
HETEROARYLS AMIDE DERIVATIVES AND THEIR USE AS GLUCOKINASE ACTIVATORS FIELD
OF THE INVENTION The present invention relates to substituted heteroaryls
and the uses thereof as glucokinase activators. BACKGROUND Diabetes is a
major public health concern because of its increasing prevalence and
associated health risks. The disease is characterized by metabolic defects
in the production and utilization of carbohydrates which result in the
failure to maintain appropriate blood glucose levels. Two major forms of
diabetes are recognized. Type I diabetes, or insulin-dependent diabetes
mellitus (IDDM), is the result of an absolute deficiency of insulin. Type
Il diabetes, or non-insulin dependent diabetes mellitus (NIDDM), often
occurs with normal, or even elevated levels of insulin and appears to be
the result of the inability of tissues and cells to respond appropriately
to insulin. Aggressive control of NIDDM with medication is essential;
otherwise it can progress into IDDM. As blood glucose increases, it is
transported into pancreatic beta cells via a glucose transporter.
Intracellular mammalian glucokinase (GK) senses the rise in glucose and
activates cellular glycolysis, i.e. the conversion of glucose to glucose-6-
phosphate, and subsequent insulin release. Glucokinase is found principally
in pancreatic b-cells and liver parenchymal cells. Because transfer of
glucose from the blood into muscle and fatty tissue is insulin dependent,
diabetics lack the ability to utilize glucose adequately which leads to
undesired accumulation of blood glucose (hyperglycemia). Chronic
hyperglycemia leads to decreases in insulin secretion and contributes to
increased insulin resistance. Glucokinase also acts as a sensor in hepatic
parenchymal cells which induces glycogen synthesis, thus preventing the
release of glucose into the blood. The GK processes are thus critical for
the maintenance of whole body glucose homeostasis. It is expected that an
agent that activates cellular GK will facilitate glucosedependent secretion
from pancreatic beta cells, correct postprandial hyperglycemia, increase
hepatic glucose utilization and potentially inhibit hepatic glucose
release. Consequently, a GK activator may provide therapeutic treatment for
NIDDM and associated complications, inter alia, hyperglycemia,
dyslipidemia, insulin resistance syndrome, hyperinsulinemia, hypertension,
and obesity.Several drugs in five major categories, each acting by
different mechanisms, are available for treating hyperglycemia and
subsequently, NIDDM (Moller, D. E., "New drug targets for Type Il diabetes
and the metabolic syndrome" Nature 414; 821-827, (2001 )): (A) Insulin
secretogogues, including sulphonyl-ureas (e.g., glipizide, glimepiride,
glybuhde) and meglitinides (e.g., nateglidine and repaglinide) enhance
secretion of insulin by acting on the pancreatic beta-cells. While this
therapy can decrease blood glucose level, it has limited efficacy and
tolerability, causes weight gain and often induces hypoglycemia. (B)
Biguanides (e.g., metformin) are thought to act primarily by decreasing
hepatic glucose production. Biguanides often cause gastrointestinal
disturbances and lactic acidosis, further limiting their use. (C)
Inhibitors of alpha-glucosidase (e.g., acarbose) decrease intestinal
glucose absorption. These agents often cause gastrointestinal disturbances.
(D) Thiazolidinediones (e.g., pioglitazone, rosiglitazone) act on a
specific receptor (peroxisome proliferator-activated receptor-gamma) in the
liver, muscle and fat tissues. They regulate lipid metabolism subsequently
enhancing the response of these tissues to the actions of insulin. Frequent
use of these drugs may lead to weight gain and may induce edema and anemia.
(E) Insulin is used in more severe cases, either alone or in combination
with the above agents. Ideally, an effective new treatment for NIDDM would
meet the following criteria: (a) it would not have significant side effects
including induction of hypoglycemia; (b) it would not cause weight gain;
(c) it would at least partially replace insulin by acting via mechanism(s)
that are independent from the actions of insulin; (d) it would desirably be
metabolically stable to allow less frequent usage; and (e) it would be
usable in combination with tolerable amounts of any of the categories of
drugs listed herein. Substituted heteroaryls, particularly pyridones, have
been implicated in mediating GK and may play a significant role in the
treatment of NIDDM. For example, U.S. Patent publication No. 2006/0058353
and PCT publication Nos. WO2007/043638, WO2007/043638, and WO2007/1 17995
recite certain heterocyclic derivatives with utility for the treatment of
diabetes. Although investigations are on-going, there still exists a need
for a more effective and safe therapeutic treatment for diabetes,
particularly NIDDM. SUMMARY OF THE INVENTION The present invention provides
Formula (1A) compounds that act as glucokinase modulators, in particular,
glucokinase activators; therefore, may be used in thetreatment of diseases
mediated by such activation (e.g., diseases related to Type 2 diabetes, and
diabetes-related and obesity-related co-morbidities). (1A) wherein X, Y,
and Z are each independently C(R) or N, where R is H, halo, halosubstituted
(Ci-C 3)alkyl, (Ci-C 6)alkyl, or (CrC 6)alkoxy, and X, Y, and Z are not all
N; R1 is H, (Ci-C 6)alkyl, halo-substituted (Ci-C 3)alkyl, -S(O)2(R1 ) , or
C(O)R 1a , where R1a is (Ci-C 6)alkyl, (C3-C6)cycloalkyl, (Ci-C
3)alkylamino, or di-(Ci-C 3)alkylamino; R2 is (C3-C6)cycloalkyl or 5- to
6-membered heterocycle containing one N, O, or S heteroatom, where said
cycloalkyl and said heterocycle are optionally substituted with one to two
substituents each independently halo, (Ci-C 6)alkyl, (d-C 6)alkoxy, -CF3,
or cyano; R3 is H or (Ci-C b)alkyl; and R4 is quinolinyl, thiazolo[5,4-
b]pyridinyl or 5- to 6-membered heteroaryl containing one to two N
heteroatoms and optionally one O or S heteroatom, where said heteroaryl,
quinolinyl and thiazolo[5,4- b]pyridinyl are optionally substituted with
one to two R4a, where each R4a is independently (d-C Jalkyl optionally
substituted with one to three hydroxy, -CF3, cyano, (Ci-C 6)alkoxy, halo,
amino, (Ci-C 3)alkylamino, di-(d- C3)alkylamino, -CO2R4b, -(Ci-C6)alkylCO
2R4b, -C(O)N(R 4b)2, -P(O)(OR 4b)2, -(d- C6)alkylP(O)(OR 4b)2 -P(O)(OR
4b)(Cr C3alkyl), (Cr C3)alkylsufonyl, -SO3H, -NHC(O)R 4c or
aryl(Ci-C6)alkyl, where the aryl of said arylalkyl is optionally
substituted with (d- C jalkyl, -CF3, cyano, (Ci-C6)alkoxy, halo, amino,
(Ci-C 3)alkylamino, or di-(Ci- C3)alkylamino; R4b at each occurrence is
independently hydrogen, (d-C Jalkyl or benzyl; and R4c at each occurrence
is independently CO2H or (d-C Jalkyl optionally substituted with one to
three hydroxy; or a pharmaceutically acceptable salt thereof. R1 is
preferably H, methyl, ethyl, -CF3, -S(O)2(R1 ) , or C(O)R 1a , where R1a is
methyl, ethyl, isopropyl, cyclopropyl, cyclobutyl, (Ci-C 3)alkylamino, or
di-(d- C3)alkylamino. More preferred, R1 is H, methyl, ethyl, -CF3,
-S(O)2CH3, -S(O)2CH2CH -S(O)2CH(CH3)2, -S(O)2cyclopropyl, -S(O)2cyclobutyl,
-C(O)NHCH 3, -C(O)NHCH 2CH3,or -C(O)N(CH 3)2. Most preferred, R1 is H,
methyl, -CF3, -S(O)2CH3, -S(O)2CH2CH3, - S(O)2CH(CHs)2, -S(O)2cyclobutyl,
or -C(O)N(CH 3)2. R2 is preferably (C3-C6)cycloalkyl or 5- to 6-membered
heterocycle containing 



one N, O, or S heteroatom, where said cycloalkyl and said heterocycle are
optionally substituted with halo, (Ci-C 6)alkyl, (d-C 6)alkoxy, -CF3, or
cyano. More preferred, R2 is cyclobutyl, cyclopentyl, cyclohexyl,
tetrahydrofuranyl, or tetrahydropyranyl, each optionally substituted with
halo, (Ci-C 6)alkyl, (Ci-C 6)alkoxy, -CF3, or cyano. Most preferred, R2 is
cyclopentyl or tetrahydropyranyl. R3 is preferably H, methyl, or ethyl.
Most preferred, R3 is H. R4 is preferably pyrrolyl, pyrazolyl, imidazolyl,
isoxazolyl, oxazolyl, isothiazolyl, thiazolyl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or quinolinyl, each optionally substituted with one
to two R4a, where R4a is as described above. More preferred, R4 is
pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyrimidinyl, quinolinyl, each
optionally substituted with one to two R4a, where R4a is as described
above. Most preferred, R4 is pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl,
pyrimidinyl, quinolinyl, or a Formula of (a), (b), (C), (d), or (e), (a),
(b), (C). (d), or (e), where R4a is methyl, ethyl, -CF3, -CO2H, -CH2CO2H,
-P(O)(OH)2, -CH2P(O)(OH)2, - SO3H or benzyl. A preferred compound of the
present invention is a compound of Formula ( 1B) (1B) where R1, R2, and R4
are as described above. Preferred compounds of Formula ( 1B) include
(S)-3-cyclopentyl-2-(4- (isopropylsulfonyl)-i H-pyrazol-1
-yl)-L/-(5-methylpyridin-2-yl)propanamide; (S)-3-
cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(pyrazin-2-yl)propanamide; (S)-
3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(5-(thfluoromethyl)pyridin-2- yl)propanamide;
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1 -yl)-/V-
(pyrimidin-4-yl)-propanamide; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
H-pyrazol-1 -yl)-/V-(pyrimidin-2-yl)-propanamide;
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 Hpyrazol-
1-yl)-/V-(5-methylpyrazin-2-yl)-propanamide; (S)-3-cyclopentyl-2-(4-
(isopropylsulfonyl)-i H-pyrazol-1 -yl)-L/-(1 -methyl-1
/-/-pyrazol-3-yl)-propanamide; (S)-3- cyclopentyl-
L/-(5-nnethylpypdin-2-yl)-2-(4-(nnethylsulfonyl)-1 /-/-pyrazol-1 -yl)-
propanamide; (S)-3-cyclopentyl- L/-(1 -methyl-1
/-/-pyrazol-3-yl)-2-(4-(methylsulfonyl)-1 Hpyrazol- 1 -yl)-propanamide;
(S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -yl)-/V-
(5-(trifluoromethyl)pyridin-2-yl)propanamide; (S)-3-cyclopentyl- L/-(1
-ethyl-1 H-pyrazol-3- yl)-2-(4-(methylsulfonyl)-1 H-pyrazol-1
-yl)-propanamide; (S)-L/-(1 -benzyl-1 H-pyrazol-3-
yl)-3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -yl)-propanamide;
(S)-3-cyclopentyl- 2-(4-(methylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(pyrimidin-4-yl)propanannide; (S)-3-
cyclopentyl-/V-(5-methylpyrazin-2-yl)-2-(4-(methylsulfonyl)-1 H-pyrazol-1
-yl)- propanamide; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(isoxazol-3- yl)-propanamide;
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1 -yl)-L/-(pyridin-
2-yl)propanamide; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-/V- (quinolin-2-yl)-propanamide; (S)-3-cyclopentyl- L/-(1 -ethyl-1
H-pyrazol-3-yl)-2-(4- (isopropylsulfonyl)-i H-pyrazol-1 -yl)-propanamide;
(S)-L/-(1 -benzyl-1 H-pyrazol-3-yl)-3-
cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1 -yl)-propanamide;
(S)-3-cyclopentyl-2- (4-(ethylsulfonyl)-1 H-pyrazol-1 -yl)-L/-(1 -methyl-1
H-pyrazol-3-yl)-propanamide; (S)-3- cyclopentyl-2-(4-(ethylsulfonyl)-1
H-pyrazol-1 -yl)-L/-(5-methylpyridin-2-yl)-propanamide;
(S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(5-methylpyrazin-2-yl)- propanamide; (S)-benzyl
6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -
yl)propanamido)nicotinate; and (S)-6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1
H-pyrazol-1 - yl)propanamido)nicotinic acid; or a pharmaceutically
acceptable salt thereof. Another preferred compound of the present
invention is a compound of Formula (1C) (1C) where R1, R2, and R4 are as
described above. Preferred compounds of Formula ( 1C)
include(S)-3-cyclopentyl-2-(4- (isopropylsulfonyl)-i H-imidazol-1
-yl)-L/-(5-methylpyridin-2-yl)propanamide; (S)-3-
cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-imidazol-1 -yl)-L/-(1 -methyl-1
H-pyrazol-3- yl)propanamide; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
H-imidazol-1 -yl)-L/-(5-nnethylpyrazin-2-yl)propanannide;
(S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 /-/-imidazol-1 - yl)-L/-(1
-methyl-1 /-/-pyrazol-3-yl)propanamide;
(S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 Himidazol- 1
-yl)-/V-(5-methylpyridin-2-yl)propanamide; (S)-3-cyclopentyl-2-(4-
(ethylsulfonyl)-i /-/-imidazol-1 -yl)-/V-(5-methylpyrazin-2-yl)propanamide;
(S)-3- cyclopentyl- L/-(5-nnethylpyrazin-2-yl)-2-(4-(nnethylsulfonyl)-1
/-/-imidazol-1 - yl)propanamide; (S)-3-cyclopentyl-
L/-(5-methylpyridin-2-yl)-2-(4-(methylsulfonyl)-1/-/- imidazol-1
-yl)propanamide; (S)-3-cyclopentyl- L/-(1 -methyl-1 H-pyrazol-3-yl)-2-(4-
(methylsulfonyl)-i /-/-imidazol-1 -yl)propanamide; (S)-benzyl
6-(3-cyclopentyl-2-(4- (methylsulfonyl)-i /-/-imidazol-1
-yl)propanamido)nicotinate; (S)-6-(3-cyclopentyl-2-(4- (methylsulfonyl)-1
/-/-imidazol-1 -yl)propanamido)nicotinic acid; (S)-6-(3-cyclopentyl-2-(4-
(ethylsulfonyl)-i H-imidazol-1 -yl)propanamido)nicotinic acid;
(S)-6-(3-cyclopentyl-2-(4- (isopropylsulfonyl)-i H-imidazol-1
-yl)propanamido)nicotinic acid; (S)-6-(2-(4- (cyclobutylsulfonyl)-i
H-imidazol-1 -yl)-3-cyclopentylpropanamido)nicotinic acid; 6-[(S)-3-
cyclopentyl-2-(4-dimethylsulfamoyl-imidazol-1
-yl)-propionylamino]-nicotinic acid; (S)-3- cyclopentyl- L/-(1 -methyl-1
H-pyrazol-3-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1 - yl)propanamide;
(S)-3-cyclopentyl-
L/-(5-methylpyridin-2-yl)-2-(4-(trifluoromethyl)-1Himidazol- 1
-yl)propanamide; (S)-3-cyclopentyl- L/-(5-methylpyrazin-2-yl)-2-(4-
(trifluoromethyl)-i H-imidazol-1 -yl)propanamide; (S)-methyl
6-(3-cyclopentyl-2-(4- (trifluoromethyl)-i H-imidazol-1
-yl)propanamido)nicotinate; (S)-benzyl 6-(3-cyclopentyl-
2-(4-(trifluoromethyl)-1 H-imidazol-1 -yl)propanamido)nicotinate;
(S)-6-(3-cyclopentyl-2- (4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamido)nicotinic acid; (S)-3-cyclopentyl- L/-(2- ethyl-2H-[1
,2,3]triazol-4-yl)-2-(4-trifluoromethyl-1 H-imidazol-1 -yl)propanamide;
(S)-3- cyclopentyl- L/-(5-((S)-1
,2-dihydroxyethyl)pyrazin-2-yl)-2-(4-(trifluoromethyl)-1 Himidazol- 1
-yl)propanamide; (S)-3-cyclopentyl-
L/-[5-(methylsulfonyl)pyridin-2-yl]-2-[4- (trifluoromethyl)-i H-imidazol-1
-yl]propanamide; 6-[(S)-3-cyclopentyl-2-(4- trifluoromethyl-1 H-imidazol-1
-yl)-propionylamino]-nicotinamide; (S)-benzyl 5-(3-
cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamido)pyrazine-2-carboxylate;
(S)-5-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamido)pyrazine-2- carboxylic acid; (S)-ethyl
2-(3-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)-1 H-pyrazol-1 -yl)acetate; (S)-3-cyclopentyl- L/-(1
-(2-hydroxy-2- methylpropyl)-1 H-pyrazol-3-yl)-2-(4-(trifluoromethyl)-1
H-imidazol-1 -yl)propanamide; (S)-
2-(3-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamido)-1 H-pyrazol-1 - yl)acetic acid; (S)-diethyl
(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 - yl)propanamido)py
pdin-3-yl)methylphosphonate; (S)-diethyl 6-(3-cyclopentyl-2-(4-
(trifluoromethyl)-i H-imidazol-1 -yl)propanamido)pyridin-3-ylphosphonate;
(S)-(6-(3-cyclopentyl-2-(4-(t pfluoromethyl)-1 /-/-imidazol-1
-yl)propanamido)py pdin-3- yl)methylphosphonic acid;
(S)-6-(3-cyclopentyl-2-(4-(trifluoronnethyl)-1 /-/-imidazol-1 -
yl)propanamido)pyridine-3-sulfonic acid;
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 Himidazol- 1
-yl)propanamido)pyridin-3-ylphosphonic acid; 6-((S)-3-cyclopentyl-2-(4-
(tnfluoromethylJ-I H-imidazol-i
-yOpropanamidoJpyridin-S-yKmethylJphosphinic acid; (S)-
2-(6-(3-cyclopentyl-2-(4-(trifluoronnethyl)-1 /-/-imidazol-1
-yl)propanamido)pyridin-3- yl)acetic acid;
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 /-/-imidazol-1 -
yl)propanamido)pyridin-3-yl)-2-methylpropanoic acid;
(S)-2-(6-(3-cyclopentyl-2-(4- (trifluoromethyl)-i /-/-imidazol-1
-yl)propanamido)py pdin-3-ylamino)-2-oxoacetic acid; and 



(S)-3-Cyclopentyl-N-[5-(2-hydroxy-2-methyl-propionylamino)-pyridin-2-yl]-2-
(4- trifluoromethyl-imidazol-1 -yl)-propionamide;
(S)-N-(5-methylpyrazin-2-yl)-3-(tetrahydro-
2/-/-pyran-4-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1 -yl)propanamide;
(S)-L/-(5-
methylpyridin-2-yl)-3-(tetrahydro-2/-/-pyran-4-yl)-2-(4-(trifluoromethyl)-1
/-/-imidazol-1- yl)propanamide; (S)-L/-(1 -methyl-1
H-pyrazol-3-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4- (trifluoromethyl)-i
H-imidazol-1 -yl)propanamide; (S)-3-(tetrahydro-2H-pyran-4-yl)-/V-
(thiazolo[5,4-ib]pyridin-2-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamide; (S)-N- (5-methoxythiazolo[5,4-ib]py
pdin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4- (trifluoromethyl)-i
H-imidazol-1 -yl)propanamide; (2S)-L/-(5-methylpyridin-2-yl)-3-
(tetrahydrofuran-2-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamide; (S)-L/-(5- methylpyridin-2-yl)-3-(1 H-pyrazol-1
-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1 - yl)propanamide; and
(S)-6-(3-cyclohexyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)nicotinic acid; or a pharmaceutically acceptable salt
thereof. More preferred compounds of Formula ( 1C) include
(S)-3-cyclopentyl- L/-(1 -methyl-1 Hpyrazol- 3-yl)-2-(4-(thfluoromethyl)-1
H-imidazol-1 -yl)-propanamide; (S)-3-cyclopentyl-/V-
(5-methylpyridin-2-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)-propanamide; (S)-3- cyclopentyl-
L/-(5-methylpyrazin-2-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1 -yl)-
propanamide;
(S)-N-(5-methylpyrazin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-
(trifluoromethyl)-i H-imidazol-1 -yl)propanamide;
(S)-L/-(5-methylpyridin-2-yl)-3-
(tetrahydro-2H-pyran-4-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamide; (S)-6- (3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-imidazol-1
-yl)propanamido)nicotinic acid; (S)-6- (2-(4-(cyclobutylsulfonyl)-1
H-imidazol-1 -yl)-3-cyclopentylpropanamido)nicotinic acid;
(S)-6-(3-cyclopentyl-2-(4-(thfluoromethyl)-1 H-imidazol-1
-yl)propanamido)nicotinic acid;
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1
-yl)propanamido)pyridin-3- yl)acetic acid; and
(S)-6-(3-cyclohexyl-2-(4-(thfluoromethyl)-1 H-imidazol-1 -
yl)propanamido)nicotinic acid; or a pharmaceutically acceptable salt
thereof.Another preferred compound of the present invention is a compound
of Formula ( 1D) (1D) where R1, R2, and R4 are as described above.
Preferred compounds of Formula ( 1D) include (S)-3-cyclopentyl- L/-(1
-methyl-1Hpyrazol- 3-yl)-2-(3-(thfluoromethyl)-1 H-pyrazol-1
-yl)propanamide; (S)-3-cyclopentyl-/V-
(5-methylpyridin-2-yl)-2-(3-(trifluoromethyl)-1 H-pyrazol-1
-yl)propanamide; and (S)-3-
cyclopentyl-L/-(5-methylpyrazin-2-yl)-2-(3-(trifluoromethyl)-1 H-pyrazol-1
- yl)propanamide; or a pharmaceutically acceptable salt thereof. Another
preferred compound of the present invention is a compound of Formula ( 1E)
(1E) where the R1, R2, and R4 are as described above. Preferred compounds
of Formula ( 1E) include (S)-3-cyclopentyl- L/-(5-
methylpyridin-2-yl)-2-(3-(methylsulfonyl)-1 H-1 ,2,4-triazol-1
-yl)propanamide; (S)-3- cyclopentyl-L/-(1 -methyl-1
H-pyrazol-3-yl)-2-(3-(methylsulfonyl)-1 H-1 ,2,4-thazol-1 - yl)propanamide;
(S)-3-cyclopentyl- L/-(5-methylpyrazin-2-yl)-2-(3-(methylsulfonyl)-1 H-
1,2,4-thazol-1 -yl)propanamide; (S)-3-cyclopentyl-
L/-(pyrazin-2-yl)-2-(3-(trifluoromethyl)- 1H-1 ,2,4-triazol-1
-yl)propanamide; (S)-3-cyclopentyl- L/-(5-methylpyridin-2-yl)-2-(3-
(trifluoromethyl)-1H-1 ,2,4-thazol-1 -yl)propanamide; (S)-benzyl
6-(3-cyclopentyl-2-(3- (trifluoromethyl)-1H-1 ,2,4-thazol-1
-yl)propanamido)nicotinate; (S)-ethyl 2-(3-(3-
cyclopentyl-2-(3-(thfluoromethyl)-1 H-1 ,2,4-triazol-1 -yl)propanamido)-1
H-pyrazol-1 - yl)acetate; (S)-6-(3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-1
,2,4-triazol-1 - yl)propanamido)nicotinic acid; and
(S)-2-(3-(3-cyclopentyl-2-(3-(trifluoromethyl)-1 H- 1,2,4-thazol-1
-yl)propanamido)-1 H-pyrazol-1 -yl)acetic acid; or a pharmaceutically
acceptable salt thereof.Another aspect of the present invention is a
pharmaceutical composition that comprises ( 1 ) a compound of the present
invention, or a pharmaceutically acceptable salt thereof; and (2) a
pharmaceutically acceptable excipient, diluent, or carrier. Preferrably,
the composition comprises a therapeutically effective amount of a compound
of the present invention, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable excipient, diluent, or carrier. The
composition may comprise at least one additional pharmaceutical agent, or a
pharmaceutically acceptable salt thereof. Preferred additional
pharmaceutical agents include anti-diabetic, anti-obesity,
anti-hypertension, anti-hyperglycemic, and lipid lowering agents, as
described herein. More preferred, are anti-diabetic and anti-obesity
agents, as described herein. In yet another aspect of the present invention
is a method for treating a disease, condition, or disorder mediated by the
glucokinase enzyme, in particular, activation of said enzyme, in a mammal
that includes the step of administering to a mammal, preferably a human, in
need of such treatment a therapeutically effective amount of a compound of
the present invention, or a pharmaceutical composition thereof. Diseases,
disorders, or conditions mediated by glucokinase activators include Type Il
diabetes, hyperglycemia, metabolic syndrome, impaired glucose tolerance,
glucosuria, cataracts, diabetic neuropathy, diabetic nephropathy, diabetic
retinopathy, obesity, dyslididemia, hypertension, hyperinsulinemia, and
insulin resistance syndrome. Preferred diseases, disorders, or conditions
include Type Il diabetes, hyperglycemia, impaired glucose tolerance,
obesity, and insulin resistance syndrome. More preferred are Type Il
diabetes, hyperglycemia, and obesity. Most preferred is Type Il diabetes.
In yet another aspect of the present invention is a method of reducing the
level of blood glucose in a mammal, preferably a human, which includes the
step of administering to a mammal in need of such treatment a
therapeutically effective amount of a compound of the present invention, or
a pharmaceutical composition thereof. Compounds of the present invention
may be administered in combination with other pharmaceutical agents (in
particular, anti-obesity and anti-diabetic agents described hherein). The
combination therapy may be administered as ( 1 ) a single pharmaceutical
composition which comprises a compound of the present invention, at least
one additional pharmaceutical agent described herein and a pharmaceutically
acceptable excipient, diluent, or carrier; or (2) two separate
pharmaceutical compositions comprising (i) a first composition comprising a
compound of the present invention and a pharmaceutically acceptable
excipient, diluent, or carrier, and (ii) asecond composition comprising at
least one additional pharmaceutical agent described herein and a
pharmaceutically acceptable excipient, diluent, or carrier. The
pharmaceutical compositions may be administered simultaneously or
sequentially and in any order. DEFINITIONS For purposes of the present
invention, as described and claimed herein, the following terms and phrases
are defined as follows: "Activate(s)" or "activator", or "activation", as
used herein, unless otherwise indicated, refers to the ability of the
compounds of the present invention to indirectly or directly bind to the GK
enzyme in a mammal as a ligand thereby partially or wholly activating said
enzyme. "Additional pharmaceutical agent(s)" as used herein, unless
otherwise indicated, refers to other pharmaceutical compounds or products
that provide a therapeutically 



effective amount of said agents that are useful for the treatment of a
disease, condition, or disorder, as described herein. "Alkoxy", as used
herein, unless otherwise indicated, refers to an oxygen moiety having a
further alkyl substituent. The alkyl portion (i.e., alkyl moiety) of an
alkoxy group has the same definition as below. "Alkyl", as used herein,
unless otherwise indicated, includes saturated monovalent hydrocarbon
alkane radicals of the general formula CnH2n+i . The alkane radical may be
straight or branched and may be unsubstituted or substituted. For example,
the term "(d-C ) alkyl" refers to a monovalent, straight or branched
aliphatic group containing 1 to 6 carbon atoms. Non-exclusive examples of
(CrC 6) alkyl groups include, but are not limited to methyl, ethyl, propyl,
isopropyl, sec-butyl, t-butyl, n-propyl, n-butyl, i-butyl, s-butyl,
n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl,
3,3-dimethylpropyl, 2-methylpentyl, hexyl, and the like. Alkyl represented
along with another term (e.g., alkylamino (e.g., CH3NH-), aminoalkyl (e.g.,
NH2CH2-), di-alkylamino (e.g., (CH3)2N-), arylalkyl (e.g., benzyl), and the
like) where said alkyl moiety has the same meaning as above and may be
attached to the chemical moiety by any one of the carbon atoms of the
aliphatic chain. "Aryl", as used herein, unless otherwise indicated, refers
to a monocyclic, bicyclic, or fused ring system wherein each ring is
aromatic. A typical aryl group (e.g. phenyl, naphthyl) is a 6- to
10-membered carbocyclic ring or ring system. The aryl group may be attached
to the chemical moiety by any one of the carbon atoms withinthe ring
system. Aryl rings are optionally substituted with one to three
substituents and may be fused to a heteroaryl to form an aromatic
heteroaryl ring system. "Compounds of the present invention", as used
herein, unless otherwise indicated, refers to compounds of Formula (1A),
pharmaceutically acceptable salts of the compounds, as well as, all
stereoisomers (e.g., enantiomers), tautomers and isotopically labeled
compounds, and are therefore considered equivalents of the compounds of the
present invention. Solvates and hydrates of the Formula (1A) compounds, or
a pharmaceutically acceptable salt thereof, are considered compositions.
"Cycloalkyl", as used herein, unless otherwise indicated, includes fully
saturated or partially saturated carbocyclic alkyl moieties, wherein alkyl
is as defined above. Preferred cycloalkyls are 3- to 6-membered monocyclic
rings including cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. The
cycloalkyl group may be attached to the chemical moiety by any one of the
carbon atoms within the carbocyclic ring. Cycloalkyl groups are optionally
substituted with one to three substituents. The 5- to 6-membered
cycloalkyls may be fused with a heteroaryl to form a heteroaryl ring
system. "Diabetes", as used herein, unless otherwise indicated, refers to
metabolic defects in the production and utilization of carbohydrates,
particularly glucose, which result in the failure of glucose homeostasis.
Preferred forms of diabetes include Type I diabetes, or insulin-dependent
diabetes mellitus (IDDM) which results from the absolute deficiency of
insulin and Type Il diabetes, or non-insulin dependent diabetes mellitus
(NIDDM), which often occurs with normal, or even elevated levels of insulin
and appears to be the result of the inability of mammalian cells and
tissues to respond appropriately to insulin. Most preferred is NIDDM.
"Diabetes-related disorder", as used herein, unless otherwise indicated,
refers to metabolic syndrome (Syndrome X, or elevated blood glucose,
hypertension, obesity, dyslipidemia), hyperglycemia, hyperinsuiinemia,
impaired glucose tolerance, impaired fasting glucose, insulin resistance,
obesity, atherosclerotic disease, cardiovascular disease, cerebrovascular
disease, peripheral vessei disease, lupus, polycystic ovary syndrome,
carcinogenesis, diabetic neuropathy, diabetic nephropathy, diabetic
retinopathy, diabetic macular edema, and hyperplasia. "Halo-substituted
alkyl", unless otherwise indicated, refers to an alkyl group substituted
with one or more halogen atoms (e.g., chloromethyl, dichloromethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, perfluoroethyl, and the
like. When substituted, the alkane radicals are preferably substituted with
1 to 3 fluoro substituents."Heteroaryl", as used herein, unless otherwise
indicated, refers to an aromatic monocyclic or fused ring containing one or
more heteroatoms each independently selected from N, O, or S, preferably
from one to three heteroatoms. Non-exclusive examples of monocyclic rings
include pyrolyl, furanyl, thiophenyl, pyrazolyl, oxazolyl, thiazolyl,
oxadiazolyl, pyridinyl, tetrazolyl, pyridazinyl, pyrimidinyl, and the like.
No n exclusive examples of fused rings include: quinolinyl, cinnolinyl,
benzofuranyl, benzothiazolyl, indolyl, iso-indolyl, indazolyl, and the
like. The heteroaryl group may be attached to the chemical moiety by any
one of the carbon atoms or heteroatoms (e.g., N, O, and S) within the ring.
Heteroaryls are optionally substituted with one to three substituents.
"Heterocycle", as used herein, unless otherwise indicated, refers to
non-aromatic rings containing one or more heteroatoms each independently
selected from N, O, or S, preferably from one to three heteroatoms, that
are either partially saturated or fully saturated and may exist as a
monocyclic or fused ring. Non-exclusive examples of monocyclic heterocycles
include: tetrahydrofuranyl, pyrrolidinyl, tetrahydropyranyl,
tetrahydrothiophenyl, piperidinyl, piperazinyl, azathianyl, and the like.
Non-exclusive examples of fused heterocycles include:
6,7-dihydro-5H-[1]pyhdinyl, thiazolo[5,4- b]pyridinyl, 2,3-dihydro-1
H-pyrrolo[2,3-c]pyhdinyl, and the like. The heterocyclic group may be
attached to the chemical moiety by any one of the carbon atoms or
heteroatoms (e.g. N, O, and S) within the ring system. Heterocycles are
optionally substituted with one to three substituents. "Mammal", or
"mammalian" as used herein, unless otherwise indicated, refers to an
individual animal that is a member of the taxonomic class Mammalia.
Non-exclusive examples of mammals include humans, dogs, cats, horses, and
cattle, preferably human. "Mediate(s)" or "mediated", as used herein,
unless otherwise indicated, refers to the activation (e.g., partial or
full) of the glucokinase enzyme by enhancing glucose binding, alleviating
the inhibition of glucokinase regulatory protein, a key regulator of
glucokinase activity in the liver, and/or to increase the catalytic rate of
the glucokinase enzyme (e.g., change Vmax). "Obesity" and "obese", as used
herein, unless otherwise indicated, refers generally to individuals who are
at least about 20-30% over the average weight for his/her age, sex and
height. Technically, obese is defined, for males and females, as
individuals whose body mass index is greater than 27.8 kg/ m2, and 27.3
kg/m2, respectively. Those of skill in the art readily recognize that the
invention method is notlimited to those who fall within the above criteria.
Indeed, the method of the invention can also be advantageously practiced by
individuals who fall outside of these traditional criteria, for example, by
those who may be prone to obesity. "Pharmaceutically acceptable" as used
herein, unless otherwise indicated, indicates that the substance or
composition must be compatible chemically and/or toxicologically, with the
other ingredients comprising a formulation, composition, and/or the mammal
being treated therewith. "Reducing the level of blood glucose", or "lower
blood glucose" as used herein, unless otherwise indicated, refers to an
amount of the compound of the present 



invention sufficient to provide circulating concentrations of the compound
high enough to accomplish the desired effect of lowering blood glucose
levels in a mammal. "Therapeutically effective amount", as used herein,
unless otherwise indicated, refers to an amount of the compounds of the
present invention that (i) treats or prevents the particular disease,
condition, or disorder, (ii) attenuates, ameliorates, or eliminates one or
more symptoms of the particular disease, condition, or disorder, or (iii)
prevents or delays the onset of one or more symptoms of the particular
disease, condition, or disorder described herein. "Treatment", "treating",
and the like, as used herein, unless otherwise indicated, refers to
reversing, alleviating, or inhibiting the progress of the disorder or
condition to which such term applies, or one or more symptoms of such
disorder or condition. As used herein, these terms also encompass,
depending on the condition of the mammal, preferably a human, preventing
the onset of a disorder or condition, or of symptoms associated with a
disorder or condition, including reducing the severity of a disorder or
condition or symptoms associated therewith prior to affliction with said
disorder or condition. Thus, treatment can refer to administration of the
compounds of the present invention to a mammal that is not at the time of
administration afflicted with the disorder or condition. Treating also
encompasses preventing the recurrence of a disorder or condition or of
symptoms associated therewith. DETAILED DESCRIPTION OF THE INVENTION The
present invention provides Formula (1A) compounds, or pharmaceutically
acceptable salts thereof, compositions and pharmaceutical compositions that
are useful in the treatment of diseases, disorders, or conditions mediated
by glucokinase activation, in particular, compounds that activate
glucokinase in a mammal, preferably a human.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 from commercial sources such as Aldrich Chemicals (Milwaukee,
Wis.) 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", 1; 19, Wiley, New York (
1967, 1999 ed.), or Beilsteins Handbuch der organischen Chemie , 4, Aufl.
ed. Springer-Verlag, Berlin, including supplements (also available via the
Beilstein online database)). For illustrative purposes, the reaction
schemes depicted below demonstrate potential routes for synthesizing
compounds of the present invention, and 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 suitable
starting materials, reagents, and synthetic routes may be used to
synthesize the compounds of the present invention and a variety of
derivatives thereof. Further, 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. Compounds of
the present invention described herein contain at least one asymmetric or
chiral center; and therefore, exist in different stereoisomeric forms. The
R and S configurations are based upon knowledge of known chiral
inversion/retention chemistry by those skilled in the art. For example, the
chirality of an intermediate undergoes an inversion when a neucleophile
attacks from the opposite side of the leaving group, the product could be
designated as R or S depending on the priorities of the groups attached to
the stereocenter (Stereochemistry of Organic Compounds , by Ernest L. ENeI,
Samuel H. Wilen, John Wiley and Sons, Inc. (1994)). Whereas, if a
nucleophile attaches to the same side as the leaving group the chirality of
intermediate is retained. In most of the examples, there is an inversion of
the configuration where a compound with R configuration is converted to
compound with a S configuration as the phorties of the all the four
substituents at the stereocenter is retained. It is further noted that the
intermediates can also be racemic (50:50 mixture of stereoisomer) thereby
producing racemic products. A chiral separation method can be used to
separate these enantiomers to provide the specific R or S isomers. It is
further noted that the intermediates can also be racemic thereby producing
racemic products. A more detailed description of techniques that can be
used to resolve stereoisomers ofcompounds from their racemic mixture can be
found in Jean Jacques Andre Collet, Samuel H. Wilen, Enantiomers, Racemates
and Resolutions, John Wiley and Sons, Inc. (1981 ) . In addition, the
present invention embraces all geometric and positional isomers. For
example, if a compound of the present invention incorporates a double bond
or a fused ring, both the cis- and trans-forms, as well as mixtures, are
embraced within the scope of the invention. In the preparation of compounds
of the present invention, protection of remote functionality (e.g., primary
or secondary amine) of intermediates from undesired reactions with a
protecting or blocking group. The term "protecting group" or "Pg" refers to
a substituent that is commonly employed to block or protect a particular
functionality while reacting other functional groups on the compound. For
example, an amine protecting group "Pg 1" or a carboxyl protecting group
"Pg2" is a substituent attached to an amine or carboxyl group that blocks
or protects the amine or carboxyl functionality, respectively, of the
compound. Suitable amine protecting groups include: -tertbutyloxycarbonyl
(Boc), acyl groups including: formyl, acetyl, chloroacetyl,
trichloroacetyl, o-nitrophenylacetyl, o-nitrophenoxyacetyl, thfluoroacetyl,
acetoacetyl, 4- chlorobutyryl, isobutyryl, o-nitrocinnamoyl, picolinoyl,
acylisothiocyanate, aminocaproyl, benzoyl, and the like; and acyloxy groups
including: methoxycarbonyl, 9-fluorenylmethoxycarbonyl,
2,2,2-trifluoroethoxycarbonyl, 2-trimethylsilylethxoycarbonyl,
vinyloxycarbonyl, allyloxycarbonyl, 1, 1 -dimethyl-propynyloxycarbonyl,
benzyloxycarbonyl, p-nitrobenzyloxycarbony, 2,4-dichlorobenzyloxycarbonyl,
and the like. Representative carboxyl protecting groups include: methyl
ester, however, it is not restricted to other alkyl, benzylester, silyl
ester, or substituted benzyl esters. Additional carboxyl protecting groups
include: methyl-, ethyl-, and f-butyl-esters, trimethylsilyl, -
butyldimethylsilyl, diphenylmethyl, benzhydryl, cyanoethyl,
2-(trimethylsilyl)ethyl, nitroethyl, 2-(trimethylsilyl)ethoxymethyl,
2-(p-toluenesulfonyl)ethyl, and the like. Suitable protecting groups and
their respective uses are readily determined by one skilled in the art. For
a general description of protecting groups and their use, see T. W. Greene,
Protective Groups in Organic Synthesis , John Wiley & Sons, New York, 1991
. The term "leaving group" or "L", as used herein, refers to the group with
the meaning conventionally associated with it in synthetic organic
chemistry, i.e., an atom or group displaceable under reaction (e.g.,
alkylating) conditions. Examples of leaving groups include halo (e.g., Cl,
F, Br, I), alkyl (e.g., methyl and ethyl), thiomethyl,tosylates, mesylates,
and the like. Preferably, the leaving group is a triflate or iodo group.
Schemes 1-5 outline the general procedures useful for the preparation of
compounds of the present invention. It is to be understood, however, that
the invention, as fully described herein and as recited in the claims, is
not intended to be limited by the details of the following schemes or modes
of preparation. Other reagents and 



