
RAF INHIBITOR COMPOUNDS AND METHODS OF USE THEREOF
BACKGROUND OF THE INVENTION [0001] FIELD OF THE
INVENTION [0002] The present invention relates to
novel compounds, to pharmaceutical compositions
comprising the compounds, to a process for making the
compounds and to the use of the compounds in therapy.
More particularly, it relates to certain substituted
IHpyrrolo[ 2,3-b]pyridine compounds useful for
inhibiting Raf kinase and for treating disorders
mediated thereby. [0003] DESCRIPTION OF THE STATE OF
THE ART [0004] The Raf/MEK/ERK pathway is critical for
cell survival, growth, proliferation and
tumorigenesis. Li, Nanxin, et al. "B-Raf kinase
inhibitors for cancer treatment." Current Opinion in
Investigational Drugs. Vol. 8, No. 6 (2007): 452-456.
Raf kinases exist as three isoforms, A-Raf, B-Raf and
C-Raf. Among the three isoforms, studies have shown
that BRaf functions as the primary MEK activator.
B-Raf is one of the most frequently mutated genes in
human cancers. B-Raf kinase represents an excellent
target for anticancer therapy based on preclinical
target validation, epidemiology and drugability.
[0005] Small molecule inhibitors of B-Raf are being
developed for anticancer therapy. Nexavar(r)
(sorafenib tosylate) is a multikinase inhibitor, which
includes inhibition of B-Raf, and is approved for the
treatment of patients with advanced renal cell
carcinoma and unresectable hepatocellular carcinoma.
Other Raf inhibitors have also been disclosed or have
entered clinical trials, for example SB-590885,
RAF-265, PLX-4032 and XL-281. Other BRaf inhibitors
are also known, see for example, U.S. Patent
Application Publication 2006/0189627, U.S. Patent
Application Publication 2006/0281751, U.S. Patent
Application Publication 2007/0049603, International
Patent Application Publication WO 2007/002325 and
International Patent Application Publication WO
2007/002433. [0006] Pyrrolopyridines are known, see
for example, International Patent Application
Publication WO 2005/062795 and International Patent
Application Publication WO 2007/013896. [0007]
International Patent Application Publication WO
2008/079906 and International Patent Application
Publication WO 2008/079909 also disclose
pyrrolopyridines.[0008] International Patent
Application Publication WO 2006/066913, International
Patent Application Publication WO 2008/028617 and
International Patent Application Publication WO
2009/012283 also disclose kinase inhibitors. SUMMARY
OF THE INVENTION [0009] In one aspect, the invention
relates to compounds that are inhibitors of Raf
kinases, particularly B-Raf inhibitors. Certain
hyperproliferative disorders are characterized by the
overactivation of Raf kinase function, for example by
mutations or overexpression of the protein.
Accordingly, the compounds of the invention are useful
in the treatment of hyperproliferative disorders, such
as cancer. [0010] More specifically, one aspect of the
present invention provides compounds of Formula I : I
and stereoisomers, tautomers, prodrugs and
pharmaceutically acceptable salts thereof, wherein R1,
R2, R3, R4, R5 and R6 are as defined herein. [0011]
More specifically, one aspect of the present invention
provides compounds of Formula I : and stereoisomers,
tautomers and pharmaceutically acceptable salts
thereof, wherein R , R , R , R4, R5 and R6 are as
defined herein. [0012] Another aspect of the present
invention provides intermediate compounds of Formula
III:III wherein R1, R2, R3, R4 and R20 are as defined
herein. [0013] Another aspect of the present invention
provides methods of preventing or treating a disease
or disorder modulated by B-Raf, comprising
administering to a mammal in need of such treatment an
effective amount of a compound of this invention or a
stereoisomer, prodrug or pharmaceutically acceptable
salt thereof. Examples of such diseases and disorders
include, but are not limited to, hyperproliferative
disorders (such as cancer, including melanoma and
other cancers of the skin), neurodegeneration, cardiac
hypertrophy, pain, migraine and neurotraumatic
disease. [0014] Another aspect of the present
invention provides methods of preventing or treating a
disease or disorder modulated by B-Raf, comprising
administering to a mammal in need of such treatment an
effective amount of a compound of this invention or a
stereoisomer or pharmaceutically acceptable salt
thereof. Examples of such diseases and disorders
include, but are not limited to, hyperproliferative
disorders (such as cancer, including melanoma and
other cancers of the skin), neurodegeneration, cardiac
hypertrophy, pain, migraine and neurotraumatic
disease. [0015] Another aspect of the present
invention provides methods of preventing or treating
cancer, comprising administering to a mammal in need
of such treatment an effective amount of a compound of
this invention, or a stereoisomer, prodrug or
pharmaceutically acceptable salt thereof, alone or in
combination with one or more additional compounds
having anti-cancer properties. [0016] Another aspect
of the present invention provides methods of
preventing or treating cancer, comprising
administering to a mammal in need of such treatment an
effective amount of a compound of this invention, or a
stereoisomer or pharmaceutically acceptable salt
thereof, alone or in combination with one or more
additional compounds having anti cancer
properties.[0017] Another aspect of the present
invention provides a method of treating a
hyperproliferative disease in a mammal comprising
administering a therapeutically effective amount of a
compound of this invention to the mammal. [0018]
Another aspect of the present invention provides
methods of preventing or treating kidney disease,
comprising administering to a mammal in need of such
treatment an effective amount of a compound of this
invention, or a stereoisomer, prodrug or
pharmaceutically acceptable salt thereof, alone or in
combination with one or more additional compounds.
Another aspect of the present invention provides
methods of preventing or treating polycystic kidney
disease, comprising administering to a mammal in need
of such treatment an effective amount of a compound of
this invention, or a stereoisomer, prodrug or
pharmaceutically acceptable salt thereof, alone or in
combination with one or more additional compounds.
[0019] Another aspect of the present invention
provides the compounds of the present invention for
use in therapy. [0020] Another aspect of the present
invention provides the compounds of the present
invention for use in the treatment of a
hyperproliferative disease. In a further embodiment,
the hyperproliferative disease may be cancer (or still
further, a specific cancer as defined herein). [0021]
Another aspect of the present invention provides the
compounds of the present invention for use in the
treatment of a kidney disease. In a further
embodiment, the kidney disease may be polycystic
kidney disease. [0022] Another aspect of the present
invention provides the use of a compound of this
invention in the manufacture of a medicament for the
treatment of a hyperproliferative disease. In a
further embodiment, the hyperproliferative disease may
be cancer (or still further, a specific cancer as
defined herein). [0023] Another aspect of the present
invention provides the use of a compound of this
invention in the manufacture of a medicament for the
treatment of a kidney disease. In a further
embodiment, the kidney disease may be polycystic
kidney disease. [0024] Another aspect of the present
invention provides the use of a compound of the
present invention in the manufacture of a medicament,
for use as a B-Raf inhibitor in the treatment of a
patient undergoing cancer therapy.[0025] Another
aspect of the present invention provides the use of a
compound of the present invention in the manufacture
of a medicament, for use as a B-Raf inhibitor in the
treatment of a patient undergoing polycystic kidney
disease therapy. [0026] Another aspect of the present
invention provides a pharmaceutical composition
comprising a compound of the present invention for use
in the treatment of a hyperproliferative disease.
[0027] Another aspect of the present invention
provides a pharmaceutical composition comprising a
compound of the present invention for use in the
treatment of cancer. [0028] Another aspect of the
present invention provides a pharmaceutical
composition comprising a compound of the present
invention for use in the treatment of polycystic
kidney disease. 



[0029] Another aspect of the present invention
provides a pharmaceutical composition comprising a
compound of this invention, a stereoisomer, prodrug or
a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or excipient.
[0030] Another aspect of the present invention
provides a pharmaceutical composition comprising a
compound of this invention or a pharmaceutically
acceptable salt thereof, and a pharmaceutically
acceptable carrier or excipient. [0031] Another aspect
of the present invention provides intermediates for
preparing compounds of Formula I . Certain compounds
of Formula I may be used as intermediates for other
compounds of Formula I . [0032] Another aspect of the
present invention includes methods of preparing,
methods of separation, and methods of purification of
the compounds of this invention. DETAILED DESCRIPTION
OF THE INVENTION [0033] Reference will now be made in
detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying
structures and formulas. While the invention will be
described in conjunction with the enumerated
embodiments, it will be understood that they are not
intended to limit the invention to those embodiments.
On the contrary, the invention is intended to cover
all alternatives, modifications, and equivalents,
which may be included within the scope of the present
invention as defined by the claims. One skilled in the
art will recognize many methods and materials similar
or equivalent to those described herein, which could
be used in the practice of the present invention.
Thepresent invention is in no way limited to the
methods and materials described. In the event that one
or more of the incorporated literature and similar
materials differs from or contradicts this
application, including but not limited to defined
terms, term usage, described techniques, or the like,
this application controls. [0034] DEFINITIONS [0035]
The term "alkyl" includes linear or branched-chain
radicals of carbon atoms. In one example, the alkyl
radical is one to six carbon atoms (C1-C6) . In other
examples, the alkyl radical is C1-C5, C1-C4 or C1-C .
Some alkyl moieties have been abbreviated, for
example, methyl ("Me"), ethyl ("Et"), propyl ("Pr")
and butyl ("Bu"), and further abbreviations are used
to designate specific isomers of compounds, for
example, 1-propyl or n-propyl ("n-Pr"), 2-propyl or
isopropyl ("i-Pr"), 1-butyl or n-butyl ("n-Bu"),
2-methyl-lpropyl or isobutyl ("i-Bu"), 1-methylpropyl
or s-butyl ("s-Bu"), 1,1-dimethylethyl or t-butyl
("t-Bu") and the like. Other examples of alkyl groups
include 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3),
2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2),
2- methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl
(-CH(CH3)CH(CH3)2), 3-methyl-lbutyl (-CH2CH2CH(CH3)2),
2-methyl-l -butyl (-CH2CH(CH3)CH2CH3), 1-hexyl (-CH
2CH2CH2CH2CH2CH3), 2-hexyl (-CH(CH 3)CH 2CH2CH2CH3),
3-hexyl (-CH(CH 2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl
(-C(CH3)2CH2CH2CH3), 3-methyl-2- pentyl (-CH(CH
3)CH(CH 3)CH 2CH3), 4-methyl-2-pentyl
(-CH(CH3)CH2CH(CH3)2), 3- methyl-3-pentyl
(-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl
(-CH(CH2CH3)CH(CH3)2), 2,3- dimethyl-2-butyl
(-C(CH3)2CH(CH3)2) and 3,3-dimethyl-2-butyl
(-CH(CH3)C(CH3)3. The abbreviations are sometimes used
in conjunction with elemental abbreviations and
chemical structures, for example, methanol ("MeOH") or
ethanol ("EtOH"). [0036] Additional abbreviations used
throughout the application include, for example,
benzyl ("Bn"), phenyl ("Ph") and acetyl ("Ac"). [0037]
The term dimethylsulfoxide is abbreviated ("DMSO").
[0038] The term "alkenyl" refers to linear or
branched-chain monovalent hydrocarbon radical with at
least one site of unsaturation, i.e., a carbon-carbon
double bond, wherein the alkenyl radical may be
optionally substituted independently with one or more
substituents described herein, and includes radicals
having "cis" and "trans" orientations, or
alternatively, "E" and "Z" orientations. In one
example, the alkenyl radical is two to six carbon
atoms (C2- C6). In other examples, the alkenyl radical
is C2-C3. Examples include, but are not limited to,
ethenyl or vinyl (-CH=CH2), prop-1-enyl (-CH=CHCH3),
prop-2-enyl (-CH2CH=CH2), 2-methylprop-1-enyl,
but-1-enyl, but-2-enyl, but-3-enyl, buta-l,3-dienyl,
2-methylbuta-l,3- diene, hex-1-enyl, hex-2-enyl,
hex-3-enyl, hex-4-enyl, hexa-l,3-dienyl. [0039] The
term "alkynyl" refers to a linear or branched
monovalent hydrocarbon radical with at least one site
of unsaturation, i.e., a carbon-carbon, triple bond,
wherein the alkynyl radical may be optionally
substituted independently with one or more
substituents described herein. In one example, the
alkynyl radical is two to eighteen carbon atoms (C2-
C6) . In other examples, the alkynyl radical is C2-C3.
Examples include, but are not limited to, ethynyl
(-CCH), prop-1-ynyl (-CCCH3), prop-2-ynyl (propargyl,
CH2CCH), but-1-ynyl, but-2-ynyl and but-3-ynyl. [0040]
The terms "alkenyl" and "alkynyl" also include linear
or branched-chain radicals of carbon atoms containing
at least one unsaturated bond. [0041] "Cycloalkyl"
refers to a non-aromatic, saturated or partially
unsaturated hydrocarbon ring group wherein the
cycloalkyl group may be optionally substituted
independently with one or more substituents described
herein. In one example, the cycloalkyl group is 3 to 6
carbon atoms (C3-C6) . In other examples, cycloalkyl
is C3-C4 or C3-C . In other examples, the cycloalkyl
group, as a monocycle, is C3-C6 or C5-C6. In another
example, the cycloalkyl group, as a bicycle, is C7-C12
. Examples of monocyclic cycloalkyl include
cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-l-enyl, l-cyclopent-2-enyl, l-cyclopent-3-
enyl, cyclohexyl, 1-cyclohex-l-enyl,
l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, and cyclododecyl. Exemplary arrangements
of bicyclic cycloalkyls having 7 to 12 ring atoms
include, but are not limited to, [4,4], [4,5], [5,5],
[5,6] or [6,6] ring systems. Exemplary bridged
bicyclic cycloalkyls include, but are not limited to,
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, and
bicyclo[3.2.2]nonane. [0042] The terms "heterocyclic"
or "heterocycle" or "heterocyclyl" refers to a
saturated or a partially unsaturated (i.e., having one
or more double and/or triple bonds within the ring)
cyclic group in which at least one ring atom is a
heteroatom independently selected from nitrogen,
oxygen, and sulfur, the remaining ring atoms being
carbon. In one embodiment, heterocyclyl includes
saturated or partially unsaturated 4-6 membered
heterocyclyl groups. The heterocyclyl group may be
optionally substituted with one or more substituents
described herein. Exemplary heterocyclyl groups
include, but are not limited to, oxiranyl, aziridinyl,
thiiranyl, azetidinyl, oxetanyl, thietanyl,
1,2-dithietanyl, 1,3-dithietanyl, pyrrolidinyl,
piperidinyl, dihydropyridinyl, tetrahydropyridinyl,
morpholinyl, thiomorpholinyl, thioxanyl, piperazinyl,
homopiperazinyl, homopiperidinyl, azepanyl,oxepanyl,
thiepanyl, 1,4-oxathianyl, 1,4-dioxepanyl,
1,4-oxathiepanyl, 1,4-oxaazepanyl, 1,4- dithiepanyl,
1,4-thiazepanyl and 1,4-diazepane 1,4-dithianyl,
1,4-azathianyl, oxazepinyl, diazepinyl, thiazepinyl,
dihydrothienyl, dihydropyranyl, dihydrofuranyl,
tetrahydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, tetrahydrothiopyranyl,
1-pyrrolinyl, 2-pyrrolinyl, 3- pyrrolinyl, indolinyl,
2H-pyranyl, 4H-pyranyl, 1,4-dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, pyrazolidinyl, dithianyl, dithiolanyl,
pyrazolidinylimidazolinyl, imidazolidinyl,
pyrimidinonyl, 1,1-dioxo-thiomorpholinyl,
3-azabicyco[3.1.0]hexanyl, 3-
azabicyclo[4.1.0]heptanyl and
azabicyclo[2.2.2]hexanyl. Heterocycles include 4 to 6
membered rings containing one or two heteroatoms
selected from oxygen, nitrogen and sulfur. [0043] The
term "heteroaryl" refers to an aromatic cyclic group
in which at least one ring atom is a heteroatom
independently selected from nitrogen, oxygen and
sulfur, the remaining ring atoms being carbon.
Heteroaryl groups may be optionally substituted with
one or more substituents described herein. In one
example, heteroaryl includes 5-6 membered heteroaryl
groups. Other examples of heteroaryl groups include,
but are not limited to, pyridinyl, imidazolyl,
imidazopyridinyl, pyrimidinyl, pyrazolyl, triazolyl,
pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
quinolinyl, isoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, 1,2,3-triazolyl, 1,3,4-
triazolyl, l-oxa-2,3-diazolyl, l-oxa-2,4-diazolyl,
l-oxa-2,5-diazolyl, l-oxa-3,4-diazolyl, 1-
thia-2,3-diazolyl, l-thia-2,4-diazolyl,
l-thia-2,5-diazolyl, l-thia-3,4-diazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl. Heteroaryls
includes 5 to 6 membered aromatic rings containing
one, two or three heteroatoms selected from oxygen,
nitrogen and sulfur. [0044] "Halogen" refers to F, Cl,
Br or I . [0045] The abbreviation "TLC" stands for
thin layer chromatography. [0046] The terms "treat" or
"treatment" refer to therapeutic, prophylactic,
palliative or preventative measures. In one example,
treatment includes therapeutic and palliative
treatment. For purposes of this invention, beneficial
or desired clinical results include, but are not
limited to, alleviation of symptoms, diminishment of
extent of disease, stabilized (i.e., not worsening)
state of disease, delay or slowing of disease
progression, amelioration or 



palliation of the disease state, and remission
(whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging
survival as compared to expectedsurvival if not
receiving treatment. Those in need of treatment
include those already with the condition or disorder,
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0047] The phrases
"therapeutically effective amount" or "effective
amount" mean an amount of a compound of the present
invention that, when administered to a mammal in need
of such treatment, sufficient to (i) treat or prevent
the particular disease, condition, or disorder, (ii)
attenuate, ameliorate, or eliminate one or more
symptoms of the particular disease, condition, or
disorder, or (iii) prevent or delay the onset of one
or more symptoms of the particular disease, condition,
or disorder described herein. The amount of a compound
that will correspond to such an amount will vary
depending upon factors such as the particular
compound, disease condition and its severity, the
identity (e.g., weight) of the mammal in need of
treatment, but can nevertheless be routinely
determined by one skilled in the art. [0048] The terms
"cancer" and "cancerous" refer to or describe the
physiological condition in mammals that is typically
characterized by abnormal or unregulated cell growth.
A "tumor" comprises one or more cancerous cells.
Examples of cancer include, but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and leukemia
or lymphoid malignancies. More particular examples of
such cancers include squamous cell cancer (e.g.,
epithelial squamous cell cancer), lung cancer
including small-cell lung cancer, non-small cell lung
cancer ("NSCLC"), adenocarcinoma of the lung and
squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach
cancer including gastrointestinal cancer, pancreatic
cancer, glioblastoma, cervical cancer, ovarian cancer,
liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland
carcinoma, kidney or renal cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, anal
carcinoma, penile carcinoma, as well as head and neck
cancer. The term cancer may be used generically to
include various types of cancer or specifically (as
listed above). [0049] The phrase "pharmaceutically
acceptable" indicates that the substance or
composition is compatible chemically and/or
toxicologically, with the other ingredients comprising
a formulation, and/or the mammal being treated
therewith. [0050] The phrase "pharmaceutically
acceptable salt," as used herein, refers to
pharmaceutically acceptable organic or inorganic salts
of a compound of the invention.[0051] The compounds of
this invention also include other salts of such
compounds which are not necessarily pharmaceutically
acceptable salts, and which may be useful as
intermediates for preparing and/or purifying compounds
of this invention and/or for separating enantiomers of
compounds of this invention. [0052] The term "mammal"
means a warm-blooded animal that has or is at risk of
developing a disease described herein and includes,
but is not limited to, guinea pigs, dogs, cats, rats,
mice, hamsters, and primates, including humans. [0053]
B-RAF INHIBITOR COMPOUNDS [0054] The present invention
provides compounds, and pharmaceutical formulations
thereof, that are potentially useful in the treatment
of diseases, conditions and/or disorders modulated by
B-Raf. [0055] One embodiment of this invention
provides compounds of Formula I : and stereoisomers,
tautomers, prodrugs and pharmaceutically acceptable
salts thereof, wherein: R and R2 are independently
selected from hydrogen, halogen, CN, C1-C3 alkyl and
C1-C alkoxy; R3 is hydrogen, halogen or C1-C3 alkyl;
R4 is C3-C5 cycloalkyl, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, phenyl, a 5-6 membered heteroaryl, or
NRnR, wherein the cycloalkyl, alkyl, alkenyl, alkynyl,
phenyl and heteroaryl are optionally substituted with
ORg, halogen, phenyl, C3-C4 cycloalkyl, or C1-C4 alkyl
optionally substituted with halogen; R5 is: hydrogen,
halogen, CN, NRkR',C1-C6 alkyl optionally substituted
with halogen, oxo, OR8 or NRsRh, C2-C6 alkenyl
optionally substituted with halogen, ORgor NRgRh,
C2-C6 alkynyl optionally substituted with halogen,
ORgor NRgRh, a saturated or partially unsaturated
C3-C6 cycloalkyl optionally substituted with halogen
or C1-C4 alkyl, a saturated or partially unsaturated
4-6 membered heterocyclyl optionally substituted with
C1-C4 alkyl, a 5-6 membered heteroaryl optionally
substituted with Rc, a 9-10 membered bicyclic
heterocyclyl optionally substituted with C1-C4 alkyl,
a 9-10 membered bicyclic heteroaryl optionally
substituted with C1-C4 alkyl, or phenyl optionally
substituted with R ; R6 is: hydrogen, halogen, CN,
NRkR', ORm, a saturated or partially unsaturated C3-C6
cycloalkyl optionally substituted with halogen or
C1-C4 alkyl, a saturated or partially unsaturated 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, phenyl optionally substituted with one to
three Ra groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C2-C6 alkenyl
optionally substituted with halogen, OR8 or NR8Rh, C
-C6 alkynyl optionally substituted with halogen, OR8
or NRgRh, or C1-C6 alkyl optionally substituted with
one to three Rb groups; each Ra is independently
selected from halogen, CN, CF3, OH, -0(C 1-C4 alkyl),
a 5-6 membered heterocyclyl, or C1-C4 alkyl optionally
substituted with NR8Rh or a 5-6 membered heterocyclyl;
each Rb is independently selected from halogen, OH,
OCH3, oxo, -NReRf, phenyl optionally substituted with
a halogen, C -C6 cycloalkyl, and a 5-6 membered
heterocyclyl optionally substituted with halogen;Rc is
-NR 11R", C1-C4 alkyl, or a 5-6 membered heterocyclyl
optionally substituted by C1-C4 alkyl or -(CH 2)p
C3-C6 cycloalkyl; Rd is halogen, CN, NRgRh, phenyl, a
5-6 membered heterocyclyl, -0(C 1-C4 alkyl) or C1-C4
alkyl, wherein the alkyl or alkoxy are optionally
substituted with halogen, OH, oxo, -0(C 1-C3 alkyl),
NRgRh, or a 5-6 membered heterocyclyl optionally
substituted with C1-C3 alkyl; each Re and Rf are
independently selected from hydrogen, C1-C4 alkyl and
phenyl; each Rg and R are independently selected from
hydrogen and C1-C4 alkyl; R is hydrogen or C1-C4 alkyl
optionally substituted with a 5-6 membered
heterocyclyl; each Rk and R1are independently selected
from hydrogen and C1-C4 alkyl; Rm is selected from
hydrogen and C1-C4 alkyl; R" and R0 are independently
selected from hydrogen and C1-C5 alkyl, or R" and R0
together with the nitrogen to which they are attached
form a 4 to 6 membered heterocyclic ring; and p is Oor
1. [0056] Compounds of Formula I include compounds
wherein: R1, R2 and R3 are independently selected from
hydrogen, halogen or C1-C3 alkyl; R4 is C3-C4
cycloalkyl; C1-C6 alkyl optionally substituted with
halogen or C3-C4 cycloalkyl; or NRnR; R5 is hydrogen,
halogen, CN, NRkR*, C1-C6 alkyl optionally substituted
with halogen, oxo, ORg or NR8Rh, C2-C6 alkynyl
optionally substituted with ORg or NRgRh, a saturated
C3- C6 cycloalkyl, a saturated or partially
unsaturated 4-6 membered heterocyclyl optionally
substituted with C1-C4 alkyl, a 5-6 membered
heteroaryl optionally substituted with Rc, a 9- 10
membered bicyclic heterocyclyl, a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, or phenyl optionally substituted with R ; 



R6 is hydrogen, halogen, CN, NRkR', ORm, a saturated
or partially unsaturated C3-C6 cycloalkyl, a saturated
4-6 membered heterocyclyl, phenyl optionally
substituted with one to three Ra groups, a 5-6
membered heteroaryl optionally substituted with C1-C
alkyl or benzyl, C2-C6 alkenyl, C2-C6 alkynyl
optionally substituted with ORg, or C1-C6 alkyl
optionally substituted with one to three Rb groups;
each Ra is independently selected from halogen, CF ,
-0(C 1-C4 alkyl), a 5-6 membered heterocyclyl, or
C1-C4 alkyl optionally substituted with NRsRh or a 5-6
membered heterocyclyl; each Rb is independently
selected from OH, OCH3, oxo, -NReRf, phenyl optionally
substituted with a halogen, C3-C6 cycloalkyl, and a
5-6 membered heterocyclyl optionally substituted with
halogen; Rc is -NR hRj , C1-C4 alkyl, or a 5-6
membered heterocyclyl optionally substituted by C1-C4
alkyl or -(CH 2)p C3-C6 cycloalkyl; Rd is halogen,
NRsRh, phenyl, a 5-6 membered heterocyclyl, -0(C 1-C4
alkyl) or C1-C4 alkyl, wherein the alkyl or alkoxy are
optionally substituted with OH, oxo, -0(C 1-C3 alkyl),
NRgRh, or a 5-6 membered heterocyclyl optionally
substituted with C1-C3 alkyl; each Re and Rf are
independently selected from C1-C4 alkyl and phenyl;
each Rs and R are independently selected from hydrogen
and C1-C4 alkyl; R is hydrogen or C1-C4 alkyl
optionally substituted with a 5-6 membered
heterocyclyl; each R and R are independently C1-C4
alkyl; Rm is C1-C4 alkyl; Rn and R0 are independently
selected from hydrogen and C1-C5 alkyl, or Rn and R0
together with the nitrogen to which they are attached
form a 4 to 6 membered heterocyclic ring; and p is 1.
[0057] One embodiment of this invention provides
compounds of Formula I : I and stereoisomers,
tautomers and pharmaceutically acceptable salts
thereof, wherein: R1 and R2 are independently selected
from hydrogen, halogen, CN, C1-C3 alkyl and C1-C3
alkoxy; R3 is hydrogen, halogen or C1-C3 alkyl;R4 is
C3-C5 cycloalkyl, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6
alkynyl, wherein the cycloalkyl, alkyl, alkenyl and
alkynyl are optionally substituted with OR8, halogen
or C -C4 cycloalkyl; R5 is hydrogen, halogen, CN,
C1-C4 alkyl optionally substituted with OR8 or NR8Rh,
C3-C6 alkynyl optionally substituted with OR8 or
NRgRh, a saturated or partially unsaturated C3-C6
cycloalkyl optionally substituted with halogen or
C1-C4 alkyl, a saturated or partially unsaturated 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, a 5-6 membered heteroaryl optionally
substituted with Rc, a 9-10 membered bicyclic
heterocyclyl optionally substituted with C1-C4 alkyl,
a 9-10 membered bicyclic heteroaryl optionally
substituted with C1-C4 alkyl, or phenyl optionally
substituted with R ; R6 is hydrogen, halogen, CN, a
saturated or partially unsaturated C3-C6 cycloalkyl
optionally substituted with halogen or C1-C4 alkyl, a
saturated or partially unsaturated 4-6 membered
heterocyclyl, -O(CH2)m 4-6 membered heterocyclyl
optionally substituted with C1-C3 alkyl, phenyl
optionally substituted with one to three Ra groups, a
5-6 membered heteroaryl optionally substituted with
C1-C4 alkyl or benzyl, C1-C4 alkenyl optionally
substituted with OR8, C3-C6 alkynyl optionally
substituted with OR8, or C1-C4 alkyl optionally
substituted with one to three Rb groups; each Ra is
independently selected from halogen, CN, CF3, OH, -0(C
1-C4 alkyl), a 5-6 membered heterocyclyl, or C1-C4
alkyl optionally substituted with NR8Rh or a 5-6
membered heterocyclyl; each Rb is independently
selected from halogen, OH, OCH3, oxo, -NReRf, phenyl
optionally substituted with a halogen, C3-C
cycloalkyl, or a 5-6 membered heterocyclyl optionally
substituted with halogen; Rc is -NR 11R , C1-C4 alkyl,
or a 5-6 membered heterocyclyl optionally substituted
by C1-C4 alkyl or -(CH 2)p C3-C6 cycloalkyl; Rd is
halogen, CN, NRgRh, phenyl, a 5-6 membered
heterocyclyl, -0(C 1-C4 alkyl) or C1-C4 alkyl, wherein
the alkyl or alkoxy are optionally substituted with
halogen, OH, oxo, -0(C 1-C3 alkyl), NR8Rh, or a 5-6
membered heterocyclyl optionally substituted with
C1-C3 alkyl; Re and Rf are independently selected from
hydrogen, C1-C4 alkyl and phenyl; each R8 and Rh are
independently selected from hydrogen and C1-C4 alkyl;
RJ is hydrogen or C1-C4 alkyl optionally substituted
with a 5-6 membered heterocyclyl;m is O, 1, 2, or 3;
and p is Oor 1. [0058] Compounds of Formula I include
compounds wherein: R , R2 and R3 are independently
selected from hydrogen, halogen or C1-C3 alkyl; R4 is
C3-C4 cycloalkyl, or C1-C6 alkyl optionally
substituted with OH, halogen or C3- C4 cycloalkyl; R5
is hydrogen, halogen, CN, C1-C4 alkyl optionally
substituted with OH or NRgRh, C3-C6 alkynyl optionally
substituted with OH or NRgRh, a saturated or partially
unsaturated C3-C6 cycloalkyl, a saturated or partially
unsaturated 4-6 membered heterocyclyl optionally
substituted with C1-C4 alkyl, a 5-6 membered
heteroaryl optionally substituted with Rc, a 9- 10
membered bicyclic heterocyclyl, a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, or phenyl optionally substituted with Rd; R6 is
hydrogen, halogen, CN, a saturated or partially
unsaturated C3-C6 cycloalkyl,
(2,2-dimethyl-l,3-dioxolan-4-yl)methoxy, phenyl
optionally substituted with one to three Ra groups, a
5-6 membered heteroaryl optionally substituted with
C1-C4 alkyl or benzyl, C1-C4 alkenyl, C3-C6 alkynyl
optionally substituted with ORg, or C1-C4 alkyl
optionally substituted with one to three Rb groups;
each Ra is independently selected from halogen, CN,
CF3, -0(C 1-C4 alkyl), a 5-6 membered heterocyclyl, or
C1-C4 alkyl optionally substituted with NRgRh or a 5-6
membered heterocyclyl; each Rb is independently
selected from halogen, OH, OCH , oxo, -NReRf, phenyl
optionally substituted with a halogen, C3-C6
cycloalkyl, or a 5-6 membered heterocyclyl optionally
substituted with halogen; Rc is -NR 11R , C1-C4 alkyl,
or a 5-6 membered heterocyclyl optionally substituted
by C1-C4 alkyl or -(CH 2)p C3-C6 cycloalkyl; Rd is
halogen, CN, NR8Rh, phenyl, a 5-6 membered
heterocyclyl, -0(C 1-C4 alkyl) or C1-C4 alkyl, wherein
the alkyl or alkoxy are optionally substituted with
halogen, OH, oxo, -0(C 1-C3 alkyl), NRgRh, or a 5-6
membered heterocyclyl optionally substituted with
C1-C3 alkyl; Re and R are independently selected from
hydrogen, C1-C4 alkyl and phenyl; each Rg and Rh are
independently selected from hydrogen and C1-C4 alkyl;
RJ is hydrogen or C1-C4 alkyl optionally substituted
with a 5-6 membered heterocyclyl; andp is 0 or 1.
[0059] In certain embodiments, R1 and R2 are
independently selected from hydrogen, halogen, CN,
C1-C3 alkyl or C1-C3 alkoxy. [0060] In certain
embodiments, R1, R2 and R3 are independently selected
from hydrogen, halogen or C1-C3 alkyl. [0061] In
certain embodiments, R1, R2 and R3 are independently
selected from hydrogen, F, Cl or methyl. [0062] In
certain embodiments, R1 is hydrogen, halogen, CN,
C1-C3 alkyl or C1-C3 alkoxy. [0063] In certain
embodiments, R1 is hydrogen. [0064] In certain
embodiments, R1 is halogen. In certain embodiments, R1
is F or Cl. [0065] In certain embodiments, R1 is C1-C3
alkyl. In certain embodiments, R1 is methyl. [0066] In
certain embodiments, R2 is hydrogen, halogen, CN,
C1-C3 alkyl or C1-C3 alkoxy. [0067] In certain
embodiments, R2 is hydrogen. [0068] In certain
embodiments, R is halogen. In certain embodiments, R
is F or Cl. [0069] In certain embodiments, R2 is C1-C3
alkyl. In certain embodiments, R2 is methyl. [0070] In
certain embodiments of Formula I , R2 is Cl. 



[0071] In certain embodiments of Formula I , R2 is
hydrogen. [0072] In certain embodiments, R3 is
hydrogen, halogen or C1-C3 alkyl. [0073] In certain
embodiments, R3 is hydrogen. [0074] In certain
embodiments, R3 is halogen. In certain embodiments, R3
is F or Cl. [0075] In certain embodiments, R1 and R2
are F and R3 is hydrogen. [0076] In certain
embodiments, R1 is F and R2 is Cl and R3 is hydrogen.
[0077] In certain embodiments, R1 is Cl and R2 is F
and R3 is hydrogen. [0078] In certain embodiments, R
is F and R and R are hydrogen. [0079] In certain
embodiments, R and R are hydrogen and R is F. [0080]
In certain embodiments, R2 and R3 are F and R1 is
hydrogen. [0081] In certain embodiments, R1 is Cl and
R2 and R3 are hydrogen. [0082] In certain embodiments,
R1, R2 and R3 are F. [0083] In certain embodiments, R
is F and R is methyl and R is hydrogen.[0084] In
certain embodiments, R1 is methyl and R2 is F and R3
is hydrogen. [0085] In certain embodiments, R1 is F
and R2 and R3 are hydrogen. [0086] In certain
embodiments, R1 is Cl and R2 and R3 are hydrogen.
[0087] In certain embodiments, R2 is F and R1 and R3
are hydrogen. [0088] In certain embodiments, the
residue: of Formula I , wherein the wavy line
represents the point of attachment of the residue in
Formula I , is selected from:[0089] In certain
embodiments, R4 is C3-C5 cycloalkyl, C1-C6 alkyl,
C2-C6 alkenyl, C2-C6 alkynyl, phenyl, a 5-6 membered
heteroaryl, or NRnR, wherein the cycloalkyl, alkyl,
alkenyl, alkynyl, phenyl and heteroaryl are optionally
substituted with ORg, halogen, phenyl, C3-C4
cycloalkyl, or C1-C4 alkyl optionally substituted with
halogen. [0090] In certain embodiments, R4 is C3-C4
cycloalkyl; C1-C6 alkyl optionally substituted with
halogen or C3-C4 cycloalkyl; or NRnR. In certain
embodiments, Rn and R0 are independently selected from
hydrogen and C1-C5 alkyl. [0091] In certain
embodiments, R4 is C3-C5 cycloalkyl, C1-C6 alkyl,
C2-C6 alkenyl, or C2-C6 alkynyl, wherein the
cycloalkyl, alkyl, alkenyl and alkynyl are optionally
substituted with ORS, halogen or C3-C4 cycloalkyl.
[0092] In certain embodiments, R4 is cyclopropyl,
ethyl, propyl, butyl, isobutyl, -CH2Cl, -CH 2CF3, -CH
2CH2CH2F, -CH 2CH2CF3, phenylmethyl,
cyclopropylmethyl, phenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 2,5-difluorophenyl,
4-chloro-3- trifluoromethylphenyl, 1-methyl-
lH-imidazol-4-yl, furan-2-yl, pyridin-2-yl,
pyridin-3-yl, thiophen-2-yl, -NHCH 2CH3, -NHCH
2CH2CH3, -N(CH3)CH2CH3, -N(CH3)2, or pyrrolidine.
[0093] In certain embodiments, R4 is cyclopropyl,
propyl, butyl, isobutyl, -CH2Cl, -CH 2CF3, -CH
2CH2CH2F, -CH 2CH2CF3, cyclopropylmethyl, -NHCH
2CH2CH3, -N(CH3)CH2CH3, -N(CH3)2, or pyrrolidine.
[0094] In certain embodiments, R4 is cyclopropyl,
propyl, butyl, isobutyl, -CH2Cl, -CH 2CF3, -CH
2CH2CH2F, -CH 2CH2CF3, cyclopropylmethyl or -NHCH
2CH2CH3. [0095] In certain embodiments, R4 is propyl,
butyl, isobutyl, -CH 2CH2CH2F, -CH 2CH2CF3 or
cyclopropylmethyl. [0096] In certain embodiments, R4
is C3-C5 cycloalkyl or C1-C6 alkyl optionally
substituted with OH, halogen or C3-C4 cycloalkyl.
[0097] In certain embodiments, R4 is C3-C5 cycloalkyl.
In certain embodiments, R4 is C3-C4 cycloalkyl. In
certain embodiments, R4 is cyclopropyl or cyclobutyl.
[0098] In certain embodiments, R4 is C3-C5 cycloalkyl.
In certain embodiments, R4 is C3-C4 cycloalkyl. In
certain embodiments, R4 is cyclopropyl.[0099] In
certain embodiments, R4 is C1-C6 alkyl. In certain
embodiments, R4 is ethyl, propyl, butyl or isobutyl.
[00100] In certain embodiments, R4 is C1-C6 alkyl. In
certain embodiments, R4 is propyl, butyl or isobutyl.
[00101] In certain embodiments, R4 is C1-C6 alkyl
optionally substituted with halogen. In certain
embodiments, R4 is -CF3, -CH2Cl, -CH2CF3, -CH2CH2CH2F,
-CH2CH2CF3, -CF2CF3 or -CF2CF2CF3. [00102] In certain
embodiments, R4 is C1-C6 alkyl optionally substituted
with halogen. In certain embodiments, R4 is -CF3,
-CH2CF3, -CH2CH2CH2F, -CH2CH2CF3, -CF2CF3 or
-CF2CF2CF3. In certain embodiments, R4 is -CH 2CH2CH2F
or -CH 2CH2CF3. [00103] In certain embodiments, R4 is
C1-C6 alkyl optionally substituted with OH, halogen or
C3-C4 cycloalkyl. In certain embodiments, R4 is
cyclopropylmethyl (-CH2- cyclopropyl) or
cyclobutylmethyl (-CH2-cyclobutyl). In certain
embodiments, R4 is cyclopropylmethyl
(-CH^cyclopropyl). [00104] In certain embodiments, R4
is C1-C6 alkyl optionally substituted with phenyl. In
certain embodiments, R4 is phenylmethyl. [00105] In
certain embodiments, R4 is phenyl optionally
substituted with ORg, halogen, C3-C4 cycloalkyl, or
C1-C4 alkyl optionally substituted with halogen. In
certain embodiments, R4 is phenyl optionally
substituted with halogen. In certain embodiments, R4
is phenyl optionally substituted with C1-C4 alkyl
optionally substituted with halogen. In certain
embodiments, R4 is phenyl optionally substituted with
halogen and C1-C4 alkyl optionally substituted with
halogen. In certain embodiments, R4 is phenyl. In
certain embodiments, R4 is phenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 2,5- difluorophenyl or
4-chloro-3-trifluoromethylphenyl. [00106] In certain
embodiments, R4 is a 5-6 membered heteroaryl
optionally substituted with ORg, halogen, C3-C4
cycloalkyl or C1-C4 alkyl optionally substituted with
halogen. In certain embodiments, R4 is a 5-6 membered
heteroaryl optionally substituted with Ci-C4 alkyl. In
certain embodiments, R4 is a 5-6 membered heteroaryl,
wherein the heteroaryl contains one or two heteroatoms
selected from the group consisting of oxygen, nitrogen
and sulfur. In certain embodiments, R4 is a 5-6
membered heteroaryl, wherein the heteroaryl is
imidazolyl, furanyl, pyridinyl or thiophenyl. In
certain embodiments, R is 1- methyl-lH-imidazol-4-yl,
furan-2-yl, pyridin-2-yl, pyridin-3-yl or
thiophen-2-yl.[00107] In certain embodiments, R4 is
NRnR. In certain embodiments, Rn and R0 are
independently selected from hydrogen and C1-C alkyl.
In certain embodiments, R0 is hydrogen. In certain
embodiments, R" is C1-C5 alkyl. In certain
embodiments, R" is ethyl or propyl. In certain
embodiments, R4 is selected from the group consisting
of -NHCH 2CH3, -NHCH 2CH2CH3, -N(CH3)CH2CH3 and
-N(CH3)2. [00108] In certain embodiments, R" and R0
together with the nitrogen to which they are attached
form a 4 to 6 membered heterocyclic ring. In certain
embodiments, Rn and R0 together with the nitrogen to
which they are attached form a 4 to 6 membered
heterocyclic ring, wherein the heterocyclic ring
contains one nitrogen heteroatom. In certain
embodiments, R4 is pyrrolidine. [00109] In certain
embodiments, R4 is selected from propyl,
cyclopropylmethyl, -CH2CH2CH2F and phenyl. In a
further embodiment, R4 is selected from propyl,
cyclopropylmethyl and -CH2CH2CH2F. [00110] In certain
embodiments of Formula I , R1 and R2 are F, R3 is
hydrogen and R4 is propyl, such that the compounds
have the structure of Formula Ia: Ia [00111] In
certain embodiments of Formula I , R1 is Cl and R2 is
F, R3 is hydrogen and R is propyl, such that the
compounds have the structure of Formula IaI: IaI
[00112] In certain embodiments of Formula I , R1 is F
and R2 is Cl, R3 is hydrogen and R4 is propyl, such
that the compounds have the structure of Formula Ia2:
Ia2[00113] In certain embodiments, R6 is hydrogen,
halogen, CN, NRkR , ORm, a saturated or partially
unsaturated C3-C cycloalkyl optionally substituted
with halogen or C1- C4 alkyl, a saturated or partially
unsaturated 4-6 membered heterocyclyl optionally
substituted with C1-C4 alkyl, -O(CH2)m 4-6 membered
heterocyclyl optionally substituted with C1-C4 alkyl,
phenyl optionally substituted with one to three Ra
groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C2-C6 alkenyl
optionally substituted with halogen, ORg or NRsRh,
C2-C6 alkynyl optionally substituted with halogen, ORg
or NR8Rh, or C1-C6 alkyl optionally substituted with
one to three Rb groups. In certain embodiments, m is
0, 1, 2, or 3. [00114] In certain embodiments, R6 is
hydrogen, halogen, CN, a saturated or partially
unsaturated C3-C6 cycloalkyl optionally substituted
with halogen or C1-C4 alkyl, a saturated or partially
unsaturated 4-6 membered heterocyclyl, -O(CH2)m 4-6
membered heterocyclyl optionally substituted with
C1-C3 alkyl, phenyl optionally substituted with one to
three Ra groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C1-C4 alkenyl
optionally substituted with ORg, C -C6 alkynyl
optionally substituted with OR8, or C1-C4 alkyl
optionally substituted with one to three Rb groups. In
certain embodiments, m is 0, 1, 2, or 3. [00115] In
certain embodiments, R6 is hydrogen, CN, NRkR , ORm, a
saturated or 



