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(57) ABSTRACT 
The invention provides novel [32 adrenergic receptor agonist 
compounds of formula (I): 

(1) 

R1 OH 9 R13 

R2 g (R )W 
\ 

_ 12 

R6 R7 R8 I / If R 
R3 R5 R10 

R4 R11 

Wherein Rl-R13 and W have any of the values described 
in the speci?cation. The invention also provides 
combinations of such compounds and other thera 
peutic agents, pharmaceutical compositions com 
prising such compounds and combinations, methods 
of using such compounds to treat diseases associated 
With [32 adrenergic receptor activity, and processes 
and intermediates useful for preparing such com 
pounds. 



US 2003/0229058 A1 

ARYL ANILINE BETA2 ADRENERGIC RECEPTOR 
AGONISTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 10/292,835, ?led Nov. 12, 2002, Which 
claims the bene?t of US. Provisional Application No. 
60/338,194, ?led Nov. 13, 2001 and US. Provisional Appli 
cation No. 60/343,771, ?led Dec. 28, 2001, the entire 
disclosures of Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention is directed to novel [32 adrenergic 
receptor agonists. The invention is also directed to pharma 
ceutical compositions comprising such compounds, meth 
ods of using such compounds to treat diseases associated 
With [32 adrenergic receptor activity, and processes and 
intermediates useful for preparing such compounds. 

BACKGROUND OF THE INVENTION 

[0003] [32 adrenergic receptor agonists are recogniZed as 
effective drugs for the treatment of pulmonary diseases such 
as asthma and chronic obstructive pulmonary disease 
(including chronic bronchitis and emphysema). [32 adrener 
gic receptor agonists are also useful for treating pre-term 
labor, and are potentially useful for treating neurological 
disorders and cardiac disorders. In spite of the success that 
has been achieved With certain [32 adrenergic receptor ago 
nists, current agents possess less than desirable potency, 
selectivity, speed of onset, and/or duration of action. Thus, 
there is a need for additional [32 adrenergic receptor agonists 
having improved properties. Preferred agents may possess, 
among other properties, improved duration of action, 
potency, selectivity, and/or onset. 

SUMMARY OF THE INVENTION 

[0004] The invention provides novel compounds that pos 
sess [32 adrenergic receptor agonist activity. Accordingly, 
this invention provides compounds of formula (I): 

(I) 

R1 OH 13 
H (R9) R 

R2 N W 
\ 

_ 12 

R6 R7 R8 I / III R 
R3 R5 R10 

R4 R11 

[0005] Wherein: 

[0006] each of Rl-R5 is independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, aryl, heteroaryl, cycloalkyl, heterocyclyl, 
and R8; 

[0007] or R1 and R2, R2 and R3, R3 and R4, or R4 and 
R5 are joined together to form a group selected from 
the group consisting of 
—C(Rd)=C(Rd)C(=O)NRd—, —CRdRd— 
CRdRd—C(=O)NRd—, 
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—NHC(Rj)=C(Rk)—; 
[0008] R6 is hydrogen, alkyl, or alkoXy; 

[0009] R7 is hydrogen or alkyl; 

is y rogen or a y ; or toget er Wit 0010 R8‘ h 01 1k 1 R8 h 'hRg 
is —CH2— or —CH2CH2—; 

[0011] R9 is independently selected from the group 
consisting of alkyl, alkenyl, alkynyl, aryl, heteroaryl, 
cycloalkyl, heterocyclyl, and R8, or R9 together With 
R8 is —CH2— or —CH2CH2—; 

[0012] R10 is hydrogen or alkyl; 

[0013] each R11, R12, and R13 is independently 
selected from the group consisting of hydrogen, 
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, 
heterocyclyl, —NO2, halo, —NRdRe, —C(=O)Rd, 
—COZRd, —OC(=O)Rd, —CN, —C(=O)NRdRe, 
—NRdC(=O)Re, —OC(=O)NRdRe, 
—NRdC(=O)ORe, —NRdC(=O)NRdRe, —ORd, 
S(O)mRd, —NRd—NRd—C(=O)Rd, —NRd— 
N=CRdRd, —N(NRdRe)Rd, and —S(O)2NRdRe; 

[0014] or R11 and R12 together With the atoms to 
Which they are attached form a fused benZo ring, 
Which benZo ring can optionally be substituted With 
1, 2, 3, or 4 RC; 

[0015] or R11 and R12 together With the atoms to 
Which they are attached form a heterocyclic ring; 

[0016] Wherein for R1-R6, R9, and R11-R13, each 
alkyl, alkenyl, and alkynyl is optionally substituted 
With Rm, or With one or more (eg 1, 2, 3, or 4) 
substituents independently selected from Rb; for 
R1-R6, R9, and Rn-R13 each aryl and heteroaryl is 
optionally substituted With 1, 2, 3, or 4 substituents 
independently selected from R°, and for R1-R6, R9, 
and Rll-R13 each cycloalkyl and heterocyclic ring is 
optionally substituted With 1, 2, 3, or 4 substituents 
independently selected from Rb and R°; 

[0017] each R8 is independently —ORd, —NO2, 
halo, —S(O)mRd, —S(O)2ORd, S(O)mNRdRe, 

[0018] each Rb is independently Ra, OX0, or 
=N—ORe; 

[0019] each R0 is independently Ra, alkyl, alkenyl, or 
alkynyl; Wherein each alkyl, alkenyl and alkynyl is 
optionally substituted With 1, 2, 3, or 4 substituents 
independently selected from Rb; 

[0020] each Rd and Re is independently hydrogen, 
alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, 
or heterocyclyl; Wherein each alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, cycloalkyl and heterocyclyl is 
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optionally substituted With one or more (eg 1, 2, 3, 
or 4) substituents independently selected from Rh; or 
Rd and Re together With the atoms to Which they are 
attached form a heterocyclic ring having from 5 to 7 
ring atoms, Wherein the heterocyclic ring optionally 
contains 1 or 2 additional heteroatoms independently 
selected from oxygen, sulfur and nitrogen; 

[0021] each Rf and Rg is independently hydrogen, 
alkyl, aryl, heteroaryl, cycloalkyl, or heterocyclyl; 
Wherein each alkyl, aryl, heteroaryl, cycloalkyl and 
heterocyclyl is optionally substituted With 1, 2, 3, or 
4 substituents independently selected from Rh; or Rf 
and Rg together With the carbon atom to Which they 
are attached form a ring having from 5 to 7 ring 
atoms, Wherein the ring optionally contains 1 or 2 
heteroatoms independently selected from oXygen, 
sulfur and nitrogen; 

[0023] Rj and Rk together With the carbon atoms to 
Which they are attached form a phenyl ring that is 
optionally substituted With 1, 2, 3, or 4 R°; 

[0024] each Rrn is independently aryl, heteroaryl, 
cycloalkyl or heterocyclyl; Wherein each aryl or 
heteroaryl is optionally substituted With 1, 2, 3, or 4 
substituents selected from the group consisting of R°, 
and Wherein each cycloalkyl and heterocyclyl is 
optionally substituted With 1, 2, 3, or 4 substituents 
selected from Rb; 

[0025] m is 0, 1, or 2; 

[0026] n is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10; 

[0027] p is 3, 4, or 5; 

[0028] q is 2, 3, or 4; 

[0029] r is 1,2, or 3; 

[0030] W is 0, 1, 2, 3, or 4; 

[0031] or a pharmaceutically-acceptable salt or sol 
vate or stereoisomer thereof. 

[0032] The invention also provides compounds of formula 
(Ila): 

(Ha) 

OH 

HO R5 

Dec. 11, 2003 

[0033] Wherein: 

[0034] R4 is —CHZOH or —NHCHO and R5 is 
hydrogen; or R4 and R5 taken together are 
—NHC(=O)CH=CH—; 

[0035] R11 is phenyl or heteroaryl, Wherein each 
phenyl is optionally substituted With 1 or 2 sub 
stituents selected from halo, —ORd, —CN, 
—NO2, —SOZRd, —C(=O)Rd, C(=O)NRdRe, 
and C1_3alkyl, Wherein C1_3alkyl is optionally 
substituted With 1 or 2 substituents selected from 
carboXy, hydroXy, and amino, and each Rd and Re 
is independently hydrogen or C1_3alkyl; and 
Wherein each heteroaryl is optionally substituted 
With 1 or 2 C1_3alkyl substituents; and 

[0036] R12 is hydrogen or —OC1_6alkyl; 

[0037] or a pharmaceutically-acceptable salt or sol 
vate or stereoisomer thereof. 

[0038] The invention also provides compounds of formula 
(IIb): 

(IIb) 

OH 

ZE 

HO R5 

[0039] Wherein: 

[0040] R4 is —CHZOH or —NHCHO and R5 is 
hydrogen; or R4 and R5 taken together are 
—NHC(=O)CH=CH—; 

[0041] R12 is hydrogen or —OC1_6alkyl; 

[0042] R17 is —(CH2)XNRdRe Wherein each Rd 
and Re is independently hydrogen or C1_4alkyl, 
Wherein each C1_4alkyl is optionally substituted 
With phenyl or pyridyl, or Rd and Re together With 
the nitrogen atom to Which they are attached is 
morpholino; and 

[0043] X is 0, 1, or 2. 

[0044] The invention also provides a pharmaceutical com 
position comprising a compound of the invention and a 
pharmaceutically-acceptable carrier. The invention further 
provides combinations comprising a compound of the inven 
tion and one or more other therapeutic agents and pharma 
ceutical compositions comprising such combinations. 

[0045] The invention also provides a method of treating a 
disease or condition associated With [32 adrenergic receptor 
activity (eg a pulmonary disease, such as asthma or chronic 
obstructive pulmonary disease, pre-term labor, a neurologi 
cal disorder, a cardiac disorder, or in?ammation) in a mam 
mal, comprising administering to the mammal, a therapeu 
tically effective amount of a compound of the invention. The 
invention further provides a method of treatment comprising 
administering a therapeutically effective amount of a com 
bination of a compound of the invention together With one 
or more other therapeutic agents. 
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[0046] The invention also provides a method of treating a 
disease or condition associated With [32 adrenergic receptor 
activity (eg a pulmonary disease, such as asthma or chronic 
obstructive pulmonary disease, pre-term labor, a neurologi 
cal disorder, a cardiac disorder, or in?ammation) in a mam 
mal, comprising administering to the mammal, a therapeu 
tically effective amount of a pharmaceutical composition of 
the invention. 

[0047] This invention also provides a method of modu 
lating a [32 adrenergic receptor, the method comprising 
stimulating a [32 adrenergic receptor With a modulatory 
amount of a compound of the invention. 

[0048] In separate and distinct aspects, the invention also 
provides synthetic processes and novel intermediates, 
including compounds of formulas (III), (IV), and (VII) 
described herein, Which are useful for preparing compounds 
of the invention. 

[0049] The invention also provides a compound of the 
invention as described herein for use in medical therapy, as 
Well as the use of a compound of the invention in the 
manufacture of a formulation or medicament for treating a 
disease or condition associated With [32 adrenergic receptor 
activity (eg a pulmonary disease, such as asthma or chronic 
obstructive pulmonary disease, pre-term labor, a neurologi 
cal disorder, a cardiac disorder, or in?ammation) in a mam 
mal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] When describing the compounds, compositions 
and methods of the invention, the folloWing terms have the 
folloWing meanings, unless otherWise indicated. 

[0051] The term “alkyl” refers to a monovalent saturated 
hydrocarbon group Which may be linear or branched or 
combinations thereof. Such alkyl groups preferably contain 
from 1 to 20 carbon atoms; more preferably, from 1 to 8 
carbon atoms; and still more preferably, from 1 to 4 carbon 
atoms. Representative alkyl groups include, by Way of 
eXample, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec 
butyl, isobutyl, tert-butyl, n-pentyl, n-heXyl, n-heptyl, n-oc 
tyl, n-nonyl, n-decyl and the like. 

[0052] The term “alkenyl” refers to a monovalent unsat 
urated hydrocarbon group containing at least one carbon 
carbon double bond, typically 1 or 2 carbon-carbon double 
bonds, and Which may be linear or branched or combinations 
thereof. Such alkenyl groups preferably contain from 2 to 20 
carbon atoms; more preferably from 2 to 8 carbon atoms; 
and still more preferably, from 2 to 4 carbon atoms. Rep 
resentative alkenyl groups include, by Way of eXample, 
vinyl, allyl, isopropenyl, but-2-enyl, n-pent-2-enyl, n-heX 
2-enyl, n-hept-2-enyl, n-oct-2-enyl, n-non-2-enyl, n-dec-4 
enyl, n-dec-2,4-dienyl and the like. 

