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INDAZOLE COMPOUNDS USEFUL AS KETOHEXOKINASE INHIBITORS

FIELD OF THE INVENTION
The present invention is directed toward substituted indazole
compounds, pharmaceutical compositions of these compounds and methods of
use thereof. More particularly, the compounds of the present invention are
ketohexokinase (KHK) inhibitors are useful for treating or ameliorating a KHK
mediated metabolic disorder syndrome or disease.

BACKGROUND OF THE INVENTION

While non-insulin dependent diabetes mellitus (NIDDM) is most
commonly associated with hyperglycemia and insulin resistance, it is frequently
accompanied by a cluster of pathologies, more commonly referred to as the
Metabolic Syndrome. The hallmarks of this syndrome are obesity,
hypertriglyceridemia, insulin resistance, and hypertension. The high
prevalence of these disorders and associated co-morbidities, such as
cardiovascular disease and stroke, has lead to increased desire for both
preventive care and therapeutic interventions. Current pharmacotherapies for
NIDDM range in strategy to include agents that increase insulin secretion,
impact insulin action (thiazolidiones, biguanides), alter lipid metabolism (TZD’s,
fibrates), affect central-feeding behavior, and reduce nutrient absorption (lipase
inhibitors). Targeting fructose metabolism offers a novel alternative to current
treatment strategies. Recent ecological studies have demonstrated a
significant positive correlation between increased energy intake, in the form of
highly refined sugars, and the prevalence of both NIDDM and obesity in the
U.S. Diets high in fructose have been shown to promote a variety of metabolic
disturbances in animal models, including weight gain, hyperlipidemia,
hypertension, and insulin resistance. In studies with overweight human
subjects, long-term consumption of fructose increased energy intake, body
weight, fat mass, blood pressure, and triglyceride (TG) levels. Ingestion of
high-fructose diets stimulates de-novo lipogenesis (via up regulation of
lipogenic gene expression and activity), shifts the balance between oxidation in
favor of re-esterification of fatty acids (FA'’s), and increases the production of
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very low density lipoprotein (VLDL) particles. Chronic consumption of diets high
in fructose induces elevated levels of free fatty acids (FFA’s) and TG’s that
impair both glucose utilization in muscle tissue and increase the rate of lipolysis
in adipose tissue. Fructose-induced TG production may impair insulin-signaling
pathways, may be associated with chronic inflammation and may lead to
glucolipidtoxicity and can ultimately lead to 3-cell failure. Reduction of fructose
in the systemic circulation offers the potential to ameliorate the metabolic
abnormalities associated with increased fructose consumption and represents
a novel therapeutic strategy to treat both NIDDM and Metabolic Syndrome.

Fructose is readily absorbed from the diet and is metabolized rapidly in
the liver. Fructokinase, also known as ketohexokinase, is the hepatic enzyme
that phosphorylates fructose to fructose-1-phosphate and serves as the entry
point of this sugar into the metabolic pathway. In contrast to the highly
regulated process of glucose metabolism, fructose metabolism lacks similar
control mechanisms. For example, fructokinase has a high Ky value, is not
inhibited by product, and is not allosterically regulated. Consequently, high
concentrations of fructose can rapidly flux into glycolytic pathways and provide
both the glycerol and acyl components of triglycerides (TG). Thus, the
metabolism of fructose provides a relatively unregulated source of carbon
substrates that promotes TG synthesis and underlies a variety of metabolic
disorders. Human genetic validation of this target is supported by the discovery
of mutations that cause the autosomal recessive disorder essential fructosuria.
Individuals with this benign condition have inactive isoforms of hepatic
fructokinase. Upon ingestion of fructose, sucrose, or sorbitol, affected
individuals exhibit a significant and persistent rise in blood fructose
concentrations, and excrete part of the load in the urine. This supports the
rationale that a fructokinase inhibitor would spill excess carbohydrate into the
urine with a significant margin of safety. This approach represents a novel
therapeutic strategy to reduce body weight, FFA’'s and TG levels, and serve the
unmeet needs of both NIDDM and Metabolic Syndrome.
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SUMMARY OF THE INVENTION

The present invention is directed to compounds of formula (1)

wherein

ais aninteger from 0 to 1;

X is selected from the group consisting of -O- and -S-;

R is selected from the group consisting of C4.4alkyl and halogenated C5.
salkyl;

b is an integer from 0 to 2;

R? is selected from the group consisting of halogen, hydroxy, cyano,
nitro, NR*RB, Cy.4alkyl, -O-C1.salkyl, -S-C1.salkyl and halogenated C1.4alkyl;
wherein R* and R® are each independently selected from the group consisting
of hydrogen and C1.jalkyl;

R? is selected from the group containing of hydrogen, halogen, hydroxy,
-O-C1.salkyl and NRERP; wherein R® and RP are each independently selected
from the group consisting of hydrogen and C1.4alkyl;

Y is CH and Z is CH; alternatively Y is CH and Z is N; alternatively Y is N
and Zis N;

Q is selected from the group consisting of —(L")e-(Ring A), —(L")-(Ring
B)-(Ring C) and —(Ring B)-L'-(Ring C);

cis aninteger from O to 1;

L' is selected from the group consisting of -CH,-, -CH(OH)-, -CH>CH,-, -
CH2CH2CH3-, -CH=CH-, -CH=CH-CH>-, -O-, -O-CH-, -C(O)-, -C(O)-C(O)-, -
C(0)-CHz-, -C(0)-N(R*-, -N(R*)-, -N(R*)-CH2-, -N(R*)-CH,CH2-, -N(R*)-(CO)-,
-N(R*)-C(O)-CHa-, -N(R*)-C(O)-CH2-CH2- and —N(R*)-C(0)-N(R°)-; wherein R*
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and R°® are each independently selected from the group consisting of hydrogen
and C.zalkyl;

(Ring A) is selected from the group consisting of phenyl and 4 to 10
membered, nitrogen containing ring structure; wherein (Ring A) is optionally
substituted with a substituent selected from the group consisting of halogen, C;.
salkyl, cyano, NRERF, -C(=NH)-NRERF, -C(O)-CH,-NRERF, -C(O)-CH,CH,-
NRERF and phenyl; wherein RE and RF are each independently selected from
the group consisting of hydrogen and Cq.salkyl;

(Ring B) is selected from the group consisting of phenyl and 4 to 10
membered, nitrogen containing ring structure;

(Ring C) is selected from the group consisting of 4 to 10 membered,
nitrogen containing ring structure; wherein (Ring C) is optionally substituted
with one to two substituents independently selected from the group consisting
Ci.salkyl;

and pharmaceutically acceptable salts thereof.

The present invention is further directed to processes for the preparation
of the compounds of formula (I). The present invention is further directed to a
product prepared according to the process described herein.

lllustrative of the invention is a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compounds described
above. An illustration of the invention is a pharmaceutical composition made
by mixing any of the compounds described above and a pharmaceutically
acceptable carrier. lllustrating the invention is a process for making a
pharmaceutical composition comprising mixing any of the compounds
described above and a pharmaceutically acceptable carrier.

Exemplifying the invention are methods of treating a disorder mediated
by KHK (selected from the group consisting of obesity, elevated glucose levels,
glucose intolerance, insulin resistance, Type | diabetes mellitus, Type Il
diabetes mellitus, Metabolic Syndrome X, elevated triglycerides, hyperlipidemia
and hypertension) comprising administering to a subject in need thereof a
therapeutically effective amount of any of the compounds or pharmaceutical

compositions described above.
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Exemplifying the invention are methods of treating a disorder selected
from the group consisting of obesity, elevated glucose levels, glucose
intolerance, insulin resistance, Type | diabetes mellitus, Type |l diabetes

5 mellitus, Metabolic Syndrome X, elevated triglycerides, hyperlipidemia and
hypertension comprising administering to a subject in need thereof a
therapeutically effective amount of any of the compounds or pharmaceutical
compositions described above.

Another example of the present invention is the use of any of the

10 compounds described herein in the preparation of a medicament for treating
obesity, elevated glucose levels, glucose intolerance, insulin resistance, Type |
diabetes mellitus, Type Il diabetes mellitus, Metabolic Syndrome X, elevated
triglycerides, hyperlipidemia or hypertension.