partially unsaturated C3-C cycloalkyl optionally
substituted with halogen or C1-C4 alkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1- C4 alkyl, -O(CH2)m 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, phenyl optionally substituted with one to
three Ra groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C2-C6 alkenyl
optionally substituted with halogen, ORg or NR8Rh,
C2-C6 alkynyl optionally substituted with halogen, ORg
or NRgRh, or C1-C6 alkyl optionally substituted with
one to three Rb groups. In certain embodiments, m is
0, 1, 2, or 3. [00116] In certain embodiments, R6 is
hydrogen, CN, a saturated or partially unsaturated
C3-C6 cycloalkyl optionally substituted with halogen
or C1-C4 alkyl, a saturated or partially unsaturated
4-6 membered heterocyclyl, -O(CH2)m 4-6 membered
heterocyclyl optionally substituted with C1-C3 alkyl,
phenyl optionally substituted with one to three Ra
groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C1-C4 alkenyl
optionally substituted with ORg, C3-C6 alkynyl
optionally substituted with OR8, orC1-C4 alkyl
optionally substituted with one to three Rb groups. In
certain embodiments, m is 0, 1, 2, or 3. [00117] In
certain embodiments, R6 is CN, NRkR', ORm, a saturated
or partially unsaturated C -C6 cycloalkyl optionally
substituted with halogen or C1-C4 alkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, -O(CH2)m 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, phenyl optionally substituted with one to
three Ra groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C2-C alkenyl
optionally substituted with halogen, ORg or NRgRh,
C2-C6 alkynyl optionally substituted with halogen, ORg
or NRgRh, or C1-C6 alkyl optionally substituted with
one to three Rb groups. In certain embodiments, m is
0, 1, 2, or 3. [00118] In certain embodiments, R6 is
CN, a saturated or partially unsaturated C3-C6
cycloalkyl optionally substituted with halogen or
C1-C4 alkyl, a saturated or partially unsaturated 4-6
membered heterocyclyl, -O(CH2)m 4-6 membered
heterocyclyl optionally substituted with C1-C3 alkyl,
phenyl optionally substituted with one to three Ra
groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C1-C4 alkenyl
optionally substituted with ORg, C3-C6 alkynyl
optionally substituted with ORg, or C1-C4 alkyl
optionally substituted with one to three Rb groups. In
certain embodiments, m is 0, 1, 2, or 3. [00119] In
certain embodiments, each Ra is independently selected
from halogen, CN, CF3, OH, -0(C 1-C4 alkyl), a 5-6
membered heterocyclyl, or C1-C4 alkyl optionally
substituted with NR8Rh, and a 5-6 membered
heterocyclyl. [00120] In certain embodiments, each Ra
is independently selected from halogen, CN, CF3, OH,
-0(C 1-C4 alkyl), a 5-6 membered heterocyclyl, or
C1-C4 alkyl optionally substituted with NR8Rh or a 5-6
membered heterocyclyl. [00121] In certain embodiments,
each Rb is independently selected from halogen, OH,
-OCH3, oxo, -NReRf, phenyl optionally substituted with
a halogen, C3-C6 cycloalkyl, and a 5- 6 membered
heterocyclyl optionally substituted with halogen.
[00122] In certain embodiments, each Rb is
independently selected from halogen, OH, -OCH3, oxo,
-NReRf, phenyl optionally substituted with a halogen,
C3-C6 cycloalkyl, or a 5-6 membered heterocyclyl
optionally substituted with halogen.[00123] In certain
embodiments, each Rb is independently selected from
halogen, OH, -OCH3, -NReRf, phenyl optionally
substituted with a halogen, C3-C6 cycloalkyl, or a 5-6
membered heterocyclyl optionally substituted with
halogen. [00124] In certain embodiments, Re is
hydrogen, C1-C4 alkyl or phenyl. [00125] In certain
embodiments, Rf is hydrogen, C1-C4 alkyl or phenyl.
[00126] In certain embodiments, Rg is hydrogen or
C1-C4 alkyl. [00127] In certain embodiments, Rh is
hydrogen or C1-C4 alkyl. [00128] In certain
embodiments, Rk is hydrogen or C1-C4 alkyl. [00129] In
certain embodiments, R1is hydrogen or C1-C4 alkyl.
[00130] In certain embodiments, Rm is hydrogen or
C1-C4 alkyl. [00131] In certain embodiments, R6 is
hydrogen, halogen, CN, NRkR', ORm, a saturated or
partially unsaturated C3-C6 cycloalkyl, a saturated
4-6 membered heterocyclyl, phenyl optionally
substituted with one to three Ra groups, a 5-6
membered heteroaryl optionally substituted with C1-C4
alkyl or benzyl, C2-C6 alkenyl, C2-C6 alkynyl
optionally substituted with OR8, or C1-C6 alkyl
optionally substituted with one to three Rb groups.
[00132] In certain embodiments, R6 is hydrogen,
halogen, CN, a saturated or partially unsaturated
C3-C6 cycloalkyl,
(2,2-dimethyl-l,3-dioxolan-4-yl)methoxy, phenyl
optionally substituted with one to three Ra groups, a
5-6 membered heteroaryl optionally substituted with
C1-C4 alkyl or benzyl, C1-C4 alkenyl, C3-C6 alkynyl
optionally substituted with ORg, or C1-C4 alkyl
optionally substituted with one to three Rb groups.
[00133] In certain embodiments, R6 is hydrogen, CN,
NRkR*, ORm, a saturated or partially unsaturated C3-C6
cycloalkyl, a saturated 4-6 membered heterocyclyl,
phenyl optionally substituted with one to three Ra
groups, a 5-6 membered heteroaryl optionally
substituted with C1-C4 alkyl or benzyl, C -C6 alkenyl,
C2-C6 alkynyl optionally substituted with ORg, or
C1-C6 alkyl optionally substituted with one to three R
groups. [00134] In certain embodiments, R6 is
hydrogen, CN, a saturated or partially unsaturated
C3-C6 cycloalkyl,
(2,2-dimethyl-l,3-dioxolan-4-yl)methoxy, phenyl
optionally substituted with one to three Ra groups, a
5-6 membered heteroaryl optionally substituted with
C1-C4 alkyl or benzyl, C1-C4 alkenyl, C3-C6 alkynyl
optionally substituted with OR8, or C1-C4 alkyl
optionally substituted with one to three Rb groups.
[00135] In certain embodiments, R6 is CN, NRkR', ORm,
a saturated or partially unsaturated C3-C6 cycloalkyl,
a saturated 4-6 membered heterocyclyl, phenyl
optionally substituted with one to three Ra groups, a
5-6 membered heteroaryl optionally substitutedwith
C1-C4 alkyl or benzyl, C2-C6 alkenyl, C2-C6 alkynyl
optionally substituted with OR8, or C1-C6 alkyl
optionally substituted with one to three Rb groups.
[00136] In certain embodiments, R6 is CN, a saturated
or partially unsaturated C3-C6 cycloalkyl,
(2,2-dimethyl-l,3-dioxolan-4-yl)methoxy, phenyl
optionally substituted with one to three Ra groups, a
5-6 membered heteroaryl optionally substituted with
C1-C4 alkyl or benzyl, C1-C4 alkenyl, C3-C6 alkynyl
optionally substituted with OR8, or C1-C4 alkyl
optionally substituted with one to three Rb groups.
[00137] In certain embodiments, each Ra is
independently selected from halogen, CN, CF3, -0(C
1-C4 alkyl), a 5-6 membered heterocyclyl, or C1-C4
alkyl optionally substituted with NR8Rh or a 5-6
membered heterocyclyl. [00138] In certain embodiments,
R6 is hydrogen, Cl, Br, F, I, CN, dimethylamino,
ethoxy, cyclohexyl, cyclopentyl, cyclobutyl,
cyclopropyl, cyclopentenyl, morpholino, phenyl,
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
3-chlorophenyl, 4-chlorophenyl, 3- methylphenyl,
3-methoxyphenyl, 3-isopropylphenyl,
3-isopropoxyphenyl, 3- trifluoromethylphenyl,
4-trifluoromethylphenyl, 3-morpholinophenyl,
2,5-difluorophenyl, 3,4-difluorophenyl,
3-chloro-4-fluorophenyl, 3,5-difluorophenyl, 3-
((dimethylamino)methyl)phenyl, 3-(mof
holinomethyl)phenyl, pyridin-3-yl, furan-3-yl,
thiopheny-3-yl, 2-methylthiazol-4-yl, 1-methyl-
lH-pyrazol-4-yl, lH-pyrazol-5-yl, 1-benzyllH-
pyrazol-4-yl, -CH=CH 2, -C CCH2OH, -CCCH2OCH3, methyl,
ethyl, tert-butyl, cyclopropylmethyl, -CH 2CH2CH2OCH3,
-CH2CH2CH2OH, -CH 2-4-chlorophenyl, -C(=O)CH3,
-C(=O)CH2N(CH3)2, -C(=O)NH(phenyl), -C(=O)NH(CH3),
-C(=O)N(CH 3)2, -C(=O)cyclopropyl,
-CH(OH)-4-chlorophenyl, -C(=O)-4-chlorophenyl,
-C(=O)-3,4- dichlorophenyl, -C(=O)CH 2-piperdin-l-yl,
-C(=O)CH 2-3-fluoropiperdin-l-yl, -C(=O)OCH3, CF3,
isobutyryl, -C(=O)-cyclobutyl or -C(=O)-cyclopentyl.
[00139] In certain embodiments, R6 is hydrogen, Cl,
Br, I, CN, cyclohexyl, cyclopentyl, cyclobutyl,
cyclopropyl, cyclopentenyl,
(2,2-dimethyl-l,3-dioxolan-4- yl)methoxy, phenyl,
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
3-chlorophenyl, 4- chlorophenyl, 3-methylphenyl,
3-methoxyphenyl, 3-isopropylphenyl,
3-isopropoxyphenyl, 3- trifluoromethylphenyl,
4-trifluoromethylphenyl, 3-morpholinophenyl,
2,5-difluorophenyl, 3,4-difluorophenyl,
3-chloro-4-fluorophenyl, 3,5-difluorophenyl,
3-((dimethylamino)methyl) phenyl,
3-(morpholinomethyl)phenyl, pyridin-3-yl, furan-3-yl,
thiopheny-3-yl, 2- methylthiazol-4-yl, 1-methyl-
lH-pyrazol-4-yl, lH-pyrazol-5-yl, 1-benzyl-
lH-pyrazol-4-yl, -CH=CH 2, -CCCH2OH, -CCCH2OCH3,
methyl, ethyl, tert-butyl, cyclopropylmethyl,-CH
2CH2CH2OCH3, -CH2CH2CH2OH, -CH 2-4-chlorophenyl,
-C(O)CH 3, -C(=O)CH2N(CH3)2, -C(=0)NH(phenyl),
-C(O)NH(CH 3), -C(O)N(CHs) 2, -C(0)cyclo rropyl,
-CH(OH)-4-chlorophenyl, -C(0)-4-chlorophenyl,
-C(O>3,4- dichlorophenyl, -C(O)CH 2-piperdin-l-yl,
-C(=O)CH 2-3-fluoropiperdin-l-yl, -C(=O)OCH3 or CF3.
[00140] In certain embodiments, R6 is hydrogen, Cl,
Br, I, CN, cyclohexyl, cyclopentyl, cyclobutyl,
cyclopropyl, cyclopentenyl, phenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 3-chlorophenyl,
4-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl, 3- 



isopropylphenyl, 3-isopropoxyphenyl,
3-trifluoromethylphenyl, 4-trifluoromethylphenyl, 3-
mof holinophenyl, 2,5-difluorophenyl,
3,4-difluorophenyl, 3-chloro-4-fluorophenyl, 3,5-
difluorophenyl, 3-((dimethylamino)methyl)phenyl,
3-(morpholinomethyl)phenyl, pyridin-3- yl, furan-3-yl,
thiopheny-3-yl, 2-methylthiazol-4-yl, 1-methyl-
lH-pyrazol-4-yl, lH-pyrazol- 5-yl, 1-benzyl-
lH-pyrazol-4-yl, -CH=CH 2, -CCCH2OH, -CCCH2OCH3,
methyl, ethyl, tert-butyl, cyclopropylmethyl, -CH
2CH2CH2OCH3, -CH2CH2CH2OH, -CH 2-4-chlorophenyl,
-C(O)CH 3, -C(=O)CH2N(CH3)2, -C(=O)NH(phenyl),
-C(O)NH(CH 3), -C(O)N(CHs) 2, -C(=O)cyclopropyl,
-CH(OH)-4-chlorophenyl, -C(=O)-4-chlorophenyl,
-C(O)-3,4- dichlorophenyl, -C(=O)CH 2-piperdin-l-yl,
-C(=O)CH 2-3-fluoropiperdin-l-yl, -C(=O)OCH3 or CF3.
[00141] In certain embodiments, R6 is hydrogen.
[00142] In certain embodiments, R6 is halogen. In
certain embodiments, R6 is Cl, Br, F or I. [00143] In
certain embodiments, R6 is halogen. In certain
embodiments, R6 is Cl, Br or I. [00144] In certain
embodiments, R6 is CN. [00145] In certain embodiments,
R6 is NRkR*. In certain embodiments, Rk and R1 are
independently selected from hydrogen and C1-C4 alkyl.
In certain embodiments, R6 is dimethylamino. [00146]
In certain embodiments, R6 is 0 Rm. In certain
embodiments, Rm is hydrogen or C1-C4 alkyl. In certain
embodiments, R6 is ethoxy. [00147] In certain
embodiments, R6 is a saturated or partially
unsaturated C3-C6 cycloalkyl optionally substituted
with halogen or C1-C4 alkyl. In certain embodiments,
R6 is a saturated or partially unsaturated C3-C6
cycloalkyl. hi certain embodiments, R6 is selected
from cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl and cyclohexenyl.[00148] In
certain embodiments, R6 is a saturated C3-C6
cycloalkyl optionally substituted with halogen or
C1-C4 alkyl. In certain embodiments, R6 is a saturated
C3-C6 cycloalkyl. In certain embodiments, R6 is
cyclohexyl, cyclopentyl, cyclobutyl or cyclopropyl.
[00149] In certain embodiments, R6 is a partially
unsaturated C3-C6 cycloalkyl optionally substituted
with halogen or C1-C4 alkyl. In certain embodiments,
R6 is a partially unsaturated C3-C6 cycloalkyl. In
certain embodiments, R6 is cyclopentenyl. [00150] In
certain embodiments, R6 is a saturated or partially
unsaturated 4-6 membered heterocyclyl optionally
substituted with C1-C4 alkyl. In certain embodiments,
R6 is a saturated or partially unsaturated 4-6
membered heterocyclyl optionally substituted with C1-C
alkyl, wherein the heterocyclyl contains one or two
heteroatoms selected from nitrogen and oxygen. In
certain embodiments, R6 is a saturated or partially
unsaturated 4-6 membered heterocyclyl optionally
substituted with C1-C4 alkyl, wherein the heterocyclyl
contains two heteroatoms selected from nitrogen and
oxygen. In certain embodiments, R6 is a saturated or
partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, wherein the
heterocyclyl is morpholino. In certain embodiments, R
is morpholino. [00151] In certain embodiments, R6 is a
saturated or partially unsaturated 4-6 membered
heterocyclyl. [00152] In certain embodiments, R6 is
-O(CH 2)m 4-6 membered heterocyclyl optionally
substituted with C1-C alkyl. In certain embodiments,
R6 is -O(CH 2)m 4-6 membered heterocyclyl optionally
substituted with C1-C3 alkyl, wherein the heterocyclyl
is 1,3-dioxolane. In certain embodiments, m is 0, 1,
2, or 3. In certain embodiments, m is 1. In certain
embodiments, R6 is
(2,2-dimethyl-l,3-dioxolan-4-yl)methoxy. [00153] In
certain embodiments, R6 is phenyl. [00154] In certain
embodiments, R6 is phenyl optionally substituted with
one to three Ra groups. In certain embodiments, each
Ra is independently selected from halogen, CN, CF3,
OH, -0(C 1-C4 alkyl), a 5-6 membered heterocyclyl, or
C1-C4 alkyl optionally substituted with NR8Rh or a 5-6
membered heterocyclyl. In certain embodiments, each Ra
is independently selected from halogen, CN, CF3, -0(C
1-C4 alkyl), a 5-6 membered heterocyclyl, or C1-C4
alkyl optionally substituted with NRgRh or a 5-6
membered heterocyclyl. In certain embodiments, Ra is a
5-6 membered heterocyclyl, wherein the heterocyclyl is
morpholinyl. In certain embodiments, Ra is C1-C4 alkyl
optionally substituted with a 5-6 membered
heterocyclyl, wherein the heterocyclyl is morpholinyl.
In certainembodiments, R6 is phenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 3-chlorophenyl,
4-chlorophenyl, 3-methylphenyl, 3-methoxyphenyl,
3-isopropylphenyl, 3-isopropoxyphenyl,
3-trifluoromethylphenyl, 4-trifluoromethylphenyl,
3-morpholinophenyl, 2,5-difluorophenyl,
3,4-difluorophenyl, 3-chloro-4-fluorophenyl,
3,5-difluorophenyl, 3- ((dimethylamino)methyl)phenyl
or 3-(morpholinomethyl)phenyl. [00155] In certain
embodiments, R6 is phenyl optionally substituted with
one to three Ra groups. In certain embodiments, R6 is
phenyl substituted with one or two Ra groups. In
certain embodiments, each Ra is independently selected
from halogen, CN, CF3, OH, -0(C 1- C4 alkyl), a 5-6
membered heterocyclyl, or C1-C4 alkyl optionally
substituted with NRgRh or a 5-6 membered heterocyclyl.
In certain embodiments, each Ra is independently
selected from halogen, CN, CF3, -0(C 1-C4 alkyl), a
5-6 membered heterocyclyl, or C1-C4 alkyl optionally
substituted with NRgRh or a 5-6 membered heterocyclyl.
In certain embodiments, Ra is F or Cl. In certain
embodiments, Ra is -OCH 3 or -OCH(CH 3)2. In certain
embodiments, Ra is methyl or isopropyl. In certain
embodiments, Ra is a 5-6 membered heterocyclyl,
wherein the heterocyclyl is morpholinyl. In certain
embodiments, Ra is C1-C4 alkyl optionally substituted
with a 5-6 membered heterocyclyl, wherein the
heterocyclyl is morpholinyl. In certain embodiments,
R6 is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
3-chlorophenyl, Achlorophenyl, 3-methylphenyl,
3-methoxyphenyl, 3-isopropylphenyl,
3-isopropoxyphenyl, 3- trifluoromethylphenyl,
4-trifluoromethylphenyl, 3-morpholinophenyl,
2,5-difluorophenyl, 3,4-difluorophenyl,
3-chloro-4-fluorophenyl, 3,5-difluorophenyl,
3-((dimethylamino) methyl)phenyl or
3-(morpholinomethyl)phenyl. [00156] In certain
embodiments, R6 is a 5-6 membered heteroaryl
optionally substituted with C1-C4 alkyl or benzyl. In
certain embodiments, R6 is a 5-6 membered heteroaryl
optionally substituted with C1-C4 alkyl or benzyl,
wherein the heteroaryl contains one or two heteroatoms
selected from nitrogen, oxygen and sulfur. In certain
embodiments, R6 is a 5-6 membered heteroaryl
optionally substituted with C1-C4 alkyl or benzyl,
wherein the heteroaryl is selected from furan,
thiophene, thiazole, pyrazole and pyridine. In certain
embodiments, R6 is furan-3-yl, thiopheny-3-yl,
2-methylthiazol-4-yl, 1-methyl- lH-pyrazol-4- yl,
lH-pyrazol-5-yl, 1-benzyl- lH-pyrazol-4-yl or
pyridin-3-yl. [00157] In certain embodiments, R6 is a
5-6 membered heteroaryl optionally substituted with
C1-C4 alkyl or benzyl. In certain embodiments, R6 is a
6 membered heteroaryl. In certain embodiments, R6 is
pyridinyl. In certain embodiments, R6 is pyridin-3-
yi.[00158] In certain embodiments, R6 is a 5-6
membered heteroaryl optionally substituted with C1-C4
alkyl or benzyl. In certain embodiments, R6 is a 5
membered heteroaryl optionally substituted with C1-C4
alkyl or benzyl. In certain embodiments, R6 is a 5
membered heteroaryl optionally substituted with
methyl. In certain embodiments, R is a 5 membered
heteroaryl optionally substituted with benzyl. In
certain embodiments, R6 is a 5 membered heteroaryl
selected from furanyl, thiophenyl, thiazolyl and
pyrazolyl. In certain embodiments, R6 is furan-3-yl,
thiopheny-3-yl, 2-methylthiazol-4-yl, 1-methyl-
lH-pyrazol-4- yl, lH-pyrazol-5-yl or 1-benzyl-
lH-pyrazol-4-yl. [00159] In certain embodiments, R6 is
C2-C6 alkenyl optionally substituted with halogen, OR8
or NR8Rh. In certain embodiments, R6 is C -C4 alkenyl
optionally substituted with halogen, ORg or NRgRh. In
certain embodiments, R6 is C -C4 alkenyl. In certain
embodiments, R6 is -CH=CH 2 (vinyl). [00160] In
certain embodiments, R6 is C1-C4 alkenyl optionally
substituted with OR8. In certain embodiments, R6 is C
-C4 alkenyl. In certain embodiments, R6 is -CH=CH 2
(vinyl). [00161] In certain embodiments, R6 is C2-C6
alkynyl optionally substituted with halogen, OR8 or
NR8Rh. In certain embodiments, R6 is C2-C6 alkynyl
optionally substituted with ORg. In certain
embodiments, R6 is C2-C4 alkynyl optionally
substituted with halogen, OR8 or NRgRh. In certain
embodiments, R8 is hydrogen or C1-C4 alkyl. In certain
embodiments R8 is hydrogen or methyl. In certain
embodiments, R6 is -C=CCH2OH or - C=CCH2OCH3. [00162]
In certain embodiments, R6 is C3-C6 alkynyl optionally
substituted with OR8. In certain embodiments, Rg is
hydrogen or C1-C4 alkyl. In certain embodiments R8 is
hydrogen or methyl. In certain embodiments, R6 is
C=CCH2OH or C=CCH2OCH3. [00163] In certain
embodiments, R6 is C1-C6 alkyl optionally substituted
with one to three R groups. In certain embodiments,
each Rb is independently selected from halogen, OH,
OCH3, oxo, -NReRf, phenyl optionally substituted with
a halogen, C3-C6 cycloalkyl, and 



a 5-6 membered heterocyclyl optionally substituted
with halogen. In certain embodiments, Rb is a 5-6
membered heterocyclyl optionally substituted with
halogen, wherein the heterocyclyl contains one or two
heteroatoms selected from oxygen, nitrogen and sulfur.
In certain embodiments, R is a 5-6 membered
heterocyclyl optionally substituted with halogen,
wherein the heterocyclyl is piperdinyl. In certain
embodiments, R6 is methyl, ethyl, tertbutyl,
cyclopropylmethyl, -CH 2CH2CH2OCH3, -CH2CH2CH2OH, -CH
2-4-chlorophenyl,-C(=O)CH 3, -C(=O)CH 2N(CH 3)2,
-C(=O)NH(phenyl), -C(O)NH(CH 3), -C(=O)N(CH 3)2 ,
-C(=O)cyclopropyl, -CH(OH)-4-chlorophenyl,
-C(=O)-4-chlorophenyl, -C(=O)-3,4- dichlorophenyl,
-C(=O)CH 2-piperdin-l-yl, -C(=O)CH
2-3-fluoropiperdin-l-yl, -C(=O)OCH 3 , CF3 ,
isobutyryl (-C(=O)CH(CH 3)2) , -C(=O)-cyclobutyl or
-C(=O)-cyclopentyl. [00164] In certain embodiments, R
6 is C 1-C4 alkyl optionally substituted with one to
three Rb groups. In certain embodiments, each Rb is
independently selected from halogen, OH, OCH 3, oxo,
-NR eR f, phenyl optionally substituted with a
halogen, C3-C6 cycloalkyl, and a 5-6 membered
heterocyclyl optionally substituted with halogen. In
certain embodiments, R6 is methyl, ethyl, tert-butyl,
cyclopropylmethyl, -CH 2CH2CH2OCH 3, -CH 2CH2CH2OH,
-CH 2-4-chlorophenyl, -C(=0)CH 3, -C(=O)CH 2N(CH 3)2 ,
-C(=O)NH(phenyl), -C(=O)NH(CH 3) , -C(=O)N(CH 3)2 ,
-C(=O)cyclopropyl, -CH(OH)-4-chlorophenyl, -C(=O)-
4-chlorophenyl, -C(=O)-3,4-dichlorophenyl, -C(-O)CH 2
-piperdin-l-yl, -C(=O)CH 2-3- fluoropiperdin-1-yl,
-C(=O)OCH 3 or CF 3 . [00165] In certain embodiments,
R 6 is C 1-C4 alkyl optionally substituted with one to
three Rb groups. In certain embodiments, each Rb is
independently selected from halogen, OH, OCH 3 , -NR
eRf , phenyl optionally substituted with a halogen,
C3-C6 cycloalkyl, and a 5-6 membered heterocyclyl
optionally substituted with halogen. In certain
embodiments, R6 is methyl, ethyl, tert-butyl,
cyclopropylmethyl, -CH 2CH2CH2OCH 3 , -CH 2CH2CH2OH,
-CH 2-4-chlorophenyl, -CH(OH)-4-chlorophenyl, or CF3 .
[00166] In certain embodiments, R 6 is C 1-C6 alkyl.
In certain embodiments, R is methyl, ethyl or
tert-butyl. [00167] In certain embodiments, R 6 is C
1-C4 alkyl. In certain embodiments, R 6 is methyl,
ethyl or tert-butyl. [00168] In certain embodiments, R
6 is C 1-C6 alkyl substituted with one R b group. In
certain embodiments, R b i s OH, OCH 3 , C3-C6
cycloalkyl, oxo or phenyl optionally substituted with
a halogen. In certain embodiments, R 6 is -CH
2CH2CH2OCH 3, -CH 2CH2CH2OH, -CH 2 - 4-chlorophenyl,
cyclopropylmethyl, -C(=O)CH 3 or isobutyryl. [00169]
In certain embodiments, R 6 is C 1-C4 alkyl
substituted with one Rb group. In certain embodiments,
R b is OH or OCH 3 . In certain embodiments, R 6 is
-CH 2CH2CH2OCH 3 or -CH 2CH2CH2OH. [[0000117700]] IInn
cceerrttaaiinn eemmbbooddiimmeennttss,, R 6 i s C 1-C4
alkyl substituted with one R b group. In certain
embodiments, Rb is phenyl optionally substituted with
a halogen. In certainembodiments, Rb is phenyl
substituted with Cl. In certain embodiments, R6 is
-CH2-4- chlorophenyl. [00171] In certain embodiments,
R6 is C1-C4 alkyl substituted with one Rb group. In
certain embodiments, Rb is C3-C6 cycloalkyl. In
certain embodiments, R6 is cyclopropylmethyl. [00172]
In certain embodiments, R6 is C1-C6 alkyl substituted
with one Rb group. In certain embodiments, R6 is C1-C4
alkyl substituted with one Rb group. In certain
embodiments, Rb is oxo. In certain embodiments, R6 is
-C(=O)CH3 or isobutyryl. [00173] In certain
embodiments, R6 is C1-C4 alkyl substituted with one Rb
group. In certain embodiments, Rb is oxo. In certain
embodiments, R6 is -C(=O)CH3. [00174] In certain
embodiments, R6 is C1-C6 alkyl substituted with one to
three Rb groups. In certain embodiments, each Rb is
independently selected from oxo, -NReRf, OH, OCH3,
C3-C6 cycloalkyl, phenyl optionally substituted with a
halogen, or a 5-6 membered heterocyclyl optionally
substituted with halogen. In certain embodiments, each
Re and Rf are independently selected from H, C1-C4
alkyl and phenyl. In certain embodiments, R6 is C1-C4
alkyl substituted with two Rb groups. In certain
embodiments, R6 is -C(=O)CH2N(CH3)2, -C(=O)NH(phenyl),
-C(=O)NH(CH3), -C(=O)N(CH 3)2, -CH(OH)-4-chlorophenyl,
-C(=O)- 4-chlorophenyl, -C(=O)-3,4-dichlorophenyl,
-C(=O)CH 2-piperdin-l-yl, -C(=O)CH 2-3-
fluoropiperdin-1-yl, -C(O)OCH 3, -C(=O)-cyclopropyl,
-C(=O)-cyclobutyl or -C(=O)- cyclopentyl. [00175] In
certain embodiments, R6 is C1-C4 alkyl substituted
with one to three Rb groups. In certain embodiments,
each Rb is independently selected from oxo or -NReRf.
In certain embodiments, Rd and Re are independently
selected from H, C1-C4 alkyl or phenyl. In certain
embodiments, R6 is C1-C4 alkyl substituted with two Rb
groups. In certain embodiments, R6 is
-C(=O)CH2N(CH3)2, -C(=O)NH(phenyl), -C(=O)NH(CH3) or
-C(=O)N(CH 3)2. [00176] In certain embodiments, R6 is
C1-C4 alkyl substituted with one to three Rb groups.
In certain embodiments, each Rb is independently
selected from OH or phenyl optionally substituted with
a halogen. In certain embodiments, Rb is phenyl
substituted with Cl. In certain embodiments, R6 is
C1-C4 alkyl substituted with two Rb groups. In certain
embodiments, -CH(OH)-4-chlorophenyl. [00177] In
certain embodiments, R6 is C1-C4 alkyl optionally
substituted with one to three Rb groups. In certain
embodiments, each Rb is selected from oxo and phenyl
optionallysubstituted with halogen. In certain
embodiments, Rb is 4-chlorophenyl or 3,4-
dichlorophenyl. In certain embodiments, R6 is C1-C4
alkyl substituted with two Rb groups. In certain
embodiments, R6 is -C(=O)-4-chlorophenyl or
-C(=O)-3,4-dichlorophenyl. [00178] In certain
embodiments, R6 is C1-C4 alkyl optionally substituted
with one to three Rb groups. In certain embodiments,
each Rb is selected from oxo and a 5-6 membered
heterocyclyl optionally substituted with halogen. In
certain embodiments, Rb is piperidinyl optionally
substituted with a halogen. In certain embodiments, R6
is C1-C4 alkyl substituted with two Rb groups. In
certain embodiments, R6 is -C(=O)CH 2-piperdin-l-yl or
-C(=O)CH 2-3-fluoropiperdin- 1-yl. [00179] In certain
embodiments, R6 is C1-C4 alkyl substituted with one to
three Rb groups. In certain embodiments, each Rb is
independently selected from oxo or OCH3. In certain
embodiments, R6 is C1-C4 alkyl substituted with two R
groups. In certain embodiments, R6 is -C(O)OCH 3.
[00180] In certain embodiments, R6 is C1-C6 alkyl
substituted with one to three Rb groups. In certain
embodiments, each Rb is independently selected from
oxo and C3-C cycloalkyl. In certain embodiments, each
Rb is independently selected from oxo and C3-C6
cycloalkyl, wherein the cycloalkyl is selected from
cyclopropyl, cyclobutyl and cyclopentyl. In certain
embodiments, R6 is C1-C4 alkyl substituted with two Rb
groups. In certain embodiments, R6 is
-C(=O)-cyclopropyl, -C(=O)-cyclobutyl or
-C(=O)-cyclopentyl. [00181] In certain embodiments, R6
is C1-C6 alkyl substituted with at least one Rb group.
In certain embodiments, R6 is C1-C6 alkyl substituted
with oxo. In certain embodiments, R6 is -CC=O)(C1-C5
alkyl), wherein the alkyl is optionally substituted
with one or two Rbl groups, wherein Rbl is
independently selected from halogen, OH, -OCH3,
-NReRf, phenyl optionally substituted with a halogen,
C3-C6 cycloalkyl, or a 5-6 membered heterocyclyl
optionally substituted with halogen. In certain
embodiments, R6 is -C(=O)CH3, isobutyryl,
-C(=O)CH2N(CH3)2, -C(=O)NH(phenyl), -C(=O)NH(CH3),
-C(=O)N(CH 3)2, -C(=O)cyclopropyl,
-C(=O)-4-chlorophenyl, -C(=O)-3,4-dichlorophenyl,
-C(=O)CH 2- piperdin-1-yl, -C(=O)CH
2-3-fluoropiperdin-l-yl, -C(=O)OCH3, -C(=O)-cyclobutyl
or -C(=O)-cyclopentyl. [00182] In certain embodiments,
R6 is C1-C4 alkyl substituted with at least one Rb
group. In certain embodiments, R6 is C1-C4 alkyl
substituted with oxo. hi certain embodiments, R6 is
-Q=O)C 1-C3 alkyl optionally substituted with one or
two RbI groups, wherein Rbl is independently selected
from halogen, OH, -OCH3, -NReRf, phenyl
optionallysubstituted with a halogen, C -C6
cycloalkyl, or a 5-6 membered heterocyclyl optionally
substituted with halogen. In certain embodiments, R6
is -C(=O)CH3, -C(=O)CH2N(CH3)2, -C(=O)NH(phenyl),
-C(=O)NH(CH3), -C(=O)N(CH 3)2, -C(=O)cyclopropyl,
-C(=O)-4- chlorophenyl, -C(=O)-3,4-dichlorophenyl,
-C(=O)CH 2-piperdin-l-yl, -C(=O)CH 2-3-
fluoropiperdin-1-yl or -C(=O)OCH3. [00183] In certain
embodiments, R6 is C1-C4 alkyl substituted with one to
three Rb groups. In certain embodiments, each Rb is
halogen. In certain embodiments, R6 is C1-C4 alkyl
substituted with three Rb groups. In certain
embodiments, R is F. In certain embodiments, R6 is
CF3. [00184] In certain embodiments, R6 is C1-C2 alkyl
optionally substituted by one to three F, C1-C2 alkyl
optionally substituted by oxo and -NReRf, C1-C2 alkyl
optionally substituted by oxo and phenyl optionally
substituted by halogen, C1-C2 alkyl optionally
substituted by oxo and -OCH3, C1-C2 alkyl optionally
substituted by OH and phenyl optionally substituted by
halogen, C1-C2 alkyl optionally substituted by oxo and
a 5-6 membered heterocyclyl optionally substituted
with halogen, or C1-C3 alkyl optionally 



