
METHODS OF USING PDE V INHIBITORS FOR THE TREATMENT OF
CONGESTIVE HEART FAILURE CROSS-REFERENCE TO RELATED
PATENT APPLICATION The present application claims
priority under 35 USC section 119(e) to United States
Provisional application Serial No. 60/629,030, filed
November 18, 2004, which is incorporated by reference
herein as if fully set forth. BACKGROUND OF THE
INVENTION 1. Field of the Invention The present
invention relates to novel methods for treating
congestive heart failure ("CHF") in mammals,
especially humans, with a compound which inhibits
phosphodiesterase type V ("PDE V"). The present
invention also relates to pharmaceutical compositions
for the treatment of CHF comprising a compound which
inhibits PDE type V. 2. Description of Related Art CHF
is a disorder in which the heart loses its ability to
pump blood efficiently. The prevalence of CHF is about
1-2% of the general population. In the US, more than
three million people have CHF, and more than 400,000
new patients present yearly. Approximately 30-40% of
patients with CHF are hospitalized every year. CHF is
the leading diagnosis-related group among hospitalized
patients older than 65 years. The 5-year mortality
rate after diagnosis was reported in 1971 as 60% in
men and 45% in women. In 1991 , data from the
Framingham heart study showed the 5-year mortality
rate for CHF essentially remaining unchanged, with a
median survival of 3.2 years formales and 5.4 years
for females. This may be secondary to an aging US
population with declining mortality due to other
diseases. CHF may be caused by the occurrence of an
index event such as a myocardial infarction (heart
attack) or be secondary to other causes such as
hypertension or cardiac malformations such as valvular
disease. The index event, or other cause, results in
an initial decline in the pumping capacity of the
heart, for example by damaging the heart muscle. This
decline in pumping capacity may not be immediately
noticeable, due to the activation of one or more
compensatory mechanisms. However, the progression of
CHF has been found to be independent of the patient's
hemodynamic status. Therefore, the damaging changes
caused by the disease are present and ongoing even
while the patient remains asymptomatic. In fact, the
compensatory mechanisms which maintain normal
cardiovascular function during the early phases of CHF
may actually contribute to progression of the disease,
for example by exerting deleterious effects on the
heart and circulation. Some of the more important
pathophysiologic changes which occur in CHF are
activation of the hypothalamic-pituitary-adrenal axis,
systemic endothelial dysfunction and myocardial
remodeling. Therapies specifically directed at
counteracting the activation of the
hypothalamic-pituitary-adrenal axis include
beta-adrenergic blocking agents (beta-blockers),
angiotensin converting enzyme (ACE) inhibitors,
certain calcium channel blockers, nitrates and
endothelin-1 blocking agents. Calcium channel blockers
and nitrates, while producing clinical improvement,
have notbeen clearly shown to prolong survival,
whereas beta-blockers and ACE inhibitors have been
shown to significantly prolong life, as have
aldosterone antagonists. Experimental studies using
endothelin-1 blocking agents have shown a beneficial
effect. Current therapy for heart failure is
insufficient. Although angiotensin converting enzyme
(ACE) inhibitors have been shown to have beneficial
effects in patients with heart failure, they appear
consistently unable to relieve symptoms in more than
60% of heart failure patients. In addition, they
reduce mortality of heart failure only by
approximately 15-20%. Therefore, there is room for
improvement in the therapy of heart failure. The role
of cGMP and PDE V inhibitors has recently been
explored as potential treatment for CHF. Preclinical
studies in a mice model of CHF (Takimoto, E. et al,
Nat. Med. vol. 11, no. 2, 214-222, Feb. 2005) have
demonstrated that chronic inhibition of cGMP PDE V
prevents and also reverses cardiac hypertrophy in
mice. Acute administration of a PDE V inhibitor
improved cardiac hemodynamics in the cardiomyopathic
hamster model of heart failure (Inoue, H. et al, Eur.
J . of Pharmacology, 443, 179-184, 2002). Chronic
treatment of these hamsters with PDE V inhibitors has
been demonstrated to improve survival rates (Inoue et
al, 2002). The data in the dog pacing induced model of
heart failure produce a mixed picture, with one study
showing some benefit (Yamamoto, T. et al, CHn. ScL,
Supp. 48, 258S- 262S, 2002), and another showing none
(Chen, Y., et al, Am. J. Physiol Heart Circ. Physiol.,
284, H1513-H1520, 2003). Beneficial effects of PDE V
inhibition on renal function have been reported in
animal models of heartfailure. The relevance of these
animal models, especially in mice and rats, has been
questionable. Studies in humans with coronary artery
diseases and heart failure have demonstrated modest
reductions in blood pressure and peripheral
vasodilation, but no effects on cardiac contractility
or cardiac output. However, no long term studies in
humans have been reported. A recent study concludes
that the increase in cGMP caused by sildenafil
inhibits cardiac hypertrophy (Mendelsohn, M., Nat.
Med., 11, 115-1 16, Feb. 2002). The potential
beneficial effects of PDE V inhibition in CHF could
result from reduction in pre-load and after-load,
improved renal function and possibly from cardiac
remodeling. It is unlikely that PDE V inhibition would
have direct effects on cardiac contractility. Any
effects on cardiac function may be secondary to its
effects on cardiac hypertrophy and remodeling. PDE V
inhibitor compounds and their use in treating a
variety of physiological conditions are described in a
number of patents {e.g., U.S. Pat. Nos. 5,409,934,
5,470,579, 5,939,41 9 and 5,393,755) and foreign
publications (e.g., WO 93/23401 ,WO 92/05176, WO
92/05175, and WO 99/24433). 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, vardenafil, and
tadalafil (i.e., Viagra(r), Levitra(r), and Cialis(r),
respectively). The chemistry and use of Viagra(r),
including its mechanism of action in treating erectile
dysfunction, are taught in EP 0 702 555 B
1.Accordingly, it is an object of this invention to
provide a method of using a PDE V inhibitor to treat a
patient who has, or is at risk of, congestive heart
failure, and/or other cardiovascular conditions.
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 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. 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 or
radicals, usually hydrogen atoms, in a given structure
with a chemicallycompatible 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. 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
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, hydroxyalkyl, arylalkyl, aminoalkyl,
haloalkyl, thioalkyl, alkylthioalkyl, carboxyalkyl,
imidazolylalkyl, indolylalkyl, mono-, di- and
trihaloalkyl, mono-, di- and trihaloalkoxy, amino,
alkylamino, dialkylamino, alkoxy, hydroxy, halo (e.g.,
-Cl and -Br), nitro, oximino, -COOR50, -COR50,
-SO0-2R50, -SO2NR50R5 1, NR52SO2R50, =C(R50R5 1) ,
=N-OR 50, =N-CN, =C(halo)2, =S, =O, -CON(R50R5 1) ,
-OCOR 50, -OCON(R50R5 1) , -N(R52)CO(R50) ,
-N(R52)COOR50 and -N(R52)CON(R50R51) , where: R50, R5
1 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 permissible, R50 and R5 1
can be joined together to form a carbocyclic or
heterocyclic ring system. R50, R5 1 and R52 may also
include:where, R40 and R4 1 are, independently of one
another, each a hydrogen atom or a branched or
straight-chain, optionally substituted, alkyl,
cycloalkyl, heterocycloalkyl, halo, aryl,
imidazolylalkyl, indolylalkyl,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,
alkylsulfonyl, arylsulfonyl, alkylsulfinyl,
aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,
hydroxyalkyl, morpholino, thioalkyl, alkylthioalkyl,
carboxyalkyl, oximino, -COOR50, -COR50, -SO0-2R50,
-SO2NR50R5 1 , - NR52SO2R50, -CON(R50R5 1) ,
-OCON(R50R5 1) , -N(R52)CO(R 50) , - N(R52)COOR 50,
-N(R52)CON(R 50R5 1) or -OCONR50 group, where, R50, R5
1 and R52 are as defined above; R42 is a hydrogen atom
or a branched or straight-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 R4 1. 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.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 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 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
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 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 bondpresent 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. 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 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 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, 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 bicyclicheteroaryl
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 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 (p) electrons to provide
aromatic character. Representative heteroaryl
(heteroaromatic) groups are 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 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 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"
substituentattaches to a targeted structure through
the "alky!" 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). 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. 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 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 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 maybe 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
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., -O-alkyl or -Oalkenyl).
Representative alkoxy groups include methoxy, ethoxy,
and isopropoxy groups. The term "hydroxyalkyl," as
used herein, means a substituted hydrocarbon chain,
preferably, an alkyl group, having at least one
hydroxy substituent (i.e., -OH). Additional
substituents to the alkyl group may also be 



present. Representative hydroxyalkyl groups include
hydroxymethyl, hydroxyethyl and hydroxypropyl groups.
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 (- 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., -alkylNH 2) , such as
aminomethyl.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 amino
group is not attached to the alkene-forming carbon
atom {e.g., -NHCH2- 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 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. The
term "aryloxy," as used herein, means an oxygen atom
having an aryl substituent (e.g., -O-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 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.The term "acyloxy," as
used herein, means an oxygen atom having an acyl
substituent (e.g., -O-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 -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 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. 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:
-SO2NR79R89, where R79 and R89 are, independently of
one another, each a hydrogen atom or a lower alkyl
(e.g., from 1 to 6 carbon atoms) or aryl group. The
term "sulfonyl," as used herein, represents a group
having the formula: -S(O)2- . When a variable appears
more than once in a structural formula, for example, R
for where X is -C(OR )2- , the identity of each
variable appearingmore than once may be independently
selected from the definition for that variable. The
term "pharmaceutically acceptable excipients," 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 use.
Pharmaceutically acceptable excipients include
polymers, resins, plasticizers, fillers, binders,
lubricants, glidants, disintegrates, solvents,
co-solvents, buffer 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 PDE V
inhibitor compound and at least one pharmaceutically
acceptable excipient. 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. 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. 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 with respect to
CHF). 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 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 (e.g., CHF), 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. The phrase
"administering [to a patient a safe and effective
amount of the PDE V inhibitor compound]," as used
herein, refers to any mode of introducing any form
(e.g., solid, liquid or gas) of the PDE V inhibitor
compounds in vivo to a patient (e.g., human or
mammal). For example, introduction of a PDE V
inhibitor compound to a patient may be accomplished
via oral ingestion (e.g., tablets, capsules, gels,
solutions, etc.), adsorption, absorption (e.g.,
transmucosal 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
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 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. The terms
"treating" and "treatment" are understood to include
preventing, lowering, stopping, or reversing the
progression or severity of the condition or symptoms
being treated. As such, the terms "treating" and
"treatment" include both medical therapeutic
administration in the presence of an existing
condition (e.g., CHF) and/or prophylactic
administration intended for the prevention of such
condition, as appropriate. Other than as shown in the
operating examples or where 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." SUMMARY
OF THE INVENTION In one aspect, the invention is
directed to a method of treating congestive heart
failure comprising administering to a patient in need
of such treatment an effective amount of a PDE V
inhibitor compound, wherein said compound is a
compound of Formula (I), an enantiomer, stereoisomer,
rotomer, tautomer or a pharmaceutically acceptable
salt thereof:(I) wherein the variables are as defined
herein. In another aspect, the invention is directed
to a method of treating congestive heart failure
comprising administering to a patient in need of such
treatment an effective amount of a PDE V inhibitor
compound, wherein said compound is selected from the
group consisting of:POTENTIATORS OF GLUTAMATERECEPTORS
This application claims the benefit of U. S.
provisional application Ser. No. 60/630,060 filed Nov.
22, 2004. The present invention provides a compound of
formula I, pharmaceutical compositions thereof, and
methods of using the same, as well as processes for
preparing the same, and intermediates thereof.
BACKGROUNDOF THE INVENTION The excitatory amino acid
L-glutamate (at times referred to herein simply as
glutamate) through its many receptors mediates most of
the excitatory neurotransmission within the mammalian
central nervous system (CNS) and has been implicated
in numerous peripheral nervous system (PNS) pathways.
The excitatory amino acids, including glutamate, are
of great physiological importance, playing a role in a
variety of neurological, physiological and psychiatric
processes, such as synaptic plasticity, motor control,
respiration, cardiovascular regulation, sensory
perception, and emotional responses. Glutamate acts
via at least two distinct classes of receptors. One
class is composed of the ionotropic glutamate (iGlu)
receptors that act as ligand-gated ion channels. Via
activation of the iGlu receptors, glutamate is thought
to regulate fast neuronal transmission within the
synapse of two connecting neurons in the CNS. The
second general type of receptor is the G-protein or
second messenger-linked "metabotropic" glutamate
(mGlu) receptor. Both types of receptors appear not
only to mediate normal synaptic transmission along
excitatory pathways, but also participate in the
modification of synaptic connections during
development and throughout life. Schoepp, Bockaert,
and Sladeczek, Trends in Pharmacol. ScL, 11, 508
(1990); McDonald and Johnson, Brain Research Reviews,
15, 4 1 (1990). The mGlu receptors belong to the Class
C G-protein coupled receptor (GPCR) family. This
family of GPCR' s, including the calcium-sensing
receptors, GABA receptors and sensory receptors, are
unique in that effectors bind to the amino-terminus
portion of the receptor protein translating a signal
via the transmembrane segments to the intracellular
matrix through receptor/G-protein interactions. Ozawa,
Kamiya and Tsuzuski, Prog. Neurobio., 54, 581 (1998).
It has been demonstrated that the receptors are
localized either pre- and/or post-synapticly where
they can regulate neurotransmitterrelease, either
glutamate or other neurotransmitters, or modulate the
post-synaptic response of neurotransmitters,
respectively. At present, there are eight mGlu
receptors that have been positively identified,
cloned, and their sequences reported. These are
further subdivided based on their amino acid sequence
homology, their ability to effect certain signal
transduction mechanisms, and their known
pharmacological properties. Ozawa, Kamiya and
Tsuzuski, Prog. Neurobio., 54, 581 (1998). For
instance, the Group I mGlu receptors, which include
the mGlul and mGlu5, are known to activate
phospholipase C (PLC) via Gaq-proteins thereby
resulting in the increased hydrolysis of
phosphoinositides and intracellular calcium
mobilization. There are several compounds that are
reported to activate the Group I mGlu receptors
including DHPG, (+/-)-3,5-dihydroxyphenylglycine.
Schoepp, Goldworthy, Johnson, Salhoff and Baker, J .
Neurochem., 63, 769 (1994); Ito, et al., Neurorep., 3,
1013 (1992). The Group II mGlu receptors consist of
the two distinct receptors, mGlu2 and mGlu3 receptors.
Both receptors are negatively coupled to adenylate
cyclase via activation of Gai-protein. These receptors
can be activated by a group-selective compound such as
(15',25',5i?,65)-2-aminobicyclo[3.1.0]hexane-2,6-
dicarboxylate. Monn, et al., J. Med. Chem., 40, 528
(1997); Schoepp, et al., Neuropharmacol., 36, 1
(1997). Similarly, the Group III mGlu receptors,
including mGlu4, mGlu6, mGlu7 and mGlu8, are
negatively coupled to adenylate cyclase via Gai and
are potently activated by L-AP4
(L-(+)-2-amino-4-phosphonobutyric acid). Schoepp,
Neurochem. Int., 24, 439 (1994). It should be noted
that many of the available pharmacological tools are
not ideal in that they cross react not only on the
receptors within a group of mGlu receptors but also
often have some activity between groups of mGlu
receptors. For instance, compounds such as 1S,3R-ACPD,
(lS',3i?)-l-aminocyclopentane- tram'-l,3-dicarboxylic
acid, are believed to activate all of the Group I, II
and III mGlu receptors depending upon the dose
utilized while others, such as 1S,3S-ACPD,
(lS,3S)-l-aminocyclopentanetrr- l^-dicarboxylic acid,
are more selective for the Group II receptors
(mGlu2/3) than the Group I (mGlul/5) or Group III
(mGlu4/6/7/8). Schoepp, Neurochem. Int., 24, 439
(1994). To date, there are very few examples of
selective agents for the mGlu receptors. Schoepp,
Jane, and Monn, Neuropharmacol., 38, 1431 (1999).It
has become increasingly clear that there is a link
between modulation of excitatory amino acid receptors,
including the glutamatergic system, through changes in
glutamate release or alteration in postsynaptic
receptor activation, and a variety of neurological,
psychiatric and neuroiriflarnmatory disorders e.g.
Monaghan, Bridges and Cotman, Ann. Rev. Pharmacol.
Toxicol., 29, 365-402 (1989); Schoepp and Sacann,
Neurobio. Aging, 15, 261-263 (1994); Meldrum and
Garthwaite, Tr. Pharmacol. ScL, 11, 379-387 (1990).