Another example of the present invention is the use of any of the

15 compounds described herein in a method for treating a disorder selected from
the group consisting of obesity, elevated glucose levels, glucose intolerance,
insulin resistance, Type | diabetes mellitus, Type |l diabetes mellitus, Metabolic
Syndrome X, elevated triglycerides, hyperlipidemia and hypertension, in a
subject in need thereof.

20

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to compounds of formula (1)

R xR
Y/
A
Q Z
\\/—<R2)b

(N
wherein a, X, R", b, R?, R® Y, Z and Q are as herein defined, useful for
25 the treatment of disorders mediated by a ketohexokinase. More particularly,
the compounds of the present invention are useful in the treatment of obesity,
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elevated glucose levels, glucose intolerance, insulin resistance, Type | diabetes
mellitus, Type Il diabetes mellitus, Metabolic Syndrome X, elevated
triglycerides, hyperlipidemia, hypertension, related metabolic syndromes and /
or disorders.

In an embodiment of the present invention, ais 0. In another
embodiment of the present invention, a is 1.

In an embodiment of the present invention X is —O-. In another
embodiment of the present invention, X is —S-.

In an embodiment of the present invention, R is selected from the group
consisting of Cq.4alkyl and fluorinated Cq4alkyl. In another embodiment of the
present invention, R' is selected from the group consisting of C1.,alkyl and
fluorinated Cy.zalkyl. In another embodiment of the present invention, R" is C;.
salkyl. In another embodiment of the present invention, R'is selected from the
group consisting of methyl and ethyl. In another embodiment of the present
invention, R" is methyl.

In an embodiment of the present invention, b is an integer from 1 to 2.

In another embodiment of the present invention, b is an integer form 0 to 1.

In an embodiment of the present invention, R? is selected from the group
consisting of bromo, fluoro, methyl, methoxy, nitro and amino. In another
embodiment of the present invention, R? is selected from the group consisting
of fluoro, methyl, methoxy, nitro and amino. In another embodiment of the
present invention, R? is selected from the group consisting of fluoro, methyl,
methoxy and amino. In another embodiment of the present invention, R? is
selected from the group consisting of 4-bromo, 2-fluoro, 3-fluoro, 4-fluoro, 2-
methyl, 3-methyl, 4-methyl, 4-methoxy, 4-nitro and 4-amino.

In an embodiment of the present invention, the R? group(s) are bound to
the 2-, 3- and / or 4- position of the phenyl. In another embodiment of the
present invention, the R? group(s) are bound to the 3- and / or 4- position of the
phenyl. In another embodiment of the present invention, the R? group(s) are
bound at the 2- and 4- positions of the phenyl.

In an embodiment of the present invention, R® is selected from the group
consisting of hydrogen, hydroxy, -O-methyl and —O-ethyl. In another
embodiment of the present invention, R® is selected from the group consisting

6
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of hydrogen and -O-methyl. In another embodiment of the present invention,
R?is hydrogen.

In an embodiment of the present invention, Y is CH and Zis CH. In
another embodiment of the present invention, Y is CH and Z is N. In another
embodiment of the present invention, Y is N and Zis N. In another
embodiment of the present invention Y is CH and Z is selected from the group
consisting of CH and N (i.e. Y is CH and Z is CH; alternatively Y is CH and Z is
N).

In an embodiment of the present invention, Q is —(L")-(Ring A). In
another embodiment of the present invention, Q is —(L")-(Ring B)-(Ring C). In
another embodiment of the present invention, Q is —(Ring B)-L'-(Ring C). In
another embodiment of the present invention, Q is selected from the group
consisting of —(L")e-(Ring A) and —(L")e-(Ring B)-(Ring C).

In an embodiment of the present invention, cis 0. In another
embodiment of the present invention, cis 1.

In an embodiment of the present invention, L' is selected from the group
consisting of -CHj-, -CH(OH)-, -CH,-CH,-, -CH=CH-, -O-, -O-CH_-, -C(O)-, -
C(0O)-NH-, -C(O)-CH2-, -C(0O)-C(O)-, -NH-, -NH-C(O)-, -NH-CH3-, -N(ethyl)-
CHo>-, -NH-CH2-CH>-, -NH-C(0O)-CH2-, -NH-C(O)-CH2-CH>-, and -NH-C(O)-NH-.
In another embodiment of the present invention, L" is selected from the group
consisting of -CH,-CH>-, -CH=CH-, -O-, -O-CH_-, -C(O)-, -NH-, -NH-C(O)-, -NH-
CHoa-, -N(ethyl)-CHa-, -NH-CH2-CH3-, -NH-C(O)-CH>-, -NH-C(0O)-CH,-CH_- and
-NH-C(O)-NH-. In another embodiment of the present invention, L' is selected
from the group consisting of -CH=CH-, -O-CH»-, -NH-C(O)-, -NH-CH>-, -NH-
C(0)-CH2-CH2- and -NH-C(O)-NH-. In another embodiment of the present
invention, L' is selected from the group consisting of -CH=CH-, -O-CH>-, -NH-
C(O)-, -NH-CH_-, -NH-C(O)-CH2-CH>- and -NH-C(O)-NH-. In another
embodiment of the present invention, L is selected from the group consisting
of -CH=CH- and -NH-C(O). In another embodiment of the present invention,
L' is =NH-C(O)-.

In an embodiment of the present invention, (Ring A) is selected from the
group consisting of 3-cyano-phenyl, 3-benzimidamide, azetidin-3-yl, piperazin-
1-yl, 4-methyl-piperazin-1-yl, 3-methyl-piperazin-1-yl, 4-ethyl-piperazin-1-yl, 4-
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isopropyl-piperazin-1-yl, piperazin-4-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-
yl, piperidin-4-yl, 4-amino-piperidin-4-yl, 4-methyl-piperidin-4-yl, 4-fluoro-
piperidin-4-yl, 4-phenyl-piperidin-4-yl, pyrrolidin-2-yl, pyrrolidin-3-yl, 3-amino-
pyrrolidin-1-yl, pyrid-2-yl, pyrid-3-yl, pyrid-4-yl, 6-methyl-pyrid-3-yl, 1,2,3,6-
tetrahydropyrid-4yl, 1-(amino-methyl-carbonyl)-1,2,3,6-tetrahydropyrid-4-yl, 1-
(amino-ethyl-carbonyl)-1,2,3,6-tetrahydropyrid-4-yl, 1,4-diazepan-1-yl,
benzimidazol-5-yl, 1-methyl-benzimidazol-6-yl, 1-methyl-benzimidazol-5-yl,
benzo[c][1,2,5]oxadiazol-5-yl, 2,5-diazabicyclo[2.2.1]hept-1-yI, 2,7-
diazaspiro[4,4]nonan-2-yl and octahydropyrrolo[3,4-c]pyrrol-2-yl.

In another embodiment of the present invention, (Ring A) is selected
from the group consisting of 3-benzimidamide, azetidin-3-yl, piperazin-1-yl, 3-
methyl-piperazin-1-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl, piperidin-4-yl,
4-amino-piperidin-4-yl, 4-methyl-piperidin-4-yl, 4-fluoro-piperidin-4-yl, pyrrolidin-
2-yl, pyrrolidin-3-yl, 3-amino-pyrrolidin-1-yl, pyrid-3-yl, 1,2,3,6-tetrahydropyrid-
4yl, 1-(amino-ethyl-carbonyl)-1,2,3,6-tetrahydropyrid-4-yl, 1,4-diazepan-1-yl,
benzimidazol-5-yl, and 2,5-diazabicyclo[2.2.1]hept-1-yl. In another
embodiment of the present invention, (Ring A) is selected from the group
consisting of azetidin-3-yl, piperazin-1-yl, 3-methyl-piperazin-1-yl, piperidin-3-yl,
piperidin-4-yl, 4-amino-piperidin-4-yl, pyrrolidin-2-yl, pyrrolidin-3-yl, pyrid-3-yl,
1,2,3,6-tetrahydropyrid-4yl, 1-(amino-ethyl-carbonyl)-1,2,3,6-tetrahydropyrid-4-
yl and benzimidazol-5-yl. In another embodiment of the present invention,
(Ring A) is selected from the group consisting of azetidin-3-yl, piperazin-1-yl, 3-
methyl-piperazin-1-yl, piperidin-3-yl, piperidin-4-yl, 4-amino-piperidin-4-yl,
pyrrolidin-2-yl, pyrrolidin-3-yl, pyrid-3-yl, 1,2,3,6-tetrahydropyrid-4yl, 1-(@amino-
ethyl-carbonyl)-1,2,3,6-tetrahydropyrid-4-yl and benzimidazol-5-yl. In another
embodiment of the present invention, (Ring A) is selected from the group
consisting of azetidin-3-yl, piperidin-4-yl, pyrid-3-yl, 1,2,3,6-tetrahydropyrid-4-yl
and benzimidazol-5-yl. In another embodiment of the present invention, (Ring
A) is selected from the group consisting of piperidin-4-yl and 1,2,3,6-
tetrahydropyrid-4-yl.

