
CONFORMATIONALLY RESTRICTED BIPHENYL DERIVATIVES FOR
USE AS HEPATITIS C VIRUS INHIBITORS CROSS-REFERENCE TO
RELATED APPLICATIONS This application claims the
benefit of U.S. Provisional Application Serial No.
61/028,266 filed February 13, 2008. The present
disclosure is generally directed to antiviral
compounds, and more specifically directed to compounds
which can inhibit the function of the NS5A protein
encoded by Hepatitis C virus (HCV), compositions
comprising such compounds, and methods for inhibiting
the function of the NS5A protein. HCV is a major human
pathogen, infecting an estimated 170 million persons
worldwide - roughly five times the number infected by
human immunodeficiency virus type 1. A substantial
fraction of these HCV infected individuals develop
serious progressive liver disease, including cirrhosis
and hepatocellular carcinoma. Presently, the most
effective HCV therapy employs a combination of
alphainterferon and ribavirin, leading to sustained
efficacy in 40% of patients. Recent clinical results
demonstrate that pegylated alpha-interferon is
superior to unmodified alpha-interferon as
monotherapy. However, even with experimental
therapeutic regimens involving combinations of
pegylated alpha-interferon and ribavirin, a
substantial fraction of patients do not have a
sustained reduction in viral load. Thus, there is a
clear and long-felt need to develop effective
therapeutics for treatment of HCV infection. HCV is a
positive-stranded RNA virus. Based on a comparison of
the deduced amino acid sequence and the extensive
similarity in the 5' untranslated region, HCV has been
classified as a separate genus in the Flaviviridae
family. All members of the Flaviviridae family have
enveloped virions that contain a positive stranded RNA
genome encoding all known virus-specific proteins via
translation of a single, uninterrupted, open reading
frame. Considerable heterogeneity is found within the
nucleotide and encoded amino acid sequence throughout
the HCV genome. At least six major genotypes have been
characterized, and more than 50 subtypes have been
described. The major genotypes of HCV differ in their
distribution worldwide, and the clinical significance
of the genetic heterogeneity of HCV remains elusive
despite numerous studies of the possible effect of
genotypes on pathogenesis and therapy.The single
strand HCV RNA genome is approximately 9500
nucleotides in length and has a single open reading
frame (ORF) encoding a single large polyprotein of
about 3000 amino acids. In infected cells, this
polyprotein is cleaved at multiple sites by cellular
and viral proteases to produce the structural and
non-structural (NS) proteins. In the case of HCV, the
generation of mature non-structural proteins (NS2,
NS3, NS4A, NS4B, NS5A, and NS5B) is effected by two
viral proteases. The first one is believed to be a
metalloprotease and cleaves at the NS2-NS3 junction;
the second one is a serine protease contained within
the N-terminal region of NS3 (also referred to herein
as NS3 protease) and mediates all the subsequent
cleavages downstream of NS3, both in cis, at the
NS3-NS4A cleavage site, and in trans, for the
remaining NS4A-NS4B, NS4B-NS5A, NS5A-NS5B sites. The
NS4A protein appears to serve multiple functions,
acting as a cofactor for the NS3 protease and possibly
assisting in the membrane localization of NS3 and
other viral replicase components. The complex
formation of the NS3 protein with NS4A seems necessary
to the processing events, enhancing the proteolytic
efficiency at all of the sites. The NS3 protein also
exhibits nucleoside triphosphatase and RNA helicase
activities. NS5B (also referred to herein as HCV
polymerase) is a RNA-dependent RNA polymerase that is
involved in the replication of HCV. Compounds useful
for treating HCV-infected patients are desired which
selectively inhibit HCV viral replication. In
particular, compounds which are effective to inhibit
the function of the NS5A protein are desired. The HCV
NS5A protein is described, for example, in Tan, S.-L.,
Katzel, M.G. Virology 2001, 284, 1- 12; and in Park,
K.-J.; Choi, S.-H, J. Biological Chemistry 2003. In a
first aspect the present disclosure provides a
compound of Formula (I) (I), or a pharmaceutically
acceptable salt thereof, wherein u and u' are
independently 0, 1, 2, or 3; D and E are each
five-membered aromatic rings containing one, two, or
threeheteroatoms independently selected from nitrogen,
oxygen, and sulfur; each R1 and R1 is independently
selected from alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkyl, arylalkoxycarbonyl, carboxy, formyl, halo,
haloalkyl, hydroxy, hydroxyalkyl, -NRaRb,
(NRaRb)alkyl, and (NRaRb)carbonyl; R2 and R2 ,
together with the carbon atoms to which they are
attached, form a five- to eight-membered unsaturated
ring optionally containing one or two heteroatoms
independently selected from nitrogen, oxygen, and
sulfur; wherein the five- to eight-membered
unsaturated ring is optionally substituted with one,
two, or three substituents independently selected from
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy,
formyl, halo, haloalkoxy, haloalkyl, hydroxy,
hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl,
oxo, and spirocycle; R and R are each independently
selected from hydrogen, alkoxyalkyl, 



alkoxycarbonyl, alkoxycarbonylalkyl, alkyl,
arylalkoxycarbonyl, carboxy, haloalkyl,
heterocyclylalkyl, hydroxyalkyl, (NRaRb)carbonyl, and
trialkylsilylalkoxyalkyl; R4 and R4 are each
independently selected from ; wherein each m is
independently 0, 1, or 2; each o is independently 1,
2, or 3; each s is independently 0, 1, 2, 3, or 4;
each X is independently selected from O, S, S(O), SO2,
CH2, CHR 5, and C(R 5)2; provided that when n is 0, X
is selected from CH2, CHR 5, and C(R 5)2; each R5 is
independently selected from alkoxy, alkyl, aryl, halo,
haloalkyl, hydroxy, and -NR aRb, wherein the alkyl can
optionally form a fused three- to sixmembered ring
with an adjacent carbon atom, wherein the three- to
six-membered ring is optionally substituted with one
or two alkyl groups; each R6 is independently selected
from hydrogen and R10-C(O)-, and R10-C(S)-; R7 is
selected from hydrogen and alkyl; R8 and R9 are each
independently selected from hydrogen,
alkenyl,alkoxyalkyl, alkyl, haloalkyl, and
(NRaRb)alkyl; or, R8 and R9, together with the carbon
atom to which they are attached, form a five or six
membered saturated ring optionally containing one or
two heteroatoms selected from NRZ, O, and S; wherein
Rz is selected from hydrogen and alkyl; and each R10
is independently selected from alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl,
alkylcarbonylalkyl, aryl, arylalkenyl, arylalkoxy,
arylalkyl, aryloxyalkyl, cycloalkyl,
(cycloalkyl)alkenyl, (cycloalkyl)alkyl,
cycloalkyloxyalkyl, haloalkyl, heterocyclyl,
heterocyclylalkenyl, heterocyclylalkoxy,
heterocyclylalkyl, heterocyclyloxyalkyl, hydroxyalkyl,
-NRcRd, (NRcRd)alkenyl, (NRcRd)alkyl, and
(NRcRd)carbonyl. In a first embodiment of the first
aspect the present disclosure provides a compound of
Formula (I), or a pharmaceutically acceptable salt
thereof, wherein R4 and R4 are each In a second
embodiment of the first aspect each m is 1. In a third
embodiment of the first aspect each X is CH2. In a
third embodiment of the first aspect aspect the
present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt thereof, wherein
R4 and R4 are each wherein s is 0. In a fourth
embodiment of the first aspect the present disclosure
provides a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, wherein R4
and R4 are each wherein each R6 is R10-C(O)-. In a
fifth embodiment of the first aspect each R10
isindependently selected from arylalkyl,
(cycloalkyl)alkyl, and (NRcRd)alkyl. In a sixth
embodiment of the first aspect the present disclosure
provides a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, wherein u
and u' are each 0. In a seventh embodiment of the
first aspect the present disclosure provides a
compound of Formula (I), or a pharmaceutically
acceptable salt thereof, wherein wherein R3 and R3 are
each hydrogen. In an eight embodiment of the first
aspect the present disclosure provides a compound of
Formula (I), or a pharmaceutically acceptable salt
thereof, wherein R and R2 , together with the atoms to
which they are attached, form a five-membered ring
optionally containing an oxygen or nitrogen atom,
wherein said ring is optionally substituted with one
or two substituents independently selected from
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylsulfonyl, aryl, arylalkyl, arylsulfonyl, carboxy,
formyl, halo, haloalkoxy, haloalkyl, hydroxy,
hydroxyalkyl, -NRaRb, (NRaRb)alkyl, (NRaRb)carbonyl,
and oxo. In a ninth embodiment of the first aspect the
present disclosure provides a compound of Formula (I),
or a pharmaceutically acceptable salt thereof, wherein
R2 and R , together with the atoms to which they are
attached, form a seven-membered ring containing a
heteroatom selected from oxygen and nitrogen, wherein
said ring is optionally substituted with one, two, or
three substituents independently selected from alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkyl, alkylsulfonyl,
aryl, arylalkyl, arylsulfonyl, carboxy, formyl, halo,
haloalkoxy, haloalkyl, hydroxy, hydroxyalkyl, - NRaRb,
(NRaRb)alkyl, (NRaRb)carbonyl, and oxo. In a second
aspcet the present disclosure provides a compound of
Formula (II) (H); or a pharmaceutically acceptable
salt thereof, wherein A is absent or CR11R12; G is
selected from CR11R12, O, and NR13 ;J is absent or
CR11R12 ; R3 and R4 are each independently selected
from hydrogen and R10-C(O)-; each R10 is independently
selected arylalkyl, (cycloalkyl)alkyl, and
(NRcRd)alkyl; each R11 and R12 are independently
selected from hydrogen, alkyl, and - NRaRb; or 



