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pharmaceutically acceptable salts; solvates; hydrates or phar 
maceutically acceptable formulations thereof. These com 
pounds may be used to modulate cellular proliferation and to 
prevent and/or treat proliferative diseases. 

m 



US 2011/0183955 A1 

2-AMINOCARBONYL SUBSTITUTED 
PIPERAZINE OR DIAZA-CYCLIC 

COMPOUNDS AS APOPTOSIS PROTEIN 
INHIBITORS (IAP) MODULATORS 

[0001] The present invention relates to neW compounds 
that modulate cellular proliferation and to prevent and/ or treat 
proliferative diseases. Preferred compounds act to modulate 
the activity of an “inhibitor of apoptosis protein” (IAP). Most 
preferred compounds are inhibitors of IAP. 

[0002] Programmed cell death (apoptosis) is a key mecha 
nism for the development and maintenance of a multicellular 
organism. The organism only remains healthy if there is an 
equilibrium betWeen neW formation and elimination of cells. 
The consequence of this equilibrium being out of control is 
pathological manifestations such as cancer, hepatitis, Parkin 
son’s disease, stroke, cardiac infarction etc. 

[0003] Tumour cells may be distinguished from other cells 
in that, in particular, their reproduction is unchecked. They 
have devised various strategies of circumventing apoptosis. 
One molecular mechanism described only recently involves 
the overexpres sion of members of the IAP family that prevent 
apoptosis by direct interaction With and neutralisation of 
caspases. 

[0004] Inhibiting substances for inhibitor of apoptosis pro 
tein (IAP) are therefore of great interest in the control of 
cancer. lAPs include, e.g., XIAP and CIAP. 

[0005] It is the aim of the present invention to prepare a neW 
type of compound that blocks (inhibits) IAP. Present com 
pounds of the invention are alternatively referred to as Inhibi 
tor of Apoptosis Protein inhibitors (IAPI). 

[0006] The present invention relates to compounds of for 
mula (I), 

R (I) 
/ 9 

R2—N 

>:O 
—B 

/ \ 
R1—N N—R3 

( m 

Wherein 

[0007] R1 is a hydrogen atom, or an alkyl, heteroalkyl, 
alkenyl, heteroalkenyl, alkynyl, heteroalkynyl, aryl, het 
eroaryl, cycloalkyl, heterocycloalkyl, alkylcycloalkyl, het 
eroalkylcycloalkyl, aralkyl or heteroaralkyl radical, any of 
Which may be further substituted With at least one halogen; 

[0008] R2 is an alkyl, heteroalkyl, alkenyl, heteroalkenyl, 
alkynyl, heteroalkynyl, aryl, heteroaryl, cycloalkyl, heterocy 
cloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, aralkyl or 
heteroaralkyl radical, any of Which may be further substituted 
With at least one halogen; 
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[0009] R3 is chosen from one of the folloWing structures: 

O 

H C X 

3 “[1 \YL)k and 
R10 

O 

H C Y 3 \I|\I+ \XLJK; 
R10 

[0010] m is an integer 1, 2 or 3; 
[0011] n is an integer 1, 2, 3, 4, 5 or 6; 
[0012] A-B together are 4CHR44CHi, iCR5:Ci or 
%OiCHi; 
[0013] each X, independently of one another, is a bond, an 
oxygen atom, a sulfur atom, a group of formula CR6R7, CO, 
NR8, an optionally substituted cycloalkylene, an optionally 
substituted heterocycloalkylene, an optionally substituted 
arylene, or an optionally substituted heteroarylene group; 
[0014] eachY, independently of one another, is a bond, an 
oxygen atom, a sulfur atom, a group of formula CR6R7, CO, 
NR8, an optionally substituted cycloalkylene, an optionally 
substituted heterocycloalkylene, an optionally substituted 
arylene, or an optionally substituted heteroarylene group; 
[0015] R4 is a hydrogen atom, a halogen atom, or an alkyl, 
alkenyl, alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, 
alkylcycloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, 
aralkyl or heteroaralkyl radical; 
[0016] R5 is a hydrogen atom, or an alkyl, alkenyl, alkynyl, 
heteroalkyl, aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, het 
eroalkylcycloalkyl, heterocycloalkyl, aralkyl or heteroaralkyl 
radical; 
[0017] the radicals R6, independently of one another, are a 
hydrogen atom, or an alkyl, alkenyl, alkynyl, heteroalkyl, 
aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcy 
cloalkyl, heterocycloalkyl, aralkyl or heteroaralkyl radical; 
[0018] the radicals R7, independently of one another, are a 
hydrogen atom, or an alkyl, alkenyl, alkynyl, heteroalkyl, 
aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcy 
cloalkyl, heterocycloalkyl, aralkyl or heteroaralkyl radical; 
[0019] the radicals R8, independently of one another, are a 
hydrogen atom, or an alkyl, alkenyl, alkynyl, heteroalkyl, 
aryl, heteroaryl, cycloalkyl, alkylcycloalkyl, heteroalkylcy 
cloalkyl, heterocycloalkyl, aralkyl or heteroaralkyl radical; 
[0020] R9 is hydrogen or is an alkyl, heteroalkyl, aryl, het 
eroaryl, cycloalkyl, heterocycloalkyl, alkylcycloalkyl, het 
eroalkyl-cycloalkyl, aralkyl or hetero-aralkyl radical, or R2 
and R9 With the nitrogen atom may form a heteroaryl or 
heteroaralkyl; and 
[0021] R10 is hydrogen or is an alkyl or heteroalkyl; 
[0022] or a pharmacologically acceptable salt, solvate, 
hydrate or a pharmacologically acceptable formulation 
thereof. 
[0023] Preferably, R1 is, e.g., SO(O_2)R4; COR4; COOR4 or 
is CONR4R5. 
[0024] As is evident to those skilled in the art, many of the 
compounds of the present invention contain asymmetric car 
bon atoms. It should be understood, therefore, that all indi 
vidual stereoisomers of the provided formulas are contem 
plated as being included Within the scope of this invention. 
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Unless speci?cally stated, reference to any of the R groups in 
any of the provided formulations does not infer chirality or 
stereospeci?city. 
[0025] The expression alkyl refers to a saturated, straight 
chained or branched hydrocarbon group, Which has in par 
ticular 1 to 20 carbon atoms, preferably 1 to 12 carbon atoms, 
most preferably 1 to 6 carbon atoms, eg the methyl, ethyl, 
propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-hexyl, 2,2 
dimethylbutyl or n-octyl group. 
[0026] The expressions alkenyl and alkynyl refer to at least 
partly unsaturated, straight-chained or branched hydrocarbon 
groups that have in particular 2 to 20 carbon atoms, preferably 
2 to 12 carbon atoms, most preferably 2 to 6 carbon atoms, 
eg the ethenyl, allyl, acetylenyl, propargyl, isoprenyl or 
hex-2-enyl group. Alkenyl groups preferably have one or tWo 
(most preferably one) double bond(s) and the alkynyl groups 
have one or tWo (most preferably one) triple bond(s). 
[0027] In addition, the expressions alkyl, alkenyl and alky 
nyl refer to groups, in Which eg one or more hydrogen atoms 
are replaced by a halogen atom (preferably F or Cl), 
iCOON, 40H, iSH, iSO(O_2)R4, iNHz, iNO2, :O, 
:8, :NH, such as the 2,2,2-trichloroethyl or the tri?uorom 
ethyl group. 
[0028] The expression heteroalkyl refers to an alkyl, alk 
enyl or alkynyl group, in Which one or more (preferably 1, 2 
or 3) carbon atoms are replaced by an oxygen, nitrogen, 
phosphorus, boron, selenium, silicon or sulfur atom (prefer 
ably oxygen, sulfur or nitrogen). The expression heteroalkyl 
refers furthermore to a carboxy (e. g., %(O)i) or carboxy 
lic acid or a group derived from a carboxylic acid, such as 
iC(O)iO4C(CH3)3, acyl, acylalkyl, alkoxycarbonyl, 
acyloxy, acyloxyalkyl, carboxyalkylamide or alkoxycarbo 
nyloxy. A heteroalkyl refers additionally to in-chain or side 
chain sulfoxy groups including especially iSO(O_2)R4. 
[0029] Examples of heteroalkyl groups are groups of for 
mulae RaioiYai, R“iN(Rb)iY“i, R“%OiY“i, 
Ra4O4COiYai, RaiCOiN(Rb)iYai, RaiN 
(Rb)%OiY“i, RaiO%OiN(Rb)iYai, RaiN 
(Rb)4CO4OiY“i, R“iN(Rb)4COiN(RC)iY“i, 
R“A)%OiOiY“, R“iN(Rb)iC(:NRd)iN(RC)i 
Yai, RGiCSiYQi, R“io%siY“i, RG4CSiN 
(Rb)iY“, R“iN(Rb)4CSiY“i, R“iO4CSiN(Rb)i 
Yai, R“iN(Rb)%SA)iY“i, R“iN(Rb)%SiN 
(Rc)iY“i, Rawicsioiwi, Rais%oiYai, 
RG4COiSiYQi, R”iSiCOiN(Rb)iY”i, RaiN 
(Rb)4COiSiY“i, RGiSiCO4OiY", RaiOi 
COiSiYGi, RaisicoisiYai, RGiS4CSi 
Yai, RGiCSiSiY", R”iSiCSiN(Rb)iY”i, 
R“iN(Rb)iCSiSiY“, Ra4O4CsisiYai, 
RG4O4CSiSiYGi, Whereby R“ is a hydrogen atom, a 
Cl-C6-alkyl-, a C2-C6-alkenyl- or a C2-C6-alkynyl group; Rb 
is a hydrogen atom, a Cl-C6-alkyl-, a C2-C6-alkenyl- or a 
C2-C6-alkynyl group; R” is a hydrogen atom, a C l -C6-alkyl-, 
a C2-C6-alkenyl- or a C2-C6-alkynyl group; Rd is a hydrogen 
atom, a Cl-C6-alkyl-, a C2-C6-alkenyl- or a C2-C6-alkynyl 
group and Y“ is a direct bond, a Cl-C6-alkylene, a C2-C6 
alkenylene or a C2-C6-alkynylene group, Whereby each het 
eroalkyl group contains at least one carbon atom and one or 
more hydrogen atoms can be replaced by ?uorine or chlorine 
atoms. Speci?c examples of heteroalkyl groups are methoxy, 
tri?uoromethoxy, ethoxy, n-propyloxy, isopropyloxy, tert 
butyloxy, methoxymethyl, ethoxymethyl, methoxyethyl, 
methylamino, ethylamino, dimethylamino, diethylamino, 
iso-propylethylamino, methyl-aminomethyl, ethylaminom 
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ethyl, di-iso-propylaminoethyl, enolether, dimethylaminom 
ethyl, dimethylaminoethyl, acetyl, propionyl, butyryloxy, 
acetyloxy, methoxycarbonyl, ethoxy-carbonyl, N-ethyl-N 
methylcarbamoyl or N-methylcarbamoyl. Further examples 
of heteroalkyl groups are nitrile, isonitrile, cyanate, thiocy 
anate, isocyanate, isothiocyanate and alkylnitrile groups. 
[0030] The expression cycloalkyl refers to a saturated or 
partially unsaturated (e.g. cycloalkenyl)cyclic group, Which 
has one or more rings (preferably 1 or 2 or 3) that form a 
frame, Which contains in particular 3 to 14 carbon atoms, 
preferably 3 to 10 (especially 3, 4, 5, 6 or 7) carbon atoms. The 
expression cycloalkyl further refers to groups in Which one or 
more hydrogen atoms are replaced by ?uorine, chlorine, bro 
mine or iodine atoms or iCOOH, ‘OH, :O, iSH, :S, 
iNHZ, :NH, iNOZ, alkyl or heteroalkyl groups, that is, 
for example, cyclic ketones such as cyclohexanone, 2-cyclo 
hexenone or cyclopentanone. Further speci?c examples of 
cycloalkyl groups are the cyclopropyl, cyclobutyl, cyclopen 
tyl, spiro[4,5]decanyl, norbornyl, cyclohexyl, cyclopentenyl, 
cyclohexadienyl, decalinyl, cubanyl, bicyclo[4.3.0]nonyl, 
tetraline, cyclopentylcyclohexyl, ?uorocyclohexyl or the 
cyclohex-2-enyl group. 
[0031] The expression heterocycloalkyl refers to a 
cycloalkyl group as de?ned above, in Which one or more 
(preferably 1, 2 or 3) ring carbon atoms are replaced by an 
oxygen, nitrogen, silicon, selenium, phosphorus or sulfur 
atom (preferably oxygen, sulfur or nitrogen). A heterocy 
cloalkyl group preferably possesses 1 or 2 rings With 3 to 10 
(especially 3, 4, 5, 6 or 7) ring atoms. The expression hetero 
cycloalkyl further refers to groups in Which one or more 
hydrogen atoms are replaced by ?uorine, chlorine, bromine 
or iodine atoms or 4COOH, ‘OH, :O, iSH, :S, 
iNH2, :NH, iNO2, alkyl or heteroalkyl groups. 
Examples are the piperidyl, morpholinyl, urotropinyl, pyrro 
lidinyl, tetrahydrothiophenyl, tetrahydropyranyl, tetrahydro 
furyl, oxacyclopropyl, aZacyclopropyl or 2-pyraZolinyl 
group, as Well as lactams, lactones, cyclic imides and cyclic 
anhydrides. 
[0032] The expression alkylcycloalkyl refers to group 
Which, in accordance With the above de?nitions, contain both 
cycloalkyl and alkyl, alkenyl or alkynyl groups, eg alkylcy 
cloalkyl, alkylcycloalkenyl, alkenylcycloalkyl and alkynyl 
cycloalkyl groups. An alkylcycloalkyl group preferably con 
tains a cycloalkyl group Which has one or tWo rings With 3 to 
10 (especially 3, 4, 5, 6 or 7) ring carbon atoms, and one or 
tWo alkyl, alkenyl or alkynyl groups With 1 or 2 to 6 carbon 
atoms. 

