
BETA-CARBOLINES USEFUL FOR TREATING INFLAMMATORY
DISEASE FIELD OF THE INVENTION [0001] This invention
relates to beta-carboline compounds, pharmaceutical
compositions thereof, and methods of using the
compositions for treating disease. The compounds are
particularly useful for treating inflammatory disease
and cancer. BACKGROUND OF THE INVENTION [0002] The
transcription (nuclear) factor NF-kB is a member of
the ReI protein family, and is typically a heterodimer
composed of p50 and p65 subunits. NF-kB is
constitutively present in the cytosol, and is
inactivated by its association with one of the IKB
family of inhibitors. Palombella et al., WO 95/25533,
teaches that the ubiquitin-proteasome pathway plays an
essential role in the regulation of NF-kB activity,
being responsible for the processing of plO5 to p50
and the degradation of the inhibitor protein IkB-a.
Chen et al., Cell 84:853 (1996), teaches that prior to
degradation, IKB- a undergoes selective
phosphorylation at serine residues 32 and 36 by the
multisubunit IKB kinase complex (IKK). IkB-a is
phosphorylated by IKK, which has two catalytic
subunits, IKK-I (IKB kinase a or IKK-a) and IKK-2 (IKB
kinase b or IKK-b) . Once phosphorylated, IKB is
targeted for ubiquitination and degradation by the 26S
proteasome, allowing translocation of NF-kB into the
nucleus, where it binds to specific DNA sequences in
the promoters of target genes and stimulates their
transcription. Inhibitors of IKK can block the
phosphorylation of 1KB and its further downstream
effects, particularly those associated with NF-kB
transcription factors. [0003] The protein products of
genes under the regulatory control of NF-kB include
cytokines, chemokines, cell adhesion molecules, and
proteins mediating cellular growth and control.
Importantly, many of these proinflammatory proteins
also are able to act, either in an autocrine or
paracrine fashion, to further stimulate NF-kB
activation. In addition, NF-kB plays a role in the
growth of normal and malignant cells. Furthermore,
NF-kB is a heterodimeric transcription factor which
can activate a large number of genes which code, inter
alia, for proinflammatory cytokines such as EL-I,
IL-2, TNFa or DL-6. NF-kB is present in the cytosol of
cells, building a complex with its naturally occurring
inhibitor IKB. The stimulation of cells, for example
by cytokines, leads to the phosphorylation and
subsequent proteolytic degradation of IKB. This
proteolytic degradation leads to the activation of
NF-kB, which subsequently migrates into the nucleus of
the cell and activates a large number of
proinflammatory genes. [0004] Rinehart et al., U.S.
Pat. No. 4,631,149 (1986), discloses beta-carboline
compounds useful as antiviral, antibacterial, and
antitumor agents.[0005] Ritzeler et al., WO 01/68648,
discloses beta-carboline compounds with IKB kinase
inhibitory activity for use in the treatment of
inflammatory disorders (e.g., rheumatoid arthritis),
osteoarthritis, asthma, cardiac infarct, Alzheimer's
disease, carcinomatous disorders (potentiation of
cytotoxic therapies) and atherosclerosis. [0006] It
would be beneficial to provide novel IKK inhibitors
that possess good therapeutic properties, especially
for the treatment of inflammatory diseases and cancer.
DETAILEP DESCRIPTION OF THE INVENTION [0007] 1.
General Description of Compounds of the Invention:
[0008] This invention provides compounds that are
inhibitors of IKK-2, and accordingly are useful for
the treatment of inflammatory diseases and cancer. The
compounds of this invention are represented by formula
I : I or a pharmaceutically acceptable salt thereof,
wherein: Ring A is selected from the group consisting
of: (a) a pyridinyl or pyrimidinyl ring that is
substituted by (i) -CH 2C(O)-G and 0-1 R6a or (ii) 1-
2 R6a, and (b) a morpholinyl, piperidinyl,
piperazinyl, pyrrolidinyl, pyranyl, tetrahydrofuranyl,
cyclohexyl, cyclopentyl or thiomorpholinyl ring that
is substituted by (i) -C(R 9)3, -W-G, or -G, (ii) 0- 4
R6b and (iii) 0-1 oxo groups on a ring carbon or 0-2
oxo groups on a ring sulfur; each R6a is independently
selected from C aliphatic, halo, Ci_6 alkoxy, or
amino; each R6b is independently selected from Ci-3
aliphatic or -N(R 7)2, and two R6b on the same carbon
or on adjacent carbons optionally are taken together
with the intervening carbon(s) to form a 5- 6 membered
ring having 1-2 ring heteroatoms selected from N, O or
S; Wis -Q-, -Q-C(O)-, -C(R9)2-C(R9)(R12)-, or
-C(R9)2-[C(R9)(R12)]2-; Q is -C(R9)2- or
-C(R9)2C(R9)2-; G is -OH, -NR 4R5, -N(R9)CONR4R5,
-N(R9)SO2(d -3 aliphatic), -N(R9)COCF3, -N(R9JCO(C1. 6
aliphatic), -N(R9)CO(heterocyclyl),
-N(R9)CO(heteroaryl), -N(R9)CO(aryl), 3-10
memberedmonocyclic or bicyclic heterocyclyl ring, or a
5-6 membered heteroaryl ring, wherein each of the
heteroaryl, aryl and heterocyclyl moieties of G is
optionally substituted by 1-4 R10 ; R1 is hydrogen,
halo, Ci-3 aliphatic, amino, cyano, (Ci-3 alkyl)i-2
amino, Ci-3 alkoxy, -CONH2, -NHCOCF3, or -CH2NH2; R2
is hydrogen, halo, C aliphatic, Q^alkoxy, or
Ci-2haloalkyl; R3 is hydrogen, halo, Ci^haloalkyl,
hydroxy, amino, cyano, or an optionally substituted
group selected from - aliphatic, d _6alkoxy, (Ci-6
alkyl)i-2 amino, Ci^thioalkyl, morpholinyl,
piperazinyl, piperidinyl, or pyrrolidinyl; R4 is
hydrogen, 3-7 membered heterocyclyl, or C1 aliphatic;
R5 is: a) hydrogen; b) an optionally substituted group
selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or c) a Ci-6 aliphatic group that is
optionally substituted by: 



halo, -OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7,
-N(R7)2, -C(O)N(R7)2, - N(R7)C(O)R7, -N(R7)CO2R8,
-SO2N(R7)2, -NR7SO2R7, -N(R7)C(O)N(R7)2, or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is
optionally further substituted by d .6aliphatic, -CF3,
halo, -OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7,
-N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8,
-SO2N(R7)2, -NR7SO2R7, -N(R7)C(O)N(R7)2; each R7 is
independently selected from hydrogen or an optionally
substituted aliphatic, or two R7 on the same nitrogen
atom are taken together with the nitrogen to form an
optionally substituted 3-6 membered heteroaryl or
heterocyclyl ring; each R7a is independently selected
from hydrogen or an optionally substituted group
selected from Ci-4 aliphatic, aryl, heteroaryl,
heterocyclyl, or carbocyclyl, or two R7a on the same
nitrogen atom are taken together with the nitrogen to
form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring; each R8 is independently an
optionally substituted Ci-4 aliphatic; each R8a is
independently an optionally substituted group selected
from C1-4 aliphatic, aryl, heteroaryl, heterocyclyl,
or carbocyclyl; each R9 is independently selected from
hydrogen or Ci-3 aliphatic; each R10 is independently
selected from oxo, -R11, -T-R11, or -V-T-R11, or two
occurrences of R10, taken together with the atom(s) to
which they are bound, form an optionally substituted
monocyclic or bicyclic 3-8-membered aryl, heteroaryl,
heterocyclyl, or carbocyclyl ring; each R" is
independently selected from -CF3, halo, -0R 7a, -CN,
-SR8a, -S(O)2R8", -C(0)R 7a, -CO2R7 , -N(R7a)2,
-C(O)N(R7a)2, -N(R7)C(O)R7a, -N(R7)CO2R7a,
-SO2N(R7a)2, -N(R7)SO2R7a, -N(R7)C(O)N(R7a)2 or an
optionally substituted group selected from
C].6aliphatic, aryl, heteroaryl, heterocyclyl or
carbocyclyl;T is a straight or branched Ci- alkylene
chain; V is -O-, -N(R7)-, -S-, -S(O)-, -S(O)2-,
-C(O)-, or -CO2-; and R12 is hydrogen or an amino acid
side chain. [0009] In another embodiment, the
compounds of this invention are represented by formula
I : or a pharmaceutically acceptable salt thereof,
wherein: Ring A is selected from the group consisting
of: (a) a pyridinyl or pyrimidinyl ring that is
substituted by (i) -CH 2C(O)-G and 0-1 R6a or (ii) 1-
2 R6a, and (b) a morpholinyl, piperidinyl,
piperazinyl, pyrrolidinyl, pyranyl, tetrahydrofuranyl,
cyclohexyl, cyclopentyl or thiomorpholinyl ring that
is substituted by (i) -C(R 9)3, -W-G, or -G, (ii) 0- 4
R6b and (iii) 0-1 oxo groups on a ring carbon or 0-2
oxo groups on a ring sulfur; each R6a is independently
selected from d - aliphatic, halo, C alkoxy, or amino;
each R6b is independently selected from C -3 aliphatic
or -N(R 7)2, and two R6b on the same or an adjacent
carbon optionally are taken together with the
intervening carbon(s) to form a 5-6 , membered ring
having 1-2 ring heteroatoms selected from N, O or S; W
is -Q-, -Q-C(O)-, -C(RVC(R 9XR12)-, or
-C(R9)2-[C(R9)(R12)]2-; Q is -C(R9)2- or-C(R
9)2C(R9)2-; G is -OH, -NR 4R5, -N(R9)CONR4R5,
-N(R9)SO2(C1-3 aliphatic), -N(R9)COCF3, -N(R9JCX)(Ci.
5 aliphatic), -N(R9)CO(heterocyclyl),
-N(R9)CO(heteroaryl), -N(R9)CO(aryl), a 3-7 membered
heterocyclyl ring, or a 5-6 membered heteroaryl,
wherein each of the heteroaryl, aryl and heterocyclyl
moieties of G is optionally substituted by 1-3 R10 ;
R1 is hydrogen, halo, Ci 3 aliphatic, amino, cyano,
(Ci-3 alkyl)i -2 amino, Ci-3 alkoxy, -CONH2, -NHCOCF3,
or-CH 2NH2; R2 is hydrogen, halo, C1 3 aliphatic,
-CF3; R3 is hydrogen, halo, Ci.6 aliphatic, Ci.6
haloalkyl, Ci-6 alkoxy, hydroxy, amino, cyano, or
(Ci_6 alkyl)i-2 amino; R4 is hydrogen, 3-7 membered
heterocyclyl, or Ci 6 aliphatic;R5 is hydrogen, C -6
aliphatic group or a 3-7 membered heterocyclic ring
having 1-2 ring heteroatoms selected from N, O, or S,
wherein R5 is optionally substituted by halo, -OR7,
-CN, -SR8, -S(O)2R8, -S(O)2N(R7)2, -C(O)R7, -CO2R7,
-N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8, or
-N(R7)C(O)N(R7)2; each R7 is independently selected
from hydrogen or C aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to
form a 5-6 membered heteroaryl or heterocyclyl ring;
each R8 is independently selected from Ci aliphatic;
each R9 is independently selected from hydrogen or
Ci-3 aliphatic; each R10 is independently selected
from oxo, -R11, -T-R11 , or -V-T-R11; each R11 is
independently selected from Ci-6 aliphatic, halo,
-S(O)2N(R7)2, -OR7, -CN, -SR8, - S(O)2R8, -C(O)R7,
-CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7,
-N(R7)CO2R7, or -N(R7)C(O)N(R7)2; T is a straight or
branched C1.4 alkylene chain; V is -O-, -N(R7)-, -S-,
-S(O)-, -S(O)2-, -C(O)-, or -CO2-; and R12 is hydrogen
or an amino acid side chain. [0010] 2. Compounds and
Definitions: [0011] Compounds of this invention
include those described generally above, and are
further illustrated by the classes, subclasses, and
species disclosed herein. As used herein, the
following definitions shall apply unless otherwise
indicated. For purposes of this invention, the
chemical elements are identified in accordance with
the Periodic Table of the Elements, CAS version, 



