
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: [3] wherein Rl, R2, R3,
R4 and R5 are as defined below. [4] [5] The present invention also relates
to a process for preparing a compound of the above formula 1. [6] [7] 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, in flammation and erectile dysfunction. [8]
Background Art [9] Five 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 physi ological functions. Melanocortin 1
receptor (MClR) 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. [10][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 MClR, 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 in flammation. 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,
75, 171, Bioorg. Med. Chem. Lett. 2005, 75, 3430, Bioorg. Med. Chem. Lett.
2005, 75, 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 smallmolecule MCR agonists for patents (WO
02/059095, WO 02/059107, WO 02/0591 17, 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
MClR selective small molecule agonists show antiinflammation 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,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 ad ministered 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 pharma ceutically 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 in flammation. [33] Best Mode for Carrying out the
Invention [34] The present invention provides a compound of the following
formula 1, or pharma ceutically acceptable salt or isomer thereof: [35][36]
[37] wherein [38] R1 represents hydrogen, or represents Ci-CiO-alkyl,
C3-C7-cycloalkyl, C6-Ci0-aryl, heterocycle or heteroaryl, each of which is
unsubstituted or substituted with at least one substituent selected from
the group consisting of halogen, amino, Ci-C4-alkyl, trifluoromethyl,
hydroxy, Ci-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, Ci-C4-alkyl, d-C 4-alkoxy, cyano and amino; [41] [42] R3
represents hydrogen, or represents d-C 6-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 unsub stituted or mono- or poly-substituted with substituents
selected from the group consisting of halogen, hydroxy, Ci-C4-alkyl,
trifluoromethyl, Ci-C4-alkoxy and oxo; or represents phenyl or six-membered
heteroaryl, each of which is unsubstituted or monoor di-substituted with
substituents selected from the group consisting of halogen, hydroxy,
Ci-C4-alkyl, trifluoromethyl, Ci-C4-alkoxy and amino; and [45] [46] R5
represents Ci-C6-alkyl, difluoromethyl, trifluoromethyl, C3-C8-cycloalkyl,
amino, Ci-C4-alkylamino, di(Ci-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, Ci-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.[47] [48] In the definitions of
substituents 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) R1
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, R1 represents isopropyl, tert-butyl or cyclopropyl; or
represents phenyl, tetrahydropyranyl, thiazolyl, pyridinyl, pyrimidinyl or
pyridazinyl, each of which isunsubstituted 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-chloropheyl 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-difluorocyclcohexyl or 2,4-difluorophenyl, [65] [66] v) R5 represents
methyl, trifluoromethyl, hydroxymethyl, methoxymethyl, ethoxymethyl,
propyl, isopropyl, isobutyl, tert-butyl, -CH2CH2OH, -CH(CH3)CH2OH,
-C(CHs)2CH2OH, -C(CH3)(CH2OH)2, -C(CH3)2CH2OMe, -C(CH3)2CH2OEt, phenyl,
oxazolinyl, imidazolinyl, thiazolinyl, tetrahydropyranyl, imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, triazolyl, furanyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahy dropyranyl, 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] R1 represents isopropyl, tert-butyl or cyclopropyl; or represents
phenyl, tetrahy dropyranyl, thiazolyl, pyridinyl, pyrimidinyl or
pyridazinyl, each of which is unsub stituted or substituted with
substituent(s) selected from the group consisting of halogen, methyl, cyano
and hydroxy, [70] R2 represents 4-chloropheyl 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 [73] R5 represents
isopropyl, tert-butyl, -C(CH3)2CH2OH, furanyl or tetrahydrofuranyl.[74]
[75] The representative compounds of formula 1 according to the present
invention include the following listed compounds: [76] N-{ (35,55)- 1-{
[(35,4 )- l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
L^4,4-dimethylcyclohexyl)acetami de; [77] -[(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-(piperazin-l-ylcarbonyl)pyrrolidin-3-yl]-
-(4,4-dimethylcyclohexyl)acetamide; [78] (2S)- -{(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-
[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)tet rahydrofuran-2-carboxamide; [79] N-{
(35,55)- 1-{ [(35,4R)-