[0053] The term “alkynyl” refers to a monovalent unsat 
urated hydrocarbon group containing at least one carbon 
carbon triple bond, typically 1 carbon-carbon triple bond, 
and Which may be linear or branched or combinations 
thereof. Such alkynyl groups preferably contain from 2 to 20 
carbon atoms; more preferably from 2 to 8 carbon atoms; 
and still more preferably, from 2 to 4 carbon atoms. Rep 
resentative alkynyl groups include, by Way of eXample, 
ethynyl, propargyl, but-2-ynyl and the like. 
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[0054] The term “alkoXy” refers to a group of the formula 
—OR, Where R is an alkyl group as de?ned herein. Repre 
sentative alkoXy groups include, by Way of eXample, meth 
oXy, ethoXy, n-propoXy, isopropoXy, n-butoXy, sec-butoXy, 
isobutoXy, tert-butoXy, n-pentoXy, n-heXoXy and the like. 
[0055] The term “cycloalkyl” refers to a monovalent satu 
rated carbocyclic group Which may be monocyclic or mul 
ticyclic. Each ring of such cycloalkyl groups preferably 
contains from 3 to 10 carbon atoms. This term also includes 
cycloalkyl groups fused to an aryl or heteroaryl group in 
Which the point of attachment is on the non-aromatic 
(cycloalkyl) portion of the group. Representative cycloalkyl 
groups include, by Way of eXample, cyclopropyl, cyclobutyl, 
cyclopentyl, cycloheXyl, cycloheptyl, cyclooctyl, 1,2,3,4 
tetrahydronaphth-2-yl, decahydronaphthyl, indan-1-yl, ada 
mantyl, norbornyl and the like. 
[0056] The term “aryl” refers to a monovalent carbocyclic 
group Which may be monocyclic or multicyclic (i.e., fused) 
Wherein at least one ring is aromatic. Such aryl groups 
preferably contain from 6 to 20 carbon atoms; more pref 
erably, from 6 to 10 carbon atoms. This term includes 
multicyclic carbocyclic ring systems Wherein one or more 
rings are not aromatic, provided the point of attachment is on 
an aromatic ring. Representative aryl groups include, by Way 
of eXample, phenyl, napthyl, aZulenyl, indan-S-yl, 1,2,3,4 
tetrahydronaphth-6-yl, and the like. 
[0057] The term “heteroaryl” refers to a monovalent aro 
matic group that contains at least one heteroatom, preferably 
1 to 4 heteroatoms, selected from N, S and O, and Which 
may be monocyclic or multicyclic (i.e., fused). Such het 
eroaryl groups preferably contain from 5 to 20 atoms; more 
preferably, from 5 to 10 atoms. This term also includes 
heteroaryl groups fused to a cycloalkyl or aryl group, in 
Which the point of attachment is on the aromatic (heteroaryl) 
portion of the group. Representative heteroaryl groups 
include, by Way of eXample, pyrroyl, isoXaZolyl, isothiaZ 
olyl, pyraZolyl, pyridyl (or, equivalently, pyridinyl), 
oXaZolyl, oXadiaZolyl, thiadiaZolyl, thiaZolyl, imidaZolyl, 
triaZolyl, tetraZolyl, furanyl, triaZinyl, thienyl, pyrimidyl, 
pyridaZinyl, pyraZinyl, benZoXaZolyl, benZothiaZolyl, benZ 
imidaZolyl, benZofuranyl, benZothiophenyl, quinolyl, 
indolyl, isoquinolyl and the like. 
[0058] The term “heterocyclyl” or “heterocyclic ring” 
refers to a saturated or partially unsaturated cyclic non 
aromatic group, Which may be monocyclic or multicyclic 
(i.e., fused or bridged), and Which contains at least one 
heteroatom, preferably 1 to 4 heteroatoms, selected from 
N(X), S and O, Wherein each X is independently hydrogen 
or alkyl. Such heterocyclyl groups preferably contain from 
3 to 20 atoms; more preferably, from 3 to 10 atoms. This 
term also includes such a heterocyclyl group fused to one or 
more cycloalkyl, aryl, or heteroaryl groups. The point of 
attachment of the heterocyclyl group may be any carbon or 
nitrogen atom in a heterocyclyl, cycloalkyl, aryl or het 
eroaryl portion of the group. Representative heterocyclyl 
groups include, by Way of eXample, pyrrolidinyl, piperidi 
nyl, piperaZinyl, imidaZolidinyl, morpholinyl, indolin-3-yl, 
2-imidaZolinyl, 1,2,3,4-tetrahydroisoquinolin-2-yl, quinu 
clidinyl, 2-oXobenZopyran, and the like. 
[0059] The term “halo” refers to a ?uoro, chloro, bromo or 
iodo. 

[0060] The term “oXo” refers to a group of the formula 
:0. 
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[0061] The term “therapeutically effective amount” refers 
to an amount suf?cient to effect treatment When adminis 
tered to a patient in need of treatment. 

[0062] The term “treatment” as used herein refers to the 
treatment of a disease or medical condition in a patient, such 
as a mammal (particularly a human), and includes: 

[0063] (a) preventing the disease or medical condi 
tion from occurring, i.e., prophylactic treatment of a 
patient; 

[0064] (b) ameliorating the disease or medical con 
dition, i.e., eliminating or causing regression of the 
disease or medical condition in a patient; 

[0065] (c) suppressing the disease or medical condi 
tion, i.e., sloWing or arresting the development of the 
disease or medical condition in a patient; or 

[0066] (d) alleviating the symptoms of the disease or 
medical condition in a patient. 

[0067] The phrase “disease or condition associated With [32 
adrenergic receptor activity” includes all disease states and/ 
or conditions that are acknowledged noW, or that are found 
in the future, to be associated With [32 adrenergic receptor 
activity. Such disease states include, but are not limited to, 
bronchoconstrictive or pulmonary diseases, such as asthma 
and chronic obstructive pulmonary disease (including 
chronic bronchitis and emphysema), as Well as neurological 
disorders and cardiac disorders. [32 Adrenergic receptor 
activity is also knoWn to be associated With pre-term labor 
(see, for example, US. Pat. No. 5,872,126) and some types 
of in?ammation (see, for example, WO 99/30703 and US. 
Pat. No. 5,290,815). 

[0068] The term “pharmaceutically-acceptable salt” refers 
to a salt prepared from a base or acid Which is acceptable for 
administration to a patient, such as a mammal. Such salts can 
be derived from pharmaceutically-acceptable inorganic or 
organic bases and from pharmaceutically-acceptable inor 
ganic or organic acids. 

[0069] Salts derived from pharmaceutically-acceptable 
acids include acetic, benZenesulfonic, benZoic, camphosul 
fonic, citric, ethanesulfonic, fumaric, gluconic, glutamic, 
hydrobromic, hydrochloric, lactic, maleic, malic, mandelic, 
methanesulfonic, mucic, nitric, pantothenic, phosphoric, 
succinic, sulfuric, tartaric, p-toluenesulfonic, xinafoic (1-hy 
droxy-2-naphthoic acid) and the like. Particularly preferred 
are salts derived from fumaric, hydrobromic, hydrochloric, 
acetic, sulfuric, phosphoric, methanesulfonic, p-toluene 
sulfonic, xinafoic, tartaric, citric, malic, maleic, succinic, 
and benZoic acids. 

[0070] Salts derived from pharmaceutically-acceptable 
inorganic bases include aluminum, ammonium, calcium, 
copper, ferric, ferrous, lithium, magnesium, manganic, man 
ganous, potassium, sodium, Zinc and the like. Particularly 
preferred are ammonium, calcium, magnesium, potassium 
and sodium salts. Salts derived from pharmaceutically 
acceptable organic bases include salts of primary, secondary 
and tertiary amines, including substituted amines, cyclic 
amines, naturally-occuring amines and the like, such as 
arginine, betaine, caffeine, choline, N,N‘-dibenZylethylene 
diamine, diethylamine, 2-diethylaminoethanol, 2-dimethy 
laminoethanol, ethanolamine, ethylenediamine, N-ethyl 
morpholine, N-ethylpiperidine, glucamine, glucosamine, 
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histidine, hydrabamine, isopropylamine, lysine, methylglu 
camine, morpholine, piperaZine, piperadine, polyamine res 
ins, procaine, purines, theobromine, triethylamine, trimethy 
lamine, tripropylamine, tromethamine and the like. 

[0071] The term “solvate” refers to a complex or aggre 
gate formed by one or more molecules of a solute, ie a 
compound of the invention or a pharmaceutically-acceptable 
salt thereof, and one or more molecules of a solvent. Such 
solvates are typically crystalline solids having a substan 
tially ?xed molar ratio of solute and solvent. Representative 
solvents include by Way of example, Water, methanol, etha 
nol, isopropanol, acetic acid, and the like. When the solvent 
is Water, the solvate formed is a hydrate. 

[0072] The term “leaving group” refers to a functional 
group or atom Which can be displaced by another functional 
group or atom in a substitution reaction, such as a nucleo 
philic substitution reaction. By Way of example, represen 
tative leaving groups include chloro, bromo and iodo 
groups; sulfonic ester groups, such as mesylate, tosylate, 
brosylate, nosylate and the like; and acyloxy groups, such as 
acetoxy, tri?uoroacetoxy and the like. 

[0073] The term “amino-protecting group” refers to a 
protecting group suitable for preventing undesired reactions 
at an amino nitrogen. Representative amino-protecting 
groups include, but are not limited to, formyl; acyl groups, 
for example alkanoyl groups, such as acetyl; alkoxycarbonyl 
groups, such as tert-butoxycarbonyl (Boc); arylmethoxycar 
bonyl groups, such as benZyloxycarbonyl (CbZ) and 9-?uo 
renylmethoxycarbonyl (Fmoc); arylmethyl groups, such as 
benZyl (Bn), trityl (Tr), and 1,1-di-(4‘-methoxyphenyl)m 
ethyl; silyl groups, such as trimethylsilyl (TMS) and tert 
butyldimethylsilyl (TBS); and the like. 

[0074] The term “hydroxy-protecting group” refers to a 
protecting group suitable for preventing undesired reactions 
at a hydroxy group. Representative hydroxy-protecting 
groups include, but are not limited to, alkyl groups, such as 
methyl, ethyl, and tert-butyl; acyl groups, for example 
alkanoyl groups, such as acetyl; arylmethyl groups, such as 
benZyl (Bn), p-methoxybenZyl (PMB), 9-?uorenylmethyl 
(Fm), and diphenylmethyl (benZhydryl, DPM); silyl groups, 
such as trimethylsilyl (TMS) and tert-butyldimethylsilyl 
(TBS); and the like. 

[0075] Speci?c and preferred values listed beloW for radi 
cals, substituents, and ranges, are for illustration only; they 
do not exclude other de?ned values or other values Within 
de?ned ranges for the radicals and substituents. 

[0076] 
[0077] 
[0078] 
[0079] 
[0080] 
[0081] A speci?c value for R4 and R5 together are 
—NHC(=O)CH=CH— or —SC(=O)NH—. 

[0082] 
[0083] 
[0084] 
[0085] 

A speci?c value for R1 is hydrogen. 

A speci?c value for R2 is hydrogen. 

A speci?c value for R3 is hydroxy. 

Aspeci?c value for R4 is —CHZOH or —NHCHO. 

A speci?c value for R5 is hydrogen. 

A speci?c value for R6 is hydrogen. 

A speci?c value for R7 is hydrogen. 

A speci?c value for R8 is hydrogen. 

A speci?c value for W is 0. 
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[0086] Another speci?c value for W is 1 or 2. 

[0087] A speci?c value for R9 together With R8 is 
—CH2— or —CH2CH2—. 

[0088] A speci?c value for R10 is hydrogen. 

[0089] Another speci?c value for R10 is alkyl. 

[0090] A speci?c value for R11 is hydrogen. 

[0092] Another speci?c value for R11 is hydrogen, alkyl, 
heterocyclyl, —ORd, —S(O)mRd, or —S(O)2NRdRe. 
[0093] Another speci?c value for R11 is heterocyclyl, 
—ORd, —S(O)mRd, or —S(O)2NRdRe. 
[0094] Another speci?c value for R11 is —ORd. 

[0095] Another speci?c value for R11 is —S(O)mRd. 

[0096] A speci?c value for R12 is hydrogen. 

[0098] Another speci?c value for R12 is hydrogen, alkyl, 
heterocyclyl, —ORd, —S(O)mRd, or —S(O)2NRdRe. 
[0099] A speci?c value for R12 is heterocyclyl, —ORd, 
—S(O)mRd, or —S(O)2NRdRe. 
[0100] Another speci?c value for R12 is —ORd. 

[0101] Another speci?c value for R12 is —S(O)mRd. 

[0102] Another speci?c value for R12 is —S(O)2NRdRe. 

[0103] A speci?c value for R13 is hydrogen. 

[0104] Another speci?c value for R13 is alkyl, alkenyl, 
alkynyl, aryl, heteroaryl, heterocyclyl, —NO2, halo, —NR 
dRe, —C(=O)Rd, _co2Rd, —OC(=O)Rd, —CN, 

[0105] Another speci?c value for R13 is hydrogen, alkyl, 
heterocyclyl, —ORd, S(O)mRd, or —S(O)2NRdRe. 
[0106] Another speci?c value for R13 is heterocyclyl, 
—ORd, —S(O)mRd, or —S(O)2NRdRe. 
[0107] A speci?c value for R13 is —ORd. 

[0108] A speci?c value for R11 is —S(O)mRd. 

[0109] A speci?c group of compounds of the invention are 
compounds Wherein each of Rl-R4 is independently selected 
from the group consisting of hydrogen, ?uoro, chloro, 
arnino, hydroXy, N,N-dirnethylarninocarbonyloXy, 
—CHZOH, and —NHCHO, and R5 is hydrogen; or R1 is 
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hydrogen, R2 is hydrogen, R3 is hydroXy, and R4 and R5 
together are —NHC(=O)CH=CH— or —SC(=O)NH—. 

[0110] Aspeci?c group of compounds of the invention are 
compounds Wherein R1 is hydrogen; R2 is chloro; R3 is 
arnino; R4 is chloro; and R5 is hydrogen. 

[0111] Aspeci?c group of compounds of the invention are 
compounds Wherein R1 is hydrogen; R2 is N,N-dirnethy 
larninocarbonyloXy; R3 is hydrogen; R4 is N,N-dirnethy 
larninocarbonyloXy; and R5 is hydrogen. 

