (chifaiFlo% o
t he descr illd¥. déeIcombingdorgaie yers wereGoocdtratsbanspurifieddypl e 196

Tabl ets | LS [ypeTell) f .

conpri si ng'::?:l i;qus?éﬂgg’l’tﬂEgyed;llgngr eg@ﬁ).,7%@%9@%%%%&233@&%}%2@0 To%ou%%&tytl‘

of for mul @cyiimidoyhbrioonida(5.18 o B8. 5% )asdightiyeliBwdnplkdesl/D=4094243.91He1]

foll ow ng conposition are prepared using routine methods:

Conposi tion: .
2-Bromo-6-[(S}-1-{(R)-1-phenyl-ethyl)-pyrrolidin-2-yl}-pyriding (4}

To a solstion of N-[1-Eth-{Z)-yiidene-2,5-dioxo-pentyl}-acrylimidoyi bromide(1.0 g,
4.1mmol) and R{+}-a-methylbenzylamineg(0.5 g, 4.1 mmol) in 17 miL of CH,Cl; at—- 70 °C,
is added acetic acid(0.6mL) and sodium triacetoxyborohydride(1.74 g, 8.2mmol), After
stirring at — 70 °C for 40 min, the dry ice bath is removed, and the reaction solution is
warmed to room temperature, After stirring at room temperature overnight, the reaction
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Active Ingredient 50 ng Wheat starch 60 ng Lactose 50 ng Col | oi dal
silica 5 ng Talcum 9 ng Magnesium stearate 1 ng Total 175 ny

Manuf acture: The active ingredient is conbined with part of the wheat
starch, the |actose and the colloidal silica and the m xture pressed
through a sieve. A further part of the wheat starch is mixed with the
5-fold anbunt of water on a water bath to forma paste and the

m xture made first is kneaded with this paste until a weakly plastic
mass |s forned.

mixture is quenched with 20 mL of water and extracted with 3 x 30 mL of CH,Cl,. The
combined organic layers were concentrated and purified by
chromatography(Hexane/EtOAC : 70/30) to yield 2-Bromo-6-[(8)-1-({R)-1-phenyl-ethyi)-
pyrrofidin-2-yi}-pyridine{0.86 g, 62.9%) as light yellow liquid. M/Z=332.7 [M+1]

(Z}-N-{2-Fluoro-phenyl}-N-methyl-N"-[1-[{S)-1-((R)-1-phenyi-ethyl}-pyrrolidin-2-yi}-
prop-2-en-(E)-ylidene]-propenamidine (5)

To a solution of 2-Bromo-6-{(S)-1-((R)-1-phenyl-ethyl)-pyrrolidin-2-yll-pyridine(86.5 g,
2.57mmol), 2-fluro-methyaniline(64.7 mg, 5.4 mmol) and 2-(di-cyclohexylphosphino)-bi-
pheny(38.5 mg, 0.13 mmol) in 20 mL of toluene at rocom temnperature, were added
Pdz{dba)s(117.6 mg, 0.13 mmol). The reaction mixture is stirred at 80 °C for 2 firs, and
then cooled to room temperature. The reaction mixture s filtered through celite, and the
fitrate is diluted with 50 mL of EYOAc and washed with 2 x 50 mL of water. The combined
organic layers were concentrated and purified by chromatography (CH2Clo/MeQH : 97/3)
to give (£)-N-(2-Fluoro-phenyl}-N-methyl-N'-[1-[(S}-1-((R)-1-phenyl-ethyl)-pyrrolidin-2-yi}-
prop-2-en-(E)-yiidene]-propenamidine(870 mg, 80.3%) as pale salid. M/Z=376.0 [M+1)

(Z}-N-(2-Fluoro-phenyl)-N-methyl-N'-[1-[{S)-1-((R)-1-phenyl-ethy)-pyrrolidin-2-yl]-
prop-2-en-{E}-ylldene]-propenamidine ()
(£)-N-(2-Fluoro-phenyl)-N-methyl-N'{1-[{S)-1-{(R)-1-phenyl-ethyl}-pyrrolidin-2-yl}-prop-2-
en-(E)-ylidene}-propenamidine(500 mg, 1.33 mmal) is dissclved in 10 mL of MeOHin a
500 mi. round bottle flask with 300 mg of Pd/C. The reaction m;xture is stirred under H;
gas{ 1 atm) from a balloon for 24 hours. After degasing under vacuum, the reaction
mixture is filtered to remove catalyst. The crude product is purified by reverse phase
HPLC to give give {Z)-N-(2-Fluoro-phenyl-N-methyl-N'-[1-[(8)-1-((R)-1-phenyl-ethyl)-
pyrrolidin-2-y{}-prop-2-en-(E)-ylidene]-propenamidine (200 mg, 55.4%) as yellow oll,
M/Z=272.07 [M+1]

[(8)-1-Cyclohexyl-2-((S)-2-{1-[{E)-{Z)-N-(2-fluoro-phenyl}-N-methyl-1-Imioxo-
propenylimino]-aily{}-pyrrolidin-1-yl})-2-oxo-ethylj-carbamic acid tert-butyl ester (7)
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The dry granul es are pressed through a sieve having a nesh size of 3
mm mxed with a pre-sieved mxture (1 mmsieve) of the remaining
corn starch, magnesium stearate and tal cum and conpressed to form
slightly biconvex tabfets. Exanple 197 Tablets 2 conprising
conpounds of the formula (1) Tablets, conprising, as active
I ngredi ent, 100 ng of any one of the compounds of fornula (1) of
Exanpl es 9-194 are prepared with the follow ng conposition, follow ng
standard procedures: Conposition: Active Ingredient 100 ngy
Crystalline | actose '
To a solution of Boc-1.-a-cyclohexyglycine(204 mg, 0.79 mmol) in 5 mL of DMF at room

temperaturs, is added diisopropylethylamine (0.58 mL, 3.3 mmol) slowly. After stirring at
room temperature for 20 minutes, a solution of HOBT(116 mg, 0.86 mmol) and HBTU(325
mg, 0.86 mmol) in OMF (5 mL) is added to the reaction mixture, and the solution is
transferred to another flask contained (Z)-N-(2-Flucro-phenyi)-N-methyl-N"-[(S)-1-
pyrrolidin-2-yl-prop-2-en-(E)-ylidenel-propenamidine(180 mg, 6.66 mmol). After stirring
for 1 hr, the reaction solution is diluted with EtOAc (50 mL), and washed with water (3 x
20 mL). The combined organic layers is concentrated. The crude product is diluted with
CH:Cl2 (10 mL) and dried over NapS04, and purified by chromatography
(CHzClMeOH:97/3) to give [(S)-1-Cyclohexyl-2-((S)-2-{1-[(E)-(Z)-N-{2-fiuoro-phenyl)-N-
methyl-1-imioxc-propenylimino]-allyl}-pyrrofidin-1-yl)-2-oxo-ethyl}-carbamic acid tert-butyl
ester (320 mg,94.5%) as pale gum. M/Z=511.14[M+1]

{Z}-N'-[1-[(S)-1-({S)-2-Amino-2-cyclohexyl-acetyl}-pyrrolidin-2-yl]-prop-2-en~(E)-
ylidene]-N-{2-fluoro-phenyl)-N-methyl-propenamidine (8}

To a solution of [(8)-1-Cyclohexyl-2-{(8)-2-{1-{(E)-(Z)-N~(2-fluoro-phenyl)-N-methyi-
1-imioxo-propenylimino]-alyl}-pyrrolidin-1-yl)-2-oxo-ethyi}-carbamic acid tert-buty)
ester (320 mg, 0.63 mmol) in CH,Clz ( 3 mlL) at-20 °C is added TFA (5 ML, pre-
cooled to -20 °C) slowly. After stirring at 0 °G for 30 min, the reaction mixture is
concentrated to remove most of TFA. The residue is dissolved En 20 b of CH,Cl,
énd neutralized with 10% NH,OH to PH=8. The solution is dried over Na;SO, and
concentrated to give (Z)-N'-[1-[(S)-1-((8}-2-Amino-2-cyc
lohexyl-acetyl)-pyrrolidin-2-yl}-prop-2-en-(E)-ylidene]-N-(2-flucro-phenyl)-N-methyl-
propenamidine (260 mg, quantitafive) as pale gum without further purification for
next step reaction. M/Z=411.2 [M+1}

{(S)-1-({S)-1-Cyclohexyl-2-{(8)-2-{6-[(2-flucro-phenyl)}-methyl-amino]-pyridin-2-yl}-

pyrrolidin-1-yl)-2-oxo-ethylcarbamoylj-ethyl}-methyl-carbamic acid tert-buiyl este
&)
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240 ng Avicel 80 ng PVPPXL 20 ng Aerosil 2 ng Magnesium stearate
5 ng Tot al

To a solution of Boc-N-methyl-L-a-alanine(155 mg, 0.76 mmol) in 5 mL. of DMF at room
temperature, is added diisopropylethylamine (0.58 mL, 3.3 mmol) slowly. After stirring at
room temperattire for 20 minutes, a solution of HOBT(111 mg, 0.82 mmel) and HBTU(311
mg, 0.82 mmel) in DMF (5 mL) is added to the reaction mixture, and the solution is
transferred to another flask contained (Z)-N'-[1-[(S)-1-((S)-2-Amino-2-cyclohexyl-acetyl)-
pyrrolidin-2-ylj-prop-2-en-(E)-ylidene}-N-(2-flucro-phenyl)-N-methyl-propenamidine (.260
mg, 0.63 mmol). After stirring for 1 hr, the reaction solution is diluted with EtOAG (50 mL),
and washed with water ( 3 x 20 mL). The combined organic layers is concentrated, The
crude product is diluted with CHzClz (10 mL) and dried over Na2S 0y, and purified by
chromatography (CH:Cl,/MeOH:87/3) to give {(S)-1-[{8)-1-Cyclohexyl-2-((8)-2-{6-[{2-
fluore-phenyi)-methyl-amine]-pyridin-2-y[}-pyrrolidin-1 -yi)-2-oxo-ethylcarbamoylj-ethyf}-
methyl-carbamic acid tert-butyl este (300 mg,79.5%) as pale gum. M/Z=596.2[M+1]

{S)-N-[(S)-1-Cyclohexyl-2+((S)-2-{6-[(2-fluoro-phenyl)-methyl-amino}-pyridin-2-
yl}-pyrrolidin-1-yl}-2-oxo-ethyl}-2-methylamino-propionamide (78}

To a solution of give {(8)-1-(S)-1-Cyclohexyl-2-({S)-2-{6-{(2-flucro-phenyl)-methyl-
amino]-pyridin-2-yl)-pyrrolidin-1-yl)-2-oxo-ethylcarbamoyil-ethyl}-methyl-carbamic
acid tert-butyl este (300 mg, 0.50 mmol} in CHxCl; { 1 mL) at -20 °C is added TFA (5
ML, pre-cooled to -20 °C) slowly. After stiring at 0 °C for 30 min, the reaction
mixture is concentrated and purified by prep HPLC (Column: Waters Sunfire prep
€18 30 x 100 mm; Mobite phase: isocratic condition, CHsCN 2‘8?/0 1 Ha0 72% with
0.1%TEA; Flow rate; 45 mLimin) to give (S)-N-[(S)-1-Cyciohexyl-2-((S)-2-{6-1(2-
fluoro-phenyl)-methyl-amino]-pyridin-2-yl-pyrrolidin-1-yl)-2-oxo-ethyl]-2-
methylamino-propicnamide(206'mg, 67.0%) as white solid TFA salt. {(HR Mass
M/Z=496.3069 [M+1]).