In an embodiment of the present invention, (Ring B) is selected form the
group consisting of phenyl, azetidin-1-yl, azetidin-3-yl, piperidin-1-yl, piperidin-
3-yl, piperidin-4-yl, piperazin-1-yl, pyrrolidin-1-yl and 1-imidazolidin-2-one. In

8



WO 2011/133750 PCT/US2011/033395

10

15

20

25

30

another embodiment of the present invention, (Ring B) is selected form the
group consisting of phenyl, azetidin-1-yl, piperidin-1-yl, piperazin-1-yl,
pyrrolidin-1-yl and 1-imidazolidin-2-one. In another embodiment of the present
invention, (Ring B) is selected form the group consisting of phenyl, azetidin-1-
yl, piperazin-1-yl, and 1-imidazolidin-2-one. In another embodiment of the
present invention, (Ring B) is selected form the group consisting of azetidin-1-
yl, piperazin-1-yl, and 1-imidazolidin-2-one. In another embodiment of the
present invention, (Ring B) is piperazin-1-yl.

In an embodiment of the present invention, (Ring C) is selected from the
group consisting of azetidin-3-yl, piperidin-1-yl, piperidin-2-yl, piperidin-3-yl,
piperidin-4-yl, piperazin-1-yl, piperazin-4-yl, 4-methyl-piperazin-1-yl, 3,5-
dimethyl-piperazin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yl, pyrid-2-yl, pyrid-3-yl,
pyrid-4-yl and imidazol-1-yl. In another embodiment of the present invention,
(Ring C) is selected from the group consisting of piperidin-1-yl, piperidin-4-yl,
piperazin-1-yl, 4-methyl-piperazin-1-yl, 3,5-dimethyl-piperazin-1-yl, pyrrolidin-3-
yl and pyrid-4-yl. In another embodiment of the present invention, (Ring C) is
selected from the group consisting of piperidin-1-yl, piperidin-4-yl, piperazin-1-
yl, 3,5-dimethyl-piperazin-1-yl, pyrrolidin-3-yl and pyrid-4-yl. In another
embodiment of the present invention, (Ring C) is selected from the group
consisting of piperidin-1-yl, piperidin-4-yl, piperazin-1-yl, pyrrolidin-3-yl and
pyrid-4-yl. In another embodiment of the present invention, (Ring C) is
piperidin-4-yl.

In an embodiment of the present invention, when Q is —(L")-(Ring B)-
(Ring C), then (Ring C) is bound to the 1-, 3- or 4-position of (Ring B).
Preferably, (Ring C) is bound to the 3- or 4- position of (Ring B). In another
embodiment of the present invention, when Q is —(L")-(Ring B)-(Ring C), then
(Ring C) is bound to the meta- or para- position of (Ring B), relative to the
position of binding of (Ring B) to the rest of the compound of formula (1).

In an embodiment of the present invention, when Q is —(Ring B)-L'-(Ring
C), then L group is bound to the 1-, 3- or 4- position of (Ring B). In another
embodiment of the present invention, when Q is —(Ring B)-L’-(Ring C), then L'
is bound to the meta- or para- position of (Ring B), relative to the position of
binding of (Ring B) to the rest of the compound of formula (1).

9
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Additional embodiments of the present invention, include compounds of
formula (1) wherein the substituents selected for one or more of the variables
defined herein (e.g., a, X, R", b, R%, R% Y, Z, Q, ¢, L', (Ring A), (Ring B), (Ring

C), etc.) are independently selected to be any individual substituent or any

5 subset of substituents selected from the complete list as defined herein.

10

Additional embodiments of the present invention further include compounds of
formula (I) wherein the substituents selected for one or more of the variables
defined herein (e. g.,a, X, R, b, R4, R% Y, Z,Q, ¢, L', (Ring A), (Ring B), (Ring
C), etc.) are independently selected to be any individual substituent or any
subset of substituents selected from those exemplified in the listings in Tables
1 to 8, below. In additional embodiments, the present invention is directed to
any single compound or subset of compounds selected from the representative
compounds listed in Tables 1 to 8, below.

Representative compounds of formula (1) of the present invention are as

15 listed in Tables 1 to 8, below.
Table 1: Representative Compounds of Formula (I)
xR
\N
/
(L")e N
I ~
(Ring A) \ ——(R?),
/ Y=CH,W=CH,R’=H
ID No. -(X)a-R’ (R (L") (Ring A)
1 -S-methyl b=0 c=0 piperazin-1-yl
2 -S-methyl b=0 -NH-C(O)- azetidin-3-yl
3 -S-methyl b=0 -NH-C(O)-CH;- piperidin-2-yl
4 -S-methyl b=0 -NH-C(O)-NH- pyrrolidin-3-yl
5 -S-methyl b=0 -NH-C(0)- pyrrolidin-3-yl
6 -S-methyl b=0 -NH-C(O)- piperidin-4-y|
7 -S-methyl b=0 -NH-C(O)-NH- piperidin-4-yl
8 -S-methyl b=0 -NH-C(O)- pyrid-4-yl

10
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9 -S-methyl b=0 -NH-C(O)-CH;- pyrid-4-yl
2,5-diazabicyclo[2.2.1]-
10 -S-methyl b=0 c=0 hept-1-yl
11 -S-methyl b=0 c=0 1,4-diazepan-1-yl
12 -S-methyl b=0 -NH-C(O)- piperidin-3-yl
13 -S-methyl b=0 -NH-C(O)- pyrrolidin-2-yl
14 -S-methyl b=0 -NH-C(O)- pyrid-3-yl
38 ethyl b=0 -NH-C(O)- benzimidazol-5-yl
39 ethyl b=0 -NH-C(O)- 3-cyano-phenyl
40 ethyl b=0 -NH-C(O)- 3-(benzimidamide)
42 ethyl b=0 c=0 piperazin-1-yl
octahydropyrrolo[3,4-
50 ethyl b=0 c=0 clpyrrol-2-yl
2,7-diazaspiro[4.4]nonan-2-
51 ethyl b=0 c=0 yl
54 ethyl b=0 c=0 4-methyl-piperazin-1-yl
55 ethyl b=0 c=0 4-ethyl-piperazin-1-yl
56 ethyl b=0 c=0 3-methyl-piperazin-1-yl
59 methyl b=0 c=0 piperazin-1-yl
66 methyl b=0 -NH-C(O)- benzimidazol-5-yl
68 methyl b=0 c=0 4-methyl-piperazin-1-yl
69 methyl b=0 c=0 4-ethyl-piperiazin-1-yl
70 methyl b=0 c=0 4-isopropyl-piperazin-1-yl
71 methyl b=0 c=0 3-methyl-piperazin-1-yl
72 methyl b=0 c=0 3-amino-pyrrolidin-1-yl
80 -O-methyl b=0 -NH-C(O)- benzimidazol-5-yl
107 -S-methyl b=0 -O-CHg- piperidin-4-yl
108 -S-methyl b=0 -N(ethyl)-CH3- piperidin-4-yl
109 -S-methyl b=0 -NH- piperidin-4-yl
110 -S-methyl 4-nitro -C(O)-NH- piperidin-4-yl
111 -S-methyl 4-amino -C(O)-NH- piperidin-4-yl
112 -S-methyl b=0 -NH-CH.- piperidin-4-yl
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115 -S-methyl 4-amino -CH»- piperazin-1-yl

