
FUSED HETEROCYCLIC COMPOUNDS USEFUL AS KINASE
MODULATORS [0001] This application claims priority
benefit under Title 35  119(e) of United States
Provisional Application No. 60/719,519 filed September
22, 2005, the content of which is incorporated herein
by reference. FIELD OF THE INVENTION [0002] This
invention relates to fused heterocyclic compounds
useful as kinase modulators, including the modulation
of MAPKAP kinase-2 (MK2). The invention further
pertains to pharmaceutical compositions containing at
least one compound according to the invention that are
useful for the treatment of conditions related to
kinase modulation and methods of inhibiting the
activity of kinases, including MK2, in a mammal.
BACKGROUND OF THE INVENTION [0003] A large number of
cytokines participate in the inflammatory response,
including IL-I, IL-6, IL-8 and TNF-a. The
overproduction of cytokines such as IL-I and TNF-a is
implicated in a wide variety of diseases, including
inflammatory bowel disease, rheumatoid arthritis,
psoriasis, multiple sclerosis, endotoxin shock,
osteoporosis, Alzheimer's disease, and congestive
heart failure. See e.g. Henry et ah, Drugs FuL, Vol.
24 (1999), at pp. 1345-1354; and Salituro et ah, Curr.
Med. Chem., Vol. 6 (1999), at pp. 807-823. Evidence in
human patients indicates that protein antagonists of
cytokines are effective in treating chronic
inflammatory diseases, such as, for example,
monoclonal antibody to TNF-a (Enbrel) (see Rankin et
ah, Br. J. Rheumatol., VoI 34 (1995), at pp. 334-342),
and soluble TNF-a receptor-Fc fusion protein
(Etanercept) (see Moreland et ah, Ann. Intern. Med.,
Vol. 130 (1999), at pp. 478-486). [0004] The
biosynthesis of TNF-a occurs in many cell types in
response to an external stimulus, such as, for
example, a mitogen, an infectious organism, or trauma.
Important mediators of TNF-a production are the
mitogen-activated protein (MAP) kinases, including p38
kinase (p38). Activation of p38 requires dual
phosphorylationby an upstream MAP kinase (MKK3 and
MKK6) on threonine and tyrosine within a Thr-Gly-Tyr
motif characteristic of p38 isozymes. The p38 kinase
is an upstream kinase of mitogen-activated protein
kinase-activated protein kinase-2 (MAPKAP K2 or MK2).
See Freshney et al, Cell, Vol. 78 (1994), at pp.
1039-1049. [0005] MK2 is a protein that appears to be
predominantly regulated by p38 in cells hi fact, MK2
was the first substrate of p38a to be identified, and
in vitro phosphorylation of MK2 by p38a is required
for MK2 activation. MK2, in turn, phosphorylates
substrates including, but not limited to, heat shock
protein 27 (HSP27), lymphocyte-specific protein 1
(LAP-I), leukocyte-specific protein- 1 (LSP- 1),
5-lipoxygenase (5-LO), cAMP response element-binding
protein (CREB), ATFl, serum response factor (SRF),
tyrosine hydroxylase, and most importantly, adenosine
and uridine-rich element (ARE) binding proteins. ARE
binding proteins regulate the rnRNA stability of
inflammatory mediators such as TNFa and COX-2. [0006]
Targeted mutations have been introduced into the mouse
MK2 gene that resulted in the generation of
MK2-defcient mice. See Kotlyarov et al, Nat. Cell
Biol. , Vol. 1 (1999), at pp. 94-97. These
MK2-deficient mice exhibited increased stress
resistance to LPS-induced endoxic shock and had a
better survival rate compared to mice that retained
the MK2 gene. See id. Isolated splenocytes from these
mice challenged with LPS had reduced levels of TNFa,
IL-I b, JL-6 and IFNg. See id. More recently, Lehner
et al. reported that MK2-deficient mice showed
increased susceptibility to Listeria moocytogenes
infection and concluded that MK2 had an essential role
in host defense against intracellular bacteria,
probably through the regulation of TNFa and IFNg, two
of the cytokines required for the activation of
antibacterial effector mechanisms. See Lehner et al.,
J. Immunol., Vol. 168 (2002), at pp. 4667-4673.
Moreover, since MK2 is located immediately downstream
of p38 in the p38 signaling pathway, it is recognized
that MK2 could act as a focal point for more
selectively modulating the inflammatory pathway
thereby reducing the possibility of undesirable side
effects. [0007] Pyrazolo[l,5-a]pyrimidine derivatives
have been disclosed in WO2004076458(Al) and described
as having kinase inhibiting activity.[0008] New
compounds and methods of modulating the activity of
kinases, including MK2, would be desirable in the
treatment of diseases and disorders that are mediated
by cytokines, such as TNFa. It would be even more
desirable to provide MK2 inhibitors that have improved
potency and reduced undesirable side effects. SUMMARY
OF THE INVENTION [0009] The present invention provides
compounds useful in treating inflammatory or immune
disease having the formula (I): (I) or an enantiomer,
diastereomer, or a pharmaceutically-acceptable salt,
thereof, 



wherein: one of E or F is N, and the other of E or F
is C; X is NR4R5; Z is N or CR3 provided that if E is
N then Z is N; Y is selected from hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, halogen, nitro, cyano,
SR8, S(O)^R8, OR8, NR6R7, CO2R8, C(=O)R8, 0-CC=O)R8,
CC=O)NR8R9, cycloalkyl, cycloalkenyl, cycloalkynyl,
heterocyclo, aryl, and heteroaryl, provided that if Y
is hydrogen then R4 is phenyl substituted with a
carboxamido group; R1 and R2 are independently
selected from Ci) hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, halogen, nitro, cyano, SR10, ORio, NR10R1 1,
NR10C(=O)Ru , CO2R10, C(=O)R10, -O-C(=O)Ri 0,
CC=O)NR10R1 1, cycloalkyl, heterocyclo, aryl, and
heteroaryl; or (ii) R1 is taken together with R2 and
the ring atoms to which they are attached to form a
fused 5-, 6-, or 7-membered cycloalkyl, aryl,
heteroaryl, or cycloheteroalkyl; R3 is selected from
hydrogen, halogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
nitro, cyano, SR13 , ORi3, NRi3Ri4,NRi3C(=O)R 14,
CO2R13 C(=O)Ri3, -O-C(=O)R 13 , -C(=O)NR 13R14 ,
cycloalkyl, heterocyclo, aryl, and heteroaryl; R4 R R
and R7 are independently selected from hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, OR15, SR15 ,
C(=O)Ri5, CO2Ri5, C(^O)NR 15R16, C(W)OR16, S(O)PR17,
SO2NR15R16, cycloalkyl, heterocyclo, aryl, and
heteroaryl; or (ii) R4 is taken together with R5 and
the nitrogen atom to which they are both attached
and/or R6 is taken together with R7 and the nitrogen
atom to which they are both attached to form a
heteroaryl or heterocyclo; R , Rg, Rio, R11, R13, R14,
Ri5, and Ri6 at each occurrence are independently
selected from (i) hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo; or (ii) together with the nitrogen atom
to which they are attached,.R is taken together with
R9, and/or Ri0 is taken together with Rn, and/or Ri3
is taken together with R14 and/or R15 is taken
together with Ri6 to form a heteroaryl or heterocyclo;
R12, R 17, and R18 at each occurrence are
independently selected from alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo; W at each occurrence is O, S, N, CN, or
NH; and p is 1 or 2, with the following provisos: (1)
if E is C, F is N, Z is CR3, and X is NH(Me), NH(Me)
2, NH(unsubstituted phenyl), or NHNH2, then Y is other
than hydrogen or halogen; and (2) if E is N, F is C, Z
is N, and Y is NR6R7; (a) then X is other than NH(C
1-4alkyl), N(C 1-4alkyl)2, NH(C 1- 4alkenyl), NH(-CH
2-furyl), NHNH2, NH(Cmethoxyalkylene), and NHAc;(b)
and if X is NH(-CH2-(substituted or
unsubstituted)pyridyl) or NH(-CH2-(substituted or
unsubstituted) phenyl), then Y is other than - N
i-propyl , NH(substituted piperidine), or
NH(-CH2-pyridine); (c) and if X is NH(cyclopentyl),
then Y is otlier than NH(cyclopentyl); (d) and if X is
N(CH3)(substituted phenyl) or N(CH3)(pyridyl), then Y
is other than ; or (e) and if X is NH(substituted
phenyl), then Y is other than [0010] The present
invention is also directed to pharmaceutical
compositions useful in treating diseases associated
with kinase modulation, including modulation
(especially inhibition) of MK2, comprising compounds
of formula (T), or pharmaceutically-acceptable salts
thereof, and pharmaceutically-acceptable carriers or
diluents. The invention further relates to methods of
treating diseases associated with the kinase
modulation, including the modulation of MK2,
comprising administering to a patient in need of such
treatment a therapeutically-effective amount of a
compound according to formula (I). DETAILED
DESCRIPTION OF THE INVENTION [0011] The following are
definitions of terms used in this specification and
appended claims. The initial definition provided for a
group or term herein applies to that group or term
throughout the specification and claims, individually
or as part of another group, unless otherwise
indicated. [0012] The term "alkyf ' refers to straight
or branched chain hydrocarbon groups having 1 to 12
carbon atoms, preferably 1 to 8 carbon atoms. Lower
alkyl groups, thatis, alkyl groups of 1 to 4 carbon
atoms, are most preferred. When numbers appear in a 



subscript after the symbol "C", the subscript defines
with more specificity the number of carbon atoms that
a particular group may contain. For example, "C^alkyl"
refers to straight and branched chain alkyl groups
with one to six carbon atoms, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, and
so forth. The subscript "0" refers to a bond. Thus,
the term hydroxy(C0.2)alkyl or (C0.2)hydroxyalkyl
includes hydroxy, hydroxymethyl and hydroxyethyl.
[0013] The term "substituted alkyl" refers to an alkyl
group as defined above having one, two, or three
substituents selected from the group consisting of
halo {e.g., trifluoromethyl), alkenyl, substituted
alkenyl, alkynyl, nitro, cyano, oxo (=O), OR , SR ,
(=S), -NR Rb, -N(alkyl)3 +, -NR SO2, -NRaSO2Rc, -SO2Rc
-SO2NR3Rb, -SO2NRaC(=O)Rb, SO3H, -PO(OH)2, -OC(O)R ,
-C(=O)Ra, -CO2R3, -C(=0)NR 3Rb, -C(=O)(CM
alkylene)NRaRb, -C(=O)NRa(SO2)Rb,
-CO2(C1-4alkylene)NRaRb, -NRaC(=0)R b, -NR3CO2Rb,
-NR3(C1-4alkylene)CO2Rb, =N-0H, =N-O-alkyl, aryl,
cycloalkyl, heterocyclo, and/or heteroaryl,wherein R
and Rb are selected from hydrogen, alkyl, alkenyl,
CO2H, CO2(alkyl), C3-7cycloalkyl, phenyl, benzyl,
phenylethyl, napthyl, a four to seven membered
heterocylo, or a five to six membered heteroaryl, or
when attached to the same nitrogen atom may join to
form a heterocyclo or heteroaryl, and R is selected
from same groups as R3 and Rb but is not hydrogen.
Each group Ra and Rb when other than hydrogen, and
each R0 group optionally has up to three further
substituents attached at any available carbon or
nitrogen atom of R3, Rb, and/or R , said
substituent(s) being selected from the group
consisting Of(C 1- 6)alkyl, (C2-6)alkenyl, hydroxy,
halogen, cyano, nitro, =0 (as valence allows), CF3,
O(C1-6alkyl), OCF3, C(=0)H, C(=O)(Ci-6alkyl), CO2H,
CO2(C1-6alkyl), NHCO2(C1- alkyl), -S(C1-6alkyl), -NH2,
NH(C1-6alkyl), N(C 1-6alkyl)2, N(CH3)3 +,
SO2(C1-6alkyl), C(=O)(C 1-4alkylene)NH2,
C(=O)(C1-4alkylene)NH(alkyl), C(=O)(C1-4alkylene)N(C
1- 4alkyl)2, C3-7cycloalkyl, phenyl, benzyl,
phenylethyl, phenyloxy, benzyloxy, napthyl, a four to
seven membered heterocyclo or cycloalkyl, or a five to
six membered heteroaryl. When a substituted alkyl is
substituted with an aryl (including, for example,
phenyl and napthyl), heterocyclo, cycloalkyl, or
heteroaryl group, saidringed systems are as defined
below and thus may have zero, one, two, or three
substiraents, also as defined below. [0014] One
skilled in the field will understand that, when the
designation "CO2" OI l is used herein, this is
intended to refer to the group C O . [0015] When the
term "alkyl" is used together with another group, such
as in "arylalkyl", this conjunction defines with more
specificity at least one of the substituents that the
substituted alkyl will contain. For example,
"arylalkyl" refers to a substituted alkyl group as
defined above where at least one of the substituents
is an aryl, such as benzyl. Thus, the term
aryl(C0-4)alkyl includes a substituted lower alkyl
having at least one aryl substituent and also includes
an aryl directly bonded to another group, i.e.,
aryl(Co)alkyl. [0016] The term "alkenyl" refers to
straight or branched chain hydrocarbon groups having 2
to 12 carbon atoms and at least one double bond.
Alkenyl groups of 2 to 6 carbon atoms and having one
double bond are most preferred. [0017] The term
"alkynyl" refers to straight or branched chain
hydrocarbon groups having 2 to 12 carbon atoms and at
least one triple bond. Alkynyl groups of 2 to 6 carbon
atoms and having one triple bond are most preferred.
[0018] The term "alkylene" refers to bivalent straight
or branched chain hydrocarbon groups having 1 to 12
carbon atoms, preferably 1 to 8 carbon atoms, e.g.,
{-CH2-}n, wherein n is 1 to 12, preferably 1-8. Lower
alkylene groups, that is, alkylene groups of 1 to 4
carbon atoms, are most preferred. The terms
"alkenylene" and "alkynylene" refer to bivalent
radicals of alkenyl and alkynyl groups, respectively,
as defined above. [0019] When reference is made to a
substituted alkenyl, alkynyl, alkylene, alkenylene, or
alkynylene group, these groups are substituted with
one to three substitutents as defined above for
substituted alkyl groups. [0020] The term
"heteroalkylene" is used herein to refer to saturated
and unsaturated bivalent straight or branched chain
hydrocarbon groups having 2 to 12 carbon atoms,
preferably 2 to 8 carbon atoms, wherein one or two
carbon atoms in the straight chain are replaced by
heteroatom(s) selected from -O-, -S-, -S(=O)-, -SO 2-
, -NH-, and -NHSO 2- . Thus, the term "heteroalkylene"
includes bivalentalkoxy, thioalkyl, and aminoalkyl
groups, as defined below, as well as alkylene and
alkenylene groups having a combination of heteroatoms
in the alkyl chain. As an illustration, a
"heteroalkylene" herein may comprise groups such as
-S-(CH 2) 1-5NH-CH2-, -O-(CH 2) 1-5S(=O)-CH2- -NHSO
2-CH2- , -CH 2-NH-, and so 



