
WO 2010/056022PCT/KR2009/006568 1 Description Title of Invention:
MELANOCORTIN RECEPTOR AGONISTS Technical Field [1] The present invention
relates to a compound of the following formula 1 having a good agonistic
activity to melanocortin receptor, or pharmaceutically acceptable salt or
isomer thereof: (1) [31wherein R1, R2, R3, R4 and R5 are as defined below.
[4] [51The present invention also relates to a process for preparing a
compound of the above formula 1. [6]  [71 The present invention also
relates to an agonistic composition for melanocortin receptor comprising a
compound of the above formula 1 as an active ingredient, in particular, a
composition for the prevention and treatment of obesity, diabetes,
inflammation and erectile dysfunction. [81 Background Art [91Five subtypes
of receptors have been cloned and characterized in the melanocortin family.
These G-protein coupled receptors (GPCR) stimulate the cAMP signal
transduction pathway in many different tissues, mediating a wide range of
physiological functions. Melanocortin 1 receptor (MC1R) is mainly expressed
in melanocytes, monocytes, and mast cells, to mediate pigmentation of the
hair and skin and to block inflammation. MC2R is expressed in adipocytes
and adrenal cells, to mediate steroidogenesis in the adrenal gland. MC3R is
present in the brain, hyphothalamus, heart, gut, and placenta, and has been
associated with energy homeostasis and inflammation. MC4R is uniquely
expressed in the brain, and controls feeding behavior, energy homeostasis,
and erectile function. MC4R knock-out mice revealed the phenotype of
hyperphasia and obesity. MC5R is found in a wide range of tissues and is
considered to play a role for the exocrine gland system.  WO
2010/056022PCT/KR2009/006568 2 [11] With a plethora of physiological
functions of melanocortin receptors, a large number of compounds have been
designed and synthesized in search for potent agonists and antagonists.
Early examples are synthetic peptides and peptide analogues that have [12]
been identified on the basis of endogenous agonist such as MSH. These
peptide agonists have been used to characterize the function of these
receptors. NDP-MSH is a highly potent and nonselective agonist of MC1R, 3R,
4R and 5R, and has been reported to attenuate food intake and body weight
gain in rat models. A cyclic heptapeptide MT-II is an agonist with a
similar non-selective profile, and its therapeutic use has been proven in
clinical trials for the treatment of erectile dysfunction. [13]  



[14] Small molecule agonists for the melanocortin receptors have been
reported to have significant activity in drug trials for the treatment of
obesity, sexual dysfunction or inflammation. For example, a series of
potent and selective MC4R agonists has been identified, one of which
demonstrated significant effect for augmenting erectile response in mice
(J. Med. Chem. 2002, 45, 4849). A number of MC4R agonists have also been
identified, which displayed hyphophasic activity and anti-obesity effect in
the rat model (Bioorg. Med. Chem. Lett. 2005, 15, 171, Bioorg. Med. Chem.
Lett. 2005, 15, 3430, Bioorg. Med. Chem. Lett. 2005, 15, 3501). In
addition, Merck & Co. Inc. has filed applications for the various compounds
as MC4R agonists for patents (WO 01/55109, WO 01/70337, WO 01/70708, WO
02/081443, WO 02/15909, WO 02/067869, WO 02/068387, WO 02/068388, WO
2004/087159, WO 2004/078716, WO 2004/078717, WO 2006/019787, WO
2006/020277, WO 2007/041052, WO 2007/041061, WO 2007/047496). [15]  [16]
Other pharmaceutical companies also have filed application for various
small-molecule MCR agonists for patents (WO 02/059095, WO 02/059107, WO
02/059117, WO 02/059108, WO 02/085925, WO 03/009847, WO 03/009850, WO
02/018327, WO 2005/040109, WO 2005/047251, WO 2005/077935, WO 2005/077935,
WO 2006/072393, WO 2007/015157, WO 2007/015162, JP 2007131570, WO
2007/096186, WO 2007/096763, WO 2007/141343, WO 2008/039418, WO
2008/007930). [17]  [18] It has also been reported that MC1R selective
small molecule agonists show anti-inflammation efficacy in an acute mouse
model (J Med Chem 2003, 46, 1123). [19]  [20] In view of the unresolved
deficiencies of the various pharmaceutical compounds as discussed above,
there is continuing need in the art for small molecule MCR agonists and
pharmacological compositions that have improved pharmacological profiles.
It is,  WO 2010/056022PCT/KR2009/006568 3 therefore, an object of the
present invention to provide novel compounds that are useful for the
treatment of obesity, diabetes, erectile dysfunction and inflammation. [21]
Disclosure of Invention [22] The aforesaid peptide MCR agonists severely
have a limit for using as an orally administered drug because of their
molecular characteristics. Additionally, the majority of non-peptidic small
molecule MCR agonists reported up to date should be improved in aspects of
oral absorbability, Blood-Brain Barrier permeability and efficacy in order
for their use as a medicine. [23]  [24] Therefore, the object of the
present invention is to provide non-peptide small molecule MCR agonists
with a new structure which can be used for prevention and treatment of
obesity, diabetes, erectile dysfunction and inflammation. [25]  [26]
Specifically, the object of the present invention is to provide a
non-peptide compound of formula 1 having an excellent agonistic effect on
MCRs, in particular, selectively on MC4R, or pharmaceutically acceptable
salt or isomer thereof. [27]  [28] Another object of the present invention
is to provide a process for preparing the compound of formula 1. [29]  [30]
Another object of the present invention is to provide a melanocortin
receptor agonistic composition comprising the compound of the formula 1, or
pharmaceutically acceptable salt or isomer thereof as an active ingredient,
together with a pharmaceutically acceptable carrier. [31]  [32] In
particular, the composition according to the present invention has a potent
effect for prevention and treatment of obesity, diabetes, erectile
dysfunction and inflammation. [33]  Best Mode for Carrying out the
Invention [34] The present invention provides a compound of the following
formula 1, or pharmaceutically acceptable salt or isomer thereof: 



11351  WO 2010/056022PCT/KR2009/006568 4 (1) [36]  [37] wherein [38] 12'
represents hydrogen, or represents C1-C10-alkyl, C3-C7-cycloalkyl,
C6-C10-aryl, heterocycle or heteroaryl, each of which is unsubstituted or
substituted with at least one substituent selected from the group
consisting of halogen, amino, C1-C4-alkyl, trifluoromethyl, hydroxy,
C1-C4-alkoxy, cyano and oxo; [39]  [40] R2 represents phenyl or
six-membered heteroaryl, each of which is unsubstituted or mono- or
di-substituted with substituents selected from the group consisting of
halogen, hydroxy, C1-C4-alkyl, C1-C4-alkoxy, cyano and amino; [41]  [42] R3
represents hydrogen, or represents C1-C6-alkyl or C3-C7-cycloalkyl each of
which is unsubstituted or substituted with substituents selected from the
group consisting of halogen, methyl, trifluoromethyl, hydroxy and amino;
[43]  [44] R4 represents C4-C7-cycloalkyl or monocyclic heterocycle, each
of which is unsubstituted or mono- or poly-substituted with substituents
selected from the group consisting of halogen, hydroxy, C1-C4-alkyl,
trifluoromethyl, C1-C4-alkoxy and oxo; or represents phenyl or six-membered
heteroaryl, each of which is unsubstituted or mono-or di-substituted with
substituents selected from the group consisting of halogen, hydroxy,
C1-C4-alkyl, trifluoromethyl, C1-C4-alkoxy and amino; and [45]  [46] R5
represents C1-C6-alkyl, difluoromethyl, trifluoromethyl, C3-C8-cycloalkyl,
amino, C1-C4-alkylamino, di(C1-C4-alkyl)amino, phenyl, monocyclic
heteroaryl or monocyclic heterocycle where alkyl is unsubstituted or
substituted with at least one substituent selected from the group
consisting of fluoro, hydroxy, mercapto, C1-C4 alkoxy, acetoxy, amino,
acetylamino, cyano, carbamoyl, dimethyl carbamoyl and oxo, and phenyl or
heteroaryl is unsubstituted or mono- or di-substituted with substituents
selected from the group consisting of halogen, hydroxy, methyl,
trifluoromethyl, methoxy and amino.  WO 2010/056022PCT1KR20091006568 5 [47]
[48] In the definitions of sub stituents for the compound of formula (1)
according to the present invention, the term "alkyl," when used alone or in
combination as "alkyloxy," means straight-chain or branched-chain
hydrocarbon radical. The term "cycloalkyl" represents a saturated aliphatic
ring including cyclohexyl. [49]  [50] The term "aryl" represents 6- to 10-
membered aromatic group including phenyl, naphtyl, etc. 



[51]  [52] The term "heteroaryl" represents an aromatic 3- to 6- membered
ring containing 1 to 4 heteroatom(s) selected from the group consisting of
nitrogen atom, oxygen atom and sulfur atom, which can be optionally fused
with benzo or C3-C8 cycloalkyl. The examples of monocyclic heteroaryl are,
but not limited to, thiazole, oxazole, thiophene, furan, pyrrole,
imidazole, isoxazole, pyrazole, triazole, thiadiazole, tetrazole,
oxadiazole, pyridine, pyridazine, pyrimidine, pyrazine and similar groups
thereto. The examples of bicyclic heteroaryl are, but not limited to,
indole, benzothiophene, benzofuran, bezimidazole, benzoxazole,
benzisoxazole, benzothiazole, benzothiadiazole, benzotriazole, quinoline,
isoquinoline, purine, furopyridine and similar groups thereto. [53]  [54]
The term "heterocycle" represents a 4- to 8- membered ring containing 1 to
2 heteroatom(s) selected from the group consisting of nitrogen atom, oxygen
atom, and sulfur atom, which can be optionally fused with benzo- or
C3-C8-cycloalkyl and is saturated or unsaturated with 1 or 2 double bonds.
Examples thereof are, but not limited to, piperidine, morpholine,
thiamorpholine, pyrrolidine, imidazolidine, tetrahydrofuran, piperazine and
similar groups thereto. [55]  [56] Preferred compounds among the compounds
of formula 1 according to the present invention are those wherein [57]
[58] i) 12' represents hydrogen, methyl, ethyl, trifluoroethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl,
cyclopentyl or cylcohexyl; or represents phenyl, oxazolinyl, imidazolinyl,
thiazolinyl, tetrahydropyranyl, tetrahydrothiopyranyl, imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, triazolyl, pyridinyl, pyrimidinyl,
piperidinyl or piridazinyl, each of which is unsubstituted or substituted
with substituent(s) selected from the group consisting of halogen, methyl,
cyano, oxo and hydroxy, and more preferably, 12' represents isopropyl,
tert-butyl or cyclopropyl; or represents phenyl, tetrahydropyranyl,
thiazolyl, pyridinyl, pyrimidinyl or pyridazinyl, each of which is  WO
2010/056022PCT1KR20091006568 6 unsubstituted or substituted with
substituent(s) selected from the group consisting of halogen, methyl, cyano
and hydroxy, [59]  [60] ii) R2 represents pheyl which is unsubstituted or
mono- or di-substituted with substituent(s) selected from the group
consisting of fluorine, chlorine, bromine, methoxy and methyl, and more
preferably, R2 represents 4-chlorophey1 or 2,4-difluorophenyl, [61]  [62]
iii) R3 represents hydrogen, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert - butyl, cyclopropyl, cyclobutyl or cyclopentyl, and more
preferably, R3 represents hydrogen, methyl, ethyl or isopropyl, [63]  [64]
iv) R4 represents cyclopentyl, cyclohexyl, cycloheptyl, 4-methylcyclohexyl,
4,4-dimethylcyclohexyl, 4-fluorocyclohexyl, 4,4-difluorocyclohexyl or
4-trifluoromethylcyclohexyl; or represents phenyl which is unsubstituted or
mono- or di-substituted with substituents selected from the group
consisting of fluorine, chlorine, methyl and methoxy, and more preferably
R4 represents cyclohexyl, 4-methylcyclohexyl, 4,4-dimethylcyclohexyl,
4,4-difluorocycicohexyl or 2,4-difluorophenyl, [65]  [66] v) R5 represents
methyl, trifluoromethyl, hydroxymethyl, methoxymethyl, ethoxymethyl,
propyl, isopropyl, isobutyl, tert-butyl, -CH2CH2OH, -CH(CH3)CH2OH,
-C(CH3)2CH2OH, -C(CH3)(CH2OH)2, -C(CH3)2CH20Me, -C(CH3)2CH20Et, phenyl,
oxazolinyl, imidazolinyl, thiazolinyl, tetrahydropyranyl, imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, triazolyl, furanyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydropyranyl, pyridinyl or piperidinyl, and more
preferably, R5 represents isopropyl, tertbutyl, -C(CH3)2CH2OH, furanyl or
tetrahydrofuranyl. [67]  [68] The most preferred compounds among the
compounds of formula 1 according to the present invention are those wherein
[69] 12' represents isopropyl, tert-butyl or cyclopropyl; or represents
phenyl, tetrahydropyranyl, thiazolyl, pyridinyl, pyrimidinyl or
pyridazinyl, each of which is unsubstituted or substituted with
substituent(s) selected from the group consisting of halogen, methyl, cyano
and hydroxy, [70] R2 represents 4-chlorophey1 or 2,4-difluoropheyl, [71] R3
represents hydrogen, methyl, ethyl or isopropyl, 



[72] R4 represents cyclohexyl, 4-methylcyclohexyl, 4,4-dimethylcyclohexyl,
4,4-difluorocyclohexyl or 2,4-difluorophenyl, and 11731R5 represents
isopropyl, tert-butyl, -C(CH3)2CH2OH, furanyl or tetrahydrofuranyl.  WO
2010/056022PCT1KR20091006568 7 [74]  [75] The representative compounds of
formula 1 according to the present invention include the following listed
compounds: [76] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5- [
(4-methylpiperazin-1-yl)carbonyll pyrrolidin-3-y11 -N- (4 ,4-dimethylcy
clohexyl)acetami de; [77] N- [(3S,5S)-1- { [(3S,4R)-1-tert-buty1-4-
(2,4-difluorophenyl)pyrrolidin-3-yll carbony11- 5- (piperazin-l-ylc
arbonyl)pyrrolidin-3-y1] -N-(4,4-dimethylcyclohexyl)acetamide ; [78]
(2S)-N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5-
11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-3-y11 -N- (4 ,4-dimethylcy
clohexyl)tet rahydrofuran-2-carboxamide; [79] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5- [
(4-methylpiperazin-1-yl)carbonyll pyrrolidin-3-y11 -N- (4
,4-dimethylcyclohexyl)-3-hy dr oxy-2,2-dimethylpropanamide; [80] N- { (3S
,5 S)-1- { [(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-yll
carbonyl} - 5- 11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4
,4-dimethylcyclohexyl)aceta mide; [81] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-yll carbonyl} - 5-
11(4-ethylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexy
l)acetam ide; [82] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-yll carbonyl} - 5-
11(4-isopropylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4 ,4-dimethylcy
clohexyl)ac etamide; [83] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5- [
(4-ethylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)
acetamide [84] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5- [ (4-is
opropylpiperazin-l-yl)carbonyll pyrrolidin-3-y11 -N-
(4,4-dimethylcyclohexyl)aceta mide; [85] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5- [
(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl
)-2,2-di methylpropanamide; [86] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-y11 carbonyl 1 - 5-
[(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4
,4-dimethylcyclohexyl)-2,2- dimethylpropanamide; [87] (2S)-N- { (3S ,5
S)-1- { [(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11 carbonyl
1-5-
[(4-ethylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl
)tetra hydrofuran-2-carboxamide;  WO 2010/056022PCT1KR20091006568 8 [88]
(2S)-N-{ (3 S,5 S)-1- { [(3S,4R)- 1-tert-buty1-4-
(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5- [(4-is
opropylpiperazin-l-yl)c arbonyl] pyrrolidin-3-y11 -N- (4 ,4-dimethylcy
clohexyl)t etrahydrofuran-2-carboxamide; [89] (2S)-N- { (3 S ,5 S)-1- {
[(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-ylicarbo
ny11-5-[(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcy
clohexyl) tetrahydrofuran-2-carboxamide; [90] N- { (3 S,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-yllcarbony11- 5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4 ,4-dimethylcy
clohexyl)-3-h ydroxy-2,2-dimethylpropanamide; [91] (2S)-N- { (3 S ,5 S)-1-
{ 11(3S,4R)- 1-te rt-buty1-4- (4-chlorophenyl)pyrrolidin-3-yll carbonyl
1-5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohex
yl)tetr ahydrofuran-2-carboxamide; [92] N- { (3 S,5 S)-1- { 11(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbony11-5-[
(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-2,2-dimethyl-N-
(cis-4-methylcyclo hexyl)propanamide; 



[93] N- { (3 S,5 S)-1- { [(3S,4R)- 1-t ert-buty1-4-
(2,4-difluorophenyl)pyrrolidin-3-yll carbonyl} - 5-
[(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-2,2-dimethyl-N-(cis-4-me
thylcyc lohexyl)propanamide; [94] N- { (3S,5S)-1-{
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y1]carbony11-5- [
(4-methylpiperazin-1-yl)carbonyll
pyrrolidin-3-y11-3-hydroxy-2,2-dimethyl-N- (cis-4-m
ethylcyclohexyl)propanamide; [95] N- { (3 S,5 S)-1- { [(3S,4R)- 1-te
rt-buty1-4- (2,4-difluorophenyl)pyrrolidin-3-yll carbonyl} - 5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-3-hydroxy-2,2-dimethyl-
N- (cis-4 -methylcyclohexyl)propanamide; [96] (2S)-N- { (3 S,5 S)-1- {
[(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-yllcarbo
ny11-5-[(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcy
clohexyl) tetrahydrofuran-2-carboxamide; [97] (2S)-N- { (3 S,5 S)-1- {
[(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11carbonyl 1-5-
11(4-ethylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohexy
l)tetra hydrofuran-2-carboxamide; [98] (2S)-N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11carbonyl 1-5-
11(4-isopropylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclo
hexyl)t etrahydrofuran-2-carboxamide; [99] N- { (3 S,5 S)-1- { [(3S,4R)-
1-te rt-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-y11carbony11 - 5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (cis-4-methylcy
clohexyl)-3-fu ramide; [100] (2R)-N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl 1-5-
11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-3-y11 -N- (cis -4-methylcy
clohexyl)tetr WO 2010/056022PCT1KR20091006568 9 ahydrofuran-2-carboxamide;
[101] N- { (3S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl } -5- [
(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-yll
-N-(4,4-difluorocyclohexyl)-2,2-dim ethylpropanamide; [102] N- { (3 S ,5
S)-1- { [(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl }
-5- [ (4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-yll -N- (4
,4-difluorocyclohexyl)acetamid e; [103] N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl } -5- [
(4-ethylpiperazin-l-yl)carbonyllpyrrolidin-3-yll -N- (4
,4-difluorocyclohexyl)acetamide; [104] N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl } -5- [
(4-isopropylpiperazin-l-yl)carbonyllpyrrolidin-3-yll
-N-(4,4-difluorocyclohexyl)aceta mide; [105] N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-ylicarbonyl1 - 5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-yl1 -N- (4
,4-difluorocyclohexyl)-2,2-d imethylpropanamide; [106] (2S)-N- { (3 S ,5
S)-1- { [(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl }
-5- 11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-yl1 -N- (4
,4-difluorocy clohexyl)tetr ahydrofuran-2-carboxamide; [107] (2S)-N- { (3 S
,5R)-1- { R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-ylicarb
onyl } -5- 11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y1 }
-N-(4,4-dimethylcyclohexy 1)tetrahydrofuran-2-carboxamide; [108] N- { (3 S
,5R)-1- {
R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-ylicarbonyll -5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-yll -2,2-dimethyl-N-
(cis-4-methylcy clohexyl)propanamide; [109] (2S)-N- { (3 S ,5R)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl } -5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-yl1 -N- (4 ,4-dimethylcy
clohexyl)tet rahydrofuran-2-carboxamide; [110] (2S)-N- { (3 S ,5R)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl } -5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-yl1
-N-(cis-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide; [111] N- { (3S
,5R)-1- { [(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11
carbonyl } -5- [ (4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-yll
-3-hydroxy-2,2-dimethyl-N- (cis-4-m ethylcyclohexyl)propanamide; [112] N- {
(3S ,5R)-1- { [(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11
carbonyl } -5- [ (4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-yll
-N-(cis-4-methylcyclohexyl)acetami de; [113] N- { (3 S ,5R)-1- {
R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-ylicarbonyll -5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-yll
-N-(cis-4-methylcyclohexyl)acet  WO 2010/056022PCT1KR20091006568 10 



amide; 11141N- { (3 S ,5R)-1- 11(3 S
,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbony11-5-1
(4-isopropylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (c is -4-methylcy
clohexyl)aceta mide; 11151(2R)-N- { (3 S ,5R)-1- 11(3 S
,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl
1-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclo
hexyl)tetr ahydrofuran-2-carboxamide; 11161(2S)-N- { (3 S ,5 S)-1-
11(3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyrroli
din-3-yllcarbony11-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N-
(4 ,4-dimet hylcyclohexyl)tetrahydrofuran-2-carboxamide; 11171(2S)-N- { (3
S ,5 S)-1- 11(3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3-yllcarbon
y11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyc
lohexyl)t etrahydrofuran-2-carboxamide; 11181(2S)-N- { (3 S ,5 S)-1-
11(3S,4R)-4-(4-chloropheny1)-1-(6-methylpyridazine-3-yl)pyrrolid
in-3-yllcarbony11-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N-
(4 ,4-dimeth ylcyclohexyl)tetrahydrofuran-2-carboxamide; 11191(2S)-N-{ (3 S
,5 S)-1- 11(3S,4R)-4-(2,4-difluoropheny1)-1-(6-chloropyridazine-3-yl)pyrr
olidin-3-yllcarbonyll -5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11
-N- (cis-4-m ethylcyclohexyl)tetrahydrofuran-2-carboxamide; 11201(2S)-N- {
(3 S ,5 S)-1-
11(3S,4R)-4-(2,4-difluoropheny1)-1,6-dihydropyridazine-3-ylpyrro
lidin-3-yllcarbonyll -5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11
-N- (4,4-dim ethylcyclohexyl)tetrahydrofuran-2-carboxamide; 11211(2S)-N- {
(3 S ,5 S)-1-
11(3S,4R)-4-(4-chloropheny1)-1-phenylpyrrolidin-3-yl]carbony11-
5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N-
(cis-4-methylcyclohexyl)tetra hydrofuran-2-carboxamide; 11221(2S)-N- { (3 S
,5 S)-1- 11(3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyr
rolidin-3-yllcarbony11-5-1(4-isopropylpiperazin-1-yl)carbonyllpyrrolidin-3-
y11-N-(4,4- dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; 11231(2S)-N-{
(3 S ,5 S)-1-
11(3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2H-thiopyran-4-y1
)pyrrolidin-3-yllcarbony11-5-1(4-isopropylpiperazin-1-yl)carbonyllpyrrolidi
n-3-y11-N-( 4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; 11241N- {
(3 S ,5 S)-1-
11(3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyrrolidin-3
yllcarbony11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-di
methylcy clohexyl)-3-hydroxy-2,2-dimethylpropanamide; 11251N- { (3 S ,5
S)-1- 11(3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyrrolidin-3
yllcarbony11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-di
fluorocyc lohexyl)-2,2-dimethylpropanamide; 11261(2S)-N- { (3 S ,5 S)-1-
11(3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyrroli  



