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HETEROAROMATIC GLUCOKINASE 
ACTIVATORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/126,707, ?led Mar. 29, 
1999 and No. 60/165,944, ?led Nov. 17, 1999. 

BACKGROUND OF THE INVENTION 

[0002] Glucokinase (GK) is one of four hexokinases that 
are found in mammals [ColoWick, S. P., in The Enzymes, 
Vol. 9 (P. Boyer, ed.) Academic Press, NeW York, NY, 
pages 1-48, 1973]. The hexokinases catalyZe the ?rst step in 
the metabolism of glucose, i.e., the conversion of glucose to 
glucose-6-phosphate. Glucokinase has a limited cellular 
distribution, being found principally in pancreatic [3-cells 
and liver parenchymal cells. In addition, GK is a rate 
controlling enZyme for glucose metabolism in these tWo cell 
types that are knoWn to play critical roles in Whole-body 
glucose homeostasis [Chipkin, S. R., Kelly, K. L., and 
Ruderman, N. B. in Joslin’s Diabetes (C. R. Khan and G. C. 
Wier, eds.), Lea and Febiger, Philadelphia, Pa., pages 
97-115, 1994]. The concentration of glucose at Which GK 
demonstrates half-maximal activity is approximately 8 mM. 
The other three hexokinases are saturated With glucose at 
much loWer concentrations (<1 mM). Therefore, the ?ux of 
glucose through the GK pathWay rises as the concentration 
of glucose in the blood increases from fasting (5 mM) to 
postprandial (~10-15 mM) levels folloWing a carbohydrate 
containing meal [PrintZ, R. G., Magnuson, M. A., and 
Granner, D. K. in Ann. Rev. Nutrition Vol. 13 (R. E. Olson, 
D. M. Bier, and D. B. McCormick, eds.), Annual RevieW, 
Inc., Palo Alto, Calif., pages 463-496, 1993]. These ?ndings 
contributed over a decade ago to the hypothesis that GK 
functions as a glucose sensor in [3-cells and hepatocytes 
(Meglasson, M. D. and Matschinsky, F. M.Amen J Physiol. 
246, E1-E13, 1984). In recent years, studies in transgenic 
animals have con?rmed that GK does indeed play a critical 
role in Whole-body glucose homeostasis. Animals that do 
not express GK die Within days of birth With severe diabetes 
While animals overexpressing GK have improved glucose 
tolerance (Grupe, A., Hultgren, B., Ryan, A. et al., Cell 83, 
69-78, 1995; Ferrie, T., Riu, E., Bosch, F. et al., FASEB J., 
10, 1213-1218, 1996). An increase in glucose exposure is 
coupled through GK in [3-cells to increased insulin secretion 
and in hepatocytes to increased glycogen deposition and 
perhaps decreased glucose production. 

[0003] The ?nding that type II maturity-onset diabetes of 
the young (MODY-2) is caused by loss of function muta 
tions in the GK gene suggests that GK also functions as a 
glucose sensor in humans (Liang, Y., Kesavan, P., Wang, L. 
et al., Biochem. J. 309, 167-173, 1995). Additional evidence 
supporting an important role for GK in the regulation of 
glucose metabolism in humans Was provided by the identi 
?cation of patients that express a mutant form of GK With 
increased enZymatic activity. These patients exhibit a fasting 
hypoglycemia associated With an inappropriately elevated 
level of plasma insulin (Glaser, B., Kesavan, P., Heyman, M. 
et al., New England J. Med. 338, 226-230, 1998). While 
mutations of the GK gene are not found in the majority of 
patients With type II diabetes, compounds that activate GK 
and, thereby, increase the sensitivity of the GK sensor 
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system Will still be useful in the treatment of the hypergly 
cemia characteristic of all type II diabetes. Glucokinase 
activators Will increase the ?ux of glucose metabolism in 
[3-cells and hepatocytes, Which Will be coupled to increased 
insulin secretion. Such agents Would be useful for treating 
type II diabetes. 

SUMMARY OF THE INVENTION 

[0004] This invention provides a compound, comprising 
an amide of the formula: 

R3 

H 
* N—R4 

C/ 
H 
0 

R2 

R1 

[0005] Wherein R1 and R2 are independently hydrogen, 
halo, amino, hydroxyamino, cyano, nitro, loWer alkyl, 
—OR5, 

—COR5 

0 

[0006] per?uoro-loWer alkyl, loWer alkyl thio, per?uoro 
loWer alkyl thio, loWer alkyl sulfonyl, per?uoro-loWer alkyl 
sulfonyl, loWer alkyl sul?nyl, or sulfonamido; R3 is 
cycloalkyl having from 3 to 7 carbon atoms; 

[0007] R4 is an unsubstituted or mono-substituted ?ve 
or six-membered heteroaromatic ring connected by a 
ring carbon atom to the amine group shoWn, Which 
?ve- or six-membered heteroaromatic ring contains 
from 1 to 3 heteroatoms selected from sulfur, oxygen or 
nitrogen, With one heteroatom being nitrogen Which is 
adjacent to the connecting ring carbon atom; said 
mono-substituted heteroaromatic ring being monosub 
stituted at a position on a ring carbon atom other than 
adjacent to said connecting carbon atom With a sub 
stituent selected from the group consisting of loWer 
alkyl, halo, nitro, cyano, 

llH 

[0008] —(CH2)n-NHR6 
[0009] n is 0, 1, 2, 3 or 4; 



US 2001/0039344 A1 

0010 R5 is h dro en, lower alk l, or er?uoro y g y P 
lower alkyl and R6, R7 and R8 are independently 
hydrogen or loWer alkyl; 

[0011] or a pharmaceutically acceptable salt thereof. 

[0012] The compounds of formula I have been found to 
activate glucokinase in vitro. Glucokinase activators are 
useful for increasing insulin secretion in the treatment of 
type II diabetes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] This invention provides a compound, comprising 
an amide of the formula: 

R3 

R2 

[0014] Wherein R1 and R2 are independently hydrogen, 
halo, amino, hydroXyamino, cyano, nitro, loWer alkyl, 
—OR5, 

—coR5 

[0015] per?uoro-loWer alkyl, loWer alkyl thio, per?uoro 
loWer alkyl thio, loWer alkyl sul?nyl, loWer alkyl sulfonyl, 
per?uoro-loWer alkyl sulfonyl, or sulfonamido; R3 is 
cycloalkyl having from 3 to 7 carbon atoms; 

[0016] R4 is an unsubstituted or mono-substituted ?ve 
membered heteroaromatic ring connected by a ring 
carbon atom to the amine group shoWn, Which ?ve- or 
siX-membered heteroaromatic ring contains from 1 to 3 
heteroatoms selected from sulfur, oXygen or nitrogen, 
With one heteroatom being nitrogen Which is adjacent 
to the connecting ring carbon atom; said mono-substi 
tuted heteroaromatic ring being monosubstituted at a 
position on a ring carbon atom other than adjacent to 
said connecting carbon atom With a substituent selected 
from the group consisting of loWer alkyl, halo, nitro, 
cyano, 
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-continued 

‘? 
—(cH2),,—c—g—R6 —C—C—OR8; or 

o 

[0017] —(CH2)n-NHR6 
[0018] n is 0, 1, 2, 3 or 4; 

[0019] R5 is hydrogen, loWer alkyl, or per?uoro-loWer 
alkyl and R6, R7 and R8 are independently hydrogen or 
loWer alkyl; 

[0020] or a pharmaceutically acceptable salt thereof. 

[0021] Therefore, in the compound of formula I, the “*” 
illustrates the asymmetric carbon atom in this compound. 
The compound of formula I may be present either as a 
racemate or in the “R” con?guration at the asymmetric 
carbon shoWn. The “R” enantiomers are preferred. 

[0022] As used throughout this application, the term 
“loWer alkyl” includes both straight chain and branched 
chain alkyl groups having from 1 to 7 carbon atoms, such as 
methyl, ethyl, propyl, isopropyl, preferably methyl and 
ethyl. As used herein, the term “halogen or halo” unless 
otherWise stated, designates all four halogens, i.e. ?uorine, 
chlorine, bromine and iodine. As used herein, “per?uoro 
loWer alkyl” means any loWer alkyl group Wherein all of the 
hydrogens of the loWer alkyl group are substituted or 
replaced by ?uoro. Among the preferred perfluoro-loWer 
alkyl groups are tri?uoromethyl, penta?uoroethyl, hep 
ta?uoropropyl, etc. 

[0023] As used herein the term “aryl” signi?es aryl mono 
nuclear aromatic hydrocarbon groups such as phenyl, tolyl, 
etc. Which can be unsubstituted or substituted in one or more 

positions With halogen, nitro, loWer alkyl, or loWer alkoXy 
substituents and polynuclear aryl groups, such as naphthyl, 
anthryl, and phenanthryl, Which can be unsubstituted or 
substituted With one or more of the aforementioned groups. 
Preferred aryl groups are the substituted and unsubstituted 
mononuclear aryl groups, particularly phenyl. As used 
herein, the term “loWer alkoXy” includes both straight chain 
and branched chain alkoXy groups having from 1 to 7 carbon 
atoms, such as methoXy, ethoXy, propoXy, isopropoXy, pref 
erably methoXy and ethoXy. The term “arylalkyl” denotes an 
alkyl group, preferably loWer alkyl, in Which one of the 
hydrogen atoms can be replaced by an aryl group. Examples 
of arylalkyl groups are benZyl, 2-phenylethyl, 3-phenylpro 
pyl, 4-chlorobenZyl, 4-methoXybenZyl and the like. 

[0024] As used herein, the term “loWer alkanoic acid” 
denotes loWer alkanoic acids containing from 2 to 7 carbon 
atoms such as propionic acid, acetic acid and the like. The 
term “loWer alkanoyl” denotes monovalent alkanoyl groups 
having from 2 to 7 carbon atoms such as propionoyl, acetyl 
and the like. The term “aroic acids” denotes aryl alkanoic 
acids Where aryl is as de?ned above and alkanoic contains 
from 1 to 6 carbon atoms. The term “aroyl” denotes aroic 
acids Wherein aryl is as de?ned hereinbefore, With the 
hydrogen group of the COOH moiety removed. Among the 
preferred aroyl groups is benZoyl. 

[0025] During the course of the reaction the various func 
tional groups such as the free carboXylic acid or hydroXy 
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groups Will be protected via conventional hydrolyZable ester 
or ether protecting groups. As used herein the term “hydro 
lyZable ester or ether protecting groups” designates any ester 
or ether conventionally used for protecting carboxylic acids 
or alcohols Which can be hydrolyzed to yield the respective 
hydroxyl or carboxyl group. Exemplary ester groups useful 
for those purposes are those in Which the acyl moieties are 
derived from a loWer alkanoic, aryl loWer alkanoic, or loWer 
alkane dicarboxcyclic acid. Among the activated acids 
Which can be utiliZed to form such groups are acid anhy 
drides, acid halides, preferably acid chlorides or acid bro 
mides derived from aryl or loWer alkanoic acids. Example of 
anhydrides are anhydrides derived from monocarboxylic 
acid such as acetic anhydride, benZoic acid anhydride, and 
loWer alkane dicarboxcyclic acid anhydrides, e.g. succinic 
anhydride as Well as chloro formates e.g. trichloro, ethyl 
chloro formate being preferred. A suitable ether protecting 
group for alcohols are, for example, the tetrahydropyranyl 
ethers such as 4-methoxy-5,6-dihydroxy-2H-pyranyl ethers. 
Others are aroylmethylethers such as benZyl, benZhydryl or 
trityl ethers or ot-loWer alkoxy loWer alkyl ethers, for 
example, methoxymethyl or allylic ethers or alkyl silylethers 
such as trimethylsilylether. 

[0026] The term “amino protecting group” designates any 
conventional amino protecting group Which can be cleaved 
to yield the free amino group. The preferred protecting 
groups are the conventional amino protecting groups utiliZed 
in peptide synthesis. Especially preferred are those amino 
protecting groups Which are cleavable under mildly acidic 
conditions from about pH 2.0 to 3. Particularly preferred 
amino protecting groups such as t-butoxy carbamate (BOC), 
benZyloxy carbamate (CBZ), 9-?urorenylmethoxy carbam 
ate (FMOC). 

[0027] The heteroaromatic ring de?ned by R4 can be an 
unsubstituted or mono-substituted ?ve- or six-membered 
heteroaromatic ring having from 1 to 3 heteroatoms selected 
from the group consisting of oxygen, nitrogen, or sulfur and 
connected by a ring carbon to the amine of the amide group 
shoWn. The heteroaromatic ring contains a ?rst nitrogen 
heteroatom adjacent to the connecting ring carbon atom and 
if present, the other heteroatoms can be sulfur, oxygen or 
nitrogen. Such heteroaromatic rings include, for example, 
pyraZinyl, pyridaZinyl, isoxaZolyl, isothiaZolyl, and pyra 
Zolyl. Among the preferred heteroaromatic rings are 
included pyridinyl, pyrimidinyl, thiaZolyl, oxaZolyl, and 
imidaZolyl. These heteroaromatic rings Which constitute R4 
are connected via a ring carbon atom to the amide group to 
form the amides of formula I. The ring carbon atom of the 
heteroaromatic ring Which is connected via the amide link 
age to form the compound of formula I cannot contain any 
substituent. 

[0028] When R4 is an unsubstituted or mono-substituted 
?ve-membered heteroaromatic ring, the preferred rings are 
those Which contain a nitrogen heteroatom adjacent to the 
connecting ring carbon and a second heteroatom adjacent to 
the connecting ring carbon or adjacent to said ?rst heteroa 
tom. 

[0029] The preferred ?ve-membered heteroaromatic rings 
contain 2 or 3 heteroatom With thiaZolyl, imidaZolyl, 
oxaZolyl and thiadiaZolyl being especially present. When the 
heteroaromatic ring is a six-membered heteroaromatic, the 
ring is connected by a ring carbon to the amine group shoWn, 
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With one nitrogen heteroatom being adjacent to the connect 
ing ring carbon atom. The preferred six-membered het 
eroaromatic rings include, for example, pyridinyl, pyrimidi 
nyl, pyraZinyl, pyridaZinyl, and triaZinyl. 

[0030] The term “pharmaceutically acceptable salts” as 
used herein include any salt With both inorganic or organic 
pharmaceutically acceptable acids such as hydrochloric 
acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric 
acid, citric acid, formic acid, maleic acid, acetic acid, 
succinic acid, tartaric acid, methanesulfonic acid, para 
toluene sulfonic acid and the like. The term “pharmaceuti 
cally acceptable salts” also includes any pharmaceutically 
acceptable base salt such as amine salts, trialkyl amine salts 
and the like. Such salts can be formed quite readily by those 
skilled in the art using standard techniques. 

[0031] In accordance With one embodiment of this inven 
tion, R3 is cyclopentyl (the compound I-D). The embodi 
ments of the compound I-D are those compounds Where R4 
is an unsubstituted thiaZole (Compound I-D1). Among the 
various embodiments of the compound of I-D1 are included 
those compounds Where: 

[0032] a) one of R1 and R2 is hydrogen, halogen, per 
?uoro-loWer alkyl and the other of said R1 and R2 is 
halo or per?uoro-loWer alkyl; 

[0033] b) one of R1 and R2 is amino, nitro, halo, nitro or 
hydrogen and the other of said R1 and R2 is amino, 
cyano or nitro; 

[0034] 0) one of R1 and R2 is loWer alkylthio, per?uoro 
loWer alkyl thio, halo or hydrogen and the other of said 
R1 and R2 is per?uoro-loWer alkylthio, loWer alkylsul? 
nyl or loWer alkylthio; 

[0035] d) one of R1 and R2 is loWer alkyl sulfonyl, 
hydrogen, nitro, cyano, amino, hydroxyamino, sulfona 
mido or halo, and the other of said R1 and R2 is loWer 
alkyl sulfonyl; 

[0036] e) one of R1 and R2 is loWer alkyl sulfonyl, and 
the other of said R1 and R2 is halo or per?uoro-loWer 
alkyl; 

[0037] f) one of R1 and R2 is per?uoro-loWer alkyl 
sulfonyl or hydrogen and the other of said R1 and R2 is 
per?uoro-loWer alkyl sulfonyl; and 

[0038] g) one of R1 and R2 is —OR5, or 

—COR5 

0 

[0039] and the other of said R1 and R2 is hydrogen or 
—OR5; and R5 is as above 

[0040] h) one of R1 and R2 is —OR1 and the other is 
halo. 

