| NHI BI TORS OF | AP The present invention relates generally to novel conpounds
that inhibit the binding of the Smac protein to Inhibitor of Apoptosis
Proteins (1 APs). The present invention includes novel conpounds, novel
conpositions, nethods of their use and nethods of their manufacture, where
such conmpounds are .generally pharmacol ogically useful as agents in therapies
whose nechani smof action rely on the inhibition of the Smac/| AP
interaction, and nore particularly useful in therapies for the treatnent of
proliferative diseases, including cancer. BACKGROUND Programmed cell death
plays a critical role in regulating cell nunber and in elimnating stressed
or damaged cells from normal tissSBITARSAAF [ARe net work of apoptotic
signal i ng nechani sns i nherent in nost cell types provides a najor barrier
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directly interacting with and neutralizing Caspases. The prototype | APs,

XI AP and cl AP have three functional domains referred to as BIR 1, 2 & 3
domai ns. BIR3 BACKGROUND

Programmed cell death plays a critical role in regulating cell number and in
eliminating siressed or damaged cells from normal tissues, Indeed, the network of
apoptotic signaling mechanisms inherent in most cell types provides a major barrier
to the development and progression of human cancer. Since most commonly used
radiation and chemo-therapies rely on activation of apoptotic pathways to kill cancer
cells, tumor cells which are capable of evading programmed cell death often
become resistant to treatment.

Apoptosis signaling networks are classified as either intrinsic when mediated
by death receptor-ligand interactions or extrinsic when mediated by cellular stress
and mitochondrial permeabilization. Both pathways ultimately converge on individual
Caspases. Once activated, Caspases cleave a number of cell death-related
substrates, effecting destruction of the cell.

Tumor cells have devised a number of strategies to circumvent apoptosis.
One recently reported molecular mechanism invoives 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 refetred to as BIR 1, 2 & 3 domains, BIR3



domain interacts directly with Caspase 9 and Inhibits its ability to bind
and cleave its natural substrate, Procaspase 3. It has been reported that a
proapoptotic mtochondrial protein, Smac (also known as DI ABLO, is capable
of neutralizing XlIAP and/or cl AP by binding to a peptide binding pocket
(Smac binding site) on the surface of BIR3 thereby precluding interaction
bet ween Xl AP and/or cl AP and Caspase 9. The present invention relates to

t herapeutic nol ecules that bind to the Smac bi ndi ng pocket thereby pronoting
apoptosis in rapidly dividing cells. Such therapeutic nol ecul es are useful

for the nt_ of pragliferative. dj S,.. i ncludi capcer t her
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apoptosis. Summary of the Invention The present invention relates generally

to novel corrpounds that inhibit the binding of the Smac protein to
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DETAI LED DESCRI PTIL.ON The, p lElsent i nvention relates to conpounds of the
a

formul a (ip)herappulic n'ppoulqg tPird tp the Smag binding pocket thereby promoting
apoptosis in rapidly dividing cells. Such therapeutic molecules are useful for the

treatment of proliferative diseases, inciuding cancer. In other words, Smac analogs
would bind to BIR3 domain of IAPs and will remove the IAP’s inhibition of activated
Caspase 9 which would then go on to induce apoptosis.

Summary of the Invention

The present invention relates generally to novel compounds that inhibit the
binding of the Smac protein to Inhibitor of Apoptosis Proteins (IAPs). The present
invention includes novel compounds, novel compositions, methods of their use and
methods of their manufacture, where such compounds are generally
phamacologically useful as agents in therapies whose mechanism of action rely on
the inhibition of the Smac/IAP interaction, and more particularly ysefﬁl in therapies
for the treatment of proliferative diseases, including cancer.

DETAILED DESCRIPTION

The present invention relates to compounds of the formuia (1)



R2 R4 wherein RLis H Cl1-C4 alkyl; Cl-C4 al kenyl; Ci1-C4 al kynyl or

C3-Ci ocycl oal kyl which are unsubstituted or substituted; R2 is H Cl-C4

al kyl; Cl-C4 al kenyl; Cl-C4 al kynyl or C3-Ci ocycl oal kyl which are
unsubsttuted or substituted; R3 is H -CF3; -C2F5; Cl-C4 alkyl; Ci1-C4

al kenyl; Cl1-C4 al kynyl; -CHZ-Z or R2 and R3 together, with the nitrogen
forma het ring; Zis H -OH F, d; -CH3; -CF3; -CH2Cl; -CH2F or -CH2OH R4
is Cl-Cl18 straight or branched al kyl; 01-Ci e al kenyl; Cl-Cl15 al kynyl; or
-C3- docycloal kyl; -(CH2)1.6-Zi; -(CH)o-raryl; and -(CH2)o-s-het; wherein
al kyl, cycloal kyl and phenyl are unsubstituted or substituted; Z1 is
-N(R5)-C( O -Cl- G oal kyl ; .N(Re) C(@Q - (CH2) M C3- CZCycl oal kyl ; -N(R8) O -
(CH2) o- s- phenyl ; IﬁRS) O-(¢H2) ifff-het; -C(0)-N(Rg) (R 0);

-C(0)-O0 G -G oal kyl™1 N =B-€RL7cycltpal kyl ;

-C(O-0(CH2)o0. 5- phenyN - (CH2) 14-het; -0- C(O-0C -G oal kyl;

-0 C(O-(CH2)1 g-C3-Crdyclo -0-C(0) - (CH2) 0%- phenyl ; -0-

C(O-(CH2)i. 3-het; vvheﬂ%i n al kyl Rycycl oal kyl and phenyl are unsubstituted or
substituted; het is a 5-7 nenbered heterocyclic ring containing 1- 4

het eroatons selected from N, 0 and S, or an 8-12 nmenbered fused ring system
including at |east one 5-7 nmenmbered heterocyclic ring containing 1, 2 or 3
het er oat owbers#il ected fromN, 0, 3 and S;, which heterocyclic ring or fused
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G - Chal kylnsubstittieays sutshituted;- (CH2) 18- C3"

Rz is H; C4-C4 alkyl; C1-C,4 alkenyl; C4-Cq4 alkynyl or C3-Cygcycloalkyl which are
unsubstituted or substituted;

R is H; -CF3; -CoF5; C4-Cy4 alkyl; C4-C,4 alkenyl; C4-C,4 alkynyl, —CHz-Z or Rz and Rs
together with the nitrogen form a het ring;
Z is H; —OH; F; CI; —.CHs, -CF3; -CH,CIl; -CH,F or -CH,OH;

R4 is C4-Cys straight or branched alkyl, C4-Cye alkenyl; C4-C+s alkynyl; or -Cs-
Ciocycloalkyl; -(CHz)1.6-Z1; -(CHz)oe-aryl; and -(CH,)os-het; wherein alkyl, cycloalky!
and phenyl are unsubstituted or substituted;

Zy is ~N(Rg)-C(0)-Cs-Croalkyl; ~N(Re)-C(O)-(CHz)1.¢-Ca-Creycloalkyl; ~N(Rg)-C(O)-
(CH2)os-phenyl; ~N(Rs)-C(O)-(CHz)1.6-het; -C(0)-N{Rg)(Ri0); -C(0)-0O-C4-Cyoalkyl; -
C(O)-O-(CH2)1.5-03~C—,-cycloalkyl; -C(0)-O-{CHz)o.s-phenyl; -C(O)-O-(CHz)y¢-het; -O-
C(0)-C1-Cypalkyl, -O-C(O)-(CHz)4.6-C3-Creycloalkyl; -O-C(O)-(CH2z)o.s-phenyl; -O-
C(O)-(CHy)1.6-het; wherein alkyl, cycloalky! and phenyl are unsubstituted or
substituted; ‘

het is a 57 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 containing 1, 2 or 3 heteroatoms selected from N, O,



Crcycl oal kyl ; -(CH2) 0%- phenyl; wherein al kyl, cycloal kyl and phenyl are

unsubstituted or substituted, or RO and Rio together with the nitrogen form

het; R5 is H G -C o-alkyl; aryl; phenyl; C3-Crcycl oal kyl ;

-(CH2)i $-C3-Crcycl oal kyl ; -G - Ci oal kyl -aryl;

- (CH2) 0%- C3- C7cycl oal kyl - (CH2) 0%$- phenyl ; -(CH2)o.4CH ((CH2)1.a- phenyl) 2;

-(CH2) 0 -CH(phenyl)2; -indanyl; -C(O-C-Coalkyl; -C(O-(CH2)1:6-C3-Cr-

cycl oal kyl; -C(O -(CH2)ae-phenyl; -(CH2)Q C(0)-phenyl; -(CH2)o0$%-het;
-C(O-(CH2)1- c-het; or R5 is a residue of an am no acid, wherein the alkyl,

6y €102l kyind B1kh RiBoc R R4 D SRS Abghefiatoh vt o0
0-5; Xi s a€athon dinitRgemratoMy are i ndependently an 0, S, or N atomor Co-e

al kyl wherein one or nore of the carbon atons in the al kyl chain may be
repl aced by a heteroatom-selected from 0, S or N, and where the al kyl may

be unsubsRgj ;sqqe.ctp{) .gp?sl@ﬂwﬁ%rﬁﬂzcﬁ selected from (a) -Re - Q -
(Rf) p(Rg) Art-D Reis fl or Re and Rd rraytogether forma

cycl oal kyﬂs and Reaarwmhéndepmemu HC1GsathyhCxGetysioatil; $CHabe-Cor5 i s
attached &Q. LGl PR Bﬁelﬂ}l Whére alyPERTbalkyl and phenyl are unsubstituted

or substituted, or Rg and R4 together with the nitrogen form het;

Rs is H; C¢-Cqg-alkyl; aryl; phenyl; C3-C;cycloalkyl; -(CH2)1§-03-C7CYC'OH|kY|; -Cq-
Cqoalkyl-aryf; -(CHz)g_s-Cg-C-;cycIoa|ky1~(CH2)M—phenyl; -(CH2)o4CH-{{CH2)1.4-
phenyl),; -(CHz)o.g-CH(phenyl)z, -indanyl; -C(0)-C4-C1oalkyl; -C({O)-(CHz)1.6-C5-Cr-
cycloalkyl; -C(O)-(CHz)o.e-phenyl; -(CHz)o.s-C(O)-phenyl; (CHz)o.s-het; -C(0)-(CHz)s.
g-het; or Rs is a residue of an amino acid, wherein the alkyl, cycloalkyl, phenyl and
aryl substituents are unsubstituted or substituted;

U is as shown in structure II:

R, R,
R,' am—Rec
R,
X

- Ron—Rd——  ~.
wherein
n=0-5;
Xis~CHorN,

Ra and Rb are indépendently an O, S, or N atom or Cg.5 alkyl wherein one or more of |
the carbon atoms in the alkyl chain may be replaced by a heteroatom selected from
0, S or N, and where the alkyl may be unsubstituted or substituted;
Rd is selected from:
(@ -Re—Q-(Rf)(Rg)q; or



p and g are independently O or 1; Re is C,.a alkyl or alkylidene, and Re

whi ch may be unsubstituted or substituted;, Qis N 0, S. S(O, or S$(0)2;
Art and Are are substituted or unsubstituted aryl or het; Rf and Rg are each
i ndependently H, -Cl-d oal kyl; C, -C, oal kylaryl; -OH -0-Cl- C, oal kyl;
-(CH2) 0. c- C3-Crcycl oal kyl ; -O (CH2)05-aryl; phenyl; aryl; phenyl-phenyl;
(0142)1-6-het; -0-(CH2)1-6-het; -ORii; -C(O-Ri; -C(0O-NRi)(RL2);
-N(Rii1)(RL2); -S- Ri; -S(O-Ri; -S(O2-Rit; -8(02-NR 1R12; -NR I-S(0)2-
R12; S-C -d oaI kyl ; aryl Cl- C4al kyl; het-G -C4-al kyl wherein al kyl, :

cycl oal kyl , k and ar (éﬁre unsubstltut ed or substituted; -S02-C, _C2al kyl;
-S2. C, . CZaI Kyl tf:}hen‘ﬁ‘ﬁ‘ 8, - Csat kyl; or R and Rt form a ring selected

from het @cigHbe RQaha Rma toé?étﬁ’érﬁrm% d&d&l@?%mé %vggrsmq aﬁE%f( fonﬂ

-S(Or where r is 0-2; I oaxol ane; e al
al kyl ene @rCYQlO?N@h@' h@tbeéS ai!ﬁfglﬁﬂsiﬂlﬂn@lfwm&adrnrgﬂiﬂ CthtNadtQM‘t h one or nore

hal ogens, Coal kyl or -CF3; or Dis -N(Rh) wherein
Rh is H 8% %%equ%ﬁ%ici%ltlgp stitut ed); aryl; -Q(C, _7cycloal kyl) (unsub
(c):r Osgstc | Retie)y;s ABGO or ﬁikz\sﬂrdmg la)éu R@wchl e Gggb?gkhébstitﬁtbﬂdrlsﬁb@l&t)ﬁbﬁé oaIRI;yI ;

- r o- al ky - -C,a- alkylaryl); : :
R 6 and R%a?J gyeoe ’h@n&é%ﬁﬂ Bently H -C -C o alkyl: -C1-C o al koxy;
Y| CL Brparid heyete subStindy & ol any[ GifRre, - 3, O ovel oal kyl

-O(CHZ)oearyI phenyl ; -( O (CH2) 1-s-het; -OR11; C(O) R11;
Q{0 -N(RtI) (R12); -N(Rii)(RL2); -5 Rll -S(0-Rl1; -S(O -Rii;
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a ring syugkyl5( Wb)wﬂ% ﬂ?vi@ehakyl nﬂe(mwaﬂyu phienylCaryIshemykphenyl; -
- (O 0. e o e B o hE B C10)-R1s; ~CIO}N(R1)(R1z): -N(R11)(Rez); -S-
R11; -S(0)-R11; -8(0)2-R11; -8(0)2-NR11R12; -NR14-8(0)z- Ry2; S-C4-Coaltkyl; aryl-Cy-
Casalkyl; het-C4-Cy-alkyl wherein alkyl, cycloalkyl, het and aryl are unsubstituted or
substituted; -S0,.C1.Coalky!; -S0,.C1.Czalkylphenyl; -O-C-Csatkyl; or Rg and R; form
a ring selected from het or aryl;

D is —CO-; -C(0)-C4.7 alkylene or arylene; -CFz-; -O-, -S{0), where r is 0-2;
1,3dicaxolane; or C4.7 alkyl-OH; where alkyl, alkylene or arylene may be
unsubstituted or substituted with one or more halogens, OH, -0-C4-Cgalkyl, -S-Ca-
Cegalkyl or -CF3; or D is —-N(Rh) wherein Rh is H; C1.7 alkyl (unsub or substituted};
aryl; -O(Cq.7cyc!0alkyl) (unsub or substituted); C(0)-C4-Cyoalkyl; C(0)-Co-Croalkyl-
aryl; C-0-C¢-Cypalkyl; C-O-C4-Cypalkyl-aryl or SOz-C1-C1o-a|kYI;qSOz—(Co-Cm- '
alkylaryl);

Rs, Ry, R'sand R’y are each independently H; -C4-Cqo alkyl; -C4-C1o alkoxy; aryl-C+-

C1o alkoxy; -OH; -0-C1-Cypalkyl; -(CH2)e.6-Ca-Croycloalkyl; -O-(CHz)oe-aryl; phenyl; -
(CHz)r.g-het; -O-(CHz)1e-het; -OR44; -C(O)-R11; —=C(O)-N(R11)(R12); -N(R11}(R12); -S- .
R11; -S(O)-R11; -5(0)2-Ry1; -S(0)2-NR1R12; -NR11-S(0)2- R12; wherein alkyl,
cyi:loalkyl'and aryl are unsubstituted or substituted; and Rg, Rz, R'sand R’y ¢an be
united to form a ring system,



0- (aryl)i.2; -C(O-GCG-Coalkyl; -C(0)-(CH2)i.e-CrCycycl oal kyl ;
C(O-0(CHR)aa- aryl; -C(0)-(CH2)o e-Ofluorenyl; -C(O-NH (CH2)o0.8-aryl;
C(O-(CH2)o-e-aryl; -C(O- (CH2)14--het; -C(S)-Ci -G oal kyl;

-C(S)-(CH2) 14- C3- Q/cycloal kyl; -C(S)-0O (CH2)o$-aryl; -C(S)-(CH2)o-
-OflUOenyl; -C(S)- NH-(CH2)0$ aryl; -C(S)-{CH2)04-aryl; -C(S)-(CH2)1.e-
het; wherein al kyl, cycloal kyl and aryl are unsubstituted or substituted; or
R11 and R12 are a substituent that facilitates transport of the nolecule
across a cell menbrane; or 1111 and R12 together with the nitrogen atom
form het; V\,herel n-the al kyl substituents of R11 and R12 may be unsubstituted
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{reat nent "OPIaA e BRUCSCRLNeniR P MRuA BRrovire pasutbied ob sbbstlitag by
conpounds of ofr%dﬂs‘ Isabéﬁtheﬁ@rseué&ea frBa ORCLoalyl, Sailched, THRLCRC-CRaRPO Lgds of

formula (1) for use in the treatnent of sald di seases. The gener ternms
used her eitnferbiboratd sher ei naft er preferably have within the context of

this di sclgpiiGieliGobalkyPYBITERS bPRS; at R §SFe ShRSMeaDy SH 6AGH
substituents selected from a C+-Cyp alkene; C1-Cealkyl; halogen; OH; -O-C4-Cgalkyl; -
$-C4-Cealkyl or -CF3; and ‘
substituted phenyl or aryl of R44 and Ry are substituted by one or more substituents

'E

selected from hatogen; hydroxy; C4-C4 alkyl; C4-C4 alkoxy; nitro; -CN; -O-C(0)-Cs-
Caalkyl and —C{Q)-0O-C-Cy-aryl,
or pharmaceutically acceptable salts thereof.

The present invention also related to the use of compound of formuia fin the
treatment of proliferative diseases, especially those dependeh} on the binding of the
Smac protein to Inhibitor of Apoptosis Proteins (1APs), or for the~ manufacture of
pharmaceutical compositions for use in the treatment of said diseases, methods of
use of compounds of formula (I) in the treatment of said diseases, pharmaceutical
preparations comprising compounds of formula (i) 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:



6 "Aryl" is an aromatic radical having 6 to 14 carbon atonms, which may be
fused or wunfused, and which is unsubstituted or substituted by one or nore,
preferably one or two substituents, wherein the substituents are as
described below. Preferred "aryl"” is phenyl, naphthyl or indanyl. "Het"
refers to heteroaryl and heterocyclic rings and fused rings containing
aromati ¢ and non-aromatic heterocyclic rings. "He? is a 5-7 nenbered

het erocyclic ring containing 1- 4 heteroatons selected fromN, 0 and 5, or
an 8-12 nenbered fused ring systemincluding at |east one 5-7 nenbered
heterocyclic ring containing 1, 2 or 3 heteroatons selected fromN, 0, and
S. Sui t abfAsyHdg ars atmwaticradical hawhgdﬁeto nsarben atoms; avhichl maytiss fused od
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1, 4- oxat hWQurlﬁstltl.fsﬂlltS’ lwheréinaR lsubSitubalsare BY degdrisad bélbdz Préferréd 2ag is
tr| azole, tetrazol é’l & oxadi azol e, thiophene, imdazol, pyrrolidine,
Va0

pyrrol i doHEe“}tl Hyaph ringaayb| e, pyridi ne, pyrimdine, isoxazolyl, pyrazine,
qui nol i ne, isoquinoline, pyridopyrazine, pyrrolopyridine, furopyridine,

i ndol e, benzofuran, benzothiofuran, benzindole, benzoxazol e,

pyrrol oquitief refers tameterbaryl ake he®rtocyulic ringdand fused inger eontainingomaticed or

bstitut t hal hi
Pydr oxy. - 819 Bn G afate Bebisloi o Hirtuisi By membbrerl HPbRefEndci ol 1y
met hoxy aggntainiii-4 Rétefeatome seldbtedCiofiR] 6Ynd®,-Fldr) 8- N Fefbatddiuséd on a
ni trogen by Cl-C4al kyl , especially nethyl or ethyl -0 C(0O-Cl-A4al kyl

or - C( 0) - ofingsystam rwudms@é I'P-% opgrih 6 mernbsed @e@a%gma@ntw&ls L7l
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1,4-oxazepane, 1,4-oxathiapane, furyl, thienyl, pyrrole, pyrazole, triazole, 1,2,3-
triazole, tetrazolyl, oxadiazole, thiophene, imidazol, pyrrolidine, pyrrolidone, thiazole,
oxazole, pyridine, pyrimidine, isoxazolyl, pyrazine, quinoline, isoquinoline,
pyridopyrazine, pyrrolopyridine, furopyridine, indole, benzofuran, benzothiofuran,
benzindole, benzoxazole, pyrrologquinoline, and the like. The het substituents are
unsubstituted or substituted on a carbon atom by halogen, especially fluorine or
chlorine, hydroxy, C4+-C4 alkyl, such as methy! and ethyi, C4-Cy alkoxy, especially
methoxy and ethoxy, nitro, -O-C(0)-C¢-C,alkyl or —C(0)-O-C4-Casalkyl or on a
nitrogen by Cy4-C, alkyl, especially methyl or ethyl, -O-C(O)-C1;Q4alkyl or -C(0)-0-
C1-Cqalkyl, such as carbomethoxy or carboethoxy.

When two substituents together with a commonly bound nitrogen are het, itis
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,



Hal ogen is fluorine, chlorine, bromne or iodine, especially fluorine and
chlorine. 7 Unless otherw se specified "alkyl" includes straight or
branched chain al kyl, such as nethyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, n-pentyl and branched pentyl, n-hexyl and branched
hexyl, and the like. A "cycloal kyl" group neans C3 to C ocycl oal kyl having 3
to 8 ring carbon atons and may be, for exanple, cyclopropyl, cyclobutyl,
cycl opentyl, cycl ohexyl, cycloheptyl or cyclooctyl. Preferably, cycloal kyl

I s cycl oheptyl. The cycl oal kyl group may be wunsubstituted or substituted
with any of the substituents defined below, preferably halo, hydroxy or
Cl-C4 al kylhIesa@rmmseequdif'edna&yﬂrimmodem:'stdalglasdrdnancheatd:hamadkyl asichae of a

Cyet e ne, MRS AyPeHcAPeroRy -0y SEPhEb fort BB EenEL ol Brdnshea '

| euci ne, pystyNa-hei®i Sh@ bBrdifthed henyll ﬁh@'ﬂieﬂﬁke proline, seri ne, threonine,
tryptophan, tyrosine and valine. he anmino acid residues also include the

si de chai ns of uncommon and nodified am no acids. Uncommon and nodified
B.

Bl ds SRSk R aRS €48 CRibybloall HAVngS o BRI CEoRERRR B,

of Wscomlyrberafcamm;ﬂe royclopnom,, cy@twpt}é,rcy%wpem%@y);lcﬂmdyll npd:luh@t;almrno

2 pha, * gatrEoctily PrEEaR Siriion B KRR R Sl AR St

ci trutli ngnsubshiutéd assuesnt@tédfwumrnpof tAdisobstitasitd deﬁnéabewwr@ﬁeﬁaafi d, 2-
or 3- am poi sobutric acid, 3-di am nopropionic acid, di phenyl al ani ne,

hydroxyprBFIPnEYCHﬁw Ph@11q4k@ky||5f’c'ﬂ Ae metA¥. chain of the anmino acid residue
contains a derivatizable group, such as COON, -OH or am no, the side chain
may be derivatized by a substituent that reacts with the derivatizable
group. Fofthe aninpbeid resiides iroideoa a-'ioum oﬂaklandamiaamirmmidl glohtasmi ¢ acid, or

gg?rsgl iglgsfnlgt Hﬁﬁmgﬁé@{%ﬁe&%parﬂc aczd cys‘t:"eme gﬁutamqge Og;luttaprglgggjdne may be

glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, fyrosine and valine. The amino acid residues also
include the side chains of uncommon and modified amino acids. Uncommon and
modified amino acids are known to those of skill in the 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 amino acids such as
4-hydroxyproline, S-hydroxylysine, desmosine, beta-alanine, alpha, gamma- and
beta-aminobutric acid, homocysteine, homoserine, citrulline, ornithine, 2- or 3-amino
adipic acid, 6-aminocaproic acid, 2- or 3- aminoisobutric acid, .2,.3-diaminopropionic
acid, diphenyialanine, hydroxybroiine and the like. If the side chain of the amino 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 celi membrane. in
addition, 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.



am no side chains may form am de or al kyl am no derivatives. In particular
the derivative may be a substituent that facilitates transport across a
cell menbrane. in addition, any carboxylic acid group in the am no acid
resi due, for exanple, an al pha carboxylic acid group, may be derivatized as
di scussed above to forman ester or amde. 8 Substituents that facilitate
transport of the nolecule across a cell nenbrane are known to those of

skill in the nmedicinal chemstry arts (see, for exanple, Gangewar S.,
Pauletti G M,Wang B" Siahaan T. J., Stella V. J., Borchardt R T., Drug

D scovery Today, vol. 2, p148-155 (1997) and Bundgaard H. and Moss J.,

Phar maceuti cal Research,  vol. 7, 885 (1990)). Generally, such substituents
are i pomubbhw@nt%tthéttfabm&ié%nwof trawblbbmé%c?d&% IFﬁ@n?br’aHé'a ea
C6- C30 al kyI which is saturated, nonounsaturated yunsaturate

i ncl udi ng kREWR O theseiotskillin tremediningl shemissiyearts (sqﬁaéwyexamplehesnmwan ut ed
72 Substl S R G Wenotts D haali T 3, SEM VDT, Bllapetdr R Ty BGE. Yyl
whi ch i s Sismveyuledhy, wok Be nid8a85 {1i999) yd Bordgaardwh 4ot Mess dl, kyl groups,
o e gl S AR S i SRR k™
Cmaobarr dbauimtl subamientss SuehRpaphfierbupLiRbes ndiahTORLRANN 1o

of the ab&@Biraiedimeacunsaturated, poliunpaiurated| IDQ'IUPIWIIQ m@ﬂ'IYlﬂleelntejthCb groups
may be u eferabl
ons, o SEHERR.gHengt pBien)119ABS BUGGHaR P SR £Ys HL BruS: Pafocr © hal &
(T‘Eclh as Eycloalkdy @s-dgmcbwwl whitheds sabﬁ;tlhte(ishyﬁineaabt@b_ C3Ch @M@(tjgm!ubslj_) ) | ower
a ma bstitut Wi the substituents defined herein;
lower al kg’]nﬂh Hylos W@Wﬁrc?' Né?t'ta{é@dﬂgiﬁ phenyf kg V(@8O B9 ebhoxy);
aryl (suc Blk?ﬁgrléhﬁé‘,»h OL-CRRYéalkyl SHRRbE] mtc‘?éloarkyi whizHG8 s@Sstituted by one

or two C4-Cg alky! groups; where X, is C4-Cz4 alkyl which is saturated,

monounsaturated or polyunsaturated and straight or branched chain,

Unsubstituted is intended to mean that hydrogen is the only substituent.

Any of the above defined aryl, het, alkyl, cycloalkyl, or heterocyclic groups may be
unsubstituted or independently substituted by up to four, preferably one, two or three
substituents, selected from the group consisting of; halo (such as ClI or Br); hydroxy;
lower alkyl (such as C1-Cj3 lower alkyl); jower 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 pheny! or methoxy phenyl), amino; mono- or disubstituted amino; amino jower
alkyl (such as dimethylamino); acetyl amino; amino lower alkoxy (such as
gthoxyamine); nitro; cyano; cyano lower alkyl; carboxy; esterified carboxy (such as
lower alkoxy carbonyl e.9. methoxy carbonyl); n-propoxy carbonyl or iso-propoxy -
carbonyl; alkanoyl; benzoyl; carbamoy!; 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 alky! (such as methyl sulfanyl); sulfoamino; substituted or



fluoro phenyl or nethoxy phenyl); am no; nono- or disubstituted am no; am no
| ower al kyl (such as di nethylam no); acetyl am no; am no | ower al koxy (such
as ethoxyamne); nitro; cyano; cyano |ower al kyl; carboxy; esterified
carboxy (such as | ower al koxy carbonyl e.g. nethoxy carbonyl); n-propoxy
carbonyl or iso-propoxy carbonyl; al kanoyl; benzoyl; carbanoyl; N nono- or
N, N-di substituted carbanoyl; carbamates; al kyl carbam c acid esters;
am di no; guani dine; urea; ureido; nercapto; sulfo; |ower alkyithio;

sul f oam no; sul fonam de; benzosul f onam de; sul f onat e; sulfanyl | ower al kyl
(such as net hyl, sulfﬁgﬁﬁgﬁdsulfoan1no substituted or unsubsti t ut ed

sul f onami ‘tsupstituiedaul & {Ruch Asnkenzp; swemmea.t%wiwt% QU BRsyhsiubed

phenyl sul T4 il €3RT s ChRIEBREK SORER Gver ARSHITAIEAEMIOIL | puer

al kanesufwltﬁfgvl-lowﬂﬁ@ Yssnlﬂwbra}kylphwtau}ﬂnyl ;dower dkanﬂssﬂfbnyihpm@ny!suifonyl

a1 k1 Sut HoS BT AR en Pt il RIRTe o3 < phono

(- P(=O) ( Grdidgen-lobr aikyidutfony; eu&wyeebéaﬂl}qrmuorememadeomror@l lebnsgpiisiphor yl
substituted urea Sguch as 3-trifluoro-nethyl-phenyl urea al kyl carbam c

acid est fPGONEH louiet RIkexy hespD W‘pﬂféi'mw%raﬁ PRPTYLE NRARS,
wher ei n %@?g{t%u%rtsvﬁ?ag r3etr| Q@FB l% !éﬁ?ﬁﬁ b%ﬁp e0tel ¥y H

| ower al thy toget &F with the
N at om f ozarbamatest (sugh aeeﬂmléhplhm%ced;mﬂate) or n—h@Banyhenenm& B#nd Rycanogen,

oxygen or f 0 e.q. r zin owe

ol Tyt ot i st S S Tets Sne B e o e By L ety stoor

pi per azi nytopyl);aaTRCiritl Rp gyether vath thel N didi fornPa Betd 8intemberddhatemediity | )
where the heterocycllc ring may be substituted with any of the substituents

defi ned héEeoNtainngs HM%%@X&M@ sfriatores %\gkwer&,zwl,dmyw Wer or
heOt_I ar Ou%k‘@%é}ﬁz!gm%dfl éhﬁgwg%mg@ﬁ&ﬂﬁ thaﬁaiﬁrpﬂr\%bthyi PipRtazint O . 8(02),
benzothiophenyl, pyrrolidinyl, piperidinc or |m|dazolmyl) where the heterocyclic ring
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, 8(0), S$(05), -OH, -SH, -OCHjs, ~-SCH3,
-CN, -SCN or nitro.

Where the plural form is used for compounds, salts, pharmaceutical preparations,
diseases and the like, 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 salf 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 usefu! in chemical manipulations, such
as purification procedures, only pharmaceutically acceptable salts are useful for

pharmaceutically products.

10



Where the plural formis used for conmpounds, salts, pharnaceuti cal
preparations, diseases and the like, this is intended to nean also a single
conmpound, salt, or the like. It will be apparent to one of skill in the art
when a conpound of the invention can exist as a salt form especially as an
acid addition salt or a base addition salt. Wien a conpound can exist in a
salt form such salt fornms are included within the scope of the invention.
Al t hough any salt formmay be useful in chem cal manipul ations, such as
purification procedures, only pharmaceutically acceptable salts are useful

for phar ceutica pr odu 1Q Phar maceuti cal acceptabl e salts
i ncl ude, MW%SB?%’%la&Pﬁptag%ﬁ%d@?W Ravhen a%@ﬁﬂgt&bpﬁa Ué'&ﬂ‘?yt i on salts

and aci d 2elbfibatd é&cihhér%al@(ﬁ'i@b&ddqa fiioh S Br ex&inBle, e

al kal i ne ear nmet a anmoni um sa organi ¢ am ne a |t|on salts,
and ani ncasalkali andiatkabie saith metalr&altsuammmwn salts sorganindarmdauaddﬂwns alts
phosphat a8 gy Rpc 2RlohaAE i sdtra gy SASE ubfiof Far tha e "

aryl sul f dnefganicosdd atiditionahitaseach aé Hpavoahride cdtlfabd 8nd phbsphistesant | act ate.
Exanpl es of netal  salts are al kali tal salts,. 'such as lithiumsalt,

sodi um saqrﬂa'&'ﬁ@%@m‘?fhﬁ@'%qm %ﬁ alkyliswiforgte; arvimtignate, pretaly, snaleate,
magnesi uyigiriteafiftra] EXMIE SR lactdle L BXAHPISR meAT dalfd e AR ok %51?% es of
anmoni um salts are anhoni um salt and tetranmet hyl ammoni um sa es of
or gani ¢ asvicheasdilbiutri sait, satium aaléaﬂtipotasmunhsaibraﬂ(ahhe martarme’mi palts auoine
Exanpl es of __am no_aci are s w.t h

phenyl al a1 THagn %?'H'F'as?ﬂltcarﬁg?#' aﬁf?@ﬁ'wgumﬁ Bﬂgtzg'cssﬁ%r Z&ﬁ?’ﬁﬁ@f mesyl at e,

tosyl at e @nchohRimg ealks atd Ararioniurs sdlt %ﬁuttétramethylaewm@ﬁmhhsaml Eg#mpREalfi onshi p
bet ween the conpounds in free formand those in the formof_ their salts,

i ncl udi ngP"ERBIEENRIAE eaditivRsals AT saltwith morphelinernd Ripeddingo ExagiplesPle in the
purificatdBmoQcid 46akidh s4ifd 4RMsdMs WiltfgIFARB MR IaldAHE VEfaPni€acid and

lysine. Sulfonate salts include mesylate, tosylate and benzene sulfonic acid saits.

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 hereinafter 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 |, tautomeric mixtures of these com_pgunds, especially of
compounds of the formula 1, or salts of any of these, as appropriate and expedient

and if not mentioned otherwise.

Any asymmetric carbon atom may be present in the (R)-, (S)- or (R,8)-configuration,
preferably in the (R)- or (S)-configuration. Substituents at a ring at atoms with
saturated bonds may, if possible, be present in cis- (= Z-) or trans (= E-) form. The
compounds may thus be present as mixtures of isomers or preferably as pure
isomers, preferably as enantiomer-pure diastereomers or pure enantiomers.

Preferred embodiments according to the invention:

11



tautoneric m xtures and their salts, any reference to the conpounds

her ei nbefore and hereinafter especially the conpounds of the formula I, is
to be understood as referring also to the correspondi ng tautoners of these
conpounds, especially of conpounds of the fornmula I, tautoneric m xtures of
t hese conpounds, especially of conpounds of the fornula I, or salts of any
of these, as appropriate and expedient and if not nentioned otherw se. Any
asynmetric carbon atomnay be present in the (R-, (S)- or (R S)-configu
ration, preferably in the (R- or (S)-configuration. Substituents at a ring
at atoms with saturated bonds nmay, .if possible, be present in cis- (= Z-)
or trans I thefolowingrprefaseed emhpdimants, geperal gxpiessioncaarhe plaged by the of

i somers : ' f I ' ure
i ast er eooneeRo A iord SpBURE dehIRGRY Provilel o3 shaRIGRALE IR Co (e
i nvent i orstrobgyet prefereed ednbodinrentp pbtherinezhtienbodi ment's, general expression can
be replaced by the corresponding nore specific definitions provided above

b ef or r o PIENERY 1 Oy A o 3 B Bla CAPRRA gReL uc csfon Bl "

P ol |1 eratt e dr soate dapentlng o bnaina o khe ST at ot el 00 nhi bi tor
51[ 0Apopt in '“@’Pt) iﬁ?a??ﬁﬁgbn.toiﬂhigmfdﬁi Oy Pf&%‘"ﬁ?@@’eﬁr i nvention rel ates
to compounds of the formula (I) R3 RI~-NNUR5 (1) R2 OR4 wherein Rl is
H, Cl-C4 alkyl; Cl-C4 al kenyl; Cl1-C4 al kynyl or cycloal kyl which are

unsubstituted or substituted by one or nore substituents selected from
hal ogen, Arcenbodiptent ofthe present invention relates to compounds of the formula (1) o

R3
Ri\N/]\n/ﬁjiU_Rs M
v 0w,
wherein

R; is H; C4-C, alkyl; C4-C4 alkenyl; C4-C4 alkynyt or cycloalkyl which are unsubstituted
or substituted by one or more substituents selected from halogen, -OR, -SH, -OCHj,
-SCHjs, -CN, -SCN and nitro;

Rz is H; C4-Cqalkyl; C4-C,4 alkenyl; C4-C4 alkynyl or cycloalkyl wh'ich are unsubstituted
or substituted by one or more substituents selected from halogen, -OH, -SH, -OCHj,

-SCH3, -CN, -SCN and nitro;

Rs is H; -CFa; -CaFs; C4-Cy alkyl; C4~C4 alkenyl; C4-C4 alkynyl; ~-CHz-Z or Rz and R;
together with the nitrogen form a het; '

Z is H; -OH; F; Cl; —CHjs; -CF3; -CH,Cl, -CH2F or -CH,OH;

12



-SCH3, -CN, -SCN and nitro; R2 is H Cl-C4al kyl; Cl1-C4 al kenyl; Cl1-C4
al kynyl or cyctoal kyl which are unsubstituted or substituted by one or nore
substituents selected fromhal ogen, -OH -SH, -OCH3, -SCH3, -CN, -SCN and
nitro; R3is H -CF3; -C2F5;, Cl-C4 alkyl; Cl-C4 al kenyl; Cl1-C4 al kynyl;
-CH2-Z or R2 and R3 together with the nitrogen forma het; Zis H -0O4 F;
ad; -CH3;, -CF3; -CHd; -CH2F or -CH2OH, 12 R4 is Cl1-Cl6 straight or
branched al kyl; Cl1-Ci e al kenyl; Cl-Cle al kynyl; or -C3-Cl6 cycl oal kyl;
-(CH2)14-71; -(CH2)o s-phenyl; and -(CH2)s.6-het, wherein aIkyI cycl oal kyl
and phenyl are unsubstituted or substituted; Z1 is -N(RB)-C(0)-C, -Cloal kyl;

- N( RR) - C( By I ©-P)eistraightor byenehadaikyl; cmikem Ci-Car-2likpnyg; Qh&uyq:

B R N T e

-C(0) - O (a2 phdnyhats unﬂrbsﬁ(lﬂ&d 6itsﬁbsiﬁlhtbdj -0-C(O - (CH2) 1- s- C3- C7cycl oal kyl ;
-O0C(O-(CH)o_s-phenyl; -0- C(O-(CH2)1. 6- het, wherein al kyl, cycl oal kyl
and phenyl are unsubstituted or substituted; het is a 5-7 nenbered

het er ocyctns_rN(Rg) g@}@l,@ﬁﬁ]kﬂ 4NU%&)ﬂ(@-ggﬁﬁ)&@swgb%“@m-wﬁpcw}j S, or
an 8-12 nenbered fused ri n%éoistem I ncl | eaSt oné 5- nber ed

het er ocy c{GH2)es-PRENYEmN{Re)-FE01-(CH2)oe-het; h@(@)'U(ﬁ&)%o)se@@l‘@dCi'pmﬂ“N' 0, and

Subst ¢t S EG AL R el RO ORISR, LROETEIEH A0 oy,

nitro, - CEQPEy Cleallghal B3(0)(CH M O memaaitvkyo otOptcmzmwhesﬁn-o»y C1- C4

{CDOH or CIOHGH Bk Whersis alfyL LRI ahaih are, omgdhstitisd Py -

C3- C7cycl gadfmlted;- (CH2) 1. e- C3-

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 inciuding 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, C4-Cjalkyt, C1-C4 alkoxy, nitro, -O-C(0)-C;-
Caalkyl or —C(0)-0-C4-Cys-alkyl or on a nitrogen by C4-C4 alkyl, -O-C(O)-C4-Caalkyl or
~C(0)-0-C4-Caalkyl;

Rg is H, -CHjs, -CF3 , -CH0H or -CH,Cl;

Rg and Ry are each independently H; C4-Csalkyl; 03~C7cycloalk.yl; -(CH2}14-Ca-
Creycloalky!; -(CHgz)o.s-phenyl; wherein alkyl, cycloalky! and phenyl are unsubstituted
or substituted, or Rg and R4 together with the nitrogen form het;

Rs is H; C4-Cqgp-alkyl; Cs-Crcycloalkyl; -(CHz)1.6-Cs-Croycloalkyl; -C1-Cioalkyl-aryl; -
(CHz)os-Cs-Creycloalkyl-(CHz)o-s-phenyl; -(CH2)o4CH-((CH2)14-phenyl)z; -(CHz)oe-
CH(phenyl)z; ~(CHz)o.s-C(O)phenyl -indanyl;aryl -C(0)-C4-C1palkyl; -C(O)-(CH)1.6-Ca-
Cycycloalkyl; -C{O)-(CHa)e.s-phenyl; -(CHz)os-het ; -C(O)-(CHz)1.6-het; or Rsis a
residue of an amino acid, wherein alkyl, cycloalkyl, phenyl and aryl are unsubstituted

or substituted;
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Crcycl oal kyl ; - (CH2) OB- phenyl ; wherein al kyl, cycl oal kyl and phenyl are
unsubstituted or substituted, or RO and Rlo together with the nitrogen form
het; R5 is H, Cl-Clo-al kyl; C3-Crcycloal kyl; -(CH2)1.6-C3-Crcycl oal kyl ;
-Cl-d oal kyl -aryl; - (CH2)o-6-C3-C7cycl oal kyl - (CH2) o- a- phenyl ;
-(CH2) 0-4CH- ((CH2) 1- 4- pheny))2; -(CH2)o-r CH(phenyl) 2;
-(CH2) 0. e-C( O phenyl -i ndanyl ; aryl -C(0)-Cl-Cloalky); -C(O-(CH2)1.s-C3-
Crcycl oal kyl; -C(O - (CH2)as-phenyl; -(CH2)0 e-het ; -C(0)-(CH2)1.8-het; or
R5 is a residue of an am no acid, wherein al kyl, cycloal kyl, phenyl and
aryl are unsubstituted or substituted; 13 U is a as shown in structure 11:
R R6 RT\ a)n-Rc ROD (Rb)n--Rd- Il wherein n =0-5; Xis -CHor N, Ra and Rb
are i ndepgngands shoh i ’shﬁ u?? N atomor Co-a al kyl wherein one or nore of
the carbon atons Int ﬁ( chain may be replaced by a heteroatom sel ect ed
from 0, Sor N and V\/nere the al kyI may be unsubstituted or substituted; Rd
Is selected from (a) -Re - Qg5 (K p(Rg)q or (b) Art-13- Ar2; Rc is H or
Rd and Rc together form cycl 05 yl het; where if Rd and Rc form a
cycl oal kyl or heteroring, Fﬂ.{ : ﬂ,..t.Rct he formed ring at a Cor N

RY ! |

atom p and q are independ

(Rb—Rd———— 1

wherein
n = 0-5;
Xis—-CHorN;
Ra and Rb are independently an O, S, or N atom or Co.s 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:;
Rd is selected from:

(@) -Re—Q-—(Rfy(Ra)y; or

(b Ar—-D-Ar;
Re is H or Rd and Rc together form cycloalkyl or het; where if Rd and Rc form a
cycloalky! or heteroring, Rs is attached to the formed ring at a C or N atom;
p and g are independently 0 or 1;
Re is Cy.5 alkyl, or alkylidene, preferably methylidene, and Re may be unsubstituted

_or substituted;

Qis N, O, 8, S(0), or S(O)z;
Arq and Ar; are substituted or unsubstifuted aryl or het;
Rf and Rg are each independently H; -C-C1g alkyl; C4-Cpalkylaryl; -OH; -O-Cy-
Cioalkyl; -(CHy)e.6-C3s-Croycloalkyl; -O-(CHz)os-aryl; phenyl; aryl; phenyl-phenyl; -
(CH2)1.s-het; -O-{CHz)15-het; -ORq4; -C(O)-Rq1; =C(O)-N(R14)(R12); -N{R11)(R12); -S-
R11; -8(0)-R14; -8(0)2-R11; -8(0)2-NR11R12; -NR14-5(0)2- Ri2; S-C4-Cy-alkyl; aryl-Cy-
Caalkyl; het-C4-C,alkyl wherein altkyl, cycloalkyl, het and aryl are unsubstituted or