l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dimethylcyclohexyl)-3-hydr oxy-2,2-dimethylpropanamide; [80] N-{
(35,55)- 1-{ [(35,4R)-
l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)aceta mide; [81] N-{ (35,55)- 1-{ [(35,4R)-
l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-ethylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(4,4-dimethylcyclohexyl)acetam ide; [82] N-{ (35,55)- 1-{ [(35,4R)-
l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-isopropylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)ac etamide; [83] -{(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-ethylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dimethylcyclohexyl)acetamide [84] N-{ (35,55)- 1-{ [(35,4R)-
l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-isopropylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dimethylcyclohexyl)aceta mide; [85] -{(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dimethylcyclohexyl)-2,2-di methylpropanamide; [86] N-{ (35,55)- 1-{
[(35,4R)- l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(4,4-dimethylcyclohexyl)-2,2- dimethylpropanamide; [87] (25)-N-{ (35,55)-
1-{ [(35,4R)- l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-
[(4-ethylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)tetra hydrofuran-2-carboxamide;[88] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbo
nyl }-5- [(4-isopropylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)t etrahydrofuran-2-carboxamide; [89] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]c
arbo nyl }-5-[(4-methylpiperazin- 1-yl)carbonyl] pyrrolidin-
3-yl}-N-(4,4-dimethylcyclohexyl) tetrahydrofuran-2-carboxamide; [90] N-{
(35,55)- 1-{ [(35,4 )-
l-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)-3-h ydroxy-2,2-dimethylpropanamide; [91]
(2S)- -{(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-
[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(c/5-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide ; [92] N-{ (35,55)-
1-{ [(35,4R)- l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-2,2-dimethyl-
L/-(c/5-4-methylcyclo hexyl)propanamide; [93] N-{ (35,55)- 1-{ [(35,4R)-
l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-2,2-dimethyl-/V-(ds-4-methylcyc lohexyl)propanamide ; [94] N-{ (35,55)-
1-{ [(35,4R)- l-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-3-hydroxy-2,2-dimethyl-
-(c -4-m 



ethylcyclohexyl)propanamide; [95] N-{ (35,55)- 1-{ [(35,4R)-
l-te^butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-3-hydroxy-2,2-dimethyl-/V-(ds-4 -methylcyclohexyl)propanamide; [96] (2S)-
-{(3S,5S)-l-{[(3S,4
)-l-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbo
nyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(c/5-4-methylcyclohexyl) tetrahydrofuran-2-carboxamide; [97] (2S)-
-{(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-
[(4-ethylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(c/5-4-methylcyclohexyl)tetra hydrofuran-2-carboxamide; [98] (2S)-
-{(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-
[(4-isopropylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(ds-4-methylcyclohexyl)t etrahydrofuran-2-carboxamide; [99] N-{
(35,55)- 1-{ [(35,4R)-
l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}-
5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-L/-(c/5-4-methylcyclohexyl)-3-fu ramide; [100] (2 )- -{(3S,5S)-l-{[(3S,4
)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-
[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(ds-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide ; [101] N-{
(35,55)- 1-{ [(35,4 )- l
-tert-butyl-4-(4-chlorophenyl)pyrroUdin-3-yl]carbonyl}-5-[
(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-difluorocyclohexyl)-2,2-dim ethylpropanamide; [102] N-{ (35,55)- 1-{
[(35,4R)- l -tert-butyl-4-(4-chlorophenyl)pyrroUdin-3-yl]carbonyl}-5-[
(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-difluorocyclohexyl)acetamid e; [103] N-{ (35,55)- 1-{ [(35,4R)- l
-tert-butyl-4-(4-chlorophenyl)pyrroUdin-3-yl]carbonyl}-5-[
(4-ethylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
L/-(4,4-difluorocyclohexyl)acetamide; [104] N-{ (35,55)- 1-{ [(35,4R)- l
-tert-butyl-4-(4-chlorophenyl)pyrroUdin-3-yl]carbonyl}-5-[
(4-isopropylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-difluorocyclohexyl)aceta mide; [105] N-{ (35,55)- 1-{ [(35,4R)- l
-tert-butyl-4-(2,4-difluorophenyl)pyrrlidin-3-yl]carbonyl}-
5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-L/-(4,4-difluorocyclohexyl)-2,2-d imethylpropanamide; [106] (25)-
-{(35,55)-l-{[(35,4 R)-l- tert-butyl-4-(4-chlorophenyl)py
pOlidin-3-yl]carbonyl }-5-[(4-methylpiperazin-
1-yl)carbonyl]pyrrolidin-3-yl }-iV-(4,4-difluorocyclohexyl)tetr
ahydrofuran-2-carboxamide ; [107] (25)-iV-{(35,5R)-l-{[(35,4 R)-l-
tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carb
onyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dimethylcyclohexy l)tetrahydrofuran-2-carboxamide; [108]
iV-{(35,5R)-l-{[(35,4 R)-l-
tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}
-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-2,2-dimethyl-
-(c/5-4-methylcy clohexyl)propanamide; [109] (25)- -{(35,5R)-l-{[(35,4
R)-l- tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl
}-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-iV-(4,4-dimethylcyclohexyl)tet rahydrofuran-2-carboxamide; [110]
(25)-iV-{(35,5R)-l-{[(35,4 R)-l-
tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl
}-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(c/5-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide ; [111]
-{(35,5R)-l-{[(35,4 R)-l-
tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-3-hydroxy-2,2-dimethyl-
-(c/5-4-m ethylcyclohexyl)propanamide; [112] iV-{(35,5R)-l-{[(35,4 R)-l-
tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(c/5-4-methylcyclohexyl)acetami de; [113] -{(35,5R)-l-{[(35,4 R)-l-
tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl}
-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-iV-(ds-4-methylcyclohexyl)acetamide; [114] iV-{(35,5 )-l-{[(35,4
)-l-tert-butyl-4-(4-chlorophenyl)pynolidin-3-yl]carbonyl}-5-[
(4-isopropylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}- -(c
-4-methylcyclohexyl)aceta mide; [115] (2R)-N- {(3S,5
R)-l-{[(3S,4/?)-l-ter?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl
}-5- [(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(ds-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide ; [116] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(tetrahydro-2H-pyran-4-yl)pyrro
li din-3-yl]carbonyl }-5- [(4-methylpiperazin-
1-yl)carbonyl]pyrrolidin-3-yl }-/V-(4,4-dimet
hylcyclohexyl)tetrahydrofuran-2-carboxamide; [117] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-cyclopropylpyrrolidin-3-yl]carb
on yl}-5-[(4-methylpiperazin- 1-yl)carbonyl] pyrrolidin-
3-yl}-N-(4,4-dimethylcyclohexyl)t etrahydrofuran-2-carboxamide; [118]
(2S)-N- {(35,55)- 1-{[(3S,4#)-4-(4-chlorophenyl)-
1-(6-methylpyridazine-3-yl)pyrrolid in-3-yl]carbonyl }-5-
[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-/V-(4,4-dimeth
ylcyclohexyl)tetrahydrofuran-2-carboxamide; [119] (2S)-N- {(35,55)-l-{
[(3S,4/?J-4-(2,4-difluorophenyl)-l-(6-chloropyridazine-3-yl)pyrr
olidin-3-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(c/5-4-m ethylcyclohexyl)tetrahydrofuran-2-carboxamide; [120] (2S)-N-
{(35,55)- 1-{[(35,4tf)-4-(2,4-difluorophenyl)-
1,6-dihydropyridazine-3-ylpyrro
lidin-3-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dim ethylcyclohexyl)tetrahydrofuran-2-carboxamide; [121] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-phenylpyrrolidin-3-yl]carbonyl}
- 5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-L/-(c/5-4-methylcyclohexyl)tetra hydrofuran-2-carboxamide; [122] (2S)-N-
{(3S,5S)-l-{[(3S,4/?)-4-(2,4-difluorophenyl)-l-(tetrahydro-2
H-pyran-4-yl)pyr
rolidin-3-yl]carbonyl}-5-[(4-isopropylpiperazin-l-yl)carbonyl]pyrrolidin-3-
yl}- -(4,4- dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; [123] (2S)-N-
{(3S,5S)-l-{[(3S,4/?)-4-(2,4-difluorophenyl)-l-(tetrahydro-2
H-thiopyran-4-yl )pyrrolidin-3-yl]carbonyl }-5-[(4-isopropylpiperazin-
1-yl)carbonyl]pyrrolidin-3-yl }-N-(
4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; [124]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(tetrahydro-2
H-pyran-4-yl)pyrrolidin-3 



-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dimethylcy clohexyl)-3-hydroxy-2,2-dimethylpropanamide; [125]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(tetrahydro-2
H-pyran-4-yl)pyrrolidin-3
-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-difluorocyc lohexyl)-2,2-dimethylpropanamide; [126] (2S)-
-{(3S,5S)-l-{[(3S,4R)-4-(4-chlorophenyl)-l-(tetrahydro-2
H-pyran-4-yl)pyrrolidin-3-yl]carbonyl }-5- [(4-methylpiperazin-
1-yl)carbonyl]pyrrolidin-3-yl }-/V-(4,4-difluo
rocyclohexyl)tetrahydrofuran-2-carboxamide; [127] (2S)- -{(3S,5
R)-l-{[(3S,4/?)-4-(2,4-difluorophenyl)-l-(tetrahydro-2 H-pyran-4-yl)pyr
rolidin-3-yl]carbonyl}-5-[(4-isopropylpiperazin-l-yl)carbonyl]pyrrolidin-3-
yl}- -(4,4- dimethylcyclohexyl)tetrahydrofuran-2-carboxamide; [128]
-{(3S,5S)-l-{[(3S,4/?)-4-(2,4-difluorophenyl)-l-(tetrahydro-2
H-pyran-4-yl)pyrrolid in-3-yl]carbonyl }-5- [(4-methylpiperazin-
1-yl)carbonyl]pyrrolidin-3-yl }-2,2-dimethyl- -(c
-4-methylcyclohexyl)propanamide; [129] -{(3S,5
R)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(tetrahydro-2 H-pyran-4-yl)pyrrolidin-
3-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4-methylcycl ohexyl) acetamide ; [130] (2S)- -{(3S,5
