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XANTHINE PHOSPHODIESTERASE V 
INHIBITORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60,233,567, ?led Sep. 19, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to polycyclic nucleotide Xan 
thine phosphodiesterase V inhibitors. 

[0004] 2. Description of Related Art 

[0005] Phosphodiesterase (“PDE”) V inhibitor com 
pounds are described by Kenneth J. Murray in Phosphodi 
esterase VA Inhibitors, DN & P6(3), pp.150-156 (April, 
1993), Which is hereby incorporated herein by reference in 
its entirety, to have potential therapeutic value for a number 
of physiological disorders. One compound disclosed in the 
Murray article is MIMAX, a polycyclic Xanthine PDE V 
inhibitor substituted at its 8-position With a —NHCH3 
group. 

[0006] Us. Pat. No. 5,409,934, Which is hereby incorpo 
rated herein by reference in its entirety, discloses a series of 
Xanthine PDE V inhibitors that are substituted at the 8-po 
sition With, among other possibilities, one of the folloWing 
groups: —NO2, —NRSRt or —NR6SO2R5, where R5 and R, 
independently of one another, are each a hydrogen atom or 
an alkyl group, or R5 and R, together With the nitrogen atom 
to Which they are both attached, form a phthalimido group, 
R5 is an alkyl or aryl group, and R6 is a hydrogen atom or 
—SO2R7, Where R7 is an alkyl or aryl group. 

[0007] Us. Pat. No. 5,470,579, Which is hereby incorpo 
rated herein by reference in its entirety, discloses a Xanthine 
PDE V inhibitor having a substituted or unsubstituted —NH2 
group at the 8-position, for eXample, —NHR, Where R is a 
C1-C6 alkyl group. 

[0008] WO 93/23401, Which is hereby incorporated herein 
by reference in its entirety, discloses Xanthine PDE V 
inhibitors that are substituted at the 8-position With 

—NH(CH2)2CH(CH2OR4)2. 
[0009] WO 92/05176, Which is hereby incorporated herein 
by reference in its entirety, discloses 8-acylaminoXanthine 
PDE V inhibitors that are substituted at the 8-position With 

—NHCOCGHSCOOH. 
[0010] WO 92/05175, Which is hereby incorporated herein 
by reference in its entirety, discloses 8-aminoXanthine PDE 
V inhibitors that are substituted at the 8-position With —NH2 
or —NHR, Where R is an alkyl, arylalkyl or unsaturated 
heterocyclic (e.g., heteroaryl) group. 

[0011] Speci?c PDE V inhibitors have been found useful 
for speci?c indications. For eXample, the use of PDE V 
inhibitors for treating impotence has met With commercial 
success With the introduction of sildena?l citrate, better 
knoWn as Viagra® (P?zer, NY, The chemistry and use 
of Viagra®, including its mechanism of action in treating 
erectile dysfunction, are taught in EP 0 702 555 B1, Which 
is hereby incorporated herein by reference in its entirety. 
Additional PDE V inhibitors useful for treating erectile 
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dysfunction are disclosed in WO 99/24433, Which is hereby 
incorporated herein by reference in its entirety. 

[0012] Erectile dysfunction is a treatable and highly rec 
ogniZed health concern, affecting more than 30 million men 
in the United States, including one in four over age 65. 
Erectile dysfunction occurs When a man consistently is 
unable to sustain an erection suf?cient for conducting sexual 
intercourse. In the past, psychological reasons Were the most 
common explanation for erectile dysfunction or it Was 
considered a natural part of aging. HoWever, researchers 
today acknowledge that more than 70 percent of instances of 
erectile dysfunction are due to physical or medical prob 
lems. There are several factors that may contribute to 
erectile dysfunction, including: 

[0013] Poor blood circulation—atherosclerosis or 
hardening of the arteries, high blood pressure and 
high cholesterol. 

[0014] Neurological disorders—multiple sclerosis, 
AlZheimer’s disease and Parkinson’s disease. 

[0015] Hormone imbalances—diabetes, thyroid dis 
orders and loW testosterone levels. 

[0016] Trauma—spinal cord injury, prostate surgery 
or other trauma to the pelvic area. 

[0017] Prescription and over-the-counter medica 
tions—blood pressure medications, antidepressants 
and certain drug combinations. 

[0018] Lifestyle habits—smoking, alcohol abuse and 
using illegal drugs. 

[0019] US. Pat. No. 5,939,419 and US. Pat. No. 5,393, 
755, both of Which are hereby incorporated herein by 
reference in their entirety, disclose polycyclic guanine PDE 
V derivatives that are useful for the treatment of cardiovas 
cular and pulmonary disorders. 

[0020] As has been shoWn by the representative art cited 
above, certain Xanthine/ guanine PDE V inhibitors have been 
found to be useful for treating cardiovascular and pulmonary 
disorders, While some others have been found useful for 
treating impotence. It has been further shoWn that certain 
Xanthine PDE V inhibitors can be substituted at the 8-posi 
tion by a variety of groups, including nitro and unsubstituted 
or substituted amino groups. The substituted amino groups 
include saturated heterocycles, Where the nitrogen atom and 
its substituents together form an unsaturated heterocyclic 
group (e.g., —NRXR-y can form a heterocycle). 

[0021] It is an object of this invention to provide a 
polycyclic Xanthine PDE V inhibitor that possesses bene? 
cial therapeutic properties. 