14



Re is Cl.a alkyl, or alkylidene, preferably nethylidene, and Re rrtay be
unsubstituted or substituted; Qis N 0, S, S(O, or S(0)2; Art and Are are
substituted or unsubstituted aryl or het; Rf and Rg are each independently
H, -Cl-Cla al kyl; Cil-Cl8al kylaryl; -OH -0-G - G 4alkyl; -(CH2)O0

-C3-CTCyd oal kyl ; -O(CH2)o0. 8-aryl; phenyl; aryl; phenyl-phenyl;

(CH2)i.s-het -O(CH2)1 s-het; -OR,; -C(O-Ri; -CCO-NRi)(RL2);
-N(Rii)(RL2); -S- Ri; -S(0)-Rii; -S(O2-Rii; -S(0)2-NRi,R12; -NRi i - S(O) 2-
R12; S-Cl-Cil-alkyl; aryl-Cl- C4al kyl; het-d -C4al kyl wherein al kyl,

?gglzo?:llké&w%tt dﬁ g@@‘%&%@l E§E’p‘%:t I thjwl%&%rﬂ Cléaé:'&ié"l isl%%gana Reforbrm a

ring seleé:} sgk Pkt 8F Xhi: DIS-CO- -C(O-C1_7 alkylene or arylene,
- CF2-; Iﬁ& V\Eser?e ; fér‘y 1, 3di oaxol ane; or Cl .7 alkyl-0OH where

al kyl, aI kyI ene or aryl ene may be unsubstitut ed or substituted with one or

h | 1- Is -N(Rh
vnﬁre(rael ﬁ %ﬁ]%ﬂ' '&qucﬁ)ﬂ%ﬁﬂg{’f alg%n ub T't' 'e?%ib)’ gg%e “rs 'Ils7cy£:I o?al kyl)
C 0 - 1 ool el et e ey 08 ¥ G- Cla-
al kyl aryl lj"sul%“mtﬁfi ow@sawiewh ane %Meﬁ%%%ﬁ @ﬁ'l ﬁY‘n CoalkVlcfsCat ky|
- Cl C D %W or ﬁi‘B’g{ bFFTns QN{R%L Ye:n R‘ﬂ'is H; Qf]qja‘lﬂl ?@ﬁ%@r s[ubstrtuted)

(CH2) M C3 cl oa
o) ( CHR) 1argk @661.7GMa!kyl) G(rcsbimrﬁubstﬁ@t@d):\fG@)iﬁi(—m@Ikyl N@?Ek@)-@lmw- S- Ril1;

cyclbal kyTYAROH T F i S Gt R S Pt R el SOF &t RS ana

R 7 can balkylamhfed to forma ring system R11 and R12 are independently H
Cl-Clo al kyl; -(CH2)o.s-C3-Crcycl oal kyl; -(CH2)w

Rs, R7, R'sand R’; are each independently H; -C4-C+g alkyl; -C4-C1¢ alkoxy; aryl-Cs-

C1o alkoxy; -OH; ~O-C4-Cypalkyl; -(CHz)e6-Ca-Crcycloalkyt; -O-(CHz)o.s-aryl; phenyl; -

(CHz)1g-het; -O-(CHa)s.e-het; -ORqq; -C(O)-R11; ~C(O)-N(R11)(R12); ~-N(R11)(R12); ~S-

Ry1; -S(0)-Ry3; -8(0)2-R11; -S(0)2-NR11R12; -NR11-8(0)2~ Ryz; wherein alkyl,

cycloalkyl and aryl are unsubstituted or substituted; and Rs, Ry, R'sand R'ycan be

united to form a ring system;

Ri1 and Ry are independently H; C4-C1g alkyi; -(CHz)o.6-C3-Crcycloalkyl; -{(CHz)oe-
(CH)o-1(aryl)s.g; “C(O)-C4-Cooalkyt; -C(Q)-(CH2)1.e-C3-Croycloalkyl; -C(O)-0O-(CHz)o.s
aryl, -C(O)}{CHy)o.s-O-fluorenyl; -C{O}-NH-(CHz).s-aryl; -C(O):(CHz)o.a-aryl; -C(0)-
(CHo)r.e-het, -C(8)-C1-Caoalkyl; -C(S)~(CH,)1.6-Ca-Creycloalkyl; -C(S)-O-(CHz)o.-aryl;
-C(8)-(CHg)ps-O-fluorenyl; -C(S)-NH-(CHaz)os-aryl; -C(S)-(CHz)o.e-aryl; -C(S)-(CHz)1.6-
het; wherein alkyl, cycloalkyl and aryl are unsubstituted or substituted; or Ry and Ry
are a substituent that facilitates transport of the molecule across a cell membrane; or
R+ and Ryz together with the nitrogen are het; aryl of Rq3 and R4z can be phenyl,
naphthyl, or indanyl which is unsubstituted or substituted,

alkyl of Ry and Rz may be unsubstituted or substituted by one or more substituents
selected from a C4-Cypalkene, halogen, OH, -O-C4-Csalkyl, -S-C+-Cgalkyl and -CFj;
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.1(ar
(

)1.2; -C(O-Cl-doal kyl; -C(O-(CH2) 1-s-C3-Crcycfoal kyf;
-0 )

o.e- aryl; -C(O-(CH)o-s-Ofluorenyl; -C(O-NH (CH2)osaryl;

20

2000075

yl
CH2
)o.a-aryl; -C(O- (CH2)1l.6-het; -C(S)-Cl-d oal kyl;
) 1. y-C3- C7cyc|oa| kyl; -C(S)-0O (CH2)as-aryl;
2) os- O-fl uorenyl; C(S)-NI-I-(CI—lZ)o.o-aryI; -C(S)-(CH2) 0. s-aryl;
C(S) (CH2) 1-s- hot; wherein al kyl, cycloal kyf and aryl are unsubstituted or
substituted; or R11 and R12 are a substituent that facilitates transport of
t he nol ecul e across a cell nenbrane; or R11 and R12 together with the

uhi cnois ool pt §rdandRanay BrussLRstideRF PRt o e e

unsubsti t i S q jom .
nsubst! tﬁeiﬁge@rmﬁvm e%g%nwoﬁ@er ﬁfor@ﬂae_g%@%%_:,tegm% haegéﬁcct)e -0

cycl oal kyG1-§fsa|Rﬂﬂ£L-Sa%d‘QR§llﬁyh95/-CB—'es aﬁéubstltut ed or substituted by one or nor e

selected | ogen,

oy~ o- . cHI bt SRR Byl B Ans IR at o BRI SER Yhinold 1 20
13|12 rra;d/ mﬂ:sunﬁutsseiéueea'gm halkvgeh| hydrefyklﬁ)lﬁ-mcrmkﬁca Cqﬁ,elkmbanmt uent ?:N
sel ecte m g 0X al ky 1- al koxy, nitro, -CN,
-OC(0)- "&IQI‘&@ §h§4 %}' %-%&ﬁ%r?p a"y&r pharmaceutical Iy acceptable
salts theg amﬁcéwc;ah@%cgémggb% th&y@opresent invention relates to the use
of conmpound of forrmula | in the treatnment of proliferative diseases,

especially those dependent on the binding of the Smac protein to | nhi bitor

of Apopt Ogleg Jr%h?dd?i?méﬁﬁﬁﬁ)qreg th@Fenthgﬁ reldt gl{é, Seg&@ g%erﬂﬁg{‘\ﬁ%ﬁ?m | cal

conpositions tor use in s of use of
conpoundsfephukadrimtieatrédtineant of bmliferawmaéasa‘s sqb@blaiiysthaseslepemmﬁmceut i cal

reparati ons.c rpsin ounds of, for I f or nt of said
8i sgases %M‘ﬁaé&@f‘%ﬂ %ﬁ‘"(tp)mh@?to"dg’%ﬂ% qsr*ﬁepfqtﬁ‘&f” 09" NP
di seases. %c&@ﬁ#bﬁ@rﬂ%ad&htn&&%ﬂ&%ﬁ%s'f&"m%&tlh‘%ﬁb kreh@h&R JfQafldBesnds of

Q,QQQ

- (CH2
- (CH2
- (CH

the for rruI
ses, methods of use of compounds of formula (l) in the freatment of said diseases, -

pharmaceutical preparations comprising compounds of formula (l) 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

Rt and Rz are independently H or substituted or unsubstituted C4-Caalkyl,

R4 is C1-Cys straight or branched aikyl, or C3-Cgcycloalkyl, wherein the alkyl or
cycloalkyl may be unsubstituted or substituted; .

Rsis H; C4-Cyalkyl; Cy-Cyoalkyl-aryl; —C(O);(CHz)g.g-Phenyl; -(CH3)g.6-C(O)- Phenyt;
aryl; indanyl; naphthyl or Rs is a residue of an amino acid, wherein the alkyl or aryl
substituents are unsubstituted or substituted;

U is as shown in structure II:

- Rbjn—Rd——
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wherein RL and R2 are independently H or substituted or unsubstituted
Cl-Calkyl; R4 is Cl-Cl6 straight or branched al kyl, or C3-Clscycl oal kyl,
wherein the al kyl or cycloal kyl may be unsubstituted or substituted; R5 is
H, Cl-d oal kyl; C1-Cl0al kyl-aryl; -C(0)-(CH2)04-Phenyl; -(CH2)o_6-C(O) -

Phenyl; aryl; indanyl; naphthyl or R5 is a residue of an am no acid,
wherein the alkyl or aryl substituents are unsubstituted or substituted; U
is as shown in structure Il: RRe R7'" a)n-Rc R 8 (R5)n-Rd- Il 18 wherein

n=05, Xis -CHor N, Ra and Rb.are independently an 0, S, or N atom or Coos
al kyl wherein.one or nore of the carbon atons in the al kyl chain may be
repl aced WJ®%"het eroat om sel ected from 0, S or N, and where the al kyl may
be unsubsjistgised or substituted; Rd is selected from(a) -Re - Q-
(Rf)p(Rg)qg; or  (b) Art-D- Are; Rc is Hor Rc and Rd together form

cycl oal kyX §r-Gképr Nwhere if Rd and Rc forma cycloal kyl or heteroring, R5

= attachRy dnd i rd REEEEhddrt o 02 0Pl dhb'? Bos BIBPANErEh r RGBT 'V ©

the carbon atoms in the alkyt chain may be replaced by a heteroatom selected from
0, 8§ or N, and where the alkyl may be unsubstituted or substituted,;
Rd is selected from

(a) -Re-Q-(Rf)(Rg)g or

b An-D-Ar;
Rc is H or Rc and Rd 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;
p and q are independently 0 or 1;
Re is C1.g alkyl, or methylidene which may be unsubstituted or substituted;
Qis N, O, S, 8(0), or S(0);;
Arq and Ar; are substituted Br unsubstituted aryl or het;
Rf and Rg are each independently H or substituted or unsubstituted Co-C1patkyl; Cs-
Coalkylaryl; aryl-C4-Cqgalkyl; het-C4-Cioalkyl -C(O)-C4-Cs-alkyl-phenyl; -C(0)-C;-Cy-
alkyl; -S04-C1-Caalkyl; -S0,-C4-Coalkylphenyl; -O-C4-Ca-alky;

D is ~C(0O)-; C4.7 alkylene or arylene; -O-, or-S(0), where r is 0-2; where alkyl,
alkylene or arylene which may be unsubstituted or substituted,w:ith one or more
halogens; -OH; -O-C4-Cealkyl; -S-C4-Cgalkyt or -CF3; or D is NRh wherein Rh is H;
C1.7 alkyl (unsubtituted or substituted); aryl; -OC4.; cycloalkyl (unsubstituted or
substituted); -CO-Cg.1¢ alkyl or aryl or SO,-Co.10 -alkyl or aryl; and Rs, R7, R'sand R’y
are each independently H, -C4-C+o alkyl, or —OH, alkoxy, or aryloxy;

or phamaceutically acceptable saits 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 il
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Re is Cs alkyl, or nmethylidene which may be unsubstituted or substituted; Q
is N 0, S S(O, or S(0)2; Art and Are are substituted or unsubstituted
aryl or het; Rf and Rg are each independently H or substituted or
unsubstituted Co-C oal kyl; Cl- O oal kylaryl; aryl-d -G oal kyl ;
het-C -d oal kyi -C(O) -Cl-C4-al kyl -phenyl; -C(O-Cl-C4- al kyl;

- S02- C1- C2al kyl ; -S02-Cl-C2al kyl phenyl; -0-G-C4-alky; Dis -C(O-; ClL.7

al kyl ene or arylene; -0-, or -S(O, where r is 0-2; where alkyl, alkylene
or arylene which may be unsubstituted or substituted with one or nore ,

hal ogens; -OH, -0 01-C6al kyl; -S-Cl-Cgal kyl or -CF3; or Dis NRh wherein Rh
is H Cl.7 al kyl (unsubtitut gt fi juted); aryl; -0OCl.7 cycl oal kyl
(unsubstituted or substitudd); r'hlkyl or|mryl or S02-COlo -al kyl
or aryl; and R6, R7, R 6 amd\R 7 lare eath i ndependently H, -C1-C D al kyl,

or -OH, al koxy, or aryl oxy; : |y acceptable salts thereof. In
a further enbodinent, Uis prcycl i dfsat ted or unsaturated ring system
consisting of all carbon sk ton or |Mth one or nore heteroatons such as O,
N, S but preferably as shown in strjg¢ture I11: 17 )n )mlIll X g W wherein
wherein any of the ring carbon atons can be unsubstituted or substituted
with any of the substituted defined above for Rg, R7, R6 and R7'; X is CH

or NN Vis 0, F2,, G2 Br2, 12, S, YH H2, NH, or Cl1-C4 alkyl; Wis -CH,
or -N.  wherein

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

Vis O, Fz, Ch, Bra, I3, S, YH, Hz, NH, or C4-C, alkyl;

Wis -CH, or -N;

nis 0-3; and

m is 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 [l or 111 together with Rs farm a fused ring
system.

Especially preferred is a compound of formula (I} wherein

R1 and R; are preferably methyl or ethyl; '

Rz is especially H; methy!; ethyl; chloromethyl; dichloromethyl or trifluoromethyl;
Ry is -C4-Caalkyl; -C3-C7 cycloalky; —(CHz)1.scycloalkyl; or (CHz)psaryl. Rqis
particularly ethyl; propyl; isopropyl; t-butyl; cyclopentyl; or cyclohexyl; —CHz-
cyclopentyl; —CHz-cyclohexyl or —CHz-phenyl.
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nis 0-3; and mis 0-3. In a preferred enbodi nent the ring atons nmay be
substituted with subsituents independently selected fromhalo, H OH | ower
al kyl or | ower al koxy, wherein alkyl or alkoxy are unsubstituted or
substituted by hal ogen, OH, |ower alkyl or lower alkoxy. In a further

enbodi nent, U of fornmula Il or IIl together with RS forma fused ring
system Especially preferred is a conpound of fornula (1) wherein Rl and R3
are preferably nmethyl or ethyl; R2 |Is especially H nethyl; ethyl;
chloronethyl dichloronethyl or trifluoronethyl R4 is -Cl-C4al kyl; -C3- C7
cycl oal ky: 1. ecycloalkyl or - ‘aryl. R4 is artlcularl et hy

propyl ; '35)&5 alkyl phenyl; -CEQLCorfn |I9 QﬂYﬁc@c-lQ;ﬁﬂ‘X!rC( y-cheny eyary ri%ntyl

- CHz- cycl I ] y

(0 -Cl- %?2?‘??913"‘8 ﬁ’gﬁ;ﬁ/’(";”aﬁ@i’- ?ﬂ%’ﬁ’k‘%‘-’@‘&} &%ﬁ%‘gﬁ@ééﬁ ’5‘?@@* pephthy A cul arly
pheny| metGiii-phervay+-6Ha3(Cnphegny| propyl ; | ndanyl, naphthyl; -C(O -

CH2- pheny, - -G(O) - nyl; RB and R7 are H or nethyl; U has the
structureﬁ‘b%q%% %rh&nﬁn 2mill "X W X V wherein wherein any of the

ri ng car bghagtEstnoiired forpauasd tuted or substituted with any of the
substituted defined above for R5, R7, R5' and R7';

( )n )m 1
X W
%,

wherein

wherein any of the ring carbon atoms can be unsubstituted or substituted with any of
the substituted defined above for Rg, Ry, Reand Ry';

XisN;

Vis Q or H;

Wis -N;

nis 1; and

mis1or2.

Especially preferred is a compound of formula (i} wherein

R1 and R; are preferably methyl or ethyl;

Rzis H;

R4 is C4-Caalkyl; C3-C7 cycloalkyl; C1.C7 cycloalkyl-C4.Cralkyl; phenyl-Cy.Cralkyl or

aryl. Rq is particularly methyl; ethyl; butyl; isopropyl; t-butyl; or cyclohexyl; -CHz-

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

Rs is -Cy-Cqalkyl-phenyl; -C{Q)-C+-Csalkyl-phenyl; -C4-C4alkyl-C{Q)-pheny or aryl. Rs

is particularly phenylethyl; indanyl, naphthyl; -C(O) —CHz-phenyl; —~CH. -C(O)-phenyl
-or (CF3s0)phenylethyl;

Rs, R's, R7 and R’7 are H;
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Xis N Vis 0Oor H; Wis -N nis 1, and mis 1 or 2. Especially
preferred is a conmpound of formula (1) wherein Rl and R3 are preferably
methyl or ethyl; RZis H R4 is Cl-C4al kyl; C3-Cy cycloal kyl; C1-CT

cycl oal kyl -d - Cral kyl ; phenyl -d -Cral kyl or aryl. R4 is particularly

met hyl; ethyl; butyl; isopropyl; t-butyl; or cyclohexyl; -CH2- cycl opentyl;

- CHZ- cycl ohexyl ; -CH2-cycl opropyl; phenyl or-CHZ-phenyl; R5 is

- Cl1- C4al kyl - phenyl ; -C(O) -Cl- C4al kyl - phenyl ; -Cl-C4al kyl - C(O) - pheny or aryl.
R5 is particularly phenylethyl; indanyl, naphthyl; -C(O -CH2-phenyl; -CH2
-C(O)-phelr:%lfa or (CF30 phenylethyl; R5, Rs, R7 and R7 are H, 19 U has the
st ruct ur eV Opsihp sivuie of fopaylaillh whiessiai n any of the ring carbon atons can be

bstit i ki ' ' : i.nged_ ab f
Ao g b Ml yb ARG o ENIEY R
or 2. Arbesubstduteddiefioed absvel fordrd, & Reand ®frpound of fornula (1) wherein
R1 and R&@'ﬁ; preferably nethyl or ethyl;

Vis O or Hy;
Wis -N;
nis 1; and
mis 1or2.

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

Rs and Rj are preferably methyl or ethyl,

R: is especially H, methyl, ethyl, chioromethyl, dichloromethy! or triflucromethyl;
R4 is Cy-Cqalky! or C3-C7 cycloalkyl particularly isopropyl, 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;

Rcis H;

Ary and Arz are substituted or unsubstituted phenyi or het particularly tetrazolyl, 1,
2,3-triazole, pyrazole, oxazole, pyrrolyl, triazine, pyrimidine, imic;azol, oxadiazof; and
and D is Cy alkyl which may optionally be substituted with halo, especially F.

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

R1 and R; are preferably methy! or ethyt;

R: is especially H, methyl, ethyl, chioromethyl, dichloromethy! or trifluoromethyl;
R4 is C4-Caalkyl; C3-Cy cycloalkyl; Cy-Cr cycloalkyl-C4-Cralkyl; phenyl-Cy-Cralkyi or
aryl. Ry is particularly methyl, ethyl, butyl, isopropyl, t-butyl, or cyclohexyl; -CHyx-
cyclopentyl, -CH.-cyclohexyl; -CHz-cyclopropyl; pheny! or ~CHa-phenyl;

Rs is H;
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R2 is especially H nethyl, ethyl, chloronmethyl, dichloronethyl or
trifluoronmethyl; R4 is Cl-C4al kyl or C3-Gr7 cycl oal kyl particularly

i sopropyl, t-butyl, cyclopentyl, or cyclohexyl; R5 is H U has the
structure of formula 11 wherein Xis N R6, R6, R/, and R7 are H n Is
O; Rcis H Art and Are are substituted or unsubstituted phenyl or het
particularly tetrazolyl, 1, 2,3-triazole, pyrazole, oxazole, pyrrolyl,
triazine, pyrimdine, imdazol, oxadiazol; and and Dis Cl al kyl which may
optionally be substituted with halo, especially F. Another enbodinent 1s
directed to a conpound of formula (1) wherein Rl and R3 are preferably

met hyl orl) Bastie stretire afdpracilallll whergimet hyl , et hyl, chl oronet hyl,
dichlorogfkgyl or trifluoronethyl; R4 is Cl- C4a|ky| C3-C7 cycloalkyl Cl1- C7
cycl oal ky Cral kyl ; phenyl -d - C7a|ky| or aryl. R4 is particularly

met hyl, ®RdRle RPuindl R'7 iared by, 0pRs is -ELOJ-CH-Cakyioptinyhandy R's, RHihd Ry @repent vl
- CH2- cycl hexyl; -CH2-cycl opropyl phenyl or -CH2-phenyl; R5 is H 20 U has
the strudfure of formula Il wherein Xis N RB, RB, R7, and R7 are H or

R6 is - Cf@¢gr GAal kyl -phenyl and R's, R7, and R7 are H nis O RcisH
Reis H;
Arq and Arz are substituted or unsubstituted phenyl or het, particularly triazine,
pyrimidine, pyridine, oxazole, 2,4-difluorophenyl, Cl-pheny! or fluorophenyl; and D is
N(Rh), where Rh is H, Me, -CHO, -S0,, -C{Q), -CHOH, -CF3 or -S0O,CHs.

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

Rj and Rj are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chloromethyl, dichloromethyl or tnﬂuoromethyI

R4 is C1-Caalkyl; C3-Creycioalkyl, Cy.Cyeycioalkyl- C4.Cralkyl; phenyl-C1.Cralkyl or
aryl. Ry is particularly methyl, ethyl, butyl, isopropyl, t-butyl, or cyciohexyl; -CHz-
cyclopentyl, -CHz-cyciohexyl; -CHz-cyclopropyi; phenyl or ~CHz-phenyl;

Rs is H;

U has the struciure of fofrnula If wherein
XisN;

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

nis O;

Reis H;

Ary 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 () wherein

Rs and R; are preferably methyl or ethyl;

Ry is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 is C1-Caalkyl or C3-Cyeycloalky) particutarly isopropyl, t-butyl, cyclopentyi, or
cyclohexyl;

21



Art and Are are substituted or unsubstituted phenyl or het, particularly
triazine, pyrimdine, pyridine, oxazole, 2,4-difluorophenyl, Cl-phenyl or
fluorophenyl; and Dis N(Rh), where Rhis H M, -CHQ. SCQ -C(O, -CHOH,
-CF3 or -802CH3. Another enmbodinent is directed to a conpound of fornmula (1)
wherein Rl and R3 are preferably nmethyl or ethyl; R2 is especially H,

nmet hyl , ethyl, chloronethyl, dichloronethyl or trifluoronethyl; R4 is

01- C4al kyl ; C3-Crcyci oal kyl; Cr-Crcycl oal kyl - Cl1-Cral kyl ; phenyl - C1_Cral kyl
or aryl. R4 is particularly methyl, ethyl, butyl, isopropyl, t-butyl, or
cycl ohexyl; -CHr cycl opentyl, CHrcycIohexyI CH2 cyclopropyl phenyl or

- CH2- phed&ﬂSFRS Is H U has the structure of fornula [l wherein X is N Re,

R s, ﬁQsEﬁ ﬁ?uﬂé'off&rﬁlﬁa%wﬁ@refr? H Art and Are are substituted or

unsubst i tu het particularly pyrimdine, pyridine, oxazole,
2- met hyl oKz e; and bis -0-. Another enbodinment is directed to a conpound

of formul &L) V\hereﬁn I% and R3 are preferably nethyl or ethyl; R2 is
especi al IF?P 78%% . chloromethyl, dichloronmethyl or

trifluor q-ngtdnyl R4 is C, - Caal kyl or C3- C7cyc| oal kyl particularly
| sopropyl, t- butyI cycl opentyl, or cyclohexyl; 21 RS is H, U has the
struct ur ke Hiormul a 11 wherein

Ary and Ar; are substituted or unsubstituted phenyl or het;
and D is S, S(0), or S{(0),.

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

R1 and Rj are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chloromethyi, dichloromethyl or triflucromethyl;
R4 is C1-Caalkyl or C3-Creycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H;

U has the structure of formula |l wherein

XisN;

Re, R's, Rz, and R’y are H;

nis O;

Rcis H;

Ary and Ar; are substituted or unsubstituted phenyl or het, partlcularly oxazole,
thaizole and ozadiazole;

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

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

R+ and Rj are preferably methyl or ethyl;

R; is especially H, methyl, ethyl, chloromethyl, dichloromethyl or triflucromethyl;
R, is C4-Caalkyl or C3-Crcycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H or phenyl C4-C1palkyl such as phenylethyl;

U has the structure of formula [l wherein
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Xis N Re, R6, R7, and R7 are H nis 0, Reis H An and Are are
substituted or unsubstituted phenyl or het; and Dis S, S(O, or S$(0)2

Anot her enbodinment is directed to a conmpound of forrmula (I) wherein Rl and
R3 are preferably nmethyl or ethyl; R2 is especially H nethyl, ethyl,

chl oronet hyl, dichloronethyl or trifluoronethyl; R4 is Cl-C4al kyl or
Cs-Crcycl oal kyl particularly isopropyl, t-butyl, cyclopentyl, or

cyclohexyl; R5 is H U has the structure of fornmula Il wherein X is N R6,
R6, R7, and R7 are H nis O0; Reis H Art and Are are substituted or
unsubstituted phenyl or het, particularly oxazole, thaizole and ozadi azol e;
and 1) is @iﬁb, or 1, 3 di oxol ane. Anot her enbodinent is directed to a

conmpound .oFmtéﬁd rein Rl and R3 are preferably nethyl or ethyl;
R2 is esp Fi y %/\,I@.E et hyl, chl oronethyl, dichloromethyl or

trifl uoromst@yl R4 i s Cl- CG4al kyI or Cs-Crcycl oal ky! particularly
'Ciogrlgg%/:( Fagaﬁgy@‘g abﬁ &Fc&?:{iéqahg partical grlyogg?rrc}ildine pytrolrch'n-(y-oﬁg;eor}y

pyrrolidin-3-one.

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

R1 and R; are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 is C+-Caalkyl or C3-C7 cycloalkyl particularly isopropyi, t-butyl, cyclopentyl, or
cyciohexyl;

Rs is H, indanyl or phenyl;

U has the structure of formula Il wherein

XisN;

Qis O;

Rs, R’s, Rz, and R'y are H;

nis Q;

Re is Cq alkyt; and

p and qare 0.

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

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

R: is especially H, methyl, ethyl, chloromethyl, dichloromethyl or triflucromethyl;
R4 is C1-Cqatkyl or C3-Cy cycloalkyl patticularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H, indany! or phenyl;

U has the structure of formutla 1l wherein

Xis N;

Qis N;

Re, R's, Ry, and R'7 are H;

nis O;
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U has the structure of fornula Il wherein 22 XIsN;, Rs, Ra, R/, and R7 are
H nis O Rc and Rd are a heterocyclic ring, particularly pyrrolidine;
pyrrolidin-2-one; or pyrrolidin-3-one. Another enbodinment is directed to a
compound of formula (1) wherein Rl and R3 are preferably nmethyl or ethyl;
R2 is especially H nethyl, ethyl, chloronmethyl, dichloronethyl or
trifluoronmethyl; R4 is Cl-C4alkyl or C3-C7 cycloal kyl particularly

i sopropyl, t-butyl, cyclopentyl, or cyclohexyl; R5 is H, indanyl or phenyl;
U has the structure of formula Il wherein Xis N Qis 0; R6, Rb, R7, and
R7 are H. nis O Reis Cl alkyl; and p and q are 0. A further enbodi nent
i s directB&'?&é‘"ﬁ’Brﬁ'ﬁ'@und of formula (1) wherein Rl and R3 are preferably

i chi or onsE B G Y2k ﬁ%?@ﬂ%?hﬁ’ Bl ForY ool oY CHEE I CLCuple |

par t i cul apagiculety pbprylethyl, futepylethy,CoBetycidalkybparticylarly lcgsiphexy®s is H,

i ndanyl opyDAGANLE .C(0)-Co-Caalkyl-phenyt; -C(O)-Ci-Caalkyl: -C4-Caalkyl-aryl particularly -
CHa-phenyl; —CHa-thiophene, —CHx-furan, ~CHax-pyrrolidinyl, ~-CHz-imidazole, —CHa-
triazole, -CHz-imidazole; '
_and Ry is C1-C; alkyl; C4-Coalkylphenyl; -S0,-C4-Cralkyl; -S50,-C4-Caalkylphenyl; -O-
C+-Cqalkyl particularly O-ethyl; phenyl-phenyi, 1,2,3,4-tetrahydronapthalene and
indany!.

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

R1 and Rs are preferably methyl or ethyl;

R; is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
R4 is C4-Cyalkyl or Cs-C7 cycloalkyl particularly isopropyi, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H, indanyl or phenyl;

U has the structure of formula Il wherein
Xis N;

Qis N;

Rs, R's, R7, and R’y are H,

nis O,

Re is Cq alkyi; and

Ry and R; form a ring selected from het or aryl particularly 2,3,4,5-
tetrahydrobenzo[clazepine; 1,2,3,4 tetrahydroquinofine; indanyl which may be
substituted with C4-Cgalkylpheny!

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

R1 and Rj are preferably methyi or ethyl;

R, is especially H, methyl, ethyl, chloromethyl, dichloromethyl or triflucromethyl;
R4 is C4-Caalkyl or C3-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;
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U has the structure of formula Il wherein Xis N Qis N R5 Rs, R7, and
R7 are H nis O 23 Reis Cl alkyl; and Rg is H Cl1-C3 al kyl, nethyl,

et hyl, hexyl, heptyl, octyl; or CH2CF3; or aryl-Cl-C4 alkyl particularly
phenyl et hyl , furanylethyl; C3,.C7cycloal kyl particularly cycl ohexyl;

et hyl phenyl ; -C(O) -Cl-C4al kyl -phenyl; -C(O -Cl-C4al kyl; -Cl-C4al kyl -aryl
particularly - CH2-phenyl; -CHZ-thiophene, -CH2-furan, -CHz-pyrrolidinyl,
-CH2-i m dazole, -CH2- triazole, -CH2-imdazoe; and Rf is Cl-C2 al kyl;

Cl- C2al kyl phenyl ; -S02-Cl--C2al kyl ; -SQ2-Cl- C2al kyl phenyl; -0- C1-C4al kyl

parti cul a‘il %anh%t nyl; phenyl -phenyl, 1,2, 3, 4-tetrahydronapt hal ene and
i ndanyt. A8 ¥y enbodi ment is directed to a conpound of formula (1)

wherein  Bhadnse SfudtiRe oFehRuRNE WhaRdimY! or ethyl; R2 is especially H,
met hyl, ethyl, chloronethyl, dichioromethyl or trifluoronmethyl; R4 is

Cl- C4al kyKi®N; C3- C7 cycl oal kyl particularly isopropyl, t-butyl, cyclopentyl,

or cycl y ' | ndanyl or phenyl; U has the structure of fornula
I mhere?dr%qéy'lsézgﬁ)j%ﬂo)ﬂt R6, R6, R7, and R7 are H nis O,

Rs, R’s, Ry, and R’y are H;
nis Q;

Re is Cy alkyl;

qis 0;

Rcis H;

and Ry is C; alkyl.

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

R+ and R; are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chioromethyl, dichloromethyl or trifluoromethyt;
R4 is C1-Csalkyl or C3-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyt, or
cyclohexyl,

Rsg is phenyl;

U has the structure of formula Il wherein
Xis N; '

Qis N;

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

nis O;

Reis CH; .

qis 0;

Reis H;

and Rris OC, alkyl.

In a particularly important embodiment of the present invention, Rz 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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Re is Cl1 alkyl; and Rg and Rf forma ring selected fromhet or aryl
particularly 2,3,4,5- tetrahydrobenzo[c)azepine; 1,2,3,4

t et rahydr oqui nol i ne; indanyl which may be substituted with Cl-C4al kyl phenyl
A further enmbodinment is directed to a conpound of formula (1) wherein Rl
and R3 are preferably nethyl or ethyl; R2 is especially H nethyl, ethyl,
chl oronet hyl, dichioronmethyl or trifluoronethyl; R4 is G C4alkyl or C3-C7
cycl oal kyl particularly isopropyl, t-butyl, cyclopentyl, or cyclohexyl; 24
R5 is phenyl; U has the structure of fornula 11 wherein X is N, Qis 0, S
S(O or S(0)2i Re,. W, R7, and R7 are H nis G Reis C alkyl; gis 0O
Rcis H and Rt is C2 alkyl. A further enbodinent is directed to a conpound
of formula (1) wherein RA andpR3 are preferably nmethyl or ethyl; R2 is
especially H, nethyl, ethyl, c P or oet hyd, di chl oronet hyl or _
trifluoromethyl; R4 is R]-Claljkyl ﬂr Cﬁrgyﬁloalk¥y particularly

| sopropyl, t-butyl, cyclop ) €l ohaxyl® R5 is phenyl;

'ju R
*m [ITITE)

Especially preferred is a compound with the stéreochemistry of formula (IV) wherein
R4 and R3 are preferably methyl or ethyi;

Rz is H, methy), ethyl, or substituted methyl especially chloromethyl, dichloromethyl
and trifluoromethyl; preferably R; is H or unsubstituted methyl;

R4 is G4-Cqalkyl or C3-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is -C~Cy-alkyl-phenyl, particularly phenylimethyl, phenylethyl and phenyipropyl,
indanyl, naphthyl; and |

Rs and Ry are H or methyl.

The preferred stereochemistry for U is as shown in Figure V

LY
»

R, Ry
R, Rajn Re
R ¥,
2 "
(Rbjn—Rd—

In a particular embodiment of the present invention, one or both of Rg, R7, Rg, and
Ry is H. if one of Rs, Ry, Re, and Ry is other than H, it is especially hydroxyl or

phenoxy.
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U has the structure of formula Il wherein Xis N Qis N R6, R6, R7, and
R7are H nis O RisCH. gis (O R isH and Rr is OO alkyl. In a
particularly Inportant enbodi nent of the present invention, R3 and R4 have
the stereochem stry indicated in formula IV, with the definitions of the
vari abl e substituents and preferences described herein above al so applying
to conpounds having the stereochem stry indicated in fornula IV. 25 R3 RIl~
_JI-UR5S IV N~ RZ R4 Especially preferred is a conpound with the
stereochem stry of formula (1V) wherein Rl and R3 are preferably nethyl or
ethyl; R2_is H, thyl, ethyl, or substituted nethyl especially
chIoronetﬁﬁﬁﬂéblgﬁﬁﬁébﬁbthyI and trifluoronethyl; preferably R2 is H or
unsubstituted nethyl; R4 is Cl-C4al kyl or C3-C7 cycloal kyl particularly

| sopr opy! aAbbretidiohs: cycl opentyl, or cyclohexyl; R5 is -Cl-C4-alkyl -phenyl,
particul arly phenyl met hyl, phenyl ethyl and phenyl propyl,

CH.Cl: methylene chloride

CH3CN acetonitrile

DIBAL diisobutylaluminium hydride
DIPEA diisopropylethylamine

DME ethylene glycol dimethyl ether

DMF N, N-dimethylformamide

DTBB 4 4’-di-tert-butylbiphenyl

EtOAc ethyl acetate

HBTU O-benzyitriazol-1-yl-N,N,N’, N-tetramethyluronium
hexafluorophosphate

HOBt 1-hydroxhbenzotriazole

HPLC high pressure liquid chromatography

KOTMS potassium trimethysilanoate.

MeOH methanol

MgS0, magnesium sulfate

MnQ, manganese dioxide

Na,CQy sodium carbonate

NaHCO; sodium bicarbonate ..
NaOH sodium hfzdroxide

Tetrakis tetrakis(triphenylphosphine)paltadium(0)

TFA - triflucroacetic acid

THF tetrahydrofuran

" The compounds of formula (1) may be prepared as depicted below in scheme 1 (for -
compound # 9 - 25, 29 - 31):

General synthesis scheme for compounds of formula 1 where W=N and X and X'
are independently selected from the subsituents defined above for Rg:

KOTMS is defined as potassium trimethysilanoate.

27



i ndanyl , napht hyl;

stereochem stry for
(Rb)n--Rd----
both of R8, R7, R38., and RT is H
than H, it is especially hydroxyl or
Abbrevi ations: CH2ClI 2 net hyl ene chl ori de
di | sobut yl al um ni um hydri de
gl ycol di nmet hyl ether
4,4' -di-tert-butyl bi phenyi

and R6 and R7 are H or

Et OAc et hyl

O benzyl triazol-1-yl-N,N,N, N -tetrane ﬁPVﬁ

1- hydr oxhbenzotri azol e
pot assiumtri nmet hys Iinoate.

met hyl .
Uis as shown in Figure V R R$ R I
In a particul ar enbodi nent of the present

I f one of R8, R7,

DI PEA di i sopropyl et hyl am ne
DMF N, N-di net hyl f or mam de

The preferred

Ra)n Re R8. V

i nventi on, one or
Re,, and R7, is other

phenoxy. 26 Synthetic Procedure

CH3CN acetonitril e D BAL

DMVE et hyl ene
DTBB

acetate HBTU

roni um hexafl uorophosphat e HOBt
HPLC hi gh pressure |liquid chromatography KOTMS

PG
Br CH,CN |
MeO + HN—PG
K,CO o X
X Br X
OMe
PG = benzyl or benzylic protecting group
Step B
T L St
n X CH,GN, Na,CO, R " X
n=01or2
Step C
v " JemE e N
o X ' “/ \{\’}"/\Xx 3) amine X
OMe (
b
e .
AN a°c
X microwave

( ks

o-dichlorobenzene
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MeOH net hanol MBS04 magnesi um sul fate WM102 nmanganese di oxi de Na2CO3

sodi um carbonate NaHCO3 sodi um bi carbonate NaOH sodi um hydroxi de Tetrakis
tetraki s(tri phenyl phosphi ne)pal l adium(O TFA trifluoroacetic acid THE

t etrahydrof uran The conpounds of formula (1) nmay be prepared as depicted
below in scheme |I (for compound # 9 - 25, 29 - 31): Ceneral synthesis
schene for conpounds of fornmula 1 where WEN and X and X are independently
selected fromthe subsituents defined above for R6: KOIMS is defined as
potassiumtrimethysilanoate. 27 Step A0 x PG Sr CHaCN MO + HZN- PG KzCO
OXBr XX OWw PG= benryl or benzylic protecting group Step B NH2R5

Br~l 1~ ~li 1V Ren, : PAIOH)IC Rew_ z
X H, X
( EY WeOH ( ~ %
X 4 X %
Step G .
oy/&"
X
Rs g 1}1Bac-NHCH(R .
™~ ¥ X nmméﬁ’f Ry~ " R,
{ bt 2) TFAIDCM ( )
X » %
X
Step H

N = Ry TINRMRICHRCOH o [}
X HBTWHOBYDMFIDIEA X
[ T R \N H R,
7% 2) TEAIDCM [optional) wzx
3} RP-HPLC purification ( |
Yk

Scheme 1

Step A:. This step involves the formation of an aziridine ring via standard base
mediated conditions.

Step B: This step involves the formation of a secondary amine via the reaction of an
alkyl bromide with excess amine in the presence of a base. )

Step C: This step involves the coupling of a secondary amine with an activated
derivative of the aziridine methyl ester to form an amide substituted aziridine.

Step D: This step involves the intramolecular cycloaddition of the aziridine to the
tethered alkene through a thermally accessible azomethine ylide intermediate.

Step E: This step involves the reduction of the amide to an amine via standard
reduction conditions employing DIBAL-H.
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XCHCN Na2COB R X n - e, 7 or Z Step C"KO/M D Rgx zlrw ~~ x X 3)
amino OUR Step D. To 0 as~ MIC x x m nowavt x o-db: Merobenxne ( e X
separate diastereonmers Step Ex Je CaMNr X %F T~-F X x x Step F 28
Pd(OHhC Ns\ x ~, 11 x i Y x MaOH Y. X x X

- Step F: This step involves the removal of the benzylic protecting group using
standard palladium conditions under a hydrogen atmosphere.

Step G: This step involves coupling of the scaffold with a +-Boc protected natural or
unnaturai amino acid using standard peptide coupling conditions followed by the
removal of the t-Boc group with TFA.

Step H: This step involves the coupling of the amine generated in the preceding
step with a {-Boc protected or tertiary natural or unnatural amino acid using standard
peptide coupling conditions followed by the removal of the {-Boe group with TFA if
applicable. The product is then purified by high-performance liquid chromatography
(HPLC).

The compounds of formula (I} may be prepared as depicted below in scheme 2 (for
compound # 26 — 28):
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Step GOHs Rs\ x ' 1100a MHGH(R, )CO H R x x HB fILHOBVOWI O EAIH X. R x
21 TFAFDCMi X Step H '\ fr~Hs Nx o l'~\ /7THH Rs R ~R/[~~,,~ "MV ""WOP
-OFf( X HBf OMOBLIDMFIDIEA x | \\ 1 R\ /~ ~1~ x 3( FARPCM (uffive g x s)
RRHPLC Fur Nkauon x x Schene 1 Step A:. This step Involves the formation of
an aziridine ring via standard base nediated conditions. Step B: This step
i nvol ves the formation of a secondary am ne via the reaction of an al kyl
brom de with excess amne in the presence of a base. Step C. This step

i nvol ves the coupling of a secondary amine with an activated derivative of
the aziridine methyl ester to forman am de substituted aziridine. Step D
This step involves the intranol ecul ar cyclgadditi on of the a idige to the

t et hered al keffeAthr gug Nwe rMsBHOdc)access| i ng. yI%
%de to an
Q

Internmedi ate. Steép Th| s stemyg nvol ves the redu n of th
am ne via standard eduction cepuditions enploying Dl BAL-H.o
A

2. TEAICH,C,
68%

o H,
o
1. DIPEA, HOBUHTBU: 'f N R‘ S N—
2. TFAICH,CI, RE

52% HO 'R,

Rf C 0.
1 NaBH{OAc},!THF (L h
\/© HO R
4

U o 4

2. TFAICH,C,

D
Scheme 2

The compounds of formula (I) may be prepared as depicted below in schems 3 (for
compound # 32 - 33):
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29 Step F: This step involves the renoval of the benzylic protecting group
using standard pall adi um conditions under a hydrogen atnosphere. Step G
This step involves coupling of the scaffold with a t-Boc protected natural
or unnatural am no acid using standard peptide coupling conditions followed
by the renoval of the t Boc group with TFA. Step H This step involves the
coupling of the am ne generated in the preceding step with a t-Boc
protected or tertiary natural or unnatural am no acid using standard

pepti de coupling conditions followed by the renmoval of the t-Boc group with
TFA if applicable. The_product is then purified by high-performance Iiquid
chr omat ogr ap, (HPLCH.TThe ggpounds of_foqgu&@ (Ij may be prepared as

depi cted bel in sclie pptpt # 26— 28) ) FJOJRFOt o NH3

NaBH( OAc, +/ TH [% A 00 \ % wr'(%wm) fl HF "Cg- . HO 2
TFAICH CI, HR 698 B H2 ////1] 1. DI PEA, HOBUHTBU 01"v "N N, R4 + O N_ |

) O
o N~ _HPTEE
w “HOMa,cO w THF 1.78°C N

mifu\" At
e QU e QO

" DIPEADMF DIFEATDMF O
2. TFA 2. YFA 1 R,
Scheme 3

The compounds of formula (I) may be prepared as depicted below in scheme 4 (for
compound # 34- 35)

ﬂ oy
-~ 131:1 N ) wo—RE PG/ o,
/N oN Et,N, DCM FG NaH Rt

PG

PG u Protecting o
Group .,

N
R, HBTU,HOB( O “heru,nomt
o DIEA, DMF Rf  DIEA, DMF

(i} Removal of PG {i) Removal of PG

Scheme 4
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2. TFAlcH2cF2 RE ~/ C HO R3 62%0 1. DIPEq, HOBtl 11TBU R4 R3 2.
TFAICH2CI 2 RE V D Schene 2 The conpounds of formula (t) may be prepared as
depicted below in scheme 3 (for conpound # 32 - 33): 31 QN B TO LAH TNF +
ON ~-BOH4 DVE MEIT 1 NO; NN-CL LWIBB NN M102 NsN' C Te™n FtrOWCOPrt
THE J.T8C NO4 HANV 0 R1L 0 1. HATU HOBT 0 |I. HATUMOST NN DR ENDMF NHa
O1PEAMV I VA L TFA HN Rs

Compounds 36-38 can be prepared analogously to the preparation of compounds
34-35 according to Scheme 4.