116 -S-methyl 4-amino c=0 1,2,3,6-tetrahydropyrid-4-yl

118 -S-methyl 3-methyl c=0 piperazin-4-yl

121 -S-methyl b=0 -O- piperidin-4-yl

122 -O-methyl 4-methoxy c=0 piperazin-1-yl

124 -S-methyl 4-nitro c=0 1,2,3,6-tetrahydropyrid-4-yl

127 -S-methyl 4-bromo -O- piperidin-1-yl

128 -S-methyl 4-bromo -O-CHg- piperidin-1-yl

130 -S-methyl 4-nitro -CH»- piperazin-1-yl

131 -S-methyl b=0 -NH-C(O)-CHz- piperazin-1-yl

-NH-C(O)-CH.-

132 -S-methyl b=0 CHz- piperazin-1-yl

133 -S-methyl 4-nitro -C(O)- piperazin-1-yl

136 -S-methyl b=0 -CH(OH)- piperidin-4-yl

137 -S-methyl b=0 -CH(OH)- pyrid-4-yl

139 -S-methyl 4-fluoro c=0 1,2,3,6-tetrahydropyrid-4-yl

140 -O-methyl 4-methoxy c=0 1,2,3,6-tetrahydropyrid-4-yl

141 -S-methyl b=0 -CH=CH- piperidin-4-yl

142 -S-methyl b=0 -C(O)- piperidin-4-yl

143 -S-methyl b=0 c=0 1,2,3,6-tetrahydropyrid-4-yl
1-(amino-methyl-carbonyl)-

144 -S-methyl 4-nitro c=0 1,2,3,6-tetrahydropyrid-4-yl

147 -S-methyl 3-methyl c=0 1,2,3,6-tetrahydropyrid-4-yl

1-(amino-ethyl-carbonyl)-

149 -S-methyl b=0 c=0 1,2,3,6-tetrahydropyrid-4-yl

152 -S-methyl b=0 -CH=CH- 1,2,4-triazol-1-yl

153 -S-methyl b=0 -CH=CH- piperidin-4-yl

154 -S-methyl b=0 -CH=CH- pyrid-4-yl

155 -S-methyl b=0 -CH=CH- pyrid-2-yl

157 -S-methyl b=0 -NH-C(O)- 4-amino-piperidin-4-yl

158 -S-methyl b=0 -NH-C(O)- 4-methyl-piperidin-4-yl

160 -S-methyl b=0 -C(O)-CH>- piperidin-4-yl
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161 -S-methyl b=0 -C(O)-CH>- piperidin-3-yl
163 -S-methyl b=0 -C(O)-CHy- pyrrolidin-2-yl
164 -S-methyl b=0 c=0 pyrid-4-yl
165 -S-methyl b=0 -NH-CH,CH>- piperazin-1-yl
166 -S-methyl b=0 -NH-CH>CH2- piperidin-4-yl
167 -S-methyl b=0 -NH-C(O)- 4-fluoro-piperidin-4-yl
168 -S-methyl b=0 -C(0)-C(0)- piperazin-1-yl
171 -S-methyl b=0 -C(O)- 1-methyl-benzimidazol-6-yl
172 -S-methyl b=0 -NH-C(O)- 4-(phenyl)-piperidin-4-yl
173 -S-methyl 4-methoxy -NH-C(O)- 1-methyl-benzimidazol-5-yl
benzo[c][1,2,5]oxadiazol-5-
174 -S-methyl b=0 -C(O)- yl
175 -S-methyl b=0 -CH=CH- pyrroldin-2-yl
176 -S-methyl b=0 -CH=CH- piperidin-3-yl
178 -S-methyl b=0 -CH=CH- 6-methyl-pyrid-3-yl
179 -S-methyl 3-fluoro c=0 1,2,3,6-tetrahydropyrid-4-yl
180 -S-methyl 2-methyl c=0 1,2,3,6-tetrahydropyrid-4-yl
184 -S-methyl 4-methyl c=0 1,2,3,6-tetrahydropyrid-4-yl
185 -S-methyl b=0 -CH,CH,- piperidin-4-yl
Table 2: Representative Compounds of Formula (I)
ol
\N
/
(L") N
| —
(Ring B) \ ——R?),
(I|'\’ing C) /
Y=CH,W=CH,R’=H
ID No. -(X)a-R’ (R (L") (Ring B) (Ring C)
15 -S-methyl b=0 c=0 azetidin-1-yl 3-(piperazin-1-yl)
19 -S-methyl b=0 c=0 pyrrolidin-1-yl 3-(piperazin-1-yl)
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20 -S-methyl b=0 c=0 piperidin-1yl 4-(piperazin-1-yl)
21 -S-methyl b=0 c=0 piperazin-1-yl 4-(azetidin-3-yl)
22 -S-methyl b=0 c=0 piperazin-1-yl 4-(pyrrolidin-3-yl)
23 -S-methyl b=0 c=0 piperazin-1-yl 4-(piperidin-4-yl)
24 -S-methyl b=0 c=0 piperazin-1-yl 4-(pyrid-2-yl)
1-imidazolidin-
25 -S-methyl b=0 c=0 2-one 3-(pyrrolidin-3-yl)
1-imidazolidin-
26 -S-methyl b=0 c=0 2-one 3-(piperidin-4-yl)
29 -S-methyl b=0 c=0 piperazin-1-yl 4-(pyrid-4-yl)
36 ethyl b=0 c=0 piperidin-1-yl 4-(piperazin-1-yl)
41 ethyl b=0 -O- azetidin-3-yl 1-(piperidin-4-yl)
43 ethyl b=0 c=0 pyrrolidin-1-yl 3-(piperazin-1-yl)
44 ethyl b=0 c=0 piperazin-1-yl 4-(azetidin-3-yl)
45 ethyl b=0 c=0 piperazin-1-yl 4-(pyrrolidin-3-yl)
46 ethyl b=0 c=0 piperazin-1-yl 4-(piperidin-4-yl)
47 ethyl b=0 c=0 piperazin-1-yl 4-(pyrid-4-yl)
1-imidazolidin-
48 ethyl b=0 c=0 2-one 3-(pyrrolidin-3-yl)
1-imidazolidin-
49 ethyl b=0 c=0 2-one 3-(piperidin-4-yl)
52 ethyl b=0 c=0 phenyl 4-(piperazin-1-yl)
53 ethyl b=0 c=0 phenyl 4-(pyrrolidin-3-yl)
57 methyl b=0 c=0 piperidin-1-yl 4-(piperazin-1-yl)
58 methyl b=0 c=0 phenyl 4-(piperazin-4-yl)
60 methyl b=0 c=0 azetidin-1-yl 3-(piperazin-1-yl)
61 methyl b=0 c=0 pyrrolidin-1-yl 3-(piperazin-1-yl)
62 methyl b=0 c=0 piperazin-1-yl 4-(azetidin-3-yl)
63 methyl b=0 c=0 piperazin-1-yl 4-(pyrrolidin-3-yl)
64 methyl b=0 c=0 piperazin-1-yl 4-(piperidin-4-yl)
65 methyl b=0 c=0 piperazin-1-yl 4-(pyrid-4-yl)
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1-imidazolidin-
67 methyl b=0 c=0 2-one 3-(piperidin-4-yl)
73 -O-methyl b=0 c=0 azetidin-1-yl 3-(piperazin-1-yl)
74 -O-methyl b=0 c=0 piperazin-1-yl 4-(azetidin-3-yl)
75 -O-methyl b=0 c=0 piperazin-1-yl 4-(pyrrolidin-3-yl)
76 -O-methyl b=0 c=0 piperazin-1-yl 4-(piperidin-4-yl)
77 -O-methyl b=0 c=0 piperazin-1-yl 4-(pyrid-4-yl)
78 -O-methyl b=0 c=0 phenyl 4-(piperazin-1-yl)
79 -O-methyl b=0 c=0 phenyl 4-(imidazolyl-1-yl)
1-imidazolidin-
81 -O-methyl b=0 c=0 2-one 3-(piperidin-4-yl)
106 -S-methyl 4-methoxy c=0 piperazin-1-yl 4-(piperidin-1-yl)
119 -S-methyl 3-methyl c=0 piperazin-1-yl 4-(piperidin-4-yl)
126 -S-ethyl 2,4-difluoro c=0 piperazin-1-yl 4-(piperidin-4-yl)
135 -S-methyl 4-fluoro c=0 piperazin-1-yl 4-(piperidin-4-yl)
Table 3: Representative Compounds of Formula (1)
7R’
) N
N/
(Ting B) -
||_1 \ /_(Rz)b
(Ring ©) Y=CH W=CH R =H
ID No. -(X)a-R’ (RYp (Ring B) (L") (Ring C)