preparatory modes known by the skilled artisan can also be used. Further,
the leaving group, L, the protecting groups, Pg 1 and Pg2, X, Y, Z, R1, R2,
and R3 are as described herein. In Scheme 1, W represents an atom such as
carbon (C), nitrogen (N), or oxygen (O), preferably C or O, and the letter
"m" refers to an integer with a value of 0, 1, or 2 . The letter "L" refers
to a leaving group which undergoes nucleophilic substitution with a
nucleophile, and refers to a halogen (e.g., chlorine, bromine, fluorine, or
iodide), triflate, mesylate, or tosylate, preferably a triflate. Further,
the amino group is protected as a te/t-butoxycarbonyl protecting group (Pg
1) and the carboxyl group is protected as a methyl-ester protecting group
(Pg2) . Scheme 1 ( 1 .5) ( 1 .6) ( 1 .7) ( 1 .8) Scheme 1 describes the
preparation of chiral a-amino acids ( 1 .5) and finally to an activated
ester ( 1 .8) for introduction of an /V-linked heterocycle. Although,
Scheme 1 describes a method for the preparation of compound ( 1 .5),
availability of this amino acid is not restricted to this method only.
Alpha-amino acids can also be prepared by other methods known to the
skilled artisan or can be purchased from commercial vendors (e.g.,
Sigma-Aldrich (St. Louis, MO); Acros Organics (Geel, Belgium); Fulcrum
Scientific Limited (West Yorkshire, UK); and Amatek Chemical (Kowloon, Hong
Kong)).Amino ester ( 1 .2) can be synthesized from an appropriately
functionalized aminoprotected (/V-Pg1) and carboxy-protected (O-Pg2)
derivative ( 1 .1 ) with a leaving group (L, preferably an iodo group
(Jackson, R.F.W., et.al., Orq. Svn. . 8 1, 77, (2005)), by metal mediated
coupling, for example, palladium. In a preferred example, 3,6-dihydro-
2H-pyran-4-yl trifluoromethanesulfonate can be coupled with ('R)-methyl
2-(tertbutoxycarbonylamino)- 3-iodopropanoate in the presence of
PdCI2(PPh3)2 after treating the former with Zinc in an inert solvent such
as dimethyl-formamide. The olefin functionality in ( 1 .2) can then be
reduced to the corresponding saturated compound ( 1 .3) under hydrogenation
conditions. A typical hydrogenation reaction can be performed in methanol
with hydrogen in the presence of catalytic amount of Pd/C. Further removal
of the amino-protecting group in ( 1 .3) followed by removal of the carboxy
protecting group of intermediate ( 1 .4) affords the desired amino acid ( 1
.5). For example, the te/t-butoxycarbonyl protecting group and the methyl
ester can be cleaved under acidic condition (HCI) in water. The activated
ester ( 1 .8) can be synthesized via treatment with an activating agent
such as trifluoromethanesulfonic anhydride from the a-hydroxy-ester ( 1 .7)
(Degerbeck, F., et.al., J. Chem. Soa , Perkin Trans. 1, 11-14, (1993)). In
a typical procedure this reaction can be performed in an inert solvent such
as anhydrous CH2CI in the presence of mild base such as 2,6-lutidine by
dropwise addition of trifluoromethanesulfonic anhydride to the
hydroxy-ester ( 1 .7). The a- hydroxy-ester ( 1 .7) can be prepared from
the corresponding amino acid ( 1 .5) via sequence of reactions, first by
diazotization of the amino acid with sodium nitrite in water in presence of
acid (McCubbin, J.A., et.al., Orq. Letters , 8, 2993-2996, (2006)) followed
by acid catalyzed (H2SO4) esterification of the resulting hydroxy-ester ( 1
.6).Scheme 2 Method A Scheme 2, describes the preparation of
carboxy-protected hetero-substituted-esters (2.4) and (2.7). In Method A,
the intermediate (2.3) can be obtained from commercially available
halo-substituted heterocycles (2.1 ) by treatment with f-butyl lithium
followed by reaction with a dialkyl disulfide (Katritzky, Alan R. et al. J.
Chem. Soa , Perkin Trans. 1, (6), 1139-45; 1989). The resulting sulfide
(2.2) can be oxidized to the corresponding sulfone with a suitable oxidant
such as potassium peroxomonosulfate (Oxone(r), DuPont Specialty Chemicals
(Deepwater, NJ)), or m-chloroperoxybenzoic acid (See, e.g., Bernotas,
Ronald et al. Bioorganic & Medicinal Chemistry Letters , 14(22), 5499-5502;
2004; Kristof, T.J., et.al., Tetrahedron. 63, Issue 36, 8954-8961 , (2007),
Kulkarni, Surendra et al. Australian Journal of Chemistry, 40(8), 141 5-25;
1987). Intermediate (2.3) can be converted to (2.4) by nucleophilic
substitution reaction. The nucleophilic substitution reaction can be
performed in a chiral compound with inversion of the stereochemistry at the
chiral center. The nucleophile can be generated by treatment of an
appropriate intermediate (2.3) with lithium hexamethyldisilazide and
subsequent addition of the thflate-ester ( 1 .8) thereby generating the
carboxy-protected 2-heterosubstituted- ester (2.4). Other suitable bases
with an appropriate pKb and other alkylating agents (e.g., alkyl sulfonates
and the like) can also be utilized (Effenberger, Franz et al. Liebiqs
Annalen der Chemie , (2), 314-33; 1986; , Terasaka, Tadashi et al.
Bioorganic & Medicinal Chemistry Letters , 13(6), 1115-1 118; 2003). Q is a
halogen, preferably Br or I .For example, 4-bromo-1 /-/-imidazole (2.1 )
can be converted to 4-(alkyllthio)-1 /-/- imidazole (2.2) by treatment with
f-butyllithium followed by reaction with dialkyldisulfide. The sulfide
moiety in intermediate (2.2) can be oxidized to corresponding sulfone (2.3)
by treatment with m-chloroperbenzoic acid in an inert solvent such as
CH2CI2. Methyl 3-substituted-2-(4-(alkylsulfonyl)-1 /-/-imidazol-1
-yl)propanoate (2.4) was then synthesized from (2.3) by treatment with
lithium hexamethyldisilazide in an inert solvent such as THF followed by
addition of triflate-ester ( 1 .8). Further, compound (2.4) can be prepared
via reversal of the reaction sequence as shown in Method B. In this case,
the akylation of a sulfide derivative (2.2) with ( 1 .8) can be performed
first, and the resulting intermediate (2.5) can be oxidized to the desired
sulfone (2.4). For example, 4-substituted-1/-/-pyrazole (2.2) can be
synthesized from 4- bromo-1 H-pyrazole (2.1 ) by metal-halogen exchange
followed by treatment with a dial kyl-d isulfide (e.g. diisopropyl
disulfide) in THF at low temperature. 4-substituted-1/-/- pyrazole (2.2)
can be treated with lithium bis(trimethylsilyl)amide followed by treatment
with the activated ester ( 1 .8) providing
subtituted-2-(4-(thioalkyl)-1/-/-pyrazol-1- yl)propanoate (2.5), which can
be further oxidized to the sulfone with potassium peroxomonosulfate
(Oxone(r), DuPont Specialty Chemicals, Deepwater, NJ, USA). Finally,
compound (2.7) can be prepared directly from the commercially available
hetereocycles (such as 3-(trifluoromethyl)-1 H-pyrazole, (Shanghai
Sinofluoro Scientific Corporation, Shanghai, China)) as shown in Method C
using alkylation chemistry as described herein. Scheme 3 (3.2) The final
transformation to the amide (3.1 ) can be accomplished via an acid
catalyzed transamidation reaction. For example, transformation of the
a-heterocycle substituted ester (2.7, wherein the Pg2 moiety depicted is
methyl) to the amide (3.1 ) canbe achieved by treatment with a Lewis acid
in the presence of an appropriate amine (R4NH2) , also referred to as an
aprotic acid, such as AIMe3 or AIMe CI. See, e.g., Yadav, J.S., et.al.,
Tet. Letters , 48, Issue 24, 4 169-41 72, (1977). Other suitable Lewis
acids include AI2O3, TiO2, ZnCI2, SnCI4, TiCI4, FeCI3, AIMe3, AIMe2CI, and
the like. Alternatively, this transformation can be achieved via ester
hydrolysis of the ester (2.7) to the corresponding carboxylic acid (3.2)
under acidic or basic conditions and coupling with an appropriate amine to
produce the pyridone amide (i.e., a compound of the present invention).
Hydrolysis of the ester can be performed under either basic or acidic
conditions. For example, aqueous NaOH, KOH, or LiOH in the presence of an
inert organic solvent such as THF or dioxane can be used for base catalyzed
hydrolysis. For acid catalyzed hydrolysis, HCI in the presence of water
with 



or without an organic solvent can be used. See, e.g., Puschl, A., et.al.,
J. Chem. Soa , Perkin Transactions 1, (21 ) , 2757-2763, (2001 ) . Other
suitable methods can be used to catalyze the hydrolysis. It is noted that
compounds of Formula (2.4) can undergo a similar acid catalyzed
transamidation reaction or ester hydrolysis for the final sulfonyl
substituted amide transformation. The term "coupling reagent" refers to a
chemical reagent that is commonly employed as an agent to couple or join
two or more specific compounds to make a single combined compound. Suitable
coupling agents include [O-
(7-azabenzotriazol-1-yl)-/V,/V,/V',/V'-tetramethyluronium
hexafluorophosphate], 1, 1 '- thiocarbonyldimidazole, and the like.
Moreover, activation of the acid (3.2) to an acid chloride follwed by
treatment of the suitable amine will also provide compound (3.1 ) . Scheme
4 (4.1 ) ( 1.7) Scheme 4 describes an alternate preparation of the
hydroxy-ester ( 1 .7) (Alami, M., et. al., Tet. Asvm . , 8(17), 2949-2959,
( 1997). Li2CuCI4, prepared from CuCI2 and LiCI in THF, can be added to a
cold Ghgnard reagent solution in THF, for instance in a preferred example
cyclopentylmagnesium bromide, to form the alkyl magnesium cuprate. Upon
addition of (4.1 ) , for instance methyl (2R)-glycidate, followed by an
aqueous quench, ( 1 .7) is formed.Scheme 5 (5-5) (5.4) Scheme 5 describes
another route to synthesize compounds like (5.5). Intermediate (5.2) can be
synthesized by the nucleophilic displacement of a leaving group, such as
bromide, on (5.1 ) by the anion of heterocycle (2.4) formed by mixing (2.4)
with a base of sufficient strength, such as sodium hydride (Liu, Z.-C, et
al. Tetrahedron , 2005, 6 1(33), 7967-7973.). An aldol condensation with an
aldehyde can form alkene (5.3) via dehydration of a hydroxy intermediate
(Sawyer, J. S. J. Med. Chem. 2005, 48, 893-896.). This reaction is promoted
by a base such as potassium te/f-butoxide. Reduction of the double bond can
form (5.4). This can be accomplished with methods that include Pd/C,
hydrogen gas or transfer hydrogenation, whereby a hydrogen source other
than hydrogen gas is used, for example ammonium formate in the presence of
Pd/C (Ranu, B. C , et al. J. Indian Chem. Soc. 1998, 75(1 0-1 2), 690-
694.). Forming (5.5) can be accomplished as detailed in Scheme 3 either
directly or via the carboxylic acid. A compound of the present invention
may be isolated and used per se or optionally administered in the form of
its pharmaceutically acceptable salt, hydrate, and/or solvate. For example,
it is well within the scope of the present invention to convert the
compounds of the present invention into and use them in the form of their
pharmaceutically acceptable salts derived from various organic and
inorganic acids and bases, acids of amino acids, salts derived form organic
and inorganic acids and cationic salts based on the alkali and alkaline
earth metals in accordance with procedures well known in the art. When the
compounds of the present invention possess a free base form, the compounds
can be prepared as a pharmaceutically acceptable acid addition salt by
reacting the free base form of the compound with a pharmaceutically
acceptableinorganic or organic acid, e.g., hydrohalides such as
hydrochloride, hydrobromide, hydrofluoride, hydroiodide; other mineral
acids and their corresponding salts such as sulfate, nitrate, phosphate;
and alkyl and monoarysulfonates such as ethanesulfonate, toluenesulfonate,
and benzene sulfonate; and other organic acids and their corresponding
salts such as aliphatic mono- and dicarboxylic acids, phenyl-substituted
alkanoic acids, hydroxy alkanoic acids, alkanedioic acids, aromatic acids,
aliphatic and aromatic sulfonic acids, etc. Such salts include sulfate,
pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
thfluoroacetate, propionate, caprylate, isobutyrate, oxalate, malonate,
succinate, suberate, sebacate, fumarate, acetate, maleate, mandelate,
benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, phthalate,
benzenesulfonate, toluenesulfonate, phenylacetate, citrate, lactate,
malate, tartrate, methanesulfonate, and the like. Also contemplated are
salts of amino acids such as arginate, gluconate, galacturonate, and the
like. See, e.g., Berge S.M., et. al., Pharmaceutical Salts, J. of Pharma.
ScL , 66:1 (1977). Compounds of the present invention that comprise basic
nitrogen-containing groups may be quaternized with such agents as (Ci-C
4)alkyl halides, e.g., methyl, ethyl, isopropyl, and tert-butyl chlorides,
bromides, and iodides; di-(Ci-C 4)alkyl sulfates, e.g., dimethyl, diethyl,
and diamyl sulfates; (Ci O-Ci 8)alkyl halides, e.g., decyl, dodecyl,
lauryl, myristyl, and stearyl chlorides, bromides, and iodides; and
aryl(Ci-C 4)alkyl halides, e.g., benzylchloride and phenethyl bromide. Such
salts permit the preparation of both watersoluble and oil-soluble compounds
of the present invention. When the compounds of the present invention
possess a free acid form, a pharmaceutically acceptable base addition salt
can be prepared by reacting the free acid form of the compound with a
pharmaceutically acceptable organic or inorganic base. Non-exclusive
examples of base addition salts include, but are not limited to alkali
metal hydroxides including potassium, sodium, and lithium hydroxides;
alkaline earth metal hydroxides such as barium and calcium hydroxides;
alkali metal alkoxides, e.g., potassium ethanolate and sodium propanolate;
and various organic bases such as ammonium hydroxide, pipehdine,
diethanolamine and N-methylglutamine. Also included are aluminum salts of
the compounds of the present invention. Further base salts of the present
invention include, but are not limited to: copper, ferric, ferrous,
lithium, magnesium, manganic, manganous, potassium, sodium, and zinc salts.
Organic base salts include but are not limited to, salts of primary,
secondary, and tertiary amines, substituted amines including naturally
occurring substituted amines,cyclic amines, e.g., ammonium,
tetramethylammoniunn, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, and ethylamine;and basic ion exchange
resins, e.g., arginine, betaine, caffeine, chloroprocaine, choline, N N'-
dibenzylethylenediamine, dicyclohexylamine, diethanolamine,
2-diethylaminoethanol, 2- dimethylaminoethanol, ethanolamine,
ethylenediamine, N-ethylmorpholine, Nethylpipehdine, glucamine, and
glucosamine. See, e.g., Berge S.M., et. al., Pharmaceutical Salts, J. of
Pharma. ScL 66:1 , ( 1977). It should be recognized that the free acid
forms will typically differ from their respective salt forms somewhat in
physical properties such as solubility in polar solvents, but otherwise the
salts are equivalent to their respective free acid forms for the purposes
of the present invention. All of the salt forms are within the scope of the
compounds useful in the method of the present invention. Conventional
concentration or crystallization techniques can be employed to isolate the
salts. The compounds and salts of the present invention may inherently form
solvates, including hydrated forms, with pharmaceutically acceptable
solvents. A solvate refers to a molecular complex of a compound represented
by Formula (1A) including pharmaceutically acceptable salts thereof, with
one or more solvent molecules. In general, the solvated forms, including
hydrated forms, are equivalent to unsolvated forms and are intended to be
encompassed within the scope of the present invention. Solvents that are
commonly used in the pharmaceutical art, which are known to be innocuous to
the recipient include water, ethanol, methanol, isopropanol, 



dimethylysulfoxide (DMSO), ethyl acetate, acetic acid, or ethanolamine, and
the like. Although pharmaceutically acceptable solvents are preferred,
other solvents may be used and then displaced with a pharmaceutically
acceptable solvent to acquire certain polymorphs. A hydrate refers to the
complex where the solvent molecule is water. Solvates, including hydrates,
are considered compositions of the compound of the present invention. It is
also possible that the intermediates and compounds of the present invention
may exist in different tautomeric forms. Tautomers refer to organic
compounds that are interconvertible, i.e., when a chemical reaction results
in a formal migration of a proton accompanied by a switch of a single bond
and adjacent double bond (e.g., enol/keto, amide/imidic acid, and
amine/imine forms) or as illustrated belowSee, e.g., Katritzky, A.R.,
et.al., The Tautomerism of Heterocvcles , Academic Press, New York, (
1976). All such tautomeric forms are embraced within the scope of the
invention. The present invention also includes isotopically-labelled
compounds, which are identical to those recited for the compound of Formula
(1A), but for the fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the atomic mass or mass
number usually found in nature. Examples of isotopes that can be
incorporated into compounds of the invention include isotopes of hydrogen,
carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine, iodine, and
chlorine, such as 2H, 3H, 1 1C, 13C, 14C, 13N, 15N, 15O, 17O, 180 , 3 1P,
32P, 35S, 18F, 123 1, 125 I and 36CI, respectively. Compounds of Formula
(1A) which contain the aforementioned isotopes and/or other isotopes of
other atoms are within the scope of this invention. Certain
isotopically-labelled compounds of the present invention, for example those
into which radioactive isotopes such as 3H and 14C are incorporated, are
useful in drug and/or substrate tissue distribution assays. Tritiated,
i.e., 3H, and carbon-14, i.e., 14C, isotopes are particularly preferred for
their ease of preparation and detectability. Further, substitution with
heavier isotopes such as deuterium, i.e., 2H, can afford certain
therapeutic advantages resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage requirements and,
hence, may be preferred in some circumstances. Positron emitting isotopes
such as 15O, 13N, 1 1C, and 18F are useful for positron emission tomography
(PET) studies to examine substrate occupancy lsotopically labeled compounds
of this invention thereof can generally be prepared by carrying out the
procedures disclosed herein, by substituting a readily available
isotopically labelled reagent for a non-isotopically labeled reagent.
Compounds of the present invention are useful for treating diseases,
conditions and/or disorders mediated by the activation of glucokinase;
therefore, another embodiment of the present invention is a pharmaceutical
composition comprising a therapeutically effective amount of a compound of
the present invention, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient, diluent or carrier. The compounds of
the present invention (including the compositions and processes used
therein) may also be used in the manufacture of a medicament for the
therapeutic applications described herein. A typical formulation is
prepared by mixing a compound of the present invention and a carrier,
diluent or excipient. Suitable carriers, diluents and excipients are well
known to those skilled in the art and include materials such as
carbohydrates, waxes,water soluble and/or swellable polymers, hydrophilic
or hydrophobic materials, gelatin, oils, solvents, water, and the like. The
particular carrier, diluent or excipient used will depend upon the means
and purpose for which the compound of the present invention is being
applied. Solvents are generally selected based on solvents recognized by
persons skilled in the art as safe to be administered to a mammal. In
general, safe solvents are non-toxic aqueous solvents such as water and
other non-toxic solvents that are soluble or miscible in water. Suitable
aqueous solvents include water, ethanol, propylene glycol, polyethylene
glycols (e.g., PEG400, PEG300), etc. and mixtures thereof. 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 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). The
formulations can be prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance (i.e., compound of the
present invention or stabilized form of the compound (e.g., complex with a
cyclodexthn derivative or other known complexation agent)) is dissolved in
a suitable solvent in the presence of one or more of the excipients
described above. The compound of the present invention is typically
formulated into pharmaceutical dosage forms to provide an easily
controllable dosage of the drug and to give the patient an elegant and
easily handled product. The pharmaceutical composition (or formulation) for
application may be packaged in a variety of ways depending upon the method
used for administering the drug. Generally, an article for distribution
includes a container having deposited therein the pharmaceutical
formulation in an appropriate form. Suitable containers are wellknown to
those skilled in the art and include materials such as bottles (plastic and
glass), sachets, ampoules, plastic bags, metal cylinders, and the like. The
container may also include a tamper-proof assemblage to prevent indiscreet
access to the contents of the package. In addition, the container has
deposited thereon a label that describes the contents of the container. The
label may also include appropriate warnings. The present invention further
provides a method of treating diseases, conditions and/or disorders
mediated by the activation of glucokinase in a mammal that
includesadministering to a mammal in need of such treatment a
therapeutically effective amount of a compound of the present invention or
a pharmaceutical composition comprising an effective amount of a compound
of the present invention and a pharmaceutically acceptable excipient,
diluent, or carrier. The method is particularly useful for treating
diseases, conditions and/or disorders that benefit from the activation of
glucokinase which include: eating disorders (e.g., binge eating disorder,
anorexia, bulimia, weight loss or control and obesity), prevention of
obesity and insulin resistance by glucokinase expression in skeletal muscle
of transgenic mice (Otaegui, P.J., et.al., The FASEB Journal , 17;
2097-2099, (2003)); and Type Il diabetes, insulin resistance syndrome,
insulin resistance, and hyperglycemia (Poitout, V., et.al., "An integrated
view of b-cell dysfunction in type-ll diabetes", Annul. Rev. Medicine , 47;
69-83, ( 1996)). One aspect of the present invention is the treatment of
Type Il diabetes, progression of disease in Type Il diabetes, metabolic
syndrome (Syndrome X or a combination of elevated blood glucose,
hypertension, obesity, decreased HDL cholesterol, and elevated
triglycerides), hyperglycemia, impaired glucose tolerance (a pre-diabetic
state of dysglycemia associated with insulin resistance), glucosuria
(abnormal condition of osmotic diuresis due to excretion of glucose by the
kidneys), 



cataracts, diabetic neuropathy, diabetic nephropathy, diabetic retinopathy,
obesity; conditions exacerbated by obesity; hypertension; dyslipidemia;
hypehnsulinemia (excess circulating blood insulin often associated with
metabolic syndrome and NIDDM), and diabetic macular edema. The preferred
disease, disorder, or condition to be treated is Type Il diabetes,
hyperglycemia, and reducing blood glucose. Most preferred is Type Il
diabetes. Diabetes is generally defined as a syndrome characterized by
disordered metabolism and inappropriately high blood glucose
(hyperglycemia) resulting from either low levels of the hormone insulin or
from abnormal resistance to insulin's effects coupled with inadequate
levels of insulin secretion to compensate. Diabetes is generally
characterized as three main forms: ( 1) Type I, (2) Type II, and (3)
gestational diabetes. Type I diabetes is usually due to autoimmune
destruction of the pancreatic beta cells. Type Il diabetes is characterized
by insulin resistance in target tissues. This causes a need for abnormally
high amounts of insulin and diabetes develops when the beta cells cannot
meet this demand. Gestational diabetes is similar to Type Il diabetes in
that it involves insulin resistance; the hormones of pregnancy can cause
insulin resistance in women genetically predisposed to developing this
condition, and typically resolves with delivery of the child. However,
Types I and Il are chronic conditions.Type 1 diabetes, in which insulin is
not secreted by the pancreas, is directly treatable with insulin, although
dietary and other lifestyle adjustments are part of disease management.
Type Il diabetes may be managed with a combination of diet and
pharmaceutical products (e.g., medicaments), and frequently, insulin
supplementation. Diabetes can cause many complications. Acute complications
include hypoglycemia, hyperglycemia, ketoacidosis or nonketotic
hyperosmolar coma. Serious long-term complications include, but are not
limited to: cardiovascular disease, renal failure, retinal damage,
decreased blood circulation, nerve damage, and hypertension. In yet another
aspect of the present invention is the treatment of diabetes related
disorders, such as metabolic syndrome. Metabolic syndrome includes
diseases, conditions or disorders such as dyslipidemia, hypertension,
insulin resistance, coronary artery disease, obesity, and heart failure.
For more detailed information on Metabolic Syndrome, see, e.g., Zimmet, PZ.
, et al., "The Metabolic Syndrome: Perhaps an Etiologic Mystery but Far
From a Myth - Where Does the International Diabetes Federation Stand?,"
Diabetes & Endocrinology , 7(2), (2005); and Alberti, K.G., et al., "The
Metabolic Syndrome - A New Worldwide Definition," Lancet . 366, 1059-62
(2005). Preferably, administration of the compounds of the present
invention provides a statistically significant (p<0.05) reduction in at
least one cardiovascular disease risk factor, such as lowering of plasma
leptin, C-reactive protein (CRP) and/or cholesterol, as compared to a
vehicle control containing no drug. The administration of compounds of the
present invention may also provide a statistically significant (p<0.05)
reduction in glucose serum levels. For a normal adult human having a body
weight of about 100 kg, a dosage in the range of from about 0.001 mg to
about 10 mg per kilogram body weight is typically sufficient, preferably
from about 0.01 mg/kg to about 5.0 mg/kg, more preferably from about 0.01
mg/kg to about 1 mg/kg. However, some variability in the general dosage
range may be required depending upon the age and weight of the subject
being treated, the intended route of administration, the particular
compound being administered and the like. The determination of dosage
ranges and optimal dosages for a particular patient is well within the
ability of one of ordinary skill in the art having the benefit of the
instant disclosure. It is also noted that the compounds of the present
invention can be used in sustained release, controlled release, and delayed
release formulations, which forms are also well known to one of ordinary
skill in the art. The compounds of this invention may also be used in
conjunction with other pharmaceutical agents for the treatment of the
diseases, conditions and/or disordersdescribed herein. Therefore, methods
of treatment that include administering compounds of the present invention
in combination with other pharmaceutical agents are also provided. Suitable
pharmaceutical agents that may be used in combination with the compounds of
the present invention include anti-obesity agents (including appetite
suppressants), anti-diabetic agents, anti-hyperglycemic agents, lipid
lowering agents, and anti-hypertensive agents. Suitable anti-obesity agents
include cannabinoid-1 (CB-1 ) antagonists (such as rimonabant), 11b-hydroxy
steroid dehydrogenase-1 ( 1 1b-HSD type 1) inhibitors, stearoyl-CoA
desaturase-1 (SCD-1 ) inhibitor, MCR-4 agonists, cholecystokinin-A (CCKA)
agonists, monoamine reuptake inhibitors (such as sibutramine),
sympathomimetic agents, b3 adrenergic agonists, dopamine agonists (such as
bromocriptine), melanocyte-stimulating hormone analogs, 5HT2c agonists,
melanin concentrating hormone antagonists, leptin (the OB protein), leptin
analogs, leptin agonists, galanin antagonists, lipase inhibitors (such as
tetrahydrolipstatin, i.e. orlistat), anorectic agents (such as a bombesin
agonist), neuropeptide-Y antagonists (e.g., NPY Y5 antagonists), PYY3-36
(including analogs thereof), thyromimetic agents, dehydroepiandrosterone or
an analog thereof, glucocorticoid agonists or antagonists, orexin
antagonists, glucagonlike peptide-1 agonists, ciliary neurotrophic factors
(such as Axokine(tm) available from Regeneron Pharmaceuticals, Inc.,
Tarrytown, NY and Procter & Gamble Company, Cincinnati, OH), human
agouti-related protein (AGRP) inhibitors, ghrelin antagonists, histamine 3
antagonists or inverse agonists, neuromedin U agonists, MTP/ApoB inhibitors
(e.g., gut-selective MTP inhibitors, such as dirlotapide), opioid
antagonist, orexin antagonist, and the like. Preferred anti-obesity agents
for use in the combination aspects of the present invention include CB-1
antagonists (e.g., rimonabant, taranabant, surinabant, otenabant, SLV31 9
(CAS No. 46421 3-1 0-3) and AVE1 625 (CAS No. 358970-97-5)), gut-selective
MTP inhibitors (e.g., dirlotapide, mitratapide and implitapide, R5691 8
(CAS No. 403987) and CAS No. 9 13541 -47-6), CCKa agonists (e.g.,
N-benzyl-2-[4- ( 1 H-indol-3-ylmethyl)-5-oxo-1-phenyl-4,5-dihydro-2,3,6,1
0b-tetraaza-benzo[e]azulen-6- yl]-N-isopropyl-acetamide described in PCT
Publication No. WO 2005/1 16034 or US Publication No. 2005-02671 00 A 1) ,
5HT2c agonists (e.g., lorcaserin), MCR4 agonist (e.g., compounds described
in US 6,818,658), lipase inhibitor (e.g., Cetilistat), PYY3-36 (as used
herein "PYY 3-36" includes analogs, such as peglated PYY3-36 e.g., those
described in US Publication 2006/0178501 ) , opioid antagonists (e.g.,
naltrexone), oleoyl-estrone (CAS No. 180003-1 7-2), obinepitide (TM30338),
pramlintide (Symlin(r)),tesofensine (NS2330), leptin, liraglutide,
bromocriptine, orlistat, exenatide (Byetta(r)), AOD-9604 (CAS No. 221 231-1
0-3) and sibutramine. Preferably, compounds of the present invention and
combination therapies are administered in conjunction with exercise and a
sensible diet. Suitable anti-diabetic agents include an acetyl-CoA
carboxylase-2 (ACC-2) inhibitor, a phosphodiesterase (PDE)-I Oinhibitor, a
diacylglycerol acyltransferase (DGAT) 1 or 2 inhibitor, a sulfonylurea
(e.g., acetohexamide, chlorpropamide, diabinese, glibenclamide, glipizide,
glybuhde, glimepiride, gliclazide, glipentide, gliquidone, glisolamide,
tolazamide, and tolbutamide), a meglitinide, an a-amylase inhibitor (e.g.,
tendamistat, trestatin and AL-3688), an a-glucoside hydrolase inhibitor
(e.g., acarbose), an a-glucosidase inhibitor (e.g., adiposine, camiglibose,
emiglitate, miglitol, voglibose, pradimicin-Q, and salbostatin), a PPARY
agonist (e.g., 



balaglitazone, ciglitazone, darglitazone, englitazone, isaglitazone,
pioglitazone, rosiglitazone and troglitazone), a PPAR a/g agonist (e.g.,
CLX-0940, GW-1 536, GW- 1929, GW-2433, KRP-297, L-796449, LR-90, MK-0767
and SB-21 9994), a biguanide (e.g., metformin), a glucagon-like peptide 1
(GLP-1 ) agonist (e.g., exendin-3 and exendin-4), a protein tyrosine
phosphatase-1 B (PTP-1 B) inhibitor (e.g., trodusquemine, hyrtiosal
extract, and compounds disclosed by Zhang, S., et al., Drug Discovery Today
, 12 (9/1 0), 373-381 (2007)), SIRT-1 inhibitor (e.g., reservatrol), a
dipeptidyl peptidease IV (DPP-IV) inhibitor (e.g., sitagliptin,
vildagliptin, alogliptin and saxagliptin), an insulin secreatagogue, a
fatty acid oxidation inhibitor, an A2 antagonist, a c-jun amino-terminal
kinase (JNK) inhibitor, insulin, an insulin mimetic, a glycogen
phosphorylase inhibitor, a VPAC2 receptor agonist and a glucokinase
activator. Preferred anti-diabetic agents are metformin and DPP-IV
inhibitors (e.g., sitagliptin, vildagliptin, alogliptin and saxagliptin).
Suitable antihyperglycemic agents include, but are not limited to,
alphaglucosidase inhibitors (i.e., acarbose), biguanides, insulin, insulin
secretagogues (i.e., sulfonureas (i.e., gliclazide, glimepiride, glybuhde)
and nonsulfonylureas (i.e., nateglinide and repaglinide)),
thiazolidinediones (i.e. pioglitazone, rosiglitazone), and the like.
Suitable lipid lowering agents include, but are not limited to, HMGCoA
reductase inhibitors, fibrates, microsomal triglyceride transfer protein
inhibitors, cholesterol transfer protein inhibitors, acyl transfer protein
inhibitors, low density lipid antioxidants, and the like. Suitable
antihypertensive agents include, but are not limited to, diuretics,
adrenergic beta-antagonists, adrenergic alpha-antagonists,
angiotensin-convertingenzyme inhibitors, calcium channel blockers,
ganglionic blockers, vasodilators, and the like. According to the methods
of the invention, when a compound of the present invention and at least one
other pharmaceutical agent are administered together, such administration
can be sequential in time or simultaneous with the simultaneous method
being generally preferred. For sequential administration, a compound of the
present invention and the additional pharmaceutical agent can be
administered in any order. It is generally preferred that such
administration be oral. It is especially preferred that such administration
be oral and simultaneous. When a compound of the present invention and the
additional pharmaceutical agent are administered sequentially, the
administration of each can be by the same or by different methods, for
example, tablet and syrup or capsule and parenteral injection or infusion.
Administration and dosing will be determined by the prescribing
practitioner. The starting materials and reagents used in preparing these
compounds are either available from commercial suppliers such as the
Aldrich Chemical Company (Milwaukee, Wl), Bachem (Torrance, CA),
Sigma-Aldhch (St. Louis, MO), Acros Organics (Geel, Belgium), or Lancaster
Synthesis Ltd. (Morecambe, United Kingdom) or may be prepared by methods
well known to a person of ordinary skill in the art, following procedures
described in such standard references as Fieser and Fieser's Reagents for
Organic Synthesis, VbIs. 1- 17, John Wiley and Sons, New York, NY, (1991 )
; Rodd's Chemistry of Carbon compounds, VbIs. 1-5 and supps., Elsevier
Science Publishers, (1989); Organic Reactions , VoIs. 1-40, John Wiley and
Sons, New York, NY, ( 1991 ) ; March J., Advanced Organic Chemistry, 4th
ed., John Wiley and Sons, New York, NY; and Larock, Comprehensive Organic
Transformations, VCH Publishers, New York, ( 1989). Anhydrous
tetrahydrofuran (THF), methylene chloride (CH2C ), and
L/,L/-dimethylformamide may be purchased from Aldrich in Sure-Seal bottles
and used as received. Solvents may be purified using standard methods known
to those skilled in the art, unless otherwise indicated. Further, starting
materials were obtained from commercial suppliers and used without further
purification, unless otherwise indicated. The reactions set forth below
were done generally under a positive pressure of argon or nitrogen or with
a drying tube, at ambient temperature (unless otherwise stated), in
anhydrous solvents, and the reaction flasks were fitted with rubber septa
for the introduction of substrates and reagents via syringe. Glassware was
oven dried and/or heat dried. Analytical thin layer chromatography (TLC)
was performed usingglass-backed silica gel 60 F 254 precoated plates (Merck
Art 5719) and eluted with appropriate solvent ratios (v/v). Reactions were
assayed by TLC or LCMS and terminated as judged by the consumption of
starting material. Visualization of the TLC plates was done with UV light
(254 nM wavelength) or with an appropriate TLC visualizing solvent and
activated with heat. Flash column chromatography (Still et al., J. Orq.
Chem. 43, 2923, ( 1978)) was performed using silica gel 60 (Merck Art 9385)
or various MPLC systems, such as Biotage or ISCO purification system.
Conventional methods and/or techniques of separation and purification known
to one of ordinary skill in the art can be used to isolate the compounds of
the present invention, as well as the various intermediates related
thereto. Such techniques will be well-known to one of ordinary skill in the
art and may include, for example, all types of chromatography (high
pressure liquid chromatography (HPLC), column chromatography using common
adsorbents such as silica gel, and thin-layer chromatography (TLC)),
recrystallization, and differential (i.e., liquid-liquid) extraction
techniques. Biotage materials were purchased from Biotage AB
(Charlottesville, VA). The compound structures in the Examples below were
confirmed by one or more of the following methods: proton magnetic
resonance spectroscopy, mass spectroscopy, and elemental microanalysis.
Proton magnetic resonance (1H NMR) spectra were determined using a Bruker
or Varian spectrometer operating at a field strength of 300 or 400
megahertz (MHz). Chemical shifts are reported in parts per million (PPM, d)
downfield from an internal tetramethylsilane standard. Alternatively, 1H
NMR spectra were referenced to signals from residual protons in deuterated
solvents as follows: CDCI3 = 7.25 ppm; DMSO-d6 = 2.49 ppm; C6D6 = 7.1 6
ppm; CD3OD = 3.30 ppm. Mass spectra (MS) data were obtained using Agilent
mass spectrometer or Waters Micromass spectrometer with atmospheric
pressure chemical or electron spray ionization. Method: Acquity UPLC with
chromatography performed on a Waters BEH C 18 column (2.1 x 30 mm, 1.75 mm)
at 60 C. The mobile phase was a binary gradient of acetonithle (containing
0.05% trifluoroacetic acid) and water (5-95%) Elemental microanalyses were
performed by Atlantic Microlab Inc. and gave results for the elements
stated within 0.4% of the theoretical values. Embodiments of the present
invention are illustrated by the following Examples. It is to be
understood, however, that the embodiments of the invention are not limited
to the specific details of these Examples, as other variations thereof will
be known, or apparent in light of the instant disclosure, to one of
ordinary skill in the art.All of the above recited U.S. patents and
publications are incorporated herein by reference. Preparation of Key
Intermediates The following intermediates provide a more detailed
description of the process conditions. It is to be understood, however,
that the invention, as fully described herein and as recited in the claims,
is not intended to be limited by the details of the following schemes or
modes of preparation. In the following intermediates, Boc refers to
1-tertbutyloxycarbonyl, and Tf refers to thflate. 



Intermediate: (R)-methyl 3-cyclopentyl-2-hydroxypropanoic acid (1-1 a) OH
(l-1 a) To a stirred solution of (f?)-2-amino-3-cyclopentylpropanoic acid
(5.0 grams; Chem-lmpex International, Inc., Wood Dale, IL) and 1 M H2SO4
(45.1 ml_) at OC, was added a solution of NaNO (3.1 2 g) in H2O (15.6 ml_)
drop wise over 10 minutes. The reaction mixture was stirred for 3 hours at
00C, then for 2 hours at room temperature. The solution was then extracted
(3 times) with diethyl ether. The combined organic extracts were dried over
MgSO4, filtered, and the filtrate concentrated to afford 2.36 g of (M a).
1H NMR (400 MHz, CDCI3) 4.26-4.28 ( 1 H), 1.99-2.07 ( 1 H), 1.76-1 .81 (4
H), 1.60-1 .62 (4 H), 1.12-1 .1 6 (2H); LCMS for C8Hi4O3 m/z 157.1 (M-H) .
Intermediate: (R)-methyl 3-cyclopentyl-2-hydroxypropanoate (M b) OH (1-1 b)
To a stirred solution of 2.36 g of (M a) in anhydrous methanol ( 15 mL) at
room temperature was added SOCI2 ( 1 .64 mL). The resulting mixture was
heated at reflux for 2 hours. It was then cooled and concentrated under
reduced pressure. The residue was partitioned between ethyl acetate and
aqueous saturated NaHCO3 solution. The biphasic mixture was separated and
the aqueous portion was extracted with ethyl acetate. The combined extracts
were dried over MgSO4, filtered, and the filtrate concentrated under
reduced pressure. The resulting residue was purified by flash column
chromatography (silica gel, heptanes/ethyl acetate) to afford 1.5 g of (M
b) as aclear oil. 1H NMR (400 MHz, CDCI3) d 4.1 5-4.20 ( 1 H), 3.77 (3H),
2.62-2.63 ( 1 H), 1.97- 2.05 ( 1 H), 1.49-1 .86 (8 H), 1.06-1 .1 7 (2 H);
LCMS for C9H16O3 m/z 17 1.6 (M)+. Intermediate (1-1 b) can alternatively be
prepared by the method described below. A 0.2M solution of Li2CuCI4 was
prepared as follows: Anhydrous CuCI (26.9 g, 200 mol) and anhydrous LiCI (
17.0 g, 400 mmol) were dissolved in THF ( 1000 mL). The mixture required
gentle heating to completely dissolve the solids. After cooling the
solution is ready for use. A solution of Li2CuCI4 (0.2 M in THF, 125 mL,
25.0 mmol) was added slowly to a suspension of cyclopentylmagnesium bromide
(2 M in diethyl ether, 135 mL, 270 mmol; Aldrich Chemical Company, Inc.,
Milwaukee, Wl) and THF (500 mL) at -50 0C over 2-3 mins. The pale
grey/brown suspension was then allowed to warm slowly to - 10 0C over 30
mins, by which time the color had developed to a dark grey. The mixture was
recooled to -78 0C and (R)-methyl oxirane-2-carboxylate (25.0 g, 245 mmol;
Aldrich Chemical Company, Inc., Milwaukee, Wl) was added neat via syringe
over 90 seconds. The reaction was then stirred at -78 0C for 20 mins,
before removing the ice-bath and allowing to warm to approximately -50 0C
over 30 mins. Saturated NH4CI (aq, 700 mL) was then added and the mixture
stirred for 30 mins. The organic layer was collected and the aqueous layer
extracted with diethyl ether (2x 250 mL). The combined organics were washed
with saturated NH4CI (aq, 350 mL), dried over MgSO4, and evaporated.
Distillation of the crude residue (68-70 0C at 0.8 mbar) yielded 65-70% of
(1-1 b) as a pale yellow oil. A small amount of less volatile material
remained in the still pot. 1H NMR (400 MHz; CDCI3) : d 4.1 7 ( 1 H), 3.76
(3 H), 2.67 ( 1 H), 2.01 ( 1 H), 1.48-1 .88 (8 H), 1.1 1 (2 H).
Intermediate: (R)-methyl
3-cyclopentyl-2-(trifluoromethylsulfonyloxy)propanoate (1-1 c) OTf (Mc)
Intermediate (1-1 b) (6.37 g, 37.0 mmol) was dissolved in dry
dichloromethane (260 mL) and stirred under nitrogen in an ice bath.
2,6-Lutidine (9.0 mL, 77 mmol) was added. Trifluoromethanesulfonic acid
anhydride ( 1 1 mL, 65 mmol) in dry dichloromethane (75 mL) was added
dropwise. The reaction was stirred in the ice bath for 60 minutes,
concentrated under reduced pressure, and taken up in 1N HCI and methyl
t-butyl ether. The aqueous layer was separated, and the organic layer
waswashed with additional 1N HCI to insure the removal of all the lutidine.
The combined organic layer was then washed with brine, dried over sodium
sulfate, filtered, concentrated under reduced pressure, and dried under
high vacuum to afford (1-1 c) ( 11.3g, 37mmol, 100%), which was used
immediately without further purification; 1H NMR (400 MHz, CDCI3) d 5.1 0 -
5.14 ( 1 H), 3.82 (3 H), 2.02 - 2.1 2 ( 1 H), 1.79 - 1.98 (4 H), 1.51 -
1.66 (4 H), 1.08 - 1.1 8 (2 H). Intermediate: 4-(isopropylthio)-1
H-pyrazole (l-2a) (l-2a) To a stirred solution of 4-bromo-1 H-pyrazole
(2.49 g, 16.9 mmol; Aldrich Chemical Company, Inc., Milwaukee, Wl) in THF
under nitrogen at 0 C was added dropwise n-butyllithium (34.9 ml_, 1.6 M in
hexanes). The reaction mixture was slowly warmed to room temperature and
stirred for 1 hour. It was then cooled to 0 C, diisopropyl disulfide (2.70
ml_, 16.9 mmol) was added dropwise and stirring continued at the same
temperature for 2 hours. The reaction mixture was poured into a biphasic
mixture of 100 ml_ ethyl acetate and 50 ml_ ice water. The pH of the
mixture was adjusted to about 6 and the organic portion was separated,
washed with water, brine and dried over MgSO4. It was then filtered and the
filtrate was concentrated under reduced pressure to afford 1.88 g of
(l-2a). Intermediate: (S)-methyl 3-cyclopentyl-2-(4-(isopropylthio)-1
H-pyrazol-1 - yl)propanoate (l-3a) (l-3a) To a stirred solution of 124 mg
of (l-2a) in 9 ml_ of anhydrous THF under nitrogen, a solution of lithium
bis(trimethylsilyl)amide (0.784 ml_, 1 M in hexanes) was added. After 45
minutes, a solution of Intermediate (1-1 c) (265 mg in 6 ml_ of anhydrous
THF) was added dropwise and stirring continued for 2 hours at room
temperature. It was then quenched with aqueous saturated NH4CI and
extracted with ethyl acetate. The combined organic extracts were dried over
MgSO4, filtered, and concentrated. The resulting residue was purified by
flash chromatography (silca gel, 0-1 00% ethyl acetate in heptane) to
afford (l-3a), m/z 297.1 (M+H)+.Intermediate: (S)-methyl
3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1 - yl)propanoate (l-4a1
) (l-4a1 ) To a stirred solution of 0.157 g (l-3a) in 5 ml_ dichloromethane
at OC was added trifluoroacetic acid (0.041 ml_) followed by
m-chloroperbenzoic acid (0.229 g). After 30 minutes, the ice bath was
removed and the reaction stirred at room temperature for another 30 minutes
before partitioning between ethyl acetate and aqueous saturated NaHCO3. The
aqueous portion was extracted with ethyl acetate and the combined organics
were dried over MgSO4. It was then filtered and the filtrate concentrated
under reduced pressure. The resulting residue was purified by flash column
chromatography (silica gel, 0-1 00% ethyl acetate in heptane) to afford 0.1
67 g of (l-4a1 ) as a white solid, m/z 329.2 (M+H) +. Intermediates
(S)-methyl 3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -
yl)propanoate (l-4a2) {m/z 301 .2 (M+H) + ) and (S)-methyl
3-cyclopentyl-2-(4- (ethylsulfonyl)-i H-pyrazol-1 -yl)propanoate (l-4a3)
(m/z 3 15.4 (M+H) + ) were prepared in an analogous manner to that
described for the synthesis of Intermediate (l-4a1 ) from 4- bromo-1
H-pyrazole using appropriate starting materials (e.g., dimethyl disulfide
or 



diethyl disulfide, respectively. Intermediate: 3-(methylsulfonyl)-1 H-1
,2,4-triazole (l-5a) (l-5a) To a stirred solution of 3-methylthio-4H-1
,2,4-triazole (LOOg; Oakwood Products, Inc., West Columbia, SC) in THF
(2OmL) and water (2OmL) was added potassium peroxomonosulfate (Oxone(r),
DuPont Specialty Chemicals, Deepwater, NJ, USA) (10.7 g). After stirring at
room temperature for a day, the reaction mixture was filtered and the
filtercake was washed with THF. The filtrate was partitioned between water
and ethyl acetate, the bilayer was separated and the aqueous portion was
extracted twice with ethyl acetate. The combined organic extracts were
dried over MgSO4, filtered, and the filtrate concentrated under reduced
pressure. The resulting residue was purified byflash chromatography (Siq 2,
ethyl acetate/methanol, 0-1 0%) to afford 0.496 g of (l-5a) as a white
solid m/z 148.1 (M+H)+. Intermediate: (S)-methyl
3-cyclopentyl-2-(3-(methylsulfonyl)-1 /-/-1 ,2,4-triazol-1 - yl)propanoate
(l-5b) (l-5b) To a stirred solution of 42.7 mg of (l-5a) in anhydrous THF
(4 ml_) under nitrogen was added lithium bis(trimethylsilyl)amide (0.261
ml_, 1 M in THF). After stirring for 30 minutes, a solution of Intermediate
(1-1 c) (88.3 mg) in anhydrous THF ( 10 ml_) was added dropwise. After 1
hour, the reaction was quenched with water, brine was added, and extracted
with ethyl acetate twice. The combined organics were dried over MgSO4 and
purified by flash chromatography (40+M, 75:25, 60:40, 50:50, 0:1 00
heptane:ethyl acetate) to give 0.0447 g of (l-5b) as a clear oil; m/z 302.2
(M+H)+ Intermediate: 4-(isopropylthio)-1 /-/-imidazole (l-6a) To a stirred
solution of 4-bromo-1 /-/-imidazole (5.0 g; Aldrich Chemical Company, Inc.,
Milwaukee, Wl) in 100 ml_ anhydrous THF at -78C in an oven dried 500 ml_ 3
necked-round bottom flask was added t-butyl-lithium (48.0 ml_, 1.7 M in
pentane) dropwise over 45 minutes with a dropping funnel. After complete
addition, the mixture was warmed to about 100C to 15C for 2 hours and then
it was cooled to -78C, and a cold (-780C) solution of diisopropyl disulfide
(6.78 ml_) in 30 ml_ THF was added via cannula. The reaction was stirred
for 16 hours allowing the bath to warm. The pale yellow solution was
quenched with saturated NH4CI followed by neutralization with 10% HCI. The
layers were separated and the aqueous extracted with THF three times. The
combined organics were dried over MgSO4 and purified by flash
chromatography (40+M, 100:0, 95:5, 90:1 0 ethyl acetate/methanol) to afford
3.3767 g of (l-6a); m/z 143.0 (M+H)+. Intermediate: 4-(isopropylsulfonyl)-1
/-/-imidazole (l-6b)To a stirred solution of 1.00 g (l-6a) in
dichloromethane (14 ml_) at 00C was added trifluoroacetic acid (0.54 ml_)
followed by m-chloroperbenzoic acid (6.07 g) was added in portions. An
additional 10 ml_ dichloromethane was added to the mixture and stirring
continued. After 20 minutes, the ice bath was removed and the reaction
stirred at room temperature for another 30 minutes before adding 1
equivalent of 1N NaOH (7.03 ml_). The mixture was concentrated and the
residue purified by flash column chromatography (SiO2, ethyl
acetate/heptane 0 to 10%) to afford 1.19 g of (l-6b); m/z 175.1 (M+H)+.
Intermediate: (S)-methyl 3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
H-imidazol-1 - yl)propanoate (l-7a1 ) To a stirred solution of 50 mg of
(l-6a) in anhydrous THF (4 ml_) under nitrogen was added lithium
bis(trimethylsilyl)amide (0.260 ml_, 1 M in THF). After stirring for 30
minutes, a solution of Intermediate (1-1 c) (88 mg in 3 ml_ anhydrous THF)
was added dropwise. After 75 minutes, the reaction was quenched with water,
brine was added, and extracted with ethyl acetate twice. The combined
organics were dried over MgSO4 and purified by flash chromatography (SiO ,
ethyl acetate/heptane, 25 to 100%) to afford 53 mg of (l-7a1 ) ; m/z 329.1
(IvRH)+. Intermediates (S)-methyl 3-cyclopentyl-2-(4-(ethylsulfonyl)-1
H-imidazol-1 -yl)propanoate (l-7a2) m/z 3 15.4 (M+H)+ and (S)-methyl
3-cyclopentyl-2-(4-(methylsulfonyl)-1 Himidazol- 1 -yl)propanoate (l-7a3)
m/z 301 .4 (M+H)+ were prepared in an analogous manner to that described
for the synthesis of Intermediate l-7a1 , above, from 4-bromo-
1/-/-imidazole using appropriate starting materials (e.g., diethyl
disulfide or dimethyl disulfide, respectively). Intermediate: (S)-methyl
3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 - yl)propanoate (l-8a)
(l-8a)4-T i fluoromethyl-1 /-/-imidazole (5.0 g, 37.0 mmol; Apollo
Scientific Ltd., Bredbury, Cheshire, UK) was stirred in dry THF (180 ml_)
under nitrogen at room temperature. Lithium hexamethyldisilazide ( 1M in
THF, 33.4 mL, 33.4 mmol) was added dropwise via addition funnel. The
mixture was stirred at room temperature for 50 minutes and then chilled in
an ice bath. A solution of (1-1 c) ( 1 1.3 g, 37 mmol) in dry THF (45 mL),
which had been chilled in an ice bath, was added in one portion. The
reaction was allowed to warm to room temperature, stirred for 2 hours,
quenched with saturated aqueous ammonium chloride solution (20 mL) and
allowed to stir overnight. The aqueous layer was separated, and the organic
layer was concentrated and then diluted with water and ethyl acetate. The
organic layer was washed in series with dilute aqueous phosphoric acid,
aqueous 10% potassium carbonate, and brine. The organic layer was then
dried over sodium sulfate, filtered, and concentrated under reduced
pressure to a brown oil. The crude material, containing the undesired
regioisomer as a small impurity, was purified by chromatography on a 330 g
pre-packed silica gel column, eluting with 10% ethyl acetate/heptane,
linear gradient to 70% ethyl acetate/heptane. The product fractions were
located by spotting on a silica TLC plate and visualizing with KMnO4 stain.
TLC ( 1 : 1 ethyl acetate/heptane, developed in potassium permanganate)
located the pure and mixed fractions. The clean product fractions were
combined, evaporated, and dried under high vacuum to afford (l-8a) as a
clear oil (6.61 g, 22.4 mmol, 67%). 1H NMR (400 MHz, CDCI3) d 7.57 ( 1 H),
7.38 ( 1 H), 4.71 - 4.74 ( 1 H), 3.76 (3 H), 2.01 - 2.14 (2 H), 1.45 - 1.79
(7 H), 1.03 - 1.18 (2 H); m/z 291 .4 (M+H)+. Intermediate:
(S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1 /-/-imidazol-1 -yl)propanoic
acid (l-8b) -8 b ) 6N HCI (140 mL) was added to (l-8a) (6.61 g, 22.4 mmol)
and the mixture was warmed to 95 0C for 16 hours and then allowed to cool.
Solid potassium carbonate (58 g) was added in portions to bring the pH to
about 4 . A precipitate crashed out. Ethyl acetate was added, and the
mixture was stirred until everything dissolved. The aqueous layer was
extracted once with ethyl acetate. The combined organics were washed with
brine, dried over sodium sulfate, filtered, concentrated under
reducedpressure, and dried under high vacuum to afford (l-8b) as a clear
glass (6.15 g, 2 1 .9 mmol, 98%). 1H NMR (400 MHz, CDCI3) d 7.73 ( 1 H),
7.34 ( 1 H), 6.85 - 7.1 5 ( 1 H), 4.66 - 4.70 ( 1 H), 1.98 - 2.1 7 (2 H),
1.41 - 1.75 (7 H), 1.01 - 1.19 (2 H); m/z 277.4 (M+H)+. Intermediate:
(S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -yl)propanoyl
chloride (l-8c) (l-8c) 



