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METHODS FOR PREVENTING AND TREATING

ALOPECIA INDUCED BY CHEMOTHERAPY OR RADIOTHERAPY

Alopecia is a common and distressing side effect of many chemotherapeutic agents.

In addition, alopecia also occurs as a side effect of radiotherapy. As patients embark on new

therapies, hair loss can induce a negative body image, alter interpersonal relationships, and often

cause patients to reject potentially curative therapy.

Several preventative methods have been proposed. Those methods include scalp

tourniquet, scalp hypothermia, or a combination of both, the rationale of which is to reduce the

blood circulation during chemotherapy or radiotherapy. However, none of those methods has

been shown to have a definite protective effect, although undesirable effects, such as headaches,

may arise.

More recently, Jimenez et al. (WO 93/00079), Lishko et al. 5,753,263), and

Davis et al. (WO 99/15500) have disclosed methods for preventing and treating chemotherapy

and radiotherapy-induced alopecia. However, the active agents disclosed in those applications

and patent are structurally distinct from the compounds of the present invention.

In spite of the research that has been done in the past, and further in view of the

limited success of currently available chemotherapy-induced alopecia treatments, there is a

long-felt yet unmet need in the art for an improved treatment for alopecia induced by

chemotherapy and radiotherapy.

Accordingly, it is an aspect of the present invention to provide a new method for the

treatment of alopecia induced by chemotherapy and radiotherapy.

The present invention provides a method for preventing or treating alopecia

induced by chemotherapy or radiotherapy which comprises administering to a mammalian

specie in need thereof a therapeutically effective amount of a compound of formulas I or II

R1
H

S N R3 S(O)m I
\Y0 "R nr NN

x" R2 114

H

(II)
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or enantiorners, diastereomers, solvates, and pharmaceutically acceptable salts thereof. As

used in formulas I and II, and throughout the specification, the symbols have the following

meanings:

R. is R6 COR7 CONH2 CONR 6R7 COOR6 or S02R 6

6 is alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, heterocycloalkylalkyl, aryl,

heteroaryl, arylalkyl or heteroarylalkyl;

R 7 is HI, alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, heterocycloalkylalkyl, aryl,

heteroaryl, arylalkyl. or heteroarylalkyl;

R,
I I 

A is Rs C C
I

R1 p i q

where p is 0, 1 or 2; and q is 1 or 2 but both p and q cannot be 2, or

R9  III
I I

R, C Y C

RIO~ R 1 2

where i and j are each independently 0 Or 1 but cannot both be 1, and Y is optionally
substituted alkene, alkyne, or any 2 adjacent carbon atoms of a cycloalkyl. or

cycloheteroalkyl ring of 3-7 atoms;

Rg is alkyl. with two or more carbon atoms, cycloalkyl, heterocycloalkyl, cycloalkylalkyl,

heterocycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl or R3

ER9 RIO, and R12 are each independently HI, alkyl, cycloalkyl, heterocycloalkyl,
cycloalkylalkyl, heterocycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl,

halo, or hydroxy, alkoxy, aminio, NR 14R 1 thio or alkylthio, provided that only one

hydroxy, alkoxy, amino, NR14R,5 thio or alkylthio group is bonded to any one

carbon atom;

Z R6
R13 is where Z is 0, NRISor S;

N R17

R16 and R17 are each independently H, alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl,
heterocycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, halo, hydroxy,
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alkoxy, alkylcarbonyloxy, carboxy, alkyloxycarbonyl, amlino, NR 9Rq_0 carbarnoyl,

ureido, tbio or alkylthio;

R145 R15 R185 R 19 d R 20 are each independently H, alkyl, cycloalkyl, heterocycloalkyl,

cycloalkylalkyl, heterocycloalkylalkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

R, and R2 are each independently hydrogen, fluorine or alkyl;

R3 is aryl or heteroaryl;

R4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl; or

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkyl-lieteroaryl, CO-heterocycloalkyl, CO-alkyl-heterocycloalkyl;

or

CONiH-alkyl, CONTI-cycloalkyl, CONIT-aryl, CON-H-allcyl-cycloalkyl,

CONH-alkyl-aiyl, CONII-leteroaryl, CONH-alkyl-heteroaiyl, CONH-

heterocycloalkyl, CONH-alkyl-heterocycloalkyl; or

COO.-alkyl, COO-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COO-heteroaryl, COO-alkyl-heteroaryl, COO-heterocycloalkyl, COO-.alkyl-

heterocycloalkyl; or

S0 2-cycloalkcyl, S0 2-aryl, S0 2-alkyl-cycloalkyl, S0 2-alkyl-aryl, SO 2

heteroaryl, S0 2-alkyl-hecteroaryl, S0 2-heterocycloalkyl, S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NH-alkyl, C(NCN)NH-cycloalkyl, C(NCN)NH-aryl, C(NCN)NTL-

alkyl-cycloalkyl, C(NCN)NI1-alky1-ary1, C(NCiN)NH-heteroaryl, C(NCN)NII-alkyl-

heteroaiyl, C(NCN)NH-heterocycloalkyl, C(NCN)NH-alkyl-heterocycloalkyl; or

C(NNO2)NH-alkyl, C(NNO2)NH-cycloalkyl, C(NNO2)NH-aryl,

C(NNO2)NH-alkyl-cycloalkyl, C(NNO2)NIH-alkyl-aryl, C(NNO2)NHI-heteroaryl,

C(NNO2)NH-alkyl-heteroaryl, C(NNO2)NIH-heterocycloalkyl, C(NNO2)NH-alkyl-

heterocycloalkyl; or

C(NII)NM-alkyl, C(NH)NH-cycloalkyl, C(NH)NH-aryl, C(NII)NH-alkyl-

cycloalkyl, C(NIT)NFI-alkyl-aryl, C(NII)NI{-heteroaryl, C(NII)NH-alkyl-heteroaryl,

C(NII)NII-heterocycloalkyl, C(NH)NH-alkyl-heterocycloalkyl; or

C(NII)NHCO-alkyl, C(NI{)NHCO-cycloalkyl, C(NIJ)NHCO-aryl,

C(NIH)NHCO-alkyl-cycloall, C(NII)NE{CO-alkyl-aryl, C(NH)NF{CO-heteroaryl,

C(NIT)NHCO-alkyl-heteroaryl, C(NH)NiHCO-heterocycloalkyl, C(NH)NHCO-

alkyl-heterocycloalkyl; or

C(N0R2 1)NII-alkyl, C(N0R 2,)MI-cycloalkyl, C(N0R 21)NH-aryl,

C(N0R 2,)NH-alkyl,-cycloalkyl, C(N0R 2 ,)NIH-alkyl-aryl, C(N0R 2 ,)NT{-heteroaryl,
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C(NOR21)NH-alkyl-heteroaryl,C(NOR 21)NH-heterocycloalkyl, C(NOR 2 )NH-alkyl-

heterocycloalkyl;

R5 is hydrogen or alkyl;

R21 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkcyl, heteroaryl, heteroarylalkyl,

heterocycloalkyl or heterocycloalkylalkyl;

m is an integer of 0 to 2; and

n is an integer of 1 to 3.

Advantageously, it has been found that the compounds of formulas I and II are useful

for preventing or treating alopecia induced by chemotherapy or radiotherapy (radiation

treatment).

The discussion of documents, acts, materials, devices, articles and the like is included in

this specification solely for the purpose of providing a context for the present invention. It is not

suggested or represented that any or all of these matters formed part of the prior art base or were

common general knowledge in the field relevant to the present invention as it existed in

Australia before the priority date of each claim of this application.

Throughout the description and the claims of this specification the word "comprise" and

variations of the word, such as "comprising" and "comprises" is not intended to exclude other

additives, components, integers or steps.

The present invention provides methods for preventing and treating alopecia induced by

chemotherapy or radiotherapy by administering to a mammalian specie, preferably a human, in

need thereof a therapeutically effective amount of a compound of formula I or II.

The formula I compounds and methods for their preparation are described in

W099/65884 and the formula II compounds and methods for their preparation are described in

WO 99/24416, both of which are incorporated herein by reference thereto. Alternatively,

compounds of formula II can be prepared by the processes discussed below.

Listed below are definitions of various terms used to describe the compounds of the

instant invention. These definitions apply to the terms as they are used throughout the

specification (unless they are otherwise limited in specific instances) either individually or as

part of a larger group.

As used herein, the phrase "compounds of the invention" means, collectively,

compounds falling within formulas I and II and pharmaceutically-acceptable salts, solvates, and

hydrates thereof. Methods of salt formation, solvation, and hydrate formation are well known in

the art. The invention also encompasses mixtures of stereoisomers of compounds of the

invention. Stereoisomers include, but are not limited to, enantiomers, diastereomers, and

racemates where the compound has one or more chiral centers. All stereoisomers of the

compounds of the instant invention are contemplated, either in admixture or in pure or

substantially pure form. The definition of the compounds according to the invention embraces

H:Erin6\78381_Sped.doc



all possible stereoisomers and their mixtures. It very particularly embraces the racemic forms

and the isolated optical isomers having the specified activity. The racemic forms can be

resolved by physical methods, such as, for example, fractional crystallization, separation or

crystallization of diastereomeric derivatives or separation by chiral column chromatography,

The individual optical isomers can be obtained from the racemates by conventional methods,

such as, for example, salt

H:\E rn\678381 Sped2.doc
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formation with an optically active acid followed by crystallization. All configurational

isomers of compounds of the present invention are contemplated, either in admixture or in

pure or substantially pure form. The definition of compounds of the present invention very

particularly embraces both cis and trans alkene isomers, as well as cis and trans

isomers of cycloalkyl or heterocycloalkyl rings.

In addition, salts of compounds of formulas I and II that are phannaceutically

unsuitable but useful in other respects, for example, for the isolation or purification of

compounds of formulas I or II, are also encompassed by the invention.

The compounds of the invention are defined herein by their chemical structures

and/or chemical names. Where a compound is referred to by both a chemical structure and

a chemical name, and the chemical structure and chemical name conflict, the chemical

structure is determinative of the compound's identity.

The phrase "pharmaceutically-acceptable salt(s)," as used herein includes, but is not

limited to, salts of acidic or basic groups that may be present in the compounds of the

invention. Examples of such pharmaceutically acceptable salts include, but are not limited

to, hydrochloride, hydrobromide, dihydrochloride, sulfate, trifluoroacetate, tartrate,

fumarate, succinate, maleate, citrate, methanesulfonate, bromate and iodate salts and

mixtures thereof. Also included are salts formed with other organic and inorganic acids

such as hydroxymethane sulfonic acid, acetic acid, benzenesulfonic acid, toluenesulfonic

acid and various others, nitrates, phosphates, borates, benzoates, ascorbates, salicylates,

and the like. In addition, pharmaceutically acceptable salts of compounds of formula I can

be formed with alkali metals, such as sodium, potassium and lithium; alkaline earth metals,

such as calcium and magnesium; organic bases, such as dicyclohexylamine, tributylamine,

and pyridines, and the like; and amino acids, such as arginine, lysine, and the like.

Salts of compounds of the invention encompass solvates, racemates, and all

stereoisomeric forms thereof, including enantiomers and diastereomers (for example, D-

tartrate and L-tartrate salts).

As used herein, the term "solvate" means a compound of the invention or a salt

thereof, that further includes a stoichiometric or non-stoichiometric amount of a solvent

bound by non-covalent intermolecular forces. Preferred solvents are volatile, non-toxic,

and/or acceptable for administration to humans in trace amounts. When the solvent is water

the solvate is termed a "hydrate".

It should be noted that any heteroatom with unsatisfied valances is assumed to have

the hydrogen atoms necessary to satisfy the valances.

Carboxylate anion refers to a negatively charged group -COO-.
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The term "alkyl" or "alk" refers to a monovalent alkane (hydrocarbon) derived

radical containing from 1 to 12 carbon atoms unless otherwise defined. An alkyl group is

an optionally substituted straight, branched or cyclic saturated hydrocarbon group. When

substituted, alkyl groups may be substituted with up to four substituent groups, R22 as

defined, at any available point of attachment. When the alkyl group is said to be substituted

with an alkyl group, this is used interchangeably with "branched alkyl group". Exemplary

unsubstituted such groups include methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,

isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl,

nonyl, decyl, undecyl, dodecyl, and the like. Exemplary R22 substituents may include, but

are not limited to, one or more of the following groups: halo (such as F, Cl, Br or I),

haloalkyl (such as CCl3 or CF3 alkoxy, alkylthio, hydroxy, carboxy (-COOH),

alkyloxycarbonyl, alkylcarbonyloxy, amino (-NH2 carbamoyl, urea, amidinyl or thiol 

SH). Alkyl groups as defined may also comprise one or more carbon to carbon double

bonds or one or more carbon to carbon triple bonds.

The term "alkenyl" refers to a hydrocarbon radical straight, branched or cyclic

containing from 2 to 12 carbon atoms and at least one carbon to carbon double bond.

The term "alkynyl" refers to a hydrocarbon radical straight, branched or cyclic

containing from 2 to 12 carbon atoms and at least one carbon to carbon triple bond.

Cycloalkyl is a specie of alkyl containing from 3 to 15 carbon atoms, without

alternating or resonating double bonds between carbon atoms. It may contain from 1 to 4

rings. Exemplary unsubstituted such groups include cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, adamantyl, etc. Exemplary substituents include one or more of the following

groups: halogen, alkyl, alkoxy, alkyl hydroxy, amino, nitro, cyano, thiol and/or alkylthio.

The terms "alkoxy" or "alkylthio", as used herein, denote an alkyl group as

described above bonded through-an oxygen linkage or a sulfur linkage 

respectively.

Sulfoxide and sulfone denote groups bonded by -SO- and -SO 2 linkages

respectively.

The term "alkoxycarbonyl", as used herein, denotes an alkoxy group bonded

through a carbonyl group.

The term "alkylcarbonyl" refers to an alkyl group bonded through a carbonyl group.

The term "alkylcarbonyloxy", as used herein, denotes an alkycarbonyl group that is

bonded through an oxygen linkage.

The term "arylalkyl", as used herein, denotes an aromatic ring bonded to an alkyl

group as described above.
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The term "aryl" refers to monocyclic or bicyclic aromatic rings, phenyl,

substituted phenyl and the like, as well as groups which are fused, napthyl,

phenanthrenyl and the like. An aryl group thus contains at least one ring having at least 6

atoms, with up to five such rings being present, containing up to 22 atoms therein, with

alternating (resonating) double bonds between adjacent carbon atoms or suitable

heteroatoms. Aryl groups may optionally be substituted with one or more groups including,

but not limited to, halogen, alkyl, alkoxy, hydroxy, carboxy, carbamoyl, alkyloxycarbonyl,

nitro, trifluoromethyl, amino, cycloalkyl, cyano, alkyl S(O)t (t 0, 1 or 2) or thiol.

The term "heteroaryl" refers to a monocyclic aromatic hydrocarbon group having 

or 6 ring atoms, or a bicyclic aromatic group having 8 to 10 atoms, containing at least one

heteroatom, 0, S, or N, in which a carbon or nitrogen atom is the point of attachment, and

in which one or two additional carbon atoms is optionally replaced by a heteroatom selected

from O or S, and in which 1 to 3 additional carbon atoms are optionally replaced by

nitrogen heteroatoms, said heteroaryl group being optionally substituted as described

herein. Exemplary heteroaryl groups include the folowing: thienyl, furyl, pyrrolyl, pyridyl,

imidazolyl, pyrrolidinyl, piperidinyl, thiazolyl, oxazolyl, triazolyl, pyrazolyl, isoxazolyl,

isothiazolyl, pyrazinyl, tetrazolyl, pyridazinyl, pyrimidinyl, triazinylazepinyl, indolyl,

isoindolyl, quinolinyl, isoquinolinyl, benzothiazolyl, benzoxazolyl, benzimidazolyl,

benzoxadiazolyl, benzofurazanyl and tetrahydropyranyl. Exemplary substituents include

one or more of the following: halogen, alkyl, alkoxy, hydroxy, carboxy, carbamoyl,

alkyloxycarbonyl, trifluoromethyl, cycloalkyl, nitro, cyano, amino, alkylS(0), (t 0, 1 or 2)

or thiol.

The term "heteroarylium" refers to heteroaryl groups bearing a quaternary nitrogen

atom and thus a positive charge.

The term "heterocycloalkyl" refers to a cycloalkyl group (nonaromatic) in which one

of the carbon atoms in the ring is replaced by a heteroatom selected from O, S or N, and in

which up to three additional carbon atoms may be replaced by said heteroatoms.

The term "quaternary nitrogen" refers to a tetravalent positively charged nitrogen

atom including, the possitively charged nitrogen in a tetraalkylammonium group 

tetramethylammonium, N-methylpyridinium), the positively charged nitrogen in protonated

ammonium species trimethylhydroammonium, N-hydropyridinium), the positively

charged nitrogen in amine N-oxides N-methyl-morpholine-N-oxide, pyridine-

N-oxide), and the positively charged nitrogen in an N-amino-ammonium group 

N-aminopyridinium).

The term "heteroatom" means 0, S or N, selected on an independent basis.

The term "halogen" or "halo" refers to chlorine, bromine, fluorine or iodine..

-7-



WO 01/80813 WO 0180813PCI/I SO 113818

Preferred formula I compounds are those wherein

R is R6 COR, or CONR6R7

R, is alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkcyl;

R 7 is H, alkcyl, aryl, heteroaryl, arylalkyl or heteroarylaUkyl;

R9 R11I IAis R, C C

A1 p K2q

where pisO, 1 or 2; and qis 1 or 2,or

R9  R1

R, C Y C
I I

KID 1  R1

where i and j are each independently 0 or 1 but cannot both be 1, and Y is optionally

substituted alkene, alkyne, or any two adjacent carbon atoms of a cycloalkyl ring;

R8 is alkyl with two or more carbon atoms, aryl, heteroaryl or R13

R9 Rio, RII and R 12 are each independently H or alkyl;

R13 is N: where Z isO0; and

R 16 and R1 are each independently H, alkyl or cycloalkyl.