16 -S-methyl b=0 piperazin-1-yl -4-C(O)- piperidin-3-yl

17 -S-methyl b=0 piperazin-1-yl -4-C(O)- pyrid-4-yl

18 -S-methyl b=0 piperazin-1-yl -4-CHap- pyrid-4-yl

1-imidazolidin-
27 -S-methyl b=0 2-one -3-CHz- pyrrolidin-3-yl
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1-imidazolidin-
28 -S-methyl b=0 2-one -3-CH3- piperidin-3-yl
30 -S-methyl b=0 piperazin-1-yl -4-C(0O)- pyrid-2-yl
31 -S-methyl b=0 piperazin-1-yl -4-C(O)- pyrid-3-yl
32 -S-methyl b=0 piperazin-1-yl -4-CHap- pyrid-3-yl
33 -S-methyl b=0 piperazin-1-yl -4-C(O)- pyrrolidin-2-yl
34 -S-methyl b=0 piperazin-1-yl -4-C(O)- piperidin-4-yl
35 -S-methyl b=0 piperazin-1-yl -4-C(O)- piperidin-2-yl
37 ethyl b=0 phenyl -4-O- piperidin-4-yl
Table 4: Representative Compounds of Formula (1)
1
R R
NZ N\
I
X
(TUC NT N
(Ring A)
Y=N, Z=N, R*=H
ID No. -(X)>-R’ R’ (L") (Ring A)
86 methyl OH c=0 piperidin-4-yl
91 ethyl OH c=0 piperidin-4-yl
Table 5: Representative Compounds of Formula (I)
1
R oFR
NZ | N\
J\ /
L N
|
(Ring B)
(Ring C)
Y=N, Z=N, R*=H
IDNo. | -(X)*-R’ R’ (LY (Ring B) (Ring C)
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82 ethyl H c=0 piperazin-1-yl 4-(azetidin-3-yl)
83 ethyl H c=0 piperazin-1-yl 4-(pyrid-3-yl)
84 methyl OH c=0 piperidin-4-yl 1-(pyrid-3-yl)
85 methyl OH c=0 piperidin-3-yl 1-(azetidin-3-yl)
88 methyl OH c=0 piperidin-4-yl 1-(pyrrolidin-3-yl)
89 methyl OH c=0 piperidin-4-yl 1-(piperidin-4-yl)
90 methyl OH -CHa- piperidin-4-yl 1-(azetidin-3-yl)
92 ethyl OH c=0 piperidin-4-yl 1-(pyrid-4-yl)
93 ethyl OH c=0 piperidin-4-yl 1-(pyrid-3-yl)
94 ethyl OH c=0 piperidin-4-yl 1-(pyrrolidin-3-yl)
95 ethyl OH c=0 piperidin-4-yl 1-(piperidin-4-yl)
Table 6: Representative Compounds of Formula (I)
R o7R
NZ | N\
)\ e
(R §
l[1
(Ring C) Y=N, Z=N, R*=H
IDNo. | -(X)*-R’ R’ (Ring B) (L") (Ring C)
87 methyl OH piperidin-4-yl -1-C(O)- piperidin-4-yl
96 ethyl OH piperidin-4-yl -1-C(0)- piperidin-4-yl

Table 7: Representative Compounds of Formula (I)
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1
RTporR
7 N\
X | N
(TUC N
(Ring B)
(Ring €) Y=CH, Z=N, R*=H
ID No. -(X)*-R’ R* (L") (Ring B) (Ring C)
97 methyl OH c=0 phenyl 4-(piperazin-1-yl)
4-(3,5-dimethyl-
98 ethyl -O-methyl c=0 phenyl piperazin-1-yl)
99 methyl -O-methyl c=0 phenyl 4-(piperiazin-1-yl)
102 ethyl -O-ethyl c=0 phenyl 4-(piperazin-1-yl)
4-(4-methyl-
103 ethyl -O-ethyl c=0 phenyl piperazin-1-yl)
4-(3,5-dimethyl-
104 ethyl -O-ethyl c=0 phenyl piperazin-1-yl)

Table 8: Representative Compounds of Formula (1)

]
R* (xR
7z A
N | N
N
(Ring B)
l
(Ring C) Y=CH, Z=N, R*=H
ID No. -(X)®-R’ R’ (Ring B) L’ (Ring C)
100 ethyl OH phenyl -4-NH- piperidin-4-yl
101 methyl OH phenyl -4-NH- piperidin-4-yl
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As used herein, “halogen” shall mean chlorine, bromine, fluorine and
iodine.

As used herein, the term “alkyl” whether used alone or as part of a
substituent group, include straight and branched chains. For example, alkyl
radicals include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t-
butyl, pentyl and the like. Unless otherwise noted, the prefix “Cx.y” when used
with alkyl shall mean a carbon chain composition of between X and Y carbon
atoms, inclusively. For example, the term “Cq.4alkyl” shall mean a carbon chain
composition of between 1-4 carbon atoms. One skilled in the art will recognize
that the term “-(C4.4alkyl)-" shall denote any C4.4alkyl carbon chain as herein
defined, wherein said C+.4alkyl chain is divalent and is further bound through
two points of attachment, preferably through two terminal carbon atoms.

As used herein, unless otherwise noted, the term “halogenated C;.
salkyl” shall mean any C1.4alkyl group as defined above substituted with at
least one halogen atom, preferably substituted with a least one fluoro atom.
Suitable examples include but are not limited to —CF3, -CH»-CF3, -CF>-CF»-
CF,-CF3;, -CCls, -CH2CCl3, and the like. Similarly, unless otherwise noted, the
term “fluorinated C1.4alkyl” shall mean any C1.salkyl group as defined above
substituted with at least one fluoro atom. Suitable examples include but are not
limited to —CF3, -CH,-CF3, -CF,-CF,-CF,-CF3, and the like.

As used herein, unless otherwise noted, “alkoxy” shall denote an oxygen
ether radical of the above described straight or branched chain alkyl groups. For
example, methoxy, ethoxy, n-propoxy, sec-butoxy, t-butoxy, n-hexyloxy and the
like. Unless otherwise noted, the prefix “Cx.y” when used with alkoxy shall
mean an oxygen ether radical composition of between X and Y carbon atoms,
inclusively. For example, the term “Cq.salkoxy” shall mean an oxygen ether
radical composition of between 1-4 carbon atoms.

As used herein, unless otherwise noted, the term “4 to 10 membered,
nitrogen containing ring structure” shall mean any 4 to 10 membered ring
structure, wherein the ring structure contains at least one nitrogen atom
preferably, one to three nitrogen atoms, more preferably one to two nitrogen
atoms; and wherein the 4 to 10 membered nitrogen containing ring structure

further, optionally, contains one to two, preferably one, additional heteroatom
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independently selected from the group consisting of O and S. Additionally, said
4 to 10 membered nitrogen containing rings structure may be monocyclic,
bicyclic, bridged or spiro-fused; and further, may be saturated, partially
unsaturated or aromatic. The 4 to 10 membered nitrogen containing ring
structure may be attached at any heteroatom or carbon atom of the ring such that
the result is a stable structure. Wherein the 4 to 10 membered nitrogen
containing ring structure is bound through a carbon atom, the ring nitrogen
atom may be optionally substituted with an oxo group. Suitably examples of 4
to 10 membered nitrogen containing ring structures include, but are not limited
to piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl, azetidinyl, diazepanyl,
tetrahydropyridyl, pyrazolyl, pyridyl, triazolyl, benzimidazolyl,
benzo[c][1,2,5]oxadiazlyl, 2,5-diazabicyclo[2.2.1]-heptyl, octahydropyrrolo[3,4-
clpyrrolyl, 2,7-diazaspiro[4.4]nonayl, 1-imidazolidin-2-one, isoindolyl-1,3-dione,
and the like.

When a particular group is "substituted" (e.g., alkyl, cycloalkyl, aryl,
heteroaryl, heterocycloalkyl, etc.), that group may have one or more
substituents, preferably from one to five substituents, more preferably from one
to three substituents, most preferably from one to two substituents,
independently selected from the list of substituents.

With reference to substituents, the term “independently” means that
when more than one of such substituents is possible, such substituents may be
the same or different from each other.

