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Glucokinase activators

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 first 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 B-cells and liver parenchymal cells. In
addition, GK is a rate-controlling enzyme for glucose metabolism in these two celi types
that are known to play critical roles in whole-body glucose homeostasis [Chipkin, SR,
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 flux 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. McCommick, eds.),
Annual Review, Inc., Palo Alto, CA, pages 463-496, 1993]. These findings contributed
over a decade ago to the hypothesis that GK functions as a glucose sensor in B-cells and
hepatocytes (Meglasson, M.D. and Matschinsky, F.M. Amer. J. Physiol. 246, E1-E13,
1984). In recent years, studies in transgenic animals have confirmed 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 p-cells to increased insulin secretion and in

hepatocytes to increased glycogen deposition and perhaps decreased glucose production.
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The finding that type II maturity-onset diabetes of the young (MODY-2) is caused

by loss of function mutations 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

5  glucose metabolism in humans was provided by the ideﬁtification of patients that express
a mutant form of GK with increased enzymatic activity. These pafients exhibit a fasting
hypogl| ycemia 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 pétieﬁts with type I diabetes,

10 compounds that activate GK and, thereby, increase the sensitivity of the GK sensor
- system will still be useful in the treatment of the hyperglycemia characteristic of all type

II diabetes. Glucokinase activators will increase the flux of glucose metabolism in B-cells

and hepatocytes, which will be coupled' to increased insulin secretion. Such agents would

be useful for treating type II diabetes.

15
This invention provides a compound, comprising an amide of the formula I:
_ ;
H 4
> ﬁ N—R I
R? ©
R' I
wherein

R' and R? are independently hydrogen, halo, amino, hydroxyamino, nitro, cyano,

20 - sulfonamido, lower alkyl,-OR?>, -C(O)OR?, perfluoro-lower alkyl, lower alkyl thio,

perfluoro-lower alkyl thio, lower alkyl sulfonyl, perfluoro-lower alkyl sulfony! or
lower alkyl sulfinyl; '

R? is cycloalkyl having from 3 to 7 carbon atoms or lower alkyl having from 2 to 4

carbon atoms;
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R* is —C(O)NHR”; or an unsubstituted or mono-substituted five- or six-membered
heteroaromatic ring connected by a ring carbon atom to the amine group shown,
which five- or six-membered heteroaromatic ring contains from 1 to 3
heteroatoms selected from .sulfur, oXxygen or nitrogen, with one heteroatom being
nitrogen which is adjacent to the connecting ring carbon atom; said mono-
substituted 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, -(CHz)n'OR6,
-(CH,),-C(O)OR’, -(CHz),-C{O)NHR®, -C(0)-C(O)OR®, -(CH;),-NHRS;

R* is hydrogen, lower alkyl, lower alkenyl, hydroxy lower alkyl, halo lower alkyl,
~(CH3),-C(O)OR’ or -C(0)~(CH2)s-C(O)OR’;

R’ is hydrogen, lower alkyl or perfluoro-lower alkyl;

R®, R7 and R® are independently hydrogen or lower alkyl; and

nis0,1,2,3 0r4;

or a pharmaceutically acceptable salt thereof.

In the compound of formula I, the * indicates the asymmetric carbon atom in this
compound. The compound of formula I may be present either as a racemate or in the “R”

configuration at the asymmetric carbon shown. The “R” enantiomers are preferred.

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.

The present invention also relates to a pharmaceutical composition comprising a
compound of formula I and a pharmaceuntically acceptable carrier and/or adjuvant.

Furthermore the present invention relates to the use of such compounds for the
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preparation of medicaments for the treatment of type II diabetes. The present invention
also relates to processes for the preparation of the cbmpoun_ds of formula 1. In addition,
the present invention relates to a2 method for the therapeutic treatment of type II diabetes,
which method comprises administering a compound of formula I to a human being or an

animal.

As used throughout this application, the term “halogen” and the term “halo”,
unless otherwise stated, designate all four halogens, i.e. fluorine, chlorine, bromine and

iodine. A preferred halogen is chlorine.

As used herein, 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. With regard to R®, isopropyl and n-propyl are
preferred. “Halo lower alkyl” as used herein designates a lower alkyl group wherein one
of the hydrogens is replaced by a halogen as defined above, which replacement can be at
any site on the lower alkyl, including the end. A preferred halo lower alkyl group is
chioroethyl. Similarly, “hydroxy lower alkyl” designates a lower alkyl group where one of
the hydrogens is replaced by a hydroxy, at any site including the end. Preferred hydroxy
Jower alkyl groups include ethanol, isopropanol, and n-propanol. As used herein,
“perfluoro-lower alkyl” means any lower alkyl group wherein all of the hydrogens of the
lower alkyl group are substituted or replaced by fluoro. Among the preferred perfluoro-

lower alkyl groups are trifluoromethyl, pentafluoroethyl, heptafluoropropyl, etc.

As used herein, “lower alkyl thio” means a lower alkyl group as defined above
where a thio group is bound to the rest of the molecule. Similarly “perfluoro-lower alkyl
thio” means a perfluoro-lower alkyl group as defined above where a thio group is bound

to the rest of the molecule.

As used herein, “lower alkyl sulfonyl” means a lower alkyl group as defined above
where a sulfonyl group is bound to the rest of the molecule. Similarly “perfluoro-lower
alkyl sulfonyl” means a perfluoro-lower alkyl group as defined above where a sulfonyl

group is bound to the rest of the molecule.
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As used herein, “lower alkyl sulfiny!” means a lower alkyl group as defined above

where a sulfinyl group is bound to the rest of the molecule.

As used herein, “hydroxyamino” designates an amino group where one of the

hydrogens is replaced by a hydroxy.

As used herein, “cyclbalkyl” means a saturated hydrocarbon ring having from 3 to
10 carbon atoms, preferably from 3 to 7 carbon atoms, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, etc. A preferred cycloalkyl is cyclopentyl.

As used herein, the term “lower alkenyl” denotes an alkylene group having from 2

to 6 carbon atoms with a double bond located between any two adjacent carbons of the

group. Preferred lower alkenyl groups are allyl and crotyl.

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, preferably methoxy and ethoxy.

As used herein, the term “aryl” signifies aryl mononuclear 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. The term
“arylalkyl” denotes an alkyl group, preferably lower alkyl, in which one of the hydrogen
atoms is replaced by an aryl group. Examples of arylalkyl groups are benzyl, 2-
phenylethyl, 3-phenylpropyl, 4~chlofobenzyl, 4-methoxybenzyland the like.

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 defined above and alkanoic contains from 1 to 6 carbon

atoms. The term “aroyl” denotes aroic acids wherein ary] is as defined hereinbefore, with
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the hydrogen group of the COOH moiety removed. Among the preferred aroyl groups is

benzoyl.

The heteroaromatic ring in R* can be an unsubstituted or mono-substituted five- or
six-membered heteroaromatic ring having from 1 to 3 heteroatoms selected from the
group consisting of oxygen, nitrogen or sulfur aﬁd connected by a ring carbon to the
amine of the amide group shown. The heteroaromatic ring contains a first nitrogen
heteroatom adjacent to the conmnecting 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 pyrazolyl. Among the

preferred heteroaromatic rings are included pyridinyl, pyrimidinyl, thiazolyll, oxazolyl and

- imidazolyl. These heteroaromatic rings which constitute R* 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 linkage to form the compound
of formula I cannot contain any substituent. When R* is an unsubstituted or mono-
substituted five-membered heteroaromatic ring, the preferred rings are those which
contain 2 nitrogen heteroatom adjacent to the connecting ring carbon and a second
heteroatom adjacent to the connecting ring carbon or adjacent to said first heteroatom.
The preferred five-membered heteroaromatic rings contain 2 or 3 heteroatom with
thiazolyl, imidazolyl, oxazolyl and thiadiazolyl being especially preferred. When the
heteroaromatic ring is a six-membered heteroaromatic, the ring is connected by a ring
carbon to the amine group shown, with one nitrogen heteroatom being adjacent to the
connecting ring carbon atom. The preferred six-membered heteroaromatic rings include,

for example, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, and triazinyl.

During the course of the reaction the various functional groups such as the free
carboxylic acid er hydroxy groups will be protected via conventional hydrolyzable ester
or ether protecting groups. As used herein the term “hydrolyzable 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
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dicarboxcyclic acid. Among the activated acids which can be utilized to form such
groups are acid anhydrides, acid halides, preferably aéi'di. chlorides or acid bromides
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, ethylchloro 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 t-lower alkoxy lower alkyl ethers, for example, methoxymethyl or allylic ethers

or alkyl silylethers such as trimethylsilylether.

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
are t-butoxycarbonyl (BOC), carbobenzyloxy (CBZ) and 9-flurorenylmethoxycarbonyl
(FMOC).

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 “pharmaceutically 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.
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~ In one preferable embodiment, the present invention relates to a compound

comprising an amide of the above formula I, wherein

R' and R? are independently hydrogen, halo; amino, hydroxyamino, cyano, nitro,
lower alkyl, -OR®, -C(O)OR’, perfluoro-lower alkyl, lower alky! thio, perfluoro-
5 lower alkyl thio, lower alkyl sulfonyl, perﬂuoro-]ower alkyl sulfonyl, lower alkyl

sulﬁ'nyl, or sulfonamido;
R? is cycloalkyl having from 3 to 7 carbon atoms;

R* is an unsubstituted or mono-substituted five- or six-membered heteroaromatic Ting

connected by a ring carbon atom to the amine group shown, which five- or six-

10 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 monosubs_ti;uted at a position on a ring carbon atom other than adjacent to

said conne_ctihg carbon atom with a substituent selected from the group

15 consisting of lower alkyl, halo, nitro, cyano, -(CH;),-OR, -(CHz)y-C(O)OR’,
~(CH,),-C(O)NHR?, -C(0)-C(O)OR® or -(CH,),-NHRS;

nis0,1,2,3 or4;
R’ is hydrogen, lower alkyl, or perfluoro-lower alkyl; and
R®, R’ and R® are independently hydrogen or lower alkyl;

20  or a pharmaceutically acceptable salt thereof.

In another preferable emodiment the present invention relates to a compound

_comprising an amide of the above formula I, wherein

R' and R? are independently hydrogen, halo, amino, nitro, cyano, sulfonamido, lower

[ R
(9]

alkyl, perfluoro-lower alkyl, lower alkyl thio, perfluoro-lower alkyl thio, lower
alkyl sulfonyl, or perfluoro-lower alkyl sulfonyl;
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R® is cycloalkyl having from 3 to 7 carbon atoms or lower alkyl having from 2 to 4

carbon atoms;

R*is -C(O)NHR*;

R* is hydrogen, lower alkyl, lower alkenyl, hydroxy lower alkyl, halo lower alkyl,
<(CH,)s-C(O)OR? or -C(0)-(CH,),-C(O)OR®;

R’ and R® are hydrogen or lower alkyl; and

nis0,1,2,30r4,;

or 2 pharmaceutically acceptable salt thereof.

Preferable heteroaromatic residues in R* are unsubstituted or mono-substituted
five- or six-membered heteroaromatic ﬁngs selected from the group consisting of
thiazolyl, éyn‘dinyl, imidazolyl,. iéoxazdlyl, oxazolyl, pyridazinyl, pyrimidinyl or
thiadiazolyl. Especially preferred are unsubstituted thiazolyl, unsubstituted pyridinyl or
pyridinyl substituted by halogen, lowei' alkyl, hydroxy lower alkyl or -C(O)OR’, wherein
R’ is lower alkyl.

Preferable residues R*® in accordance with the present invention are lower alkyl or

lower alkenyl.

Preferable residues R' in accordance with the present invention are hydrogen,

halo, nitro and cyano, more preferable are hydrogen or halo.

Preferable residues R? in accordance with the present invention are hydrogen,
lower alkyl sulfonyl, perfluoro-lower alkyl, perfluoro-lower alkyl sulfonyl, halo or -OR’

wherein R? is perfluoro-lower alky!; more preferable are halo or lower alkyl suifonyl.

Preferable residues R® in accordance with the present invention are cyclopentyl,

cyclohexyl or cycloheptyl, more preferable is cyclopentyl.

In the compounds described below, unless otherwise indicated, R* is a group
-C(O)NHR“, wherein R* is as defined above.
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In certain of such compounds, R* of the amide is hydrogen, lower alkyl, or lower
alkenyl. Such amides are preferred when R? is cyclopentyl, especially when the amide is

in the “R” configuration at the asymmetric carbon shown.

In certain amides of the above compound, R! and R? of the amide are hydrogen.
Such an amide is 1-(3-cyclopentyl-2-phenyl-propionyl)—3-_méthyl-urea. In other of the
above compounds, one of R' and R? is hydrogen and the other is cyano or halo.
Examples of such amides are: - '
1-[2-(3-chloro-phenyl)-3 cyclopentyl-propionyl]-3-methyl-urea;
1-[2-(4-chloro-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea;
1-[2-(4-cyano-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea;

1-[2-(4-bromo-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea.

In other amides of the above compound, R' and R? of the amide are each
independently halo (preferably chloro). Examples of such amides are: |
[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-urea;
1-[3-cyclopentyl-2—(3,4—dichloro-phenyl)-propionyl]-3-methyl-ure’a;_
l-[3-cyclopemyl-2(R)—(3,4-dichloro—phenyl)-propionyl]-3-ethyl-urea;
1—ally]-3-[3-cyclopentyl-2—(3,4-dichloro—phenyl)—proprionyl]-ureé.;
1-allyl-3-[3-cyclopentyl-2(R)-(3, 4-dichloro-phenyl)-proprionyl]-urea;
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-ethyl-urea;
1-[3-cyclopentyl-2(R)-(3,4—dichloro-phenyl)—propionyl]-3-methyl-urea;
1-[3-cyclopentyl-2-(3 ,4-dichloro-phényl)—propionyl]-3-isopr6pyl-urea;
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)—propionyl]-3—propyl-urea;
1-[3-cyclopentyl-2-(3,4-difluoro-phenyl)-propionyl]-3-methyl-urea.

In yet other amides of the above compound, one of R'and R? of the amide is

hydrogen or halo and the other is nitro. Examples of such amides are:

1-[2-(4-chloro-3 -nitro-phenyl)-3-cyclopentyl-proprionyl]-3-methyl-urea;

1-[3-cyclopentyl-2-(4-nitro-phenyl)-propionyl}-3-methyl-urea.
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In further amides of the above compound, one of R! and R? is hydrogen, lower
alkyl thio or perﬂuoro-iowér alkyl thio and the other is 16wet alkyl thio or perfluoro-lower
alkyl thio. Examples of such amides are:
1-[3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)-propionyl}-3-methyl urea;
1-[3-cyclopentyl-2-(4-methylsulfanyl-phenyl)-propionyl}-3-methyl urea.

In yet further amides of the above compound, one of R! and R? is hydrogen or
perfluoro-lower alkyl sulfonyl and the other is perfluoro-lower alkyl sulfonyl. Examples
of such amides are:
1-[3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-propionyl]-3-methyl urea;
i-[3-cyclopentyl-2-(3-trifluoromethanesulfonyl-phenyl)-propionyl}-3-methy! urea.

In certain amides of the above compound, at least one of R! and R? is Jower alkyl
sulfonyl. Preferably one of R' and R? is hydrogen or lower alkyl sulfonyl and the other is
lower alky! sulfonyl, and more preferably R? is lower alkyl sulfonyl. Examples of such
amides are:
1-[3—cyclopentyl-2—(4-methanesulfonyl-phenyl)—propidnyl]-3—methyl urea;
1-{2-[4-(butane-1-sulfonyl)-phenyl]-3-cyclopentyl-proprionyl }-3-methyl-urea;
1-[3-cyclopentyl-2-(4-cthanesulfonyl-phenyl)-proprionyl]-3-methyl-urea;
1-[2~(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl}-3-methyl-urea.

In other amides of the above compound, at least one of R! and R? is lower alkyl
sulfonyl, one of R' and R? is cyano or halo and the other, preferably R?, is lower alkyl
sulfonyl. Examples of such amides are:
1-[2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl}-3-methyl-urea;
1-[3-cyclopentyl-2-(3-fluoro-4-methanesulfonyl-phenyl)-proprionyl]-3-methyl-urea;
1-[2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl}-3-methyl-urea;
1-[2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl]-3-methyl-urea;
1-[2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl]-3-ethyl-urea;
1-[2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl]-3-methyl-urea.

