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RELATEDAPPLICATIONS [001] This application claims
priority from U-S. Provisional Patent Application No.
60/748,369, filed on December 8, 2005, which is hereby
incorporated by reference in its entirety. BACKGROUND
OF THE INVENTION Field of the Invention [002] The
present invention relates to protein kinase
inhibitors, particularly inhibitors of Raf-kinase. The
invention also provides pharmaceutical compositions
comprising the compounds of the invention and methods
of using the compositions in the treatment of various
diseases. Background of the Invention [003] Protein
kinases constitute a large family of structurally
related enzymes that effect the transfer of a
phosphate group from a nucleoside triphosphate to a
Ser, Thr or Tyr residue on a protein acceptor. A vast
array of cellular functions, including DNA
replication, cell cycle progression, energy
metabolism, and cell growth and differentiation, are
regulated by reversible protein phosphorylation events
mediated by protein kinases. Additionally, protein
kinase activity has been implicated in a number of
disease states, including cancers. Of the >100
dominant oncogenes known to date, many encode receptor
and cytoplasmic tyrosine kinases known to be mutated
and/or over expressed in human cancers (Blume-Jensen
and Hunter, Nature, 411:355-365 (2001)). Accordingly,
protein kinase targets have attracted substantial drug
discovery efforts in recent years, with several
protein kinase inhibitors achieving regulatory
approval (reviewed in Fischer, Curr. Med. Chem.,
11:1563 (2004); Dancey and SausviHe, Nature Rev. Drug
Disc, 2:296 (2003)). [004] Intracellular signaling
pathways activated in response to growth
factor/cytokine Stimulation are known to control
functions such as proliferation, differentiation and
cell death (Chiloeches and Marais, In Targetsfor
Cancer Therapy; Transcription Factors and Other
NuclearProteins, 179-206 (La Thangue and Bandara,
eds., Totowa, Humana Press 2002)). One example is the
Ras-Raf-MEK-ERK pathway which is controlled by
receptor tyrosine kinase activation. Activation of Ras
proteins at the cell membrane leads to phosphorylation
and recruitment of accessory factors and Kaf which is
then activated by phosphorylation. Activation of Raf
leads to downstream activation of MEK and ERK. ERK has
several cytoplasmic and nuclear substrates, including
ELK and Ets-family transcription factor, which
regulates genes involved in cell growth, survival and
migration (Marais et ah, J. Biol. Chem., 272:4378-4383
(1997); Peyssonnaux and Eychene, Biol. Cell, 93-53-62
(2001)). As a result, this pathway is an important
mediator of tumor cell proliferation and angiogenesis.
For instance, overexpression of constitutively active
B-Raf can induce an oncogenic event in untransformed
cells (Wellbrock et ah, Cancer Res., 64:2338-2342
(2004)). Aberrant activation of the pathway, such as
by activating Ras and/or Raf mutations, is known to be
associated with a malignant phenotype in a variety of
tumor types (Bos, Hematol. Pathol., 2:55-63 (1988);
Downward, Nature Rev. Cancer, 3:11-22 (2003);
Karasarides et ah Oncogene, 23:6292-6298 (2004);
Tuveson, Cancer Cell, 4:95-98 (2003); Bos, Cancer Res,
49:4682-4689 (1989)). Activating mutations in B-Raf
are found in 60-70% of melanomas. Melanoma cells that
carry mutated B-Raf-V599E are transformed, and cell
growth, ERK signaling and cell viability are dependent
on mutant B-Raf function (Karasarides et ah, Oncogene,
23:6292-6298. (2004)). [005] There are three Raf
isoforms, A-Raf, B-Raf and C-Raf (Raf-1), all of which
can act as downstream effectors of Ras. Although they
show significant sequence similarities, they also
exhibit distinct roles in. development, in addition to
significant biochemical and functional differences. In
particular, the high basal kinase activity of B-Raf
may explain why mutated forms of only this isoform
have been found in human cancers. Nevertheless, the
isoforms show redundant functions in facilitating
oncogenic Ras-induced activation of the MEK-ERK
signaling cascade (Wellbrock, Cancer Res, 64:2338-2342
(2004)). In addition to Raf signaling via the MEKERK
pathway there is some evidence that C-Raf (and
possibly B-Raf and A-Raf) may signal via alternative
pathways directly involved in cell survival by
interaction with the BH3 family of anti-apoptotic
proteins. (WeDbrock et ah, Nature Rev.: MoI. Cell
Biol. 5:875 (2004)). [006] Inhibitors of the Raf
kinases may be expected to interrupt the Ras-Raf
signaling cascade and thereby provide new methods for
the treatment of proliferative disorders, such as
cancer. There is thus a need for new inhibitors of Raf
kinase activity.DESCRIPTION OF THE INVENTION [007] The
present invention provides compounds that are
effective inhibitors of Rafkinase. These compounds are
useful for inhibiting kinase activity in vitro and in
vivo, and are especially useful for the treatment of
various cell proliferative diseases. [008] Compounds
useful for the methods of the invention are
represented by formula V-A): Xi (J-A) or a
pharmaceutically acceptable salt thereof; wherein: G1
is -C(Re)(Re')-, -C(O)-, -O-, -S-, -S(O)-, -S(O)2- or
-N(Rf)-; G2 is -C(O)-NH-, -C(O)-N(C^3 aliphatic)-,
-NH-C(O)-, or -N(C1 3 aliphatic)-C(O)-, provided that
G is -C(O)-]\JH- or -C(O)-N(C1 3 aliphatic)- if it is
connected to a ring nitrogen atom in Ring A; Ring A is
a bicyclic ring system selected from the group
consisting of:I aC nLdU . , wherein Ring A is
substituted with 0-2 Ra; Ring Bis an optioncilly
substituted monocyclic nitrogen-containing heteroaryl;
or Ring Bhas the formula: Xis CH or N; Q is
-C(R10XR11)-, -N(R913)-, -O, -C(R10)(R11)-C(R10XR11)-
-C(R11)=C(R11)-, -C(R10)(Rn )-N(R9b)-, -N(R9Yc(R
10XR11)-, or -0-C(R 10)(R11)- wherein the oxygen atom
of the group -O-C(R10)(Rn )- is attached to the
carbonyl carbon atom; each R independently is selected
from the group consisting of C1 4 aliphatic, C1-4
fluoroaliphatic, halo, -OH, -0(C 1 4 aliphatic), -NH2,
-NH(C 1 4 aliphatic), and -N(C1 aliphatic).; R is
hydrogen, C1-4 aliphatic, or C ar Cj^alky], the aryl
portion of which may be optionally substituted. R is
hydrogen, :fluoro, C1-4 aliphatic, or C1-4
fluoroaliphatic;R is hydrogen, fluoro, or a C1-4
aliphatic or C1 4 fluoroaliphatic group optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5, -N(R 2,
-CO2R5, or -C(O)N(R4)2; Ring C is a 5- or 6-membered
aryl or heteroaryl ring having 0-3 ring nitrogen atoms
and optionally one additional ring heteroatom selected
from oxygen and sulfur; Ring C is substiixited on its
substitutable ring carbon atoms with 0-2 Rc and 0-2 R
; each Rc independently is halo, -NO2, -CN,
-C(R5)=C(R5)2, -CC-R5, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4)2, -NR4C(O)R5, -N(R4)C(=NR4)-R6,
-NR4CO2R6, -N(R4)SO2R6, -N(R4)SO2N(R4)2, -O-C(O)R5,
-OC(O)Nf(R4)2, -C(O)R5, -CO2R5, -C(O)N(R4) ,
-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(O)R5 -C(=NR4)-N(R4)2,
-C(=NR4}-OR5, -C(=NR4)-N(R4)-OR5, -C(R6)=N-OR5, or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl; or two adjacent Rc, taken together with 



the intervening ring atoms, form an optionally
substituted fused 5- or 6-membered aromatic or
non-aromatic ring having 0-3 ring heteroatoms
independently selected from the group consisting of O,
N, and S; each R independently is selected from the
group consisting of C aliphatic, C1-4 fluoroaliphatic,
-O(C aliphatic), -O(C1-4 fluoroaliphatic), and halo;
each substitutable ring nitrogen atom in Ring C is
unsubstituted or is substituted with -C(O)R5
-C(O)N(R4)2, -CO2R6, -SO2R6, -SO2N(R4)2, an optionally
substituted C6-10 aryl, or a C1-4 aliphatic optionally
substituted with -F, -OH, -0(C 1-4 aliphatic), -CN,
-N(R4)2, -C(O)(C1-4 aliphatic), -CO2H, -CO2(C1-4
aliphatic), -C(O)NH2, -C(O)NH(C1 4 aliphatic), or an
optionally substituted C 10 aryl ring; one ring
nitroge atom in Ring C optionally is oxidized;Ra is
halo, -NO2 -CN, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4),,, -OC(O)R5, -N(R4)-C(O)R5, -CO2R5,
-C(O)N(R4)2, -N(R4)SO2R6, -N(R4)SO2N(R4)2, or an
optionally substituted C1-4 aliphatic; R is hydrogen,
fluoro, C1 4 aliphatic, C1 fluoroaliphatic, -NH 2,
-NH(C 1 4 aliphatic), -N(C1 4 aliphatic)2, -OH, or
-0(C 1 4 aliphatic); Rc is hydrogen, fluoro, C1-4
aliphatic, C fluoroaliphatic; or Re and Re, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered cycloaliphatic or
heterocydyl ring; Rf is -H, -C(O)R5 -C(O)N(R4)2,
-CO2R6, -SO2R6, -SO2N(R4)2, or an optionaUy
substituted C1-6 aliphatic; each R4 independently is
hydrogen or an optionaUy substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; or two R4 on the
same nitrogen atom, taken together with the nitrogen
atom, form an optionally substituted 4- to 8-membered
heterocyclyl ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms independently selected from
N, O, and S; each R independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; each R6 independently is an
optionally substituted aliphatic, aryl, or heteroaryl
group; and m is Oor 1. [009] Compounds of this
invention include those described generally above, and
are further illustrated by the classes, subclasses,
and species disclosed herein. Terms used herein shall
be accorded the following defined meanings, unless
otherwise indicated. [010] The terms "Raf ' and "Raf
kinase" are used interchangeably, and unless otherwise
specified refer to any member of the Raf family of
kinase enzymes, including without limitation, the
isoforms A-Raf, B-Raf, and C-Raf. These enzymes, and
the corresponding genes, also maybe referred to in the
literature by variants of these terms, e.g., RAF,raf,
BRAF,B-raf. The isoform C-Raf also is referred to by
the terms Raf-1 and C-Raf-1. [Oil] The term
"aliphatic" or "aliphatic group", as used herein,
means a substituted or unsubstituted straight-chain,
branched, or cyclic C112 hydrocarbon, which is
completely saturated or which contains one or more
units of unsaturation, but which is not aromatic. For
example, suitable aliphatic groups include substituted
or unsubstituted linear, branched or cyclic alkyl,
alkenyl, or alkynyl groups and hybrids thereof, such
as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. In various embodiments, the
aliphatic group has 1 to 12, 1 to 8, 1 to 6, 1 to 4,
or 1 to 3 carbons. [012] The terms "alkyl", "alkenyl",
and "alkynyl", used alone or as part of a larger
moiety, refer to a straight or branched chain
aliphatic group having from 1 to 12 carbon atoms. For
purposes of the present invention, the term "alkyl"
will be used when the carbon atom attaching the
aliphatic gxoup to the rest of the molecule is a
saturated carbon atom. However, an alkyl group may
include unsaturation at other carbon atoms. Thus,
alkyl groups include, without limitation, methyl,
ethyl, propyl, allyl, propargyl, butyl, pentyl, and
hexyl. [013] For purposes of the present invention,
the term "alkenyl" will be used when the carbon atom
attaching the aliphatic group to the rest of the
molecule forms part of a carboncarbon double bond.
Alkenyl groups include, without limitation, vinyl,
1-propenyl, 1-butenyl, 1-pentenyl, and 1-hexen.yl.