[0112] A speci?c group of compounds of the invention are 
compounds Wherein R1 is hydrogen, ?uoro, or chloro; R2 is 
hydroXy; R3 is hydrogen; R4 is hydroXy; and R5 is hydrogen. 

[0113] A speci?c group of compounds of the invention are 
compounds Wherein R1 is chloro; R2 is hydrogen; R3 is 
hydroXy; R4 is hydrogen; and R5 is hydrogen. 

[0114] Aspeci?c group of compounds of the invention are 
compounds Wherein R is hydrogen; R2 is hydrogen; R3 is 
hydroXy; R4 is —CHZOH; and R5 is hydrogen. 

[0115] Aspeci?c group of compounds of the invention are 
compounds Wherein R1 is hydrogen; R2 is hydrogen; R3 is 
hydroXy; R4 is —NHCHO; and R5 is hydrogen. 

[0116] A speci?c group of compounds of the invention are 
compounds Wherein R1 is hydrogen; R2 is hydrogen; R3 is 
hydroXy; and R4 and R5 together are 
—NHC(=O)CH=CH—. 
[0117] Aspeci?c group of compounds of the invention are 
compounds Wherein R1 is hydrogen; R2 is hydrogen; R3 is 
hydroXy; and R4 and R5 together are —SC(=O)NH—. 

[0118] A speci?c group of compounds of the invention are 
compounds Wherein R11 is hydrogen, R12 is —SRd; R13 is 
hydrogen; and Rd is alkyl, aryl, or heteroaryl. 

[0119] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 is —SRd, R12 is hydrogen; R13 is 
hydrogen; and Rd is alkyl, aryl, heteroaryl. 

[0120] When part of the group —SRd, a speci?c value for 
Rd is alkyl. 

[0121] When part of the group —SRd, another speci?c 
value for Rd is C1_6alkyl. 

[0122] When part of the group —SRd, another speci?c 
value for Rd is C1_3alkyl. 

[0123] When part of the group —SRd, another more 
speci?c value for Rd is aryl optionally substituted With 1, 2, 
3, or 4 substituents independently selected from halo, 
C1_6alkyl, C1_6alkoXy, hydroXy, arnino, —N(C1_6alkyl)2, 
nitro, —CN, and —CF3. 

[0124] When part of the group —SRd, another more 
speci?c value for Rd is phenyl optionally substituted With 1, 
2, 3, or 4 substituents independently selected from ?uoro 
and C1_3alkyl. 

[0125] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 or R12 is rnethylthio, 2-rnethylphe 
nylthio, 4—rnethyl-2-pyrirnidylthio, 4-?uorophenylthio, or 
4-rnethylphenylthio. 

[0126] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 is hydrogen or alkyl, R12 is 
—SO2NRdRe; and R11 is hydrogen. 
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[0127] A speci?c group of compounds of the invention are 
compounds wherein R11 is —SO2NRdRe, R12 is hydrogen or 
alkyl; and R11 is hydrogen. 

[0128] When part of the group —SO2NRdRe, a speci?c 
value for Rd is alkyl, aryl, or heteroaryl; and for Re is 
hydrogen, alkyl, aryl, or heteroaryl; Wherein each alkyl, aryl, 
or heteroaryl, is optionally substituted With one or more (eg 
1, 2, 3, or 4) substituents independently selected from R1“; or 
Rd and Re together With the nitrogen atom to Which they are 
attached is a heterocyclic ring having from 5 to 7 ring atorns, 
Wherein the heterocyclic ring optionally contains 1 or 2 
additional heteroatorns independently selected from oXygen, 
sulfur or nitrogen. 

[0129] When part of the group —SO2NRdRe, a speci?c 
value for Rd and Re independently is hydrogen, alkyl, aryl, 
or heteroaryl; Wherein each alkyl, aryl, or heteroaryl, is 
optionally substituted With 1, 2, 3, or 4 substituents inde 
pendently selected from Rh. 

[0131] Another speci?c value for Rh in the above conteXt 
is halo, C1_6alkyl, C1_6alkoXy, or —CF3. 

[0132] When part of the group —SO2NRdRe, a speci?c 
value for Rd and Re together With the nitrogen atom to Which 
they are attached is a heterocyclic ring having from 5 to 7 
ring atorns, Wherein the heterocyclic ring optionally contains 
1 or 2 additional heteroatorns independently selected from 
oXygen, sulfur or nitrogen. 

[0133] When part of the group —SO2NRdRe, a speci?c 
value for Rd and Re independently is alkyl; Wherein each 
alkyl is optionally substituted With 1 or 2 alkoXy substitu 
ents. 

[0134] When part of the group —SO2NRdRe, a speci?c 
value for Rd or Re is phenyl, or naphthyl; Wherein each 
phenyl and naphthyl is optionally substituted With 1, 2, 3, or 
4 substituents independently selected from halo, C1_6alkyl, 
C1_6alkoXy, and —CF3. 
[0135] When part of the group —SO2NRdRe, a speci?c 
value for Rd or Re is heteroaryl; Wherein each heteroaryl is 
optionally substituted With 1, 2, 3, or 4 substituents inde 
pendently selected from halo, C1_6alkyl, C1_6alkoXy, and 
—CF3. Preferably heteroaryl is pyridyl, pyrirnidyl, or thia 
Zolyl. 
[0136] A preferred group of compounds are compounds 
Wherein R11 or R12 is —SO2NRdRe; Wherein Rd is 4-heptyl 
6-rnethyl-2-pyrirnidyl, 5-rnethoXy-2-pyrirnidyl, 2-pyridyl, 
phenyl, 2,6-dirnethylphenyl, 2-thiaZoyl, 2-tri?uororneth 
ylphenyl, or 3,5-dichlorophenyl; and Re is hydrogen or 
ethyl. 
[0137] Another preferred group of compounds are corn 
pounds of the invention Wherein R11 or R12 is —SO2NRdRe; 
Wherein Rd and Re together With the atoms to Which they are 
attached are piperidino or rnorpholino. 

[0138] A speci?c group of compounds of the invention are 
compounds Wherein R11 is hydrogen or alkyl; R12 is 
—SOZRd; and R13 is hydrogen. 
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[0139] Another speci?c group of compounds of the inven 
tion are compounds Wherein R11 is —SOZRd; R12 is hydro 
gen or alkyl; and R13 is hydrogen. 

[0140] When part of the group —SOZRd, a speci?c value 
for Rd is alkyl, aryl, or heteroaryl. 

[0141] When part of the group —SOZRd, a speci?c value 
for Rd is aryl optionally substituted With 1, 2, 3, or 4 
substituents independently selected from halo, C1_6alkyl, 
C1_6alkoXy, and —CF3. 

[0142] When part of the group —SOZRd, a speci?c value 
for Rd is phenyl optionally substituted With 1 or 2 substitu 
ents independently selected from halo and C1_6alkyl. 

[0143] A preferred group of compounds of the invention 
are compounds Wherein R11 or R12 is —SOZRd; Wherein Rd 
is phenyl, 4-chlorophenyl, methyl, or 4-?uorophenyl. 

[0144] Aspeci?c group of compounds of the invention are 
compounds Wherein at least one of R11, R12, and R13 is 
—OR and each of the other tWo of R11, R12, and R13 is 
independently selected from the group consisting of hydro 
gen, alkyl, —O-alkyl, and halo; Wherein any alkyl or —O 
alkyl is optionally substituted With aryl, or With one or more 
(eg 1, 2, 3, or 4) halo substituents. 

[0145] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 is —ORd. 

[0146] Aspeci?c group of compounds of the invention are 
compounds Wherein R12 is —ORd 

[0147] Aspeci?c group of compounds of the invention are 
compounds Wherein R13 is —ORd 

[0148] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 is hydrogen; R12 is —ORd; and R13 
is hydrogen. 

[0149] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 is —ORd; R12 is hydrogen; and R13 
is hydrogen. 

[0150] When part of the group —ORd, a speci?c value for 
Rd is alkyl, optionally substituted With one or more (eg 1, 
2, 3, or 4) halo substituents and also optionally substituted 
With 1, 2, 3, or 4 aryl substituents, Wherein each aryl is 
optionally substituted With 1, 2, 3, or 4 substituents inde 
pendently selected from halo, C1_6alkyl, C1_6alkoXy, 
hydroXy, arnino, —NHC1_6alkyl, —N(C1_6alkyl)2, 
—OC(=O)C1_6alkyl, —C(=O)C1_6alkyl, —C(=O)OC1_ 
salkyl, —NHC(=O)C1_6alkyl, —C(=O)NHC1_6alkyl, car 
boXy, nitro, —CN, and —CF3. 

[0151] When part of the group —ORd, a speci?c value for 
Rd is alkyl, optionally substituted With one or more (eg 1, 
2, 3, or 4) halo substituents and also optionally substituted 
With 1 or 2 phenyl substituents, Wherein each phenyl is 
optionally substituted With 1 or 2 substituents independently 
selected from halo, C1_6alkyl, C1_6alkoXy, hydroXy, —CN, 
and —CF3. 

[0152] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 and R12 together With the atoms to 
Which they are attached form a saturated or unsaturated 5, 6, 
or 7 rnernbered ring comprising one or more carbon atoms 
and 1 or 2 heteroatorns independently selected from oxygen, 
sulfur or nitrogen; and R13 is selected from the group 
consisting of hydrogen, alkyl, —O-alkyl, and halo; Wherein 
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any alkyl or —O-alkyl is optionally substituted With aryl, or 
With one or more (eg 1, 2, 3, or 4) halo substituents. 

[0153] A more speci?c group of compounds of the inven 
tion are compounds wherein R11 and R12 together are 
—OCH2O—, —OCH2CH2O—, or —OCH2CH2 CH2O—. 
[0154] A speci?c group of compounds of the invention are 
compounds Wherein R11, R12 or R13 is methoXy, ethoXy, 
benZyloXy, or isopropoXy. 

[0155] A speci?c group of compounds of the invention are 
compounds wherein R“, R12 and R13 are each hydrogen. 

[0156] A speci?c group of compounds of the invention are 
compounds Wherein at least one of R11, R12, and R13 is alkyl 
and each of the other tWo of R11, R12, and R13 is indepen 
dently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, hydroXy, and halo, Wherein any alkyl is option 
ally substituted With aryl, With one or more (eg 1, 2, 3, or 
4) halo, or With 1 or 2-O-alkyl substituents; or Wherein R11 
and R12 together With the atoms to Which they are attached 
form a saturated or unsaturated 5, 6, or 7 membered car 
bocyclic ring. 

[0157] A speci?c group of compounds of the invention are 
compounds Wherein at least one of R11, R12, and R13 is alkyl 
and each of the other tWo of R11, R12, and R13 is indepen 
dently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, hydroXy, and halo, Wherein any alkyl is option 
ally substituted With aryl, With one or more (eg 1, 2, 3, or 
4) halo, or With 1 or 2-O-alkyl substituents. 

[0158] A speci?c group of compounds of the invention are 
compounds Wherein R11 and R12 together With the atoms to 
Which they are attached form a saturated or unsaturated 5, 6, 
or 7 membered carbocyclic ring; and R13 is selected from the 
group consisting of hydrogen, alkyl, cycloalkyl, hydroXy, 
and halo, Wherein any alkyl is optionally substituted With 
aryl, With one or more (eg 1, 2, 3, or 4) halo, or With 1 or 
2-O-alkyl substituents. 

[0159] A speci?c value for R13 is hydrogen. 

[0160] A speci?c group of compounds of the invention are 
compounds Wherein R11 is hydrogen; R12 is alkyl; and R13 
is hydrogen. 

[0161] A speci?c group of compounds of the invention are 
compounds Wherein R11 is alkyl; R12 is hydrogen; and R13 
is hydrogen. 

[0162] A preferred group of compounds of the invention 
are compounds Wherein R11 or R12 is methyl, ethyl, isopro 
pyl, or cycloheXyl; or Wherein R11 and R12 taken together are 
—CH2CH2CH2—. 
[0163] A speci?c group of compounds of the invention are 
compounds Wherein at least one of R11, R12, and R13 is aryl; 
and each of the other tWo of R11, R12, and R13 is indepen 
dently selected from the group consisting of hydrogen, alkyl, 
—O-alkyl, and halo, Wherein any alkyl or —O-alkyl is 
optionally substituted With aryl, With one or more (eg 1, 2, 
3, or 4) halo, or With 1 or 2-O-alkyl substituents; 

[0164] or Wherein R11 and R12 together With the 
atoms to Which they are attached form a fused benZo 
ring, Which benZo ring can optionally be substituted 
With 1, 2, 3, or 4 R°; and R13 is independently 
selected from the group consisting of hydrogen, 
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alkyl, —O-alkyl, and halo, Wherein any alkyl or 
—O-alkyl is optionally substituted With aryl, With 
one or more (eg 1, 2, 3, or 4) halo, or With 1 or 
2-O-alkyl substituents. 

[0165] Aspeci?c group of compounds of the invention are 
compounds Wherein at least one of R11, R12, and R13 is aryl; 
and each of the other tWo of R11, R12, and R13 is indepen 
dently selected from the group consisting of hydrogen, alkyl, 
—O-alkyl, and halo, Wherein any alkyl or —O-alkyl is 
optionally substituted With aryl, With one or more (eg 1, 2, 
3, or 4) halo, or With 1 or 2-O-alkyl substituents. 

[0166] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 is phenyl, optionally substituted 
With 1, 2, 3, or 4 alkyl, —ORd, —NO2, halo, —NRdRe, 
—C(=O)Rd, —CO2Rd, —OC(=O)Rd, —CN, 
—C(=O)NRdRe, —NRdC(=O)Re, —OC(=O)NRdRe, 
—NRdC(=O)ORe, —NRdC(=O)NRdRe, —CRd(=N— 
ORE), —CF3, or —OCF3; R12 is selected from the group 
consisting of hydrogen and —O-alkyl, optionally substituted 
With aryl, or With one or more (eg 1, 2, 3, or 4) halo; and 
R13 is hydrogen. 