As used herein, the notation “*”” shall denote the presence of a
stereogenic center. Where the compounds according to this invention have at
least one chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. Itis to be understood that all such isomers and mixtures
thereof are encompassed within the scope of the present invention. Preferably,
wherein the compound is present as an enantiomer, the enantiomer is present
at an enantiomeric excess of greater than or equal to about 80%, more
preferably, at an enantiomeric excess of greater than or equal to about 90%,
more preferably still, at an enantiomeric excess of greater than or equal to

about 95%, more preferably still, at an enantiomeric excess of greater than or
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equal to about 98%, most preferably, at an enantiomeric excess of greater than
or equal to about 99%. Similarly, wherein the compound is present as a
diastereomer, the diastereomer is present at an diastereomeric excess of
greater than or equal to about 80%, more preferably, at an diastereomeric
excess of greater than or equal to about 90%, more preferably still, at an
diastereomeric excess of greater than or equal to about 95%, more preferably
still, at an diastereomeric excess of greater than or equal to about 98%, most
preferably, at an diastereomeric excess of greater than or equal to about 99%.

Furthermore, some of the crystalline forms for the compounds of the
present invention may exist as polymorphs and as such are intended to be
included in the present invention. In addition, some of the compounds of the
present invention may form solvates with water (i.e., hydrates) or common
organic solvents, and such solvates are also intended to be encompassed
within the scope of this invention.

Under standard nomenclature used throughout this disclosure, the terminal
portion of the designated side chain is described first, followed by the adjacent
functionality toward the point of attachment. Thus, for example, a “phenyIC+-

CealkylaminocarbonylC4-Csalkyl” substituent refers to a group of the formula

O
C1-CG alky
—;—crc6 alky\)J\H/

Abbreviations used in the specification, particularly the Schemes and

Examples, are as follows:

Ac = | Acetyl group (-C(O)-CHj3)

AcOH = | Acetic Acid

ATP = | Adenosine Tri-Phosphate

BINAP = | 2,2-Bis(diphenylphosphino)-1,1'-
binaphthalene

Boc = | tert-Butoxycarbonyl (i.e. —C(O)O-C(CHa)3)

BOP = | Benzotriazol-1-yloxy)tris(dimethylamino)
phosphonium hexafluorophosphate

B(OEt); = | Triethyl Borate
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B(OPr); Tripropyl Borate

BuOH Butanol

t-BuOK Potassium tert-Butoxide
t-BuONa Sodium tert-Butoxide

n-BulLi n-Butyl Lithium

BusP Tri-n-butylphosphine

CSA Camphor sulfonic acid
Cu(OAc), Copper Acetate

DCM Dichloromethane

DEAD Diethylazodicarboxylate
DIAD Diisopropylazodicarboxylate
DIC N,N-Diisopropylcarbodiimide
DIPEA or DIEA Diisopropylethylamine

DME 1,2-Dimethoxyethane

DMF Dimethyl formamide

DMSO Dimethylsulfoxide

dppf 1,1’-Bis(diphenylphosphino)ferrocene

EDCI or EDC-HCI

1-(3-Dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride

Et Ethyl (i.e. -CH2CH3)

Et,O Diethyl ether

EtOAc Ethyl acetate

EtOH Ethanol

EtONa Sodium Ethoxide

FA Fatty acid

FFA Free fatty acid

HATU O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate

HPLC High pressure liquid chromatography

IPA Isopropyl alcohol

Josiphos Ligand (R)-1-[(S)-(2-diphenylphosphino)ferrocenyl]

ethyldicyclohexylphosphine
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KHK Ketohexokinase
LDA Lithium Diisopropylamide
LHMDS or LiHMDS or Lithium Hexamethyldisilazinamide

(TMS)NIi or LIN(TMS),

Lindar's Reagent

Palladium 5%on calcium carbonate, partially

poisoned with lead

mCPBA m-Chloroperbenzoic acid

MeOH Methanol

MOM Methoxymethyl ether

Ms Methanesulfonyl

MsCI Mesyl Chloride

MTBE Methy! tert-Butyl Ether

NBus Tributylamine

NH4OAc Ammonium Acetate

NIDDM Non-insulin dependent Diabete

NMP N-methylpyrrolidinone

OMs Methanesulfonyl ester

OTs Toluene-4-sulfonyl ester

PBus Tributyl Phosphine

PdCl,(dppf) [1,1'-Bis(diphenylphosphino)ferrocene]
dichloropalladium(Il)

Pd,(dba)s Dipalladium tris[p-[(1,2-n:4,5-1)-(1E,4E)-1,5-
diphenyl-1,4-pentadien-3-one]]

Pd(OAc), Palladium Acetate

Pd(PPh3)s or Pd(Ph3P)4 Palladium Tetrakis(triphenylphosphine)

Ph Phenyl

P(Ph)s Triphenylphosphine

PPA Polyphosphoric acid

pTSA p-Toluene sulfonic acid

Raney Nickel Aluminium-nickel alloy

TEA or EtzN Triethylamine

TFA Trifluoroacetic acid
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TG = | Triglyceride

THF = | Tetrahydrofuran

THP = | Tetrahydropyran

TMS = | Trimethylsilyl

Ts = | Toluene-4-sulfonyl

TSAH,0 p-Toluenesulfonic acid monohydrate

TZD = | Thiazolidinedione

VLDL = | Very low density lipoprotein

Xantphos = | 4,5-Bis(diphenylphosphino)-9,9-
dimethylxanthene

Ketohexokinase mediated disaease and / or disorders include, but are
not limited to, obesity, elevated glucose levels, glucose intolerance, insulin
resistance, Type | diabetes mellitus, Type |l diabetes mellitus, Metabolic
Syndrome X, elevated triglycerides, hyperlipidemia and hypertension.
Preferably, the ketohexokinase mediated disorder is selected from the group
consisting of obesity, Type Il diabetes mellitus and Metabolic Syndrome X.

As used herein, unless otherwise noted, the terms “treating”,
“treatment” and the like, shall include the management and care of a subject or
patient (preferably mammal, more preferably human) for the purpose of
combating a disease, condition, or disorder and includes the administration of a
compound of the present invention to prevent the onset of the symptoms or
complications, alleviate the symptoms or complications, or eliminate the
disease, condition, or disorder.

As used herein, unless otherwise noted, the term “prevention” shall
include (a) reduction in the frequency of one or more symptoms; (b) reduction
in the severity of one or more symptoms; (c) the delay or avoidance of the
development of additional symptoms; and / or (d) delay or avoidance of the
development of the disorder or condition.

One skilled in the art will recognize that wherein the present invention is
directed to methods of prevention, a subject in need of thereof (i.e. a subject in
need of prevention) shall include any subject or patient (preferably a mammal,
more preferably a human) who has experienced or exhibited at least one
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symptom of the disorder, disease or condition to be prevented. Further, a
subject in need thereof may additionally be a subject (preferably a mammal,
more preferably a human) who has not exhibited any symptoms of the disorder,
disease or condition to be prevented, but who has been deemed by a
physician, clinician or other medical profession to be at risk of developing said
disorder, disease or condition. For example, the subject may be deemed at
risk of developing a disorder, disease or condition (and therefore in need of
prevention or preventive treatment) as a consequence of the subject's medical
history, including, but not limited to, family history, pre-disposition, co-existing
(comorbid) disorders or conditions, genetic testing, and the like.

As used herein, the term “co-therapy” shall mean treatment of a subject
in need thereof by administering one or more compounds of formula | with
other pharmaceutical active agents, wherein the compound(s) of formula | and
other pharmaceutically active agents are administered by any suitable means,
simultaneously, sequentially, separately or in a single pharmaceutical
formulation. Where the compound(s) of formula | and other pharmaceutically
active agents are administered in separate dosage forms, the number of
dosages administered per day for each compound may be the same or
different. The compound(s) of formula | and other pharmaceutically active
agents may be administered via the same or different routes of administration.
Examples of suitable methods of administration include, but are not limited to,
oral, intravenous (iv), intramuscular (im), subcutaneous (sc), transdermal, and
rectal. Compounds may also be administered directly to the nervous system
including, but not limited to, intracerebral, intraventricular,
intracerebroventricular, intrathecal, intracisternal, intraspinal and / or peri-spinal
routes of administration by delivery via intracranial or intravertebral needles and
/ or catheters with or without pump devices. The compound(s) of formula | and
other pharmaceutically active agents may be administered according to
simultaneous or alternating regimens, at the same or different times during the
course of the therapy, concurrently in divided or single forms.

The term “subject’ as used herein, refers to an animal, preferably a
mammal, most preferably a human, who has been the object of treatment,

observation or experiment. Preferably, the subject has experienced and / or
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exhibited at least one symptom of the disease or disorder to be treated and / or
prevented.