forth. Preferably, a heteroalkylene does not have two
adjacent atoms simultaneously selected from -O- and
-S-. When a subscript is used with the term
heteroalkylene, e.g., as in C2-3heteroalkylene, the
subscript refers to the number of carbon atoms in the
group in addition to heteroatoms. Thus, for example, a
C1-2heteroalkylene may include groups such as -NH-CH
2-, -CH2-NH-CH2-, -CH2-CH2-NH-, -S-CH2-, -CH2-S-CH2-,
-0-CH 2-NH-CH2-, CH2-O-CH2 and so forth. [0021] The
term "substituted heteroalkylene" refers to a
heteroalkylene group as defined above wherein at least
one of the nitrogen or carbon atoms in the
heteroalkylene chain is bonded to (or substituted
with) a group other than hydrogen. Carbon atoms in the
heteroalkylene chain may be substituted with a group
selected from those recited above for substituted
alkyl groups, or with a further alkyl or substituted
alkyl group. Nitrogen atoms of the heteroalkylene
chain maybe substituted with a group selected from
alkyl, alkenyl, alkynyl, cyano, or A1-Q-A2-Rh, wherein
A1 is a bond, C1-2alkylene, or C2-3alkenylene; Q is a
bond, -C(^O)-, -C(=0)NRd-, -C(=S)NRd-, -SO2-,
-SO2NRd-, -CO 2-, or - NRdCO2-; A2 is a bond,
C1-3alkylene, C2-3alkenylene, -C1-4alkylene-NRd-,
-C1-4alkylene-NRdC(=O)-, -C1-4alkylene-S-, wherein
said A2 alkylene groups are branched or straight chain
and optionally substituted as defined herein for
substituted alkylene; R 1is hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, aryl,
heteroaryl, heterocyclo, or cycloalkyl; and Rd is
selected from hydrogen, alkyl, and substituted alkyl,
as defined herein, provided, however, that for a
substituted heteroalkylene R]1is not hydrogen when A1,
Q and A2 are each bonds. When Rh is aryl, heteroaryl,
cycloalkyl, or heterocyclo, these rings are, in turn,
optionally substituted with one to three groups as
defined below in the definitions for these
terms.[0022] The term "alkoxy" refers to an oxygen
atom substituted by allcyl or substituted allcyl, as
defined herein. For example, the term "alkoxy" or
includes the group -O-C^ galkyl [0023] The term
"alkyltbio" refers toa sulfur atom that is substituted
by an allcyl or substituted alkyl group as defined
herein. For example, the term "thioalkyl" includes the
group -S-C 1^aIlCyL and so forth. [0024] The term
"alkylamino" refers to an amino group substituted with
an alkyl group or substituted alkyl group as defined
above. For example, the term "alkylamino" includes the
group -NR-C M 2alkyl. (where R is preferably hydrogen
but may include alkyl or substituted alkyl as defined
above.) [0025] When a subscript is used with reference
to an alkoxy, thioalkyl or aminoalkyl, the subscript
refers to the number of carbon atoms that the group
may contain in addition to heteroatoms. Thus, for
example, monovalent C^aminoalkyl includes the groups
-CH2-N(CBDj)2, and -(CHa)2-NH2. A lower aminoalkyl
comprises an aminoalkyl having one to four carbon
atoms. The term (C1-4alkyl)o-2amino includes the
groups NH2, -NH(C 1^aIlCyI ), and -N(C M aIlCyI)2.
"Amino" refers to the group NH2. A "substituted amino"
refers to an amino group substituted as described
above for the nitrogen atom of a heteroalkylene chain
and includes, for example, the terms alkylamino and
acylamino (-NRdC(O)Re). [0026] The alkoxy, thioalkyl,
or aminoalkyl groups may be monovalent or bivalent. By
"monovalent" it is meant that the group has a valency
(i.e., ability to combine with another group), of one,
and by "bivalent" it is meant that the group has a
valency of two. Thus, for example, a monovalent alkoxy
includes groups such as -O-C j_12alkyl, whereas a
bivalent alkoxy includes groups such as -O-C
1.12alkylene-. [0027] It should be understood that the
selections for all groups, including for examples,
alkoxy, thioalkyl, and aminoalkyl, will be made by one
skilled in the field to provide stable compounds.
Thus, for example, in compounds of formula (I), when G
is attached to a nitrogen atom (N*) of ring A and is
selected from an alkoxy or alkylthio group, the alkoxy
and alkylthio groups will have at least one carbon
atom bonded directly to ring A (at N*), with the
oxygen or sulfur atoms being at least one atom away
from said nitrogen atom.[0028] The term "carbonyl"
refers to a bivalent carbonyl group -C(=O)-. When tlie
term "carbonyl" is used together with another group,
such as in "heterocyclocarbonyl", this conjunction
defines with more specificity at least one of the
substituents that the substituted carbonyl will
contain. For example, "heterocyclocarbonyl" refers to
a carbonyl group as defined above where at least one
of the substituents is an heterocyclo, such as
morpholinyl. [0029] The term "acyl" refers to a
carbonyl group linked to an organic radical, more
particularly, the group C(=O)Re. The group Re can be
selected from alkyl, alkenyl, alkynyl, aminoalkyl,
substituted alkyl (i.e. substituted alkylene),
substituted alkenyl, substituted alkynyl, cycloalkyl,
heterocyclo, aryl, or heteroaryl, as defined herein.
When Re is aryl, heteroaryl, cycloalkyl, or
heterocyclo, these rings are, in turn, optionally
substituted with one to three groups as defined below
in the definitions for 



these terms. OI l [0030] The term "alkoxycarbonyl"
refers to a carboxy group ( C-O or O ~C ) linked to an
organic radical (CO2Re), as well as the bivalent
groups -CO 2- , -CO 2Re- which are linked to organic
radicals in compounds of formula (J), wherein Re is as
defined above for acyl. The organic radical to which
the carboxy group is attached maybe monovalent (e.g.,
-CO2-alkyl or -OC(=O)alkyl), or bivalent (e.g., -CO
-alkylene, -OC(=O)alkylene, etc.) Accordingly, in
compounds of formula (I), when it is recited that G
can be "alkoxycarbonyl," this is intended to encompass
a selection for G of -CO 2- and also the groups -CO
2Re- or - ReCO - , wherein in this instance, the group
Re will be selected from bivalent groups, e.g.,
alkylene, alkenylene, alkynylene, bivalent aminoalkyl,
substituted alkylene, substituted alkenylene, or
substituted alkynylene. [0031] The term
"carboxamide","carboxamidyl", or "carboxamido" refers
to the group -NRdC(=O)Re, wherein the groups Rd and R
are defined as recited above in the definitions for
heteroalkyl, alkoxycarbonyl and acyl.. For example,
the groupis a carboxamido group where Re is a
substituted heterocyclo according to the definitions
herein. [0032] The term "amide","amidyl", or "amido"
refers to the group -C(=O)NRaRb, wherein the groups Ra
and R are defined as recited above in the definition
for substituted alkyl groups. . [0033] The term "urea"
refers to the group -NRdC(=O)NRaRb wherein the groups
Ra , Rb, and R are defined as recited above in the
definition for substituted alkyl groups. Additionally,
the urea group may be bivalent, in which case one of
the groups Ra and Rbwill be a bond. Thus, in compounds
of formula (I), when it is stated that G may be urea,
it can mean that G is a group -NRd(C(^O)NR a- where
appropriate. [0034] The term "sulfonyl" refers to a
sulphoxide group linked to an organic radical in
compounds of formula (I), more particularly, the
monovalent group -S(O)2-Re. Additionally, the sulfonyl
group may be bivalent, in which case Re is a bond.
Accordingly, in compounds of formula (T), when it is
recited that G canbe "sulfonyl," it can mean that G is
a group -S(O) where appropriate. The group Re is
selected from those recited above for acyl and
alkoxycarbonyl groups, with the exception that Re is
not hydrogen.. [0035] The terms "sulfonamide",
"sulfonamidyl", or "sulfonamido" refers to the group
-S(O) 2NRaRb, wherein R and Rb are as defined above
for substituted alkyl groups. [0036] The term
"cycloalkyl" refers to fully saturated and partially
unsaturated hydrocarbon rings (and therefore
includeshydrocarbon rings also known as "cycloalkenyl
rings") of 3 to 9, preferably 3 to 7 carbon atoms. The
term "cycloalkyl" includes such rings having zero,
one, two, or three substituents selected from the
group consisting of halogen, trifluoromethyl,
trifluoromethoxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, nitro, cyano, oxo (=O),
OR , SRa, (=S), -NR Rb, -N(alkyl) 3 +, -NRaSO2,
-NRaSO2R0 -SO2R0 -SO2NR Rb, -SO2NRaC(=O)R b SO3H,
-PO(OH) 2, -C(=0)Ra, -CO2Ra, -C(=O)NR aRb, -C(=O)(C
1-4alkyleiie)NR aRb, - C(=0)NR a(S0 2)Rb,
-CO2(C1-4alkylene)NR aRb, -NRaC(=0)R b, -NRaC0 2Rb,
-NR (C1 4alkylene)CO 2Rb, =N-0H, =N-0-alkyl, aryl,
cycloalkyl, heterocyclo, and/or heteroaryl, wherein
R3, Rb and R0 are as defined above for substituted
alkyl groups, and are also in turn optionally
substituted as recited above in the definition for
substituted alkyl groups. The term "cycloalkyl" also
includes such rings having a second ring fused thereto
(e.g., including benzo, heterocyclo, or heteroaryl
rings) or having a carbon-carbon bridge of 3 to 4
carbon atoms. When a cycloalkyl is substituted with a
further ring (or has a second ring fused thereto),
said ring in turn is optionally substituted with one
to two of (C1-4)alkyl, (C2-4)alkenyl, (C2^.)alkynyl,
halogen, hydroxy, cyano, nitro, CF3, O(C1-4alkyl),
OCF3, C(=0)H, C(=O)(C M alkyl), CO2H, CO2(C1-4alkyl),
NHCO 2(C alkyl), -S(C 1-4alkyl), -NH2, NH(C M alkyl),
N(C 1. 4alkyl)2, N(C 1-4alkyl)3 +, SO2(C1-4alkyl),
C(=O)(Ci -4alkylene)NH 2, CC=O)(C1-
4alkylene)NH(alkyl), C(=O)(C 1-4alkylene)N(C
1-4alkyl)2 and/or phenyl optionally substituted with
any of the preceeding groups. As valence allows, if
said further ring is cycloalkyl or heterocyclo it is
additionally optionally substituted with =0 Coxo).
[0037] Accordingly, in compounds of formula (I), the
term "cycloalkyl" includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, bicyclooctyl,
etc., as well as the following ring systems, and the
like, which optionally may be substituted at any
available atoms of the ring(s). Preferred cycloalkyl
groups include cyclopropyl, 