WO 2010/056022PCT1KR20091006568 11 din-3-yllcarbony11-5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4 ,4-difluo
rocyclohexyl)tetrahydrofuran-2-carboxamide; [127] (2S)-N- { (3 S ,5R)-1- {
[(3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2H-pyran-4-y1)pyr
rolidin-3-yllcarbony11-5-1(4-isopropylpiperazin-1-yl)carbonyllpyrrolidin-3-
y11-N-(4,4- dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; [128] N- { (3
S ,5 S)-1-
{R3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyrrolid
in-3-yll carbonyl }-5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-2,2-dimethylN-
(cis-4-methylcyclohexyl)propanamide; [129] N- { (3 S ,5R)-1- {
R3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-y1)pyrrolidin3-yllcarbo
ny11-5-1(4-methylpiperazin-1-y1)carbonyllpyrrolidin-3-y11-N-(4-methylcycl
ohexyl)acetamide; [130] (2S)-N-{ (3 S ,5R)-1- {
R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3-yllcarbo
ny11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcy
clohexyl) tetrahydrofuran-2-carboxamide; [131] (2S)-N- { (3 S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3-yllcarbon
y11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyc
lohexyl)t etrahydrofuran-2-carboxamide; [132] (2S)-N- { (3 S ,5R)-1- {
R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3-yllcarbo
ny11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcy
clohexyl) tetrahydrofuran-2-carboxamide; [133] N- { (3 S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3-yllcarbony11- 5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4 ,4-dimethylcy
clohexyl)-3-h ydroxy-2,2-dimethylpropanamide; [134] N- { (3 S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3-yllcarbony11- 5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (cis-4-methylcy
clohexyl)-3-hy droxy-2,2-dimethylpropanamide; [135] N- { (3 S ,5 S)-1- {
[(3S,4R)-1-cyclopropy1-4-(2,4-difluorophenyl)pyrrolidin-3-y1]carbony
11-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcycl
ohexyl)-3 -hydroxy-2,2-dimethylpropanamide; [136] N- { (3 S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3-yl]carbony11- 5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4
,4-difluorocyclohexyl)-3-hy droxy-2,2-dimethylpropanamide; [137] N- { (3 S
,5R)-1- { R3S,4R)-4-(4-chloropheny1)-1-isopropylpyrrolidin-3-y1]carbony11
-5- [
(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohexyl
)acetami de; [138] N- { (3 S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-(6-methylpyridazine-3-yl)pyrrolidin-3-
yllcarbony11-5- 11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4
,4-dimethylcy c lohexyl)-2,2-dimethylpropanamide;  WO
2010/056022PCT1KR20091006568 12 11391N- {
(3S,5S)-1-{R3S,4R)-4-(4-ch1oropheny1)-1-pyridine-2-ylpyrrolidin-3-y11carbon
yll  5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (4
,4-dimethylcyclohexyl)-2,2  dimethylpropanamide; 11401(2S)-N- { (3S,5S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-pyridine-2-ylpyrrolidin-3-yl]carbo
ny11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcy
clohexyl) tetrahydrofuran-2-carboxamide; 11411(2S)-N- { (3S,5S)-1-
{R3S,4R)-4-(2,4-difluoropheny1)-1,6-dihydropyridazine-3-ylpyrro
lidin-3-yllcarbonyll -5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11
-N- (cis-4-me thylcyclohexyl)tetrahydrofuran-2-carboxamide; 11421N- {
(3S,5S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-pyrimidine-2-ylpyrrolidin-3-yllcarbon
y11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyc
lohexyl)- 2,2-dimethylpropanamide; 



11431(2S)-N- { (3S,5S)-1-
{R3S,4R)-4-(2,4-difluoropheny1)-1-pyridine-2-ylpyrrolidin-3-yllc
arbony11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-meth
ylcycloh exyl)tetrahydrofuran-2-carboxamide; 11441(2S)-N- { (3S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-(5-cyanopyridine-2-yl)pyrrolidin-
3-yllcarbony11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(cis-
4-methylc yclohexyl)tetrahydrofuran-2-carboxamide; 11451N- { (3S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-(1,3-thiazole-2-yl)pyrrolidin-3-yllcarb
ony11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylc
yclohexy 1)-2,2-dimethylpropanamide; 11461(2S)-N- { (3S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-(2-methylphenyl)pyrrolidin-3-yllc
arbony11-5-1(4-methylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-meth
ylcycloh exyl)tetrahydrofuran-2-carboxamide; 11471(2S)-N- { (3S ,5 S)-1-
{R3S,4R)-4-(4-chloropheny1)-1-(1-methyl-6-oxo-1,6-dihydropyrid
azine-3-yl)pyrrolidin-3-y1]carbonyll-5-1(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3  y11 -N- (c is
-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; 11481(2S)-N- {
(3S,5S)-1- {R3S,4R)-4-(4-chloropheny1)-1-(6-oxo-1,6-dihydropyridazine-3-y
1)pyrrolidin-3-yllcarbony11-5-1(4-methylpiperazin-1-y1)carbonyllpyrrolidin-
3-y11-N-(ci s-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;
11491(2S)-N- { (3S,5S)-1- {
R3R,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl
1-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (cis
-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide; 11501(2S)-N- {
(3S,5S)-1- {R3S,4S)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl
1-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (cis
-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide; 11511(2S)-N-
{(3R,5S)-1-
{R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbonyl
1-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11 -N- (cis
-4-methylcyclohexyl)tetr  WO 2010/056022PCT/KR2009/006568 13
ahydrofuran-2-carboxamide; [152] (2S)-N- { (3S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(2,4-difluorophenyl)t
etrahyd rofuran-2-carboxamide; [153] N-R3S,5S)-1-{
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbony11-5-(
piperazin-l-ylcarbonyl)pyrrolidin-3-yl]
-N-(2,4-difluoropheny1)-2-methylpropanamide; [154] N- { (3S ,5 S)-1- {
[(3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5- [
(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(2,4-difluoropheny1)-2-
methylpro panamide ; [155] N- { (3S ,5 S)-1- {
[(3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5- [
(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(2,4-difluoropheny1)-2,
2-dimethy lpropanamide; 



[156] N- R3S,5S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-ylicarbony11-5-(
piperazin-l-ylcarbonyl)pyrrolidin-3-yl]
-N-(2,4-difluoropheny1)-2,2-dimethylpropanam ide; [157] N- { (3S ,5 S)-1- {
[(3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-yll carbonyl 1 -
5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(2,4-difluoropheny1)-
2,2-dime thylpropanamide; [158] N- { (3S ,5 S)-1- {
[(3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5- [
(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(2,4-difluoropheny1)-2-
furamide; and [159] N- { (3S ,5 S)-1- {
[(3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3-yll carbonyl 1 -
5-
11(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(2,4-difluoropheny1)-
2-furami de. [160]  [161] The compounds according to the present invention
also can form pharmaceutically acceptable salts. Such pharmaceutically
acceptable salts include acid-addition salts formed by acid having
pharmaceutically acceptable anion to form non-toxic acid addition salt
including, for example, inorganic acids such as hydrochloric acid, sulfuric
acid, nitric acid, phosphoric acid, hydrobromic acid, hydroiodic acid, and
the like; organic carboxylic acid such as tartaric acid, formic acid,
citric acid, acetic acid, trichloroacetic acid, trifluoroacetic acid,
gluconic acid, benzoic acid, lactic acid, fumaric acid, maleic acid, and
the like; sulfonic acid such as methanesulfonic acid, benzenesulfonic acid,
p-toluenesulfonic acid or naphthalenesulfonic acid, and the like; and more
preferably acid-addition salts formed by sulfuric acid, methansulfonic acid
or hydrohalic acid and the like. The compounds of formula 1 according to
the present invention can be converted to its salts by conventional
methods.  WO 2010/056022PCT1KR20091006568 14 [163] The compounds according
to the present invention can have asymmetric carbon center, and so can be
present as R or S isomeric forms, racemates, diastereomeric mixtures, and
individual diastereomers. The present invention encompasses all of these
isomeric forms and mixtures. [164]  [165] In another aspect, the present
invention provides a process for preparing the compound of formula 1
comprising the step of amide-coupling a compound of formula 2 with a
compound of formula 3: [166]     (2) [168]  [169] R3  [170]     (1) [172]
wherein R', R2, 123, R4 and R5 are the same as defined above. [173]  



[174] Additionally, the present invention provides a process for preparing
the compound of formula 1 comprising the steps of amide-coupling a compound
of formula 2' with a compound of formula 3 to form a compound of formula
l'; and deprotecting the compound of formula l':  WO
2010/056022PCT/KR2009/006568 15 0 LL p _H R2 (2') [176]  R3 0 I    (1)
[180]  [181] wherein [182] 12' represents hydrogen, [183] R2, R3, R4 and R5
are the same as defined above, and [184] P represents amino-protecting
group, preferably t-butoxycarbonyl(Boc), bnezyloxycarbonyl(Cbz) or
fluorenylmethoxycarbonyl(Fmoc). [185]  [186] Additionally, the present
invention provides a process for preparing the compound of formula 1
comprising the steps of deprotecting the compound of formula 1' or 2' in
the above process followed by i) reductive amination with C1-C10-alkyl,
C3-C7-cycloalkyl or heterocycle including oxo- substituent or ii) coupling
with arylhalide or heteroaryl halide: 111871 



WO 2010/056022PCT/KR2009/006568 16 R 0 0N NN [188]  (1) [189] wherein [190]
RI represents C1-Cm-alkyl, C3-C7-cycloalkyl,heterocycle or heteroaryl which
is unsubstituted or substituted with at least one substituent selected from
the group consisting of halogen, amino, C1-C4-alkyl, trifluoromethyl,
hydroxy, C1-C4 - alkoxy, cyano and oxo, and [191] R2, R3, R4, R5 and P are
the same as defined above. [192]  [193] It is preferable to carry out the
above processes according to the present invention in  a conventional
solvent which has no adverse effect to the reaction, and particularly
preferable to use one or more solvents selected from the group consisting
of, but not limited to, dimethylformamide, dimethylacetamide,
tetrahydrofuran, methylene chloride, and chloroform. [194]  [195]
Deprotection reaction for amino groups can be carried out in the presence
of strong acid such as hydrochloric acid(HC1), trifluoroacetic acid(TFA),
etc., in the presence of amine base such as triethylamine,
diisopropylethylamine(DIPEA) etc., or by hydrogenation. Specific reaction
conditions are described in T.W. Green & G.M. Wuts, Protective Groups in
Organic Synthesis, Chapter 7, pp 309-405. [196]  [197] Additionally, known
coupling agents useful in coupling reaction are, but not limited to,
carboiimides such as dicyclohexylcarbodiimide(DCC),
1-(3-dimethylaminopropy1)-3-ethylcarbodiimide(EDC),  WO
2010/056022PCT/KR2009/006568 17 1,1' -dicarbonyldiimidazole(CDI), etc. in
combination with 1-hydroxybenzotriazole(HOBT) or
1-hydroxy-7-azabenzotriazole(HOAT); or bis(2-oxo-3-oxazolidiny1)-phosphinic
acid chloride(B OP-C1), diphenylphosphorylazide (DPPA), N-
[dimethylamino-1H-1,2,3-triazol[4,5-blpyridine-1-ylmethylenel-N-methylmetha
namin um(HATU), etc. [199]  [200] The compounds of formula 1 prepared by
the process of the present invention can be converted to salts thereof by
conventional methods. 



[201]  [202] After the above reactions according to the process of the
present invention are completed, products can be separated and purified by
conventional post-treatments, for example, chromatography,
recrystallization, etc. [203]  [204] The compounds of the present invention
have potent agonistic effect against melanocortin receptors, and so the
present invention provides a melanocortin receptor agonistic composition
comprising the compound of formula 1, or pharmaceutically acceptable salt
or isomer thereof as an active ingredient, along with pharmaceutically
acceptable carrier. In particular, the composition according to the present
invention has potent effect for the prevention and treatment of, but not
limited to, obesity, erectile dysfunction, diabetes and inflammation. [205]
[206] When the compound according to the present invention is administered
for clinical purpose, a preferable daily dose would be within the range of
0.01 - 10 mg/ kg body weight as unitary dosage or separated dosage.
However, a dosage level specific to individual patients can be varied,
depending upon specific compound to be used, weight, sex, health condition,
diet, administration time and method of drug, excretion rate, drug mixing,
and severity of disease condition. [207]  [208] The compounds according to
the present invention can be administered via any route depending on
purpose. Injection, and oral and nasal administration are preferred, but
the administration may be made through dermal, intraperitoneal,
retroperitoneal, and rectal route. [209]  [210] Injection preparation, for
example, aqueous or oily suspension for sterile injection, can be prepared
according to known method by using proper dispersants, wetting agents or
suspending agents. Solvents useful for this purpose are water, Ringer's
solution, and isotonic NaC1 solution. Sterilized fixed oil is also used
conventionally as  WO 2010/056022PCT/KR2009/006568 18 solvent or suspending
media. Any non-irritable fixed oil including mono-, di- glyceride can be
used for this purpose, and fatty acid such as oleic acid can be used for
injection preparation. [211]  [212] Solid dosage forms for oral
administration are capsules, tablets, pills, powders and granules, and in
particular, capsules and tablets are useful. Tablets and pills are
preferably prepared with enteric coating. Solid dosage forms can be
prepared by mixing the compounds of formula 1 according to the present
invention with one or more inert diluents such as sucrose, lactose, starch,
etc., and carriers, for example, lubricants like magnesium stearate,
disintegrants, binding agents, etc. [213]  [214] The present invention is
described in more detail by the following Preparations and Examples, but
the scope of the present invention is not limited thereby in any manner.
[215]  [216] Abbreviations used in the following Preparations and Examples
are as follows: [217] Ac: acetyl 



[218] AcOH: acetic acid [219] (Ac)20: acetic anhydride [220] Bn: benzyl
[221] n-Bu: n-butyl [222] t-Bu: t-butyl [223] Bu: butyl [224] BOC(Boc):
t-butoxycarbonyl [225] c-Hex: cyclohexyl [226] c-Bu: cyclobutyl [227]
c-Pen: cyclopentyl [228] c-Pr: cyclopropyl [229] Cs2CO3: cesium carbonate
[230] Cu504.5H20:copper (11) sulfate pentahydrate [231] DAST:
diethylaminosulfur trifluoride [232] DCE: dichloroethane [233] DCM:
dichloromethane [234] diMe dimethyl [235] diF: difluoro [236] DIPEA:
diisopropylethylamine [237] DMAP: 4-dimethylaminopyridine [238] DMF:
N,N-dimethylformamide 112391DMSO: dimethylsulfoxide  WO
2010/056022PCT/KR2009/006568 19 [240] EDC:
1-(3-dimethylaminopropy1)-3-ethylcarbodiimide hydrochloride [241] Et: ethyl



[242] Et0Ac: ethyl acetate [243] Et20: diethyl ether [244] HC1:
hydrochloric acid [245] H202: hydrogen peroxide [246] Hex: normal hexane
[247] HOBT: hydroxybenzotriazole [248] HBTU:
2-(1H-benzotriazole-1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate
[249] i-Pr: isopropyl [250] i-Bu: isobutyl [251] K2CO3: potassium carbonate
[252] LHMDS: lithium bis(trimethylsilyl)amide [253] LiBlizt: lithium
borohydride [254] LiCl: lithium chloride [255] LiOH: lithium hydroxide
[256] Me: methyl [257] Me0H methanol [258] MTBE: methyl t-butyl ether [259]
MgSO4: magnesium sulfate [260] NaBH4: sodium borohydride [261] NaBH3CN:
sodium borocyanohydride [262] NaBH(OAc)3: sodium triacetoxyborohydride
[263] NaT04: sodium metaperiodinate [264] NaOtBu: sodium t-butoxide [265]
NaOH: sodium hydroxide [266] NaN3: sodium azide [267] 0s04: Osmium
tetroxide [268] Pyr: pyridine 



[269] Ph: phenyl [270] Pr: propyl [271] t-Bu: t-butyl [272] TEA:
triethylamine [273] TFA: trifluoroacetic acid [274] THF: tetrahydrofuran
[275]  [276] Particularly, in the following Preparations and Examples, the
compounds of the present invention were prepared according to the following
synthesis procedures  (Reaction Schemes A & B)    OOH R3  1N 0 N,...)
r'N''. Rs LiOHP-N\__i 4M HCI Of PEA HBTU P-N   I-IN 1o IN --Ic 101 0
N-4\N.-- R4Rs// 



R4RsR4Rs [280][Reaction Scheme B]  WO 2010/056022PCT/KR2009/006568 21    P:
Protective group [282] The preparation methods of the Intermediate Al
compounds are follows: [283]  [284] Preparation 1: Methyl
(2S,4S)-1-Boc-4-aminopyrrolidin-2-earboxylate [285] Step A:
(4R)-1-Boc-4-hydroxy-L-pro1ine [286] (4R)-hydroxy-L-proline (5.08 g, 38.77
mmol) was dissolved in IN NaOH (40 ml) and 1,4-dioxane (40 ml), and to the
resulting solution, di-t-butyl dicarbonate (9.3g, 42.6 mmol) was added
dropwise at 0C. The reaction mixture was stirred at room temperature for 8
hours, concentrated in vacuo, acidified with IN HC1, and extracted with
Et0Ac. The organic extracts were washed with brine, dried over MgSO4,
filtered, and concentrated in vacuo to give the title compound (8.84g, 99
%). [287] MS[M+H] = 232 (M+1) [288]  [289] Step B: Methyl
(2S,4R)-1-Boc-4-hydrox vpyrrolidine-2-carboxylate  [290]
(4R)4Boc-4-hydroxy-L-proline (8 g, 34.63 mmol) obtained in the Step A was
WO 2010/056022PCT/KR2009/006568 22 dissolved in DMF (80 ml) and K2CO3 (14
g, 101 mmol) was added thereto, and methyl iodide (2.6 ml, 51.9 mmol) was
added dropwise at 0C. The reaction mixture was stirred at room temperature
for 5 hours, concentrated in vacuo, and extracted with Et0Ac. The organic
extracts were washed with water and brine, dried over MgSO4, filtered, and
concentrated in vacuo to give the title compound (8.0 g, 95 %). [291]
MS[M+H] = 246 (M+1) [292]  [293] Step C: Methyl (2 S ,4 R
)-1-Boc-4-[(methylsulfonyfloxylpyrrolidin-2-carboxylate  [294] Methyl
(2S,4R)-1-Boc-4-hydroxypyrrolidin-2-carboxylate (8 g, 32.65 mmol) obtained
in the Step B was dissolved in DCM (80 ml) and TEA (11.99 ml, 81.56 mmol)
was added thereto, and methanesulfonyl chloride (3.77 ml, 48.9 mmol) was
added dropwise at 0C. After the reaction mixture was stirred at room
temperature for 3 hours, the organic extracts were washed with 1N HC1,
saturated NaHCO3 aqueous solution and brine, dried over MgSO4, filtered,
and concentrated in vacuo to give the title compound (9.4 g, 90 %). [295]
MS[M+H] = 324 (M+1) 



[296]  [297] Step D: Methyl (2 S .4 S
)-1-Boc-4-azidopyrrolidin-2-carboxylate  [298] Methyl
(2S,4R)-1-Boc-4-[(methylsulfonyl)oxy] pyrrolidine-2-carboxylate (9 g, 27.86
mmol) obtained in Step C was dissolved in DMF (80 ml) and NaN3 (2.7 g,
41.79 mmol) was added thereto and stirred at 90C for 10 hours. The reaction
mixture was concentrated in vacuo, extracted with Et0Ac. The organic
extracts were washed with brine, dried over Mg504, filtered, and
concentrated in vacuo. The residue was purified by column chromatography
(eluent, Et0Ac/Hex=1/4) to give the title compound (6 g, 80 %). [299]
MS[M+H] = 271 (M+1) [300]  [301] Step E: Methyl (2 S .45
)-1-Boc-4-aminopyrrolidin-2-carboxylate  [302] Methyl
(2S,4S)-1-Boc-4-azidopyrrolidin-2-carboxylate (6 g, 22.22 mmol) obtained in
the Step D was dissolved in THF (15 mL) and trimethylphosphine (2.36 ml,
26.64 mmol) was added thereto dropwise at 0-5C. The reaction mixture was
stirred at room temperature for 2 hours, concentrated in vacuo, basified
with a saturated NaHCO3 and extracted with Et0Ac twice. The organic
extracts was concentrated in vacuo to give the title compound as oil (5.34
g, 98.5 %). [303] MS[M+H] = 245 (M+1) [304]  [305] Preparation 2: Methyl (2
R ,4 S )-1-Boc-4-aminopyrrolidin-2-carboxylate 113061The title compound was
prepared from (4R)-hydroxy-D-proline according to the  WO
2010/056022PCT/KR2009/006568 23 same procedure as in Preparation 1. [307]
MS[M+H] = 245 (M+1) [308]  [309] Preparation 3: Methyl (2 S ,4 R
)-1-Boc-4-aminopyrrolidin-2-carboxylate [310] The title compound was
prepared from (4S)-hydroxy-L-proline according to the same procedure as in
Preparation 1. [311] MS[M+H] = 245 (M+1) [312]  [313] The preparation
methods of the Intermediate A2 compounds are follows: [314]  [315]
Preparation 4: 4,4-dimethyl-cyclohexanone [316]
4,4-dimethyl-cyclohexen-l-one (5 g, 40.3 mmol) were placed in a hydrogen
reaction vessel and n-pentane (15 ml) was added, and Pd/C (500 mg) was
added thereto. The hydrogen reaction vessel was pressurized with hydrogen
(25 psi), and the reaction was conducted for 30 minutes. After completing
the reaction, the solid like material was filtered through Celite and the
filtrate was concentrated in vacuo to give the title compound (5 g, 98 %).
[317] MS[M+H] = 127 (M+1) [318]  