More preferred formula I compounids are those wherein

R is COR7

R7 is H, alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

R R
3 0 Ais R. C19

p R q

where pis 0ori1; and qis 1, or
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R9

R8 C Y C
I I 

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene;

R8 is R13

R9 RIO, R, 1 and R,2 are each independently H or alkyl;

Z R1

R13 i 'SI where Zis0; and

N] R17

R, 6 and R17 are each independently H, alkyl or cycloalkyl.
A second group of more preferred compounds of fontnula. I are those wherein

R is COR 7

R7 is alk~yl, arylalkyl, heteroaryl or heteroarylalkyl;

R9  R1

A is C C
I I

R1 )p R,1a q

where pis 0or 1; and q is 1;

R9 RIO, R11 and R12 are each independently H or alkyl;
R, is R 13

z R16

R 1 3 s 'S where ZisO0;

N 1 R1 7,

R16 is alkyl or cycloalkyl; and

Ris H.

A third group of more preferred compounds of formula I are those wherein

R is COR7

R7 is ailkyl, arylalkyl, heteroaryl or heteroarylalcyl;
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R 1

A is RS C Y C
I

R, 0  R1

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene or alkyne;

Rs is R 13

R9 R10 R, 1 and R12 are each independently H or alkyl;

z R16

R13 is \where ZisO0;

N R17

R16 is alkyl or cycloalkyl; and
R, 7 isH.

A fourth group of more preferred compounds of formula I are those wherein
R is R6

R6 is alkyl, aryl, heteroaryl, arylalkyl or heteroarlalkyl;

R9 lA is R

R12)p q

where p is 0or 1; and qis 1, or

R9

C I
R8 C7 Y C1)

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene;

R, is R13

R9 R10 R, I and R12 are each independently H or alkyl;

Z R16

1 3 is where Z isO0; and

N R17

10 
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R 16 and R 17 are each independently H, alkyl or cycloalkyl.

A fifth group of more preferred formula I compounds are those wherein

R is R6

R 6 is alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

R 11
Ai RS I I

where pis 0or1; and qisl1;
R92 R10 R11 and R12 are each independently TI or alkyl;

R, is R 13

z R16

R13 is /where ZisO0;

N R17

RI, is alkyl or cycloalkyl; and

R17 is H.

A sixth group of more preferred compounds of formula I are those wherein
R is R6

R6 is alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

A is R8  C
I, 4 I

R10  R~ a1  j

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene or alkyne;

R8 is R13

R9 RIO, R11 and R, 2 are each independently H or alkyl;

z R16

R 13 is where 

N R17

R, 6 is ailkyl or cycloalkyl; and

R7is H.

-1I1 
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A seventh group of more preferred formula I compounds are those wherein

R is CONR 6R7

R6 is alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

R 7 is H, alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

Ri

A is R8  C C

R,0 p R q

where pis 0or1; and qis1, or

R 9  
R 1 1I I

II
R,0  -K12 

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene;

R8 is R13

R9 Rj0 R11 and R, 2 are each independently H or alkyl;

z R16

R 13s 'S where Zis0; and

N R17

R16 and R 17 are each independently H, alkyl or cycloalkyl.
An eighth group of more preferred compounds of fornula I are those wherein

R is CONR 6R7

R. is alkyl, arylalkyl, heteroaryl. or heteroarylalkyl;

R7 is H, alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

R /R
A is R, 1 C11

I 
CR10 p R.1 q

where pis 0or1; and qis 1;

R8 is R13

R9 Rjo, RI, and RI, are each independently H or alkyl;
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R1 3 is \Z where ZisO0;

N] R17

16 is alkyl or cycloalkyl; and

R17 is H.

A ninth group of more preferred compounds of formula I are those wherein

R is CONR6R7

R 6 is alkyl, arylalkyl, heteroaryl or heteroarylalkyl;
R 7 is H, alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

R9  R11
I IA is Ra C Y U

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene or alkyne;

R, is R 13

R9 Rj0 R11 and R 12 are each independently H or alkyl;
z R 16

R13s 'S where ZisO0;

N I R17

R16 is alkyl or cycloalkyl; and
R7is H.

Preferred compounds of formula I1 (designated herein as Grouip Ila) are those

wherein

R, and R 2 are each independently hydrogen or alkyl;

3 is L R2

N

where L is oxygen, sulfur or NR25

3S R 4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl; or

13 



WO 01/80813 WO 0180813PCI/I SO 113818

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkyl-heteroaryl, CO-heterocycloalkyl, CO-alkyl-heterocycloalkyl;

or

CONH-alkyl, CONIH-cycloalkyl, CONB-aryl, CONH-alkyl-cycloalkyl,

CONH-alkyl-aryl, CONII-heteroaryl, CONFI-alkyl-heteroaryl, CONH-

heterocycloalkyl, CONH-alkyl-heterocycloalkyl; or

COO-alkyl, COO-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COG-heteroaryl, COO-alkyl-heteroaryl, COO-heterocycloalkyl, COO-alkyl-

heterocycloalkyl; or

S02 -cycloalkyl, S09-aryl, SO,-alkyl-cycloalkyl, S 02-alkyl-aryl, S0,-

heteroaryl, S0 2-alkyl-heteroaryl, S0 2-heterocycloalkyl, S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NHI-alkyl, C(NCN)NI{-cycloalkyl, C(NCN)NII-aryl, C(NCN)NI{-

alkyl-cycloalkyl, C(NCN)NRI-alkyl-aryl, C(NCN)NIH-heteroaryl, C(NCN)NiH-alkyl-

heteroaryl, C(NCN)NH-heterocycloalkyl, C(NCN)NIT-alkyl-heterocycloalkyl; or

C(NNO2)NH-alkyl, C(NNO2)NEI-cycloalkyl, C(NNO2)NH-aryl,

C(NNO2)NI{-alkyt-cycloalkyl, C(NNO 2)NH-alkyl-aryl, C(NNO2)NII-heteroaryl,

C(NNO2)NH-alkyl-heteroaryl, C(NNO2)NIE-heterocycloalkyl, C(NNO2)INI-alkyl-

heterocycloalkyl; or

C(NII)NH-alkyl, C(NH)MI-cycloalkyl, C(NII)NH-aryl, C(NII)N+-alkyl-

cycloalkyl, C(NI{)NH-alkyl-aryl, C(NH)NH-heteroaryl, C(NTI)NII-alkyl-heteroaryl,

C(NIH)NIH-heterocycloalkyl, C(NH)NH-alkyl-heterocycloalkyl; or

C(NII)MICO-alkyl, C(NH)NHCO-cycloalkyl, C(NII)NI{CO-aryl,

C(NH)NIICO-alkyl-cyeloalkyl, C(NLI)NIICO-alkyl-aiyl, C(NH)NHCO-heteroaiyl,

C(NH)NHCO-alkyl-heteroaryl, C(NH)NHCO-hieterocycloalkcyl, C(NEI)NHCO-
alkyl-liete~rocycloalkyl; or

G(N0R 2 ,)NI{-alkyl, C(N0R 2,)NH-cycloalkyl, C(N0R 2 ,)NH-aryl,

C(N0R 2 ,)NH-alkyl-cycloalkyl, C(N0R 2 ,)NII-alkyl-aryl, C(N0R 2 ,)NH-heteroaryl,

C(N0R 2 ,)NII-alkyl-heteroaryl, C(N0R 2 ,)NH-heterocycloalkyl, C(N0R 2 ,)NH-alkyl-

heterocycloalkyl;

R 5 is hydrogen or alkyl;

R 21 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, hecterocycloalkyl or heterocycloalkylalkyl;

R 23 and R.4 are each independently hydrogen, alkyl, substituted alkcyl, cycloalkyl, aryl,

substituted aryl, cycloalkylalkyl, arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkcyl;
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k-,5 is hydrogen, alkyl, cycloalkyl, aryl, alkylcycloalk:yl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

mn is an integer of 0 to 2; and

n is an integer ofi1 to 3.

More preferred compounds of formula TI (designated herein as Group JIb) are those

wherein

R1 and R2 are each independently hydrogen or alkyl;
R2S

R3 is R

N 2

where L is oxygen;

R4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl; or

GO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkyl-heteroaryl, CO-heterocycloalkyl, CO-alkyl-heterocycloalkyL

or

CONH-alkyl, CONH-cycloalkyl, CONIT-aryl, CONH-alkyl-cycloalkyl,

CONH-alkyl-aryl, CONII-heteroaryl, CONH-alkyl-heteroaryl, CONF--

heterocycloalkyl, CONH-alkyl-heterocycloalkyl; or

COO-alkyl, COO-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COO-heteroaryl, COO-alkyl-heteroaryl., COO-heterocycloalkcyl, COO-alkyl-

heterocycloalkyl; or

S0 2-cycloalkyl, S0 2-aryl, S02,-alkyl-cyeloalkyl, S0 2-alkyl-aryl, SO 2

heteroaryl, S0 2-alkyl-heteroaryl, S0 2-heterocycloalkyl, S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NII-alkyl, C(NCN)NH-cycloalkyl, C(NCN)NH-aryl, C(NCN)N[J-

alkyl-cycloalkyl, C(NCN)NH-alkyl-aryl, C(NCN)NII-heteroaryl, C(NCN)NH-alkyl-

heteroaryl, C(NCN)NII-heterocycloalkyl, C(NCN)II-alkyl-heterocycloalkyl; or

C(NNO,)NH-alkcyl, C(NNO2)NH-cycloalkyl, C(NNO,)NH-aryl,

C(NNO2)N[{-allcyl-cycloalkyl, C(NNO)NH-alkyl-aryl, C(NNO2)NII-heteraaryl,

C(NNO2)NH-alkcyl-heteroaryl, C(NNO2)NH-heterocycloalkyl, C(NNO 2)NI{-alkyl-

heterocycloalkyl; or

C(NH)MI-alkyl, C(NH)NII-cycloalkyl, C(NH)NH-aryl, C(NII)NH-alkyl-

cycloalkyl, C(NI{)NI{-alkyl-aryl, C(NII)NII-heteroaryl, C(NH)NFI-alkyl-heteroaryl,

C(NH)NIH-heterocycloalkyl, C(NI{)NH-alkyl-heterocycloalkyl; or
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C(NII)NF{CO-alkyl, C(NI{)NIICO-cycloalkyl, G(NHi)NIICO-aiyl,

C(NH)NE{CO-alkyl-cycloalkyl, C(NII)NI{CO-alkyl-aryl, C(N[-)N[TCO-heteroaryl,

C(NII)NF{CO-alkyl-heteroaryl, C(NH)NIHCO-heterocycloalkyl, C(NII)NHCO-

alkyl-heterocycloalkyl; or

C(N0R 2,)MI-alkyl, C(N0R 2 ,)KF{-cycloalkyl, C(N0R 21)NH-aryl,

C(NOR 2 ,)NIE-aky-cycIo~tky1, C(N0R 2,)NH-alkyl-aryl, C(N0R 2 ,)NH-heteroaryl,

C(N0R 2 ,)NII-a~lyl-heteroaryl, C(N0R 2 ,)NH-heterocycloalkyl, C(N0R 2 ,)NUI-alkyl-

heterocycloalkyl;

R.5 is hydrogen;

R- 2 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

R23 and R-24 are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl,

substituted aryl, cycloalkylalkyl, arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

inis an integer of 0to 2;and

n is an integer ofi1 to 3.

A second group of more preferred formula II compounds (designated herein as

Group Ic) are those wherein

R-1 and R2 are each independently hydrogen or alkyl;

R23

R3 is

N 2

where L is sulfur;

R-4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl; or

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkyl-heteroaryl, CO-heterocycloalkyl, CO-alkyl-heterocycloalkyl;

or

CONT-I-alkyl, CON-H-cycloalkyl, CONFI-aryl, CONH-alkyl-cycloalkyl,

CONH-alkyl-aryl, CONH-heteroaryl, CONH-alkyl-heteroaryl, CON-H-

heterocycloalkyl, CONH-alkyl-heterocycloalkyl; or

COC-alkyl, COO-cycloalkyl, 000-aryl, COO-alkcyl-cycloalkcyl, COO-alcyl-

aryl, COO-heteroaryl, COO-alkyl-heteroaryl, COG-heterocycloalkyl, COO-alkyl-

heterocycloalkyl; or
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S0 2-cycloalkyl, S0 2-aryl, S0 2-alkyl-cycloalkyl, S0 2-alkyl-aryl, SO.-
heteroaryl, S0 2-alkyl-heteroaryl, S0 2-heterocycloalkyl, S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NH-alkyl, C(NCN)NH-cycloalcyl, C(NCN)NH-aryl, C(NCN)NH-

alkyl-cycloalkyl, C(NCN)NIT-alkyl-aryl, C(NCN)NT{-heteroaryl, C(NCN)NIT-alkyl-

heteroaryl, C(NCN)NH-heterocycloalkyl, C(NCN)NF-alkyl-heterocycloalky1; or

C(NNO2)NH-alkYl, C(NNO2)NI-c-YCloalkYl, C(NNO2)NiH-aryl,
C(N1402)NI-alkyl-cycloalkyl, C(NNO2)NEI-Alyl-aryl, C(NNO2)NII-heteroaryl,

C(NNO2)NH-alkyl-heteroaryl, C(NNO2)NiH-heterocycloalkyl, C(NNO2)NH-alkyl-

heterocycloalkyl; or

C(NI{)NH-alkyl, C(NIH)NI{-cycloalkyl, C(NH)NH-aryl, C(NI)NH-alyl-

cycloalkyl, C(NII)NII-alkyl-aryl, C(NII)NH-heteroaryl, C(NHi)NH-alkyl-heteroaryl,

C(NH)NII-heterocycloalkyl, C(NH)N[{-alkyl-heterocycloalkyl; or

C(NH)NIICO-alkyl, C(NTI)NIJCO-cycloalkyl, C(NII)NHCO-aiyl,

C(NII)NI{CO-alkyl-cycloalkyl, C(NII)NIICO-alkyl-aryl, C(NH)NHICO-heteroaryl,

C(NII)NHCO-alkyl-heteroaryl, G(NIJ)NIICO-heterocycloalkyl, GQ"41)NT{CO-

alkyl-heterocycloalk-yl; or

C§N0R 2,)NH-alkyl, C(N0R 2 ,)NH-cycloalkyl, C(N0R 21)NH-aryl,

C(N0R 2 ,)NH-alkyl-cycloalkyl, C(N0R 2 ,)NII-alkyl-aryl, C(N0R 2 ,)NHE-heteroaryl,

C(N0R 2 ,)NH-alkyl-heteroaryl, C(N0R 2 ,)NH-heterocycloalkyl, C(N0R 2 ,)N-H-alkyl-

heterocycloalkyl;

R5 is hydrogen;

R21 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryi,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkcyl;

R23 and R 24 are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl,
substituted aryl, cycloalkylalkyl, arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

m is an integer of 0to 2; and

n is an integer of I to 3.

A third group of more preferred compounds of formula 11 (designated herein as

Group 11d) are those wherein

RI and 1R2 are each independently hydrogen or alkyl;
R23

R3 is

N

-17-



WO 01/80813 WO 0180813PCI/I SO 113818

where L is NR,,;

R(4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl; or

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkyl-heteroaryl, CO-hieterocycloalkyl, CO-alkyl-heterocycloalkyl;

or

CONH-alkyl, CONH-cycloalkyl, CONH-aryl, CONIH-alkyl-cycloalkyl,

CONH-alkyl-aryl, CONIT-leteroaryl, CONH-alkyl-heteroaryl, CONH-

heterocycloalkyl, CONII-alkyl-heterocycloalkyl; or

COO-alkyl, COO-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COO-heteroaryl, COG-alkyl-heteroaryl, COO-heterocycloalkyl, COO-alkyl-

heterocycloalkyl; or

S02 -cycloalkyl, S0 2-aryl, S0 2-alkyl-cycloalkyl, S0 2-alkyl-aryl, SO2

heteroaryl, S0 2-alkyl-heteroaryl, S0 2-heterocycloalkYl, S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NH-alkyl, C(NCN)NH-cycloalkyl, C(NCN)NH-aryl, C(NCN)NH-

alkyl-cycloalkyl, C(NCN)NII-alkyl-aryl, C(NCN)NH-heteroaryl, C(NCN)NII-alkyl-

heteroaryl, C(NCN)NH-heterocycloalkyl, C(NCN)NH-alkyl-heterocycloalkyl; or

Ci§NNO 2)NIH-alkYl, C(NNO2)NH-cycloalkyl, C(NNO2)NH-aryl,

C(NNO2)NH-alkyl-cycloalkyl, C(NINO 2)NTI-alkyl-aryl, C(NNO2)NH-heteroaryl,

C(NNO2)NH-alkyl-heteroaryl, C(NNO2)NH-heterocycloalkyl, C(NNO 2)NI{-alkyl-

heterocycloalkyl; or

C(NH)NTI-alkyl, C(NH)NEI-cycloalkyl, C(NI{)NH-aryl, C(NH)NII-alkyl-

cycloalkyl, C(NH)NII-alky1-ary1, C(NH)NH-heteroary1, C(NH)NH-alky1-heteroary1,

G(NIH)NI{-heterocycloalkyl, C(NI{)NH-alkyl-heterocycloalkyl; or

C(NiH)NF{CO-aikyl, C(NH)NIJCO-cycloalkyl, C(NH)NHCO-aryl,

C(NII)NHCO-alkyl-cycloalkyl, C(NII)NI{CO-alkyl-aryl, C(NH)NHCO-heteroaryl,

C(NIJ)NHCO-alkyl-heteroaryl, C(N-H)NiIICO-heterocycloalkyl, C(NFI)NIICO-

alkyl-heterocycloalkyl; or

C(N0R 2 ,)NH-alkyl, C(N0R 2 ,)NN-cycloalkyl, C(N0R 2 ,)NH-aryl,

C(N0R 2 ,)NH-alkyl-cycloalkyl, C(N0R 2,)NII-alkyl-aryl, C(NOR2,)NII-heteroary1,

C(N0R 2 ,)NH-alkyl-heteroaryl, C(N0R 2 ,)NH-heterocycloalkyl, C(N0R 2 ,)NI{-alkyl-

heterocycloalkcyl;

R, is hydrogen;

R2 is hydrogen, alkyl, cycloalky, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;
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R2 and R 24 are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl,

substituted aryl, cycloalkylalkyl, arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

R 25 is hydrogren, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

m is aninteger of 0to 2; and

ii is an integer of 1 to 3.

A fourth group of mare preferred formula II compounds (designated herein as Group

Hle) are those wherein

R, and R 2 are each independently hydrogen or alk,-yl;
R23

R3 isR
N 2

where L is oxygen;

R4 is aryl, heteroaryl, CO-alkyl, CO-alkyl-aryl, CO-cycloalkyl, CO-alkyl-heteroaryl, CO-

alkyl-heteroalkyl, CO-alkyl-heterocycloalkyl, CONIT-alkyl, CONFI-alkyl-aryl,

CONTJ-cycloalkyl or CONH-alkyl-heterocycloalkyl;

R5 is hydrogen;

R2 and R 24 are hydrogen;
in is the integer 0; and

n is the integer 1.