Handbook of Chemistry and Physics, 75th Ed.
Additionally, general principles of organic chemistry
are described in "Organic Chemistry", Thomas Sorrell,
University Science Books, Sausalito: 1999, and
"March's Advanced Organic Chemistry", 5th Ed., Ed.:
Smith, M. B. and March, J., John Wiley & Sons, New
York: 2001. [0012] The term "aliphatic" as used herein
means straight-chain, branched or cyclic Q-C12
hydrocarbons which are completely saturated or which
contain one or more units of unsaturation but which
are not aromatic. For example, suitable aliphatic
groups include substituted or unsubstituted linear,
branched or cyclic alkyl, alkenyl, alkynyl groups and
hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl. The terms
"alkyl", "alkoxy", "hydroxyalkyl", "alkoxyalkyl", and
"alkoxycarbonyl", used alone or as part of a larger
moiety, include both straight and branched chains
containing one to twelve carbon atoms. The terms
"alkenyl" and "alkynyl", used alone or as part of a
larger moiety, include both straight and branched
chains containing two to twelve carbon atoms. The term
"cycloalkyl, used alone or as part of a larger moiety,
includes cyclic C3-Ci2hydrocarbons which are
completely saturated or which contain one or more
units of unsaturation, but which are not aromatic.
[0013] The terms "haloalkyl", "haloalkenyl" and
"haloalkoxy", mean alkyl, alkenyl or alkoxy, as the
case may be, substituted with one or more halogen
atoms. The term "halogen" means F, Cl, Br, or I.
[0014] The term "heteroatom" means nitrogen, oxygen,
or sulfur and includes any oxidized form of nitrogen
and sulfur, and the quaternized form of any basic
nitrogen. Also the term "nitrogen" includes a
substitutable nitrogen of a heterocyclic ring. As an
example, in a saturated or partially unsaturated ring
having 0-3 heteroatoms selected from oxygen, sulfur or
nitrogen, the nitrogen may be N (as in
3,4-dihydro-2-pyrrolyl), NH (as in pyrrolidinyl) or
NR+ (as in N-substituted pyrrolidinyl). [0015] The
terms "carbocycle", "carbocyclyl", "carbocyclo", or
"carbocyclic" as used herein means an aliphatic ring
system having three to fourteen members. The terms
"carbocycle", "carbocyclyl", "carbocyclo", or
"carbocyclic" whether saturated or partially
unsaturated, also refers to rings that are optionally
substituted. The terms "carbocycle", "carbocyclyl",
"carbocyclo", or "carbocyclic" also include aliphatic
rings that are fused to one or more aromatic or
nonaromatic rings, such as in a decahydronaphthyl or
tetrahydronaphthyl, where the radical or point of
attachment is on the aliphatic ring. Bridged ring
systems are also included in the scope of the term
"carbocycle", "carbocyclyl", "carbocyclo", or
"carbocyclic". [0016] The term "aryl" used alone or as
part of a larger moiety as in "aralkyl", "aralkoxy",
or "aryloxyalkyl", refers to aromatic ring groups
having five to fourteen members, such as phenyl,
benzyl, phenethyl, 1-naphthyl, 2-naphthyl, 1-anthracyl
and 2-anthracyl. The term "aryl" also refers to rings
that are optionally substituted. The term "aryl" may
be used interchangeably with the term "aryl ring".
"Aryl" also includes fused polycyclic aromatic ring
systems in which an aromatic ring is fused to one or
more rings. Examples include 1-naphthyl, 2-naphthyl,
1- anthracyl and 2-anthracyl. Also included within the
scope of the term "aryl", as it is used herein, is a
group in which an aromatic ring is fused to one or
more non-aromatic rings, such as in an indanyl,
phenanthridinyl, or tetrahydronaphthyl, where the
radical or point of attachment is on the aromatic
ring. [0017] The term "heterocycle", "heterocyclyl",
or "heterocyclic" as used herein includes nonaromatic
ring systems having three to fourteen members,
preferably five to ten, in which one or more ring
carbons, preferably one to four, are each replaced by
a heteroatom such as N, O, or S. Examples of
heterocyclic rings include 3-lH-benzimidazol-2-one,
(l-substituted)-2-oxo-benzimidazol-3-yl, 2-
tetrahydrofuranyl, 3-tetrahydrofuranyl,
2-tetrahydropyranyl, 3-tetrahydropyranyl, 4-
tetrahydropyranyl, [l,3]-dioxalanyl,
[l,3]-dithiolanyl, [l,3]-dioxanyl,
2-tetrahydrothiophenyl, 3- tetrahydrothiophenyl,
2-morpholinyl, 3- morpholinyl, 4-morpholinyl,
2-thiomorpholinyl, 3- thiomorpholinyl, 4-
thiomorpholinyl, 1-pyrrolidinyl, 2-pyrrolidinyl,
3-pyrrolidinyl, 1-piperazinyl, 2- piperazinyl,
1-piperidinyl, 2-piperidinyl, 3-piperidinyl,
4-piperidinyl, 4- thiazolidinyl, diazolonyl,
Nsubstituted diazolonyl, 1- phthalimidinyl,
benzoxanyl, benzopyrrolidinyl, benzopiperidinyl,
benzoxolanyl, benzothiolanyl, and benzothianyl. Also
included within the scope of the term "heterocyclyl"
or "heterocyclic", as it is used herein, is a group in
which a non-aromatic heteroatomcontaining ring is
fused to one or more aromatic or non-aromatic rings,
such as in an indolinyl, chromanyl, phenanthridinyl,
or tetrahydroquinolinyl, where the radical or point of
attachment is on the non-aromatic
heteroatom-containing ring. Bridged ring systems are
also included within the scope of the term
"heterocyclyl" or "heterocyclic". The term
"heterocycle", "heterocyclyl", or "heterocyclic"
whether saturated or partially unsaturated, also
refers to rings that are optionally substituted.
[0018] The term "heteroaryl", used alone or as part of
a larger moiety as in "heteroaralkyl" or
"heteroarylalkoxy", refers to heteroaromatic ring
groups having five to fourteen members. Examples of
heteroaryl rings include 2-furanyl, 3-furanyl,
3-furazanyl, N-imidazolyl, 2-imidazolyl, 4-
imidazolyl, 5-imidazolyl, 3-isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, 2-oxadiazolyl, 5-oxadiazolyl, 2-
oxazolyl, 4-oxazolyl, 5-oxazolyl, 1-pyrrolyl,
2-pyrrolyl, 3-pyrrolyl, 1-pyrazolyl, 2-pyrazolyl, 3-
pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridazinyl,
2- thiazolyl, 4-thiazolyl, 5-thiazolyl, 5-tetrazolyl,
2-triazolyl, 5-triazolyl, 2-thienyl, 3-thienyl,
carbazolyl, benzimidazolyl, benzothienyl,
benzofuranyl, indolyl, quinolinyl, benzotriazolyl,
benzothiazolyl, benzooxazolyl, benzimidazolyl,
isoquinolinyl, indazolyl, isoindolyl, acridinyl, or
benzoisoxazolyl. Also included within the scope of the
term "heteroaryl", as it is used herein, is a group in
which a heteroatomic ring is fused to one or more
aromatic or nonaromatic rings where the radical or
point of attachment is on the heteroaromatic ring.
Examples include tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and pyrido[3,4-d]pyrimidinyl.
The term "heteroaryl" also refers to rings that are
optionally substituted. The term "heteroaryl" may be
used interchangeably with the term 



"heteroaryl ring" or the term "heteroaromatic". [0019]
An aryl (including aralkyl, aralkoxy, aryloxyalkyl and
the like) or heteroaryl (including heteroaralkyl and
heteroarylalkoxy and the like) group may contain one
or more substituents. Unless otherwise stated,
examples of suitable substituents on the unsaturated
carbon atom of an aryl, heteroaryl, aralkyl, or
heteroaralkyl group generally include a halogen, -R,
-OR, -SR0, 1,2- methylene-dioxy, 1,2-ethylenedioxy,
protected OH (such as acyloxy), phenyl (Ph),
substituted Ph, - O(Ph), substituted -O(Ph), -CH2(Ph),
substituted -CH2(Ph), -CH2CH2(Ph), substituted
-CH2CH2(Ph), -NO2, -CN, - N(R)2, -NR0C(O)R0,
-NRC(O)N(R)2, -NR0CO2R0, -NR0NR0C(O)R0, -
NRNR0C(O)N(R)2, -NR0NR0CO2R0, -C(O)C(O)R0,
-C(O)CH2C(O)R0, -CO2R0, -C(O)R0, - C(0)N(R) 2,
-0C(0)N(R) 2, -S(O)2R0, -SO2N(R)2, -S(O)R, -NRSO2N(R)2
> -NR0SO2R0, -C(=S)N(R)2, -C(=NH)-N(R)2,
-(CH2)yNHC(0)R, -(CH2)yNHC(0) CH(V-R)(R); wherein each
R is independently selected from hydrogen, a
substituted or unsubstituted aliphatic group, an
unsubstituted heteroaryl or heterocyclic ring, phenyl
(Ph), substituted Ph, -0(Ph), substituted -O(Ph),
-CH2(Ph), or substituted -CH2(Ph), or two independent
occurrences of R, taken together with theirintervening
atom(s), form an optionally substituted 3-12-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; y is 0-6; and V is a linker group. Unless
otherwise stated, examples of substituents on the
aliphatic group or the phenyl ring of R generally
include amino, alkylamino, dialkylamino,
aminocarbonyl, halogen, alkyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylaminocarbonyloxy,
dialkylaminocarbonyloxy, alkoxy, nitro, cyano,
carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy,
haloalkoxy, or haloalkyl. [0020] An aliphatic group or
a non-aromatic heterocyclic ring may contain one or
more substituents. Unless otherwise stated, examples
of suitable substituents on the saturated carbon of an
aliphatic group or of a non-aromatic heterocyclic ring
generally include those listed above for the
unsaturated carbon of an aryl or heteroaryl group and
the following: =0, =S, =NNHR*, =NN(R*)2, =N-,
=NNHC(O)R*, =NNHCO2(alkyl), =NNHSO2(alkyl), or =NR*,
where each R* is independently selected from hydrogen,
an unsubstituted aliphatic group or a substituted
aliphatic group. Examples of substituents on the
aliphatic group include amino, alkylamino,
dialkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkoxy, nitro, cyano, carboxy, alkoxycarbonyl,
alkylcarbonyl, hydroxy, haloalkoxy, or haloalkyl.
[0021] Unless otherwise stated, suitable substituents
on the nitrogen of a non-aromatic heterocyclic ring
generally include -R+, -N(R+)2, -C(O)R+, -CO2R+,
-C(O)C(O)R+, -C(O)CH2C(O)R+, -SO2R+, -SO2N(R+)2,
-C(=S)N(R+)2, -C(=NH)-N(R+)2, and -NR+SO2R+; wherein
each R+ is independently selected from hydrogen, an
aliphatic group, a substituted aliphatic group, phenyl
(Ph), substituted Ph, -0(Ph), substituted -O(Ph),
CH2(Ph), substituted CH2(Ph), or an unsubstituted
heteroaryl or heterocyclic ring, or two independent
occurrences of R+, taken together with their
intervening atom(s), form an optionally substituted
3-12-membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur.. Unless otherwise stated, examples
of substituents on the aliphatic group or the phenyl
ring generally include amino, alkylamino,
dialkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy,
alkoxy, nitro, cyano, carboxy, alkoxycarbonyl,
alkylcarbonyl, hydroxy, haloalkoxy, or haloalkyl.
[0022] As detailed above, in some embodiments, two
independent occurrences of R0 (or R+ or any other
variable similarly defined in the specification and
claims herein), are taken together with their
intervening atom(s) to form an optionally substituted
3-12 membered saturated, partially unsaturated, or
fully unsaturated monocyclic or bicyclic ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0023] Exemplary rings that are
formed when two independent occurrences of R0 (or R+,
or any other variable similarly defined in the
specification and claims herein), are taken together
with theirintervening atom(s) include, but are not
limited to the following: a) two independent
occurrences of R (or R+, or any other variable
similarly defined in the specification or claims
herein) that are bound to the same atom and are taken
together with that atom to form a ring, for example,
N(R)2, where both occurrences of R0 are taken together
with the nitrogen atom to form a piperidin-1-yl,
piperazin-1- yl, or morpholin-4-yl group; and b) two
independent occurrences of R0 (or R+, or any other
variable similarly defined in the specification or
claims herein) that are bound to different atoms and
are taken together with both of those atoms to form a
ring, for example where a phenyl group is substituted
with __ these two occurrences of R0 are taken together
with the oxygen atoms to which they are bound to form
a fused 6-membered oxygen containing ring: It will be
appreciated that a variety of other rings (e.g., also
spiro, and bridged rings) can be formed when two
independent occurrences of R0 (or R+, or any other
variable similarly defined in the specification and
claims herein) are taken together with their
intervening atom(s) and that the examples detailed
above are not intended to be limiting. [0024] Unless
otherwise stated the term "linker group" or "linker"
means an organic moiety that connects two parts of a
compound. Linkers are typically comprised of 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
alkylidene 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. Examples of linkers include a saturated or
unsaturated alkylidene chain which is optionally
substituted, and wherein one or two saturated carbons
of the chain are optionally replaced by -C(O)-,
-C(O)C(O)-, -CONH-, -CONHNH-, -CO2-, - OC(O)-,
-NHCO2-, -0-, -NHCONH-, -OC(O)NH-, -NHNH-, -NHCO-,
-S-, -SO-, -SO2-, -NH-, - SO2NH-, or -NHSO2-. 