[0167] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 is phenyl, optionally substituted 
With 1, 2, 3, or 4 a1kyl,—ORd, halo, —CF3, or —OCF3; R12 
is selected from the group consisting of hydrogen and 
—O-alkyl, optionally substituted With aryl, or With one or 
more (eg 1, 2, 3, or 4) halo; and R13 is hydrogen. 

[0168] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 or R12 is phenyl. 

[0169] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 and R12 together With the atoms to 
Which they are attached form a fused benZo ring. 

[0170] Aspeci?c group of compounds of the invention are 
compounds Wherein at least one of R11, R12, and R13 is 
heterocyclyl; and each of the other tWo of R11, R12, and R13 
is independently selected from the group consisting of 
hydrogen, alkyl, —O-alkyl, and halo, Wherein any alkyl or 
—O-alkyl is optionally substituted With aryl, With one or 
more (eg 1, 2, 3, or 4) halo, or With 1 or 2-O-alkyl 
substituents; 

[0171] or Wherein R11 and R12 together With the 
atoms to Which they are attached form a heterocyclic 
ring. 

[0172] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 and R12 together With the atoms to 
Which they are attached form a saturated or unsaturated 5, 6, 
or 7 membered ring comprising carbon atoms and optionally 
comprising 1 or 2 heteroatoms independently selected from 
oXygen, sulfur or nitrogen, Wherein said ring can optionally 
be substituted on carbon With one or tWo OX0 (=0), and 
Wherein said ring is fused to a benZo ring, Which benZo ring 
can optionally be substituted With 1, 2, 3, or 4 Re; and R13 
is independently selected from the group consisting of 
hydrogen, alkyl, —O-alkyl, and halo, Wherein any alkyl or 
—O-alkyl is optionally substituted With aryl, With one or 
more halo, or With 1 or 2-O-alkyl substituents. 

[0173] Aspeci?c group of compounds of the invention are 
compounds Wherein R11 or R12 is 2,3-dihydro-5-methyl-3 
oXo-1-pyraZolyl; or Wherein R11 and R12 together With the 
atoms to Which they are attached form a 2-oXobenZopyran 
rmg. 
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[0174] Another speci?c group of compounds of the inven 
tion are compounds wherein R11 or R12 is anilino, tri?uo 
romethoXy, or methoXycarbonyl. 

[0175] A sub-group of compounds of the invention are 
compounds of formula (I) Wherein each of Rl-R5 is inde 
pendently selected from the group consisting of hydrogen, 
alkyl, and R8; Wherein each R8 is independently —ORd, 
halo, —NRdRe, —NRdC(=O)Re, or —OC(=O)NRdRe; 

[0176] or R1 and R2, or R4 and R5, are joined together 
to form a group selected from the group consisting of 
—C(Rd)=C(Rd)C(=O)NRd—, —CRdRd— 
CRdRd—C(=O)NRd—, 
—NRdC(=O)C(Rd)=C(Rd)—, 
—NRdC(=O)CRdRd—CRdRd—, 
—NRdC(=O)S—, and —SC(=O)NRd—; 

[0177] R6, R8, and R10 are each hydrogen; 

[0178] each of R11 and R12 is independently selected 
from the group consisting of hydrogen, alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl, hetero 

[0179] Wherein for R1-R5, R11, and R12, each alkyl is 
optionally substituted With Rm, or With 1, 2, 3, or 4 
substituents independently selected from Rb; for R11 
and R12, each aryl and heteroaryl is optionally sub 
stituted With 1, 2, 3, or 4 substituents independently 
selected from R°, and for R11 and R12, each 
cycloalkyl and heterocyclyl is optionally substituted 
With 1, 2, 3, or 4 substituents independently selected 
from Rb and R°; 

[0180] 
[0181] the group comprising —NR1O is meta or para 

to the group comprising R7; and 

[0182] 

R13 is hydrogen; 

Wis 0, 1, or 2. 

[0183] Preferably Within the above sub-group of com 
pounds, each of R11 and R12 is independently selected from 
the group consisting of hydrogen, alkyl, cycloalkyl, aryl, 
heterocyclyl, —ORd, —S(O)mRd, and —S(O)2NRdRe; 
Wherein each alkyl is optionally substituted With 1 or 2 
substituents independently selected from Rb, each aryl is 
optionally substituted With 1 or 2 substituents independently 
selected from R°, and each heterocyclyl is optionally sub 
stituted With 1 or 2 substituents independently selected from 
Rb and R°; and m is 0 or 2. 

[0184] More preferably for such compounds, R7 is hydro 
gen; 

[0185] each of R11 and R12 is independently selected 
from the group consisting of hydrogen, C1_6alkyl, 
cycloheXyl, phenyl, pyraZolinyl, —ORd, 
—S(O)mRd, and —S(O)2NRdRe; 

[0186] W is 0; and 

[0187] Rd and Re are independently selected from the 
group consisting of hydrogen, C1_6alkyl, phenyl, —CF3, and 
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C1_3alkyl, pyridyl, thiaZolyl, pyrimidinyl, and pyraZolinyl, 
Where each phenyl is optionally substituted With 1 or 2 
substitutents independently selected from halo, —CF3, and 
C1_3alkyl, each pyrimidinyl is optionally substituted With 1 
or 2 substitutents independently selected from C1_3alkyl and 
OC1_3alkyl, and each pyraZolinyl is optionally substituted 
With 1 or 2 substitutents independently selected from 
C1_3alkyl and carboXy; or 

[0188] Rd and Re, together With the nitrogen atom to 
Which they are attached are morpholino or piperi 
dino. 

[0189] Within the more preferred sub-group, one most 
preferred sub-group of compounds are compounds Wherein 
R11 is —SRd and R12 is hydrogen, or R11 is hydrogen and 
R12 is —SRd, Wherein Rd is selected from the group consist 
ing of C1_3alkyl, phenyl, and pyrimidinyl, and Wherein each 
phenyl is optionally substituted With 1 or 2 substitutents 
independently selected from halo and CL3 alkyl, and each 
pyrimidinyl is optionally substituted With C1_3alkyl. 

[0190] Another most preferred sub-group of compounds 
are compounds Wherein R11 is —S(O)2NRdRe and R12 is 
hydrogen or alkyl, or R11 is hydrogen or alkyl and R12 is 
—S(O)2NRdRe, Wherein Rd and Re are independently 
selected from the group consisting of hydrogen, C1_3alkyl, 
phenyl, pyridyl, thiaZolyl, and pyrimidinyl, and Wherein 
each phenyl is optionally substituted With 1 substitutent 
selected from halo and CL3 alkyl, and each pyrimidinyl is 
optionally substituted With 1 substitutent selected from CL3 
alkyl and O—C1_3 alkyl; or Rd and R6, together With the 
nitrogen atom to Which they are attached are morpholino or 
piperidino. 

[0191] Another most preferred sub-group of compounds 
are compounds Wherein R11 is —SO2Rd and R12 is hydro 
gen, or R11 is hydrogen and R12 is —SO2Rd, Wherein Rd is 
C1_3alkyl or phenyl, and Wherein each phenyl is optionally 
substituted With 1 substituent selected from halo and 
C1_3alkyl. 

[0192] Another most preferred sub-group of compounds 
are compounds Wherein R11 is —ORd and R12 is hydrogen 
or —ORd; or R11 is hydrogen and R12 is —ORd, Wherein Rd 
is C1_3alkyl. 

[0193] Another most preferred sub-group of compounds 
are compounds Wherein R11 is C1_3alkyl and R12 is hydrogen 
or C1_3alkyl; or R11 is cycloheXane and R12 is hydroXy. 

[0194] Another most preferred sub-group of compounds 
are compounds Wherein R11 is hydrogen or phenyl; and R12 
is —OC1_3alkyl; or Wherein R11 is phenyl and R12 is hydro 
gen. 

[0195] Yet another most preferred sub-group of com 
pounds Within the more preferred sub-group de?ned above 
are compounds Wherein R12 is hydrogen and R11 is 
SO2NRdRe, Wherein Rd and R6, together With the nitrogen 
atom to Which they are attached, are morpholino or piperi 
dino. 
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[0196] Another preferred group of compounds of formula 
(I) are compounds of formula (Ila): 

(IIa) 

OH 

g R12 

HO R5 V\E>\N/ :Rn 
H 

R4 

[0197] Wherein: 
[0198] R4 is —CHZOH or —NHCHO and R5 is 

hydrogen; or R4 and R5 taken together are 
—NHC(=O)CH=CH—; 

[0199] R11 is phenyl or heteroaryl, Wherein each 
phenyl is optionally substituted With 1 or 2 sub 
stituents selected from halo, —ORd, —CN, 
—NO2, —SOZRd, —C(=O)Rd, 
—C(=O)NRdRe, and C1_3alkyl, Wherein 
C1_3alkyl is optionally substituted With 1 or 2 
substituents selected from carboXy, hydroXy, and 
amino, and each Rd and Re is independently 
hydrogen or C1_3alkyl; and Wherein each het 
eroaryl is optionally substituted With 1 or 2 
C1_3alkyl substituents; and 

[0200] R12 is hydrogen or —OC1_6alkyl. 
[01201] More preferably, for compounds of formula (II), 
R is phenyl, optionally substituted With 1 or 2 substituents 
selected from halo, —ORd, —CN, —NO2, SOZRd, 
—C(=O)Rd, and C1_3alkyl, Wherein C1_3alkyl is optionally 
substituted With 1 or 2 substituents selected from carboXy, 
hydroXy, and amino, and Rd is hydrogen or C1_3alkyl; or R11 
is pyridyl, thiophenyl, furanyl, pyrrolyl, isoXaZolyl, or 
indolyl, each of Which is optionally substituted With 1 or 2 
C1_3alkyl substituents. 

[0202] Most preferable are compounds of formula (Ila), 
Wherein R11 is phenyl, pyridyl, or thiophenyl, Wherein each 
phenyl is optionally substituted With 1 substituent selected 
from the group consisting of chloro, —OCH3, —CN, and 
—CH2NH2; and R12 is hydrogen, —OCH3, or —OC2H5. 
Among most preferred compounds, particularly preferred 
are compounds of formula (II) Wherein R4 and R5 taken 
together are —NHC(=O)CH=CH—, R11 is phenyl or 
pyridyl, Wherein each phenyl is optionally substituted With 
1 substituent selected from the group consisting of chloro, 
—OCH3, —CN, and —CH2NH2, and R12 is —OCH3. 
[0203] Yet another sub-group of compounds of formula (I) 
are compounds of formula (IIb): 

(IIb) 
OH 

H 
N R12 

HO R5 W@ N 
H 
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[0204] Wherein: 

[0205] R is —CHZOH or —NHCHO and R5 is 
hydrogen; or R4 and R5 taken together are 
—NHC(=O)CH=CH—; 

[0206] R12 is hydrogen or —OC1_6alkyl; 

[0207] R17 is —(CH2)XNRdRe Wherein each Rd and 
Re is independently hydrogen or C1_4alkyl, Wherein 
each C1_4alkyl is optionally substituted With phenyl 
or pyridyl, or Rd and Re together With the nitrogen 
atom to Which they are attached is morpholino; and 

[0208] X is 0, 1, or 2. 

[0209] Preferably, for compounds of formula (IIb), R12 is 
hydrogen, —OCH3, or —OC2H5; and R17 is —CHZNRdRe 
Wherein each Rd and Re is independently hydrogen or 
C1_4alkyl, or Rd is hydrogen and Re is C1_4alkyl substituted 
With phenyl or pyridyl, or Rd and Re together With the 
nitrogen atom to Which they are attached is morpholino. 
Particularly preferred are compounds of formula (IIb) 
Wherein R4 and R5 taken together are 
—NHC(=O)CH=CH— and R12 and R17 are as de?ned 
immediately above. 

[0210] A preferred compound is any one of compounds 
1-117 shoWn in the Examples beloW. 

[0211] Most preferred compounds of the invention include 
the folloWing: 

[0212] N-{2-[4-(3-phenyl-4-methoXyphenyl)ami 
nophenyl]ethyl}-2-hydroXy-2-(3-hydroXymethyl-4 
hydroXyphenyl)ethylamine; 

[0213] N-{2-[4-(4-ethoXyphenyl)aminophenyl] 
ethyl}-2-hydroXy-2-(3-hydroXymethyl-4-hydroX 
yphenyl)ethylamine; 

[0214] N-{2-[4-(3-phenylphenyl)aminophenyl] 
ethyl}-2-hydroXy-2-(3-hydroXymethyl-4-hydroX 
yphenyl)ethylamine; 

[0215] N-{2-[4-(3-phenyl-4-methoXyphenyl) ami 
nophenyl]ethyl} -2-hydroXy-2-(8 -hydroXy-2(1H) 
quinolinon-S -yl)ethylamine; 

[0216] N-{2-[4-(4-methoXyphenyl)aminophenyl] 
ethyl}-2-hydroXy-2-(3-hydroXymethyl-4-hydroX 
yphenyl)ethylamine; 

[0217] N-{2-[4-(3-phenyl-4-ethoXyphenyl)ami 
nophenyl]ethyl}-2-hydroXy-2-(3-hydroXymethyl-4 
hydroXyphenyl)ethylamine; 

[0218] N-{2-[4-(3-phenyl-4-methoXyphenyl)ami 
nophenyl]ethyl}-2-hydroXy-2-(3-formamido-4-hy 
droXyphenyl)ethylamine; 

[0219] N-{2-[4-(4-ethoXyphenyl)aminophenyl] 
ethyl}-2-hydroXy-2-(3-formamido-4-hydroXyphe 
nyl)ethylamine; 

[0220] N-{2-[4-(3-phenylphenyl)aminophenyl] 
ethyl}-2-hydroXy-2-(3-formamido-4-hydroXyphe 
nyl)ethylamine; 

[0221] N-{2-[4-(3-phenyl-4-ethoXyphenyl)ami 
nophenyl]ethyl}-2-hydroXy-2-(3-formamido-4-hy 
droXyphenyl)ethylamine; 
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[0258] N-{2-[4-(3-(3-cyanophenyl)-4-methoXyphe 
nyl)aminophenyl]ethyl}-(R)-2-hydroXy-2-(8-hy 
droXy-2(1H)-quinolinon-5-yl)ethylamine (95); 

[0259] N-{2-[4-(3-(3-chlorophenyl)-4-methoXyphe 
nyl)aminophenyl]ethyl}-(R)-2-hydroXy-2-(8-hy 
droXy-2(1H)-quinolinon-5-yl)ethylamine (102); and 

[0260] N- {2-[4-(3 -(3-aminomethylphenyl)-4-meth 
oXyphenyl) aminophenyl]ethyl} -(R) -2-hydroXy-2 
(8 -hydroXy-2(1H)-quinolinon-5-yl)ethylamine 
(112). 