substituted by -OCH3 or OH. [00185] In certain
embodiments, R5 is hydrogen, halogen, CN, NRkR*, C1-C6
alkyl optionally substituted with halogen, ORS or
NR8Rh, C2-C6 alkenyl optionally substituted with
halogen, ORg or NR8Rh, C2-C6 alkynyl optionally
substituted with halogen, ORs or NR8Rh, a saturated or
partially unsaturated C3-C6 cycloalkyl optionally
substituted with halogen or C1- C4 alkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, a 5-6
membered heteroaryl optionally substituted with Rc, a
9- 10 membered bicyclic heterocyclyl optionally
substituted with C1-C4 alkyl, a 9-10 membered bicyclic
heteroaryl optionally substituted with C1-C4 alkyl, or
phenyl optionally substituted with Rd. [00186] In
certain embodiments, R5 is hydrogen, halogen, CN,
C1-C4 alkyl optionally substituted with ORg or NRgRh,
C3-C6 alkynyl optionally substituted with ORg or
NRgRh, a saturated or partially unsaturated C3-C6
cycloalkyl optionally substituted with halogen or C1-
C4 alkyl, a saturated or partially unsaturated 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, a 5-6 membered heteroaryl optionally
substituted with Rc, a 9- 10 membered bicyclic
heterocyclyl, a 9-10 membered bicyclic heteroaryl
optionally substituted with C1-C4 alkyl, or phenyl
optionally substituted with Rd.[00187] In certain
embodiments, R5 is hydrogen, CN, NRkR*, C1-C6 alkyl
optionally substituted with halogen, oxo, ORg or
NR8Rh, C2-C6 alkenyl optionally substituted with
halogen, ORg or NRgRh, C2-C6 alkynyl optionally
substituted with halogen, ORg or NR8Rh, a saturated or
partially unsaturated C3-C6 cycloalkyl optionally
substituted with halogen or C1- C4 alkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, a 5-6
membered heteroaryl optionally substituted with Rc, a
9- 10 membered bicyclic heterocyclyl optionally
substituted with C1-C4 alkyl, a 9-10 membered bicyclic
heteroaryl optionally substituted with C1-C4 alkyl, or
phenyl optionally substituted with Rd. [00188] In
certain embodiments, R5 is hydrogen, CN, C1-C4 alkyl
optionally substituted with ORg or NRgRh, C3-C6
alkynyl optionally substituted with ORg or NRsRh, a
saturated or partially unsaturated C3-C6 cycloalkyl
optionally substituted with halogen or C1- C4 alkyl, a
saturated or partially unsaturated 4-6 membered
heterocyclyl optionally substituted with C1-C4 alkyl,
a 5-6 membered heteroaryl optionally substituted with
Rc, a 9- 10 membered bicyclic heterocyclyl, a 9-10
membered bicyclic heteroaryl optionally substituted
with C1-C4 alkyl, or phenyl optionally substituted
with Rd. [00189] In certain embodiments, R5 is CN,
NRkR*, C1-C6 alkyl optionally substituted with
halogen, oxo, OR8 or NR8Rh, C -C6 alkenyl optionally
substituted with halogen, OR8 or NRgRh, C2-C6 alkynyl
optionally substituted with halogen, OR8 or NRgRh, a
saturated or partially unsaturated C3-C6 cycloalkyl
optionally substituted with halogen or C1-C4 alkyl, a
saturated or partially unsaturated 4-6 membered
heterocyclyl optionally substituted with C1- C4 alkyl,
a 5-6 membered heteroaryl optionally substituted with
Rc, a 9-10 membered bicyclic heterocyclyl optionally
substituted with C1-C4 alkyl, a 9-10 membered bicyclic
heteroaryl optionally substituted with C1-C4 alkyl, or
phenyl optionally substituted with Rd. [00190] In
certain embodiments, R5 is CN, C1-C4 alkyl optionally
substituted with OR8 or NRgRh, C3-C6 alkynyl
optionally substituted with OR8 or NR8Rh, a saturated
or partially unsaturated C3-C6 cycloalkyl optionally
substituted with halogen or C1-C4 alkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, a 5-6
membered heteroaryl optionally substituted with Rc, a
9-10 membered bicyclic heterocyclyl, a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, or phenyl optionally substituted with
Rd.[00191] In certain embodiments, R is -NR hRj ,
C1-C4 alkyl, or a 5-6 membered heterocyclyl optionally
substituted by C1-C alkyl or -(CH 2)pC3-C6 cycloalkyl.
In certain embodiments, p is 0 or 1. [00192] In
certain embodiments, Rd is halogen, CN, NR8Rh, phenyl,
a 5-6 membered heterocyclyl, -0(C 1-C4 alkyl) or C1-C4
alkyl, wherein the alkyl or alkoxy are optionally
substituted with halogen, OH, oxo, -0(C 1-C3 alkyl),
NRgRh, or a 5-6 membered heterocyclyl optionally
substituted with C1-C3 alkyl. [00193] In certain
embodiments, Rg is hydrogen or C1-C4 alkyl. [00194] In
certain embodiments, Rh is hydrogen or C1-C4 alkyl.
[00195] In certain embodiments, Rj is hydrogen or
C1-C4 alkyl optionally substituted with a 5-6 membered
heterocyclyl. [00196] In certain embodiments, Rk is
hydrogen or C1-C4 alkyl. [00197] In certain
embodiments, R1is hydrogen or C1-C4 alkyl. [00198] In
certain embodiments, R5 is hydrogen, halogen, CN,
NRkR*, C1-C6 alkyl optionally substituted with
halogen, oxo, ORS or NRgRh, C -C6 alkynyl optionally
substituted with ORg or NRgRh, a saturated C3-C6
cycloalkyl, a saturated or partially unsaturated 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, a 5-6 membered heteroaryl optionally
substituted with Rc, a 9-10 membered bicyclic
heterocyclyl, a 9-10 membered bicyclic heteroaryl
optionally substituted with C1-C4 alkyl, or phenyl
optionally substituted with Rd. [00199] In certain
embodiments, R5 is hydrogen, halogen, CN, C1-C4 alkyl
optionally substituted with OH or NRgRh, C3-C6 alkynyl
optionally substituted with OH or NRgRh, a saturated
or partially unsaturated C -C6 cycloalkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, a 5-6
membered heteroaryl optionally substituted with Rc, a
9-10 membered bicyclic heterocyclyl, a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, or phenyl optionally substituted with Rd.
[00200] In certain embodiments, R5 is hydrogen, CN,
NRkR*, C1-C6 alkyl optionally substituted with
halogen, oxo, ORg or NR8Rh, C2-C6 alkynyl optionally
substituted with OR8 or NRgRh, a saturated C3-C6
cycloalkyl, a saturated or partially unsaturated 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, a 5-6 membered heteroaryl optionally
substituted with Rc, a 9-10 membered bicyclic
heterocyclyl, a 9-10 membered bicyclic heteroaryl
optionally substituted with C1-C4 alkyl, or phenyl
optionally substituted with Rd.[00201] In certain
embodiments, R5 is hydrogen, CN, C1-C4 alkyl
optionally substituted with OH or NR8Rh, C3-C6 alkynyl
optionally substituted with OH or NR8Rh, a saturated
or partially unsaturated C3-C6 cycloalkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, a 5-6
membered heteroaryl optionally substituted with Rc, a
9-10 membered bicyclic heterocyclyl, a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, or phenyl optionally substituted with Rd.
[00202] In certain embodiments, R5 is CN, NRkR*, C1-C6
alkyl optionally substituted with halogen, oxo, OR8 or
NRgRh, C2-C6 alkynyl optionally substituted with ORg
or NR8Rh, a saturated C -C6 cycloalkyl, a saturated or
partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, a 5-6
membered heteroaryl optionally substituted with Rc, a
9-10 membered bicyclic heterocyclyl, a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, or phenyl optionally substituted with Rd.
[00203] In certain embodiments, R5 is CN, C1-C4 alkyl
optionally substituted with OH or NRgRh, C3-C6 alkynyl
optionally substituted with OH or NRgRh, a saturated
or partially unsaturated C3-C6 cycloalkyl, a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, a 5-6
membered heteroaryl optionally substituted with Rc, a
9-10 membered bicyclic heterocyclyl, a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, or phenyl optionally substituted with R .
[00204] In certain embodiments, R5 is hydrogen, Br, I,
CN, dimethylamino, methyl, ethyl, difluoromethyl,
trifluoromethyl, -CH2OH, -CH2OCH3, -CH2CH2CH2OH,
-CH2CH2CH2N(CH3)2, -CH2N(CH3)2, -CH(OH)CH3, -C(O)CH 3,
-CCH, -CCCH2OH, -CCCH2N(CH3)2, cyclopropyl, 1-methyl-
1,2,3,6-tetrahydropyridin-4-yl, 1-methylpiperidin-
4-yl, 1-methyl- lH-imidazol-5-yl, pyridin-2-yl,
pyridin-3-yl, 6-(dimethylamino)pyridin-3-yl,
6-(piperazin- 1-yl)pyridin-3 -yl,
6-(4-methylpiperazin- 1-yl)pyridin-3-yl,
2-(4-methylpiperazinl- yl)pyridin-4-yl,
6-aminopyridin-3-yl,
6-(2-morpholinoethylamino)pyridin-3-yl, 6-(4-
isopropylpiperazin- 1-yl)pyridin-3-yl,
6-(4-(cyclopropylmethyl)piperazin- 1-yl)pyridin-3-yl,
lH-pyrazol-4-yl, 1-methyl- lH-pyrazol-4-yl,
6-morpholinopyridin-3-yl, 2,3- dihydrobenzofuran-5-yl,
lH-indol-5-yl, 1-methyl- lH-indol-5-yl, phenyl,
2-fluorophenyl, 3- fluorophenyl, 4-fluorophenyl,
2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 3-
(dimethylamino)phenyl, 3-(OCH2CH2OCH2CH3)phenyl,
3-(OCH2CH(OH)CH2OH)phenyl,
3-((2,2-dimethyl-l,3-dioxolan-4-yl)methoxy)phenyl,
3-(OCH2CH2N(CH3)2)phenyl, 4- (OCH2CH2N(CH3)2)phenyl,
4-morpholinophenyl, 3-((dimethylamino)methyl)phenyl,
4-acetylphenyl, biphenyl-4-yl,
4-(4-methylpiperazine-l-carbonyl)phenyl or 4-
(dimethylamino)phenyl. [00205] In certain embodiments,
R5 is hydrogen, I, CN, methyl, -CH2CH2CH2OH,
-CH2CH2CH2N(CH3)2, -CCCH2OH, -CCCH2N(CH3)2,
cyclopropyl, 1-methyl- 1,2,3,6-
tetrahydropyridin-4-yl, 1-methyl- lH-imidazol-5-yl,
pyridin-2-yl, pyridin-3-yl, 6- 



(dimethylamino)pyridin-3 -yl, 6-(piperazin-
1-yl)pyridin-3-yl, 6-(4-methylpiperazin- 1-
yl)pyridin-3-yl,
2-(4-methylpiperazin-l-yl)pyridin-4-yl,
6-aminopyridin-3-yl, 6-(2-
morpholinoethylamino)pyridin-3 -yl,
6-(4-isopropylpiperazin- 1-yl)pyridin-3 -yl, 6-(4-
(cyclopropylmethyl)piperazin- 1-yl)pyridin-3-yl,
1H-pyrazol-4-yl, 1-methyl- 1H-pyrazol-4-yl,
2,3-dihydrobenzofuran-5-yl, lH-indol-5-yl, 1-methyl-
lH-indol-5-yl, phenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 2-chlorophenyl, 3-chlorophenyl,
4-chlorophenyl, 3- (dimethylamino)phenyl,
3-(OCH2CH2OCH2CH3)phenyl, 3-(OCH2CH(OH)CH2OH)phenyl,
3-(OCH2CH2N(CH3)2)phenyl, 4-(OCH2CH2N(CH3)2)phenyl,
4-morpholinophenyl, 3- ((dimethylamino)methyl)phenyl,
3-cyanophenyl, 4-acetylphenyl, biphenyl-4-yl or 4-(4-
methylpiperazine- 1-carbonyl)phenyl. [00206] In
certain embodiments, R5 is hydrogen. [00207] In
certain embodiments, R5 is halogen. In certain
embodiments, R5 is selected from F, Cl, Br and I. In
certain embodiments, R5 is halogen. In certain
embodiments, R5 is selected from Br and I . [00208] In
certain embodiments, R5 is halogen. In certain
embodiments, R5 is I. [00209] In certain embodiments,
R5 is CN. [00210] In certain embodiments, R5 is NRkR".
hi certain embodiments, each Rk and R1 are
independently selected from hydrogen and C1-C4 alkyl.
In certain embodiments, R5 is dimethylamino. [00211]
In certain embodiments, R5 is C1-C6 alkyl optionally
substituted with halogen, oxo, OR8 or NR8Rh. In
certain embodiments, each Rg and Rh are independently
selected from hydrogen and C1-C4 alkyl. In certain
embodiments, Rg and Rh are hydrogen or methyl. In
certain embodiments, R5 is methyl, ethyl,
difluoromethyl, trifluoromethyl, -CH2OH, -CH2OCH3,
-CH2CH2CH2OH, -CH2CH2CH2N(CH3)2, -CH2N(CH3)2,
-CH(OH)CH3, or -C(=O)CH3. [00212] In certain
embodiments, R5 is C1-C4 alkyl optionally substituted
with ORS or NRgRh. In certain embodiments, R5 is C1-C4
alkyl optionally substituted with OH or NR8Rh. In
certain embodiments, R8 and Rh are independently
selected from hydrogen or C1-C4 alkyl.In certain
embodiments, Rs and Rh are methyl. In certain
embodiments, R5 is methyl, -CH2CH2CH2OH or
-CH2CH2CH2N(CH3)2. [00213] In certain embodiments, R5
is C2-C alkenyl optionally substituted with halogen,
ORg or NRgRh. [00214] In certain embodiments, R5 is
C2-C6 alkynyl optionally substituted with halogen, ORg
or NR8Rh. In certain embodiments, R5 is C2-C6 alkynyl
optionally substituted with ORS or NRsRh. In certain
embodiments, R5 is C2-C6 alkynyl optionally
substituted with OH or NRgRh. In certain embodiments,
each Rg and Rh are independently selected from
hydrogen and C1-C4 alkyl. In certain embodiments, R5
is -CCH, -CCCH2OH or -CCCH2N(CH3)2. [00215] In certain
embodiments, R5 is C -C6 alkynyl optionally
substituted with OR8 or NRgRh. In certain embodiments,
R5 is C3-C6 alkynyl optionally substituted with OH or
NRgRh. In certain embodiments, Rg and Rh are
independently selected from hydrogen or C1- C4 alkyl.
In certain embodiments, R5 is C3 alkynyl optionally
substituted with OH or NRgRh. In certain embodiments,
R5 is -CCCH2OH or -CCCH2N(CH3)2. [00216] In certain
embodiments, R5 is saturated or partially unsaturated
C3-C cycloalkyl optionally substituted with halogen or
C1-C4 alkyl. [00217] In certain embodiments, R5 is a
saturated C3-C6 cycloalkyl optionally substituted with
halogen or C1-C4 alkyl. In certain embodiments, R5 is
saturated C3-C6 cycloalkyl. In certain embodiments, R5
is cyclopropyl. [00218] In certain embodiments, R5 is
a saturated or partially unsaturated 4-6 membered
heterocyclyl optionally substituted with C1-C4 alkyl.
[00219] In certain embodiments, R5 is a saturated or
partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl. In certain
embodiments, R5 is a saturated or partially
unsaturated 4-6 membered heterocyclyl optionally
substituted with C1-C4 alkyl, wherein the heterocyclyl
contains one or two heteroatoms selected from oxygen,
nitrogen and sulfur. In certain embodiments, R5 is a
saturated or partially unsaturated 4-6 membered
heterocyclyl optionally substituted with C1-C4 alkyl,
wherein the heterocyclyl contains a nitrogen
heteroatom. In certain embodiments, R5 is a saturated
or partially unsaturated 4-6 membered heterocyclyl
optionally substituted with C1-C4 alkyl, wherein the
heterocyclyl is selected from tetrahyrdopyridine and
piperidine. In certain embodiments, R is 1-methyl-
1,2,3,6-tetrahydropyridin-4-yl or
l-methylpiperidin-4-yl.[00220] In certain embodiments,
R5 is a partially unsaturated 4-6 membered
heterocyclyl optionally substituted with C1-C4 alkyl.
In certain embodiments, R5 is a partially unsaturated
4-6 membered heterocyclyl optionally substituted with
C1-C4 alkyl, wherein the heterocyclyl is
1,2,3,6-tetrahydropyridinyl. In certain embodiments,
R5 is 1-methyl- 1,2,3,6- tetrahydropyridin-4-yl.
[00221] In certain embodiments, R5 is a saturated 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl. In certain embodiments, R5 is a saturated
4-6 membered heterocyclyl optionally substituted with
C1-C4 alkyl, wherein the heterocyclyl contains one or
two heteroatoms selected from oxygen, nitrogen and
sulfur. In certain embodiments, R5 is a saturated 4-6
membered heterocyclyl optionally substituted with
C1-C4 alkyl, wherein the heterocyclyl contains one
nitrogen heteroatom. In certain embodiments, R is a
saturated 4-6 membered heterocyclyl optionally
substituted with C1-C4 alkyl, wherein the heterocyclyl
is piperidine. In certain embodiments, R5 is
l-methylpiperidin-4-yl. [00222] In certain
embodiments, R5 is a 5-6 membered heteroaryl
optionally substituted with Rc. hi certain
embodiments, R5 is a 5-6 membered heteroaryl
optionally substituted with Rc, wherein the heteroaryl
contains one or two heteroatoms selected from oxygen,
nitrogen and sulfur. In certain embodiments, R5 is a
5-6 membered heteroaryl optionally substituted with
Rc, wherein the heteroaryl contains one or two
nitrogen heteroatoms. In certain embodiments, R5 is a
5-6 membered heteroaryl optionally substituted with
Rc, wherein the heteroaryl is selected from pyridinyl,
pyrazolyl and imidazolyl. In certain embodiments, R5
is selected from 1-methyl- lH-imidazol-5-yl,
pyridin-2-yl, pyridin-3- yl,
6-(dimethylamino)pyridin-3-yl,
6-(piperazin-l-yl)pyridin-3-yl,
6-(4-methylpiperazin-lyl) pyridin-3-yl,
2-(4-methylpiperazin-l-yl)pyridin-4-yl,
6-aminopyridin-3-yl, 6-(2-
morpholinoethylamino)pyridin-3-yl,
6-(4-isopropylpiperazin-l -yl)pyridin-3-yl, 6-(4-
(cyclopropylmethyl)piperazin- 1-yl)pyridin-3 -yl,
1H-pyrazol-4-yl, 1-methyl- 1H-pyrazol-4-yl or
6-morpholinopyridin-3-yl. [00223] In certain
embodiments, R5 is a 5-6 membered heteroaryl
optionally substituted with Rc. In certain
embodiments, R5 is a 5-6 membered heteroaryl
optionally substituted with Rc, wherein the heteroaryl
is selected from imidazolyl, pyridinyl and pyrazolyl.
In certain embodiments, Rc is -NR hR , C1-C alkyl or a
5-6 membered heterocyclyl optionally substituted by
C1-C4 alkyl or -(CH 2)pC3-C6 cycloalkyl. In certain
embodiments, p is 0 or 1. In certain embodiments, Rh
is independently selected from hydrogen and C -C4
alkyl. In certain embodiments, RJ is hydrogen or C1-C4
alkyl optionallysubstituted with a 5-6 membered
heterocyclyl. In certain embodiments, R is hydrogen or
C1- C4 alkyl. In certain embodiments, R is C1-C4 alkyl
optionally substituted with a 5-6 membered
heterocyclyl. In certain embodiments, R is C1-C4 alkyl
optionally substituted with a 5-6 membered
heterocyclyl, wherein the heterocyclyl is morpholinyl.
In certain embodiments, Rc is a 5-6 membered
heterocyclyl optionally substituted by C1-C4 alkyl or
-(CH 2)pC3-C6 cycloalkyl. In certain embodiments, Rc
is a 5-6 membered heterocyclyl optionally substituted
by C1-C4 alkyl or -(CH 2)pC3-C6 cycloalkyl, wherein
the heterocyclyl is piperazinyl. In certain
embodiments, p is 0 or 1. In certain embodiments, R5
is selected from 1-methyl- lH-imidazol-5-yl,
pyridin-2-yl, pyridin-3-yl,
6-(dimethylamino)pyridin-3-yl, 6- (piperazin-
1-yl)pyridin-3 -yl, 6-(4-methylpiperazin-
1-yl)pyridin-3-yl, 2-(4-methylpiperazin- 1-
yl)pyridin-4-yl, 6-aminopyridin-3-yl,
6-(2-morpholinoethylamino)pyridin-3-yl, 6-(4-
isopropylpiperazin- 1-yl)pyridin-3-yl,
6-(4-(cyclopropylmethyl)piperazin- 1-yl)pyridin-3 -yl,
lH-pyrazol-4-yl or 1-methyl- lH-pyrazol-4-yl. [00224]
In certain embodiments, R5 is a 5-6 membered
heteroaryl selected from pyridyl, pyrazolyl and
imidazolyl, wherein the heteroaryl is optionally
substituted by -NR RJ, Ci-C4 alkyl or a 5-6 membered
heterocyclyl optionally substituted by C1-C4 alkyl.
[00225] In certain embodiments, R5 is a 5 membered
heteroaryl optionally substituted with Rc. In certain
embodiments, R5 is imidazolyl or pyrazolyl optionally
substituted with Rc. In certain embodiments, Rc is
C1-C4 alkyl. In certain embodiments, Rc is methyl. In
certain embodiments, R5 is 1-methyl- lH-imidazol-5-yl
or 1-methyl- lH-pyrazol-4-yl. [00226] In certain
embodiments, R5 is a 6 membered heteroaryl. In certain
embodiments, R is pyridinyl. In certain embodiments,
R5 is pyridin-2-yl or pyridin-3-yl. [00227] In certain
embodiments, R5 is a 6 membered heteroaryl optionally
substituted with Rc. In certain embodiments, Rc is -NR
11R", C1-C4 alkyl, or a 5-6 membered heterocyclyl
optionally substituted by C1-C4 alkyl or -(CH 2)pC3-C6
cycloalkyl. In certain embodiments, p 



is 0 or 1. In certain embodiments, Rc is -NR hR . In
certain embodiments Rh and RJ are methyl. In certain
embodiments, Rc is a 5-6 membered heterocyclyl
optionally substituted by C1-C alkyl or -(CH 2)pC3-C6
cycloalkyl, wherein the heterocyclyl is piperazinyl
optionally substituted with C1-C4 alkyl or -(CH 2)
C3-C6 cycloalkyl. In certain embodiments, R5 is
pyridinyl optionally substituted with Rc. hi certain
embodiments, R5 is 6- (dimethylamino)pyridin-3-yl,
6-(4-methylpiperazin-l -yl)pyridin-3-yl,
2-(4-methylpiperazinl-yl)pyridin-4-yl,
6-(4-isopropylpiperazin-l-yl)pyridin-3-yl or 6-(4-
(cyclopropylmethyl)piperazin- 1-yl)pyridin-3-yl.
[00228] In certain embodiments, R5 is a 9-10 membered
bicyclic heterocyclyl optionally substituted with
C1-C4 alkyl. In certain embodiments, R5 is a 9-10
membered bicyclic heterocyclyl, wherein the
heterocyclyl contains one or two heteroatoms selected
from oxygen, nitrogen and sulfur. In certain
embodiments, R5 is a 9-10 membered bicyclic
heterocyclyl, wherein the heterocyclyl contains one
oxygen heteroatom. In certain embodiments, R5 is a
9-10 membered bicyclic heterocyclyl, wherein the
heterocyclyl is dihydrobenzofuran. In certain
embodiments, R5 is 2,3-dihydrobenzofuran-5-yl. [00229]
In certain embodiments, R5 is a 9-10 membered bicyclic
heterocyclyl optionally substituted with C1-C4 alkyl.
In certain embodiments, R5 is a 9-10 membered bicyclic
heterocyclyl. In certain embodiments, R5 is a 9-10
membered bicyclic heterocyclyl, wherein the
heterocyclyl is selected from 2,3-dihydrobenzofuranyl,
1,3- dihydroisobenzofuranyl,
1,3-dihydrobenzo[c]thiophenyl,
1,3-dihydrobenzo[c]thiophenyl, indolinyl and
isoindolinyl, wherein the heterocyclyl is optionally
substituted with C1-C4 alkyl. In certain embodiments,
R5 is a 9 membered bicyclic heterocyclyl, wherein the
heterocyclyl is 2,3-dihydrobenzofuran. In certain
embodiments, R5 is 2,3- dihydrobenzofuran-5 -yl.
[00230] In certain embodiments, R5 is a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl. In certain embodiments, R5 is a 9-10 membered
bicyclic heteroaryl optionally substituted with C1-C4
alkyl, wherein the heteroaryl contains one or two
heteroatoms selected from oxygen, nitrogen and sulfur.
In certain embodiments, R5 is a 9-10 membered bicyclic
heteroaryl optionally substituted with C1-C4 alkyl,
wherein the heteroaryl contains one nitrogen
heteroatom. In certain embodiments, R5 is a 9-10
membered bicyclic heteroaryl optionally substituted
with C1-C4 alkyl, wherein the heteroaryl is indole. In
certain embodiments, R5 is lH-indol-5-yl or 1-methyl-
lH-indol-5-yl. [00231] In certain embodiments, R5 is a
9-10 membered bicyclic heteroaryl optionally
substituted with C1-C4 alkyl. In certain embodiments,
R5 is a 9-10 membered bicyclic heteroaryl selected
from indolyl, benzofuranyl and benzo[b]thiophenyl,
wherein the heteroaryl is optionally substituted with
C1-C4 alkyl. In certain embodiments, R5 is a 9-10
membered bicyclic heteroaryl optionally substituted
with C1-C4 alkyl, wherein the heteroaryl is indolyl.
In certain embodiments, R5 is indolyl optionally
substituted with C1-C4 alkyl. Incertain embodiments,
R5 is indolyl optionally substituted with methyl. In
certain embodiments, R5 is lH-indol-5-yl or
l-methyl-lH-indol-5-yl. [00232] In certain
embodiments, R5 is phenyl. [00233] In certain
embodiments, R5 is phenyl optionally substituted with
Rd. In certain embodiments, Rd is halogen, CN, NRgRh,
phenyl, a 5-6 membered heterocyclyl, -0(C 1-C alkyl)
or C -C4 alkyl, wherein the alkyl or alkoxy are
optionally substituted with halogen, OH, oxo, -0(C
1-C3 alkyl), NRgRh or a 5-6 membered heterocyclyl
optionally substituted with C1-C3 alkyl. In certain
embodiments, Rd is F or Cl. In certain embodiments, Rd
is a 5-6 membered heterocyclyl, wherein the
heterocyclyl contains one or two heteroatoms selected
from oxygen, nitrogen and sulfur. In certain
embodiments, Rd is a 5-6 membered heterocyclyl,
wherein the heterocyclyl contains one or two
heteroatoms selected from oxygen and nitrogen. In
certain embodiments, Rd is a 5-6 membered
heterocyclyl, wherein the heterocyclyl is morpholinyl.
In certain embodiments, Rd is -0(C 1-C4 alkyl),
wherein the alkoxy is optionally substituted with OH,
-0(C 1-C3 alkyl), NR8Rh or a 5-6 membered heterocyclyl
optionally substituted with C1-C3 alkyl. In certain
embodiments, Rd is -0(C 1-C4 alkyl), wherein the
alkoxy is optionally substituted with a 5-6 membered
heterocyclyl optionally substituted with C1-C3 alkyl,
wherein the heterocyclyl contains one or two
heteroatoms selected from oxygen, nitrogen and sulfur.
In certain embodiments, R is -0(C 1- C4 alkyl),
wherein the alkoxy is optionally substituted with a
5-6 membered heterocyclyl optionally substituted with
C1-C3 alkyl, wherein the heterocyclyl contains two
oxygen heteroatoms. In certain embodiments, Rd is -0(C
1-C4 alkyl), wherein the alkoxy is optionally
substituted with a 5-6 membered heterocyclyl
optionally substituted with C1-C3 alkyl, wherein the
heterocyclyl is 1,3-dioxolane. In certain embodiments,
Rg and Rh are methyl. In certain embodiments, Rd is
-OCH 2CH2OCH2CH3, -OCH 2CH(OH)CH2OH, (2,2-dimethyll,
3-dioxolan-4-yl)methoxy or -OCH 2CH2N(CH3)2. In
certain embodiments, R is C1-C4 alkyl substituted with
oxo and a 5-6 membered heterocyclyl optionally
substituted with C1-C3 alkyl. In certain embodiments,
Rd is C1-C4 alkyl substituted with oxo and a 5-6
membered heterocyclyl optionally substituted with
C1-C3 alkyl, wherein the heterocyclyl contains one or
two heteroatoms selected from oxygen, nitrogen and
sulfur. In certain embodiments, R is C1-C4 alkyl
substituted with oxo and a 5-6 membered heterocyclyl
optionally substituted with C1-C3 alkyl, wherein the
heterocyclyl contains two nitrogen heteroatoms. In
certain embodiments, Rd is C1-C4 alkyl substituted
with oxo and a 5-6 membered heterocyclyl optionally
substituted with C1-C3 alkyl, wherein the heterocyclyl
is piperazinyl. In certainembodiments, Rd is
-C(=0)-4-methylpiperazinyl. In certain embodiments, R5
is 2- fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
2-chlorophenyl, 3-chlorophenyl, 4- chlorophenyl,
3-(dimethylamino)phenyl, 3-(OCH2CH2OCH2CH3)phenyl, 3-
(OCH2CH(OH)CH2OH)phenyl, 3-((2,2-dimethyl-l
,3-dioxolan-4-yl)methoxy)phenyl, 3-
(OCH2CH2N(CH3)2)phenyl, 4-(OCH2CH2N(CH3)2)phenyl,
4-morpholinophenyl, 3- ((dimethylamino)methyl)phenyl,
3-cyanophenyl, 4-acetylphenyl, biphenyl-4-yl, 4-(4-
methylpiperazine-l-carbonyl)phenyl or
4-(dimethylamino)phenyl. [00234] In certain
embodiments, R5 is phenyl optionally substituted with
Rd. In certain embodiments, Rd is halogen, CN, NR8Rh,
phenyl, a 5-6 membered heterocyclyl, -O(C 1-C4 alkyl)
or C1-C4 alkyl, wherein the alkyl or alkoxy are
optionally substituted with halogen, OH, oxo, -0(C
1-C3 alkyl), NRsRh or a 5-6 membered heterocyclyl
optionally substituted with C1-C3 alkyl. In certain
embodiments, Rd is F or Cl. In certain embodiments, Rd
is a 5-6 membered heterocyclyl, wherein the
heterocyclyl is morpholinyl. In certain embodiments, R
is -0(C 1-C4 alkyl), wherein the alkyl is optionally
substituted with OH, -0(C 1-C3 alkyl) or NR8Rh. In
certain embodiments, Rd is -OCH 2CH2OCH2CH3 or -OCH
2CH(OH)CH2OH. In certain embodiments, Rg and Rh are
methyl. In certain embodiments, Rd is -OCH
2CH2N(CH3)2. In certain embodiments, Rd is C1-C4 alkyl
substituted with oxo and a 5-6 membered heterocyclyl
optionally substituted with C1-C3 alkyl. In certain
embodiments, Rd is C1-C4 alkyl substituted with oxo
and a 5-6 membered heterocyclyl optionally substituted
with C1-C3 alkyl, wherein the heterocyclyl is
piperazinyl. In certain embodiments, Rd is
-C(=0)-4-methylpiperazinyl. In certain embodiments, R5
is 2- fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
2-chlorophenyl, 3-chlorophenyl, 4- chlorophenyl,
3-(dimethylamino)phenyl, 3-(OCH2CH2OCH2CH3)phenyl, 3-
(OCH2CH(OH)CH2OH)phenyl, 3-(OCH2CH2N(CH3)2)phenyl,
4-(OCH2CH2N(CH3)2)phenyl, 4-morpholinophenyl,
3-((dimethylamino)methyl)phenyl, 3-cyanophenyl,
4-acetylphenyl, biphenyl-4-yl or
4-(4-methylpiperazine-l-carbonyl)phenyl. [00235] In
certain embodiments, R5 is phenyl optionally
substituted with halogen, NRgR , phenyl, a 5-6
membered heterocyclyl, -0(C 1-C4 alkyl) or C1-C4
alkyl, wherein the alkyl or alkoxy are optionally
substituted with halogen, OH, oxo, -0(C 1-C3 alkyl),
NRsRh, or a 5-6 membered heterocyclyl optionally
substituted with C1-C3 alkyl. [00236] In certain
embodiments of Formula I , R5 is hydrogen, such that
compounds have the structure of Formula Ib:Ib wherein
R1, R2, R3, R4 and R6 are as defined herein. [00237]
In a further embodiment of the present invention, R
and R are F, R is hydrogen, and R4 is propyl, such
that compound have the structure of Formula IbI: IbI
wherein R6 is as defined herein. [00238] In certain
embodiments of Formula I, R6 is hydrogen, such that
compounds have the structure of Formula Ic: Ic wherein
R1, R2, R3, R4 and R5 are as defined herein. [00239]
In a further embodiment of the present invention, R1
and R2 are F, R is hydrogen, and R4 is propyl, such
that compound have the structure of Formula IcI:
wherein R is as defined herein. [00240] It will be
appreciated that certain compounds of the invention
may contain asymmetric or chiral centers, and
therefore exist in different stereoisomeric forms. It
is intended that all stereoisomeric forms of the
compounds of the invention, including but notlimited
to, diastereomers, enantiomers and atropisomers, as
well as mixtures thereof such as 



racemic mixtures, form part of the present invention.
[00241] In the structures shown herein, where the
stereochemistry of any particular chiral atom is not
specified, then all stereoisomers are contemplated and
included as the compounds of the invention. Where
stereochemistry is specified by a solid wedge or
dashed line representing a particular configuration,
then that stereoisomer is so specified and defined.
[00242] It will also be appreciated that compounds of
Formula I include tautomeric forms. Tautomers are
compounds that are interconvertible by
tautomerization. This commonly occurs due to the
migration of a hydrogen atom or proton, accompanied by
the switch of a single bond and adjacent double bond.
For instance, lH-pyrrolo(2,3-b)pyridine is one of the
tautomeric forms of 7-azaindole. Another tautomeric
form of 7-azaindole is 7Hpyrrolo( 2,3-b)pyridine.
Other tautomers of Formula I may also form at other
positions, including, but not limited to, the
sulfonamide or R5/R6 position depending on the
substitution. The compounds of Formula I are intended
to include all tautomeric forms. [00243] The compounds
of Formula I include the tautomer
7H-pyrrolo(2,3-b)pyridine, shown as Formula II:
wherein R1, R2, R3, R4, R5 and R6 are as defined
herein. [00244] In another embodiment of the present
invention, intermediates of Formula III are provided:
wherein R20 is hydrogen, C1-C6 alkyl, benzyl or phenyl
and R1, R2, R3 and R4 are as defined herein. [00245]
In another embodiment of the present invention,
intermediates of Formula IV:IV wherein Rm is selected
from hydrogen and C1-C4 alkyl. In certain embodiments,
Rm is C1-C4 alkyl. Compounds of Formula IV include
3-methoxy-lH-pyrrolo[2,3-b]pyridin-5-amine and
3-ethoxy-lH-pyrrolo[2,3-b]pyridin-5-amine. [00246] It
will also be appreciated that certain compounds of
Formula I may be used as intermediates for further
compounds of Formula I. [00247] It will be further
appreciated that the compounds of the present
invention may exist in unsolvated, as well as solvated
forms with pharmaceutically acceptable solvents, such
as water, ethanol, and the like, and it is intended
that the invention embrace both solvated and
unsolvated forms. [00248] The term "prodrug" as used
in this application refers to a precursor or
derivative form of a compound of the invention that is
less active or inactive compared to the parent
compound or drug and is capable of being metabolized
in vivo into the more active parent form. See, e.g.,
Wilman, "Prodrugs in Cancer Chemotherapy" Biochemical
Society Transactions, 14, pp. 375-382, 615th Meeting
Belfast (1986) and Stella et al., "Prodrugs: A
Chemical Approach to Targeted Drug Delivery," Directed
Drug Delivery, Borchardt et al., (ed.), pp. 247-267,
Humana Press (1985). The prodrugs of this invention
include, but are not limited to, phosphate-containing
prodrugs, thiophosphate-containing prodrugs,
sulfatecontaining prodrugs, peptide-containing
prodrugs, D-amino acid-modified prodrugs, glycosylated
prodrugs, b-lactam-containing prodrugs, optionally
substituted phenoxyacetamide-containing prodrugs,
optionally substituted phenylacetamide-containing
prodrugs, 5-fluorocytosine and other 5-fluorouridine
prodrugs which can be converted into the more active
cytotoxic free drug. [00249] Prodrugs of compounds of
Formula I may not be as active as the compounds of
Formula I in the assay as described in Example A.
However, the prodrugs are capable of being converted
in vivo into more active metabolites of compounds of
Formula I . SYNTHESIS OF COMPOUNDS [00250] Compounds
of the present invention may be synthesized by
synthetic routes that include processes analogous to
those well-known in the chemical arts, particularly in
light of the description contained herein. The
starting materials are generally available
fromcommercial sources such as Sigma-Aldrich (St.
Louis, MO), Alfa Aesar (Ward Hill, MA), or TCI
(Portland, OR), or are readily prepared using methods
well known to those skilled in the art (e.g., prepared
by methods generally described in Louis F. Fieser and
Mary Fieser, Reagents for Organic Synthesis v. 1-23,
New York: Wiley 1967-2006 ed. (also available via the
Wiley InterScience(r) website), or Beilsteins Handbuch
der organischen Chemie 4, Aufl. ed. Springer-Verlag,
Berlin, including supplements (also available via the
Beilstein online database)). [00251] For illustrative
purposes, Schemes 1-16 show a general method for
preparing the compounds of the present invention, as
well as key intermediates. For a more detailed
description of the individual reaction steps, see the
Examples section below. Those skilled in the art will
appreciate that other synthetic routes may be used to
synthesize the inventive compounds. Although specific
starting materials and reagents are depicted in the
Schemes and discussed below, other starting materials
and reagents can be easily substituted to provide a
variety of derivatives and/or reaction conditions. In
addition, many of the compounds prepared by the
methods described below can be further modified in
light of this disclosure using conventional chemistry
well known to those skilled in the art. Amide coupling
halogen ation Scheme 1 [00252] Scheme 1 shows a
general method for preparing compound 4, wherein X is
halogen and R1, R2, R3 and R4 are as defined herein.
Pyrrolopyridine 1 may be coupled with compound 2 in
the presence of a coupling reagent (such as
2-(lH-benzotriazole-l-yl)-l, 1,3,3- tetramethyluronium
hexafluorophosphate, "HBTU") to provide compound 3.
Compound 3 isthen halogenated, for example, by
n-chlorosuccinimide ("NCS") or bromine to provide
compound 4. 1. nitration 2. reduction sulfonylation
Scheme 2 1 [00253] Scheme 2 shows a general method for
preparing compound 2, wherein R , R , R3 and R4 are as
defined herein. Benzoic acid 5 is nitrated in the
presence of nitric acid, and the following reduction
to aniline 6 can be accomplished in a number of ways,
for example, by SnCl2 dihydrate, Zn/acid, or by
hydrogenation. Sulfonylation of aniline 6 with a
substituted sulphonyl chloride (e.g., propyl sulphonyl
chloride) under aqueous basic conditions (e.g., Na2CO
) provides compound 2. hydrolysis Scheme 3 [00254]
Scheme 3 illustrates another method for preparing
compound 3 (a subset of Formula I), wherein R1, R2, R3
and R4 are as defined herein. Pyrrolopyridine 1 may be
coupled with bis-sulfonylated benzoic acid 7 providing
compound 8. Basic hydrolysis with aqueous NaOH
provides compound 3.sulfonylation Scheme 4 [00255]
Scheme 4 shows a general method for preparing compound
7, wherein R1, R , R3 and R4 are as defined herein.
Aniline 6 is sulfonylated in an organic solvent, such
as dichloromethane ("DCM"), in the presence of a base,
such as triethylamine, to provide compound 7.
hydrolysis Scheme 5 [00256] Scheme 5 illustrates
another method for preparing compound 3, wherein R1,
R2, R3 and R4 are as defined herein. Pyrrolopyridine 1
may be coupled with bis-sulfonylated benzoic ester 9
in the presence of trimethyl aluminum providing
compound 8. Basic hydrolysis with aqueous NaOH
provides compound 3.sulfonylation Scheme 6 [00257]
Scheme 6 shows a general method for preparing
compounds 2 and 9, wherein R1, R2, R3 and R4 are as
defined herein. Benzoic acid 5 is nitrated in the
presence of nitric acid, and the following
esterification to compound 10 can be accomplished in a
number of ways, for example, by treatment with
trimethylsilyl diazomethane in MeOH or via Fischer
esterification conditions, such as treatment with
trimethylsilyl chloride ("TMSCl") in MeOH. Reduction
of the nitro group and sulfonylation under standard
conditions provides compound 9. Basic hydrolysis with
aqueous NaOH provides an alternative synthesis to
compound 2. 12 13 1. coupling 2. deprotection Scheme 7
[00258] Scheme 7 illustrates a method for the
installation of the R16 group (a subset of R6) to
provide compound 15 (a subset of Formula I), wherein
R16 is substituted alkyl, aryl orheteroaryl and R1,
Rz, R and R4 are as defined herein. Pyrrolopyridine
12, wherein X is a halogen, may be protected, for
instance, using tosyl chloride in a solvent, such as
acetonitrile 