[0033] The expression heteroalkylcycloalkyl refers to alky 
lcycloalkyl groups as de?ned above, in Which one or more 
(preferably 1, 2 or 3) ring carbon atoms and/ or carbon atoms 
are replaced by an oxygen, nitrogen, silicon, selenium, phos 
phorus or sulfur atom (preferably oxygen, sulfur or nitrogen). 
A heteroalkylcycloalkyl group preferably possesses 1 or 2 
rings With 3 to 10 (especially 3, 4, 5, 6 or 7) ring atoms and one 
or tWo alkyl, alkenyl, alkynyl or heteroalkyl groups With 1 or 
2 to 6 carbon atoms. Examples of such groups are alkylhet 
erocycloalkyl, alkylheterocycloalkenyl, alkenylheterocy 
cloalkyl, alkynylheterocycloalkyl, heteroalkylcycloalkyl, 
heteroalkylheterocycloalkyl and heteroalkylheterocylcloalk 
enyl, Whereby the cyclic groups are saturated or are mono-, 
di- or tri-unsaturated. 

[0034] The expression halo or halogen is preferably ?uoro, 
chloro, bromo or iodo, most preferably ?uoro, chloro or 
bromo. 
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[0035] The expression aryl or Ar refers to an aromatic 
group, Which has one or more rings With, in particular, 6 to 14 
ring carbon atoms, preferably 6 to 10 (especially 6) ring 
carbon atoms. The expression aryl (or Ar) further refers to 
groups in Which one or more hydrogen atoms are replaced by 

?uorine, chlorine, bromine or iodine atoms or iCOOH, 
iOH, iSH, :NH, iNOZ, alkyl or heteroalkyl groups. 
Examples are the phenyl, naphthyl, biphenyl, anilinyl, 2-?uo 
rophenyl, 3-nitrophenyl or 4-hydroxyphenyl group. 
[0036] The expression heteroaryl refers to an aromatic 
group Which contains one or more rings With in particular 3 to 
14 ring atoms, preferably 5 to 10 (especially 5 or 6) ring 
atoms, and one or more (preferably 1, 2, 3 or 4) oxygen, 
nitrogen, phosphorus or sulfur ring atoms (preferably 0, S or 
N). The expression heteroaryl further refers to groups in 
Which one or more hydrogen atoms are replaced by ?uorine, 
chlorine, bromine or iodine atoms or 4COOH, 40H, iSH, 
:NH, iNOZ, alkyl or heteroalkyl groups. Examples are 
4-pyridyl, 2-imidaZolyl, 3-phenylpyrrolyl, thiaZolyl-ox 
aZolyl, triaZolyl, tetraZolyl, isoxaZolyl, indaZolyl, indolyl, 
benZimidaZolyl, pyridaZinyl, quinolinyl, purinyl, carbaZolyl, 
acridinyl, pyrimidyl, 2,3'-bifuryl, 3-pyraZolyl and isoquino 
linyl groups. 
[0037] The expression aralkyl refers to groups Which, in 
accordance With the above de?nitions, contain both aryl and 
alkyl, alkenyl, alkynyl and/ or cycloalkyl groups, such as ary 
lalkyl, alkylaryl, arylalkenyl, arylalkynyl, arylcycloalkyl, 
arylcycloalkenyl, alkylarylcycloalkyl and alkylarylcycloalk 
enyl groups. Speci?c examples of aralkyls are toluene, 
xylene, mesitylene, styrene, benZyl chloride, o-?uorotoluene, 
1H-indene,tetraline, dihydronaphthalene, indanone, phenyl 
cyclopentyl, cumene, cyclohexylphenyl, ?uorene and indene. 
An aralkyl group preferably contains one or tWo aromatic 
rings With 6 to 10 ring carbon atoms and one or tWo alkyl, 
alkenyl and/or alkynyl groups With 1 or 2 to 6 carbon atoms 
and/ or a cycloalkyl group With 5 or 6 ring carbon atoms. 

[0038] The expression heteroaralkyl refers to an aralkyl 
group as de?ned above, in Which one or more (preferably 1, 2, 
3 or 4) ring carbon atoms and/ or carbon atoms are replaced by 
an oxygen, nitrogen, silicon, selenium, phosphorus, boron or 
sulfur atom (preferably oxygen, sulfur or nitrogen), ie it 
refers to groups Which, in accordance With the above de?ni 
tions, contain both aryl or heteroaryl, and alkyl, alkenyl, 
alkynyl and/or heteroalkyl and/or cycloalkyl and/or hetero 
cycloalkyl groups. A heteroaralkyl group preferably contains 
one or tWo aromatic rings With 5 or 6 to 10 ring carbon atoms 
and one or tWo alkyl, alkenyl and/ or alkynyl groups With 1 or 
2 to 6 carbon atoms and/or a cycloalkyl group With 5 or 6 ring 
carbon atoms, Whereby 1, 2, 3 or 4 of these carbon atoms are 
replaced by oxygen, sulfur or nitrogen atoms. 
[0039] Examples are arylheteroalkyl, arylheterocy 
cloalkyl, aryl heterocycloalkenyl, arylalkylheterocycloalkyl, 
arylalkenylheterocycloalkyl, arylalkynylheterocycloalkyl, 
arylalkylheterocycloalkenyl, heteroarylalkyl, heteroarylalk 
enyl, heteroarylalkynyl, heteroarylheteroalkyl, heteroarylcy 
cloalkyl, heteroarylcycloalkenyl, heteroarylheterocy 
cloalkyl, heteroarylheterocycloalkenyl, 
heteroarylalkylcycloalkyl, heteroarylalkylheterocy 
cloalkenyl, heteroarylheteroalkylcycloalkyl, heteroarylhet 
eroalkylcycloalkenyl and heteroarylheteroalkylhetero 
cycloalkyl groups, Whereby the cyclic groups are saturated or 
are mono- di- or tri-unsaturated. Speci?c examples are the 
tetrahydroisoquinolinyl, benZoyl, 2- or 3-ethylindolyl, 4-me 
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thylpyridino, 2-, 3- or 4-methoxyphenyl, 4-ethoxyphenyl, 2-, 
3- or 4-carboxphenylalkyl group. 
[0040] The expressions cycloalkyl, hereocycloalkyl, alky 
lcyclo-alkyl, heteroalkylcycloalkyl, aryl, heteroaryl, aralkyl 
and heteroaralky further refer to groups in Which one or more 
hydrogen atoms are replaced by ?uorine, chlorine, bromine 
or iodine atoms or OH, :0, SH, :S, NH2, :NH or NO2 
groups. 
[0041] The expression “optionally substituted” refers to 
groups in Which one or more hydrogen atoms are replaced eg 
by ?uorine, chlorine, bromine or iodine atoms or iCOOH, 
ADH, :O, iSH, :S, iNHZ, :NH, iNOz, alkyl or 
heteroalkyl groups. This expression further refers to groups 
that are substituted by unsubstituted C l-C6 alkyl, C2-C6 alk 
enyl, C6 alkynyl, Cl-C6 heteroalkyl, C3-Cl0 cycloalkyl, 
C2-C9 heterocycloalkyl, C6-Cl0 aryl, Cl-C9 heteroaryl, 
C7-Cl2 aralkyl or C2-C1 1 heteroaralkyl groups. 
[0042] Compounds of formula (I) may contain one or more 
centres of chirality depending on their substitution. The 
present invention therefore includes both all pure enanti 
omers and all pure diastereoisomers, and their mixtures in any 
ratio. In addition, the present invention also includes all cis/ 
trans isomers of the compounds of the general formula (I) as 
Well as mixtures thereof. In addition, the present invention 
includes all tautomeric forms of the compounds of formula 
(I). 
[0043] In one embodiment, R1 is a lipophilic (hydrophobic) 
group. In another embodiment, R1 is preferably a lipophobic 
(hydrophilic) group. 
[0044] In certain embodiments, R1 is a Cl_1O alkyl group, a 
i(CO)O-li(CH2)O-64C3-7_CyC1Oa1ky1 group: a *(CO)0 
1i(CH2)O_6-phenyl group, a i(CO)O_li(CH2)O_6-naphthyl 
group, a i(CO)O_li(CH2)O_6-heteroaryl group or a i(CO) 
O_ 1i(CH2)O_6-heterocycloalkyl group, Whereby the 
cycloalkyl, phenyl, naphthyl, heteroaryl or heterocycloalkyl 
groups may optionally be substituted. In other embodiments, 
R1 is, e.g., SO(O_2)R4; COR4; COOR4 or is CONR4R5. 
[0045] R2 is preferably C1_lO-alkyl, i(CH2)O_6iC3_7-cy 
cloalkyl, Cl_1O-alkyl-phenyl, C1_lO-alkyl-naphthyl, i(CH2) 
O_64C3_7-cycloalkyl-(CH2)O_6-phenyl (Whereby this group 
also includes condensed cycloalkyl-phenyl ring systems, eg 
indane or tetrahydronaphthalene), i(CH2)O_44CH((CH2)O_ 
4-phenyl)2, i(CH2)O_6-heterocycloalkyl or i(CH2)O_6-het 
eroaryl, Whereby the cycloalkyl, phenyl, naphthyl, heteroaryl 
or heterocycloalkyl groups may optionally be substituted. 
[0046] More preferably, R2 is an amino acid residue, as 
de?ned in WO2004/005248, Which is incorporated herein by 
reference in its entirety. 
[0047] Most preferably, R2 is an optionally substituted ben 
Zyl, phenethyl or tetrahydronaphthyl group. 
[0048] R3 is preferably a group of formula CH3iNHi 
CHR6iCOiNHiCHR7iCOi, Whereby the radicals R6 
and R7 are de?ned as above, and are preferably, indepen 
dently of one another, C 1_ lO-alkyl-, C3_7-cycloalkyl- or C1_ 10 
heteroalkyl groups; in this instance, R6 is most preferably a 
methyl group and R7 a group of formula 4CH(CH3)2 or 
%(CH3)3. 
[0049] m is preferably an integer 1. 
[0050] More preferably, A-B together are a group of for 
mula CH24CH, CH:C or CO4CH. 
[0051] Speci?c examples of preferred compounds of the 
invention are provided in Tables 1-3. 
[0052] It Will be apparent to one of skill in the art When a 
compound of the invention can exist as a salt form, especially 
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as an acid addition salt or a base addition salt. When a com 