[319] Preparation 5: 4,4-difluoro-cyclohexanone [320] Step A:
8,8-difluoro-1,4-dioxospiro14.51decane  [321] Commercially available
1,4-cyclohexanedion-mono-ethylene ketal (25 g, 160 mmol) was dissolved in
DCM (500 ml) and DAST (52 g , 2.0 mmol) was added dropwise at 0C. The
reaction mixture was slowly warmed up to room temperature, and stirred
until the reaction was completed. After confirming that all the reactants
disappeared by TLC, the reaction solution was added to a saturated NaHCO3
aqueous solution (700 ml) to terminate the reaction, and extracted with
DCM. The organic extracts were washed with a saturated NaHCO3 aqueous
solution and brine, dried over Mg504, filtered, and concentrated in vacuo.
The obtained residue was used in the next reaction without further
purification. [322]  [323] Step B: 4,4-difluoro-cyclohexanone  [324]
8,8-difluoro-1,4-dioxospiro[4.51decane obtained in the Step A was dissolved
in acetone (90 ml) and 3N HC1 (900 ml), and stirred until the reaction was
completed. Then, the reaction mixture was extracted with DCM, washed with
brine, dried over Mg504, filtered, and concentrated in vacuo. The obtained
residue was used in the next reaction without further purification.
113251MS[M+H] = 135 (M+1)  WO 2010/056022PCT/KR2009/006568 24 [326]  [327]
The methods for preparing commercially unavailable Intermediate A3
compounds are as follows: [328]  [329] Preparation 6: (2 S
)-tetrahydrofuran-2-carbonyl chloride [330]
(2S)-tetrahydrofuran-2-carboxylic acid (25 g, 0.215 mol) was dissolved in
DCM (25 ml) and the solution was cooled to 0C, and oxalyl chloride (43.7 g
, 0.344 mol) was added dropwise thereto. DMF (500) was added to the
reaction mixture and the reaction mixture was stirred at room temperature
for 10 hours. Then, the reaction mixture was concentrated in vacuo at
20-30C until the residual volume of the reaction mixture became about 30
ml. The reaction mixture was heated at about 150-160C and distilled in
vacuo at 80-100C of inner temperature to give the title compound (24 g,
82.8 %). [331]  [332] Preparation 7: (2 R )-tetrahydrofuran-2-carbonyl
chloride [333] The title compound was prepared from
(2R)-tetrahydrofuran-2-carboxylic acid according to the same procedure as
in Preparation 6. [334]  [335] Preparation 8: Tetrahydrofuran-3-carbonyl
chloride [336] Tetrahydrofuran-3-carboxylic acid (25 g, 0.215 mol) was
dissolved in DCM (25 ml), and the solution was cooled to 0C and oxalyl
chloride (43.7 g , 0.344 mol) was added dropwise thereto. DMF (500) was
added to the reaction mixture and the reaction mixture was stirred at room
temperature for 10 hours. Then, the reaction mixture was concentrated in
vacuo at 20-30C until the residual volume of the reaction mixture became
about 30 ml. The obtained residue was used in the next reaction without
further purification [337]  [338] Preparation 9: 3-furoyl chloride [339]
3-furoic acid (25 g, 0.192 mol) was dissolved in DCM (25 ml) and the
solution was cooled to 0C and oxalyl chloride (39.0 g , 0.307 mol) was
added dropwise. DMF (500) was added to the reaction mixture and the
reaction mixture was stirred at room temperature for 10 hours. Then, the
reaction mixture was concentrated in vacuo at 20-30C until the residual
volume of the reaction mixture became about 30 ml. The obtained residue was
used in the next reaction without further purification [340]  [341]
Preparation 10: 2,2-dimethy1-3-acetyloxypropionyl chloride [342] Step A:
2.2-dimethy1-3-acetyloxypropionic acid 



1134312,2-dimethy1-3-hydroxypropionic acid (11.8 g, 100 mmol) was dissolved
in pyridine  WO 2010/056022PCT/KR2009/006568 25 (30 mL), and the reaction
solution was cooled to 0C. Acetyl chloride (11.8 g, 15.0 mmol) was slowly
added dropwise, the temperature was then raised to room temperature, and
the reaction solution was stirred at room temperature for 3 hours. After
the reaction was completed, 1N HC1 (30 mL) was added to adjust pH to 3-4,
and then the reaction mixture was extracted with Et0Ac. The organic
extracts were washed with  1N HC1, 4-5 times, dried over MgSO4, and
concentrated in vacuo, give the title compound (15.2 g, 95.0 %) [344]
MS[M+H] = 161 (M+1) [345]  [346] Step B: 2,2-dimethy1-3-acetyloxypropionyl
chloride  [347] The product of Step A, 2,2-dimethy1-3-acetyloxypropionic
acid (11.76 g, 80 mmol) was dissolved in benzene (100 mL), and the reaction
solution was cooled to 0C, and then oxalyl chloride (15.0 g, 120 mmol) was
slowly added dropwise. After 3 hours, the solvent was removed in vacuo, and
the reaction mixture was distilled in vacuo to give the title compound.
[348] MS[M+H] = 179 (M+1) [349]  [350] The preparation methods of the
Intermediate A4 compounds are follows: [351]  [352] Preparation 11: (3S ,4R
)-1-t-buty1-4-(2,4-difluorophenyOpyrrolidine-3-carboxylic acid [353] The
title compound was prepared according to the procedure described in WO
2004/09126. [354]  [355] Preparation 12: (3 S ,4 R
)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid [356] The title
compound was prepared from commercially obtained
2-bromo-1-(4-chlorophenyl)ethanone according to the same procedure as in
Preparation 11. [357]  [358] Preparation 13: (3 S ,4 R
)-1-Boc-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid [359] Step A:
(4 R )-4-(2.4-difluorophenyl)pyrrolidine-3-carbonitrile  [360]
(4R)-1-t-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-carbonitrile (4 g, 15.15
mmol) which was prepared according to the procedure described in WO
2004/09126, was dissolved in DCE (10 ml) and 1-chloroethyl chloroformate
(2.45 ml, 22.68 mmol) was added dropwise at 0C. The reaction solution was
heated to 70C, and with maintaining this temperature,
1,8-bis(dimethylamino)naphthalene (4.87 g, 22.72 mmol) dissolved  WO
2010/056022PCT/KR2009/006568 26 in DCE (10 ml) was added dropwise for 2
hours. After the reaction was completed, 



methanol (10 ml) was added, and with maintaining the temperature, the
reaction mixture was stirred for additional 1 hour, and concentrated in
vacuo. The obtained concentrate was used in the next reaction without
further purification. [361] MS[M+1] = 209 (M+1) [362]  [363] Step B: (4
R)-1-B0C-4-(2,4-difulorophenyl)pyrrolidine-3-carbonitrile  [364]
(4R)-4-(2,4-difluorophenyl)pyrrolidine-3-carbonitrile obtained in the Step
A, DMAP (1.8 g, 15.15 mmol) and TEA (5.56 ml, 15.15 mmol) was dissolved in
DCM (10 ml) and di-t-butyl dicarbonate (4.9 g, 22.7 mmol) was added
dropwise at 0C. The reaction mixture was stirred at room temperature for 8
hours, concentrated in vacuo, and extracted with Et0Ac. The organic
extracts were washed with 1N HC1 and brine, dried over Mg504, concentrated
in vacuo, and purified by column chromatography (eluent: Et0Ac/Hex = 1/6)
to give the title compound (3.3 g, overall yield of Steps A and B: 72 %).
[365] MS[M+H] = 309 (M+1) [366]  [367] Step C: (3 S .4 R
)-1-Boc-4-(2.4-difluorophenyl)pyrrolidine-3-carboxylic acid [368]
(4R)-1-B0C-4-(2,4-difluorophenyl)pyrrolidine-3-carbonitrile (3.3 g, 10.6
mmol) obtained in Step B was dissolved in ethanol (10 ml) and 6N NaOH
solution (5 ml) was added, and stirred at 70C for 4 hours. After the
reaction was completed, the solvent was removed, the reaction mixture was
diluted with ether and the organic solution was sufficiently acidified and
washed with 6N HC1. The obtained organic solution was washed with brine,
dried over Mg504, and concentrated in vacuo to give the title compound
(3.43 g, 99.0 %). [369] MS[M+1] = 328 (M+1) [370]  [371] Preparation 14: (3
S ,4 R )-1-Boc-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid [372] The
title compound was prepared from 4-chlorophenylpyrrolidine-3-carbonitrile
intermediate obtained in Preparation 12 according to the same procedure as
in Preparation 13. [373] MS[M+1] = 326 (M+1) [374]  [375] Preparation 15:
(3R,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidin-3-carboxylic acid [376] Step
A: (3 R .4 R)-1- t -butyl-4-(4-chlorophenyl)pyrrolidine-3-carbonitrile
1137713- { t-Buty1R25)-2-(4-chloropheny1)-2-hydroxyethyll -amino
}propanenitrile (5 g,  WO 2010/056022PCT/KR2009/006568 27 17.80 mmol)
prepared according to the process described in WO 2004/09126 was dissolved
in THF (27 mL). The reaction mixture was cooled to -20 C or less, to which
was added chlorodiethylphosphate (2.69 ml, 18.70 mmol). The reaction
temperature was maintained at 12-18 C, during which 1M LHMDS (37.4 ml,
37.38 mmol) was added dropwise over 2 hours. After the reaction was
completed, water (45 mL) was added while the temperature was maintained at
15 C or less. The resulting mixture was stirred for 30 minutes and
extracted with Et0Ac. Thus extracted organic solution was concentrated in
vacuo and purified by column chromatography (eluent: Et0Ac/ Hex = 1/3) to
give the title compound (0.5 g, 10.69 %). [378] MS[M+11= 263 (M+1) [379]
[380] Step B: (3 R .4 R)-1- t
-butyl-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid  [381] To
(3R,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carbonitrile (0.4 g, 1.52
mmol) obtained in the Step A was added conc. HC1 (10 mL), and the mixture
was stirred for 5 hours at 110 C. After completing the reaction, the
mixture was cooled to 20-25 C, and concentrated in vacuo. Again, the
mixture was concentrated in vacuo 3 times using Et0Ac. Et0Ac was added to
the residue, and the mixture was stirred for 3-4 hours and filtered to give
the title compound (0.27 g, 62.95 %). [382] MS11M+11= 282 (M+1) 



[383]  [384] Preparation 16: (3 S ,4 S )-1- t
-butyl-4-(4-chlorophenyl)pyrrolidin-3-carboxylic acid [385] Step A: (3 S ,4
S )-1- t -butyl-4-(4-chlorophenyflpyrrolidine-3-carbonitrile  [386] 3- {
t-Buty1R2R)-2- (4-chloropheny1)-2-hydroxyethyll -amino }propanenitrile (5
g, 17.80 mmol) which was prepared from (R
)-1-methy1-3,3-diphenyltetrahydro-pyrrole[1,2-c][1,3,21oxazaborole over
three steps according to the process described in WO 2004/09126 was reacted
according to the same procedure as Step A of Preparation 15 to give the
title compound (0.6 g, 12.82 %). [387] MS11M+11= 263 (M+1) [388]  [389]
Step B: (3 S .45 )-1- t -butyl-4-(4-chlorophenyl)pyrrolidin-3-carboxylic
acid [390] To
(3S,4S)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carbonitrile (0.4 g, 1.52
mmol) obtained in Step A was added conc. HC1 (10 mL), and the mixture was
stirred for 5 hours at 110 C. After completing the reaction, the mixture
was cooled to 20-25 C, and concentrated in vacuo. Again, the mixture was
concentrated in vacuo 2-3 times using DCM. DCM was added to the residue,
and the mixture was stirred for 3-4 hours and filtered to give the title
compound (0.19 g, 44.30 %).  WO 2010/056022PCT/KR2009/006568 28 [391]
MS[M+1] = 282 (M+1) [392]  [393] Preparation 17: (3 S ,4 R
)-4-(4-chloropheny1)-1-(6-methylpyridazin-3-yl)pyrrolidine-3-carboxylic
acid [394] Step A: Methyl (3 S ,4 R
)-4-(4-chlorophenyl)pyrrolidine-3-carboxylate  [395] (3S,
4R)-1-B0C-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid(0.70g, 2.15 mmol)
obtained in Preparation 14 was dissolved in DCE (3 ml) and 4N HC1 (3 ml)
was added dropwise, and stirred at room temperature for 2 hours. Me0H (5
ml) was added to the reaction solution. Then, the reaction solution was
stirred at room temperature for 3 hours and concentrated in vacuo. DCE
(2m1) and Et0Ac (10m1) were added to the obtained residue. Then, the
reaction mixture was stirred at room temperature for 1 hour and filtered to
give the title compound (0.46 g, 90.0 %). [396] MS[M+1] = 240 (M+1) [397]
[398] Step B: Methyl (3 S .4 R
)-4-(4-chloropheny1)-1-(6-methylpyridazin-3-yl)pyrrolidine-3-carboxylate
[399] The product of Step A, methyl
(3S,4R)-4-(4-chlorophenyl)pyrrolidine-3-carboxylate (0.46 g, 1.92 mmol) was
dissolved in dioxane (2 m1). DIPEA (1.34 ml, 7.67 mmol) and
3-chloro-6-methylpyridazine (0.74 g, 5.76 mmol) were added. The reaction
was conducted at 180C for 5 minutes with microwave. Then, the reaction
mixture was concentrated in vacuo. Et0Ac was added to the obtained residue.
The mixture was diluted with Et0Ac, washed with water and purified by
column chromatography (eluent: Et0Ac/Hex = 1/2) to give the title compound
(0.48 g, 75 %). [400] MS[M+H] = 332 (M+1) [401]  [402] Step C: (3 S ,4 R
)-4-(4-chloropheny1)-1-(6-methylpiperazin-3-yl)pyrrolidine-3-carboxylic
acid [403] The product of Step B, methyl (3S,4R
)-4-(4-chloropheny1)-1-(6-methylpyridazin-3-yl)pyrrolidine-3-carboxylate
(0.48 g, 1.45 mmol) was dissolved in Me0H (4 ml) and water(0.4 ml), and
LiOH (0.1 g, 4.18 mmol) was added. The reaction mixture was stirred at room
temperature for 3 hours and concentrated in vacuo. The obtained residue was
diluted with water. To the diluted mixture, 1N HC1 (4.18 ml) was added.
Then, the reaction mixture was extracted 3 times with DCE/Me0H (10/1). The
organic extracts were dried over Mg504, and concentrated under reduced to
give the title compound (0.32 g, 70 %). [404] MS[M+H] = 318 (M+1) [405]
114061Preparation 18: (3 S ,4 R 



WO 2010/056022PCT/KR2009/006568 29
)-4-(4-chloropheny1)-1-(1,3-thiazol-2-yOpyrrolidine-3-carboxylic acid [407]
Step A: Methyl (3 S ,4 R
)-4-(4-chloropheny1)-1-(1,3-thiazol-2-yl)pyrrolidine-3-carboxylate  [408]
The product of Step A in Preparation 17, methyl
(3S,4R)-4-(4-chlorophenyl)pyrrolidine-3-carboxylate (0.46 g, 1.92 mmol) was
dissolved in 1,4-dioxane (2 m1). DIPEA (1.34 ml, 7.67 mmol) and
2-bromo-1,3-thiazole(1.57 g, 9.6 mmol) were added. The reaction was
conducted at 180C for 20 minutes with microwave. Then, the reaction mixture
was concentrated in vacuo. The obtained residue was diluted with Et0Ac,
washed with water and purified by column chromatography (eluent: Et0Ac/Hex
= 1/3) to give the title compound (0.15 g, 25 %). [409] MS[M+H] = 325 (M+1)
[410]  [411] Step B: (3 S .4 R
)-4-(4-chloropheny1)-1-(1.3-thiazol-2-yl)pyrrolidine-3-carboxylic  acid
[412] The title compound (0.10 g, 70 %) was prepared from the product of
Step A, methyl
(3S,4R)-4-(4-chloropheny1)-1-(1,3-thiazol-2-y1)pyrrolidine-3-carboxylate
(0.15 g, 0.46 mmol) according to the same procedure as Step C of
Preparation 17. [413] MS[M+H] = 311 (M+1) [414]  [415] Preparation 19: (3S
,4R
)-4-(2,4-difluoropheny1)-1-(6-chloropyridazine-3-yOpyrrolidine-3-carboxylic
acid [416] Step A: Methyl (3 S ,4 R
)-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylate  [417] The title compound
(0.46 g, 90 %) was prepared from the product of Preparation 13,
(3S,4R)-1-Boc-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid(0.70 g,
2.15 mmol) according to the same procedure as Step A of Preparation 17.
[418] MS[M+1] = 242 (M+1) [419]  [420] Step B: Methyl (3 S ,4 R
)-4-(2,4-difluoropheny1)-1-(6-chloropyridazin-3-yl)pyrrolidine-3-carboxylat
e  [421] The product of Step A, methyl (3S,4R
)-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylate (0.46 g, 1.91 mmol) was
dissolved in dioxane (2 m1). DIPEA (1.33 mL, 7.64 mmol) and
3,6-dichloropyridazine (1.42 g, 9.55 mmol) were added. The reaction was
conducted at 120 C for 5 minutes and at 150 C for 10 minutes with
microwave. Then, the reaction mixture was concentrated in vacuo. The
obtained residue was diluted with Et0Ac, washed with water and purified by
column chromatography (eluent: Et0Ac/Hex = 1/5) to give the title compound
(0.44 g, 65 %).  WO 2010/056022PCT/KR2009/006568 30 [422] MS[M+H] = 354
(M+1) [423]  [424] Step C: (3 S ,4 R
)-4-(2,4-difluoropheny1)-1-(6-chloropyridazin-3-yl)pyrrolidine-3-carboxylic
acid  [425] The title compound (0.30 g, 70 %) was prepared from the product
of Step B, methyl
(3S,4R)-4-(2,4-difluoropheny1)-1-(6-chloropyridazin-3-yl)pyrrolidine-3-carb
oxylate according to the same procedure described in Step C of Preparation
17. [426] MS[M+H] = 340 (M+1) 



[427]  [428] Preparation 20: (3 S ,4 R
)-4-(4-chloropheny1)-1-(6-chloropyridazin-3-yppyrrolidine-3-carboxylic acid
[429] The title compound (0.30 g, 70 %) was prepared from the product of
Preparation 14, (3S,4R)-1-Boc-4-(4-chlorophenyl)pyrrolidine-3-carboxylic
acid according to the same procedure as in Preparation 19. [430] MS[M+1] =
242 (M+1) [431]  [432] Preparation 21: (3S ,4R
)-4-(4-chloropheny1)-1-(1,6-dihydropyridazin-3-yppyrrolidine-3-carboxylic
acid [433] Step A: Methyl (3 S .4 R
)-4-(4-chloropheny1)-1-(1.6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylate
[434] The intermediate obtained during Preparation 20, methyl (3S,4R
)-4-(4-chloropheny1)-1-(6-chloropyridazin-3-yl)pyrrolidine-3-carboxylate
(1.0 g, 2.84 mmol) was dissolved in Me0H (5 mL). 1,4-cyclohexadiene (2.27
g, 28.4 mmol) and 10% Pd/C (1.0 g) were added. The reaction mixture was
stirred at room temperature for 10 hours and concentrated in vacuo. The
obtained residue was diluted with Et0Ac and filtered through Celite. The
filtrate was concentrated in vacuo and purified by column chromatography
(eluent: Et0Ac/Hex = 1/2) to give the title compound (0.72 g, 80 %). [435]
[436] Step B: (3 S ,4 R
)-4-(4-chloropheny1)-1-(1.6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylic
acid [437] The title compound (0.48 g, 70 %) was prepared from the product
of Step A, (3S,4R
)-4-(4-chloropheny1)-1-(1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylate
(0.72 g, 2.27 mmol) according to the same procedure as in Step C of
Preparation 17. [438] MS[M+H] = 304 (M+1) [439]  [440] Preparation 22: (3 S
,4 R
)-4-(4-chloropheny1)-1-(6-oxo-1,6-dihydropyridazin-3-yppyrrolidine-3-carbox
ylic  WO 2010/056022PCT/KR2009/006568 31 acid [441] Step A: Methyl (3 S ,4
R
)-4-(4-chloropheny1)-1-(6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-3-carbo
xylate  [442] To the intermediate obtained during Preparation 20, methyl
(3S,4R)-4-(4-chloropheny1)-1-(6-chloropyridazin-3-yl)pyrrolidine-3-carboxyl
ate (1.0 g, 2.84 mmol), AcOH(4 ml) was added. The reaction was conducted at
200C for 5 minutes with microwave and concentrated in vacuo. The obtained
residue was diluted with Et0Ac and washed with water. The organic solution
was concentrated in vacuo and purified by column chromatography (eluent:
Et0Ac/Hex = 1/1) to give the title compound (0.76 g, 80 %). [443] MS[M+H] =
334 (M+1) [444]  [445] Step B: (3 S .4 R
)-4-(4-chloropheny1)-1-(6-oxo-1.6-dihydropyridazin-3-yl)pyrrolidine-3-carbo
xylic acid [446] The title compound (0.51 g, 70 %) was prepared from the
product of Step A, methyl
(3S,4R)-4-(4-chloropheny1)-1-(6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-3
-carboxy late (0.76 g, 2.28 mmol) according to the same procedure as in
Step C of Preparation 17. 



[447] MS[M+H] = 320 (M+1) [448]  [449] Preparation 23: (3 S ,4 R
)-4-(4-chloropheny1)-1-(1-methy1-6-oxo-1,6-dihydropyridazin-3-yDpyrrolidine
-3-c arboxylic acid [450] Step A: Methyl (3 S ,4 R
)-4-(4-chloropheny1)-1-(1-methy1-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidin
e-3-carbo xylate  [451] Methyl
(3S,4R)-4-(4-chloropheny1)-1-(6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine -
3-carboxylate obtained in Step A of Preparation 22 was dissolved in DMF (5
ml). Cs2 CO3 (1.11 g, 3.41 mmol) was added, and methyl iodide (0.71 mL,
11.40 mmol) was added dropwise. The reaction mixture was stirred at 20-30C
for 2 hours and concentrated in vacuo. The obtained residue was diluted
with Et0Ac, washed with water and purified by column chromatography
(eluent: Et0Ac/Hex = 1/1) to give the title compound (0.55 g, 70 %). [452]
MS[M+H] = 348 (M+1) [453]  [454] Step B: (3 S .4 R
)-4-(4-chloropheny1)-1-(1-methy1-6-oxo-1.6-dihydropyridazin-3-yl)pyrrolidin
e-3-carbo xylic acid  WO 2010/056022PCT/KR2009/006568 32 [455] The title
compound (0.37 g, 70 %) was prepared from the product of Step A, methyl
(3S,4R)-4-(4-chloropheny1)-1-(1-methy1-6-oxo-1,6-dihydropyridazin-3-y1)
pyrrolidine3-carboxylate (0.55 g, 1.58 mmol) according to the same
procedure as in the Step C of Preparation 17. [456] MS[M+H] = 334 (M+1)
[457]  [458] The compounds of the Examples synthesized by the procedure of
Reaction Scheme A are as follows: [459]  [460] Example 1: N-{(3 S ,5 S
)-1-{[(3 S ,4 R )-1- tert -
butyl-4-(4-chlorophenyppyrrolidin-3-yl]carbony11-5-[(4-methylpiperazin-1-yl
)car bonyl]pyrrolidin-3-yll- N -(4,4-dimethylcyclohexyl)acetamide TFA salt
[461] TFA salt of  [462]  [463] Step A: Methyl (2 S ,4 S
)-1-B0C-4-[(4,4-dimethylcyclohexyDaminolpyrrolidine-2-carboxylate  [464]
Methyl (2S,4S)-1-Boc-4-aminopyrrolidine-2-carboxylate (1.07 g, 4.38 mmol)
obtained in Preparation 1 and 4,4-dimethylcyclohexanone(0.66 g, 5.25 mmol)
were dissolved in DCE (10 ml), and NaBH(OAc)3 (1.39 g, 6.57 mmol) was added
thereto at room temperature. After the reaction mixture was stirred at room
temperature for 4 hours, the organic extracts were extracted with a
saturated NaHCO3 aqueous solution. The extracted organic solution was dried
over Mg504, filtered, and concentrated in vacuo. The obtained residue was
purified by column chromatography (eluent: Et0Ac/ Hex = 1/2) to give the
title compound (1.16 g, 75 %). [465] MS[M+H] = 355 (M+1) [466]  [467] Step
B: Methyl (2 S .45
)-1-B0C-4-facety1(4.4-dimethylcyclohexyDaminolpyrrolidine-2-carboxylate
[468] Methyl
(2S,4S)-1-B0C-4-11(4,4-dimethylcyclohexyl)aminolpyrrolidine-2-carboxylate
(1.01 g, 2.84 mmol) obtained in Step A, was dissolved in pyridine (5 mL),
and Ac20  