or dimethylformamide ("DMF"), in the presence of a
base, such as K CO3 or NaH. Nitration, for example,
with tetrabutylammonium nitrate, followed by reduction
of the nitro group under standard conditions provides
compound 13, wherein PG is an amine protecting group,
such as a tosyl group. Aniline 13 and benzoic acid 2
are coupled under standard conditions to provide amide
14. A cross-coupling reaction with compound 14, for
example, Suzuki, Stille or Negishi reactions, in the
presence of a catalyst, such as
tetrakis(triphenylphosphine)palladium, can be used to
install a variety of alkyl, aryl and heteroaryl groups
at the R6 position of Formula I. Removal of the
protecting group under basic conditions, for example,
with K2CO3, at an appropriate temperature, for example
0C to reflux, provides compound 15. [00259]
Additionally in Scheme 7, R16 may be CN. Amide
coupling halogenation Scheme 8 [00260] Scheme 8 shows
a method of preparing compounds 19 and 20 (both a
subset of Formula I), wherein X is a halogen and R1,
R2, R3, R4 and R5 are as defined herein.Preparation of
compound 16, wherein PG is a protecting group
(preferably -SO2Ph) and X is a halogen (preferably
iodine), can be carried out as described in the
literature (Benoit, Joseph et al., "Synthesis of
Pyrido[2,3-b]indole Derivatives via Diels-Alder
Reactions of 2- and 3- Vinylpyrrolo[2,3-b]pyridines."
Tetrahedron 56(20), pp. 3189-3196 (2000)). Compound 16
may be functionalized to install the 5-amino group via
nitration (preferably tetrabutylammonium nitrate/
trifluoroacetic acid anhydride) followed by reduction
(preferably employing either SnCl2 or H2 on Pd/C) to
give compound 17. Standard amide coupling (preferably
using l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
("EDCI")/ 1- hydroxybenzotriazole ("HOBt")) with aryl
amine 2 affords compound 18. Installation of the R5
group can be accomplished via Pd-catalyzed coupling
reaction (e.g., Sonogashira coupling, Suzuki coupling,
etc.), and removal of the protecting group affords
compound 19. If desired, halogenation of compound 19
can be affected under standard halogenation
(Nbromosuccinimide ("NBS") or NCS) conditions. 24 19
Scheme 9 [00261] Scheme 9 illustrates another method
for preparing compound 19, wherein R1, R2, R3, R4 and
R5 are as defined herein. Starting from compound 21, a
Sonogashira coupling reaction is used to produce
alkyne 22. Cyclization of pyridine 22 under various
conditions (e.g., KOt-Bu or CuI / N-methylpyrrolidone
("NMP")) affords pyrrolopyridine compound 23.
Reduction of the nitro group (SnCl2 or hydrogenation)
affords compound 24, which provides compound 19 after
amide coupling under standard conditions.AIMe3,
toluene NHReRf then deprotection Scheme 10 [00262]
Scheme 10 illustrates a general method for the
preparation of compound 26 (a subset of Formula I),
wherein R1, R2, R3, R4, Re and Rf are defined herein.
Compound 14, wherein X is Br or I and Ar is aryl, can
be treated with an alcoholic solvent, such as
methanol, under an atmosphere (or several atmospheres)
of carbon monoxide with an appropriate palladium
catalyst (such as PdCl2(PPh3)2) to give the compound
25. Amide formation is then carried out by subjecting
compound 25 to an amine in the presence of trimethyl
aluminum followed by basic hydrolysis to give compound
26. Scheme 11 [00263] Scheme 11 illustrates a general
method for the preparation of compound 28 (a subset of
Formula I), wherein R1, R2, R3, R4, Re and Rf are
defined herein. Compound 3 canbe treated with a Lewis
acid, such as AlCl3, and an acid chloride in a solvent
or a mixture of solvents, such as DCM and CH3NO , to
produce ketone 27 (a subset of Formula I).
Nucleophilic substitution with an amine of Formula R
NH can be carried out on compound 27 in a suitable
solvent, such as EtOH, to provide compound 28. Scheme
12 [00264] Scheme 12 shows a general method for
preparing compound 2, wherein R1, R2, R3 and R4 are as
defined herein. Benzoic acid 29 is esterified to
methyl benzoate 10 by treatment with trimethylsilyl
diazomethane in MeOH or via Fischer esterification
conditions, such as treatment with TMSCl in MeOH.
Reduction of ester 10 is performed using a standard
condition, such as treatment with Pd/C and H .
Sulfonamide 30 is obtained by treatment of aniline 11
with a sulfonyl chloride in the presence of a base,
such as pyridine, in an organic solvent, such as DCM.
Hydrolysis of compound 30 is accomplished under basic
conditions, such as aqueous LiOH in the appropriate
solvent system such as tetrahydrofuran ("THF") and/or
MeOH, to provide compound 2. Scheme 13[00265] Scheme
13 shows a general method for preparing compound 35 (a
subset of Formula I), wherein R5a is C1-C5 alkyl
optionally substituted with halogen, ORg or NRgRh, and
R1, R2, R3, R4, R6, R8 and Rh are as defined herein.
The N-sulfonylated pyrrolopyridine 31, wherein Ar is,
for example, phenyl or 4-methylphenyl, is deprotonated
with a base, such as n-BuLi or lithium
diisopropylamide ("LDA"), and subsequently treated
with an electrophile such as R5aC(=O)-X, wherein X is
iodo, bromo, chloro, OSO -R, wherein R is methyl,
trifluoromethyl, phenyl or p-toluene, or an anhydride,
such as R5aC(O)-O-C(O)R5a, or similar electrophiles.
The substituted N-sulfonylated pyrrolopyridine 32 is
then treated with a nitration reagent, for example
tetrabutylammonium nitrate. Basic hydrolysis of the
nitro intermediate 33 through addition of an inorganic
base, such as potassium carbonate, in the presence of
water and solvent, such as methanol, is followed by
reduction of the nitro group through reduction with
iron or palladium catalyzed hydrogenation to yield the
amine 34. Standard amide bond coupling with an acid 2
provides pyrrolopyridine 35. 1. Basic hydrolysis 2.
Reduction Scheme 14 [00266] Scheme 14 shows a general
method for preparing Compound 37, wherein R1, R2, Rt->
3, Rt 44, and R6 are as defined herein, and R5a is
defined above. The carbonyl function of compound 33,
wherein Ar is defined above, can be converted to an
alcohol function using reducing agents, such as NaBH4,
to provide compound 33a. Compound 33a may then be
further reacted according to Scheme 13 to provide
compound 37.Scheme 15 [00267] Scheme 15 shows a
general method for preparing compound 42, wherein R ,
R2, R3, R4, R5 and R6 are as defined herein. Benzoic
acid 5 is nitrated in the presence of nitric acid,
either neat or in the presence of another acid, such
as sulfuric acid or trifluoroacetic acid, to provide
nitrated benzoic acid 29. Compound 29 may be coupled
with compound 38 with an activating reagent, such as
EDCI, in the presence of an additive, such as HOBt, in
a suitable solvent, such as DMF or DCM, to provide
compound 39. Compound 39 may be reduced to aniline 40
in a number of ways, for example, by SnCl dihydrate,
Zn/acid, or by hydrogenation. Sulfonamide 42 is
obtained by treatment of aniline 40 with a sulfonyl
chloride 4 1 in the presence of a base, such as
pyridine, in an organic solvent, such as DCM.
Hydrolysis Amide Coupling Scheme 16[00268] Scheme 16
illustrates a general method for the preparation of
compound 42a (a subset of Formula I and Compound 42),
wherein R1, R2, R3, R5, R6, R" and R0 are defined
herein. Compound 43 can be treated with a base, such
as triethylamine, and sulfamyl chloride 44 in a
solvent, such as DCM, to produce the sulfamide 45.
Hydrolysis can be carried out on compound 45 with a
base, such as sodium hydroxide, in a suitable solvent
or mixture of solvents, such as THF and MeOH, to
provide the acid 46. Amide bond coupling of 46 and 38
can be carried out with a coupling agent, such as
EDCI, in a solvent, such as DMF, to provide compound
42a. [00269] Accordingly, another embodiment of the
present invention provides a process for preparing
compounds of Formula I (or a subset thereof, including
Formula 15, Formula 19, Formula 20, Formula 26,
Formula 27 and Formula 28), comprising: (a) coupling a
compound of Formula 1: with a compound of Formula 2:
wherein R , R , R and R are as defined herein; to
provide a compound of Formula I , wherein R5 and R6
are hydrogen; (b) halogenating a compound of Formula I
, wherein R5 and R6 are hydrogen to provide another
compound of Formula I , wherein R5 is hydrogen and R6
is halogen; (c) coupling a compound of Formula 1: with
a compound of Formula III:wherein R is hydrogen, C1-C6
alkyl, benzyl or phenyl and R1, rR"2, R and R are as
defined herein; 



to provide a compound of Formula 8: followed by
hydrolysis to provide a compound of Formula I, wherein
R and R are hydrogen; (d) coupling a compound of
Formula 13: 13 wherein X is halogen and PG is an amine
protecting group; with a compound of Formula 2:
wherein R1, R2, R3 and R4 are as defined herein; to
provide a compound of Formula 14:14 followed by a
cross-coupling reaction and deprotection to provide a
compound of Formula 15: 15 wherein R16 is phenyl
optionally substituted with one to three Ra groups, 5
or 6 membered heteroaryl optionally substituted with
C1-C4 alkyl or benzyl or C1-C4 alkyl optionally
substituted with one to three Rb groups; each Ra is
independently selected from halogen, CN, CF3, -0(C
1-C4 alkyl), C1-C4 alkyl or 5 or 6 membered
heterocyclyl; each Rb is independently selected from
halogen, OH, OCH3, oxo, -NReRf, phenyl optionally
substituted with a halogen, or a 5 or 6 membered
heterocyclyl optionally substituted with halogen; and
Re and Rf are independently selected from hydrogen,
C1-C4 alkyl or phenyl; (e) coupling a compound of
Formula 17: 17 wherein X is halogen and PG is an amine
protecting group; with a compound of Formula 2:
wherein R1, R2, R3 and R4 are as defined herein;to
provide a compound of Formula 18: 18 followed by
installation of the R5 group and deprotection to
provide a compound of Formula 19: wherein R5 is as
defined herein; (f) halogenating a compound of Formula
19: 19 whereinR. 1, tR. 2, rR>3 , rR, A and R are as
defined herein; to provide a compound of Formula 20:
20 wherein X is halogen; (g) coupling a compound of
Formula 24:24 with a compound of Formula 2 : wherein
R1, R2, R3 and R4 are as defined herein; to provide a
compound of Formula 19: 19 (h) subjecting compound 25:
wherein Ar is a 5 or 6 membered aryl and R1, R2, R and
R4 are as defined herein; to an amine in the presence
of trimethyl aluminum to provide compound 26: 26
wherein Re and Rf are as defined herein; (i) treating
compound 3:wherein R1, R2, R3 and R4 are as defined
herein; with a Lewis acid and an acid chloride in a
solvent to provide compound 27: 27 Q) performing a
nucleophilic substitution in a suitable solvent on
compound 27: wherein R1, R2, R3 and R4 are as defined
herein; to provide a compound of Formula 28: wherein
Re and Rf are as defined herein. [00270] Another
embodiment of the present invention provides a process
for preparing compounds of Formulas 35 or 37 (subsets
of Formula I), comprising: (a) coupling a compound of
Formula 34: 34wherein R5a is C1-C5 alkyl optionally
substituted with halogen, ORg or NR8Rh, and R6, R8 and
R are as defined herein; with a compound of Formula 2
: wherein R , R , R and R are as defined herein; to
provide a compound of Formula 35: 35 (b) coupling a
compound of Formula 36: 36 wherein R5a is C1-C5 alkyl
optionally substituted with halogen, 0 Re or NR8R ,
and R6, R8 and Rh are as defined herein; with a
compound of Formula 2 : wherein R"1, rR>2 , tR, 3 and
R are as defined herein; to provide a compound of
Formula 37: 37 (c) treating a compound of Formula
40:wherein R1, R2, R3, R5 and R6 are as defined
herein; with a sulfonyl chloride of Formula 41: Cl '
R4 41 wherein R4 is as defined herein; in the presence
of a base and in an organic solvent to provide a
compound of Formula 42: (d) coupling a compound of
Formula 46: wherein R1, R2, R3, Rn and R0 are as
defined herein; with a compound of Formula 38: wherein
R5 and R6 are as defined herein; with a coupling agent
and in a solvent to provide a compound of Formula
42a:42a [00271] In preparing compounds of Formula I,
protection of remote functionalities (e.g., primary or
secondary amines, etc.) of intermediates may be
necessary. The need for such protection will vary
depending on the nature of the remote functionality
and the conditions of the preparation methods.
Suitable amino-protecting groups (NH-Pg) include
acetyl, trifluoroacetyl, t-butyloxycarbonyl ("Boc"),
benzyloxycarbonyl ("CBz") and 9-
fluorenylmethyleneoxycarbonyl ("Fmoc"). The need for
such protection is readily determined by one skilled
in the art. For a general description of protecting
groups and their use, see T. W. Greene, et al.
Greene's Protective Groups in Organic Synthesis. New
York: Wiley Interscience, 2006. METHODS OF SEPARATION
[00272] It may be advantageous to separate reaction
products from one another and/or from starting
materials. The desired products of each step or series
of steps is separated and/or purified (hereinafter
separated) to the desired degree of homogeneity by the
techniques common in the art. Typically such
separations involve multiphase extraction,
crystallization from a solvent or solvent mixture,
distillation, sublimation, or chromatography.
Chromatography can involve any number of methods
including, for example: reverse-phase and normal
phase; size exclusion; ion exchange; high, medium and
low pressure liquid chromatography methods and
apparatus; small scale analytical; simulated moving
bed ("SMB") and preparative thin or thick layer
chromatography, as well as techniques of small scale
thin layer and flash chromatography. One skilled in
the art will apply techniques most likely to achieve
the desired separation. [00273] Diastereomeric
mixtures can be separated into their individual
diastereomers on the basis of their physical chemical
differences by methods well known to those skilled in
the art, such as by chromatography and/or fractional
crystallization. Enantiomers can be separated by
converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate
optically active compound (e.g., chiral auxiliary such
as a chiral alcohol or Mosher's acid chloride),
separating the diastereomers and converting (e.g.,
hydrolyzing)the individual diastereoisomers to the
corresponding pure enantiomers. Enantiomers can also
be separated by use of a chiral HPLC column. [00274] A
single stereoisomer, e.g., an enantiomer,
substantially free of its stereoisomer may be obtained
by resolution of the racemic mixture using a method
such as formation of diastereomers using optically
active resolving agents (Eliel, E. and Wilen, S.
Stereochemistry of Organic Compounds . New York: John
Wiley & Sons, Inc., 1994; Lochmuller, C. H., et al.
"Chromatographic resolution of enantiomers: Selective
review." J . Chromatogr. . 113(3) (1975): pp.
283-302). Racemic mixtures of chiral compounds of the
invention can be separated and isolated by any
suitable method, including: (1) formation of ionic,
diastereomeric salts with chiral compounds and
separation by fractional crystallization or other
methods, (2) formation of diastereomeric compounds
with chiral derivatizing reagents, separation of the
diastereomers, and conversion to the pure
stereoisomers, and (3) 



separation of the substantially pure or enriched
stereoisomers directly under chiral conditions. See:
Wainer, Irving W., Ed. Drug Stereochemistry:
Analytical Methods and Pharmacology . New York: Marcel
Dekker, Inc., 1993. [00275] Under method (1),
diastereomeric salts can be formed by reaction of
enantiomerically pure chiral bases such as brucine,
quinine, ephedrine, strychnine, a-methyl-
b-phenylethylamine (amphetamine), and the like with
asymmetric compounds bearing acidic functionality,
such as carboxylic acid and sulfonic acid. The
diastereomeric salts may be induced to separate by
fractional crystallization or ionic chromatography.
For separation of the optical isomers of amino
compounds, addition of chiral carboxylic or sulfonic
acids, such as camphorsulfonic acid, tartaric acid,
mandelic acid, or lactic acid can result in formation
of the diastereomeric salts. [00276] Alternatively, by
method (2), the substrate to be resolved is reacted
with one enantiomer of a chiral compound to form a
diastereomeric pair (Eliel, E. and Wilen, S.
Stereochemistry of Organic Compounds . New York: John
Wiley & Sons, Inc., 1994, p. 322). Diastereomeric
compounds can be formed by reacting asymmetric
compounds with enantiomerically pure chiral
derivatizing reagents, such as menthyl derivatives,
followed by separation of the diastereomers and
hydrolysis to yield the pure or enriched enantiomer. A
method of determining optical purity involves making
chiral esters, such as a menthyl ester, e.g., (-)
menthyl chloroformate in the presence of base, or
Mosher ester, a-methoxy-a- (trifluoromethyl)phenyl
acetate (Jacob III, Peyton. "Resolution of
()-5-Bromonornicotine. Synthesis of (R)- and
(S)-Nornicotine of High Enantiomeric Purity." J . Org.
Chem. Vol. 47,No. 2 1 (1982): pp. 4165-4167), of the
racemic mixture, and analyzing the 1H NMR spectrum for
the presence of the two atropisomeric enantiomers or
diastereomers. Stable diastereomers of atropisomeric
compounds can be separated and isolated by normal- and
reverse-phase chromatography following methods for
separation of atropisomeric naphthyl-isoquinolines (WO
96/151 11). [00277] By method (3), a racemic mixture
of two enantiomers can be separated by chromatography
using a chiral stationary phase (Lough, W.J., Ed.
Chiral Liquid Chromatography . New York: Chapman and
Hall, 1989; Okamoto, Yoshio, et al. "Optical
resolution of dihydropyridine enantiomers by
high-performance liquid chromatography using
phenylcarbamates of polysaccharides as a chiral
stationary phase." J. of Chromatogr . Vol. 513 (1990):
pp. 375-378). Enriched or purified enantiomers can be
distinguished by methods used to distinguish other
chiral molecules with asymmetric carbon atoms, such as
optical rotation and circular dichroism. BIOLOGICAL
EVALUATION [00278] B-Raf mutant protein 447-717
(V600E) was co-expressed with the chaperone protein
Cdc37, complexed with Hsp90 (Roe, S. Mark, et al. "The
Mechanism of Hsp90 Regulation by the Protein
Kinase-Specific Cochaperone p50cdc37 ." CeU. Vol. 116
(2004): pp. 87-98; Stancato, LF, et al. "Raf exists in
a native heterocomplex with Hsp90 and p50 that can be
reconstituted in a cell free system." J. Biol. Chem.
268(29) (1993): pp. 2171 1-21716). [00279] Determining
the activity of Raf in the sample is possible by a
number of direct and indirect detection methods (US
2004/0082014). Activity of human recombinant B-Raf
protein may be assessed in vitro by assay of the
incorporation of radio labeled phosphate to
recombinant MAP kinase (MEK), a known physiologic
substrate of B-Raf, according to US 2004/0127496 and
WO 03/022840. The activity/inhibition of V600E
full-length B-Raf was estimated by measuring the
incorporation of radio labeled phosphate from [g-
P]ATP into FSBA-modified wild-type MEK (see Example
A). ADMINISTRATION AND PHARMACEUTICAL FORMULATIONS
[00280] The compounds of the invention may be
administered by any convenient route appropriate to
the condition to be treated. Suitable routes include
oral, parenteral (including subcutaneous,
intramuscular, intravenous, intraarterial,
intradermal, intrathecal and epidural), transdermal,
rectal, nasal, topical (including buccal and
sublingual), vaginal, intraperitoneal, intrapulmonary
and intranasal.[00281] The compounds may be
administered in any convenient administrative form,
e.g., tablets, powders, capsules, solutions,
dispersions, suspensions, syrups, sprays,
suppositories, gels, emulsions, patches, etc. Such
compositions may contain components conventional in
pharmaceutical preparations, e.g., diluents, carriers,
pH modifiers, sweeteners, bulking agents, and further
active agents. If parenteral administration is
desired, the compositions will be sterile and in a
solution or suspension form suitable for injection or
infusion. [00282] A typical formulation is prepared by
mixing a compound of the present invention and a
carrier or excipient. Suitable carriers and excipients
are well known to those skilled in the art and are
described in detail in, e.g., Ansel, Howard C , et
al., Ansel's Pharmaceutical Dosage Forms and Drug
Delivery Systems. Philadelphia: Lippincott, Williams &
Wilkins, 2004; Gennaro, Alfonso R., et al. Remington:
The Science and Practice of Pharmacy. Philadelphia:
Lippincott, Williams & Wilkins, 2000; and Rowe,
Raymond C. Handbook of Pharmaceutical Excipients.
Chicago, Pharmaceutical Press, 2005. The formulations
may also include one or more buffers, stabilizing
agents, surfactants, wetting agents, lubricating
agents, emulsifiers, suspending agents, preservatives,
antioxidants, opaquing agents, glidants, processing
aids, colorants, sweeteners, perfuming agents,
flavoring agents, diluents and other known additives
to provide an elegant presentation of the drug (i.e.,
a compound of the present invention or pharmaceutical
composition thereof) or aid in the manufacturing of
the pharmaceutical product (i.e., medicament). [00283]
One embodiment of the present invention includes a
pharmaceutical composition comprising a compound of
Formula I, or a stereoisomer or pharmaceutically
acceptable salt thereof. In a further embodiment, the
present invention provides a pharmaceutical
composition comprising a compound of Formula I, or a
stereoisomer or pharmaceutically acceptable salt
thereof, together with a pharmaceutically acceptable
carrier or excipient. [00284] Another embodiment of
the present invention provides a pharmaceutical
composition comprising a compound of Formula I for use
in the treatment of a hyperproliferative disease.
[00285] Another embodiment of the present invention
provides a pharmaceutical composition comprising a
compound of Formula I for use in the treatment of
cancer.METHODS QF TREATMENT WITH COMPOUNDS OF THE
INVENTION [00286] The invention includes methods of
treating or preventing disease or condition by
administering one or more compounds of this invention,
or a stereoisomer or pharmaceutically acceptable salt
thereof. In one embodiment, a human patient is treated
with a compound of Formula I , or a stereoisomer or
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, adjuvant, or
vehicle in an amount to detectably inhibit B-Raf
activity. [00287] In another embodiment, a human
patient is treated with a compound of Formula I , or a
stereoisomer, tautomer, prodrug or pharmaceutically
acceptable salt thereof, and a pharmaceutically
acceptable carrier, adjuvant, or vehicle in an amount
to detectably inhibit B-Raf activity. [00288] In
another embodiment of the present invention, a method
of treating a hyperproliferative disease in a mammal
comprising administering a therapeutically effective
amount of the compound of Formula I , or a
stereoisomer, tautomer, prodrug or pharmaceutically
acceptable salt thereof, to the mammal is provided.
[00289] In another embodiment of the present
invention, a method of treating a hyperproliferative
disease in a mammal comprising administering a
therapeutically effective amount of the compound of
Formula I , or a stereoisomer or pharmaceutically
acceptable salt thereof, to the mammal is provided.
[00290] In another embodiment of the present
invention, a method of treating kidney disease in a
mammal comprising administering a therapeutically
effective amount of the compound of Formula I , or a
stereoisomer, tautomer, prodrug or pharmaceutically
acceptable salt thereof, to the mammal is provided. In
a further embodiment, the kidney disease is polycystic
kidney disease. [00291] In another embodiment, a
method of treating or preventing cancer in a mammal in
need of such treatment, wherein the method comprises
administering to said mammal a therapeutically
effective amount of a compound of Formula I , or a
stereoisomer or pharmaceutically acceptable salt
thereof. The cancer is selected from breast, ovary,
cervix, prostate, testis, genitourinary tract,
esophagus, larynx, glioblastoma, neuroblastoma,
stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, NSCLC, small cell
carcinoma, lung adenocarcinoma, bone, colon, adenoma,
pancreas, adenocarcinoma, thyroid, follicular
carcinoma, undifferentiated carcinoma, papillary
carcinoma, seminoma, melanoma, sarcoma, bladder
carcinoma, liver carcinoma and biliary passages,
kidney carcinoma,myeloid disorders, lymphoid
disorders, hairy cells, buccal cavity and pharynx
(oral), lip, tongue, mouth, pharynx, small intestine,
colon-rectum, large intestine, rectum, brain and 



central nervous system, Hodgkin's and leukemia.
Another embodiment of the present invention provides
the use of a compound of Formula I , or a stereoisomer
or pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for the treatment of
cancer. [00292] In another embodiment, a method of
treating or preventing cancer in a mammal in need of
such treatment, wherein the method comprises
administering to said mammal a therapeutically
effective amount of a compound of Formula I, or a
stereoisomer, tautomer, prodrug or pharmaceutically
acceptable salt thereof. [00293] Another embodiment of
the present invention provides the use of a compound
of Formula I , or a stereoisomer, tautomer, prodrug or
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for the treatment of
cancer. [00294] Another embodiment of the present
invention provides the use of a compound of Formula I
, or a stereoisomer, tautomer, prodrug or
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for the treatment of
kidney disease. In a further embodiment, the kidney
disease is polycystic kidney disease. [00295] In
another embodiment, a method of preventing or treating
cancer, comprising administering to a mammal in need
of such treatment an effective amount of a compound of
Formula I , or a stereoisomer, tautomer, prodrug or
pharmaceutically acceptable salt thereof, alone or in
combination with one or more additional compounds
having anti-cancer properties. [00296] In another
embodiment, a method of preventing or treating cancer,
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
I , or a stereoisomer or pharmaceutically acceptable
salt thereof, alone or in combination with one or more
additional compounds having anti-cancer properties.
[00297] In one further embodiment, the cancer is a
sarcoma. [00298] In another further embodiment, the
cancer is a carcinoma. In one further embodiment, the
carcinoma is squamous cell carcinoma. In another
further embodiment, the carcinoma is an adenoma or
adenocarcinoma. [00299] In another embodiment, a
method of treating or preventing a disease or disorder
modulated by B-Raf, comprising administering to a
mammal in need of such treatment an effective amount
of a compound of Formula I , or a stereoisomer
orpharmaceutically acceptable salt thereof. Examples
of such diseases and disorders include, but are not
limited to, cancer. The cancer is selected from
breast, ovary, cervix, prostate, testis, genitourinary
tract, esophagus, larynx, glioblastoma, neuroblastoma,
stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, NSCLC, small cell
carcinoma, lung adenocarcinoma, bone, colon, adenoma,
pancreas, adenocarcinoma, thyroid, follicular
carcinoma, undifferentiated carcinoma, papillary
carcinoma, seminoma, melanoma, sarcoma, bladder
carcinoma, liver carcinoma and biliary passages,
kidney carcinoma, myeloid disorders, lymphoid
disorders, hairy cells, buccal cavity and pharynx
(oral), lip, tongue, mouth, pharynx, small intestine,
colon-rectum, large intestine, rectum, brain and
central nervous system, Hodgkin's and leukemia.
[00300] In another embodiment, a method of treating or
preventing a disease or disorder modulated by B-Raf,
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
I , or a stereoisomer, tautomer, prodrug or
pharmaceutically acceptable salt thereof. [00301] In
another embodiment of the present invention, a method
of preventing or treating kidney disease, comprising
administering to a mammal in need of such treatment an
effective amount of a compound of Formula I , or a
stereoisomer, prodrug or pharmaceutically acceptable
salt thereof, alone or in combination with one or more
additional compounds. In another embodiment of the
present invention, a method of preventing or treating
polycystic kidney disease, comprising administering to
a mammal in need of such treatment an effective amount
of a compound of Formula I , or a stereoisomer,
prodrug or pharmaceutically acceptable salt thereof,
alone or in combination with one or more additional
compounds. [00302] Another embodiment of the present
invention provides the use of a compound of Formula I
, or a stereoisomer or pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for
the treatment of cancer. The cancer is selected from
breast, ovary, cervix, prostate, testis, genitourinary
tract, esophagus, larynx, glioblastoma, neuroblastoma,
stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, NSCLC, small cell
carcinoma, lung adenocarcinoma, bone, colon, adenoma,
pancreas, adenocarcinoma, thyroid, follicular
carcinoma, undifferentiated carcinoma, papillary
carcinoma, seminoma, melanoma, sarcoma, bladder
carcinoma, liver carcinoma and biliary passages,
kidney carcinoma, myeloid disorders, lymphoid
disorders, hairy cells, buccal cavity and pharynx
(oral), lip, tongue, mouth, pharynx, small intestine,
colon-rectum,large intestine, rectum, brain and
central nervous system, Hodgkin's and leukemia. In a
further embodiment, the use of a compound of Formula I
in the manufacture of a medicament, for use as a b-Raf
inhibitor in the treatment of a patient undergoing
cancer therapy. [00303] Another embodiment of the
present invention provides the use of a compound of
Formula I , or a stereoisomer, tautomer, prodrug or
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for the treatment of
cancer. [00304] Another embodiment of the present
invention provides the use of a compound of Formula I
, or a stereoisomer, tautomer, prodrug or
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for the treatment of
polycystic kidney disease. In a further embodiment,
the kidney disease is polycystic kidney disease.
[00305] Another embodiment of the present invention
provides the compounds of Formula I for use in
therapy. [00306] Another embodiment of the present
invention provides the compounds of Formula I for use
in the treatment of a hyperproliferative disease. In a
further embodiment, the hyperproliferative disease is
cancer (as further defined and may be individually
selected from those above). [00307] Another embodiment
of the present invention provides the compounds of
Formula I for use in the treatment of kidney disease.
In a further embodiment, the kidney disease is
polycystic kidney disease. COMBINATION THERAPY [00308]
The compounds of this invention and stereoisomers and
pharmaceutically acceptable salts thereof may be
employed alone or in combination with other
therapeutic agents for treatment. The compounds of the
present invention can be used in combination with one
or more additional drugs, for example an
anti-hyperproliferative, anti-cancer, or
chemotherapeutic agent. The second compound of the
pharmaceutical combination formulation or dosing
regimen preferably has complementary activities to the
compound of this invention such that they do not
adversely affect each other. Such agents are suitably
present in combination in amounts that are effective
for the purpose intended. The compounds may be
administered together in a unitary pharmaceutical
composition or separately and, when administered
separately this may occur simultaneously or
sequentially in any order. Such sequential
administration may be close in time or remote in
time.[00309] A "chemotherapeutic agent" is a chemical
compound useful in the treatment of cancer, regardless
of mechanism of action. Chemotherapeutic agents
include compounds used in "targeted therapy" and
conventional chemotherapy. A number of suitable
chemotherapeutic agents to be used as combination
therapeutics are contemplated for use in the methods
of the present invention. The present invention
contemplates, but is not limited to, administration of
numerous anticancer agents, such as: agents that
induce apoptosis; polynucleotides (e.g., ribozymes);
polypeptides (e.g., enzymes); drugs; biological
mimetics; alkaloids; alkylating agents; antitumor
antibiotics; antimetabolites; hormones; platinum
compounds; monoclonal antibodies conjugated with
anticancer drugs, toxins, and/or radionuclides;
biological response modifiers (e.g., interferons
[e.g., IFN-a, etc.] and interleukins [e.g., IL-2,
etc.], etc.); adoptive immunotherapy agents;
hematopoietic growth factors; agents that induce tumor
cell differentiation (e.g., all-trans-retinoic acid,
etc.); gene therapy reagents; antisense therapy
reagents and nucleotides; tumor vaccines; inhibitors
of angiogenesis, and the like. [00310] Examples of
chemotherapeutic agents include Erlotinib (TARCEVA(r),
Genentech/OSI Pharm.), Bortezomib (VELCADE(r),
Millennium Pharm.), Fulvestrant (FASLODEX(r),
AstraZeneca), Sunitinib (SUTENT(r), Pfizer), Letrozole
(FEMARA(r), Novartis), Imatinib mesylate (GLEEVEC(r),
Novartis), PTK787/ZK 222584 (Novartis), Oxaliplatin
(Eloxatin(r), Sanofi), 5-FU (5-fluorouracil),
Leucovorin, Rapamycin (Sirolimus, RAPAMUNE(r), Wyeth),
Lapatinib (TYKERB(r), GSK572016, Glaxo Smith Kline),
Lonafarnib (SCH 66336), Sorafenib (NEXAVAR(r), Bayer),
Irinotecan (CAMPTOSAR(r), Pfizer) and Gefitinib
(IRESSA(r), AstraZeneca), AG1478, AG1571 (SU 5271;
Sugen), 



alkylating agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide
and trimethylomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptothecin
(including the synthetic analog topotecan);
bryostatin; callystatin; CC- 1065 (including its
adozelesin, carzelesin and bizelesin synthetic
analogs); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogs, KW-2189 and
CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, chlorophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride,
melphalan,novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (Angew
Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin,
including dynemicin A; bisphosphonates, such as
clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins,
actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6- diazo-5-oxo-L-norleucine,
ADRIAMYCIN(r) (doxorubicin), morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, porfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogs such as
denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6- mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2l,2"-trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxoids, e.g., TAXOL(r)
(paclitaxel; Bristol-Myers Squibb Oncology, Princeton,
N.J.), ABRAXANE(tm) (Cremophor-free),
albumin-engineered nanoparticle formulations of
paclitaxel (American Pharmaceutical Partners,
Schaumberg, Illinois), and TAXOTERE(r) (doxetaxel;
Rhne-Poulenc Rorer, Antony, France);chloranmbucil;
GEMZAR(r) (gemcitabine); 6-thioguanine;
mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine; etoposide (VP-
16); ifosfamide; mitoxantrone; vincristine;
NAVELBINE(r) (vinorelbine); novantrone; teniposide;
edatrexate; daunomycin; aminopterin; capecitabine
(XELODA(r)); ibandronate; CPT-I l ; topoisomerase
inhibitor RFS 2000; difluoromethylornithine (DMFO);
retinoids such as retinoic acid; and pharmaceutically
acceptable salts, acids and derivatives of any of the
above. [00311] Also included in the definition of
"chemotherapeutic agent" are: (i) antihormonal agents
that act to regulate or inhibit hormone action on
tumors such as antiestrogens and selective estrogen
receptor modulators (SERMs), including, for example,
tamoxifen (including NOLVADEX(r); tamoxifen citrate),
raloxifene, droloxifene, 4- hydroxytamoxifen,
trioxifene, keoxifene, LYl 17018, onapristone, and
FARESTON(r) (toremif ne citrate); (ii) aromatase
inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE(r) (megestrol acetate),
AROMASIN(r) (exemestane; Pfizer), formestanie,
fadrozole, RTVISOR(r) (vorozole), FEMARA(r)
(letrozole; Novartis), and ARIMIDEX(r) (anastrozole;
AstraZeneca); (iii) anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin;
as well as troxacitabine (a 1,3-dioxolane nucleoside
cytosine analog); (iv) protein kinase inhibitors; (v)
lipid kinase inhibitors; (vi) antisense
oligonucleotides, particularly those which inhibit
expression of genes in signaling pathways implicated
in aberrant cell proliferation, such as, for example,
PKC-alpha, RaIf and H-Ras; (vii) ribozymes such as
VEGF expression inhibitors (e.g., ANGIOZYME(r)) and
HER2 expression inhibitors; (viii) vaccines such as
gene therapy vaccines, for example, ALLOVECTIN(r),
LEUVECTIN(r), and VAXID(r); PROLEUKIN(r) rIL-2; a
topoisomerase 1 inhibitor such as LURTOTECAN(r);
ABARELIX(r) rmRH; (ix) anti-angiogenic agents such as
bevacizumab (AVASTEST(r), Genentech); and (x)
pharmaceutically acceptable salts, acids and
derivatives of any of the above. [00312] Also included
in the definition of "chemotherapeutic agent" are
therapeutic antibodies such as alemtuzumab (Campath),
bevacizumab (AVASTIN(r), Genentech); cetuximab
(ERBITUX(r), Imclone); panitumumab (VECTIBIX(r),
Amgen), rituximab (RITUXAN(r), Genentech/Biogen Idee),
pertuzumab (OMNITARG(r), 2C4, Genentech), trastuzumab
(HERCEPTIN(r), Genentech), tositumomab (Bexxar,
Corixia), and the antibody drug conjugate, gemtuzumab
ozogamicin (MYLOTARG(r), Wyeth).[00313] Humanized
monoclonal antibodies with therapeutic potential as
chemotherapeutic agents in combination with the Raf
inhibitors of the invention include: alemtuzumab,
apolizumab, aselizumab, atlizumab, bapineuzumab,
bevacizumab, bivatuzumab mertansine, cantuzumab
mertansine, cedelizumab, certolizumab pegol,
cidfusituzumab, cidtuzumab, daclizumab, eculizumab,
efalizumab, epratuzumab, erlizumab, felvizumab,
fontolizumab, gemtuzumab ozogamicin, inotuzumab
ozogamicin, ipilimumab, labetuzumab, lintuzumab,
matuzumab, mepolizumab, motavizumab, motovizumab,
natalizumab, nimotuzumab, nolovizumab, numavizumab,
ocrelizumab, omalizumab, palivizumab, pascolizumab,
pecfusituzumab, pectuzumab, pertuzumab, pexelizumab,
ralivizumab, ranibizumab, reslivizumab, reslizumab,
resyvizumab, rovelizumab, ruplizumab, sibrotuzumab,
siplizumab, sontuzumab, tacatuzumab tetraxetan,
tadocizumab, talizumab, tefibazumab, tocilizumab,
toralizumab, trastuzumab, tucotuzumab celmoleukin,
tucusituzumab, umavizumab, urtoxazumab, and
visilizumab. EXAMPLES [00314] In order to illustrate
the invention, the following Examples are included.
However, it is to be understood that these Examples do
not limit the invention and are only meant to suggest
a method of practicing the invention. Persons skilled
in the art will recognize that the chemical reactions
described may be readily adapted to prepare a number
of other compounds of the invention, and alternative
methods for preparing the compounds of this invention
are deemed to be within the scope of this invention.
For example, the synthesis of non-exemplified
compounds according to the invention may be
successfully performed by modifications apparent to
those skilled in the art, e.g., by appropriately
protecting interfering groups, by utilizing other
suitable reagents known in the art other than those
described, and/or by making routine modifications of
reaction conditions. Alternatively, other reactions
disclosed herein or known in the art will be
recognized as having applicability for preparing other
compounds of the invention. [00315] In the Examples
described below, unless otherwise indicated all
temperatures are set forth in degrees Celsius.
Reagents were purchased from commercial suppliers such
as Sigma-Aldrich, Alfa Aesar, or TCI, and were used
without further purification unless otherwise
indicated. [00316] The reactions set forth below were
done generally under a positive pressure of nitrogen
or argon or with a drying tube (unless otherwise
stated) in anhydrous solvents, andthe reaction flasks
were typically fitted with rubber septa for the
introduction of substrates and reagents via syringe.
Glassware was oven dried and/or heat dried. [00317]
Column chromatography purification was done on a
Biotage system (Manufacturer: Dyax Corporation) having
a silica gel column or on a silica SepPak cartridge
(Waters) or on a Teledyne Isco Combiflash purification
system using prepacked silica gel cartridges. 1H NMR
spectra were recorded on a Varian instrument operating
at 400 MHz. 1H-NMR spectra were obtained as CDCl3,
CD2Cl2, CD3OD, D2O, d6-DMSO, d6-acetone or CD3CN
solutions (reported in ppm), using tetramethylsilane
(0.00 ppm) or residual solvent (CDCl3: 7.25 ppm;
CD3OD: 3.31 ppm; D2O: 4.79 ppm; d6-DMSO: 2.50 ppm;
d6-acetone: 2.05 ppm; CD3CN: 1.94 ppm) as the
reference standard. When peak multiplicities are 