The medical consequences of such glutamate dysfunction
make the abatement of these neurological processes an
important therapeutic goal. Leukotrienes are potent
local mediators, playing a major role in inflammatory
and allergic responses including arthritis, asthma,
psoriasis, and thrombotic disease. Leukotrienes are
straight chain eicosanoids produced by the oxidation
of arachidonic acid by lipoxygenases in several cell
types including: eosinophils, neutrophils, mast cells,
leukocytes, and macrophages. At the present time,
there are two established Class A GPCR receptors for
the cy5te/"y/-leukotrienes (CysLTl and CysLT2) which
the leukotrienes LTC4, LTD4 and LTE4 activate,
mediating their proinflammatory effects. Each of the
CysLT receptors has distinct tissue distributions and
associations with physiological responses. Also, the
leukotriene LTD4 has a higher affinity for the CysLTl
receptor than the other leukotrienes. Back, M. Life
Sciences 71, 6 11-622, (2002). The leukotrienes,
especially LTD4 and its receptor CysLTl, have been
implicated in the pathogenesis of airway and allergic
diseases such as asthma by contributing to
bronchoconstriction, mucus secretion, and eosinophil
migration. Thus, leukotrienes have been shown to play
an important role in the pathology of asthma. Rigorous
proof for the role of leukotrienes in asthma has been
provided by several pivotal clinical trials in which
orally administered LTD4 receptor antagonists produce
clear therapeutic benefit in asthma patients. These
benefits include reduction in the use of classic
asthma therapies such as corticosteroids. Kemp, J.P.,
Amer. J. Resp. Medi. 2, 139-156, (2003). Numerous
investigations confirm the importance of the
leukotrienes in allergic disorders as well. Thus,
after allergen provocation, a marked increase in the
LT concentration in the nasal lavage fluid of patients
with allergic rhinitis was detected both in the early
phase and in the late phase. Creticos, P.S., S.P.
Peters, N.F. Adkinson, R.M. Naclerio, E.C. Hayes, P.S.
Norman, L.M. Lichtenstein, N. Eng. J. Med. 310:1626
(1984). In addition, treatment with clinically
efficacious antihistamines, such as azelastine,
hasshown a reduction in the formation of the
cysteinyl-leukotrines, establishing a correlative
relationship of allergic reaction symptoms to the
degree of leukotriene formation and, thus, CysLT
receptor activation. Achterrath-Tuckermann, U., Th.
Simmet, W. Luck, I. Szelenyi, B. A. Peskar, Agents and
Actions 24:217, 1988; Shin, M. H., F.M. Baroody, D.
Proud, A. Kagey-Sobotka, L.M. Lichtenstein, M.
Naclerio, Clin. Exp. Allergy 22:289, 1992. United
States Patent No. 6,194,432 Bl discloses a method for
using leukotriene antagonist drugs to prevent and
treat recurrent primary headaches including migraine
headaches. United States Patent No. 5,977,1 77
discloses certain substituted phenyl derivative
compounds are modulators of endothelin and, as such,
are useful in treating many different conditions
including asthma. United States Patent No. 4,853,398
discloses certain benzene derivative compounds are
selective antagonists of leukotrienes and, as such,
are useful in treating allergic disorders such as
asthma. European Patent Application No. EP 28063 Al
and UK Patent Application No. GB 2058785 disclose
certain phenol derivative compounds are antagonists of
slow reacting substance of anaphylaxis and, as such,
are useful in treating asthma, hay fever and skin
afflictions. Brown, F. J . et al J. Med. Chem. 32, p.
807-826 (1989) discloses certain hydroxyacetophenone
derivative compounds are antagonists of leukotrienes
and, as such, play a role in treating asthma.
International Patent Application Publication No.WO
2001056990 A2 and United States Patent No. 6,800,651
B2 disclose certain pyridine derivative compounds are
potentiators of metabotropic glutamate receptor
function, specifically; potentiators of mGlu2 receptor
function and, as such, are useful in the treatment of
many different conditions including anxiety and
migraine headache. International Patent Application
Publication No.WO 2004018386 and Pinkerton, A. B. et
al Bioorg. Med. Chem. Lett., 14, p.5329-5332 (2004)
disclose certain acetophenone derivative compounds are
potentiators of glutamate receptor function,
specifically; potentiators of mGlu2 receptor function
and, as such, are useful in thetreatment of many
different conditions including anxiety, schizophrenia
and migraine headache. Recently, Pinkerton, A. B. et
al Bioorg. Med. Chem. Lett., 14, p. 5867-5872 (2004)
disclose certain 4-thiopyridyl acetophenone derivative
compounds are potentiators of glutamate receptor
function, specifically; potentiators of mGlu2 receptor
function and, as such, may be useful in the treatment
of CNS disorders including anxiety, schizophrenia and
epilepsy. The present invention provides compounds of
formula I that are potentiators of the mGlu2 receptor
and antagonists of the CysLTl receptor. As such,
compounds of formula 



I would provide a means to treat disorders associated
with glutamate or leukotrienes. In addition, it is
anticipated that in disorders with a glutamate and
leukotriene component to the onset, propagation and/or
symptoms, the compounds of formula I will provide an
effective treatment for the patient. The medical
consequences of such glutamate dysfunction make the
abatement of these neurological processes an important
therapeutic goal. SUMMARY OF THE INVENTION The present
invention provides a compound of formula I : I wherein
R1 is selected from the group consisting of C1-C5
alkyl, C3-C7 cycloalkyl, C4-C8 cycloalkylalkyl, phenyl
and substituted phenyl; R2 is selected from the group
consisting of hydrogen, C1-C5 alkyl, substituted C1-C5
alkyl, halo, phenyl, substituted phenyl, C1-C3
fluoroalkyl, CN, CO2R3, thiophenyl, substituted
thiophenyl, thiazolyl, substituted thiazoyl, furanyl,
substituted furanyl, pyridinyl, substituted pyridinyl,
oxazolyl, substituted oxazolyl, isothiazolyl,
substituted isothiazoyl, isoxazolyl, substituted
isoxazolyl, 1,2,4-oxadiazolyl,
substituted1,2,4-oxadiazolyl, pyrimidinyl, substituted
pyrimidinyl, pyridazinyl and substituted pyridazinyl;
X is selected from the group consisting of O, S(O)m,
and NR3; Y is selected from the group consisting of
C1-C3 alkanediyl and substituted C1-C3 alkanediyl;
Ar1and Ar2 are independently selected from the group
consisting of phenylene, substituted phenylene,
thiophenediyl, substituted thiophenediyl,
thiazolediyl, substituted thiazolediyl, furanediyl,
substituted furanediyl, pyridinediyl, substituted
pyridinediyl, oxazolediyl, substituted oxazolediyl,
isothiazolediyl, substituted isothiazolediyl,
isoxazolediyl, substituted isoxazolediyl,
pyrimidinediyl, substituted pyrimidinediyl,
pyridazinediyl, substituted pyridazinediyl and
l,2,4-oxadiazole-3,5-diyl; L is selected from the
group consisting of C1-C5 alkanediyl, substituted
C1-C5 alkanediyl, and -G-C(=W)-J-; G and J are
independently selected from the group consisting of a
bond and C1-C3 alkanediyl; R3 is independently
hydrogen or C1-C5 alkyl; Z is selected from the group
consisting of (CH2)nCOOH, m is 0, 1, or 2; n and q are
independently 0, 1, 2 or 3; and pharmaceutically
acceptable salts thereof. In another embodiment, the
present invention provides a compound of formula I
wherein Z is selected from the group consisting of
(CH2)nCOOH,The present invention also provides for
novel pharmaceutical compositions, comprising a
compound of the formula I and a pharmaceutically
acceptable diluent. Because the compounds of formula I
are potentiators of the mGlu2 receptor, the compounds
of formula I are useful for the treatment of a variety
of neurological and psychiatric disorders associated
with glutamate dysfunction, including: acute
neurological and psychiatric disorders such as
cerebral deficits subsequent to cardiac bypass surgery
and grafting, stroke, cerebral ischemia, spinal cord
trauma, head trauma, perinatal hypoxia, cardiac
arrest, hypoglycemic neuronal damage, dementia
(including AIDSinduced dementia), Alzheimer's disease,
Huntington's Chorea, amyotrophic lateral sclerosis,
multiple sclerosis, ocular damage, retinopathy,
cognitive disorders, idiopathic and drug-induced
Parkinson's disease, muscular spasms and disorders
associated with muscular spasticity including tremors,
epilepsy, convulsions, migraine (including migraine
headache), urinary incontinence, substance tolerance,
substance withdrawal (including, substances such as
opiates, nicotine, tobacco products, alcohol,
benzodiazepines, cocaine, sedatives, hypnotics, etc.),
psychosis, schizophrenia, anxiety (including
generalized anxiety disorder, panic disorder, and
obsessive compmlsive disorder), mood disorders
(including depression, mania, bipolar disorders),
trigeminal neuralgia, hearing loss, tinnitus, macular
degeneration of the eye, emesis, brain edema, pain
(including acute and chronic pain states, severe pain,
intractable pain, neuropathic pain, and post-traumatic
pain), tardive dyskinesia, sleep disorders (including
narcolepsy), attention deficit/hyperactivity disorder,
and conduct disorder. In another embodiment the
present invention provides methods of treating
neurological and psychiatric disorders associated with
glutamate dysfunction, comprising administering to a
patient in need thereof an effective amount of a
compound of formula I. That is, the present invention
provides for the use of a compound of formula I
orpharmaceutical composition thereof for the treatment
neurological and psychiatric disorders associated with
glutamate dysfunction. Of the disorders above, the
treatment of migraine, anxiety, schizophrenia, and
epilepsy are of particular importance. In a preferred
embodiment the present invention provides a method of
treating migraine, comprising administering to a
patient in need thereof an effective amount of a
compound of formula I. In another preferred embodiment
the present invention provides a method of treating
anxiety, comprising administering to a patient in need
thereof an effective amount of a compound of formula
I. Particularly preferred anxiety disorders are
generalized anxiety disorder, panic disorder, and
obsessive compulsive disorder. In another preferred
embodiment the present invention provides a method of
treating schizophrenia, comprising administering to a
patient in need thereof an effective amount of a
compound of formula I . In yet another preferred
embodiment the present invention provides the use of a
compound of formula I for the manufacture of a
medicament for the treatment of neurological and
psychiatric disorders associated with glutamate
dysfunction. In yet another preferred embodiment the
present invention provides a compound of formula I for
use as a medicament. In yet another preferred
embodiment the present invention provides the use of a
compound of formula I for the manufacture of a
medicament for the treatment of migraine. In yet
another preferred embodiment the present invention
provides a pharmaceutical composition for the
treatment of neurological and psychiatric disorders
associated with glutamate dysfunction containing as an
active ingredient a compound of formula I. In yet
another preferred embodiment the present invention
provides a method of treating epilepsy, comprising
administering to a patient in need thereof an
effective amount of a compound of formula I. Because
such potentiators, including the compounds of formula
I, positively modulate metabotropic glutamate receptor
response to glutamate, it is an advantage that the
present methods utilize endogenous glutamate.Because
such potentiators positively modulate metabotropic
glutamate receptor response to glutamate agonists it
is understood that the present invention extends to
the treatment of neurological and psychiatric
disorders associated with glutamate dysfunction by
administering an effective amount of a metabotropic
glutamate potentiator, including the compounds of
formula I, in combination with a potentiated amount of
a metabotropic glutamate receptor agonist. Such a
combination may be advantageous in that it may augment
the activity and selectivity of an agonist of
metabotropic glutamate receptors, in particular a
potentiator of mGlu2 receptors. Because many the
compounds of formula I are antagonists of the CysLTl
receptor, many of the compounds of formula I are
useful for the treatment of a variety of disorders
mediated by one or more leukotrienes such as
inflammatory and allergic disorders associated with
leukotriene mediation including inflammatory bowel
syndrome, inflammatory bowel disease, arthritis,
asthma, psoriasis, and thrombotic disease. In another
embodiment the present invention provides methods of
treating a variety of disorders mediated by one or
more leukotrienes, comprising administering to a
patient in need thereof an effective amount of a
compound of formula I. That is, the present invention
provides for the use of a compound of formula I or
pharmaceutical composition thereof for the treatment
inflammatory and allergic disorders associated with
leukotriene mediation. In a preferred embodiment the
present invention provides a method of treating
asthma, comprising administering to a patient in need
thereof an effective amount of a compound of formula
I. In another embodiment the present invention
provides a process for preparing a compound of formula
I or a pharmaceutically acceptable salt thereof.
DETAILED DESCRIPTION OF THE INVENTION This invention
provides methods of potentiating metabotropic
glutamate receptors, in particular mGlu2 receptors. In
the present methods an effective amount of a
potentiator of metabotropic glutamate 2 receptors,
including a compound of formula I, is administered
which positively modulates the effect of glutamate or
glutamate agonists on the subject receptor. Before
describing the present invention in greater detail, it
is understood that the invention in its broadest sense
is not limited to particular embodiments described
herein,as variations of the particular embodiments
described herein are within the scope of the claimed
invention. Thus, compounds useful in the present
invention are those which are potentiators of
metabotropic glutamate receptors, particularly, those
that potentiate the effects of glutamate and glutamate
agonists at mGlu2 metabotropic glutamate receptors,
and even more particularly, those that potentiate the
effects of glutamate and glutamate agonists at niGlu2
receptors. Useful compounds are varied in structure,
and so long as they embrace the above properties, they
are suitable for use in the present invention.
Preferred compounds include, but are not limited to,
those described herein. The compounds of formula I
potentiate the function of glutamate receptors.
Specifically, the compounds of formula I are
potentiators of the mGlu2 receptor. Compounds of in
the present invention also include those which are
modulators of leukotriene receptors, particularly,
those that antagonize the CysLTl receptor. As used
herein, the following terms have the meanings
indicated: The term "C1-C5 alkyl" refers to a straight
or branched alkyl chain having from one to five carbon
atoms, and includes methyl, ethyl, propyl, iso-propyl,
butyl, iso-butyl, sec-butyl, t-butyl, pentyl and the
like. Particular values of "C1-C5 alkyl" are methyl,
ethyl, n-propyl and iso-propyl. The term "alkyl"
refers to a monovalent aliphatic hydrocarbon. Within
the meaning of "alkyl" is the term "C1-C3 alkyl". The
term "C1-C3 alkyl" refers to a straight or branched
alkyl chain having from one to three carbon atoms, and
includes methyl, ethyl, propyl, iso-propyl, and the
like. The term "substituted C1-C5 alkyl" refers to a
straight or branched alkyl chain having from one to
five carbon atoms, and includes methyl, ethyl, propyl,
iso-propyl, butyl, iso-butyl, sec-butyl, t-butyl and
pentyl having from 1 to 3 substituents selected from
the group consisting of hydroxy, halogen, azido,
alkoxy, acyloxy, carboxy, alkoxycarbonyl, amido,
substituted amido, amino, acylamino, sulfonylamido,
sulfonamide, phenyl, substituted phenyl, phenoxy,
substituted phenoxy, benzyloxy, substituted benzyloxy,
pyridyl, substituted pyridyl, thienyl, and substituted
thienyl. The term "C1-C5 alkanediyl" refers to a
straight or branched divalent alkyl chain having from
one to five carbon atoms, and includes methylene and
ethane- 1,1-diyl.The term "substituted C1-C5
alkanediyl" refers to a straight or branched divalent
alkyl chain having from one to five carbon atoms, and
includes methylene having a substituent selected from
the group consisting of hydroxyl, fluoro, azido,
methoxy, amino, acetylamino and methylsulfonamide.