[014] For purposes of the present invention, the term
"alkynyl" will be used when the carbon atom attaching
the aliphatic group to the rest of the molecule forms
part of a carboncarbon triple bond. Alkynyl groups
include, without limitation, ethynyl, 1-propynyl,
1-butynyl, 1-pentynyl, and 1-hexyrtyl. [015] The term
"cycloaliphatic", used alone or as part of a larger
moiety, refers to a saturated or partially unsaturated
cyclic aliphatic ring system having from 3 to about 14
members, wherein the aliphatic ring system is
optionally substituted. In some embodiments, the
cycloaliphatic is a monocyclic hydrocarbon having 3-8
or 3-6 ring carbon atoms. Nonlimiting examples include
cyclopropyl, cyclobutyl, cyclopentyl, cydopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cyclooctyl, cyclooctenyl, and cyclooctadienyl. In some
embodiments, the cycloaliphatic is a bridged or fused
bicyclic hydrocarbon having 6-12, 6-10, or 6-8 ring
carbon ai:oms, wherein any individual ring in the
bicyclic ring system has 3-8 members. [016] In some
embodiments, two adjacent substituents on the
cycloaliphatic ring, taken together with the
intervening ring atoms, form an optionally substituted
fused 5- to 6- membered aromatic or 3- to 8-membered
non-aromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O N, and S. Thus, the
term "cycloaliphatic" includes aliphatic rings that
are :fused to one or more aryl, heteroaryl, or
heterocyclyl rings. Norimiting examples include
indanyl, 5,6,7,8-tetrahydroquinoxalinyl,
decahydronaphthyl, or tetrahydronaphthyl, wliere the
radical or point of attachment is on the aliphatic
ring. [017] The terms "aryl" and "ar-", used alone or
as part of a larger moiety, e.g., "aralkyl",
"aralkoxy", or "aryloxyalkyl", refer to a C6 to C14
aromatic hydrocarbon, comprising one to three rings,
each of which is optionally substituted. Preferably,
the aryl group is a C6 10 aryl group. Aryl groups
include, without limitation, phenyl, naphfhyl, and
anthracenyl. In some embodiments, two adjacent
substituents on the aryl ring, taken together with the
intervening ring atoms, form an optionally substituted
fused 5- to 6-membered aromatic or 4- to 8- membered
non-aromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O, N, and S. Thus, the
term "aryl", as used herein, includes groups in which
an aryl ring is fused to one or more heteroaryl,
cycloaliphatic, or heterocyclyl rings, where the
radical or point of attachment is on the aromatic
ring. Nonlimiting examples of such fused ring systems
include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinoliny 1, fluorenyl, indanyl,
phenanthridinyl, tetrahydronaphthyl, indolinyl,
phenoxazinyl, benzodioxanyl, and benzodioxolyl. An
aryl group may be mono-, bi-, tri-, or polycyclic,
preferably mono-, bi-, or tricyclic, more preferably
mono- or bicyclic. The term "aryl" may be used
interchangeably with the terms "aryl group", "aryl
moiety", and "aryl ring". [018] An "aralkyl" or
"arylalkyl" group comprises an aryl group covalently
attached to an alkyl group, either of which
independently is optionally substituted. Preferably,
the aralkyl group is C oaryl C Jalkyl, C 0 aryl(C
Jalkyl, or C1-40 aryl(C,.3)aIkyl, including, without
limitation, benzyl, pheriethyl, and
naphthylmethyl.[019] The terms "heteroaryl" and
"heteroar-", used alone or as part of a larger moiety,
e.g., heteroaralkyl, or "heteroaralkoxy", refer to
groups having 5 to 14 ring atoms, preferably 5, 6, 9,
or 10 ring atoms; having 6, 10, or 14 p electrons
shared in a cyclic array; and having, in addition to
carbon atoms, from one to four heteroatoms. The term
"heteroatom" refers to nitrogen, oxygen, or sulfur,
and includes any oxidized form of nitrogen or sulfur,
and any 



quaternized form of a basic nitrogen. Thus, when used
in reference to a ring atom of a heteroaryl, the term
"rutrogen" includes an oxidized nitrogen (as in
pyridine N-oxide). Certain nitrogen atoms of 5-m
tribered heteroaryl groups also are substitutable, as
further defined below. Heteroaryl groups include,
without limitation, radicals derived from thiophene,
furan, pyrrole, imidazole, pyrazole, triazole,
tetrazole, oxazole, isoxazole, oxadiazole, thiazole,
isothiazole, thiadiazote, pyridine, pyridazine,
pyrimidine, pyrazine, indolizine, naphthyridine,
pteridine, pyrrolopyricline, imidazopyridine,
oxazolopyridine, thiazolopyridine, triazolopyridine,
pyrrclopyrimidine, purine, and Mazolopyrirnidine. As
used herein, the phrase "radical derived from" means a
monovalent radical produced by removal of a hydrogen
radical from the parenl: heteroaromatic ring system.
The radical (i.e., the point of attachment of the
heteroaryl to the rest of the molecule) may be created
at any substitutable position on any ring of the
parent heteroaryl ring system. [020] In some
embodiments, two adjacent sbstiruents on the
heteroaryl, taken together with the intervening ring
atoms, form an optionally substituted fused 5- to 6-
membered aromatic or 4- to 8-membered non-aromatic
ring having 0-3 ring heteroatoms selected from the
group consisting of O, N, and S. Thus, the terms
"heteroaryl" and "heteroar-", as used herein, also
include groups in which a heteroaromatic ring is fused
to one or more aryl, cycloaliphat c, or heteiocyclyl
rings, where the radical or point of attachment is on
the heteroaromatic ring. Nonlimiting examples include
indolyl, isoindolyl, benzothienyl, benzofuranyl,
dibenzofuranyl, indazolyl, benzimidazolyl,
benzthiazolyl, benzoxazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
4H-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinoHnyl,
terrahydroisoquinolinyl, and
pyrido[2,3-b]-l,4-oxazin-3(4H)-one. A heteroaryl group
may be mono-, bi-, tri-, or polycyclic, preferably
mono, bi-, or tricyclic, more preferably mono- or
bicyclic. The term "heteroaryl" may be used
interchangeably with the terms "heteroaryl ring", or
"heteroaryl group", any of which terms include rings
that are optionally substituted. Theterm
"heteroaralkyl" refers to an alkyl group substituted
by a heteroaryl, wherein the alkyl and heteroaryl
portions independently are optionally substituted.
[021] As used herein, the terms "aromatic ring" and
"aromatic ring system" refer to an optionally
substituted mono-, bi-, or tricyclic group having 0-6,
preferably 0-4 ring heteroatoms, and having 6, 10, or
14 p electrons shared in a cyclic array. Thus, the
terms "aromatic ring" and "aromatic ring system"
encompass both aryl and heteroaryl groups. [022] As
used herein, the terms "heterocycle", "heterocyclyl",
"heterocyclic radical", and "heterocyclic ring" are
used interchangeably and refer to a stable 3- to
7-membered monocyclic, or to a fused 7- to 10-membered
or bridged 6- to 10-membered bicyclic heterocyclic
moiety that is either saturated or partially
unsaturated, and having, in addition to carbon atoms,
one or more, preferably one to four, heteroatoms, as
defined above. When used in reference to a ring atom
of a heterocycle, the term "nitrogen" includes a
substituted nitrogen. As an example, in a heterocyclyl
ring having 1-3 heteroatoms selected from oxygen,
sulfur or nitrogen, the nitrogen may be N (as in
3,4-dihydro-2H-pyrr slyl), NH (as in pyrrolidinyl), or
NR (as in N-substituted pyrrolidinyl). A heterocyclic
ring can be attached to its pendant group at any
heteroatom or carbon atom that results in a stable
structure, and any of the ring atoms can be optionally
substituted. Examples of such saturated or partially
unsaturated heterocyclic radicals include, without
limitation, tetrahydrofuranyl, tetrahydrothienyl,
pyrrolidinyl, pyrrol  donyl, piperidinyl, pyrroKnyl,
tetrahydroquinolrnyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl,
thiazepinyl, morpholinyl, and quinuclidinyl. [023] In
some embodiments, two adjacent substituents on a
heterocyclic ring, taken together with the intervening
ring atoms, form an optionally substituted fused 5- to
6- membered aromatic or 3- to 8-membered non-aromatic
ring having 0-3 ring heteroatoms selected from the
group consisting of O,N, and S. Thus, the terms
"heterocycle", "heterocyclyl", "heterocyclyl ring",
"heterocyclic group", "heterocyclic moiety", and
"heterocyclic radical", are used interchangeably
herein, and include groups in which a heterocyclyl
ring is fused to one or more aryl, heteroaryl, or
cycloaliphatic rings, such as indolinyl, 3H-indolyl,
chromanyl, phenanthridinyl, or tetrahydroquinolinyl,
where the radical or point of attachment is on the
heterocyclyl ring. A heterocyclyl group may be mono-,
bi-, tri-, or polycyclic, preferably mono-, bi-, or
tricyclic, more preferably mono- or bicyclic. The term
"heterocyclylalkyl" refers to analkyl group substi
tuted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. [024] As used herein, the term "partially
unsaturated" refers to a ring moiety that includes at
least one double or triple bond between ring atoms.
The term "partially unsaturated" is intended to
encompass rings having multiple sites of unsaturation,
but is not intended to include aryl or heteroaryl
moieties, as herein defined. [025] The terms
"haloaliphatic", "haloalkyl", "haloalkenyl" and
"haloalkoxy" refer to an aliphatic, alkyl, alkeny] or
alkoxy group, as the case may be, which is substituted
with one or more halogen atoms. As used herein, the
term "halogen" or "halo" means F, Cl, Br, or I. The
term "fluoroaliphatic" iefers to a haloaliphatic
wherein the halogen is fluoro, including
perfluorinated aliphatic groups. Examples of
fluoroaliphatic groups include, without limitation,
fluoromethyl, difluoromethyl, rrifluoromethyl,
2-fluoroethyl, 2,2,2-trifluoroethyl,
1,1,2-trifluoroethyl, 1,2, 2-trifluoroethyl, and
pentafluoroethyl. [026] The term "linker group" or
"linker" means an organic moiety that connects two
parts of a compound. Linkers typically comprise an
atom such as oxygen or sulfur, a unit such as -NH-,
-CH2-, -C(O)-, -C(O)NH-, or a chain of atoms, such as
an alkylene chain. The molecular mass of a linker is
typically in the range of about 14 to 200, preferably
in the range of 14 to 96 with a length of up to about
six atoms. In some embodiments, the linker is a C1 6
alkylene chain. [027] The terra "alkylene" refers to a
bivalent alkyl group. An "alkylene chain" is a
polymethylene group, i.e., -(CH2)n-, wherein n is a
positive integer, preferably from 1 to 6, from 1 to 4,
from 1 to 3, from 1 to 2, or from 2 to 3. A
substituted alkylene chain is a polymethylene group in
which one or more methylene hydrogen atoms is replaced
with a sbstituent. Suitable substituents include those
described below for a substituted aliphatic group. An
alkylene chain also may be substituted at one or more
positions with an aliphatic group or a substituted
aliphatic group. [028] An alkylene chain also can be
optionally interrupted by a functional group. An
alkylene chain is "interrupted" by a functional group
when an internal methylene unit is replaced with the
functional group. Examples of suitable "interrupting
functional groups" include -C(R*)=C(R*)-, -C C-, -O-,
-S-, -S(O)-, -S(O)2-, -S(O)2N(R+)-, -N(R*)-, -N(R
)CO-,-N(R+)C(O)N(R+)-, -N(R+)C(=NR+)-N(R+)-,
-N(R+)-C(=NR+)-, -N(R )CO2-, -N(R+)SO -,
-N(R+)SO2N(R+)-, -OC(O)-, -OC(O)O-, -OC(O)N(R+)-,
-C(O)-, -CO2-, -C(O)N(R+)-, -C(O)-C(O)-,
-C(=NR+)-N(R+)-, -C(NRVN-, -C(=NR+)-O-, -C(OR*)=N-,
-C(R)=N-O-, or -N(R+)-N(R+)-. Each R+, independently,
is hydrogen or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl group, or Iwo R+ on
the same nitrogen atom, taken together with the
nitrogen atom, form a 5-8 membered aromatic or
non-aromatic ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms selected from N, O, and S.
Each R* independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group. [029] Examples of C3 alkylene
chains that have been "interrupted" with -O- include -
CH2OCH2-, -CH2O(CH,),-, -CH2O(CH2V, -CH2O(CH2V ,
-(CH2)2OCH2-, -(CFQ2O(CH2V , -(CH2)2O(CH2V , -(CHJ
3O(CH2)-, -(CH2)3O(CH2)2- , and -(CH2)P(CH 2)-. Other
examples of alkylene chains that are- "interrupted"
with functional groups include -CH 2ZCH2-, -CH2Z(CH2V
, -CH2Z(CH2V, -CH2Z(CH2V , -(CHJ 2ZCH2-, -(CHJ 2Z(CH2
, -(CHJ 2Z(CHJ 3-, -(CHJ 3Z(CHJ-, -(CHJ 3Z(CHJ 2- ,
and -(CHJ 4Z(CHJ-, wherein Z is one of the
"interrupting" 



functional groups listed above. [030] For purposes of
clarity, all bivalent groups described herein,
including, e.g., the alkylene chain linkers described
above and the variables G1, T1, T2, T3, V1, and V3,
are intended to be read from left to right, with a
corresponding left-to-right reading of the formula or
structure in which the variable appears. [031] One of
ordinary skill in the art will recognize that when an
alkylene chain having an interruption is attached to a
functional group, certain combinations would not be
sufficiently stable for pharmaceutical use. Similarly,
certain combinations of V , T , and R , and certain
combinations of v , TT, and R would not be
sufficiently stable for pharmaceutical use. Only
stable or chemically feasible compounds are within the
scope of the present invention. A stable or chemically
feasible compound is one in which the chemical
structure is not substantially altered when kept at a
temperature from about -80 0C to about +40 0C,
preferably -20 0C to about +40 0C, in the absence of
moisture or other chemically reactive conditions, for
at least aweek, or a compound which maintains its
integrity long enough to be useful for therapeutic or
prophylactic administration to a patient. [032] The
term "substituted", as used herein, means that a
hydrogen radical of the designated moiety is replaced
with the radical of a specified substituent, provided
that the substitution results in a stable or
chemically feasible compound. The term
"substitutable", when used in reference to a
designated atom, means that attached to the atom is a
hydrogen radical, which can be replaced Tvith the
radical of a suitable substituent. [033] The phrase
"one or more substituents", as used herein, refers to
a number of substituents that equals, from one to the
maximum number of substituents possible based on the
number of available bonding sites, provided that the
above conditions of stability and chemical feasibility
are met. Unless otherwise indicated, an optionally
substituted group may have a substituent at each
subsrirutable position of the group, and the
substituents may be either the same or different.