R11 and R12 together form an oxo group; or R11 and
R12, together with the carbon atom to which they are
attached, form a three- to eight-membered spirocycle;
and each R13 is independently selected from hydrogen,
alkoxyalkyl, alkyl, and arylsulfonyl. In a third
aspect the present disclosure provides a composition
comprising a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. In a first
embodiment of the third aspect the composition further
comprises one or two additional compounds having
anti-HCV activity. In a second embodiment of the third
aspect at least one of the additional compounds is an
interferon or a ribavirin. In a third embodiment of
the third aspect the interferon is selected from
interferon alpha 2B, pegylated interferon alpha,
consensus interferon, interferon alpha 2A, and
lymphoblastiod interferon tau. In a fourth embodiment
of the third aspect the present disclosure provides a
composition comprising a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, a
pharmaceutically acceptable carrier, and one or two
additional compounds having anti-HCV activity, wherein
at least one of the additional compounds is selected
from interleukin 2, interleukin 6, interleukin 12, a
compound that enhances the development of a type
1helper T cell response, interfering RNA, anti-sense
RNA, Imiqimod, ribavirin, an inosine 5'-monophospate
dehydrogenase inhibitor, amantadine, and rimantadine.
In a fifth embodiment of the third aspect the present
disclosure provides a composition comprising a
compound of Formula (I), or a pharmaceutically
acceptable salt thereof, a pharmaceutically acceptable
carrier, and one or two additional compounds having
anti-HCV activity, wherein at least one of the
additional compounds is effective to inhibit the
function of a target selected from HCV
metalloprotease, HCV serine protease, HCV polymerase,
HCV helicase, HCVNS4B protein, HCV entry, HCV
assembly, HCV egress, HCV NS5A protein, and IMPDH for
the treatment of an HCV infection. In a fourth aspect
the present disclosure provides a method of treating
an HCV infection in a patient, comprising
administering to the patient a therapeutically
effective amount of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof. In a first
embodiment of the fouth aspect the method further
comprises administering one or two additional
compounds having anti-HCV activity prior to, after or
simultaneously with the compound of Formula (I), or
the pharmaceutically acceptable salt thereof. In a
second embodiment of the fourth aspect at least one of
the additional compounds is an interferon or a
ribavirin. In a third embodiment of the fourth aspect
the interferon is selected from interferon alpha 2B,
pegylated interferon alpha, consensus interferon,
interferon alpha 2A, and lymphoblastiod interferon
tau. IMPDH for the treatment of an HCV infection. In a
fourth embodiment of the fourth aspect the present
disclosure provides a method of treating an HCV
infection in a patient, comprising administering to
the patient a therapeutically effective amount of a
compound of Formula (I), or a pharmaceutically
acceptable salt thereof and one or two additional
compounds having anti-HCV activity prior to, after or
simultaneously with the compound of Formula (I), or
the pharmaceutically acceptable salt thereof, wherein
at least one of the additional compounds is selected
from interleukin 2, interleukin 6, interleukin 12, a
compound that enhances the development of a type
1helper T cell response, interfering RNA, anti-sense
RNA, Imiqimod, ribavirin, an inosine 5'-monophospate
dehydrogenase inhibitor, amantadine, and rimantadine.
In a fifth embodiment of the fourth aspect the present
disclosure provides a method of treating an HCV
infection in a patient, comprising administering to
the patient a therapeutically effective amount of a
compound of Formula (I), or a pharmaceutically
acceptable salt thereof and one or two additional
compounds having anti-HCV activity prior to, after or
simultaneously with the compound of Formula (I), or
the pharmaceutically acceptable salt thereof, wherein
at least one of the additional compounds iseffective
to inhibit the function of a target selected from HCV
metalloprotease, HCV serine protease, HCV polymerase,
HCV helicase, HCV NS4B portein, HCV entry, HCV
assembly, HCV egress, HCV NS5A protein, and IMPDH for
the treatment of an HCV infection.Other embodiments of
the present disclosure may comprise suitable
combinations of two or more of embodiments and/or
aspects disclosed herein. Yet other embodiments and
aspects of the disclosure will be apparent according
to the description provided below. The compounds of
the present disclosure also exist as tautomers;
therefore the present disclosure also encompasses all
tautomeric forms. The description of the present
disclosure herein should be construed in congruity
with the laws and principals of chemical bonding. In
some instances it may be necessary to remove a
hydrogen atom in order accommodate a substitutent at
any given location. It should be understood that the
compounds encompassed by the present disclosure are
those that are suitably stable for use as
pharmaceutical agent. It is intended that the
definition of any substituent or variable (e.g., R1,
R2, R5, R6, etc.) at a particular location in a
molecule be independent of its definitions 



elsewhere in that molecule. For example, when u is 2,
each of the two R1 groups may be the same or
different. All patents, patent applications, and
literature references cited in the specification are
herein incorporated by reference in their entirety. In
the case of inconsistencies, the present disclosure,
including definitions, will prevail. As used in the
present specification, the following terms have the
meanings indicated: As used herein, the singular forms
"a", "an", and "the" include plural reference unless
the context clearly dictates otherwise. Unless stated
otherwise, all aryl, cycloalkyl, and heterocyclyl
groups of the present disclosure may be substituted as
described in each of their respective definitions. For
example, the aryl part of an arylalkyl group may be
substituted as described in the definition of the term
'aryl'. The term "alkenyl," as used herein, refers to
a straight or branched chain group of two to six
carbon atoms containing at least one carbon-carbon
double bond. The term "alkenyloxy," as used herein,
refers to an alkenyl group attached to the parent
molecular moiety through an oxygen atom. The term
"alkenyloxycarbonyl," as used herein, refers to an
alkenyloxy group attached to the parent molecular
moiety through a carbonyl group.The term "alkoxy," as
used herein, refers to an alkyl group attached to the
parent molecular moiety through an oxygen atom. The
term "alkoxyalkyl," as used herein, refers to an alkyl
group substituted with one, two, or three alkoxy
groups. The term "alkoxyalkylcarbonyl," as used
herein, refers to an alkoxyalkyl group attached to the
parent molecular moiety through a carbonyl group. The
term "alkoxycarbonyl," as used herein, refers to an
alkoxy group attached to the parent molecular moiety
through a carbonyl group. The term
"alkoxycarbonylalkyl," as used herein, refers to an
alkyl group substituted with one, two, or three
alkoxycarbonyl groups. The term "alkyl," as used
herein, refers to a group derived from a straight or
branched chain saturated hydrocarbon containing from
one to six carbon atoms. In the compounds of the
present disclosure, when m is 1 or 2; X is CHR5, and
R5 is alkyl, each alkyl can optionally form a fused
three- to six-membered ring with an adjacent carbon
atom to provide one of the structures shown below:
where z is 1, 2, 3, or 4, w is 0, 1, or 2, and R50 is
alkyl. When w is 2, the two R50 alkyl groups may be
the same or different. The term "alkylcarbonyl," as
used herein, refers to an alkyl group attached to the
parent molecular moiety through a carbonyl group. The
term "alkylcarbonylalkyl," as used herein, refers to
an alkyl group substituted with one, two, or three
alkylcarbonyl groups. The term "alkylcarbonyloxy," as
used herein, refers to an alkylcarbonyl group attached
to the parent molecular moiety through an oxygen atom.
The term "alkylene," as used herein, refers to a
divalent group derived from a straight or branched
chain saturated hydrocarbon containing from one to six
carbon atoms.The term "alkylsulfanyl," as used herein,
refers to an alkyl group attached to the parent
molecular moiety through a sulfur atom. The term
"alkylsulfonyl," as used herein, refers to an alkyl
group attached to the parent molecular moiety through
a sulfonyl group. The term "aryl," as used herein,
refers to a phenyl group, or a bicyclic fused ring
system wherein one or both of the rings is a phenyl
group. Bicyclic fused ring systems consist of a phenyl
group fused to a four- to six-membered aromatic or
nonaromatic carbocyclic ring. The aryl groups of the
present disclosure can be attached to the parent
molecular moiety through any substitutable carbon atom
in the group. Representative examples of aryl groups
include, but are not limited to, indanyl, indenyl,
naphthyl, phenyl, and tetrahydronaphthyl. The aryl
groups of the present disclosure are optionally
substituted with one, two, three, four, or five
substituents independently selected from alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkyl, alkylcarbonyl, a
second aryl group, arylalkoxy, arylalkyl,
arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl,
heterocyclyl, heterocyclylalkyl, heterocyclylcarbonyl,
hydroxy, hydroxyalkyl, nitro, -NRxRy, (NRxRy)alkyl,
oxo, and -P(O)OR2, wherein each R is independently
selected from hydrogen and alkyl; and wherein the
alkyl part of the arylalkyl and the heterocyclylalkyl
are unsubstituted and wherein the second aryl group,
the aryl part of the arylalkyl, the aryl part of the
arylcarbonyl, the heterocyclyl, and the heterocyclyl
part of the heterocyclylalkyl and the
heterocyclylcarbonyl are further optionally
substituted with one, two, or three substituents
independently selected from alkoxy, alkyl, cyano,
halo, haloalkoxy, haloalkyl, and nitro. The term
"arylalkenyl," as used herein, refers to an alkenyl
group substituted with one, two, or three aryl groups.
The term "arylalkoxy," as used herein, refers to an
aryl group attached to the parent molecular moiety
through an alkoxy group. The term "arylalkoxy alkyl,"
as used herein, refers to an alkyl group substituted
with one, two, or three arylalkoxy groups. 



The term "arylalkoxy alkylcarbonyl," as used herein,
refers to an arylalkoxyalkyl group attached to the
parent molecular moiety through a carbonyl group.The
term "arylalkoxycarbonyl," as used herein, refers to
an arylalkoxy group attached to the parent molecular
moiety through a carbonyl group. The term "arylalkyl,"
as used herein, refers to an alkyl group substituted
with one, two, or three aryl groups. The alkyl part of
the arylalkyl is further optionally substituted with
one or two additional groups independently selected
from alkoxy, alkylcarbonyloxy, halo, haloalkoxy,
haloalkyl, heterocyclyl, hydroxy, and -NRcRd, wherein
the heterocyclyl is further optionally substitued with
one or two substituents independently selected from
alkoxy, alkyl, unsubstituted aryl, unsubstituted
arylalkoxy, unsubstituted arylalkoxycarbonyl, halo,
haloalkoxy, haloalkyl, hydroxy, and -NRxRy. The term
"arylalkylcarbonyl," as used herein, refers to an
arylalkyl group attached to the parent molecular
moiety through a carbonyl group. The term
"arylcarbonyl," as used herein, refers to an aryl
group attached to the parent molecular moiety through
a carbonyl group. The term "aryloxy," as used herein,
refers to an aryl group attached to the parent
molecular moiety through an oxygen atom. The term
"aryloxyalkyl," as used herein, refers to an alkyl
group substituted with one, two, or three aryloxy
groups. The term "aryloxycarbonyl," as used herein,
refers to an aryloxy group attached to the parent
molecular moiety through a carbonyl group. The term
"arylsulfonyl," as used herein, refers to an aryl
group attached to the parent molecular moiety through
a sulfonyl group. The terms "Cap" and "cap" as used
herein, refer to the group which is placed on the
nitrogen atom of the terminal nitrogen-containing
ring, i.e., the pyrrolidine rings of the compound of
Formula (I). It should be understood that "Cap" or
"cap" can refer to the reagent used to append the
group to the terminal nitrogen-containing ring or to
the fragment in the final product, i.e., "Cap-51" or
"The Cap-51 fragment found in Example 5". The term
"carbonyl," as used herein, refers to -C(O)-. The term
"carboxy," as used herein, refers to -CO2H. The term
"cyano," as used herein, refers to -CN. The term
"cycloalkyl," as used herein, refers to a saturated
monocyclic, hydrocarbon ring system having three to
seven carbon atoms and zero heteroatoms.Representative
examples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclopentyl, and cyclohexyl.
The cycloalkyl groups of the present disclosure are
optionally substituted with one, two, three, four, or
five substituents independently selected from alkoxy,
alkyl, aryl, cyano, halo, haloalkoxy, haloalkyl,
heterocyclyl, hydroxy, hydroxyalkyl, nitro, and
-NRxRy, wherein the aryl and the heterocyclyl are
futher optionally substituted with one, two, or three
substituents independently selected from alkoxy,
alkyl, cyano, halo, haloalkoxy, haloalkyl, hydroxy,
and nitro. The term "(cycloalkyl)alkenyl," as used
herein, refers to an alkenyl group substituted with
one, two, or three cycloalkyl groups. The term
"(cycloalkyl)alkyl," as used herein, refers to an
alkyl group substituted with one, two, or three
cycloalkyl groups. The alkyl part of the
(cycloalkyl)alkyl is further optionally substituted
with one or two groups independently selected from
hydroxy and -NRcRd. The term "cycloalkyloxy," as used
herein, refers to a cycloalkyl group attached to the
parent molecular moiety through an oxygen atom. The
term "cycloalkyloxyalkyl," as used herein, refers to
an alkyl group substituted with one, two, or three
cycloalkyloxy groups. The term "cycloalkylsulfonyl,"
as used herein, refers to a cycloalkyl group attached
to the parent molecular moiety through a sulfonyl
group. The term "formyl," as used herein, refers to
-CHO. The terms "halo" and "halogen," as used herein,
refer to F, Cl, Br, or I . The term "haloalkoxy," as
used herein, refers to a haloalkyl group attached to
the parent molecular moiety through an oxygen atom.
The term "haloalkoxycarbonyl," as used herein, refers
to a haloalkoxy group attached to the parent molecular
moiety through a carbonyl group. The term "haloalkyl,"
as used herein, refers to an alkyl group substituted
by one, two, three, or four halogen atoms. The term
"heterocyclyl," as used herein, refers to a four-,
five-, six-, or sevenmembered ring containing one,
two, three, or four heteroatoms independently selected
from nitrogen, oxygen, and sulfur. The four-membered
ring has zero double bonds, the five-membered ring has
zero to two double bonds, and the six- and
sevenmembered rings have zero to three double bonds.
The term "heterocyclyl" alsoincludes bicyclic groups
in which the heterocyclyl ring is fused to another
monocyclic heterocyclyl group, or a four- to
six-membered aromatic or non-aromatic carbocyclic
ring; as well as bridged bicyclic groups such as
7-azabicyclo[2.2.1]hept- 7-yl,
2-azabicyclo[2.2.2]oc-2-tyl, and
2-azabicyclo[2.2.2]oc-3-tyl. The heterocyclyl groups
of the present disclosure can be attached to the
parent molecular moiety through any carbon atom or
nitrogen atom in the group. Examples of heterocyclyl 