R)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-cyclopropylpyrrolidin-3-yl]carbo nyl
}-5-[(4-methylpiperazin- 1-yl)carbonyl] pyrrolidin-
3-yl}-N-(4,4-dimethylcyclohexyl) tetrahydrofuran-2-carboxamide; [131] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-cyclopropylpyrrolidin-3-yl]carb
on yl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(cJ5-4-methylcyclohexyl)t etrahydrofuran-2-carboxamide; [132] (2S)-
-{(3S,5
R)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-cyclopropylpyrrolidin-3-yl]carbo
nyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(cJ5-4-methylcyclohexyl) tetrahydrofuran-2-carboxamide; [133]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-cyclopropylpyrrolidin-3-yl]carb
onyl}- 5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)-3-h ydroxy-2,2-dimethylpropanamide; [134]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-cyclopropylpyrrolidin-3-yl]carb
onyl}- 5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(cJ5-4-methylcyclohexyl)-3-hy droxy-2,2-dimethylpropanamide; [135]
-{(3S,5S)-l-{[(3S,4/?)-l-cyclopropyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]
carbony l}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(cJ5-4-methylcyclohexyl)-3 -hydroxy-2,2-dimethylpropanamide; [136]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-cyclopropylpyrrolidin-3-yl]carb
onyl}- 5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-difluorocyclohexyl)-3-hy droxy-2,2-dimethylpropanamide; [137]
-{(3S,5
R)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-isopropylpyrrolidin-3-yl]carbonyl}-5-[
(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}- -(c
-4-methylcyclohexyl)acetami de; [138]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(6-methylpyridazine-3-yl)pyrrol
idin-3- yl]carbonyl }-5- [(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyc lohexyl)-2,2-dimethylpropanamide;[139]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-pyridine-2-ylpyrrolidin-3-yl]ca
rbonyl} -5- [(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(4,4-dimethylcyclohexyl)-2,2 -dimethylpropanamide; [140] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-pyridine-2-ylpyrrolidin-3-yl]ca
rbo nyl }-5-[(4-methylpiperazin- 1-yl)carbonyl] pyrrolidin-
3-yl}-N-(4,4-dimethylcyclohexyl) tetrahydrofuran-2-carboxamide; [141]
(2S)-N- {(35,55)-l-{[(35,4
)-4-(2,4-difluorophenyl)-l,6-dihydropyridazine-3-ylpypo
lidin-3-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(cJ5-4-me thylcyclohexyl)tetrahydrofuran-2-carboxamide; [142]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-pyrimidine-2-ylpyrrolidin-3-yl]
carbon yl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(4,4-dimethylcyclohexyl)- 2,2-dimethylpropanamide; [143] (2S)-N-
{(3S,5S)-l-{[(3S,4
)-4-(2,4-difluorophenyl)-l-pyridine-2-ylpyrrolidin-3-yl]c arbonyl
}-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-/V-(
-4-methylcycloh exyl)tetrahydrofuran-2-carboxamide; [144] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(5-cyanopyridine-2-yl)pyrrolidi
n- 3-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]pyrrolidin-3-yl}-
-(cJ5-4-methylc yclohexyl)tetrahydrofuran-2-carboxamide; [145]
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(l,3-thiazole-2-yl)pyrrolidin-3
-yl]carb onyl }-5-[(4-methylpiperazin- 1-yl)carbonyl] pyrrolidin-
3-yl}-N-(4,4-dimethylcyclohexy l)-2,2-dimethylpropanamide; [146] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(2-methylphenyl)pyrrolidin-3-yl
]c arbonyl }-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-/V-(d
-4-methylcycloh exyl)tetrahydrofuran-2-carboxamide; [147] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-4-(4-chlorophenyl)-l-(l-methyl-6-oxo-l,6-dihydropyri
d
azine-3-yl)pyrrolidin-3-yl]carbonyl}-5-[(4-methylpiperazin-l-yl)carbonyl]py
rrolidin-3 -yl}- -(c -4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;
[148] (2S)-N- {(35,55)- 1-{[(3S,4#)-4-(4-chlorophenyl)- 1-(6-oxo-
1,6-dihydropyridazine-3-y l)pyrrolidin-3-yl]carbonyl
}-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-N-(ci
5-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide; [149] (2S)-N- {(35,55)-
1-{[(3R,4R)- 1-te>t-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-
[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(ds-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide ; [150] (2S)-
-{(3S,5S)-l-{[(3S,4S)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbon
yl }-5- [(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(ds-4-methylcyclohexyl)tetr ahydrofuran-2-carboxamide ; [151] (2S)-
-{(3
,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl
}-5- [(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(cJ5-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide ; [152] (2S)-