As discussed above, the compounds of the present invention are useful for treating
proliferative diseases. Thus, the present invention further relates to a method of
treating a proliferative disease which comprises administering a therapeutically
effective amount of a compound of the invention to a mammal, preferably a human,
in need of such treatment.

A proliferative disease is mainly a tumor disease (or cancer) {(and/or any
metastases). The inventive compounds are particularly useful for treating a tumor
which is a breast cancer, genitourinary cancer, lung cancer, gastrointestinal cancer,
epidermoid cancer, melanoma, ovarian cancer, pancreas cancer, neuroblastoma,
head and/or neck cancer or bladder cancer, or in a broader sense renal, brain or
gastric cancer; in particular (i} a breast tumor; an epidermoid tumor, such as an
epidermoid head and/or neck tumor or a mouth fumor; a lung tumor, for example a
small cell or non-small cell lung tumor; a gastrointestinal tumor, for example, a
colorectal tumor; or a genitourinary tumor, for example, a prostate tumor (especially
a hormone-refractory prostate tumor); or (i) a proliferative disease that is refractory
to the treatment with other chemotherapeutics; or (i) a tumor that is refractory to
treatment with other chemotherapeutics due to multidrug resistance.

In a broader sense of the invention, a proliferative disease may furthermore be a
hyperproliferative condition such as leukemias, hyperplasias, fibrosis (especially
pulmonary, but also other types of fibrosis, such as renal fibrosis), angiogenesis,
psoriasis, atheroscierosis and smooth muscle proliferation in the blood vessels, such

as stenosis or restenosis following angioplasty.

Where a tumor, a tumor disease, a carcinoma or a cancer are mentioned, also
metastasis in the original organ or tissue and/or in any other location are implied
alternatively or in addition, whatever the location of the tumor and/or metastasis.
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Schenme 3 1 The conpounds of fornula (1) nmay be prepared as depicted below in
schenme 4 (for conpound # 34- 35): ND-RI PG N O PG OH Et3N, DCPA PG DVF PG
a Protecting O Goup . O0l1-we OIRfF RAf9  w NR RR4 H H D EA UT DM
t NIl o Rf DFEA dM- HN O (fl) Renoval of PO (f) Renove{ of PGRf \Nflr~
R3 R Schene 4 32 Conpounds 36-38 can be prepared anal ogously to the
preparation of conpounds 34-35 according to Schene 4. As discussed above,

t he conpounds of the present invention are useful for treating
proliferative di seases. Thus, the present invention further relates to a
method of treating a proliferative di sease which conprises adm nistering a
therapeutically effective anmount of a conpound of the I nvention to a

mamal , hurra ea |iferatjve

i sease | W EvaRS iR e selke ¥ s A ibre It ERpish pRiferatiig Sols
than to normal cells, particutarly in human cancer cells, e.g., cancerous tumors, the
compound has significant antiproliferative effects and promotes differentiation, e.g.,
cell cycle arrest and apoptosis.

The compounds of the present invention may be administered alone or in
combination with other anticancer agents, such as compounds that inhibit tumor
angiogenesis, for example, the protease inhibitors, epidermat growth factor receptor
kinase inhibitors, vascular endothelial growth factor receptor kinase inhibitors and
the tike; eytotoxic drugs, such as antimetabolites, like purine and pyrimidine analog
antimetabolites; antimitotic agents like microtubule stabilizing drugs and antimitotic
alkaloids; platinum coordination complexes; anti-tumor antibiotics; alkylating agents,
such as nitrogen mustards and nitrosoureas; endocrine agents, such as
adrenocorticosteroids, androgens, anti-androgens, estrogens, anti-estrogens,
aromatase inhibitors, gonadotropin-releasing hormone agonists and somatostatin
analogues and compounds that target an enzyme or receptor that is overexpressed
and/or otherwise involved a specific metabolic pathway that is upregulated in the
tumor cell, for example ATP and GTP phosphodiesterase inhibitors, histone
deacetylase inhibitors, protein kinase inhibitors, such as serine, threonine and
tyrosine kinase inhibitors, for example, Abelson protein tryosing kinase and the
various growth factors, their receptors and kinase inhibitors ther‘efore, such as,
epidermal growth factor receptor kinase inhibitors, vascular endothelial growth factor
receptor kinase inhibitors, fibroblast growth factor inhibitors, insulin-like growth factor
receptor inhibitors and platelet-derived growth factor receptor kinase inhibitors and
the like; methionine aminopeptidase inhibitors, proteasome inhibitors, and
cyclooxygenase inhibitors, for example, cyclooxygenase-1 or -2 inhibitors.

The present invention further relates to a method of promoting apoptosis in rapidly
proliferating cells, which comprises contacting the rapidly proliferating cells with an
effective apoptosis promoting amount of a non-naturally-occurring compound that
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nmet ast ases). The inventive conpounds are particularly useful for treating a
tunor which is a breast cancer, genitourinary cancer, |ung cancer
gastrointestinal cancer, epidernoid cancer, nelanona, 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 epidernoid head and/ or neck
tumor or a nmouth tunor; a lung tunor, for exanple a small cell or non-snall
cell lung tunor; a gastrointestinal tunor, for exanple, a colorectal tunor;
or a genitourinary tunor, for exanple, a prostate tunor (especially .a

hor none- r bidata theySmao binding sitemol XIAPband/or §IAR proteind. ePmférablydtleens®e that is

hat i s r iy egubS TRl A SurbATH et RORAGEN ce due o

mul tidrug resistance. In a broader sense of the |nvent|on a proliferative

di sease e brdseRERIBHtOPRItAer RINGE B almétﬁbatbf t«f@aw@lﬂ ﬁth"tm%&‘ﬁ?el%ﬁ]a
| eukenmi as, hyperplasias, fibrosis (especially pulnonary, but also ot her

types of espacllymulligle myslomanihe {915) cryslgmaesteribhersinrelates de pdymer
at her oscl Sérﬂgééeoa&%eﬁ%f’{ﬁé tgpé %?mBﬁ;P#ohE&ﬁrf{he%d EHSkaﬁQquﬁ?S@GIk g;%s”c“

as stenosi s festenosi s f oW n angl opl ast ere a tunor
di sease, myelmmz mensed heseinaneans admsemﬁat@aﬁhgraénﬂmeommbapbsman t he

I t d t h I t
a1 1 or nat | GRITER s SHRRTERER DA FoRRBATRUE LN 167 THLSSCIRN 24D o
met ast asi {t confponbAB(d :"h\éﬁﬂélb\'iﬁl |ﬁﬁﬁiﬁ}%§!@bdhﬁ fﬁa@h%ﬁt} ‘égédmét‘é&'vﬁt%}d&ﬁ%ardox' cto

rapidly proliferating cel to nor nal S, particularl hunman
cancer cefPstgolyic @swnéaa@ldtﬂaﬂ:w b@nﬂ)p@n mﬂBOIOQ@WGSHW%WjﬁWﬂW@amd

ant | pr ol | RSy R oA RS AR eHl SR K hiibte eyl ©vel ©

arrest an apop ogrd! cofpoun present Tnve
admi ni st ecatveatioms and hHigh dcwblhembimmpiés N hetiinesntientreladesctera agdiddsof such as
conmpounds, that inhibit tunp

treating mye oma especlally myeloma which is resistant to conventional

chemotherapy.

Pharmaceutical Compositions
The invention relates also to pharmaceutical compositions comprising a compound of
formula 1, to their use in the therapeutic (in a broader aspect of the invention also pro-
phylactic) treatment or a method of treatment of a kinase dependent disease, especially
the preferred diseases mentioned above, fo the compounds for said use and to phama-
ceutical preparations and their manufacture, especially for said Uses.

The present invention also relates to pro-drugs of a compound of formula [ that convert
in vivo to the compound of formula | as such, Any reference to a compound of formula |
is therefore fo be understood as referring also to the corresponding pro-drugs of the
compound of formula |, as appropriate and expedient.

The pharmacologically acceptable compounds of the present invention may be present

in or employed, for example, for the preparation of pharmaceutical compositions that
comprise an effective amount of a compound of the formuta |, or a pharmaceuticaily ac-
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angi ogenesi s, for exanple, the protease inhibitors, epidermal growth factor
receptor kinase inhibitors, vascular endothelial growh factor receptor

ki nase inhibitors and the |ike; cytotoxic drugs, such as antinetabolites,

| i ke purine and pyrimdine analog antinetabolites; antimtotic agents |ike
m crotubul e stabilizing drugs and antimtotic alkaloids; platinum

coordi nati on conpl exes; anti-tunor antibiotics; alkylating agents, such as
nitrogen nustards and nitrosoureas; endocrine agents, such as
adrenocorticosteroids, androgens, anti-androgens, estrogens, anti-estrogens,
aromat ase i nhi bitors, gonadotropin-rel easing hornone agoni sts and

somat ost ateptablesalk thpwesf, améchmmgratﬂmtttbgetmmrgatadaﬁxtar&wrth ome oraneetior t hat

i s overexpressed _and/ ar rwi,se invol v Cl c nmet abol i at hway
Lhat 15 ERaTRORCEIMH SPHE oF fapr Sharecelail aefemabls waig (gaier Fate-
phosphodirgdyer ase inhibitors, histone deacetylase inhibitors, protein

ki nase inhibitors, such as serine, threonine and tyrosine kinase
inhibitors, for exanple Abel son protein tryosine kinase and the various

growt h faﬁ;eqr,a?% Selatb €680 }lﬁgﬁraﬁéﬂﬁ&?ﬁén‘ﬂp?&r&?fﬁtﬁé‘ RN for RGN 2

epi dermal gro or recept nase 1 n ors vasc ar en
growt h f etration to awmblobdeaaalmaihesp&mmq a hwrbam kdreto teetis oncdll Rreest durived
i nhi bitors |nsuI|B I|k F& act receptor inhibito

ol at ol et T : Bonsiiibin RRRReS! Wbreyee]. Surhe matmept.

et hi oni ng (s, Wﬂ%éd@%@ EBtofthé ﬂ’fv%ntr@r'i C&Izﬁﬁﬁr@ﬁﬂeb'ﬂ’ﬁé Bretv@hﬁon 6!"(1:
cyclooxygenase |nh|b|tors for exanple, cycl oox% genase-1 or -2 inhibitors.
d

The pr esem@p|yi%ﬁﬁg@rnsr)haﬁmaseéh%ttregp@rdeonmlh n of pisteindinase agivitt.osi s in
rapidly Hﬁirﬂs ?ﬁs bﬂﬂ)u ebt §co¥“?; Fd 59%’!.1 orcaoﬁﬂﬁ'ﬁ{dcggtréé]lg Jc%gt)fybxe splt

proli fer W t rve apo ronot1 ng

non- naturthbrlexof (meflerablylgrhmbnpcaﬁfedtl\tdﬁﬁﬂ' saigdnbibitida, togetHeewﬁimailmstd!neg site of
XI AP and/ r cI AP &@ﬂ!el ns. Pr ef erably, the non- naturally-occurring conpound
a conpou prd aperAlaPlg GATURT. | V. The present invention further relates
to a rrethod of treatrng or inhibiting nmyel omg,

The pharmaceutical compositions according to the invention are those for enteral, such
as nasal, rectal or oral, or parenteral, such as intramuscular or intravenous, administra-
tion to warm-blooded animals (especially a human), that comprise an effective dose of
the phamacologically active ingredient, alone or together with a significant amount of a
pharmaceutically acceptable carrier. The dose of the active ingredient depends on the
species of warm-blooded animal, the body weight, the age and the individual condition,
individual pharmacokinetic data, the disease to be treated and the mode of administra-
tion. ‘o
The invention relates also to a method of treatment for a disease that responds to inhibi-
tion of a protein kinase and/or a proliferative disease, which comprises administering a
(against the mentioned diseases) prophylactically or especially therapeutically effective
amount of a compound of formula | according to the invention, or a tautomer thereof or
a pharmaceutically acceptable sait thereof, especially to a warm-blooded animal, for
example a human, that, on account of one of the mentioned diseases, requires such

treatment.
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especially multiple myeloma. The term "nyel ona as used herein relates to a
tunor conposed of cells of the type nornmally found in the bone marrow. The
term"nultiple nyelonm" as used herein neans a di ssem nated nal i gnant

neopl asm of plasma cells which is characterized by nultiple bone marrow
tumor foci and secretion of an M conponent (a nonocl onal i mrunogl obulin
fragnment), associated wth w despread osteolytic lesions resulting in bone
pai n, pathol ogic fractures, hypercal caemi a and nornochrom ¢ nornocytic
anaem a. Miultiple nmyeloma is incurable by the use of conventional and high
dose chenot herapies. The invention relates to a nethod of treating nyel ong,
especi al ITylerchee@rfra cm'npﬂundsofrths ferada | ooa @bam‘bmeilmnallfy acdeptalle sakh thereof

Phar mace cal ons ventl rel ate so to har nac I
Conpos: ¢ (bR UBTRFRSRIS HaTe iR el ra@mpre fiytnk o BRRNTRAE
t her apeutkybody I?veﬁgﬁlr p@tﬂ@r@bﬁsmwn abp:bStﬁrnatawemmgqa appFdximbtly P0Y Afré ple-
treatnent or a nethod of treatnment of a kinase dependent di sease, especially
t he pref &vaby feam appEoximately 498w iRRRsoXiIpwiting. Qw@ﬁmgf%blyémfa abed and to

phar e a8he /o RAAAB0R A RoeraBHca QBB BRIBEHY fto SP8ANE!dokel Aig

The pre I nventi o So refate a conmpound
formul a Imayh&r eoaamme tbe oftheisame size.Héswai!wpctuidcbmfedemerhﬂIhoﬁ thasdultdbseAny
reference to a conmpound of formula | is therefore to be understood as
referring also to the correspondi ng pro-drugs of the conpound of fornula 1,

as appr 0%b%ﬂﬁnﬁﬂéetﬁi@é@%rﬁﬁbsttﬁﬁ@c@héﬁé@ﬁ@h%p?@*uhiétﬁ?qwt&@blﬁ'oﬁm@lvnds of

t he present i nvention ma resent in or e for exanple, for the

pr epar at {90, ¢re QF@'M@M?WQK’"@W@Q% r%ﬂgprpnmafel}é&%ﬂ %S%'Vﬁr‘ﬂ@f-‘@’éﬂt iRhar-
amunt Ofy, eé"cfeﬁ%ﬂ% o%tlotngeacfcgfcﬂ?rﬁ Rthe i erﬁ’loﬂt}ﬁé Péfa?rjng ﬁflﬁnlﬁéoééept abl e

salt ther as act'ive 1 ngre t 0g e er or |n a one or nore
i n- or garerm, auchagamihe foswl 0fchmpomesqm|ais gippositories; degékes, abdponbl e
carriers cgﬁgxgléé er nate-

The pharmaceutical compositions of the present invention are prepared in a manner
known per se, for example by means of conventional dissolving, lyophilizing, mixing,
granulating or confectioning processes.

Combinations
A compound of the formula 1 may also be used to advantage in combination with other
antiproliferative agents. Such antiproliferative agents include, but are not limited to aro-
matase inhibitors; antiestrogens; topoisomerase [ inhibitors; toponsomerase il inhibitors;
microtubule active agents; alkylating agents; histone deacetylase inhibitors; compounds
which induce cell differentiation processes; cyclooxygenase inhibitors; MMP inhibitors;
mTOR inhibitors; antineoplastic antimetabolites; platin compounds; compounds
targeting/decreasing a protein or lipid kinase activity and further anti-angiogenic
compounds; compounds which target, decrease or inhibit the activity of a protein or lipid
phosphatase; gonadorelin agonists; anti-androgens; methionine aminopeptidase
inhibitors; bisphosphonates; biological response modifiers; antiproliferative antibodies;
heparanase inhibitors; inhibitors of Ras oncogenic isoforms; telomerase inhibitors;
proteasome inhibitors; agents used in the treatment of hematologic malignancies;
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rials). The invention relates also to a pharnmaceutical conposition that is
suitable for admni- stration 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 (_ prophylaxis against)) a
di sease that responds to inhibition of protein kinase activity, conprising
an amount of a conpound of fornmula | or a pharmaceutically acceptable salt
thereof, preferably which is effective for said inhibition, together with at

| east one pharmaceutically acceptable carrier .'. The_phar maceut i cal
conposi t i ermspeisswhich target, dectaasewriinhibibthe adivibeof bt-3xHepPalinhikitass  as

nasal, rectal or _.or ntenal . such as intranmuscul ar or intravenous,
adni ni st r*z?qulog’ﬁ"‘&%ﬁ\g?nﬁ[?fﬁoa%g@d‘%alﬁpmogn( especi al |y a human), that conprise

an effective dose of the pharmacologically active ingredient, alone or

t oget her Yhé ferm “afdinatabe MHibieoTO B Used hereip relateB ¢6 atoopsgdundankien ittibiss the
carrier. The dose of the active ingredient depends on the specie

f
war m bl ooBRiEPasRiRfetuCtionel- BBy cRBYVERion ¢fitae sestertes ?%@%Fﬁﬂ@i%"i@gmﬁ&on,
i ndi vi duajynahg bﬁ&fehﬁa@iﬁf,f?'esﬁéllgvelg.sfﬁ’é%&Qnaﬁdéé,%&@?aﬂﬁnﬁé’iﬁtd@é@- of

adm nistra- tion. The invention rel at also to a nethod of treatment for a
di sease tidatespesipdy atarmestang, demestane and forpmestanerand, impartishiarororasteroids,

proliferatjve.di l.ch I adni. i I a-% |
et i onec el BB oG BRIk BRI UBH M b HRb BM P ve
aﬂnunt f of k@tomaﬁew;l dorizofen fartllrbaoleaﬁmﬁzbﬁ dr{ﬂ lbhezdlayl]gﬁéMGstanerc:laia bepatirirer
t hereof or, a pharnaceutically acceptable salt thereof, espec to a
war m bl ooMgHr %\Cﬁi%l in thgform g jp @"%’Eﬁiﬁﬁaﬂ—g- Pmr,tn%ﬁageg@tﬁlﬁg%'aﬁﬁh’d?mﬂhe
ment | O“Gd?éiéﬁé’@éﬁﬁe aﬁﬁﬂh’ibfe‘?éd,_sé‘.gt‘ in He%ﬁﬂ%@tiﬁ is %@arFé‘l‘éddQ.ﬁf uﬁﬁe?‘{h‘é‘i%&ﬁ‘é@‘k of
the formula | or a pharmaceut’i cal'l'y acceptable salt thereo
LENTARON. Fadrozole can be administered, e.g., in the form as it is marketed, e.g. un-
der the trademark AFEMA. Anastrozole can be administered, e.g., in the form as itis
marketed, e.g. under the trademark ARIMIDEX, Letrozole can be administered, e.g., in
the form as it is marketed, e.g. under the trademark FEMARA or FEMAR. Aminoglu-
tethimide can be administered, e.g., in the form as it is marketed, e.g. under the trade-
mark ORIMETEN. A combination of the invention comprising a chemotherapeutic agent

which is an aromatase inhibitor is particularly useful for the treatment of hormone recep-

tor positive tumors, e.g. breast tumors.

The term “antiestrogen” as used herein relates to a compound which antagonizes the
effect of estrogens at the estrogen receptor level. The term inchydes, but is not limited to
tamoxifen, fulvestrant, raloxifene and raloxifene hydrochloride. Tamoxifen can be admi-
nistered, e.g., in the form as it is marketed, e.g. under the trademark NOLVADEX. Ralo-
xifene hydrochloride can be administered, e.g., in the form as it is marketed, e.g. under
the trademark EVISTA. Fulvestrant can be formulated as disclosed in US 4,659,516 or it
can be administered, e.g., in the form as it is marketed, e.g. under the trademark
FASLODEX. A combination of the invention comprising a chemotherapeutic agent
which is an antiestrogen is particularly useful for the treatment of estrogen receptor

positive tumors, e.g. breast tumors.
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to be adm nistered to warm bl ooded ani mal s, for exanpl e humans of
approximately 70 kg body weight, preferably is fromapproximately 3 ng to
approximately 10 g, nore pre- ferably fromapproximtely 10 ng to
approximately 1.5 g, nost preferably fromabout 100 ng to about 1000 ng

/ person/day, divided preferably into 1-3 single doses which may, for
exanpl e, be of the sane size. Usually, children receive half of the adult
dose. The pharmaceutical conpositions conprise fromapproximately 1 %to
approximately 95% preferably fromapproximately 20% to approxi mately 90%
active In redient. Phar- maceutical conpositions according to the invention
may be, texaripnt-antrogen as ysed herein iglatesdn aay substanee Mg'uah sicapaplewdfes,

i al
Conposi t .‘*@ﬁﬁﬁ'hé?'ﬁéqéﬁborﬁé%%?@. 2 AL ARGk na AT Ei ndlBed MITRAGIEL,
se, for dwabiphletdnyide¥@ASODEX) ket cambeé felmadated) evg, as disploskdZn 0 i xi ng,
gr anul at |£%g gonf ectioning processes. Conbinations A conpound of the

formula I™ S0 be used to advantage in conbination wth other
antiproliferative agents. Such antiproliferative agents include, but are not

limted tThedtefm gam&ﬁermb?mstoras,uséﬂmwé‘m s, bLBios ikted 36 abarelix,
I nhi bitors; tqgpolsonerase i nhibitors m crotubul e active age

al kyl at i rapsgERip@nd W@F@H@Qﬁ%‘@eﬁ@ﬁﬁ%‘nllﬁﬁﬁﬁbﬁw i USchhoR,Rd4 a na@I"PE} nduce
cel | di ffegfn?imsie?'éﬂ adl prlr?ﬂfesi%ﬁﬁ’asclyﬁllﬂgfﬁéﬁi%fsi Sl:J'nHQ{ PletPidematdzomApkt or s;

mMIOR i nhibitors; ~ant r’leo stic antineta atin compounds; corrpounds
targeti ng%hk{eimm hgfm’rmﬂatedJ ®.g0as Hlsplusedifmh}§e5,aé3 POty and further
anti -angi ogeni ¢ conpounds; conpounds which target, decrease or inhibit the

ant - anardisoRoR feblRofase RhinBnat HERERSHIFRRRAG dklh BB insee:
bi ol ogi cabcar; yinateeanliihblecan, canplotiiediar @ricﬁits aﬁala@neéomm&scambmamaae
i nhi bitor i nhi bi tors of Ras oncogenic isoforns; tel omar%ae i nhi bitors;

or ot easorfBe Mmafrempleeyiar sgapiatheeis gonigateP NU: 16148 (campruRd Ad) B yVO9Y/
mel i gnanci7@yd4). trinotecan can be administered, e.g. in the form as it is marketed, e.g. under the

trademark CAMPTOSAR. Topotecan can be administered, e.g., in the form as it is mar-
keted, e.g. under the trademark HYCAMTIN.

The term “topoisomerase Il inhibitor” as used herein includes, but is not limited to the
anthracyclines such as doxorubicin (including liposomal formulation, e.g. CAELYX),
daunorubicin, epirubicin, idarubicin and nemorubicin, the anthraquinones mitoxantrone
and losoxantrone, and the podophillotoxines etoposide and teniposide. Etoposide can
be administered, e.g. in the form as it is marketed, e.g. under the trademark
ETOPOPHOS. Teniposide can be administered, e.g. in the form as it is marketed, e.g.
under the trademark VM 26-BRISTOL. Doxorubicin can be administered, e.g. in the
form as it is marketed, e.g. under the trademark ADRIBLASTIN or ADRIAMYCIN.
Epirubicin can be administered, e.g. in the form as it is marketed, €.g. under the trade-
mark FARMORUBICIN. Idarubicin can be administered, e.g. in the form as it is
marketed, e.g. under the trademark ZAVEDOS. Mitoxantrone can be administered, e.g.
in the form as it is marketed, e.g. under the frademark NOVANTRON.

The term "microtubule active agent” relates to microtubule stabilizing, microtubule
destabilizing agents and microtublin polymerization inhibitors including, but not limited to
taxanes, e.g. paclitaxel and docetaxel, vinca alkaloids, .g., vinblastine, especially vin-
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37 conmpounds which target, decrease or inhibit the activity of Fit-3; Hsp90
i nhibitors; tenpzoiom de (TEMODAL(r)); and leucovorin. The term "aromatase
inhibitor" as used herein relates to a conmpound which inhibits the estrogen
production, i.e. the conversion of the substrates androstenedi one and
testoste- rone to estrone and estradiol, respectively. The term i ncl udes,

but is not limted to stero- ids, especially atanestane, exenestane and
formestane and, in particular, non-steroids, especially arninoglutethimde,
rogl et hi m de, pyridoglutethimde, trilostane, testol actone, ketokonazole,
vorozol e, fadrozole, anastrozole and | etrozole. Exenestane can be adm -

ni st er ed, blastine suffate, vincristine espesialiysvineristive sulfate, gnd MmleEedfﬁﬁmk

rr kot eq, 195% Eoct 3¢ B BB piRofe Al oBlith e ferbat, A0 rRRIERER S50 &1 or e

e.g., in uérwatmsmhemoﬁ Paglitarsi kedyebe aarr@mstered élgrintthe f@mdeﬁtﬁs knadkétt,

Anastrozol e e_adm ni tered e f eted, e.qg.
under the®Br ﬁg}?@ Posgioxp é‘FP’H‘g%tPEPCE&fJ b tﬁ%r%fm % &’%H‘aﬂée Sg Bn t hg
form as ifindey tﬁ@frli@énﬁgrk ?AXOT‘ERENuhHﬁsﬁﬁ@@lﬂﬁ?é Kaﬁﬁ%%lﬁiéte?@% fMrinaog! u-

tethimde can be admnistered, e.qg., inthe formas it Is narketed, e.g.
under t heformagdt is maarketerd, FEFERden mﬁaﬁmméﬂNBMSFm\l FhPe Minasistinespifatei ng a

chenot her arly
useful for eb@rrng'ﬁ:ﬁﬁt q‘% E'ollpég&gn P"‘%tﬂ‘gerﬂealIHH" Bt Gﬁierttﬁ?mﬂg%'ln%ﬂl . breast
tunors. ThARMiSmN' Discrizimofdea canbemnmreeg nas diselozedtin US Bcﬁrtpmndmdol ch
ant agoni zes effect of estro

termincl l‘]ﬂ’é’ g@(ﬁ pgthigpe pPFﬁ’? en i&; o ﬁgé%g&e@\éggﬁﬁag{ lb%%{%&he and
ral oxi fenwcwémgfé %bjﬁalo%ﬂ@xm Qgﬁeesmvadwzzmﬁaﬁamo@mzw n the form

as it is narketed .g. under t radenar k DEX. Ral o- xifene
hydr ochl oESMldkmr@ferr&dmrﬁlwlmeRaagdfOI'Bn the form as it is marketed, e.g.
under the trademark EVI STA. Ful vestrant can be fornul ated as di scl osed in

US 4, 659, - | . i i Sevdiod -

o ket od ﬁ@té?h "'aéglra?@Hez}bt%rng‘;ég rrlgér% ErEfh inBules, tuf id At AR BScydiophdspha
m:de, lfosfarmde, melphalan or nitrosourea (BCNU or Gliadel). Cyclophosphamide can
be administered, e.g., in the form as it is marketed, e.g. under the trademark CYCLO-
STIN. Ifosfamide can be administered, e.g., in the form as it is marketed, e.g. under the

trademark HOLOXAN.

The term “histone deacetylase inhibitors” or “HDAC inhibitors’ relates to compounds
which inhibit the histone deacetylase and which possess antiproliferative activity. This
includes compounds disclosed in WO 02/22577, especially N-hydroxy-3-[4-{[(2-
hydroxyethyh[2-(1 H—indol—3-yI)ethyI]-amino]methyl]phenyl]-zE=2;propenamide_, N-
hydroxy-3-[4-][[2-(2-methyl-1 H-indol-3-yl)-ethyl]-amino]methyllphenyl]-2£-2-
propenamide and pharmaceutically acceptable salts thereof. It further especially
includes Suberoylanitide hydroxamic acid (SAHA).

The term "antineoplastic antimetabolite” includes, but is not limited to, 5-Fivorouracil or
5.FU, capecitabine, gemcitabine, DNA demethylating agents, such as 5-azacytidine and
decitabine, methotrexate and edatrexate, and folic acid antagonists such as
pemefrexed. Capecitabine can be administered, e.g., in the form as it is marketed, e.g.
under the trademark XELODA. Gemcitabine can be administered, e.g., in the form as it
is marketed, e.g. under the trademark GEMZAR. Also included is the monoclonal
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FASLODEX. A conbination of the invention conprising a chenotherapeutic agent
which is an antiestrogen is particularly useful for the treatnent of
estrogen receptor positive tunors, e.g. breast tunors. 38 The term
"anti-androgen” as used herein relates to any substance which is capabl e of

I nhi biting the biological effects of androgenic hornones and includes, but
Is not limted to, bicalutamde (CASODEX), which can be fornul ated, e.g. as
disclosed in US 4,636,505. The term "gonadorelin agonist” as used herein

i ncl udes, i i.mted to abargl. x,. oserelin and serelin acetate.
Goserel | narﬁfébg)( i‘ég‘@%ﬂ'@aﬁﬁ“’*ﬁé’ ﬁﬁ%@,aﬁﬁ'" Fﬁfe%'g?ng‘mg‘ %hgi} iaﬁgﬁéﬂ?m@&&: g n

t he f or mwusler thd BademiktHERCERINUNder the trademark ZOLADEX. Abarelix can
be formul ated, e.g. as disclosed in US 5,843,901. The term "topoi sonerase |

i nhi bi t or.. ed.herein ingludes, but s not |limted to topo- tecan,
Igi rr:at :acanThqa‘%f'ﬁg‘P'gH'éﬁ?mle%Hbg’g?%Hﬁggﬁegﬁ%%q%l@eﬁn@hdﬁHEE’,'mﬁe‘ﬁF&I"@E@Pﬂﬂt& hecin

and the dRelkBADESS i | ' ] C I n
I0901 17 B  acopian gfin B8 SRl SR e o
mar ket ed, 2%t i§ mankgiad, eig undeathentsadercausrSARBRPLAGp Sxaliplatic gan e admini-

C adomar & EVRARREAR e s, R ThaReles o hider 6 Forfal e dRBTN e i o

includes, but is not limted to the anthracyclines such as doxorubicin
(i ncl udi nelterpo'sempeurids tangeting/dacreasing.a nEatEn YX)ipid kinase activily endfurtber antibi ci n,

| osoxant 1 ogoaenE ETHAUPYE b ekl el AERGLL, BRE BT I PEAOR uBlfe Wnosg 05 e
can be aRIF{ohpeinerasgior Birgpninenkingae inkibitaraier lipid Kinasenintititorsie.gs. 9. under the
o mar kel pounds arg LN Pae e g or BT, Mg B of BsTbrbabt obdl "e”
admi ni st daetdr-raseglors FGRRs)f ormas it is marketed, e.g. under the trademark
ADR BLAS—E)') %o%pf‘mls%‘a%%lﬁr'}lg, decreasing or inhibiting the activity of the insulin-like growth

factor receptor | (IGF-IR), such as compounds which target, decrease or inhibit the

activity of IGF-IR, especially compounds which inhibit the IGF-IR receptor, such as

those compounds disclosed in WO 02/092599;

¢) compounds targeting, decreasing or inhibiting the activity of the Trk receptor tyrosine

kinase family;

d} compounds targeting, decreasing or inhibiting the activity of the Axt receptor tyrosine

kinase family;

e) compounds targeting, decreasing or inhibiting the activity of the c-Met receptor; ‘

f) compounds targeting, decreasing or inhibiting the activity of ﬁ'iembers of the protein

kinase G (PKC) and Raf family of serine/threonine kinases, members of the MEK, SRC,

JAK, FAK, PDK and Ras/MAPK family members, or PI(3) kinase family, or of the PI(3)-

kinase-related kinase family, and/or members of the cyclin-dependent kinase family

(CDK) and are especially those staurosporine derivatives disclosed in US 5,093,330,

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 3521; LY333531/LY379196; isochinoline compounds such as those disclosed in

WO 00/08495; FTls; PD184352 or QANG97 (a P13K inhibitor);
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Epi rubicin can be adm nistered, e.g. in the formas it is marketed, e.gqg.
under the trade- mark FARMORUBI CI N. Idarubicin can be adm nistered, e.g. in
the formas it is narketed, e.g. under the trademark ZAVEDCS. Mt oxantrone
can be admnistered, e.g. in the formas it is nmarketed, e.g. under the
trademar k NOVANTRON. The term "m crotubul e active agent” relates to

m crotubul e stabilizing, mcrotubule destabilizing agents and m crotublin
pol ynmeri zation inhibitors including, but not limted to taxanes, e.g.
paclitaxel and docetaxel, vinca al kaloids, e.g., vinblastine, especially
vin- 39 blastine sulfate, vincristine especially vincristine sulfate, and
vi nor el bigheonfiosindd éargeting,i deeseasing ot ibhibdingrttie aptitityi ¢fenproteindysinevdna-ves

t her eof , _e. epot hi.d j ' h f. | | may be
acm i st 8Putron il BeRypla QOVECHELEETEG B obiSgR. RBeEE, it can
be gdm' nfﬁgi&@wé%m?}m%omlaﬂmigm(ﬁ?s15@0)i@nmmgtedaphagngcemtd:anyt_he )

t rademar i nbl astine sulfate can pe nistered,.e.g., in fhe
form as. EECPEbIR SR RIE0L E3peANLR OHBOURA delpEia \RRIEH BPRRY igpdmaiontrle

Vi ncr i st icRRs tY tHeS QaryibeRzetenidibhinieSsbisthst@tdquinblihd Sasé Bf Bdmpolidd, fnore

mar ket ed, e.g. under”the trademark FARM STIN. Di scodernolide can be

obt ai ned espegally any enrarowskeeleeieddom teogroup copsisiing ehtyrpbestinAd3Biwt hi | one

derivati ' ' k. ! Lian-: 5929,
0 o 1068081 i 5 TsBsSi BREE Sty Al 2ep Binosth Afanos bR e, o
are Epot Bd4pimgrphostirB44 (B erhaioasrTyphistpAGrES 52061494, 38y rpestin RGE58,

o L5t b e e eSS Rls a0t o 1 o,
e.g., inghhmahfl BL@dP N$Ci6809@0,k§t§esﬁﬂwsﬁnﬁanb‘”der the trademark CYCLO- STIN.

| f osf ami de can'be administered, e.g., in the formas it is marketed, e.g.
under thé) compbeinds kargelimyAecraasing er imhibitingttbe actidycafithe apidermal glowdh s or

SRS | S o BASER B A e Rl bt Y 4 RBo-or .
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.g. 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. 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 5,747,488, 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 96/33980 (e.g. compound ZD 1839) and
WO 95/03283 (e.g. compound ZM105180); e.g. trastuzumab (HERCEPTIN), cetuximab,
Iressa, Tarceva, C1-1033, EKB-589, GW-2016, E1.1, E2.4, E2.5, E6.2, E6.4, E2.11, _
E6.3 or £7.6.3, and 7H-pyrrolo-{2,3-d]}pyrimidine derivatives which are disclosed in WO
03/013541.

Further anti-angiogenic compounds include compounds having another mechanism for
their activity, e.g. unrelated to protein or lipid kinase inhibition e.g. thalidomide
(THALOMID) and TNP-470.
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I ncl udes conpounds di sclosed in WO 02/ 22577, especially N-hydroxy-3-[4-[[(2-
hydr oxyethyl )[2-(1

H- i ndol - 3-yl ) et hyl ] - am no] net hyl ] phenyl ] - 2E92- pr openani de, N
hydroxy-3-[4-[[[2-(2-methyl -1

H i ndol -3-yl)-ethyl]-am no] net hyl ] phenyl ] -2E-2- propenam de and

phar maceutically acceptable salts thereof. It further especially includes
Suber oyl ani | i de hydroxam c acid (SAHA). The term "anti neopl astic
antinetabolite"” includes, but is not Iimted to, 5-Fluorouracil or 5-FU,

capeci tabi_ne, genctitabine, DNA denethylating agents, such as 5-azacytidi ne
and deci FapprEndswhichtargel; decipaseaninhibitdhe actaily of @ pretela phlipidphgsphast s

such as e ' | hidkS bHar e ' form as
1T mar P 8 bR E s bR RRaEa 1 IR B BER A STEN ofCOC, B
adni ni st epkataieagd or ardarivativethareef.it is nmarketed, e.g. under the trademark
GEMZAR. Al'so included is the nonocl onal 40 anti body trastuzumab whi ch can be

adm ni steped. e. Lo - [ | L. .S rketed, e.qg. .under.the tragdemark
riercepT NCompepds frplaf ied 85T BRrdrtalidn RIS & areTe d ratliblEdoid i o 67!
limted t@copRErdPHY @iy-Tbr s-kcbtridnal. i n, cispl atinum and oxaliplatin.
Carboplatin can be adm nistered, e.g., inthe form as it is marketed, e.g.

under the_trademark CARBOPLAT. Oxaliplatin can be adnmini- stered, e.g., in

t he form 4Be fem ‘syalapxeaanasedniybiten as used betgin inslusdes, buldxapt Nmnited do, teeg.m

T compoundg .t & aet g/ de ' kel n: [Jpd ek a
further ageret EblSS, 3R SRbER s ahyRringbheih ot 46t nd Bbfithits ™ Bcn
limted tasceleoted (CELEBRE, kofaesdb (AN etodcoxil, \wmdqnxitt bir 2 6ralkd-2kampihse
Inhibitors or lipid kinase inhibitors . g, a) ,conpounds .targeti.ng,.

decr eas| naTOIRMRRYIBPRI R E Sab aeRYS2-6f Pivio Bl BHaBRALRO pheRY HFcetE deid

factor - r epefifzeesib( FG- Rs); b) conpounds targeting, decreasing or inhibiting
the activity of the insulin-like growmh factor receptor I (I1G-1R), such as

conpounds_whi ch rget,, decrease or inhibit the  activity of IG-IR
especi al | ?hﬁéﬁfﬂb"fﬂha@Rv!ﬂﬂ"Qﬂofsﬁlﬁﬂﬂﬁs to wemp@rmqiwh@eéalﬂlsﬁ,th%n@mgan target of

rapamycin {(mTORY) and which possess antiproliferative activity such as sirolimus
{(Rapamune®), everolimus (Certican™), CCI-779 and ABT578.

The term "bisphosphonates” as used herein includes, but is not limited to, etridonic, clo-
dronic, tiludronic, pamidronic, alendronic, ibandronic, risedronic 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 it is
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 acid” can be administered, e.g., in the
form as it is marketed, e.9. under the trademark 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 administered, e.g. in the form as it is marketed, e.g. under the

trademark ZOMETA.
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t hose conpounds di sclosed in WO 02/092599; c) conpounds targeting,
decreasing or inhibiting the activity of the Trk receptor tyrosine Kkinase
famly; d) conpounds targeting, decreasing or inhibiting the activity of the
Axl receptor tyrosine kinase famly; e) conpounds targeting, decreasing or
inhibiting the activity of the c-Met receptor; e ¢ f) conpounds targeting,
decreasing or inhibiting the activity of nenbers of the protein Kkinase C
(PKC) and Raf fam |y of serine/threonine kinases, menbers of the MEK, SRC,
JAK, FAK, PDK and Ras/MAPK fam |y nenbers, or PI(3) kinase famly, or of the
Pl (3)- kinase-related kinase fam |y, and/or nenbers of the cyclin-dependent
ki nase fahhe {em‘bepgranage inhibikyy) asiused herdin seferst taompominds avideh target, des

b uos® o B Pk sl P B8l e BRI ik bR B
I I nof osi nP}-8KRO 318220 and RO 320432; GO 6976; Isis 3521; LY3335311LY379196;
I sochi nol i ne conpounds such as those disclosed in W 00109495; FTIs;

PD184352 NG9/ P1 3K inhi bi , 41 A ti.ng, .

decr east nge T RO GiealdeshRnsRnpUTEr a5y ssd st BTREHS b3 MERRG A OBters uch
as imati nf'elporqg?%yd.qﬁtgrfé,gﬁly\/EC( GLEEVEC) or tyrphostin. A tyrphostin is
preferably a |'ow nol ecul ar weight (M < 1500) conmpound, or a

pharmaceutical ly acceptable salt thereof, especially a compound selected
from t he beaigm "indvikitasiob Rasrencegenicdsefonns™ hg. B-Basi peMaRawias ysedor

bi substra ' ' Aelgrelel¥iolel e . esnec d
sel ected %grgﬂﬁeﬁ%é]g%%b@gﬁggghl ng géa y?cp oset?rr{ﬁﬁfgg%%héﬁﬁ? 8%@&83)?
Tyr phost i Ra®é R B3fariigsy rassferageéSnhiir’, €y, hhokisnn, DKSESB7 ocRNRPIEYFTi N B44;
Tyr phosti &55844 +) enantioner; Tyrphostin AG 555; AG 494; Tyrphostin AG 556,
AR57 and %&ﬁﬁ tin (4-([(2,5-di hydroxyphenyl ) net hyl } am no} - benzoic acid
The term “telomerase inhibitor’ as used herein refers to compounds which target, de-
crease or inhibit the activity of telomerase. Compounds which target, decrease or in-
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 methionine 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. PS-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 bicavailable analogue marimastat (BB-2516), prinomastat (AG3340), metastat
(NSC 683551) BMS-279251, BAY 12-9566, TAA211, 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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adamantyl ester; NSC 680410, adaphostin); and h) conmpounds targeting,
decreasing or inhibiting the activity of the epidermal growh factor famly
of receptor tyrosine kinases (EG--R, ErbB2, ErbB3, ErbB4 as Honpb- or he-
terodi ners), such as conpounds which target, decrease or inhibit the
activity of the epi- dermal growh factor receptor famly are especially
conpounds, proteins or antibodies which inhibit nmenbers of the EG- receptor
tyrosi ne kinase famly, e.g. EG- receptor, ErbB2, ErbB3 and ErbB4 or bind
to EG- or EG-F related ligands, and are in particular those conmpounds,
proteins or_nonoclonal antibodies generically and specifically disclo- sed
in WO 97/ @etgedeeregsing ns inhipiina the aetivity of §8-3; interferonp1d-Bs4 409, WO

5, 747, a0 BB LT 1A i AP A i Brbaf AN b7 BogerdPdumpSwhicn
especi al | targeh\@lapeB33d7inhibit. anaptastip tymphdmakimaas. CP 358774), WD 96/ 33980
(e.g. compound ZD 1839) and WD 95/03283 (e.g. conpound ZML05180); e.g.