[034] As used herein, the term "independently
selected" means that the same or different values may
be selected for multiple instances of a given variable
in a single compound. By way of example, in a compound
of formula (I), if Ring B is substituted with two
substituents -R , each substituent is selected from
the group of defined values for R , and the two values
selected may be the same or different. [035] An aryl
(including the aryl moiety in aralkyl, aralkoxy,
aryloxyalkyl and the like) or heteroaryl (including;
the heteroaryl moiety in heteroaralkyl and
heteroaralkoxy and the like) group may contain one or
more substituents. Examples of suitable substituents
on the unsaturated carbon atom of an aryl or
heteroaryl group include -halo, -NO2, -CN, -R*,
-C(R*)=C(R*)2, -CC-R* .-OR*, -SR, -S(O)R0, -SO2R0,
-SO3R*, -SO2N(R+)2, -N(R+)2, -NR+C(O)R*,
-NR+C(O)N(R+)2, -N(R+)C(=NR+)-N(R+)2, -N(R+)C(=NR+)-R,
-NR+CO2R0, -NR+SO2R0, -NR+SO2N(R+)2, -O-C(O)R*,
-O-CO2R*, -OC(O)N(R+)., -C(O)R*, -CO2R*, -C(O)-C(O)R*,
-C(O)N(R+)2, -C(O)N(R>OR*, -C(O)N(R+)C(=NR+)-N(R+)2,
-N(R+)C(=NR+)-N(R+)-C(O)R*, -C(=NR+)-N(R+)2
-C(=NR>OR*, -N(R+)-N(R+)2, -C(=NR+)-N(R+)-OR*,
-C(R)=N-OR*, -P(O)(R*)2, -P(O)(OR*)2, -0-P(O)-OR*, and
-P(O)(NR+)-N(R+)2, wherein R is an optionally
substituted aliphatic, aryl, or heteroaryl group, and
R+ and R* are as defined above, or two
adjacentsubstituents, taken together with their
intervening atoms, form a 5-6 membered vinsaturated or
partially unsaturated ring having 0-3 ring atoms
selected from the group consisting of N, O, and S.
[036] An aliphatic group or a non-aromatic
heterocyclic ring may be substituted with one or more
subsutuente. Examples of suitable substituents on the
saturated carbon of an aliphatic group or of a
non-aromatic heterocyclic ring include, without
limitation, those listed above for the unsaturated
carbon of an aryl or heteroaryl group and the
following: =O, =S, =C(R*)2, =N-N(R% =N-OR*,
=N-NHC(O)R*, =N-NHCO 2R, =N-NHSO2R, or =N-R*, where
each R* and R is as defined above. [037] Suitable
.substituents on a substitutable nitrogen atom of a
heteroaryl or nonaromatic heterocyclic ring include
-R*, -N(R% -C(O)R*, -CO2R*, -C(O)-C(O)R*
-C(O)CH2C(O)R*, -SO2R*, -SO2N(R% -C(=S)N(R*)2,
-C(=NH)-N(R*)2, and -NR*SO2R*; wherein each R* is as
defined above. A ring nitrogen atom of a heteroaryl or
non-aromatic heterocyclic ring also may be oxidized to
form the corresponding N-hydroxy or N-oxide compound.
A nonlimiting example of such a heteroaryl having an
oxidized ring nitrogen atom is Noxidopyridyl. [038]
The term "about" is used herein to mean approximately,
in the region of, roughly, or around. When the term
"about" is used in conjunction with a numerical range,
it modifies that range by extending the boundaries
above and below the numerical values set forth. In
general, the term "abou):" is used herein to modify a
numerical value above and below the stated value by a
variance of 10%". [039] As used herein, the term
"comprises" means "includes, but is not limited to."
[040] It will be apparent to one skilled in the art
that certain compounds of this invention may exist in
tautomeric forms, all such tautomeric forms of the
compounds being within the scope of the invention.
Unless otherwise stated, structures depicted herein
are also meant to include all geometric (or
conformational) isomers, i.e., (Z) and (E) double bond
isomers and (Z) and (E) conformational isomers, as
well as all stereochemical forms of the structure;
i.e., the R and S configurations for each asymmetric
center. Therefore, single stereochemical isomers as
well as enantiomeric and diastereomeric mixtures of
the presentcompounds are within the scope of the
invention. When a mixture is enriched in one
stereoisomer relative to another stereoisomer, the
mixture may contain, for example, an enantiomeric
excess of at least 50%, 75%, 90%, 99%, or 99.5%. [041]
Unless otherwise stated, structures depicted herein
are also meant to include compounds which differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structure except for the replacement of a hydrogen
atom by a deuterium oi: tritium, or the replacement of
a carbon atom by a 3C- or C-enriched carbon are within
the scope of the invention. [042] One embodiment of
the invention relates to a subgenus of the compounds
of formula (I-A) characterized by formula (I): or a
pharmaceutically acceptable salt thereof; wherein: G1
is -C(Rd)(Re)-, -C(O)-, -O-, -S-, -S(O)-, -S(O)2-, or
-N(Rf)-; Ring A is a bicyclic ring system selected
from the group consisting of:wherein Ring A is
substituted with. 0-2 Ra; Ring Bis an optionally
substituted monocyclic nitrogen-containing heteroaryl;
Ring Cis a 5- or 6-membered aryl or heteroaryl ring
having 0-3 ring nitrogen atoms and optionally one
additional ring heteroatom selected from oxygen and
sulfur, wherein Ring C is substituted with 0-2 Rc and
0-1 R ; each R independently is selected from the
group consisting of C1-4 aliphatic, C1 4
fluoroaliphatic, halo, -R2c and -T*-R2c; or two
adjacent Rc, taken together with the intervening ring
atoms, form an optionally substituted fused 5- or
6-membered aromatic or non-aromatic ring having 0-3
ring heteroatoms independently selected from the group
consisting of O, N, and S; T2 is a C1-4 alkylene chain
optionally substituted with one or two groups
independently selected from -F,C1-4 aliphatic, and
C1-4 fluoroaliphatic; and each R2c independently is
-CN, -C(R5)=C(R5)2, -CC-R5, -OR5, -SR6, -N(R4)2,
-NR4C(C))R5, -NR4C(O)N(R4),, -NR4CO2R6, -CO2R5, or
-C(O)N(R4 ; each R,8c i.ndepe cidently is selected
from the group consisting of C aliphatic, C1-4
fluoroaliphatic, -0(C 1 alkyl), and halo; Ra is halo,
-NO2, -CM, -OR5, -SR6, -S(O)R6, -SO2R6, -SO2N(R4)2, -N
(R 2, -OC(O)R5, -CO2R5, 



-C(O)N(R4)2, -N(R4)SO2R6, -N(R4)SO2N(R4)2, or an
optionally substituted C1-4 aliphatic;Rd is hydrogen,
fluoro, C1 aliphatic, C fluoroaliphatic, -NH2 -NH(C1-4
alkyl), -N(C1 , alkyl)2, -OH, or -0(C 1 alkyl); Re is
hydrogen, fluc"ro, C1 aliphatic, C1-1 fluoroaliphatic;
or R and Re, taken together with the carbon atom to
which they are attached, form a 3- to 6-membered
cycloaliphatic or heterocyclyl ring; Rf is -H,
-C(O)R5, -C(O)N(R4) , -CO2R6, -SO2R6, -SO2N(R4) ,; or
an optionally substituted C1 6 aliphatic; each R-.4
i.ndependently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; or two R4 on the same nitrogen
atom, taken together with the nitrogen atom, form an
optionally substituted 4- to 8-membered heterocyclyl
ring having, in addition to the nitrogen atom, 0-2
ring heteroatoms independently selected from N, O, and
S; each R independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; and each R independently is an
optionally substituted aliphatic, aryl, or heteroaryl
group. [043] In the compounds of formulae (I-A) and
(I), Ring A is additionally substituted with 0, 1, or
2 substituents Ra, where Ra is as defined above.
Either or both rings of the bicyclic Ring A ring
system may be substituted with Ra. In some
embodiments, Ra is selected from the group consisting
of halo, C1-4 aliphatic, C1-4 fluoroaliphatic, -NO2,
-CN, -CO2H, -0(C 1 alkyl), -0(C 1. fluoroalkyl),
-S(C1-4 alkyl), -SO2(C1 4 alkyl), -NH2, -NH(C1 4
alkyl), -N(C1-4 alkyl)2, -C(O)NH2, -C(O)NH(C 1-4
alkyl), and -C(O)N(C1-4 alkyl)2. In some embodiments,
Ra is selected from the group consisting of, -F, -Cl,
-NO2, -CH3, -CF3, -OCH3, -SCH3, -SO2CH3, -CN, -CO2H,
-C(O)NH2, -C(O)NHCH 3, and -C(O)N(CH3)2. In certain
embodiments, Ra is -F. In certain particular
embodiments Ring A is unsubstituted or is substituted
with one fluoro substituent. [044] In some
embodiments, the invention relates to a subgenus of
the compounds of formula {I-A) or formula (Z), wherein
Ring A is selected from the group consisting of:and
[045] Anothei embodiment of the invention relates to a
subgenus of the compounds of formula (I-A) or formula
(I), -wherein Ring A is selected from the group
consisting of: [046] Another embodiment of the
invention relates to a subgenus of the compounds of
formula (I-A) or formula (J), wherein Ring A is
selected from the group consisting of:[047] Another
embodiment of the invention relates to a subgenus of
the compounds of formula (I-A) or formula (I), wherein
Ring A is selected from the group consisting of: [048]
In certain such embodiments, Ring A is selected from
the group consisting of other embodiments, Ring A is
selected from the group consisting of [050] Each of
the bicyclic Ring A ring systems depicted above is
additionally substituted with 0-2 substituents Ra,
wherein Ra has the values and preferred values
described above. [051] The linker G is a one-atom
linker selected from the group consisting of
-C(Re')(Re)-, -C(O)-, -O-, -S-, -S(O)-, -S(O)2-, or
-N(Rf)-, where each of Re', Re, and Rf is as defined
above. When G is a carbon linker, Re and Re preferably
are each independently hydrogen, fluoro, C1 4
aliphatic, or C1 4 fluoroaliphatic. Alternatively, Re
and Re taken together with the carbon atom to which
they are attached, form a 3- to 6-membered
cycloaliphatic or heterocyclyl ring, preferably a
cyclopropyl ring. In some embodiments, each of Re and
Re is hydrogen. When G is a nitrogen Linker,R
preferably is hydrogen, -C(O)R , or an optionally
substituted C1 4 aliphatic. More preferably, R is
hydrogen. Ih certain embodiments, G1 is -O- or -NH-.
[052] The linker G-,2 i.s -C(O)-NH-, -C(O)-N(C1 3
aliphatic)-, -NH-C(O)-, or -N(C1 3 aliphatic)-C(O)-
provided that G is -C(O)-NH- or -C(O)-N(C1-3
aliphatic)- if it isconnected to a ring nitrogen atom
in Ring A. In some embodiments, G is -C(O)-NH- or
-NH-C(O)-. In certain particular embodiments, G2 is
-C(O)-NH-. [053] In one embodiment, the invention
relates to a subgenus of the compounds of formula
(I-A) characterized by formula (H-A) or (H-B): wherein
the variables ~X, Q, R8 , R9b, and m have the values
described below. Rings A and C and the variable G have
trie values and preferred values described herein for
formulae (I) and (I-A). [054] Q is -C(R10XR11H
-N(R9b)-, -O-, -C(R10)(R11)-C(R10)(R11)-, -C(Rp )=C(Rn
)-, -C(R 0)(Rn )-N(R9b)-, -N(R9Yc(R 10XR11 or -0-C(R
10XR11)-, wherein the oxygen atom of the group -0-C(R
10)(R11)- is attached to the carbonyl carbon atom. In
some embodiments, Q is -C(R10XR11)-,
-C(R10XR1VC(R10XR11)-, or -C(Rn )=C(Rn )-. [055] Each
R independently is hydrogen, fluoro, C1 4 aliphatic,
or C1 4 fiuoroaliphatic. [056] Each R-.11
i-ndependently is hydrogen, fluoro, or a C1 4
aliphatic or C1 4 fiuoroaliphatic group optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5, -N(R4).,,
-CO2R5, or -C(O)N(R4). hi some embodiments, each R is
hydrogen, fluoro, C 4 aliphatic, or C1 4
fiuoroaliphatic. [057] Each R independently is
selected from the group consisting of C1 aliphatic, C1
4 fiuoroaliphatic, halo, -OH, -0(C 1-4 aliphatic),
-NH2, -NH(C 1-4 aliphatic), and -N(C1 4 aliphatic) 2.
[058] R9 is hydrogen, C1 4 aliphatic, or C1-4Oar(C
)alkyl, the aryl portion of which may be optionally
substituted. In some embodiments, R is hydrogen. [059]
The variable m is 0 or 1.[060] In some other
embodiments, Ring B in formula (T-A) or formula (I) is
an optionally substituted monocyclic
nitrogen-containing heteroaryl. In such embodiments,
each substitutable ring carbon atom is unsubstituted
or substituted; each substitutable ring nitrogen atom
in Ring B is unsubstituted or substituted, preferably
with -C(O)R5, -C(O)N(R*)2, -CO2R6, -SO2R6, -SO2N(R4)2,
C1 4 aliphatic, an optionally substituted C6 10 aryl,
or a C6-10 ar(C1-4)alkyl, the aryl portion of which
is; optionally substituted; and one ring nitrogen atom
in Ring B optionally is oxidized. In some embodiments,
the substitutable ring nitrogen atoms in Ring B all
are unsubstituted, and one ring nitrogen atom
optionally is oxidized. [061] In some embodiments,
Ring Bis selected from the group consisting of
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyL
pyrazinyl, and triazinyl. Any such ring system
optionally is substituted on any substitutable ring
carbon and on any substitutable ring nitrogen atom,
and one ring nitrogen atom optionally is oxidized. In
some embodiments, Ring B is an optionally substituted
pyrimidinyl, pyridyl, or N-oxidopyridyl. In some
preferred embodiments, Ring B is an optionally
substituted pyridyl or N-oxidopyridyl. In certain
preferred embodiments, Ring B is an optionally
substituted 4-pyridyl or N-oxido-4-pyridyl. [062]
Substitutable ring carbon atoms in Ring B preferably
are substituted with 0-2 R and 0-2 R8b. Each R8
independently is selected from the group consisting of
C1-4 aliphatic, C1 fluoroaliphatic, halo, -OH, -0(C
1-1 aliphatic), -NH2, -NH(C1-4 aliphatic), and -N(C1 4
aliphatic) 2. Each Rb independently is halo, -NO2,
-CN, -C(R5)=C(R5)2 -CC-R5, -OR5, -SR , -S(O)R6,
-SO2R6, -SO2N(R4)2, -N(R4)2, -NR4C(O)R5,
-NR4C(O)N(R4)2, -N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-R6
-NR4CO2R6, -N(R4)SO2R6, -N(R4)SO2N(R4),, -O-C(O)R5,
-OC(O)N(R4) , -C(O)R5, -CO2R5, -C(O)N(R4) ,
-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-":(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -C(=NR4)-N(R4)-OR5, -C(R J=N-OR or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl. [063] In some embodiments, each R
independently is selected from the group consisting of
C1 6 aliphatic, C1 6 fluoroaliphatic, halo, -Rlb -R2b,
-T1-Rlb, -T -R2b, -T R and -V1-T1-R2b. The variabl.es
t \ V1, Rlb, and R2b have the values described
below.[064] T1 is a C 6 alkylene chain optionally
substituted with R or R , wherein the alkylene chain
optionally is interrupted by -C(R5)=C(R5)-, -CsC-,
-O-, -S-, -S(O)-, -S(O)2-, -SO2N(R4)-, -N(R4)-,
-N(R4)C(O)-, -NR4C(O)N(R4)-, -N(R4)C(=NR4)-N(R4)-,
-N(R4)-C(=NR4)-, -N(R4)CO2-, -N(R4)SO2-,.