[0261] A consistent chemical nomenclature is employed 
throughout this application. In an alternative nomenclature, 
using the automatic naming program AutoNom, as provided 
by MDL Information Systems, GmbH (Frankfurt, Ger 
many), compound 61, for eXample, is referenced as 8-hy 
droXy-5-((R)-1-hydroXy-2-{2-[4-(6-methoXy-biphenyl-3 
ylamino)-phenyl]-ethylamino}1-ethyl)-1H-quinolin-2-one. 
[0262] As described throughout, the invention also 
includes pharmaceutically-acceptable salts of the com 
pounds of the invention. A preferred pharmaceutically 
acceptable salt of compound 61 is the hydrochloride salt. 

[0263] The compounds of the invention contain one or 
more chiral centers Accordingly, the invention includes 
racemic miXtures, pure stereoisomers (i.e. individual enan 
tiomers or diastereomers), and stereoisomer-enriched miX 
tures of such isomers, unless otherWise indicated. When a 
particular stereoisomer is shoWn, it Will be understood by 
those skilled in the art, that minor amounts of other stere 
oisomers may be present in the compositions of this inven 
tion unless otherWise indicated, provided that the utility of 
the composition as a Whole is not eliminated by the presence 
of such other isomers. In particular, compounds of the 
invention contain a chiral center at the alkylene carbon in 
formulas (I) and (II) to Which the hydroXy group is attached. 
When a miXture of stereoisomers is employed, it is advan 
tageous for the amount of the stereoisomer With the (R) 
orientation at the chiral center bearing the hydroXy group to 
be greater than the amount of the corresponding (S) stere 
oisomer. When comparing stereoisomers of the same com 
pound, the (R) stereoisomer is preferred over the (S) stere 
oisomer. 

[0264] General Synthetic Procedures 

[0265] The compounds of the invention can be prepared 
using the methods and procedures described herein, or using 
similar methods and procedures. It Will be appreciated that 
Where typical or preferred process conditions (i.e., reaction 
temperatures, times, mole ratios of reactants, solvents, pres 
sures, etc.) are given, other process conditions can also be 
used unless otherWise stated. Optimum reaction conditions 
may vary With the particular reactants or solvent used, but 
such conditions can be determined by one skilled in the art 
by routine optimiZation procedures. 

[0266] Additionally, as Will be apparent to those skilled in 
the art, conventional protecting groups may be used to 
prevent certain functional groups from undergoing undes 
ired reactions. The choice of a suitable protecting group for 
a particular functional group, as Well as suitable conditions 
for protection and deprotection, are Well knoWn in the art. 
Representative eXamples of amino-protecting groups and 
hydroXy-protecting groups are given above. Typical proce 

11 
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dures for their removal include the folloWing. An acyl 
amino-protecting group or hydroXy-protecting group may 
conveniently be removed, for eXample, by treatment With an 
acid, such as tri?uoroacetic acid. An arylmethyl group may 
conveniently be removed by hydrogenolysis over a suitable 
metal catalyst such as palladium on carbon. A silyl hydroXy 
protecting group may conveniently be removed by treatment 
With a ?uoride ion source, such as tetrabutylammonium 
?uoride, or by treatment With an acid, such as hydrochloric 
acid. 

[0267] In addition, numerous protecting groups (including 
amino-protecting groups and hydroXy-protecting groups), 
and their introduction and removal, are described in Greene 
and Wuts, Protecting Groups in Organic Synthesis, 2nd 
Edition, John Wiley & Sons, NY, 1991, and in McOmie, 
Protecting Groups in Organic Chemistry, Plenum Press, NY, 
1973. 

[0268] Processes for preparing compounds of the inven 
tion are provided as further embodiments of the invention 
and are illustrated by the procedures beloW. 

[0269] A compound of formula (I) can be prepared by 
deprotecting a corresponding compound of formula (III): 

(III) 

R1 I ( 9) R13 
R 

R2 N \ W 

\W 
_ 12 

R6 R7 R8 I III R 
3 5 / 10 

R R R 

R4 R11 

[0270] Wherein R15 is an amino-protecting group. Accord 
ingly, the invention provides a method for preparing a 
compound of formula (I), comprising deprotecting a corre 
sponding compound of formula (III), Wherein R15 is an 
amino-protecting group (eg 1,1-(4-methoXyphenyl)methyl 
or benZyl). 

[0271] A compound of formula (I) Wherein R3 is hydroXy 
can be prepared by deprotecting a corresponding compound 
of formula (I) Wherein R3 is —OPg1 and Pg1 is a hydroXy 
protecting group. Accordingly, the invention provides a 
method for preparing a compound of formula (I) Wherein R3 
is hydroXy, comprising deprotecting a corresponding com 
pound of formula (I) Wherein R3 is —OPg1 and Pg1 is a 
hydroXy-protecting group (eg benZyl). 

[0272] A compound of formula (I) Wherein R3 is hydroXy 
can also be prepared by deprotecting a corresponding com 
pound of formula (III) Wherein R 5 is an amino-protecting 
group and Wherein R3 is —OPg1 Wherein Pg1 is a hydroXy 
protecting group. Accordingly, the invention provides a 
method for preparing a compound of formula (I), compris 

ing deprotecting a corresponding compound of formula Wherein R15 is an amino-protecting group (eg benZyl) and 

R3 is —OPg1 Wherein Pg1 is a hydroXy-protecting group 
(eg benZyl). 
[0273] The invention also provides an intermediate com 
pound of formula (III) Wherein R15 is an amino-protecting 
group (eg 1,1-di-(4‘-methoXyphenyl)methyl or benZyl); as 
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Well as an intermediate compound of formula (I) Wherein R3 
is —OPg1 and Pg1 is a hydroxy-protecting group; and an 
intermediate compound of formula (III) Wherein R15 is an 
amino-protecting group (eg benZyl), R3 is —OPg1, and Pg1 
is a hydroxy-protecting group (eg benZyl). 

[0274] An intermediate compound of formula (III) can be 
prepared by reacting an amine of formula (V) With a 
compound of formula (IV), Wherein R16 is hydrogen or a 
hydroxy-protecting group (eg tert-butyldimethylsilyl) and 
X is a suitable leaving group (eg bromo). 

R1 0R16 R15 

R2 

R4 
(IV) 

HN R12 

R10 

R11 
(V) 

[0275] Accordingly, the invention provides a method for 
preparing a compound of formula (III), comprising reacting 
a corresponding aniline of formula (V) With a corresponding 
compound of formula (IV), Wherein X is a suitable leaving 
group (eg bromo) and R15 is an amino-protecting group, in 
the presence of a transition metal catalyst. When R is a 
hydroxy-protecting group, the intermediate formed by the 
reaction of a compound of formula (V) With a compound of 
formula (IV) is subsequently deprotected to form the inter 
mediate of formula (III). Suitable conditions for this reaction 
as Well as suitable leaving groups are illustrated in the 
Examples and are also knoWn in the art. 

[0276] A compound of formula (III) can also be prepared 
by reacting an amine of formula (VII): 

(v11) 

R13 

[0277] Wherein R14 is hydrogen and R15 is an amino 
protecting group (eg benZyl), With a compound of formula 
(VI), (VIII), or (IX): 
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(VI) 
R1 0R16 

R2 Z 

R6 
R3 R5 

R4 
(VIII) 

1 
R 0 

R2 
R6 

R3 R5 

R4 
(IX) 

R1 o 

R2 Z 

R6 
R3 R5 

R4 

[0278] Wherein R16 is hydrogen or a hydroxy-protecting 
group (eg tert-butyldimethylsilyl) and Z is a leaving group. 

[0279] Accordingly, the invention provides a method for 
preparing a compound of formula (III), comprising reacting 
a corresponding amine of formula (VII), Wherein R14 is 
hydrogen and R15 is an amino-protecting group, With a 
corresponding compound of formula (VI), (VIII), or (IX), 
Wherein R16 is hydrogen or a hydroxy-protecting group and 
Z is a suitable leaving group (eg bromo). When R is a 
hydroxy-protecting group, the intermediate formed by the 
reaction of a compound of formula (VII) With a compound 
of formula (VI) is subsequently deprotected to form the 
intermediate of formula (III). 

[0280] The invention also provides a method for preparing 
a compound of formula (I), Wherein R3 is —OPg1 and Pg1 
is a hydroxy-protecting group, comprising reacting a corre 
sponding compound of formula (VII) Wherein R14 and R15 
are each hydrogen With a corresponding compound of 
formula (VI), Wherein R3 is —OPg1 and Pg1 is a hydroxy 
protecting group and R16 is a hydroxy-protecting group. 

[0281] Depending on the speci?c values of the substitu 
ents, variations on the synthetic schemes described above 
can be employed, particularly in the order of coupling and 
deprotection reactions, to produce a compound of the inven 
tion. For example, a compound of formula (I) Wherein R3 is 
hydroxy and R13 is hydrogen can be prepared by reacting an 
intermediate of formula (I) Wherein R3 is —OPg1, Where Pg1 
is a hydroxy-protecting group, and R11 is a suitable leaving 
group (e. g. bromo) With an appropriately substituted boronic 
acid to form an intermediate, Which is subsequently depro 
tected, as illustrated in Examples 65-102. 

[0282] According to yet another method, a compound of 
formula (I) can be prepared by coupling an intermediate of 
formula (IV) Wherein R15 is hydrogen and R16 is a hydroxy 
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protecting group With a compound of formula (V), Where the 
remaining variables are de?ned as in formula (I), in the 
presence of a transition metal catalyst, typically palladium, 
to form a protected intermediate, folloWed by removing the 
protecting group R16 to form a compound of formula 

[0283] To form a compound of formula (I) Wherein R3 is 
hydroxy, a compound of formula (IV) Wherein R3 is —OPgl 
and Pg1 is a hydroxy-protecting group, for example benZyl, 
is used in the above method to provide an intermediate of 
formula (I) in Which R3 is —OPgl, from Which the protect 
ing group Pg1 is removed to form the product of formula (I) 
having a hydroxy at R3. 

[0284] A palladium-based catalyst is typically used in the 
process of coupling intermediates (IV) and (V) to provide a 
diarylamine compound of formula As a result the com 
pounds of this invention or intermediates thereof can be 
contaminated With unacceptable levels of palladium impu 
rities. It has noW been discovered that such palladium 
impurities can be removed from compounds of this inven 
tion or intermediates thereof using a functionaliZed solid 
support comprising (1-thioureido)alkyl or (mercapto)alkyl 
groups. 

[0285] The compound to be puri?ed of palladium is dis 
solved in a solvent compatible With the solid support, Where 
a compatible solvent is one that does not affect the perfor 
mance of the functionaliZed solid support. If the compound 
is in a free base form, an amount of acid, preferably 
hydrochloric acid, sufficient to convert the basic nitrogens of 
the compound to protonated form is added. BetWeen about 
1.05 and about 1.2 equivalents of HCl per basic nitrogen is 
a sufficient amount. The resulting solution is diluted further 
With solvent and a functionaliZed solid support comprising 
(1-thioureido)alkyl or (mercapto)alkyl groups is added. 
Preferably the solid support is a silica gel comprising 
3-(1-thioureido)propyl or 3-(mercapto)propyl groups. Pref 
erably betWeen about 5 and about 15 Weight % of the 
functionaliZed silica gel is added. A preferred solvent com 
patible With the functionaliZed silica gel is a mixture of 
dichloromethane and methanol. 

[0286] The resulting solution is separated from the solid 
support and the product is isolated. For example, the solu 
tion is stirred at room temperature for several hours folloWed 
by ?ltration through ?lter paper. The remaining silica is 
Washed With additional solvent. Combined ?ltrates are 
Washed With saturated aqueous sodium bicarbonate and 
brine. The organic solution is treated With anhydrous sodium 
sulfate, ?ltered and evaporated under reduced pressure to 
give the product. The puri?cation of an intermediate in the 
preparation of compound 61 by this process is described in 
detail in Example 61C part f. 