[0025] The term "alkylidene chain" or "alkylene chain"
refers to an optionally substituted, straight or
branched carbon chain that may be fully saturated or
have one or more units of unsaturation. The optional
substituents are as described above for an aliphatic
group. [0026] A combination of substituents or
variables is permissible only if such a combination
results in a stable or chemically feasible compound. A
stable compound or chemically feasible compound is one
in which the chemical structure is not substantially
altered when kept at a temperature of 40C or less,
preferably 250C or less, in the absence of moisture or
other chemically reactive conditions, for at least a
week. [0027] Unless otherwise stated, structures
depicted herein are also meant to include 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 thepresent
compounds are within the scope of the invention.
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
structures except for the replacement of a hydrogen
atom by a deuterium or tritium, or the replacement of
a carbon by a 13C- or 14C-enriched carbon are within
the scope of this invention. [0028] 3. Description of
Exemplary Compounds: [0029] In one embodiment of the
formula I compounds, Ring A is selected from a
pyridinyl or a pyrimidinyl ring that is substituted by
1-2 R6a groups. In this embodiment, preferred Ring A
include a 3-pyridinyl or a 5-pyrimidinyl ring, shown
below by the compounds of formula II-A and H-B,
respectively. Table 1. Compounds where Ring A is
Pyridyl or Pyrimidinyl [0030] Preferably, R6a is
selected from halo or a Ci_6 aliphatic, such as chloro
or methyl. When R6a is an aliphatic group such as
methyl, a favorable position for the R6a group is at
the 2-position of the pyridinyl ring or the 4-rosition
of the pyrimidinyl ring, as shown in II-C above.
Particular Ring A moieties are 2-methyl-3-pyridinyl
and 4-methyl-5-pyrimidinyl. It has been found that
compounds of formula II-C where R6a is a methyl group
are surprisingly more potent in biological testing for
IKK inhibition than analogous compounds that have an
unsubstituted Ring A pyridine, such as those described
in the aforementioned Ritzeler et al. PCT application
WO 01/68648. [0031] In some embodiments, R1 is
hydrogen, halo, amino, or (Ci.2alkyl)i-2amino.
Preferred R1 groups are small groups such as hydrogen,
methyl, amino and fluoro. [0032] Preferred R2 groups
include hydrogen and halo. Chloro is a preferred R2
halo group. [0033] Preferred R3 groups include
hydrogen, halo (especially chloro) and alkoxy.
Examples of suitable alkoxy groups include C1-4 alkoxy
groups such as methoxy, ethoxy, propoxy and
cyclopropylmethoxy.[0034] In another embodiment, Ring
A is selected from a 5-6 membered non-aromatic ring
having 0-2 ring heteroatoms selected from nitrogen,
oxygen and sulfur. These are designated generally as
compounds of formula III. Examples of non-aromatic
Ring A groups include a morpholinyl, piperidinyl,
piperazinyl, pyrrolidinyl, pyranyl, tetrahydrofuranyl,
cyclohexyl, cyclopentyl and a thiomorpholinyl ring.
Preferably, such non-aromatic rings are substituted by
(i) - C(R9)3 or -W-G, (ii) 0-4 R6b, and (iii) 0-1 oxo
groups on a ring carbon or 0-2 oxo groups on a ring
sulfur. More preferably, such non-aromatic rings are
substituted by (i) -W-G, (ii) 0-2 R6b, and (iii) 0-1
oxo groups on a ring carbon or 0-2 oxo groups on a
ring sulfur. [0035] A preferred G is -NR 4R5 or a 3-7
membered heterocyclyl ring. Preferably G is -NR 4R5 or
a 5-6 membered heterocyclyl ring, where G is
substituted by 1-4 R10. More preferably G is -NR 4R5
or a 5-6 membered heterocyclyl ring, where G is
substituted by 1-2 R10 . [0036] A preferred R4 is a
hydrogen, 5-6 membered heterocyclyl ring, or C1 6
aliphatic, more preferably hydrogen or Ci-6 aliphatic.
R4 may also be a Ci 6 alkoxy. [0037] A preferred R5 is
hydrogen, an optionally substituted 5-6 membered aryl,
heteroaryl, carbocyclyl, or heterocyclyl ring, or
optionally substituted Ci- aliphatic, more preferably
hydrogen or optionally substituted Ci 6 aliphatic. In
other preferred embodiments, R5 is hydrogen, 5-6
membered heterocyclyl ring, or Ci-6 aliphatic, more
preferably hydrogen or Ci-6 aliphatic. [0038] Various
formula III compounds where Ring A is a non-aromatic
ring are shown in Table 2. For ease of viewing,
substituents on these non-aromatic Ring A compounds,
except for the oxo group in some cases, are not shown.
Table 2. Compounds where Ring A is Non-Aromatic[0039]
When Ring A is a non-aromatic, six-membered
heterocylic ring, a favorable position for the -W-G
and -C(R9)3 substituents on Ring A is ortho to the
position where the beta-carboline portion is attached.
For example, in compounds III-A, III-B, III-D, III-H,
HI-J and IH-M, a preferred position for attachment of
-W-G and -C(R9)3 is at the Ring A nitrogen or at N-I
in the case of compound HI-F. [0040] Preferably,W is
-Q-, -Q-C(O)-, -C(R9)2-C(R9)(R12)-, or
-C(R9)2-[C(R9)(R12)]2- where R9 is hydrogen. More
preferably, W is -Q-, -Q-C(O)-, or
-C(R9)2-C(R9)(R12)-. R12 is hydrogen, C aliphatic,
substituted or unsubstituted phenyl, substituted or
unsubstituted benzyl or an amino acid side chain,
particularly the side chain of a natural amino acid.
Examples of particular natural aminoacid side chains
include the side chains of alanine, phenylalanine,
valine, leucine, isoleucine, serine, tyrosine,
aspartic acid and glutamic acid. [0041] In one
embodiment, W is Q-C(O)-. In this embodiment, a
preferred Q is -CH 2- or -CH 2- CH2-, more preferably
-CH 2-. [0042] In another embodiment, Ring A is
substituted by 0-2 R6b. A preferred R6b group is
methyl. When Ring A is a non-aromatic six membered
ring, one embodiment provides compounds of formula III
where there are two methyl groups on the Ring A
position para to the position where the beta carboline
portion is attached. An example of this embodiment is
a compound where Ring A is a 6,6-dimethyl-morpholinyl
ring. Preferably, such compounds are further
substituted by -W-G as 



described above. [0043] When Ring A is a morpholinyl
ring, it has been found that compounds having the "S"
stereochemistry at position 3 of the morpholine ring
are preferred, as shown below by compounds of formula
(S)-III-A. (S)-III-A where n is 0-4 and R1, R2, R3,W,
G and R6b are as defined above. By analogy, it is
expected that "S" stereochemistry is also preferred
for other six-membered non-aromatic Ring A compounds
of formula III. [0044] One embodiment of the formula I
compounds relates to compounds of formula IH-A or
(S)-III-A where: R1 is hydrogen, halo, methyl or
amino; R2 is hydrogen, methyl or halo; R3 is hydrogen,
halo, alkoxy, or (Ci 6 aliphatic)2amino; Ring A is
substituted by 0-2 R6b; R6b is C -3 aliphatic; W is
-Q-, -Q-C(O)-, -C(RVC(R 9XR12)-, or
-C(R9)2-[C(R9)(R12)]2-;Q is -C(RV or -C(R9)2C(R9)2-; G
is -NR 4R5, -N(R9)CONR4R5, -N(R^SO 2(C1-3 aliphatic),
-N(R9)COCF3, -N(R9)CO(Ci.6 aliphatic),
-N(R9)CO(heterocyclyl), -N(R9)CO(heteroaryl),
-N(R9)CO(aryl), 3-10 membered monocyclic or bicyclic
heterocyclyl ring, or a 5-6 membered heteroaryl ring,
wherein each of the heteroaryl, aryl and heterocyclyl
moieties of G is optionally substituted by 1-4 R10; R4
is hydrogen or Ci 6 aliphatic; R5 is: a) hydrogen; b)
an optionally substituted group selected from aryl,
heteroaryl, heterocyclyl, or carbocyclyl, or c) a C1-6
aliphatic group that is optionally substituted by:
halo, -OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7,
-N(R7)2, -C(O)N(R7)2, - N(R7)C(O)R7, -N(R7)CO2R8,
-SO2N(R7)2, -NR7SO2R7, -N(R7)C(O)N(R7)2, or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is
optionally further substituted by Cujaliphatic, -CF3,
halo, -OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7,
-N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8,
-SO2N(R7)2, -NR7SO2R7, -N(R7)C(O)N(R7)2; each R7 is
independently selected from hydrogen or an optionally
substituted C1-4 aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to
form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring; each R7a is independently
selected from hydrogen or an optionally substituted
group selected from Ci-4 aliphatic, aryl, heteroaryl,
heterocyclyl, or carbocyclyl, or two R7a on the same
nitrogen atom are taken together with the nitrogen to
form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring; each R8 is independently an
optionally substituted Ci-4 aliphatic; each R8a is
independently an optionally substituted group selected
from C1-4 aliphatic, aryl, heteroaryl, heterocyclyl,
or carbocyclyl; R9 is hydrogen; each R10 is
independently selected from oxo, -R11, -T-R11, or
-V-T-R11, or two occurrences of R10, taken together
with the atom(s) to which they are bound, form an
optionally substituted monocyclic or bicyclic
3-8-membered aryl, heteroaryl, heterocyclyl, or
carbocyclyl ring; each Rn is independently selected
from -CF3, halo, -0R 7a, -CN, -SR8a, -S(O)2R8a,
-C(O)R7a, -CO2R7a, -N(R7a)2, -C(O)N(R7a)2,
-N(R7)C(O)R7a, -N(R7)CO2R7a, -SO2N(R7a)2,
-N(R7)SO2R7a, -N(R7)C(O)N(R7a)2 or an optionally
substituted group selected from C1-6aliphatic, aryl,
heteroaryl, heterocyclyl or carbocyclyl; T is a
straight or branched C alkylene chain; V is -0-,
-N(R7)-, -S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-;
andR12 is hydrogen, Ci-6 aliphatic, substituted or
unsubstituted phenyl, or substituted or unsubstituted
benzyl. [0045] Another embodiment of the formula I
compounds relates to compounds of formula III-A or
(S)-III-A where: R1 is hydrogen, halo, methyl or
amino; R2 is hydrogen, methyl or halo; R3 is hydrogen,
halo, alkoxy, or (Q 6 aliphatic)2 amino; Ring A is
substituted by 0-2 R6b; R6b is Ci_3 aliphatic; Wis
-Q-, -Q-C(O)-, -C(RVC(R 9XR12K or
-C(R9)2-[C(R9)(RI2)]2-; Q is -C(R9)2- or-C(R
9)2C(R9)2-; G is -NR 4R5, -N(R9)C(O)NR4R5,
-N(R9)SO2(C1-3 aliphatic), -N(R9)C(O)CF3,
-N(R9)CO(Ci-6 aliphatic), and -N(R9)CO(heterocyclyl),
-N(R9)CO(heteroaryl), -N(R9)CO(aryl), a 5-6 membered
heterocyclyl ring, or a 5-6 membered heteroaryl,
wherein each of the heteroaryl, aryl and heterocyclyl
moieties of G is optionally substituted by 1-3 R10 ;
R4 is hydrogen or Ci 6 aliphatic; R5 is hydrogen or a
Ci-6 aliphatic group that is optionally substituted by
halo, -OR7, -CN, - SR8, -S(O)2R8, -S(O)2N(R7) ,
-C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7,
-N(R7)CO2R8, or-N(R 7)C(O)N(R7)2; each R7 is
independently selected from hydrogen or C1-4
aliphatic, or two R7 on the same 



nitrogen atom are taken together with the nitrogen to
form a 5-6 membered heteroaryl or heterocyclyl ring;
each R8 is independently selected from Ci 4 aliphatic;
R9 is hydrogen; each R10 is independently selected
from oxo, R11, T-R11, or V-T-R11; each R11 is
independently selected from C aliphatic, halo,
-S(O)2N(R7)2, -OR7, -CN, -SR8, - S(O)2R8, -C(O)R7,
-CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7,
-N(R7)CO2R7, or -N(R7)C(O)N(R7)2; T is a straight or
branched Ci- alkylene chain; V is -0-, -N(R7)-, -S-,
-S(O)-, -S(O)2-, -C(O)-, or -CO2-; and R12 is
hydrogen, Ci-6 aliphatic, substituted or unsubstituted
phenyl, or substituted or unsubstituted benzyl. [0046]
Another embodiment relates to compounds of formula
III-A or (S)-III-A where: R1 is hydrogen, methyl,
fluoro or amino; R2 is chloro; >R3 is hydrogen or
alkoxy; Ring A is substituted by -W-G and 0-2 R6b; R6b
is methyl; W is -Q-, -Q-C(O)- or -C(R9)2-C(R9)(R12)-;
Q is -C(R9V or -C(R9)2C(R9)r ; G is -NR 4R5,
-N(R9)C(O)NR4R5, -N(R9)C(O)CF3, -N(R9)CO(C1-6
aliphatic), and -N(R9)CO(heterocyclyl),
-N(R9)CO(heteroaryl), 3-10 membered monocyclic or
bicyclic heterocyclyl ring, or a 5-6 membered
heteroaryl ring, wherein each of the heteroaryl and
heterocyclyl moieties of G is optionally substituted
by 1-4 R10 ; R4 is hydrogen or Ci 6 aliphatic; R5 is:
a) hydrogen; b) an optionally substituted group
selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or c) a Ci_6 aliphatic group that is
optionally substituted by: halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2, -
N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2, -NR7SO2R7,
-N(R7)C(O)N(R7)2, or an aryl, heteroaryl,
heterocyclyl, or carbocyclyl group that is optionally
further substituted by C .6aliphatic, -CF3, halo,
-OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2,
-C(O)N(R7)2 -N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2,
-NR7SO2R7, -N(R7)C(O)N(R7)2; each R7 is independently
selected from hydrogen or an optionally substituted
Ci-4 aliphatic, or two R7 on the same nitrogen atom
are taken together with the nitrogen to form an
optionally substituted 3-6 membered heteroaryl or
heterocyclyl ring; each R7a is independently selected
from hydrogen or an optionally substituted group
selected from C aliphatic, aryl, heteroaryl,
heterocyclyl, or carbocyclyl, or two R7a on the same
nitrogen atom are taken together with the nitrogen to
form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring; each R8 is independently an
optionally substituted C -4 aliphatic; each R8a is
independently an optionally substituted group selected
from Ci-4 aliphatic, aryl, heteroaryl, heterocyclyl,
or carbocyclyl; R9 is hydrogen; each R10 is
independently selected from oxo, -R11, -T-R11 , or
-V-T-R11, or two occurrences of R10 , taken together
with the atom(s) to which they are bound, form an
optionally substituted monocyclic or bicyclic
3-8-membered aryl, heteroaryl, heterocyclyl, or
carbocyclyl ring; each R1 1 is independently selected
from -CF3, halo, -0R 7a, -CN, -SR8a, -S(O)2R8 , -C(0)R
7a, -CO2R7 , -N(R7a)2, -C(O)N(R7a)2, -N(R7)C(O)R7a,
-N(R7)CO2R7a, -SO2N(R7a)2,
-N(R7)SO2R7a,-N(R7)C(O)N(R7a)2 or an optionally
substituted group selected from C^aliphatic, aryl,
heteroaryl, heterocyclyl or carbocyclyl; T is a
straight or branched C alkylene chain; V is -O-,
-N(R7)-, -S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-; and
R12 is hydrogen, Ci.6 aliphatic, phenyl, or benzyl.
[0047] Yet another embodiment relates to compounds of
formula III-A or (S)-III-A where: R1 is hydrogen,
methyl, fluoro or amino; R2 is chloro; R3 is hydrogen
or alkoxy; Ring A is substituted by -W-G and 0-2 R6b;
R6b is methyl; W is -Q-, -Q-C(O)- or
-C(R9)2-C(R9)(R12)-; Q is -C(RV or -C(R9)2C(R9)2-; G
is -NR 4R5, -N(R9)C(O)NR4R5, -N(R9)C(O)CF3,
-N(R9)CO(C1-6 aliphatic), and -N(R9)CO(heterocyclyl),
-N(R9)CO(heteroaryl), a 5-6 membered heterocyclyl
ring, or a 5-6 membered heteroaryl, wherein each of
the heteroaryl and heterocyclyl moieties of G is
optionally substituted by 1-3 R10 ; R4 is hydrogen or
Ci 6 aliphatic; R5 is hydrogen or C -6 aliphatic; each
R7 is independently selected from hydrogen or Q
aliphatic, or two R7 on the same nitrogen atom are
taken together with the nitrogen to form a 5-6
membered heteroaryl or heterocyclyl 