groups include, but are not limited to, benzothienyl,
furyl, imidazolyl, indolinyl, indolyl, isothiazolyl,
isoxazolyl, morpholinyl, oxazolyl, piperazinyl,
piperidinyl, pyrazolyl, pyridinyl, pyrrolidinyl,
pyrrolopyridinyl, pyrrolyl, thiazolyl, thienyl,
thiomorpholinyl, 7-azabicyclo[2.2.1]hept-7-yl,
2-azabicyclo[2.2.2]oc-2-tyl, and 2-
azabicyclo[2.2.2]oc-3-tyl. The heterocyclyl groups of
the present disclosure are optionally substituted with
one, two, three, four, or five substituents
independently selected from alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkyl, alkylcarbonyl, aryl, arylalkyl,
arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a
second heterocyclyl group, heterocyclylalkyl,
heterocyclylcarbonyl, hydroxy, hydroxyalkyl, nitro, -
NRxRy, (NRxRy)alkyl, and oxo, wherein the alkyl part
of the arylalkyl and the heterocyclylalkyl are
unsubstituted and wherein the aryl, the aryl part of
the arylalkyl, the aryl part of the arylcarbonyl, the
second heterocyclyl group, and the heterocyclyl part
of the heterocyclylalkyl and the heterocyclylcarbonyl
are further optionally substituted with one, two, or
three substituents independently selected from alkoxy,
alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro.
The term "heterocyclylalkenyl," as used herein, refers
to an alkenyl group substituted with one, two, or
three heterocyclyl groups. The term
"heterocyclylalkoxy," as used herein, refers to a
heterocyclyl group attached to the parent molecular
moiety through an alkoxy group. The term
"heterocyclylalkoxycarbonyl," as used herein, refers
to a heterocyclylalkoxy group attached to the parent
molecular moiety through a carbonyl group. The term
"heterocyclylalkyl," as used herein, refers to an
alkyl group substituted with one, two, or three
heterocyclyl groups. The alkyl part of the
heterocyclylalkyl is further optionally substituted
with one or two additional groups independently
selected from alkoxy, alkylcarbonyloxy, aryl, halo,
haloalkoxy, haloalkyl, hydroxy, and -NRcRd, wherein
the aryl is further optionally substitued withone or
two substituents independently selected from alkoxy,
alkyl, unsubstituted aryl, unsubstitued arylalkoxy,
unsubstituted arylalkoxycarbonyl, halo, haloalkoxy,
haloalkyl, hydroxy, and -NRxRy. The term
"heterocyclylalkylcarbonyl," as used herein, refers to
a heterocyclylalkyl group attached to the parent
molecular moiety through a carbonyl group. The term
"heterocyclylcarbonyl," as used herein, refers to a
heterocyclyl group attached to the parent molecular
moiety through a carbonyl group. The term
"heterocyclyloxy," as used herein, refers to a
heterocyclyl group attached to the parent molecular
moiety through an oxygen atom. The term
"heterocyclyloxyalkyl," as used herein, refers to an
alkyl group substituted with one, two, or three
heterocyclyloxy groups. The term
"heterocyclyloxycarbonyl," as used herein, refers to a
heterocyclyloxy group attached to the parent molecular
moiety through a carbonyl group. The term "hydroxy,"
as used herein, refers to -OH. The term
"hydroxyalkyl," as used herein, refers to an alkyl
group substituted with one, two, or three hydroxy
groups. The term "hydroxyalkylcarbonyl," as used
herein, refers to a hydroxyalkyl group attached to the
parent molecular moiety through a carbonyl group. The
term "nitro," as used herein, refers to -NO2. The term
"-NRaRb," as used herein, refers to two groups, Ra and
Rb, which are attached to the parent molecular moiety
through a nitrogen atom. Ra and Rb are independently
selected from hydrogen, alkenyl, and alkyl. The term
"(NRaR )alkyl," as used herein, refers to an alkyl
group substituted with one, two, or three -NRaRb
groups. The term "(NRaR )carbonyl," as used herein,
refers to an -NRaR group attached to the parent
molecular moiety through a carbonyl group. The term
"-NRcRd," as used herein, refers to two groups, Rc and
Rd, which are attached to the parent molecular moiety
through a nitrogen atom. Rc and Rd are independently
selected from hydrogen, alkenyloxycarbonyl,
alkoxyalkylcarbonyl, alkoxycarbonyl, alkyl,
alkylcarbonyl, alkylsulfonyl, aryl,
arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl,
arylcarbonyl, aryloxycarbonyl, arylsulfonyl,
cycloalkyl,cycloalkylsulfonyl, formyl,
haloalkoxycarbonyl, heterocyclyl,
heterocyclylalkoxycarbonyl, heterocyclylalkyl,
heterocyclylalkylcarbonyl, heterocyclylcarbonyl,
heterocyclyloxycarbonyl, hydroxyalkylcarbonyl,
(NReRf)alkyl (NReRf)alkylcarbonyl, (NReRf)carbonyl,
(NReRf)sulfonyl, -C(NCN)OR', and - C(NCN)NRxRy,
wherein R' is selected from alkyl and unsubstituted
phenyl, and wherein the alkyl part of the arylalkyl,
the arylalkylcarbonyl, the heterocyclylalkyl, and the
heterocyclylalkylcarbonyl are further optionally
substituted with one -NReRf group; and wherein the
aryl, the aryl part of the arylalkoxycarbonyl, the
arylalkyl, the arylalkylcarbonyl, the arylcarbonyl,
the aryloxycarbonyl, and the arylsulfonyl, the
heterocyclyl, and the heterocyclyl part of the
heterocyclylalkoxycarbonyl, the heterocyclylalkyl, the
heterocyclylalkylcarbonyl, the heterocyclylcarbonyl,
and the heterocyclyloxycarbonyl are further optionally
substituted with one, two, or three substituents
independently selected from alkoxy, alkyl, cyano,
halo, haloalkoxy, haloalkyl, and nitro. 



The term "(NRcRd)alkenyl," as used herein, refers to
an alkenyl group substituted with one, two, or three
-NRCR groups. The term "(NRcRd)alkyl," as used herein,
refers to an alkyl group substituted with one, two, or
three -NRCR groups. The alkyl part of the (NRCR )alkyl
is further optionally substituted with one or two
additional groups selected from alkoxy,
alkoxyalkylcarbonyl, alkoxycarbonyl, alkylsulfanyl,
arylalkoxyalkylcarbonyl, carboxy, heterocyclyl,
heterocyclylcarbonyl, hydroxy, and (NReRf)carbonyl;
wherein the heterocyclyl is further optionally
substituted with one, two, three, four, or five
substituents independently selected from alkoxy,
alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro.
The term "(NRcRd)carbonyl," as used herein, refers to
an -NRcRd group attached to the parent molecular
moiety through a carbonyl group. The term "-NR R ," as
used herein, refers to two groups, Re and R , which
are attached to the parent molecular moiety through a
nitrogen atom. Re and Rf are independently selected
from hydrogen, alkyl, unsubstituted aryl,
unsubstituted arylalkyl, unsubstituted cycloalkyl,
unsubstituted (cyclolalkyl)alkyl, unsubstituted
heterocyclyl, unsubstituted heterocyclylalkyl,
(NRxRy)alkyl, and (NRxRy)carbonyl. The term "(NR R
)alkyl," as used herein, refers to an alkyl group
substituted with one, two, or three -NReRf groups.The
term "(NReRf)alkylcarbonyl," as used herein, refers to
an (NReRf)alkyl group attached to the parent molecular
moiety through a carbonyl group. The term
"(NReRf)carbonyl," as used herein, refers to an -NReRf
group attached to the parent molecular moiety through
a carbonyl group. The term "(NReRf)sulfonyl," as used
herein, refers to an -NReRf group attached to the
parent molecular moiety through a sulfonyl group. The
term "-NRxRy," as used herein, refers to two groups,
Rx and Ry, which are attached to the parent molecular
moiety through a nitrogen atom. Rx and Ry are
independently selected from hydrogen, alkoxycarbonyl,
alkyl, alkylcarbonyl, unsubstituted aryl,
unsubstituted arylalkoxycarbonyl, unsubstituted
arylalkyl, unsubstituted cycloalkyl, unsubstituted
heterocyclyl, and (NRXRy )carbonyl, wherein Rx and Ry
are independently selected from hydrogen and alkyl.
The term "(NRxRy)alkyl," as used herein, refers to an
alkyl group substituted with one, two, or three -NRxRy
groups. The term "(NRxRy)carbonyl," as used herein,
refers to an -NRxRy group attached to the parent
molecular moiety through a carbonyl group. The term
"oxo," as used herein, refers to =0. The term
"spirocyclyl," as used herein, refers to an alkylene
diradical, each end of which is attached to the same
carbon atom of the parent molecular moiety forming a
bicyclic moiety. The term "sulfonyl," as used herein,
refers to -SO2-. The term "trialkylsilyl," as used
herein, refers to -SiR3, wherein R is alkyl. The R
groups may be the same or different. The term
"trialkylsilylalkyl," as used herein, refers to an
alkyl group substituted with one, two, or three
trialkylsilyl groups. The term "trialkylsilylalkoxy,"
as used herein, refers to a trialkylsilylalkyl group
attached to the parent molecular moiety through an
oxygen atom. The term "trialkylsilylalkoxyalkyl," as
used herein, refers to an alkyl group substituted with
one, two, or three trialkylsilylalkoxy groups.
Asymmetric centers exist in the compounds of the
present disclosure. These centers are designated by
the symbols "R" or "S", depending on the configuration
of substituents around the chiral carbon atom. It
should be understood that the disclosure encompasses
all stereochemical isomeric forms, or mixtures
thereof,which possess the ability to inhibit NS5A.
Individual stereoisomers of compounds can be prepared
synthetically from commercially available starting
materials which contain chiral centers or by
preparation of mixtures of enantiomeric products
followed by separation such as conversion to a mixture
of diastereomers followed by separation or
recrystallization, chromatographic techniques, or
direct separation of enantiomers on chiral
chromatographic columns. Starting compounds of
particular stereochemistry are either commercially
available or can be made and resolved by techniques
known in the art. Certain compounds of the present
disclosure may also exist in different stable
conformational forms which may be separable. Torsional
asymmetry due to restricted rotation about an
asymmetric single bond, for example because of steric
hindrance or ring strain, may permit separation of
different conformers. The present disclosure includes
each conformational isomer of these compounds and
mixtures thereof. The term "compounds of the present
disclosure", and equivalent expressions, are meant to
embrace compounds of Formula (I), and pharmaceutically
acceptable enantiomers, diastereomers, and salts
thereof. Similarly, references to intermediates are
meant to embrace their salts where the context so
permits. The compounds of the present disclosure can
exist as pharmaceutically acceptable salts. The term
"pharmaceutically acceptable salt," as used herein,
represents salts or zwitterionic forms of the
compounds of the present disclosure which are water or
oil-soluble or dispersible, which are, within the
scope of sound 