[0287] Accordingly, in yet another method aspect, this 
invention provides a method of reducing the amount of 
palladium in a composition comprising a diarylamine com 
pound and palladium, the method comprising (a) contacting 
a solution comprising a diarylamine compound having one 
or more basic nitrogen atoms Wherein each nitrogen atom 
has been protonated With an acid, palladium, and a solvent, 
With a functionaliZed solid support comprising (1-thioure 
ido)alkyl or (mercapto)alkyl groups; and (b) separating the 
resulting solution from the solid support to provide a com 
position having a reduced amount of palladium, Wherein the 
solvent is compatible With the functionaliZed solid support. 
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In addition, the invention provides a method of reducing 
palladium in a composition Wherein the diarylamine com 
pound is N-{2-[4-(3-phenyl-4-methoxyphenyl)aminophe 
nyl]ethyl}-(R)-2-hydroxy-2-(8-benZyloxy-2(1H)-quinoli 
non-5-yl)ethylamine. Preferably, in the method of removing 
palladium from the diarylamine compound immediately 
above, the acid is hydrochloric acid; the solvent comprises 
a mixture of dichloromethane and methanol, and the func 
tionaliZed solid support is a silica gel comprising 3-(1 
thioureido)propyl or 3-(mercapto)propyl groups. 

[0288] The invention further provides a compound pro 
duced by the process comprising (a) coupling an interme 
diate of formula (IV) Wherein R15 is hydrogen and R16 is a 
hydroxy-protecting group With a compound of formula (V), 
Where the remaining variables are de?ned as in formula (I) 
and R3 can additionally be de?ned as —OPgl, in the 
presence of a palladium catalyst, to form a protected inter 
mediate; (b) removing the protecting group R16 from the 
protected intermediate to form a compound of formula (I); 
(c) contacting a solution comprising the compound of for 
mula (I), Wherein each nitrogen atom has been protonated 
With an acid, and a solvent, With a functionaliZed solid 
support comprising (1-thioureido)alkyl or 3-(mercapto)alkyl 
groups, Wherein the solvent is compatible With the function 
aliZed solid support; (d) separating the resulting solution 
from the functionaliZed solid support; and, When R3 is 
—OPgl, (d) removing the protecting group to form a com 
pound in Which R3 is hydroxy. 

[0289] In addition, the invention provides a compound 
produced by the process immediately above Wherein R1, R2, 
R6, R71, R8, R9, R10, and R13 are each hydrogen, R3 is 
—OPg Wherein Pg1 is benZyl, R4 and Rstaken together are 
—NHC(=O)CH=CH—, R11 is phenyl, R12 is —OCH3, the 
leaving group X in formula (IV) is attached at the para 
position; the acid is hydrochloric acid; the solvent is a 
mixture of dichloromethane and methanol, and the function 
aliZed solid support is a silica gel comprising 3-(1-thioure 
ido)propyl or 3-(mercapto)propyl groups. 
[0290] Additionally, a useful intermediate for preparing a 
compound of formula (VII), Wherein R14 is hydrogen and 
R is an amino-protecting group, is a corresponding com 
pound of formula (VII) Wherein R14 is an amino-protecting 
group that can be removed in the presence of R15. A 
compound of formula (VII) Wherein R14 is hydrogen and 
R is an amino-protecting group is itself also a useful 
intermediate for the preparation of a compound of formula 
(VII) Where both R14 and R15 are hydrogen. Thus, the 
invention also provides novel intermediates of formula 
(VII), Wherein R14 is hydrogen or an amino-protecting 
group, R15 is hydrogen or an amino-protecting group, and 
Wherein R7-R13 and W have any of the values de?ned herein, 
or a salt thereof. 

[0291] A preferred compound of formula (VII) is a com 
pound Wherein R14 and R15 are both hydrogen. Another 
preferred compound of formula (VII) is a compound 
Wherein R14 is an alkoxycarbonyl protecting group (eg 
tert-butoxy carbonyl), and R15 is an arylmethyl protecting 
group (eg benZyl). Another preferred compound of formula 
(VII) is a compound Wherein R14 is hydrogen, and R15 is an 
alkoxycarbonyl protecting group (e. g. tert-butoxy carbonyl). 
[0292] Pharmaceutical Compositions 
[0293] The invention also provides pharmaceutical com 
positions comprising a compound of the invention. Accord 



US 2003/0229058 A1 

ingly, the compound, preferably in the form of a pharma 
ceutically-acceptable salt, can be formulated for any suitable 
form of administration, such as oral or parenteral adminis 
tration, or administration by inhalation. 

[0294] By Way of illustration, the compound can be 
admixed With conventional pharmaceutical carriers and 
excipients and used in the form of poWders, tablets, cap 
sules, elixirs, suspensions, syrups, Wafers, and the like. Such 
pharmaceutical compositions Will contain from about 0.05 
to about 90% by Weight of the active compound, and more 
generally from about 0.1 to about 30%. The pharmaceutical 
compositions may contain common carriers and excipients, 
such as cornstarch or gelatin, lactose, magnesium sulfate, 
magnesium stearate, sucrose, microcrystalline cellulose, 
kaolin, mannitol, dicalcium phosphate, sodium chloride, and 
alginic acid. Disintegrators commonly used in the formula 
tions of this invention include croscarmellose, microcrys 
talline cellulose, cornstarch, sodium starch glycolate and 
alginic acid. 

[0295] A liquid composition Will generally consist of a 
suspension or solution of the compound or pharmaceuti 
cally-acceptable salt in a suitable liquid carrier(s), for 
example ethanol, glycerine, sorbitol, non-aqueous solvent 
such as polyethylene glycol, oils or Water, optionally With a 
suspending agent, a solubiliZing agent (such as a cyclodex 
trin), preservative, surfactant, Wetting agent, ?avoring or 
coloring agent. Alternatively, a liquid formulation can be 
prepared from a reconstitutable poWder. 

[0296] For example a poWder containing active com 
pound, suspending agent, sucrose and a sWeetener can be 
reconstituted With Water to form a suspension; a syrup can 
be prepared from a poWder containing active ingredient, 
sucrose and a sWeetener. 

[0297] A composition in the form of a tablet can be 
prepared using any suitable pharmaceutical carrier(s) rou 
tinely used for preparing solid compositions. Examples of 
such carriers include magnesium stearate, starch, lactose, 
sucrose, microcrystalline cellulose and binders, for example 
polyvinylpyrrolidone. The tablet can also be provided With 
a color ?lm coating, or color included as part of the 
carrier(s). In addition, active compound can be formulated in 
a controlled release dosage form as a tablet comprising a 
hydrophilic or hydrophobic matrix. 

[0298] A composition in the form of a capsule can be 
prepared using routine encapsulation procedures, for 
example by incorporation of active compound and excipi 
ents into a hard gelatin capsule. Alternatively, a semi-solid 
matrix of active compound and high molecular Weight 
polyethylene glycol can be prepared and ?lled into a hard 
gelatin capsule; or a solution of active compound in poly 
ethylene glycol or a suspension in edible oil, for example 
liquid paraf?n or fractionated coconut oil can be prepared 
and ?lled into a soft gelatin capsule. 

[0299] Tablet binders that can be included are acacia, 
methylcellulose, sodium carboxymethylcellulose, poly-vi 
nylpyrrolidone (Povidone), hydroxypropyl methylcellulose, 
sucrose, starch and ethylcellulose. Lubricants that can be 
used include magnesium stearate or other metallic stearates, 
stearic acid, silicone ?uid, talc, Waxes, oils and colloidal 
silica. 

[0300] Flavoring agents such as peppermint, oil of Win 
tergreen, cherry ?avoring or the like can also be used. 
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Additionally, it may be desirable to add a coloring agent to 
make the dosage form more attractive in appearance or to 
help identify the product. 

[0301] The compounds of the invention and their pharma 
ceutically-acceptable salts that are active When given 
parenterally can be formulated for intramuscular, intrathe 
cal, or intravenous administration. 

[0302] Atypical composition for intra-muscular or intrath 
ecal administration Will consist of a suspension or solution 
of active ingredient in an oil, for example arachis oil or 
sesame oil. A typical composition for intravenous or intrath 
ecal administration Will consist of a sterile isotonic aqueous 
solution containing, for example active ingredient and dex 
trose or sodium chloride, or a mixture of dextrose and 
sodium chloride. Other examples are lactated Ringer’s inj ec 
tion, lactated Ringer’s plus dextrose injection, Normosol-M 
and dextrose, Isolyte E, acylated Ringer’s injection, and the 
like. Optionally, a co-solvent, for example, polyethylene 
glycol; a chelating agent, for example, ethylenediamine 
tetracetic acid; a solubiliZing agent, for example, a cyclo 
dextrin; and an anti-oxidant, for example, sodium metabisul 
phite, may be included in the formulation. Alternatively, the 
solution can be freeZe dried and then reconstituted With a 
suitable solvent just prior to administration. 

[0303] The compounds of this invention and their phar 
maceutically-acceptable salts Which are active on topical 
administration can be formulated as transdermal composi 
tions or transdermal delivery devices (“patches”). Such 
compositions include, for example, a backing, active com 
pound reservoir, a control membrane, liner and contact 
adhesive. Such transdermal patches may be used to provide 
continuous or discontinuous infusion of the compounds of 
the present invention in controlled amounts. The construc 
tion and use of transdermal patches for the delivery of 
pharmaceutical agents is Well knoWn in the art. See, for 
example, US. Pat. No. 5,023,252. Such patches may be 
constructed for continuous, pulsatile, or on demand delivery 
of pharmaceutical agents. 

[0304] One preferred manner for administering a com 
pound of the invention is inhalation. Inhalation is an effec 
tive means for delivering an agent directly to the respiratory 
tract. There are three general types of pharmaceutical inha 
lation devices: nebuliZer inhalers, dry poWder inhalers 
(DPI), and metered-dose inhalers (MDI). NebuliZer devices 
produce a stream of high velocity air that causes a thera 
peutic agent to spray as a mist Which is carried into the 
patient’s respiratory tract. The therapeutic agent is formu 
lated in a liquid form such as a solution or a suspension of 
microniZed particles of respirable siZe, Where microniZed is 
typically de?ned as having about 90% or more of the 
particles With a diameter of less than about 10 pm. Atypical 
formulation for use in a conventional nebuliZer device is an 
isotonic aqueous solution of a pharmaceutical salt of the 
active agent at a concentration of the active agent of betWeen 
about 0.05 pg/mL and about 10 mg/mL. 

[0305] DPI’s typically administer a therapeutic agent in 
the form of a free ?oWing poWder that can be dispersed in 
a patient’s air-stream during inspiration. In order to achieve 
a free ?oWing poWder, the therapeutic agent can be formu 
lated With a suitable excipient, such as lactose or starch. A 
dry poWder formulation can be made, for example, by 
combining dry lactose having a particle siZe betWeen about 
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1 pm and about 100 pm With microniZed particles of a 
pharmaceutical salt of the active agent and dry blending. 
Alternative, the agent can be formulated Without excipients. 
The formulation is loaded into a dry poWder dispenser, or 
into inhalation cartridges or capsules for use With a dry 
poWder delivery device. 

[0306] Examples of DPI delivery devices provided com 
mercially include Diskhaler (GlaxoSmithKline, Research 
Triangle Park, NC.) (see, e.g., US. Pat. No. 5,035,237); 
Diskus (GlaxoSmithKline) (see, e.g., US. Pat. No. 6,378, 
519; Turbuhaler (AstraZeneca, Wilmington, Del.) (see, e.g., 
US. Pat. No. 4,524,769); and Rotahaler (GlaxoSmithKline) 
(see, e.g., US. Pat. No. 4,353,365). Further examples of 
suitable DPI devices are described in US. Pat. Nos. 5,415, 
162, 5,239,993, and 5,715,810 and references therein. 

[0307] MDI’s typically discharge a measured amount of 
therapeutic agent using compressed propellant gas. Formu 
lations for MDI administration include a solution or suspen 
sion of active ingredient in a lique?ed propellant. While 
chloro?uorocarbons, such as CCl3F, conventionally have 
been used as propellants, due to concerns regarding adverse 
affects of such agents on the oZone layer, formulations using 
hydro?uoroalklanes (HFA), such as 1,1,1,2-tetra?uoroet 
hane (HFA 134a) and 1,1,1,2,3,3,3,-hepta?uoro-n-propane, 
(HFA 227) have been developed. Additional components of 
HFA formulations for MDI administration include co-sol 
vents, such as ethanol or pentane, and surfactants, such as 
sorbitan trioleate, oleic acid, lecithin, and glycerin. (See, for 
example, US. Pat. No. 5,225,183, EP 0717987 A2, and WO 
92/22286.) 
[0308] Thus, a suitable formulation for MDI administra 
tion can include from about 0.01% to about 5% by Weight 
of a pharmaceutical salt of active ingredient, from about 0% 
to about 20% by Weight ethanol, and from about 0% to about 
5% by Weight surfactant, With the remainder being the HFA 
propellant. In one approach, to prepare the formulation, 
chilled or pressuriZed hydro?uoroalkane is added to a vial 
containing the pharmaceutical salt of active compound, 
ethanol (if present) and the surfactant (if present). To prepare 
a suspension, the pharmaceutical salt is provided as micron 
iZed particles. The formulation is loaded into an aerosol 
canister, Which forms a portion of an MDI device. Examples 
of MDI devices developed speci?cally for use With HFA 
propellants are provided in US. Pat. Nos. 6,006,745 and 
6,143,277. 

[0309] In an alternative preparation, a suspension formu 
lation is prepared by spray drying a coating of surfactant on 
microniZed particles of a pharmaceutical salt of active 
compound. (See, for example, WO 99/53901 and WO 
00/61108.) For additional examples of processes of prepar 
ing respirable particles, and formulations and devices suit 
able for inhalation dosing see US. Pat. Nos. 6,268,533, 
5,983,956, 5,874,063, and 6,221,398, and WO 99/55319 and 
WO 00/30614. 