-N(R4)SO2N(R4)-, -OC(O)-, -OC(O)N(R4)-, -C(O)-, -CO2-,
-C(O)N(R4)-, -C(=NR4)-N(R*h -C(NR4)=N(R4)-,
-C(=NR4)-O-, or -C(R6)=N-O-, and wherein T1 or a
portion 



thereof optionally forms part of a 3-7 membered ring.
In some embodiments, T is a C1 4 alkylene chain
optionally substituted with one or two substituents
independently selected from the group consisting of C1
aliphatic, C1 3 fluoroaliphatic, -F, -OH, -O(C1-4
alkyl), -CO2H, -CO2(C1 4 alkyl), -C(O)NH 2, and
-C(O)NH(C 1-4 alkyl), wherein the alkylene chain
optionally is interrupted with -N(R4V,
-C(=NR4)-N(R4)-, -C(NR4)=N(R4)-, -N(R4)-Q=NR 4)-
-N(R4)-QO)-, or -C(O)N(R4)-. some particular
embodiments, T1 is a C1 or C 4 alkylene chain
optionally substituted with -F, C1-.. alkyl, or C1 3
fruoroalkyl, wherein the alkylene chain optionally is
interrupted by -N(R4)-, -C(O)-N(R4)-, -Q=NR 4)-N(R4)-,
-C(NR4)=N(R4)-, -N(R4)-C(O)-, or -N(R4)-C(=NR4)-. In
certain particular embodiments, T1 is a C1 alkylene
chain optionally substituted with -F, C1.., alkyl, or
C13 fluoroalkyl. [065] V1 is -QR 5)=C(R5)-, -CsC-,
-O-, -S-, -S(O)-, -S(O)2-, -SO2N(R4)-, -N(R4)-,
-N(R4)C(O)-, -NR4C(O)]ST(R4)-, -N(R4)Q=NR 4)-N(R4)-,
-N(R4)Q=NR 4)-, -N(R4)CO2-, -N(R4)SO2-,
-N(R4)SO2N(R4)-, -OC(O)-, -OC(O)N(R4)-, -C(O)-, -CO2-,
-C(O)N(R4)-, -C(O)N(R4)-O-, -C(O)N(R4)C(=NR4)-N(R4)-,
-N(R4)C(=NR4)-N(R4)-C(O)-, -C(=NR4)-N(R4)-,
-C(NR4)=N(R )-, -C(=NR4)-O-, or -C(R6)=N-O-. In some
embodiments, V1 is -C(R5)=C(R5)-, -C C-, -O-, -N(R4)-,
-N(R4)C(O)-, -C(O)N(R )-, -Q=NR 4)-N(R4)-,
-C(NR4)=N(R4)-, or -N(R4)-Q=NR 4)-. In certain
preferred embodiment!?, V1 is -N(R4)-, -N(R4)-C(O)-,
-C(O)N(R4)-, -Q=NR 4)N(R4)-, or -N(R4)-Q=NR 4)-. In
certain particular embodiments, V1 is -N(R4 )-,
-N(R4x)-C(O)-, -C(O)N(R4")-, -C(=NR4x)N(R4x)-, or
-N(R4x)-Q=NR 4")-, where R4 is hydrogen, C1-4
aliphatic, C1-4 fluoroaliphatic, or C6-10 ar(C
1-4)alkyl, the aryl portion of which may be optionally
substituted. In some embodiments, V1 is -C(O)NH-,
-NH-C(O)-, or -Q=NH)NH-.[066] Each R1 independently is
an optionally substituted aryl, heteroaryl,
heterocyclyl, or cycloaliphatic ring. n some
embodiments, R1 is an optionally substituted C3 6
cycloaliphatic or an optionally substituted phenyl,
azetidinyl, pyrrolyl, imidazolyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl. pyrazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolinyl,
imidazolinyl, pyrazolinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, piperidinyl,
morpholinyl, piperaziayl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or tetrahydropyrimidinyl. In
certain preferred embodiments, Rlb is an optionally
substituted C3 cycloaliphatic or an optionally
substituted pyrrolidinyl, piperidinyl, morpholinyl, or
piperazinyl ring. [067] Each R2t independently is -NO2
-CN, -C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -S(O)R6,
-SO2R6, -SO N(R4)2, -N(R4)2/ -NR4C(O)R5,
-NR4C(O)N(R4)2, -N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-R6, -NR4CO2R6, -N(R4)SO2R6, -N(R4)SO2N(R
2, -O-C(O)R5, -OC(O)N(R4)2, -C(O)R5, -CO2R5,
-C(O)Nf(R4)2, -C(O)N(R^-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C:(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -C(=NR4)-N(R4)-OR5, or -C(R6)=N-OR5. In
some embodiments, each R2b independently is -NO2, -CN,
-C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4)2, -NR4C(O)R5, -NR4C(O)N(R4)2,
-N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-R6, -NR4CO2R6,
-N(R4)SO2R6, -N(R^SO2N(R4)2, -C(O)R5, -CO2R5,
-C(O)N(R4)2, -C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(O)R5, -C(^NR 4)-N(R4) ,, -C(=
R4)-N(R4)-OR5, or -C(R6)=N-OR5. [068] In some
embodiments, each R independently is -CN, -OR , -N(R
)2, -NR4C(O)R5, -NR4C(O)N(R4)2, -C(O)N(R4)-OR5,
-C(O)N(R4)2, -N(R4)-CO2R5, -N(R4)-Q=NR 4)-R5 or
-C(=NR4)-N(R4)2. In some embodiments, each R2b
independently is -OR5, -N(R4).,, -NR4C(O)R5,
-NR4C(O)N(R4)2, -C(O)N(R4)-OR5, -C(O)N(R4)2,
-N(R4)-CO2R5, -N(R4)-C(=NR4)-R5 or -C(=NR4)-N(R4)2. In
some embodiments, each R2b independently is -N(R4).,,
-NR4C(O)R5, -C(O)N(R4)2, -CO2R5, or -OR5. In some
embodiments, each R2b independently is -CN,
-NR4C(O)R5, -C(O)N(R4)2, or -N(R4)-CO2R5.[069] Each R
a independently is selected from the group consisting
of -F -OH, -0(C 1 4 alkyl), -CN, -N(R4 -C(O)(C1,
alkyl), -CO2H -CO2(C1 alkyl), -C(O)NH2, and
-C(O)NH(C1-4 alkyl). [070] Each R independently is a
C1 aliphatic optionally substituted with R a or R , or
two substituents R on the same carbon atom, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered cycloaliphatic ring.
[071] Each R independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocydyl group; or two R4 on the same nitrogen
atom, taken together with the nitrogen atom, form an
optionally substituted 4- to 8-membered heterocyclyl
ring having, in addition to the nitrogen atom, 0-2
ring heteroatoms selected from N, O, and S. [072] Each
R independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group. [073] Each R independently is an
optionally substituted aliphatic, aryl, or heteroaryl
group. [074] Each R-.7 i.ndependently is an optionally
substituted aryl or heteroaryl ring. [075] In some
embodiments, the substitutable ring carbon atoms in
Ring B are substituted with 0-1 R and 0-2 R,8b . More
preferably, the substitutable ring carbon atoms in
Ring B are substituted with 0-1 R and 0-1 R . In such
embodiments, R preferably is selected from the group
consisting of C1 4 aliphatic, C1 4 fluoroaliphatic,
halo, -R , -R , -T -R -T -R , -V -T -R1 , and -V1
-R2"3 where the variables T , V1, R1 and R2 have the
values and preferred values described above for
formulae (I) and (I-A). [076] In a more particular
embodiment, the invention relates to a subgenus of the
compounds of formula (I), characterized by formula
(III): or a pharmaceutically acceptable salt thereof;
wherein: G1 is -O- or -NH-; Xis CH or N; Ring B is
substituted with 0-1 Rb and 0-1 R8b, and one nitrogen
atom in Ring B optionally is oxidized; and Ring A,
Ring C, and the variables G , R and R have the values
and preferred values described above; for formula (T).
[077] In a more particular embodiment, the invention
relates to a compound of formula (JII-A) or (III-J3):
or a pharmaceutically acceptable salt thereof,
wherein: X1and X2 are each independently CH or N,
provided that X1and X2 are not both N; 772 is 0 or 1;
n is 0 or 1; and Rings A and C, and the variables G ,
R , and R have the values and preferred values
described above for formulae (J)-(IIT). [078] In some
auch embodiments, Ring A is selected from the group
consisting of: wherein Ring A is s ubstiruted with 0
1, or 2 substituents Ra. [079] In other such
embodiments, Ring A is selected from the group
consisting of:wherein Ring A is substituted with 0 1,
or 2 substituents Ra. [080] In certain such
embodiments, Ring A is selected from the group
consisting of: wherein Ring A is substituted with 0,
1, or 2 substituents Ra. [081] In some embodiments,
the invention relates to a compound of formula (III-A)
or (IJI-B), or a pharmaceutically acceptable salt
thereof, wherein R is selected from the group
consisting of halo, -CN, -N(R4)2, -CO2R5,
-C(O)-N(R4)2, -C(O)-N(RVOR 5, -N(R4)C(O)R5,
-N(R4)C(O)-OR5, -N(R4)C(O)-N(R4)2, -N(R4)SO2R6,
-C(=NR4)N(R4)2, and -C(=NR4)N(R4)-OR5. In some
embodiments, Rb is -N(R 4)C(O)R5, -C(=NR4)N(R4)2, or
-C(=NR 4)N(R4)-OR5. In some embodiments, Rb is -CN,
-N(R4)C(O)R5, -N(R4)C(0)OR 5, or -C(O)N(R 4)2. [082]
In some embodiments, R is selected from the group
consisting of halo, -CN, -N(R4x)(R4z), -CO2RSx,
-C(O)-N(R4x)(R4z ), -C(O)-N(R4x)-OR5 , -N(R4x)C(O)RSx,
-N(R4x)C(0)-OR5x, -N(R4x)C(O)-N(R4x)(R4x),
-N(R4x)SO2R6 , -C(=NR4x)N(R4x)(R4z), and -C(=NR
)N(R4x)-OR5x. In certain such embodiments, Rb is
selected from the group consisting of halo,-CN,
-NH(R4z), 



-N(R4x)(R4z), -CO2R5 , -C(O)-NH(R4 ),
-C(O)-N(R4x)(R4z), -C(O)-NH-OR5x, -NHC(O)R5
-NHC(O)-OR5x -NHCXO)-N(R4 (R4 ), -NHSO2R6 , -Q=NH)N(R
4x)(R4z), and -Q=NH)NH-OR 5 . In certain particular
embodiments, Rb is -CN, -NHC(O)R5 , -NHC(O)OR 5x,
-C(=NH)N(Rt )(R ), Or-C(O)N(R 4x)(R4z). [083] In these
embodiments, each R independently is hydrogen, C1-4
aliphatic, C1 4 fluoroaliphatic, orC 10 ar(C1-4)alkyl,
the aryl portion of which may be optionally
substituted, and each R independently is hydrogen, C1
aliphatic, C1-4 fluoroaliphatic, C 0 a C )alkyl, the
aryl portion of which may be optionally substituted,
or an optionally substituted 5- or6-membered aryl,
heteroaryl, or heterocyclyl ring; or R x and R , taken
together with the nitrogen atom to which they are
attached, form an optionally substituted 4- to
8-membered heterocyclyl ring having, in addition to
the nitrogen atom, 0-2 ring heteroatoms independently
selected from N, O, and S. In some embodiments, R x
and R z, taken together with the nitrogen atom to
which they are attached, form an optionally
substituted morpholinyl, piperidinyl, piperazinyl, or
pyrrolidinyl ring. [084] Each R x independently is
C1-4 aliphatic, C1 fluoroaliphatic, CM0 ar(C1-4)alkyl,
the aryl portion of which may be optionally
substituted, or an optionally substituted 5- or
6-membered aryl, heteroaryl, or heterocyclyl ring.