To a suspension of intermediate (l-8b) (0.25 g, 0.9 mmol) in
dichloromethane (5 ml_) was added oxalyl chloride (0.35 g, 2.7 mmol) and
L/,L/-dimethylformamide ( 1 drop) at room temperature. The mixture was
stirred for 2 hours at room temperature. The reaction mixture was
concentrated in vacuo, and the residue was chased with dichloromethane two
times and concentrated in vacuo to afford (l-8c) (0.27 g, 100%) as an oil,
which was used in the next step directly. Intermediate: (S)-methyl
3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-pyrazol-1 - yl)propanoate (l-9a1 )
(l-9a1 ) To a stirred solution of 3-(trifluoromethyl)-1 H-pyrazole (500 mg,
3.67 mmol; Aldrich Chemical Company, Inc., Milwaukee, Wl) in 10 ml_ of
anhydrous THF under nitrogen was added a solution of lithium
hexamethyldisilazide (3.30 ml_, 1 M in hexanes, 3.3 mmol). After stirring
for 40 minutes at room temperature, a solution of Intermediate (1-1 c) ( 1
.12 g (3.67 mmol) in 2 ml_ of anhydrous THF) was added dropwise and
stirring was continued for 2 hours at room temperature. It was then
quenched with aqueous saturated NH4CI and extracted with ethyl acetate. The
combined organic extracts were dried over MgSO4, filtered, and
concentrated. The resulting residue was purified by flash chromatography
(SiO2, dichloromethane /methanol, 0 to 10%)) to afford (l-9a1 ) ; m/z 291
.0 (M+H)+.Intermediate (S)-methyl-3-cyclopentyl-2-(4-dimethylcarbamoyl)-1
H-pyrazol-1 -yl)- propanoate, (l-9a2), m/z 294.2 (M+H) + was prepared in an
analogous manner to that described for the synthesis of Intermediate (l-9a1
) from 1H-pyrazole-4-carboxylic acid (Aldrich Chemical Company, Inc.,
Milwaukee, Wl) dimethylamide and Intermediate (I- 1c). Intermediate:
3,6-dihydro-2H-pyran-4-yl trifluoromethanesulfonate (1-1Oa) (1-1 Oa) Under
argon, diisopropylamine (66.8 g (92.5 ml_), 0.66 mol) was dissolved in THF
( 1 L) and cooled to -5C in an ice/methanol bath. Over 30 minutes,
n-butyl-lithium (2.34 M, 290 ml_, 0.66 mol) was added while maintaining the
temperature below 1C. The mixture was stirred at about 00C to about -5C for
15 minutes and cooled to -72C with an acetone and dry ice bath.
Dihydro-2/-/-pyran-4(3H)-one (Aldrich Chemical Company, Inc., Milwaukee,
Wl) was added slowly over 15 minutes while maintaining the temperature at
-78C for 1 hour. L/-phenyl-bis-(trifluoromethyl sulfonimide; Aldrich
Chemical Company, Inc., Milwaukee, Wl) was suspended in THF (500 ml_) and
added slowly to the mixture while maintaining a temperature below -60 0C.
The mixture was left stirring in the cooling bath, warming to room
temperature overnight. The mixture was concentrated under reduced pressure.
The residues were slurried in hexane at 500C ( 1 L and 250 ml_), the
liquors were concentrated under reduced pressure to afford (l-1 0a). 1H NMR
(CDCI 3, 300 MHz) d 5.74 ( 1 H), 4.19 (2H), 3.80 (2H), 2.39 (2H).
Intermediate: (R)-methyl
2-(te/t-butoxycarbonyl)-3-(3,6-dihydro-2/-/-pyran-4- yl)propanoate (l-10b)
(1-1 Ob) In rigorously anaerobic conditions, zinc dust (72.7 g, 1.1 1 mol)
was suspended in anhydrous L/,L/-dimethylformamide (100 ml_), and to the
stirred solution, trimethylsilyl chloride (23 ml_ 0.1 8 mol) was added
(exotherm to 55C). The mixture was stirred for 20 minutes, during which
time the supernatant became brown in color. The mixture was allowed to
settle, and the supernatant decanted off using vacuum. The activatedzinc
powder was washed with /V,/V-dimethylfornnannide (4 x 5OmL), until the
supernatant solvent became colorless. (R)-methyl
2-(tert-butoxycarbonylamino)-3-iodopropanoate (Oakwood Products, West
Columbia, SC) (85 g, 0.26 mol) was dissolved in L/,L/-dimethylformamide
under argon, added in one portion to the activated zinc powder and stirred
briskly. After approximately 5 minutes, the mixture self heated rapidly
(21-30 0C over about 15 seconds). The stirring was stopped and the cooling
bath immediately applied, allowing the exothermic reaction to be ceased at
500C. As the temperature subsided, the cooling bath was removed and the
mixture stirred at ambient temperature for 20 minutes and allowed to
settle. The supernatant was syringed into a pre-prepared solution of (l-1
0a) (60 g, 0.26 mol) and PdCI2(PPh3 (5.44 g, 7.75 mmol). The metallic
solids were washed with L/,L/-dimethylformamide (30 ml_) and the washings
added to the triflate/catalyst mixture, which was stirred at 50C overnight.
The solution was concentrated under reduced pressure and the crude product
slurried in water (500 ml_) and 20% ethyl acetate in hexane (500 ml_). The
mixture was filtered and partitioned, and the aqueous layer re-extracted
with 20% ethyl acetate in hexane (500 ml_). The combined organic phases
were washed with brine (500 ml_), dried over MgSO4, and concentrated under
reduced pressure. The semi-crude product was obtained as a free running
red-brown oil (81 g), which was purified twice by dry-flash chromatography
(SiO2, ethyl acetate and Hexanes, 2 to 20%) followed by carbon treatment in
10% ethyl acetate/hexane to afford (l-1 0b): 1H NMR (CDCI3, 300 MHz): d
5.50 ( 1 H), 4.95 ( 1 H), 4.40 ( 1 H), 4.10 (2H), 3.77 (2H), 3.73 ( 3H),
2.50 ( 1 H), 2.31 ( 1 H), 2.07 (2H), 1.43 (9H). Intermediate: (R)-methyl
2-(te/t-butoxycarbonyl)amino-3-(tetrahydro-2/-/-pyran-4- yl)propanoate
(l-10c) H O (I-1 0C) In a stainless steel autoclave, 22.83 g (80.0 mmol) of
(l-1 0b) was dissolved in methanol ( 150 ml_) to which was added 5% Pd/C
(2.3 g) as a slurry in toluene (10 ml_). The autoclave was charged to 20
bar with hydrogen and the reaction mixture was stirred for 2 hours at room
temperature. The mixture was filtered through celite and the filtrates
concentrated under reduced pressure to afford (l-1 0c). The product was
usedin the next step without further purification. 1H NMR (CDCI 3, 300
MHz): d 4.92 ( 1 H), 4.38 ( 1 H), 3.92 (2H), 3.73 (3H), 3.35 (2H), 1.5-1 .8
(4H), 1.43 (9H), 1.2-1 .4 (2H). Intermediate:
(R)-2-amino-3-(tetrahydro-2H-pyran-4-yl)propanoic acid (l-1 0d) First,
Intermediate (1-1Oc) (22.9 g, 80.0 mmol) was suspended in 6N aqueous HCI
(200 ml_) and heated at 100C overnight. The mixture was cooled to room
temperature and extracted with 20% ethyl acetate/hexane (100 ml_) to remove
any unwanted organics. The aqueous phase was concentrated under reduced
pressure and co-distilled with toluene (2 x 200 ml_) to afford the HCI salt
of (l-10d), giving a yield of 17.9 g; 108% (off-white powder, presumed damp
with water or toluene): 1H NMR (c/6- DMSO, 300 MHz) d 8.49 (3H), 3.79 (3H),
3.1 9 (2H), 2.44 ( 1 H), 1.4-1 .9 (5H), 1.12 (2H). Secondly, the HCI salt
of (1-1 Od) ( 11.6 g, 55.3 mmol) and isobutylene oxide (5.33 ml_) were
suspended in L/,L/-dimethylformamide (120 ml_) in 4 Anton Paar 30 ml_
microwave vials. The mixtures were reacted at 100C for 1 hour and allowed
to cool. The mixtures were washed out of the vials with ethyl acetate (50
ml_ each), combined and stirred briskly in further ethyl acetate (total
volume 500 ml_) for 10 minutes, during which time a thick cream-coloured
suspension formed. The solids were filtered off, broken up with a spatula
and dried in a vacuum oven at 50C overnight to afford Intermediate (I-
10d). Intermediate: (R)-2-hydroxy-3-(tetrahydro-2H-pyran-4-yl)propanoic
acid (l-1 0e) Intermediate (1-1 Od) (7.68 g, 44.3 mmol) was dissolved in 1N
H2SO4 ( 140 ml_) and cooled to 0C under argon. NaNO (4.6 g, 66.45 mmol) as
a solution in water (25 ml_) was introduced dropwise under the surface of
the mixture and the whole stirred 



overnight. The mixture was extracted with ethyl acetate (100 ml_). The
aqueous phase was extracted with further ethyl acetate (5 x 100 ml_). The
aqueous phase was cooled to 0C under argon and re-dosed with concentrated
H2SO4 (3.5 ml_) and NaNO2 (4.6 g, 66.45 mmol) as a solution in water (25
ml_) and stirred overnight. The mixture wasextracted with ethyl acetate (6
x 100 ml_), re-dosed as above, stirred overnight and finally extracted a
third time with ethyl acetate (6 x 10OmL). All 1800 ml_ of organics were
combined and stripped to afford compound (l-1 0e) with a yield of 7.0 g (91
%) as an orange oil. 1H NMR (CD3OD, 300 MHz): d 4.20 ( 1 H), 3.92 (2H),
3.39 (2H), 1.7 (2H), 1.6 (2H), 1.27 (2H). Intermediate: (R)-methyl
2-hydroxy-3-(tetrahydro-2H-pyran-4-yl)propanoate (I- 10f) (l-1 0f)
Intermediate (l-10e) (9.0 g, 5 1 mmol) was dissolved in methanol ( 100 ml_)
and stirred. HCI was sparged in to the mixture for 15 minutes (exothermic
20C to 65C) and the whole was refluxed for 7 hours and allowed to cool. The
mixture was stripped to approximately 1/3 volume, diluted with water (100
ml_) and extracted with ethyl acetate (2 x 100 ml_). The organics were
stripped and the crude product purified by dry-flash chromatography (Siq 2,
ethyl acetate and hexanes, 10 to 20%)) to 3.8 g of (l-1 0f). The aqueous
phase was re-extracted with ethyl acetate (2 x 200 ml_), stripped, and
repurified to a further 1.2 g of (1-1 Of): 1H NMR (CDCI3, 300 MHz): d 4.24
( 1 H), 3.95 (2H), 3.78 (3H), 3.39 (2H), 2.73 ( 1 H), 1.83 ( 1 H), 1.52-1
.75 (4H), 1.22-1 .42 ( 1 H). Intermediate: (R)-methyl
3-(tetrahydro-2H-pyran-4-yl)-2-(trifluoromethylsulfonyloxy)- propanoate
(l-1 0g) (l-1 0g) Intermediate (l-10f), ( 1 .21 g , 6.43 mmol) was
dissolved in anhydrous dichloromethane (60 ml_) under nitrogen. The mixture
was stirred in an ice bath, and lutidine ( 1 .6 ml_) was added. Triflic
anhydride ( 1 .95 ml_, 11.6 mmol) was added dropwise, and the reaction was
stirred for 60 minutes then was diluted with methyl te/f-butyl ether, and
washed 3 times with 3:1 brine/1 N HCI. The organic layer was dried over
MgSO 4 , filtered, evaporated, and dried under high vacuum to afford (l-1
0g), which was utilized in the following reaction without further
purification.Intermediate: (S)-methyl
3-(tetrahydro-2/-/-pyran-4-yl)-2-(4-(trifluoromethyl)-1 Himidazol-
1-yl)propanoate (1-1Oh) (l-1 0h) 4-(trifluoromethyl)-1 /-/-imidazole
(Flourine Chemicals, Shanghai, China) (291 mg) was stirred in 20 ml_
anhydrous THF at room temperature under nitrogen. A lithium
bis(trimethylsilyl)amide solution ( 1 .96 ml_ , 1.0 M in THF) was added.
After 50 minutes, a solution of intermediate (l-1 0g) (685 mg) in 10 ml_
anhydrous THF was added. The reaction was stirred for 2 hours. The reaction
was quenched with saturated ammonium chloride and diluted with brine and
ethyl acetate. The aqueous layer was extracted, dried, filtered, and then
concentrated. The resulting residue was purified (Combi-flash, Redi-sep 40
g, 30% ethyl acetate/heptane gradient to 100% ethyl acetate/heptane) to
afford (l-1 0h): m/z 307.4 (M+H) +. Intermediate: 5-(methylsulfonyl)-1
/-/-tetrazole (1-1 1a) (l-1 1a) To a stirred solution of 5-(methylthio)-1
/-/-tetrazole (300 mg; Aldrich Chemical Company, Inc., Milwaukee, Wl) in
THF (15ml_) and water ( 15ml_) was added potassium peroxomonosulfate
(Oxone(r), DuPont Specialty Chemicals, Deepwater, NJ, USA) (3.1 8 g). After
stirring at room temperature for five days, the reaction mixture was
filtered and the filtercake was washed with THF. The filtrate was
concentrated under reduced pressure. Crude NMR showed this to be a mixture
of desired product and starting material, so the mixture was taken up in
methanol and treated with potassium peroxomonosulfate (Oxone(r), DuPont
Specialty Chemicals, Deepwater, NJ, USA). After stirring at room
temperature for five days, the reaction mixture was filtered and the
filtercake was washed with methanol. The filtrate was concentrated under
reducedpressure to afford 0.400 g of impure (1-1 1a) as a solid which was
used in the next step without purification; m/z 146.9 (M-H) . Intermediate:
(S)-methyl 3-cyclopentyl-2-(5-(methylsulfonyl)-2H-tetrazol-2- yl)propanoate
(1-1 1b) (l-1 1b) To a stirred solution of 200 mg of (1-1 1a) in anhydrous
THF ( 10 ml_) under nitrogen was added lithium bis(trimethylsilyl)amide
(0.276 ml_, 1 M in THF). After stirring for 40 minutes, a solution of
Intermediate (1-1 c) (414 mg) in anhydrous THF (2 ml_) was added dropwise.
After 2 hours, the reaction was quenched with aqueous saturated NH4CI and
extracted with ethyl acetate twice. The combined organics were dried over
MgSO4 and purified by flash chromatography ( 10g snap Biotage, 0-1 0%
methanol in dichloromethane) to give 0.1 8O g of (1-1 1b) as an oil; m/z
303.1 (M+H)+. Intermediate: (R)-2-amino-3-(tetrahydrofuran-2-yl)propanoic
acid (1-1 2a) (l-12a) In a 400 ml_ beaker, D-2-furyl alanine (8.1 6 g, 52.6
mmol; Chem-lmpex International, Inc., Wood Dale, IL) was slurried in water
(200 ml_) with 10% Pd/C (0.85 g). The beaker was placed in the bottom of a
2L stainless steel autoclave, charged to 20 bar (290 psi) with hydrogen and
stirred for 5 hours at RT. TLC ( 1 : 1 : 1 : 1 : 1 toluene/ acetone/butan-1
-ol/ water/acetic acid) showed some starting material remained. The
reaction was re-charged with hydrogen to 20 bar and stirred overnight at
RT, after which time TLC showed that starting material was no longer
present. The mixture was filtered through a pad of celite (pad washed with
2 x 200ml water), and the combined filtrates stripped to afford (1-1 2a) as
a brown solid that was a mixture of diastereomers(8.4 g, 52.8 mmol, 100%):
1H NMR (400 MHz, TFA-d): d 4.60 (2 H), 4.1 2 (2 H), 2.58 ( 1 H), 2.40 (2
H), 2.1 - 2.35 (4 H), 1.89 (2 H). Intermediate:
(R)-2-hydroxy-3-(tetrahydrofuran-2-yl)propanoic acid (1-1 2b) (l-12b)
Intermediate (1-1 2a) (8.4g, 52. dmmol) was dissolved in 1N H2SO4 ( 160
ml_) and cooled in an ice/brine bath to 0 C. NaNO (5.46 g, 79.2 mmol) as a
solution in water (20 ml_) was trickled in under the surface of the
solution, and the mixture stirred overnight, gradually warming to RT. The
mixture was extracted with ethyl acetate (6 x 100 ml_), TLC (TABWA) showed
product in each fraction, tailing off towards the end, TLC of the aqueous
phase showed starting material remained. The aqueous phase was cooled to 3
C and carefully re-dosed with cone. H2SO4 (4.5 mL), followed by further
NaNO2 (5.46 g, 79.2 mmol) in water (20 mL) at -2C. The mixture was warmed
to room temperature overnight, and the following morning extracted and
re-dosed as above, three more times. The final extracts showed no
significant amount of product, and no obvious starting material in the
aqueous phase. The combined organics were stripped to afford (1-1 2b) as an
orange oil that was a mixture of diastereomers (8.34 g, 52.0 mmol, 98%),
known to be slightly impure by NMR: 1H NMR (400MHz, CD3OD): d 4.22 ( 1 H),
4.05 ( 1 H), 3.81 ( 1 H), 3.69 ( 1 H), 1.82 - 2.1 0 (5 H), 1.55 ( 1 H).
Intermediate: (R)-methyl 2-hydroxy-3-(tetrahydrofuran-2-yl)propanoate (1-1
2c) (1-1 2c) Intermediate (1-1 2b) (4.23 g, 26.4 mmol) was dissolved in
HPLC grade methanol (100 mL) and to this Amberlyst-1 5 (4.23g) was added in
one portion, and the mixture stirred for 72 hours. An aliquot was filtered
and stripped, and the 1H NMR showed only 



product present. The mixture was combined for workup with two other runs (
1 g, 6.2mmol of 1-1 2b and 1.99 g, 12.4 mmol of 1-1 2b). The combined
mixtures were filtered through a pad of Celite, and the pad washed with
ethyl acetate (2x100 ml_), the combined filtrates were stripped to give the
crude product as a yellow oil (6.2 g, 35.6 mmol, 79%). The crude product
was purified by column chromatography (ethyl acetate / hexane 1: 1 ) , to
afford (1-1 2c) as a pale yellow oil that was a mixture of diastereomers
(3.9 g, 22.4 mmol, 43%): 1H NMR (400MHz, CDCI3) : d 4.33 ( 1 H), 3.73 ( 1
H), 3.73 (2 H), 3.72 (3 H), 1.8 - 2.1 (5 H), 1.51 ( 1 H). Intermediate:
(2R)-methyl 3-(tetrahydrofuran-2-yl)-2-(trifluoromethylsulfonyloxy)
propanoate (1-1 2d) r O (l-12d) Intermediate (1-1 2c) ( 1 .57 g, 9 mmol)
was added to a nitrogen purged flask and dissolved in 18 ml_ anhydrous
dichloromethane. The temperature was brought to O0C and 2,6-lutidine ( 1 .8
ml_, 16 mmol) was added followed by dropwise triflic anhydride (2.48 ml_,
14.8 mmol). This yellow solution was stirred at O0C for 45min before adding
ether and washing with a mixture of water and 1N HCI (pH=1 ) . The organic
layer was washed with brine and then dried over MgSO4 and concentrated to
afford 3.40 g of (I- 12d) as a yellow oil that was a mixture of
diastereomers. This was carried on without characterization. Intermediate:
(S)-methyl 3-(tetrahydrofuran-2-yl)-2-(4-(trifluoromethyl)-1 Himidazol-
1-yl)propanoate (1-1 2e) 4- (Trifluoromethyl)-I /-/-imidazole (397 mg, 2.9
mmol) was stirred in ahydrous THF (4 ml_) under nitrogen and lithium
hexamethyldisilazide (2.90 ml_, 1 M in THF, 2.9 mmol) was added. This was
stirred at RT as a solution for 90 min before adding asolution of
intermediate (1-1 2d) (900 mg, 2.9 mmol) in 3ml_ anhydrous THF dropwise.
The reaction was stirred as a mixture at RT for 3 hr. The reaction was
quenched with saturated NH4CI solution, and extracted with ethyl acetate
twice. The combined organics were dried over MgSO4, filtered, and
concentrated under reduced pressure. The residue was chromatographed (Isco,
12 gram RediSep Column eluting with 30- 50% ethyl acetate /Heptane) to
afford 370 mg (43%) of (1-1 2e) as a yellow solid that was a mixture of
diastereomers; m/z 293.1 (M+H) +. Intermediate: (R)-methyl 2-hydroxy-3-(1
H-pyrazol-1 -yl)propanoate (1-1 3a) (l-13a) In a 50 ml_ round bottomed
flask, methyl-2R-glycidate (2.5 g, 24.5 mmol) and pyrazole (4.1 7 g, 6 1.2
mmol) were dissolved in industrial methylated spirits (25 ml_) and refluxed
for 5 hours. A 0.2 ml_ sample was withdrawn, stripped and tested by 1H NMR,
showing all of the methyl-2R-glycidate was consumed. The reaction was
allowed to cool, stripped and codistilled with methanol (20 ml_). The crude
material, a yellow oil, (6.67 g) was combined with 130 mg of crude material
from a previous experiment, and purified by column chromatography (20%-50%
ethyl acetate/hexane). Two fractions were collected and analysed by NMR,
the primary spot material contained approximately 5% pyrazole, and the
secondary spot approx 27%. The two fractions were re-purified separately to
afford (1-1 3a) as a yellow oil. (2.6 g, 15.2 mmol, 62%): 1H NMR (400MHz,
CDCI3) : d 7.50 ( 1 H), 7.42 ( 1 H), 6.24 ( 1 H), 4.55 ( 1 H), 4.47 (2 H),
3.77 (3 H). Intermediate: (R)-methyl 3-(1 H-pyrazol-1
-yl)-2-(thfluoromethylsulfonyloxy) propanoate (1-1 3b) (l-13b)Intermediate
(1-1 3a) (800 mg, 4.7 mmol) was weighed into a flask and dissolved in dry
dichloromethane (60 ml_) under nitrogen. The mixture was stirred in an ice
bath, and 2,6-lutidine ( 1 .2 ml_, 10 mmol) was added. Trifluoromethane
sulfonic acid anhydride ( 1 .4 ml_, 8.5 mmol) was added dropwise, and the
reaction was stirred for 60 minutes, diluted with methyl te/t-butyl ether
(50 ml_), and washed three times with 3:1 brine:HCI. The organic layer was
dried over sodium sulfate, filtered, concentrated under reduced pressure,
and dried under high vacuum to affor (1-1 3b) as a light brown oil ( 1 .42
g, 4.7 mmol, 100%). The compound was used crude in the next step; 1H NMR
(400 MHz, CDCI3) d 7.61 ( 1 H), 7.47 ( 1 H), 6.27 - 6.37 ( 1 H), 5.50 -
5.54 ( 1 H), 4.56 - 4.85 (2 H), 3.88 (3 H). Intermediate: (S)-methyl 3-(1
H-pyrazol-1 -yl)-2-(4-(trifluoromethyl)-1 H-imidazol- 1-yl)propanoate (1-1
3c) (1-1 3c) 4-(Trifluoromethyl)-1 /-/-imidazole (640 mg, 4.7 mmol) was
stirred in dry THF (30 ml_) at room temperature under nitrogen. Lithium
hexamethyldisilazide ( 1M in THF, 4.2 ml_, 4.2 mmol) was added. After 45
minutes, a solution of Intermediate (1-1 3b) ( 1 .42 g, 4.7 mmol) in dry
THF (20 ml_) was added. The reaction was stirred for 12 hours. The reaction
was quenched with saturated ammonium chloride and diluted with brine and
ethyl acetate. Enough water was added to dissolve the precipitated salts.
The aqueous layer was extracted with ethyl acetate, and the combined
organics were dried over sodium sulfate, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography,
eluting with 100% heptane gradient to 80% ethyl acetate/heptane. The
appropriate fractions were combined, evaporated, and dried under high
vacuum to afford (1-1 3c) as a yellow oil (689 mg, 2.39 mmol, 57%). m/z
289.2 (M+H)+. Intermediate: (S)-3-cyclopentyl- L/-(5-((S)-2,2-dimethyl-1
,3-dioxolan-4-yl)pyrazin- 2-yl)-2-(4-(trifluoromethyl)-1 /-/-imidazol-1
-yl)propanamide (1-1 4a)(l-14a) To a solution of (l-8b) ( 167 mg, 0.605
mmol) in 3 ml_ anhydrous dichloromethane at O0C was added dropwise oxalyl
chloride (0.1 29 ml_, 1.45 mmol) followed by 2 drops of
L/,L/-dimethylformamide. This was stirred at 0 0C for 5 minutes and then at
room temperature for 60 minutes before concentrating under reduced
pressure. 1,2- Dichloroethane was added and concentrated to ensure all
oxalyl chloride was removed. This residue was then dissolved in 3 ml_
anhydrous dichloromethane and brought to 0 0C. In a separate vial
(S)-5-(2,2-dimethyl-1 ,3-dioxolan-4-yl)pyrazin-2-amine ( 118 mg, 0.605
mmol), prepared as in Chen, et al. US 2004/0147748, was combined with
dichloeoromethane (2 ml_) and pyridine (0.147 ml_, 1.82 mmol). The amine
solution was then added to the acid chloride solution. The ice bath was
allowed to melt and the reaction was stirred for 15 h. The reaction mixture
was diluted with dichloromethane (50 ml_) and 1N HCI (5 ml_), the layers
were separated, and the aqueous layer was extracted with dichloromethane.
The combined organics were dried over MgSO4 and purified by silica gel
chromatography (12g-Snap Biotage, heptane / ethyl acetate) to give three
fractions of impure desired material. These were combined, diluted with
dichloromethane, washed with saturated aqueous sodium bicarbonate and dried
over MgSO4. This was filtered and concentrated in vacuo to afford 76 mg of
(1-1 4a) as an oil; m/z 454.1 (M+H)+. Intermediate:
3-(trifluoromethyl)-1/-/-1 ,2,4-triazole (1-1 5a) (l-15a) Hydrazine
monohydrate (4.8 g, 96 mmol) was dissolved in industrial methylated spirits
( 160 ml_) and cooled to 0 0C before ethyl trifluoroacetate (14 g, 100
mmol;Aldrich Chemical Company, Inc., Milwaukee, Wl) was added dropwise. The
resulting reaction mixture was then warmed to ambient temperature and
stirred for 1 hour. After this time, the solvent was removed under vacuum
and the residue re-dissolved in 



industrial methylated spirits ( 100 ml_). Formamidine acetate (9.9 g, 95
mmol; Aldrich Chemical Company, Inc., Milwaukee, Wl) was then added and the
reaction mixture heated to 80 0C for 2.5 hours. The reaction was then
cooled to ambient temperature and the solvent removed under vacuum. To the
residue was then added NaHCO3 (aq.) (100 ml_), and the product was
extracted with ethyl acetate (2 x 100 ml_), dried over MgSO4, filtered and
the solvent removed under vacuum. The crude product was then purified by
flash chromatography ( 1 :3 hexane/ethyl acetate), giving -10 g of a pale
peach oil, which crystallised on standing overnight. The crystals were then
filtered, washed with hexane and dried overnight in an oven to afford (1-1
5a) as colorless crystals (8.73 g, 66 % yield): 1H NMR (400 MHz, DMSO-d6) :
d 8.81 ( 1 H). Intermediate: (S)-methyl
3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-1 ,2,4-triazol-1- yl)propanoate
(1-1 5b) (l-15b) Intermediate (1-1 5a) (248 mg, 1.8 mmol) was dissolved in
dry THF (20 ml_) under argon and lithium hexamethyldisilazide ( 1 M in THF,
1.62 ml_, 1.62 mmol) was added. The reaction mixture was then stirred at
ambient temperature for 30 minutes before Intermediate (1-1 c) (550 mg, 1.8
mmol) was added as a solution in THF (20 ml_), and the resulting reaction
mixture stirred at ambient temperature for 16 hours. After this time, the
reaction was quenched by the addition of NH4CI (aq.) ( 10 ml_) at 0 0C and
the product was extracted with ethyl acetate (2 x 40 ml_), dried over
MgSO4, filtered and the solvent removed under vacuum. The crude product was
then purified by flash chromatography (2:1 hexane/ethyl acetate) to afford
(1-1 5b) as a colorless oil ( 198 mg, 42 % yield): 1H NMR (400 MHz, CDCI3)
: d 8.34 ( 1 H), 5.10 ( 1 H), 3.78 (3 H), 2.28 - 2.1 6 (2 H), 1.83 - 1.76 (
1 H), 1.74 - 1.47 (6 H), 1.21 - 1.04 (2 H). Intermediate:
(S)-3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-1,2,4-triazoM - yl)propanoic
acid (1-1 5c)6N HCI ( 1OmL) was added to Intermediate (1-1 5b) (380 mg,
1.30 mmol) and the mixture was warmed to 95 0C for 16 hours and then
allowed to cool. Solid potassium carbonate was added to bring the pH to
about 4 . The mixture was diluted with water and ethyl acetate. The aqueous
layer was extracted once with ethyl acetate. The combined organics were
washed with brine, dried over sodium sulfate, filtered, evaporated, and
dried under high vacuum to afford (1-1 5c); m/z 277.9 (M+H)+. Intermediate:
(R)-methyl 3-cyclohexyl-2-(trifluoromethylsulfonyloxy)propanoate (1-1 6a)
(l-16a) To a 100 ml_ round bottom flask containing D-cyclohexylalanine
hydrochloride (10 g, 48 mmol; Chem-lmpex International, Inc., Wood Dale,
IL) was added 2N H2SO4 (50 mL), and the stirred solution was cooled to O0C.
To this solution was added NaNO (5 g, 72.2 mmol) as a solution in H2O (5
mL) dropwise over 5 min. The reaction mixture was stirred for 3 hr at 0 0C
and then the bath was allowed to melt and come to room temperature
overnight. The solution was transferred to a separatory funnel and
extracted with methyl te/t-butylether twice. The combined organics were
dried over MgSO4 and concentrated to afford 6 g of a mixture of product and
starting material as a pale oil. The aqueous layer was placed in the
original round bottom flask and another 4 mL cone. H2SO4 was added. After
cooling to 0 0C, a solution of NaNO2 (2 g) in H2O (0.5 mL) was added. The
reaction was stirred at 0 0C for several hours before being allowed to come
slowly to room temperature overnight and stirred at room temp for 16 hours.
The 6 g mixture was dissolved in 2N H2SO4 (50 mL), and the stirred
solutionwas cooled to 0 0C. To this solution was added NaNO2 (2.5 g, 36.1
mmol) as a solution in H2O (5 ml_) dropwise over 5 min. The reaction
mixture was stirred for 3 hr at 0 0C and then the bath was allowed to melt
and come to room temperature overnight. Both reactions were combined and
transferred to a separatory funnel and then extracted with methyl
te/t-butylether twice. The combined organics were dried over MgSO4 and
concentrated to afford (1-1 6a) (4.8 g) as pale oil; m/z 17 1.1 (M-H) .
Intermediate: (R)-methyl 3-cyclohexyl-2-hydroxypropanoate (1-1 6b) (l-16b)
To a solution of intermediate (1-1 6a) (6.3 g, 36.58 mmol) in anhydrous
methanol (50 ml_) was added thionyl chloride (4. ml_, 54.9 mmol) dropwise
and then the reaction was refluxed for 60 minutes. It was then cooled down
and concentraed in vacuo. The residue was partitioned between ethyl acetate
and sat. NaHCO3. The aqueous layer was extracted with ethyl acetate and the
combined organics dried over MgSO4, filtered, and evaporated to give a
crude oil. The crude product was purified with silica gel chromatography
(Biotage 40+M, eluting with 0-30% (3 CV), 30 % (3 CV), 30-1 00% ( 1 CV),
100% (2 CV) ethyl acetate/heptane) to afford (1-1 6b) (2.4 g) as a
colorless oil: 1H NMR (400 MHz, CDCI3) : d 4.1 2-4.34 ( 1 H), 3.77 (3 H),
2.45-2.72 ( 1 H), 1.80 ( 1 H), 1.42- 1.75 (7 H), 1.04-1 .35 (3 H), 0.71 - 1
.01 (2 H). Intermediate: (R)-methyl
3-cyclohexyl-2-(trifluoromethylsulfonyloxy)propanoate (1-1 6c) (1-1 6c)
2,6-Lutidine (0.354 ml_, 3.04 mmol) was added to a flask containing
intermediate (1-1 6b) (298 mg,1 .6 mmol) in anhydrous dichloromethane (7
ml_) purged with nitrogenat 0 0C. To this was added
bis(trifluoromethanesulfonic)anhydride (0.469 ml_, 2.72 mmol) and stirred
for 40min. The solution was observed to be light yellow. The reaction
mixture was concentrated and taken up in diethyl ether. This was washed
with brine (3x), and aq. 1N HCI (3x). The organic layer was dried over
sodium sulfate, filtered, and concentrated afford (1-1 6c) (509 mg); m/z
319.0 (M+H)+. Intermediate: (S)-methyl
3-cyclohexyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 - yl)propanoate (1-1 6d)
(l-16d) 4-(Trifluoromethyl)-1 /-/-imidazole (204 mg, 1.50 mmol) was taken
up in anhydrous THF and purged with nitrogen. To this added lithium
hexamethyldisilazide ( 1 .50 ml_, 1.15 mmol, 1 M in THF) and the reaction
was stirred as a solution for 40 min at room temperature. After 40 min,
intermediate (1-1 6c) (478 mg, 1.28 mmol) in 2 ml_ of anhydrous THF was
added dropwise. This was stirred at room temperature for 2 hours at which
point the reaction had turned dark yellow. After 2 hours, the reaction
mixture was quenched with aqueous saturdated NH4CI. Ethyl acetate was added
and the material transferred to a separatory funnel. The organic layer was
washed with aq. 1M HCI (3x), water (3x), aqueous sodium bicarbonate and
brine (2x). The organic layer was dried over sodium sulfate, filtered, and
concentrated to a crude residue. Purification of the crude product was
performed using a combiflash/isco companion system (SiO2, with a gradient
of 0-60% ethyl acetate/heptane) to afford (1-1 6d) as a yellow oil; m/z
305.0 (M+H)+. Intermediate: (S)-benzyl
6-(3-cyclohexyl-2-(4-(trifluoromethyl)-1 /-/-imidazol-1 -
yl)propanamido)nicotinate (1-1 6e)(l-16e) Intermediate (l-28a) (272 mg,
1.19 mmol) was taken up in 4 ml_ of toluene. The amine was observed to be
insoluble. Dimethylaluminum chloride ( 1 .19 ml_, 1.19 mmol) was added to
this mixture. The solids dissolved and the solution was observed to be
bright yellow/green. Within one minute, this solution was added to a 50 0C
solution of intermediate (1-1 6d) (250 mg, 0.822 mmol) in 3 ml_ of toluene.
This yellow solution was stirred at 50 0C for 2 hours then 0.3 eq more of
dimethylaluminum chloride was added and stirred for another hour. The heat
was discontinued and aqueous saturated Rochelle's salt (15 ml_) was added
and stirred for 0.5 hrs. 15 ml_ of ethyl acetate was 



used to transfer to a separatory funnel. The organic layer was washed with
water (3x) and brine (2x). The organic layer was dried over sodium sulfate,
filtered, and concentrated to a crude residue. Purification of the crude
product was performed using a combiflash/isco companion system with a
gradient of 0-50% ethyl acetate/heptane to afford (1-1 6e) as a clear foam;
m/z 501 .0 (M+H)+. Intermediate: (S)-methyl
3-cyclopentyl-2-(2-methyl-4-(trifluoromethyl)-1 Himidazol- 1 -yl)propanoate
(1-1 7a) (l-17a) To a stirred solution of 2-methyl-4-(trifluoromethyl)-1
/-/-imidazole (Chireach USA LLC, San Diego, CA) ( 197 mg, 1.3 mmol) in
anhydrous THF (8 mL) under N2 was added a solution of lithium
hexamethyldisilazide ( 1 .24 mL, 1 M in hexanes, 1.24 mmol). After stirring
for 45 minutes at room temperature, a solution of Intermediate (1-1 c) (400
mg, 1.32 mmol) in 8 mL of anhydrous THF was added dropwise and stirring
wascontinued for 4 hours at room temperature. It was then quenched with
aqueous saturated NH4CI and extracted with ethyl acetate. The combined
organic extracts were dried over MgSO4, filtered, and concentrated. The
resulting residue was purified by flash chromatography (SiO2, heptane /
ethyl acetate, Oto 50%) to afford (1-1 7a) in 47% yield; m/z 305.4 (IvRH)+.
Intermediate: (S)-benzyl 6-(3-cyclopentyl-2-(2-methyl-4-(trifluoromethyl)-1
Himidazol- 1 -yl)propanamido)nicotinate (1-1 7b) (l-17b) Intermediate
(l-28a) was taken up in 3 ml_ of toluene. The amine was observed to be
insoluble. Dimethylaluminum chloride (0.44 ml_, 1.0M in hexanes, 1.19 mmol)
was added to this mixture. The solids dissolved and the solution was
observed to be bright yellow/green. Within one minute, this solution was
added to a 50 0C solution of intermediate (1-1 7a) in 2 ml_ of toluene.
This yellow solution was stirred at 50 0C for 2 hours then another 0.3 eq
of 1.0 M dimethylaluminum chloride was added and stirred for another hour.
The reaction was cooled to room temperature over 1 hour and then saturated
aqueous Rochelle's salt ( 15 ml_) was added and stirred for 0.5 h. 15 ml_
of ethyl acetate was used to transfer the material to a separatory funnel.
The organic layer was washed sequentially with water (3x) and brine (2x).
The organic layer was dried over sodium sulfate, filtered and concentrated
under reduced pressure. The crude residue was purified by silica gel
chromatography (20-80% ethyl acetate / heptane) to afford (1-1 7b); m/z 501
.4 (M+H)+. Intermediate: (S)-methyl
3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1 Hpyrazol- 1-yl)propanoate
(1-1 8a)(l-18a) To a stirred solution of
4-methyl-3-(trifluoromethyl)-1/-/-pyrazole (Ryan Scientific, Inc., Mt.
Pleasant, SC) ( 197 mg, 1.3 mmol) in anhydrous THF (8 ml_) under nitrogen
was added a solution of lithium hexamethyldisilazide ( 1 .24 ml_, 1 M in
hexanes, 1.24 mmol). After stirring for 45 minutes at room temperature, a
solution of Intermediate (I- 1c) (400 mg, 1.32 mmol) in 8 ml_ of anhydrous
THF) was added dropwise and stirring was continued for 4 hours at room
temperature. It was then quenched with aqueous saturated NH4CI and
extracted with ethyl acetate. The combined organic extracts were dried over
MgSO4, filtered, and concentrated. The resulting residue was purified by
flash chromatography (Siq 2, heptane / ethyl acetate, 0 to 50%) to afford
(1-1 8a) in 70% yield; m/z 305.4 (M+H)+. Intermediate:
(S)-3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1 H-pyrazol-1 -
yl)propanoic acid (1-1 8b) (l-18b) 6N HCI (2 ml_) was added to Intermediate
(1-1 8a) (89 mg, 0.29 mmol) and the mixture was warmed to 95 0C for 16
hours and then allowed to cool. Solid potassium carbonate was added to
bring the pH to about 3 . A precipitate crashed out. Ethyl acetate was
added, and the mixture was stirred until everything was dissolved. The
aqueous layer was extracted once with ethyl acetate. The combined organics
were washed with brine, dried over sodium sulfate, filtered, evaporated,
and dried under high vacuum to afford impure (1-1 8b) with some starting
material present; m/z 290.9 (M+H)+.Intermediate:
(2S)-3-cyclopentyl-2-[4-(trifluoromethyl)-1 /-/-imidazol-1 - yl]propanamide
(1-1 9a) (l-19a) Intermediate (l-8b) (150 mg, 0.54 mmol) in dichloromethane
under nitrogen was treated with oxalyl chloride (0.1 ml_, 1.1 mmol) and one
drop of L/,L/-dimethylformamide. The reaction was stirred for 1 hr and then
concentrated. The residue, dissolved in dichloromethane, was treated with
ammonia in dioxane (0.5M, 3 ml_). The resulting mixture was capped and
stirred overnight. The reaction mixture was concentrated to afford (1-1 9a)
(80 mg, 54%); m/z 276.1 (IvRH)+. Intermediate:
3-methyl-4-(trifluoromethyl)-1 /-/-pyrazole (l-20a) (l-20a) A solution of
4,4,4-trifluorobutan-2-one (2.0 g, 16 mmol; Alfa Aesar, Ward Hill, MA) and
1,1 -dimethoxy- L/,L/-dimethylmethanamine (4.2 ml_, 32 mmol; Aldrich
Chemical Company, Inc., Milwaukee, Wl) in toluene ( 13 ml_) was stirred at
reflux for 4 h. The reaction was cooled and the mixture was concentrated in
vacuo. The crude residue was taken up in ethanol (13 ml_) and hydrazine
(3.7 ml_) was added. The mixture was stirred at room temperature overnight
before concentrating in vacuo. The residue was redissolved in ethyl acetate
and washed with water. The aqueous layer was reextracted with ethyl acetate
three times. The combined organic layer was dried over sodium sulfate,
filtered, and concentrated to afford impure (l-20a) as a red oil ( 1 .28
g). This was carried on without further purification. 1H NMR (400 MHz,
CDCI3) : d 7.73 ( 1 H), 2.42 (3 H).Intermediates: (S)-methyl
3-cyclopentyl-2-(3-methyl-4-(trifluoromethyl)-1 Hpyrazol- 1-yl)propanoate
(l-20b), (S)-methyl 3-cyclopentyl-2-(5-methyl-4- (trifluoromethyl)-i
H-pyrazol-1 -yl)propanoate (l-20c) Intermediate (l-20a) ( 150.1 mg, 1.00
mmol) was stirred in 5 ml_ of dry THF at room temperature under nitrogen.
Lithium hexamethyldisilazide solution ( 1 .0M in THF, 0.91 ml_, 0.909 mmol)
was added dropwise. After 50 minutes, a solution of intermediate (1-1 c)
(304 mg, 1.00 mmol) in 1ml_ of dry THF was added. The reaction was stirred
for 3 hours. The reaction was quenched with saturated aqueous ammonium
chloride and extracted with ethyl acetate three times. The combined organic
layer was concentrated and purified by silica gel chromatography (ISCO 12g,
ethyl acetate/heptane 30-1 00%) to afford a mixture of (l-20b) and (l-20c)
as a yellow oil (153 mg); m/z 304.9 (M+H) +. Intermediate:
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido) nicotinoyl chloride (1-21 a) (1-21 a) Thionyl chloride (225
mg, 1.89 mmol) was added to a solution of the compound of Example 48 ( 150
mg, 0.387 mmol) in dichloromethane ( 1 .5 ml_) and the reaction stirred at
room temperature for 1 hour. LCMS of an aliquot in methanol showed -67%
methyl ester. To the reaction mixture was added another 25 uL of thionyl
chloride and this was stirred at room temp for another 30 minutes. Solvents
were evaporated toafford 157 mg ( 100%) of (1-21 a) as a grayish-white
solid. LCMS in methanol to generate the methyl ester gave m/z 395.9 (M+H)
+. Intermediate: benzyl 5-aminopyrazine-2-carboxylate (l-22a) 