In order to measure the ability of the inventive compounds to bind the BIR3 peptide
binding pocket an ELISA and a cell based assays are utilized.

Elisa
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447 mg Manufacture: The active ingredient is mxed with the carrier
material s and conpressed by nmeans of a tabletting machi ne (Korsch
EKO, Stenpel durchnmesser 10 nm. Exanple 198 Capsul es Capsul es,
conprising, as active ingredient 100 ng of any one of the conpounds
of formula (1) given in Exanples 9-194, of the follow ng conposition
are prepared according to standard procedures: Conposition: Active
I ngredient. 100 ng Avicel 200 ng PVI513XL

Compounds are incubated with GST-BIR3 fusion protein and biotinylated SMAC
peptide (AVPFAQK) in stretavidin-coated 96 well plates. For XIAP BIR3 Smac Elisa,
a GST-BIR3 fuslon containing amino acids 248-358 from XIAP is used. For CIAPY
BIR3 Smac Elisa, a GST-BIR3 fusion containing amino acids 259-364 from CIAP1 is
used. Following a 30 minute incubation, wells are extensively washed. The
remaining GST-BIR3 fusion protein is monitored by ELISA assay involving first,
incubation with goat anti-GST antibodies followed by washing and incubation with
alkaline phosphatase conjugated anti-goat antibodies, Signal is amplified using
Attophos (Promega) and read with Cytoflour Ex 450nm/40 and Em 580nm. 1Cgs
correspond to concentration of compound which displaces half of GST-BIRS signal,
The ICs for non-biotinylated Smac Is 400 nM. The ICsq values of compounds listed in
Table 1 in the described ELISA assays ranged from 0.005 — 10 uM.

Ceil Proiiferation Assay

The ability of compounds to inhibit tumor cell growth in vifro is monitored using the
CellTiter 96® AQueous Non-Radioactive Cell Proliferation Assay (Promega). This
assay is composed of solutions of a novel tetrazolium compound [3-(4,5-
dimethylthiazol-2-yl}-5-(3-carboxymethoxyphenyl)-2-(4-suifophenyl)-2H- tetrazolium,
inner salt; MTS] and an electron coupling reagent (phenazine methosulfate) PMS,
MTS is bioreduced by cells into a formazan product, the absorbance of which is
measured at 490nm. The conversion of MTS into the aqueous soluble formazan
product is accomplished by dehydrogenase enzymes found in metabolically active
cells, The quantity of formazan product as measured by the amount of 490nm
absorbance is directly proportional to the aumber of living cells in culture. The 1Csg
values of compounds listed in Table 1 in the described cell assays ranged from
0.005 — 50 pM.
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15 ng Aerosil 2 ng Magnesium stearate 1.5 ng Total 318.5 ny

Manuf acturing is done by m xing the conponents and fiffing thorn into
hard gel atine capsules, size 1. CLAIMS 1. A conpound according to
formula | wherein Rl is H R2is Cl-Ca al kyl; which my be
unsubstituted or substituted by one or nore substituents sel ected
from hal ogen, -0OH, -SH, -OCH3, -SCH3, -CN, -SCN and nitro;

Example 196
Tablets 1 comprising compounds of the formula (1)

Tablets, comprising, as active ingredient, 50 mg of any one of the compounds of
formula (I} mentioned in the preceding Examples 9-194 of the folfowing composition
are prepared using routine methods;

Composition:

Active Ingredient 50 mg

Wheat starch ' 60 mg

Lactose 50 mg

Colloidal silica ' 5mg

Taloum 9mg

Magnesium stearate 1mg
Total 175 mg

Manufacture: The active ingredient is combined with part of t};e'wheat starch, the
lactose and the colioidal silica and the mixture pressed through a sieve. A further
part of the wheat starch is mixed with the 5-fold amount of water on a water baih to
form a paste and the mixture made first is kneaded with this paste until a weakly
plastic mass is formed.

The dry granules are pressed through a sieve having a mesh size of 3 mm, mixed
with a pre-sieved mixture (1 mm sieve) of the remaining comn starch, magnesium
stearate and talcum and compressed to form stightly biconvex tablets.
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123 is C1-C4 alkyl; R4 is -C3-Cntycl oal kyl which may be substituted
by Cl-Cralkyl; RS is H Cl-Cmalkyl; aryl; phenyl; C3-Crcycl oal kyl;
-(CH2) 1. 6- C3-Crcycl oal kyl ; -Cl- Cmal kyl -aryl ;
- (CH2) 0- 6- C3- C7cycl oal kyl - (CH2) 0. 6- phenyl ; - (CH2) 04CH ( (CH2) 14-
phenyl) 2; -(CH2)0-6-CH(phenyl)2; -indanyl; -C(0)-Cl-Cnalkyl;
-C(0)-(CH2)1_6-C3-C7- cycloal kyl; -C(0)-(CH2)0. 6-phenyl;
-(CH2)0.6-C(0)-phenyl; -(CH2)0_6-het; -C(0)-(CH2):- 6-het; or RS is a
resi due of an am no acid, wherein the al kyl, cycloal kyl, phenyl and
aryl substituents are unsubstituted or substituted by hal ogen,
carbonyl, thiol, S(0),S(0)2, - OH -SH -0OCH3,-SCH3, -CN,-SCN or
nitro; Uis as shown in structure I1: Il wherein n = 0-5; X
i SN;

Example 197

Tablets 2 comprising compounds of the formutla (1)

Tablets, comprising, as active ingredient, 100 mg of any one of the compounds of
formula (l) of Examples 9-194 are prepared with the following composition, following

standard procadures:
Composition:

Active Ingredient 100 mg
Crystafline lactose - 240 mg

Avicel 80 mg

PVPPXL 20 mg

Aerosi) 2 mg

Magnesium stearate 5mg
Total .. 447 my

Manufacture: The active ingredient is mixed with the carrier materials and
compressed by means of a tabletting machine (Korsch EKO, Stempeldurchmesser
10 mm).
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Ra and Rb are independently an 0, S, or N atomor Co.8 al kyl wherein
one or nore of the carbon atonms in the al kyl chain may be repl aced by
a heteroatomselected fromO, S or N, and where the al kyl nmay be
unsubstituted or substituted by hal ogen, carbonyl, thiol, S(0), S(0)2,
-0H,-SH, -OCH3,-SCH3, -CN,-SCN or nitro; Rd is selected from (a) -Re
- Q- (Rf)p(Rg)qg; or (b) Arl-D-Ar2; Rc is Hor Rc and Rd may toget her
forma cycloal kyl or het; where if Rd and Rc forma cycl oal kyl or
het, R5 is attached to the formed ring at a Cor Natom p and q are
i ndependently 0 or 1; Re is C _g al kyl or alkylidene, and Re which
may be unsubstituted or substituted by hal ogen, carbonyl, thiol,
S(0),S(0)2, -0H,-SH, -OCH3,-SCH3, -CN,-SCN or nitro; Qis N, 0, S, S
(0), 5(0)2; Ari and Ar2 are aryl or het which may be substituted by
hal ogen, carbonyl, thiol, S(0),S(G2ampleM8SH, - OCH3, - SCH3, - CN, - SCN
or nitro; Rf and Rg are each i ndependently H, -Cil-Gi Oal kyl;

Cl -G Qal kyl ary1; -0H, -0-Cl Cl0al kyl ;c‘-’é 1 0. 6- C3- Cr7cycl oal kyl ;
-0-(CH2)0. 6-aryl; phenyl; aryl; pheny enyI - (CH2)i _6-het;
-0-(CH2)1_6-het; -ORA 1; -C(0)-R 1; - N(RI i)(RL2);

-N(Ri i )(R@@psulegcompg]smgas)gctw.mgre@;gnj) 0 .of agy gpgonmglmunds of

A0 MG S A Yo e

substl t ut @&%ﬁnﬂwdgeﬁﬁfdmmwsf t hi oI ' S(0),S(0)2, -0H,-SH,

'U\I 'OU\I Ul Il I.'I U, 'JUL bJ. de.I yl y
-802 Cl%E.Z_kj -0-Cl-Cal kyl; or Rg gnd Rf forma ring
sel ect ed Lifom e r arvl Dis -CO.; -C(Q)-CL 7 alkylene or aryleng;
-CF2-: -0-; -S(0)r where r is 0-2; 1,3- dioaxpolane; or CL 7 al kyl - OH;
where al kyl, alkyl ene Pﬁwﬁiwr@@“my be unsublstituted c¥00d0®st it ut ed
W t h one[or~more harogens, OH -0-Cr=Cof Ky, —j5- CtC6at kyt—or-CF3;7—or D
i SN(Rh) wherein Rh is H @&licdl al kyl (unsub ori substit utgg haI ogen
car bonyl t hi ol S S(O)y2, -0H -SH -0OCH3 -ISCH3 -CN -S
nitro); ?ry'l; -O(Cl 70yc| o? ﬁo) (unsub or sqbstitut ed b haI ogen
carbonyl { thiol, S(0),S(6) H -SH, - ScH3, - CN, 13mM9 or
nitro); 0) - G~ COwal Kyt~ C(0)-00- CIoal Kyl aryl CO-CI-owat Kyt L,-

C0- Cmal kYl -aryl or 502- Clagib@ial kyl ; S02- (Co-|C10- al kyl Qrmg : ,
R7, W a nfly__l—l -Cl-Ql0 al kyl ;- C] al koxy:

aryl - C1- €10 al koxy; -0- Cl- Clpoal kyl ; -(CH2)0- 6- C3 cl oal kyl ;
_0-(CH2) §-6-aryl ; phy%\;F‘es'“m( 1-6-het: -|0-(CH)1- 6L ﬁ%‘ﬁ “call :
-Q(0)-11J1T;, -0y -N(RITy(1142)" -N(R11)(R-12); SR -S(0)"RIL
-S(0) 2- R{!/ ; -S(0)2-NRI I Rl ZotalNRI | - S(0) 2- R12;| wherein 3118(5#119

cycl oal k4—ant—aryH—are—thsubstit-tt-ed-or—subsi-tut-ed—by—hal-ogen;

car Doyt lbayih R R Beni b Sbgo iR fiﬁﬁ%ﬂ?@wﬁﬁ*@f’a&"ﬁér *

R12 are i palsyissgdeing iy H, Cl - Cm al kyl ; - (CH2) 0- 6- C3- C7cycl oal kyl ; -
(CH2)0-6- (CHO.1(aryl)1.2; -C(0)-C -C |oal kyl ;

-C(0)-(CH2) 1-6-C3-Crcycl oal kyl; -C(0)-0-(CH2)0-6- aryl;
-C(0)-(CH2)0-6-0-fluorenyl; -C(0)-NH (CH2)o-6-aryl;
-C(0)-(CH2)0.6-aryl; -C(0)- (CH2)1-6-het; -C(S)-Cl-d oal kyl;
-C(S)-(CH2) 1-6-C3-Crcycl oal kyl ; -C(S)-0-(CH2)0. 6-aryl;
-C(S)-(CHO-6-0-fluorenyl; -C(S)-NH (CH2)0-6-aryl; .
-C(S)-(CH2)0-6-aryl; -C(S)-(CH2)1- 6- het; wherein al kyl, cycloal kyl
and aryl are unsubstituted or substituted ; or R11 and RI2 are a
substituent that facilitates transport of the nolecule across a cell
menbrane; or R11 and R12 together with the nitrogen atom form het;
wherein the al kyl substituents of R11-and R12 nmay be unsubstituted or
substituted by one or nore substituents selected fromC -G Qal kyl,
hal ogen, OH, - 0- Cl1- C6al kyl, -S-Cl- C6al kyl or -CF3; substituted
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het is a 5-7 nenbered heterocyclic ring containing 1- 4 heteroatons
selected fromN, 0 and S, or an 8-12 nmenbered fused ring system
including at | east one 5-7 nmenbered heterocyclic ring containing 1, 2
or 3 heteroatons selected fromN, 0, and S, which heterocyclic ring
or fused ring systemis unsubstituted or substituted on a carbon atom
by hal ogen, h%dr oxy, C1-C4 al koxy, nitro,-0-C(0)-G -C4al kyl or
-C(0)-0- al kyl or on a nitrogen by Cl1-C4 al kyl,