Particular values of "substituted C1-C5 alkanediyl"
are CH(OH), CH(F) CHN3, CH(OCH3), CHNH2, CHNH(C=O)CH3,
CHNH(SO2)CH3. The term "C1-C3 alkanediyl" refers to a
straight or branched divalent alkyl chain having from
one to three carbon atoms, and includes methylene. The
term "substituted C1-C3 alkanediyl" refers to a
straight or branched alkyl chain having from one to
three carbon atoms, and includes methylene, having
from 1 or 2 substituents selected from the group
consisting of hydroxy, halogen, azido, alkoxy,
acyloxy, carboxy, alkoxycarbonyl, amido, substituted
amido, amino, acylamino, sulfonylamido, sulfonamide,
phenyl, substituted phenyl, pyridyl, substituted
pyridyl, thienyl, and substituted thienyl The term
"halogen or halo" refers to chloro, fluoro, bromo or
iodo. The term "Cl- C3 fluoro alkyl" refers to an
alkyl chain having from one to three carbon atoms
substituted with one or more fluorine atoms, and
includes fluoromethyl, difluoromethyl,
trifluoromethyl, 2,2,2-trifluoroethyl,
3,3,3-trifluoropropyl and the like. A particular value
of "C1-C3 fluoro alkyl" is trifluoromethyl. The term
"alkoxy" refers to a straight or branched alkyl chain
attached to an oxygen atom. Within the meaning of
"alkoxy" is the term "C1-C4 alkoxy". The term "C1-C4
alkoxy" refers to straight or branched alkyl chain
having from one to four carbon atoms attached to an
oxygen atom, and includes methoxy, ethoxy, propoxy,
iso-propoxy, butoxy, iso-butoxy, sec-butoxy, t-butoxy,
and the like. The term "substituted alkoxy" refers to
a straight or branched alkyl chain attached to an
oxygen atom having from 1 to 3 substituents. Within
the meaning of "substitiuted alkoxy" is the term
"substituted C1-C4 alkoxy". The term "substituted
C1-C4 alkoxy" refers to straight or branched alkyl
chain having from one to four carbon atoms attached to
an oxygen atom, and includes methoxy, ethoxy, propoxy,
iso-propoxy, butoxy, iso-butoxy, sec-butoxy, t-butoxy,
and the like, having from 1 to 3 substituents selected
from the group consisting of hydroxy, halogen, alkoxy,
carboxy, amido, substituted amido, amino, acylamino,
sulfonylamido,sulfonamide, phenyl, and substituted
phenyl; and when one or more of the substituents is
hydroxy, halogen, alkoxy, amino, acylamino, and
sulfonamide, then those substituents are not attached
to the same carbon as the alkoxy oxygen atom. The term
"C3-C7 cycloalkyl" refers to saturated cyclic alkyl
group having from three to seven carbon atoms and
includes cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and cycloheptyl. The term "C4-C8
cycloalkylalkyl" refers to saturated cyclic alkyl
group having from three to seven carbon atoms linked
to the point of substitution by a divalent
unsubstituted saturated straight-chain or
branched-chain hydrocarbon radical having at least 1
carbon atom and includes, cyclopropylmethyl,
cyclopropyl-2-propyl, cyclobutylethyl,
cyclopentylmethyl, cyclohexylmethyl, cycloheptylmethyl
and the like. The terms "phenyl and substituted
phenyl" or "phenylene and substituted phenylene" refer
to a monovalent or divalent radical, repectively, of
the formula wherein Ra is from 1 to 3 groups
independently selected from the group consisting of
hydrogen, hydroxy, alkyl, substituted alkyl,
cycloalkyl, alkoxy, substituted alkoxy, halogen,
carboxy, alkoxycarbonyl, amido, substituted amido,
amino, acylamino, sulfonylamid , sulfonamide, cyano,
nitro, phenyl, and substituted phenyl. Particular
values of Ra are hydrogen, methoxy and fluoro.
Particular values of Ra are hydrogen, methoxy and
fluoro. The terms "thiophenyl and substituted
thiophenyl" or "thiophenediyl and substituted
thiophenediyl" refer to a monovalent or divalent
radical, repectively, of the formula wherein Rb is 1
or 2 groups independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, alkoxy, substituted alkoxy, halogen,
carboxy, alkoxycarbonyl, amido, substituted amido,
amino, acylamino, sulfonylamido,sulfonamide, cyano,
nitro, phenyl, and substituted phenyl. A particular
value of Rbis hydrogen. The terms "pyridinyl and
substituted pyridinyl" or "pyridinediyl and
substituted pyridinediyl" refer to a monovalent or
divalent radical, repectively, of the formula wherein
Rc is from 1 to 3 groups independently selected from
the group consisting of hydrogen, hydroxy, alkyl,
substituted alkyl, cycloalkyl, alkoxy, substituted
alkoxy, halogen, carboxy, alkoxycarbonyl, amido,
substituted amido, amino, acylamino, sulfonylamido,
sulfonamide, cyano, nitro, phenyl, and substituted
phenyl. A particular value of Rc is hydrogen. The
terms "thiazolyl and substituted thiazolyl" or
"thiazolediyl and substituted thiazolediyl" refer to a
monovalent or divalent radical, repectively, of the
formula wherein Rd is 1 or 2 groups independently
selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, alkoxy, substituted
alkoxy, halogen, carboxy, alkoxycarbonyl, amido,
substituted amido, amino, acylamino, sulfonylamido,
sulfonamide, cyano, nitro, phenyl, and substituted
phenyl. A particular value of Rd is hydrogen. The
terms "furanyl and substituted furanyl" or "furanediyl
and substituted furanediyl" refer to a monovalent or
divalent radical, repectively, of the formula wherein
Re is 1 or 2 groups independently selected from the
group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, alkoxy, substituted alkoxy,
halogen, carboxy, alkoxycarbonyl, amido, substituted
amido, amino, acylamino, sulfonylamido, sulfonamide,
cyano, nitro, phenyl, and substituted phenyl. A
particular value of Re is hydrogen.The terms
"isothiazolyl and substituted isothiazoyl" or
"isothiazolediyl and substituted isothiazolediyl"
refer to a monovalent or divalent radical,
repectively, of the formula wherein Rf is 1 or 2
groups independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, alkoxy, substituted alkoxy, halogen,
carboxy, alkoxycarbonyl, amido, substituted amido,
amino, acylamino, sulfonylamido, sulfonamide, cyano,
nitro, phenyl, and substituted phenyl. A particular
value of Rf is hydrogen. The terms "isoxazolyl and
substituted isoxazolyl" or "isoxazolediyl and
substituted isoxazolediyl" refer to a monovalent or
divalent radical, repectively, of the formula wherein
Rg is 1 or 2 groups independently selected from the
group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, alkoxy, substituted alkoxy,
halogen, carboxy, alkoxycarbonyl, amido, substituted
amido, amino, acylamino, sulfonylamido, sulfonamide,
cyano, nitro, phenyl, and substituted phenyl. A
particular value of Rg is hydrogen. The terms
"1,2,4-oxadiazolyl and substituted 1,2,4-oxadiazolyl"
or "l,2,4-oxadiazole-3,5-diyl" refer to a monovalent
radical or divalent radical lacking R 1, repectively,
of the formula wherein Rj, is independently selected
from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, alkoxy, substituted
alkoxy, halogen, carboxy, alkoxycarbonyl, amido,
substituted amido, amino, acylarnino, sulfonylamido,
sulfonamide, cyano, nitro, phenyl, and substituted
phenyl. A particular value of R 1is hydrogen.The terms
"pyrimidinyl and substituted pyrimidinyl" or
"pyrimidinediyl and substituted pyrimidinediyl" refer
to a monovalent or divalent radical, repectively, of
the formula wherein R is from 1to 3 groups
independently selected from the group consisting of 



hydrogen, hydroxy, alkyl, substituted alkyl,
cycloalkyl, alkoxy, substituted alkoxy, halogen,
carboxy alkoxycarbonyl, amido, substituted amido,
amino, acylamino, sulfonylamido, sulfonamide, cyano,
nitro, phenyl, and substituted phenyl. A particular
value of R is hydrogen. The terms "pyridazinyl and
substituted pyridazinyl" or "pyridazinediyl and
substituted pyridazinediyl" refer to a monovalent or
divalent radical, repectively, of the formula wherein
Rj is from 1 to 3 groups independently selected from
the group consisting of hydrogen, hydroxy, alkyl,
substituted alkyl, cycloalkyl, alkoxy, substituted
alkoxy, halogen, carboxy, alkoxycarbonyl, amido,
substituted amido, amino, acylamino, sulfonylamido,
sulfonamide, cyano, nitro, phenyl, and substituted
phenyl. A particular value of Rj is hydrogen. The
terms "oxazolyl and substituted oxazolyl" or
"oxazolediyl and substituted oxazolediyl" refer to a
monovalent or divalent radical, repectively, of the
formula wherein R is 1 or 2 groups independently
selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, alkoxy, substituted
alkoxy, halogen, carboxy, alkoxycarbonyl, amido,
substituted amido, amino, acylamino,
sulfonylamido,sulfonamide, cyano, nitro, phenyl, and
substituted phenyl. A particular value of Ri is
hydrogen. The term "carboxy" refers to a radical of
the formula O The term "alkoxycarbonyl" refers to a
radical of the formula wherein Rk is selected from the
group consisting of alkyl, substituted alkyl, phenyl
and substituted phenyl. Particular values of R are
methyl and ethyl. The term "amido" refers to a radical
of the formula The term "substituted amido" refers to
a radical of the formula wherein Rm is selected from
the group consisting of alkyl and Rn is selected from
the group consisting of hydrogen, alkyl, phenyl and
substituted phenyl. A particular value for Rm is
methyl. Particular values for Rn are hydrogen and
methyl. The term "acylamino" refers to a radical of
the formula wherein R0 is selected from the group
consisting of alkyl, phenyl, and substituted phenyl. A
particular value of R0 S methyl. The term
"sulfonylamido" refers to a radical of the formula O
RPwherein Rp is selected from the group consisting of
alkyl, phenyl, and substituted phenyl; and Rp' is
selected from the group consisting of hydrogen and
alkyl. A particular value for Rp is methyl. Particular
values for Rp are hydrogen and methyl. The term
"sulfonamide" refers to a radical of the formula OI l
H O wherein Rq is selected from the group consisting
of alkyl, phenyl, and substituted phenyl. A particular
value of Rq is methyl. As is readily apparent to those
skilled in the art, the compounds of formula I may
exist as tautomers. Where tautomers exist, each
tautomeric form and mixtures thereof, are contemplated
as included in the present invention. When any
reference in this application to one of the specific
tautomers of the compounds of formula I is given, it
is understood to encompass every tautomeric form and
mixtures thereof. For example, where the group Z is
tetrazolyl, a compound of formula I exists as tautomer
I and tautomer II. As such, it is understood any
reference to a compound of formula I where the group Z
is tetrazolyl as tautomer I encompasses tautomer II as
well as mixtures of tautomer I and tautomer II.
tautomer I tautomer II It is understood that compounds
of the present invention may exist as stereoisomers.
All enantiomers, diastereomers, and mixtures thereof,
are contemplated within the present invention. Where
specific stereochemistries are identified in this
application, the Cahn-Ingold-Prelog designations of
(R)- and (S)- and the cis- and transdesignation of
relative stereochemistry are used to refer to specific
isomers and relative stereochemistry. Known optical
rotations are designated by (+) and (-) for
dextrorotatary and levorotatary, respectively. Where a
chiral compound is resolved into its enantiomers, but
absolute configurations are not determined, the
isomers are designated as isomer 1, isomer 2,
etc.Specific stereoisomers can be prepared by
stereospecific synthesis using enantiomerically pure
or enriched starting materials. The specific
stereoisomers of either starting materials or
compounds of formula I can be resolved by techniques
well known in the art, such as those found in
Stereochemistry of Organic Compounds, E. I . Eliel and
S. H. Wilen (Wiley 1994) and Enantiomers, Racemates,
and Resolutions, J. Jacques, A. Collet, and S. H.
Wilen (Wiley 1991), including chromatography on chiral
stationary phases, enzymatic resolutions, or
fractional crystallization or chromatography of
diastereomers formed for that purpose, such as
diastereomeric salts. While all enantiomers,
diastereomers, and mixtures thereof, are contemplated
within the present invention, preferred embodiments
are single enantiomers and single diastereomers. The
terms "Ar 1and Ar " refer to five or six member aryl
or heterocyclic rings independently selected from the
group consisting of phenylene, substituted phenylene,
thiophenediyl, substituted thiophenediyl,
thiazolediyl, substituted thiazolediyl, furanediyl,
substituted furanediyl, pyridinediyl, substituted
pyridinediyl, oxazolediyl, substituted oxazolediyl,
isothiazolediyl, substituted isothiazolediyl,
isoxazolediyl, substituted isoxazolediyl,
pyrimidmediyl, substituted pyrimidinediyl,
pyridazinediyl, substituted pyridazinediyl and
l,2,4~oxadiazole-3,5-diyl. It is understood that Ar1
and Ar being at least bi-radical may be attached in a
1-2, 1-3 or 1-4 regioisomeric position depending on
the nature of the ring and the number and location of
substituents. It is further understood that the
present invention encompasses all possible
regioisomeric combinations of attachment to Ar 1 and
Ar . For example, where Ar1 is phenylene there exists
three possible regioisomers, designated as 1-2 (ortho
or o-), 1-3 (meta or m~) and 1-4 (para or p-), all of
which are encompassed in the present invention for a
compound of formula I where Ar1 is phenylene.formula I
formula I 1-4, para or p - 1-3, meta or mformula I
1-2, ortho or o- The term "pharmaceutically acceptable
salt" refers to an addition salt that exists in
conjunction with the acidic and/or basic portion of a
compound of formula I. Such salts include the
pharmaceutically acceptable salts listed in Handbook
of Pharmaceutical Salts: Properties, Selection and
Use, P. H. Stahl and C. G. Wermuth (Eds.), Wiley-VCH,
New York, 2002 which are known to the skilled artisan.
Pharmaceutically acceptable salts that are acid
addition are formed when a compound of formula I and
the intermediates described herein containing a basic
functionality are reacted with a pharmaceutically
acceptable acid. Pharmaceutically acceptable acids
commonly employed to form such acid addition salts
include inorganic acids, such as hydrochloric,
hydrobromic, nitric, sulphuric or phoshoric acids, and
organic acids such as acetic, citric, esylic, fumaric,
glycolic, glucuronic, glutaric, lactic, maleic, malic,
mandelic, mesylic, napadisylic, oxalic, succinic,
tartaric, salicyclic, s-acetoxybenzoic, or
p-toluene-sulphonic. Pharmaceutically acceptable salts
that are base addition are formed when a compound of
formula I and the intermediates described herein
containing a acidic functionality are reacted with a
pharmaceutically acceptable base. Pharmaceutically
acceptable bases commonly employed to form base
addition salts include organic bases such as ammonia,
arginine, benethamine, benzathine, benzylamine,
betaine, butylamine, choline, dicyclohexylamine,
diethanolamine, diethylamine, ethylenediamine,
glucosamine,imidazole, lysine, piperazine, procaine,
and inorganic bases such as calcium, potassium, sodium
and zinc salts of hydroxide, carbonate or bicarbonate
and the like. In addition to pharmaceutically
acceptable salts, other salts are included in the
invention. They may serve as intermediates in the
purification of compounds or in the preparation of
other, for example pharmaceutically-acceptable, acid
addition salts, or are useful for identification,
characterization or purification. The term "protecting
group or Pg," as used herein, refers to those groups
intended to protect or block functional groups against
undesirable reactions during synthetic procedures. In
the case of an amino or hydroxyl functional group, the
suitable protecting group used will depend upon the
conditions that will be employed in subsequent
reaction steps wherein protection is required. For
example, it may be desirable to employ the protection
of multiple functional groups, such as amino and
hydroxyl, and control their protection and
deprotection independently. Commonly used amino and
hydroxyl protecting groups are disclosed in Protective
Groups In Organic Synthesis, T.W. Greene and P.G.M.
Wuts 3rd Ed. (John Wiley & Sons, New York (1999)).
Suitable amino protecting groups include acyl groups
such as formyl, acetyl, propionyl, pivaloyl,
t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl,
trifluoroacetyl, trichloroacetyl, phthalyl,
o-nitrophenoxyacetyl, alpha-chlorobutyryl, benzoyl,
4-chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoyl, and
the like; sulfonyl groups such as benzenesulfonyl,
>-toluenesulfonyl and the like, carbamate forming
groups such as benzyloxycarbonyl,
^-chlorobenzyloxycarbonyl^-methoxybenzyloxycarbonyl^-n
itrobenzyloxycarbonyl,
2-nitrobenzyloxycarbonyl,/"-bromobenzyloxycarbonyl,
3,4-dimethoxybenzyloxycarbonyl,
3,5-dimethoxybenzyloxycarbonyl,
2,4-dimethoxybenzyloxycarbonyl,
4-methoxybenzyloxycarbonyl,
2-nitro-4,5-dimethoxybenzyloxycarbonyl,
3,4,5-trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-l
-methylethoxycarbonyl, alpha,
alpha-dimethyl-3,5-dimethoxybenzyloxycarbonyl,
benzhydryloxycarbonyl, f-butyloxycarbonyl,
diisopropylmethoxycarbonyl, isopropyloxycarbonyl,
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,
2,2,2-trichloroethoxycarbonyl, phenoxycarbonyl,
4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl,
cyclopentyloxycarbonyl, adamantyloxycarbonyl,
cyclohexyloxycarbonyl, phenylthiocarbonyl and the
like; alkyl groups such as benzyl, triphenylmethyl,
benzyloxymethyl and the like; and silyl groupssuch as
trimethylsilyl and the like. Preferred suitable amino
protecting groups are acetyl, methyloxycarbonyl,
benzoyl, pivaloyl, allyloxycarbonyl, -butylacetyl,
benzyl, /-butyloxycarbonyl (Boc) and benzyloxycarbonyl
(Cbz). Suitable hydroxyl protecting groups include
ethers such as methoxymethyl, 1-ethoxyethyl,
tert-butyl, allyl, benzyl, tetrahydropyranyl and the
like; silyl ethers such as trimethylsilyl,
triethylsilyl, triisopropylsilyl,
frf-butyldimethylsilyl and the like; esters such as
formate, acetate, pivaloate, benzoate and the like;
and sulfonates such as mesylate, benzylsulfonate,
tosylate and the like. Preferred suitable hydroxyl
protecting groups are acetyl, trimethylsilyl,
triisopropylsilyl, ft-butyldirnethylsilyl and benzyl.