(l-22a) 5-aminopyrazine-2-carboxylic acid (493 mg, 3.54 mmol; Ark Pharm,
Inc., Libertyville, IL) was stirred in dry L/,L/-dimethylformamide (3.0 mL)
at room temperature under nitrogen. Solid potassium carbonate (742 mg, 5.37
mmol) was added, followed by benzyl bromide (0.43 mL, 3.6 mmol). The
mixture was stirred for 22 hours and then diluted with ethyl acetate and
water. The layers were separated, and the aqueous layer was extracted with
ethyl acetate. The combined organics were washed with brine, dried over
sodium sulfate, filtered, and evaporated. The residue was purified by
silica chromatography using a 4Og pre-packed column, eluting with ethyl
acetate. The product fractions were combined, evaporated, and dried under
high vacuum to afford (I- 22a) (161 .2 mg, 0.70 mmol, 20%): m/z 229.9 (M+H)
+. Intermediate: (S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1
-yl)propanoic acid (l-23a) 6N HCI (4 mL) was added to Intermediate (l-4a2)
(189 mg, 0.629 mmol) and the mixture was warmed to 95 0C for 16 hours and
then allowed to cool to room temperature. Solid potassium carbonate was
added to bring the pH to about 3 . Ethyl acetate was added, and the mixture
was stirred until everything was dissolved. The aqueous layer was extracted
once with ethyl acetate. The combined organics were washed with brine,
dried over sodium sulfate, filtered, evaporated, and dried under high
vacuum to afford (l-23a); m/z 286.8 (M+H) +.Intermediate:
(S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1 /-/-imidazol-1 -yl)propanoic acid
(l-24a) 6N HCI ( 1 ml_) was added to Intermediate (l-7a3) (50 mg, 0.1 7
mmol) and the mixture was warmed to 95 0C for 16 hours and then allowed to
cool to room temperature. Solid potassium carbonate was added to bring the
pH to about 3 . Ethyl acetate was added, and the mixture was stirred until
everything was dissolved. The aqueous layer was extracted once with ethyl
acetate. The combined organics were washed with brine, dried over sodium
sulfate, filtered, evaporated, and dried under high vacuum to afford
(l-24a); m/z 284.9 (M-H) . Intermediate: diethyl
6-aminopyridin-3-ylphosphonate (l-25a) (l-25a) A mixture of
2-amino-5-bromopyridine (5 g, 0.029 mol; Aldrich Chemical Company, Inc.,
Milwaukee, Wl), diethyl phosphate (5.02 g, 0.036 mol), triethylamine (4.4
g, 0.043 mol), Pd(OAc)2 (0.78 g, 3.4 mmol), triphenylphosphine (2.28 g, 8.7
mmol) in ethanol (100 ml_) was refluxed for 14 hours under nitrogen. TLC
(Petroleum ether/ethyl acetate = 1:1 ) indicated that the reaction was
complete. The resulting mixture was filtered, and the filtrate was
concentrated in vacuo, the residue was purified by prep. HPLC to afford
(l-25a) (4.3 g, 64.4%) as a white solid; m/z 231 .3 (M+H)+. Intermediate:
lmidodicarbonic acid, L/-(5-methyl-2-pyridinyl)-, C,C'-bis(1 , 1 -
dimethylethyl) ester (l-26a)(l-26a) To a solution of compound
2-amino-5-methylpyridine ( 10.0 g, 0.092 mol) in dichloromethane (200 ml_)
was added diisopropylethylamine (23.86 g, 0.185 mol) dropwise at 0 0C.
After the addition, a solution of (Boc)2q (50.4 g, 0.231 mol) in
dichloromethane (50 ml_) was added to the mixture, followed
N,Ndimethylaminopyridine ( 1 1.3 g, 0.092 mol), the resulting mixture was
stirred at room temperature for 12 hours. TLC (petroleum ether/ethyl
acetate = 1:1 ) indicated that the reaction was complete. The mixture was
washed with aq. NH4CI (50 ml_), the residue was extracted with
dichloromethane (50 ml_ x 3). The combined organic layers were washed with
brine, dried over Na2SO4 and evaporated in vacuo, the residue was purified
by chromatography on silica to afford (l-26a) ( 1 1.4 g, 40%) as a white
solid. Intermediate: lmidodicarbonic acid,
L/-[5-(bromomethyl)-2-pyridinyl]-, C,C - bis(1 , 1 -dimethylethyl) ester
(l-26b) (l-26b) A mixture of intermediate (l-26a) (5 g, 0.01 6 mol),
N-bromosuccinimide (2.9 g, 0.01 6 mol), benzoyl peroxide (0.37 g, 0.001 6
mol) in carbon tetrachloride (70 ml_) was refluxed for 12 hours. TLC
(petroleum ether/ethyl acetate = 5:1 ) indicated that the reaction was not
complete. The reaction mixture was filtered and the filtrate was
concentrated in vacuo. The residue was purified by chromatography on silica
to afford (l-26b) (3.1 g, 49.5%) as a white solid.Intermediate:
lmidodicarbonic acid, L/-[5-[(diethoxyphosphinyl)methyl]-2- pyridinyl]-,
C,C'-bis(1 , 1 -dimethylethyl) ester (l-26c) (l-26c) A mixture of
intermediate (l-26b) (4.0 g, 0.01 mol), triethyl phosphite (5.2 g, 3 1 .2
mmol) in THF ( 100 ml_) was refluxed for 72 hours. TLC (petroleum
ether/ethyl acetate = 1:1 ) indicated that the reaction was not complete.
The reaction mixture was concentrated in vacuo, and the residue was
purified by chromatography on silica to afford (l-26c) (4.4 g, 95.6%) as an
oil. Intermediate: diethyl (6-aminopyridin-3-yl)methylphosphonate (l-26d)
(l-26d) A mixture of intermediate (l-26c) (4.7 g, 0.01 1 mmol) and
trifluoroacetic acid (14 ml_) in dichloromethane (60 ml_) was stirred at
room temperature for 2 hours. TLC (petroleum ether/ethyl acetate = 0:1 )
indicated that the reaction was complete. The reaction mixture was washed
with aq. NaHCO3 ( 100 mL). The mixture was extracted with dichloromethane
(20 mL x 3). The combined organic phases were concentrated to afford
(l-26d) ( 1 .8 g, 69.7%) as a white solid; 1H NMR (400 MHz, CDCI3) : d 7.87
( 1 H), 7.37 ( 1 H), 6.40 ( 1 H), 4.33 (2 H), 3.98 (4 H), 2.90 (2 H), 1.20
(6 H). Intermediate: 3-nitro-1H-pyrazole (l-27a) (l-27a)A solution of
1-nitro-1 H-pyrazole (4.23 gm, 37.4 mmol; Oakwood Products, Inc., West
Columbia, SC) in benzonitrile (42 ml_) was heated to reflux for 2 hours.
After cooling to 45 0C, the reaction mixture, which was starting to
precipitate, was poured into 175 ml_ hexanes. A white solid precipitated.
This was collected by vacuum filtration, rinsed repeatedly with hexane and
dried under high vacuum to afford 3.85 grams (91 %) of (l-27a) as a white
solid; 1H NMR (400 MHz, DMSO-d6) d 13.90 ( 1 H), 8.01 ( 1 H), 7.01 ( 1 H).
Intermediate: 3-nitro-1H-pyrazole (l-27b) (l-27b) Intermediate (l-27a) (830
mg, 7.0 mmol) was dissolved in anhydrous N Ndimethylformamide (20 ml_) in a
heavy walled reaction tube. Potassium carbonate ( 1 .408 g, 10.19 mmol) and
dimethyl oxirane ( 1 .01 6 g, 14.09 mmol; Aldrich Chemical Company, Inc.,
Milwaukee, Wl) were added and the tube was sealed with a teflon screw cap
and heated to 100 0C with stirring for 1 hour. After cooling to room
temperature, the reaction was diluted with water (40 ml_) and extracted
with ethyl acetate (3 x 30 ml_). The combined organic layers were dried
over Na2SO4, filtered, and evaporated. The crude material was purified by
silica gel flash chromatograpy (50- 60% ethyl acetate/heptane over 40
minutes) to afford 985 mg (76%) of (l-27b) as a clear colorless oil. 1H NMR
(400 MHz, CDCI3) d 7.59 ( 1 H), 6.90 ( 1 H), 4.17 (2 H), 2.1 1 ( 1 H), 1.23
(6 H). Intermediate: 1-(2-methyl-2-(triethylsilyloxy)propyl)-3-nitro-1
H-pyrazole (l-27c) (l-27c)Intermediate (l-27b) (948 mg, 5.1 2 mmol) was
dissolved in anhydrous N Ndimethyl 



formamide (25 ml_) and cooled to 0 0C in an ice bath. To this was added
chlorotriethylsilane (0.945 ml_, 5.63 mmol) and imidazole (871 mg, 12.8
mmol). The mixture was stirred at 0 0C and then slowly allowed to warm to
room temperature and stirred for two days. The reaction was diluted with
ethyl acetate (75 ml_) and washed with brine (50 ml_). The aqueous layer
was extracted with ethyl acetate (2 x 75 ml_) and the combined organic
layers were dried over Na2SO4, filtered, evaporated, then purified by
silica gel flash chromatography (5-25% ethyl acetate /heptanes over 40
minutes) to afford 1.133 g of (l-27c) as a clear colorless oil; m/z 300.0
(M+H) +. Intermediate: 1-(2-methyl-2-(triethylsilyloxy)propyl)-1
H-pyrazol-3-amine (l-27d) (l-27d) In a Parr shaker bottle was placed 10%
palladium on activated carbon (145 mg) and ethanol (10 ml_) followed by a
solution of intermediate (l-27c) ( 1 .125 g, 0.65 mmol) in ethanol (40
ml_). The bottle was then placed on the Parr shaker at 40 psi of hydrogen
pressure for 1 h. The reaction was then filtered through a pad of celite
and washed with ethanol. Concentration in vacuo afforded 981 mg (96.9%) of
(l-27d) as a clear pale green oil; m/z 270.0 (M+H) +. Intermediate: benzyl
6-aminonicotinate (l-28a) (l-28a) To a stirred suspension of
6-aminonicotinic acid (100 g, 0.72 mol; Aldrich Chemical Company, Inc.,
Milwaukee, Wl) in N,N-dimethylformamide (700 ml_) with brisk mechanical
stirring was added potassium carbonate ( 150 g, 1.08 mol) and the reaction
was stirred for 10 min before the portionwise addition of benzyl bromide
(95ml_, 0.80 mol). The reaction was stirred at room temperature overnight,
then the solids were filtered off and washed thoroughly with ethyl acetate,
and the solvent was removed under vacuum. The filter cake was dissolved in
water and extracted with ethyl acetate. The residue after evaporation of
N,N-dimethylformamide was combined with the ethyl acetate extracts (total
volume 2 L of ethyl acetate) and the combined organic extracts washed with
brine (5 500 ml_), dried (MgSO4) and the solvent removed under reduced
pressure. The crude product was refluxed with 1: 1 diethyl etherhexane for
30 min then the solids filtered off (warm), washed with diethyl etherhexane
( 1 : 1 ) , and dried. This solid was precipitated from hot toluene (hot
filtration required to remove dibenzylated material) and dried to afford
(l-28a) ( 107.2 g, 65%) as an off-white solid; 1H NMR (DMSO-de): d 8.50 ( 1
H), 7.82 ( 1 H), 7.34-7.29 (5 H), 6.84 (2 H), 6.43 ( 1 H), 5.23 (2 H); m/z
229.4 (M+H)+. Intermediate: te/t-butyl 5-bromopyridin-2-ylcarbamate (l-29a)
(l-29a) To a solution of 2-amino-5-bromopyridine (8.65 g, 50 mmol) in THF (
100 ml_) was added lithium hexamethyldisilazide ( 105 ml_, 105 mmol) under
nitrogen at 0 0C. After the addition, the mixture was stirred for 30 mins
at 0 0C. At this point, (BOC)2q (12 g, 55 mmol) was added to the reaction
mixture and the mixture was stirred for another 30 mins at 0 0C. TLC
(petroleum ether/ethyl acetate = 5:1 ) indicated the reaction was complete.
The reaction mixture was washed with 1 N HCI (20 ml_), and the residue was
extracted with ethyl acetate (50 ml_ x 3). The combined organic layers were
washed with brine, dried over Na2SO4, and evaporated in vacuo. The residue
was purified by chromatography on silica to afford (l-29a) (8 g, 58.6%) as
a white solid. Intermediate: butyl phosphenite (l-29b) (l-29b) A mixture of
anilinium hypophosphite (20 g, 0.131 mol; Aldrich Chemical Company, Inc.,
Milwaukee, Wl) and tetrabutyl orthosilicate (28.23 g, 0.088 mol; Aldrich
Chemical Company, Inc., Milwaukee, Wl) in THF (400 ml_) was refluxed for 12
hoursunder nitrogen. The resulting mixture was cooled to give afford
(l-29b) as a solution, which was used in the next step directly without
further purification. Intermediate: butyl methylphosphinate (l-29c) (l-29c)
To a solution of crude intermediate (l-29b) (400 ml_ THF solution, 0.131
mol) was added methyl iodide (12.44 g, 0.087 mol) and n-butyl lithium (42
ml_, 0.105 mol) dropwise at -78 0C under nitrogen. After the addition, the
reaction mixture was gradually warmed to room temperature. The resulting
mixture was stirred at room temperature for 12 hours. TLC (petroleum
ether/ethyl acetate = 1: 1 ) indicated the reaction was complete. The
mixture was washed with aq. sodium bicarbonate (50 ml_) and the residue was
extracted with ethyl acetate (50 ml_ x 3). The combined organic layers were
washed with brine, dried over Na2SO4, and evaporated in vacuo. The residue
was purified by chromatography on silica to afford (l-29c) (4.3 g, 24%) as
an oil; 1H NMR (400 MHz, CDCI3) : d 7.82 (0.5 H), 6.48 (0.5 H), 3.88-4.09
(2 H), 1.59-1 .66 (2 H), 1.45-1 .53 (3 H), 1.32-1 .44 (2 H), 0.84-0.90 (3
H). Intermediate: te/t-butyl
5-(ethoxy(methyl)phosphoryl)pyridin-2-ylcarbamate (I- 29d) (l-29d) A
mixture of intermediate (l-29c) (2.7 g, 19.8 mmol), intermediate (l-29a)
(5.4 g, 19.8 mmol), triethylamine (3.0 g, 29.7 mmol), Pd(OAc) 2 (0.533 g,
2.38 mmol), and triphenylphosphine ( 1 .56 g, 5.94 mmol) in ethanol ( 100
ml_) was refluxed for 18 hours under nitrogen. TLC
(dichloromethane/methanol = 10:1 ) indicated the reaction was complete. The
reaction mixture was concentrated in vacuo, and the residue was washed with
water and extracted with ethyl acetate (50 mL x 3). The combined organic
layers were washed with brine, dried over Na SO4, and evaporated in vacuo.
The residue was purified by chromatography on silica to afford (l-29d) ( 1
.8 g, 30.4%) as an oil.Intermediate: ethyl
6-aminopyridin-3-yl(methyl)phosphinate (l-29e) (l-29e) A mixture of
intermediate (l-29d) ( 1 .8 g, 0.006 mol) and trifluoroacetic acid (20 ml_)
in dichloromethane (30 ml_) was stirred at room temperature for 12 hours.
TLC (dichloromethane/methanol = 10:1 ) indicated the reaction was complete.
The reaction mixture was washed with saturated aq. sodium bicarbonate (100
ml_) and the mixture was extracted with dichloromethane (20 ml_ x 3). The
combined organic phases were concentrated to afford (l-29e) ( 1 .1 g, 9
1.7%) as a light yellow solid; 1H NMR (400 MHz, CDCI3) : d 8.26-8.27 ( 1
H), 7.73-7.79 ( 1 H), 6.57-6.60 ( 1 H), 5.88 (2 H), 3.96-4.06 ( 1 H),
3.77-3.85 ( 1 H), 1.56-1 .60 (3 H), 1.1 8-1 .25 (3 H). Intermediate: ethyl
6-((S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-yl(methyl)phosphinate (l-29f) (l-29f) To a
solution of intermediate (l-8c) (0.6 g, 2.06 mmol) in dichloromethane (20
ml_) was added intermediate (l-29f) (0.41 g, 2.06 mmol) and triethylamine
(0.89 ml_, 6.18 mmol) at room temperature, and the mixture was stirred for
12 hours at room temperature under nitrogen. TLC (dichloromethane/methanol
= 10:1 ) indicated the reaction was complete. The reaction mixture was
concentrated in vacuo, the residue was purified by chromatography on silica
to afford (l-29f) (250 mg, 26.6%) as an oil; 1H NMR (400 MHz, CDCI3) : d
9.98 ( 1 H), 8.61 ( 1 H), 8.22 ( 1 H), 8.00 ( 1 H), 7.71 ( 1 H), 7.51 ( 1
H), 5.05 ( 1 H), 4.07 ( 1 H), 3.82 ( 1 H), 2.14 (2 H), 1.39-1 .78 ( 10 H),
1.01 - 1 .33 (5 H). Intermediate: 2,2-dimethyl-2,3-dihydrobenzo[e][1
,3]oxazin-4-one (l-30a)(l-30a) 



To a solution of salicylamide (20.0 g, 0.146 mol; Aldrich Chemical Company,
Inc., Milwaukee, Wl) in 2,2-dimethoxypropane (300 ml_) was added pyridinium
ptoluenesulfonate ( 1 1.0 g, 0.044 mol) and then heated to reflux for 2h.
TLC (dichloromethane: methanol = 20:1 ) indicated the reaction was
complete. The solvent was removed and then the residue was taken up in
ethyl acetate ( 150 ml_). The solution was washed twice with sodium
bicarbonate and once with brine. The organic layer was dried and
concentrated under reduced pressure to afford (l-30a) (26.0 g, yield:
93.4%) as a yellow solid, which was used to next step without any
purification. Intermediate: 4-chloro-2,2-dimethyl-2H-benzo[e][1 ,3]oxazine
(l-30b) (l-30b) To a solution of intermediate (l-30a) (42.0 g, 0.237 mol)
in POCI3 (200 ml_) was added PCI5 (71 .95 g, 0.356mol) and stirred at room
temperature for 1h. Then the mixture was heated to reflux overnight. The
solvent was removed by distillation under atmospheric pressure and the
residue was distilled under reduced pressure (85 ~ 86C, 2.5 mm Hg) to
afford crude (l-30b) ( 10.2 g, yield: 22.7%); 1H NMR (400 MHz, CDCI3) : d
7.55-7.62 ( 1 H), 7.37-7.42 ( 1 H), 6.95-7.01 ( 1 H), 6.80-6.85 ( 1 H),
1.60-1 .70 (6 H). Intermediate: ( 1-oxy-pyridin-3-yl)-acetic acid ethyl
ester (l-30c) (l-30c) A solution of ethyl 3-pyridylacetate ( 10.0 g, 0.061
mol; Aldrich Chemical Company, Inc., Milwaukee, Wl) and
m-chloroperoxybenzoic acid (36.87 g, 0.182 mol) indichloromethane (300 ml_)
was stirred at RT overnight. TLC (dichloromethane: methanol = 15:1 )
indicated the reaction was complete. The reaction mixture was quenched with
Na2SO3, and then the solvent was removed under reduced pressure to give a
crude product. The crude product was purified by chromatography on silica
(dichloromethane: methanol = 60:1 30:1 20:1 ) to give crude (l-30c) (15.2
g, 40.5% purity by LC-MS) as a solid. Intermediate: ethyl
2-(6-(2,2-dimethyl-4-oxo-2H-benzo[e][1 ,3]oxazin-3(4H)-
yl)pyridin-3-yl)acetate (l-30d) (l-30d) A solution of intermediate (l-30c)
( 10.0 g, 55.1 9 mmol) and intermediate (l-30b) ( 10.0 g, 46.36 mmol) in
1,2-dichloroethane ( 100 mL) was heated to reflux for 3 days. TLC
(dichloromethane: methanol = 15:1 ) indicated the reaction was complete.
The solvent was removed under reduced pressure to afford crude (l-30d) (
11.0 g, yield: 69%) as an oil, which was used in the next step without any
purification. Intermediate: 2-(6-aminopyridin-3-yl)acetic acid
hydrochloride (l-30e) (l-30e) A solution of intermediate (l-30d) ( 1 1.0 g,
0.0324 mol) in cone. HCI (75 mL) was refluxed overnight. The solvent was
removed under reduced pressure. The residue was dried by lyophilization to
give crude intermediate (l-30e) ( 1 1.0 g) as a solid, which was put into
next step without any purification. Intermediate: methyl
2-(6-aminopyridin-3-yl)acetate (l-30f) (l-30f) To a solution of
intermediate (l-30e) ( 1 1.0 g, 72.36 mmol) in dry methanol (80 mL) was
added cone. H2SO4 ( 1 .6 mL) and heated to reflux overnight. LC-MS
indicatedthe reaction was complete. The reaction mixture was basified to pH
8.0 with sat. aq. sodium bicarbonate and extracted with ethyl acetate (30
ml_ x 3). The combined organic layer was dried and concentrated in vacuo to
give a crude product, which was purified by prep. HPLC to afford (1-3Of)
(2.2 g, yield: 18%) as a white solid; 1H NMR (400 MHz, CD3OD): d 7.78-7.82
( 1 H), 7.40-7.50 ( 1 H), 6.59-6.62 ( 1 H), 3.69-3.78 (3 H), 3.50-3.60 (2
H); m/z 167.3 (M+H) +. Intermediate: (S)-methyl
2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-yl)acetate (l-30g) (l-30g) To a solution of
intermediate (l-8c) (0.33 g, 1.1 2 mmol) in dichloromethane (20 ml_) was
added intermediate (l-30f) (0.223 g, 0.9 mmol) and triethylamine (0.48 ml_,
3.36 mmol) at room temperature, and the mixture was stirred for 12 hours at
room temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1: 1
) indicated the reaction was complete. The reaction mixture was
concentrated in vacuo and the residue was purified by chromatography on
silica to afford (l-30h) (220 mg, 46.4%) as an oil; 1H NMR (400 MHz,
CD3OD): d 8.29 ( 1 H), 8.1 2 ( 1 H), 8.00 ( 1 H), 7.77 ( 1 H), 7.45 ( 1 H),
5.21 ( 1 H), 3.74 (5 H), 2.25 (2 H), 1.80 ( 1 H), 1.70 ( 1 H), 1.68 (3 H),
1.58 (2 H), 1.35 ( 1 H), 1.22 ( 1 H). Intermediate:
2-methyl-2-(1-oxy-pyridin-3-yl)-propionic acid ethyl ester (1-31 a) (1-31
a) To a solution of intermediate (l-30c) ( 15.2 g, 0.084 mol) in THF (250
ml_) was added potassium t-butoxide (18.81 g, 0.1 68 mmol) slowly at -20 C
and stirred for 30 minutes. Methyl iodide (23.86 g, 0.1 68 mol) was added
dropwise so as to maintain theinternal temperature between -20 C to - 15 C.
Then the mixture was stirred at 0 C for 12h. LC-MS indicated the reaction
was complete. The reaction mixture was poured into ice water ( 150 ml_) and
ethyl acetate ( 150 ml_). The organic layer was separated and the aqueous
phase was extracted with ethyl acetate ( 100 ml_ x 2). The combined organic
layer was dried over Na2SO4 and concentrated under reduced pressure to give
a crude product, which was purified by prep. HPLC to afford (1-31 a) (4.0
g, yield: 23%) as an oil; 1H NMR (400 MHz, CD3OD): d 8.40-8.47 ( 1 H),
8.30-8.37 ( 1 H), 7.70-7.80 ( 1 H), 7.52-7.61 ( 1 H), 4.08-4.15 (2 H),
1.52-1 .63 (6 H), 1.1 2-1 .20 (3 H). Intermediate: ethyl
2-(6-(2,2-dimethyl-4-oxo-2H-benzo[e][1 ,3]oxazin-3(4H)-
yl)pyridin-3-yl)-2-methylpropanoate (1-31 b) (1-31 b) A solution of
intermediate (1-31 a) (4.0 g, 0.01 9 mol) and intermediate (l-30b) (3.1 35
g, 0.016 mol) in 1,2-dichloroethane (50 mL) was heated to reflux for 3
days. TLC (dichloromethane: methanol = 15:1 ) indicated the reaction was
complete. The solvent was removed under reduced pressure to give a crude
product, which was purified by flash chromatography (dichloromethane:
methanol = 80:1 60:1 30:1 20:1 ) to afford impure (1-31 b) (3.68 g, 48.5%
purity by LC-MS) as a solid. Intermediate:
2-(6-aminopyridin-3-yl)-2-methylpropanoic acid hydrochloride (I- 31c) (1-31
c) A solution of intermediate (1-31 b) (3.68 g, 0.01 mol) in cone. HCI (30
mL) was refluxed overnight. The solvent was removed under reduced pressure.
The residue was dried by lyophilization to afford (1-31 c) (3.4 g) as a
solid, which was put into next step without any purification. Intermediate:
methyl 2-(6-aminopyridin-3-yl)-2-methylpropanoate (1-31 d)(l-31d) To a
solution of intermediate (1-31 c) (3.4 g, 0.01 9 mmol) in dry methanol (25
ml_) was added cone. H2SO4 (0.5 ml_) and heated to reflux overnight. LC-MS
indicated the reaction was complete. The reaction mixture was basified to
pH 8.0 with sat. aq. sodium bicarbonate and extracted with ethyl acetate
(30 ml_ x 3). The combined organic layer was dried over Na SO4 and
concentrated in vacuo to give a crude product, which was purified by prep.
HPLC to afford (1-31 d) (0.5 g, yield: 14%) as a white solid; 1H NMR (400
MHz, CD3OD): d 7.80-7.90 ( 1 H), 7.46-7.51 ( 1 H), 6.53-6.60 ( 1 H),
3.60-3.70 (3 H), 1.48-1 .60 (6 H); m/z 195.3 (M+H) +. 



Intermediate: (S)-methyl 2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1
H-imidazol-1 - yl)propanamido)pyridin-3-yl)-2-methylpropanoate (1-31 e)
(1-31 e ) To a solution of intermediate (l-8c) (0.26 g, 0.88 mmol) in
dichloromethane ( 10 mL) was added intermediate (l-31d) (0.1 7 1 g, 0.88
mmol) and triethylamine (0.38 mL, 2.64 mmol) at room temperature, and the
mixture was stirred for 12 hours at room temperature under nitrogen. TLC
(petroleum ether/ethyl acetate = 1: 1 ) indicated the reaction was
complete. The reaction mixture was concentrated in vacuo, the residue was
purified by chromatography on silica to afford (1-31 e) (240 mg, 60.2%) as
a light yellow solid; 1H NMR (400 MHz, CD3OD): d 8.37 ( 1 H), 8.1 2 ( 1 H),
8.05 ( 1 H), 7.88 ( 1 H), 7.84 ( 1 H), 5.1 8 ( 1 H), 3.72 (3 H), 2.22 (2
H), 1.85 ( 1 H), 1.80 ( 1 H), 1.72 (3 H), 1.67 (6 H), 1.61 (2 H), 1.38 ( 1
H), 1.28 ( 1 H). Intermediate: (S)-3-cyclopentyl-
L/-(5-nitropyridin-2-yl)-2-(4-(trifluoromethyl)-1 /-/- imidazol-1
-yl)propanamide (l-32a)(l-32a) To a solution of intermediate (l-8c) (2.13
g, 7.2 mmol) in dichloromethane (40 ml_) was added 2-amino-5-nitropyridine
( 1 .0 g, 7.2 mmol; Aldrich Chemical Company, Inc., Milwaukee, Wl) and
triethylamine (3.1 2 ml_, 2 1.6 mmol) at room temperature, and the mixture
was stirred for 12 hours at room temperature under nitrogen. TLC (petroleum
ether/ethyl acetate = 1:1 ) indicated the reaction was complete. The
reaction mixture was concentrated in vacuo, the residue was purified by
chromatography on silica to afford (l-32a) ( 1 .1 g, 38.7%) as a light
yellow solid. Intermediate:
(S)-N-(5-aminopyridin-2-yl)-3-cyclopentyl-2-(4-(trifluoromethyl)-1 /-/-
imidazol-1 -yl)propanamide (l-32b) (l-32b) To a solution of intermediate
(l-32a) (0.62 mg, 1.56 mmol) in N Ndimethylformamide (20 ml_) was added
zinc ( 1 .02 g, 15.6 mmol) and a solution of FeCI3 (2.53 mg, 15.6 mmol) in
water (20 ml_) at room temperature. The mixture was heated at 100 0C for 3
hours under nitrogen. TLC (petroleum ether/ethyl acetate = 1: 1 ) indicated
the reaction was complete. The reaction mixture was filtered, and the
filtrate was concentrated in vacuo. The residue was washed with water (20
mL) and the mixture was extracted with ethyl acetate (20 mL x 3). The
combined organic layers were washed with brine, dried over Na2SO4, and
evaporated in vacuo to afford crude (I- 32b) (0.58 g, 10 1.2%) as a light
yellow solid, which was used in the next step directly. Intermediate:
(S)-ethyl 2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-ylamino)-2-oxoacetate (l-32c)(l-32c) To a solution
of intermediate (l-32b) (crude 0.35 g, 0.95 mmol) in dichloromethane (20
ml_) was added ethyl chlorooxoacetate ( 130 mg, 0.95 mmol; Aldrich Chemical
Company, Inc., Milwaukee, Wl) and triethylamine (0.41 ml_, 2.85 mmol) at
room temperature, and the mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1: 1 )
indicated the reaction was complete. The reaction mixture was concentrated
in vacuo, the residue was purified by chromatography on silica to afford
impure (l-32c) ( 130 mg, 29.2%) as an oil; 1H NMR (400 MHz, CDCI3) : d 8.83
( 1 H), 8.52 ( 1 H), 8.20 (2 H), 8.02 ( 1 H), 7.63 ( 1 H), 7.45 ( 1 H),
4.69 ( 1 H), 4.40 (2 H), 2.1 5 (2 H), 1.40-1 .65 (7 H), 1.35 (3 H), 1.14 (2
H). Intermediate: (S)-1 -(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1
H-imidazol-1 - yl)propanamido)pyridin-3-ylamino)-2-methyl-1 -oxopropan-2-yl
acetate (l-33a) (l-33a) To a solution of intermediate (l-32b) (crude 1.0 g,
2.72 mmol) in dichloromethane (20 ml_) was added
1-chlorocarbonyl-1-methylethyl acetate (448 mg, 2.72 mmol; Aldrich Chemical
Company, Inc., Milwaukee, Wl) and triethylamine ( 1 .17 ml_, 8.1 6 mmol) at
room temperature, and the mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1: 1 )
indicated the reaction was complete. The reaction mixture was concentrated
in vacuo and the residue was purified by chromatography on silica to afford
(l-33a) (350 mg, 26.1 %) as an oil; 1H NMR (400 MHz, CD3OD): d 8.51 ( 1 H),
8.09 ( 1 H), 7.95 (2 H), 7.86 ( 1 H), 5.1 3( 1 H), 2.20 (2 H), 2.1 0 (3 H),
1.82 ( 1 H), 1.75 ( 1 H), 1.52-1 .74 ( 1 1 H), 1.37 ( 1 H), 1.18 ( 1 H).
Intermediate: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 /-/-imidazol-1
-yl)propanoic acid (l-34a) (l-34a) To a solution of intermediate (l-7a2)
(0.63 g, 2.0 mmol) in THF (6.3 ml_) and water (6.3 ml_) was added lithium
hydroxide monohydrate (0.252 g, 6.01 mmol) portionwise at room temperature.
After the addition, the mixture was stirred for 2 hours at room
temperature. TLC (petroleum ether/ethyl acetate = 1: 1 ) indicated the
reaction was complete. The reaction mixture was acidified with 0.5 N aq.
HCI and the mixture was extracted with ethyl acetate (20 ml_ x 3). The
combined organic layers were washed with brine, dried over Na2SO4, and
evaporated in vacuo to afford crude (l-34a) (0.55 g, 9 1.7%) as an oil,
which was used in the next step directly. Intermediate:
(S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-imidazol-1 -yl)propanoyl
chloride (l-34b) (l-34b) To a solution of intermediate (l-34a) (0.35 g,
1.17 mmol) in dichloromethane (10 ml_) was added oxalyl chloride (0.443 g,
3.49 mmol) and N,N-dimethylformamide ( 1 drop) at room temperature. The
mixture was stirred for 2 hours at room temperature. TLC (petroleum
ether/ethyl acetate = 1: 1 ) indicated the reaction was complete. The
reaction mixture was concentrated in vacuo. The residue was chased with
dichloromethane two times and concentrated in vacuo to afford crude (l-34b)
(0.35 g, 94.33%) as an oil, which was used in the next step
directly.Intermediate: (S)-benzyl 6-(3-cyclopentyl-2-(4-(ethylsulfonyl)-1
/-/-imidazol-1 - yl)propanamido)nicotinate (l-34c1 ) (l-34c1 ) To a
solution of intermediate (l-34b) (0.35 g, 1.09 mmol) in dichloromethane (
10 ml_) was added intermediate (l-28a) (0.25 g, 1.09 mmol) and
triethylamine (0.47 ml_, 3.29 mmol) at room temperature, and the mixture
was stirred for 12 hours at room temperature under nitrogen. TLC (petroleum
ether/ethyl acetate = 1: 1 ) indicated the reaction was not complete. The
reaction mixture was concentrated in vacuo, diluted with 0.5 N aq. HCI ( 10
ml_), and extracted with ethyl acetate (20 ml_ x 3). The combined organic
layers were washed with brine, dried over Na2SO4, and evaporated in vacuo.
The residue was purified by chromatography on silica to afford (l-34c1 ) (
100 mg, 17.82%) as an oil. Intermediates (S)-benzyl
6-(3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-imidazol-1 -
yl)propanamido)nicotinate (l-34c2) and (S)-benzyl
6-(2-(4-(cyclobutylsulfonyl)-1 Himidazol-
i-yO-S-cyclopentylpropanamidoJnicotinate (l-34c3) were prepared in an
analogous manner to that described for the synthesis of Intermediate l-34c1
, above, using appropriate starting materials (e.g., l-7a1 or l-34e,
respectively). Intermediate: cyclobutanethiol (l-34d) (l-34d) To a solution
of magnesium (0.87 g, 36.2 mmol) in THF (20 ml_) was added 



cyclobutyl bromide (5.0 g, 37 mmol; Aldrich Chemical Company, Inc.,
Milwaukee, Wl) dropwise at 50 0C. After the addition, the mixture was
refluxed for 2 hours, at which point the magnesium appeared completely
consumed. The mixture was cooled to 0 0C, sulfur (0.95 g, 29.6 mmol) was
added portionwise to the mixture, and the resulting mixture was stirred at
50 0C for 2 hours. The mixture was cooled to 0 0C and lithium aluminum
hydride (0.76 g, 19.95 mmol) was added portionwise to the mixture.
Theresulting mixture was refluxed for 30 mins. The mixture was quenched
with aq. ammonium chloride (20 ml_), 1 N HCI (20 ml_) was added, and
extracted with diethyl ether (20 ml_ x 3). The combined organic layers were
washed with brine, dried over Na2SO4, and filtered to give a crude solution
of intermediate (l-34d) in THF and diethyl ether, which was used in the
next step directly. Intermediate: 1,2-dicyclobutyldisulfane (l-34e) (l-34e)
To a crude solution of intermediate (l-34d) in THF and diethyl ether was
added a solution of sodium (0.562 g, 0.024 mol) in ethanol dropwise,
followed by iodine ( I2, 5.6 g, 0.022 mol). After the addition, the mixture
was stirred for 1 hour at room temperature. TLC (petroleum ether/ethyl
acetate = 5:1 ) indicated the reaction was complete. The mixture was
quenched with aq. NaHSOs (50 ml_) and extracted with diethyl ether (20 ml_
x 3). The combined organic layers were washed with brine, dried over Na
SO4, and evaporated in vacuo. The residue was purified by chromatography on
silica to afford (l-34e) (2.1 g, 32.6%) as an oil; 1H NMR (400 MHz, CDCI3)
: d 3.48 (2 H), 2.21 (4 H), 2.08 (4 H), 1.85 (4 H). Intermediate:
/V,/V-dimethyl-1H-imidazole-4-sulfonamide (l-35a) (l-35a) To a solution of
1H-imidazole-4-sulfonyl chloride (0.5 g, 3.0 mmol; Matrix Scientific,
Columbia, SC) in dichloromethane ( 10 ml_) was added dimethylamine
hydrochloride (0.245 g, 3.0 mmol) and triethylamine ( 1 .3 ml_, 9.0 mmol)
at room temperature. The mixture was stirred for 16 hours at room
temperature. TLC (petroleum ether/ethyl acetate = 0:1 ) indicated the
reaction was complete. The reaction mixture was washed with aq. ammonium
chloride (30 mL) and extracted with dichloromethane: methanol = 4:1 (3 x 50
mL). The combined organic phases were concentrated and precipitated from
methanol to afford (l-35a) (0.36 g, 68.2%) as a white solid; 1H NMR (400
MHz, CD3OD): d 7.74 ( 1 H), 7.61 ( 1 H), 2.68 (6 H).Intermediate:
(SJ-S-cyclopentyl^^-dimethylsulfamoyl-imidazol-i-yO-propionic acid methyl
ester (l-35b) (l-35b) To a solution of intermediate (l-35a) (0.36 g, 2.045
mmol) in THF (10 ml_) was added lithium hexamethyldisilazide ( 1 .84 ml_,
1.84 mmol) dropwise at room temperature. After the addition, the mixture
was stirred for 1 hour at room temperature and intermediate (1-1 c) (0.622
g, 2.045 mmol) was added. The resulting mixture was stirred at room
temperature for 12 hours. TLC (petroleum ether/ethyl acetate = 1: 1 )
indicated the reaction was complete. The mixture was quenched with aq.
ammonium chloride (30 ml_) and the residue was extracted with ethyl acetate
(20 ml_ x 3). The combined organic layers were washed with brine, dried
over Na2SO4, and evaporated in vacuo. The residue was purified by
chromatography on silica to afford (l-35b) (580 mg, 86.4%) as an oil; 1H
NMR (400 MHz, CD3OD): d 7.96 ( 1 H), 7.90 ( 1 H), 5.1 7 ( 1 H), 3.78 (3 H),
2.76 (6 H), 2.20 (2 H), 1.72 ( 1 H), 1.68 (3 H), 1.55 (3 H), 1.23 ( 1 H),
1.10 ( 1 H). Intermediate:
(SJ-S-cyclopentyl^-^-dimethylsulfamoyl-imidazol-i-yO-propionic acid (l-35c)
(l-35c) To a solution of intermediate (l-35b) (0.35 g, 1.06 mmol) in THF
(3.5 ml_) and water (3.5 ml_) was added lithium hydroxide monohydrate (133
mg, 3.1 8 mmol) portionwise at room temperature. After the addition, the
mixture was stirred for 2 hours at room temperature. TLC (petroleum
ether/ethyl acetate = 1:1 ) indicated the reactionwas complete. The
reaction mixture was acidified with 0.5 N aq. HCI and the mixture was
extracted with ethyl acetate (20 ml_ x 3). The combined organic layers were
washed with brine, dried over Na2SO4, and evaporated in vacuo to afford
crude (l-35c) (0.32 g, 95.5%) as a light yellow solid. Intermediate:
(S)-3-cyclopentyl-2-(4-dimethylsulfamoyl-imidazol-1-yl)-propionyl chloride
(l-35d) (l-35d) To a solution of intermediate (l-35c) (0.33 g, 1.04 mmol)
in dichloromethane ( 10 ml_) was added oxalyl chloride (0.397 g, 3.1 3
mmol) and L/,L/-dimethylformamide ( 1 drop) at room temperature. The
mixture was stirred for 2 hours at room temperature. TLC (petroleum
ether/ethyl acetate = 1: 1 ) indicated the reaction was complete. The
reaction mixture was concentrated in vacuo, the residue was chased with
dichloromethane two times, and concentrated in vacuo to afford crude
(l-35d) (0.35 g, 100%) as an oil, which was used in the next step directly.
Intermediate: 6-[(S)-3-cyclopentyl-2-(4-dimethylsulfamoyl-imidazol-1 -yl)-
propionylamino]-nicotinic acid benzyl ester (l-35e) (l-35e) To a solution
of intermediate (l-35d) (0.35 g, 1.09 mmol) in dichloromethane ( 15 ml_)
was added intermediate (l-28a) (0.24 g, 1.04 mmol) and pyridine (0.25 ml_,
3.13 mmol) at room temperature, and the mixture was stirred for 12 hours at
room temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1: 1
) indicated the reaction was not complete. The reaction mixture was
concentrated in vacuo, 0.5 N aq.HCI (10 ml_) was added, and extracted with
ethyl acetate (20 ml_ x 3). The combined organic layers were washed with
brine, dried over Na2SO4, and evaporated in vacuo. The residue was purified
by chromatography on silica to afford (l-35e) (80 mg, 14.6%) as an oil.
Intermediate: methyl 2-(4-(trifluoromethyl)-1H-imidazol-1 -yl)acetate
(l-36a) (l-36a) To a solution of 4-(trifluromethyl)-1 /-/-imidazole (10.0
g, 73.5 mmol) in THF (75 ml_) at 0 0C was added sodium hydride (60% in
mineral oil, 3.25 g, 80.8 mmol) under nitrogen. The mixture was stirred at
0 0C for 30 min. Methyl bromoacetate ( 1 .67 ml_, 17.6 mmol) was added and
the reaction was stirred for 3 h at room temperature. LCMS showed the
reaction was complete. The solvent was removed under reduced pressure. The
crude material was redissolved in diethyl ether and washed with sat. aq.
ammonium chloride and 1N HCI aqueous solution. The combined aqueous layer
was reextracted with ethyl acetate three times. The combined organic layer
was dried over MgSO4, filtered, and evaporated to a mixture of solid and
oil. The crude was filtered to remove most of the oil, and the solid was
washed with heptane. This yellow solid was triturated in a minimum amount
of diethyl ether to wash off the yellow impurities. The material was
filtered and the solid was retriturated with diethyl ether again. The
filtrate was concentrated and the previous trituration steps were repeated.
This afforded (I- 36a) as a white solid (9.33g, 6 1%); 1H NMR (400 MHz,
CDCI3) : d 7.53 ( 1 H), 7.30 ( 1 H), 4.73 (2 H), 3.81 (3 H); m/z 209.0
(M+H)+. Intermediate: methyl 3-(1 -methyl-1
/-/-imidazol-4-yl)-2-(4-(trifluoromethyl)-1 Himidazol- 1 -yl)acrylate
(l-36b) (l-36b)To a 0.2 M solution of intermediate (l-36a) in THF was added
1.1 eq 1-methyl- 



