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METHOD OF PREVENTING AND TREATING 
AIRWAY REMODELING AND PULMONARY 
INFLAMMATION USING A2B ADENOSINE 

RECEPTOR ANTAGONISTS 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods of pre 
venting airway remodeling and/or pulmonary in?ammation 
using A2B adenosine receptor antagonists. This invention 
?nds utility in the treatment and prevention of asthma, 
COPD, pulmonary ?brosis, emphysema, and other pulmo 
nary diseases. The invention also relates to pharmaceutical 
compositions for use in the method. 

BACKGROUND 

[0002] According to the Asthma and Allergy Foundation 
of America and the National Pharmaceutical Council, an 
estimated 17 million Americans currently suffer from 
asthma. It is the most common chronic childhood disease, 
affecting more than one child in 20, nearly 5 million children 
in all, and it is the only chronic disease, besides AIDS and 
tuberculosis, With an increasing death rate. Each year over 
5,000 Americans die from asthma. 

[0003] The annual cost of asthma in 1998 Was estimated to 
be $11.3 billion. Direct costs accounted for $7.5 billion and 
indirect costs Were $3.8 billion. Hospitalizations accounted 
for the single largest portion of the cost and amount to nearly 
a half million hospitalizations, 1.6 million emergency room 
visits, and over 10 million o?ice visits. Clearly there is a 
great need for neW methods of treating the condition. 

[0004] As discussed by Elias et al. (1999), J. Clin. Inv, 
104(8):1001-1006, the effects of airWay remodeling in the 
development of asthma Were previously unknown as the 
condition Was thought to be an entirely reversible disorder. 
More recent investigations have revealed, hoWever, that 
signi?cant airWay remodeling occurs during asthma and that 
the degree of this remodeling is usually proportional to 
symptom severity. Remodeling typically takes the form of 
airWay Wall thickening, the development of subepithelial 
?brosis, increased myocyte muscle mass, myo?broblast 
hyperplasia, and mucus metaplasia. AirWay remodeling is 
also a common factor in the progression of chronic obstruc 
tive pulmonary disorder (COPD), and pulmonary ?brosis. 
Pulmonary in?ammation is also a common component in the 
development of airWay remodeling and may be typi?ed by 
bronchiolitis, alveolitis, and/or vasculitis. 

[0005] The correlation betWeen airWay remodeling and 
asthma presents a neW avenue of asthma research. Recently 
the ability of cortical steroids and leukotrine receptor 
antagonists to prevent or treat airWay remodeling has been 
reported (see Hoshino (2004) Clin Rev Allergy Immunol. 
27(1):59-64). Given the potential negative side effects of 
long term treatment With cortical steroids and the uncertain 
ties regarding the e?icacy of leukotrine receptor antagonists, 
the exists a strong need for other methods of inhibiting 
airWay remodeling. 
[0006] Adenosine is knoWn to play a role in asthma and 
COPD (See, SpicuZZa et al. (2003) ZIPS 24(8):409-4130; 
Mann et al, (1986) J Appl Physiol 61:1667-1676; and 
Feoktistov et al, (1998) Trends Pharmacol Sci 19:148-153.) 
The clinical evidence supporting the involvement of adenos 
ine includes: 
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[0007] 1) Plasma concentrations of adenosine are 
increased by allergen challenge in asthmatic patients 
and adenosine levels in the bronchoalveolar lavage 
?uid are elevated in asthmatic and COPD patients 
(Driver et al, (1993). Am Rev Respir Dis 148:91-97) 

[0008] 2) Adenosine (given as AMP) induces bronchoc 
onstriction in asthmatics but not in normal subjects 
(Cushley et al, (1983) Br J Clin Pharmacol 15:161 
165), and it increases the concentrations of mediators 
released from mast cells, such as histamine, tryptase, 
LTC4 and PDG2 (Crimi et al, (1 997) Allergy 52:48-54). 
The adenosine-induced bronchoconstriction is attenu 
ated by drugs that either inhibit mast cell activation or 
serve as antagonists to the mediators released from the 
mast cells. Thus, the potential mechanism of adenos 
ine-induced bronchoconstriction is likely due to its 
effect on mast cell activation (Polosa et al, (2002) 
Thorax 57:649-654 and Polosa (2002) Eur Respir J 
20:488-496.). 

[0009] 3) Adenosine has also been shoWn to induce 
eosinophilia and in?ammation. The overall effects and 
potential clinical utilities of AMP-challenge are sum 
marized in a recent revieW article by SpicuZZa and 
Polosa, (2003) Curr Opin Allergy Clin Immunol 3:65 
69. 

[0010] Adenosine is a naturally occurring nucleoside, 
Which exerts its biological effects by interacting With a 
family of adenosine receptors knoWn as A1, A2A, A2B, and 
A3, all of Which modulate important physiological pro 
cesses. Of the various receptors, A2B adenosine receptors are 
believed to be most signi?cantly involved in asthma via their 
connection to mast cell activation, vasodilation, and regu 
lation of cell groWth (See Adenosine A2B Receptors as 
Therapeutic Targets, Drug Dev Res 45:198; Feoktistov et al., 
Trends Pharmacol Sci 19:148-153). Speci?cally, adenosine 
A2B receptor antagonists have been shoWn to affect the 
activation of mast cell and have thus been implicated in the 
inhibition of the acute airWay hyperresponsiveness. Surpris 
ingly, it has noW been found that A2B adenosine receptor 
antagonists are also useful in the prevention of airWay 
remodeling and pulmonary in?ammation. 

[0011] Accordingly, it is desired to provide a method of 
preventing airWay remodeling and/or pulmonary in?amma 
tion by administration of compounds that are potent, fully or 
partially selective, A2B antagonists, i.e., compounds that 
inhibit the A213 adenosine receptor. 

SUMMARY OF THE INVENTION 

[0012] In one embodiment of the invention, a method is 
provided for the treatment and prevention of airWay remod 
eling and/or pulmonary in?ammation by administration of a 
therapeutically effective amount of an A2B receptor antago 
nist to a mammal that is genetically and/ or environmentally 
predisposed to airWay remodeling and pulmonary in?am 
mation. 

[0013] In another embodiment of the invention, a method 
is provided for the treatment and prevention of airWay 
remodeling and/or pulmonary in?ammation by administra 
tion to a mammal that is genetically and/or environmentally 
predisposed to airWay remodeling, a therapeutically e?‘ec 



US 2006/0159627 A1 

tive amount of an A2B receptor antagonist having the struc 
ture of Formula I or Formula II: 

FormulaI 

O R3 

R1 / 
N \N 

)\ I />—X_Y—Z 
0 III N 

R2 
Formula II 

O 

R1 N 
\N \ 
X I >—X_Y—Z 

o N N 

| \R3 
R2 

Wherein: 

[0014] R1 and R2 are independently chosen from hydro 
gen, optionally substituted alkyl, or a group -D-E, in 
Which D is a covalent bond or alkylene, and E is option 
ally substituted alkoxy, optionally substituted cycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryl, optionally substituted heterocyclyl, optionally 
substituted alkenyl or optionally substituted alkynyl, With 
the proviso that When D is a covalent bond E cannot be 
alkoxy; 

[0015] R3 is hydrogen, optionally substituted alkyl or 
optionally substituted cycloalkyl; 

[0016] X is optionally substituted arylene or optionally 
substituted heteroarylene; 

[0017] Y is a covalent bond or alkylene in Which one 
carbon atom can be optionally replaced by 40*, iSi, 
or iNHi, and is optionally substituted by hydroxy, 
alkoxy, optionally substituted amino, or ‘COR, in Which 
R is hydroxy, alkoxy or amino; and 

[0018] Z is optionally substituted monocyclic aryl or 
optionally substituted monocyclic heteroaryl; or 

[0019] Z is hydrogen When X is optionally substituted 
heteroarylene and Y is a covalent bond. 

[0020] In yet another embodiment of the invention, phar 
maceutical formulations are provided, comprising a thera 
peutically effective amount of an A2B receptor antagonist, 
and at least one pharmaceutically acceptable carrier. The 
formulation is preferably for oral administration. 

[0021] One preferred group of compounds of Formula I 
and II are those in which R1 and R2 are independently 
hydrogen, optionally substituted loWer alkyl, or a group 
-D-E, in Which D is a covalent bond or alkylene, and E is 
optionally substituted phenyl, optionally substituted 
cycloalkyl, optionally substituted alkenyl, or optionally sub 
stituted alkynyl, particularly those in Which R3 is hydrogen. 

[0022] Within this group, a ?rst preferred class of com 
pounds include those in which R1 and R2 are independently 
loWer alkyl optionally substituted by cycloalkyl, preferably 
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n-propyl, and X is optionally substituted phenylene. Within 
this class, a preferred subclass of compounds are those in 
Which Y is alkylene, including alkylene in Which a carbon 
atom is replaced by oxygen, preferably iO4CH2i, more 
especially Where the oxygen is the point of attachment to 
phenylene. Within this subclass, it is preferred that Z is 
optionally substituted oxadiaZole, particularly optionally 
substituted [l,2,4]-oxadiaZol-3-yl, especially [l,2,4]-oxa 
diaZol-3-yl substituted by optionally substituted phenyl or 
optionally substituted pyridyl. 