A fifth group of more preferred formula It compounds (designated herein as Group

lit) are those wherein

R, and R, are independently hydrogen or alkyl;
R23

R3 is
R2

N 2

where L is oxygen;

R 4 is aryl, heteroaryl, CO-alkyl, CO-alkyl-aryl, CO-alkyl-heteroalkyl, CO-cycloaicyl, CO-

alkyl-heterocycloalkyl, CO-alkyl-heteroaryl, CONH-alkyl, CONH-alkyl-aryl,

CON~iH-cycloalkyl or CONI{-alkyl-heterocycloalkyl;

R5 is hydrogen;
R23 is alkyl;

R24 is hydrogen;
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mn is the integer 0; and

n is the integer 1.

A sixth group of more preferred formula 11 compounds (designated herein as Group

J1g) are those wherein

R1 and R2 are independently hydrogen Or alkyl;
R23

R3 :isR
N R24

where L is sulfur;

R 4 is aryl, heteroaryl, CO-alkyl, CO-alkyl-aryl, CO-alkyl-heteroalkyl, CO-cycloalkyl, CO-

alkyl-heterocycloalkyl, CO-alkyl-heteroaryl, CONIT-alkyl, CONH-alkyl-aryl,

CONII-cycloalkcyl or CONI{-alkyl-heterocycloalkyl;

R5 is hydrogen;

R23 is alkyl;
R24 is hydrogen;

m is the integer 0; and

n is the integer 1.

A seventh group of more preferred compounds of fonnula 1I (designated herein as

Group I~h) are those wherein

R, and R 2 are independently hydrogen or alkyl;
R2

R3is
R2

N 2

where L is NR 25

R 4 is aryl, heteroaryl, CO-alkyl, CO-alkyl-aryl, CO-alkyl-heteroalkyl, CO-cycloalkyl, CO-

alkyl-heterocycloalkyl, CO-alkyl-heteroaryl, CONFI-alkyl, CONH--alkyl-aryl,

CONH-cycloalkyl or CONH-alkyl-heterocycloalkyl;

R5 is hydrogen;

R23 is alkyl;

R24 is hydrogen;
R25 is hydrogen, alkyl, cycloalkyl, aryl, alkyl-cycloalkyl, alkyl-aryl, heteroaryl, alkyl-

heteroaryl, heterocycloalkyl or alkyl-heterocycloalkcyl;

mn is the integer 0; and

n is the integer 1.
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An eighth group of more preferred compounds of formiula 11 (designated herein as

Group Iii) are those wherein

RI and R2 are independently hydrogen Or alkyl;
R23

R3 is R
N 2

where L is NR2 5

R 4 is aryl, heteroaryl, CO-alkyl, CO-alkyl-aryl, CO-cycloalkyl, CO-alkyl-heteroaryl, CO-

alkyl-heteroalkyl, CO-alkyl-heterocycloalkyl, CONHI-alkyl, CONH-alkyl-aryl,

CONTI-cycloalkyl or CON-H-alkyl-heterocycloalkyl;

R5 is hydrogen;

R23 is hydrogen;

R24 is alkyl;

R2 is hydrogen;

mn is the integer 0; and

n is the integer 1.

An ninth group of more preferred compounds of formula 11 (designated herein as

Group 11j) are compounds of the fonnula:

R 

N RI R 2  02

H s N 27

IIj

or enantiorners, diastereomers, solvates, and pharmaceutically acceptable salts thereof,

wherein:

R2 and R' are indepenidently hydrogen or alkyl;

R 23 is alkyl, aryl, or heteroaryl;

R 14 is hydrogen, alkyl, aryl, or heteroaryl;
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R26 and R27 are independently hydrogen, alkyl, aryl, heteroaryl, halogen, hydroxy, or

alkoxy;

R28 is hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, CONR29 R3 COR31 or COOR32

R29 R30 R31 and R32 are independently hydrogen, alkyl, or aryl;

r is an integer ranging from 0 to 5; and

s is an integer ranging from 0 to 

A tenth group of more preferred compounds of formula II (designated herein as

Group IIk) are compounds of the formula:

(Ik)

and enantiomers, diastereomers, solvates, and pharmaceutically acceptable salts thereof,

wherein R33 is hydrogen, alkyl, or cycloalkyl.

An eleventh group of more preferred compounds of formula II (designated herein as

Group Ill) are compounds of the formula:

R
3 3

(C H )3 S, v

and enantiomers, diastereomers, solvates, and pharmaceutically acceptable salts thereof,

wherein R33 is hydrogen, alkyI, or cycloalkyl.
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A twelfth group of more preferred compounds of formula II (designated herein as

Group IIm) are compounds of the formula:

(IIm)

and enantiomers, diastereomers, solvates, and pharmaceutically acceptable salts thereof,
wherein:

R34 is alkyl;

R35 is hydrogen or alkyl;

X is NR36 or CHNR3 6R3 7

R36 and R37 are independently hydrogen, alkyl, or cycloalkyl; and

tis 0, 1,2 or 3.

A thirteenth group of more preferred compounds of formula II (designated herein as

Group IIn) are compounds of the formula:

NR36 R 37NRNR

S S N

-(HN o0

(IIn)

and enantiomers, diastereomers, solvates, and pharmaceutically acceptable salts thereof,

wherein R36 and R37 are independently hydrogen, alkyl, or cycloalkyl.
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In another embodiment, compounds of formula II include, but are not limited to,

those listed in Table 1 below and enantiomers, diastereomers, solvates, and

pharmaceutically acceptable salts thereof.

Table 1: Comounds of the Invention

Name Structure

1-dimethylethyl)-2-
(HNI-I

oxazolyljmethyl]tliio]-2-thiazolyll-4- (HCs H

piperidinecarboxarnide 7 S

1-dimethylethyl)-2- 
HQ

oxazolyllmethyl]thio]-2-thiazolyl]-3- (Hc)3  0
piperidinecarboxainide s S N NH

NN 0

dimethylethlyl)-2-oxazolyl]methyl]thio]-2- 3 C)3  NOH

thiazolyl]-4-piperidinecarboxamide N s SN N OH

1-5[[5(,-dimethylethyl)-2-

oxazolyl]methiyl]thio]-2-thiiazolyl]-I 
3 3CN

methylethyl)-4-piperidinecarboxaniide 
H0-

1-cyclopropyl-NV-[5-[[[5-( 1,1 -dimethiylethyl)-

2-oxazolyljmethyl]thio]-2-thiazolyl]-4- (Hi3 C)3 CN

piperidinecarboxamnideH

NN

,I-dimnethylethyl)-2-

oxazolyljmethlyl]thio]-2-thliazolyl]-I (H3C)3 N

hydiroxyethyl)-4-piperidinecarboxamide /s S N OH
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Table 1: (Cont.)

Name Structure

1-dimethylethyl)-2- HC3
oxazolyl]methlyl]thio]-2-thiazolyl]-3- H

f0H
piperidinecarboxamide /S N

NN

I1-dimethylethyl)-2- HCC
oxazolyl]methyl]thio]-2-thiazolyl]-3- 0H

piperidinecarboxamide NyI:DNNH

cis-4-amino-N-[5-[[[5-(1, 1-dimethyethy)-2- C3 NH2

oxazolylmethylthio]-2-H

thiazolyl]cyclohexylcarboxamide s S

NN

2-oxazolyljmethy1]thio]-2- H

thiazolyl]cyclohexylcarboxamiide /7 SS N-r

NN

Preferred salts of the above compounds are the hydrochloride, the hydrobrornide, the

dihydrochioride, the sulfate, the trifluoroacetate, the tartrate, the fiunarate, the succinate, the

maleate, the citrate, the methanesulfonate, the broinate, and the iodate salts or mixtures

thereof.

In addition to the methods described in WO 99/24416 and WO 99/65 8 84, certain

compounds of the invention, such as those of formula 11j, can be prepared as described in

Scheme 1 below. Thus, in another embodiment, the present invention relates to processes

for the synthesis of compounds of the formula IHj:

R R 2  0

2 T, ~26
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wherein:

R2 and R5 are independently hydrogen or alkyl;

R23 is alkyl, aryl, or heteroaryl;

R24 is hydrogen, alkyl, aryl, or heteroaryl;

R26 and R27 are independently hydrogen, alkyl, aryl, heteroaryl, halogen, hydroxy, or

alkoxy;

R28 is hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, CONR 9 R3 COR31 or COOR32

R29 R30 R31 and R32 are independently hydrogen, alkyl, or aryl;

r is an integer ranging from 0 to 5; and

s is an integer ranging from 0 to 

This method is preferred for the synthesis of compounds of the formula IIj but can

be adapted by those of skill in the art for the synthesis of other compounds of the invention.

The synthetic reactions of this embodiment are outlined below in Scheme 1, where the

following terms apply:

L is a suitable leaving group, such as halogen or sulfonate (R25SO 20 CF 3SO00,
etc., wherein R25 is alkyl, cycloalkyl, or aryl);

M is hydrogen, Li, Na, K, Cs, or a quaternary ammonium ion, (R25
4N or

quaternary ammonium ions comprising cyclic alkenetetramines, such as

hexamethylenetetramine;

X is hydroxy, halogen or acyloxy (R25CO R25 0CO etc.);

Y is O, S, NH, N-alkyl, N-aryl or N-acyl;

Z is hydrogen, alkyl, aryl, O-alkyl, O-aryl, S-alkyl, S-aryl, NH2 N-alkyl, N-aryl or

N-acyl; and

P is a nitrogen-protecting group (Boc, Cbz, R3Si, etc.). When a functional group is

termed "protected," this means that the group is in modified form to preclude undesired side

reactions at the protected site. Suitable protecting groups for the compounds involved in the

present processes will be recognized from the specification taking into account the level of

skill in the art, and with reference to standard textbooks such as Greene, Protective

Groups in Organic Synthesis, 3rd edition (1999), incorporated herein by reference.

The processes generally involve reaction of a-halo ketones 2 (commercially

available or readily synthesized by well-known methods) with an azide to give a-azido

ketones 3. Reduction of 3 with a reducing reagent gives a-amino ketones 4.

Alternatively and more advantageously, the a-amino ketones 4 are prepared by

reaction of a-halo ketones 2 with a cyclic alkylenetetramine such as

hexamethylenetetramine and the like, followed by hydrolysis of the resulting, new
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quaternary ammonium salt This reaction provides excellent yields of the desired

intermediate compound 4, above 

Thereafter, reacting the a-amino ketones 4 with an a-halo acyl halide 5 in the

presence of a base or, alternatively, coupling the a-amino ketones 4 with an a-halo acid,

produces the corresponding amides 6. Then, ring closure of 6 with a dehydrating reagent

affords 2-oxazolylalkyl halides 7. When a conventional dehydrating reagent, such as

trihalophosphorus oxide like POC13 is used, product isolation is difficult due to the

formation of large amounts of hydrochloric and phosphoric acids. Thus, the process of the

present invention preferably utilizes the Burgess' reagent which produces excellent yields

and permits easy, safe product isolation from water.

Subsequent treatment of 2-oxazolylalkyl halides 7 with sulfur-containing reagent 8

or 8' affords new key intermediate compounds, 2-oxazolylalkyl sulfides 9. Coupling of 9

with 5-halo-2-aminothiazole 10 gives 5-(2-oxazolylalkylthio)-2-aminothiazoles 11.

Coupling of 11 with an azacycloalkanoic acid derivative 12 affords thiazolyl amides 13,

which may be deprotected (in the case where P is a protecting group, Boc) to give 5-(2-

oxazolylalkylthio)-2-azacycloalkanoylaminothiazoles II.

While specifically described for synthesis of compounds of formula IIj, the synthetic

methods outlined in Scheme 1, or appropriate steps thereof, can be adapted or used directly

by one of skill in the art for the synthesis of other compounds of general formulas I and II.
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As set forth in Scheme 1, the processes for the preparation of 5-(2-

oxazolylalkylthio)-2-azacycloalkanoylaminothiazoles and analogs involve the following

transformations:

Step involves reacting an a-substituted ketone 2 such as, for example, an a-halo

ketone, with an azide in a suitable solvent or solvent mixtures to give an a-azido ketone 3;

or, more desirably, reacting an a-substituted ketone 2 like the a-halo ketone with a

cyclic alkylenetetramine such as, for example, hexamethylenetetramine in a suitable solvent

or solvent mixtures to give a new quaternary ammonium salt 3'.

The a-halo ketone includes a-halo aliphatic and a-halo aromatic ketones. The

preferred a-halo ketones are a-halo pinacolones with a-bromo pinacolone most preferred. A

sulfonate, for example, RSO 20- (where R is alkyl, aryl or heteroaryl), CF3SO20- and the

like, may be substituted for the halogen in the a-position. The azides include both metal

azides and quaternary ammonium azides. The metal azides are preferred with sodium azide

most preferred. Suitable solvent(s) include solvents such as hydrocarbons, ethers, amides,

for example, dimethylfonnamide, ketones, etc., or mixtures thereof, with ketones such as

acetone preferred for both reactions and 

Step comprises reacting the a-azido ketone 3 obtained in step with a reducing

reagent in a suitable solvent or solvent mixtures to give an a-amino ketone 4, or, more

desirably, reacting the quaternary ammonium salt 3' obtained in step with an acid in

a suitable solvent or solvent mixtures to give an a-amino ketone 4.

The reducing reagent in reaction includes hydrogen in the presence of a

transition metal catalyst such as palladium, trialkyl or triarylphosphines like

triphenylphosphine. Hydrogen in the presence of a transition metal catalyst is preferred

with hydrogen and palladium over activated carbon most preferred. Suitable solvent(s) in

reaction include solvents such as hydrocarbons, ethers, alcohols and the like, or mixtures

thereof, with alcohol such as methanol preferred. Alternatively, the reduction reaction can

be carried out in the presence of an acidic medium such as, for example, hydrochloric acid

in ethanol to give a-amino ketone acid salt which can be isolated as the acid salt or free

amine forms.

The acid in reaction includes, but is not limited to, protic acids such as HC1,

HBr, HI, H2SO 4 H3PO4 etc., with HC1 preferred. Suitable solvent(s) in reaction 

include solvents such as hydrocarbons, ethers, alcohols and the like, or mixtures thereof,

with alcohol such as ethanol preferred. The a-amino ketone product may be isolated as the

salt or free base forms.

Step involves reacting (acylating) the a-amino ketone 4 or its acid salt obtained

in step or with an a-substituted acyl derivative 5 such as, for example, an a-halo acyl
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halide, in the presence of a base and in a suitable solvent or solvent mixtures to give an

amide 6.

The a-halo acyl halide 5 includes a-alkyl or aryl substituted or unsubstituted a-halo

acyl halide with the latter preferred. The most preferred a-halo acyl halide is a-chloroacetyl

chloride. The base used in the reaction includes, but is not limited to, aromatic and aliphatic

organic amines with the latter preferred. The most preferred base is triethylamine. Suitable

solvent(s) include aprotic solvents such as hydrocarbons, halogenated hydrocarbons, ethers,

esters and the like, or mixtures thereof, with halogenated hydrocarbons such as

dichloromethane preferred. Alternatively, the reaction can be carried out using an a-

substituted acid instead of the a-substituted acyl derivative and then employing a coupling

reagent such as a water-soluble diimide like carbodiimide, haloformate, thionyl halide, etc.

In either reaction, a sulfonate, for example, RSOO- (where R is an alkyl, aryl or

heteroaryl), CF3SO20- and the like, may be substituted for the halogen in the a-position of

the a-halo acyl halide or the a-halo acid reactants which are illustrated.

Step concerns reacting the amide 6 obtained in step with a dehydrating

reagent in a suitable solvent or solvent mixtures to give the cyclized 2-oxazolylalkyl

derivative 7 such as, for example, the 2-oxazolylalkyl halide.

Advantageously, the reaction is carried out using (methoxycarbonylsulfamoyl)-

triethylammonium hydroxide (Burgess' reagent) as the dehydrating reagent. Suitable

solvent(s) include hydrocarbons, halogenated hydrocarbons, ethers and the like, or mixtures

thereof. Most preferred is the use of the Burgess' reagent in tetrahydrofuran. Suitable

dehydrating reagents also include, but are not limited to, other bases, acids, acid anhydrides

and the like, such as, concentrated sulfuric acid, polyphosphoric acid, etc. Although

less conveniently, the dehydrating reagent, for instance, can be trihalophosphorus oxide

such as tribromophosphorus oxide or trichlorophosphorus oxide, alone or with a solvent like

toluene.

Step is directed to reacting the 2-oxazolylalkyl derivative 7 obtained in step (d)

with a sulfur-containing reagent 8 or 8' in a suitable solvent or solvent mixtures to give 2-

oxazolylalkyl sulfide 9, a new key intermediate compound.

The sulfur-containing reagent includes N-substituted or unsubstituted thioureas, thio

acids or salts such as thioacetic acid or its salt, xanthic acids or salts such as ethylxanthic

acid potassium salt. Unsubstituted thiourea is preferred. Suitable solvent(s) include

hydrocarbons, halogenated hydrocarbons, -ethers, esters, amides, alcohols and the like, or

mixtures thereof, with alcohol such as methanol or ethanol preferred.
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Step concerns reacting the 2-oxazolylalkyl sulfide 9 obtained in step with a 

halo-2-aminothiazole 10 in the presence of a base and in a suitable solvent or solvent

mixtures to give 5-(2-oxazolylalkylthio)-2-aminothiazole 11.

The 5-halo-2-aminothiazole includes 4-N-substituted or unsubstituted 5-halo-2-

aminothiazoles with 5-bromo-2-aminothiazole preferred. A suitable base includes, but is

not limited to, metal hydroxide, metal alkoxides, metal carbonates and aqueous amines such

as ammonium hydroxide. Sodium hydroxide is preferred. Suitable solvent(s) include

solvents such as hydrocarbons, halogenated hydrocarbons, ethers, esters, amides, alcohols

and the like, or mixtures thereof, with halogenated hydrocarbons such as dichloromethane

preferred.

Step involves reacting the 5-(2-oxazolylalkylthio)-2-aminothiazole 11 obtained

in step with an azacycloalkanoic acid derivative 12 in the presence of a coupling reagent

in a suitable solvent or solvent mixtures to give thiazolyl amide 13.

