
SUBSTITUTED BIARYLPIPERAZINYL-PYRIDINE ANALOGUES FIELD
OF THE INVENTION This invention relates generally to
substituted biaryl piperazinyl-pyridine analogues that
have useful pharmacological properties. The invention
further relates to the use of such compounds for
treating conditions related to capsaicin receptor
activation, for identifying other agents that bind to
capsaicin receptor, and as probes for the detection
and localization of capsaicin receptors. BACKGROUND OF
THE INVENTION Pain perception, or nociception, is
mediated by the peripheral terminals of a group of
specialized sensory neurons, termed "nociceptors." A
wide variety of physical and chemical stimuli induce
activation of such neurons in mammals, leading to
recognition of a potentially harmful stimulus.
Inappropriate or excessive activation of nociceptors,
however, can result in debilitating acute or chronic
pain. Neuropathic pain involves pain signal
transmission in the absence of stimulus, and typically
results from damage to the nervous system. In most
instances, such pain is thought to occur because of
sensitization in the peripheral and central nervous
systems following initial damage to the peripheral
system (e.g., via direct injury or systemic disease).
Neuropathic pain is typically burning, shooting and
unrelenting in its intensity and can sometimes be more
debilitating that the initial injury or disease
process that induced it. Existing treatments for
neuropathic pain are largely ineffective. Opiates,
such as morphine, are potent analgesics, but their
usefulness is limited because of adverse side effects,
such as physical addictiveness and withdrawal
properties, as well as respiratory depression, mood
changes, and decreased intestinal motility with
concomitant constipation, nausea, vomiting, and
alterations in the endocrine and autonomic nervous
systems. In addition, neuropathic pain is frequently
non-responsive or only partially responsive to
conventional opioid analgesic regimens. Treatments
employing the N-methyl-D-aspartate antagonist ketamine
or the alpha(2)-adrenergic agonist clonidine can
reduce acute or chronic pain, and permit a reduction
in opioid consumption, but these agents are often
poorly tolerated due to side effects. Topical
treatment with capsaicin has been used to treat
chronic and acute pain, including neuropathic pain.
Capsaicin is a pungent substance derived from the
plants of the Solanaceae family (which includes hot
chili peppers) and appears to act selectively on the
small diameter afferent nerve fibers (A-delta and C
fibers) that are believed to mediate pain. The
response to capsaicin is characterized by persistent
activation of nociceptors in peripheral tissues,
followed byeventual desensitization of peripheral
nociceptors to one or more stimuli. From studies in
animals, capsaicin appears to trigger C fiber membrane
depolarization by opening cation selective channels
for calcium and sodium. Similar responses are also
evoked by structural analogues of capsaicin that share
a common vanilloid moiety. One such analogue is
resiniferatoxin (RTX), a natural product of Euphorbia
plants. The term vanilloid receptor (VR) was coined to
describe the neuronal membrane recognition site for
capsaicin and such related irritant compounds. The
capsaicin response is competitively inhibited (and
thereby antagonized) by another capsaicin analog,
capsazepine, and is also inhibited by the
non-selective cation channel blocker ruthenium red,
which binds to VR with no more than moderate affinity
(typically with a K; value of no lo\Ver.;than 140 mM).
Rat and human vanilloid receptors have been cloned
from dorsal root ganglion cells. The first type of
vanilloid receptor to be identified is known as
vanilloid receptor type 1 (VRl), and the terms "VRl"
and "capsaicin receptor" are used interchangeably
herein to refer to rat and/or human receptors of this
type, as well as mammalian homologues. The role of VRl
in pain sensation has been confirmed using mice
lacking this receptor, which exhibit no
vanilloid-evoked pain behavior and impaired responses
to heat and inflammation. VRl is a nonselective cation
channel with a threshold for opening that is lowered
in response to elevated temperatures, low pH, and
capsaicin receptor agonists. Opening of the capsaicin
receptor channel is generally followed by the release
of inflammatory peptides from neurons expressing the
receptor and other nearby neurons, increasing the pain
response. After initial activation by capsaicin, the
capsaicin receptor undergoes a rapid desensitization
via phosphorylation by cAMP-dependent protein kinase.
Because of their ability to desensitize nociceptors in
peripheral tissues, VRl agonist vanilloid compounds
have been used as topical anesthetics. However,
agonist application may itself cause burning pain,
which limits this therapeutic use. Recently, it has
been reported that;: VRl antagonists, including
certain nonvanilloid compounds, are also useful for
the treatment of pain (see, e.g., PCT International
Application Publication Numbers WO 02/08221, WO
03/062209, WO 04/054582, WO 04/055003, WO 04/055004,
WO 04/056774, WO 05/007646, WO 05/007648, WO
05/007652, WO 05/009977, WO 05/009980 and WO
05/009982). Thus, compounds that interact with VRl,
but do not elicit the initial painful sensation of VRl
agonist vanilloid compounds, are desirable for the
treatment of chronic and acute pain, including
neuropathic pain, as well as other conditions that are
responsive to capsaicin receptor modulation. The
present invention fulfills this need, and provides
further related advantages. SUMMARY OF THE INVENTION
The present invention provides compounds of Formula
I:FormulaI as well as pharmaceutically acceptable
salts of such compounds. Within Formula I : Ari is
phenyl or a 6-membered aromatic heterocycle, each of
which is substituted with R10 and with from 0 to 4
additional substituents (e.g., independently chosen
from R1); Ar2 is phenyl or a 6-membered aromatic
heterocycle, each of which is optionally substituted,
(e.g., with from 0 to 4 substituents independently
chosen from R2); X, Y and Z are independently
optionally substituted carbon (e.g., CRx) or N, such
that at least one ofX, Y and Z is N; Rx is
independently chosen at each occurrence from hydrogen,
halogen, Cr C4alkyl, amino, cyano and mono- and
di-(Ci-C 4alkyl)amino; Each Ri is independently chosen
from: (a) halogen, cyano and nitro; (b) groups of the
formula -Q-M-R y; and (c) groups that are taken
together with Ri0 to form a fused 5- to 7-membered
carbocyclic or heterocyclic ring that is optionally
substituted (e.g., with from 0 to 4 substituents 



independently chosen from halogen, cyano, nitro and
groups of the formula -Q-M-R y); Rio represents one
substituent chosen from: (a) nitro; (b) groups of the
formula -Q-M-R y; and (c) groups that are taken
together with a substituent represented by R to form a
fused, optionally substituted 5- to 7-membered
carbocyclic or heterocyclic ring; such that, in
certain aspects, Ri0 is not hydroxy, amino or an
unsubstituted group chosen from Ci-C6alkyl,
C2-C6alkenyl, C2-C6alkynyl, Cr C6alkoxy, C2-C6alkyl
ether, C2-C6alkanoyl, C3- C6alkanone, Ci-C haloalkyl,
Ci-C haloalkoxy, mono- or di-(C C6alkyl)amino, Q - C
alkylsulforiyl, mono- or di-(Ci-C 6alkyl)aminosulfonyl
or mono- or di-(Ci- C6alkyl)aminocarbonyl; Each Q is
independently chosen from Co-C4alkylene; Each M is
independently absent or selected from O, C(O) (i.e.,
), 0C(=0) (i.e., , C(=O)O (Le., ), 0-C(O)O (i.e.,
S(0)m {i e _s _ N(Rz) (Ie., C(O)N(R ) (i.e., ),
C(=NH)N(R 2) (i.e., , N(R2)C(O)(z. N(R Z)C(=NH) (i .,
, N(R )S(O) n, ( . . , S(O) mN(R z) (e.g. ) and N[S(O)
1nR2]S(O) n (e.g., ; wherein m is independently
selected at each occurrence from O3 1 and 2; and R2 is
independently selected at each occurrence from
hydrogen, Q-Cgalkyl and groups that are taken together
with Ry to form an optionally substituted 4- to
7-membered heterocycle; Each Ry is independently
hydrogen, Cj-Cghaloalkyl, optionally substituted Cr
C8alkyl, optionally substituted C2-C8alkenyl,
optionally substituted (C3-C8carbocycle)Co-C 4alkyl,
optionally substituted (4- to 7-membered heterocycle)C
0-C4alkyl, or taken together with R2 to form an
optionally substituted 4- to 7-membered heterocycle
(e.g., in certain embodiments each alkyl, carbocycle
and heterocycle is substituted with from Oto 4
substituents independently selected from hydroxy,
halogen, amino, cyano, nitro, oxo, -COOH,
aminocarbonyl, aminosulfonyl, C]- C6alkyl,
C3-C7cycloalkyl, C2-C6alkyl ether, Ci-C 6alkanoyl,
C]-C 6alkylsulfonyl, Q-Cgalkoxy, Ci-Cghydroxyalkyl,
Ci-C 8alkylthio, mono- and
di-(Ci-Cgalkyl)aminocarbonyl, - C alkanoylamino, mono-
and di-(C]-C 6alkyl)aminosulfonyl, mono- and di-(C r
C6alkyl)amino and phenyl); such that Ry is not
hydrogen if Q is a single covalent bond (i.e.,
Coalkyl) and M is absent; Each R2 is: (a)
independently chosen from (i) hydroxy, amino, cyano,
halogen, -COOH, aminosulfonyl, nitro and
aminocarbonyl; and (ii) Ci-C 6alkyl,
(C3-C8cycloalkyl)Co-C 4alkyl, Cr C6haloalkyl, Cr
C6alkoxy, Cr C6alkylthio, C2-C6alkyl ether,
C2-C6alkanoyl, Cr C6alkoxycarbonyl, C2-C6alkanoyloxy,
C3-C6alkanone, mono- and di-(Ci-C 8alkyl)aminoCo-
C6alkyl, (4- to 7-membered heterocycle)C 0-C4alkyl, Cr
C6alkylsulfonyl, mono- and CU-(C1-
C6alkyl)aminosulfonyl, and mono- and di-(Ci-C
6alkyl)aminocarbonyi, each of which is optionally
substituted, (e.g., with from O to 4 substituents
independently chosen from halogen, hydroxy, cyano,
amino, aminocarbonyl, aminosulfonyl, -COOH and oxo);
or (b) taken together with an adjacent R2 to form a
fused 5- to 13-membered carbocyclic or heterocyclic
group that is optionally substituted (e.g., with from
O to 3 substituents independently chosen from halogen,
oxo and Ci-C alkyl); R3 is selected from: (i) hydrogen
and halogen; (ii) C,-C 6alkyl, (C3-C8cycloalkyl)C
0-C2alkyl, Cr C6haloalkyl and phenylC 0-C2alkyl; and
(iii) groups of the formula:wherein: L is
Co-C6alkylene or Q-C alkylene that is taken together
with R5, R6 or R7 to form a 4- to 7-membered
heterocycle; W is O, CO, S5 SO or SO2; R5 and R sare:
(a) independently chosen from hydrogen, Ci-C^alkyl,
C2-C12alkenyl, (C3- C8cycloalkyl)Co-C4alkyl,
C2-C6alkanoyl, CrC alkylsulfonyl, phenylC 0-C6alkyl,
(4- to 7-membered heterocycle)Co-C6alkyl and groups
that are joined to L to form a 4- to 7- membered
heterocycle; or (b) joined to form a 4- to 12-membered
heterocycle; and R7 is hydrogen, C]-Ci2alkyl,
C2-Ci2alkenyl, (C3-C8cycloalkyl)Co-C4alkyl,
C2-C6alkanoyl, phenylC 0-C6alkyi, (4- to 7-membered
heterocycle)C 0-C6alkyl or a group that is joined to L
to form a 4- to 7-membered heterocycle; wherein each
of (ii) and (iii) is optionally substituted (e.g.,
with from 0 to 4 substituents independently chosen
from: (1) halogen, hydroxy, amino, cyano, nitro,
-COOH, aminosulfonyl, aminocarbonyl and oxo; and (2)
Ci-C6alkyl, (C3-C8cycloalkyl)Co-C2alkyl, Cr
C6haloalkyl, Cr C6alkoxy, Cr C6alkanoyl,
Ci-Cealkoxycarbonyl, C2-C6alkanoylamino, mono- and
di-(Ci-C 6alkyl)aminoC 0-C4alkyl5 Ci-C alkylsulfonyl,
mono- and di-(Ci-C6alkyl)aminosulfonyl, mono- and
di-(Ci- C6alkyl)aminocarbonylCo-C 4alkyl,
phenylC0-C4alkyl and (4- to 7-membered heterocycle)C
0-C4alkyl, each of which is substituted with from 0 to
4 secondary substituents independently chosen from
halogen, hydroxy, cyano, oxo, imino, Cr C4alkyl, Cr
C4alkoxy and C -C4haloalkyl); and R4 represents from 0
to 2 substituents (e.g., substituents that are
independently chosen from Cr C3alkyl, Ci-C3haloalkyl
and oxo). Within certain aspects, substituted biaryl
piperazinyl-pyridine analogues provided herein are VRl
modulators and exhibit a K of no greater than 1
micromolar, 500 nanomolar, 100 nanomolar, 50
nanomolar, 10 nanomolar or 1 nanomolar in a capsaicin
receptor binding assay and/or have an EC50 or IC50
value of no greater than 1 micromolar, 500 nanomolar,
100 nanomolar, 50 nanomolar, 10 nanomolar or 1
nanomolar in an in vitro assay for determination of
capsaicin receptor agonist or antagonist activity. In
certain embodiments, such VRl modulators are VRl
antagonists and exhibit no detectable agonist activity
in an in vitro assay of capsaicin receptor activation
at a concentration equal to the IC50, 10 times the
IC50 or 100 times the IC50. Within certain aspects,
compounds as described herein are labeled with a
detectable marker (e.g., radiolabeled or fluorescein
conjugated).The present invention further provides,
within other aspects, pharmaceutical compositions 



comprising at least one substituted biaryl
piperazinyl-pyridine analogue provided herein in
combination with a physiologically acceptable carrier
or excipient. Within further aspects, methods are
provided for reducing calcium conductance of a
cellular capsaicin receptor, comprising contacting a
cell (e.g., neuronal) expressing a capsaicin receptor
with at least one VRl modulator as described herein.
Such contact may occur in vivo or in vitro. Methods
are further provided for inhibiting binding of
vanilloid ligand to a capsaicin receptor. Within
certain such aspects, the inhibition takes place in
vitro. Such methods comprise contacting a capsaicin
receptor with at least /one VRl modulator as described
herein, under conditions and in an amount or
concentration sufficient to detectably inhibit
vanilloid ligand binding to the capsaicin receptor.
Within other such aspects, the capsaicin receptor is
in a patient. Such methods comprise contacting cells
expressing a capsaicin receptor in a patient with at
least one VRl modulator as described herein in an
amount or concentration that would be sufficient to
detectably inhibit vanilloid ligand binding to cells
expressing a cloned capsaicin receptor in vitro, and
thereby inhibiting binding of vanilloid ligand to the
capsaicin receptor in the patient. The present
invention further provides methods for treating a
condition responsive to capsaicin receptor modulation
in a patient, comprising administering to the patient
a therapeutically effective amount of at least one VRl
modulator as described herein. Within other aspects,
methods are provided for treating pain in a patient,
comprising administering to a patient suffering from
pain a therapeutically effective amount of at least
one substituted biaryl piperazinyl-pyridine analogue.
Methods are further provided for treating itch,
urinary incontinence, overactive bladder, cough and/or
hiccup in a patient, comprising administering to a
patient suffering from one or more of the foregoing
conditions a therapeutically effective.amount of at
least one substituted biaryl piperazinyl-pyridine
analogue. The present invention further provides
methods for promoting weight loss in an obese patient,
comprising administering to an obese patient a
therapeutically effective amount of at least one
substituted biaryl piperazinyl-pyridine analogue.
Methods are further provided for identifying an agent
that binds to capsaicin receptor, comprising: (a)
contacting capsaicin receptor with a labeled compound
as described herein under conditions that permit
binding of the compound to capsaicin receptor, thereby
generating bound, labeled compound; (b) detecting a
signal that corresponds to the amount of bound,
labeled compound in the absence of test agent; (c)
contacting the bound, labeled compound with a test
agent; (d) detecting a signal that corresponds to the
amount of bound labeled compound in. the presence of
test agent; and (e) detecting a decrease in signal
detected in step (d), as compared to the signal
detected in step (b).Within further aspects, the
present invention provides methods for determining the
presence or absence of capsaicin receptor in a sample,
comprising: (a) contacting a sample with a compound as
described herein under conditions that permit binding
of the compound to capsaicin receptor; and (b)
detecting a signal indicative of a level of the
compound bound to capsaicin receptor. The present
invention also provides packaged pharmaceutical
preparations, comprising: (a) a pharmaceutical
composition as described herein in a container; and
(b) instructions for using the composition to treat
one or more conditions responsive to capsaicin
receptor modulation, such as pain, itch, urinary
incontinence, overactive bladder, cough, hiccup and/or
obesity. In yet another aspect, the present invention
provides methods for preparing the compounds disclosed
herein, including the intermediates. These and other
aspects of the invention will become apparent upon
reference to the following detailed description.
DETAILED DESCRIPTION As noted above, the present
invention provides substituted biaryl
piperazinyl-pyridine analogues. Such compounds may be
used in vitro or in vivo, to modulate capsaicin
receptor activity in a variety of contexts.
TERMINOLOGY Compounds are generally described herein
using standard nomenclature. For compounds having
asymmetric centers, it should be understood that
(unless otherwise specified) all of the optical
isomers and mixtures thereof are encompassed. In
addition, compounds with carboncarbon double bonds may
occur in Z- and E- forms, with all isomeric forms of
the compounds being included in the present invention
unless otherwise specified. Where a compound exists in
0 . .' various tautomeric forms, a recited compound is
not limited to any one specific tautomer, but rather
is intended to encompass all tautomeric forms. Certain
compounds are described herein using a general formula
that includes variables (e.g., R3, Ari, Z). Unless
otherwise specified, each variable within such a
formula is defined independently of any other
variable, and any variable that occurs more than one
time in a formula is defined independently at each
occurrence. The term "substituted biaryl
piperazinyl-pyridine analogues," as used herein,
encompasses all compounds of Formula I (including
compounds of other Formulas provided herein, as well
as any enantiomers, racemates and stereoisomers) and
pharmaceutically acceptable salts of such compounds.
Compounds in which the core ring is pyridyl, pyrimidyl
or triazinylare specifically included within the
definition of substituted biaryl piperazinyl-pyridine
analogues. A "pharmaceutically acceptable salt" of a
compound recited herein is an acid or base salt that
is generally considered in the art to be suitable for
use in contact with the tissues of human beings or
animals without excessive toxicity or carcinogenicity,
and preferably without irritation, allergic response,
or other problem or complication. Such salts include
mineral and organic acid salts of basic residues such
as amines, as well as alkali or organic salts of
acidic residues such as carboxylic acids. Specific
pharmaceutical salts include, but are not limited to,
salts of acids such as hydrochloric, phosphoric,
hydrobromic, malic, glycolic, fumaric, sulfuric,
sulfamic, sulfanilic, formic, toluenesulfonic,
methanesulfonic, benzene sulfonic, ethane disulfonic,
2- hydroxyethylsulfonic, nitric, benzoic,
2-acetoxybenzoic, citric, tartaric, lactic, stearic,
salicylic, glutamic, ascorbic, pamoic, succinic,
fumaric, maleic, propionic, hydroxymaleic, hydroiodic,
phenylacetic, alkanoic such as acetic,
HOOC-(CH2)n-COOH where n is 0-4, and the like.
Similarly, pharmaceutically acceptable cations
include, but are not limited to sodium, potassium, 