[0023] A second preferred class of compounds include 
those in Which X is optionally substituted l,4-pyraZolene. 
Within this class, a preferred subclass of compounds are 
those in Which Y is a covalent bond or alkylene, especially 
loWer alkylene, and Z is hydrogen, optionally substituted 
phenyl, optionally substituted pyridyl, or optionally substi 
tuted oxadiaZole. Within this subclass, one preferred 
embodiment includes compounds in which R1 is loWer alkyl 
optionally substituted by cycloalkyl, and R2 is hydrogen. A 
more preferred embodiment includes those compounds in 
Which Y is i(CH2)i or 4CH(CH3)i and Z is optionally 
substituted phenyl, or Y is i(CH2)i or iCH(CH3)i and 
Z is optionally substituted oxadiaZole, particularly 3,5-[l,2, 
4]-oXadiaZole, or Y is i(CH2)i or 4CH(CH3)i and Z is 
optionally substituted pyridyl. Within this subclass, also 
preferred are those compounds in which R1 and R2 are 
independently loWer alkyl optionally substituted by 
cycloalkyl, especially n-propyl. More preferred are those 
compounds in Which Y is a covalent bond, i(CH2)i or 
4CH(CH3)i and Z is hydrogen, optionally substituted 
phenyl, or optionally substituted pyridyl, particularly Where 
Y is a covalent bond and Z is hydrogen. 

[0024] At present, the preferred compounds for use in the 
invention include, but are not limited to: 

[0025] l-propyl-8-(l -{[3-(tri?uoromethyl)phenyl] 
methyl}pyraZol-4-yl)-l ,3 ,7-trihydropurine-2,6-dione; 

[0026] l-propyl-8-[l -benZylpyraZol-4-yl]- l ,3 ,7-trihydro 
purine-2,6-dione; 

[0027] l-butyl-8-(l -{[3 -?uorophenyl]methyl }pyraZol-4 
yl)-l ,3 ,7-trihydropurine-2,6-dione; 

[0028] l -propyl-8-[l -(phenylethyl)pyraZol-4-yl]-1,3,7-tri 
hydropurine-2, 6-dione; 

[0029] 8-(1-{[5 -(4-chlorophenyl)( l ,2,4-oxadiaZol-3-yl)] 
methyl}pyraZol-4-yl)-l -propyl-l ,3,7-trihydropurine-2,6 
dione; 

[003 0] 8-(1-{[5 -(4-chlorophenyl)( l ,2,4-oxadiaZol-3-yl)] 
methyl}pyraZol-4-yl)-l -butyl- l ,3,7-trihydropurine-2, 6 
dione; 

[003 1] 1,3 -dipropyl-8-pyraZol-4 -yl-l ,3 ,7-trihydropurine 
2,6-dione; 

[0032] l-methyl-3-sec -butyl-8-pyraZol-4 -yl-l ,3 ,7-trihy 
dropurine-2,6-dione; 

[0033] l-cyclopropylmethyl-3 -methyl-8-{ l -[ (3 -tri?uo 
romethylphenyl)methyl ]pyraZol-4 -yl} - l ,3 , 7-trihydropu 
rine-2,6-dione; 

[0034] 1,3 -dimethyl-8-{ l -[ (3 -?uorophenyl)methyl]pyra 
Zol-4-yl } -l ,3 ,7-trihydropurine-2,6-dione; 
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[0035] 3 -methyl-1-propyl-8-{1-[(3 -tri?uoromethylphe 
nyl)methyl]pyraZol-4-yl}-1,3,7-trihydropurine-2,6-dione; 

[003 6] 3 -ethyl-1-propyl-8-{1-[(3 -tri?uoromethylphenyl 
)methyl]pyraZol-4-yl}-1,3,7-trihydropurine-2,6-dione; 

[0037] 1,3 -dipropyl-8-(1-{[3 -(tri?uoromethyl)phenyl] 
methyl}pyraZol-4-yl)-1,3,7-trihydropurine-2,6-dione; 

[0038] 1,3 -dipropyl-8-{ 1 -[ (3 -?uorophenyl)methyl]pyra 
Zol-4-yl}-1,3,7-trihydropurine-2,6-dione; 

[0039] 1-ethyl-3-methyl-8-{1-[(3-?uorophenyl)methyl] 
pyraZol-4-yl}-1,3,7-trihydropurine-2,6-dione; 

, - 1propy - - - -met oxyp eny met y 0040 1 3 d' l 8 1 2 h h l h l 
pyraZol-4-yl}-1,3,7-trihydropurine-2,6-dione; 

[0041] 1,3 -dipropyl-8-(1-{[3 -(tri?uoromethyl) -phenyl] 
ethyl}pyraZol-4-yl)-1,3,7-trihydropurine-2,6-dione; 

[0042] 1,3 -dipropyl-8-{ 1 -[ (4 -carboxyphenyl)methyl] 
pyraZol-4-yl}-1,3,7-trihydropurine-2,6-dione; 

[0043] 2-[4-(2,6-dioxo-1,3-dipropyl(1,3,7-trihydropurin 
8-yl))pyraZolyl]-2-phenylacetic acid; 

[0044] 8-{4-[5 -(2-methoxyphenyl)-[1,2,4]oxadiaZol-3 -yl 
methoxy]phenyl } -1 ,3 -dipropyl-1,3,7-trihydropurine-2,6 
dione; 

[0045] 8-{4-[5 -(3-methoxyphenyl)-[1,2,4]oxadiaZol-3 -yl 
methoxy]phenyl } -1 ,3 -dipropyl-1,3,7-trihydropurine-2,6 
dione; 

[0046] 8-{4-[5 -(4-?uorophenyl)-[1,2,4]oxadiaZol-3-yl 
methoxy]phenyl } -1 ,3 -dipropyl-1,3,7-trihydropurine-2,6 
dione. 

[0047] 1-(cyclopropylmethyl)-8-[1-(2-pyridylmeth 
yl)pyraZol-4-yl]-1,3,7-trihydropurine-2,6-dione; 

[0048] 1-n-butyl-8-[1-(6-tri?uoromethylpyridin-3-ylm 
ethyl)pyraZol-4-yl]-1,3,7-trihydropurine-2,6-dione; 

[0049] 8-(1-{[3 -(4-chlorophenyl)(1,2,4-oxadiaZol-5 -yl)] 
methyl}pyraZol-4 -yl)-1 ,3 -dipropyl-1,3,7-trihydropurine 
2, 6-dione; 

[0050] 1,3 -dipropyl-8-[1 -({ 5 -[4-(tri?uoromethyl)phenyl] 
isoxaZol-3-yl}methyl)pyraZol-4-yl]-1,3,7-trihydropurine 
2, 6-dione; 

[0051] 1,3 -dipropyl-8-[1-(2-pyridylmethyl)pyraZol-4-yl] 
1,3,7-trihydropurine-2,6-dione; 

[0052] 3 -{[4-(2,6-dioxo-1,3 -dipropyl-1,3,7-trihydropurin 
8-yl)pyraZolyl]methyl}benZoic acid; 

[0053] 1,3 -dipropyl-8-(1-{[6-(tri?uoromethyl)(3 -py 
ridyl)]methyl}pyraZol-4-yl)-1,3,7-trihydropurine-2,6-di 
one; 

[0054] 1,3 -dipropyl-8-{1-[(3 -(1H-1,2,3,4-tetraaZol-5 - 
yl)phenyl)methyl]pyraZol-4 -yl } -1 ,3 ,7-trihydropurine-2, 
6-dione; 

[0055] 6-{[4-(2,6-dioxo-1,3 -dipropyl-1,3,7-trihydropurin 
8-yl)pyraZolyl]methyl}pyridine-2-carboxylic acid; 

[0056] 3 -ethyl-1-propyl-8-[1-(2-pyridylmethyl)pyraZol-4 
yl]-1,3,7-trihydropurine-2,6-dione; 
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[0057] 8-( 1 - {[5 -(4-chlorophenyl)isoxaZol-3 -yl] 
methyl}pyraZol-4-yl) -3 -ethyl-1-propyl-1,3,7-trihydropu 
rine-2,6-dione; 

[0058] 8-(1-{[3 -(4-chlorophenyl)(1,2,4-oxadiaZol-5-yl)] 
methyl}pyraZol-4-yl) -3 -ethyl-1-propyl-1,3,7-trihydropu 
rine-2,6-dione; 

[0059] 3 -ethyl-1-propyl-8-(1-{[6-(tri?uoromethyl)(3 -py 
ridyl)]methyl}pyraZol-4-yl)-1,3,7-trihydropurine-2,6-di 
one; 

[0060] 1-(cyclopropylmethyl) -3 -ethyl-8-(1-{[6-(tri?uo 
romethyl) (3 -pyridyl)]methyl }pyraZol-4 -yl)-1 ,3 ,7-trihy 
dropurine-2,6-dione; and 

[0061] 3 -ethyl-1-(2-methylpropyl)-8-(1-{[6-(tri?uorom 
ethyl) (3 -pyridyl)]methyl}pyraZol-4-yl)-1,3,7-trihydropu 
rine-2,6-dione. 

