
0 7 APR 2005 WO 02/24698 PCT/USO1/28983 TITLE OF THE INVENTION Xanthine
Phosphodiesterase V Inhibitors 5 90 BACKGROUND OF THE INVENTION  1. Field of
the Invention The invention relates to polycyclic nucleotide xanthine
phosphodiesterase V inhibitors. 2. Description of Related Art
Phosphodiesterase ("PDE") V inhibitor compounds are described by  15 Kenneth
J. Murray in Phosphodiesterase VA Inhibitors, DN & P 6(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  20 group. US 5,409,934, which is hereby incorporated herein by
reference in its  entirety, discloses a series of xanthine PDE V inhibitors
that are substituted at  the 8-position with, among other possibilities, one
of the following groups:  -NO2, -NRERt or -NR'SO2R5, where R5 and Rt,
independently of one another, 25 are each a hydrogen atom or an alkyl group,
or R5 and Rt, together with the  



nitrogen atom to which they are both attached, form a phthalimido group, R5
is WO 02/24698 .2 0 7 APR 2005  PCIYUSOI/28983 an alkyl or aryl group, and
R6 is a hydrogen atom or -S02R', where R' is an  alkyl or aryl group. US
5,470,579, which is hereby incorporated herein by reference in its
entirety, discloses a xanthine PDE V inhibitor having a substituted or 5
unsubstituted -NH2 group at the 8-position, for example, -NHR, where R is a
C1-C6 alkyl group. 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. 10 WO 92/05176,
which is hereby incorporated herein by reference in its  entirety, discloses
8-acylarninoxanthine PDE V inhibitors that are substituted  at the
8-position with -NHCOC6HSCOOH. WO 92/05175, which is hereby incorporated
herein by reference in its  entirety, discloses 8-aminoxanthine PDE V
inhibitors that are substituted at 15 the 8-position with -NH2 or -NHR,
where R is an alkyl, arylalkyl or unsaturated  heterocyclic (e.g.,
heteroaryl) group. Specific PDE V inhibitors have been found useful for
specific  indications. For example, the use of PDE V inhibitors for treating
impotence  



has met with commercial success with the introduction of sildenafil citrate,
20 better known as Viagra(r) (Pfizer, NY, NY). The chemistry and use of
Viagra(r),  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 dysfunction 0 7 APR 2005  WO 02/24698 PCT/USOI/28983 3 are
disclosed in WO 99/24433, which is hereby incorporated herein by  reference
in its entirety. Erectile dysfunction is a treatable and highly recognized
health  concern, affecting more than 30 million men in the United States,
including 5 one in four over age 65. Erectile dysfunction occurs when a man
consistently  is unable to sustain an erection sufficient 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 10 erectile dysfunction are due to physical or medical
problems. There are  several factors that may contribute to erectile
dysfunction, including:  Poor blood circulation - atherosclerosis or
hardening of the arteries,  high blood pressure and high cholesterol.
Neurological disorders - multiple sclerosis, Alzheimer's disease and  15
Parkinson's disease. 



Hormone imbalances - diabetes, thyroid disorders and low  testosterone
levels.  Trauma - spinal cord injury, prostate surgery or other trauma to
the  pelvic area. 20  Prescription and over-the-counter medications - blood
pressure  medications, antidepressants and certain drug combinations.
Lifestyle habits - smoking, alcohol abuse and using illegal drugs. WO
02/24698 4 0 7 APR 2005  PCT/USO 1/28983 U.S. 5,939,419 and U.S 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 cardiovascular and  pulmonary disorders. 5 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-position by a variety of groups,  10 including
nitro and unsubstituted or substituted amino groups. The substituted amino
groups include saturated heterocycles, where the 1114 nitrogen atom and its
substituents together form an unsaturated heterocyclic group  



(e.g., -WRY can form a heterocycle). It is an object of this invention to
provide a polycyclic xanthine PDE V  15 inhibitor that possesses beneficial
therapeutic properties. It is a further object of the invention to provide a
polycyclic xanthine  PDE V inhibitor that has especially useful
pharmacological properties. It is yet another object of the invention to
provide a polycyclic xanthine  PDE V inhibitor that has good metabolic
stability. 20 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 POE V plays a role.
0 7 APR 2005 WO 02/24698 PCTIUS01/28983 5 It is also an object of the
invention to provide a polycyclic xanthine PDE  V inhibitor that is
especially effective for treating erectile dysfunction with  minimal side
effects. These and other objects of the invention will become apparent as
the  5 description progresses. Definitions and Usage of Terms The following
definitions and terms are used herein or are otherwise  known to a skilled
artisan. Except where stated otherwise, the following 10 definitions apply
throughout the specification and claims. These definitions  apply regardless
of whether a term is used by itself or in combination with  



other terms, unless otherwise indicated. Hence, the definition of "alkyl"
applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl,
""haloalkyl,"  "alkoxy," etc. 15 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 compound. The term
"substituted" or the phrase "with ... one or more  substituents," as used
herein, means the replacement of one or more atoms  20 or radicals, usually
hydrogen atoms, in a given structure with a chemically compatible atom(s) or
radical(s) selected from a specified group. In the  situations where more
than one atom or radical may be replaced with  substituents selected from
the same specified group, the substituents may be,  unless otherwise
specified, either the same or different at every position. 0 7 APR 2005  WO
02/24698 PCT/US01/28983 6 Radicals of specified groups, such as alkyl,
cycloalkyl, alkenyl, cycloalkenyl,  alkynyl, arylalkyl, alkylaryl,
heterocycloalkyl, aryl and heteroaryl 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 5 contrary. Representative
substituents for alkyl, cycloalkyl, alkenyl, cycloalkenyl,  alkynyl,
arylalkyl, alkylaryl, aryl, heteroaryl and heterocycloalkyl groups  



include, but are not limited to, the following moieties: alkyl, cycloalkyl,
alkenyl,  cycloalkenyl, alkynyl, arylalkyl, alkylaryl, aryl, heteroaryl,
heterocycloalkyl, 10 hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl,
thioalkyl, alkylthioalkyl, 1 I_.1-U,-J J 1..,11 1 J: t :f-_I--IL
carboxyaikyi, ImuaLUIylan KY 1, it luulyla- ii yy Iflu!lu-, UI-d11U Llli
ldiUdhi.I, mono-, di- and trihaloalkoxy, amino, alkylamino, dialkylamino,
alkoxy, hydroxy, halo  (e.g., -Cl and -Br), nitro, oximino, -COOR50, -COR50,
-SO_ZR50, -S02NR50R51,  NR52S02R50, =C(R5R51), =N-OR50, =N-CN, =C(halo)2,
=S, =0, -CON(R50R51),  15 OCOR50, -OCON(R50R51), -N(R52)CO(R50),
-N(R52)000RSD and N(R52)CON(R50R51), where: 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, Ca.6 heterocycloalkyl,
heteroaryl and aryl group, with or 20 without substituents. When
permissible, R50 and R51 can be joined  together to form a carbocyclic or
heterocyclic ring system. R50, R51 and  R52 may also include: 0 7 APR 2005
WO 02/24698 PCTTUSOI/28983 R40 R40 N'-~N  AN~R41 



5 R40 R42 N-N-R43 where, R40 N-N N  N 7 R40  N=N R40 and R41 are,
independently of one another, each a hydrogen  atom or a branched or
straight-chain, optionally substituted, alkyl,  cycloalkyl,
heterocycloalkyl, halo, aryl, imidazolylalkyl, indolylalkyl, WO 02/24698 8 0
7 APR 2005  PC fUSO1/28983 heteroaryl, arylalkyl, arylalkoxy,
heteroarylalkyl, heteroarylalkoxy,  aminoalkyl, haloalkyl, mono-, di- or
trihaloalkyl, mono-, di- or  trihaloalkoxy, nitro, cyano, alkoxy, hydroxy,
amino, phosphino,  phosphate, alkylamino, dialkylamino, formyl, alkylthio,
trialkylsilyl, 5 alkylsulfonyl, arylsulfonyl, alkylsulfinyl, aminoalkyl,
alkylaminoalkyl,  



dialkylaminoalkyl, hydroxyalkyl, morpholino, thioalkyl, alkylthioalkyl,
carboxyalkyl, oximino, -COOR51, -COR50, -SOO.2R50, -S02NR5'R51, -
NR52S02R50, -CON(R50R51) -OCON(R50R51), -N(R52)CO(R50), - N(R52)000R50,
-N(R52)CON(R50R51) or -OCONR5 group, where, R5 10 R51 and R52 are as defined
above; 15 R42 Ij a iydi vg9ln I aiul, or a b, ai,Ciieu'r OstIal&l IL chain
optionally substituted, alkyl, alkenyl, arylalkyl or acyl group; and  R43 is
a hydrogen atom or a branched or straight-chain,  optionally substituted,
alkyl or aryl group; wherein, the optional substituents are defined the same
as  above for the one or more substituents. Preferred substituents on aryl
and heteroaryl groups include, but are  not limited to, any of the moieties
recited above in the definition for R40 and  R41. 20 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. 0 7 APR 2005 WO
02/24698 PCT[US01/28983 9 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. The term "alkyl," as used
herein, means an unsubstituted or 5 substituted, straight or branched,
hydrocarbon chain (i.e., comprising carbon  and hydrogen atoms bonded
together), having, preferably, from one to  twenty-four carbon atoms, more
preferably, from one to twelve carbon atoms,  and most preferably, from one
to eight carbon atoms. The term "cycloalkyl" or "cycloalkane," as used
herein, means an 10 unsubstituted or substituted, saturated, stable
non-aromatic carbocyclic ring,  having, preferably, from three to fifteen
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 heteroaromatic rings.
The cycloalkyl may be attached at any 15 endocyclic carbon atom that results
in a stable structure. Preferred  carbocycles have from five to six carbons.
Examples of carbocycle radicals  include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and the  like. The term "alkenyl," as
used herein, means an unsubstituted or 20 substituted, unsaturated, straight
or branched, hydrocarbon chain having at  least one double bond present and,
preferably, from two to fifteen carbon  atoms, more preferably, from two to
twelve carbon atoms. The term "cycloalkenyl," as used herein, means an
unsubstituted or  substituted, unsaturated carbocyclic ring having at least
one double bond WO 02/24698 