ring; each R8 is independently selected from Q.4
aliphatic; R9 is hydrogen; each R!o is independently
selected from oxo, R1 1, T-R11, or V-T-R11; each R11
is independently selected from Ci-6 aliphatic, halo,
-S(O)2N(R7)2, -OR7, -CN, -SR8, - S(O)2R8, -C(O)R7,
-CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7,
-N(R7)CO2R7, or -N(R7)C(O)N(R7)2; T is a straight or
branched Q -4 alkylene chain; V is -0-, -N(R7)-, -S-,
-S(O)-, -S(O)2-, -C(O)-, or -CO2-; and R12 is
hydrogen, C -6 aliphatic, phenyl, or benzyl. [0048]
Preferred compounds of formula III-A are the compounds
of formula (S)-III-A':where R', R2, R\ W and G are as
defined above for (S)-III-A. [0049] Another embodiment
relates to compounds of formula III-A-a: III-A-a or a
pharmaceutically acceptable salt thereof, wherein: Q
is -CH 2-, -CH(R9)-, or -C(R9)2-; G is -NR 4R5 or a
3-7 membered heterocyclyl or heteroaryl ring that is
optionally substituted by 1-4 R10 ; R1 is hydrogen,
halo, Ci-3 aliphatic, amino, cyano, (Ci-3 alkyl)i -2
amino, Ci-3 alkoxy, (Ci-3 aliphatic)-C(O)-, (Ci.6
aliphatic)-CO 2-, or (C, -3 aliphatic)-C(O)NH-; R2 is
hydrogen, halo, Ci-3 aliphatic, Ci-3 alkoxy, Ci-3
haloalkoxy, or Ci-3 haloalkyl; R3 is hydrogen, halo,
Ci-6 aliphatic, Ci-6 haloalkyl, Ci-6 alkoxy, hydroxy,
amino, cyano, or (Ci-6 alkyl)i -2 amino; R4 is
hydrogen or Ci 6 aliphatic; R5 is: a) an optionally
substituted group selected from aryl, heteroaryl,
heterocyclyl, or carbocyclyl, or b) a Ci-e aliphatic
group that is optionally substituted by:halo, -OR7,
-CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2,
-C(O)N(R7)2, - N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2,
-NR7SO2R7, -N(R7)C(O)N(R7)2, or an aryl, heteroaryl,
heterocyclyl, or carbocyclyl group that is optionally
further substituted by C1-6aliphatic, -CF3, halo,
-OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2,
-C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2,
-NR7SO2R7, -N(R7)C(O)N(R7)2; Ring A is substituted by
0-4 R6b; each R6b is independently selected from a
Ci.6 aliphatic group; each R7 is independently
selected from hydrogen or an optionally substituted or
two R7 on the same nitrogen atom are taken together
with the nitrogen to form an optionally substituted
3-6 membered heteroaryl or heterocyclyl ring; each R7a
is independently selected from hydrogen or an
optionally substituted group selected from Ci
aliphatic, aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or two R7a on the same nitrogen atom are
taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl
ring; each R8 is independently an optionally
substituted Ci 4 aliphatic; each R8a is independently
an optionally substituted group selected from -4
aliphatic, aryl, heteroaryl, heterocyclyl, or
carbocyclyl; each R9 is independently selected from a
Ci-3 aliphatic; each R10 is independently selected
from oxo, -R11, -T-R11 , or -V-T-R11, or two
occurrences of R10 , taken together with the atom(s)
to which they are bound, form an optionally
substituted monocyclic or bicyclic 3-8-membered aryl,
heteroaryl, heterocyclyl, or carbocyclyl ring; each
R11 is independently selected from -CF3, halo, -0R 7a,
-CN, -SR8a, -S(O)2R8a, -C(O)R7a, -CO2R7a, -N(R7a)2,
-C(O)N(R7a)2, -N(R7)C(O)R7a, -N(R7)CO2R7a,
-SO2N(R7a)2, -N(R7)SO2R7a, -N(R7)C(O)N(R7a)2 or an
optionally substituted group selected from
Ci.6aliphatic, aryl, heteroaryl, heterocyclyl or
carbocyclyl; T is a straight or branched Q^alkylene
chain; and V is -0-, -N(R7)-, -S-, -S(O)-, -S(O)2-,
-C(O)-, or -CO2-. [0050] Still another embodiment
relates to compounds of formula III-A-a:III-A-a or a
pharmaceutically acceptable salt thereof, wherein: Q
is -CH 2-, -CH(R9)-, or -C(R9)2-; G is -NR 4R5 or a
3-7 membered heterocyclyl or heteroaryl ring that is
optionally substituted by 1-2 R10 ; R1 is hydrogen,
halo, Ci-3 aliphatic, amino, cyano, (Q -3 alkyl)i-2
amino, Ci-3 alkoxy, (Ci-3 aliphatic)-C(O)-, (Ci 6
aliphatic)-CO2-, or (Ci 3 aliphatic)-C(O)NH-; R2 is
hydrogen, halo, Ci-3 aliphatic, C1 3 alkoxy, Ci-3
haloalkoxy, or Ci-3 haloalkyl; R3 is hydrogen, halo,
Ci aliphatic, Ci 6 haloalkyl, Ci-6 alkoxy, hydroxy,
amino, cyano, or (Ci 6 alkyl)i-2 amino; R4 is hydrogen
or Ci-6 aliphatic; R5 is a Ci-6 aliphatic group that
is optionally substituted by halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2,
-N(R7)C(O)R7, -N(R7)CO2R8, or -N(R7)C(O)N(R7)2; Ring A
is substituted by 0-4 R6b; each R6 is independently
selected from a C .6 aliphatic group; each R7 is
independently selected from hydrogen or Q 4 aliphatic,
or two R7 on the same 



nitrogen atom are taken together with the nitrogen to
form a 5-6 membered heteroaryl or heterocyclyl ring;
each R8 is independently selected from Ci- aliphatic;
each R9 is independently selected from a C1-3
aliphatic; each R10 is independently selected fromR
11, T-R1 1, or V-T-R11; each R11 is independently
selected from Ci-6 aliphatic, halo, -OR7, -CN, -SR8,
-S(O)2R8, - C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2,
-N(R7)C(O)R7, -N(R7)CO2R7, or -N(R7)C(O)N(R7)2; T is a
straight or branched Ci-4 alkylene chain; and V is
-0-, -N(R7)-, -S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-.
[0051] One embodiment relates to compounds of formula
III-A-a where: Q is -CH 2-, or -CH(R9)-; G is -NR 4R5
or a 5-6 membered heterocyclyl or heteroaryl ring that
is optionally substituted by 1-4 R10 ; R1 is hydrogen,
halo, Ci-2 alkyl, amino, or (Ci-2 alkyl)i-2 amino; R2
is hydrogen, halo, Ci-2 aliphatic, Ci-2 alkoxy, or
Ci-2 haloalkyl; R3 is hydrogen, halo, C]-2 aliphatic,
C -2 alkoxy, or Ci-2 haloalkyl; R4 is hydrogen or Ci-6
aliphatic; R5 is: a) an optionally substituted group
selected from aryl, heteroaryl, heterocyclyl,
orcarbocyclyl, or b) a Ci-6 aliphatic group that is
optionally substituted by: halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2, -
N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2, -NR7SO2R7,
-N(R7)C(O)N(R7)2, or an aryl, heteroaryl,
heterocyclyl, or carbocyclyl group that is optionally
further substituted by C1-6aliphatic, -CF3, halo,
-OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2,
-C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2,
-NR7SO2R7, -N(R7)C(O)N(R7)2; Ring A is substituted by
0-2 R6b ; each R6b is independently selected from a
Ci-3 aliphatic group; each R7 is independently
selected from hydrogen or an optionally substituted
Ci-4 aliphatic, or two R7 on the same nitrogen atom
are taken together with the nitrogen to form an
optionally substituted 3-6 membered heteroaryl or
heterocyclyl ring; each R7a is independently selected
from hydrogen or an optionally substituted group
selected from Ci_4 aliphatic, aryl, heteroaryl,
heterocyclyl, or carbocyclyl, or two R7a on the same
nitrogen atom are taken together with the nitrogen to
form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring; each R8 is independently an
optionally substituted Ci- aliphatic; each R8a is
independently an optionally substituted group selected
from Ci 4 aliphatic, aryl, heteroaryl, heterocyclyl,
or carbocyclyl; R9 is independently selected from Ci-3
aliphatic; each R10 is independently selected from
oxo, -R11, -T-R11, or -V-T-R11, or two occurrences of
R10, taken together with the atom(s) to which they are
bound, form an optionally substituted monocyclic or
bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl,
or carbocyclyl ring; each R11 is independently
selected from -CF3, halo, -OR7a, -CN, -SR8a, -S(O)2R8
, -C(0)R 7a, -CO2R7a, -N(R7a)2, -C(O)N(R7a)2,
-N(R7)C(O)R7\ -N(R7)CO2R7\ -SO2N(R7a)2, -N(R7)SO2R7a,
-N(R7)C(O)N(R7a)2 or an optionally substituted group
selected from Ci-6aliphatic, aryl, heteroaryl,
heterocyclyl or carbocyclyl; T is a straight or
branched Ci-4 alkylene chain; and V is -0-, -N(R7)-,
-S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-. [0052] Another
embodiment relates to compounds of formula III-A-a
where: Q is -CH 2-, or -CH(R9)-; G is -NR 4R5 or a 5-6
membered heterocyclyl or heteroaryl ring that is
optionally substituted by 1-2 R10 ; R1 is hydrogen,
halo, Ci-2 alkyl, amino, or (Ci-2 alkyl)i-2 amino; R2
is hydrogen, halo, Ci-2 aliphatic, C)-2 alkoxy, or
Ci.2haloalkyl;R3 is hydrogen, halo, C1-2 aliphatic,
Ci-2 alkoxy, or C^haloalkyl; R4 is hydrogen or Ci-
aliphatic; R5 is a Ci-6 aliphatic group that is
optionally substituted by halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2,
-N(R7)C(O)R7, -N(R7)CO2R8, or -N(R7)C(O)N(R7)2; Ring A
is substituted by 0-2 R6b; each R6b is independently
selected from a C1 aliphatic group; each R7 is
independently selected from hydrogen or C - aliphatic,
or two R7 on the same nitrogen atom are taken together
with the nitrogen to form a 5-6 membered heteroaryl or
heterocyclyl ring; R8 is Ci_4 aliphatic; R9 is
independently selected from a Ci 3 aliphatic; each R10
is independently selected from R11, T-R11, or V-T-R11
; each R11 is independently selected from C1-6
aliphatic, halo, -OR7, -CN, -SR8, -S(O)2R8, - C(O)R7,
-CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7,
-N(R7)CO2R7, or -N(R7)C(O)N(R7)2; T is a straight or
branched Ci-4 alkylene chain; and V is -0-, -N(R7)-,
-S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-. [0053] Another
embodiment relates to compounds of formula III-A-a
where: 



Q is -CH 2-, or -CH(R9)-; G is -NR 4R5 or a 5-6
membered heterocyclyl ring, having 1-2 ring
heteroatoms selected from oxygen or nitrogen, that is
optionally substituted by 1-4 R10 ; R1 is hydrogen,
halo, methyl, amino, or (Ci 2 alkyl)]-2 amino; R2 is
hydrogen, halo, Ci-2 aliphatic, or Ci-2 haloalkyl; R3
is hydrogen, halo, or Ci 2 aliphatic; R4 is hydrogen
or Ci-6 aliphatic; R5 is: a) an optionally substituted
group selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or b) a .6 aliphatic group that is
optionally substituted by: halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2, -
N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2, -NR7SO2R7,
-N(R7)C(O)N(R7)2, or an aryl, heteroaryl,
heterocyclyl, or carbocyclyl group that is optionally
further substituted by Ci-6aliphatic, -CF3, halo,
-OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2,
-C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2,
-NR7SO2R7, -N(R7)C(O)N(R7)2; Ring A is substituted by
0-2 R6b;each R is independently selected from a Ci-3
aliphatic group; each R7 is independently selected
from hydrogen or an optionally substituted -
aliphatic, or two R7 on the same nitrogen atom are
taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl
ring; each R7a is independently selected from hydrogen
or an optionally substituted group selected from Ci-4
aliphatic, aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or two R7a on the same nitrogen atom are
taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl
ring; each R8 is independently an optionally
substituted C1.4 aliphatic; each R8a is independently
an optionally substituted group selected from C
aliphatic, aryl, heteroaryl, heterocyclyl, or
carbocyclyl; R9 is independently selected from Ci-3
aliphatic; each R10 is independently selected from
oxo, -Ru , -T-R11, or -V-T-R11, or two occurrences of
R10 , taken together with the atom(s) to which they
are bound, form an optionally substituted monocyclic
or bicyclic 3-8-membered aryl, heteroaryl,
heterocyclyl, or carbocyclyl ring; each R11 is
independently selected from -CF3, halo, -OR7a, -CN,
-SR8a, -S(O)2R8 , -C(0)R 7a, -CO2R7a, -N(R7a)2
-C(O)N(R7a)2, -N(R7)C(O)R7a, -N(R7)CO2R7a,
-SO2N(R7a)2, -N(R7)SO2R7a, -N(R7)C(O)N(R7a)2 or an
optionally substituted group selected from
Ci_6aliphatic, aryl, heteroaryl, heterocyclyl or
carbocyclyl; T is a straight or branched C1-4 alkylene
chain; and V is -O-, -N(R7)-, -S-, -S(O)-, -S(O)2-,
-C(O)-, or -CO2-. [0054] Still another embodiment
relates to compounds of formula III-A-a where: Q iS
-CH 2-^r-CH(R 9)-; G is -NR 4R5 or a 5-6 membered
heterocyclyl ring, having 1-2 ring heteroatoms
selected from oxygen or nitrogen, that is optionally
substituted by 1-2 R10 ; R1 is hydrogen, halo, methyl,
amino, or (Ci-2 alkyl)i-2 amino; R2 is hydrogen, halo,
Ci 2 aliphatic, or Ci-2 haloalkyl; R3 is hydrogen,
halo, or Ci-2 aliphatic; R4 is hydrogen or Ci 6
aliphatic; R5 is a C1-6 aliphatic group that is
optionally substituted by halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2,
-N(R7)C(O)R7, -N(R7)CO2R8, or -N(R7)C(O)N(R7)2; Ring A
is substituted by zero or two R6b; each R6b is
independently selected from a Ci-3 aliphatic group;
each R7 is independently selected from hydrogen or Q
-4 aliphatic, or two R7 on the same nitrogen atom are
taken together with the nitrogen to form a 5-6
membered heteroaryl or heterocyclyl ring;each R8 is
independently C1-4 aliphatic; each R9 is independently
selected from a C1-3 aliphatic; each R10 is
independently selected fromR 11, T-R11, or V-T-R11;
each R11 is independently selected from C1-6
aliphatic, halo, -OR7, -CN, -SR8, -S(O)2R8, - C(O)R7,
-CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7, -N(R^CO
2R7, or -N(R7)C(O)N(R7)2; T is a straight or branched
C1 4 alkylene chain; and V is -0-, -N(R7)-, -S-,
-S(O)-, -S(O)2-, -C(O)-, or -CO2-. [0055] In preferred
compounds of formula III-A-a, Q is -CH2-; G is
selected from an optionally substituted piperidinyl,
piperazinyl, morpholinyl, pyrrolidinyl, or -NR4R5; R4
is hydrogen or C1 6 aliphatic; and R5 is C1-6
aliphatic, 5-6 membered heterocyclyl, or C1-6
hydroxyalkyl. In other preferred compounds of formula
III-A-a, Q is -CH2-; G is selected from an optionally
substituted piperidinyl, piperazinyl, morpholinyl,
pyrrolidinyl, or -NR4R5; R4 is hydrogen or C1-6
aliphatic; and R5 is C1 aliphatic, 5-6 membered
heterocyclyl, C1-6 hydroxyalkyl, aminoalkyl, or mono-
or dialkylaminoalkyl. In preferred compounds of
formula III-A-a, G is unsubstituted or substituted by
1-4 groups independently selected from: C1-3alkyl,
-OH, -CH2OH, -COO(C alkylj, -CH(CH3)2OH, =0, F, -
CONHCH3, O(C1-3alkyl), -CONH2, -NHCOO(C1-4alkyl), CF3,
-CON(C1-3alkyl)2, -CC-, -SO2CH3, - CH2COOH, -NHSO2CH3,
or phenyl. More preferred are compounds where G is
unsubstituted or substituted by 1-2 groups
independently selected from the group consisting of:
C1 3 alkyl, HO-alkyl, 