SUMMARY OF THE FIGURES 

[0062] FIG. 1 depicts the dilTerences in pulmonary histo 
pathology in adenosine deaminase (ADA)—/— mice folloW 
ing treatment With adenosine A2B receptor antagonists as 
described in Example 21. The lungs Were collected and 
processed for histological analysis using H&E staining. (A) 
Lung from ADA+ vehicle treated mouse. (B) Lung from 
ADA—/— vehicle treated mouse. (C) Lung from ADA—/— 
adenosine A2B receptor antagonist treated mouse. (D) 
Higher magni?cation section through the lung of an ADA+ 
vehicle treated mouse. (E) Higher magni?cation section 
though the lung of an ADA—/— vehicle treated mouse. (F) 
Higher magni?cation section of a lung of an ADA—/— 
adenosine A2B receptor antagonist treated mouse. Arrows 
denote alveolar macrophages. Scale bars in A—C=100 um, 
scale bars in D—F=10 um. Sections are representative of 6 
di?cerent samples from each treatment. 

[0063] FIG. 2 shoWs the e?cects of an adenosine A2B 
receptor antagonist (A2B—A) on airWay cellularity as 
described in Example 21. (A) Mice Were lavalged With PBS 
and total cell counts determined. (B and C) Cells Were 
cytospun onto microscope slides, stained With Di?cQuick 
and cellular di?cerentials Were determined by counting at 
least 200 cells per sample. Values are presented as mean total 
cells><104:SEM. *, signi?cant at p<0.05 compared to ADA+ 
animals using the students T test, n=8; #, signi?cant at 
p<0.05 compared to vehicle-treated ADA_/_ mice using the 
students T test, n=6-8. 

[0064] FIG. 3 presents the result of BAL cellularity in 
ADA—/— mice treated With an adenosine A2B receptor 
antagonist as described in Example 21. BAL ?uid Was 
collected from the lungs of mice and cells Were cytospun 
onto microscope slides and stained With Di?Quick. (A) 
ADA+ vehicle treated, (B) ADA+ adenosine A2B receptor 
antagonist treated, (C) ADA—/— vehicle treated, (D) 
ADA—/— adenosine A2B receptor antagonist treated. Photo 
graphs are representative of 6 separate samples of each 
condition. Scale bar=10 um. 

[0065] FIG. 4 illustrates transcript levels of various pro 
in?ammatory cytokines Were measure in Whole lung extracts 
using quantitative RT-PCR as described in Example 21. (A) 
IL-6 (B) Eotaxin 1 (C) TARC. Results are presented as mean 
pg transcriptsiSEM. *, signi?cant at p<0.05 compared to 
ADA+ animals using the students T test; #, signi?cant at 
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p<0.05 compared to vehicle-treated ADA_/_ mice using the 
students T test, n=4 for ADA+ mice, n=8 for ADA_/_ mice, 
n=not detected. 

[0066] FIG. 5 shows the results of ot-smooth muscle actin 
immunostaining. Lung sections Were stained With antiserum 
against ot-smooth muscle actin to visualiZe myo?broblast 
(broWn). (A) Lung from anADA+ vehicle treated mouse. (B) 
Lung from an ADA_/_ vehicle treated mouse. (C) Lung from 
an ADA_/_ adenosine A2B receptor antagonist treated 
mouse. Sections are representative of 6 di?ferent mice from 
each treatment. Scale bar=100 um. 

[0067] FIG. 6 depicts collagen deposition in the lungs of 
adenosine A2B receptor antagonist-treated ADA—/— mice as 
described in Example 21. Lung sections Were stained With 
Masson’s Trichrome to visualiZe collagen deposition (blue). 
(A) Lung from an ADA+ vehicle treated mouse. (B) Lung 
from an ADA+ adenosine A2B receptor antagonist treated 
mouse. (C) Lung from an ADA_/_ vehicle treated mouse. 
(D) Lung from an ADA_/_ adenosine A2B receptor antago 
nist treated mouse. Sections are representative of 6 di?ferent 
mice from each treatment. Scale bar=100 um. (E) (X-l 
procollagen transcript levels are presented as mean pg 
transcripts/pg RNA+SEM. *, signi?cant at p<0.05 compared 
to ADA+ animals using the students T test; #, signi?cant at 
p<0.05 compared to vehicle-treated ADA_/_ mice using the 
students T test, n=4 for ADA+ mice, n=8 for ADA_/_ mice. 
(F) Soluble collagen protein levels presented as mean pg 
collagen per ml BAL ?uidiSEM. *, signi?cant at p<0.05 
compared to ADA+ animals using the students T test; #, 
signi?cant at p<0.05 compared to vehicle-treated ADA_/_ 
mice using the students T test, n=4 for ADA+ mice, n=8 for 
ADA_/_ mice. 

[0068] FIG. 7 shoWs the expression of ?brosis associated 
genes. RNA Was extracted from Whole lungs for analysis 
using quantitative RT-PCR for various ?brosis associated 
transcripts. Results demonstrate that lungs from an adenos 
ine A2B receptor antagonist treated ADA_/_ mice exhibit 
loWer levels of transcripts for TGF-[31 (A), osteopontin 
(OPN) (B), and plasminogen activator inhibitor-1 (Pai-l) 
(C), as compared to that seen in the lungs of vehicle treated 
ADA_/_ mice. *, signi?cant at p<0.05 compared to ADA+ 
mice using the students T test, #, signi?cant at p<0.05 
compared to vehicle-treated ADA_/_ mice using the students 
T test, n=4 for ADA+ mice, n=8 for ADA+ mice. 

[0069] FIG. 8 shoWs the elevation of genes associated 
With alveolar airWay destruction. Transcript levels of TIMP 
1, MMP-9, and MMP-12 Were measured in Whole lung RNA 
extracts using quantitative RT-PCR. (A) TIMP-l. (B) MMP 
9. (C) MMP-12. Data are presented as mean pg of tran 
scripts/pg RNAISEM. *, signi?cant at p<0.05 compared to 
ADA+ mice using the students T test, #, signi?cant at p<0.05 
compared to vehicle-treated ADA_/_ mice using the students 
T test. n=4 for ADA+ mice, n=8 for ADA_/_ mice. 

[0070] FIG. 9 presents alveolar destruction in ADA—/— 
mice treated With an adenosine A2B receptor antagonist as 
described in Example 21. Lungs Were collected and pro 
cessed for histological analysis using H&E staining. (A) 
Lung from ADA+ vehicle treated mouse, (B) Lung from 
ADA—/— vehicle treated mouse, and (C) Lung from ADA—/— 
mouse treated With an adenosine A2B receptor antagonist. 
Photographs Were all taken at the same magni?cation (10x) 
and represent ?ndings from 6 di?ferent animals for each 
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treatment group. (D) Alveolar airWay siZes Were calculated 
using ImagePro and data is presented as mean cord 
lengthiSEM, n=6. In (D), * denotes that the results are 
signi?cantly different form ADA+mice and ** denotes that 
results are signi?cantly di?ferent from ADA—/— vehicle 
treated mice. 

DETAILED DISCRIPTION OF THE INVENTION 

De?nitions and General Parameters 

[0071] As used in the present speci?cation, the folloWing 
Words and phrases are generally intended to have the mean 
ings as set forth beloW, except to the extent that the context 
in Which they are used indicates otherWise. 

[0072] The term “alkyl” refers to a monoradical branched 
or unbranched saturated hydrocarbon chain having 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19or20 carbon 
atoms. This term is exempli?ed by groups such as methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, t-butyl, 
n-hexyl, n-decyl, tetradecyl, and the like. 