10 0 7 APR 1005  PCT/USO1/28983 present and, preferably, from three to
fifteen carbon atoms, more preferably,  from five to eight carbon atoms. A
cycloalkenyl goup is an unsaturated  carbocyclic group. Examples of
cycloalkenyl groups include cyclopentenyl  and cyclohexenyl. 5 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. The term "bicycloalkyl," as used
herein, represents a saturated linearly  10 fused or bridged carbocyclic
ring having, preferably, from 5 to 12 carbon  atoms. The term "aryl," as
used herein, means a substituted or unsubstituted,  aromatic, mono- or
bicyclic carbocyclic ring system having from one to two  aromatic rings. The
aryl moiety will generally have from 6 to 14 carbon atoms 15 with all
available substitutable carbon atoms of the aryl moiety being intended  as
possible points of attachment. Representative examples include phenyl,
tolyl, xylyl, cumenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and
the  like. If desired, the carbocyclic moiety can be substituted with from
one to  five, preferably, one to three moieties, such as mono- through
pentahalo, 20 alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy, phenoxy,
amino, 



monoalkylamino, dialkylamino and the like. The term "heteroaryl," as used
herein, means a mono- or bicyclic ring  system containing one or two
aromatic rings and at least one nitrogen, oxygen  or sulfur atom in an
aromatic ring. Heteroaryl groups (including bicyclic 0 7 APR 1005 WO
02124698 PCT/USO1/28983 11 heteroaryl groups) can be unsubstituted or
substituted with a plurality of  substituents, preferably, one to five
substituents, more preferably, one, two or  three substituents (e.g., mono-
through pentahalo, alkyl, trifluoromethyl,  phenyl, hydroxy, alkoxy,
phenoxy, amino, monoalkylamino, dialkylamino and 5 the like). Typically, a
heteroaryl group represents a cyclic group of five 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 sufficient number of pi (it) electrons to provide
aromatic character. Representative heteroaryl (heteroaromatic) groups are 10
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, furanyl, benzofuranyl,
thienyl, benzothienyl, thiazolyl, thiadiazolyl, imidazolyl, pyrazolyl,
triazolyl, isothiazolyl,  benzothiazolyl, benzoxazolyl, oxazolyl, pyrrolyl,
isoxazolyl, 1,3,5-triazinyl and  indolyl groups. The term "arylalkyl," as
used herein, means an alkyl moiety substituted  15 with an optionally
substituted, aryl or heteroaryl group. Representative  arylalkyl groups
include a benzyl group and fused bicyclic systems which  



contain one aryl group. The term "alkylaryl," as used herein, means an aryl
or heteroaryl  moiety substituted with an optionally substituted, alkyl
group. Representative  20 alkylaryl groups include o-, m- and p-linked tolyl
and xylyl groups. 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
"arylalkyl" substituent 0 7 APR 2005  WO 02/24698 PCTIUSO1/28983 12 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" 5 portion of the substituent (e.g., Structure-alkyl-cycloalkyl). The
term "heterocycloalkyl," as used herein, means an unsubstituted or
substituted, saturated cyclic ring system having from three to fifteen
members, preferably, from three to eight members, and comprising carbon
atoms and at,  least one heteroatom as part of the ring. 10 The term
"heterocyclic ring" or "heterocycle," as used herein, means an
unsubstituted or substituted, saturated, 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 preferably, five to seven
15 atoms. Polycyclic ring systems consisting of two rings preferably contain
from  six to sixteen atoms, most preferably, ten to twelve atoms. Polycyclic
ring  systems consisting of three rings contain, preferably, from thirteen
to  seventeen atoms, most preferably, fourteen to fifteen atoms. Each
heterocyclic ring has at least one hetero atom. Unless otherwise stated, the
20 heteroatoms may be independently selected from the following: nitrogen,
sulfur and oxygen atoms: The term "carbocyclic ring" or "carbocycle," as
used herein, means an  unsubstituted or substituted, saturated, unsaturated
or aromatic (e.g., aryl),  hydrocarbon ring, unless otherwise specifically
identified. Carbocycles may WO 02/24698 13 0 7 APR 2005  PCT/USO1/28983 be
monocyclic or polycyclic. Monocyclic rings preferably contain from three to
eight atoms, most preferably, five 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 5 seventeen atoms, most preferably, fourteen to fifteen atoms.
The term "alkoxy," as used herein, means an oxygen atom bonded to a
hydrocarbon chain, such as an alkyl or alkenyl group (e.g., -0-alkyl or -0- 



alkenyl). Representative alkoxy groups include methoxy, ethoxy, and
isopropoxy groups. 10 The term "hydroxyalkyl," as used herein, means a
substituted  hydrocarbon chain, preferably, an. alkyl group,. having at
least one hydroxy  substituent (Le., -OH). Additional substituents to the
alkyl group may also be  present. Representative hydroxyalkyl groups include
hydroxymethyl,  hydroxyethyl and hydroxypropyl groups. 15 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 identified above for the term "substituted").
Representative carboxyalkyl groups include carboxymethyl (- 20 CH2CO2H) and
carboxyethyl (-CH2CH2CO2H) groups, and derivatives thereof,  such as the
corresponding esters. The term "aminoalkyl," as used herein, means an alkyl
group  substituted with an amine moiety (e.g., -alkylNH2), such as
aminomethyl. WO 02/24698 14 0 7 APR 1005  PCT/USO1/28983 The term
"alkylamino," as used herein, means an amino moiety having  from one or two
alkyl substituents (e.g., -NH-alkyl), such as dimethylamino. The term
"alkenylamino," as used herein, means an amino moiety  



having from one or two alkenyl substituents, where the nitrogen atom of the
5 amino group is not attached to the alkene-forming carbon atom (e.g., -NH
CHZ-alkenyl), such as dibutenylamino. The term "arylamino," as used herein,
means an amine moiety  substituted with an aryl group (i.e., -NH-aryl). The
term "alkylimino," as used herein, means an imino moiety having  10 one
alkenyl or two alkyl substituents (e.g., -C=N-alkyl). The term "oximino," as
used herein, means compounds containing the  C=N-OR69 radical, where R69 is
a hydrogen atom or an alkyl or aryl group. The term "aroyl," as used herein,
means the radical R-CO-; where R is  an aromatic group. Representative
aroyls are benzoyl and naphthoyl. 15 The term "aryloxy," as used herein,
means an oxygen atom having an  aryl substituent (e.g., -0-aryl). The term
"ester," as used herein, means compounds containing a  substituted
carboxylic acid (e.g., -COO-aryl). The term "acyl" or "carbonyl," as used
herein, means a carbon to 20 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.  0 7 APR 2005 WO 02/24698 PC IUSOJ/28983 15 



The term "acyloxy," as used herein, means an oxygen atom having an  acyl
substituent (e.g., -0-acyl), for example, -O-C(=O)-alkyl. 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 5
-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. The term "halo,"
"halogen" or "halide," as used herein, means a chloro,  bromo, fluoro or
iodo atom radical. Chlorides, bromides and fluorides are 10 preferred
halides. The term "lower hydrocarbon" (e.g., "lower alkyl"), as used herein,
means a hydrocarbon chain comprised of from, unless otherwise stated, one
to eight carbon atoms, preferably, one to six carbon atoms, and most
preferably, one to four carbon atoms. 15 The term "polyhalo," as used
herein, represents substitution of at least  two halo atoms to a group
modified by the term "polyhalo." The term "aminosulfonyl," as used herein,
represents a group having  the formula: -S02NR79R69, where R79 and R89 are,
independently of one another, each a hydrogen atom or a lower alkyl (e.g.,
from 1 to 6 carbon 20 atoms) or aryl group. The term "sulfonyl," as used
herein, represents a group having the  formula: -S(0)2-. 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 WO 02/24698 16 0 7 APR 2005  PCT/USO1/28983 more than once may be
independently selected from the definition for that  variable. The term
"prodrug," as used herein, represents a compound that is a  drug precursor,
which following administration to a patient, releases a drug in  5 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). The term "compound of the formula (1.1) or (11.1)",
as used herein,  represents a compound having a chemical structure
encompassed by the  10 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. The term "pharmaceutically-acceptable excipients," as used
herein,  15 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 use. Pharmaceutically-acceptable excipients include polymers,
resins, plasticizers,  



fillers, binders, lubricants, glidants, disintegrates, solvents,
co-solvents, buffer  20 systems, surfactants, preservatives, sweetening
agents, flavoring agents, pharmaceutical grade dyes or pigments, and
viscosity agents. 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 pharmaceutically-acceptable excipient. 0 7 APR
2005  WO 02/24698 PCTIUSOI/28983 17 The terms "compound [having the formula
(I)] 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  defined below) thereof, and further includes derivatives
of the inventive  5 compounds. 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 10 (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. 