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbo
nyl }-5- [(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-/V-(2,4-difluorophenyl)tetrahyd rofuran-2-carboxamide; [153]
-[(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbo
nyl}-5-( piperazin-l-ylcarbonyl)pyrrolidin-3-yl]-
-(2,4-difluorophenyl)-2-methylpropanamide; [154]
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbo
nyl}-5-[ 



(4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(2,4-difluorophenyl)-2-methylpro panamide; [155]
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbo
nyl}-5-[ (4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(2,4-difluorophenyl)-2,2-dimethy lpropanamide; [156]
-[(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbo
nyl}-5-( piperazin-l-ylcarbonyl)pyrrolidin-3-yl]-
-(2,4-difluorophenyl)-2,2-dimethylpropanam ide; [157]
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]c
arbonyl}- 5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-
-(2,4-difluorophenyl)-2,2-dime thylpropanamide; [158]
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbo
nyl}-5-[ (4-methylpiperazin- l-yl)carbonyl]pyrrolidin-3-yl}-
-(2,4-difluorophenyl)-2-furamide; and [159]
-{(3S,5S)-l-{[(3S,4/?)-l-?er?-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]c
arbonyl}- 5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-./V-(2,4-difluorophenyl)-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. [162][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] [172] wherein R1, R2, R3, R4 and R5 are the
same as defined above. [173] [174] Additioi nalb , the r>resent invention
provides a process for pr 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 1' ; and deprotecting the compound of formula 1' : [175][180] [181]
wherein [182] R1 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 Ci-CiO-alkyl,
C3-C7-cycloalkyl or heterocycle including oxo- substituent or ii) coupling
with arylhalide or heteroaryl halide: [187][190] wherein [191] R1
represents Ci-Cio-alkyl, C3-C7-cycloalkyl, C6-Ci0-aryl, heterocycle or
heteroaryl which is unsubstituted or substituted with at least one
substituent selected from the group consisting of halogen, amino,
Ci-C4-alkyl, trifluoromethyl, hydroxy, Ci-C4 - alkoxy, cyano and oxo, and
[192] R2, R3, R4, R5 and P are the same as defined above. [193] [194] 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.
[195] [196] Deprotection reaction for amino groups can be carried out in
the presence of strong acid such as hydrochloric acid(HCl), 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. [197] [198] Additionally, known
coupling agents useful in coupling reaction are, but not limited to,
carboiimides such as dicyclohexylcarbodiimide(DCC),
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide(EDC),l,l'-dicarbonyldiimidazo
le(CDI), etc. in combination with l-hydroxybenzotriazole(HOBT) or
l-hydroxy-7-azabenzotriazole(HOAT); or bis-
(2-oxo-3-oxazolidinyl)-phosphinic acid chloride(B OP-Cl),
diphenylphosphorylazide (DPPA), N- [dimethylamino- IH-
1,2,3-triazol[4,5-b]pyridine- 1-ylmethylene] -N-methylmethanamin 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 ac ceptable salt or isomer thereof as an
active ingredient, along with pharmaceutically ac ceptable 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 in dividual 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 NaCl solution. Sterilized fixed oil is also used
conventionally assolvent 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, lu bricants 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)2O: 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] CuSO4-5H2O:copper (II)
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 [239] DMSO:
dimethylsulfoxide[240] EDC: l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride [241] Et: ethyl [242] EtOAc: ethyl acetate [243] Et2O:
diethyl ether [244] HCl: hydrochloric acid [245] H2O2: hydrogen peroxide
[246] Hex: normal hexane [247] HOBT: hydroxybenzotriazole [248] HBTU:
2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethyluronium hexafluorophosphate
[249] i-Pr: isopropyl [250] i-Bu: isobutyl [251] K2CO3: potassium carbonate
[252] LHMDS: lithium bis(trimethylsilyl) amide [253] LiBH4: lithium
borohydride [254] LiCl: lithium chloride [255] LiOH: lithium hydroxide
[256] Me: methyl [257] MeOH 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] NaIO4: sodium
metaperiodinate [264] NaOtBu: sodium t-butoxide [265] NaOH: sodium
hydroxide [266] NaN3: sodium azide [267] OsO4: 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 proceduresTitle Induction furnace for melting of metals, lining
for an induction furnace and method for production of such lining.