calcium, aluminum, lithium and ammonium. Those of
ordinary skill in the art will recognize further
pharmaceutically acceptable salts for the compounds
provided herein, including those listed by Remington's
Pharmaceutical Sciences, 17th ed., Mack Publishing
Company, Easton, PA, p. 1418 (1985). In general, a
pharmaceutically acceptable acid or base salt can be
synthesized from a parent compound that contains a
basic or acidic moiety by any conventional chemical
method. Briefly, such salts can be prepared by
reacting the free acid or base forms of these
compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic
solvent, or in a mixture of the two; generally, the
use of nonaqueous media, such as ether, ethyl acetate,
ethanol, isopropanol or acetonitrile, is preferred. It
will be apparent that each compound of Formula I may,
but need not, be formulated as a hydrate, solvate or
non-covalent complex. In addition, the various crystal
forms and polymorphs are within the scope of the
present invention, as are prodrugs of the compounds of
Formula I. A "prodrug" is a compound that may not
fully satisfy the structural requirements of the
compounds provided herein, but is modified in vivo,
following administration to a patient, to produce a
compound of Formula I, or other formula provided
herein. For example, a prodrug may be an acylated
derivative of a compound as provided herein. Prodrugs
include compounds wherein hydroxy, amine or sulfhydryl
groups are bonded to any group that, when administered
to a mammalian subject, cleaves to form a free
hydroxy, amino, or sulfhydryl group, respectively.
Examples of prodrugs include, but are not limited to,
acetate, formate, phosphate and benzoate derivatives
of alcohol and amine functional groups within the
compounds provided herein.Prodrugs of the compounds
provided herein may be prepared by modifying
functional groups present in the compounds in such a
way that the modifications are cleaved in vivo to
yield the parent compounds. As used herein (except
when used in the terms "alkylamino" and
"alkylaminoalkyl," as discussed below), the term
"alkyl" refers to a straight or branched chain
saturated aliphatic hydrocarbon. Alkyl groups include
groups having from 1 to 8 carbon atoms (Ci-C 3alkyl),
from 1 to 6 carbon atoms (Ci-C 6alkyl) and from 1 to 4
carbon atoms (C]-C4alkyl), such as methyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, -butyl, pentyl,
2-pentyl, isopentyl, neopenryl, hexyl, 2- hexyl,
3-hexyl and 3-methylpentyl. "C0-Cnalkyl" refers to a
single covalent bond (C0) or an alkyl group having m 1
to n carbon atoms; for example "C0-C4alkyl" refers to
a single covalent bon or a Ci-C4alkyl group;
"Co-Cgalkyl" refers to a single covalent bond or a
Ci-C 8alkyl group. In some instances, a substituent of
an alkyl group is specifically indicated. For example,
"Ci- C4hydroxyalkyl" refers to a C]-C4alkyl group that
has at least one hydroxy substituent. "Alkylene"
refers to a divalent alkyl group, as defined above.
C0-C4alkylene is a single covalent bond or an alkylene
group having from 1 to 4 carbon atoms; and
C0-C6alkylene is a single covalent bond or an alkylene
group having from 1 to 6 carbon atoms. "Alkenyl"
refers to straight or branched chain alkene groups,
which comprise at least one unsaturated carbon-carbon
double bond. Alkenyl groups include C2-Cgalkenyl,
C2-Cgalkenyl and C2-C4alkenyl groups, which have from
2 to 8, 2 to 6 or 2 to 4 carbon atoms, respectively,
such as ethenyl, allyl or isopropenyl. "Alkynyl"
refers to straight or branched chain alkyne groups,
which have one or more unsaturated carbon-carbon
bonds, at least one of which is a triple bond. Alkynyl
groups include C2-Cgalkynyl, C2-C6alkynyl and
C2-C4alkynyl groups, which have from 2 to 8, 2 to 6 or
2 to 4 carbon atoms, respectively. A "cycloalkyl" is a
group that comprises one or more saturated and/or
partially saturated rings in which all ring members
are carbon, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
adamantyl, decahydro-naphthalenyl, octahydro-indenyl,
and partially saturated variants of the foregoing,
such as cyclohexenyl. Cycloalkyl groups do not
comprise an aromatic ring or a heterocyclic ring.
Certain cycloalkyl groups are C3-Cgcycloalkyl, in
which the group contains a single ring with from 3 to
8 ring members. A "(C3-C8cycloalkyl)Co- C4alkyl" is a
Ca-Cgcycloalkyl group linked via a single covalent
bond or a Ci-C4alkylene group. By "alkoxy," as used
herein, is meant an alkyl group as described above
attached via an oxygen bridge. Alkoxy groups include
Ci-C alkoxy and C]-C4alkoxy groups, which have from 1
to 6 or from 1 to 4 carbon atoms, respectively.
Methoxy, ethoxy, propoxy, isopropoxy, n-butoxy,
sec-butoxy, / ?/-butoxy, n-pentoxy, 2-pentoxy,
3-pentoxy, isopentoxy, neopentoxy, hexoxy, 2- hexoxy,
3-hexoxy, and 3-methylpentoxy are representative
alkoxy groups. Similarly, "alkylthio" refers to an
alkyl group as described above attached via a sulfur
bridge.The term "oxo," as used herein, refers to a
keto group (C=O). An oxo group that is a substituent
of a nonaromatic carbon atom results in a conversion
Of-CH 2- to -C(=O)-. Similarly, an "imino" is a group
of the formula C=N. The term "iminoalkyl" refers to an
alkyl group as described above substituted with an
imine (e.g., a group of the formula . The term
"alkanoyl" refers to an acyl group (e.g.,
-(C=O)-alkyl), in which carbon atoms are in a linear
or branched alkyl arrangement and where attachment is
through the carbon of the keto group. Alkanoyl groups
have the indicated number of carbon atoms, with the
carbon of the keto group being included in the
numbered carbon atoms. For example a C2alkanpyl group
is arf "acetyl group having the formula -(C=O)CH3.
Alkanoyl groups include, fr'^xample, C2- C8alkanoyl,
C2-C6alkanoyl and C2-C4alkanoyl groups, which have
from 2 to 8, from 2 to 6 or from 2 to 4 carbon atoms,
respectively. "Cialkanoyl" refers to -(C=O)H, which
(along with C2- C8alkanoyl) is encompassed by the term
"Ci-C3alkanoyl." An "alkanone" is a ketone group in
which carbon atoms are in a linear or branched alkyl
arrangement. "Cs-Cgalkanone," "C3-C6alkanone" and
"C3-C4alkanone" refer to an alkanone having from 3 to
8, 6 or 4 carbon atoms, respectively. A C3 alkanone
has the structure -CH 2-(C=O)-CH 3. Similarly, "alkyl
ether" refers to a linear or branched ether
substituent (i.e., an alkyl group that is substituted
with an alkoxy group). Alkyl ether groups include
C2-C8alkyl ether, C2-C6alkyl ether and C2-C4alkyl
ether groups, which have 2 to 8, 6 or 4 carbon atoms,
respectively. A C2 alkyl ether has the structure -CH
2-O-CH 3. The term "alkoxycarbonyl" refers to an
alkoxy group attached through a keto (-(C=O)-) bridge
(i.e., a group having the general structure
-C(=O)-O-alkyl). Alkoxycarbonyl groups include C I-C8
C J-C and Cr C4alkoxycarbonyl groups, which have from
1 to 8, 6 or 4 carbon atoms, respectively, in the
alkyl portion of the group (i.e., the carbon of the
keto bridge is not included in the indicated number of
carbon atoms). "Cialkoxycarbonyl" refers to
-C(=0)^0-CH 3; C3alkoxycarbonyl indicates -C(=O)-O-(CH
2)2CH3 or-C(=O)-O-(CH)(CH 3)2. "Alkanoyloxy," as used
herein, refers to an alkanoyl group linked via an
oxygen bridge (i.e., a group having the general
structure -O-C(=O)-alkyl). Alkanoyloxy groups include
C2-C8, 



C2-C and C2-C4alkanoyloxy groups, which have from 2 to
8, 6 or 4 carbon atoms. "C2alkanoyloxy" refers to
-O-C(=O)-CH 3. "Alkanoylamino," as used herein, refers
to an alkanoyl group attached through an amino linker
(i.e., a group having the general structure
-N(R)-C(=O)-alkyl), in which R is hydrogen or
C]-C6alkyl. Alkanoylamino groups include C2-C , C2-C6
and C2-C4alkanoylamino groups, which have from 2 to 8,
6 or 4 carbon atoms, respectively. "Alkylsulfonyl"
refers to groups of the formula -(SO 2)-alkyl, in
which the sulfur atom is the point of attachment.
Alkylsulfonyl groups include C -C6alkylsulfonyl and
Ci-C4alkylsulfonyl groups, which have from 1 to 6 or
from 1 to 4 carbon atoms, respectively. Methylsulfonyl
is onerepresentative alkylsulfonyl group.
"Ci-C^aloalkylsulfonyl" is an alkylsulfonyl group of
from 1 to 4 carbon atoms that is substituted with at
least one halogen (e.g., trifluoromethylsulfonyl).
"Alkylsulfonylamino" refers to groups of the formula
-N(R)-(SO 2)-alkyl, in which R is hydrogen or Q-C
alkyl and the nitrogen atom is the point of
attachment. Alkylsulfonylamino groups include
Ci-C6alkylsulfonylamino and Ci-C4alkylsulfonylamino
groups, which have from 1 to 6 or 1 to 4 carbon atoms,
respectively. Methylsulfonylamino is a representative
alkylsulfonylamino group. "Aminosulfonyl" refers to
groups of the formula -(SO 2)-NH 2s in which the
sulfur atom is the point of attachment. The term
"mono- or di-(Ci-C6alkyl)aminosulfonyl" refers to
groups that satisfy the formula -(S q 2)-NR 2, in
which the sulfur atom is the point attachment, and in
which one R is C -Cgalkyl and the other R is hydrogen
or an independently chosen Ci-C alkyl. "Alkylamino"
refers to a secondary or tertiary amine of the formula
-NH-alkyl or - N(alkyl)(alkyl), wherein each alkyl may
be the same or different. In this context, each alkyl
may be linear, branched or cyclic (including
(C3-C8cycloalkyl)Co-C4alkyl). Such groups include, for
example, mono- and di-(Ci-C8alkyl)amino groups, in
which each C -C8alkyl may be the same or different, as
well as mono- and di-(Ci-C6alkyl)amino groups and
mono- and di-(Ci-C4alkyl)amino groups.
"Alkylaminoalkyl" refers to an alkylamino group linked
via an alkylene group (i.e., a group having the
general structure -alkylene-NH-alkyl or
-alkylene-N(alkyl)(alkyl)) in which each alkyl is
selected independently from alkyl, cycloalkyl and
(cycloalkyl)alkyl groups. Alkylaminoalkyl groups
include, for example, mono- and
di-(Ci-C8alkyl)aminoCi-C 8alkyl, monoand
di-(Ci-C6alkyl)aminoCi-C 6alkyl and mono- and
di-(CrC6alkyl)aminoCi-C 4alkyl. "Mono- or di-(CrC
6alkyl)aminoCo-C alkyr' refers to a mono- or
di-(Ci-C6alkyl)amino group linked via a single
covalent bond or a Ci-C8alkylene group. The following
are representative alkylaminoalkyl ,- groups: ,i It
will be apparent that the definition of "alkyl" as
used in the terms "alkylamino" and "alkylaminoalkyl"
differs from the definition of "alkyl" used for all
other alkyl-containing groups, in the inclusion of
cycloalkyl and (cycloalkyl)alkyl groups (e.g.,
(C3-C8cycloalkyl)Co-C4alkyl). Similarly,
"alkylaminoalkoxy" refers to an alkylamino group
linked via an alkoxy group (i.e., a group having the
general structure -O-alkyl-NH-alkyl or
-O-alkyl-N(alkyl)(alkyl)) in which each alkyl is
selected independently. Such groups include, for
example, mono- and di-(Cr C6alkyl)aminoC -C4alkoxy
groups, such as 0 .The term "aminocarbonyl" refers to
an amide group (i.e., -(C=O)NH 2). "Mono- or di-(C
C6alkyl)aminocarbonylCo-C 4alkyl" is an aminocarbonyl
group in which one or both of the hydrogen atoms is
replaced with CrC 6alkyl, and which is linked via a
single covalent bond (i.e., mono- or di-CQ-C
alkyrjaminocarbonyl) or a Q^alkylene group (i.e.,
-(C0-C4alkyl)-(C=O)N(Ci- Cgalkyl^). If both hydrogen
atoms are so replaced, the Ci-Cealkyl groups may be
the same or different. The term "halogen" refers to
fluorine, chlorine, bromine or iodine. A "haloalkyl"
is an alkyl group that is substituted with 1 or more
independently chosen halogens (e.g., "Ci-Cghaloalkyl"
groups have from 1 to 8 carbon atoms; "CrCehaloalkyl"
groups have from 1 to 6 carbon atoms). Examples of
haloalkyl groups include, but are not limited to,
mono-, di- or tri-fluoromethyl; mono-, di- or
tri-chloromethyl; mono-, di-, tri-, tetra- or
pentafluoroethyl; mono-, di-, tri-, tetra- or
penta-chloroethyl; and
1,2,2,2-tetrafluoro-l-trifluoromethy.lethyl. Typical
haloalkyl groups are trifluoromethyl and
difluoromethyl. The term "haloalkoxy" refers to a
haloalkyl group as defined above attached via an
oxygen bridge. "Ci-C8haloalkoxy" groups have 1 to 8
carbon atoms. A dash ("-") that is not between two
letters or symbols is used to indicate a point of
attachment for a substituent. For example, -CONH2 is
attached through the carbon atom. A "carbocycle" or
"carbocyclic group" comprises at least one ring formed
entirely by carbon-carbon bonds (referred to herein as
a carbocyclic ring), and does not contain a
heterocycle. Unless otherwise specified, each ring
within a carbocycle may be independently saturated,
partially saturated or aromatic, and is optionally
substituted as indicated. A carbocycle generally has
from 1 to 3 fused, pendant or spiro rings; carbocycles
within certain embodiments have one ring or two fused
rings. Typically, each ring contains from 3 to 8 ring
members (Ie., C3-C8); C5- C7 rings are recited in
certain embodiments. Carbocycles comprising fused,
pendant or spiro rings typically contain from 9 to 14
ring members. Certain representative ,carbocycles are
cycloalkyl as described above. Other carbocycles are
aryl (i.e., contain at least one aromatic carbocyclic
ring, with or without one or more additional aromatic
and/or cycloalkyl rings). Such aryl carbocycles
include, for example, phenyl, naphthyl (e.g.,
1-naphthyl and 2-naphthyl), fluorenyl, indanyl and
1,2,3 ,4-tetrahydro-naphthyl . Certain carbocycles
recited herein are C6-CiOarylCo-C8alkyl groups (i.e.,
groups in which a 6- to 10-membered carbocyclic group
comprising at least one aromatic ring is linked via a
single covalent bond or a Ci-C8alkylene group). Such
groups include, for example, phenyl and indanyl, as
well as groups in which either of the foregoing is
linked via C -C8alkylene, preferably via Cr
C4alkylene. Phenyl groups linked via a single covalent
bond or CpC alkylene group are designated
phenylCo-Qalkyl (e.g., benzyl, 1-phenyl-ethyl,
1-phenyl-propyl and 2-phenyl-ethyl). A "heterocycle"
or "heterocyclic group" has from 1 to 3 fused, pendant
or spiro rings, at least one of which is a
heterocyclic ring (i.e., one or more ring atoms is a
heteroatomindependently chosen from O, S and N, with
the remaining ring atoms being carbon). Additional
rings, if present, may be heterocyclic or carbocyclic.
Typically, a heterocyclic ring comprises 1, 2, 3 or 4
heteroatoms; within certain embodiments each
heterocyclic ring has 1 or 2 heteroatoms per ring.
Each heterocyclic ring generally contains from 3 to 8
ring members (rings having from 4 or 5 to 7 ring
members are recited in certain embodiments) and
heterocycles comprising fused, pendant or spiro rings
typically contain from 9 to 14 ring members. Certain
heterocycles comprise 



a sulfur atom as a ring member; in certain
embodiments, the sulfur atom is oxidized to SO or SO2.
Heterocycles may be optionally substituted with a
variety of substituents, as indicated. Unless
otherwise specified, a heterocycle may be a
heterocycloalkyl group (i.e., each ring is saturated
or partially saturated) or a heteroaryl group (i.e.,
atdeast one ring within the group is aromatic), such
as a 5- to 10-membered heteroaryl (which may be
monocyclic or bicyclic) or a 6-membered heteroaryl
(e.g., pyridyl or pyrimidyl). N-linked heterocyclic
groups are linked via a component nitrogen atom.
Heterocyclic groups include, for example, azepanyl,
azocinyl, benzimidazolyl, benzimidazolinyl,
benzisothiazolyl, benzisoxazolyl, benzofuranyl,
benzothiofuranyl, benzoxazolyl, benzothiazolyl,
benztetrazolyl, chromanyl, chromenyl, cinnolinyl,
decahydroquinolinyl,
dihydrofuro[2,3-b]tetrahydrofuranyl,
dihydroisoquinolinyl, dihydrotetrahydrofuranyl,
l,4-dioxa-8- aza-spiro[4.5]decyl, dithiazinyl,
furanyl, furazanyl, imidazolinyl, imidazolidinyl,
imidazolyl, indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, isobenzofuranyl, isochromanyl,
isoindazolyl, isoindolinyl, isoindolyl, isothiazolyl,
isoxazolyl, isoquinolinyl, morpholinyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl,
oxazolidinyl, oxazolyl, phthalazinyl, piperazinyl,
piperidinyl, piperidinyl, piperidonyl, pteridinyl,
purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridoimidazolyl,
pyridooxazolyl, pyridothiazolyl, pyridyl, pyrimidyl,
pyrrolidinyl, pyrrolidonyl, pyrrolinyl, pyrrolyl,
quinazolinyl, quinolinyl, quinoxalinyl, quinuclidinyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl,
tetrazolyl, thiadiazinyl, thiadiazolyl, thiazolyl,
thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thienyl, thiophenyl, thiomorpholinyl and variants
thereof in which the sulfur atom is oxidized,
triazinyl, and any of the foregoing that are
substituted with from 1 to 4 substituents as described
above. A "heterocycleC0-C8alkyl" is a heterocyclic
group linked via a single covalent bond or Q -
Csalkylene group. A (4- to 7-membered
heterocycle)Co-Cgalkyl is a heterocyclic group (e.g.,
monocyclic or bicyclic) having from 4 to 7 ring
members linked via a single covalent bond or an
alkylene group having from 1to 8 carbon atoms. A
"(6-membered heteroaryl)Co-C6alkyl" refers to a
heteroaryl group linked via a direct bond or Ci-C
alkyl group. Certain heterocycles are 4- to
12-membered, 5- to 10-membered, 3- to 7-membered, 4-
to 7-membered or 5- to 7-membered groups that contain
1 heterocyclic ring or 2 fused, pendant or spiro
rings, optionally substituted. 4- to 10-membered
heterocycloalkyl groups include, for example,
piperidinyl, piperazinyl, pyrrolidinyl, azepanyl,
l,4-dioxa-8-aza-spiro[4.5]dec-8-yl,morpholino, thiomof
holino and l,l-dioxo-thiomorpholin-4-yl. Such groups
may be substituted as indicated. Representative
aromatic heterocycles are azocinyl, pyridyl,
pyrimidyl, imidazolyl, tetrazolyl and
3,4-dihydro-lH-isoquinolin-2-yl. A "substituent," as
used herein, refers to a molecular moiety that is
covalently bonded to an atom within a molecule of
interest. For example, a ring substituent may be a
moiety such as a halogen, alkyl group, haloalkyl group
or other group that is covalently bonded to an atom
(preferably a carbon or nitrogen atom) that is a ring
member. Substituents of aromatic groups are generally
covalently bonded to a ring carbon atom. The term
"substitution" refers to replacing a hydrogen atom in
a molecular structure with a substituent, such that
the valence on the designated atom is not exceeded,
and such that a chemically stable compound (i.e., a
compound that can be isolated, characterized, and
tested for biological activity) results from the
substitution. Groups that are "optionally substituted"
are unsubstituted or are substituted by other than
hydrogen at one or more available positions, typically
1, 2, 3 4 or 5 positions, by one or more suitable
groups (which may be the same or different). Optional
substitution is also indicated by the phrase
"substituted with from 0 to X substituents," where X
is the maximum number of possible substituents.
Certain optionally substituted groups are substituted
with from 0 to 2, 3 or 4 independently selected
substituents {i.e., are unsubstituted or substituted
with up to the recited maximum number of
substitutents). The terms "VRl" and "capsaicin
receptor" are used interchangeably herein to refer to
a type 1 vanilloid receptor. Unless otherwise
specified, these terms encompass both rat and human
VRl receptors {e.g., GenBank Accession Numbers
AF327067, AJ277028 and NM_018727; sequences of certain
human VRl cDNAs and the encoded amino acid sequences
are provided in U.S. Patent No. 6,482,61 1), as well
as homologues thereof found in other species. A "VRl
modulator," also referred to herein as a "modulator,"
is a compound that modulates VRl activation and/or VRl
-mediated signal transduction. VRl modulators
specifically provided herein are compounds of Formula
I and pharmaceutically acceptable salts thereof.
Certain preferred VRl modulators are not vanilloids. A
VRl modulator may be a VRl agonist or antagonist. A
modulator binds with high affinity if the Kj at VRl is
less than 1 micromolar, preferably less than 500
nanomolar, 100 nanomolar, 10 nanomolar or 1 nanomolar.
A representative assay for determining K; at VRl is
provided in Example 5, herein. A modulator is
considered an "antagonist" if it detectably inhibits
vanilloid ligand binding to VRl and/or VRl -mediated
signal transduction (using, for example, the
representative assay provided in Example 6); in
general, such an antagonist inhibits VRl activation
with a IC50 value of less than 1 micromolar,
preferably less than 500 nanomolar, and more
preferably less than 100 nanomolar, 10 nanomolar or 1
nanomolar within the assay provided in Example 6. VRl
antagonists include neutral antagonists and inverse
agonists.A "neutral antagonist" of VRl is a compound
that inhibits the activity of vanilloid ligand at VRl,
but does not significantly change the basal activity
of the receptor (i.e., within a calcium mobilization
assay as described in Example 6 performed in the
absence of vanilloid ligand, VRl activity is reduced
by no more than 10%, more preferably by no more than
5%, and even more preferably by no more than 2%; most
preferably, there is no detectable reduction in
activity). Neutral antagonists of VRl may also inhibit
the binding of vanilloid ligand to VRl. An "inverse
agonist" of VRl is a compound that reduces the
activity of VRl below its basal activity level in the
absence of added vanilloid ligand. Inverse agonists of
VRl may also inhibit the activity of vanilloid ligand
at VRl and/or binding of vanilloid ligand to VRl . The
basal activity of VRl, as well as d reduction in VRl
activity due to the presence of VRl antagonist, may be
determined from a calcium mobilization assay, as
described in Example 6. As used herein a "capsaicin
receptor agonist" or "VRl agonist" is a compound that
elevates the activity of the receptor above the basal
activity level (i.e., enhances VRl activation and/or
VRl -mediated signal transduction). Capsaicin receptor
agonist activity may be identified using the
representative assay provided in Example 6. In
general, such an agonist has an EC50 value of less
than 1 micromolar, preferably less than 500 nanomolar,
and more preferably less than 