WO 2010/056022PCT/KR2009/006568 33 (1.34 mL, 14.20 mmol) was added thereto
at room temperature. The reaction solution was heated to 90C and was
stirred for 2 hours. After the reaction was completed, CuSO45H20 aqueous
solution was added and the solution was extracted with Et0Ac. The extracted
organic solution was dried over MgSO4 and concentrated in vacuo. The
obtained residue was purified by column chromatography (eluent: Et0Ac/Hex =
1/1) to give the title compound (0.98 g, 87 %). [469] MS[M+H] = 397 (M+1)
[470]  [471] Step C: (4 S
)-1-B0C-4-facety1(4,4-dimethylcyclohexyDaminol-L-proline  [472] Methyl
(2S,4S
)-1-B0C-4-[acety1(4,4-dimethylcyclohexyl)aminolpyrrolidine-2-carboxylate
(0.98 g, 2.47 mmol) obtained in Step B, was dissolved in Me0H (8 mL) and
water (1.6 mL). LiOH (0.18 g, 7.52 mmol) was added thereto at 0-5 C. After
the reaction mixture was stirred at room temperature for 3 hours and
concentrated in vacuo, the obtained residue was diluted with water and the
soluton was extracted with Et0Ac. The extracted organic solution was washed
with brine, dried over Mg504, and concentrated in vacuo to give the title
compound (0.92 g, 97 %). [473] MS[M+H] = 383 (M+1) [474]  [475] Step D: (2
S .4 S
)-1-B0C-4-facety1(4,4-dimethylcyclohexyDaminol-2-[(4-methylpiperazin-1-y1)c
arbon  vllpyrrolidine  [476]
(4S)-1-B0C-4-[acety1(4,4-dimethylcyclohexyl)aminol-L-proline (0.92 g, 2.41
mmol) obtained in Step C was dissolved in DMF (10 mL) and DIPEA (1.05 mL,
6.01 mmol) was added thereto. 1-methylpiperazine (0.32 mL, 2.89 mmol) and
HBTU (0.91 g, 2.41 mmol) were also added thereto in order. After the
reaction solution was stirred at room temperature for 2 hours, the solution
was concentrated in vacuo. The residue was diluted with Et0Ac and washed
with saturated NaHCO3 aqueous solution. The extracted organic solution was
dried over MgSO4, concentrated in vacuo and purified by column
chromatography (eluent:MC/Me0H = 10/1) to give the title compound (1.06 g,
95 %). [477] MS[M+H] = 465 (M+1) [478]  [479] Step E:
N-(4.4-dimethylcyclohexyl)-N-{(3 S .5 S
)-5-1-(4-methylpiperazin-1-yDcarbonyllpyrrolidin-3-ylIacetamide  [480]
(2S,4S)-1-B0C-4-[acety1(4,4-dimethylcyclohexyl)aminol-2-11(4-methylpiperazi
n-1-y1 )carbonyllpyrrolidine (1.06 g, 2.28 mmol) obtained in Step D was
dissolved in DCM (1 mL) and 4M HC1 (1 mL) was added dropwise thereto. After
the reaction solution  WO 2010/056022PCT/KR2009/006568 34 was stirred at
room temperature for 1 hour, the solution was concentrated in vacuo. The
residue was concentrated in vacuo to give the title compound (830 mg, 99.8
%). [481] MS[M+H] = 365 (M+1) [482]  [483] Step F: N-{ (3 S ,5 S  )-1-f
{(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yllcarbony11-5-{(4-met
hylpi
perazin-l-yl)carbonyllpyrrolidin-3-ylI-N-(4,4-dimethylcyclohexyl)acetamide
TFA salt [484] N-(4,4-dimethylcyclohexyl)-N-
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllpyrroli din-3-yllacetamide
(0.83 g, 2.28 mmol) obtained in Step E was dissolved in DMF (5 mL) and
DIPEA (0.99 mL, 5.69 mmol) was added thereto. (3S,4R
)-1-t-butyl-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid (0.64 g, 2.28
mmol) obtain in Preparation 10 and HBTU (0.86 g, 2.28 mmol) were also added
thereto in order. After the reaction solution was stirred at room
temperature for 2 hours, the solution was concentrated in vacuo. The
residue was diluted with Et0Ac and washed with saturated NaHCO3 aqueous
solution. The extracted organic solution was dried over Mg504, concentrated
in vacuo and purified by HPLC to give TFA salt of the title compound (1.22
g, 85 %). [485] MS[M+H] = 628 (M+1) [486] 4-1 NMR (500 MHz, DMSO-d6, 140C)
6 7.44-7.31 (m, 4H), 4.78-4.68 (br, 1H), 3.94-3.56 (m, 10H), 3.43-3.26 (m,
3H), 3.24-3.03 (m, 5H), 2.78 (s, 3H), 2.42-2.33 (m, 1H), 2.24-2.12 (br,
1H), 1.96 (s, 3H), 1.87-1.75 (m, 1H), 1.69-1.57 (br, 1H), 1.49-1.20 



(m, 6H), 1.39 (s, 9H), 0.92, 0.90 (2s, 6H) [487]  [488] Example 2: N-R3 S
,5 S )-1-{R3 S ,4 R
)-1-tert-butyl-4-(2,4-difluorophenyppyrrolidin-3-ylicarbonyll-5-(piperazin-
l-ylca rbonyppyrrolidin-3-y11-N-(4,4-dimethylcyclohexypacetamide TFA salt
[489] TFA salt of / 0N NH N N F   [490]  [491] Step A: (2 S .4 S
)-1-B0C-4-{acety1(4.4-dimethylcyclohexyDaminol-2-(piperazin-1-ylcarbonyl)py
rrolidi ne  WO 2010/056022PCT/KR2009/006568 35 [492]
(4S)-1-B0C-4-[acety1(4,4-dimethylcyclohexyl)aminol-L-proline (0.92 g, 2.41
mmol) obtained in Step C of Example 1, was dissolved in DMF (10 mL) and
DIPEA (1.05 mL, 6.01 mmol) was added thereto. Piperazine (0.25 g, 2.89
mmol) and HBTU (0.91 g, 2.41 mmol) were also added thereto in order. After
the reaction solution was stirred at room temperature for 2 hours, the
solution was concentrated in vacuo. The residue was diluted with Et0Ac and
washed with saturated NaHCO3 aqueous solution. The extracted organic
solution was dried over Mg504, concentrated in vacuo. The residue was
purified by column chromatography (eluent: MC/Me0H = 10/1) to give the
title compound (1.01 g, 93 %). [493] MS[M+H] = 451 (M+1) [494]  [495] Step
B: N-(4.4-dimethylcyclohexyl)-N-113 S .5 S
)-5-(piperazin-1-ylcarbonyl)pyrrolidin-3-yllacetamide  [496]
(2S,4S)-1-B0C-4-[acety1(4,4-dimethylcyclohexyl)aminol-2-(piperazin-1-ylcarb
onyl) pyrrolidine (1.01 g, 2.24 mmol) obtained in Step A was reacted
according to the same procedure as in the Step E of Example 1 to give the
title compound (784 mg, 99.8 %). [497] MS[M+H] = 351 (M+1) [498]  [499]
Step C: N-[(3 S .5 S )44113 S .4 R
)-1-tert-buty1-4-(2.4-difluorophenyl)pyrrolidin-3-yllcarbony11-5-(piperazin
-l-ylcarbon  vflpyrrolidin-3-yfl-N-(4,4-dimethylcyclohexyflacetamide TFA
salt [500]
N-(4,4-dimethylcyclohexyl)-N-[(3S,5S)-5-(piperazin-l-ylcarbonyl)pyrrolidin-
3-yflac etamide (784 mg, 2.24 mmol) obtained in Step B was dissolved in DMF
(5 mL) and DIPEA (0.98 mL, 5.59 mmol) was added thereto. (3S,4R
)-1-t-buty1-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid (0.63 g,
2.24 mmol) obtained in Preparation 11 and HBTU (0.85 g, 2.24 mmol) were
added thereto in order. After the reaction solution was stirred at room
temperature for 2 hours, the solution was concentrated in vacuo. The
residue was diluted with Et0Ac and washed with saturated NaHCO3 aqueous
solution. The extracted organic solution was dried over Mg504, concentrated
in vacuo. The residue was purified by HPLC to give TFA salt of the title
compound (1.20 g, 87 %). [501] MS[M+H] = 616 (M+1) 



[502] 'FI NMR (500 MHz, DMSO-d6, 140C) 6 7.64-7.50 (m, 1H), 7.11-6.96 (m,
2H), 4.77-4.64 (br, 1H), 4.04-3.48 (m, 11H), 3.46-3.17 (m, 4H), 3.17-3.01
(m, 4H), 2.45-2.33 (m, 1H), 2.26-2.12 (br, 1H), 1.97 (s, 3H), 1.88-1.72 (m,
1H), 1.68-1.50 (br, 1H), 1.49-1.20 (m, 6H), 1.38 (s, 9H), 0.91 (s, 6H)
[503]  115041Example 3:  WO 2010/056022PCT/KR2009/006568 36
(2S)-N-{(3S,5S)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yli
carbon
y11-5-[(4-methylpiperazin-1-y1)carbonyl]pyrrolidin-3-yll-N-(4,4-dimethylcyc
lohex yl)tetrahydrofuran-2-carboxamide TFA salt [505]TFA salt of 0 0/ N
[506]  [507] Step A: Methyl (2 S ,4 S )-1-B0C-4-
(4,4-diemthylcyclohexyl)[(2 S )-tetrahydrofuran-2-ylcarbonyll amino I
pyrrolidine-2-c arboxylate  [508] Methyl
(2S,4S)-1-B0C-4-11(4,4-diemthylcyclohexyl)aminolpyrrolkline-2-carboxylate
obtained in Step A of Example 1 (1.01 g, 2.84 mmol) was dissolved in DCE (5
mL). TEA (5 mL) and DMAP (0.34 g, 2.84 mmol) were added thereto.
(25)-tetrahydrofuran-2-carbonyl chloride (1.14 g, 8.52 mmol) obtained in
Preparation 6 was added thereto. After the reaction solution was stirred at
room temperature for 2 hours and the reaction was completed, the solution
was concentrated in vacuo. Saturated NaHCO3 aqueous solution was added to
the remaining solution and the solution was extracted with Et0Ac. The
extracted organic solution was washed with 1N HC1 solution, dried over
MgSO4, concentrated in vacuo and purified by column chromatography (eluent:
Et0Ac/Hex = 1/4) to give the title compound (1.05 g, 82 %). [509] MS[M+H] =
453 (M+1) [510]  [511] Step B: (4 S )-1-B0C-4- (4,4-dimethylcyclohexyl)[(2
S )-tetrahydrofuran-2-ylcarbonyll amino I-L-proline  [512] Methyl (2S,4S )-
1-B 0C-4-{ (4,4-dimethylcyclohexyl)11(25)-tetrahyrofuran-2-ylcarbonyll
aminolpyrroli dine-2-carboxylate (1.05 g, 2.32 mmol) obtained in Step A was
reacted according to the same procedure as in the Step C of Example 1 to
give the title compound (0.99 g, 97 %). 



[513] MS[M+H] = 439 (M+1) [514]  [515] Step C: (2 S .45 )-1-B0C-4-f
(4.4-dimethycyclohexyl)[(2 S
)-tetrahydrofuran-2-ylcarbonyllamino1-2-[(4-methylpiperazin-1-yl)carbonyllp
yrrolidin   WO 2010/056022PCT/KR2009/006568 37 [516] (4S)- 1-BOC-4- {
(4,4-dimethylcyclohexyl)R2S)-tetrahydrofuran-2-ylcarbonyll amino}
-L-proline (0.99 g, 2.26 mmol) obtained in Step B was reacted according to
the same procedure as in the Step D of Example 1 to give the title compound
(1.12g, 95 %). [517] MS[M+H] = 521 (M+1) [518]  [519] Step D: (2 S
)-N-(4,4-dimethylcyclohexyl)-N-I (3 S ,5 S
)-5-[(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-ylItetrahydrofuran-2-car
boxamide  [520] (2S,4S)-1-B0C-4- {
(4,4-dimethylcyclohexyl)R2S)-tetrahydrofuran-2-ylcarbonyllami
no1-2-[(4-methylpiperazin-1-yl)carbonyllpyrrolidine(1.12 g, 2.15 mmol)
obtained in Step C was reacted according to the same procedure as in the
Step E of Example 1 to give the title compound (903 mg, 99.8 %). [521]
MS[M+H] = 421 (M+1) [522]  [523] Step E: (2 S -N-f(3 S .5 S )-1-{[(3 S .4 R
)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5-
[(4-methylpiperazin-l-y1)
carbonyllpyrrolidin-3-y11-N-(4.4-dimethylcyclohexyl)tetrahydrofuran-2-carbo
xamide  TFA salt [524] (2S)-N-(4,4-dimethylcyclohexyl)-N- {
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllp
yrrolidin-3-ylltetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained
in Step D and (3S,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic
acid obtained in Preparation 12 were reacted according to the same
procedure as in the Step F of Example 1 to give TFA salt of the title
compound (1.25 g, 85 %). [525] MS[M+H] = 684 (M+1) [526] 'I-1 NMR (500 MHz,
DMSO-d6, 140C) 6 7.43-7.31 (m, 4H), 4.80-4.68 (br, 1H), 4.49 (dd, J = 6.15,
6.1 Hz, 1H), 3.92-3.57 (m, 12H), 3.57-3.46 (m, 1H), 3.41-3.28 (m, 2H),
3.28-3.17 (m, 1H), 3.12-2.92 (m, 4H), 2.71 (s, 3H), 2.42-2.30 (m, 1H),
2.24-2.14 (br, 1H), 2.08-1.98 (m, 1H), 1.96-1.77 (m, 5H), 1.75-1.62 (m,
1H), 1.62-1.46 (m, 4H), 1.38 (s, 9H), 1.37-1.24 (m, 1H), 0.92, 0.90 (2s,
6H) [527]  [528] Example 4: N-{(3 S ,5 S )-1-{[(3 S ,4 R
)-1-tert-butyl-4-(4-chlorophenyppyrrolidin-3-ylicarbony1)-5-[(4-methylpiper
azin1-ypcarbonyl]pyrrolidine-3-y1)--N-(4,4-dimethylcyclohexyl)-3-hydroxy-2,
2-dimeth ylpropanamide TFA salt [5291TFA salt of  WO
2010/056022PCT/KR2009/006568 38  0\ 0N N t- 



N"--\\ 0 N OH \  [530]  [531] Step A: Methyl (2 S ,4 S )-1-B OC-4-
[3-(acetoxy)-2,2-dimethylpropanoyll (4,4-dimethylcyclohexyl)amino [pyrr
olidine-2-carboxylate  [532] Methyl
(2S,4S)-1-B0C-4-[(4,4-dimethylcyclohexyl)aminolpyrrolidine-2-carboxylate
(1.01 g, 2.84 mmol) obtained in Step A of Example 1 was dissolved in DCE (5
mL). TEA (5 mL) and DMAP (0.34 g, 2.84 mmol) were added thereto and
2,2-dimethy1-3-acetyloxypropionyl chloride (1.01 g, 5.68 mmol) obtained in
Preparation 10 was added thereto. The reaction solution was heated to 90 C
and stirred for 48 hours. After the reaction was completed, the solvent was
removed in vacuo. Saturated NaHCO3 aqueous solution was added to the
remaining solution and the solution was extracted with Et0Ac. The extracted
organic solution was washed with 1N HC1 solution, dried over MgSO4,
concentrated in vacuo and purified by column chromatography (eluent:
Et0Ac/Hex = 1/4) to give the title compound (0.88 g, 63 %). [533] MS[M+H] =
497 (M+1) [534]  [535] Step B: (4 S
)-1-B0C-4-[(4,4-dimethylcyclohexyl)(3-hydroxy-2,2-dimethylpropanoyl)
aminol-L-proline  [536] Methyl (2S,4S )-1-B OC-4-
113-(acetoxy)-2,2-dimethylprop anoyl] (4,4-dimethylcyclohexyl)aminolpyrr
olidine-2-carboxylate (0.88 g, 1.77 mmol) obtained in Step A was dissolved
in Me0H (8 mL) and water (1.6 mL). NaOH (213 mg, 5.31 mmol) was added
thereto. The reaction solution was stirred for 12 hours. After the reaction
was completed, the reaction solution was concentrated in vacuo, acidified
with 1N HC1 and extracted with Et0Ac. The extracted organic solution was
washed with 1N HC1 solution, dried over Mg504 and concentrated in vacuo to
give the title compound (0.74 g, 95 %). [537] MS[M+H] = 441 (M+1) [538]
[539] Step C: (2 S .45
)-1-B0C-4-[(4.4-dimethylcyclohexyl)(3-hydroxy-2.2-dimethylpropanoyflamin01-
2-[(4   WO 2010/056022PCT/KR2009/006568 39
-methylpiperazin-l-yl)carbonyllpyrrolidine  [540]
(4S)-1-B0C-4-11(4,4-dimethylcyclohexyl)(3-hydroxy-2,2-dimethylpropanoyl)ami
nolL-proline (0.74 g, 1.68 mmol) obtained in Step B was reacted according
to the same procedure as in the Step D of Example 1 to give the title
compound (0.83 g, 95 %). [541] MS[M+H] = 523 (M+1) [542]  [543] Step D:
N-(4,4-diemthylcyclohexyl)-3-hydroxy-2,2-dimethyl-N-{(3 S ,5 S
)-5-1(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-yllpropanamide  



[544]
(2S,4S)-1-B0C-4-R4,4-dimethylcyclohexyl)(3-hydroxy-2,2-dimethylpropanoyl)am
in o]-2-[(4-methylpiperazin-1-yl)carbonyllpyrrolidine (0.83 g, 1.59 mmol)
obtained in Step C was reacted according to the same procedure as in the
Step E of Example 1 to give the title compound (0.67, 99.8%). [545] MS[M+H]
= 423 (M+1) [546]  [547] Step E: N-f (3 S .5 S )-1-{1(3 S .4 R
)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5-
R4-methylpiperazin-l-y1)
carbonyllpyrrolidin-3-y11-N-(4.4-dimethylcyclohexyl)-3-hydroxy-2.2-dimethyl
propan  amide TFA salt [548]
N-(4,4-dimethylcyclohexyl)-3-hydroxy-2,2-dimethyl-N- {
(3S,5S)-5-[(4-methylpipera zin-1-yl)carbonyllpyrrolidin-3-yllpropanamide
(0.67 g, 1.59 mmol) obtained in Step D and
(3S,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid obtained
in Preparation 12 were reacted according to the same procedure as in the
Step F of Example 1 to give TFA salt of the title compound (0.92 g, 85 %).
[549] MS[M+H] = 686 (M+1) [550] '1-1 NMR (500 MHz, DMSO-d6, 140C) 6
7.43-7.31 (m, 4H), 4.78-4.68 (br, 1H), 3.94-3.55 (m, 10H), 3.44-3.26 (m,
3H), 3.24-2.91 (m, 7H), 2.78 (s, 3H), 2.42-2.32 (m, 1H), 2.23-2.11 (br,
1H), 1.85-1.73 (m, 1H), 1.68-1.56 (br, 1H), 1.47-1.18 (m, 6H), 1.39 (s,
9H), 1.14 (s, 6H), 0.92, 0.90 (2s, 6H) [551]  [552] Examples 5-15 [553]
Compounds of Preparations 1-23 were reacted according to the same procedure
as Examples 1-4 to give compounds of following Examples. 115541  WO
2010/056022PCT/KR2009/006568 0R3 N 0 R2/  -/K R5  Example R2' R3 R5 MS 



(M+1) 5 2,4-diF Me Me 630 6 2,4-diF Et Me 644 7 2,4-diF i-Pr Me 658 8 4-C1
Et Me 642 9 4-C1 i-Pr Me 656 10 



4-C1 Me t-Bu 670 11 2,4-diF Me t-Bu 672 12 4-C1  Et 0 / 698 13 4-C1 i-Pr
21cj 712 14 2,4-diF Me _Flici 686 15 2,4-diF 



Me C(CH3)2CH2OH 688  [555]  [556] Example 5 (TFA salt) [557] NMR (500 MHz,
DMSO-d6, 140C) 6 7.66-7.53 (m, 1H), 7.12-6.97 (m, 2H), 4.76-4.64 (br, 1H),
4.04-3.80 (m, 3H), 3.80-3.56 (m, 7H), 3.45 -3.27 (m, 3H), 3.27-3.17 (m,
1H), 3.17-3.02 (m, 4H), 2.77 (s, 3H), 2.46-2.35 (m, 1H), 2. 23-2.12 (br,
1H), 1.97 (s, 3H), 1.85-1.73 (m, 1H), 1.64-1.50 (br, 1H), 1.47-1.20 (m, 6
H), 1.38 (s, 9H), 0.91 (s, 6H) [558]  [559] Example 7 (TFA salt) [560] NMR
(500 MHz, DMSO-d6, 140C) 6 7.65-7.54 (m, 1H), 7.10-6.97 (m, 2H), 4.77-4.66
(br, 1H), 4.03-3.80 (m, 3H), 3.80-3.60 (m, 7H), 3.47-3.27 (m, 4H),
3.27-3.19 (m, 1H), 3.19-3.02 (m, 4H), 2.47-2.35 (m, 1H), 2.23-2.12 (br,
1H), 1.97 (s, 3H), 1.86-1.73 (m, 1H), 1.67-1.55 (br, 1H), 1.47-1.20 (m,
6H), 1.38 (s, 9H), 1.27, 1.25 (2s, 6H), 0.91 (s, 6H) [561]  [562] Example 8
(TFA salt) 115631NMR (500 MHz, DMSO-d6, 140C) 6 7.43-7.33 (m, 4H),
4.78-4.68 (br, 1H),  WO 2010/056022PCT/KR2009/006568 41 3.93-3.56 (m, 10H),
3.43-3.26 (m, 3H), 3.23-3.03 (m, 7H), 2.43-2.33 (m, 1H), 2.22-2.11 (br,
1H), 1.96 (s, 3H), 1.87-1.76 (m, 1H), 1.69-1.57 (br, 1H), 1.48-1.20 (m,
6H), 1.39 (s, 9H), 1.24 (t, 3H), 0.92, 0.90 (2s, 6H) [564]  [565] Example
11 (TFA salt) [566] 'H NMR (500 MHz, DMSO-d6, 140C) 6 7.66-7.56 (m, 1H),
7.10-6.98 (m, 2H), 4.77-4.67 (br, 1H), 4.07-3.91 (m, 2H), 3.89-3.57 (m,
8H), 3.57-3.46 (m, 1H), 3.44-3.28 (m, 2H), 3.20-3.04 (m, 5H), 2.78 (s, 3H),
2.52-2.40 (m, 1H), 2.17-2.06 (br, 1H), 1.92-1.79 (m, 1H), 1.66-1.54 (br,
1H), 1.49-1.18 (m, 6H), 1.39 (s, 9H), 1.16 (s, 9H), 0.92 (s, 6H) [567]
[568] Example 16: (2S)-N- (3S,5S)-1-
[(3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yllcarbonyll
-5-R4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohe
xyl)tetra hydrofuran-2-carboxamide HC1 salt [569] HC1 salt of  [570]  