[085] Each R x independently is C1 4 aliphatic, C1 4
fluoroaliphatic, C6 10 ar(C1-4)alkyl, the aryl portion
of which may be optionally substituted, or an
optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring. [086] In some
particular embodiments, Rb is -N(R4x)(R4 ), -C(O)-N(R4
)(R4z), -N(R4 )C(O)R5x or -C(=l\IH)N(R )(R4z). m
certain such embodiments, R4 and R4z, taken together
with the nitrogen atom to which they are attached,
form a morpholinyl, piperidinyl, piperazinyl, or
pyrrolidinyl ring. In certain other embodiments, R is
-N(R4 (R4z) and R4z is hydrogen, C1 aliphatic:, C1-4
fluoroaliphatic, C6-10 ar(C1^)alkyl, the aryl portion
of which may be optionally substituted, or an
optionally substituted pyrazole or imidazole ring. In
certain other embodiments, Rb is -C(O)-NH(C1-4
aliphatic) or -NHC(O)(C1-4 aliphatic). In certain
particular embodiments, Rb is -C(O)NHCH 3,
-C(O)NH(cyclopropyl), -NHC(O)CH3,
-NHC(O)(cyclopropyl). [087] In other embodiments, the
invention relates to a compound of formula (III-A) or
(III-B) or a pharmaceutically acceptable salt thereof,
wherein R is -V -T -R or -V -T -R , where the
variables V1, T1, Rlb, and R have the values described
below. [088] V1 is -N(R4)-, -N(R4)-C(O)-, -N(R4)SO2R6,
-N(R4)C(O)-OR5, -C(O)N(R4)-, -C(=NR4)N(R4)-, or
-N(R4)-C(=NR4)-. In some embodiments, V1 is -N(R4x)-,
-N(R4x)-C(O)-,-C(O)N(R4")-, -C(=NR4 )N(R4x)-, or -N(R
x)-C(=NR4 )- . In some embodiments, V1 is -C(O)-NH-,
-NH-C(O)-, or -Q=NH)NH-. [089] T1is a C1-4 alkylene
chain optionally substituted with -F,C1 3 alkyl, or C1
fluoroalkyl. [090] R,1b i.s an optionally substituted
C3 6 cycloaliphatic or an optionally substituted
phenyl, pyrrolyl, imida: olyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl, pyrazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolinyl,
imidazolinyl, pyrazolinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, piperidinyl,
morpholinyl, piperazinyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or tetrahydropyrimidinyl ring.
In some embodiments, R is an optionally substituted C
3 6 cycloaliphatic or an optionally substituted
pyrrolidinyl, piperidinyl, morpholinyl, or piperazinyl
ring. [091] R2b is -N(R4)., -NR4C(O)R5,
-N(R4)C(O)-OR5, -N(R4)C(O)-N(R4)2, -C(O)N(R4)2,
-CO2R5, or -OR5. In some embodiments, R2b is
-N(R4x)(R4 ), -NR4xC(O)R5x, -C(O)N(R4x)(R4 ), -CO2R5x,
or -OR5x . [092] In some particular embodiments, the
invention relates to a compound of formula (HI-A) or
(HI-B) or a pharmaceutically acceptable salt thereof,
wherein R is selected from the group consisting of:
where s is 2 or 3, t in 1, 2, or 3, and v is 0, 1, 2,
or 3.[093] In some other embodiments, the invention
relates to a compound of formula (IU-A) or (IU-B),
wherein Rb is -T R1 or -T R2 . T1is a C1-6 alkylene
chain optionally substituted with -F, C1 3 alkyl, or
C13 fluoroalkyl, wherein the alkylene chain optionally
is interrupted by -N(R4)-, -C(O)-N(R4)-,
-C(=NR4)-N(R4)-, -C(NR4)=N(R4)-, -N(R4)-C(O)-, or
-N(R4)-C(=NR4)-. Rlb is an optionally substituted C 6
cycloaliphatic or an optionally substituted phenyl,
pyrrolyl, imidazolyl, oxazolyl, thiazolyl, isoxazolyl,
isothiazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxadiazolyl, thiadiazolyl, pyrrolinyl, imidazolinyl,
pyrazolinyl, pyrrolidinyl, imidazolidinyl,
pyrazolidinyl, piperidinyl, morpholinyl, piperazinyl,
pyridyl, pyridazinyl, pyrirnidinyl, pyrazinyl, or
tetrahydropyrimidinyl ring. R is -OR , -N(R )2, -NR
C(O)R , -NR4C(O)N(R4) ,, -C(O)N(RVoR 5, -C(O)N(R4)2,
-N(R4)-CO2R5, -N(R 4)-C(=NR 4)-R5 or -C(=NR4)-N(R4)2.
[094] In some such embodiments, R is selected from the
group consisting of -(CH2)p-R1 , -(CH2 R2 -( 2V R2y
-(CH2) -N(R4x)-(CH2) Rlx, -(CH2)p-N MCH -R2 ,
-(CH2)p-N MCH -R CH -N and -(CH2)
-N(R4x)C(=NR4x)-(CH2) -R2y, wherein h at each
occurrence independently is 1, 2, or 3, and s is 2
or3- R x is an optionally substituted phenyl,
piperidinyl, piperazinyl, morpholinyl, or pyrrolidinyl
ring. R2 i -C(O)N(R4x)(R4z). R2y is -N(R4 (R4z), -NR4
C(O)R4x, -N(R4 )-CO2R5x, -N(R4x)-C(=NR4x)-R5x or
-OR5x. R4x is hydrogen, C1 4 aliphatic, C14
fluoroaliphatic, or C6 10 ar(C )alkyl, the aryl
portion of which may be optionally substituted; R4z is
hydrogen, C1 aliphatic, C1 4 fluoroaliphatic, C 10
ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted, or an optionally substituted
5- or 6-membered aryl, heteroaryl, or heterocyclyl
ring; or R4x and R z, taken together with the nitrogen
atom to which they are attached, form an optionally
substituted morpholinyl, piperidinyl, piperazinyl, or
pyrrolidinyl ring. R is hydrogen, C1 4 aliphatic:,
C1-4 fluoroaliphatic, or C6-10 ar(C )alkyl, the aryl
portion of which may be optionally substituted . [095]
Another embodiment of the invention relates to a
compound of formula (IU-A) or (IH-B) wherein R is -R .
In such embodiments, the compound has formula (IV-A)
or (JV-B):or a pharmaceutically acceptable salt
thereof; wherein: X1and X2 are each independently CH
or N, provided that X1 and X2 are not both N; Ring D
is an optionally substituted aryl, heteroaryl,
heterocyclyl, or cycloaliphatic ring; Ring A, Ring C,
and the variables R and G have the values and
preferred values described above for formulae
(I)-(IIJ); and 77 is 0 or 1. [096] In some
embodiments, X1 and X are each CH. [097] Each
substitutable ring nitrogen atom in Ring D preferably
is unsubstituted or is substituted with -C(O)R5,
-C(O)N(R4),, -CO2R6, -SO2R6, -SO2(NR4)2, an optionally
substituted C 0 aryl, or a C1 4 aliphatic optionally
substituted with R a or R ; and one ring nitrogen atom
in Ring D optionally is oxidized. Each R a
independently is selected from the group consisting
of- F, -OH, -0(C 1 4 alkyl), -CN, -N(R4)2, -C(O)(C1
alkyl), -CO2H, -CO2(C1 alkyl), -C(O)NH2, and
-C(O)NH(C1 4 alkyl). Eiich R independently is an
optionally substituted aryl or heteroaryl ring. [098]
In some embodiments, Ring D is an optionally
substituted heteroaryl or heterocyclyl selected from
the group consisting of azetidinyl, pyrrolyl,
imidazolyl, oxazolyl, thiazolyl, isoxazolyl,
isothiazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxadiazolyl, thiadiazolyl, pyrrolinyl, irrtidazolinyl,
oxazolinyl, pyrazolinyl, pyrrolidinyl, imidazolidinyl,
oxazolidinyl, pyrazolidinyl, piperidinyl, morpholinyl,
piperazinyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, and tetrahydropyrimidinyl. In certain
embodiments, Ring D is an optionally substituted
imidazolyl, oxazolyl, thiazolyl, oxadiazolyl,
fhiadiazolyl, tetrazolyl, imidazoHnyl, 



oxazolinyl, or tetrahydropyrimidinyl.[099] Each
substitutable saturated ring carbon atom in Ring D
preferably is unsubstituted or is substituted with =O,
=S, =C(R5)2, =N-OR5, =N-R5, or -Rd. [0100] Each
substitutable unsaturated ring carbon atom in Ring D
preferably is unsubstituted or is substituted with -R
. [0101] Each Rd independently is halo, -NO2 -CN,
-C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)., -N(R4)2, -NR4C(O)R5 -NR4C(O)N(R4) ,
-N(R4)C(=NR4)-N(R4)2, -N(R4)Q=NR4)-R6, -NR CO2R6,
-N(R4)SO2R6, -N(R4)SO2N(R4)2, -O-C(O)R5, -OC(O)N(R4)2,
-C(O)R5, -CO2R5, -C(O)N(R4)2, -C(O)N(R4)-OR5,
-C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)R5,
-C(=NR4)-N(R4)2, -C(=NR4)-OR5, -C(=NR4)-N(R4)-OR5,
-C(R6)=N-OR5, or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl. [0102] In some
embodiments, Ring D is substituted with 0-1 Rd and 0-1
R8d. R is C1-4 aliphatic, C1 fluorcaliphatic, halo,
-OH, -O(C1-4 aliphatic), -NH2, -NH(C1 4 aliphatic), or
-N(C1-4 aliphatic) 2. R is selected from the group
consisting of C1-4 aliphatic, C1-4 fluoroaliphatic,
halo, -Rld, -R2d, -T3-Rld, -T R2 , -V3-! 3 1 , and -V3
-R2 . Trie variables T3, V3, Rld, and R2d have the
values described below. [0103] T3 is a C1 alkylene
chain optionally substituted with one or two
substituents independently selected from the group
consisting of C1-3 aliphatic, C1-3 fluoroaliphatic,
-F, -OH, -0(C 1 alkyl), -CO2H, -CO2(C1 alkyl), -C(O)NH
2, and -C(O)NH(C 1-4 alkyl). In some embodiments, T3
is -(CH2)- or -(CH2)2-. [0104] V3 is -O~, -N(R4)-,
-N(R4)C(O)-, -C(O)N(R4)-, -C(=NR4)-N(R4)-,
-C(NR4)=N(R4)-, or -N(R4)Q=NR4)-. [0105] Each Rld
independently is an optionally substituted aryl,
heteroaryl, heterocyclyl, or cycloaliphatic ring. In
some embodiments, R is an optionally substituted
phenyl, pyridyl, or pyrimidinyl group. [0106] Each R2d
independently is -NO2, -CN, -C(R5)=C(R5)2, -C C-R5
-OR5, -SO2R6, -SO2N(R4) , -N(R4) , -NIL4C(O)R5,
-NR4C(O)N(R4) , -N(R4)C(=NR4)-N(R4)2, -N(R C
=NR4)-R6,-NR4CO2R6, -N(R4)SO2R' , -N(R4)SO2N(R4)2,
-O-C(O)R5, -OC(O)N(R4)2, -C(O)R5, -CO2R5, -C(O)N(R4)2,
-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C
NR4)-N(R4)-C(O)R5 -C( NR4)-N(R4)2, -Q=NR 4)-OR5,
-C(=NR4)-N(R4)-OR5,or -C(R6)=N-OR 5. In some
embodiments, each. R independently is selected from
the group consisting of -OR , -N(R )2, -NR C(O)R ,
-NR4C(O)N(R4)2, -0-C(C))R5, -CO2R5 -C(O)R5,
-C(O)N(R4)2, -C(O)N(R4)-OR5, and -C(==NR4)-N(R4)2. In
some embodiments, each R2d is selected from the group
consisting of -OR , -N(R4)2, -CO2R5, or -C(O)N(R4)2.
[0107] In some embodiments, Ring D is selected from
the group consisting of: where the variables R9d, Rv,
Rw, Rx Ry, and R have the values and preferred values
described below. [0108] Rv is hydrogen, halo, C1-4
aliphatic, C1-4 fluoroaliphatic, -OR5, -N(R4)2,
-CO2R5, -C(O)N(R4)2, -T3-OR5, -r-N(R 4)2, -T3-CO2R5,
-T3-C(O)N(R4)2, or an optionally substituted 5- or 6-
membered aryl or heteroaryl. In certain embodiments,
Rv is hydrogen, an optionally substituted phenyl,
pyridyl, or pyrimidinyl group, halo, C1-4 aliphatic,
C1-4 fluoroaliphatic, -(CH2)p-OR5x,
-(CH2)p-N(R4x)(R4z), -(CH2)p-CO2R5x, -(CH2)p
-C(O)N(R4x)(R4z ), -(CH2),-N(R4 )-(CH2)q R1x, -(CH2
)q-N(R x)(CH ),-R2x -(CH2)q-N(R4 )-(CH2)S-R2y -(CH2)
-N(R4X)C(=NR4X)-{CH2) -Rl , -(CH2) -N(R x)C(=NR
x)-(CH2) -R2 , or-(CH2) -N(R4x)C(=NR4x)-(CH2)?-R2y. Ia
certain embodiments, Rv is hydrogen, halo, C1-1
aHphatic, C1-4 fluoroaliphatic, or an optionally
substituted phenyl, pyridyl, or pyrimidinyl group.