100 nanomolar or 10 nanomolar within the assay
provided in Example 6. A "vanilloid" is capsaicin or
any capsaicin analogue that comprises a phenyl ring
with two oxygen atoms bound to adjacent ring carbon
atoms (one of which carbon atom is located para to the
point of attachment of a third moiety that is bound to
the phenyl ring). A vanilloid is a "vanilloid ligand"
if it binds to VRl with a K1 - (determined as
described herein) that is no greater than 10 mM.
Vanilloid ligand agonists include capsaicin, olvanil,
N-arachidonoyl-dopamine and resiniferatoxin (RTX).
Vanilloid ligand antagonists include capsazepine and
iodo-resiniferatoxin. A "therapeutically effective
amount" (or dose) is an amount that, upon
administration to a patient, results in a discernible
patient benefit (e.g., provides detectable relief from
a condition being treated). Such relief may be
detected using any appropriate criteria, including
alleviation of one or more symptoms such as pain. A
therapeutically effective amount or dose generally
results in a concentration of compound in a body fluid
(such as blood, plasma, serum, CSF, synovial fluid,
lymph, cellular interstitial fluid, tears or urine)
that is sufficient to alter the binding of vanilloid
ligand to VRl in vitro (using, the assay provided in
Example 5) and/or VRl -mediated signal transduction
(using an assay provided in Example 6). It will be
apparent that the discernible patient benefit may be
apparent after administration of a single dose, or may
become apparent following repeated administration of
the therapeutically effective dose according to a
predetermined regimen, depending upon the indication
for which the compound is administered. A "patient" is
any individual treated with a compound provided
herein. Patients include humans, as well as other
animals such as companion animals (e.g., dogs and
cats) and livestock. Patients may be experiencing one
or more symptoms of a condition responsive to
capsaicinreceptor modulation {e.g., pain, exposure to
vanilloid ligand, itch, urinary incontinence,
overactive bladder, respiratory disorders, cough
and/or hiccup), or may be free of such symptom(s)
{i.e., treatment may be prophylactic in a patient
considered at risk for the development of such
symptoms). SUBSTITUTED BIARYL PIPERAZINYL-PYRIDINE
ANALOGUES As noted above, the present invention
provides substituted biaryl piperazinyl-pyridine
analogues that may be used in a variety of contexts,
including in the treatment of pain {e.g., neuropathic
or peripheral nerve-mediated pain); exposure to
capsaicin; exposure to acid, heat, light, tear gas,
air pollutants (such as, for example, tobacco smoke),
infectious agents (including viruses, bacteria ana
yeast), pepper spray or related agents; respiratory
conditions such as asthma or chronic obstructive
pulmonary disease; itch; urinary incontinence or
overactive bladder; cough or hiccup; and/or obesity.
Such compounds may also be used within in vitro assays
{e.g., assays for receptor activity), as probes for
detection and localization of VRl and as standards in
ligand binding and VRl -mediated signal transduction
assays. Certain compounds provided herein detectably
modulate the binding of capsaicin to VRl at nanomolar
{i.e., submicromolar) concentrations, at subnanomolar
concentrations, or at concentrations below 100
picomolar, 20 picomolar, 10 picomolar or 5 picomolar.
Such modulators are preferably not vanilloids. Certain
modulators are VRl antagonists and have no detectable
agonist activity in the assay described in Example 6.
Preferred VRl modulators further bind with high
affinity to VRl . In certain embodiments, substituted
biaryl piperazinyl-pyridine analogues further satisfy
Formula II: Formula H wherein: D, K, J and F are
independently N, CH or carbon substituted with a
substituent represented by R1 or R]0; Ri represents
from 0 to 3 substituents independently chosen from:
(a) halogen, cyano and nitro; (b) groups of the
formula -Q-M-R y; and (c) groups that are taken
together with Ri0 to form a fused 5- to 7-membered
carbocyclic or heterocyclic ring that is substituted
with from 0 to 4 substituents independently chosen
from halogen, cyano, nitro and groups of the formula
-Q-M-R y;Rio represents one substituent chosen from:
(a) groups of the formula -Q-M-R y; and (b) groups
that are taken together with a R] to form a fused,
optionally substituted 5- to 7- membered carbocyclic
or heterocyclic ring; such that R10 is not hydroxy,
amino or an unsubstituted group chosen from Cr
C6alkyl, C2- C6alkenyl, C2-C6alkynyl, d-C 6alkoxy,
C2-C6alkyl ether, C2-C6alkanoyl, C3-C6alkanonei Cr C
haloalkyl, Ci-C6haloalkoxy, mono- or
di-(Ci-C6alkyl)amino, Ci-C alkylsulfonyl, mono- or
di-(Ci-C6alkyl)aminosulfonyl or mono- or
di-(C1-C6alkyl)aminocarbonyl; and the remaining
variables are as described above for Formula I. I
icertain embodiments, substituted biaryl
piperazinyl-pyridine analogues of Formula I satisfy
one or more of Formulas IIa - Hf, in which variables
are as indicated for Formula II, except as defined
below: Within Formula He and Formula Hf: R]a and Rlb
are independently hydrogen, halogen, amino, cyano, Cr
C6alkyl, Ci-C haloalkyl, Cr C alkoky,
Ci-C6alkylsulfonyl, mono- or di-(Cr
C6alkyl)aminosulfonyl, (C3- Cgcycloalkyl)aminocarbonyl
or a group of the formula:, wherein represents a 4- to
7-membered, N-linked heterocycloalkyl; and Rio is: (a)
-COOH, aminocarbonyl, imino, Ci-C6alkoxycarbonyl
or'C2-C6alkanoyl; (b) Ci-C alkyl, C2-C6alkyl ether,
Ci-C alkoxy, Ci-Cgalkylamino or mono- or di-(C
C4alkyl)aminocarbonyl, each of which is substituted
with from 1 to 4 substituents independently chosen
from: (i) halogen, hydroxy, -COOH, cyano, amino and
aminocarbonyl; and ' () Ci-C alkoxy, C3-C8cycloalkyl,
Ci-C alkylsulfonyl, Ci-C alkoxycarbonyl, C2-
C4alkanoyl, mono- and di-(Ci-C8alkyl)amino, phenyl and
4- to 7-membered heterocycles, each of which is
substituted with from Oto 4 substituents independently
chosen from halogen, C -C4alkyl and Ci-C6alkoxy; or
(c) (C3-C8cycloalkyl)aminocarbonyl or a group of the
formula: wherein represents a 4- to 7-membered,
N-linked heterocycloalkyl, each of which is
substituted with from 0 to 4 substituents
independently chosen from hydroxy, -COOH, cyano,
amino, aminocarbonyl, Ci-C alkyl, C2-C6alkyl ether,
C3- 



Cgcycloalkyl, Q-Cealkoxy, Ci-C6alkylsulfonyl, C
-C6alkoxycarbonyl, C2-C4alkanoyl, C2- C4alkanoylamino
and mono- and di-(Ci-C4alkyl)amino. Within certain
embodiments of Formulas Ila-IIf, Ar2 is phenyl,
pyridyl or pyrimidyl, each of which is substituted
with from 1 to 3 substituents independently chosen
from amino, cyano, halogen, Ci-C4alkyl,
Ci-C4haloalkyl, Cr C4aminoalkyl, Q^alkoxy, C
-C4haloalkoxy, Cr C4alkylthio, and mono- and
di-(Ci-C4alkyl)aminoCo-C4alkyl; and R represents
Osubstituents or one methyl substituent. In further
embodiments, substituted biaryl piperazinyl-pyridine
analogues of Formula I further satisfy Formula HI:
Formula III wherein R , K, J and F are as described
for Formula II and the remaining variables are as
described above for Formula I.In certain embodiments,
substituted biaryl piperazinyl-pyridine analogues of
Formula III further satisfy one or more of Formulas
Ilia - IUd, in which variables are as indicated for
Formula III: Certain substituted biaryl
piperazinyl-pyridine analogues of Formula III further
satisfy Formula HIe or HIf: wherein: A, B, E and T are
independently nitrogen or CR2a; Rl a and R are
independently hydrogen, halogen, amino, cyano, Q-C
alkyl, C]-C6haloalkyl, Cj- C alkoxy, C -C
alkylsulfonyl, mono- or di-(C r C6alkyl)aminosulfonyl,
(C3- C8cycloalkyl)aminocarbonyl or a group of the
formula: represents a 4- to 7-membered, N-linked
heterocycloalkyl; Each R2a is independently chosen
from hydrogen, hydroxy, amino, cyano, halogen,
aminosulfonyl, aminocarbonyl, -COOH, C]-C4alkyl,
Ci-C4haloalkyl, Cr C4hydroxyalkyl, C]-C4alkoxy,
CC4alkylthio, Ci-C4haloalkoxy, mono- and
di-(Ci-C8alkyl)aminoCo-C4alkyl, C2-C4alkanoyl, Cr
C4alkoxycarbonyl, Cr C4alkylsulfonyl, Cr
C4haloalkylsulfonyl and mono- or di-(C
C4alkyl)aminosulfonyl, such that at least one R2a is
not hydrogen; R is hydrogen, methyl, ethyl or oxo; Rio
is: (a) nitro, -COOH, aminocarbonyl, imino, Ci-C
alkoxycarbonyl or C2-C6alkanoyl; (b) Ci-C6alkyl,
C2-C6alkyl ether, Q-C alkoxy, Q-C alkylamino or mono-
or di-(C C4alkyl)aminocarbonyl, each of which is
substituted with from 1 to 4 substituents
independently chosen from: (i) halogen, hydroxy,
-COOH, cyano, amino and aminocarbonyl; and (ii) Ci-C
alkoxy, C3-C8cycloalkyl, Ci-C6alkylsulfonyl,
Ci-C6alkoxycarbonyl, C2- C4alkanoyl, mono- and
di-(Ci-C alkyl)amino, phenyl and 4- to 7-membered
heterocycles, each of which is substituted with from
Oto 4 substituents independently chosen from halogen,
Ci-C4alkyl and Q-C alkoxy; or (c)
(C3-C8cycloalkyl)aminocarbonyl or a group of the
formula: represents a 4- to 7-membered, N-linked
heterocycloalkyl, each of which is substituted with
from O to 4 substituents independently chosen from
hydroxy, -COOH, cyano, amino, aminocarbonyl, Cr
C6alkyl, C2-C6alkyl ether, C3- C8cycloalkyl, Q-C
alkoxy, Ci-C alkylsulfonyl, Ci-C alkoxycarbonyl,
C2-C4alkanoyl, C - C4alkanoylamino and mono- and di-(C
-C4alkyl)amino; Rx is independently selected at each
occurrence from hydrogen, methyl, amino and cyano; and
the remaining variables are as described for Formula
III. Certain substituted biaryl piperazinyl-pyridine
analogues of Formula HIe further satisfy Formula IHg,
in which R4 is hydrogen or methyl and the remaining
variables are as described for Formula HIe: Formula
HIg Within certain embodiments of Formulas HIe, IHf
and IHg: Ria is halogen, cyano, methyl or
trifluoromethyl;Rlb is hydrogen, halogen, amino,
Ci-C3alkyl, Cj-C3alkoxy, mono- or di-(Ci-C
4alkyl)amino, monoor di-(Ci-C 4alkyl)aminocarbonyl,
C^Csalkylsulfonyl, or mono- or di-(C r
C4alkyl)aminosulfonyl; and each R2a is independently
chosen from hydrogen, halogen, cyano, amino,
Ci-C4alkyl, Q-Qalkoxy, and C1-C4haloalkyl. Within
certain embodiments of Formulas IIIe and IHg, R5 and
R6 are independently chosen from: (i) hydrogen; and
(ii) Ci-C6alkyl, C2-C6alkenyl, (C5-C7cycloalkyl)Co-C
2alkyl and groups that are joined to L to form a 4- to
7-membered heterocycle; 'each of which is substituted
with from 0 to 2 substituents independently chosen
from halogen, hydroxy, oxo, -COOH, aminocarbonyl,
aminosulfonyl, C]-C4alkyl, Cr C4haloalkyl, Q-^alkoxy,
Ci-C4alkoxycarbonyl, C1- C4alkylsulfonyl and mono- and
di-(Ci-C 6alkyl)ammo; or R5 and Re, together with the
N to which they are bound, form a -4- to 7-membered
heterocycloalkyl that is substituted with from 0 to 2
substituents independently chosen from halogen,
hydroxy, amino, oxo, aminocarbonyl, aminosulfonyl,
-COOH, Cr C4alkyl, Q - Qalkoxy, Ci-C 4hydroxyalkyl,
C2-C4alkyl ether, C]-C4alkoxycarbonyl, C2-C4alkanoyl,
C2- C4alkanoylamino, Ci-C4alkylsulfonyl, and mono- and
di-(C]-C 4alkyl)aminoCo-C 2alkyl. In further
embodiments, substituted biaryl piperazinyl-pyridine
analogues of Formula I further satisfy Formula IV:
Formula IV wherein: F is carbon substituted with a
substituent represented by Ri or Rio; Rio is as
described for Formula III; and the remaining variables
are as described for Formula II.Certain substituted
biaryl piperazinyl-pyridine analogues of Formula IV
further satisfy Formula IVa, in which variables are as
described for Formula IV: Certain substituted biaryl
piperazinyl-pyridine analogues of Formula IV further
satisfy Formula IVb or Formula IVc: .r; ' / > wherein:
A, B, E and T are independently nitrogen or CR2a; Ria
is halogen, amino, cyano, Cj-C alkyl, Ci-C haloalkyl,
Ci-C6alkoxy, Ci-C alkylsulfonyl or 



mono- or di-(Ci-C6alkyl)aminosulfonyl; Rib is
hydrogen, halogen, amino, cyano, C]-C alkyl, Ci-C
haloalkyl, C]-C6alkoxy, Cr C6alkylsulfonyl, mono- or
di-(Ci-C 6alkyl)aminosulfonyl,
(C3-C8cycloalkyl)aminocarbonyl or a group of the
formula: represents a 4- to 7-membered, N-linked
heterocycloalkyl; Each R2a is independently chosen
from hydrogen, hydroxy, amino, cyano, halogen,
aminosulfonyl, aminocarbonyl, -COOH, Ci-C4alkyl,
Ci-Gjhaloalkyl, C1-C4hydroxyalkyl, C C4alkoxy, Cr
C4alkylthio, Ci-C4haloalkoxy, mono- and
di-(Ci-C8alkyl)aminoC 0-C4alkyl, C2-C4alkanoyl, C1-
C4alkoxycarbonyl, Cr C4alkylsulfonyl, Cr
C4haloalkylsulfonyl and mono- and di-(C r
C4alkyl)aminosulfonyl, such that at least one R2a is
not hydrogen; R4 is hydrogen, methyl, ethyl or oxo;
Rio is as described for Formula HIe and Formula IHf;
Rx is independently selected at each occurrence from
hydrogen, methyl, amino and cyano; and the remaining
variables are as described for Formula IV.Within
certain embodiments of Formula IVa and Formula IVb:
Ria is halogen, cyano, methyl or trifluoromethyl; Rib
is hydrogen, halogen, amino, Ci-C3alkyl, Ci-C3alkoxy,
mono- or di-(Ci-C4alkyl)amino, monoor di-(CrC
4alkyl)aminocarbonyl, Ci-C3alkylsulfonyl, or mono- or
di-(CV C4alkyl)aminosulfonyl; each R2a is
independently chosen from hydrogen, halogen, cyano,
amino, Ci-C4alkyl, Ci-C4alkoxy, and Ci-C4haloalkyl;
and R5 and R6 are independently chosen from: (i)
hydrogen; and (ii) Cr C6alkyl, C2-C6alkehyl,
(C5-C7cycloalkyl)Co-C2alkyl and groups that are joined
to L to form a 4- to 7-membered heterocycle; each of
which is substituted with from 0 to 2 substituents
independently chosen from halogen, hydroxy, oxo,
-COOH, aminocarbonyl, aminosulfonyl, Ci-C4alkyl,
Q^haloalkyl, Q^alkoxy, Ci-C4alkoxycarbonyl, C
C4alkylsulfonyl and mono- and di-(Ci-C6alkyl)amino; or
R5 and R6, together with the N to which they are
bound, form a 4- to 7-membered heterocycloalkyl that
is substituted with from 0 to 2 substituents
independently chosen from halogen, hydroxy, amino,
oxo, aminocarbonyl, aminosulfonyl, -COOH, Ci-C4alkyl,
C - C4alkoxy, Ci-C4hydroxyalkyl, C2-C4alkyl ether,
Ci-C4alkoxycarbonyl, C2-C4alkanoyl, C2-
C4alkanoylamino, Ci-C4alkylsulfonyl, and mono- and
di-(Ci-C4alkyl)aminoC0-C2alkyl. Further substituted
biaryl piperazinyl-pyridine analogues of Formula I
additionally satisfy one of Formulas V, VI, VII or
VIII: wherein: D, K, G, J and F are independently N,
CH or carbon substituted with a substituent
represented by Ri or R10 ; Ri is as described for
Formula II; Rio is as described for Formula III; and
the remaining variables are as described for Formula
I.Within certain embodiments of the above Formulas,
variables are as follows: Ar1, R1, R,a, Rib, Rl c and
R10 Certain Ari groups satisfy the formula: described
above. In certain embodiments, D is N; in further
embodiments, J, F, K and/or G are N; within still
further embodiments, D and F are both N. Within other
embodiments, K is N or both K and J areN. In stil
further embodiments, J, F, K and/or G are optionally
substituted carbon (e.g., J, F and K are optionally
substituted carbon). Within certain compounds, F is
substituted carbon (i.e., one substituent represented
by Ri or R]0 is located ortho to the point of
attachment) and/or one substituent represented by Ri
or Rio is located meta or para to the point of
attachment, wherein the point of attachment refers to
the attachment to the piperazinyl ring. Certain
substituents satisfy the formula Q-M-Ry. It will be
apparent that if Q is C0 and M is a single covalent
bond, then Ry is directly linked (via a single
covalent bond) to the Ari core ring. Rio in the above
Formulas represents one substituent of Ax . In other
words, a Ri0 moiety, as defined above, is covalently
bonded to any ring carbon atom of Ari, such as a
carbon atom at the position designated D, K, G, J or F
in certain formulas. Within certain compounds of
Formula II and subformulas thereof, R]0 represents:
(a) -COOH, aminocarbonyl, imino, Q-C alkoxycarbonyl or
C2-C6alkanoyl; (b) Ci-C alkyl, C2-C6alkyl ether,
Ci-C6alkoxy, Ci-Cealkylamino or mono- or di-(Cr
C4alkyl)aminocarbonyl, each of which is substituted
with from 1 to 4 substituents independently chosen
from: (i) halogen, hydroxy, -COOH, cyano, amino and
aminocarbonyl; and (ii) Ci-C alkoxy, C3-C8cycloalkyl,
Ci-C alkylsulfonyl, Ci-C alkoxycarbonyl,
C2-C4alkanoyl, mono- and di-(Ci-Cgalkyl)amino, 4- to
7-membered heterocycles and phenyl, each of which is
substituted with from 0 to 4 substituents
independently chosen from halogen, Ci- C4alkyl and C
-C6alkoxy; or (c) (C3-C8cycloalkyl)aminocarbonyl or a
group of the formula:wwhheerreeiinn represents a 4- to
7-membered, N-linked heterocycloalkyl, each of which
is substituted with from 0 to 4 substituents
independently chosen from hydroxy, - COOH, cyano,
amino, aminocarbonyl, Ci-C alkyl, C2-C6alkyl ether,
C3-C8cycloalkyl, C r C6alkoxy, C r C6alkylsulfonyl, C
r C6alkoxycarbonyl, C2-C4alkanoyl, C2-C4alkanoylamino
and mono- and di-(Ci-C4alkyl)amino. Within certain
compounds of the other Formulas, Rio represents: (a)
nitro, -COOH, aminocarbonyl, imino, Ci-C
6alkoxycarbonyl or C2-C6alkanoyl; (b) Gi-C alkyl,
C2-C6alkyl ether, Ci-C alkoxy, Q-Cealkylamino or mono-
,, Q 1, di-(Cr C4alkyl)aminocarbonyl, each of which is
substituted with from 1 to 4 substituents
independently chosen from: (i) halogen, hydroxy,
-COOH, cyano, amino and aminocarbonyl; and (ii) Ci-C
6alkoxy, C3-C8cycloalkyl, C]-C 6alkylsulfonyl, Ci-C
6alkoxycarbonyl, C2-C4alkanoyl, mono- and di-(C r C
8alkyl)amino, 4- to 7-membered heterocycles and
phenyl, each of which is substituted with from Oto 4
substituents independently chosen from halogen, Q -
C4alkyl and Cr C6alkoxy; or (c)
(C3-C8cycloalkyl)aminocarbonyl or a group of the
formula: 