1H-imidazole-4-carbaldehyde (Ryan Scientific, Inc., Mt. Pleasant, SC), and
this solution was then cooled to 0 C. To this solution was added 0.5
equivalents of potassium tbutoxide as a 1 M solution in THF, and the
reaction was allowed to slowly warm to RT. After 18h the solution was
acidified with 1N HCI, brine was added, and extracting three times with
ethyl acetate. The resulting organic layers were then combined, dried over
sodium sulfate and concentrated to afford crude (l-36b). This material was
taken forward crude. Intermediate: methyl 3-(1 -methyl-1
H-imidazol-4-yl)-2-(4-(trifluoromethyl)-1 Himidazol- 1 -yl)propanoate
(l-36c1 ) (l-36c1 ) Crude intermediate (l-36b) was dissolved in THF. To
this solution was then added 30 equivalents of water, 10 equivalents of
ammonium formate, and finally 0.1 equivalent of palladium on carbon (10%).
This mixture was then heated to reflux. After 60 min the reaction was
worked-up by filtering through a syringe filter, washing with ethanol,
drying over magnesium sulfate, and concentrating down to afford crude (I-
36c1 ) which was used in the next step without purification. Intermediates
methyl 3-(4-ethylthiazol-2-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanoate, (l-36c2), and methyl 3-(1 -methyl-1
H-pyrazol-3-yl)-2-(4-(trifluoromethyl)- 1H-imidazol-1 -yl)propanoate
(l-36c3) were prepared in an analogous manner to that described for the
synthesis of Intermediate (l-36c1 ) from 4-ethylthiazole-2-carbaldehyde
(Aces Pharma, Inc., Branford, CT) and 1-methyl-1 H-pyrazole-3-carbaldehyde
(Ryan Scientific, Inc., Mt. Pleasant, SC), respectively. EXAMPLES The
compounds provided below may be prepared using procedures as described
herein using appropriate starting materials which are commercially
available, prepared using preparations well-known to the skilled artisan,
or prepared in a manner analogous to routes described herein.Examples 1-24
of general Formula (1A-1 ) are provided below. (1A-1) Example 1:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1 -yl)-L/-(5-
methylpyridin-2-yl)propanamide, Formula (1A-1 ) wherein R1a ; is ;
isopropyl and DR4 is To a stirred solution of 2-amino-5-picoline ( mg,
0.531 mmol) in anhydrous toluene was added AIMe3 (2.0 M in toluene, 0.284
ml_, 0.567 mmol). The mixture was stirred at room temperature for 35
minutes, and then a solution of Intermediate (l-4a1 ) (83 mg, 0.25 mmol) in
dichloroethane (2 ml_) was added. The reaction mixture was heated at 8O C
for 48 hours and then cooled to room temperature and saturated aqueous
potassium sodium tartrate tetrahydrate was added. The mixture was extracted
with CH2CI2. The combined extracts were dried over MgSO4 and eluted with
flash column chromatography (Siq 2, 0-100% ethyl acetate/heptane) to afford
the title compound. 1H NMR (400 MHz, d6-DMSO) d 10.94 ( 1 H), 8.52 ( 1 H),
8.1 5 ( 1 H), 7.85- 7.89 (2H), 7.57-7.60 ( 1 H), 5.33-5.37 ( 1 H),
3.23-3.28 ( 1 H), 2.22-2.29 (4H), 2.01 -2.08 ( 1 H), 1.43-1 .65 (5H),
1.32-1 .43 (2H), 1.20-1 .29 ( 1 H), 1.1 3-1 .16 (6H), 1.02-1 .10 ( 1 H);
m/z 405.0 (M+H) +, 403.1 (M-H) . Example 2:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(pyrazin-2- yl)propanamide, Formula (1A-1 ) wherein R1a is
isopropyl and R4 is N . Example 2 was synthesized in an analogous manner to
that of Example 1 from Intermediate l-4a1 and 2- aminopyrazine. 1H NMR (400
MHz, CDCI3) d 9.48 ( 1 H), 9.37 ( 1 H), 8.38 ( 1 H), 8.27 ( 1 H), 8.09 ( 1
H), 7.98 ( 1 H), 5.03 ( 1 H), 4.1 1 ( 1 H), 3.14 ( 1 H), 2.20 - 2.39 (2 H),
2.04 (2 H), 1.45 - 1.69 (4 H), 1.33 (6H), 1.25 (2 H); m/z 392.2 (M+H) +.
Example 3: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(5- (trifluoromethyl)pyridin-2-yl)propanamide,Formula (1A-1 )
wherein R1a is isopropyl and R4 is CF3. Example 3 was synthesized in an
analogous manner to that of Example 1 from Intermediate l-4a1 and
2-amino-5-trifluoromethylpyridine. 1H NMR (400 MHz, CDCI3) d 9.40 ( 1 H),
8.56 ( 1 H), 8.30 ( 1 H), 8.03 (2 H), 7.94 ( 1 H), 4.98 ( 1 H), 3.20 ( 1
H), 2.32 - 2.42 ( 1 H), 2.1 9 - 2.29 ( 1 H), 1.72 - 1.85 ( 1 H), 1.48 -
1.71 (4H), 1.30 - 1.38 (6 H), 1.17 - 1.30 (2 H), 1.04 - 1.1 6 (2 H); m/z
459.1 (M+H) +. Example 4: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
H-pyrazol-1 -yl)-L/-(pyrimidin-4- yl)propanamide, Formula (1A-1 ) wherein
R1a is isopropyl and R4 is N N. Example 4 was synthesized in an analogous
manner to that of Example 1 from Intermediate l-4a1 and 4- aminopyrimidine.
1H NMR (400 MHz, CDCI3) d 9.39 ( 1 H), 8.88 ( 1 H), 8.65 ( 1 H), 8.10 ( 1
H), 8.01 ( 1 H), 7.98 ( 1 H), 4.95 ( 1 H), 3.20 ( 1 H), 2.37 ( 1 H), 2.20 (
1 H), 1.76 ( 1 H), 1.58 -170 (6H), 1.36 (6H), 1.18 ( 1 H), 1.02 ( 1 H); m/z
392.1 (M+H) +. Example 5: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
H-pyrazol-1 -yl)-L/-(pyrimidin-2- yl)propanamide, Formula (1A-1 ) wherein
R1a is isopropyl and R4 is Example 5 was synthesized in an analogous manner
to that of Example 1 from Intermediate l-4a1 and 2- aminopyrimidine. 1H NMR
(400 MHz, CDCI3) d 9.91 ( 1 H), 8.67 ( 1 H), 8.66 ( 1 H), 8.18 ( 1 H), 7.86
( 1 H), 7.08 ( 1 H), 3.20 ( 1 H), 2.22 (2 H), 1.81 ( 1 H), 1.58 - 166 (6H),
1.30 - 132 (6H), 1.23 (2 H), 1.02 ( 1 H); m/z 392.2 (M+H) +. Example 6:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1 -yl)-L/-(5-
methylpyrazin-2-yl)propanamide, Formula (1A-1 ) wherein R1a is isopropyl
and R4 is N . Example 6 was synthesized in an analogous manner to that of
Example 1 from Intermediate l-4a1 and 2-amino-5-methylpyridine. 1H NMR (400
MHz, CDCI3) d 9.30 ( 1 H), 9.20 ( 1 H), 8.09 ( 1 H), 8.06 ( 1 H), 7.94 ( 1
H), 5.02 ( 1 H), 3.14 -3.19 ( 1 H), 2.49 (3 H), 2.21 - 2.35 (2 H),1.76 ( 1
H), 1.44 - 1 .60 (6H), 1.29 - 13 1 (6H), 1.1 6 - 1 .20 ( 1 H), 1.08 - 1.14
( 1 H); m/z 406.2 (M+H) +. Example 7:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1 -yl)-L/-(1
-methyl-1 Hpyrazol- 3-yl)propanamide, Formula (1A-1 ) wherein R is Example
7 was synthesized in an analogous manner to that of Example 1 from
Intermediate l-4a1 and 3-amino-1 -methylpyrazole. 1H NMR (400 MHz, d6-DMSO)
d 10.96 ( 1 H), 8.48 ( 1 H), 7.83 ( 1 H), 7.53 ( 1 H), 6.37 ( 1 H),
5.20-5.23 ( 1 H), 3.71 (3H), 3.22-3.28 ( 1 H), 2.1 6-2.23 ( 1 H), 1.99-2.06
( 1 H), 1.44-1 .64 (5H), 1.36-1 .44 (2H), 1.20-1 .26 ( 1 H), 1.1 3-1 .16
(6H), 0.99- 1.10 ( 1 H); m/z 394.0 (M+H) +, 392.1 (M-H) . Example 8:
(S)-3-cyclopentyl- L/-(5-methylpyridin-2-yl)-2-(4-(methylsulfonyl)-1
/-/-pyrazol- 1-yl)propanamide, Formula (1A-1 ) wherein R1a is methyl and R4
is . Example 8 was synthesized in an analogous manner to that of Example 1
from Intermediate l-4a2 and 2-amino-5- methylpyridine. 1H NMR (400 MHz,
d6-DMSO) d 10.97 ( 1 H), 8.55 ( 1 H), 8.16 ( 1 H), 7.88- 7.91 (2H),
7.57-7.60 ( 1 H), 5.34-5.36 ( 1 H), 3.20 (3H), 2.1 1-2.24 (4H), 2.01 -2.08
( 1 H), 1.58-1 .64 (2H), 1.44-1 .58 (3H), 1.36-1 .44 (2H), 1.20-1 .30 ( 1
H), 1.04-1 .1 1 ( 1 H); m/z 376.9 (M+H) +, 375.1 (M-H) . Example 9:
(S)-3-cyclopentyl- L/-(1 -methyl-1 H-pyrazol-3-yl)-2-(4-(methylsulfonyl)-1
Hpyrazol- 1 -yl)propanamide, Formula (1A-1 ) wherein R is methyl and R is
\==/ . Example 9 was synthesized 



in an analogous manner to that of Example 1 from Intermediate l-4a2 and
3-amino-1 - methylpyrazole. 1H NMR (400 MHz, d6-DMSO) d 10.98 ( 1 H), 8.51
( 1 H), 7.90 ( 1 H), 7.53(1 H), 6.38 ( 1 H), 5.1 8-5.22 ( 1 H), 3.71 (3H),
3.1 9 (3H), 2.1 1-2.1 9 ( 1 H), 1.99-2.06 ( 1 H), 1.60-1 .68 (2H), 1.45-1
.60 (3H), 1.1 7-1 .45 (2H), 1.1 7-1 .26 ( 1 H), 1.03-1 .10 ( 1 H); m/z
366.0 (M+H) +, 364.1 (M-H) . Example 10:
(S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -yl)-L/-(5-
(trifluoromethyl)pyridin-2-yl)propanamide,Formula (1A-1 ) wherein R1a is
methyl and R4 is CF3. Example 10 was synthesized in an analogous manner to
that of Example 1 from Intermediate l-4a2 and
2-amino-5-trifluoromethylpyridine. 1H NMR (400 MHz, CDCI3) d 9.31 ( 1 H),
8.55 ( 1 H), 8.24-8.28 ( 1 H), 8.02-8.07 (2H), 7.90-7.97 ( 1 H), 4.89-4.96
( 1 H), 3.17 (3H), 2.30-2.40 ( 1 H), 2.1 8-2.28 ( 1 H), 1.44-1 .85 (7H),
1.15-1 .28 ( 1 H), 1.03-1 .17 ( 1 H); m/z 430.9 (M+H) +, 429.0 (M-H) .
Example 11: (S)-3-cyclopentyl- L/-(1 -ethyl-1
H-pyrazol-3-yl)-2-(4-(methylsulfonyl)-1 Hpyrazol- 1 -yl)propanamide,
Formula (1A-1 ) wherein R1a is methyl and R4 is " = . Example 11 was
synthesized in an analogous manner to that of Example 1 from Intermediate
l-4a2 and 3-amino-1 -ethylpyrazole. 1H NMR (400 MHz, CDCI3) d 8.81 ( 1 H),
8.06 ( 1 H), 7.98 ( 1 H), 7.29 ( 1 H), 6.60 ( 1 H), 5.84-4.88 ( 1 H),
4.00-4.08 (2H), 3.1 3 (3H), 2.1 8-2.35 (2H), 1.39- 1.82 (10H), 1.01 - 1 .24
(2H); m/z 380.0 (M+H) +, 378.1 (M-H) . Example 12: (S)-L/-(1 -benzyl-1
H-pyrazol-3-yl)-3-cyclopentyl-2-(4-(methylsulfonyl)-1 Hpyrazol- 1
-yl)propanamide, Formula (1A-1 ) wherein R is methyl and R is Example 12
was synthesized in an analogous manner to that of Example 1 from
Intermediate l-4a2 and 3-amino-1 -benzylpyrazole. 1H NMR (400 MHz, CDCI3) d
8.81 ( 1 H), 8.03 ( 1 H), 7.98 ( 1 H), 7.28-7.36 (4H), 7.1 3-7.1 8 ( 1 H),
6.64 ( 1 H), 5.1 7 (2H), 4.83-4.88 ( 1 H), 3.1 1 (3H), 2.18-2.31 (2H),
1.72-1 .81 ( 1 H), 1.42-1 .71 (6H), 1.01 - 1 .22 (2H); LCMS fOr
C22H27N5O3Si m/z 442.0 (M+H) +, 440.0 (M-H) . Example 13:
(S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -yl)-L/-(pyrimidin-4-
yl)propanamide, Formula (1A-1 ) wherein R1a is methyl and R4 is N. Example
13 was synthesized in an analogous manner to that of Example 1 from
Intermediate l-4a2 and 4- aminopyrimidine. 1H NMR (400 MHz, CDCI3) d 9.25 (
1 H), 8.88 ( 1 H), 8.62-8.65 ( 1 H),8.09-8.1 1 ( 1 H), 8.03 (2H), 4.86-4.91
( 1 H), 3.1 5 (3H), 2.30-2.39 ( 1 H), 2.1 7-2.24 ( 1 H), 1.75-1 .83 ( 1 H),
1.44-1 .74 (6H), 1.02-1 .23 (2H); m/z 364.0 (M+H) +, 362.0 (M-H) . Example
14 :
(S)-3-cyclopentyl-/V-(5-methylpyrazin-2-yl)-2-(4-(methylsulfonyl)-1Hpyrazol
- 1 -yl)propanamide, Formula (1A-1 ) wherein R1a is methyl and R4 is
Example 14 was synthesized in an analogous manner to that of Example 1 from
Intermediate l-4a2 and 2-amino > ipyrazine. 1H NMR (400 MHz, CDCI3) d 9.35
( 1 H), 9.01 ( 1 H), 8.1 2 ( 1 H), 8.07 ( 1 H), 8.02 ( 1 H), 4.89-4.97 ( 1
H), 3.1 2 (3H), 2.51 (3H), 2.28-2.40 ( 1 H), 2.1 9-2.25 ( 1 H), 1.75-1 .82
( 1 H), 1.42-1 .75 (6H), 1.1 6-1 .24 ( 1 H), 1.02-1 .16 ( 1 H); m/z 378.0
(M+H) +, 376.0 (M-H) . Example 15:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(isoxazol-3- yl)propanamide, Formula (1A-1 ) wherein R is isopropyl
and R is V\ ==/ . Example 15 was synthesized in an analogous manner to that
of Example 1 from Intermediate l-4a1 and 3-aminoisoxazole. m/z 381 (M+H) +.
Example 16: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(pyridin-2- yl)propanamide, Formula (1A-1 ) wherein R1a ; is ;
isopropyl and DR4 is Example 16 was synthesized in an analogous manner to
that of Example 1 from Intermediate l-4a1 and 2- aminopyridine. m/z 391
(M+H) +. Example 17: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
H-pyrazol-1 -yl)-L/-(quinolin-2- yl)propanamide, Formula (1A-1 ) wherein
R1a is isopropyl and R4 is Example 17 was synthesized in an analogous
manner to that of Example 1 from Intermediate l-4a1 and 2-aminoquinoline.
m/z 441 (M+H) +.Example 18: (S)-3-cyclopentyl- L/-(1 -ethyl-1
H-pyrazol-3-yl)-2-(4-(isopropylsulfonyl)-1 Hpyrazol- 1 -yl)propanamide,
Formula (1A-1 ) wherein R is isopropyl and R is \=/ . Example 18 was
synthesized in an analogous manner to that of Example 1 from Intermediate
l-4a1 and 3-amino-1 -ethylpyrazole. 1H NMR (400 MHz, CDCI3) d 9.1 6 ( 1 H),
9.1 2 ( 1 H), 8.05 ( 1 H), 7.90 ( 1 H), 7.26 ( 1 H), 6.59 ( 1 H), 5.27 ( 1
H), 4.93 -4.97 ( 1 H), 4.00 - 4.05 (2 H), 3.10 - 3.1 8 ( 1 H), 2.14 - 2.28
(2 H), 1.61 - 1 .74 ( 1 H), 1.38 - 1 .55 (7H), 1.29 - 13 1 (6H), 1.1 2 - 1
.17 ( 1 H), 1.01 - 1.10 ( 1 H); m/z 408.2 (M+H)+. Example 19: (S)-/V-(1
-benzyl-1/-/-pyrazol-3-yl)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
Hpyrazol- 1 -yl)propanamide, Example 19 was synthesized in an analogous
manner to that of Example 1 from Intermediate l-4a1 and 3-amino-1
-benzylpyrazole. 1H NMR (400 MHz, CDCI3) d 9.00 ( 1 H), 8.00 ( 1 H), 7.90 (
1 H), 7.28 - 7.79 (4 H), 7.14 - 7.16 (2 H), 6.67 ( 1 H), 5.28 (2 H), 4.88
-4.92 ( 1 H), 3.1 1 - 3.18 ( 1 H), 2.02 - 2.30 (2 H), 1.67 - 1 .76 ( 1 H),
1.45 - 1 .60 (6H), 1.30 - 132 (6H), 1.92 - ! -4 ( 1 H), 1.06 - 1.1 8 ( 1
H); m/z 470.3 (M+H)+. Example 20: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1
H-pyrazol-1 -yl)-L/-(1 -methyl-1 Hpyrazol- 3-yl)propanamide, Formula (1A-1
) wherein R is ethyl and R is \=/ . Example 20 was synthesized in an
analogous manner to that of Example 1 from Intermediate l-4a3 and 3-amino-1
- methylpyrazole. 1H NMR (400 MHz, CDCI3) d 9.37 ( 1 H), 8.1 1 ( 1 H), 7.90
( 1 H), 7.22 ( 1 H), 6.59 ( 1 H), 4.95 - 4.99 ( 1 H), 3.77 (3 H), 3.09 -
3.14 (2 H), 2.1 6 - 2.23 (2 H), 1.40 - 1.75 (7 H), 1.20 - 1.31 (3 H), 0.98
- 1.12 (2 H); m/z 380.5 (M+H)+. Example 2 1:
(S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(5-methylpyridin- 2-yl)propanamide, an analogous manner to that of
Example 1 from Intermediate l-4a3 and 2-amino-5- methylpyridine. 1H NMR
(400 MHz, CDCI3) d 9.42 ( 1 H), 8.1 3 (2 H), 8.03 ( 1 H), 7.94 ( 1H), 7.49
( 1 H), 4.96 - 4.99 ( 1 H), 3.1 0 - 3.1 6 (2 H), 2.27 (3 H), 2.14 - 2.25 (
1 H), 1.40 - 1.72 (8 H), 1.29 - 1.33 (3 H), 1.00 - 1.1 6 (2 H); m/z 391 .5
(M+H) +. Example 22: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-pyrazol-1
-yl)-L/-(5-methylpyrazin- 2-yl)propanamide, Formula (1A-1 ) wherein R1a is
ethyl and R4 is Example 22 was synthesized in an analogous manner to that
of Example 1 from Intermediate l-4a3 and 2-amino-5- methylpyrazine. 1H NMR
(400 MHz, CDCI3) d 9.31 ( 1 H), 9.21 ( 1 H), 8.08 (2 H), 7.97 ( 1 H), 4.97
- 5.00 ( 1 H), 3.1 1 - 3.17 (2 H), 2.50 (3 H), 2.24 - 2.32 ( 1 H), 1.44 - 1
.77 (8 H), 1.28 - 1.32 (3 H), 1.07 - 1.21 (2 H); m/z 390.5 (M-H) +. Example
23: (S)-benzyl 6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -
yl)propanamido)nicotinate, Formula (1A-1 ) wherein R is methyl and R is
Intermediate (l-23a) ( 165mg, 0.576mmol) was stirred in dry dichloromethane
(6ml_) at room temperature under nitrogen. One drop of DMF was added
followed by oxalyl chloride (0.1 OmL, 1.15mmol). After bubbling subsided,
the reaction was left stirring for 90 minutes and then evaporated. The
residue was dissolved in two successive 



portions of 1,2-dichloroethane and evaporated to remove excess oxalyl
chloride, and then dissolved in dry dichloromethane (4ml_). Intermediate
(l-28a) (105mg, 0.46mmol) and pyridine (0.1 OmL, 1.24mmol) were stirred in
dry dichloromethane (6mL) and added to the acid chloride solution. The
reaction was left to stir for 18 hours, diluted with dichloromethane and
10% aqueous potassium carbonate, and the organic layer was separated,
washed with brine, dried over sodium sulfate, filtered, and evaporated. The
residue was purified by silica gel chromatography, using a 12g pre-packed
column, eluting with 10% ethyl acetate/heptane, linear gradient to 70%
ethyl acetate. The product fractions were combined, evaporated, and dried
under high vacuum to afford the title compound ( 182.9 mg, 0.368 mmol, 80%)
as a white glass. 1H NMR (400 MHz, CDCI3) d 9.28 ( 1 H), 8.93 ( 1 H), 8.30
- 8.33 ( 1 H), 8.1 9 - 8.21 ( 1 H), 8.07 ( 1 H), 8.03 ( 1 H), 7.34 - 7.44
(5 H), 5.36 (2 H), 4.90 - 4.94 ( 1 H), 3.1 3 (s, 3 H), 2.31 - 2.35 ( 1 H),
2.21 - 2.25 ( 1 H), 1.48 - 1.78 (7 H), 1.07 - 1.24 (2 H); m/z 497.2 (M+H)
+.Example 24: (S)-6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-pyrazol-1 -
yl)propanamido)nicotinic acid, Formula (1A-1 ) wherein R1a is methyl and R4
is . The compound of Example 23 ( 182 mg, 0.367 mmol) was dissolved in
ethyl acetate (3 ml_) and ethanol (6 ml_) in a 250 ml_ Parr bottle. 10%
Palladium on carbon (20 mg) was added, and the mixture was shaken under 50
psi hydrogen for 90 minutes. The reaction was filtered, evaporated, and
dried under high vacuum to afford the title compound (134.3 mg, 0.33 mmol,
90%). 1H NMR (400 MHz, DMSO-d6) d 11.44 ( 1 H), 8.83 ( 1 H), 8.57 ( 1 H),
8.23 - 8.26 ( 1 H), 8.09 - 8.1 1 ( 1 H), 7.93 ( 1 H), 5.38 - 5.42 ( 1 H),
3.20 (3 H), 2.21 - 2.29 ( 1 H), 2.03 - 2.1 0 ( 1 H), 1.38 - 1.88 (7 H),
1.20 - 1 .31 ( 1 H), 1.04 - 1.1 1 ( 1 H); m/z 404.9 (M-H) . Examples 25-27
of general Formula (1A-2) are provided below. (1A-2) Example 25:
(S)-3-cyclopentyl- L/-(5-methylpyridin-2-yl)-2-(3-(methylsulfonyl)-1 /-/-1
,2,4- triazol-1 -yl)propanamide, Formula ( 1A-2) wherein R>1a ; is
metuh.y,il DR4 IiSs of 2- amino-5-picoline (33 mg, 0.307 mmol) in anhydrous
toluene was added AIM 3 (2.0 M in toluene, 0.1 64 ml_, 0.327 mmol). The
mixture was stirred at room temperature for 45 minutes, and then added the
solution of 44 mg (0.1 5 mmol) of Intermediate l-5b in dichloroethane (2
ml_). The reaction mixture was heated at 80 C for 18 hours and then cooled
to room temperature and saturated aqueous potassium sodium tartrate
tetrahydrate was added. The mixture was extracted with CH2CI2. The combined
extracts were dried over MgSO4 and flash column chromatography (SiO ,
heptane/ethyl acetate, 25 to 80%) to afford the title compound. 1H NMR (400
MHz, d6-DMSO) d 11.13 ( 1 H), 9.08 ( 1 H), 8.1 8 ( 1 H), 7.85-7.92 ( 1 H),
7.58-7.63 ( 1 H), 5.41 -5.50 ( 1 H), 3.28(3H), 2.20-2.31 (4H), 2.1 1-2.20 (
1 H), 1.46-1 .68 (5H), 1.38-1 .46 (2H), 1.21-1 .32 ( 1 H), 1.02-1 .1 9 ( 1
H); m/z 378.1 (M+H) +, 376.1 (M-H) . Example 26: (S)-3-cyclopentyl- L/-(1
-methyl-1 H-pyrazol-3-yl)-2-(3-(methylsulfonyl)-1 H- 1,2,4-triazol-1
-yl)propanamide, Formula (1A-2) wherein R is methyl and R is \=/ . Example
26 was synthesized in an analogous manner to that of Example 25 from
Intermediate l-5b and 3-amino-1 -methylpyrazole. 1H NMR (400 MHz, CDCI3) d
9.18 ( 1 H) 8.59 ( 1 H) 7.25 ( 1 H) 6.57 ( 1 H) 5.24 - 5.28 ( 1 H) 3.79 (3
H) ) 3.30 (3 H) 2.1 9 - 2.29 (2 H) 1.42 - 1 .76 (5 H) 1.02 - 1.15(2 H); m/z
365.4 (M-H) +. Example 27: (S)-3-cyclopentyl-
L/-(5-methylpyrazin-2-yl)-2-(3-(methylsulfonyl)-1 H-1,2,4- triazol-1
-yl)propanamide, Formula (1A-2) wherein R1a is methyl and R4 is Example 27
was synthesized in an analogous manner to that of Example 25 from
Intermediate l-5b and 2-amino-5- methylpyrazine. 1H NMR (400 MHz, CDCI3) d
9.1 23 ( 1 H), 9.03 ( 1 H), 8.57 ( 1 H), 8.08 ( 1 H), 5.44 - 5.248 ( 1 H),
3.33 (3 H), 2.49 (3 H), 2.27 - 2.32 (2 H), 1.42 - 1 .81 (7 H), 1.08 - 1.24
(2 H); m/z 377.4 (M-H) +. Examples 28-42 of general Formula (1A-3) are
provided below. Example 28: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1
H-imidazol-1 -yl)-L/-(5- methylpyridin-2-yl)propanamide, Formula ( 1A-3)
wherein R1a is isopropyl and R4 is To a stirred solution of 2-
amino-5-picoline (36 mg, 0.332 mmol) in anhydrous toluene was added AIMe3
(2.0 M in toluene, 0.1 77 ml_, 0.354 mmol). The mixture was stirred at room
temperature for 45 minutes, and then a solution of 52 mg (0.1 58 mmol) of
Intermediate l-7a1 in dichloroethane (2 ml_) was added. The reaction
mixture was heated at 80 C for 16 hours and then cooled to room temperature
and saturated aqueous potassium sodiumtartrate tetra hydrate was added. The
mixture was extracted with CH2CI2. The combined extracts were dried over
MgSO4 and flash column chromatography (SiO2, ethyl acetate/heptane, 50 to
100%) to afford the title compound. 1H NMR (400 MHz, d6- DMSO) d 10.97 ( 1
H), 9.08 ( 1 H), 8.17 ( 1 H), 7.97-8.02 (2H), 7.85-7.89 ( 1 H), 7.56-7.61 (
1 H), 5.18-5.5.23 ( 1 H), 3.22-3.30 ( 1 H), 2.22 (3H), 2.02-2.22 (2H),
1.32-1 .64 (7H), 1.24- 1.32 ( 1 H), 1.1 0-1 .15 (6H), 0.97-1 .07 ( 1 H);
m/z 404.9 (M+H) +, 403.0 (M-H) . Example 29:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-imidazol-1 -yl)-L/-(1
-methyl- 1H-pyrazol-3-yl)propanamide, synthesized in an analogous manner to
that of Example 28 from Intermediate l-7a1 and 3-amino-1 -methylpyrazole.
1H NMR (400 MHz, CDCI3) d 8.78 ( 1 H), 7.90 (2 H), 7.26 (2 H), 6.60 ( 1 H),
6.52 ( 1 H), 5.31 (2 H), 3.79 (3 H), 2.15 (2 H), 1.63 - 1.77 (2 H), 1.59
(2H), 1.47 (2 H), 1.34 - 1.40 (6 H), 1.04 - 1.20 ( 1 H); m/z 394.2 (M+H) +.
Example 30: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-imidazol-1
-yl)-L/-(5- methylpyrazin-2-yl)propanamide, Formula (1A-3) wherein R1a is
isopropyl and R4 is Example 30 was synthesized in an analogous manner to
that of Example 28 from Intermediate l-7a1 and 2-amino-5-methylpyrazine. 1H
NMR (400 MHz, CDCI3) d 9.36 ( 1 H), 9.29 ( 1 H), 8.10 ( 1 H), 8.03 (2 H),
5.26 - 5.29 ( 1 H), 3.38 -3.45 ( 1 H), 2.50 (3 H), 2.08 - 2.1 9 (2 H), 1.43
- 1.64 (5 H), 1.32 - 1 .41 (8 H), 1.06 - 1.1 7 (2 H); m/z 406.2 (M+H) +.
Example 3 1: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-imidazol-1
-yl)-L/-(1 -methyl-1 Hpyrazol- 3-yl)propanamide, Formula (1A-3) wherein R
is ethyl and R is \=/ . Example 3 1 was synthesized according to the
procedure described in Example 28 from Intermediate l-7a2 and 3-
amino-1-methylpyrazole. 1H NMR (400 MHz, CDCI3) d 9.45 ( 1 H) 7.92 (2 H)
7.26 ( 1 H) 6.56 ( 1 H) 4.96 - 4.99 ( 1 H) 3.75 (3 H) 3.24 - 3.29 (2 H) 2.1
3 - 2.19 ( 1 H) 1.40 - 1 .69 (8 H) 1.25 - 1.31 (3 H) 1.04 - 1.12 (2 H); m/z
380.5 (M+H) +.Example 32: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1
H-imidazol-1 -yl)-L/-(5-methylpyridin- 2-yl)propanamide, Formula (1A-3)
wherein R1a is ethyl and R4 is Example 32 was synthesized according to the
procedure described in Example 28 from Intermediate l-7a2 and 2-
amino-5-picoline. 1H NMR (400 MHz, CDCI3) d 8.20 (2 H), 7.86 - 7.94 (3 H),
5.45 - 5.52 ( 1 H), 3.23 (2 H), 2.40 (3 H), 2.20 - 2.31 ( 1 H), 2.07 - 2.17
( 1 H), 1.38 - 1.92 (7 H), 1.20 - 1.34 (4 H), 1.00 - 1.15 ( 1 H); m/z 391
.5 (M+H) +. Example 33: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1
H-imidazol-1 -yl)-L/-(5- methylpyrazin-2-yl)propanamide, la (1A-3) wherein
R is ethyl and R is TVN Formu Nl Example 33 was synthesized according to
the procedure described in Example 28 from Intermediate l-7a2 and 2-
amino-5-methylpyrazine. 1H NMR (400 MHz, CDCI3) d 9.31 ( 1 H), 9.06 ( 1 H),
8.1 1 ( 1 



H), 7.95 ( 1 H), 7.92 ( 1 H), 5.1 1 ( 1 H), 3.30 (2 H), 2.52 (3 H), 2.08 -
2.24 (2 H), 1.38 - 1.79 (7 H), 1.32 (3 H), 1.04 - 1.20 (2 H); m/z 390.4
(M-H) . Example 34:
(S)-3-cyclopentyl-/V-(5-methylpyrazin-2-yl)-2-(4-(methylsulfonyl)-1Himidazo
l- 1 -yl)propanamide, Formula (1A-3) wherein R1a is methyl and R4 is
Example 34 was synthesized according to the procedure described in Example
28 from Intermediate l-7a3 and 2- amino-5-methylpyrazine. 1H NMR (400 MHz,
DMSO-d6) d 9.1 5 ( 1 H), 8.30 - 8.36 ( 1 H), 8.02 - 8.07 (2 H), 5.27 ( 1
H), 3.1 3 (3 H), 2.45 (3 H), 2.1 7 - 2.27 ( 1 H), 2.05 - 2.16 ( 1 H), 1.38
- 1.73 (7 H), 1.25 - 1.36 ( 1 H), 1.00 - 1.15 ( 1 H); m/z 376.4 (M-H) .
Example 35: (S)-3-cyclopentyl-
L/-(5-methylpyridin-2-yl)-2-(4-(methylsulfonyl)-1 Himidazol- 1
-yl)propanamide, Example 35 was synthesized according to the procedure
described in Example 28 from Intermediate l-7a3 and 2- amino-5-picoline. 1H
NMR (400 MHz, DMSO-d 6) d 8.17 - 8.1 9 ( 1 H), 8.03 ( 1 H), 8.00 ( 1H),
7.93 ( 1 H), 7.60 - 7.65 ( 1 H), 5.23 ( 1 H), 3.13 (3 H), 2.25 (3 H), 2.05
- 2.21 (2 H), 1.36 - 1.71 (7 H), 1.24 - 1.35 ( 1 H), 1.04 - 1.14 ( 1 H);
m/z 377.5 (M+H)+. Example 36: (S)-3-cyclopentyl- L/-(1 -methyl-1
H-pyrazol-3-yl)-2-(4-(methylsulfonyl)-1 Himidazol- 1 -yl)propanamide,
Formula (1A-3) wherein R is methyl and R is \=/ . Example 36 was
synthesized according to the procedure described in Example 28 from
Intermediate I- 7a3 and 3-amino-1 -methylpyrazole. 1H NMR (400 MHz,
DMSO-d6) d 11.02 ( 1 H) 7.99 ( 1 H) 7.57 ( 1 H) 6.41 ( 1 H) 5.09 ( 1 H)
3.74 (3 H) 3.1 2 (3 H) 2.00 - 2.1 9 (2 H) 1.37 (9 H); m/z 364.4 (M-H) .
Example 37: (S)-benzyl 6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1
H-imidazol-1 - yl)propanamido)nicotinate, Formula (1A-3) wherein R is
methyl and R is Intermediate (l-24a) (852mg, 2.98 mmol) was stirred in dry
dichloromethane (50 ml_) at room temperature under nitrogen. One drop of
DMF was added, followed by oxalyl chloride (0.65ml_, 7.5mmol). After
bubbling subsided, the reaction was left stirring for 90 minutes and then
evaporated. The residue was re-dissolved and re-evaporated with two
successive portions of 1,2-dichloroethane to remove unreacted oxalyl
chloride. The residue was then dissolved in dry dichloromethane (60 ml_),
and intermediate (I- 28a) (81 6 mg, 3.58 mmol) and pyridine (0.65 ml_, 8.0
mmol) were added. The reaction was stirred at room temperature under
nitrogen for 18 hours, washed twice with water and once with brine, dried
over sodium sulfate, filtered, evaporated. The residue was purified by
silica gel chromatography, using a pre-packed 8Og column, and eluting with
10% ethyl acetate/heptane with a linear gradient to 70% ethyl
acetate/heptane. The product fractions were combined, evaporated, and dried
under high vacuum at 60 0C to afford the title compound ( 1 .08 g, 2.1 7
mmol, 73%) as a white glass. 1H NMR (400 MHz, CDCI3) d 8.92 ( 1 H), 8.88 (
1 H), 8.31 - 8.34 ( 1 H), 8.1 9 - 8.22 ( 1 H), 7.89 ( 1 H), 7.83 ( 1 H),
7.33 - 7.44 (5 H), 5.36 (2 H), 4.92 - 4.95 ( 1 H), 3.21 (s, 3 H), 2.1 5 -
2.1 9 (2 H), 1.45 - 1.76 (7 H), 1.09 - 1.1 8 (2 H); m/z 496.9 (M+H)+.
Example 38: (S)-6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1 H-imidazol-1 -
yl)propanamido)nicotinic acid,Formula (1A-3) wherein R1a is methyl and R4
is . The compound of Example 37 ( 1 .08 g, 2.1 8 mmol) was dissolved in
ethyl acetate ( 10 ml_) and ethanol (20 ml_) in a Parr bottle. 10%
Palladium on carbon was added (200 mg), and the mixture was shaken under 30
psi hydrogen for 90 minutes. The mixture was filtered, evaporated, and
dried under high vacuum to a clear glass. The glass was triturated with
diethyl ether and stirred for 1 hour. The resulting material was filtered,
washed with ether, and dried under high vacuum at 60 0C to afford the title
compound (651 .1 mg, 1.60 mmol, 73%) as a white powder. 1H NMR (400 MHz,
DMSO-d 6) d 11.45 ( 1 H), 8.83 ( 1 H), 8.26 - 8.28 ( 1 H), 8.09 - 8.1 2 ( 1
H), 8.00 - 8.02 (2 H), 5.24 - 5.28 ( 1 H), 3.1 0 (3 H), 2.1 0 - 2.1 9 (2
H), 1.29 - 1.64 (8 H), 1.01 - 1.08 ( 1 H); m/z 406.9 (M+H) +. Example 39:
(S)-6-(3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-imidazol-1 -
yl)propanamido)nicotinic acid, Formula (1A-3) wherein R1a is ethyl and R4
is . To a solution of intermediate (l-34c1 ) ( 100 mg, 0.1 96 mmol) in 30
ml_ of a %:1 mixture of ethanol : ethyl acetate was added Pd(OH) 2/C (50
mg) at room temperature, and the mixture was stirred for 12 hours under 50
psi of H2. TLC ( 1 : 1 petroleum ether/ethyl acetate) indicated the
reaction was complete. The reaction mixture was filtered and the filtrate
was concentrated in vacuo. The residue was purified by prep-HPLC to afford
the title compound ( 17.5 mg, 2 1.2%) as a white solid. 1H NMR (400 MHz,
CD3OD) d 8.81 ( 1 H), 8.23 ( 1 H), 8.1 0 ( 1 H), 7.95 (2 H), 5.1 1 ( 1 H),
3.1 3 (2 H), 2.1 1 (2 H), 1.71 ( 1 H), 1.58 (4 H), 1.41 (2 H), 1.24 ( 1 H),
1.12 (3 H), 1.08 ( 1 H); m/z 421 .3 (M+H) +. Example 40:
(S)-6-(3-cyclopentyl-2-(4-(isopropylsulfonyl)-1 H-imidazol-1 -
yl)propanamido)nicotinic acid, Formula (1A-3) wherein R1a is isopropyl and
R4 is . To a solution of intermediate (l-34c2) (80 mg, 0.1 53 mmol) in 20
ml_ of a 5:1 mixture of ethanol : ethyl acetate was added Pd(OH) 2/C (40
mg) at room temperature, and the mixture wasstirred for 12 hours under 50
psi of H2. TLC ( 1 : 1 petroleum ether/ethyl acetate) indicated the
reaction was complete. The reaction mixture was filtered and the filtrate
was concentrated in vacuo. The residue was purified by prep-HPLC to afford
the title compound (22.7 mg, 34.3%) as a white solid. 1H NMR (400 MHz,
CD3OD) d 8.90 ( 1 H), 8.32 ( 1 H), 8.1 9 ( 1 H), 8.03 (2 H), 5.21 ( 1 H),
3.31 ( 1 H), 2.21 (2 H), 1.80 ( 1 H), 1.65 (4 H), 1.50 (2 H), 1.30 (7 H),
1.12 ( 1 H); m/z 435.5 (M+H) +. Example 4 1:
(S)-6-(2-(4-(cyclobutylsulfonyl)-1 H-imidazol-1 -yl)-3-
cyclopentylpropanamido)nicotinic acid, Formula (1A-3) wherein R1a is
cyclobutyl and R4 is . To a solution of intermediate (l-34c3) (200 mg,
0.373 mmol) in 30 ml_ of a 5:1 mixture of ethanol : ethyl acetate was added
Pd(OH) 2/C ( 100 mg) at room temperature, and the mixture was stirred for
12 hours under 50 psi of H . TLC ( 1 : 1 petroleum ether/ethyl acetate)
indicated the reaction was complete. The reaction mixture was filtered and
the filtrate was concentrated in vacuo. The residue was purified by
prep-HPLC to afford the title compound (66.5 mg, 39.9%) as a white solid.
1H NMR (400 MHz, CD3OD) d 8.89 ( 1 H), 8.31 ( 1 H), 8.20 ( 1 H), 8.02 (2
H), 5.21 ( 1 H), 4.04 ( 1 H), 2.49 (2 H), 2.21 (4 H), 1.98 (2 H), 1.80 ( 1
H), 1.60 (6 H), 1.30 ( 1 H), 1.1 1 ( 1 H); m/z 447.5 (M+H) +. Example 42:
6-[(S)-3-cyclopentyl-2-(4-dimethylsulfamoyl-imidazol-1 -yl)-
propionylamino]-nicotinic acid, Formula (1A-3) wherein R1a is dimethylamino
and R4 is . To a solution of intermediate (l-35e) (80 mg, 0.1 52 mmol) in
20 mL of 5:1 ethanol : ethyl acetate was added Pd(OH) 2/C (40 mg) at room
temperature, and the mixture was stirred for 12 hours under 50 psi of H2.
TLC ( 1 : 1 petroleum ether/ethyl acetate) indicated the reaction was
complete. The reaction mixture was filtered and the filtrate was
concentrated in vacuo. The residue was purified by prep-HPLC to afford the
title compound (5.3 mg, 14.6%) as a white solid. 1H NMR (400 MHz, CD3OD) d
8.80 ( 1 H), 8.22 ( 1 H), 8.08 ( 1 H), 7.85 (2 H), 5.1 1 ( 1 H), 2.65 (6
H), 2.1 1 (2 H), 2.21 (4 H), 1.71 ( 1 H), 1.58 (4 H), 1.42 (2 H), 1.21 ( 1
H), 1.08 ( 1 H); m/z 436.4 (M+H) +.Examples 43-67 of general Formula (1A-4)
are provided below. (1A-4) Example 43: (S)-3-cyclopentyl- L/-(1 -methyl-1
H-pyrazol-3-yl)-2-(4-(trifluoromethyl)-1 Himidazol- 