-0-C(0)-C -C4al kyl or Calkyl; or pharmaceutically acceptable salts
thereof R5 is H Cl1-(C Oal k&(l . C3-Crcycl oal kyl ;

- (CH2) 1_8- C3- cr&pmpadrdkgeordg todppaplry| - aryl ; -

(CH2) 8_8- C3- C7eyel oal kyl - (CH2) 0- 6- phenyl ;

-(C112) 0401- ((01R) 14- phenyl) 2; -(CH2)0-8- CH(phenyl)?2;-indanyl;
-C(0)-C -Cn@l kyl CH2) 1- 6- C3- C7cycl oal kyl ; -C(0) -

( CH2) 0- 6- phemyj; TothetRs; -d(0)-(CH2)1-6-het; or R5 is a

resi due of an am nfp acitd, wherein al kyl, cycloal kyl, phenyl and aryl
are unsubsti tuged @r smbsti tuted by hal ogen, carbonyl, thiol,

S(0), S(0) 2, - ,-SCH3, "-CN,-SCN or nitro; Uis a as shown in
struct ur Helsin Wherein n = 0-5; Xis N, Ra and Rb are independently
an 0, S, or Natomor Co_g al kyl wherein one or nore of the carbon
atons in the al kyl chain nay be replaced by a heteroatom sel ected
fromO, R,66HN, and where the al kyl may be unsubstituted or
substituted by hal ogen, carbonyl, thiol, S(0), S(0)2, -0H, -SH,
-OCH3,-SCH3, -CN,-SCN or nitro; Rd is selected from (a) Re - Q

- (Rf) p( RRR:Gs €1-6% alkly); wArich map bandsupstatutediondelptindehby gnddoranore; Re is H
or Rd an f oahisy kyor t; rea f : form
a cycl oa?ﬂ%ﬁn%?g%{%gegrﬁng%@é% r g(bglf tb Ia_tlg h%gﬂf’os?’ﬂg’ ? cl)\;’ rrsegﬁra?ﬁgmg%g acC
or N atom

Riis C;-C4 alkyl,

R4 is -C5-Cjgcycloalkyl which may be substituted by C;-C,alkyl;

Rs is H; C-Cyp-alkyl; aryl; phenyl; C3-Cieycloalkyl; -(CH3),.6-Cs-Coeycloalkyl; -C-
Cjoalkyl-aryl; -(CHa)p.6-Cs-Crcycloalkyl-(CHa )o.s-phenyl; -(CH3)4CH-((CHz) 4~
phenyl),; -(CHz)o.¢-CH(phenyl)s; -indanyl; -C{O)-C,;-Cjpalkyl; -C(O)-(CHz);.4-C3-Cs-
cycloalkyl; -C({O)-(CHz)p-¢-phenyl; -(CHz)o.6-C(O)-phenyl; -(CHz)os-het; -C(O)-(CHy);-
¢-het; or Rs is a residue of an amino acid, wherein the alkyl, cycloalkyl, phenyl and aryl
substituents are unsubstituted or substituted by halogen, carbonyl, thiol, S{0),S(0),, -
OH,-SH, -OCH3;,-SCH3, -CN,-SCN or nitro;

U is as shown in structure II:

R?' RE
R;' ain~Re
R,
X
- Rbjp—Rd— |,
wherein
n=0-5;
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Re is C1_8 alkyl which may be unsubstituted or substituted by

hal ogen, carbonyl, thiol, S(0),S(0)2, -0H, -SH, -OCH3,-SCH3, -CN, -SCN
or nitro; Qis N 0, S 5(0), S(0)2; At and Ar2 are aryl or het
whi ch may be substituted by hal ogen, carbonyl, thiol, S(0), S(0)2,
-0H,-SH, -OCH3,-SCH3, -CN,-SCN or nitro; Rf and Rg are each

i ndependently H or Co-Ci oal kyl, or G -Ci oal kylaryl which may be
substi tu%tﬂiy hal ogen, carbonyl, thiol, S(0), S(0)2, -0H,-SH,

- OCH3, SCHS - CN, - SCNor nltro DIS-CO- C(O) Cl_7 al kyl ene or
aryl ene; 3- dioaxol ane; or Cl1 7

r i S
al kyl - wérfib P Wepelaieaﬂy é‘hg) gr Oy W% @r ﬁwalbﬁl WREEGIBORE OLTOEE @
substit U&l@&cdﬂbdﬂht@rﬁ@ irOthe AIKYE clith 914 8088 reflited by@ heffadtkinl selected from 0,8
b

(unsubst tF 80 ae® Bperg s e R mat B Bt st oF by oy, cofbdtil

S(0), S( OYigipl, SOBY),SEN,, -OTS3], ~-OCH3,-SCHN, -CBG @Y oniitrop) ;. aryl ;

-0(CL. 7c nsubstltut ed or substituted by hal ogen,
car bonyl , xi g%l (%% ég -0H, - SH, -QOCH3, -SCH3, -CN, -SCN or

nitro); C(O) da) Roa f)p((B(g)«) 000Cl oal kyl - aryl; C 0-Cl-Cloal kyl ;

C- 0- 00- C10al kygﬂg&yb _Rf,- S02- C1- C10- al kyl ; S02- (ooc10 al kylaryl) ;
and R6, R7,, R6 and R7 are each |ndepend ntly. H al kyh- OH;

- 0- C1- C1&& iR o Rf(@qzlifzmes’é%e mfma kyl ot P@H%leree ngd Rﬁ&%‘m/iﬂ;
- (CH2) 1- Gydledlkyl-A-heCH2)id atbechéd to the Rined ring@f Q)& N dtom; C(0) - N(Ri 1) (R

2): N(Rl 1) 0) - R11; S(O)Z-Ri - -S (0)2-NRI I RI 2;
-NRI'I - S( (qF?:['i ﬂd\%ﬂeéﬂdgl# glo{(?/ , cycl oal kyl and aryl are
unsubst i ﬁ?wtledil 9 alkyhdnsedkyhdead aby Reattogemay bamubsrbgtitutadhirshbstiBited bs( 0) 2,

-0H, - SH '/ R 7
can be ubhl Cal% fnhé&lf\?%(?%)g?e HtE%i Id@’ng %irgﬁi’ ﬁgwpen eﬁ’tly H;
Cl- C10 a|Q<5§|N,-Q @fﬂ@)(@-)ﬁs(@?%C?cycl oal kyl; - (CH2)0-6(CH O 1(aryl)1l 2;
-C(0)-C -C al kyl; C(O) (CH2) 1-6-C3- C7cyc| oal kyI

0 5ar 12 6- 0-.f | uqr .

& 0} NP R ity or B R B b e Iy T asen, caggpyh thioher
- 5)-a SGDDSGOQYJ OH, S5)-O0PHZ B CHe; CNCS?CCNOY nadoky| ;
-C(S)-0-(CH2)0_6-aryl; -C(S)-(CH2)0.6-0-fluorenyl;

-C(9) - NH-(CHZ)OGaryI -C(S)-(CH2) 0-6-aryl; C(S) (CH2) 1- 6- het,
wher ei n &flend Recye tavhlikgdpeadentlstyl-CatemalinduBsCicalkylety bOHs tB<Eit ut ed:
or Rl11 a t Ikt t t he
mol ecul e ag %@sff]ﬂi‘ﬁc)g Fm®jﬁ%&%@] @?gﬁ%ﬂ&fyl @e@?%%{ﬂﬁ ﬁﬂt%ﬂe&yl

ni t r ogen (GHe)1rdet -Qr((Habfs- 1 1ORnd -RID-Rain- ‘K@B&B\W(Rlﬂnﬁﬂﬁmﬂﬁu) or-

i ndanyl whj;cy O)SRllllﬂS@ﬁtth‘ uiseo)zanﬁRkastNRHtadz)z-ai Kd-CcoC, Rid/1;and-E&1 2

Y 20 RS bt o SRRk icblost, R oBAS SR HE N For

- S- CI - Coatibisyitutedioly halbgkn, carbbrod) thidl, ${D)R(Q):aA0HRIH, mHg}@cm, -CN,-SCN

unsubst b, o EDBUYL S, eRinAREecRel S o/ Gk Sl

- S- Cl - CoaBleglected frooHs:! Oaﬁlﬂ’l,phenyl or aryl of Rl and R12 may be

unsubstituted or substituted by one or nore substituents sel ected

00y - C 1 D eAaPRy @t oy o0 & Sengi o o AL BB T T 3

aCCa pt ?ﬁ klﬁ)as;alhh@ ol @6@%@1 6)|H\ v S al‘rkgréﬂé df Elg%dn@ detindubrkanel o RS

is oa

o) 6. aTepBysY wiih o o By R DA DA AN 5rC g Ry S5-CEs Pt o

an am noNRhpwhevearkh m_H,I‘(él —adlkyll(veaub ar ghibstithet bt hnmgm. earbonyl, thiol,

UrsuDst] SRS YCH. DAL LR AR SRR ks I eyl O) 2
(unsub or substituted by he{logen, carbonyl, thioi, S(0),5(0),, -OH,-SH, -OCH3;,-SCHj,
-CN,-SCN or nitro); C(O)-C;-Cjpalkyl; C(O)-Cop-Cipalkyl- aryl; C-O-C,-Cipalkyl; C-O-
Co-Choalkyl-aryl or SO,-C-Cig-alkyl; SO,-(Co-Cyo- alkylaryl) ;
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Uis as shown in structure Il: wherein n = 0-5; Xis N, Ra and Rb are
i ndependently an 0, S, or N atomor C04 al kyl wherein one or nore of
the carbon atons in the al kyl chain may be replaced by a heteroatom
selected from0O, S or N, and where the al kyl nay be unsubstituted or
substituted by hal ogen, carbonyl, thiol, S(0),S(0)2, -0H, -SH,
-OCH3,-SCH3, -CN,-SCN or nitro; Rd is selected from (a)

-Re-Q (ROO(Rg)q; or (c) Arl-D-Ar2; Reis Hor Re and Rd together form

cycl oal kyl, Réli‘ﬁeénd Sikalil inf e"i’iﬂaltBCHf 210 R oyl Rl MR ay-CrCig

het erorin 5 1.s attached he farne and
q are i nd&SEHaEHyP-61 Enoaﬂwl ﬁ@Hi:)ss' Cs%ﬂlfv&lgyl - (ﬁ%’é@)wm&dﬂ@nmrch
g%) bg ( gmw@ﬁ fsitetjt- 0 CDL) S Hes-ORY L ed(cb)analcqgnm(m(m%mmlmkgb -gu <
(0), " or Sy SRR SHQAln: S5 N SRR o e urec
by hal ogegclogliybamnydryl drdiundupstBa@Y oB56WsH tutedihy; heﬂibgen- €Ty, ShidB,

o O oal KPASLPR RS OGRLF SRS AYSRARIT IS Mo R TR e R XL

- C(0) - G nagedioddpim ghimgslystemc( 0) - C1- C4- al kyl ; -302 Cl- C2al kyl ; -502-
G - C2al kyl phenyl ; -0-Cl-*4- aI kyI whi ch may be substitut ed by

hal ogen, car bony I t hi ol aﬁ){ g) - OH, - - CN, - SCN
or nitro; 1[)39(%Ru@(@1)ndepe@§g&;y X§1- Fveallﬁfl &?W@ﬁ@a C7W01033?Y1’S((§)[{2)Wmere

Lr i :ugsfl(gmﬁf&&ﬂ@l &(yC(O)atlfKChcﬁn@l ;0C(@)- WI@D%-W@CQ@@I@M@&GGOW&FHBM ed

% o - AT R e 0 e R B B S ey SO R Bty O

( gasugh i t(GHe)d sdet; SGEHLC 1 Toalityl yC(5 (G s-GaC geiyphikyl, HEE)-O- SCH))o sen);2,
C

(unsubstlt te 306?3%%1{)“%9?{ g@yﬁﬁ Iojjé’r? aryléracg()éhu)g?ﬁglﬁ {é)f Q).