pound can exist in a salt form, such salt forms are included 
Within the scope of the invention. Although any salt form may 
be useful in chemical manipulations, such as puri?cation 
procedures, only pharmaceutically acceptable salts are useful 
for pharmaceutical products. 
[0053] When a basic group and an acid group are present in 
the same molecule, a compound of formula (I) may also form 
internal salts. 
[0054] For isolation or puri?cation purposes it is also pos 
sible to use pharmaceutically unacceptable salts, for example 
picrates or perchlorates. For therapeutic use, only pharma 
ceutically acceptable salts or free compounds are employed 
(Where applicable in the form of pharmaceutical prepara 
tions), and these are therefore preferred. 
[0055] In vieW of the close relationship betWeen the com 
pounds in free form and those in the form of their salts, 
including those salts that can be used as intermediates, for 
example in the puri?cation or identi?cation of the com 
pounds, tautomers or tautomeric mixtures and their salts, any 
reference to the compounds hereinbefore and hereinafter 
especially the compounds of the formula I, is to be understood 
as referring also to the corresponding tautomers of these 
compounds, especially of compounds of the formula tauto 
meric mixtures of these compounds, especially of com 
pounds of the formula I, or salts of any of these, as appropriate 
and expedient and if not mentioned otherWise. 
[0056] Where “a compound . . . , a tautomer thereof; or a 

salt thereof’ or the like is mentioned, this means “a compound 
. , a tautomer thereof, or a salt of the compound or the 

tautomer”. 

[0057] Any asymmetric carbon atom may be present in the 
(R)-, (S)- or (R,S)-con?guration, preferably in the (R)- or 
(S)-con?guration. Substituents at a ring at atoms With satu 
rated 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 enan 
tiomer-pure diastereomers or pure enantiomers. 
[0058] The present invention also relates to pro-drugs of a 
compound of formula (I) that convert in vivo to the compound 
of formula (I) as such. Any reference to a compound of 
formula (I) is therefore to be understood as referring also to 
the corresponding pro-drugs of the compound of formula (I), 
as appropriate and expedient. 
[0059] The compounds of formula (I) have valuable phar 
macological properties and are useful in the treatment of 
kinase dependent diseases, e.g., as drugs to treat proliferative 
diseases. 
[0060] Pharmaceutically acceptable salts include, When 
appropriate, pharmaceutically acceptable base addition salts 
and acid addition salts, for example, metal salts, such as alkali 
and alkaline earth metal salts, ammonium salts, organic 
amine addition salts, and amino acid addition salts, and sul 
fonate salts. Acid addition salts include inorganic acid addi 
tion salts such as hydrochloride, sulfate and phosphate, and 
organic acid addition salts such as alkyl sulfonate, arylsul 
fonate, acetate, maleate, fumarate, tar‘trate, citrate and lactate. 
Examples of metal salts are alkali metal salts, such as lithium 
salt, sodium salt and potassium salt, alkaline earth metal salts 
such as magnesium salt and calcium salt, aluminum salt, and 
Zinc salt. Examples of ammonium salts are ammonium salt 
and tetramethylammonium salt. Examples of organic amine 
addition salts are salts With morpholine and piperidine. 
Examples of amino acid addition salts are salts With glycine, 
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phenylalanine, glutamic acid and lysine. Sulfonate salts 
include mesylate, tosylate and benZene sulfonic acid salts. 

[0061] Examples of pharmacologically acceptable salts of 
compounds of formula (I) are salts of physiologically accept 
able mineral acids, such as hydrochloric acid, sulfuric acid 
and phosphoric acid; or salts of organic acids, such as meth 
anesulfonic acid, p-toluenesulfonic acid, lactic acid, formic 
acid, acetic acid, tri?uoroacetic acid, citric acid, succinic 
acid, fumaric acid, maleic acid and salicylic acid. Compounds 
of formula (I) may be solvated, in particular hydrated. Hydra 
tion may arise e.g. during the preparation process or as a 
consequence of the hygroscopic nature of the initially Water 
free compounds of formula (I). 
[0062] The pharmaceutical compositions according to the 
present invention contain at least one compound of formula 
(I) as active ingredient and optionally carriers and/or adju 
vants. 

[0063] The prodrugs (e.g. R. B. Silverman, MediZinische 
Chemie, VCH Weinheim, 1995, chapter 8, pp 361ff), Which 
are likeWise an object of the present invention, consist of a 
compound of formula (I( ) and at least one pharmacologically 
acceptable protecting group, Which is cleaved under physi 
ological conditions, eg a hydroxy, alkoxy, aralkyloxy, acyl 
or acyloxy group, such as a methoxy, ethoxy, benZyloxy, 
acetyl or acetyloxy group. 
[0064] The usage of these active ingredients in producing 
medicaments is also an object of the present invention. In 
general, compounds of formula (I) are administered using 
knoWn, acceptable methods, either singly or in combination 
With any other therapeutic agent. Administration may be 
effected eg in one of the folloWing Ways: orally, eg as 
dragées, coated tablets, pills, semi-solids, soft or hard cap 
sules, solutions, emulsions or suspensions; parenterally, eg 
as an inj ectable solution; rectally as suppositories; by inhala 
tion, eg as a poWder formulation or spray, transdermally or 
intra-nasally. To produce such tablets, pills, semi-solids, 
coated tablets, dragées and hard gelatin capsules, the thera 
peutically employable product may be mixed With pharma 
cologically inert, inorganic or organic carriers for medica 
ments, eg with lactose, sucrose, glucose, gelatin, malt, silica 
gel, starch or derivatives thereof, talc, stearic acid or salts 
thereof, dry skimmed milk and the like. To produce soft 
capsules, carriers for medicaments, such as vegetable oils, 
petroleum, animal or synthetic oils, Wax, fat, polyols, may be 
used. To produce liquid solutions and syrups, carriers for 
medicaments, such as Water, alcohols, aqueous salt solution, 
aqueous dextrose, polyols, glycerol, vegetable oils, petro 
leum, animal or synthetic oils, may be used. For supposito 
ries, carriers for medicaments, such as vegetable oils, petro 
leum, animal or synthetic oils, Wax, fat and polyols, may be 
used. For aerosol formulations, compressed gases that are 
appropriate for this purpose may be used, such as oxygen, 
nitrogen and carbon dioxide. The pharmaceutically accept 
able agents may also contain preserving and stabiliZing addi 
tives, emulsi?ers, sWeeteners, aromatics, salts to modify the 
osmotic pressure, buffers, coating additives and antioxidants. 
[0065] Combinations With other therapeutic agents may 
contain other active ingredients, e. g. taxanes, Which are cus 
tomarily used to prevent and/or treat tumour diseases. Tax 
anes include compounds such as paciltaxel and docetaxel. 
Paclitaxel is marketed as TAXOL; and docetaxel is marketed 
as TAXOTERE. Other taxanes include vinorelbine and the 
epothilones, such as epothilone B and patupilone. 
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[0066] In other embodiments, the invention provides a kit 
including any of the compounds of the present invention. In a 
related embodiment, the kit further includes a pharmaceuti 
cally acceptable carrier or excipient of any of these com 
pounds. In another related embodiment, the compounds of 
the invention, present in the kit, are in a unit dose. In still 
another related embodiment, the kit further includes instruc 
tions for use in administering to a subject. 

[0067] Compounds of formula (I) may be produced by the 
processes described in K. Rossen, J. Sager, L. M. DiMichele; 
Tetrahedron Letters, Vol. 38, No. 18, pp 3183-3186, 1997 and 
inA. v. Zychlinski and I. Ugi, HETEROCYCLES, Vol. 49, pp 
29-32, 1998, by reacting the corresponding BOC-protecting 
dipeptides With the corresponding other starting materials. 
The BOC-protecting groups can then be removed under stan 
dard conditions With tri?uoroacetic acid. Puri?cation may 
take place by HPLC. An exemplary synthesis method is pro 
vides as folloWs. 