In other amides of the above compound, at least one of R! and R? is lower alkyl

sulfonyl, one of R! and R? is perfluoro-lower alkyl and the other, preferably R?, is lower
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alkyl sulfonyl. An Example of such an amide is 1-[3-cyclopentyl-2-(4-methanesulfonyl-
3-trifluoromethyl-phenyl)-proprionyl}-3-methyl-urea.

In further amides of the above compound, at least one of R‘ and R? is perﬂuoro—-
lower alkyl and the other is halo. Examples of such amides are:
1-[3—cyclopentyl—2-(4—ﬂuoro-3-tn'ﬂuoromethyl-phenyl)-prbpionyl]-3-methyl urea;
1-[3—cyclopentyl-2—(3-ﬂuoro-4-txiﬂuoromethyl-phenyl)-propioriyll -3-methyl urea.

In yet further amides of the above compound, at least one of R' and R? is lower
alkyl sulfonyl, one of R! and R? is nitro and the other is lower alkyl sulfonyl. An example
of such an amide is 1-[3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionyl]-3-

methyl-urea.

In the compounds of this invention described above, R*® of the amide is hydrogen,
lower alkyl, or lower alkenyl and R’is cyclopentyl. In the compounds described below,

R* js the same but R’ is not cyclopentyl.

In certain such compounds, one of R! and R? is halo or hydrogen and the other is
hydrogen. An example of such an amide is [2-(4-chloro-phenyl)-4-methyl-pentanoyl]-
urea. In particular R' and R? may each be chlorine. Examples of such amides are:

[3-cyclopropyl-2-(3,4-dichloro-phenyl)-propionyl]-urea;

_ [3-cyclobut_yl—Z-(3,4—dichloro-phenyl)—propionyl]-urea;

R-[2-(3,4-dichloro-phenyl)-4-methyl-pentanoyl]-urea;
1-[2-(3,4-dichloro-phenyl)-4-methyl-pentanoyl]-3-methyl-urea;
1-[2-(3,4-dichloro-phenyl)-hexanoyl}-3-methyl-urea.

In other such compounds, R* s as described above _énd R? is cyclohexyl. In some
such amides, one of R and R? is halo or hydrogen and.the other is halo. Examples of
such amides are: ._ |
3-[cyclohexyl-2-(3,4-dichloro-phenyl)-propionyl}-urea;
[3-cyclohexyl-2-(3,4-dichloro-phenyl)-propionyl}-3-methyl-urea.

In other such compounds, R* is as described above and R* is cycloheptyl. In some

such amides, one of R! and R? is halo or hydrogen and the other is halo. An example of

such an amide is [3-cyclohepty1—2-(3,4-dichloro-phenyl)—propionyl]-urca.
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In certain compounds of this invention, __R4° is -(CHz)n-C(O)ORS or
-C(O)-(CHz),,-C(O)ORG. In some such compounds, ﬁg éf the amide is cyclopentyl.
Preferably R and R? are independently halo. Examples of the above amides are:
3-{3-[3-cyclopentyl-2-(3 4-dichloro-phenyl)-propionyl]-ureido}-propionic  acid ethyl
ester,

{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido } -acetic acid ethyl ester;
{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-acetic acid methyl ester;
3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-ureido}-propionic acid methyl
ester;

{3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl}-ureido } -acetic acid ethyl ester;
3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-ureido }-3-0xo-propionic acid

ethyl ester.

In certain compounds of this invention, R*® is hydroxy lower alkyl, or halo lower
alkyl. In some such compounds, R? of the amide is cyclopentyl. Preferably R!and R? are
independently halo, and in addition the amide is in the “R” configuration at the
asymmetric carbon shown. Examples of the above amides are:
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-3-(2-hydroxy-ethyl)-urea;
I-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-3-(2-hydroxy-propyl)-urea;
1-{3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl}-3-(3-hydroxy-propyl)-urea;
1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-proprionyl]-3-(2-hydroxy-propyl)-urea;
1-(2-chloro-ethyl)-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-urea;
1-[3'-cyciopentyl-2(R)—(3,4—dichloro—phenyl)—proprionyl]—3-(3-hydroxy-propyl)-urca.

In the compounds described below, unless otherwise indicated, R* is an
unsubstituted or mono-substituted five- or six-membered heteroaromatic ring connected
by a ring carbon atom to the amine group shown, which five- 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 cing being monosubstituted at a
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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,
~(CHz2)-OR®, -(CH2)s-C(O)OR’, -(CH,),-C(O)NHR®, -C(0)-C(O)OR®, -(CH,)o-NHRS;.

In certain of such compounds, R® is cyclope_ntyi (the compound I-D). The
embodiments of the compound I-D are those compounds where R* is an unsubstituted
thiazole (Compound I-D1). Among the various embodiments of the compound of I-D1
are included those compounds where:

a) one of R! and RZ is hydrogen, halogen, perfluoro-lower alkyl and the other of said
R' and R? is halo or perfluoro-lower alkyl;

b) one of R! and R? is amino, nitro, hald, nitro or hydrogen and the other of said R
and R? is amino, cyano or nitro;

c) one of R' and R? is lower alkylthio, perfluoro-lower alkyl thio, halo or hydrogen
and the other of said R! and R?is perfluoro-lower alkylthio, lower alkylsulfinyl or
lower alkylthio;

d) one of R' and R? is lower alkyl suifonyl, hydrogen, nitro, cyano, amino,
hydroxyamino, sulfonamido or halo, and the other of said R! and R? is lower alkyl
sulfonyl;

e) one of R! and R? is lower alkyl sulfonyl, and the other of said R' and R? is halo or
perfluoro-lower alkyl;

f) one of R! and R? is perfluoro-lower alkyl sulfonyl or hydrogen and the other of
said R! and R? is perfluoro-lower alkyl sulfonyl;

g)  one of R! and R? is -OR?, or -C(O)OR’ and the other of said R! and R? is
hydrogen or -OR’; and R’ is as above; and

h) one of R' and R? is -OR? and the other is halo.

In accordance with another embodiment of this invention where R? is cyclopentyl,
the embodiments are those compounds where R* is a mono-substituted thiazole
(compounds I-D2). Among the embodiments of compounds I-D2, are those compounds
where fhe mono-substitution is -(CHz)n—OR6 and n and RS are as above (compounds I-
D2(a)). Among the embodiments of compounds I-D2 (a) are those compounds where:

a)  oneof R' and R? is halo and the other of said R and R? is hydrogen or halo;
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b)  oneof R’ and R is lower aikyl sulfonyl, and the other of said R and R? is lower
alkyl sulfonyl or By&rogen; and

c) one of R! and R? is hydrogen and the other of said R' and R? is lower alkyl or
perfluoro-lower alkyl.

In accordance with another embodiment of the invention where R’ is cyclopentyl
and R* is a mono-substituted thiazole (Compounds I-D2), are those compounds where the
mono-substitution is lower alky} and one of R! and R® are hydrogen or halogen and the

other of R! and R” is halogen (Compounds I-D2(b)).

Among another embodiment of the compounds I-D are those compounds where
the mono-substituted thiazole is substituted with -(CHa),-C(O)OR’, wherein n is 0 or 1
and R’ is hydrogen, or lower alkyl (Compounds of I-D2(c)). Among the embodiments of
compounds of formula I-D2(c) are those compounds where:
a) one of R and R? is hydrogen and the other of said R} and R? is halo;
b}  R’and R? are each independently halo;
¢y  oneof R' or R?is nitro, amino or hydrogen and the other of said R? and R? is nitro
or amino; and
d) one of R' and R? is lower alkyl sulfonyl, perfluoro-lower alkyl, halogen or

hydrogen and the other of said R' andR? is lower alkyl sulfonyl.

In accordance with another embodiment of this invention, where R® and
cyclopentyl and R* is a mono-substitited thiazole (Comipounds I-D2) are those
compounds where the mono-substituted thiazole is substituted with -C(O)-C(O)ORS,
wherein R® is as above (Compounds I-D2(d}). Among the embodiments of compound I
D2(d) are those compounds where:

a) one of R' and R are hydrogen and the other of said R! and R? is nitro or amino;

'b) one of R! and R? is halo or perfluoro-lower alkyl and the other of said R! and R?
is perfluoro-lower alkyl, halogen or hydrogen; and

c) one of R! and R? is hydrogen or halogen and the other of said R and R is lower
alkylsulfonyl. |



10

[ L]
W

WO 00/58293 _ PCT/EP00/02450
-16-

In accordance with another embodiment of this invention, where R is cyclopentyl
and R? 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 R! and R? are hydrogen
and halogen and the other of R' and R?is halogen or lower alkyl sulfonyl (compound of
formula I-D2(e)).

In accordance with another embodiment of this invention, where R? is cyclopentyl
(Compound I-D) and R* is an unsubstituted pyridine (Cdmpounds I-D3). Among the
embodiments of compound I-D3 are those compounds where:

a) one of R' and R? are halo, perfluoro-lower alkyl or hydrogen and the other of said

R! and R? is halo, perfluoro-lower alkyl, amino, cyano or nitro;

b) one of R' and R? is lower alkyl thio, perfluoro-lower alkyl thio or cyano, and the
other is hydrogen;

c) one of R! and R? is lower alkyl sulfonyl, halo, cyano, nitro or hydrogen and the
other of said R! and R? is lower alkyl sulfonyl; and

d)  one of R! and R? is perfluoro-lower alkyl sulfonyl, lower alkyl sulfonyl or
hydrogen and the other of said R! and R? is perfluoro-lower alkyl sulfonyl or

perfluoro-lower alkyl.

In accordance with another embodiment of the invention, where R? is cyclopentyl
(Compounds I-D) are those compounds where R* 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 -(CH,),-C(O)OR’, wherein n and R’ are as
above (compound I-D4(a)). Among the embodiments of compounds I-D4(a) are those
compounds where: .

a)  wherein R! and R? are each independently halo; |
b)  wherein one of R' and R? is hydrogen and the other of said R and R? is halo,

amino, cyano or nitro; and

- c) one of R! and R? is perfluoro-lower alkyl sulfonyl, lower alkyl sulfonyl or

hydrogen and the other of said R! and R? is perfluoro-lower alkyl sulfonyl or

lower alkyl sulfonyl.
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Other embodiments of the compounds of formula J-D4(b) are those compounds
where the pyridine ring is mono-substituted with (CH.),-OR® wherein n and R® are as
above (Compounds I-D4(b)). Among the embodiments of the compound 1-D4(b) are
those compounds where:

2) one of R! and R? are halo and the other of said R' and R? is hydrogen or halo; and
b) one of R' and R? is lower alkyl sulfonyl or hydrogen and the other of said R! and
R? is lower alkyl sulfonyl.

Another embodiment of compounds where R® is cyclopentyl and R* is a mono-
substituted pyridine ring are those compounds where the pyridine ring is mono-
substituted with a halo or perfluoro-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: .

a)  oneof R' and R?is halo or hydrogen and the other is halo; and
b)  one of R! and R? is halo, nitro or hydrogen and the other is perfluoro-lower alkyl

sulfonyl or lower alkyl sulfonyl.

In accordance with another embodiment of this invention are compounds of where
R? is cyclopentyl and R* 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 R! and R? is

halo and other of said R! or R? is hydrogen, halo, or lower alkyl sulfonyl.

In accordance with another embodiment of this invention are compounds of
formula I where R® is cyclopentyl and R* 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 R! and R? is halo or hydrogen and
the other of R! and R? is halo, perfluoro-lower alkyl, perfluoro-lower alkyl sulfonyl, or
lower alkyl sulfonyl.

In accordance with another embodiment of this invention where R> is cyclopentyl
and R* is 2 mono-substituted pyridine are those compounds where the mono-substituent is
«(CHa)s-C(0)-NHR®, wherein n and R are as above (Compound I-D4(f)). Among the



10

15

WO 00/58293 PCT/EP00/02450
-18-

embodiments of compound I-D4(f) are those compounds wherein one of R! and R? are
independently selected from the group consisting of halo or hydrogen and the other of
said R' and R? is halo, or lower alky] sulfonyl.

Another embodiment of this invention where R’ is cyclopentyl are those
compounds where R* is an unsubstituted jmidazo]yl (Compound I-D5). Among the
embodiments of comﬁounds I-D5 are those compounds wherein one of R! and R? is
selected from the group consisting of halo and hydrogen and the other of said R_1 and R? is

halo, or lower alkyl sulfonyl.

Another embodiment of the compounds of this invention are those compounds
where R is cyclopenty] and R* is an isoxazolyl ring (the compound I-D6). The
embodiments of compbund I-D6 are those compounds where the isoxazolyl ring is
unsubstituted or substnuted preferably mono-substituted. Amon° the mono-substituted
subsutuents the preferred substituents substituted on the isoxazolyl ring is lower alkyl.
An embodiment of the compound I-D6, either where the 1soxazolyl ring is unsubstituted
or substituted with a lower alkyl substituent are those compounds where one of R! and R?
is halo, nitro, lower alkyl sulfonyl or perfluoro-lower alkyl and the other of R! and R?is

hydrogen or halo.

Another embodiment of this invention where R’ is cyclopentyl are those
compounds where R* 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 R' or R? is halo, nitro, lower alkyl sulfonyl or

perfluoro-lower alkyl and the other is of R' or Rlis hydrogen or halo.

Another embodiment of this invention where R’ is cyclopentyl are those
compounds where R* is pyridazinyl which is either unsubstituted or substituted with a
lower alkyl group (Compound I-D7). Embodiments of the compound I—D7 are
encompassed by this invention include those compounds where one of R' or R? is halo,
nitro, lower alkyl sulfonyl or perfluoro-lower alkyl and the other of said R! or R? is

hydrogen or halo.
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Another embodiment of this invention where R® is cyclopentyl include
compounds where R* is unsubstituted pyrimidinyl. The embodiments of those
compounds where R? is cyclopentyl and R* is unsubstituted pyrimidiny} include those
compounds where one of R! or R? is halo, nitro, lower alkyl sulfony! or perfluoro-lower

alkyl and the other is hydrogen or halo.

Another embodiment of thxs invention includes compounds where R’ is
cyclopentyl where R* is an unsubstituted thiadiazolyl ring. Among the embodiments
included within those compounds where R is cyclopentyl and R* is an unsubstituted
thiadiazolyl ring are those compounds wherein one of R or R? s halo, nitro, lower alkyl

sulfonyl or perfluoro-lower alkyl and the other of said R' and R? is hydrogen or halo.

In accordance with other embodiments of this invention, R? in the compound of
formula I can be cycloheptyl or cyclohexyl. The embodiments of the compound of
formula I where R? is cycloheptyl or cyclohexyl include those compounds where R* is
thiazolyl which can be mono-substituted or unsubstituted. Embodiments included within
such compounds where R® is cycloheptyl or cyclohexyl and R* is an unsubstituted
thiazolyl include those compounds wherein one of R and R? is halo, lower alkyl sulfinyl,
perfluoro-lower alkyl sulfinyl, perfluoro-lower alkyl or lower alkyl sulfony! and the other
is of said R' and R? with halo, perfluoro-lower alkyl or hydrogen.