S(0) , S( 0y2het; whereigrlkyl paBalkstpm! arylone uggrstiuted arsghstituted poy Ro 21

al kyl or rgs ¥le a%bs%ﬁaerf@@lal@acﬁhtkeéé tr%sp@ft)b'fthe%ﬂ@leaﬁe alRbss £ rﬁaﬁbﬁhz dre

each i ndepende tI OH, al koxy, or aryloxy; or
phar maceE{il g Ry t t"‘ﬁ@itée%‘ioﬁ\é“ f‘tHB‘r@B‘P M5 conpound according to
G aim 1l whersh theldlig salsstislepwoliR); sid RGimdyebd dnsubstituted or substituted by one

or more substituents selected from C,-Cpalkyl, halogen, OH,-O-C,-Cgalkyl, -S-C,-
Csalkyl or -CF3;

substituted cycloalkyl substituents of R;; and R; are substituted by one or more
substituents selected from a C;-Cjg alkene; C-Cegalkyl; halogen; OH;-O-C,-Cgalkyl; S-
C,-Cealkyl or-CF3; and

substituted phenyl or aryl of Ry, and R); are substituted by one or more substituents
selected from halogen; hydroxy; C;-C4 alkyl; C,-C4 alkoxy; nitro; -CN; -O-C(0)-C,.
Caalkyl and -C(O)-0O-C;-Cs-aryl,

het is a 5-7 membered heterocyclic ring containing 1- 4 heteroatoms selected from N, O
and S, or an 8-12 membered fused ring system including at least one 5-7 membered
heterocyclic ring containing 1, 2 or 3 heteroatoms selected from N, O, and S, which
heterocyclic ring or fused ring system is unsubstituted or substituted on a carbon atom
by halogen, hydroxy, C;-Cjalkyl, C|-C4 alkoxy, nitro,-O-C(0)-C;-Cyalkyl or -C(O)-0O-
C;-Cy-alkyl or on a nitrogen by C;-Cy alkyl, -O-C(O)-C,-Caalkyl or -C(O)-O-C;-
Caalkyl;

or pharmaceutically acceptable salts thereof.
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wherein any of the ring carbon atons can be unsubstituted or
substituted with any of the substituents defined in daiml for R6,
R7, R6' and R7I; Xis N Vis 0, F2, C12, Br2, 12, 5, H2, NH O
Cl-C4 alkyl; Wis-CH or-N, nis 0-3; and mis 0-3; or
pharmaceutically acceptable salts thereof 5. A conpound according to
Claim1 wherein the ring carbon atons on U are substituted with

subsi tuents i ndependently selected fromhalo, H OH C -C3al kyl or

Cl- C3al koxy, wr&afr@bﬂn@fdf«mm gﬁ) @l:dﬁqmg tBlcRiMNSWRgEnt ut ed or
substituted by hal 0gen, C3al kyl™ or Ci1-C3al koxY; or
pharmaceutically accept abI e salts thereof 6. A compound according to

G aim 1l waes H C;-R3galls/n@-Oydyclalket; R{CH,) FQC}E?&E&IJM{)A €1 [ty halkyl-aryl; -

ESLF [)g:’T'E3?&2),0_6_(839€7|09£185E§1h(%1{290r6 }ghrelﬂgﬂl {0 k(C}Bﬁ4-Psﬂeﬂ)%§2: CE%Hz)o 6
CH(phenyl),;-indanyl; -C(Q)-C,-Cypalkyl; -C(0O)-(CHz)1.6-C3-Cscycloalkyl; -C(O)-
(CH2)o.¢-phenyl; -(CHaz)o.¢-het ; -C(O)-(CHa3)1.¢-het; or Rs is a residue of an amino acid,
wherein alkyl, cycloalkyl, phenyl and aryl are unsubstituted or substituted by halogen,

carbonyl, thiol, S(0),S(0),, -OH,-SH, -OCH3,-SCH3, -CN,-SCN or nitro;

U is a as shown in structure II:

Rajn—Re¢

wherein
n=0-5;
XisN;
Ra and Rb are independently an O, S, or N atom or Cy5 alkyl wherein one or more of
the carbon atoms in the alkyl chain may be replaced by a heteroatom selected from O, S
or N, and where the alkyl may be unsubstituted or substituted by halogen, carbonyl,
thiol, S(0),S(0),, -OH,-SH, -OCH1,-SCH3, -CN,-SCN or nitro;
Rd is selected from:

(a) Re - Q -(R)y(Rg)q ; or

(b) Ar;-D- Ar;
p and q are independently O or 1;
Rei1s H or Rd and Re together form cycloalkyl or het; where if Rd and Re form a
cycloalkyl or heteroring, Rs is attached to the formed ring at a C or N atom;

Re is C; g alkyl which may be unsubstituted or substituted by halogen, carbonyl, thiol,

5(0),S(0),, -OH,-SH, -OCH3,-SCH3, -CN,-SCN or nitro;
QisN, O, S, S(0), S(0O);
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R5 is -Cl-C4al kyl - phenyl ; -C(0)-Cl-C4-al kyl - phenyl ;

-Cl-C4-C(0) - al kyl -phenyl or aryl, R5 is particularly phenyl nethyl,
phenyl et hyl and phenyl propyl; indanyl, napht hykC(0)-CH2-phenyl or
-CH2-C(0) - phenyl; R6 and R2 are H or nmethyl; U has the structure of
formula I'l1: wherein any of the ring carbon atons can be
unsubstituted or substituted with any of the substituents defined in
d ai m 1 fAon aldBr; arparyRet hetrvchigtiymay Ke subshfuted byshadogen, ¢@bon,itbiolbN; n is

1; and mggy & Sy @Q%Fmg ticealdynRcGaRE abl e salts thereof.
7.A corrpo&ngf gg%’ordi’ng to O A %@%’ ﬁg’r e(lyl?ll llQ)é met hyl or ethyl;
Rf and Rg are each independently H or Cy-Cypalkyl, or C;-Cjoalkylaryl which may be
substituted by halogen, carbonyl, thiol, S(0),S(0),, -OH,-SH, -OCHj3,-SCHs, -CN,-SCN

or nitro;

D is -CO-; -C(0)-C,; alkylene or arylene; -CF»-; -O-; -S(0), where r is 0-2; 1,3-
dioaxolane; or C;_; alkyl-OH; where alkyl, alkylene or arylene may be unsubstituted or
substituted with one or more halogens, OH,-0-C,-Cealkyl, -S-C;~Cgalkyl or -CF3; or D
is-N(Rh) wherein Rh is H; C;.7 alkyl (unsubstituted or substituted by halogen, carbonyl,
thiol, S(0),5(0),, -OH,-SH, -OCHj3,-SCH3, -CN,-SCN or nitro);

aryl; -O(C,scycloalkyl) (unsubstituted or substituted by halogen, carbonyl, thiol,
5(0),8(0),, -OH,-SH, -OCH3,-SCHj3, -CN,-SCN or nitro); C(0)-C;-Cpalkyl; C(0)-Co-
Choalkyl- aryl; C-O-C;-Cypalkyl; C-O-Co-Cpalkyl-aryl or SO,-C;-Cip-alkyl; SOy~(Co-
Cio- alkylaryl) ;

and Rg, R7, R's and R'; are each independently H; -C;-Cyq alkyl;~OH;-O-C;-Cypalkyl;
-(CH3)o.6-C3-Cyeycloalkyl; -O-(CHs)g.6-aryl; phenyl; -(CHy).¢-het; -O-(CH,);6-het; -
ORyy1; -C(O)-Rui; -C(O)-N(R11)(R12); -N(R11)(R12); -S-Ri1; -S(0)-Ry1; -S(0)-Ryp; -S
(0)2-NR 1R 2; -NR;-8(0)2- R)2; wherein alkyl, cycloalkyl and aryl are unsubstituted or
substituted by halogen, carbonyl, thiol, S(0),5(0),, -OH,-SH, -OCH3;,-SCHj3, -CN,-SCN

or nitro; or any Re, Ry, R's and R'; can be united to form a ring system;

Ry; and Ry, are independently H; C;-Cyg alkyl;-(CHz)o.6-C3-Creycloalkyl; - (CHa)g.g-
(CH)p.1(aryl)).z; -C(O)-C-Cipalkyl; -C(O)-(CHa)1.6-Cs-Creycloalkyl; -C(0)-O-(CHz)o.s-
aryl; -C(0)-(CHa)g.6-O-fluorenyl; -C(O)-NH-(CHa)p.¢-aryl; -C{(O)-(CHa)s.6-aryl; -C(O)-
(CHz);.6-het; -C(8)-C;-Cygalkyl; -C(8)-(CHa)1.6-C35-Cyeycloalkyl; -C(S)-O-(CHa)p.¢-aryl;
-C(S)-(CHz)o.s-O-fluorenyl; -C(S)-NH-(CH>)g.¢-aryl; -C(S)-(CHz)o-g-aryl; ~-C(S)-(CHa):.
¢- het, wherein alkyl, cycloalkyl and aryl are unsubstituted or substituted; or R;; and R;»
are a substituent that facilitates transport of the molecule across a cell membrane; or Ry;
and Ry, together with the nitrogen are het; aryl of R} and R;> can be phenyl, naphthyl,
or indanyl which is unsubstituted or substituted;

alkyl of Ry; and R, may be unsubstituted or substituted by one or more substituents
selected from a C,-C)g alkene, halogen, OH, -O-C,-Cgalkyl, -S-C-Csalkyl and -CFs;
cycloalkyl of Ry1 and R> may be unsubstituted or substituted by one or more selected
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R4 is C3-C7 cycloal kyl or C3-C7 cycloal kyl-Cl-Cralkyl; R5 is

-G - C4-al kyl - phenyl; -C(0) -Ci1-C4-alkyl-phenyl; -Cl-C4-C(0)

-al kyl -pheny or aryl; R6, R6, R7 and RI7 are H U has the structure
of formula Il1; wherein any of the ring carbon atons can be
unsubstituted or substituted with any of the substituents defined in
Claiml for R6, R7, R6' and R7'; Xis N Vis 0 or 1-12; WiS -N, n

i s 1; androm i £:-Cionalkene, one phampredvdegens, 411+ Gsabkot diloghh, OB 21Q-€ 1 1{halkgo f
8. A compaupdcagera’odiag,. LpaC aim 1 wherein R3 is methyl or ethyl; R2
is methyl, ethyl, chlorfomethyl, dichloromethyl or trifluoronmethyl; R4
is C3-C7 p@wlgapq@pf R pgind Kipnay be unsubstituted orsubstituted by one or more

substituents selected from halogen, hydroxy, C;-C, alkyl, C;-C4 alkoxy, nitro, -CN, -O-
C(0)-C;-Caalkyl and-C(0)-O-C,-Cy-aryl;

or pharmaceutically acceptable salts thereof.