[0310] It Will be understood that any form of the com 
pounds of the invention, (i.e. free base, pharmaceutical salt, 
or solvate) that is suitable for the particular mode of admin 
istration, can be used in the pharmaceutical compositions 
discussed above. 

[0311] The active compounds are effective over a Wide 
dosage range and are generally administered in a therapeu 
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tically effective amount. It Will be understood, hoWever, that 
the amount of the compound actually administered Will be 
determined by a physician, in the light of the relevant 
circumstances, including the condition to be treated, the 
chosen route of administration, the actual compound admin 
istered and its relative activity, the age, Weight, and response 
of the individual patient, the severity of the patient’s symp 
toms, and the like. 

[0312] Suitable doses of the therapeutic agents for inha 
lation administration are in the general range of from about 
0.05 pig/day to about 1000 pig/day, preferably from about 0.5 
pig/day to about 500 pig/day. A compound can be adminis 
tered in a periodic dose: Weekly, multiple times per Week, 
daily, or multiple doses per day. The treatment regimen may 
require administration over extended periods of time, for 
example, for several Weeks or months, or the treatment 
regimen may require chronic administration. Suitable doses 
for oral administration are in the general range of from about 
0.05 pig/day to about 100 mg/day, preferably 0.5 to 1000 
rig/day 
[0313] The present active agents can also be co-adminis 
tered With one or more other therapeutic agents. For 
example, the present agents can be administered in combi 
nation With one or more therapeutic agents selected from 
anti-in?ammatory agents (eg corticosteroids and non-ste 
roidal anti-in?ammatory agents (NSAIDs), antichlolinergic 
agents (particularly muscarinic receptor antagonists), other 
[32 adrenergic receptor agonists, antiinfective agents (eg 
antibiotics or antivirals) or antihistamines. The invention 
thus provides, in a further aspect, a combination comprising 
a compound of the invention together With one or more 
therapeutic agent, for example, an anti-in?ammatory agent, 
an antichlolinergic agent, another [32 adrenergic receptor 
agonist, an antiinfective agent or an antihistamine. 

[0314] The other therapeutic agents can be used in the 
form of pharmaceutically acceptable salts or solvates. As 
appropriate, the other therapeutic agents can be used as 
optically pure stereoisomers. 

[0315] Suitable anti-in?ammatory agents include corticos 
teroids and NSAIDs. Suitable corticosteroids Which may be 
used in combination With the compounds of the invention 
are those oral and inhaled corticosteroids and their pro-drugs 
Which have anti-in?ammatory activity. Examples include 
methyl prednisolone, prednisolone, dexamethasone, ?utica 
sone propionate, 6ot,9ot-di?uoro-17ot-[(2-furanylcarbony 
l)oxy]-11[3-hydroxy-16ot-methyl-3-oxo-androsta-1,4-diene 
17[3-carbothioic acid S-?uoromethyl ester, 6ot,9ot-di?uoro 
11[3-hydroxy-16ot-methyl-3-oxo-17ot-propionyloxy 
androsta-1,4-diene-17[3-carbothioic acid S-(2-oxo 
tetrahydro-furan-3S-yl) ester, beclomethasone esters (eg 
the 17-propionate ester or the 17,21-dipropionate ester), 
budesonide, ?unisolide, mometasone esters (eg the furoate 
ester), triamcinolone acetonide, ro?eponide, ciclesonide, 
butixocort propionate, RPR-106541, and ST-126. Preferred 
corticosteroids include ?uticasone propionate, 6ot,9ot-dif 
luoro-11[3-hydroxy-16ot-methyl-17 ot-[(4-methyl-1,3-thiaZ 
ole-5-carbonyl)oxy]-3-oxo-androsta-1,4-diene-17[3-car 
bothioic acid S-?uoromethyl ester and 6ot,9ot-di?uoro-17ot 
[(2-furanylcarbonyl)oxy]-11[3-hydroxy-16ot-methyl-3-oxo 
androsta-1,4-diene-17[3-carbothioic acid S-?uoromethyl 
ester, more preferably 6ot,9ot-di?uoro-17ot-[(2-furanylcar 
bonyl)oxy]-11[3-hydroxy-16ot-methyl-3-oxo-androsta-1,4 
diene-17[3-carbothioic acid S-?uoromethyl ester. 
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[0316] Suitable NSAIDs include sodium cromoglycate; 
nedocromil sodium; phosphodiesterase (PDE) inhibitors 
(e.g. theophylline, PDE4 inhibitors or mixed PDE3/PDE4 
inhibitors); leukotriene antagonists (e.g. monteleukast); 
inhibitors of leukotriene synthesis; iNOS inhibitors; pro 
tease inhibitors, such as tryptase and elastase inhibitors; 
beta-2 integrin antagonists and adenosine receptor agonists 
or antagonists (e.g. adenosine 2a agonists); cytokine antago 
nists (e.g. chemokine antagonists such as, an interleukin 
antibody ((XIL antibody), speci?cally, an otIL-4 therapy, an 
otIL-13 therapy, or a combination thereof); or inhibitors of 
cytokine synthesis. Suitable other [32-adrenoreceptor ago 
nists include salmeterol (eg as the Xinafoate), salbutamol 
(eg as the sulphate or the free base), formoterol (eg as the 
fumarate), fenoterol or terbutaline and salts thereof. 

[0317] Also of interest is use of the present active agent in 
combination With a phosphodiesterase 4 (PDE4) inhibitor or 
a miXed PDE3/PDE4 inhibitor. The PDE4-speci?c inhibitor 
useful in this aspect of the invention may be any compound 
that is knoWn to inhibit the PDE4 enZyme or Which is 
discovered to act as a PDE4 inhibitor, and Which are only 
PDE4 inhibitors, not compounds Which inhibit other mem 
bers of the PDE family as Well as PDE4. Generally it is 
preferred to use a PDE4 inhibitor Which has an IC5O ratio of 
about 0.1 or greater as regards the IC5O for the PDE4 
catalytic form Which binds rolipram With a high af?nity 
divided by the IC5O for the form Which binds rolipram With 
a loW affinity. For the purposes of this disclosure, the cAMP 
catalytic site Which binds R and S rolipram With a loW 
af?nity is denominated the “loW affinity” binding site (LPDE 
4) and the other form of this catalytic site Which binds 
rolipram With a high af?nity is denominated the “high 
af?nity” binding site (HPDE 4). This term “HPDE4” should 
not be confused With the term “hPDE4” Which is used to 
denote human PDE4. 

[0318] A method for determining IC5O ratios is set out in 
US. Pat. No. 5,998,428 Which is incorporated herein by 
reference. See also PCT application WO 00/51599 for 
another description of the assay. 

[0319] The preferred PDE4 inhibitors of use in this inven 
tion Will be those compounds Which have a salutary thera 
peutic ratio, i.e., compounds Which preferentially inhibit 
cAMP catalytic activity Where the enZyme is in the form that 
binds rolipram With a loW af?nity, thereby reducing the side 
effects Which apparently are linked to inhibiting the form 
Which binds rolipram With a high af?nity. Another Way to 
state this is that the preferred compounds Will have an IC5O 
ratio of about 0.1 or greater as regards the IC5O for the PDE4 
catalytic form Which binds rolipram With a high af?nity 
divided by the IC5O for the form Which binds rolipram With 
a loW affinity. 

[0320] Afurther re?nement of this standard is one Wherein 
the PDE4 inhibitor has an IC5O ratio of about 0.1 or greater; 
Wherein said ratio is the ratio of the IC5O value for competing 
With the binding of 1 nM of [3H]R-rolipram to a form of 
PDE4 Which binds rolipram With a high af?nity to the IC5O 
value for inhibiting the PDE4 catalytic activity of a form 
Which binds rolipram With a loW af?nity using 1 MM[3H] 
cAMP as the substrate. 

[0321] Most preferred are those PDE4 inhibitors Which 
have an IC5O ratio of greater than 0.5, and particularly those 
compounds having a ratio of greater than 1.0. Preferred 
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compounds are cis 4-cyano-4-(3-cyclopentyloXy-4-methoX 
yphenyl)cycloheXan-1-carboXylic acid, 2-carbomethoXy-4 
cyano-4-(3-cyclopropylmethoXy-4-di?uoromethoXyphenyl 
)cycloheXan-1-one and cis-[4-cyano-4-(3 
cyclopropylmethoXy-4 
di?uoromethoXyphenyl)cycloheXan-1-ol]; these are 
eXamples of compounds Which bind preferentially to the loW 
af?nity binding site and Which have an IC5O ratio of 0.1 or 
greater. 

[0322] Other compounds of interest include: 

[0323] Compounds set out in US. Pat. No. 5,552,438 
issued 03 September, 1996; this patent and the compounds 
it discloses are incorporated herein in full by reference. The 
compound of particular interest, Which is disclosed in US. 
Pat. No. 5,552,438, is cis-4-cyano-4-[3-(cyclopentyloXy)-4 
methoXyphenyl]cycloheXane-1-carboXylic acid (also knoWn 
as cilomalast) and its salts, esters, pro-drugs or physical 
forms; 

[0324] AWD-12-281 from elbion (Hofgen, N. et al. 15th 
EFMC Int Symp Med Chem (Sept 6-10, Edinburgh) 1998, 
Abst P.98; CAS reference No. 247584020-9); a 9-benZylad 
enine derivative nominated NCS-613 (INSERM); D-4418 
from Chiroscience and Schering-Plough; a benZodiaZepine 
PDE4 inhibitor identi?ed as CI-1018 (PD-168787) and 
attributed to P?Zer; a benZodioXole derivative disclosed by 
KyoWa Hakko in WO99/16766; K-34 from KyoWa Hakko; 
V-I 1294A from Napp (Landells, L. J. et al. Eur Resp J 
[Annu Cong Eur Resp Soc (Sept 19-23, Geneva) 1998] 
1998, 12 (Suppl. 28): Abst B2393); ro?umilast (CAS refer 
ence No 162401-32-3) and a pthalaZinone (WO99/47505, 
the disclosure of Which is hereby incorporated by reference) 
from Byk-Gulden; Pumafentrine, (—)-p-[(4aR*,10bS *)-9 
ethoXy-1,2,3,4,4a,10b-heXahydro-8-methoXy-2-methyl 
benZo[c][1,6]naphthyridin-6-yl]-N,N-diisopropylbenZa 
mide Which is a miXed PDE3/PDE4 inhibitor Which has 
been prepared and published on by Byk-Gulden, noW 
Altana; arofylline under development by Almirall-Prodes 
farma; VM554/UM565 from Vernalis; or T-440 (Tanabe 
Seiyaku; Fuji, K. et al. J Pharmacol EXp Ther,1998, 284(1): 
162), and T2585. 

[0325] Other possible PDE-4 and miXed PDE3/PDE4 
inhibitors include those listed in WO01/13953, the disclo 
sure of Which is hereby incorporated by reference. 

[0326] Suitable anticholinergic agents are those com 
pounds that act as antagonists at the muscarinic receptor, in 
particular those compounds Which are antagonists of the M1, 
M2, or M3 receptors, or of combinations thereof. Exemplary 
compounds include the alkaloids of the belladonna plants as 
illustrated by the likes of atropine, scopolamine, homatro 
pine, hyoscyamine; these compounds are normally admin 
istered as a salt, being tertiary amines. These drugs, particu 
larly the salt forms, are readily available from a number of 
commercial sources or can be made or prepared from 
literature data via, to Wit: 

[0327] Atropine-CAS-51-55-8 or CAS-51-48-1 (anhy 
drous form), atropine sulfate-CAS-5908-99-6; atropine 
oXide-CAS-4438-22-6 or its HCl salt-CAS-4574-60-1 and 
methylatropine nitrate-CAS-52-88-0. 

[0328] Homatropine-CAS-87-00-3, hydrobromide salt 
CAS-51-56-9, methylbromide salt-CAS-80-49-9. 
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[0329] Hyoscyamine (d, 1)-CAS-101-31-5, hydrobromide 
salt-CAS-306-03-6 and sulfate salt-CAS-6835-16-1. 

[0330] Scopolamine-CAS-51-34-3, hydrobromide salt 
CAS-6533-68-2, methylbromide salt-CAS-155-41-9. 

[0331] Preferred anticholinergics include ipratropium (eg 
as the bromide), sold under the name Atrovent, oXitropium 
(eg as the bromide) and tiotropium (eg as the bromide) 
(CAS-139404-48-1). Also of interest are: methantheline 
(CAS-53-46-3), propantheline bromide (CAS-50-34-9), 
anisotropine methyl bromide or Valpin 50 (CAS-80-50-2), 
clidinium bromide (QuarZan, CAS-3485-62-9), copyrrolate 
(Robinul), isopropamide iodide (CAS-71-81-8), mepen 
Zolate bromide (US. Pat. No. 2,918,408), tridiheXethyl 
chloride (Pathilone, CAS-4310-35-4), and heXocyclium 
methylsulfate (Tral, CAS-115-63-9). See also cyclopento 
late hydrochloride (CAS-5870-29-1), tropicamide (CAS 
1508-75-4), triheXyphenidyl hydrochloride (CAS-144-11 
6), pirenZepine (CAS-29868-97-1), telenZepine (CAS 
80880-90-9), AF-DX 116, or methoctramine, and the 
compounds disclosed in WO01/04118, the disclosure of 
Which is hereby incorporated by reference. 