[0041] In accordance With another embodiment of this 
invention Where R3 is cyclopentyl, the embodiments are 
those compounds Where R4 is a mono-substituted thiaZole 
(compounds I-D2). Among the embodiments of compounds 
I-D2, are those compounds Where the mono-substitution is 
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—(CH2)n-OR6 and n and R6 are as above (compounds 
I-D2(a)). Among the embodiments of compounds I-D2 (a) 
are those compounds Where: 

[0042] a) one of R1 and R2 is halo and the other of said 
R1 and R2 is hydrogen or halo; 

[0043] b) one of R1 and R2 is lower alkyl sulfonyl, and 
the other of said R1 and R2 is loWer alkyl sulfonyl or 
hydrogen; and 

[0044] c) one of R1 and R2 is hydrogen and the other of 
said R1 and R2 is loWer alkyl or per?uoro-loWer alkyl. 

[0045] In accordance With another embodiment of the 
invention Where R3 is cyclopentyl and R4 is a mono-substi 
tuted thiaZole (Compounds I-D2), are those compounds 
Where the mono-substitution is loWer alkyl and one of R1 
and R2 are hydrogen or halogen and the other of R1 and R2 
is halogen (Compounds I-D2(b)). 
[0046] Among another embodiment of the compounds I-D 
are those compounds Where the mono-substituted thiaZole is 
substituted With 

[0047] Wherein n is 0 or 1 and R7 is hydrogen, or 
loWer alkyl (Compounds of I-D2(c)). Among the 
embodiments of compounds of formula I-D2(c) are 
those compounds Where: 

[0048] a) one of R1 and R2 is hydrogen and the other of 
said R1 and R2 is halo; 

[0049] b) R1 and R2 are each independently halo; 

[0050] c) one of R1 or R2 is nitro, amino or hydrogen 
and the other of said R1 and R2 is nitro or amino; and 

[0051] d) one of R1 and R2 is loWer alkyl sulfonyl, 
per?uoro-loWer alkyl, halogen or hydrogen and the 
other of said R1 and R2 is loWer alkyl sulfonyl. 

[0052] In accordance With another embodiment of this 
invention, Where R3 and cyclopentyl and R4 is a mono 
substituted thiaZole (Compounds I-D2) are those com 
pounds Where the mono-substituted thiaZole is substituted 
With 

O O 

II II 

[0053] Wherein R8 is as above (Compounds I-D2(d)). 

[0054] Among the embodiments of compound I-D2(d) are 
those compounds Where: 

[0055] a) one of R1 and R2 are hydrogen and the other 
of said R1 and R2 is nitro or amino; 

[0056] b) one of R1 and R2 is halo or per?uoro-loWer 
alkyl and the other of said R1 and R2 is per?uoro-loWer 
alkyl, halogen or hydrogen; and 
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[0057] c) one of R1 and R2 is hydrogen or halogen and 
the other of said R1 and R2 is loWer alkyl sulfonyl. 

[0058] In accordance With another embodiment of this 
invention, Where R3 is cyclopentyl and R4 is a mono 
substituted thiaZole, compounds I-D2, are those compounds 
Where the mono-substitution on the thiaZole ring is a nitro 
group and one of R1 and R2 are hydrogen and halogen and 
the other of R1 and R2 is halogen or loWer alkyl sulfonyl 
(compound of formula I-D2(e)). 

[0059] In accordance With another embodiment of this 
invention, Where R3 is cyclopentyl (Compound 1-D) and R4 
is an unsubstituted pyridine (Compounds I-D3). Among the 
embodiments of compound I-D3 are those compounds 
Where: 

[0060] a) one of R1 and R2 are halo, per?uoro-loWer 
alkyl or hydrogen and the other of said R1 and R2 is 
halo, per?uoro-loWer alkyl, amino, cyano or nitro; 

[0061] b) one of R1 and R2 is loWer alkyl thio, per 
?uoro-loWer alkyl thio or cyano, and the other is 
hydrogen; 

[0062] c) one of R1 and R2 is loWer alkyl sulfonyl, halo, 
cyano, nitro or hydrogen and the other of said R1 and 
R2 is loWer alkyl sulfonyl; and 

[0063] d) one of R1 and R2 is per?uoro-loWer alkyl 
sulfonyl, loWer alkyl sulfonyl or hydrogen and the 
other of said R1 and R2 is per?uoro-loWer alkyl sulfo 
nyl, per?uoro-loWer alkyl. 

[0064] In accordance With another embodiment of the 
invention, Where R3 is cyclopentyl (Compounds I-D) are 
those compounds Where R4 is a mono-substituted pyridine 
ring. Among the embodiments of the mono-substituted 
pyridine (Compounds I-D4) are those compounds Where the 
mono-substitution is 

[0065] Wherein n and R7 are as above 

[0066] (compound I-D4(a)). Among the embodiments of 
compounds I-D4(a) are those compounds Where: 

[0067] 
halo; 

[0068] b) Wherein one of R1 and R2 is hydrogen and the 
other of said R1 and R2 is halo, amino, cyano or nitro; 
and 

[0069] c) one of R1 and R2 is per?uoro-loWer alkyl 
sulfonyl, loWer alkyl sulfonyl or hydrogen and the 
other of said R1 and R2 is per?uoro-loWer alkyl sulfonyl 
or loWer alkyl sulfonyl. 

a) Wherein R1 and R2 are each independently 

[0070] Other embodiments of the compounds of formula 
I-D4(b) are those compounds Where the pyridine ring is 
mono-substituted With —(CH2)n-OR6 Wherein n and R6 are 
as above (Compounds I-D4(b)). Among the embodiments of 
the compound I-D4(b) are those compounds Where: 
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[0071] a) one of R1 and R2 are halo and the other of said 
R1 and R2 is hydrogen or halo; and 

[0072] b) one of R1 and R2 is lower alkyl sulfonyl or 
hydrogen and the other of said R1 and R2 is loWer alkyl 
sulfonyl. 

[0073] Another embodiment of compounds Where R3 is 
cyclopentyl and R4 is a mono-substituted pyridine ring are 
those compounds Where the pyridine ring is mono-substi 
tuted With a halo or per?uoro-loWer alkyl substituent, the 
compound of formula I-D4(c). Among the embodiments of 
the compound of formula I-D4(c) are those compounds 
Where: 

[0074] a) one of R1 and R2 is halo or hydrogen and the 
other is halo; and 

[0075] b) one of R1 and R2 is halo, nitro or hydrogen 
and the other is per?uoro-loWer alkyl sulfonyl or loWer 
alkyl sulfonyl. 

[0076] In accordance With another embodiment of this 
invention are compounds of Where R3 is cyclopentyl and R4 
is a mono-substituted pyridine are those compounds Where 
the pyridine is mono-substituted With a nitro substituent, 
(Compound I-D4(d)). The embodiments of the compound 
I-D4(d) include compounds Where one of R1 and R2 is halo 
and other of said R1 or R2 is hydrogen, halo, or loWer alkyl 
sulfonyl. 
[0077] In accordance With another embodiment of this 
invention are compounds of formula I Where R3 is cyclo 
pentyl and R4 is mono-substituted pyridine and the mono 
substitution is a loWer alkyl group (Compounds I-D4(e)). 
Among the embodiments of compounds I-D4(e) are those 
compounds Where one of R1 and R2 is halo or hydrogen and 
the other of said R1 and R2 is halo, per?uoro-loWer alkyl, 
per?uoro-loWer alkyl sulfonyl, or loWer alkyl sulfonyl. 

[0078] In accordance With another embodiment of this 
invention Where R3 is cyclopentyl and R4 is a mono-substi 
tuted pyridine are those compounds Where the mono-sub 
stituent is 

O 

[0079] Wherein n and R are as above 

[0080] (Compound I-D4(f)). Among the embodiments of 
compound I-D4(f) are those compounds Wherein one of R1 
and R2 are independently selected from the group consisting 
of halo or hydrogen and the other of said R1 and R2 is halo, 
or loWer alkyl sulfonyl. 

[0081] Another embodiment of this invention Where R3 is 
cyclopentyl are those compounds Where R4 is an unsubsti 
tuted imidaZolyl (Compound I-DS). Among the embodi 
ments of compounds I-DS are those compounds Wherein one 
of R1 and R2 is selected from the group consisting of halo 
and hydrogen and the other of said R1 and R2 is halo, or 
loWer alkyl sulfonyl. 

[0082] Another embodiment of the compounds of this 
invention are those compounds Where R3 is cyclopentyl and 
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R4 is an isoXaZolyl ring (the compound I-D6). The embodi 
ments of compound I-D6 are those compounds Where the 
isoXaZolyl ring is unsubstituted or substituted, preferably 
mono-substituted. Among the mono-substituted substitu 
ents, the preferred substituents substituted on the isoXaZolyl 
ring is loWer alkyl. An embodiment of the compound I-D6, 
either Where the isoXaZolyl ring is unsubstituted or substi 
tuted With a loWer alkyl substituent are those compounds 
Where one of R1 and R2 is halo, nitro or per?uoro-loWer 
alkyl, loWer alkyl sulfonyl and the other of R1 and R2 is 
hydrogen or halo. 

[0083] Another embodiment of this invention Where R3 is 
cyclopentyl are those compounds Where R4 is either an 
unsubstituted oXaZolyl, or an oXaZolyl mono-substituted 
With a loWer alkyl group. Another embodiment With respect 
to either of those compounds are those compounds Where 
one of R1 or R2 is halo, nitro or per?uoro-loWer alkyl, loWer 
alkyl sulfonyl and the other is of R1 or R2 is hydrogen or 
halo. 

[0084] Another embodiment of this invention Where R3 is 
cyclopentyl are those compounds Where R4 is pyridaZinyl 
Which is either unsubstituted or substituted With a loWer 

alkyl group (Compound I-D7). Embodiments of the com 
pound I-D7 are encompassed by this invention include those 
compounds Where one of R1 or R2 is halo, nitro or per?uoro 
loWer alkyl, loWer alkyl sulfonyl and the other of said R1 or 
R2 is hydrogen or halo. 

[0085] Another embodiment of this invention Where R3 is 
cyclopentyl include compounds Where R4 is unsubstituted 
pyrimidinyl. The embodiments of those compounds Where 
R is cyclopentyl and R4 is unsubstituted pyrimidinyl include 
those compounds Where one of R1 or R2 is halo, nitro or 
per?uoro-loWer alkyl, loWer alkyl sulfonyl and the other is 
hydrogen or halo. 

[0086] Another embodiment of this invention includes 
compounds Where R3 is cyclopentyl Where R4 is an unsub 
stituted thiadiaZolyl ring. Among the embodiments included 
Within those compounds Where R3 is cyclopentyl and R4 is 
an unsubstituted thiadiaZolyl ring are those compounds 
Wherein one of R1 or R2 is halo, nitro or per?uoro-loWer 
alkyl, loWer alkyl sulfonyl and the other of said R1 and R2 
is hydrogen or halo. 

[0087] In accordance With other embodiments of this 
invention, R3 in the compound of formula I can be cyclo 
heptyl or cycloheXyl. The embodiments of the compound of 
formula I Where R3 is cycloheptyl or cycloheXyl include 
those compounds Where R4 is thiaZolyl Which can be mono 
substituted or unsubstituted. Embodiments included Within 
such compounds Where R3 is cycloheptyl or cycloheXyl and 
R4 is an unsubstituted thiaZolyl include those compounds 
Wherein one of R1 and R2 is halo, loWer alkyl sul?nyl, 
per?uoro-loWer alkyl sul?nyl, per?uoro-loWer alkyl, loWer 
alkyl sulfonyl and the other is of said R1 and R2 With halo, 
per?uoro-loWer alkyl or hydrogen. 

[0088] The compound of formula I can be prepared start 
ing from the compound of formula V by the folloWing 
Reaction Scheme: 
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Reaction Scheme 
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[0089] wherein R1, R2, R3 and R4 are as above. 

[0090] The carboxylic acids and their lower alkyl esters of 
formula V Wherein one of R1 and R2 is nitro, cyano, thio, 
amino, chloro, bromo, or iodo and the other is hydrogen are 
commercially available. In cases, Where only the carboxylic 
acids are available, they can be converted to the correspond 
ing esters of loWer alkyl alcohols using any conventional 
esteri?cation methods. All the reactions hereto forWard are 
to be carried out on loWer alkyl esters of the carboxylic acids 
of formula V. The amino substituted compounds of formula 
V can be converted to other substituents either before or 
after conversion to the compounds of formula 1-a‘. In this 
respect, the amino groups can be diazotized to yield the 
corresponding diazonium compound, Which in situ can be 
reacted With the desired loWer alkyl thiol, per?uoro-loWer 
alkyl thiol (see for example, Baleja, J. D. Synth. Comm. 
1984, 14, 215; Giam, C. S.; KikukaWa, K., J. Chem. Soc, 
Chem. Comm. 1980, 756; Kau, D.; Krushniski, J. H.; Rob 
ertson, D. W, J. Labelled Compa' Rad. 1985, 22, 1045; Oade, 
S.; Shinhama, K.; Kim, Y. H., Bull Chem Soc. Jpn. 1980, 53, 
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2023; Baker, B. R.; et al, J. Org. Chem. 1952, 17, 164) to 
yield corresponding compounds of formula V, Where one of 
the substituents is loWer alkyl thio, per?uoro-loWer alkyl 
thio and the other is hydrogen. If desired, the loWer alkyl 
thio or per?uoro-loWer alkyl thio compounds can then be 
converted to the corresponding loWer alkyl sulfonyl or 
per?uoro-loWer alkyl sulfonyl substituted compounds of 
formula V by oxidation. Any conventional method of oxi 
dizing alkyl thio substituents to sulfones can be utilized to 
effect this conversion. If it is desired to produce compounds 
of loWer alkyl or per?uoro-loWer alkyl groups of compounds 
of formula V, the corresponding halo substituted compounds 
of formula V can be used as starting materials. Any con 
ventional method of converting an aromatic halo group to 
the corresponding alkyl group (see for example, Katayama, 
T.; Umeno, M., Chem. Lett. 1991, 2073; Reddy, G. S.; Tam., 
Organometallics, 1984, 3, 630; Novak, J .; Salemink, C. A., 
Synthesis, 1983, 7, 597; Eapen, K. C.; Dua, S. S.; Tambo 
roski, C.,J. Org. Chem. 1984, 49, 478; Chen, Q, -Y.; Duan, 
J. -X. J. Chem. Soc. Chem. Comm. 1993, 1389; Clark, J. H.; 
McClinton, M. A.; Jone, C. W.; Landon, P.; Bisohp, D.; 
Blade, R. J., Tetrahedron Lett. 1989, 2133; PoWell, R. L.; 
Heaton, C. A, U.S. Pat. No. 5,113,013) can be utilized to 
effect this conversion. On the other hand, the thio substituent 
can be oxidized to a —SO3H group Which then can be 
converted to —SO2Cl Which is reacted With ammonia form 
the sulfonamide substituent —S(O)2—NH2. If the com 
pounds of formula V Wherein one or both of R1 and R2 is 
hydroxyamino, the corresponding nitro compounds can be 
used as starting material and can be converted to the 
corresponding compounds Where R1 and/or R2 are 
hydroxyamino. Any conventional method of converting a 
nitro group to the corresponding aromatic hydroxyamino 
compound can be used to affect this conversion. 