G 2016, Pl rmE5sbohs APl GRELE dep b i BARY Bepit st o

7H- pyr r ol ese2ially ¢bmpoundsli proteiey ovaritibodieswitiiclh irilsit Fit-S¢ bes ®KG41 200
031013541.  Further anti -angri og(gﬂ c cor&oounds I ncl ude conpounds havi ng

anot her nBPSIRAUER p staurpspaTineRarvativg SI11248andMENSd8: o protein or Tipid
ki nase inhibition e.g. thalidomde (THALOM D) and TNP-470. 42 Conpounds

whi ch t ar ged terfeHISFRRInAbitb AN i33i Usebfraiftinolides, But B it Ahfed t8) cdrhpdithds
phospha- tase are e.g, inhibitors of E)hogphat ase 1, phosphatase 2A, PTEN or
CDC25, e.lgroetipnadesreasipg @r gnthikiting the,/atrinsic ATRasactivity 9 Wegedingiduce
cell diff 41 af | . . L Qi ' s VRinOk:.0- tocopher ol
or a-y- EonpcedPaBhg T HRgNA MtPoDTH BRI Y bispliny, |,o0q
her ei n i norotebsemepathivay.Odmbbohdstirgetinge dgereasing or inhibiting the intrinsic

ATPase activity of HSPS0 are especially compounds, proteins or antibodies which

inhibit the ATPase activity 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®), PRO84553 (anti-CD40) and 2C4 Antibody. By
antibodies is meant e.g. intact monoclonal antibodies, polyclenal antibodies, multispe-
cific antibodies formed from at least 2 intact antibodies, and angtibodies fragments so

jong as they exhibit the desired biclogical 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, Carboplatinum and PKC412.
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Cox-2 inhibitors, 5-alkyl substituted 2-arylam nophenyl acetic acid and
derivatives, such as celecoxib (CELEBREX), rofecoxib (VIOXX), etoricoxib,
val decoxi b or a 5-al kyl -2-aryl- am nophenyl acetic acid, e.g.

5-nmet hyl -2-(2'-chloro-6'-fluoroanilino)phenyl acetic acid, |umracoxib. The
term "nTOR inhibitors" relates to conpounds which inhibit the mamal i an
target of rapanycin (mMIOR) and whi ch possess antiproliferative activity
such as sirolinus (Raparune(r)), everolinmus (Certican!!), CC-779 and
ABT578. The term "bi sphosphonates” as used herein includes, but is not
limted tg, etridonic, clo- dronig¢, tiludronic, pamdronic, alendronic,

| bandr ont e siruP A ite 8o, saenls Santhed by 200s bobs GenFic acirase amesdnay

adm ni st ' b latd =N mar k
D) DRONEL Do A S rem therctcs €GO e stenBafiPeckbéritiufe The Witk Jhdkic o Bf T
mar ket ed, dadabpseanelgr Patants intdmatiokal§egERES Word Pulilieationshci d" can be

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

or ket co, B EORMENRTICH corl it SRR ko & bmiRafolfwl B fofindihy

adm ni st esfdide formgla |, ican bieepreparadeand administerel efsadbscribed) in ihedat sidhead inademar k

FOSAMAX. 'Il'nl bandronj c.aci " can be adm nistered, e.g., inthe formas it is
mar ket ed, "8 dgCUMARSCEHARME demar k BONDRANAT. " Ri sedroni ¢ aci d" can be
adm nistered, e.g., inthe formas it is marketed, e.g. under the trademark

ACTONEL. A cambedidbf edbirfluladanapalsaba ubedltts meldantage in comblitatiodwihaown | s
mar ket ed, e.g. under the trademark ZOVETA. 43 The term "heparanase -

i nhi bi t ortherapeuticarosesses & @+ thesadmpinisymtion afisorpenas arpspecially@digiatuse or
i nhi bit heparin sul phate degradation. The termincludes, but is not limted

to, PI- %coﬁ?@uﬁ&&f@dﬁ“yﬁ Pa§dh phReRRPBEE u@E@iagg?;rradﬁJ%eH§iﬁﬂeﬂ?%§6é6!alhﬁfo?r s to

i r inter- ferons; e.gb. I nterferon
ibit

a | ynphoki ne )
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 I and a
combination partner may be administered indepéndent!y at the same time or separately
within time intervals that especially allow that the combination partners show a coope-
rative, e.9. 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-phenethyl-octahydro-pyrrolo{2,3-clpyridin-1-yl)-ethyl]-2-
methylamino-propionamide (9);
Compound 9 according to Formula | is prepared according to the procedure set forth

in Scheme 5.

46



The term "inhibitor of Ras oncogenic isoforns”, e.g. HRas, K-Ras, or N Ras,
as used herein refers to conpounds which target, decrease or inhibit the
oncogenic activity of Ras e.g. a "farnesyl transferase inhibitor, e.qg.

L- 744832, DKBGH57 or R115777 (Zarnestra). The term "tel omerase inhibitor as
used herein refers to conmpounds which target, de- crease or inhibit the
activity of telonerase. Conpounds which target, decrease or in- hibit the
activity of telonerase are especially conmpounds which inhibit the tel onerase
receptor, e.g. telonestatin. The term "nmethi oni ne am nopepti dase i nhibitor
as used herein refers to conpounds which target, decrease or |nh|b|t t he

activity of rret h i ne am nop i dase. Conmpounds which target, crease or
i nhi bit th fcN met hi e am nopeptl dase are . }: yde or a
derivati ve‘iJ t ef B LAN _ ) @e@l g

"refers to
conpounds I chuatt ar geiumde- i =
prot easonme. Conpaends whichttg 5 mieryriyt bi t the BctNM| e of the
prot easone i ncl u v S- 341 and-esNLN 3 FXg oYt Sec
met al | opr ot efhﬁsmm or4" MVP i nhi bi tor) as used’h rmn- Brudes,
but is not limted®Fo collagen peptidom nmefic and nonpeptidormgrfetic

inhibitors, tetracycline dérivatives, e.g. hydroxamat ewpe{dGesi netic
i nhibitor batimstat and its orally bi o g ﬂau | abl e anal ogue nari mast at

(BB-2516), prinomagfyt (AG334Q), netasi,® X fNSC 83551) JBMB; 279251, BAY

12- 9566, OBorpe 996. The m a se the treatnent
of hemat o@i&@k anGi*Hd" “Ks usecﬁ hepeaoamab NCl ueé‘\y:@yt not limted to
FVS-1i ke tyrost i nase®®nhi bi t@\?:f}a g. senpounds tar< 44 geting,
decreasi ng or ;n‘hlbltlngthe act pvigTy of FIt-3; interferon, 1-b-D

ar abi nof uransyl cytosi ne (ara-c) and bisul fan; and ALK i nhi bi tors e.g.
conpounds whi ht t ar get, decreaseg‘op i nhi bit anaplastic | ynphoma ki nase.
B

1
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DIPEA, HOBWHTBU Q/\ o 0
£
H

25% four Meps

Scheme &

1-4{1-Naphthalen-1-yl-ethyl)-aziridine-2-carboxylic acid methy! ester (1). To a
solution of (S)-(-}-1-(1-naphthyfethylamine (20.8 g, 120 mmol) in acetonitrile (HPLC
grade, 600 mL) is added K;CO3(52.7 g, 360 mmol) and methyl 2,3-
dibromopropionate (30 g, 120 mmol). The solution is stirred overnight at roorn
temperature. The solution is evaporated to dryness, then HO/EtOAc (1:1) (600 mi)
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 two 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 K2CO3{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 to
dryness and HyO/EtOAC (1:1) (600 mL} is added. The mixture is extracted with
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The term "conpounds which target, decrease or inhibit the activity of FIt-3"
are especially conpounds, proteins or antibodies which inhibit FlIt-3, e.qg.
PKC412, mdostaurin, a staurosporine derivative, SU11248 and M.N518. The
term "HSP90 inhibitors' as used herein includes, but is not limted to,
conpounds targeting, decreasing or inhibiting the intrinsic ATPase activity
of HSP90; degrading, targeting, decreasing or inhibiting the HSP90 cli ent
proteins via the ubiquitin proteasone pathway. Conpounds targeting,
decreasing or inhibiting the intrinsic ATPase activity of HSP90 are

especi al | S teins .or antibodies which. inhibit the ATPase

aclto i v: ty %ﬁ&%gg"&)pﬁem%ﬂ'ﬁ %?43 f’-r?iéﬂ@PW@byE@%ﬂﬁ%ﬁbEquﬁtﬁgAA@ . a
gel dananyghderd@etVAl IMH reSiddenis Bﬁﬁﬁ@d‘ RasHchrehitstapRy itarge!l; radi cicol
and HDAC I nhibitors. The term"anti gro iferative antibodies' ~as used herein
i ncl udes, Hexana/BtOne 118) to prtyiden2@ 9462%) ¢f thealifle(gasnpaund. MHHTF 4483 Bumab- DML,
erlotinib (Tarceva2l), bevacizumab (Avastintm, rituximb (R tuxan(r)),

PRO64553 (anti-CD40) and 2C4 Antibody. By antibodies is neant e.g. intact
monoc!| onaf-(tNaphtbialen;1-pbethyleazitidame-2radbexylicadidiapte3-eny-phenethybodi es

f df t t 2.i.ntagt t 1 bodl . ant. i | f, I
as they cRRIGH PITE oLt s scth 7mion i THESRO0 Fof BATREKDTS acur o
nyel oid | (esl.berq', 39(7Mamol ) orRORMAGredE stifrte@alérnight abrduin télpperatirec ORI nat i on
w th standard | eukem a therapies, especially in _conbination with therapies

used for Mhdurerig goRestrated and the residue dissolvad indichioomeshare {ZdwiLhand can be

adm ni ste ' ' ' \ . |yt f: D1 and/ or

other dr cgted R F I HRbigRoBh) Bl (5343025 Y € 5aRES sy bh e

Adr i anyci mixtéeeds @Ganvied 16 roofieempestuie, ovdr 2dcams, rideemixtuteris bbolied to -78°

Car bopl at j,n d P 2. 45 Th tructure of the,actiM s identified

by code nds™ )\ r r t ct'ual edition
o2 b 83 e b 2 Sommeida acha ot nao N BREd BF e E e 2

of the stgadipstdd cBERAYBicHBonbRe (190K it BE8xd afd tHe MRture is allowed to warm
to rt. The mixture is exfracted with EtOAc (4x100 mL) and 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 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-pyrrolo[2,3-¢]pyridin-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 purifjed 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"= 389.32.

1-(1-Naphthalen-1-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 slowly 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% NaOH, and this extracted

with EtOAG (4x50 mL). The organic extracts are combined, dried and concentrated

48



dat abases, e.g. Patents International (e.g. IMS World Publications). The
above- nenti oned conpounds, which can be used in conbination with a conpound
of the fornmula 1, can be prepared and adm ni stered as described in the art
such as in the docunents cited above. A conpound of the fornmula I may al so
be used to advantage in conbination wth known therapeutic processes, e.g.,
the adm nistration of hornones or especially radiation. A conpound of
formula | may in particular be used as a radi osensitizer, especially for
the treatnment of tunors which exhibit poor sensitivity to radiotherapy. By
dosage unit

conmbi nation;, there iis neant eithe f Lxed conbination, i.n on

form or UnNgSEvacym,, §ef@rueft'§1Euﬂﬁﬁfﬁbmtﬁsﬁhmfpmaéqqraﬁ%ﬁ?'w. » a conpound of
the for muHgxdnetmh e 109 pRAIdL?. 3! ﬁm@rqfw_ti@@ca%bﬂh&tr@frﬁ% sgggpendent |y
at the sanme time or separately wthin'tine intervals that especially allow

that the conbination partners show a coope- rative, e.g. synergistic,

ffect, of. D A i 0. . The .foh Low
"nt onded TETNpE3TACtERy Bb-bUbRIta 3 HEFRIGT (6) T UG o SR T 2
N-[1- cycgmhmk);ﬁh l-l\ma(bbdtﬁllﬂz(@lﬁ(‘bhm{ﬁl I:'mjLD isomricmdlﬂd(m%)pg&d()mhg].ﬂhe mixtured is
3- I di n-1- ; et -2- t 1 NO- | 1 de, (9) ;. 9
acoor i ngdgted it ot Wogr R R BEPRe Bo Thempturbindtereodtongh n i n
Schene 5. a 46it3 pbh| theGiltrateNt coNéRrated AP THY RERIVEG BhawvaieatyNnthe neld BPL

"1/vim roq. "C. 120U 7NSFC. .
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 (50 mL), aq. Sat.
NaHCOj3 (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 dissolved 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 organic extracts are
combined, dried and concentrated under vacuum to provide! .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 diisopropylethytamine (3.30 mL, 18 mmol), t-Boc-N-methy!-L-
alanine (0.97 g, 4.74 mmoli), and a solution of 0.45 M HOBYHBTU 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. NaHCO; (50 mL) and brine (2x50 mL). The organic layer is
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Br~~ CH6CN. KsCC, CL'N 82% N O about 1:1 nk, reparable 11 xo g~ C H
PS(ON)2 H2, 50 p.1 ei tI D PEA HOBYMBU N 2JTfp s Ne Hr V D F~HOB441' f BU
00 2, TFAN 25% Il our slaps " Schene 5

1- (1- Napht hal en- 1-yl - et hyl )-aziridl ne-2-carboxylic acid nethyl ester (1). To
a solution of (S)-(-)-1-(1-naphthyl)ethylamne (20.8 g, 120 mmoi) in
acetonitrile (HPLC grade, 600 nL) is added K2CO3(52.7 g, 360 nmol) and

met hyl 2, 3- di bronopropionate (30 g, 120 mmol ). The solution is stirred

over ni ght at room tenperature. The sol ution is evaporat ed to dryness, then

H20/ Et OA 0 nl dded h t d yith Et OA
(ax100 o shed Ao foncentiated biadinGtiun "the il S HisSolyBd ia icbireReliangy wnaor
vacuum T me Iwﬁe(m&npphla‘do%@éiwthéluﬁmr@rmmrram.yte&ﬁddmmﬁe firl3;

Hexane/ Et OAc 1 2) to provide 24@&(:&780 of the title compound as a m xture
of two di B8¥Sy J@ﬁéﬁ@turﬁ I PORGRNT resigpe is dissplved ﬂséicmlwomethane

B o LR b a5y oiod Sotinbhoroh o] i 1 (72,11

-brono-I-butene (25 g, 185
mol ), extracted with dlchloromethane (3x50 mL). The orgamc 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'= 45539,

UnB

Example 2

(S)-N-({(8)-1-Cyclohexyl-2-{{2S,3R)-2-{{ethyl-phenethyl-amino)-methyl}-
3-methyl-pyrrolidin-1-yi}-2-oxo-ethyl)-2-methylamino-propionamide (23)

H I
13 LOA (:l\/n'\/% 130, o ° @\/\
1) ZnBrGuch HOVELO N ~ NH,
1) Ay bromide nisis OJ\" o
2¥Zn
NeBH,CN

H
H’\/g 1} KOH (80%) (b
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7]
0
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::’C (D DIEAJDMF  TFAJCHGL DIEA7OMF TPAICHC,
MeOH AN
80 \.D ,T;t o
H
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The solution is stirred overnight at roomtenperature. The solution is
evaporated to dryness and H201EtQAc (1'1) (600 m-) is added. The m xture
is extracted with 47 Et QAc (4x150 nL). The organic extracts are conbined,
dried and concentrated under vacuum The residue is purified by flash
chromat ography (silica gel; Hexane/EtOAc 1:8) to provide 20 g (62% of the
title conpound. MtH = 176. 10.

1- (1- Napht hal en-1-yi - et hyl ) -aziridi ne-2-carboxylic acid

but - 3- enyl - phenet hyl - am de (3). To a solution of 1 (12.6 g, 49.75 mmol) in
THE (200 nL) is added KOTM5 (6.38 g, 49.75 mmol). The mixture is stirred
overnight at roomtenperature. The mxture is concentrated and the residue

di ssol vedBumcb@u((sgorrEhaﬁppeﬁ%Oarﬁkae dTo(hOéHl@ibrm @(&1 ghényt hyl acetyl

chloride (5.94 s added sl owl m xture is warned to

room t errp%ﬂ’é(lam?ée oV&er5 g, mmmol)nnéﬁﬂ b @f QM%GEQ)O(F é%la@@ed KeCOg(529@®. 63 g,
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rt. The ngﬂ&m mmsol) -3 aIideldaa:erpﬁlsw dridl fﬁll??ed gﬁmmms)g a?_d ntrhel)dn gmallc extr ?ct 3
r in co entra nder .vac is purifie

oy 1 aon PRTPBsar bE redon (aMTech BoRe sisRaTvTe: Beetrp 9576 phg kel |

(76% of bhemight/he h@%@dﬂlcﬁ*ﬁls%oméﬂttﬁw sﬁd Bﬂﬁeéhﬁtﬁtﬂcﬁﬁmﬁ%mé} i

equi nol ecul ar ratio. 1-(1 n-1-yl-ethyl)-6

-ph e n eYVﬁS@ﬁd Wit Bax Whml of Wt&Tr J hecprpanlcmerjs q!ﬂ&d @lver Nazﬁcarwwd (4). A
sol ution Srillﬁedg Ttﬁcher 6audtrb ?uﬂieﬁ%félgﬂ%%ﬁ Sg%gecrqﬁde'rﬁ eated at

250 C for 1 sin‘amc ver xXtar flash
chr omat ogvapiuyn)(tsiyleld a ogkirtesbiéuqand(a‘liﬁ@% 1%]).; (SMeBoart] Bisodgtatoenfimeed,ds 5 g
(33% of H? gi t35e conpound as an enantionerically pure conpound. MrH+=
399. 32, 4117-28-23).

1- (1- Napht hal en-1-yl - et hyl ) - 6- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-c] pyri di ne

ﬁ/l S)DI BI\E . fr?tﬁqé#hypﬂsm phelifi 2t8y1)-AmiRBRhe efid adidFe thy PEs &k B):STRE Bltish oW v 1
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,COj3 (10.0 g, 72.8 mmol) in small porticns. 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 (hexane/CHzClz: 50/50) to give a pale liquid(8.5 g, 94.5%). (NMR

and MS data confirmed, U-4117-58).

(2S,3R)-3-But-3-enyl-1-{(S)-1-phenyl-ethyl)-pyrrolidine-2-carboxylic acid ethyl
 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 ethyl 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 cooled to 0 °C and added a solution of CUCN(3.47 g, 38.74 mmol) and
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toluene, (50 m., 50 mml) at -78C. The m xture is stirred at room
tenperature for 1 hour and quenched with 20 nL of water. The solvent is
evaporated, the residue is diluted with 100 nL of 1:1 saturated Rochells
sal tl115% NaOH, and this extracted wth EtOAc (4x50 nL). The organic
extracts are conbined, dried and concentrated 48 under vacuum The residue
Is purified by flash chromat ography (silica gel; Hexane/EtQAc 1:9) to
provide 2.3 g (48% of the title conmpound. MH = 385. 26.

6- Phenet hyl - oct ahydro-pyrroto[ 2, 3-c] pyrldine (6). To a solution of 5 (2.3 g,
6 mol) in MOH CH2CI 2 (1:1; 200 nL) is added Pd(OH)2 (300 ng). The m xture
is agit B -2Rgef 7 468MONHY dHIYER mik)mirwne Ater slirring at 0 °CHer Hgmmra;llyl s

filt d | ki [ t id

s used QrPnRRF26 8. B By daded Brcnics ¥ ie readiRRSERCH, SHaFiimEl, Lot e

231.17. Qenpslawly toT).. After stiginguavieomigblf ata.ti, thelieaiction engueérmhed (¥additioni- s added
tial di j | ani 4.17 4 I .

;G 2Bt PR DY A iy s W b, e e

HOBt / HBT Grgahiddyefslis cohcerftrdi@dMMhle)crudd Brodiickis Wisified by idhkdragt i ght at

roomtenperaturé, then diluted with Et QAc (200 M) and washed sequentially

with 1 mibexanelBtOAS: 88(19) (givieig colgress liquin(74g) 82£6). MR angMSbdates50 i)
d bri h : : ! - ond
vacuum | TR Bk L A By o s SR S 1P P g
Hexane/ Etv@dourt :f8n) 1Hour peforedsed*yel | ow oil . The yellow oil is dissolved in
di chl oronet hane (20 nlL), TFA (10 nL) is added and the m xture is stirred at

o0m SIS Gk At B B ot BT S BSLS, LS e TS
o Gani o e T B D B Vet n 10
provi del pheny-ethigdpywolidinedsqarboxylictasia ethykestenib0ugn d. Ihmenel) is dissedvedn next
step wt r?r? Eioﬁt‘fot rlﬂEf with rl—ié!i((?.gtrﬁ?,rbﬁ}o), 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 cool solution is added Zn dust(0.43 g. 6.6 mmol) and

HCI{0.5 mi., 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).

AN

(2S,3R)-3-(3-Phenethylamino-propyl)-1-((S)-1-phenyl-ethyl)-pyrrolidine-2-
carboxylic acid ethyl ester (E): To a solution of (25,3R)-1-((2E,4Z)~(S)-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, NaBH3;CN(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 50 mL of ether and
washed with 20 mL of brine. The ether layer is concentrated and the crude product_
is purified by chromatography (CH,Cl,/MeOH: 97/3) to give a pale liquid (405 mg,
30.0%). (NMR and MS data confirmed, U-4117-52-20).
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characterization. Conpound (9). To a solution of 7 (1.75 g, 4.74 mmol) in
di chl oronethane (25 nlL) is added sequentially diisopropylethylamne (3.30
m., 19 mol ), t-Boc-N-nethyl-L- alanine (0.97 g, 4.74 mmol), and a sol ution
of 0.45 MHOBt/HBTU in DW (13 nL, 5.691 mmol). The mixture is stirred
overnight at roomtenperature. The mxture is diluted with EtQAc (200 nL)
and washed sequentially with 1 Mcitric acid (50 nL), water (50 m), aq.
Sat. NaHCO3 (50 nlL) and brine (2x50 nlL). The organic layer is 49 dried and
concentrated under vacuum The residue is dissolved in dichloromethane (20
m-), TFA (10 nlL) is added and the m xture is stirred at roomtenperature
for 3 hours, The mxture is concentrated and the residue is dissolved in

_(il_ ihchl olr or(_aaBaIaS)-Gémmyl-aqw)ﬁﬁgﬁeﬁ}vlaﬂmw«m&hydtmpgrreﬂb[ﬁomic!pyriﬂlnar-bonat e.
e solution I oro 5 n
ext ractg %ee(#clo% ﬁh? (ié'?sq"@d‘ '%Vﬂﬁi’“&'&'rﬂf@ﬂ "('Iéé'? q@:ﬂ&ﬂhﬁ?“&ﬁﬁ"égs: gue i s

fied t del
(36% two S 2od) e e"'%'%ké"’ﬁ‘mboﬂr?%q“""@"'m‘%@‘%‘?' MR 265 30, P Exan ¢ 2

(S)-N(( ssae@%@Hmyo /b @8 nﬁﬂ) Aftes stimipn-ab BB 6t Ty 2-his the jsolitionys | -
3- net hyl de (23
NaL' | L %ﬁé"% &Cﬂa&d X%Lffgri%%’ﬂm tidr WW@%@WO@%?%E B( H) O 1)
LDA |11 Zcmlacelht@{ﬁn thi @rudeHbikddicDis didisblved in 1 mL of CH2Cls, and filtered through a
short silica gel plug and eluted with CH,Cl./MeOH(93/7) fo 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 alcid (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 stirred for 1.5 h (or monitored
by TLC). The 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 CHzCl;
and dried over Na,SO;,, and purified by chromatography(CH;Cl./MeOH:97/3) to give
pure product (70~95% yield).

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

Procedure for compound F:

A solution of(2S,3R)-3-(2-Phenethylamino-ethyl)-1-((S)-1-phenyi-ethyl)-pyrrolidine-2
carboxylic acid methyl ester(400 mg, 1.05 mmol) and 2-hydroxyl pyridine(100 mg,
1.05 mmol) 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 mL of water, After dried and concentrated
to give a pale liquid(350 mg, LC/MS shown a clean product only.) without further
purification for next step reaction,

(3aR,8aS)-7-Phenethyl-1-({S)-1-phenyl-ethyl)-decahydro-pyrrolof2,3-cla
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191 AAylGvndds p p~ . 2) Zn ~ NOBH CN 9 90 w X I Il 7)KCH (90% ~N1 N~ N
p- H Z/ HOBVFIBTU 160.99% ,~ ~(ppll X NLAH 1 1i OXO Onmn a S atop X
oX F ~~11 80 G tl HO877HBN 1t9BT 111B7V H p Bl EAI DM TFA) CX, C4 DI EVOVF
TFA/CNC6 MPOHr HBe ~xQa p AN N 50 But-3-enyl-((S)-1-phenyl-ethyl)-am ne
(A): To a solution of S-(-)-1-phenyl ethylam ne (15.75 g, 130 mml) in 150
mL of DM at 0 Cis added K2CO3 (53.9 g, 390 mml) in small portions. After
stirring at 0 C for 10 mn, 4-bronobutene (13.5.g, 100 mmol) is added
dropwi se and followed by Nal (58.5 g, 390 mmmol) in small portions. The

ti 1 Xt whi t ' heat e
over gt /#Peag (60 7ha"Sol e rTRD o dRstetn Ry i THE a6 Boioee o
ether, 2rasolidsiiedan) di LinK,EWuRale METRE soWf. ARgASiFing ey, HE16! 1 ed over
Na2504 and concentrated. The cfude roduct is purified by distillation (

6570 C urderthpisghution is diliipd mythﬁtbedmﬁ ttraaa)bwglyma gthesohitiog) and. 799 . (NMWR
and M5 dgfaHzaRfit Watkrithce 2 s By 3@lume of the solution), dried and concentrated.

The crude product is purified by Chromatography (CH2CI12/MeOH:97/3) to give
product(yield 70~90%),
(NMR and MS data confirmed, U-4117-104).

(3aR,8a8)-7-Phenethyl-decahydro-pyrrolo[2,3-clazepine (H): A
solution/suspension of reactant (<1 g) and Pd 10% on carbon ( 20% by weight) in
MeOH (10 mi., with 2 drops of acetic acid) in a 1000m! 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 fiitered to
remove catalyst and concentrated. The crude product is diluted with '
CH.CL/H,0(8/2, reasonable amount) and neutralized with 10% NH,OH to pH = 7~8.
After dried and concentrated to give product (80% ~quantitative yield) without
purification for the next step reaction.

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

(8)-N-({S)-1-Cyclohexyl-2-{(28,3R)-2-}(ethyl-phenethyl-amino)-methyl]-
3-methyl-pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propjonamide {compound

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

Example 3



[ But-3-enyl - ((S)-1-phenyl -ethyl)-am no]acetic acid ethyl ester (B): To a
solution of But-3-enyl-((S)-t-phenyl-ethyl)-amne (6.37 g,36.4 nmol) in 150
m. of DM at 0 Cis added K2CO3 (10.0 g, 72.8 mml) in small portions,
After stirring at O Cfor 10 mn, ethyl bronpacetate (8.35 g, 54.6 nmol) izs
added slowy. The reaction m xture, a white suspension, is stirred at r.t.
overnight/ 16 hrs. The solution is diluted with 200 nL of ether, and washed
with 3 x 100 mMl of water. The crude product is purified by chromatography
(hexane/ CH2C12: 50/50) to give a pale liquid(8.5 g, 94.5%. (NVR and M
data confirned, U 4117-58)

(28, 3R) - 3-But - 3en 1((S) th . r d| e- 2-car poxyli g acid
et hyl est é?o %%n% pyI am ne( B 9,+35.%% ) in
35.

THF(80 i) -40 c added BullHf 14. 28 2 5 M n ane)
slowy. The solution is warned t1¢%0 C and stlr ed for 30 mH t m an LDA
solution. The LDA solutionis cogled to -70 C'and added to a sol ution of

[ But - 3-enyl - ((S)- 1- phenyl - et hyl i no] - acetic aci hyl ester(7.8 g, 29.8

mmol) in THF(BO nL.) slowy at - The |i ght yeﬁl@ { sh reaction solution

is stirred at -20 Cfor 30 mn t beconme a deep ow" solution, and then

cooled to - To t.he uti ¢gn i s added ** BrP2**{d6.76 g, 74.5 mol) in
et her (50 M)Z_Q'G%BW'E@F \y«\ﬁ:.m n
77. 48

for 1.5hrs, the
reacti on s %‘IS cooINe to 0 C adde

a i on of CuCN(3.47 g, *

38. 74 mmol ) a ’LlCI(3 29 g, pl) in T m.) slowy. After
stirring at 08%for 10 min, brom de(7.26 g, 60 nmmol) is added
dropwi se to the reaction sol ut and warnmed very slowy to rt.. After

stirring overnight at r.t., the reactlon i's quenched by addition of 60 mL
of saturated NH4CI and extracted with X15¢FaL of et her.; The conbi ned

organic |layers is concent gd. The crude~mN oduct is ffized by
chr omat ogr aphBIPEA hestainey E ¢ b N gi 3 col_prles§ id(7.4qg,
82.6% . (NWB, at onflr 0f 19, U—411€(}§_€§5) **  ZnBr 2**
is dried at 150 &linder hi gh e
F
0
H
1. DIPEA, HOBYHTBU
- N
2, TFAICH,C), /\E>

24

Scheme 6

Diphenethylamine (D). To a solution of phenylacetaldehyde (6.0 g, 50 mmol) and 2-
phenylethylamine in THF (200 mL) is added sodium friacetoxy-borchydride drop
wise. The solution is stirred 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 9:1) to provide 1.25 g (11%) of the compound D as a clear oil. M+H*= 226.10.

55



vacuum for 1 hour before used"* (2S, 3R -1

-(2E,42)-(S)-1, 2-Di net hyl - hexa- 2, 4-di enyl ) - 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 mol) is dissolved in EtOH(10 nL) with HC (0.5 ni,
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 i s bubbled though t he sol ution for 15 min to renove excess

ooty andPRERStYL S 1-pYReditfin RISyt Rl (6). FO4 Sorihar A7 (91 iyt °
filtrati nfon@inéql«wrb@mnc%cﬁu teﬁ»adtyl é&tbh(15@gﬂ50crﬁrna'j?éﬁd20 ﬂ'dz\&@ggw W th

saturate water. After dried an

NaHCG3
concent r PEQY '%TE'EI (6PITB'5)§5I3P&GF1(§P§'L{§“ g;acra@mmr&hn@mwf%mse filet her

500 (25, P PR AIGIPRSh bR e TR SRS ) - pyr ol
idine-2- qmcbﬁi(ytlth@qaeatdraied disgn brcﬁ tonater@OamEp Tinei mixturie is extracted

2S, 3R) -

(yrroll)dl g—‘é{%ﬁ%@&é r]edc’&%hﬁ exXtigg 2?'%13%5% @%ﬁ&bﬁa E&'dE%XO BO% S
added ph&n@f‘ehyémmﬂe‘l‘ﬂe‘ﬂés@ue%ﬁﬁlﬂﬁﬂ[ﬁy)ﬂ&h dhrématoﬁfé;ﬂfy @ilicargeng at r.t. for
30 mn, i s added in one portion, A After stirring

at r.t. xaﬂeétﬂﬁg‘lg iHe nrealélﬁlaﬂﬁlm ol ilhe ﬁeﬂow.qﬂlﬁ dissalved I80 m - of et her
d T t th

2Pude“"5‘féb§91 tfehea0thL RTFR (OTHE) &' atifed o it FREBARITES BToBRE 108

pale i qdednpemerfgl;3 h3a fw/ﬁ"uxt(lml\@ canceriftedhand tenfeasidueds dissehed-if2- 20) . 52

ﬁi’ﬁrg Z)?r‘%(gﬁ% %‘Iqﬁ%{jpﬁld](lﬁ)s%nc} Bﬁlétrnléfd pryse)tura‘f’ecf‘ sodium bicarbonate. The

(2S, 3R) - %oﬁﬁ:oﬁmaﬂfébfé@mutn%ﬂﬂ@mhhéthéné gﬁboinmhenw orglahld extidicid el di ne- 2-
carboxylic acid ethyl ester(340 is dissolved in 20 m - of
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 ~Boc-L-cyclohexylglycine (0.868 g, 3.38 mmol) in
DMF (20 mL) is added diisopropylethylamine (1.83 mL, 16.9 mmol). The mixture is
stirred for 20 minutes at room temperature. Then a solution of E, HOBt (516 mg,
3.82 mmol) and HBTU (1.448 g, 3.82 mmol) 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 dissolved in
dichloromethane (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 to provide 780 mg (52% two steps)
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McOH KOH/ H20(10 mJ5 g/5 nlL). After stirring at 80 C for 2 his, the solution

is cooled to O C and neutralized by addition of HO (37% to pH = 5. After

concentration the crude product is dissolved in 1 nm of CH2Cl 2, and filtered
through a short silica gel plug and eluted with CH2C121MeOH(9317) to give a
pal e glassy solid (250 ng, 78.9% as the acid. (NVR and MS data confirned,

U-4117-60-22): To a solution (0.05-V0.1 M of acid (1 equivalent) in DV at

r.t. is added diisopropylethylamne(5 equivalents). After stirring at r.t.

for 20mn, a solution(0.05-0.1 M of HOBT(1l.2 equivalents) and HBTU(1. 2

ctirr od Pbieits omgur S pER Y Ub Ttk Ren itk By B ERERGILSE | U e
wi t h et hehérhskerizaflod.i nes by volunme of the solution), and washed with water (

twice X3 by volunme of the solution). The conbined organic solution is
concentrated. The crude product is diluted with d-12CI2 - and dri ed over

Na2SO4, @& .y %ﬁ% %@Iﬁyﬁgﬁ@@ r } pur e
pr oduct 70%/‘3%/?2%?5 S%thlh ar]:glgB data o%ﬁ‘%ngf%l%ﬁ%%ﬁb IIF-j’r ocedure
for conp (20 mb) ismddeidalilsopropylethylamine (0.938 mL, 8.756 mmol). The mixture is
of (2S, 3R)::3- ( 2- Phe | am.no- | Ye 1z -1- t | i di,ne- 2
car boxyl lggé?i[ifbci zﬁgﬂﬁ@wse r85%4%%gm%8®%§§ﬁ§%¥'h@§%w 'B@r :'%lbne( 100
(rjrgl, 1doﬁ1maalpbhc(l) HgTW@SHGn%L).QBSSnH)rin @gﬁla(soriﬂa;.ﬂa‘mzdewme?nixﬁhe i$ eafcti onis
iluted w,t 5 -of ether and washed wt x 1 wat er,. After

dried and@UEeshfEn:h at wom tegnpgratiirg, fﬂ'ﬁf Wi@Ht@(%@hﬁﬂgo%&@%‘Bﬁh@ cl ean
product Qg N t paf Lk ivf§ i r i
(3aR 8aS) qeﬁﬁ'ea‘rﬁ%ﬂ?ﬁf* Mldﬁf'[f%% fdl‘."';?ﬁ‘e'ﬂ’y?"??&’A??“?{Lﬁb%ﬂ‘ﬁ'?d‘i'i‘?&@??gf@?{?%? cla 53
zepi ne (a@nd biive 42x54 ml).ohi® ocgavic oxtractds dried and copderd undler vegguat - - 20 C
i s added i on(0. | Al iyal I DAl I . ter
soi £ oocThB St |G bniblamhdtibfie BE0'LFaRE TEA (oTHE) & et TAE

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 dichloromethane (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% CH3CN/Hz0 in 0.5%TFA) to

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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hrs, the solution is diluted with ether(1x5 tinmes by volunme of the sol ution)
and washed with water(twice 2 tinmes by volune of the solution), dried and
concentrated. The crude product is purified by Chromatography

(CH2CI 2/ MeOH: 97/ 3) to give product(yield 70.90%. (NVMR and MS data
confirmed, U-4117-104). (3aR, 8aS)-7-Phenet hyl

-decahydro-pyrrol o[ 2, 3-c] azepine (H: A solution/suspension of reactant (<1
g) and Pd 10% on carbon (20% by weight) in MOCH (10 nL, with 2 drops of
acetic acid) in a 1000m round flask is vigorously stirred at r.t. under
hydr ogen gas (at atnosphgre pressure) froma balloon for 4-8 his. After

degassed by bewuse vac Or rebksm N, the rgact dagiurm Xt yure i iltered to
ent ragEd oproduct i & Y Luged™i th
nabl e am)unt) ut raI i zed wit 0% NHAOH to pH =

renove cagadfeh ahd
CH2C121H2 12, rea

7-8. After dri ed and eoncentrated to give product (80% -duantitative yield)
wi thout purification for the next step reaction. (NVR and M5 data
confirmed, U-4117-105). (9 - N-(ﬁ\/\l Cyc | ohexyl-2-{(2S,3R)-2-](ethyl-ph a
net hyl - am me@) - met byl | - LYDTBS

3- et hy - pgeEan dilQ-JL- §13- 2 "_Q‘EIWI W’T am no-WWound
23): Prepar ed from conpound H fonflovm ng the procedures estab et¥in Schene
5. Exanple 3 54 i0 NK NaBH(OQAc)s + ° .0 *T 11%/ -1 ok D1 ~ ™

D9 HoﬁTn Y

HATumoBT QJQJ;? {
DIPEADMF giAPTEAwa?nBFT 0N
TFA
chiral separation
2
Scheme 7

Compound I. Compounds G (122 mg,t mmole) and H (226 mg,1 mmole) are
dissolved in 5 mL DME. To this a mixture of 1 mL 2 N aq. Na,COs and 50 mg
Tetrakis is added. The resulting mixture is degassed for 5 minutes, stirred at 80 °C
for 6 h, cooled down to room temperature, and concentrated. The residue is purified
by flash chromatography (ethyl acetatelhexané) to provide | as an 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 sclution of | (228 mg,1 mmole) in 5 mL
THF 0 °C. The temperature of the mixture is allowed to warm to room temperature
and further stirred overnight. The reaction is guenched by following the Fisher
methad, 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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1. NaBH( OAc) MF N f g~ HO 2. TFAICHI Cl12 H 88% E OH DI PEA, HOMIBU +

2. TFAICH C$ ry rW 52% F HO 1. D1PEA, HOBtHTBU 2. TFWCHZCI = \ 28
Schenme 6 Di phenethylamne (D). To a solution of phenyl acetal dehyde (6.0 g,
50 nmmol ) and 2- phenylethylamne in THE (200 nlL) is added sodi um
triacetoxy-borohydride drop w se. The solution is stirred under nitrogen
overni ght at roomtenperature. The solution is quenched with aq, saturated
sodi um bi carbonate (200 nL), and extracted w th EtQAc (4x100 nL). The
organi c extracts are conbi ned, dri ed and concentrat ed under vacuum The

id i i fi flash ch t / 9:1
o5 due, | B, held B0o Sl HATRRBN 4470 2 195 s OGRS 1L
Di phenet hig: (l@)'nrﬂolﬁ?/frfﬂi bl éhlardféﬁf?isf‘éfmwmﬂ@t FilteriAg Sé}’adJécbr%nﬂEtlon
(S)-2- Forrry pyrrolidine-1-carboxylic acid tert-butyl ester (1.0 g, 5.0

mol ) andYiglded PIQ@JJC&KQS 8 colartsisp Al 19%ma 88%X) is added sodium _
triacet oxXypqyRRY, @'[%Cga)g@ ufgésl?lphﬂ_l?ﬁ J?gﬁb(‘ﬁ]hfgk I2$)S 6L £ 95 ¢RO&N), Al d7 @Ien

over ni ght at roo era

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 ex{racted
with ethyl acetate (3 x 20 mi), separated, dried over NaSO, and evaporated in
vacuum (15 Tor) 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 (271 mg,1 mmol) 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 (5 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 exiraction
with 2 M hydrochioric acid (3 x 15 mL) and 4 M sodium hydroxide (3 x 20 mL). The
final solution is extracted with ethyl acetate (3 x 20 mL), separated, dried over
NazS0, and evaporated to give pure compound M, ( 214 mg, § 0%) (M +H* 238,
calc. 238)

Compound O. A mixture of compound M (237 mg,1 mmole} , compound N (257
mg,1 mmole), HBTU {460 mg, 1.2 mmole), HOBT {170 mg, 1.1 mmole), DIPEA (512
mg, 3 mmole) and 5 mL DMF is stirred overnight. The mixture is diluted with ether
(25 mL), washed with water, brine, dried over MgSQy, filtered, and concentrated.
The resulting residue is treated with 2 mL of CH2ClL/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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guenched with aqg. saturated sodi um bi carbonate (40 nmL). The m xture is
extracted with EtOAc (4x50 nL). The organic extracts are conbi ned, dried
and concentrated wunder vacuum The residue is purified by flash

chromat ography (silica gel; Hexane/EtOAc 4:1) to provide a yellow oil. The
yellow oil is dissolved in dichloronmethane (20 nL), TFA (10 nlL) is added
and the mxture is stirred at room tenperature for 3 h. The mxture is
concentrated and the residue is dissolved in dichloronethane (100 m-) and
neutralized with saturated sodi um bi carbonate. The solution is extracted

i th dich] t 3x50 . Th ' tract nbi ned, dri ed

and conc ORPBOURE 4aq A MOUERRCOB GG O LT Gty | (BRIeT8he) | of the title
q ted . : L o

Char et o R R R e B D . Py re

(0. 868 gmraclel QItEA) (518 meonEmpeaehand 3anla B iscitiredprvesyiobt. ipleamixtiee (1. 83

nL, 16.9; . ' i | LR ' ture.

Then o o8 Ged wil Suferipdifly, fasfied Wil pife Uikl GibrigGO% RtefdS" 2517 ©

mol ) i naﬁd/léoﬁﬁ&trdril&d.i zmlammuut 'nng:dgj&islﬂl%gé&witlsﬂinglt eﬂCHﬁG(tjzmT Eht(‘lbl'?,_ r Iolom

t enper at ur.e na t he Il ute er a sned. sequ ] a

wth o e Ris b 5T chnedied infs vAcWD GhHInreaTamAIZarap E AR 1)

and bri neofdsaRd B)as o Bae%g_@agids@gg,«tagmg,i B9, (RG-HUBZ _ARS DRt ed under

vacuum The residue is purifi fl ash” chronmat ography (silica gel;

Hexanel Et OAc 2:3) to provide a yellow oil. The yellow oil is dissolved in
di chl oronet hane (20 nl), TFA (10 nmikxémplkedded and the mixture is stirred at
room t erfPeNa{(S)t-Cycloh@xiled+{(S)-2W el an-2yloxymiethydepyrroiidinal ol-2xodo-elty/lk2si due

i s dissolved in dichl or oneneimdafmiri®prdpjormmidaédd)r al i zed with saturated
sodi um bi carbonate. The solution is extracted wth dichl oronethane (3x50

nmL). The . organic extracts are conbined, drjed and concentrated under vacuum
to) pr ovi &g)-gg@pthgn?ggﬂg@m@xgmym-woﬂdine-‘i—carboxyllc acid fert: utyl ester,

(P). A flame dried flask charged with (S)-2-Hydroxymethy!-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 0°C under N is added a solution of
methanesulfonychioride (0.38 mL, 5 mmol) in DCM (5 mL) dropwise over 10
minutes. The reaction is stirred for 1 hour . 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 SiO; (5% 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 acid fert-butyl ester, (Q).
Sodium hydride (60%) (0.6 g, 14.4 mmol) is added to a flame dried flask charged
with indan-2-ol (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-
Methanesulfonyloxymethy!-pyrrolidine-1-carboxylic acid teri-butyl ester (P) (1 g, 3.6
mmol) in DMF (5 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 (6X), dried
and concentrated in vacuo. The residue is purified by chromatography on SiO; (5%
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of the title conpound F which is used in the next step wi thout further
purification or characterization. Conpound 26. To a solution of t

Boc-N -nethyl-L-alanine (354 ng, 1.75 mo!) in DW (20 m-) is added

di | sopropyl ethylamne (0.938 rnL, 8.75 nmol ). The m xture is stirred for 20
m nutes at roomtenperature. Then a solution of F, HOBt (267 ng, 1.98 nmmol)
and HBTU (751 ng, 1.98 mol) in DM (30 m-) is added. The m xture is
stirred for 3 h at roomtenperature, and then diluted by ether(200 m.) and
washed sequentially with 1 Mcitric acid (50nL), water (50 nL), satd. ag.

concont r BRAPHIRETS) o ol 0. 24 seof uand Finet @ 22 e Seloress heMShane (20

m ) andg qlﬁ@lﬁ(m‘&* J.s added. The mxture is stirred at roomtenperature
for 3 h and cencehtrated. The resulti ng residue is dissolved in
di chl oronet hane (100 m -) and neutralized with saturated  sodi um

bi b 1] [ ' LeeDi m). Th
or gani ¢ CIETE-E9LHEI RS F R XD SRR AR 2SR s o
Sty YK AL (455 O Sl RDLL0
. 50 e un as | = AT,
Scanpl o ndansTylRmes - aie R Sl Soxe-sviabameybay ey iy o
- " B- OH doif¥t-buly! ested (é} (054 gJ1 minbiis 8BSEved/RTEM (8mL) and treated with
trifluoroacetic acid (4 mL) 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 (MH+).