[0022] It is a further object of the invention to provide a 
polycyclic Xanthine PDE V inhibitor that has especially 
useful pharmacological properties. 

[0023] It is yet another object of the invention to provide 
a polycyclic Xanthine PDE V inhibitor that has good meta 
bolic stability. 

[0024] It is still another object of the invention to provide 
a polycyclic Xanthine PDE V inhibitor that is effective for 
treating a variety of physiological symptoms and diseases in 
Which PDE V plays a role. 
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[0025] It is also an object of the invention to provide a 
polycyclic Xanthine PDE V inhibitor that is especially effec 
tive for treating erectile dysfunction With minimal side 
effects. 

[0026] These and other objects of the invention will 
become apparent as the description progresses. 

DEFINITIONS AND USAGE OF TERMS 

[0027] The following de?nitions and terms are used herein 
or are otherWise knoWn to a skilled artisan. EXcept Where 
stated otherWise, the following de?nitions apply throughout 
the speci?cation and claims. These de?nitions apply regard 
less of Whether a term is used by itself or in combination 
With other terms, unless otherWise indicated. Hence, the 
de?nition of “alkyl” applies to “alkyl” as Well as the “alkyl” 
portions of “hydroXyalkyl,”“haloalkyl,”“alkoxy,” etc. 

[0028] The term “chemically-compatible,” as used herein, 
means that a substituent or variable in a structure, process or 

the like is selected to be capable of resulting in a stable 
cornpound. 

[0029] The term “substituted” or the phrase “With . . . one 

or more substituents,” as used herein, means the replacement 
of one or more atoms or radicals, usually hydrogen atoms, 
in a given structure With a chernically-cornpatible atorn(s) or 
radical(s) selected from a speci?ed group. In the situations 
where more than one atom or radical may be replaced With 
substituents selected from the same speci?ed group, the 
substituents may be, unless otherWise speci?ed, either the 
same or different at every position. Radicals of speci?ed 
groups, such as alkyl, cycloalkyl, alkenyl, cycloalkenyl, 
alkynyl, arylalkyl, alkylaryl, heterocycloalkyl, aryl and het 
eroaryl groups, independently of or together With one 
another, may be substituents for any substituted group, 
unless otherWise knoWn, stated or shoWn to be to the 
contrary. 

[0030] Representative substituents for alkyl, cycloalkyl, 
alkenyl, cycloalkenyl, alkynyl, arylalkyl, alkylaryl, aryl, 
heteroaryl and heterocycloalkyl groups include, but are not 
limited to, the folloWing rnoieties: alkyl, cycloalkyl, alkenyl, 
cycloalkenyl, alkynyl, arylalkyl, alkylaryl, aryl, heteroaryl, 
heterocycloalkyl, hydroXyalkyl, arylalkyl, arninoalkyl, 
haloalkyl, thioalkyl, alkylthioalkyl, carboXyalkyl, irnida 
Zolylalkyl, indolylalkyl, rnono-, di- and trihaloalkyl, rnono-, 
di- and trihaloalkoXy, arnino, alkylarnino, dialkylarnino, 
alkoXy, hydroXy, halo (e.g., —Cl and —Br), nitro, oXirnino, 
—COORSO, —CORSO, _so0_2R5°, —SOZNRSORS1, 
NRSZSOZRSO, =C(R5OR51), =N—OR5O, =N—CN, 
=C(halo)2, :5, =0, —CON(R5°R51), —OCORSO, 
—OCON(R5OR51), —N(R52)CO(R5O), —N(R52)COOR5O 
and —N(R52)CON(R50R51), Where: 

[0031] R50, R51 and R52 may be independently 
selected from the folloWing: a hydrogen atom and a 
branched or straight-chain, C1_6 alkyl, C3_6 
cycloalkyl, C4_6 heterocycloalkyl, heteroaryl and 
aryl group, With or Without substituents. When per 
rnissible, R50 and R51 can be joined together to form 
a carbocyclic or heterocyclic ring system. R50, R51 
and R52 may also include: 
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[0032] Where, 
[0033] R40 and R41 are, independently of one another, 

each a hydrogen atom or a branched or straight 

chain, optionally substituted, alkyl, cycloalkyl, het 
erocycloalkyl, halo, aryl, irnidaZolylalkyl, indolyla 
lkyl, heteroaryl, arylalkyl, arylalkoXy, 
heteroarylalkyl, heteroarylalkoXy, arninoalkyl, 
haloalkyl, rnono-, di- or trihaloalkyl, rnono-, di- or 
trihaloalkoXy, nitro, cyano, alkoXy, hydroXy, arnino, 
phosphino, phosphate, alkylarnino, dialkylarnino, 
forrnyl, alkylthio, trialkylsilyl, alkylsulfonyl, aryl 
sulfonyl, alkylsul?nyl, arninoalkyl, alkylarninoalkyl, 
dialkylarninoalkyl, hydroXyalkyl, rnorpholino, thio 
alkyl, alkylthioalkyl, carboXyalkyl, oXirnino, 
—COORSO, —CORSO, _so0_2R5°, 
—SO2NR5OR51, —NRSZSOZRSO, —CON(R50R51), 
—OCON(R5°R51), —N(R52)CO(R5°), 
—N(R52)C5(0)OR5°, —N(R52)CON(R5°R51) or 
—OCONR group, Where, R50, R51 and R52are as 
de?ned above; 

[0034] R42 is a hydrogen atom or a branched or 
straight-chain, optionally substituted, alkyl, alkenyl, 
arylalkyl or acyl group; and 

[0035] R43 is a hydrogen atom or a branched or 
straight-chain, optionally substituted, alkyl or aryl 
group; 

[0036] Wherein, the optional substituents are de?ned 
the same as above for the one or more substituents. 
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[0037] Preferred substituents on aryl and heteroaryl 
groups include, but are not limited to, any of the moieties 
recited above in the de?nition for R40 and R41. 