[571] Step A: Methyl (2 S .4 S
)-1-B0C-4-{(cis-4-methylcyclohexyDaminolpyrrolidine-2-carboxylate  [572]
Methyl (2S,4S)-1-Boc-4-aminopyrrolidine-2-carboxylate (1.07 g, 4.38 mmol)
obtained in Preparation 1 and 4-methylcyclohexanone were dissolved in DCE
(30 mL) and NaBH(OAc)3 (1.39 g, 6.57 mmol) was added thereto at room
temperature. After the reaction solution was stirred for 4 hours at room
temperature, saturated NaHCO3 aqueous solution was added thereto and the
solution was extracted with DCM (50 mL X 2) and Et0Ac. The extracted
organic solution was washed with brine, dried over Mg504, filtered and
concentrated in vacuo. Cis- and trans- compounds were separated from the
obtained residue by column chromatography (eluent: Et0Ac/Hex = 1/2) to give
the title compound (0.84 g, 57 %). [573] MS[M+H] = 341 (M+1)  [574]
115751Step B: Methyl (2 S .45 )-1-BOC-4-{(cis-4-methylcyclohexyl)R2 S  WO
2010/056022PCT/KR2009/006568 42 )-tetrahydrofuran-2-ylcarbonyll amino I
pyrrolidine-2-c arboxylate  [576] Methyl
(2S,4S)-1-B0C-4-Rcis-4-methylcyclohexyl)aminolpyrroldine-2-carboxylate
(0.84 g, 2.49 mmol) obtained in Step A was reacted according to the same
procedure as in the Step A of Example 3 to give the title compound (0.92 g,
87 %). [577] MS[M+H] = 439 (M+1) [578]  [579] Step C: (4 S
)-1-B0C-4-{(cis-4-methylcyclohexyl)[(2 S  )-tetrahydrofuran-2-ylcarbonyll
amino I-L-proline [580] Methyl
(2S,4S)-1-B0C-4-{(cis-4-methylcyclohexyl)[(2S
)-tetrahydrofuran-2-ylcarbonyllaminolpyrrolidine-2-carboxylate (0.92 g,
2.10 mmol) obtained in Step B was reacted according to the same procedure
as in the Step C of Example 1 to give the title compound (0.85 g, 95 %).
[581] MS[M+H] = 425 (M+1) [582]  [583] Step D: (2 S .45 )-1-BOC-4-f
(cis-4-methylcyclohexyD[(2 S
Aetrahydrofuran-2-ylcarbonyllamino1-2-[(4-methylpiperazin-1-yDcarbonyllpyrr
olidin  e [584] (4S)- 1-BOC-4- {
(cis-4-methylcyclohexyl)11(2S)-tetrahydrofuran-2-ylcarbonyll amino1-
L-proline (0.85 g, 2.00 mmol) obtained in Step C was reacted according to
the same procedure as in the Step D of Example 1 to give the title compound
(0.95 g, 94 %). [585] MS[M+H] = 507 (M+1) [586]  [587] Step E: (2 S
)-N-(cis-4-methylcyclohexyl)-N-{(3 S ,5 S
)-5-[(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-y11tetrahydrofuran-2-car
boxamide  [588] (2S,4S)-1-B0C-4- {
(cis-4-methylcyclohexyl)11(2S)-tetrahydrofuran-2-ylcarbonyllamin
o1-2-11(4-methylpiperazin-1-yl)carbonyllpyrrolidine (0.95 g, 1.87 mmol)
obtained in Step D was reacted according to the same procedure as in the
Step E of Example 1 to give the title compound (0.76 g, 99.8 %). [589]
MS[M+H] = 407 (M+1) [590]  [591] Step F: (2S -N-f(3 S .5 5 )-1-{[(3 5 .4 R
)-1-tert-buty1-4-(4-chlorophenyflpyrrolidin-3-yllcarbony11-5-[(4-methylpipe
razin-l-y1)
carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohexyDtetrahydrofuran-2-carbox
amide  TFA salt 



[592] (2S)-N-(cis-4-methylcyclohexyl)-N-{
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3-ylltetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in
Step E and (3S,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic
acid obtained in Preparation 12 were reacted according to the same
procedure as in the Step F of  WO 2010/056022PCT/KR2009/006568 43 Example 1
to give the title compound (1.10 g, 88 %). [593] MS[M+H] = 670 (M+1) [594]
[595] Step G: (2 S )-N-1(3 S ,5 S )44 [(3 S ,4 R
)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5-
[(4-methylpiperazin-l-y1)
carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carbo
xamide  HC1 salt [596] TFA salt of the compound obtained in Step F was
basified with 1N NaOH and extracted with Et0Ac. This organic solution was
dried over Mg504, concentrated in vacuo and 4M HC1/dioxane was added
thereto. The reaction solution was stirred for 1 hour at room temperature
and concentrated in vacuo without further purification to give HC1 salt.
[597] 'H NMR (500 MHz, DMSO-d6, 140C) 6 7.54-7.22 (m, 4H), 4.79-4.65 (br,
1H), 4.53-4.43 (m, 1H), 3.96-3.58 (m, 10H), 3.58-3.37 (m, 2H), 3.37-3.22
(m, 2H), 3.22-2.94 (m, 5H), 2.73 (s, 3H), 2.64-2.50 (m, 1H), 2.43-2.27 (m,
1H), 2.20-2.09 (m, 1H), 2.09-1.97 (m, 1H), 1.97-1.74 (m, 5H), 1.61-1.44 (m,
4H), 1.40 (s, 9H), 1.37-1.22 (m, 3H), 0.95 (s, 3H) [598]  [599] Examples
17-25 [600] Compounds of Preparations 1-23 were reacted according to the
same procedure as Examples 1-4, 16 to give compounds of following Examples.
116011  WO 2010/056022PCT/KR2009/006568 44 R 0N / z  Nj N L    Example R2'
R3 



R5 MS (M+1) 17 4-C1 Me t-Bu 656 18 2,4-diF Me t-Bu 658 19 4-C1 Me
C(CH3)2CH2OH 672 20 2,4-diF Me C(CH3)2CH2OH 674 21 2,4-diF Me 2v 



oi 672 22 4-C1  Et oi 684 23 4-C1  i-Pr oi 698 24 2,4-diF Me '----\\0 668
25 4-C1 Me  670  [602]  [603] Example 17 (TFA salt) 



[604] NMR (500 MHz, DMSO-d6, 140C) 6 7.44-7.29 (m, 4H), 4.79-4.67 (br, 1H),
3.99-3.88 (m, 1H), 3.86-3.47 (m, 10H), 3.43-3.28 (m, 2H), 3.18-2.99 (m,
5H), 2.75 (s, 3H), 2.48-2.40 (m, 1H), 2.16-2.05 (m, 1H), 1.94-1.81 (m, 2H),
1.66-1.48 (m, 5H), 1.43-1.18 (m, 2H), 1.39 (s, 9H), 1.15 (s, 9H), 0.98 (d,
3H) [605]  [606] Example 26: N-{(3 S ,5 S )-1-{[(3 S ,4 R
)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidine-3-ylicarbony1)-5-[(4-methylpip
erazin
-1-yOcarbonyl]pyrrolidin-3-y1)--N-(4,4-difluorocyclohexyl)-2,2-dimethylproa
nami de TFA salt 116071TFA salt of  WO 2010/056022PCT/KR2009/006568 45
[608]  [609] Step A: Methyl (2 S .4 S
)-1-B0C-4-1-(4.4-difluorocyclohexyDaminolpyrrolidine-2-carboxylate  [610]
Methyl (2S,4S)-1-Boc-4-aminopyrrolidine-2-carboxylate (29 g, 120 mmol)
obtained in Preparation 1 and 4,4-difluoro-cyclohexanone (19.31 g, 144
mmol) obtained in Preparation 5 was dissolved in DCE. NaBH(OAc)3 (37 g, 180
mmol) was added thereto. The reaction solution was stirred for 6 hours at
room temperature. After the reaction was completed, the solution was
concentrated in vacuo and NaHCO3 aqueous solution was added thereto. The
solution was extracted with Et0Ac, dried over Mg504 , concentrated in vacuo
and purified by column chromatography (eluent: Et0Ac/Hex = 1/4) to give the
title compound (23.66 g, 55 %) separated from methyl (2S ,4S)-1-B OC-4-
[(4' -fluorocyclohex-3-en-1-yl)amino] pyrrolidine-2-carboxylate. [611]
MS[M+H] = 363 (M+1) [612]  [613] Step B: Methyl (2 S .4S
)-1-B0C-4-1-(4,4-difluorocyclohexyl)(2,2-dimethylpropanoyflaminOlpyrrolidin
e-2-carb oxylate  [614] Methyl
(2S,4S)-1-B0C-4-11(4,4-difluorocyclohexyl)aminolpyrrolidine-2-carboxylate
(1.03 g, 2.84 mmol) obtained in Step A was dissolved in DCE (5 mL) and TEA
(5 mL) and DMAP (0.36 g, 2.84 mmol) were added thereto. Commercially
available pivaloyl chloride (1.03 g, 8.52 mmol) was also added thereto. The
reaction solution was heated to 90 C and stirred for 24 hours. After the
reaction was completed, the solvent was removed in vacuo and saturated
NaHCO3 aqueous solution was added. The solution was extracted with Et0Ac.
The extracted organic solution was washed with 1N HC1 solution, dried over
Mg504 ,concentrated in vacuo and purified by column chromatography (eluent:
Et0Ac/Hex = 1/4) to give the title compound (1.04 g, 82 %). [615] MS[M+H] =
447 (M+1) [616]  [617] Step C: (4 S
)-1-B0C-4-1-(4,4-difluorocyclohexyl)(2,2-dimethylpropanoyflamin01-L-proline
WO 2010/056022PCT/KR2009/006568 46 [618] Methyl
(2S,4S)-1-B0C-4-[(4,4-difluorocyclohexyl)(2,2-dimethylpropanoyl)amino]
pyrrolidine-2-carboxylate (1.02 g, 2.32 mmol) obtained in Step B was
reacted according to the same procedure as in the Step C of Example 1 to
give the title compound (0.95 g, 95 %). [619] MS[M+H] = 433 (M+1) [620]
[621] Step D: (2 S ,4 S
)-1-B0C-4-{(4,4-difluorocyclohexyl)(2,2-dimethylpropanoyflaminol-2-{(4-meth
ylpipe  razin-l-yl)carbonyllpyrrolidine  [622]
(4S)-1-B0C-4-11(4,4-difluorocyclohexyl)(2,2-dimethylpropanoyl)aminol-L-prol
ine (0.95 g, 2.2 mmol) obtained in Step C was reacted according to the same
procedure as in the Step D of Example 1 to give the title compound (1.05 g,
93 %). 



[623] MS[M+H] = 515 (M+1) [624]  [625] Step E:
N-(4.4-difluorocyclohexyl)-2.2-dimethyl-N-f (3 S .5 S
)-5-{(4-methylpiperazine-1-yl)carbonyllpyrrolidin-3-yllpropanamide  [626]
(2S,4S)-1-B0C-4-11(4,4-difluorocyclohexyl)(2,2-dimethylpropanoyl)aminol-2-1
1(4-me thylpiperazin-l-yl)carbonyllpyrrolidine (1.05 g, 2.04 mmol) obtained
in Step D was reacted according to the same procedure as in the Step E of
Example 1 to give the title compound (845 mg, 99.9 %). [627] MS[M+H] = 415
(M+1) [628]  [629] Step F: N-{(3 S ,5 S )-1-f {(3 S ,4 R
)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidine-3-yllcarbony11-5-{(4-methylpip
erazin-l-yl
)cabonyllpyrrolidin-3-y11-N-(4,4-difluorocyclohexyl)-2,2-dimethylpropanamid
e TFA  salt [630] N-(4,4-difluorocyclohexyl)-2,2-dimethyl-N-{
(3S,5S)-5-11(4-methylpiperazin-1-yl)car bonyllpyrrolidin-3-yllpropanamide
(845 mg, 2.04 mmol) obtained in Step E and
(3S,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid obtained
in Preparation 12 were reacted according to the same procedure as in the
Step F of Example 1 to give TFA salt of the title compound (1.18 g, 85 %).
[631] MS[M+H] = 678 (M+1) [632] 'II NMR (500 MHz, DMSO-d6, 140C) 6
7.42-7.30 (m, 4H), 4.80-4.70 (br, 1H), 3.91-3.82 (m, 1H), 3.82-3.55 (m,
10H), 3.39-3.28 (m, 2H), 3.24-3.12 (m, 1H), 3.02-2.85 (m, 4H), 2.65 (s,
3H), 2.39-2.30 (m, 1H), 2.22-2.13 (br, 1H), 2.13-1.81 (m, 6H), 1.63-1.56
(m, 1H), 1.56-1.48 (m, 1H), 1.38 (s, 9H), 1.17 (s, 9H) [633]
116341Examples 27-31  WO 2010/056022PCT/KR2009/006568 47 [635]Compounds of
Preparations 1-23 were reacted according to the same procedure as Examples
1-4, 26 to give compounds of following Examples. 0 r \ N- R3 N '1\1-7,/ V \
R5 Example  R3 R5 



MS (M+1) 27 4-C1 Me Me 636 28 4-C1 Et Me 650 29 4-C1 i-Pr Me 664 30 2,4-diF
Me t-Bu 680 31 4-C1 Me 1( 0 J 



692  [637]  [638] Example 32: (2 S )-N-{(3 S ,5 R )-1-{{(3 S ,4 R
)-1-tert-butyl-4-(2,4-difluorophenyl)
pyrrolidin3-ylicarbony11-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-y
ll-N-(4,4-dimet hylcyclohexyl)tetrahydrofuran-2-carboxamide TFA salt [639]
TFA salt of [640]  [641] Step A: Methyl (2 R ,4 S
)-1-B0C-4-[(4,4-dimethylcyclohexyDaminolpyrrolidine-2-carboxylate  [642]
Methyl (2R,4S)-1-Boc-4-aminopyrrolidine-2-carboxylate (1.07 g, 4.38 mmol)
obtained in Preparation 2 and 4,4-dimethylcyclohexanone (0.66 g, 5.25 mmol)
were dissolved in DCE (20 mL) and NaBH(OAc)3 (1.39 g, 6.57 mmol) was added
thereto at room temperature. The reaction solution was stirred for 4 hours
at room temperature and was extracted with DCM (50 mL X 2) and Et0Ac. The
extracted organic solution was washed with brine, dried over Mg504,
filterated and concentrated in vacuo. The  WO 2010/056022PCT/KR2009/006568
48 obtained residue was purified by column chromatography (eluent,
Et0Ac/Hex = 1/2) to give the title compound (1.16 g, 75 %). [643] MS[M+H] =
355 (M+1) [644]  [645] Step B: Methyl (2 R ,4 S
)-1-B0C-4-{(4,4-dimethylcyclohexyl)f(2 S )-tetrahydrofuran-2-ylcarbonyll
amino1 pyrrolidine-2-c arboxylate  [646] Methyl
(2R,4S)-1-B0C-4-[(4,4-dimethylcyclohexyl)aminolpyrrolidine-2-carboxylate
(1.16 g, 3.27 mmol) obtained in Step A was reacted according to the same
procedure as in the Step A of Example 3 to give the title compound (1.21 g,
82 %). [647] MS[M+H] = 453 (M+1) [648]  [649] Step C: (4 S )-1-B0C-4- f
(4.4-dimethylcyclohexyl)f(2 S )-tetrahydrofuran-2-ylcarbonyll amino
I-D-proline  [650] Methyl (2R,4S)-1-B OC-4- { (4,4-dimethylcyclohexyl)[(2S
)-tetrahydrofuran-2-ylcarbonyllaminolpyrrolidine-2-carboxylate (1.21 g,
2.67 mmol) obtained in Step B was reacted according to the same procedure
as in the Step C of Example 1 to give the title compound (1.14 g, 97 %).
[651] MS[M+H] = 439 (M+1) [652]  [653] Step D: (2 R .4 S )-1-B0C-4-f
(4.4-dimethylcyclohexyl)f(2 S
)-tetrahydrofuran-2-ylcarbonyllamino1-2-1-(4-methylpiperazin-1-yflcarbonyll
pyrrolidin  e [654] (4S)- 1-BOC-4- {
(4,4-dimethylcyclohexyl)11(2S)-tetrahydrofuran-2-ylcarbonyll amino I
-D-proline (1.14 g, 2.60 mmol) obtained in Step C was reacted according to
the same procedure as in the Step D of Example 1 to give the title compound
(1.29 g, 95 %). [655] MS[M+H] = 521 (M+1) [656]  



[657] Step E: (2 S )-N-(4,4-dimethylcyclohexyl)-N-{(3 S ,5 R
)-5-1-(4-methylpiperazin-1-yl)carbonyllpyrrolidin-3-ylItetrahydrofuran-2-ca
rboxamide  [658]
(2R,4S)-1-B0C-4-{(4,4-dimethylcyclohexyl)[(2S)-tetrahydrofuran-2-ylcarbonyl
lami no 1-2-[(4-methylpiperazin-l-yl)carbonyllpyrrolidine (1.29 g, 2.48
mmol) obtained in Step D was reacted according to the same procedure as in
the Step E of Example 1 to give the title compound (1.04 g, 99.8 %). [659]
MS[M+H] = 421 (M+1) [660]  [661] Step F: (2 S '-N-f(3 S .5 R '-1-{[(3 S .4
R  )-1-tert-buty1-4-(2.4-difluorophenyl)pyrrolidine-3-yll carbonyl
1-5-114-methylpiperazin1-yl)carbonyllpyrrolidin-3-y1I-N-(4.4-dimethylcycloh
exyl)tetrahydrofuran-2-carboxa  WO 2010/056022PCT1KR20091006568 49 mide TFA
salt [662](2S)-N-(4,4-dimethylcyclohexyl)-N-
(3S,5R)-5-11(4-methylpiperazin-1-yl)carbonyllp
yrrolidin-3-ylltetrahydrofuran-2-carboxamide (1.04 g, 2.47 mmol) obtained
in Step E and
(3S,4R)-1-t-buty1-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid
obtained in Preparation 11 were reacted according to the same procedure as
in the Step F of Example 1 to give the title compound (1.44 g, 85 %).
[663]MS[M+H] = 686 (M+1) [664]'H NMR (500 MHz, DMSO-d6, 140C) 6 7.63-7.53
(m, 1H), 7.08-6.98 (m, 2H), 5.08-4.98 (br, 1H), 4.51 (dd, J= 6.7, 6.15 Hz,
1H), 4.19-4.08 (m, 1H), 3.96-3.86 (m, 1H), 3.82-3.66 (m, 9H), 3.66-3.53 (m,
2H), 3.53-3.42 (m, 1H), 3.34 (dd, J= 11.6, 11.0 Hz, 1H), 3.23-3.13 (m, 1H),
3.13-3.00 (m, 4H), 2.74 (s, 3H), 2.66-2.56 (m, 1H), 2.08-1.98 (m, 1H),
1.98-1.88 (m, 1H), 1.88-1.78 (m, 2H), 1.78-1.63 (m, 1H), 1.63-1.49 (m, 1H),
1.45-1.24 (m, 7H), 1.38 (s, 9H), 0.90 (s, 6H) [665] [666]Examples 33-40
[667]Compounds of Preparations 1-23 were reacted according to the same
procedure as Examples 1-4 to give compounds of following Examples. r---\
N.-- R3 --0 R2'R4'R5 Example R2' R3 



R4 R5 MS (M+1) 33 2,4-diF Me cis-4-Me-c-Hex t-Bu 658 34 4-C1 Me
4,4-diMe-c-Hex 2\z: 684 35 4-C1 Me cis-4-Me-c-Hex 2\:,j 670 36 4-C1 Me
cis-4-Me-c-Hex C(CH3)2CH2OH 



672 37 4-C1 Me cis-4-Me-c-Hex Me 614 38 2,4-diF Me cis-4-Me-c-Hex Me 616 39
4-C1 i-Pr cis-4-Me-c-Hex Me 642 40 4-C1 Me cis-4-Me-c-Hex  670  [669]  



[670] Example 41: (2 S )-N-{(3 S ,5 S )-1-{{(3 S ,4 R
)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyrrolidin-3-ylicarbonyll-
5-[(4-
methylpiperazin-1-y1)carbonyl]pyrrolidin-3-yll-N-(4,4-dimethylcyclohexyptet
rah  WO 2010/056022PCT/KR2009/006568 50        ydrofuran-2-carboxamide TFA
salt [671]TFA salt of [672]  [673] Step A: 1-B0C-(3 R ,4 S
)-3-(4-chloropheny1)-4-(f(2 S ,4 S )-4-f (4,4-dimethylcyclohexy1)1-(2 S
)-tetrahydrofuran-2-ylcarbonyllamino1-2-{(4-methylpiperazin-1-yl)carbonyllp
yrrolidin  -1-ylicarbonyl)pyrrolidine  [674]
(2S)-N-(4,4-dimethylcyclohexyl)-N-
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllp
yrrolidin-3-ylltetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained
in Step D of Example 3 was dissolved in DMF (5 mL). After DIPEA (0.94 mL,
5.37 mmol) was added thereto,
(3S,4R)-1-B0C-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid (0.70 g, 2.15
mmol) obtained in Preparation 14 and HBTU (0.81 g, 2.15 mmol) were added
thereto. The reaction solution was stirred for 2 hours and concentrated in
vacuo. The residue was diluted with Et0Ac and washed with saturated NaHCO3
aqueous solution. The extracted organic solution was dried over Mg504 and
concentrated in vacuo. The obtained residue was purified by column
chromatography (eluent, DCM/Me0H = 15/1) to give the title compound (1.33
g, 85 %). [675] MS[M+H] = 728(M+1) [676]  [677] Step B: (2 S '-N-{(3 S .5S
)-1-1[(3 5.4 R
)-4-(4-chlorophenyl)pyrrolidin-3-yllcarbony11-5-{(4-methylpiperazin-1-y1)ca
rbonyllpy
rrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-cabrboxamide
[678] 1-B0C-(3R,4S)-3-(4-chloropheny1)-4-({(2S,4S)-4-{
(4,4-dimethylcyclohexyl)[(2S)-tet
rahydrofuran-2-ylcarbonyllamino1-2-11(4-methylpiperazin-1-yl)carbonyllpyrro
lidin-1-y 11carbonyl)pyrrolidine (1.33 g, 1.83 mmol) obtained in Step A was
dissolved in DCM (1 mL) and 4M HC1 (1 mL) was added dropwise thereto. The
reaction solution was stirred for 1 hour at room temperature and
concentrated in vacuo to give the title compound (1.14 g, 99.8 %). [679]
MS[M+H] = 628 (M+1) 116801  WO 2010/056022PCT/KR2009/006568 51 [681] Step
C: (2 S )-N-1(3 S ,5 S )441(3 S ,4 R
)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-yl)pyrrolidin-3-yllcarbony11-
5-{(4-met
hylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetra
hydrofura n-2-carboxamide TFA salt  [682] (2S)-N-{ (3 S ,5 S)- 1-
R3S,4R)-4-(4-chlorophenyl)pyrrolidin-3-yl1carbony11-5-11(4-met
hylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetra
hydrofura n-2-carboxamide (1.14 g, 1.81 mmol) obtained in Step B and
tetrahydro4H-pyran-4-one (0.34 mL, 3.62 mmol) were dissolved in DCE (10 mL)
and NaBH(OAc)3 (0.58 g, 2.74 mmol) was added thereto at room temperature.
After the reaction solution was stirred for 2 hours at room temperature,
saturated NaHCO3 aqueous solution was added and the solution was extracted
with Et0Ac. The extracted organic solution was washed with brine, dried
over Mg504, filtered and concentrated in vacuo. The obtained residue was
purified by HPLC to give TFA salt of the title compound (1.16 g, 90 %).
[683] MS[M+H] = 712 (M+1) [684] 'H NMR (500 MHz, DMSO-d6, 140C) 6 7.42-7.29
(m, 4H), 4.81-4.70 (br, 1H), 4.50 (dd, J = 6.75, 6.7 Hz, 1H), 3.99-3.89 (m,
2H), 3.89-3.54 (m, 12H), 3.54-3.20 (m, 7H), 3.16-2.94 (m, 4H), 2.73 (s,
3H), 2.43-2.30 (m, 1H), 2.27-2.12 (br, 1H), 2.07-1.94 (m, 3H), 1.94-1.76
(m, 4H), 1.74-1.62 (m, 3H), 1.48-1.20 (m, 6H), 0.93, 0.90 (2s, 6H) [685]
[686] Example 42: (2 S )-N-{(3 S ,5 S )-1-{{(3 S ,4 R
)-4-(4-chloropheny1)-1-cyclopropyl
pyrrolidin-3-ylicarbony1)--5-{(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3
-y1)--N(4,4-dimethylcyclohexyptetrahydrofuran-2-carboxamide TFA salt [687]
TFA salt of [688] (2S)-N- { (3 S ,5 S)- 1-
R3S,4R)-4-(4-chlorophenyl)pyrrolidin-3-yl1carbony11-5- [(4-met
hylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-
(4,4-dimethylcyclohexyl)tetrahydrofura n-2-carboxamide (1.14 g, 1.81 mmol)
obtained in Step B of Example 41 was dissolved in DCE (20 mL).
1-ethoxycyclopropoxytrimethylsilane (0.47 g, 2.70 mmol) and NaBH 3CN (228
mg, 3.63 mmol) were added thereto. After catalytic amount of acetic acid
was added, the reaction solution was stirred for 2 hours at 80C. After the
reaction was  
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in vacuo. The residue was diluted with Et0Ac and washed with saturated
NaHCO3 aqueous solution. The extracted organic solution was dried over
MgSO4 and concentrated in vacuo. The obtained residue was purified by HPLC
to give TFA salt of the title compound (1.03 g, 85 %). [689] MS[M+H] = 668
(M+1) [690] NMR (500 MHz, DMSO-d6, 140C) 6 7.44-7.24 (m, 4H), 4.80-4.71
(br, 1H), 4.29-4.20 (m, 1H), 3.95-3.38 (m, 13H), 3.38-3.20 (m, 2H),
3.20-2.89 (m, 6H), 2.74, 2.72 (2s, 3H), 2.64-2.49 (m, 1H), 2.42-2.34 (m,
1H), 2.25-2.10 (m, 1H), 2.10-1.96 (m, 1H), 1.96-1.76 (m, 3H), 1.76-1.62 (m,
2H), 1.62-1.46 (m, 3H), 1.46-1.20 (m, 3H), 0.93, 0.90 (2s, 6H), 0.81-0.56
(m, 3H)    [691]  [692] Example 43: (2 S )-N-{(3 S ,5 S )-1-{{(3 S ,4 R
)-4-(4-chloropheny1)-1-(6-methylpyridazin-3-yl)pyrrolidin-3-ylicarbonyll-5-
[(4-m
ethylpiperazin-l-yl)carbonyl]pyrrolidin-3-yll-N-(4,4-dimethylcyclohexyl)tet
rahyd rofuran-2-carboxamide TFA salt [693] TFA salt of 0 N Nj \N N N
[694] (2S)-N-(4,4-dimethylcyclohexyl)-N-
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllp
yrrolidin-3-ylltetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained
in Step D of Example 3 was dissolved in DMF (5 mL). DIPEA (0.94 mL, 5.38
mmol) was added thereto and (3S,4R
)-4-(4-chloropheny1)-1-(6-methylpyridazin-3-yl)pyrrolidine-3-carboxylic
acid (0.68 g, 2.15 mmol) obtained in Preparation 17 and HBTU (0.82 g, 2.15
mmol) were added in turn. The reaction solution was stirred for 2 hours at
room temperature and concentrated in vacuo. The residue was dissolved with
Et0Ac and washed with saturated NaHCO3 aqueous solution and water. The
extracted organic solution was dried over Mg504 and concentrated in vacuo.
The residue was purified by HPLC to give TFA salt of the title compound
(1.31 g, 85 %). [695] MS[M+H] = 668 (M+1) 