The azacycloalkanoic acid derivative includes N-protected derivatives, for example,

N-protected isonipecotic acid or N-protected nipecotic acid. The preferred nitrogen-

protecting groups are Boc, Cbz, silicon derivatives and the like with Boc being the most

preferred. The coupling reagent includes, but is not limited to, water-soluble carbodiimides,

haloformates and the like, with carbodiimides such as alkylcarbodiimides being preferred.

Suitable solvent(s) include solvents such as hydrocarbons, halogenated hydrocarbons,

ethers, esters,,amides, etc., or mixtures thereof, with halogenated hydrocarbons such as

dichloromethane preferred.

Step is directed to reacting the thiazolyl amide 13 obtained in step with a

deprotecting reagent in a suitable solvent or solvent mixtures to give a desired 5-(2-

oxazolylalkylthio)-2-azacycloalkanoylaminothiazole II (where R27 is hydrogen).

The choice of the deprotecting reagent is based on the nature of the protecting group

For the Boc protecting group, the preferred deprotecting reagent is an acid such as

hydrochloric acid or trifluoroacetic acid and suitable solvent(s) for such deprotecting

reaction include solvents such as hydrocarbons, halogenated hydrocarbons, ethers, esters,

amides and the like, or mixtures thereof, with halogenated hydrocarbons such as

dichloromethane preferred.

The starting compounds of Scheme 1 are commercially available or may be prepared

by methods known to one of ordinary skill in the art.

To further illustrate Scheme 1, a process to make 5-(5-t-butyl-2-

oxazolyhnethylthio)-2-azacycloalkanoylaminothiazoles and analogs thereof, for example,

starts with reaction of a-bromo pinacolone 2 (R23 Bu-t, R24 H, L Br) with sodium

azide to give an a-azido pinacolone 3 (R23 Bu-t, R24 Reduction of a-azido
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pinacolone 3 (R23 Bu-t, R24 H) with a reducing reagent gives a-amino pinacolone 4 (R23

Bu-t, R24 Alternatively and more desirably, the a-amino pinacolone 4 (R23 Bu-t,

R 24 H) is prepared by reaction of a-bromo pinacolone 2 (R23 Bu-t, R 24 H, L Br) with

hexamethylenetetramine followed by hydrolysis of the resulting quaternary ammonium salt

3' (R23 Bu-t, R24 H, L Br). Coupling of a-amino pinacolone 4 (R23 Bu-t, R24 H)

with an a-chloroacetyl chloride 5 (R2 R1 H, L X C1) produces amide 6 (R23 Bu-t,
R 24 R2 =R 1 H, L Cl). Ring closure of 6 with a dehydrating reagent affords 5-t-butyl-2-

oxazolylmethyl chloride 7 (R23 Bu-t, R24 R 2 =R1 H, L C1). Treatment of 7 with

sulfur-containing reagent 8 or 8' such as thiourea affords 5-t-butyl-2-oxazolylalkyl sulfide 9

(R23 Bu-t, R24 R =R1 H, Y NH, Z NH2 Coupling of 9 with 5-bromo-2-

aminothiazole 10 (R5 L=Br) gives 5-(5-t-butyl-2-oxazolylmethylthio)-2-aminothiazole

11 (R23 Bu-t, R24 R2 =R1 R5 Coupling of 11 with N-Boc azacycloalkanoic acid

12 (X OH, R2 6 R 27 H, r 0, s 2, P Boc), affords thiazolyl amide 13 (R23 Bu-t,

R 24 R 2 =R1 R5 RW R 27 H, r 0, s 2, P Boc), which after deprotection, gives

rise to the desired 5-(5-t-butyl-2-oxazolylmethylthio)-2-azacycloalkanoylaminothiazole II

(R23 Bu-t, R24 R =RI R R26 R27 R28 H, r 0, s 2).

The present invention provides a method for preventing or treating chemotherapy-

induced alopecia in a mammal, prior to, during, or after undergoing chemotherapy by

administering to the mammal with a therapeutically effective amount of a compound of

formula I or II. The present invention also provides a method for preventing or treating

radiotherapy-induced alopecia in a mammal prior to, during, or after undergoing

radiotherapy by administering to the mammal with a therapeutically effective amount of a

compound of formula I or II. The therapeutically effective amount of the formula I or II

compound is that amount sufficient to prevent or reduce the hair loss that normally

accompanies chemotherapy or radiotherapy treatments.

The compounds of this invention may be administered in topical, oral, nasal,

ophthalmic, otic, rectal, intravenous, intraperitoneal, intraarticular, subcutaneous,

intramuscular, inhalation or insufflation form, all using forms well known to those of

ordinary skill in the pharmaceutical arts. In a preferred embodiment of the present

invention, the compounds are topically administered to the skin, preferably the scalp of a

patient.

The dosage regimen utilizing the compounds of the present invention is selected in

accordance with a variety of factors including type, species, age, weight, sex and medical

condition of the patient; the amount of chemotherapeutic agent(s) or radiotherapy

administered or planned to be administered to the patient; the route of administration; and

the particular compound or salt thereof employed. An ordinarily skilled physician or
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veterinarian can readily determine and prescribe the effective amount of the drug required to

prevent, counter or arrest the chemotherapy or radiotherapy-induced alopecia.

Topical application is the preferred administration route. Topical application may

be once or more than once per day depending upon the usual medical considerations.

Topical administration, preferably to the scalp, 1 to 2 times prior to chemotherapy or

radiotherapy administration would be preferred to prevent alopecia, additional applications

may be administered as needed. The compounds of the present invention may be

administered in a single daily dose, or the total daily.dosage may be administered in divided

doses of two, three or four times daily before, during, or after the chemotherapy or radio

therapy. The compounds of this invention may be prepared in a range of concentrations for

topical use. In general, topical compositions comprise about 0.1 mg to 25 mg of active

compound per ml of suitable carrier.

In the methods of the present invention, the compounds of formulas I and II are the

active ingredient, and are typically administered in admixture with suitable pharmaceutical

diluents, excipients or carriers (collectively referred to herein as "carrier" materials) suitably

selected with respect to the intended form of administration, that is, topical creams, lotions,

solutions, dispersions, shampoos, ointments, gels, spot-ons, dusts, aerosols and the like; and

oral tablets, capsules, elixirs, syrups and the like; and consistent with conventional

pharmaceutical practices.

The compounds of this invention may also be administered in the form of liposome

delivery systems, such as small unilamellar vesicles, large unilamellar vesicles and

multilamellar vesicles. Liposomes can be formed from a variety ofphospholipids such as

cholesterol, stearylamine or phosphatidylcholines. Liposomal compositions and methods

for their preparation are well known to those skilled in the pharmaceutical arts.

The present invention also relates to pharmaceutical compositions containing a

compound of formula I or II in combination with a pharmaceutically acceptable carrier to

prevent or treat chemotherapy or radiotherapy-induced alopecia. Topical formulations

suitable for use in the methods of the present invention include, but are not limited to,

creams, lotions, solutions, dispersions, shampoos, ointments, gels, spot-ons, dusts,

impregnated dressings, aerosols, and the like. The topical formulations may contain

appropriate conventional additives such as preservatives, solvents, coloring agents,

emollients, and the like.
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Keratinocyte Proliferation Assay

Death of proliferating stem cells in the hair follicles has a dramatic impact on the

retention of hair following chemotherapy/radiotherapy treatment. The activity of the

compounds of this invention to inhibit stem cell proliferation and protect them from

chemotherapy/radiotherapy-induced cell death may be evaluated in a keratinocyte

proliferation assay using the following procedure.

Adult female mice are shaved on the dorsal skin beginning on day 1. Hyperplasia is

induced by treatment with the phorbol ester TPA (5.tg topically in 0.2 ml acetone) the

morning of the next day (day and is called time zero At time points relative to

that treatment, inhibitors are added to prevent the induced proliferation ofkeratinocytes.

For twice a day dosing, drugs are typically administered 30 minutes after TPA and

again eight hours later On day 3, at T-23, mice are injected with BrdU (4.5 mg in 0.3

ml PBS). One hour later (T-24) mice are euthanized, and the skin removed for preparation

ofkeratinocytes.

First, subdermal fat is removed by scraping with a scalpel, the skin is washed with

DPBS, and allowed to dry for 10 minutes in a cell culture dish. Keratinocytes are

liberated from the tissue by the addition of 10 ml of 0.25% trypsin/EDTA, and tissue

maceration with scissors. Subsequent incubation at 37'C in 5% CO 2 for 2-3 hours

completes the dissociation of cells from the dermis.

Digested skin tissue is pipetted through a Falcon 2350 cell strainer into centrifuge

tubes. Recovery ofkeratinocytes is enriched by rinsing the cell strainer with 10 ml

keratinocyte media (KM: S-MEM/10% dialyzed FBS supplemented with Insulin, EGF,

Transferrin, phosphoethanolamine, ethanolamine, hydrocortisone, and glutamine). The

cells are concentrated by centrifugation and resuspended in 10 ml fresh KM.

Basal keratinocytes are separated from other cell types by centrifugation through a

gradient by layering the suspended cell pellet on top of 20 ml of 45% Percoll (w/1.5 mM

NaC1) and centrifugation at 1000 RPM in a refrigerated clinical centrifuge The cell

pellet is resuspended in 80% EtOH, and placed at -200 C overnight.

The next day, about 2 million cells are removed from the ethanol solution and

prepared for flow cytometry analysis by centrifugation and resuspension in 1 ml of 2N HC1

(in 0.5% Triton X-100). The cells are incubated in this solution for 30 minutes, with

intermittent mixing. The cells are removed from this solution by centrifugation, and

washed with 1.0 ml of 0.1M sodium tetraborate (pH pelleted again, and resuspended in

ml 0.5% Tween 20 in 1% BSA. Conditioned cells are then pelleted and resuspended in

20 pl of antiBrdU antibody and incubated for 30 min. at room temperature. This

immunoreaction is stopped by addition of 500 pl Tween20/BSA/BS solution, mixing and
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pelleting of the cells by centrifugation. Cells are counterstained by resuspending the cell

pellet in 1.0 ml of 0.1 gM Topro-3 dye solution (100 gl of 10 mg/ml Rnase stock added to

ml PBS, plus 1 pl Topro-3 dye). Incubate 15 minutes. BrdU incorporation is scored by

flow cytometry and a proliferative index is calculated. Test compounds which show a low

proliferation index in this assay, as compared to high levels of proliferation induced by TPA

alone, are predicted to protect hair follicles from chemotherapy/radiotherapy-induced

alopecia.

In order to facilitate a further understanding of the invention, the following

examples are presented primarily for the purpose of illustrating more specific details

thereof. The scope of the invention should not be deemed limited by the examples, but

encompasses the entire subject matter defined in the claims.

EXAMPLE 1: Preparation of 5-[5-(t-Butyl)-2-oxazolylmethylthio]-2-
(azacvcloalkanovl)amino-thiazole hydrochloride

N S N

N NH HCI

A. Preparation of a-Azido-pinacolone

O
N3

a-Bromo-pinacolone (199.07 g, 1.1115 mol, 1 eq) was combined in 1.785 L of

acetone with sodium azide (93.9 g, 1.4444 mol, 1.3 eq). The reaction was stirred at room

temperature for 27.5 hours. The resulting slurry was filtered and washed with acetone (3 x

150 mL). The filtrate was concentrated in vacuo to provide 154.3 g of the title

compound. HPLC 83.85% at 2.57 minutes (Phenomenex Inc., Torrance, CA, 5 jtm C18

column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%

phosphoric acid, 4 mL/min, monitoring at 220 nm).
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B. Preparation of a-Hexamethvlenetetramino-pinacolone Bromide

0 r>B
tL!- N Br"
Nr-

a-Bromo-pinacolone (179 g, 1 mol, 1 eq) was combined in 2 L of acetone with

hexamethylenetetramine (154.21 g, 1.1 mol, 1.1 eq) and the reaction stirred under N2 at

room temperature for 26 hours. The resulting slurry was filtered, the filter cake was washed

with ether (3 x 50 mL) and dried in vacuo at 50'C overnight to provide 330 g (100%) of the

title compound containing 7% hexamethylenetetramine. HPLC R.T.=0.17 min

(Phenomenex Inc., 5 utm C18 column 4.6 x 50 mm, 10-90% aqueous methanol over 4

minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm).

C. Preparation of a-Amino-pinacolone Hydrochloride
0

NH2 HCI

a-Azido-pinacolone (128.5 g, 0.911 mol) was combined in 4.2 L of methanol with

77.1 mL of concentrated HC1 and 15.42 g of 10% Pd/C. The reaction mixture was stirred

under hydrogen for 1.5 hours. The catalyst was removed by filtration. The solvent was

distilled to give a wet solid. The residual water was azeotropically removed with

isopropanol (2 x 500 mL). Tert-butyl methyl ether (300 mL) was added and the resulting

slurry was stirred, filtered, washed with t-butyl methyl ether (3 x 100 mL) and dried to give

131.0 g of the title compound.

D. Preparation of a-Amino-pinacolone Hydrochloride

A^-NH2 HCI

a-Hexamethylenetetramino-pinacolone bromide (400 g, 1.254 mol, 1 eq) was

combined in 2 L of ethanol with 12 N aqueous HCI (439 mL, 5.26 mol, 4.2 eq). The

reaction was stirred at 75 °C for 1 hour and then allowed to cool to room temperature, the

resulting slurry filtered, the filtrate concentrated in vacuo and isopropyl alcohol was added.

The solution was filtered again. Addition of 1.2 L of ether caused the desired material to
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precipitate from solution. The material was filtered, washed with ether (2 x 300 mL), and

dried in vacuo at 50°C overnight to provide 184.1 g of the title compound.

E. Preparation of a-N-(2-Chloroacetvlamino)-pinacolone

f H
N

1
0

The title compound of part D (130.96 g, 0.8637 mol, 1 eq) was dissolved in 3.025 L

of CH 2CI2 under N2 at -50 C. Triethylamine (301 mL, 2.16 mol, 2.5 eq) was added,

followed by chloroacetyl chloride (75.7 mL, 0.450 mol, 1.1 eq) in 175 mL of CH2C1. The

resulting slurry was stirred at -5 to -100 C for 2 hours. Water (1.575 L) was added, followed

by 175 mL of concentrated HC1. The organic phase was washed a second time with 1.75 L

of 10% aqueous HC1, and then with 500 mL of water. The organic phase was dried over

Na2SO 4 and concentrated in vacuo to provide 155.26 g of the title compound.

HPLC R.T.=2.27 min (Phenomenex Inc., 5 jm C18 column 4.6 x 50 mm, 10-90% aqueous

methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220

nm).

F. Preparation of 5-(t-Butvl)-2-Oxazolvlmethyl Chloride

N

0 ci

The title compound of part E (180.13 g, 0.9398 mol, 1 eq) was combined with

phosphorus oxychloride (262 mL, 2.8109 mol, 3 eq) under N2 The reaction was heated at

105°C for 1 hour, the mixture was cooled to room temperature, and quenched with 1.3 kg

of ice. The aqueous phase was extracted with ethyl acetate (1 L, then 2 x 500 mL). The

organic extracts were washed with saturated aqueous NaHCO 3 (4 x 1 L) which was back-

extracted several times with ethyl acetate. The organic phases were combined, washed with

saturated aqueous NaHCO 3 (500 mL) followed by saturated aqueous NaCI (300 mL), dried

over MgSO 4 and concentrated in vacuo to give a brown oil. The crude material was

distilled under high vacuum at 100 0C to provide 155.92 g of the title compound.

HPLC R.T.=3.62 min (Phenomenex Inc., 5 pm C18 column 4.6 x 50 mm, 10-90% aqueous

methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220

nm).

-37-



WO 01/80813 PCT/US01/13818

Alternatively, the title compound of part E (10.0 g, 52.17 mmol, 1 eq.) in 50 mL of

tetrahydrofuran (THF) was combined with (methoxycarbonylsulfamyl)-triethylammonium

hydroxide (Burgess' reagent, 105.70 mmol, 2.03 eq., generated in situ from 9.2 mL of

chlorosulfonyl isocyanate, 4.4 mL of methanol and 14.8 mL of triethylamine in 100 mL

THF). The reaction was heated to 450C for 1.5 hours. After cooling to room temperature,

the reaction was quenched with water (50 mL). The organic layer was separated and washed

with saturated NaHCO3 (2 x 50 mL) and water (50 mL), dried over MgSO 4 and passed

through a small silica gel plug. The solvent was removed to give an oil which was taken up

in a mixture of 15 mL heptane and 90 mL oft-butyl methyl ether, and then washed with 0.2

N HC1 (2 x 25 mL), saturated brine (25 mL) and dried (MgSO4 Filtration and removal of

solvent gave 10.9 g of the title compound.

G. Preparation of 5-(t-Butvl)-2-oxazolvlmethvl Thiouronium Hydrochloride

NH
N S HCI

NH 2

The title compound of part F (1.77 g, 10.2 mmol, 1.02 eq) was combined with

thiourea (0.76 g, 9.98 mmol, 1 eq) under N2 in 10 mL of absolute ethanol. The reaction was

heated at reflux for 1.5 hours. The mixture was cooled to room temperature and

concentrated in vacuo. Trituration of the resulting crude material with t-butyl methyl ether

provided 2.32 g of the title compound. HPLC R.T.=2.05 min (Phenomenex Inc., 

fAm C18 column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%

phosphoric acid, 4 mL/min, monitoring at 220 nm); 'H NMR (d6-DMSO): 6 9.48 31),

6.85 1H), 4.73 2H), 1.24 9H).
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H. Preparation of 5-[5-(t-Butvl)-2-oxazolvlmethylthiol-2-aminothiazole

N Se

NH2
-0

The title compound of part G (1.25 g, 5 mmol, 1 eq) was added to a mixture of

NaOH (3.0 g, 75 mmol, 15 eq), water (10 mL), toluene (10 mL) and tetrabutylammonium

sulfate (50 mg, 0.086 mmol, 0.017 eq). 5-Bromo-2-aminothiazole hydrobromide (1.70 g, 

mmol, 1 eq) was added and the reaction was stirred at room temperature for 14.5 hours. The

mixture was diluted with water and extracted twice with ethyl acetate, the organic extracts

washed with water (4 x 10 mL), dried over MgSO 4 and concentrated in vacuo to provide 1.1

g of the title compound. HPLC 86.3% at 2.75 min (Phenomenex Inc., 5 mn C18

column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%

phosphoric acid, 4 mL/min, monitoring at 220 nm); 'H NMR (CDC13): 6 6.97 1H), 6.59

1H), 5.40 (br s, 2H), 3.89 2H), 1.27 9H).