[0109] Rw is hydrogen, halo, C1-4 aliphatic, C1 4
fluoroalipharic, -OR5, -N(R4)2, -CO2R5, or an
optionally substituted 5- or 6- membered aryl or
heteroaryl. In some embodiments, Rw independently is
hydrogen, halo, C1 4 aHphatic, C1-4 fluoroaliphatic, -
-(CH2)p-CO2R5x, or an optionally substituted phenyl,
pyridyl, or pyrimidinyl group [0110] Each Rx
independently is hydrogen, fluoro, C1 4 aliphatic, C1
fluoroaliphatic, In certain embodiments, each Rx
independently is hydrogen, fluoro, C1 4 aliphatic,
C1-4 fluoroaliphatic, -(CH2) -CO2R *, [0111] Ry is
hydrogen, halo, C1-4 aliphatic, C1 fluoroaliphatic,
-OR5, -N(R4)2, -CO2R5, In certain embodiments, Ry is
oaHphatic, -(CH2)p-N R R4 ), -(CH2)p-OR5x, [0112] Each
Rz independently is hydrogen, fluoro, C1 4 aliphatic,
or C1-4 fluoroaliphatic. [0113] T3 is a C1- alkylene
chain optionally substituted with one or two
substituents independently selected from the group
consisting of C13 aliphatic, C13 fluoroaliphatic, -F,
-OH, -O(C1-4 alkyl), -CO2H, -CO2(C1-4 alkyl),
-C(O)NH2, and -C(O)NH(C 4 alkyl). [0114] R9d is
hydrogen, -C(O)R5, -C(O)N(R^2, -CO2R6, -SO2R6, -SO2(N
4)2, an optionaUy substituted C6-10 aryl, or AC1 4
aliphatic optionally substituted with R3 or R7 Each
R3a independently is selected from the group
consisting of -F, -OH, -0(C 1-4 alkyl), -CN, -N(R 2,
-C(O)(C1-4 alkyl), -CO2H, -CO2(C1-4 alkyl), -C(O)NH2,
and -C(O)NH(C1-1 alkyl). Each R7 independently is an
optionally substituted aryl or heteroaryl ring.[0115]
Each Rlx independently is an optionally substituted
phenyl, piperidinyl, piperazinyl, morpholinyl, or
pyrrolidinyl ring. [0116] Each R2 independently is
-C(O)N(R4x)(R4 ). [0117] Each R2y dependently is
-N(R4x)(R4z), -NR4"C(O)R5x, -N(R4x)-CO2R5 , -N(R4
)-C(=NR4x)-R5x or -OR5x. [0118] Each R4 independently
is hydrogen, C1 4 aliphatic, C fluoroaliphatic, or C6
10 ar(C1_4)alkyl, the ar}i portion of which may be
optionally substituted, and each R independently is
hydrogen, C1 aliphatic, C1-4 fluoroaliphatic, C6-10
arfC^alkyl, the aryl portion of which may be
optionally substituted, or an optionally substituted
5- or 6-membered aryl, heteroaryl, or heterocyclyl
ring; or R4x and R , taken together with the nitrogen
atom to which they are attached, form in optionally
substituted 4- to 8-membered heterocyclyl ring having,
in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from , O, and S. [0119] Each R5
independently is C1-4 aliphatic, C1-4 fluoroaliphatic,
C6-10 ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted, or an optionally substituted
5- or 6-membered aryl, heteroaryl, or heterocyclyl
ring. [0120] The variable p is 0, 1, or 2; q, at each
occurrence independently, is 1,2, or 3; r is 1 or 2;
and s is 2 or 3. [0121] In some particular
embodiments, Ring D is selected from the group
consisting of: [0122] In more particular embodiments.
Ring D is selected from the group consisting of:[0123]
In certain particular embodiments, Ring B is selected
from the group consisting of: [0124] In the compounds
of formula (I)-(IV), Ring C is an optionally
substituted 5- or 6- membered aryl or heteroaryl ring
having 0-3 ring nitrogen atoms and optionally one
additional ring heteroatom selected from oxygen and
sulfur. In some embodiments, two adjacent substituents
on Ring C, taken together with the intervening ring
atoms, form an optionally substituted fused 5- or
6-membered aromatic or non-aromatic ring having 0-3
ring heteroatoms selected from the group consisting of
O, N, and S. [0125] In some embodiments, Ring C is an
optionally substituted furanyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, phenyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or triazinyl, wherein one ring
nitrogen atom in Ring C optionally is oxidized. [0126]
Each subisritutable ring nitrogen atom in Ring C is
unsubstituted or is substituted with -C(O)R5,
-C(O)N(Rl)2, -CO2R6 -SO R6, or a C1 4 aliphatic
optionally substituted with -F, -OH, -0(C 1
aliphatic), -CN, -N(R4)2, -C(O)(C1 4 aliphatic), -CO2H
-CO2(C1 4 aliphatic), -C(O)NH2, -C(O)NH(C 1 1
aliphatic), or an optionally substituted C 0 aryl
ring. One ring 



nitrogen atom in Ring C optionally is oxidized. In
some embodiments, each substitutable ring nitrogen
atom in Ring C is unsubstituted, and one ring nitrogen
atom optionally is oxidized. [0127] Substitutable ring
carbon atoms in Ring C preferably are substituted with
0-2 R and 0-2 R . Each R independently is selected
from the group consisting of C1-4 aliphatic, C1
fluoroaliphatic, -O(CM aliphatic), -O(C1-4
fluoroaliphatic), and halo. In some embodiments, R is
selected from the group consisting of C1-4 aliphatic,
C1 4 fluoroaliphatic, and halo. In certain
embodiments, R c is selected from the group consisting
of halo, methyl, trifluoromethyl, ethyl, isopropyl,
cyclopiopyl, terf-butyl, methoxy, and
trifluoromethoxy.[0128] Each Rc independently is halo,
-NO2, -CN, - R R5) , -C C-R5, -OR5, -SR6, -S(O)R6,
-SO2R6, -SO2N(R4) -N(R4)2, -NR4C(O)R5, -NR4C(O)N(R4)
,, -N(R4)C(=NR4)-N(R4)2 -N(R4)C(=NR4)-R6, -NR4CO2R6,
-N(R4)SO2R6, -N(R4)SO2N(R4)2, -O-C(O)R5, -OC(O)N(R4)2,
-C(O)R5, -CO2R5, -C(O)N(R4)2, -C(O)N(R4)-OR5,
-N(R4)C(=NR4)-N(R4)-O(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-N(R4)-OR5, -C(R ;=N-OR , or an optionally
substituted aliphatic, aryl, heteroaxyl, or
heterocyclyl; or two adjacent Rc, taken together with
the intervening ring atoms, form an optionally
substituted fused 5- or 6-membered aromatic or
non-aromatic ring having 0-3 ring heteroatoms
independently selected from the group consisting of O,
N, and S. [0129] In some embodiments, each Rc
independently is selected from the group consisting of
Ca_6 alipha tic, C1 6 fluoroaliphatic, halo, -Rlc,
-R2c, -T -R2 , and -Tz- lc; or two adjacent Rc, taken
together with the intervening ring atoms, form an
optionally substituted fused 5- or 6-membered.
aromatic or non-aromatic ring having 0-3 ring
heteroatoms independently selected from the group
consisting of O, N, and S. . The variables T2, Rlc,
and R2c have the values described below. [0130] T2 is
a C1 6 alkylene chain optionally substituted with R3a
or R3 , wherein the alkylene chain optionally is
interrupted by -C(R5)=C(R5)-, -CC-, -O-, -S-, -S(O)-,
-S(O)2-, -SO2N(R4)-, -N(R4)-, -N(R4)C(O)-,
-NR4C(O)N(R4)-, -N(R4)CO2-, -N(R4)SO2-, -C(O)N(R4)-,
-C(O)-, -CO2-, -OC(O)-, or -OC(O)N(R4)-, and wherein
T2 or a portion thereof optionally forms part of a 3-7
membered ring. In some embodiments, T2 is a C1 4 or C2
alkylene chain optionally substituted with. R a or R .
In some embodiments, T is a C1-4 alkylene chain
optionally substituted with one or two groups
independently selected from -F, C1 aliphatic, and C1 4
fluoroaliphatic. [0131] Each R c independently is an
optionally substituted aryl, heteroaryl, heterocyclyl,
or cycloaliphatic ring. [0132] Each R2 independently
is -NO2, -CN, -C(R5)=C(R5)2, -O C-RS, -OR5, -SR6
-S(O)R6, -SO2R6, -SO2N(R4)2, -NR4C(O)R5,
-NR4C(O)N(R4)2, -N(R 4)C(=NR 4)-N(R
4)2,-N(R4)C(=NR4)-R6, -NR4CO2R6 -N(R4)SO2R6,
-N(R4)SO2N(R4)2, -O-C(O)R5, -OC(O)N(R4)2, -C(O)R5,
-CO2R5, -C(O)N(R4) , -C(O)N(R^-OR5, -C(O)N(R4)C(=NR
)-N(R4)2 -N(R4)C(=NR4)-N(R4)-C(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -C MR -N R -OR5, or -C(R6)=N-OR5. In
some embodiments, each R2c independently is -CN,
-C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -N(R4)2, -NR
C(O)R5, -NR4C(O)N(R4)2, -NR4CO2R6, -CO2R5, or
-C(O)N(R4)2. [0133] The variables R a, R , R , R , R ,
and R have the values described above for Ring B.
[0134] In some embodiments, the substitutable ring
carbon atoms in Ring C are substituted with 0-2 Rc nd
0-1 R , where: each Rc preferably :selected from the
group consisting of C aliphatic, C1-4 fluoroaliphatic,
halo, -R c -R c and - i -R ; or two adjacent Rc, taken
together with the intervening ring atoms, form an
optionally substituted fused 5- or 6-membered aromatic
or non-aromatic ring having 0-3 ring heteroatoms
independently selected from the group consisting of O,
N, and S; T2 is a C1 4 alkylene <;hain optionally
substituted with one or two groups independently
selected from -F, C1 4 aliphatic, and C1 4
fluoroaliphatic; each Rlc independently is an
optionally substituted 5- or 6-membered heteroaryl or
4- to 6-membered heterocyclyl ring having 1 to 4 ring
nitrogen atoms and Oto 1 additional ring heteroatoms
selected from O and S; each R2 independently is -CN,
-C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -N(R4)2,
-NR4C(O)R5, -NR4C(O)N(R4)2, -NR4CO2R6, -CO2R5, and
-C(O)N(R4)2; and each R independently is selected from
the group consisting of C1-4 aliphatic, C1 4
fluoroaliprtatic, -0(C 1 4 aliphatic), -0(C 1 4
fluoroaliphatic), and halo. [0135] In some
embodiments, the substitutable ring carbon atoms in
Ring C are substituted with 0-2 Rc and 0-1 R8 ,
where:each Rcindependenlly is halo, -CN, -CO2R5x, or
-C(O)N(R4 XR ); or Rc is a C1-4 aliphatic or C1-4
fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group
consisting of -OR5", -N(R4x)(R4y) -SR6 , -CO2R5 , or
-C(O)N(R4x)(R4y); or Re is an optionaUy substituted 5-
or 6-membered heteroaryl or 4- to 6-membered
heterocyclyl ring having 1 to 4 ring nitrogen atoms
and Oto 1 additional ring heteroatoms selected from O
and S; or two adjacent Rc, taken together with the
intervening ring atoms, form an optionally substituted
fused 5- or 6-membered aromatic or non-aromatic ring
having 0-3 ring heteroatoms independently selected
from the group consisting of O, N, and S; R4x is
hydrogen, C1 4 aHphatic, C1 4 fluoroaliphatic, or
C6-10 ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted; R4y is hydrogen, C6 0
ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted, an optionally substituted 5-
or 6-membered aryl, heteroaryl, or heterocyclyl ring,
or a C1-4 aliphatic or C1 4 fluoroaliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5x, -N(R4x)2,
-CO2R x or -C(O)N(R4 JZ;' or R44xx and R4y, taken
together with the nitrogen atom to which they are
attached, form an optionally substituted 4- to
8-membered heterocyclyl or 5-membered heteroaryl ring
having, in addition to the nitrogen atom, 0-2 ring
heteroatoms independently selected from N, O, and S;
each R5x independently is hydrogen, C1 4 aliphatic,
C1-4 fluoroaliphatic, or C6-10 ar(C1-4)alkyl, the aryl
portion of which may be optionally substituted, or an
optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; each R5y
independently is hydrogen, an optionally substituted
monocyclic nitrogencontaining heterocyclyl, an
optionally substituted C 0 aryl, a C Oar(C1-4)alkyl,
the aryl portion of which is optionally substituted,
or a C1 4 aliphatic or C1-4 fluoroaliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5x, -N(R4x)2,
~CO2R5x, or -C(O)N(R4x)2; andeach R6 i.ndependently is
C1-4 aliphatic, C1-4 fluoroaliphatic, or C6 10
ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted. [0136] When two adjacent Rc,
taken together with the intervening ring atoms, form a
fused 5- or 6-membered aromatic or nonaromatic ring,
the fused ring preferably is unsubstituted or is
substituted with 0-1 Rc and 0-1 R . [0137] In some
embodiments, Ring C is a 5- or 6-membered heteroaryl
substituted with 0-2 Rc and 0-1 R . In other
embodiments, Ring C is phenyl substituted with 0-2 Rc
and 0-1 R8 . In still other embodiments, Ring C is
phenyl substituted with 0-1 Rc and 0-1 R [0138] In
certain embodiments, Ring C is selected from the group
consisting of: each Rc independently is halo, -CN,
-C(R5x)=C(R5x)(R5y), -C C-R5y, -OR5y, -SR6x, -N(Rta
)(R*y), -CO2R , -C(O)N R )( 4 ); or Rc is a C1-4
aliphatic or C1-4 fluoroaliphatic optionally 



substituted with one or two substituents independently
selected from the group consisting of -OR5x, -N(R
x)(R4y), -SR6x, -CO2R5 , or -C(O)N(R4x)(R4y); or Rc is
an optionally substituted pyrrolidinyl, piperidinyl,
morpholinyl, or piperazinyl ring; or two adjacent Rc,
taken together with the intervening ring atoms, form
an optionally substituted fused 5- or 6-membered
aromatic or non-aromatic ring having 0-3 ring
heteroatoms independently selected from the group
consisting of O, N, and S; R is C1-4 aliphatic, C 1-4
fluoroaliphatic, halo, -CN, -OH, -0(C 1-4 aliphatic),
-S(C1-4 aliphatic), -NH , -NH(C1 aliphatic), or -N(C1
aliphatic),,; R,8c i.s C1-4 aliphatic, C1-4
fluoroaliphatic, -0(C 1-4 aliphatic), -O(C1-4
fluoroaliphatic), or halo; andthe variables R,4x, R4y
_R-,5x, -Rr ,5y, and R,6x -have the values described
above for Ring B. [0139] In some embodiments,. R,8c
i.s selected from the group consisting of methyl,
trifluoromethyl, ethyl, isopropyl, cyclopropyl,
fert-butyl, and methoxy. [0140] In certain particular
embodiments, Ring C is selected from the group
consisting of: C(CH3 3 and C(CH3)3 [0141] In certain
other embodiments, Ring C is selected from the group
consisting of:where R , R y, and R * are as described
above. [0142] In certain other embodiments, Ring C is
selected from the group consisting of:[01431 The
invention also relates to a compound of formula (V-A)
or (V-B): or a pharmaceutically acceptable salt
thereof; wherein: G1 is -O- or -NH-; 1 2 1 X and X are
each independently CH or N provided that X and X are
not both N; one ring nitrogen atom in Ring B
optionally is oxidized; m is 0 or 1; n is 0 or 1; ; is
0 or 1; k is 0, 1, or 2; and Ring A and the variables
R , R Rc and R have the values and preferred values
described above for formulae (I)-(IV). [0144] In some
such embodiments, the compound of formula (V-A) or
(V-B) is characterized by formula (VI-A) or (VT-B): or
a pharmaceutically acceptable salt thereof, wherein:
Rings A and D and the variables R R Rc, and R have the
values and preferred values described above for
formulae (I)-(V). [0145] The invention also relates to
a compound of formula (VII-A) or (VII-B)or a
pharmaceutically a<:ceptable salt thereof, wherein: j
is 0 or 1; fc is 0 1, or 2; and Ring A the variables
Ra, Rb, Rc, and R have the values and preferred values
described above for formulae (I)-(Vl). [0146] "The
invention also relates to a compound of formula
(VIII-A) or (VIII-B) or a pharmaceutically acceptable
salt thereof, wherein: / is 0 or 1; A; is 0, 1, or 2;
and Ring A the variables Q R9b Rc, and R8 have the
values and preferred values described above for
formulae (I)-(VII). [0147] Specific examples of
compounds of formula (I) are shown below in Table
1.Table 1. Raf Kinase Inhibitors M 1-2 1-3 1-4 1-5 1-6
1-7 1-81-9 M O 1-11 1-12 1-13 1-14 1-151-17 1-18 1-19
1-20 1-21 1-22 1-23 1-24-25 1-26 -28 1-29 -30 1-31
-3!" 1-331-34 1-35 1-36 1-37 I-3& 1-39 1-40 1-411-42
1-43 1-44 1-45 1-46. 1-47 1-4" 1-491-50 1-51 1-52 1-53
1-54 1-55 1-56 1-571-58 1-59 1-60 1-61 1-62 1-63-64
1-65 -66 1-67 -68 1-691-70 1-71 1-72 1-73 1-74 1-75
1-76 1-771-78 1-79 1-80 1-81 1-82 1-83 I-8'l 1-851-86
1-87 1-88 1-89 1-90 1-91 1-92, 1-93OPTICAL COMPONENT
CLEANLINESS AND DEBRIS MANAGEMENT IN LASER
MICROMACHINING APPLICATIONS Related Application [0001]
This application claims benefit of U.S. Provisional
Patent Application No. 60/742,162, filed December 1,
2005. Copyright Notice [0002] (c) 2006 Electro
Scientific Industries, Inc. A portion of the
disclosure of this patent document contains material
that is subject to copyright protection. The copyright
owner has no objection to the facsimile reproduction
by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark
Office patent file or records, but otherwise reserves
all copyright rights whatsoever. 37 CFR  1.7 1(d).