Examples of compounds of formula I according to the present invention, wherein

R*is a heteroaromatic ring are:

2-(3-chloro-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-(4-bromo-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-(4—chloro—phenyl)-3—cyclopentyl-N—thiazoI~2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethyl-phényl)-propionamide,
3-cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2~(4-fluoro-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-N—thiazoI-2-yI-2—(3-trifluoromethyl—phenyl)-pi‘opionamide,
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3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-nitrophenyl)-N-thiazol-2-yl-propionamide,
2—(4-amino-ph‘enyl)-3-cycldpemyl-N-thiazol-2-yl-propionamide,
2-(3-amino-phenyl)—3-cyclppentyl-N-thiazol-2-yl-propionamide,
2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-(4-cyano-pheny])-3-cyclopentyl-N—thiazol—Z-yl-prqpionamide_,
3-cyclopentyl—N-thiazoi—2—yl-2-(4-triﬂuoromethylsulfanyl-phenyl)-propionamide,
3-cyclopentyl-2-(4-methylsulfanyl-phenyl)-N-thiazol-2-yl-propionamide,

3-cyclopentyl-2-(4-methylsulfanyl- 3-tnﬂuoromethy]-phenyl)—N-thxazol-2-y]-
- propionamide,

3-cyclopentyl-2-(4-methanesulfinyl-phenyl)-N-thiazol-2-yl-propionamide, -
3-cyclopentyl-z-(4-methan_es_ulfony1-phenyl)-N~thiazol-2—y1¥propionan1ide,
3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-N-thiazol-2-yl-propionamide,
7-(3-amino-4-methanesulfony]-phenyl)—3—cyc1opentyl-N-th’iaiol-2-yl-propionarnide,

3-cyclopentyl-2- (3-hydroxymmno-4—methanesulfonyl-pheny])-N-th1azol—2-yl-
propionamide,

2-(3-cyano—4—methanesu_lfonyl-'phenyl)-S—cyclopentyl-N—thiazol—2-y1-propion'amide,

* 3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide,

2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-sulfamoyl-phenyl)-N-thiazol-2-yl-propionamide,
2-[4-(butane-1-sulfonyl)—phenyl]-3-cyclopentyl-N-thiazol—Z-yi—propionamide,
3-cyclopentyl-2-[4-(propane-1-sulfonyl)-phenyl}-N-thiazol-2-yl-propionamide,

3-cyclopentyl-2-(4-methanesulfonyl- 3-tnﬂuoromethyl-phenyl)-N—thJazol-Z-yl-
propionamide,

2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-[3-chloro-4—methanesu1fonyl—phenyl]—3-cyclopentyl-N-thiazol-2-yl—propionamide,
2?(3-bromo—4—methanesulfonyl—phenyl)—3-cyclopentyl—N-thiaz_ol—2-yl—pr0pionamide,
3;cyclopenty1-N-thiazol-2-yl-2-(4-tﬁﬂuoromethanesulfonjl—phenyl)-propionamide,
3-cyclopentyl—N-thiazol-2-y1—2-(3-tﬁﬂuoromethanesulfonyl-phenyl)—propionamide,
3—cyclopemy1—N-thiu61-2-y1-2-(4-triﬂuoromethoxy—phenyl)-pfopionamide,
3-cyclopentyl-2-(3-meth6xy-phenyl)—N-thiazol-2-yl—propionamide,
3-cyclopentyl-2-(3-hydroxy-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dimethoxy-phenyl)-N-thiazol-2-yl-propionamide,
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3-cyclopentyl-2-(3,4-dihydroxy-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-metfiox{-phenyl)-N-thiazol-2-yl-propionimide,
3-cyclopentyl-2~(4-hydroxy-phenyl)-N-thiazol-2-yl-propionamide,
4-[2-cyclopentyl-1-(thiazol-2-ylcarbamoyl)-ethyl]-benzoic acid methyl ester,
3-cyclopentyl-2-(3-fluoro-4-methoxy-phenyl)-N-thiazo}-2-yl-propionamide,
3-cyclopentyl-2-(3-fluoro-4-hydroxy-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-hydroxymethyl-thiazol-2-yl)-propionamide,
3-cyclopentyl-2-(3 4-dichlorophenyl)-N-[4-(2-hydroxyethyl)-thiazol-2-yl]-propionamide,
2-(4-chloro-phenyl)-3-cyclopentyl-N-(5-hydroxymethyl-thiazol-2-yl)-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(4-hydroxymethyl-thiazol-2-yl)-propionamide,

3-cyclopentyl-N—(4-hydroxymethyl—thiazol-2-yl)-2—(4—methanesulfdnyl—phenyl)—
propionamide,

3-cyclopentyl-N-{4-(2-hydroxyethyl)-thiazol-2-yl]-2-(4-methanesuifonyl-phenyl)-
propionamide,

3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(4-methyl-thiazol-2-yl)-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-methyl-thiazol-2-yl)-propionamide,

{2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid ethyl
ester,

{2-[2-(3-chloro-phenyl)}-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid methyl
ester,

2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic acid methyl
ester,

2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic acid ethyl
ester,

{2-]2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid ethyl
ester,

2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic acid methyl
ester,

2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino}-thiazole-4-carboxylic acid ethyl
ester,

{2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid methyl
ester,

{2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino}-thiazol-4-yl } -acetic acid,

{2-[3-cyclopentyl-2-(3 4-dichlorophenyl)-propionylamino}-thiazol-4-yl }-acetic acid ethyl
ester,
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2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino}-thiazole-5-carboxylic acid,

2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazole-4-carboxylic acid,

{2-[3-cyclopentyl-2-(3 4—dlchlorophenyl)-propxony]armno]-th1azol-4~y] }-acetic acid
methyl ester,

(2R)-2-[3-cyclopentyl-2-(3,4- dlchloro—phenyl)-propxonylaxmno]-tlruazole-4-carboxyhc
acid methyl ester,

2-[3-cyclopentyl-2-(3 4-d1chlorophenyl)-proplonylammo]-thlazole-S-carboxyhc acid
methyl ester,

2-[3-cyclopentyl-2-(3,4- d1chlorophcny])-proplonylaxmno]-thlazole-S-carboxyhc acid ethyl
ester, _

{2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazol-4-yl }-acetic acid ethyl
ester.

{2- [3—cyc10pentyl-7-(4-mtro—pheny1)—prop1onylarmno]-th1azol-4-yl} acetic acid methyl
ester,

2- [3—cyc1opentyl-2-(4-nitro-phenyl)-propionylamino]-thiazole-4—carboxy1ic acid methyl
ester,

2-[3-cyclopentyl-2- (4-mtro-phenyl)—proplonyla:mno]—t}uazole-4-carboxyhc acid ethyl
ester,

{2-[2-(4-amino-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl } -acetic acid methyl
ester,

2-[2-(4-amino-phenyl)-3-cyclopentyl-propionylamino}-thiazole-4-carboxylic acid methyl
ester,

{ 2-[3-cyclopentyl-2-(4-méthane_sulfonyl-phenyl)-propionylanﬂno]-thiazole-4-carboxylic
acid ethyt ester,

{2-{3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionylamino}-thiazol-4-yl }-4-acetic
acid methy] ester,

{ 2-[3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionylamino}-
thiazol-4-yl}-acetic acid methyl ester,

2-[3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionylamino]-
thiazole-4-carboxylic acid methyl ester, -

{ 2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazol-4-yl }-oxo-acetic acid ethyl
ester,

{2-[3-c yclopentyl-'z-(S,4-dichIorophenyl)-propionylaminojthiazo]-5-yl }-oxo-acetic ethyl
ester,

{2-[3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionylamino]-thiazol-4-yl } -
oxo-acetic acid ethyl ester,
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{2-12~(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionylamino}-thiazol-4-yl }-

oxo-acetic acid ethyl ester,
3-cyclopentyl-2~(3,4-dichlorophenyl)-N-(5-nitro-thiazol-2-yl)-propionamide,
3-cyclopentyl-2-(3-ﬂuoro~4-triﬂuoromethyl—phenyl)-N-pyridin—2-y1-propionamide,
3-cyclopentyl-2-(3,4-dichioro-phenyl)-N-pyridin-2-yl-propionamide,
3-cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethyl-phenyl)-2-propionamide,
3-cyclopentyl-N-thiazol-2-y1-2-(3-triflucromethyl-phenyl)-propionamide,
2-(3-chloro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
2-(4-amino-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
2-(4- cyano—phenyl)—3-cyc1opentyI-N—pyridin-Z—yl-propionamidc,
2-(4-chloro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
3-cyclopentyl-2-(4-nitro-phenyl)-N-pyridin-2-yl-propionamide,
2-(4-cyano-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
3-cyclopentyl-2-(4-methyisulfanyl-phenyl)-N-pyridin-2-yl-propionamide,
3-cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethylsulfanyl-phenyl)-propionamide,
3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-N-pyridin-2-yl-propionamide,
3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-pyridin-2-yl-propionamide,
2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl- propionamide,
3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-pyridin-2-yl-propionamide,
2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,

3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-N-pyridin-2-yl-
propionamide,

3-cyclopentyl-N-pyridin-2-yl-2-{4-trifluoromethanesulfonyl-phenyl)-propionamide,

3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-carboxymethylpyridin)-2-yl-propionamide,
6-[3-cyclopentyl-2(R)~(3,4-dichloro-phenyl)-propionylamino]-nicotinic acid methyl ester,

6-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino}-nicotinic acid,
6-[2~(3-chloro-phenyl)-3-cyclopentyl-propionylaminoj-nicotinic acid methyl ester,
6-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-nicotinic acid methyl ester,
6—[3-cyclopentyl—,2-(4—nitro-phenyl)-prdpionylamino}—nicotinic acid methyl ester,

6-[2-(4-amino-phenyl)-3-cyclopentyl-propionylamino]-nicotinic acid methyl ester,
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6-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino}-nicotinic acid,
6—[2-(4-cyano-phenyl)-3-cyclopentyl—propionylamino]-nicotiﬁic acid, |

6- [3-cyclopcntyl-2-(4~tnﬂuoromethanesulfonyl—phenyl)—proplonylaxmno]-mcotlmc acid
methyl ester,

6-[3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-propionylamino}-nicotinic acid,

6-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionylamino}-nicotinic acid methyl
ester,

3-cyclopentyl-2(R)-(3,4-dichloro¥phenyl)-N-(5-hydroxymethyl-pyridin-2-yl)—
propionamide,

3-cyclopentyl-2—(3,4—dichlo_ro-phcnyl)-N-(5—hydroxy-pyﬁdin—2-yl)-propionainidc,
2-(4-chloro-phenyl)-3-cyclopentyl-N-(5-hydroxymethyl-pyridin-2-yl)-propionamide,

3-cyclopentyl-N-(S-hydroxymethyl-pyndm-2-yl)-2-(4-methanesulfonyl-phenyl)-
propionamide,

N-(5-chloro-pynidin-2-yl)-3-cyclopentyl-2-(3 4—d1chloro~phenyl)—prop1onaxmde,
3-cyclopentyl-2-(3, 4-d1chloro-phenyl)«N—(5-brompyndm)-Z-yl-propxonannde

3-cyclopentyl-2(R)-(3 4-d1chloro-phenyl)-N (S-tnﬂuoromethyl-pyndm-2-yl)—
propionamide,

N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2(R)-(3,4-dichloro-pheny}l)-propionamide,

N-(5-chloro-pyridin-2-yl)-3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-
propionamide,

N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-
propionamide,

N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2-(4-methanesulfonyl- 3-mtro-phenyl)—
propionamide,

2-(3-bromo-4-methanesulfonyl-phenyl)-N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-
propionamide,

N-(5- bromo-pyridin-2-yl)-2- (3-ch1oro—4~methanesulfonyl-phenyl)-3-cyclopentyl-
. propionamide,

2-(3-chloro—4-methanesulfonyl—phenyl)-3—cyclopentyl-N—(S—tnﬂuoromethyl-pyndm-2-yl)-
propionamide,

N-(S-chloro-pyndu_l-z-yl)-z-(3-ch]oro-4—methanesulfonyl-phenyl)-3-cyclopentyl-
propionamide,

3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-nitropyridin)-2-yl-propionamide,

3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-methylpyridin)-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(4-methylpyridin)-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(6-methylpyridin)-2-yl-propionamide,
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3-cyclopentyl-N-(5-methyl-pyridin-2-y1)-2-(4-trifluoromethanesulfonyl-phenyl)-
propionamide,

3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-N-(5-methyl-pyridin-2-yl)-
propionamide,

6-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionylamino]-N-methyl-nicotinamide,
3-cyclopentyl-2-(3 4-dichlorophenyl)-N-(1H-imidazol-2-yl)-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-methyl-isoxazol-3-yl)-propionamide,
3-cyclopentyl-2-(3 4-dichlorophenyl)-N-oxazol-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-pyridazin-3-yl-propionamide,
'3-cyclopentyl-?.—(3,4-dichlorophenyl)-N-pyrimidin—2—y1—propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N -pyrimidin-6-yl-propionamide,
3-cyclopentyl-2-(4-nitro-phenyl)-N-pyrimidin-4-yl-propionamide,
3-cyclopentyl-2-(3 /A-dichlorophenyl)-N-[1,3 4]thiadiazol-2-yl-propionamide,
2:[4-methanesulfonyl phenyl)-3-cyclohexyl N-thiazol-2-yl-propionamide, and
2-[4-methanesulfonyl phenyl]-3-cycloheptyl N-thiazol-2-yl-propionamide.

Examples of compounds of formula I according to the present invention, wherein

R*is a residue -C(O)NHR® and R* is as defined above, are:

1-(3-cyclopentyl-2-phenyl-propionyl)-3-methyl-urea,
1-{2-(3-chloro-phenyl)-3 cyclopentyl-propionyl}-3-methyl-urea,
1-[2-(4-chloro-phenyl)-3-cyclopentyl-propionyl}-3-methyl-urea,
1-[2-(4-cyano-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea,
1-[2-(4-bromo-phenyl)-3-cyclopentyl-propionyl}-3-methyl urea,
[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-urea,
1-{3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-methyl-urea,
1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]}-3-cthyl-urea,
1-allyl-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl}-ures,
1-allyl-3-[3-cyclopentyl-2(R)-(3, 4-dichloro-phenyl)-proprionyl]-urea,
1-[3-cyclopentyl-2~(3,4-dichloro-phenyl)-propionyl]-3-ethyl-urea,
1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-3-methyl-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-isopropyl-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-propyl-urea,
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1-{3-cyclopentyl-2-(3,4-difluoro-phenyl)-propionyl}-3-methyl-urea,
1-{2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-proprionyl]-3-methyl-urea,
1-[3-cyclopentyl-2-(4-nitro-phenyl)-propionyl]-3-methyl-urea,
1-[3-cyclopentyl—.2-(4—txiﬂuoromethy1sulfanyl-phenyl)—propidnyl]-3—methyl urea,
1—[3-cyclopentyl-2-(4-m_¢thylsulfanyl—phenyl)-propionyl]-3_—r¢ethyl urea, |
1-[3-_cyclopentyl-2-(4-tn'ﬂudromethanesulfonyl-phenyl)_-propionyl]-3-methyl urea,
l-[3-cyclopentyl—2-(3-triﬂuoromethanesulfony]-phenyl)-prop_ionyl]-S-methyl urea,
1-[3-cyclopentyl-2-(4.-methanesulfonyl-phenyl)-propionyl]-;’:-_methyl urea,

1-{ 2-.[4-(butane- 1-sulfonyl)-phenyl}-3-cyclopentyl-proprionyl }-3-methyl-urea,
1-[3—cyclopentyl-2-(4-ethanesu1fonyl-phenyl)-proprionyl]-3-_methy1-urea, _
1-[2-(3,4-bi s-methanesulfor_lyl-phenyl)-3-cyclopentyl-proprionyl]-34methyl-urea,
1-[2—(3-bromo—4—methaﬁesulfonyl—phenyl)—3-cyclopehtyl—proprionyl]—3-methy1-urea,
1-[3-cyclope_ntyl—2-(3-ﬂuoro_—4-methanesulfonyl-phenyl)—proprionyl]—3-methyl-urea,
1 -[2-(3-chloro-4-methanésulfonyl-phenyl)-3-cyc10pentyl-proprionyl]-3-methyl-urea,
1-[2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl}-3-methyl-urea,
1-f2—(3-chloro—4-methane_sulfony]-phenyl)-3-cyclopenty1-prOPr.iOnyl]—3—ethyl-urea,
1-[2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyi]-3-methyl-urea,

1-[3-cyc10pentyl-2-(4-méthanesulfony1—3-triﬂuoromethyl-phenyl)—proprionyl]-3—methy]-
urea, o

1-[3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionyl]-3-methyl urea,
1-[3-cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-propionyl]-3-methyl urea,
1-[3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionyl]-3-methyl-urea,
[2-(4-chloro-phenyl)-4-methyl-pentanoyl}-urea,

[3-cyclopropyl-2-(3 ,4_-dichlofo—phenyl)—propionyl]-urea,
[3-cyclobutyl-2-(3,4-dichloro-phenyl)-propionylj-urea,
R-[2-(3,4-dichloro-phenyl)-4-methyl-pentanoyl}-urea, -
1-[2-(3,4-dichloro-phenyl)-4-methyl-pentanoyl]-3-methyl-urea,
1-[2-(3,4-dichloro-phenyl)-hexanoyl}-3-methyl-urea,
3-[cyclohexyl-2-(3,4-dichloro-phenyl)-propionyl]-urea,

[3-cyclohexyl-2-(3 ,4-d?chloro-phenyl)~propionyl]-3-methyl-urea,

" [3-cycloheptyl-2-(3,4-dichloro-phenyl)-propionyl]-urea,

3-{3-[3-cyclopentyl-2-(3 ,4—diéhloro-phenyl)—propionyl]-ureido}-propionic acid ethyl
ester, S -
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{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-acetic acid ethyl ester,
{3-[3-cyclopenty1—2-(§;4~ﬁichloro-phenyl)-propionyl]-ure'ido}-acetic acid methyl ester,

3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-propionic acid methyl
ester,

{3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl}-ureido} -acetic acid ethyl ester,

3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-ureido }-3-oxo-propionic acid
ethyl ester,

1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-3-(2-hydroxy-ethyl)-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-3-(2-hydroxy-propyl)-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl}-3-(3-hydroxy-propyl)-urea,
1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-proprionyl]-3-(2-hydroxy-propyl)-urea,
1-(2-chloro-ethyl)-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-urea, and
1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-proprionyl]-3-(3-hydroxy-propyl)-urea.