As with any group of pharmaceutically active
compounds, some groups are preferred in their end use
application. Preferred embodiments for a compound of
formula I of the present invention are given below.
Compounds in which R1 is C3-C7 cycloalkyl or C4-C8
cycloalkylalkyl are preferred. Compounds in which R1
is C1-C5 alkyl are more preferred. Compounds in which
R1 is methyl are even more preferred. Compounds in
which R2 is phenyl, substituted phenyl, thiophenyl,
substituted thiophenyl, thiazolyl, substituted
thiazolyl, pyridinyl, or substituted pyridinyl are
preferred. Compounds in which R2 is C1-C5 alkyl, halo
or C1-C3 fluoroalkyl are more preferred. Compounds in
which R2 is methyl, propyl, trifluoromethyl, or chloro
are even more preferred. Compounds in which X is
S(O)mwhere m is 0, 1 or 2 are preferred. Compounds in
which X is O are more preferred. Compounds in which Y
is C1-C3 alkanediyl are preferred. Compounds in which
Y is methylene are more preferred. Compounds in which
Ar1 is phenylene are preferred. Compounds in which
Ar1and Ar are independently phenylene or pyridinediyl
are preferred. Compounds in which Ar1 is substituted
phenylene, l,2.,4-oxadiazol-3,5-diyl or substituted
pyridinediyl are preferred. Compounds in which Ar1 is
phenylene or pyridinediyl, either attached in the 1-3
position, are more preferred. Compounds in which Ar1
is phenylene or pyridinediyl, either ring attached in
the 1-4 position, are even more preferred.Compounds in
which Ar is phenylene are preferred. Compounds in
which Ar2 is substituted phenylene or substituted
pyridinediyl are preferred. Compounds in which Ar2 is
phenylene or pyridinediyl are more preferred.
Compounds in which Ar is pyridinediyl attached in the
1-4 or 1-3 position are even more preferred. Compounds
in which Ar1and Ar2 are independently phenylene or
pyridinediyl are preferred. Compounds in which Ar1 is
phenylene are preferred. Compounds in which Ar is
pyridinediyl are preferred. Compounds in which Ar2 is
attached at the 1-4 position are preferred. Compounds
in which Ar2 is attached at the 1-3 position are
preferred. Compounds in which Ar1 is attached at the
1-3 position or 1-4 position are preferred. Compounds
in which L is Cl - C5 alkanediyl, substituted Cl - C5
alkanediyl or C(=W) where W is CH2 or O are preferred.
Compounds in which L is -CH(OH)-, -CH(F)- or -CH 2-
are more preferred. Compounds in which Z is are
preferred. Compounds in which Z is 4 - (CH2)nCOOH or
are more preferred. Compounds in which Z is are even
more preferred. A compound of formula I as described
above whereinR1 is methyl or ethyl; R2 is selected
from the group consisting of methyl, ethyl, n-propyl,
iso-propyl, fluoro, chloro, iodo, phenyl,
4-fluorophenyl, trifluoromethyl, CN, 2-thiophenyl,
3-thiophenyl, 2-thiazolyl, 2-pyridinyl, 3-pyridinyl,
and 4-pyridinyl; X is selected from the group
consisting of O, S, SO , NH and NCH ; Y is methylene;
Ar 1 is phenylene or l,2,4-oxadiazole-3,5-diyl; Ar2 is
selected from the group consisting of phenylene,
fluorophenylene, methoxyphenylene and pyridinediyl; L
is selected from the group consisting of CH2, CHCH3,
CH(OH), CH(F), CHN3, CH(OCH3), CHNH2, CHNH(C=O)CH3,
CHNH(SO2)CH3, C=O, and CH=CH2; Z is selected from the
group consisting of (CH2)nC00H, n is O; and q is Ois
preferred. A compound of formula I selected from the
group consisting of
(+)-3-{[4-(4-acetyl-3-hydroxy-2-propyl-phenoxymethyl)-
phenyl] -hydroxy-methyl}- benzoic acid (isomer 1) and
(-)-3-{[4-(4-acetyl-3-hydroxy-2-propyl-phenoxymethyl)-
phenyl]-hydroxy-methyl}-benzoic acid (isomer 2) is
preferred. A compound of formula I which is
3-{[4-(4-acetyl-3-hydroxy-2-propyl-phenoxymethyl)-phen
yl]-(S)- hydroxymethyl}-benzoic acid is more
preferred. Further embodiments of the invention
include a process for preparing the compound of
formula I, or a pharmaceutically acceptable salt
thereof, comprising (A) for a compound of formula I
where Z is tetrazolyl,I, Z is tetrazolyl cycloaddition
of a compound of formula II where R is cyano with an
azide reagent; II, R10 is cyano (B) for a compound of
formula I where Z is COOH, I, Z is COOH hydrolysis of
a compound of formula II wherein R10 is COOR14 and R14
is selected from the group consisting of C1-C5 alkyl,
phenyl and benzyl; II, R10 is COOR14 (C) for a
compound of formula I where Z is COOH,I, Z is COOH
hydrolysis of a compound of formula II where R10 is
cyano; and II, R10 is cyano (D) for a compound of
formula I where Z is cyclocondensating a compound of
formula II where R10 is an acyl chlorideII, R10 is
acid chloride. whereafter, when a pharmaceutically
acceptable salt of the compound of formula I is
required, it is obtained by reacting the acid of
formula I with a physiologically acceptable base or by
reacting a basic compound of formula I with a
physiologically acceptable acid or by any other
conventional procedure. A further embodiment of the
present invention provides intermediate compounds
useful for the preparation of a compound of formula I
. More specifically, the present invention provides a
compound of formula II II wherein R1, R2, X, Y, Ar1,
Ar2 and L are defined as above; and R10 is CN or
COOR14 in which R14 is selected from the group
consisting of Cl -C5 alkyl, phenyl and benzyl. A
particular value of R14 is methyl. A further
embodiment of the present invention provides a process
for preparing 3-
{[4-(4-acetyl-3-hydroxy-2-propyl-phenoxymethyl)-phenyl
]-(<S)-hydroxymetliyl}-benzoic acid or a
pharmaceutically acceptable salt thereof, comprising
(i) alkylating 2,4-dihydroxy-3-propyl-acetophenone
with
3-[4-(methanesulfonyloxymethylphenyl)-(S)-acetoxymethy
l]-benzonitrile in the presence of potassium carbonate
to afford
3-{[4-(4-acetyl-3-hydroxy-2-propylphenoxymethyl)-
phenyl]-(5)-acetoxymethyl}-benzonitrile; (ii)
hydrolyzing 3-{
[4-(4-acetyl-3-hydroxy-2-propylphenoxymethyl)-phenyl]-
(S)-acetoxymethyl}-benzonitrile in the presence of
potassium hydroxide wherein thehydrolysis reaction is
followed by acidification with hydrochloric acid to
afford
3-{[4-(4-acetyl-3-hydroxy-2-propyl-phenoxymethyl)-phen
yl]-( lS)-hydroxymethyl}- benzoic acid; whereafter,
when a pharmaceutically acceptable salt of
3-{[4-(4-acetyl-3-hydroxy-2-propyl-phenoxymethyl)-phen
yl]-(5)-hydroxymethyl}benzoic acid is required, it is
obtained by reacting
3-{[4-(4-acetyl-3-hydroxy-2-propylphenoxymethyl)-
phenyl]-(S)-hydroxyin ethyl}-benzoic acid with a
physiologically acceptable base or by any other
conventional procedure. A further embodiment of the
present invention provides the above mentioned
starting
3-[4-(methanesulfonyloxymethylphenyl)-(S)-acetoxymethy
l]-benzonitrile is prepared using a process comprising
(i) arylating enantioselectively 3-cyanobenzaldehyde
with 2,4,6-tris-[4-( rtbu
tyl-dimethyl-silanyloxymethyl)-phenyl]-cylcotriboroxan
e in the presence of a dialkyl zinc and chiral
catalyst wherein the dialkyl zinc is diethyl zinc; and
the chiral catalyst is 



(R)-(-)-2-piperidino-l,l,2-triphenyl ethanol to afford
3-{[A-(tertbutyldimethylsilanyloxymethyl) phenyl]
-(<S)-hydroxymethyl}-benzonitrile; (ii) acylating
3-{[4-(fer/-butyldimethylsilanyloxymethyl)phenyl]
-(S)- hydroxymethyl} -benzonitrile with acetic
anhydride whereafter hydrolyzing the 4-(tertbutyl-
dimethyl-silanyl group with hydrochloric acid to
afford
3-[4-(hydroxymethylphenyl)-(5)-acetoxymethyl]-benzonit
rile; (iii) sulfonating 3-[4-(hydroxymethylphenyl)-(S)
-acetoxymethyl]-benzonitrile with methane sulfonyl
chloride to afford
3-[4-(methanesulfonyloxymethylphenyl)-(S)-
acetoxymethylj-benzonitrile. A further embodiment of
the present invention provides intermediate compounds
useful for the preparation of a compound of formula I
. More specifically, the present invention provides a
compound which is 3-[4-(hydroxymethylphenyl)-(5)-
acetoxymethyl]-benzonitrile. Compounds of the present
invention may be made by a process which is analogous
to one known in the chemical art for the production of
structurally analogous compounds or by a novel process
described herein. Such processes useful for the
manufacture of a compound of formula I as defined
above are provided as further features of the
invention and are illustrated by the following
procedures in which, unless otherwisespecified, the
meanings of the generic radicals are as defined above
and all reagents are well known and appreciated in the
art. Generally, a compound of formula I may be
prepared from a compound of formula II where R10
represents a precursor to Z (Reaction Scheme A, step
a). More specifically, a compound of formula II where
R10 is carboxylic acid ester or nitrile is reacted
with a suitable base such as potassium hydroxide in a
suitable solvent such as water to provide a compound
of formula I where Z is carboxylic acid. Additionally,
a compound of formula II where R10 is cyano is reacted
with an azide reagent to provide a compound of formula
I where Z is tetrazolyl. Azide reagents include HN3
wherein HN is provided from the reaction of sodium
azide and a protic acid such as triethylamine
hydrochloride or ammonium chloride. The reaction is
conveniently in a solvent such solutions of water and
an organic co-solvent wherein the organic cosolvent is
an alcohol such as isopropyl alcohol or a tertiary
amide such as N-methyl pyrrolidinone. Other examples
of azide reagents include transition metal azide
complexes such as provided from the reaction of zinc
bromide and sodium azide, as well as the
trialkylsilylazides such as trimethylsilylazide. A
compound of formula II where R10 is an acid halide is
reacted in one or more steps with cyclocondensating
agents to provide a compound of formula I where Z is A
compound of formula of II may be prepared from a
compound of formula III (Reaction Scheme A, step b)
or, alternatively, from a compound of formula V
(Reaction Scheme A, step c). More specifically in step
b, a compound of formula III where X is O is reacted
under Mitsunobu conditions with a compound of formula
IV where R11 is OH in the presence of an
organophosphine such as tributylphosphine and an
appropriate azodicarbonyl reagent such as
l,r-(azodicarbonyl)dipiperidine to provide a compound
offormula II. Suitable solvents include toluene and
dichloromethane. In step b, a compound of formula II
may also be prepared by reacting a compound of formula
III where X is O, S NH with a compound of formula IV
where R11 is a leaving group in the presence of a
suitable base such as cesium carbonate and a suitable
solvent such as acetone. Suitable leaving groups
include halides such as iodide, and sulfonate esters
such as methanesulfonate ester. Reaction Scheme A
Alternatively, a compound of formula of II may be
prepared from a compound of formula V (Reaction Scheme
A, step c) where R12 is an appropriate precursor to
the group L. A compound of formula III where R2 is
halo, phenyl, substituted phenyl, thiophenyl,
substituted thiophenyl and the like maybe prepared
from a compound of formula VII (Reaction Scheme B).
More specifically, a compound of formula VII where X
is O is reacted under the appropriate halogenation
conditions to provide a compound offopnula III where X
is O and R2 is a halogen such as chloro, bromo or
iodo. A compound of formula III where X is O and R2 is
a halogen such as chloro, bromo or iodo is reacted
with a boronic acid of phenyl, substituted phenyl,
thiophenyl, substituted thiophenyl and the like in the
presence of a transition metal catalyst such as
Pd(dppf)2Cl2 and a base such as cesium hydroxide to
provide a compound of formula III where R2 is the
corresponding phenyl, substituted phenyl, thiophenyl,
substituted thiophenyl and the like. The reaction is
conveniently carried out in a solvent such as
solutions of tetrahydrofuran and water. Reaction
Scheme B VII III A compound of formula III where X is
S may be prepared from a compound of formula III where
X is O. More specifically, a compound of formula III
where X is O is reacted with dimethylthiocarbamoyl
chloride in a suitable solvent such as
dichloromethane. The resulting thiocarbamate is heated
in a suitable solvent such as dodecane and treated
with sodium hydroxide to provide a compound of formula
III where X is S. A compound of formula III may also
be prepared from a compound of formula IX where the
group Pg represents a suitable protecting group
(Reaction Scheme C). More specifically in step a, a
compound of formula IX where R is a halogen such iodo
or bromo and Pg is methyl, is reacted with a boronic
acid of phenyl, substituted phenyl, thiophenyl,
substituted thiophenyl and the like in the presence of
a transition metal catalyst such as Pd(dppf)2Cl2 and a
base such as cesium hydroxide to provide a compound of
formula IX where R is phenyl, substituted phenyl,
thiophenyl, substituted thiophenyl and the like, and
Pg is methyl. The reaction is conveniently carried out
in a solvent such as a solution of tetrahydrofuran and
water. Further in step a, a compound of formula IX
where R2 is phenyl, substituted phenyl, thiophenyl,
substituted thiophenyl and the like is reacted with an
R acyl halide such as acetyl chloride and a Lewis acid
such as aluminum chloride in a suitable solvent to
provide a compound of formula VIII where R1 is
methyland R2 is phenyl, substituted phenyl,
thiophenyl, substituted tbiophenyl and the like.
Suitable solvents include dichloromethane. In step b,
a compound of formula VIII where the group Pg is
methyl is reacted with deprotection agents such as
pyridine hydrochloride in the presence of microwave
radiation to provide a compound of formula III where
R2 is phenyl, substituted phenyl, thiophenyl,
substituted thiophenyl and the like. Reaction Scheme C
Additionally in Reaction Scheme C, a compound of
formula III where R is C1-C3 fluoroalkyl may be
prepared from a compound of formula IX where R2 is a
halogen. More specifically, a compound of formula IX
where R2 is iodo, X is O and Pg is a suitable
protecting group such as benzyl is reacted with an
alkyl ester of difluorofluorosulfonyl- acetic acid in
the presence of hexamethylphosphoramide and a
transistion metal catalyst such as copper iodide in a
suitable solvent to provide a compound of formula IX
where R2 is trifluoromethyl, X is O, and Pg is benzyl.
Suitable solvents include dimethylformamide. In step
c, a compound of formula IX where R is
trifluoromethyl, X is O, and Pg is benzyl is reacted
iV-bromosuccinimide in a suitable solvent such as
dimethylformamide to provide a compound of formula X.
In step d, a compound of formula X is reacted with
tributyl-(l-ethoxy-vinyl)-stannane and a transition
metal catalyst such as
tetrakis(triphenylphosphine)palladium in a solvent
such as dioxane followed by acid hydrolysis to provide
a compound of formula VIII where R1 is methyl, R2 is
trifluoromethyl, X is O, and Pg is benzyl. In step b,
a compound of formula VIII where R1 is methyl, R2 is
trifluoromethyl, X is O, and Pg is benzyl is reacted
with a transistion metal catalyst such as palladium
hydroxide in the presence of aneffective hydrogen
source such as cyclohexene to provide a compound of
formula III where R1 is methyl, R2 is trifluoromethyl,
and X is O. Suitable solvents include ethanol. In
Reaction Scheme D, a compound of formula Ha where Pg1
is a suitable hydroxyl protecting group may be
prepared from a compound of formula IVf where Pg1 is
the same. More specifically in step a, a compound of
formula XVII where Pg is a trialkylsilyl such as
tert-butyldimethylsilyl is reacted with magnesium in a
suitable solvent such as tetrahydrofuran. The
resulting Grignard reagent of XVII is reacted with a
compound of formula XVIII in a suitable solvent such
as tetrahydrofuran to provide a compound of formula
XIX where Pg is tert-butyldimethylsilyl and R10 is a
suitable precursor to Z such as cyano. Reaction Scheme
D IVf , XIXa In step b, a compound of formula XIX
where Pg is tert-butyldimethylsilyl is reacted with a
second protecting agent such as 3,4-dihydro-2 -pyran
and a suitable catalyst such as pyridinium-/?