15 The phrase "effective amount," as used herein, means an amount of a
compound or composition which is sufficient to significantly and positively
modify the symptoms 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 20 sufficient to provoke a positive response, yet is small
enough to avoid serious  side effects (at a reasonable benefit/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 WO 02/24698 18 0 7 APR 2005
PCT/US01/28983 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. The phrase "administering [to a patient a safe and effective
amount of  5 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,
introduction of the inventive  compound to a patient may be accomplished via
oral ingestion (e.g., tablets,  capsules, gels, solutions, etc.),
adsorption, absorption (e.g., transmucosal 



10 sublingual or buccal administration), transdermal applications (e.g.,
topical  applications via patches, lotions, etc.), suppositories, etc. The
term "oral dosage form," as used herein, means any  pharmaceutical
composition intended to be systemically administered to an  individual by
delivering the composition to the gastrointestinal tract of an 15
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). The term "injection," as used
herein, means any pharmaceutical  composition intended to be systemically
administered to a human or other  20 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 individual either by  intravenous, intramuscular,
intraperitoneal or subcutaneous injection. 0 7 APR 2005  WO 02/24698
PCTIUSO1/28983 19 Other than as shown in the operating examples or where is
otherwise  indicated, all numbers used in the specification and claims
expressing  quantities of ingredients, reaction conditions, and so forth,
are understood as  being modified in all instances by the term "about." 5
SUMMARY OF THE INVENTION 



The invention comprises a compound having the formula (I): CH2R3 R~N16 5 ~H
31 9~~-N\  0N N Ra  R2 10 15 20 (i) where,  (a) R1 and R2 are, independently
of one another, each a C115 alkyl group, branched or straight chain, with or
without one or  more substituents, 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 substituents, an aryl group, with or without one or
more 0 7 APR 2005  WO 02/24698 PCTIUSOI/28983 



20 5 substituents, a heteroaryl group, with or without one or more
substituents, -OR5, -COOR5, -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 one of R1 and R2 is
equal to a hydrogen atom, and the  other one of R1 and R2 is defined the
same as above; 10 (b) R3 is an aryl group, with or without one or more
substituents, such as a hydroxy or aikoxy substituent group, a  heteroaryl
group, with or without 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 15 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-, -0-, -S-, -N(R21)-, -CON(R22)-,
N(R22)CO-, -OCH2-, -CH2O-, -5CH2-, -CH2S-, -NHC(R23)(R24)-,  -NR23SO2-,
-SO2NR23-, -C(R23)(R24)NH-, -CH=CH-, -CF=CF-, 20 CH=CF-, -CF=CH-, -CH2CH2-,
-CF2CF2-, 5 10 



WO 02/24698 0 7 APR 2005  PCT/US01/28983 21 iH2 OR25  c -CH-CH- CH2 -CH
OCOR26 I -CH NR27 R280 OR29 'I or C -C where,  R21 is a hydrogen atom or
a:-CO(CI-4 alkyl), C1_6 alkyl, allyl, C3-6 cycloalkyl, phenyl or benzyl
group; R22 is a hydrogen atom or a CI-6 alkyl group; R23 is a hydrogen atom
or a C1.5 alkyl, aryl or -CH2-aryl group;  R24 is a hydrogen atom or a C-.4
alkyl group; R25 is a hydrogen atom or a C1-8 alkyl, C,-e perfluoroalkyl,
C3.6 cycloalkyl, phenyl or benzyl group; R26 is a hydrogen atom or a C1
alkyl, C3-6 cycloalkyl, phenyl or  



benzyl group; R27 is -NR23R24, -OR24, -NHCONH2, -NHCSNH2, H O  1 11 CH3 or
--- i ----S N 0 WO 02/24698 0 7 APR 1005  PC IUS01/28983 22 5 and  R28 and
R29 are, independently of one another, each a C1.4 alkyl group or, taken
together, a -(CH2)y- group, where q is 2 or 3;  Wherein, R21 through R29 are
with or without one or more  substituents; and (c) R4 is a C3.15 cycloalkyl
group, with or without substituents,  such as a hydroxy substituent group, a
C3.15 cycloalkenyl group, 10 with.or without one or more substituents, or a
heterocycloalkyl  group of 3 to 15 members, with or without one or more
substituents; wherein, the optional one or more substituents for all the
groups are  



chemically-compatible and are, independently of one another, each defined
15 the same as recited above in the definition section. 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 (1) also include
their corresponding salts, solvates (e.g., hydrates), 20 esters, and the
like. The invention further comprises pharmaceutically- acceptable
compositions prepared from an inventive compound or a mixture  of inventive
compounds, or a salt, solvate or ester thereof. The compounds of  formula
(I) can be useful for treating a variety of diseases, symptoms and 0 7 APR
200'  WO 02/24698 PCTIUSO1/28983 23 physiological disorders, such as sexual
dysfunction, especially impotence  (e.g., erectile dysfunction), A further
understanding of the invention will be had from the following  description
of preferred embodiments. 5 DESCRIPTION OF PREFERRED EMBODIMENTS 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 10
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-position of the subject PDE V inhibitor compounds with
these specific groups, helped produce unexpectedly highly potent and 15
selective xanthines, which exhibited increased isozyme selectivity when
compared to conventional xanthines. Pharmaceutical compositions  comprising
the inventive compounds possess unexpectedly superior  therapeutic
properties. Referring above to the inventive xanthine PDE V inhibitor
compounds  20 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 defined 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 substituted. Preferred
substituents on the cyclic systems include a WO 02/24698 24 0 7 APR 2005 -
PCT/USOI/28983 C3.6 cycloalkyl group, a C1.6 alkoxy C1_6 alkyl group, a C1
alkyl group, an  amino C1_6 alkyl group, a C16 dialkylamino C1-6 alkyl
group, a C3.6  dicycloalkylamino C1.6 alkyl group, a hydroxy group, an
alkoxy group, an  oximino group, -COR 6, -S02R6, COOR6, -CONRR7, -S02NR6R7,
5 -N(R8)SO2R6 and -NR6R7, where: 



R6 is a hydrogen atom or an optionally substituted, C1.6 alkyl,  C3.6
cycloalkyl, C3.6 heterocycloalkyl, aryl or heteroaryl group R7 is a hydrogen
atom or an optionally substituted, C1.6 alkyl,  C3-6 cycloalkyl, C3.6
heterocycloalkyl, aryl or heteroaryl group; or 10 R6 and R7, when
applicable, may be joined together to form a  heterocyclic ring system; and
R8 is a hydrogen atom or an optionally substituted, C1.6 alkyl, C3.6
cycloalkyl, C3.6 heterocycloalkyl, aryl or heteroaryl group.  Furthermore,
R4 may also be substituted with -ZR70Z'-, where R70, 15 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' = 0, R4 may
be substituted by the following structure having the formula  (Vill): (vnq
20 0 7 APR 2005 WO 02/24698 PCT/USOJ/28983 25 Preferred substituents are
defined 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 



5 sulfonamides. One skilled in the art can determine other possible
substituents  depending on the conditions employed and the desired
properties. A preferred structure of the invention is represented by formula
(II): 0 Rll -C R10  (CH) (CH)m \X/ 10 where, 15 R1, R2 and R3 are defined
the same as above for the compound  of formula (I); R9 is one of the
following atoms or groups:  (a) a hydrogen atom; (b) an oximino group; (c) a
carboxyalkyl group; (d) a CI-6 alkoxy C1_6 alkyl group;  (e) an aryloxy C1.6
alkyl group; (f) a C3.6 cycloalkoxy C1.6 alkyl group; 07 APR 7005  WO
02/24698 PCTIUSO1/28983 26 5 (g) a heteroaryloxy CI-6 alkyl group;  



(h) a -COOH group; (i) an ester group; (j) a C1_6 alkyl group; (k) a C3..6
cycloalkyl group;  (I) a C3_6 heterocyclic group;  (m) a hydroxy C1.6 alkyl
group;  (n) an aryl group; or (o) a heteroaryl group; 10wherein, all of the
above groups are optionally substituted; R'0 and R" are substituents on the
same or different carbon atoms of the ring and, independently of one
another, are each defined the same as above for R9 and, additionally, may
each be one of the followinrou s: g g a hydroxy group; p an ester group
derived from a hydroxy group with 15 (a) a: (b) (i) 



C1.6 carboxylic acid; 20(ii) C3.6 cycloalkyl C1_6 carboxylic acid; (iii)aryl
C16 carboxylic acid; or (iv)heteroaryl C1_6 carboxylic acid group; (c) a C1
alkoxy group;  (d) an amino group; (e) a C1_6 mono- or dialkylamino group; 0
7 APR 2005  WO 02/24698 PCT/1TS01/28983 27 10 (f) a C1.6 alkylacylamino
group; (g) a C1.6 alkylsulfonylamino group; or (h) a -NHCON(R14)2 group,
where R14 is a hydrogen  atom or an optionally substituted, alkyl or aryl
group; or  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
substituted, 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; m and n are,
independently of one another, each from I to 3; and 