[0073] The term “substituted alkyl” refers to: 

[0074] 1) an alkyl group as de?ned above, having 1, 2, 3, 
4 or 5 substituents, preferably 1 to 3 substituents, selected 
from the group consisting of alkenyl, alkynyl, alkoxy, 
cycloalkyl, cycloalkenyl, acyl, acylamino, acyloxy, 
amino, aminocarbonyl, alkoxycarbonylamino, aZido, 
cyano, halogen, hydroxy, keto, thiocarbonyl, carboxy, 
carboxyalkyl, arylthio, heteroarylthio, heterocyclylthio, 
thiol, alkylthio, aryl, aryloxy, heteroaryl, aminosulfonyl, 
aminocarbonylamino, heteroaryloxy, heterocyclyl, het 
erocyclooxy, hydroxyamino, alkoxyamino, nitro, iSO 
alkyl, iSO-aryl, iSO-heteroaryl, iSOZ-alkyl, SO2 
aryl and iSO2-heteroaryl. Unless otherWise constrained 
by the de?nition, all substituents may optionally be fur 
ther substituted by 1, 2, or 3 substituents chosen from 
alkyl, carboxy, carboxyalkyl, aminocarbonyl, hydroxy, 
alkoxy, halogen, CF3, amino, substituted amino, cyano, 
and iS(O)nR, Where R is alkyl, aryl, or heteroaryl and n 
is 0, 1 or 2; or 

[0075] 2) an alkyl group as de?ned above that is inter 
rupted by 1-10 atoms independently chosen from oxygen, 
sulfur and NRai, Where Ra is chosen from hydrogen, 
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, 
heteroaryl and heterocyclyl. All substituents may be 
optionally further substituted by alkyl, alkoxy, halogen, 
CF3, amino, substituted amino, cyano, or iS(O)nR, in 
Which R is alkyl, aryl, or heteroaryl and n is 0, 1 or 2; or 

[0076] 3) an alkyl group as de?ned above that has both 1, 
2, 3, 4 or 5 substituents as de?ned above and is also 
interrupted by 1-10 atoms as de?ned above. 

[0077] The term “loWer alkyl” refers to a monoradical 
branched or unbranched saturated hydrocarbon chain having 
1, 2, 3, 4, 5, or 6 carbon atoms. This term is exempli?ed by 
groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
iso-butyl, t-butyl, n-hexyl, and the like. 

[0078] The term “substituted loWer alkyl” refers to loWer 
alkyl as de?ned above having 1 to 5 substituents, preferably 
1, 2, or 3 substituents, as de?ned for substituted alkyl, or a 
loWer alkyl group as de?ned above that is interrupted by 1, 
2, 3, 4, or 5 atoms as de?ned for substituted alkyl, or a loWer 
alkyl group as de?ned above that has both 1, 2, 3, 4 or 5 
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substituents as de?ned above and is also interrupted by 1, 2, 
3, 4, or 5 atoms as de?ned above. 

[0079] The term “alkylene” refers to a diradical of a 
branched or unbranched saturated hydrocarbon chain, hav 
ing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19 or 20 carbon atoms, preferably 1-10 carbon atoms, more 
preferably 1, 2, 3, 4, 5 or 6 carbon atoms. This term is 
exempli?ed by groups such as methylene (4CH2i), eth 
ylene (4CH2CH2i), the propylene isomers (e.g., 
iCHZCHZCHZi and iCH(CH3)CH2i) and the like. 

[0080] The term “loWer alkylene” refers to a diradical of 
a branched or unbranched saturated hydrocarbon chain, 
preferably having from 1, 2, 3, 4, 5, or 6 carbon atoms. 

[0081] The term “loWer alkylene” refers to a diradical of 
a branched or unbranched saturated hydrocarbon chain, 
preferably having from 1, 2, 3, 4, 5, or 6 carbon atoms. 

[0082] The term “substituted alkylene” refers to: 

[0083] (1) an alkylene group as de?ned above having 1, 2, 
3, 4, or 5 substituents selected from the group consisting 
of alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalk 
enyl, acyl, acylamino, acyloxy, amino, aminocarbonyl, 
alkoxycarbonylamino, aZido, cyano, halogen, hydroxy, 
keto, thiocarbonyl, carboxy, carboxyalkyl, arylthio, het 
eroarylthio, heterocyclylthio, thiol, alkylthio, aryl, ary 
loxy, heteroaryl, aminosulfonyl, aminocarbonylamino, 
heteroaryloxy, heterocyclyl, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, iSO-alkyl, iSO 
aryl, iSO-heteroaryl, iSOZ-alkyl, SOZ-aryl and i802 
heteroaryl. Unless otherWise constrained by the de?ni 
tion, all substituents may optionally be further substituted 
by 1, 2, or 3 substituents chosen from alkyl, carboxy, 
carboxyalkyl, aminocarbonyl, hydroxy, alkoxy, halogen, 
CF3, amino, substituted amino, cyano, and iS(O)nR, 
Where R is alkyl, aryl, or heteroaryl and n is 0, 1 or 2; or 

[0084] (2) an alkylene group as de?ned above that is 
interrupted by 1-20 atoms independently chosen from 
oxygen, sulfur and NRai, Where Ra is chosen from 
hydrogen, optionally substituted alkyl, cycloalkyl, 
cycloalkenyl, aryl, heteroaryl and heterocycyl, or groups 
selected from carbonyl, carboxyester, carboxyamide and 
sulfonyl; or 

[0085] (3) an alkylene group as de?ned above that has 
both 1, 2, 3, 4 or 5 substituents as de?ned above and is 
also interrupted by 1-20 atoms as de?ned above. 
Examples of substituted alkylenes are chloromethylene 
(4CH(Cl)i), amino ethyl ene (4CH(NH2)CH2i), 
methylaminoethylene (4CH(NHMe)CH2i), 2-carbox 
ypropylene isomers (iCH2CH(CO2H)CH2i), ethoxy 
ethyl (4CH2CH2O4CH2CH2i), ethylmethylaminoet 
hyl (iCH2CH2N(CH3)CH2CH2i), 1-ethoxy-2-(2 
ethoxy-ethoxy)ethane (4CH2CH2OiCH2CH2i 
OCH2CH2ADCH2CH2i), and the like. 

[0086] The term “aralkyl” refers to an aryl group 
covalently linked to an alkylene group, Where aryl and 
alkylene are de?ned herein. “Optionally substituted aralkyl” 
refers to an optionally substituted aryl group covalently 
linked to an optionally substituted alkylene group. Such 
aralkyl groups are exempli?ed by benZyl, phenylethyl, 3-(4 
methoxyphenyl)propyl, and the like. 
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[0087] The term “alkoxy” refers to the group R4Oi, 
Where R is optionally substituted alkyl or optionally substi 
tuted cycloalkyl, or R is a group iY-Z, in Which Y is 
optionally substituted alkylene and Z is optionally substi 
tuted alkenyl, optionally substituted alkynyl; or optionally 
substituted cycloalkenyl, Where alkyl, alkenyl, alkynyl, 
cycloalkyl and cycloalkenyl are as de?ned herein. Preferred 
alkoxy groups are optionally substituted alkyl-Oi and 
include, by Way of example, methoxy, ethoxy, n-propoxy, 
iso-propoxy, n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, 
n-hexoxy, 1,2-dimethylbutoxy, tri?uoromethoxy, and the 
like. 

[0088] The term “alkylthio” refers to the group RiSi, 
Where R is as de?ned for alkoxy. 

[0089] The term “alkenyl” refers to a monoradical of a 
branched or unbranched unsaturated hydrocarbon group 
preferably having from 2 to 20 carbon atoms, more prefer 
ably 2 to 10 carbon atoms and even more preferably 2 to 6 
carbon atoms and having 1-6, preferably 1, double bond 
(vinyl). Preferred alkenyl groups include ethenyl or vinyl 
(iCH=CH2), 1-propylene or allyl (4CH2CH=CH2), iso 
propylene (iC(CH3)=CH2), bicyclo[2.2.1]heptene, and 
the like. In the event that alkenyl is attached to nitrogen, the 
double bond cannot be alpha to the nitrogen. 

[0090] The term “loWer alkenyl” refers to alkenyl as 
de?ned above having from 2 to 6 carbon atoms. 

[0091] The term “substituted alkenyl” refers to an alkenyl 
group as de?ned above having 1, 2, 3, 4 or 5 substituents, 
and preferably 1, 2, or 3 substituents, selected from the 
group consisting of alkyl, alkenyl, alkynyl, alkoxy, 
cycloalkyl, cycloalkenyl, acyl, acylamino, acyloxy, amino, 
aminocarbonyl, alkoxycarbonylamino, aZido, cyano, halo 
gen, hydroxy, keto, thiocarbonyl, carboxy, carboxyalkyl, 
arylthio, heteroarylthio, heterocyclylthio, thiol, alkylthio, 
aryl, aryloxy, heteroaryl, aminosulfonyl, aminocarbony 
lamino, heteroaryloxy, heterocyclyl, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, iSO-alkyl, iSO-aryl, 
iSO-heteroaryl, iSOZ-alkyl, SO2-aryl and iSOZ-het 
eroaryl. Unless otherWise constrained by the de?nition, all 
substituents may optionally be further substituted by 1, 2, or 
3 substituents chosen from alkyl, carboxy, carboxyalkyl, 
aminocarbonyl, hydroxy, alkoxy, halogen, CF3, amino, sub 
stituted amino, cyano, and iS(O)nR, Where R is alkyl, aryl, 
or heteroaryl and n is 0, 1 or 2. 