[0038] The term “heteroatom,” as used herein, means a 
nitrogen, sulfur, or oxygen atom. Multiple heteroatoms in 
the same group may be the same or different. 

[0039] The term “hydrocarbon,” as used herein, means a 
compound or radical consisting of only carbon and hydrogen 
atoms, including aliphatic, aromatic, normal, saturated and 
unsaturated hydrocarbons. 

[0040] The term “alkyl,” as used herein, means an unsub 
stituted or substituted, straight or branched, hydrocarbon 
chain (i.e., comprising carbon and hydrogen atoms bonded 
together), having, preferably, from one to tWenty-four car 
bon atoms, more preferably, from one to tWelve carbon 
atoms, and most preferably, from one to eight carbon atoms. 

[0041] The term “cycloalkyl” or “cycloalkane,” as used 
herein, means an unsubstituted or substituted, saturated, 
stable non-aromatic carbocyclic ring, having, preferably, 
from three to ?fteen carbon atoms, more preferably, from 
three to eight carbon atoms. The carbon ring radical is 
saturated and may be fused, for example, benZofused, With 
one to three cycloalkyl, aromatic, heterocyclic or heteroaro 
matic rings. The cycloalkyl may be attached at any endocy 
clic carbon atom that results in a stable structure. Preferred 
carbocycles have from ?ve to six carbons. Examples of 
carbocycle radicals include cyclopropyl, cyclobutyl, cyclo 
pentyl, cyclohexyl, cycloheptyl and the like. 

[0042] The term “alkenyl,” as used herein, means an 
unsubstituted or substituted, unsaturated, straight or 
branched, hydrocarbon chain having at least one double 
bond present and, preferably, from tWo to ?fteen carbon 
atoms, more preferably, from tWo to tWelve carbon atoms. 

[0043] The term “cycloalkenyl,” as used herein, means an 
unsubstituted or substituted, unsaturated carbocyclic ring 
having at least one double bond present and, preferably, 
from three to ?fteen carbon atoms, more preferably, from 
?ve to eight carbon atoms. A cycloalkenyl goup is an 
unsaturated carbocyclic group. Examples of cycloalkenyl 
groups include cyclopentenyl and cyclohexenyl. 

[0044] The term “alkynyl,” as used herein, means an 
unsubstituted or substituted, unsaturated, straight or 
branched, hydrocarbon chain having at least one triple bond 
present and, preferably, from tWo to tWelve carbon atoms, 
more preferably, tWo to ten carbon atoms. 

[0045] The term “bicycloalkyl,” as used herein, represents 
a saturated linearly fused or bridged carbocyclic ring having, 
preferably, from 5 to 12 carbon atoms. 

[0046] The term “aryl,” as used herein, means a substi 
tuted or unsubstituted, aromatic, mono- or bicyclic carbocy 
clic ring system having from one to tWo aromatic rings. The 
aryl moiety Will generally have from 6 to 14 carbon atoms 
With all available substitutable carbon atoms of the aryl 
moiety being intended as possible points of attachment. 
Representative examples include phenyl, tolyl, xylyl, cume 
nyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and the 
like. If desired, the carbocyclic moiety can be substituted 
With from one to ?ve, preferably, one to three moieties, such 
as mono- through pentahalo, alkyl, tri?uoromethyl, phenyl, 
hydroxy, alkoxy, phenoxy, amino, monoalkylamino, dialky 
lamino and the like. 
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[0047] The term “heteroaryl,” as used herein, means a 
mono- or bicyclic ring system containing one or tWo aro 
matic rings and at least one nitrogen, oxygen or sulfur atom 
in an aromatic ring. Heteroaryl groups (including bicyclic 
heteroaryl groups) can be unsubstituted or substituted With 
a plurality of substituents, preferably, one to ?ve substitu 
ents, more preferably, one, tWo or three substituents (e.g., 
mono- through pentahalo, alkyl, tri?uoromethyl, phenyl, 
hydroxy, alkoxy, phenoxy, amino, monoalkylamino, dialky 
lamino and the like). Typically, a heteroaryl group represents 
a cyclic group of ?ve or six atoms, or a bicyclic group of 
nine or ten atoms, at least one of Which is carbon, and having 
at least one oxygen, sulfur or nitrogen atom interrupting a 
carbocyclic ring having a suf?cient number of pi elec 
trons to provide aromatic character. Representative het 
eroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, 
pyraZinyl, pyridaZinyl, furanyl, benZofuranyl, thienyl, ben 
Zothienyl, thiaZolyl, thiadiaZolyl, imidaZolyl, pyraZolyl, tria 
Zolyl, isothiaZolyl, benZothiaZolyl, benZoxaZolyl, oxaZolyl, 
pyrrolyl, isoxaZolyl, 1,3,5-triaZinyl and indolyl groups. 
[0048] The term “arylalkyl,” as used herein, means an 
alkyl moiety substituted With an optionally substituted, aryl 
or heteroaryl group. Representative arylalkyl groups include 
a benZyl group and fused bicyclic systems Which contain 
one aryl group. 