I. Preparation of 5-[5-(t-Butvy-2-oxazolvlmethylthio]-2-[(N-t-butoxvcarbonyl-

azacycloalkanoyllaminothiazole

N s/ N o
N O

or

The title compound of part H (9.6 g, 35.6 mmol) was dissolved in N,N-

dimethylformamide (36 mL) and CH2Cl2 (100 mL), to which was added 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (13.8 g, 72 mmol, 2 eq), N-t-

butoxycarbonyl-azacycloalkanoic acid (12.6 g, 55 mmol, 1.5 eq), and 4-

(dimethylamino)pyridine (2 g, 16 mmol, 0.45 eq). The clear reaction mixture became

cloudy as it was stirred at room temperature for 3.5 hours. Water (300 mL) and ethyl acetate

(200 mL) were added and the resulting precipitate was removed by filtration. The filtrate

was extracted with ethyl acetate, the organic extracts dried over MgSO4 and concentrated in

vacuo to provide a yellow solid which was combined with the precipitate obtained by
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filtration. The solid was boiled in a mixture of ethanol, acetone and water for 20 minutes,

filtered, washed with an ethanol/water mixture and dried to give 16.6 g of the title

compound.

J. Preparation of 5-[5-(t-Butvl)-2-oxazolylmethyltlio]-2-(azacycloalkanoyl)amino-

thiazole hydrochloride

N S_ N o

0 H
°10 NH HCI

The title compound of part I (16.6 g) was dissolved in 150 mL of CH 2C12

trifluoroacetic acid (30 mL) was added dropwise, and the mixture was stirred at room

temperature for 2 hours. The reaction was concentrated in vacuo, diluted with water (300

mL), cooled in ice, made basic with sodium hydroxide, and the resulting solid filtered and

recrystallized from ethanol, water and methanol to provide 11.2 g of the title

compound as a yellow solid. The white solid hydrochloride could be obtained by addition

of 18 mL of IN aqueous HC1 to 7 g of this material in methanol. MS: 381 HPLC:

100% at 3.12 min (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4

minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm).
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Example 2: Preparation of I[5-(1,1-Dimethylethyl)-2-oxazolyll-
methyllthiol-2-thiazolvll-3-iperidinecarboxamide

A. (±L)-N-t-butoxvcarbonvl-iniecotic acid

Nipecotic acid (1.3 g, 10 mmol, 1 eq) was combined with 10 mL. of dioxane, 2 mL

of acetonitrile, 10 mL of water, and 10 mL of IN aqueous NaOH (1 eq). Di-t-butyl

dicarbonate (3.3 g, 15 mmcl,"1.5 eq) was added and the reaction mixture was stirred at Af
overnight. The reaction mixture was concentrated in vacuo to remove organic solvent and

aqueous citric acid was added The mixture was extracted with ethyl acetate (3 x

100 mL). The organic extracts were dried over Na2SO 4 filtered through silica gel, and

concentrated in vacuo. The crude material was recrystallized from ethyl acetate and

hexanes to provide 2.2 g (96 of (+:)-N-t-butoxycarbonyl-nipecotic acid as a white solid.

B. .1 -Dimethvlethyl)-2-oxazolyllmethyllthio]-2-thiazolyl]-(N-t-

butoxycarbonyl)Y3 -p ceridin ecarboxamide

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (383 mg, 2 mmol,
352 eq) was added to a mixture of 2-amrino-5-[[[5-(1,1-dimethylethyl)-2-

oxazolyl]methyl]thiojthiazole (270 mg, I mmnol, 1 eq), N-t-butoxycarbonyl-nipecotic acid
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(344 mg, 1.5 mmol, 1.5 eq), 4-(dimethylamino)pyridine (61 mg, 0.5 nimol, 0.5 eq),

I,N-dimethylformamide (1 mL) arnd CH2C12 (6 mL). The reaction mixture was stirred at rt

for 1.3 h. Triethylamine (0.28 mL,'2 mmol, 2 eq) was added, and the reaction mixture was

stirred for Ili. Additional N-t-butoxycarbonyl-nipecotic acid (340 mg), triethylamine

(0.28 mL) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (380 mg)

were added. After 1 h, no further change was observed. Additional 4-

(diiTnethylamino)pyridine, N,N-dimethylformamide, triethylamine and starting acid were

added and the reaction was stirred overnight at it. The resulting black solution was diluted

with saturated aqueous NaHCO 3 and extracted with CH2C12 The organic extracts were

dried, concentrated in vacuo, and purified by flash chromatography on silica gel eluting

with a gradient of 50-100% ethyl acetate in hexanes to provide 397 mg (83 of 

1,1 -dimethylethyl)-2-oxazolyl]methyllthio]-2-thiazolyl]-(N-t-butoxycarbonyl)-3-

piperidinecarboxamide as a yellow glassy solid.

C. (±)-N-[5-rrr-(l1.1-Dimethvlehvl -2-oxazolyllm thyllthio]-2-thiazolyl]-3-
piperidinecarboxamide

N

H
S S N NH

(CH3 3C o c 

N

,1 -Dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-(N-t-

butoxycarbonyl)-3-piperidinecarboxamide (355 mg, 0.74 mmol, 1 eq) was dissolved in 3

mL of CH2C12 Trifluoroacetic acid (3 miL) was added, and the mixture was stirred at rt for

min. The reaction mixture was concentrated in vacuc and neutralized with saturated

aqueous NaHCO 3 The resulting mixture was extracted with ethyl acetate. The organic

extracts were dried over Na2SO 4 concentrated in vacuo, and recrystallized from ethyl

acetate to provide 142 mg (50 of (=)-N-[5-[[[5-(1,1-dimethylethyl)-2-

oxazolyl]methyl]th-io]-2-thiazolyl]-3-piperidinearboxamide as a white solid. MS: 381

HPLC: 100 at 3.15 min (YMC S5 ODS column 4.6 x 50 mm, 10-90 aqueous

methanol over 4 minutes containing 0.2 phosphoric acid, 4 mL/miu, monitoring at

220 n).
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Example 3: Preparation of (:L)--(2,3-Dihydroxypropyl)-N-[5-
[[[5-(1,1-dimethylethyl)-2-oxazolyljmethyllthiol-
2-thiazolyll-4-piperidinecarboxamide

OH

-'CS S N -YjOH
(CH3 3C\ 

N 0

N-[5-[[5-1-Diinethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-4-

piperidinecarboxamide (66 mg, 0. 17 mmol, 1 eq was combined with glyceraldehyde (69
mg, 0.77 mmol, 4.5 eq), sodium triacetoxyborohydride (163 mg, 0.77 mmol, 4.5 eq) and

1,2-dichioroethane (4 mL). The resulting suspension was stirred at rt for 4 h. Methanol

(I mL) was added and the reaction mixture was stirred at At overnight, concentrated in

vacuo and purified by preparative HPLC to provide 69 mg (59 of 

dihydroxypropyl)-N-[5-[[[5-(1, 1 -dimethylethyl)-2-oxazolyljmetliyl]thio]-2-thiazolyl]-4-
piperidinecarboxamide as a white solid. MS: 45 5 HPLC: 100 at 3.06 min (YMC

ODS column 4.6 x 50 mm, 10-90 aqueous methanol over 4 minutes containing 0.2 

phosphoric acid, 4 mULmin, monitoring at 220 un).
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Example 4:

PCI/I SO 113818

Preparation of -Diniethylethyl)-2-oxazolylJmethylltliioj-2-
thiazolvll-l-(l-methylethvl)-4-iperidinearboxamide

1 0 A. Ethyl-i -(1-methylethv1)-4-pileridine carboxylate

CO2Et

N

Ethyl isonipecotate (3.2 g, 20 mmol, 1 eq) was combined with acetone (5.8 g,
100 mmol, 5 eq), sodium triacetoxyborohydride (10.5 g, 50 mmol, 2.5 eq) and 1,2-
dichioroethane (200 miL). The reaction mixture was stirred at Ai for 72 h. Saturated

aqueous NaLICO3 was added, and the mixture was extracted with CH2C12 The organic

extracts were dried, filtered through a silica gel pad, and concentrated in vacuo to provide

3.72 g (93 of ethyl l-(1-methylethyl)-4-piperidine carboxylate as a colorless liquid.

B. 1 -MehvgLehyl)-4-piperidine carboxylic acid

C0 2H

N

Ethyl 1 -methylethyl)-4-pipcridine carboxylate (3.6 g, 18 nimol, 1 eq) was

combined with barium hydroxide octahydrate (10.4 g, 33 mmol, 1.8 eq) in a mixture of

niL of water with 44 niL of ethanol. The mixture was heated at 60'C for 1.3 h. The
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reaction mixture was concentrated in vacuo and diluted with 70 mL of water. Ammonium

carbonate (6.9 g, 87 nuril, 4.8 eq) was added portionwise and the reaction mixture was

stirred at rt overnight. The mixture was filtered through diatomaceous earth, concentrated,

and lyophilized to provide 3.1 g (100 of 1-(1-methylethyl)-4-piperidinie carboxylic acid

as a white solid.

C. -Dimethylethyl)-2-oxazolyllmethyllthio]-2-thiazolyl]- 1-(1 

methylgthvl)-4zpiperidinecarboxamide

H
S N

(CH3 3C 0Y

1-(3-Dimethylamninopropyl)-3-ethylcarbodiimide hydrochloride (1.0 g, 5.2 mmol,

2 eq) was added to a mixture of 2-am-ino-5-[[[5-(1 ,1 -dimethylethyl)-2-

oxazolyl]methyl]thio]th-iazole (0.7 g, 2.6 rnmol, 1 eq), 1-(1-methylethyl)-4-piperidine

carboxylic acid 78 g, 3.9 minol, 1. 5 eq), 4-(dimethylamino)pyridine 16 g, 1. 3 mrnol,

0.5 ecij, NN-dimethylformamnide (2.6 mL) and CH2C1, (7.8 mL). The reaction mixture was

stirred at rt for 1 h, diluted with 30 mL of water and extracted with ethyl acetate (2 x

niL). The organic extracts were dried over Na2SO 4 concentrated in vacuo, and purified

by flash chromatography on silica gel eluting with a gradient of 5-10 triethylamine in

ethyl acetate. The material was recrystallized from ethanol and water to provide 0.93 g 

of ,1 -dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]- l-(1 

methylethyl)-4-pipcridinecarboxamide as a yellowish solid. MS: 423 HIPLC: 100

at 3.15 min (YMC S5 ODS column 4.6 x 50 mm, 10-90 aqueous methanol over 4

minutes containing 0.2 phosphoric acid, 4 mL/min, monitoring at 220 nm).
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Example 5: Preparation of 1-Cyclopropyl-N-[5-[[[5-(1,1-dimethylethyl)-2-
oxazolyllmethyllthiol-2-thiazolyll-4-piperidinecarboxamide

N

N S IrN(C H 3 3C 0

A. 1-Cvclopropvl-4-piperidine carboxvlic acid

CO,H

N

Ethyl isonipecotate (1.57 g, 10 mmol, 1 eq) was combined with 

ethoxycyclopropyl)oxy)trimethyl silane (8.7 g, 50 mmol, 5 eq) in 100 mL of methanol.
Acetic acid (5.7 mL, 100 mmol, 10 eq) and molecular sieves were added. After 30 min at

rt, sodium triacetoxyborohydride (2.5 g, 40 mmol, 4 eq) was added and the reaction mixture

was heated at 65 C overnight. The reaction mixture was cooled and Na2 CO 3 (20 g) was

added. The mixture was stirred at rt for 2 h and filtered through diatomaceous earth. The

diatomaceous earth was washed with methanol. The filtrates were combined, concentrated
in vacuo, diluted with water, and extracted with ethyl acetate. The organic extracts were

dried, filtered through a silica gel pad, and concentrated in vacuo to provide 2.4 g of

colorless liquid. This material was combined with barium hydroxide octahydrate (5.7 g,

18 mmol, 1.8 eq) in a mixture of 38 mL of water with 24 mL of ethanol. The mixture was

heated at 60 °C for 1 h. The reaction mixture was concentrated in vacuo and diluted with
38 mL of water. Ammonium carbonate (3.8 g) was added portionwise and the reaction was

stirred at rt for 2 h. The mixture was filtered through diatomaceous earth, washing with

water. The filtrate was washed with ethyl acetate. Concentration of the aqueous phase

provided 1.56 g (92 of 1-cyclopropyl-4-piperidine carboxylic acid as a hygroscopic

white solid.
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B. 1 -Cycloprop~yl-N-[5-r[rr5-(1 .1 -dimethvlethyl)-2-oxazolvll-methiyllthio]-2-thiazolyll-

4-piperidiniecarboxamide

H
1' s S N

(CH3)3C o I-
100

1-(3-Dimethylaininlopropyl)-3-ethylcarbodiimide hydrochloride (1.0 g, 5.2 mmol,

2 eq) was added to a mixture of 2-amino-5-[[[5-(1,1-dimethylethyl)-2-

oxazolyl]methyl]thiolthiazole (0.7 g, 2.6 mmol, 1 eq), 1 -cyclopropyl-4-piperidine

carboxylic acid (0.77 g, 3.9 mmol, 1.5 eq), 4-(dimethylamino)pyridine (0.16 g, 1.3 nimol,

0.5 eq), NN-dimethylformamide (2.6 mL) and CH2C12 (7.8 ML). The reaction mixture was

stirred at At for 1 h, diluted with water (30 mL), and extracted with ethyl acetate (2 x 

niL). The combined organic extracts were dried over anhydrous sodium sulfate,

concentrated in vacuo, and purified by flash chromatography on silica gel eluting with a

gradient of 0- 10 triethylamine in ethyl acetate. 'The material was crystallized from ethyl

acetate and hexanes to provide 0.7 g (65 of 1-cyclopropyl-N-[5-[[[5-(1,1-dimethylethyl)-

2-oxazolyljmethyljthio]-2-thiazolyl]-4-piperidinecarboxamide as white crystals. MS: 421

HPLC: 100 at 3.13 min (YMC S5 ODS column 4.6 x 50 mm, 10-90 aqueous

methanol over 4 minutes containing 0.2 phosphoric acid, 4 n2Lmin, monitoring at

220 nm).
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Example 6: Preparation of ,1-Dimethylethyl)-2-oxazolylj methyljthlioI-2-
thiazoLvll-l-(2-kvdroxyethyl)-4-piperidinecarboxamide

N N

H
1s S N

(0H3 3C oC Y(

A. N-f5- -Dimethvlethvl)-2-oxazolvlmeh lthiol-2-thiazolyl- -(2-dimnethvl-t-

butylsilyloxyethvf-4-piperidinecarboxamide

N N NSi(0H 3 2C(CH 3 3
H

(H)C S S' N

(CH)N 0

N-[-[[5-I,1-dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-4-

piperidinecarboxamide (1.4 g, 3.68 mmol, 1 eq) was dissolved in 30 mL of
N,N-dimethylformarnide and 100 mL of tetrahydrofuran. 2-(Bromoethoxy)-t-

butyldimethylsilane (0.79 mL, 3.68 mmol, 1 eq), and NaHCO 3 were added and the reaction

mixture was stirred at 500 C for 23 hi. Additional 2-(bromoethoxy)-t-butyldimiethylsilane

(0.9 mL) was added, and the reaction mixture was stirred at 50'C for 22 h, cooled,

concentrated in vacuo and diluted with water (25 mE). The resultant aqueous mixture was
extracted with ethyl acetate (50 mL). The organic extract was dried over Na2SO4

concentrated in vacuo, and purified by flash chromatography on silica gel eluting with a

gradient of 0-5 triethylamine in ethyl acetate to provide 1.7g (84 of 

dimethylethyl)-2-oxazolyl]mnethyllthio]-2-thiazolyl]-l-(2-dimethyl-t-butylsilyloxyethyl)-4-

piperidinecarboxam-ide as a yellow solid. MS: 539 HPLC: 98 at 4.01 mmi (YMC
S5 ODS column 4.6 x 50 mm, 10-90 aqueous methanol over 4 minutes containing 0.2 

phosphoric acid, 4 mL/min, monitoring at 220 n).
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B. IN-[5-FFj5-(1 .1 -Dimethvlethl)-2-oxazolvllmethvllthioI-2-thiazolv-y 

hvdroxvethyl)-4-piperidinecarboxamide

N N

N-[5-[115-(1 1-Dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]- 1-(2-dimethyl-t-

butylsilyloxyethyl)-4-piperidinecarboxamide (1.45 g, 2.7 mmol, 1 eq) was dissolved in

100 rnL of acetonitrile and combined with aqueous HIF (48 aqueous, 2.5 mL). The

reaction mixture was stirred for 4 h at rt. An additional 2.5 mL of aqueous HIF was added,

and the reaction mixture was stirred overnight. Ethyl acetate (100 mL) and saturated

aqueous NaHICO 3 (50 mE) were added. Additional solid NaHCO3 was added to make the

mixture basic. The mixture was extracted with ethyl acetate (2 x 50 miL). The organic

extracts were dried over Na2 S 04, filtered through a pad of silica gel, and concentrated in

vacuo. The resulting white solid was crystallized from ethanol and water to provide 1.6 g

(59 of 1,1 -dimethylethyl)-2-oxazolyl]methyljthio]-2-thiazolyl]- 1-(2-

hydroxyethyl)-4-piperidineearboxam-ide as a white solid. MS: 425 [iM+H]4 HPLC: 100 
at 3.05 min (YMC S5 ODS column 4.6 x 50 mm, 10-90 aqueous methanol over 4

minutes containing 0.2 phosphoric acid, 4 mE/min, monitoring at 220 nm).
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Example 7:

PCI/ SO 1113818

Preparation of 15-li[[5-(1 ,1-Dimethylethyl)-2-
oxazolyli methyllthiol-2-thiazolyl]-3-piperidine-
carboxamide hydrochloride

HC1

A. and (S)-N-[5-rrr5-f 1-Dimethylethyl)-2-oxazolvllmethyljthio]-2-thiazolvl-(N-

t-butoxvcarbonvl)-3-n)iperidinecarboxamnide

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (3.8 g, 20 minol,

2 eq) was added to a mixture of 2-amino-5-[[j[5-(1,1-dimethylethyl)-2-

oxazolyl]rnethyl]thiojthiazole (2.7 g, 10 mmol, 1 eq), N-t-butoxycarbonyl-nipecotic acid

(3.4 g, 1.5 mmol, 1.5 eq), IN,N-dimethylformamide (10 mL) and CH2Cl2 (30 mL). The

reaction mixture was stirred at At for 4 h. The resulting black solution was concentrated in

vacua, diluted with water (90 rnL) and extracted with ethyl acetate (100 niL, then 2 x 

mL). The organic extracts were dried over Na2CO3 concentrated in vacuo, and purified by

flash chromatography on silica gel eluti ng with a gradient of 50-100 ethyl acetate in

hexanes to provide 3.8 g (79 of a yellow solid. The enantiotners were separated by

chiral HPLC (Chiiral Pak AD 5 x 50 cm 20 I: eluent 10 1 triethylamine in

isopropanol) in hexanes; 45 niL/min, detection at 254 nm, loading 300 mg in 5 mL of



WO 01/80813 PCT/US01/13818

isopropanol) to give each of the two optically pure isomers: 1.65 g of the R isomer and 1.65

g of the S isomer.