wherein represents a 4- to 7-membered, N-linked
heterocycloalkyl, each of which is substituted with
from Oto 4 substituents independently chosen from
hydroxy, -COOH, cyano, amino, aminocarbonyl, C r
C6alkyl, C2-C6alkyl ether, C3-C8cycloalkyl, C C
alkoxy, Ci-C alkylsulfonyl, Ci-C alkoxycarbonyl,
C2-C4alkanoyl, C2-C4alkanoylamino and mono- and
di-(C]-C 4alkyl)amino. Representative R i0 groups
include, for example, nitro, aminocarbonyl, -COOH, C r
C4alkoxycarbonyl, hydroxyC r C4alkyl (e.g.,
hydroxymethyl), aminoCi-C 4alkyl (e.g., aminomethyl),
cyanoCi-C 4alkyl (e.g., cyanomethyl), carboxyCi-C
4alkyl (e.g., carboxymethyl), mono- and di-(C ]
-C4alkyl)aminoC 1-C4alkyl and mono- and di-(Ci-C
4alkyl)aminoC]-C 4alkoxy. Other representative R )0
groups include (C3-C8cycloalkyl)aminocarbonyl groups
and mono- and di-(C r C4alkyl)aminocarbonyl groups
that are substituted with Q^alkoxy, Ci-C 4haloalkyl
C2- C alkyl ether, mono- or di-(C r C4alkyl)amino,
optionally substituted 5- to 7-membered
heterocycloalkyl groups (e.g., tetrahydrofuranyl or
thiophenyl), and/or optionally substituted phenyl.
Additional representative R 10 groups include groups
of the formula:represents optionally substituted
azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl or azepanyl. R1 in the
above Formulas represents up to three optional
substituents OfAr 1 (in addition to Rio). In certain
embodiments, Ri represents one substituent (i.e., Arj
is di-substituted). Representative Ri groups include,
for example, halogen, nitro, cyano, methyl, Q -
C4alkoxycarbonyl, trifluoromethyl and methylsulfonyl.
The variables R and R]b, within Formulas that recite
such variables, are generally as . ;i described above.
Within certain compounds, Ri3 and R are independently
.hydrogen, halogen, amino, cyano, Ci-C alkyl, Ci-C
6haloalkyl, Ci-C6alkoxy, Ci-C alkylsulfonyl, mono- or
di-(Ci- C6alkyl)aminosulfonyl,
(C3-C8cycloalkyl)aminocarbonyl or a group of the
formula: represents a 4- to 7-membered, N-linked
heterocycloalkyl. In further embodiments, Ria is
nitro, -COOH, halogen, cyano, methyl or
trifluoromethyl; in further embodiments, Ri is
halogen, cyano, methyl or trifluoromethyl. Ar 2, R and
R2 In certain substituted biaryl piperazinyl-pyridine
analogues of the above Formulas, Ar2 is optionally
substituted phenyl, pyridyl (i.e., 2-pyridyl,
3-pyridyl or 4-pyridyl) or pyrimidyl. In other
compounds, Ar2 is a 9- to 12-membered bicyclic aryl or
heteroaryl group that is optionally substituted as
described above. In some embodiments, Ar is
unsubstituted phenyl or unsubstituted pyridyl. In
other embodiments, Ar2 is substituted with from Oto 3
or from 1 to 3 substituents independently chosen from
R2 as described above. In certain such compounds, Ar2
has at least one substituent (R2) and each R2 is
independently chosen from amino, cyano, halogeni,i
aminosulfonyl, Ci-C4alkyl, C]-C4haloalkyl,
Ci-C4hydroxyalkyl, Ci-Qaminoalkyl, C]-C4alkoxy,
Ci-C4alkylthio, Ci-C4haloalkoxy, mono- and di-(C r
C4alkyl)aminoC 0-C4alkyl, C2-C4alkanoyl, C
C4alkoxycarbonyl, Ci-C4alkylsulfonyl,
C]-C4haloalkylsulfonyl and mono- and di-(C r
C4alkyl)aminosulfonyl. Representative substituents of
Ar2 include amino, cyano, halogen, C]- Qalkyl,
C]-C4haloalkyl, Ci-Qaminoalkyl, C]-C4alkoxy,
C]-C4haloalkoxy, C]-C4alkylthio and mono- and di-(Cr
C4alkyl)aminoCo-C4alkyl. In certain such compounds,
Ar2 is substituted meta and/or para to the point of
attachment, wherein the point of attachment refers to
the attachment to the core ring. In other words, if
Ar2 is phenyl, the phenyl is mono-substituted at the
3-position, mono-substituted at the 4-position, or
di-substituted and the 3- and 4-positionsin such
compounds. Representative Ar2 groups include phenyl,
pyridyl and pyrimidyl, each of which is substituted
with from Oto 3 or from 1 to 3 substituents as
described herein.Within certain Ar2 groups, one R2 is
taken together with an adjacent R2 to form a fused
carbocycle or heterocycle. Representative such groups
include, for example, the following bicyclic groups,
optionally substituted as described herein: as well as
variants of the foregoing in which the fused ring
contains one or more additional double bonds, such as:
The variable R , when present, is generally as
described above; in certain embodiments, each R2a is
independently chosen from hydrogen, hydroxyl, amino,
cyano, halogen, aminosulfonyl, aminocarbonyl, -COOH,
Ci-C4alkyl, Ci-C4haloalkyl, Cr C4hydroxyalkyl, Cr
C4alkoxy, C C4alkylthio, Cj-C4haloalkoxy, mono- and
di-(Ci-C 4alkyl)aminoCo-C4alkyl, C2-C4alkanoyl, C)-
Qalkoxycarbonyl, Ci-C4alkylsulfonyl,
C]-C4haloalkylsulfonyl and mono- and di-(C r
C4alkyl)aminosulfonyl. In further such compounds, each
R2a is independently chosen from hydrogen, halogen,
cyano, amino, Ci~C4alkyl, Ci-C4haloalkyl and Cr
C4alkoxy. In still further such compounds, A is CH or
CR2a, and each R2a is independently chosen from cyano,
halogen, Cr Qalkyl, C C4haloalkyl, Ci-C4alkoxy and
mono- and di-(Ci-C 4alkyl)aminoC 0-C2alkyl. In other
such compounds, at least one of A, B, E and T is N.
Certain Ar2 groups have the formula: wherein B and E
and R2 are as described above.R3 In the definition of
R3, the variable "L" is defined as Co-Cbalkylene or
Q-C alkylene that is taken together with R5, R6 or R7
to form a 4- to 7-membered heterocycle. In any
heterocycle so formed, at least one carbon atom
present in L is also a ring atom, and is covalently
bonded to a component atom OfR 5, R or R7. The
resulting heterocycle may be a heterocycloalkyl group
(e.g., tetrahydrofuranyl, morpholinyl, piperidinyl or
piperazinyl) or a heteroaryl group, such as pyridyl,
pyrimidyl or tetrahydrofuranyl. R3 groups comprising
such a heterocycle include, for example: R3, in
certain embodiments of various Formullsf provided
herein, is a group of the formula: wherein: L is
Co-C3alkylene; and R5 and R are: (a) independently
chosen from hydrogen, Q-C alkyl, C2-C6alkenyl,
(C3-C8cycloalky I)C0- C4alkyl, C2-C4alkanoyl and
groups that are joined to L to form a 4- to 7-membered
heterocycle; or (b) joined to form a 4- to 12-membered
heterocycloalkyl; wherein each alkyl, alkenyl,
(cycloalkyl)alkyl, alkanoyl and heterocycloalkyl is
substituted with from 0 to 4 substituents
independently chosen from (i) halogen, hydroxy, amino,
aminocarbonyl, oxo, -COOH and aminosulfonyl; and (ii)
Cr C4alkyl, C5-C7cycloalkyl, Q - C4alkoxy,
C2-C4alkanoyl, C]-C4haloalkyl, mono- and di-(Ci-C
4alkyl)aminoCo-C2alkyl, monoand di-(Ci-C
4alkyl)aminocarbonylCo-C 2alkyl, phenylCo-Qalkyl and
(4- to 7-membered heterocycle)C 0-C2alkyl, each of
which is substituted with from 0 to 4 secondary
substituents independently chosen from halogen,
hydroxy, cyano, Ci-C4alkyl, C]-C4alkoxy and Q - 



C4haloalkyl. Within certain such compounds, R5 and R
are independently chosen from: (i) hydrogen; and (ii)
Ci-C alkyl, C2-C6alkenyl, (C5-C7cycloalkyl)Co-C2alkyl
and groups that are joined to L to form a 4- to
7-membered heterocycle; each of which is substituted
with from 0 to 2 substituents independently chosen
from halogen, hydroxy, oxo, -COOH, aminocarbonyl,
aminosulfonyl, Ci-C4alkyl, Ci-C4haloalkyl, Q-C
4alkoxycarbonyl, Q - C4alkylsulfonyl and mono- and
di-(Q-C 6alkyl)amino; or R5 and R , together with the
N to which they are bound, form a 4- to 7-membered
heterocycloalkyl that is substituted with from Oto 2
substituents independently chosen fromhalogen,
hydroxy, amino, oxo, aminocarbonyl, aminosulfonyl,
-COOH, Ci-C4alkyl, C1- C4alkoxy, Cr C4hydroxyalkyl,
C2-C4alkyl ether, .Ci-C4alkoxycarbonyl, C2-C4alkanoyl,
C2- C4alkanoylamino, Cr C4alkylsulfonyl, and mono- and
di-(C]-C4alkyl)aminoCo-C2alkyl Such R3 groups include,
for example, mono- and di-(Ci-C4alkyl)amino groups
that are substituted with from Oto 4 substituents
independently chosen from halogen, hydroxy, amino,
oxo, aminocarbonyl, -COOH, aminosulfbnyl, C -C4alkyl,
C2-C4alkenyl, C5-C7cycloalkyl, Q - Qhaloalkyl,
Q-Qalkoxy, C2-C4alkyl ether, C2-C4alkanoyl,
C1-C4alkylsulfonyl, C2- C4alkanoylamino and mono- and
di-(Ci-C4alkyl)amino. Representative such groups
include: Within other R3 groups, R5 and R , together
with the N to which they are bound, form a
pyrrolidine, piperazine, piperidine, azetidine or
morpholine ring, each of which is substituted with
from Oto 2 substituents independently chosen from
Ci-Qalkyl and Ci-C4hydroxyalkyl. Still further R3
groups include phenyl and 4- to 7-membered
heterocycles, each of which is substituted with from
Oto 4 substituents independently chosen from (a)
halogen, hydroxy, amino, oxo, aminocarbonyl,
aminosulfonyl and -COOH; and (b) Q-Qalkyl,
Ci-C4haloalkyl, C2- Qalkenyl,
(C5-C7cycloalkyl)Co-C2alkyl, Cr C4alkoxy, C2-C4alkyl
ether, C2-C4alkanoyl, C1- Qalkylsulfonyl,
C2-C4alkanoylamino, mono- and di-(Ci-C4alkyl)amino,
mono- and di-(Cr C4alkyl)aminocarbonyl, mono- or
di-(Ci-C4alkyl)aminosulfonyl, phenylCo-C4alkyl and (4-
to 7- membered heterocycle)C0-C4alkyl, each of which
is substituted with from O to 4 secondary substituents
independently chosen from halogen, hydroxy, cyano,
-COOH, Cr C4alkyl and Cr C4haloalkyl. Certain such R
groups include azetidinyl, pyrrolidinyl, morpholinyl,
thiomorpholinyl, piperidinyl, piperazinyl,
tetrahydropyridyl and azepanyl, each of which is
substituted with from Oto 4 substituents independently
chosen from: (a) halogen, hydroxy, amino, oxo,
aminocarbonyl, aminosulfonyl and -COOH; and (b)
Ci-C4alkyl, C2-C4alkenyl, C5- C7cycloalkyl,
Ci-C4haloalkyl, CrC 4alkoxy, C2-C4alkyl ether,
C2-C4alkanoyl, Ci-C4alkylsulfonyl, C2-C4alkanoylamino
and mono- and di-(Ci-C4alkyl)amino, each of which is
substituted with from Oto 4 secondary substituents
independently chosen from hydroxy and halogen.
Representative examples of such R3 groups include the
heterocycles: And substituted heterocycles, such
as:Other such R3 groups include phenyl, pyridyl,
pyrimidyl, pyrazinyl, pyridazinyl, imidazolyl,
thienyl, oxazolyl and tetrahydrofuranyl, each of which
is substituted with from Oto 4 substituents
independently chosen from halogen, hydroxy, amino,
aminocarbonyl, aminosulfonyl, -COOH, Ci-C4alkyl,
C5-C7cycloalkyl, C2-C4alkyl ether, C1- C4alkoxy,
C2-C4alkanoyl, Cr C4haloalkyl and mono- and
di-(Ci-C4alkyl)amino. In certain embodiments, R3 is
not -NH 2. In other words, if R has the formula: and L
is a single covalent bond, then at least one of R5 and
R6 is not hydrogen. In further embodiments, R3 is . In
certain such compounds, L is C0- C3alkylene; and R7 is
Cr C6alkyl, C2-C6alkenyl, (C5-C7cycloalkyl)Co-C4alkyl,
C2-C4alkanoyl, phenylC0-C6alkyl or (6-membered
heteroaryl)C0-C4alkyl, each of which is substituted
with from O to 4 substituents independently chosen
from halogen, hydroxy, amino, aminocarbonyl,
aminosulfonyl, -COOH, Cr C4alkylB, C5-C7cycloalkyl,
C2-C4alkyl ether, Cr C4alkoxy, C2- C4alkanoyl,
Ci-C4haloalkyl and mono- and di-(C -C4alkyl)amino.
Such R3 groups include, for example, benzyloxy and
Ci-C alkoxy, each of which is optionally substituted
with halogen, methyl, methoxy or trifluoromethyl.
Within still further embodiments, R3 is hydrogen, Cr
C6alkyl or a halogen. Within further embodiments of
the above Formulas, R3 is Cr C4alkyl, C3-C7cycloalkyl
or Ci-C4haloalkyl, each of which is substituted with
from Oto 4 substituents independently chosen from
halogen, hydroxy, cyano, oxo, aminocarbonyl,
aminosulfonyl, -COOH, C3-C7cycloalkyl, phenyl and 4-
to 7-membered heterocycle. R4, in certain substituted
biaryl piperazinyl-pyridine analogues provided herein,
represents zero substituents or one methyl, ethyl or
oxo group; in certain embodiments such a substituent
is located adjacent to the nitrogen atom that is bound
to the core, as shown below:The carbon to which a
methyl or ethyl group is attached is chiral in certain
embodiments (e.g., as shown in Formula V, VI, VII or
VIII), in which the group is , , or , respectively. In
other embodiments, R represents a single oxo
substituent. X, YandZ X, Y and Z, as noted above, are
independently CRx or N, such that at least one of X, Y
and Z is N. In certain embodiments, each Rx is
independently selected from hydrogen, fluoro, methyl,
amino and cyano; each Rx is independently selected
from hydrogen, methyl, amino and cyano; each Rx is
independently chosen from hydrogen and methyl; or each
Rx is hydrogen. In certain representative compounds, Z
is N {e.g., X and Y are CH). In other compounds
provided herein, X is N (e.g., Y and Z are CH). In
further compounds Z and X are N, X and Y are N or Z
and Y are N. In still further compounds, X, Y and Z
are each N. Representative substituted biaryl
piperazinyl-pyridine analogues provided herein
include, but are not limited to, those specifically
described in Examples 1-3. It will be apparent that
the specific compounds recited herein are
representative only, and are not intended to limit the
scope of the present invention. Further, as noted
above, all compounds provided herein may be present as
a free base, a pharmaceutically acceptable salt or
other form, such as a hydrate. Within certain aspects
of the present invention, substituted biaryl
piperazinyl-pyridine analogues provided herein
detectably alter (modulate) VRl activity, as
determined using an in vitro VRl functional assay such
as a calcium mobilization assay, dorsal root ganglion
assay or in vivo pain relief assay. As an initial
screen for such activity, a VRl ligand binding assay
may be used. References herein to a "VRl ligand
binding assay" are intended to refer to a standard in
vitro receptor binding assay such as that provided in
Example 5, and a "calcium mobilization 



assay" (also referred to herein as a "signal
transduction assay") may be performed as described in
Example 6. Briefly, to assess binding to VRl, a
competition assay may be performed in which a VRl
preparation is incubated with labeled (e.g., 125I or
3H) compound that binds to VRl (e.g., a capsaicin
receptor agonist such as RTX) and unlabeled test
compound. Within the assays provided herein, the VRl
used is preferably mammalian VRl, more preferably
human or rat VRl. The receptor may be recombinantly
expressed or naturally expressed. The VRl preparation
may be, for example, a membrane preparation from
HEK293 or CHO cells that recombinantly expresshuman
VRl. Incubation with a compound that detectably
modulates vanilloid ligand binding to VRl results in a
decrease or increase in the amount of label bound to
the VRl preparation, relative to the amount of label
bound in the absence of the compound. This decrease or
increase may be used to determine the K at VRl as
described herein. In general, compounds that decrease
the amount of label bound to the VRl preparation
within such an assay are preferred. As noted above,
certain substituted biaryl piperazinyl-pyridine
analogues are VRl antagonists. IC50 values for such
compounds may be determined using a standard in vitro
VRlmediated calcium mobilization assay, as provided in
Example 6. Briefly, cells expressing capsaicin
receptor are contacted with a compound of interest and
with an indicator of intracellular calcium
concentration {e.g., a membrane permeable calcium
sensitivity dye such as Flup-&}or Fura-2 (both of
which are available, for example, from Molecular
Probes, Eugene, OR), each of which produce a
fluorescent signal when bound to Ca+ ) . Such contact
is preferably carried out by one or more incubations
of the cells in buffer or culture medium comprising
either or both of the compound and the indicator in
solution. Contact is maintained for an amount of time
sufficient to allow the dye to enter the cells {e.g.,
1-2 h). Cells are washed or filtered to remove excess
dye and are then contacted with a vanilloid receptor
agonist {e.g., capsaicin, RTX or olvanil), typically
at a concentration equal to the EC50 concentration,
and a fluorescence response is measured. When
agonist-contacted cells are contacted with a compound
that is a VRl antagonist the fluorescence response is
generally reduced by at least 20%, preferably at least
50% and more preferably at least 80%, as compared to
cells that are contacted with the agonist in the
absence of test compound. The IC50 for VRl antagonists
provided herein is preferably less than 1 micromolar,
less than 100 nM, less than 10 nM or less than 1 nM.
In certain embodiments, VRl antagonists provided
herein exhibit no detectable agonist activity an in
vitro assay of capsaicin receptor agonism at a
concentration of compound equal to the IC50. Certain
such antagonists exhibit no detectable agonist
activity n in vitro assay of capsaicin receptor
agonism at a concentration of compounds , that is
100-fold higher than the IC50. Other substituted
biaryl piperazinyl-pyridine analogues may be capsaicin
receptor agonists. Capsaicin receptor agonist activity
may generally be determined as described in Example 6.
When cells are contacted with 1 micromolar of a
compound that is a VRl agonist, the fluorescence
response is generally increased by an amount that is
at least 30% of the increase observed when cells are
contacted with 100 nM capsaicin. The EC50 for VRl
agonists provided herein is preferably less than 1
micromolar, less than 100 nM or less than 10 nM. VRl
modulating activity may also, or alternatively, be
assessed using a cultured dorsal root ganglion assay
as provided in Example 9 and/or an in vivo pain relief
assay as provided in Example 10. VRl modulators
provided herein preferably have a statistically
significant specific effect on VRl activity within one
or more of the functional assays provided in Examples
6 and 10, herein.Within certain embodiments, VRl
modulators provided herein do not substantially
modulate ligand binding to other cell surface
receptors, such as EGF receptor tyrosine kinase or the
nicotinic acetylcholine receptor. In other words, such
modulators do not substantially inhibit activity of a
cell surface receptor such as the human epidermal
growth factor (EGF) receptor tyrosine kinase or the
nicotinic acetylcholine receptor (e.g., the IC50 or
IC40 at such a receptor is preferably greater than 1
micromolar, and most preferably greater than 10
micromolar). Preferably, a modulator does not
detectably inhibit EGF receptor activity or nicotinic
acetylcholine receptor activity at a concentration of
0.5 micromolar, 1 micromolar or more preferably 10
micromolar. Assays for determining cell surface
receptor activity are commercially available, and
iinelude the tyrosine kinase assay kits available from
Panvera (Madison, WI). In certain embodiments,
preferred VRl modulators are non-sedating. In other
words, a dose of VRl modulator that is twice the
minimum dose sufficient to provide analgesia in an
animal model for determining pain relief (such as a
model provided in Example 10, herein) causes only
transient (i.e., lasting for no more than 1A the time
that pain relief lasts) or preferably no statistically
significant sedation in an animal model assay of
sedation (using the method described by Fitzgerald et
al. (1988) Toxicology 49(2-3):433-9). Preferably, a
dose that is five times the minimum dose sufficient to
provide analgesia does not produce statistically
significant sedation. More preferably, a VRl modulator
provided herein does not produce sedation at
intravenous doses of less than 25 mg/kg (preferably
less than 10 mg/kg) or at oral doses of less than 140
mg/kg (preferably less than 50 mg/kg, more preferably
less than 30 mg/kg). If desired, compounds provided
herein may be evaluated for certain pharmacological
properties including, but not limited to, oral
bioavailability (preferred compounds are orally
bioavailable to an extent allowing for therapeutically
effective concentrations of the compound to be
achieved at oral doses of less than 140 mg/kg,
preferably less than 50 mg/kg, more preferably less
than 30 mg/kg, even more preferably less than 10
mg/kg, still more preferably Jess than 1 mg/kg and
most preferably less than 0.1 mg/kg), toxicity (a
preferred compound is nontoxic when a therapeutically
effective amount is administered to a subject), side
effects (a preferred compound produces side effects
comparable to placebo when a therapeutically effective
amount of the compound is administered to a subject),
serum protein binding and in vitro and in vivo
half-life (a preferred compound exhibits an in vivo
half-life allowing for Q.I.D. dosing, preferably
T.I.D. dosing, more preferably B.I.D. dosing, and most
preferably once-a-day dosing). In addition,
differential penetration of the blood brain barrier
may be desirable for VRl modulators used to treat pain
by modulating CNS VRl activity such that total daily
oral doses as described above provide such modulation
to a therapeutically effective extent, while low brain
levels of VRl modulators used to treat peripheral
nerve mediated pain may be preferred (i.e., such doses
do not provide brain (e.g., CSF) levels of the
compound sufficient to significantly modulate VRl
activity). Routine assays that are well known in the
art may be used to assess these properties,
andidentify superior compounds for a particular use.
For example, assays used to predict bioavailability
include transport across human intestinal cell
monolayers, including Caco-2 cell monolayers.
Penetration of the blood brain barrier of a compound
in humans may be predicted 