[0091] The carboxylic acids or esters of formula V 
Wherein both of R1 and R2 are chloro, or ?uoro are com 
mercially available. In cases, Where only the carboxylic 
acids are available, they can converted to the corresponding 
esters of loWer alkyl alcohols using any conventional esteri 
?cation method. To produce the compound of formula V 
Where both R1 and R2 are nitro, 3,4-dinitrotoluene can be 
used as starting material. This compound can be converted 
to the corresponding 3,4-dinitrophenyl acetic acid. This 
conversion can take place either before or after the com 
pound of formula V is converted to the compound of 
formula 1-a‘. Any conventional method of converting an aryl 
methyl group to the corresponding aryl acetic acid can be 
utilized to effect this conversion (see for example, Clark, R. 
D.; MuchoWski, J. M.; Fisher, L. E.; Flippin, L. A.; Repke, 
D. B.; Souchet, M, Synthesis, 1991, 871). The compounds of 
formula V Where both R1 and R2 substituents are amino can 
be obtained from the corresponding dinitro compound of 
formula V, described above. Any conventional method of 
reducing a nitro group to an amine can be utilized to effect 
this conversion. The compound of formula V Where both R1 
and R2 are amine groups can be used to prepare the corre 
sponding compound of formula V Where both R1 and R2 are 
iodine or bromine via a diazotization reaction. Any conven 
tional method of converting amino group to an iodo or 
bromo group (see for example, Lucas, H. J .; Kennedy, E. R. 
Org. Synth. Coil. Vol, II 1943, 351) can be utilized to effect 
this conversion. If it is desired to produce compounds of 
formula V, Where both R1 and R2 are loWer alkyl thio or 
per?uoro-loWer alkyl thio groups, the compound of formula 
V Where R1 and R2 are amino can be used as starting 
material. Any conventional method of converting aryl amino 
group to aryl thioalkyl group can be utilized to effect this 
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conversion. If it is desired to produce compound of formula 
V Where R1 and R2 are loWer alkyl sulfonyl or loWer 
per?uoro alkyl sulfonyl, the corresponding compounds of 
formula V Where R1 and R2 are loWer alkyl thio or per?uoro 
loWer alkyl thio can be used as starting material. Any 
conventional method of oxidizing alkyl thio substituents to 
sulfones can be utiliZed to effect this conversion. If it is 
desired to produce compounds of formula V, Where both R1 
and R2 are substituted With loWer alkyl or per?uoro-loWer 
alkyl groups, the corresponding halo substituted compounds 
of formula V can be used as starting materials. Any con 
ventional method of converting an aromatic halo group to 
the corresponding alkyl or per?uoro-loWer alkyl group can 
be utiliZed to effect this conversion. 

[0092] The carboxylic acids corresponding to the com 
pounds of formula V Where one of R1 and R2 is nitro and the 
other is halo are knoWn from the literature (see for 4-chloro 
3-nitrophenyl acetic acid, Tadayuki, S.; Hiroki, M.; Shinji, 
U.; Mitsuhiro, S. Japanese patent, JP 71-99504, Chemical 
Abstracts 80:59716; see for 4-nitro-3-chlorophenyl acetic 
acid, Zhu, J.; Beugelmans, R.; Bourdet, S.; Chastanet, J .; 
Rousssi, G. J. Org. Chem. 1995, 60, 6389; Beugelmans, R.; 
Bourdet, S.; Zhu, J. Tetrahedron Lett. 1995, 36, 1279). These 
carboxylic acids can be converted to the corresponding 
loWer alkyl esters using any conventional esteri?cation 
methods. Thus, if it is desired to produce the compound of 
formula V Where one of R1 and R2 is nitro and the other is 
loWer alkyl thio or per?uoro-loWer alkyl thio, the corre 
sponding compound Where one of R1 and R2 is nitro and the 
other is chloro can be used as starting material. In this 
reaction, any conventional method of nucleophilic displace 
ment of aromatic chlorine group With a loWer alkyl thiol can 
be used (see for example, Singh, P.; Batra, M. S.; Singh, H, 
J. Chem. Res-S 1985 (6), S204; Ono, M.; Nakamura, Y.; 
Sata, S.; Itoh, I, Chem. Lett, 1988, 1393; Wohrle, D.; Eskes, 
M.; Shigehara, K.; Yamada, A, Synthesis, 1993, 194; Sufter, 
M.; KunZ, W, U.S. patent, US. Pat. No. 5,169,951). Once 
the compounds of formula V Where one of R1 and R2 is nitro 
and the other is loWer alkyl thio or per?uoro-loWer alkyl thio 
are available, they can be converted to the corresponding 
compounds of formula V Where one of R1 and R2 is nitro and 
the other is loWer alkyl sulfonyl or per?uoro-loWer alkyl 
sulfonyl using conventional oxidation procedures. If it is 
desired to produce compounds of formula V Where one of R1 
and R2 is amino and the other is loWer alkyl thio or 
per?uoro-loWer alkyl thio, the corresponding compound 
Where one of R1 and R2 is nitro and the other is loWer alkyl 
thio or per?uoro-loWer alkyl thio can be used as starting 
materials. Any conventional method of reducing an aromatic 
nitro group to an amine can be utiliZed to effect this 
conversion. If it is desired to produce compounds of formula 
V Where one of R1 and R2 is loWer alkyl thio and the other 
is per?uoro-loWer alkyl thio, the corresponding compound 
Where one of R1 and R2 is amino and the other is loWer alkyl 
thio or per?uoro-loWer alkyl thio can be used as starting 
materials. Any conventional method of diaZotiZing aromatic 
amino group and reacting it in situ With the desired loWer 
alkyl thiol can be utiliZed to effect this conversion. If it is 
desired to produce compounds of formula V Where one of R1 
and R2 is loWer alkyl sulfonyl and the other is per?uoro 
loWer alkyl sulfonyl, the corresponding compounds Where 
one of R1 and R2 is loWer alkyl thio and the other is 
per?uoro-loWer alkyl thio, can be used as starting materials. 
Any conventional method of oxidiZing an aromatic thio 
ether group to the corresponding sulfone group can be 
utiliZed to effect this conversion. If it is desired to produce 
compounds of formula V Where one of R1 and R2 is halo and 
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the other is loWer alkyl thio or per?uoro-lovver alkyl thio, the 
corresponding compounds Where one of R and R2 is amino 
and the other is loWer alkyl thio or per?uoro-loWer alkyl thio 
can be used as starting materials. Any conventional method 
of diaZotiZing an aromatic amino group and conversion of it 
in situ to an aromatic halide can be utiliZed to effect this 
conversion. If it is desired to produce compounds of formula 
V Where one of R1 and R2 is halo and the other is loWer alkyl 
sulfonyl or per?uoro-loWer alkyl sulfonyl, the correspond 
ing compounds Where one of R1 and R2 is halo and the other 
is loWer alkyl thio or per?uoro-loWer alkyl thio can be used 
as starting materials. Any conventional method of oxidiZing 
an aromatic thio ether to the corresponding sulfone can be 
utiliZed to effect this conversion. If it is desired to produce 
compounds of various combinations of loWer alkyl and 
per?uoro-loWer alkyl groups of compounds of formula V, 
the corresponding halo substituted compounds of formula V 
can be used as starting materials. Any conventional method 
of converting an aromatic halo group to the corresponding 
alkyl group can be utiliZed to effect this conversion. If one 
Wishes to prepare the compound formula V Where one of R1 
and R2 is nitro and the other is amino, the compound of 
formula V Where one of R1 and R2 is nitro and other is chloro 
can be used as a starting material. The chloro substituent on 
the phenyl ring can be converted to an iodo substituent (see 
for example, Bunnett, J. F.; Conner, R. M.; Org. Synth. Coll 
Vol V 1973, 478; Clark, J. H.; Jones, C. W. J. Chem. Soc. 
Chem. Commun. 1987, 1409), Which in turn can be reacted 
With an aZide transferring agent to form the corresponding 
aZide (see for example, Suzuki, H.; Miyoshi, K.; Shinoda, 
M. Bull. Chem. Soc. Jpn, 1980, 53, 1765). This aZide can 
then be reduced in a conventional manner to form the amine 
substituent by reducing it With commonly used reducing 
agent for converting aZides to amines (see for example, Soai, 
K.; Yokoyama, S.; OokaWa, A. Synthesis, 1987, 48). 
[0093] If it is desired to produce the compound of formula 
V Where both R1 and R2 are cyano, this compound can be 
prepared as described hereinbefore from compounds Where 
R1 and R2 are amino via diaZotiZation to produce the 
diaZonium salt folloWed by reaction With cyano group 
transferring agent. If it is desired to convert the commer 
cially available compound to the compound of formula V 
Where one of R1 and R2 is cyano and the other is not cyano, 
the compound of formula V Where one of R1 and R2 is nitro 
and the other is chloro is used as a starting material. Using 
this starting material, the nitro is converted to the cyano and 
the halo is converted to any other desired R1 and R2 
substituent as described hereinbefore. 

[0094] If it is desired to produce the compound of formula 
V Wherein one of R1 or R2 is a 

—COR5 

0 

[0095] this compound can be formed from the correspond 
ing compound Where R1 and R2 is an amino group by 
converting the amino group to a diaZonium salt reacting the 
diaZonium salt With a hydrohalic acid to form the corre 
sponding halide and then reacting this halide With a Grig 
nard reagent to produce the corresponding acid Which can be 
esteri?ed. On the other hand, if one Wants to produce the 
compound of formula V Where both R1 and R2 are carboxy 
lic acid groups. This compound can be produced as 
described above from the corresponding compound of for 
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mula V Where both R1 and R2 are amino groups. In the same 
manner, the amino groups in the compound of formula V can 
be converted to the corresponding compound Where R1 or 
both of R1 or R2 is OR5 by simply reacting the amino group 
With sodium nitrate in sulfuric acid to convert the amino 
group to a hydroXy group and thereafter etherifying, if 
desired, the hydroXy group. 

[0096] The substituents Which form R1 and R2 can be 
added to the ring after condensation after the compound of 
formula XII With the compound of formula VIII to form the 
compound of formula I-a‘. Hence, all of the reactions 
described to produce various substituents of R1 and R2 in the 
compound of formula I can be carried out on the compound 
of formula I-a‘after its formation by the reaction of com 
pound of formula XII and VIII to form the compound of 
formula I-a‘. 

[0097] In the ?rst step of this Reaction Scheme, the alkyl 
halide of formula VI is reacted With the compound of 
formula V, to produce the compound of formula VII. In this 
reaction, if in the compounds of formula V, R1 or R2 is an 
amino group, such amino group(s) have to be protected 
before carrying out the alkylation reaction With the alkyl 
halide of formula VI. The amino group can be protected With 
any conventional acid removable group (see for eXample, for 
t-butyloXycarbonyl group see, BodansZky, M. Principles of 
Peptide Chemistry, Springer -Verlag, New York, 1984, p 99). 
The protecting group has to be removed from the amino 
groups after preparing the corresponding amine protected 
compounds of formula I-a‘ to obtain the corresponding 
amines. The compound of formula V is an organic acid 
having an alpha carbon atom and the compound of formula 
VI is an alkyl halide so that alkylation occurs at the alpha 
carbon atom of this carboXylic acid. This reaction is carried 
out by any conventional means of alkylation of the alpha 
carbon atom of a loWer alkyl ester of a carboXylic acid. 
Generally, in these alkylation reactions any alkyl halide is 
reacted With the anion generated from any acetic acid ester. 
The anion can be generated by using a strong organic base 
such as lithium diisopropylamide, n-butyl lithium as Well as 
other organic lithium bases. In carrying out this reaction, loW 
boiling ether solvents are utiliZed such as tetrahydrofuran at 
loW temperatures from —80° C. to about —10° C. being 
preferred. HoWever any temperature from —80° C. to room 
temperature can be used. 

[0098] The compound of formula VII can be converted to 
the compound of formula XII by any conventional proce 
dure to convert a carboXylic acid ester to an acid. The 
compound of formula XII is condensed With the compound 
of formula VIII via conventional peptide coupling to pro 
duce the compound of formula I-a‘. In carrying out this 
reaction, any conventional method of condensing a primary 
amine With a carboXylic acid can be utiliZed to effect this 
conversion. The required amino heteroaromatic compounds 
of formula VIII, are commercially available or can be 
prepared from the reported literature. The heteroaromatics 
of formula VIII, Wherein one of the substitutions is 
—(CH2)nCOOR7, Where n=0, 1, 2, 3, or 4 can be prepared 
from the corresponding carboXylic acid. Any conventional 
carbon homologation methods to convert a loWer carboXylic 
acid to its higher homologs, (see for example, Skeean, R. W.; 
Goel, O. P. Synthesis, 1990, 628) Which then can be con 
verted to the corresponding loWer alkyl esters using any 
conventional esteri?cation methods. The heteroaromatics of 
formula VIII, Wherein one of the claimed substitutions is 
—(CH2)nOR6, Where n=0, 1, 2, 3, or 4 can be prepared from 
the corresponding carboXylic acid. Any conventional carbon 
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homologation methods to convert a loWer carboXylic acid to 
its higher homologs, Which then can be converted to the 
corresponding alcohols using any conventional ester reduc 
tion methods. The heteroaromatics of formula VIII, Wherein 
one of the substituents is —COCOOR8, can be prepared 
from the corresponding halogen. Any conventional acylation 
method to convert an aromatic or heteroaromatic halogen to 
its oXoacetic acid loWer ester derivative (see for eXample, 
HayakaWa, K.; Yasukouchi, T.; Kanematsu, K. Tetrahedron 
Lett, 1987, 28, 5895) can be utiliZed. 

[0099] The compound of formula VII has an asymmetric 
carbon atom through Which the group —CH2R3 and the acid 
amide substituents are connected. In accordance With this 
invention, the preferred stereocon?guration of this group is 
R. 

[0100] If it is desired to produce the R or the S isomer of 
the compound of formula I, this compound can be separated 
into these isomers by any conventional chemical means. 
Among the preferred chemical means is to react the com 
pound of formula XII With an optically active base. Any 
conventional optically active base can be utiliZed to carry 
out this resolution. Among the preferred optically active 
bases are the optically active amine bases such as alpha 
methylbenZylamine, quinine, dehydroabietylamine and 
alpha-methylnaphthylamine. Any of the conventional tech 
niques utiliZed in resolving organic acids With optically 
active organic amine bases can be utiliZed in carrying out 
this reaction. 

[0101] In the resolution step, the compound of formula 
XII is reacted With the optically active base in an inert 
organic solvent medium to produce salts of the optically 
active amine With both the R and S isomers of the compound 
of formula XII. In the formation of these salts, temperatures 
and pressure are not critical and the salt formation can take 
place at room temperature and atmospheric pressure. The R 
and S salts can be separated by any conventional method 
such as fractional crystalliZation. After crystalliZation, each 
of the salts can be converted to the respective compounds of 
formula XII in the R and S con?guration by hydrolysis With 
an acid. Among the preferred acids are dilute aqueous acids, 
i.e., from about 0.001N to 2N aqueous acids, such as 
aqueous sulfuric or aqueous hydrochloric acid. The con?gu 
ration of formula XII Which is produced by this method of 
resolution is carried out throughout the entire reaction 
scheme to produce the desired R or S isomer of formula I. 
The separation of R and S isomers can also be achieved 
using an enZymatic ester hydrolysis of any loWer alkyl esters 
corresponding to the compound of the formula XII (see for 
eXample,Ahmar, M.; Girard, C.; Bloch, R, Tetrahedron Lett, 
1989, 7053), Which results in the formation of corresponding 
chiral acid and chiral ester. The ester and the acid can be 
separated by any conventional method of separating an acid 
from an ester. The preferred method of resolution of race 
mates of the compounds of the formula XII is via the 
formation of corresponding diastereomeric esters or amides. 
These diastereomeric esters or amides can be prepared by 
coupling the caboXylic acids of the formula XII With a chiral 
alcohol, or a chiral amine. This reaction can be carried out 
using any conventional method of coupling a carboXylic 
acid With an alcohol or an amine. The corresponding dias 
tereomers of compounds of the formula XII can then be 
separated using any conventional separation methods. The 
resulting pure diastereomeric esters or amides can then be 



US 2001/0039344 A1 

hydrolyzed to yield the corresponding pure R or S isomers. 
The hydrolysis reaction can be carried out using conven 
tional knoWn methods to hydrolyZe an ester or an amide 
Without racemiZation. 