[0092] The term “alkynyl” refers to a monoradical of an 
unsaturated hydrocarbon, preferably having from 2 to 20 
carbon atoms, more preferably 2 to 10 carbon atoms and 
even more preferably 2 to 6 carbon atoms and having at least 
1 and preferably from 1-6 sites of acetylene (triple bond) 
unsaturation. Preferred alkynyl groups include ethynyl, 
(iC4CH), propargyl (or prop-1-yn-3-yl, 4CH2CECH), 
and the like. In the event that alkynyl is attached to nitrogen, 
the triple bond cannot be alpha to the nitrogen. 

[0093] The term “substituted alkynyl” refers to an alkynyl 
group as de?ned above having 1, 2, 3, 4 or 5 substituents, 
and preferably 1, 2, or 3 substituents, selected from the 
group consisting of alkyl, alkenyl, alkynyl, alkoxy, 
cycloalkyl, cycloalkenyl, acyl, acylamino, acyloxy, amino, 
aminocarbonyl, alkoxycarbonylamino, aZido, cyano, halo 
gen, hydroxy, keto, thiocarbonyl, carboxy, carboxyalkyl, 
arylthio, heteroarylthio, heterocyclylthio, thiol, alkylthio, 
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aryl, aryloxy, heteroaryl, aminosulfonyl, aminocarbony 
lamino, heteroaryloxy, heterocyclyl, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, iSO-alkyl, iSO-aryl, 
iSO-heteroaryl, iSOZ-alkyl, SO2-aryl and iSO2-het 
eroaryl. Unless otherwise constrained by the de?nition, all 
substituents may optionally be further substituted by 1, 2, or 
3 substituents chosen from alkyl, carboxy, carboxyalkyl, 
aminocarbonyl, hydroxy, alkoxy, halogen, CF3, amino, sub 
stituted amino, cyano, and iS(O)nR, Where R is alkyl, aryl, 
or heteroaryl and n is 0, 1 or 2. 

[0094] The term “aminocarbonyl” refers to the group 
iC(O)NRR Where each R is independently hydrogen, 
alkyl, aryl, heteroaryl, heterocyclyl or Where both R groups 
are joined to form a heterocyclic group (e.g., morpholino). 
Unless otherWise constrained by the de?nition, all substitu 
ents may optionally be further substituted by 1-3 substitu 
ents chosen from alkyl, carboxy, carboxyalkyl, aminocar 
bonyl, hydroxy, alkoxy, halogen, CF3, amino, substituted 
amino, cyano, and iS(O)nR, Where R is alkyl, aryl, or 
heteroaryl and n is 0, 1 or 2. 

[0095] The term “acylamino” refers to the group iNR 
C(O)R Where each R is independently hydrogen, alkyl, aryl, 
heteroaryl, or heterocyclyl. Unless otherWise constrained by 
the de?nition, all substituents may optionally be further 
substituted by 1-3 substituents chosen from alkyl, carboxy, 
carboxyalkyl, aminocarbonyl, hydroxy, alkoxy, halogen, 
CF3, amino, substituted amino, cyano, and iS(O)nR, Where 
R is alkyl, aryl, or heteroaryl and n is 0, 1 or 2. 

[0096] The term “acyloxy” refers to the groups 4O(O)C 
alkyl, 4O(O)C-cycloalkyl, iO(O)C-aryl, iO(O)C-het 
eroaryl, and iO(O)C-heterocyclyl. Unless otherWise con 
strained by the de?nition, all substituents may be optionally 
further substituted by alkyl, carboxy, carboxyalkyl, ami 
nocarbonyl, hydroxy, alkoxy, halogen, CF3, amino, substi 
tuted amino, cyano, or iS(O)nR, Where R is alkyl, aryl, or 
heteroaryl and n is 0, 1 or 2. 

[0097] The term “aryl” refers to an aromatic carbocyclic 
group of 6 to 20 carbon atoms having a single ring (e.g., 
phenyl) or multiple rings (e.g., biphenyl), or multiple con 
densed (fused) rings (e.g., naphthyl or anthryl). Preferred 
aryls include phenyl, naphthyl and the like. 

[0098] The term “arylene” refers to a diradical of an aryl 
group as de?ned above. This term is exempli?ed by groups 
such as 1,4-phenylene, 1,3-phenylene, 1,2-phenylene, 1,4' 
biphenylene, and the like. 

[0099] Unless otherWise constrained by the de?nition for 
the aryl or arylene substituent, such aryl or arylene groups 
can optionally be substituted With from 1 to 5 substituents, 
preferably 1 to 3 substituents, selected from the group 
consisting of alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, 
cycloalkenyl, acyl, acylamino, acyloxy, amino, aminocar 
bonyl, alkoxycarbonylamino, aZido, cyano, halogen, 
hydroxy, keto, thiocarbonyl, carboxy, carboxyalkyl, 
arylthio, heteroarylthio, heterocyclylthio, thiol, alkylthio, 
aryl, aryloxy, heteroaryl, aminosulfonyl, aminocarbony 
lamino, heteroaryloxy, heterocyclyl, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, iSO-alkyl, iSO-aryl, 
iSO-heteroaryl, iSOZ-alkyl, SO2-aryl and iSOZ-het 
eroaryl. Unless otherWise constrained by the de?nition, all 
substituents may optionally be further substituted by 1-3 
substituents chosen from alkyl, carboxy, carboxyalkyl, ami 
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nocarbonyl, hydroxy, alkoxy, halogen, CF3, amino, substi 
tuted amino, cyano, and iS(O)nR, Where R is alkyl, aryl, or 
heteroaryl and n is 0, 1 or 2. 

[0100] The term “aryloxy” refers to the group aryl-Oi 
Wherein the aryl group is as de?ned above, and includes 
optionally substituted aryl groups as also de?ned above. The 
term “arylthio” refers to the group RiSi, Where R is as 
de?ned for aryl. 

[0101] The term “amino” refers to the group iNHZ. 

[0102] The term “substituted amino” refers to the group 
iNRR Where each R is independently selected from the 
group consisting of hydrogen, alkyl, cycloalkyl, carboxy 
alkyl (for example, benZyloxycarbonyl), aryl, heteroaryl and 
heterocyclyl provided that both R groups are not hydrogen, 
or a group iY-Z, in Which Y is optionally substituted 
alkylene and Z is alkenyl, cycloalkenyl, or alkynyl, Unless 
otherWise constrained by the de?nition, all substituents may 
optionally be further substituted by 1-3 substituents chosen 
from alkyl, carboxy, carboxyalkyl, aminocarbonyl, hydroxy, 
alkoxy, halogen, CF3, amino, substituted amino, cyano, and 
iS(O)nR, Where R is alkyl, aryl, or heteroaryl and n is 0, 1 
or 2. 

[0103] The term “carboxyalkyl” refers to the groups 
4C(O)O-alkyl or iC(O)O-cycloalkyl, Where alkyl and 
cycloalkyl, are as de?ned herein, and may be optionally 
further substituted by alkyl, alkenyl, alkynyl, alkoxy, halo 
gen, CF3, amino, substituted amino, cyano, or iS(O)nR, in 
Which R is alkyl, aryl, or heteroaryl and n is 0, 1 or 2. 

[0104] The term “cycloalkyl” refers to carbocyclic groups 
of from 3 to 20 carbon atoms having a single cyclic ring or 
multiple condensed rings. Such cycloalkyl groups include, 
by Way of example, single ring structures such as cyclopro 
pyl, cyclobutyl, cyclopentyl, cyclooctyl, and the like, or 
multiple ring structures such as adamantanyl, bicyclo[2.2.1] 
heptane, 1,3,3-trimethylbicyclo[2.2.1]hept-2-yl, (2,3,3-trim 
ethylbicyclo[2.2.1]hept-2-yl), or carbocyclic groups to 
Which is fused an aryl group, for example indane, and the 
like. 

[0105] The term “substituted cycloalkyl” refers to 
cycloalkyl groups having 1, 2, 3, 4 or 5 substituents, and 
preferably 1, 2, or 3 substituents, selected from the group 
consisting of alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, 
cycloalkenyl, acyl, acylamino, acyloxy, amino, aminocar 
bonyl, alkoxycarbonylamino, aZido, cyano, halogen, 
hydroxy, keto, thiocarbonyl, carboxy, carboxyalkyl, 
arylthio, heteroarylthio, heterocyclylthio, thiol, alkylthio, 
aryl, aryloxy, heteroaryl, aminosulfonyl, aminocarbony 
lamino, heteroaryloxy, heterocyclyl, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, iSO-alkyl, iSO-aryl, 
iSO-heteroaryl, iSOZ-alkyl, SO2-aryl and iSOZ-het 
eroaryl. Unless otherWise constrained by the de?nition, all 
substituents may optionally be further substituted by 1, 2, or 
3 substituents chosen from alkyl, carboxy, carboxyalkyl, 
aminocarbonyl, hydroxy, alkoxy, halogen, CF3, amino, sub 
stituted amino, cyano, and iS(O)nR, Where R is alkyl, aryl, 
or heteroaryl and n is 0, 1 or 2. 

[0106] The term “halogen” or “halo” refers to ?uoro, 
bromo, chloro, and iodo. 