15 20 X is a chemcially-compatible group, which is -C(R10R11)-,  -S(O)Y,
-0-, -N(R60)-, where: R10 and R11 are, independently of one another, each
defined the same as previously; y is from 0 to 2; R60 is a hydrogen atom or
a C1.8 alkyl, C1-8 alkynyl, C1.8  alkenyl, C3_5 cycloalkyl, aryl,
heteroaryl, C4_5 heterocycloalkyl,  COR61, S02R61, COOR61, CONR61R62 or
SO2NR61R62group,  with or without substituents, where: R61 is a hydrogen
atom or a C1.8 alkyl, C1-8 alkynyl,  C1.8 alkenyl, Ca.e cycloalkyl, aryl,
heteroaryl or C4-8  heterocyclic group, with or without substituents; 0 7
APR 2005  WO 02/24698 PCTIUSOI/28983 28 R62 is a hydrogen atom or a C1.8
alkyl, C1.6 alkynyl,  C1-8 alkenyl, C3.8 cycloalkyl, aryl, heteroaryl or
C4_8  heterocyclic group, with or without substituents; and when R61 and R62
are (the same or different) alkyl  5 groups, they can, if desired, be joined
together to form a  carbocyclic or heterocyclic ring system; 



wherein, the optional substituents and the one or more  substituents are
defined the same as for the one or more substituents  of formula (I) above.
10 'In the compound of formula (II), the different carbon atoms to which R10
and Rmay be connected can be adjacent or non-adjacent. Preferably, R',  R10
and R11 are all hydrogen atoms. I n another embodiment of the invention,
one of R10 or R11 is, advantageously, a hydroxy group. In the compounds of
formulas (I) and (II), R1 is, preferably, an alkyl 15 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. R2, in the compounds of formulas (I) and (II), is, preferably, an
alkyl  group, particularly, an alkyl group substituted with a hydroxy group.
More  20 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. In the compounds of formulas (I) and (II),
R3 is, preferably, an aryl  group, particularly, an aryl group substituted
with a hydroxy-, alkoxy- or 0 7 APR 2005  WO 02/24698 PCT/USO1/28983 29
amino-sulfonyl group, which may be, advantageously, substituted with I or 2
halogen atoms. When R3 is a heteroaryl group in the compounds 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 5 with at least one halogen atom, for example, a substitution with
I or 2 halogen  atoms, such as chlorine or bromine. For instance, R3 can be
4- hydroxyphenyl, 3-chloro-4-hydroxyphenyl, 3-bromo-4-hydroxyphenyl, 4-
methoxyphenyl, 3-chloro-4-methoxyphenyl, 3-bromo-4-methoxyphenyl, 4
aminosulfonylphenyl group, 3-chloro-4-aminosulfonylphenyl group or 3 10
bromo-4-aminosulfonyl-phenyl. R4, in the compound. of formula (I), is,
preferably, a cycloalkyl or  heterocycloalkyl group, particularly, a
cycloalkyl group substituted with a  hydroxy group. More preferably, R4 is a
cyclohexyl, hydroxycyclopentyl or  tetrahydropyranyl group. Most preferably,
R4 is a hydroxycyclopentyl group. 15 For instance, R4 can be a
2(R)-hydroxy-1(R)-cyclopentyl group. All of the  preferred embodiments may
be unsubstituted or substituted. The compounds of formulas (I) and (II) are
useful for treating urogenital  diseases, such as male (e.g., impotence I
erectile dysfunction) and female  sexual dysfunction. The following
compounds listed in Tables I and II are 20 illustrative of the invention: WO
02/24698 30 TABLE I Compound No.Structure 10\ / 



\r~~  11o  12   13  14  15  16  0 7 APR 2005  PCT/US(r)1/28983 WO 02/24698
31 TABLE I Compound No.Structu e r 



17  18  19~ Q ~N y b ;, 20  21r b 22  0 7 APR 1005  PCTIUS01/28983 WO
02/24698 32 TABLE I Compound No.Structure 23~ O 



N b 24/ 25A p O N b 28  29/r p N } b 30 b 31 i b 32I~ l-N  n7 APR 1005
PCT/11s61/28g83 WO 02/24698 33 TABLE I 



Compound No.Structure 33A-ll 0 b 34- 35    37  38  39 40  0 7 APR 1005
PCT/[TS03/28983 0 7 APR 2005  WO 02/24698 PCTIUSO1/28983 34 TABLE I Compound
No.Structure 41 



o J~ o 42O  431 " ~D 44- 47C N 48,, N 49- * > 11 0 0 7 APR 2005  WO 02/24698
PCTIUSO1/28983 35 TABLET Compound No.Structure  50` b 51- 



\J" "> - 52\I - 53r b 54  55  56' "l b I WO 02/24698 36 TABLE I Com ound
No.Structure L / 57O N v 58ro y 59  60 b 



61  62  63 0 7 APR 2hUS  PCL'/US01/28983 WO 02/24698 37 TABLE I Compound
No.Structure  64I `b 65\ /   66 \ 1  67  68 \1  69  



70  AL APR 101  PCT/US01/2 3 0 7 APR 2005  WO 02/24698 1'CT/USO1/28983 38
TABLE I Compound No.Structure  71 72c 1  73  74~u - 75N` /\}IY j/1 N V 76l
77 



78~ l a~  0 7 APR 2005  WO 02/24698 PCT/USOI/28983 39 TABLE I Compound
No.Structure  79 80  81  82   83   84~--  85~ N 0 7 APR 1905  



WO 02/24698 PC fUSO1/28983 40 TABLE ti - Structure Compound No.  86 87 88
LNh N 89L  90o b~- c 91  92L  \ \ O N b as \ , 



93~'~ ~j ~a NNN~~~", b WO 02/24698 41 'TABLE I Compound No.Structure I 94`~
~F( ~ \ a~ N 95~ o /r 96u \ I F F  97r 1 F I rb  98ON a1~1 N 99~ 



, c, / 0 7 APR 2905  PCT/US01/28983 0 7 APR 2C'D5 WO 02/24698 42 TABLE II
CompoundSTRUCTUREHRMS Calc.HRMS FoundM, M+1 No. O \  r }-NH
100N439.2821439.2821(M+1)   O /ANN  L  



NH 101N 412.2349412.2346(M+1) O%N  OH O I~N /}--NH 1020
N526.3213526.3203(M+) >r ST O \ / 103N 442.2454442.2451(M+1) N NH OH  O OH
104N NH428.2298428.2294(M+1) OH    N 



105/>-NH 476.2065476.2057(M+1) N  OH PCT/USO1/28983 WO 02/24698 43 TABLE II
CompoundSTRUCTUREHRMS C HRMS F M+1 ldM No.a oun. c. Ci  -N, OH  106ON N ]
478.1857478.1851(M+1) 



im v OH CI \ / OH  0 ~  107J 462.1908462.191(M+1) ~N NH  N 0 ~  b  OH CI 0
0 



108'All >-NH 490.1857490.1853(M+1) 0 N - OH CI o o  109\ l d
492.1650492.1641(M+1) N N OH  Cd-N b  OH   110)` N NH455.2533455.2518(M+)
OH   



111~N ~ ,}-N ,OH 458.2403458.2395(M+1) d' O  N N b  OH 0 7 APR 2005
PCT/US01/28983 0 7 APR 2005  WO 02/24698 PCTJEJSO4/28983  44 TABLE II
STRUCTURE  Compound1 HRMS Calc.HRMS FoundM. M+1 1 No.-  O \ / OH N}-NH 



112-N N 2.2454442.2448(M+1) O ? OH  O  \ / OH ~  113~N li N
444.2247444.2252(M+1) " _N OH N  OH Br  114ANN }-N 10H 522.1352522.1346(M+1)
O~N N 



OH CI OH  O \ / 115~N-j IN 464.1701464.1696(M+1) /_N OH N N  OH Br OO \ / OH
n{  116N,~ NH 506.1403506.141(M+1) ~ O  N  



OH  Br OO \ / 117"YN H520.1559520.1568(M+1)   OH WO 02124698 45 TABLE 11
HRMS C HRMS F M CompoundTRUCTUREldM 1 No.Sa oun c., Br 0 OH 118~H.OH
508.1196508.119(M+1) 



.4-N N  OH  0 O 0 119\ _NH75.2128475.2134(M+1) N 0 CI  o ,,
120N429.1932429.1931(M+) i>_NH  O J N   0  O /  , 



121}-NH 488.2332488.2333(M+1) 0' N N   Br  O , / R 122N
504.1610504.1605(M+1) i-NH N   Br  123N H506.1403506.1395(M+1) C~l ~?-N~OH
N J 0 7 APR 2005 



PCT/[JS01/28983 0 7 APR 1005 WO 02/24698 46 TABLE II Compound STRUCTUREHRMS
Cale.HRMS FoundM. M+1 No. Br 124N522.1542522.1542(M+1) NH OH  N  Br \ / O,
O J  ~  125j 1; H 



520.1559520.1552(M+1) ON  ' 0  N  Q OH O I l~ NI  126OH 77.1920477.1919(M+1)
N H N  H2N10  S 0  



-  0 127N N477.1920477.1914(M+1) ,_NH OH  O~N N   Br O Nr-\ /  128N NH OH
536.1335536.1335(M+1) -) 0  N  OH  Br  



129-NH OH522.1352522.136(M+1) O ~N N v OH  PCT/USO1/28983 WO 02/24698 47
TABLE II CompoundC STRUCTUREHRMS HRMS FoundM, M1 alc. No. 130no
structurenlan/an/a O  131~N N> 382.2243382.2242(M+1) -NtH  O  



132TI N 382.2243382.2238(M+1) />-NH  O N N b  O  133N 24.2713424.2717(M+1)
~)NH  N   o  134N 396.2400396.2396(M+1) i}-NH  O~N N  



O  135ANN 396.2400396.2393(M+1) ,>-NH  O~i N 0 7 APR 2005 PCT/US01/28983 WO
02/24698 48 TABLE II CompoundSTRUCTUREHRMS C HRMS F M M+1 ld No.a oun c. F O
\ /  136-N 1> NH 