[0102] All of the compounds of formula I Which include 
the compounds set forth in the Examples, activated glucoki 
nase in vitro by the procedure of Example A. In this manner, 
they increase the ?ux of glucose metabolism Which causes 
increased insulin secretion. Therefore, the compounds of 
formula I are glucokinase activators useful for increasing 
insulin secretion. 

[0103] The folloWing compounds Were tested and found to 
have excellent glucokinase activator in vivo activity When 
administered orally in accordance With the assay described 
in Example B: 

[0104] 3-Cyclopentyl-2-(4-methanesulfonyl-phenyl) 
N-thiaZol-2-yl-propionamide 

[0105] 3-Cyclopentyl-N-thiaZol-2-yl-2-(4-tri?uo 
romethoxy-phenyl)-propionamide 

[0106] 3-Cyclopentyl-N-thiaZol-2-yl-2-(4-tri?uo 
romethanesulfonyl-phenyl)-propionamide 

[0107] 3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N 
pyridin-2-yl-propionamide 

[0108] 6-[3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl) 
propionylamino]-nicotinic acid methyl ester 

[0109] N-(5-Chloro-pyridin-2-yl)-3-cyclopentyl-2(R) 
(3,4-dichloro-phenyl)-propionamide 

[0110] 3-Cyclopentyl-N-pyridin-2-yl-2-(4-tri?uo 
romethanesulfonyl-phenyl)-propionamide 

[0111] 3-Cyclopentyl-N-(5-methyl-pyridin-2-yl)-2-(4 
tri?uoromethanesulfonyl-phenyl)-propionamide 

[0112] 3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N 
(5-hydroxymethyl-pyridin-2-yl) propionamide 

[0113] 6-[3-Cyclopentyl-2-(4-tri?uoromethanesulfo 
nyl-phenyl)-propionylamino]-nicotinic acid methyl 
ester 

[0114] 3-Cyclopentyl-2-(3-?uoro-4-tri?uoromethyl 
phenyl)-N-pyridin-2-yl-propionamide 

[0115] 3-Cyclopentyl-2-(4-methanesulfonyl-3-nitro 
phenyl)-N-pyridin-2-yl-propionamide 

[0116] 2-(3-Bromo-4-methanesulfonyl-phenyl)-3-cy 
clopentyl-N-pyridin-2-yl-propionamide 

[0117] 2-(3-Cyano-4-methanesulfonyl-phenyl)-3-cy 
clopentyl-N-pyridin-2-yl-propionamide 

[0118] 2-(4-Chloro-3-nitro-phenyl)-3-cyclopentyl-N 
pyridin-2-yl-propionamide 

[0119] 2-(3-Chloro-4-methanesulfonyl-phenyl)-3-cy 
clopentyl-N-pyridin-2-yl-propionamide 

[0120] N-(5-Bromo-pyridin-2-yl)-2-(3-chloro-4-meth 
anesulfonyl-phenyl)-3-cyclopentyl-propionamide 

[0121] 2-[3-Chloro-4-methanesulfonyl-phenyl]-3-cy 
clopentyl-N-thiaZol-2-yl-propionamide 

[0122] (2R)-3-Cyclopentyl-2-(4-methanesulfonylphe 
nyl)-N-thiaZol-2-yl-propionamide 
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[0123] 2-(3-Bromo-4-methanesulfonyl-phenyl)-3-cy 
clopentyl-N-thiaZol-2-yl-propionamide 

[0124] 2-(3-Cyano-4-methanesulfonyl-phenyl)-3-cy 
clopentyl-N-thiaZol-2-yl-propionamide 

[0125] 3-Cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N 
thiaZol-2-yl-propionamide 

[0126] 3-Cyclopentyl-2-(4-methanesulfonyl-3-tri?uo 
romethyl-phenyl)-N-thiaZol-2-yl-propionamide 

[0127] N-(5-Bromo-pyridin-2-yl)-2(R)-(3-chloro-4 
methanesulfonyl-phenyl)-3-cyclopentyl-propionamide 

[0128] This invention Will be better understood from the 
folloWing examples, Which are for purposes of illustration 
and are not intended to limit the invention de?ned in the 
claims Which folloW thereafter. 

EXAMPLE 1 

(A) 3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-thia 
Zol-2-yl-propionamide: 

[0129] 

[0130] A solution of 3-cyclopentyl-2-(3,4-dichlorophe 
nyl)-propionic acid (prepared in Example 38, 2.0 g, 6.96 
mmol), benZotriaZol-1-yloxy-tris(dimethylamino)phospho 
nium hexa?uorophosphate (4.62 g, 10.44 mmol), and 2-ami 
nothiaZole (1.05 g, 10.44 mmol) in methylene chloride (50 
mL) at 25° C. Was treated With triethylamine (2.9 mL, 20.88 
mmol). The reaction mixture Was stirred for 14 h. The 
reaction mixture Was then diluted With Water (10 mL) and 
extracted With methylene chloride (3x10 mL). The com 
bined organic layers Were sequentially Washed With Water 
(1x10 mL), a 1N aqueous sodium hydroxide solution (1x10 
mL), a 1N aqueous hydrochloric acid solution (1x10 mL), 
and a saturated aqueous sodium chloride solution (1x10 
ML). The organic layer Was dried over sodium sulfate, 
?ltered, and concentrated in vacuo. Flash chromatography 
(Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl 
acetate) afforded 3-cyclopentyl-2-(3,4-dichlorophenyl)-N 
thiaZol-2-yl-propionamide (2.48 g, 96%) as a White solid: 
mp 143.5-145.5° C.; EI-HRMS m/e calcd for 
C17H18Cl2N2OS (M+) 368.0516, found 368.0516. 

[0131] (B) In an analogous manner, there Were obtained: 

[0132] (a) From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-(amino-thiaZol-4-yl)-oxo-acetic 
acid ethyl ester: {2-[3-Cyclopentyl-2-(3,4-dichloro 
phenyl)-propionylamino]-thiaZol-4-yl}-oxo-acetic acid 
ethyl ester as a White solid: mp 134-136° C.; FAB 
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HRMS m/e calcd for C21H22Cl2N2O4S (M+H)+ 
469.0755, found 469.0746. 

[0133] (b) From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-(amino-thiaZol-5-yl)-oxo-acetic 
acid ethyl ester: {2-[3-Cyclopentyl-2-(3,4-dichlorophe 
nyl)-propionylamino]-thiaZol-5-yl}-oxo-acetic acid 
ethyl ester as a White solid: mp 129-131° C.; FAB 

HRMS m/e calcd for C21H22Cl2N2O4S (M+H)+ 
469.0755, found 469.0765. 

[0134] (c) From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and (2-amino-thiaZol-4-yl)-acetic acid 
ethyl ester: {2-[3-Cyclopentyl-2-(3,4-dichlorophenyl) 
propionylamino]-thiaZol-4-yl}-acetic acid ethyl ester 
as a yelloW solid: mp 138-139° C.; FAB-HRMS m/e 

calcd for C21H24Cl2N2O3S (M+H)+455.0963, found 
455.0960. 

[0135] (d) From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-amino-5-methylthiaZole: 3-Cy 
clopentyl-2-(3,4-dichlorophenyl)-N-(5-methyl-thiaZol 
2-yl)-propionamide as a White solid: mp 142-143° C.; 

EI-HRMS m/e calcd for C18H2OCl2N2OS (M+) 
382.0673, found 382.0679. 

[0136] (e) From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-amino-4-methylthiaZole: 3-Cy 
clopentyl-2-(3,4-dichlorophenyl)-N-(4-methyl-thiaZol 
2-yl)-propionamide as a White foam: mp 151-152° C.; 

FAB-HRMS m/e calcd for C18H2OCl2N2OS (M+H)+ 
383.0751, found 383.0758. 

[0137] From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-amino-thiaZole-4-carboxylic acid 
ethyl ester: 2-[3-Cyclopentyl-2-(3,4-dichlorophenyl) 
propionylamino]-thiaZole-4-carboxylic acid ethyl ester 
as a White solid: mp 104-107° C.; FAB-HRMS m/e 

calcd for C20H22Cl2N2O3S (M+H)+441.0807, found 
441.0808. 

[0138] (g) From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-amino-thiaZole-5-carboxylic acid 
ethyl ester: 2-[3-Cyclopentyl-2-(3,4-dichlorophenyl) 
propionylamino]-thiaZole-5-carboxylic acid ethyl ester 
as a light yelloW solid: mp 136-137° C.; FAB-HRMS 
m/e calcd for C20H22Cl2N2O3S (M+H)+441.0807, 
found 441.0803. 

[0139] (h) From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-amino-5-nitrothiaZole: 3-Cyclo 
pentyl-2-(3,4-dichlorophenyl)-N-(5-nitro-thiaZol-2 
yl)-propionamide as an orange solid: mp 67-71° C.; 
FAB-HRMS m/e calcd for C17H17Cl2N3O3S (M+H)+ 
414.0446, found 414.0442. 

[0140] From 3-cyclopentyl-2-(3,4-dichlorophenyl) 
propionic acid and 2-amino-thiaZole-4-carboxylic acid 
amide: 2-[3-Cyclopentyl-2-(3,4-dichlorophenyl)-pro 
pionylamino]-thiaZole-4-carboxylic acid amide as a 
light orange solid: mp 120-122° C.; EI-HRMS m/e 
calcd for C18H19Cl2N3O2S (M+) 411.0575, found 
411.0572. 
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EXAMPLE 2 

2-(4-Bromo-phenyl)—3-cyclopentyl-N-thiaZol-2-yl 
propionamide 

[0141] 

Br 

[0142] A solution of diisopropylamine (7.7 mL, 54.88 
mmol) in dry tetrahydro?uran (23 mL) and 1,3-dimnethyl 
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (10 mL) Was cooled 
to —78° C. under nitrogen and then treated With a 2.5M 
solution of n-butyllithium in hexanes (22.0 mL, 54.88 
mmol). The resulting reaction mixture Was stirred at —78° C. 
for 30 min and then treated dropWise With a solution of 
4-bromophenylacetic acid (5.62 g, 26.13 mmol) in dry 
tetrahydro?iran (23 mL) and 1,3-dimethyl-3,4,5,6-tetrahy 
dro-2(1H)-pyrimidinone (10 mL). The reaction mixture 
turned dark in color and Was alloWed to stir at —78° C. for 
1 h, at Which time, a solution of iodomethylcyclopentane 
(5.76 g, 27.44 mmol) in a small amount of dry tetrahydro 
furan Was added dropWise. The reaction mixture Was 
alloWed to Warm to 25° C. Where it Was stirred for 24 h. The 
reaction mixture Was quenched With Water and then con 
centrated in vacuo to remove tetrahydro?iran. The aqueous 
residue Was acidi?ed using a 10% aqueous hydrochloric acid 
solution. The resulting aqueous layer Was extracted With 
ethyl acetate (2x100 mL). The combined organic extracts 
Were dried over sodium sulfate, ?ltered, and concentrated in 
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 
mesh, 3/1 hexanes/ethyl acetate) afforded 2-(4-bromo-phe 
nyl)-3-cyclopentyl-propionic acid (3.88 g, 50%) as a light 
yelloW solid: mp 91-93° C.; EI-HRMS m/e calcd for 
CNHNBrO2 (+) 296.0412, found 296.0417. 

[0143] A solution of 2-(4-bromo-phenyl)-3-cyclopentyl 
propionic acid (1.01 g, 3.39 mmol) in methylene chloride 
(8.5 mL) Was treated With 2 drops of dry N,N-dimethylfor 
mamide. The reaction mixture Was cooled to 00 C. and then 
treated With oxalyl chloride (3 mL, 33.98 mmol). The 
reaction mixture Was stirred at 0° C. for 10 min and then 
stirred at 25° C. for 15 h. The reaction mixture Was con 
centrated in vacuo. The resulting yelloW oil Was dissolved in 
a small amount of methylene chloride and sloWly added to 
a cooled solution (0° C.) of 2-aminothiaZole (680.6 mg, 6.79 
mmol) and N,N-diisopropylethylamine (1.2 mL, 6.79 mmol) 
in methylene chloride (17 mL). The resulting reaction mix 
ture Was stirred at 0° C. for 10 min and then at 25° C. for 15 
h. The reaction mixture Was concentrated in vacuo to 
remove methylene chloride. The resulting residue Was 
diluted With ethyl acetate (200 mL). The organic phase Was 
Washed With a 10% aqueous hydrochloric acid solution 
(2x100 mL), Washed With a saturated aqueous sodium 
bicarbonate solution (2x100 mL), and Washed With a satu 
rated aqueous sodium chloride solution (1><100 mL). The 
organic layer Was then dried over sodium sulfate, ?ltered, 
and concentrated in vacuo to afford 2-(4-bromo-phenyl)-3 
cyclopentyl-N-thiaZol-2-yl-propionamide (1.23 g, 95%) as 
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an orange solid Which Was used in subsequent reactions 
Without further puri?cation. An analytical sample Was 
recrystallized from ethyl acetate to provide a cream solid: 
mp 201-202° C.; EI-HRMS m/e calcd for C17H19BrN2OS 
(M+) 378.0401, found 378.0405. 

EXAMPLE 3 

(A) 3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-N 
thiaZol-2-yl-propionamide 

[0144] 

[0145] A solution of diisopropylamine (3.3 mL, 23.5 
mmol) in dry tetrahydrofuran (50 mL) and 1,3-dimethyl-3, 
4,5 ,6-tetrahydro-2(1H)-pyrimidinone (10 mL) Was cooled to 
—78° C. under nitrogen and then treated With a lOM solution 
of n-butyllithium in hexanes (2.35 mL, 23.5 mmol). The 
yelloW reaction mixture Was stirred at —78° C. for 30 min 
and then treated dropWise With a solution of 4-methylsul 
fonylphenylacetic acid (2.40 g, 11.2 mmol) in a small 
amount of dry tetrahydrofuran. After approximately one-half 
of the 4-methylsulfonylphenylacetic acid in dry tetrahydro 
furan Was added, a precipitate formed. Upon further addition 
of the remaining 4-methylsulfonylphenylacetic acid in dry 
tetrahydrofuran, the reaction mixture became thick in nature. 
After complete addition of the 4-methylsulfonylphenylace 
tic acid in dry tetrahydrofuran, the reaction mixture Was very 
thick and became dif?cult to stir. An additional amount of 
dry tetrahydrofuran (20 mL) Was added to the thick reaction 
mixture, and the reaction mixture Was stirred at —78° C. for 
45 min, at Which time, a solution of iodomethylcyclopentane 
(2.35 g, 11.2 mmol) in a small amount of dry tetrahydrofuran 
Was added dropWise. The reaction mixture Was alloWed to 
Warm to 25° C. Where it Was stirred for 15 h. The reaction 
mixture Was quenched With Water (100 mL), and the result 
ing yelloW reaction mixture Was concentrated in vacuo to 
remove tetrahydrofuran. The aqueous residue Was acidi?ed 
to pH=2 using concentrated hydrochloric acid. The aqueous 
layer Was extracted With ethyl acetate. The organic phase 
Was dried over magnesium sulfate, ?ltered, and concentrated 
in vacuo. Flash chromatography (Merck Silica gel 60, 
230-400 mesh, 1/3 hexanes/ethyl acetate) afforded 3-cyclo 
pentyl-2-(4-methanesulfonyl-phenyl)propionic acid (1.80 g, 
52%) as a White solid: mp 152-154° C.; EI-HRMS m/e calcd 
for C15H20O4S (M+) 296.1082, found 296.1080. 