3. A compound according to Claim 1 wherein

Rs is H; C;-Cypalkyl; Ci-Cypalkyl-aryl;-C(O)-(CHa)g.s-Phenyl; -(CHa2)o.6-C(O)- Phenyl,
aryl; indanyl; naphthyl or Rs is a residue of an amino acid, wherein the alkyl or aryl
substituents are unsubstituted or substituted by halogen, carbonyl, thiol, S(0),S(0),, -
OH,-8H, -OCHa;,-SCHj3;, -CN,-SCN or nitro;

U is as shown in structure II:

Ry Rs
Ry ap—Rc
Rsv..--"""

/X

{Rbn-—~R == i

wherein

n=0-5;

XisN;

Ra and Rb are independently an O, S, or N atom or Cg.g alkyl wherein one or more of
the carbon atoms in the alkyl chain may be replaced by a heteroatom selected from O, S
or N, and where the alkyl may be unsubstituted or substituted by halogen, carbonyl,
thiol, S(0),S(0)z, -OH,-SH, -OCHj,-SCHj3, -CN,-SCN or nitro;

Rd is selected from

(a) -Re-Q-(RD),(Rg)g; or
(c) Ar)-D-Ar;

Rc is H or Rec and Rd together form cycloalky! or het; where if Rd and Rc form a
cycloalkyl or heteroring, Rs is attached to the formed ring at a C or N atom;
p and q are independently O or 1;
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U has the structure of fornmula Il wherein Xis N 126, R 6, R7, and
R7 are H nis O; Reis H Ari and Ar2 are phenyl or het which may
be substituted by hal ogen, carbonyl, thiol, S(0),S(0)2, -0H, -SH,
-0CH3,-SCH3, -CN,-SCN or nitro and Dis Cl1 al kyl which may be
substituted with hal ogen; or pharmaceutically acceptable salts
thereof 9. A conpound according to Caim1l wherein R3 is nethyl or
ethyl; R2 is, nethyl, ethyl, chloronmethyl, dichloronethyl or

trifluor gt m{ alkf ok &%ﬂl@n&\)ﬁﬁkﬁﬁﬁyWe lfﬁrsu&ﬁnﬁ& or substltuted by haloFen

e o X RBRORD.  ol-abh S 0B, LR Sk ™
-C(0) - O N e, Sdopnee S(@ng 1216, R7, and RI7 are H n is O;

Ar| and Ar, are aryl or het which may be substituted by halogen, carbonyl, thiol,
S(0),S(0),, -OH,-SH, -OCH3,-SCH3, -CN,-SCN or nitro;

Rf and Rg are each independently H or Cy-Cgalkyl; C;- Cipalkylaryl; aryl-C;-Cialkyl;
het-C,;-Cgalkyl -C(O)-C;-Cs-alkyl-phenyl; -C(0)-C-Cy- alkyl; -SO,-C;-Caalkyl; -SO,-
C,-Caalkylphenyl; -O-C;-Cs-alkyl, which may be substituted by halogen, carbonyl, thiol,
5(0),5(0),, -OH,-SH, -OCH3;,-SCH3, -CN,-SCN or nitro;

D is -C(0O)-; Cy.7 alkylene or arylene; -O-, or-S(O), where r is 0-2; where alkyl, alkylene
or arylene which may be unsubstituted or substituted with one or more halogens;-OH; -
0-C,-Cgalkyl;-S-Ci-Cgalkyl or -CF3; or D is NRh wherein Rh is H; C;7 alkyl
(unsubtituted or substituted by halogen, carbonyl, thiol, S(0}),S(0),, -OH,-SH, -OCHj,-
SCH3, -CN,-SCN or nitro} ; aryl;-OC;.; cycloalkyl (unsubstituted or substituted by
halogen, carbonyl, thiol, S{0),S(0),, -OH,-SH, -OCH3,-SCH3, -CN,-SCN or nitro) ; -
CO-Cy. g alkyl or aryl or SO,-Cy.j9-alkyl or aryl; and R, R7, R's and R'; are each
independently H,-C;-C¢ alkyl, or -OH, alkoxy, or aryloxy;

or pharmaceutically acceptable salts thereof.

4, A compound according to Claim 1 wherein
U is as shown in structure III:

m

(K

wherein any of the ring carbon atoms can be unsubstituted or substituted with any of the
substituents defined in Claim 1 for R¢, R7, R¢' and R7';

XisN;

Vis O, Fy, Cly, By, I, S, Ha, NH, or C,-C4 alkyl;
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Rc is H Ari and Ar2 are phenyl or het which may be substituted by
hal ogen, carbonyl, thiol, S(0), S(0)2, -0H -SH, -OCH3,-SCH3, -CN, -SCN
or nitro; and Dis N(Rh), where Rhis H M, -CHO -SO2, -C(0), -CHOH,
CF3 or -S02al3; or pharmaceutically acceptable salts thereof. 10.A
conmpound according to Claim1l wherein R3is nethyl or ethyl; R2is
met hyl, ethyl, chloronmethyl, dichloromethyl or trifluoronethyl; R4 is
C3-C7 cydV éﬁiﬁﬁypf-b[ra Cl- C2 cycl oal kyl - Cl-Cral kyl; R5 is H U has the
structur ¢ j9b-F.argula 11 wherein Xis N, R6, R6, R7, and R7 are H n
is 0; Rc |sdc-< Ari and Ar2 are phenyl or het which may be substituted
by hal og@hiS &3r bonyl, thiol, S(0),S(0)2, -O0H,-SH, -OCH3, - SCH3,
-CN,-SCN or nitro; and Dis -0-;

or pharmaceutically acceptable salts thereof.

5. A compound according to Claim 1 wherein the ring carbon atoms on U are
substituted with subsituents independently selected from halo, H, OH, C;-Csalkyl or C;-
Csalkoxy, wherein alkyl or alkoxy are unsubstituted or substituted by halogen, OH, C,-
Csalkyl or C,-Csalkoxy;

or pharmaceutically acceptable salts thereof.

6. A compound according to Claim 1 wherein
Rj is methyl or ethyl;
R, is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
Ry is -C35-C5 cycloalkyl;
Rs 15 -C;-Cyalkyl-phenyl; -C(0)-C;-Cy-alkyl-phenyl; -C,;-C4-C(O)-alkyl-phenyl or aryl,
R;s 1s particularly phenylmethyl, phenylethyl and phenylpropyl; indanyl, naphthyl;-
C(O)-CH;-phenyl or -CH;-C(O)-phenyl;
R¢ and Ry are H or methyl;
U has the structure of formula III:

(4, W} m I

X >:L‘“
\7‘{& Vv

wherein any of the ring carbon atoms can be unsubstituted or substituted with any of the
substituents defined in Claim 1 for R¢, R7, R¢' and R7';

XisN;

Vis O or Hy;

Wis -N;

nis 1; and

mis 1 or2;
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or pharmaceutically acceptable salts thereof 11. A conpound according
to daim1l wherein R3is nmethyl or ethyl; R2 is nethyl, ethyl,

chl oronet hyl, dichloronmethyl or trifluoronethyl; R4 is C3-C7
cycloalkyl; R5 is H U has the structure of forrmula Il wherein XisN,
R6, R16, R7, and R7 are H nis 0; Reis H Ari and Ar2 are phenyl
or het which may be substituted by hal ogen, carbonyl, thiol,
S(0),S(0)2, -0H,-SH, -OCH3,-SCH3, -CN,-SCN or nitro; and Dis S,

S(0), S(@r gharﬁfacah@aws&%ﬂasﬁlshus feeept abl e salts thereof 12. A
conpound according to Claim1 wherein

7. A compound according to Claim 1 wherein

R3 is methyl or ethyl;

R4 is C3-C; cycloalkyl or C;-C; cycloalkyl-C;-Cralkyl;

Rs is -C;-Cy-alkyl-phenyl; -C(O) -C;-Cy-alkyl-phenyl; -C;-C4-C(O} -alkyl-pheny or

aryl;

Rs, R's, R7 and R'; are H;

U has the structure of formula IIT;

wherein any of the ring carbon atoms can be unsubstituted or substituted with any of the

substituents defined in Claim 1 for R¢, R+, R6' and R4

X is N;

Vis O or Hp;

Wis -N;

nis 1; and

mis 1 or2;
or pharmaceutically acceptable salts thereof.

8. A compound according to Claim 1 wherein

R3 is methyl or ethyl;

R; is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;

R4 is C35-C; cycloalkyl;

Rsis H;

U has the structure of formula I wherein

XisN;

Rg, R's, Ry, and R'y are H;

nis Q;

Rcis H;

Ar and Ar; are phenyl or het which may be substituted by halogen, carbonyl, thiol,
S(0),S(0),, -OH,-SH, -OCHj3,-SCH3, -CN,-SCN or nitro and D 1s C; alkyl which may
be substituted with halogen;

or pharmaceutically acceptable salts thereof.
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R3 is nmethyl or ethyl; R2 is methyl, ethyl, chloromnethyl,

di chl oronethyl or trifluoronethyl; R4 is C3-C7 cycloalkyl; RS is H U
has the structure of fornmula Il wherein XisN, R6, RI6, R7, and R'7
are H nis 0; Reis H At and Ar2 are phenyl or het which nay be
substituted by by hal ogen, carbonyl, thiol, S(0),S(0)2, -0H, -SH,
-OCH3,-SCH3, -CN,-SCN or nitro; and Dis C(O) or 1, 3-di oxol ane; or
phar mace® i cal A@OQ@@WWP@I%M@aIMéW@MGHB A conpound according to

Caim1l \M}q‘gﬁﬂeﬂl R3r diB ylet hyl or ethyl; R2 is methyl, ethyl,
chl or one hIororreth I or&rlfluororrethyl R4 | s C3-C7
cycl oal k 2 1s met ethyl chloromethyl ichloromethyl or trifluoromethyl;
R4 15 C3-Cq cycloalkyl or C,-C; cycloalkyl-C,-Cralkyl;
Rsis H;
U has the structure of formula II wherein
XisN;
Rs, R's, R7, and R'; are H; or Rg is ~-C(O)-C,-C4-alkyl-phenyl and R's, R7, and R'; are H;
nis O;
Rcis H;
Ar( and Ar, are phenyl or het which may be substituted by halogen, carbonyl, thiol,
S(0),5(0),, -OH,-SH, -OCHj3;,-SCHj3, -CN,-SCN or nitro; and
D is N(Rh), where Rh is H, Me,-CHO, -S0O,, -C(Q), -CHOH, CF; or -SO,CH3;

or pharmaceutically acceptable salts thereof.

10. A compound according to Claim 1 wherein

Rj is methyl or ethyl;

R; is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 is C3-C; cycloalkyl or C,-C; cycloalkyl- Ci-Cralkyl;

Rsis H;

U has the structure of formula II wherein

XisN;

Rg, R's, R7, and R'; are H;

nis O;

Rcis H;

Ar; and Ar; are phenyl or het which may be substituted by halogen, carbonyl, thiol,
S(0),S(0),, -OH,-SH, -OCHj3,-SCHs3, -CN,-SCN or nitro; and
Dis-0-;

or pharmaceutically acceptable salts thereof.