7a-tomenesulfonate to provide a compound of formula
XIXa where Pg is tert-butyldimethylsilyl and Pg1 is
tetrahydro-2 -pyran. The reaction is conveniently
carried out in a solvent such as dichloromethane.
Additional second protecting agents such as acetic
acid anhydride in the presence of a base such as
triethylamine may be used to provide a compound of
formula XIXa where Pg is tert-butyldimethylsilyl and
Pg1 is acetyl. In step c, a compound of formula XIXa
is reacted with an agent that removes protecting group
Pg without removing protecting group Pg1. More
specifically in step c, a compound of formula XIXa
where Pg is tert-butyldimethylsilyl and Pg1 is
tetrahydro2 ~pyran is reacted with tetrabutylammonium
fluoride in a suitable solvent such as tetrahydrofuran
to provide a compound of formula IVf where Pg1 is
tetrahydro-2 -pyran. Alternatively, a compound of
formula XIXa where Pg is tert-butyldimethylsilyl and
Pg1 is acetyl is reacted with an acid such as
hydrochloric acid at about room temperature to provide
a compound of formula IVf where Pg1 is acetyl. In
Reaction Scheme E, compounds of formula Ia and Ib may
be prepared from a compound of formula Ha where Pg1
represents a suitable protecting group. More
specifically in step a, a compound of formula Ha where
R10 is a suitable precursor to Z such as nitrile is
reacted with an azide source such as sodium azide in
the presence of a suitable Lewis acid such as zinc
bromide to provide a compound of formula Ia where Z is
tetrazolyl. The reaction is conveniently carried out
in a solvent such as water and isopropyl alcohol. In
step b, a compound of formula Ia is reacted with
reducing agents such as triethylsilane in the presence
of a suitable Lewis acid such as boron trifluoride
diethyl etherate to provide a compound of formula Ib
where Z is tetrazolyl. The reaction is conveniently
carried out in a solvent such as dichloromethane.
Reaction Scheme E Ib In Reaction Scheme F, compounds
of Hc and Hd may be prepared from a compound of
formula Ha where Pg is a suitable protecting group.
More specifically in step a, a compound of formula Ha
is reacted with a suitable acid such
as/>-toluenesulfonicacid to provide a compound of
formula lib. The reaction is conveniently carried out
in a solvent such as methanol. In step b, a compound
of formula lib is reacted with a halogenating agent
such as diethylaminosulfur trifluoride Reaction Scheme
F in a solvent such as dichloromethane to provide a
compound of formula Hc. In step c a compound of
formula lib is reacted with an oxidizing agent such as
Dess-Martin periodinane
(l,l,l-triacetoxy-l,l-dihydro-l,2-beriziodoxol-3(
)-one) in a suitable solvent such as dichloromethane
to provide a compound of formula Hd. In Reaction
Scheme G, a compound of Hf where R2 is phenyl,
substituted phenyl, thiophenyl, substituted
thiophenyl, thiazolyl, substitiuted thiazolyl,
furanyl, substituted furanyl, pyridinyl, substituted
pyridinyl, oxazolyl, substituted oxazolyl,
isothiazolyl,substituted isothiazolyl, isoxazolyl,
substituted isoxazolyl, 1,2,4-oxadiazolyl,
pyrimidinyl, substituted pyrimidinyl or substituted
1,2,4-oxadiazolyl may be prepared from a compound
where R2 is a suitable coupling group such as the
halogen iodo. More specifically in step a, a compound
of formula XXI where R14 is a suitable coupling group
such as the halogen bromo is reacted with a compound
of formula XX in the presence of a suitable transition
metal catalyst such as tetrakistriphenylphosphine
palladium(O) and a suitable base such as aqueous
sodium carbonate to provide a compound of formula Ivg
where R11 is hydroxyl. The reaction is conveniently
carried out in a solvent such as toluene. In step b, a
compound of formula IVg where R11 is a suitable
coupling group such as hydroxyl or the halogen iodo is
reacted with a compound of formula Ilia, as described
in Scheme A for a compound of formula II, to provide a
compound of formula He. Reaction Scheme G f He In step
c, a compound of formula He is reacted with a
trialkylstannanyl derivative of phenyl, substituted
phenyl, thiophenyl, substituted thiophenyl, thiazolyl,
substitiuted thiazolyl, furanyl, substituted furanyl,
pyridinyl, substituted pyridinyl, oxazolyl,
substituted oxazolyl, isothiazolyl, substituted
isothiazolyl, isoxazolyl, substituted isoxazolyl,
1,2,4-oxadiazolyl, pyrimidinyl, substituted
pyrimidinyl or substituted 1,2,4- oxadiazolyl in the
presence of a suitable transition metal catalyst such
astetrakistriphenylphosphine palladium (0) to provide
a compound of formula Hf where R2 is phenyl,
substituted phenyl, thiophenyl, substituted
thiophenyl, thiazolyl, substitiuted tbiazolyl,
furanyl, substituted furanyl, pyridinyl, substituted
pyridinyl, oxazolyl, substituted oxazolyl,
isothiazolyl, substituted isothiazolyl, isoxazolyl,
substituted isoxazolyl, 1,2,4-oxadiazolyl,
pyrimidinyl, substituted pyrimidinyl or substituted
1,2,4-oxadiazolyl. The reaction is conveniently
carried out in a solvent such as toluene. In Reaction
Scheme H, a compound of formula IVh where Ar1 is a
heterocyclic ring such as l,2,4-oxadiazol-3,5-diyl may
be prepared by condensing two heterocyclic precursors.
More specifically in step a, a chloroacetic anhydride
of formula XXII is reacted with an
iV-hydroxyphenylacetamide of formula XXIII under
conditions of water removal to provide a compound of
formula IVh where Ar 1 is l,2,4-oxadiazol-3,5-diyl.
The reaction is conveniently carried out in a solvent
such as toluene. Compound IVh may then be coupled to a
compound of formula III as described in step b of
Scheme A to provide a compound of formula Hg where Ar1
is a heterocyclic ring such as
1,2,4-oxadiazol-3,5-diyl and R10 is a halogen such as
an iodide. A compound of formula Hg where Ar1 is a
heterocyclic ring such as l,2,4-oxadiazol-3,5-diyl and
R10 is iodide may then be transformed into a compound
of formula I where Ar1 is a heterocyclic ring such as
l,2,4-oxadiazol-3,5-diyl and Z is a carboxylic acid
through carbonylation with an appropriate transistion
metal catalyst such as (CHsCN) 2PdCl 2 in the presence
of carbon monoxide. An appropriate solvent for this
transformation is water. Reaction Scheme HIn Reaction
Scheme I, a compound of formula XXVII where Ar 1 is a
heterocyclic ring such as l,2,4-oxadiazol-3,5-diyl may
be prepared by condensing two heterocyclic precursors.
More specifically, a carboxylic acid of formula XXV is
reacted with an appropriately substituted
iV-hydroxyacetamide of formula XXVI under conditions
of water removal as shown in step a to provide a
compound of formula XXVII where Ar1 is the
l,2,4-oxadiazol-3,5-diyl . Compound XXVII (R11 = OPg)
may then be transformed into a compound of formula
XXVII where R11 is a hydroxyl and coupled to a
compound of formula III as described in step b of
Scheme A to provide a compound of formula Hh where Ar1
is a heterocyclic ring such as
l,2,4-oxadiazol-3,5-diyl and R10 is an ester. Reaction
Scheme I In Reaction Scheme J, step c, an enantomeric
compound of formula XIXb may prepared by resolution of
a racemic compound of formula XIX by conventionally
procedures including chromatographic separation using
a chiral stationary phase. Alternatively, in step b,
an enantomeric compound of formula XIXb may be
prepared by arylating enantioselectively a compound of
formula of XVIII with a compound of formula XXX. More
specifically, in step a, a compound of formula XVII
where Pg is an hydroxyl protecting group such as
tert-butyldimethylsilyl is reacted under borating
conditions in which the borating conditions comprise a
triakyl borate such as triisopropyl borate and an
alkyl lithium such as n-hexyllithium to provide a
borate trimer of formula XXX. The reaction is
conveniently carried out in a suitable solvent such as
toluene. Also contemplated within the scope of a
compound of formula XXX are the corresponding dimer
and monomer forms of the aryl boronic acid, hi step b,
an enantiomeric compoundof formula XIXb is prepared by
arylating an aldehyde of formula XVIII with a borate
trimer of formula XXX in the presence of a chiral
catalyst and a dialkyl zinc. More specifically, a
compound of formula XXX is reacted with a dialkyl zinc
for 12 to 18 hours in a suitable solvent such as
toluene at a temperature from 20 0C to 80 0C. A
temperature of 40 0C to 80 0C is preferred with 60 0C
being more preferred. Dialkyl zincs such as dimethyl
zinc and diisopropyl zinc are preferred with diethyl
zinc being more preferred. Following the reaction with
a dialkyl zinc, the reaction is cooled to 10 0C to -20
0C with -10 0C being preferred and a chiral catalyst,
preferably in a suitable solvent such as toluene, is
added. Preferred chiral catalysts include chiral amino
alcohols such as
1-[(R)-[methyl[(1R)-1-phenylethyl]amino]-1-naphthaleny
lmethyl] -2-naphthalenol, [(S)-I
-naphthalenyl[[(1S)-1-phenylethyl]amino]methyl]-2-naph
thalenol and
[(S)-[methyl[(1S)-1-phenylethyl]amino]phenylmethyl]
-2-naphthalenol with
(R)-(-)-2-piperidino-l,l,2-triphenyl ethanol being
more preferred. The reaction maintained for 15 to 90
minutes with 30 minutes being preferred. A compound of
formula XVIII where R1 is cyano is added and the
reaction is maintained for 2 to 6 hours with 4 hours
being preferred. The reaction is quenched and subject
to standard extraction techniques to provide an
enantomeric compound of formula XIXb where Pg is a
hydroxyl protecting group such as
tert-butyldimethylsilyl and R10 is a suitable
precursor to the group Z such as cyano.Reaction Scheme
J The compounds of the present invention can be
administered alone or in the form of a pharmaceutical
composition, that is, combined with pharmaceutically
acceptable carriers or excipients, the proportion and
nature of which are determined by the solubility and
chemical properties of the compound selected, the
chosen route of administration, and standard
pharmaceutical practice. The compounds of the present
invention, while effective themselves, may be
formulated and administered in the form of their
pharmaceutically acceptable salts, for purposes of
stability, convenience of crystallization, increased
solubility, and the like. In practice, the compounds
of formula I are usually administered in the form of
pharmaceutical compositions, that is, in admixture
with pharmaceutically acceptable carriers or diluents,
the proportion and nature of which are determined by
the chemical properties of the selected compound of
formula I, the chosen route of administration, and
standard pharmaceutical practice. Thus, the present
invention provides pharmaceutical compositions
comprising a compound of the formula I and a
pharmaceutically acceptable carrier, diluent or
excipient. The compounds of formula I can be
administered by a variety of routes. In effecting
treatment of a patient afflicted with disorders
described above, a compound offormula I can be
administered in any form or mode which makes the
compound bioavailable in an effective amount,
including oral and parenteral routes. For example,
compounds of formula I can be administered orally, by
inhalation, subcutaneously, intramuscularly,
intravenously, transdermally, intranasally, rectally,
ocularly, topically, sublingually, buccally, and the
like. Oral administration is generally preferred for
treatment of the neurological and psychiatric
disorders described herein. One skilled in the art of
preparing formulations can readily select the proper
form and mode of administration depending upon the
particular characteristics of the compound selected,
the disorder or condition to be treated, the stage of
the disorder or condition, and other relevant
circumstances. (Remington's Pharmaceutical Sciences,
18th Edition, Mack Publishing Co. (1990)). The
pharmaceutical compositions of the present invention
are prepared in a 



manner well known in the pharmaceutical art. The
carrier or excipient may be a solid, semi-solid, or
liquid material which can serve as a vehicle or medium
for the active ingredient. Suitable carriers or
excipients are well known in the art. The
pharmaceutical composition may be adapted for oral,
inhalation, parenteral, or topical use and may be
administered to the patient in the form of tablets,
capsules, aerosols, inhalants, suppositories,
solution, suspensions, or the like. The compounds of
the present invention may be administered orally, for
example, with an inert diluent or capsules or
compressed into tablets. For the purpose of oral
therapeutic administration, the compounds may be
incorporated with excipients and used in the form of
tablets, troches, capsules, elixirs, suspensions,
syrups, wafers, chewing gums and the like. These
preparations should contain at least 4% of the
compound of the present invention, the active
ingredient, but may be varied depending upon the
particular form and may conveniently be between 4% to
about 70% of the weight of the unit. The amount of the
compound present in compositions is such that a
suitable dosage will be obtained. A person skilled in
the art may determine preferred compositions and
preparations according to the present invention. The
tablets, pills, capsules, troches, and the like may
also contain one or more of the following adjuvants:
binders such as microcrystalline cellulose, gum
tragacanth or gelatin; excipients such as starch or
lactose, disintegrating agents such as alginic acid,
Primogel, corn starch and the like; lubricants such as
magnesium stearate or Sterotex;glidants such as
colloidal silicon dioxide; and sweetening agents such
as sucrose or saccharin may be added or a flavoring
agent such as peppermint, methyl salicylate or orange
flavoring. When the dosage unit form is a capsule, it
may contain, in addition to materials of the above
type, a liquid carrier such as polyethylene glycol or
a fatty oil. Other dosage unit forms may contain other
various materials which modify the physical form of
the dosage unit, for example, as coatings. Thus,
tablets or pills may be coated with sugar, shellac, or
other coating agents. A syrup may contain, in addition
to the present compounds, sucrose as a sweetening
agent and certain preservatives, dyes and colorings
and flavors. Materials used in preparing these various
compositions should be pharmaceutically pure and
non-toxic in the amounts used. For the purpose of
parenteral therapeutic administration, the compounds
of the present invention may be incorporated into a
solution or suspension. These preparations typically
contain at least 0.1% of a compound of the invention,
but may be varied to be between 0.1 and about 90% of
the weight thereof. The amount of the compound of
formula I present in such compositions is such that a
suitable dosage will be obtained. The solutions or
suspensions may also include one or more of the
following adjuvants: sterile diluents such as water
for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or
other synthetic solvents; antibacterial agents such as
benzyl alcohol or methyl paraben; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents
such as ethylene diaminetetraacetic acid; buffers such
as acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or
dextrose. The parenteral preparation can be enclosed
in ampoules, disposable syringes or multiple dose
vials made of glass or plastic. Preferred compositions
and preparations are able to be determined by one
skilled in the art. The compounds of the present
invention may also be administered topically, and when
done so the carrier may suitably comprise a solution,
ointment, or gel base. The base, for example, may
comprise one or more of the following: petrolatum,
lanolin, polyethylene glycols, bees wax, mineral oil,
diluents such as water and alcohol, and emulsifiers,
and stabilizers. Topical formulations may contain a
concentration of the formula I or its pharmaceutical
salt from about 0.1 to about 10% w/v (weight per unit
volume).The compounds of formula I are potentiators of
metabotropic glutamate (mGlu) receptor function, in
particular they are potentiators of mGlu2 receptors.
That is the compounds of formula I increase mGlu2
receptor response to glutamate or a glutamate agonist,
enhancing the function of the receptors. The behavior
of the potentiators of formula I at mGlu2 receptors is
shown in Example A which is suitable to identify
potentiators useful for carrying out the present
invention. Thus, the potentiators of the present
invention are expected to be useful in the treatment
of various neurological and psychiatric disorders
associated with glutamate dysfunction described to be
treated herein and others that can be treated by such
potentiators as are appreciated by those skilled in
the art. Example A Potentiation of Glutamate-Induced
Increase in Intracellular Calcium with a mGlu2
Expressing Cell Line. Cell lines expressing human
mGlu2 receptors are derived as previously described
(Desai, Burnett, Mayne, Schoepp, MoI. Pharmacol. 48,
648-657, 1995) and cultured in DMEM with 5% dialyzed
fetal bovine serum, 1mM glutamine, 1mM sodium
pyruvate, 50 mg/mL Geneticin G41 8, and 0.2 mg/niL
hygromycin B. Confluent cultures are passaged weekly.
These cells are referred to as RGT cells for Rat
Glutamate Transporter, and have been co-transfected
with the glutamate/aspartate transporter GLAST. The
RGT cell line expressing the mGlu2 receptors is stably
transfected with the promiscuous G-protein, Galphal5
to change the signaling pathway to the mGlu2 receptor
to one that could be easily measured through release
of intracellular calcium. Thus, intracellular calcium
levels are monitored before and after the addition of
drugs on a Fluorometric Imaging Plate Reader (i.e.