alkoxycarbonyl, mono- or dialkylaminocarbonyl, and
HO2C-alkyl. For compounds of formula IH-Aa in each of
the above embodiments, the (S) stereochemistry at the
morpholine 3-position is preferred. [0056] Another
embodiment relates to compounds of formula III-A-aa:
or a pharmaceutically acceptable salt thereof wherein,
Q is-CH 2- or-CH(R 9)-; G is -NR 4R5 or a 3-10
membered monocyclic or bicyclic heterocyclyl ring that
is optionally substituted by 1-4 R10 ;R1 is hydrogen,
halo, Ci-2 alkyl, amino, or (Ci-2 alkyl)i-2 amino; R2
is hydrogen, halo, C aliphatic, Ci-2 alkoxy, or Ci-2
haloalkyl; R3 is hydrogen, halo, Ci-2 aliphatic, C]-2
alkoxy, or Ci-2 haloalkyl; R4 is hydrogen or
optionally substituted aliphatic; R5 is: a) an
optionally substituted group selected from aryl,
heteroaryl, heterocyclyl, or carbocyclyl, or b) a Ci-6
aliphatic group that is optionally substituted by:
halo, -OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7,
-N(R7)2, -C(O)N(R7)2, - N(R7)C(O)R7, -N(R7)CO2R8,
-SO2N(R7)2, -NR7SO2R7, -N(R7)C(O)N(R7)2, or an aryl,
heteroaryl, heterocyclyl, or carbocyclyl group that is
optionally further substituted by d .6aliphatic, -CF3,
halo, -OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7,
-N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8,
-SO2N(R7)2, -NR7SO2R7, -N(R7)C(O)N(R7)2; each R6b is
independently selected from hydrogen or a Ci-6
aliphatic; each R7 is independently selected from
hydrogen or an optionally substituted Ci- aliphatic,
or two R7 on the same nitrogen atom are taken together
with the nitrogen to form an optionally substituted
3-6 membered heteroaryl or heterocyclyl ring; each R7a
is independently selected from hydrogen or an
optionally substituted group selected from C
aliphatic, aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or two R7a on the same nitrogen atom are
taken together with the nitrogen to form an optionally
substituted 3-6 membered heteroaryl or heterocyclyl
ring; each R8 is independently an optionally
substituted Ci- aliphatic; each R8a is independently
an optionally substituted group selected from Ci-4
aliphatic, aryl, heteroaryl, heterocyclyl, or
carbocyclyl; R9 is independently selected from a Ci-3
aliphatic; each R10 is independently selected from =0,
Ru , T-R11, or V-T-R11, or two occurrences of R10 ,
taken together with the atom(s) to which they are
bound, form an optionally substituted monocyclic or
bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl,
or carbocyclyl ring; each R11 is independently
selected from -CF3, halo, -0R 7a, -CN, -SR8a, -S(O)2R8
, -C(0)R 7a, -CO2R7a, -N(R7a)2, -C(O)N(R7a)2,
-N(R7)C(O)R7a, -N(R7)CO2R7a, -SO2N(R7a)2,
-N(R7)SO2R7a, -N(R7)C(O)N(R7a)2 or an optionally
substituted group selected from Ci-6aliphatic, aryl,
heteroaryl, heterocyclyl or carbocyclyl; T is a
straight or branched 4 alkylene chain; and V is -0-,
-N(R7)-, -S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-.
[0057] Yet another embodiment relates to compounds of
formula HI-A-aa:or a pharmaceutically acceptable salt
thereof wherein, Q is -CH 2- or -CH(R 9)-; G is -NR
4R5 or a 3-7 membered heterocyclyl ring that is
optionally substituted by 1-4 R10; R1 is hydrogen,
halo, Ci-2 alkyl, amino, or (Cj-2 alkyl)i-2 amino; R2
is hydrogen, halo, C]-2 aliphatic, C1-2 alkoxy, or
Ci_2haloalkyl; R3 is hydrogen, halo, C1-2 aliphatic,
Ci 2 alkoxy, or Ci-2 haloalkyl; R4 is hydrogen or Ci 6
aliphatic; R5 is a Ci-6 aliphatic group that is
optionally substituted by halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2,
-N(R7)C(O)R7, -N(R7)CO2R8, or -N(R7)C(O)N(R7)2; each
R611 is independently selected from hydrogen or a C]-6
aliphatic; each R7 is independently selected from
hydrogen or Q -4 aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to
form a 5-6 membered heteroaryl or heterocyclyl ring;
R8 is Ci-4 aliphatic; R9 is a Ci-3 aliphatic; each R10
is independently selected from =0, R11, T-R1 1, or
V-T-R11 ; each R11 is independently selected from Ci 6
aliphatic, -CF3, halo, -OR7, -CN, -SR8, -S(O)2R8,
-C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7,
-N(R7)CO2R7, or -N(R7)C(O)N(R7)2; T is a straight or
branched Ci-4 alkylene chain; and V is -0-, -N(R7)-,
-S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-. [0058] Still
another embodiment relates to compounds of formula
III-A-aa:III-A-aa or a pharmaceutically acceptable
salt thereof wherein, Q is -CH 2-, or -CH(R9)-; G is
-NR 4R5 or a 3-7 membered heterocyclyl ring that is
optionally substituted by 1-2 R10 ; R1 is hydrogen,
halo, Q -2 alkyl, amino, or (C -2 alkyl)i-2 amino; R2
is hydrogen, halo, Ci 2 aliphatic, C1-2 alkoxy, or
C1-2 haloalkyl; R3 is hydrogen, halo, Ci-2 aliphatic,
C1-2 alkoxy, or Ci_2haloalkyl; R4 is hydrogen or Ci-6
aliphatic; R5 is a Ci_6 aliphatic group that is
optionally substituted by halo, -OR7, -CN, -SR8,
-S(O)2R8, 



-C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2, -N(R7)C(O)R7,
-N(R7)CO2R8, or -N(R7)C(O)N(R7)2; each R6b is
independently selected from hydrogen or a Ci 6
aliphatic; each R7 is independently selected from
hydrogen or Ci-4 aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to
form a 5-6 membered heteroaryl or heterocyclyl ring;
R8 is Ci-4 aliphatic; R9 is independently selected
from a C 3 aliphatic; each R10 is independently
selected from R1 1, T-R11, or V-T-R11 ; each Rp is
independently selected from C 6 aliphatic, halo, -OR7,
-CN, -SR8, -S(O)2R8, - C(O)R7, -CO2R7, -N(R7)2,
-C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R7, or
-N(R7)C(O)N(R7)2; T is a straight or branched C1-4
alkylene chain; and V is -O-, -N(R7)-, -S-, -S(O)-,
-S(O)2-, -C(O)-, or -CO2-. [0059] Yet another
embodiment relates to compounds of formula III-A-aa
where: Q is -CH 2-; G is -NR 4R5 or a 5-6 membered
heterocyclyl ring that is optionally substituted by
1-4 R10 ; R1 is hydrogen, halo or methyl; R2 is
hydrogen, halo, aliphatic, Ci-2 alkoxy, or C -2
haloalkyl;R3 is hydrogen; R4 is hydrogen or Ci-6
aliphatic; R5 is: a) an optionally substituted group
selected from aryl, heteroaryl, heterocyclyl, or
carbocyclyl, or b) a Ci-6 aliphatic group that is
optionally substituted by: halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2, -
N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2, -NR7SO2R7,
-N(R7)C(O)N(R7)2, or an aryl, heteroaryl,
heterocyclyl, or carbocyclyl group that is optionally
further substituted by C1-6aliphatic, -CF3, halo,
-OR7, -CN, -SR8, -S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2,
-C(O)N(R7)2, -N(R7)C(O)R7, -N(R7)CO2R8, -SO2N(R7)2,
-NR7SO2R7, -N(R7)C(O)N(R7)2; each R6b is independently
selected from hydrogen or a Ci 6 aliphatic; each R7 is
independently selected from hydrogen or an optionally
substituted Ci- aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to
form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring; each R7 is independently
selected from hydrogen or an optionally substituted
group selected from C1.4 aliphatic, aryl, heteroaryl,
heterocyclyl, or carbocyclyl, or two R7a on the same
nitrogen atom are taken together with the nitrogen to
form an optionally substituted 3-6 membered heteroaryl
or heterocyclyl ring; each R8 is independently an
optionally substituted Ci- aliphatic; each R8a is
independently an optionally substituted group selected
from Q 4 aliphatic, aryl, heteroaryl, heterocyclyl, or
carbocyclyl; each R10 is independently selected from
=0, Ru , T-R11, or V-T-R11, or two occurrences of R10,
taken together with the atom(s) to which they are
bound, form an optionally substituted monocyclic or
bicyclic 3-8-membered aryl, heteroaryl, heterocyclyl,
or carbocyclyl ring; each R11 is independently
selected from -CF3, halo, -0R 7a, -CN, -SR8a, -S(O)2R8
, -C(O)R7", -CO2R7a, -N(R7a)2, -C(O)N(R7a)2,
-N(R7)C(O)R7a, -N(R7)CO2R7a, -SO2N(R7a)2,
-N(R7)SO2R7a, -N(R7)C(O)N(R7a)2 or an optionally
substituted group selected from Ci.6aliphatic, aryl,
heteroaryl, heterocyclyl or carbocyclyl; T is a
straight or branched C]-4 alkylene chain; and V is
-0-, -N(R7)-, -S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-.
[0060] Another embodiment relates to compounds of
formula III-A-aa where: Q iS-CH 2-; G is -NR 4R5 or a
5-6 membered heterocyclyl ring that is optionally
substituted by 1-2 R10 ; R1 is hydrogen, halo or
methyl;R2 is hydrogen, halo, Ci-2 aliphatic, C^alkoxy,
or d .2haloalkyl; R3 is hydrogen; R4 is hydrogen or
Ci-6 aliphatic; R5 is a C 6 aliphatic group that is
optionally substituted by halo, -OR7, -CN, -SR8,
-S(O)2R8, -C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2,
-N(R7)C(O)R7, -N(R7)CO2R8, or -N(R7)C(O)N(R7)2; each
R6b is independently selected from hydrogen or a C
aliphatic; each R7 is independently selected from
hydrogen or C aliphatic, or two R7 on the same
nitrogen atom are taken together with the nitrogen to
form a 5-6 membered heteroaryl or heterocyclyl R8 is C
aliphatic; each R10 is independently selected from
R11, T-R1 1, or V-T-R11 ; each R11 is independently
selected from -6 aliphatic, halo, -OR7, -CN, -SR8,
-S(O)2R8, - C(O)R7, -CO2R7, -N(R7)2, -C(O)N(R7)2,
-N(R7)C(O)R7, -N(R7)CO2R7, or -N(R7)C(O)N(R7)2; T is a
straight or branched C1-4 alkylene chain; and V is
-O-, -N(R7)-, -S-, -S(O)-, -S(O)2-, -C(O)-, or -CO2-.
[0061] Preferred compounds of III-A-aa are compounds
where: Q is -CH 2-; G is selected from an optionally
substituted piperidinyl, piperazinyl, morpholinyl,
pyrrolidinyl, or -NR4R5; R1 is hydrogen, halo or
methyl; 