from the brain levels of the compound in laboratory
animals given the compound (e.g., intravenously).
Serum protein binding may be predicted from albumin
binding assays. Compound half-life is inversely
proportional to the frequency of dosage of a compound.
In vitro half-lives of compounds may be predicted from
assays of microsomal half-life as described within
Example 7, herein. As noted above, preferred compounds
provided herein are nontoxic. In general, the term
"nontoxic" shall be understood in a relative sense and
is intended to refer to any substance that has been
approved by the United States Food and Drug
Administration ("FDA") for administration to mammals
(preferably humans) or, in keeping with established
criteria, is susceptible to approval by the FDA for
administration to mammals (preferably humans). In
addition, a highly preferred nontoxic compound
generally satisfies one or more of the following
criteria: (1) does not substantially inhibit cellular
ATP production; (2) does not significantly prolong
heart QT intervals; (3) does not cause substantial
liver enlargement, or (4) does not cause substantial
release of liver enzymes. As used herein, a compound
that does not substantially inhibit cellular ATP
production is a compound that satisfies the criteria
set forth in Example 8, herein. In other words, cells
treated as described in Example 8 with 100 mM of such
a compound exhibit ATP levels that are at least 50% of
the ATP levels detected in untreated cells. In more
highly preferred embodiments, such cells exhibit ATP
levels that are at least 80% of the ATP levels
detected in untreated cells. A compound that does not
significantly prolong heart QT intervals is a compound
that does not result in a statistically significant
prolongation of heart QT intervals (as determined by
electrocardiography) in guinea pigs, minipigs or dogs
upon administration' of a dose that yields a serum
concentration equal to the EC50 or IC50 for the
compound. In certain preferred embodiments, a dose of
0.01, 0.05, 0.1, 0.5, 1, 5, 10, 40 or 50 mg/kg
administered parenterally or orally does not result in
a statistically significant prolongation of heart QT
intervals. By "statistically significant" is meant
results varying from control at the p<0.1 level or
more preferably at the p<0.05 level of significance as
measured using a standard parametric assay of
statistical significance such as a student's T test. A
compound does not cause substantial liver enlargement
if daily treatment of laboratory rodents (e.g., mice
or rats) for 5-10 days with a dose that yields a serum
concentration equal to the EC50 or IC5O for the
compound results in an increase in liver to body
weight ratio that is no more than 100% over matched
controls; In more highly preferred embodiments, such
doses do not cause liver enlargement of more than 75%
or 50% over matched controls. If non-rodent mammals
(e.g., dogs) are used, such doses should not result in
an increase of liver to body weight ratio ofmore than
50%, preferably not more than 25%, and more preferably
not more than 10% over matched untreated controls.
Preferred doses within such assays include 0.01, 0.05.
0.1, 0.5, 1, 5, 10, 40 or 50 mg/kg administered
parenterally or orally. Similarly, a compound does not
promote substantial release of liver enzymes if
administration of twice the minimum dose that yields a
serum concentration equal to the EC50 or IC50 at VRl
for the compound does not elevate serum levels of ALT,
LDH or AST in laboratory rodents by more than 100%
over matched mock-treated controls. In more highly
preferred embodiments, such doses do not elevate such
serum levels by more than 75% or 50% over matched
controls. Alternatively, a compound does not promote
substantial release of liver enzymes if, in an in
vitro hepatocyte assay, concentrations (in culture
media or other such solutions that are contacted and
incubated with hepatocytes in vitro) that are equal to
the EC50 or IC50 for the compound do riot cause
detectable release of any of such liver enzymes into
culture medium above baseline levels seen in media
from matched mock-treated control cells. In more
highly preferred embodiments, there is no detectable
release of any of such liver enzymes into culture
medium above baseline levels when such compound
concentrations are five-fold, and preferably ten-fold
the EC50 or IC50 for the compound. In other
embodiments, certain preferred compounds do not
inhibit or induce microsomal cytochrome P450 enzyme
activities, such as CYP1A2 activity, CYP2A6 activity,
CYP2C9 activity, CYP2C19 activity, CYP2D6 activity,
CYP2E1 activity or CYP3A4 activity at a concentration
equal to the EC50 or IC50 at VRl for the compound.
Certain preferred compounds are not clastogenic (e.g.,
as determined using a mouse erythrocyte precursor cell
micronucleus assay, an Ames micronucleus assay, a
spiral micronucleus assay or the like) at a
concentration equal the EC50 or IC50 for the compound.
In other embodiments, certain preferred compounds do
not induce sister chromatid exchange (e.g., in Chinese
hamster ovary cells) at such concentrations. i>i For
detection purposes, as discussed in more detail below,
VRl modulators provided herein may be
isotopically-labeled or radiolabeled. For example,
compounds may have one or more atoms replaced by an
atom of the same element having an atomic mass or mass
number different from the atomic mass or mass number
usually found in nature. Examples of isotopes that can
be present in the compounds provided herein include
isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine and chlorine, such as 2H, 3H, 1
1C, 13C, 14C, 15N, 18O, 170 , 3 1P, 32P, 35S, 18F and
36Cl. In addition, substitution with heavy isotopes
such as deuterium (i.e., 2H) can afford certain
therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo
half-life or reduced dosage requirements and, hence,
may be preferred in some circumstances.PREPARATIONOF
SUBSTITUTED BIARYL PIPERAZINYL-PYRIDINE ANALOGUES
Substituted biaryl piperazinyl-pyridine analogues may
generally be prepared using standard synthetic
methods. Starting materials are commercially available
from suppliers such as Sigma-Aldrich Corp. (St. Louis,
MO), or may be synthesized from commercially available
precursors using established protocols. By way of
example, a synthetic route similar to that shown in
any of the following Schemes may be used, together
with synthetic methods known in the art of synthetic
organic chemistry. Each variable in the following
schemes refers to any group consistent with the
description of the compounds provided herein. In the
Schemes that follow the term "reduction" refers to the
process of reducing a nitro functionality to an amino
functionality, the process of transforming an ester
functionality to an alcohol or the process of
transforming an amide to an amino group. The reduction
of a nitro group can be carried out in a number of
ways well known to those skilled in the art of organic
synthesis including, but not limited to, catalytic
hydrogenation, reduction with SnCl2 and reduction with
titanium trichloride. The reduction of an ester group
is typically performed using metal hydride 



reagents including, but not limited to,
diisobutyl-aluminum hydride (DIBAL), lithium aluminum
hydride (LAH), and sodium borohydride. The reduction
of an amide can be carried out conveniently with
reagents including, but not limited to, diborane as
well as lithium aluminum hydride (LAH). For an
overview of reduction methods see: Hudlicky, M.
Reductions in Organic Chemistry, ACS Monograph 188,
1996. In the Schemes that follow, the term "hydrolyze"
refers to the reaction of a substrate or reactant with
water. More specifically, "hydrolyze" refers to the
conversion of an ester or nitrile functionality into a
carboxylic acid. This process can be catalyzed by a
variety of acids or bases well known to those skilled
in the art of organic synthesis. In the Schemes that
follow, the term "catalyst" refers to a suitable
transition metal catalyst such as, but not limited to,
tetrakis(triphenylphosphme)palladium(0) or
palladium(II) acetate. In addition, the catalytic
systems may include ligands such as, but not limited
to, 2- (Dicyclohexylphosphino)biphenyl and tri-ter
-butylphosphine, and may also include a base such as
K3PO4, Na2CO3 or sodium or potassium /er/-butoxide.
Transition metal-catalyzed reactions can be carried
out at ambient or elevated temperatures using various
inert solvents including, but not limited to, toluene,
dioxane, DMF, N-methylpyrrolidinone, ethyleneglycol,
dimethyl ether, diglyme and acetonitrile. When used in
conjunction with suitable metallo-aryl reagents,
transition metal-catalyzed (hetero)aryl/aryl coupling
reactions can be used to prepare the compounds
encompassed in general structures ID and IE (Scheme
1), and 2C (Scheme 2), 4E (Scheme 4), 5B (Scheme 5),
6-F (Scheme 6), 8B and 8D (Scheme 8), 9C (Scheme 9),
and 1OC (Scheme 10). Commonly employed
reagent/catalyst pairs include aryl boronic
acid/palladium(O) (Suzuki reaction; Miyaura and Suzuki
(1995) Chemical Reviews 95:2457) and aryl
trialkylstannane/palladium(O) (Stille reaction; T. N.
Mitchell, (1992) Synthesis 9 :803-8
15),arylzinc/palladium(O) and aryl
Grignard/nickel(II). In addition, metal-catalyzed
(hetero)aryl/amine coupling reactions
(Buchwald-Hartwig cross-coupling reaction; J. F.
Hartwig, Angew. Chem. Int. Ed. 37:2046-2067 (1998))
can be used to prepare the compounds encompassed in
general structures 7F (Scheme 7), 9E (Scheme 9), and
1OE (Scheme 10). The term "transmetalation," as used
in Schemes 2, 8, and 13, refers to one or more fo the
above referenced metal-catalyzed cross coupling
reactions which is suitable for coupling of
(hetero)aryl halides with alcohols or amines. Certain
transmetalation reaction conditions include the Stille
reaction and the Suzuki reaction. In Schemes 11, 14
and 15, R8 and R9 are generally as described herein
for R5 and R6 of Formula I . R O in Scheme 11, is any
suitable leaving group, such as Br, Cl, I, OTf,
mesylate or tosylate. Certain definitions used in the
following Schemes and elsewhere herein include: BINAP
(rac)-2,2'-Bis(diphenylphosphino)-l,r-binaphthyl CDCl3
deuterated chloroform d chemical shift DCE
1,2-dichloroethane DCM dichloromethane or methylene
chloride DDQ 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone DIBAL diisobutylaluminum hydride DIEA
N,N-diisopropylethylamine DMA N,N-dimethylacetamide
DMF dimethylformamide DMSO dimethylsulfoxide DPPF
1,1'-bis(diphenylphosphino)ferrocene Et3N
triethylamine EtOAc ethyl acetate EtOH ethanol h
hour(s) 1HNMR proton nuclear magnetic resonance HOAc
acetic acid HPLC high pressure liquid chromatography
Hz hertz KOAc potassium acetate LCMS liquid
chromatography/mass spectrometry MS mass spectrometry
(M+1) mass + 1 m-CPBA w-chloroperbenzoic acid MeOH
methanolmin minute(s) MsCl methanesulfonyl chloride
NaNHCN sodium cyanamide n-BuLi n-butyl lithium t-Bu
tertiary butyl Tf -SO2CF3 Pd2(dba)3
tris(dibenzylideneacetone)dipalladium(0) Pd(PPh3)4
tetrakis(triphenylphosphine)palladium(0) PhNEt2
diethyl-phenyl-amine, also referred to as
N,N-diethylaniline PPh3 triphenylphosphine
Selectfluor(r)
l-Chloromethyl-4-Fluoro-l,4-Diazoniabicyclo[2.2.2]Octa
neBis (Tetrafluoroborate) t-BuOK potassium
tert-butoxide TFA trifluoroacetic acid THF
tetrahydrofuran TLC thin layer chromatographyScheme
1Scheme 3 Scheme 4 Scheme 5Scheme 6 Scheme 7Scheme 8
Scheme 9 Scheme 10FIXED-MOBILE COMMUNICATIONS WITH
MID-SESSION MODE SWITCHING RELATED APPLICATIONS This
application claims priority under 35 U.S.C.  119 based
on U.S. Provisional 



Application Serial No. 60/601,256, filed August 13,
2004, the disclosure of which is hereby incorporated
by reference in its entirety. FIELD OF THE INVENTION
Implementations consistent with the invention relate
generally to providing multimode communication and
more particularly to providing session initiation
protocol (SIP)-based fixed-mobile converged
communication services. BACKGROUND OF THE INVENTION
Contemporary communication systems may employ wireless
and/or wireline transmission technologies for
conveying data from a source to a destination. Users
typically employ different specialized devices for
accessing particular types of communication services,
such as voice, data, and/or messaging services. For
example, a cellular telephone may be used to make a
wireless voice call, a wireless personal digital
assistant (PDA) may be used to send and receive e-mail
messages, a facsimile machine may be used for
facsimile transmissions using a plain old telephone
system (POTS) landline, and/or a desktop computer may
access multimedia applications using digital
subscriber line (DSL) over shielded twisted pair. As a
result, these transmission-spec ific or
network-specific devices may dictate that users be
required to have numerous devices to perform a range
of desired communication functions. The need for
multiple devices may add complexity to the
provisioning of robust communication solutions.
Further complicating communication solutions is the
fact that each device may require a unique service
agreement, or subscription, with a service provider.
For example, a user may have a service contract with a
wireless carrier for cellular phone service, a service
agreement with a separate provider for DSL service and
still another service agreement for conventional
landline telephone service. The need to have a unique
identifier for each device used by a user may add
further complexity to contemporary communication
solutions. Each service provider may require that a
user have a unique identifier associated with its
network. For example, a user may have one number
assigned to them for a cellular phone account, a
separate number assigned for a landline account, and
an e-mail address, or Ethernet address, assigned for a
DSL account. As a result, the user needs to keep track
of these identifiers and may have to ensure that other
parties have these identifiers in order to communicate
with the user. It is generally desirable to enable
communications among parties via whatever means or
modes of communication are available to them. For
example, a cellular or wireless user can readily
exchange phone calls with PSTN users. However,
technologies have yet to be ubiquitously deployed
wherein a telephone caller may readily communicate
with an instant messaging client on a personal
computer for example. Aside from a desire to support
cross-communications of this type, it is desirable for
a user to freely employ any mode of communication
available, even using diverse modes of communication
from the same device. Accordingly, some devices
recently developed may support multiple modes
ofcommunication. For example, an otherwise
conventional mobile telephone device communicating via
2G or 3G may also be equipped to recognize a nearby
WiFi 'hot spot' and establish communications through
the later. In the context of multimodal communications
devices, such as wireless communication devices that
can support more than one wireless protocol or carrier
frequency band, several modes of communication may
sometimes be available. At any given time and place
one type of communication may be preferred over others
due to proximity, low cost, better quality or higher
reliability. However, the choice of a mode of
communication is controlled by a network, and may
occur at any time either upon initiation of a session
or during a session. A so-called 'mid-call hand-off,
wherein the mode of access changes while a session is
maintained, may take place without warning and may
cause a brief interruption in the communications
between parties. Furthermore, the change from one mode
to another, initiated by a network-resident entity,
may result in a suddenly changing the connection to
one that is less desirable to the user. For example, a
connection with a superior signal strength may exhibit
lower bandwidth, lesser security or greater cost. The
mid-session switching of access modes may occur
without regard to the user's desires or preferences,
resulting in undesirable operation. SUMMARY OF THE
INVENTION Various implementations in accordance with
the present teachings provide for mid-session changes
in access modes to be initiated or moderated by a
mobile communications device, in contrast to
network-controlled approaches. Furthermore, various
implementations provide for the device to carry out
such mode switching with due regard for the selection
or preferences of the user of the device. In
accordance with one implementation, a method for
conducting a communications session involving a
communication terminal device accessing a network is
provided. An exemplary method involves, at the
communication terminal device, conducting
communications corresponding to the session via a
first mode of access; determining, at the
communication terminal device, that a second mode of
access is available to be used for the communications
corresponding to the session; from the communication
terminal device, sending indication to the network
that the second mode of access is to be used; and, at
the communication terminal device, conducting
subsequent communications corresponding to the session
using the second mode of access. According to another
aspect of the present teachings, a communication
device is provided which engages in a communications
session and conducts communications corresponding to
the session via a first mode of access, determines
that a second mode of access is available, sends
indication to a network that the second mode of access
is to be used for communications of the session and
conducts subsequent communications corresponding to
the session using the second mode of access. In some
implementations, the device may send a SIP INVITE
message to the network during the session to indicate
that access mode switchover is to occur. In accordance
with another aspect of the present teachings, a method
is carried out in a communication network for
conducting a communications session involving a
communications terminal device. The method comprises
conducting communicationscorresponding to the session
via a first mode of access between the network and the
device; 



receiving indication from the device that a second
mode of access between the network and the device is
to be used for subsequent communications corresponding
to the session; and conducting subsequent
communications corresponding to the session using the
second mode of access between the network and the
device. The degree of mobility of the device enabled
by the first mode of access may be substantially
different than the mobility enabled by the second mode
of access. BRIEF DESCRIPTION OF THE DRAWINGS The
accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate an
embodiment of the invention and, together with the
description, explain the invention. In the drawings,
Fig. l is a block diagram of an exemplary network in
which systems and methods for providing mode-agile
communication sessions may be implemented consistent
with the principles of the invention; Fig. 2
illustrates an exemplary configuration of a
general-purpose communication device that may be used
for implementing embodiments of multimode
communication devices consistent with the principles
of the invention; Fig. 3 illustrates an exemplary
software configuration that may be implemented in
multimode communication devices consistent with the
principles of the invention; Fig. 4 illustrates an
exemplary implementation of a socket for accommodating
a multimodal communication device consistent with the
principles of the invention; Fig. 5 illustrates an
exemplary system to facilitate communication with a
mobile station traversing across multiple networks
while participating in a SIP based communication
session consistent with the principles of the
invention; Fig. 6 illustrates an exemplary method for
facilitating full featured IP communications using SIP
based services consistent with the principles of the
invention; Fig. 7 illustrates an exemplary call flow
that may be used to perform authentication and
registration in an IP network to provide fixed-mobile
converged communication services consistent with the
principles of the invention; Fig. 8 illustrates an
exemplary call flow that may be used for completing a
call from a mobile station to a PSTN device consistent
with the principles of the invention; Fig. 9
illustrates an exemplary call flow originating with a
PSTN device and terminating at a mobile station
consistent with the principles of the invention; Fig.
10 illustrates an exemplary call flow originating at a
2G mobile station and terminating at a PSTN device
after transmission in an IP mode consistent with the
principles of the invention; Fig. 11 illustrates an
exemplary call flow that may be used to convey a call
from a mobile station to a PSTN device using IP to 2G
switching during a PSTN call consistent with the
principles of the invention;Fig. 12 illustrates an
exemplary call flow that may be used to place a
user-to-user call in a 2G mode consistent with the
principles of the invention; and Fig. 13 illustrates
an exemplary call flow that may be used to perform 2G
to IP mode switching during a calling session
consistent with the principles of the invention.
DETAILED DESCRIPTION The following detailed
description of implementations consistent with the
principles of the invention refers to the accompanying
drawings. The same reference numbers in different
drawings may identify the same or similar elements.
Also, the following detailed description does not
limit the invention. Instead, the scope of the
invention is defined by the appended claims and their
equivalents. As used herein, the term 'access'
generally refers to how a subscriber or user of the
communication network is communicably coupled to the
network through some form of transmission link.
Examples of different modes of access are CDPD, 3G,
WiMax, WiFi, Ethernet-based LAN/WAN and a conventional
telephone subscriber loop. Modes of access may differ
in terms of, for example, radio frequency band
occupied, transmission coding and multiplexing
schemes, transmission protocols, or propagation medium
used (wireless, wireline, optical, etc.). The notion
of "fixed-mobile convergence" arises in considering
how a mode-agile device and communication system can
carry on a sessions that use both high-mobility 2G
communications, for example, and low-mobility WiFi
links. Using 2G wireless enables free mobility over a
broad area whereas a given WiFi link is highly
localized by comparison and is therefore relatively
fixed. Electrical couplings are usually even more
localized. The systems and methods may further permit
substantially any type of fixed and/or mobile
communication, such as multimedia, voice, data,
messaging, and/or video, to be seamlessly performed,
even simultaneously in some cases, using a single
multimode communication device. For example, a single
wireless device may be used to place a call via
substantially any type of network including, but not
limited to, an internet network, 2G/3G mobile
networks, time division multiplexed (TDM) networks,
wireless networks, such as wireless fidelity (Wi-Fi),
and Internet protocol (IP) - based private branch
exchange (PBX) system networks. Furthermore,
implementations may facilitate switching from one mode
of communication to another mode of communication via
a request from a subscriber device. The subscriber
device may be configured to initiate mode switching
automatically, semiautomatically or manually via user
inputs. In some implementations, the user may specify,
before and outside the context of any particular
sessions, when or under what circumstances mode
switchover is permissible. Various techniques by which
user preferences may be expressed to, and acted upon
by, a communication device are further described
below. EXEMPLARY NETWORK Fig. l is a block diagram of
an exemplary network in which systems and methods for
providing multi-agile communication sessions may be
implemented consistent with the principles of the
invention. Network 100 may be employed to facilitate
communicationbetween wireless and/or wireline devices
and may include a wireless local area network (LAN)
102, a personal digital assistant (PDA) 104, a network
106, a SIP mobility server 108, a customer premise
equipment (CPE) interface 110, a desktop computer 112,
a IP 