cyclopentyl, cyclohexyl, and[0038] The term "halo" or
"halogen" refers to chloro, bromo, fluoro and iodo.
[0039] The term "haloalkyl" means a substituted alkyl
having one or more halo substituents. For example,
"haloalkyl" includes mono, bi, and trifluoromethyl.
[0040] The term "haloalkoxy" means an alkoxy group
having one or more halo substituents. For example,
"haloalkoxy" includes OCF3. [0041] The term "aryl"
refers to phenyl, biphenyl, fluorenyl, 1-naphthyl and
2- naphthyl. The term "aryl" includes such rings
having zero, one, two or three substituents selected
from the group consisting of halogen, trifluoromethyl,
trifluoromethoxy, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, nitro, cyano, ORa, SR3,
(=S), SO3H, -NR Rb5 -N(ancyl)3 +, -NR SO2, -NR3SO2Rc,
-SO2RC- SO2NRaRb, -SO2NR3C(=O)Rb, SO3H, -PO(OH) 2,
-C(=0)R 3, -CO2Ra, -C(=O)NR aRb, - C(=O)(C
1-4alkylene)NR aRb, -C(=O)NR 3(SO2)Rb,
-CO2(CMaUCyIeUe)NR3Rb, - NRaC(=O)R b, -NR CO2Rb,
-NRa(C1-4alkylene)CO 2Rb, aryl, cycloalkyl,
heterocyclo, and/or heteroaryl, wherein Ra, Rb and R
are as defined above for substituted alkyl groups, and
are also in turn optionally substituted as recited
above. Additionally, two substituents attached to an
aryl, particularly a phenyl group, may join to form a
further ring such as a fused or spiro-ring, e.g.,
cyclopentyl or cyclohexyl, or fused heterocyclo or
heteroaryl. When an aryl is substituted with a further
ring (or has a second ring fused thereto), said ring
in turn is optionally substituted with one to two of
(C1-4)alkyl, (C2-4)alkenyl, (C2-4)alkynyl, halogen,
hydroxy, cyano, nitro, CF3, O(C1-4alkyl), OCF3, CO2H,
CO2(C1-4alkyl), NHCO2(C1-4alkyl), -S(C 1-4alkyl), -
NH2, NH(C 1-4alkyl), N(C 1-4alkyl)2, N(C 1-4alkyl) 3
+, SO2(Ci-4alkyl), Ct=O)(C 1- 4alkylene)NH 2, C(=O)(C
1-4alkylene)NH(alkyl), C(=O)(Ci -4alkylene)N(C
1-4alkyl) 2 and/or phenyl optionally substituted with
any of the preceeding groups. As valence allows, if
said further ring is cycloalkyl or heterocyclo it is
additionally optionally substituted with 0 (oxo).
[0042] Thus, examples of aryl groups
include:(fluorenyl) and the like, which optionally may
be substituted at any available carbon or nitrogen
atom. A preferred aryl group is optionally-substituted
phenyl. [0043] The terms "heterocycloalkyl",
"heterocyclo" or "heterocyclic" may be used
interchangeably and refer to substituted and
unsubstituted non-aromatic 3-to 7- membered monocyclic
groups, 7-to 11-memberedbicyclic groups, and 10-to 15-
membered tricyclic groups, in which at least one of
the rings has at least one heteroatom (O, S or N),
said heteroatom containing ring preferably having 1,
2, or 3 heteroatoms selected from O, S, and N. Each
ring of such a group containing a heteroatom can
contain one or two oxygen or sulfur atoms and/or from
one to four nitrogen atoms provided that the total
number of heteroatoms in each ring is four or less,
and further provided that the ring contains at least
one carbon atom. The nitrogen and sulfur atoms may
optionally be oxidized and the nitrogen atoms may
optionally be quaternized. The fused rings completing
the bicyclic and tricyclic groups may contain only
carbon atoms and may be saturated, partially
saturated, or unsaturated. The heterocyclo group may
be attached at any available nitrogen or carbon atom.
The heterocyclo ring may contain zero, one, two or
three substituents selected from the group consisting
of halogen, trifluoromethyl, trifluoromethoxy, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, nitro, cyano, oxo (=0), ORa, SRa, (=S),
-NRaRb, -N(alkyl) 3 +, -NR SO2, -NR SO2RC, -SO2R0
-SO2NR Rb, - SO2NRaC(=O)Rb, SO3H, -PO(OH) 2, -C(=0)R
3, -CO2Ra, -C(=O)NR aRb, -C(=q cC1-4alkylene)NR aRb,
-C(=O)NR a(SO2)Rb, -CO2(C1-4alkylene)NR aRb,
-NR3CO=O)Rb, -NR CO2Rb, -NRa(Ci-4alkylene)CO 2Rb
=N-0H, =N-O-alkyl, aryl, cycloalkyl, heterocyclo,
and/or heteroaryl, wherein R3, Rb and R are as defined
above for substituted alkyl groups, and are also in
turn optionally substituted as recited above. When a
heterocyclo is substituted with a further ring, said
ring in turn is optionally substituted with one to two
of (C1-4)alkyl, (C2-4)alkenyl, (C2-4)alkynyl,halogen,
hydroxy, cyano, nitro, CF3, O(C1-4alkyl), OCF3,
C(=O)H, C(=O)(C M alkyl), CO2H, CO2(CM alkyl),
NHCO2(Ci -4alkyl), -S(C 1-4alkyl), -NH2, NH(C
1-4allcyl) N(C 1- 4alkyl)2, N(C 1-4alkyl)3 +, SO2(CM
alkyl), C(=O)(C 1-4alkylene)NH2, C(=O)(Ci-
4alkylene)NH(alkyl), C(=O)(C 1-4alkylene)N(C
1-4alkyl)2 and/or phenyl optionally substituted with
any of the preceeding groups. As valence allows, if
said further ring is cycloalkyl or lieterocyclo it is
additionally optionally substituted with =0 (oxo).
[0044] Exemplary monocyclic groups include azetidinyl,
pyrrolidinyl, oxetanyl, imidazolinyl, oxazolidinyl,
isoxazolinyl, thiazolidinyl, isothiazolidinyl,
tetrahydrofuranyl, piperidyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidyl, 2-oxopyrrolodinyl,
2-oxoazepinyl, azepinyl, 4-piperidonyl,
tetrahydropyranyl, 



mof holinyl, thiamof holinyl, thiamorpholinyl
sulfoxide, thiamorpholinyl sulfone, 1,3-dioxolane and
tetrahydro-l,l-dioxothienyl and the like. Exemplary
bicyclic heterocyclo groups include quinuclidinyl.
[0045] Preferred heterocyclo groups in compounds of
formula (I) include , which optionally may be
substituted. [0046] The term "heteroaryl" refers to
substituted and unsubstituted aromatic 5- or
6-membered monocyclic groups, 9- or 10-membered
bicyclic groups, and 11- to 14-membered tricyclic
groups which have at least one heteroatom (O, S or N)
in at least one of the rings, said
heteroatom-containing ring preferably having 1, 2, or
3 heteroatoms selected from O, S, and N. Each ring of
the heteroaryl group containing a heteroatom can
contain one or two oxygen or sulfur atoms and/or from
one to four nitrogen atoms provided that the total
number of heteroatoms in each ring is four or less and
each ring has at least one carbon atom. The fused
rings completing the bicyclic and tricyclic groups may
contain only carbon atoms and may be saturated,
partially saturated, or unsaturated. The nitrogen and
sulfur atoms may optionally beoxidized and the
nitrogen atoms may optionally be quaternized.
Heteroaryl groups which are bicyclic or tricyclic must
include at least one fully aromatic ring but the other
fused ring or rings may be aromatic or non-aromatic.
The heteroaryl group may be attached at any available
nitrogen or carbon atom of any ring. The heteroaryl
ring system may contain zero, one, two or three
substituents selected from the group consisting of
halogen, trifluoromethyl, trifluoromethoxy, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, nitro, cyano, OR , SR3, (=S), -NR Rb, -
N(alkyl) 3 +, -NR SO2, -NR3SO2R0, -SO2R0 -SO2NRaRb,
-SO2NRaC(=O)Rb, SO3H, - PO(OH) 2, -C(=0)R a,-C0 2Ra,
-C(=O)NR aRb, -C(=O)(C 1-4alkylene)NR aRb, - C(=O)NR
a(SO2)Rb, -CO2(CM alkylene)NR aRb, -NRaC(=0)R b,
-NR3C0 2Rb, -NR3(C1- 4allcylene)CO2Rb, aryl,
cycloalkyl, heterocyclo, and/or heteroaryl, wherein
R3, Rb and R are as defined above for substituted
alkyl groups, and are also in turn optionally
substituted as recited above. When a heteroaryl is
substituted with a further ring, said ring in turn is
optionally substituted with one to two of (C1-4)alkyl,
(C2-4)alkenyl, (C2- 4)alkynyl, halogen, hydroxy,
cyano, nitro, CF3, O(C1-4alkyl), OCF3, C(=0)H, C(=O)(C
1-4alkyl), CO2H, CO2(C1-4alkyl), NHCO2(CM alkyl), -S(C
1-4alkyl), -NH2, NH(C 1-4alkyl), N(C 1-4alkyl)2, N(CM
alkyl)3 +, SO2(C1-4alkyl), CO=O)(C1- 4alkylene)NH 2,
C(=O)(C 1-4alkylene)NH(alkyl), C(=O)(C 1-4alkylene)N(C
1-4alkyl)2 and/or phenyl optionally substituted with
any of the preceeding groups. As valence allows, if
said further ring is cycloalkyl or heterocyclo it is
additionally optionally substituted with =0 (oxo).
[0047] Exemplary monocyclic heteroaryl groups include
pyrrolyl, pyrazolyl, pyrazolinyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl,
isothiazolyl, furanyl, thienyl, oxadiazolyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl and the
like. [0048] Exemplary bicyclic heteroaryl groups
include indolyl, benzothiazolyl, benzodioxolyl,
benzoxazolyl, benzothienyl, quinolinyl,
tetrahydroisoquinolinyl, isoquinolinyl,
benzimidazolyl, benzopyranyl, indolizinyl,
benzofuranyl, chromonyl, coumarinyl, benzopyranyl,
cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,
furopyridyl, dihydroisoindolyl, tetrahydroquinolinyl
and the like. [0049] Exemplary tricyclic heteroaryl
groups include carbazolyl, benzidolyl,
phenanthrollinyl, acridinyl, phenanthridinyl,
xanthenyl and the like.[0050] In compounds of formula
(I), preferred heteroaryl groups include ,and the
like, which optionally may be substituted at any
available carbon or nitrogen atom. Aromatic rings may
also be designated by an unbroken circle in the ring.
For example the core ring of formula (I), N represents
a bicyclic heteroaryl group. [0051] Unless otherwise
indicated, when reference is made to a
specificallynamed aryl (e.g., phenyl), cycloalkyl
(e.g., cyclohexyl), heterocyclo (e.g., pyrrolidinyl,
piperidinyl, and morpholinyl) or heteroaryl (e.g.,
tetrazolyl, imidazolyl, pyrazolyl, triazolyl,
thiazolyl, and furyl,) unless otherwise specifically
indicated the reference is intended to include rings
having 0 to 3, preferably 0-2, substituents selected
from those recited above for the aryl, cycloalkyl,
heterocyclo and/or heteroaryl groups, as appropriate.
[0052] Generally, for a non-formula substituent
listing a combination of groups, unless specifically
designated otherwise, the last group of the
combination is the point of attachment with adjacent
groups attached sequentially. Accordingly, for
example,the term "aminocyclohexylmethyl is intended"
to mean and N- (n-propyl)sulfonamido is intended to
mean [0053] The term "heteroatoms" shall include
oxygen, sulfur and nitrogen. [0054] The term
"carbocyclic" means a saturated or unsaturated
monocyclic or 



bicyclic ring in which all atoms of all rings are
carbon. Thus, the term includes cycloalkyl and aryl
rings. The carbocyclic ring may be substituted in
which case the substituents are selected from those
recited above for cycloalkyl and aryl groups. [0055]
When the term "unsaturated" is used herein to refer to
a ring or group, the ring or group may be fully
unsaturated or partially unsaturated. [0056] When the
term "optionally substituted" is used herein to refer
to a ring or group, the ring or group may be
substituted or unsubstituted. [0057] Throughout the
specification, groups and substituents thereof may be
chosen by one skilled in the field to provide stable
moieties and compounds and compounds useful as
pharmaceutically-acceptable compounds and/or
intermediate compounds useful in making
pharmaceutically-acceptable compounds. [0058]
According to the foregoing definitions, the instant
invention provides compounds within the scope of
formula (I) having the formulae (Ia), (Ib), or (Ic):
wherein the groups R1, R2, R3, X and Y, are as defined
herein. [0059] The compounds of formula (I) can form
salts which are also within the scope of this
invention. Unless otherwise indicated, reference to an
inventive compound is understood to include reference
to salts thereof. The term "salt(s)" denotes acidic
and/or basic salts formed with inorganic and/or
organic acids and bases. In addition, the term
"salt(s) may include zwitterions (inner salts), e.g.,
when a compound of formula (T) contains both a basic
moiety, such as an amine or a pyridine or imidazole
ring, and an acidic moiety, such as a carboxylic acid.
Pharmaceuticallyacceptable (i.e., non-toxic,
physiologically acceptable) salts are preferred, such
as, for example, acceptable metal and amine salts in
which the cation does not contribute significantly to
the toxicity or biological activity of the salt.
However, other salts may be useful, e.g., in isolation
or purification steps which may be employed during
preparation, and thus, are contemplated within the
scope of the invention. Salts of the compounds of the
formula (I) may be formed, for example, by reacting a
compound of the formula (I) with an amount of acid or
base, such as an equivalent amount, in a medium such
as one in which the salt precipitates or in an aqueous
medium followed by lyophilization. [0060] Exemplary
acid addition salts include acetates (such as those
formed with acetic acid or trihaloacetic acid, for
example, trifluoroacetic acid), adipates, alginates,
ascorbates, aspartates, benzoates, benzenesulfonates,
bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, cyclopentanepropionates,
digluconates, dodecylsulfates, ethanesulfonates,
fumarates, glucoheptanoates, glycerophosphates,
hemisulfates, heptanoates, hexanoates, hydrochlorides
(formed with hydrochloric acid), hydrobromides (formed
with hydrogen bromide), hydroiodides, 2-
hydroxyethanesulfonates, lactates, maleates (formed
with maleic acid), methanesulfonates (formed with
methanesulfonic acid), 2-naphthalenesulfonates,
nicotrnates, nitrates, oxalates, pectinates,
persulfates, 3-phenylpropionates, phosphates,
picrates, pivalates, propionates, salicylates,
succinates, sulfates (such as those formed with
sulfuric acid), sulfonates (such as those mentioned
herein), tartrates, thiocyanates, toluenesulfonates
such as tosylates, undecanoates, and the like. [0061]
Exemplary basic salts include ammonium salts, alkali
metal salts such as sodium, lithium, and potassium
salts; alkaline earth metal salts such as calcium and
magnesium salts; barium, zinc, and aluminum salts;
salts with organic bases (for example, organic amines)
such as trialkylamines such as triethylamine,
procaine, dibenzylamine, N-benzyl-b-phenethylamine,
1-ephenamie, N,N'-dibenzylethylenediamine,
dehydroabietylamine, N-ethylpiperidine, benzylamine,
dicyclohexylamine or similar pharmaceutically
acceptable amines and salts with amino acids such as
arginine, lysine and the like. Basic
nitrogen-containing groups may be quaternized with
agents such as lower alkyl halides (e.g., methyl,
ethyl, propyl, and butyl chlorides, bromides and
iodides), dialkyl sulfates (e.g., dimethyl, diethyl,
dibutyl, anddiamyl sulfates), long chain halides
(e.g., decyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides), aralkyl halides (e.g., benzyl
and phenethyl bromides), and others. Preferred salts
include monohydrochloride, hydrogensulfate,
methanesulfonate, phosphate or nitrate salts. [0062]
Prodrugs and solvates of the inventive compounds are
also contemplated. The term "prodrug" denotes a
compound which, upon administration to a subject,
undergoes chemical conversion by metabolic or chemical
processes to yield a compound of the formula (I),
and/or a salt and/or solvate thereof. Any compound
that will be converted in vivo to provide the
bioactive agent (i.e., the compound for formula I) is
a prodrug within the scope and spirit of the
invention. For example, compounds containing a carboxy
group can form physiologically hydrolyzable esters
which serve as prodrugs by being hydrolyzed in the
body to yield formula (I) compounds per se. Such
prodrugs are preferably administered orally since
hydrolysis in many instances occurs principally under
the influence of the digestive enzymes. Parenteral
administration may be used where the ester per se is
active, or in those 