R2 is halo; R3 is hydrogen; R4 is hydrogen or Ci-6
aliphatic; R5 is Ci_6 alkoxy, Q -6 aliphatic, or Ci 6
hydroxyalkyl; each R615 is independently selected from
hydrogen or a Ci-3 aliphatic. Preferably, each R6b is
hydrogen or methyl. [0062] In preferred compounds of
formula HI-A-aa, G is a 3-7-membered nitrogen
containing heterocyclyl ring that is optionally
substituted by 1-4 R10 . In other preferred
embodiments, G is a 3-7- membered nitrogen containing
heterocyclyl ring that is optionally substituted by
1-2 R10 . In yet other preferred embodiments, the
3-7-membered nitrogen containing heterocyclyl ring is
a 3-7-membered nitrogen containing N-linked
heterocyclyl that is optionally substituted by 1-4 R10
. In still other preferred embodiments, the
3-7-membered nitrogen containing heterocyclyl ring is
a 3-7-membered nitrogen containing N-linked
heterocyclyl that is optionally substituted by 1-2 R10
. [0063] In preferred compounds of formula III-A-aa, G
is unsubstituted or substituted by 1-4 groups
independently selected from: Ci-3alkyl, -OH, -CH2OH,
-COO(C alkyl), -CH(CH3)2OH, =0,F, -CONHCH3,
O(Ci-3alkyl), -CONH2, -CF3, -CON(Ci-3alkyl)2, -C CH, -
SO2CH3, -CH2COOH, -NHSO2CH3, or phenyl. In other
preferred embodiments, G is unsubstituted or
substituted by 1-2 groups independently selected from
the group consisting of: Ci-3 alkyl, HO-alkyl,
alkoxycarbonyl, mono- or dialkylaminocarbonyl, and
HO2C-alkyl. [0064] For compounds of formula III-A-aa
in each of the above embodiments, the (S)
stereochemistry is preferred at the three position of
the Ring A morpholine. [0065] Examples of specific
formula I compounds are shown in Tables 3 and 4 below.
For compounds in Table 3 and Table 4 (and compounds
generally described and exemplified elsewhere in the
specification) a methyl group may be represented by
-CH 3, -Me, or by a single line (as exemplified in
compounds 64-207) without the hydrogen atoms
specifically exemplified. Table 3. Specific examples
of formula I compounds10 11 12 13 14 1516 17 18 19 20
21 22 23 24 25 26 27WASTEWATERTREATMENT CROSS
REFERENCE TO RELATED APPLICATION The present
application claims the priority of U.S. provisional
patent application serial number 60/564,921 filed
April 23, 2004. FIELD OF THE INVENTION The invention
relates to facilities, systems, and methods for
treating wastewater. BACKGROUND Residential,
commercial, agricultural, and industrial water usage
generates a tremendous volume of wastewater that, left
untreated, can present health hazards and
environmental concerns. Accordingly, most
municipalities employ wastewater treatment facilities
downstream of their sewage collection systems to
process raw wastewater into a more innocuous form.
Wastewater entering a treatment facility (influent) is
about 99% water and 1% a mixture of large objects,
solids, dissolved solids, oils, waxes, and organic
matter. The latter portion can be separated from the
former using a series of treatment steps often termed
preliminary treatment, primary treatment, secondary
treatment, and advanced treatment. Preliminary and
primary treatment removes of solids. Secondary
treatment removes dissolved organic matter using
microorganisms. Advanced (tertiary) treatment removes
nutrients such as nitrogen and phosphorous. Other
treatments include disinfection, filtration, and
reverse osmosis. The end products of conventional
wastewater treatment systems are treated wastewater
and sludge. The treated wastewater is typically
disposed of in a body of water (e.g., a stream, river,
or ocean) adjacent to the wastewater treatment plant.
Sludge is typically dumped at an offsite location, but
is sometimes processed for use as fertilizer. The
creation and disposal of these end products as well as
the general operation of a wastewater treatment plant
can have undesirable effects. For example, the
cumulative discharge of treated wastewater into an
adjacent body of water can be deleterious to the
environment. In addition, the production of sludge can
create strong odor which renders the land surrounding
the treatment plant undesirable for habitation or
occupation.SUMMARY The invention relates to
facilities, systems, and methods for treating
wastewater. In these systems and methods, at least a
portion of wastewater treatment is performed offshore.
As one example, influent from a municipal sewage
system can be subjected to primary treatment on land.
The wastewater subjected to this treatment can then be
transported (e.g., by pipeline) to a facility located
offshore (e.g., on a vessel moored in a body of water)
for one or more of secondary treatment, disinfection,
and advanced treatment. The resulting treated
wastewater can be either discharged offshore or
returned to land for further processing or use. The
resulting sludge can be transferred back to land for
disposal or further processing. The sludge might also
be subjected to further treatment (e.g., digestion
and/or dewatering) on the 



vessel before being returned to land. Because the
facilities, systems, and methods of the invention can
be operated offshore, a number of drawbacks associated
with conventional land-based wastewater treatment
operations can be avoided. For instance, the local
environmental impact of discharging treated wastewater
can be mitigated because the discharge can be
dispersed over a much greater area in many offshore
locations- especially where the treated wastewater is
first mixed with water from the surrounding
environment before discharge. In addition, a
vessel-based treatment system can increase the
efficiency of the treatment process via increased
hydraulic retention time due to rocking of the vessel
in a body of water. Importantly, the use of offshore
wastewater treatment systems reduces the amount of
shore-side land required to treat wastewater, and
eliminates nuisances from the area such as foul odor.
The operation lifespan of the offshore systems of the
invention can be extended though modular upgrading- a
process that can be difficult to implement in
conventional land-based facilities. In addition, the
mobility associated with some vessel-based systems
facilitates their use in emergency and military
applications. Accordingly, the invention features a
vessel (or other offshore facility) for treating
wastewater offshore, wherein the vessel includes a
wastewater treatment system capable of treating at
least 20 million liters per day of wastewater; a
wastewater intake in fluid communication with the
wastewater treatment system; and an outlet for
removing processed wastewater from the vessel. The
wastewater treatment system can include a primary
treatment system for reducing the amount of suspended
solids or greases from wastewater; a secondary
treatment system includingbacteria capable of reducing
the amount of organic matter contained in wastewater;
a disinfecting treatment system including a means for
killing a microorganism; a nutrient removal system
including a means for removing a nutrient including
nitrogen or phosphorous from wastewater. The
wastewater treatment system can include a sludge
processing system including, e.g., a means for
removing water from sludge, a bacteria-mediated means
for decomposing organic matter, and/or a disinfecting
system including a means for killing a microorganism.
The vessel might also include other components such as
a power-generating means, a propulsion system for
moving the vessel, and/or a chamber for mixing treated
wastewater or sludge with water from a body of water
surrounding the vessel. i another aspect the invention
features a wastewater treatment facility situated in a
body of water located offshore from a land-based
wastewater collection system. The wastewater treatment
facility can include: (a) a wastewater treatment
component capable of treating at least 20 million
liters per day of wastewater; (b) a means for moving
wastewater from the land-based wastewater collection
system to the wastewater treatment facility (e.g., a
pipeline or shuttle vessel); (c) a means for removing
treated wastewater from the wastewater treatment
facility (e.g., an outlet in fluid communication with
the body of water, a pipeline, or shuttle vessel); and
(d) a means for removing sludge from the wastewater
treatment facility (e.g., a pipeline or shuttle
vessel). The waste water treatment facility of the
invention might also include at least two separate
wastewater treatment components that differ in their
manner of treating wastewater. The two separate
components can be separated by the body of water
(e.g., two or more vessels floating on the body of
water and connected such that wastewater can flow from
at least one to at least another). In another aspect,
the invention features a method of treating wastewater
that includes the steps of: transporting wastewater
from a site on land to a wastewater treatment facility
located offshore in a body of water, and then
subjecting the wastewater to: a primary treatment
system for reducing the amount of suspended solids or
greases from wastewater; a secondary treatment system
including bacteria capable of breaking down organic
matter contained in wastewater; a disinfecting
treatment system including a means for killing a
microorganism; and/or a nutrient removal system
including a means for removing a nutrient including
nitrogen or phosphorous from wastewater. The resulting
treated wastewater and sludge can be removed from the
wastewater treatment facility to a site on land to the
wastewatertreatment facility, or discharged into the
body of water. In the latter case, the end product can
be diluted prior to discharge to reduce the impact on
the environment. Unless otherwise defined, all
technical terms used herein have the same meaning as
commonly understood by one of ordinary skill in the
art to which this invention belongs. Although methods
and materials similar or equivalent to those described
herein can be used in the practice or testing of the
present invention, suitable methods and materials are
described below. All publications, patent
applications, patents, and other references mentioned
herein are incorporated by reference in their
entirety. In the case of conflict, the present
specification, including definitions will control. In
addition, the particular embodiments discussed below
are illustrative only and not intended to be limiting.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a side
view of a water treatment system of the invention.
FIG. 2 is a side view of a water treatment system of
the invention. 



FIG. 3 is a perspective view of a water treatment
system of the invention. FIG. 4A is a side view of a
vessel of the invention. FIG. 4B is a side view of
another vessel of the invention. DETAILED DESCRIPTION
The present invention provides offshore facilities,
systems, and methods for treating wastewater. In brief
overview, the systems and methods of the invention
include or utilize an offshore wastewater treatment
facility, a means for moving wastewater from a
land-based site to the offshore wastewater treatment
facility, a means for removing treated wastewater from
the offshore wastewater treatment facility; and a
means for removing sludge from the offshore wastewater
treatment facility. The invention encompasses an
offshore wastewater treatment facility for treating
wastewater originating from a site on land. The
wastewater that is transported from land to the
offshore wastewater treatment facility can come from
several sources, including consumer, industrial,
government facility, or agricultural sources. An
offshore wastewater treatment facility of the
invention may be equipped to treat wastewater from any
of these sources, and may be designed or altered to
treat a particular type of wastewater.In the
embodiments shown in FIGS. 1-4, the offshore
wastewater treatment facility is shown as a vessel 10
that includes wastewater treatment components 20a,
20b, 20c, and 2Od at least partially disposed within
the hull 11 of the vessel 10. In both FIGS. 1 and 2,
wastewater from a land-based sewage collection system
60 is delivered to and processed by a land-based
preliminary wastewater treatment component 200. The
resultant treated wastewater is than transferred to
the vessel 10 via a pipeline 120. The wastewater is
then further directed to wastewater treatment
components 20a, 20b, 20c, and 2Od aboard vessel 10 for
further processing. In the embodiments shown in FIGS.
1-3 the wastewater treatment process yields sludge 275
and treated wastewater as end products. These end
products can be returned to land for further
processing or disposal, or can be discharged in the
body of water 30 surrounding vessel 10. Referring to
FIG. 1, the treated wastewater is discharged into the
body of water 30 and the sludge 275 is returned to
land using a tug boat drawn barge 70. In the
embodiment shown in FIGS. 2 and 3, both the sludge 275
and treated wastewater are returned to land 130. The
offshore wastewater treatment facility of the
invention can be any apparatus that (a) can be located
on the surface of a body of water and (b) is capable
of housing at least one wastewater treatment
component. A number of such facilities are known in
the art, e.g., a vessel such as a ship (as shown in
FIGS. 1-4), a barge, a series of interconnected ships
and/or barges, or a floating platform secured to the
floor of the body of water. Such vessels may be
self-propelled, non-self propelled, manned, or
unmanned. Generally, the water treatment system of the
invention is configured to treat greater than about
three million (e.g., greater than 2.5 million, 3
million, 5 million, 10 million, 15 million, 20
million, 25 million, 50 million, 100 million; 200
million, 300 million, 400 million, 500 million, or 600
million or more) liters of wastewater per day. As one
example, the offshore wastewater treatment facility is
a single- or double-hull vessel that has, e.g., a dead
weight tonnage (dwt) of between about 10,000 to
500,000; 30,000 and 50,000; 65,000 and 80,000; about
120,000; or about 250,000 and 300,000. The preferred
dwt will depend on the particular design of a given
system (e.g., the volume of wastewater to be treated
per period of time), but should be sufficient to
maintain the minimum draft required to keep the vessel
afloat, and/or match the desired production capacity
of the vessel. Vessels of the invention might further
include those features described in U.S. provisional
patent application number60/564,921, e.g., one or more
noise and/or vibration reduction devices, water
storage tanks (in this case, for holding treated
wastewater prior to removal from the vessel), power
sources for powering one or more functions of the
vessel, propulsion devices for moving the vessel in a
body of water, and/or control systems for controlling
the operation of the various systems (e.g., a
wastewater intake system, a treated wastewater
discharge system, a treated wastewater transfer
system, and a power source) onboard the vessel. As
shown in FIGS. 1-4, at least a portion of one or more
of the wastewater treatment components can be disposed
above the main deck of the offshore wastewater
treatment facility. For example, one or more of the
wastewater treatment components can be
compartmentalized in containers and interconnected to
one another and coupled to the main deck. In addition,
at least a portion of one or more of the wastewater
treatment components is disposed below the main deck
of the offshore wastewater treatment facility. The one
or more of the wastewater treatment components can
also be disposed both above and below the main deck of
the offshore wastewater treatment facility. The
offshore wastewater treatment facility can further
include at least one (e.g., 1, 2, 3, 4, 5, 10 or more)
wastewater intake port and at least one (e.g., 1, 2,
3, 4, 5, 10, or more) treated wastewater discharge
port or oscillating multi-port dispersion through
which treated wastewater is discharged from the
offshore wastewater 