1 -yl)propanamide, Formula (1A-4) wherein R4 is \==/ . To a stirred
solution of 2-amino- L/-methylpyrazole (49.1 mg, 0.506 mmol) in 3 ml_
anhydrous toluene was added a solution of AIMe3 (0.270 ml_, 2.00 M in
toluene, 0.54 mmol). After stirring for 35 minutes at room temperature a
solution of 70 mg of Intermediate l-8a in 2 ml_ anhydrous dichloroethane
was added. The reaction was heated to 8O C for 18 hours. The reaction
mixture was cooled and stirred for several minutes with saturated
Rochelle's salt and extracted twice with ethyl acetate. The combined
organics were dried over MgSO4, filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography on
a Biotage column (Siq 2, ethyl acetate/hepatane, 50 to 100%)). The purified
fractions were collected, concentrated, and residue was titurated in
diethyl ether to afford the title compound. 1H NMR (400 MHz, DMSO) 10.97 (
1 H), 7.91 ( 1 H), 7.89 ( 1 H), 7.54 ( 1 H), 6.38 ( 1 H), 5.02 - 5.05 ( 1
H), 3.71 (3 H), 2.01 - 2.08 (2 H), 1.40 - 1.62 (7 H), 1.20 - 1.22 ( 1 H),
1.04 - 1.07 ( 1 H); m/z 356.2 (M+H)+. Example 44: (S)-3-cyclopentyl-
L/-(5-methylpyridin-2-yl)-2-(4-(trifluoromethyl)-1 Himidazol- 1
-yl)propanamide, Formula (1A-4) wherein R4 iiss Example 44 was synthesized
in an analogous manner to that of Example 43 from Intermediate l-8a and
2-amino-5-methylpyridine. 1H NMR (400 MHz, CDCI3) d 9.02 ( 1 H), 8.07 (2H),
7.69 ( 1 H), 7.54 (2 H), 4.73 - 4.77 ( 1 H), 2.28 (3 H), 2.1 3 - 2.20 (2
H), 1.45 - 1.67 (7 H), 1.10 - 1.1 2 (2 H); m/z 367.0 (M+H)+. Example 45:
(S)-3-cyclopentyl- L/-(5-methylpyrazin-2-yl)-2-(4-(trifluoromethyl)-1 /-/-
imidazol-1 -yl)propanamide,ormula (1A-4) wherein R is TVN F Nl Example 45
was synthesized in an analogous manner to that of Example 43 from
Intermediate l-8a and 2-amino-5-methylpyrazine. 1H NMR (400 MHz, CDCI3) d
9.34 ( 1 H), 8.65 ( 1 H), 8.1 1 ( 1 H), 7.72 ( 1 H), 7.53 ( 1 H), 4.83 -
4.86 ( 1 H), 2.52 (3 H), 2.21 - 2.24 (2 H), 2.1 7 ( 1 H), 1.27 - 1.50 (6
H), 1.08 - 1.14 (2 H); m/z 368.0 (M+H) +. Example 46: (S)-methyl
6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)nicotinate, Formula (1A-4) wherein R4 is . To a stirred
solution of Intermediate (I- 8b) (328.5 mg, 1.189 mmol) in anhydrous
dichloromethane (12 ml_) at room temperature under nitrogen was added
oxalyl chloride followed by 1 drop of DMF. The reaction bubbled and then
subsided. It was left stirring for 90 minutes and then evaporated under
reduced pressure. 1,2-dichloroethane was added and concentrated two times.
The residue was then dissolved in anhydrous dichloromethane ( 10 ml_).
Methyl 6-aminonicotinate (221 mg, 1.45 mmol; Aldrich Chemical Company,
Inc., Milwaukee, Wl) was added, followed by pyridine (0.21 ml_, 2.6 mmol).
The reaction was stirred overnight at room temperature before diluting with
ethyl acetate and water. 1M aqueous potassium dihydrogen phosphate was
added. The layers were separated, and the organic layer was washed with
brine, dried over sodium sulfate, filtered, and concentrated under reduced
pressure. The residue was purified (Combi-flash, Redisep 4Og, 45% ethyl
acetate/heptane) to afford the title compound as an off-white glass. 1H NMR
(400 MHz, CDCI3) d 8.89 ( 1 H), 8.57 ( 1 H), 8.31 - 8.33 ( 1 H), 8.24 ( 1
H), 7.70 ( 1 H), 7.51 ( 1 H), 4.76 - 4.82 ( 1 H), 3.92 (3 H), 2.1 6 - 2.21
(2 H), 1.48 - 1.79 (7 H), 1.1 1 - 1.17 (2 H); m/z 4 11.1 (M+H) +. Example
47: (S)-benzyl 6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)nicotinate, Formula (1A-4) wherein R4 is . To Intermediate
(l-8b) (16.28 g, 59.8 mmol) stirring in dry dichloromethane (40OmL) at room
temperature under nitrogenwas added 2 drops of DMF. Oxalyl chloride ( 1 1
ml_, 130 mmol) was added dropwise. After the bubbling subsided the reaction
was left stirring for 90 minutes and then concentrated under reduced
pressure. Two successive portions of 1,2-dichloroethane were added and
evaporated to remove all excess oxalyl chloride. The crude acid chloride
was taken up in dichloromethane ( 150 ml_) and stirred at room temperature.
Intermediate (l-28a) (14.3 g, 62.5 mmol) and pyridine (10 ml_, 130 mmol)
were stirred in 40OmL dry dichloromethane. This was added to the acid
chloride solution, using another 5OmL dry dichloromethane to complete the
transfer. The mixture was left stirring at room temperature under nitrogen
for 18 hours. The reaction was diluted with dichloromethane and water, and
1M aqueous phosphoric acid was added. The organic layer was separated and
washed sequentially with dilute aqueous potassium carbonate, and brine.
This was then dried over sodium sulfate, filtered, and concentrated under
reduced pressure to a glass, which was taken up in hot ethyl acetate and
stirred at room temperature. A precipitate appeared at about 30 minutes.
The mixture was stirred for 16 hours and then filtered. The precipitate was
washed with ethyl acetate and then diethyl ether and dried under high
vacuum at 60 0C to afford the title compound as a white solid ( 17.8g,
36.6mmol, 6 1%). The mother liquor was evaporated and purified by silica
gel chromatography on a 12Og pre-packed column, eluting with 40% ethyl
acetate/heptane. The product fractions were combined, concentrated under
reduced pressure, dried under high vacuum to a glass, and converted as
previously described to additional product (3.5 g, 7.2 mmol, 12%, total
yield 73%). 1H NMR (400 MHz, DMSO-d6) d 11.50 ( 1 H), 8.87 - 8.88 ( 1 H),
8.29 - 8.32 ( 1 H), 8.1 2 - 8.14 ( 1 H), 7.93 - 7.94 (2 H), 7.39 - 7.46 (2
H), 7.30 - 7.37 (3 H), 5.32 (2 H), 5.21 - 5.25 ( 1 H), 2.06 - 2.1 9 (2 H),
1.26 - 1.63 (8 H), 1.01 - 1.06 ( 1 H); m/z 487.5 (M+H)+. Example 48:
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)nicotinic acid, Formula (1A-4) wherein R The compound of
Example 47 (4.07 g, 8.35 mmol) was added to a 50OmL Parr bottle, followed
by ethyl acetate (50 mL) and ethanol ( 100 mL). The mixture was warmed
until all of the solid dissolved, and then cooled to room temperature. 10%
Pd/C (450 mg) was added, and the mixture was shaken under 50 psi hydrogen
for 90 minutes. The reaction was filtered through amicrofiber filter. The
filtrate was concentrated under reduced pressure and dried under high
vacuum at 50 0C to afford product as a glassy solid (3.0 g, 7.75 mmol,
90.6%). The glassy solid was stirred overnight in diethyl ether. The white
solid precipitate was filtered, washed with diethyl ether, suction dried,
and dried under high vacuum at 50 0C to afford the title compound as a
white solid. 1H NMR (400 MHz, DMSO-d6) d 13.1 0 - 13.25 ( 1 H), 11.44 ( 1
H), 8.83 ( 1 H), 8.23 - 8.26 ( 1 H), 8.09 - 8.1 2 ( 1 H), 7.94 - 7.95 (2
H), 5.22 - 5.26 ( 1 H), 2.06 - 2.1 7 (2 H), 1.29 - 1.64 (8 H), 1.04 - 1.07
( 1 H); m/z 397.3 (M+H)+. Example 49: (S)-3-cyclopentyl- L/-(2-ethyl-2H-[1
,2,3]triazol-4-yl)-2-(4-trifluoromethyl-1 Himidazol- 1 -yl)propanamide,
Formula (1A-4) wherein R is . Example 49 was synthesized in an analogous
manner to that of Example 43 from Intermediate l-8a and 2-ethyl-2H-1 ,2,3-
triazol-4-amine (Chembridge Corporation, San Diego, CA). 1H NMR (400 MHz,
CDCI3) d 8.1 9 ( 1 H), 7.93 ( 1 H), 7.67 ( 1 H), 7.49 ( 1 H), 4.74 ( 1 H),
4.34 (2 H), 2.04 - 2.34 (2 H), 1.67 - 1.84 (2 H), 1.57 - 1.63 (4 H), 1.43 -
1.54 (4 H), 1.07 - 1.22 (2 H); m/z 371 .2 (M+H+) . Example 50:
(S)-3-cyclopentyl- L/-(5-((S)-1 ,2-dihydroxyethyl)pyrazin-2-yl)-2-(4-
(trifluoromethyl)-i H-imidazol-1 -yl)propanamide, 



Formula (1A-4) wherein R4 is . To a solution of Intermediate (1-1 4a) (75
mg, 0.1 6 mmol) in THF (2.5 ml_) was added 1N HCI (2.4ml_) and this was
stirred at room temperature for 18h. After 1 day, the reaction was
extracted with ethyl acetate twice. The combined organics were washed with
aqueous saturated NaHCO and dried over MgSO4. Purification by silica gel
chromatography ( 12g-Snap Biotage, heptane / ethyl acetate) afforded 30 mg
of Example 50 as an oil. 1H NMR (400 MHz, CD3OD) d 9.28 ( 1 H), 8.50 ( 1
H), 7.94 ( 1 H), 7.82 ( 1 H), 5.1 6 ( 1 H), 4.83 (2 H), 4.77 ( 1 H), 3.77 -
3.94 ( 1 H), 3.66-3.77 ( 1 H), 2.1 0 - 2.34 (2 H), 1.40 - 1.89 (7 H), 1.22
- 1.36 (2 H); m/z 414.1 (M+H+) . Example 5 1: (S)-3-cyclopentyl-
L/-[5-(methylsulfonyl)pyridin-2-yl]-2-[4-(trifluoromethyl)- 1H-imidazol-1
-yl]propanamide,Formula (1A-4) wherein R4 is . Intermediate (1-1 9a) (80
mg, 0.29 mmol), 2- bromo-5-(methylsulfonyl)pyridine (69 mg, 0.29 mmol),
cesium carbonate (144 mg,.O 44 mmol), Xantphos (26.2 mg, 0.04 mmol),
tris(dibenzylideneacetone) palladium (14 mg, 0.01 5 mmol) were combined in
anhydrous degassed toluene (4 ml_). The mixture was stirred at 100 0C for
12 hrs. The reaction was diluted with ethyl acetate (50 ml_) and washed
with H2O (10 ml_), NaHCOs (aq, saturated, 10 ml_), and brine ( 10 ml_), and
dried (Na SO4) , filtered and concentrated. The crude product was purified
by chromatography (silica gel, 0 to100% EtOAc gradient in heptane) to give
a gummy residue, which was precipitated using (Et
2O/Heptane/Dichloromethane) to afford the title compound as white solid (55
mg, 44%). 1H NMR (400 MHz, CDCI 3) d 8.80 ( 1 H), 8.45 ( 1 H), 8.35 ( 1 H),
8.22 ( 1 H), 7.70 ( 1 H), 7.50 ( 1 H), 4.80 ( 1 H), 2.1 6 - 2.25 (2 H),
1.68 - 1.86 (2 H), 1.60 - 1.67 (2 H), 1.45 - 1.56 (3 H), 1.08 - 1.28 (5 H);
m/z 430.9 (M+H) +. Example 52: 6-[(S)-3-cyclopentyl-2-(4-trifluoromethyl-1
/-/-imidazol-1 -yl)- propionylamino]-nicotinamide, Formula (1A-4) wherein
R4 is . Intermediate (1-21 a) ( 157mg, 0.378mmol) was taken up in THF ( 1
.2 ml_) and cooled in an ice water bath. To this was added NH4OH (0.8 ml_)
and this was allowed to slowly warm to room temperature overnight. The
reaction mixture was partitioned between water and ethyl acetate. The
aqueous layer was extracted with a second portion of ethyl acetate and the
combined organics were washed with brine, dried over MgSO 4, filtered, and
evaporated to give crude material. This material was purified by flash
chromatography (SiO 2, dichloromethane / methanol, 4 to 10%) to afford 67.7
mg (45.3%) of Example 52 as a tan solid. 1H NMR (400 MHz, CDCI 3) d 8.70 -
8.73 ( 1 H), 8.09 - 8.1 9 (2 H), 7.68 ( 1 H), 7.53 ( 1 H), 4.96 ( 1 H),
3.30 - 3.33 ( 1 H), 2.98 (2 H), 2.01 - 2.1 7 ( 1 H), 1.69 ( 1 H), 1.40 -
1.62 (4 H), 1.02 - 1.26 (4 H); m/z 396.0 (M+H +) . Example 53: (S)-benzyl
5-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyrazine-2-carboxylate,Formula (1A-4) wherein R is .
Intermediate (l-8b) ( 157.5 mg, 0.57 mmol) was dissolved in dry
dichloromethane (6ml_) and stirred at room temperature under nitrogen. One
drop of DMF was added, followed by oxalyl chloride (0.1 0 ml_, 1.1 8 mmol).
After bubbling had subsided, the mixture was left stirring for 90 minutes
and then evaporated. The residue was dissolved in two successive portions
of 1,2-dichloroethane and evaporated to remove excess oxalyl chloride, and
the residue was dissolved in dry dichloromethane (4 ml_). Intermediate
(l-22a) ( 16 1 mg, 0.70 mmol) and pyridine (0.1 0 ml_, 1.24 mmol) were
dissolved in dry dichloromethane (5 ml_) and added to the solution of acid
chloride. The reaction was stirred at room temperature under nitrogen for 2
days. The reaction was then diluted with dichloromethane and water, and the
organic layer was separated, washed with brine, dried over sodium sulfate,
filtered, and evaporated. The residue was purified by silica gel
chromatography on a 4Og pre-packed column, using 25% ethyl acetate/heptane,
linear gradient to 100% ethyl acetate. The product fractions were combined,
evaporated, and dried under high vacuum to afford the title compound (145
mg, 0.3 mmol, 52%) as a yellow glass. 1H NMR (400 MHz, CDCI3) d 9.57 ( 1
H), 8.96 - 8.97 ( 1 H), 8.30 - 8.32 ( 1 H), 7.69 ( 1 H), 7.50 ( 1 H), 7.39
- 7.47 (2 H), 7.32 - 7.38 (3 H), 5.45 (2 H), 4.80 - 4.85 ( 1 H), 2.04 -
2.25 (2 H), 1.49 - 1.81 (7 H), 1.1 1 - 1.18 (2 H); m/z 487.9 (M+H)+.
Example 54: (S)-5-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyrazine-2-carboxylic acid, Formula (1A-4) wherein R is .
The compound of Example 53 (145 mg, 0.3 mmol) was dissolved in ethanol (6
ml_) and ethyl acetate (3 ml_) in a 250 ml_ Parr bottle. 10% palladium on
carbon (20 mg) was added, and the reaction was shaken under 50 psi hydrogen
for 90 minutes. The mixture was filtered, evaporated, and dried under high
vacuum to afford the title compound ( 109.2 mg, 0.27 mmol, 92%). 1H NMR
(400 MHz, DMSO-de) d 11.76 ( 1 H), 9.33 ( 1 H), 8.95 ( 1 H), 7.97 (2 H),
5.25 - 5.29 ( 1 H), 2.17 - 2.25 ( 1 H), 2.05 - 2.1 5 ( 1 H), 1.28 - 1.64 (8
H), 1.01 - 1.08 ( 1 H); m/z 398.3 (M+H)+.Example 55: (S)-ethyl
2-(3-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)-1 H-pyrazol-1 -yl)acetate, Formula (1A-4) wherein R4 is .
Intermediate (l-8b) (145 mg, 0.525 mmol) was dissolved in dry
dichloromethane (5 ml_) and stirred at room temperature under nitrogen. One
drop of DMF was added, followed by oxalyl chloride (0.095 ml_, 1.1 mmol).
After bubbling had subsided, the mixture was left stirring for 90 minutes
and then evaporated. The residue was dissolved in two successive portions
of 1,2- dichloroethane and evaporated to remove excess oxalyl chloride, and
the residue was dissolved in dry dichloromethane (4 ml_). Ethyl
2-(3-amino-1 H-pyrazol-1 -yl)acetate hydrochloride (Oakwood Products, Inc.,
West Columbia, SC) ( 130 mg, 0.630 mmol) and pyridine (0.1 30 ml_, 1.61
mmol) were dissolved in dry dichloromethane (5 ml_) and added to the
solution of acid chloride. The reaction was stirred at room temperature
under nitrogen for 1 day. The reaction was then diluted with
dichloromethane and water, and the organic layer was separated, washed with
brine, dried over sodium sulfate, filtered, and evaporated. The residue was
purified by silica gel chromatography on a 12g pre-packed column, using 50%
ethyl acetate / heptane, linear gradient to 75% ethyl acetate. The product
fractions were combined, evaporated, and dried under high vacuum to afford
the title compound ( 153 mg, 68%) as a white glass. 1H NMR (400 MHz, CDCI3)
d 8.36 ( 1 H), 7.71 ( 1 H), 7.50 ( 1 H), 7.36 ( 1 H), 6.74 ( 1 H), 4.70 -
4.75 (3 H), 4.20 - 4.25 (2 H), 2.06 - 2.20 (2 H), 1.43 - 1.77 (7 H), 1.25 -
1.29 (3 H), 1.07 - 1.1 5 (2 H); m/z 428.0 (M+H)+. Example 56:
(S)-3-cyclopentyl- L/-(1 -(2-hydroxy-2-methylpropyl)-1
H-pyrazol-3-yl)-2-(4- (trifluoromethyl)-i H-imidazol-1 -yl)propanamide,
Formula (1A-4) wherein R4 is . Under a nitrogen atmosphere intermediate
(l-27d) was dissolved in anhydrous toluene (4ml_). Thmethylaluminum (2.00 M
in toluene, 0.488 ml_) was added dropwise. This mixture was stirred at room
temperature for 30 min before a solution of intermediate (l-8a) in 4 ml_
1,2- dichloroethane was added. The reaction was then stirred at 80 0C.
After 2 1 h, the reaction was quenched with saturated aqueous Rochelle's
salt. This was extractedtwice with dichloromethane. The combined organics
were dried over MgSO4 and concentrated to afford material that was most
likely a mixture of the hydroxy product and silyl-protected product. This
material was then dissolved in anhydrous THF (10 ml_) and
tetrabutylammonium fluoride ( 1 .00 M in THF, 3.77 ml_) was added. This was



stirred at room temperature for two days before partitioning between ethyl
acetate and water. The aqueous layer was extracted with ethyl acetate and
the combined organics dried over MgSO4. Purification by silica gel
chromatography (4Og ISCO, 20-100% EtOAc in heptane), followed by filtering
through a course frit to remove any solids, and triturating several times
with dichloromethane/ether and then with ether afforded the title compound
as a white solid (0.1 563 g). 1H NMR (400 MHz CDCI3) d 9.03 ( 1 H), 7.80 (
1 H), 7.56 ( 1 H), 7.33 ( 1 H), 6.74 ( 1 H), 4.83 ( 1 H), 3.99 (2 H), 3.93
( 1 H), 2.20 - 2.30 ( 1 H), 2.07 - 2.1 8 ( 1 H), 1.49 - 1.88 (7 H), 1.09 -
1.21 (8 H); m/z 4 13.9 (M+H) +. Example 57:
(S)-2-(3-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)-1H-pyrazol-1 -yl)acetic acid, Formula (1A-4) wherein R4 is
. The compound of Example 55 ( 153 mg, 0.358 mmol) and lithium hydroxide
(50.6 mg, 1.18 mmol) were stirred at room temperature in THF/methanol/water
( 1 : 1 : 1 , 3 ml_) for 2 hours. The reaction was concentrated, and water
and 1N HCI were added to achieve a pH of approximately 4 . A thick
precipitate settled. Ethyl acetate was added, and the organic layer was
washed with brine and dried over sodium sulfate. The mixture was filtered,
evaporated, and dried under high vacuum to afford the title compound (31 .5
mg, 22%). 1H NMR (400 MHz, CD3OD) d 7.91 ( 1 H), 7.78 ( 1 H), 7.52 ( 1 H),
6.56 ( 1 H), 5.01 - 5.05 ( 1 H), 4.81 (2 H), 2.1 3 - 2.17 (2 H), 1.50 -
1.81 (7 H), 1.21 - 1.28 ( 1 H), 1.1 1 - 1.1 8 ( 1 H); m/z 398.0 (M-H) .
Example 58: (S)-diethyl (6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1
H-imidazol-1 - yl)propanamido)pyridin-3-yl)methylphosphonate, Formula
(1A-4) wherein R4 is . To a solution of intermediate (l-8c) (0.27 g, 0.9
mmol) in dichloromethane ( 10 ml_) was added intermediate (l-26d) (0.223 g,
0.9 mmol) and pyridine (0.22 g, 2.74 mmol) at room temperature. The mixture
wasstirred for 12 hours at room temperature under nitrogen. TLC (petroleum
ether/ethyl acetate = 1: 1 ) indicated the reaction was complete. The
reaction mixture was concentrated in vacuo and the residue was purified by
chromatography on silica to afford the title compound (270 mg, 58.7%) as a
light yellow solid. 1H NMR (400 MHz, CDCI3) d 8.79 ( 1 H), 8.09 ( 1 H),
8.03 ( 1 H), 7.62 ( 1 H), 7.58 ( 1 H), 7.45 ( 1 H), 4.73 ( 1 H), 4.01 (4
H), 3.06 (2 H), 2.08 (2 H), 1.70 (2 H), 1.58 (3 H), 1.48 (2 H), 1.20 (6 H),
1.1 0 (2 H); m/z 503.3 (M+H)+. Example 59: (S)-diethyl
6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-ylphosphonate, To a solution of intermediate
(l-8c) (0.329 g, 1.12 mmol) in dichloromethane (8 ml_) was added
intermediate (l-25a) (0.257 g, 1.12 mmol) and pyridine (0.265 g, 3.36 mmol)
at room temperature. The mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 0:1 )
indicated the reaction was complete. The reaction mixture was concentrated
in vacuo, the residue was purified by chromatography on silica to afford
the title compound (360 mg, 66.2%) as a light yellow solid. 1H NMR (400
MHz, CDCI3) d 8.61 ( 1 H), 8.39 ( 1 H), 8.1 5 ( 1 H), 8.1 0 ( 1 H), 7.63 (
1 H), 7.44 ( 1 H), 4.71 ( 1 H), 4.07 (4 H), 2.1 0 (2 H), 1.70 (2 H), 1.58
(2 H), 1.48 (3 H), 1.28 (6 H), 1.1 0 (2 H); m/z 489.5 (M+H)+. Example 60:
(S)-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-yl)methylphosphonic acid, I l Formula (1A-4)
wherein R4 is H0 . To a solution of the compound of Example 58 ( 138 mg,
0.27 mmol) in dichloromethane (2 mL) was added bromotrimethylsilane (2 mL)
at room temperature. The mixture was stirred for 12 hours at room
temperature under nitrogen. LCMS indicated the reaction was complete. The
reaction mixture was quenched with methanol (2 mL), and the mixture was
concentrated in vacuo, the residue was purified by prep-HPLC to afford the
title compound (54.3 mg, 47.4%) as a white solid. 1H NMR (400 MHz, CD3OD):
d 8.23 ( 1H), 8.00 ( 1 H), 7.98 ( 1 H), 7.81 ( 1 H), 7.73 ( 1 H), 5.1 2 ( 1
H), 3.06 (2 H), 2.18 (2 H), 1.75 ( 1 H), 1.70 ( 1 H), 1.61 (3 H), 1.51 (2
H), 1.30 ( 1 H), 1.18 ( 1 H); m/z 445.5 (M-H) . Example 6 1:
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridine-3-sulfonic acid, Formula (1A-4) wherein R is . To a
solution of intermediate (l-8c) (0.40 g, 1.35 mmol) in dichloromethane (10
ml_) was added 6-aminopyridinesulfonic acid (0.236 g, 1.35 mmol; Toronto
Research Chemicals, North York, Ontario, Canada) and pyridine (0.32 ml_,
4.1 mmol) at room temperature. The mixture was refluxed for 12 hours under
nitrogen. LCMS indicated the starting material was not consumed completely.
The reaction mixture was concentrated in vacuo, the residue was purified by
chromatography on silica to afford the title compound (47.2 mg, 8.1 %) as a
white solid. 1H NMR (400 MHz, DMSO-d6) : d 11.18 ( 1 H), 8.50 ( 1 H), 7.98
(4 H), 7.03 ( 1 H), 5.22 ( 1 H), 2.1 8 (2 H), 1.60 (4 H), 1.48 (3 H), 1.31
( 1 H), 1.1 1 ( 1 H); m/z 431 .4 (M-H) . Example 62:
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-ylphosphonic acid, Formula (1A-4) wherein R is .
To a solution of the compound of Example 59 ( 170 mg, 0.348 mmol) in
dichloromethane (2 ml_) was added bromotrimethylsilane (2 ml_) at room
temperature, and the mixture was stirred for 12 hours at room temperature
under nitrogen. LCMS indicated the reaction was complete. The reaction
mixture was quenched with methanol (2 mL) and the mixture was concentrated
in vacuo. The residue was purified by prep-HPLC to afford the title
compound (47.1 mg, 30.0%) as a white solid. 1H NMR (400 MHz, CD3OD): d 8.64
( 1 H) 8.15 (2 H) 7.93 ( 1 H) 7.81 ( 1 H) 5.1 2 ( 1 H) 2.18 (2 H) 1.80 ( 1
H) 1.70 (4 H) 1.55 (2 H) 1.30 ( 1 H) 1.25 ( 1 H); m/z 431 .4 (M-H) .
Example 63: 6-((S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-yl(methyl)phosphinic acid,Formula (1A-4) wherein
R4 is To a solution of intermediate (l-29f) (300 mg, 0.655 mmol) in
dichloromethane (4 ml_) was added bromotrimethylsilane (2 ml_) at room
temperature, and the mixture was stirred for 12 hours at room temperature
under nitrogen. TLC (dichloromethane/methanol = 10:1 ) indicated the
reaction was complete. The reaction mixture was concentrated in vacuo, the
residue was washed with water (5 ml_), and extracted with dichloromethane
(20 ml_ x 3). The combined organic layers were washed with brine, dried
over Na2SO4, and evaporated in vacuo. The residue was purified by
chromatography on silica to afford the title compound (132.3 mg, 46.9%) as
a white solid and as a mixture of diastereomers. 1H NMR (400 MHz, CD3OD): d
8.70 ( 1 H), 8.28 ( 1 H), 8.1 6 ( 1 H), 8.00 ( 1 H), 7.88 ( 1 H), 5.21 ( 1
H), 2.20 (2 H), 1.84 ( 1 H), 1.75 ( 1 H), 1.70 (6 H), 1.60 (2 H), 1.46 ( 1
H), 1.28 ( 1 H); m/z 431 .4 (M+H) +. Example 64:
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-yl)acetic acid, Formula (1A-4) wherein R4 is A
solution of intermediate (l-30g) (207 mg, 0.488 mmol) and lithium iodide
(649 mg, 4.88 mmol) in ethyl acetate (5 ml_) was refluxed for 24 hours.
LCMS indicated the starting material was not consumed completely. The
reaction mixture was concentrated in vacuo and the residue was purified by
prep-HPLC to afford the title compound (36.9 mg, 18.45%) as a white solid.
1H NMR (400 MHz, CD3OD): d 8.14 ( 1 H), 7.99 ( 1 H), 7.85 ( 1 H), 7.73 ( 1
H), 7.68 ( 1 H), 



5.10 ( 1 H), 3.54 (2 H), 2.1 1 (2 H), 1.75 ( 1 H), 1.63 ( 1 H), 1.55 (3 H),
1.48 (2 H), 1.21 ( 1 H), 1.1 8 ( 1 H); m/z 441 .4 (M+H) +. Example 65:
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-yl)-2-methylpropanoic acid, Formula (1A-4) wherein
R4 is . A solution of intermediate (1-31 e) (220 mg, 0.486 mmol) and LiI
(647 mg, 4.86 mmol) in EtOAc ( 1 1 ml_) was refluxed for 72 hours. LCMS
indicated the starting material was not consumed completely. Thereaction
mixture was concentrated in vacuo, the residue was purified by prep-HPLC to
afford Example 65 (45.6 mg, 2 1 .3%) as a white solid. 1H NMR (400 MHz,
CD3OD): d 8.25 ( 1 H), 7.94 ( 1 H), 7.85 ( 1 H), 7.73 (2 H), 5.04 ( 1 H),
2.1 0 (2 H), 1.73 ( 1 H), 1.65 ( 1 H), 1.55 (3 H), 1.50 (6 H), 1.48 (2 H),
1.23 ( 1 H), 1.09 ( 1 H); m/z 439.4 (M+H) +. Example 66:
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)pyridin-3-ylamino)-2-oxoacetic acid, Formula (1A-4) wherein
R4 is . A mixture of intermediate (l-32c) (280 mg, 0.599 mmol) and lithium
iodide (796 mg, 5.99 mmol) in ethyl acetate (14 ml_) was refluxed for 24
hours. LCMS indicated the reaction was complete. The reaction mixture was
concentrated in vacuo and the residue was purified by prep-HPLC to afford
the title compound ( 1 19.1 mg, 45.3%) as a white solid. 1H NMR (400 MHz,
CD3OD): d 8.72 ( 1 H), 8.1 6 (2 H), 7.97 ( 1 H), 7.85 ( 1 H), 5.1 7 ( 1 H),
2.21 (2 H), 1.84 ( 1 H), 1.75 ( 1 H), 1.70 (3 H), 1.60 (2 H), 1.32 ( 1 H),
1.18 ( 1 H); m/z 440.2 (M+H) +. Example 67:
(S)-3-Cyclopentyl-N-[5-(2-hydroxy-2-methyl-propionylamino)-pyridin-2-yl]-
2-(4-trifluoromethyl-imidazol-1-yl)-propionamide, Formula (1A-4) wherein R4
is . To a solution of intermediate (l-33a) (350 mg, 0.70 mmol) in methanol
(8.75 mL) and water (8.75 mL) was added potassium carbonate (146.4 mg, 1.05
mmol) at room temperature, and the mixture was stirred for 12 hours at room
temperature. TLC (petroleum ether/ethyl acetate = 1: 1 ) indicated the
reaction was complete. The reaction mixture was washed with aq. ammonium
chloride (20 mL) and the mixture was extracted with ethyl acetate ( 10 mL x
3). The combined organic layers were washed with brine, dried over Na2SO4,
and evaporated in vacuo. The residue was purified by chromatography on
silica to afford the title compound (177.9 mg, 55.6%) as a white solid. 1H
NMR (400 MHz, CD3OD): d 8.63 ( 1 H), 8.10 (2 H), 7.97 ( 1 H), 7.86 ( 1 H),
5.14 ( 1 H), 2.04 (2 H), 1.85 ( 1 H), 1.80 ( 1 H), 1.70 (3 H), 1.58 (2 H),
1.47 (6 H), 1.35 ( 1 H), 1.20 ( 1 H); m/z 454.2 (M+H) +. Examples 68-70 of
Formula (1A-5) are provided below.Example 68: (S)-3-cyclopentyl- L/-(1
-methyl-1 H-pyrazol-3-yl)-2-(3-(trifluoromethyl)-1 Hpyrazol- 1
-yl)propanamide, Formula (1A-5) wherein R4 is \==/ . To a stirred solution
of of 1-methyl-3- aminopyrazole ( 1 .21 9 g, 1.25 mmol) in dichloroethane
(2 ml_) at OC was added AI(CH 3)2CI ( 1 .0 M, 1.25 ml_,1 .25 mmol) and
stirred for 15 minutes. A solution of Intermediate l-9a1 (50 mg, 0.1 6
mmol) in 0.5 ml_ of 1,2-dichloroethane was then added and the reaction
mixture was stirred at room temperature for 16 hours. The mixture was
quenched with 20% potassium sodium tartrate tetrahydrate (5 ml_) slowly and
then diluted with water (30 ml_) and extracted with CHCI3 (30 ml_). The
organic layer was dried over Na2SO4 and concentrated. The residue was
purified on Biotage column (SiO 2, dichloromethane/methanol, 0 to 8%) to
afford the title compound. 1H NMR (400 MHz, CDCI 3) d 8.99 ( 1 H), 7.64 ( 1
H), 7.22 ( 1 H), 6.60 (2 H), 4.99 ( 1 H), 3.85 (3 H), 2.22 (2 H),1 .73 ( 1
H), 1.44 - 1.58 (6 H), 1.10 - 1.20 ( 1 H), 1.02 - 1.07 ( 1 H); m/z 356.2
(M+H) +. Example 69: (S)-3-cyclopentyl-
L/-(5-methylpyridin-2-yl)-2-(3-(trifluoromethyl)-1 /-/- pyrazol-1
-yl)propanamide, Formula (1A-5) wherein R4 is Example 69 was synthesized in
an analogous manner to that of Example 68 from Intermediate l-9a1 and
2-amino-5-methylpyridine. 1H NMR (400 MHz, CDCI 3) d 9.31 ( 1 H), 8.94 ( 1
H), 8.1 2 ( 1 H), 7.63 ( 1 H), 6.62 ( 1 H), 4.95 - 4.99 ( 1 H), 2.50 (3 H),
2.21 - 2.38 (2 H), 1.68 - 1.81 ( 1 H), 1.44 - 1 .64 (4 H), 1.07 - 1.30 (4
H); m/z 367.0 (M+H) +. Example 70: (S)-3-cyclopentyl-
L/-(5-methylpyrazin-2-yl)-2-(3-(trifluoromethyl)-1 Hpyrazol- 1
-yl)propanamide, V N Formula (1A-5) wherein R iiss TNl . Example 70 was
synthesized in an analogous manner to that of Example 68 from Intermediate
l-9a1 and 2-amino-5-methylpyrazine. 1H NMR (400 MHz, CDCI 3) d 9.31 ( 1 H),
8.94 ( 1 H), 8.1 2 ( 1 H), 7.63 ( 1 H), 6.62 ( 1 H),4.95 - 4.99 ( 1 H),
2.50 (3 H), 2.21 - 2.38 (2 H), 1.68 - 1.81 ( 1 H), 1.44 - 1 .64 (4 H), 1.07
1.30 (4 H); m/z 368.0 (M+H) +. Examples 7 1-73 of Formula (1A-6) are
provided below. (1A-6) Example 7 1: (S)-1 -(3-cyclopentyl-1 -(1 -methyl-1
H-pyrazol-3-ylamino)-1 -oxopropan-2-yl)- L/,L/-dimethyl-1
/-/-pyrazole-4-carboxamide, Formula (1A-6) wherein R4 is Example 7 1 was
synthesized in an analogous manner to that of Example 68 from Intermediate
l-9a2 and 3-amino-1 -methylpyrazole. 1H NMR (400 MHz, CDCI3) d 9.46 ( 1 H),
7.93 ( 1 H), 7.82 ( 1 H), 7.17 ( 1 H), 6.55 ( 1 H), 4.87 - 4.91 ( 1 H),
3.72 (3 H), 3.1 5 (3 H), 3.03 (3 H), 2.1 9 - 2.49 (2 H), 1.38 - 1.68 (7 H),
( 1 H), 1.08 - 1.17 ( 1 H), 0.97 - 1.02 ( 1 H); m/z 359.2 (M+H) +. Example
72: (S)-1 -(3-cyclopentyl-1 -(5-methylpyridin-2-ylamino)-1
-oxopropan-2-yl)- L/,/Vdimethyl- 1 /-/-pyrazole-4-carboxamide, Formula
(1A-6) wherein Example 72 was synthesized in an analogous manner to that of
Examp e 68 from Intermediate l-9a2 and 2-amino-5-methylpyridine. 1H NMR
(400 MHz, CDCI3) d 12.61 ( 1 H), 8.48 ( 1 H), 8.1 7 (2 H), 8.03 ( 1 H),
7.79 ( 1 H), 5.28 ( 1 H), 3.24 (3 H), 3.08 (3 H), 2.43 (3 H), 2.1 6 - 2.32
(2 H), 1.44 - 1.77 (6 H), 1.26 (2 H), 1.08 - 1.14 ( 1 H); m/z 370.1 (M+H)
+. Example 73: (S)-1 -(3-cyclopentyl-1 -(5-methylpyrazin-2-ylamino)-1
-oxopropan-2-yl)- L/,/Vdimethyl- 1 /-/-pyrazole-4-carboxamide, Formula
(1A-6) wherein R iiss T VN 1 Example 73 was synthesized in an analogous
manner to that of Example 68 from Intermediate l-9a2 and
2-amino-5-methylpyrazine. 1H NMR (400 MHz, CDCI3) d 9.61 ( 1 H), 9.32(1 H),
8.08 ( 1 H), 7.95 ( 1 H), 7.88 ( 1 H),4.94 - 4.98 ( 1 H), 3.1 9 (3 H), 3.07
(3 H), 2.49 (3 H), 2.29 - 2.37 (2 H), 1.40 - 1.76 (7 H), 1.05 - 1.19 (2 H);
m/z 371 .1 (M+H) +. Examples 74-78 of Formula (1A-7) are provided below.
(1A-7) Example 74:
(S)-N-(5-methylpyrazin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-
(trifluoromethyl)-i H-imidazol-1 -yl)propanamide, Formula (1A-7) wherein R
iiss 2-amino-5-methylpyrazine (Anichem LLC, Northbrunswick, NJ) (48.2 mg,
0.44 mM) was weighed into an 8 dram Arqule vial and stirred in anhydrous
toluene (0.5 mL). Trimethylaluminum solution (0.23 mL, 2.0M in toluene) was
added, and the reaction was sealed and stirred at room temperature for 45
minutes. A 1 mL aliquot of dichloroethane was added to 63 mg (0.21 mmol) of
Intermediate l-1 0h, the reaction was sealed and stirred at 80C. The
reaction was cooled, and the residue was diluted with dichloromethane and
0.5 M Rochelle salt, shaken, and allowed to stand for 90 minutes. The
mixture was filtered through an 