telephone 114, a multimode socket 116, a handheld
computer 118, a 2G/3G wireless network 120, a wireless
gateway 122, a 2G wireless device 124A, a 3G wireless
device 124B, a public switched telephone network
(PSTN) 126, a PSTN telephone 128, and a network
gateway 130. Wireless LAN 102 may include any device
and/or network capable of providing local area
connectivity to wireless communication devices, such
as PDA 104. Wireless LAN 102 may include network
hardware such as wireless routers or access points,
switches, network address translators (NATs), etc.
Wireless LAN 102 may interface with network 106 via a
wired and/or wireless link. For example, wireless LAN
102 may run a wireless fidelity (Wi-Fi) protocol such
as an IEEE 802.1 Ib protocol. Wireless LAN 102 may
connect user devices, such as PDA 104, with user
devices operating on other networks, such as handheld
computer 118, 2G wireless device 124A and/or PSTN
phone 128. PDA 104 may include any wireless device
capable of processing machine-readable instructions to
perform an operation. For example, PDA 104 may include
a handheld device having a wireless transceiver for
sending and receiving data over a wireless link. PDA
104 may also include a microprocessor for executing
software applications, memory, a user display device,
and/or a user input device, such as a touch sensitive
display, a keypad, and/or a microphone. PDA 104 may be
implemented as a standalone device or may incorporate
functionality associated with other devices, such as a
wireless phone. PDA 104 may be used to send and
receive data to/from one or more wireless networks,
such as wireless LAN 102. Network 106 may include any
type of network or even a combination of networks,
such as a Wide Area Network (WAN) like the World Wide
Web. Network 106 may further include transport and/or
network devices such as routers, switches, and/or
firewalls. Network 106 may operate as the primary
transport infrastructure for data sent to, and/or
received from, wireless LAN 102, CPE interface 110,
wireless gateway 122, and/or network gateway 130. An
implementation of network 106 may operate as an
Internet protocol (IP) network. Network 106 may
cooperatively operate with other networks running
substantially any data networking or communications
protocols, such as asynchronous transfer mode (ATM),
frame relay, synchronous optical network (SONET) or
integrated services digital network (ISDN). Network
106 may support one or more network protocols that can
be used to enhance seamless communication using
wireless devices. For example, for session initiation
or call set-up, network 106 may support SIP, SIP for
instant messaging and presence leveraging extensions
(SIMPLE), single number IP communication protocols
such as ENUM, as well as other protocols suitable for
facilitating multimedia converged services. Network
106 may include a SIP home registrar operating alone,
or in conjunction with SIP mobility server 108, for
maintaining a database of network identities
associated with fixed and/or mobile devices operating
in network 106. Network 106 may operate in conjunction
with one or more gateways, such as wireless gateway
122, to determine and/or detect the availability of
wireless devices that are withina signaling range of
one or more networks associated with network 106. A
wireless device that has been detected by a network
and/or gateway may correspond to presence information,
implying or indicating availability of an associated
end user to receive communications. Determining
presence may include detecting a wireless device,
identifying a wireless device and/or determining one
or more network protocols that the wireless device is
capable of receiving and/or transmitting. In a similar
way, capabilities of the device, such as display size,
codec schemes or media types supported, may also be
sensed. Network 106 may be configured to automatically
detect and/or communicate with wireless devices based
on dynamic registration of the wireless device. This
eliminates the need for manual, explicit registration
actions by the user. SIP mobility server 108
(hereinafter SIP server 108) may include any device
capable of employing a SIP signaling protocol for
creating, modifying and/or terminating sessions, such
as IP voice calls and/or multimedia conference calls.
SIP server 108 may be augmented with private
extensions for allowing other SIP servers to assert
the identities of end users and/or end systems when
operating in a trusted domain. For example, SIP server
108 may operate as a SIP registrar for maintaining a
database of user and/or network identifiers, such as
URFs. Network identifiers may be used to locate a
called party's device. For example, assume that a user
may have a unique network identifier associated with a
wireless SIP phone. Since a mobile device may move
throughout a network and/or across networks, a SIP
registrar may maintain information associating the
network identifier with particular portions of the
network where the wireless SIP phone can be reached at
a particular point in time. As the wireless SIP phone
moves from one location to another, the SIP registrar
database may be updated to reflect a current location
of the device. The SIP registrar may maintain network
identifiers for both source devices and destination
devices to facilitate SIP-based multimode
communication sessions. The use of one or more SIP
servers within network 100 may facilitate seamless
mode-agile communications. When more than one SIP
server is operating in network 100, one SIP server may
operate as a home registrar and other SIP servers may
operate as visiting SIP servers. Implementations of
the invention may use a single home SIP server
operating as a home registrar for facilitating
mode-agile communications without the need for
visiting SIP registrars and/or SIP servers. SIP server
108 may include additional functionality when acting
as the home registrar, such as SIP proxy server
functionality to facilitate the forwarding of SIP
messages across network 100 on behalf of SIP devices
operating in conjunction with network 100. CPE
interface 110 may include any device capable of
communicatively coupling one or more pieces of
customer premise equipment to network 106. CPE
interface 110 may be associated with one or more
customer locations, such as an office building,
university campus, government facility, and/or
hospital. CPE interface 110 may include hardware
and/or software for coupling customer-owned
communication devices to network 106. In addition, CPE
interface 110 may include security devices such as
firewalls and/or network address translators (NATs).
In one implementation, CPE interface 110 may further
include 



a customer LAN connecting desktop computer 112 and IP
telephone 114 operating in conjunction with multimode
socket 116 (hereinafter socket 116), to network 106.
CPE interface 110 may aggregate communication data
from desktop computer 112, IP telephone 114, and/or
socket 116 before making the data available to network
106.Desktop computer 112 may include any device
capable of processing machine-readable instructions
for performing an operation. Desktop computer 112 may
include conventional computers, such as personal
computers, laptops, servers, and/or workstations. IP
telephone 114 may include any telephony device capable
of sending and receiving a telephony voice data stream
over a packet network. Examples are SIP-based IP
phones which may be directly coupled to an Ethernet
LAN. As shown by multimode socket 116, an IP phone
appliance may also serve as an access point for a
multimode communication device. Multimode socket 116
provides a convenient access point for multimodal
devices, with the IP phone acting as a passthrough of
sorts. For example, the multimode device may 'dock'
into the socket to receive network connectivity as
well as battery recharging, speakerphone or enhanced
display capabilities. The multimode device achieves
connection through the LAN connection of IP phone 114.
This arrangement conserves LAN jacks and provides user
convenience. If properly equipped, a multimode
communication device may also establish a Bluetooth
wireless connection with the IP phone so that no
physical or electrical contact needs to be established
between the devices. The multimode communication
device may sense the availability of the Bluetooth
link and perform access mode switching if the user
desires. It is contemplated that the multimode device
may sense the identity of the IP phone and selectively
enable the Bluetooth access link according to the
identity of the IP phone. IP phone may be part of an
'IP PBX' system causing a group of such phones, such
as in a business enterprise, to function as a private
branch exchange (PBX). A PBX phone may implement a
company-internal dial plan and provide for enhanced
calling features such as call transfers, call
forwarding, conferencing, call pickup and/or support
of hunt groups. Handheld computer 118 may include any
device capable of processing machine-readable
instructions to perform an operation. For example,
handheld computer 118 may include a palmtop computer
having a wireless communication interface for sending
and receiving data. Implementations of handheld
computer 118 may operate with wireless LAN 102, 2G/3G
wireless network 120 and/or network 106. 2G/3G
wireless network 120 may include any network capable
of transmitting and/or receiving 2G and/or 3G
compatible wireless signals. For example, 2G/3G
wireless network 120 may be implemented as a cellular
network having one or more base stations for
transmitting and receiving wireless signals. The base
stations may send data to 2G wireless device 124A
and/or 3G wireless device 124B when a calling party is
attempting to reach a called party associated with
one, and/or both, wireless devices 124A and 124B.
2G/3G wireless network 120 may include a home location
register (HLR) for implementing a database containing
subscriber information associated with the mobile
network. Information contained in an HLR may include
subscriber names, billing information, account status,
and/or subscriber device information. An HLR may
interact with other devices, such as a payment server
for performing operational functions, such as billing
subscribers for usage of the wireless network. 2G/3G
wireless network 120 may include a mobile application
part (MAP) proxy to provide mobility procedures to SS7
applications. The MAP layer of SS7 may include
protocol details that support mobility functions such
as registration, authentication, and/or call
completion while providing service transparency to
roaming subscribers. An HLR and/or MAP proxy may
operate with 2G/3G wirelessnetwork 120 to provide 2G
services to 2G wireless device 124A and/or to provide
3G services to 3G wireless device 124B. Wireless
gateway 122 may include any device capable of
interfacing 2G/3G wireless network 120 with another
network such as wireless LAN 102, network 106, and/or
PSTN 126. Wireless gateway 122 may convert 2G/3G
compatible protocols into IP compatible protocols.
Wireless gateway 122 may further implement protocols
such as SIP when making data available to network 106.
Wireless gateway 122 may receive communication data,
process communication data, handoff communication
data, and/or perform other functions such as error
reporting and/or correcti on. 2G wireless device 124A
may include any device capable of sending and/or
receiving 2G compatible data. For example, 2G wireless
device 124A may include a 2G compatible cellular
telephone, a 2G compatible PDA, and/or a 2G compatible
handheld computer. 3G wireless device 124B may include
any device capable of sending and/or receiving 3G
compatible data. For example, 3G wireless device 124B
may include a 3G compatible cellular telephone, a 3G
compatible laptop computer, and/or a 3G compatible
application specific device, such as a remote
monitoring device. PSTN 126 may include any network
capable of carrying plain old telephone system (POTS)
compatible data. PSTN 126 may include central offices
and/or switches for carrying data over "twisted pair"
copper conductors and/or optical fibers. PSTN 126 may,
at various points, accept and carry either analog
signals or digital signals. PSTN phone 128 may include
any device capable of sending and receiving PSTN
and/or POTS-compatible data. PSTN phone 128 may be
implemented as a standalone device or may be
incorporated with other devices, such as a desktop
computer having a modem. Network gateway 130 may
include any device capable of converting PSTN and/or
POTS compatible data to a format compatible with
network 106, wireless LAN 102 and or 2G/3G wireless
network 120. Network gateway 130 may include hardware
and/or software for converting data from a PSTN format
to a format compatible with network 106. Network
gateway 130 may also include security devices and/or
measures, such as firewalls. SIP-enabled wireless and
wireline devices, such as PDA 104, IP telephone 114
and/or socket 116, 2G phone 124A, and/or 3G phone
124B, may be configured to access all available
networks using pertinent communication stacks and/or
physical network ports associated with available
networks. For example, communication stacks and/or
physical network ports may be adapted to operate on
data received from wireless LAN 102, network 106,
2G/3G wireless network 120, and/or PSTN network 128.
Communication stacks may be implemented as software
stacks using executable code including callable
functions or 



invoked methods for parsing incoming and/or outgoing
messages associated with a particular network
protocol. For example, PDA 104 may include a
communication stack for parsing a SIP datagram.
Communication stacks may permit communication between
a client device and one or more networks operating
with one or more network protocols. SIP-enabled
wireless and/or wireline devices consistent with
implementations of the invention may initiate a
handoff from one communication media, or mode, to
another. The handoff may be initiated based on a
location of a device, a user's preference, and/or the
types of data exchanged during a communication
session. A device may initiate change in communication
modes upon detecting its proximity to a point of
alternative communicationmodes or links or otherwise
detecting availability of alternative communication
modes or links. EXEMPLARY DEVICE ARCHITECTURE Fig. 2
illustrates an exemplary configuration of a
general-purpose communication device that may be used
for implementing embodiments of multimode
communication terminal or endpoint devices consistent
with the principles of the invention. Architecture 200
may be implemented in computers, network devices
and/or non-multimode communication devices without
departing from the spirit of the invention. The
implementation illustrated in conjunction with Fig. 2
is exemplary and other configurations may
alternatively be used. Architecture 200 may include a
processor 220, a bus 222, a memory 230, a read only
memory (ROM) 240, a storage device 250, an input
device 260, an output device 270, and a communication
interface 280. Bus 222 permits communication among the
components of architecture 200 and may include optical
or electrical conductors capable of conveying data and
instructions. Processor 220 may include any type of
conventional processor, microprocessor, or processing
logic that may interpret and execute instructions, and
may be implemented in a standalone or distributed
configuration such as in a parallel processor
configuration. Memory 230 may include a random access
memory (RAM) or another type of dynamic storage device
that stores information and instructions for execution
by processor 220. Memory 230 may also be used to store
temporary variables or other intermediate information
during execution of instructions by processor 220. ROM
240 may include a conventional ROM device and/or
another static storage device that stores static
information and instructions for processor 220.
Storage device 250 may include a magnetic disk or
optical disk and its corresponding drive and/or some
other type of magnetic or optical recording medium and
its corresponding drive for storing information and
instructions. Input device 260 may include one or more
conventional interfaces, components, and/or mechanisms
that permit an operator to input information to
architecture 200, such as a keyboard, a mouse, a pen,
voice recognition and/or biometric mechanisms, etc.
Output device 270 may include one or more conventional
mechanisms that output information to an operator and
may include a display, a printer, one or more
speakers, etc. Communication interface 280 may include
any transceiver-like mechanism that enables
architecture 200 to communicate with other devices
and/or systems. For example, communication interface
280 may include a modem or an Ethernet interface to a
LAN, a wireless transceiver for coupling 3G device
124B to 2G/3G wireless network 120, etc. Architecture
200 may perform processing in response to processor
220 executing sequences of instructions contained in
memory 230. Such instructions may be read into memory
230 from another computer-readable medium, such as
storage device 250, or from a separate device via
communication interface 280. It should be understood
that a computer-readable medium may include one or
more memory devices, carrier waves, or data
structures, as instructions may be borne on any of
these media. Execution of the sequences of
instructions contained in memory 230 may cause
processor 220 to perform certain acts that will be
described hereafter in conjunction with method
diagrams and signal flow diagrams. In alternative
embodiments, hardwired circuitry may be used in place
of orin combination with software instructions to
implement functions performed by architecture 200. Yet
other embodiments may involve such technologies as
Field Programmable Gate Arrays (FPGAs), Application
Specific Integrated Circuits (ASICs), dedicated
chipsets, or firmware stored in non-volatile read-only
memory. Thus, implementations consistent with the
invention are not limited to any specific combination
of hardware circuitry and software. Those of ordinary
skill in the art will recognize how various functions
or operations described herein may be implemented in
the context of Fig. 2. For example, communication
interface 280 may monitor the availability or relative
quality attributes of several potential access links
or access modes. This information may be provided via
bus 222 to processor 220, where a running process may
decide whether switchover is to take place and may
initiate switchover by sending signaling to the
network as described in later figures. Processor 220
may also execute user interface applications or
processes which use input device(s) 260 and output
device(s) 270 to interact with the user and receive
user preferences regarding switchover and to inform
the user of proposed or actual switchover events. User
preferences as to mode switchover may be persistently
stored in storage device 250 or temporarily stored in
memory 230. These preferences may be accessed by
processor 220 as decisions are made affecting
switchover. EXEMPLARY SOFTWARE CONFIGURATION Fig. 3
illustrates an exemplary software configuration that
may be implemented in multimode communication devices
consistent with the principles of the invention.
Software configuration 300 may include, among other
things, operating system 302, applications 304,
services 306, payments 308, entertainment 310, data
312, interface 3 14, and networking 316. The exemplary
software configuration of Fig. 3 may be configured to
cause a multimode device to initiate a change from one
communication mode to another during a c ommunication
session, especially while maintaining the session in a
substantially active state. This avoids having to
reestablish communications among the communicating
parties whenever a change in access mode is to take
place. Ideally, this mode change occurs with little
disruption of user communications. Operating system
302 may include software for controlling the overall
operation and 



functioning of a wireless and/or wireline multimode
communication device. For example, operating system
302 may control scheduling and interactions among
applications operating on a wireless device. Operating
system 302 may include functionality necessary for
accepting user inputs, such as phone numbers, calendar
entries, and/or voice messages. Operating system 302
may control and/or manage memory usage, interface
usage, and/or diagnostic routines. Implementations of
operating system 302 may be device specific and may
vary depending on the manufacturer of a particular
multimode communication device. Applications 304 may
include one or more software applications including
machineexecutable instructions for performing a
function and/or series of functions, and/or
operations. For example, an application may be
directed to maintaining a calendar on a multimode
communication device. Applications 304 may accept user
input data and may further synchronize data with one
or more remote applications resident on a server
coupled to a network. In particular, some
software-encoded applications or processes may act to
solicit information from the user relative to access
mode switching, inform the user whenaccess mode
switching will occur or has occurred, and make
decisions or comparisons related to choosing whether
to perform access mode switching. Services 306 may
include software having machine-executable
instructions for facilitating communication between a
multimode communication device and a destination
device providing a service. For example, a service may
be an e-mail service operated by a service provider.
The e-mail service may operate to deliver messages to
and/or receive messages from a wireless multimode
communication device. Implementations of services 306
may include any type of service, such as a real-time
traffic reporting capability for delivering traffic
updates to a wireless device based on its location
within a service network, real-time stock trading
information, real-time weather forecast information
based on a location of the multimode communication
device, etc. Payments 308 may include one or more
software applications operating in conjunction with a
multimode communication device for making and/or
receiving a monetary transaction. For example, a
wireless multimode device may run a payment
application to make online bill payments via an
interaction with a financial institution.
Entertainment 310 may include a software application
for facilitating the transmission, receipt and/or
display of entertainment related data. For example, an
entertainment module may operate on an IP telephone
114 having an LCD display associated therewith for
displaying movies ordered over a data communication
network. Data 312 may include one or more
computer-readable data structures containing stored
data. Data 312 may include computer-readable
information associated with substantially any type of
application and/or subject. For example, data 312 may
include computerreadable information dealing with
signal strength measurement data received at a
wireless multimode communication device. For example,
a wireless multimode device may record received signal
strengths from one or more wireless networks. The
wireless multimode device may determine which of the
wireless networks should be used for a communication
session based on the signal strength data. Interface
314 may include software to facilitate communication
with a network using one or more communication
protocols. Interface 314 may include machine-readable
instructions for converting outgoing data on a
wireless device into a format compatible with a given
network. For example, interface 314 may include
software that converts outgoing data on 2G wireless
device 124A into a format compatible with 2G/3G
wireless network 120. Interface 314 may convert
incoming data into a format compatible with 2G
wireless device 124A. Interface 314 may include
instructions for facilitating communication using user
datagram protocol (UDP), transmission control protocol
(TCP), IP, as well as other protocols. Interface 314
may include one more communication stacks for parsing
received datagrams. A communication stack may extract
data from incoming datagrams and make the extracted
data available to other software routines operating on
a multimode communication device. Networking interface
316 may include machine-readable instructions for
implementing portions of the open system
interconnection (OSI) model, namely OSI layers. For
example, networking interface 316 may facilitate
implementation of the physical layer (layer 1) and/or
data link layer (layer 2) of the OSI model for
allowing a multimode communication device to
communicate with a network running a particular
networkingprotocol. Networking interface 316 may
operate in conjunction with hardware such as a network
interface card (NIC). Networking interface 316 may
operate to cause a multimode device to change from one
communication mode to another based on an instruction
initiated by a multimode device and/or a user thereof.
Multimode communication devices may include other
software functionality as necessary for accommodating
the needs of users and/or integration with various
network types. Furthermore, multimode communication
devices may employ software in a standalone mode,
where an entire software application is resident on
the communication device, and/or in a distributed
mode, where a portion of the software is resident on
the communication device while the remaining software
is accessed remotely using a network connection.
EXEMPLARY COMMUNICATIONS SOCKET Fig. 4 illustrates an
exemplary implementation of a multimode socket for
coupling with a multimode communications device. In
some designs consistent with the present invention,
the communication device may physically 'nest' into,
or mechanically couple to, the socket, although it
should be understood that this is not a requirement in
accordance with the present invention. The
communications device may also achieve some electrical
connection with the socket when coupled thereto. The
electrical connection may provide for analog or
digital signals as well as direct current flow, which
may be useful for power in the device and/or
recharging batteries of the device. The communications
device may also, or alternatively, employ short-range
radio signals or optical signals to pass
communications via the socket. In figure four, a
multimode communications device 200 is shown be
coupled to socket 116 through interface 414. Interface
414 may comprise any mixture of mechanical,
electrical, electromagnetic or optical couplings as
needed for a given design. Socket 116 may include,
among other things, a battery charger 402, a PC/laptop