reported, the following abbreviations are used: s
(singlet), d (doublet), t (triplet), q (quartet), qn
(quintuplet), sx (sextuplet), m (multiplet), br
(broadened), dd (doublet of doublets), dt (doublet of
triplets). Coupling constants, when given, are
reported in Hertz (Hz). Example A B-Raf ICsn Assay
Protocol [00318] Activity of human recombinant B-Raf
protein may be assessed in vitro by assay of the
incorporation of radio labeled phosphate to
recombinant MAP kinase (MEK), a known physiologic
substrate of B-Raf, according to US 2004/0127496 and
WO 03/022840. Catalytically active human recombinant
B-Raf protein is obtained by purification from sf9
insect cells infected with a human B-Raf recombinant
baculovirus expression vector. [00319] The
activity/inhibition of V600E full-length B-Raf was
estimated by measuring the incorporation of radio
labeled phosphate from [g-33P]ATP into FSBA-modified
wild-type MEK. The 30-mL assay mixtures contained 25mM
Na Pipes, pH 7.2, 10OmM KCl, 1OmM MgCl2, 5mM
b-glycerophosphate, lOOmM Na Vanadate, 4mM ATP, 500
nCi [g- 33P]ATP, l mM FSBA-MEK and 2OnM V600E
full-length B-Raf. Incubations were carried out at 22C
in a Costar 3365 plate (Corning). Prior to the assay,
the B-Raf and FSBA-MEK were preincubated together in
assay buffer at 1.5x (20 mL of 3OnM and 1.5mM,
respectively) for 15 minutes, and the assay was
initiated by the addition of 10 mL of l OmM ATP.
Following the 60-minute incubation, the assay mixtures
were quenched by the addition of 100 mL of 25% TCA,
the plate was mixed on a rotary shaker for 1 minute,
and the product was captured on a Perkin-Elmer GF/B
filter plate using a Tomtec Mach III Harvester. After
sealing the bottom of the plate, 35 mL of Bio-Safe II
(Research Products International)scintillation
cocktail were added to each well and the plate was
top-sealed and counted in a Topcount NXT (Packard).
[00320] The compounds of Examples 1-173 were tested in
the above assay and found to have an IC50 of less than
1 mM. Example B methyl
2,6-difluoro-3-(T\f-(propylsulfonvDpropylsulfonamido)b
enzoate [00321] Step A: A 1 L flask was charged with
2,6-difluoro-3-nitrobenzoic acid (17.0 g, 83.7 mmol)
and MeOH (170 mL, 0.5M). The flask was placed in a
cold water bath, and an addition funnel charged with a
2M solution of trimethylsilyl ("TMS") diazomethane in
hexanes (209 mL, 419 mmol) was attached to the flask.
The TMS diazomethane solution was added slowly to the
reaction flask over the course of 2 hours. A large
excess of reagent was required in order for the
reaction to reach completion as determined by the
ceased evolution of N2 upon further addition of
reagent. The volatiles were removed in vacuo to afford
methyl 2,6-difluoro-3-nitrobenzoate as a solid (18.2
g, 99%). The material was taken directly onto Step B.
[00322] Step B: 10% (wt.) Pd on activated carbon (4.46
g, 4.19 mmol) was added to a IL flask charged with
methyl 2,6-difluoro-3-nitrobenzoate (18.2 g, 83.8
mmol) under an atmosphere of N2. Ethanol (350 mL,
0.25M) was added, and then H2 was passed through the
reaction mixture for 15 minutes. The reaction mixture
was then left to stir under two H2 balloons overnight.
The following day, the reaction mixture was re-flushed
with fresh H2 balloons and stirred an additional 4
hours. Upon consumption of the starting material and
intermediate hydroxylamine as determined by TLC, N2
gas was flushed through the reaction mixture. The
mixture was then filtered through glass microfibre
filter ("GF/F") paper twice. The volatiles were
removed to afford methyl 3-amino-2,6-difluorobenzoate
as an oil (15.66 g, 99%). The material was taken
directly onto the next step. [00323] Step C: Propane-
1-sulfonyl chloride (23.46 mL, 209.3 mmol) was slowly
added to a solution of methyl
3-amino-2,6-difluorobenzoate (15.66 g, 83.7 mmol) and
triethylamine (35.00 mL, 251.1 mmol) in CH2Cl2 (175
mL, 0.5M) maintained in a cool water bath. The
reaction mixture was stirred for 1 hour at room
temperature. Water (300 mL) wasadded, and the organic
layer was separated, washed with water (2 X 300 mL),
brine (200 mL), dried (Na2SO4), filtered and
concentrated to an oil. The crude material was
subjected to silica gel chromatography by loading onto
a Biotage 75M column with dichloromethane then eluting
with 15% ethyl acetate ("EtOAc")/hexane. The isolated
fractions were triturated with hexanes to afford
methyl
2,6-difluoro-3-(N-(propylsulfonyl)propylsulfonamido)be
nzoate (24.4 g, 73% yield for 3 steps) as a solid. 1H
NMR (400 MHz, CDCl3) d 7.52-7.45 (m, IH), 7.08-7.02
(m, IH), 3.97 (s, 3H), 3.68-3.59 (m, 2H), 3.53-3.45
(m, 2H), 2.02-1.89 (m, 4H), 1.10 (t, J = 7.4 Hz, 6H).
m/z (APCI-neg) M-(SO2Pr) = 292.2. Example C
2,6-difluoro-3 -(propylsulfonamido)benzoic acid
[00324] A IN aqueous NaOH solution (150 mL, 150 mmol)
was added to a solution of methyl
2,6-difluoro-3-(N-(propylsulfonyl)propylsulfonamido)be
nzoate (20.0 g, 50.1 mmol) in 4:1 THF/MeOH (250 mL,
0.2M). The reaction mixture was stirred at room
temperature overnight. The majority of the organic
solvents were then removed in vacuo (water bath
temperature 35C). IN HCl (150 mL) was slowly added to
the mixture, and the resulting solid was filtered and
rinsed with water (4 X 50 mL). The material was then
washed with Et O (4 X 15 mL) to give
2,6-difluoro-3-(propylsulfonamido)benzoic acid as a
solid (10.7 g, 77% yield). 1H NMR (400 MHz, d6-DMSO) d
9.74 (s, IH), 7.57-7.50 (m, IH), 7.23-7.17 (m, IH),
3.11-3.06 (m, 2H), 1.79-1.69 (m, 2H), 0.98 (t, J = 7.4
Hz, 3H). m/z (APCI-neg) M-I = 278.0. Example D
2,6-difluoro-3
-(N-(propylsulfonyl)propylsulfonamido)benzoic acid
[00325] Propane- 1-sulfonyl chloride (1.225 mL, 10.92
mmol) was added to a mixture of
3-amino-2,6-difluorobenzoic acid (0.573 g, 3.310
mmol), triethylamine (2.030 mL, 14.56 mmol) and CH Cl2
(17 mL, 0.2M) cooled to 0C. The reaction mixture was
allowed to warm to room temperature and stirred for 1
hour. The mixture was then partitioned
betweensaturated NaHCO (100 mL) and ethyl acetate (75
mL). The aqueous layer was washed with ethyl acetate
(50 mL) and then acidified with concentrated HCl to a
pH of about 1. The acidified aqueous layer was
extracted with ethyl acetate (2 X 50 mL), and the
combined ethyl acetate extracts were dried (Na SO4),
filtered and concentrated. The resulting residue was
triturated with hexanes to afford
2,6-difluoro-3-(N-(propylsulfonyl)propylsulfonamido)
benzoic acid as a solid (0.948 g, 74% yield). 1H NMR
(400 MHz, d6-DMSO) d 7.90-7.84 (m, IH), 7.39-7.34 (m,
IH), 3.73-3.58 (m, 4H), 1.88-1.74 (m, 4H), 1.01 (t, J
= 7.5 Hz, 6H). m/z (APCI-neg) M-(SO2Pr) = 278.1.
Example E 2,3
,6-trifluoro-5-(propylsulfonamido)benzoic acid [00326]
2,3,6-Trifluoro-5-(propylsulfonamido)benzoic acid
(8.5%) was prepared according to the general procedure
of Example D, substituting
3-amino-2,5,6-trifluorobenzoic acid for
3-amino-2,6-difluorobenzoic acid. Example F
6-fluoro-2-methyl-3-(N-(propylsulfonyl
)propylsulfonamido)benzoic acid [00327]
6-Fluoro-2-methyl-3
-(N-(propylsulfonyl)propylsulfonamido)benzoic acid
(11%) was prepared according to the general procedure
of Example D, substituting 3-amino-
6-fluoro-2-methylbenzoic acid for
3-amino-2,6-difluorobenzoic acid. Example G
2-fluoro-6-methyl-3-(TSf-(propylsulfonvDpropylsulfonam
ido)benzoic acid[00328]
2-Fluoro-6-methyl-3-(N-(propylsulfonyl)propylsulfonami
do)benzoic acid (3%) was prepared according to the
general procedure of Example D, substituting
3-amino-2- fluoro-6-methylbenzoic acid for
3-amino-2,6-difluorobenzoic acid. Example H
2-fluoro-5-(propylsulfonamido)benzoic acid [00329]
Propane- 1-sulfonyl chloride (0.0871 niL, 0.774 mmol)
was dissolved in 10% Na CO3 (1.65 mL, 1.55 mmol) at
room temperature. 5-Amino-2-fluorobenzoic acid (0.100
g, 0.645 mmol) was added and heated to 6O0C overnight.
Propane- 1-sulfonyl chloride (0.0871 mL, 0.774 mmol)
was added again, and the reaction mixture was heated
at 60C for another hour. The reaction mixture was
cooled to room temperature, diluted with water, taken
to a pH of 10 with 10% Na2CO3 and extracted with DCM
(2 X). The reaction mixture was then taken to a pH of
2 with IN HCl, extracted with DCM (3 X) and
concentrated to a solid, 2-
fluoro-5-(propylsulfonamido)benzoic acid (29%).
Example I 2-chloro-5-(propylsulfonamido)benzoic acid
[00330] 2-Chloro-5-(propylsulfonamido)benzoic acid
(14%) was prepared according to the general procedure
for Example H, substituting 5-amino-2-chlorobenzoic
acid for 5- amino-2-fiuorobenzoic acid. Example J
2-chloro-6-fluoro-3 -(propylsulfonamido)benzoic acid
[00331] Step A: 2-Chloro-6-fluorobenzoic acid (2.00 g,
11.5 mmol) was dissolved in sulfuric acid (20 mL) and
cooled to 0C. Nitric acid (0.529 mL, 12.6 mmol) was
added, and 



the reaction mixture was warmed to room temperature
for one hour. The reaction mixture was diluted with
water, and the aqueous portion was extracted with DCM
(3 X), dried overNa2SO4, concentrated to a solid,
2-chloro-6-fluoro-3-nitrobenzoic acid (97%), which was
used directly in the next step without further
purification. [00332] Step B:
2-Chloro-6-fluoro-3-nitrobenzoic acid (0.100 g, 0.455
mmol) and Zn dust (0.298 g, 4.55 mmol) were taken up
in THF (4 niL) and saturated aqueous NH4Cl (2 rnL) and
stirred at room temperature overnight. The reaction
mixture was filtered through Celite, concentrated to a
solid, and dissolved in water. The pH was adjusted to
2 with IN HCl, and the aqueous portion was extracted
with DCM (3 X). The organic portion was dried over Na
SO4 and concentrated to a solid,
3-amino-2-chloro-6-fluorobenzoic acid (49%), which was
used directly in the next step without further
purification. [00333] Step C:
2-Chloro-6-fluoro-3-(propylsulfonamido)benzoic acid
(13%) was prepared according to the general procedure
for Example H, substituting 3-amino-2-chloro-6-
fluorobenzoic acid for 5-amino-2-fluorobenzoic acid.
Example K benzyl
6-chloro-2-fluoro-3-(N-(propylsulfonyl)propylsulfonami
do)benzoate [00334] Step A: A flame dried flask
equipped with a stir bar and rubber septum was charged
with 4-chloro-2-fluoroaniline (5.00 g, 34.35 mmol) and
dry THF (170 mL). This solution was chilled to -78C,
and n-BuLi (14.7 mL, 1.07 eq. of 2.5M solution in
hexanes) was then added over a 15 minute period. This
mixture was stirred at -78C for 20 minutes, and then a
THF solution (25 mL) of
l,2-bis(chlorodimethylsilyl)ethane (7.76 g, 1.05 eq.)
was added slowly (over a 10 minute period) to the
reaction mixture. This was stirred for 1 hour, and
then 2.5M n-BuLi in hexanes (15.1 1 mL, 1.1 eq.) was
added slowly. After allowing the mixture to warm to
room temperature for one hour, the mixture was chilled
back to -78C. A third allotment of n-BuLi (15.66 mL,
1.14 eq.) was added slowly, and the mixture was
stirred at -78C for 75 minutes. Benzyl chloroformate
(7.40 g, 1.2 eq.) was then added slowly, and the
mixture was stirred at -78C for one hour. The cooling
bath was then removed. The mixture was allowed to warm
for 30 minutes and then quenched with water (70 mL)
and concentrated HCl (25 mL). The mixture was allowed
to continue to warm to room temperature. The mixture
was then extracted with EtOAc. The extracts were
washed twice with a saturated Na2HCO3 solution, once
with water, dried over sodium sulfate and
concentrated. The resulting residue was flashed on a
65 Biotage (30% ethyl acetate/hexane)to produce benzyl
3-amino-6-chloro-2-fluorobenzoate (4.3 g, 45%) as an
oil. 1H NMR (DMSO-d6, 400 MHz) d 7.37-7.48 (m, 5H),
7.07 (dd, IH, J = 8, 2), 6.87 (t, IH, J = 8), 5.61 (br
s, 2H), 5.40 (s, 2H). [00335] Step B: Benzyl
3-amino-6-chloro-2-fluorobenzoate (4.3 g, 15.37 mmol)
was dissolved in dry dichloromethane (270 mL).
Triethylamine (5.36 mL, 2.5 eq.) was added, and the
mixture was chilled to 0C. Propane- 1-sulfonyl
chloride (3.63 mL, 32.3 mmol, 2.1 eq.) was then added
via syringe, and a precipitate resulted. Once the
addition was complete, the mixture was allowed to warm
to room temperature, and the starting material was
consumed as determined by TLC (3:1 hexane: ethyl
acetate). The mixture was then diluted with
dichloromethane (200 mL), washed with 2M aqueous HCl
(2 X 100 mL), saturated Na2HCO3 solution, dried over
sodium sulfate and concentrated. The resulting residue
was purified on a 65 Biotage chromatography system
(40% ethyl acetate/hexane) to produce benzyl
6-chloro-2-fluoro-3-(N-(propylsulfonyl)propylsulfonami
do)benzoate (5.5 g, 72%) as an oil that slowly
solidified upon standing. NMR (CDCl3, 400 MHz) d
7.28-7.45 (m, 7H), 5.42 (s, 2H), 3.58-3.66 (m, 2H),
3.43-3.52 (m, 2H), 1.08 (t, 6H, J=8). Example L
6-chloro-2-fluoro-3 -(propylsulfonamido)benzoic acid
[00336] Benzyl 6-chloro-2-fluoro-3
-(N-(propylsulfonyl)propylsulfonamido)benzoate (5.4 g,
10.98 mmol) was dissolved in THF (100 mL) and IM
aqueous KOH (100 mL). This mixture was refluxed for 16
hours and then allowed to cool to room temperature.
The mixture was then acidified to a pH of 2 with 2M
aqueous HCl and extracted with EtOAc (2 X). The
extracts were washed with water, dried over sodium
sulfate and concentrated to a solid that was
triturated with hexanes/ether to give
6-chloro-2-fluoro-3- (propylsulfonamido)benzoic acid
(2.2 g, 68%) as a solid. NMR (DMSO-d6, 400 MHz) d 9.93
(s, IH), 7.49 (t, IH, J=8), 7.38 (dd, IH, J = 8, 2),
3.1 1-3.16 (m, 2H), 1.68-1.78 (m, 2H), 0.97 (UH, J =
8). Example M 2-fluoro-3 -(propylsulfonamido )benzoic
acid[00337]
6-Chloro-2-fluoro-3-(propylsulfonamido)benzoic acid
(0.5 g, 1.69 mmol) was dissolved in methanol (15 mL),
and Pearlman's catalyst (one weight equivalent, 0.5 g,
20% Pd(OH)2 on carbon, 50% by weight water) was added.
This mixture was subjected to a balloon of hydrogen
for 3 hours and then filtered through GF/F filter
paper. The filtrate was concentrated to
2-fluoro-3-(propylsulfonamido)benzoic acid (396 mg,
90%) as a solid. MS (M-H+) 262. NMR (DMSOd 6, 400 MHz)
d 13.36 (s, IH), 9.76 (s, IH), 7.58-7.70 (m, 2H), 7.26
(t, IH, J = 8), 3.10 (t, 2H, J = 8), 1.69-1.80 (m,
2H), 0.98 (t, 3H, J = 8). Example N
3-(cvclopropylmethylsulfonamido)-2,6-difluorobenzoic
acid [00338] Step A: Cyclopropylmethanesulfonyl
chloride (1.27 g, 8.20 mmol) was added to a mixture of
3-amino-2,6-difluorobenzoic acid (0.430 g, 2.48 mmol),
triethylamine (1.52 mL, 10.9 mmol) and CH2Cl2 (12 mL,
0.2M) cooled to 0C. The reaction mixture was allowed
to warm to room temperature and stirred for 1 hour.
The mixture was then partitioned between saturated
NaHCO3 (75 mL) and ethyl acetate (50 mL). The aqueous
layer was washed with ethyl acetate (50 mL) and then
acidified to a pH of 1 with concentrated HCl. The
acidified aqueous layer was extracted twice with ethyl
acetate (2 X 50 mL), and the combined ethyl acetate
extracts were dried (Na2SO4), filtered and
concentrated to provide crude
3-(l-cyclopropyl-N-(cyclopropylmethylsulfonyl)methylsu
lfonamido)-2,6- difluorobenzoic acid (380 mg, 37%).
[00339] Step B: A solution of IN NaOH (2.78 mL, 2.78
mmol) was added to a solution of crude
3-(l-cyclopropyl-N-(cyclopropylmethylsulfonyl)methylsu
lfonamido)-2,6- difluorobenzoic acid (380 mg, 0.928
mmol) in 4:1 THF/MeOH (5 mL, 0.2M). The reaction
mixture was stirred at room temperature for 1 hour,
after which most of the organic solvents were removed.
IN HCl (3 mL) was slowly added to the mixture to
acidify to a pH of 1. The acidified aqueous layer was
extracted with ethyl acetate (75 mL). The ethyl
acetate extract was washed with water (2 X 20 mL),
brine (20 mL), dried (Na2SO4), filtered and
concentrated. Trituration of the residue with Et2O
afforded 3-
(cyclopropylmethylsulfonamido)-2,6-difluorobenzoic
acid as a solid (139 mg, 51%). 1H NMR (400 MHz,
d6-DMSO) d 9.76 (s, IH), 7.60-7.54 (m, IH), 7.22-7.16
(m, IH), 3.10 (d, J= 7.0 Hz, 2H), 1.10-0.99 (m, IH),
0.58-0.53 (m, 2H), 0.36-0.31 (m, 2H); m/z (APCI-neg)
M- 1 = 289.9. Example O 2,6-difluoro-3
-(3-fluoropropylsulfonamido)benzoic acid [00340]
Methyl 2,6-difluoro-3 -(N-(3-fluoropropylsulfonyl)-3
-fluoropropylsulfonamido) benzoate was made according
to the general procedure for Example B, substituting
3-fluoropropyl sulfonyl chloride for propane-
1-sulfonyl chloride. 1H NMR (400 MHz, DMSO-d6) d
8.05-7.99 (m, IH), 7.44 (t, IH), 4.62 (t, 2H), 4.50
(t, 2H), 3.93 (s, 3H), 3.89-3.74 (m, 4H), 2.26-2.1 1
(m, 4H). [00341]
2,6-Difluoro-3-(3-fluoropropylsulfonarnido)benzoic
acid was prepared according to the general procedure
for Example C, substituting methyl
2,6-difluoro-3-(N-(3-
fluoropropylsulfonyl)-3-fluoropropylsulfonamido)benzoa
te for methyl 2,6-difluoro-3-(N-
(propylsulfonyl)-propylsulfonamido)benzoate. 1H NMR
(500 MHz, DMSOd 6) d 14.05 (br s, IH), 9.71 (s, IH),
7.56-7.50 (m, IH), 7.20 (t, IH), 3.12-3.08 (m, 2H),
1.73-1.66 (m, 2H), 1.39 (sx, 2H), 0.87 (t, 3H).
Example P 3-(butylsulfonamido)-2,6-difluorobenzoic
acid [00342] Methyl
2,6-difluoro-3-(N-(butylsulfonyl)-butylsulfonamido)ben
zoate was made according to the general procedure for
Example B, substituting butane- 1-sulfonyl chloride
for propane- 1-sulfonyl chloride. 1H NMR (500 MHz,
DMSOd 6) d 7.99-7.94 (m, IH), 7.42 (t, IH), 3.92 (s,
3H), 3.74-3.62 (m, 4H), 1.81-1.68 (m, 4H), 1.42 (sx,
4H), 0.89 (t, 6H). [00343]
3-(Butylsulfonamido)-2,6-difluorobenzoic acid was
prepared according to the general procedure for
Example C, substituting methyl
2,6-difluoro-3-(N-(butylsulfonyl)-
butylsulfonamido)benzoate for methyl
2,6-difluoro-3-(N-(propylsulfonyl)-
propylsulfonamido)benzoate. 1 NMR (400 MHz, DMSOd 6) d
14.05 (br s, IH), 9.71 (s,IH), 7.56-7.50 (m, IH), 7.20
(t, IH), 3.12-3.08 (m, 2H), 1.73-1.66 (m, 2H), 1.39
(sx, 2H), 0.87 (t, 3H). Example Q
2,6-difluoro-3-(2-methylpropylsulfonamido)benzoic acid
[00344]
Methyl-2,6-difluoro-3-(N-(2-methylpropylsulfonyl)-2-me
thylpropylsulfonamido) 



benzoate was made according to the general procedure
for Example B, substituting 2-methylpropyl sulfonyl
chloride for propane- 1-sulfonyl chloride, m/z (LC-MS)
M+l = 428.4. [00345]
2,6-Difluoro-3-(2-methylpropylsulfonamido)benzoic acid
was prepared according to the general procedure for
Example C, substituting methyl-2,6-difluoro-3-(N-(2-
methylpropylsulfonyl)-2-methylpropylsulfonamido)benzoa
te for methyl 2,6-difluoro-3-(N-
(propylsulfonyl)-propylsulfonamido)benzoate. 1H NMR
(400 MHz, DMSOd 6) d 14.01 (s, IH), 9.71 (s, IH), 7.56
(dd, IH), 7.22(dd , IH), 3.02 (d, 2H), 2.18-2.15 (m,
IH), 1.03 (d, 6H); m/z (LC-MS) M+l = 294.3. Example R
benzyl
6-chloro-2-fluoro-3-(3-fluoro-N-(3-fluoropropylsulfonv
ppropylsulfonamido)benzoate [00346] Benzyl
6-chloro-2-fluoro-3-(3-fluoro-N-(3-fluoropropylsulfony
l)propylsulfonamido) benzoate (92%) was prepared
according to the general procedure for Example K, Step
B substituting 3-fluoropropane- 1-sulfonyl chloride
for propane- 1-sulfonyl chloride. Example S
6-chloro-2-fluoro-3-( '3-fluoropropylsulfonamido
)benzoic acid [00347]
6-Chloro-2-fluoro-3-(3-fluoropropylsulfonamido)benzoic
acid (71%) was prepared according to the general
procedure for Example L substituting benzyl
6-chloro-2-fluoro-3-(3-fluoro-N-(3-fluoropropylsulfony
l)propylsulfonamido)benzoate for benzyl 6-
chloro-2-fluoro-3-(N-(propylsulfonyl)propylsulfonamido
)benzoate. Example T
2-fluoro-3-(3-fluoropropylsulfonamido)benzoic acid
[00348] 2-Fluoro-3-(3-fluoropropylsulfonamido)benzoic
acid (81%) was prepared according to the general
procedure for Example M substituting
6-chloro-2-fluoro-3-(3-
fluoropropylsulfonamido)benzoic acid for
6-chloro-2-fluoro-3-(propylsulfonamido)benzoic acid.
Example U methyl 2,6-difluoro-3 -(3-fluoro-N-(3
-fluoropropylsulfonyl)propylsulfonamido)benzoate
[00349] 3-Fluoropropane-l-sulfonyl chloride (14.3 mL,
129 mmol) was slowly added to a solution of methyl
3-amino-2,6-difluorobenzoate (24.1 g, 129 mmol) and
pyridine (31.2 mL, 386 mmol) in CH2Cl2 (360 mL). The
reaction mixture was stirred for over two days at room
temperature. The reaction mixture was diluted with
methylene chloride. The reaction mixture was then
washed with an aqueous solution of saturated sodium
bicarbonate, IN HCl, and brine, then dried (Na SO4),
filtered and concentrated to an oil to give methyl
2,6-
difluoro-3-(3-fluoro-N-(3-fluoropropylsulfonyl)propyls
ulfonamido)benzoate (38.1 g). 1H NMR (400 MHz, CDCl3,
ppm) 7.69 (dt, IH), 7.00 (dt, IH), 6.55 (s, IH), 4.56
(dd, 2H), 3.28- 3.17 (m, 2H), 2.32-2.15 (m, 2H).
Example V
2,6-difluoro-3-(3-fluoropropylsulfonamido)benzoic acid
[00350]
2,6-Difluoro-3-(N-(3-fluoropropylsulfonyl)propylsulfon
amido)benzoate (38 g, 120 mmol) was dissolved in 5:2
THF/MeOH (250 mL), and a solution of lithium
hydroxide(8.77g, 366 mmol) in water (50 mL) was added.
The reaction mixture was stirred at room temperature
for four hours. The majority of the organic solvents
were then removed in vacuo. 2.5N HCl (500 mL) was
slowly added to the mixture, and the resulting solid
was filtered and rinsed with cold ether to give
2,6-difluoro-3-(3-fluoropropylsulfonamido)benzoic acid
as a solid (29.3 g, 81% yield). 1 NMR (400 MHz, CDCl3
ppm) 9.85 (s, IH), 7.54 (dt, IH), 7.21 (dt, IH), 4.54
(td, 2H), 2.20-2.00 (m, 2H), 3.24-3.18 (m, 2H).
Example W 2,5-difluoro-3-(propylsulfonamido)benzoic
acid [00351] Step A: 2,5-Difluoro-3-nitrobenzoic acid
(2.01 g, 9.90 mmol, 31.3% yield) was dissolved in
concentrated sulfuric acid (25 mL) and cooled to 0C.
Nitric Acid (1.46 mL, 34.8 mmol) was added, and the
reaction mixture was stirred at room temperature for
one hour. The solution was extracted with DCM (3 X),
and the combined organic layers were dried over sodium
sulfate and concentrated. The residue was purified by
column chromatography (1:1 hexanes:l% HCOOH/EtOAc)
giving 2,5-difluoro-3-nitrobenzoic acid (2.01 g,
31.3%) as a solid. [00352] Step B:
2,5-Difluoro-3-nitrobenzoic acid (2.00 g, 9.847 mmol)
was dissolved in MeOH (60 mL). TMSCl (6.220 mL, 49.24
mmol) was added, and the reaction mixture was stirred
at reflux for 4 hours. The reaction mixture was
concentrated to about 20 mL, and the crystals produced
were filtered and dried under high vacuum providing
methyl 2,5- difluoro-3-nitrobenzoate (1.55 g, 72.4%)
as a crystalline solid. [00353] Step C: Methyl
3-amino-2,5-difluorobenzoate (96.5%) was prepared
according to the general procedure for Example B, Step
B, substituting methyl 2,5-difluoro- 3-nitrobenzoate
for methyl 2,6-difluoro-3-nitrobenzoate. [00354] Step
D: Methyl
2,5-difluoro-3-(N-(propylsulfonyl)propylsulfonamido)-
benzoate was prepared according to the general
procedure for Example B, Step C, substituting methyl
3-amino-2,5-difluorobenzoate for methyl
3-amino-2,6-difluorobenzoate. [00355] Step E:
2,5-Difluoro-3-(propylsulfonamido)benzoic acid (83.8%,
two steps) was prepared according to the general
procedure for Example C, substituting methyl 2,5-
difluoro-3-(N-(propylsulfonyl)propylsulfonamido)benzoa
te for methyl 2,6-difluoro-3-(N-
(propylsulfonyl)propylsulfonamido)benzoate. 1H NMR
(400 MHz, d6-DMSO) d 13.67 (br s,IH), 10.07 (s, IH),
7.46-7.50 (m, IH), 7.38-7.42 (m, IH), 3.17-3.21 (m,
2H), 1.70-1.76 (m, 2H), 0.95-0.99 (m, 3H); m/z
(APCI-neg) M-I = 278.1. Example X
2,6-difluoro-3-(2,2,2-trifluoroethylsulfonamido)benzoi
c acid [00356] Step A: 2,2,2-Trifluoroethyl-sulfonyl
chloride (459 niL, 4.15 mmol) was slowly added to a
solution of methyl 3-amino-2,6-difluorobenzoate (31 1
g, 1.66 mmol) and pyridine (0.806 mL, 9.97 mmol) in
dichloromethane (8.92 mL, 139 mmol), while applying
external cooling using an acetone dry ice bath. The
reaction mixture was stirred for 45 minutes, and the
dry ice bath was removed. The reaction mixture was
kept stirring for another hour. The mixture was
diluted with EtOAc (100 mL), washed with water (2 X 25
mL) and brine (25 mL), dried (Na2SO4), filtered, and
then concentrated to an oil. The crude product was
purified by column chromatography, eluting with 15%
EtOAc/hexane to afford methyl
2,6-difluoro-3-(2-trifluoroethylsulfonamido) benzoate
as a solid (513 mg, 92.6% yield). 1H NMR (400 MHz,
d6-DMSO) d 8.10-8.01 (m, IH), 7.48 (t, IH), 4.68 (s,
2H), 4.58 (s, 2H), 3.98 (s, 3H). [00357] Step B:
2,6-Difluoro-3-(2-trifluoroethylsulfonamido)benzoic
acid was prepared according to the general procedure
for Example C, substituting methyl 2,6-difluoro-
3-(2-trifluoroethylsulfonamido) benzoate for methyl
2,6-difluoro-3-(N-(propylsulfonyl)-
propylsulfonamido)benzoate. 1 NMR (500 MHz, d6-DMSO) d
14.08 (br s, IH), 9.75 (s, IH), 7.58-7.52 (m, IH),
7.25 (t, IH), 3.15-3.1 1 (s, 2H). Example Y
2,6-difluoro-3-(3
,3,3-trifluoropropylsulfonamido)benzoic acid [00358]
Step A: Methyl
2,6-difluoro-3-(N-(3,3,3-trifluoropropylsulfonyl)-3,3,
3- trifluoropropyl-sulfonamido) benzoate was made
according to the general procedure for Example B,
substituting 3,3,3-trifluoropropyl sulfonyl chloride
for propane- 1-sulfonyl chloride. 1 NMR (400 MHz,
d6-DMSO) d 8.05-7.99 (m, IH), 7.44 (t, IH), 4.62 (t,
2H), 4.50 (t, 2H), 3.93 (s, 3H), 3.89-3.74 (m, 4H),
2.26-2.1 1 (m, 4H).[00359] Step B:
2,6-Difluoro-3-(3,3,3-trifluoropropylsulfonamido)benzo
ic acid was prepared according to the general
procedure for Example C, substituting methyl
2,6-difluoro- 3-(N-(3,3,3-trifluoropropylsulfonyl)-3
,3,3-trifluoropropylsulfonamido)benzoate for methyl
2,6-difluoro-3-(N-(propylsulfonyl)-propylsulfonamido)b
enzoate. 1H NMR (500 MHz, df,- DMSO) d 14.05 (br s,
IH), 9.71 (s, IH), 7.56-7.50 (m, IH), 7.20 (t, IH),
3.12-3.08 (m, 2H), 1.73-1.66 (m, 2H). Example Z
2,6-difluoro-3 -(2-chloromethylsulfonamido)benzoic
acid [00360] Step A: Methyl
2,6-difluoro-3-(N-(2-chloromethylsulfonyl)-2-chloromet
hylsulfonamido) benzoate was made according to the
general procedure for Example B, substituting
2-chloromethyl sulfonyl chloride for propane-
1-sulfonyl chloride. 1H NMR (400 MHz, d6-DMSO) d
8.08-7.97 (m, IH), 7.45 (t, IH), 4.65 (s, 2H), 4.55
(s, 2H), 4.02(s, 3H). [00361] Step B:
2,6-Difluoro-3-(2-chloromethylsulfonamido)benzoic acid
was prepared according to the general procedure for
Example C, substituting methyl 2,6-difluoro-
3-(N-(2-chloromethylsulfonyl)-2-chloromethylsulfonamid
o)benzoate for methyl 2,6-difluoro-
3-(N-(propylsulfonyl)-propylsulfonamido)benzoate. 1H
NMR (500 MHz, d6-DMSO) d 14.10 (br s, IH), 9.78 (s,
IH), 7.62-7.56 (m, IH), 7.28 (t, IH), 3.19-3.15 (s,
2H). Example AB benzyl
2-chloro-6-fluoro-3-(N-(propylsulfonyl)propylsulfonami
do)benzoate [00362] Step A: Benzyl
3-amino-2-chloro-6-fluorobenzoate (56%) was prepared
according to the general procedure for Example K,
substituting 2-chloro-4-fluoroaniline for 