It will be appreciated that the compounds of formula I may be derivatised at
functional groups to provide derivatives which are capable of conversion back to the
parent compounds in vivo. Additionally, any physiologically acceptable equivalents of the
compounds of formula I, which are capable of producing the parent compounds of

formula I in vivo, are within the scope of this invention.

The compound of formula I can be prepared starting from the compound of

formula V by the following Reaction Scheme:
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Reaction Scheme

OCH,

b

CIC(0)-(CH,),-C(O)ORS

1 -
' ¢ Xt
H H

N

TNY(cnz)ﬁ\lr OR

¢

wherein R', R? and R® are as above, R* is an unsubstituted or mono-substituted five- or
six-membered heteroaromatic ring connected by a ring carbon atom to the amine group
shown, which five- or six-membered heteroaromatic ring contains from 1 to 3

heteroatoms selected from sulfur, oxygen or nitrogen, with one heteroatom being nitrogen
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which is adjacent to the connecting ring carbon atom; said mono-substituted
heteroaromatic ring beifig fnonosubstituted at a position on 2 ring carbon atom other than
adjacent to said connecting carbon atom with a substituent selected from the group
consisting of lower alkyl, halo, nitro, cyamo, ~(CHz),-OR®, -(CH,).-C(O)OR’,
-(CH,):-C(O)NHR®, -C(0)-C(0)OR® or -(CHz),-NHR®, wherein R%, R’, R® and n are as
defined above; RY is hydrogen or lower alkyl; and R* is lower alkyl, lower alkenyl,
hydroxy lower alkyl, halo lower alkyl or -(CH,),-C(O)OR’, wherein R’ is hydrogen or

lower alkyl and n is as defined above.

The carboxylic acids and their lower alky! esters of formula V wherein one of R!
and R? 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 conesponding esters of lower alkyl alcohols using any conventional
esterification methods. All the reactions hereto forward are to be carried out on lower
alkyl esters of the carboxylic acids of formula V. The amino substjtuted compounds of
formula V can be converted to other substituents either before or after conversion to the
compounds of formulae I-a, I-b, I-c or I-d. 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, perfluoro-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.; Robertson, D. W, J. Labelled Compd Rad.
1985, 22, 1045; Oade, S.; Shinhama, K.; Kim, Y. H,, Bull Chem Soc. Jpn. 1980, 53,
2023; Baker, B. R.; et al, J. Org. Chem. 1952, 17, 164), or alkaline earth metal cyanide, to
yield corresponding compounds of formula V, where one of the substituents is lower
alkyl thio, perfluoro-lower alkyl thio, or cyano, and the other is hydrogen. If desired, the
lower alkyl thio or perfluoro-lower alkyl thio compounds can then be converted to the
corresponding lower alkyl sulfonyl or perfluoro-lower alkyl sulfonyl substituted
compounds of formula V by oxidation. 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 wherein one of R' and R%is a

lower alkyl or perfluoro-lower alkyl group, the corresponding halo substituted compounds
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of formula V can be used as starting materials. Any conventional 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.;

Tamboroski, C., J. Og. 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 Lesr. 1989, 2133; Powell, R. L.; Heaton, C. A, US
patent 5113013) can be utilized to effect this conversion. On the other hand, the thio
substituent can be oxidized to a -SOsH group which then can be converted to -SO,Cl
which is reacted with ammonia to form the sulfonamide substituent -S(O),-NH,. I it is
desired to produce compounds of formula V wherein one or both of R! and R? is
hydroxyamino, the coxrequhding nitro compounds can be used as starting material and |
can be converted to the éorrésponding compounds where R and/or R? are hydroxyamino.
Any conventional method of converting a nitro group to the corresponding aromatic

hydroxyamino compound can be used to affect this conversion.

The carboxylic acids or lower alkyl esters of formula V wherein both of R! and R?
are chloro or fluoro are commercially available. In cases, where only the carboxylic acids
are available, they can converted to the corresponding esters of lower alkyl alcohols using
any conventional esterification method. To produce the compound of formula- V where
both R' and R? 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 compound of formula V is converted
to the compounds of formulae I-a, I-b, I-c or I-d. Any'con?cntional method of converting
an aryl methy! 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, Synihesis, 1991, 871). “The compounds of formula V

“where both R' and R? 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 R' and R? are amine groups can be used to prepare the
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corresponding compound of formula V where both R' and R? are iodine or bromine via a
diazotization reaction. Aty conventional method of converting amino group to an iodo or
bromo group (see for example, Lucas, H. J.; Kennedy, E. R. Org. Synth. Coll. Vol, I
1943, 351) can be utilized to effect this conversion. If it is desired to produce compounds
of formula V, where both R! and R® are lower alkyl thio or perfluoro-lower alkyl thio
groups, the compound of formula V where R! and R? 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 conversion. If it is desired to produce compounds of formula
V where R! and R? are lower alky] sulfonyl or lower perfluoro alkyl sulfonyl, the
corresponding compounds of formula V where R' and R? are lower alkyl thio or
perfluoro-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 R' and R? are
substituted with lower alkyl or perfluoro-lower alkyl groups, 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 comresponding alkyl or perfluoro-

lower alkyl group can be utilized to effect this conversion.

If it is desired to produce compounds of formula V, where one or both of R’ and
R? are substituted with sulfonamido, the corresponding compounds where one or both of
R' and R? are substituted with nitro can be used as starting materials. Any standard
method of converting a nitrophenyl compound to the comresponding sulfonamidophenyl

compound can be used 10 effect this conversion.

The carboxylic acids corresponding to the compounds of formula V where one of
R’ and R? 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
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conventional esterification methods. Thus, if it is desired to produce the compound of
formula V where one of R' and R? is nitro and the other is lower alky] thio or perfluoro-
lower alky} thio, the corresponding compound where one of R' and R? is nitro and the
other is chloro can be used as starting material. In this reaction, any conventional method
of nucleoi)hilic displacement 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. Lert, 1988, 1393; Wohrle, D.; Eskes, M.;
Shigehara, K.; Yamada, A, Synthesis, 1993, 194; Sutter, M.; Kunz, W, US patent, US
5169951). Once the compounds of formula V where one of R! and R? is nitro and the
other is lower alkyl thio or perfluoro-lower alkyl thio are available, they can be converted
to the corresponding compounds of formula V where one of R' and R? is nitro and the
other is lower alkyl sulfonyl or perfluoro-lower alkyl sulfonyl using conventional

oxidation procedures.

If it is desired to produce compounds of formula V where one of R! and R?is
amino and the other is lower alkyl thio or perfluoro-lower alkyl thio, the corresponding
compound where one of R! and R? is nitro and the other is lower alkyl thio or perfluoro-
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 R! and R? is
lower alkyl thio and the other is perfluoro-lower alkyl thio, the corresponding compound
where one of R and R? is amino and the other is lower alkyl thio or perfluoro-lower alkyl
thio can be used as starting materials. Any conventional method of diazotizing aromatic
amino group and reacting it in sizu 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 R! and R?is

“lower alky! sulfonyl and the other is perfluoro-lower alkyl sulfonyl, the corresponding

compounds where one of R! and R? is lower alkyl thio and the other is perfluoro-lower

alkyl thio, can be used as starting materials. Any conventional method of oxidizing an
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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 R! and R?is halo
and the other is lower alkyl thio or perfluoro-lower alkyl thio, the corresponding
compounds where one of R and R? is amino and the other is lower alkyl thio or
perfluoro-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 R! and R? is halo
and the other is Iower alkyl sulfonyl or perfluoro-lower alkyl sulfohyl, the corresponding
compounds where one of R! and R? is halo and the other is lower alkyl thio or perfluoro-
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 perfluoro-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 R! and R? is nitro
and the other is amino, the compound of formula V where one of R' and R? 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; Claik, J. H.; Jones, C. W. J. Chem. Soc. Chem.
Commun. 1987, 1409), which in tumn 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).
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In order to prepare the compound of formula V where one of R and R? is cyano
and the other is amino, the compound of formula V where one of R' and R? is nitro and
other is amino can be used as a starting material. The amino group is converted to cyano
by conventional means of converting aryl-amino to aryl-cyano, for example by
diazotization with a cyanide-transferring agent such as cuprous cyanide. The nitro group

is converted to an amino group as described above.

If it is desired to convert commercially available compounds to compounds of
formula V where one of R! and R? is cyano and the other is any other desired substituent
as defined above, the compound of formula V where one of R! and R? is nitro and the
other is halo is used as starting material. With this starting maierial', the nitro is converted

to the cyano and the halo is converted to the desired R' or R? substituent.

If it is desired to produce the compound of formula V where both R! and R? are
cyano, this can be prepared as described hereinbefore from compounds where R' and R?
are amino via diazotization and reaction with a cyanide-transferring agent such as cuprous

cyanide.

If it is desired to produce the compound of formula V wherein one of R! or R?is

~ -C(O)OR?, this' compound can be formed from the corresponding compound where R

and R? is an amino group by converting the amino group to a diazonium salt reacting the
diazonium salt with a hydrohalic acid to form the corresponding halide and then reacting
this halide with a Grignard reagent to produce the corresponding acid which can be
esterified. On the other hand, if one wants to produce the compound of formula V where
both R' and R? are carboxylic acid groups. This compound can be produced as described
above from the corresponding compound of formula V where both R' and R? are amino
grouips. In the same manner, the amino groups in the compound of formula V can be
converted to the corresponding compound where R or both of R or R? is -OR® 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.

The substituents which form R} and R? can be added to the ring after conversion

of the compound of formula X1I to the compounds of formulae I-a, I-b, I-c or I-d. Hence,
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all of the reactions described to produce various substituents of R' and R? in the
compound of formula I can also be carried out on the compounds of formulae I-a, I-b I-c
or I-d.

In the first 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, R' or R? 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 (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 formulae I-a, I-b, I-c or I-d 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 tempefatures from -80°C to about -10°C being preferred.

However, any temperature from -80°C to room temperature can be used.

The compound of formula VII can be converted to the compound of formula XII
by any conventional procedure to convert a carboxylic acid ester to an acid. The
compound of formula XII can then be condensed with the compound of formula VIII via
conventional peptide coupling to produce the compound of formula I-d. 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
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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 —(CHz),,COOR7, where n = 0, 1, 2, 3, or 4 can be prepared from the corresponding
carboxylic acid. Any qog\)enﬁonal carbon homologation methods to convert a lower
carboxylic acid to its highc;' homologs, (see for examplé, Skeean, R. W,; Goel, O. P.
Synthesis, 1990, 628) which then can be converted to the éomasponding lower alkyl esters
using any conventional _éstexiﬁcation methods can be utiliz__éd. The heteroaromatics of
formula VIII, wherein one of the claimed substitutions is -(CHz) nO'R‘s, wheren=0,1, 2,
3, or 4 can be prepared from the cbn*esponding carboxylic ééi_d. Any conventional carbon
homologation methods to c@nvert a lower carboxylic acid to its higher homologs, which
then can be converted to the cdrrésponding alcohols usi'ng any conventional ester
reduction methods can be utilized. The heteroaromatics of formula VIII, wherein one of
the substituents is -COCO.ORS,_can be prepared from the corresponding halogeh. 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.

On the other hand, the carboxylic acid of the formula XTI can be converted to the
amide of the formula IX. This reaction is carried out by u_sing conventional means for
converting the acid of formula XII to an acid chloride and thereaftef treating this acid
chloride with ammonia or an ammonia-producing coxhpound such as hexamethyl
disilazane. Conditions which are conventional for converting an acid to an acid chloride
can be utilized in this procedure. This acid chloride when:reacted under conventional
conditions with ammonia as described will produce the amide of formula IX. The
compound of formula IX when reacted with an alkyl, alkenyl, or —~(CH,),C(O)OR®
isocyanate of formula X foﬁns the urea adduct of formula I-a. Any conventional method
of reacting alkyl, alkenyl, or -(CHa),C(O)OR?® isocyanate with an amide to form a urea

linkage can be utilized to form the compound of formula I-a.
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When R* is a 16Weét alkenyl group in the compouiid df formula I-a, this compound
can be converted to the comresponding hydroxy lower alkyl group by conventional
hydroboration at the olefinic group to produce a corresponding hydroxy group. The
hydroxy group, if desired, can be converted to a halo group. Any method of halogenating

a hydroxy group can be used in accordance with this invention.

On the other hand, if it is desired to produce the compound of formula I-b the
compound of formmla XII is first converted to the methyl ester of formula XI, and
thereafter reacted with urea to produce the compound of forumula I-b. This reaction is
carried out by utilizing any conventional means of reacting a methyl ester with urea to

form the comresponding condensation product.

The compound of formula I-c, i.e. the compound of formula I wherein R*
—C(O)NHR‘O and R¥ is —CO—(CH;),,—C(O)ORG, is produced from the monoacid chloride
XIM of the monoester of the corresponding dicarboxylic acid. The monoacid chloride

X1 is coupled with the compounds of formula I-b using standard coupling methods.

The compound of formula VII has an asymmetric carbon atom through which the
group -CH;R? and the acid amide substituents are connected. In accordance with- this

invention, the preferred stereoconfiguration of this group is R.

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 compound 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 techniques utilized in resolving organic
acids with optically active organic amine bases can be utilized in carrying out this

reaction.

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
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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 COmi)ounds of- formula XII in the R and S
configuration by hydro]ysiSj 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. T he configuration of formula XII which is produced by this method of
resolution is carried out.thljoughout the entire reaction scheme to produce the desired R or
S isomer of formula L. Th¢ 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 e_xa_mple, Ahmar, M.; Girard, C.; Blbch, 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 conventiohal i_nethod of separating an acid
from an ester. The preferred .method of resolution .of racemates of the cdmpounds of the
formula XH-is via the formation of corresponding diastereomeric esters or amides. These
diastereomeric esters or amides can be prepared by coupling the carboxylic 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 diastereomers 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 hydrolyzed to yield the corresponding pure R or S isomers. The
hydrolysis reaction can be carried out using conventional known methods to hydrolyze an

ester or an amide without racemization.

All of the compi_mhds of formula I which include the compounds set forth in the
‘Examples, activated glucokinase in vitro by the procedure of Example A. In this manner,
they increase the flux of glucose metabolism which causes increased insulin secretion.
Therefore, the compounds" of formula I are glucokinase activators useful for increasing

nsulin secretion.
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The following &Smipounds were tested and fouid t6 have excellent glucokinase
activator in vivo activity when administered orally in accordance with the assay described
in Example B:
3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide;
3-Cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethoxy-phenyl)-propionamide;
3-Cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethanesulfonyl-phenyl)-propionamide;
3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-pyridin-2-yl-propionamide;

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

N-(5-Chloro-pyridin-2-yl)-3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionamide;
3-Cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethanesulfonyl-phenyl)-propionamide;

3-Cyclopentyl-N-(5-methyl-pyridin-2-yl)-2-(4-trifluoromethanesulfonyl-phenyl)-
propionamide; '

-3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-(5-hydroxymethyl-pyridin-2-yI)

propionamide;

6-[3-Cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-propionylamino]-nicotinic acid
methyl ester;

3-Cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-N-pyridin-2-yl-propionamide;
3-Cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-N-pyridin-2-yl-propionamide;
2-(3-Bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide;
2-(3-Cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide;
2-(4-Chloro-3-nitro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide;
2-(3-Chioro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide;

N-(5-Bromo-pyridin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionamide;

2-[3-Chloro-4-methanesulfonyl-phenyl}-3-cyclopentyl-N-thiazol-2-yl-propionamide;
(2R)-3—Cyc}opeﬁtyl~2—(4-methanesu]fonylphenyl)—N—thiazol-z-yl-pmpionamide;
2-(3-Bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide;
2-(3-Cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide;
3-Cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide;
3-Cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-
propionamide; and
N-(5-Bromo-pyridin-2-yl)-2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionamide.
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Furthermore, 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: _
1-[3-cyclopentyl-2(R)-(3 4-dichloro-phenyl)-propionyl}-3-ethyl-urea;
1-{3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-3-methyl-urea;
1-{3-cyclopentyl-2-(3 ,4-dit':hlorosphenyl)—propionyl]—3-rriethyl urea;
1-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionyl]-3-methyl urea;
1-Allyl—3-[3-cyclopentyl-2(R)-(3,_4-dich]oro-phenyl)-propionyl]-urea;

| l-[2—(3—Chloro-4—methanesulfony1-phenyl)-3-cyélopentyl'-pmpionyl]-3-methyl-urea;

1-[2-(3-Bromo-4-methénes_ulf6nyl-phenyl)—3-cyclopentyl-p'ropionyi]—3-methyl-urea; and
1-[2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea.