B. (R)-N-[5-[[r5-(1,1-Dimethethvl)-2-oxazolvllmethvl]thiol-2-thiazolvll-3-

piperidinecarboxamide hydrochloride

N .HC1
H

(CHI)C 0
N10 0

The isomer of Part A (1.65 g, 3.43 mmol, 1 eq) was dissolved in 10 mL of

CH 2CI2 Trifluoroacetic acid (6 mL) was added, and the mixture was stirred at rt for several

hours. The reaction mixture was concentrated in vacuo and neutralized with saturated

aqueous NaHCO 3 The resulting mixture was stirred with ethyl acetate for 1 h. The organic

extracts were dried over NaS0 4 and concentrated in vacuo to provide a yellowish solid.

The solid was dissolved in methanol and 1 eq of 1N aqueous HC1 was added. The resulting

solution was lyophilized to provide 1 g (77 of (R)-N-[5-[[[5-(1,1-dimethylethyl)-2-

oxazolyl]methyl]thio]-2-thiazolyl]-3-piperidinecarboxamide hydrochloride as a yellow

solid. MS: 381 HPLC: 100 at 3.14 min (YMC S5 ODS column 4.6 x 50 mm,

10-90 aqueous methanol over 4 minutes containing 0.2 phosphoric acid, 4 mL/min,

monitoring at 220 nm).

Example 8: Preparation of (S)-N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolyl]-'
methyl]thiol-2-thiazolyll-3-piperidine carboxamide hydrochloride

N HC1

S N NH

(CH3 3C 0 0

N 0

The isomer of Example 7, Part A (1.65 g, 3.43 mmol, 1 eq) was dissolved in

mL of CH 2Cl2 Trifluoroacetic acid (6 mL) was added, and the mixture was stirred at rt

for several hours. The reaction was concentrated in vacuo and neutralized with saturated

aqueous NaHC0 3 The resulting mixture was stirred with ethyl acetate for 1 h. The organic

extracts were dried over Na2SO 4 and concentrated in vacuo to provide a yellowish solid.
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The solid was dissolved in methanol and 1 eq of 1N aqueous HC1 was added. The resulting

solution was lyophilized to provide 0.9 18 g (70 of (S)-N-[5-[[[5-(1,1-dimethylethyl)-2-

oxazolyljmethiyljthio]-2-thiazolyl]-3-piperidinearboxamide hydrochloride as a yellow

solid. MS: 381 HPLC: 100 at 3.15 min (YMC S5 ODS column 4.6 x 50 mm,

10-90 aqueous methanol over 4 minutes containing 0.2 phosphoric acid, 4 m/mim,

monitoring at 220 nm).

Example 9: Preparation of cis-4-Amino-N- [5-[15-(1,1-dimethylethyl)-2-oxazolyll-
methyl] thio]-2-thiazolyl] cyclohexylcarboxamide hydrochloride and

[5-(1,1-dimetliylethyl)-2-oxazolyllmethyljthioj-2-
thiazolyll-cycloliexylcarboxamide hydrochloride

N NH2

(CH 3 3C 0 NH -HCI

N 0

(CH3 3C '0 S S NH *HCI
0\/r r

N 0

A. 4-(t-Butoxycarbonylamino)cvclohexane carboxylic acid

H0Cj:TNHtBOC

To a solution of 2.86 g (20 mmol) of 4-aminocyclohexane carboxylic acid in 40 mL.

of 0.5M aqueous NaOH solution, 20 mL of dioxane and 4 mL. of acetonitrile was added a

total of 6.5 g (3 0 nunol) of tMoc anhydride at room temperature. After 20 h, 100 mL of

ethyl acetate and 100 mL of 10 aqueous citric acid solution were introduced. The

aqueous layer which formed was separated and extracted with three-SO mL portions of ethyl

acetate. The organic phases were combined, dried (sodium sulfate) and concentrated in

to give 6.0 g (125 of crude 4-(t-butoxycarbonylamino)cyclohexane carboxylic

acid as a colorless oil which solidified upon standing.
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B. 4-(t-Butoxvcarbonlamino)-N-5-[[[5-(1 .1-dimethvlethv)-2-oxazolyl]-methyllthiol-

2-thiazolyllcvclohexylcarboxamide

N HtBOC
N

3 3C /10 S S NH
N0

To a solution of 5 g of crude 4-(t-butoxycarbonylamino)cyclohexane carboxylic, acid

and 3.50 g (13 mmrol) of 2-amnino-5-[[[5-(1,1-dimethylethyl)-2-

oxazolyl]methyl~jthio]thiazole in 13 mL of NN-dimethylformamide and 36 mL of

methylene chloride was added 5.0 g (26 mnmol) of 1-(3-dimethylaminopropyl)-3-

ethylcarbodlimide hydrochloride at room temperature. The reaction mixture was stirred

overnight and diluted with 100 mL of water. The aqueous layer was separated and

extracted with two- 150 rnL portions of ethyl acetate. The combined organic phases were

dried (sodium sulfate) then filtered through a pad of silica gel. The filtrate was concentrated

in vacuo to afford an orange solid. The crude material was recrystallized (95 ethanol) to

give 4-(t-butoxycarboiiylamino)-N-[5-[[[5-( 1 -dimethyleth-yl)-2-oxazolyl]methyllthio]-2-

thiazolyljcyclohexylcarboxamide as a yellow solid. The mother liquors were also

concentrated in vacuo to give additional 4-(t-butoxycarbonylamino)-N-[5-[[[5-(l,l-

dimethylethyl)-2-oxazolyl]methyl]thio]-2-tbiazolyl]cyclohexylcarboxamiide as a brown

solid.
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C. cis-4-Amino-N-r5-rrr5-( 1.1-dimethvlethvlI)-2-oxazolyllmethvllthio]-

2-thiazolyllcvclohe~xvlcarboxamide hydrochloride and trans-4-

Arnino-N-[5-rW5-(1 .1 -dimethvlethyl)-2-oxazolyllmethvllthio]-2-

thiazolyl]-cvclohexylcarboxamide hydrochloride

N NH2

(0H 3 3 0 1 S S NH C

N 0

(CHA3 30 O S S NH HOI
N 0

To a suspension of 4-(t-butoxycarboniylamino)-N-[5-[[[5-(1 ,1 -dimethylethyl)-2-

oxazolyl]methyl]t13io]-2-thiazolyl]cyclohexylcarboxaniide (from Part B mother liquors)

suispended in 15 n-LL of methylene chloride was added 5 mL of trifluoroacetic acid at room

temperature. The reaction mixture was stirred for 2 h then concentrated in vacuc to remove

volatiles. The residue was diluted with water, basified with aqueous NaGH solution then

the resulting aqueous solution was extracted with ethyl acetate. The combined organic

extracts were dried (sodium sulfate) to give a crude cis/trans product. The crude material

was purified by flash chromatography (Merck silica, 25x3 cm, 1:9 isopropylamine/ethyl

acetate then 1:2:7 methanol/isopropylamine/ethyl acetate) to afford 0.74 g of the cis isomer

as a yellow solid and 0.50 g of the trans isomer as a brown solid. The cis isomer was

dissolved in methanol then 0.34 mL of 5N aqueous HG! was added. The solution was

concentrated in vacuo, washed with ether, diluted with water and lyophilized to afford 0.80

g of cis-4-amino-N-[5-[i[5-(1 .1-dimethylethyl)-2-oxazolyljmethyljthio]-2-

thiazolyljeyclohexylcarboxamide hydrochloride as a yellow solid. MS: 395 

HPLC-fl 98 at 3.17 min (YMC S5 ODS column 4.6 x 50 mm, 10-90 aqueous

methanol over 4 minutes containing 0.2 phosphoric acid, 4 mL/min, monitoring at 220

nm). The trans isomer was dissolved in methanol then 0.24 ml, of 5N aqueous HCI was

added. The solution was concentrated in vacuo, washed with ether, diluted with water and

lyophilized to afford 0.54 g of trans-4-amino-N-[5-[[[5-(1,1-dimethylethyl)-2-

oxazolyl]methyl]thio]-2-thiazolyl]cyclohexylcarboxamide hydrochloride as an orange solid.

MS: 395 HPLC-HI 96 at 3.22 min (YMC S5 ODS column 4.6 x 50 mm, 10-90
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aqueous methanol over 4 minutes containing 0.2 phosphoric acid, 4 mL/min,

monitoring at 220 nm).

Example 10: N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolyljmethyllthiol-2-thiazolyl-4-
piperidinecarboxamide. monohydrochioride

To a solution of 40 mL of absolute _EtOHT cooled in an ice-bath was added acetyl

chloride (0.28 m-L, 3.9 mmol) dropwise. The reaction mixture was allowed to warm to
room temperature over 30 min then 1,1 -dimethylethyl)-2-oxazolyl]methyl]-thio]-

2-thiazolyl]-4-piperidinecarboxamide (1.50 g, 3.94 minol, 1 eq) was introduced in one

portion with stirring to give a thick slurry. Water mL) was added until homogeneous

then concentrated in vacuo to give a crude pale yellow solid. The crude material was

recrystallized (aq EtOH) to afford the title compound as a white solid, mp 256-258'.
Analysis calc'd for C17H24N402S2*HCI: C, 48.96; H, 6.04; N, 13.43; S, 15.38; CI, 8.50.

Found: C, 48.69; H, 5.99; N, 13.24; S, 15.27; Cl, 8.3 1.

Example 11: N-[5-11 [5-(1,1-Dimethylethyl)-2-oxazolyllniethyljthiol-2-thiazolyll-4-
piperidinecarboxamide. monphydrobromide

To a solution of 1M HBr in EtOH (0.5 miL) was added 

dimethylethyl)-2-oxazolyl]methyl]tbio]-2-thiazolyl]-4-piperidinecarboxamide (190 mg, 

1 eq) then cooled to -40'C overnight. The solid precipitate that formed was

collected on a Buchner funnel, washed with absolute EtOH then dried under vacuum at

100'C to afford the title compound as a fine white powder, mp 235-237' C.
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Analysis calc'd for C1I7H24N402S2HBr: C, 44.24; H, 5.46; N, 12.14; S, 13.8 9; Br, 17.3 1.

Found: C, 44.16; H, 5.40; N, 12.12; S, 13.91; Br, 17.70.

Example 12: N- [5-[5-(,1-Dimetliylethyl)-2-oxazolyl] methyl] thio]-2-thiazolylj-4-
piperidinecarboxamide. O.5-L-tartaric acid salt

N NH-O.5 L-Tartrate

H
S 

N r
(CH3 3C 0ol

To a warm solution of -dimethylethyl)-2-oxazolyl]methyl]thio]-2-

thiazo]yl]-4-piperidinecarboxamide (1.75 g, 4.6 mmol) in absolute EtOH (70 niL) was

added a soluition of L-tartaric acid (345 mg, 2.3 minol, 0.5 eq) in absolute EtOH (5 mL). A
precipitate started to forml after several minutes. The mixture was allowed to stand for 4 hr

at room temperature then the solid precipitate was collected on a Buchner funnel, washed

with absolute EtOH and dried under vacuum at 85'C for 24 hr to afford the title compound

as pale yellow crystals, mp 234-236'C. Analysis calc'd for C17H24N402S2*0.5-L-

Tartaric acid: C, 50.09; H, 5.97; N, 12.29; S, 14.07. Found: C, 49.85; H, 5.90; N, 12.12;
S, 13.75.

Example 13: N-t5-[[15-(1 ,1-Dimethylethyl)-2-oxazolylllmethyllthio]-2-thiazolyl-4-
piperidinecarboxamide, O.5-D-tartaric acid salt

N NH.O.5 D-Tartrate

H

S 

N
(CH3 3C 0 0O

300

To a warm solution of 1-dimethylethyl)-2-oxazolyl]methyl]thio]-2-

thiazolyl]-4-piperidinecarboxamide (1.00 g, 2.63 mmol) in absolute EtOM (40 mL) was

added a soluation of D-tartaric acid (198 mg, 1.32 mmol, 0.5 eq) in absolute EtOH (4 mL).

A precipitate started to form after several minutes. The mixture was allowed to stand for 18

at room temperature then the solid precipitate was collected on a Buchner funnel, washed

with absolute EtOH and dried under vacuum at 65'C for 6 hr to afford the title compound
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as a white solid, mnp 232-233 0C. Analysis calc'd for C17H24N402S2*0.5-D-Tartaric

acid: C, 50.09; H1, 5.97; N, 12.29; S, 14.07. Found: C, 49.75; H, 5.81; N, 12.04; S, 13.37.

Example 14: N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolyll methyllthio]-2-thiazolyll-4-
piperidinearboxamide. 0.5-fumaric acid salt

N 

S 
N Y

(CHAC 
0

To a warm solution of ,1 -dimethylethyl)-2-oxazolyl]methyllthio]-2-

thiazolyl]-4-piperidinecarboxamide (1.75 g, 4.6 mmol) in absolute EtOIT (100 mL) was

added a solution of fimarie acid (276 mg, 2.3 nimol, 0.5 eq) in absolute EtOH (5 mL). A
precipitate started to form after 10 minutes. The mixture was allowed to stand for 2 hr at

room temperature then at 5PC for 16 hr. The solid precipitate which formed was collected

on a Buchner funnel, washed with absolute EtOH and dried under vacuum at 65'C for 24 hr

to afford the title compound as a white solid, rap 206-207' C. Analysis calc'd for

C17H24N402S2.0.5-Fumaric acid: C, 52.04; H, 5.98; N, 12.77; S, 14.62. Found: C,
51.74; H, 5.76; N, 12.57; S, 14.19. Recrystallization (95% aq EtOH) afforded the title

compound containing 1 mol EtOH as large colorless crystals, mp 212-214' C.

Analysis cale'd for C17H24N402S2-0.5-Fumaric acid-EtOH: C, 52.05; H, 6.66; N, 11.56;

S, 13.23. Found: C, 52.03; H, 6.06; N, 11.50; S, 12.99.

Example 15: ,1-Dimethyletliyl)-2-oxazolyllmethyllthio-2-thiazolyll-4-
piperidinecarboxamide, 0.5-succinic acid salt

N NH.O.5 Succinate

H

30( H) CS 
N NO(0H3 3C 0or

To a warm solution of ,1 -dimnethylethyl)-2-oxazolyl]methyl]thio]-2-

thiazolyl]-4-piperidinecarboxamide (50 mg, 0. 13 mmol) in absolute EtOll (2 ni) was

added a solution of succinic acid (7.7 mg, 0.065 mmol, 0.5 eq) in absolute EtOll (0.25 mL).

A precipitate started to form after 10 minutes. The mixture was allowed to stand for 1 hr at
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room temperature then the precipitate was collected on a Buchner funnel, washed with

absolute EtOH and dried under vacuum at 100' C for 24 hr to afford the title compound

as a white solid, mp 190-192' C. Analysis calc td for C17H424N40S2*0.5-Succinic

acid-0.46H20: C, 50.96; H, 6.28; N, 12.51; S, 14.32. Found: C, 50.96; H, 6.20; N, 12.49;

S, 14.23.

Example 16: N- 15-[[[5-(,1-Dimethylethyl)-2-oxazolyl]methyllthio]-2-thiazolyl-4-
piperidinecarboxamide. 0.5-sulfuric acid salt

NNH.5 H2S04
H

S N
(CH3 3C 0

To a wamrn solution of 1 -dimethylethyl)-2-oxazolyl]methyl]thio]-2-

thiazolyl] -4-piperidinecarboxamide (5 0 mng, 0. 13 mmol) in absolute EtOH (2 mL) was

added a IM aq solution of sulfuric acid (0.065 mL, 0.065 nirol, 0.5 eq). A precipitate

fanned almost immnediately. The mixture was cooled to 5' C. for 2 hr then the precipitate
was collected on a Buchner funnel, washed with absolute EtOH and dried under vacuum at

100' C for 24 hr to afford the title compound as a white solid, mnp 256-258' C.

Analysis calc'd for C17H24N402S2-0.5H2S04-0.68H20: C, 46.22; H, 6.01; N, 12.68; S,
18.14. Found: C, 46.21; H, 5.95; N, 12.71; S, 18.23.

Example 17: N-15-15-(1 ,1-Dimethylethyl)-2-oxazolyljmethyljthio]-2-thiazolyl] -4-
piperidinecarboxamide. 0.5-citric acid salt

N NH*O.5 Citrate

H
N

(CH3 3C 0 0O

To a warnn solution of ,1 -dimethylethyl)-2-oxazolyl]methyl]thio]-2-

thiazolyl]-4-piperidinecarboxamide (50 mg, 0. 13 inmol) in absolute EtOH (2 mL) was

added a solution of citric acid (8.3 mg, 0.043 mmrol, 0.33 eq The solution was cooled to
C for 18 hr then the precipitate which formed was collected on a Buchner flinnel, washed
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with absolute EtOTI and dried under vacuum at 1000 C for 24 hr to afford the title

compound as a white solid, mp 214-216' C. Analysis calc'd for

C171124N402S2*0.5-Citric acid*0.10H120: C, 50.21; HI, 5.94; N, 11.71; S, 13.40. Found:

C, 50.21; H, 6.01; N, 11.83; S, 13.44.