[0049] The term “alkylaryl,” as used herein, means an aryl 
or heteroaryl moiety substituted With an optionally substi 
tuted, alkyl group. Representative alkylaryl groups include 
o-, m- and p-linked tolyl and xylyl groups. 
[0050] Unless otherWise knoWn, stated or shoWn to be to 
the contrary, the point of attachment for a multiple term 
substituent (multiple terms that are combined to identify a 
single moiety) to a subject structure is through the last 
named term of the multiple term. For example, an “aryla 
lkyl” substituent attaches to a targeted structure through the 
“alkyl” portion of the substituent. Conversely, When the 
substituent is “alkylaryl”, it attaches to a targeted structure 
through the “aryl” portion of the substituent. Similarly, a 
cycloalkylalkyl substituent attaches to a targeted through the 
latter “alkyl” portion of the substituent (e.g., Structure-alkyl 
cycloalkyl). 
[0051] The term “heterocycloalkyl,” as used herein, 
means an unsubstituted or substituted, saturated cyclic ring 
system having from three to ?fteen members, preferably, 
from three to eight members, and comprising carbon atoms 
and at least one heteroatom as part of the ring. 

[0052] The term “heterocyclic ring” or “heterocycle,” as 
used herein, means an unsubstituted or substituted, satu 
rated, unsaturated or aromatic ring, comprised of carbon 
atoms and one or more heteroatoms in the ring. Heterocyclic 
rings may be monocyclic or polycyclic. Monocyclic rings 
preferably contain from three to eight atoms, most prefer 
ably, ?ve to seven atoms. Polycyclic ring systems consisting 
of tWo rings preferably contain from six to sixteen atoms, 
most preferably, ten to tWelve atoms. Polycyclic ring sys 
tems consisting of three rings contain, preferably, from 
thirteen to seventeen atoms, most preferably, fourteen to 
?fteen atoms. Each heterocyclic ring has at least one hetero 
atom. Unless otherWise stated, the heteroatoms may be 
independently selected from the folloWing: nitrogen, sulfur 
and oxygen atoms. 

[0053] The term “carbocyclic ring” or “carbocycle,” as 
used herein, means an unsubstituted or substituted, satu 
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rated, unsaturated or aromatic (e.g., aryl), hydrocarbon ring, 
unless otherWise speci?cally identi?ed. Carbocycles may be 
monocyclic or polycyclic. Monocyclic rings preferably con 
tain from three to eight atoms, most preferably, ?ve to seven 
atoms. Polycyclic rings having tWo rings preferably contain 
from siX to siXteen atoms, most preferably, ten to tWelve 
atoms, and those having three rings preferably contain from 
thirteen to seventeen atoms, most preferably, fourteen to 
?fteen atoms. 

[0054] The term “alkoXy,” as used herein, means an oXy 
gen atom bonded to a hydrocarbon chain, such as an alkyl 
or alkenyl group (e.g., —O-alkyl or —O-alkenyl). Repre 
sentative alkoXy groups include methoXy, ethoXy, and iso 
propoXy groups. 

[0055] The term “hydroXyalkyl,” as used herein, means a 
substituted hydrocarbon chain, preferably, an alkyl group, 
having at least one hydroXy substituent (i.e., —OH). Addi 
tional substituents to the alkyl group may also be present. 
Representative hydroXyalkyl groups include hydroXym 
ethyl, hydroXyethyl and hydroXypropyl groups. 

[0056] The term “carboxyalkyl,” as used herein, means a 
substituted hydrocarbon chain, preferably, a substituted 
alkyl group, Which has a carboXyl substituent (e.g., 
—COOH) and may also have additional substituents (such 
as one of the representative substituents identi?ed above for 
the term “substituted”). Representative carboXyalkyl groups 
include carboXymethyl (—CHZCOZH) and carboXyethyl 
(—CHZCHZCOZH) groups, and derivatives thereof, such as 
the corresponding esters. 

[0057] The term “aminoalkyl,” as used herein, means an 
alkyl group substituted With an amine moiety (e.g., -alky 
lNHZ), such as aminomethyl. 

[0058] The term “alkylamino,” as used herein, means an 
amino moiety having from one or tWo alkyl substituents 
(e.g., —NH-alkyl), such as dimethylamino. 

[0059] The term “alkenylamino,” as used herein, means an 
amino moiety having from one or tWo alkenyl substituents, 
Where the nitrogen atom of the amino group is not attached 
to the alkene-forming carbon atom (e.g., —NH—CH2 
alkenyl), such as dibutenylamino. 

[0060] The term “arylamino,” as used herein, means an 
amine moiety substituted With an aryl group (i.e., —NH 
aryl). 

[0061] The term “alkylimino,” as used herein, means an 
imino moiety having one alkenyl or tWo alkyl substituents 
(e.g., —C=N-alkyl). 

[0062] The term “oXimino,” as used herein, means com 
pounds containing the —C=N—OR69 radical, Where R69 is 
a hydrogen atom or an alkyl or aryl group. 

[0063] The term “aroyl,” as used herein, means the radical 
R—CO—; Where R is an aromatic group. Representative 
aroyls are benZoyl and naphthoyl. 

[0064] The term “aryloXy,” as used herein, means an 
oXygen atom having an aryl substituent (e.g., —O-aryl). 