General Synthesis of Series A 
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[0069] 4-BenZyl l-tert-butyl (2S)-2-{[(1R)-1,2,3,4-tet 
rahydro- 1 -naphthalenyl-amino]carbonyl} - 1 ,4-piperaZinedi 
carboxylate (2) 
[0070] (2S)-4-[(benZyloxy)carbonyl]-1-(ter‘t-butoxycar 
bonyl)-2-piperaZinecarboxylic acid (1, 17.33 g, 47.5 mmol) 
is dissolved in DMF (800 mL), to Which is added diisopro 
pylethylamine (DIEA, 41.5 mL, 0.24 mol). This mixture is 
stirred at RT for 1.5 h. R-(—)-1,2,3,4-tetrahydro-1-naphthy 
lamine (7.00 g, 47.5 mmol) is added, and stirring continued 
for a further hour. O-(BenZotriaZol-1-yl)-N,N,N',N'-tetram 

ethyluronium hexa?uorophosphate (HBTU, 19.84 g, 52.3 
mmol) and 1-hydroxybenZotriaZole hydrate (HOBt, 7.07 g, 
52.3 mmol) are also added and the entire mixture stirred 
overnight at RT. The reaction mixture is then diluted With 
EtOAc (1.2 L) and Washed sequentially With 1 M citric acid, 
brine, sat. NaHCO3, brine, Water and brine (1 L of each 
solution). The EtOAc layer is then dried With Na2SO4, ?l 
tered, and the solvent removed under reduced pressure to 
afford a crude off-White solid (23.34 g). This material is 
puri?ed by ?ash chromatography on silica gel (CHZCl2 as 
eluent initially, folloWed by 5% EtZO/CHZCl2 to elute the 
desired product). The desired coupled product 6 is isolated as 
a White foam (20.37 g, 87% yield): 1H NMR 6 (CDCl3) 
7.27-7.42 (m, 5H), 7.06-7.19 (m, 4H), 6.10 (br s, 1H), 5.11 
5.25 (br m, 3H), 4.46-4.75 (br m, 2 H), 3.77-4.02 (br m, 2H), 
3.00-3.31 (br m, 3H), 2.68-2.84 (m, 2H), 1.97-2.07 (br m, 
1H), 1.69-1.84 (br m, 3H), 1.43 (s, 9H). LCMS (APCY') 
494.8 (MH+), 438.5 (MH+-tBu), 394.4 (MH+-BOC). 
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[0071] BenZyl(3S)-3-{[(1R)-1,2,3,4-tetrahydro-1-naph 
thalenylamino] carbonyl} - 1 -piperaZinecarboxylate (3) 

[0072] The amide 2 (20.35 g, 41.2 mmol) is dissolved in a 
mixture of CH2Cl2 (600 mL) and TFA (153 ml, 2.06 mol). 
The ?ask is sealed under N2 and the mixture stirred overnight 
at RT. All solvents are removed under reduced pressure to 

afford an oil Which is dissolved in CH2Cl2 (500 mL), then 
Washed With sat. NaHCO3 (2x500 mL) and brine (500 mL). 
The CH2Cl2 solution is dried (N a2SO4), ?ltered, and the sol 
vent removed under reduced pressure to give the desired 
product 7 as an off-White foam (16.21 g, 100% yield): 1H 
NMR 6 (CDCl3) 7.07-7.39 (m, 10H), 5.10-5.21 (m, 3H), 
4.18-4.26 (m, 1H), 3.78-3.88 (m, 1H), 3.39 (dd, J:9.2, 3.6 HZ, 
1H), 2.70-3.19 (m, 6H), 1.97-2.07 (m, 1H), 1.73-1.86 (m, 
3H); LCMS (APCY') 394.4 (MH+, 100%). 

O O 

5. 0 R6) 
[0073] BenZyl (3S)-4-{(2S)-2-[(ter‘t-butoxycarbonyl) 
amino] -3 -methylbutanoyl}-3-{ [(1R)-1 ,2,3,4-tetrahydro-1 
naphthalenylamino] carbonyl} -1 -piperaZinecarboxylate (4) 
[0074] The deprotected piperaZine 3 (16.20 g, 41.2 mmol) 
is coupled With BOC-L-valine (8.95 g, 41.2 mmol) using 
DIEA (36.0 mL, 0.21 mol), HBTU (17.19 g, 45.3 mmol) and 
HOBt (6.12 g, 45.3 mmol) in DMF (700 mL) under the same 
conditions as in step 1 above. Puri?cation is carried out by 
?ash chromatography on silica gel (CHZCl2 as eluent initially, 
folloWed by 10% EtZO/CHZCl2 to elute the desired product). 
The desired coupled product 4 is isolated as a White foam 
(15.51 g, 64% yield): 1H NMR 6 (CDCl3) 6.99-7.64 (m, 9H), 
5.99-6.34 (br m, 1H), 2.68-5.26 (br m, 11H), 1.51-2.15 (br m, 
6H), 1.42 (s, 9H), 1.15 (s, 3H), 0.64-1.02 (br m, 5H); LCMS 
(APCF') 594.2 (MH+), 537.9 (MH+-tBu), 493.7 (MH+-BOC, 
100%). 
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[0075] BenZyl (3S)-4-[(2S)-2-amino-3-methylbutanoyl] 
3 -{[(1R)-1,2,3,4-tetrahydro-1 -naphthalenylamino]carbo 
nyl}-1-piperaZinecarboxylate (5) 
[0076] Compound 4 (15.50 g, 26.2 mmol) is BOC-depro 
tected using TFA (97 mL, 1.31 mol) in CH2Cl2 (500 mL) 
under the same conditions as for step 2. After Workup, the 
desired free amine 5 is obtained as an off-White foam (12.57 
g, 97% yield): 1H NMR 6 (CDCl3) 7.28-7.42 (m, 5H), 7.03 
7.19 (m, 4H), 6.07-6.35 (br m, 1H), 5.09-5.27 (br m, 3H), 
3.68-4.81 (br m, 3H), 2.66-3.53 (br m, 6H), 1.45-2.04 (br m, 
8H), 0.74-1.00 (br m, 1 H); LCMS (APCl+) 493.7 (MH+, 
100%). 

>kO/KO O /\ 

[0077] BenZyl (3S)-4-[(2S)-2-({(2S)-2-[(tert-butoxycar 
bonyl)(methyl)amino]propanoyl}amino)-3-methylbu 
tanoyl] -3 -{[(1R)-1 ,2,3 ,4-tetrahydro-1 -naphthalenylamino] 
carbonyl} - 1 -piperaZinecarboxylate (6) 

[0078] Amine 5 (12.57 g, 25.5 mmol) is then coupled With 
BOCiN-methyl-L-alanine (5.18 g, 25.5 mmol) using DIEA 
(22.3 mL, 0.13 mol), HBTU (10.64 g, 28.1 mmol) and HOBt 
(3.79 g, 28.1 mmol) in DMF (550 mL) under the same con 
ditions as in step 1 above. Puri?cation is carried out by ?ash 
chromatography on silica gel (CH2Cl2 as eluent initially, fol 
loWed by 50% EtZO/CHZCl2 to elute the desired product). The 
desired coupled product 6 is isolated as a White foam (15.30 
g, 89% yield): 1H NMR 6 (CDCl3) 7.28-7.38 (br m, 5H), 
7.03-7.19 (br m, 4H), 6.73 (br s, 1H), 6.02-6.35 (br m, 1H), 
5.05-5.26 (br m, 4H), 3.84-4.82 (br m, 5H), 2.68-3.56 (br m, 
9H), 1.70-2.07 (br m, 5H), 1.47 (s, 9H), 0.60-1.33 (brm, 8H); 
LCMS (APCl+) 679.0 (MH+), 579.0 (MH+-BOC, 100%); 
HPLC (C18 column) 99.4%. 
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[0079] tert-Butyl methyl[(1S)-1-methyl-2-({(1S)-2-me 
thyl-1-[((2S)-2-{[(1R)-1,2,3,4-tetrahydro-1-naphthaleny 
lamino]carbonyl}piperaZinyl)carbonyl]propyl}amino)-2 
oxoethyl] carbamate (7) 
[0080] Compound 6 (13.02 g, 19.2 mmol) is dissolved in 
MeOH (600 mL), to Which is added 5% Pd/C (1.80 g). This 
mixture is stirred in a pres sure vessel under an atmosphere of 
hydrogen (40 psi) for 2 h. The catalyst is then removed by 
?ltration over celite and the solvent removed from the result 
ing ?ltrate to afford a crude oil Which is puri?ed by ?ash 
chromatography on silica gel (5% MeOH/CH2Cl2). The 
desired product 7 is obtained as a White foam (9.71 g, 93% 
yield): 1H NMR 6 (CDCl3) 7.02-7.20 (m, 4H), 6.71 (br s, 1H), 
6.37 (br d, 1:88 HZ, 1H), 4.16-5.13 (br m, 4H), 3.10-3.71 (br 
m, 3H), 2.64-2.84 (br m, 7H), 1.58-2.11 (br m, 7H), 1.46 (s, 
9H), 1.30 (d, J:7.1 HZ, 2H), 0.86-1.02 (br m, 3H), 0.75 (d, 
1:67 HZ, 2H), 0.53 (br d, 1:67 HZ, 2H); LCMS (APCl+) 
544.9 (MH+), 444.6 (MH+-BOC), 260.2 (MH+-dipeptide, 
100%); HPLC (C8 column) 95.2%. 

155%? \N 
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[0081] Example of a procedure for the reductive amination 
of 7 With aldehydes. 
[0082] tert-Butyl(1S)-2-({(1S)-1-[((2S)-4-isobutyl-2-{ 
[(1R)-1,2,3,4-tetrahydro-1-naphthalenylamino] 
carbonyl }piperaZinyl)carbonyl] -2 -methylpropyl } amino)-1 - 
methyl-2-oxoethyl(methyl)carbamate (8, R:isobutyl) 
[0083] Intermediate 7 (250 mg, 0.46 mmol) is dissolved in 
1,2-dichloroethane (4 mL), to Which is added iso-butyralde 
hyde (63 ML, 0.69 mmol) and NaBH(OAc)3 (146 mg, 0.69 
mmol). This mixture is stirred under N2 at RT overnight. 
LCMS at this point shoWs a small amount of unreacted start 
ing material so further quantities of iso-butyraldehyde (63 ML, 
0.69 mmol) and NaBH(OAc)3 (146 mg, 0.69 mmol) are 
added. After a further 4 h. of stirring at RT the reaction 
mixture is diluted With CH2Cl2 (50 mL) and then Washed With 
Water (50 mL), brine (50 mL) and dried (Na2SO4). After 



US 2011/0183955 A1 

?ltration, the solvent is removed under reduced pressure to 
afford an oil Which is puri?ed by ?ash chromatography on 
silica gel (10-50% Et2O/CH2Cl2). The title compound is iso 
lated as a White foam (255 mg, 92% yield): 1H NMR 6 
(CDCI3) 6.72-7.27 (m, 5H), 4.37-5.24 br m, 5H), 3.26-3.90 
(brm, 2H), 2.67-2.96 (brm, 6H), 1.62-2.19 (m, 11H), 1.48 (s, 
9H), 1.23-1.34 (m, 3H), 0.69-0.99 (m, 12H); LCMS (APCI+) 
601.3 (MH+, 100%). 