[0107] The term “acyl” denotes a group ‘C(O)R, in 
Which R is hydrogen, optionally substituted alkyl, optionally 
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substituted cycloalkyl, optionally substituted heterocyclyl, 
optionally substituted aryl, and optionally substituted het 
eroaryl. 
[0108] The term “heteroaryl” refers to a radical derived 
from an aromatic cyclic group (i.e., fully unsaturated) hav 
ing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, ll, l2, l3, 14, or 15 carbon 
atoms and l, 2, 3 or 4 heteroatoms selected from oxygen, 
nitrogen and sulfur Within at least one ring. Such heteroaryl 
groups can have a single ring (e.g., pyridyl or furyl) or 
multiple condensed rings (e.g., indoliZinyl, benZothiaZolyl, 
or benZothienyl). Examples of heteroaryls include, but are 
not limited to, [l,2,4]oxadiaZole, [l,3,4]oxadiaZole, [1,2,4] 
thiadiaZole, [l,3,4]thiadiaZole, pyrrole, imidaZole, pyraZole, 
pyridine, pyraZine, pyrimidine, pyridaZine, indoliZine, isoin 
dole, indole, indaZole, purine, quinoliZine, isoquinoline, 
quinoline, phthalaZine, naphthylpyridine, quinoxaline, 
quinaZoline, cinnoline, pteridine, carbaZole, carboline, 
phenanthridine, acridine, phenanthroline, isothiaZole, 
phenaZine, isoxaZole, phenoxaZine, phenothiaZine, imidaZo 
lidine, imidaZoline, and the like as Well as N-oxide and 
N-alkoxy derivatives of nitrogen containing heteroaryl com 
pounds, for example pyridine-N-oxide derivatives. 

[0109] The term “heteroarylene” refers to a diradical of a 
heteroaryl group as de?ned above. This term is exempli?ed 
by groups such as 2,5-imidaZolene, 3,5-[l,2,4]oxadiaZolene, 
2,4-oxaZolene, l,4-pyraZolene, and the like. For example, 
l,4-pyraZolene is: 

Where A represents the point of attachment. 

[0110] Unless otherWise constrained by the de?nition for 
the heteroaryl or heteroarylene substituent, such heteroaryl 
or heterarylene groups can be optionally substituted With 1 
to 5 substituents, preferably 1 to 3 substituents selected from 
the group consisting of alkyl, alkenyl, alkynyl, alkoxy, 
cycloalkyl, cycloalkenyl, acyl, acylamino, acyloxy, amino, 
aminocarbonyl, alkoxycarbonylamino, aZido, cyano, halo 
gen, hydroxy, keto, thiocarbonyl, carboxy, carboxyalkyl, 
arylthio, heteroarylthio, heterocyclylthio, thiol, alkylthio, 
aryl, aryloxy, heteroaryl, aminosulfonyl, aminocarbony 
lamino, heteroaryloxy, heterocyclyl, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, iSO-alkyl, iSO-aryl, 
iSO-heteroaryl, iSOZ-alkyl, SO2-aryl and iSO2-het 
eroaryl. Unless otherWise constrained by the de?nition, all 
substituents may optionally be further substituted by 1-3 
substituents chosen from alkyl, carboxy, carboxyalkyl, ami 
nocarbonyl, hydroxy, alkoxy, halogen, CF3, amino, substi 
tuted amino, cyano, and iS(O)nR, Where R is alkyl, aryl, or 
heteroaryl and n is 0, l or 2. 

[0111] The term “heteroaralkyl” refers to a heteroaryl 
group covalently linked to an alkylene group, Where het 
eroaryl and alkylene are de?ned herein. “Optionally substi 
tuted heteroaralkyl” refers to an optionally substituted het 
eroaryl group covalently linked to an optionally substituted 
alkylene group. Such heteroaralkyl groups are exempli?ed 
by 3-pyridylmethyl, quinolin-8-ylethyl, 4-methoxythiaZol 
2-ylpropyl, and the like. 
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[0112] The term “heteroaryloxy” refers to the group het 
eroaryl-Oi. 

[0113] The term “heterocyclyl” refers to a monoradical 
saturated or partially unsaturated group having a single ring 
or multiple condensed rings, having from 1 to 40 carbon 
atoms and from 1 to 10 hetero atoms, preferably 1, 2, 3 or 
4 heteroatoms, selected from nitrogen, sulfur, phosphorus, 
and/or oxygen Within the ring. Heterocyclic groups can have 
a single ring or multiple condensed rings, and include 
tetrahydrofuranyl, morpholino, piperidinyl, piperaZino, 
dihydropyridino, and the like. 

[0114] Unless otherWise constrained by the de?nition for 
the heterocyclic substituent, such heterocyclic groups can be 
optionally substituted With 1, 2, 3, 4 or 5, and preferably 1, 
2 or 3 substituents, selected from the group consisting of 
alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkenyl, 
acyl, acylamino, acyloxy, amino, aminocarbonyl, alkoxy 
carbonylamino, aZido, cyano, halogen, hydroxy, keto, thio 
carbonyl, carboxy, carboxyalkyl, arylthio, heteroarylthio, 
heterocyclylthio, thiol, alkylthio, aryl, aryloxy, heteroaryl, 
aminosulfonyl, aminocarbonylamino, heteroaryloxy, hetero 
cyclyl, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, 
iSO-alkyl, iSO-aryl, iSO-heteroaryl, iSOZ-alkyl, 
SO2-aryl and iSOZ-heteroaryl. Unless otherWise con 
strained by the de?nition, all substituents may optionally be 
further substituted by l-3 substituents chosen from alkyl, 
carboxy, carboxyalkyl, aminocarbonyl, hydroxy, alkoxy, 
halogen, CF3, amino, substituted amino, cyano, and 
iS(O)nR, Where R is alkyl, aryl, or heteroaryl and n is 0, l 
or 2. 

[0115] The term “thiol” refers to the group iSH. 

[0116] The term “substituted alkylthio” refers to the group 
iS-substituted alkyl. 

[0117] The term “heteroarylthiol” refers to the group iS 
heteroaryl Wherein the heteroaryl group is as de?ned above 
including optionally substituted heteroaryl groups as also 
de?ned above. 

[0118] The term “sulfoxide” refers to a group iS(O)R, in 
Which R is alkyl, aryl, or heteroaryl. “Substituted sulfoxide” 
refers to a group iS(O)R, in Which R is substituted alkyl, 
substituted aryl, or substituted heteroaryl, as de?ned herein. 

[0119] The term “sulfone” refers to a group iS(O)2R, in 
Which R is alkyl, aryl, or heteroaryl. “Substituted sulfone” 
refers to a group iS(O)2R, in Which R is substituted alkyl, 
substituted aryl, or substituted heteroaryl, as de?ned herein. 

[0120] The term “keto” refers to a group 4C(O)i. 

[0121] The term “thiocarbonyl” refers to a group 
%(S)i. 
[0122] The term “carboxy” refers to a group iC(O)i 
OH. 

[0123] “Optional” or “optionally” means that the subse 
quently described event or circumstance may or may not 
occur, and that the description includes instances Where said 
event or circumstance occurs and instances in Which it does 
not. 

[0124] The term “compound of Formula I and Formula II” 
is intended to encompass the compounds of the invention as 
disclosed, and the pharmaceutically acceptable salts, phar 
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maceutically acceptable esters, prodrugs, hydrates and poly 
morphs of such compounds. Additionally, the compounds of 
the invention may possess one or more asymmetric centers, 
and can be produced as a racemic mixture or as individual 
enantiomers or diastereoisomers. The number of stereoiso 
mers present in any given compound of Formula I depends 
upon the number of asymmetric centers present (there are 2D 
stereoisomers possible Where n is the number of asymmetric 
centers). The individual stereoisomers may be obtained by 
resolving a racemic or non-racemic mixture of an interme 
diate at some appropriate stage of the synthesis, or by 
resolution of the compound of Formula I by conventional 
means. The individual stereoisomers (including individual 
enantiomers and diastereoisomers) as Well as racemic and 
non-racemic mixtures of stereoisomers are encompassed 
Within the scope of the present invention, all of Which are 
intended to be depicted by the structures of this speci?cation 
unless otherWise speci?cally indicated. 

[0125] “Isomers” are different compounds that have the 
same molecular formula. 

[0126] “Stereoisomers” are isomers that differ only in the 
Way the atoms are arranged in space. 

[0127] “Enantiomers” are a pair of stereoisomers that are 
non-superimposable mirror images of each other. A 1:1 
mixture of a pair of enantiomers is a “racemic” mixture. The 
term “(1)” is used to designate a racemic mixture Where 
appropriate. 

[0128] “Diastereoisomers” are stereoisomers that have at 
least tWo asymmetric atoms, but Which are not mirror 
images of each other. 