On the basis of their capability of activating glucokinase, the compounds of
formula I can be used as medicaments for the treatment éf type II diabetes. Therefore, as
mentioned earlier, medicaments containing a compound of formula 1 are also an object of
the present invention, as is a process for the manufacture of such medicaments, Which
process comprises bringing one or more compounds of '_fonnhl_a I and, if desired, one or

more other therapeutically valuable substances into a galenical administration form.

The pharmaceutical compositions may be administered orally, for example in the

form of tablets, coated tablets, dragées, hard or soft gelatine capsules, solutions,

emulsions or suspensions. Administration can also be carried out rectally, for example
using suppositories; locally or percutaneously, for example using ointments, creams, gels
or soiutioné; or parenterally, e.g. intravenously, intramuscularly, subcutaneously,
intrathecally or transdermally, using- for example injectable solutions. Furthermore,
administration can be carried out sublingually or as an aerosol, for example in the form of
a spray. For the preparation of tablets, coated tablets, dragées or hard gelatine capsules
the compounds of the present invention may be admixed with pharmaceutically inert,
inorganic or organic excipients. Examples of suitable excipients for tablets, dragées or

hard gelatine capsules include lactose, maize starch or derivatives thereof, talc or stearic
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acid or salts thereof. Suitable excipients for use with soft gelatine capsules include for
example vegetable oils, wéxes, fats, semi-solid or liquid polyols etc.; according to the
nature of the active ingredients it may however be the case that no excipient is needed at
all for soft gelatine capsules. For the preparation of solutions and syrups, excipients
which may be used include for example water, polyols, saccharose, invert sugar and
glucose. For injectable solutions, excipients which may be used include for example
water, alcohols, polyols, glycerine, and vegetable oils. For suppositories, and local or
percutaneous application, excipients which may be used include for example natural or

hardened oils, waxes, fats and semi-solid or liquid polyols.

The pharmaceutical compositions may also contain preserving agents, solubilising
agents, stabilising agents, wetting agents, emulsifiers, sweeteners, colorants, odorants,
salts for the variation of osmotic pressure, buffers, coating agents or antioxidants. As
mentioned earlier, they may also contain other therapeutically valuable agents. Itis a

prerequisite that all adjuvants used in the manufacture of the preparations are non-toxic.

Preferred forms of use are intravenous, intramuscular or oral administration, most
preferred is oral administration. The dosages in which the compounds of formula (1) are
administered in effective amounts depend on the nature of the specific active ingredient,
the age and the requirements of the patient and the mode of application. In general,

dosages of about 1-100 mgrkg body weight per day come into consideration.

This invention will be better understood from the following examples, which are
for purpose of illustration and are not intended to limit the invention defined in the claims

that follow thereafter.
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- Example 1

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

A solution of 3-cyclop¢ntyl-2-(3,4-dich1orophenyl)-propionic acid (prepared in Example
38, 2.0 g 696 mmol), benzotriazol-1-yloxy-tris(dimethylamino)phosphonium

_hexafluorophosphate (4.62 g, 10.44 mmol), and 2-aminothiazole (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 (3 x 10 mL). The combined
organic layers were sequentially washed with water (1x 10 mL), a IN a@uedus sodium
hydroxide solution (1 x 10 mL), a 1N aqueous hydrochlo_rifc acid solution (1 x 10 mL),
and a saturated aqueous sddium chloride solution (1 x 10 mL) The organic layer was
dried over sodium sulfate, filtered, and concentrated. iﬁ 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 C17H;sCLN,0S (M” ) 368.0516, found 368.0516.

(B) In an analogous manner, there were obtained:

(a) From 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid and 2-(amino-thjazol-4-yl)-
oxo-acetic acid ethyl esﬁerz {2-[3—Cyclopentyl—2—(3,4-dichldfo—pheny1)—propionylamino]-
thiazol-4-yl}-oxo-acetic acid ethyl ester as a white solid: mp 134-136°C; FAB-HRMS
m/e caled for C21H2ClN204S (M+H)™ 469.07535, found 469.0746.

(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-dichlorophenyl)-propionylamino]-
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thiazol-5-yl }-oxo-acetic &cid ethyl ester as a white solid: mp 129-131°C; FAB-HRMS
m/e calcd for C2;H2ClaN,OS (M+H)* 469.0755, found 469.0765.

(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
caled for CorHayCliN2O5S (M+H)" 455.0963, found 455.0960.

(d) From 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid and 2-amino-5-
methylthiazole: 3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-methyl-thiazol-2-yl)-
propionamide as a white solid: mp 142-143°C; EI-HRMS m/e cal;d for C;sH2pCLN,0S
(M") 382.0673, found 382.0679.

(¢) From 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid and 2-amino-4-
methylthiazole: 3-Cyclopentyl-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
C1sH20ClN.0S (M+H)™ 383.0751, found 383.0758.

{f) 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
caled for CyoH2ClaN,05S (M+H)" 441.0807, found 441.0808.

(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 Cy0HClN,O3S (M+H)* 441.0807, found 441.0803.

(h) From 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid and 2-amino-5-
nitrothiazole: 3-Cyclopentyl-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
C;7H17ClbN3;05S (M+H)" 414.0446, found 414.0442.

(i) From 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid and 2-amino-thiazole-4-
carboxylic acid amide: 2-[3-Cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-
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thiazble—4—carboxylic acid amide as a light orange solid: mp 120-122°C; EI-HRMS m/e

calcd for CgH;9C1LN30,S (M™) 411.0575, found 411.0572.

Example 2

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

B

A solution of diisopropylamine (7.7 mL, 54.88 mmol) in dry tetrahydrofuran (23 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 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
tetrahydrofuran (23 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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 tetrahydrofuran 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 concentrated in vacuo to remove tetrahydrofuran. The aqueous residue
was acidified using a 10% aqueous hydrochloric acid solution. The resulting aqueous
layer was extracted with ethyl acetate (2 x 100 mL). The combined organic extracts were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate) afforded 2-(4-bromo-
phenyl)-3-cyclopentyl-propionic acid (3.88 g, 50%) as a light yellow solid: mp 91-93°C;
EI-HRMS m/e calcd for C14H;7BrO; (M) 296.0412, found 296.0417.
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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-dimethylformamide.
The reaction mixture was cooled to 0°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 concentrated 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 mixture 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 (2 x 100 mL), washed with a saturated agqueous sodium
bicarbonate solution (2 x 100 mL), and washed with a saturated aqueous sodium chloride
solution (1 x 100 mL). The organic layer was then dried over sodium sulfate, filtered, and
concentrated in vacuo to afford 2-(4-bromo-phenyl)-3-cyclopentyl-N-thiazol-2-yl-
propionamide (1.23 g, 95%) as an orange solid which was used in subsequent reactions
without further purification. An analytical sample was recrystallized from ethyl acetate to
provide a cream solid: mp 201-202°C; EI-HRMS m/e caled for C;7H;sBiN,OS (M")
378.0401, found 378.0405.

Example 3

(A) 3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide
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A solution of diisopropylamine (3.3 mlL, 23.5 mmol) in dry tetrahydrofuran (50 mL) and
1,3-diméthyl—3,4,5,6—tetrahydro-2(lH)~pyrimidinone (10 mL) was cooled to -78°C under
nitrogen and then treated with a 10M solution of »-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—methylsulfony1phénylacetic acid (240 g, 11.2
mmol) in a small amount of dry tetrahydrofuran. After approximately one-half of the 4-
methylsulfonylphenylacetic acid in dry tetrahydrofuran was added, a precipitaté 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-methylsulfonylphenylacetic acid in dry tetrahydrofuran, the. reaction mixture was
very thick and became difficult 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 dfy 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 resulting yellow reaction mixture was
concentrated in vacuo to remove tetrahydrofuran. The aqﬁeous residue was acidified to
pH = 2 using concentrated hydrochloric acid. The aqueous layer was extracted with ethyl
acetate. The organic phase was dried over magnesium sulfate, filtered, and concentrated
in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl
acetate) afforded 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (1.80 g,
52%) as a white solid: mp 152-154°C; EI-HRMS m/e calcd for CisH200:S (M)
296.1082, found 296.1080. |

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (4.91 g, 16.56
mmol) and triphenylphosphine (6.52 g, 24.85 mmol) in methylene chloride (41 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (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-bromosuccinimide, the reaction mixture was
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allowed to warm to 25°é6§er 30 min. The brown reactidiy iflixture was then 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 x 200 mL). The combined
organic layers were washed with a satarated aqueous sodium chloride solution (1 x 200
mlL), dried over sodium sulfate, filtered, and concentrated in wvacuo.  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
Cy5H22N>05S, (M) 378.1072, found 378.1071.

(B) In an analogous manner, there were obtained:

(a) From  3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic  acid and  2-
aminothiazole-4-carboxylic acid methyl ester: 2-[{3-Cyclopentyl-2-(4-methanesulfonyl-
phenyl)-propionylamino]-thiazole-4-carboxylic acid methyl ester as a tan solid: mp 126-
128°C; EI-HRMS m/e calcd for CaoHz4N,05S, (M) 436.1127, found 436.1119.

(b) From  3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic  acid and 2-
aminothiazole-4-carboxylic acid ethyl ester: 2-[3-Cyclopentyl-2-(4-methanesulfonyl-
phenyl)-propionylamino]-thiazole-4-carboxylic acid ethyl ester as a light yellow solid: mp
101-103°C; EI-HRMS m/e caled for Cx1HasN2OsS, (M") 450.1283, found 450.1284.

(¢) From 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid and methyl 2-
amino-4 thiazoleacetate: {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 m/e caled for Co;Ha6N205S; (MY) 450.1283, found 450.1294.

(d) From 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid and ethyl 2-amino-
4-thiazoleacetate: {2-[3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionylamino]-
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thiazol-4-yl }-acetic acid ethyl ester as a light yellow solid: mp 61-63°C; EI-HRMS m/e
calcd for C;HpgN;05S; (M*) 464.1440, found 464.1431.

Example 4

5 2-(4-Amino-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide

H H/
e

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%

HoN

palladium on activated carbon (34.5 mg). The reaction mixture was stirred under

10 hydrogen gas at 60 psi at 25°C for 6 h. The catalyst was then filtered off through a pad of
celite (ethyl acetate). The filtrate was concentrated in vacuo 1o give 2-(4-arr1ino¥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 C;7H2;N;0S (M*) 315.1405, found 315.1401.

15 _ | Example 5

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

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 refluxed for 48
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h. The reaction was theh concentrated in vacuo. The residué was dissolved in methylene
chloride (50 mL) and w_gshgd with a saturated aqueous sgdiym bicarbonate solution (2 x
25 mL), water (1 x 50 iﬁL), and a saturated aqueous sodium chloride solution (1 x 50
mL). The combined organic layers were dried over sodium sulfate, filtered, and
concentrated 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 CoHgNO, (M) 195.0531,
found 195.0532.

A solution of freshly prepared lithium diisopropylamide (43.3 mL of a 0.3M stock
solution, 12.99 mmol) cooled to -78°C was treated with (3-nifro—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)-pyrimidinone (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 x 50 mL). The organics were washed with a
saturated aqueous lithium chloride solution (2 x 25 mL), dried over sodium suifate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh 80720 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 mv/e calcd for CisHi;sNOy
(M*) 277.13 14, found 277.1317.

A solution of 3-cyclopentyl-2-(3-nitro-phenyl)-propionic acid methyl ester (0.55 g, 2.0
mmol) in tetrahydrofuran/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 x 20 mL). The aqueous layer was acidified to pH = 2 with a 3N aqueous hydrochloric
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acid solution. The product was extracted into methylene chloride (3 x 25 mL), washed
with a saturated aqueous sodium chloride solution (2 x 25 mL), dried over sodium sulifate,
filtered, and concentrated in vaéuo to give 3-cyc'lopentyl-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 C,sH;7NO,
(M*) 263.1157, found 263.1156. |

A solution of 3-cyclopentyl-2-(3-nitro-phenyl)-propionic acid (432 mg, 1.64 mmol) in
methylene chloride (16 mL) was cooled to 0°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 1'5 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 mmbl) 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
Ci7H1oN;03S (M*) 345.1147, found 345.1153.

A solution of 3-cyclopenty1.-2-(nitrophenyl)—N-thiazol-2—y1—propionamide (327.8 mg, 0.95
mmol) in ethyl acetate (25 mL) was treated with 10% palladium on activated carbon. The
reaction mixture was stirred under hydrogen gas at 60 psi at 25°C for 3 h. The catalyst
was then filtered off through a pad of celite (ethyl acetate). The filtrate was concentrated
in vacuo to give 2-(3-émino-phenyl)-3-cyclopentyl-N-thiazol-2—y1-propionamide (310 mg,
100%) as a white solid: mp 158-160°C; EI-HRMS m/e calcd for Ci7H; N3OS (M)
315.1405, found 315.1405.
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Example 6

2-(3-Chloro-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide

H H

N N
1)
Cl

(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 refluxed for
12 h. The reaction was concentrated in vacuo. Flash chromatography (Merck Silica gel
60, 230-400 mesh, 50750 hexanesfethyl acetate) afforded (3-chloro-phenyl)-acetic acid
ethyl ester (6.10 g, 86.8%) as a clear oil: EI-HRMS m/e caled for CioH1ClO2 (M)
198.0448, found 198.0442.

A solﬁtion of freshly prepared lithium diisopropylamide (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 mmo)) 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 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 addition of a saturated agueous ammonium chloride
solution (20 mL). This mixture was poured into water (100 mL) and extracted with ethyl
acetate (3 x 50 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25
hexanes/ethy]l 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 C;¢HClO, (MY) 280.1230,
found 280.1238.
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A mixture of -2-(3-chloro-pheny])-3-cyclopenty]-propiOnic acid ethy! 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 reﬂuxed at 100°C for 6 h. The reaction
mixture was then concentréted in vacuo. Flash chroma:tography (Merck Silica gel 60,
230-400 mesh, 75/25 hexaneslethyl 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 mv/e calcd for C;6H2CIN20, (M) 308.1292, found 308.1287. The methy] ester of

the starting material was recovered from the reaction mixture due to transesterification.

A mixture of 2—(3-chloro-phenyl)-3—cyclopenty1—pr_opionic .acid methyl ester (113 mg,
0.42 mmol) and 2-aminothiazole (84 mg, 0.84 mmol)_ in a solution of magnesium
methoxide in methanol (7.4 wt%, 2.4 I_nL, 1.69 mmol) was refluxed at 100°C for 20 h.
The reaction mixture was then concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 2-(3-chloro-phenyl)-3-
cyclopentyl;N-thiazol-2-yl-propionaxhide (87 mg, 53%) as a white solid: mp 138.8-

141.2°C; EI-HRMS m/e calcd for C;7H;sCIN;0S (M) 334.0906, found 334.0907.

Example 7

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

A ;cﬂution 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 refluxed for 12

h. The reaction was then concentrated in vacuo. Flash chromatography (Merck Silica gel
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60, 230-400 mesh, 50/50 hexanes/ethyl acetate) affordéd (4-chioro-phenyl)-acetic acid
ethyl ester (6.45 g, 88%j) 48 a pale yellow solid: mp 39:41°C; EIFHRMS m/e calcd for
C1oH;:Cl0; (M") 198.0448, found 198.0452.

A solution of freshly prepared lithium diisopropylamide (23.0 mL of 0.31IM 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 iodomethylcyclopentane (1.50 mg, 7.13 mmol) in
hexamethylphosphoramide (1 mL). The reaction mixture was sﬁned 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 x 50 mL). The organics were dried over sodium sulfate, filtered, 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 C,;6HCl0; M
280.1230, found 280.1227.

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 refluxed 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 C;6H,;CIN;0, (M™) 308.1292, found 308.1291. The methy! ester

of the starting material was recovered from the reaction mixture due to transesterification.
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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 refluxed at 100°C for 20 h.
The reaction mixture was then conéentrated in vacuo. Flash chromatography (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 C;7H;9CIN20S (M") 334.0906, foﬁnd 334.0910.