FLIPR, Molecular Devices). The following buffer is
used throughout as an assay buffer: 10 mM KCl, 138 mM
NaCl, 5 mM Ca Cl2, 1mM MgCl2, 4 mM Na H2PO4, 10 mM
Glucose, 10 mM HEPES, pH 7.4. Cells that had been
plated 48 hours prior at a density of 30-40,000 cells
per well in a 96-well plate are loaded with a
calcium-sensitive dye for 90 minutes at 25 0C. Fluo-3
(2 mM in DMSO, Molecular Probes) are mixed with a
equal volume of 10% pluronic acid in DMSO, and diluted
to 8 mM into the buffer described above containing 10%
fetal bovine serum to make the loading buffer.
Following loading of the cells, the loading buffer is
removed and replaced with assay buffer prior to drug
addition and monitoring on the FLIPR. The
resultingsignal from the addition of compounds of
formula (I) and submaximal concentrations of a
glutamate-site agonist (e.g. 1 mM glutamate) is
determined by taking the difference of the maximal
fluorescent peak height minus the background
fluorescence in each well and expressing the results
as a percent of the signal seen with a maximal
glutamate response (30 mM glutamate, typically about
30-50,000 Relative Fluorescent Units). Least squares
curve fitting with a four-parameter equation is then
applied to the resulting dose-% response curve to
determine the resulting EC5O values. Exemplified
compounds of formula I typically affect the
potentiation of mGlu2 receptors with EC50 values less
than 12.5 mM. More specifically, examples 47, 65, 81,
82, 83 and 84 affect the potentiation of niGlu2
receptors with EC50 values less than 100 nM. Compounds
of formula I are modulators of leukotriene receptor
function, in particular they are antagonists of
leukotriene receptors. That is the compounds of
formula I antagonize the cysteinyl-leukotriene D4
(LTD4) receptor. The behavior of the antagonism of the
cysteinyl-leukotriene D4 (LTD4) receptor by compounds
of formula I is shown in Example B which is suitable
to identify antagonists useful for carrying out the
present invention. Thus, the leukotriene antagonists
of the present invention are useful in the treatment
of various inflammatory and allergic disorders
mediated by leukotrienes and described to be treated
herein and other disorders that can be treated by such
antagonists as are appreciated by those skilled in the
art. Example B Antagonism of Cysteinyl-leukotriene D4
(LTD4) -Induced Increase in Intracellular Calcium
within a Cysteinyl-Leukotriene 1 (CysLTl) Receptor
Expressing Cell Line. Cell lines expressing the human
CysLTl receptor [AV12-664 (ATCC-9595)] are derived and
maintained in culture media: DMEM with 5% dialyzed
fetal bovine serum, 1 mM glutamine, and 1 mM sodium
pyruvate. Confluent cultures are passaged weekly.
Intracellular calcium levels are monitored in the
CysLTl -expressing cells with the addition of LTD4,
with or without prior exposure to the compounds being
tested as antagonists with a Fluorometric Imaging
Plate Reader (FLIPR, Molecular Devices). The following
buffer is used throughout as an assay buffer: Hanks
Buffered Saline Solution without phenol red (GIBCO),
with 10 mM HEPES pH 7.4. Cells that had been plated 48
hours prior at a density of 20-25,000 cells per well
in a 96-well plate are loaded with acalcium-sensitive
dye for 90 minutes at 25 C. Fluo-3 (2 mM in DMSO,
Molecular Probes) is mixed with an equal volume of 10%
pluronic acid in DMSO, and diluted to 8 mM in the
buffer described above containing 10% fetal bovine
serum to make the loading buffer. Following loading of
the cells, the buffer is removed and replaced with
assay buffer prior to drug addition and monitoring on
the FLIPR for several minutes. The resulting signal
from the addition of 6 nM LTD4 (provides approximately
90% of the maximal signal with 25 nM LTD4) is
determined by taking the difference of the maximal
fluorescent peak height minus the background
fluorescence in each well and expressing the results
as a percent of the signal seen without pretreatment
of the test compound(s). Least squares curve fitting
with a four-parameter equation is applied to the
resulting dose- % inhibition curve to determine the
resulting IC5O values. Exemplified compounds of
formula I typically affect the antagonism of CysLTl
receptors with IC50 values less than 12.5 mM. More
specifically, examples 47, 60, 65, 81, 82, 83 and 84
affect the antagonism of CysLTl receptors with
IC5Ovalues less than 750 nM. In one embodiment of the
present invention provides methods of treating
neurological and psychiatric disorders associated with
glutamate dysfunction, comprising administering to a
patient in need thereof an effective amount of a
potentiator of metabotropic glutamate 2 receptors.
Specifically, the present invention provides a method
of treating neurological and psychiatric disorders
associated with glutamate dysfunction, comprising
administering to a patient in need thereof an
effective amount of a potentiator of the mGlu2
receptor and/or antagonist of the CysLTl receptor,
that is, the present invention provides methods using
an effective amount of a potentiator of mGlu2
receptors and/or antagonist of the CysLTl receptor. In
another preferred embodiment the present invention
provides a method of treating migraine, comprising
administering to a patient in need thereof an
effective amount of a compound of formula I . In
another preferred embodiment the present invention
provides a method of treating anxiety, comprising
administering to a patient in need thereof an
effective amount of a compound of formula
I.Particularly preferred anxiety disorders are
generalized anxiety disorder, panic disorder, and
obsessive compulsive disorder. In another preferred
embodiment the present invention provides a method of
treating schizophrenia, comprising administering to a
patient in need thereof an effective amount of a
compound of formula I. In yet another preferred
embodiment the present invention provides a method of
treating epilepsy, comprising administering to a
patient in need thereof an effective amount of a
compound of formula I. Because the compounds of
formula I enhance the normal physiological function of
the mGlu receptors, the compounds of formula I are
useful for the treatment of a variety of neurological
and psychiatric disorders associated with glutamate
dysfunction, including: acute neurological and
psychiatric disorders such as cerebral deficits
subsequent to cardiac bypass surgery and grafting,
stroke, cerebral ischemia, spinal cord trauma, head
trauma, perinatal hypoxia, cardiac arrest,
hypoglycemic neuronal damage, dementia (including
AIDS-induced dementia), Alzheimer's disease,
Huntington's Chorea, amyotrophic lateral sclerosis,
multiple sclerosis, ocular damage, retinopathy,
cognitive disorders, idiopathic and drug-induced
Parkinson's disease, muscular spasms and disorders
associated with muscular spasticity (including
tremors) seizures, epilepsy, convulsions, migraine
(including migraine headache), urinary incontinence,
substance tolerance, substance withdrawal (including,
substances such as opiates, nicotine, tobacco
products, alcohol, benzodiazepines, cocaine,
sedatives, hypnotics, etc.), psychosis, schizophrenia,
anxiety (including generalized anxiety disorder, panic
disorder, and obsessive compulsive disorder), mood
disorders (including depression, mania, bipolar
disorders), trigeminal neuralgia, hearing loss,
tinnitus, macular degeneration of the eye, emesis,
brain edema, pain (including acute and chronic pain
states, severe pain, intractable pain, neuropathic
pain, and post-traumatic pain), tardive dyskinesia,
sleep disorders (including narcolepsy), attention
deficit/hyperactivity disorder, and conduct disorder.
At present, the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV(tm))
(1994, American Psychiatric Association, Washington,
D.C.), provides a diagnostic tool for identifying many
of the disorders described herein. The skilled artisan
will recognize that there are alternative
nomenclatures, nosologies, andclassification systems
for neurological and psychiatric disorders described
herein and that these systems evolve with medical
scientific progress. The compounds of formula I
potentiate mGlu receptor response, in particular mGlu2
receptor response, to glutamate and glutamate
agonists. Such agonists are easily recognized and some
are available in the art. Schoepp, D.D., Jane, D.E.,
Monn, J.A., Neuropharmacology 38: 1431-1476, ( 1999).
Thus, a more particular embodiment, it is understood
that the present invention extends to a method of
potentiating the action of a glutamate receptor
agonist at the Group II mGlu receptors, comprising
administering to a patient in need thereof an
effective amount of a mGlu2 potentiator, in particular
a compound of formula I, in combination with a
potentiated amount of an mGlu receptor agonist. Such a
combination may be advantageous in that it may augment
the activity and selectivity of mGlu agonist. As used
herein, the term "patient" refers to a warm blooded
animal such as a mammal which is afflicted with one or
more neurological and psychiatric disorders associated
with glutamate dysfunction. It is understood that
guinea pigs, dogs, cats, rats, mice, horses, cattle,
sheep, and humans, particularly humans, are examples
of animals within the scope of the meaning of the
term. It is also understood that this invention
relates specifically to the potentiation of mammalian
metabotropic glutamate receptors. It is also
recognized that one skilled in the art may affect the
neurological and psychiatric disorders by treating a
patient presently afflicted with the disorders or by
prophylactically treating a patient afflicted with the
disorders with an effective amount of the compound of
formula I. Thus, the terms "treatment" and "treating"
are intended to refer to all processes wherein there
may be a slowing, interrupting, arresting,
controlling, or stopping of the progression of the
neurological and psychiatric disorders described
herein, but does not necessarily indicate a total
elimination of all disorder symptoms, and is intended
to include prophylactic treatment of such neurological
and psychiatric disorders. As used herein, the term
"effective amount" of a compound of formula I refers
to an amount, that is, the dosage which is effective
in treating the neurological and psychiatric disorders
described herein. The attending diagnostician, as one
skilled in the art, can readily determine an effective
amount by the use of conventional techniques and by
observing results obtainedunder analogous
circumstances. In determining an effective amount, the
dose of a compound of formula I, a number of factors
are considered by the attending diagnostician,
including, but not limited to: the compound of formula
I to be administered; the co-administration of an mGlu
agonist, if used; the species of mammal; its size,
age, and general health; the specific disorder
involved; the degree of involvement or the severity of
the disorder; the response of the individual patient;
the mode of administration; the bioavailability
characteristics of the preparation administered; the
dose regimen selected; the use of other concomitant
medication; and other relevant circumstances. An
effective amount of a compound of formula I is
expected to vary from about 0.01 milligram per
kilogram of body weight per day (mg/kg/day) to about
100 mg/kg/day. Preferred amounts may be determined by
one skilled in the art. As used herein, the term
"potentiated amount" refers to an amount of an mGlu
agonist, that is, the dosage of agonist which is
effective in treating the neurological and psychiatric
disorders described herein when administered in
combination with an effective amount of a compound of
formula I . A potentiated amount is expected to be
less than the amount that is required to provided the
same effect when the mGlu agonist is administered
without an effective amount of a compound of formula
I. The attending diagnostician, as one skilled in the
art, can readily determine a potentiated amount by the
use of conventional techniques and by observing
results obtained under analogous circumstances. In
determining a potentiated amount, the dose of an mGlu
agonist to be administered in combination with a
compound of formula I, a number of factors are
considered by the attending diagnostician, including,
but not limited to: the mGlu agonist selected to be
administered, including its potency and selectivity;
the compound of formula I to be co-administered; the
species of mammal; its size, age, and general health;
the specific disorder involved; the degree of
involvement or the severity of the disorder; the
response of the individual patient; the modes of
administration; the bioavailability characteristics of
the preparations administered; the dose regimens
selected; the use of other concomitant medication; and
other relevant circumstances. A potentiated amount of
an mGlu agonist to be administered in combination with
an effective amount of a compound of formula I is
expected to vary from about 0.1 milligram per kilogram
of body weight per day (mg/kg/day) to about 100
mg/kg/day andis expected to be less than the amount
that is required to provided the same effect when
administered without an effective amount of a compound
of formula I . Preferred amounts of a co-administered
mGlu agonist are able to be determined by one skilled
in the art. Of the neurological and psychiatric
disorders associated with glutamate dysfunction which
are treated according to the present invention, the
treatment of migraine, anxiety, schizophrenia, and
epilepsy are particularly preferred. Particularly
preferred anxiety disorders are generalized anxiety
disorder, panic disorder, and obsessive compulsive
disorder. Thus, in a preferred embodiment the present
invention provides a method of treating migraine,
comprising administering to a patient in need thereof
an effective amount of a compound of formula I or a
pharmaceutical composition thereof. In one of the
available sources of diagnostic tools, Borland's
Medical Dictionary (23rd Ed., 1982, W. B. Saunders
Company, Philidelphia, PA), migraine is defined as a
symptom complex of periodic headaches, usually
temporal and unilateral, often with irritability,
nausea, vomiting, constipation or diarrhea, and
photophobia. As used herein the term "migraine"
includes these periodic headaches, both temporal and
unilateral, the associated irritability, nausea,
vomiting, constipation or diarrhea, photophobia, and
other associated symptoms. The skilled artisan will
recognize that there are alternative nomenclatures,
nosologies, and classification systems for
neurological and psychiatric disorders, including
migraine, and that these systems evolve with medical
scientific progress. In another preferred embodiment
the present invention provides a method of treating
anxiety, comprising administering to a patient in need
thereof an effective amount of a compound of formula I
or a pharmaceutical composition thereof. 



At present, the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV(tm))
(1994, American Psychiatric Association, Washington,
D.C), provides a diagnostic tool including anxiety and
related disorders. These include: panic disorder with
or without agoraphobia, agoraphobia without history of
panic disorder, specific phobia, social phobia,
obsessive-compulsive disorder, post-traumatic stress
disorder, acute stress disorder, generalized anxiety
disorder, anxiety disorder due to a general medical
condition, substance-induced anxiety disorder and
anxiety disorder not otherwise specified. As used
herein the term "anxiety" includes treatment of
thoseanxiety disorders and related disorder as
described in the DSM-IV. The skilled artisan will
recognize that there are alternative nomenclatures,
nosologies, and classification systems for
neurological and psychiatric disorders, and particular
anxiety, and that these systems evolve with medical
scientific progress. Thus, the term "anxiety" is
intended to include like disorders that are described
in other diagnostic sources. A number of preclinical
laboratory animal models for migraine and anxiety have
been described. One commonly used model of migraine is
the dural extravasation model that has been described
by Phebus et al., Life ScL, 61(21), 2 117-2126 (1997)
which can be used to evaluate the present compounds.
Example C Animal Model of Dural Plasma Protein
Extravasation (PPE). Male Harlan Sprague-Dawley rats
(250-350 g) are anesthetized with sodium pentobarbital
(65 mg/kg, i.p.) and placed in a stereotaxic frame
(David Kopf Instruments) with the incisor bar set at
-2.5 mm. Following a midline sagital scalp incision,
two pairs of bilateral holes are drilled through the
skull (3.2 mm posterially, 1.8 and 3.8 mm laterally,
all coordinates referenced to bregma). Pairs of
stainless steel stimulating electrodes, insulated
except at the tips (Rhodes Medical Systems, Inc.), are
lowered through the holes in both hemispheres to a
depth of 9.2 mm. The femoral vein is exposed and a
dose of the test compound is injected intravenously
(i.v.) at a dosing volume of 1 mL/kg. Approximately 8
minutes post i.v. injection, a 20 mg/kg dose of
Fluorescein isothiocyanate-bovine serum albumin
(FITCBSA) is also injected intravenously. The FITC-BSA
functions as a marker for protein extravasation.
Exactly 10 minutes post-injection of the test
compound, the left trigeminal ganglion is stimulated
for 5 minutes at a current intensity of 1.0 mA (5 Hz,
5 msec duration) with a Model S48 Grass Instrument
Stimulator with PSIU6 photoelectric isolation unit
(Grass-Telefactor). Alternatively, rats fasted
overnight are dosed orally with test compound via
gavage at a volume of 2 mL/kg. Approximately 50
minutes later the animals are anesthetized and placed
in the stereotaxic frame as described above. Exactly
58 minutes post-p.o. dosing, the animals are dosed
with FITC-BSA (20 mg/kg, i.v.). Exactly one hour
post-p.o. dosing, the animals are stimulated as
described above.Five minutes following stimulation,
the animals are killed by exsanguination with 40 mL of
saline. The top of the skull is removed to facilitate
the collection of the dural membranes. The membrane
samples are removed from both hemispheres, rinsed with
water, and spread flat on microscopic slides. Once
dried, the tissues are coverslipped with a 70%
glycerol/water solution. A fluorescence microscope
(Zeiss) equipped with a grating monochromator and a
spectrophotometer is used to quantify the amount of
FITC-BSA in each sample. An excitation wavelength of
approximately 490 nm is utilized and the emission
intensity at 535 nm was determined. The microscope is
equipped with a motorized stage and also interfaced
with a personal computer. This facilitates the
computer-controlled movement of the stage with
fluorescence measurements at 25 points (500 mm steps)
on each dural sample. The mean and standard deviation
of the measurements are determined by the computer.