medical judgment, suitable for use in contact with the
tissues of patients without excessive toxicity,
irritation, allergic response, or other problem or
complication commensurate with a reasonable
benefit/risk ratio, and are effective for their
intended use The salts can be prepared during the
final isolation and purification of the compounds or
separately by reacting a suitable nitrogen atom with a
suitable acid. Representative acid addition salts
include acetate, adipate, alginate, citrate,
aspartate, benzoate, benzenesulfonate, bisulfate,
butyrate, camphorate, camphorsulfonate; digluconate,
dihydrobromide, diydrochloride, dihydroiodide,
glycerophosphate, hemisulfate, heptanoate, hexanoate,
formate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxy ethanesulfonate, lactate,
maleate, mesitylenesulfonate, methanesulfonate,
naphthylenesulfonate, nicotinate,
2-naphthalenesulfonate, oxalate,palmoate, pectinate,
persulfate, 3-phenylproprionate, picrate, pivalate,
propionate, succinate, tartrate, trichloroacetate,
trifluoroacetate, phosphate, glutamate, bicarbonate,
para-toluenesulfonate, and undecanoate. Examples of
acids which can be employed to form pharmaceutically
acceptable addition salts include inorganic acids such
as hydrochloric, hydrobromic, sulfuric, and
phosphoric, and organic acids such as oxalic, maleic,
succinic, and citric. Basic addition salts can be
prepared during the final isolation and purification
of the compounds by reacting a carboxy group with a
suitable base such as the hydroxide, carbonate, or
bicarbonate of a metal cation or with ammonia or an
organic primary, secondary, or tertiary amine. The
cations of pharmaceutically acceptable salts include
lithium, sodium, potassium, calcium, magnesium, and
aluminum, as well as nontoxic quaternary amine cations
such as ammonium, tetramethylammonium,
tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine,
ethylamine, tributylamine, pyridine,
N,N-dimethylaniline, N-methylpiperidine,
N-methylmorpholine, dicyclohexylamine, procaine,
dibenzylamine, N,N-dibenzylphenethylamine, and N,N'-
dibenzylethylenediamine. Other representative organic
amines useful for the formation of base addition salts
include ethylenediamine, ethanolamine, diethanolamine,
piperidine, and piperazine. When it is possible that,
for use in therapy, therapeutically effective amounts
of a compound of Formula (I), as well as
pharmaceutically acceptable salts thereof, may be
administered as the raw chemical, it is possible to
present the active ingredient as a pharmaceutical
composition. Accordingly, the disclosure further
provides pharmaceutical compositions, which include
therapeutically effective amounts of compounds of
Formula (I) or pharmaceutically acceptable salts
thereof, and one or more pharmaceutically acceptable
carriers, diluents, or excipients. The term
"therapeutically effective amount," as used herein,
refers to the total amount of each active component
that is sufficient to show a meaningful patient
benefit, e.g., a reduction in viral load. When applied
to an individual active ingredient, administered
alone, the term refers to that ingredient alone. When
applied to a combination, the term refers to combined
amounts of the active ingredients that result in the
therapeutic effect, whether administered in
combination, serially, or simultaneously. The
compounds of Formula (I) and pharmaceutically
acceptable salts thereof, are asdescribed above. The
carrier(s), diluent(s), or excipient(s) must be
acceptable in the sense of being compatible with the
other ingredients of the formulation and not
deleterious to the recipient thereof. In accordance
with another aspect of the present disclosure there is
also provided a process for the preparation of a
pharmaceutical formulation including admixing a
compound of Formula (I), or a pharmaceutically
acceptable salt thereof, with one or more
pharmaceutically acceptable carriers, diluents, or
excipients. The term "pharmaceutically acceptable," as
used herein, refers to those compounds, materials,
compositions, and/or dosage forms which are, within
the scope of sound medical judgment, suitable for use
in contact with the tissues of patients without
excessive toxicity, irritation, allergic response, or
other problem or complication commensurate with a
reasonable benefit/risk ratio, and are effective for
their intended use. Pharmaceutical formulations may be
presented in unit dose forms containing a
predetermined amount of active ingredient per unit
dose. Dosage levels of between about 0.01 and about
250 milligram per kilogram ("mg/kg") body weight per
day, preferably between about 0.05 and about 100 mg/kg
body weight per day of the compounds of the present
disclosure are typical in a monotherapy for the
prevention and treatment of HCV mediated disease.
Typically, the pharmaceutical compositions of this
disclosure will be administered from about 1 to about
5 times per day or alternatively, as a continuous
infusion. Such administration can be used as a chronic
or acute therapy. The amount of active ingredient that
may be combined with the carrier materials to produce
a single dosage form will vary depending on the
condition being treated, the severity of the
condition, the time of administration, the route of
administration, the rate of excretion of the compound
employed, the duration of treatment, and the age,
gender, weight, and condition of the patient.
Preferred unit dosage formulations are those
containing a daily dose or sub-dose, as herein above
recited, or an appropriate fraction thereof, of an
active ingredient. Treatment may be initiated with
small dosages substantially less than the optimum dose
of the compound. Thereafter, the dosage is increased
by small increments until the optimum effect under the
circumstances is reached. In general, the compound is 



most desirably administered at a concentration level
that will generally afford antivirally effective
results without causing any harmful or deleterious
side effects. When the compositions of this disclosure
comprise a combination of acompound of the present
disclosure and one or more additional therapeutic or
prophylactic agent, both the compound and the
additional agent are usually present at dosage levels
of between about 10 to 150%, and more preferably
between about 10 and 80% of the dosage normally
administered in a monotherapy regimen. Pharmaceutical
formulations may be adapted for administration by any
appropriate route, for example by the oral (including
buccal or sublingual), rectal, nasal, topical
(including buccal, sublingual, or transdermal),
vaginal, or parenteral (including subcutaneous,
intracutaneous, intramuscular, intra-articular,
intrasynovial, intrasternal, intrathecal,
intralesional, intravenous, or intradermal injections
or infusions) route. Such formulations may be prepared
by any method known in the art of pharmacy, for
example by bringing into association the active
ingredient with the carrier(s) or excipient(s). Oral
administration or administration by injection are
preferred. Pharmaceutical formulations adapted for
oral administration may be presented as discrete units
such as capsules or tablets; powders or granules;
solutions or suspensions in aqueous or non-aqueous
liquids; edible foams or whips; or oil-inwater liquid
emulsions or water-in-oil emulsions. For instance, for
oral administration in the form of a tablet or
capsule, the active drug component can be combined
with an oral, non-toxic pharmaceutically acceptable
inert carrier such as ethanol, glycerol, water, and
the like. Powders are prepared by comminuting the
compound to a suitable fine size and mixing with a
similarly comminuted pharmaceutical carrier such as an
edible carbohydrate, as, for example, starch or
mannitol. Flavoring, preservative, dispersing, and
coloring agent can also be present. Capsules are made
by preparing a powder mixture, as described above, and
filling formed gelatin sheaths. Glidants and
lubricants such as colloidal silica, talc, magnesium
stearate, calcium stearate, or solid polyethylene
glycol can be added to the powder mixture before the
filling operation. A disintegrating or solubilizing
agent such as agar-agar, calcium carbonate, or sodium
carbonate can also be added to improve the
availability of the medicament when the capsule is
ingested. Moreover, when desired or necessary,
suitable binders, lubricants, disintegrating agents,
and coloring agents can also be incorporated into the
mixture. Suitable binders include starch, gelatin,
natural sugars such as glucose or betalactose, corn
sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodium alginate, carboxymethylcellulose,
polyethylene glycol, and the like. Lubricants used in
these dosage forms include sodium oleate, sodium
chloride, and the like. Disintegrators include,
without limitation, starch, methyl cellulose, agar,
betonite, xanthan gum, and the like. Tablets are
formulated, for example, by preparing a powder
mixture, granulating or slugging, adding a lubricant
and disintegrant, and pressing into tablets. A powder
mixture is prepared by mixing the compound, suitable
comminuted, with a diluent or base as described above,
and optionally, with a binder such as
carboxymethylcellulose, an aliginate, gelating, or
polyvinyl pyrrolidone, a solution retardant such as
paraffin, a resorption accelerator such as a
quaternary salt and/or and absorption agent such as
betonite, kaolin, or dicalcium phosphate. The powder
mixture can be granulated by wetting with a binder
such as syrup, starch paste, acadia mucilage, or
solutions of cellulosic or polymeric materials and
forcing through a screen. As an alternative to
granulating, the powder mixture can be run through the
tablet machine and the result is imperfectly formed
slugs broken into granules. The granules can be
lubricated to prevent sticking to the tablet forming
dies by means of the addition of stearic acid, a
stearate salt, talc, or mineral oil. The lubricated
mixture is then compressed into tablets. The compounds
of the present disclosure can also be combined with a
free flowing inert carrier and compressed into tablets
directly without going through the granulating or
slugging steps. A clear or opaque protective coating
consisting of a sealing coat of shellac, a coating of
sugar or polymeric material, and a polish coating of
wax can be provided. Dyestuffs can be added to these
coatings to distinguish different unit dosages. Oral
fluids such as solution, syrups, and elixirs can be
prepared in dosage unit form so that a given quantity
contains a predetermined amount of the compound.
Syrups can be prepared by dissolving the compound in a
suitably flavored aqueous solution, while elixirs are
prepared through the use of a non-toxic vehicle.
Solubilizers and emulsifiers such as ethoxylated
isostearyl alcohols and polyoxyethylene sorbitol
ethers, preservatives, flavor additive such as
peppermint oil or natural sweeteners, or saccharin or
other artificial sweeteners, and the like can also be
added. Where appropriate, dosage unit formulations for
oral administration can bemicroencapsulated. The
formulation can also be prepared to prolong or sustain
the release as for example by coating or embedding
particulate material in polymers, wax, or the like.
The compounds of Formula (I), and pharmaceutically
acceptable salts thereof, can also be administered in
the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and
multilamellar vesicles. 