386.1992386.1988(M+1) - i N  O  F 0 \ /  137N >NH 386.1992386.1988(M+1) N
:-, O  i   0 F  138N 386.1992386.1985(M+1) 



AN iNH O i N   0 1390 N /398.2192398.2196(M+1) />H  OJ-~ N   1400 \
/382.2243382.2238(M+1) NH  O i N  \0 1410 N /398.2192398.2192(M+1) J~ />-NH
D N N a 7 APR 2005  PCT/USOI/28983 



WO 02/24698 49 TABLE II CompoundSTRUCTUREHRMS Calc.HRMS FoundM. M+1 No. 01 1
O  o  / 142\ 412.1985412.1982(M+1) N N I ,}-N~  O~i N J~_\J   O 143O \I
428.2298428.2294(M+1) N 0 



Ol i N  C \ /  144N 412.2349412.2346(M+1) N )-  H  N N  H 145O
384.2036384.2041(M+1) N-N i)-NH  N, N OH 146O 384.2036384.2033(M+1) 



N />_NH  N  01- O  i   OH ' r>_NH  147;e 398.2192398.2184(M+1) N N  0 7 APR
2005  PCT/USO1/28983 WO 02/24698 50 



TABLE II CompoundSTRUCTUREHRMS Calc.HRMS FoundM. M1 o. CI O \  N~~N  148~NH
402.1697402.1691(M+1) N  -)- O  N   149O 493.0975493.098(M+) ~N N j --NH  



O~i,,, N I U o \l- ~ N i= 150/NI I51.1831451.1819(M+) N F  F  F 0  151O
135.1882435.1879(M+) ~N N />-NH  Oi N Br JOB \ /  



152) 1('N~NH 446.1192446.1187(M+1) ~ N N  CI / 1 O CI N N~NH  1530
435.1229435.1219(M+) N O  N  07 APR2005  PCTIUS01/28983 0 7 APR 2005  WO
02/24698 PCT/USO1/28983 51 TABLE H CompoundSTR 



HRMS Calc.HRMS FoundM M+1 UCTURE No  No.  154N N F404.1898404.1895(M+1)
i}-NH  O 155O \ / 428.2298428.2292(M+1) N 0 /-NH I  O N N  CI / 1 O 156~N N
F420.1603420.1603(M+1) i}-NH  ~ 



O  i N 02  ; 0  157, 413.1937413.1932(M+1) 'N N >  -NFi  158x0 N
\444.2400444.2394(M+1) / -NH  Oi N  CI i  



O  \ / 159N431.1724431.173(M+) N }-~  /H WO 02/24698 52 TABLE II
CompoundSTRUCTUREHRMS Calc.HRMS FoundM, M+1 No. CI 160O
446.1595446.1588(M+1) N />-NH 0 O N N b  CI O  / OH 161\ 



418.1646418.164(M+1) N N b  F O F- 162" N 436.1960436.1962(M+1) /}N N  b  F
F  F 163O \ /436.1960436.1957(M+1) N  ,Nb  O~N N F,F 



F O  3 O  164r 452.1909452.1919(M+1) o N  ON~_NH  b  F
165"-~N414.2305414.2303(M+1) NH  0-)-N N  0 7 APR 2005  



PC IUSO1/28983 WO 02/24698 PCTi /USO172$9$3 R 2005 53 TABLE II M
CompoundSTRUCC  l a  TUREc. HRMS FoundM. Mi HR  S No.  O
166>_440.2662440.2657(M+1) NH  N 



167JO~ / 426.2505426.2509(M+1) YN _NH  O JN N  1 0  O  % 168N
440.2298440.2295(M+1) N >_N H  JN N  



OH  O / 169N26.2505426.2498(M+1) ,>-NH  N  OH  O / 170/-N
N412.2349412.2345(M+1) ,Nb  O' '~ N N   CI  171-~'N X NH
474.2272474.2277(M+1) J~N O ~N 



WO 02/24698 54 TABLE II CompoundSTRU HRMS C HRMS F M REldM+1 No.CTUa oun. e.
CI O / OH 172ON NH459.2037459.2055(M+) b  F ll~N TIN _NH  173N
428.2462428.2457(M+1) 



-) O  N     174NNH 440.26624402657(M+1) J~= ON  N   / O  O \  175>-NH
454.2454454.2449(M+1) 



N    0 r4 176~N T H 454.2818454.2812(M+1) N N    OH  0  -6 177r
426,2505426.2503(M+1) /\NN}-bIN II)  0 7APR 2005  PCT/US01/28983 



0 7 APR 2005  WO 02/24698 PCTILJSOI/28983 55 TABLE II Compound  Nn STRUCTURE
HRMS Calc. OH 178 179 181 182 183 440.2662 CI 0 ONF O I " J 0 q NF _ 



O ~( -NH p^ N 0 J CI ' N-j 6 O O r- " li /-NH OH ~ N J O S--NHZ 0 -NH O J N
OH 



CI 0 ONHZ O \ , /ANN ! ,>-Nb p~N N  OH 555.1233 09.1738 HRMS Found 440.2666
509.1729 555.123 1 (M+1) M. M+1 (M+1) (M+1) 511.153 1511.1524 1 (M+1)
191.2077 491.2087 (M+1) 25.1687 525.1697 



(M+1) WO 02/24698 56 TABLE II ComoundSTRUCTUREHRMS Cale.HRMS FoundM. M+1 NO.
Br  '  NH2 \ 7  1  O O 184}-NH 571.1164571.1138(M+1) N JN  OH  



Br O  \ Me J  B  185rH OH 38.1492538.1498(M+1) ~  J~N O  N  OH Br  rl OMe  O



v  186~~- H 524.1335524.1344(M+1) N  ~ O  JN  O OH Br  O \ / Me C
187ij-NH575575LRMS  Et- N, Et 0  .,NFI 



o \1 0 188}-NH477.192477.1919(M+1) N 0 _ j J HZN, ;p O,S  O  7 189\
477.192477.1919(M+1) ry I H  0 N N  0 7 APR 7005  PCT/USO1/28983 0 7 APR
2005  WO 02/24698 PCT/US01/28983 



57 TABLE II CompoundHRMS C HRMS F +1 ldM STRUCTUREa ounM c. No. Br0  rsN 0 \
l O 190N 557.1007557.0997(M+1) i-NH N  CI  "NHl  



O \ I 1  191N511.153511.1519(M+1) 1 />-NH N J F 0 ( Me
192H94.1637494.1636(M+1) J o' Cl 0 Me N 193N N> -NH 510.1578510.1574(M+1) 10
J O  Br O \  5-0 Me 



194N N554.1073554.1066(M+1)  oO 0  S-NHz  0 J 'o  195N NHH
525.159525.1582(M+1) t '  0  WO 02/24698 58 TABLE II RMS C S F +
CompoundSTRUCTUREld 



M H a oun 1 c. RM` H No. HZN, O 0  -01 r  196:rM }-NH 525.159525.1597(M+1) N
_0  0 N  CI 



O \ I OM 197N478.168478.1683(M+1) >_NH  N 0 Br  / YAM
198}-NH522.1174522.1169(M+1) 0  N Br 0 \ / Me >-NH  199N 42.1405542.143(M+1)
* O  NN 



J F  0 7 APR 7005  PCTIUS01/28983 The compounds of the invention are useful
for inhibiting PDE V  enzymes. Their enzyme activities and enzyme
selectivities can be evaluated  in a number of ways. In particular, enzyme
activity can be measured by the PDE V IC50 value, which is the concentration
(in nM) of the compound required to provide 50% inhibition of PDE V. The
lower the value of IC5o, the 0 7 APR 1005  WO 02/24698 PCTIUSO1/28983 59
more active is the compound. Measurements on the compounds in Tables I  and
11 gave the following data (all numbers are modified by the word "about"):
A. all compounds had a PDE V IC50 within the range of from < 1  5 nM to >100
nM; B. compound nos. 13-18, 25, 30-32, 38, 41-43, 55-58, 69-71, 77,  85, 92,
96, 98, 101, 113, 120, 121, 126, 128, 131, 137, 138,  141, 146-48, 165, 166,
173, 176, 181, 182, 184, 185, 193 and  194 had a PDE V IC50 within the range
of from > 15 to 100 nM; 10 C. compound nos. 23, 24, 29, 33, 34, 39, 40, 93,
94, 108, 111, 112, 



125, 136, 144, 160 and 161 had a PDE V IC50 within the range  of from > 10
to 15 nM. compound nos. 21, 22, 28, 36, 37, 59, 66, 68, 78, 79, 89, 95, 99,
110, 115, 132, 159, 171, 172, 175, 180, 183, 190 and 199 had a 15 PDE V IC50
within the range of from > 5 to 10 nM; and E. compound nos. 60-65, 67,
103-07, 114, 116-19, 122-24, 142,  168-70, 177, 178, 179, 186-88, 191, 197
and 198 had a PDE V  IC50 within the range of up to 5 nM. 20 In addition,
another type of measurement that can be made is the ratio  of PDE VI IC5o/
POE V IC5o (identified as "PDE VI / PDE V"), which is an  indicator of
enzyme selectivity - the higher the ratio, the more selective is the
compound to inhibiting PDE V enzyme relative to PDE VI enzyme.  Measurements
on the compounds (except for compound nos. 189, 192, 195 WO 02!24698 60 0 7
APR 2005  PCT/USO1/28983 and 196) in Table II gave the following data (all
numbers are modified by the  word "about"): F. compound nos. 1-188, 190,
191, 193, 194 and 197-99 had a  5 PDEVI/PDEVratio of >0; G. compound nos.
165 and 193 had a PDE VI / PDE V ratio within  the range of frcm > 0 to 10; 