[0146] A solution of 3-cyclopentyl-2-(4-methanesulfonyl 
phenyl)propionic acid (4.91 g, 16.56 mmol) and triph 
enylphosphine (6.52 g, 24.85 mmol) in methylene chloride 
(41 mL) Was cooled to 0° C. and then treated With N-bro 
mosuccinimide (5.01 g, 28.16 mmol) in small portions. The 
reaction mixture color changed from light yelloW to a darker 
yelloW then to broWn. After the complete addition of N-bro 
mosuccinimide, the reaction mixture Was alloWed to Warm 
to 25° C. over 30 min. The broWn reaction mixture Was then 
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treated With 2-aminothiaZole (4.98 g, 49.69 mmol). The 
resulting reaction mixture Was stirred at 25° C. for 19 h. The 
reaction mixture Was then concentrated in vacuo to remove 
methylene chloride. The remaining black residue Was 
diluted With a 10% aqueous hydrochloric acid solution (400 
mL) and then extracted With ethyl acetate (3><200 mL). The 
combined organic layers Were Washed With a saturated 
aqueous sodium chloride solution (1><200 mL), dried over 
sodium sulfate, ?ltered, and concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 70-230 mesh, 3/1 
hexanes/ethyl acetate then 1/1 hexanes/ethyl acetate) 
afforded 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-N 
thiaZol-2-yl-propionamide (4.49 g, 72%) as a White solid: 
mp 216-217° C.; EI-HRMS m/e calcd for 
C18H22N2O3S2(M+) 378.1072, found 378.1071. 

[0147] (B) In an analogous manner, there Were obtained: 

[0148] (a) From 3-cyclopentyl-2-(4-methanesulfonyl 
phenyl)propionic acid and 2-aminothiaZole-4-carboxy 
lic acid methyl ester: 2-[3-Cyclopentyl-2-(4-methane 
sulfonyl-phenyl)-propionylamino]-thiaZole-4 
carboxylic acid methyl ester as a tan solid: mp 126 
128° C.; EI-HRMS m/e calcd for C2OH24N2O5S2 (M) 
436.1127, found 436.1119. 

[0149] (b) From 3-cyclopentyl-2-(4-methanesulfonyl 
phenyl)propionic acid and 2-aminothiaZole-4-carboxy 
lic acid ethyl ester: 2-[3-Cyclopentyl-2-(4-methane 
sulfonyl-phenyl)-propionylamino]-thiaZole-4 
carboxylic acid ethyl ester as a light yelloW solid: mp 
101-103° C.; EI-HRMS m/e calcd for CZJLHZGNZOSS2 
(M+) 450.1283, found 450.1284. 

[0150] (c) From 3-cyclopentyl-2-(4-methanesulfonyl 
phenyl)propionic acid and methyl 2-amino-4 thiaZ 
oleacetate: {2-[3-Cyclopentyl-2-(4-methanesulfonyl 
phenyl)-propionylamino]-thiaZol-4-yl}-acetic acid 
methyl ester as a yelloW solid: mp 63-65° C.; EI-HRMS 
mn/e calcd for C21H26N2O5S2 (M+) 450.1283, found 
450.1294. 

[0151] (d) From 3-cyclopentyl-2-(4-methanesulfonyl 
phenyl)propionic acid and ethyl 2-amino-4-thiaZoleac 
etate: {2-[3-Cyclopentyl-2-(4-methanesulfonyl-phe 
nyl)-propionylamino]-thiaZol-4-yl}-acetic acid ethyl 
ester as a light yelloW solid: mp 61-63° C.; EI-HRMS 
m/e calcd for C22H28N2O5S2 (M+) 464.1440, found 
464.1431. 

EXAMPLE 4 

2-(4-Amino-phenyl)-3-cyclopentyl-N-thiaZol-2-yl 
propionamide 

[0152] 
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[0153] A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-N 
thiaZol-2-yl-propionamide (prepared in Example 22, 345 
mg, 1.0 mmol) in ethyl acetate (100 mL) Was treated With 
10% palladium on activated carbon (34.5 mg). The reaction 
mixture Was stirred under hydrogen gas at 60 psi at 25° C. 
for 6 h. The catalyst Was then ?ltered off through a pad of 
celite (ethyl acetate). The ?ltrate Was concentrated in vacuo 
to give 2-(4-amino—phenyl)-3-cyclopentyl-N-thiaZol-2-yl 
propionamide (288.3 mg, 91.4%) as a yelloW solid: mp 
102-107° C.; EI-HRMS m/e calcd for C17H21N3OS (M+) 
315.1405, found 315.1401. 

EXAMPLE 5 

2-(3-Amino-phenyl)-3-cyclopentyl-N-thiaZol-2-yl 
propionamide 

[0154] 

[0155] A solution of (3-nitro-phenyl)-acetic acid (5.0 g, 
27.6 mmol) in methanol (50 mL) Was treated With a catalytic 
amount of sulfuric acid. The reaction mixture Was re?uxed 
for 48 h. The reaction Was then concentrated in vacuo. The 
residue Was dissolved in methylene chloride (50 mL) and 
Washed With a saturated aqueous sodium bicarbonate solu 
tion (2><25 mL), Water (1><50 mL), and a saturated aqueous 
sodium chloride solution (1><50 mL). The combined organic 
layers Were dried over sodium sulfate, ?ltered, and concen 
trated in vacuo to give (4-nitro-phenyl)-acetic acid methyl 
ester (5.27 g, 97.9%) as a pale yelloW solid: mp 29-30° C.; 
EI-HRMS m/e calcd for CQHQNO4 (M+) 195.0531, found 
195.0532. 

[0156] A solution of freshly prepared lithium diisopropy 
lamide (43.3 mL of a 0.3M stock solution, 12.99 mmol) 
cooled to —78° C. Was treated With (3-nitro-phenyl)-acetic 
acid methyl ester (2.45 g, 12.56 mmol) in tetrahydrofuran/ 
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (32 
mL, 3: 1). The resulting solution Was stirred at —78° C. for 45 
min. Iodomethylcyclopentane (2.78 g, 13.23 mmol) Was 
then added in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyri 
midinone (2.78 mL), and the mixture Was stirred at —78° C. 
for 3 h. The reaction Was Warmed to 25° C. and Was stirred 
at 25° C. for 16 h. The reaction mixture Was then quenched 
by the dropWise addition of a saturated aqueous ammonium 
chloride solution (25 mL) and Was concentrated in vacuo. 
The residue Was diluted With Water (50 mL) and extracted 
With ethyl acetate (3><50 mL). The organics Were Washed 
With a saturated aqueous lithium chloride solution (2><25 
mL), dried over sodium sulfate, ?ltered, and concentrated in 
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 
mesh 80/20 hexanes/ethyl acetate) afforded 3-cyclopentyl 
2-(3-nitro-phenyl)-propionic acid methyl ester (1.63 g, 
46.8%) as pale yelloW oil: EI-HRMS m/e calcd for 
ClsHlgNO4 (M+) 277.1314, found 277.1317. 
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[0157] A solution of 3-cyclopentyl-2-(3-nitro-phenyl) 
propionic acid methyl ester (0.55 g, 2.0 mmol) in tetrahy 
drofuran/Water (10 mL, 3:1) Was treated With lithium 
hydroxide (185 mg, 4.40 mmol). The reaction Was stirred at 
25° C. for 48 h. The tetrahydrofuran Was then removed in 
vacuo. The residue Was diluted With Water (25 mL) and 
extracted With ether (1><20 mL). The aqueous layer Was 
acidi?ed to pH=2 With a 3N aqueous hydrochloric acid 
solution. The product Was extracted into methylene chloride 
(3><25 mL), Washed With a saturated aqueous sodium chlo 
ride solution (2><25 mL), dried over sodium sulfate, ?ltered, 
and concentrated in vacuo to give 3-cyclopentyl-2-(3-nitro 
phenyl)-propionic acid (0.48 g, 91.9%) as a tan solid: mp 
95-99° C.; EI-HRMS m/e calcd for CMHNNO4 (M+) 
263.1157, found 263.1156. 

[0158] A solution of 3-cyclopentyl-2-(3-nitro-phenyl) 
propionic acid (432 mg, 1.64 mmol) in methylene chloride 
(16 mL) Was cooled to 00 C. and then treated With a 2.0M 
solution of oxalyl chloride in methylene chloride (0.90 mL, 
1.80 mmol) and a feW drops of N,N-dimethylformamide. 
The reaction mixture Was stirred at 0° C. for 15 min and at 
25° C. for 1.2 h. The reaction mixture Was then treated With 
a solution of 2-aminothiaZole (361.4 mg, 3.61 mmol) in 
tetrahydrofuran (16 mL) and N,N-diisopropylethylamine 
(0.70 mL, 3.93 mmol). The reaction mixture Was stirred at 
25° C. for 6 h. At this time, the reaction Was concentrated in 
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 
mesh 70/30 hexanes/ethyl acetate) afforded 3-cyclopentyl 
2-(nitrophenyl)—N-thiazol-2-yl-propionamide (409.3 mg, 
72.2%) as a tan solid: mp 171-174° C.; EI-HRMS m/e calcd 
for C17H19N3O3S (M+) 345.1147, found 345.1153. 
[0159] A solution of 3-cyclopentyl-2-(nitrophenyl)-N 
thiaZol-2-yl-propionamide (327.8 mg, 0.95 mmol) in ethyl 
acetate (25 mL) Was treated With 10% palladium on acti 
vated carbon. The reaction mixture Was stirred under hydro 
gen gas at 60 psi at 25° C. for 3 h. The catalyst Was then 
?ltered off through a pad of celite (ethyl acetate). The ?ltrate 
Was concentrated in vacuo to give 2-(3-amino-phenyl)-3 
cyclopentyl-N-thiaZol-2-yl-propionamide (310 mg, 100%) 
as a White solid: mp 158-160° C.; EI-HRMS m/e calcd for 
C17H21N3OS (M+) 315.1405, found 315.1405. 

EXAMPLE 6 

2-(3-Chloro—phenyl)-3-cyclopentyl-N-thiaZol-2-yl 
propionamide 

[0160] 

[0161] (3-Chloro-phenyl)-acetic acid (6.03 g, 0.03 mol) 
Was dissolved in ethanol (37.7 mL) and treated With a 
catalytic amount of sulfuric acid. The reaction mixture Was 
re?uxed for 12 h. The reaction Was concentrated in vacuo. 
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 
50/50 hexanes/ethyl acetate) afforded (3-chloro-phenyl) 
acetic acid ethyl ester (6.10 g, 86.8%) as a clear oil: 
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EI-HRMS m/e calcd for CloHnClO2 (M+) 198.0448, found 
198.0442. 

[0162] A solution of freshly prepared lithium diisopropy 
lamide (23 mL of 0.31M stock solution, 7.13 mmol) cooled 
to —78° C. Was treated With (3-chloro-phenyl)-acetic acid 
ethyl ester (1.28 g, 6.48 mmol) in tetrahydro?ran/hexam 
ethylphosphoramide (16.1 mL, 3:1). The resulting solution 
Was stirred at —78° C. for 45 min. At this time, the reaction 
Was treated With a solution of iodomethylcyclopentane (1.50 
g, 7.13 mmol) in hexamethylphosphoramide (1 mL). The 
reaction mixture Was stirred at —78° C. for 4 h. The reaction 
Was Warmed to 25° C. and stirred at 25° C. for 16 h. The 
reaction mixture Was then quenched by the dropWise addi 
tion of a saturated aqueous ammonium chloride solution (20 
mL). This mixture Was poured into Water (100 mL) and 
extracted With ethyl acetate (3><50 mL). The organics Were 
dried over sodium sulfate, ?ltered, and concentrated in 
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 
mesh, 75/25 hexanes/ethyl acetate) afforded 2-(3-chloro 
phenyl)-3-cyclopentyl-propionic acid ethyl ester (1.70 g, 
93%) as a yelloW oil: EI-HRMS m/e calcd for CMHzlClO2 
(M+) 280.1230, found 280.1238. 
[0163] A mixture of 2-(3-chloro-phenyl)-3-cyclopentyl 
propionic acid ethyl ester (1.70 g, 6.05 mmol) and methyl 
urea (673 mg, 9.08 mmol) in a solution of magnesium 
methoxide in methanol (7.4 Wt %, 17.3 mL, 12.1 mmol) Was 
re?uxed at 100° C. for 6 h. The reaction mixture Was then 
concentrated in vacuo. Flash chromatography (Merck Silica 
gel 60, 230-400 mesh, 75/25 hexanes/ethyl acetate) afforded 
1-[2-(3-chloro-phenyl)-3-cyclopentyl-propionyl]-3-methyl 
urea (149.1 mg, 8%) as a White solid: mp 52-55° C.; 
EI-HRMS m/e calcd for C16H21ClN2O2 (M+) 308.1292, 
found 308.1287. The methyl ester of the starting material 
Was recovered from the reaction mixture due to transesteri 
?cation. 

[0164] A mixture of 2-(3-chloro-phenyl)-3-cyclopentyl 
propionic acid methyl ester (113 mg, 0.42 mmol) and 
2-aminothiaZole (84 mg, 0.84 mnuol) in a solution of 
magnesium methoxide in methanol (7.4 Wt %, 2.4 mL, 1.69 
mmol) Was re?uxed at 100° C. for 20 h. The reaction 
mixture Was then concentrated in vacuo. Flash chromatog 
raphy (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ 
ethyl acetate) afforded 2-(3-chloro-phenyl)-3-cyclopentyl 
N-thiaZol-2-yl-propionamide (87 mg, 53%) as a White solid: 
mp 138.8-141.2° C.; EI-HRMS m/e calcd for 
C17H19ClN2OS (M+) 334.0906, found 334.0907. 

EXAMPLE 7 

2-(4-Chloro-phenyl)-3-cyclopentyl-N-thiaZol-2-yl 
propionamide 

[0165] 

[0166] Asolution of (4-chloro-phenyl)-acetic acid (6.29 g, 
0.03 mol) in ethanol (38.4 mL) Was treated With a catalytic 
amount of sulfuric acid. The reaction mixture Was re?uxed 
for 12 h. The reaction Was then concentrated in vacuo. Flash 
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chromatography (Merck Silica gel 60, 230-400 mesh, 50/50 
hexanes/ethyl acetate) afforded (4-chloro-phenyl)-acetic 
acid ethyl ester (6.45 g, 88%) as a pale yelloW solid: mp 
39-41° C.; EI-HRMS m/e calcd for CloHllC2 (M+) 
198.0448, found 198.0452. 