11. A compound according to Claim 1 wherein

Rj is methyl or ethyl;

R; is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
Ry is C3-C7 cycloalkyl;
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R5 is Hor phenyl C-Cl0 alkyl; U has the structure of forrula II
wherein XisN;, R6, RI6, R7, and R7 are H nis 0; Rc and Rd are het;
or pharmaceutically acceptable salts thereof 14. A conpound accordi ng
to Claim1l wherein R3 is nmethyl or ethyl; R2 is nethyl, ethyl,

chl oronmet hyl, dichloronmethyl or trifluoronethyl; R4 is C3-C7
cycloalkyl; R5 is H, indanyl or phenyl; U has the structure of
formula RsisHerein XisN. Qis 0; R6, R16, R7, and R7 are H nisO;

U has the structure of formula Il wherein

Xis N;

Rg, R's, Ry, and R'; are H;

nis0;

Rcis H;

Ar; and Ar; are phenyl or het which may be substituted by halogen, carbonyl, thiol,
S(0),8(0),, -OH,-SH, -OCH3,-SCHs, -CN,-SCN or nitro;

and D is S, S(O), S(O);

or pharmaceutically acceptable salts thereof.

12. A compound according to Claim 1 wherein

R3 is methyl or ethyl;

R, is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 15 C3-C7 cycloalkyl,

Rsis H;

U has the structure of formula II wherein

X is N;

R¢, R', R, and R'; are H;

nis O;

Rcis H;

Ary and Ar; are phenyl or het which may be substituted by by halogen, carbonyl, thiol,
S(0),5(0),, -OH,-SH, -OCHj3,-SCHj3, -CN,-SCN or nitro;

and D is C(0O), or 1,3-dioxolane;

or pharmaceutically acceptable salts thercof.

13. A compound according to Claim 1 wherein

Rj is methyl or ethyl;

Rz is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 is C3-C; cycloalkyl;

Rs 1s H or phenyl C,-C)q alkyl,

U has the structure of formula Il wherein

Xis N;

R¢, R's, R7, and R'; are H;
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Re is Cl1 alkyl; and p and q are 0; or pharnmaceutically acceptable
salts thereof. 15. A compound according to Claim1 wherein R3 is
nmethyl or ethyl; R2 is nmethyl, ethyl, chloronethyl, dichloronethyl or
trifluoronmethyl; R4 is C3-C7 cycloalkyl; R5 is H, indanyl or phenyl;
U has the structure of formula Il wherein XisN, QisN, R6, R16, R7,
and R7 are H nis O; Reis Cl alkyl; and Rg is H, C -Cs al kyl,

net hyl, et®f5 hexyl, heptyl, octyl, CH2CF3, or aryl-Cl-C4 al kyl,

C3- C7 cyat®oald®d arediehy! phenyl, -C(0)- Cl- C4-al kyl - phenyl,

-C(0) - C1- C4-al kyl, -Cl1-C4- alkyl-aryl, -CH2-thiophene, -CH2-furan,
-CH2-pyrrolidinyl, -CH2-im dazole, -CH2- triazole,-CH2-im dazole; and
Rf is Cl-dthatmkebytically @2ceptakld sahemglsor- S02- Cl - C2al kyl ;

- S02- Cl - C2al kyl phenyl ; -0- C -C4-al kyl, phenyl-phenyl,

1, 2, 3, 4-tetrahydronapt hal ene and i ndanyl; or pharmaceutically

accept abllé. sal Agompenediccording to Claim ! wherein

Rj3 is methy! or ethyi;

R is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 is C3-C5 cycloalkyl;

Rs is H, indanyl or phenyl;

U has the structure of formula IT wherein
XisN;

QisO;

Rs, R's, R7, and R'; are H;

nis O;

Reis C; alkyl; and

p and q are 0;

or pharmaceutically acceptable salts thereof,

15. A compound according to Claim 1 wherein

R3; is methyl or ethyl;

R» is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;

R4 is C3-C; cycloalkyl;

Rs is H, indanyl or phenyl;

U has the structure of formula II wherein

XisN;

QisN;

Re, R's, Ry, and R'; are H;

nis O;

Reis C, alkyl; and

R; is H, C-Cy alkyl, methyl, ethyl, hexyl, heptyl, octyl, CH>CFs, or aryl-C;-C, alkyl,
C3-Cy cycloalkyl, ethylphenyl, -C(0)-C,-Cs-alkyl-phenyl, -C(0)-C;-Cy-alkyl, -C,-Cy-
alkyl-aryl, -CH,-thiophene, -CH,-furan, -CH,-pyrrolidinyl, -CH,-imidazole, -CH,-
triazole,-CH,-imidazole;

and Ry is Cy-C; alkyl; Ci-C, alkylphenyl; -SO,-C;-Caalkyl; -50,-C-Caalkylphenyl; -O-
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16. A conpound according to Gaim1 wherein R3 is methyl or ethyl; R2
Is methyl, ethyl, chloronethyl, dichloronethyl or trifluoromethyl; R4
is C3-C7 cycloalkyl; RS is H indanyl or phenyl; U has the structure
of fornmula Il wherein XisN, Qis N, R6, R15, R7, and W are H, nis
O; Reis Cl alkyl; and Rg and IRL forma ring selected fromhet or
aryl which nmay be substituted with Cl- C4dal kyl phen)_/l; or _

phar maceut I-Eerialkyl, abewgtrhong, 5a3%stetrbydrodapiialcheaadpaiangl; accor di ng to
Caiml wherein R3 is nmethyl or ethyl; R2 is methyl, ethyl,

chl or onet hryl, di chl.oronet hyl or trifluoronmethyl; R4 is C3-C7

cycl oal ky{t:Phagmaceutigallyacceptable salts thereof.

16. A compound according to Claim 1 wherein

Rj3 is methyl or ethyl;

Rz is methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyi;
R4 is C3-C5 cycloalkyl;

Rs1s H, indanyl or phenyl;

U has the structure of formula II wherein

XisN;

QisN;

R¢, R's, Ry, and R'; are H;

nis Q;

Reis C alkyl; and

R and Rt form a ring selected from het or aryl which may be substituted with C,-
Cjalkylphenyl;

or pharmaceutically acceptable salts thereof.

17. A compound according to Claim 1 wherein
R; is methyl or ethyl;

R is methyl, ethyl, chloromethyl, dichloromethy! or trifluoromethyl;
R4 1s C3-C; cycloalkyl;

Rs is phenyl;

U has the structure of formula IT wherein

XisN;

Qis O, 8, §(0) or S(O)y;

Re, R's, Ry, and R'; are H;

nis O;

Reis Cj alkyi;

qis0;

Rcis H;

and Rris C, alkyl;

or pharmaceutically acceptable salts thereof.
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U has the structure of formula Il wherein XisN, Qis 0, S, S(0) or
S(0)2> R5, Rs, R7, and R17 are H, nis 0; Reis C alkyl; gis 0; Re
Is H and Rf is C2 alkyl; or pharnmaceutically acceptable salts

thereof 18. A conpound according to Claim1 having the
stereochem stry indicated in fornula IV, wherein RI, R2, R3, R4, R5

and U are defined in Caim1;

18. A compound according to Claim 1 having the stereochemistry indicated in
formula IV, wherein Ry, Ry, R3, R4, Rs and U are defined in Claim 1;

R,

R’T\NJﬁ"/H
l

R, ©

H

=
hm Hirisme
o
Cl:
m .
w

or pharmaceutically acceptable salts thereof.

19. A compound according to Claim 18 wherein compound with the
stereochemistry of formula (IV) wherein

R3 is methyl or ethyl;

R; is methyl, ethyl, or methyl substituted by one or more substituents selected from
halogen, -OH,-SH, -OCHj3, -SCHj, -CN, -SCN and nitro;

R4 is C3-Cy cycloalkyl,

Rsis -C;-Cy-alkyl-phenyl; and

R and Ry are H or methyl;

or pharmaceutically acceptable salts thereof.

20. A compound according to Claim 1 wherein the stereochemistry for U is as
shown in Figure V
R, Re
R Rajn Re
R | B N
A ’
’ {(Rbjn—Rd~——

wherein Re, Rg, R7, Ry, Ra, Rb, Re, Rd, X and n are defined in Claim 1;

or pharmaceutically acceptable salts thereof.
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or pharmaceutically acceptable salts thereof 19. A conpound according
to Caim18 wherein conpound with the stereochem stry of formula (I1V)
wherein R3 is nmethyl or ethyl; 122 is nmethyl, ethyl, or nethyl
substituted by one or nore substituents sel ected from hal ogen,
-0OH,-SH, -OCH3, -SCH3, -CN, -SCN and nitro; is C3-C7 cycloal kyl; R5
is -Cl- IkyI phenyl ; ~and and R7 are H or nethyl; or

phar macedti cal ffORPRWM seickedsHIPS t hereof 20. A conpound according to
Claim1 dher- eyaohé)@mt@roep(mpmmtﬂyy ott@hyddoip§rrak[ 3By ridm- E’H@)Jétﬁ é}/ [2-
wherein Re, Rd, Xand n are define aim

1; or phé‘?%@%ﬂﬁ%@?@“&mept able salts thereof 21.A conpound

sel ected from

N- U q/cl %% %&rla?mﬁﬁ-‘?{-ﬁf &@m@i‘?’t?t&}sas-ﬁ?e%@!mﬁﬁaa%& LR 23 RN 1

-y1) - m no-'acet am
2- Met hyI &l ﬁ@leprOPaﬂi-HSDPJQ!la(mdQ;xo 6- phenet hyl - oct ahydr o- pyrrol o
[ 2, 3-c] pyridi ne-1- carbonyl) -propyl kpropi onam de;

2-Methylamino-N-[2-methyl-1-(7-0x0-6-phenethyl-octahydro-pyrrolo[2,3-c]pyridine-1-
carbonyl)-propyl]-propionamide;

2-Methylamino-N-[2-methyl-1-(8-oxo0-7-phenethyl-octahydro-pyrrolo[2,3-c]azepine-1-
carbonyl)-propyl]-propionamide;

2-Methylamino-N-[2-methyl-1-(7-oxo0-6-phenethyl-octahydro-pyrrolo[2,3-c]pyridine-1-
carbonyl)-propyl]-butyramide;

2-Methylamino-N-[2-methyl-1-(7-ox0-6-phenethyl-octahydro-pyrrolo[2,3-c]pyridine-1-
carbonyl)-propyl]-butyramide;

2-Methylamino-N-{2-methyl-1-(8-oxo0-7-phenethyl-octahydro-pyrrolo[2,3-c]azepine-1-
carbonyl)-propyl]-butyramide;

N-[1-Cyclohexyl-2-0x0-2-(7-oxo0-6-phenethyl-octahydro-pyrrolo[2,3-c]pyridin-1-yl)-
ethyl]-2-methylamino-propionamide;

2-Methylamino-N-{2-methyl-1-[5-(3-methyl-hexa-3,5-dienyl)-6-oxo-hexahydro-
pyrrolo[3,4-b]pyrrole-1-carbonyl]-propyl } -propionamide;

2-Methylamino-N-[2-methyl-1-(3-methyl-7-0x0-6-phenethyl-octahydro-pyrrolo[ 2,3-
c]pyridine-1-carbonyl)-propyl]-propionamide;

2-Methylamino-N-[2-methyl-1-(3-methyl-7-oxo0-6-phenethyl-octahydro-pyrrolo[2,3-
c]pyridine-1-carbonyl)-propyl]-propionamide;