Example 18: N-f5-[[[5S-(1,1-Dimethylethy1)-2-oxazolyl] methyl] thio] -2-thiazolyl] -4-
piperidinecarboxamide, methanesulfonic acid salt

N NH'MeS0 3H
H

(H)C S Sr N

To a slurry of 1-dimethylethlyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-4-
piperidinecarboxamide (100 mng, 0.26 mnmol) in isopropyl alcohol (0.75 mL) was added

methanesulfonic acid (0.0 17 mL, 0.26 mmol, 1 eq). The slurry was heated to 70' C to give

a clear solution then methyl t-butyl ether (1.5 mL) was added. Within 15 minutes a

precipitate formed. The resulting mixture was stirred at 550 C for 2 hr then at room

temperature for 14 hr. The precipitate which formed was collected by filtration then dried
under vacuum at 500 C for 14 hr to afford the title compound as a colorless powder,

mp 105' C. Analysis calc'd for C 17H24N402S2*MSA*H20: C, 43.70; H, 6.11; N, 11.32;

S, 19.44. Found: C, 43.53; H, 6.14; N, 11.15; S, 19.15.

Example 19: N-5- ,1-Dimethylethyl)-2-oxazolyllmethyljthio]-2-thiazolylJ-4-
piperidinecarboxamide, 0.5-D,L-malic acid salt

N NH.O.5 Malic acid

H

(CH33C 0

To a solution of ,1 -dimethylethyl)-2-oxazolyl]miethyl]thio]-2-thiazolyl-

4-piperidinecarboxaniide (100 mg, 0.26 mmol) in isopropyl alcohol (0.80 mE) was added

slowly at 700 C a solution of D,L-malic acid (35 mg, 0.13 mmol, 0.5 eq in isopropyl

alcohol (0.3 mE). A precipitate formed immediately. The resulting mixture was stirred at
550 C for 2 hr then at room temperature for 14 hr. The precipitate was collected by
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filtration then dried under vacuum at 500 C for 14 hr to afford the title compound as
a colorless powder, mp 2160 C. Analysis calc'd for C17H24N402S2'0.5-C4H605'H20:

C, 50.98; H1, 6.08; N, 12.51; S, 14.32. Found: C, 50.55; H, 6.17; N, 12.29; S, 14.05.
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Claims

We Claim:

1. A method for preventing or treating alopecia induced by chemotherapy or

radiotherapy which comprises administering to a mammalian specie in need thereof a

therapeutically effective amount of a compound of formula I or 11

H I3 CS(~ H

A NI
R orK2R

H ()R

or a pharmaceutically acceptable salt thereof wherein

R is R 6 COR7 CONII2 CONR6R7 COOR 6 or S0 2R6

R6 is alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, heterocycloalkylalkyl, aryl,

heteroaryl, arylalkyl or heteroarylalkyl;

R7 is H, alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, heterocycloalkylalkyl, aryl,

heteroaryl, arylalkyl or heteroarylalkyl;

A is RS C C-
I I

pR2 q

where pisO, 1 or 2; and qis 1 or 2but both p and qcannot be 2, or

R9I I~
R, C

ko1 i R 12

where i and j are each independently 0 or 1 but cannot both be 1, and Y is optionally

sub stituted alkene, alkyne, or any 2 adjacent carbon atoms of a cycloalkyl or

cycloheteroalkyl ring of 3-7 atoms;

R8 is alkyl with two or more carbon atoms, cycloalkyl, heterocycloalkyl, cycloalkylalkyl,

heterocycloalkylalkyl, aryl, heteroaryl, arylalkyl, hoteroarylalkyl or Rl,;
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R-q, Rio, R11 and R1 are each independently H, alkyl, cycloalkyl, heterocycloalkyl,

cycloalkylalkyl, heterocycloalkylalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl,

halo, or hydroxy, alkoxy, amino, NR 14R15 thia or alkyithio, provided that only one

hydroxy, alkoxy, amino, NR,,,R15 tbio or alkylthio group is bonded to any one

carbon atom;

Z R1

R13 is where Zis 0, NR, Sor S;

N] 
1

R16 and R17 are each independently H, alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl,

heterocycloalkcylalkcyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, halo, hydroxy,

alkoxy, alkylcarbonyloxy, carboxy, alkyloxycarbonyl, amino, NR19R2 carb amoyl,

ureido, tbio or alkylthio;

RIO, R15 R, 8 R19 and Rk2 are each independently H, ailkyl, cycloalkl, heterocycloalkyl,
cycloalkylalkyl, heterocycloalkylalkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

R, and R2 are each independently hydrogen, fluorine or alkyl;

R3 is aryl or heteroaryl;

R4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl; or

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-
heteroaryl, CO-alkyl-heteroaryl, GO-laeterocycloalkyl, CO-alkyl-heterocycloalkyl;

or

CONTI-alkyl, CONH-cycloalkyl, CONH-aryl, CONH-alkyl-cycloalkyl,

CONIT-alkyl-aryl, CONH-heteroaryl, CONH-alkyl-heteroaryl, CONTI-
heterocycloalkyl, GONH-alkyl-hecterocycloalkyl; or

COO-alkyl, COO-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COO-heteroaryl, COO-alkyl-heteroaryl, COO-heterocycloalkyl, COO-alkyl-

heterocycloalkyl; or

S0 2-cycloalkyl, S0 2-aryl, S02 -alkyl-cycloalkyl, S0 2-alkyl-aryl, SO.-
heteroaryl, S0 2-alkyl-heteroaryl, S0 2-heterocycloalkyl, S0 2-alkyl-heterocycloalkyl;

or

C(NGN)NH-alkyl, C(NCN)NH-cycloalkyl, C(NCN)jNH-aryl, C(NCN)NII-

alkyl-cycloalkyl, C(NCN)NH-alkyl-aryl, C(NCN)NH-heteroaryl, C(NCN)NI{-alkyl-

heteroaryl, G(NCN)NH-heterocycloalkyl, C(NCN)NH-alkyl-heterocycloalkyl; or

2)NLI-alkyl, C(NNO2)NH-cycloalkyl, C(NNO2)MI-aryl,

C(NNO2)NH-allcyl-cycloalkyl, C(NNO2)NII-alkyl-aryl, C(NNO2)NH-heteroaryl,
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C(NNO2)NH-alkyl-heteroaryl, C(NNO2)NH-heterocycloalkyl, C(NNO2)NI{-alcyl-

heterocycloalkyl; or

C(NTJ)NII-alkyl, C(NN-cycloalkyl, C(NM{NI{-aryl, C(NI{)NII-allcyl-

cycloalkyl, C(NII)NI{-alcyl-aryl, C(NH)NE{-heteroaryl, C(NH)NH-alkyl-heteroaryl,

C(NI{)NH-heterocycloalkyl, C(NH)NII-akl-heterocycloalkyl; or

C(NIINHCO-alkyl, C(NiMNHCO-cycloalky1, C(NII)NHCO-aryl,

C(NII)NHCO-alcyl-cycloalkyl, C(NH)NI{CO-alkyl-aryl, C(NHI)NHiCO-heteroaryl,

C(NI{)NI{CO-alkyl-heteroaryl, C(NH)NIHGO-heterocycloalcyl, C(NH)NHCO-

aLkyl-heterocycloalkyl; or

C(N0R 2 ,)NII-alcyl, C(N0R 2,)Nli-cycloalkyl, C(N0R, 1 )NI{-aryl,

C(N0R 2 ,)NTH-alkyl-cycloalkyl, C(N0R-2,)NH-alkyl-aryl, C(N0R 2 ,)NH-heteroaryl,

C(N0R 2 ,)NH-alkyl-heteroaryl, C(N0R, 1)NE-heterocycloalkyl, C(N0R 21)NH-alkyl-

heterocycloalkyl;

R, is hydrogen or alkyl;

R21 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalcylallcyl;

mnis aninteger of 0to 2;and

n is an integer of I to 3.

2. The method according to claim 1, wherein said pharmaceutically acceptable salt of said

compound of formula I or 11 is hydrochloride, a hydrobromide, a dihydrochloride, a sulfate, a

trifluroroacetate, a tartrate, a fumarate, a succinate, a maleate, a citrate, a methanesulfornate, a

bromate, or an iodate salt or a mixture thereof.

3. The method according to claim 1 or 2, wherein the mammalian specie is a human.

4. The method according to any one of claims 1 to 3, wherein the compound is topically

administered to the mammalian specie.

The method according to claim 4, wherein the compound is topically administered to

the scalp.

6. The method according any one of claims 4 or 5, wherein the compound is topically

administered in a form selecte~ from the group consisting of a cream, a lotion, a solution, a

dispersion, a shampoo, an ointment, a gel, a spot-on, a dust and an aerosol.
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7. The method according to any one of claims 1 to 6, wherein the compound is

administered prior to chemotherapy or radiotherapy treatment.

8. The method according to any one of claims 1 to 6, wherein the alopecia is induced by

chemotherapy.

9. The method according to any one of claims 1 to 6, wherein the alopecia is induced by

radiotherapy.

The method according any one of claims 1 to 3 and 7 to 9, wherein the compound is

administered in the form of a liposome delivery system.

11. The method according to claim 10, wherein the liposome delivery system is topically

administered.

12. The method according to any one of claims 1 to 11, wherein the compound is

administered in the form of a pharmaceutical composition comprising the compound and a

pharmaceutically acceptable carrier.

13. The method according to any one of claims 1 to 12, wherein the compound is a

compound of formula I.

14. The method according to claim 13, wherein said pharmaceutically acceptable salt of

said compound of formula I is a hydrochloride, a hydrobromide, a dihydrochloride, a sulfate, a

trifluoroacetate, a tartrate, a fumerate, a succinate, a maleate, a citrate, a methansulfonate, a

bromate, or an iodate sale or a mixture thereof.

The method according to claim 13 or 14, wherein R is R6 COR7 or CONR6R7

R6 is alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

R7 is H, alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

A is

where p is 0, 1 or 2; and q is 1 or 2, or
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R1 0  R1 2 j

where i and J are each independently 0 or I but cannot both be 1, and Y is optionally substituted

alkene, alkyne, or any two adjaccnt carbon atoms of a cycloalkyl ring;

R8 is alkyl with two or more carbon atoms, aryl, heteroaryl or R 13

R9 Rio, R11 and R12 are each indepednidently H or alkyl;

z R1
R13 is I where Z isO0; and

XR 17

R16 and R 17 are each independently H, alkyl or cycloalkyl.

16. The method according to claim 13 or 14, wherein

R is COR 7

R 7 is H, alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

Ai, R8 1

R)p R,12 q

Where p isO0 or 1; and q is 1, or

R8  C
i0

where i and j are each independently 0 or I but cannot both be 1, and Y is anl optionally

substituted alkene;

R8 is R13

R9 Rio, R, 1 and R12 are each independently H or alkyl;

R 1 3 is I where Zis0; and
NXR7

H:%Enn\078381_Sped2.doc
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R16 and R 17 are each independently H, alkyl or cycloalkyl.

17. The method according to claim 13 or 14, wvherein

R is COR7

R7 is alkyl, arylalkyl, heteroalkyl or heteroarylalkyl;

I 
Ais R~ C

R1 p V'1q

where pis 0or 1; and qis 1;

R9 Rio, R, 1 and R12 are each independently H or alkyl;

R8 is R13

z R6
R13 is I where Zis0; and

1 5 R16 is alkyl or cycloalkyl; and

RP7 is H.

18 The method according to claim 13 or 14, wherein

R is GOR7

R is alkyl, arylalkyl, heteroaryl or heteroalkyl;

A is Re I Y 4 11

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an optionally

substituted alkene or alkyne;

R8 is R13

R9 Rio, R, 1 and RI 2 are each independently HI or alkyl;

z R16 f
R13 is Iwhere Zis 0; and

NX:(R1

H:T: dn%67838 ISpec[2.doc



R 16 is alkyl or cycloalkyl; and

R17 is H.

19. The method according to claim 13 or 14, wherein

Ris R6

R6 is alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

R9

A is RC

R,0 p R 2 q

where p isO0 or 1; and q is 1, or

I I
R C Y

r- 1 0 R1 2

where i and j are each independently 0 or 1 but cannot be 1, and Y is an optionally

substituted alkene;

R8 is R13

R9 Rio, R, 1 and RI 2 are each independently HI or alkyl;

z R1
R13 is I where Zis0; and

N 1

R, 6 and rl 7 are each independently H, alkyl or cycloalkyl.

20. The method according to claim 13 or 14, wherein

R is R 6

R6 is alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

R,

A is R8  C

RI )p R,1 q

where pis 0or1; and qis 1;
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R9 Rio, R, 1 and R12 are each independently H or alkyl;

R8 is R13

z R1
R13 is I where ZisO0; and

NXR1

R16 is alkyl or cycloalkyl; and

R1is H.

21. The method according to claim 13 or 14, wherein

RisR 6

R~ is alkyl, aryl, heteroaryl, arylalkyl or heteroarylalkyl;

19  
/R 1

I (IAis Rg C

7 7 it ,I i

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene or alklyne;

R8 is R13

R9 Rio, R, 1 and R12 are each independently H or alkyl;

z R1
R13 is Iwhere Zis 0; and

R17R

R16 is alkyl or cycloalkyl; and

R1is H

22. The method according to claim 13 or 14 wherein

R is CONR6R7

R6 is alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

R7 is H, alkyl, heteroaryl, arylalkyl or heteroarylalkyl;

A is R~ C
I T
1,0 Rp q

H:AEdn7873Specildoc



where p is 0 or 1; and q is 1, or

io R I.

where i andj are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene;

R, is R13

R9 RIO, RI and R12 are each independently H or alkyl;
R16

R13 is where Z is 0; and

R17

R,6 and R1 are each'independently H, alkyl or cycloalkyl.

23. The method according to claim 13 or 14, wherein

R is CONR,;7

R, is alkyl, arylalkyl, heteroaryl or heteroarylalkyl;

R7 is H, alkyl, heteroaryl, arylalkyl or beteroarylalkyl;
/R.

A is R

110 p 12

where p is 0 or 1; and qis 1;

R, is R13

R9 R, and R,12 are each independently H or alkyl;

R16

R13 is whereZisO;

R1 7

R,16 is alkyl or cycloalkyl; and F

R,17 is H.



24. The method according to claim 13 or 14, wherein

R is CQNR6R7

R6 is alkyl, arylalkyl, heteroaryl or heteroarylalkyl;

R7 is H, alkyl, heteroaryL, arylaikyl or heteroarylalkyl;

5R1
Ais Y

where i and j are each independently 0 or 1 but cannot both be 1, and Y is an

optionally substituted alkene or alkyne;

R8is R13

P-9, RIO, RI I and R12 are each independently H or alkyl;

z R16

'R13 is I where ZisO0;

N R17

is alkYl or cycloalkYl; and

17 isH.

The method according to any one of claims I to 12, wherein the compound

is a compound of formula IL.

26. The method according to claim 25, wherein said pharmaceutically acceptable

of said compound of formula 1U is a hydrochloride,' a hydrobroinide, a dihydrochioride,

a sulfate, a trifluoroacetate, a tartrate, a fumarate, a succinate, a maleate, a citrate, a

inethanesulfollate, a bromate, or an iodate salt or a mixture thereof.

27. The method according to claim 25 or 26, wherein

and R2 are each independently hydrogen or alkyl;

R3 is

where L is. oxygen, sulfur or NR25
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R4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkyl; or

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkcyl-heteroaryl, CO-heterocycloalkyl, CO-alkyl-heterocycloalkyl;

or

CONH-alkyl, CONH-cycloalkyl, CONII-aryl, CONII-alkyl-cycloalkyl,

CONI{-alkyl-aryl, CONII-heteroaryl, CONH-alkyl-heteroaryl, CONH-

heterocycloalkyl, CONII-alkyl-heterocycloalkyl; or

COO-alkyl, COO-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COO-heteroaryl, COO-alkyl-heteroaryl, COO-heterocycloalkyl, COO-alkyl-

heterocycloalkyl; or

S0 2-CYCloalkYl, S0 2-arYl, S0 2-alkyl-cycloalkyl, S02 -alkyl-aryl, SO2

heteroaryl, S0 2-alkyl-heteroaryl, S0 2-heterocycloalkyl, S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NII-alkcyl, C(NCN)NII-cycloalkeyl, C(NCN)NH-aryl, C(NCN)NH-

alkyl-cycloalkyl, C(NCN)NH-alkyl-aryl, C(NCN')NH-heteroaryl, C(NCN)NH-alkyl-

heteroaryl, C(NCN)NIH-heterocycloalkyl, C(NCN)INI-alkyl-heterocycloatkyl; or

C(INNO 2)NI{-alkyl, C(NNO2)NII-cycloalkyl, C(NNO2)NH-aryl,

C(NINO2)NH-alkyl-cycloalkyl, C(NNO2)NH!-alkyl-aryl, C(NNO2)NH-heteroaryl,

C(NINOI)NH-alkyl-heteroaryl, C(NNO2)NH-heterocycloalkyl, C(NNO2)NH-alkyl-

heterocycloalkcyl; or

C(NH)NH-alkyl, C(NTI)Mi-cycloalkyl, C(NH)NH-aryl, C(NII)NI{-alky[-

cycloalkyl, C(NH)NH-alkyl-aryl, C(NII)NH-heteroaryl, C(NHI)NH-alkyl-heteroaryl,

C(NH)NH-heterocycloalkyl, C(NH)NH-alkyl-heterocycloalkyl; or

C(NiH)NE{CO-alkyl, C(NH)NHCO-cycloalkyl, C(NH)NIICO-aryl,

C(NII)NHCO-alkyl-cycloalkyl, C(NIH)NHICO-alkyl-aryl, C(Nli)N[ICO-hetero'aryl,

C(NLI)NIICO-alkyl-heteroaryl, C(NII)NHCO-heterocycloalkyl, C(NH)NIICO-

alkyl-heterocycloalkyl; or

C(N0R 2 ,)NI{-alkyl, C(N0R 2,)NH-cycloalkyl, C(N0R 2 ,)NH-aryl,

C(N0R 2 ,)NTI-alkyl-cycloalkyl, C(N0R 2 ,)NTT-alkyl-aryl, C(N0R 2 ,)NH-heteroaryl,

C(N0R, 1)NH-alkyl-heteroaryl, C(N0R 2,)NH-heterocycloalkyl, C(N0R 2 ,)NE{-alkyl-

heterocycloalkyl;

R 5 is hydrogen or alkyl;

R21 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;
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R23 and R24 are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl,

substituted aryl, cycloalkylalkyl, arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

is hydrogen, alkyl, cycloalkyl, aryl, alkylcycloalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

mnis an integer of 0 to 2; and

n is an -integer of I to 3.