Example 8

3-Cyclopentyl-N-thiézol-Z-yl-Z-(éi-triﬂuoromethyl-phenyl)-propionamide

FaC

A solution of freshly prepared lithium diisoprofaylé.mide (23 mL of a 0.31M stock
solution, 7.13 mmol) cooled to -78°C was treated with (4-trifluoromethyl-phenyl)-acetic
acid (693 mg, 3.4 mmol) in tetrahydrofuran/hexamethylphosphoramide (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 hexamethylphosphoramide (1 mL). The mixture was stirred
at -78°C for 4 h. The reactioh 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
aqlieous ammonium _chloridé sdlution (10 mL). The excess solvent was removed in
vacuo. The residue was acidified to pH = 1 with a IN aqueous hydrochloric acid
solution. The mixture was then poured into water (150 mL) and extracted with ethyl
acetate (3 x 100 mL). The organibs were dried over sodium sulfate, filtered, and
concentrated ir vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25
hexanes/ethyl acetate) afforded 3—cyclopentyl-2-(4-triﬂuofomethyl-phenyl)—propionic acid
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(634.9 mg, 65%) as a white solid: mp 94-95°C; EI-HRMS m/e calcd for CysH;7F;0; oM
309.1079, found 309.1057%;

A solution of 3-cyclopentyl-2-(4-trifluoromethyl-phenyl)-propionic acid (185 mg, 0.64
mmol) in methylene chloride (6.5 mL) was cooled to 0°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-dimethylformamide. 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-
diisopropylethylamine (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 chromatogfaphy (Merck
Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 3-cyclopentyl-N-
thiazol-2-yl-2-(4-trifluoromethyl-phenyl)-propionamide (127 mg, 53.3%) as a white solid:
mp 210-212°C; EI-HRMS m/e calcd for CisH;oF3N,0S (M") 368.1175, found 368.1170.

Example 9

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

H H
N _N
Jegae

|
CHg

A solution of diisopropylamine (3.2 mL, 23.16 mmol) in dry tetrahydrofuran (10.3 mL)
and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (3.4 mL) was cooled to -78°C
under nitrogen and then treated with a 10M 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-(methylthio)phenylacetic acid (2.01 g, 11.03
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mmol) in dry tetrahydrofuran (10.3 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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. Th§ reaction mixture was stirred at -
78°C for 30 min and then allowed to warm to 25°C wﬁme it was stirred for 24 h. The
reaction mixture was quenched with water and then cbncentrated in vacuo to remove
tetrahydrofuran. The remaining aqueous phase was aéidiﬁed to pH = 2 with a 10%

aqueous hydrochloric acid solution and then extracted ué_ith ethyl acetate (200 mL). The

| organic layer was washed with a saturated aqueous sodium chloride solution (1 x 100

mL), dred over sodium sulfate, filtered, and cb_ncentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 3/15 hexanes/ethyl acetaté) afforded
3—cyclopentyl-2-(4-methylsulfany1-phgnyl)propionic acid (1.01 g, 35%) as a cream solid:
mp 91-93°C; EI-HRMS m/e caled for Cy5Hz00,S (M*) 264.1184, found 264.1177. '

A solution of 3-cyclopentyl-2-(4-methylsulfanyl-phenyl)propionic acid (200 mg, 0.76
mmol) and triphenylphosphine (198 mg, 0.76 mmol) in methylene chloride (2 mL) was
cooled to 0°C and then treated with N-bfomosuccinixrxidé (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 aquéous hydrochloric acid solution, washed with a

saturated aqueous sodium bicarbonate solution, dried over magnesium sulfate, filtered,

- and concentrated in vacuo. Flash chromatdgraphy (Merck Silica gel 60, 230-400 mesh,

2/1 hexanes/ethyl acetate) afforded crude 3-cyclopentyl-2-(4-methylsuifanyl-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-
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propionamide (114 mg, 44%) as a white solid: mp 195-196°C; EI-HRMS m/e caicd for
C1sHuN>08, (M*) 3464474, found 346.1171. Py

Example 10

3-Cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethylsulfanyl-phenyl)-propionamide

NN

W
‘S S

CF,

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-(trifluoromethylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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 1o remove tetrahydrofuran. The remaining agueous phase was
acidified 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 x 100 mL), dred over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-HRMS m/e calcd
for C1sH;7F;0,S (M") 318.0901, found 318.0912.
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A solution of 3-cyclopeﬁtyl-2—(4-t1_'iﬂuoromethylsulfanyl-phenyl)propionic acid (60 mg,
0.19 mmol) and triphenylphosphine (49.4 mg, 0.19 mmol) in methylene chloride (471
pL) was cooled to 0°C and then treated with N-bromosuccihimide (36.9 mg, 0.21 mmol)
in small portions. After the complete addition of N-_brémosuccininﬁde, the reaction
mixture was allowed to wérm tb .25°C ovér 30 min. The b:_right 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 methylene chloride. The remaining res_idue was diluted with ethyl
acetate (50 mL). The organié layer was washed with a 10% aqueous hydrochloric acid
solution (1 x 50 mL), washed with a saturated aqueous sodium bicarbonate solution (1 x
50 mL), washed with wafer (1 x 50 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 9/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-N—ihiaZoI-Z-yl—2—(4-triﬂuoromethyl-
sulfanyl-phenyl)-propionamide (49.9 mg, 66%) as a white foam: mp 58-60°C; E1-HRMS
m/e calcd for C;gH;sFsN,08, (M*) 400.0890, found 400.0895.

Example 11

~ (A) 3-Cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethanesulfonyl-phenyl)-

propionamide

A solution of diisopropyla:_nine (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
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mL, 16.80 mmol). The resulting reaction mixture was stirred at -78°C for 30 min and
then treated dropwise witha solution of 4-(triflucrometiylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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
10 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
acidified to pH = 2 with a 10% agqueous hydrochloric acid solution and then extracted
with ethyl acetate (300 mL). The organic layer was washed with a saturated aqueous
sodium chloride solution (1 x 100 mlL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-'HRMS m/e calcd
for CysH;7F30,S (M") 318.0901, found 318.0912.

A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)propionic acid (1.33 g,
4.18 mmol) in methanol (10 mL) was treated slowly with 4 drops of concentrated sulfuric
acid. The resulting reaction mixture was heated under reflux 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 aqueous sodium bicarbonate solution (1 x 100 mL), washed with a saturated
aqueous sodium chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 97/3
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid methyl ester (1.37 g, 99%) as a light yellow oil: EI-HRMS m/e
caled for Ci¢HjoF30.S (M*) 332.1058, found 332.1052.
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A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)propionic acid methyl
ester (1.14 g, 343 mmol) in methylene chloride (8.6 mL) was treated with 3-
chloroperoxybenzoic acid (80-85% grade, 2.00 g b_aéed on 80%, 9.26 mmol). The
reaction mixture was stirred at 25°C for 17 h, at which time, thin layer chromatography
showed the presencé._ of two new lower Ry producté.' An additional 2.00 g of 3-
chloroperoxybenzoic acid was added to the reaction mixture to drive the conversion of
the sulfoxide to the suifone, 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 x 100 mL), washed with a
saturated aqueous sodium chloride solution (1 x 100 mL) dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 19/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-
phenyl)propionic acid methyl ester (1.19 g, 95%) as a light yellow oil: EI-HRMS m/e
caled for Cy¢HyoF304S (M™) 364.0956, found 364.0965.

A solution of 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-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 acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and
then extracted with ethyl acetate (2 x 100 mL). The combined organic layers were
washed with a satu;ated aqﬁeous sodium chloride solution (1 x 100 mL), dried over
sodium s.ul.fate, filtered, and concentrated in fc'zcuo to afford a cream solid. This solid was
purified by triturating with diethyl ether/petroleum ethéf to provide pure 3-cyclopentyl-2-
(4-triﬂuoromethanesulfonyl-phenyl)propioﬁic acid (527.0 mg, 77%) as a white solid: mp
143-145°C; EI-HRMS m/e calcd for CysH,7F30,S (M) 350.0800, found 350.0816.
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A solution of 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)propionic acid (164.0
mg, 0.47 mmol) and t§pliénylphosphine (184.2 mg, 0.70 fumol) in methylene chloride
(1.2 mL) was cooled to 0°C and then treated with N-bromosuccinimide (141.6 mg, 0.80
mmol) in small portions. 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 stired at 25°C for 22 h. The reaction mixture was then
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-N-thiazol-2-yl-2-(4-
triflooromethanesulfonyl-phenyl)-propionamide (47.9 mg, 24%) as a cream solid: mp
189-191°C; EI-HRMS mv/e caled for CigHioFsN,03S, (M) 432.0789, found 432.0791.

{B) In an analogous manner, there were obtained:

(a) From 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)propionic acid and 2-
aminothiazole-4-carboxylic acid methyl ester: 2-[3-Cyclopentyl-2-(4-
trifluoromethanesulfonyl-phenyl)-propionylamino]-thiazole-4-carboxylic acid methyl
ester as a gray solid: mp 122-125°C; EI-HRMS m/e caled for CyoHyF3N20sS, (M”)
490.0844, found 490.0844.

(b) From 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)propionic acid and 2-
aminothiazole-4-carboxylic acid ethyl ester: 2-[3-Cyclopentyl-2-(4-
trifluoromethanesulfonyl-phenyl)-propionylamino]-thiazole-4-carboxylic acid ethyl ester
as a white solid: mp 132-134°C; EI-HRMS m/e calcd for CynHzFsN,0sS; (M)
504.1000, found 504.0988.

(c) From 3-cyclopentyl-2~(4-trifluoromethanesulfonyl-phenyl)propionic acid and methyl
2-amino-4-thiazoleacetate: {2-[3-Cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-
propionylamino]-thiazol-4-yl }-acetic acid methyl ester as a yellow foam: mp 48-52°C;
EI-FHRMS mve caled for CoyHp;F3N205S, (M™) 504.1000, found 504.0998.
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Example 12

2-[3-Chloro-4-methanesulfonyl-phenyl]-3-cyclopentyl-N-thiazol-2-yl-propionamide

of

0

H
N N
Y

o]

A solution of anhydrous aluminum chloride (5.00 g, .37.50 mmol) in chloroform (15 mL)
was cooled to 0°C and stirred for 30 min under a nitrogen atmosphere. A solution of
ethy! oxalyl chloride (3.91 g, 28.64 mmol) in chloroform (5 mL) was then added, and the
resulting reaction mixture was stirred at 0°C for an addiiibnal 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 quenc_hed by the addition of water (25 mL). The
aqueous layer was extracted with chloroform (3 x 25 mL). The combined 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. |

A solution of (3-chloro-4-methylsulfanyl-phenyl)-oxo-acetic acid ethyl ester (3.93 g,
15.19 mmol) in fnethanol (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 1IN aqueous
hydrochloric acid sol-utio.n (10 mL). The resulting reaction mixture was then extracted
with methylene chloride (2 x 30.mL). The combined organic layers were washed with a
saturated aqueous sodium chloride solution (1 x 30 mL), dried over sodium sulfate,

filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
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mesh, 9/1 then 4/1 hexanes/ethyl acetate) afforded (3-chloro-4-methylsulfanyl-phenyl)-
hydroxy-acetic acid ethiyl @ster (1.43 g, 38%) as a whité.sglid: mp 56-57°C; EIFHRMS
m/e caled for Cy H;3C10;5S (M') 260.0273, found 260.0276.

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 mlL). The
organic Jayer was washed with a 1IN aqueous hydrochloric acid solution (2 x 30 mL),
washed with a saturated aqueous sodium chloride solution (1 x 30 mlL), dried over
sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 4/1 hexanesfethyl acetate) afforded acetoxy-(3-chloro-4-
methylsulfanyl-phenyl)-acetic acid ethyl ester (1.51 g, 91%) as a light yellow oil: El-
HRMS m/e caled for C33H;sCl0.S (M™) 302.0379, found 302.0387.

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 uL) was treated
with a 0.1M solution of samarium icdide 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 x 100 mL). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (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 C;;H;3C10,S (M™) 244.0324, found
244.0332.
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A solution of diisopropylamine (457 uL, 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
thén further stirred at -78°C for 30 min, at which | time, a solution of
iodomethylcyclopentane (0.65 g, 3.09 mmol) in 1,3—dimcthyl—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 quénched 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 x 20 mL). The combined organic
layers were washed with a saturated aqueous sodium chloride solution (1 x 25 mL), dried
over sodium sulfate, filtered, and concentrated in vdcuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 4/1 hexanes/ethyl acetate) afforded 2-(3-chloro-4-
methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid ethyl ester (0.50 g, 56%) as a light

yellow oil.

A solution of 2-(3-chloro-4—methylsulfanyl-phenyl)—3-cyélopentyl-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 acidified with a IN aqueous hydrochloric acid
solution (5 mL). The reaction mixture was then extracted with mefhylene chloride (3 x
15 mL). The combined organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo to afford 2-(3-chloro-4-meth'ylsulfanyl-phenyl)-3-cyclopentyl-
propionic acid (0.29 g, 70%) as a white solid: EI-HRMS m/e calcd for C;sH;5C10,S (M")
298.0794, found 298.0798.
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A solution of benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate
(0.62 g, 1.41 mmol) énd 2-(3-chloro-4-methylsulfanykp,l__lfnyl)-3-cyclopentyl-propionic
acid (0.29 g, 0.95 mmol) in methylene chloride (10 mL) was treated with N,N-
diisopropylethylamine (500 pL, 2.87 mmol) and 2-aminothiazole (140 mg, 1.27mmol).
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 x 15 mL) and washed with a
saturated aqueous sodium chloride solution (1 x 25 mL). The organic layer was dried
over sodium sulfate, filtered, 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—cyclopeﬁtyl-N-thiazol~2-yl—propionamide 026 g, 71%) as a
white solid: EI-HRMS m/e calcd for C3H;;CIN,0S; (M) 380.0783, found 380.0792.

A solution of 2-(3-chloro-4-methyisulfanyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-
propionamide (187 mg, 0.49 mmol) in methylene chloride (10 mlL) was cooled to 0°C
under nitrogen and then treated with 3-chloroperoxybenzoic acid (456. 8 mg based on
50% purity). The reaction mixture was stired 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 x 20 mL), washed with a saturated aqueous sodium chloride
solution (1 x 20 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 4/1 hexanes/ethyl acetate) afforded
2-(3-chloro-4-methanesuifonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide (102
mg, 50%) as a white solid: EI-HRMS m/e calcd for CyHz;CIN,O3S; (M) 412.0682,
found 412.0674.
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Example 13

(2R)-3-Cyclopenty}-2-(4-methanesulfonylphenyl)-N-thiazol-2-yl-propionamide

A solution of 4-(methanesuifonyl)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 reflux 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 solution (1 x 200 mL), washed with a saturated aqueous
sodium chloride solution (1 x 200 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 1/1
hexanes/ethy] acetate) afforded 4-(methanesulfonyl)phenyl acetic acid methyl ester (45.42
g, 98%) as a yellow oil which solidified to a cream colored solid upon sitting over time at

25°C: mp 78-80°C; EI-HRMS m/e calcd for C;oH;204S (M") 228.0456, found 228.0451.

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-tetrahydro-
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 (4535 g, 0.20 mol) in dry
tetrahydrofuran (186 mlL) and 1,3-dimethyl—3,4,5,6-tetréhydro—2(lH)-pyxirrﬁdinone (62
mlL). 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
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mol) in a small amount.‘:'c.).f :dry tetrahydrofuran was add;;i ;ibwly. The reaction mixture
was then stirred at -78°C for S0 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 tetrahydrofuran. The
remaining residue was diluted with ethyl acetate (1.5 L). The organic phase was washed
with a saturated aqueous sodium chloride solution (1 x 500 mL), dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
70-230  mesh, 3/1  hexanesfethyl acetate) afforded  3-cyclopentyl-2-(4-
methanesulfonylphenyl)propionic acid methyl ester (41.79 g, 68%) as a yellow viscous
oil: EI-HRMS m/e calcd for C16H2204S (M™) 310.1239, found 310.1230.