[0129] The absolute stereochemistry is speci?ed accord 
ing to the Cahn-Ingold-Prelog RiS system. When the 
compound is a pure enantiomer the stereochemistry at each 
chiral carbon may be speci?ed by either R or S. Resolved 
compounds Whose absolute con?guration is unknown are 
designated (+) or (—) depending on the direction (dextro- or 
laevorotary) Which they rotate the plane of polarized light at 
the Wavelength of the sodium D line. 

[0130] “Topical administration” shall be de?ned as the 
delivery of the therapeutic agent to the surface of the Wound 
and adjacent epithelium. 

[0131] “Parenteral administration” is the systemic deliv 
ery of the therapeutic agent via injection to the patient. 

[0132] The term “therapeutically effective amount” refers 
to that amount of a compound of Formula I that is suf?cient 
to effect treatment, as de?ned beloW, When administered to 
a mammal in need of such treatment. The therapeutically 
effective amount Will vary depending upon the speci?c 
activity of the therapeutic agent being used, and the age, 
physical condition, existence of other disease states, and 
nutritional status of the patient. Additionally, other medica 
tion the patient may be receiving Will effect the determina 
tion of the therapeutically effective amount of the therapeu 
tic agent to administer. 

[0133] The term “treatment” or “treating” means any 
treatment of a disease in a mammal, including: 

[0134] (i) preventing the disease, that is, causing the 
clinical symptoms of the disease not to develop; 
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[0135] (ii) inhibiting the disease, that is, arresting the 
development of clinical symptoms; and/or 

[0136] (iii) relieving the disease, that is, causing the 
regression of clinical symptoms. 

[0137] The language “genetically and/or environmentally 
predisposed to airWay remodeling and/or pulmonary in?am 
mation” refers to mammals that are susceptible to Examples 
of such environmental conditions include, but are not lim 
ited to, exposure to cigarette smoke and other pollutants, 
exposure to sprays or chemical agents at Work, home, or 
With hobbies, exposure to common allergens such as dust, 
grasses, molds, Weeds, trees, and animal dander, and expo 
sure to irritants such as asbestos, silica and metal dusts. 
Examples of genetic predisposition can be evidenced by 
family history or genetic analysis for suspected mutations in 
the ADAM33 gene, TLR4 polymorphisms, IL-3 polymor 
phisms, CD14 C-159T polymorphisms, and the like. Bioin 
formatic methods of screening for a genetic predisposition 
have been presented by Tomita et al. (2004) BMC Bioinfor 
malics. 5(1): 120. Other conditions and disease states that are 
knoWn to cause airWay remodeling and/or pulmonary 
in?ammation include, but are not limited to, lupus, sclero 
derma, tuberculosis, and rheumatoid arthritis. 

[0138] In many cases, the compounds of this invention are 
capable of forming acid and/or base salts by virtue of the 
presence of amino and/or carboxyl groups or groups similar 
thereto. The term “pharmaceutically acceptable salt” refers 
to salts that retain the biological effectiveness and properties 
of the compounds of Formula I, and Which are not biologi 
cally or otherWise undesirable. Phar'maceutically acceptable 
base addition salts can be prepared from inorganic and 
organic bases. Salts derived from inorganic bases, include by 
Way of example only, sodium, potassium, lithium, ammo 
nium, calcium and magnesium salts. Salts derived from 
organic bases include, but are not limited to, salts of primary, 
secondary and tertiary amines, such as alkyl amines, dialkyl 
amines, trialkyl amines, substituted alkyl amines, di(substi 
tuted alkyl) amines, tri(substituted alkyl) amines, alkenyl 
amines, dialkenyl amines, trialkenyl amines, substituted 
alkenyl amines, di(substituted alkenyl) amines, tri(substi 
tuted alkenyl) amines, cycloalkyl amines, di(cycloalkyl) 
amines, tri(cycloalkyl) amines, substituted cycloalkyl 
amines, disubstituted cycloalkyl amine, trisubstituted 
cycloalkyl amines, cycloalkenyl amines, di(cycloalkenyl) 
amines, tri(cycloalkenyl) amines, substituted cycloalkenyl 
amines, disubstituted cycloalkenyl amine, trisubstituted 
cycloalkenyl amines, aryl amines, diaryl amines, triaryl 
amines, heteroaryl amines, diheteroaryl amines, trihet 
eroaryl amines, heterocyclic amines, diheterocyclic amines, 
triheterocyclic amines, mixed di- and tri-amines Where at 
least tWo of the substituents on the amine are different and 
are selected from the group consisting of alkyl, substituted 
alkyl, alkenyl, substituted alkenyl, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, het 
eroaryl, heterocyclic, and the like. Also included are amines 
Where the tWo or three substituents, together With the amino 
nitrogen, form a heterocyclic or heteroaryl group. 

[0139] Speci?c examples of suitable amines include, by 
Way of example only, isopropylamine, trimethyl amine, 
diethyl amine, tri(iso-propyl) amine, tri(n-propyl) amine, 
ethanolamine, 2-dimethylaminoethanol, tromethamine, 
lysine, arginine, histidine, caffeine, procaine, hydrabamine, 
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choline, betaine, ethylenediamine, glucosamine, N-alkylglu 
camines, theobromine, purines, piperaZine, piperidine, mor 
pholine, N-ethylpiperidine, and the like. 

[0140] Pharmaceutically acceptable acid addition salts 
may be prepared from inorganic and organic acids. Salts 
derived from inorganic acids include hydrochloric acid, 
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, 
and the like. Salts derived from organic acids include acetic 
acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
malic acid, malonic acid, succinic acid, maleic acid, fumaric 
acid, tartaric acid, citric acid, benZoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, 
p-toluene-sulfonic acid, salicylic acid, and the like. 

[0141] As used herein, “pharmaceutically acceptable car 
rier” includes any and all solvents, dispersion media, coat 
ings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of such 
media and agents for pharmaceutically active substances is 
Well knoWn in the art. Except insofar as any conventional 
media or agent is incompatible With the active ingredient, its 
use in the therapeutic compositions is contemplated. Supple 
mentary active ingredients can also be incorporated into the 
compositions. 
Nomenclature 

[0142] The naming and numbering of the compounds of 
the invention is illustrated With a representative compound 
of Formula I in which R1 is n-propyl, R2 is n-propyl, R3 is 
hydrogen, X is phenylene, Y is iOi(CH2), and Z is 
5 -(2-methoxyphenyl)-[1,2,4]-oxadiaZol-3-yl, 

Which is named: 

[0143] 8-{4-[5 -(2-methoxyphenyl)-[1,2,4]-oxadiaZol-3 
ylmethoxy]-phenyl}-1,3 -dipropyl-1 ,3 ,7-trihydropurine-2, 
6-dione. 

The Method of the Invention 

[0144] The present invention relates to methods of pre 
venting airWay remodeling and/or pulmonary in?ammation 
by administration of a therapeutically effective amount of a 
A2B adenosine receptor antagonist to a mammal having a 
condition that produces or is caused by such airWay remod 
eling. As airWay remodeling and pulmonary in?ammation 
are signi?cant components of asthma, pulmonary ?brosis, 
and COPD, the method of the invention Will generally 
involve administration of an A2B adenosine receptor antago 
nist to a patient suffering from either asthma, pulmonary 
?brosis, and/or COPD. 

[0145] The A213 adenosine receptor antagonist is adminis 
tered systemically as an oral formulation but may also be 
administered directly to the pulmonary tissue via an inhaler. 
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This administration can be as a single dose or as repeated 
doses given at multiple designated intervals. It Will readily 
be appreciated by those skilled in the art that the preferred 
dosage regimen Will vary With the patient and severity of the 
condition being treated. 

Pharmaceutical Compositions 

[0146] When selected as the adenosine A2B receptor 
antagonist, the compounds of Formula I are usually admin 
istered in the form of pharmaceutical compositions. This 
invention therefore provides pharmaceutical compositions 
that contain, as the active ingredient, one or more of the 
compounds of Formula I, or a pharmaceutically acceptable 
salt or ester thereof, and one or more pharmaceutically 
acceptable excipients, carriers, including inert solid diluents 
and ?llers, diluents, including sterile aqueous solution and 
various organic solvents, solubiliZers and adjuvants. The 
compounds of Formula I may be administered alone or in 
combination With other therapeutic agents. Such composi 
tions are prepared in a manner Well knoWn in the pharma 
ceutical art (see, e.g., Remington’s Pharmaceutical Sciences, 
Mace Publishing Co., Philadelphia, Pa. 17Lh Ed. (1985) and 
“Modem Pharmaceutics”, Marcel Dekker, Inc. 3rd Ed. (G. S. 
Banker & C. T. Rhodes, Eds.). 