4-chloro-2-fluoroaniline. 1H NMR (400 MHz, DMSOd 6) d
7.48-7.32 (m, 5H), 7.1 1-7.05 (t, IH), 6.94-6.89 (q,
IH), 5.53-5.49 (s, 2H), 5.41-5.39 (s, 2H). [00363]
Step B: Benzyl 3-amino-2-chloro-6-fluorobenzoate (330
mg, 1.2 mmol) was dissolved in dry dichloromethane
(11.8 mL). Triethylamine (0.494 mL, 3.54 mmol) was
added, and the mixture was chilled to 0C. Propane-
1-sulfonyl chloride (0.332 mL, 2.95 mmol) was then
added via syringe. Once the addition was complete, the
mixture wasallowed to warm to ambient temperature and
stir for 16 hours. The mixture was diluted with
dichloromethane (11 mL) and washed with water (2 X 50
mL) and brine (25 mL), dried over sodium sulfate, and
concentrated. The resulting residue was applied
directly to a silica gel column and eluted with a
gradient (5% to 40%) of ethyl acetate-hexanes to
provide benzyl 2-
chloro-6-fluoro-3-(N-(propylsulfonyl)propylsulfonamido
)benzoate (413 mg, 0.840 mmol, 71.1% yield). 1H NMR
(400 MHz, d6-DMSO) d 8.00-7.94 (q, IH), 7.59-7.52 (t,
IH), 7.50- 7.35 (m, 5H), 5.48-5.44 (s, 2H), 3.80-3.60
(m, 4H), 1.89-1.75 (m, 4H), 1.05-0.98 (t, 6H). Example
AC 2-chloro-6-fluoro-3-(propylsulfonamido)benzoic acid
[00364] Step A: Benzyl 2-chloro-6-fluoro-3-(N-
(propylsulfonyl)propylsulfonamido)benzoate (413.2 mg,
0.840 mmol) was dissolved in THF (8.4 mL) and 2.0M
aqueous LiOH (1.26 mL). The mixture was refluxed for
16 hours and then allowed to cool to ambient
temperature. The mixture was acidified to a pH of 0
with l.OM HCl (5.0 mL) and then adjusted to a pH of 4
using saturated sodium bicarbonate. The mixture was
extracted with EtOAc (2 X). The extracts were washed
with water (2 X) and brine ( 1 X), dried over sodium
sulfate and concentrated to afford benzyl
2-chloro-6-fluoro-3- (propylsulfonamido)benzoate
(174.5 mg, 0.4523 mmol, 53.9% yield). MS (APCI-neg)
m/z = 384.1 (M-H). [00365] Step B: Benzyl
2-chloro-6-fluoro-3-(propylsulfonamido)benzoate (174.5
mg, 0.4523 mmol) was dissolved in 3:1 dioxanerwater
(7.5 mL) and treated with barium hydroxide (100.7 mg,
0.5879 mmol). The reaction mixture was heated to 80C
for 16 hours and then allowed to cool to ambient
temperature. The mixture was acidified to a pH of 0
with concentrated HCl. The reaction mixture was
allowed to stir for 10 minutes, after which the pH was
adjusted to a pH of 4 using saturated sodium
bicarbonate. The mixture was extracted with EtOAc (2
X). The extracts were washed with water (2 X) and
brine ( 1 X), dried over sodium sulfate, and
concentrated to afford 2-chloro-6-fluoro-3-
(propylsulfonamido)benzoic acid (75.7 mg, 0.2560 mmol,
56.6% yield). MS (APCI-neg) m/z = 293.9 (M-H).Example
AD 2,6-dichloro-3-(propylsulfonamido)benzoic acid
[00366] Step A: 2,6-Dichloro-3-nitrobenzoic acid (2.13
g, 9.03 mmol) was dissolved in 2:1 THF:saturated
aqueous NH4Cl and cooled to 0C. The mixture was
treated with zinc (11.8 g, 181 mmol). The reaction
mixture was allowed to warm to ambient temperature and
stir for 24 hours. The reaction mixture was filtered
through GF/F paper while rinsing with THF. The mixture
was acidified to a pH of 1 using 1.0M HCl and
extracted with 15% 2- propanol:DCM (3 X). The extracts
were washed with water and brine, dried over sodium
sulfate and concentrated to afford
3-amino-2,6-dichlorobenzoic acid (1.40 g, 6.82 mmol,
75.5% yield). MS (APCI-neg) m/z = 203.6 (M-H). [00367]
Step B: 3-Amino-2,6-dichlorobenzoic acid (1.40 g, 6.82
mmol) was dissolved in dry dichloromethane (66.7 mL).
Triethylamine (4.09 mL, 29.4 mmol) was added, and the
mixture was chilled to 0C. Propane- 1-sulfonyl
chloride (2.48 mL, 22 mmol) was then added via
syringe. Once the addition was complete, the mixture
was allowed to warm to ambient temperature and stir
for 1 hour. The mixture was concentrated in vacuo and
diluted with diethyl ether. The mixture was washed
with 0.25M NaOH (80 mL), and the aqueous layer was
acidified to a pH of 1 using 1.0M HCl. The aqueous
layer was extracted with 15% 2- propanol:DCM (2 X 300
mL). The organic layer was collected, dried over
sodium sulfate, and concentrated to afford
2,6-dichloro-3-(propylsulfonamido)benzoic acid (1.55
g, 4.96 mmol, 74.4% yield). 1H NMR (400 MHz, d6-DMSO)
d 9.77-9.75 (s, IH), 7.84-7.80 (d, IH), 7.71-7.68 (d,
IH), 3.82-3.72 (m, 2H), 1.89-1.70 (m, 2H), 1.05-1.03
(m, 3H). Example 1
2,6-difluoro-3-(propylsulfonamido)-N-(lH-pyrrolor2,3-b
lpyridin-5-yl)benzamide [00368]
lH-Pyrrolo[2,3-b]pyridin-5-amine (9.97 g, 74.88 mmol),
2,6-difluoro-3- (propylsulfonamido)benzoic acid (23.00
g, 82.37 mmol), EDCI (15.79 g, 82.37 mmol), and HOBt (
11.13 g, 82.37 mmol) were charged to a 2L
round-bottomed flask. DMF was added to give a
homogeneous solution, and the reaction mixture was
stirred at room temperatureovernight. The solution was
partitioned between water and EtOAc. The aqueous layer
was extracted with EtOAc (3 X), and the combined
organics were washed with water (3 X), brine, dried
over Na2SO4 and concentrated to a slurry. DCM (500 mL)
was added to this slurry, and the mixture was
reconcentrated. Additional DCM (500 mL) was added, and
the slurry was filtered, washed with DCM and dried
under vacuum providing 2,6-difluoro-3-
(propylsulfonamido)-N-(lH-pyrrolo[2,3-b]pyridin-5-yl)b
enzamide (15.49 g, 52.5%) as a solid. 1H NMR (400 MHz,
DMSO-d 6) d 11.65 (br s, IH), 10.85 (s, IH), 9.79 (br
s, IH), 8.34- 8.37 (m, 2H), 7.51-7.57 (m, IH),
7.48-7.50 (m, IH), 6.46-6.48 (m, IH), 3.11-3.15 (m,
2H), 1.75-1.80 (m, 2H), 0.98-1.02 (m, 3H); m/z
(APCI-pos) M+l = 395.1. Example 2
N-(3-bromo-lH-pyrrolo[2,3-blpyridin-5-yl)-2,6-difluoro
-3-(propylsulfonamido)benzamide [00369]
2,6-Difluoro-3-(pro
rylsulfonamido)-N-(lH-pyrrolo[2,3-b]pyridin-5-
yl)benzamide (0.500 g, 1.268 mmol) was charged to a
100 mL round-bottom flask. CHCl3 (25 mL) was added to
form a slurry. N-Bromosuccinimide (0.271 g, 1.52 mmol)
was added and stirred for 20 minutes. The reaction
mixture was filtered, washed with DCM, and dried under
vacuum providing
N-(3-bromo-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6-difluoro
-3- (propylsulfonamido)benzamide (0.427 g, 71.2%) as a
solid. 1H NMR (400 MHz, DMSO-Cl6) d 12.12 (br s, IH),
11.04 (s, IH), 9.81 (br s, IH), 8.41-8.43 (m, IH),
8.34-8.35 (m, IH), 7.74- 7.76 (m, IH), 7.53-7.59 (m,
IH), 7.25-7.30 (m, IH), 3.11-3.15 (m, 2H), 1.75-1.80
(m, 2H), 0.98-1.02 (m, 3H); m/z (APCI-pos) M+l =
473.0, 475.0. Example 3
N-(3-chloro-lH-pyrrolo[2,3-blpyridin-5-yl)-2,6-difluor
o-3-(propylsulfonamido)benzamide [00370]
2,6-Difluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[2,3-b
]pyridin-5- yl)benzamide (0.300 g, 0.7607 mmol) was
dissolved in DMF (10 mL), and Nchlorosuccinimide
(0.122 g, 0.913 mmol) was added and stirred overnight.
The solution was partitioned between water and EtOAc.
The organic portion was washed with water (3 X),brine,
dried over Na2SO4 and concentrated to an oil. DCM was
added to the oil, and a solid,
N-(3-chloro-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6-difluor
o-3-(propylsulfonamido)benzamide (217.4 mg, 66.7%),
precipitated out, which was collected by filtration.
1H NMR (400 MHz, DMSO-d6) d 12.03 (br s, IH), 11.04
(s, IH), 9.81 (br s, IH), 8.40-8.43 (m, 2H), 7.72-7.74
(m, IH), 7.53-7.59 (m, IH), 7.26-7.30 (m, IH),
3.11-3.15 (m, 2H), 1.75-1.80 (m, 2H), 0.98- 1.02 (m,
3H); m/z (APCI-neg) M-I = 427.1, 429.2. Example 4
2-fluoro-5-(propylsulfonamido)-N-(lH-pyrrolo[2,3-blpyr
idin-5-yl)benzamide [00371]
2-Fluoro-5-(propylsulfonamido)-N-(lH-pyrrolo[2,3-b]pyr
idin-5-yl)benzamide ( 11%) was prepared according to
the general procedure for Example 1, substituting
2-fluoro- 5-(propylsulfonamido)benzoic acid for
2,6-difluoro-3-(propylsulfonamido)benzoic acid. H NMR
(400 MHz, DMSOd 6) d 11.61 (br s, IH), 10.41 (s, IH),
9.95 (br s, IH), 8.40-8.41 (m, IH), 8.33-8.34 (m, IH),
7.47-7.48 (m, 2H), 7.33-7.38 (m, 2H), 6.48 (s, IH),
3.09-3.12 (m, 2H), 1.68-1.73 (m, 2H), 0.94-0.97 (m,
3H); m/z (APCI-neg) M-I = 375.3. Example 5
2-chloro-5-(propylsulfonamido
)-N-(lH-pyrrolo[2,3-b1pyridin-5-yl)benzamide [00372]
2-Chloro-5-(propylsulfonamido)-N-(lH-pyrrolo[2,3-b]pyr
idin-5-yl)benzamide (56%) was prepared according to
the general procedure for Example 1, substituting
2-chloro- 5-(propylsulfonamido)benzoic acid for
2,6-difluoro-3-(propylsulfonamido)benzoic acid. 1H NMR
(400 MHz, DMSOd 6) d 11.62 (br s, IH), 10.53 (s, IH),
10.14 (br s, IH), 8.39-8.40 (m, IH), 8.34-8.35 (m,
IH), 7.52-7.54 (m, IH), 7.47-7.49 (m, IH), 7.34 (s,
IH), 7.31-7.32 (m, IH), 6.46-6.47 (m, IH), 3.14-3.18
(m, 2H), 1.68-1.74 (m, 2H), 0.95-0.98 (m, 3H); m/z
(APCI-neg) M-I = 391.7, 393.6.Example 6
2-chloro-6-fluoro-3 -(propylsulfonamido)-N-(
1H-pyrrolo [2,3-b]pyridin-5-yDbenzamide [00373]
2-Chloro-6-fluoro-3 -(propylsulfonamido)-N-(
1H-pyrrolo [2,3-b]pyridin-5- yl)benzamide (19%) was
prepared according to the general procedure for
Example 1, substituting
2-chloro-6-fluoro-3-(propylsulfonamido)benzoic acid
for 2,6-difluoro-3- (propylsulfonamido)benzoic acid.
1H NMR (400 MHz, DMSO-d6) d 11.65 (br s, IH), 10.81
(s, IH), 9.69 (br s, IH), 8.35-8.36 (m, 2H), 7.56-7.60
(m, IH), 7.48-7.50 (m, IH), 7.39-7.43 (m, IH), 6.47
(s, IH), 3.11-3.15 (m, 2H), 1.76-1.82 (m, 2H),
0.98-1.02 (m, 3H); m/z (APCIneg) M-I = 409.2, 411.1.
Example 7 



N-(3-(2-(dimethylamino)acetyl)-lH-pyrrolor23-blpyridin
-5-yl)-2,6-difluoro-3- (propylsulfonamido)benzamide
[00374] Step A: A solution of aluminum trichloride
(0.266 g, 2.00 mmol) in 1:1 DCMrCH3NO (5 mL) was added
slowly to a slurry of
2,6-difluoro-3-(propylsulfonamido)-
N-(lH-pyrrolo[2,3-b]pyridin-5-yl)benzamide (0.100 g,
0.254 mmol) in 1:1 DCM:CH3NO2 (2 mL) at 0C. The
solution was stirred at 0C for 40 minutes. A solution
of 2-chloroacetyl chloride (0.0307 mL, 0.380 mmol) in
DCM ( 1 mL) was added, and the reaction mixture was
allowed to warm to room temperature overnight.
Additional 2-chloroacetyl chloride (5 eq.) was added,
and the reaction mixture was warmed to 50C for 20
hours. The solution was cooled and diluted with
saturated aqueous ammonium chloride and extracted with
EtOAc (3 X). The organic layers were dried over Na
SO4, filtered and concentrated under reduced pressure.
They were then purified via column chromatography (5%
MeOH/DCM) to afford N-(3-(2-chloroacetyl)- 1H-pyrrolo
[2,3 -b]pyridin-5-yl)-2,6-difluoro-3 -
(propylsulfonamido)benzamide (59 mg, 50%) as a solid.
[00375] Step B:
N-(3-(2-Chloroacetyl)-lH-pyrrolo[2,3-b]pyridin-5-yl)-2
,6-difluoro-3- (propylsulfonamido)benzamide (0.181 mL,
0.0361 mmol), EtOH (0.2 mL), anddimethylamine as a
solution in MeOH (0.181 mL, 0.361 mmol) was charged to
a 2 dram vial. The vial was capped and stirred at 60C
for 4 hours. The mixture was concentrated under
reduced pressure. The residue was taken up in IM HCL (
1 mL) and washed with EtOAc (2 X 1 mL). The aqueous
portion was neutralized and extracted with 25%
isopropyl alcohol ("IPA")-DCM (3 X 2 mL), which was
concentrated to provide N-(3-(2-
(dimethylamino)acetyl)-lH-pyrrolo[2,3-b]pyridin-5-yl)-
2,6-difluoro-3- (propylsulfonamido)benzamide (7 mg,
40.4%) as a solid. 1H NMR (400 MHz, CD3OD) d 9.03-9.06
(m, IH), 8.56-8.58 (m, IH), 8.46 (s, IH), 7.63-7.69
(m, IH), 7.12-7.16 (m, IH), 3.11-3.14 (m, 2H), 3.03
(s, 6H), 2.90 (s, 2H), 1.85-1.90 (m, 2H), 1.05-1.08
(m, 3H); m/z (APCI-pos) M+l = 480.1. Example 8
N-(3-((4-chlorophenviyhvdroxy)methyl)-lH-pyrrolo[2,3-b
lpyridin-5-yl)-2,6-difluoro-3-
(propylsulfonamido)benzamide [00376] KOH (0.012 g,
0.22 mmol) was added to
2,6-difluoro-3-(propylsulfonamido)-
N-(lH-pyrrolo[2,3-b]pyridin-5-yl)benzamide (0.37 mL,
0.074 mmol) in MeOH (0.4 mL), followed by the addition
of 4-chlorobenzaldehyde (0.013 g, 0.096 mmol). The
reaction mixture was stirred at room temperature
overnight. The contents were then diluted with EtOAc
and NH4Cl (aq.) and extracted with EtOAc (3 X). The
organic layers were dried over Na SO4 and concentrated
under reduced pressure. The resulting residue was
purified via column chromatography (5% MeOH/DCM) to
afford N-(3-((4-
chlorophenyl)(hydroxy)methyl)-lH-pyrrolo[2,3-b]pyridin
-5-yl)-2,6-difluoro-3- (propylsulfonamido)benzamide
(23 mg, 58%). 1U NMR (400 MHz, CD3OD) d 8.41-8.42 (m,
IH), 8.28-8.29 (m, IH), 7.60-7.67 (m, IH), 7.46-7.49
(m, 2H), 7.34-7.36 (m, 2H), 7.09-7.14 (m, IH), 6.06
(s, IH), 3.09-3.13 (m, 2H), 1.82-1.91 (m, 2H),
1.03-1.07 (m, 3H); m/z (APCIpos) M+l = 535.1. Example
9N-(3-(4-chlorobenzylVlH-py
pOlo[2.3-bTpyridin-5-ylV2.6-difluoro-3-
(propylsulfonamido)benzamide [00377] Triethylsilane
(0.0590 niL, 0.355 mmol) and trifluoroacetic acid
("TFA"; 0.0180 niL, 0.234 mmol) were added to
N-(3-((4-chlorophenyl)(hydroxy)methyl)-lHpyrrolo[
2,3-b]pyridin-5-yl)-2,6-difluoro-3-(propylsulfonamido)
benzamide (0.005 g, 0.009 mmol) in CH3CN ( 1 mL). The
solution was warmed to 80C for 10 minutes. The
solution was cooled and concentrated under reduced
pressure to provide N-(3-(4-chlorobenzyl)-lHpyrrolo[
2,3-b]pyridin-5-yl)-2,6-difluoro-3-(propylsulfonamido)
benzamide (4 mg, 82.5%). 1H NMR (400 MHz, CD3OD) d
8.63-8.44 (m, IH), 8.30-8.32 (m, IH), 7.62-7.68 (m,
IH), 7.35 (s,lH), 7.27 (s, 4H), 7.10-7.15 (m, IH), 4.1
1 (s, 2H), 3.09-3.13 (m, 2H), 1.84-1.89 (m, 2H),
1.03-1.07 (m, 3H); m/z (APCI-pos) M+l = 519.1. Example
10 2,6-difluoro-N-(3 -iodo- 1H-pyrrolo [2,3
-b1pyridin-5-yl)-3 -(propylsulfonamido)benzamide
[00378] 2,6-Difluoro-N-(3-iodo-
1H-pyrrolo[2,3-b]pyridin-5-yl)-3-
(propylsulfonamido)benzamide (100%) was prepared
according to the general procedure for Example 2
substituting N-iodosuccinimide for
N-chlorosuccinimide. 1H NMR (400 MHz, DMSO-d 6) d
12.15 (br s, IH), 11.01 (s, IH), 9.81 (br s, IH), 8.37
(s, 2H), 8.21 (s, IH), 7.75 (br s, IH), 7.53-7.59 (m,
IH), 7.26-7.30 (m, IH), 3.11-3.15 (m, 2H), 1.75-1.80
(m, 2H), 0.98- 1.02 (m, 3H); m/z (APCI-pos) M+l =
520.9. Example 11 2.6-difluoro-N-(
'3-(2-('piperidin-l-vDacetylVlH-pyrrolor2.3-b1pyridin-
5-yl)-3- (propylsulfonamido)benzamide [00379]
Piperidine (0.0105 mL, 0.106 mmol) was added to
N-(3-(2-chloroacetyl)-lHpyrrolo[
2,3-b]pyridin-5-yl)-2,6-difluoro-3-(propylsulfonamido)
benzamide (0.005 g, 0.0106 mmol) in EtOH (0.2 mL),
which was stirred at 60C for 1 hour. The reaction
mixture wascooled and concentrated under reduced
pressure. The residue was purified via column
chromatography (10% MeOH/EtOAc, to 30% MeOH (7N
NH3/EtOAc). The pooled fractions were taken up in 10%
MeOH/DCM and filtered to provide 2,6-difluoro-N-(3-(2-
(piperidin-l-yl)acetyl)-lH-py
pOlo[2,3-b]pyridin-5-yl)-3-(propylsulfonamido)benzamid
e (3 mg, 54.4%). 1H NMR (400 MHz, CD3OD) d 9.05-9.07
(m, IH), 8.54-8.57 (m, IH), 8.44 (s, IH), 7.63-7.69
(m, IH), 7.12-7.17 (m, IH), 4.71 (s, 2H), 3.59 (s,
2H), 3.10-3.14 (m, 2H), 1.92-1.99 (m, 6H), 1.84-1.90
(m, 2H), 1.04-1.08 (m, 3H); m/z (APCI-pos) M+l =
520.2. Example 12
2,6-difluoro-N-(3-(2-(3-fluoropiperidin-l-yl)acetyl
)-lH-pyrrolo[2,3-b1pyridin-5-yl)-3-
(propylsulfonamido)benzamide [00380] Hunig's base
(0.0196 mL, 0.106 mmol) and 3-fluoropiperidine (0.0148
g, 0.106 mmol) were added to
N-(3-(2-chloroacetyl)-lH-pyrrolo[2,3-b]pyridin-5-yl)-2
,6- difluoro-3-(propylsulfonamido)benzamide (0.005 g,
0.0106 mmol) in EtOH (0.2 mL), which was stirred at
600C for 3 hours. The reaction mixture was
concentrated under reduced pressure, and the residue
was purified via column chromatography (5% to 10%
MeOH/DCM) to provide
2,6-difluoro-N-(3-(2-(3-fluoropiperidin-l-yl)acetyl)-l
H-pyrrolo[2,3-b]pyridin-5-
yl)-3-(propylsulfonamido)benzamide (3 mg, 52.6%). 1H
NMR (400 MHz, CD3OD) d 8.90- 8.92 (m, IH), 8.62-8.63
(m, IH), 8.60 (s, IH), 7.63-7.69 (m,lH), 7.13-7.16 (m,
IH), 4.60- 4.80 (m, IH), 3.76 (s, 2H), 3.08-3.15 (m,
2H), 2.86-2.94 (m, IH), 2.59-2.79 (m, 4H), 2.50- 2.55
(m, IH), 1.80-1.93 (m, 4H), 1.57-1.71 (m, 2H),
1.04-1.08 (m, 3H); m/z (APCI-pos) M+l = 538.1. Example
13
N-(3-(4-chloroberizoviyiH-pyrrolo[2,3-bjpyridin-5-yl)-
2,6-difluoro-3- (propylsulfonamido)benzamide[00381]
MnO2 (0.016 g, 0.19 mmol) was added to N-(3-((4-
chlorophenyl)(hydroxy)methyl)-lH-pyrrolo[2,3-b]pyridin
-5-yl)-2,6-difluoro-3- (propylsulfonamido)benzamide
(0.004 g, 0.0075 mmol) in CHCl3 (0.2 mL). The reaction
mixture was stirred at room temperature for 60 hours.
The contents were filtered through a plug of silica to
afford
N-(3-(4-chlorobenzoyl)-lH-pyrrolo[2,3-b]pyridin-5-yl)-
2,6-difluoro- 3-(propylsulfonamido)benzamide ( 1 mg,
25%) as a solid. 1H NMR (400 MHz, CD3OD) d 8.94-8.94
(m, IH), 8.68-8.60 (m, IH), 8.04 (s, IH), 7.83-7.86
(m, 2H), 7.63-7.69 (m, IH), 7.56-7.58 (m, 2H),
7.11-7.17 (m, IH), 3.10-3.14 (m, 2H), 1.85-1.90 (m,
2H), 1.04-1.08 (m, 3H); m/z (APCI-neg) M-I = 531.2.
Example 14 methyl
5-(2,6-difluoro-3-(propylsulfonamido)benzamido)-lH-pyr
rolo[2,3-b1pyridine-3- carboxylate [00382]
2,6-Difluoro-N-(3-iodo-lH-pyrrolo[2,3-b]pyridin-5-yl)-
3- (propylsulfonamido)benzamide (62.0 mg, 0.094 mmol)
was dissolved in methanol ( 1 mL). Triethylamine
("TEA"; 39 mL, 0.281 mmol) and PdCl2(PPh3)2 (6.6 mg,
0.10 mmol) were added, and the mixture was warmed to
70C under a balloon of carbon monoxide for 3 hours.
The reaction mixture was then stirred at room
temperature for 12 hours. The mixture was then
concentrated under reduced pressure and purified by
flash chromatography using a Waters Sep Pak cartridge
(10 g, 1:1 EtOAc/hexane as the eluant) to give methyl
5-(2,6-
difluoro-3-(propylsulfonamido)benzamido)-lH-pyrrolo[2,
3-b]pyridine-3-carboxylate (41 mg, 73%). 1H NMR (400
MHz, DMSO-d6) d 11.25 (s, IH), 9.81 (s, IH), 8.82-8.84
(m, IH), 8.64-8.66 (m, IH), 7.53-7.81 (m, 4H),
7.25-7.32 (m, IH), 3.89 (s, 3H), 3.08-3.16 (m, 2H),
1.71-1.82 (m, 2H), 0.95-1.03 (m, 3H); m/z (APCI-neg)
M-I = 591.1; (APCI-pos) M+l = 593.1. Example 15
2,6-difluoro-3-(propylsulfonamido)-N-(3-vinyl-lH-pyrro
lor2,3-blpyridin-5-yl)benzami de[00383] Step A:
2,6-Difluoro-N-(3-iodo-l-(phenylsulfonyl)-lH-pyrrolo[2
,3-b]pyridin- 5-yl)-3-(propylsulfonamido)benzamide
(0.050 g, 0.076 mmol), potassium vinyltrifluoroborate
(0.012 g, 0.091 mmol), triethylamine (d. 0.726; 0.01 1
niL, 0.076 mmol) 



and PdCl2(dppf)*DCM (0.0031 g, 0.0038 mmol) were
dissolved in 3:1 IPA/THF (1.0 mL), degassed with argon
for 10 minutes and heated to 70C overnight. The
solution was partitioned between water and EtOAc. The
organic portion was washed with water (3 X), brine,
dried over Na2SO4 and concentrated. The resulting
residue was purified by column chromatography (2:1
hexane/EtOAc) giving
2,6-difluoro-N-(l-(phenylsulfonyl)-3-vinyl-lHpyrrolo[
2,3-b]pyridin-5-yl)-3-(propylsulfonamido)benzamide
(57%). [00384] Step B:
2,6-Difluoro-N-(l-(phenylsulfonyl)-3 -vinyl-
lH-pyrrolo [2,3-
b]pyridin-5-yl)-3-(propylsulfonamido)benzamide (0.0061
g, 0.0109 mmol) was dissolved in MeOH (1.0 mL) and
water (0.3 mL). K2CO3 (0.0150 g, 0.109 mmol) was
added, and the reaction mixture was stirred at room
temperature overnight. The solution was partitioned
between water and EtOAc. The organic portion was
washed with water (3 X), brine, dried over Na2SO4 and
concentrated. The resulting residue was purified by
column chromatography (1:1 hexane/EtOAc/1% HCO2H) to
give 2,6-difluoro-3-
(propylsulfonamido)-N-(3-vinyl-lH-pyrrolo[2,3-b]pyridi
n-5-yl)benzamide (2.8 mg, 61.2%). 1 NMR (400 MHz,
DMSO-d 6) d 11.81 (br s, IH), 10.92 (s, IH), 9.80 (br
s, IH), 8.61-8.62 (m, IH), 8.44-8.45 (m, IH),
7.65-7.67 (m, IH), 7.52-7.58 (m, IH), 7.24-7.29 (m,
IH), 6.81- 6.88 (m, IH), 5.56-5.61 (m, IH), 5.11-5.14
(m, IH), 3.10-3.14 (m, 2H), 1.74-1.80 (m, 2H),
0.98-1.02 (m, 3H); m/z (APCI-neg) M-I = 419.3. Example
16
N-(3-bromo-lH-pyrrolo[2,3-b]pyridin-5-yl)-6-chloro-2-f
luoro-3- (propylsulfonamido)benzamide [00385]
N-(3-bromo-lH-pyrrolo[2,3-b]pyridin-5-yl)-6-chloro-2-f
luoro-3- (propylsulfonamido)benzamide (62%) was
prepared according to the general procedure for
Example 2, substituting
6-chloro-2-fluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[
2,3- b]pyridin-5-yl)benzamide for
2,6-difluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[2,3-
b]pyridin-5-yl)benzamide. 1H NMR (400 MHz, DMSO-d 6) d
12.13 (br s, IH), 11.02 (s, IH),9.99 (br s, IH), 8.39
(br s, IH), 8.35 (br s, IH), 7.52-7.56 (m, IH),
7.44-7.46 (m, IH), 3.15- 3.19 (m, 2H), 1.74-1.79 (m,
2H), 0.98-1.01 (m, 3H); m/z (APCI-pos) M+l = 473.0,
475.0. Example 17 N-(3 -cyano- 1H-pyrrolo
\2,3-b]pyridin-5 -yl)-2,6-difluoro-3
-(propylsulfonamido)benzamide [00386]
2,6-Difluoro-N-(3-iodo-l-(phenylsulfonyl)-lH-pyrrolo[2
,3-b]pyridin-5-yl)-3- (propylsulfonamido)benzamide
(0.025 g, 0.0379 mmol) and Cu(I)CN (0.0678 g, 0.758
mmol) were taken up in DMF (0.5 mL) and heated to 100C
overnight. The solution was partitioned between water
and EtOAc. The organic portion was washed with water
(3 X), brine, dried over Na2SO4 and concentrated to an
oil, N-(3-cyano-l-(phenylsulfonyl)-lH-pyrrolo[2,3-
b]pyridin-5-yl)-2,6-difluoro-3-(propylsulfonamido)benz
amide. The oil (0.021 g, 0.038 mmol) was dissolved in
MeOH (1.0 mL) and water (0.3 mL). K2CO3 (0.053 g, 0.38
mmol) was added, and the mixture stirred for 1 hour at
room temperature. The solution was partitioned between
water and EtOAc. The organic layer was washed with
water (3 X), brine, dried over Na SO4 and
concentrated. The residue was purified by column
chromatography (5% MeOH/DCM) giving
N-(3-cyano-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6-
difluoro-3-(propylsulfonamido)benzamide (2.9 mg, 18%)
as a solid. 1H NMR (400 MHz, DMSO-d6) d 11.16 (s, IH),
8.57-8.58 (m, IH), 8.52-8.53 (m, IH), 8.47 (s, IH),
7.53-7.59 (m, IH), 7.25-7.29 (m, IH), 3.09-3.13 (m,
2H), 1.74-1.80 (m, 2H), 0.98-1.01 (m, 3H); m/z
(APCI-neg) M-I = 418.2. Example 18
6-chloro-2-fluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[
2,3-blpyridm-5-yl)benzamide [00387]
6-Chloro-2-fluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[
2,3-b]pyridin-5- yl)benzamide (62%) was prepared
according to the general procedure for Example 1,
substituting
6-chloro-2-fluoro-3-(propylsulfonamido)benzoic acid
for 2,6-difluoro-3- (propylsulfonamido)benzoic acid.
1H NMR (400 MHz, DMSO-d6) d 11.75 (br s, IH), 10.82
(s, IH), 9.97 (br s, IH), 8.35-8.36 (m, 2H), 7.42-7.55
(m, 3H), 6.47-6.48 (m, IH), 3.14-3.18 (m, 2H),
1.73-1.79 (m, 2H), 0.98-1.01 (m, 3H); m/z (APCI-neg)
M-I = 409.1, 411.2.Example 19
N-(3-acetyl-lH-pyrrolo[2,3-b1pyridin-5-yl)-2,6-difluor
o-3-(propylsulfonamido)benzamide [00388] A slurry of
aluminum trichloride (0.270 g, 2.03 mmol) was added to
a slurry of
2,6-difluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[2,3-b
]pyridin-5-yl)benzamide (0. 100 g, 0.254 mmol) in DCM
(0.7 mL) at 0C, and the reaction mixture was allowed
to stir at 0C for 40 minutes. Acetyl chloride (0.0271
mL, 0.380 mmol) was added, and the mixture was allowed
warm to room temperature overnight. CH3NO (200 mL) was
added, and the reaction mixture was sonicated for 2
minutes, and allowed to stir at room temperature
overnight. The reaction mixture was quenched with ice
and then partitioned between aqueous sodium
bicarbonate and EtOAc. The organic layer was dried
over Na SO4 and concentrated under reduced pressure.
The resulting residue was purified via column
chromatography (5% MeOH/EtOAc) to yield
N-(3-acetyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6-difiuor
o-3- (propylsulfonamido)benzamide (71 mg, 64%) as a
solid. 1H NMR (400 MHz, CDCl3) d 8.98-8.99 (m, IH),
8.63-8.64 (m, IH), 8.04 (s, IH), 7.49-7.54 (m, IH),
7.15-7.18 (m, IH), 3.10-3.30 (m, 2H), 2.55 (s, 3H),
1.93-2.00 (m, 2H), 1.09-1.13 (m, 3H); m/z (APCI-pos)
M+l = 437.1. Example 20
N-(3-ethyl-lH-pyrrolo[2,3-blpyridin-5-yl)-2
6-difluoro-3-(propylsulfonamido)benzamide [00389]
2,6-Difluoro-N-(l-(phenylsulfonyl)-3-vinyl-lH-pyrrolo[
2,3-b]pyridin-5-yl)-3- (propylsulfonamido)benzamide
(0.0093 g, 0.017 mmol) was dissolved in MeOH (1.0 mL).
10% Pd/C (2.0 mg) was added and followed by stirring
under a balloon of H2 for 1 hour. Water (0.3 mL) and
K2CO3 (0.0235 g, 0.170 mmol) were added, and the
reaction mixture was stirred at 50C for 18 hours. The
organic portion was washed with water (3 X), brine,
dried over Na SO4 and concentrated. The resulting
residue was purified by column chromatography (1:2
hexane/EtOAc) giving
N-(3-ethyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6-
difluoro-3-(propylsulfonamido)benzamide (2.7 mg,
37.6%). 1H NMR (400 MHz, DMSO-d6)d 11.33 (br s, IH),
10.84 (s, IH), 9.79 (br s, IH), 8.32-8.34 (m, 2H),
7.51-7.57 (m, IH), 7.24- 7.27 (m, 2H), 3.10-3.14 (m,
2H), 2.67-2.73 (m, 2H), 1.74-1.80 (m, 2H), 1.25-1.28
(m, 2H), 0.98-1.01 (m, 3H); m/z (APCI-neg) M-I =
421.2. Example 21
2-fluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[2,3-blpyr
idin-5-vDbenzamide [00390] 2-Fluoro-3
-(propylsulfonamido)-N-( 1H-pyrrolo
[2,3-b]pyridin-5-yl)benzamide (49%) was prepared
according to the general procedure for Example 1,
substituting 2-fluoro- 3-(propylsulfonamido)benzoic
acid for 2,6-difluoro-3-(propylsulfonamido)benzoic
acid. H NMR (400 MHz, DMSO-d 6) d 11.61 (br s, IH),
10.48 (s, IH), 9.81 (br s, IH), 8.40 (br s, IH), 8.35
(br s, IH), 7.53-7.57 (m, IH), 7.48-7.52 (m, 2H),
7.28-7.32 (m, IH), 6.46 (m, IH), 3.14-3.18 (m, 2H),
1.75-1.80 (m, 2H), 0.98-1.02 (m, 3H); m/z (APCI-neg)
M-I = 375.2. Example 22
2,6-difluoro-N-r3-(2-methylthiazol-4-yl)-lH-pyrrolo[23
-b]pyridin-5-yl)-3- (propylsulfonamido)benzamide
[00391] NaHCO 3 (0.00098 g, 0.012 mmol) and
ethanethioamide (0.00096 g, 0.013 mmol) were added to
N-(3-(2-chloroacetyl)-lH-pyrrolo[2,3-b]pyridin-5-yl)-2
,6-difluoro-3- (propylsulfonamido)benzamide (0.005 g,
0.011 mmol) in THF (0.1 mL), and the reaction mixture
was warmed to 70C for 4 hours. MeOH (0.2 mL) was
added, along with another equivalent of
ethanethioamide (0.00096 g, 0.013 mmol) and NaHCO 3
(0.00098 g, 0.012 mmol). After 9 hours at 70C, the
reaction mixture was cooled and partitioned between
EtOAc and aqueous sodium bicarbonate. The organic
layers were dried over Na2SO4 and concentrated under
reduced pressure. The resulting residue was purified
via column chromatography (10% MeOH-DCM) to provide
2,6-difluoro-N-(3-(2-methylthiazol-4-yl)-
lH-pyrrolo[2,3-b]pyridin-5-yl)-3-(propylsulfonamido)be
nzamide ( 1 mg, 19%). 1H NMR (400 MHz, CHCl3-dl) d
8.84-8.85 (m, IH), 7.86 (s, IH), 7.60-7.66 (m, IH),
7.32 (s, IH),7.02-7.06 (m, IH), 3.06-3.12 (m, 2H),
2.80 (s, 3H), 1.85-1.93 (m, 2H), 1.04-1.08 (m, 3H);
m/z (APCI-pos) M+l = 492.1. Example 23 N-(3
-(3.4-dichlorobenzoylV 1H-pyrrolo F2.3
-blpyridin-5-yl)-2.6-difluoro-3 -
(propylsulfonamido)benzamide [00392] A slurry of
aluminum trichloride (0.078 g, 0.59 mmol) was added to
a slurry of
2,6-difluoro-3-(propylsulfonamido)-N-(lH-pyrrolo[2,3-b
]pyridin-5-yl)benzamide (0.029 g, 0.074 mmol) in DCM
(1.2 mL) at 0C, and the reaction mixture was allowed
to stir at 0C for 40 minutes. 3,4-Dichlorobenzoyl
chloride (0.023 g, 0.11 mmol) was added, and the
mixture was allowed to slowly warm to room temperature
overnight. CH3NO2 (300 mL) was added, and the reaction
mixture was sonicated for 2 minutes. The reaction
mixture was then stirred at room temperature
overnight. The reaction mixture was quenched with ice
and then partitioned between aqueous sodium
bicarbonate and EtOAc. The organic layers were dried
over Na2SO4 and concentrated under reduced pressure.
The residual solids were triturated with 5% MeOH/EtOAc
to provide
N-(3-(3,4-dichlorobenzoyl)-lH-pyrrolo[2,3-b]pyridin-5-