A solution of 3-cyclopentyl-2-(4-methanesulfonylphenyl)propionic acid methyl ester
(50.96 g, 0.16 mol) in methano] (410 ml) was treated with a IN aqueous sodium
hydroxide solution (345 mL, 0.35 mol). The reaction mixture was stirred at 25°C for 24
h. The reaction mixture was concentrated in vacuo to remove methanol. The resulting
aqueous residue was acidified to pH = 2 with concentrated hydrochloric acid and then
extracted with ethyl acetate (5 x 200 mL). The combined organic layers were dried over
sodium sulfate, filtered, 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 purification: mp 152-154°C; EI-HRMS m/e caled for CisHa0sS (M)
296.1082, found 296.1080.

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-
methanesulfonylphenyl)propionic acid (5.12 g, 17.27 mmol) in dry tetrahydrofuran (35
mL) was cooled to 0°C and then treated with triethylamine (2.8 mL, 19.86 mmol). The
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reaction mixture was stimed at 0°C for 10 min and then treated dropwise with
trimethylacetyl chloride (2.6 mL, 20.73 mmol). The reéulting 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) .mixéd anhydride solution. The fc_'e_sulting reaction 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 rmxturc was quenched with water
(100 mL) and then concentrated in vacuo to remove tétrahydrofuran. The resulting
aqueous residue was diluted with ethyl acetate (600 mL). The organic layer was washed
with a saturated aqueous sodiﬁm chloride solution (1 x 300 mlL), dried over sodium
sulfate, filtered, and concentrated in vacuo. Thin layer chromatography using 13/7
hexanes/ethyl acetate as the developing solvent indicated .the presence of two products.
The higher moving product had a R¢=0.32 and the lower moving product had a R¢= 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 R¢ product (4R, 2'S)4-benzyl-3-[3-
cyclopentyl-2-(4-methanesulfonylphenyl)propionyl}-oxazolidin-2-one (2.12 g, 54%) as a
white foam: mp 62-64°C; [0]]sgo = +6.3° (c=0.24, chloroform); EI-HRMS m/e calcd for
CysHzoNOsS (M*) 455.1766, found 455.1757. (2). The lower R¢ product (4R, 2R)-4-
benzyl-3—[3-cyclopentyl-2-(4-methanesulfonylphenyl)propionyl]-okazolidin-z-one (3.88
2. 99%) as a white foam: mp 59-61°C; [0]%s50 = -98.3° (c=0.35, chloroform); EI-HRMS
m/e calcd for CpsHpoNOsS (M™) 455.1766, found 455.1753. The combined mass

recovery from the two products was 6.00 g, providing a 76% conversion yield for the

reaction.

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 solution (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-
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methanesulfonylphenylgptﬁpionyl]—oxazo]idin-2-one @84 g, 843 mmol) in
tetrahydrofuran (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 sulfite 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 acidified to pH = 2 with a 10% aqueous
hydrochloric acid solution and extracted with ethyl acetate (300 mL). The organic extract
was dred over sodium sulfate, filtered, and concentrated in vacuo to afford (2R)-3-
cyclopentyl-2-(4-methanesulfonylphenyl)propionic acid as a white solid (2.23 g, 89%)
which was used without further purification. Flash chromatography (Merck Silica gel 60,
70-230 mesh, 30/1 methylene chloride/methanol then 10/1 methylene chloride/methanol)
was used to obtain a purified sample for analytical data and afforded pure (2R)-3-
cyclopentyl-2-(4-methanesulfonylphenyl)propionic acid as a white foam: mp 62-64°C
(foam to gel); [0 sg9 = —50.0° (¢=0.02, chloroform); EI-HRMS m/e calcd for C;sHz004S
(M™) 296.1082, found 296.1080.

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-cyclopentyl-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 chioride. The remaining black residue
was diluted with ethyl acetate (300 mL) and then washed well with a 10% aqueous

hydrochloric acid solution (2 x 100 mL), a 5% aqueous sodium bicarbonate solution (3 x
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100 mL), and a saturated aqueous sodium chloride solution (1 x 200 mL). The organic
layer was then dried over sodium sulfate, filtered, 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); [a}Psgo = ~70.4°
(c=0.027, chloroform); EI-HRMS m/e calcd for C;3H2,N,03S, (M") 378.1072, found
378.1081.

. Example 14

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

H
N __N
W

o]
_\(),sO

CHs NO,

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 reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The ﬁltrafe was
concentrated in vacuo. Flash chromatography (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 CoHsCINO, (M") 229.0142, found

229.0146.

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
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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 stimed at -78°C for 1 h, at which time, a solution of
jodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry 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,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 4/1 hexanesfethyl acetate) afforded 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-
propionic acid methyl ester (2.17 g, 32%) as a yellow oil: EI-FHRMS m/e calcd for
C;sH1sCINO4 (M™) 311.0924, found 311.0927.

A solution of 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-propionic acid methyl ester (1.00
g, 3.21 mmol) and sodium methanesulfinate (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 x 50 mL). The combined
organic layers were washed with a saturated aqueous sodium chloride solution, dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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 caled for Ci6H2 NOgS (M+H)" 356.1169, found 356.1175.
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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 IN
aqueous hydrochloric acid solution (10 mL). The resulting aqueous layer was then
extracted with ethyl acetate (2 x 50 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 1/4 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-
methanesulfonyl-3-nitrophenyl)-propionic acid (723 rhg, 87%) as a white foam.
Analytical data indicated the presence of a small impurity; however, the 3-cyclopentyl-2-
(4-methanesulfonyl-3-nitrophenyl)-propionic acid was used without further purification in

subsequent reactions.

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-bromosﬁccinimide (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 purified by flash chromatography,
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate), to afford 3-cyclopentyl-2-
(4-methanesulfonyl-3-nitrophenyl)-N-thiazol-2-yl-propionamide (96 mg, 52%) as a pale
yellow solid: mp 121-124°C; FAB-HRMS m/e calcd for CjsHzN30sS; (M+H)*
424.1001, found 424.1000.
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£ Example 15 g

3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-hydroxymethyl-thiazol-2-yl)-

propionamide
HNY
o
a OH

5 A solution of 2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazole-5-
carboxylic acid ethyl ester (prepared in Example 1 (B)(g), 110 mg; 0.25 mmol) in diethyl

ether (2 mL) at 0°C was slowly treated with lithium aluminum hydride (12 mg, 0.31
mmol). The resulting reaction mixture continued to stir at 0°C and was allowed to
gradually warm to 25°C. The reaction mixture was then stirred at 25°C over a period of

10 14 h. The reaction mixture was slowly quenched by the dropwise addition of water (5
mL). The resulting reaction mixture was partitioned between water and ethyl acetate. A
saturated aqueous sodium chloride solution was added to break up the emulsions. The
organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl acetate)

15 afforded 3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-hydroxymethyl-thiazol-2-yl)-
propionamide (52.9 mg, 53%) as a light yellow solid: mp 128-130°C; EI-HRMS m/e
caled for CygH,0CLN,0,S (M) 398.0623, found 398.0623.
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Example 16

3-Cyclopentj'l-z-(3,4-di‘¢':hlorophenyl)-N-[4-(2-hydroxyethyl)-thiazol-z-yl]-

propionamide

o

A solution of {2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazol-4-yl}-

Cl

acetic acid ethyl ester (prepared in Exarnple 1 (B)(c), 129 mg, 0.28 mmol) in
tetrahydrofuran (1.4 mL) at 25°C was slowly treated with sodium borohydride (22.5 mg,
6.59 mmol). The resulting reaction mixture was stirred at 25°C for 10 h. After 10 h at
25°C, a substantial amount of starting material still remained. An additional amount of
sodium borohydride powder (21.4 mg, 0.57 mmol) was added to the reaction mixture, and
the reaction mixture was heated under reflux for 14 h. The reaction mixture was allowed
to cool to 25°C, and theh slowly quenched by the dropwise addition of water. The
resulting reaction mixture was concentrated in vacuo to remove tetrahydrofuran. The
resulting residue was diluted with ethyl acetate (100 mL) and washed with a saturated
aqueous sodium éhloride solution (1 x 50 mL). The organic layer was dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 3/1 then 1/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3,4-
dichlorophcnyl)-N-[4-(2-hydroxyethyl)—thiazol-2-y1]-prdpionamide (68.1 mg, 58%) as a
white foam: mp 85-86°C; FAB-HRMS m/e calcd for C1oH2:C1N,0.S (M+H)* 413.0858,
found 413.0838. | | "



e "‘M‘WM —

WO 00/58293 PCT/EP00/02450
-75-

Example 17

3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-(4-hydroxymethyl-thiazol-2-yl)-

propionamide
HNY
o) s%
OH
cl

5 A solution of 2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazole-4-
carboxylic acid ethyl ester (prepared in Example 1(B)(D), 200 mg, 0.45 mmol) in
tetrahydrofuran (3 mL) at 25°C was slowly treated with sodium borohydride (26.0 mg,
0.68 mmol). The reaction mixture was heated under reflux for 48 h. The reaction
mixture was allowed to cool to 25°C and then slowly quenched by the dropwise addition

10 of water. The resulting reaction mixture was partitioned between water and ethy] acetate. .
The organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(4-hydroxymethyl-thiazol-2-yl)-
propionamide (44.9 mg, 25%) as a white solid: mp 88-90°C; EI-HRMS m/e calcd for

15 CisHzoClLN,0,S (M™) 398.0623, found 398.0631.

Example 18

{2-[3-Cyclopentyl-2-(3,4-dichloropheny!l)-propionylamino]-thiazol-4-yl}-acetic acid



n
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A solution of {2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazol-4-yl}-
acetic acid ethyl ester I-(prepared in Example 1(B)(c), 198.1 mg, 0.44 mmol) in absolute
ethanol (2.2 mL) was treated with a IN aqueous sodium hydroxide solution (910 uL, 0.91
mmol). The reaction mixture was heated under reflux for 2 h. The reaction mixture was
allowed to cool to 25°C and then concentrated in vacuo to remove absolute ethanol. The
.resulting residue was acidified to pH = 2 with a 10% aqueous hydrochloric acid solution
and extracted with ethyl acetate (1 x 150 mL). The organic layer was washed with a
saturated agqueous sodium chloride solution (1 x 100 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. The resulting white residue was washed well with
cold water and dried to afford {2- [3-cyclopentyl-2 (3,4- dxchlorophenyl)-proplonylarmno]-
thlazol-4-yl} acetic acid (150 mg, 81%) as a white solid: mp 100—102°C FAB-HRMS
m/e caled for C1oH20ClN205S (M+H)* 427.0650, found 427.0633.

Example 19

2-[3-Cyclopentyl-z-(3,4—dichlorophenyl)-propionylamino]-thiazole-S-carboxylic acid

H
=
cl 4 OH

A solution of 2-[3-cy<_:lopentyl-2—(3,4-dichloropheny1)-propionylamino]-thiazole—S-

carboxylic acid ethyl ester (prepared in Example 1(B)(g), 1.0 g, 2.27 mmol) in absolute
ethanol (10 mL) was treated with a 1N aqueous sodium hydroxide solution (4.77 mL,
4.77 mmol). The reaction mixtﬁre was heated under reflux for 15 h. The reaction
mixture was allowed to cool to 25°C and then concentrated in vacuo to remove absolute
ethanol. The resultmg yellow residue was acidified to pH = 2 with concentrated
hydrochloric acid and extracted with ethyl acetate (2 x 75 mL). The combined organic
layers were dried over magﬁésium sulfate, filtered, and concentrated in vacuo.

Recrystallization from ethyl acetate afforded 2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-
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propionylamino]-thiazo%‘e;é-carboxylic acid (210 mg, iZ% as a white solid: mp 269-

270°C; FAB-HRMS m/e caled for CigH;3ClN,03S (M+H)" 413.0493, found 413.0483.

Example 20

2-[3-Cyclopentyl-2-(3,4-dichlorophenyl)-propionylamine]-thiazole-4-carboxylic acid

H
T~
C OH

cl

A solution of 2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]}-thiazole-4-
carboxylic acid ethyl ester (prepared m Example 1(B)(f), 600 mg, 1.36 mmol) in absolute
ethanol (6 mL) was treated with a 1N aqueous sodium hydroxide solution (2.85 mL, 2.85
mmol). The reaction mixture was heated under reflux for 15 h. The reaction mixture was
allowed to cool to 25°C and then concentrated in vacuo to remove absolute ethanol. The
resulting yellow residue was acidified to pH = 2 with concentrated hydrochloric acid and
extracted with ethyl acetate (2 x 100 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated in vacuo. Precipitation from 1/1
hexanes/ethyl acetate afforded 2-[3-cyclopentyl-2-(3.4-dichlorophenyl)-propionylamino]-
thiazole-4-carboxylic acid (399 mg, 71%) as a white solid: mp 285-287°C; FAB-HRMS
m/e caled for Ci1gH;3C1:N205S (M+H)* 413.0493, found 413.0481.
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Example 21 -

(A) {2-[3-Cyclopentyl-2-(3,4-dichldrophény])-propibnylamihbj-thiazol-4-yl}-acetic

acid methyl ester

A solution of {2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino)-thiazol-4-yl}-
acetic acid (prepared in Example 18, 95.4 mg; 0.223 mmol) in rhethanol (1.1 mL) was
treated with 1 drop of éonc:_entrated sulfuric acid. The reaction mixture was heated under
reﬂux for 15 h. The reaétion mixture was allowed to cool to 25°C and then concentrated
in vacuo to remove methanol. The resulting residue was diluted Qvith ethyl acetate (100
mL). The organic phase was ..washed with a satufated équeous sodium chloride solution
(1 x 100 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate) afforded
{ 2-[3-cyclopentyl-2—(3,4-dichlorophenyl)-propionylarhind]—thiazol—4—yl }-acetic acid
methyl ester (77.2 mg, 78%) as a yellow viscous oil: FAB-HRMS m/e calcd for
CaoHClaN;058 (M+H)* 441.0807, found 441.0804.

(B) In an analogous manner, there were obtained:

(a) From 2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazole-4-carboxylic
acid  (prepared in  Example 20): 2-[3-Cyclopentyl-2-(3,4-dichlorophenyl)-
propionylamino]-thiazole-4-carboxylic acid methyl ester as a white solid: mp 153-155°C;

FAB-HRMS m/e caled for CigH0CLN;0;S (M+H)* 427.0650, found 427.0659.

(b) From 2—[3-cyclopentyl-2-(3,4—dichlorophenyl)-propionylamino]-thiazol‘e-S-carboxylic
acid  (prepared in Example 19):  2-[3-Cyclopentyl-2-(3,4-dichlorophenyl)-
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propionylamino]-thiazdfé:5:carboxylic acid methy! ester a8 & white solid: mp 150-151°C;
FAB-HRMS m/e calcd for CioH20C1aN205S (M+H)* 427.0650, found 427.0650.

Example 22

(A) 3-Cyclopentyl-2-(4-nitro-phenyl)-N-thiazol-2-yl-propionamide
H H
N N
),
o) S Y

A solution of freshly prepared lithium diisopropylamide (430.55 mL of a 0.3M stock

O,

solution, 129.16 mmol) cooled to -78°C was treated with (4-nitro-phenyl)-acetic acid
ethyl ester (26.32 g, 125.83 mmol) in tetrahydrofuran/hexamethylphosphoramide (312.5
mL, 3:1). The resulting solution was stired at -78°C for 45 pun
Iodomethylcyclopentane (27,75 g, 1321 mmol) was then added in
hexamethylphosphoramide (27.75 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 (250 mL). This mixture was concentrated, diluted with water (250 mL), and
extracted with ethyl acetate (3 x 300 mL). The organics were washed with a saturated
aqueous lithium chioride solution (2 x 250 mL), dried over magnesium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
98/2 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid ethyl
ester (28.30 g, 77.2%) as a yellow oil: ELI-HRMS m/e calcd for Ci¢HzNOs (M)
291.1470, found 291.1470.

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid ethyl ester (14.1 g, 48.06
mmol) in tetrahydrofuran/water (300 mL, 3:1) was treated with lithium hydroxide (4.35 g,
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103.67 mmol). The reaction was stirred at 25°C for 21 h. The tetrahydrofuran was then
removed in vacuo. The residue was diluted with water (75 mL) and extracted with ether
(3 x 75 mL). The aqueous layer was acidified to pH = 1 with a 3N aqueous hydrochloric
acid solution. The product was extracted into methylene chloride (3 x 75 mL), washed
with a saturated aqueous sodium chloride solution (2 x 100 mL), dried over magnesium
sulfate, filtered, and conéentrated in vacuo to give 3-cyclopentyl-2-(4-nitro-phenyl)-
propionic acid (11.97 g, 93.6%) as a yellow solid: mp 119-125°C; EI-HRMS m/e calcd
for C14H;7NO4 (M™) 263.1157, found 263.1162.