[0065] The term “ester,” as used herein, means com 
pounds containing a substituted carboXylic acid (e.g., 
—COO-aryl). 
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[0066] The term “acyl” or “carbonyl,” as used herein, 
means a carbon to oXygen double bond, (e.g., R—C(=O)— 
), Which can be a radical of a carboXylic acid having the 
formula alkyl-CO—, aryl-CO—, arylalkyl-CO—, 
cycloalkyl-CO—, alkylcycloalkyl-CO— or heteroaryl 
CO—. Representative acyl groups include acetyl, propionyl, 
butanoyl and benZoyl groups. 

[0067] The term “acyloXy,” as used herein, means an 
oxygen atom having an acyl substituent (e.g., —O-acyl), for 
eXample, —O—C(=O)-alkyl. 
[0068] The term “acylamino,” as used herein, means an 
amino moiety having an acyl substituent (e.g., —NH-acyl), 
for eXample, an amide With the formula —NH—(C=O) 
alkyl, a urea With the formula —NH—(C=O)—NH-alkyl 
or a carbamate With the formula —NH—(C=O)—OR, 
Where R is an alkyl, cycloalkyl, alkenyl, cycloalkenyl, 
alkynyl, arylalkyl or heterocycloalkyl group. 

[0069] The term “halo,”“halogen” or “halide,” as used 
herein, means a chloro, bromo, ?uoro or iodo atom radical. 
Chlorides, bromides and ?uorides are preferred halides. 

[0070] The term “loWer hydrocarbon” (e.g., “loWer 
alkyl”), as used herein, means a hydrocarbon chain com 
prised of from, unless otherWise stated, one to eight carbon 
atoms, preferably, one to siX carbon atoms, and most pref 
erably, one to four carbon atoms. 

[0071] The term “polyhalo,” as used herein, represents 
substitution of at least tWo halo atoms to a group modi?ed 
by the term “polyhalo.” 

[0072] The term “aminosulfonyl,” as used herein, repre 
sents a group having the formula: —SO2NR79R89, Where 
R and R89 are, independently of one another, each a hydro 
gen atom or a loWer alkyl (e.g., from 1 to 6 carbon atoms) 
or aryl group. 

[0073] The term “sulfonyl,” as used herein, represents a 
group having the formula: —S(O)2—. 

[0074] When a variable appears more than once in a 
structural formula, for example, R59 for Where X is 
—C(OR59)2—, the identity of each variable appearing more 
than once may be independently selected from the de?nition 
for that variable. 

[0075] The term “prodrug,” as used herein, represents a 
compound that is a drug precursor, Which folloWing admin 
istration to a patient, releases a drug in vivo via some kind 
of chemical and/or physiological process (e.g., a prodrug on 
being brought to a physiological pH and/or through an 
enZyme action is converted to a desired drug form). 

[0076] The term “compound of the formula (1.1) or (11.1)”, 
as used herein, represents a compound having a chemical 
structure encompassed by the formula (1.1) or (11.1), and 
includes any and all enantiomers, stereoisomers, rotomers, 
tautomers and prodrugs of the compound. Compounds of the 
formula (1.1) or (11.1) also include their corresponding 
pharmaceutically-acceptable salts, solvates, esters and 
derivatives. 

[0077] The term “pharmaceutically-acceptable eXcipi 
ents,” as used herein, includes any physiologically inert, 
pharmacologically inactive material knoWn to one skilled in 
the art, Which is compatible With the physical and chemical 
characteristics of the particular active ingredient selected for 
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use. Pharmaceutically-acceptable eXcipients include poly 
mers, resins, plasticizers, ?llers, binders, lubricants, 
glidants, disintegrates, solvents, co-solvents, buffer systems, 
surfactants, preservatives, sweetening agents, ?avoring 
agents, pharmaceutical grade dyes or pigments, and viscos 
ity agents. 

[0078] The term “pharmaceutical composition,” as used 
herein, means a combination of at least one inventive 
compound (e.g., PDE V inhibitor) and at least one pharma 
ceutically-acceptable eXcipient. 
[0079] The terms “compound [having the formula or 
a pharmaceutical composition thereof” include neutral, 
acidic and alkaline forms of the compound or composition, 
as Well as solvates, esters and salts (as are de?ned beloW) 
thereof, and further includes derivatives of the inventive 
compounds. 
[0080] The term “pharmaceutically-acceptable salt,” as 
used herein, means a cationic salt formed at an acidic (e.g., 
carboXyl) group or an anionic salt formed at a basic (e.g., 
amino) group of the compound. Many such salts are knoWn 
in the art, for eXample, those that are described in WO 
87/05297 (1987), Which is hereby incorporated in its entirety 
by reference herein. Preferred cationic salts include the 
alkali-metal salts (e.g., sodium and potassium) and alkaline 
earth metal salts (e.g., magnesium and calcium). Preferred 
anionic salts include the halide (e.g., chloride), acetate and 
phosphate salts. 

[0081] The phrase “effective amount,” as used herein, 
means an amount of a compound or composition Which is 
sufficient to signi?cantly and positively modify the symp 
toms and/or conditions to be treated (e.g., provide a positive 
clinical response). The phrase “safe and effective amount,” 
as used herein, means that an “effective amount” must also 
be safe, that is, an amount that is sufficient to provoke a 
positive response, yet is small enough to avoid serious side 
effects (at a reasonable bene?t/risk ratio), Within the scope 
of sound medical judgment. The effective amount of an 
active ingredient for use in a pharmaceutical composition 
Will vary With the particular condition being treated, the 
severity of the condition, the duration of the treatment, the 
nature of concurrent therapy, the particular active ingredient 
being employed, the particular pharmaceutically-acceptable 
eXcipients utiliZed and like factors Within the knoWledge and 
expertise of the attending physician. 