N-[1 -(4-Benzyloxy-7-oxo-6-phenethyl-octahydro-pyrrolo[2,3-c]pyridine-1-carbonyl)-2-
methyl-propyl} -2-methylamino-propionamide;
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2- Met hyl am no- N-[ 2- met hy1- 1- ( 7- oxo- 6- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-
c] pyri di ne- 1car bony1l) - pr opyl Fpr opi onam de;
2- Met hyl am no- N[ 2- ner hyl - 1- ( 8- oxo- 7- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-¢
] azepi ne-1- car bonyl ) - propyl kpr opi onam de;
2- Met hyl am no- N[ 2- net hy1- 1- ( 7- oxo- 6- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-¢
] pyri di ne-1- carbonyl)-propyl kbut yram de;
2- Met hyl am no- N[ 2- net hy1- 1- (7- oxo- 6- phenet hyl - oct ahydr o-pyrrol o[ 2, 3-¢
1 pyri di neN-J1-Gzelohegylid)-oxy-ppgokbut pHeashies ctahydro-p¥rr%lo[2 3- c]azepln- )fl% 3

o o

) azepi ne S ERPHRY ré]%%v%%%?ﬁrérﬁf‘ﬁft i ostaydro-pyrra

N-[ 1- Cycl ohexyl- 2- oxo- 2- ( 7- oxo- 6- phenet hyI oct ahydr o- pyrrol o[ 2, 3-e] py

2 Vot nyl 2‘3%8‘3’&13{‘%13’122 TR IRLAR RIS mmiafy i sleaenid Hhany

dr opyr r olegpyil-Zx ﬁymn@ﬂéﬂﬂﬂmmkbonylkpropyl} pr opi onam de;

2- Met hyl am no- N[2 nmet hy1l- 1- ( 3- net hyl - 7- oxo- 6- phenet hyl - oet ahydr o- pyrr
ol o[ 2, 3- i di ne-1-carbonyl opy! kpr opi onam de;

2- M[et hyl A\?fbﬂgy k‘?")ﬂ’@t‘%ﬂ 2 i?-yb%wﬁmlr%tam?@ﬁglystom{éaéﬂwpmobwlaiwhtrlbzpyr
rol o[ 2, 3-mahyyhimdifrepibneaideony 1) - propyl kpropi onami de; N-[1

- (4- Benzyl oxy- 7- oxo- 6- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-c] pyri di ne- 1-ca
rbonyl)-2- nethyl-propyl] -2-nethylam no-propi onam de;

N-[ 1- Q/cIMWMH@NEZZH}(&%B}WXQSJ}xpmpl&tnhwy}-oahlajﬂy‘d@?rr@bb[Z 8lctazkping-1C]

azepin- 14 am no- but yram de;
N11-Cycl o exyyl?%p%&c} %lt%&g%% 7- phenet hyl - oct ahydr o-pyrrol0 [2, 3-c]
azepin- 1 -yl)- ethyl]-2-nethylam no-butyramde; N[1

- Cycl 0he>(9)1N2{'(9 Q )72 leg'@ﬁ‘i)h%herﬁﬁi Eﬁi‘(q{d?n-@y I](;? c9clE>]%ex:§/l Sloxo- -ethyl}-2-

azepin- 18%%%‘?’ | am no- pr opi on
2- Met hyl (}arﬂplp ﬁ@PﬂWI EL(S oxo- 7- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-
c] azepi ne- 1- carbonyl) - propyl kbut yranm de;

oxor et PSSR BRE RS D -l el i oRd 2 2

methylamino-propionamide;

(8)-2-Methylamino-N-((S)-2-methyl-1-{(S)-2-[3-(methyl-phenyl-amino)-phenyl]-
pyrrolidine-1-carbonyl }-propyl)-propionamide;

(8)-N-((8)-1-Cyclohexyl-2- {(S)-2-[3-(methyl-phenyl-amino)-phenyl]-pyrrolidin-1 -yl}-
2-o0x0-ethyl)-2-methylamino-propionamide;

(8)-N-((5)-1-Cyclohexyl-2- {(R)-2-[3-(methy]-phenyl-amino)-phenyl]-pyrrolidin-1 -yl}-
2-ox0-ethyl) -2-methylamino-propionamide;

(8)-N-{(S)-1-Cyclohexyl-2-0x0-2-[(R)-2-(3-phenoxy-phenyl)-pyrrolidin-1 -yl]-ethyl}-2-
methylamino-propionamide;

(5)-N-{(5)-1-Cyclohexyl-2-0x0-2-[(S)-2-(3-phenoxy-phenyl)-pyrrolidin-1 ~yl]-ethyl}-2-
methylamino-propionamide;

(8)-N-{(8)-1-Cyclohexyl-2-0x0-2-[(R)-2-(3-phenylsulfanyl-phenyl)-pyrrolidin-1-yl]-
ethyl}-2-methylamino-propionamide;
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(S)-N {(S)-2-[(S)-2-(3-Benzyl -phenyl)-pyrrolidin- 1

-y1] -1-cycl ohexyl- 2- oxo- et hyll- 2- net hyl am no- propi onam de,
(S)-2-Methylam no-N-((S)-2-nmethyl-1-{(S)-243-(nethyl - phenyl -am no) - ph
enyl | pyrrolidi ne-1-carbonyl} -propyl)-propi onam de;

(S)-N-((S)-1-Cycl ohexyl1-2-{(S)-243-(net hyl - phenyl - am no) - phenyl kpyrro
l'idin-1-y1}- 2-oxo-ethyl)-2-nmethyl am no-propi onam de;
(S)-N-((S)-1-Cycl ohexyl-2-{(R)-243- (et hyl - phenyl am no) - phenyl kpyrro
li di n-1 - y(B)-N-263)X0€ 9¢1BNdxy1-2 2xFEL Y .
(9)-N-{(9) ]1}_2%\6/&3%@?? ~ 5 0x0- - g }qu’?%‘?% glsﬁﬂeﬂgﬂﬂ’?"lpl?fr“rwldi n-
1-yl ket hy E‘y- - W%%PFP@IWBB ©nani de;

(S)-N-{(S)-1-Cycl ohexyl-2-oxo- 2- [(S) 2- (3- phenoxy- phenyl) - pyrrolidin-

1-yl ket h -

(sgl- N (9 £ I\?ESISPO[EKL 2115' e Rl ;n Pge"(yé) “BREN b1y11]ah§¥¢1ﬁrf‘éﬁy%70xgyr r
ol i di n- 1-8yl}-Zemehylengngrpropidnamidey- pr opi onami de;  (S) -
{(S)-l-CycIohexyl 2-0X0-2-[(S)-2-(3

i gh ﬁg%’ %)S/ %gw &Sé Egﬁﬁg%gy?%ﬁg@%@?gj X Ey{r()Iijﬂ#ﬂ}l @clohexyl 2-0X0-

enzenesulettghp- m&tﬁﬁﬁhﬂn@yﬂopwnhﬂ;d‘@ 1-y1]-1-cycl ohexyl- 2- oxoet hyl
- 2- et hyl ani no- pr opi onam de; (S)- A\
{(S)-2-[(S)-2-(2-Benzyl-2Htetrazol -5-ye-pyrrolidin-1

- y1] - 1- ey8)-DnE(Ry-2-[08)ed(Bliyiy)- 2Hgtemdmﬁ BQALANALE % )( ek
{(9)-2- [@@y}z-}(n%etﬁrlzﬁ% %&;};B{fé}razm {‘}’Wgrrol LmardRhe y‘§ 0

1- cycl ohexyl- 2- oxoe I am no- but yram de; (9S)- N-
{(9)-2-[(9)-2-(1-B enzyl 1Htetrazol -5-yl)-pyrrolidin- 1 -yl1-
1- cycl ohegyg- {f(spz%@h)y Ber RN BAH %Oy%g]@&*o%ﬁ} e ﬁyéﬂw-z -o%o0-

{(S)-2- [%% nzyl - 1Htetrazo rrol
1-cycl oh h-22 ?IHW’ Propsonggedsy| ani no- but yrami de; (S) - N
{(S)-2-]2- (Benzyl oxyi m no- hyl) - pyrrolidi n- 1-yl]- 1

~¢cycl oh Lh de
(gglczol\/gﬁy]l\ra%gﬁ? [ﬁ)-@! ﬁenzyl lﬁetetrzzo??ﬁ)op)rf)r[rcﬁ?dlu? qayrﬁ I- cyclohexyl-z -0X0-

{ (S) - 2- metbii-2-mefipdg@inogtueyrpinidet hanesul f onyl ani no- met hyl ) -
pyrrolidine-1-carbonyll-propyl)-propi onani de;

(8) -N-{(8)-2-[2-(Benzyloxyimino-hyl)-pyrrolidin-1 -yl]-1-cyclohexyl-2-oxo-ethyl}-2-
methylamino-propionamide;

(8)-2-Methylamino-N-{(S)-2-methyl-1-[2-( (S)-phenylmethanesulfonylamino-methyl)-
pyrrolidine-1-carbonyl]-propyl)-propionamide;

(5)-2-Methylamino-N-{(S)-2-methyl-1 -[2-((S)-phenylmethanesulfonyl amino-methyl)-
pyrrolidine-1-carbonyl]-propyl }-butyramide;

N-(1-Cyclohexyl-2- {(S)—2-[(ethy1—indan-2-yl-amino)-methyl]-pyrrolidin- 1-yl}-2-0x0-
ethyl)-2-((8)-methylamino)-propionamide;

(S)-N-[(8)-1 -CycIohexyI—Z-(2~{[(S)—indan—2-yl-(2,2,2-triﬂuoro-ethyl)-amino]—methyl} -
pyrrolidin-1 -yl)-2-ox0—ethy1]-2-methy1amino-propionamide;

(S)-N-((S)-1-Cyclohexyl-2- {2—[((S)—cyclohexyl-phenethyl-amino)—methyl]-pyrrolidin-1—
y1}-2-0x0-ethyl]-2-methylamino-propionamide;
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(S)-2-Methylam no-N {(S)-2-nmethyl- 1

[ 24( S) - phenyl net hanesul f onyl am no- net hyl ) -

pyn-olidi ne- 1- ear bonyl kpropyl} -butyram de; N-(1 -Cycl ohexyl-2-
{(S)-2-[(ethyl-indan-2-yl -am no) - net hyl ]
pyrrolidin-1-y11-2-oxoethyl)-2-((S)-nethylam no)-propi onam de;
(S)-N-RS) -1- Cycl ohexy1-2-(2-
{[(S)-indan-2-y1-(2,2,2-trifluoro-ethyl)-am noknethyl} -

pyr rol i di(8)IN-§($)-2220X() etr0Bulyl SheRdtmi L ATheomBmInLRRANESE y11-1-
(9N (QehnaloheX W B o ctntomino proo T T PRI )
{2-1((9)- ycPo Ry O R PAY S Ry PRI ™R r ol i din- 1- yI)
- 2- oxo- et hyl ] - 2- met hyl am no- propi onam de, (S)-N((9S)-2-

2- S) -therd.Bu - t 1 RO). - hyl kpyrrolidin-1.-y11-1-
el ohexy s o OB R I e ity ety
(S)-N-(( @yn‘gh@cl —&}é&go-gthyl)-2-methylamino-propionamide;

{2-WB) - furan- 2-yl net hyl - phenet hyl - am no) - net hyl | pyrrolidin-I-yll-2-o0x

-ethyl)-2- i nNo- [ i de;

?S)e - NE’ R)S)(_gkﬁecﬁgg?f&)ﬁa‘g}g[}%pgﬁg£é:?og3%‘%.{?(3)-phenethyl-(4-pheny1-buty1)-amino]-methyl}-
{[(S)- ph@yﬁbhﬁih-K-%@ﬂ@fﬂyt-niBﬂw&%mfﬂrggbﬂﬁﬁMJ } - pyrrolidin-
-yl)-ethyl]-2-nethyl am no-propi onam de; (S)-N-[(S)-1-Cycl ohexyl-2-(2-
{[(S)-net hyl - (4-phenyl - butyl)-arni noknet hyl -
RE/rR rS ;)I ildi(ﬁ}-m-[ﬁfijl)-l-z—yoboheml#ﬁf@]-{[ES)ninbthyl-@ﬁtm?ﬁbtftpi)caltﬁagé]gﬂethyl}- I

-1- -yel obexy 1- 2= )7 2= - 6- phene . - oet ahydr o-pyrrol o
[2,3 -el %?rr i gi&lﬁllme%‘;"é’tz ﬁgfligélé%tgr@aﬁ‘g?&p"’mma%ldQ yErorpy
(S)-N-RS)-1-(S)-Cycl ohexyl- 2-oxo-2-((R)-6-phenet hyl - oct ahydr o- pyrrol o

2,3- e Kol 0s)-c I b 3 0= am.de; .