[696] NMR (500 MHz, DMSO-d6, 140C) 6 7.55-7.49 (m, 1H), 7.43-7.30 (m, 4H),
7.29-7.23 (m, 1H), 4.84-4.73 (br, 1H), 4.55 (dd, J = 6.75, 6.1 Hz, 1H),
4.14-3.79 (m,  WO 2010/056022PCT/KR2009/006568 53 5H), 3.79-3.62 (m, 7H),
3.62-3.32 (m, 4H), 3.22-3.03 (m, 4H), 2.78 (s, 3H), 2.52-2.42 (m, 1H), 2.46
(s, 3H), 2.21-2.10 (br, 1H), 1.97-1.86 (m, 1H), 1.82-1.51 (m, 5H),1.51-1.12
(m, 6H), 0.95, 0.92 (2s, 6H) [697]  [698] Example 44: (2 S )-N-{(3 S ,5 S
)-1-{[(3 S ,4 R
)-4-(2,4-difluoropheny1)-1-(6-chloropyridazin-3-yl)pyrrolidin-3-yllcarbony1
1-5-[(4
-methylpiperazin-l-yOcarbonyl]pyrrolidin-3-yll-N-(cis-4-methylcyclohexyptet
rah ydrofuran-2-carboxamide TFA salt [699] TFA salt of 0N N 7------,,k-
N---- 0 N-::---1--;-\i H _,..,,, '\\ I/I,/ )----  1\ -} CIN- F  [700]
(2S)-N-(cis-4-methylcyclohexyl)-N-{
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3-ylltetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in
Step E of Example 16 and (3S,4R
)-4-(2,4-difluoropheny1)-1-(6-chloropyridazin-3-yl)pyrrolidine-3-carboxylic
acid obtained in Preparation 19 were reacted according to the same
procedure as in the Step F of Example 1 to give the title compound (1.20 g,
88 %). [701] MS[M+H] = 728 (M+1) [702] NMR (500 MHz, DMSO-d6, 140C) 6
7.51-7.42 (m, 1H), 7.37 (d, 1H), 7.05-6.94 (m, 3H), 4.80-4.72 (br, 1H),
4.53 (dd, J= 6.75, 6.1 Hz, 1H), 4.08-3.87 (m, 5H), 3.80-3.66 (m, 7H),
3.63-3.48 (m, 4H), 3.22-2.93 (m, 4H), 2.79 (s, 3H), 2.42-2.36 (m, 1H),
2.25-2.16 (br, 1H), 2.10-2.01 (m, 1H), 1.98-1.76 (m, 6H), 1.64-1.47 (m,
4H), 1.40-1.30 (m, 2H), 0.98 (d, 3H) [703]  [704] Example 45: (2S )-N-{(3 S
,5 S )-1-{[(3 S ,4 R
)-4-(2,4-difluoropheny1)-1,6-dihydropyridazin-3-ylpyrrolidin-3-yllcarbony11
-5-[(4-
methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yll-N-(4,4-dimethylcyclohexyptet
rah ydrofuran-2-carboxamide TFA salt 117051TFA salt of  WO
2010/056022PCT/KR2009/006568 54 [706] (2S)-N-(4,4-dimethylcyclohexyl)-N- {
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllp
yrrolidin-3-ylltetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained
in Step D of Example 3 and (3S,4R
)-4-(4-chloropheny1)-1-(1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylic
acid obtained in Preparation 21 were reacted according to the same
procedure as in the Step F of Example 1 to give the title compound (1.34 g,
88 %). 



[707] MS[M+H] = 708 (M+1) [708] NMR (500 MHz, DMSO-d6, 140C) 6 8.57-8.52
(d, 1H), 7.57-7.43 (m, 2H), 7.22-7.14 (m, 1H), 7.08-6.97 (m, 2H), 4.84-4.72
(br, 1H), 4.56-4.51 (m, 1H), 4.15-4.01 (m, 3H), 4.01-3.88 (m, 2H),
3.83-3.45 (m, 11H), 3.25-3.07 (m, 4H), 2.81 (s, 3H), 2.46-2.35 (m, 1H),
2.27-2.14 (br, 1H), 2.11-2.01 (m, 1H), 1.99-1.74 (m, 6H), 1.65-1.47 (m,
4H), 1.40-1.30 (m, 1H), 0.94, 0.92 (2s, 6H) [709]  [710] Example 46: (2 S
)-N-{(3 S ,5 S )-1-{{(3 S ,4 R
)-4-(4-chloropheny1)-1-phenylpyrrolidin-3-ylicarbonyll-5-[(4-methylpiperazi
n-1-y
1)carbonyl]pyrrolidin-3-yll-N-(cis-4-methylcyclohexyptetrahydrofuran-2-carb
oxa mide TFA salt [711] TFA salt of [712]  [713] Step A: 1-B0C-(3 R .4 S
)-3-(4-chloropheny1)-4-(f (2 S .4 S )-4-f (cis-4-methylcylcohexyl)f(2 S
)-tetrahydrofuran-2-ylcarbonyllamino1-2-114-methylpiperazin-1-y1)carbonyllp
yrrolidin  WO 2010/056022PCT/KR2009/006568 55 -1-ylIcarbonyl)pyrrolidine
[714] (2S)-N-(cis-4-methylcyclohexyl)-N- { (3S,5S)-5-
11(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3-ylltetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in
Step E of Example 16 and
(3S,4R)-1-B0C-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid obtained in
Preparation 14 were reacted according to the same procedure as in the Step
F of Example 1 to give the title compound (1.18 g, 88 %). [715] MS[M+H] =
714 (M+1) [716]  [717] Step B: (2 S )-N-{(3 S.5 S )-1-1{(3 S ,4 R
)-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1-5-
{(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide
[718] 1-B 0C- (3R,4S)-3-(4-chloropheny1)-4- ( { (2S,4S)-4- {
(cis-4-methylcyclohexyl)[(2S)-tet rahydrofuran-2-ylcarbonyl] amino 1-2-
11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-l-y 11carbonyl)pyrrolidine
(1.18 g, 1.65 mmol) obtained in Step A was dissolved in DCM (1 mL). 4M HC1
(1 mL) was added dropwise thereto. The reaction solution was stirred for 1
hour at room temperature, concentrated in vacuo to give the title compound
(1.01 g, 99.8 %). [719] MS[M+H] = 614 (M+1) [720]  [721] Step C: (2 S
'-N-f(3 S .5 5 )-1-{1(3 S .4 R
)-4-(4-chloropheny1)-1-phenylpyrrolidin-3-yllcarbony11-5-
{(4-methylpiperazin-1-yl)ca
rbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxa
mide  TFA salt [722] ((2S)-N- { (3S,5S)-1-{ [(3S,4R)-4-
(4-chlorophenyl)pyrrolidin-3-yl] carbonyl 1 -5- [(4-met
hylpiperazin-l-yl)carbonyllpyrrolidin-3-y11-N-
(cis-4-methylcyclohexyl)tetrahydrofura n-2-carboxamide (1.01 g, 1.64 mmol)
obtained in Step B was dissolved in toluene (10 mL). Sodium t-butoxide
(0.18 g, 1.87 mmol), 2-(di-t-butylphosphino)biphenyl (42 mg, 0.14 mmol),
Tris(dibenzylideneacetone)-dipalladium(0) (80 mg, 0.09 mmol) and
bromobenzene (29 mg, 1.87 mmol) were added thereto and stirred for 10 hours
at 110 C. After the reaction was completed, solid like material was
filtered from using the Celite. The reaction solution was diluted with
Et0Ac and washed with saturated NaHCO3 aqueous solution. The organic layer
was dried over Mg504 and concentrated in vacuo. The residue was purified by
HPLC to give the title compound (0.89 g, 78 %). [723] MS[M+H] = 690(M+1)
[724] 'H NMR (500 MHz, DMSO-d6, 140C) 6 7.75-7.64 (m, 1H), 7.62-7.52 (m,
2H), 7.52-7.40 (m, 2H), 7.40-7.27 (m, 3H), 7.24-7.10 (m, 1H), 4.92-4.83
(br, 1H), 4.56-4.45 (m, 1H), 4.15-3.80 (m, 5H), 3.80-3.44 (m, 11H),
3.25-3.07 (m, 4H), 2.77 (s, 3H), 2.46-2.35 (m, 1H), 2.27-2.14 (m, 1H),
2.11-2.01 (m, 1H), 1.99-1.74 (m, 6H), 1.65-1.47  



WO 2010/056022PCT/KR2009/006568 56 (m, 4H), 1.41-1.29 (m, 2H), 0.98 (d, 3H)
[725]  [726] Examples 47-73 [727] Compounds of Preparations 1-23 were
reacted according to the same procedure as Examples 1-4, 41-46 to give
compounds of following Examples. 117281  WO 2010/056022PCT/KR2009/006568 57
3 o _/* Ri-NN\    0 NH% R4R5 Ex. RI R2' R3 R4 R5 * MS (M+1) 47 0/N \/ 



2,4-diF i-Pr 4,4-diMe-c-Hex 2-1 m o-/ S 742 48 ' S/\)-'"" 2,4-diF i-Pr
4,4-diMe-c-Hex Az-, o-/ S 758 49 0/N \/ 4-C1 Me 4,4-diMe-c-Hex C(CH3)2CH2OH
S 714 50 



0/\)_,.. \/ 4-C1 Me 4,4-diF-c-Hex t-Bu S 706 51 /`' 0)-.- \/ 4-C1 Me
4,4-diF-c-Hex -,EzN> o-/ S 720 52 0/\)--- \/ 2,4-diF i-Pr 4,4-diMe-c-Hex
21--VN> o-/ 



R 742 53 o/N \, 2,4-diF Me cis-4-Me-c-Hex t-Bu S 686   4-C1 Me
cis-4-Me-c-Hex Me R 642 5 5 c-Pr 4-C1 Me 4,4-diMe-c-Hex ! Az N> o-/ R 



668 56  4-C1 Me cis-4-Me-c-Hex 2\c-Pr o- S 654 57 c-Pr 4-C1 Me
cis-4-Me-c-Hex 2\i,,,) o- R 654 58 c-Pr 4-C1 Me 4,4-diMe-c-Hex C(CH3)2CH2OH
S 670 



59 c-Pr 4-C1 Me cis-4-Me-c-Hex C(CH3)2CH2OH S 656 60 c-Pr 2,4-diF Me
cis-4-Me-c-Hex C(CH3)2CH2OH S 658 61 c-Pr 4-C1 Me 4,4-diF-c-Hex
C(CH3)2CH2OH S 678 62 i-Pr 4-C1 



Me cis-4-Me-c-Hex Me R 600  63  -,-.- N-N 4-C1 Me 4,4-diMe-c-Hex t-Bu S 706
64 K\,__ \'n/i 4-C1 Me 4,4-diMe-c-Hex t-Bu S 691 65 ,"--- 4-C1 



Me 4,4-diMe-c-Hex 2\i,",) S 705 66 /-\ /,)--- N-N 2, 4-diF Me
cis-4-Me-c-Hex A ,/ 0/ S 694 67 K-N,$)--- 4-C1 Me 4,4-diMe-c-Hex t-Bu S 692
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68 ' - N 2,4-diF Me cis-4-Me-c-Hex 3\ ,N? 0-/ S 693 69 -\ CN/)-.- 4-C1 Me
cis-4-Me-c-Hex ! lc 0-, S 716 70 ,s 4-C1 Me 4,4-diMe-c-Hex t-Bu 



S 697 71 / - \)-- %  \ 4-C1 Me cis-4-Me-c-Hex 3 ,\,,,,,? 0, S 704 72 0/ N-N
/ 4-C1 Me cis-4-Me-c-Hex ..2-1"1\ .z,,  0-' S 722  /-\ N-N H 4-C1 



Me cis-4-Me-c-Hex __1(N 0 -/ S 708  [730] Example 48 (TFA salt) [731] NMR
(500 MHz, DMSO-d6, 140C) 6 7.61-7.48 (m, 1H), 7.08-6.95 (m, 2H), 4.79-4.69
(br, 1H), 4.51 (dd, J= 6.15, 6.1 Hz, 1H), 4.04-3.94 (m, 1H), 3.94-3.81 (m,
2H), 3.81-3.56 (m, 9H), 3.54-3.45 (m, 1H), 3.45-3.33 (m, 2H), 3.33-3.23 (m,
2H), 3.23-3.11 (m, 3H), 3.11-2.98 (m, 2H), 2.78-2.70 (m, 2H), 2.70-2.61 (m,
2H), 2.44-2.30 (m, 3H), 2.26-2.13 (br, 1H), 2.08-1.99 (m, 1H), 1.96-1.64
(m, 7H), 1.45-1.20 (m, 6H), 1.27, 1.26 (2s, 6H), 0.92, 0.90 (2s, 6H) [732]
[733] Example 56 (TFA salt) [734] /H NMR (500 MHz, DMSO-d6, 140C) 6
7.43-7.24 (m, 4H), 4.81-4.70 (br, 1H), 4.28-4.20 (m, 1H), 3.95-3.38 (m,
13H), 3.38-3.19 (m, 2H), 3.19-2.89 (m, 6H), 2.74, 2.72 (2s, 3H), 2.64-2.50
(m, 1H), 2.42-2.34 (m, 1H), 2.26-2.10 (m, 1H), 2.10-1.97 (m, 1H), 1.97-1.77
(m, 3H), 1.77-1.62 (m, 2H), 1.62-1.46 (m, 3H), 1.46-1.20 (m, 4H), 0.95 (d,
3H), 0.81-0.56 (m, 3H) [735]  [736] Example 61 (TFA salt) [737] NMR (500
MHz, DMSO-d6, 140C) 6 7.36-7.28 (m, 4H), 4.79-4.70 (m, 1H), 3.88-3.57 (m,
8H), 3.57-3.46 (m, 2H), 3.41 (s, 2H), 3.32-3.16 (m, 3H), 3.16-2.96 (m, 4H),
2.75 (s, 3H), 2.60-2.49 (m, 1H), 2.42-2.32 (m, 1H), 2.24-2.12 (br, 1H),
2.12-1.82 (m, 6H), 1.66-1.58 (m, 1H), 1.58-1.50 (m, 1H), 1.28-1.17 (m, 1H),
1.14 (s, 6H), 0.80-0.70 (m, 2H), 0.70-0.62 (m, 2H) [738]  [739] Example 63
(TFA salt) [740] NMR (500 MHz, DMSO-d6, 140C) 6 7.53-7.48 (m, 1H),
7.40-7.28 (m, 4H), 7.28-7.22 (m, 1H), 4.82-4.70 (br, 1H), 4.12-4.02 (m,
2H), 4.02-3.92 (m, 1H), 3.88-3.79 (m, 1H), 3.79-3.62 (m, 7H), 3.62-3.55 (m,
1H), 3.55-3.46 (m, 1H), 3.42-3.30 (m, 1H), 3.22-3.02 (m, 4H), 2.77 (s, 3H),
2.52-2.42 (m, 1H), 2.46 (s, 3H), 2.20-2.09 (br, 1H),  WO
2010/056022PCT/KR2009/006568 59  1.97-1.86 (m, 1H), 1.82-1.70 (br, 1H),
1.51-1.12 (m, 6H), 1.17 (s, 9H), 0.95, 0.92 (2s, 6H) [741]  [742] Example
64 (TFA salt) [743] NMR (500 MHz, DMSO-d6, 140C) 6 8.5-8.0 (m, 1H),
7.64-7.56 (m, 1H), 7.42-7.25 (m, 4H), 6.69-6.60 (m, 2H), 4.81-4.70 (br,
1H), 4.04-3.92 (m, 3H), 3.87-3.66 (m, 6H), 3.66-3.45 (m, 4H), 3.45-3.32 (m,
1H), 3.24-3.04 (m, 4H), 2.78 (s, 3H), 2.52-2.40 (m, 1H), 2.20-2.07 (br,
1H), 1.98-1.86 (m, 1H), 1.84-1.70 (br, 1H), 1.52-1.12 (m, 6H), 1.17 (s,
9H), 0.94, 0.92 (2s, 6H) 



[744]  [745] Example 66 (TFA salt) [746] NMR (500 MHz, DMSO-d6, 140C) 6
8.55-8.50 (d, 1H), 7.56-7.43 (m, 2H), 7.20-7.13 (m, 1H), 7.08-6.96 (m, 2H),
4.82-4.71 (br, 1H), 4.56-4.50 (m, 1H), 4.15-4.01 (m, 3H), 4.01-3.87 (m,
2H), 3.83-3.45 (m, 11H), 3.25-3.07 (m, 4H), 2.80 (s, 3H), 2.46-2.35 (m,
1H), 2.27-2.14 (br, 1H), 2.11-2.01 (m, 1H), 1.99-1.74 (m, 6H), 1.65-1.47
(m, 4H), 1.41-1.29 (m, 2H), 0.97 (d, 3H) [747]  [748] Example 74:
(2S)-N-1(3S,5S)-1-1[(3R,4R)-1-tert-butyl-4-(4-chlorophenyOpyrrolidin-3-ylic
arbon
y1)--5-[(4-methylpiperazin-1-y1)carbonyl]pyrrolidin-3-y1)--N-(cis-4-methylc
yclohex yl)tetrahydrofuran-2-carboxamide TFA salt [749]  [750]  [751]
(2S)-N-(cis-4-methylcyclohexyl)-N- (3S,5S)-5-
[(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3-ylltetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in
Step E of Example 16 and
(3R,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid obtained
in Preparation 15 were reacted according to the same procedure as Step F of
Example 1 to give the title compound (1.10 g, 88 %). [752] MS[M+H] = 670
(M+1) [753] NMR (500 MHz, DMSO-d6, 140C) 6 7.42-7.21 (m, 4H), 4.70-4.19 (m,
2H), 3.90-3.78 (m, 1H), 3.78-3.68 (m, 3H), 3.68-3.48 (m, 6H), 3.42-2.95 (m,
5H), 2.87 (s,  WO 2010/056022PCT/KR2009/006568 60 3H), 2.70-2.54 (m, 4H),
2.34-2.13 (m, 2H), 2.08-1.99 (m, 1H), 1.95-1.78 (m, 5H), 1.75-1.65 (m, 1H),
1.61-1.47 (m, 4H), 1.42 (s, 9H), 1.37-1.20 (m, 3H), 1.00 (s, 3H) [754]
[755] Example 75: (2 S )-N-{(3 S ,5 S )-1-{{(3 S ,4 S )-1- tert -
butyl-4-(4-chlorophenyl)pyrrolidin-3-ylicarbony11-5-{(4-methylpiperazin-1-y
l)car bonyl]pyrrolidin-3-y1)-- N -
(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide TFA salt [756] /\ 0
o\___ NN- N/ 0    TFA salt of 



CI  [757] (2S)-N-(cis-4-methylcyclohexyl)-N- {
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3-ylltetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in
Step E of Example 16 and
(3S,4S)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid obtained
in Preparation 16 were reacted according to the same procedure as Step F of
Example 1 to give the title compound (1.10 g, 88 %). [758] MS[M+H] = 670
(M+1) [759] 'II NMR (500 MHz, DMSO-d6, 140C) 6 7.39-7.28 (m, 4H), 4.48-4.43
(m, 1H), 4.41-4.35 (m, 1H), 3.92-3.82 (m, 2H), 3.82-3.73 (m, 2H), 3.73-3.59
(m, 8H), 3.50-3.36 (m, 2H), 3.25-3.18 (m, 1H), 3.18-3.04 (m, 4H), 2.77 (s,
3H), 2.29-2.19 (m, 1H), 2.10-1.99 (m, 2H), 1.95-1.79 (m, 5H), 1.79-1.69 (m,
1H), 1.62-1.46 (m, 4H), 1.41 (s, 9H), 1.39-1.25 (m, 3H), 1.00 (d, 3H) [760]
[761] Example 76: (2 5 )-N-{(3 R ,5 5 )-1-{[(3 S ,4 R )-1- tert -
butyl-4-(4-chlorophenyl)pyrrolidin-3-ylicarbony11-5-{(4-methylpiperazin-1-y
l)car bonyl]pyrrolidin-3-y1)-- N -( cis -
4-methylcyclohexyl)tetrahydrofuran-2-carboxamide TFA salt [762] 0/ \ 0 N N-
N/ 0 CI TFA salt of  WO 2010/056022PCT/KR2009/006568 61 [763]  [764] Step
A: Methyl (2 S ,4 R )-1-B0C-41( cis -
4-methylcyclohexyl)aminolpyrrolidine-2-carboxylate  [765] Methyl
(2S,4R)-1-Boc-4-aminopyrrolidine-2-carboxylate (1.07 g, 4.38 mmol) obtained
in Preparation 3 was reacted according to the same procedure as Step A of
Example 16 to give the title compound (0.84 g, 57 %). [766] MS[M+H] = 341
(M+1) [767]  [768] Step B: Methyl (2 S ,4 R)-1-B0C-4-1( cis
-4-methylcyclohexyl)f(2 S  )-tetrahydrofuran-2-ylcarbonyll amino1
pyrrolidine-2-c arboxylate  [769] Methyl
(2S,4R)-1-B0C-4-11(cis-4-methylcyclohexyl)aminolpyrrolidine-2-carboxylate
(0.84 g, 2.49 mmol) obtained in Step A was reacted according to the same
procedure as Step A of Example 3 to give the title compound (0.92 g, 87 %).
[770] MS[M+H] = 439 (M+1) [771]  [772] Step C: (4 R)-1-B0C-4-f ( cis
-4-methylcyclohexyl)f(2 S  )-tetrahydrofuran-2-ylcarbonyll amino
I-L-proline  [773] Methyl (2S,4R)-1-B OC-4- { (cis-4-methylcyclohexyl)[(2S
)-tetrahydrofuran-2-ylcarbonyllaminolpyrrolidine-2-carboxylate (0.92 g,
2.10 mmol) obtained in Step B was reacted according to the same procedure
as Step C of Example 1 to give the title compound (0.85 g, 95 %). 