[0084] Example of a procedure for the reaction of 7 With 
sulfonyl chlorides tert-Butyl methyl[(1S)-1-methyl-2-({ 
(1S)-2-methyl-1-[((2S)-4-(phenylsulfonyl)-2-{[(1R)-1,2,3, 
4 -tetrahydro -1 -naphthalenylamino] carbonyl }piperaZinyl) 
carbonyl]propyl}amino)-2-oxoethyl]carbamate (8, 
R:benZenesulfonyl) 
[0085] Intermediate 7 (200 mg, 0.37 mmol) is dissolved in 
dry CH2Cl2 (4 mL) and the ?ask sealed under N2. DIEA (96 
ML, 0.56 mmol) is added, folloWed by benZenesulfonyl chlo 
ride (46 ML, 0.36 mmol), then the mixture stirred at RT for 2 
h. The reaction is subsequently diluted With CH2Cl2 (50 mL) 
and Washed With sat. NaHCO3 (50 mL), brine (50 mL) and 
dried (Na2SO4). After ?ltration, the solvent is removed under 
reduced pressure to afford an oil Which is puri?ed by ?ash 
chromatography on silica gel (25% Et2O/CH2Cl2). The title 
compound is isolated as a colourless glass (216 mg, 86% 
yield): 1H NMR 6 (CDCI3) 7.51-7.86 (m, 5H), 7.03-7.25 (m, 
4H), 6.69 (v br s, 1H), 6.04 (brd, 1:82 HZ, 1H), 5.16-5.25 (m, 
1H), 4.29-4.75 (brm, 3H), 3.47-4.21 (brm, 3H), 2.69-2.88 (br 
m, 5H), 2.38-2.67 (m, 2H), 1.81-2.09 (m, 5H), 1.55 (s, 3H), 
1.46 (s, 9H), 1.23-1.31 (br m, 2H), 0.84-0.92 (br m, 3H), 0.76 
(d, J:6.7 HZ, 2H); LCMS (APCI+) 685.6 (MH+, 100%). 
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[0086] Example of a procedure for the reaction of 7 With 
isocyanates 
[0087] tert-Butyl (1S)-2-({(2S)-4-[(benZylamino)carbo 
nyl]-2-{[(1R)-1,2,3,4-tetrahydro-1 -naphthalenylamino] 
carbonyl}piperaZinyl)carbonyl] -2-methylpropyl}amino)-1 - 
methyl-2 -oxoethyl(methyl)carbamate (8, RIbenZyl 
carbamoyl) 
[0088] Intermediate 7 (133 mg, 0.245 mmol) is dissolved in 
anhydrous CH2Cl2 (5 mL), to Which is added benZyl isocy 
anate (32 ML, 0.258 mmol). The solution is stirred at room 
temperature for 16 h after Which time more benZyl isocyanate 
(10 ML, 0.08 mmol) is added and the solution is stirred for a 
further 5 h at room temperature. The solvent is removed under 
reduced pressure to afford an oil Which is puri?ed by ?ash 
chromatography on silica gel (95:5 CH2Cl2/MeOH). The title 
compound is isolated as a White foam (152 mg, 92% yield): 
1H NMR 6 (CDCI3) 6.05-7.90 (m, 11H), 3.82-5.24 (m, 9H), 
2.60-3.20 (m, 8H), 1.60-2.12 (m, 5H), 1.49 and 1.47 (s, 9H 
total), 1.24-1.34 (m, 3H), 1.11 (d, 1H, 1:7 HZ), 1.02 (d, 2H, 
J:6.7 HZ), 0.75 (d, 2H, J:6.7 HZ), 0.55 (br d, 2H, J:6.1 HZ); 
LCMS (APCI+) 678.6 (MH+, 100%). 
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[0089] Example of a procedure for the reaction of 11 With 
carboxylic acids 
[0090] tert-Butyl (1S)-2-({(1S)-1-[((2S)-4-[4-(acety 
lamino)benZoyl]-2-{[(1R)-1,2,3,4-tetrahydro-1-naphthale 
nylamino]carbonyl }piperaZinyl)carbonyl] -2 
methylpropyl } amino)-1 -methyl-2 -oxo ethyl (methyl) 
carbamate [8, R:4-(acetylamino)benZoyl] 
[0091] Intermediate 7 (191 mg, 0.351 mmol) is dissolved in 
DMF (10 mL), to Which is added DIEA (0.305 mL, 1.75 
mmol). This mixture is stirred at room temperature for 0.5 h. 
4-AcetamidobenZoic acid (66 mg, 0.368 mmol) is added, and 
stirring is continued for continued 1 h. HOBt (52 mg, 0.385 
mmol) and HBTU (146 mg, 0.385 mmol) are then added and 
the entire mixture is stirred at room temperature for 2 h. The 
reaction mixture is diluted With EtOAc (100 mL) and Washed 
sequentially With 1 M citric acid, brine, sat. NaHCO3, brine, 
Water and brine. The EtOAc layer is then dried With MgSO4, 
?ltered, and the solvent removed at room temperature under 
reduced pressure to afford a colorless gum. This material is 
puri?ed by ?ash chromatography on silica gel (EtOAc) to 
give the title compound as a White foam (21 1 mg, 85% yield): 
1H NMR 6 (CDCI3) 6.40-7.62 (m, 11H), 4.25-5.30 (m, 5H), 
3.93 (“br d”, 1H, J0bS:11.9 HZ), 3.47 (“br td”, 1H, J0bS:11.4, 
3 HZ), 2.65-3.30 (br m, 7H), 1.70-2.22 (br m, 8H), 1.48 and 
1.46 (s, 9H total), 1.28-1.34 (m, 3H), 0.60-1.12 (br m, 7H); 
LCMS (APCI+) 706.7 (MH+, 100%). 
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[0092] Example of a procedure for the reaction of 7 With 
carbamoyl chlorides 
[0093] tert-Butylmethyl[(1S)-1-methyl-2-({(1S)-2-me 
thyl-1-[((2S)-4-[(methylanilino)carbonyl]-2-{[(1R)-1,2,3,4 
tetrahydro -1 -naphthalenylamino] carbonyl }piperaZinyl)car 
bonyl]propyl}amino)-2-oxoethyl]carbamate (8, RIN 
methyl-N-phenyl carbamoyl) 
[0094] Intermediate 7 (175 mg, 0.322 mmol) is dissolved in 
anhydrous CH2Cl2 (15 mL), to Which DIEA (70 uL, 0.40 
mmol) is added. The solutionis cooled to 0° C. and N-methyl 
N-phenylcarbamoyl chloride (66 mg, 0.39 mmol) is added, 
the solution is subsequently Warmed to room temperature for 
4 h. N-Methyl-N-phenylcarbamoyl chloride (66 mg, 0.39 
mmol) and DIEA (70 uL, 0.40 mmol) are added and the 
solution is stirred at room temperature for 15 h at room 

temperature. The solution is diluted With CH2Cl2 (50 mL) and 
Washed With sat. NaHCO3 and brine. The solution is dried 
(MgSO4), ?ltered, and the solvent removed under reduced 
pressure to give the crude product as an oil. This material is 
puri?ed by ?ash chromatography on silica gel (0-5% MeOH/ 
CH2Cl2). The title compound is isolated as a White foam (168 
mg, 77% yield): 1H NMR 6 (CDCI3) 6.60-7.60 (m, 10H), 
4.19-5.20 (m, 5H), 3.62 (“br d”, 1H, J0bS:13.2 HZ), 3.52 (“br 
d”, 1H, J0bS:13.4 HZ), 2.56-3.28 (m, 10H), 1.72-2.10 (m, 
5H), 1.47 and 1.45 (s, 9H total), 1.24-1.32 (br m, 3 H), 
0.88-1.12 (m, 2H), 1.09 (br d, 1H, 1:67 HZ), 0.90 (dd, 2H, 
1:70, 2.6 HZ), 0.78 (br d, 2H, 1:67 HZ), 0.66 (br d, 2H, 6.7 
HZ; LCMS (APCI+) 678.6 (MH+, 100%). 
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[0095] Example of a procedure for the reaction of 7 With 
boronic acids 

[0096] tert-Butyl (1S)-2-({(1S)-1-[((2S)-4-(4-?uorophe 
nyl)-2-{[(1R)-1,2,3,4-tetrahydro-1 -naphthalenylamino] 
carbonyl }piperaZinyl)carbonyl] -2 -methylpropyl } amino)-1 - 
methyl-2-oxoethyl(methyl)carbamate (8, R:4-?uorophenyl) 
[0097] Intermediate 7 (486 mg, 0.89 mmol), 4-?uorophe 
nylboronic acid (625 mg, 4.47 mmol), Cu(OAc)2 (406 mg, 
2.24 mmol) and TEA (451 mg, 4.47 mmol) are all Weighed 
into a ?ask, then dissolved in dry CH2Cl2 (20 mL). This 
mixture is stirred for 24 h. at room temperature, at Which point 

some of the desired product had formed by LCMS. A further 

portion of boronic acid (625 mg, 4.47 mmol) is added and the 
mixture alloWed to stir for a further 24 h, making the desired 

product the major peak, along With unreacted starting mate 
rial. This reaction mixture is concentrated under reduced 

pressure, then loaded directly onto a plug of silica Which is 

eluted With 10% Et2O/CH2Cl2 to isolate the desired product. 
Unreacted starting material remains at the column baseline 

under these conditions. The title compound is isolated as a 

off-White foam (188 mg, 33% yield): 1H NMR 6 (CDCI3) 
6.92-7.42 (m, 8H), 6.74 (v br s, 1H), 6.09 (br d, 1:84 HZ, 1H), 
3.97-5.27 (br m, 6H), 3.35-3.56 (br m, 2H), 2.62-3.16 (br m, 
7H), 1.65-2.14 (m, 5H), 1.47 (s, 9H), 1.31 (br d, J:7.1 HZ, 
2H), 1.14 (br d, J:7.1 HZ, 1H), 0.98 (brt, 1:73 HZ, 2H), 0.79 
(br d, 1:67 HZ, 2H), 0.61 (br d, 1:67 HZ, 2H); LCMS 
(APCI+) 639.4 (MH+, 100%). 

For 
@316) \ N 

i k 0 O O 

[0098] Example of a procedure for the reaction of 11 With 
chloroforrnates 

[0099] 4-Fluorophenyl (3S)-4-[(2S)-2-({(2S)-2-[(tert-bu 
toxyc arbonyl)(methyl)amino] -prop anoyl }amino) -3 -meth 
ylbutanoyl] -3 -{[(1R)-1,2,3,4-tetrahydro-1-naphthalenyl 
amino] carbonyl} - 1 -piperaZinecarboxylate (8, R:4 
?uorophenyloxycarbonyl) 
[0100] Intermediate 7 (200 mg, 0.37 mmol) is dissolved in 
dry CH2Cl2 (4 mL) and the ?ask sealed under N2. DIEA (96 
uL, 0.56 mmol) is added, folloWed by benZenesulfonyl chlo 
ride (46 uL, 0.36 mmol), then the mixture stirred at RT for 2 
h. The reaction is subsequently diluted With CH2Cl2 (50 mL) 
and Washed With sat. NaHCO3 (50 mL), brine (50 mL) and 
dried (Na2SO4). After ?ltration, the solvent is removed under 
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reduced pressure to afford an oil Which is puri?ed by ?ash 
chromatography on silica gel (20% Et2O/CH2Cl2). The title 
compound is isolated as a colourless glass (146 mg, 58% 
yield): 1H NMR 6 (CDCl3) 6.97-7.23 (m, 8H), 6.74 (v br s, 
1H), 6.12-6.29 (br m, 1H), 5.08-2.25 (m, 2H), 3.90-4.86 (br 
m, 5H), 2.89-3.77 (brm, 4H), 2.66-2.83 (brm, 5H), 1.89-2.10 
(br m, 2H), 1.68-1.88 (br m, 3H), 1.47 (s, 9H), 1.28-1.36 (br 
m, 2H), 0.57-1.05 (br m, 6H); LCMS (APCF') 683.7 (MH+, 
100%). 