[0167] A solution of freshly prepared lithium diisopropy 
lamide (23.0 mL of 0.31M stock solution, 7.13 mmol) 
cooled to —78° C. Was treated With (4-chloro-phenyl)-acetic 
acid ethyl ester (1.28 g, 6.48 mmol) in tetrahydrofuran/ 
hexamethylphosphoramide (16.1 mL, 3:1). The resulting 
solution Was stirred at —78° C. for 45 min. At this time, the 
reaction Was treated With a solution of iodomethylcyclopen 
tane (1.50 mg, 7.13 mrmol) in hexamethylphosphoramide (1 
mL). The reaction mixture Was stirred at —78° C. for 4 h. The 
reaction Was Warmed to 25° C. and stirred at 25° C. for 16 
h. The reaction mixture Was then quenched by the dropWise 
addition of a saturated aqueous ammonium chloride solution 
(20 mL). This mixture Was poured into Water (100 mL) and 
extracted With ethyl acetate (3><50 mL). The organics Were 
dried over sodium sulfate, ?ltered, and concentrated in 
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 
mesh, 75/25 hexanes/ethyl acetate) afforded 2-(4-chloro 
phenyl)-3-cyclopentyl-propionic acid ethyl ester (1.65 g, 
90.9%) as a yelloW oil: EI-HRMS m/e calcd for 
C16H21Cl2O2 (M+) 280.1230, found 280.1227. 
[0168] A mixture of 2-(4-chloro-phenyl)-3-cyclopentyl 
propionic acid ethyl ester (1.65 g, 5.89 mmol) and methyl 
urea (654 mg, 8.83 mmol) in a solution of magnesium 
methoxide in methanol (7.4 Wt %, 16.9 mL, 11.78 mmol) 
Was re?uxed at 100° C. for 6 h. The reaction mixture Was 
then concentrated in vacuo. Flash chromatography (Merck 
Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl acetate) 
afforded 1-[2-(4-chloro-phenyl)-3-cyclopentyl-propionyl] 
3-methyl-urea (105.3 mg, 5.8%) as a White solid: mp 145 
147° C.; EI-HRMS m/e calcd for Cl?HnClNzO2 (M+) 
308.1292, found 308.1291. The methyl ester of the starting 
material Was recovered from the reaction mixture due to 
transesteri?cation. 

[0169] A mixture of 2-(4-chloro-phenyl)-3-cyclopentyl 
propionic acid methyl ester (648 mg, 2.43 mmol) and 
2-aminothiaZole (487 mg, 4.86 mmol) in a solution of 
magnesium methoxide in methanol (7.4 Wt %, 14.0 mL, 9.72 
mmol) Was re?uxed at 100° C. for 20 h. The reaction 
mixture Was then concentrated in vacuo. Flash chromatog 
raphy (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ 
ethyl acetate) afforded 2-(4-chloro-phenyl)-3-cyclopentyl 
N-thiaZol-2-yl-propionamide (286 mg, 35%) as a White 
solid: mp 156.6-159.8° C.; EI-HRMS m/e calcd for 
C17H19ClN2OS (M+) 334.0906, found 334.0910. 

EXAMPLE 8 

3-Cyclopentyl—N-thiaZol-2-yl-2-(4-tri?uoromethyl 
phenyl)-propionamide 

[0170] 
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[0171] A solution of freshly prepared lithium diisopropy 
lamide (23 mL of a 0.31M stock solution, 7.13 mmol) cooled 
to —78° C. Was treated With (4-tri?uoromethyl-phenyl) 
acetic acid (693 mg, 3.4 mmol) in tetrahydrofuran/hexam 
ethylphosphoramide (8.5 mL, 3:1). The resulting solution 
Was stirred at —78° C. for 30 min. Iodomethylcyclopentane 
(784 mg, 3.7 mmol) Was then added in hexamethylphos 
phoramide (1 mL). The mixture Was stirred at —78° C. for 4 
h. The reaction Was then Warmed to 25° C. and Was stirred 
at 25° C. for 16 h. The reaction mixture Was then quenched 
by the dropWise addition of a saturated aqueous ammonium 
chloride solution (10 mL). The excess solvent Was removed 
in vacuo. The residue Was acidi?ed to pH=1 With a 1N 
aqueous hydrochloric acid solution. The mixture Was then 
poured into Water (150 mL) and extracted With ethyl acetate 
(3><100 mL). The organics Were dried over sodium sulfate, 
?ltered, and concentrated in vacuo. Flash chromatography 
(Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl 
acetate) afforded 3-cyclopentyl-2-(4-tri?uoromethyl-phe 
nyl)-propionic acid (634.9 mg, 65%) as a White solid: mp 
94-95° C.; EI-HRMS m/e calcd for C15H17F3O2 (M+) 
309.1079, found 309.1072. 

[0172] A solution of 3-cyclopentyl-2-(4-tri?uoromethyl 
phenyl)-propionic acid (185 mg, 0.64 mmol) in methylene 
chloride (6.5 mL) Was cooled to 00 C. and Was treated With 
a 2.0M solution of oxalyl chloride in methylene chloride 
(0.35 mL, 0.71 mmol) and a feW drops of N,N-dimethyl 
formamide. The reaction mixture Was stirred at 0° C. for 10 
min and at 25° C. for 30 min. The reaction mixture Was then 
treated With a solution of 2-aminothiaZole (142 mg, 1.42 
mmol) in tetrahydrofuran (3.23 mL) and N,N-diisopropyl 
ethylamine (0.27 mL, 1.55 mmol). The solution Was stirred 
at 25° C. for 5 h. At this time, the reaction Was concentrated 
in vacuo. Flash chromatography (Merck Silica gel 60, 
230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 3-cy 
clopentyl-N-thiaZol-2-yl-2-(4-tri?uoromethyl-phenyl)-pro 
pionamide (127 mg, 53.3%) as a White solid: mp 210-212° 
C.; EI-HRMS m/e calcd for C18H19F3N2OS (M+) 368.1175, 
found 368.1170. 

EXAMPLE 9 

3-Cyclopentyl-2-(4-methylsulfanyl-phenyl)-N-thia 
Zol-2-yl-propionamide 

[0173] 

CH3 

[0174] A solution of diisopropylamine (3.2 mL, 23.16 
mnmol) in dry tetrahydrofuran (10.3 mL) and 1,3-dimethyl 
3,4,5 ,6-tetrahydro-2(1H)-pyrimidinone (3.4 mL) Was cooled 
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to —78° C. under nitrogen and then treated With a lOM 
solution of n-butyllithium in hexanes (2.3 mL, 23.16 mmol). 
The resulting reaction mixture Was stirred at —78° C. for 30 
min and then treated dropWise With a solution of 4-(meth 
ylthio)phenylacetic acid (2.01 g, 11.03 mmol) in dry tet 
rahydrofuran (10.3 mL) and 1,3-dimethyl-3,4,5,6-tetrahy 
dro-2(1H)-pyrimidinone (3.4 mL). The reaction mixture Was 
alloWed to stir at —78° C. for 1 h, at Which time, a solution 
of iodomethylcyclopentane (2.55 g, 12.13 mmol) in a small 
amount of dry tetrahydrofuran Was added dropWise. The 
reaction mixture Was stirred at —78° C. for 30 min and then 
alloWed to Warm to 25° C. Where it Was stirred for 24 h. The 
reaction mixture Was quenched With Water and then con 
centrated in vacuo to remove tetrahydrofuran. The remain 
ing aqueous phase Was acidi?ed to pH=2 With a 10% 
aqueous hydrochloric acid solution and then extracted With 
ethyl acetate (200 mL). The organic layer Was Washed With 
a saturated aqueous sodium chloride solution (1><100 mL), 
dried over sodium sulfate, ?ltered, and concentrated in 
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 
mesh, 3/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2 
(4-methylsulfanyl-phenyl)propionic acid (1.01 g, 35%) as a 
cream solid: mp 91-93° C.; EI-HRMS m/e calcd for 
C15H20O2S (M+) 264.1184, found 264.1177. 

[0175] A solution of 3-cyclopentyl-2-(4-methylsulfanyl 
phenyl)propionic acid (200 mg, 0.76 mmol) and triph 
enylphosphine (198 mg, 0.76 mmol) in methylene chloride 
(2 mL) Was cooled to 0° C. and then treated With N-bro 
mosuccinimide (150 mg, 0.84 mmol) in small portions. 
After the complete addition of N-bromosuccinimide, the 
reaction mixture Was alloWed to Warm to 25 ° C. over 30 min. 
The reaction mixture Was then treated With 2-aminothiaZole 
(160 mg, 1.60 mmol), and the resulting reaction mixture Was 
stirred at 25° C. for 15 h. The reaction mixture Was then 
concentrated in vacuo to remove methylene chloride. The 
remaining residue Was diluted With Water and ethyl acetate. 
The organic layer Was further Washed With a 1N aqueous 
hydrochloric acid solution, Washed With a saturated aqueous 
sodium bicarbonate solution, dried over magnesium sulfate, 
?ltered, and concentrated in vacuo. Flash chromatography 
(Merck Silica gel 60, 230-400 mesh, 2/1 hexanes/ethyl 
acetate) afforded crude 3-cyclopentyl-2-(4-methylsulfanyl 
phenyl)-N-thiaZol-2-yl-propionamide as a yelloW solid. 
Recrystallization from 2/1 hexanes/ethyl acetate afforded 
pure 3-cyclopentyl-2-(4-methylsulfanyl-phenyl)-N-thiaZol 
2-yl-propionamide (114 mg, 44%) as a White solid: mp 
195-196° C.; EI-HRMS m/e calcd for C18H22N2OS2 (M+) 
346.1174, found 346.1171. 

EXAMPLE 10 

3-Cyclopentyl-N-thiaZol-2-yl-2-(4-tri?uoromethyl 
sulfanyl-phenyl)-propionamide 

[0176] 

CH3 
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[0177] A solution of duisopropylamine (2.4 mL, 16.80 
mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3, 
4,5,6-tetrahydro-2(1H)-pyrimidinone (2.5 mL) Was cooled 
to —78° C. under nitrogen and then treated With a 2.5M 
solution of n-butyllithium in hexanes (6.7 mL, 16.80 mmol). 
The resulting reaction mixture Was stirred at —78° C. for 30 
min and then treated dropWise With a solution of 4-(tri?uo 
romethylthio)phenylacetic acid (1.89 g, 8.00 mmol) in dry 
tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahy 
dro-2(1H)-pyrimidinone (2.5 mL). The reaction mixture Was 
alloWed to stir at —78° C. for 55 min, at Which time, a 
solution of iodomethylcyclopentane (1.85 g, 8.80 mmol) in 
a small amount of dry tetrahydrofuran Was added dropWise. 
The reaction mixture Was alloWed to Warm to 25° C. Where 
it Was stirred for 41 h. The reaction mixture Was quenched 
With Water and then concentrated in vacuo to remove 
tetrahydrofuran. The remaining aqueous phase Was acidi?ed 
to pH=2 With a 10% aqueous hydrochloric acid solution and 
then extracted With ethyl acetate (300 mL). The organic 
layer Was Washed With a saturated aqueous sodium chloride 
solution (1><100 mL), dried over sodium sulfate, ?ltered, and 
concentrated in vacuo. Flash chromatography (Merck Silica 
gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 
3-cyclopentyl-2-(4-tri?uoromethylsulfanyl-phenyl)propi 
onic acid (1.47 g, 58%) as a cream solid: mp 69-71° C.; 
EI-HRMS m/e calcd for C15H17F3O2S (M+) 318.0901, 
found 318.0912. 

[0178] A solution of 3-cyclopentyl-2-(4-tri?uoromethyl 
sulfanyl-phenyl)propionic acid (60 mg, 0.19 mmol) and 
triphenylphosphine (49.4 mg, 0.19 mmol) in methylene 
chloride (471 ML) Was cooled to 0° C. and then treated With 
N-bromosuccinimide (36.9 mg, 0.21 mmol) in small por 
tions. After the complete addition of N-bromosuccinimide, 
the reaction mixture Was alloWed to Warm to 25° C. over 30 
min. The bright orange reaction mixture Was then treated 
With 2-aminothiaZole (39.6 mg, 0.40 mmol). The resulting 
reaction mixture Was stirred at 25° C. for 18 h. The reaction 
mixture Was then concentrated in vacuo to remove methyl 
ene chloride. The remaining residue Was diluted With ethyl 
acetate (50 mL). The organic layer Was Washed With a 10% 
aqueous hydrochloric acid solution (1><50 mL), Washed With 
a saturated aqueous sodium bicarbonate solution (1><50 mL), 
Washed With Water (1><50 mL), dried over sodium sulfate, 
?ltered, and concentrated in vacuo. Flash chromatography 
(Merck Silica gel 60, 70-230 mesh, 9/1 hexanes/ethyl 
acetate) afforded 3-cyclopentyl—N-thiaZol-2-yl-2-(4-tri?uo 
romethyl-sulfanyl-phenyl)-propionamide (49.9 mg, 66%) as 
a White foam: mp 58-60° C.; EI-HRMS m/e calcd for 
C18H19F3N2OS2 (M+) 400.0890, found 400.0895. 

EXAMPLE 11 

(A) 3-Cyclopentyl—N-thiaZol-2-yl-2-(4-tri?uo 
romethanesulfonyl-phenyl)-propionamide 

[017 9] 
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[0180] A solution of diisopropylamine (2.4 mL, 16.80 
mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3, 
4,5,6-tetrahydro-2(1H)-pyrimidinone (2.5 mL) Was cooled 
to —78° C. under nitrogen and then treated With a 2.5M 
solution of n-butyllithium in hexanes (6.7 mL, 16.80 mmol). 
The resulting reaction mixture Was stirred at —78° C. for 30 
min and then treated dropWise With a solution of 4-(tri?uo 
romethylthio)phenylacetic acid (1.89 g, 8.00 mmol) in dry 
tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahy 
dro-2(1H)-pyrimidinone (2.5 mL). The reaction mixture Was 
alloWed to stir at —78° C. for 55 min, at Which time, a 
solution of iodomethylcyclopentane (1.85 g, 8.80 mmol) in 
a small amount of dry tetrahydrofuran Was added dropWise. 
The reaction mixture Was alloWed to Warm to 25° C. Where 
it Was stirred for 41 h. The reaction mixture Was quenched 
With Water and then concentrated in vacuo to remove 
tetrahydrofuran. The remaining aqueous phase Was acidi?ed 
to pH=2 With a 10% aqueous hydrochloric acid solution and 
then extracted With ethyl acetate (300 mL). The organic 
layer Was Washed With a saturated aqueous sodium chloride 
solution (1><100 mL), dried over sodium sulfate, ?ltered, and 
concentrated in vacuo. Flash chromatography (Merck Silica 
gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 
3-cyclopentyl-2-(4-tri?uoromethylsulfanyl-phenyl)propi 
onic acid (1.47 g, 58%) as a cream solid: mp 69-71° C.; 
EI-HRMS m/e calcd for C15H17F3O2S (M+) 318.0901, 
found 318.0912. 

[0181] A solution of 3-cyclopentyl-2-(4-tri?uoromethyl 
sulfanyl-phenyl)propionic acid (1.33 g, 4.18 miol) in metha 
nol (10 mL) Was treated sloWly With 4 drops of concentrated 
sulfuric acid. The resulting reaction mixture Was heated 
under re?ux for 36 h. The reaction mixture Was alloWed to 
cool to 25° C. and then concentrated in vacuo to remove 

methanol. The residue Was diluted With ethyl acetate (200 
mL). The organic phase Was Washed With a saturated aque 
ous sodium bicarbonate solution (1><100 mL), Washed With 
a saturated aqueous sodium chloride solution (1><100 mL), 
dried over sodium sulfate, ?ltered, and concentrated in 
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 
mesh, 97/3 hexanes/ethyl acetate) afforded 3-cyclopentyl-2 
(4-tri?uoromethylsulfanyl-phenyl)propionic acid methyl 
ester (1.37 g, 99%) as a light yelloW oil: EI-HRMS m/e calcd 
for C16H19F3O2S (M+) 332.1058, found 332.1052. 