Technical Field The present invention relates to an induction furnace for
melting of metals, particularly silicon, and more particularly to a lining
for such furnace. Technical background By melting of metals in induction
furnaces most metals have such hich electrical conductivity that they
connect inductively in solid state. For melting of such metals in induction
furnaces the electrical properties of the lining in the induction furnace
is not important and the lining can be made from electric isolating
materials. Metals having a low electrical conductivity when they are in
solid state, such as silicon and germanium, will however not connect
inductively when they are in solid state. In order to start the melting
process it must be used a suscector which is inserted into the furnace at
the start of the melting process of solid silicon or the lining must be
made from an electrically conductive material that connects inductively,
such as graphite. When using graphite as lining the melting will take place
indirectly as the graphite lining will be heated by induction and where the
metal is heated by heat radiation from the graphite lining. As graphite
also has a higher electrical conductivity than molten silicon, the heat
transfer during the whole melting period, also when part of the silicon is
in molten state, will be based on inductive heating of the graphite lining.
This has disadvantages as the graphite lining during the whole melting
period will be the hottest part of the induction furnace. This requires a
very comprehensive cooling of the graphite lining causing high heat losses.
Further the graphite lining, the induction coil and the cooling system for
the lining will be subjected to high thermal stress. By the present
invention it is provided an induction furnace for metals having a low
electric conductivity, particularly silicon, where the lining is heated by
induction at the start of melting of solid metal, while the main part of
theheating when at least a part of the metal has melted, is done by
inductive connection to the molten metal and not to the lining. It is
further provided a lining for an induction furnace where the electrical
conductivity of the lining can be tailormade during the production of the
lining in such a way that the electrical conductivity of the lining is
adjusted according to the metal that shall be melted in the induction
furnace. Description of the invention The present invention thus relates to
an induction furnace for melting of metals that do not connect inductively
in solid state, said induction furnace having a lining comprising of a
mixture of graphite and silicon carbide and has an electric conductivity
higher than the electrical conductivity of the metal to be melted when
metal is in solid state, but lower than the electrical conductivity of the
metal to be melted when the metal is in molten state. The lining preferably
comprises 80-20 % by weight at graphite and 20-80 % by weight of silicon
carbide and more preferably the lining comprises 70-30 % by weight of
graphite and 30-70 % by weight of silicon carbide. The electrical
condictivity of the lining can be tailormade to an electrical conductivity
relative to the electrical conductivity for the metal to be melted by
regulating the content of silicon carbide in the lining, as the electrical
conductivity in the lining will be reduced with increasing content of
silicon carbide. The present invention further relates to a lining for use
in induction furnaces for melting of metals which do not connect
inductivity in solid state, which lining has a higher electrical
conductivity than the metal to be melted when the metal is in solid state,
but lower than the electrical conductivity for the metal to be melted when
the metal is in molten state. The lining preferably contains 80-20 % by
weight of graphite and 20-80 % by weight of silicon carbide and more
preferably the lining contains 30-70 % by weight of graphite and 70-30 % by
weight of silicon carbide.The lining can be in the form of a
self-sustaining crucible that can be exchanged very easiliy. When using the
induction furnace according to the present invention for melting of metals
having a low electrical conductivity which do not connect inductively in
solid state, such as silicon, the lining in the induction furnace at the
start of a melting cycle when the furnace at the start is filled with solid
metal, will connect inductively and thereby be heated. The solid metal in
the furnace will thereby be heated by radiation from the lining. When part
of the metal has melted the molten metal which has a far higher electrical
conductivity than the solid metal, will connect inductively and the heat
energy will be supplied directly to the molten metal. Thus the lining will
only be subjected to very high temperature at the start of each melting
cycle. A far 



better energy utilization will thereby be achieved as the heat energy is
transferred directly to the molten metal in the furnace and consequently
the heat stress on the lining will be substanially reduced. The need for
cooling of the lining and of other parts of the furnace will thus also be
reduced. This results in a substantially increased lifetime of the lining.
The lining according to the present invention further has the advantage
that it can be made from very clean materials. The present invention
further relates to a method for making a lining for induction furnaces
where the electrical conductivity for the lining can be adjusted to fit the
metal that is to be melted in the furnace, which method is being
characterized in that a mixture of graphite particles, silicon carbide
particles and a carbon-based binder is formed to a lining whereafter the
formed lining is cured and baked at a temperature above 11000C where the
electrical conductivity of the lining is adjusted by adjusting the ratio
between the graphite particles and the silicon carbide particles.