Compound A 

lamino-propionylamino)-butyryl] -piperaZine-2-carboxylic 
acid [(1R)1,2,3,4-tetrahydro-naphthalen-1-yl)]-amide (9, 
R:isobutyl, Compound A). 
[0102] tert-Butyl (1S)-2-({(1S)-1-[((2S)-4-isobutyl-2-{ 
[(1R)-1,2,3,4-tetrahydro-1 -naphthalenylamino] 
carbonyl}piperaZinyl)carbonyl]-2-methylpropyl}amino)-1 
methyl-2-oxoethyl(methyl)carbamate (8, R:isobutyl) (250 
mg, 0.42 mmol) is dissolved in a mixture of CH2Cl2 (7 mL) 
and TFA (1 .55 ml). This mixture is stirred overnight under N2 
at RT. All solvent is removed under reduced pressure to afford 
an oil Which is dissolved in CH2Cl2 (50 mL), then Washed 
With sat. NaHCO3 (50 mL) and brine (50 mL). The CH2Cl2 
solution is dried (Na2SO4), ?ltered, and the solvent removed 
under reduced pressure to give the title compound as a White 
foam (157 mg, 73% yield). This foam (150 mg, 0.30 mmol) is 
dissolved in a mixture of EtOAc (10 mL) and MeOH (2 mL) 
and then anhydrous citric acid (58 mg, 0.30 mmol) added. The 
mixture is stirred for 1 h. at RT then the solvent removed 
under reduced pres sure to give a White solid Which is taken up 
in a minimal amount of Water (ca 2-3 mL) and ?ltered. This 
solution is freeZe-dried to afford the corresponding citrate as 
a ?uffy White solid (193 mg): 1H NMR 6 (d6-DMSO) 10.30 
(br s, 4H), 8.39-8.64 (m, 1H), 8.09-8.19 (m, 1H), 7.05-7.30 
(m, 4H), 4.55-5.03 (br m, 3H), 3.00-4.20 (br m, 7 H), 2.63 
2.82 (brm, 3H), 2.46 (s, 3H), 1.78-2.18 (m, 7H), 1.63-1.76 (br 
m, 3H), 1.28-1.32 (br m, 3H), 0.79-0.96 (br m, 12H); 13C 
NMR 6(d6-DMSO)176.5,171.1, 170.7,170.3,169.0, 168.8, 
168.5, 168.0,137.2,137.0;137.0,128.6, 128.5,128.4, 128.0, 
126.6, 126.5, 125.8, 125.6, 71.2, 65.6, 56.3, 54.6, 53.5, 53.4, 
52.3, 46.5, 44.0, 43.3, 31.2, 31.2, 29.7, 29.3, 28.6, 24.9, 20.5, 
20.4, 20.4, 20.3, 20.0, 19.9, 19.3, 19.2, 17.5, 17.4, 16.2; 
LCMS (APCF') 500.9 (MH+, 100%); HPLC (C18 column) 
98.1%; HRMS calc. for MH+ C28H46N5O3 500.3601, found 
500.3601. 
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Compound B 

O=T=O 
N 

H K N 
N 

\N o 
H 

[0103] (S)-4-BenZenesulfonyl-1-[(S)-3-methyl-2-((S)-2 
methyl amino-propionyl amino) -butyryl] -piperaZine-2-car 
boxylic acid [(1R)-1,2,3,4-tetrahydro-naphthalen-1-yl] 
amide (9, RIbenZenesulfOnyl, Compound B): Which may be 
prepared folloWing the procedure for Compound A. 

Compound C 

H 

0y N 
N 

K H N 
N 

NA 0 
m2 

O >lllm. ‘citrate 

[0104] (S)-4-[(S)-3-Methyl-2-((S)-2-methylamino-pro 
pionylamino)-butyryl] -piperaZine-1 ,3 -dicarboxylic acid 
1-benZylamide 3 -{[(1R)-1,2,3,4-tetrahydro-naphthalen-1 
yl]}-amide] (9, RIbenZyl carbamoyl, Compound C): Which 
may be prepared folloWing the procedure for Compound A. 

Compound D 

H 

NY 
0 O 

N 

K H N 
N 

NA 0 \N o 
H = . 

5 ‘Cl?‘élt? 
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[0105] (S)-4-(4-Acetylamino-benZoyl)-1-[(S)-3-methyl 
2-((S)-2-methylamino-propionylamino)-butyryl]-pipera 
Zine-2-carboXylic acid (1 ,2,3,4-tetrahydro-naphthalen-1 -yl) 
amide (9, R:4-(acetylamino)benZoyl, Compound D): which 
may be prepared following the procedure for Compound A. 

C omp ound E 

[0106] (S)-4-[(S)-3-Methyl-2-((S)-2-methylamino-pro 
pionylamino)-butyryl]-piperaZine-1,3 -dicarboxylic acid 
1 -(methyl-phenyl-amide) 3 -{[(1R)-1,2,3,4-tetrahydro-naph 
thalen-1-yl)-amide]} (9, RIN-methyl-N-phenyl carbamoyl, 
Compound E): which may be prepared following the proce 
dure for Compound A. 

Compound F 

F 

N 

K H N 
N 

NA 0 \N . o 

O 5 ‘Cl?‘élt? 

[0107] (S)-4-(4-Fluoro-phenyl)-1-[(S)-3-methyl-2-((S)-2 
methylamino-propionylamino)butyryl] -piperaZine-2-car 
boxylic acid [(1R)-1,2,3,4-tetrahydro-naphthalen-1-yl)] 
amide (9, R:4-?uorophenyl, Compound P): which may be 
prepared following the procedure for Compound A. 

0Y0 owfgj 
Compound G 

‘citrate 
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[0108] (S)-4-[(S)-3 -Methyl-2-((S)-2-methylamino-pro 
pionylamino)-butyryl]-3-[(1R)-1,2,3,4-tetrahydro-naphtha 
len-1 -ylcarbamoyl}-piperaZine-1-carboXylic acid 4-?uoro 
phenyl ester (9, R:4-?uorophenyloxycarbonyl, Compound 
G): which may be prepared following the procedure for Com 
pound A. 
[0109] Generally, compounds in Table A may be prepared 
from commonly available starting materials following the 
procedure for Series A. 

Synthsis of Series B, eg, Compound H 

[0110] 

H 
N 

TEA, [ 0/ MeCN 
+ —> 

N Cl 700 c. 

/]\ O 52% 

/(+)\ O 2 
1 

N NaOlU 
MeOH 
—> 

O/ 89% 
N 

x 0 

$ 0 
3 

NH2 

N DMF, 
DIPEA 

1 —, 

OH HBTU, 
N HOBT 

93% 

O 5 
O 

1 
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-continued 

TEA, MeCN N 

Cl 700 c. 

2 0/ 
N 

/i\ O 

1 O 
3 

[0111] (S)-4-BenZyl-piperaZine-1,2-dicarboxylic acid 
1-tert-butyl ester 2-methyl ester (3): To a dry 100.0 ml one 
necked round bottom ?ask equipped With a stirring bar is 

added (S)-1-N-Boc-piperaZine-2-carboxylic methyl ester 
(800 mg, 3.275 mmol) under N2. Anhydrous acetonitrile (20 
ml) is added to the ?ask followed by benZyl chloride (0.38 ml, 
3.275 mmol) and triethylamine (1.28 ml, 9.17 mmol). Con 
denser is then put on to the ?ask and the reaction mixture is 

heated at 71° C. for 20 minutes. The reaction mixture is 

alloWed to come to room temperature and concentrated under 

reduced pressure. It is then diluted With dicholoromethane 

and Washed With Water and brine. The organic layer is dried 

over Na2SO4, ?ltered and concentrated under reduced pres 

sure. The crude compound is ?ash column puri?ed using 
hexane and ethylacetate gradient solvent system to yield 570 
mg (52%) of the desired product. 

[0112] Preferably, the Water bath temperature is not raised 
more than 200 C., otherWise epimeriZation takes place. 

p 
r. 
.x. O 

1 

NaOH/MeOH 
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-continued 

N 

[ OH 
N 

/i\ 0 

$ 0 
4 

[0113] (S)-4-BenZyl-piperaZine-1,2-dicarboxylic acid 
l-tert-butyl ester (4): To the round bottom ?ask containing 
compound 3 (720 mg, 2.15 mmol) is added MeOH (20 ml) 
folloWed by 1 N NaOH (12.9 ml, 12.9 mmol) and stirred 
overnight at room temperature at Which point LCMS shoWs 
product peak at 321 (M+H). The reaction mixture is concen 
trated under reduced pressure to remove methanol. Acidi?ed 
to pH around three With acetic acid. The mixture is then 
extracted With DCM and the organic is Washed With Water 
tWice and once With brine. The organic layer is dried over 
Na2SO4, ?ltered and concentrated under reduced pressure to 
get White solid 4 (615 mg, 89% yield). HPLC shoWs com 
pound 4 to be greater than 98% pure. 

NH2 

DMF, DIPEA 
4> 

HBTU, HOBT 
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-continued 

[0114] (S)-4-BenZyl-2-[(R)-(1,2,3,4-tetrahydro-naphtha 
len-1-yl)carbamoyl]-piperaZine-1-carboxylic acid tert-butyl 
ester (6): Anhydrous DMF (20 ml) is added to a 100 ml round 
bottom ?ask containing compound 4 (325 mg, 1.014 mmol) 
under N2. After ten minutes diisopropylamine (0.88 ml, 5.07 
mmol) is added to the ?ask. It is then stirred at room tempera 
ture for 1.5 hrs. (R)-1,2,3,4-Tetrahydro-l-napthylamine 
(149.3 mg, 1.014 mmol) is then added to the ?ask and stirred 
for 1 hr. HBTU (423.07 mg, 1.115 mmol) is added to the 
reaction followed by HOBT (152.1 mg, 1.126 mmol). The 
reaction mixture is then stirred at room temperature under N2 
overnight at Which point LCMS shoWs completion of the 
reaction. It is then diluted With EtOAc and Washed subse 
quently With 1.0 M citric acid, brine, saturated sodiumbicar 
bonate, brine, Water and brine. The organic layer is dried over 
Na2SO4, ?ltered and concentrated under reduced pressure. 
The crude compound is ?ash column puri?ed using hexane 
and ethylacetate gradient solvent system to yield 423 mg 
(93%) of the desired product 6. HPLC shoWs this compound 
to be greater than 99% pure. 

1. TFAJCHZCIZ 

2. Basic Workup 
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-continued 

N 

K H N 
N 
H 

O 

7 

[01 15] (S)-4-BenZyl-piperaZine-2-carboxylic acid [(1R)-1, 
2,3 ,4-tetrahydro -naphthalen- 1 -yl] -amide (7) Dichlo 
romethane (15 ml) is added to a 100 ml round bottom ?ask 

containing compound 6 (423 mg, 0.941 mmol) under N2. 
TFA (3.84 ml, 49.86 mmol) is added to the ?ask and it is 
stirred overnight. Reaction mixture is concentrated under 
reduced pressure once the LCMS shoWs completion of the 
reaction. It is then diluted With DCM and basi?ed to pH 
around 10 With saturated sodiumbicarbonate solution. 

Organic layer is Washed With brine and dried over Na2SO4, 
?ltered and concentrated under reduced pressure to get White 
foamed compound 7 (324 mg, 99% yield). 

gimp + 

O 

\iOH DMF, DIPEA 
HBTU, HOBT X. 0%.. 
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-continued 

N 

H K N 
N 

9 

X5 
[0116] ((S)-1-{(S)-4-BenZyl-2-[(R)-(1,2,3,4-tetrahydro 
naphthalen-1-yl)carbamoyl]-piperaZine-1 -carbonyl } -2 -me 
thyl-propyl)-carbamic acid tert-butyl ester (9): Anhydrous 
DMF (11 ml) is added to a 100 ml round bottom ?ask con 

taining compound 7 (190 mg, 0.544 mmol) under N2. After 
ten minutes diisopropylamine (0.473 ml, 2.72 mmol) is added 
to the ?ask. It is then stirred at room temperature for 1 hr. 