Autovial filter to remove insoluble material. The organic layer was
filtered through an Alltech filter and dried under nitrogen.
Chromatographic (column: Phenomenex Luna (2) C 18, 150x4.6mm, 5m (21 .2x1
50mm 5m) , gradient 0.1 % formic acid in water and 0.1 % formic acid in
acetonitrile (5 to 95%) purification of the crude product to afford the
title compound. 1H NMR (400 MHz, CDCI3) d 9.38 ( 1 H), 9.05 ( 1 H), 8.06 (
1 H), 7.70 ( 1 H), 7.50 ( 1 H), 4.92 ( 1 H), 3.89-3.94 (2 H), 3.27-3.33 (2
H), 2.53 (3 H), 2.04-2.18 (2 H), 1.33-1 .62 (5 H); m/z 384.2 (M+H) +.
Example 75:
(S)-/V-(5-methylpyridin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-
(trifluoromethyl)-i H-imidazol-1 -yl)propanamide, Formula (1A-7) wherein R4
is Example 75 was synthesized in an analogous manner to that of Example 74
from Intermediate l-10h and 2-amino-5-methylpyridine. 1H NMR (400 MHz,
CDCI3) d 9.62 ( 1 H), 8.09-8.1 1 ( 1 H), 8.02 ( 1 H), 7.70 ( 1 H),
7.58-7.60 ( 1 H), 7.51 ( 1 H), 4.87-4.91 ( 1 H), 3.89-3.95 (2 H), 3.26-3.33
(2 H), 2.31 (3 H), 2.02-2.1 7 (2 H), 1.34-1 .64 (5 H); m/z 383.2 (M+H) +.
Example 76: (S)-L/-(1 -methyl-1
H-pyrazol-3-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4- (trifluoromethyl)-i
H-imidazol-1 -yl)propanamide, Formula (1A-7) wherein R4 is \=/ . Example 76
was synthesized in an analogous manner to that of Example 74 from
Intermediate l-10h and 3-amino-1 -methylpyrazole. 1H NMR (400 MHz, CD3OD) d
7.91 ( 1 H), 7.78 ( 1 H), 7.42 ( 1 H), 6.47 ( 1 H), 5.1 0-5.14 ( 1 H),
3.85-3.91 (2 H), 3.78 (3 H), 3.28-3.35 (2 H), 2.07-2.1 0 (2 H), 1.31-1 .69
(5 H); m/z 372.2 (M+H) +. Example 77:
(S)-3-(tetrahydro-2H-pyran-4-yl)-/V-(thiazolo[5,4- b]pyridin-2-yl)-2-(4-
(trifluoromethyl)-i H-imidazol-1 -yl)propanamide, Formula ( 1A-7) wherein
R4 is Example 77 was synthesized in an analogous manner to that of Example
74 from Intermediate l-1 0h and thiazolo[5,4- b]pyridine-2-ylamine
(AstaTech, Inc., Bristol, PA). 1H NMR (400 MHz, CDCI3) d 8.49 - 8.51 ( 1
H), 7.89 - 7.91 ( 1 H), 7.71 ( 1 H), 7.55 ( 1 H), 7.35 - 7.38 ( 1 H), 5.1 2
- 5.17 ( 1 H), 3.91 - 3.94 (2 H), 3.28 - 3.53 (2 H), 2.24 - 2.31 ( 1 H),
2.06 - 2.1 1 ( 1 H), 1.34 - 1.62 (5 H); m/z 426.1 (M+H) +. Example 78:
(S)-/V-(5-methoxythiazolo[5,4-
b]pyridin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)- 2-(4-(trifluoromethyl)-1
H-imidazol-1 -yl)propanamide, Formula (1A-7) wherein R4 is Example 78 was
synthesized in an analogous manner to that of Example 74 from Intermediate
l-1 0h and 5- methoxythiazolo[5,4- b]pyridin-2-amine (Maybridge, Tevillett,
Cornwall, UK). 1H NMR (400 MHz, CDCI3) d 7.79 - 7.81 ( 1 H), 7.78 ( 1 H),
7.54 ( 1 H), 6.79 - 6.81 ( 1 H), 5.06 - 5.1 1 ( 1 H), 3.98 (3 H), 3.91 -
3.97 (2 H), 3.28 - 3.35 (2 H), 2.21 - 2.28 ( 1 H), 2.06 - 2.1 2 ( 1 H),
1.31 - 1.62 (5 H); m/z 456.1 (M+H) +. Examples 79-81 of Formula (1A-8) are
provided below.Example 79: (S)-3-cyclopentyl- L/-(1 -methyl-1
H-pyrazol-3-yl)-2-(5-(methylsulfonyl)-2Htetrazol- 2-yl)propanamide, Formula
(1A-8) wherein R is \=/ . 3-Amino-1 -methylpyrazole (38.9 mg, 0.40 mmol)
was stirred in anhydrous toluene (2 ml_). Trimethylaluminum solution (0.21
ml_, 2.0M in toluene) was added, and the reaction was stirred at room
temperature for 35 minutes. A 2 ml_ aliquot of dichloroethane was added to
60 mg (0.20 mmol) of Intermediate 1-1 1b. This solution was added and the
stirred at 80C for 16h. The reaction was cooled and stirred for several
minutes with aqueous saturated Rochelle's salt. This was extracted twice
with dichloromethane and the combined organics were dried over MgSO4 and
concentrated under reduced pressure. Chromatographic purification of the
crude product afforded 13.5 mg of the title compound. 1H NMR (400 MHz,
CDCI3) d 8.67 ( 1 H), 7.26 ( 1 H), 6.60 ( 1 H), 5.67 ( 1 H), 3.80 (3 H),
3.42 (3 H), 2.54 - 2.64 ( 1 H), 2.38 - 2.48 ( 1 H), 1.76 - 1.86 ( 1 H),
1.55 - 1.76 (4 H), 1.44 - 1.54 (2 H), 1.02 - 1.27 (2 H); m/z 366.4 (M-H) .
Example 80: (S)-3-cyclopentyl-
L/-(5-methylpyridin-2-yl)-2-(5-(methylsulfonyl)-2/-/-
tetrazol-2-yl)propanamide, Formula (1A-8) wherein R4 Example 80 was
synthesized in an analogous manner to that of Example 79 from Intermediate
1-1 1b and 2-amino-5-methylpyridine. 1H NMR (400 MHz, CDCI3) d 9.02 ( 1 H),
8.1 7 ( 1 H), 7.97 ( 1 H), 6.96 ( 1 H), 5.62 - 5.74 ( 1 H), 3.43 (3 H),
2.58 - 2.71 ( 1 H), 2.39 - 2.48 ( 1 H), 2.37 (3 H), 1.45 - 1.85 (7 H), 1.05
- 1.25 (2 H); m/z 379.5 (M+H)+. Example 8 1:
(S)-3-cyclopentyl-/V-(5-methylpyrazin-2-yl)-2-(5-(methylsulfonyl)-2Htetrazo
l- 2-yl)propanamide,Formula (1A-8) Example 8 1 was synthesized in an
analogous manner to that of Example 79 from Intermediate 1-1 1b and
2-amino-5-methylpyrazine. 1H NMR (400 MHz, CDCI3) d 9.31 ( 1 H), 8.43 ( 1
H), 8.14 ( 1 H), 5.75 ( 1 H), 3.45 (3 H), 2.62 - 2.72 ( 1 H), 2.55 (3 H),
2.40 - 2.51 ( 1 H), 1.46 - 1.90 (7 H), 1.07 - 1.31 (2 H); m/z 378.4 (M-H) .
Example 82: (2S)-L/-(5-methylpyridin-2-yl)-3-(tetrahydrofuran-2-yl)-2-(4-
(trifluoromethyl)-1H-imidazol-1 -yl)propanamide, of Formula (1A-9). 1A-9 To
a solution of 5-methylpyridin-2-amine (205 mg, 1.9 mmol) in 4ml_ of
dimethoxyethane was added dimethylaluminum chloride ( 1 .0 M in hexanes,
3.8 ml_, 1.8 mmol). After the light yellow solution was stirred for 0.5
hours, a solution of intermediate (1-1 2e) ( 185mg, 0.63mmol) in 2.3 ml_ of
dimethoxyethane was added into the mixture. The reaction was heated as a
mixture at 90 0C overnight before cooling to room temperature. The crude
reaction mixture was taken up in ethyl acetate and washed with 0.5M aqueous
Rochelle's salt. The aqueous layer was re-extracted with ethyl acetate
twice. The combined organic layers were dried over sodium sulfate, filtered
and concentrated under reduced pressure. The crude residue was purified by
silica gel chromatography (ISCO 12g, 30-60% ethyl acetate/heptane) to
afford the title compound as a yellow solid and as a mixture of
diastereomers (85 mg, yield 36%). 1H NMR (400 MHz, DMSO-d 6) d 10.93 ( 1
H), 8.1 6 - 8.20 ( 1 H), 7.88 - 7.97 (3 H), 7.59 - 7.65 ( 1 H), 5.29 - 5.40
( 1 H), 3.71 - 3.80 ( 1 H), 3.44 - 3.66 (2 H), 2.28 - 2.46 ( 1 H), 2.25 (3
H), 2.1 2 - 2.22 ( 1 H), 1.38 - 1.99 (6 H); m/z 369.1 (M+H) +. Example 83:
(S)-L/-(5-methylpyridin-2-yl)-3-(1 H-pyrazol-1
-yl)-2-(4-(trifluoromethyl)-1 Himidazol- 1 -yl)propanamide, of Formula
(1A-1 0).1A-1 0 5-Methylpyridin-2-amine (97 mg, 0.9 mmol) was weighed into
an 8-dram Arqule vial and stirred in dry toluene ( 1 .0 ml_).
Trimethylaluminum (0.44 ml_, 2.0 M in toluene, 0.88 mmol) was added, and
the reaction was sealed and stirred at room temperature for 45 minutes.
Intermediate (1-1 3c) ( 1 16.3 mg, 0.40 mmol) in 1,2-dichloroethane (2.0
ml_) was added, and the reaction was sealed and warmed to 80 0C for 16
hours. The reaction was cooled and shaken with 0.5M aqueous Rochelle salt
solution ( 1 ml_). Dichloromethane ( 1 ml_) was added, and the mixture was
stirred for 40 minutes. The mixture was suction filtered, and the organic
phase of the filtrate was run through an Alltech filter and evaporated. The
material was purified (Combi-flash, Redi-sep 4Og, 1: 1 ethyl
acetate/heptane gradient to 100% ethyl acetate), and the putative product
fractions were combined and evaporated. TLC (5% methanol/dichloromethane)
showed that the residue contained two components. The material was purified
by silica prep TLC, developing with 6% methanol/dichloromethane. Three
narrow, close together bands were scraped off and crushed, and the
compounds were leached off with 1:1 ethyl acetate/methanol and filtered.
The solvent was removed under a nitrogen 



stream. The residues were checked by LC-MS to locate the desired product
mass. The material containing the product was purified by LC (Phenomenex
Gemini C 18 2 1.2x1 50mm, 5um, modifier 0.1 % ammonium hydroxide, 95%
water/5% acetonitrile linear gradient to 5% water/95% acetonitrile) to
afford the title compound (19.2 mg, 0.053 mmol, 13%). 1H NMR (400 MHz,
CDCI3) d 8.06 - 8.08 (2 H), 7.55 - 7.60 (2 H), 7.42 - 7.45 (2 H), 7.1 3 -
7.14 ( 1 H), 6.1 6 - 6.17 ( 1 H), 5.47 - 5.51 ( 1 H), 4.86 - 4.91 ( 1 H),
4.54 - 4.59 ( 1 H), 2.31 (3 H); m/z 365.0 (M+H) +. Examples 84-89
represented of Formula (1A-1 1) are provided below.(1A-1 1) Example 84:
(S)-3-cyclopentyl- L/-(pyrazin-2-yl)-2-(3-(trifluoromethyl)-1 H-1
,2,4-triazol-i - yl)propanamide, Formula (1A-1 1) wherein .
Trimethylaluminum (2 M in heptane, 0.510 ml_, 1.02 mmol) was added to a
solution of 2-aminopyrazine (97 mg, 1.02 mmol) in dry toluene (4 ml_) under
argon at 0 0C, and the resulting reaction mixture warmed to ambient
temperature and stirred for 30 minutes. After this time, a solution of
intermediate (1-1 5b) (99 mg, 0.34 mmol) in tetrahydrofuran (4 ml_) was
added dropwise to the reaction mixture and the reaction heated to reflux
overnight. After cooling to ambient temperature, the reaction was quenched
with the addition of ammonium chloride (aq.) (5 ml_), and the product
extracted with ethyl acetate (2 x 10 ml_), washed with brine ( 10 ml_),
dried over MgSO4, filtered and the solvent removed under vacuum.
Purification was then achieved by flash chromatography (2:1 hexane/ethyl
acetate) to afford the title compound as a colorless viscous oil (81 mg, 67
% yield). 1H NMR (400 MHz, CDCI3) d 9.46 ( 1 H), 8.63 ( 1 H), 8.41 ( 1 H),
8.38 ( 1 H), 8.29 ( 1 H), 5.1 0 ( 1 H), 2.39 - 2.27 (2 H), 1.66 - 1.79 ( 1
H), 1.75 - 1.49 (6 H), 1.27 - 1.10 (2 H); m/z 354.9 (M+H) +. Example 85:
(S)-3-cyclopentyl- L/-(5-methylpyridin-2-yl)-2-(3-(trifluoromethyl)-1 H-1
,2,4- triazol-1 -yl)propanamide, Formula ( 1A-1 1) wherein R4 is Example 85
was synthesized in an analogous manner to that of Example 84 from
Intermediate 1-1 5b and 2-amino-5-methylpyridine. 1H NMR (400 MHz, CDCI3) d
8.54 ( 1 H), 8.41 ( 1 H), 8.1 3 ( 1 H), 8.01 ( 1 H), 7.53 ( 1 H), 5.04 ( 1
H), 2.31 - 2.27 (2 H), 2.30 (3 H), 1.83 - 1.77 ( 1 H), 1.75 - 1.58 (4 H),
1.54 - 1.47 (2 H), 1.23 - 1.08 (2 H); m/z 367.9 (M+H)+. Example 86:
(S)-benzyl 6-(3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-1 ,2,4-triazoM -
yl)propanamido)nicotinate,Formula (1A-1 1) wherein R4 is . Intermediate
(1-1 5c) ( 180 mg, 0.65 mmol) was stirred in dry dichloromethane (5ml_) at
room temperature under nitrogen. One drop of dimethylformamide was added,
followed by oxalyl chloride (0.12 ml_, 1.3 mmol). After bubbling had
subsided, the reaction was left stirring for 90 minutes and then
evaporated. The residue was re-dissolved in 1,2-dichloroethane and
re-evaporated twice to remove unreacted oxalyl chloride, and then the
residue was dissolved in dry dichloromethane (5 ml_). Intermediate (l-28a)
( 180 mg, 0.789 mmol) and pyridine (0.1 1ml_, 1.36 mmol) were added to the
acid chloride solution, and the reaction was stirred for 18 hours. The
reaction was diluted with dichloromethane and water. The organic layer was
washed with brine, dried over sodium sulfate, filtered, evaporated, and the
residue was purified by silica gel chromatography, using a 12g pre packed
column, eluting with 25% ethyl acetate/heptane. The product fractions were
combined, evaporated, and dried under high vacuum to afford the title
compound (262 mg, 0.537 mmol, 83%) as a white glass. 1H NMR (400 MHz,
CDCI3) d 8.95 ( 1 H), 8.82 ( 1 H), 8.39 ( 1 H), 8.32 - 8.34 ( 1 H), 8.1 7 -
8.19 ( 1 H), 7.34 - 7.44 (5 H), 5.36 (2 H), 5.08 - 5.1 1 ( 1 H), 2.28 -
2.33 (2 H), 1.49 - 1.81 (7 H), 1.08 - 1.21 (2 H); m/z 488.0 (M+H) +.
Example 87: (S)-ethyl 2-(3-(3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-1
,2,4-triazoM - yl)propanamido)-1 H-pyrazol-1 -yl)acetate, Intermediate (1-1
5c) ( 180 mg, 0.65 mmol) was stirred in dry dichloromethane (5 ml_) at room
temperature under nitrogen. One drop of dimethylformamide was added,
followed by oxalyl chloride (0.1 2 ml_, 1.3 mmol). After bubbling subsided,
the reaction was left stirring for 90 minutes and then evaporated. The
residue was re-dissolved in 1,2-dichloroethane and re-evaporated twice to
remove unreacted oxalyl chloride, and then taken up in dry dichloromethane
(5.0 ml_). Ethyl 2-(3-amino-1 H-pyrazol-1 -yl)acetate hydrochloride
(Oakwood Products, Inc., West Columbia, SC) ( 160 mg, 0.78 mmol) and
pyridine (0.1 6 ml_, 2.0 mmol) were added, and the reaction was stirred for
18 hours. The reaction was diluted with dichloromethane and water, and the
organic layer was washed with brine, dried over sodium sulfate, and
evaporated. The residue was purified by silica gel chromatography, using a
12g pre-packed column, eluting with 25% ethylacetate/heptane with a linear
gradient to 50% ethyl acetate. The product fractions were combined,
evaporated, and dried under high vacuum to afford the title compound ( 174
mg, 0.406 mmol, 62%) as a white glass. 1H NMR (400 MHz, CDCI3) d 8.48 ( 1
H), 8.37 ( 1 H), 7.36 ( 1 H), 6.72 ( 1 H), 4.99 - 5.03 ( 1 H), 4.77 (2 H),
4.1 9 - 4.25 (2 H), 2.20 - 2.30 (2 H), 1.46 - 1.81 (7 H), 1.25 - 1.29 (3
H), 1.04 - 1.22 (2 H); m/z 429.0 (M+H)+. Example 88:
(S)-6-(3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-1 ,2,4-triazoM -
yl)propanamido)nicotinic acid, Formula (1A-1 1) wherein R4 is . The
compound of Example 86 (262 mg, 0.537 mmol) was dissolved in ethyl acetate
(4 ml_) and ethanol (6 ml_) in a small Parr bottle. 10% Palladium on carbon
(40 mg) was added, and the reaction was shaken under 50 psi hydrogen for 2
hours. The mixture was filtered, evaporated, and dried under high vacuum at
50 0C to afford the title compound ( 176.3 mg, 0.44 mmol, 82%) as a white
glass. 1H NMR (400 MHz, CD3OD) d 8.88 - 8.90 (2 H), 8.29 - 8.32 ( 1 H),
8.16 - 8.1 8 ( 1 H), 5.42 - 5.47 ( 1 H), 2.24 - 2.36 (2 H), 1.49 - 1.80 (7
H), 1.28 - 1.33 ( 1 H), 1.14 - 1.17 ( 1 H); m/z 396.0 (M-H) . Example 89:
(S)-2-(3-(3-cyclopentyl-2-(3-(trifluoromethyl)-1 H-1 ,2,4-triazoM -
yl)propanamido)-1 H-pyrazol-1 -yl)acetic acid, Formula (1A-1 1) wherein R4
is . The compound of Example 87 ( 174 mg, 0.406 mmol) and lithium hydroxide
(57.4 mg, 1.34 mmol) were stirred at room temperature in tetrahydrofuran (2
ml_), methanol (2 ml_) and water (2 ml_) for 2 hours. The mixture was
concentrated, and water and 1N HCI were added to reach approximately pH 4 .
A dense solid crashed out. Ethyl acetate was added, and the organic layer
was washed with brine and dried over sodium sulfate. The mixture was
filtered, evaporated, and dried under high vacuum to afford the title
compound ( 160 mg, 0.40 mmol, 99%) as a white glass. 1H NMR (400 MHz CDCI3)
d 10.21 ( 1 H), 8.40 ( 1 H), 7.35 ( 1 H), 6.78 ( 1 H), 5.03 - 5.07 ( 1 H),
4.75 (2 H), 2.03 - 2.24 (2 H), 1.41 - 1.75 (7 H), 1.01 - 1.26 (2 H); m/z
399.0 (M-H) .Example 90: (S)-6-(3-cyclohexyl-2-(4-(trifluoromethyl)-1
H-imidazol-1 - yl)propanamido)nicotinic acid, of Formula (1A-1 2). (1A-1 2)
Intermediate (1-1 6e) (0.145 mg, 290 mmol) was taken up in 30 ml_ of
methanol and was injected onto an H-Cube(tm) . Hydrogenation occurred under
a continuous flow of H2 on a 10% Pd/C cartridge at a flow rate of 1ml_ per
min. The filtrate was collected and concentrated to afford the title
compound. 1H NMR (400 MHz, CD3OD) d 8.90 - 8.89 ( 1 H), 8.32 - 8.29 ( 1 H),
8.20 - 8.1 7 ( 1 H), 7.93 ( 1 H), 7.81 ( 1 H), 5.28 - 5.24 ( 1 H), 2.08 -
2.04 (2 H), 1.84 - 1.81 ( 1 H), 1.73 - 1.63 (4 H), 1.18 - 1.16 (3 H), 1.07
- 0.99 (3 H); m/z 4 11 (M+H)+. Examples 9 1-92 of Formula (1A-1 3) are
provided below. 



Example 9 1: (S)-3-cyclopentyl-2-(2-methyl-4-(trifluoromethyl)-1
H-imidazol-1 -yl)-L/-(5- methylpyhdin-2-yl)propanamide, Formula (1A-1 3)
wherein R4 is 5-methylpyridin-2-amine (96 mg, 0.88 mmol) was taken up in 4
ml_ of dimethoxyethane and cooled to 0 0C. Dimethyaluminium chloride ( 1
.48 mmol, 1M in hexane) was added dropwise. The resulting mixture was
warmed up to ambient temperature and stirred for 30 min. A solution of
intermediate (I- 17a) (90 mg, 0.3 mmol) in dimethoxyethane (2 ml_) was then
added to the activated amine solution via canula. The combined solution was
heated to reflux overnight. The reaction was cooled to room temperature and
slowly quenched by the dropwiseaddition of aqueous Rochelle's salt
(concentrated, 10 ml_). The mixture was stirred for 20 minutes before
separating the layers. The organic layer was washed with aqueous Rochelle's
salt ( 1OmL) and then brine (30 ml_), dried over magnesium sulfate, and
concentrated in vacuo. The crude product was purified by column
chromatography (silica gel, gradient of ethyl acetate from 20-100% in
heptane) to afford the title compound in 11% yield. 1H NMR (400 MHz, CDCI3)
d 8.19 ( 1 H), 7.96 - 8.10 (2 H), 7.53 ( 1 H), 7.46 ( 1 H), 4.64 ( 1 H),
2.42 (3 H), 2.25 - 2.32 (3 H), 2.14 - 2.25 ( 1 H), 2.00 - 2.13 ( 1 H), 1.43
- 1.78 (7 H), 1.04 - 1.30 (2 H); m/z 381 .4 (M+H)+. Example 92:
(S)-6-(3-cyclopentyl-2-(2-methyl-4-(trifluoromethyl)-1 H-imidazol-1 -
yl)propanamido)nicotinic acid, Formula (1A-1 3) wherein R is . Intermediate
(1-1 7b) was dissolved in methanol (2 ml_) and then hydrogenated with an
H-Cube(tm)at full H2 and 1 mL/min on a Pd-C cartridge. TLC ( 10%
methanol/dichloromethane) showed most of the starting material had reacted.
The reaction solution was concentrated and the crude material was purified
by silica gel chromatography (4g column, 0-1 5% methanol in
dichloromethane) to afford the title compound. 1H NMR (400 MHz, CDCI3) d
11.73 ( 1 H), 9.01 ( 1 H), 8.54 (2 H), 7.58 ( 1 H), 5.04 ( 1 H), 2.54 (3
H), 2.17 - 2.31 ( 1 H), 2.03 - 2.17 ( 1 H), 1.76 - 1.91 (2 H), 1.45 - 1.74
(6 H), 1.27 - 1.44 ( 1 H), 1.07 - 1.24 ( 1 H); m/z 4 11.4 (M+H) +. Examples
93-95 of Formula (1A-14) are provided below. Example 93:
(S)-3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1 H-pyrazol-1 -yl)-L/-(5-
methylpyhdin-2-yl)propanamide, Formula (1A-14) wherein R4 is
5-methylpyridin-2-amine (144 mg, 1.33 mmol) was taken up in 4 mL of
dimethoxyethane and cooled to 0 0C. Dimethyaluminiumchloride (2.22 mmol, 1M
in hexane) was added dropwise. The resulting mixture was warmed up to
ambient temperature and stirred for 30 min. A solution of intermediate (I-
18a) ( 135 mg, 0.44 mmol) in dimethoxyethane (2 ml_) was then added to the
activated amine solution via canula. The combined solution was heated to
reflux overnight. The reaction was cooled to room temperature and slowly
quenched by the dropwise addition of aqueous Rochelle's salt (concentrated,
10 ml_). The mixture was stirred for 20 minutes before separating the
layers. The organic layer was washed with aqueous Rochelle's salt ( 1OmL),
and then brine (30 ml_), dried over magnesium sulfate, and concentrated in
vacuo. The crude product was purified by column chromatography (silica gel,
gradient of ethyl acetate from 20-100% in heptane) to afford the title
compound in 4 1% yield. 1H NMR (400 MHz, CDCI3) d 8.56 ( 1 H), 8.06 - 8.1 1
( 1 H), 7.99 ( 1 H), 7.45 - 7.50 ( 1 H), 7.39 ( 1 H), 4.84 ( 1 H), 3.66 -
3.74 ( 1 H), 2.1 6 - 2.33 (5 H), 2.13 - 2.1 6 (3 H), 1.42 - 1.84 (6 H),
1.01 - 1.21 (2 H); m/z 381 .4 (M+H) +. Example 94: (S)-benzyl
6-(3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1 H-pyrazol-1 -
yl)propanamido)nicotinate, Formula (1A-14) wherein R4 is . Intermediate
(1-1 8b) (65 mg, 0.22 mmol) was stirred in dry dichloromethane (5ml_) at
room temperature under nitrogen. One drop of dimethylformamide was added,
followed by oxalyl chloride (0.04 ml_, 0.46 mmol). After bubbling subsided,
the reaction was stirred for 90 minutes and then evaporated. The residue
was re-dissolved in 1,2-dichloroethane and reevaporated twice to remove
unreacted oxalyl chloride, and then the residue was taken up in dry
dichloromethane (2.5 ml_). Intermediate (l-28a) (61 .4 mg, 0.269 mmol) and
pyridine (0.048 ml_, 0.48 mmol) were added, and the reaction was left to
stir for 18 hours. The solvent was evaporated and the residue was purified
by silica gel chromatography, using a pre-packed 12g column, eluting with
10% ethyl acetate/heptane with a linear gradient to 50% ethyl acetate. The
product fractions were combined, evaporated, and dried under high vacuum to
afford the title compound (68.4 mg, 0.14 mmol, 62%) as a white glass. 1H
NMR (400 MHz, CDCI3) d 9.1 0 ( 1 H), 8.93 ( 1 H), 8.28-8.31 ( 1 H), 8.1 8 -
8.20 ( 1 H), 7.33 - 7.43 (6 H), 5.33 (2 H), 4.87 - 4.91 ( 1 H), 2.16 - 2.35
(5 H), 1.46 - 1.79 (7 H), 1.05 - 1.20 (2 H); m/z 500.9 (M+H) +.Example 95:
(S)-6-(3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1 H-pyrazol-1 -
yl)propanamido)nicotinic acid, Formula (1A-1 4) wherein R is . The compound
of Example 94 (68 mg, 0.14 mmol) was dissolved in ethyl acetate (2 ml_) and
ethanol (4 ml_) in a small Parr bottle. 10% Palladium on carbon (20 mg) was
added, and the reaction was shaken under 30 psi hydrogen for 90 minutes.
The mixture was filtered, evaporated, and dried under high vacuum to afford
the title compound (47 mg, 0.1 1 mmol, 82%) as a clear glass. 1H NMR (400
MHz, CD3OD) d 8.88 ( 1 H), 8.28 - 8.30 ( 1 H), 8.1 6 - 8.18 ( 1 H), 7.77 (
1 H), 5.19 - 5.23 ( 1 H), 2.15 - 2.29 (5 H), 1.45 - 1.83 (7 H), 1.08 - 1.30
(2 H); m/z 410.9 (M+H) +. Example 96:
(S)-3-cyclopentyl-2-(3-methyl-4-(trifluoromethyl)-1 H-pyrazol-1 -yl)-L/-(5-
methylpyhdin-2-yl)propanamide, of Formula (1A-1 5). (1A-1 5) To a solution
of 5-methylpyridin-2-amine (63.6 mg, 0.59 mmol) in 1.4 ml_ of
dimethoxyethane was added dimethylaluminum chloride ( 1 .0M in hexanes, 1.2
ml_, 1.2 mmol). After stirring for 1 hour at O0C, it was poured into a
solution of intermediates (I- 20b) and (l-20c) (89.4 mg, 0.29 mmol,
combined) in 1.5ml_ of dimethoxyethane. The mixture was heated at reflux
for 3 h before cooling and concentrating. The residue was taken up in
dichloromethane and stirred with saturated aqueous Rochelle's salts for 1
hour. The layers were separated and the aqueous layer was reextracted with
dichloromethane twice. The combined organic layer was dried over sodium
sulfate, filtered and concentrated. The crude material was purified by
silica gel chromatography (ISCO 12g, 30-60% ethyl acetate/heptane) to
afford Example 96 and Example 97. 1H NMR (400 MHz, CDCI3) d 9.1 8 ( 1 H),
8.10 - 8.14 ( 1 H), 8.02 ( 1 H), 7.73 ( 1 H), 7.49 ( 1H), 4.73 - 4.82 ( 1
H), 2.40 (3 H), 2.27 (3 H), 2.24 - 2.27 ( 1 H), 2.1 3 - 2.22 ( 1 H), 1.37
1.81 (5 H), 1.01 - 1.29 (4 H); m/z 381 .0 (M+H)+. Example 97:
(S)-3-cyclopentyl-2-(5-methyl-4-(trifluoromethyl)-1 H-pyrazol-1 -yl)-L/-(5-
methylpyridin-2-yl)propanamide of Formula (1A-1 6). (1A-1 6) Prepared by
the reaction described above for Example 96 to provide the title compound.
1H NMR (400 MHz, CDCI3) d 9.24 ( 1 H), 8.08 ( 1 H), 8.01 ( 1 H), 7.84 ( 1
H), 7.48 ( 1 H), 4.80 ( 1 H), 2.42 - 2.51 ( 1 H), 2.41 (3 H), 2.26 (3 H),
2.14 - 2.24 ( 1 H), 1.42 - 1.76 (5 H), 0.97 - 1.32 (4 H); m/z 380.9 (M+H)+.
BIOLOGICAL ASSAY Full-length glucokinase (beta cell isoform) was His-tagged
at N-terminus and purified by a Ni column followed by size exclusion
chromatography. A 320 mL column was packed in house using Superdex75
(Amersham Pharmacia, Carlsbad, CA) preparation grade resin. Glucose was
obtained from Calbiochem (San Diego, CA) and 



other reagents were purchased from Sigma-Aldrich (St. Louis, MO). All
assays were performed in a Corning 384-well plate using Spectramax PLUS
spectrophotometer (Molecular Devices, Sunnyvale, CA) at room temperature.
The final assay volume was 40 mL. The buffer conditions used in this assay
were as follows: 50 mM HEPES, 5 mM glucose, 2.5 mM ATP, 3.5 mM MgCI2, 0.7
mM NADH, 2 mM dithiothreitol, 1unit/mL pyruvate kinase/lactate
dehydrogenase (PK/LDH), 0.2 mM phosphoenolpyruvate, and 25 mM KCI. The
buffer pH was 7.1 . The test compound in dimethylsulfoxide solution was
added to the buffer and mixed by a plate shaker for 7.5 minutes. The final
concentration of dimethylsulfoxide introduced into the assay was 0.25%.
Glucokinase was added to the buffer mixture to initiate the reaction in the
presence and absence of compound. The reaction was monitored by absorbance
at 340 nm due to the depletion of NADH. The initial reaction velocity was
measured bythe slope of a linear time course of 0-300 seconds. The
percentage of maximum activation was calculated by the following equation:
% Maximum Activation = (Va/Vo - 1) x 100; wherein each of Va and Vo is
defined as the initial reaction velocity in the presence and absence of the
tested compound, respectively. To determine the EC50 (half maximal
effective concentration) and %maximum activation, compounds were serially
diluted in dimethylsulfoxide by 3-fold. The glucokinase activities were
measured as a function of compound concentrations. The data were fitted to
the equation below to obtain the EC50 and %max activation values: Va/Vo = 1
+ (%max activation/1 00)/(1 + ECso/compound concentration) Beta Cell
Glucokinase His-Taq Purification Growth and Induction Conditions: BL21
(DE3) cells (Invitrogen Corporation, Carlsbad, CA) containing pBCGK (C or N
His) vector were grown at 37C (in 2XYT) until the OD600 was between 0.6-1
.0. Expression was induced by addition of isopropylthiogalactoside to a
final concentration of 0.1 -0.2 mM to the cells which were then incubated
overnight at 23C. The next day, cells were harvested via centrifugation at
5000 rpm for 15 minutes at 4C. The cell pellet was stored at -80C for
future purification. Purification: A Ni-NTA (Quigan, Germantown, MD) column
( 15-50 ml_) was used for separation. Two buffers were prepared, 1) a
lysis/nickel equilibration and wash buffer and 2) a nickel elution buffer.
The lysis/equilibration/wash buffer was prepared as such: 25 mM HEPES
buffer at pH 7.5, 250 mM NaCI, 20 mM imidazole, and 14 mM b-
mercaptoethanol as final concentrations. The elution buffer was prepared as
such: 25 mM HEPES at pH 7.5, 250 mM NaCI, 400 mM imidazole, and 14 mM b-
mercaptoethanol as final concentrations. The buffers were each filtered
with a 0.22 mm filter prior to use. The cell pellet ( 1 L culture) was
resuspended in 300 ml_ of the lysis/equilibration buffer. The cells were
then lysed (3 times) with a Microfluidics Model 110Y microfluidizer
(Microfluidics Corporation, Newton, MA). The slurry was centrifuged with a
Beckman Coulter Model LE-80K ultracentrifuge (Beckman Coulter, Fullerton,
CA) at 40,000 rpm for 45 minutes at 4C. The supernatant was transferred to
a chilled flask. A volume of 20 ml was saved for gel analysis. A Pharmacia
AKTA (GMI, Inc., Ramsey, MN) purification system was used for separation.
The prime lines were purged with lysis/equilibration buffer. The Ni-NTA
column was equilibrated with 200 ml_ of the lysis/equilibration buffer at a
flow rate of 5 mL/minute. The supernantant wasloaded over the column at 4
mL/minute and the flow-through was collected in a flask. The unbound
proteins were washed with lysis/equilibration buffer at a flow rate of 5
mL/minute until the ultraviolet reaches baseline. The protein was then
eluted from the column with the imidazole elution buffer via imidazole
gradient 20 mM to 400 mM over 320 ml_. The column was then stripped of any
additional protein with 80 ml_ of the elution buffer. The elution fractions
were each 8 ml_, for a total yield of 50 samples. Fractions were analyzed
by sodium dodecyl sulfate polyacrylamide (SDS-PAGE) and the fractions
containing protein of interest were pooled and concentrated to 10 mL using
ultrafiltration cell with a 10,000 molecular weight cut-off (MWCO)
Millipore membrane (Sigma-Aldrich, St. Louis, MO) under nitrogen gas (60
psi). Protein was further purified by size exclusion chromatography (SEC)
using a Sedex 75 evaporative light scattering detector (320 mL) (Amersham
Pharmacia, Uppsala, Sweden). SEC was equilibrated with 450 mL sizing buffer
containing 25mM HEPES pH 7.0, 50 mM NaCI, and 5 mM dithiothreitol.
Concentrated protein was then loaded over SEC and elution with 400 mL
sizing buffer was performed overnight at 0.5 mL/minute. The elution
fractions were 5 mL each. The fractions were analyzed by SDS-PAGE and
protein containing fractions were pooled. Concentration was measured using
Bradford Assay/BSA Standard. Purified protein was stored in small aliquots
at -80C. Biological Data The EC50 (mM) and percent maximum activation data
for Examples 1-97 obtained from the biological procedures as defined above
are presented in the table below as a single value or range where the
sample size (N) is > 1 . Biological Data Table: EC50 and Maximum Activation
Percent as Determined by the Methods described above.Patent Application
For: An Appliance, System, Method and Corresponding Software Components for
Encrypting and Processing Data FIELD OF THE INVENTION [001] The present
invention generally relates to the field of Data Encryption. More
specifically, the present invention relates to An Appliance, System, Method
and Corresponding Software Components for Encrypting and Processing Data.
More specifically, the present invention is related to encrypting data in a
format that allows for external authorized applications to perform certain
processing on the encrypted data - for example searching for content within
the encrypted data as well as to index data for search. BACKGROUND [002]
Currently there are no known solutions that enable processing (e.g.
indexing and searching) of encrypted data, and encryption is usually on the
data being stored to a storage area or on information transmitted between
two parties. In both cases before the data is process by the application it
must be decrypted. [003] All known solutions to secure data sent to a SaaS
application include securing the pipe between the user (end-user or the
enterprise network) and the service, and relying on the security provided
by the Software as a Service (SaaS) vendor. However, the SaaS user does not
control his sensitive data, and in cases where there is leakage of
information from the SaaS provider, the user's confidential data is
exposed.[004] There is the option of standard encryption of the data before
it is sent to the external repository. However, standard encryption
solutions do not allow for processing of the data content as part of
standard operations like searching, calculations and comparison. [005]
There exists a need in the field of data encryption and processing for
improved method and systems for data encryption and processing. 



SUMMARY OF THE INVENTION [006] The present invention is an appliance, a
system, a method and corresponding software components for encrypting and
processing data. According to some embodiments of the present invention,
there may be provided a symbol based encryption module to encrypt on a per
symbol basis some or all of the data within a data file, data record,
transaction (e.g. HTTP, HTTPS, SMTP, IMAP, POP3, or WAP request) or
document. The encryption may be invariant on a per symbol basis and at
least some of the data in the file or document may remain searchable and
otherwise processable. The encryption module may utilize either a symbol
based mapping table or a symbol based encryption algorithm. The mapping
table or an encryption key of the algorithm may be either user or
organization specific. The encryption algorithm may utilize a user or
organizational specific key provided by the user. [007] According to
further embodiments of the present invention, encryption of a symbol or a
group of symbols may be selective and based on a sensitivity evaluation of
the symbol(s). A data sensitivity evaluation module may be provided, and
the module may determine a sensitivity level of some or all symbols or
groups of symbols within the data file, record, transaction or document.
The sensitivity classification of symbols may be performed based on one or
more parameters selected from the groupconsisting of symbol title, symbol
data format, symbol content, and a user selected security level. [008]
According to some embodiments of the present invention, the encryption
module may be integral or otherwise functionally associated with an
application adapted to generate, view or edit the data file, record,
transaction or document. [009] According to further embodiments of the
present invention, the encryption module may be integral or otherwise
functionally associated peripheral hardware connected to a computational
platform of an application adapted to generate, view or edit the data file,
record, transaction or document. [001 0] The encryption module may be
integral or otherwise functionally associated with an organizational data
file system, data record repository or document repository. [001 1] The
encryption module may be integral or otherwise functionally associated with
a gateway to an extra-organizational file system, data record repository or
document repository. [001 2] The encryption module may be integral or
otherwise functionally associated with an application provided by a
Software as a Service server or with a gateway to a Software as a Service
application server. Features of the encryption process, including which
tables or algorithm keys to use may and who symbols to select for
encryption, may depend of the specific application. [001 3] According to
some embodiments of the present invention, there may be provided a symbol
based decryption module adapted to utilize a mapping table or a decryption
algorithm associated with the table or algorithm used for encryption by
said encryption module. The term associated may mean either the same or the
inverse of the table or the algorithm. The decryption module may detect the
encryption symbols in the response returned and decrypt these
symbols.[0014] The decryption module may be integral or otherwise
functionally associated with an application adapted to generate, view or
edit the data file, record file, record, transaction or document. [001 5]
The decryption module may be integral or otherwise functionally associated
peripheral hardware connected to a computational platform of an application
adapted to generate, view or edit the data file, record, record file,
transaction or document. [001 6] The decryption module may be integral or
otherwise functionally associated with an organizational data file system,
record repository or document repository. [001 7] The decryption module may
be integral or otherwise functionally associated with a gateway to an
extra-organizational data file system, record repository or document
repository. [001 8] The decryption module may be integral or otherwise
functionally associated with an application provided by Software as a
Service server or with a gateway to a Software as a Service application
server. [001 9] According to further embodiments of the present invention,
the encryption module may be adapted to encrypt at least a portion of one
or more fields of a data file, record, transaction or document stored to a
relational database. One or more relational database processes, such as
searching or indexing, may be performed on both encrypted and unencrypted
portions of the fields. According to further embodiments of the present
invention, there may be provided a search engine/utility adapted to search
one or more encrypted files, records, record files, transactions or
documents by converting search terms into encrypted versions of the search
terms. According to some embodiments of the present invention, the
encryption and decryption of field data may be transparent to the
relational database.[0020] A data processing module may be adapted to read
and process both encrypted and unencrypted data from at least a portion of
one or more data files, records, transactions or documents encrypted by the
encryption module and stored on a relational database. The data processing
module may also be adapted to read and process encrypted data from at least
a portion of each of one or more data fields encrypted by the encryption
module and stored on a relational database. [0021] According to some
embodiments of the present invention, the encryption module may be adapted
to encrypt an HTTP, HTTPS, SMTP, IMAP, POP3, or WAP request, which request
may be an HTTP, HTTPS, SMTP, IMAP, POP3, or WAP related transaction. [0022]
According to some embodiments of the present invention, there may be
provided a data processing system including a symbol based encryption
module adapted to encrypt on a per symbol basis some or all of the data
within a data record, data file or document, wherein the encryption is
invariant on a per symbol basis and at least some of the data in the file
or document remains processable, and wherein letter case format information
is encoded on the encrypted data. Symbols to be encrypted may first be
converted into lower case letters, encrypted, and then case format
information relating to the unencrypted symbols may be encoded onto the
encrypted data. A decryption module may read case format inffrom the
encrypted symbols, decrypt the encrypted symbols back into lower case
decrypted symbols and apply the case format information to the decrypted
symbols. BRIEF DESCRIPTION OF THE DRAWINGS [0023] The subject matter
regarded as the invention is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The
invention,however, both as to organization and method of operation,
together with objects, features, and advantages thereof, may best be
understood by reference to the following detailed description when read
with the accompanying drawings in which: [0024] Fig. 1 is a block diagram
of an exemplary data processing system according to some embodiments of the
present invention; [0025] Figs. 2 to 6 are block diagrams showing various
exemplary encryption/decryption module arrangements within various data
generation and storage chains; [0026] It will be appreciated that for
simplicity and clarity of illustration, elements shown in the figures have
not necessarily been drawn to scale. For example, the 



dimensions of some of the elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate, reference
numerals may be repeated among the figures to indicate corresponding or
analogous elements.DETAILED DESCRIPTION [0027] In the following detailed
description, numerous specific details are set forth in order to provide a
thorough understanding of the invention. However, it will be understood by
those skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known methods,
procedures, components and circuits have not been described in detail so as
not to obscure the present invention. [0028] Unless specifically stated
otherwise, as apparent from the following discussions, it is appreciated
that throughout the specification discussions utilizing terms such as
"processing", "computing", "calculating", "determining", or the like, refer
to the action and/or processes of a computer or computing system, or
similar electronic computing device, that manipulate and/or transform data
represented as physical, such as electronic, quantities within the
computing system's registers and/or memories into other data similarly
represented as physical quantities within the computing system's memories,
registers or other such information storage, transmission or display
devices. [0029] Embodiments of the present invention may include
apparatuses for performing the operations herein. This apparatus may be
specially constructed for the desired purposes, or it may comprise a
general purpose computer selectively activated or reconfigured by a
computer program stored in the computer. Such a computer program may be
stored in a computer readable storage medium, such as, but is not limited
to, any type of disk including floppy disks, optical disks, CD-ROMs,
magnetic-optical disks, read-only memories (ROMs), random access
memories(RAMs) electrically programmable read-only memories (EPROMs),
electrically erasable and programmable read only memories (EEPROMs),
magnetic or optical cards, or any other type of media suitable for storing
electronic instructions, and capable of being coupled to a computer system
bus. [0030] The processes and displays presented herein are not inherently
related to any particular computer or other apparatus. Various general
purpose systems may be used with programs in accordance with the teachings
herein, or it may prove convenient to construct a more specialized
apparatus to perform the desired method. The desired structure for a
variety of these systems will appear from the description below. In
addition, embodiments of the present invention are not described with
reference to any particular programming language. It will be appreciated
that a variety of programming languages may be used to implement the
teachings of the inventions as described herein. [0031] Furthermore, it
should be understood that any topology, technology and/or standard for
computer networking, known today or to be devised in the future, may be
applicable to the present invention. GENERAL EMBODIMENTS [0032] The present
invention is an appliance, a system, a method and corresponding software
components for encrypting and processing data. Portions of the invention
may be described in view of Fig. 1 which is a block diagram of an exemplary
data processing system according to some embodiments of the present
invention. According to some embodiments of the present invention, there
may be provided a symbol based encryption module adapted to encrypt a data
file, a data record, a data transaction of a document on a per symbol
basis, wherein the term symbol may bedefined as a letter, a word, a phrase,
a number or any set of characters including alphanumeric characters in any
known language. The terms data file, data record, transaction and document
may be used interchangeable throughout this application. [0033] According
to some embodiments of the present invention, a symbol based encryption
module, and other associated software components, may be implemented
anywhere along a data generation/processing/storage chain. According to an
embodiment, the module may be integral or otherwise functionally associated
with a computational platform on which an application (e.g. plug-in or
add-on) used to generate or process the documents (e.g. web browser running
the client side of a web application) runs. When the document is sent by
the client-side application to the server-side application for further
processing and/or storage, it may be automatically symbol based encrypted
as part of the sending process. According to some embodiments of the
present invention, some or all of the functionality of the encryption
module may be executed on or using a removable peripheral (e.g. USB
device), where the peripheral may include data storage and encryption
logic. [0034] According to some embodiments, the encryption module may be
integral or otherwise functionally associated with an organization's file
system or document repository (e.g. document management system running on
an organization's server), such that all documents stored on the repository
are encrypted as they enter the repository. According to yet further
embodiments of the present invention, the symbol based encryption module
may be integral or otherwise functionally associated with an organizational
gateway to an external file system or document repository (e.g. document
management system running on a third party server) provided by a document
repository services provider (e.g. google, Iron mountain, etc.). According
to yet further embodiments of the present invention, the symbol based
encryptionmodule may be integral or otherwise functionally associated with
an organizational gateway to an application provided as software as a
service provided by a software as a service provider. [0035] According to
embodiments of the present invention where the encryption module is
associated with either a data and/or application server or with a gateway
to an external data and/or application server, the module may be
functionally associated with a communication module adapted to receive and
send network data traffic (e.g. a network proxy). The communication module
may include networking hardware and network protocol logic (e.g. TCP/IP
stack) adapted to receive and transmit data using any network standard
known today or to be devised in the future. [0036] According to embodiments
of the present invention, the encryption module is associated with
networked application adapted to process data files, records, transactions,
data records or documents. The encryption module may thus be functionally
associated with a communication module adapted to receive and forward
network data traffic to the networked processing application. The
decryption module may also be functionally associated with a communication
module adapted to receive network data traffic from the networked
processing application. [0037] As part of the encryption module's
operation, the module may utilize a mapping table to map each of some or
all of the symbols (e.g. words, phrases, numbers, etc.) in a document into
one ormore corresponding cipher symbols defined by, mapped or otherwise
associated with the mapping table. According to further embodiments of the
present invention, a cipher symbol corresponding to an original symbol
(i.e. symbol in the original non-encrypted document) may be uncorrelated
and may have a different meaning than the original symbol. According to
embodiments, the mapped symbol may have no meaning whatsoever. A possible
implementation ofthe symbol table can be via an encryption algorithm.
Another possible implementation of the mapping table can be by generation a
random permutation from an identity 