[0182] A solution of 3-cyclopentyl-2-(4-tri?uoromethyl 
sulfanyl-phenyl)propionic acid methyl ester (1.14 g, 3.43 
mmol) in methylene chloride (8.6 mL) Was treated With 
3-chloroperoxybenZoic acid (80-85% grade, 2.00 g based on 
80%, 9.26 mmol). The reaction mixture Was stirred at 25 ° C. 
for 17 h, at Which time, thin layer chromatography shoWed 
the presence of tWo neW loWer Rf products. An additional 
2.00 g of 3-chloroperoxybenZoic acid Was added to the 
reaction mixture to drive the conversion of the sulfoxide to 
the sulfone, and the resulting reaction mixture Was stirred at 
25° C. for 3 d. The reaction mixture Was concentrated in 
vacuo to remove methylene chloride. The resulting residue 
Was diluted With ethyl acetate (300 mL). The organic phase 
Was Washed With a saturated aqueous sodium bicarbonate 

solution (3><100 mL), Washed With a saturated aqueousso 
dium chloride solution (1><100 mL), dried over sodiumsul 
fate, ?ltered, and concentrated in vacuo. Flash chromatog 
raphy (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ 
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ethyl acetate) afforded 3-cyclopentyl-2-(4- ri?uoromethane 
sulfonyl-phenyl)propionic acid methyl ester (1.19 g, 95%) 
as a light yellow oil: EI-HRMS mie calcd for C16H19F3O4S 
(M+) 364.0956, found 364.0965. 

[0183] A solution of 3-cyclopentyl-2-(4-tri?uoromethane 
sulfonyl-phenyl)propionic acid methyl ester (708.2 mg, 1.94 
mmol) in tetrahydrofuran (2.4 ML) Was treated With a 0.8M 
aqueous lithium hydroxide solution (3.6 mL, 2.92 mmol). 
The reaction mixture Was stirred at 25° C. for 23 h and then 
concentrated in vacuo to remove tetrahydrofuran. The 
remaining aqueous layer Was acidi?ed to pH=2 With a 10% 
aqueous hydrochloric acid solution and then extracted With 
ethyl acetate (2><100 mL). The combined organic layers 
Were Washed With a saturated aqueous sodium chloride 

solution (1><100 mL), dried over sodium sulfate, ?ltered, and 
concentrated in vacuo to afford a cream solid. This solid Was 

puri?ed by triturating With diethyl ether/petroleum ether to 
provide pure 3-cyclopentyl-2-(4-tri?uoromethanesulfonyl 
phenyl)propionic acid (527.0 mg, 77%) as a White solid: mp 
143-145° C.; EI-HRMS m/e calcd for C15H17F3O4S (M+) 
350.0800, found 350.0816. 

[0184] A solution of 3-cyclopentyl-2-(4-tri?uoromethane 
sulfonyl-phenyl)propionic acid (164.0 mg, 0.47 mmol) and 
triphenylphosphine (184.2 mg, 0.70 mmol) in methylene 
chloride (1.2 mL) Was cooled to 00 C. and then treated With 
N-bromosuccinimide (141.6 mg, 0.80 mmol) in small por 
tions. After the complete addition of N-bromosuccinimide, 
the reaction mixture Was alloWed to Warm to 25° C. Where 
it Was stirred for 1 h. The reaction mixture Was then treated 
With 2-aminothiaZole (140.6 mg, 1.40 mmol). The resulting 
reaction mixture Was stirred at 25° C. for 22 h. The reaction 
mixture Was then concentrated in vacuo. Flash chromatog 
raphy (Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ 
ethyl acetate) afforded 3-cyclopentyl-N-thiaZol-2-yl-2-(4 
tri?uoromethanesulfonyl-phenyl)-propionamide (47.9 mg, 
24%) as a cream solid: mp 189-191° C.; EI-HRMS m/e 
calcd for C18H19F3N2O3S2 (M+) 432.0789, found 432.0791. 

[0185] (B) In an analogous manner, there Were obtained: 

[0186] (a) From 3-cyclopentyl-2-(4-tri?uoromethane 
sulfonyl-phenyl)propionic acid and 2-aminothiaZole-4 
carboxylic acid methyl ester: 2-[3-Cyelopentyl-2-(4 
tri?uoromethanesulfonyl-phenyl)-propionylamino] 
thiaZole-4-carboxylic acid methyl ester as a gray solid: 
mp 122-125° C.; EI-HRMS m/e calcd for 
C20H21F3N2O5S2 (M+) 490.0844, found 490.0844. 

[0187] (b) From 3-cyclopentyl-2-(4-tri?uoromethane 
sulfonyl-phenyl)propionic acid and 2-aminothiaZole-4 
carboxylic acid ethyl ester: 2-[3-Cyclopentyl-2-(4-trif 
luoromethanesulfonyl-phenyl)-propionylamino] 
thiaZole-4-carboxylic acid ethyl ester as a White solid: 
mp 132-134° C.; EI-HRMS m/e calcd for 
C21H23F3N2O5S2 (M+) 504.1000, found 504.0988. 

[0188] (c) From 3-cyclopentyl-2-(4-tri?uoromethane 
sulfonyl-phenyl)propionic acid and methyl 2-amino-4 
thiaZoleacetate: {2-[3-Cyclopentyl-2-(4-tri?uo 
romethanesulfonyl-phenyl)-propionylamino]-thiaZol 
4-yl}-acetic acid methyl ester as a yelloW foam: mp 
48-52° C.; EI-HRMS m/e calcd for C21H23F3N2O5S2 
(M+) 504.1000, found 504.0998. 
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EXAMPLE 12 

2-[3-Chloro-4-methanesulfonyl-phenyl]-3-cyclopen 
tyl-N-thiaZol-2-yl-propionamide 

[0189] 

[0190] A solution of anhydrous aluminum chloride (5.00 
g, 37.50 mmol) in chloroform (15 mL) Was cooled to 00 C. 
and stirred for 30 min under a nitrogen atmosphere. A 
solution of ethyl oxalyl chloride (3.91 g, 28.64 mmol) in 
chloroform (5 mL) Was then added, and the resulting reac 
tion mixture Was stirred at 0° C. for an additional 30 min. A 
solution of 2-chlorothioanisole (4.08 g, 25.58 mmol) in 
chloroform (20 mL) Was then sloWly added to the cooled 
reaction mixture. The solution became red in color and 
sloWly became gum-like over a period of 30 min. The 
resulting reaction mixture Was then stirred for an additional 
3.5 h, and during this period, the reaction mixture Was 
alloWed to Warm to 25° C. The reaction mixture Was then 

quenched by the addition of Water (25 mL). The aqueous 
layer Was extracted With chloroform (3><25 mL). The com 
bined organic layers Were concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 230-400 mesh, 4/1 
hexanes/ethyl acetate) afforded (3-chloro-4-methylsulfanyl 
phenyl)-oxo-acetic acid ethyl ester (4.32 g, 65.3%) as a 
yelloW oil. 

[0191] A solution of (3-chloro-4-methylsulfanyl-phenyl) 
oxo-acetic acid ethyl ester (3.93 g, 15.19 mmol) in methanol 
(30 mL) Was cooled to 0° C. and then treated With sodium 
borohydride (530.9 mg, 14.03 mmol). The reaction mixture 
changed from yelloW to colorless. The mixture Was stirred 
for 15 min and then quenched With a 1N aqueous hydro 
chloric acid solution (10 mL). The resulting reaction mixture 
Was then extracted With methylene chloride (2><30 mL). The 
combined organic layers Were Washed With a saturated 
aqueous sodium chloride solution (1><30 mL), dried over 
sodium sulfate, ?ltered, and concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 230-400 mesh, 9/1 
then 4/1 hexanes/ethyl acetate) afforded (3-chloro-4-meth 
ylsulfanyl-phenyl)-hydroxy-acetic acid ethyl ester (1.43 g, 
38%) as a White solid: mp 56-57° C.; EI-HRMS m/e calcd 
for C11H13ClO3S (M+) 260.0273, found 260.0276. 

[0192] A solution of (3-chloro-4-methylsulfanyl-phenyl) 
hydroxy-acetic acid ethyl ester (1.43 g, 5.49 mmol) in 
pyridine (2 mL) Was treated With acetic anhydride (2 mL) 
and 4-dimethylaminopyridine (50 mg, 0.41 mmol). The 
reaction mixture Was stirred at 25° C. for 16 h. The reaction 
mixture Was then diluted With methylene chloride (100 mL). 
The organic layer Was Washed With a 1N aqueous hydro 
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chloric acid solution (2><30 mL), Washed With a saturated 
aqueous sodium chloride solution (1><30 mL), dried over 
sodium sulfate, ?ltered, and concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 230-400 mesh, 4/1 
hexanes/ethyl acetate) afforded acetoxy-(3-chloro-4-methyl 
sulfanyl-phenyl)-acetic acid ethyl ester (1.51 g, 91%) as a 
light yelloW oil: EI-HRMS m/e calcd for C13H15ClO4S (M) 
302.0379, found 302.0387. 
[0193] A solution of acetoxy-(3-chloro-4-methylsulfanyl 
phenyl)-acetic acid ethyl ester (1.47 g, 4.87 mmol) in 
hexamethylphosphoramide (7.2 mL) and methanol (20 ML) 
Was treated With a 0.1M solution of samarium iodide in 
tetrahydrofuran (146 mL, 14.6 mmol). The reaction mixture 
Was stirred at 25° C. under nitrogen for 6 min. During this 
time period, the reaction mixture changed from purple to 
White. The reaction mixture Was diluted With Water (150 
mL) and then extracted With methylene chloride (3><100 
mL). The combined organic layers Were dried over sodium 
sulfate, ?ltered, and concentrated in vacuo. Flash chroma 
tography (Merck Silica gel 60, 230-400 mesh, 4/1 hexanes/ 
ethyl acetate) afforded (3-chloro-4-methylsulfanyl-phenyl) 
acetic acid ethyl ester (0.71 g, 60%) as a light yelloW oil: 
EI-HRMS m/e calcd for C11H13ClO2S (M+) 244.0324, 
found 244.0332. 

[0194] A solution of diisopropylamine (457 pL, 3.26 
mmol) in tetrahydrofuran (5 mL) Was cooled to —78° C. 
under a nitrogen atmosphere and then treated With a 2.5M 
solution of n-butyllithium in hexanes (1.3 mL, 3.26 mmol). 
The mixture Was stirred at —78° C. for 30 min, at Which time, 
a solution of (3-chloro-4-methylsulfanyl-phenyl)-acetic acid 
ethyl ester (0.67 g, 2.75 mmol) in tetrahydrofuran (8 mL) 
Was sloWly added to the reaction mixture. The reaction 
mixture turned deep yelloW in color. The reaction mixture 
Was then further stirred at —78° C. for 30 min, at Which time, 
a solution of iodomethylcyclopentane (0.65 g, 3.09 mmol) in 
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidone (1 mL) 
Was added via syringe. The reaction mixture Was then 
alloWed to Warm to 25° C., Where it Was stirred for 16 h. The 
reaction mixture turned red in color during this time period. 
The reaction mixture Was quenched With a 6N aqueous 
hydrochloric acid solution (5 mL) and further diluted With 
Water (20 mL). The reaction mixture Was then extracted With 
methylene chloride (3><20 mL). The combined organic lay 
ers Were Washed With a saturated aqueous sodium chloride 

solution (1><25 mL), dried over sodium sulfate, ?ltered, and 
concentrated in vacuo. Flash chromatography (Merck Silica 
gel 60, 230-400 mesh, 4/1 hexanes/ethyl acetate) afforded 
2-(3-chloro-4-methylsulfanyl-phenyl)-3-cyclopentyl-propi 
onic acid ethyl ester (0.50 g, 56%) as a light yelloW oil. 

[0195] A solution of 2-(3-chloro-4-methylsulfanyl-phe 
nyl)-3-cyclopentyl-propionic acid ethyl ester (0.45 g, 1.39 
mmol) in ethanol (3 mL) Was treated With a 10% aqueous 
potassium hydroxide solution (2 mL). The reaction mixture 
Was stirred under nitrogen at 25° C. for 16 h. The reaction 
mixture Was then acidi?ed With a 1N aqueous hydrochloric 
acid solution (5 mL). The reaction mixture Was then 
extracted With methylene chloride (3><15 mL). The com 
bined organic layers Were dried over sodium sulfate, ?ltered, 
and concentrated in vacuo to afford 2-(3-chloro-4-methyl 
sulfanyl-phenyl)-3-cyclopentyl-propionic acid (0.29 g, 
70%) as a White solid: EI-HRMS m/e calcd for 
C15H19ClO2S (M+) 298.0794, found 298.0798. 
[0196] A solution of benZotriaZol-1-yloxytris(dimethy 
lamino)phosphonium hexa?uorophosphate (0.62 g, 1.41 
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mmol) and 2-(3-chloro-4-methylsulfanyl-phenyl)-3-cyclo 
pentyl-propionic acid (0.29 g, 0.95 mmol) in methylene 
chloride (10 mL) Was treated With N,N-diisopropylethy 
lamine (500 pL, 2.87 mmol) and 2-aminothiaZole (140 mg, 
1.27 mmol). The mixture Was stirred under nitrogen at 25° 
C. for 14 h. The reaction mixture Was then Washed With a 6N 
aqueous hydrochloric acid solution (1><15 mL) and Washed 
With a saturated aqueous sodium chloride solution (1><25 
mL). The organic layer Was dried over sodium sulfate, 
?ltered, and concentrated in vacuo. Flash chromatography 
(Merck Silica gel 60, 230-400 mesh, 4/1 hexanes/ethyl 
acetate) afforded 2-(3-chloro-4-methylsulfanyl-phenyl)-3 
cyclopentyl-N-thiaZol-2-yl-propionamide (0.26 g, 71%) as a 
White solid: EI-HRMS m/e calcd for C18H21ClN2OS2 (M+) 
380.0783, found 380.0792. 

[0197] A solution of 2-(3-chloro-4-methylsulfanyl-phe 
nyl)-3-cyclopentyl-N-thiaZol-2-yl-propionamide (187 mg, 
0.49 mmol) in methylene chloride (10 mL) Was cooled to 0° 
C. under nitrogen and then treated With 3-chloroperoxyben 
Zoic acid (456.8 mg based on 50% purity). The reaction 
mixture Was stirred for 3 h, and during this period, the 
temperature Was alloWed to Warm to 25° C. The reaction 
mixture Was then diluted With methylene chloride (50 mL). 
The organic layer Was Washed With a saturated aqueous 
sodium carbonate solution (1><20 mL), Washed With a satu 
rated aqueous sodium chloride solution (1><20 mL), dried 
over sodium sulfate, ?ltered, and concentrated in vacuo. 
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 
4/1 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methane 
sulfonyl-phenyl)-3-cyclopentyl-N-thiaZol-2-yl-propiona 
mide (102 mg, 50%) as a White solid: EI-HRMS m/e calcd 
for C18H21ClN2O3S2 (M+) 412.0682, found 412.0674. 

EXAMPLE 13 

[0198] (2R)-3-Cyclopentyl-2-(4-methanesulfonylphenyl) 
N-thiaZol-2-yl-propionamide 

[0199] A solution of 4-(methanesulfonyl)phenyl acetic 
acid (43.63 g, 0.204 mol) in methanol (509 mL) Was treated 
sloWly With concentrated sulfuric acid (2 mL). The resulting 
reaction mixture Was heated under re?ux for 19 h. The 
reaction mixture Was alloWed to cool to 25° C. and then 
concentrated in vacuo to remove methanol. The residue Was 

diluted With ethyl acetate (800 mL). The organic phase Was 
Washed With a saturated aqueous sodium bicarbonate solu 
tion (1><200 mL), Washed With a saturated aqueous sodium 
chloride solution (1><200 mL), dried over sodium sulfate, 
?ltered, and concentrated in vacuo. Flash chromatography 
(Merck Silica gel 60, 70-230 mesh, 1/1 hexanes/ethyl 
acetate) afforded 4-(methanesulfonyl)phenyl acetic acid 
methyl ester (45.42 g, 98%) as a yelloW oil Which solidi?ed 
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to a cream colored solid upon sitting over time at 25° C.: mp 
78-80° C.; EI-HRMS m/e calcd for C1OH12O4S (M+) 
228.0456, found 228.0451. 