H. compound nos. 101, 108, 136, 141, 146, 148, 168,173 and 194  had a PDE VI
/ PDE V ratio within the range of from > 10 to 25;  10 1. compound nos.
104,125,131-32.137-38,142,144,170,175, 177, 185 and 199 had a PDE VI / PDE V
ratio within the range  of from > 25 to 50; J. compound nos. 103, 110, 111,
117, 159, 166, 182 and 187 had  a PDE VI / PDE V ratio within the range of
from > 50 to 75; 15 K. compound nos. 105, 106, 147 and 171 had a PDEVI / PDE
V  ratio within the range of from > 75 to 100; L. compound nos. 112, 113,
123, 124, 126, 169, 172 and 184 had  a PDE VI / PDE V ratio within the range
of from > 100 to 140;  and 20 M. compound nos.
107,114-16,118-22,128,160-61,176,178-81,  183, 186, 188, 190,191, 197 and
198 had a PDE VI / PDE V  ratio of from > 140. WO 02/24698 61 0 7 APR 2005
PCTIUSOI/28983 Preferred compounds of the invention include those found in
classes E  and/or M: compound nos. 60-65, 67, 103-07, 114-24, 128,
142,160-61, 168- 70, 176-78, 179, 186, 188, 191, 197 and 198. More preferred
compounds of  the invention are compound nos. 107, 114, 116, 118, 119, 122,
160, 178 and  



186 of Table 11. Another preferred compound of the invention would have the
following  chemical structure: Br OH 10 Specific and general procedures for
producing three preferred  15 compounds follow below (compound nos. 107, 114
and 160). Obvious  modifications to these procedures may be undertaken by
one of ordinary skill in the art. Other compounds of the invention may be
produced along the  same lines. WO 02/24698 62 Synthesis of Compound No. 107
in Table 11 (7) 3 Preparation of 9 NBS. AIBN 6 Pd(OH)21C  HCO2NH4, MeOH
reflux 1. LDA,THF  -78C 



CH3 Cu C v LOCH  I 2 2 0 7 APR 2005  PCTIUSOI/28983 0 7 APR 2005 WO 02/24698
PCT/US01/28983 63 Experimental Procedure: Compound No. 107 in Table II (7) 1
(20.0 g, 74.0 mmol) was dissolved in dimethylformamide (370 mL)  under
nitrogen and (2-bromoethoxy)-tert-butyldimethylsilane (31.8 mL, 148  mmol)
was added dropwise. The reaction was stirred at room temperature for 5 115
hrs., then diluted with ethyl acetate and washed with water several times.
The organic mixture was dried over potassium carbonate, filtered and
concentrated under vacuum. Purification via flash chromatography (30/70
ethyl acetate/hexanes) yielded 2 (28.1 g, 88%). 'H NMR (400 MHz, CDCI3): S
7.52 (s, 1 H), 7.29-7.39 (m, 5H), 5.49 (s,  10 2H), 4.25 (t, 2H, J = 6.0
Hz), 4.07 (q, 2H, J = 7.2 Hz), 3.93 (t, 2H, J =  6.0 Hz), 1.24 (t, 3H, J =
7.2 Hz), 0.75 (s, 9H), 0.08 (s, 6H). HRMS:  Calcd for C22H32N4O3Si (M+H):
429.2322. Found: 429.2329. To a solution of 2 (2.10 g, 4.89 mmol) in
methanol (375 ml-) was added  15 ammonium formate (4.64g, 73.6 mmol) and 20%
palladium hydroxide on 



carbon (980 mg). The reaction was heated to reflux for 1.5 hrs., then cooled
to room temperature, filtered and concentrated under vacuum. Purification
via  flash chromatography (50/50 ethyl acetate/hexanes) yielded 3 (1.26 g,
94%). 'H NMR (400 MHz, CDCI3): S 7.82 (s, 1 H), 4.33 (t, 2H, J = 6.0 Hz),
4.16  20 (q, 2H, J = 7.2 Hz), 3.99 (t, 2H, J = 6.0 Hz), 1.29 (t, 3H, J = 7.2
Hz),  0.78 (s, 9H), 0.06 (s, 6H). HRMS: Calcd for C15H26N4O3Si (M+H):
339.1852. Found: 339.1864. 0 7 APR 7005  WO 02/24698 PCTIUS01/28983 64 To 3
(970 mg, 2.86 mmol) was added dimethylformamide (14 mL), 3-
chloro-4-methoxybenzyl bromide 9 (1.72 g, 5.70 mmol), and potassium
carbonate (785 mg, 5.70 mmol) under nitrogen. The reaction mixture was
stirred at room temperature for 24 hrs., then diluted with ethyl acetate and
5 washed with water several times. The organic mixture was dried over
potassium carbonate, filtered and concentrated under vacuum. Purification by
flash chromatography (30/70 ethyl acetate/hexanes) yielded 4 (1.14 g, 81%).
'H NMR (400 MHz, CDCI3): 8 7.52 (s, 1 H), 7.33 (d, 1 H, J = 2.4 Hz),  7.25
(dd I H, J = 2.0 Hz, J = 8.4 Hz), 6.90 (d, 1 H, J = 8.8 Hz), 5.40 (s,  10
2H), 4.25 (t, 2H, J = 6.0 Hz), 4.07 (q, 2H, J = 7.2 Hz), 3.93 (t, 2H, J =
6.0 Hz), 3.89 (s, 3H), 1.25 (t, 3H, J = 7.2 Hz), 0.75 (s, 9H), 0.08 (s, 6H).
HRMS: Calcd for C23H33CIN4O4Si (M+H): 493.2038. Found: 493.2032. To solution
of 4 (1.14g, 2.32 mmol) in tetrahydrofuran (20 mL) under  



15 nitrogen at -78 C (dry icelacetone bath) was added lithium
dilsopropylamide (2M in THF/heptane, 1.7 mL, 3.48 mmol). After stirring for
thirty minutes, 1,2- dibromotetrafluoroethane (0.55 mL, 4.63 mmol) was added
dropwise over five  minutes. The reaction was stirred for 1.5 hrs. at -78 C
then quenched with  saturated aqueous sodium bicarbonate and warmed to room
temperature. 20 The mixture was extracted with dichloromethane, dried over
potassium  carbonate, filtered and concentrated under vacuum. Purification
via flash chromatography (30/70 ethyl acetate/hexanes) yielded 5 (640 mg,
48%). 'H NMR (400 MHz, CDCI3): 8 7.42 (d, 1 H, J = 2.4 Hz), 7.31 (dd, 1 H, J
=  2.0 Hz, J = 8.4 Hz), 6.88 (d, 1 H, J = 8.8 Hz), 5.45 (s, 2H), 4.22 (t,
2H, J 0 7 APR 2005  WO 02/24698 PCT/USO1/28983 65 = 5.6 Hz), 4.07 (q, 2H, J
= 7.2 Hz), 3.92 (t, 2H, J = 5.6 Hz), 3.88 (s,  3H), 1.25 (t, 3H, J = 7.2
Hz), 0.74 (s, 9H), 0.08 (s, 6H). HRMS: Calcd  for C23H32BrCIN4O4Si (M+H):
571.1143. Found: 571.1149. 5 To '5 (320 mg, 0.56 mmol) was added
cyclohexylamine (0.25 mL, 2.24  mmol), dilsopropylethylamine (2.8 mL),.and
1-methyl-2-pyrrolidinone (2.8 mL).  The reaction mixture was heated to 160 C
in a sealed tube for 18 hrs., then  cooled to room temperature. Water was
added, then the mixture was extracted with ethyl acetate and washed with
water several times; The  10 organic mixture was dried over potassium
carbonate, filtered and  concentrated under vacuum. Purification via flash
chromatography (30/70  



ethyl acetate/hexanes) yielded 6 (210 mg, 64%).. 'H NMR (400 MHz, CDCI3): S
7.27 (d, 1 H, J = 2.0 Hz), 7.13 (dd, 1 H, J =  2.0 Hz, J = 8.4 Hz), 6.89 (d,
1 H, J = 8.8 Hz), 5.23 (s, 2H), 4.19 (t, 2H, J  15 = 6.2 Hz), 4.05 (q, 2H, J
= 7.2 Hz), 3.93 (t, 2H, J = 6.2 Hz), 3.89 (s, 3H), 3.86-3.91 (m, 1 H),
3.69-3.80 (m, I H), 1.88-1.96 (m, 2H), 1.52-1.64  (m, 3H), 1.28-1.42 (m,
2H), 1.23 (t, 3H, J = 7.2 Hz), 1.04-1.22 (m, 3H),  0.81 (s, 9H), 0.01 (s,
6H). HRMS: Calcd for CmH44CIN5O4Si (M+H):  5902937. Found: 590.2929. 20 6
(191 mg, 0.324 mmol) was dissolved in dichloromethane (4.0 ml-)  under
nitrogen and cooled to 0 C in an ice bath. Boron tribromide (0.14 mL,  1.42
mmol) was added to the reaction mixture and warmed to room temperature.
After 1.25 hr., the reaction was diluted with dichloromethane 0 7 APR 20D5
WO 02/24698 PCT/USOJ/28983 66 and washed with water several times. The
organic phase was dried over  potassium carbonate, filtered and concentrated
under vacuum. Purification  via PTLC (70130 ethyl acetate/hexanes) yielded 7
(compound no. 107 in Table  II) (122 mg, 74%). 5 'H NMR (400 MHz, CDCI3): 8
7.25-7.28 (m, 1 H), 7.09 (dd, I H, J = 20  Hz, J = 8.0 Hz), 7.01 (d, 1 H, J
= 8.0 Hz), 5.69 (s, 1 H), 5.23 (s, 2H),  4.32-4.36 (m, 2H), 4.16 (t, 1 H, J
= 6.0 Hz), 4.06 (q, 2H, J = 7.2 Hz),  