instances where hydrolysis occurs in the blood.
Examples of physiologically hydrolyzable esters of
compounds of formula (I) include Cj_6alkylbenzyl,
4-methoxybenzyl, indanyl, phthalyl, methoxymethyl,
Cj.galkanoyloxy-C^ alkyl, e.g. acetoxymethyl,
pivaloyloxymethyl or propionyloxymethyl,
Cj_6alkoxycarbonyloxy- C]_6alkyl, e.g.
methoxycarbonyl-oxymethyl or ethoxycarbonyloxymethyl,
glycyloxymethyl, phenylglycyloxymethyl,
(5-methyl-2-oxo- 1,3-dioxolen-4-yl)-methyl and other
well known physiologically hydrolyzable esters used,
for example, in the penicillin and cephalosporin arts.
Such esters may be prepared by conventional techniques
known in the art. [0063] Various forms of prodrugs are
well known in the art. For examples of such prodrug
derivatives, see: a) Design of Prodrugs, edited by H.
Bundgaard, (Elsevier, 1985) and Methods in Enzymology,
Vol. 112, pp. 309-396, edited by K. Widder, et al.
(Acamedic Press, 1985);b) A Textbook of Drug Design
and Development, edited by Krosgaard- Larsen and H.
Bundgaard, Chapter 5, "Design and Application of
Prodrugs," by H. Bundgaard, pp. 113-191 (1991); and c)
H. Bundgaard, Advanced Drug Delivery Reviews, Vol. 8,
pp. 1-38 ( 1992), each of which is incorporated herein
by reference. [0064] Compounds of the formula (I) and
salts thereof may exist in their tautomeric form, in
which hydrogen atoms are transposed to other parts of
the molecules and the chemical bonds between the atoms
of the molecules are consequently rearranged. It
should be understood that the all tautomeric forms,
insofar as they may exist, are included within the
invention. Additionally, inventive compounds may have
trans and cis isomers and may contain one or more
chiral centers, therefore existing in enantiomeric and
diastereomeric forms. The invention includes all such
isomers, as well as mixtures of cis and trans isomers,
mixtures of diastereomers and racemic mixtures of
enantiomers (optical isomers). When no specific
mention is made of the configuration (cis, trans or R
or S) of a compound (or of an asymmetric carbon), then
any one of the isomers or a mixture of more than one
isomer is intended. The processes for preparation can
use racemates, enantiomers or diastereomers as
starting materials. When enantiomeric or
diastereomeric products are prepared, they can be
separated by conventional methods for example,
chromatographic or fractional crystallization. The
inventive compounds may be in the free or hydrate
form. [0065] It should further be understood that
solvates (e.g., hydrates) of the compounds of Formula
(I) are also with the scope of the present invention.
Methods of solvation are generally known in the art.
PREFERRED COMPOUNDS [0066] Preferred compounds are
those within the scope of formula (I) (above) have the
following formulae (Ia), (Ib) or (Ic),their
enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof.
Compounds of each formula, (Ia), (Ib), or (Ic), are
alternatively preferred. [0067] Other preferred
compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof,
within the scope of each of formulae (Ia), (Ib) or
(Ic) are those in which: R4 is -AM; R5 is hydrogen or
C1-4alkyl (more preferably R5 is hydrogen or methyl);
or R4 and R5 together with the nitrogen atom to which
they are attached form a 5-, 6- or 7-membered
monocyclic heteroaryl or heterocyclo ring, or a 7- to
11- membered bicyclic heteroaryl or heterocyclo ring,
each ring optionally substituted with one to three
groups, T1, T2; and/or T3; A is a bond, C1-3alkylene,
C2-4alkenylene, C2-4alkynylene, -C(O)-, or -SO 2-; M
is (i) hydrogen, NR15R16, alkyl, alkoxy, or alkenyl;
or (ii) cycloalkyl, heterocyclo, aryl, or heteroaryl,
each group optionally substituted by one to three
groups, T1, T2, and/or T3; T1, T2, and T3 are
independently selected from (i) halogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, nitro, cyano, SO3H SRi9,
S(O)^R2 1, S(O) NRi 9R20,NR19S(O)^R2 1, OR19, NR19R20,
NR19C(=O)20, NR19C(=O)NR19R20, CO2R19 , C(=0)R 19,
-O-C(=O)R19 , -C(=O)NR 19R20, cycloalkyl, heterocyclo,
aryl, and heteroaryl, wherein/' is one or 2; and/or
(ii) two groups, T1 and T2, located on adjacent ring
atoms are taken together with the ring atoms to which
they are attached to form a fused cycloalkyl, aryl,
heteroaryl, or heterocyclo; R19 R20, and R2 1 at each
occurrence are selected independently from (i)
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo; or (ii) R19 and R20 together with the
nitrogen atom to which they are both attached form a
heteroaryl or heterocyclo; andR2 1 at each occurrence,
is selected from alkyl, substituted alkyl, alkenyl,
substituted 



alkenyl, alkyiiyl, substituted alkynyl, cycloalkyl,
aryl, heteroaryl, and heterocyclo. [0068] More
preferred compounds, including enantiomers,
diastereomers, a pharmaceutically-acceptable salt, or
hydrate, thereof, within the scope of formula (I) are
those in which R4 is -AM ; A is a bond, -C(O)-, or
-S(O) 2-, or C1-3alkylene (A is more preferably a
bond; methylene, or ethylene, especially a bond); M is
(i) hydrogen, -NH(aryl), C1-6alkyl, C2-4alkenyl, or
-OC1-4alkyl or (ii) C3- 6cycloalkyl, phenyl,
fluorenyl, 1-naphthyl, or 2-naphthyl, each group
optionally substituted by one to three groups, T1, T2,
and/or T ; or (iii) a 5-, 6- or 7-membered monocyclic
or a 7- to 11-membered bicyclic heteroaryl or
heterocyclo ring, each ring optionally substituted by
one to three groups, T1, T2, and/or T (is more
preferably a C3-6cycloalkyl, or a 5-, 6-, or
7-membered aryl, heteroaryl, or heteroaryl ring, each
ring optionally substituted by 1 to 3 groups, T1, T ,
and/or T3, especially a 5-, 6-, or 7-membered aryl,
heteroaryl, or heteroaryl ring, each ring optionally
substituted by 1 to 2 groups, T1 and/or T2); and T1, T
, and T3 are independently selected from (i)
C1-4alkyl, substituted C1-4alkyl, C1- 4alkyloxy,
substitutedC^alkyloxy, C1-4alkylthio, phenoxy,
-NR19R20, halogen, hydroxy, cyano, SO3H, COOH, -C(O)(R
19), C(O)NR19R20, NR19C(O)R20, S(O)2R2 1, S(O)2NR19R20
and NR19(C(O)NR19R20; and/or (ii) phenyl, cyclopropyl,
cyclohexyl, tetrazolyl, imidazolyl, pyrazolyl,
triazolyl, thiazolyl, furyl, and morpholinyl, each
group of which is optionally substituted as valence
allows from one to three groups, R22, R23 and/or R24;
and/or (iii) two groups, T1and T2, substituted on
adjacent ring atoms are taken together with the ring
atoms to which they are attached to form, a fused
five- to sevenmembered cycloalkyl, a fused phenyl or a
fused 5- or 6-membered heterocyclo or heteroaryl, each
group of which is optionally substituted as valence
allows from one to three groups, R22, R23 and/or R24;
andR 9 and R20 at each occurrence are selected
independently from (i) hydrogen, - (CH2)VOH, and
C1-4alkyl; or (ii) -(CH 2)vcyclohexyl, -(CH 2)vphenyl,
- (CH2)vmorpholinyl, -(CH 2)vpyridyl, -(CH
2)vpyrazolyl, -(CH 2)vcyclopropyl, (CH2)vpyrrolidinyl,
-(CH 2)vpiperidinyl, -(CH 2)vfuryl, -(CH
2)vimidazolyl, - (CH2)vpyrimidinyl, -(CH
2)vpiperazinyl, and -(CH 2)v pyradizinyl, each group
of which is optionally substituted as valence allows
from one to three groups, R22, R 3 and/or R24;or R
andR 2o are taken together with the nitrogen atom to
which they are both attached to form a pyrrolindyl,
morpholinyl, piperidinyl, pyradazinyl, or piperazinyl,
each group of which is optionally substituted as
valence allows from one to three groups, R22, R23
and/or R 4; R2 1 at each occurrence is selected from
(i) -(CH 2)VOH, and C1-4alkyl; or (ii) -
(CH2)vcyclohexyl, -(CH 2)vphenyl, -(CH 2)vmorpholinyl,
-(CH 2)vpyridyl, - (CH2)vpyrazolyl, -(CH
2)vcyclopropyl, -(CH 2)vpyrrolidinyl, -(CH
2)vpiperidinyl, -(CH 2)vfuryl, -(CH 2)vimidazolyl,
-(CH 2)vpyrnrridinyl, -(CH 2)vpiperazinyl, and - (CH
)Vpyradizinyl, each group of which is optionally
substituted as valence allows from one to three
groups, R22, R 3 and/or R24;R22, R23, and R24 at each
occurrence, are selected independently from
(C1-4)alkyl, (C2-4)alkenyl, halogen, hydroxy, cyano,
nitro, CF3, =0, O(C 1-4alkyl), OCF 3, C(=O)H, C(=O)(C
1-4alkyl), CO2H, CO2(C1-4alkyl), NHCO 2(C1-4alkyl),
-S(C alkyl), - NH2, NH(C 1-4alkyl), N(C aIlCyI)2, N(C
1-4alkyl) 3 +, SO2(Ci -4alkyl), 4alkylene)NH 2,
C(=O)(Ci -4alkylene)NH(alkyl), C(=O)(Ci -4alkylene)N(C
1- 4alkyl) 2, and optionally substituted phenyl; and v
is 0, 1, 2, or 3. [0069] Other more preferred
compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof,
within the scope of formula (I) are those in which A
is a bond, methylene, or ethylene; M is hydrogen,
methoxy, phenyl, fluorenyl, pyridyl, cyclopropyl,
cyclohexyl, isopropyl, ethyl, n-propenyl, isopentyl,
n-propyl, n-butyl, pyrazolyl, or pyrimidinyl, each
group optionally substituted by one to two groups
selected from T1 and T2; and T1 and T2 are
independently selected from ethoxy, methoxy, methyl,
n-butoxy, phenyl, benzyloxy, dimethylamino, chloro,
iodo, trifluoromethyl, fluoro, hydroxyl,cyano,
carboxylic acid, N-methyl-N-(pyridinylethyl)amido,
ethyltetrazole, phenoxy, chlorophenyl, methylphenyl,
benzyl, morpholinyl, isopropyl, npropyl, n-butyl,
ethyl, isopropoxy, n-propoxy, methylthio, cyclohexyl,
t-butyl, trifluoromethoxy, amino, triazolyl,
dichloroimidazolyl, dimethylpyrazolyl,
methyltriazolyl, methylimidazolyl, methylthiazolyl,
methylfuryl, N3Ndimethylamido, 