The extravasation induced by the electrical
stimulation of the trigeminal ganglion is an
ipsilateral effect (i.e. occurs only on the side of
the dura in which the trigeminal ganglion was
stimulated). This allows the use of the other
(unstimulated) half of the dura as a control. The
ratio of the amount of extravasation in the dura from
the stimulated side, over the amount of extravasation
in the unstimulated side, is calculated. Control
animals dosed only with saline, yield a ratio of
approximately 2.0. In contrast, a compound which
effectively prevented the extravasation in the dura
from the stimulated side would yield a ratio of
approximately 1.0. Examples 60, 65, 83 and 84 affect
extravasation in the dura with ID1Oovalues less than
or equal to 0.1 mg/kg p.o. The fear potentiated
startle response model has been extensively used as a
model of anxiety and can be used to evaluate the
present compounds. Davis, Psychopharmacol. , 62, 1
(1979); Davis, Behav. NeuroscL, 100, 814 (1986);
Davis, Tr. Pharmacol. ScI, 13, 35 (1992). Example D
Fear Potentiated Startle Paradigm. Male Sprague-Dawley
rats weighing 325-400 g are purchased from Harlan
Sprague-Dawley, Inc. (Cumberland, IN) and given a one
week acclimation period beforetesting. Rats are
individually housed with food and water ad libitum in
an animal room on a 12-hour light/dark cycle with
lights on between 6:00 A.M. and 6:00 P.M. The test
compound of formula I is prepared in a suspension of
5% ethanol, 0.5% CMC, 0.5% Tween 80 and 99% water.
2-2-ammo-2-(lS,2S-2-carboxycyclopropan-l-yl)-3-(xanth-
9- yl) propionic acid is prepared in sterile water.
Control rats are given the respective vehicle. The
fear potentiated startle paradigm is conducted over
three consecutive days. All three days begin with a
5-minute adaptation period before the trial starts. On
day one (baseline startle) after the adaptation
period, the animal receives 30 trials of 12OdB
auditory noise. The mean startle amplitude (Vmax) is
used to assign animals to groups with similar means
before conditioning begins. Day two consists of
conditioning the animals. Each animal receives 0.5 mA
of shock for 500 msec preceded by a 5 second
presentation of light which remains on for the
duration of the shock. Ten presentations of the light
and shock are administered. Day three is the testing
trial where drug administration occurs prior to
testing. Twenty-four hours after conditioning, startle
testing sessions are conducted. Ten trials of acoustic
startle (120 dB), non-light paired, are presented at
the beginning of the session. This is followed by 20
random trials of the noise alone and 20 random trials
of noise preceded by light. Excluding the first 10
trials, the startle response amplitudes for each trial
type are averaged for each animal. Data is presented
as the difference between light + noise and
noise-alone. Differences in startle response
amplitudes are analyzed by JMP statistical software
using a One-way Anova (analysis of variance, t-test).
Group differences are considered to be significant at
p<0.05. In another preferred embodiment the present
invention provides a method of treating epilepsy,
comprising administering to a patient in need thereof
an effective amount of a compound of formula I or a
pharmaceutical composition thereof. At present, there
are several types and subtypes of seizures associated
with epilepsy, including idiopathic, symptomatic, and
cryptogenic. These epileptic seizures can be focal
(partial) or generalized. They can also be simple or
complex. Epilepsy is described in the art, such as
Epilepsy: A comprehensive textbook. Ed. by Jerome
Engel, Jr. and Timothy A. Pedley. (Lippincott-Raven,
Philadelphia, 1997). At present, the International
Classification of Diseases, Ninth Revision, (ICD-9)
provides a diagnostic tool including epilepsy and
related disorders. These include: generalized
nonconvulsiveepilepsy, generalized convulsive
epilepsy, petit mal status epilepticus, grand mal
status epilepticus, partial epilepsy with impairment
of consciousness, partial epilepsy without impairment
of consciousness, infantile spasms, epilepsy partialis
continua, other forms of epilepsy, epilepsy,
unspecified, NOS. As used herein the term "epilepsy"
includes these all types and subtypes. The skilled
artisan will recognize that there are alternative
nomenclatures, nosologies, and classification systems
for neurological and psychiatric disorders, including
epilepsy, and that these systems evolve with medical
scientific progress. Various electroshock-induces
models has been extensively used as a model of seizure
disorders. Example E Electroshock-induced seizures.
Application of electrical stimulation by corneal
electrodes to mice can induce tonic hindlimb-extensor
seizures. Blockade of tonic extensor seizures induced
by electroshock is considered predictive for drugs
which block seizure propagation and may be effective
in preventing various seizures in humans, including
epileptic seizures. Vehicle or a dose of a test drug
are administered to groups of 5 to 10 mice each.
Thirty minutes later, electroshock (10 mA, 0.2 sec
duration) is administered by transcorneal electrodes.
The number of mice exhibiting tonic extensor seizures
in each group is recorded. The data are reported as
the percentage of mice that are protected from
seizures. The present invention is further illustrated
by the following examples and preparations. These
examples and preparations are illustrative only and
are not intended to limit the invention in any way.
The chemical nomenclature used in the examples and
preparations is derived from one or more standard
conventions. The skilled artisan will recognize the
technical meaning when names are derived from two or
more conventions. The terms used in the examples and
preparations have their normal meanings unless
otherwise designated. For example, "C" refers to
degrees Celsius; "N" refers to normal or normality;
"M" refers to molar or molarity; "mol" refers to mole
or moles; "mmol" refers to millimole or millimoles;
"mmol" refers to micromole or micromoles; "kg" refers
to kilogram or kilograms; "g" refers to gram or grams;
"mg" refers tomicrogram or micrograms; "mg" refers to
milligram or milligrams; "mL" refers to microliter or
microliters; "mL" refers milliliter or milliliters;
"L" refers to liter or liters; "bp" refers to boiling
point; "nip" refers to melting point; "brine" refers
to a saturated aqueous sodium chloride solution; "h or
hr" refers to hour or hours; "min" refers to minute or
minutes; "MS" refers to mass spectrometry; "NMR"
refers to nuclear magnetic resonance spectroscopy;
"TFA" refers to trifluoroacetic acid; "CH2Cl2" or
"DCM" refers to dichloromethane; "DCE" refers to
dichloroethane; "MeOH" refers to methanol; "NH4OH"
refers to a concentrated aqueous ammonia solution;
"HCl" refers to hydrogen chloride; "MTBE" refers to
tert-butyl methyl ether; "DSC" refers to differential
scanning calorimetery; "DMEM" refers to Dulbecco's
modified eagle medium. Chemical shifts are give in d
and NMR spectra were obtained in CDCl3, unless
otherwise indicated. Preparation 1 Synthesis of
2-fluoro-3-methoxy-phenol. A mixture of
2-fluoroanisole (1.8 ml, 15.85 mmol),
pentamethyldiethyenetriamine (3.6 mL, 17.45 mmol) and
tetrahydrofuran (10 mL) is stirred at -78 C. A 2.5 M
solution of 77-butyllithium in hexanes (7 ml, 17.45
mmol) is added dropwise and the resulting solution is
stirred at -78 C 2 hr. Trimethylborate (2 mL, 17.45
mmol) is added and the reaction is warmed to room
temperature and stirred 1 hr. Acetic acid (1.4 ml,
23.8 mmol) is added followed by an aqueous 30 %
solution of hydrogen peroxide (1.8 mL, 17.45 mmol) and
the resulting mixture is stirred rapidly 18 hr at room
temperature. The reaction mixture is diluted with
water and extracted with ethyl acetate (3 X 50 mL).
The combined extracts are dried over magnesium
sulfate, filtered and concetrated to about 10 mL
volume. The resulting mixture is purified via silica
chromatography eluting with hexanes to 8:1
hexanes:ethyl acetate to give the title compound (1.65
g 73 %) as a colorless oil. MS ES 141 M-I. Preparation
2 Synthesis of
l-(3-fluoro-2,4-dihydroxy-phenyl)-ethanone. A solution
of 2-fluoro-3-methoxy-phenol (0.5 g, 3.53 mmol) and
dichloromethane is stirred at -78 C. A IM solution of
boron tribromide in dichloromethane (3.9 mL, 3.9 mmol)
is added slowly and the mixture is stirred 10 min
cold, then warmed to 0 C and stirred 1 hr. The
reaction is quenched with ice and stirred at room
temperature overnight.The product is extracted with
ethyl acetate (2 X 50 mL), dried over magnesium
sulfate, filtered, and concentrated. The resulting
residue is combined with boron trifluoride diethyl
etherate (1.3 mL, 10.3 mmol) and acetic acid (0.2 mL,
3.28 mmol) and heated to reflux 8 hr. The mixture is
cooled to room temperature, diluted with water (50
mL), and extracted with ethyl acetate (3 X 50 mL). The
combined extracts are dried over magnesium sulfate,
filtered and concentrated to about 10 mL volume. The
resulting mixture is diluted with hexanes (50 mL),
cooled to 0 0C, and filtered to give the title
compound (310 mg, 58 %) as a tan solid. MS ES 171 M+l.
Preparation 3 Synthesis of
1-(3-chloro-2,4-dihydroxy-phenyl)-ethanone. A solution
of 2,4,-dihydroxyacetophenone (6 g, 39.4 mmol),
aqueous IM sodium hydroxide (41 .4 mL, 4 1.4 mmol) and
water (200 mL) is stirred at room temperature. An
aqueous 1.6M solution of sodium hypochlorite (32 mL)
is added over a 1 hr period. The resulting dark brown
solution is stirred 18 hr at room temperature. The
reaction mixture is adjusted to a pH of 2-3 with
concentrated aqueous hydrochloric acid. The resulting
suspension is filtered and washed with water (4 X 100
mL). The filtered solid was dried under vacuum at 45 C
for 2.5 days to give the title compound (4.8 g, 65 %)
as a brown solid. LCMS l 187 M+. Preparation 4
Synthesis of 1-(3-chloro-2,4-dihydroxy-phenyl)-propan-
1-one. The title compound was prepared in a similar
manner to l-(3-chloro-2,4- dihydroxy-phenyl)-ethanone
(Preparation 3) employing 2,4-dihydroxypropiophenone
to give 4.5 g 37 % of an off-white solid. LCMS 1 201
M+. Preparation 5 Synthesis of
(4-bromo-benzyloxy)-triisopropyl-silane. Stir a
solution of 4-bromobenzyl alcohol (50 g, 267.3 mmol),
DBU (48 ml, 320.8 mmol) and dichloromethane (600 mL)
in an ice/water bath. Add triisopropylsilylchloride
(63 mL, 294 mmol) over 10 min via an addition funnel
and stir the reaction mixture for 20 hours at room
temperature. Wash the mixture with water (2X600 mL),
dry over anhydrous magnesium sulfate, filter and
concentrate. Purify the residue via silica
chromatography eluting with 9:1 hexanes:ethyl acetate
to give the title compound (91.5 g,99%) as a colorless
oil. 1H NMR (300 MHz, CDC13) d 7.47-7.50 (m, 2H),
7.28-7.30 (m, 2H), 4.81 (s, 1.11-1.24 (m, 21H).
Preparation 6 Synthesis of
(3-bromo-benzyloxy)-triisopropyl-silane. The title
compound is prepared essentially as described in
Preparation 5 employing 3-bromobenzyl alcohol to give
a colorless oil, 100 %. 1H NMR (CDCl3) d 7.54 (s, IH),
7.20-7.42 (m, 3H), 4.84 (s, 2H), 0.99-1.27 (m, 21H).
Preparation 7 Synthesis of
3-[hydroxy-(4-triisopropylsilanyloxymethyl-phenyl)-met
hyl]-benzonitrile. Stir a solution of
(4-bromo-benzyloxy)-triisopropyl-silane (72 g, 209.7
mmol) and tetraliydrofuran (500 mL) at -78 C. Add a
1.6 M solution of -butyllithium in hexanes (143 mL)
over 10 min. After addition, allow the reaction
mixture to reach -20 0C and stir for 5 minutes. Cool
the reaction mixture to -78 C. hi another flask, stir
a solution of 3- cyanobenzaldehyde (25 g, 190.6 mmol)
and tetrahydrofuran (250 mL) at -78 C. Add the lithium
anion solution to the aldehyde solution via large
canula at a rate such that the internal aldehyde
temperature does not rise above -50 0C. After addition
is complete, stir the reaction mixture 18 hours at
room temperature. Dilute the reaction mixture with
aqueous saturated ammonium chloride (500 mL) and ethyl
acetate (200 mL). Separate the layers, and extract the
aqueous layerwith ethyl acetate (3 X 100 mL). Combine
the organic layers, dry over anhydrous magnesium
sulfate, filter, and concentrate. Purify the residue
via silica gel chromatography eluting with hexanes to
9:1 hexanes: ethyl acetate to afford the title
compound (56.1 g, 75%) as a colorless oil. LCMS (m/z)
396 M+l. Preparation 8 Synthesis of
3-[(tetraliydro-pyran-2-yloxy)-(4-triisopropylsilanylo
xymethyl-phenyl)- methyl] -benzonitrile. Stir a
solution of
3-[hydroxy-(4-triisopropylsilanyloxymethyl-phenyl)-met
hyl]- benzonitrile (12 g, 30.3 mmol), 3,4-dihydro-2
-pyran (3.6 mL, 39.4 mmol) and dichloromethane (250
mL) at room temperature. Add
pyridinium/'-toluenesulfonate (0.8 g, 3.03 mmol) and
stir the resulting mixture 18 hours at room
temperature. Dilute the reaction mixture with aqueous
saturated sodium hydrogen carbonate (100 mL) and
separate the layers. Extract the aqueous layer is
washed with dichloromethane (2 X 50mL), combine the
organic layers, dry with magnesium sulfate, filter and
concentrate. Purify the residue via silica
chromatography eluting with hexanes to 8:2
hexanes:ethyl acetate to afford the title compound
(14.6 g, 100 %) as a colorless oil. LCMS (m/z) 478
M-I. The following compounds are prepared essentially
as described in Preparation 8. Preparation 11
Synthesis of
3-[(4-hydroxymethyl-phenyl)-(tetrahydro-pyran-2-yloxy)
-methyl]- benzonitrile. Add a IM solution in
tetrahydrofuran of tetrabutylammonium fluoride (37 mL,
37 mmol) to a solution of
3-[(tetrahydro-pyran-2-yloxy)-(4-triisopropylsilanylox
ymethylphenyl)- methyl] -benzonitrile (14.6 g, 30.4
mmol) in tetrahydrofuran (50 mL) and tetrahydrofuran
stir at room temperature for 2 hours. Concentrate the
reaction, dilute with water (200 mL), and extract with
ethyl acetate (2 X 100 mL). Combine the extracts, dry
over magnesium sulfate, filter, and concentrate.
Purify the residue via silicachromatography eluting
with 9:1 hexanesrethyl acetate to 1:1 hexanes ethyl
acetate to afford the title compound (8.0 g, 82 %), as
a colorless thick oil. LCMS (m/z) 323 M+l. The
following compounds are prepared essentially as
described in Preparation 11. Preparation 14 Synthesis
of
3-[[4-(4-acetyl-3-hydroxy-2-propyl-phenoxymethyl)-phen
yl]-(tetrahydropyran- 2-yloxy)-methyl]-benzonitrile.
Stir a solution of
l-(2,4-dihydroxy-3-propyl-phenyl)-ethanone (1.75 g, 9
mmol),
3-[(4-hydroxymethyl-phenyl)-(tetrahydro-pyran-2-yloxy)
-methyl] -benzonitrile (2.9 g, 9 mmol), toluene (10
mL), and dichloromethane (10 mL) at -20 C. Add 1,1'-
(azodicarbonyl)dipiperidine (4.5 g, 18 mmol) followed
by tributylphosphine (4.5 mL, 18 mmol) and allow the
resulting yellow solution to stir at room temperature
overnight. Concentrate the resulting thick reaction
mixture and dilute with ether (50 mL). Cool the slurry
to 0 C with stirring, for 30 minutes. Filter the
reaction mixture, concentrate, and purify via silica
chromatography eluting with 1:1 hexanes:(5:4:l
hexanes:dichloromethane:ethyl acetate) to give the
title compound (3 g, 67 %), as an orange thick oil.