3.90-3.98 (m, 3H), 3.62-3.72 (m, 1 H), 1.87-1.96 (m, 2H), 1.54-1.66 (m,
3H), 1.31-1.43 (m, 2H), 1.25 (t, 3H, J = 7.2 Hz), 1.06-1.22 (m, 3H). 10
HRMS: Calcd for C22H23CIN5O4 (M+H): 462.1908. Found: 462.1901.
3-Chloro-4-methoxytoluene 8 (2.6 mL, 19.2 mmol) was dissolved in
dichlomethane (30 mL) and N-bromosuccinimide (3.75 g, 21.1 mmol) was  added
followed by AIBN (36.0 mg). The reaction was heated to reflux for 19 15
hrs., then cooled to room temperature and the precipitate was filtered off.
The  filtrate was diluted with dichloromethane and washed with 0.5 M aqueous
sodium bicarbonate, followed by water. The organic mixture was dried over
sodium sulfate, filtered and concentrated under vacuum to yield 9 (4.73g,
82%). The benzyl bromide was used as the crude material without further 20
purification. 'H NMR (400 MHz, CDCI3): S 7.42 (d, I H, J 2.4 Hz), 7.26 (dd,
1 H, J =  2.4 Hz, J = 8.4 Hz), 6.88 (d, 1 H, J = 8.4 Hz), 4.44 (s, 2H), 3.90
(s, 3H). WO 02/24698 67 0 7 APR 2005  PCTIUSOI/28983 General Synthesis of
Compound No. 107 in Table II (7)  a) Reacting 1 with an alkyl halide and
base to form 2; b) Debenzylation of 2 to form 3; c) Alkylation of 3 with a
benzyl halide to form 4; d) Deprotonation of 4 followed by addition of a
brominating agent to  



form 5; e) Displacement of bromo 5 with an amine to form 6; and f) Treatment
of 6 with boron tribromide to form compound no. 107 in  Table II (7) via
cleavage of both silyl and methyl ethers. 10 WO 02/24698 0 7 APR 2005
PCTIUSO1/28983 68  Synthesis of Compound 114 in Table 11 113) I Preparation
of 15 14 CH3 NBS, AIBN CH2CI2 0 12 15 CH3 WO 02/24698 69 0 7 APR 2005  



PCT/US01/28983 Experimental Procedure: Compound 114 in Table II (13) 1 (20.0
g, 74.0 mmol) was dissolved in dimethylformamide (370 ml-)  under nitrogen
and (2-bromoethoxy)-tert-butyldimethylsilane (31.8 mL, 148  mmol) was added
dropwise. The reaction was stirred at room temperature for 5 115 hrs., then
diluted with ethyl acetate and washed with water several times.  The organic
mixture was dried over potassium carbonate, filtered and  concentrated under
vacuum. Purification via flash chromatography (30/70  ethyl acetatelhexanes)
yielded 2 (28.1 g, 88%). 'H NMR (400 MHz, CDCI3): 5 7.52 (s, 1 H), 7.29-7.39
(m, 5H), 5.49 (s,  10 2H), 4.25 (t, 2H, J = 6.0 Hz), 4.07 (q, 2H, J = 7.2
Hz), 3.93 (t, 2H, J =  6.0 Hz), 1.24 (t, 3H, J = 7.2 Hz), 0.75 (s, 9H), 0.08
(s, 6H). HRMS:  Calcd for C22H32N4O3Si (M+H): 429.2322. Found: 429.2329. To
a solution of 2 (2.10 g, 4.89 mmol) in methanol (375 ml-) was added  15
ammonium formate (4.64g, 73.6 mmol) and 20% palladium hydroxide on carbon
(980 mg). The reaction was heated to reflux for 1.5 hrs., then cooled  to
room temperature, filtered and concentrated under vacuum. Purification via
flash chromatography (50/50 ethyl acetate/hexanes) yielded 3 (1.26 g, 94%).
1H NMR (400 MHz, CDCI3): 5 7.82 (s, 1H), 4.33 (t, 2H, J= 6.0 Hz), 4.16  20
(q, 2H, J = 7.2 Hz), 3.99 (t, 2H, J = 6.0 Hz), 1.29 (t, 3H, J = 7.2 Hz),
0.78 (s, 9H), 0.06 (s, 6H). HRMS: Calcd for C15H26N4O3Si (M+H):  339.1852.
Found: 339.1864. 0 7 APR 2005  



WO 02/24698 PCT/US01/28983 70 To 3 (970 mg, 2.86 mmol) was added
dimethylformamide (25 mL), 3- bromo-4-methoxybenzyl bromide 15 (1.62 g, 5.79
mmol), and potassium  carbonate (800 mg, 5.79 mmol) under nitrogen. The
reaction mixture was  stirred at room temperature for 21 hrs., then diluted
with ethyl acetate and 5 washed with water several times. The organic
mixture was dried over  potassium carbonate, filtered and concentrated under
vacuum. Purification by  flash chromatography (30/70 ethyl acetate/hexanes)
yielded 10 (1.55 g,  100%). H NMR (400 MHz, CDCI3): S 7.52 (s, 1 H), 7.51
(d, 1 H, J = 2.4 Hz),  10 7.30 (dd 1 H, J = 2.0 Hz, J = 8.4 Hz), 6.87 (d, 1
H, J = 8.8 Hz), 5.40 (s,  2H), 4.25 (t, 2H, J = 6.0 Hz), 4.07 (q, 2H, J =
7.0 Hz), 3.93 (t, 2H, J =  6.0 Hz), 3.88 (s, 3H), 1.25 (t, 3H, J = 7.0 Hz),
0.75 (s, 9H), 0.08 (s, 6H).  HRMS: Calcd for C23H33BrN4O4Si (M+H): 537.1533.
Found: 537.1540. 15 To solution of 10 (1.50 g, 2.80 mmol) in tetrahydrofuran
(24 mL) under  nitrogen at -78 C (dry ice/acetone bath) was added lithium
diisopropylamide  (2M in THE/heptane, 2.2 mL, 4.33 mmol). After stirring for
thirty minutes, 1,2- dibromotetrafluoroethane (0.69 mL, 5.77 mmol) was added
dropwise over five  minutes. The reaction was stirred for 1.25 hrs. at -78 C
then quenched with 20 saturated aqueous sodium bicarbonate and warmed to
room temperature.  The mixture was extracted with dichioromethane, dried
over potassium  carbonate, filtered and concentrated under vacuum.
Purification via flash  



chromatography (30/70 ethyl acetate/hexanes) yielded 11 (600 mg, 34%). WO
02/24698 0 7 APR 2005  PC fUSO1/28983 71 5 1H NMR (400 MHz, CDC13): 8 7.60
(d, 1 H, J = 2.4 Hz), 7.35 (dd, 1 H, J =  2.0 Hz, J = 8.4 Hz), 6.84 (d, 1 H,
J = 8.4 Hz), 5.45 (s, 2H), 4.21 (t, 2H, J  = 5.6 Hz), 4.07 (q, 2H, J = 6.8
Hz), 3.90 (t, 2H, J = 5.6 Hz), 3.87 (s,  3H), 1.24 (t, 3H, J = 6.8 Hz), 0.73
(s, 9H), 0.08 (s, 6H). HRMS: Calcd  for C23H32Br2N4O4Si (M+H): 615.0638.
Found: 615.0633. To 11 (1.89 g, 3.07 mmol) was added the amino alcohol
hydrochloride  salt (1.31 g, 12.27 mmol), diisopropylethylamine (15.4 mL),
and 1-methyl-2  pyrrolidinone (15.4 mL). The reaction mixture was heated to
160 'C in a 10 sealed tube for 13 hrs., then cooled to room temperature.
Water was added,  then the mixture was extracted with ethyl acetate and
washed with water  several times. The organic mixture was dried over
potassium carbonate,  filtered and concentrated under vacuum. Purification
via flash chromatography (3/97 methanol/dichloromethane) yielded 12 (1.77 g,
90%).  15 1H NMR (400 MHz, CDCI3): 8 7.45 (d, 1 H, J = 2.0 Hz), 7.17 (dd, 1
H, J =  2.4 Hz, J = 8.6 Hz), 6.86 (d, 1 H, J = 8.4 Hz), 5.18-4.34 (m, 3H),
4.00- 4.23 (m, 5H), 3.86-3.98 (m, 6H), 3.69-3.79 (m, 1H), 2.10-2.21 (m, 1H),
1.99-2.10 (m, 1 H), 1.60-1.84 (m, 3H), 1.32-1.43 (m, 1 H), 1.24 (t, 3H, J  