Boc-L-Valine (118.19 mg, 0.544 mmol) is then added to the 
?ask and stirred for 1 hr. HBTU (227 mg, 0.598 mmol) is 
added to the reaction folloWed by HOBT (81.6 mg, 0.604 
mmol). The reaction mixture is then stirred at room tempera 

ture under N2 overnight at Which point LCMS shoWs comple 
tion of the reaction. It is then diluted With EtOAc and Washed 

subsequently With 1.0 M citric acid, brine, saturated sodium 
bicarbonate, brine, Water and brine. The organic layer is dried 
over Na2SO4, ?ltered and concentrated under reduced pres 

sure to yield 356 mg (>100%) of the desired product 9. 

1. TFAJCHZCIZ 
—> 

2. Basic Workup 

N 

.6) 
K 

7(0) /\ 
9 

15 
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-continued 

N 

[ H N 
N 

O H2N\/KO 
10 

[01 17] (S)-1-(S)-2-Amino-3 -methyl-butyryl)-4-benZyl 
piperaZine-2 -carboxylic acid [(1R)-1,2,3,4-tetrahydro-naph 
thalen-1-yl]-amide (10) Dichloromethane (10 ml) is added to 
a 100 ml round bottom ?ask containing compound 9 (300 mg, 
0.547 mmol) under N2. TFA (2.23 ml, 28.98 mmol) is added 
to the ?ask and it is stirred overnight. Reaction mixture is 
concentrated under reduced pressure once the LCMS shoWs 
completion of the reaction. It is then diluted With DCM and 
basi?ed to pH around 10 With saturated sodiumbicarbonate 
solution. Organic layer is Washed With brine and dried over 
Na2SO4, ?ltered and concentrated under reduced pressure to 
get White foamed compound 10 (250 mg, >100% yield). 
HPLC shoWs compound 10 to be 95% pure. 

-5361 * 

OH 
DMF, DIPEA 
—> 

HBTU, HOBT 
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-continued 

N 

[ H N Njw/ 
fyk O 

O 

\N O‘< O /\ 
7< O 

12 

[0118] [(S)-1-(S)-1-{(S)-4-BenZyl-2-[(R)-(1,2,3,4-tet 
rahydro-naphthalen-l -yl)carbamoyl] -piperaZine- 1 -carbo 
nyl}-2-methyl-propylcarbamoyl)-ethyl]-methyl-carbamic 
acid tert-butyl ester (12): nhydrous DMF (12 ml) is added to 
a 100 ml round bottom ?ask containing compound 10 (245 
mg, 0.547 mmol) under N2. After ten minutes diisopropy 
lamine (0.476 ml, 2.735 mmol) is added to the ?ask. It is then 
stirred at room temperature for 1 hr. Boc-N-methyl-L-alanine 
(111.17 mg, 0.547 mmol) is then added to the ?ask and stirred 
for another 1 hr. HBTU (228.22 mg, 0.602 mmol) is added to 
the reaction followed by HOBT (82.05 mg, 0.607 mmol). The 
reaction mixture is then stirred at room temperature under N2 
overnight at Which point LCMS shoWs completion of the 
reaction. It is then diluted With EtOAc and Washed subse 
quently With 1.0 M citric acid, brine, saturated sodium bicar 
bonate, brine, Water and brine. The organic layer is dried over 
Na2SO4, ?ltered and concentrated under reduced pressure. 
The crude compound is ?ash column puri?ed using hexane 
and ethylacetate gradient solvent system to yieldWhite foamy 
294 mg (85%) of the desired product 12. 

N l. TFN 

CHZClZ 
H —> 
N 

N 
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-continued 

m2 

Compound H TFA salt 

[0119] (S)-4-BenZyl-1-[(S)-3-methyl-2-((S)-2-methy 
lamino -propionylamino)-butyryl] -piperaZine-2-carboxylic 
acid [(1R)-1,2,3,4-tetrahydro-naphthalen-1-yl]-amide 
[0120] Dichloromethane (9.0 ml) is added to a 100 ml 
round bottom ?ask containing compound 12 (294 mg, 0.464 
mmol) under N2. TFA (1.89 ml, 24.58 mmol) is added to the 
?ask and it is stirred overnight. Reaction mixture is concen 
trated under reduced pressure once the LCMS shoWs comple 
tion of the reaction. It is concentrated under reduced pressure. 
It is further co-evaporated With hexane and ether to get off 
White solid. This crude compound is HPLC puri?ed using 
acetonitrile and 0.1% TFA in Water solvent system to get the 
?nal compound, example 1 (290 mg, 96.5%). HPLC shoWs 
this compound to be greater than 99% pure. 

Compound H. TFA salt 

1. Base Wash 
—> 

2. Citric acid 
EtOAc/EtOH 

O 

N 

K H N Njw/ 
H\/K O N O 

\N H ‘E 

o /\ 

Compound H. Citrate Salt 
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[0121] Example l-TFA salt (216 mg, 0.33 mmol) is dis 
solved in EtOAc and Washed With saturated sodiumbicarbon 
ate solution twice. The pH of aqueous layer is around 10. 
Organic layer is Washed With brine and dried over Na2SO4, 
?ltered and concentrated under reduced pressure. It is further 
dried on high vacuum to get White foam With quantitative 
yield. It is then re-dissolved in EtOAc (10 ml) and EtOH (0.2 
ml). Anhydrous citric acid sold (59 mg, 0.31 mmol) is added 
to the ?ask and stirred under N2 for one hr. The reaction 
mixture is concentrated under reduced pressure to get White 
solid. It is dried under high vacuum (225 mg, 94%). 

Pharmaceutical Compositions 

[0122] The present invention further includes pharmaceu 
tical compositions comprising a pharmaceutically effective 
amount of one or more of the above-described compounds as 
active ingredient. Pharmaceutical compositions according to 
the invention are suitable for enteral, such as oral or rectal, 
and parenteral administration to mammals, including man, 
for the treatment of proliferative diseases, including tumors, 
especially cancerous tumors, and other cancers alone or in 
combination With one or more pharmaceutically acceptable 
carriers. 
[0123] The inventive compounds are useful for the manu 
facture of pharmaceutical compositions having an effective 
amount the compound in conjunction or admixture With 
excipients or carriers suitable for either enteral or parenteral 
application. Examples include tablets and gelatin capsules 
comprising the active ingredient together With (a) diluents; 
(b) lubricants, (c) binders (tablets); if desired, (d) disinte 
grants; and/or (e) absorbents, colorants, ?avors and sWeeten 
ers. lnjectable compositions are preferably aqueous isotonic 
solutions or suspensions, and suppositories are advanta 
geously prepared from fatty emulsions or suspensions. The 
compositions may be steriliZed and/or contain adjuvants, 
such as preserving, stabiliZing, Wetting or emulsifying 
agents, solution promoters, salts for regulating the osmotic 
pressure and/or buffers. In addition, the compositions may 
also contain other therapeutically valuable substances. The 
compositions are prepared according to conventional mixing, 
granulating or coating methods, respectively, and contain 
preferably about 1 to 50% of the active ingredient. 
[0124] More generally, the present invention also relates to 
the use of the compounds of the invention for the manufacture 
of a medicament, in particular for the manufacture of a medi 
cament for the treatment of proliferative diseases. 
[0125] Also contemplated is the use of the pharmaceutical 
compositions described hereinbefore and hereinafter for the 
treatment of a proliferative disease. 
[0126] Suitable formulations also include formulations for 
parenteral administration such as aqueous and non-aqueous 
sterile injection solutions Which may contain antioxidants, 
buffers, bacteriostats and solutes Which render the formula 
tion isotonic With the blood of the intended recipient; and 
aqueous and non-aqueous sterile suspensions Which may 
include suspending agents and thickening agents. The formu 
lations may be presented in unit-dose or multi-dose contain 
ers, for example, sealed ampules and vials, and may be stored 
in a freeZe-dried (lyophiliZed) condition requiring only the 
addition of the sterile liquid carrier, for example, Water for 
injections, immediately prior to use. 
[0127] Extemporaneous injection solutions and suspen 
sions may be prepared from sterile poWders, granules and 
tablets of the kind previously described. 
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[0128] The pharmaceutical composition contains a phar 
maceutically effective amount of the present active agent 
along With other pharmaceutically acceptable exicipients, 
carriers, ?llers, diluents and the like. The term therapeutically 
effective amount as used herein indicates an amount neces 

sary to administer to a host to achieve a therapeutic result, 
especially an anti-tumor effect, e.g., inhibition of prolifera 
tion of malignant cancer cells, benign tumor cells or other 
proliferative cells. 
[0129] 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 thera 
peutically effective amount of a compound of the invention to 
a mammal, preferably a human, in need of such treatment. 
[0130] A proliferative disease is mainly a tumor disease (or 
cancer) (and/or any metastases). 
[0131] The inventive compounds are particularly useful for 
treating a tumor Which is a breast cancer, genitourinary can 
cer, 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 tumor; a lung tumor, for 
example a small cell or non-small cell lung tumor; al gas 
trointestinal tumor, for example, a colorectal tumor; or a 
genitourinary tumor, for example, a prostate tumor (espe 
cially a hormone-refractory prostate tumor); or (ii) a prolif 
erative disease that is refractory to the treatment With other 
chemotherapeutics; or (iii) a tumor that is refractory to treat 
ment With other chemotherapeutics due to multidrug resis 
tance. In a broader sense of the invention, a proliferative 
disease may furthermore be a hyperproliferative condition 
such as leukemias, hyperplasias, ?brosis (especially pulmo 
nary, but also other types of ?brosis, such as renal ?brosis), 
angiogenesis, psoriasis, atherosclerosis and smooth muscle 
proliferation in the blood vessels, such as stenosis or resteno 
sis folloWing angioplasty. 
[0132] 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. 
[0133] The inventive compound is selectively toxic or more 
toxic to rapidly proliferating cells than to normal cells, par 
ticularly in human cancer cells, e.g., cancerous tumors, the 
compound has signi?cant antiproliferative effects and pro 
motes differentiation, e.g., cell cycle arrest and apoptosis. 
[0134] 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, epidermal groWth factor 
receptor kinase inhibitors, vascular endothelial groWth factor 
receptor kinase inhibitors and the like; cytotoxic drugs, such 
as antimetabolites, like purine and pyrimidine analog antime 
tabolites; antimitotic agents like microtubule stabiliZing 
drugs and antimitotic alkaloids; platinum coordination com 
plexes; anti-tumor antibiotics; alkylating agents, such as 
nitrogen mustards and nitrosoureas; endocrine agents, such 
as adrenocorticosteroids, androgens, anti-androgens, estro 
gens, anti-estrogens, aromatase inhibitors, gonadotropin-re 
leasing hormone agonists and somatostatin analogues and 
compounds that target an enZyme or receptor that is overex 
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pressed and/ or otherwise involved a speci?c metabolic path 
way that is unregulated in the tumor cell, for exampleATP and 
GTP phosphodiesterase inhibitors, histone deacetylase 
inhibitors, protein kinase inhibitors, such as serine, threonine 
and tyrosine kinase inhibitors, for example, Abelson protein 
tryosine kinase and the various growth factors, their receptors 
and kinase inhibitors therefore, such as, epidermal growth 
factor receptor kinase inhibitors, vascular endothelial growth 
factor I receptor kinase inhibitors, ?broblast 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. 
[0135] The present invention further relates to a method of 
promoting apoptosis in rapidly proliferating cells, wherein 
the method comprises contacting the rapidly proliferating 
cells with an effective apoptosis promoting amount of an 
inhibitor of IAP (IAPI). Preferably, the IAPI compound is a 
compound of present formula I. 