28. The method according to claim 25 or 26, wherein

R, and R. are each independently hydrogen or alkyl;
R23

N

where L is oxygen;

R, is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylallcyl; or

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alcyl-heteroaryl, CO-heterocycloalkyl, CO-alkyl-heterocycloalkyl;

or
CONH-.alkyl, CONH-cycloalkyl, CONH-aryl, CONII-alkyl-cycloalkyI,

CONH-alcyl-ar3'l, CONH-heteroaryl, CONH-alkyl-heteroaryL, CONHf-

heterocycloalkyl, CQNH-alky1-heterocycloalkyl; or

COO-alkyl, 000-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COO-heteroaryl, COO-alkyl-heteroaryl, COQ-heterocycloalkyl, CQO-alkyl-

heterocycloalkyl; or

S02 -cycloalkyl, S02-ai'yl, SO 2-alkyl-cycloalkyl, S0 2-alkyl-aryl, SO2

heteroaryl, SO2-alkyl-heteroary1, S0 2-heterocycloallcyl, S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NH-alkyl, C(NCN)NH-cycloalkyl, C(NCN)NH-aryl, C(NCN)NH-

alkyl-cycloalkyl, C(NCN)NH-alkyl-aryl, C(NCN)NH-heteroaryl, C(NCN)NH-alkyl-

heteroaryl, C(NCN)NH-heterocycloalcyl, C(NCN)NH-alkyl-heterocycloalkyl, or

C(NNO2)NH-al~yl, C(NNO2 )NH-cycloalkyl, C(NN0 2)NH-aiyl,

C(NNO2)NH-alkyl-cycloalky1, C(NNO)NH-alkyl-aryl, C(NNOO)NH-heteroaryl,

C(NNO2)NHi-alkyl-heteroaryl, C(NNO,)NH-heterocycloalkyl, C(NNO2 )NH-alkyl-

heterocycloalkyl; or



C(NH)NII-alkyl, C(NH)NH-cycloalcYL, C(NH)NII-axYl, C(NH)NH-alkyl-

cycloalkyl, C(NH)NH-alkyl-aryl, C(NH-heteroaryl, C(NHI-alkyl-heteroaryl,

C(NH7JNI-heterocycloalkyl, C(NH)NHEIallcyl-heterocycloalcyl; or

C(NH)NHCO-alkyl, C(NH)NIICO-cycloalkyl, C(NH)NHCO-aryl,

C(NH)NHCO-alkyl-cycloalkyl, C(NiI)NIICO-alkyl-aryl, C(NH)NIICO-heteroaryl,

C(NIINHCO-alkyl-heteroaryl, C(NII)NHCO-heterocycloalkyl, C(NH)NHCO-

alkyl-heterocycloalkyl; or

C(NQR 21)NH-alkyl, C(N0R2,)NH-cycloalkyl, C(N0R 2 ,)NI{-aryl,

C(N0R 2 ,)NH-alkyl-cycloakl, C(N0R, 1)NH-alkyl-aryl, C(N0R 2,)NH-heteroaryl,

C(N0R 2 ,)NH-alkyl-heteroaryl, C(N0R 2 ,)NH-heterocycloalCyl, C(N0R 2 ,)NH-alkyl-

-heterocycloalkyl;

R% is hydrogen;

is hydrogen, alkyl, cycloalkyl, aryl, cycloalkcylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloallcyl or heterocycloalkylalkyl;

R2 and R24 are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl,

substituted aryl, cycloalkylalkyl, arylailcyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, hetereyeloalkyl or heterocycloallcylal kyl;

m is an integer of 0 to 2; and

n is aninteger of 1to 3.

29. The method according to claim 25 or 26, wherein

R, and R2 are each independently hydrogen or alkyl;

3 is L~ -:R2

where L is sulfar;

R4 is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloallcyla~kyl; or

CO-alkyl, CO-cycloalkyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkyl-heteroaryl, CO-heterocycloalkyl, CO-alkyl-heterocycloalkyl;

or

CONH-alkyl, CQNH-cycloalkyl, CQNH-aryl, CONH-alkyl-cycloalcyl,

CONH-alkyl-aryl, CO{ H-heteroaryl, CONH-alkcyl-heteroaryl, CONFI-

heterocycloalkyl, CONH-alkyl-heterocycloalkyl; or
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COO-alkyl, COO-cycloalkyl, COO-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COG-heteroaryl, COO-alkyl-heteroaryl, COG-heterocycloalkyl, COO-alkyl-

heterocycloalkyl; or

S0 2-cycloalkyl, S0 2-aryl, S0 2-alkyl-cycloalkyl, S0 2-alkyl-aryl, S0 2

heteroaryl, S0 2-alkyl-hecteroaryl, S0 2-heterocycloalkyl S0 2-alkyl-heterocycloalkyl;

or

C(NCN)NT{-alkyl, C(NCN)NH-cycloalkyl, C(NCN)NH-aryl, C(NCIN)NH-

alkyl-cycloalkyl, C(NCN)NH-alkyl-aryl, C(NCN)KH-heteroaryl, C(NCN)NII-alkyl-

heteroaryl, C(NCN)NH-heterocycloalkyl, C(NCN)NH-alkyl-heterocycloalkyl; or

C(NNO2)NH-alkyl, C(NNO,)NH-cycloalkyl, C(NN0 2)NII-aryl,

C(NNO2)NI-alkcyl-cycloalkyl, C(NNO2)NI{-alkyl-aryl, C(NNO2)NFJ-heteroaryl,

C(NNO2)NIH-alkyl-heteroaryl, C(NNO2)NH-heterocycloalkyl, C(NNO2)NH-alkyl-

heterocycloalkyl; or

C(NII)NH-alkyl, C(NH)NH-cycloalkyl, C(NH)NH-aryl, C(iNH)NH-alk,-yl-

cycloalkyl, C(NH)NH-alkyl-aryl, C(NII)NT{-heteroaryl, C(NIH)NH-alkyl-heteroaryl,

C(NIH)NH-heterocycloalkyl, C(NIH)NH-alkyl-heterocycloalkyl; or

C(NH)NI{CO-alkyl, C(NI{)NHCO-cycloalkyl, C(NII)NI{CO-aryl,

C(NII)NI{CO-alkyl-cycloalkyl, C(NIH)NH-CO-alkyl-aryl, C(NH)NHCO-heteroaryl,

C(NfI)NI{CO-alkyl-heteroaryl, C(NH)NI{CO-heterocycloalkyl, C(NI{)NHCO-

alkyl-heterocycloalkyl; or

C(N0R 2 ,)NI{-alkyl, C(N0R 2 ,)NH-cycloalkyl, C(N0R 2 ,)NH-aryl,

C(N0R 2 ,)NH-alkyl-cycloalkyl, C(N0R 2 ,)NH-alkyl-aryl, C(N0R 2 ,)NTI-heteroaryl,

C(N0R 2 ,)NH-alkyl-heteroaryt, C(N0R 21)NH-heterocycloalkyl, C(N0R21 )NI{-alkyl-

heterocycloalkyl;,

R5 is hydrogen;

is hydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

R. 3 and R24 are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl,

substituted aryl, cycloalkylalkyl, arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

mn is an integer of 0 to 2; and

n is an integer of 1 to 3.
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The method according to claim 25 or 26, wherein

R, and R 2 are each independently hydrogen or alkyl;

R 3 isJ\ 2

N

where L is NR2.;

R 4 is hydrogen, alkyl, cycloalkyl, aryl, cycloailkylalkyl, arylalkyl, heteroaryl,

heteroarylalkyl, heterocycloalkyl, heterocycloalkylalkYl; or

to CO-alkyl, CO-cycloallcyl, CO-aryl, CO-alkyl-cycloalkyl, CO-alkyl-aryl, CO-

heteroaryl, CO-alkyl-heteroaryl, CO-heterocycloalkyl, Co-alky1-heterocycloa.ll;

or

CONH-alkyl, CONII-cycloalkyl, CONHI-aryl, CONH-alkyl-cycloalkyl

CONH-alkyl-aryl, CONH-heteroaryl, CONH-alkyl-heteroa1yl, CONH-

heterocycloaik3'l, CON alkyl-heterocycloalkyl; or

COO-alkyl, COO-cycloalkyl, COQ-aryl, COO-alkyl-cycloalkyl, COO-alkyl-

aryl, COO-heteroaryl, COO-alkyl-heteroaryl, COO-heterocycloa~kyl, COO-alkyl-

heterocycloalkyl; or

S02-cycloalkyI, S0 2-aryl, SO2 -alky1-cycloakyl, S02 -alkcyl-aryl, SO.,-

heteroaryL S0 2-alkyl-heteroaryl, SO2-heterocycloalkyl, SO2-alkyl-heterocycloalkyl;

or

C(NCN)NII-akyl, C(NCN)NH-cycloalkyl, C(NCN)NH-aryl, C(NCN)NH-

alkyl-cycloalkyl, C(NCN)NH-alkyl-ryl, C(NCN)NH-heteroaryl, C(NCN)NII-alkyl-

heteroaryl, C(NCN H-hoterocycloalkyl, C(NCN)NH-alkYl-heterocycoIalkyl; or

C(NNO2)NH-aIkyl, C(NNO2)NH-cycloalkyl, C(NNO2)NH-aryl,

C(NNO)Hakycycloalkyl, C(NNO,)N{-aUCyI-aryl, C(NNO2)NHi-heteroryi,

C(NNO2)N1-alky1-heteroaryl, C(NNO)NH-hterocycloalkyl, C(NNO2)NH-alkYl-

heterocycloalkyl; or

C(NH)NH-alkyl, C(NH)NH-cycloalkyl, C(NNH-a711 C(NH)NE-alkyl-

cycloalkyl, G(WHNH-alkyl-aryl, C(NRNH-heteroaryl, C(Nfl)NII-alkylheteroaryl,

C(NHNH-heterocycloaIkyl, C( WNI1-alkyl-heterocycloalkyl; or

C(NHNHCO-alkyL C(NR)N1ICO-cycloaIkyi, C(NR)NHCO-aryl,

CINHNCOakyl-cy5~oakyl, C(NHNHCO-alkyl-aryI, C(NMNDHCQ-hteroaryl,

C(NHNHCO-alkyl-hteroarlt, C(NHCO-heterocycloalkyl, C(NHNHCO-

allkyl-heterocycloalkyl; or
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C(N0R 2 ,)NH-alkyl, C(N0R21)NH-cycloalkyl, C(NOR 2,)NH--ary1,

C(NOR,,)NH-alkyl-cycloalkyl, C(N0R 2 ,)NH-alkyl-aryl, C(N0R 21 )N--heteroaryl,

C(NOR 2 )NHI-alkyl-hetcroaryl, C(NOR 2 )NH-hcterocycloalkyl, C(N0R 2 ,)NH4-alkyl 

heterocycloalcyl;

R5 is hydrogen;

R 21 is hiydrogen, alkyl, cycloalkyl, aryl, cycloalkylalkyl, arylalkyl, iieteroaryl,

heteroarylalkyl, heterocycloallcyl or heterocycloalkylalkyl;

R 23 and R24 are each independently hydrogen, alkyl, substituted alkyl, cycloalkyl, aryl,

substituted aryl.- cycloalkylalkyl, arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

R 25 is hydrogen, alkyl, cycloalkyl, aryl, cycloallcylalkyl, arylalkyl, heteroaryl,

heteroalylalkyl, heterocycloalkyl or heterocycloalkylalkyl;

in is an integer of 0 to 2; and

n is an integer of I to 3.

31. The method according to claim 25 or 26, wherein

R, and R2 are each independently hydrogen or alkyl;

R3 is /N
2

where L is oxygen;

R 4 is aryl, heteroaryl, CO-alkyl, CO-alkyl-aryl, CO-cycloalkyl, CO-alkyl-hetero8aiyl, CO-

alkyl-heteroalkyl, CO-alky1-heterocycloalkyl, CONTI-alkyl, CONII-alkyl-aryl,

CONII-cycloalkyl or CONII-alkyl-heteroCycloalkyl;

R5 is hydrogen;

R23 and R24 are hydrogen;

m is the integer 0; and

n is the integer 1.
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32. The method according to claim 25 or 26, wherein

R, and R2 are independently hydrogen or alkyl;

L
R3 is..4 2C4

N

where L is oxygen;

R4 is aryl, heteroaryl, CO-alkyL, CO-alkyl-aryL CO-alkyl-heteroalkyl, CO-cycloalkyl CO-

aflkyl-heterocycloalCyl, CO-alkyl-heteroaryl, CONE-alcyl, CONH-alkyl-aryl,

CONH-cycloalkyl or CONH-alky-heterocycloalkyl;

is hydrogen;
is alkyl;

R24 is hydrogen;
mn is the integer 0; and

n is the integeri1.

33. The method according to claim 25 or 26, wherein

R, and R2 are independently hydrogen Or alkyl;

L
R3 is 2( 4

N

where L is sulfur;'

R4 is aryl,'heteroaryl, CO-alkyL, CO-alkyl-aryl, CO-alkyl-heteroalkyl, CO-cycloalkyl, CO-

alky1-heterocyc1oalkyl, CO-alkyl-heteroaryl, CONH-alkyl, CONH-alkyl-aryl,

CONH-cycloalkyl or CONH-alkyl-heterocycloalkyl;

is hydrogen

P'2 is alkyl;

PR.4 is--hydrogen;
m is the integer 0; and

n is the integer 1.



34. The method according to claim 25 or 26, wherein

R, and R2 are independently hydrogen or alkyl;

R

R3 is

where L is IN1R25,

R4 is aryl, heteroa ryl, CO-alkYL CO-ailkyl-arYl, CO-alky1-heteroalkyl, CO-cycloalkyl, CO-

alkyl-heterocycloalkyl, CO-alkyl-heteroaryl, CONH-alkyl, CONH-alkyl-aryl,

CONH-cycloalkyl or CONH-alkyl-hetrocycloalkyl;

is hydrogen;

R23 is alkyl;

R24 is hydrogen;

R2 is hydrogen,~ alkyl, cycloalkyl, aryL, alkyl-cycloalkyl, alkyl-aryl, heteroaryl, alkyl-

heteroairl, heterocycloalkyl or alkyl-heterocycloalkyl;

mn is the integer 0; and

n is the integer 1.

The method according to claim 25 or 26, wherein

R, and PR2 are independently hydrogen or alkyl;

R3 is jA2R 4

where Lis NR2;

R(4 is aryl, heteroaryl, CO-alkyl, CO-alkyl-aryl, CO-cycloallcyl, CO-alkyl-heteroalyl, CO-

alkyl-heteroalkyl, CO-alky1-heterocycloaDIk~, CONH-alkyl, CONH-alkyl-aryl,

CONH-cycloalkyl or CONH-alkyl-heterocycloalCyl;

Rk, ishydrogen;

Rn is hydrogen;

R24 is alkyl;

is hydrogen;

m is the integer 0; and

n is the integer 1.
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36. The method of claim 25, wherein the compound is a compound of formula

IIj

or a pharmaceutically acceptable salt thereof, wherein:

R 1 R2 and R5 are independently hydrogen or alkyl;

R23 is alkyl, aryl, or heteroaryl;

R24 is hydrogen, alkyl, aryl, or heteroaryl;

R26 and R27 are independently hydrogen, alkyl, aryl, heteroaryl, halogen, hydroxy, or

alkoxy;

R28 is hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, CONR2 9R3 COR 31 or COOR32

R2 9 R30 R3 1 and R 32 are independently hydrogen, alkyl, or aryl;

r is an integer ranging from 0 to 5; and

s is an integer ranging from 0 to 

37. The method of claim 25, wherein the compound is a compound of formula

IIk:

(Ilk)

or a pharmaceutically acceptable salt thereof, wherein R33 is hydrogen, alkyl, or cycloalkyl.
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38.

formula IIl:

PCT/US01/13818

The method of claim 25, wherein the compound is a compound of

R- R33

(Ill)

or a pharmaceutically acceptable salt thereof, wherein R33 is hydrogen, alkyl, or cycloalkyl.

39. The method of claim 25, wherein the compound is a compound of formula

IIm:

N H3

/F H H_

(IIm)

or a pharmaceutically acceptable salt thereof, wherein

R34 is alkyl;

R35 is hydrogen or alkyl;

X is NR36 or CHNR 6R3 7

R36 and R37 are independently hydrogen, alkyl, or cycloalkyl; and

tis0, 1, 2 or 3.
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The method of claim 25, wherein the compound is a compound of formula

(11n)

or a pharmaceutically acceptable salt thereof, wherein W?6 and W37 are independently

hydrogen, alkyl, or cycloalkyl.

41. The method of claim 25, wherein the compound is:

5-(1 -diinethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-4-

piperidinearboxamide;

1-dimethylethyl)-2-oxazolyl]meth-yllthio]-2-thiazolyl]-3-
piperidinecarboxamide;

-(2,3-dihydroxypropyl)- 1-dimethylethyl)-2-oxazolyl]methyl]thio]-2-

thiazolyl]-4-piperidinecarboxamide;

1-dimethylethyl)-2-oxazolyllmethyl]thio]-2-thiazolyl]-l -(1-meihylethyl)-4-

piperidinecarboxamide;

1 -cyclopropyl-N-[5-flI[5-( 1 -dimethylethyl)-2-oxazolyl]methyl]thio]-2-thiazolyl]-4-

piperidinecarboxamide;

1 -dimethylethyl)-2-oxazolylljmethyl]thio]-2-thiazolyl]- 1-(2-hydroxyethyl)-4-

piperidinecarboxamide;
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1, -dimethylethyl)-2-oxazoly]methyl]thio]-2-thiazolyll-3-

piperidinecarboxanilde;

1, -dimethylethyl)-2-oxazolyl]methyllthio]-2-thiazolyl]-3-

piperidinecarboxamide;

cis-4-amino-N-[5-[iL5-(, 1, -dimethylethyl)-2-oxazolyl]methyl]thio]-2-

thiazolyl]cyclohexylcarboxamide; or

1 0 trans-4-amino-N-[5 1, -dimethylethyl)-2-oxazolyL]methyl]thio] -2-

thiazolyl]cyclohexylcarboxamide, or a pharmnaceutically acceptable salt thereof.

42. The method of claim 38, wherein the compound is a compound of formula

or a pharmaceutically acceptable salt thereof, wherein R 33 is hydrogen.

43. The method of claim 42, wherein said salt is a hydrochloride, a hydrobromide, a

dlbydrochloride, a sulfate, a trifluoroacetate, a tartrate, a fumnarate, a succinate, a maleate, a

citrate, a methanesulfonate, a bromate, or an iodate salt.

44. A method for preventing or treating alopecia induced by chemotherapy or

radiotherapy which comprises administering to a mammalian specie in need thereof a

therapeutically effective amount of a compound as substantially hereinbefore discussed by

reference to any one of the examples.
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