synchronization module 404, an Ethernet interface 406,
a display device 408, a speaker 410 and/or a
microphone 412. Battery charger 402 may include any
device capable of recharging a battery. Battery
charger 402 may be configured and arranged to operate
as a cradle for accepting a communication device, such
as 2G wireless device 124A. Battery charger 402 may
recharge a battery associated with 2G wireless device
124A and may include electrical components and/or
optical media for communicating data to and/or
receiving data from 2G wireless device 124A while
charging. For example, a high bandwidth optical fiber
in socket 116 may removeably couple to a corresponding
optical fiber connector associated with 2G wireless
device 124A when mounted on battery charger 402. 2G
wireless device 124A may be capable of participating
in high bandwidth multimode communications with a
remote device via CPE interface 110 and socket 116
while engaged with battery charger 402. Alternatively,
2G wireless device 124A may communicate with socket
116 using a free-space wireless protocol such as
Bluetooth. PC/laptop synchronization module 404 may
communicate with mobile device 200 (such as a PDA) to
enable synchronization and reconciliation of e-mail
files, calendar data and address book data among the
mobile device 200 and the relatively fixed PC or
laptop computer. A laptop may communicate with socket
116 using a hardwired connection or a free space link
such as an infrared link and/or a short-range wireless
link.Ethernet interface 406 may include a connector
and/or logic for communicatively coupling socket 116
to IP telephone 114 and/or directly to CPE interface
110 to provide the mobile device a direct LAN
connection as an available mode of access. Ethernet
interface 406 may include an industry standard RJ-45
receptacle for removeably coupling socket 116, to an
Ethernet network, for example. Display device 408 may
include any type of display, such as a color liquid
crystal display (LCD), to provide a display capability
to a device, such as 2G wireless device 124A. Display
device 408 may facilitate display of high resolution
video and/or images while 2G wireless device 124A is
operatively coupled to socket 116. Speaker 410 and/or
microphone 412 may provide speakerphone and/or
enhanced audio capabilities to a device, such as 2G
wireless device 124A, while operatively coupled to
socket 116. For example, 2G wireless device 124A may
provide identification information to SIP mobility
server 108 using socket 116 so that a user associated
therewith can participate in a video conference
requiring greater bandwidth than that provided by a 2G
wireless network. Socket 116 may be configured to
allow a conventional device and/or a multimode device
to initiate a change from one type of media session to
another during a communication session. Socket 116 may
perform necessary communications with network devices
to facilitate the change in media types or media
parameters (bandwidth, codec scheme, resolution,
etc.). EXEMPLARY SYSTEM FOR SIP-BASED MOBILE
COMMUNICATION Fig. 5 illustrates an exemplary system
to facilitate communication with a mobile station
traversing across multiple networks while
participating in a SlP based communication session
consistent with the principles of the invention. For
example, a mobile station participating in a
communication session may traverse from a first
network operating with a first network protocol to a
second network operating with a second network
protocol without interrupting the communication
session. The first network and the second network may
both be wireless networks with the first network being
a cellular network and the second network being a
wireless-IP network, such as a Wi-Fi network.
Implementations consistent with the principles of the
invention may allow a mobile station to traverse from
the first network to the second network without
interrupting an ongoing communication session taking
place between the mobile station and a destination
device. Implementations consistent with the principles
of the invention may let a mobile device initiate a
change from one network to another and/or from one
communication mode to another. System 500 may include
network 106, a mobile station 502 having a starting
location 504 and an ending location 506, a first
foreign network 508, a second foreign network 510, a
participating station 512, a home registrar and proxy
server 514 (hereinafter home SIP registrar 514), and a
home network 516. Network 106 may include a network
substantially similar to network 106 described in
conjunction with Fig. 1. In one implementation,
network 106 is a public network, such as the Internet.
Mobile station 502 may include any wireless device
capable of participating in a multimode communication
session. Mobile station 502 may commence a SIP based
communication session with participating station 512
via first foreign network 508 at starting location
504. While engaged in communication via first foreign
network 508,mobile station 502 may move toward a
second foreign network 510. Second foreign network 510
may be positioned and may be capable of communicating
with mobile station 502 at an ending location 506.
First foreign network 508 and second foreign network
510 may be operatively coupled to network 106 via a
gateway. Mobile station 502 may be configured to
initiate a transition from first foreign network 508
to second foreign network 510. Mobile station 502 may
request the change based on one or more attributes by
which the two networks may be compared. These relative
attributes may include, for example, signal strength
or signal/noise ratio, bit error rate, bandwidth,
physical proximity, quality, reliability, cost, level
of security, capabilities supported. In some
implementations, user preferences may affect how these
attributes are weighed into the decision to switch
from one network to another or one mode of access to
another. For example, a user may express a threshold
at which the differences between the networks are
compelling enough to justify switchover. Alternatively
or additionally, a user preference may be expressed
and carried out in terms of a given mode of access or
identity of given network that is preferred over
another. These preferences may be specified well
before, and outside the context of, any particular
communications sessions. User preferences may be
maintained in persistent storage or non-volatile
memory in the mobile device. User preferences may be
retained at a point remote from the device and made
available to the device as needed or upon power-up or
registration of the device with a network. 



In a semi-automatic mode, the device may determine
that a viable or desirable alternative network or mode
of access is available and then prompt the user for
pepnission to perform the switching. This approach
allows the user to participate in the decision and to
even control the timing of the switchover to coincide
with a break in the conversation, for example. Upon
receiving the user's decision to proceed, the device
then performs signaling, as described later herein, to
initiate the switchover. Whether or not user
preferences are considered for switchover decisions
and whether or not the user input is solicited in
'real time' during a session, the device may notify
the user that such switchover has taken place or will
be taking place. This may enhance the user's awareness
of mid-session switching. It is envisioned that the
notification from the device may be in the form of
visual or audible stimulus or even mechanical motion,
such as a momentary vibration. For example, a person
using a mobile telephone as a handset in the vicinity
of their ear and mouth may not be able to see the
display, but could receive a slight vibration during a
conversation, the vibration having a characteristic
pattern and subtly indicating that access mode
switching has occurred. The user may want to be aware
of shifts in cost or of when momentary signal
interruption may have occurred affecting the reception
of spoken words through the connection. When executing
a mid-session mode switchover, the device may signal
to the user when the new connection has been
successfully established. Alone or in conjunction with
other interactions described above, this feature may
be useful in some implementations for clarifying to
the user when they have achieved a reliable connection
after switchover. It is possible to combine some of
the above approaches. The device may employ user
preferences configured beforehand to affect whether an
alternative connection is adequateto considering
switchover and then prompt the user for permission to
execute the switchover. User preferences affecting
switchover from one access mode to another or one
network to another may be entered in a variety of
ways. The user may enter preferences into the device
directly, such as by interaction with a user interface
application presented by the device (such as an
application 304). Beforehand user preferences may be
entered through, for example, a web site which is able
to populate a user profile which may then be made
available to the device and/or the network for making
switchover decisions. Real-time conditions, such as
detected wireless signals, may be evaluated relative
to criteria either entirely within the device or
cooperatively with other elements. Depending upon
implementation, user preferences may be simple or
detailed. One form of user preference may simply
express whether the mobile device is enabled to
perform automatic or semi-automatic switching of
access modes. Alternatively, user preferences may
express detail as to criteria or threshold conditions
under which mode switching is to take place. The
present invention is not limited in scope to a
particular one of these variations and which
variations are deployed in practice adopted may be a
matter of design choice. One aspect of user
preferences which may be useful in some situations is
a time delay or persistence value. This value relates
to the interval of time that an alternative link,
network or mode of access must be persistently
detected as being available before the device will
consider it as a candidate for subsequent
communications. This avoids undesirable transient
switchovers that might occur when a mobile user
momentarily passes by public WiFi hotspots, for
example. The time delay may be programmable by the
user, even to the extent of having differentiated
thresholds as a function of network type, network
identity, etc. Continuing to refer to Fig. 5, first
foreign network 508 and second foreign network 510 may
include any type of wireless network capable of
sending data to a mobile station and/or capable of
receiving data from a mobile station. First and second
foreign networks 508, 510 may operate using a single
wireless networking protocol or may operate using
different wireless networking protocols. First and
second foreign networks 508, 510 may receive data from
network 106 and/or make data available to network 106.
For example, first foreign network 508 may receive a
dialed number associated with a called party from
mobile station 502. First foreign network 508 may make
the dialed number available to network 106 so that
home SIP registrar 514 can determine a location
associated with the called party in order to complete
the call on behalf of mobile station 502.
Participating station 512 may include any device
capable of sending data to a network and/or capable of
receiving data from a network. Participating station
512 may include communication devices such as PDA 104,
handheld computer 118, 2G wireless device 124A, and/or
PSTN phone 128. Participating station 512 may operate
as a source device when making a call and/or as a
destination device when receiving a call. Home SIP
registrar 514 may include any device capable of being
configured and operated as a home location registrar
on a network. Home SIP registrar 514 may be
implemented in a standalone configuration and/or may
be combined with SIP mobility server 108. Home SIP
registrar 514 may be coupled to home network 516
and/or to network 106. Home SIPregistrar 514 may
operate to affect communications between mobile
station 502 and/or the respective networks over which
mobile station 502 may communicate. Home SIP registrar
514 may perform functions, such as determining optimum
paths for conveying data from mobile station 502 to
one or more participating stations 512. For example,
home SIP registrar 514 may facilitate a handoff from
first foreign network 508 to second foreign network
510 using network layer 2, as mobile station 502
reaches the edge of a coverage area associated with
first foreign network 508. Home SIP registrar 514 may
further connect mobile station 502 with home network
516. Home network 516 may include a primary network
associated with mobile station 502. Home network 516
may be configured to receive data from a communication
device when the device is associated with a location
that is within a coverage area of home network 516.
Communication may take place, using system 500, when
mobile station 502 sends a SIPcompliant INVITE, or
re-INVITE, request to first foreign network 508. The
INVITE request may operate as a request to have a
destination device participate in a communication
session with mobile station 502. The INVITE request
may include a 'Contact' header field and an updated
Session Description Protocol (SDP) that may define 



a text-based format for describing a streaming media
session and/or multicast transmission. First foreign
network 508 may issue a message, such as a 200 OK
response, to indicate that an INVITE request has been
received and understood. Mobile station 502 may issue
an acknowledgement, such as an ACK response to confirm
that it has received the 200 OK response. Mobile
station 502 may send data to, and/or receive data
from, first foreign network 508 after sending the
acknowledgement. For example, a SIP-enabled
communication session may take place using the data
exchanged between mobile station 502 and first foreign
network 508, after the INVITE, 200 OK, and ACK message
exchange has occurred. The INVITE, 200 OK, and ACK
syntax for establishing a communication session may be
used by other devices in system 500. For example,
first foreign network 508 may send an INVITE request
to network 106, network 106 may send a 200 OK response
to first foreign network 508, and first foreign
network 508 may send an acknowledgement to network
106. After the above exchange, first foreign network
508 and network 106 may exchange communication data as
part of a communication session. Devices associated
with implementations of the invention may use SIP for
negotiating parameters associated with fixed and/or
mobile communication sessions. EXEMPLARY METHOD FOR
SIP-BASED COMMUNICATION Fig. 6 illustrates an
exemplary method for facilitating full featured IP
communications using SIP-based services consistent
with the principles of the invention. The method may
commence when a mobile device, such as mobile station
502, requests an IP address using dynamic host
configuration protocol (DHCP) (act 602). Mobile
station 502 may request an IP address so that it has a
network identifier that can be used for establishing
its identity on one or more networks. Mobile station
502 may establish a network connection and may
commence communication using the obtained IP address
(act 604). For example, an IP address may operate to
identify mobile station 502 to other devices on a
network. Network devices such as routers, firewalls
and/or switches may use the IP address for allowing
data sent from mobile station 502 to pass across a
network. Network devices may also use theIP address to
deliver data to mobile station 502. An optimum
NAT/firewall traversal route may be determined using
techniques known in the art (act 606). For example, a
traversal route may be determined using ICE, STUN,
TURN and/or realm-specific IP (RSIP). Mobile station
502 may register with its home SIP registrar (act
608). For example, mobile station 502 may register
with home SIP register 514. Registration may operate
to provide the home SIP registrar with information
regarding the identity of the mobile station 502
and/or its current location. Registration may also
include an exchange of information about a
configuration associated with mobile station 502. For
example, registration may provide home SIP registrar
514 with information about the types of media sessions
that mobile station 502 can support. Mobile station
502 may commence full SIP-based IP communication over
a network (act 610). Mobile station 502 may commence a
communication session with participating station 512.
For example, home SIP registrar 514 may include a
network identifier associated with participating
station 512. Mobile station 502 may issue an INVITE
request to participating station 512 to request that
participating station 512 join a communication session
with mobile station 502. Home SIP registrar 514 may
receive the INVITE request from mobile station 502 and
forward the request to participating station 512.
Participating station 512 may send a 200 OK response
to mobile station 502 via home registrar 514 to
acknowledge that the INVITE request was received.
Mobile station may send an acknowledgement message,
such as an ACK message, directly to participating
station 512 to acknowledge receipt of the 200 OK
message. Mobile station 502 may send the ACK message
directly to participating station, without passing
through home SIP registrar 514, because mobile station
502 may have obtained the network identifier for
participating station 512 from the 200 OK message
received via home registrar 514. Home SIP registrar
514 and/or one or more traversed networks may operate
to determine if mobile station 502 is attempting to
switch between two networks (act 612). For example,
home SIP registrar 514 may operate with first foreign
network 508, second foreign network 510 and/or network
106 to determine if mobile station 502 is making a
request and/or attempting to switch from first foreign
network 508 to second foreign network 510. If first
foreign network 508 or second foreign network 510
detect that mobile station 502 is attempting to switch
networks, first foreign network 508 and/or second
foreign network 510 may contact home SIP registrar
514. First foreign network 508 and/or second foreign
network 510 may inform home SIP registrar 514 that
mobile station 502 is moving from one network to
another. When mobile station 502 is attempting to
switch networks, a SIP re-INVITE request may be issued
without causing any interruption in the established
Internet communication session (act 614). For example,
mobile station 502 and/or second foreign network 510
may issue a re-INVITE request to home SIP registrar
514. Mobile station 502 may send the re- INVITE
request automatically and/or a user of mobile station
502 may manually cause the re- INVITE request to be
sent. The re-INVITE request may be used by home SIP
registrar 514 to continue the communication session
using second foreign network 510 instead of first
foreign network 508. For example, home SIP registrar
514 may operate alone or with other network devices to
transition the portion of a communication session
traversing first foreign network 508 onto second
foreign network without interrupting the
communicationsession. In contrast, if mobile station
502 is not trying to switch networks, method flow may
return to act 610. Implementations consistent with the
principles of the invention make it possible for
mobile station 502 to move from first foreign network
508 to second foreign network 510 without suffering
any interruption in an ongoing communication session.
Furthermore, a user of mobile station 502 may not have
to perform any manual operations with respect to
maintaining connectivity during the session since
system 500 may perform routing and switching
automatically. In addition, an implementation may
employ a single home SIP registrar 514 thus
alleviating the need for employing a visiting SIP
registrar. Use of a single SIP registrar may ensure
that seamless communication sessions are possible.
EXEMPLARY AUTHENTICATION AND REGISTRATION CALL FLOW 



Fig. 7 illustrates an exemplary call flow that may be
used to perform authentication and registration in an
IP network to provide fixed-mobile converged
communication services consistent with the principles
of the invention. Call flow 700 may take place among a
multimode mobile station 702, a visited access
point/Ethernet switch 704, a visited RADIUS/AAA server
706, an AAA server 708, a STUN/TURN server 710 and a
SIP proxy server 712. Multimode mobile station 702
(hereinafter mobile station 702) may include any
device capable of supporting more than one mode of
wireless communication. For example mobile station 702
may include mobile station 502. Visited access
point/Ethernet switch 704 (hereinafter access point
704) may include any device capable of operating as a
wireless access point in a network. For example,
access point 704 may be included in 2G/3G wireless
network 120, first foreign network 508 and/or second
foreign network 510. Visited radius AAA server 706
(hereinafter visited server 706) may include any
device capable of performing authentication,
authorization and accounting (AAA) services and/or
remote authentication dial-in user service (radius).
Visited server 706 may allow remote access servers to
access a central server for authorizing users of a
network. Visited server 706 may operate with one or
more databases containing user information when
performing authorization operations. Visited server
706 may be implemented as a standalone device and/or
may be incorporated into the functionality of another
device, such as SIP mobility server 108 and/or home
SIP registrar 514. AAA server 708 may include any
device capable of performing AAA services. STUN/TURN
server 710 may include any device capable of
performing simple traversal of UDP through NAT's
(STUN) and/or traversal using relay NAT (TURN)
services. STUN/TURN server 710 may operate to
facilitate network traversal of signaling and/or
messaging data associated with facilitating
communication sessions between a source device and a
destination. AAA server 708 and/or STUN/TURN server
710 may be implemented as network devices operating in
network 106, wireless gateway 122 and/or network
gateway 130. SIP proxy server 712 may include any
device capable of facilitating SIP based communication
sessions. For example, SIP proxy server 712 may be
implemented as part of SIP mobility server 108 and/or
home SIP registrar 514. SIP proxy server may operate
to forward SIP messages on behalf of a source device
and/or a destination device associated with a
communication session.Mobile station 702 may issue an
extensible authentication protocol (EAP) message 714
in an IEEE 802. Ix format that is compatible with a
wireless network protocol to initiate a communication
session. EAP may be used to assist a network device
with selecting an appropriate network access
identifier (NAI). An NAI may be an identifier for use
in establishing the identity of a device on a network.
An NAI may identify a roaming device that may not be
associated with its home network. A compatible IEEE
802. Ix access point 704 may receive an EAP message
714 and may forward EAP message 716 via a radius
compatible format to visited server 706. Visited
server 706 may send a request 718 to AAA server 708.
Request 718 may indicate that mobile station 702
desires to register with a network. AAA server 708 may
send an answer 720 to visited server 706 in response
to request 718. Visited server 706 may generate a
response 722 that is sent to access point 704.
Response 722 may be generated as a result of EAP
message 716. Access point 704 may pass an EAP success
message 724 to mobile station 702. EAP success message
724 may indicate that a request to register was
acknowledged. Mobile station 702 may send a DHCP
discovery/offer message 726 to access point 704. A
STUN/TURN protocol compliant path 728 may be
established between mobile station 702 and STUN/TURN
server 710. Mobile station 702 may send a register
request 730 to SIP proxy server 712. SIP proxy server
712 may send a 200 OK response 732 indicating that the
register request 730 was received and understood. SIP
proxy server 712 may operate to register mobile
station 702 on a network, such as network 106, using
signal flow 700. After registering on a network,
mobile station 702 may be able to participate in
multimode communication sessions with a destination
device. EXEMPLARY MOBILE STATION TO PSTN CALL FLOW
Fig. 8 illustrates an exemplary call flow that may be
used for completing a call from a mobile station to a
PSTN device consistent with the principles of the
invention. Call flow 800 may take place among a
multimode mobile station 702, a cellular mobile switch
802, a mobile gateway 804, a SIP proxy server 712, a
PSTN gateway 806 and a PSTN device 808. Mobile station
702 and SIP proxy server 712 may be configured
substantially as described in conjunction with Fig. 7.
Cellular mobile switch (hereinafter mobile switch 802)
may include any device capable of facilitating the
setup of a wireless call. For example, mobile switch
802 may operate as part of first foreign network 508
and/or second foreign network 510 to process an
outgoing string of digits associated with the identity
of a called party. Mobile gateway 804 may include any
device capable of interfacing a wireless network with
another network. For example, mobile gateway 804 may
be configured to operate in a manner substantially
similar to wireless gateway 122 discussed in
connection with Fig. 1. PSTN gateway 806 may include
any device capable of interfacing a PSTN network with
another network. In one implementation, PSTN gateway
806 may be configured to operate in a manner
substantially similar to network gateway 130 discussed
in connection with Fig. 1. PSTN device 808 may include
any device capable of making or receiving PSTN calls.
In one implementation, PSTN device 808 may be
configured to operate in a manner substantially
similar to PSTN phone 128.Call flow 800 may commence
when mobile station 702 issues a call attempt using a
string of dialed digits 810. Mobile switch 802 may
receive dialed digits 810 and construct an initial
address message (IAM), or setup message, 812. IAM 812
may include the dialed digits received from mobile
station 702. Mobile switch 802 may send IAM 812 to
mobile gateway 804. Mobile gateway 804 may send an
INVITE request 814 to SIP proxy server 712. INVITE
request 814 may operate as a request to have a
destination device, such as PSTN device 808,
participate in a calling session with mobile station
702. SIP proxy server 712 may forward INVITE request
814 to PSTN gateway 806 as INVITE request 816. 