[0082] The phrase “administering [to a patient a safe and 
effective amount of the inventive compound],” as used 
herein, refers to any mode of introducing any form (e.g., 
solid, liquid or gas) of the inventive compounds in vivo to 
a patient (e.g., human or mammal). For eXample, introduc 
tion of the inventive compound to a patient may be accom 
plished via oral ingestion (e.g., tablets, capsules, gels, solu 
tions, etc.), adsorption, absorption (e.g., transmucosal 
sublingual or buccal administration), transdermal applica 
tions (e.g., topical applications via patches, lotions, etc.), 
suppositories, etc. 

[0083] The term “oral dosage form,” as used herein, 
means any pharmaceutical composition intended to be sys 
temically administered to an individual by delivering the 
composition to the gastrointestinal tract of an individual, via 
the mouth of the individual. For purposes of the invention, 
the delivered form can be a tablet (coated or non-coated), 
solution, suspension or capsule (coated or non-coated). 
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[0084] The term “injection,” as used herein, means any 
pharmaceutical composition intended to be systemically 
administered to a human or other mammal, via delivery of 
a solution or emulsion containing the active ingredient, by 
puncturing the skin of said individual, in order to deliver the 
solution or emulsion to the circulatory system of the indi 
vidual either by intravenous, intramuscular, intraperitoneal 
or subcutaneous injection. 

[0085] Other than as shoWn in the operating examples or 
Where is otherWise indicated, all numbers used in the speci 
?cation and claims eXpressing quantities of ingredients, 
reaction conditions, and so forth, are understood as being 
modi?ed in all instances by the term “about.” 

SUMMARY OF THE INVENTION 

[0086] The invention comprises a compound having the 
formula (I): 

(I) 

Where, [0087] 
[0088] (a) R1 and R2 are, independently of one 

another, each a CL15 alkyl group, branched or 
straight chain, With or Without one or more substitu 
ents, such as a hydroXy or alkoXy substituent group, 
a C2_15 alkenyl group, branched or straight chain, 
With or Without one or more substituents, a C2_15 
alkynyl group, branched or straight chain, With or 
Without one or more substituents, a C3_15 cycloalkyl 
group, With or Without one or more substituents, an 
arylalkyl group, With or Without one or more sub 
stituents, an aryl group, With or Without one or more 
substituents, a heteroaryl group, With or Without one 
or more substituents, —ORS, —COORS, —C(O)R5 
or —C(O)N(R5)2, Where R5 is a hydrogen atom or a 
hydrocarbon radical, With or Without one or more 
substituents, preferably, R5 is a hydrogen atom or an 
alkyl group, branched or straight chain, With or 
Without one or more substituents; or 

[0089] one of R1 and R2 is equal to a hydrogen atom, 
and the other one of R1 and R2 is de?ned the same as 

above; 

[0090] (b) R3 is an aryl group, With or Without one or 
more substituents, such as a hydroXy or alkoXy 
substituent group, a heteroaryl group, With or With 
out one or more substituents, or a heterocyclic group 
having from 1 to 3 heteroatoms fused to a 5- or 
6-membered aryl ring, With or Without one or more 
substituents, With the proviso that R3 is not an aryl 
group substituted at its para position With a —Y-aryl 
group, Where Y is a carbon-carbon single bond, 
—CO—, —O—, —S—, —N(R21)—, 
—CON(R22)—, —N(R22)CO—, —OCH2—, 
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alkyl), C1_6 alkyl, allyl, C3_6 cycloalkyl, phenyl or 
benZyl group; 

[0093] R22 is a hydrogen atom or a C1_6 alkyl 
group; 

[0094] R23 is a hydrogen atom or a C1_5 alkyl, aryl 
or —CH2-aryl group; 

[0095] R24 is a hydrogen atom or a C1_4 alkyl 
group; 

[0096] R25 is a hydrogen atom or a C1_8 alkyl, CL8 
per?uoroalkyl, C3_6 cycloalkyl, phenyl or benZyl 
group; 

[0097] R26 is a hydrogen atom or a C1_6 alkyl, C3_6 
cycloalkyl, phenyl or benZyl group; 

[0098] R27 is —NR23R24, —OR24, —NHCONH2, 
—NHCSNH2, 

‘@iCHY, Or 

[0099] and 
[0100] R28 and R29 are, independently of one 

another, each a CL4 alkyl group or, taken together, 
a —(CH2)q— group, Where q is 2 or 3; 

[0101] Wherein, R21 through R29 are With or With 
out one or more substituents; and 

[0102] (c) R4 is a C3_15 cycloalkyl group, With or 
Without substituents, such as a hydroxy substituent 
group, a C3_15 cycloalkenyl group, With or Without 
one or more substituents, or a heterocycloalkyl group 
of 3 to 15 members, With or Without one or more 

substituents; 
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[0103] Wherein, the optional one or more substituents for 
all the groups are chemically-compatible and are, indepen 
dently of one another, each de?ned the same as recited above 
in the de?nition section. 