yl)-2,6-difluoro-3-(propylsulfonamido)benzamide (9 mg,
22%). 1H NMR (400 MHz, CD3OD) d 8.98-8.99 (m, IH),
8.66-8.68 (m, IH), 8.09 (s, IH), 7.63-7.79 (m, 3H),
7.13-7.17 (m, IH), 3.1 1-3.15 (m, 2H), 1.85-1.91 (m,
2H), 1.05-1.09 (m, 3H); m/z (APCI-pos) M+l 567.0.
Example 24 2,6-difluoro-3 -(propylsulfonamido)-N-(3
-(trifluoromethyl)- 1H-pyrrolo [2,3 -blpyridin-5-
vDbenzamide [00393] Step A: Trifluoroacetic anhydride
("TFAA"; 3.3 mL) was added to a solution of
tetrabutylammonium nitrate (7.3 g) in dichloromethane
(70 mL) cooled to O0C. After 5 minutes,
3-(trifluoromethyl)-lH-py pOlo[2,3-b]pyridine (0.64 g;
prepared as described in Schirok, Hartmut, et al.
"Synthesis and Derivatization of
3-Perfluoroalkyl-Substituted 7-Azaindoles." Synthesis
, No. 2 (2007): pp. 251-258) was added portionwise.
The resulting solution was stirred at room temperature
overnight. The reaction mixture was diluted with
dilute aqueous sodium bicarbonate and extracted with
dichloromethane (2 X). The organic layer was dried
over magnesium sulfate, filtered, and evaporated to
yield crude solid, which was subjected to
chromatography on a silica gel plug with ethyl acetate
to provide 5-nitro-3-
(trifluoromethyl)-lH-pyrrolo[2,3-b]pyridine (0.58 g,
73%) as a solid. [00394] Step B: Tin chloride
dihydrate (4.0 g) was added to 5-nitro-3-
(trifluoromethyl)-lH-pyrrolo[2,3-b]pyridine (0.58 g)
in ethyl acetate (50 mL). The resulting solution was
refluxed for 3 hours. The cooled solution was treated
with dilute aqueous sodium bicarbonate. The resulting
slurry was filtered through celite, and the filter
cake was washed with ethyl acetate. The layers were
separated. The organic layer was washed with brine,
dried over magnesium sulfate, filtered, and evaporated
to provide 5-amino-3-
(trifluoromethyl)-lH-pyrrolo[2,3-b]pyridine (320 mg,
63%) as a solid. [00395] Step C: Diisopropylethylamine
(127 mL), 5-amino-3-(trifluoromethyl)-lHpyrrolo[
2,3-b]pyridine (67.8 mg), hydroxybenzotriazole
monohydrate (41 mg) and 1-ethyl-
(3-dimethylaminopropyl)carbodiimide hydrochloride (56
mg) was added to 5-amino-3-
(trifluoromethyl)-lH-pyrrolo[2,3-b]pyridine (48.8 mg)
in dichloromethane ( 1 mL) and N Ndimethylformamide (
1 mL). The reaction mixture was stirred at ambient
temperature overnight and evaporated under vacuum. The
resulting residue was partitioned between ethyl
acetate and dilute aqueous ammonium chloride. The
ethyl acetate layer was washed with brine, dried over
magnesium sulfate, filtered, and concentrated to a
glass. The crude product was purified by
chromatography (10:1 ethyl acetate/methanol) to
provide 2,6-difluoro-3- (propylsulfonamido)-N-(3
-(trifluoromethyl)- 1H-pyrrolo
[2,3-b]pyridin-5-yl)benzamide (20 mg, 18%) as a glass.
1U NMR (400 MHz, CD3CN) d 10.31 (br s, IH), 9.13 (s,
IH), 8.53 (s, IH), 8.51 (s, IH), 7.89 (s, IH),
7.67-7.60 (m, IH), 7.16-7.11 (m, IH), 3.16-3.12 (m,
2H), 2.22 (br s, IH), 1.90-1.80 (m, 2H), 1.04 (t, 3H);
m/z (ESI pos) 463.1 (100%) [M+l]. Example 25
N-(3-bromo-2-phenyl-lH-pyrrolo[2,3-blpyridin-5-yl)-2,6
-difluoro-3- (propylsulfo namido)benzamide[00396]
N-Bromosuccinimide (1.1 eq.) was added to a slurry of
2,6-difluoro-N-(2-
phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-3-(propylsulfona
mido)benzamide ( 11 mg, 1.0 eq.) in CHCl (1.0 mL), and
the reaction mixture stirred at ambient temperature
for 16 hours. The reaction mixture was filtered, and
the solids were washed with CH2Cl2. The resulting
solids were then purified by silica gel chromatography
(eluting with 5% MeOHZCH Cl2) to afford
N-(3-bromo-2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6
-difluoro-3- (propylsulfonamido)benzamide as a solid
(9 mg, 69%). 1H NMR (400 MHz, DMSOd 6) d 12.53 (s,
IH), 11.08 (s, IH), 9.82 (s, IH), 8.47-8.44 (m, IH),
8.39-8.37 (m, IH), 7.95-7.91 (m, 2H), 7.61-7.53 (m,
3H), 7.51-7.45 (m, IH), 7.32-7.26 (m, IH), 3.16-3.11
(m, 2H), 1.83- 1.74 (m, 2H), 1.03-0.98 (m, 3H); m/z
(APCI-neg) M-l=549.1. Example 26
N-(3-chloro-2-(3-chlorophenyl)-lH-pyrrolo[2,3-blpyridi
n-5-yl)-2,6-difluoro-3- (propylsulfonamido)benzamide
[00397]
N-(3-chloro-2-(3-chlorophenyl)-lH-pyrrolo[2,3-b]pyridi
n-5-yl)-2,6-difluoro- 3-(propylsulfonamido)benzamide
(38%) was prepared according to Example 25,
substituting N-chlorosuccinimide for
N-bromosuccinimide, DMF for CHCl , and
N-(2-(3-chlorophenyl)-
lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6-difluoro-3-(propyls
ulfonamido)benzamide for 2,6- difluoro-N-(2 -phenyl-
1H-pyrrolo [2,3 -b]pyridin-5-yl)-3
-(propylsulfonamido)benzamide. H NMR (400 MHz, DMSOd
6) d 12.55 (s, IH), 11.1 1 (s, IH), 9.82 (s, IH),
8.49-8.46 (m, 2H), 8.01-7.99 (m, IH), 7.96-7.93 (m,
IH), 7.63-7.52 (m, 3H), 7.32-7.26 (m, IH), 3.16-3.11
(m, 2H), 1.82-1.74 (m, 2H), 1.03-0.98 (m, 3H); m/z
(APCI-pos) M+l=539.0. Example 27
N-(3-bromo-2-cvclopropyl-lH-pyrrolo[2,3-b]pyridin-5-yl
V2,6-difluoro-3- (propylsulfonamido)benzamide [00398]
N-(3-Bromo-2-cyclopropyl-lH-pyrrolo[2,3-b]pyridin-5-yl
)-2,6-difluoro-3- (propylsulfonamido)benzamide was
prepared according to the general procedure of
Example25 substituting
N-(2-cyclopropyl-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,6-di
fluoro-3- (propylsulfonamido)benzamide for
2,6-difluoro-N-(2-phenyl-lH-pyrrolo[2,3-b]pyridin-5-yi
)- 3-(propylsulfonamido)benzamide. 1H NMR (400 MHz,
DMSOd 6) d 11.66 (s, IH), 10.96 (s, IH), 9.80 (s, IH),
8.31-8.29 (m, IH), 8.18-8.16 (m, IH), 7.58-7.52 (m,
IH), 7.30-7.24 (m, IH), 3.15-3.10 (m, 2H), 2.16-2.10
(m, IH), 1.82-1.73 (m, 2H), 1.10-1.03 (m, 4H),
1.02-0.97 (m, 3H); m/z (APCI-neg) M-1=5 13.2. Example
28
5-(2,6-difluoro-3-(propylsulfonaniido)benzaniido)-N-ph
enyl-lH-pyrrolo[2,3-blpyridine-3- carboxamide [00399]
A round bottom flask equipped with a stir bar and
nitrogen inlet was charged with aniline (4.2 mg, 0.046
mmol) and dry toluene (0.5 mL) under a nitrogen
atmosphere. Trimethyl aluminum (8.0 mL, 0.160 mmol, 7
eq.) was added to this solution, and this mixture was
stirred at room temperature for 20 minutes. Methyl
5-(2,6-difluoro-3-
(propylsulfonamido)benzamido)-lH-pyrrolo[2,3-b]pyridin
e-3-carboxylate (13.5 mg, 0.023 mmol, see Example 14)
was added in one portion, and the reaction mixture
warmed to 90C for 30 minutes. The reaction mixture was
then allowed to cool to room temperature. The mixture
was then quenched carefully with 30% aqueous sodium
potassium tartrate and extracted with ethyl acetate (2
X). The extracts were dried over sodium sulfate and
concentrated under reduced pressure. The resulting
residue was dissolved in THF ( 1 mL), and a IM aqueous
LiOH solution ( 1 mL) was then added. The mixture was
stirred at room temperature for 16 hours, diluted with
AcOH/water and extracted with EtOAc (2 X). The
extracts were washed with saturated sodium bicarbonate
solution, dried over sodium sulfate and concentrated.
The resulting residue was subjected to preparative TLC
purification (2 X 0.5 mm plates, 10% MeOH/DCM) to
afford 5-(2,6-difluoro-3-
(propylsulfonamido)benzamido)-N-phenyl-lH-pyrrolo[2,3-
b]pyridine-3-carboxamide (4.2 mg, 36%). 1H NMR (400
MHz, DMSO-d6) d 12.31 (s, IH), 10.97 (s, IH),
9.76-9.87 (m 2H), 8.89-8.96 (m, IH), 8.42-8.55 (m 2H),
7.73-7.80 (m, 2H), 7.51-7.59 (m, IH), 7.20-7.38 (m,
3H), 7.03-7.1 1 (m, IH), 3.06-3.14 (m, 2H), 1.71-1.82
(m, 2H), 0.94 - 1.04 (m, 3H); m/z (APCI-neg) M-I =
512.1; (APCI-pos) M+l = 514.0.[00400] The following
compounds in Table 1 were prepared following the above
procedures. Table 1 Example 32
N-(3-r3.4-difluorophenylVlH-pyrrolor2.3-blpyridin-5-yl
V2.6-difluoro-3- (propylsulfonamido)benzamide [00401]
Step A: 3-Iodo-lH-pyrrolo[2,3-b]pyridine (4.55 g, 18.7
mmol) and K2CO3 (7.73 g, 55.9 mmol) were dissolved in
acetonitrile (200 mL). Benzenesulfonyl chloride (4.76
mL, 37.3 mmol) was added, and the reaction mixture was
heated to reflux for 10 hours. The reaction mixture
was cooled and partitioned between EtOAc and water.
The organic layerwas washed with water (2 X), brine,
and dried over Na2SO4 and concentrated. The resulting
residue was purified by column chromatography (4:1 to
0:1 hexane/DCM) giving 3-iodo-l-
(phenylsulfonyl)-lH-pyrrolo[2,3-b]pyridine (5.31 g,
74.1%). [00402] Step B: Tetrabutylammonium nitrate
(6.31 g, 20.7 mmol) was dissolved in DCM (50 mL) and
cooled to 0C. TFAA (2.93 mL, 20.7 mmol) was added and
stirred for 10 minutes. This solution was transferred
via syringe to a precooled solution of 3-iodo-l-
(phenylsulfonyl)-lH-pyrrolo[2,3-b]pyridine (5.31 g,
13.8 mmol) in DCM (50 mL) at 0C and was stirred at O0C
overnight. Water (100 mL) was added, and the layers
were separated. The aqueous portion was extracted with
DCM ( 1 X). The organic layers were combined, dried
over Na2SO4 and concentrated to a solid. This solid
was sonicated for 10 minutes in 9:1 Et OZDCM and
filtered to give
3-iodo-5-nitro-l-(phenylsulfonyl)-lH-pyrrolo[2,3-b]pyr
idine (3.46 g, 58.3%) as a solid. [00403] Step C:
3-Iodo-5-nitro-l-(phenylsulfonyl)-lH-pyrrolo[2,3-b]pyr
idine (1.00 g, 2.33 mmol) and SnCl2 dihydrate (2.63 g,
11.7 mmol) in EtOAc (25 mL) were heated to 75C for 4
hours. The reaction mixture was cooled to room
temperature, and saturated aqueous 



NaHCO3 (25 mL) was added. The resulting precipitate
was filtered through celite. The layers were
separated. The organic portion was washed with water,
brine, dried over Na2SO4 and concentrated to give
3-iodo-l-(phenylsulfonyl)-lH-pyrrolo[2,3-b]pyridin-5-a
mine (0.933 g, 100%) as a powder, which was used
directly in the next step without further
purification. [00404] Step D:
3-Iodo-l-(phenylsulfonyl)-lH-pyrrolo[2,3-b]pyridin-5-a
mine (0.506 g, 1.27 mmol),
2,6-difluoro-3-(propylsulfonamido)benzoic acid (0.389
g, 1.39 mmol), EDCI (0.267 g, 1.39 mmol) and HOBt
(0.188 g, 1.39 mmol) were dissolved in DMF (10 mL) and
stirred at room temperature overnight. The organic
portion was washed with water (3 X), brine, dried over
Na2SO4 and concentrated. The resulting residue was
purified by column chromatography (1:1:1 hexane/Et
2O/DCM) giving 2,6-difluoro-N-(3-iodo-l-
(phenylsulfonyl)-lH-pyrrolo[2,3-b]pyridin-5-yl)-3-(pro
pylsulfonamido)benzamide (0.738 g, 88.2%). [00405]
Step E: 2,6-Difluoro-N-(3-iodo-l-(phenylsulfonyl)-lH-
ryrrolo[2,3-b]pyridin-
5-yl)-3-(propylsulfonamido)benzamide (0.025 g, 0.038
mmol), 3,4-difluorophenylboronic acid (0.0090 g, 0.057
mmol), K2CO3 (0.026 g, 0.19 mmol), and Pd(PPh3)4
(0.0022 g, 0.0019 mmol) were taken up in 4:1
acetonitrile ("ACN")/water (1.5 mL) and degassed with
argon for 10 minutes. The reaction mixture was heated
to 160C for 10 minutes under microwave irradiation.
The solution was partitioned between water and EtOAc.
The organic portion waswashed with water (3 X), brine,
dried over Na2SO4 and concentrated to an oil. DCM was
added to the oil, and a solid precipitated out, which
was collected by filtration giving N-(3-
(3,4-difluorophenyl)-lH-pyrrolo[2,3-b]pyridin-5-yl)-2,
6-difluoro-3- (propylsulfonamido)benzamide (8.5 mg,
44%). 1H NMR (400 MHz, DMSOd 6) d 12.08 (br s, IH),
10.97 (s, IH), 9.80 (br s, IH), 8.66 (br s, IH), 8.52
(br s, IH), 7.99 (br s, IH), 7.69- 7.75 (m, IH),
7.51-7.59 (m, 3H), 7.25-7.30 (m, IH), 3.11-3.15 (m,
2H), 1.74-1.80 (m, 2H), 0.98-1.02 (m, 3H); m/z
(APCI-pos) M+l = 505.2. [00406] The following
compounds in Table 2 were prepared following the above
procedures. Table 2 d IH), (m, 1.75- 3H); d IH), (m,
2H), d (m, 3H);Embodiments of the invention relate to
methods of fabricating thin films of self-assembling
block copolymers, and devices resulting from those
methods. As the development of nanoscalc mechanical,
electrical chemical and biological devices and systems
increases, new processes and materials are needed to
fabricate nanoscale devices and components. Making
electrical contacts to conductive lines has become a
significant challenge as the dimensions of
semiconductor features shrink to sizes that are not
easily accessible by conventional lithography Optical
lithographic processing methods have difficulty
fabricating structures and features at the sub-60
nanometer level The use of self assembling diblock
copolymers presents another route to patterning at
nanoscale dimensions Diblock copolymer films
spontaneously assemble into periodic structures by
microphase separation of the constituent polymer
blocks after annealing, for example by thermal
annealing above the glass transition temperature of
the polymer or by solvent annealing, forming ordered
domains at nanometer-scale dimensions. The film
morphology, including the size and shape of the
microphase-separated domains, can be controlled by the
molecular weight and volume fraction of the AB blocks
of a diblock copolymer to produce lamellar,
cylindrical, or spherical morphologies, among others.
For example, for volume fractions at ratios greater
than about 80:20 of the two blocks (AB) of a diblock
polymer, a block copolymer film will microphase
separate and self-assemble into a periodic spherical
domains with spheres of polymer B surrounded by a
matrix of polymer A. For ratios of the two blocks
between about 60:40 and 80:20, the diblock copolymer
assembles into a periodic hexagonal close-packed or
honeycomb array of cylinders of polymer B within a
matrix of polymer A. For ratios between about 50:50
and 60:40, lamellar domains or alternating stripes of
the blocks are formed. Domain size typically ranges
from 5-50 run.Attempts have been made Io control
orientation and long range ordering of self-assembling
block copolymer materials. Salts such as sodium and
potassium chloride (NaCl KCi) have been shown to
improve long range ordering of block copolymer
material on substrates However, the sodium (Na) and
potassium (K) are highly mobile, which can result in
contamination of other device structures during
processing. Other researches have added organic
surfactants to diblock copolymers to improve long
range ordering during self-assembly. However, during
the high temperature/vacuum anneal of the block
copolymer material, the organic surfactant evaporates
from the film before the self-assembly process is
completed, limiting the annealing conditions that can
be used. [00Q5] It would be useful to provide methods
of fabricating films of ordered nanostructures that
overcome these problems and provide enhanced long
range ordering of the self-assembling polymer domains.
Embodiments of the invention are described below with
reference to the following accompanying drawings,
which are for illustrative purposes only. Throughout
the following views, the reference numerals will be
used in the drawings, and the same reference numerals
will be used throughout the several views and in the
description to indicate same or like parts. [QQ07J
FIG, 1 illustrates a diagrammatic top plan view of a
portion of a substrate at a preliminary processing
stage according to an embodiment of the present
disclosure, showing the substrate with a neutral
wetting material thereon. FIG, IA is an elevational,
cross-sectional view of the substrate depicted in FIG.
1 taken along line IA-I A. FIG. 2 illustrates a top
plan view of the substrate of FIG. 1 at a subsequent
stage showing the formation of trenches in a material
layer formed on the neutral wetting material. FIG. 2A
illustrates an elevational, cross-sectional view of a
portion of the substrate depicted in FIG. 2 taken
along line 2L-2A. FlG. 3 illustrates a side
elevational view of a portion of a substrate at a
preliminary processing stage according to another
embodiment of the disclosure, showing thesubstrate
with trenches in a material layer formed on the
substrate. FIG. 4 illustrates a side elevationaJ view
of the substrate of FIG. 3 at a subsequent stage
showing the formation of a neutral wetting material
within the trenches. FIGS, 5-6 are diagrammatic top
plan views of the substrate of FlG. 2 at subsequent
stages in the fabrication of a self-assembled block
copolymer film according to an embodiment of the
disclosure utilizing a lamellar-phase block copolymer
material FIGS. SA-6A illustrate elevational,
cross-sectional views of a portion of the substrate
depicted in FIGS. 5-6 taken along Sines 5A-5A and
6A-6A, respectively. FIGS, 7-8 arc top plan views of
the substrate of FIG. 6 at subsequent stages,
illustrating an embodiment of the use of the
self-assembled block copolymer film after removal of
one of the polymer blocks as a mask to etch the
substrate and filling of the etched openings. FIGS,
7A-8L illustrate elevational, cross-sectional views of
a portion of the substrate depicted in FIGS. 7-8 taken
along lines 7A-7A and 8A-8A, respectively. FIG, 9 is a
top plan view of the substrate of FIG. 6 at a
subsequent stage according to another embodiment after
removal of polymer blocks with residual inorganic
material as a mask on the substrate. FIC . 9A is an
elevational, cross-sectional view of a portion of the
substrate depicted in FIG. 9 taken along lines 9A-9A.
] FIG, 10 is a diagrammatic lop plan view of a portion
of a substrate at a preliminary processing stage
according to another embodiment of the disclosure,
showing trenches i a material layer exposing the
substrate. FIGS. 10A-I OB are elevational,
cross-sectional views of the substrate depicted in
FIG. 10 taken along lines 10A- 1OA and 1OB-IOB,
respectively. [0014] FIGS, 11-12 are diagrammatic top
plan views of the substrate of FIG. 10 at subsequent
stages in the fabrication of a self-assembled block
copolymer film composed of a single row of
perpendicular oriented cylinders in a polymer matrix
within the trenches according to an embodiment of the
disclosure. FIGS. 11A-12A illustrate elevational,
cross-sectional views of a portion of the substrate
depicted in FIGS. 11-12 taken alonglines 1IA-I IA and
12A- 12A respectively. FIGS. J1B-12B are
cross-sectional views of the substrate depicted in
FIGS 11-12 taken along lines 1IB-I IB and 12B-12B,
respectively. 



[0015] FIGS. 13-14 are top plan views of the substrate
of FlG. 12 at subsequent stages, illustrating an
embodiment of the use of the self-assembled block
copolymer film after removal of one of the cylindrical
domains, as a mask to etch the substrate and filling
of the etched openings FGS. 13A-14A illustrate
elevational, cross-sectional views of a portion of the
substrate depicted in FGS. 13-14 taken along lines
13A-13A to 14A-1 4A5respectively F GS. 13B-14B are
cross-sectional views of the substrate depicted in
FIGS. 13-14 taken along lines 13B-13B to 14B-14B,
respectively. [0016] The following description with
reference to the drawings provides illustrative
examples of devices and methods according to
embodiments of the invention. Such description is for
illustrative purposes only and not for purposes of
limiting the same. [001 7j In the context of the
current application, the term "semiconductor
substrate" or "semiconductive substrate" or
"semiconductive wafer fragment" or "wafer fragment" or
"wafer" will be understood to mean any construction
comprising semiconductor material, including but not
limited to bulk semiconductive materials such as a
semiconductor wafer (either alone or in assemblies
comprising other materials thereon), and
semiconductive material layers (either alone or in
assemblies comprising other materials). The term
"substrate" refers to any supporting structure
including, but not limited to, the semiconductive
substrates, wafer fragments or wafers described above.
"L " as used herein is the inherent periodicity or
pitch value (bulk period or repeat unit) of structures
that self assemble upon annealing from a
self-assembling (SA) block copolymer. "LB" as used
herein is the periodicity or pitch value of a blend of
a block copolymer with one or more of its constituent
homopolym ers. "L" is used herein to indicate the
center-to-center cylinder pitch or spacing of
cylinders of the block copolymer or blend, and is
equivalent to "L0" for a pure block copolymer and "LB"
for a copolymer blend.[0019] In embodiments of the
invention, a polymer materia! (e.g., film, layer) is
prepared by guided self-assembly of block copolymers,
with both polymer domains at the air interface. Block
copolymer materials spontaneously assemble into
periodic structures by microphase separation of the
constituent polymer blocks after annealing, forming
ordered domains at nanometer-scale dimensio s in
embodiments of the invention, an ordered linear array
pattern registered to the trench sidewalls is formed
within a trench from a lamellar-phase block copolymer
material. In other embodiments of the invention, a
one-dimensional ( -D) array of perpendicular-oriented
cylinders is formed within a trench from a
cylindrical-phase block copolymer material.
Embodiments of the invention pertain to the improved
long range order imparted by addition of an
appropriate ionic liquid to the block copolymer
material, such ionic liquid selected to perform one or
more functions in the block copolymer blend, for
example, a surfactant/plasticiz er effect and a
phase-selective complexation role [Q021J Following
self assembly, the pattern of perpendicular-oriented
lamellae or cylinders that is formed on the substrate
can then be used, for example, to form an etch mask
for patterning nanosiz ed features into the underlying
substrate through selective removal of one block of
the self-assembled block copolymer. Since the domain
sizes and periods (L) involved in this method are
determined by the chain length of a block copolymer
(MW), resolution can exceed other techniques such as
conventional photolithography. Processing costs using
the technique are significantly less than extreme
ultraviolet (EUV) photolithography, which has
comparable resolution. A method for fabricating a
self-assembled block copolymer material that defines
an array of nanometer-scale, perpendicular-oriented
lamellae according to an embodiment of the invention
is illustrated with reference to FIGS. 1-6. The
described embodiment involves an anneal of a
lamellar-phase block copolymer material formulated
with an ionic liquid in combination with a
graphoepitaxy technique that utilizes a
lithographically defined trench as a guide with a
floor composed of a material that is neutral wetting
to both polymer blocks and sidewalks and ends that are
preferential wetting to one polymer block and function
as constraints to induce self assemblyof the block
copolymer material. Upon annealing, the block
copolymer material will self-assemble into rows or
lines of lamellae oriented perpendicular to the trench
floor and registered to the sidewalls. As depicted in
FIGS. 1-lA, a substrate 10 is provided, which can be,
for example, silicon, silicon oxide, silicon nitride,
silicon oxynitride, silicon oxycarbide, among other
materials. [0025] I the illustrated embodiment, a
neutral wetting material 12 (e.g., random copolymer)
has been formed over the substrate 10. A material
layer 14 (or one or more material layers) can then be
formed over the neutral wetting material and etched to
form trenches 16 as shown in FIGS, 2-2A. Portions of
the material layer 14 form a mesa or spacer 18 outside
and between the trenches The trenches 16 are
structured with opposing sidewalls 2O opposing ends
22, a floor 24. a width (wi), a length ( / ,) and a
depth (D,-). In another embodiment illustrated in
FIGS. 3-4, the material layer 14' can be formed on the
substrate 10 , etched to form the trenches 16', and a
neutral wetting material 12' can then be formed on the
trench floors 24'. For example, a random copolymer
material can be deposited into the trenches and
crosslinked to form a neutral wetting material layer.
Material on surfaces outside the trenches such as on
the spacers 18' (e.g., non-crosslinked random
copolymer) can be subsequently removed. [0027] Single
or multiple trenches 16 (as shown) can be formed in
the material layer 14 using a lithographic tool having
an exposure system capable of patterning at the scale
of L (e.g., about 10-100 nm). Such exposure systems
include, for example, extreme ultraviolet (EUV)
lithography, proximity X-rays and electron beam
(e-beam) lithography, as known and used in the art.
Conventional photolithography can attain (at smallest)
about 58 nm features. A method called "pitch doubling"
or ''pitch multiplication" can also be used for
extending the capabilities of photolithographic
techniques beyond their minimum pitch, as described,
for example, in U.S. Pat. No. 5,328,810 (Lowrey et all
U.S. Pat. No. 7,1 15,525 (Abatchev, ct al), US
2006/0281266 (Wells) and US 2007/0023 805 (Wells).
Briefly, apattern of lines is photolithographicaily
formed in a photoresist material overlying a layer of
an expendable material, which in turn overlies a
substrate, the expendable material layer is etched to
form placeholders or mandrels, the photoresist is
stripped, spacers are formed on the sides of the
mandrels, and the mandrels are then removed leaving
behind the spacers as a mask for patterning the
substrate. Thus, where the initial photolithography
formed a pattern defining o feature and one spaee, the
same width now defines two features and two spaces,
with the spaces defined by the spacers As a result,
the smallest feature size possible with a
photolithographic technique is effectively decreased
down to about 30 nm or less [0029] Generally, the
trench sidewaUs, edges and floors influence the
structuring of the array of nanostructures within the
trenches. Factors in forming a single line or multiple
lines of perpendicular-oriented lamellae within the
trenches include the width (wi) of the trench, the
formulation of the block copolymer or blend to achieve
the desired pitch (L), and the thickness (t) of the
block copolymer material within the trench at the time
of the anneal. The boundary conditions of the trench
sidewaUs in both the x- and y-axis impose a structure
wherein each trench contains n number of lamellae. In
the present embodiment, the width (wi) of the trench
can be varied according to the desired number of rows
of perpendicular-oriented lamellae (e.g., n lines of
lamellae). The width (wt) of the trenches is generally
a multiple of the inherent pitch value (L) of the
block copolymer material being equal to or about n*L,
typically ranging from about /7*10 to about - *100 nm
(with n being the number of features or structures,
e.g., lamellae). [0031J In the illustrated embodiment,
the trenches 16 are constructed with a width (w() that
is greater than the L or pitch value of the block
copolymer (or blend) such that the lamellar-phase
block copolymer material will self assemble upon
annealing to form a single layer of multiple rows of
lamellae spanning the width (w,) of the trench and
registered to the sidewaUs for the length of the
trench, with a repeat spacing of domains (e.g. PMMA
lamellae) having a center-to-centcr pitch distance (p)
at about the L value. The length (lt) of the trenches
16 is according to the desired length of the lines of
the lamellae. The width of the mesas or spacers 18
between adjacent trenches can vary and is generally
about L toabout n*L In some embodiments, the trench
dimension is about 50-3,500 nm wide (wt) and about
100-25,000 run in length (lt), with a depth (Dt) of
about 10-500 nm. In the described embodiment, the
trench floors 24 are structured to be neutral wetting
(equal affinity) for both blocks of the block
copolymer to induce formation of lamellar polymer
domains that are oriented perpendicular to the trench
floors, and the trench sidewalls 20 and ends 22 are
structured to be preferential wetting by one block of
the block copolymer to induce a parallel alignment and
registration of the lamellae to the sidewalls as the
polymer blocks self-assemble. [0033] To provide
preferential wetting sidewalls and ends, the material
layer 14 can be formed from a material that is
inherently preferential wetting to the minority
(preferred) 



polymer block (e.g., PMMA of a PS~b~PMMA material) or,
in other embodiments, a preferential wetting material
can be selectively applied onto the sidewalls of the
trenches 16. For example, the material layer 14 can be
composed of an inherently preferential wetting
material such as a clean silicon surface (with native
oxide), oxide (e.g., silicon oxide, SiOx), silicon
nitride, silicon oxycarbide, indium tin oxide (ITO)5
silicon oxymtride, and resist materials such as
methacry late-based resists and polydimethyl
glutarimidc resists, among other materials. Such
materials exhibit preferential wetting toward PMMA or
PVP, among others In other embodiments utilizing
PS-b-PMMA, a preferential wetting material such as a
polymethylmethacrylate (PMMA) polymer modified with an
-OH containing moiety (e.g., hydroxyethylmethacrylate)
can be selectively applied onto the sidewalis of the
trenches in embodiments where a neutral wetting
material 12 is in place on the trench floor 24 as in
FIGS, 2A and FiG, 4). If not, as in FIG, 3, the
substrate 10' at the trench floor 24! can be composed
of a material that is unreactive with the Ol-
-modified PMMA. An OH-modified PMMA can be applied,
for example, by spin coating and then heating (e.g.,
to about 1700C) to allow the terminal OH groups to
end-graft to oxide sidewalls 20 and ends 22 of the
trenches. Non-grafted material can be removed by
rinsing with an appropriate solvent (e.g., toluene).
See, for example, Mansky et al., Science, 1997, 275,
1458-1460, and In et al., Langmuir, 2006, 22,
7855-7860.[0035] A chemically neutral wetting trench
floor 24 allows both blocks of the block copolymer
material to wet the floor of the trench and provides
for the formation of a perpendicular-oriented lamellar
layout A neutral wetting material 12 can be provided
by applying a neutral wetting polymer (e.g., a neutral
wetting random copolymer) onto the substrate 10, then
forming an overlying material layer 14 and etching the
trenches 16 to expose the underlying neutral wetting
material, as illustrated in FIGS, 2~2A In another
embodiment illustrated in FJGS, 3-4, a neutral wetting
material can be applied after forming the trenches
16', for example, as a blanket coat by casting or
spin-coating into the trenches, as depicted in FIG. 4.
For example, a random copolymer material can be
applied and then thermally processed to flow the
material into the bottom of the trenches by capillary
action, which results in a layer (mat) 12' composed of
the crosslinkcd, neutral wetting random copolymer. n
another embodiment, a random copolymer material within
the trenches can be photo-exposed (e.g., through a
mask or reticle) to crosslink the random copolymer
within the trenches to form the neutral wetting
material 12 " Non-crosslinked random copolymer
material outside the trenches (e.g., on the spacers
18f) can be subsequently removed. Neutral wetting
surfaces can be specifically prepared by the
application of random copolymers composed of monomers
identical to those in the block copolymer and tailored
such that the mole fraction of each monomer is
appropriate to form a neutral wetting surface. For
example, in the use of a PS-b-PMMA block copolymer, a
neutral wetting material 12 can be formed from a thin
film of a photo-erosslinkable random PS-r-PMM L that
exhibits non-preferential or neutral wetting toward PS
and PMMA, which can be cast onto the substrate 10
(e.g. by spin coating). The random copolymer material
can be fixed in place by chemical grafting (on an
oxide substrate) or by thermally or photolytically
crosslinking (any surface) to form a mat that is
neutral wetting to PS and PMMA and insoluble when the
block copolymer material is cast onto it, due to the
crosslinking. [0038] In embodiments in which the
substrate 10 is silicon (with native oxide), another
neutral wetting surface for PS-b-PMMA can be provided
by hydrogen-terminated silicon. The floors 24 of the
trenches 16 can be etched, for example with a hydrogen
plasma toremove the oxide material and form
hydrogen-terminated silicon, which is neutral wetting
with equal affinity for both blocks of a block
copolymer material. H-terminated silicon can be
prepared by a conventional process, for example, by a
fluoride ion etch of a silicon substrate (with native
oxide present, about 12-15 A) by exposure to an
aqueous solution of hydrogen fluoride (HF) and
buffered HF or ammonium fluoride (NH F), by HF vapor
treatment, or by a hydrogen plasma treatment (e.g.,
atomic hydrogen). [0039] An H-terminated silicon
substrate can be further processed by grafting a
random copolymer such as PS-r-PMMA, PS-r-PVP, etc.,
selectively onto the substrate resulting in a neutral
wetting surface for the corresponding block copolymer
(e.g., PS~b~PMMA, PS-b~PVP etc.). For example, a
neutral wetting layer of PS-r-PMMA random copolymer
can be provided by an in situ free radical
polymerization of styrene and methyl methacrylate
using a di-olefmic linker such as divinyl benzene
which links the polymer to an H-terminatec silicon
surface to produce about a 10-15 nm thick film. In yet
another embodiment, a neutral wetting surface (e.g.,
PS-b-PMMA and PS-b-PEO) can be provided by grafting a
self-assembled monolayer (SAM) of a
triehlorosilane-base SAM such as
3-(para-methoxyphenyl)propyltrichorosilane grafted to
oxide (e.g., SiO2) as described for example, by D.H.
Park, Nanotechnology 18 (2007), p 355304. A surface
that is neutral wetting to PS-b-PMMA can also be
prepared by spin coating a blanket layer of a photo-
or thermally cross-linkable random copolymer such as a
bcnzocyclobutene- or
a/.idornethylstyrene-funefionalized random copolymer
of styrene and methyl methacrylate (e.g.,
poly(5tyrene-r-benzoeyclobutene-r- methyl methacrylate
(PS-r-PMMA-r-BCB)). For example, such a random
copolymer can comprise about 42% PMMA about (58-x)% PS
and x% (e.g., about 2-3%) of either
polybcnzocyclobutene or
poly(para-azidomethylstyrene)). An
azidomethylstyrene-functionalized random copolymer can
be UV photo-crosslinkcd (e.g., 1-5 MW/cra L2 exposure
for about 15 seconds to about 30 minutes) or thermally
crosslink ed (e.g., at about 1700C for about 4 hours)
to form a crosslinked polymer mat as a neutral wetting
layer. A benzocyclobutene-functionalized random
copolymer can be thermally cross-linked (e.g.. at
about 2000C for about 4 hours or at about 25O0C for
about 10 minutes).[0042] !n another embodiment, a
neutral wetting random copolymer of polystyrene (PS),
polymethacrylate (PMMA) with hydroxyl group(s) (e.g.,
2-hydroxyethyl mcthacrylate (P(S-r-MMA-r-HEMA)) (e.g.,
about 58% PS) can be selectively grafted to a
substrate  O (e.g., an oxide) as a neutral wetting
layer about 5-10 nm thick by heating at about 1600C
for about 48 hours. See, for example, In et al.,
Langmuir, 2006, 22, 7855-7860. [0043] In yet another
embodiment, a blend of hydroxyl-terminated
homopolymers and a corresponding low molecular weight
block copolymer can be grafted (covalcntly bonded) to
the substrate to form a neutral wetting interface
layer (e.g., about 4-5 nm) for PS-b-PMMA and
P8-b~P2VP, among other block copolymers. The block
copolymer can function to emulsify the homopolymer
blend before grafting. For example, an about 1 wt-%
solution (e.g., in toluene) of a blend of about 20-50
wt-% (or about 30-40 wt-%) OH-lerminal ed homopolymers
(e.g. Mn=GK) and about 80-50 wt-% (or about 70-60
wt-%) of a low molecular weight block copolymer (e.g.,
5K-5K) can be spin coated onto a substrate JO (e.g.,
SiO;), heated (baked) (e.g., at 1600C), and
non-grafted (unbonded) polymer material removed, for
example by a solvent rinse (e.g., toluene). For
example, the neutral wetting material can be prepared
from a blend of about 30 wt-% PS-OH (Mp=6K) and
PMMA-OH (M 11 =OK) (weight ratio of 4:6) and about 70
wt-% PS-b-PMMA (5K-5K), or a ternary blend of PS-OH
(6K), P2VP-OH (6K) and PS-b-2PVP (8K-8K), etc.
Referring now to FIGS, 5~5A, a self-assembling,
lamellar-phase block copolymer material 26 having an
inherent pitch at or about L0 (or a ternary blend of
block copolymer and homopolymers blended to have a
pitch at or about Ls) is then deposited into the
trenches 16, typically as a film. A thin layer 26a of
the block copolymer material can be deposited onto the
material layer 14 outside the trenches, e.g., on the
mesas/spacers 18 [0045] In embodiments of the
invention, the block copolymer material is combined
with an ionic liquid. [Q046] The block copolymer or
blend is constructed such that all of the polymer
blocks will have equal preference for a chemically
neutral wetting material on the trench floor during
the anneal. Examples of diblock copolymers include,
for example, poly(styrene)-b-poly(methylmethacrylate)
(PS-b-PMMA) or other PS-b-poly(acrylate)
orPS-b-po3y(methacrylate),
poly(styrene)-b-poly(yuiylpyridine) (PS-b-PVP),
poly(styrene>b-poly(ethylene oxide) (PS-b-PEO),
poly(styrene)-b-poly(lactide) (PS-b-PLA),
po3y(styrene)-b-poly(tert-butyl acrylate) (PS-b-PtBA),
and poly(styrene)-b-poly(ethylene-co-butylene
(PS-b-(PS-co-PB)),
poly(isoprene)-b-poly(methylmethacrylate) (PI-b-PM
MA), and poly(isoprene)-b-poly(ethyleneoxide)
(PI-b-PEO), among others, with PS-b-PMMA used in the
illustrated embodiment. One of the polymer blocks of
the block copolymer should be selectively and readily
removable in order to fabricate an etch mask or
template from the annealed film. Another example of a
diblock copolymer that can be utilized is a PS-b-PEO
block copolymer having a cleavable junction such as a
triphenyimethyl (trityl) ether linkage 