phenylsulfonyl, morpholinylsulfonyl,
pyrrolidinylsulfonyl, N5N-dietliylamido,
N-methylamido, N-methylsulfonamido,
Nmethylsulfonamido, methanesulfonamido,
N,N-dimethylsulfonamido, N, Ndiethylsulfonamido,
N-propylsulfonamido, N-etliylsulfonamido,
Nmethylsulfonamido, sulfonamide, aminomethyl, amido,
N- (furylmethyi)amido, N-(imidazolylmethyl)amido;
N-(pyridylmethyl)amido, (phenylpiperidinyl)carbonyl,
piperidinylcarbonyl, N-benzylamido,
Nmethoxyphenylamido, N-phenylamido,
N-(hydroxyetliyl)amido, 1- morpholinylcarbonyl,
N-(pyridinyl)amido, N-(pyridinylmethyl)amido, N-
(pyridinylethyl)amido, N,N-diethylamido,
N-cyclopropylamido, N- (cyclohexylmethyl)amido,
N-(cyclohexyl)amido N-(methylpyrazolyl)amido,
N-((oxopyrrolidinyl)propyl)amido, 3-phenylurea, and
l-(fluorophenyl)-Nmethyl-
oxo-dihydropyridine-3-carboxamido; or T1 and T2
substituted on adjacent atoms of M combine with the
atoms to which they are attached to form a fused ring
thereby forming a ring system selected from indolyl,
methylbenzothiazolyl, napthyl, methylindolyl,
tetrahydroquinolinyl, fluorenyl, quinolinyl, and
dihydroindazol-one-yl. [0070] Other preferred
compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof,
within the scope of formula (I) are those in which Y
is hydrogen, halogen, OR8, or NR6R7 (Y is more
preferably NR6R7); R6 is selected from hydrogen or
C1-4alkyl optionally substituted by one to three
groups selected from halogen, C1-4alkyl, nitro, cyano,
amino, C1-4alkoxy, and OH (R6 is more preferably
hydrogen or C1-4alkyl); R7 and R g are independently
selected from alkyl, cycloalkyl, heterocyclo, aryl,
and heteroaryl, each group of which is optionally
substituted by one to three groups, T4, T5, and/or T6
(R7 is more preferably C1-4alkyl, C3-6cycloalkyl, or
a5-, 6-, or 7-membered heterocyclo, each group
optionally substituted by one to three groups T4, T ,
and/or T6; R8 is more preferably C3-6CyClOaIlCyI,
especially cyclohexyl substituted by C1-4alkyl, amino,
amino substituted with Ci-4alkyl, substituted
C1-4alkyl, furyl, or piperidinyl); or R6 and R7
together with the nitrogen atom to which they are
attached form a lieteroaryl or heterocyclo ring (more
preferably 5-, 6-, or 7-membered rings), each ring is
optionally substituted by one to three groups, T4, T ,
and/or T6; T4, T5 and T6 are independently selected
from (i) halogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
nitro, cyano, SR1 i, OR19, NR19R20 NR19C(=O)R 20,
CO2R19, C(^O)R 19 , -O-C(=O)Ri 9, - C(=0)NR 19R2o,
cycloalkyl, heterocyclo, aryl, and heteroaryl; and/or
(ii) two groups, T4 and T5 substituted on adjacent
ring atoms are taken together with the ring atoms to
which they are attached to form a fused cyclalkyl,
heterocyclo, aryl, or heteroaryl (T4, T5 and T are
more preferably C1-4alkyl, and NR19R20) ; and R 19 and
R2 at each occurrence are selected independently from
(i) hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo; or (ii) R19 with R20 together with the
nitrogen atom to which they are both attached combine
to form a heteroaryl or heterocyclo. [0071] Other more
preferred compounds, including enantiomers,
diastereomers, a pharmaceutically-acceptable salt, or
hydrate, thereof, within the scope of formula (I) are
those in which Y is NR6R7; R6 is selected from
hydrogen or C^alkyl (R6 is more preferably hydrogen);
R7 is selected from C1-4alkyl, cyclopentyl,
cyclohexyl, bicyclo[2.2.2]octyl, pyrrolidinyl, and
piperidinyl, each group of which is optionally
substituted by one to three groups, T4, T , and/or T6
(R7 is more preferably cyclohexyl and bicycle {222]
octyl, each group substituted by one group, T4); or R6
and R7 together with the nitrogen atom to which they
are attached form piperazinyl, piperidinyl,
pyrrolidinyl, or diazepanyl, each group of which is
optionally substituted by one to three groups, T4, T5,
and/or T6 (morepreferably R6 and R7 are taken together
with the nitrogen atom to which they are both attached
form an unsubstituted piperidinyl ring); and T4, T5,
and T6 are independently selected from (i) C1-4alkyl,
OH, NH2, NH(C 1-4alkyl), furyl, and N(C 1-4allcyl)2,
and NH(pyrimidinyl) wherein the pyrimidinyl is
substituted by halogen; or (ii) C1-4alkyl substituted
by cyclohexyl or OH, wherein the cyclohexyl is
substituted by NH2. (More preferably T4, T5, and T6
are selected from NH2, NH(C 1-4alkyl), and
(4-NH2-cyclohexyl)methyl). [0072] Yet other preferred
compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof,
within the scope of formula (I) are those in which 



R6 is hydrogen; R7 is methyl, ethyl, n-propyl,
n-butyl, cyclopentyl, cyclohexyl,
bicyclo[2.2.2]octane, pyrrolidinyl, or piperidinyl,
each group of which is optionally substituted by T4
selected from amino, methyl, aminocyclohexyhnethyl,
dimethylamino, furyl, ethylamino, methylamino,
piperidinyl, and (chloropyrimidinyl)amino; or R6 and
R7 together with the nitrogen atom to which they are
attached form a piperazinyl, piperidinyl,
pyrrolidinyl, and diazepanyl ring, each ring
optionally substituted by T4 selected from amino,
hydroxyethyl, aminopyrrolidinyl, and methyl. [0073]
Other preferred compounds, including enantiomers,
diastereomers, a pharmaceutically-acceptable salt, or
hydrate, thereof, are those within the scope of
formula (I) (above) having the formula (Ia), (Ib) or
(Ic), in which: or an enantiomer, diastereomer, or a
pharmaceutically-acceptable salt, thereof, wherein: X
is NR4R5; Y is hydrogen, halogen, OR8, or NR6R7 (Y is
more preferably NR6R7);R1 and R2 are independently
selected from hydrogen, halogen, OR1 , cyano,
C1-4alkyl, CO2R1 aIId C(O)NR 1OR1I ; R3 is selected
from (i) hydrogen, halogen, nitro, cyano, OR1O, NR10Rn
5 CO2Ri0, and C(=0)Rio, () Ci-4alkyl, substituted
C1-4alkyl, cycloalkyl, aryl, and heteroaryl; R4 is
-AM; R5 is hydrogen or C1-4alkyl; or R4 and R together
with the nitrogen atom to which they are attached form
a 5-, 6- or 7-membered monocyclic heteroaryl or
heterocyclo ring, or a 7- to 11- membered bicyclic
heteroaryl or heterocyclo ring, each ring optionally
substituted with one to three groups, T1, T2; and/or
T3; A is a bond, C1-3alkylene, C2-4alkenylene,
C2-4alkynylene, -C(O)-, or -SO 2-; M is (i) hydrogen,
NR15R16, alkyl, alkoxy, or alkenyl; or (ii)
cycloalkyl, heterocyclo, aryl, or heteroaryl, each
ring optionally substituted by one to three groups,
T1, T2, and/or T3; R6 is selected from hydrogen or
C1-4alkyl optionally substituted by one to three
groups selected from halogen, C1-4alkyl, nitro, cyano,
amino, C1-4alkoxy, and OH; R7 and R are independently
selected from alkyl, cycloalkyl, heterocyclo, aryl,
and heteroaryl, each group of which is optionally
substituted by one to three groups, T4, T5, and/or T6
(R is preferably C3-6cycloalkyl, especially cyclohexyl
optionally substituted by NH2, NH(C 1-4alkyl), and
(4-NH2- cyclohexyl)methyl) ; or R6 and R7 together
with the nitrogen atom to which they are attached form
a heteroaryl or heterocyclo ring, each ring is
optionally substituted by one to three groups, T4, T5,
and/or T6; Rio and Rn at each occurrence are
independently selected from (i) hydrogen, Ci- 4alkyl,
and substituted C1-4alkyl; or (ii) R10 and Rn together
with the nitrogen atom they are both attached combine
to form an optionally substituted 5-, 6-, or
7-membered heteroaryl or heterocyclo; R15 and Ri6 are
independently selected from (i) hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, aryl,
heteroaryl, and heterocyclo; or (ii) together with the
nitrogen atom to whichthey are attached R15 is taken
together with R16 to form a heteroaryl or heterocyclo;
T1, T2, and T3 are independently selected from (i)
halogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
nitro, cyano, SO3H SR19, S(O)^R2 1, S(O) NRi 9R20
NRi9S(O)^R2 1, OR19, NR19R20, NR19C( O)20,
NR19C(=O)NRi 9R20,CO2Ri9, C(=0)Ri 9, -0-C(=0)R 19,
-C(=0)NRi 9R2o, cycloalkyl, heterocyclo, aryl, and
heteroaryl, wherein p is one or 2; and/or (ii) two
groups, T1 and T2, located on adjacent ring atoms are
taken together with the ring atoms to which they are
attached to form a fused cycloalkyl, aryl, heteroaryl,
or heterocyclo; T4, T5 and T6 are independently
selected from (i) halogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, nitro, cyano, SR19, OR19, NR19R20,
NR19C(=O)R20, CO2R19, C(=0)R 19, -0-C(=0)R 19, -
C(=O)NRi 9R20, cycloalkyl, heterocyclo, aryl, and
heteroaryl; and/or (ii) two groups, T4 and T5
substituted on adjacent ring atoms are taken together
with the ring atoms to which they are attached to form
a fused cyclalkyl, heterocyclo, aryl, or heteroaryl;
and Ri9 and R20 at each occurrence are selected
independently from (i) hydrogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, cycloalkyl, aryl,
heteroaryl, and heterocyclo; or (ii) Ri9 and R 0
together with the nitrogen atom to which they are both
attached form a heteroaryl or heterocyclo ring; and 



R2I at each occurrence, is selected from alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, aryl,
heteroaryl, and heterocyclo; with the following
provisos: (1) if E is C, F is N, Z is CR3, and X is
NH(Me), NH(Me)2, NH(unsubstituted phenyl), or NHNH2,
then Y is other than hydrogen or halogen; and (2) if E
is N, F is C, Z is N, and Y is NR6R7; (a) then X is
other than NH(C1-4alkyl), N(C 1-4alkyl)2, NH(Ci-
4alkenyl), NH(-CH2-furyl), NHNH2,
NH(Cmethoxyalkylene), and NHAc;(b) and if X is
NH(-CH2-(substituted or unsubstituted)pyridyl) or
NH(-CH2-(substituted or unsubstituted) phenyl), then Y
is other than , NH(substituted piperidine), or
NH(-CH2-pyridine); (c) and if X is NH(cyclopentyl),
then Y is other than NH(cyclopentyl) ; (d) and if X is
N(CH3)(substituted phenyl) or N(CH3)(pyridyl), then Y
is other than ; or (e) and if X is NH(substituted
phenyl), then Y is other than [0074] Particularly
preferred compounds, including enantiomers,
diastereomers, a pharmaceutically-acceptable salt, or
hydrate, thereof, are those within the scope of
formula (I) (above) having the formula (Ia), (Ib) or
(Ic), in which: R1 and R2 are independently selected
from hydrogen, halogen, OR1O, cyano, C1-4alkyl,
CO2R10, and -C(O)NRi0R11 (more preferred R1 groups are
selected from hydrogen and especially hydrogen and
methyl; more preferred R2 groups are selected from
hydrogen, halogen, cyano, nitro, alkyoxy, hydroxy,
C(O)NH2 and substituted amido (N, N- di-substituted by
(i) one hydrogen and/or (ii) one to two groups
selected from alkyl, alkenyl, C3-7cycloalkyl, phenyl,
benzyl, phenylethyl, napthyl, a four to seven membered
heterocylo, and a five to six membered heteroaryl; or
(iii) when attached to the same nitrogen atom two
groups may join to form a heterocyclo or heteroaryl);
R2 is especially hydrogen, cyano, fluoro, or C(O)NH2).
R3 is selected from (i) hydrogen, halogen, nitro,
cyano, OR10, NRi0R1I , CO2Ri0, and cycloalkyl, aryl,
and heteroaryl, each group ofwhich is optionally
substituted (more preferred R3 groups: hydrogen,
halogen, C1-4alkyl, and aryl, especially: hydrogen,
chloro, methyl, ethyl, isopropyl, and phenyl); and R1
and Rn are independently selected from (i) hydrogen,
C1-4alkyl, and substituted C1-4alkyl (preferred
substitutions: one to three groups independently
selected from hydrogen, halogen, nitro, cyano, OH,
phenyl, and OCi^alkyl); or (ii) R10 and R11 together
with the nitrogen atom to which they are both attached
combine to form an optionally substituted 5-, 6-, or
7-membered heteroaryl or heterocyclo.. [0075] Even
more particularly preferred compounds, including
enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof,
are those within the scope of formula (I) (above)
having the formula (Ia), (Ib) or (Ic), in which NR4R5
is selected from:CAPSULE FORMULATION OF PIRFENIDONE
AND PHARMACEUTICALLY ACCEPTABLE EXCIPIENTS BACKGROUND
OF THE DISCLOSURE FIELD OF THE DISCLOSURE [0001] The
present disclosure relates in general to pirfenidone,
a small drug molecule whose chemical name is
5-methyl-l-phenyl-2-(lH)-pyridone. Specifically, the
present disclosure relates to a capsule formulation of
pirfenidone including pharmaceutically acceptable
excipients. Further provided are methods of using such
capsule formulation in the treatment of fibrotic
conditions and other disorders mediated by cytokines.
DESCRIPTION OF THE RELATED ART [0002] Pirfenidone is a
non-peptide synthetic molecule with a molecular weight
of 185.23 daltons. Its chemical elements are expressed
as C12HnNO, and its structure is known. The synthesis
of pirfenidone has been worked out. Pirfenidone is
manufactured and being evaluated clinically as a
broad-spectrum anti-fibrotic drug. Pirfenidone has
anti-fibrotic properties via: decreased TNF-a
expression, decreased PDGF expression, and decreased
collagen expression. Several pirfenidone
Investigational New Drug Applications (INDs) are
currently on file with the U.S. Food and Drug
Administration. Phase II human investigations are
ongoing or have recently been completed for pulmonary
fibrosis, renal glomerulosclerosis, and liver
cirrhosis. There have been other Phase II studies that
used pirfenidone to treat benign prostate hypertrophy,
hypertrophic scarring (keloids), and rheumatoid
arthritis. [0003] One important use of pirfenidone is
known to be providing therapeutic benefits to patients
suffering from fibrosis conditions such as
Hermansky-Pudlak 