[0332] Suitable antihistamines (also referred to as H,-re 
ceptor antagonists) include any one or more of the numerous 
antagonists knoWn Which inhibit HI-receptors, and are safe 
for human use. All are reversible, competitive inhibitors of 
the interaction of histamine With Hl-receptors. The majority 
of these inhibitors, mostly ?rst generation antagonists, are 
characteriZed, based on their core structures, as ethanola 
mines, ethylenediamines, and alkylamines. In addition, 
other ?rst generation antihistamines include those Which can 
be characteriZed as based on piperiZine and phenothiaZines. 
Second generation antagonists, Which are non-sedating, 
have a similar structure-activity relationship in that they 
retain the core ethylene group (the alkylamines) or mimic a 
tertiary amine group With piperiZine or piperidine. Exem 
plary antagonists are as folloWs: 

[0333] Ethanolamines: carbinoXamine maleate, clemas 
tine fumarate, diphenylhydramine hydrochloride, and 
dimenhydrinate. 
[0334] Ethylenediamines: pyrilamine amleate, tripelen 
namine HCl, and tripelennamine citrate. 

[0335] Alkylamines: chlropheniramine and its salts such 
as the maleate salt, and acrivastine. 

[0336] PiperaZines: hydroXyZine HCl, hydroXyZine pamo 
ate, cycliZine HCl, cycliZine lactate, mecliZine HCl, and 
cetiriZine HCl. 

[0337] Piperidines: AstemiZole, levocabastine HCl, lora 
tadine or its descarboethoXy analogue, and terfenadine and 
feXofenadine hydrochloride or another pharmaceutically 
acceptable salt. 

[0338] AZelastine hydrochloride is yet another H1 receptor 
antagonist Which may be used in combination With a com 
pound of the invention. 

[0339] Examples of preferred anti-histamines include 
methapyrilene and loratadine. 

[0340] The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate or stereoisomer 
thereof and a corticosteroid. In particular, the invention 
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provides a combination Wherein the corticosteroid is ?uti 
casone propionate or Wherein the coricosteroid is 60L,90t 
di?uoro-17a-[(2-furanylcarbonyl)oXy]-11[3-hydroXy-16ot 
methyl-3-oXo-androsta-1,4-diene-17[3-carbothioic acid 
S-?uoromethyl ester or 6a,9ot-di?uoro-11[3-hydroXy-16ot 
methyl-3-oXo-17ot-propionyloXy-androsta-1,4-diene-17[3 
carbothioic acid S-(2-oXo-tetrahydro-furan-3S-yl) ester. 

[0341] The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate or stereoisomer 
thereof and a PDE4 inhibitor. 

[0342] The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate or stereoisomer 
thereof and an anticholinergic agent. 

[0343] The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate or stereoisomer 
thereof and an antihistamine. 

[0344] The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate or stereoisomer 
thereof together With a PDE4 inhibitor and a corticosteroid. 

[0345] The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate or stereoisomer 
thereof together With an anticholinergic agent and a corti 
costeroid. 

[0346] As used in the above combinations, the term, “a 
compound of formula (1)” includes a compound of the 
preferred, more preferred, or most preferred subgroup of 
compounds of formula (I), including a compound of formula 
(IIa) or (IIb) and subgroups thereof, and any individually 
disclosed compound or compounds. 

[0347] Accordingly, the pharmaceutical compositions of 
the invention can optionally comprise combinations of a 
compound of formula (I) or a pharmaceutically acceptable 
salt or solvate or stereoisomer thereof With one or more other 

therapeutic agents, as described above. 

[0348] The individual compounds of such combinations 
may be administered either sequentially or simultaneously in 
separate or combined pharmaceutical formulations. Appro 
priate doses of knoWn therapeutic agents Will be readily 
appreciated by those skilled in the art. 

[0349] According to a further aspect, the invention pro 
vides a method of treating a disease or condition associated 
With [32 adrenergic receptor activity in a mammal, compris 
ing administering to the mammal a therapeutically effective 
amount of a combination of a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate or stereoisomer 
thereof With one or more other therapeutic agents. 

[0350] Additional suitable carriers for formulations of the 
active compounds of the present invention can be found in 
Remington." The Science and Practice of Pharmacy, 20th 
Edition, Lippincott Williams & Wilkins, Philadelphia, Pa., 
2000. The folloWing non-limiting examples illustrate repre 
sentative pharmaceutical compositions of the invention. 

FORMULATION EXAMPLE A 

[0351] This eXample illustrates the preparation of a rep 
resentative pharmaceutical composition for oral administra 
tion of a compound of this invention: 
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-continued 

Ingredients Quantity per tablet, (mg) Ingredients 

Active Compound 2 HCl (1 N) q.s. to pH 4 
Lactose, spray-dried 148 Water (distilled, sterile) q.s. to 20 mL 
Magnesium stearate 2 

[0352] The above ingredients are mixed and introduced 
into a hard-shell gelatin capsule. 

FORMULATION EXAMPLE B 

[0353] This example illustrates the preparation of another 
representative pharmaceutical composition for oral admin 
istration of a compound of this invention: 

Ingredients Quantity per tablet, (mg) 

Active Compound 4 
Cornstarch 50 
Lactose 145 
Magnesium stearate 5 

[0354] The above ingredients are mixed intimately and 
pressed into single scored tablets. 

FORMULATION EXAMPLE C 

[0355] This example illustrates the preparation of a rep 
resentative pharmaceutical composition for oral administra 
tion of a compound of this invention. 

[0356] An oral suspension is prepared having the folloW 
ing composition. 

Ingredients 

Active Compound 0.1 g 
Fumaric acid 0.5 g 
Sodium chloride 2.0 g 
Methyl paraben 0.1 g 
Granulated sugar 25.5 g 
Sorbitol (70% solution) 12.85 g 
Veegum K (Vanderbilt Co.) 1.0 g 
Flavoring 0.035 mL 
Colorings 0.5 mg 
Distilled Water q s. to 100 mL 

FORMULATION EXAMPLE D 

[0357] This example illustrates the preparation of a rep 
resentative pharmaceutical composition containing a com 
pound of this invention. 

[0358] An injectable preparation buffered to a pH of 4 is 
prepared having the folloWing composition: 

Ingredients 

Active Compound 0.2 g 
Sodium Acetate Buffer Solution (0.4 M) 2.0 mL 

FORMULATION EXAMPLE E 

[0359] This example illustrates the preparation of a rep 
resentative pharmaceutical composition for injection of a 
compound of this invention. 

[0360] A reconstituted solution is prepared by adding 20 
mL of sterile Water to 1 g of the compound of this invention. 
Before use, the solution is then diluted With 200 mL of an 
intravenous ?uid that is compatible With the active com 
pound. Such ?uids are chosen from 5% dextrose solution, 
0.9% sodium chloride, or a mixture of 5% dextrose and 
0.9% sodium chloride. Other examples are lactated Ringer’s 
injection, lactated Ringer’s plus 5% dextrose injection, 
Normosol-M and 5% dextrose, Isolyte E, and acylated 
Ringer’s injection. 

FORMULATION EXAMPLE F 

[0361] This example illustrates the preparation of a rep 
resentative pharmaceutical composition containing a com 
pound of this invention. 

[0362] An injectable preparation is prepared having the 
folloWing composition: 

Ingredients 

Active Compound 0.1-5.0 g 
Hydroxypropyl-[5-cyclodextrin 1—25 g 
5% Aqueous Dextrose Solution (sterile) q.s. to 100 mL 

[0363] The above ingredients are blended and the pH is 
adjusted to 3.5105 using 0.5 N HCl or 0.5 N NaOH. 

FORMULATION EXAMPLE G 

[0364] This example illustrates the preparation of a rep 
resentative pharmaceutical composition for topical applica 
tion of a compound of this invention. 

Ingredients grams 

Active compound 0.2—10 
Span 60 2 
TWeen 60 2 
Mineral oil 5 
Petrolatum 10 
Methyl paraben 0.15 
Propyl paraben 0.05 
BHA (butylated hydroxy anisole) 0.01 
Water q.s. to 100 

[0365] All of the above ingredients, except Water, are 
combined and heated to 60° C. With stirring. A suf?cient 
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quantity of Water at 60° C. is then added With vigorous 
stirring to emulsify the ingredients, and Water then added 
q.s. 100 g. 

FORMULATION EXAMPLE H 

[0366] This example illustrates the preparation of a rep 
resentative pharmaceutical composition containing a com 
pound of the invention. 

[0367] An aqueous aerosol formulation for use in a nebu 
liZer is prepared by dissolving 0.1 mg of a pharmaceutical 
salt of active compound in a 0.9% sodium chloride solution 
acidi?ed With citric acid. The mixture is stirred and soni 
cated until the active salt is dissolved. The pH of the solution 
is adjusted to a value in the range of from 3 to 8 by the sloW 
addition of NaOH. 

FORMULATION EXAMPLE I 

[0368] This example illustrates the preparation of a dry 
poWder formulation containing a compound of the invention 
for use in inhalation cartridges. 

[0369] Gelatin inhalation cartridges are ?lled With a phar 
maceutical composition having the folloWing ingredients: 

Ingredients mg/cartridge 

Pharmaceutical salt of active compound 0.2 
Lactose 25 

[0370] The pharmaceutical salt of active compound is 
microniZed prior to blending With lactose. The contents of 
the cartridges are administered using a poWder inhaler. 

FORMULATION EXAMPLE J 

[0371] This example illustrates the preparation of a dry 
poWder formulation containing a compound of the invention 
for use in a dry poWder inhalation device. 

[0372] Apharmaceutical composition is prepared having a 
bulk formulation ratio of microniZed pharmaceutical salt to 
lactose of 1:200. The composition is packed into a dry 
poWder inhalation device capable of delivering betWeen 
about 10 pig and about 100 pg of active drug ingredient per 
dose. 

FORMULATION EXAMPLE K 

[0373] This example illustrates the preparation of a for 
mulation containing a compound of the invention for use in 
a metered dose inhaler. 

[0374] Asuspension containing 5% pharmaceutical salt of 
active compound, 0.5% lecithin, and 0.5% trehalose is 
prepared by dispersing 5 g of active compound as micron 
iZed particles With mean siZe less than 10 pm in a colloidal 
solution formed from 0.5 g of trehalose and 0.5 g of lecithin 
dissolved in 100 mL of demineraliZed Water. The suspension 
is spray dried and the resulting material is microniZed to 
particles having a mean diameter less than 1.5 pm. The 
particles are loaded into canisters With pressuriZed 1,1,1,2 
tetra?uoroethane. 
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FORMULATION EXAMPLE L 

[0375] This example illustrates the preparation of a for 
mulation containing a compound of the invention for use in 
a metered dose inhaler. 

[0376] A suspension containing 5% pharmaceutical salt of 
active compound and 0.1% lecithin is prepared by dispers 
ing 10 g of active compound as microniZed particles With 
mean siZe less than 10 pm in a solution formed from 0.2 g 
of lecithin dissolved in 200 mL of demineraliZed Water. The 
suspension is spray dried and the resulting material is 
microniZed to particles having a mean diameter less than 1.5 
pm. The particles are loaded into canisters With pressuriZed 
1,1,1,2,3,3,3-hepta?uoro-n-propane. 

[0377] Biological Assays 

[0378] The compounds of this invention, and their phar 
maceutically-acceptable salts, exhibit biological activity and 
are useful for medical treatment. The ability of a compound 
to bind to the [32 adrenergic receptor, as Well as its selectivity, 
agonist potency, and intrinsic activity can be demonstrated 
using in vitro Tests A-C beloW, in vivo Test D, beloW, or can 
be demonstrated using other tests that are knoWn in the art. 

Abbreviations 

% Eff % e?icacy 
ATCC American Type Culture Collection 
BSA Bovine Serum Albumin 
cAMP Adenosine 3':5'—cyclic monophosphate 
DMEM Dulbecco’s Modi?ed Eagle’s Medium 
DMSO Dimethyl sulfoxide 
EDTA Ethylenediaminetetraacetic acid 
Emax maximal e?icacy 
FBS Fetal bovine serum 

Gly Glycine 
HEK-293 Human embryonic kidney-293 
PBS Phosphate buffered saline 
rpm rotations per minute 
Tris Tris(hydroxymethyl)aminomethane 

Membrane Preparation From Cells Expressing 
Human [31 or [32 Adrenergic Receptors 

[0379] HEK-293 derived cell lines stably expressing 
cloned human [31 or [32 adrenergic receptors, respectively, 
Were groWn to near con?uency in DMEM With 10% dia 
lyZed FBS in the presence of 500 pg/mL Geneticin. The cell 
monolayer Was lifted With Versene 15,000 (0.2 g/L EDTA 
in PBS) using a cell scraper. Cells Were pelleted by cen 
trifugation at 1,000 rpm, and cell pellets Were either stored 
froZen at —80° C. or membranes Were prepared immediately. 
For preparation, cell pellets Were resuspended in lysis buffer 
(10 mM Tris/HCL pH 7.4@4° C., one tablet of “Complete 
Protease Inhibitor Cocktail Tablets With 2 mM EDTA” per 
50 mL buffer (Roche cat.# 1697498, Roche Molecular 
Biochemicals, Indianapolis, Ind.)) and homogeniZed using a 
tight-?tting Dounce glass homogeniZer (20 strokes) on ice. 
The homogenate Was centrifuged at 20,000><g, the pellet Was 
Washed once With lysis buffer by resuspension and centrifu 
gation as above. The ?nal pellet Was resuspended in mem 
brane buffer (75 mM Tris/HCl pH 7.4, 12.5 mM MgCl2, 1 
mM EDTA @ 25° C.). Protein concentration of the mem 
brane suspension Was determined by the method of Bradford 


































































