[0104] The invention comprises at least one compound of 
the formula (I), Which includes any and all enantiomers, 
stereoisomers, rotomers, tautomers and prodrugs of the at 
least one inventive compound. Compounds of the formula 
(I) also include their corresponding salts, solvates (e.g., 
hydrates), esters, and the like. The invention further com 
prises pharmaceutically-acceptable compositions prepared 
from an inventive compound or a mixture of inventive 
compounds, or a salt, solvate or ester thereof. The com 
pounds of formula (I) can be useful for treating a variety of 
diseases, symptoms and physiological disorders, such as 
sexual dysfunction, especially impotence (e.g., erectile dys 
function). 
[0105] A further understanding of the invention Will be 
had from the folloWing description of preferred embodi 
ments. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0106] The inventive compounds having the formula (I) 
are substituted at the 8-position on the chemical structure 
With an amino group that itself is substituted With one of the 
folloWing groups: an unsaturated or saturated carbocyclic 
group and a saturated heterocyclic group. The inventive 
substituted xanthines exhibited unexpectedly enhanced 
properties With respect to enZyme activity and enZyme 
selectivity. It is believed that the substitution at the 8-posi 
tion of the subject PDE V inhibitor compounds With these 
speci?c groups, helped produce unexpectedly highly potent 
and selective xanthines, Which exhibited increased isoZyme 
selectivity When compared to conventional xanthines. Phar 
maceutical compositions comprising the inventive com 
pounds possess unexpectedly superior therapeutic proper 
ties. 

[0107] Referring above to the inventive xanthine PDE V 
inhibitor compounds having the formula (I), the 8-position 
on the chemical structure is substituted With a —NHR4 
group, Where R4 represents a carbocyclic or heterocyclic 
system de?ned as folloWs: a C3_15 cycloalkyl group, a C3_15 
cycloalkenyl group or a heterocycloalkyl group of 3 to 15 
members. All of the cyclic systems are optionally substi 
tuted. Preferred substituents on the cyclic systems include a 
C3_6 cycloalkyl group, a CL6 alkoxy C1_6 alkyl group, a C1_6 
alkyl group, an amino C1_6 alkyl group, a CL6 dialkylamino 
C1_6 alkyl group, a C3_6 dicycloalkylamino C1_6 alkyl group, 
a hydroxy group, an alkoxy group, an oximino group, 

—COR6, —SO2R6, —COOR6, —CONR6R7, 
—SO2NR6R7, —N(R8)SO2R6 and —NR6R7, Where: 

[0108] R6 is a hydrogen atom or an optionally sub 
stituted, C1_6 alkyl, C3_6 cycloalkyl, C3_6 heterocy 
cloalkyl, aryl or heteroaryl group; 

[0109] R7 is a hydrogen atom or an optionally sub 
stituted, C1_6 alkyl, C3_6 cycloalkyl, C3_6 heterocy 
cloalkyl, aryl or heteroaryl group; or 

[0110] R6 and R7, When applicable, may be joined 
together to form a heterocyclic ring system; and 
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[0111] R8 is a hydrogen atom or an optionally sub 
stituted, CL6 alkyl, C3_6 cycloalkyl, C3_6 heterocy 
cloalkyl, aryl or heteroaryl group. 

[0112] Furthermore, R4 may also be substituted With 
-ZR7OZ‘, Where R70, together With Z and Z‘, form a spiro 
fused 5- to 7-membered ring or a linearly fused 4- to 
7-membered ring system, and Z and Z‘, independently of one 
another, are each an oxygen, sulfur or nitrogen atom. For 
example, When Z=Z‘=O, R4 may be substituted by the 
folloWing structure having the formula (VIII): 

MUD - 
[0113] Preferred substituents are de?ned above for the 
groups. Other substituents may also be used, such as 
ketones, oXimes, cyclic systems, including lineraly fused 
and bridged, mono-, bi- and tricyclic rings, spiro-cyclic 
systems, including ketals and thioketals directly attached to 
R4, halogens and sulfonamides. One skilled in the art can 
determine other possible substituents depending on the 
conditions employed and the desired properties. 

(VIII) 

[0114] Apreferred structure of the invention is represented 
by formula (II): 

(II) 

[0115] Where, 

[0116] R1, R2 and R3 are de?ned the same as above 
for the compound of formula (I); 

[0117] R9 is one of the folloWing atoms or groups: 

[0118] (a) a hydrogen atom; 

[0119] (b) an oXimino group; 

[0120] (c) a carboXyalkyl group; 

[0121] (d) a C1_6 alkoXy CL6 alkyl group; 

[0122] (e) an aryloXy CL6 alkyl group; 

[0123] a C3_6 cycloalkoXy C1_6 alkyl group; 

[0124] (g) a heteroaryloXy C1_6 alkyl group; 

[0125] (h) a —COOH group; 

[0126] an ester group; 
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[0127] a C1_6 alkyl group; 

[0128] (k) a C3_6 cycloalkyl group; 

[0129] (l) a C3_6 heterocyclic group; 

[0130] a hydroXy CL6 alkyl group; 

[0131] (n) an aryl group; or 

[0132] (o) a heteroaryl group; 

[0133] Wherein, all of the above groups are option 
ally substituted; 

[0134] R10 and R11 are substituents on the same or 
different carbon atoms of the ring and, independently 
of one another, are each de?ned the same as above 

for R9 and, additionally, may each be one of the 
folloWing groups: 

[0135] (a) a hydroXy group; 

[0136] (b) an ester group derived from a hydroXy 
group With 

[0137] a: 

[0138] C1_6 carboXylic acid; 