EXAMPLES 

Example 1 

[0136] The following compounds are produced by methods 
described in literature, and veri?ed by HPLC-MS. 

TABLE 1 

18 
Jul. 28, 2011 

Example 2 

Assays 

[0137] Cell Proliferation Assay 
[0138] The ability of compounds of the invention to inhibit 
tumor cell growth in vitro is monitored using the CellTiter 
96® AQWOHS 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-sulfophenyl)-2H-tetraZolium, 
inner salt; MTS] and an electron coupling reagent (phenaZine 
methosulfate) PMS. MTS is bioreduced by cells into a for 
maZan product, the absorbance of which is measured at 490 
nm. The conversion of MTS into the aqueous soluble forma 
Zan product is accomplished by dehydrogenase enZymes 
found in metabolically active cells. The quantity of formaZan 
product as measured by the amount of 490 nm absorbance is 
directly proportional to the number of living cells in culture. 
The IC5O values of compounds listed in Tables 1-3 in the 
described cell assay range from <0.01 nM to >10 uM. Values 
for preferred compounds range from 0.005-10 [1M. 
[0139] In order to measure the ability of the inventive com 
pounds to bind the BIR3 peptide binding pocket, a solution 
phase assay on the FMAT or ELISA technology platform is 
utiliZed. 

HPLC-MS 

# IUPAC Ms (ESI) 

4-ethyl-l — [3 —methyl-2— (2methylarninopropionyl-amino) 
butyryl]—piperazine—2—carboxylic acid-(1 ,2,3 ,4-tetrahydro 
naphthalin- l—yl)—arnide 
4-isopropyl- 1- [3-metl1yl-2- (2-methyla1ninopropionylalnino) 
butyryl]—piperazine—2—carboxylic acid-(1 ,2,3 ,4-tetrahydro 
naphthalin- l—yl)—arnide 
4-cyclohexyl- 1 — [3 —methyl-2— (2-methylaminopropionyl 
aInino)-butyry1]—piperaZine-2—carboxy1ic acid-(123,4 
tetrahydro —naphthalin— 1 —yl)—arnide 

4 1- [3 ,3 —dimethyl—2— (2—methylarninopropionyl—arnino)butyryl] — 
4-phenylpiperazine—2—carboxylic acid-(1,2,3 ,4-tetrahydro 
naphthalin- l—yl)—arnide 
1- [3 ,3 —dimethyl—2— (2—methylarninopropionyl—arnino)butyryl] — 
4- (5 —nitropyridin—2—yl)—piperaZine—2-carboxy1ic acid 
(1,2,3 ,4-tetrahydronaphthalin- l—yl)—arnide 
5 — [4- [3 —methyl-2— (2-methylarninopropionylalnino)—butyryl] — 

3 — (1 ,2 ,3 ,4-tetrahydronaphthalin- 1 —ylcarbalnoyl)—piperazin— 
1-y1] —naphthalene— 1-sulfonic acid 
4-benzyl- 1- [3 ,3-dimethyl-2- (2-methylarninopropionyl 
aInino)-butyry1]—piperaZine-2—carboxy1ic acid-(123,4 
tetrahydro —naphthalin— 1 —yl)—arnide 
4-cyclohexyl- 1 — [3 —methyl-2— (2-methylaminopropionyl 
alnino)—butyryl] -1 ,4,5 ,6-tetrahydropyrazine-2—carboxylic 
acid-(1,2 ,3 ,4-tetrahydro-naphthalin-l—yl)—a1nide 
4-cyclohexyl- 1 — [3 —methyl-2— (2-methylaminopropionyl 
arnino)—butyryl]—4,5 ,6,7—tetrahyd_ro—l H-[l ,4]-diaZepine-2— 
carboxylic acid-(1,2 ,3 ,4-tetrahydro-naphthalin-l—yl)—a1nide 
3 —chloro—4—cyclohexyl—l — [3 —methyl-2— (2-methylarnino 
propionylalnino)—butyryl]—[1,4]—diaZepan—2-carboxy1ic acid 
(1,2,3 ,4-tetrahydronaphthalin- l—yl)—arnide 
1- [2-(3 —alninomethylazetidin— l—yl)—acetyl] —4-benzyl— 
piperazine—2—carboxylic acid-(1,2,3 ,4-tetrahydronaphthalin 
l—yl)—a.rnide 
1- [2-(3-a1ninomethylazetidin- l—yl)—acetyl]—4—benzyl—l ,4,5 ,6 
tetrahydropyrazine-Z-carboxylic acid-(1,2 ,3 ,4-tetrahydro 
naphthalin- l—yl)—arnide 

0 

00 

472.45 (M + H)+ 

486.41 (M + H)+ 

526.44 (M + H)+ 

534.43 (M + H)+ 

580.40 (M + H)+ 

650.39 (M + H)+ 

548.6 (M + H)+ 

524.5 (M + H)+ 

538.5 (M + H)+ 

574.5, 576.5 (M + H)+ 

476.4 (M + H)+ 

474.4 (M + H)+ 
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[0140] Fmat 
[0141] Biotinylated Smac 7-mer peptide (AVPIAQK, 
lysine e-amino group is biotinylated) is immobilized on 
streptavidin coated beads. GST-BIR3 fusion protein is pre 
cipitated With FMAT beads and is detected using ?uorescent 
tagged anti-GST antibodies. Importantly, non-biotinylated 
Smac peptide is highly effective at competing GST-BIR3 off 
the FMAT beads. The IC50 for non-biotinylated Smac is 400 
nM. The IC50 values of compounds listed in Tables 1-3 in the 
described FMAT assay range from 0.025 to greater than 10 

[1M. 
[0142] Elisa 
[0143] Compounds are incubated With GST-BIR3 fusion 
protein and biotinylated SMAC peptide (AVPFAQK) in stre 
tavidin-coated 96 Well plates. For XIAP BIR3Smac Elisa, a 
GST-BIR3 fusion containing amino acids 248-358 from 
XIAP Was used. For CIAPl BIR3 Smac Elisa, a GST-BIR3 
fusion containing amino acids 259-364 from CIAPl Was 
used. FolloWing a 30 minute incubation, Wells are extensively 
Washed. The remaining GST-BIR3 fusion protein is moni 
tored by ELISA assay involving ?rst, incubation With goat 
anti-GST antibodies folloWed by Washing and incubation 
With alkaline phosphatase conjugated anti-goat antibodies. 
Signal is ampli?ed using Attophos (Promega) and read With 
Cyto?our Ex 450 nm/ 40 and Em 580 nm. IC50s correspond to 
concentration of compound Which displaces half of GST 
BIR3 signal. The IC50 for non-biotinylated Smac is 400 nM. 
The IC50 values of compounds listed in Tables 1-3 in the 
described ELISA assays range from 0.005 [1M to greater than 
10 nM. 

Example 3 

[0144] IC50 values for Series A compounds for XIAP. An 
assay capable of measuring disruption of the Smac peptide 
(XIAP)BIR3 protein-protein interaction is established in the 
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art as described in Example 2. In this assay IAP Inhibitor 
compounds compete With an immobiliZed Smac peptide for 
occupancy of the BIR3 binding pocket of XIAP. The rationale 
for this strategy results from the mutually exclusive nature of 
either Caspase 9 or Smac binding to the BIR3 pocket. 
[0145] Assays are performed and IC50 values are calcu 
lated as folloWs: 

[0146] IC5O calculations 
[0147] input 3><4 [1L stopped assay on Immobilon mem 
brane, not Washed 
[0148] background (3 Wells) assay With H2O instead of 
enzyme 
[0149] positive control (4 Wells) 3% DMSO instead of 
compound 
[0150] bath control (1 Well) no reaction mix 
[0151] IC5O values are calculated by logarithmic regression 
analysis of the percentage inhibition of each compound at 4 
concentrations (usually 3- or 10-fold dilution series starting at 
10 [1M). In each experiment, the actual inhibition by reference 
compound is used for normaliZation of IC5O values to the 
basis of an average value of the reference inhibitor: 

Normalized IC5O:measu_red IC5O average ref. IC5O/ 
measured ref. IC5O 

[0152] Activity determinations of compounds herein using 
the testing method described herein and as are Well knoWn in 
the art, are used With the folloWing test compounds of formula 
(I). As shoWn in Table 2, Series A test compounds exhibit 
activity against XIAP. “Activity” as used herein is de?ned as 
having IC5O values for IAP target inhibition of less than 10 
nM. Speci?cally, in the table: 
[0153] “X” indicates an IC5O value ofless than 10 [1M for 
XIAP. 

[0154] “—” indicates an IC5O value of equal or greater than 
10 [1M for XIAP. 

TABLE 2 

IC 0 Levels for Series A compounds 

XIAP 
# IUPAC IC5O 

1 4-Benzyl-1—[3-methyl-2—(2-methylamino-propionylalnino)—butyryl]— X 
piperazine—2—carboxylic acid (1,2,3,4-tetrahydro-naphthalen-1—yl)—arnide 

2 4-Benzenesulfonyl-1—[3—methyl—2—(2-methyla1nino—propionyla1nino)—butyryl]— X 
piperazine—2—carboxylic acid (1,2,3,4-tetrahydro-naphthalen-1—yl)—arnide 

3 (S)—1—[(S)—3—Methyl—2—((S)—2-methyla1nino-propionylalnino)—butyryl]—4— X 
pyridin-3-ylmethyl-piperazine-2-carboxylic acid (1,2,3 ,4-tetrahydro 
naphthalen—1-yl)—a1nide 

4 (S)—1-[(S)-3—Methyl—2-((S)—2-methyla1nino-propionylalnino)—butyryl]—4—(3- X 
phenoxy-benZyl)—piperazine—2—carboxylic acid (1,2,3,4—tetrahydro— 
naphthalen—1-yl)—a1nide 

5 (S)—4-[(S)—3—Methyl—2—((S)—2—methyla1nino—propionylalnino)—butyryl]— X 
piperazine-1,3-dicarboxylic acid 1-benzyla1nide 3—[(1,2,3,4—tetrahydro— 
naphthalen- 1—yl)—a1nide] 

7 (S)—4—Cyclopentylmethyl—1—[(S)—3-methyl-2—((S)—2—methylalnino— X 
propionylalnino)—butyryl]—piperazine—2—carboxylic acid (1,2,3 ,4-tetrahydro 
naphthalen—1-yl)—a1nide 

8 (S)—4—Isobutyl—1—[(S)—3—methyl—2-((S)—2—methylalnino—propionylalnino)— X 
butyryl]—piperazine—2—carboxylic acid (1,2,3,4-tetrahydro-naphthalen-1—yl)— 
amide 

9 (S)—1—[(S)—3—Methyl—2—((S)—2-methyla1nino-propionylalnino)—butyryl]—4— X 
pyridin-4-ylmethyl-piperaZine-2-carboxylic acid (1,2,3 ,4-tetrahydro 
naphthalen—1-yl)—a1nide 