between PS and PEO blocks which would allow selective
removal of the PKO domain under mild conditions. There
are literature examples of the complexation of polar
groups with potassium or lithium cations, but these
elements constitute highly mobile contaminants for
semiconductor devices. In some embodiments, a polar
ionic liquid such as l-ethyl-3- methy midazolium
trifluoromethanesulfonate in an effective
concentration can be used for effective complexation
with donor atoms in the block copolymer such as oxygen
in PMMA or PEO without the use of potential
contaminants such as potassium or lithium. A further
example of a diblock copolymer that can be utilized is
PS-b-PMMA block copolymer doped with PEO-coated gold
nanopartieles of a size less than the diameter of the
self-assembled cylinders (Park et a!, Macromolecides,
2007, 40(1 1), 8 1 19 8124) [0049] Although diblock
copolymers are used in the illustrative embodiment,
other types of block copolymers (i.e., triblock or
lriblock or multiblock copolymers) can be used.
Examples of triblock copolymers include ABC copolymers
such as poly(slyrene-b~methyl methacrylate-b-ethylene
oxide) (PS-b-PMMA-b-PEO), and ABA copolymers such as
PS-PMMA-PS, PMMA-PS-PMMA, and PS-b-Pl-b-PS, among
others. [0050] The film morphology, including the
domain sizes and periods (L) of the
microphase-separated domains, can be controlled by
chain length of a block copolymer (molecular weight,
MW) and volume fraction of the AB blocks of a diblock
copolymer toproduce the desired morphology (e.g.,
cylinders, lamellae, etc.). In embodiments in which a
lamellar-forming diblock copolymer is used, the volume
fractions of the two blocks (AB) are generally at a
ratio between about 50:50 and 60:40 such that the
diblock copolymer will microphase separate and
self-assemble into alternating lamellar domains of
polymer A and polymer B. An example of a
lamellae-forming symmetric diblock copolymer is
PS-b-PMMA (Z~35 nm) with a weight ratio of about 50:50
(PS:PMMA) and total molecular weight (Mn) of about 5 1
kg/mol to form 20 nm wide lamellae (e.g., width of
about 0 5* ). To achieve an annealed film in which the
lamellae are surface exposed, the Chi value of the
polymer blocks (e.g., PS and PMMA) at a common
annealing temperature is generally small such that the
air interlace is equally or non-selectively wetting to
both blocks [0051] The L value of the block copolymer
can be modified, for example, by adjusting the
molecular weight of the block copolymer. The block
copolymer material can also be formulated as a binary
or ternary blend comprising a block copolymer and one
or more homopolymers (HPs) of the same type of
polymers as the polymer blocks in the block copolymer,
to produce a blend that will swell the size of the
polymer domains and increase the /, value. The
concentration of homopolymers in the blend can range
from 0 Io about 60 wt-%. An example of a ternary
diblock copolymer blend is a PS-b-PMMA/PS/PMM L blend,
for example, 60 wt-% of 46K/21K PS-b-PMMA, 20 wt-% of
2OK polystyrene and 20 wt-% of 2OK poly(methyl
methacrylate). Another example is a blend of 60:20:20
(wt-%) of PS-b-PEO/PS/PEO, or a blend of about 85-90
wt-% PS-b-PEO and up to 10-1 5 wt-% PEO; it is
believed that the added PEO homopolymer may function
at least in part, to lower the surface energy of the
PEO domains to that of PS. The block copolymer
material is combined with a compatible ionic liquid
(or blend of ionic liquids). [0053] Ionic liquids are
generally characterized non-aqueous, molten salt-like
compounds that remain liquid below 1000C and are
non-volatile with a negligible to extremely low vapor
pressure. A distinguishing characteristic is the low
temperature melting point of the compound. The melting
point can be below room temperature or at a relatively
low elevated temperature (for example 15O0C) making
the ionic liquid(s) compatible with polymeric
filmswhile in their liquid state. Ionic liquids can be
soluble in water, organic solvents, or both ionic
liquids consist of a cation and an anion, and can be
represented by the general formula B A where B is a
cation and A is an anion. Embodiments of the invention
utilize the intrinsic characteristics of ionic
liquids, including liquid state at room temperature,
very low volatility and/or a tunable range of
solubility characteristics through particular
oation/anion pairing, to fabricate films of ordered
nanostructures that overcome existing limitations of
some currently used additives to provide enhanced long
range ordering of self-assembling polymer domains. In
embodiments of the invention an ionic liquid is
utilized that provides a surfactant effect and, as
such, is structured to include a nonpolar component
(e.g., aikyi chain) and a polar or water-soluble
component to interact with both phases of the block
copolymer material, similar to a conventional anionic
or cationic surfactant. In other embodiments of the
invention in which the desired effect is one of
complexation of donor atoms in the polar block of a
block copolymer, the cation (B ) and anion (A ) of the
ionic liquid are based such that the final compound or
molecule contains a cation that will complex
selectively with a reactive (polar) group of one phase
of the block copolymer material, for example,
oxygen-containing functional groups of poly(ethylene
oxide) (PEO) or polymethylmethacrylate) (PMMA), or
nitrogen-containing functional groups of
poly(vinylpyridine) (PVP), for example in some
embodiments, the organic cation can be relatively
small to provide increased interaction with the block
copolymer material. In some embodiments, the ionic
liquid is composed of an organic cation and a
relatively smaller organic or inorganic anion.
Additionally, in embodiments of the method, the ionic
liquid does not include elements such as sodium,
potassium, or lithium, which can be contaminants in
semiconductor processing. Classes of organic cations
(B+) include mono-, di- and tri- substituted
imidazoliums (e.g., l-alkyl-3-methyl-imidazolium),
pyridiniums (e.g., 1-alkylpyridinium), pyrrol idiniums
(e.g., N-methyl-N-alkylpyrrolidinium,
N-butyl-N-methylpyrrolidinium,
N,N-dimethylpyrrolidinium), phosphoniums (e.g.,
tetraalkyl phosphonium, quaternaryphosphoniura),
ammoniums (e.g., tetraalkyl ammonium, quaternary
ammonium, aromatic ammonium), guanidiniunis, uroniums
isouroniums, thiouroniums. and sulfoniums (e.g.,
ternary sulphonium), among others. [0058] Classes of
anions (A ) include formate, sulfates (e.g.,
alkylsulfates, octylsulfates), sulfonates (e.g.,
methanesulfonates,
Lrifiuoromoihanesiilfonate.p-tolucncsulfonate),
amides, imid es (e.g.,
bis(trifluorotnethane)su]fonimide), methanes, borates
(e.g., tetrafluoroborate, organohoraies), phosphates
(e.g., alkylphosphate, hexafluorophosphate, tris(p
en(afluoroethyl)trifluQrophosphates or FAPs),
glycolates antimonat es, cobalt tetraearbonyl,
trifluoroaeelate. and decanoat e among others.
Although less desirable for semiconductor processes,
halogens (e.g., chlorides, bromides, iodides) arc
another class of anions (A ) . In some embodiments,
the anion is a non-halogenated organic anion such as
formate an alkylsulfate, an alkylphosphat e or
glycolatc, for example. [0059] Ionic liquids are
described, for example, in U.S. Patent No. 7,252,791
(Wasserseheid et al.) s in U.S. Patent No. 6,998.152
(Uhlenbrock; Micron Technology, Inc.), in U.S. Patent
No. 6,924,341 (Mays et aL UAB Research Foundation),
and in U.S. Published Application 2006/021 1871 (Dai
et al.j, among others.Non-limiting examples of ionic
liquids include I-ethyl~3~methyl-imidazolium
ethylsulfate (Emim E.OSO 3),
l-ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl) imide ([EmIm][TFSI]),
l-ethyl-3-methylimidazolium tetrailuoroborate
([EmJm][BF J)5 1-bu{yl-3~niethyl-imidazoliurn
tetrafluoroborate ([BmIm][BF ]J,
1~butyl-3-niethyI-imidazoli imi hexafluorophosphate
([BmIm][PFg]), l-butyl-3-raethyl-imidazoliura
hydroxide ([BmIm]OH), l-(2-hydroxyethyl)~
3-methylimidazoIium tetrafluoroborate ([HEnIiHi][BF
]), and tris-(2-hydroxyethyl)- methylammonium
raethyisulfate (IVITPX)A MeOSOs) 5 among others. The
ionic liquid (salt) can be dissolved, for example, in
water or an organic solvent (e.g., methanol or
acetone) and combined with the block copolymer
material, which can be dissolved in an organic solvent
such as toluene, benzene, toluene, xylene,
dimethoxyethane. ethyl acetate, cycloh exanone, etc.,
or, although less desirable for some semiconductor
processes a halogenated solvent such as
dichloromethane (CH2CI2), diehloroelhan e (CH2CI2),
chloroform, methylene chloride, a chloroform/octane
mixture, etc.The block copolymer material can also he
combined with a mixture or blend of two or more
compatible ionic liquids [0062] In some embodiments,
the ionic liquid/block polymer composition or blend
can include water in an amount effective to improve
coordination or hydrogen-bonding during casting and
promote a more rapid or longer-range ordering in the
self-assembly of the polymer domains during the
anneal, for example, about 0 1-10 % by wt of water,
based on the total weight of the composition. The
structure of both the block copolymer and the ionic
liquid can be tailored to meet the length scale
orientation, organizational and functional
requirements of the application. The concentration of
the ionic liquid in the block copolymer material can
vary and in embodiments of the method, is about 0 1 50
% by wt, or about 20-50% by wt, with the balance as
the block copolymer. In some embodiments, the ratio of
block copolymer-to-iomc liquid (e.g., as % by wt) is
according to the number of reactive atoms (e.g.,
oxygen atoms and/or nitrogen atoms) of the selected
domain (e.g., PEO) of the block 



copolymer that are available for selective
coordination or compl exation with the cation molecule
(B ) of the ionic liquid, e.g., the molar ratio of the
oxygen in PEO to the cation (B ) of the ionic liquid,
or monomer-to-ionic liquid ratio ([OjZ[K], e.g., 64).
In other embodiments, the ionic liquid can be included
at a relatively high amount, e.g., about 1-50 % by wt,
to provide both complexation and a surfactant
effective amount to enhance chain mobility and promote
self-assembly of the polymer domains during the
anneal. In some embodiments, one of the polymer blocks
(e.g., the minor domain) can be selectively doped or
structured to incorporate an inorganic component or
species (e.g., a filler component) during annealing,
which does not interfere with the ionic liquid
functionality, and will remain on the substrate as an
etch resistant material (e.g., mask) upon selective
removal of the other polymer domain (e.g., the major
domain) or. in some embodiments removal of both the
majority and minority polymer domains. Block
copolymers that incorporate an inorganic species can
be prepared by techniques known in the art,
forexample, by a direct synthesis technique, or by
incorporating atoms of an inorganic species by
complexation or coordination with a reactive group of
one of the polymer blocks. 55] For example, the block
copolymer can be blended with an inorganic heal
resistant material or precursor thereof, which that
has a high affinity to one of the polymer chains of
the block copolymer and will segregate with the
polymer phase during the anneal, for example, a metal
salt, an organic metal salt (e.g.. lithium 2,4-pentan
edionat e, ruthenium 2,4- pentanedionate, etc.), a
metal oxide gel, metal alkoxide polymers (e.g.,
alkoxysilanes and alkylalkoxysilanes), metal oxide
precursor (e.g., polysiisesquioxane), metal nitride
precursor, and metal fine particles. Examples of
metals include silicon (Si), chromium (Cr), titanium
(Ti)5 aluminum (Al), molybdenum (Mo), gold (Au),
platinum (Pt). ruthenium (Ru), zirconium (Zr) tungsten
(W)5 vanadium (V), lead (Pb), and zinc (Zn), among
others. See, for example. US 2007/0222995 and US
2007/0289943 (Lu; Agilent Technologies Inc.), d USP
6,565,763 (Asakawa et al.). Block copolymers that
incorporate an inorganic species can also be prepared
by a direct synthesis technique, for example, as
described in US 2007/0222995. For example, a
sequential living polymerization of a
nonmetai-containing monomer (e.g., styrene monomer)
followed by an inorganic species-containing monomer
(e.g., ferrocenyl ethylmethylsilane monomer) can be
used to synthesize an inorganic species-containing
block copolymer (e.g.,
poly(styrenej-b-poly(ferrocenylmethy!ethylsilane)
(PS-b-PFEMS). [0067] Examples of diblock copolymers
that incorporate a inorganic species include
poly(siyrene)-b~poly(dimeihylsiloxanc) (PS-b-PDMS),
poly(isoprcnc)-b-poly(dimethylsiloxane) (P-b-PL)MS),
PS-b-PFEMS, poly(iso
rrene)-b-poly(ferrocenyimethylethylsilane)
(PI-b-PFEMS),
poly(styrene)-b-poly(vinylmethylsiloxane) (PS-b-
PVJVlS) poly(styrene)-b-poly(butadienc) (PS-b-PB)
where the polybutadiene (PB) is stained by osmium
tetroxide (OSO ), and
poly(styrene)-b-poly(vinylpyridirsc) (PS-b-PVP) where
the pyridine group forms a coordination bond with an
inorganic species, among others 68] After annealing
and self assembly of the polymer blocks into the
perpendicularoriented lamellae, an oxidation process
(e.g., ultraviolet (UV)-ozonation or oxygen
plasmaetching) can be performed to remove the organic
components of one or both of the polymer domains and
convert the inorganic species to form a non-volatile
inorganic oxide, which remains on the substrate and
can be used as a mask in a subsequent etch process.
For example, the inorganic species of the PDMS and
PFEM block copolymers are silicon and iron, which,
upon oxidation, will form non-volatile oxides, e.g.,
silicon oxide (SiOx) and iron oxide (Fe Oy) .
Referring now to FIGS. S-SA, the lamellar-phase block
copolymer material 26 can be cast or deposited into
the trenches 16 to a thickness (/) at or about the
inherent pitch or L value of the block copolymer
material (e.g., about + 20% of I.). The block
copolymer material can be deposited by spin casting
(spin-coating) from a dilute solution (e.g., about
0.25-2 wt% solution) of the copolymer in a suitable
organic solvent such as dichloroethane (CH2CI2) or
toluene, for example. Capillary forces pull excess
block copolymer material (e.g.. greater than a
monolayer) into the trenches 16. The thickness of the
block copolymer material 26 can be measured, for
example, by ellipsometry techniques. As shown, a thin
layer or film 26a of the block copolymer material can
be deposited and remain on the material layer 14
outside the trenches, e.g., on the spacers 18 Upon
annealing, the thin film 26a will flow into the
trenches leaving a structureless brush layer on the
material layer 14 from a top-down perspective. An
annealing process is then conducted (arrows 4. FIG,
6A) to cause the polymer blocks to phase separate in
response to the preferential and neutral wetting of
the trench surfaces and form a self-assembled polymer
material 28, as illustrated in FIGS. 6-6A. [0071] In
embodiments of the method of the invention, the
polymer material 26 is annealed by thermal annealing,
which can be conducted at above the glass transition
temperature (Tg) of the component blocks of the
copolymer material. For example, a PS-b-PMMA copolymer
material can be annealed at a temperature of about
180-2300C in a vacuum oven for about 1-24 hours to
achieve the self-assembled morphology. The resulting
morphology of the annealed copolymer material 28
(e.g., perpendicular oriented lamellae 30, 32) can be
examined, for example using atomic force microscopy
(AFM), transmission electron microscopy (TEM),
scanning electron microscopy (SEM)|0072] The block
copolymer material can be globally heated or, in other
embodiments, a zone or localized thermal anneal can be
applied to portions or sections of the block copolymer
material. For example, the substrate can be moved
across a hot-to-cold temperature gradient positioned
above or underneath the substrate (or the thermal
source can be moved relative to the substrate) such
that the block copolymer material self-assembles upon
cooling after passing through the heat source. Only
those portions of the block copolymer material that
are heated above the glass transition temperature of
the component polymer blocks will self-assemble, and
areas of the material that were not sufficiently
heated remain disordered and unassembled. "Pulling"
the heated zone across the substrate can result in
taster processing and better ordered structures
relative to a global thermal anneal 0Q73] In some
embodiments, the block copolymer material 26 (e.g.,
PS-b-PEO) is solvent annealed to form the
self-assembled polymer material 28. Solvent annealing
generally consists of two phases. In a first phase,
the BCP material is exposed to a solvent vapor that
acts to plasticize the film and increase chain
mobility causing the domains to intermingle and the
loss of order inherent from casting the polymer
material. The organic solvent that is utilized is
based at least in part on its solubility in the block
copolymer material such that sufficient solvent
molecules enter the block copolymer material to
promote the order-disorder transition of the polymer
domains and enable the required molecular
rearrangement. Examples of solvents include aromatic
solvents such as benzene, toluene, xylene, dimethoxy
ethane ethyl acetate, cyclohexanone, etc., and
chlorinated solvents such as chloroform, methylene
chloride, a chloroform/octane mixture etc., among
others In a second phase, the substrate 10 is removed
from the solvent vapor and the solvent and solvent
vapors are allowed to slowly diffuse out of the
polymer material and evaporate. The block copolymer
material begins to "dry" as the solvent evaporates
from the material. The evaporation of the solvent is
highly directional and forms a solvent concentration
gradient extending from the "top" (surface) of the BCP
material to the "bottom" of the BCP material at the
trench floor 24 that induces orientation and
self-assembly of structures starting at the
air-surface interface and driven downward to the floor
24 of the trench 16, with formation of
perpendicular-oriented lamellar domains 30, 32 guided
by the trench sidewalks 20 and extending completely
from the air interface to the trench floor 24.The use
of a partly- or near-saturated solvent vapor phase
above the block copolymer material provides a neutral
wetting interface. The concentration of solvent in the
air immediate at the vapor interface with the surface
of the BCP material is maintained at or under
saturation as the solvent evaporates from the BCP
material to maintain a neutral wetting interface such
that both (or all) polymer blocks will equally wet the
vapor interface and, as the solvent evaporates, will
phase separate When the concentration of solvent in
the BCP material at the air interface becomes low
enough, the BCP loses plasticity and the
phase-separated domains at the air interface become
"locked in." As the solvent concentration decreases
downwardly through the BCP material, the domains
formed at the air interface "seed" or drive the
self-assembly downward such that the domains orient
perpendicular to the substrate I Oand the lamellar
features extend completely from the air interface to
the trench floor 24. [0075] In response to the wetting
properties of the trench surfaces 2O 22, 24 upon
annealing, the lamellar-phase block copolymer 26 will
form a self-assembled polymer layer 28 composed of a
single layer of perpendicular-oriented lamellar
domains 3O532 having a width (Wd) of about 0.5*1
(e.g., 5-50 nni, or about 20 um, for example), which
extend the length and span the width of the trenches
16. A preferred block (e.g., PMMA domain) of the 



block copolymer material will segregate to the
sidewalis 20 and ends 22 of the trench 16 to form a
thin interface brush or wetting layer 32a5with the
thickness of the wetting layer 32a being generally
about one-fourth of the L value. Eatropic forces drive
the wetting of a neutral wetting surface (e.g., floor
24) by both blocks, and enthalpic forces drive the
wetting of a preferential- wetting surface (e.g.,
sidewalis 20, ends 22) by the preferred block (e.g.,
the minority block). [0076] In addition, the selective
interaction and complexation of the cation (B ) of the
ionic liquid (salt) with reactive groups of one of the
polymer blocks (e.g., O-containing groups of PMMA or
PEO, etc.) enhances and/or induces perpendicular
orientation of the polymer domains upon annealing, and
helps control and improve the long range ordering of
the lamellar domains 3Q, 32 (e.g., PS, PMMA) of the
polymer material (e.g., PS-b-PMMA) within the
trenches, and/or decreases the number of pattern
errors (e.g., disclinations, etc) in the
self-assembled pattern.7] n embodiments in which the
block copolymer material 26 includes an inorganic
species such as a metal (e.g., Si, Fe, etc.), the
inorganic species will segregate to one polymer phase
upon annealing [0078 1 Generally, a block copolymer
thin film Km outside the trenches (e.g., on
mesas/spacers 18) will not be not thick enough to
result in self-assembly. Optionally, the unstructured
thin film 26a can be removed, for example, by an etch
technique or a planarization process. Optionally, the
copolymer material can be treated to crosslink one of
the polymer domains to fix and enhance the strength of
the polymer blocks. For example, one of the polymer
blocks (e.g., the PS domains) can be structured to
inherently crosslink (e.g., upon exposure to
ultraviolet (UV) radiation, including deep ultraviolet
(DUV) radiation), or the polymer block can be
formulated to contain a cross linking agent. For
example, the trench regions can be selectively exposed
through a reticle (not shown) to crosslink only the
self-assembled polymer material 28 within the trenches
16 and a wash can then be applied with an appropriate
solvent (e.g., toluene) to remove the non-crosslinked
portions of the block copolymer material 26a, leaving
the registered self-assembled polymer material 28
within the trench and exposing the surface of the
material layer 14 above/outside the trenches. In
another embodiment, the annealed polymer material 28
can be crosslinked globally, a photoresist material
can be applied to pattern and expose the areas of the
polymer material 26a outside the trench regions, and
the exposed portions of the polymer material 26a can
be removed for example by an oxygen (O ) plasma
treatment. )] An embodiment of the use of the
self-assembled polymer material 28 as an etch mask is
illustrated in FIGS, 7~7A. As depicted, one of the
lamellar domains 32 can be selectively removed to form
a structure 34 composed of line openings (slits) 36
separated by the remaining lamellar domain 3O5 which
can then be used as a mask to etch the underlying
substrate 10 [0081 ] For example, in using a PS-b-PMMA
block copolymer, PMMA domains 32 can be selectively
removed, for example, by UV exposure/acetic acid
development.Removal of water-soluble PEO phase domains
32 can be performed, for example, by exposure of the
self-assembled block copolymer material 28 (optionally
cross-linked) to aqueous hydroiodic acid or exposure
to water alone, which will draw PEO to the surface
without cleaving the bonds to the PS domains. In
embodiments in which the PS-b-PEO block copolymer
includes an acid-clcavable linker (e.g., trityl
alcohol linker) positioned between the polymer blocks,
exposure of the (crosslinked) self-assembled polymer
material 28 to an aqueous acid (e.g., triiluoroacctic
acid) or to an acid vapor can be performed to cleave
the polymer into PEO and PS fragments (S Yurt et a!.,
"Scission of Diblock Copolymers into Their Constituent
Blocks," Macromolecules 2006, 39, 1670-1 672) Rinsing
with water can then be performed to remove the cleaved
PEO domains 32. In other embodiments, exposure to
water to draw the PE.0 domains to the surface followed
by a brief oxygen (O2) plasma etch can also be
performed to remove the PEO domains [0083] In some
embodiments, the resulting films have a corrugated
surface that defines a linear pattern of fine,
nanometer-scale, parallel slits (openings) 36 about
5-50 nm wide and several microns in length (e.g.,
about 10-4000 mm)s the individual slits separated by a
polymer matrix 30 about 5-50 nm wide. For example,
removal of the PMMA domains affords a PS mask of
sublithographic dimensions, for example, a pitch of
about 35 nm (17.5 nm PS domain) A smaller pitch can be
dialed in by using lower molecular weight diblock
copolymers, |O084| The remaining polymer domains 30
(e.g., PS) can then be used as a lithographic template
or mask to etch (arrows jj the underlying substrate 10
at the trench floor 24 to form a series of channels or
trenches 38 (shown in phantom), e.g., using a
selective reactive ion etch (RJC). or other process.
[0085] As depicted in FJGS, 8~8A, the residual polymer
matrix 30 can be removed, e.g., by a UV-ozonatio p or
oxygen plasma etch to remove organic material, and the
line openings 38 in the substrate 10 can be filled
with a material 40 such as a metal or metal alloy such
as Cu, Al, W, Si, and T 13N4, among others, to form
arrays of conductive line, or with an insulating
(dielectric) material such as SiO , A Q3 HfO , ZrO ,
SrTiO , and the like. Further processing can then be
performed as desired.In embodiments of the invention
in which one of the polymer domains includes an
inorganic species (e.g., Si, Fe, etc.), an oxidation
process such as a UV-ozonation or oxygen plasma
etching, can be performed to remove the organic
material (i.e., the polymer domains) and convert the
inorganic species to a non-volatile inorganic oxide,
e.g., silicon oxide (SiO ), iron oxide (Fe Oy), etc,
which remains on the substrate and can be used as a
mask in a subsequent etch process. For example, a
block copolymer material 26 such as PS-b-PMJVIA
combined (e.g., doped) with a Si- and/or Fe-containing
additive, and the Si and/or Fe species are segregated
to the PMMA domains 32 and wetting layer 32a (FIGS.
6-6A). Referring to FIGS, 9-9A5 an oxidation process
(arrows |.) can be performed to remove both the PS and
PMMA lamellae (30, 32) and convert the Si and/or Fe
species within the PMMA lamellae to inorganic oxide,
e.g., SiO and/or FexOy, resulting in non-volatile,
inorganic oxide lines 32b' on the substrate 10'. The
oxide lines 32b' can then be used as a mask to etch
line openings 38' (e.g., trenches) (shown in phantom)
in the substrate 10', e.g. using an anisotropic
selective reactive ion etch (RIE) process. The
residual oxide lines 32b' can then be removed, for
example, using a fluoride-based etchant, and the
substrate openings 38' can be filled with a desired
material (40), similar to FIGS. 8-8A. 17J The films
provide linear arrays having long range ordering and
registration for a wide field of coverage for
tcmplating a substrate. The films are useful as etch
masks for producing close pitched nanoscale channel
and grooves that are several microns in length, for
producing features such as floating gates for AND
flash with nanoscale dimensions. By comparison,
photolithography techniques are unable to produce
channels much below 60 rim wide without high expense.
Resolution can exceed other techniques such as
conventional photolithography, while fabrication costs
utilizing methods of the disclosure are far less than
electron beam (E-bearn) or EUV photolithographies
which have comparable resolution A method for
fabricating a self-assembled block copolymer material
that defines a one-dimensional (I-D) array of
nanometer-scale, perpendicular-oriented cylinders
according to an embodiment of the invention is
illustrated in FIGS. 10-12. The method involves an
anneal of a cylindrical-phase, block copolymer
material formulated with an ionic liquid in
combination with graphoepilaxy to form a 1-D array of
perpendicular-oriented cylinders in a row within a
polymer matrix.As depicted in FIGS, 10- OB, a
substrate 10" is provided, which can be silicon,
silicon oxide, silicon nitride, silicon oxynitrid e
silicon oxycarbide, among other materi als As further
depicted, an array of conductive lines 42" (or other
active area, e.g., semiconducting regions) are
situated within the substrate 10", which in the
illustrated embodiment, have a center-to-centcr
distance (or pitch,/? .) at or about the L value of
the block copolymer materia!. In the illustrated
embodiment, a neutral wetting material 12" (eg.,
random copolymer) has been formed over the substrate
10", as previously described, and a material layer 14"
formed over the neutral wetting material and etched to
form trenches 16", with mesas/spacers IS" outside and
between the trenches. [0091] A single trench or
multiple trenches (as shown) can be formed in the
material layer and span the entire width of an array
of lines (or other active area). In the present
embodiment, the trenches 16" are formed over the
active areas 42" (e.g., lines) such that when the
cylindrical-phase block copolymer material within the
trench is annealed, each cylinder will be situated
above and aligned with a single active area 42" (e.g.,
conductive line). In some embodiments, multiple
trenches are formed with the ends 22" of each adjacent
trench 16" aligned or slightly offset from each other
at less than 5% of Z such that cylinders of adjacent
trenches are aligned and situated above the same line
42". As previously described with reference to the
embodiment using a lamellar-phase 



block copolymer material, the trench sidewalls 20" and
ends 22" are preferential wetting to a preferred block
(e.g., PMMA) of the block copolymer material, and the
trench floors 24" are neutral wetting. For example,
the material layer 14" can be formed from a material
that is inherently preferential wetting to the PMMA
block, e.g., oxide (e.g., silicon oxide, SiOx),
silicon (with native oxide), silicon nitride, etc.,
and a neutral wetting material 12" can be provided by
a neutral wetting random copolymer (e.g., PS-r-PMMA)
over the substrate 10" and exposed at the trench floor
24". [0093] There is a shift from two rows to one row
of the perpendicular cylinders within the center of
the trench as the width (wt) of the trench is
decreased and/or the periodicity (L value) of the
block copolymer is increased, for example, by forming
a ternary blend by theaddition of both constituent
homopolymers. For example, a block copolymer or blend
having a pitch or L value of 35-nm deposited into a
75-nni wide trench having a neutral wetting floor
will, upon annealing, result in about 17.5-nm diameter
(0.5*1..) perpendicular cylinders that are offset by
about one-half the pitch distance (or about 0.5*L) In
a zigzag pattern for the length (/,) of the trench,
rather than perpendicular cylinders aligned with the
sidewails in a single line row down the center of the
trench. In the present embodiment, the trenches 16"
are structured with a width (w ) of about 1.5-2*1 (or
1 5-2 X the pitch value) of the block copolymer such
thai a cylindrical-phase block copolymer (or blend) of
about L that is cast into the trench to a thickness of
about the inherent L value of the block copolymer
material will self assemble into a single row of
perpendicular-oriented cylinders with a diameter at or
about 0.5*L and a center -to-center distance (p) of
adjacent cylinders at or about L. In using a
cylindrical-phase block copolymer with an about 50 nm
pitch value or L, for example the width ( ,) of the
trenches 16 can be about 1.5-2*50 nm or about 75-1 00
urn to result in a single row of
perpendicular-oriented cylinders (diameter 0.5*1 or
about 25 nm) aligned with the sidewails down the
center of the trench. The length (/,) of the trenches
is at or about L or an integer multiple of L,
typically within a range of about n*l q to about *100
nm (with n being the number of cylinders). [0095] A
diblock copolymer with volume fractions at ratios of
the two blocks generally between about 60:40 and 80:20
(i.e., the major block polymer A volume fraction in
the range of 0 6 to 0.8), will microphase separate and
self-assemble into periodic cylindrical domains of
polymer B within a matrix of polymer A An example of a
cylinder- forming PS-b-PMMA copolymer material ( O~35
nm) to form about 20 nm diameter cylindrical PMMA
domains in a matrix of PS Is composed of about 70 wt-%
PS and 30 wt-% PMMA with a total molecular weight (Mn)
of 67 kg/mol. An example of a cylinder-forming
PS-b-PVP copolymer material (Z.o~-28 nm) to form about
20 nm wide half-cylindrical PVP domains in a matrix of
PS is composed of about 70 wt~% PS and 30 wt-% PVP
with a total molecular weight (Mn) of 44.5 kg/mol. As
another example, a PS-b-PLA copolymer material (L= 49
nm) can be composed of about 7 1 wt-% PS and 29 wt-%
PLA with a total molecular weight (Mn) of about 60 5
kg/mol to form about 27 nm diameter cylindrical PLA
domains in a matrix of PSReferring now to FIGS. 11-1
IB, a cylindrical -phase block copolymer material 26"
(or blend) having an inherent pitch at or about L is
deposited into the trenches 16" to a thickness (tj) at
or about L (e.g., about 20% of the L value), typically
about 10-100 nm, and annealed (e.g., by thermal
anneal). The block copolymer material 26" can be
composed of any of the block copolymers (e.g.,
PS-b-PMMA, PS-b-PEO, PS-b-PLA, etc.) combined with an
ionic liquid, as previously described. The block
copolymer material 26" can then be thermal or solvent
annealed as previously described. As depicted in FIGS.
12-12B, upon annealing and in response to the wetting
properties of the trench surfaces, the
cylindrical-phase block copolymer material 26" will
self-assemble into a polymer material 28" (eg. film)
composed of perpendicular-oriented cylindrical domains
32" of the minority (preferred) polymer block (e.g.,
PiVIML) within a polymer matrix 30" of the majority
polymer block (e.g., PS). The constraints provided by
the width ( /) of the trench J 6 " and the character
of the block copolymer composition (e.g., PS-b-PMMA
having an inherent pitch at or about L) combined with
a trench floor 24" that exhibits neutral or
non-preferential wetting toward both polymer blocks
(e.g., a random graft copolymer) and sidewalk 20" that
are preferential wetting by the preferred (minority)
polymer block, results in a 1-D array of cylindrical
domains 30" of the minority polymer block (e.g., PMMA)
within a matrix 30" of the majority polymer block
(e.g., PS), with the cylindrical domains 32" oriented
perpendicular to the trench floors 24" in a single row
aligned parallel to the sidcwalls 20" for the length
of the trench. The diameter of the cylinders 32" will
generally be about one-half of the center-to-center
distance between cylinders or about Q.5*L (e.g., 5-50
nm, or about 20 nm, for example). The preferred
(minority) block (e.g., PMMA) will also segregate to
the sidewalls 20" and ends 22" of the trench to form a
thin brush interface or wetting layer 32a" having a
thickness that is generally about one-fourth of the
center-to-center distance between adjacent cylinders
34. For example, a layer of PMMA domains will
preferentially wet oxide interfaces, with attached P S
domains consequently directed away from the oxide
material In some embodiments, the self-assembled block
copolymer material 28" is defined by an array of
cylindrical domains (cylinders) 32", each with a
diameter at or about 0.5* L, with thenumber ( ? ) of
cylinders in the row according to the length of the
trench, and the center-io-eentcr distance (pitch
distance,/?) between each cylinder at or about L. \
Polymer segments (e.g., the PS matrix 30") of the
annealed polymer material 28" can be optionally be
crosslinked, and any unstructured polymer material
26a" on surfaces outside the trenches can then be
optionally removed, as depicted in FIGS. 11-11B. The
self-assembled polymer material 28" can then be
processed, for example, to form an etch mask 34" to
form cylindrical openings in the substrate 10", For
example, as illustrated in FIGS, 13-13B, the
cylindrical polymer domains 32" (e.g., PMMA) of the
self-assembled polymer material 28" can be selectively
removed resulting in a porous polymer matrix 30"
(e.g., of PS) with openings 36" exposing the trench
floor 24". The remaining polymer matrix 36" (e.g. PS)
can he used as a mask to etch (arrows ) a series of
openings or contact holes 38" (shown in phantom) to
the conductive lines 42" or other active areas (e.g.,
semiconducting regions, etc.) in the underlying
substrate 10" (or an under! ayer), for example, using
a selective reactive ion etching (RIE) process. As
depicted in FIGS, 14-14B, the remnants of the eich
mask 34" (e.g., matrix 30") can then be removed and
the cylindrical openings 38" can be filled with a
desired material 40" such as a metal or metal alloy
such as Cu, AI W, Si, and TI 3 N4, among others, to
form arrays of cylindrical contacts to the conductive
lines 42". The cylindrical openings 38" in the
substrate can also be filled with a
metal-insulator-rrselal stack to form capacitors with
an insulating material such as SiQi, AI2Q3, HfQ ZrO ,
SrTiO;, and the like. [00 02] Methods of the
disclosure provide a means of generating
self-assembled diblock copolymer films composed of
perpendicular-oriented cylinders in a polymer matrix.
The methods provide ordered and registered elements on
a nanometer scale that can be prepared more
inexpensively than by electron beam lithography, EUV
photolithography or conventional photolithography. The
feature sizes produced and accessible by this
invention cannot be easily prepared by conventional
photolithography. The described methods and systems
can be readily employed and incorporated into existing
semiconductor manufacturing process flows and provide
a low cost, high-throughput technique for fabricating
small structures.[00103J I particular, the mixing and
combination of the block copolymer material with one
or more ionic liquids according to embodiments of the
invention, can enhance or improve the long range
ordering of the polymer domains (e.g., lamellae and
cylinders) through coordination or other interaction
with one phase of the block copolymer without the
introduction of highly mobile contaminants such as
sodium (Na) lithium (Li) or potassium (K) Although
specific embodiments have been illustrated and
described herein, ii will be appreciated by those of
ordinary skill in the art that any arrangement which
is calculated to achieve the same purpose may be
substituted for the specific embodiments shown. This
application is intended to cover any adaptations or
variations that operate according to the principles of
the invention as described. Therefore, it is intended
that this invention be limited only by the claims and
the equivalents thereof. The disclosures of patents,
references and publications cited in the application
are incorporated by reference herein.1. A method of
forming a nanostructured polymer material on a
substrate, comprising: forming a self-assembling
lamellar-phase block copolymer composition within a
trench in a material layer on the substrate, the
trench having a length, a neutral wetting floor, and
opposing sidewalls and ends that are preferentially
wetting to a first block of the block copolymer, and
the block copolymer composition comprising a blend of
a block copolymer and an ionic liquid; and annealing
the block copolymer material such that said block
copolymer material self-assembles into alternating
lamellar domains of the first block and a second block
of the 



block copolymer oriented perpendicular to the trench
floor and extending the length of the trench. 2. The
method of Claim 1, wherein the block copolymer
composition comprises about 0.1-50 % by wt of the
ionic liquid, with the balance as the block copolymer
3. The method of Claim 1, wherein the ionic liquid
comprises an organic cation selected from the group
consisting of substituted imidazoliums, pyridiniums,
pyrrolidiniums phosphoniums, ammoniums, guanidiniums,
uraniums, isouroniums, thiouronruras, and sulfoniums.
4. The method of Claim 1, wherein the ionic liquid
comprises an anion selected from the group consisting
of halogens, formate, sulfates sulfonates, amides,
imidcs, methanes, borates, phosphates, glyeolates,
antimonales, cobalt tetracarbonyl, trilluoroacetate,
decanoate, alkylsulfate, alkylphosphat e, and
glycolate. 5. The method of Claim 2, wherein the block
copolymer composition further comprises about 0 1-10 %
by wt water. (S. The method of Claim 1, wherein the
block copolymer comprises polystyrene and at least one
of poiy(methyl methacrylat e) poly(cthylene oxide) and
poly(vinylpyridine). 7 A method of forming a
nanoslruetured polymer material on a substrate,
comprising:forming a self-assembling cylindrical-phase
block copolymer composition within a trench in a
material layer on the substrate, the block copolymer
composition comprising a blend of a block copolymer
and an ionic liquid; the trench having a length, a
neutral wetting floor, and opposing sidewalls and ends
that are preferentially wetting to a minority block of
the block copolymer, and; and annealing the block
copolymer composition such that said block copolymer
self-assembles into cylindrical domains of a first
block within a matrix of a second block of the block
copolymer, said self-assembled block copolymer
material having a thickness, and the cylindrical
polymer domains oriented perpendicular to the trench
floor and extending through said thickness of the
self-assembled block copolymer material in a single
row for the length of the trench. 8. The method of
Claim 7, wherein the trench has a width of about 1 5-2
X L . 9. A method of etching a substrate, comprising:
annealing a lamellar-phase block copolymer material
situated in a trench in a material layer overlying the
substrate, the trench having opposing sidewalls and
ends that are preferentially wetting to a one block of
the block copolymer, a floor that is neutral wetting,
a width and a length; the block copolymer material
blended with an ionic liquid; wherein the block
copolymer material forms perpendicular-oriented
lamellae spanning the width and extending the length
of the trench; selectively removing one of the polymer
blocks to form openings exposing the substrate; and
etching exposed portions of the substrate to form
openings therein. 10. The method of Claim 9, further
comprising, prior to removing the polymer blocks,
selectively crosslinking another of the polymer
blocks. 11. The method of Claim 9 wherein said etching
forms a pattern of parallel trenches within the trench
12. The method of Claim 11, further comprising fi
lling the trenches in the substrate with a fill
material.13. The method of Claim 9, wherein one block
of the block copolymer composition comprises a metal
selected from the group consisting of silicon,
chromium, titanium, aluminum, molybdenum, gold ,
platinum, ruthenium, zirconium, tungsten, vanadium,
lead, and zinc. 14. The method of Claim 9, wherein the
minority block of the block copolymer comprises a
metal component, and selectively removing the polymer
blocks further comprises forming the metal component
into an inorganic metal material such that said
inorganic metal material forms a plurality of lines on
the substrate. 15. A method of etching a substrate,
comprising: annealing a cylindrical-phase block
copolymer material situated in a trench in a material
layer overlying the substrate, the trench having
opposing sidewalls and ends that are preferentially
wetting to a minority block of the block copolymer, a
floor that is neutral wetting, a width and a length;
the block copolymer material blended with an ionic
liquid; wherein the block copolymer material forms a
single array of perpendicular-oriented cylinders of a
minority polymer block in a matrix of a majority
polymer block, said annealed block copolymer material
having a thickness, and the cylinders extending
through said thickness of the annealed block copolymer
material; selectively removing the minority polymer
block to form openings exposing the substrate; and
etching exposed portions of the substrate to form
cylindrical openings therein. 16. The method of Claim
15, further comprising, prior to removing the minority
polymer block, selectively crosslinking the majority
polymer block 17. The method of Claim 15, further
comprising filling the openings in the substrate with
a fill material. 18. The method of Claim 17, wherein
the fill material comprises a metal, a metal alloy,
and a melal/insulator/metal stack. 19. A method of
etching a substrate, comprising: forming a block
copolymer material within a trench in a material layer
overlying the substrate, the trench having opposing
sidewalls and ends that are preferentially wetting to
aone polymer block of the block copolymer, a neutral
wetting floor, a width and a length; the block
copolymer material blended with an ionic liquid;
causing a microphase separation in the block copolymer
material to form a polymer layer comprising
self-assembled polymer domains oriented perpendicular
to the floor of the trench and aligned parallel to the
sidewalls for the length of the trench; selectively
crossJinking one of the polymer domains; selectively
removing non-crosslinked polymer domains to form
openings through the polymer layer; and etching the
substrate through the openings in the polymer layer.
20 The method of Claim 19, wherein the block copolymer
material comprises a lamellar-phase block copolymer
material that microphase separates into alternating
polymer domains of perpendicular-oriented lamellae. 2
1. The method of Claim 19, wherein the block copolymer
material comprises a cylindrical-phase block copolymer
material that microphase separates into
perpendicular-oriented cylindrical domains of a
minority polymer block within a matrix of a majority
polymer block 22 A polymeric material situated within
a trench in a material layer overlying a substrate,
the trench having sidewalls, ends, a floor, a width
and a length, the polymeric material comprising a
self-assembled block copolymer material comprising
alternating lamellae of a first polymer block
selectively coordinating an ionic liquid and a second
polymer block, the lamella oriented perpendicular to
the trench floor and extending the length of the
trench. 23. A polymeric material situated within a
trench in a material layer overlying a substrate, the
trench having sidewalls, ends, a floor, a width and a
length, the polymeric material comprising a
self-assembled block copolymer material comprising
cylindrical polymer domains of a minority polymer
block selectively coordinating an ionic liquid in a
matrix of a majority polymer block, the cylindrical
polymer domains oriented perpendicular to the trench
floor and in a single array extending the length of
the trench. 