[0139] (ii) C3_6 cycloalkyl C1_6 carboXylic 
acid; 

[0140] (iii) aryl CL6 carboXylic acid; or 

[0141] (iv) heteroaryl C1_6 carboXylic acid 
group; 

[0142] (c) a CL6 alkoXy group; 

an ammo rou ; [0143] (d) ' g P 

[0144] (e) a CL6 mono- or dialkylamino group; 

[0145] a CL6 alkylacylamino group; 

[0146] (g) a CL6 alkylsulfonylamino group; or 

[0147] (h) a —NHCON(RM)2 group, Where R14 is 
a hydrogen atom or an optionally substituted, 
alkyl or aryl group; or 

[0148] R10 and R11, taken together With each other 
and, optionally, With one or more carbon and/or 
hetero atoms of the ring, form an optionally substi 
tuted, spiro-fused, linearly fused, bi- or tri-cyclic 
ring system of from 8 to 12 members, including from 
0 to 4 hetero atoms, Where, all of the above R10, R11 
and R14 groups are optionally substituted; 

[0149] m and n are, independently of one another, 
each from 1 to 3; and 

[0150] X is a chemcially-compatible group, Which is 

[0151] R10 and R11 are, independently of one 
another, each de?ned the same as previously; 

[0152] y is from 0 to 2; 
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[0153] R60 is a hydrogen atom or a C1_8 alkyl, CL8 
alkynyl, CL8 alkenyl, C3_8 cycloalkyl, aryl, het 
eroaryl, C4_8 heterocycloalkyl, COR“, SO2R61, 
COOR61, CONR61R62 or SO2NR61R62 group, 
With or Without substituents, Where: 

[0154] R61 is a hydrogen atom or a CL8 alkyl, 
C178 alkynyl, C1_8 alkenyl, C3_8 cycloalkyl, aryl, 
heteroaryl or C4_8 heterocyclic group, With or 
Without substituents; 

[0155] R62 is a hydrogen atom or a CL8 alkyl, 
C178 alkynyl, C1_8 alkenyl, C3_8 cycloalkyl, aryl, 
heteroaryl or C4_8 heterocyclic group, With or 
Without substituents; and 

[0156] When R61 and R62 are (the same or dif 
ferent) alkyl groups, they can, if desired, be 
joined together to form a carbocyclic or hetero 
cyclic ring system; 

[0157] Wherein, the optional substituents and the one 
or more substituents are de?ned the same as for the 

one or more substituents of formula (I) above. 

[0158] In the compound of formula (II), the different 
carbon atoms to which R10 and R11 may be connected can be 
adjacent or non-adjacent. Preferably, R9, R10 and R11 are all 
hydrogen atoms. In another embodiment of the invention, 
one of R10 or R11 is, advantageously, a hydroXy group. 

[0159] In the compounds of formulas (I) and (II), R1 is, 
preferably, an alkyl group or an arylalkyl group, particularly, 
a benZyl group. More preferably, R1 is a loWer alkyl group 
of from 1 to 4 carbon atoms, and most preferably, a methyl 
or ethyl group. 

[0160] R2, in the compounds of formulas (I) and (II), is, 
preferably, an alkyl group, particularly, an alkyl group 
substituted With a hydroXy group. More preferably, R2 is a 
loWer alkyl group of from 1 to 3 carbon atoms or a 
hydroXyalkyl group, and most preferably, R2 is a methyl, 
ethyl, iso-butyl or hydroXyethyl group. 

[0161] In the compounds of formulas (I) and (II), R3 is, 
preferably, an aryl group, particularly, an aryl group substi 
tuted With a hydroXy-, alkoXy- or amino-sulfonyl group, 
Which may be, advantageously, substituted With 1 or 2 
halogen atoms. When R3 is a heteroaryl group in the com 
pounds of formulas (I) and (II), it is generally preferable to 
utiliZe heteroaryl groups other than furan. Most preferably, 
R3 is a methoXyaryl group substituted on its aryl ring With 
at least one halogen atom, for eXample, a substitution With 
1 or 2 halogen atoms, such as chlorine or bromine. For 

instance, R3 can be 4-hydroXyphenyl, 3-chloro-4-hydroX 
yphenyl, 3-bromo-4-hydroXyphenyl, 4-methoXyphenyl, 
3-chloro-4-methoXyphenyl, 3-bromo-4-methoXyphenyl, 
4-aminosulfonylphenyl group, 3-chloro-4-aminosulfo 
nylphenyl group or 3-bromo-4-aminosulfonyl-phenyl. 

[0162] R4, in the compound of formula (I), is, preferably, 
a cycloalkyl or heterocycloalkyl group, particularly, a 
cycloalkyl group substituted With a hydroXy group. More 
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preferably, R4 is a cycloheXyl, hydroXycyclopentyl or tet 
rahydropyranyl group. Most preferably, R4 is a hydroXycy 
clopentyl group. For instance, R4 can be a 2(R)-hydroXy 
1(R)-cyclopentyl group. All of the preferred embodiments 
may be unsubstituted or substituted. 

[0163] The compounds of formulas (I) and (II) are useful 
for treating urogenital diseases, such as male (e.g., impo 
tence/erectile dysfunction) and female seXual dysfunction. 
The folloWing compounds listed in Tables I and II are 
illustrative of the invention: 
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TABLE II 

Compound 
No. STRUCTURE HRMS Calc. HRMS Found M, M + 1 
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Compound 
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