Example 6

NMP, 195°C, 20min A :z o B

53% -789C
~80%

(8.S)EBTHITIF, HOBL, HBTU DIPEA

oy
PhSiH,, MeCH, pyrrolidine ©/ \© H %“M
c

THF, 16hrs.
48%

L2
@DO..Qh@ =5 (Y O }—*O

Q NHBoc
D

HOBt, HETUY, DIPEA O TFA
— i r———
SReHS
M,H,uﬂnu

NHBoc
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chinfnn I HyOVapCO Irt I I NCI N THFI.7MH Ho 0 8 b Q HO ~( Q N Cal
HATI NHOBT O HATUMOBT O Q PEA/ QW NH2 Q PEAI OVF ONH TFA O TFA ywy P9
chiral separation Schene 7 Conpound 1. Conpounds G (122 ng,1 nmole) and H
(226 nmy,1 mole) are dissolved in 5 nL DME. To this a mxture of 1 nL 2 N
aq. 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 roomtenperature,
and concentrated, Tide residue is purified by flash chromatography (ethyl
acet at et hexane) to provide | as an anber oil (204 ng, 90% . The crude

pr oduct urth 1fic tion or
char act e %ﬁ? 9ﬁ%%ﬁwe{m l%g@hh%) 0%6@%@)@)81‘1;@%%(@%%“ ' 1(226
ng, i mmbnénol it 1LBmiMdB, Bope &5 itjer(pmrags;r‘gnmbi)tm Ewu%@rbﬁnabl owed to
warmto er at.yr an er ir ni ght e reaction is
quenched'% @gs]f &%r%ﬂh“ﬁb IR ﬁ@lp?fdlﬂ R’QEFRSLGt 19576 201kl miactes i @ mipmERYe o
provide i’hé?&efbr@é&r@oﬁ@?ﬁmﬁir& & ﬁ@é’remmag% LA oe‘méléﬁ&’ tHH fedidueis! N next
reaction w thout™ further purification of characterization.

washed with EtOAc (1 x 20mL). The filtrate is diluted with 4N NaOH (200ml) and

extracted with EtOAc (3 x 100mL). The organics were combined, dried over

Na,;SOy, filtered and concentrated under reduced pressures to give crude product as

a yellow oil which is purified by column chromatography {(100% hexanes) to give 1-

bromo-3-phenoxy-benzene as a coloriess oit (1.4g, 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, 40.6mmo!) in anhydrous THF (100mL) and
under nitrogen is added n-Buli (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-(tert-
Butoxycarbonyl)-2-pyrrolidionone in anhydrous THF (50mL) under nitrogen via
cannufa. The resulting mixture is allowed to warm to room temperature overnight
before being quenched with water (200mL.) and exftracted with EtOAc (3 x 100mL).
The organics were collected, dried over Na,;SQy, filtered and concentrated under
reduced pressures. The residue is dissolved in CHzClz (20mL) and TFA (10mL) is
added with stirring. The mixture is stirred for 30 minutes and quenched over ice cold
sat. NaHCO3, extracted with CH2Clz (3 x 100mL.) and the organics were combined,
dried over Nap;SQy, filtered and concentrated under reduced préssures. The residue
is purified by silica gel column chromatography (20% EtOAc/Hexanes) to give 5-(3-
phenoxy-phenyl)-3,4-dihydro-2H-pyrrole as fight yellow oil (6.19, 63%). LCMS m/z
238 (M+1).

(S)-2-(3-Phenoxy-phenyl)-pyrrolidine {C): To oven dried round bottom flask is
added S,S-EBTHITIFZ (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 (100uL,
1.1mmol). The resulting yellow mixture is stirred for 45minutes until green colfor
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58 Conmpound K. The suspension of conpound J (198 ng, 1 mmole) and M2 (870
nmg, 10 mmole) in 15 nL chloroformis stirred overnight. Filtering and
concentration vyielded product K as a colorless oil (192 ng, 98%. 'H NWR
(CDCI3) 6 9.96 (s, 1 H, 7.72 (s,2H), 7.47 (s, 2H), 7.15-7.35 (m5H), 4.07
(s, 2H) Conmpound L. A m xture of 3-chioropropyl am ne hydrochl oride ( 140
ng, 1.1 mmol ), al dehyde K (196 ng, 1.0 mmi), and sodi um carbonate (212 ng,
2 mol) in water - (10 nmL) is stirred overnight at roomtenperature. The
resulting solution is extracted wth ethyl acetate (3 x 20 nL), separated,

dried Na . z ' H
bur o or | PerEefesd BaISHE) A Shetdo B4 huaRE Pt T oR i thout
further paIOBINERAY hoTHF (HhithHs 24484 t@%écatawaﬁa@m@qumrétus Eﬁﬂr@@fdrdﬁl%l Ny, i

mmol) is added to a blue suspension of |it 10 nmmol ) and

2 oat al ytme Eastioh IoPATEB ApB0GMS WEh 16%HOI (1080 HotLass Srorvien (5 me)’ ai

-78 C. T r

Reacti on |s que émd]%e\ﬁ%?v&ée&'%g ec@ (E{ @m’%tg@é%g tenp)era[ure(#'(r?%u?i se to
20 C. Thdayersalreinnged,oieutratized with 3M N&dH (Hond) eniibsasieand axtrdeﬂadsrath

extracti Wi . ochlori.c acid 5 di dro de
(3 550" e A FoolY “HF HieHhies B8iesdrahifed Yieliohel e SQbuitired B 50
n), sepacfoaicedtral@wLﬁfaeamuoew&@%re@dmaa@m@sﬁﬂxeﬁ@pqnﬁe@l tnuéuﬁwg@lpound M (
214 ng, 90%; (M +H+ 238, alc . A mxture of conmpound M

(237 ny 1cqmn§ﬁr°fe6tﬁﬁtﬂﬂw Q%#OA@ ta gm(ﬁér)? (%némombeng -PyIoligiaee) ,
HOBT (17 d 5 nL DW t d
over nfgh%ﬂﬁg%$§%¢g@?ggi'l ut éd V\A%me@% Wﬁg?) , washed wit Ihsvv:lt |e;re

brine, dried over MgSO4, filtered, and concentrat ed. The resul ting residue
's treat eRSWI té]yc%oﬂtxﬁ-z-oxocz\l ﬁéiEEA(S-p]ﬁ 11'?dx heny?)dpyrrollém 1-yl]-ethyl}-

carbamic acid tert-butyl ester (D): (S)-2-(3-phenoxy-phenyl)-pyrrolidine (1.2g,

5.02mmol) is added to a solution of Bog-L-a-cyclohexylglycine {1.42g, 5.2mmol),
HOBt (1.0g, 7.53mmol) and HBTU (2.86g, 7.53mmeol) in 10mL of DMF. Hunig's
base (3.6MI], 20mmol) 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 NapSOy, filtered, concentrated under reduced
pressures and purified by silica gel column chromatography (20% EtOAc/Hexanes)
to give {(8)-1-cyclohexyl-2-0x0-2-{(S)-2-(3-phenoxy-phenyl)-pyrrolidine-1-yll-ethyi}-
cabamic acid terf-butyl ester as a white powder (1.65 g, 66%). LCMS m/z 479.2
(M+1),

*a

(S)-2-Amino-2-cyclohexyl-1-[(8)-2-(3-phenoxy-phenyl})-pyrrolidin-1-ylj-ethanone
(E): To a solution of {(S)-1-cyclohexyl-2-oxo-2-{(S)-2-(3-phenoxy-phenyl)-pyrrolidine-
1-yi]-ethyl}-carbamic acid tert-butyl ester in CHzCl, {20mL) is added TFA (10mL) and
the mixture is stirred for 30 minutes. The mixture is concentrated under reduced
pressures to give (8)-2-amino-2-cyclohexyl-1-[(S)-2-(3-phenoxy-phenyl)-pyrrolidin-1-
ylJ-ethanone as a TFA salt quantitavely (1.65g). LCMS m/z 379 (M+1).

({(S)-1-{(S)-1-Cyclohexyl-2-0x0-2-[(S)-2-({3-phenoxy-phenyl}-pyrrolidin-1-yI]-
ethylcarbamoy!}-ethyl)-methyl-carbamic acid tert-butyl ester (F): To a solution of
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concentrated to provided product O as a pale yellow solid (320 ng, 85%; (M
+H+ 377, talc. 377). 59 Conpound 32. A mixture of conmpound O (376 ng, 1
nmol e), t-Boc-N- nethylalanine P (203 ng,1 mol e), HBTU (460 ng, 1.2 nmole),
HOBT (170 ng, 1.1 mole), D PEA (512 ng, 3 nmole) and 5 nL OW is stirred
overnight. The m xture is diluted wwth ether (25 nL), washed with water,
brine, dried over MgSO4, filtered, and concentrated. The resulting residue
is treated with 2 nL of CH2CI2 ITFA (1/1), stirred for 2 h and concentrated
under vacuum Col unm chronmat ogr aphy pr ovided conpound 32 as a pale yellow

(51 BBl iy ¢ ok o Ry o, v

-pyrrol i gigyut 2’0# -8 1 PR cﬁ{?ﬁ\%MF%‘lOﬁiﬁ? YAduEd )2 ! B)ut yl

(S) - 2- Met hanesul T onyl oxy ?/ }/rro I di ne-1-car boxyl i c acid
ester, (¥Pphepoyphanydepyrlidinatiylletbanone avd BIPEA (3mL, 17. 25mmot) The

bl ) o RDS e S@ipuBE spa LR BudfAm did aprgbih (5 9 °
mTPIh;nle:tﬁt?gﬁ(QgﬁIn@r"iﬂg emwﬂgwﬁwg rrrmll:"ﬂ‘iedO:hw’:i w;r%iel_z)SO.‘;glt%;ege over 10

ninutes. ‘ﬂeﬁ égg??qP@ésﬁ?rsafwem@P%ﬂWF of DCM (100 nl),
the rea@hrd?ﬁategparpr\yqsm% meﬂﬁé%)%gi?&thé‘bk{%ﬂcﬂgé gt(%ﬁmc[y‘e Réfin vacuo.

The residue is Xanes) to

ronat ogr
give 1. 38-ayoct-l(Shi: Rephenand ey )@yrrelodi’r%-ya@mwear@amw&r@hthbyu
(=5 250 b o R o D L B 21
a flame dried flask charged wth indan-2-ol (0. 965 g, 7.2 mmoi) and
glon glut M;(Eg)g)f%{n cgqpéﬁuyY{:%?)((g-% f& -2-(3-1:.81en(ta:l(;lqrE enyl)-BgrerBlly n-13 q]-Stl rred for
ethyl}-2-methylamino-propionamide(45): To a solution of ({(S) 1-{(5)-1-cyclohexyl-
2-0x0-2-{(8)-2-(3-phenoxy-phenyl)-pyrrolodin-1-yl]-ethylcarbamoyi}-ethyl}-methyl-
carbamic acis tert-butyl ester (450mgs, 0.79mmol) in CHxCl (20mL) is added TFA
(10mL) and stirred for 30 minutes. The mixture is concentrated 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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Met hanesul f onyl oxynet hyl - pyrrolidine-I-carboxylic acid tart butyl ester (P)
(1 g, 3.6 mmol) in DMV (5 mM-) is added dropwise to the reaction mxture in
such a manner as to maintain OC. The reaction is stirred at 60 C for one
hour, cooled to 0C, quenched with brine, diluted with Et OAc, washed
repeatedly with brine (6X), dried and concentrated in vacuo. The residue is
purified by chromatography on SiQ2 (5% 60 Et OAc/ Hexanes) to give 0.20 g of
i ndanyl ether (Q as a clear colorless oil: LCMS (ES) 340.17 (M\a+).
(S)-N{(S)-i -Cycioh exyl-2-[(S)-2-(inda n-2-yl oxynethyl)-pyrrof
I di n-1-yl]-2-o0xo0- ethyl}-2-nmethyl am no-propi onam de, (34).
((S) 1-{(S)-1-Cycl ohexyl -2-[(S)-2- (indan-2-yloxynethyl)-pyrrolid

1-yl'| - 2- oxo- et hyl car banoyl ) - et hylgxdmfs?gl-carbarn'c acid tent-butyl ester
(Q) (0,54 g, 1 mol) is dissolved in DCM (b6nL) and treated with
trifluoroacetic acid (4 nL) for 45 mnutes The reactlon g xture is

concentrate N vaslee purifj ed; t|ve rever se hplc to give
0.096 g of Mnetl‘%ﬂ'm ne eﬁr gum 442 26 (M) .
Exanple 6 Sr Sr HO Cu, O 0 sr I~| ol~ aNWF’"‘""I?B“I", 20m n A
sOB 53%-750C -60% (S,S)-EBTH TI F3 1\ Ol H?t HBTU, DI FEA
PhSHH' McON, pyrrolidine THE, M4&. XO-xxw 88% Ol

= o 2 Lol

T‘o o
TFADCH r = HBTU, HON. MEA

[1]
Q
TRNDCM
————— N=
. ’LQ
N

(S)-2-(1H-Tetrazol-5-yl)-pyrrolidine-i-carboxylic acid tert-butyl ester (A). To a
solution of (8)-2-Cyano-pyrrolidine-1-carboxylic acid tert-butyl ester (500 mg, 2.55
mmoi) in N, N-dimethyl-formamide (20 mL) is added sodium azide (174 mg, 2.68
mmol) and ammonium chioride (150 mg, 2.81 mmol). The solution is stirred at 93°C

over night. The solution is poured into 5% citric acid solution with ice, and the
mixture is extracted with EtOAc. The organic extract is washed with brine, dried and
‘concentrated under vacuum. The crude oil is used directly in the next step without
further purification. M+H"= 240.

(S)-2-(2-Benzyi-2H-tetrazol-5-yl)-pyrrolidine-1-carboxylic acid tert-butyl ester

(B). To a solution of crude compound A in N, N-dimethyl-formamide (5 mL) is added
K2C0s (1.16 g, 8.4 mmo!) and benzy! bromide (665 ul, 5.6 mmol). The solution is
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48%/~'~ C (M O( ) TFA ~., 0 NHBoc CH2Cl11 0 1 ~.,..~NH E D HOBt, HBTU,
DIPEA O TFA N ggggg I I - OCH2Cl, ION 1NHeoc (~\) FCCOO,...~N
\1-1 TFA /1/-~N NH= x 61 1-Brono-3-phenoxy-benzene (A A m xture of

di bronobenzene (3g, 12.75mmmol ), phenol (1g, 10.6mmvl), copper(l) oxide
(152ngs, | mmol), and cesium carbonate (3.46g, 10.emmol) in 8nmL of NWMP is
heated at 195C for 20 mnutes in a mcrowave. The heterogeneous m xture is
filtered through a bed of Celite and the residue is washed with EtQAc (1 X
20mL). The filtrate is diluted with 1 N NaOH (200n1_) and extracted with

Et OAc (3 nbi ned, d filtered
2nd. ConcoTPARLIm ImPTETEdd b s T BIALE  bleSaE EROAa at0 vRSheg yel | ow
oi | whi cbwmﬁarmérIfnee&gawcqﬁﬁmdﬁba@mt&%aﬂmeé i:ﬂ@%gé@a@ﬁes)rhé@eﬂw@ 1-

br ono- 3- phenoxy- benzene as col orless oi CVS mlz 250 (M1).

5- ( 3- Phar$ bbtryﬁeﬂrmhﬂawtmlwna|qh»m@tomrawr(r@wanq®gt0ﬁ® ta pgeyide drungoh (- 780)
of 1- b iy BIREGHA PSSOl Ba kbt md O BTBRher eBicANBAEP S 2IE (1 COTL)

Benzyl-1H-tetrazol-5-yl)-pyrrolidine-1-carboxylic acid tert-butyl 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 B in
DCM (5 mL) is added triethylsilane (479 uL, 3.0 mmol} and then TFA (5 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-Benzyi-2H-tetrazol-5-yl}-pyrrolidin-1-yl]-1-cyclohexyl-2-oxo-ethyl}-
carbamic acid tert-butyl ester (E). To a solution of (S)-tert-butoxycarbonylamino-
cyclohexyl-acetic acid (123.8 mg, 0.48 mmol) in DMA (5 mL) is added HBTU (248.8
mg, 0.656 mmol), HOBt (88.6 mg, 0.656 mmol) and diisopropylethylamine (305 ul,
1.75 mmol). The mixture is stirred 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, NaHCQO;(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 titte compound 190mg (92%). M+H*= 369.

2-Amino-1-[(S)-2-{2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin-1-yi}-2-cyclohexyl-
ethanone; compound with trifluoro-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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under nitrogen is added n-BuLi (1.6M 44.7mol, 27nL). The m xture is
allowed to stir for 30 mnutes before being added to a cold solution (-78C)
of 1 -(tert Butoxyca rbonyl)-2-pyrro lid ionon a in anhydrous THE (50nl)
under nitrogen via cannula. The resulting mxture is allowed to warmto
room tenperature overnight before being quenched wth water (200n.) and
extracted with EtOAc (3 x | OOm.). The organics were collected, dried over
Na2SO4, filtered and concentrated under reduced pressures. The residue is
di ssolved in CH2Cl 2 (20nL) and TFA (10mL) is added with stirring. The

m xture | tirred for 30 tes a ench oyer. j ce | d at. NaHCGs,
ex;(r ;ct ehghﬁf{h [@Z TJ?%WE’? ﬂgdﬂﬁampﬁam ¥ 'PHC@QTPBWI‘I IX0-qr i ed
over Na2 ?&ﬁ' r The resi due
is'purifie I%{/rbéf'ﬁ ca ge ljco| unglt‘E roﬁgte(?gég ?%%%?W%q?anes) to give
5- ( 3- phwuuqn@fhéﬁ)ﬂa( -hutawqambw:y}mqipylfameo ullyngﬁpidy(éﬁl%mgoﬂl%w 1g,

2% L HALR A AL bk TSR RO 5,

di l ut ed wminidd) éiidEdviéijph)pyléilh?Iaf'rilne K190l Sbahﬂdolanﬂfhemlgﬂde isi sthrrea glanomTo t he

(oot “Eripaiye for kmilwGa: Aronleniot sbmAOHEE DEM L) IS 4R e ng

yel | ow ”hBé\}érrﬁndtlﬁesét'WCedl‘ eQ@aéﬁtfﬁ ﬁﬂs&&'ﬁe i 3tifrkd qmﬁimahséraﬁ%eﬁswhahﬁd A
solution of 5- phenoxy-phenyl) - 3, 4-di hydro- 2H pyrrol e (1. 2g, nmmoi) in

THE (2ni3nd gom@atecbum&f wuamyé’heaa@iduﬁ@ giutedwih EOAC rTrF@Drgamcas hrs.
D ac a8t i BRbLbl AR B G AR B gl 8 Lo
aqueous isltayedried ahdmnedntratedhndérvaid:um.thhébhmecaﬂ i¢ 8ot direotly In thesi ¢ and
Na2sos, - nefclar e TugBereiticaian WHREE ®aduced pr essures. The sofid
residue is purifed by silica gel

(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.

87



col utm chr omat ogr aphy (100% Et OAc) to give
(S)-2-(3-phenoxy-phenyl)-pyrrolidine as a yellow solid (580rngs, 48% . LCMVS
mz 240.1 (Mt1).

{(S)-1-Cycl ohexyl - 2-o0xo0-2-[ (S) - 2- (3- phenoxy- phenyl )-pyrrolidin-1-yl]-ethyl}-
carbamc acid tert-butyl ester (D): (S)-2-(3-phenoxy-phenyl)-pyrrolidine
(1.2g, 5.02mvol) is added to a solution of Boc-L-a-cycl ohexyl gl ycine
(1.42g, 5.2mmol), HOBt (1.0g, 7.53mmol) and HBTU (2.66g, 7.53nmol) in 10nL
of DMF. Hunig's base (3.6M, 20mmvl) is added and the m xture is stirred for
30 mnutes. The mxture is diluted with brine (20nL.) and extracted with

Et CAc (3 x 10nL). The organics were conbined, dried over Na2SO4i filtered,
concentrated under reduced pressurggampggurified by silica gel colum

chr omat ogr aphy (20% Et CAc/ Hexanes) to give

{(S)-1-cyclohexy!l - 2- 0x05.2pf (S) - 2 (3- p noyy- phenyl) -pyrrolidine-1-yl]-ethyl}
- cabani ¢ ad) dit er't - BT yTP%ast ﬁ ’%nﬂler (TFAG5 g [‘Bagej‘oquys m z
479.2 (M¥1) e 9% N

(S)-2-Am no- 2-cycl ohexyl -1-[(S)-2-(3- pheno;y phenyl ) -pyrrolidingl-yl]-ethano

ne (E): To a solution of

{(S)-1-cycl ohexyl -2-0x0-2-[(S)-2-(3- phenoxy phenyl ) -pyrrolidine-

1-ylj-ethyl)-carbanmic acid t ster in CH2Cl 2 oni added TFA
ST o o

(10nmL) and E@*@%%!gﬁ N O mifgytes. The“giX ure’ iry

concentr at e Sstires to gi Mo—n HN. =0 H

(S) - 2- am no- SuGMEhdhapy| - | - [ 48) - 2- (3- phenoxy- phenyl ) - pyxrolidin-I-
yl]-ethanone as a TFA salt quahtitavely (1.65g). LCMS 379 (M+l).
((S)-1-{(S)-1-Cyc | o h exyl-2-%x0-2-[(9)-2-(3-ph a noxXy-pheByl)-pyrrol i d
i n-1-yl]- ethyl carbanmoyl }-ethyl)-nethyl-carbamc acid tert-butyl ester (F):
To a solution of 63 Boc-N-nethyl-L-alanine (771ngs, 3.79mmol ), HOBt (700nys,
5.17mml ), and HBTU (2.0Qg, 5.17mml) in DVF (10m) is added :

(S)-2-am no- M%ﬁﬁ%ﬁ%w - - (S)gl_g N.
(3- phenoxy- EaaRkh).o-mkd 00di - thanone apg DI PEA (3 .95l ). The

mxture is S-t—l--l’-l’_e.d_f_.O-L.?:O‘m %.ddl|ut.e.d_lALth prj\lren M) and
extracted with boco

2-(Benzyloxyimino-methyl}-pyrrolidine-1-carboxyllc acid 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. The: c;rganic layer is
combined, dried, and concentrated under vacuum. The residue is purified by flash
chromatography (silica gel; from 50% to 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-oxime {B). The solution 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 at room
temperature. Solvent is removed. The crude product is carried to next step without
further purification. M+H"=205.1
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Et OAc (3 x 10nL). The organics were conbined, dried over Na2S04, filtered,
concentrated under reduced pressures and purified by silica gel colum
chr omat ogr aphy (50% Et QAc/ Hexanes) to give the product ((S)

1-{(S)-1-cycl ohexyl -

2- 0X0-2-[(S) - 2- ( 3- phenoxy- phenyl ) - pyrrol odi n-1-yl ] -et hyl ca

rbanoyl )-ethyl)-nmethyl - carbamc acis tert-butyl ester as a white powder
(1.3g, 84%. LCMS mz 584 (Mrl). (S)-N-{(S)-1-Cyc |loh

exyl - 2-o0xo0-2-[ (S) - 2- (3- phenoxy- phenyl )-pyrrolid in-I -yl]-

et hyl ) - 2-met hyl am no- propi onam de(45): To a solution of ((S)

1-{(S)-1- cyclohexyl

2- 2- ,34@@@3;] 5 R t hyl) -
thgi(? caE anPc %m S te??ﬁ%djﬁfd’thw-?%l“@in%m 9I]-'H' U#dloﬁbii -2 I n CHZCI SOrrL))lrsne

added TFA:arl(sa_minacldrtartswm saterrdc)emmwiuu@sof brigel- Xytgl mne:ent rat ed

to g ve \her S8eoIeE 1ok Hiele OV T RRRRIL T, a1 (M) 64
Exanpl e diisdprpNethilaniine (BI548PC0 G8mmdtelRand \O-benzdtidzoleMHRENN-( ~ N~ E

sal_ h\N/g\ nﬁ%ﬁ#hyﬁrmmn@ég@%mnphoﬁ%l\l I_?_'Xsda, 7038mmé\H W’l dlchlgromethane - N

(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 NaHCO3; 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 1.819g (83% over 2 steps) of the title compound. M+H'=444.2

1-{(S}-2-Amino-2-cyclohexyl-acetyl)-prrolidine-2-Carbaldehyde-O-benzyl-oxime
(D). The solution of {(S)-2-[benzyloxylimino-methyl-pyrrolidine-1-yl]-1-cyclohexyl-2-
oxo-ethyl}-carbamic acid tert-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-methyl)-pyrrolidine-1-yl]- 1-cyclohexyl-2-oxo-
ethylcarbamoyl}-ethyl)-methyl-carbamic acid tert-butyl ester {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, 5.95mmole} in
dichloromethane is stirred for 15 minutes at room temperature. A solution of 1-{(S)-
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 three
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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O OWGCM E 1~IN | +~H~ Nx k O~ HD TFAgq= " kI BTtk HOK pFA UJAOCOCCM N NM X
NON O O TFENGCM (S)-2-(1H Tetrazol -5-yl)-pyrrolidine-I-carboxylic acid tent
butyl ester (A). To a solution of (8)-2-Cyano-pyrrolidine-I-carboxylic acid
tert-butyl ester (500 ng, 2.55 mmol) in N, N-dinethyl-formamde (20 m-) is
added sodium azide (174 ng, 2.68 mmol) and ammoni um chl oride (150 ny, 2.81
nmmol ). The solution is stirred at 93C over night. The solution is poured
into 5%citric acid solution with ice, and the mxture is extracted with

Et OAc. The organic extract is washed with brine, dried and -concentrated

under vacuum The crude oil is used directly in the next, ste%without
further gapeentraied gpdegyaguum e residue is carried to next step without turther

(S)-2-(2- e Er et -5-yl)-pyrrolidine-l-carboxylic acid tert-butyl
ester (Sﬁﬁﬁ%ﬁoﬁgllﬁ-ﬁgg%f crude conpound A in N, N-dinethyl-formamde (5
m-) is added K2CO3 (1.16 g, 8.4 mvol) and benzyl brom de (665 uL, 5.6

o) VI8 AP Dot Sae e TSR S0 BB
concent r F-mdthyldAiinBropionathRie(8) THERolution of ((S)-1-{(S)-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 (0.66g) is purified by HPLC (C18 silica gel, from 10% to

70% of CH3CN /H0 in 0.1% TFA) to provide 0.058g of the title compound as TFA ‘

salt of isomeric mixtures, M+H'=429.4,

Examples 8-78

The following compounds are prepared by methods analogous to those described

herein utilizing analogous starting materials:

Compound Structure Example Number

.
/(H Example 9

o
MS ES| 455.34 (M+H)*

0
i
A
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is purified by flash colum chromat ography (Hexanes/EtQAc) to provide 404 ng

the title conmpound MtH+= 330, and 401 ng of the other
-5-yl)-pyrrolidine-1-carboxylic acid tert-butyl

of

(S)-2-(1- Benzyl-1 Htetrazol

ester (C. MtH+= 330. Conbined yield
2- Benzyl -5-(S) - pyrrol di ne-2-yl

in DCM (5 nl)

m.). The solution is stirred at room

vacuum The c
purification.

rude oi

-2H-tetrazolo (D).
is added triethylsilane (479 uL, 3.0 nmol) and then TFA (5

reg

is 87%for 2 steps.
To a solutio
1 hr

tenperature for an

-2H-tetrazol -5-y

n-1-yl]- 1-cyclohexyl-2-oxo-ethyi,) - [fcarbam c acid tart-butyl
sol ution of (|8)-tert-butoxycarbon) B po- Chyhexyl-acetic
0.48 mmol) i DVA (5 nl) HBTJE?Q'Z@!% mg, 0. 656 mol
ny, O.656 rrm:ls pr et Yl afri ne (305 uL, 1.75 nmol
is stirred at oIt e 5m . ut j.pn of
DCM (5nl) i s |added Yo thefabave nlxtuTQR§§§B&?$¥§3h?' gtion
stirred at rgom tenper 1 houf and concentrated under
residue is dijluted with EtHOAc. The organic is washed with br
aC| d( 5% , brl Re- l\lﬁl—lf‘m/ Sat- \ ﬁnrl hr ne- i

2

and concentr

ted under vacuun1 Ihe r

e—7the—organi-cl-ayer—H
=sidue is purified by fl

I
Jé
cid (123.8 nmg,

chr omat ogr aphy (Fbxanes/EtOAc) ekslapibhe titl e conmpound
M-H+= 369. i-Anlno 1- [(S) &zy -2F+tetrazo-6-yi)-pyr
olidin-1-yl]- Iohexy - none; g¢onpound with trifl uoro-
(F). To a soI ; ed TFA
The solution{is stlrre at] r o terrpﬁgréleﬂ?éd# i hr “and dri
vacuum The drude oil i directly in the next step wth
purification. N%FH— 369. 66
((S)-1-( 2-{( —2=t2=Benzyt—2HHtetrazof=—5—y+r—pyr+roet-tedin—t=y
exyl - 2- oxo- |
HN NH Example 12
. OW
0
@\/\ N MS ES! 443.46 (M+H)"
N
H
[y
N | Example 13

MS ESI 443.47 (M+H)'

Example 14

MS ESI 443.48 (M+H)*

ion isoner

n of conpound B

d dried under

is used directly in the next step without further
MtH+= 230. {2-[(S)-2-(2;Benzyl

-pyrrolid!
ster (E). To a
HOBt (88.6

. The m xture
conpound D in
m xture is
vacuum

ne, citric

The

Hs then dried

ash col um
190ngy (92% .

acetic acid
(4 nm) at OC
ed under

out further

]-1-cyclo h
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et hyl car banoyl } - propyl )-net hyl -carbam c acid tart-butyl ester (G. To a
solution of (S)-2-(tert-butoxycarbonyl-nethyl-am no)-butyric acid (53.0 ng,
0.24 mmol) in DVA (2 m-) is added HBTU (125.0 ng, 0.33 moi ), HOBt (44.6
ng, 0.33 mmot) and diisopropylethylamne (192 uL, 1.1 nmmol). The m xture is
stirred at room tenperature for 5 mnutes. A solution of conpound IF in DCM
(2 mM-) is added to the above m xture at OC. The reaction mxture is
stirred at roomtenperature for 1 hour and concentrated under vacuum The
residue is diluted with EtQAc. The organic is washed with brine, citric
acid(5%, brijne, NaHCO3(Sat.) and bripe. The organic layer is then dried
and concentrdted under vacUwmgy The crpde oil is used di rectlyl in the next

step w thout [further purificatign. MHeg y
(S)-N{2-{(9} - BenzyI\Z‘l‘—l- Q;?' zol Eﬁﬁégrrol i din-1-yl]-{1-cycl ohexyl - 2-
0x0- ethyl}-2 @ | am no- butyyjamJide; | conpound with trifluorq-acetic acid
(50). To a gol™ npoundy G ™n g@ggmmﬁfwg ded THA (2 m-) at
0C. The sol utjion i &d  at om | enperature for hr and dri ed under
vacuum The drude oil } i ed by| HPLC to provide the tit|le conpound.
M-H = 467. 67 Exanpl e 8§ LNINCOI+ "ZHOPh pyAtline yJi NOPh TFA |~/ ~N, H gypp-
"t 0 Ph boo |98% boo H H-~ O PEA, HOBt, HBTU N Y OPh ~ OPh
Boo- L- a- cydohexy191lyGn OH 7FA O "tt ¥y Y .. y ry~-NH 83%yljetd over 2
st eps HN, boo )

Example 16

MS ES1 469.23 (M+H)*

no A
g
”( H | Example 17
o 0
Y
'}/\tl\l) MS ESI 415.26 (NHH)+
B4 nu
0 N_ | Exampie 18
@\/\N N

MS ES! 443,19 (M+H)"
H L] .

O
0 JS——H\ Example 19
@\/\N H N

MS ESI 443,19 (M+H)"
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Dl PEA, HOBt .
(0]

ester (A). To

pyri di ne (20ml)

ester (3.30g,
t enperature.
wi th dichloro

HBTU D Ph | 0”Ph
a solution
is added
16. 56mmol e) .
The reaction
nmet hane. The

solution is

organic | ayer is

Boo- N-nel hyLl -al eNne ~N ~ O H TFA \
0 O E 24Benzyl oxyi m no-net hyl)-pyrroiidine-|-carboxylic acid tert-butyl
of benzyl hydr oxyl am ne (2. 64q,
2-fornyl-pyrrolidine-Il-carboxylic acid tert-butyl

The solution is stirred for three hours at

16.5

"E. Y boo
6mml e) in dry

room

quenched with water and extracted

conbi ned, dri ed,

concentrated under vacuum The residue is purified by flash
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(989 of the

Pyrrolidi ne- 2}

(benzyl oxyi m
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butyl ester (

is stirred for

C. The s

1- hydr oxyl benz
19. 68mol e)

15 m nut

and _
chr omat ogr aphy.
4. 99

2_
yl ester
s stirred for
oduct is
68

| uti on of
triazol e
and

ate (2.86g,

es at room

terrper at ure.
(--1.00g, 0.4

A sol ut1 on of
0

onet harn

ol I di neg- 2-

e i s added.
Example 21

car bal dehyde- O benz

MS ESI 497.33 (M+H)"

| - oxi me

Example 22

MS ESI 487.35 (M+H)*

Example 23

o

MS ESI 468.36 (M+H)*
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The reaction solution is stirred for three hours at
quenched with saturated NaHCO3 aqueous.

t hen
di chl or onet hane. The
under vacuum The residue is

from20%to 70% of ethyl acetate in

organi c |layer is conbined, dried,

extracted wt
and c

steps) of the title conpound. MtH =444, 2
1- ((S)-2- Am no- 2-cycl ohexyl -acetyl ) -prrolidi ne-2-Carbal dehyde- O benzyl - oxi ne

M The sol ution of
{(S)-2-[benzy| oxyl i m no- net hyl - pyrr ol

diine-1-yl]-1-cycl ohexy

oxo-ethyl}-Cﬁkbanic acid tert-butyl egter (1.76g, 3.97mol e)

in dichloronethane (20nl) is stir} @gémgh@Qur. Sol vent is

vacuum The [residue is cargiedy next step without further

M+H. =344. 2 °

((S)-1-{(9)-2 Benzyl - met hyl Lebldi -yl]-1-
o- ethyl car bam'@-\e(m yl - car ban@%@asgﬁgl?téekh?ﬁqbﬁt yl est
solution of [Boc-L-a-cygl opexyl gl ycing (0.81g, 3.87mmvle),

1- hydr oxyl benzotri azol e Y0.81 g, 5.93%mmle), , diisopropyl et
(2. 05g, 15.88mmmol e), and O benzotriazgle- N N, N, N-tetranethyl
hexaf | uor ophosphate (2.35g, 5.95muol e)l in dichloronethane is
m nutes at roomtenperature. A solutign of 1-((S)-

3. 97mmol e)

eﬁ 'ﬁo
ned, idreed} and 69
Xt step without fur

saturated Na
| ayer is conb
carried to ne
(S)-N-{2-12-(
e-1-yl)-1-cyc
solution of (
nmet hyqg- pyrr ol
rbam c

| ohexyl - 2- oxo- et hyl } -

S

Y

w G~

0

onet har

tyI)- rrolidirn
I
il

Benzyi oxyl m no- met hyl - pyn
2-1
(S)-1-{(S)-2-{2-(benzyl oA
8 di ne-1-yl]-1-cycl ohexyl -

e- 2- car bal dehyde- O benz
ExatnpAgldgd. The reactio
rature and t hen quenche
d wi th dichl oronet hane.

gﬁ?i Sl
rolidin
et hyl am no- pr opi onami de
yi m no-
2- oxo- et hyl car banoyl }-e

H+=529.

Example 26

MS ESI 533.5 (M+H)"

Example 27

MS ESi 457.43 (M+H)"
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room tenperature and

h
oncentr at ed

purified by flash chromat ography (silica gel;
hexane) to provide 1.81 g (83% over 2

-2-

and TFA (10m)
F enoved under
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1 - oxi ne

N solution is
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Ne residue is
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acid tert-butyl ester (-2.1 Og, 3.97mmmoie) and TFA (20nl) in dichl oronet hane
(40mL) is stirred for a hour. Solvent is renoved under vacuum 1.36g of
crude product is obtained. The crude product (0.66g) is purified by HPLC
(A8 silica gel, from10%to 70%of CH3CN /H20 in 0.1 % TFA) to provide
0.058g of the title conpound as TFA salt of isoneric m xtures. MtH+=429. 4.
Exanples 9 - 78 The foll owi ng conpounds are prepared by nethods anal ogous to
t hose described herein utilizing anal ogous starting materials: Conpound
Structure Exanple Nunber H Exanple 9 0 0 H M5 ES! 455.34 (MtH)+ 70 R,
Exanple 10 o, "o HN MS ESI 429.46 (Mf(H)+ H Exanple 11 0 o y N M5 ESI
429.46 (M+H)'| H HI\UNWIe 12 G 31- ON M ESI 443.46 (MHH) °

Example 28

\[55\ MS ESI 443.23 (M+H)"

o 4
O\/\&))’X}T\ H”/ Example 29
%‘

MS ESt 442.65 (M+H)*

Q/\&)A/&"T\r Example 30

MS ESt1 428.62 (M+H)*

: 4 : "
Q/\ £ HT'\n/ Exampie 31
f [

MS ESI 414.30 (M+H)"
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NHr / N Exanple 13
443. 48 (M+H)°
Exanple 16 H N M5 ESI

H 71 NH Exanpl e 15

o p HN M ESI
469. 23 ( M+H) +

443. 47 (WU *
cL HN H M5 ESI

76

Example 32

MS ES! 462.0 (M+H)*

Example 33

MS ESI 422.1 (M+H)*

Example 34

MS ESI442.26 (M+H)"

Example 35

MS ESI 430.28 (M+H)*

H Exanple 14 N M5 ESI
457.27 (MH)+ N O H O

H Exanple 17 O 'p




H N M5 ESI

}}{{ OExanple 19 HN MBS ESI 443.19 (M+H)+
535.33 (MH) + 0 1-0 U H u Exanple 21 M5 ES!