Liposomes can be formed from a variety of
phopholipids, such as cholesterol, stearylamine, or
phophatidylcholines. The compounds of Formula (I) and
pharmaceutically acceptable salts thereof may also be
delivered by the use of monoclonal antibodies as
individual carriers to which the compound molecules
are coupled. The compounds may also be coupled with
soluble polymers as targetable drug carriers. Such
polymers can include polyvinylpyrrolidone, pyran
copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or
polyethyleneoxidepolylysine substituted with palitoyl
residues. Furthermore, the compounds may be coupled to
a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic
acid, polepsilon caprolactone, polyhydroxy butyric
acid, polyorthoesters, polyacetals, polydihydropyrans,
polycyanoacrylates, and cross-linked or amphipathic
block copolymers of hydrogels. Pharmaceutical
formulations adapted for transdermal administration
may be presented as discrete patches intended to
remain in intimate contact with the epidermis of the
recipient for a prolonged period of time. For example,
the active ingredient may be delivered from the patch
by iontophoresis as generally described in
Pharmaceutical Research 1986, 3(6), 318.
Pharmaceutical formulations adapted for topical
administration may be formulated as ointments, creams,
suspensions, lotions, powders, solutions, pastes,
gels, sprays, aerosols, or oils. Pharmaceutical
formulations adapted for rectal administration may be
presented as suppositories or as enemas.
Pharmaceutical formulations adapted for nasal
administration wherein the carrier is a solid include
a course powder having a particle size for example in
the range 20 to 500 microns which is administered in
the manner in which snuff is taken, i.e., by rapid
inhalation through the nasal passage from a container
of the powderheld close up to the nose. Suitable
formulations wherein the carrier is a liquid, for
administration as a nasal spray or nasal drops,
include aqueous or oil solutions of the active
ingredient. Pharmaceutical formulations adapted for
administration by inhalation include fine particle
dusts or mists, which may be generated by means of
various types of metered, dose pressurized aerosols,
nebulizers, or insufflators. Pharmaceutical
formulations adapted for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes,
foams, or spray formulations. Pharmaceutical
formulations adapted for parenteral administration
include aqueous and non-aqueous sterile injection
solutions which may contain anti-oxidants, buffers,
bacteriostats, and soutes which render the formulation
isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The
formulations may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of
the sterile liquid carrier, for example water for
injections, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared
from sterile powders, granules, and tablets. It should
be understood that in addition to the ingredients
particularly mentioned above, the formulations may
include other agents conventional in the art having
regard to the type of formulation in question, for
example those suitable for oral administration may
include flavoring agents. The term "patient" includes
both human and other mammals. The term "treating"
refers to: (i) preventing a disease, disorder or
condition from occurring in a patient that may be
predisposed to the disease, disorder, and/or condition
but has not yet been diagnosed as having it; (ii)
inhibiting the disease, disorder, or condition, i.e.,
arresting its development; and (iii) relieving the
disease, disorder, or condition, i.e., causing
regression of the disease, disorder, and/or condition.
The compounds of the present disclosure can also be
administered with a cyclosporin, for example,
cyclosporin A. Cyclosporin A has been shown to be
active against HCV in clinical trials (Hepatology
2003, 38, 1282; Biochem. Biophys. Res. Commun. 2004,
313, 42; J. Gastroenterol. 2003, 38, 567).Table 1
below lists some illustrative examples of compounds
that can be administered with the compounds of this
disclosure. The compounds of the disclosure can be
administered with other anti-HCV activity compounds in
combination therapy, either jointly or separately, or
by combining the compounds into a composition. Table
1REGULATION OF FIBROBLASTIC GROWTH FACTOR-2 (FGF-2)
GENE EXPRESSION IN LIVING CELLS WITH THE APPLICATION
OF SPECIFIC AND SELECTIVE ELECTRIC AND ELECTROMAGNETIC
FIELDS CROSS-REFERENCE TO RELATED APPLICATIONS [0001]
The present patent application is the international
filing claiming priority to U.S. Patent Application
Serial No. 12/028,530 filed February 8, 2008 which is
a continuation-in-part patent application of U.S.
Patent Application Serial No. 10/257,126, filed
October 8, 2002, which is the U.S. national phase
patent application of PCT/US0 1/05991, filed February
23, 2001, which, in turn, claims the benefit of the
filing date of U.S. Provisional Patent Application
Serial 



No. 60/184,491, filed February 23, 2000. FIELD OF THE
INVENTION [0002] The present invention is directed to
a method of up-regulating transforming fibroblastic
growth factor-2 (FGF-2) gene expression in living
cells via the application of electric and
electromagnetic fields generated by the application of
specific and selective electric and electromagnetic
signals to coils, electrodes, or other field
generating devices for the treatment of injured or
diseased tissues and bones, as well as devices for
generating such signals. BACKGROUND OF THE INVENTION
[0003] The bioelectrical interactions and activity
believed to be present in a variety of biological
tissues and cells are one of the least understood of
the physiological processes. However, there has
recently been much research into these interactions
and activity regarding the growth and repair of
certain tissues and cells. In particular, there has
been much research into stimulation by electric and
electromagnetic fields and its effect on the growth
and repair of bone, cartilage, and various growth
factors. Researchers believe that such research may be
useful in the development of new treatments for a
variety of medical problems. [0004] Fibroblastic
growth factor-2 (FGF-2) is one of the growth factors
that is important in promotion of bone formation and
maintenance, from proliferation of preosteoblasts, to
differentiation of pre-osteoblasts to mature
osteoblasts, and to maintenance of the osteoblast
throughout its life span. FGF-2 has been shown to have
a positive anabolic effect on bone formation in intact
animals and to reduce bone loss in experimental models
of osteoporosis (Fromigue, O., Modrowski, D., and
Marie, P.J: Curr. Pharmaceut. Design, 10: 2593-2603,
2004.). FGF-2 (also termed basic fibroblastic growth
or bFGF) stimulates bone formation,decreases
osteoclast surface, and induces new bone spicules
within the marrow cavity of the tibia in
ovariectomized rats (Liang H., Pun S., and Wronski,
T.J.: Endocrinology, 140: 5780-88, 1999). FGF-2 has a
strong stimulatory effect on new bone formation in
ovariectomized rats by inducing the conversion of bone
lining cells to osteoblasts (Power, R.A., Iwaniec,
U.T., Magee, KA. , Mitova-Caneva, N.G., and Wronski,
T.J.: Osteoporosis Int., 15: 716-23, 2004). FGF-2
increases peak bone mass in a murine model of low
turnover osteoporosis by stimulating osteoprogenitor
cells to proliferate and differentiate into
osteoblasts, thereby enhancing endocortical bone
remodeling (Nagai, H., Tsukuda, H., and Mayahara, H.:
J. Vet. Med. Sci., 61: 869-75, 1999). In another
study, FGF-2 improved bone mechanical properties
(maximum force and work to failure) and increased the
number, thickness, and connections of trabeculae in a
small animal osteoporosis model (Yao, W., Hadi, T.,
Jiang, Y., Lotz, J., Wronski, T.J., and Lane, N.E.:
Osteoporosis Int., 16: 1939-47, 2005). [0005] Thus,
up-regulation of FGF-2 may be useful in the treatment
of the disease commonly known as osteoporosis, where
bone demineralizes and becomes abnormally rarefied.
Bone comprises an organic component of cells and
matrix as well as an inorganic or mineral component.
The cells and matrix comprise a framework of
collagenous fibers that is impregnated with the
mineral component of calcium phosphate (85%) and
calcium carbonate (10%) that imparts rigidity to the
bone. In healthy bone, bone formation and bone
resorption are in balance. In osteoporosis, bone
resorption exceeds bone formation, leading to bone
weakening and possible vertebral body fracture and
collapse. While osteoporosis is generally thought as
afflicting the elderly, certain types of osteoporosis
may affect persons of all ages whose bones are not
subject to functional stress. In such cases, patients
may experience a significant loss of cortical and
cancellous bone during prolonged periods of
immobilization. Elderly patients are known to
experience bone loss due to disuse when immobilized
after fracture of a bone, and such bone loss may
ultimately lead to a secondary fracture in an already
osteoporotic skeleton. Diminished bone density may
lead not only to vertebrae collapse, but also to
fractures of hips, lower arms, wrists, ankles as well
as incapacitating pains. Alternative non-surgical
therapies for such diseases are needed. [0006] Pulsed
electromagnetic fields (PEMF) and capacitive coupling
(CC) have been used widely to treat nonhealing
fractures (nonunion) and related problems in bone
healing since approval by the Food and Drug
Administration in 1979. The original basis for the
trial of this form of therapy was the observation that
physical stress on bone causes the appearance of tiny
electric currents that, along with mechanical strain,
were thought to be the mechanisms underlying
transduction of the physical stresses into a signal
that promotes bone formation.Along with direct
electric field stimulation that was successful in the
treatment of nonunion, noninvasive technologies using
PEMF and capacitive coupling (where the electrodes are
placed on the skin in the treatment zone) were also
found to be effective. PEMFs generate small, induced
currents (Faraday currents) in the highly-conductive
extracellular fluid, while capacitive coupling
directly causes currents in the tissues; both PEMFs
and CC thereby mimic endogenous electrical currents.
[0007] The endogenous electrical currents, originally
thought to be due to phenomena occurring at the
surface of crystals in the bone, have been shown to be
due primarily to movement of fluid containing
electrolytes in channels of the bone containing
organic constituents with fixed negative charges,
generating what are called "streaming potentials."
Studies of electrical phenomena in bone have
demonstrated a mechanical-electrical transduction
mechanism that appears when bone is mechanically
compressed, causing movement of fluid and electrolytes
over the surface of fixed negative charges on the
surface of bone cells, thus producing streaming
potentials. These electrical potentials serve a
purpose in bone, and, along with mechanical strain,
lead to signal transduction that is capable of
stimulating bone cell synthesis of a calculable
matrix, and, hence, the formation of bone. [0008] The
main application of direct current, capacitive
coupling, and PEMFs has been in orthopedics in healing
of nonunion bone fractures (Brighton et al., J. Bone
Joint Surg. 63: 2- 