Preferably the mixture comprises 20-80 % by weight of graphite particles
and 80-20 % by weight of silicon carbide particles and carbon-based binder
in anamount of 10-25 % based on the weight of the mixture of graphite
particles silicon carbide particles. More preferably the mixture comprises
30-70 % by weight of graphite particles and 70-30 % by weight of silicon
carbide and a carbon-based binder in an amount of 11-18 % based on the
weight of the mixture of graphite particles and silicon carbide particles.
The carbon-based binder is selected among natural resins, synthetic resins
such as fenol formaldehyd resin, furfuryl alcohol or tar-based binders such
as petroleum coke pitch or tar pitch. When a synthetic or natural harpiks
is used a binder, a curing agent selected among hexamine and organic or
inorganic acids are preferably added to the binder. When the carbon-based
binder is added to the mixture of graphite particles and silicon carbide
particles this will provide a good strength at low temperatures. During
heating and baking the binder will carbonize and form a solid carbon. In
addition the use of carbon-based binder results in a more dense lining
which prevents penetration of molten metal into the lining. It is further
preferred to add silicon particles to the mixture of graphite particles,
silicon carbide particles and carbon-based binder in an amount sufficient
for the carbon that forms during carbonization of the binder to react to
SiC. Short description of the Drawing Figure 1 shows a vertical cut through
an induction furnace according to the invention. Detailed description of
Invention In Figure 1 there is shown an embodiment of the induction furnace
according to the present invention, comprising an insulating lining 1 which
on the outsidehas an induction coil 2 embedded in a refractory material 3.
The insulation lining 1 can consist of a refractory material that does not
react with carbon, such as AI2O3. On the inside of the insulation lining 1
it is arranged a lining 4 according to the invention comprising a mixture
of graphite, silicon carbide, carbon-based binder and optionally silicon
particles. An inner steel form part 5 is used when tamping the lining 4 .
The lining is cured at a temperature between 150 and 6000C and is baked at
a temperature above 11000C. The curing temperature is dependent on the type
of carbon-based binder that is used. The amount of silicon carbide is
adjusted to obtain an electrical conductivity that one wants in the lining.
Generally the amount of silicon carbide is adjusted in such a way that the
electrical conductivity of the baked lining 4 is higher than the electrical
conductivity of the metal that is to be melted in the induction furnace
when the metal is in solid state, but lower than the electrical
conductivity for the metal to be melted when the metal is in molten state.
The amount of silicon carbide in the baked lining 4 is between 20 and 80 %
by weight, and more preferred between 30 and 70 % by weight. Before start
up of a melting cycle the induction furnace is filled with solid metal.
When supplying electric energy to the coil 2 the lining 4 will connect
inductively, while the metal to be melted will not connect inductively. In
this first period of the melting cycle the lining 4 will therefore be
heated due to induction and heat will be transferred by heat radiation from
the lining to the solid metal. When the metal starts to melt the electrical
conductivity of the molten metal will be higher than the electrical
conductivity of the lining 4 . The molten metal will thereby connect
inductively and a part of the supplied energy will thereby be transferred
directly to the molten metal. When further amounts of metal melts, a larger
and larger part of the electrical energy supplied will be transferred
directly to the molten metal. The thermal stress on the lining 4 will thus
be substantially reduced during the remaining part of the melting
process.When the melting is finished the molten metal is poured from the
furnace, but in such a way that a pool of molten metal remains in the
induction furnace, for instance 25 %. Thus at the start of the next melting
cycle this pool of molten metal will connect inductively. Example
Production of lining A lining for a 75 kW induction furnace operating at a
frequency of 3000 Hz was produced as follows: On the inside of the
refracting layer 3 with the embedded coil 2 (Figure 1) an insulating
refractory layer 1 was cast. The insulting refractory layer 1 consisted of
96 % by weight of AI2O3, the remaining being impurities such as Siq 2, CaO
and FeO. The thickness of the insulating refractory layer 1 was 25 mm. On
the inside of the insulating refractory 1 it was tamped a lining 4
consisting of a powder mixture of 40 % by weight graphite powder, 49 % by
weight silicon carbide and 11 % by weight of silicon particles. To this
mixture it was added 14.3 % fenol formaldehyd 



resin binder based on the weight of the mixture of graphite particles,
silicon carbide particles and silicon particles. To the binder it was added
hexamin as a curing agent. The lining was thereafter cured and baked by
placing a susceptor in a form of a graphite cylinder in the center of the
furnace together with a thermocouple. The curing and baking of the lining 4
was done at a heating rate of maximum 1000C per hour to a temperature of