Exanple 22 HN O O M5 ESI

415.26 (M+H) +

HH_HN, ]

497.35 (M+H) +

N Exanple 1 B M5 ESI
H 72 Exanpl e 20
497. 33 (MHH) +
HNN H

N

Example 36

MS ESI 446.6 (M+H)"

Example 37

MS ES| 462.6 (M+H)"

Example 38

MS ESI 478.7 (M+H)"

Example 39

MS ESI 462.3 (M+H)"

443.19 (MHH) +
o OH M ESI
HI | HM~

Example 40

MS ESI 462.3 (M+H}
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Exanmple 23 HNO OH MS ESI 469.36 (MtH)+ H 73 / N Exanple 24 N o M5 ESI
457.6 (MrH)+ Exanple 25 M5 ESI 481.7 (MtH)+ Exanple 26 M5 ESI 533.5 ( M+tH) +
Exanpl e 27 M5 ESI 457.43 (M+tH) + 74 ANN Exanple 28 M5 ESI 443.23 (MtH + o
"~ }(™ Example 29 O,~Nf NY Nl u) S M5 ESI 442.65 (MFH)+ ~" Ho
Exanmpl e 30

Exampie 41

MS ESI 437.3 (M+H)*

Example 42

MS ESI477.3 (M+H)"

Example 43

MS ESI477.3 (M+H)'

Example 44

MS ESI 464.3 (M+H)’

Example 45

MS ESI 464.3 (M+H)"
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TI MB ESI 428.62 (M+H)' Exanple 31 M H MBS ESI 414.30. (MtH) + 75 Jo
Exanple 32 N, MS ESI 462.0 (MrHy O Exanple 33 0 NN o MS ESI 422.1 (MrH)4
NH o (-\ Exanple 34 M5 ES| 442.26 (MrH)' Exanple 35 M5 ESI 430.28 (MH)'
76 Exanple 36 MS ESI 446.8 (MrH)+ Exanple 37 MS ESI 462.6 (M-H)+

Exampie 46

MS ESI 480.3 (M+H)*

Example 47

MS ESI 480.3 (M+H)"

Example 48

MS ESI 512.0 (M+H)*

Example 49

MS ESI 454.3 (M+H)*

Example 50

MS ESI| 468.3 (M+H)*
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Exanple 38 .~H | Ms ESI 478.7 (MM H)+ Hr Exanple 39 ~/H H TO M5 ESI
462.3 (MtH)+ Exanple 40 ©° H NN Ms ESI 462.3 (MtH) 77 ~ N/ ) Exanple 41
of "~ M5 ES! 437.3 (MtH)+ 1 \ N Exanple 42 n M5 ES! 477.3 (MtH)+ 1 _\ / \
Exanple 43 al " M5 ES! 477.3 (MtH)+ 1\ o0 o 1 \ Exanple 44 Q M5 ESI 464.3
(MtH)+ 1 \ Exanple 45

Example 51

MS ES! 454.3 (M+H)*

Example 52

MS ESI 468.3 (M+H)*

Example 53
MS ESI 439 (M+H)"

o \H>E‘> Example 54
Cl\)\s\\’u J’% MS ESI 453 (M+H)*
)
N

Example 55
MS ESI469.3 (M+H)*
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Hy v M5 ESI 464.3 (MtH+ 78 r's 0 \ Exanple 46 rly O O M5 ESI 480.3

(MMHH+ r ~s 0/ \ Exanple 47 O M5 ESI 480.3 (MtH' 0,.s~o0 Exanple 48 \q -
M5 ESI 512.0 (MtH)+ O Exanple 49 N Ms ESI 454.3 (MtH)+ O Exanple 50 M5
ESI 488.3 (M+H) 79 r~~N | Exanple 51 1 No o M5 ESI 454.3 (MtH)+ i oN

+
Exanple 52 Ho M5 ESI 468.3 (MtH)® o H Exanple 53

Example 56
MS ESI 523.2 (M+H)"

Example 57
MS ES! 511 (M+H)"

N Example 58
MS ES| 485 (M+H)"
0 T
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| / ~5 M5 ESlI 439 (M+H)

' 00 HHNHMI H o H Exanple 54 o M5 ESI

453

(MH)' HHN U, H Exanple 55 o H MS ESI 469.3 (MrH)+ aH H, NH so H N-
Exanpl e 56 O M5 ES| 523.2 (MH)'

Ox_NH
HNI

| H

S

O\H’;
1,"H

o Ill

\ N

s

HN-ONHO NFF ~+F

Example 59
MS ESI 509 (M+H)

Example 60
MS ESI 826 (M+H)*

Example 61
MS ESI 471.3 (M+H)"

‘-

Example 62
MS ESI 469.4 (M+H)"
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Exanpl e 57 M5 ESI
5 M5 ESI (M+H)'
H O NHH HN

511 (MrH) *
HN N

N H

""P O O HHN NH Exanple 58 _
\ EHH O0f N81 Exanple 59 a M5 ES] 509 (MH)"

Example 63
MS ESI 415.3 (M+H)”

Example 64
MS ESI 443.4 (M+H)*

Example 65

MS ESI 429.4 (M+H)"*

Example 66
MS ESI 429.4 (M+H)*

Example 67

MS ESI 539.3 (M+H)*
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H Exanple 60 MS ES|
469.4 (MrH)'
o M5 ESE 443.4 (M+H) +

62 i MS ESI
of f- "
Exanpl e 66 M5 ES
FF>r O F 83 F

826 (MrH)'

429. 4 (WP+1-i)*

F

S
g

>V'"

H 0~ Exanple 61 M5 ESI
82 % Exanple 63 MS ESI
H f Exanple 65
Exanmpl e 67 oo p\ "

471. 3
415.3 (MtH) "
o~ o M5 ESI
M5 ESI

Example 68

MS ESI 539.3 (M+H)*

(MtH) " Exanpl e
Exanpl e 64

429. 4 (MH)'

539.3 (M+H)®

Lé N
,a:@%

Example 69

MS ESI 455.3 (M+H)"

Example 70

MS ESI 455.3 (M+H)"

Example 71

MS ESI 441.3 (M+H)*
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Example 72

MS ESI 469.3(M+H)*




Exanmple 68 0 1 N Ms ESI 539.3 (MtH)' Exanple 69 M5 ESI 455.3 (MfrH+ 1 ~
Exanple 70 1~J") MS ES1455.3 (M+tH)' 1 ~ Exanple 71 N M5 ESf 441.3 (M+H) +
1~ Exanple 72 0 M5 ESI 469.3(MtH)+ )N 84 Exanple 73 0 o~(N~ M5 ESI 469.3
(MtH+ 1 ~ Exanple 74 M5 ESE 455.3 (M+tH)+ ' N Exanple 75 M5 ESI 455.3

(MeH +

Example 73

MS ESI 469.3 (M+H)"

Example 74

MS ESI 455.3 (M+H)*

Example 75

MS ESI 455.3 (M+H)*

Example 76 .
MS ESI 469.3 (M+H)*
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Exanmple 76 / o Hu M5 ESI 469.3 (MtH)+ H 85 0--,S 0o Exanple 77 )Yl 11 = M5
ESI 512,2 (MtH)+ o Exanple 78 NN \ M5 ESI 496.3 (MtH)' HIIl N O
Addi ti onal conpounds within the scope of Formula | include: o0,g Exanple 79
f ~\ NNNSES 496 (MH' H ~~I 111 F Exanple 80 0 MS ESI 498 (MtH) 86
Exanple 61 M5 ES1476 (MtH)+ [Tjy !I'" \ o Exanple 82 Ms ESI 520 (MtrH + \ !
Exanpl e 83

Example 77

MS ESI 542.2 (M+H)*

Example 78
MS ESI 496.3 (M+H)*

Additional compounds within the scope of Formula | include:

Example 79

MS ES1496 (M+H)*

bl

Example 80

MS ESI 498 (M+H)
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M5 ESI 424 (MtH)+ | HHo HIO "-J o Exanple 84\ . N1 ,~ M5 ESI 424 (MtH)+
oV 1l\ Exanple 85 MS ES! 424 (MtH)t o0 87 4 | Exanple 86 ~qq".,/ N MS ESI
396 (MtH)+ lof i Uo | Exanple 87 ~gJ~q...N M5 ESI 410 (MtH)+ 11!
Exanple 88 ~gq Ms ESI 438 (MtH)+ ! ~ o Exanple 89 M5 ESI 450 (MtH)+ 0 ! o
| ' ° Exanple 90 -~pJ~q,. M5 ESI 464 (MtH)+ 111

Q O Example 81
- &g / MS ES1476 (M+H)"
W (Y

Example 82

MS ESI 520 (M+H)"*

Example 83
MS ESI1 424 (M+H)*

Example 84
MS ESI 424 (M+H)*

Example 85
MS ESI 424 (M+H)"
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(0]

L
438 (M+H) +
465 (M+H)'
0 M5 ESI

Example 91 q M M5 ESI
0 Exanple 93 M5 ESI

465 (MrH) +

478 (MrH) + 1|

o0 0 Exanple 95 o M5 ESI
Or z O Exanple 97 !i

88 r~o
472 (MkH)+ 0 HH f
465 (M+H)'
a Ms ESI

Example 86

NO O Exanple 96

MS ESI 398 (M+H)"

Example 92 ,~~. M5 ESI
In Exanple 94 N6 M5 ESI
\'N |

466 (M+H)' 89

Example 87

MS ESI 410 (M+H)”

Example 88

MS ESI 438 (M+H)*

Example 89

MS ESI 450 (M+H)+

{ Example 90

MS ESI 464 (M+H)”

Example 91

MS ESI 478 (M+H)"
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o Exanple 98
529 (M+H)°
Exanpl e 101 MS ESI

ESI
102 MsS ESI

\4 a.,

40
423 (MrH) +

O M5 ESI

9 (MrH) + \ H-"

~N N N O 90

465 ( M+
o1\ Exanple 100 N

+
f

(MeH +

MS ESI 438 (M+H)+

N~Nf \ Exanple 9
N M5 ESI 463 (M-H)
t}y FI ,"O Il Vr\
Exanmple 103 Il }~"
Example 92

\~i I1Cl 4 M5B
HO\ N

N~ f \ Exanple

" M5 ESI 451

Example 93
MS ESI 472 (M+H)+

Example 94

MS ESI 465 (M+H)*

Example 95

MS ESI 465 (M+H)*

Example 96

MS ESI 465 (M+H)"

Example 87

MS ESI 466 (M+H)*
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IO \ N Exanple 104 N MS ES| 477 (MrH)+ HN O\ N\ Exanple 105 0 MS ES
491 (MH)+ NH.,.. NHON Exanple 106 N4 M5 ESI 485 (MiH)+ N Ho N C
"N ~ Exanple 107 M5 ESI 451 (MrH)+ \a~ 91 N1 f Exanple 108

o
@ e Example 98

MS ES! 465 (M+H)*

/
Q’ "O Example 99
e
N Q MS ESI 529 (M+H)*

i
| 9, \O Example 100
~ J\\/H 4 MS ESI 463 (M+H)*

' D Example 101
0 MS ESI 400 (M+H)*
\n o, N~ ™
. O

L/ ‘.
;
D Example 102
- ,L“,RI ) Z MS ESI 423 (M+H)*
T L/
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M5 ESI 463 (MrH)' g O ONYO

Exanpl e 110 M5 ESI 491 (M+H)'
0" F3 1 Nf Example 112 K

M5 ESI 497 (MMH)+ ~ o V

QJ
“‘u’l\g’""" o D

f Exanple 109 f MS ESI
OfOH" Exanple 111 f -
M5 ESI 531 (MtH)' D 92 w

Example 103
MS ESI1 451 (M+H)"

541 (M+H)"
MS ES1507 (MrH)'

My OO0 N\
G-y
Exanple 113 \~ - s

/
Exampile 104

MS ESI 477 (M+H)*

N
\O Example 105
J\VFH i MS ESI 491 (M+H)*
SN N ™,
! L/
{
O Example 106
- J\rn MS ESI| 485 (M+H)”
Ry, N 1»,'
VT W

Example 107
MS ESI 451 (M+H)*

1



N N1 Exanple 114 WMsS ESI 496 (MtH)+ rly o ! -w i Exanple 115 "p ML. MS ESI
478 (MtH+ p~ Ho 1 ~w Exanple 118 \ ~ F M5 ESI 496 (MtH)+ w Nom/ Fi O
NIl ~~ Exanple 117 M5 ESI 512 (MtH+ ~~ ~~ML. N MIML 93 | _ Nj \ Exanple
118 1y k'} F M5 ESI 514 (MtH)' N om O ~N Exanple 119 " MS ESI 479 (MtH)'
rly 0\ " U- Exanple 120

[
"D Example 108
- JYH MS ESI 463 (M+H)"
" N %
N L/

Example 109
MS ESI 541 (M+H)"

Example 110
MS ESI 491 (M+H)"

Example 111
MS ESI 507 (M+H)*

-
Ll

Example 112
MS ES! 531 (M+H)"




N~y M5 ESI 478 (M+rH)' \ x Exanple 121 \~ " N M5 ESI 479 (MtH)* H-y N1 o F
| ~ Exanple 122 M5 ESI 496 (M+tH)® n"y 94 Exanple 123 N H " M ESI 453
(MtH)+ a Exanple 124 a o M5 ESI 452 (MtH)+ Exanple 125 0 G N M5 ESi 467
(MtH + HO n Exanple 126 0 o ~7_Ni M5 ESI 481 (MtH)+ N O ~N 4 Exanpl e
127

Example 113
MS ESI 497 (M+H)"

Example 114
| MS ESI 496 (M+H)"

Example 115
MS ES! 478 (M+H)*

Exampile 116
MS ESI 496 (M+H)*

-
LY

Example 117
MS ESI 512 (M+H)"




M5 ESI 453 (MtH) 95 no Exanple 128 ON o M5 ESI 511 (MtH)+ \NJ'p/N "' N NH
OO o Exanple 129 NO ~, \ N N M ESI 573 (MtH + o Exanple 130 o s~IN |

M5 ESI 483 (MHH)+ N FI O N Exanple 131 o M5 ESI 468 (MtH)+ 6N6 Fi O 96 ~-o0
Exanpl e 132 U M5 ESf 454 (M+H)

|
/ ‘:; “é\ Example 118
.| MS ESI514 (M+H)*
A
L/ |

Example 119
MS ES1 479 (M+H)"

Example 120
MS ESI 478 (M+H)"

Example 121
MS ESI 479 (M+H)"

-
»

Example 122
MS ESI 496 (M+H)"




o Exanple 133 JNO M ESI 451 (M+rH)* 0 ~ Nr Exanple 134 H' 1( N O MS
E51451 (MrH) Exanple 135 14 N1 in HHr MS ESI 510 (MrH)' |i 1O O\ HN NO
F N NON Exanple 136 M5 ESI 465 (MrH) e 0 97 Exanple 137 N M ESI 484

(MeH) +

N—
,.ff\)/\@ Example 123

D MS ESI 453 (M+H)"

Example 124

MS ESI 452 (M+H)"

Example 125

MS ESI 467 (M+H)"

Example 126

MS ESI 481 (M+H)*

L]
L]

Example 127

MS ESI 453 (M+H)
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0 Exanple 138 M ESE 452 (M+H) +

~/

405 (MrH) +
( MtH) +

ESI

Exanpl e 140 N M5 ES!
98 wi
Exanpl e 144 M5 ESI

(MHH)

535 (MHH) +

Exanpl e 142 MS ESI

527 (M+H)*

o Exanple 139 NO N O M ES!

\NN NCO IO Exanple 141
473 (M+rH)+ 0 Exanple 143
O M O Exanple 145 MsS ESI

Example 128
MS ESI 511 (M+H)"

rly,

454 (MFH) +
MS ESI
MS ES[ 513
541 1 MB

Example 129

MS ESI 573 (M+H)"

Example 130
MS ESI 483 (M+H)"

Example 131
MS ESI 468 (M+H)*

96



O H O Exanpl e 146 M5 ESI
I, HO g q Exanple 148 M5 ESI
Ho 0 Exanmpl e 150 MS ESI
0 H},

(MH)

M5 ESE 483 (MHA) +

547 (M+H) 4
463 (M+H) +

Exanpl e 152 M5 ESI

505 (MH)+ k I, H 1f q

469 (MrH) +

Example 132
MS ESI 454 (M+H)*

uO M O 99 Exanple 147 M5 ESE 575 (MtH) +
Exanple 149 N "

g ~Cg Ms ESI 505
g H Exanpl e 151
100 Exanple 153

Example 133

MS ESI 451 (M+H)*

Example 134

MS ESI 451 (M+H)

Example 135

MS ESI 510 (M+H)*

Example 136

MS ESI 465 (M+H)
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""HHp M5 ESI 483 (MtH)+ H. Exanple 154 1 Hq ~Cqi M5 ESI 463 (MrH+ H }(
O Ha O Exanpl e 155 Ms ESI 447 (MtH)' M ~( OH U Exanple 156 1 " , # MS ESI
447 (MtH+ oHr o Exanple 157 M5 ESJ 448 (M+tH)' O H' O Exanple 158 ~N 1~
' ~}q M5 ESI 446 (MtH)+ ~J off 6 Exanple 159 ~~N pgi MS ESI 447 (MtH)+ O
H 101 Exanple 160 M5 ESI 441 (M+H) +

!
K_ﬂ Example 137

MS ESI 464 (M+H)*

7~ /\Q
'\J Exampile 138

MS ESI 452 (M+H)*

o
]
m Exampile 139

MS ESI 454 (M+H)*

/_/Q Example 140

N'\
o)
[r}_\/ /\© MS ESI 535 (M+H)"

—"
/\© Example 141

MS ESI 405 (M+H)"
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", 110 O H Exanple 161 \ (~) M ESI

162
164 .
H\ t

o M5 ESI 469 (MtH) +
M5 ESI 481 (MtH) +
Hr H Exanple 166

455 (MtH) +
N Np o N Exanple 163 M5 ESI
\j

Example 142

N 102 H Exanple 165 N M5 ESI

MS ES1 473 (M+H)*

487 (M+H)'

Example 143

MS ESI 5§13 (M+H)*

Example 144

MS ESI 527 (M+H)"

Exampie 145

MS ESI 541 (M+H)"

LY

Example 148

MS ESi 547 (M+H)*
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JHH O-~6'"L~ H Exanple

467 (MrH) + Exanple
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NN NH M ESI 387 (MH)" al\\rfo / H7H H mExanple 167 \ N H M5 ESI 401
(MMH)+ 'HOHF H Exanple 168 N MS ESI 415 (MFA)+ 'H Q/ E ~4H 103 H N
Exanple 169 H MS ES| 429 (MfH)+ z HO HIH/ H Exanple 170 M5 ESI 449
(M) + rl HO

Example 147
MS ESI 575 (M+H)*

Example 148
MS ESI 463 (M+H)"

Example 149
MS ESI 505 (M+H)"

Example 150
MS ESI 505 (M+H)"

Example 151
MS ES! 483 (M+H)"

Example 152
MS ESi 469 (M+H)*
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463 (M+H)®
H 104 H Exanpl e 173 MS ES|
© N

00, , 0i k k HHH/ H Exanple

Example 153
MS ESI 483 (M+H)"

413 (MH)'

Example 154
MS ESI 463 (M+H)*

Example 155
MS ESI 447 (M+H)"

Example 156
MS ES! 447 (M+H)*

Example 157
MS ESI1 448 (M+H)"

Example 158
MS ESI 446 (M+H)"

Example 159
MS ESI 447 (M+H)"

101

O w oH



|_\/

455 (MrH) +

ZHO/

H NH H Exanple 175 N MS ESI

| it NHHExanple 176 H H M5 ESl 427 (M i)+
443 (M+H) +

77 M5 ESI

H\

469 (MrH) +

H ~1H 105

HHHNHH Exanpl e 178 M5 ES1469 (MH) +

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

Example 161
MS ESI 455 (M+H)"

Example 162

MS ESI 469 (M+H)*
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Example 163

MS ESI 467 (M+H)"

Example 164

MS ESL 481 (M+H)"




OO H H HJHH Exanple 179 M5 ES1469 (MM H)+ ~H H OOH ~'H H\ Exanple 180
~pHax\ M5 ESI 401 (MFAAA+ o Ho\ / HExanple 181 HIr p wH M5 ESI
401 (MtH)+ \-b oo 106 H Exanpl e 182qr| _ M5 ESI 415 (MFtH)+ O u It H"
Example 183 \-b M5 ESI 415 (MtH)'

Example 165
MS ESI 487 (M+H)"

S

O ."d

’z,ﬂ H ©
H

Example 166
MS ESI 387 (M+H)"

Example 167
MS ESI 401 (M+H)"

Example 168
MS ESI 415 (M+H)"

g ¢ o 4
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OHOHJ' H\ J " Exanple 184 q H M5 ESI 429 (MH)'
ES| 443 (MrH)* O H\ "" N Exanple 186 H 1 M5 ESI
187 ~ Ho o MS ESI 477 (MrH)' H 107 H \NHH -

ESI 455 (MH)'

H OH. Exanple 189

463 (M+H)'
Exanple 188 FKkH NHp p M

0 Ho H Exanple 185 M5
H u H Exanpl e

Example 169
MS ESI! 429 (M+H)*

Example 170
MS ESI 449 (M+H)*

Example 171
MS ESI 463 (M+H)"

Example 172
MS ESI 441 (M+E)*
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Hp p M5 ESI 427 (M\H)' HH .. h" N Exanple 190 HHp " p _ M5 ESI 469
(MtH* H\ " Exanple 191 Hp p M5 ESI 483 (MFH)* H H\ N "" N Exanple 192
H11 # M5 ESI 441 (MH)° O Hp H\ N..""" N Exanple 193 M5 ESI 457 (M+tH)
~0 108 H Exanple 194 HO' Ms ESI 415 (MMH)+ HH Np NO /!y~ H =~ Oo
Exanmpl e 195 (S)-N-[(S)-1-Cycl ohexyl -2-((R)-2-
(6-[(2-fluoro-phenyl)-nethyl -am no] -pyridin-2-yl}-
pyrrolidin-1-yl)-2-o0xo0-ethy9-2-nethyl am no- propi onani de (78)

MS ESI 413 (M+H)*

H
w Example 173

H
(D‘ Example 174
w i MS ESI 455 (M+H)*
Q

‘ R
N
H /NH
H
(:O“ Example 175
% i MS ESI 469 (M+H)"

° ﬂ“ga o
H NH

H
(jo Example 176
N-TN
H

MS ESI 427 (M+H)*
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MCl D+ /NH + 8-8li 1 ~BBS%2 ~ BB. 1%t SS " HH+ Ac 4C Cl~ Br Acetaro |
HO+ Il | NeBHOAO~ [ + 88.1%5 D~ az R0.9% 4 Pojfdb.). OAOf~ O-0
| HAAaOH HOBFI HBFU t BuOKf 791uane N + - 88.3% 5 PNC BaeML1l DI E4ADMF {") 55.4%
8 0 90.5% TFA HOBThi B7V N yN Ww HaN ~' OH DEMVW D I C09. D 78SK 7 FFA pJ-~
"0/ 87.96 s 16 B n 4,4, N Trimethoxy-N nethyl-butyram de (1)

Example 177
MS ESI 443 (M+H)*

Example 178
MS ESi 469 (M+H)”

Example 179
MS ESI 469 (M+H)*

Example 180
MS ESi 401 (M+H)*

| Example 181
MS ES! 401 (M+H)"
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To a solution of nethyl 4,4-dinethoxy-butyrate(4.99 g, 30.8 mmol) and N, &
di net hyl hydroxyl am ne HCl (4.65 g, 47.68 mmol) in 60 nL of THE at - 20 C, is
added i sopropyl magnesi unchl ori de(46 nL, 92.28 mmol, 2. OMin THF) nai ntai ni ng
the tenperature below - 20 C. After stirring at - 10 Cfor 30 mn, the
reaction 109 m xture is quenched with 50 nL of water and extracted with 3 Xx
80 nL of EtOAc. The conbined organic |layers is dried over Na2804 and
filtered through a short silica gel plugs, The solution is concentrated to
give 4,4, N-Tri nmet hoxy-N-nmet hyl - butyram de(5.9 g, 99% as pale |iquid.
M2=191.0 N [1-Eth-(2)- ylldene 5, 5- di met hoxy- 2- oxo- pentyl ] -acrylim doyl
bromde (2) T¢ a suspenS| of 2, 6-di bronppyridine( 8.19. 34.03 nmmol) in 80

nm. of ether at-- dBuL|(12 n., 26..17 mol, 2.5 M|in Hexane)
in on portionq \3!,:57 g at - 70 C araplg; qﬁ£

4,4, N-Tri met hg - but i de(5.0 S&61415 ()" | s added to the
sol ution dropw se.® r°st|rr|n - 700 Cfor 1.5 hr, the reagtion

m xture i s quenched vvlth 120 nmL wat er [and extracted with 3 x 130 nL of
Et OAc. The conbi i i i fi y

chr omat ogr aphy
N[1-Eth-(2) -y om de(5. 96
g, 60.5% as |i
N-(1-Eth-(2) -y
solution of Ny
acrylimdoy)brdomde(7.0 g, 28.9¥ol) in a solution of acetone( {30 nL) and
water (1,5 nL) |at room tenperature, is added Anberlyse-15(20 g). {After
nmechani cal shacking for J%h roomtenperature, the reaction ixture is
filtered. The|resi # washed vmti'emplenm4(cont ain 10% ¢f Et3N).
The conbi ned or gEiN , fer e concent rjat.ed §”|Ind gowil fi,ed by ‘

chr omat ogr aphy( | . 70%2Q) to ylMSCE (M
N[I-Eth-(2)-Y i : i]- acrylimdoyl bromde(5.1£ g, 88.1%
as light yelld .9 [ M+1]

To a

Example 185
MS ESI 443 (M+H)"

Example 186
MS ESI 463 (M+H)"

b

.| Example 187
MS ESI 477 (M+H)"
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2-Brono-6-[(S)-1-((R) - 1-phenyl

g,

CH2Cl 2 at-70 C,
triacet oxybor ohydri de(l

-ethyl)-pyrrolidin-2-yi]-pyridine (

4) To a

solution of N-[1-Eth-(2)-ylidene-2,5-dioxo-pentyl]-acrylimdoyl. brom de(1.0
4.1 mol ) and R(+)-a-nethyl benzylamne(0.5 g, 4.1 mmol) in 17 nlL of
i s added acetic acid(0.6n) and sodi um
.74 g, 8.2mmol ). After stirring at - 70 C for 40
and the reaction solution is warned to

m n,

roomtenperat ur-e.

the dry ice bath is renoved,

After stirr

ing at roomtenperature overnight, t

he reaction

110 mixture Is quenched with 20 nL of water and extracted with 3 x 30 nL of

CH2Cl 2. The c¢onbi ned or ganl c | ayers were, concentrated and purified by
chr omat ogr aphy ( Hexane/ 70/ 30) to ylield
2-Brom)-6-[(S) R) - 1pe;ny-ethy|) pylr i -yi ] -pyridine(0.86 g,
62.9% as |ight ﬂw 7=332.7 [%&bwﬂ%
(Z)-N-(2-Fluofo , - [ 1- [ (|9VS ESI 455 (M+H)"
)-1-((R)-1-phe=ny| e s I*) pyrroll 2-yQ-
prop-2-en-(E)qylidet -propenam e (5) |To a solution of '
2- Bromo-6- ((S)-1-((R)-1-phenyl -ethyl)-pyrfrolidin-2-yl]-pyridine(86,5 ng,
2.57mol ), 2-f/l uro-nethyatiline(64.7 ng, |5, 14 mol) and
2- (di -cycl ohe yI ph sphl p pheny( 38 0. nmml) in 20 mt of toluene
at room t enper at ed Pd2(dba) plg , 0.13 mmol). {The
reaction m xtqr g 0 C for 2 MswsHdyy (Mhgyt cool ed fo room
tenperature. The r‘éac W@ m xtur filtered through celite, and the
filtrate is difluted €4th 50 nL o OAc and washed with 2 x 50 nii of water.
The conbi ned }jorganic Iayers wer e concentlrated and purified by
chr omat ogr aphy (CH2Cl 2/ Me 97/ 3) to gﬁl ve
(Z)-N—(2-Fluorok h nyl ) N—rmt yl-N-[1-[( #@%%—01 phenyl -et hyl) - pyrrolidi
n-2-yl]- propq2 ﬁ) W ]- propenam ny, 90 3% as pale solid.
M Z=376.0 [ Mt1] MS £S1 469 (M+H)*
(Z2)-N-(2-Fluoro-p )Hﬂ-mt@[l-[( S) - 1- ((R) - 1- phenyl -et hyll) - pyrrol i di
n-2-yl]- propq2- E) -yl idene] - penam [di ne (6)
(Z) - N-(2-Fl uono- phenyl) -N-met hyl - N -[1- ((|S) - 1- ((R) - 1- phenyl - et hyll) - pyrrol i di
n-2-yl]-prop-2- en-(E)- yIi!dene] propenam di ne(500 ng, 1.33 mmol) Jis
di ssolved in 1

Example 191

MS ESI 483 (M+H)*

Example 192
MS ES| 441 (M;l-}_-.l)+

Example 193
MS ESI 457 (M+H)"
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500 nmL round bottle flask with 300 ng of Pd/C. The reaction m xture is
stirred under H2 gas( 1 atm froma balloon for 24 hours. After degasing
under vacuum the reaction mxture is filtered to renove catal yst. The
crude product is purified by reverse phase HPLC to give give
(Z2)-N-(2-Fluoro-phenyl)-Nnmethyl-N -[1-[(S)-1-((R - 1-phenyl -et hyl) -
pyrrolidin-2-yl]-prop-2-en-(E)-ylidene]-propenamdine (200 ng, 55.4% as
yellow oil. MZ=272.07 [M1] [(5)-i

- Cycl ohexyl -2-((S)-2-{1-[(E)-(2)-N-(2-Fl uoro-phenyl)-N-nethyl -1-1m oxo-
propenyl i m noj-ally[}- pyrrolldln 1-yl)-2-pox0-ethyl]-carbamc aciq tert-butyl
ester (7) 111 To a soluytk Wﬁﬂé"yci ne(204 ny, {0. 79 mmol)
i4 | et hyl am|ne (0.58

in5 nL of oom t'mae ature ppqr
m., 3.3 mmol) sluoﬁuj AfN"e irring at ro§(rjnE errpe¢M ture for 20|m nutes, a

sol ution of N, and HBTU(325 ngy, 0.86 nmmol) [in DMF (5
m.) is added to the r dttlon i x and t he solutlonls transfierred to
anot her flaskjcontained (2Z)-N-(2- uor o- henyl )-N-net hyl -N -[(S) {1-
pyrrolidin-2-yl-prop-2-en-(E)-ylidene]-priopenam di ne(180 ng, 0.66 mmol).
After stirring for | hr, the reaction solution is diluted with EtOAc (50
m.), and washed with water (3 x 20 nlL). The conbined organic |layers is
concentrated. The crude product isBka eeqlggvlth CHzA 2 (10 nL) and dried

Na2S i f d h t (CH2C121MeOH: 97/ 3) t
(5 - 1=y e T ygehes] I&Br ‘é;f%([‘?@?ﬁt?@prmy IR L T
- I b id
Certobutyl oot erP BOSTRL W SRy AL S i hnininern RE BT B drg™ > © =
(Z2)-N-[1-[(S)-1-((S)- 2Amn02cyclohexyl acetyl)-pyrrolidin-2-yl]-prop-2-e
n-(E)- yll dene] N—(2 f | uor o- phenyl ) - N- net hyl - pr openam di ne (8) To a sol ution

of [($)-1- exyl “@- ((ByMR-{1-§( ZQ\-I\HGZ f'é.l%ﬂem bhyl -
1-i m oxo-pr en I|m+n Y - -pyrﬁ'oll n- k- yl}) -j2- oxo=ethyl carb m ¢ acid
tert-butyl este (320 rrgmo 63 mol} in CH2A27( 3 Wf’j at -20°C s added

TFA (5 M., pre-

Ambeﬂw s Acomcu,cl, { L. i .
Aoemu-l,o NaBH{OAc), é
BS.1%
-2 f
%"\é HMeOH Hosma'ru
tEluCle Toluena %’4
ss 4%

DIEA-'DMF
94.5%

4,4 N-Trimethoxy-N-methyl-butyramide (1)

To a solution of methyl 4,4-dimethoxy-butyrate(4.99 g, 30.8 mmol) and N,O-
dimethylhydroxylamine HCI(4.65 g, 47.68 mmol) in 60 mL of THF at— 20 °C, is
added isopropylmagnesiumchloride{46 mL, 92.28 mmol, 2.0M in THF) maintaining
the temperature below — 20 °C. After stirring at — 10 °C for 30 min, the reaction
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cooled to -20 C) slowy. After stirring at 0 Cfor 30 mn, the reaction

m xture is concentrated to renove nost of TFA. The residue is dissolved in
20 mL of CH2Cl 2, and neutralized with 10% NH4OH to PH=8. The solution is
dried over Na2504 and concentrated to give

(2)-N-[1-[(S)-1-((S)-2-Am no-2-cyc

| ohexyl -acetyl)-pyrrolidin-2-yl]-prop-2-en-(E)-ylidene]-N-(2-fluoro-phenyl)-
N- net hyl - propenam di ne (260 ng, quantitative) as pale gum wi t hout further
purification for next step reaction. MZ 411.2 [ M+l

- -2-{6- fl h | di
LS B Gt S0 Ry ét%%e&%%ga%%&%d%ﬁ# el aenel Pyt
tert-but Wh@é@rﬁblnéa)ordérﬁc ?éire?s RUrd Ver Na,505 ahd 'ﬁﬁé@d fhﬁ‘ot?grﬁé RbASNIZ® MU,

0.76 nmmol) room tenperature, is

di i sopr opS@l@ﬂU&Bl a'Fhm@l‘(‘hPTBB qencentratethto givest, - Vﬂmﬂthoéw M-tnnethvlng at room
t enper at T(111 ng, 0.82 mmol) and
HBTU(311%%%%#%@'%%%%3%@%(1@ dmwéﬁg ‘added to the reaction m xture,

and the solution is transferred to another flask contai ned
(2)-N-[1-1(S)-1-((S)-2-Am no- 2-cycl ohexyl -acetyl) -
pyrrol I di n-2-yi]-prop-2-en-(E)-ylidene]-N (2-fluoro-phenyl)-N nethyl-propena

m di ne (2§Q1-E¥8.(Z Z)@\aemlé-d.rﬁé ngZJo&BL;F%Vt\?I?Ia \mmud éﬂfbrbﬁﬁg& r@ SO' utlon

is diluted W|th , shed
conbi ned B@g@nsaenww Z,ﬁsilbr@nmvnﬂmeéa 1 ghid. Oa:rmu@)m odt of aethelr i ed with

(e 20 Ve 48 AARE BubRO22Y FIL 2857 a5 B i ihel Yo pRIBSIEH, OGP

fl ulo]r ?e{ohmmg atre70YC-fan® mah; ﬂyrh:l-gh?weegl?qkythétggltblﬂyMSﬁdyia e & g%d-?gts hygfgr ba
o bl F BN 16 Bl Solkios Sropme, AHBLITRG Rt 10 0dor ) 5 Tir the °° P

f1 uoro- ph@azﬂndn ding! is aﬁbﬁ&]edow&h 42014t of water and extracted with 3 x 130 m of

yl'}-pyrrolidin-1-yl)-2-oxo-ethyl]-2-nmethylam no-propl onan de (78)
sol ution Aft. vEne combined organic layers is concentrated and purified by

{(S5)-1-] (ccl‘?rc'ﬁa@é?éWﬁ&ar?elé@c}m{sﬁ) H gwé II\HHr—l‘:;mpdﬁ-y}‘bénét%fglmrﬁethoxy-z

oxo-pentyl}-acrylimidoyl bromide(5.98 g, 60.5%)} as light yellow liquid. M/Z=288.0

N-{1-Eth-(Z)-ylidene-2,5-dioxo-pentyl]-acrylimidoyl bromide (3}

To a solution of N-{1-Eth-(Z)-ylidene-5,5-dimethoxy-2-oxo-pentyl} acrylimidoy! bromide{7.0
g, 28.9 mmol} in a solution of acetone( 30 mL) and water(1.5 mL) at room temperature, is
added Amberlyse-15(20 g). After mechanical shacking for 3 hr at room temperature, the
reaction mixture is filtered. The resin beads were washed with acetone (contain 10% of
EtsN). The combined organic layers were concentrated and purified by
chromatography(Hexane/EtQAc : 70/30) to yield N-[1-Eth-(Z)-ylidene-2,5-dioxo-pentyi}-
acrylimidoyl bromide(5.18 g, 88.1%) as light yellow liquid. M/Z=421, 243.9 [M+1]

2-Bromo-6-[(S)-1-((R)-1-phenyl-athyl)-pyrrolidin-2-yl]-pyridine (4)

To a solution of N-[1-Eth-(2)-ylidene-2,5-dioxo-pentyl]-acrylimidoyl bromide(1.0 g,

4 1mmol) and R(+)-a-methylbenzylamine(0.5 g, 4.1 mmof) in 17 mL 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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am no] -pyridin-2-yl}-pyrrolidin-1-yl)-2-o0xo-ethyl carbanoyi]-ethyl}-nethyl-ca
rbamc acid tert-butyl este (300 ng, 0.50 mmol) in CHRC2 (1 mM-) at -20 C
is added TFA (5 M., pre-cooled to -20 C) slowy. After stirring at 0 C for
30 min, the reaction mxture is concentrated and purified by prep HPLC
(Colum: Waters Sunfire prep C18 30 x 100 mmy Mobil e phase: isocratic
condition, CH3CN 28%/ H20 72% with 0.1 %FA, Flowrate: 45 nLImn) to give
(S)-N-[(S)-1-Cycl ohexyl -2-((S)-2-{6-[(2- fluoro-phe nyl)-nethyl -

ino] -pyridi n-2-yl}-pyrrolidin-1-yl)-2-oxo-ethyl]-2-

met hyl am no- pr opi onam de( 206 nglo 67.0% as white solid TFA salt. SHR Mass

M Z=496. J0BHre A gpenches mﬂaaﬂ oma%ﬁadﬁxﬁaaneﬂwwtrys 130tmb of Gz, Toe

conmpound %ﬁﬁ an ELI SA and a cell based
assays af%énﬁ?xﬁ mﬁly \ﬁ%t rrggﬁﬁ S ar ncu gt ed with GST-BIR3 fusion
pr Iolt ei In ?momEmriyhA%He?%MgmApgﬁﬂimtc( flﬁlﬂ%ﬁi@)&ﬂmom - 8)-4(ER)- ;-ghenplaétbﬂ)-% ‘
wel | plates. .For e onf,ai ni ng am no
aci ds 248 A0 2 RYHSNeY0. 5B 6 6 I'—dgg) bt Ve q'ﬂﬁa@ﬁ%‘% T- Bl R3
fusion containing am no acids 259-364 fromC APl is wused. Following a 30

m nute incubation, wells are extensively washed. The remaini ng GST-BI R3

f usi on pr(&ﬂ-&l EZ Fﬁlqmmhmséthemlsﬁ RSN T{RIA-pheaylrethyl)-pyrolidina2-yin wit h
goat ant g\?ﬂ.‘n ing and i ncubation with .alkaline
phosphat se COI’IJ ‘Ez%iﬁ'%g'ﬁj ?Hé‘? am‘ %@%‘h Signal is anplified using
At t ophos TdPa @otg]ah of 2eBrosaat 6 $)A1-ER) dﬁbhnnyl-émyﬂaﬂﬂ:mﬁﬂmamyllmﬂﬁﬁ(ﬁﬁ 5 h@OS
correspo rati und i ch
si gnal . rﬁﬁt“”ﬁ@ﬂrﬂ# 5?'3['“?@{{20’88' %ﬁg(f"mg Q ﬁﬁﬂe Wﬂ I‘U@é bt
COWPOUHdSpHdn?( lnnq oTv@hﬁndn in20 . 6faskiEhE ot rddm RAnperatNe, fvéfé)@&’déd om 0. 005
- 10 MM Cel [ Proliferation Assay
Pdz(dba)s;(117.6 mg, 0.13 mmol) The reaction mixture is stirred at 80 °C for 2 hrs, and
then cooled to room temperature. The reaction mixture is filtered through celite, and the
filtrate is diluted with 50 mL of EXOAc and washed with 2 x 50 mL of water. The combined
organic layers were concentrated and purified by chromatography (CH2Cl/MeOH : 97/3)
to give (Z)-N-(2-Fluoro-phenyl)-N-methyl-N'-[1-[(S)}-1-((R)-1-phenyl-ethyl)-pyrrolidin-2-yll-
prop-2-en~(E})-ylidenel-propenamidine(870 mg, 90.3%) as pale solid. M/Z=376.0 [M+1)

(Z)-N-{2-Fiuoro-phenyl}-N-methyl-N'-[1-[(S)-1-{(R)-1-phenyl-ethyl)-pyrrolidin-2-yl]-
prop-2-en-(E)-ylidene]-propenamidine (6)
(Z)-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 mmol) is dissolved in 10 mL of MeOH'in a
500 mL. 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 (Z2)-N-(2-Fluoro-phenyl)-N-methyl-N'-{1-[(8)-1-((R)-1-phenyl-ethyl)-
pyrrolidin-2-yil-prop-2-en-(E)-ylidene}-propenamidine (200 mg, 55.4%) as yellow oil,
M/Z=272.07 [M+1]

[{S)-1-Cyclohexyl-2-((S)-2-{1-[(E)-(Z)-N-{2-fluoro-pheny!}-N-methyl-1-imioxo-
propenylimino]-ailyi}-pyrrolidin-1-yl}-2-oxo-ethyl]-carbamic acid tert-butyl ester (7)
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The ability of conpounds to inhibit tunor cell growth in vitro is nonitored
using the CellTiter 96(r) AQue. Non-Radi oactive Cell Proliferation Assay
(Promega). This assay is conposed of solutions of a novel tetrazolium
conmpound ( 3-(4, 5-

di met hyl t hi azol - 2-yl ) -5-(3- car boxynet hoxyphenyl ) - 2- (4-sul f ophenyl ) - 2H
tetrazolium inner salt; MIS] and an el ectron coupling reagent (phenazine
nmet hosul fate) PMS. MIS is bioreduced by cells into a fornazan product, the
absorbance of which Is neasured at 490nm The conversion of MIS into the
aqueous sol ubl e fonnazan product is acconplished by dehydrogenase enzynes
f ound i n Tiwea sdulivor af Bgc-hea-cycoheyglysine(e4 opga 7S mmef) ihd mb2f DMF atl toom as

d f o b j s, di | i onal . h
nunber - of Py RRBLB et EapTpysTRRREREEE DL adninel AR e Fherbgat -
Table 1 ir@orhh@mﬁemmﬂebfedzothhumsawultiaﬂ@wdls‘qne%%}Qﬁsa mirfolMVand HBTEX8P®H! e

196 Tablets | _conprising conpounds, of the fornmula (I) Tablets, conprising,
as acti v@g'&gf#?em%i in @&Fn@ 19t) igAAdgAdo the faastien midur sngrthesgiulignds (1)

B epar od T T (o N2, ol B R B RS M Wnoat
st ar ch 6@ymglidinReylegsepPemiERpidepeliptopenbimiding( 168§ mg,dl.66mrachy Aftbhglirdsg um
stearate fcl)r {'Hr, Tﬁé ?éacligg sOlition 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
CH2Clz {10 mlL) and dried over Na;S0y, and purified by chromatography
{CH2Cl/MeQOH:97/3) to give [(S)~1-Cyclohexyl-2-((S)-2-{1-{(E)-(Z}-N-(2-fluoro-phenyl)-N-
methyl-1-imioxo-propenyliminol-ailyl}-pyrrolidin-1-yl)-2-oxo-ethyl]-carbamic acid tert-butyl
ester (320 mg,94.5%) as pale gum. M/Z=511.14[M+1]

(2)-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 [(S)-1-Cyclohexyl-2-((8)-2-{1-[(E)-{Z)-N-{2-fluoro-phenyl)-N-methyl-
1-imioxo-propenylimino]-allyl}-pyrrolidin-1-yl)-2-oxo-ethyi]-carbamic acid tert-buty!
ester (320 mg, 0.83 mmol) in CH,Cl; ( 3 mL) at -20 °C is added TFA (5 ML, pre-
cooled to -20 °C) slowly. After stirring at 0 °C for 30 min, the reaction mixture is
concentrated to remove most of TFA. The residue is dissolved in 20 mL of CHCl,,
énd neutralized with 10% NH4OH to PH=8. The solution is dried over Na;S0O4 and
concentrated to give (Z)-N'-[1-](S)-1-({S)-2-Amino-2-cyc
Iohexyl-acetyl)-pyrrolidin-2-yll-prop-2-en-(E)-ylidene}-N-(2-fluoro-phenyl)-N-methyl-
propenamidine (260 mg, quantitative) as pale gum without further purification for
next step reaction. M/Z=411.2 [M+1]}

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

pyrrolidin-1-yl)-2-oxo-ethylcarbamoylj-ethyl}-methyl-carbamic acid tert-butyl este
(9)
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Manuf acture: The active ingredient is conbined with part of the wheat

starch, the lactose and the colloidal silica and the m xture pressed
through a sieve. A further part of the wheat starch is mxed with the
5-fold anbunt of water on a water bath to forma paste and the m xture nade
first is kneaded with this paste until a weakly plastic mass is fornmed. The
dry granules are pressed through a sieve having a nesh size of 3 nm m xed
with a pre-sieved mxture (1 mmsieve) of the renmaining corn starch
magnesi um stearate and tal cum and conpressed to formslightly biconvex

tabl ets. 115 Exanpl e 197 Tablets 2 conprising conpounds of the fornula (1)
Tabl et's, T&#R N!,Q'h@f BegNawethybLrarglasineé 5 mgol. 78gnawldnyd whof MK géroom

Conpound?erﬂf)er]ail.ﬁ%méla"i‘idéeh)dug npd%?gﬁmrﬁ;aén@ 19583hE, £5TRATIIY AT fih 'Pég.‘fv' ng

conposi tion owi ng  sta ares Mpos| I ent
100 ny @amttahpenmmdotmmrﬂultﬁsngsommef HOBTi{t11 MgPRX82 ﬂﬁnmi);anw\bllBﬂ‘M(Bw ny

Ma te 447 t Th ' I.ngr edi ent i

i ted wi TOO-CEL BRI BrOME Gl & s e MeieBioimBiy ik and the SGubaRic i ng

machi ne (tﬂé‘h‘sm%@ﬁéd'i&@nofﬁe? 'ﬁﬁg‘k daﬁ@méaqzw -H(EIN-(($)12-Amino-2-cyclohexyl-acetyl)-
pyrrolidin-2-yi]-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 EtOAc (50 mL),

D

and washed with water ( 3 x 20 mL). The combined organic layers is concentrated. The
crude product is diluted with CH,Clz (10 mL) and dried over Na;S0y4, and purified by
chromatography (CH2Cl2/MeOH:97/3) to give {(S)-1-[(5)-1-Cyclohexyl-2-((S)-2-{6-](2-
fluoro-phenyl)-methyl-amino]-pyridin-2-y[}-pyrrolidin-1-yl)-2-oxo-ethylcarbamoyl)-ethyf}-
methyl-carbamic acid tert-butyl este (300 mg,79.5%) as pale gum. M/Z=596.2[M+1]

{(8)-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 {(S)-1-[(S)-1-Cyclohexyl-2-((S)-2-{8-{(2-fluoro-phenyl)}-methyl-
amina]-pyridin-2-yl}-pyrrolidin-1-yl)-2-oxo-ethylcarbamoyl}-ethyl}-methyl-carbamic
acid tert-butyl este (300 mg, 0.50 mmol) in CH.Cl, ( 1 mL) at-20 °C is added TFA (5
ML, pre-cooled to -20 °C) slowly. After stirring at 0 °C for 30 min, the reaction
mixture is concentrated and purified by prep HPLC (Column: Waters Sunfire prep
C18 30 x 100 mm; Mobile phase: isocratic condition, CHaCN 2.8:’/0 ! Ho0O 72% with
0.1%TFA; Flow rate: 45 hlein) to give (S)-N-[(S)-1-Cyclohexyl-2-((S)-2-{6-[(2-
fluoro-phenyl)-methyl-amino]-pyridin-2-yl}-pyrrolidin-1-yi)-2-oxo-ethyl]-2-
methylamino-propionamide(206 mg, 67.0%) as white solid TFA sailt. (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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Exanpl e 198 Capsul es Capsules, conprising, as active ingredient, 100 ng of
any one of the conpounds of fornmula (1) given in Exanples 9-194, of the
foll owi ng conposition are prepared according to standard procedures:
Composition: Active Ingredient 100 ng Avicel 200 ng PVPPXL 15 ng Aerosi

2 mg Magnesium stearate 1.5 ng Total 318.5 ng Manufacturing is done by

m xi ng the conponents and filling theminto hard gel atine capsules, size 1.
117 W claim 1. A compound according to formulal R3 O YL R1,,"NN
U--RSI R R4 wherein Rl is H Cl-C4al kyl; G -C4al kenyl; G -C4 al kynyl or
C3- Ci ocycl oal kyl  which are unsubstituted or substituted; R2 is H Cl-C4

al kyl ; clampaindsdre inqubatod with @S/ T-BYR3 &usiam profein gadibjetingated SMAC

peptide (AVPFAQK) in stretavidin-coated 96 well plates. For XIAP BIR3 Smac FElisa,
a GST-BIR3 fusion containing amino acids 248-358 from XIAP is used. For CIAP1
BIR3 Smac Elisa, a GST-BIRS3 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. ICss
correspond to concentration of compound which displaces half of GST-BIR3 signal.
The ICsp 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.