PSTN gateway 806 may issue a 200 OK response 818
indicating that INVITE request 816 was received and
understood. SIP proxy server 712 may receive 200 OK
response 818 and may generate 200 OK response 820 and
send it to mobile gateway 804 to indicate that INVITE
request 814 was received and understood. Mobile
gateway 804 may send an ANM or connect message 822 to
mobile switch 802. Mobile switch 802 may issue a
connect message 824 to mobile station 702. Mobile
station 702 may communicate over the network with
media over cellular data 826. Mobile station 702 may
transmit media over cellular data 826 to mobile switch
802. Mobile switch 802 may pass media data 828 to
mobile gateway in a TDM format. Mobile gateway 804 may
convert media data 828 to an IP format 830 and may
convey the data to PSTN gateway 806. PSTN gateway 806
may provide media data to PSTN device 808 in a PSTN
compatible format 832. EXEMPLARY PSTN TO MOBILE
STATION CALL FLOW Fig. 9 illustrates an exemplary call
flow originating with a PSTN device and terminating at
a mobile station consistent with the principles of the
invention. Call flow 900 may use mobile station 702,
mobile switch 802, mobile gateway 804, SIP proxy
server 712, PSTN gateway 806 and PSTN device 808.
Mobile station 702, mobile switch 802, mobile gateway
804, SIP proxy server 712, PSTN gateway 806 and PSTN
device 808 may be configured as previously described.
PSTN gateway 806 may send an INVITE request 902 to SIP
proxy server 712. SIP proxy server 712 may forward
INVITE request 902 to mobile gateway 804 as INVITE
request 904. Mobile gateway 804 may send an IAM or
setup message 906 to mobile switch 802. Mobile switch
802 may send an alerting signal 908 to mobile station
702. An alerting signal may include, for example, a
ring tone. Mobile station 702 may issue an answer 910
based on alerting signal 908. For example, a user may
respond to alerting signal 908 by answering the phone.
Alternatively, an alerting signal 908 may be addressed
by having an answering machine and/or voice mail
system pick up the incoming signal. Mobile switch 802
may receive answer 910. Mobile switch 802 may issue an
ANM or connect message 912. Mobile gateway 804 may
receive ANM or connect message 912 and may send a 200
OK response 914 to SIP proxy server 712. 200 OK
response 914 may indicate that INVITE request 904 was
received and understood. SIP proxy server 712 may send
a 200 OK response 916 to PSTN gateway 806 indicating
that INVITE request 902 was received and understood.
PSTN gateway 806 may respond to 200 OK response 916 by
sending an acknowledgement response ACK 918 to SIP
proxy server 712. SIP proxy server 712 may send
anacknowledgement response as ACK 920 to mobile
gateway 804 indicating that 200 OK response 914 was
received and understood. When mobile gateway 804
receives ACK 920, a media over cellular call 922 may
be enabled. Mobile switch 802 may pass cellular media
data 922 to mobile gateway 804 in a TDM format 924.
Mobile gateway 804 may pass media over IP 926 to PSTN
gateway 806 which in turn may convey the data to PSTN
device 808 in a PSTN format 928. EXEMPLARY MODE
SWITCHING 2G TO IP MODE CALL FLOW Fig. 10 illustrates
an exemplary call flow originating at a 2G mobile
station and terminating at a PSTN device after
transmission in an IP mode consistent with the
principles of the invention. Call flow 1000 may
include a mobile station 702, an access point 704, a
mobile switch 802, a mobile gateway 804, a SIP proxy
server 7 12, a PSTN gateway 806 and a PSTN device 808.
Mobile station 702, access point 704, mobile switch
802, mobile gateway 804, SIP proxy server 712, PSTN
gateway 806 and PSTN device 808 may operate as
previously described. An implementation of call flow
1000 may initially include media over cellular 1002,
media over TDM 1004, media over IP 1006 and media over
PSTN 1008. During a call, call flow 1000 may
transition so as to include media over IP 1038 and
PSTN media 1040. The transition may occur as a result
of a request made by a mobile device, such as mobile
station 702. Call flow 1000 may commence when an 802.
Ix authorization message 1010 is exchanged between
mobile station 702 and access point 704. A SIP
registration STUN/TURN message 1012 may be exchanged
between mobile station 702 and SIP proxy server 712.
SIP registration STUN/TURN message 1012 may traverse
one or more NATs and/or firewalls en route to SIP
proxy server 712. Mobile station 702 may issue an
INVITE request 1014 to SIP proxy server 712. INVITE
request 1014 may operate as a request, or invitation,
to a destination device to join a calling session with
mobile station 702, such as media over IP session
1038. SIP proxy server 712 may send INVITE request
1016 to PSTN gateway 806. INVITE request 1016 may
include a 'Replaces' header that may include
information associated with transitioning the ongoing
communication session to media over IP 1038. PSTN
gateway 806 may respond to INVITE request 1016 with a
200 OK response 1018 indicating that the INVITE
request was received and understood. SIP proxy server
712 may send a 200 OK response 1020 to mobile station
702. Mobile station 702 may send an acknowledgement
(ACK) response 1022 to SIP proxy server 712 to
acknowledge receipt of 200 OK response 1020. SIP proxy
server 712 may send an ACK response 1024 to PSTN
gateway 806. ACK response 1024 may indicate that 200OK
response 1018 was received and understood. PSTN
gateway 806 may send a BYE request 1026 to SIP proxy
server 712 to terminate a portion of the communication
session. SIP proxy server 712 may send a BYE request
1028 to mobile gateway 804. Mobile gateway 804 may
send a release message 1030 to mobile switch 802.
Release message 1030 may be associated with releasing,
or terminating, a portion of the current communication
session. Mobile switch 802 may send a disconnect
message 1032 to mobile station 702. Disconnect message
1032 may cause a portion of thecalling session to
terminate. When mobile gateway 804 receives BYE
request 1028, it may return 200 OK response 1034 to
SIP proxy server 712. SIP proxy server 712 may send a
200 OK response 1036 to PSTN gateway 806. The
communication session may include media over IP 1038
between mobile station 702 and PSTN gateway 806 and
PSTN data between PSTN gateway 806 and PSTN device
708. EXEMPLARY IP TO 2G MODE SWITCHING CALL FLOW 



Fig 11 illustrates an exemplary call flow that may be
used to convey a call from a mobile station to a PSTN
device using IP to 2G switching during a PSTN call
consistent with the principles of the invention. Call
flow 1100 may use a mobile station 702, an access
point 704, a cellular mobile switch 802, a mobile
gateway 804, a SIP proxy server 712, a PSTN gateway
806 and a PSTN device 808. Mobile station 702, access
point 704, cellular mobile switch 802, mobile gateway
804, SIP proxy server 712, PSTN gateway 806 and PSTN
device 808 may be configured and may operate as
previously described. Call flow 1100 may initially
include media over IP 1102 between mobile station 702
and PSTN gateway 806 and a PSTN call 1103 between PSTN
gateway 806 and PSTN device 808. During a
communication session, call flow 1100 may transition
to media over cellular 1130 between mobile station 702
and mobile switch 802, media over TDM 1132 between
mobile switch 802 and mobile gateway 804, media over
IP 1134 between mobile gateway 804 and PSTN gateway
806, and a PSTN call 1136 between PSTN gateway 806 and
PSTN device 808. The transition may be initiated as a
result of actions performed by a subscriber device,
such as mobile station 702 and/or PSTN device 708.
Call flow 1100 may include a call attempt having
dialed digits 1104 between mobile station 702 and
mobile switch 802. Mobile switch 802 may issue an IAM
or setup message 1106 to mobile gateway 804. IAM
message 1106 may include the dialed digits. Mobile
gateway 804 may send an INVITE request 1108 to SIP
proxy server 712. SIP proxy server 712 may send an
INVITE request including a 'Replaces' header 1110 to
PSTN gateway 806, where the 'Replaces' header may
operate to substitute a network identifier associated
with one device with that of another. For example,
INVITE request 1108 may include a network identifier
associated with the sending device, here mobile
gateway 804. When SIP proxy server 712 sends INVITE
request 1110, the 'Replaces' header may include a
network identifier associated with SIP proxy server
712 and/or another device on the network. INVITE
requests using a 'Replaces' header may facilitate
operations, such as call pickup, call forwarding, and
call handoffs. PSTN gateway 806 may respond with a 200
OK response 1112. SIP proxy server 712 may receive 200
OK response 1112 and may issue a 200 OK response 1114
to mobile gateway 804. Mobile gateway 804 may send an
ANM or connect message 1116 to mobile switch 802.
Mobile switch 802 may issue a connect message 1118 to
establish a call with mobile station 702. Mobile
gateway 804 may issue an ACK reply 1119 to SIP proxy
server 712 to acknowledge receipt of 200 OK response
1114. SIP proxy server 712 may send an ACK reply 1120
to PSTN gateway 806 to acknowledge receipt of 200 OK
response 1112. PSTN gateway 806 may issue a BYE
request 1122 that may be sent to SIP proxy server 712.
SIP proxy server 712 may send a BYE request 1124 to
mobile station 702 to disconnect a portion of the
current communication session. SIP proxy server 712
mayreceive a 200 OK response 1126 from mobile station
702 acknowledging receipt of BYE request 1124. SIP
proxy server 712 may send 200 OK response 1128 to PSTN
gateway 806 to acknowledge receipt of BYE request
1122. EXEMPLARY USER TO USER CALL FLOW Fig. 12
illustrates an exemplary call flow that may be used to
place a user-to-user call in a 2G mode consistent with
the principles of the invention. Call flow 1200 may
include a first dual mode mobile station 702A, a
second dual mode mobile station 702B, a cellular
mobile switch 802, a mobile gateway 804 and a SIP
proxy server 712. First mobile station 702A and second
mobile station 702B may be configured to operate in a
manner substantially similar to mobile station 702.
Mobile switch 802, mobile gateway 804 and SIP proxy
server 712 may be configured to operate as previously
described. Call flow 1200 may commence when a call
attempt including dialed digits 1202 is initiated
between first mobile station 702A and mobile switch
802. Mobile switch 802 may send an IAM or setup
message 1204 including dialed digits to mobile gateway
804. Mobile gateway 804 may send an INVITE request
1206 to SIP proxy server 712. INVITE request 1206 may
operate to INVITE second mobile station 702B to join a
communication session. SIP proxy server 712 may send
an INVITE request 1208 to mobile gateway 804 in
response to INVITE request 1206. Mobile gateway 804
may send an IAM or setup message 1210 including dialed
digits to mobile switch 802. Mobile switch 802 may
issue an alerting message 1212 to second mobile
station 702B. Second mobile station 702B may answer
the alerting signal by answering the phone. Mobile
switch 802 may send an ANM or connect message 1214 to
mobile gateway 804 after issuing alerting message 1212
and/or detecting that second mobile station 702B has
picked up the call. Mobile gateway 804 may send a 200
OK response 1216 to SIP proxy server 712 in response
to receiving INVITE request 1208. SIP proxy server 712
may return a 200 OK response 1218 to acknowledge the
receipt of INVITE request 1206. Mobile gateway 804 may
send an ANM or connect message 1220 to mobile switch
802. Mobile switch 802 may commence a calling session
using connect message 1222. Mobile switch 802 may send
connect message 1222 to first mobile station 702A. The
calling session may take place between first mobile
station 702A and second mobile station 702B. Mobile
gateway 804 may send ACK response 1228 to SIP proxy
server 712 to acknowledge receipt of 200 OK response
1218. SIP proxy server 712 may send an ACK response
1230 to mobile gateway 804 to acknowledge receipt and
comprehension of 200 OK response 1216. Call flow 1200
may include media over cellular data 1224 between
first mobile station 702A and mobile switch 802 and
may include media over TDM data 1226 between mobile
switch 802 and mobile gateway 804. In addition, call
flow 1200 may include media over cellular data 1232
between second mobile station 702B and mobile switch
802 and media over TDM 1234 between mobile switch 802
and mobile gateway 804. EXEMPLARY 2G TO IP MODE
SWITCHING CALL FLOWFig. 13 illustrates an exemplary
call flow that may be used to perform 2G to IP mode
switching during a calling session consistent with the
principles of the invention. Call flow 1300 may
include a first dual mode mobile station 702A, an
802.1 I/Ethernet switch 1302 (hereinafter Ethernet
switch 1302), a second dual mode mobile station 702B,
a mobile switch 802, a mobile gateway 804 and a SIP
proxy server 712. First mobile station 702A, 



second mobile station 702B, mobile switch 802, mobile
gateway 804 and SIP proxy server 712 may be configured
and may operate as previously described. 802.1
1/Ethernet switch 1302 may include any device capable
of interfacing 802.1 1-compatible data to an
Ethernetcompatible interface. Call flow 1300 may
initially include media over cellular data 1304
between first mobile station 702A and mobile switch
802, media over TDM data 1306 between mobile switch
802 and mobile gateway 804, media over cellular data
1310 between second mobile station 702B and mobile
switch 802 and media over TDM 1308 between mobile
switch 802 and mobile gateway 804. During a calling
session, call flow 1300 may transition to include
media over cellular 1340 between second mobile station
702B and mobile switch 802, media over TDM 1338
between mobile switch 802 and mobile gateway 804 and
media over IP 1334 between first mobile station 702A
and mobile gateway 804. The transition from one call
media to another call media may occur as a result of a
request made by a subscriber device, such as mobile
station 702A or 702B. First mobile station 702A may
perform an 802. Ix authorization 1312 with Ethernet
switch 1302. A SIP registration 1314 may take place
between first mobile station 702A and SIP proxy server
712. SIP registration 1314 may employ STUN and/or TURN
for traversing network devices, such as firewalls.
First mobile station 702A may issue an INVITE request
1316 SIP proxy server 712. INVITE request 1316 may be
an invitation to have second mobile device 702B join a
communication session. SIP proxy server 712 may send
INVITE request 1318. INVITE request 1318 may include a
'Replaces' header. SIP proxy server 712 may send
message 1318 to mobile gateway 804. Mobile gateway 804
may respond with a 200 OK response 1320 acknowledging
receipt of INVITE request 1318. SIP proxy server 712
may send a 200 OK response 1322 to first mobile
station 702A acknowledging receipt of INVITE request
1316. First mobile station 702A may return an
acknowledgement (ACK) message 1324 acknowledging
receipt of 200 OK response 1322. SIP proxy server 712
may send an acknowledgement (ACK) message 1326 to
mobile gateway 804 in response to 200 OK response
1320. A BYE request 1328 may be sent from mobile
gateway 804 to SIP proxy server 712. BYE request 1328
may operate as an indication that mobile gateway 804
is going to disconnect a portion of a calling session.
Mobile gateway 804 may send a release message 1330 to
mobile switch 802. Disconnect message 1332 may be
associated with a leg of a call. Release message 1330
may cause disconnect message 1332 to be sent to first
mobile station 702A from mobile switch 802. When SIP
proxy server 712 receives BYE request 1328 it may
respond with BYE request 1334. Mobile gateway 804 may
respond with a 200 OK response 1336 in response to BYE
request 1334, and SIP proxy server 712 may send a 200
OK response 1342 back to mobile gateway 804 in
response to BYE request 1328. Disconnect message 1332
may cause first mobile station 702A to communicate
using media over IP 1344 between itself and mobile
gateway 804.CONCLUSION Systems and methods consistent
with the invention make possible seamless multimode
communications using only a single SIP home server. As
a result, a user can have a single identifier, such as
a phone number or URI, that can be used for
communicating over wireless networks, PSTNs, IP
networks, and other networks. In addition, a user does
not have to maintain separate service subscriptions
with respective carriers in order to use multimode
communication techniques. The foregoing description of
exemplary embodiments of the invention provides
illustration and description, but is not intended to
be exhaustive or to limit the invention to the precise
form disclosed. Modifications and variations are
possible in light of the above teachings or may be
acquired from practice of the invention. For example,
while a series of signaling flows have been described
with respect to Figs. 7 through 13 and while a series
of acts have been described with respect to Fig. 6,
the order of the signal flows and/or acts may be
varied in other implementations consistent with the
invention. Moreover, non-dependent signaling flows
and/or acts may be implemented in parallel. For
example, implementations consistent with the
principles of the invention can be implemented using
network protocols, messaging sequences, network
topologies, and communication devices other than those
illustrated in the figures and described in the
specification without departing from the spirit of the
invention. In addition, the sequence of events
associated with communication sessions described in
conjunction with Figs. 7-13 can be performed in orders
other than those illustrated. Furthermore, additional
events can be added, or removed, depending on the
specific network topologies used and the needs of
users and/or service providers. Moreover,
non-dependent acts may be performed in parallel.
Further, disclosed implementations may not be limited
to any specific combination of hardware circuitry
and/or software. No element, act, or instruction used
in the description of the invention should be
construed as critical or essential to the invention
unless explicitly described as such. Also, as used
herein, the article "a" is intended to include one or
more items. Where only one item is intended, the term
"one" or similar language is used. Further, the phrase
"based on," as used herein is intended to mean "based,
at least in part, on" unless explicitly stated
otherwise. The scope of the invention is defined by
the following claims and their equivalents.WHAT IS
CLAIMED IS: 1. A method for conducting a
communications session involving a communication
terminal device accessing a network, the method
comprising: at the communication terminal device,
conducting communications corresponding to the session
via a first mode of access; determining, at the
communication terminal device, that a second mode of
access is available to be used for the communications
corresponding to the session; from the communication
terminal device, sending indication to the network
that the second mode of access is to be used; and at
the communication terminal device, conducting
subsequent communications corresponding to the session
using the second mode of access. 2. The method of
claim 1 further comprising, 



contemporaneously with conducting communications using
the second mode of access, discontinuing
communications using the first mode of access. 3. The
method of claim 1 wherein the sending indication to
the network causes the network to take action to
conduct the subsequent communications corresponding to
the session using the second mode of access. 4. The
method of claim 1 wherein the session is substantially
maintained in an active state as the session is
transitioned from using the first mode of access to
the second mode of access. 5. The method of claim 1
wherein the conducting the subsequent communications
corresponding to the session using the second mode of
access is conditionally performed responsive to
detecting at the communication terminal device whether
communications via the second mode of access have been
successfully established. 6. The method of claim 1
wherein the communication terminal device is capable
of functioning as a wireless mobile communication
device. 7. The method of claim 6 wherein the wireless
mobile communication device is a dualmode device
configured to perform mobile telephony communications
and to perform wireless local area network
communications. 8. The method of claim 1 wherein the
communication terminal device is configured to be
communicably coupled to a wired local area network and
to employ the local area network as a mode of access.
9. The method of claim 1 wherein the first and second
modes of access comprise wireless communications and
the first mode of access employs transmissions in a
different radio frequency band than that of the second
mode of access.10. The method of claim 1 wherein the
first and second modes of access comprise wireless
communications and the first mode of access employs
transmissions complying with a different transmission
protocol than that of the second mode of access. 11.
The method of claim 1 further comprising: during the
session, providing indication to a user, via the
communication terminal device, that the second mode of
access will be used for subsequent communications. 12.
The method of claim 1 further comprising: providing to
a user, via the communication terminal device, an
indication that communications using the second mode
of access have been successfully established. 13. The
method of claim further comprising: during the
session, providing indication to a user, via the
communication terminal device, that the second mode of
access is available. 14. The method of claim 13
wherein the indication to the user is provided via at
least one of an audible signal, a visual signal or a
mechanical motion exhibited by the communication
terminal device. 15. The method of claim 1 further
comprising: receiving indication from the user as to
whether the second mode of access is accepted by the
user and, in response, conducting subsequent
communications corresponding to the session using the
second mode of access. 16. The method of claim 15
further comprising: conveying, to the user via the
communication terminal device, information pertaining
to at least one of the first mode of access or the
second mode of access to enable the user to decide
whether the second mode of access is acceptable. 17.
The method of claim 1 wherein the conducting
subsequent communications corresponding to the session
using the second mode of communications is
conditionally performed based upon whether an
attribute of the second mode of access meets a
criterion established set by the user prior to the
session being initiated. 18. The method of claim 17
wherein the criterion is persistently stored in the
communication terminal device. 19. The method of claim
17 wherein the attribute is evaluated with respect to
the criterion by the communication terminal device
during the session. 20. The method of claim 1 wherein
the conducting subsequent communications corresponding
to the session using the second mode of access is
conditionally performed subject to a preset
authorization set by the user to allow for mid-session
access mode switching.2 1. A communication terminal
device for conducting a communications session by
accessing a network, the method comprising: means for
conducting communications corresponding to the session
via a first mode of access; means for determining that
a second mode of access is available to be used for
the communications corresponding to the session; means
for sending indication to the network that the second
mode of access is to be used; and means for conducting
subsequent communications corresponding to the session
using the second mode of access. 22. The communication
terminal device of claim 2 1 wherein the means for
sending indication to the network comprises means for
sending a SIP INVITE message to the network during the
session. 23. A method in a communications network for
conducting a communications session involving a
communications terminal device, the method comprising:
conducting communications corresponding to the session
via a first mode of access between the network and the
device; receiving indication from the device that a
second mode of access between the network and the
device is to be used for subsequent communications
corresponding to the session; and conducting
subsequent communications corresponding to the session
using the second mode of access between the network
and the device. 24. The method of claim 23 wherein a
degree of mobility of the device enabled by the first
mode of access is substantially different than the
mobility enabled by the second mode of access. 