Technical Field [0003] The present disclosure relates
to laser-based workpiece processing systems and, in
particular, to optical component cleanliness and
debris management in laser micromachining applications
performed in such systems. Background Information
[0004] The state of the art for sealing laser beam
paths in semiconductor 



processing equipment entails enclosing the entire
optics volume with a cabinet style enclosure. Some
designs incorporate a purging system using some sort
of clean dry air or inert gas. Beam tubes are also
used in other laser applications outside of
micromachining, such as integrated circuit error
correction. Most recent designs of UV optic rails and
beam paths use covers to protect the optical
components. Neither purge gas inside the enclosed
volume nor beam tubes with purge gas have been used in
laser micromachining applications. [0005] It is well
known in the laser industry that UV wavelength laser
light can be very damaging to system optical
components. The photon energy given by E = hv(where h
= Planck's constant and v = optical frequency) for UV
light is sufficient to break and reform bonds in many
common airborne molecular contaminants (AMCs). In this
process known as photopolymerization, polymers are
formed on optical surfaces that intersect the laser
beam. The polymers cloud the lenses and mirrors,
reducing optical transmittance of the system, and
causing beam distortion that degrades performance.
Similar problems may occur in the presence of
particulate contamination. Particulates can become
vaporized, and in turn, polymerized onto optical
surfaces. Additionally, in the presence of high
instantaneous energy pulsed beams, an acoustic "shock"
wave may be formed as a particulate is ablated. This
acoustic Shock wave may damage optical coatings,
substrates, or both, as it propagates into an optical
component. [0006] Currently available pulsed lasers
with nanosecond, picosecond, or femtosecond pulse
widths suffer optical degradation resulting from the
high peak powers incident upon their optical
components. Often, based upon the application, the
laser may deliver excess output energy that must be
attenuated. Currently available attenuators, often
composed of a half-wave plate and polarizer
combination (or a variation of this theme), are
inserted into the path of the laser beam to attenuate
the laser beam by manipulating its polarization state.
Although the technique of using a half-wave plate and
polarizer offers the ability to adjust the level of
attenuation, the attenuator assembly usually must be
placed after several optical components "downstream"
from the laser output. The reason is that the
half-wave plate and polarizers work best when
collimated or nearly collimated light is incident upon
them. In addition, the half-wave plate, in the case of
a sealed laser rail, would not make a very good window
into the sealed portion because waveplates are prone
to contamination, are fragile, and are temperature
sensitive. [0007] A laser rail, forming part of a
laser optical system and sealed from the outside
environment, uses input and output windows of the
optical system to allow the beam to pass into and out
of the sealed portion of the laser rail. Moreover, it
is desirable to decrease the amount of laser light
incident on all optical components because the
intensity of the laser light (in W/cm2, peak W/cm2, or
J/cm2) is proportional to the age of the optics.
Therefore, in an ideal laser system that produces
excessive laser power, the very first component in the
optical systemwould be an attenuator of some type. In
summary, it would be desirable to provide the same
optical element(s) functioning as an input window and
an attenuator. [0008] Laser optical systems include
laser shutters that can be divided into two different
categories. They include modulation, exposure, and
pulse gating shutters and safety interlock and process
control shutters. Safety interlock shutters, which are
of interest here, intermittently block the laser beam
by means of a material that is opaque to the laser
wavelength and is caused to move selectively in and
out of the line of propagation of the laser beam. The
blocked laser beam is reflected into or onto a laser
beam "block" or "dump," which serves to absorb and
attenuate the blocked beam. Shutter actuation devices
include, but are not limited to, electro mechanical
(solenoid), electrical, and magnetic devices. [0009] A
shutter operating as a safety (rather than a
modulation) device opens and closes at a low frequency
of repeated operation (" 1Hz). The open and closed
positions are sensed and fed back to the operating
system. A properly designed laser shutter blocks laser
emission and does not cause it to reflect back into
the lasing cavity. Shutter construction materials
should be free from components that are likely to
contaminate the optical system. Summary of the
Disclosure [0010] Preferred embodiments of a purge gas
port, laser beam attenuating input window, and laser
shutter constitute subsystems of a UV laser optical
system in which the light beam path is completely
enclosed to reduce contamination of the optical system
components. Purge gas is injected through multiple,
e.g., nine, different locations in a beam tube
assembly to make certain that the optical component
surfaces sensitive to contamination are in the flow
path of the purge gas. Clean, dry air is preferred
over an inert purge gas because of the availability of
compressed air in semiconductor device fabrication
facilities and the absence of ozone formation at the
preferred 355 nm operating wavelength. All of the beam
tube assembly components are preferably made from
nickel plated aluminum, stainless steel, brass, and
Teflon(r) materials because of their outgasing
properties. The flow level of the purge gas is
determined by two criteria: (1) maximize gas flow
without generating turbulence in the beam spot on the
work surface, and (2) provide a minimum number of air
volume exchanges each hour. Five air volume exchanges
each hour are chosen as a minimum for the embodiment
described. Porous diffusers are used at the purge gas
injection points to reduce turbulence-inducedbeam
motion. Purge gas flow in a controlled environment
containing the laser beam path allows the laser rail
to last longer than one that is not equipped with
purge gas flow through a beam tube assembly. [0011] An
input window functioning as a fixed level attenuator
is formed of a transparent optical material including,
for example, but not limited to, fused silica with
plano-plano surfaces oriented at 45 degrees with
respect to the incident laser beam for S-polarization.
Since this optical component acts as the input window
assembly into a sealed optical assembly, it is
desirable to have a mounting system that is resistant
to perturbations from mechanical components sealing
the optical system (in this case, the covers) that
would in turn cause potential misalignment of the
laser beam. Preferred mounting hardware is, therefore,
resistant to any stresses caused by the covers as it
accomplishes beam attenuation and damage prevention.
Lastly, since it sees the highest W/cm2, and is
exposed to the external environment, the input window
has the highest probability of damage resulting from
external contaminants polymerizing or burning onto the
outer surface. The input window is, therefore,
slightly offset from the centerline of the laser beam
and is of sufficient size so that, if a burn occurred,
the input window could be rotated to a new "clean"
portion of the optical surface. When the input window
is rotated in response to damage to the external
optical surface, no additional beam steering occurs.
When the covers are installed to seal the optical
assembly, no additional beam steering occurs from the
stresses of the cover fitted on the opto-mechanical
assembly. [0012] A laser shutter composed of pneumatic
cylinder retracts and extends to position a metal
shutter blade out of and into the path of the laser
beam. A magnetic reed switch senses the position of
the cylinder and feeds a position signal back to a
system control computer. In the blocked state, the
shutter blade reflects the laser 



beam into a feature of a structural gusset to safely
attenuate the beam. The shutter mechanism is partly
covered and shares a clean air purge source with the
bulk of the laser optical assembly. Three laser
shutter design features include (1) portions of the
mechanism exposed to laser light are made from
non-outgasing materials to limit optical
contamination; (2) the pneumatic cylinder imparts a
motive force to the shutter blade that does not
contain materials likely to cause contamination of the
optical components and does not generate heat and
thereby ensures that beam steering resulting from the
heat generation is kept to a minimum; and (3)
featurescontaining and attenuating the
reflected/blocked beam are integral to the assembly
and require no external components. [0013] The shutter
blocks the laser radiation directly after it emanates
from the output window of the laser head. This occurs
automatically upon disruption of the laser
safety-interlock circuits or through manual command of
the system control computer. Waste heat generated by
the shutter actuator and the presence of materials
known to cause optical component contamination are
eliminated through the use of this device. [0014]
Additional objects and advantages relating to this
disclosure will be apparent from the following
detailed description of preferred embodiments thereof
which proceeds with reference to the accompanying
drawings. Brief Description of the Drawings [0015]
Fig. 1 is a plan view of a laser optical system with
its housing cover removed. [0016] Figs. 2A and 2B are
isometric views of opposite sides of the laser optical
system of Fig. 1, showing where a laser head and a
spatial filter, respectively, are located. [0017]
Figs. 3A, 3B, 3C, and 3D are, respectively, side
elevation, plan, side cross-sectional, and plan
cross-sectional views of a mirror mount assembly used
in the laser optical system of Fig. 1. [0018] Fig. 4
is a simplified diagram showing a path of light
propagating through a beam attenuating input window
incorporated in the laser optical system of Fig. 1.
[0019] Figs. 5, 6, and 7 are, respectively,
cross-sectional, rear side elevation, and exploded
views of a preferred implementation of a light beam
attenuating input window set in a window bulkhead of
the laser optical system of Fig. 1. [0020] Fig. 8 is
an isometric view of a laser shutter assembly that is
installed adjacent to an exit window of a laser head
incorporated in the laser optical system of Fig. 1.