13, 1981; Brighton and Pollack, J. Bone Joint Surg.
67: 577-585, 1985; Bassett et al., Crit. Rev. Biomed.
Eng. 17: 451-529, 1989; Bassett et al., J. Am. Med.
Assoc. 247: 623-628, 1982). Clinical responses have
been reported in avascular necrosis of hips in adults
and Legg-Perthes's disease in children (Bassett et
al., Clin. Orthop. 246: 172-176, 1989; Aaron et al.,
Clin. Orthop. 249: 209-218, 1989; Harrison et al., J.
Pediatr. Orthop. 4 : 579-584, 1984). It has also been
shown that PEMFs (Mooney, Spine 15: 708-712, 1990) and
capacitive coupling (Goodwin, Brighton et al., Spine
24: 1349-1356, 1999) can significantly increase the
success rate of lumbar fusions. There are also reports
of augmentation of peripheral nerve regeneration and
function and promotion of angiogenesis (Bassett,
Bioessays 6 : 36-42, 1987). Patients with persistent
rotator cuff tendonitis refractory to steroid
injection and other conventional measures, showed
significant benefit compared with placebo-treated
patients (Binder et al., Lancet 695-698, 1984).
Finally, Brighton et al. have shown in rats the
ability of an appropriate capacitive coupling electric
field to both prevent and reverse vertebral
osteoporosis in the lumbar spine (Brighton et al., .
Orthop. Res. 6 : 676-684, 1988; Brighton et al., .
Bone Joint Surg. 71: 228-236, 1989). [0009] Research
in this area has focused on the effects stimulation
has on tissues and cells. For example, it has been
conjectured that direct currents do not penetrate
cellularmembranes, and that control is achieved via
extracellular matrix differentiation (Grodzinsky,
Crit. Rev. Biomed. Eng. 9:133-199, 1983). In contrast
to direct currents, it has been reported that PEMFs
can penetrate cell membranes and either stimulate them
or directly affect intracellular organelles. An
examination of the effect of PEMFs on extracellular
matrices and in vivo endochondral ossification found
increased synthesis of cartilage molecules and
maturation of bone trabeculae (Aaron et al., J. Bone
Miner. Res. 4 : 227-233, 1989). More recently, Lorich
et al. (Clin. Orthop. Related Res. 350: 246-256, 1998)
and Brighton et al. (J. Bone Joint Surg. 83- A,
1514-1523, 2001) reported that signal transduction of
a capacitively coupled electric signal is via voltage
gated calcium channels, whereas signal transduction of
PEMFs or combined electromagnetic fields is via the
release of calcium from intracellular stores. In all
three types of electrical stimulation there is an
increase in cytosolic calcium with a subsequent
increase in activated (cytoskeletal) calmodulin.
[0010] It was reported in 1996 by the present
inventors that a cyclic biaxial 0.17% mechanical
strain produces a significant increase in TGF-b mRNA
in cultured MC3T3-E1 bone cells in a Cooper dish
(Brighton et al., Biochem. Biophys. Res. Commun. 229:
449-453, 1996). Several significant studies followed
in 1997. In one study it was reported that the same
cyclic biaxial 0.17% mechanical strain produced a
significant increase in PDGF-A mRNA in similar bone
cells (Brighton et al., Biochem. Biophys. Res. Commun.
43: 339-346, 1997). It was also reported that a 60 kHz
capacitively coupled electric field of 20 mV/cm
produced a significant increase in TGF-b in similar
bone cells in a Cooper dish (Brighton et al., Biochem.
Biophys. Res. Commun. 237: 225-229, 1997). It has also
been reported that chondrocyte matrix genes and
proteins can be up-regulated by specific and selective
electric fields (Wang, W., Wang, Z., Zhang, G., Clark,
CC, and Brighton, CT., Clin. Orthp. and Related Res.,
427S: S163-173, 2004; Brighton, CT., Wang, W., and
Clark, CC, Biochem. Biophys. Res. Commun., 342: 556-
561, 2006). Further, it has been shown that the gene
expression of bone morphogenetic proteins (BMPs) can
also be up-regulated by specific and selective
electric fields that differ from the electric fields
in various signal aspects from those signals that are
specific and selective for articular cartilage (Wang,
Z., Clark, C C and Brighton, CT., J. Bone Joint Surg.,
88: 1053-1065, 2006). [0011] In the above-referenced
parent patent application, entitled Regulation of
Genes Via Application of Specific and Selective
Electrical and Electromagnetic Signals, methods were
disclosed for determining the specific and selective
electrical and electromagnetic signals for use in
creating fields for regulating target genes of
diseased or injured tissues. The present invention
builds upon the technique described therein by
describing the method of regulating expression ofone
targeted gene family, namely, fibroblastic growth
factor-2 (FGF-2) gene expression, through application
of a field generated by a specific and selective
electrical and electromagnetic signal, for the
treatment of bone diseases and injuries including
osteoporosis, osteopenia, osteonecrosis, bone defects,
fresh fractures, fractures at risk, delayed union,
nonunion, bone defects, and as an adjunct in spinal
fusion. SUMMARY OF THE INVENTION [0012] The present
invention relates to regulating fibroblastic growth
factor-2 (FGF-2) gene expression in bone cells (as an
example) via the application of specific and selective
electric and/or electromagnetic fields generated by
the application of specific and selective signals to
coils, electrodes, or other field generating devices
adjacent the bone or tissue cells of interest. By
performing sequential dose-response curves on the
signal duration, amplitude, frequency, and duty cycle
in which the effects of the resultant electric field
are measured, the optimal signal for up-regulating
FGF-2 mRNA in bone cells was discovered. The optimal
signal generated a capacitively coupled electric field
with an amplitude of 20-40 mV/cm, a duration of 24
hours, a frequency of 60 kHz, and a duty cycle of
50-100%. In particular, the present invention relates
to up-regulating FGF-2 gene expression in bone cells
via the application of fields generated by such
signals. [0013] In an exemplary embodiment of the
invention, methods are provided to specifically and
selectively up-regulate the gene expression (as
measured by FGF-2 mRNA) with capacitively coupled
electric fields, electromagnetic fields, or combined
fields. Osteoporosis, osteopenia, osteonecrosis, fresh
fractures, fractures at risk, delayed unions, nonunion
fractures, bone defects, as an adjunct in spinal
fusion and the like are treated with a capacitively
coupled electric field of about 20-40 mV/cm with a
field duration of about 24 hours, a frequency of 60
kHz, a duty cycle of 50%- 100%, and a sine wave
configuration that causes the expression of 



FGF-2 to be up-regulated. In accordance with the
method of the invention, a "specific and selective"
signal is a signal that has predetermined
characteristics of amplitude, duration, dutycycle,
frequency, and waveform that up-regulates the
expression of the FGF-2 gene (specificity). This
allows one to choose different signals to up-regulate
FGF-2 gene expressions in order to achieve a given
biological or therapeutic response (selectivity). The
invention further relates to devices employing the
methods described herein to generate specific and
selective signals that create electric and/or
electromagnetic fields to up-regulate the expression
of the FGF-2 gene. [0014] In related aspects, the
invention relates to methods and devices for the
treatment of osteoporosis, osteopenia, osteonecrosis,
fresh fractures, fractures at risk, delayed unions,
nonunion fractures, bone defects, as an adjunct in
spinal fusion and other therapies treating oneor more
of the above conditions. The method of the invention
also includes the methodology for determining the
"specific and selective" signal for FGF-2 gene
expression by methodically varying the duration of a
starting signal known to increase, or suspected to
increase, cellular production of FGF-2. After finding
the optimal duration, the amplitude of the signal is
varied for the optimal duration of time as determined
by the gene expression of FGF-2. The duty cycle,
frequency, and waveform are varied methodically in the
same dose response manner while keeping the other
signal characteristics constant. This process is
repeated until the optimal signal is determined that
produces the greatest increase in the expression of
FGF-2. [0015] These and other aspects of the present
invention will be elucidated in the following detailed
description of the invention. BRIEF DESCRIPTION OF THE
DRAWINGS [0016] Figure 1 is a graphic representation
of the mRNA expression of FGF-2 when bone cells are
exposed to various capacitively coupled electric field
amplitudes. As indicated, the maximum expression for
FGF-2 mRNA occurred with a signal of 20 mV/cm to 40
mV/cm. [0017] Figure 2 is a graphic representation of
the mRNA expression of FGF-2 when bone cells are
exposed a capacitively coupled electric field with an
amplitude of 20 mV/cm for various time durations. As
indicated, the maximum expression for FGF-2 mRNA
occurred with a duration of 24 hours. [0018] Figure 3
is a graphic representation of the mRNA expression of
FGF-2 when bone cells are exposed to various
capacitively coupled electric field frequencies with a
field amplitude of 20 mV/cm and a signal duration of
24 hours. As indicated, the maximum expression for
FGF-2 mRNA occurred with a frequency of 60 kHz. [0019]
Figure 4 is a graphic representation of the mRNA
expression of FGF-2 when bone cells are exposed to
various capacitively coupled electric field duty
cycles with a frequency of 60 kHz, a field amplitude
of 20 mV/cm, and a signal duration of 24 hours. As
indicated, the maximum expression for FGF-2 mRNA
occurred with a 50% to 100% duty cycle with a sine
wave configuration. [0020] Figure 5 is a graphic
representation of FGF-2 protein production when bone
cells are exposed 24 hours to a capacitively coupled
electric field of a 50% duty cycle with a field
amplitude of 10 to 40 mV/cm, a frequency of 60 kHz,
and a sine wave configuration. As indicated, the
amount of FGF-2 protein increase was greatest with 20
mV/cm to 40 mV/cm fields. [0021] Figure 6 is a diagram
illustrating a device for the treatment of
osteoporosis of the knee, for example, in accordance
with an exemplary application of the present
invention.DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS [0022] The invention will be described in
detail below with reference to Figures 1-6. Those
skilled in the art will appreciate that the
description given herein with respect to those figures
is for exemplary purposes only and is not intended in
any way to limit the scope of the invention. All
questions regarding the scope of the invention may be
resolved by referring to the appended claims. [0023]
The present invention is based on the discovery that
the expression of certain genes can be regulated by
the application of fields generated by specific and
selective electric and/or electromagnetic signals
applied to coils, electrodes, or other field
generating devices in the vicinity of the genes. In
other words, it has been discovered by the present
inventor that there is a specific electric and/or
electromagnetic signal that generates a field for
regulating each gene in bone, cartilage and other
tissue cells and that these specific signals are
capable of specifically and selectively regulating the
genes in such cells. In particular, gene expression
governing the growth, maintenance, repair, and
degeneration or deterioration of tissues or cells can
be regulated in accordance with the invention via the
application of fields generated by application of
specific and selective electric and/or electromagnetic
signals to field generating devices so as to produce a
salutary clinical effect. Such discoveries are useful
in the development of treatment methods that target
certain medical conditions including osteoporosis,
osteopenia, osteonecrosis, fresh bone fractures,
fractures at risk, delayed union, nonunion, bone
defects, spine fusion, and as an adjunct in the
treatment of any one or more of the above conditions.
[0024] As used herein, the phrase "signal" is used to
refer to a variety of signals including mechanical
signals, ultrasound signals, electromagnetic signals
and electric signals output by a device. It is to be
understood that the term "field" as used herein refers
to an electrical field within targeted tissue, whether
it is a combined field or a pulsed electromagnetic
field or generated by direct current, capacitive
coupling or inductive coupling. [0025] The phrase
"remote" is used to mean acting, acted on or
controlled from a distance. "Remote" regulation refers
to controlling the expression of a gene from a
distance. To provide "remotely" refers to providing
from a distance. For example, providing a specific and
selective signal from a remote source can refer to
providing the signal from a source at a distance from
a tissue or a cell, or from a source outside of or
external to the body. 