Cell Proliferation Assay

The ability of compounds to inhibit tumor cell growth in vitro is monitored using the
CeliTiter 96%° AQ,ecus 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 sait; 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 480nm
absorbance is directly prbportional to the number of living cells in culture. The 1Csg
values of compounds listed in Tabie 1 in the described cell assays ranged from

0.005 — 50 pM.
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unsubstituted or substituted; R3 is H -CF3; -C2F5; Cl-C4 al kyl;

Cl- C4al kenyl ; Cl-C4al kynyl; -CH2-Z or R2 and R3 together with the nitrogen
forma het ring; Zis H -O4 F, d; -CH3; -CF3; -CH2C; -CH2F or -CH2OH, R4
is Cl1-Cl15 straight or branched al kyl; Cl1-Cl16 al kenyl; Ci1-C15 al kynyl; or
-C3- docycloal kyl; -(CH2)1.6-271; -(CH2)o.s-aryl; and -(CH2)o-e-het;

wh' etein al kyl, cycloal kyl and phenyl are unsubstituted or substituted; Z,
is -N(R8)-C(0)-Cl-C oal kyl; -N(R6)-C(O - (CH2) 1-6-C3-Crcycl oal kyl ;
-N(R8) - (O - (CH2) 0. 6-phenyl; -N(R8)-C((j)-(CH2)1s-het; -C(O-N(R9)(Rlo);
-C(O-0Cl-doalkyl; - C(O-0(CH2)1-6-C3-Cycycl oal kyl ;

-C(O-0(CH2) oe-phenyl; -C(O-0(CH2)1.8-het; -0- C(O-Cl-d oal kyl ;

-0 CO-(CH2)1. 6-C3-Cvcycloal kyl; -OC(O-(CH2)o-e-phenyl; -0-

C(O) - (CH2) 1- 5- het; wherein al kyl, &famplg k96 and phenyl are unsubstituted or
substituted; 118 het is a 5-7 nmenbered heterocyclic-ring containing 1- 4

het er oat ons sel ecte fused ring system
i ncludi ng at | east ggg‘%@i J:\&’rrrl';%brgpgggjéﬁeteroc s&r%eﬁﬁ@%ﬁﬂ! aining 1, 2 or 3
heteroat(}nglsel ected fromN, O, and S, which heterocyclic ring or fused
ring syst'@ als, qoRRIising, @stacve ingsedisnt, 50traa obany ane of thencasmpetindsoefen at om

. Cral it bt P o SondfodoR f i pysorl BRI

wher ei n ar&prepmgubuglagkyhtlmmemmisyl are unsubstituted or substituted, or

R9 and R-e %Gg%%hm w-t-h—t-he—nit rr\gﬁn form QL R5j c41—1 Cl-Clo al__k_y_l_, ar y| :
phenyl ; : Creyel oal kyl; - (CH2) 1s- C3- C7cycl pal kyI -Cl- d oal kyl -aryly;
- (CH2) o{ al kyI (CH2) wphenyl ; - (CH)o 4CH-((CHZ)1 4- phenyl ) 2;
(CHZ)oj-CH(phenyl)z -1 ndanyl; -CUO-CI-Opalkyl; -CTO-({CHZJI-6-CaqCr-
Active Ingredient 50 mg
Wheat starch ‘ 80 mg
Lactose 50 mg
Colloidal silica ' 5mg
Talcum 9 my
Magnesium stearate 1mg
Total 175 mg

Manufacture: The active ingredient is combined with part of tr;eqwheat 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 bath 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 sleve) of the remaining comn starch, magnesium
stearate and talcum and compressed to form slightly biconvex tablets.
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cycl oal kyl; -C(O -(CH2)os-phenyl; -(CH2)04-C(O) -phenyl; -(CH2)os-het;
-C(O-(CH2)1- 5-het; or R5 is a residue of an am no acid, wherein the al kyl,
cycl oal kyl, phenyl and aryl substituents are unsubstituted or substituted;
Uis as shown in structure 11: RR3 R7 a)n--Rc Rs (Ro)n -Rd- |i wherein n
= 0-5; Xis -CHor N, 119 Ra and Rb are independently an O, S, or N atom or
Cm al kyl wherein one or nore of the carbon atons in the al kyl chain may be
repl aced by a heteroatom selected from 0, S or N, and where the al kyl may
be unsubstituted or substituted; Rd is selected from (a) -Re -- Q -
(Rf)p(Rg)q; or (b) Art-D-- Are; Rc is Hor Rc and Rd may together forma
cycl oal kyl or het; where if Rd and Rc form a cycloal kyl or het, R5 Is
attached to the forned ring at a C or Natom p and q are independently 0 or
1;, Reis C-8 alkyl or alkylidene, and Re which nmay be unsubstituted or
substituted; Qis N 0, S 5(0, Bkample397Ari and Are are substituted or
unsubstituted aryl or het; Rf and Rg are each |ndependently H, - Cl-d oal kyl ;

C - Ctoal kyl aryl ; - C7Cycl.oal kyl ;
-0 (CH2) os-aryl ; p%ﬁ?'e%gr‘fﬁm MF"M s of the formila h
Tablets, comprising, as active ingredient, 100 mg of any one of the compounds of

formula (1) of Examples 9-194 are prepared with the following compaosition, following
standard procedures:

Composition:

Active Ingredient 100 mg
Crystalline lactose - 240mg

Avicel 80 mg

PVPPXL 20 mg

Aerosil 2mg

Magnesium stearate 5 mg
Total , .. Mimg

Manufacture: The active ingredient is mixed with the carrier materials and
compressed by means of a tabletting machine (Korsch EKO, Stempeldurchmesser
10 mmj).
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(CH2) 1-6-het; -O(CH2)1-s-het; -OR,; -C(O-Rl1l; -C(O-NRii)(R12);

-N(R11) (R12); -S- R11l; -5(O-Rii; -S(0O2-R11; -S(0)rNRL11R12; -NRai-S(Or
R12; S-Cl-d oal kyl; aryl-Cl- C4al kyl; het-Cl-C4-al kyl wherein al kyl,

cycloal kyl, het and aryl are unsubstituted or substituted; -S02-Cl-Calkyl;
-S02_Gi _C2al kyl phenyl ; --0O Cl-C4al kyi; or Rg and Reform a ring selected
fromhet or aryl; Dis -CO; -C(O-Cl1-7 al kylene or arylene; -CF2 ; -0-;
-S(Or where r is 0-2; 1, 3dioaxolane; or Cl.7 al kyl-0OH, where al kyl,

al kyl ene or arylene may be unsubstituted or substituted with one or nore
hal ogens, OH, -0-Cl-Csal kyl, -S-Cl Cealkyl or -CF3; or Dis -N(Rh) wherein
Rh is H Cl1 7 alkyl (unsub or substituted); aryl; -O G 7cycloal kyl) (unsub
or substituted); C(O-Cl-Cigalkyl; C(O-Co Coal kyl- aryl; COGC -d oal kyl;
C-0- Co-d oal kyl -aryl or S02-Ci -Ci o-al kyl; 502-(Cu-Clo- aikylaryl); R5, R7,

R 6 and R 7 are each independent| YEkhmPQ 1980 "al kyl; -G -G o al koxy;

aryl-C -, CD alkoxy; -OH -0-C -Cloal kyl; -(CH2)o.e-C3-Crcycloal kyl;
-0-(CH2)o s-aryl; phenyl; - 120 (CHg)I-S het -0 (CH2) 14-het; -OR1,;
-C(O-Riti -C(0)-N(RL1) (R12); -N(R ¥PPRY S RC; -S(O-Rll; -S(OrR,;

-S(OrNRi 1R 2; -NRi-S(Or R12; wherein aI kyI cycl oal kyl and aryl are
unsubst i Ué?@dle@rc ST %@s%btwéﬁﬁgr@&reng OO\Pﬁg éf'ﬂ foﬁe%ﬂm@@omb@uﬁcﬁ%ﬁ o form

a ring sys 12 are i ndepende 1o al kyl

6- C3- C7c§tzrrruda (Mwen (r@mmaIeS(Qaﬂ% ofthe iollpwmg corpayitian a@ bwplayed
® 0) - O (CH2 |
3&%@@%@#&?@% B%‘@(’hfeﬁv&((ﬁz)g 6- Zi?yl iarc%IO) _(CH2) 0. 6-aryl :

-C(O- (CH2)1.6-het; -C(S)-C -G oal kyl; -C(S)- (CHZ)i 6- C3- C/cycl oal kylj;
-C(S) - (@Lryl; -C(S)-(CH2) 0. 6-0Ofluorjenyl; -ES)- NH-(CH2)06 aryl ;
- (9 - ( CHye—b-ary—CS)—(CH2)-1—6-—het—wheHerh o lyH-——eyred-aallyr—anrd aryl
are unsgbsti vt ed of AURRE MBI o erne ool ettt S (1Y
Avicel 200 mg
PVPPXL 15 mg
Aerosil 2mg
Magnesium stearate 1.5 mg
Total 318.5 myg

Manufacturing is done by mixing the components and filling them into hard gelatine
capsules, size 1.
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R11 and R12 together with the nitrogen atomform het; wherein the alkyl
substituents of RlL, and R12 nmay be unsubstituted or substituted by one or
nore substituents selected fromd -G oal kyl, hal ogen, OH -O Cl-C6al kyl, -S-
C - C6al kyl or -CF3; substituted cycl oal kyl substituents of Rl1l and Rl12 are
substituted by one or nore substituents selected froma Cl-Clo al kene;

Cl- Coal kyl ; -hal ogen; OH, -0O Cil-Co6al kyl; - S Cl-C6al kyl or -CF3; and
substituted phenyl or aryl of Rll and R12 are substituted by one or nore
substituents selected from hal ogen; hydroxy; C-C4 al kyl; Cl-C4 al koxy;
nitro; -CN;, -OC(O-C, - Cdalkyl and -C(O-0OCl-C4-aryl, or pharmaceutically
accept ablwes;aé‘hﬁ thereof. 2. A conmpound fornula (1) according to claim1l

wherein R - Cl- al kl% -G -C4 al kenyl; -Cl-C4 al kynyl or cycl oal kyl
whi ch arel- SQ'E"PPHF @ogprdéigterforuvlad by one or nore substituents sel ected
from hal ogen - OH, -SH, -OCH3, -SCH3, -CN, -SCN and nitro;, 121 R2 is H

-Cl- Cal kyl; -Cl1-C4 al kenyl; -Cl1-04 al kynyl or cycl oal kyl whi ch are
unsubstituted or substituted by one or nore substituents selected from
hal ogen, - OH, -SH, - -SCH31 -ON, -SCN and nitro; R3 is H -CF3; -C2F5;
- Cl1- 4al kyl ; -Ci1-C4al ken -Cl-CGAg kynyl ; -CH2-Z or R2 and R3 together
with the nitrogen fiorma  -OH, F;, d; -CH3; -CF3; -CH2G ; -CH2F
or--CH2OH, R4 is CI- Uardfed al kyl: C1-C16 al kenyl: C1-C15
al kynyl ; or cyci oal kyI -Z1; -(CH2)o.s- phenyl; and - (CH2)o. 5- het;
wherein al kyl, cycl oal d; are unsubstituted or substituted; Z1
is -N(RB) - C(O) Cl- C, aalryl ; -N( 3-C(O-(CH2) 1. 6- C3-Crcycl oal kyl ;
--N(Ra)- (O -

wherein

Ry is H; C1-C4 alkyl; C4-C4 alkenyl; C4-C4 alkynyl or C3-Cocycloalkyl which are
unsubstituted or substituted;

Rz is H; C4-C4 alkyl; C4-C4 alkenyl; C4-C;4 alkynyl or C3-Cqgcycloalkyl which are
unsubstituted or substituted;

Rais H; -CF3; -CoFs; C4-C4 alkyl; C4-Cy alkenyl; Cy-Cqalkynyl; —CH2-Z or Rz and R;
together with the nitrogen form a het ring;
Z is H; ~OH; F; Cl; —=CHa, -CF3; -CH.Cl; -CH;F or -CH2OH;

Ry is C4-Cys straight or branched alkyl; C4-C4g alkenyl; C4-Cqs alkynyl; or -Cs-
Ciocycloalkyl; -(CHz)1s-Z1; (CHa)oe-aryl; and -(CHz)oe-het; whetein alkyl, cycloalkyl
and phenyl are unsubstituted or substituted;

Z1 is ~N(Rg)-C(0)-C1-Croalkyl; —-N(Rs)-C(O)-(CHz)1.6-C3-Crcycloalkyl; =N(Rg)-C(O)-
{CHz)os-phenyl; ~N(Rs)-C(O)-{CHz)16-het; -C(0)-N(Rg)(R1); -C(0)-O-Cy-Croalkyl; -
C(0)-0-(CH2)4.6-C3-C7cycloalkyl; ~C(O)-0O-(CHa)os-phenyl;-C(0)-0-(CHz)1.e-het; -O-
C(0)-C1-Cqpalkyl; -O-C(O)-(CHy)1.e-Cs-Croycloalkyl; -0-C(O)-(CHz)os-phenyl; -O-
C(0O)-(CHa)1.s-het; wherein alky), cycloalkyl and pheny! are unsubstituted or
substituted;

118



(CH2) 0. B-phenyl; -N(RB)-C(O-(CH2)1.6-het; -C(O-NRe)(Rlo);
-C(O-0Cl-doalkyl; - CO-0(CH2)1.6-C3-Crcycl oal kyl ;
-C(0)-0O (CH2) os-phenyl; -C(O-0(CH2)1.6-het; -0- C(O-Cl-d oal kyl;

-0 C(0)-(CH2) 1. 6-C3-Crcycl oal kyl; -OC(O-(CH2)o0. s-phenyl; -0-

C(O-(CH2)1. 6-het, wherein al kyl, cycloal kyl and phenyl are unsubstituted or
substituted; het is a 5-7 nenbered heterocyclic ring containing 1- 4

het eroatons selected from N, 0 and S, or an 8-12 nmenbered fused ring system
including at | east one 5-7 nenbered heterocyclic ring containing 1, 2 or 3
het eroatons selected fromN, 0, and 8, which heterocyclic ring or fused
ring sysheﬂis%&?n&ubtbbréd:hﬂérmycﬁwﬁa cbulabﬂng)m-4het?abbl@m£asélettbu filvgh ogen,

oy s 628 S pi o B2 preraperet el g Systersclydipg 5t 1998088 57 - caal kyl or

-(0) -0 %%Blh'eteﬁéyélﬁz cdﬁ‘tﬁnmgq:Q orﬂi@t@l%éiéms@@%d ﬂrB% frepand R10
are each | ndependently kyl ; C3-Crcycl oal k s- C3-

Cycycl oaRR$IS, vsd‘dqh-lzw@eocmm;mg omﬁae@ rngesysiem l&ymub@i/md ahaulmanw opr e
bst d, RO d Rot th th th t f
unsubst i E;b%ﬁ;%ﬁ'ggéﬁiﬁ 6”1'6 or an o together W e ni rogen orm

het; R5 | C3- Crcycl oal kyl ; - (CH2)i 4- C3- Cycycl oal kyl ;
-C -C oal kyl -aryl; - (CHZ)o -C3-Crcycl oal kyI (CH2) o- s- phenyl ;

CH2 h .- - CH(phenyl ) 2; - i ndanyl
%(03)230 i@i%é %%) )e.% Qﬁ@ ggycl ng)k)e”ny )C(Ol)n ?%2) 04- pheny!éj
o] ﬂ-&bb 0 aci
wherein al I&% R%f(%f Fﬁy Rgﬁwlgng; grqéllszgg ({j’ﬁzé'gm?’ 1%Eﬂ:éslubstl tut ed;

P
Uis a a§7@)fedmikyl,rr(§Hn)mfnhe®yl: whereir@lied, cyrlealky! amd phenyl are unsubstrtuted
or substituted, or Rg and R4q together with the nitrogen form het;

Rs is H; C4-Cio-alkyl; aryl; phenvl; Cs-Croycloalkyl; -(CH3)1.6-Cs-Creycloalkyl; -C+-
Cioalkyl-aryl; -(CHz)p.6-C3-Creycloalkyl-(CHz)o.e-phenyl; (CH2)osCH-({(CH2)14-
phenyl); -(CHz)os-CH(phenyl)z -indanyl; -C(0)-C4-Ciealkyl; -C(0)-(CH2)1.6-C3-C7-
cycloalkyl; -C{O)-(CHz)os-phenyl; -(CHz)os-C(O)-phenyl; -(CHz)os-het; -C(O)-(CHz)1-
g-het; or Rs is a residue of an amino acid, wherein the akkyl, cycloalkyl, phenyl and
aryl substituents are unsubstituted or substituted;

U is as shown in structure l:

R, ajn—Rc
Rsl
- (Ro—Rd——
wherein
n = 0-5;
Xis-CHorN;
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X (Rh)n-Rd-- Il wherein n =0-5; Xis -CHor N Ra and Rb are independently
an 0, S, or Natomor CM al kyl wherein one or nore of the carbon atons in
the al kyl chain may be replaced by a heteroatom selected from 0. S or N,
and where the al kyl may be unsubstituted or substituted; Rd Is sel ected
from (a) Re - Q- (R1)p(Rg)g ; or (b) Ari-O Are; p and q are

I ndependently O or 1; Re is Hor Rd and Re together formcycl oal kyl or het;
where if Rd and Re forma cycloal kyl or heteroring, R5 is attached to the
formed ring at a Cor Natom 123 Re is Cl1.8 al kyl which may be
unsubstituted or substituted; QIls. N, 0, S. S(O, or S(O2; Ari and Are

are substrh %Q(Rtpérel%ﬂaéﬁél% r}l!lg% 6' 8! 0o alith ’or?‘o&adgﬂrl %ﬁ%lﬁ 0‘?‘%(%} more of

i ndependently H or subs or unsubstitute
C1- G oal ktyﬂ&ﬂmon @oms indiae alkybeiayin mawbmraglamdemoa hate;rbatw: sel@Eted fron®- ;

i kyl ene gt SSF O End ingredns AR netlhs bl Bbbetit T one or more
hal ogens, RS, sel@,té]jf@ﬁal kyI -S-G Gsalkyl or -CF3; or Dis -N(Rh) wherein
EP IsabsHi i tcat Zci?) e 'g*éa %9;)85& uo§ A Co G g;?”kyl :qa?yi ?C)c/:-cl)??)! k)c/;l Z)al( ECFUb
COC doal k)(b)— ar )ﬁlr qj ﬁQZ’ Cl- Clo-al kyt; SQz-(CC G p-

Re is H or Rc and Rd may together form a cycloalkyl or het; where if Rd and Re form

a cycloalkyl or het, Rs is attached to the formed ring at a C or N atom;

p and q are independently 0 or 1;

Re is C1. alkyl or alkylidene, and Re which may be unsubstituted or substituted;

Qis N, O, §, S(0), or S(Q)q;

Arqy and Ar; are substituted or unsubstituted aryl or het;

Rf and Rg are each independently H; -C4-Cqoalkyl; C+-Cqpalkylaryl; -OH; -O-Cs-
Cioalkyl; ~(CHz)os-Ca-Creycloalkyl; -O-(CHa)oe-aryl; phenyl; aryl; phenyl-phenyl; -
(CHz)sg-het; -O-(CHz)16-het; ~OR1y; -C(0)-R11; —=C(O)}-N(R11)(R12); -N{R11)(R12); -8~
Rt -S(0)-Rq1; -5{0)2-Ri1; -8(0)2-NR11R12; -NR11~8(0)z- R12; S-C+-Cooalkyl; aryl-Cy-
Cqalkyl; het-C4-Cy-alkyl wherein alkyl, cycloalkyl, het and aryt are unsubstituted or
substituted; -SO..C1.Coalkyl; -50,.C4.Cralkylphenyl; -O-C4-Cialkyl, or Ry and Ry form
a ring selected from het or aryl;

Y

D is ~CO-; -C(O)-Cy_7 alkylene or arylene; -CF,-; -O-; -S{O), where r is 0-2;
1,3dioaxolane; or Cq.7 alkyl-OH; where alkyl, alkylene or arylene may be
unsubstituted or substituted with one or more halogens, OH, -O-C4-Cgalkyl, -S-Cq-
Csalkyl or -CFs; or D is —=N(Rh) wherein Rh is H; Cq.; alkyl (unsub or substituted),
aryl, -O(C4.7cycloalkyl) (Unsub or substituted); C(0)-C4-Coalky!; C(O)-Co-Croalkyl-
aryl; C-0-C4-Cqgalkyl; C-O-Co-Capalkyl-aryl or $O2-C4-Cigp-alkyl; SO2-{Co-C1o-
alkylaryl);

Rs, R7, R'sand R’y are each independently H; -C;-Cyp alkyl; -C4-Cqo alkoxy, aryl-C+-.
Cyp alkoxy; -OH; -O-C4-Cyealkyl; -(CHa)e.s-Cs-Creycloalkyl; -O-(CHz)o.s-ary); phenyl; -
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al kylaryl); and Rs, R7, Rs and R 7 are each independently H, -Cl-Clo al kyl;

-OH, -0-Ci1-C oal kyl; -(CH2)as-C3-Crcycloal kyl; -O (0H2)04-aryl; phenyl;
-(CH2)i.6-het; -0-(CH2)1.6-het; - ORL,, -C(O-R11;, -C(O)-N(Rr)(R z);
-N(Rii)(R12); -S-R11; ,S(O-Ri; -S(O)rRi; - S(0)27NR iR 2; -NR11-S(O 2-

R12; wherein al kyl, cycloal kyl and aryl are unsubstituted or substituted,
or any R6, R7, Rs and R 7 can be united to forma ring system R11 and R12
are independently H Cl1-G 0 al kyl; -(CH2)os-C3-Crcycl oal kyl; -(CH2) ae-
(CHyo_1(aryl)1.2; -C(O-C-GCoalkyl; -C(O-(CH2)1-8-C3-Crcycloa fl I;
-C(O-0(CH2)as- aryl; -C(O-(CH2)o0.s-Ofluorenyl; -C(O-NH(CH2)"-aryl;
- O) - (mem-mwo (CBEYs-het: CORLi: 60(@)T-R11, CC@)W(RQ(FGDKWGRM(RQ) -S-

- - | oal kyl
g((sg E 1a33(@)‘ﬁ1m013éc%9&111 é@k 10&%2)%%'@(3@3 r%uw!a?f?'w%s aryl ;

-C(S)-( Wb l Ituted or
substituqtﬁél; gﬁyi%ﬁ m%%gh%rne a gﬁ%é%ﬁ@u%ﬁtaﬁﬁﬂgﬁam aé@aﬁggaﬁr%gnsport of
t he nol ecwitedde faresa singedybtamenbr ane; or Rii and R12 together with the
nitrogen are het; aryl of RlL, and R12 can be phenyl, naphthyl, or indanyl

which is unsubstituted or substituted; alkyl of RL1 and R12 may be
unsubst i tRy, @d®,; %U@ﬁiddp@hdénthwm)oe-ms am?r &(GH%.&ﬂgw{dy&foaﬂ? ;6(Clged-r om a

cyel oal kyCFOR D BHGIRLE napalidls dnlta o Carveleatths BN Foloe %“r
glr ggeael t ng)r(%%&e%%k erﬂlé g{@&ehg-ﬁ‘gCPE)B%%@g:ﬁbﬁgépﬁenﬁwor gr yl of Rl1l
and R12 r{ﬁﬁzha-hﬁﬁs u@@)r@uﬁeﬂallqﬂ mskfo:m)w@aﬁ;vcwlealbyi rofS)-O4Gbl)oistargnt s
70 &0y - CHIS O gs Smu e Bloe i i GBebarnda T (I dC eleab
sal ts t heyegodherdin ﬂkﬂoﬁm&ﬁ]ﬁww@l dre ureubdtritedlorWapsetuted; or Ryy and Ry,

are a substituent that facilitates transport of the molecule across a cell membrane; or

Ryt and Ry2 together with the nitrogen atom form het;

wherein the alkyl substituents of Ryy and Rz may be unsubstituted or substituted by

one or more substituents selected from 01-C16alkyl, halogen, OH, -0-C4-Cgalkyl, -S-

Cy-Cealkyl or -CF3;

substituted cycloalkyl substituents of R4 and Ry, are substituted by one or more

substituents selected from a C4-Cqp alkene; C-Cgalkyl; halogen; OH; -O-C;-Cgalkyl; -

S-C4-Cealkyt or -CF3; and

substituted phenyl or aryl of R4y and R4z are substituted by one or more substituents

selected from halogen; hydroxy; C4-C4 alkyl; C4-Cg4 alkoxy:; nitrp;. -CN; -O-C(0O)-Cy~

Caalkyl and ~C(0)-O-C1-Cq-aryl,

or pharmaceutically acceptable salts thereof.

2. A compound formula (I) according to claim 1 whersin
Ry is H; -C4-C4 alkyl; -C4-C4 alkenyl; -C4-C4 alkynyl or cycloalkyl which are
unsubstituted or substituted by one or more substituents selected from halogen, -
OH, -SH, -OCHs, -SCHjs, -CN, -SCN and nitro;
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R, and R2 are independently H or substituted or unsubstituted Cl-C4al kyl; R4
Is Cl-On straight or branched al kyl, or C3-C, ocycloal kyl, wherein the al kyl
or cycloal kyl may be unsubstituted or substituted; R5 is H;, Cl-C, oal kyl;
Cl-d oal kyl -aryl; -C(O-(CH2)"-Phenyl; -(CH2)o a-C(O- Phenyl; aryl;

I ndanyl ; naphthyl or R5 is a residue of an am no acid, wherein the al kyl or
aryl substituents are unsubstituted or substituted; Uis as shown in
structure 11: R R6 7 a)n-Re RD (Rb)n-Rd- Il wherein n = 0-5; Xis -CH or
N; Ra and Rb are independently an 0, S, or N atomor Co-3 al kyl wherein one
or nore of the carbon atons in the alkyl chain may be replaced by a

het er oat eqt re th . be

unsubsti t %3-5 ﬁ gﬂﬂ@‘tﬂ)%ﬂ&? ﬁﬁ l'\bggqé!!% P RO %’mb&r@’ - (Rt)p(Rg)q;
or (c) Amsubstitutydesr substifdted By Un@rorﬁﬁorars@bmuéﬁmtemed oM i@anagéwl kyl or
het; where if Rd and Cg forma cIoaI kyI or heteroring, R5 is at'tached to

the for neaH rT Griant (Y, N)aﬁ AEp; ar e i ndependently 0 or 1; Reis
Cl1-8 al kyl, or met hyI i dene whi ch may be unsubstituted or substituted; Qis
N. 0, 5, S(O) or 5(0)2;

Rsis H ~CF3,; ~CoFs; -Ct-Caalkyl; -C4-Caalkenyl; -C4-Caalkynyl); -CHx-Z or Rz and Rs

together with the nitrogen form a het;
Zis H; -OH; F; Cl; —~CHjs; -CFa; -CH.Cl; -CHzF or ~-CH,0OH;

R4 is C4-Cyg straight or branched alkyl; C4-Cqg alkenyl; C4-Cqs atkynyl; or cycloalkyl; -
(CH2)1.6-Z41; ~(CHa)oe-phenyi; and —(CHy)os-het; wherein alkyl, cycloalkyl and phenyl
are unsubstituted or substituted;

Z¢ is —N(Rg)-C({O)-C¢-C1galtkyl; -N(Rg)-C(0O)-(CH2)1.s-C3-Creycloalkyl; —-N(Rg)-C(0O)-
(CHz)o.s-pheny!, =N(Rg)-C({O)-(CHz)1s-het; -C(O)}-N(Rg)(R10); -C(O)-0-C4-Croalkyl; -
C(0}-0-(CHy)4.6-C3-Croycloalkyl; -C{0)-0O-(CHgz)e.s-phenyl; -C(0)-0-(CH,)45-het; -O-
C(0)-Cy-Cyoalkyl; -O-C({0)-(CH2)1.6-Cs-Crcycloalkyl;, -O-C({O)-(CHz2)os-phenyl; -O-
C(O)-(CHg)1.e-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 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, C4-Caalkyl, C1-C4 alkoxy, nitro, -O-C(C)-Cy-
Caalky! or -C(Q)-0-C4-C,-alky! or on a nitrogen by C4-C4 alkyl, -O-C(0)-C4-Caalkyl or
—C(0)-0-C4-Caalkyl;

Rais H, —CHs, -CF3, -CH20H or -CH,Cl;
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Art and Are are substituted or unsubstituted aryl or het; Rf and Rg are each
I ndependently H or substituted or unsubstituted Co-C, oal kyl; C1-

Cl oal kyl aryl; aryl-d -dC oal kyl; het-d -d oal kyl -C(O -Cl-C4-al kyl - phenyl ;
-C(O-Cl-C4- al kyl; -SO2-C1-C2al kyl; -502-C1-C2al kyl phenyl; -OCl-C4-al ky; D
Is -C(O-; C1_7 alkylene or arylene; -0-, or -S(Or where r is 0-2; where

al kyl, al kylene or arylene which nmay be unsubstituted or substituted with
one or nore halogens; -OH -0O Cl-C6al kyl; S-Cl-Csalkyl or -CF3; or Dis NRh
wherein Rh is H  Cla al kyl (unsubtituted or substituted); aryl; -OCl-r

cycl oal kyi (unsubstituted or substituted); -CO Co-Ioal kyl or aryI or

SC2- Co- 10Rs Skt o 86h bl 1 RO, B8 Fg%ro%mcﬁﬂg gpgndent |y H

-Cl-Clo al k , or-COH ut1'ca accé t abl e
salts t heCe@MdOﬂ"ivi ﬂQCH@hpmheoylawgrejn ntkyl @yclbalhyi andphernyl nr&Junsulmtthte@cl iC

2 b PR BBRTA A 5S4 R BURBEVGR B vl BB Cor Pon Shel et @
structure I'll: )n /m111l x w v wherein 126 wherein any of the ring
subst 1 t ut Ba b Errducalbdyes-Corvaeaoi-CHeharter rovioain "l amk s o, 2,
Cl2, Bra, (GHp)o£2Cs-CleytBalHCHY)o Sphehyd! WHz)M@\L" GCHG -pRenyll; -CHSeL- 3 and
CH(phenyl)z; -indanyl; -C(Q)-C1-Cqpalkyl; -C(O)~(CH2}4.5-C3-Creycioalkyl; -C(O)-
{CHz)o.s-phenyl; -(CHg)o.g-het ; —C(O)-(CHz)w-het; or Rs is a residue of an amino
acid, wherein alkyi, cycloalkyl, phenyl and aryl are unsubstituted or substituted;

U is a as shown in structure 1l

ajn—Re¢
~ Ro)n—Rd—— ||
wherein
n=0-5;
Xis-CHorN;

Ra and Rb are independently an O, S, or N atom or Cy g alkyl Wherein one or more of
the carbon atoms in the alkyl chain may be replaced by a heteroatom selected from
0, S or N, and where the alkyl may be unsubstituted or substituted;
Rdis selected from:

(@ Re-Q-(Rfy(Rg)g; or

(b} Ar-D-Ar;
p and g are independently 0 or 1;
Reis H or Rd and Re together form cycloalky! or het; where if Rd and Re form a
cycloalky! or heteroring, Rs is attached to the formed ring ata C or N atom;
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mis 0-3. 5. A compound according to Claim1 wherein the ring carbon atons
on U are substituted with subsituents independently selected fromhalo, H,
OH, lower alkyl or |ower al koxy, wherein alkyl or alkoxy are unsubstituted
or substituted by hal ogen, OH, |ower alkyl or |ower alkoxy. 6. A conpound
according to Caiml wherein R and R3 are preferably nethyl or ethyl; R2
Is especially Hnmethyl, ethyl, chloronethyl, dichloronethyl or
trifluoronmethyl; R4 is -Cr-C4alkyl; -C3-C7 cycloal ky; -(CH2)r.scycl oal kyl ;
or -(CH2)0.6aryl; RS is -Cr-C4al kyl -phenyl; -C(0)-Cl-C4-al kyl - phenyl ;
-CS-CA-CXO) aIkyI pheny or aryl,R5 is partlcularly phenyi net hyl ,

phenyl et hyl en 0 |nd ht.hy] C(O --CHa- phenyl or

- CHa- C(O)% H;a(gw gﬁ}ﬂ&@ﬁé"%yg? a@*%&ﬁEPUb%‘WFﬁg the structure of formula
I11: )n )opid Nl O, 8, éo)(d{s(mgrel n 127 wherein any of the ring carbon atons
can be unsubstituted or substituted with any of the substituted defined

above forARaNdRY; afesilfkituted orjqnsgbqtltuteﬂgnd@r befir Wis -N, nis 1; and
Rf and Rg are each independently H or substituted or unsubstituted Cy-Caoalkyl, or

C1-01 it Ikyia I'Yl;

D is -CO-; -C(Q)-C1.7 alkylene or arylens; -CF2-; -O-; -S{0), where r is 0-2;
1,3dioaxolane; or C4.7 alkyl-OH; where alkyl, alkylene or arylene may be
unsubstituted or substituted with one or more halogens, OH, -O-C4-Cgalkyl, -8-C4-
Csalkyl or -CF3; or D is —~N{Rh) wherein Rh is H; C+.7 atkyl (unsub or substituted);
aryl; -Q(C7cycloalkyl) (unsub or substituted); C{O)-C4-Cqoalky}; C(O)-Co-Cipalkyl-
aryl; C-0-C4-Cypalkkyl; C-O-Co-Cyoalkyl-aryl or SO2-C4-Cyg-atkyl; SO2-(Co-Cao-
alkylaryl);

and Rg, Ry, R's and R’y are each independently H; -C4-Cqp alkyl; -OH; -O-C1-C1gélkyl;
-{CHy)0.6-C3-Crcycloalkyl; -O-(CHz)og-aryl; phenyl; -(CH2)1.s-het; ~-O-(CHh1.e-het; -
ORy3; -C(0)-R11; —C(O)-N(Rs1)(R12); -N(R11}Ri2); -8-Ra1; -S(O)-Ry4; -S(0)-Ruy; -
S(0)-NR11R12; -NR11-5(0)2- Ri2; wherein alkyl, cycloalkyl and ary! are unsubstituted
or substituted; or any Rs, Ry, R's and R’z can be united to form a ring system;

R1s and R,z are independently H; C4-C1g alkyl; -(CHz)pe~Ca-Creycloalkyl; -(CHz)os-
(CH)g-1(aryl)4.z; -C(0O)-C+-Croalkyl; ~C(O)—(CHz)1.3-03-07cycloal[<¥l; -C(O)}-O-{CHz)o ¢~
aryl; '-C(O)-(CHz)o.s-O-ﬂuorenyI; -C(0)-NH-(CH2)gg-aryl; -C(O)-(CHz)os-aryl; ~C(O)~
(CHa)yg-het; -C(S)-C4~-Capalkyl; -C(8)-(CH2)1.5-Cs-Creycioalkyl; ~C(8)-O-(CHz)os-aryl;
-C(S)~(CHz)o.s-O-fluorenyl; -C(S)-NH-(CHz)s.s-aryl; -C(S)-(CHz)o--aryl; -C(S)-(CHa)16-
het, wherein alkyl, cycloalkyl and aryl are unsubstituted or substituted; or R4y and Ry
are a substituent that facilitates transport of the molecule across a cell membrane; of
R4y and Ryy together with the nitrogen are het; aryl of Ry4 and Rqz can be phenyl,
naphthyl, or indanyl which is unsubstituted or substituted;

alkyl of Ry1 and Rq2 may be unsubstituted or substituted by one or more substituents
selected from a C4-Cap alkene, halogen, OH, -O-C4-Cgalkyl, -S-C4-Cealkyl and ~CF3;
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mis | or 2. 7. A conpound according to Claiml wherein Rl and R3 are
preferably nmethyl or ethyl; R2is H R4 is Cl-C4al kyl; C3-C7 cycl oal kyl ;

Cl- Crcycl oal kyl - Cr Cal kyl ; phenyl-d -Cral kyl or aryl. R4 is particularly
met hyl, ethyl, butyl, isopropyl, t -butyl, or cyciohexyl; -CH2- cyclopentyl,
- CH2- cycl ohexyl ; -CH2-cycl opropyi; phenyl or-CH2-phenyl; R5 is

-Cl- C4- al kyl - phenyl ; -C(O -Cl-C4-al kyl -phenyl; -Cl1-C 4 -C(O -alkyl -pheny
or aryl. R5 is particularly phenylethyl; indanyl, naphthyl; -C(O

- CH2- phenyl; -CH2 -C(O -phenyl; or (CF30)phenylethyl; R6, R6, R7 and R7
are H U has the structure of forrmula Il wherein wherein any of the ring

carbon at u St | i W t he
subst i tut@(ﬁ%@@il‘HE%h%ityeﬂTrh%yhgir%ypgﬁ?@n%%hgg?t%w{iﬁe@F PL‘“Q or H2;
i sd- gg n salediad &oeh am1sm@raa<ene80né\rc]>cmmeétzhalbgéﬁs,omme]qrjﬂphaogémhmrw\k@: ﬁi In R1
an ar oL, .et ; I's especially H nmethyl, ethyl,
chi ororretq?lilf:ﬁe‘I %&Xﬁ{'ﬁa@/w ﬁs uoronethyl; 128 R4 is G -C4al kyl or
gsclczhgycl tw%m aﬂ?%it RAURY RY, mﬁ?%Qﬁ%hbstItul@HToWsubQﬁtﬁléé}WbHé or fifore
X
y ysubstituents selected from halogen, hydroxy, C+-Cy alkyl, C4-C4 alkoxy, nitro,
-CN, -O-C{0)-C+-Csalkyl and ~C(Q)-0-C1-Cy-aryl;

or pharmaceutically acceptable salts thereof.

3. A compound according to Claim 1 wherein

Rjand R; are independently H or substituted or unsubstituted C,4-C,alkyl;

R4 is C4-C1e straight or branched alkyl, or C3-Cocycloalkyl, wherein the alkyl or
cycloalkyl may be unsubstituted or substituted;

Rs is H; C4-Capalkyl; Cy-Croalkyl-aryl; -C{O)-(CHaz)oe-Phenyl; -(CHz)u.s-C(O)- Phenyl;
aryl; indanyl; naphthyl or Rs is a residue of an amino acid, wherein the alkyl or ary!
substituents are unsubstituted or substituted;

U is as shown in structure H:

RT RB
R/ ajn—Rec
Rs'
X

' Rb—Rd——
wherein
n = 0-5;
Xis-CHorN;

Ra and Rb are independently an O, S, or N atom or Co.5 alkyl whereln one or more of
the carbon atoms in the alkyl chain may be replaced by a heteroatom selected from
0, S or N, and where the alkyl may be unsubstituted or substituted,;
Rdis selected from

(@) ~Re—Q-—(RNyRg)q oOr

()  Ary-D—Ary,
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U has the structure of fornula Il wherein Xis N, Rs, W, R7, and R7 are H
nis QO Rcis H Arr and Are are substituted or unsubstituted phenyl or het
particularly tetrazolyl, 1, 2,3-triazole, pyrazole, oxazole, pyrrolyl,
triazine, pyrimdine, imdazol, oxadiazol; and and Dis Cl al kyl which may
optionally be substituted with halo, especially F. 9. A conpound according
to daiml wherein Rl and R3 are preferably nmethyl or ethyl; R2 is
especially H, nethyl, ethyl, chloronethyl, dichloronethyl or
trifluoronmethyl; R4 is C Cdal kyl; C3-C7 cycloal kyl ; :

C _Crcycl oal kyI C - Cral kyl ; phenyl -Cl-C2al kyl or aryl; RS is H U has the

t t Re i
5Ly St SRl 1 R bl b IR o oanFor oyl RACR ooy B 1
and Are aayeioaﬂdylsbn hetbaﬂlf’@; Rdl‘!ﬁﬂh@cthéwmﬁemﬁrmﬂl ringy affeeC, orffhatarayl ar | y
triazine, (le m B oxazol e, 4-di f1 uorophenyl, C-phenyl or
fl uorophé’n?‘e qé‘rﬁ?i'q&ip?n é@%# orlhere Rh is H Me, -CHO, -S02, -C(O), - CHOH,
CF3 or --m%m lveﬂ oﬁr@&meenémﬁapﬁﬂy% Jr%u%lﬁbi@d%r‘@%&ﬁﬂu’??d ;R_and R3 are

pr ef er abl or ethy Is espeCially H nethyl, eth chl or onet hyl ,

di chl or oI OoB, B(O}, I%@(@dﬁt hyl ;
Arq and Arz are substituted or unsubstituted aryl or het;

Rf and Rg are each independently H or substituted or unsubstituted Co-Cipalkyl; Ci-
Cqoalkylaryl; aryl-C4-C1oalkyl; het-C1-Cqpalkyl -C(O)-C1-Cs-alkyl-phenyl; -C(0)-Cy-Cs-
alkyl; -SO;-C+-Caalkyl; -S0,-C4-Czalkylphenyl, -O-C;-Cy-alky;

D is —=C(0)-; C47 alkylene or arylene; —0O-, or -S{O), where ris 0-2; where alkyl,
alkylene or arylene which may be unsubstituted or substituted with one or more
halogens; -OH; -O-C4-Cgalkyl; -S-C4-Cgalkyl or -CF3; or D is NRh wherein Rhis H;
C1.7 alkyt (unsubtituted or substituted); aryl; -OC+.7 cycloalkyl (unsubstituted or
substituted); ~-CO-Cq.1g alkyl or aryl or SO2-Cy.1p -alkyl or aryl; and Rg, Rz, R'sand R’y
are each independently H, -C4-C1g alkyl, or —OH, alkoxy, or aryloxy,

or pharmaceutically acceptable salts thereof.

4. A compound according to Claim 1 wherein
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 hut preferabiy as shown in

structure [li:

1}

wherein
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129 R4 is Cl-C4al kyi; C3-C7 cycloal kyl; Cr.C7 cycloal kyl - C1. Cral kyl ;
phenyl - C1. C7al kyl or aryl. R4 is particularly nmethyl, ethyl, butyl,

i sopropyl, t -butyl, or cyclohexyl; -CHZ- cyclopentyl, -CH2-cyclohexyl;

- CH2- cycl opropyl ; phenyl or-CH2-phenyl', R5 is H U has the structure of
formula It wherein Xis N R5, RS R7, and R7 are H nis O Rc is H
Ari and Are are substituted or unsubstituted phenyl or het particularly
pyrim dine, pyridine, oxazole, 2-nethyloxazole; and Dis -0-. 11. A
conmpound according to Caimt wherein R and R3 are preferably nethyl or
ethyl; R2 is especially H nethyl, ethyl, chloronethyl, dichioromethyl or

trlfluorq,ﬁgrg . - i.qul.

i sopropyl, %’ua{n)y I %%/ ?:lpgécg W 5%@30‘5%“% gﬁ%%%hﬁ% %Y é"‘%&{h&bﬁ% %‘é’ of

structuréhe)fsulbslitunlndaielﬁnedﬁabmélfor% f/ReBOIRR:s, R7, and R7 are H nis Q
Rc is K t an Ar2 are substituted or unsubstituted phenyl or het; and

Dis S, é% BRSNS 0y 2.
Vis Q, Fz. Clz, Bry, Iz, S, YH, Hz, NH, or C4-C, alkyl;

Wis -CH, or -N;
nis 0-3; and
mis 0-3.

5. A compeound according to Claim 1 wherein the ring carbon atoms on U are
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 alky! or lower alkoxy.