permutation using a pseudo random generator. [0038] According to yet
further embodiments of the present invention, each user and/or organization
may be associated with a different and substantially unique mapping table.
In case the mapping table is implemented as an encryption algorithm, each
user and/or organization may have a unique encryption key. In case the
mapping table is a random permutation generated using a pseudo random
generator each user and/or organization may be associated with a unique key
to initialize the pseudo random generator. The mapping table may be a
dynamically updatable table and may be enhanced/updated during operation.
For example, when a user/organization starts using an encryption module
according to some embodiments of the present invention, the mapping table
for the given user/organization may including mappings for a set of symbols
likely to be found (e.g. statistically often used) within documents used by
the user/organization. When during operation, however, the encryption
module identifies a symbol in a document to be encrypted, which identified
symbol does not have a corresponding mapping entry in the mapping table,
the encryption module or another associated software component may generate
(for example, by using a random symbol generator, or by using an encryption
algorithm) a corresponding cipher entry and may update the mapping table
accordingly. Thus, a mapping table used by a user or organization may grow
as the body of documents encrypted by the user/organization grows. [0039]
According to some embodiments of the present invention, the functionality
of the mapping table may be replaced or augmented with a symbol
basedmapping/encryption algorithm. Any persistent symbol based algorithm
known today or to be devised in the future may be application to the
present invention. [0040] According to some embodiments of the present
invention, a transaction, a data record, a data file or a document to be
encrypted may first be analyzed in order to determine which data/symbols
within the transaction, file, record or document should or shouldn't be
encrypted. There may be provided a data sensitivity evaluation module
integral or otherwise functionally associated with the encryption module,
which data sensitivity evaluation module may estimate or determine a
sensitivity level of some given data (i.e. symbol of group of symbols) and
may indicate to the encryption module whether or not to encrypt the given
data/symbol(s). The higher the sensitivity level of the given data, the
more likely it will be encrypted. The data sensitivity evaluation module
may be adapted to detect and classify the sensitivity level of some or all
symbols or groups of symbols of a data file/record/transaction/document
(for example peoples' names, addresses, account information, etc.) based
the symbol(s) data format or other characteristics such as the context of
the symbol within the application. According to further embodiments of the
present invention, certain data/symbols in a
file/transaction/record/document may be metadata tagged with an indicator
indicating the sensitivity level of the data/symbol, and it may be
associated with it's the data's or symbol's meaning within the application.
According to yet further embodiments of the present invention, there may be
provided templates or configuration files associated with each type of data
file/documents or applications like web applications and SaaS applications,
which templates of configuration files may indicate to the evaluation
module data/symbol characteristics or parameters of data/symbols found in
the file/document type to be classified as sensitive, according to their
meaning within the application.[0041] According to yet further embodiments
of the present invention, an encryption module's decision as to whether or
not to encrypt a given data/symbol may be influenced by an indication (e.g.
user defined) of a security level for the entire file or document or
application. Accordingly, the same data/symbol considered sensitive and in
need of encryption when found in a document or application classified as
having a high security level may be considered non-sensitive, and thus not
encrypted, when found in a document having a lower indicated security
level. [0042] According to some embodiments of the present invention,
utilizing a mapping table may result in an invariant encryption (i.e.
preserving functionality) of some or all of a document's encrypted
data/symbols. Accordingly, some or all of the functionality (e.g. textual
search, arithmetic operations) of a remote service, server and/or
application based, may be preserved and applied to the data while
encrypted, even when the encrypted data file/document is saved on a remote
repository server or are processed by a Software as a Service application.
For example, a document search engine or utility according to the present
invention may scan through a set of documents encrypted according to
embodiments of the present invention and may search for one or more search
terms by: ( 1 ) first converting the search terms (i.e. symbols)
referencing the same mapping table as used to encrypt the documents, and
(2) then running a search of the documents based on the converted symbols.
A search engine/utility according to embodiments of the present invention
may be integral or otherwise associated with a computational platform on
which the application used to generate and/or process some or all of the
data files or record files or documents run. According to further
embodiments of the present invention, the search engine/utility may be
integral or otherwise functionally associated with an organizational
transaction/record/file/document repository or an organization gatewayto an
external transaction/record/file/document repository. According to some
embodiments of the present invention, the search engine/utility may be
adapted to scan through a transaction/record/file/document indexing data
structure maintained by a transaction/record/file/document repository.
[0043] According to yet further embodiments of the present invention, an
encryption engine may be used to encrypt some of the fields of a relational
database record. Accordingly, the functionality of data processes relating
to encrypted and unencrypted fields (e.g. indexing of and cross referencing
key fields) may be preserved. [0044] According to further embodiments of
the present invention, there may be provided a symbol based decryption
module adapted to use a symbol based mapping table when decrypting
transactions/records/files/documents encrypted according to some
embodiments of the present invention. A decryption module associated with a
given encryption module may be adapted to either use an inverse mapping
table relative to the mapping table used by the encryption module or to
perform a reverse lookup on the same mapping table as the one used by the
encryption module. In case the encryption module was utilizing an
encryption algorithm than the decryption module would use the associated
decryption algorithm. Upon retrieval of the encrypted data, and/or data
which is the result of a manipulation of the encrypted data by the remote
service, server and/or application, the symbol based decryption module may
be adapted to decrypt the one or more cipher symbols by utilizing the
inverse of the mapping table that was used for the encryption or the
decryption algorithm associated with the encryption algorithm which they
are a result of, into their corresponding 'clear' symbols prior to
output/presentation tothe user. [0045] According to some embodiments of the
present invention, the symbol based encryption/decryption modules may be
functionally associated with applicationsincluding word processing
applications, accounting and financial applications, HR applications, email
applications, spread sheet applications, calendar management applications,
CRM applications, etc. According to further embodiments of the present
invention, the symbol based encryption/decryption modules may be
functionally 



associated with "Software as a Service" applications provided by third
parties over the internet or other distributed data networks. Software as a
Service ("SaaS") Related Embodiments (PrivateSaaS) [0046] Embodiments of
the present invention relating to SaaS are described below, in view of
attached Figures 2 through 6 . It should be understood that although the
below description relates to SaaS implementations, any novel feature
described may apply one of numerous other embodiments and implementations
of the present invention. The below descriptions are exemplary in nature,
and nothing written therein should be interpreted to limit a general
embodiment of the present invention. Any novel feature or combination of
novel features described herein may constitute a claimable invention in and
of itself. [0047] According to some embodiments of the present invention,
the usage of external resources such as 'Software as a Service' (SaaS)
applications and cloud computing services, while confidentiality and
privacy of the user/corporate sensitive data is ensured may be enabled.
According to some embodiments of the present invention, the invariant
encryption technology may enable for partial or full usage of SaaS
application's features, while substantially maintaining user/corporate
privacy and confidentially. According to further embodiments of the present
invention, little or no need may exist to change the SaaS applications; the
invariant encryption scheme may further enable the user to use the SaaS
functionality while his data is kept in anencrypted format. Such Saas
applications may include, but are in no way limited to, textual search on
the data stored with the SaaS provider and arithmetic operations on numeric
elements. According to further embodiments of the present invention, it may
further enable the detection and decryption of encrypted elements on
various formats of documents as well as in various protocols (e.g. SMTP,
HTTP) and may thus enable for transparent functionality to the user. [0048]
According to some embodiments of the present invention, by use of one or
more devices that "understand" the application protocol, a selective
invariant encryption of substantially only sensitive data elements may be
done. Sensitive information elements may be detected in the application
data to be sent to the SaaS provider. According to further embodiments of
the present invention, the device(s) may encrypt such sensitive elements
before they are sent to the SaaS provider. As a result the application data
that is sent to the SaaS provider and that resides on the SaaS provider
servers may not contain any sensitive data in non-encrypted format.
Accordingly, in the event of a leakage of the SaaS provider data records,
the exposure user/enterprise sensitive data's and its possible misuse may
be prevented. According to further embodiments of the present invention,
when the user retrieves the application data via the device(s), the device
may detect the encrypted elements in the application data, and decrypt
them. Thus, the application data received by the client side application
and/or presented to the user may be in non-encrypted-format/clear-text.
Examples for use cases: [0049] According to some embodiments of the present
invention, a user/corporate may use a SaaS email (e.g. gmail) Fig. 1. The
information contained in emails maycontain sensitive and private data that
should not be exposed to anyone except the user/corporate-users. In order
to prevent any exposure of this data, the device(s) may detect the
sensitive data in the email and encrypt these sensitive data elements in
the email before the email is sent outside of the user/corporate network to
the SaaS email system. Accordingly, the email residing on the SaaS email
servers, may not contain any sensitive information in
non-encrypted/clear-text, and even if there is a leakage of emails from the
SaaS email servers, there is no exposure of user/corporate sensitive
information. When the email is retrieved by the user or by a user in the
corporate network via the device(s), the device(s) may decrypt the
encrypted elements in the email and the user may view the email as plain
text without any encrypted content. [0050] According to some embodiments of
the present invention, the above encryption/decryption process of the
sensitive data elements may be done in a transparent way from the SaaS
email application perspective with substantially all its application
functionality remaining as is. According to further embodiments of the
present invention, the user may, for example, search in the emails stored
in the SaaS email system for regular and/or sensitive data elements, and
since the encryption may be done in a way that is invariant to the SaaS
email application, the results of the search may be the same as those that
would be obtained in a regular, non-encrypted data, search. In order to
achieve this transparency from the SaaS email application perspective the
device may detect sensitive data elements in the search request/query, and
encrypt them, in the same way it encrypts the email content. Thus, the SaaS
email search functionality may remain unchanged. [0051][0052] [0053]
According to some embodiments of the present invention, a substantially
similar principle may apply to other SaaS services such as a Web-Store I
don't think this is the right term may be a web application (e.g.
salesforce.com) Fig. 2. When data sent to the web-application servers
contains sensitive data elements, the device(s) that "understands" the
web-store application's protocol may detect sensitive data elements in the
HTTP requests sent to the web-store application, and may, in response,
encrypt these elements. Thus, the HTTP request structure may remain
substantially identical, with optionally only the value of the sensitive
data elements replaced with their respective encrypted elements. Thus, the
web-application may process the request as a normal request, and only the
values of the sensitive data elements may be stored in the web-application
databases in an encrypted format. Accordingly, even if there is a leakage
of information from the web-store server-side applications and databases,
there may be no exposure of user/corporate sensitive information. [0054]
According to some embodiments of the present invention, when the user is
retrieving a web page that contains an encrypted element, the device(s) may
detect the encrypted element(s) in the web page returned by the
web-application and may decrypt them. Thus the web page received by the
user/user-browser may contain a non-encrypted/plain-text response page, and
all the information presented to the user may be in clear text. [0055]
According to further embodiments of the present invention, a user
requesting to export the data stored in a web-store to any text based file
(e.g. a word document, an excel document) the returned text file may be
processed by the device(s) in order toInvariant Encryption Scheme [0056]
According to some embodiments of the present invention, an SaaS
application's functionality may be preserved, through encryption of
substantially only sensitive elements that may not affect the application's
functionality, further, the encryption of sensitive data elements may be
done in a transparent way from the SaaS application perspective, in order
to prevent substantially any need for changes in the SaaS application.
[0057] According to some embodiments of the present invention, the
device(s) may encrypt each symbol (e.g. word/phrase) in a data element by
itself asto enable the functionality (e.g. search) on each word/phrase.
This encryption may be done, for 



example, using the Advanced Encryption Standard (AES) encryption algorithm
in an ECB (Electronic Code Book) mode. In order to search in the text
stored on the SaaS provider servers, the device may encrypt the search
symbol/word/phrase. As a result, if the search symbol/word/phrase exists on
the SaaS provide storage, the SaaS provider search mechanism may find it.
According to further embodiments of the present invention, even if the
information is stored on the SaaS provider storage is partially in clear
text, and partially encrypted, as may be the case in certain migration
phases, this mechanism may still work, as the device may modify the search
phrase to search for both the clear text value and the encrypted value.
Since the search phrase is not saved by the SaaS application provider,
there is no damage to the security of the system from this approach.[0058]
According to some embodiments of the present invention, in some or all
cases, textual sensitive data elements may not be used for any analysis,
and as a result, their encryption may not affect the SaaS application
functionality. For example, in a Customer Relationship Management (CRM)
application, the name of the customer who made the call may not be
important to analysis of the call center, thus, the fact that it is
encrypted may not prevent any analysis done by the CRM application. In
contrast, the call duration, and the waiting time may be necessary for the
analysis and may accordingly be left not encrypted as they may be
considered non-sensitive data elements. [0059] According to further
embodiments of the present invention, function specific data encryption
(persistent ver. transient): may be used in order to enable auto-complete
functionality. Since the values, in this example, are not stored at the
SaaS provider, but rather only used to perform a search in the SaaS
application dictionary, the device(s) may "understand" that the request is
an auto-complete request, and may accordingly, not change the value, thus
preserving the SaaS application functionality. The encryption of textual
data elements [0060] According to some embodiments of the present
invention, the encryption of textual elements may be achieved by performing
the following exemplary process: To begin with, the data element will be
divided to words. Each word will be encrypted by itself (this is done to
enable the search of a single word inside the value of a sensitive data
element).  In case the word binary representation is less than 12 1 bits
than it will padded with zero to obtain 12 1 bit.  The first 7 bits will
define the number of bits in the word representation These 128 bit are
encrypted using the AES algorithm (e.g. Federal Information Processing
Standard - (FIPS 197)) with the device secret key as the key, and the 128
bit representing the word as the input.  The output of the AES algorithm is
128 bit which coded using base 64 encoding to obtain a textual output.  To
the base-64 encoded value we add a one/two character prefix and one/two
character suffix in order to ease the detection to the encrypted word in a
textual string received as response from the SaaS application server.
(Note: the addition of prefix and suffix is optional since the format of 22
alpha numeric characters (the output of base-64 encoding on 128 bit) is
unique by itself.  In case the word binary representation is more than 12 1
bit than it is padded with zero to the smallest multiple of 128. The first
7 bits will define the number of bits in the word representation in each of
the consecutive 128 bit representations.  The result which is a multiple of
128 is encrypted using the AES algorithm (FIPS 197) in Cipher Block
Chaining (CBC) mode, with the device secret key as the key, and the
multiple of 128 bit as the input.  The output of the AES algorithm is
multiple of 128 bit which coded using base 64 encoding to obtain a textual
output.  To the base-64 encoded value we add a one/two character prefix and
one/two character suffix in order to ease the detection to the encrypted
word in a textual string received as response from the SaaS application
server. (Note: the addition of prefix and suffix is optional since the
format of 22 alpha numeric characters (the output of base-64 encoding on
128 bit) is unique by itself [0061] According to further embodiments of the
present invention, In order to avoid the encryption of repeated words, the
device may use a hash function to calculate the hash value of the word and
maintain a hash table of words that have already been encrypted; the value
in each entry may be the encrypted word. Thus, before a word is encrypted
the following exemplary process may be performed:  The device is
calculating the hash of the word The device is querying to the hash table
to check in the hash value exist in the hash table  If the hash value
exists in the hash table, than the value in the hash table entry is used as
the encrypted word  If the hash value doesn't exist in the table, than the
word is encrypted as defined and an entry for the hash value is created in
the hash table, with its value being the encrypted word. [0062] According
to further embodiments of the present invention, in order to optimize the
performance of the decryption phase, for each encrypted word its hash value
may be calculated and entered into a second hash table of encrypted words.
The value of the entry in the encrypted words table may be the value of the
plain-text word associated with the encrypted word. [0063] Thus, in the
decryption phase following exemplary process may be performed:  The
decryption module is searching the response (which is in textual format)
for encrypted words, using a regular expression that define the encrypted
words (as we explained above, the encrypted words have well defined alpha
numeric structure).  When an encrypted word is detected, the decryption
module first calculates the encrypted word hash value and uses it to search
in the encrypted word hash table.  If the encrypted word hash value is
found in the encrypted words hash table, than it extracts the plain text
value form it.  If it is not found in the hash table, than the module,
decrypt the encrypted word using the following exemplary process: o Decode
the base 64 encoded value into a 128 bit (or a multiple of 128 bit) o
Decrypt the 128 bit value using the AES algorithm and the device secret key
o According the number of bit that appear in the first 7 bits, we know how
many bits should be used from the decrypted bit string. o The relevant bits
are translated into ASCII characters to obtain the plain text word.Handling
case sensitivity [0064] According to further embodiments of the present
invention, in cases such as a search operation the operation maybe required
to be case insensitive. To ensure that the invariant encryption is
translating both the text as well as the search terms into lower case. This
may ensure that the search will be case insensitive. In order for the
decryption of the text to preserve the case sensitivity of the original
text (e.g. word), the device(s) may memorize which character is upper case
and which is lower case in a bit 



vector that is added as an additional word after the encrypted word. [0065]
According to further embodiments of the present invention, when the device
is encrypting the word, it may generate a bit vector that contains 1 for
the upper case letter characters and 0 for lower case letter characters,
digits and/or additional characters. The number of the bits in the bit
vector may correspond to the number of characters in the word, and the bit
string may be padded with zeros for 64 bit encoding. The 64 based encoded
bit vector may be added after the encrypted word. [0066] According to
further embodiments of the present invention, when the device(s) is
decrypting a word as described above, it may also decode the 64 based
encoded word that is adjusted to the encrypted word, and according to the
1's in the decoded bit vector the appropriate letters may be set to upper
case letters. Encryption of Email-addresses [0067] According to some
embodiments of the present invention, case of an email address, in order to
preserve the structure of the email address, the device may encrypt each
part of the email address by itself, and may maintain the structure of the
email address. According to further embodiments of the present invention,
the device may divide the email address to the user-name and the
domain-name, i.e. user-name@domain-name.com (or any other suffix e.g.
.co.il). The module mayencrypt the user-name by itself and the domain name
by itself and may recompose the new email address using the encrypted
values of the user-name and the domain-name. [0068] According to further
embodiments of the present invention, the detection may be done by a
regular expression such as encrypted-value(5)encrvpted-value . The
decryption module may decrypt each of the encrypted values, and recompose
the email address using the plain-text values for the user-name and the
domain-names. Format constraint data element encryption : [0069] According
to some embodiments of the present invention, in cases where the
application required that the format of the sensitive data elements will be
preserved, for example in case of a zip code or a telephone number, the
device may build a permutation on the legal values and use the permutation
for encrypting the sensitive data element, and the inverse permutation for
the decryption of the data element. [0070] According to further embodiments
of the present invention, the permutation used may enable for a search on
these values to be performed, whereas the values of these elements are not
usually used for numerical calculations. The generation of the pseudo
random permutation: [0071] According to some embodiments of the present
invention, an exemplary algorithm that may generate a permutation of n
items uniformly at random without retries, known as the Knuth shuffle may
be used, it starts with the identity permutation or any other permutation,
and then go through the positions 1 through n-1 , for each position i swap
the element currently there with an arbitrarily chosen element from
positions i through n, inclusive. It's easy to verify that any permutation
of n elements will be produced by this algorithm with a probability of 1/n!
, thus yielding a uniformdistribution over all such permutations. (see
http://www.techuser.net/randpermgen.html) (Note: The inverse permutation is
computed by exchanging each number and the number of the place which it
occupies.) [0072] According to further embodiments of the present
invention, the device may use this algorithm to generate the secret
permutation wherein the random elements may be chosen using a pseudo random
bit string that may be generated using the AES algorithm in CBC mode with
the device secret key as the key for the AES algorithm and a predefined
initial vector. Encryption for Zip codes: [0073] According to some
embodiments of the present invention, in case the ZIP code is 5 digits and
it is required to preserve the zip format, the encryption module may use a
pseudo random permutation on the values in the range 00000-99999 to encrypt
the zip codes and the inverse permutation to decrypt the zip codes. [0074]
According to further embodiments of the present invention, the encryption
may be done by referencing the permutation with the zip code to be
encrypted and the value of this cell in the permutation is the encrypted
zip code. The decryption may be done by referencing the inverse permutation
with the encrypted zip code and the value of this cell in the inverse
permutation is the original zip code Encryption of Social Security Numbers
(SSN) [0075] According to some embodiments of the present invention, in the
case of the encryption of a SSN credit card number, the structure of the
SSN should be preserved. Accordingly, the following exemplary process may
be performed:  encrypt the first 5 digits using a permutation on 001 0 1 -
74099 encrypt the last 4 digits using the permutation on 0001 -9999 [0076]
Each of the permutations as well the corresponding inverse permutations may
be calculated as explained above. Encryption of credit card number: [0077]
According to some embodiments of the present invention, in case of the
encryption of a credit card number, the structure of the credit card number
should be preserved. Accordingly, the credit card number may be divided
into four 4-digit groups and each group may be encrypted using a
permutation on the number 0-9999 (a different permutation for each group or
the same permutation for all the groups may be used). [0078] The process of
generating the pseudo random permutation is explained above. [0079]
According to further embodiments of the present invention, if one of the 4
digit groups has only 3 digits, a zero digit may be added to it to make it
a 4 digit group. Furthermore, in cases where there is a need to preserve
the check digit, the module may apply the transformation to all the digits
except the last digit, and may then calculate the last digit according to
the known algorithm for the last digit. [0080] Notes: since there may be no
distinction in the format between clear text credit card number and
encrypted credit card number, and if the server side application is not
checking the check digit Encryption of Dates: [0081] According to some
embodiments of the present invention, the encryption of dates may preserve
the format of date such as DD-MM-YYYY, when the only restriction is that it
will contain digits, date may be translated, for example, into a
valuebetween 0-31 * 12* 100 (0-37200) and a permutation on the values on
this range may be used. [0082] According to further embodiments of the
present invention, when the server side may perform statistic calculations
per year, the year may be preserved by itself, a permutation may be applied
on DD-MM by itself and on the year by itself. (Note: the Health Insurance
Portability and Accountability Act (HIPAA) requires that the day and moth
will be secret but the year can remain in plain text). [0083] According to
further embodiments of the present invention, when the server side may
perform statistic calculations per month, the month may be preserved by
itself, a permutation may be performed on the day by itself, on the month
by itself and on the year by itself. Numeric data element encryption: 



[0084] According to some embodiments of the present invention, in order to
enable the SaaS application to make numeric analysis on sensitive numeric
values (such as salaries) the device may apply a reversible numeric
transformation on these values. (This numeric transformation may depend on
the device secret key). Thus, the application may perform the analysis on
the transformed numeric values. When the transformed values or any value
calculated are returned by the application, the device may apply the
inverse transformation on these values, and thus, the numeric values
presented to the user may be the real numeric values. Transformation on
numeric values: [0085] According to some embodiments of the present
invention, In order to enable arithmetic operations on the numeric fields,
such as, but in no way limited to, revenues, salaries; an arithmetic
transformation on these values may be performed. Apossible arithmetic
transformation may be multiplying by a secret constant. The advantage of
this transformation is that its inverse is simply multiplying by the
inverse of the secret constant. (Note: the transformation of multiplying by
a secret constant and adding a secret constant may not be used, since when
the values are added, we do not know how many elements have been added and
may not apply the inverse transformation). [0086] According to further
embodiments of the present invention, multiplying transformation may
maintain the numeric order between the numeric values preserved, e.g. the
largest salary remains the largest salary, however, since the device has
encrypted the employees' names, we may not know who it is, and we may not
know what the real salaries are. Thus substantial confidentiality may still
be achieved. [0087] [0088] According to further embodiments of the present
invention, in order to provide further security to numeric values
integration with the server side application may be required. If such
integration is possible than the server side apmay communicate with a
component of the present invention that may decrypt for it numeric data
that is encrypted in a similar way to the textual data. The server side
application may perform the arithmetic calculations on the decrypted
numeric data, and may then encrypt the final result using the component of
our solution. This component may reside at the server-side and may securely
communicate with the device on the enterprise for key management, thus it
may enable the application to continue to function normally, while
providing substantially high security encryption to the numeric data.
Per-Application Privacy Policy[0089] According to some embodiments of the
present invention, since the usage of each application may be different and
the meaning of different fields may be different in each application, the
device may have a different encryption-policy for each SaaS application.
Thus, for certain functionality the device may have to be familiar with the
SaaS application protocol. (Note: The knowledge on the protocol may be
gathered by an off-line process). For example, a file that is attached to
an email may be encrypted as one entity to achieve additional security, and
only the name of the file should be encrypted using the invariant
encryption scheme. However, for Google docs application we each data
element in the document should be encrypted as to preserve the Google docs
functionality. In addition, Google Apps provides a very detailed
Application Programming Interface (API) that enables developers to develop
their own applications on top of Google Apps services. This APIs which
defines the meaning and the semantic of each parameter in each Google
application, enables the preparation of a detailed policy for each Google
application, and for each application developed on top of Google APIs since
the device may intercept the calls to the APIs and may apply the privacy
policy to the parameters according to the application, the requested APIs,
and the policy security level (e.g. basic security, high security and
top-secret). [0090] According to further embodiments of the present
invention, and as another example, in case the SaaS application is
performing a format validation at the server side, an invariant scheme that
preserves the data element format may be used. However, if the format
validation is done on the client side, then the device can use an invariant
encryption scheme that doesn't preserve the format which may be more secure
and more efficient to implement.Policy-driven Privacy Enforcement: [0091]
According to some embodimerits of the present invention, as each
organization may have its own privacy policy, the device may enable the
enterprise to define which type of security policy to use (e.g. basic
security, high-security, top-secret), and to fine tune each type of
security policy as to address the enterprise privacy and confidentiality
requirements. For example, for an organization that requires meeting HIPPA
regulations, dates will be encrypted in a way that eliminates day and month
and leaves the year value unchanged while other organizations may leave all
dates untouched. Automatic building of Application's Privacy Policy [0092]
According to some embodiments of the present invention, in order to handle
unknown applications and unknown changes in applications substantially
without need for human intervention, the device may apply an automatic
policy for unknown parameter. The device may classify currently unknown
parameters according to their names and/or their data format (e.g.
non-sensitive, sensitive, highly-sensitive). For example, if the parameter
name is email-address or any similar parameter name and the format of the
value of the parameter is an email address than the device is classifying
it as an email address and according to a pre defined configuration email
address is defined as sensitive. As another example, if the parameter name
is phone number or any similar name and the value matches a generic phone
number regular expression, than the parameter is classified as phone
number. However, is the parameter name is call duration and the format
matches a time period regular expression, than it is defined as call period
which for CRM application is defined as non-sensitive. This classification
of these new parameters may be stored in thedevice and may be checked on
subsequent appearances of the parameter in the request, after enough
occurrences it may be determined automatically by the device. [0093]
According to further embodiments of the present invention, the handling of
a parameter may depend on its classification and on the security level
defined for the application. For example, in basic security policy only
highly sensitive parameters may be encrypted whereas sensitive parameters
may be encrypted only if the level of confidence that the encryption will
not cause any undesired effect is substantially high. However, for
top-secret policy both sensitive and highly sensitive parameters may be
encrypted. [0094] According to further embodiments of the present
invention, this mechanism may enable the device to handle applications
without prior knowledge on the application and to build the privacy policy
on the fly according to the application usage. It may also enable the
device to handle changes in the application such as a new parameter, by
classifying the parameter as it is being used. Auditing & Monitoring of the
SaaS usage: [0095] According to some embodiments of the present invention,
in addition to the encryption/decryption done by the device, the device may
also monitor and audit the 



usage of the SaaS application by the enterprise users. Some exemplary
reasons may include: 1. Preventing leakage of sensitive information that
should not be sent to the SaaS provider. For example, the enterprise policy
is that the credit card numbers should not be stored in the SaaS CRM
application, and once the users are entering a credit card number as part
of the call description, the device will detect this sensitive element in
the call description and will mask it according to the company policy.2 .
In case there are certain functionalities that should not be available to
all the users in the enterprise, the device may be able to enforce an
authorization/accesscontrol policy on the usage of the SaaS application. In
addition, to benefits of monitoring and auditing from the security
perspective, the device may monitor factors such as, but in no way limited
to, the availability and the response time of the SaaS application.
Principals of the device operation: [0096] According to some embodiments of
the present invention, the device may function as a proxy between the SaaS
application client (usually running in the end user browser) and the SaaS
application server side, running on the SaaS provider servers. As a proxy
it may monitor the traffic (e.g. requests and responses) between the SaaS
application client side and the SaaS application server side. The device
may detect the application according to the domain name in the request.
According to the URL the device may detect the request type, and according
to the request type, it may "know" what sensitive data elements that should
be encrypted are included in the request. Since the requests may be HTTP
requests, or other requests using key value pairs, the device may detect
the relevant parameters by their names, and may replace their value in the
request with the encrypted value. In case it is a post request (e.g. with a
XML body), the device may use a parser (e.g. XML parser) to query and
extract the value of the sensitive data elements and replace their
plain-text values with the encrypted values. [0097] According to further
embodiments of the present invention, in order to enable the detection of
the textual encrypted values in the response, the device may add a prefix
and a suffix to each encrypted element (as will be explained later). In
case a textual search encryption is detected, the device is detecting the
textual text request,and may apply the same encryption to search terms in
order to preserve the server side search functionality. [0098] The same
principal may be applied to sensitive numeric data elements that are
encrypted using a numeric transformation. When a numeric search is
performed on these numeric data elements the device may detect the numeric
search request and may replace the values with the transformed values.
[0099] According to further embodiments of the present invention, when the
response is returning from the SaaS application, it is may be a web page.
In order to ease the detection of textual encrypted elements, each
encrypted element may have a unique prefix and suffix. The device may is
use these prefix and suffix as to detect the textual encrypted elements in
the web page and replace them with their clear text values. The same may
apply to XML documents that returned as a response or to textual files and
documents that are downloaded from the SaaS provider server. [001 00]
According to further embodiments of the present invention, in order to
decrypt numeric value or format constrained values which may not have a
prefix and suffix, the device "knows" where these values appear in the
response, i.e. the device contains a pattern that may be used for a pattern
matching to detect the value. The device may apply these patterns to the
response to check if they contain encrypted values, and if encrypted value
are detected their value may be transformed (e.g. using the inverse
transformation or the inverse permutation), and the transformed values may
be placed inside the response. Thus, the response received by the browser
may contain only plain text. The device position in the corporate
network:[001 01] According to some embodiments of the present invention,
the system may be embodied in a networked computational platform of device,
for example as a proxy between the client side application running usually
at the user's browser and the application server side running on the SaaS
provider servers. Figures 3 through 6 show various exemplary topologies
which may be used. [001 02] In case of a corporate network it may make
sense to position the device in the corporate network perimeter close to
the firewall. The advantage of this position is that only users that work
within the enterprise network can work with the application normally and
any users that are not passing through the device may view only the
encrypted data elements. This may enable the enterprise to audit the access
to the application, and prevent any unauthorized access to the application
from outside of the corporate network, even if the user has somehow a
username and password to the application. [001 03] According to further
embodiments of the present invention, this topology may handle scenarios of
an ex-employee that has left the organization, but for some reason was not
deleted from the SaaS application users list. This topology may also handle
the scenario where somehow a username and password of the application were
revealed to an unauthorized user outside of the enterprise. [001 04]
According to further embodiments of the present invention, another
advantage of this topology may be that the enterprise has full control on
the device, and the device secret keys remain with the enterprise. As
explained above the device may enable the corporate IT or the compliancy
officer substantially full control over on the privacy policy enforced by
the device. [001 05] According to further embodiments of the present
invention, in order to enable remote users to work properly with the SaaS
application they may need, in thistopology, to connect to the enterprise
network (e.g. using SSL VPN), and work though the enterprise network. This
proxy may also be implemented as software running on the end-user's
desktop/laptop, to address to consumer market. Potential PrivateSaaS
Appliance implementation , in accordance with some exemplary embodiments of
the present invention:  The appliance will be running Linux (as its OS)  On
the Linux Apache is ran in proxy mode as our proxy server.  The
encryption/decryption module will be running as an Apache module.  The
appliance will have a web based GUI. PrivateSaaS Web based GUI, in
accordance with some exemplary embodiments of the present invention: The
web based GUI may enable the user to define the privacy policy, and to
manage the device secret key. The device may comprise:  A secret key
management GUI that will be available only to very minimal number of users
Policy management GUI that will be available to Policy administrators [001
06] For each application supported by the device will have a dedicated GUI
that will be tailored to the specific application. [001 07] The policy
screen will enable the policy administrator to define which data elements
are sensitive data elements. 



PrivateSaaS Possible Advantages and Benefits: , in accordance with some
exemplary embodiments of the present invention: Following are the possible
benefits provided by the innovation to its user (with the focus on the
enterprise):  Provide full control of the informaiton that is sent out-side
from the enterprise network to the SaaS provider (i.e. control what can go
to the SaaS and what cannot), and minimize the exposure of enterprise
confidential data Enforce the enterprise data privacy policy, and enable
the compliance officer to easily define and enforce a corporate policy
regarding:  Data that can be exported externally - the security/compliancy
officer can define that certain data elements (e.g. credit card numbers)
should be masked before being sent out side of the enterprise (due to
PCI-DSS compliancy).  Data that should be secured - although the device
provides predefined configuration of sensitive data elements for different
SaaS applications, the security/compliancy officer can modified it to
tailor it to the enterprise security policy.  The innovation enable the CXO
to use SaaS to reduce costs by using SaaS application without exposing
confidential data and as a result without risking privacy regulations  It
allows juresdiction definition and simplify/reduce audit requirements.  It
reduces recurring compliance audit costs of SaaS solutions, and reduces the
need for auditing on the SaaS provider.  In case of any SaaS related
security breach, no notification will be required to customers according
various regulations (e.g. CA SB1 386 (2003)).  Monitor and Audit SaaS usage
and SLA  It enables monitoring of SaaS applications usage by the enterprise
It enables enforcement of enterprise specific access control policy on SaaS
usage by users  It can detect abnormal usage of SaaS applications  It
monitor SaaS application availability and response time PrivateSaaS
Possible Advantages and Benefits to the SaaS provider, in accordance with
some exemplary embodiments of the present invention:  Enhancing
attractiveness of their solution, by overcoming one of the major prospects'
inhibitor which is the privacy and confidentiality of the data.  Reducing
liability in case of data exposure. Since the sensitive information is
encrypted even if the information leak that is no damage. Although it will
not eliminate any other security measured that should be taken by the
enterprise, it is still the last defense in case all the other defense
layers have failed.User Authentication & Authorization - Additional
features of PrivateSaaS: [001 08] According to some embodiments of the
present invention, an additional security feature for enterprise
applications may be user authentication and authorization (i.e. access
control). These security features may control who can access the enterprise
application (authentication), and what functionality is available for each
user (authorization). These security features may also be required when the
enterprise application is provided in a SaaS model. However, when the
application is provided in a SaaS model the issue of user management and
user access rights management is becoming an issue, since each enterprise
has to manage its own users as well as their access rights according to its
policy (there is usually no general policy that can enforced by the SaaS
provider). Since the PrivateSaaS usually resids within the enterprise
network and is managed by the enterprise IT it may make a lot of sense that
PrivateSaaS will enforce the enterprise policy for user autheand
authorization. [001 09] According to further embodiments of the present
invention, in order to address these requirements the PrivateSaaS appliance
may integrate with the enterprise user repository (such as the enterprise
LDAP or active directory), and when the user is trying to connect to the
SaaS application the PrivateSaaS may first verify the user identity against
the enterprise user database. If the user identity is verified the
PrivateSaaS may check if the user is entitled to use the SaaS application.
This check may be done against the enterprise users database (e.g. LDAP,
Active-Directory or a user database) that contains the access privileges
for each user, and may usually depend on the user role. Thus, PrivateSaaS
may enable the security officer to define access rights rules for SaaS
applications according to the user role inthe enterprise. (Note: In case
such a user access rights database doesn't exist PrivateSaaS may provide
the ability to manage users' access rights in PrivateSaaS). In addition to
enforcing access rights for each application, the PrivateSaaS may allow to
manage and enforce more granular access rights, i.e. access rights to
functionality within the application. These access rights may also depend
on the user role. [001 10] According to further embodiments of the present
invention, the above functionality may enable PrivateSaaS to enforce a
privacy policy that is user dependent, i.e. depend on user role or user
department. This may enable the enterprise to generate separate groups
within the enterprise wherein only members from a given group may be able
to read messages/information generated by that same group and/or group of
groups. For example, the enterprise may want to separate between the
finance department and other departments, in order for financial
information to be readable only to members within the finance group. To
achieve this PrivateSaaS may use a different key for the finance group and
a different key for the rest of the enterprise. Thus, only the finance
group for which PrivateSaaS may use the special key for
encryption/decryption will be able to read the messages/information
generated by their group. [001 11] According to further embodiments of the
present invention, PrivateSaaS may also enable multi hierarchy. For example
in the previous example the CEO should be able to read both the messages
generated by the financial group as well as messages generated by other
departments. To achieve this PrivateSaaS may use for the CEO both keys and
may try to decrypt the encrypted data elements using both keys. Due to the
structure of the encrypted element, PrivateSaaS can verify if the decrypted
data element is clear test. Thus, for the CEO PrivateSaaS may try to
decrypt the information using one key and if the decrypted element is not
clear text itwill try the second key. In a similar way, for a search
operation it may encrypt the search term using both keys and may use an OR
operation between the two encrypted search terms. [001 12] The Invention
described herein illustrates some of the benefits of using the invariant
encryption method for SaaS application scenarios. However, there are
various additional business applications that can benefits from it, such as
cloud computing and internal usage of the device within the enterprise to
protect the data stored within the organization storage from any
unauthorized use. [001 13] While certain features of the invention have
been illustrated and described herein, many modifications, substitutions,
changes, and equivalents will now occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover
all such modifications and changes as fall within the true spirit of the
invention.CLAIMS 



1. A data processing system comprising: a symbol based encryption module
adapted to encrypt on a per symbol basis some or all of the data within a
data record, data file or document, wherein the encryption is invariant on
a per symbol basis and at least some of the data in the file or document
remains processable. 2 . The system according to claim 1, wherein said
encryption module utilizes either a symbol based mapping table or a
encryption algorithm adapted for symbol encryption. 3 . The system
according to claim 2, wherein the mapping table or the key for the
encryption algorithm is user or organization specific. 4 . The system
according to claim 1, wherein encryption of a symbol or group of symbols is
selective and based on a sensitivity evaluation of the symbol(s). 5 . The
system according to claim 4, further comprising a data sensitivity
evaluation module adapted to determine a sensitivity level of some or all
symbols or groups of symbols within the data record, data file or document.
6 . The system according to claim 5, wherein sensitivity classification of
symbols is determined based on one or more parameters selected from the
group consisting of symbol title, symbol data format and a user selected
security level .7 . The system according to claim 1, wherein said
encryption module is integral or otherwise functionally associated with an
application adapted to generate, view, process or edit the data file,
record or document. 8 . The system according to claim 1, wherein said
encryption module is integral or otherwise functionally associated
peripheral hardware connected to a computational platform of an application
adapted to generate, view, process or edit the data file, record or
document. 9 . The system according to claim 1, wherein said encryption
module is integral or otherwise functionally associated with an
organizational data file system or record/document repository. 10.The
system according to claim 1, wherein said encryption module is integral or
otherwise functionally associated with a gateway to an extra-organizational
data file system or record/document repository. 11.The system according to
claim 1, wherein said encryption module is integral or otherwise
functionally associated with an application provided as software as a
service server or with a gateway to an application software provided as a
service server. 12.The system according to claim 2, further comprising a
symbol based decryption module adapted to utilize a mapping table or a
decryption algorithm associated with the table or algorithm used for
encryption by said encryption module, andwherein the term associated means
either the same or the inverse of, or derived from. 13.The system according
to claim 12, wherein said decryption module is integral or otherwise
functionally associated with an application adapted to generate, view,
process or edit the data file, record or document. 14. The system according
to claim 12, wherein said decryption module is integral or otherwise
functionally associated peripheral hardware connected to a computational
platform of an application adapted to generate, view, process or edit the
data file, record or document. 15.The system according to claim 12, wherein
said decryption module is integral or otherwise functionally associated
with an organizational data file system or record/document repository.
16.The system according to claim 12, wherein said decryption module is
integral or otherwise functionally associated with a gateway to an
extra-organizational data file system or record/document repository. 17.The
system according to claim 12, wherein said decryption module is integral or
otherwise functionally associated with an application provided as software
as a service server or with a gateway to an application provided as
software as a service server.18.The system according to claim 2, further
comprising a search engine/utility adapted to search one or more encrypted
files, records or documents by converting search terms into encrypted
versions of the search terms. 19.The system according to claim 18, wherein
said search engine/utility is functionally associated with a relational
database and searchable encrypted files, records or documents are stored on
the relational database. 20. The system according to claim 2, further
comprising a data processing module adapted to read and process encrypted
and unencrypted data from one or more data files, records or documents eby
said encryption module. 2 1.The system according to claim 20, wherein said
data processing module is further adapted to read and process encrypted
data from one or more data fields of files, records or documents encrypted
by said encryption module. 22. The system according to claim 2, where said
encryption module is adapted to encrypt at least a portion of one or more
fields of a data file, record or document stored to a relational database.
23. The system according to claim 22, wherein one or more relational
database processes are performed on unencrypted portions of fields of one
or more files, records or documents stored on the relational database. 24.
The system according to claim 22, wherein one or more relational database
processes are performed on encrypted portions of fields of one or more
files, records or documents stored on the relational database.25. The
system according to claim 1, wherein the data record is an HTTP, HTTPS,
SMTP, IMAP, POP3, or WAP request. 26. The system according to claim 1,
wherein the data record is an HTTP, HTTPS, SMTP, IMAP, POP3, or WAP related
transaction. 27. A data processing system comprising: a symbol based
encryption module adapted to encrypt on a per symbol basis some or all of
the data within a data record, data file or document, wherein the
encryption is invariant on a per symbol basis and at least some of the data
in the file or document remains processable, and wherein letter case format
information is encoded on the encrypted data. 28. The system according to
claim 27, wherein symbols to be encrypted are first converted into lower
case letters, encrypted, and then case format information relating to the
unencrypted symbols is then encoded onto the encrypted data. 29. The system
according to claim 28, further comprising a decryption module adapted to
read the case format information from the encrypted symbols, decrypt the
encrypted symbols back into lower case decrypted symbols and apply the case
format information to the decrypted symbols. 