Syndrome (HPS) associated pulmonary fibrosis and
idiopathic pulmonary fibrosis (IPF). Pirfenidone
demonstrates a pharmacologic ability to prevent or
remove excessive scartissue found in fibrosis
associated with injured tissues including that of
lungs, skin, joints, kidneys, prostate glands, and
livers. Published and unpublished basic and clinical
research suggests that pirfenidone may safely slow or
inhibit the progressive enlargement of fibrotic
lesions, remove pre-existing fibrotic lesions, and
prevent formation of new fibrotic lesions following
tissue injuries. [0004] It is understood that one
mechanism by which pirfenidone exerts its therapeutic
effects is modulating cytokine actions. Pirfenidone is
a potent inhibitor of fibrogenic cytokines and TNF-a.
It is well documented that pirfenidone inhibits
excessive biosynthesis or release of various
fibrogenic cytokines such as TGF-Bl, bFGF, PDGF, and
EGF. Zhang S et al., Australian and New England
Journal Ophthalmology, 26; S74-S76, 1998. Experimental
reports also show that pirfenidone blocks the
synthesis and release of excessive amounts of TNF-a
from macrophages and other cells. Cain et al.,
International Journal Immunopharmacology, 20:685-695
(1998). [0005] As an investigational drug, pirfenidone
is provided in tablet and capsule forms principally
for oral administration. Various formulations have
been tested and adopted in clinical trials and other
research and experiments. The effectiveness of a
formulation may be determined by a plurality of
factors, including the amount of pirfenidone it
contains, the kinds and relative amounts of
pharmacologically acceptable excipients used, and the
target patient profile (e.g., the physiological and
genetic conditions, disease prognosis, and demographic
characteristics of the patient). Changes in these
factors cause changes in pharmacokinetic (PK)
responses in the patient. Thus, there is a need in
general for effective pharmaceutical formulations that
elicit desirable pharmacokinetic responses in patients
thereby optimizing therapeutic actions of pirfenidone.
SUMMARY OF THE VARIOUS EMBODIMENTS [0006] It is
therefore an object of this disclosure to provide
pharmaceutical fopnulations of pirfenidone capable of
advantageous therapeutic actions. It is a related
object to provide phannaceutical formulations of
pirfenidone capable of eliciting and sustaining
desirable pharmacokinetic responses in the patient in
need thereof. It isanother object of this disclosure
to provide methods for treating fibrotic conditions
and other cytokine-mediated disorders using such
formulations. [0007] In accordance with this
disclosure, there is provided, in one embodiment, a
capsule having a pharmaceutical formulation of
5-methyl-l-phenyl-2-(lH)-pyridone (pirfenidone), which
includes 5-30% of pharmaceutically acceptable
excipients and 70- 95% of pirfenidone by weight.
[0008] According to another embodiment, the excipients
include disintegrators, binders, fillers, and
lubricants. Examples of disintegrators include
agar-agar, algins, calcium carbonate,
carboxmethylcellulose, cellulose, clays, colloid
silicon dioxide, croscarmellose sodium, crospovidone,
gums, magnesium aluminium silicate, methylcellulose,
polacrilin potassium, sodium alginate, low substituted
hydroxypropylcellulose, and cross-linked
polyvinylpyrrolidone hydroxypropylcellulose, sodium
starch glycolate, and starch. Examples of binders
include microcrystalline cellulose, hydroxymethyl
cellulose, hydroxypropylcellulose, and
polyvinylpyrrolidone. Examples of fillers include
calcium carbonate, calcium phosphate, dibasic calcium
phosphate, tribasic calcium sulfate, calcium
carboxymethylcellulose, cellulose, dextrin
derivatives, dextrin, dextrose, fructose, lactitol,
lactose, magnesium carbonate, magnesium oxide,
maltitol, maltodextrins, maltose, sorbitol, starch,
sucrose, sugar, and xylitol. Examples of lubricants
include agar, calcium stearate, ethyl oleate, ethyl
laureate, glycerin, glyceryl palmitostearate,
hydrogenated vegetable oil, magnesium oxide, magnesium
stearate, mannitol, poloxamer, glycols, sodium
benzoate, sodium lauryl sulfate, sodium stearyl,
sorbitol, stearic acid, talc, and zinc stearate.
[0009] According to yet another embodiment, by weight
2-10% of the capsule is disintegrator, 2-30% is
binder, 2-30% is filler, and 0.3-0.8% is lubricant. In
another embodiment, by weight 2-10% of the capsule is
disintegrator, 2-25% is binder, 2-25% is filler, and
0.3-0.8% is lubricant. According to still another
embodiment, the excipients further include povidone.
In a further embodiment, by weight 1-4% of the capsule
is povidone. According to another embodiment, the
capsule includes 100-400 mg Pirfenidone. [0010] In
accordance with this disclosure, there is provided, in
another embodiment, a method for treating a fibrotic
condition. The method comprisesadministering the
aforementioned capsule to a patient suffering from the
fibrotic condition. Examples of such fibrotic
conditions include pulmonary fibrosis, hepatic
fibrosis, cardiac fibrosis, keloid, dermal fibrosis,
coronary restenosis, and post-surgical adhesions.
Examples of pulmonary fibrosis include idiopathic
pulmonary fibrosis and Hermansky-Pudlak Syndromes.
[0011] In accordance with this disclosure, there is
provided, in yet another embodiment, a method for
inhibiting actions of cytokines in a patient suffering
from a 



disorder mediated by such cytokines. The method
comprises administering the aforementioned capsule to
the patient. Examples of such cytokines include TNF-a,
TGFBl, bFGF, PDGF, and EGF. Examples of such disorder
include multiple sclerosis, arthritis, asthma, chronic
rhinitis, and edema. In still another embodiment, the
method further comprises administering one or more
capsules to the patient one or more times a day, with
a total daily intake of pirfenidone greater than 1200
mg. In various embodiments, the patient is given one
or more capsules twice or three times a day. [0012] In
accordance with this disclosure, there is provided, in
still another embodiment, a capsule having an
effective amount of pirfenidone and pharmaceutically
acceptable excipients. The capsule when administered
in a patient is capable of sustaining a measurable
pharmacokinetic response. The pharmacokinetic response
is characterized by a one or more fold increase in the
Tmax or AUC values than a pirfenidone capsule
containing no pharmaceutically acceptable excipients.
hi various embodiments, treatment methods of
administering such capsules are provided for patients
suffering from fibrotic conditions such as idiopathic
pulmonary fibrosis and Hermansky- Pudlak Syndrome, and
other disorders mediated by cytokines such as TNF-a,
TGF-bl , bFGF, PDGF, and EGF. BRIEF DESCRIPTION OF THE
DRAWINGS [0013] Figure 1 shows changes in the mean
serum concentrations of pirfenidone and its metabolite
5-carboxylic acid over time in human subjects included
in one of the previously reported pharmacokinetic
studies: Shionogi Phase II. [0014] Figure 2 is a table
that shows quantitative compositions of the
pirfenidone tablets used in Shionogi Phase II.[0015]
Figure 3 shows changes in pirfenidone serum
concentrations over time in human subjects after a
single dose of 400 mg pirfenidone delivered orally in
capsules without excipients. [0016] Figure 4 shows
changes in pirfenidone serum concentrations over time
in human objects following a single dose of 200-300 mg
pirfenidone delivered orally in capsules with
excipients, according to one embodiment of this
disclosure. [0017] Figure 5 is a table that shows the
PK values of the capsules with excipients according to
one embodiment of this disclosure, compared to the PK
values of capsules without excipients that were used
in Schmidt 1974, one of the previously reported PK
studies. [0018] Figure 6 is a table that shows the
formulation of pirfenidone/excipientcontaining
capsules used in the study depicted in Figure 4 and
the study depicted in Figure 8a-c. [0019] Figure 7 is
a table that lists the components used to prepare a
representative batch of the pirfenidone/excipient
formulation of Figure 6. [0020] Figures 8a-c lists
tables that show the stability of the
pirfenidone/excipient formulation of Figure 6 at 25C
and 60% relative humidity (Figure 8a), 35C and 65%
relative humidity (Figure 8b), and 400C and 75%
relative humidity (Figure 8c). [0021] Figures 9a and
9b depict additional representative formulation of
pirfenidone/excipient-containing capsules contemplated
herein. DETAILED DESCRIPTION OF THE VARIOUS
EMBODIMENTS Discussion Of The Relevant Terms [0022]
Throughout the present disclosure relevant terms are
to be understood consistently with their typical
meanings established in the relevant art, i.e. the art
of pharmaceutical chemistry, medicine, biology,
genetics, molecular biology, biochemistry, physiology,
genomics, pharmacogenomics, bioinformatics,
computational biology, and cheminfomatics. However,
further clarifications and descriptions are provided
for certain terms as set forth below:[0023] The terms
pharmaceuticals, pharmaceutical products, drug
products, drug chemicals, drug compounds, compounds,
and chemicals, are used interchangeably throughout
this disclosure. [0024] API, as used herein, refers to
active pharmaceutical ingredients. In various
embodiments of this disclosure, the API of the capsule
and tablet formulations is pirfenidone. [0025] The
terms pharmaceutically acceptable excipients,
pharmaceutically compatible excipients, and excipients
are used interchangeably in this disclosure. They
refer to non-API substances such as disintegrators,
binders, fillers, and lubricants used in formulating
pharmaceutical products. They are generally safe for
administering to humans according to established
governmental standards, including those promulgated by
the United States Food and Drug Administration. [0026]
Disintegrators, as used herein, refer to one or more
of agar-agar, algins, calcium carbonate,
carboxmethylcellulose, cellulose, clays, colloid
silicon dioxide, croscarmellose sodium, crospovidone,
gums, magnesium aluminium silicate, methylcellulose,
polacrilin potassium, sodium alginate, low substituted
hydroxypropylcellulose, and cross-linked
polyvinylpyrrolidone hydroxypropylcellulose, 



sodium starch glycolate, and starch. [0027] Binders,
as used herein, refer to one or more of
microcrystalline cellulose, hydroxymethyl cellulose,
hydroxypropylcellulose, and polyvinylpyrrolidone.
[0028] Fillers, as used herein, refer to one or more
of calcium carbonate, calcium phosphate, dibasic
calcium phosphate, tribasic calcium sulfate, calcium
carboxymethylcellulose, cellulose, dextrin
derivatives, dextrin, dextrose, fructose, lactitol,
lactose, magnesium carbonate, magnesium oxide,
maltitol, maltodextrins, maltose, sorbitol, starch,
sucrose, sugar, and xylitol. [0029] Lubricants, as
used herein, refer to one or more of agar, calcium
stearate, ethyl oleate, ethyl laureate, glycerin,
glyceryl palmitostearate, hydrogenated vegetable oil,
magnesium oxide, magnesium stearate, mannitol,
poloxamer, glycols, sodium benzoate, sodium lauryl
sulfate, sodium stearyl, sorbitol, stearic acid, talc,
and zinc stearate.[0030] Capsule, as used herein,
refers to a generally safe, readily dissolvable
enclosure for carrying certain pharmaceutical
products. In one embodiment, capsule is made of
gelatin. Other suitable matrix substances such as
total synthetic polymer chemicals having gelatin-like
properties may be used to manufacture pirfenidone
capsules according to alternative embodiments of this
disclosure. [0031] AUC, as used herein, refers to the
area under the curve that represents changes in blood
concentrations of pirfenidone over time. [0032] Cmax,
as used herein, refers to the maximum value of blood
concentration shown on the curve that represents
changes in blood concentrations of pirfenidone over
time. [0033] Tmax, as used herein, refers to the time
that it takes for pirfenidone blood concentration to
reach the maximum value. [0034] T1Z2, as used in this
disclosure, refers to the time that it takes for
pirfenidone blood concentration to decline to one-half
of the maximum level. [0035] Collectively AUC,
Cmac,Tmax, and T 2 are the principle pharmacokinetic
parameters that characterize the pharmacokinetic
responses of a particular drug product such as
pirfenidone in an animal or human subject. Reported
Pharmacokinetic Studies On Pirfenidone [0036] Several
pharmacokinetic studies on human subjects have been
reported, including one in healthy adult males
(Schmidt RM, Ritter A and Margolin S, 1974
Bioavailability of Pirfenidone Capsules Following Oral
Administration (Human Volunteers) (60-244-73), October
11, 1974. Affiliated Medical Research, Inc.,
Princeton, New Jersey, hereafter "Schmidt 1974"), and
two in patients with pulmonary fibrosis (Nagai S,
Hamada K, Shigematsu M, Taniyama M, Yamauchi S and
Izumi T, 2002, Open Label Compassionate Use One
Year-Treatment with Pirfenidone to Patients with
Chronic Pulmonary Fibrosis, Intern Med 4 1: 1118-1
123, hereafter "Nagai 2002"; and Azuma A, Nukiwa T,
Tsuboi E et al, 2005, Double-Blind, Placebo Controlled
Trial of Pirfenidone in Patients with Idiopathic
Pulmonary Fibrosis, Am J Respir Grit Care Med.,
hereafter "Shionogi Phase II").[0037] Schmidt 1974
examined the pharmacokinetics of single dose
pirfenidone. Pirfenidone was administered orally to 10
healthy adult males at doses of 100, 200, and 400 mg.
On day 1, a single dose of 100 mg was given to each
subject. On day 3, a single dose of 200 mg was given
to each subject. And on day 4, a last single dose of
400 mg was given to each subject. This last single
dose of 400 mg was analyzed for pharmacokinetics.
Blood plasma samples were collected before dosing and
at 0.25, 1, 4, and 6 hr after dosing. Pirfenidone
concentrations in plasma were determined by gas
chromatography. The resulting values of
pharmacokinetic parameters are: Cmax = 6.3 + 2.5
mg/mL, Tmax = 0.9  0.3 hrs, AUC6hr = 20.8  10.0
mg/mL-hr, and T1/2 = 2.2  0.6 hrs. [0038] Nagai 2002
involved 10 male patients with pulmonary fibrosis. The
subjects underwent dose escalation starting with an
initial dose of 400 mg for several days to a
maintenance dose of 40 mg/kg/day. Pharmacokinetics
analyses were done on each of the 10 subjects on day 1
when a dose of 400 mg was given. Plasma samples were
collected at 0, 0.25, 1, 1.5, 2, 4, 6, 8, and 24 hr
after dosing. The values of pharmacokinetic parameters
were computed. Cmax was 3.0 to 7.2 mg/mL, and
AUC24Juwas 16.9 to 66.4 mg/mL-hr. [0039] Shionogi
Phase II involved serial sampling in a 15-patient
subset of a pirfenidone cohort (13 males and 2
females). On day 1 a 200 mg single dose was given to
each of the 15 patients, and serum samples were
collected before dosing and at 0.5, 1, 2, and 3 hr
after dosing. Blood concentrations of pirfenidone were
determined by HPLC assay. Figure 1 demonstrates
changes in the observed mean serum concentrations of
pirfenidone and its metabolite 5-carboxylic acid over
time. The values of pharmacokinetic parameters were
computed to be: Cmax = 2.7 + 0.7 mg/mL, Tmax = 1.8 +
1.1 hrs, AUC4hr = 7.3  1.6 mg/mL-hr, and T1/2 = 3.5
2.2 hrs. [0040] The drug formulations in these
previously reported studies were different. Schmidt
1974 used a capsule including 100% pirfenidone. Nagai
2002 and Shionogi 