The A213 Adenosine Receptor Antagonists 

[0147] Any A2B adenosine receptor antagonist may be 
used in the method of the invention. Numerous compounds 
that antagonize the A213 receptor are knoWn in the art, as are 
methods for determining if a speci?c compound has such 
activity. For example, a revieW article by Feoktistov and 
Baggioni, ((1997) Pharmacological Reviews 49:381-402) 
reports the binding af?nity of eight adenosine receptor 
agonists and eight antagonists for all four subtypes of 
adenosine receptors. References cited therein provide 
detailed descriptions of the procedures used. (Robeva et al, 
(1996) JDrug Dev. Res 39:243-252; Jacobson et al (1996) 
Drug Dev. Res. 391289-300; Feoktistov and Baggioni (1993) 
Molecular Pharmacology 431909-914). E?fective methods 
for determining the binding affinity of a compound for a 
receptor use a radiolabelled agonist or antagonist and cor 
relation of the binding of that compound to a membrane 
fraction knoWn to contain that receptor; for example, to 
determine Whether a compound is an A2B antagonist, the 
membrane fraction Would contain the A213 adenosine recep 
tor. Another particularly effective procedure for determining 
Whether a compound is an A2B antagonist is reported in US. 
Pat. No. 5,854,081. 

[0148] Compounds selective for the A213 receptor subtype 
are therefore preferred for the present methods. An example, 
but not a limitation, of such a compound is 3-n-propylxan 
thine (enprofylline). Suitable compounds are also disclosed 
in US. Pat. No. 6,545,002. Compounds that antagoniZe 
other receptors in addition to the A213 receptor are also 
suitable for use in the present invention. One example of 
such a compound is 1,3-dipropyl-8-(p-acrylic)phenylxan 
thine. 

[0149] One particularly preferred class of A213 adenosine 
receptor antagonists are those disclosed in copending and 
commonly assigned US. Pat. No. 6,825,349 and in copend 
ing and commonly assigned US. patent application Ser. No. 
10/719,102, Which published as US. Patent Application 
Publication No. 20040176399. The compounds disclosed in 
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that application have the structure of Formula I and Formula 
II as presented in the Summary of the Invention above and 
can be synthesized as described in the references or as 
detailed beloW. 

Synthetic Reaction Parameters 

[0150] The terms “solvent”, “inert organic solvent” or 
“inert solvent” mean a solvent inert under the conditions of 
the reaction being described in conjunction thereWith [in 
cluding, for example, benZene, toluene, acetonitrile, tetrahy 
drofuran (“THF”), dimethylformamide (“DMF”), chloro 
form, methylene chloride (or dichloromethane), diethyl 
ether, methanol, pyridine and the like]. Unless speci?ed to 
the contrary, the solvents used in the reactions of the present 
invention are inert organic solvents, and the reactions are 
carried out under an inert gas, preferably nitrogen. 

[0151] The term “q.s.” means adding a quantity suf?cient 
to achieve a stated function, e.g., to bring a solution to the 
desired volume (i.e., 100%). 

Synthesis of the Compounds of Formula I and II 

[0152] One preferred method of preparing compounds of 
Formula I or II Where R3 is hydrogen is shoWn in Reaction 
Scheme I. 
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Step liPreparation of Formula (2) 

[0153] The compound of formula (2) is made from the 
compound of formula (1) by a reduction step. Conventional 
reducing techniques may be used, for example using sodium 
dithionite in aqueous ammonia solution; preferably, reduc 
tion is carried out With hydrogen and a metal catalyst. The 
reaction is carried out at in an inert solvent, for example 
methanol, in the presence of a catalyst, for example 10% 
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palladium on carbon catalyst, under an atmosphere of hydro 
gen, preferably under pressure, for example at about 30 psi, 
for about 2 hours. When the reaction is substantially com 
plete, the product of formula (2) is isolated by conventional 
means to provide a compound of formula (2). 

Step 2iPreparation of Formula (3) 

[0154] The compound of formula (2) is then reacted With 
a carboxylic acid of the formula Z-YiX4CO2H in the 
presence of a carbodiimide, for example 1-(3-dimethylami 
nopropyl)-3-ethylcarbodiimide hydrochloride. The reaction 
is conducted in a protic solvent, for example methanol, 
ethanol, propanol, and the like, preferably methanol, at a 
temperature of about 20-300 C., preferably about room 
temperature, for about 12-48 hours, preferably about 16 
hours. When the reaction is substantially complete, the 
product of formula (3) is isolated conventionally, for 
example by removal of the solvent under reduced pressure, 
and Washing the product. Alternatively, the next step can be 
carried out Without any further puri?cation. 

Alternative Preparation of a Compound of Formula (3) 

[0155] Alternatively, the carboxylic acid of the formula 
Z-YiX4CO2H is ?rst converted to an acid halide of the 
formula Z-YiXiC(O)L, Where L is chloro or bromo, by 
reacting With a halogenating agent, for example thionyl 
chloride or thionyl bromide, preferably thiony chloride. 
Alternatively, oxalyl chloride, phosphorus pentachloride or 
phosphorus oxychloride may be used. The reaction is pref 
erably conducted in the absence of a solvent, using excess 
halogenating agent, for example at a temperature of about 
60-800 C., preferably about 70° C., for about 1-8 hours, 
preferably about 4 hours. When the reaction is substantially 
complete, the product of formula Z-YiXiC(O)L is iso 
lated conventionally, for example by removal of the excess 
halogenating agent under reduced pressure. 

[0156] The product is then reacted With a compound of 
formula (2) in an inert solvent, for example acetonitrile, in 
the presence of a tertiary base, for example triethylamine. 
The reaction is conducted at an initial temperature of about 
0 C, and then alloWed to Warm to 20-300 C., preferably 
about room temperature, for about 12-48 hours, preferably 
about 16 hours. When the reaction is substantially complete, 
the product of formula (3) is isolated conventionally, for 
example by diluting the reaction mixture With Water, ?lter 
ing off the product, and Washing the product With Water 
folloWed by ether. 

Step 3iPreparation of Formula I 

[0157] The compound of formula (3) is then converted 
into a compound of Formula I by a cycliZation reaction. The 
reaction is conducted in a protic solvent, for example 
methanol, ethanol, propanol, and the like, preferably metha 
nol, in the presence of a base, for example potassium 
hydroxide, sodium hydroxide, sodium methoxide, sodium 
ethoxide, potassium t-butoxide, preferably aqueous sodium 
hydroxide, at a temperature of about 50-800 C., preferably 
about 800 C., for about 1-8 hours, preferably about 3 hours. 
When the reaction is substantially complete, the product of 
Formula I is isolated conventionally, for example by 
removal of the solvent under reduced pressure, acidifying 
the residue With an aqueous acid, ?ltering off the product, 
then Washing and drying the product. 
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[0158] The compound of formula (1) may be prepared by 
various methods. One preferred method is shown in Reac 
tion Scheme ll. 
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Step liPreparation of Formula (5) 

[0159] The compound of formula (4) is either commer 
cially available or prepared by means Well knoWn in the art. 
It is reacted With ethyl cyanoacetate in a protic solvent, for 
example ethanol, in the presence of a strong base, for 
example sodium ethoxide. The reaction is carried out at 
about re?ux temperature, for about 4 to about 24 hours. 
When the reaction is substantially complete, the compound 
of formula (5) thus produced is isolated conventionally. 

Step 2 and 3iPreparation of Formula (7) 

[0160] The compound of formula (5) is reacted With the 
dimethylacetal of N,N-dimethylformamide in a polar sol 
vent, for example N,N-dimethylformamide. The reaction is 
carried out at about 400 C., for about 1 hour. When the 
reaction is substantially complete, the compound of formula 
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(6) thus produced is reacted With a compound of formula 
RlHal, Where Hal is chloro, bromo, or iodo, in the presence 
of a base, for example potassium carbonate. The reaction is 
carried out at about 800 C., for about 4-24 hour. When the 
reaction is substantially complete, the product of formula (7) 
is isolated conventionally, for example by evaporation of the 
solvents under reduced pressure, and the residue is used in 
the next reaction With no further puri?cation. 

Step 4iPreparation of Formula (8) 

[0161] The compound of formula (7) is reacted With 
aqueous ammonia in a polar solvent, for example suspended 
in methanol. The reaction is carried out at about room 
temperature, for about 1-3 days. When the reaction is 
substantially complete, the product of formula (8) is isolated 
conventionally, for example by chromatography over a silica 
gel column, eluting, for example, With a mixture of dichlo 
romethane/ methanol . 

Step 5iPreparation of Formula (1) 

[0162] The compound of formula (8) is then mixed With 
sodium nitrite in an aqueous acidic solvent, preferably acetic 
acid and Water, for example 50% acetic acid/Water. The 
reaction is carried out at a temperature of about 50-900 C., 
preferably about 70° C., for about 1 hour. When the reaction 
is substantially complete, the product of formula (1) is 
isolated by conventional means. 

[0163] Alternatively, the reaction may be conducted in an 
aqueous solvent, for example dimethylformamide and Water, 
and reacted With a strong acid, for example hydrochloric 
acid. 

[0164] A compound of formula (8) can be prepared from 
a compound of formula (10) using a similar method, as 
shoWn in Reaction Scheme HA. 
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