[0026] The phrase "specific and selective" signal
means a signal that produces an electric field that
has predetermined characteristics of amplitude,
duration, duty cycle, frequency, and waveform that
up-regulate or down-regulate a targeted gene or
targeted functionally complementary genes
(specificity). This allows one to choose different
"specific and selective"signals to up-regulate or
down-regulate expression of various genes in order to
achieve a given biological or therapeutic response
(selectivity). [0027] The term "regulate" means to
control gene expression. Regulate is understood to
include both up-regulate and down-regulate.
Up-regulate means to increase expression of a gene,
while down-regulate means to inhibit or prevent
expression of a gene. [0028] "Functionally
complementary" refers to two or more genes whose
expressions are complementary or synergistic in a
given cell or tissue. [0029] "Tissue" refers to an
aggregate of cells together with their extracellular
substances that form one of the structural materials
of a patient. As used herein, the term "tissue" is
intended to include any tissue of the body including
muscle and organ tissue, tumor tissue as well as bone
or cartilage tissue. Also, the term "tissue" as used
herein may also refer to an individual cell. [0030]
"Patient" refers to an animal, preferably a mammal,
more preferably a human. [0031] The present invention
provides treatment methods and devices that target
certain tissues, cells or diseases. In particular, the
gene expression associated with the repair process in
injured or diseased tissues or cells can be regulated
by the application of fields generated by electric
signals that are specific and selective for the genes
to be regulated in the target tissues or cells. Gene
expression can be up-regulated or down-regulated by
the application of signals that are specific and
selective for each gene or each set of complementary
genes so as to produce a beneficial clinical effect.
For example, a particular specific and selective
signal may create an electric field that up-regulates
a certain desirable gene expression, while the same or
another particular specific and selective signal may
create an electric field that down-regulates a certain
undesirable gene expression. A certain gene may be
up-regulated by a field generated by one particular
specific and selective signal and down-regulated by a
field generated by another specific and selective
signal. Those skilled in the art will understand that
certain diseased or injured tissues can be targeted
for treatment by regulating those genes governing the
growth, maintenance, repair, and degeneration or
deterioration of the tissues. [0032] The methods and
devices of the present invention are based on
identifying those signals that generate fields that
are specific and selective for the gene expression
associated with certain targeted diseased or injured
tissue. For example, fields of electricity applied in
various forms (e.g., capacitive coupling, inductive
coupling, or combined fields) can specifically and
selectively regulate gene expression in targeted
tissues or cells in a patient's body by varying the
frequency, amplitude, waveform or duty cycle of the
signal applied to the field generating device for
generation of the applied field for each selected
gene. The duration of time exposed to electric field
can also influence the capability of the electric
field to specifically and selectivelyregulate gene
expression in targeted tissues or cells in a patient's
body. Specific and selective signals may generate
electric fields for application to each gene
systematically until the proper combination of
frequency, amplitude, waveform, duty cycle, and
duration is found that provides the desired effect on
gene expression. [0033] It is to be understood that a
variety of diseased or injured tissues or disease
states can be targeted for treatment because the
specificity and selectivity of an electric field for a
certain gene expression can be influenced by several
factors. In particular, an electrical field generated
from an electrical signal having the appropriate
frequency, amplitude, waveform and/or duty cycle can
be specific and selective for the expression of
certain genes and thus provide for targeted
treatments. Temporal factors (e.g., duration of time
exposed to the electrical field) can also influence
the specificity and selectivity of an electric field
for a particular gene expression. The regulation of
gene expression may be more effective (or made
possible) via the application of an electrical field
for a particular duration of time. Therefore, those
skilled in the art will understand that the present
invention provides for varying the frequency,
amplitude, waveform, duty cycle and/or duration of
application of an electric signal that generates an
electric field until the electric field is found to be
specific and selective for certain gene expressions in
order to provide for treatments targeting a variety of
diseased or injured tissue or diseases. [0034] Thus,
the present invention can provide for targeted
treatments because it is possible to regulate
expression of certain genes associated with a
particular diseased or injured tissue via the
application of electric fields generated by specific
and selective signals of appropriate frequency,
amplitude, waveform and/or duty cycle for an
appropriate duration of time. The specificity and
selectivity of a signal generating an electrical field
may thus be influenced so as to regulate the
expression of certain genes in order to target certain
diseased or injured tissue or disease states for
treatment. In particular, the present invention
provides for the targeted treatment of osteoporosis,
osteopenia, osteonecrosis, fresh bone fractures,
fractures at risk, nonunion, bone defects, spine
fusion, and as an adjunct in the treatment of one or
any of the above conditions. [0035] The devices of the
present invention are capable of applying specific and
selective signals to a field generating device for the
generation of a specific and selective field that is
applied directly to diseased or injured tissue and/or
to the skin of a patient. The devices of the present
invention may also provide for the remote application
of specific and selective fields (e.g., application of
a field at a distance from diseased or injured tissue
yet which yields the desired effect within the
targeted cells), although it will be appreciated that
capacitively coupleddevices must touch the subject's
skin. The devices of the present invention may include
means for attaching the electrodes to the body of a
patient in the vicinity of injured or diseased tissue
in the case of capacitive coupling. For example,
self-adherent conductive electrodes may be 



attached to the skin of the patient on both sides of a
fractured bone. As shown in Figure 6, the device 10 of
the present invention may include self-adherent
electrodes 12 for attaching the device to the body of
a patient. For example, the device 10 of the present
invention may include electrodes attached to a power
unit 14 that has a VELCRO(r) patch 16 on the reverse
side such that the power unit 14 can be attached to a
VELCRO(r) strap (not shown) fitted around a cast on
the patient. In the case of inductive coupling, the
device of the present invention may include coils
attached to a power unit in place of electrodes. The
self-adherent strip electrodes also may be attached to
the back of a patient, with each electrode of a pair
of electrodes running parallel to the spine, with one
electrode of the pair of electrodes placed
longitudinally on one side of the spine and the other
electrode of the pair placed longitudinally on the
opposite side of the spine. In this case, the
VELCRO(r) patch may be part of a garment worn by the
patient. [0036] The device 10 of the present invention
can be employed in a variety of ways. The device 10
may be portable or may be temporarily or permanently
attached to a patient's body. The device 10 of the
present invention is preferably non-invasive. For
example, the device 10 of the present invention may be
applied to the skin of a patient by application of
electrodes adapted for contact with the skin of a
patient for the application of electric fields
generated by the predetermined specific and selective
electric signals. Such signals may also be applied via
coils in which time varying currents flow, thus
producing specific and selective electromagnetic
fields that penetrate the tissue and create the
specific and selective electric fields in the target
tissue. For example, the coils may be incorporated
into the patient's clothing and placed adjacent the
patient's spine and/or hip as described in US Patent
No. 7,158,835. The device 10 of the present invention
may also be capable of implantation in a patient,
including implantation under the skin of a patient.
[0037] Those skilled in the art will further
understand that the devices of the present invention
can be provided in a variety of forms including a
capacitively coupled power unit with programmed,
multiple, switchable, specific and selective signals
for application to one pair or to multiple pairs of
electrodes, electromagnetic coils or a solenoid
attached to a power unit with switchable, multiple,
specific and selective signals, and an ultrasound
stimulator with a power supply for generating specific
and selective signals. Generally speaking, device
preference is based on patient acceptance and patient
compliance. The smallest and most portable unit
available in the art at the present time is a
capacitive coupling unit; however, patients
withextremely sensitive skin may prefer to use
inductive coupling units. On the other hand,
ultrasound units require the most patient cooperation,
but may be desirable for use by certain patients.
Example [0038] The invention is demonstrated in the
following example, which is for purposes of
illustration and is not intended to limit the scope of
the present invention. Materials and Methods [0039]
MC3T3-E1 bone cells (5 x 105 cells/cm2) were plated
onto specially-modified Cooper dishes. The cells were
grown for seven days with the medium changed just
prior to beginning of the experimental condition. The
experimental cell cultures throughout these studies
were subjected to a capacitively coupled 60 kHz sine
wave signal with an output of 44.81 V peak-to-peak.
This produced a calculated-field strength in the
culture medium in the dishes of 20 mV/cm with a
current density of 300 mA/cm2 . Control cell culture
dishes were identical to those of the stimulated
dishes except that the electrodes were not connected
to a function generator. [0040] At the end of the
experiment, total RNA was isolated using TRIzol,
according to the manufacturer's instructions, and
reversed transcription (RT) using Superscript II
reverse transcriptase was performed. Oligonucleotide
primers to be used in the real time RT-PCR technique
were selected from published cDNA sequences or
designed using the Primer Express software program.
Quantitative real-time analysis of RT-PCR products was
performed using an ABI Prism(r) 7000 Sequence
Detection System. [0041] The optimal signal for the
desired up-regulation of the FGF-2 gene-among
others-was found systematically as follows. An
electrical signal known to cause creation of an
electric field that increases (or even just suspected
to increase) cellular production of a given protein is
taken as the starting signal for determining the
specific signal for generating the electric field in
the targeted tissue for the gene expression (mRNA) of
that protein. A doseresponse curve is first performed
by varying the amplitude of the signal while holding
all the other signal characteristics constant
(duration, duty cycle, frequency, and waveform)
(Figure 1). This determines the optimal amplitude of
the starting signal for the gene expression of that
protein. A second dose-response curve is then
performed, this time varying the duration of the
electric field in the targeted tissue (in mV/cm) while
holding the optimal amplitude and other signal
characteristics constant (Figure 2). A third dose
response is performed, this time varying the signal
frequency while holding constant the optimal amplitude
and optimal duration as found previously (Figure 3). A
fourth dose-response is performed varying the duty
cycle from 100%(constant) to 10% or less while holding
constant the optimal amplitude, duration, and
frequency as found previously (Figure 4). By this
method, an optimal signal is determined for producing
the greatest increase in the gene expression of FGF-2.
Of course, as evidence by the figures, other signals
induce an increase in gene expression of FGF-2 as
well; however, such signals are less preferable as
they do not induce the identified optimized response.
[0042] A fifth experiment is performed using a
continuous 50% duty cycle (capacitive coupling, 60
kHz, sine wave) to compare a 10 mV/cm field to a 20
mV/cm field to a 40 mV/cm field in the targeted tissue
in the production of the FGF-2 protein. As indicated,
the FGF-2 protein increased significantly in the 20
mV/cm and 40 mV/cm fields but not in the 10 mV/cm
field (Figure 5). 