B. A compound according to Claim 1 wherein

Ry and R; are preferably methyl or ethyl;

Rz is especially H methyl, ethyl, chloromethyl, dichloromethyl or trifftuoromethyi;

R4 is -C4-Caalkyl; -C3-C7 cycloalky; -{CHz)1.scycloalkyl; or —(CHz)osaryl,

Rs is -C4-Cjalkyl-phenyl; -C(0)-C4-Cs-alkyl-phenyl; -C4-C4-C(O)-alkyl-pheny or
aryl,Rs is particularly phenylmethyl, phenylethyl and phenyipropyl; indanyl, naphthyl;
-C(O)-CHgz-phenyl or ~CHz-C(O)-phenyl;
Rs and Ry are H or methyl;

U has the structure of formula if:

)m i

(Qn 1)
X
Y >

wherein
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12. A compound according to Claiml wherein Rl and R3 are preferably nethyl
or ethyl; R2 is especially H nethyl, ethyl, chloronethyl, dichloronethyl or
trtfluoronmethyl; 130 R4 is Cl-C4al kyl or C3-C7 cycloal kyl particularly

i sopropyl, t-butyl, cyclopentyl, or cyciohexyl; R5 is H U has the
structure of formula Ii wherein Xis N R6, Re, R7, and R7 are H n s
O Rcis H Art and Are are substituted or unsubstituted phenyl or het,
particul arly oxazole, thaizole and ozadiazole; and Dis C(O, or

1, 3-di oxol ane. 13. A conpound according to Claim1l wherein R and R3 are
preferably methyl or ethyl; R2 is especially H nethyl, ethyl, chloronethyl,

dichloro WA . ' Btmdien! = yl
parti cul gﬁ'gﬁéihnsgﬁp% %%?%Wﬁ?gﬁgk%@%%%gﬁtu&u or %éfé%gﬁéﬁty@ \ggl‘f!a@? or
phenyl G theissbatituiad defirtedabovedayRetfy Ryand Bvys the structure of fornula i
wher ei n X)(ii NN; Re, Re, R7, and R7 are H nisQ Rc and Rd are het,

parti cul ar Ii pyrrolidine; pyrrofdin-2-one; or pyrrolidin-3-one.

Vis O or Hy;
Wis -N;

nis 1; and
misior2.

7. A compound according {o Claim 1 wherein
Rs and Rj are preferably methy! or sthyl;
Rzis H;
Ry is CG1-Cqalkyl; C3-C7 cycloalkyi; C4-Cy cycloalkyl-C4-Cralkyl; phenyl-C4-Cralkyl or
aryl. Ry is particularly methyl, ethyl, butyl, isopropyl, t-butyl, or cyclohexyl; -CHz-
cyclopentyl, -CHz-cyclohexyl; ~-CHz-cyclopropyl; phenyl or —CHz-phenyl;
Rs is -C1-C4-alkyl-phenyl; -C(Q) ~C4-Cs-alkyl-phenyl; -C4-C 4 -C(O) -alkyl-pheny or
aryl, Rs is particularly phenylethyl; indanyl, naphthyl; ~-C{O) —-CHz-phenyl; ~CH; -C(O)
~-phenyl; or (CF3;0)phenylethyl;
Rs, R's, Ry and R’y are H;
U has the structure of formula il wherein
wherein any of the ring carbon atoms can be unsubstituted or substituted with any of
the substituted defined above for Rs, R7, R and Ry,
Xis N; |

| Vis Qor Hs;
Wis -N;
nis 1; and

-
L]

mis 1 or2.
8. A compound according to Claim 1 wherein

Ry and Rj are preferably methyl or ethyl;
Ry is especially H, methy, ethyl, chioromethyl, dichloromethyl or trifluoromethyl;
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14. A compound according to Caim1 wherein RL and R3 are preferably nethyl
or ethyl; R2 is especially H nethyl, ethyl, chioronethyl, dichloronethyl or
trifluoronmethyl; R4 is G -C4al kyl or C3-C7 cycloal kyl particularly

I sopropyl, t-butyl, cyclopentyl, or cyclohexyl; R5 is H, indanyl or phenyl;
U has the structure of fornmula 11 wherein 131 XisN, QsO; R6i R 6, R7, and
R7 are H nis QO Reis Cl alkyl; and p arid g are 0. 15. A conpound
according to Claim1l wherein Rl and R3 are preferably nmethyl or ethyl; R2
is especially H methyl, ethyl, chloronethyl, dichloronethyl or
triftuoronethyl; R4 is Cl-C4al kyl or C3-C7 cycloal kyl particularly

U has. e ot STy Ter Spdloal N parfilfor (Rtopy koG PRI o2y Pana
R 7 are Heyclohexyh O Re is Cl1 alkyl; and

Rsis H;

U has the structure of formula Hl wherein

Xis N;

Rs, R’s, Ry, and R’y are H;

nis Q;

Reis H;

Arq and Arz are substituted or unsubstituted phenyl or het particularly tetrazolyl, 1,

2,3-triazole, pyrazole, oxazole, pyrrolyl, triazine, pyrimidine, imidazol, oxadiazol; and

and D Is G, alky]l which may optionally be substituted with halo, especially F.

9. A compound according to Claim 1 wherein

R1 and R; are preferably methy! or ethyl,

R: is especially H, methyl, ethyl, chloromethyl, dichloromethy) or trifluoromethy;

Ry is Cy-Cqalkyl; Cs-C7 cycloalkyl; C4.C7 cycioalkyl-C4-Cralkyl; phenyl-Cq-Cralkyl or
aryt;

Rsis H;

U has the structure of formula 1 wherein

Xis N;

Rs, R'g, Ry, and R'y are H; or Rg is -C(0)-C4-Cs-alkyl-phenyl aqd R’s, R7, and Ry are
H; ' )

nis O,

Reis H;

Ary and Ar; are substituted or unsubstituted phenyl or het, particularly triazine,
pyrimidine, pyridine, oxazole, 2,4-difluorophenyl, Cl-phenyl or fluorophenyl; and D is
N(Rh), where Rh is H, Me, -CHO, -S0O;, -C(0), -CHOH, CF3 or ~SO,CHs.

10. A compound according to Claim 1 wherein
Ry and Rj are preferably methy! or ethyl;

R, is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
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RO is H Cl1-C3 alkyl, nethyl, ethyl, hexyl, heptyl, octyl, or CH2CF3, or
aryl-Cl (34 alkyl particularly phenylethyl, furanylethyl; C3-C7 cycloal kyl
particul arly cycl ohexyl; ethylphenyl; -C(O -Cl-C4-alkyl-phenyl; -C(O
-Cl-C4-al kyl; -Cl-C4-al kyl-aryl particularly -CH2-phenyl; -CH2-thiophene,
-CHrfuran, -CHrpyrrotidinyl, -CH imdazole, -CH2-triazole, -CH2-im dazole;
and R1L is C1-C2 al kyl; Ci1-C2 al kyl phenyl; -S02.C1. C2al kyl ;

-S2. C1- C2al kyl phenyl ; -0- CrC4-al kyl particularly O ethyl; phenyl-phenyl,

1, 2, 3, 4t etrahydrortapthal ene and indanyl. 16. A conpound according to Caim
1 wherein Rl and R3 are preferably nmethyl or ethyl; R2 is especially H,

net hyl, d’Rhislcrckdllanm?Cl?t?rclodlk?h|G¥G¥6?bbhikypfCJGﬁfIdthih@ﬁgl—O}'C?al R4 is
C - Caal kyl cl oa articularly’iso utyl, cycl opentyl,

or cycl dHek [ﬁth is P@'hngéF'V m?ﬂi&'m? Ybrb'-ﬁﬁﬂelﬁmeU hgﬁty 08 cyelohexyli RE f or mul a
!’3.|| k\;/\lrer e'c?c@bﬁnﬁ\' 39 Fln}%hg Ii: ndéq-'G ec?rggpﬁpom%gg-gﬂ?rﬂ%dyga?t | ?ﬁl 1’3.?| §/:
2, 3, 4, 5- Reistyhydr obenzo[ c) azepi ne; 1,2,3,4 tetrahydroquinoline; indanyl
o en T S RS oMl ERRGABLLY, Prenyl 17, A sompound according to

XisN;

Re, R's, Ry, and R’y are H;

nis O;

Rcis H;

Ary and Ar; are substituted or unsubstituted phenyl or het particularly pyrimidine,

pyridine, oxazole, 2-methyloxazole;

and D is -O-.

11. A compound according to Claim 1 wherein

Ry and R; are preferably methyl or ethyl;

R; is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethy;
R4 Is C4+-Caalkyl or C3-Cy cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H;

U has the structure of formula il wherein

XisN;

Rg, R's, Ry, and R'; are H;

nis O;.

Reis H;

Ary and Ar; are substituted or unsubstituted pheny! or het,
and D is 8, S(0), or S(0)..

12. A compound according to Claim 1 wherein

R1 and R; are preferably methyl or ethyf,
Rz is especially H, methyl, ethyl, chloromethyl, dichloromethyl or trifluoromethyl;
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R2 is especially H nethyl, ethyl, chloronmethyl, dichloronethyl or
trifluoronmethyl; R4 is C -C4alkyl or C3-C7 cycloal kyl particularly

i sopropyl, t -butyl, cyclopentyl, or cyclohexyl; R5 is phenyl; U has the
structure of fornmula It wherein Xis N Qis 0, 8 S(O or S(O2; R6, Rs,
Rr, and R7 are H nisO Reis C alkyl; gisO; Rcis H and R is C

al kyl . 18. A conpound according to Caiml wherein R3 and R4 have the
stereochem stry indicated in formula IV, with the definitions of the

vari abl e substituents and 133 preferences described herein above al so
appl yi ng to-conpounds having the stereochemstry indicated in fornula IV.

R3 O R\ myis'OpChdiiey b Csl lodRdyl ipartik] §6§]‘B n £ aim 18
wherein co l} dﬂé{[ h t ﬁecg%%r eig%h% st ra;ﬁl 9“ d?@l? Q% Rhggfryglor? R, and R3
are pref eqy"glhﬁxﬂet hyl or ethyl;

Rsis H;

U has the structure of formula If wherein

Xis N;

Rs, R’s, Ry, and R'; are H;

nis O;

Reis H;

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

and D is C(0), or 1,3-dioxolanse,

13. A compound according to Claim 1 wherein

Ry and R; are preferably methyl or ethyl;

R; is especially H, methyl, ethyl, chioromethyl, dichloromethyl or tnfluoromethyl
Rq is Cy-Csalkyl or C3-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H or phenyl C1-Cqg alkyl such as phenylethyl;
U has the structure of formula |l wherein

Xis N;

Rs, R's, Rz, and R’y are H;

nis O,

Rec and Rd are het, particularly pyrrolidine; pyrrolidin-2-one; or pyrrolidin-3-one.

L]
Ll

14. A compound according to Claim 1 wherein

Rs and R are preferably methyl or ethyt;

Rz is especially H, methyl, ethyl, chioromethyl, dichloromethyl or trifluoromethyt;
Ry is C1-Cgalkyl or C3-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or -
cyclohexyl,

Rs is H, indanyl or phenyl;

U has the structure of formula 1l wherein
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R2 is H nethyl, ethyl, or substituted nmethyl especially chloronethyl,

di chioronethyl and trifluoronethyl; preferably R2 is H or unsubstituted
methyl; R4 is G -C4al kyl or C3-C7 cycloal kyl particularly isopropyl,
t-butyl, cyclopentyl, or cyclohexyl; R5 is -C -C4-al kyl-phenyl,

particul arly phenyl met hyl, phenyl ethyl and phenyipropyl, indanyl, naphthyl;
and Re and R7 are H at nethyl. 20. A conpound according to Claiml wherein
the stereochem stry for Uis as shown in Figure VR RS Rr' Ra)n Re Re. V
{Rb)n -Rd 134 21. A pharmaceutical conposition which conprises a
pharmaceutically acceptable carrier and a therapeutically effective anount
of a conppw: of fornula | according to claim1. 22. A conpound sel ected

from
N-[ 1- Cycl@fiee®y| - 2- oxo- 2- (6- phenet hyl - oct ahydro-pyrrol o[ 2, 3-c] pyridin-1-yl)-e

t hyl ] - 2- e i de; 2-Methyla mino-N[2-nethyl-|
-(7- oxo-geﬁe%hfh@yr{boR 'fag&ﬁg]dro-pyrrol o[2, 3-c]pyrid ine-1- ca
rbony}) - prisd;} ] - propi onam de; 2-Met hyl a mi no-N[2-net by |- |
-(7-oxo- Ei ctohyd ro-pyrroto[2, 3-c] pgridi ne€-I - ca
rbonyl ) - 3?%8%3%%39 nani de; 2- Met hyl anf no- N-[ 2- net hyl - |
- (8- oxo- T amehekdyl - oct ahydro-pyrrol o[ 2, 3-c]azepi ne-1-

15. A compound according to Claim 1 wherein

R+ and Rz are preferably methyl or ethyl;

Rz is especially H, methyl, ethyl, chioromethyl, dichloromethyl or trifluoromethyl;

R4 is C1-Caalkyl or C3-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is H, indanyl or phenyl;

U has the structure of formula It wherein

Xis N;

QisN;

Rs, R's, R7, and R’ are H;

nis O;

Reis C; alkyl; and

Rg is H, C4+-Cg alkyl, methyl, ethyl, hexyl, heptyl, octyl, or CH.CF3, or aryl-C4.C4 alky!
particularly phenylethyl, furanylethyl; Cs-C; cycloalkyl particularty cyclohexyl;
ethylphenyl; -C(O) -C4-Cy-alkyl-phenyl; -C(O) -C4-C4-alkyi; -C1-é4-alkyl-aryl
particularly —-CHg-phenyl; —CHg-thiophene, ~CHz-furan, —-CHgz-pyrrolidiny}, ~CH,-
imidazole, —CH,-triazole, —CHz-imidazoie;

and Ry is C4-C2 alkyl; C4-C; alkylphenyl; -S02.C1.Czalkyl; -802_01 C-alkylphenyl; -O-
C41-Cq-alkyl particularly O-ethy!; phenyl-phenyl, 1,2,3 4tetrahydronapthalene and

indanyl.

16. A compound according to Claim 1 wheérein

R4 and Ry are preferably methyl or ethyl;

R; is especially H, methyl, ethyl, chloromethyl, dichloromethyt or triflucromethyl;
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ca rbonyl)-propyl - propi onam de;

2- Met hyl am no- N-[ 2- net hyl - 1- ( 7- oxo- 6- phenet hyl - oct ahydr o- pyrrol of 2,

3-c] pyridine-1- carbo nyl)-propy |]-butyram de;

2- Met hyl am no- N-{2- et hyl - 1- ( 7- oxo- 6- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-c] pyrid
i ne-1- ca rbonyl)-propyl]-butyramide;

2- Met hyl am no- N-j 2- net hyl - 1- ( 8- oxo- 7- phenet hyl - oct ahydr o- pyrroi o[ 2,
3-c]azepine-1- car bonyl)-propyl]-butyr ami de; 135

N[ 1- Cycl ohexyl - 2- oxo- 2- ( 7- oxo0- 6- phenet hyl - oct ahyd
ro-pyrrolo[2,3-c]pyridin-1-yl)- ethyf]-2-nmethyl am no-propi onam de;

SR AT T B SR S i v

2- Met hyl awdoéexy[;z- met hyl - 1- ( 3- et hyl - 7- oxo- 6- phenet hyl - oct ahydr o- pyrrol o[ 2,

3 c]pyridime:d-ca rbonyl) - pfopyl ] - propi onam de;
2- Met hyl aﬁgﬁso'-l'r\f-n Qf‘ﬁe‘#}rﬁ}'fe-"&[‘( 3-net hyl - 7- oxo- 6- phenet hyl - oct ahydr o- pyrroi of 2,
3- c] pyri @) has thelstreatupe ¥ Formii® Pwherginopi on am de;
N[ 1- (4- Benzyoxy- 7- oxo- 6- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-c] py(di ne-1-carbony
-2- net %ﬁ 3r opyj - 2- met hyl ami n o- pr opi onani de;
N-[ 1- Cycl M- - 2- 0xo- 2- (8- oxo- 7- phenet hy- oct ahydr o- pyrrol o[ 2, 3-c] azepi n-1-y
| )- ethyl]-2-nethyl ani no-but yrani de;
[i - Cycl BaeRy|R2and &¥2aeBHpxo0- 7- phenet hyl - oct ahydr o- pyrrol o[ 2, 3-c] azepi n- 1-
i)- ethyl].-2-methyl amino-butyramide;
N-[ 1- Cycl i3} Yyl - 2- oxo- 2- ( 7- phenet hyl - oct ahydr o- pyrrol of 2,
3-c] azepi Relisﬁ)aﬂ?{;mﬁcﬂ -2- methylamin o-propi onam de;
2- Met hyl ami no- N- [ 2- met hyl - | - ( B- gx0- 7- phenet hy| - ?ﬁcrtyﬁgdr 0- pyre
ol o( 2, 3- cRaPBRiRiemM a ring; ed freruist or-amyl pagtical 2,3,4,5-
tetrahydrobenzo[cjazepine; 1,2,3,4 tetrahydroguinoline; indanyl which may be

substituted with C,-C,alkylphenyl

N

17. A compound according to Claim 1 wherein

R4 and R; are preferably methyl or ethyl,

Rz is especially H, methyl, ethy!, chloromethyl, dichloromethyl or trifluoromethyl;
Ry is C4-Csalkyl or C3-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyt, or
cyclohexyl;

Rs is phenyt;

U has the structure of formula lf wherein
Xis N;

Qis 0, S, S(O) or S(0)z;

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

nis O;

Re is Cy alkyl;

qis 0;

RcisH;

and Ry is Cy alkyl.

18. A compound according to Claim 1 wherein R3 and R4 have the stereochemistry
indicated in formula IV, with the definitions of the variable substituents and
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(S)-N{(9-2-[(R-2-(3-Benzyl -phenyl)-pyrrolidin-1-yl]-1-cycl ohexyyl -2-oxo
ethyl)-2- nmethylam no-p rop i onamde; (S)-N-{(S)-2-[(S)-2-(3-Benzyl -pheny
[)-pyrrolidin-1-yl]-1-cycl ohexyl-2- oxo-ethyl]-2- nethyla mno-propi onam de;
(S)-2-Methylam no-N-((S)-2-nethyl -1

-{(S)-2-[3-(net hyl - phenyl - am no) - phenyi j - pyrrolidine-1-carbonyl)-propy
I)-propionam de; 136 (S)-N-((S)-1-Cyclohexyl-2-{(S)-2-[3

- (et hyl - phenyl - am no) - phenyl ] -pyrrolidin-1 yl}-2-

oxo- et hyl ) - 2- net hyl am no- propi onam de; (S)-N-((S)-1-Cyc#ohexyl-2-{(R-2-[3
- (et hyl - phenyl - am no) - phenyl ] - pyrrolidin-1yl)-

2- 0X0- et hykgferentes st MBEtPhEeRPAIRAAINE applyi i

(S)-N{( sf-bl- ocl o%xyl e ;‘gf?8?%1?358335“&?323?)“?‘5'?%‘8?a din-1

-yl ] - et hysjergocheaspiplyy dicated iy taomulealV. de; .
(S)-N-{(S)-1-Cycl ohexyl -2-0x0-2-((S )-2-(3-phenoxy-phenyl)-pyrrolidin-
-yl]-ethyl}-2- nethyfam no-propi ona m de;

(S)-N-((S)-1-Cycl ohexyl - 2- oxo- 2R§ (R

) - 2- (3- phenyl sul f anyl - phenyl ) - pyrrolgdin -yf]-‘
et hyl }-2- met hyl am no- pr o% aniee; - B—RLycl ohexyl - 2-ox0-2-[ (S
) - 2- (3- phenyl sul fanyl - phenyl N pyr il i dEn- 1-yl ] -

et hyl ) - 2- met hyl am no- propi onalm deg (S)EN-{(S)-2-[ (R -2-(3-Benzen esu

| f onyl - phenyl) - pyrrolidin-1-\R,]-1-cycl Rpexyl -2-oxo- ethyi}-2-methyl am

no- pr opi onam de;

(S)-N{(S-2-((S)-2-(2-Benzyl -2Htetrazol -5-yl)-pyrrolidin-1-yl]-1-cycl ohexy
| - 2-oxo- ethyl}-2-nethyl am no-propi onam de; '

(S) - N-{ (Sh92- [ ALbmpodrir £207diyg 18 t1sim! 1: aaﬁﬁéreﬁrdﬁrﬁpdlﬁfgcf With tHe'stéredcherhistry

%ycl ohexyl - 2- oxo- " et hyl ) - 2- met hyl am i no- but yr am de;

(S) - N { ( Sptformpis) () whemgimzy| -1 Hte
trazol -5 W LR T bl b Brdbi ety Shigfexy! - 2- oxo-

Rz is H, methyl, ethyl, or substituted methyl especially chloromethyl, dichloromethyl
and trifluoromethyl; preferably R, is H or unsubstituted methyf;

Ry is C-Csalkyl or Cs-C7 cycloalkyl particularly isopropyl, t-butyl, cyclopentyl, or
cyclohexyl;

Rs is -C1-Ce-alkyl-phenyl, particularly phenylmethyl, phenylethyl and phenylpropyl,
indanyl, naphthy!; and

Re and R7 are H or methyl.

20. A compound according to Claim 1 wherein the stereochemistry for U is as
~ shown in Figure V

Ra)n Re

7 {(Rbjn—Rd——
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et hyl } - 2- met hyl am no- propionam de; (S)-N-{(S)-2-[(S)-2-(1-Benzyl-l1 Hte
trazol -5-yi)-pyrrolidin-1-yi]-1-cycl ohexyl - 2- oxo- ethyl}-2-nethyl am

i no- butyram de; (S) N-{(S)-2-[2-(Benzyl oxyi m no-

hyl ) -pyrrolidin-1-yl]-1-cycl ohexyl- 2-oxo-ethyl)-2-

met hyf am no- propi onam de; 137 (S)-2-Methyl am no-N-{(S)-2-net hyl -
-[2-((S)-phenyl net hanesul f onyl am no -nethyl)- pyrrolidine-1-carbonyl]-pr
opyl } - propi onami de; (S)-2-Methylam no-N-{(S)-2-nethyl-
-[2-((S)-phenyl net hanesul f onyl am no -nethyl)- pyrrolidine-I-carbonyl]-pr
opyl } - but yram de;

N- (1- Cycl ohexyl -2-{(S)-2-[ (et hyl -i ndan-2-yl -am no) - net hyl ] - pyrrolidin-
1-yl}-2-0x0- ethyl)-2-((S)-nethylam no)-propi onani de;
(S)-N-[(S)-1-Cycl ohexyl -2-(2-{[(S)- indan-2-yl-(2,2,2-triffuoro-ethyl)-
am no] - met hyl } - pyrrolidin 1-yl)-2-o0xo-ethyl]-2-nethyl am no- propi onam de;

(St (a4 pofibebdebfo i MRS Al "
(S) N-((S) C{c E?a‘b[kf §9r ek &ht a&%bbﬂpe%&é}ﬁf{ﬁécn@érh%hn{rsf ﬁbb}np@}ﬁha@lfrdimrmall

-yl}-1- cy oxo0- et hyl ) -'2- et am no- pr opi onam de

(S)- N((S)am@ngwebﬂ}mﬂ {2-T((9)-

furan- 2-yl net hyl - phenet hyl -am no) -net hyl }- pyrrolidin-|-yl}-2-o0xo-ethyl

) - 2- met hyl am no- pr opi onam de; (S)-N-[(S)-1-Cycl ohexyl -2- oxo- 2-(2-
{I[(S)- pherﬁt hyl - (4- phenyl - butyI )-am no] - nethyl)-pyrrolidin-1-yl)-ethyl

] - 2- met hyl Fhbsripstgd.flomis) - N[ (S) - 1- Cyclohexyl 2-(2-{j (9)-

met hyl - (4- phenyl -butyl)-am rro] -methyl }-pyrrotidin- 1-yi)-2-oxo-ethyl)-2

- met hyl am - . D-
N-[(S)-1- (Ms1 &2?'2'325@@ gﬁ%fo(sf Rty octabydro P Taol2,d clpyrdin 1y et
-c] pyri di n- metiplgminchgeqtamids; am de

2-Methylamino-N-[2-methyl-1-(7-oxo-8-phenethyl-octahydro-pyrroiof2, 3-clpyridine-1-
carbonyl)-propyll-propionamide;

2-Methylamino-N-{2-methyl-1-(7-oxo-8-phenethyi-octahydro-pyrrolo[2, 3-clpyridine-1-
carbonyl)-propyll-propionamide;

| 2-Methyla mi'no-N—[Z—methy!- 1 —(8—0xo-?-phenethyl—octahydro—py;roIo[2, 3-clazepine-1-
carbonyl)-propyl]-propionamide;

2-Methylamino-N-{2-methyl-1-(7-ox0-8-phenethyl-octahydro-pyrrolo[2, 3-cpyridine-1-
carbonyl)-propyl}-butyramide;

2-Methylamino-N-[2-methyl-1-(7-0x0-6-phenethyl-octahydra-pyrrolo[2, 3-clpyridine-1-
carbonyl}-propyl]-butyramide;

2-Methylamino-N-{2-methyl-1-(8-oxo-7-phenethyl-octahydro-pyrrolo[2, 3-clazepine-1-
carbonyl)-propyl]-butyramide;
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(S)-N[(S)-1-(9) - q/cl ohexyl - 2-0x0-2 - ((R)-6-phenet hyl -oct ahydr o-pyrrolo
[2,3- c]pyridi n-1-yl)-ethyl][-2-net hyI am no- but yram de;

(S)-2-Methyl am no-N-[(S)-2-nethyl-1 -((R)-6-phenethyf-octahydro-pyrrolo

(2, 3- c]pyridine-1-carbonyl)-pr opyl ] -propi onam de; 138

(S)-N-[(5)-2,2-Di methyl -1-((R)-6-phenethyl -oct ahydro-pyrrol o 2, 3-c] pyri di ne-
1- carbonyl)-propyl ]-2-methyl ami no pr opi onam i de;

(S)-2-Methyl am no-N-[(S)-2-nethyl-1 -((R)-6-phenethyl-octahydro-pyrrolo
[2,3- c]pyridine-I-carbonyl)-pr opyl ] -butyram de;

(

85 N-[(S)-2, 2-Dinethyl -1-((3aR, 7aS ) - 6- phenet hyl - oct ahydr o- pyrroi o(2, 3
]

Uinen. ] R
(g ply\krl Ismgrl o&rgr\ghef(mlb%o&(t)(;rgqs}o}&%hsﬁéthym&hnfurewwo%[m EByridin-1-yl)

aR 7aS) 6- (eﬁlylﬁ—mamyimmmgwﬁ@nyl) ethyl]- octahydro-pyrrolof 2, 3-
c]pyridin-1-yl}-et hyI ) - 2- met hyl am no- pr opi onam de;

S) - N
<(51R? 7a8§( 'E”%‘%y{‘r. fl grrﬁ?re?ﬁ'-is -tiﬁeth Ihexta T?y?-dleng!c)_s'ﬁ);%rhgx%h drrgT o[ 2, 3-
c] pyridin- mywl}ﬂwwwrcﬂeﬂwmbwl}mwwmmommuﬂe
(S)-N-[(S)-1-Cycl ohexyl -2-0x0-2-((3

o e AR RIS BT A senpnetnykoctahyaro-pyroloz o
(S) - N-[ (S) chryf¥intohexyongh-prepyligropionamide;
as, 6aS) - 5- phenet hyl - hexahydr o- pyrrol o[ 3, 4-

l(3]3|)O y|r\£ ?( %-N% f@%ﬂ@ﬁd&ﬁ n@etbx% meghyq L?t-g)&:o‘%g]p(?lehethyl—0ctahydrm-pyrrc:do[z 3-
as, 6aS) - 5- ?ﬁaahbw-cé\wwqfr@pwyﬁrbaloﬂbﬁu&e

b] pyrrol - ) -et hyl] met hyl’am no- prop| onam de;
(S) - N-[(S) 1 cl ohexyl - 2- oxo- 2- (El aS) - 6- oxo- 5- phenet 6yl - hexahydro -
pyrr ol of 3V Oéymﬂqzm?;nxp -&phemngt V'?WWPWFHM%Qt%l?ﬂfﬁ"&%1-cafb0ﬂy -2+

S)-N[(R I 6- 5- phenet hyl - hexahydro -
E)yzrol E)ES) T%b}ﬁ:r) &at}ﬁlx y‘ﬁ'ﬂéﬁh&f #0% %)am (rjl)c()obutsrgrr;edey SranEre

(S)-N-[(S)-1-Cycl ohexyl -2-o0x0-2-((3 aS 6aS) 6- oxo0- 5- phenet hyl - hexahydro -
N-[1-Cyclohexyl-2-oxo-2-(8-oxa-7-phenethyl-octahydro-pyrrolo{2,3-clazepin-1-yl)-

ethyl]-2-methylamino-butyramide;

N-[1-Cyclohexyl-2-oxo0-2-{8-oxo-7-phenethyl-octahydro-pyrrolof2,3-cJazepin-1-yi)-
ethyl)-2-methylamino-butyramide;

N-[1-Cyclohexyl-2-oxo-2-(7-phenethyl-octahydro-pyrrolof2, 3-clazepin-1-yl)-ethyl]-2-

methylamino-propionamide;

2-Methylaminc—N—[Z~methyl-1-(8-ox0-7-phenethyl—octahydro—p?rrolo[z,3-c]azepine-1-
carbonyl}-propyl]-butyramide;

(8)-N-{(8)-2-[(R)-2-(3-Benzyl-phenyl)-pyrrolidin-1-yi]-1-cyclohexyl-2-oxo-ethyl}-2-
methylamino-propionamide;

(S)-N-{(S)-2-{(8)-2-(3-Benzyl-pheny I)-pyrrolidin-1-ylJ-1-cyclohexyl-2- oxo-ethy(}-2- -
methylamino-propionamide;

(8)-2-Methylamino-N-{(S)-2-methyl-1 <{(S)-2-{3-(methyl-phenyl-amino)-phenyi}-
pyrrolidine-1-carbonyl}-propy ))-propionamide;
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pyrrol o[ 3, 4-b] pyrrol-1-yl)-ethyl]- 2-nethyl am no- propi onam de;

(S)-N[(R) -1-Cycl ohexyl - 2-o0x0-2-((3 aS, 6aS) - 6- oxo- 5- phenet hyl - hexahydro -
pyrrol o[ 3, 4-b] pyrrol -1-yl)-ethyl)- 2-methyl am no- propi onam de; 139
(8)-N[(S)-1- (R -Cycl ohexyl -2-0x0-2 -((S)-7-phenet hyl octahydro-pyrrol o
[2,3- c]azepin-1l-yg-ethyl]-2-nmethylam no-propi onam de;

(S)-N[(S)-1-(S)-Cycl ohexyl - 2- oxo0-2

-((R) - 8- 0xo0- 7- phenet hyl - oct ahydr o- pyrrol o[ 2, 3- c]azepl n-1-yl)-ethyl]-2-

met hyl am no- but yram de; and pharmaceutically acceptable salts thereof. 23.
A conpound sel ected from

N O a0 2 L e OGNl O B R TSt g3 Y1) -t

N-{1-cycl @ibeéth*r ?-% =g thyfarhitolstoplbpamide;Phenyl )
pyrrolidin-1-y et hyl'} - 2- met hyl am no- pr opi onam de;
N-[1- cyclohml-z 0XO0- -(7-Eeneth I-octahydro pyrrol o[ 2, 3-c] azepi n-1-yi)-et

hyl ] - 2- -1 rfeysiehey AR ye-l c@)ethvl(Rw&awtﬂ)@heexwmemé-yl}-

3R) - 2-
3- 3ret hgll(eép;b/)r(é-g ff—Hl@( ¥I mﬁﬁ&k é%%ﬁ 2- et hyl am i no- pr opi onami de;
N-(2-[2-(2-be

Ht et razo(S)SN‘?{ﬁzg) =b{velohedyi2-oxg12-{ By -A-(hphgnoxz-pheaybyyplidin-1 -yil-ethyl}-2-

met hyl am - [ 2- Benxyl oxyi m
I no- met hy g%grro{'gg}(%ﬁgq I'}~-"1- cycl ohexyl - 2; oxo- et hyl - 2-
nmet hyl am no- propi onam de; and pharmaceutically acceptable salts thereof.
24. A confuiNd(SHel Qgcbﬁekyleﬂmxo-z-[(s }-2-(3-phenoxy-phenyl)-pyrrolidin-1 -yl}-ethyl}-2-
(S)- N{(S%ﬁ@%’cl ohﬁ%}ll - oc%(r: 2-[(S)-2-(3-pheno) cy-phenyl)-pyrrolidin-1-yl]-
ethyl}-2 am de;
(S)-N-((S)-1-Cyci ohexyl 2 0X0-2-[(S) - 2- (3- phenyl sui f anyl - phenyQ pyrrolidin-1
-yl]- (8)-N-{(S)-1-Cyclohexyl-2-ox0-2-[(R )-2-(3-phenylsulfanyl-phenyl}-pyrrolidin-1-y(}-

ethyl}-2-methylamino-propionamide;

(8)-N-{(8)-1-Cyclohexyl-2-ox0-2-{(S }-2-(3-phenylsuifanyl-phenyl)-pyrrolidin-1 -yl]
ethyl}-2-methylamino-propionamide;

(8)-N-{(S)-2-[(R)-2-(3-Benzenesulfonyl-phenyl)-pyrrolidin-1-yi]-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-propionamide;

(8)-N-{(8)-2-[(S)-2-(2-Benzyl-2H-tetrazol-5-yl)-pyrrolidin-1-yl]-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-propionamide;

(S)-N—{(S)—Z-[(S)—Z—(Z-BenzyI-ZH-tetrazoi-s-yl)-pyrrolidin-—1-yl}-'1 -cyclohexyl-2-oxo-
ethyl}-2-methylamino-butyramide;

(S)-N-{(8)-2-[(S)-2-(1-Benzy)-1H-te trazo}-5-yl)-pyrrolidin-1-yl}-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino- propionamide;

(8)-N-{(S)-2-[(S)-2-(1-Benzyl-1H-te trazol-5-yi)-pyrrolidin-1-yl}-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-butyramide;

(8)-N-{(S)-2-[2-(Benzyloxyimino- hyl)}-pyrrolidin-1-yl}-1-cyclohexyl- 2-oxo-ethyl}-2-
methylamino-propionamide;
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et hyl } - 2- met hyl am no- pr opi onam de; 140

(S)-N{(S-2-[(S)-2-(2-Benzyl -2Htetrazol -5-yi)-pyrrolidin-1-yf]-1-cycl ohexy
h2- oxo- ethyl}-2-net hyl am no- pr opi onani de;

(S)-N((S)-2-[(S)-2-(2-Benzyl -2Htetrazol -5-yl)-pyrrolidin-1-yi]-1-cycl ohexy
| - 2- oxo- ethyl)-2-nmethyl am no-butyramde; (S)-N-{(S)-2-[(S)-2-(1-Benzyl-1
Htetrazol -5-yl)-pyrrolidin-1-yl]-1-cycl ohexyl - 2- oxa-

et hyl }-2-met hyl am no- propi onam de; (S)-N-{(S)-2-[(S)-2-(1-Benzyl-1
Htetrazol -5-yl)-pyrrolidin-1-yi]-1-cycl ohexyl - 2- oxo-

et hyl }-2-met hyl am no- but yram de; and pharnmaceutically accpetable salts

thereof 1y 5 Methylamino-N-{(S)-2-methyl-1 {2-({S)-phenylmethanesulfonylamino -methyi)-
pyrrolidine-1-carbonyl]-pr opyl}-propionamide;

(8)-2-Methylamino-N-{(8)-2-methy}-1 -[2-({S)-phenylmethanesulfonylamino -methyl)-
pyrrofidine-1-carbonyl}-pr opyl}-butyramide;

N-(1-Cyclohexyl-2-{(S)-2-{(ethyl-indan-2-yl-amino)-methyl]-pyrroiidin- 1-yl}-2-oxo-
ethyl)-2-{(S)-methylamino)-propionamide;

(8)-N-[(S)-1-Cyclohexyl-2-(2-{[(S)- indan-2-yl-(2,2,2-trifluoro-ethyi)- amino}-methyl}-
pyrrolidin-1-yl)-2-oxo-gthyl}-2-methylamino-propionamide;

(S)-N-{(8)-1-Cyclohexy!-2-{2-{((S)- cyclohexyl-phenethyl-amino)-methyl] -pyrrolidin-
1-yl}-2-oxo-ethyl)-2-methylamino-propionamide; :

(8)-N-((8)-2-{2-[({S)-tert-Butyl-phenethyl-amino)-methyl}-pyrrolidin-1 -yl}-1-
cyciohexyl-2-oxo-ethyl)-2-methylamino-propionamide;

(S)-N-((8)-1-Cyclohexyl-2-{2-[({S)- furan-2-yimethyl-phenethyl-amino)-methyl}-
pyrrolidin-1-yl}-2-oxo-ethyl }-2-methylamino-propionamide;

(8)-N-[(S)-1-Cyclohexyl-2-ox0-2-(2- {{{S)-phenethyl-(4-phenyl-butyl}-amino]-
methyl}-pyrrolidin-1-yl)-ethyl ]-2-methylamino-propionamide;

(8)-N-{(8)-1-Cyclohexy!l-2-(2{I(S)- methyl-(4-phenyl-butyl)-amirfo}-methyl}-pyrrolidin-
1-yi)-2-oxo-ethyl]-2 -methylamino-propionamide;

N-[(S}-1-{S)-Cyclohexyl-2-oxo-2-{(R )-8-phenethyl-octahydro-pyrrolo[2,3 -c]pyridin-
1-yl)-ethyil-acetamide;

(8)-N-[(8)-1-(8)-Cyciohexyl-2-oxo-2 -({R)-6-phenethyl-octahydro-pyrrolo [2,3-
cJpyridin-1-yl}-ethyi]-2-methylamino-butyramide,

(S)-2-Methylamino-N-[(S)-2-methyl-1 -((R)-6-phenethyt-octahydro-pyrrolo (2,3~
c]pyridine-1-carbonyl)-propyl] -propionamide;
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(S)-N-[(5)-2,2-Dimethyl-1-{({R)-8-phenethyl-octahydro-pyrrolof2, 3-c]pyridine-1-
carbonyl)-propyi]-2-methylamino-propionamide;

(S)-2-Methylamino-N-[(8)-2-methyl-1 -((R)-6-phenethyl-octahydro-pyrrolo [2,3-

clpyridine-1-carbonyl)-propyl} -butyramide;

(8)-N-[(5)-2,2-Dimethyl-1-((3aR,7aS )-6-phenethyl-octahydro-pyrroio[2,3 -clpyridine-
1-carbonyl)-propyl]-2-methylamino-propionamide;

{8)-N-({8)-1-Cyclohexyl-2-ox0-2-{(3 aR,7aS)-6-[2-(2-triffluoromethoxy-phenyl)-ethyl}-
octahydro-pyrrolof2,3- clpyridin-1-yl}-ethyl)-2-methylamino-propionamide;

(8)-N-((8)-1-Cyclohexyl-2-ox0-2-{(3 aR,7a8)-8-[2-(3-trifluoromethoxy-phenyl)-ethyl]-
octahydro-pyrrolo[2, 3~ c]pyridin-1-yl}-ethyl}-2-methylamino-propionamide;

(S)-N-[(S)-1-Cyclohexyl-2-0x0-2-((3 aR,6aR)-5-phenethyl-hexahydro-pyrrolo[3,4-
b]pyrrol-1-yl)-ethyl]-2-methylamino-butyramide;

(S)-N-[(8)-1-Cyclohexyl-2-oxo-2-((3 a8,6aS)-5-phenethyl-hexahydro-pyrrolo[3,4-
blpyrrol-1-yl)-ethyi]l-2-methylamino-butyramide;

(8)-N-{(S)-1-Cyclohexyl-2-0x0-2-((3 aS,6a8)-5-phenethyl-hexahydro-pyrrolo[3,4-
blpymol-1-yl)-ethyl]-2-methylamino-propionamide;

{8)-N-[(8)-1-Cyclohexyl-2-oxo-2-((3 aS,6aS)—6-oxo-5—phenetﬁyl-hexahyd ro -
pyrrolo[3,4-b]pyrrol-1-yl)-ethyl}- 2-methylamino-butyramide;

(8)-N-{(R)-1-Cyclohexy!-2-ox0-2-((3 a8S,6a8)-6-oxo-5-phenethyl-hexahydro -
pyrrolo[3,4-blpyrrol-1-yl)-ethyl]- 2-methylamino-butyramide;

(S)-N-[(8)-1-Cyclohexyl-2-ox0-2-((3 a8,6a8)-6-oxo-5-phenethyl-hexahydro -
pyrrofo[3,4-bjpyrrol-1-yh-ethyl]- 2-methylamino-propionamide;

(8)-N-[(R)-1-Cyclohexyl-2-0x0-2-((3 aS,6a5)-8-ox0-5-phenethyl-hexahydro -
pyrrolo[3,4-blpyrrol-1-yl)-ethyl}- 2-methylamino-propionamide;
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{8)-N-[(8)-1-(R)-Cyclohexyl-2-oxo-2 -((S)-7-phenethyl-octahydro-pyrroto [2,3-
clazepin-1-yl}-ethyi]-2-methylamino-propionamide;

(S)-N-[(8)-1-(S)-Cyclohexyl-2-ox0-2 -((R)-8-0xo-7-phenethyl-octahydro-pymrolof2,3-
clazepin-1-yl}-ethyl]-2- methylaminc-butyramide; and pharmaceutically acceptable
saits thereof.

23. A compound selected from

N-[1-cyclohexyl-2-ox0-2-(6-phenethyl-octahydro-pyrrolol2, 3-clpyridin-1-yl)-ethyl}-2-
methylamino-propionamide;

N-{1-cyclohexyi-2-axo-2-(2-(3-phenoxy-phenyl) pyrrolidin-1 -yl]-ethyl}Z—methy!aminc;-
propionamide;

N-[1-cyclohexyl-2-ox0-2-(7-phenethyl-cctahydro-pyrrolo]2, 3-clazepin-1-yl)-ethyl}-2-
methylaminopropionamide; | .
{S)-N-{{S)-1-Cyclohexyl-2-{(2S,3R)-2-{(ethyl-phensthyl-amino)-methyi}-
3-methyl-pyrrolidin-1-yl}-2-oxo-ethy!}-2-methylamino-propionamide;

N-{2-[2-(2-benzy!-2H-tetrazol-5-y))-pyrrolidin-1-yl}-cyclohexyl-2-oxo-ethy(}-2-
methylamino-butyramide;

N-{2-[2-Benxyloxyimino-methyl)-pyrrolidin-1-yl}-1-cyclohexy!-2.0xo-gthyl-2-
methylamino-propionamide; and pharmaceutically acceptable salts thereof.

24. A compound selected from
(S)-N-{(8)-1-Cyclohexyl-2-oxo-2-[(8)-2-(3-phenoxy-phenyl)-pyrrolidin-1-yl}-ethyi}-2-
methylamino-propionamide;

(S)-N-{(S)-1-Cyclohexyl-2-ox0-2-[(S)-2-(3-phenylsuifanyl-phenyl)-pyrrolidin-1-yi}-
ethy!}-2-methylamino-propionamide; '
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(S)-N-{(8)-2-[(8)-2-(2-Benzyi-2H-tetrazol-5-yl)-pyrrolidin-1-yi}-1-cyclohexyl-2-oxo-
ethyi}-2-methylamino-propionamide;

(S)-N-{(S)-2-[(8)-2—(2-Benzyl-2H—tetrazol—S-yl)-pymlidin-‘l-yl]-1 -cyclohexyl-2-oxo-
ethyl}-2-methylamino-butyramide;

(8)-N-{(S)-2-[(S)-2-(1-Benzyl-1H-tetrazol-5-yl}-pyirolidin-1-yl]-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-propionamide;

(8)-N-{(8)-2-[(8)-2-(1-Benzyl-1H-tetrazol-5-yi}-pyrrolidin-1-yl}-1-cyclohexyl-2-oxo-
ethyl}-2-methylamino-butyramide; and pharmaceutically accpetable salts thereof
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