treatment facility. The offshore wastewater treatment
facility can includes at least one wastewater
treatment component such as wastewater treatment
components 20a, 20b, 20c, and 2Od shown in FIGS. 1-3.
Wastewater treatment components suitable for use in
the invention are any capable of performing at least
one step in a wastewater treatment protocol, e.g.,
removing one or more non-water substances such as
solids, oils, waxes, organic matter, and dissolved
solids from the wastewater. Components used in
land-based wastewater treatment are well known in the
art. See, e.g., Wastewater Treatment Plants: Planning,
Design, and Operation, Second Edition Syed R. Qasim,
Ed., CRC Press, 1998; and Design of Municipal
Wastewater Treatment Plants (Asce Manual and Reports
on Engineering Practice), 4th edition, American
Society of Civil Engineers, 1998. These components can
be used in the vessel-based systems and methods of the
invention with slight or no modifications.In some
embodiments of the invention, the individual
components making up the complete wastewater treatment
system are all contained on one or more vessels.
Typically, however, some of the individual components
making up the complete wastewater treatment system are
located aboard one or more offshore wastewater
treatment facilities, while others are located at one
or more land-based facilities. See, e.g., the
embodiments shown in FIGS. 1-3 where a preliminary
treatment component 200 is on land 130. Examples of
wastewater treatment components that can be included
in the invention include: a preliminary component, a
primary treatment component, a secondary treatment
component, a final treatment component, an advanced
treatment component, and a reverse osmosis treatment
component. In a typical arrangement, wastewater is
sequentially treated in the order of the foregoing
list. In one embodiment of the invention, the
wastewater treatment steps that are performed on a
body of water are all performed on a single offshore
facility having thereon all wastewater treatment
components required to accomplish the aforesaid steps.
In other embodiments, the wastewater treatment steps
that are performed on a body of water are performed on
at least two offshore facilities each having at least
one different wastewater treatment component. For
example, a first vessel can include the components for
performing primary and secondary treatment, and a
second vessel can contain the components for
performing final treatment and/or advanced treatment.
In the latter example, the wastewater treated on the
first vessel would be transported to the second vessel
for additional treatment. The preliminary treatment
component of a wastewater treatment system of the
invention can take the form of any device suitable for
removing large objects or impurities such as sticks,
rags, large food particles, sand, and gravel from
wastewater. An example of a suitable system for
pretreatment is a series of grates or screens through
which a wastewater stream is flowed. As the wastewater
passes through the grates/screens, the large
objects/impurities are caught, while the remainder of
the wastewater flows through for possible further
processing. In a preferred arrangement, a plurality of
grates or screens are used to remove objects larger
than about 5, 4, 3, 2, 1, 0.5, or 0.2 cm. Wastewater
processed through a pretreatment component can further
be subjected to primary treatment. The primary
treatment component of a wastewater treatment system
can take the form of any device suitable for removing
undissolved solids or liquids fromwastewater. An
example of a suitable device is a sedimentation tank
system. In this system, flowing wastewater is directed
into a holding tank for a period of time sufficient to
allow particles to settle to the bottom and greases
and other materials with a density less than that of
water to float to the top. The solids are then drawn
off the bottom of the tank and the greases and other
floating materials are skimmed off the top.
Flocculants might also be used in this process to
improve the settling process. The treated wastewater
remaining in the tank is then removed. Wastewater
processed through a primary component can further be
subjected to secondary treatment. The secondary
treatment component of a wastewater treatment system
of the invention can take the form of any device
suitable for microorganism-mediated removal of organic
matter from wastewater. Such devices provide bacteria
and other microorganisms that metabolize the organic
matter and a suitable environment for facilitating
this process, e.g., one or more containers with a
mixer and aerator (e.g., Sequencing Batch Reactors,
Aqua-Aerobic Systems, Inc., Rockford, IL). The
addition of the microorganisms to the wastewater can
include fixed film systems, suspended film systems,
and/or lagoon systems. An example of a secondary
treatment component is the AquaMB system marketed by
Aqua-Aerobic Systems Inc. (Rockford, IL). This system
includes a microfiltration unit produced by PALL Corp.
(Cortland, NY). In secondary treatment systems, the
microorganisms grow in size and number as they absorb
organic matter and nutrients from the wastewater.
After several hours (e.g., 1.5, 2.0, 2.5, 3.0, 3.5
hours) of suspension, the microorganisms settle out as
sludge. Some of this sludge is removed for disposal or
processing, and some is retained in the system as
"seed" microorganisms for processing additional
wastewater. 



Once wastewater has undergone treatment in the
secondary treatment tank, it can be directed to a
number of different places. In some embodiments of the
invention, wastewater subjected to secondary treatment
is removed from the system (e.g., returned to the
environment) or retained in the system for additional
treatment such as final treatment or advanced
treatment. The final treatment component of a
wastewater treatment system of the invention can take
the form of any device or agent suitable for
disinfecting wastewater. For example, wastewater
subjected to secondary treatment may be disinfected
using chlorine or ultraviolet irradiation. When
chlorine is used to disinfectthe water, final
treatment can also include the addition of a
chlorine-neutralizing chemical to the treated
wastewater as high levels of chlorine in the treated
wastewater can precipitate negative environmental
effects in the bodies of water into which the treated
wastewater is discharged. The advanced (or tertiary)
treatment component of a wastewater treatment system
can take the form of any device or agent suitable for
removing nutrients from treated wastewater. Advanced
treatment might involve adding chemicals to the
treated wastewater to help settle out or strip out
phosphorous or nitrogen. For example, phosphorous
might be removed from wastewater using a coagulant,
and ammonia might be removed by air stripping. The
wastewater treatment system of the invention might
include filtration components and a reverse osmosis
component. For example, wastewater subjected to
secondary and/or advanced treatment might be treated
with one or more filtration steps to remove
undissolved solids and microorganisms. In an exemplary
embodiment, wastewater subjected to at least secondary
treatment is sequentially filtered through a 10 micron
pore size filter and then through a 0.1 micron pore
size filter. Wastewater treated in this manner might
be suitable for agricultural or industrial use. In the
invention, wastewater can be further purified using
reverse osmosis to remove dissolved solids. A reverse
osmosis system useful in the invention includes a high
pressure pump and a reverse osmosis membrane. A high
pressure pump operable to push the wastewater through
the reverse osmosis membrane includes any pump
suitable to generate the hydraulic pressure necessary
to push the wastewater through the reverse osmosis
membrane. Wastewater treated in this manner might be
rendered potable. The wastewater treatment systems of
the invention also include a means for moving
wastewater from a land-based site to an offshore
facility having thereon at least one wastewater
treatment component. Wastewater to be treated
generally comes from a land-based sewage collection
system. A sewage collection system is a system by
which municipal wastewater and sewage is collected. A
sewage collection system includes one or more
structures (e.g., buildings) outfitted for wastewater
and sewage collection. A number of means for moving a
fluid from a site on land (e.g., sewage collection
system) to an offshore facility are known. Any means
suitable for use in the invention might be used. For
example, wastewater might be transported from asite on
land to an offshore facility using a shuttle ship
(e.g., transfer vessel) or barge outfitted with one or
more storage tanks and equipment for accepting and
ejecting wastewater from the one or more tanks. To
improve efficiency, as shown in FIGS. 1- 3, a
preferred means for moving a fluid from a site 140 on
land to the vessel 10 on a body of water is a pipeline
120. For example, in FIG. 1, a pipeline 120 is used as
a conduit through which wastewater moves from a sewage
collection system 60 and/or preliminary wastewater
treatment component 200 to a wastewater intake system
on the vessel 10. The wastewater intake system can
receive wastewater from floating, submerged (e.g.,
seabed), or sea-floor stabilized pipelines. A first
end of the sea-floor stabilized pipeline can be
disposed above the surface of the water. The first end
of the sea-floor stabilized pipeline is in
communication with the offshore facility of the
invention. A second end of the seafloor stabilized
pipeline can be disposed proximate to the land-based
site (e.g., water treatment facility, sewage
collection system). In one embodiment, a portion of
the sea-floor stabilized pipeline proximate to the
first end passes through the permanent buoy. In
another embodiment, a portion of the sea-floor
stabilized pipeline proximate to the first end is
integral with the permanent buoy. The systems and
methods of the invention typically include a
wastewater intake pump to direct the incoming
wastewater to the appropriate treatment system (e.g.,
primary treatment system, secondary treatment system,
tertiary treatment system). If the incoming wastewater
is to be subjected to secondary treatment, for
example, the wastewater intake pump sends the
wastewater to the secondary treatment component (e.g.,
one or more Sequencing Batch Reactors, Aqua-Aerobic
System, Inc., Rockford, IL). As another example, if
the incoming wastewater is to be subjected to reverse
osmosis, the wastewater intake pump sends the
wastewater to the high pressure pump of the reverse
osmosis system. The high pressure pump pushes the
wastewater through the reverse osmosis membrane to
treat or purify the wastewater while the
microorganisms and other impurities remain on the
opposing side of the membrane. 



The land-based site is typically a wastewater
treatment facility which can include a partial
wastewater treatment facility wherein only preliminary
and primary wastewater treatment occurs.
Alternatively, the wastewater treatment facility can
include a complete wastewater treatment facility that
has become disabled with regard to secondary and final
wastewater treatment steps. The received wastewater
includeswastewater that has not previously undergone
any treatment. The received wastewater also includes
wastewater that has previously undergone preliminary
and primary treatment at a land-based site (e.g.,
wastewater treatment facility). In this embodiment,
the wastewater entering the wastewater intake can
contain microorganisms corresponding to the secondary
treatment of wastewater. Once the wastewater received
by the offshore facility has been subjected to the
appropriate treatment(s), it is typically removed from
the offshore facility. This treated wastewater can be
discharged into the water surrounding the offshore
facility, it can be transferred to a water-borne
vessel, or it can be transferred to a land-based site.
Treated wastewater transferred to a land-based site
can be subjected to further treatment(s) or it can be
distributed for use in irrigation or industrial
applications. If subjected to the appropriate
treatments (e.g., reverse osmosis), treated wastewater
can be transferred to a land-based site and used for
human or animal consumption. Landbased distribution
sites and systems are described in detail in United
States provisional patent application serial number
60/564,921 . Referring again to FIG.l, a system of the
invention includes a means for removing treated
wastewater from a vessel 10 via an outlet in fluid
communication with the water 30 surrounding the vessel
10 (FIG. 1). The outlet can include one or more
discharge ports 40 disposed in the hull 11 of the
vessel 10 through which treated wastewater is
discharged into the water 30 surrounding the vessel
10. The discharge port(s) 40 may be disposed in the
hull 11 of the vessel 10 such that the discharge
port(s) 40 is physically located below or above the
water line of the vessel 10. The means may further
include a pump to increase the water pressure of the
treated wastewater prior to being discharged through
the discharge port(s) 40. In the invention, the
offshore wastewater treatment facility might include a
mixing system in communication with the wastewater
treatment component(s) and the means for removing
treated wastewater from the vessel. The mixing system
mixes treated wastewater with water taken directly
from the surrounding body of water before discharging
the treated wastewater. Such a system is operable to
dilute and/or cool the treated wastewater before
returning it to the surrounding body of water. A
mixing system can include a mixing tank having an
inlet, an outlet, a mixing water intake system
including a water intake and a pump, a series of
baffles, and a mixing barrier having a plurality of
apertures, wherein water taken in through the mixing
water intake system (i.e., water from the body of
water surrounding the offshorefacility) and the
treated wastewater are forced through the mixing
barrier and mixed before flowing to the means for
removing wastewater from the offshore facility. The
size, shape, location and number of apertures are
selected to optimize mixing of the treated wastewater
with the water from the body of water surrounding the
offshore facility. The apertures induce turbulence in
fluids flowing through the mixing barrier. The mixing
barrier extends from one side of the mixture tank to
the opposing side of the mixing tank. Adjacent baffles
are coupled to opposing sides of the mixing tank. The
baffles are arranged in a staggered relationship such
that a portion of each baffle overlaps with an
adjacent baffle. The fluid passing though the mixing
barrier must follow a convoluted route before reaching
the treated wastewater discharge system. In another
embodiment, the mixing system includes a mixing tank
having a treated wastewater inlet, a treated
wastewater outlet, a mixing water intake system
including a water intake and a pump, and any device
capable of forming a substantially homogeneous mixture
from the treated wastewater and the water taken from
the water surrounding the offshore facility. Examples
of such devices include high speed paddle mixers and a
static mixer. In some embodiments, treated wastewater
is transferred to a water-borne vessel or to a
land-based facility rather than being discharged into
the water surrounding the offshore wastewater
treatment facility. The invention therefore provides a
means for removing treated wastewater from the
offshore facility to another vessel (e.g., a transfer
vessel such as a tug-barge, tanker vessel) or to a
landbased facility. The system 20 shown in FIG. 2
generally includes a vessel 10 having one or more
wastewater treatment components 20a, 20b, 20c, 2Od and
a means for removing treated wastewater from the
vessel 10 to a land-based facility 140 (e.g.,
wastewater treatment or distribution facility 80). If
the offshore facility is located off shore as shown in
FIG. 2, the system 20 of the invention preferably
includes a single pipeline 120 (e.g., floating, seabed
pipeline) but can also include a plurality of
pipelines for removing the treated wastewater from the
vessel 10 and transporting it to another vessel or to
a land-based facility. In some embodiments, the means
can include a transfer vessel (e.g., a tugboat drawn
bargeunit or a converted single or double hull
tanker). In the system shown in FIG. 3, treated
wastewater is removed by a conveyor belt 50 that is in
communication with the vessel 10 and the land-based
facility 140. The conveyor belt 50 can be configured
to deliver the treated wastewater 



to a vehicle 220 (e.g., truck) that then delivers the
treated wastewater to the landbased site 140 or the
conveyor belt 50 can deliver the treated wastewater
directly from the vessel 10 to the land-based site
140. Any suitable means, however, may be used to
transfer treated wastewater to a land-based site 140.
The terms "land-based," "on land," "shore-based," and
"on shore" refer to systems and structures that are
primarily or entirely disposed on land 130 or shore
130. In embodiments in which treated wastewater is
transferred from an offshore wastewater treatment
facility to a water-borne vessel (e.g., a transfer
vessel or shuttle ship), a transfer line that
communicates the treated wastewater between the
offshore wastewater treatment facility and the
transfer vessel is typically used. The transfer line
communicates a treated wastewater storage compartment
at the offshore wastewater treatment facility with a
treated wastewater storage compartment internal to the
transfer vessel. Support vessels can be used as needed
to facilitate the transfer of treated wastewater
between the offshore wastewater treatment facility and
the transfer vessel. Generally, the transfer of
treated wastewater between the offshore wastewater
treatment facility and the transfer vessel can be
performed while both are in motion with respect to
shore or while both are moored or anchored. The
offshore wastewater treatment facility can continue
producing treated wastewater during the transfer
process. The sludge resulting from wastewater
treatment can be processed and stored at the offshore
wastewater treatment facility. In the system shown in
FIG. 4A, the sludge treatment components 280 remove
and process the sludge collected during the wastewater
treatment process. In one embodiment, the sludge is
transferred to a digestion tank (which can be located
on the offshore wastewater treatment facility, at
another offshore facility, or on land) wherein aerobic
and anaerobic digestion techniques are used to
decompose organic components in the sludge. The
digestion stabilizes the sludge and reduces odors. To
kill disease-causing organisms, the sludge may also be
treated with caustic chemicals or ultraviolet light.
After treatment, the sludge can be reintroduced into
the environment, e.g., by discharge into the body of
water surrounding the offshore wastewater treatment
facility or by disposal at landbased dump. Sludge can
also be used a as fertilizer. To facilitate handling,
the mass of sludge can be reduced by dewatering, e.g.,
using a belt filter press to remove water from sludge
and produce a non-liquid cake. To discharge or
transfer treated sludge, the invention provides a
means for removing treated sludge from an offshore
wastewater treatment facility. Inembodiments shown in
FIGS 2 and 3, for example, a tugboat drawn barge 70 is
used to transfer treated sludge 275 from a vessel 10
to a sludge disposal/distribution facility 300. As
another example, in FIG. 3, a conveyor belt 50 is used
to transfer treated sludge 275 from a vessel 10 to a
sludge disposal/distribution facility 300. In some
embodiments, treated sludge can be discharged from the
offshore wastewater treatment facility into the
surrounding body of water. In these embodiments, the
means for removing sludge from the offshore wastewater
treatment facility includes a treated sludge discharge
port. The treated sludge discharge port is any
suitable structure that is in communication with the
sludge treatment components and the water surrounding
the offshore wastewater treatment facility. If the
treated sludge is being discharged into the water
surrounding the offshore wastewater treatment
facility, it is preferably diluted with water from the
water surrounding the offshore wastewater treatment
facility before being discharged. The sludge can be
mixed with water from the water surrounding the
offshore wastewater treatment facility by similar
means as those described above for mixing treated
wastewater with water from the water surrounding the
offshore wastewater treatment facility. Referring
again to FIG. 1, in a system 20, wastewater (e.g.,
sewage) is collected at a sewage collection system 60
(located on land 130), and transferred to a
preliminary treatment component 200 where large
objects such as sticks, sand, gravel, etc. are
removed. The treated wastewater is then transported to
a vessel 10 via a pipeline 120. The wastewater enters
the intake chamber 320 on vessel 10 where it is
directed to wastewater treatment components 20a, 20b,
20c, 2Od where the wastewater undergoes one or more
wastewater treatments, resulting in treated wastewater
and sludge 275. Before being discharged from the
vessel 10, the treated wastewater is diluted with
water 30 from the water surrounding the vessel 10.
This is accomplished via a mixing system that is in
communication with the wastewater treatment means and
a means for removing treated wastewater from the
vessel 10. The mixing system includes a water intake
39 for taking up water from the water 30 surrounding
the vessel. The water intake 39 has a plurality of
apertures through which water is taken up from the
water 30 surrounding the vessel 10. Once mixed, the
treated wastewater is discharged through an outlet in
fluid communication with the water surrounding the
vessel. The outlet has a discharge port 40 disposed in
the hull 11 of the vessel 10 through which the treated
wastewater is discharged from the vessel 10 into the
water 30 surrounding the vessel 10. The sludge 275
that resultsfrom the wastewater treatment process is
removed from the vessel 10 via a tugboat drawn barge
70 that transports the sludge to a land-based site
140. A vehicle 220 is used to transfer the sludge 275
from the tugboat drawn barge 70 to a land-based site.
The embodiment of FIG. 2 is similar to that of FIG.l,
except that in the 