[0021] Figs. 9A and 9B are isometric views of a laser
shutter assembly mounted in a structural gusset and
shown with a shutter blade in, respectively, extended
(light blocking) and retracted (light transmitting)
positions. Detailed Description of Preferred
Embodiments [0022] The laser optical system in which
preferred embodiments of the abovesummarized three
subsystems are included is shown in Figs. 1, 2A, and
2B. Fig. 1is a plan view of a laser optical system 10
with its cover removed, and Figs. 2A and 2B are
isometric views of opposite sides of the laser optical
system 10 of Fig. 1, showing where a laser head and a
spatial filter, respectively, are located. Figs. 1,
2A, and 2B show the laser rail assembly without the
outer covers that seal the entire laser optical system
10. All of the beam tube sets 18 are visible in these
three drawing figures and are specifically identified
in Fig. 1. [0023] With reference to Figs. 1, 2A, and
2B, the output beam of a laser head 12 (housed within
a separate cover) propagates along a beam path in the
general shape of an "S" through an exit window 16 of
laser optical system 10. The output beam propagates
through the interior regions of multiple beam tube
sets 18 to and from enclosed optical components
positioned along the laser beam path. The beam tube
set assembly confines the laser beam in an
atmospherically controlled environment within laser
optical system 10. [0024] The output beam of laser
head 12 propagates through a laser shutter 20 to a
light beam attenuating input window 24 and its
associated support member or bulkhead 26. Laser
shutter 20 and beam attenuating input window 24 are
two subsystems described in greater detail below. The
attenuated laser beam propagates through a
pre-expander assembly 30 to a first turn mirror
assembly 34 and a second turn mirror assembly 38. Turn
mirror assemblies 34 and 38 cooperate to reverse the
direction of the laser beam path. The laser beam
reflects off the turn mirror of second turn mirror
assembly 38 and propagates through a first manual
attenuator 42 and an acousto-optic modulator (AOM) 46
to a third turn mirror assembly 50 and a fourth turn
mirror assembly 54. Turn mirror assemblies 50 and 54
cooperate to reverse the laser beam path to its
original propagation direction. The laser beam
reflects off the turn mirror of turn mirror assembly
54 and propagates through a spatial filter 58 (housed
within a separate cover), a second manual attenuator
60, and a variable beam expander assembly 64 to exit
window 16. [0025] Each of turn mirror assemblies 33,
38, 50, and 54; manual attenuators 42 and 60; and the
input and output of beam attenuating input window 24
is equipped with a gas purge port 68 for injecting
purge gas flow through the beam tube assembly. (Laser
head 12 also includes a gas purge port, which is not
shown.) Purge gas injection in a structure integrated
with the enclosed laser beam tube assembly is a
subsystem described in greater detail below.[0026]
Figs. 3A, 3B13C, and 3D are, respectively, side
elevation, plan, side cross-sectional, and plan
cross-sectional views of an optical component or
mirror mount assembly 72 for first turn mirror
assembly 34. (Turn mirror assembly 34 is used by way
of example; mirror mount assembly 72 can be used with
any of the other turn mirror assemblies 38, 50, and
54.) Fig. 3C shows the integrated purge features of
mirror mount assembly 72, in which the placement of a
purge gas inlet port 74 minimizes the ability of a
purge hose 76 to deflect the mirror mount. The laser
beam propagating through the interior of light beam
path directing assembly 18 enters mirror mount
assembly 72 and is incident on an exterior light
beam-receiving or optical surface 78. Purge gas
entering through inlet port 74 makes a 90-degree bend,
and flows through a gas diffuser 80 and upward across
optical surface 78 to prevent accumulation of
contaminants on it. A preferred gas diffuser 80 is a
Model Series 4450K bronze/steel exhaust
muffler/filter, which is manufactured by
McMaster-Carr, Los Angeles, California, and which
operates at 300 psi maximum pressure and exhibits 40
mm filtration. [0027] Purge rates for the laser rail
are preferably determined by increasing the flow rate
for a particular inlet port 74 until the laser beam
becomes unstable, as measured by photodiode position
detectors at the beam spot. When the gas flow deflects
the laser beam, the flow rate is noted and reduced by
20 percent. This flow reduction eliminates any gas
turbulence that caused the beam to become unstable.
[0028] The housings for attenuators 42 and 60 and the
mount for beam attenuating input window 24 are also
configured with the integrated purge features
described and shown for mirror mount assembly 72. Gas
flow into"the attenuators is determined by the degree
of change in laser power reduction. The purge gas flow
removes the humidity in the cavity where the optical
component is contained and 



thereby changes its attenuation properties. [0029] The
hardware described above has the benefit of
controlling the flow of the purge gas so that fresh
purge gas is constantly introduced to the beam path
and optical surfaces where it is needed. In a sealed
assembly without purge, residual contaminants would
eventually lead to degradation of the optical surfaces
even if at very low concentrations. By constantly
diluting and removing existing contaminants with a
flow of purge gas, the chance of those contaminants
coming into contact with optical surfaces is greatly
reduced. If the purge gas were introduced into a large
sealed assembly without the benefit of tubes, purge
ports, or both, localized at theoptical surfaces,
controlling flow to individual optical components
would be impossible. Stagnation zones would likely
exist that could give contaminants a chance to
accumulate. [0030] The sealed outer cover (not shown)
fitted against a gasket 82 (Figs. 2A and 2B) affords
an added benefit of a second barrier with
predetermined exhaust outlets for the purge effluent.
The sealed outer cover helps reduce or eliminate the
possibility of contaminants outside of the optical
rail from migrating into the assembly and onto optical
surfaces. [0031] Fig. 4 is a simplified theoretical
diagram showing the path of light propagating through
beam attenuating input window 24. With reference to
Fig. 4, S-polarized input light beam 100 is incident,
at a 45 angle, on an entrance surface 102 of a fused
silica window 24. An S-polarized low intensity light
beam 104 reflects off entrance surface 102 as the
remainder of light beam 100 enters and propagates
through the interior of window 24. An S-polarized low
intensity light beam 106 reflects off an exit surface
108, propagates back through the interior of window
24, and exits entrance surface 102. An S-polarized
output light beam 110 refracted and attenuated by
window 24 propagates through exit window 108 along a
beam path that differs from the beam path of input
light beam 100. [0032] The following expressions for
Fresnel reflections are used to calculate light
reflection as a function of angle: P-Polarization: Rp
tan2 + ) I- i _ sin 2 (6>. - 6 > ) S-Polapzation: R =-
- '-{ 3 sin2 (qt +qt ) where Q,- is the incident angle
and qt is the transmitted angle in the glass. The
angles are found per Snell's Law: n, sin Q,- = nt sin
qt, where n,- is the index of refraction of air and nt
is the index of refraction in the glass. An example of
reflection loss calculations for fused silica at 1024
nanometers for n = 1.45 is given on Fig. 4. Beam
attenuating input window 24 by intentional design
introduces, therefore, light loss at a fixed value
established in accordance with the expressions set
forth above.[0033] Figs. 5, 6, and 7 are,
respectively, cross-sectional, rear side elevation,
and exploded views of an actual implementation of a
light beam attenuating input window 24 set in a window
bulkhead 26 of laser optical system 10. [0034] With
reference to Fig. 5, input light beam 100 is processed
and output light beam 110 is formed as described with
reference to Fig. 4. Low intensity reflected light
beams 104 and 106 propagate to a beam dump 122, which
absorbs them. A second beam attenuating window 24a is
positioned in window bulkhead 26 to receive output
light beam 110 propagating through a sealed beam tube
18. Beam attenuating window 24a is preferably made of
the same optically transparent material as that of
beam attenuating input window 24 and is set at an
angle to provide added attenuation and an output light
beam 124 propagating through an exit surface 126 and
along the same beam path as that of input light beam
100. Low intensity reflected light beams 128 and 130
analogous to the respective low intensity reflected
light beams 104 and 106 propagate to a beam dump 132.
Skilled persons will appreciate that low intensity
internal reflections within attenuating windows 24 and
24a propagate through exit surfaces 108 and 126 and
may be blocked by an aperture (not shown) positioned
to allow passage of output light beam 124. [0035] With
reference to Figs. 6 and 7 , beam attenuating input
window 24 is set in and releasably coupled to window
bulkhead 26 by a window mounting assembly 140. Window
mounting assembly 140 permits manual rotation of
attenuating input window 24 to move a damaged optical
surface away from the laser beam path. Window mounting
assembly 140 includes an annular holder 142 that is
sized to rest on a support surface in the form of an
annular shoulder 144 of a stepped opening 146 in
window bulkhead 26. [0036] Annular holder 142 includes
a shallow recess 148 terminated by a smooth annular
flange surface 150 against which attenuating input
window 24 rests. Three spring clips 152 fixed by bolts
154 in window bulkhead 26 press against attenuating
input window 24 to secure it in place in annular
holder 142. Annular holder 142 includes around its
periphery multiple angularly spaced apart wrench holes
156. Loosening bolts 154 and placement of a tool in
one of the exposed wrench holes 156 allow a user to
accomplish manual rotation of annular holder 142 along
annular shoulder 144 to present a different optical
surface region to the incident laser beam. [0037]
Thus, this opto-mechanical design achieves with a
single optical assembly an input window that is
positioned in the sealed portion of the optical system
and afixed level of attenuation that is set into the
optical system. The mounting system provides a quick
solution, if a burn were to occur, by rotating the
window about the laser beam so as to reduce end user
down time. [0038] Fig. 8 is an isometric view of a
laser shutter assembly 20, which is installed in laser
optical system 10 adjacent the exit window of laser
head 12 (Fig. 1). Laser shutter assembly 20 includes a
shutter blade 160 formed of an electroless
nickel-plated aluminum cylinder that is mounted to a
free end of a normally extended, nonrotating pneumatic
cylinder 162. Figs. 9A and 9B are isometric views of
laser shutter assembly 20 mounted in a structural
gusset 164 and shown with shutter blade 160 in,
respectively, extended (light blocking) and retracted
positions. Structural gusset 164 is mounted to laser
shutter assembly 20 in position for connection to the
beam tube set 18 that is sealed against the exit
window of laser head 12 (Fig. 1). [0039] In an
unpressurized state, the extended pneumatic cylinder
162 positions shutter blade 160 such that it blocks
the laser beam. The blocked beam reflects off the
angled face 166 of blade 160 and is directed down a
hole 168 drilled in gusset 164 and functioning as a
beam dump. The reflected beam undergoes subsequent
reflections off the curved rough surface of the
interior surface of beam dump 168. The structural
components serve as adequate thermal mass for
absorbing the reflected energy, and the numerous
internal diffuse reflections ensure that there is no
collimated retro-reflection of the blocked beam back
into laser head 12. In a pressurized state, pneumatic
cylinder 162 retracts and thereby removes shutter
blade 160 from the laser beam path. The extended and
retracted positions are sensed with a magnetic reed
switch 170 and fed back to the system control computer
(not shown). [0040] The use of a pneumatic actuator
minimizes waste-heat generation, and the incorporation
of an integral beam dump provides a compact design.
The laser shutter mechanism incorporates no materials
that, when exposed to the laser 



radiation during normal use, outgas contaminants
detrimental to the optical components in laser optical
system 10. The laser shutter is operated completely
manually during laser rail assembly and alignment.
Easy manual operation during assembly is a benefit
achieved with this laser shutter design. [0041] It
will be obvious to those having skill in the art that
many changes may be made to the details of the
above-described embodiments without departing from
theunderlying principles of the invention. The scope
of the present invention should, therefore, be
determined only by the following claims.Claims 1.
Light beam path directing assembly including a gas
diffuser configured to prevent accumulation of
contaminants on a light beam-receiving surface of an
optical component included as part of the assembly,
comprising: an optical component mount having an
interior region within which a light beam can
propagate along a light beam path; an optical
component having a light beam-receiving surface
positioned within the interior region to intersect the
light beam path so that the light beam propagating
within the interior region is incident on the light
beam-receiving surface; and a gas diffuser in fluid
communication with the optical component mount to
deliver within the interior region a diffuse stream of
gas flowing across the light beam-receiving surface,
the diffuser configured to distribute the stream of
gas at a sufficient flow rate to prevent accumulation
of contaminants on the light beamreceiving surface
while not appreciably disturbing the stability of the
light beam propagating within the interior region. 2.
The assembly of claim 1, in which the gas diffuser is
positioned within the optical component mount and is
in direct fluid communication within the interior
region. 3. The assembly of claim 1, further comprising
a gas inlet port in fluid communication with a gas
flow channel formed in the optical component mount and
opening into the interior region, the gas inlet port
being isolated from the optical component to prevent
displacement of the light beam-receiving surface in
response to manipulation of an external gas delivery
conduit providing a supply of gas to the gas inlet
port. 4. The assembly of claim 1, in which the optical
component is of a type that changes the propagation
direction of the light beam incident on the light
beamreceiving surface. 5. The assembly of claim 4 , in
which the optical component includes a mirror. 6. The
assembly of claim 4 , in which the optical component
includes a light beam attenuator. 7. In a workpiece
processing system in which a light beam propagates
along a light beam path and intersects an optical
component positioned within the processing system, the
optical component having a light-receiving surface
with an effective center, and the light beam having a
cross-sectional area that defines anoptical surface
region of intersection with the light-receiving
surface of the optical component, the improvement
comprising: a support member; a holder releasably
coupled to the support member and configured to hold
the optical component, the holder being positioned and
selectively rotatable relative to the support member
so that, when the holder holding the optical component
rotates the light-receiving surface, the effective
center of the light-receiving surface is outside of
the optical surface region for different angles of
rotation about the effective center; and a securing
mechanism operatively securing the optical component
to the support member. 8. The system of claim 7, in
which the support member includes a support surface,
and in which the holder is of annular shape and is
sized to rest on the support surface, the annular
holder including a flange on which the optical
component rests when held by the holder. 9 . The
system of claim 8, in which the optical component has
a periphery, and in which the annular holder includes
around its periphery multiple angularly spaced apart
features to which a tool can be mated to rotate the
annular holder along the support surface and thereby
present a different optical surface region to an
incident light beam propagating along the light beam
path. 10. The system of claim 9, in which each of the
multiple features is a hole into which the tool can be
inserted. 11. The system of claim 7, in which the
optical component has a periphery, and in which the
securing mechanism includes multiple clips and
associated multiple elongated fasteners spaced apart
along the periphery of the optical component, each of
the multiple clips contacting a portion of the optical
component near its periphery and each of the multiple
elongated fasteners coupling its associated clip to
the support member. 12. The system of claim 11, in
which the multiple elongated fasteners include bolts.
13. The system of claim 7, in which the optical
component has a periphery, and in which the securing
mechanism includes multiple securing devices spaced
apart along the periphery of the optical component,
each of the securing deviceshaving first and second
ends of which the first end contacts a portion of the
optical component near its periphery and the second
end contacts the support member. 14. The system of
claim 13, in which each of the multiple securing
devices includes a clip and a fastener. 15. The system
of claim 13, in which the releasable coupling of the
holder to the support member is accomplished by the
securing mechanism. 16. The system of claim 7, in
which the optical component includes an attenuating
window. 17. The system of claim 16, in which the light
receiving surface of the attenuating window is
substantially planar and is set at an angle of
inclination so that the light beam path intersects the
light receiving surface at an oblique angle, the angle
of inclination introducing an amount of attenuation
that is imparted to an incident light beam propagating
along the light beam path. 