The term “therapeutically effective amount’ as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder being treated.

As used herein, the term “composition” is intended to encompass a
product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combinations of the
specified ingredients in the specified amounts.

As more extensively provided in this written description, terms such as
“reacting” and “reacted” are used herein in reference to a chemical entity that
is any one of: (a) the actually recited form of such chemical entity, and (b) any
of the forms of such chemical entity in the medium in which the compound is
being considered when named.

One skilled in the art will recognize that, where not otherwise specified,
the reaction step(s) is performed under suitable conditions, according to known
methods, to provide the desired product. One skilled in the art will further
recognize that, in the specification and claims as presented herein, wherein a
reagent or reagent class/type (e.g. base, solvent, etc.) is recited in more than
one step of a process, the individual reagents are independently selected for
each reaction step and may be the same of different from each other. For
example wherein two steps of a process recite an organic or inorganic base as
a reagent, the organic or inorganic base selected for the first step may be the
same or different than the organic or inorganic base of the second step.
Further, one skilled in the art will recognize that wherein a reaction step of the
present invention may be carried out in a variety of solvents or solvent systems,
said reaction step may also be carried out in a mixture of the suitable solvents
or solvent systems.

Examples of suitable solvents, bases, reaction temperatures, and other
reaction parameters and components are provided in the detailed descriptions

which follows herein. One skilled in the art will recognize that the listing of said
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examples is not intended, and should not be construed, as limiting in any way
the invention set forth in the claims which follow thereafter.

To provide a more concise description, some of the quantitative
expressions given herein are not qualified with the term “about”. Itis
understood that whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given value, and it is also
meant to refer to the approximation to such given value that would reasonably
be inferred based on the ordinary skill in the art, including approximations due
to the experimental and/or measurement conditions for such given value.

To provide a more concise description, some of the quantitative
expressions herein are recited as a range from about amount X to about
amount Y. Itis understood that wherein a range is recited, the range is not
limited to the recited upper and lower bounds, but rather includes the full range
from about amount X through about amount Y, or any range therein.

As used herein, unless otherwise noted, the term “leaving group” shall
mean a charged or uncharged atom or group which departs during a
substitution or displacement reaction. Suitable examples include, but are not
limited to, Br, Cl, |, mesylate, tosylate, and the like.

In the Schemes which follow herein, the variable AX, wherein X is an
integer, are used to denote leaving or activating groups. The selection of a
particular A group on a given compound or intermediate is not intended to limit
the selection of said A* group on any other compound or intermediate.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Protective
Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and
T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John

Wiley & Sons, 1991. The protecting groups may be removed at a convenient
subsequent stage using methods known from the art.

As used herein, unless otherwise noted, the term “nitrogen protecting
group” shall mean a group which may be attached to a nitrogen atom to

protect said nitrogen atom from participating in a reaction and which may be
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readily removed following the reaction. Suitable nitrogen protecting groups
include, but are not limited to carbamates — groups of the formula —C(O)O-R
wherein R is for example methyl, ethyl, t-butyl, benzyl, phenylethyl, CH,=CH-
CHaz-, and the like; amides — groups of the formula —C(O)-R’ wherein R’ is for
example methyl, phenyl, trifluoromethyl, and the like; N-sulfonyl derivatives -
groups of the formula —SO,-R” wherein R” is for example tolyl, phenyl,
trifluoromethyl, 2,2,5,7,8-pentamethylchroman-6-yl-, 2,3,6-trimethyl-4-
methoxybenzene, and the like. Other suitable nitrogen protecting groups may
be found in texts such as T.W. Greene & P.G.M. Wuts, Protective Groups in
Organic Synthesis, John Wiley & Sons, 1991.

As used herein, unless otherwise noted, the term “oxygen protecting

group” shall mean a group which may be attached to a oxygen atom to protect
said oxygen atom from participating in a reaction and which may be readily
removed following the reaction. Suitable oxygen protecting groups include, but
are not limited to, acetyl, benzoyl, t-butyl-dimethylsilyl, trimethylsilyl (TMS),
MOM, THP, and the like. Other suitable oxygen protecting groups may be
found in texts such as T.W. Greene & P.G.M. Wuts, Protective Groups in
Organic Synthesis, John Wiley & Sons, 1991.

Where the processes for the preparation of the compounds according to

the invention give rise to mixture of stereocisomers, these isomers may be
separated by conventional techniques such as preparative chromatography.
The compounds may be prepared in racemic form, or individual enantiomers
may be prepared either by enantiospecific synthesis or by resolution. The
compounds may, for example, be resolved into their component enantiomers
by standard techniques, such as the formation of diastereomeric pairs by salt
formation with an optically active acid, such as (-)-di-p-toluoyl-D-tartaric acid
and/or (+)-di-p-toluoyl-L-tartaric acid followed by fractional crystallization and
regeneration of the free base. The compounds may also be resolved by
formation of diastereomeric esters or amides, followed by chromatographic
separation and removal of the chiral auxiliary. Alternatively, the compounds
may be resolved using a chiral HPLC column.
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Additionally, chiral HPLC against a standard may be used to determine
percent enantiomeric excess (%ee). The enantiomeric excess may be
calculated as follows

[ (Rmoles-Smoles)/(Rmoles+Smoles) ] X 100%

where Rmoles and Smoles are the R and S mole fractions in the mixture
such that Rmoles+Smoles = 1. The enantiomeric excess may alternatively be
calculated from the specific rotations of the desired enantiomer and the
prepared mixture as follows:

ee = ([a-obs] / [a-max]) X 100.

For use in medicine, the salts of the compounds of this invention refer to
non-toxic “pharmaceutically acceptable salts.” Other salts may, however, be
useful in the preparation of compounds according to this invention or of their
pharmaceutically acceptable salts. Suitable pharmaceutically acceptable salts
of the compounds include acid addition salts which may, for example, be
formed by mixing a solution of the compound with a solution of a
pharmaceutically acceptable acid such as hydrochloric acid, sulfuric acid,
fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, citric acid,
tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the
compounds of the invention carry an acidic moiety, suitable pharmaceutically
acceptable salts thereof may include alkali metal salts, e.g., sodium or
potassium salts; alkaline earth metal salts, e.g., calcium or magnesium salts;
and salts formed with suitable organic ligands, e.g., quaternary ammonium
salts. Thus, representative pharmaceutically acceptable salts include, but are
not limited to, the following: acetate, benzenesulfonate, benzoate, bicarbonate,
bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate, carbonate,
chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate,
maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, N-methylglucamine ammonium salt, oleate,

pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate,
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polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate,
tartrate, teoclate, tosylate, triethiodide and valerate.

Representative acids which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the following:
acids including acetic acid, 2,2-dichloroacetic acid, acylated amino acids, adipic
acid, alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic
acid, 4-acetamidobenzoic acid, (+)-camphoric acid, camphorsulfonic acid, (+)-
(1S)-camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, cinnamic
acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucoronic
acid, L-glutamic acid, a-oxo-glutaric acid, glycolic acid, hipuric acid,
hydrobromic acid, hydrochloric acid, (+)-L-lactic acid, (+)-DL-lactic acid,
lactobionic acid, maleic acid, (-)-L-malic acid, malonic acid, (z)-DL-mandelic
acid, methanesulfonic acid, naphthalene-2-sulfonic acid, naphthalene-1,5-
disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinc acid, nitric acid, oleic acid,
orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid, L-
pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebaic acid, stearic
acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid,
p-toluenesulfonic acid and undecylenic acid.

Representative bases which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the following:
bases including ammonia, L-arginine, benethamine, benzathine, calcium
hydroxide, choline, deanol, diethanolamine, diethylamine, 2-(diethylamino)-
ethanol, ethanolamine, ethylenediamine, N-methyl-glucamine, hydrabamine,
1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine,
piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-pyrrolidine, secondary
amine, sodium hydroxide, triethanolamine, tromethamine and zinc hydroxide.

The present invention includes within its scope prodrugs of the
compounds of this invention. In general, such prodrugs will be functional
derivatives of the compounds which are readily convertible in vivo into the
required compound. Thus, in the methods of treatment of the present

invention, the term “administering” shall encompass the treatment of the
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compound which may not be specifically disclosed, but which converts to the
specified compound in vivo after administration to the patient. Conventional
procedures for the selection and preparation of suitable prodrug derivatives are
described, for example, in “Design of Prodrugs”, ed. H. Bundgaard, Elsevier,
1985.