E S) - 2- IVLEEgl(I i r(g%_ &gﬁggﬁ 22[3?(#‘3(%—% 5( H_ﬁ%l ﬂYén@mypgctM&S %%95[2,3 -c]pyridin-1-
-((R-6-§ é?%@\fq)ﬁ?e-t% hydro-pyrrolo [2,3- c]pyridine-1
- car bonyl ) - propyl kpr opi nani de,

S)- N -G, | et -.14 -6-ph hyl - oct.ahydr Q- pyrrol o[ 2, 3-¢ r
[ ne- 1. ORI et BB R eRbend by aisnprolo £4.8: ° 1 ¥
(S) - 2- Methyridin- holretiRg)-2 methylampinolbiutyf@nide; phenet hyl - oct ahydr o- pyrrol o
[2,3- cipyridine-1 -carbonyl)-propyl kbutyram de;

(S)-N-[(é%-z 2- Di nethy1-14(3aR,7aS)-6-ghenethyI-oetahydro-pyrrolo[2,3
“e] pyri 8reMethapmsnH§S) - mstin-1 2 (Ret-phenethtocphpgoayamiai,3-

(S) - N- (( Spylidiaecl-edieaxdy Q-pLopitdndias

7aS)-6-[2-(2-trifluor on){a%ﬁgig})phpenyl) -ethyl] - octahydro-pyrrolo

[2,3-c]pyridin-1 -yl -ethyl)-2-nethylam no-propi onam de;
(8)-N-[(S)-2,2-Dimethyl-1 -((R)-6-phencthyl-octahydro-pyrrolo{2,3-c]pyridine-1-

carbonyl)-propyl]-2-methylamino-propinamide;

(S)-Z-Methylamino-N-[(S)-?.-methyl-1-((R)-6—phenethyl-octahydro—pyrrolo [2,3-
c]pyridine-1-carbonyl)-propyl]-butyramide;

(8)-N-[(8)-2,2-Dimethyl-1-((3 aR,7aS)-6-phenethyl-octahydro-pyrrolo[2,3-c] pyridine-
1-carbonyl)-propyl]-2-methylamino-propionamide;

(8)-N-((S)-1-Cyclohexyl-2-0x0-2-{(3aR, 7a8)-6-[2~(2-trifluoromethoxy-phenyl)-ethyl]-
octahydro-pyrrolo[2,3-c]pyridin-1-yl} -ethyl)-2-methylamino-propionamide;

(S)-N-((S)-1-Cyclohexyl-2-ox0-2-{(3aR, 7aS)-6-[2-(3 -trifluoromethoxy-phenyl)-ethyl]-
octahydro-pyrrolo[2,3- ¢]pyridin-1-yl} -ethyl)-2-methylamino-propionamide;
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(S)-N-((S)-1-Cycl ohexyl-2-oxo0-2- {(3aR
7aS)-6-[2-(3-trifluoromethoxy-phenyl)-ethyl k octahydro-pyrrolo [2, 3-
cipyridin-1 -yl -ethyl)-2-nethyl am no-propi onam de;

(S)-N-RS) -1- Cycl ohexyl- 2- oxo- 24( 3aR,

6aR) - 5- phenet hyl - hexahydr o- pyrrol o [ 3, 4-b]

pyrrol -1-y1)-et hyl ]-2-met hyl am no- but yram de;

(S)-NRS) - 1- Cycl ohexyl- 2- oxo- 24( 3aS,

6as) - I5 EHSW-E(?SD-—I W‘{mﬁxw@d@ﬂa t%aR)-b;_Ipéaeneththexahydro-pyrrolo [3,4-b]
pyrrol - 1- ethyll-2- am no- put yram de;

(S) - N- RS)™ Olﬁef% ﬁ‘]éii(ﬁ'iz?e-eg‘l(’hﬂ-“?ﬂ%%%&a ide;

6aS) - 5- phenet hyl - hexahydr o- pyrrol o[ 3, 4- b]

pyrrol - 1- _gehylds, L amisr r gpd\onam de,

() - N[ ( é)gi“)l‘]: &%2%0%%%}{]%%1%5% aS?%)%pﬂ@ne&ykhexahydro-pyrrolo [3,4-b]
6aS) - 6- 0xXT9lAhd hetwl}i2-methxlapine-bpiyranside;

[3,4-b] pyrrol -1-yl)-ethyl]-2-nmethyl am no-butyram de;

o o o B M e s e 4358 basp)-phencthyl-hexahydro-pyrrolo[3 4-b]

[ 3, 4- b] pwml44;4yéthy1@42hrmbﬂlyamiﬁc§-bw§adﬂaﬂ@dé@ut yrani de;
(S)-N-[(S)-1-Cycl ohexyl- 2- oxo- 243aS,

6aSs) - 6- oxo- 5-[phenet hyl - hexahydr o- pyrrol o

[ 3, 4- b] pyEFDFH{I)-Y-Oychhhyl}2-exard{(Bab abd ) &-mio piphasstiydeexahydro-pyrrolo

(S)-N-[( @"ﬂjﬁ]@ﬁ%lgﬁl%ﬁﬁl‘%‘?ﬂe}%éﬁ@ﬁgﬁ%ﬁ&@O_ 5- phenet hyl - hexahydr op

yrrol o[ 3,4-b]pyrro am nho- pr opi onam de;

(S)-N-RS)-1-(R)-Cycl ohexyl-2-oxo-2-((S)-7-phenet hyl - oct ahydr o- pyrrol o
2,3-c] FQRNHRL1FcidieRyld- | 848)00-95y :

E S)-N ][ ( %Plfb[gsﬂ- ?/c o%eyl %?%ﬂ%ﬁ?%)%9g<g%?%ﬁ@gﬁﬁ%m% %‘ﬁ% ro-p

yrrolo [ >:4°0] #QJ éiﬁlil)"ﬁ’- Yﬁé ‘}neélpﬁWﬂnpﬂ’-‘ﬁ%ﬁlﬁwefam no- but yr ami de; or

pharmaceutically acceptable salts thereof. 22. A conpound sel ected

from

N[ 1- cyclohey Y- E‘%‘%@Z‘iﬁ?ﬁ BReHERAT OO BRFHPE DS By SroepyYRl? i n-

| - y1) - et BH{b]peraldt Pt R nptigpinmaniregondhide;

{1-cycl ohexyl- 2- oxo- 2- ( 2- ( 3- phenoxy- phenyl) pyrrolidin- 1

-yl)-eth - 2- et hy| am no- pr opi onam de;

Nil2 cycl g#élﬂg[@)zl‘&)éloﬁ@(ﬁﬁp&% {8 ,068)-atoyarSophppethyl-bexaydio- c]

azepi n-  pyitdlof BB irol-1- TR bihyl | TR ARHEPEEPiHmide;

(S)-N-[(8)-1 -(R)-Cyclohexyl-2-0x0-2-({S)-7-phenethyl-octahydro-pyrrolo [2,3-c]
azepin-1-yl)-ethyl]-2-methylamino-propionamide;

(S)-N-[(S)-1-(S)—Cyclohexy1—2-0x0~2-((R)—8-oxo-7-phenethy1—octahydro-pyrrolo [2,3-

c] azepin-1-yl)-ethyl]-2-methylamino-butyramide; or pharmaceutically acceptable salts
thereof.

22. A compound selected from

N-[l~cyclohexy1—2—oxo-2~(6-phenethyl—octahydro-pyrrolo[2,3-c]pyridin—1-yI)-ethyl]-Z—
methylamino-propionamide;

N-{1-cyclohexyl-2-0x0-2-(2-(3-phenoxy-phenyl) pyrrolidin-1 -yl)-ethyl}-2-
methylamino-propionamide;
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(S)-N-((S)-1-Cycl ohexy1-2-

{(2S, 3R)-2-[ (et hyl - phenet hyl ) -am no) - net hyl ] 3-net hyl pyrrolidin-

1-yl} -2-oxo-ethyl)-2-nethylam no-propi onam de; N
{2-[2-(2-benzyl-2Htetrazol -5-y1)-pyrrolidin-I-yl]-cycl ohexyl -2-o0xo0-e
thyl } -2- nethylam no-butyramde; N {2-[2-B

enxyl oxyi m no-nmet hyl ] -pyrrolidin- 1-yl} -1-cydohexyl-2-oxo-ethyl-2-
nmet hyl am no- propi onam de; or pharnaceutically acceptable salts
t her eof . N23:-Aclwbapdihaxs2i(@pheadtlylactah§lroMpyr{ol $P31c]azepin-1-yl)-ethyl]-2-

Cycl ohei%/ejth)ga ﬁ(ap?o%c(n%mge (3 -phenoxy-phenyl)-pyrrolidin- 1-ylk

et hyI no- propi onam de; (S)-N {(S)-
1- Cycl ohexyl 2-0X0-2-[(S)-2-(3 -phenyl sul fanyl - phenyl) - pyrrolidin-

1-yl k et ) ] ]
(27| (s WN’WI&OSE??5‘2)%”ﬁme%he%?ﬁ’%kafm?‘ﬁ-mhﬂy]1} methy]

1-cycl oh@ml@n&xﬂit%%o? Y B leaHPerBI SN de; (S)- N
{(S)-2-[(S)-2-(2-Benzyl-2Htetrazol -5-yl)- pyrrolldln 1

-yl]-1- I - 2- thyl } -

({52 [RE PP E bR BBt s Rt B SR &

1- cycl ohessjli @nowdettyrginide; 2- met hyl am no- propi onam de; (S)-N
S)-2-[(9-2-(1

{(Bealzyl[(ll—l?tetgazol 5-y1)-pyrrolidin-1- éA-l-C cl ohexyl- 2- oxoet hyl}-2

- net hyl afi- rﬁ%{%@pyx}dmﬁ@mcnmeﬁwarm@dmi 1--cadetepylabioso-stivi-2- t her eof

methylamino-propionamide; or pharmaceutically acceptable salts thereof.

23. A compound selected from
(S)-N-{(S)-1 -Cyclohexyl-2-0x0-2-[(S)-2-(3-phenoxy-phenyl)-pyrrolidin-1-yl]-ethyl } -2-

methylamino-propionamide;

(S)-N-{(S)-1-Cyclohexyl-2-0x0-2-[(S)-2-(3-phenylsulfanyl-phenyl)-pyrrolidin-1-yl]-
ethyl) -2-methylamino-propionamide;

(S)-N-{(S)-2-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin-1-yl]-1-cyclohexyl-2-oxo-
ethyl }-2-methylamino-propionamide;

(8)-N-{(5)-2-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl}-pyrrolidin-1-yl]-1-cyclohexyl-2-oxo-
ethyl }-2-methylamino-butyramide;

(8)-N-{(5)-2-{(5)-2-(1-Benzyl-1H-tetrazol-5-yl]-pyrrotidin-1-yl]-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-propionamide;

(S)-N-{(S)-2-[(S)-2-(1-Benzyl-1H-tetrazol-5-yl)-pyrrolidin-1-yl]-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-butyramide; or pharmaceutically acceptable salts thereof.
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