[0043] The present invention clearly shows that the
optimal electric field described in the example can
very significantly up-regulate FGF-2 mRNA and, hence,
increase bone formation in osteoporosis, osteopenia,
osteonecrosis, fresh bone fractures, fractures at
risk, nonunion, bone defects, spine fusion, and as an
adjunct in the treatment of one or any of the above.
Those skilled in the art will appreciate that an
appropriate electric field, as described herein with
capacitive coupling, is also equally effective with
inductive coupling and all electromagnetic systems
that produce equivalent, or nearly equivalent,
electric field characteristics. Those skilled in the
art will also appreciate that more unique signal
characteristics may be discovered through more
experimentation with more data points (e.g., a 100  3%
duty cycle for 30  3 min), but such relatively minor
variations in each of the signal characteristics are
believed to be within the level of those skilled in
the art given the teachings herein. [0044] Those
skilled in the art will also appreciate that numerous
other modifications to the invention are possible
within the scope of the invention. For example, the
optimal field described herein can be applied to any
bone via two or more appropriate surface electrodes,
in pairs or strips, incorporated in braces, wraps, or
casts, and delivered by means of capacitive coupling.
Also, the optimal field described here can be applied
to any bone via coil(s) or solenoid incorporated into
braces, wraps, or casts, and delivered by means of
inductive coupling. Accordingly, the scope of the
invention is not intended to be limited to the
preferred embodiment described above, but only by the
appended claims.What is Claimed: 1. A method of
up-regulating the gene expression of fibroblastic
growth factor-2 (FGF-2 mRNA) or FGF-2 protein
production in targeted tissue, comprising: generating
at least one specific and selective signal having a
frequency of approximately 60 kHz that when applied to
electrodes, one or more coils, or other field
generating devices operatively disposed with respect
to said targeted tissue causes the generation of an
electric and/or electromagnetic field having an
amplitude of approximately 20 to 40 mV/cm in the
targeted tissue that is specific and selective for the
up-regulation of the gene expression of FGF-2 and/or
the up-regulation of FGF-2 protein in the targeted
tissue as measured by mRNA when said field is applied
to the targeted tissue containing said FGF-2; and
exposing said targeted tissue to the specific and
selective field generated by said electrodes, one or
more coils, or other field generating devices upon
application of said at least one specific and
selective signal thereto for a duration of
approximately 24 hours per 24 hour period at a
predetermined duty cycle of 50% to 100% so as to
selectively up-regulate the gene expression of FGF-2
as measured by mRNA and/or up-regulate FGF-2 protein
in said targeted tissue. 2. The method of claim 1
wherein the generating step comprises the step of
selectively varying the amplitude, duration, duty
cycle, frequency, and waveform of the applied specific
and selective signal until the gene expression of
FGF-2 as measured by mRNA and/or FGF-2 protein in said
targeted tissue as a result of exposure to the
resultant specific and selective field in the targeted
tissue is substantially increased. 3. The method of
claim 1 wherein the generating step comprises the step
of generating an electric signal having a sine wave
configuration where the resultant specific and
selective field in the targeted tissue has an
amplitude of approximately 20 to 40 mV/cm. 4. The
method of claim 1 wherein said generating step
comprises the step of generating the specific and
selective signal at a remote source and said exposing
step comprises the step of applying the specific and
selective field to targeted bone tissue. 5. The method
of claim 4 wherein the exposing step comprises the
step of applying the specific and selective field in
the targeted tissue generated by the electrodes, one
or more coils, or other field generating devices upon
application of said at least one specific and
selective signal thereto to the targeted bone tissue
through capacitive coupling or inductive coupling.6.
The method of claim 5 wherein the specific and
selective signal applied to said electrodes causes the
electrodes to generate a capacitive coupling electric
field, and the specific and selective signal applied
to said one or more coils causes said one or more
coils to generate an electromagnetic field or a
combined field. 7. A method for treating conditions
including osteoporosis, osteopenia, osteonecrosis,
fresh bone fractures, fractures at risk, nonunion,
bone defects, spine fusion, and as an adjunct in the
treatment of one or any of said conditions to increase
bone formation for conditions in which FGF-2 mRNA
and/or FGF-2 protein has been implicated in a patient,
comprising: generating at least one specific and
selective signal having a frequency of approximately
60 kHz that when applied to electrodes, one or more
coils, or other field generating devices operatively
disposed with respect to said targeted tissue causes
the generation of an electric and/or electromagnetic
field having an amplitude of approximately 20 to 40
mV/cm in the targeted tissue that is specific and
selective for the up-regulation of the gene expression
of FGF-2 and/or the up-regulation of FGF-2 protein in
the targeted tissue as measured by mRNA when said
field is applied to the targeted tissue containing
said FGF-2; and exposing said targeted tissue to the
specific and selective field generated by said
electrodes, one or more coils, or other field
generating devices upon application of said at least
one specific and selective signal thereto for a
duration of approximately 24 hours per 24 hour period
at a predetermined duty cycle of 50% to 100% so as to
selectively up-regulate the gene expression of FGF-2
as measured by mRNA and/or up-regulate FGF-2 protein
in said targeted tissue. 8. The method of claim 7
wherein the exposing step comprises the step of
capacitively coupling or inductively coupling the
specific and selective field to the targeted tissue.
9. The method of claim 7 wherein the exposing step
comprises the step of applying 



either an electromagnetic field or a combined field to
the targeted tissue. 10. The method of claim 7 wherein
the generating step comprises the step of generating
an electric signal having a sine wave configuration
where the resultant specific and selective field has
an amplitude of approximately 20 to 40 mV/cm in the
targeted tissue. 11. The method of claim 7 wherein the
generating step comprises the steps of starting with
any electric signal that when applied to said
electrodes, one or more coils, or other
fieldgenerating devices generates an electric and/or
electromagnetic field that is known or thought to be
effective on living cells, performing a first
dose-response curve on the duration of stimulation of
the field to determine an optimal duration; performing
a second dose-response curve on the amplitude of the
applied electric signal using the optimal duration as
previously found to determine an optimal amplitude;
performing a third dose-response curve on the
frequency of the applied electric signal keeping the
optimal duration and optimal amplitude as previously
found to determine an optimal frequency; performing a
fourth dose-response curve varying the duty cycle of
the applied electric signal and keeping the optimal
duration, amplitude, and frequency as previously found
to determine an optimal duty cycle, and keeping the
optimal duration, amplitude, frequency and duty cycle
constant while varying the wave form until an optimal
wave form for the up-regulation of the gene expression
of FGF-2 as measured by mRNA and upregulation of the
FGF-2 protein in the tissue is found. 12. A device for
the treatment of increase bone formation in
osteoporosis, osteopenia, osteonecrosis, fresh bone
fractures, fractures at risk, nonunion, bone defects,
spine fusion, and as an adjunct in the treatment
osteoporosis, osteopenia, osteonecrosis, fresh bone
fractures, fractures at risk, nonunion, bone defects,
spine fusion, and/or other conditions in which FGF-2
mRNA and/or FGF-2 protein has been implicated in a
patient, comprising: a signal source that generates at
least one specific and selective signal having a
frequency of approximately 60 kHz, said signal source
controlling and varying duration of time of
application of said at least one specific and
selective signal for a duration of approximately 24
hours per 24 hour period at a predetermined duty cycle
of 50% to 100%; and electrodes, one or more coils, or
other field generating devices connected to the signal
source so as to receive said at least one specific and
selective signal and that are operatively disposed
with respect to targeted tissue, said electrodes, one
or more coils, or other field generating devices upon
receipt of said at least one specific and selective
signal causing the generation of a specific and
selective electric and/or electromagnetic field having
an amplitude of approximately 20 to 40 mV/cm in the
targeted tissue that is specific and selective for the
upregulation of the gene expression of FGF-2 and/or
the up-regulation of FGF-2 protein in the targeted
tissue as measured by mRNA when said field is applied
to the targeted tissue containing said FGF-2. 13. The
device of claim 12 further comprising a portable power
unit that drives said signal source.14. The device of
claim 12 further comprising means for attaching the
field generating device to the body of a patient in
the vicinity of targeted bone tissue. 15. The device
of claim 12 further comprising means for attaching the
signal source to the body of a patient. 16. The device
of claim 12 wherein the field generated by application
of said at least one specific and selective signal to
the electrodes, coils, or other filed generating
devices is applied to said targeted tissue via
capacitive coupling or inductive coupling. 17. The
device of claim 16 wherein the specific and selective
signal has a sine wave configuration. 18. A method of
increasing bone formation in patients having
conditions including osteoporosis, osteopenia,
osteonecrosis, fresh bone fractures, fractures at
risk, nonunion, bone defects, spine fusion, and as an
adjunct in the treatment of one or any of the such
conditions in which FGF-2 protein has been implicated
in a patient, comprising the step of exposing targeted
bone tissue to the specific and selective field
generated by the device of claim 12 so as to
upregulate gene expression of FGF-2 by measuring mRNA
and increasing FGF-2 protein in the targeted bone
tissue. 19. A method of determining a specific and
selective signal that when applied to an electrode,
one or more coils or other field generating device
causes the generation of a field in targeted tissue
that up-regulates FGF-2 mRNA and FGF-2 protein in the
targeted tissue, comprising the steps of starting with
a starting electric signal with a signal shape and
frequency that when applied to said electrodes, one or
more coils, or other field generating devices
generates an electric and/or electromagnetic field
that is known or thought to affect cellular production
of FGF-2 mRNA and/or FGF-2 protein, selectively
varying a duration of application of said starting
signal until a duration that provides a most
significant increase in production of FGF-2 mRNA
and/or FGF-2 protein is found, selectively varying an
amplitude of the starting signal until an amplitude
that provides a most significant increase in
production of FGF-2 mRNA and/or FGF-2 protein is
found, selectively varying a duty cycle of the
starting signal until a duty cycle that provides a
most significant increase in production of FGF-2 mRNA
and/or FGF-2 protein is found, and selectively varying
an on-off interval of the duty cycle of the signal
until an on-off interval that provides a most
significant increase in production of FGF-2 mRNA
and/or FGF-2 protein is found.20. A method as in claim
19, comprising the further steps of selectively
varying a frequency and waveform of said starting
signal, keeping other signal characteristics constant,
until a most significant increase in production of
FGF-2 mRNA and/or FGF-2 protein is found. 