= 7.2 Hz), 0.75 (s, 911), 0.07 (d, 6H, J = 4.0 Hz). HRMS: Calcd for 20
C28H43BrN5O5Si (M+H): 636.2217. Found: 636.2207. 12 (1.77 g, 2.78 mmol) was
dissolved in tetrahydrofuran (28 ml-) under  nitrogen and tetrabutylammonium
fluoride (1 Min THF, 28 ml-) was added  dropwise. The reaction was stirred
at room temperature for 15 hrs., then 0 7 APR 2005 WO 02/24698
PCT/USOJ/28983 72 diluted with dichloromethane and washed with water several
times. The  organic mixture was dried over potassium carbonate, filtered and
concentrated under vacuum. Purification via flash chromatography (3/97
methanol/dichloromethane) yielded 13 (compound no. 114 in Table II) (760  5
mg, 52%). 1H NMR (400 MHz, CDCI3): 5 7.47 (d, 1 H, J = 2.0 Hz), 7.19 (dd, 1
H, J =  2.0 Hz, J = 8.4 Hz), 6.88 (d, 1 H, J = 8.4 Hz), 5.25 (s, 2H), 5.09
(s, 1 H),  4.21-4.27 (m, 3H), 4.06 (q, 2H, J = 7.0 Hz), 3.90-3.97 (m, 3H),
3.89 (s,  1 H), 3.74-3.82 (m, 1 H), 3.08 (s, 1 H), 2.12-2.22 (m, 1 H),
1.98-2.08 (m, 10 1 H), 1.60-1.86 (m, 3H), 1.33-1.43 (m, I H), 1.25 (t, 3H, J
= 7.0 Hz),  1.06-1.22 (m; 3H). HRMS: Calcd for C22H28BrN5O5 (M+H): 522.1352.
Found: 522.1346. 2-Bromo-4-methyl anisole 14 (2.2 mL, 14.9 mmol) was
dissolved in ,  15 dichlomethane (30 ml-) and N-bromosuccinimide (3.75 g,
16.4 mmol) was added followed by AIBN (26.0 mg). The reaction was heated to
reflux for 19  



hrs., then cooled to room temperature and the precipitate was filtered off.
The  filtrate was diluted with dichloromethane and washed with 0.5 M aqueous
sodium bicarbonate, followed by water. The organic mixture was dried over 20
sodium sulfate, filtered and concentrated under vacuum to yield 15 (4.16 g,
100%). The benzyl bromide was used as the crude material without further
purification. 'H NMR (400 MHz, CDCI3): 6 7.59 (d, 1 H, J = 2.0 Hz), 7.30
(dd, 1 H, J  2.4 Hz, J = 8.4 Hz), 6.85 (d, I H, J = 8.4 Hz), 4.37 (s, 2H),
3.90 (s, 3H). 0 7 APR 2005 WO 02/24698 PCT/USO1/28983 73 General Synthesis
of Compound No. 114 in Table 11 (13)  a) Reacting I with an alkyl halide and
base to form 2; b) Debenzylation of 2 to form 3; c) Alkylation of 3 with a
benzyl halide to form 10; d) Deprotonation of 10 followed.by addition of a
brominating agent to  form 11; e) Displacement of bromo 11 with an amine to
form 12; and f) Silyl ether cleavage of 12 to form compound no. 114 in Table
11 (13). 10 Synthesis of Compound No. 160 in Table 11(18) 0 16 



DIPEA, NMP  160 C sealed tube Experimental Procedure: Compound No. 160 in
Table 11 (18) 15 To 16 (150 mg, 0.579 mmol) was added dimethylformamide (3
mL), 6- chloropiperonyl chloride (142 mg, 0.694 mmol) and potassium
carbonate (120 WO 02124698 74 0 7 APR 1005  PCIYUS01/28983 mg, 0.868 mmol)
under nitrogen. The reaction mixture was stirred at room  temperature for
137 hrs., then diluted with ethyl acetate and washed with  water several
times. The organic mixture was dried over magnesium sulfate,  filtered and
concentrated under vacuum. Purification via PTLC (1/1 ethyl 5
acetate/hexanes) yielded 17 (84.1 mg, 34%). 'H NMR (400 MHz, CDCI3): 5 6.89
(s, 1 H), 6.09 (s, 1 H), 5.95 (s, 2H),  5.59 (s, 2H), 3.60 (s, 3H), 3.38 (s,
3H). HRMS: Calcd for  Cti5H12BrCIN4O4 (M+H): 426.9809. Found: 426.9802. 10
To 17 (72.0 mg, 0.169 mmol) was added cyclohexylamine (86.7 mg,  0.883
mmol), diisopropylethylamine (0.8 ml-) and 1-methyl-2-pyrrolidinone  (0.8
mL). The reaction mixture was heated to 160 C in a sealed tube for 17  hrs.,
then cooled to room temperature. Water was added, then the mixture  was
extracted with ethyl acetate and washed with water several times. The 



15 organic mixture was dried over magnesium sulfate, filtered and
concentrated  under vacuum. Purification via PTLC (1/1 ethyl
acetate/hexanes) yielded  compound no. 160 in Table II (18) (50.9 mg, 68%).
'H NMR (400 MHz, CDCI3): 8 6.84 (s, 1H), 6.815 (s, 1H), 5.96 (s, 2H),  5.33
(s, 2H), 4.42 (d, 1 H, J= 7.2 Hz), 3.68-3.79 (m, 1 H), 3.53 (s, 3H),  20
3.40 (s, 3H), 1.94-2.05 (m, 2H), 1.55-1.74 (m, 3H), 1.25-1.42 (m, 2H),
1.10-1.22 (m, 3H). HRMS: Calcd for C21H24CIN504 (M+H): 444.2400.  Found:
444.2394. 0 7 APR 2115 WO 02/24698 PCT/USOI/28983 75 General Synthesis of
Compound No. 160 in Table 11 (18)  a) Alkylation of 16 with a benzyl halide
to form 17; and b) Displacement of bromo 17 with an amine to form compound
no. 160  in Table 11 (18). 10 Accordingly, the invention includes a method
for producing a  compound having the formula (I), comprising: (1) reacting a
compound having the formula (III) with an alkyl  halide in the presence of a
base to form a compound  having the formula (IV): 0 CH2Ph 0 CHZPh 



,  R1  R N , alkyl halide OAN~Nf base O-NI  N H L 15 20. (111) (IV) where,
(a) R1 is a hydrogen atom or a C1.15 alkyl group, branched or straight
chain, with or without one or more substituents, a C2_,5  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 substituents,
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(0)N(R5)2, where WO 02/24698 0 7 APR 2005  



PCT/USO1/28983 76 5 R5 is a hydrogen atom or a hydrocarbon radical, branched
or  straight-chain, with or without one or more substituents (b) L is R2 or
a protected form of R2; and  (c) Ph is a phenyl group; debenzylating and
then alkylating the compound having  the formula (IV) with an alkyl halide,
XCH2R3, to form the compound having the formula (V): R 0 CHZPh Ri 0 CH2R3
'I n~ N 1. debenzvlation ,.) N  O~N~N 2. alkylation (XCH2R3) O~NLN  L L 10
N) where, X is a halogen atom (e.g., a chlorine or bromine atom) 15 20 and
R3 is an aryl group, with or without one or more  



substituents, a heteroaryl group, with or without one or more  substituents,
or a heterocyclic group having I 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-, -0-, -S-,
-N(R21)-, -CON(R22)-,  N(R72)CO-, -OCH2-, -CH2O-, -SCH2-, -CH2S-,
-NHC(R23)(R24)-, WO 02/24698 0 7 APR 200  PCT1US01/28983 77 -NR23S02-,
-S02NR23-, -C(R23)(R24)NH-, -CH=CH-, -CF=CF-, -CH=CF-, -CF=CH-, -CH2CH2-,
-CF2CF2-, 5 OCOR26  1 Cl  where, , H2  c-"' I CH2 NR27  II 



-C or OR 25 -CI O OR29 -C p21 isw a hydrogen a+o,.~.-~ r.-.n,/C,-4 n.ly.,
,1/, vn,_6 a~ tkyi ., auny.,i  irr al,, 10 15 C3.6 cycloalkyl, phenyl or
benzyl group; R72 is a hydrogen atom or a C1.6 alkyl group; R23 is a
hydrogen atom or a C,_5 alkyl, aryl or-CH2-aryl  group; R24 is a hydrogen
atom or a C14 alkyl group; R25 is a hydrogen atom or a C1-6 alkyl, C1-8
perfluoroalkyl;  C3-6 cycloalkyl, phenyl or benzyl group; R26 is a hydrogen
atom or a C1.6 alkyl, C3.6 cycloalkyl, phenyl  or benzyl group; R27 is
-NR23R24, -OR24, -NHCONH2, -NHCSNH2, H O II -N-S 



0  11 15 11 ~-~ O  1 CH3 or -N WO 02/24698 10 78 and 0 7 APR 2005
PCT/USO1/28983 R28 and R29 are, independently of one another, each a C1-4
alkyl group, or R28 and R29, taken together with each other, are a  -(CH2)q
group, where q is 2 or 3; wherein, R21 through R29 are optionally
substituted with any of  the groups defined above for the one or more
substituents; and (iii) deprotonating and then halogenating the compound
having the formula (V) to form a compound having the formula (VI): 15 0
CHZR3  



NN > 1. deprotonation N 2. halogenation 0 NO 20 N)  where, Hal is a halogen
atom; CH2R3  N / -Hal  N (iv) reacting the compound having the formula (VI)
with an  amine having the formula R4NH2 to form a compound  having the
formula (VII): WO 02!24698 0 NO 5 where, 0 7 APR 2000 PCT/U501/28983 79
CHZR30 CHZR3 



NR4NH2\ R N' N H N} -Hal4 O N N R i L R4 is a C3.15 cycloalkyl group, with
or without one or more  substituents, 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; and 10 (v) removing the
protecting portion of L, when L is the  protected form of R2, on the
compound having the  formula (VII) to form the compound having the formula
(I): 15 (I) where, R2 is defined the same as R' above, with the proviso that
at least one of R1 and R2 is not a hydrogen atom; 