Phase II used pirfenidone tablets that included
certain pharmaceutically acceptable excipients For
example, the drug product used in Shionogi Phase II
was formulated as compressed, coated tablets of 200 mg
of pirfenidone. Shionogi Phase II tablets included
pharmaceutically acceptable excipients. Figure 2 is a
table listing the ingredients of the Shionogi Phase II
tablets and the quantities of each ingredient. As
shown, the core tabletwas 285 mg, of which 200 mg was
API. Various amounts of disintegrator, filler, binder,
and lubricant were included. With the addition of the
coating, the total weight of the Shionogi Phase II
tablet was 296.4 mg. [0041] One additional
pharmacokinetic study was conducted on a single dose
of four 100 mg capsules each containing 100%
pirfenidone. Ten human volunteers were included in
this study. At 15 minutes after oral ingestion of 400
mg pirfenidone, the average serum concentration of
pirfenidone reached 3.97 mg/mL. At one hour, the
average serum concentration was measured to be 5.57
mg/mL, and at six hour 1.63 mg/mL. Figure 3 is a plot
of serum pirfenidone levels over time summarizing this
study. As shown, the maximum serum pirfenidone level
was reached between one and three hours. The value
OfTy2 was calculated to be 2.87 + 0.22 hrs. Capsule
Formulation Of Pirfenidone With Excipients [0042] To
those skilled in the pharmaceutical research and
manufacturing, it is generally known that tablet
formulations permit generous additions of non-API
ingredients including excipients and coating
substances, especially high percentage of fillers.
However, the addition of non-API ingredients may limit
the amount of API carried in each tablet. By contrast,
capsule formulations tend to facilitate the inclusion
of high percentage of API with no or less non-API
components. Capsules may allow for inclusion of a
larger amount of binders, instead of fillers as used
more in tablets. Where high percentage of API is
desired and specific excipients are not known to be
essential, capsule formulations are often adopted.
[0043] To be sure, no capsule formulation of
pirfenidone manufactured or reported to date contains
excipients. The present disclosure provides a new
pirfenidone capsule formulation with certain
pharmaceutically acceptable excipients. According to
one embodiment, this new capsule formulation is
capable of eliciting advantageous pharmacokinetic
responses in human subjects. In another embodiment,
this new capsule formulation facilitates dissolution
and improves flowability in the capsule manufacturing
process.[0044] This capsule formulation includes
100-400 mg pirfenidone. One or more pharmaceutically
acceptable excipients are added in various
embodiments. For example, in one embodiment, by weight
2-10% of the capsule is disintegrator, 2-30% is
binder, 2- 30% is filler, and 0.3-0.8% is lubricant.
As described in the beginning of this Detailed
Description, a multitude of substances may be suitably
included as disintegrator, binder, filler, and
lubricant. One example is to use magnesium stearate as
lubricant, microcrystalline cellulose as binder, and
croscarmellose as disintegrator. In a particular
embodiment, the capsule formulation further includes
povidone. By weight povidone may constitute 1-4% of
the capsule. [0045] The capsule shell may be made of
hard gelatin in one embodiment. The shell may be clear
or opaque, white or with color in various embodiments.
The capsule is size 1 in a preferred embodiment. Other
sizes may be adopted in alternative embodiments.
[0046] The manufacture of pirfenidone capsules based
on the capsule formulation of the various embodiments
includes a series of steps. These steps are: preparing
pirfenidone granulation, fluid bed drying, milling,
lubrication blend, encapsulation, and bulk packaging
[0047] The preparation of pirfenidone granulation may
be done in the following sequence. First, povidone is
mixed with water and dissolved using an overhead
mixer. Second, pirfenidone is milled with
croscarmellose and microcrystalline cellulose to break
up any lumps. Third, the milled pirfenidone,
croscarmellose, and microcrystalline cellulose are
added into a high sheer granulator and blended.
Fourth, the povidone and water solution is added to
the blend. Fifth, the pirfenidone granulation is
blended for an additional period of time after the
povidone and water solution have been completely
added. [0048] The fluid bed drying process may be
preformed on a Fluid Bed Dryer with an inlet
temperature of 6O0C. The milling process may be
preformed using a suitable miller such as Quadro
Comil(r). The lubrication blend process may be
conducted with the addition of an appropriate amount
of croscarmellose and magnesium stearate. The
pirfenidone granulation may be further blended at this
point. Next, the pirfenidone granulation is
encapsulated using a suitable encapsulator into
two-piece, size 1, gelatincapsules to yield a desired
pirfenidone dose of 100-400 mg. The dose of 200-300 mg
is yielded in a preferred embodiment. To conclude the
capsule manufacturing process, finished capsules may
be packaged in secured, double polybags and stored at
controlled room temperature. Those skilled in drug
research and drug making will appreciate that certain
of the aforementioned steps may be modified or
omitted, and additional steps may 



be included, without materially alter the outcome of
the manufacturing. [0049] An exemplary composition of
the pirfenidone/excipient formulationcontaining
capsules that was prepared and tested is provided in
Figure 6. A representative batch of the
pirfenidone/excipient formulation was prepared using
routine wet formulation methods to combine the
components listed in Figure 7. [0050] Pharmacokinetic
studies were performed on the pirfenidone capsules of
the present disclosure. A first study depicted in
Figure 4 shows average changes in serum concentrations
over time in four groups of subjects to whom were
administered a single dose of the 267 mg pirfenidone
capsule formulation of Figure 6. The four lines of
tin' s graph, A, B, C and D, represent four different
groups of subjects: A, fasted subjects; B fasted
subjects with anatacid administered; C fed subjects;
and D fed subjects with anatacid administered. [0051]
In another pharmacokinetic study, two groups of human
subjects on normal diet were included, each having 13
subjects. One group (Group I) received no antacid,
while the other group (Group II) received antacid. The
267 mg pirfenidone capsule formulation of Figure 6 was
given to each subject. Figure 5 is a table summarizing
the resulting PK values for both groups (Capsule
Groups I and II), compared to the PK values reported
in Schmidt 1974. As demonstrated in Figure 5, Tmax is
significantly longer (an approximately two-fold
increase in each of Groups I and II) for these
excipient-containing capsules than what was reported
in Schmidt 1974. AUC is also significantly higher
(increased by about two-fold in each of Groups I and
II) for these excipient-containing capsules than what
was reported in Schmidt 1974. AUC values are computed
over a time period of zero to infinity. The values of
Cmax and T 2 are also higher than or comparable with
those reported in Schmidt. [0052] These resulting PK
values, especially the increased Tmax and AUC,
indicate a prolonged absorption phase for the
pirfenidone capsules with excipients according tothe
present disclosure. Consequently, these capsules are
capable of sustaining prolonged therapeutic actions in
a patient. Therefore, compared to the capsules without
excipients, as what were used in Schmidt 1974, the
capsule formulation with the excipients may be
advantageously administered to a patient in need,
thereby eliciting desirable pharmacokinetic responses
in the patient. Whilst such desirable PK responses are
surprising results, it is conceivable that binders
such as microcrystalline cellulose or povidone
favorably interact with the amide carbonyl group of
pirfenidone forming a transient complex which may then
dissociate, resulting in a slow build-up in the plasma
concentration of pirfenidone, or a slow decline or
clearance in the plasma concentration. [0053] Based on
the longer Tmax and T 2, a simplified dosing regimen,
e.g., changing from three times a day to twice a day,
may be implemented, which is likely to result in
greater patient compliance. In addition, higher Cmax
values suggest that daily dosages may be reduced
without altering the therapeutic effects of
pirfenidone. A reduced daily dosage may lead to
reduction or elimination of toxicity and other adverse
effects of the drug. [0054] In addition to the
therapeutic advantages of the pirfenidone/excipient
formulations provided herein, these capsules and the
formulations also show good stability under various
storage conditions over time hi some embodiments,
under various storage conditions the capsules and
pirfenidone/excipient formulations provided herein can
be stable for at least, or at least about, 3 months, 6
months, 9 months, 12 months, 15 months, 18 months, 24
months, 36 months, or 48 months. For example, under
storage conditions of 25C and 60% relative humidity,
the capsules and pirfenidone/excipient formulations
provided herein can be stable for at least, or at
least about, 3 months, 6 months, 9 months, 12 months,
15 months, 18 months, 24 months, 36 months, or 48
months. In another example, under storage conditions
of 300C and 65% relative humidity, the capsules and
pirfenidone/excipient formulations provided herein can
be stable for at least, or at least about, 3 months, 6
months, 9 months, 12 months, 15 months, 18 months, 24
months, 36 months, or 48 months hi another example,
under storage conditions of 4O0C and 75% relative
humidity, the capsules and pirfenidone/excipient
formulations provided herein can be stable for at
least, or at least about, 3 months, 6 months, 9
months, or 12 months.[0055] In some embodiments, the
stability of the capsules and pirfenidone/excipient
formulations provided herein is determined by
measuring the dissolution rate of the stored capsule
and/or pirfenidone/excipient formulations. Any of a
variety of dissolution methods provided herein or
otherwise known in the art can be performed to
determine the stability of capsules and
pirfenidone/excipient formulations. Dissolution
measurements are in vitro methods known in the art to
be representative of in vivo Tmax and AUC values.
Accordingly, the stability of the capsules and
pirfenidone/excipient formulations as measured by
dissolution methods will be representative of the in
vivo Tmax and AUC values of a subject when the
capsules and pirfenidone/excipient formulations after
storage, for example, under the above-exemplified
conditions for the indicated amount of time.
Typically, a dissolution level indicative of an
acceptable level of stability is a 



dissolution of at least, or at least about 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more, of the pirfenidone in the capsules provided
herein. Any of a variety of dissolution methods
provided herein or otherwise known in the art can be
performed to determine the stability of capsules and
pirfenidone/excipient formulations. For example,
dissolution can be determined according to the
pharmacopoeial dissolution method specified in USP29.
[0056] The stability of the capsules and
pirfenidone/excipient formulations provided herein is
demonstrated in the results presented in Figure 8. The
267 mg pirfenidone capsule formulation of Figure 6 was
stored for 18 months under three different storage
conditions: 25C and 60% relative humidity, 3O0C and
65% relative humidity, and 4O0C and 75% relative
humidity. Figure 8 shows that the dissolution of the
capsule and pirfenidone/excipient formuations at 250C
and 60% relative humidity, 300C and 65% relative
humidity did not appreciably change over the duration
of the 18 month period. The dissolution of the capsule
and pirfenidone/excipient formuations at 4O0C and 75%
relative humidity did not appreciably change over the
initial 12 month period. The dissolution analysis was
performed according to the pharmacopoeial dissolution
method specified in USP29 using Apparatus 2 (paddles)
with water as a solvent and a specification of Q=70%
of label claim in 30 minutes. Also shown in Figure 8,
the level of impurities in each formulation, as
determined by HPLC, was less than 0.05% over the
duration of the 18 month period. In addition, the
moisture content, as determined by theKarl Fischer
method, of all but one time point (400C, 75% RH at 18
months) remained below 2%, and the moisture content of
all samples remained below 2.5% over the duration of
the 18 month period. Finally, the percent of
pirfenidone in each sample, as determined by HPLC,
showed no appreciable degradation over the 18 month
period. [0057] In addition to the specific formulation
provided herein in Figure 6, further formulations
contemplated herein are provided in Figure 9a and 9b.
Therapeutic Indications [0058] One embodiment of this
disclosure provides methods for treating fibrotic
conditions and other cytokine-mediated disorders.
These methods comprise administering the
excipients-containing pirfenidone capsules of this
disclosure to a patient suffering from a fibrotic
condition or a cytokine-mediated disorder. The dosing
may be twice or three times daily, with one or more
capsules per intake. According to a particularly
embodiment, the total daily intake is at least 1200 mg
pirfenidone. The total daily intake amount may vary,
depending on the patient profile, including among
other things the patient's demographic
characteristics, physiological and genetic conditions,
and disease prognosis. For example, a child or a
senior person may be given a lower amount daily than
that given to an ordinary adult. [0059] The
anti-fibrotic activity of pirfenidone is demonstrated
in in vivo animal fibrosis models, as well as in vitro
cell culture studies with human or animal lung
fibroblasts, dermal fibroblasts, and fibroblast-like
cells. Those data indicates that pirfenidone may be an
effective agent for preventing and treating
post-surgical adhesions, myocardial fibrosis, renal
fibrosis, liver cirrhosis, atherosclerosis, and other
fibrotic disorders. In vitro cell cultures with human
mesenchymal-like cells (including lung fibroblasts,
skin fibroblasts, prostate stromal cells, and renal
mesangial cells, etc) have shown pharmacologic
inhibition by pirfenidone of excessive cell
proliferation induced by cytokine growth factors
(TGF-Bl, bFGF, PDGF, and EGF). In cell culture media,
graded concentrations of pirfenidone were effective at
levels which were ten to twenty times lower than those
exerting any pharmacologically toxic effects on the
cells. [0060] At the site of injury, otherwise nopnal
resident cells (e.g., fibroblasts, pericytes,,
mesangial cells, astrocytes, microglia, and
oligodendrocytes) manufacture anddischarge high
concentrations of growth factors into adjacent tissue
spaces. These resident sources of pathologically high
levels of growth factors are directly responsible for
the persistently excessive levels of growth factors.
They cause excessive and harmful formation of collagen
or amyloid matrix as well as damage to adjacent cells,
the associated organ dysfunction, and frequently,
organ malformation. [0061] TGF- l is a potent
growth-related peptide whose effects may be observed
at femtomolar concentrations. It appears to be
ubiquitous, and is a bifunctional regulator of cell
proliferation in vitro. It acts either as a mitogen or
a growth inhibitor depending on tissue concentration
and the state of cell confluence (LJ. Striker et al,
Lab. Invest. 64:446-456, 1991). hi skin incisions,
after attracting macrophages and fibroblasts, TGFBl
enhances extracellular matrix formation by increasing
transcription of genes for collagen and fibronectin,
decreasing secretion of proteases, increasing
secretion of protease inhibitors, and increasing
transcription of cellular receptors for matrix
proteins. [0062] The anti-fibrotic activities of
pirfenidone have been demonstrated in vivo in
laboratory animals with fibrotic lesions, in vitro
with human lung fibroblast (WB 8) cell cultures, and
observed through pilot open trials in patients with
severe pulmonary fibrosis, benign prostate
hypertrophy, or keloids. Pirfenidone may selectively
arrest scar enlargement, and remodels or removes scar
tissue or fibrosis. The dysfunction caused by 