GENERAL SYNTHETIC SCHEMES

Compounds of formula (1) may be prepared according to the process as

described in the Scheme 1, below.

~R'

(X); x)7R’

W/TQ A2—(L"),«Ring A) (XI) Y/\/Eg

N > | N

/ /

A1J\Z/ N A2=(L")s—(Ring B—(Ring C) (XII) Q/kz/ N

/ A2—Ring B—L'—(Ring C) (XIII /
(R2)b—\\ (Ring G X1l (R?), \

(X) (la)

Scheme 1

Accordingly, a suitably substituted compound of formula (X), wherein A’
a suitably selected leaving group such as a halogen such as Cl, Br, |, and the
like, a known compound or compound prepared by known methods, is reacted
with a suitably substituted compound of formula (XI) or a suitably substituted
compound of formula (XII) or a suitably substituted compound of formula (XII1),
wherein A? is hydrogen and wherein (Ring A) or (Ring B) contains a secondary
amine, a known compound or compound prepared by known methods;

in an inorganic base such as t-BuOK, t-BuONa, Cs,CO3, and the like, in
the presence of a suitably selected Pd containing reagent such Pd(OAc)g,
Pd(Ph3P)4, PdCl,, and the like, in the presence of a suitably selected ligand
such as Ph3P, BINAP, dppf, and the like, in a mixture of a suitably selected
organic solvent such as THF, 1,4-dioxane, and the like, and water, to yield the

corresponding compound of formula (la).
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Alternatively, a suitably substituted compound of formula (X) wherein A’
is a suitably selected leaving group such as a halogen such as Cl, Br, |, and the
like, a known compound or compound prepared by known methods, is reacted
with a suitably substituted compound of formula (XI) or a suitably substituted
compound of formula (XII) or a suitably substituted compound of formula (XII1),
wherein A? is boronic acid (i.e. ~B(OH),) or a boronic ester (for example,

CH,
_é_B/O CH,
\ CH
O 3
CH3 ), a known compound or compound prepared by known
methods,

in the presence of an inorganic base such as Na,COs, K,CO3, K3POy4,
and the like, in the presence of a suitably selected an Pd containing reagent
such Pd(OAc),, Pd(PhsP)4, PdCl,, and the like, in the presence of a suitably
selected ligand such as PhsP, BINAP, dppf, and the like, in a mixture of a
suitably selected organic solvent such as toluene, 1,4-dioxane, and the like,
and water, to yield the corresponding compound of formula (la).

Alternatively, a suitably substituted compound of formula (X), wherein A’
is OH, is reacted with a suitably substituted compound of formula (XI) or a
suitably substituted compound of formula (XI1), wherein A? is a suitably
selected leaving group such as -OTs, -OMs, Br, and the like; in the presence of
an inorganic base such as NaH, Cs,COs;, K,COs, and the like, in an organic
solvent such as DMSO, THF, DMF, 1,4-dioxane, and the like, at a temperature
in the range of from about 25°C to about 100°C, to yield the corresponding
compound of formula (la), wherein Q is selected from the group consisting of -
L'-(Ring A) and -L'-(Ring B)-(Ring C) and wherein L is selected from the group
consisting of —O- and —O-CH3-.

Alternatively, a suitably substituted compound of formula (X), wherein A’
is NHy, is reacted with a suitably substituted compound of formula (XI) or a
suitably substituted compound of formula (XI1), w wherein A? is a suitably
selected carboxy containing group such as carboxylic chloride, isocyanate, and
the like; in the presence of an organic base such as TEA, DIPEA, pyridine, and
the like, in an organic solvent such as DCM, THF, DMF, 1,4-dioxane, and the
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like, at a temperature in the range of from about 0°C to about 70°C, to yield the
corresponding compound of formula (1a), wherein Q is selected from the group
consisting of L'-(Ring A) and L'-(Ring B)-(Ring C) and wherein L" is selected
from the group consisting of carboxamide or urea.

5 One skilled in the art will recognize that compounds of formula (1)
wherein Q contains other L' groups may be similarly prepared, according to

known methods.

Compounds of formula (I) may alternatively be prepared according to the

10 process outlined in Scheme 2, below.

Rt T oo
J\ TN, AL Ring B—A¢ /Tl\ \ \/N
1 Z/ N (XIV) (||_1 )e z/ N
(R?) —/\ ) (Ilng ? (Rz)b—/\ )
(X) V)
® o oorR
AS—RingC)  (XV) YI N N
AS—L'—(Ring C) (XVII) Q)\Z/ N
J \ (Ib)
(R
Scheme 2

Accordingly, a suitably substituted compound of formula (X), wherein A’
15 is a suitably selected leaving group such as a halogen such as Cl, Br, |, and the
like, a known compound or compound prepared by known methods is reacted
with a suitably substituted compound of formula (XIV) or a suitably substituted
compound (XV), wherein A% is hydrogen, when c=0 and (Ring B) contains a

secondary amine group, or wherein A% is a boronic acid (i.e. -B(OH).) or a
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boronic ester (for example, CHs ), and the like; a known

compound or compound prepared by known methods, according to the process
as described in Scheme 1 above (more particularly under the conditions as
described for the reaction for a suitably substituted compound of formula (X)
with a suitably substituted compound of formula (XI), (XII) or (XII1)); to yield the
corresponding compound of formula (XV).

The compound of formula (XV) is reacted with a suitably substituted
compound of formula (XVI) or when in the compound of formula (XV) ¢=0, with
a suitably substituted compound of formula (XVI11), wherein A® is a suitably
selected leaving group such as Br, Cl, OMs, and the like, a known compound
or compound prepared by known methods, according to the process as
described in Scheme 1 above (more particularly under the conditions as
described for the reaction for a suitably substituted compound of formula (X)
with a suitably substituted compound of formula (XI), (XII) or (XIII)); to yield the
corresponding compound of formula (Ia), wherein Q is selected from the group
consisting of —(L").-(Ring B)-(Ring C) and —(Ring B)-L"-(Ring C).

Compounds of formula (I) wherein Y is CH and Z is CH; and compounds
of formula (1) wherein Y is CH and Z is N; may alternatively be prepared

according to the process outlined in Scheme 3, below.

RS R3
vZ A\ A2—Q v?Z A\
AL g K ’
A~ ~z7 N Q” “z7 N
(XVl) (XVII)

34



WO 2011/133750 PCT/US2011/033395

10

15

20

25

3
R R N AT T (X)aR’
a 2
Y% \ A A 1 | Y
)\ | N g )\ N
Q 7 u (XX) Q Z (Ic)
(XIX) / \
(Rz)b_\
Scheme 3

Accordingly, a suitably substituted compound of formula (XVIl), wherein
A® is a suitably selected leaving group such as a halogen such as Cl, Br, |, and
the like, a known compound or compound prepared by known methods, is
reacted with a suitably substituted compound of formula (V), wherein A% is a
suitably selected group such as hydrogen (wherein c=0 and the (Ring A) or
(Ring B) contains a secondary amine), or A is a suitably selected leaving
group such as boronic acid, a boronic acid ester, hydroxy, amino, and the like,
a known compound or compound prepared by known methods, according to
the processes as described in Scheme 1, above; to yield the corresponding
compound of formula (XVIII).

The compound of formula (XVIII) is reacted to yield the corresponding
compound (XIX). For example, the compound of formula (XVIII) may be
reacted with I, in the presence of a suitably selected base such as KOH,
NaOH, t-BuOK, and the like, in a suitably selected organic solvent such as
DMF, DMSO, NMP, and the like, to yield the corresponding intermediate
wherein an iodo group is attached at the desired R® position; followed by
reacting the iodo-substituted intermediate with a suitably selected nuclophile
such as Na-S-R', Na-O-R’, K-S-R’, Li-S-R’, and the like; in the presence of a
suitably selected Pd agent such as Pd(OAc),, PdClx(dppf), Pd(PhsP)4, and the
like; in the presence of a suitably selected ligand such as Josiphos, BINAP,
Xantphos, and the like; in a suitably selected organic solvent such as DME,
DMF, 1,4-dioxane, and the like; to yield the corresponding compound of
formula (XIX).

The compound of formula (XIX) is reacted with a suitably substitute<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>