15000C. The lining 4 can alternatively be made separately outside the
induction furnace by tamping the lining 4 between outer and inner mould
parts. After tamping, the inner mould part is removed whereafter the lining
is cured. The outer mould part is thereafter removed and the cured lining
is placed in a suitable furnace or heating reactor where it is baked at
temperature of above 1100 C. The lining was tested for inductivity at
10000C. At start of the supply of electric energy to the induction coil 2
the furnace took maximum effect of 75kW at once. Thereafter solid silicon
was supplied to the furnace and melted. After melting and pouring of the
silicon from the furnace, the lining was allowed to be cooled to 2000C and
again tested for inductivity at maximum effect of 75 kW. The lining then
took 65 kW. The effect taken by the lining was thus reduced by 15 %. This
shows that during curing and baking of the lining the conductivity of the
lining is increased such that it connects inductively. Melting of silicon
Chunks of silicon was filled into the furnace and heated to 15500C. Melting
started when the supplied effect reached 45 kW. A total of 15 kg silicon
was melted in 55 minutes. A good movement of the molten bath was observed
which shows that a major part of the energy supplied was transferred
directly to the molten silicon.Claims 1. Induction furnace for melting of
metals that do not connect inductively in solid state, c h a r a c t e r i
z e d i n that induction furnace has a lining comprising a mixture of
graphite and silicon carbide and has an electric conductivity higher than
the electrical conductivity of the metal to be melted when metal is in
solid state, but lower than the electrical conductivity of the metal to be
melted when the metal is in molten state. 2. Inducting furnace according to
claim c h a r a c t e r i z e d i n that the lining comprises 80-20 % by
weight at graphite and 20-80 % by weight of silicon carbide. 3. Induction
furnace according to claim 2, c h a r a c t e r i z e d i n that the lining
comprises 70-30 % by weight of graphite and 30-70 % by weight of silicon
carbide. 4 . Lining for use in induction furnaces for melting of metals
which do not connect inductively in solid state, c h a r a c t e r i z e d
i n that lining comprises a mixture of graphite and silicon carbide and
that the lining has a higher electrical conductivity than the metal to be
melted when the metal is in solid state, but lower than the electrical
conductivity for the metal to be melted when the metal is in molten state.
5. Lining according to claim 4 , c h a r a c t e r i z e d i n that the
lining preferably contains 80-20 % by weight of graphite and 20-80 % by
weight of silicon carbide. 6 . Lining according to claim 5, c h a r a c t e
r i z e d i n that the lining contains 30-70 % by weight of graphite and
70-30 % by weight of silicon carbide. 7 . A method for making a lining for
induction furnaces where the electrical conductivity of the lining can be
adjusted to the electrical conductivity of themetal that is to be melted in
the furnace in such way that the lining has a higher electrical
conductivity than the metall when the metal is in solid state, but lower
electrical conductivity than the metal when the metal is in solid state, c
h a r a c t e r i z e d i n that a mixture of graphite particles, silicon
carbide particles and a carbon-based binder is formed to a lining
whereafter the formed lining is cured and baked at a temperature above 1100
C. 8. Method according to claim 7 , c h a r a c t e r i z e d i n that the
electrical conductivity of the lining is adjusted by regulating the ratio
between graphite particles and silicon carbide particles. 9. Method
according to claim 7 and 8, c h a r a c t e r i z e d i n that the mixture
comprises 20-80 % by weight of graphite particles and 80-20 % by weight of
silicon carbide particles and carbon-based binder in an amount of 10-25 %
based on the weight of the mixture of graphite particles and silicon
carbide particles. 10. Method according to claim 9, c h a r a c t e r i z e
d i n that the mixture contains 30-70 % by weight of graphite particles and
70-30 % by weight of silicon carbide particles and a carbon-based binder in
an amount of 11-18 % based on the weight of the mixture of graphite
particles and silicon carbide particles. 11. Method according to claim 7 ,
c h a r a c t e r i z e d i n that the carbon-based binder is selected
among natural resins, synthetic resins and tar-based binders. 12. Method
according to claim 11, c h a r a c t e r i z e d i n that the carbon-based
binder is selected among fenol formaldehyd resin and furfuryl alcohol. 13.
Method according to claim 12, c h a r a c t e r i z e d i n that a curing
agent is added.14. Method according to claim 12, c h a r a c t e r i z e d
i n that the curing agent is selected among hexamine and inorganic acids.
15. Method according to claim 11, c h a r a c t e r i z e d i n that the
binder is petroleum coke pitch or tar pitch. 16. Method according to claims
9-14, c h a r a c t e r i z e d i n that silicon particles is added to the
mixture of graphite particles, silicon carbide particles and carbon-based
binder in an amount sufficient for the carbon that forms during
carbonization of the binder to react to SiC. 