fibrotic lesion's may be ameliorated by the reduction
or removal of the fibrotic lesion following
pirfenidone treatment. Apparently organ and tissue
function can be restored, even after the presence of
fibrosis for several years. When given immediately
after an insult, such as trauma, infection, or
allergy, to a tissue, pirfenidone also may prevent
formation of excessive scar tissue, or fibrotic
lesions, and thus help retain normal function and
appearance of the tissue. [0063] Pirfenidone may cause
removal of excessive collagenous fibrotic tissue by a
phagocytic action of local fibroblasts. This has been
observed by examination of histological sections of
lung tissue under the light microscope from dogs,
mice, rats, and hamsters with pulmonary fibrosis
treated with pirfenidone, and also through the
electron micrographs of histological sections of lung
tissue taken from hamsters with experimentally-induced
asbestosis that were treated with pirfenidone. No
infiltration of inflammation-inducing neutrophils, PMN
cells, monocytes, lymphocytes occurred.[0064] The
enhanced proliferation ofWB 8 fibroblasts upon in
vitro exposure to PDGF or bFGF may be blocked by
pirfenidone added to cell growth media. Pirfenidone
may also inhibit the TGF-Bl induced rise in collagen
output in lung and dermal fibroblast cultures. [0065]
The human clinical findings after treatment with
pirfenidone have been consistent with the
anti-fibrotic effects observed in the laboratory
animals. Pilot open clinical trials with oral
pirfenidone have been undertaken with patients
afflicted with pulmonary asbestosis, bleomycin-induced
pulmonary fibrosis, idiopathic pulmonary fibrosis,
scleroderma with pulmonary fibrosis, and
Hermansky-Pudlak Syndrome characterized by pulmonary
fibrosis. [0066] The clinical criteria for beneficial
response during the first months on pirfenidone
included reduction in incidence of coughs, reduction
in supplemental oxygen requirements, increased
exercise tolerance, reduced dyspnea during exercise,
amelioration of cor pulmonale, resumption of normal
daily tasks, body weight gain, and survival. During
the early months, pulmonary function as gauged by
chest x-ray, spirometry, or CO diffusion (DLCO) showed
little, if any, change. However, after 4 to 6 months
on pirfenidone, inhibition or blocking of further
deterioration in lung function was evidenced by
pulmonary function tests, vital capacity (VC), in the
diffusing capacity of the lung for carbon monoxide
(DLCO). These overall observations compare favorably
with those described by Van Barneveld et al. (Amer.
Rev. Respr. Dis., vol. 135, 48-51, 1987), during the
spontaneous recovery by patients from
bleomycin-induced pulmonary pneumonitis (early stage
fibrosis). [0067] Martinet et al. (NE Jour. Med., vol
317, 202-209, 1987) have described an exaggerated
release of PDGF by alveolar macrophages in patients
with idiopathic pulmonary fibrosis. The in vitro
demonstration of inhibition by pirfenidone of the
mitogenesis and enhanced formation of collagen caused
by growth factors (bFGF, PDGF, and TGF- Bl) may partly
explain the beneficial in vivo anti-fibrotic action of
pirfenidone. [0068] In an open pilot trial of
pirfenidone in older men with clinically advanced
benign prostate hypertrophy (BPH, non-cancerous
fibrous enlargement of the male prostate gland), the
patients experienced functional improvement based on
objective criteria. After taking oral pirfenidone the
frequent urinary bladder urgency wasameliorated, and
nocturia rarely recurred. In another pilot open trial,
topical applications of pirfenidone ointment to
surgical sites immediately after keloid resection has
prevented recurrence of the keloids as observed in
two-year follow-ups in the patients. Each of those
patients had a prior history of repeated early keloid
re-growths after such surgery. Pirfenidone may induce
a remodeling of skin fibrotic lesions to reduce or
remove keloids, reduce or remove dermal scars, and
remove or lessen the contractures of hypertrophic
(post burn injury) scars. In a similar condition,
pirfenidone also acts to inhibit post operative
surgical adhesions. [0069] Thus, clinical
investigations under both controlled protocol designs
and open label trials have demonstrated that
pirfenidone exerts anti-fibrotic and cytoprotective
actions. The observed side effects after oral
administration were relatively mild (drowsiness,
gastric nausea or photosensitivity rash). No serious
adverse reactions have been reported. [0070] In
summary, based on the TNF-a inhibitor (cytoprotective)
activity of pirfenidone, the capsule formulation of
the present disclosure may be administered according
to certain embodiments of this disclosure to treat
patients suffering from the following disorders:
[0071] 1) Central Nervous System syndromes:
relapsing-remitting multiple sclerosis, primary and
secondary multiple sclerosis, spinal multiple
sclerosis, cerebral malaria, viral or bacterial
infections of the CNS, bacterial meningitis,
"autoimmune" disorders of the central nervous system
(CNS), CNS stroke and infarction, brain edema,
Parkinson's syndrome, Alzheimer's disease,
amylotrophic lateral sclerosis (ALS), and brain
concussion or contusion; [0072] 2) Musculoskeletal
syndromes: rheumatoid arthritis, trauma-induced 



arthritis, arthritis caused by a microbial infection,
or by a parasite, tendonitis, and, arthritis induced
by medical products or drugs (including small
synthetic molecules as well as purified natural or
synthesized peptides or proteins); [0073] 3) Pulmonary
syndromes: acute adult respiratory distress syndrome,
asthma, allergic rhinitis, allergic conjunctivitis,
chronic obstructive pulmonary disease (COPD), and lung
sarcoidosis;[0074] 4) Systemic immunologic,
inflammatory or toxic syndromes: endotoxemia shock
syndrome, septic shock, graft-host disease, allograft
vasculopathy, hemorrhagic shock, reperfusion injury of
the brain or myocardium, thermal burns, radiation
injury, general or dermal traumatic or contusion
injuries, eosinophilic granuloma, diabetic mellitus
(type II), or systemic lupus erythematosus; [0075] 5)
Gastro-intestinal syndromes: Crohn's disease,
ulcerative colitis, and liver inflammatory disorders;
and [0076] 6) Congestive heart failure. [0077]
Further, based on the anti-fibrotic activity of
pirfenidone, the capsule formulation of the present
disclosure may be administered according to other
embodiments to treat patients suffering from the
following disorders: pulmonary fibrosis, radiation and
drug-induced lung fibrosis, hepatic fibrosis, cardiac
fibrosis, keloid, post surgical adhesions, benign
prostate hypertrophy in humans, arteriosclerosis,
dermal fibrosis, and coronary restenosis. [0078] It is
to be understood that the description, specific
examples and data, while indicating exemplary
embodiments, are given by way of illustration and are
not intended to limit the various embodiments of the
present disclosure. All references cited herein for
any reason, are specifically and entirely incorporated
by reference. Various changes and modifications within
the present disclosure will become apparent to the
skilled artisan from the description and data
contained herein, and thus are considered part of the
various embodiments of this disclosure.WHAT IS CLAIMED
IS: 1. A capsule comprising a pharmaceutical
formulation of 5-methyl- 1-phenyl- 2-(lH)-pyridone,
wherein said pharmaceutical formulation comprises, by
weight, 5-30% of pharmaceutically acceptable
excipients and 70-95% of 5-methyl-l-phenyl-2-(lH)~
pyridone. 2. The capsule of claim 1, wherein said
excipients comprise one or more disintegrators,
binders, fillers, and lubricants. 3. The capsule of
claim 2, wherein said disintegrators comprise one or
more of agar-agar, algins, calcium carbonate,
carboxmethylcellulose, cellulose, clays, colloid
silicon dioxide, croscarmellose sodium, crospovidone,
gums, magnesium aluminium silicate, methylcellulose,
polacrilin potassium, sodium alginate, low substituted
hydroxypropylcellulose, and cross-linked
polyvinylpyrrolidone hydroxypropylcellulose, sodium
starch glycolate, and starch. 4. The capsule of claim
2, wherein said binders comprise one or more of
microcrystalline cellulose, hydroxymethyl cellulose,
hydroxypropylcellulose, and polyvinylpyrrolidone. 5.
The capsule of claim 2, wherein said fillers comprise
one or more of calcium carbonate, calcium phosphate,
dibasic calcium phosphate, tribasic calcium sulfate,
calcium carboxymethylcellulose, cellulose, dextrates,
dextrin, dextrose, fructose, lactitol, lactose,
magnesium carbonate, magnesium oxide, matitol,
maltodextrins, maltose, sorbitol, starch, sucrose,
sugar, and xylitol. 6. The capsule of claim 2, wherein
said lubricants comprise one or more of agar, calcium
stearate, ethyl oleate, ethyl laureate, glycerin,
glyceryl palmitostearate, hydrogenated vegetable oil,
magnesium oxide, magnesium stearate, mannitol,
poloxamer, glycols, sodium benzoate, sodium lauryl
sulfate, sodium stearyl, sorbitol, stearic acid, talc,
and zinc stearate.7. The capsule of claim 2, wherein
by weight said disintegrator is 2-10%, said binder is
2-30%, said filler is 2-30%, and said lubricant is
0.3-0.8%. 8. The capsule of claim 2, wherein said
excipients further comprise povidone. 9. The capsule
of claim 8, wherein by weight said povidone is 1-4%.
10. The capsule of claim 9, wherein the capsule
comprises 100-400 mg 5-
methyl-1-phenyl-2-(1H)-pyridone. 11. A method for
treating a fibrotic condition, comprising
administering the capsule of claim 1 to a patient
suffering from said fibrotic condition. 12. The method
of claim 11, wherein said fibrotic condition is one of
pulmonary fibrosis, hepatic fibrosis, cardiac
fibrosis, keloid, dermal fibrosis, coronary
restenosis, and post-surgical adhesions. 13. The
method of claim 12, wherein said pulmonary fibrosis is
one of idiopathic pulmonary fibrosis and
Hermansky-Pudlak Syndrome. 14. A method for inhibiting
actions of cytokines in a patient suffering from a
disorder mediated by said cytokines, said method
comprising administering the capsule 



of claim 1 to said patient. 15. The method of claim
14, wherein said cytokines comprise one or more of
TNF-a, TGF-Bl, bFGF, PDGF, and EGF. 16. The method of
claim 15, wherein said disorder is one of multiple
sclerosis, arthritis, asthma, chronic rhinitis, and
edema. 17. The method of claim 11 or 14, further
comprising administering one or more said capsules to
said patient one or more times a day, wherein the
total intake of 5- methyl-l-phenyl-2-(lH)-pyridone is
at least 1200 mg a day.18. The method of claim 17,
wherein said one or more capsules are administered to
the patient twice a day. 19. The method of claim 18,
wherein said one or more capsules are administered to
the patient three times a day. 20. A method for
treating a pulmonary fibrotic condition, comprising
administering to a patient suffering said condition a
capsule comprising by weight 70- 95% of
5-methyl-l-rhenyl-2-(lH)-pyridone and 5-30% of
pharmaceutically acceptable excipients. 21. A capsule
comprising an effective amount of
5-methyl-1-phenyl-2-(1H)- pyridone and
pharmaceutically acceptable excipients, wherein said
capsule is capable of sustaining a measurable
pharmacokinetic response in a patient, wherein said
pharmacokinetic response is characterized by a one or
more fold increase in the T1 ax values compared to a
capsule of 5-methyl- l-phenyl-2-(lH)-pyridone
containing no pharmaceutically acceptable excipients.
22. A capsule comprising an effective amount of
5-methyl-l-phenyl-2-( IH)- pyridone and
pharmaceutically acceptable excipients, wherein said
capsule is capable of sustaining a measurable
pharmacokinetic response in a patient, wherein said
pharmacokinetic response is characterized by a one or
more fold increase in the AUC values compared to a
capsule of 5-methyl- l-phenyl-2-(lH)-pyridone
containing no pharmaceutically acceptable excipients.
23. The capsule of claim 2 1 or 22, wherein the
excipients comprise one or more disintegrators,
binders, fillers, and lubricants. 24. The capsule of
claim 22, wherein the excipients further comprise
povidone. 25. A method for treating a fibrotic
condition, comprising administering the capsule of
claim 2 1 or 22 to a patient suffering from said
condition.26. The method of claim 25, wherein said
fibrotic condition is one of pulmonary fibrosis,
hepatic fibrosis, cardiac fibrosis, keloid, dermal
fibrosis, coronary restenosis, and post-surgical
adhesions. 27. The method of claim 26, wherein said
pulmonary fibrosis is one of idiopathic pulmonary
fibrosis and Hermansky-Pudlak Syndrome. 28. A method
for inhibiting actions of cytokines in a patient
suffering from a disorder mediated thereby, said
method comprising administering the capsule of claim 2
1 or 22 to said patient. 29. The method of claim 28,
wherein said cytokines comprise one or more of TNF-a,
TGF-bl , bFGF, PDGF, and EGF. 30. The method of claim
29, wherein said disorder is one of multiple
sclerosis, arthritis, asthma, chronic rhinitis, and
edema. 31. The method of claim 1, wherein by weight
said disintegrator is 2-10%, said binder is 2-25%,
said filler is 2-25%, and said lubricant is 0.3-0.8%.
32. The method of claim 1, wherein said capsule and
said formulation are stable for at least 18 months.
33. The method of claim 32, wherein said capsule and
said formulation are stable for at least 18 months
when stored at 25C and 60% relative humidity. 34. The
method of claim 32, wherein said capsule and said
formulation are stable for at least 18 months when
stored at 300C and 65% relative humidity. 35. The
method of claim 1, wherein said capsule and said
formulation are stable for at least 12 months when
stored at 400C and 75% relative humidity. 36. The
method of any of claims 32-35, wherein the stability
of said capsule and said formulation is detepnined by
dissolution analysis. 