[0200] A mechanical stirrer Was used for this reaction. A 
solution of diisopropylamine (29.2 mL, 0.21 mol) in dry 
tetrahydrofuran (186 mL) and 1,3-dimethyl-3,4,5,6-tetrahy 
dro-2(1H)-pyrimidinone (62 mL) Was cooled to —78° C. and 
then treated With a 2.5M solution of n-butyllithium in 
hexanes (83.4 mL, 0.21 mol). The yelloW-orange reaction 
mixture Was stirred at —78° C. for 35 min and then sloWly 
treated With a solution of 4-(methanesulfonyl)phenyl acetic 
acid methyl ester (45.35 g, 0.20 mol) in dry tetrahydrofuran 
(186 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyri 
midinone (62 mL). The reaction mixture turned dark in 
color. The reaction mixture Was then stirred at —78° C. for 
50 min, at Which time, a solution of iodomethylcyclopentane 
(50.08 g, 0.24 mol) in a small amount of dry tetrahydrofuran 
Was added sloWly. The reaction mixture Was then stirred at 
—78° C. for 50 min, and then alloWed to Warm to 25° C., 
Where it Was stirred for 36 h. The reaction mixture Was 
quenched With Water (100 mL), and the resulting reaction 
mixture Was concentrated in vacuo to remove tetrahydrofu 
ran. The remaining residue Was diluted With ethyl acetate 
(1.5 L). The organic phase Was Washed With a saturated 
aqueous sodium chloride solution (1><500 mL), dried over 
sodium sulfate, ?ltered, and concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 70-230 mesh, 3/1 
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-meth 
anesulfonylphenyl)propionic acid methyl ester (41.79 g, 
68%) as a yelloW viscous oil: EI-HRMS m/e calcd for 
C16H22O4S (M+) 310.1239, found 310.1230. 

[0201] A solution of 3-cyclopentyl-2-(4-methanesulfo 
nylphenyl)propionic acid methyl ester (50.96 g, 0.16 mol) in 
methanol (410 mL) Was treated With a 1N aqueous sodium 
hydroxide solution (345 mL, 0.35 mol). The reaction mix 
ture Was stirred at 25° C. for 24 h. The reaction mixture Was 
concentrated in vacuo to remove methanol. The resulting 
aqueous residue Was acidi?ed to pH=2 With concentrated 
hydrochloric acid and then extracted With ethyl acetate 
(5><200 mL). The combined organic layers Were dried over 
sodium sulfate, ?ltered, and concentrated in vacuo to afford 
pure 3-cyclopentyl-2-(4-methanesulfonylphenyl)propionic 
acid (43.61 g, 90%) as a White solid Which Was used Without 
further puri?cation: mp 152-154° C.; EI-HRMS m/e calcd 
for C15H20O4S (M+) 296.1082, found 296.1080. 

[0202] TWo separate reactions Were setup in parallel: (1)A 
solution of (R)-(+)-4-benZyl-2-oxaZolidinone (3.67 g, 20.73 
mmol) in dry tetrahydrofuran (35 mL) Was cooled to —78° C. 
and then treated With a 2.5M solution of n-butyllithium in 
hexanes (7.9 mL, 19.86 mmol). The resulting reaction 
mixture Was stirred at —78° C. for 30 min and then alloWed 
to Warm to 25° C., Where it Was stirred for 1.5 h. (2) A 
solution of racemic 3-cyclopentyl-2-(4-methanesulfo 
nylphenyl)propionic acid (5.12 g, 17.27 mmol) in dry tet 
rahydrofuran (35 mL) Was cooled to 00 C. and then treated 
With triethylamine (2.8 mL, 19.86 mmol). The reaction 
mixture Was stirred at 0° C. for 10 min and then treated 
dropWise With trimethylacetyl chloride (2.6 mL, 20.73 
mmol). The resulting reaction mixture Was stirred at 0° C. 
for 2 h and then cooled to —78° C. for the addition of the 
freshly prepared chiral oxaZolidinone. The reaction mixture 
containing the oxaZolidinone Was then added to the cooled 
(—78° C.) mixed anhydride solution. The resulting reaction 
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mixture Was stirred as —78° C. for 1 h and alloWed to 
gradually Warm to 25° C. The reaction mixture Was then 
stirred at 25° C. for 3 d. The resulting reaction mixture Was 
quenched With Water (100 mL) and then concentrated in 
vacuo to remove tetrahydrofuran. The resulting aqueous 
residue Was diluted With ethyl acetate (600 mL). The organic 
layer Was Washed With a saturated aqueous sodium chloride 
solution (1><300 mL), dried over sodium sulfate, ?ltered, and 
concentrated in vacuo. Thin layer chromatography using 
13/7 hexanes/ethyl acetate as the developing solvent indi 
cated the presence of tWo products. The higher moving 
product had a R=0.32 and the loWer moving product had a 
Rf=0.19. Flash chromatography (Merck Silica gel 60, 230 
400 mesh, 9/1 then 13/7 hexanes/ethyl acetate) afforded tWo 
products: (1) The higher Rf product (4R, 2‘S)-4-benZyl-3 
[3-cyclopentyl-2-(4-methanesulfonylphenyl)propionyl]-ox 
aZolidin-2-one (2.12 g, 54%) as a White foam: mp 62-64° C.; 
[(X]23589=+6.30 (c=0.24, chloroform); EI-HRMS m/e calcd 
for CZSHZQNOSS (M+) 455.1766, found 455.1757. (2) The 
loWer Rf product (4R, 2‘R)-4-benZyl-3-[3-cyclopentyl-2-(4 
methanesulfonylphenyl)propionyl]-oxaZolidin-2-one (3.88 
g, 99%) as a White foam: mp 59-61° C.; [ot]23589=—98.3° 
(c=0.35, chloroform); EI-HRMS m/e calcd for CZSHZQNOSS 
(M+) 455.1766, found 455.1753. The combined mass recov 
ery from the tWo products Was 6.00 g, providing a 76% 
conversion yield for the reaction. 

[0203] An aqueous solution of lithium hydroperoxide Was 
freshly prepared from mixing a solution of anhydrous 
lithium hydroxide poWder (707.3 mg, 16.86 mmol) in 5.27 
mL of Water With a 30% aqueous hydrogen peroxide solu 
tion (3.44 mL, 33.71 mmol). This freshly prepared aqueous 
lithium hydroperoxide solution Was cooled to 0° C. and then 
sloWly added to a cooled (0° C.) solution of (4R, 2‘R)-4 
benZyl-3-[3-cyclopentyl-2-(4-methanesulfonylphenyl)pro 
pionyl]-oxaZolidin-2-one (3.84 g, 8.43 mmol) in tetrahydro 
furan (33 mL) and Water (11 mL). The reaction mixture Was 
stirred 0° C. for 1.5 h. The reaction mixture Was then 
quenched With a 1.5N aqueous sodium sul?te solution (25 
mL). The reaction mixture Was further diluted With Water 
(300 mL). The resulting aqueous layer Was continuously 
extracted With diethyl ether until thin layer chromatography 
indicated the absence of the recovered chiral oxaZolidinone 
in the aqueous layer. The aqueous layer Was then acidi?ed to 
pH=2 With a 10% aqueous hydrochloric acid solution and 
extracted With ethyl acetate (300 mL). The organic extract 
Was dried over sodium sulfate, ?ltered, and concentrated in 
vacuo to afford (2R)-3-cyclopentyl-2-(4-methanesulfo 
nylphenyl)propionic acid as a White solid (2.23 g, 89%) 
Which Was used Without further puri?cation. Flash chroma 
tography (Merck Silica gel 60, 70-230 mesh, 30/1 methylene 
chloride/methanol then 10/1 methylene chloride/methanol) 
Was used to obtain a puri?ed sample for analytical data and 
afforded pure (2R)-3-cyclopentyl-2-(4-methanesulfonylphe 
nyl)propionic acid as a White foam: mp 62-64° C. (foam to 
gel); [ot]23589—50.0° (c=0.02, chloroform); EI-HRMS m/e 
calcd for C15H20O4S (M+) 296.1082, found 296.1080. 
[0204] A solution of triphenylphosphine (3.35 g, 12.79 
mmol) in methylene chloride (19 mL) Was cooled to 0° C. 
and then sloWly treated With N-bromosuccinimide (2.28 g, 
12.79 mmol) in small portions. The reaction mixture Was 
stirred at 0° C. for 30 min, and during this time period, the 
color of the reaction mixture changed from light yelloW to 
a darker yelloW then to a purple color. The cooled purple 
reaction mixture Was then treated With the (2R)-3-cyclopen 
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tyl-2-(4-methanesulfonylphenyl)propionic acid (2.23 g, 7.52 
mmol). The resulting reaction mixture Was then allowed to 
Warm to 25° C. over 45 min, at Which time, the reaction 
mixture Was then treated With 2-aminothiaZole (1.88 g, 
18.81 mmol). The resulting reaction mixture Was stirred at 
25° C. for 12 h. The reaction mixture Was then concentrated 
in vacuo to remove methylene chloride. The remaining black 
residue Was diluted With ethyl acetate (300 mL) and then 
Washed Well With a 10% aqueous hydrochloric acid solution 
(2><100 mL), a 5% aqueous sodium bicarbonate solution 
(3><100 mL), and a saturated aqueous sodium chloride 
solution (1><200 mL). The organic layer Was then dried over 
sodium sulfate, ?ltered, and concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 70-230 mesh, 9/1, 
3/1, and then 11/9 hexanes/ethyl acetate) afforded (2R)-3 
cyclopentyl-2-(4-methanesulfonylphenyl)-N-thiaZol-2-yl 
propionamide (2.10 g, 74%) as a White foam: mp 78-80° C. 
(foam to gel); [ot]23589=—70.4° (c=0.027, chloroform); EI 
HRMS m/e calcd for C18H22N2O3S2 (M+) 378.1072, found 
378.1081. 

EXAMPLE 14 

3-Cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl) 
N-thiaZol-2-yl-propionamide 

[0205] 

c1:3 N02 

[0206] A solution of 4-chloro-3-nitrophenylacetamide 
(2.00 g, 9.32 mmol) in methanol (40 mL) Was treated With 
Amberlyst® 15 ion exchange resin (15.00 g). The resulting 
reaction mixture Was heated under re?ux for 64 h. The 
reaction mixture Was alloWed to cool to 25° C. and then 
?ltered to remove the Amberlyst® 15 ion exchange resin. 
The ?ltrate Was concentrated in vacuo. Flash chromatogra 
phy (Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl 
acetate) afforded 4-chloro-3-nitrophenylacetic acid methyl 
ester (1.91 g, 89%) as a yelloW oil: EI-HRMS m/e calcd for 
CgHsClNO4 (M+) 229.0142, found 229.0146. 

[0207] A solution of diisopropylamine (3.35 mL, 23.9 
mmol) in dry tetrahydrofuran (45 mL) and 1,3-dimethyl-3, 
4,5 ,6-tetrahydro-2(1H)-pyrimidinone (15 mL) Was cooled to 
—78° C. and then treated dropWise With a 2.5M solution of 
n-butyllithium in hexanes (9.56 mL, 23.9 mmol) over a 10 
min period. The pale yelloW reaction mixture Was stirred at 
—78° C. for 20 min and then sloWly treated With a solution 
of 4-chloro-3-nitrophenylacetic acid methyl ester (5.00 g, 
21.8 mmol) in a small amount of tetrahydrofuran over a 15 
min period. The reaction mixture turned deep purple (almost 
black) in color. The reaction mixture Was then stirred at —78° 
C. for 1 h, at Which time, a solution of iodomethylcyclo 
pentane (4.58 g, 21.8 mol) in a small amount of dry 
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tetrahydrofuran Was added dropWise. The reaction mixture 
Was then stirred at —78° C. and then alloWed to Warm to 25° 
C., Where it Was stirred for 48 h. The reaction mixture Was 
quenched With a saturated aqueous ammonium chloride 
solution (50 mL), and the resulting reaction mixture Was 
concentrated in vacuo to remove tetrahydrofuran. The 
remaining residue Was diluted With ethyl acetate (150 mL) 
and Water (50 mL). The organic phase Was Washed With a 
saturated aqueous sodium chloride solution, dried over 
magnesium sulfate, ?ltered, and concentrated in vacuo. 
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 
4/1 hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitrophe 
nyl)-3-cyclopentyl-propionic acid methyl ester (2.17 g, 
32%) as a yelloW oil: EI-HRMS m/e calcd for ClsHlsClNO4 
(M+) 311.0924, found 311.0927. 

[0208] A solution of 2-(4-chloro-3-nitrophenyl)-3-cyclo 
pentyl-propionic acid methyl ester (1.00 g, 3.21 mmol) and 
sodium methanesul?nate (0.36 g, 3.53 mmol) in dimethyl 
sulfoxide (3 mL) Was heated at 130° C. for 5 h. The black 
reaction mixture Was then poured over ice (20 g), resulting 
in the formation of a broWn sticky substance. The resulting 
mixture Was then treated With ethyl acetate (50 mL) and 
Water (50 mL), and the layers Were separated. The aqueous 
layer Was further extracted With ethyl acetate (2><50 mL). 
The combined organic layers Were Washed With a saturated 
aqueous sodium chloride solution, dried over magnesium 
sulfate, ?ltered, and concentrated in vacuo. Flash chroma 
tography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ 
ethyl acetate) afforded 3-cyclopentyl-2-(4-methanesulfonyl 
3-nitrophenyl)-propionic acid methyl ester (0.95 g, 84%) as 
a yelloW gel: FAB-HRMS m/e calcd for C16H21NO6S 
(M+H)+356.1169, found 356.1175. 

[0209] A solution of 3-cyclopentyl-2-(4-methanesulfonyl 
3-nitrophenyl)-propionic acid methyl ester (865 mg, 2.43 
mmol) in tetrahydrofuran (6 mL) Was treated With a 0.8M 
aqueous lithium hydroxide solution (4.6 mL, 3.65 mmol). 
The reaction mixture Was stirred at 25° C. for 3 h. The 
reaction mixture Was concentrated in vacuo to remove 

tetrahydrofuran. The resulting aqueous residue Was diluted 
With Water (25 mL) and then treated With a 1N aqueous 
hydrochloric acid solution (10 mL). The resulting aqueous 
layer Was then extracted With ethyl acetate (2><50 mL). The 
combined organic layers Were dried over magnesium sul 
fate, ?ltered, and concentrated in vacuo. Flash chromatog 
raphy (Merck Silica gel 60, 230-400 mesh, 1/4 hexanes/ 
ethyl acetate) afforded 3-cyclopentyl-2-(4-methanesulfonyl 
3-nitrophenyl)-propionic acid (723 mg, 87%) as a White 
foam. Analytical data indicated the presence of a small 
impurity; hoWever, the 3-cyclopentyl-2-(4-methanesulfo 
nyl-3-nitrophenyl)-propionic acid Was used Without further 
puri?cation in subsequent reactions. 

[0210] A solution of triphenylphosphine (138 mg, 0.53 
mmol) in methylene chloride (2 mL) Was cooled to 0° C. and 
then sloWly treated With N-bromosuccinimide (94 mg, 0.53 
mmol) in small portions. The reaction mixture Was stirred at 
0° C. for 10 min and then treated With 3-cyclopentyl-2-(4 
methanesulfonyl-3-nitrophenyl)-propionic acid (150 mg, 
0.44 mmol). The resulting reaction mixture Was stirred at 0° 
C. for 5 min and then alloWed to Warm to 25° C., Where it 
Was stirred for 25 min. The reaction mixture Was then treated 
With 2-aminothiaZole (97 mg, 0.97 mmol). The resulting 
reaction mixture Was stirred at 25° C. for 15 h. The crude 
reaction mixture Was directly puri?ed by ?ash chromatog 














































































































