LCMS (m/z) 498 -M-I. The following compounds are
prepared essentially as described in Preparation
14.Prep. Chemical name Structure Physical data No. 15
3-[[4-(4-Acetyl-3-hydroxy-2- LCMS (m/z) 514 Mpropyl-
phenylsulfanylmethyl)- 1. phenyl]-(tetrahydro-pyran-2-
yloxy)-methyl]-benzonitrile 16
3-[[4-(3-Hydroxy-2-methyl-4- LCMS (m/z) m-THP
propionyl-phenoxymethyl)- 400. phenyl]
-(tetrahydro-pyran-2- 



yloxy)-methyl]-benzonitrile 17
3-[[4-(4-Acetyl-3-hydroxy-2- LCMS 498 M-I.
isopropyl-phenoxymethyl)- phenyl]-(tetrahydro-pyran-2-
yloxy)-methyl]-benzonitrile 18
3-[[4-(4-Acetyl-2-fluoro-3- LC/MS 474 M-1.
hydroxy-phenoxymethyl)- phenyl]-(tetrahydro-pyran-2-
yloxy)-methyl]-benzonitrile 19
3-[[4-(4-Acetyl-2-chloro-3- LCMS 490 M-I.
hydroxy-phenoxymetliyl)- phenyl]-(tetrahydro-pyran-2-
yloxy)-methyl]-benzonitrile 20
3-[[4-(2-Chloro-3-hydroxy-4- LCMS 504 M-I.
propionyl-phenoxymethyl)- phenyl]-(tetrahydro-pyran-2-
yloxy)-methyl]-benzonitrile 2 1
3-[[3-(4-Acetyl-3-hydroxy-2- LCMS 498 M-I.
propyl-phenoxymethyl)- phenyl]-(tetrahydro-pyran-2-
yloxy)-methyl]-benzonitrile441 -59-NEAR NEUTRAL PH TIN
ELECTROPLATING SOLUTION Background of the Invention
The present invention relates to the deposition of
metals and more specifically to the deposition of tin
or tin-lead alloys on objects or articles composed of
an electroplatable substrate, such as metal, or a
composite article having electroplatable and
non-electroplatable portions. Of particular interest
herein are electrical components such as surface
mounted capacitors and resistors that have metal
portions as well as ceramic, glass, or plastic
portions. The size of electronic components has been
dramatically reduced in recent years. This reduction
in size has made these components significantly more
difficult to electroplate. Additionally, many surface
mount technology (SMT) components have sensitive
ceramic portions which can be damaged by highly acidic
or highly alkaline solutions. To avoid this problem,
neutral or near neutral pH electroplating solutions
are desirable. Neutral or near neutral pH tin and
tin/lead alloy electrolytes have been made in the past
in an attempt to be compatible with sensitive ceramic
SMTs. Examples include US patents 4,163,700,
4,329,207, 4,640,746, 4,673,470, 4,681,670 and
Japanese patent application H02-301588. The
formulations described in these patents include
complexing agents of components such as citrates,
gluconates, ascorbates or pyrophosphates to complex
the tin and/or lead and render them soluble in the
solutions at the elevated pHs required. These
disclosure are not entirely suitable for their
intended purposes, and certainly are less than
desirable for use with current SMTs. For example,
Japanese patent application H02-301588 discloses that
the baths should be operable over a wide pH range of 2
to 9, but the examples illustrate near neutral baths
(i.e., a pH of 6 to 7.5). The baths of these examples
were found to not be stable at pH values above 5.0.
U.S. patent 4,163,700 includes a significant amount of
ammonia in its baths and this ingredient can attack
ceramic or glass portions of SMTs. US patents
4,640,746 and 4,681,670 indicate that problems are
encountered with deposit quality at pHs greater than
5.5. Thus, improvements in the stability and deposit
quality of these baths when operating above a pH of
5.5 is desired. The present invention now provides a
near neutral electroplating solution and process that
overcomes these problems.Summary of the Invention The
present invention relates to a solution for use in
connection with the deposition of tin or tin alloys on
platable portions of substrates. This solution
comprises water; tin ions in an amount sufficient to
provide a tin deposit on platable portions of
substrates; a complexing agent of an acid or salt
thereof that is stable at a pH of above 5.5 and below
10 present in an amount sufficient to render the metal
ion soluble in the solution; and a surfactant of an
alkoxylated polyalcohol present in an amount
sufficient to facilitate deposition of tin upon the
platable portions of the substrates. Advantageously,
the solution has a pH in the range of about 6 to about
8, which pH is adjusted, if necessary, by the addition
of a suitable pH adjusting agent. Preferably, the tin
ions are present as a solution soluble salt selected
from the group consisting of tin alkane sulfonates,
tin sulfates, or tin chlorides, and the complexing
agent is selected from the group consisting of
gluconic acid, an alkali or alkaline earth metal
gluconate, heptagluconic acid, an alkali or alkaline
earth metal heptagluconate, pyrophosphoric acid or an
alkali or alkaline earth metal pyrophosphate. An
important component is the surfactant, and preferred
polyalkoxylated polyalcohols include liquid
alkoxylated polyols primarily based on
pentaerythritol, trimethylolpropane or neopentyl
glycol or mixtures thereof reacted with ethylene
oxide, propylene oxide or mixtures thereof. Also,
advantages are provided when the surfactant and metal
ion are present in a concentration ratio of between
about 2 :land 9:1 in that agglomeration of the
substrates during plating is reduced or minimized.
Preferably, the surfactant is present in an amount of
between 25 and 200 g/1 and the tin ions are present in
an amount of between 5 and 100 g/1 but at a ratio
within the stated range. If desired, a divalent lead
salt can be provided in an amount sufficient to
deposit a tinlead alloy from the solution. In
addition, antioxidation agent may be included in an
amount sufficient to inhibit oxidation of the tin ions
in the solution. Another optional additive is a
conductivity salt in an amount sufficient to increase
the conductivity of the solution, such as an alkali or
alkaline metal sulfate, sulfonate, or acetate
compound. The invention also relates to a method for
electroplating a tin deposit on platable portions of
substrates which comprises contacting such substrates
with a solution as described herein and passing a
current though the solution to provide tin deposits on
the platable portions of the substrates without
causing significant agglomeration of such substrates
during electroplating. Preferably, the substrates
include electroplatable and
non-electroplatableportions and which further
comprises passing current though the solution to
provide tin deposits on the electroplatable portions
of the substrates without deleteriously affecting the
non-electroplatable portions of the substrates.
Detailed Description of the Preferred Embodiments It
has now been discovered that propoxalated or
ethoxylated polyalchohols surfactants are effective at
providing a semibright deposit at high current
efficiencies at pH values above 5.5 and most
preferably at a pH of between 6 and 8. At the most
preferred pH range, the solution is particularly
useful for electroplating substrates of composite
articles that have electroplatable portions and
non-electroplatable portions without deleteriously
affecting the non-electroplatable portions. This is
significant because conventional additives used in tin
or tin/lead alloy plating fail to provide an
acceptable deposit in this pH range and also suffer
from poor current efficiencies. The polyalchohol
surfactants are used in conjunction with complexing
agents which form stable complexes with tin and/or
lead at those pH values to provide a practical near
neutral pH electroplating solution. Surfactants which
are typically utilized in tin or tin alloy
electrolytes, such as soluble alkylene oxide
condensation compounds, solution soluble quaternary
ammonium-fatty acid compounds, solution soluble amine
oxide compounds, solution soluble tertiary amine
compounds or mixtures thereof, have been found to be
ineffective in the higher pH range of the current
invention. To improve deposit crystalline structure
and improve deposit quality at high current densities
ethoxylated or propoxylated polyalchohols have been
found effective at the higher pH range of the current
invention. The preferred surfactants include liquid
alkoxylated polyols based on pentaerythritol,
trimethylolpropane or neopentyl glycol reacted with
ethylene oxide or propylene oxide. These surfactants
can be used in an amount of about 0.01 to 20 g/1 and
more preferably in concentrations from 0.5 to 5 g/1.
One of ordinary skill in the art can perform routine
testing to determine the most appropriate surfactants
of this class and preferred concentration for any
particular plating solution of the present invention.
Tin metal is generally added to the solution as a
stannous alkyl sulfonate salt, a stannous sulfate
salt, a stannous chloride salt, a stannous gluconate
salt, or stannous oxide and is present in an amount of
between about 5 and 100 g/1 and preferably is from 10
to 50 g/1. When lead metal is added for the purpose of
depositing a tin-lead alloy, it may be added to the
solution as a divalent lead alkyl sulfonate salt, such
as lead methane sulfonic acid, or gluconate salt and
is present in an amount of between about 0.5 and 10
g/1.Prefered complexing agents include gluconic acid,
heptagluconic acid and pyrophosphate. Any of the
complexing agents disclosed herein can be used in this
invention. Salts of these acids can also be used, with
the preferred salts being the alkali or alkaline metal
salts. Any of these agents can be used at a typical
amount of about 25 to 200 g/1. The most preferred
complexing agent is gluconic acid or a gluconate salt
because these compounds have a relatively low cost and
are readily available. The amount of complexing agent
present should at a minimum be sufficient to render
the metals present in the solution soluble at the
given pH of the solution but should not greatly exceed
this amount. As such the amount of complexing agent
required is proportional to the metal concentration.
At a tin concentration of 15 g/1, for example, the
preferred gluconic acid concentration is about 50 to
120 g/1. A skilled artisan can readily determine by
routine experimentation the appropriate amounts of
metal and complexing agent for any particular bath
formulation or specific plating application. The
complexing agent is present in the solution in a
specific concentration ratio to the tin or lead ions
such that only the amount of complexing agent is just
sufficient to complex the metals without providing
significant excess amounts. While a small excess of
free complexing agent may be present in the plating
solution, large excesses must be avoided in order to
prevent agglomeration of the substrates during
electroplating. The exact ratio will depend on the
complexer used as well as the solution pH. Typically,
the ratio is above 2:1 but is less than 10:1. Useful
ratios range from about 3:1 to no more than 9:1. The
ratio in any specific case may be established by
routine experimentation. Any electroplatable
substrates can be plated using the solutions of the
present invention. Generally, these substrates are
made of a metal such as copper, nickel, steel or
stainless steel. In today's commercial products, many
parts that require electroplating are being made in
smaller and smaller sizes. In particular, electronic
components are a typical example of such parts.
Furthermore, these parts are composite articles that
have electroplatable and non-electroplatable portions.
While the metal portions are metals or metallic, the
non-electroplatable parts are typically ceramic, glass
or plastic. The present solutions are particularly
useful for electroplating such composite articles. The
electroplating solutions should have a pH above 5.5
but below 10 preferably between 6 and 8 and most
preferably between 6.5 and 7.5 so that the solution is
compatible with the electronic components that are to
be plated. When the components have metallic and
inorganic portions, the preferred pH range enables
metal to be deposited on the metallicportions without
adversely affecting the inorganic portions. Generally,
very high or very low pH solutions will damage the
ceramic portions of the composite articles to be
plated. These solutions preferably do not contain
appreciable amounts of free acid or free base,
although essentially any acid or base can be used for
pH adjustment. Generally, since the solution is
acidic, a base or basic component is utilized to
convert free acid to its corresponding salt. Preferred
bases for this purpose include sodium, potassium
hydroxide, ammonium hydroxide as well as many others.
The solution is formulated to be compatible with the
substrates to be plated, and preferably to have no
adverse effect on the substrates. When composite
articles that have electroplatable and
non-electroplatable portions are to be plated, the
solution should be formulated to not attack or crack
the non-electroplatable portions of the substrates. A
simple test can be used to determine
substrate/solution compatibility. The articles to be
plated can simply be immersed in the proposed solution
for a period of time that is equal to or longer than
that which is to be used for the plating process. The
temperature of the solution can be that which
approximates the temperature of the solution during
the plating process, or an elevated temperature can be
used for an accelerated test. The parts are immersed
in the solution for a desired time and then are
recovered and weighed to determine weight loss that
occurs due to attack of the articles by the solution
during immersion. For example, composite articles used
for capacitor manufacture now are being made with a
low-fired ceramic. These ceramics contain a larger
proportion of glass than conventional ceramics, and
are more prone to attack during the plating process.
The present solutions at the preferred pH ranges are
quite compatible with these components. A particularly
useful device for electroplating such electrical
components is disclosed in U.S. patent 6,193,858, and
need not be described further herein. To the extent
necessary, the entire content of that patent is
expressly disclosed herein by reference thereto.
Improvements to the previously patented system have
been disclosed in Published International Application
WO02/053809, the entire content of which is expressly
incorporated herein by reference thereto. The
immersion of the plating chamber into the electrolyte,
as disclosed in this application, represents a
significant improvement in that external soluble
electrodes can now be used. It has been found that
electrolytes which contain the complexing agents of
the present invention are capable of electrodepositing
tin or tin-lead alloys while minimizing the fusing or
coupling of the electroplated parts, as well as
without deleteriously affecting the nonelectroplatable
portions of the articles. In this regard, these
electrolytes are superior to thoseof the prior art,
and in particular to baths that are citrate based. The
complexing agent serves to maintain the tin and/or
lead in solution at the pH of the electrolyte. The
conductivity of the solution maybe increased if
necessary by the additional of a salt. If a pure tin
solution is desired, a simple salt such as potassium
sulfate may be used. If a tin-lead alloy is desired,
potassium methanesulfonate or potassium acetate would
be appropriate. Metal sulfide salts can also be used
if desired. Any of these salts may be used to promote
anode dissolution and assist in electrodeposition. The
pH can be raised by the addition of caustic, for
example potassium hydroxide, ammonium hydroxide,
sodium hydroxide or the like, or can be lowered with
an acid such as sulfuric or methanesulfonic. An alkane
or alkanol sulfonic acid, such as methanesulfonic
acid, is preferred for tin-lead alloy solutions, since
sulfuric acid can generate lead sulfate which is
insoluble in the solution and which would tend to
precipitate. Furthermore, the amount of complexing
agent should not be in great excess to that needed to
complex the tin in order to inhibit and minimize
agglomeration. Typical antioxidants used in tin and
tin-lead solutions may be included in the solution of
the present invention (e.g., catechol or hydroquinone
as disclosed in US patent 4,871,429). EXAMPLE A pure
tin electrodeposit is obtained from the following
solution and under the following electroplating
conditions. Tin (as a methanesulfonic acid salt) 15
g/1 Gluconic Acid 100 g/1 (Concentration ratio 6.67:1)
Propoxylated polyalcohol 3 g/1 The pH was adjusted
with KOH to 6.7. Temperature H OF The above solution
will deposit semi-bright tin at current densities of
up to 20 ASF.THE CLAIMS What is claimed is: 1. A
solution for use in connection with the deposition of
tin or tin alloys on platable portions of substrates,
which comprises: water; tin ions in an amount
sufficient to provide a tin deposit on platable
portions of substrates; a complexing agent of an acid
or salt thereof that is stable at a pH of above 5.5
and below 10 present in an amount sufficient to render
the metal ion soluble in the solution; and a
surfactant of an alkoxylated polyalcohol present in an
amount sufficient to facilitate deposition of tin upon
the platable portions of the substrates; wherein the
solution has a pH in the range of above 5.5 to below
10, adjusted, if necessary, by the addition of a
suitable pH adjusting agent. 2. The solution of claim
1 wherein the tin ions are present as a solution
soluble salt selected from the group consisting of tin
alkane sulfonates, tin sulfates, or tin chlorides. 3.
The solution of claim 1 wherein the complexing agent
is selected from the group consisting of gluconic
acid, an alkali or alkaline earth metal gluconate,
heptagluconic acid, an alkali or alkaline earth metal
heptagluconate, pyrophosphoric acid or an alkali or
alkaline earth metal pyrophosphate. 4. The solution of
claim 1 wherein the surfactant is a liquid alkoxylated
polyol based on a pentaerythritol, trimethylolpropane,
neopentyl glycol or a mixture thereof reacted with
ethylene oxide, propylene oxide or mixtures thereof.
5. The solution of claim 1 wherein the surfactant is
present in an amount of between about 0.01 and about
20 g/1. 6. The solution of claim 1 having a pH of
between 6 and 8.7. The solution of claim 1 wherein the
complexing agent and metal ion are present in a
concentration ratio of between about 2:land 9:1 to
reduce or minimize agglomeration of the substrates
during plating. 8. The solution of claim 1 wherein the
complexing agent is present in an amount of between 25
and 200 g/1 and the tin ions are present in an amount
of between 5 and 100 g/1. 9. The solution of claim 1
further comprising a divalent lead salt in an amount
sufficient to deposit a tin-lead alloy from the
solution. 10. The solution of claim 1 which further
comprises an antioxidation agent in an amount
sufficient to inhibit oxidation of the tin ions in the
solution. 11. The solution of claim 1 which further
comprises a conductivity salt in an amount sufficient
to increase the conductivity of the solution. 12. The
solution of claim 11, wherein the conductivity salt is
an alkali or alkaline metal sulfate, sulfonate, or
acetate compound. 13. The solution of claim 1, further
comprising an agent to promote anode dissolution. 14.
The solution of claim 13, wherein the anode
dissolution agent is potassium methane sulfonate,
ammonium chloride or a metal sulfide salt. 15. A
method for electroplating a tin deposit on platable
portions of substrates which comprises contacting such
substrates with the solution of claim 1 and passing a
current though the solution to provide tin deposits on
the platable portions of the substrates without
causing significant agglomeration of such substrates
during electroplating. 16. The method of claim 15
wherein the substrates include electroplatable and
nonelectroplatable portions and which further
comprises passing current though the solution to
provide tin deposits on the electroplatable portions
of the substrates without deleteriously affecting the
non-electroplatable portions of the substrates. 