former, treated wastewater is moved to a land-based
site 140 (water treatment and/or distribution facility
80) via pipe 121 rather then being discharged into the
water 30 surrounding the vessel 10. The embodiment of
FIG. 3 is similar to that of FIGS. 1 and 2 except that
the vessel 10 is located offshore adjacent to a dock
rather than further offshore. The wastewater enters
the vessel 10 and is discharged from the vessel 10 by
the same means as the systems of FIG. 2. The treated
wastewater is moved to a water treatment and/or
distribution facility 80. The resultant sludge in this
embodiment is moved from the vessel 10 a sludge
disposal/distribution facility 300 to using a conveyor
belt 50. At the sludge disposal/distribution facility
300, the sludge can be disposed of or treated further.
From this facility 300, the sludge 275 can be
transported to another destination for agricultural or
industrial use, for example, via vehicle 220.
Referring now to FIG. 4A, a cut-away side view of a
vessel 10 having primary, secondary and advanced
treatment components is shown. Wastewater is received
into the vessel 10 via an intake chamber 320 that is
in fluid communication with a first pipeline 120. The
wastewater then proceeds to the primary treatment
settling or sedimentation tank 230 where undissolved
solids are removed. The wastewater then proceeds to
the secondary treatment bioreactor 240 where
microorganisms absorb organic matter and nutrients
from the wastewater. After several hours of
suspension, the microorganisms settle out as sludge
275. Some of this sludge 275 is removed and directed
to the sludge treatment components 280 for processing
and discharge from the vessel 10 while some of the
sludge 275 is retained in the secondary treatment
bioreactor 240 for treating additional wastewater. The
wastewater then proceeds to the secondary treatment
tank 260 for further secondary treatment. From there,
the wastewater proceeds to the final treatment tank
270 where it is disinfected. The treated wastewater
can be discharged from the vessel at this time via
passage through the discharge chamber 340 and a
pipeline that moves the treated wastewater from the
vessel 10 to a land-based facilityl40 where it can be
disposed of or distributed. The treated wastewater can
also be discharged from the vessel 10 into the water
30 surrounding the vessel 10 via the discharge port 40
shown in FIG. 1.Alternatively, the treated wastewater
can proceed from the final treatment tank to tertiary
treatment where it is subjected to chemicals that are
contained within the chemical feed 250. Once the
wastewater has been subjected to advanced treatment,
it is then either discharged from the vessel 10 into
the water 30 surrounding the vessel 10 or it is
discharged through the discharge chamber 340 and into
a pipeline 120 that moves it to a land-based facility
140 where it can be disposed of or distributed.
Referring to FIG. 4B, a cut-away side view of a vessel
10 having secondary treatment components is shown. The
wastewater has already been subjected to preliminary
and primary treatments to remove large solids,
suspended solids and greases either on land or on
another water-borne vessel. Wastewater is received
into the vessel 10 via an intake chamber 320 that is
in fluid communication with a first pipeline 120. The
wastewater then proceeds to the bioreactor 240 where
separate mixing and aeration devices allow the
contents of the reactor (i.e., microorganisms and
wastewater) to undergo biomass conditioning and
nutrient reduction (i.e., organic matter and nutrients
are removed from the wastewater) by alternating
aerobic and anoxic periods. Following quiescent
settling, wastewater from the reactor is transferred
to a first microfiltration unit 350 having a 10 micron
cloth media filter. Wastewater is filtered as it
passes through the 10 micron cloth media. Filtered
wastewater is collected in a center tube where it is
directed to a supply channel that feeds a second
microfiltration unit 350. Water enters the second
microfiltration 350 unit where low positive pressure
enables the wastewater to pass through a plurality of
0.1 micron membranes, excluding fine particulates down
to 0.1 microns in size. Water filtered through the
membranes is taken directly from the top of the second
microfiltration unit 350 and is discharged from the
vessel 10 via the discharge chamber 340. This treated
wastewater can be discharged into the water 30
surrounding the vessel 10 or it can be moved to a
land-based 140 site for further treatment (e.g.,
reverse osmosis), distribution, or disposal. While the
above specification contains many specifics, these
should not be construed as limitations on the scope of
the invention, but rather as examples of preferred
embodiments thereof. Accordingly, the scope of the
invention should be determined not by the embodiments
illustrated, but by the appended claims and their
legal equivalents. What is claimed is:1. A vessel for
treating wastewater offshore, the vessel comprising: a
hull; a wastewater treatment system disposed at least
partially within the hull, the wastewater treatment
system being capable of treating at least 20 million
liters per day of wastewater; a wastewater intake in
fluid communication with the wastewater treatment
system; and an outlet for removing processed
wastewater from the vessel. 2. The vessel of claim 1,
wherein the wastewater treatment system comprises 



a primary treatment system for reducing the amount of
suspended solids or greases in wastewater. 3. The
vessel of claim 1, wherein the wastewater treatment
system comprises a secondary treatment system
comprising bacteria capable of reducing the amount of
organic matter contained in wastewater. 4. The vessel
of claim 1, wherein the wastewater treatment system
comprises a disinfecting treatment system comprising a
means for killing a microorganism. 5. The vessel of
claim 1, wherein the wastewater treatment system
comprises a nutrient removal system comprising a means
for removing a nutrient comprising nitrogen or
phosphorous from wastewater. 6. The vessel of claim 1,
wherein the wastewater treatment system comprises at
least two of the following systems: a primary
treatment system for reducing the amount of suspended
solids or greases in wastewater; a secondary treatment
system comprising bacteria capable of reducing the
amount of organic matter contained in wastewater; a
disinfecting treatment system comprising a means for
killing a microorganism; and a nutrient removal system
comprising a means for removing a nutrient comprising
nitrogen or phosphorous from wastewater.7. The vessel
of claim 1, wherein the wastewater treatment system
comprises at least three of the following systems: a
primary treatment system for reducing the amount of
suspended solids or greases in wastewater; a secondary
treatment system comprising bacteria capable of
reducing the amount of organic matter contained in
wastewater; a disinfecting treatment system comprising
a means for killing a microorganism; and a nutrient
removal system comprising a means for removing a
nutrient comprising nitrogen or phosphorous from
wastewater. 8. The vessel of claim 1, wherein the
wastewater treatment system comprises: a primary
treatment system for reducing the amount of suspended
solids or greases from wastewater; a secondary
treatment system comprising bacteria capable of
reducing the amount of organic matter contained in
wastewater; a disinfecting treatment system comprising
a means for killing a microorganism; and a nutrient
removal system comprising a means for removing a
nutrient comprising nitrogen or phosphorous from
wastewater. 9. The vessel of claim 1, further
comprising a sludge processing system. 10. The vessel
of claim 9, wherein the sludge processing system
comprises a means for removing water from sludge. 11.
The vessel of claim 9, wherein the sludge processing
system comprises a bacteria-mediated means for
decomposing organic matter. 12. The vessel of claim 9,
wherein the sludge processing system comprises a
disinfecting system comprising a means for killing a
microorganism. 13. The vessel of claim 1, further
comprising a power-generating means. 14. The vessel of
claim 1, further comprising a propulsion system for
moving the vessel. 15. The vessel of claim 1, further
comprising a chamber for mixing treated wastewater or
sludge with water from a body of water surrounding the
vessel.16. A wastewater treatment facility situated in
a body of water located offshore from a land-based
wastewater collection system, the wastewater treatment
facility comprising: (a) a wastewater treatment
component being capable of treating at least 20
million liters per day of wastewater, the component
being selected from the group consisting of: a primary
treatment system for reducing the amount of suspended
solids or greases in wastewater; a secondary treatment
system comprising bacteria capable of reducing the
amount of organic matter contained in wastewater; a
disinfecting treatment system comprising a means for
killing a microorganism; and a nutrient removal system
comprising a means for removing a nutrient comprising
nitrogen or phosphorous from wastewater; (b) a means
for moving wastewater from the land-based wastewater
collection system to the wastewater treatment
facility; (c) a means for removing treated wastewater
from the wastewater treatment facility; and (d) a
means for removing sludge from the wastewater
treatment facility. 17. The wastewater treatment
facility of claim 16, wherein the means for moving
wastewater from the land-based wastewater collection
system to the wastewater treatment facility comprises
a pipeline. 18. The wastewater treatment facility of
claim 16, wherein the means for moving wastewater from
the land-based wastewater collection system to the
wastewater treatment facility comprises a vessel. 19.
The wastewater treatment facility of claim 16, wherein
the means for removing treated wastewater from the
wastewater treatment facility comprises a pipeline.
20. The wastewater treatment facility of claim 16,
wherein the means for removing treated wastewater from
the wastewater treatment facility comprises a
vessel.21. The wastewater treatment facility of claim
16, wherein the means for removing treated wastewater
from the wastewater treatment facility comprises an 



outlet in fluid communication with the body of water.
22. The wastewater treatment facility of claim 21,
wherein the outlet comprises a member extending from
the wastewater treatment facility into the body of
water, the member comprising a plurality of discharge
apertures. 23. The wastewater treatment facility of
claim 16, wherein the wastewater treatment facility
further comprises a chamber for mixing the treated
wastewater or sludge with water from the body of
water. 24. A wastewater treatment facility situated in
a body of water located offshore from a land-based
wastewater collection system, the wastewater treatment
facility comprising: (a) at least a first wastewater
treatment component and a second wastewater treatment
component, each of the components being capable of
treating at least 20 million liters per day of
wastewater, and being selected from the group
consisting of: a primary treatment system for reducing
the amount of suspended solids or greases in
wastewater; a secondary treatment system comprising
bacteria capable of reducing the amount of organic
matter contained in wastewater; a disinfecting
treatment system comprising a means for killing a
microorganism; and a nutrient removal system
comprising a means for removing a nutrient comprising
nitrogen or phosphorous from wastewater; (b) a means
for moving wastewater from the land-based wastewater
collection system to the wastewater treatment
facility; (c) a means for removing treated wastewater
from the wastewater treatment facility; and (d) a
means for removing sludge from the wastewater
treatment facility. 25. The wastewater treatment
facility of claim 24, wherein the first and second
components differ in their manner of treating
wastewater.26. The wastewater treatment facility of
claim 24, wherein the first and second components are
separated by the body of water. 27. The wastewater
treatment facility of claim 26, further comprising a
conduit for transferring wastewater from the first
component to the second component. 28. A method of
treating wastewater, the method comprising the steps
of: transporting wastewater from a site on land to a
wastewater treatment facility located offshore in a
body of water; the wastewater treatment facility being
capable of treating at least 20 million liters per day
of wastewater; and at the wastewater treatment
facility, subjecting the wastewater to at least one
system selected from the group consisting of: a
primary treatment system for reducing the amount of
suspended solids or greases in wastewater; a secondary
treatment system comprising bacteria capable of
breaking down organic matter contained in wastewater;
a disinfecting treatment system comprising a means for
killing a microorganism; and a nutrient removal system
comprising a means for removing a nutrient comprising
nitrogen or phosphorous from wastewater. 29. The
method of claim 28, wherein the step of subjecting the
wastewater to the at least one system results in the
production of an end product selected from the group
consisting of treated wastewater and sludge. 30. The
method of claim 29, further comprising removing the
end product from the wastewater treatment facility.
31. The method of claim 30, further comprising the
step of diluting the end product prior to the step of
removing the end product from the wastewater treatment
facility. 32. The method of claim 28, wherein the
wastewater is transported from the site on land to the
wastewater treatment facility via a pipeline
connecting the site on land to the wastewater
treatment facility.33. The method of claim 28, wherein
the wastewater is transported from the site on land to
the wastewater treatment facility via a shuttle
vessel. 34. The method of claim 30, wherein the end
product is discharged into the body of water. 35. The
method of claim 30, wherein the end product is
transported to land. 36. The method of claim 35,
wherein a pipeline is used to transport the end
product to land. 37. The method of claim 35, wherein a
shuttle vessel is used to transport the end product to
land. 