[774] MS[M+H] = 425 (M+1) [775]  [776] Step D: (2 S ,4 R )-1-B0C-4-1( cis
-4-methylcyclohexyl)f(2 S
)-tetrahydrofuran-2-ylcarbonyllamino1-2-1-(4-methylpiperazin-1-yl)carbonyll
pyrrolidin  e [777] (4R)-1-B OC-4- {
(cis-4-methylcyclohexyl)11(2S)-tetrahydrofuran-2-ylc arbonyl] amino I
-L-proline (0.85 g, 2.00 mmol) obtained in Step C was reacted according to
the same procedure as Step D of Example 1 to give the title compound (0.95
g, 94 %). [778] MS[M+H] = 507 (M+1) [779]  [780] Step E: (2 S)- N-( cis
-4-methylcyclohexyl)- N -1(3 R .5S
)-5-1-(4-methylpiperazin-1-yDcarbonyllpyrrolidin-3-y11tetrahydrofuran-2-car
boxamide  [781] (2S,4R)-1-B0C-4-{
(cis-4-methylcyclohexyl)11(2S)-tetrahydrofuran-2-ylcarbonyllami no
1-2-[(4-methylpiperazin-l-yl)carbonyllpyrrolidine (0.95 g, 1.87 mmol)
obtained in Step D was reacted according to the same procedure as Step E of
Example 1 to give the title compound (0.76 g, 99.8 %). 117821MS[M+H] = 407
(M+1)  WO 2010/056022PCT/KR2009/006568 62 [783]  [784] Step F: (2 S )- N
-1(3 R ,5 S )44 {(3 S ,4 R )-1- tert -
buty1-4-(4-chlorophenyl)pyrrolidin-3-yllcarbony11-5-{(4-methylpiperazin-1-y
1)carbony 11pyrrolidin-3-y11- N -( cis
-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide TFA  salt [785]
(2S)-N-(cis-4-methylcyclohexyl)-N-
(3R,5S)-5-11(4-methylpiperazin-1-yl)carbonyllpy
rrolidin-3-ylltetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in
Step E and (3S,4R)-1-t-buty1-4-(4-chlorophenyl)pyrrolidine-3-carboxylic
acid obtained in Preparation 12 were reacted according to the same
procedure as Step F of Example 1 to give the title compound (1.10 g, 88 %).
[786] MS[M+H] = 670 (M+1) [787] 'H NMR (500 MHz, DMSO-d6, 140C) 6 7.37-7.29
(m, 4H), 5.06-4.98 (br, 1H), 4.52-4.47 (m, 1H), 4.32-3.40 (m, 12H),
3.36-3.26 (m, 2H), 3.20-3.07 (m, 5H), 2.80 (s, 3H), 2.59-2.48 (m, 1H),
2.08-1.98 (m, 1H), 1.98-1.90 (m, 1H), 1.90-1.74 (m, 6H), 1.61-1.46 (m, 4H),
1.39 (s, 9H), 1.44-1.24 (m, 3H), 0.94 (d, 3H) [788]  [789] The compounds of
the Examples synthesized by the procedure of Reaction Scheme B are as
follows: [790]  [791] Example 77: (2 S )-N-{(3 S ,5 S )-1-{{(3 S ,4 R
)-1-tert-butyl-4-(4-chlorophenyppyrrolidin-3-ylicarbonyll-5-[(4-methylpiper
azinl-ypcarbonyl]pyrrolidin-3-yll-N-(2,4-difluorophenyptetrahydrofuran-2-ca
rboxa mide TFA salt [792] TFA salt of 0'I \ 0N N- [793]  [794] Step A: (2 S
,4 S )-1-Boc-4-azidopyrrolidine-2-carboxylic acid 



[795] Methyl (2S,4S)-1-Boc-4-azidopyrrolidine-2-carboxylate (10 g, 37 mmol)
obtained in Step D of Preparation 1 was dissolved in Me0H (100 mL) and
water (100 mL). LiOH (2.5 g, 111 mmol) was added thereto. The reaction
solution was stirred for 3 hours at room temperature, concentrated in vacuo
and acidified with 1N HC1. The solution was  WO
2010/056022PCT/KR2009/006568 63 extracted with Et0Ac. The extracted organic
solution was washed with brine, dried over MgSO4 and concentrated in vacuo
to give the title compound (9.5 g, 95 %). [796] MS[M+H] = 257 (M+1) [797]
[798] Step B: (2 S ,4 S
)-1-Boc-4-azido-2-[(4-methylpiperazin-l-y1)carbonyflpyrrolidine  [799]
(2S,4S)-1-Boc-4-azidopyrrolidine-2-carboxylic acid (9.5 g, 35 mmol)
obtained in Step A was dissolved in DMF (30 mL). After DIPEA (1.15 mL, 6.70
mmol) was added thereto, 1-methylpiperazine (5.81 mL, 52.5mmol), HOBT (7 g,
52.5 mmol) and EDC (10.2 g, 52.5 mmol) were added thereto, in turn. The
reaction solution was stirred for 12 hours at room temperature and
concentrated in vacuo. The residue was diluted with Et0Ac and washed with
saturated NaHCO3 aqueous solution, water and 1N HC1. The extracted organic
solution was dried over Mg504 and concentrated in vacuo. The residue was
purified by column chromatography (eluent: MC/Me0H = 10/1) to give the
title compound (11.67 g, 93 %). [800] MS[M+H] = 339 (M+1) [801]  [802] Step
C: (2 S .4 S
)-1-Boc-4-amino-2-1-(4-methylpiperazin-1-y1)carbonyllpyrrolidine  [803]
(2S,4S)-1-Boc-4-azido-2-11(4-methylpiperazin-1-yl)carbonyllpyrrolidine
(11.67 g, 34.48 mmol) obtained in Step B was dissolved in THF (30 mL).
Trimethyl phosphine (3.40 mL, 38.37 mmol) was added dropwise thereto at 0-5
C. The reaction solution was stirred for 2 hours at room temperature,
concentrated in vacuo and basified with saturated NaHCO3 aqueous solution.
The solution was extracted with Et0Ac two times and concentrated in vacuo
to give the title compound in oil form (10.61 g, 98.5 %). [804] MS[M+H] =
313 (M+1) [805]  [806] Step D: (2 S ,4 S
)-1-Boc-4-[(2,4-difluorophenyflaminol-2-[(4-methylpiperazin-1-y1)carbonyflp
yrrolidin  e [807]
(2S,4S)-1-Boc-4-amino-2-11(4-methylpiperazin-1-yl)carbonyllpyrrolidine
(10.61 g, 33.96 mmol) obtained in Step C was dissolved in toluene (100 mL).
Sodium t-butoxide (3.73 g, 38.81 mmol), 2-(di-t-butylphosphino)biphenyl
(863 mg, 2.89 mmol), Tris(dibenzylideneacetone)-dipalladium(0) (1.73 g,
1.93 mmol) and 1-bromo-2,4-difluorobenzene (7.48 g, 38.81 mmol) were added
thereto and the reaction solution was stirred for 10 hours at 110 C. After
the reaction was completed, solid like material was filtered using the
Cellite from the reaction solution. The reaction solution was diluted with
Et0Ac and washed with water. The extracted organic solution was dried over
Mg504, concentrated in vacuo and purified by column chromatography (eluent:
MC:Me0H = 10/1) to give the title compound (11.24 g, 78  WO
2010/056022PCT/KR2009/006568 64 %). [808] MS[M+H] = 425 (M+1) [809]  [810]
Step E: (2 S ,4 S )-1-Boc-4-{(2,4-difluoropheny1){(2 S
)-tetrahydrofuran-2-ylcarbonyllamino1-2-{(4-methylpiperazin-1-yflcarbonyllp
yrrolidin e [811]
(2S,4S)-1-Boc-4-11(2,4-difluorophenyl)amino]-2-11(4-methylpiperazin-1-y1)ca
rbonyllp yrrolidine (11.24 g, 26.48 mmol) obtained in Step D was reacted
according to the same procedure as in the Step A of Example 3 to give the
title compound (11.76 g, 85 %). [812] MS[M+H] = 523 (M+1) [813]  



[814] Step F: (2 S )-N-(2.4-difluoropheny1)-N- {(3 S .5 S
)-5-{(4-methylpiperazin-1-yDcarbonyllpyrrolidin-3-ylltetahydrofuran-2-carbo
xamide  [815] (2S,4S)-1-Boc-4-{
(2,4-difluorophenyl)R2S)-tetrahydrofuran-2-ylcarbonyllamino1-2-
[(4-methylpiperazin-1-yl)carbonyllpyrrolidine (11.76 g, 22.50 mmol)
obtained in Step E was reacted according to the same procedure as in the
Step E of Example 1 to give the title compound (9.49 g, 99.8 %). [816]
MS[M+H] = 423 (M+1) [817]  [818] Step G: (2 5 -N-f[(3 S .5 5 )-1-{[(3 S .4
R
)-1-tert-buty1-4-(4-chlorophenyflpyrrolidin-3-yllcarbony11-5-{(4-methylpipe
razin-l-y1)
carbonyllpyrrolidin-3-y11-N-(2,4-difluorophenyfltetrahydrofuran-2-carboxami
de TFA  salt [819] (2S)-N-(2,4-difluoropheny1)-N- {
(3S,5S)-5-11(4-methylpiperazin-1-yl)carbonyllpyrroli
din-3-ylltetrahydrofuran-2-carboxamide (9.49 g, 22.46 mmol) obtained in
Step F was reacted according to the same procedure as in the Step F of
Example 1 to give the title compound (13.10 g, 85 %). [820] MS[M+H] = 686
(M+1) [821] 'H NMR (500 MHz, DMSO-d6, 140C) 6 7.41-7.28 (m, 5H), 7.27-7.21
(m, 1H), 7.13-7.07 (m, 1H), 4.79-4.71 (br, 1H), 4.57-4.45 (br, 1H),
4.06-4.00 (m, 1H), 3.82-3.67 (m, 5H), 3.67-3.50 (m, 7H), 3.39-3.17 (m, 3H),
2.91-2.72 (m, 3H), 2.59 (s, 3H), 1.96-1.89 (m, 1H), 1.89-1.80 (m, 1H),
1.80-1.66 (m, 2H), 1.59-1.47 (m, 1H), 1.37 (s, 9H), 1.35-1.23 (m, 1H) [822]
[823] Examples 78-84 [824] Compounds of Preparations 1-23 were reacted
according to the same procedure as Example 77 to give compounds of
following Examples.  WO 2010/056022PCT/KR2009/006568 65 oN- R3 / 0 \R5 //
-F   R2-   Example R2' 



R3 R5 MS (M+1) 78 4-C1 H i-Pr 644 79 4-C1 Me i-Pr 658 80 4-C1 Me t-Bu 672
81 4-C1 H t-Bu 658 82 2,4-diF Me 



t-Bu 674 83 4-C1 Me ,'__ oJ 682 84 2,4-diF Me ,'__ oi/ 684  [826] Example
82 (TFA salt) [827] 'H NMR (500 MHz, DMSO-d6, 140C) 6 7.63-7.50 (m, 1H),
7.41-7.32 (m, 1H), 7.28-7.18 (m, 1H), 7.15-6.98 (m, 3H), 4.77-4.66 (br,
1H), 4.54-4.40 (br, 1H), 4.01-3.89 (m, 1H), 3.82-3.53 (m, 8H), 3.40-3.26
(m, 2H), 3.17-2.97 (m, 4H), 2.74 (s, 3H), 2.48-2.32 (m, 1H), 1.53-1.21 (m,
2H), 1.37 (s, 9H), 0.95 (s, 9H) [828]  [829] Example 83 (TFA salt) [830] 'H
NMR (500 MHz, DMSO-d6, 140C) 6 7.48-7.44 (m, 1H), 7.43-7.30 (m, 5H),
7.26-7.18 (m, 1H), 7.13-7.05 (m, 1H), 6.38-6.34 (m, 1H), 6.30-6.25 (m, 1H),
4.86-4.75 (br, 1H), 4.71-4.59 (br, 1H), 3.88-3.50 (m, 8H), 3.41-3.20 (m,
3H), 3.11-2.92 (m, 4H), 2.71 (s, 3H), 2.62-2.46 (m, 1H), 1.73-1.63 (m, 1H),
1.44-1.32 (m, 1H), 1.38 (s, 9H) [831]  [832] Physiological activity of the
compounds of the present invention was assessed by measuring agonistic
activity as well as binding activity for melanocortin receptors (MCR)
according to methods A and B explained as follows. [833]  [834] A.
Luciferase assay [835] As one of the methods to measure MCR agonistic
activity of the compound according to the present invention, the expression
level of a marker gene (for example, luciferase) which increases
proportionally according to the increase of cAMP content in the cell, was
measured.  WO 2010/056022PCT/KR2009/006568 



66 [836]  [837] First, permanent expression HEK (Human Embryonic Kidney)
cell lines (HEK MC1R-Luc, MC3R-Luc, MC4R-Luc or MC5R-Luc) expressing the
MCR gene of each subtype together with luciferase gene (CRE-LUC) under the
control of CRE (cAMP Response Element) were constructed. The above cell
lines were incubated in an incubator with 6% CO2 atmosphere at 37C using
selection medium, DMEM(Dulbecco's Modified Eagles Medium) containing 10%
heat-inactivated fetal bovine serum (Gibco/BRL), 100 unit/me, penicillin
(Gibco/BRL), 100 unit/me streptomycin (Gibco/BRL), and 200pg/me geneticin
(G418) (Gibco/BRL). When the cell covered 70% of total surface of the
culture dish with 100mm diameter, the culture dish was rinsed one time with
10m1 Phosphate Buffered Saline(PBS) free of Ca ++ and Mg, and then 3m1 PBS
solution containing 0.05% trypsin and 0.53mM EDTA was added thereto. After
the trypsin/EDTA solution was removed, the cell lines were incubated in a
thermostatic incubator for 1 minute at 37C, and resuspended in 10m1
selection medium and centrifuged for 5 minutes at 1500 rpm. The supernatant
was discarded and the settled cells were resuspended in 5m1 selection
medium free of Phenol Red. The resulting cell-suspension was plated onto
each well of 96-well culture plates for Luminometer(Costar) with a
concentration of 5x104 cell in 100,0 culture medium for each well and
incubated in the incubator with 6% CO2 atmosphere at 37C for 18 hours. With
MCR agonists (Example compounds) diluted stepwise using the above culture
medium, the cells were treated under the condition of the final DMSO
concentration not exceeding 1%, and incubated for 5 hours in the atmosphere
of 6% CO2 at 37C. Then, 500 Bright-Glo (Promega) was added to each well.
After allowing the treated cells to be at room temperature for 15 minutes,
luminescence was measured for each well by using luminometer (Victor). The
level of luminescence induced by the stepwise-diluted agonist was converted
to relative % value to those by the treatment of 10 [iM NDP-MSH. The EC50
indicates the concentration of each agonist for inducing 50% of maximal
luminescence by each agonist and this value was measured by a statistical
software (Prizm). [838]  [839] B. cAMP accumulation assay [840] As another
method to measure MCR agonistic activity of the compound according to the
present invention, an increase of cAMP amount in the cell was measured.
[841]  [842] First, permanent expression HEK (Human Embryonic Kidney) cell
lines (HEK MC1R-Luc, MC3R-Luc, MC4R-Luc or MC5R-Luc) expressing the MCR
gene of each subtype were plated onto each well of 24-well culture plates
for Luminometer(Costar) with a concentration of 2x105 cell in lml culture
medium for each well, and then  WO 2010/056022PCT/KR2009/006568 67
incubated in an incubator with 6% CO2 atmosphere at 37C for 24 hours. The
medium was removed from each well followed by rinsing with 0.5m1 cold DMEM
one time. With MCR agonists (Example compounds) diluted stepwise using
200,0 DMEM including 500 [iM IBMX (isobutylmethylxanthine), the cells were
treated under the condition of the final DMSO concentration not exceeding
1%, and incubated for 30 minutes in the atmosphere of 6% CO2 at 37C. Then,
the cAMP amount in each cell was measured using Amersham cAMP assay Kit
(TRK432). [843]  [844] More specifically, 14.4,0 of 6M PCA (60%) was added
to each well, and allowed to be in ice for 10 minutes, and 200,0 sample was
taken from each well and transferred to microcentrifuge tube. 110 of 5M
KOH/1M Tris was added thereto for neutralization and centrifuged at
12,000rpm for 1 minute. 500 of supernatant was taken and 500 of 3I-1
labeled cAMP (0.9pmol, 0.025 [iCi) and 100,0 binding protein was added
thereto, and shaken for 5 seconds. After allowing the treated sample to be
in ice for 2 hours, 100,0 charcoal was added thereto and centrifuged for 3
minutes at 4C under 12,000rpm. 200,0 of supernatant was taken and
transferred to scintillation vial. 5me scintillant was added to the vial
and radioactivity was measured. The amount of c-AMP induced by the
stepwise-diluted agonist was converted to relative % value to those by the
treatment of 10 [iM NDP-MSH. EC50 indicates the concentration of each
agonist for inducing 50% of maximal c-AMP amount by each agonist and this
value was measured by a statistical software (Prizm). [845]  [846] As a
result of measurement according to the above explained methods, the example
compounds according to the present invention showed agonistic activity to
each MCR. In particular, the compounds according to the present invention
showed excellent agonistic activity to MC4R with the EC50 values from
0.0001 [iM to 0.1 ['M. Specifically, the compounds of Examples 1, 2, 3, 4,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 26, 



30, 32, 34, 35, 36, 37, 38, 39, 41, 43, 45, 49, 50, 52, 53, 54, 58, 59, 60,
65, 66, 68, 69, 72, 73, 78, 80, 81 and 82 of the present invention showed
an EC50 value in the range of 0.1-10 nM; those of Examples 5, 6, 7, 31, 33,
42, 44, 46, 47, 48, 51, 55, 56, 57, 62, 63, 64, 74, 77, 79 and 83 showed an
EC50value in the range of 10-100 nM; those of Examples 27, 28, 29, 70, 76
and 84 showed an EC50value in the range of 100-1000 nM; and those of
Examples 67, 71 and 75 showed an EC50 value in the range of 1000-10000 nM.
[847]  [848] For example, the specific activities of representative
compounds are represented in the following table:  68 Examples EC50 (nM)
Examples 



EC50(nM) 1 10 26 6 2 6 32 4 3 3 41 3 4 0.2 43 10 16 0.4 45 8  WO
2010/056022PCT1KR20091006568 69 Claims [Claim 11A compound of the following
formula 1, (1) 



wherein 12' represents hydrogen, or represents C1-C10-alkyl,
C3-C7-cycloalkyl, C6  C10-aryl, heterocycle or heteroaryl, each of which is
unsubstituted or substituted with at least one substituent selected from
the group consisting of halogen, amino, C1-C4-alkyl, trifluoromethyl,
hydroxy, C1  C4-alkoxy, cyano and oxo; R2 represents phenyl or six-membered
heteroaryl, each of which is unsubstituted or mono- or di-substituted with
substituent(s) selected from the group consisting of halogen, hydroxy,
C1-C4-alkyl, C1-C4-alkoxy, cyano and amino; R3 represents hydrogen, or
represents C1-C6-alkyl or C3-C7-cycloalkyl, each of which is unsubstituted
or substituted with substituent(s) selected from the group consisting of
halogen, methyl, trifluoromethyl, hydroxy and amino; R4 represents
C4-C7-cycloalkyl or monocyclic heterocycle, each of which is unsubstituted
or mono- or poly-substituted with substituent(s) selected from the group
consisting of halogen, hydroxy, C1-C4-alkyl, trifluoromethyl, C1-C4-alkoxy
and oxo; or represents phenyl or six-membered heteroaryl, each of which is
unsubstituted or mono- or di-substituted with substituent(s) selected from
the group consisting of halogen, hydroxy, C1-C4-alkyl, trifluoromethyl,
C1-C4-alkoxy and amino; and 125 represents C1-C6-alkyl, difluoromethyl,
trifluoromethyl, C3-C8 - cycloalkyl, amino, C1-C4-alkylamino,
di(C1-C4-alkyl)amino, phenyl, monocyclic heteroaryl or monocyclic
heterocycle where alkyl is unsubstituted or substituted with at least one
substituent selected from the group consisting of fluoro, hydroxy,
mercapto, C1-C4 alkoxy, acetoxy, amino, acetylamino, cyano, carbamoyl,
dimethyl carbamoyl and oxo  WO 2010/056022PCT/KR2009/006568 70  and phenyl
or heteroaryl is unsubstituted or mono- or di-substituted with
substituent(s) selected from the group consisting of halogen, hydroxy,
methyl, trifluoromethyl, methoxy and amino, or pharmaceutically acceptable
salt or isomer thereof. The compound of formula 1 according to claim 1,
wherein 12' represents hydrogen, methyl, ethyl, trifluoroethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, cyclopropyl, cyclobutyl,
cyclopentyl or cylcohexyl; or represents phenyl, oxazolinyl, imidazolinyl,
thiazolinyl, tetrahydropyranyl, tetrahydrothiopyranyl, imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, triazolyl, pyridinyl, pyrimidinyl,
piperidinyl or piridazinyl, each of which is unsubstituted or substituted
with substituent(s) selected from the group consisting of halogen, methyl,
cyano, oxo and hydroxy, or pharmaceutically acceptable salt or isomer
thereof. The compound of formula 1 according to claim 2, wherein 12'
represents isopropyl, tert-butyl or cyclopropyl; or represents phenyl,
tetrahydropyranyl, thiazolyl, pyridinyl, pyrimidinyl or pyridazinyl, each
of which is unsubstituted or substituted with substituent(s) selected from
the group consisting of halogen, methyl, cyano and hydroxy, or
pharmaceutically acceptable salt or isomer thereof. The compound of formula
1 according to claim 1, wherein R2 represents pheyl which is unsubstituted
or mono- or di-substituted with substituent(s) selected from the group
consisting of fluorine, chlorine, bromine, methoxy and methyl, or
pharmaceutically acceptable salt or isomer thereof. The compound of formula
1 according to claim 4, wherein R2 represents 4-chlorophey1 or
2,4-difluorophenyl, or pharmaceutically acceptable salt or isomer thereof.
The compound of formula 1 according to claim 1, wherein 123 represents
hydrogen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
cyclopropyl, cyclobutyl or cyclopentyl, or pharmaceutically acceptable salt
or isomer thereof. The compound of formula 1 according to claim 6, wherein
123 represents hydrogen, methyl, ethyl or isopropyl, or pharmaceutically
acceptable salt or isomer thereof. The compound of formula 1 according to
claim 1, wherein R4 represents cyclopentyl, cyclohexyl, cycloheptyl,
4-methylcyclohexyl, 4,4-dimethylcyclohexyl, 4-fluorocyclohexyl,
4,4-difluorocyclohexyl or  WO 2010/056022PCT/KR2009/006568 71
4-trifluoromethyl- cyclohexyl; or represents phenyl which is unsubstituted
or mono- or di-substituted with substituent(s) selected from the group
consisting of fluorine, chlorine, methyl and methoxy, or pharmaceutically
acceptable salt or isomer thereof. [Claim 9]The compound of formula 1
according to claim 8, wherein R4 represents cyclohexyl, 4-methylcyclohexyl,
4,4-dimethylcyclohexyl, 4,4-difluorocycicohexyl or 2,4-difluorophenyl, or
pharmaceutically acceptable salt or isomer thereof: 



[Claim 10]The compound of formula 1 according to claim 1, wherein R5
represents methyl, trifluoromethyl, hydroxymethyl, methoxymethyl,
ethoxymethyl, propyl, isopropyl, isobutyl, tert-butyl, -CH2CH2OH, -
CH(CH3)CH2OH, -C(CH3)2CH2OH, -C(CH3)(CH2OH)2, -C(CH3)2CH2 OMe,
-C(CH3)2CH20Et, phenyl, oxazolinyl, imidazolinyl, thiazolinyl,
tetrahydropyranyl, imidazolyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl,
furanyl, tetrahydrofuranyl, dihydrofuranyl, tetrahydropyranyl, pyridinyl or
piperidinyl, or pharmaceutically acceptable salt or isomer thereof. [Claim
11]The compound of formula 1 according to claim 10, wherein R5 represents
isopropyl, tert-butyl, -C(CH3)2CH2OH, furanyl or tetrahydrofuranyl, or
pharmaceutically acceptable salt or isomer thereof. [Claim 12]The compound
of formula 1 according to claim 1, wherein 12' represents isopropyl,
tert-butyl or cyclopropyl; or represents phenyl, tetrahydropyranyl,
thiazolyl, pyridinyl, pyrimidinyl or pyridazinyl, each of which is
unsubstituted or substituted with substituent(s) selected from the group
consisting of halogen, methyl, cyano and hydroxy; R2 represents
4-chlorophey1 or 2,4-difluorophey1; R3 represents hydrogen, methyl, ethyl
or isopropyl; R4 represents cyclohexyl, 4-methylcyclohexyl,
4,4-dimethylcyclohexyl, 4,4-difluorocyclohexyl or 2,4-difluorophenyl; and
R5 represents isopropyl, tert-butyl, -C(CH3)2CH2OH, furanyl or
tetrahydrofuranyl, or pharmaceutically acceptable salt or isomer thereof
[Claim 13]The compound of formula 1 according to claim 12 thereof which is
selected from the group consisting of the following: N- { (3 S ,5S)-1- {
[(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11 carbonyl 1-5-
11(4-methylpiperazin-1-yl)carbonyll pyrrolidin-3-y11-N- (4,4
-dimethylcyclohexyl)acetamide; N- [(3S,5S)- 1- {
R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3- yllcarbony11-5-
(piperazin-l-ylcarbonyl)pyrrolidin-3-yl] -N-(4,4-dimeth
ylcyclohexyl)acetamide;  WO 2010/056022PCT1KR20091006568 72 (2S)-N- { (3
S,5 S)-1- { R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll
carbonyl} -5- [(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N
(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; N- { (3 S,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
[(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11 -N-(4,4
dimethylcyclohexyl)-3-hydroxy-2,2-dimethylpropanamide; N- { (3 S,5 S)-1- {
[(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl
}-5- [(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N- (
4,4-dimethylcyclohexyl)acetamide; N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl }-5-
[(4-ethylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N- (4,
4-dimethylcyclohexyl)acetamide; N- { (3 S,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl }-5-
[(4-isopropylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11- N-
(4,4-dimethylcyclohexyl)acetamide; 



N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
[(4-ethylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N- (4,4-d
imethylcyclohexyl)acetamide; N- { (3 S,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
[(4-isopropylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N-(
4,4-dimethylcyclohexyl)acetamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
[(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11 -N-(4,4
dimethylcyclohexyl)-2,2-dimethylpropanamide; N- { (3 S,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl }-5-
[(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N- (
4,4-dimethylcyclohexyl)-2,2-dimethylpropanamide; (2S)-N- { (3 S,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin3-yll carbonyl} -5-
[(4-ethylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N- (
4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; (2S)-N- { (3 S,5
S)-1- { R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl}
-5- [(4-isopropylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11  N- (4
,4-dimethylcy clohexyl)tetrahy drofuran-2-carboxamide; (2S)-N- { (3 S,5
S)-1- { [(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrroli din-3-yll
carbonyl }-5- [(4-methylpiperazin- 1 -yl)carbonyllpyrrolidin-3-y1 } -N- (4
,4-dimethylcy clohexyl)tetrahy drofuran-2-carboxamide; N- { (3 S,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3- yl] carbonyl }-5-
[(4-methylpiperazin- 1 -yl)carbonyllpyrrolidin-3-y11-N- (  WO
2010/056022PCT1KR20091006568 73
4,4-dimethylcyclohexyl)-3-hydroxy-2,2-dimethylpropanamide; (2S)-N- { (3 S
,5 S)-1- { R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin3-yll carbonyl
1-5- [(4-methylpiperazin- 1 - yl)c arbonyl] pyrrolidin- 3 - yll -N
(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1 - 5 -
[(4-methylpiperazin- 1 - yl)carbonyl] pyrrolidin- 3 - yll -2,2-di
methyl-N-(cis-4-methylcyclohexyl)propanamide; N- { (3 S ,5 S)-1- {
[(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yll carbonyl
}-5- [(4-methylpiperazin- 1 - yl)c arbonyl] pyrrolidin- 3 - yll -2,2
dimethyl-N-(cis-4-methylcyclohexyl)propanamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1 - 5 -
[(4-methylpiperazin- 1 - yl)carbonyl] pyrrolidin- 3 - yll - 3 -hydr
oxy-2,2-dimethyl-N-(cis-4-methylcyclohexyl)propanamide; N- { (3 S ,5 S)-1-
{ [(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl
}-5- [(4-methylpiperazin- 1 - yl)c arbonyl] pyrrolidin- 3 - y11 - 3 -h
ydroxy-2,2-dimethyl-N-(cis-4-methylcyclohexyl)propanamide; (2S)-N- { (3 S
,5 S)-1- { [(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrroli din- 3 -
yl] carbonyl 1 -5 - [(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin- 3 -yl
1-N- (cis -4-methylcy clohexyl)tetrahy drofuran-2-carboxamide; (2S)-N- { (3
S ,5 S)-1- { R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin3-yll
carbonyl }-5- [(4-ethylpiperazin- 1 - yl)carbonyl] pyrrolidin-3 - y11 -N- (
cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; (2S)-N- { (3 S ,5
S)-1- { R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl
}-5- [(4-isopropylpiperazin- 1 - yl)c arbonyl] pyrrolidin- 3 - yll
N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; N- { (3 S ,5 S)-1-
{ [(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl
}-5- [(4-methylpiperazin- 1 - yl)c arbonyl] pyrrolidin- 3 - y11-N- (
cis-4-methylcyclohexyl)-3-furamide; 



(2R)-N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl }-5-
[(4-methylpiperazin- 1 - yl)c arbonyl] pyrrolidin- 3 - yll -N
(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1 - 5 -
[(4-methylpiperazin- 1 - yl)carbonyl] pyrrolidin- 3 - yll -N-(4,4
difluorocyclohexyl)-2,2-dimethylpropanamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl 1 - 5 -
[(4-methylpiperazin- 1 - yl)carbonyl] pyrrolidin- 3 - yll -N-(4,4
difluorocyclohexyl)acetamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll  WO
2010/056022PCT1KR20091006568 74 carbonyl 1-5- [(4-ethylpiperazin- 1 -yl)c
arbonyl] pyrrolidin-3-y11-N- (4,4-d ifluorocyclohexyl)acetamide; N- { (3
S,5 S)-1- { R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll
carbonyl }-5- [(4-is opropylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N-(
4,4-difluorocyclohexyl)acetamide; N- { (3 S,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl }-5-
[(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N-(
4,4-difluorocyclohexyl)-2,2-dimethylpropanamide; (2S)-N-{ (3 S,5 S)-1- {
[(3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl} -5-
[(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N
(4,4-difluorocyclohexyl)tetrahydrofuran-2-carboxamide; (2S)-N-{ (3 S,5R)-1-
{ R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrroli din-3-yll carbonyl
}-5- [(4-methylpiperazin- 1 -yl)carbonyllpyrrolidin-3-y1 1-N-
(4,4-dimethylcy clohexyl)tetrahy drofuran-2-carboxamide; N- { (3 S ,5R)-1-
{ [(3S,4R)- 1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yll carbonyl}
-5- [(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-2,2
dimethyl-N-(cis-4-methylcyclohexyl)propanamide; (2S)-N-{ (3 S,5R)-1- {
[(3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl} -5-
[(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N
(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; (2S)-N-{ (3 S,5R)-1-
{ [(3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl} -5-
[(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N 



(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; N- { (3 S,5R)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
[(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11 -3-hydr
oxy-2,2-dimethyl-N-(cis-4-methylcyclohexyl)propanamide; N- { (3 S ,5R)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
[(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11 -N-(cis4-methylcy
clohexyl)acetamide; N- { (3 S,5R)-1- {
R3S,4R)-1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl }-5-
[(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N- (
cis-4-methylcyclohexyl)acetamide; N- { (3 S ,5R)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
[(4-is opropylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N-(c
is-4-methylcyclohexyl)acetamide; (2R)-N-{ (3 S,5R)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin  3-yll carbonyl }-5-
[(4-methylpiperazin- 1 -yl)carbonyllpyrrolidin-3-y11 -
N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;  WO
2010/056022PCT1KR20091006568 75 (2S)-N- { (3S ,5 S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyra n-4-yl)pyrrolidin-3-yll
carbonyl 1 -5-}(4-methylpiperazin-l-yl)carbonyllp
yrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxam ide;
(2S)-N- { (3S,5S)-1- { R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidi
n-3-yll carbonyl 1 -5 - }(4-methylpiperazin- 1 -yl)carbonyll
pyrrolidin-3-y11 - N- (4,4-dimethylcyclohexyl)tetrahy
drofuran-2-carboxamide; (2S)-N- { (3S ,5 S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-(6-methylpyridazine -3-yl)pyrrolidin-3-yll
carbonyl } -5- }(4-methylpiperazin- 1 -yl)c arbonyl] py
rrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxami de;
(2S)-N- { (3S,5S)-1- { R3S,4R)-4-(2,4-difluoropheny1)-1-(6-chloropyridaz
ine-3-yl)pyrrolidin-3-yll carbonyl 1 -5 - }(4-methylpiperazin- 1 -yl)c
arbonyl
lpyrrolidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxa mide;
(2S)-N- { (3S,5S)-1- { R3S,4R)-4-(2,4-difluoropheny1)-1,6-dihydropyridaz
ine-3-ylpyrrolidin-3-yll carbonyl 1 -5 - }(4-methylpiperazin- 1
-yl)carbonyll
pyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxa mide;
(2S)-N- { (3S,5S)-1- { R3S,4R)-4-(4-chloropheny1)-1-phenylpyrrolidin-3- yll
carbonyl 1 -5 - }(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11 -N- (
cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; (2S)-N- { (3S,5S)-1-
{ R3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2H-p
yran-4-yl)pyrrolidin-3-yllcarbony11-5-}(4-isopropylpiperazin-1-yl)carb
onyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-car
boxamide; (2S)-N- { (3S,5S)-1- {
R3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2H-t
hiopyran-4-yl)pyrrolidin-3-yllcarbony11-5- }(4-isopropylpiperazin- 1-y1)
carbonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetrahydrofuran2-carbox
amide; N- { (3S ,5 S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-y
1)pyrrolidin-3-yllcarbony11-5-}(4-methylpiperazin-1-y1)carbonyllpyrrol
idin-3-y11-N-(4,4-dimethylcyclohexyl)-3-hydroxy-2,2-dimethylpropana mide;
N- { (3S,5S)-1- { R3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyran-4-y
1)pyrrolidin-3-yllcarbony11-5-}(4-methylpiperazin-1-y1)carbonyllpyrrol
idin-3-y11-N-(4,4-difluorocyclohexyl)-2,2-dimethylpropanamide; (2S)-N- {
(3S ,5 S)-1- { R3S,4R)-4-(4-chloropheny1)-1-(tetrahydro-2H-pyra WO
2010/056022PCT1KR20091006568 76 n-4-yl)pyrrolidin-3-yll carbonyl} -5-
{(4-methylpiperazin- 1 -yl)c arbonyll p
yrrolidin-3-y11-N-(4,4-difluorocyclohexyl)tetrahydrofuran-2-carboxami de;
(2S)-N- { (3S ,5R)-1- {
R3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2Hpyran-4-yl)pyrrolidin-3-yllc
arbonyl }-5- {(4-isopropylpiperazin- 1 -yl)car
bonyllpyrrolidin-3-y11-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-c
arboxamide; N- { (3S,5S)-1- {
R3S,4R)-4-(2,4-difluoropheny1)-1-(tetrahydro-2H-pyran
4-yl)pyrrolidin-3-yll carbonyl} -5- {(4-methylpiperazin- 1 -yl)c arbonyll
py rrolidin-3-y11-2,2-dimethyl-N-(cis-4-methylcyclohexyl)propanamide; N- {
(3S ,5R)-1- { R3S,4R)-4-(4-chloropheny1)- 1-(tetrahydro-2H-pyran-4-
yl)pyrrolidin-3-yll c arbonyl }-5- {(4-methylpiperazin- 1 -yl)carbonyll
pyrro lidin-3-y11-N-(4-methylcyclohexyl)acetamide; 



(2S)-N- { (3S,5R)-1-{ R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolid
in-3-yll carbonyl }-5- {(4-methylpiperazin- 1 -yl)carbonyll
pyrrolidin-3-y11  N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide;
(2S)-N- { (3S,5S)-1-{ R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidi
n-3-yll carbonyl }-5- {(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11
- N- (cis-4-methylcy clohexyl)tetrahydrofuran-2-carboxamide; (2S)-N- { (3S
,5R)-1- { R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolid in-3-yll
carbonyl }-5- {(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11  N-
(cis -4-methylcy clohexyl)tetrahy drofuran-2-carboxamide; N- { (3S,5S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3- yll carbonyl }-5-
{(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N- (
4,4-dimethylcyclohexyl)-3-hydroxy-2,2-dimethylpropanamide; N- { (3S,5S)-1-
{R3S,4R)-4-(4-chloropheny1)- 1 -cyclopropylpyrrolidin-3- yll carbonyl }-5-
{(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N-(
cis-4-methylcyclohexyl)-3-hydroxy-2,2-dimethylpropanamide; N- { (3S,5S)-1-{
R3S,4R)-1-cyclopropy1-4-(2,4-difluorophenyl)pyrrolidin  3-yll carbonyl }-5-
{(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11 - N- (cis-4-methylcy
clohexyl)-3-hydroxy -2,2-dimethylpropanamide; N- { (3S ,5 S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-cyclopropylpyrrolidin-3- yll carbonyl 1-5-
{(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11-N- (
4,4-difluorocyclohexyl)-3-hydroxy-2,2-dimethylpropanamide; N- { (3S,5R)-1-{
R3S,4R)-4-(4-chloropheny1)-1-isopropylpyrrolidin-3-yll carbonyl }-5-
{(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin-3-y11
-N-(cis4-methylcyclohexyl)acetamide; N- { (3S ,5 S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-(6-methylpyridazine-3-y1 WO
2010/056022PCT1KR20091006568 77
)pyrrolidin-3-yllcarbony11-5-11(4-methylpiperazin-1-yl)carbonyllpyrroli
din-3-y11-N-(4,4-dimethylcyclohexyl)-2,2-dimethylpropanamide; N- {
(3S,5S)-1- { R3S,4R)-4-(4-chloropheny1)-1-pyridine-2-ylpyrrolidin-3  yl]
carbonyl }-5- 11(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N- (
4,4-dimethylcyclohexyl)-2,2-dimethylpropanamide; (2S)-N- { (3S,5S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-pyridine-2-ylpyrroli din-3-yll carbonyl 1 -5 -
11(4-methylpiperazin- 1 -yl)carbonyllpyrrolidin-3-y1 1-N- (4
,4-dimethylcyclohexyl)tetrahy drofuran-2-carboxamide; (2S)-N- { (3S,5S)-1-
{ R3S,4R)-4-(2,4-difluoropheny1)-1,6-dihydropyridaz
ine-3-ylpyrrolidin-3-yll carbonyl 1 -5 - 11(4-methylpiperazin- 1
-yl)carbonyll
pyrrolidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxa mide;
N- { (3S,5S)-1- { R3S,4R)-4-(4-chloropheny1)-1-pyrimidine-2-ylpyrrolidi
n-3-yll carbonyl 1 -5 - 11(4-methylpiperazin- 1
-yl)carbonyllpyrrolidin-3-y11 - N-
(4,4-dimethylcyclohexyl)-2,2-dimethylpropanamide; (2S)-N- { (3S,5S)-1- {
R3S,4R)-4-(2,4-difluoropheny1)-1-pyridine-2-ylpyr
rolidin-3-yllcarbony11-5-11(4-methylpiperazin-
1-yl)carbonyllpyrrolidin3-y11 -N- (cis-4-methylcy clohexyl)tetrahy
drofuran-2-carboxamide; (2S)-N- { (3S,5S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-(5-cyanopyridine-2-
yl)pyrrolidin-3-yllcarbony11-5-11(4-methylpiperazin-1-yl)carbonyllpyrro
lidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; N- {
(3S,5S)-1- { R3S,4R)-4- (4-chloropheny1)- 1- (1,3-thiazole-2-yl)pyrroli
din-3-yll carbonyl 1 -5 - 11(4-methylpiperazin- 1
-yl)carbonyllpyrrolidin-3-y1 } -N- (4
,4-dimethylcyclohexyl)-2,2-dimethylprop anamide; (2S)-N- { (3S,5S)-1- {
R3S,4R)-4-(4-chloropheny1)- 1- (2-methylphenyl)py rrolidin-3-yll carbonyl 1
-5 - 11(4-methylpiperazin- 1 -yl)carbonyll pyrrolidin  3-y11 -N- (cis
-4-methylcy clohexyl)tetrahydrofuran-2-carboxamide; (2S)-N- { (3S ,5 S)-1-
{R 3S,4R)-4- (4-chloropheny1)- 1-(1-methy1-6-oxo- 1,6
dihydropyridazine-3-yl)pyrrolidin-3-yllcarbony11-5-R4-methylpiperaz in-
1-yl)carbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydr
ofuran-2-carboxamide; (2S)-N- { (3S,5S)-1- {
R3S,4R)-4-(4-chloropheny1)-1-(6-oxo-1,6-dihydrop
yridazine-3-yl)pyrrolidin-3-yllcarbony11-5-11(4-methylpiperazin-1-yl)ca
rbonyllpyrrolidin-3-y11-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-c
arboxamide; (2S)-N- { (3S,5S)-1- {
R3R,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl }-5-
11(4-methylpiperazin- 1 -yl)c arbonyl] pyrrolidin-3-y11-N
(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;  WO
2010/056022PCT1KR20091006568 78 



(2S)-N- { (3 S ,5 S)-1- {
R3S,4S)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin3-yll carbonyl 1-5-
11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-3-y11-N
(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; (2S)-N- {(3R,5S)-1-{
[(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl }-5-
11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-3-y11-N
(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; (2S)-N- { (3 S ,5
S)-1- { R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin- 3-yll carbonyl
}-5- 11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-3-y11-N
(2,4-difluorophenyl)tetrahydrofuran-2-carboxamide; N- [(3S,5S)- 1- {
[(3S,4R)- 1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11
carbony11-5-(piperazin-l-ylcarbonyl)pyrrolidin-3-yll -N-(2,4-difluoroph
eny1)-2-methylpropanamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
11(4-methylpiperazin-1-yl)carbonyll pyrrolidin-3-y11-N- (2,4
difluoropheny1)-2-methylpropanamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
11(4-methylpiperazin-1-yl)carbonyll pyrrolidin-3-y11-N- (2,4
difluoropheny1)-2,2-dimethylpropanamide; N- [(3S,5S)- 1- { [(3S,4R)-
1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-y11
carbony11-5-(piperazin-l-ylcarbonyl)pyrrolidin-3-yll -N-(2,4-difluoroph
eny1)-2,2-dimethylpropanamide; N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl }-5-
11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-3-y11-N- (
2,4-difluoropheny1)-2,2-dimethylpropanamide; N- { (3 S ,5 S)-1- {
R3S,4R)-1-tert-buty1-4-(4-chlorophenyl)pyrrolidin-3-yll carbonyl }-5-
11(4-methylpiperazin-1-yl)carbonyll pyrrolidin-3-y11-N- (2,4
difluoropheny1)-2-furamide; and N- { (3 S ,5 S)-1- { [(3S,4R)-
1-tert-buty1-4-(2,4-difluorophenyl)pyrrolidin-3  yl] carbonyl }-5-
11(4-methylpiperazin-1-yl)c arbonyl] pyrrolidin-3-y11-N- (
2,4-difluoropheny1)-2-furamide, or pharmaceutically acceptable salt or
isomer [Claim 141An agonistic composition to melanocortin receptor
comprising the compound of formula 1 as defined in claim 1, or
pharmaceutically acceptable salt or isomer thereof as an active ingredient,
together with pharmaceutically acceptable carrier. [Claim 151The
composition according to claim 14 for prevention and treatment of obesity.
[Claim 161The composition according to claim 14 for prevention and
treatment of  WO 2010/056022PCT1KR20091006568 



79 diabetes. [Claim 171The composition according to claim 14 for prevention
and treatment of inflammation. [Claim 181The composition according to claim
14 for prevention and treatment of erectile dysfunction. 