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid (131 mg, 0.5 mmol) in
methylene chloride (5.0 mL) was cooled to 0°C and then treated with a 2.0M solution of
oxalyl chloride in methylene chloride (1.0 mL, 2.0 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
30 min. The reaction mixture was then treated with a solution of 2-aminothiazole (110
mg, 1.0 mmol) in tetrahydrofuran (5 mL) and N,N-diisopropylethylamine (0.28 mL, 0.55
mmol). The solution was stirred at 25°C for 24 h. At this time, the reaction was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl  acetate) | afforde;d 3-cyclopentyl-2-(4-nitro-phenyl)—N-thiazol-2-yl-
propionamide (38 mg, 22.4%) as a yellow solid: mp 186-187°C; EI-HRMS m/e calcd for
C;7H19N305S (M") 345.1147, found 345.1148.

(B) In an analogous manner, there was obtained:

(a) From ethyl 2-amino-4-thiazole glyoxylate and 3-cyclopentyl-2-(4-nitro-phenyl)-
propiohic acid: {2-[3-Cyclopentyl-2-(4-nitro-phenyl)-propionylamino}-thiazol-4-yl }-oxo-
acetic acid ethyl ester (57.5%) as a white solid: mp 134-136°C; FAB-HRMS m/e calcd
for C21H3N306S (M+H)™ 446.1400, found 446.1386.
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Example 23

{2-[3-Cyclopentyl-2-(4-nitro-phenyl)-propionylamino}-thiazol-4-yl}-acetic acid ethyl

ester

H
H
N
Oy
O
A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid (prepared in Example 224,
263.0 mg, 1.0 mmol) in N,N-dimethylformamide (10 ml) was treated with O-

O,N

benzotriazol-1-yl-N,N.N' N'-tetramethyluronium hexafluorophosphate (379 mg, 1.0
mmol), (2-amino-thiazol-4-yl)-acetic acid ethyl ester (279 mg, 1.5 mmol) and N,N-
diisopropylethylamine (0.34 mL, 2.0 mmol). The reaction mixture was stirred at 25°C for
5 h. The reaction mixture was then poured into a 2N aqueous hydrochloric acid solution
(25 mL) and extracted with ethyl acetate (3 x 25 mL). The organic layers were combined
and washed with water (1 x 75 mL), a saturated aqueous sodium bicarbonate solution (1 x
75 ml), a saturated aqueous sodium chloride solution (3 x 75 mlL), dried over sodium
sulfate, filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 70/30 hexanes/ethyl acetate) afforded {2-[3-cyclopentyl-2-(4-nitro-
phenyl)-propionylamino]-thiazol-4-yl }-acetic acid ethyl ester (70.0 mg, 39.4%) as a pale
yellow oil: FAB-HRMS mv/e calcd for C3HzsN30sS (M+H)" 432.1593, found 432.1595.



WO 00/58293 PCT/EP00/02450
-82-

Example 24

{2-[3-Cyclopéntyl-2-(4-nitro-phenyl)-propionylamino]-thiazol-4-yl}-acetic acid

methyl ester

H
N

\r/
0 s OCH,
O,N

o)

W

A solution of {2—[3;cyclopentyl-2-(4-'nitro-phenyl)-propionylamino]-thiazol-4»yl}-acetic
acid ethyl ester (prepared in Example 23, 160 mg, 0.37 mmol) in methanol (10 mL) was
treated with a catalytic amount of sulfuric acid. The reaction mixture was refluxed for 68
h. The reaction was concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 75/25. hexanes/ethyl acetate) afforded {2-[3-cyclopentyl-2-(4-nitro-
10 phenyl)-propionylamino}-thiazol-4-yl }-acetic acid methyl ester (82.3 mg, 53.3%) as a
.pale yellow oil: FAB-HRMS m/e calcd for CioHz3:N30sS (M+H)* 418.1436, found
418.1424. |

Example 25

15 {2-[2-(4-Amino-phenyl)-3-cycldpentyl-propionylamino]-ﬂliazol-4-yl}-acetic- acid
methyl ester

H
N N

Y/
0 sf}ocm
HoN

o)

A solution of { 2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]—thiazol-4-yl}-acetic
acid methy! ester (prepared in Example 24, 75.3 mg, 0.18 mmol) in ethyl acetate (25 mL)

20  was treated with 10% palladium on activated carbon. The reaction mixture was stirred
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under hydrogen gas at 60 psi at 25°C for 4 h. The catalyst was then filtered off through a
pad of celite (ethyl acetate). The filtrate was concentrated in vacuo to give {2-[2-(4-
amino-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid methyl ester
(64.5 mg, 93.3%) as a tan oil: EI-HRMS m/e calcd for CyoHysN30.S (M™) 387.1616,
found 387.1612.

Example 26

2-[3-Cyclopentyl-2-(4-nitro-phenyl)-propionylamino}-thiazole-4-carboxylic acid

methyl ester

H
H
N N O
w
O S / OCH;3

A solution of 2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino}-thiazole-4-carboxylic
acid ethyl ester (prepared in Example 39(B)(b), 135 mg, 0.32 mmol) in methanol (10 mL)

O,N

was treated with a catalytic amount of sulfuric acid. The reaction mixture was refluxed
for 68 h. The reaction was concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate) afforded 2-{3-cyclopentyl-2-(4-nitro-
phenyl)-propionylamino]-thiazole-4-carboxylic acid methyl ester (71.4 mg, 54.8%) as a
pale yellow solid: EI-HRMS m/e caled for CpoHyN3sOsS (M')  403.1201, found
403.1188.
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Example 27

2-[2-(4-Amino-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic acid
methyl ester

H
N N o
m
o S % OCH,

A solution of 2-[3-cyclopentyl-2-(4-nitro-phenyl)—propionylamino]-thiazole—4—carboxylic

HoN

acid methyl ester (prepared in Example 26, 60.0 mg, 0.14 mmol) in ethyl acetate (25 mL)
was treated with 10% palladium on activated carbon. The reaction mixture was stirred
under hydrogen gas at 60 psi at 25°C for 4.5 h. The catalyst was then filtered off through
a pad of celite (ethyl acetate). The filtrate was concentrated in vacuo to give 2-[2-(4-
amino-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic acid methyl = ester
(61.3 mg, 100%) as a pale yellow oil: EI-HRMS m/e calcd for C1oH23N305S (M")
373.1460, found 373.1454.

Example 28

(A) {2-[2-(3-Chloro-phenyi)-S-cyclopentyl-propionylamino]-thiazol-4-yl}-acetic acid

ethyl ester

A solution of freshly prepared lithium diisopropylamide (141.3 mL of a 0.32M stock
solution, 45.0 mmol) cooled to -78°C was treated with (3-chloro-phenyl)-acetic acid (3.41
g, 20.0 mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
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(49.7 ml, 3:1). The resulting reaction solution was stirred at -78°C for 1 h.
Todomethylcyclopentane (4.64 g, 22.08 mmol) was then added in 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (4.64 mL). The reaction mixture was stirred at -78°C for
4 h. The reaction was then warmed to 25°C and was stirred at 25°C for 48 h. The
solution was then quenched by the slow addition of the reaction mixture to a 2N aqueous
hydrochloric acid solution (50 mL). The product was extracted into ethyl acetate (1 x 150
mL), dried over sodium sulfate, filtered, and concentrated in vacuo.  Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 85/15 hexanesfethyl acetate)
afforded 2-(3-chloro-phenyl)-3-cyclopentyl-propionic acid (3.68 g, 72.9%) as a yellow
solid: mp 70-72°C; EI-HRMS m/e caled for Ci4Hy7ClO; (M") 252.0917, found 252.0915.

A solution of 2-(3-chloro-phenyl)-3-cyclopentyl-propionic acid (252 mg, 1.0 mmol) in
methylene chloride (10 mL) was cooled to 0°C and then treated with a 2.0M solution
oxalyl chloride in methylene chloride (0.6 mL, 1.2 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
2 h. The reaction mixture was then treated with (2-amino-thiazol-4-yl)-acetic acid ethyl
ester (409 mg, 2.2 mmol) and N,N-diisopropylethylamine (0.5 mL, 2.4 mmol). This
solution was stirred at 25°C for 48 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 {2-[2-_(3-ch1oro-phenyl)—3-cyclopentyl-propionylamino}-thiazol—4~yl}-
acetic acid ethyl ester (254 mg, 60.3%) as a white solid: mp 121-125°C; EI-HRMS m/e
caled for CyHpsCIN,O5S (M) 420.1274, found 420.1268.

(B) In an analogous manner, there were obtained:

(a) From 2-amino-thiazole-4-carboxylic acid ethyl ester and 2-(3-chloro-phenyl)-3-

cyclopentyl-propionic  acid:  2-{2-(3-Chloro-phenyl)-3-cyclopentyl-propionylamino}-

' thiazole-4-carboxylic acid ethyl ester as a white solid: mp 167-168°C; EI-HRMS m/e

calcd for CpoH,3CIN,05S (M*) 406.1117, found 406.1103.
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(b) From 2-amino-pyridine and 2-(3-chloro-phenyl)-3-cyclopentyl-propionic acid: 2-(3-
Chloro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide as a clear oil: EI-HRMS m/e
calcd for C19H; CIN,O (M™) 328.1342, found 328.1333.

(c) From 6-amino-nicotinic acid methyl ester and 2-(3-chloro-phenyl)-3-cyclopentyl-
propionic  acid: | 6-[2—(3-Chloro-phenyl)—3—cyclopentyl—propionylamino]-nicotinic acid
methyl ester as a colorless oil: EI-FHRMS m/e calcd for C3;Hz3CIN,O; (M™) 386.1397,
found 386.1398.

Example 29

{2-[2-(3-Chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl}-acetic acid

methyl ester

Ci

A solution of {2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino}-thiazol-4-yl}-acetic
acid ethyl ester (prepared in Example 28, 177.2 mg, 0.42 nun¢l) in methanol (15 mL) was
treated with a catalytic ambunt of sulfuric acid. The reaction mixture was refluxed for 40
h. The reaction was then concentrated in vacuo. Flash é;hfomatography (Merck Silica gel
60, 230-400 mesh, 70/30 hexanes/ethyl acetate) afforded { 2-[2-(3-chloro-phenyl)-3-
cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid methyl ester (104.4 mg, 60.9%) as
a clear oil: EI-HRMS m/e caled for Cz0H,3CIN205S (M™) 406.1117, found 406.1118.
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Example 30

2-[2-(3-Chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazele-4-carboxylic acid
methyl ester

H
H
N N O
w
0 S / OCHa
Cl

A soluion of 2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-

n

carboxylic acid ethyl ester (prepared in Example 28(B)(2), 94.5 mg, 0.23 mmol) in
methanol (15 mL) was treated with a catalytic amount of sulfuric acid. The reaction
mixture was refluxed for 40 h. The reaction was then concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl acetate)

10 afforded  2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic
acid methyl ester (36.8 mg, 40.3%) as a white solid: mp 95-98°C; EI-HRMS m/e caled
for C1Hz CIN,03S (M") 3920961, found 392.0989.

Example 31
15 (A) {2-[2-(4-Chloro-phenyl)-3-cyclopentyl-propionylamino)-thiazol-4-yl}-acetic acid
ethyl ester
H H
N
N
0 shost
Ci

A solution of freshly prepared lithium diisopropylamide (78.0 mL of a 0.91M stock

solution, 70.98 mmol) cooled to -78°C was treated with (4-chloro-phenyl)-acetic acid
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(576 g, 33.8 mmol) in tetrahydrofuran/ 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)—
pyrimidinone (84 mL, 3:1). The resulting solution was stirred at -78°C for 1 h.
Iodomethylcyclopentane (7.45 g, 35.49 mmol) was then added in 1,3-dimethyl-3.4,5,6-
tetrahydro-2(1H)-pyrimidinone (2 mL). This solution 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 (20 mL). The excess solvent was removed in vacub. The residue was acidified
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 x 50 mL). The organics were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 2-(4-chloro-
phenyl)-3-cyclopentyl-propionic acid (6.76 g, 79.1%) as a yellow solid: mp 82-84°C: EI-
HRMS m/e calcd for C14H;7C10, (M") 252.0917, found 252.0906.

A solution of 2-(4-chloro-phenyl)-3-cyclopentyl-propionic acid (252 mg, 1.0 mmol) in
methylene chloride (10 mL) was cooled to 0°C and then treated with a 2.0M solution of
oxalyl chloride in methylene chloride (0.55 mL, 1.1 mmol) and a few drops of N,N-
dimethylformamide. The reaction mixture was stirred at 0°C for 15 min and then at 25°C
for 1.5 h. The reaction mixture was then treated with (2-amino-thiazol-4-yl)-acetic acid
ethyl ester (409 mg, 2.2 mmol) and N,N-diisopropylethylamine (0.5 mL, 2.4 mmo]). _This
solution was stirred at 25°C for 24 h. At this time, the reaction was concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 85/15 hexanes/ethyl
acetate) afforded {2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl}-
acetic acid ethyl ester (183.3 mg, 43.5%) as a pale yellow oil: EI-HRMS m/e calcd for
C21Ha5CIN,0O5S (M) 420.1274, found 420.1272.

(B)'In an analogous manner, there were obtained:

(a) From 2-amino-thiazole-4-carboxylic acid ethyl ester and 2-(4-chloro-phenyl)-3-
cyclopentyl-propionic  acid:  2-{2-(4-Chloro-phenyl)-3-cyclopentyl-propionylamino}-
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thiazole-4-carboxylic aégid ethyl ester as a white solid: mp 114-116°C; EI-HRMS m/e
calcd for CapH23CIN,O3S (M') 406.1117, found 406.1119.

(b) From 2-amino-pyridine and 2-(4-chloro-phenyl)-3-cyclopentyl-propionic acid: 2-(4-
Chloro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide as 2 clear oil: EI-HRMS m/e
calcd for CyoH2 CIN,O (M*) 328.1342, found 328.1355.

(c¢) From 6-amino-nicotinic acid methyl ester and 2-(4-chloro-phenyl)-3-cyclopentyl-
propionic acid: 6-[2-(4-Chloro-phenyl)-3-cyclopentyl-propionylamino]-nicotinic acid
methyl ester as a white foam: EI-HRMS m/e caled for CyHyCIN,O5 (M™) 386.1397,
found 386.1384.

Example 32

2-[2-(4-Chloro-phenyl)-S-cyclopentyl-propionylamino]-thiazole-4—carboxylic acid
methyl ester:

" H
H
/@& N 0
)
0 S O
cl CHs

A solution of 2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylaminoj-thiazole-4-
carboxylic acid ethyl ester (prepared in Example 31(B)(a), 105 mg, 0.25 mmol) in
methanol (10 mL) was treated with a catalytic amount of sulfuric acid. The reaction
mixture was refluxed for 68 h. The reaction was concentrated in vacuo. High pressure
liquid chromatography (Chromegasphere SI-60, 10 pm, 60 A, 25 cm X 23 cm ID, 75/25
heptane/ethyl acetate) afforded 2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-
thiazole-4-carboxylic acid methyl ester (41.3 mg, 40.7%) as a white solid: mp 156-
157°C; EI-HRMS m/e calcd for Ci9Hz; CIN,O5S (M*) 392.0961, found 392.0956.
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Example 33

{2- [2-(4-ChIoro-phenyl)-S-cyclopentyl-propionylamino]-thi'az’ol-4-yl}-acetic acid
methyl ester

H
N

_ e
o O s OCH;

o

5 A solution of {2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl}-acetic
acid ethyl ester (prepared in Example 31A, 76.1 mg, 0.18 mmol) in methanol (5 mL) was
treated with a catalytic amount of sulfuric acid. The reaction mixture was refluxed for 72
h. The reaction was concentrated in vacuo. High pressure liquid chromatography
(Chromegasphere SI-60, 10 uM, 60A, 25cm | x 23cm ID, 75/25 heptane/ethyl acetate).

10  afforded {2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazol-4-yl}-acetic acid

methyl ester (21.5 mg, 29.2%) as a colorless oil: EI-HRMS m/e calcd for Cyo0H23CIN2O3S

(M™) 406.1117, found 406.1114.

Example 34

15  2-(4-Chloro-phenyl)-3-cyclopentyl-N-(5-hydroxymethyl-thiazol-2-yl)-propionamide

A solution of 2—[2'-(4-chloro—phenyl)_-3-cyclopentyl-propionylamino]-thiazole-4-
carboxylic acid methyl ester (prepared in Example 32, 127.7 mg, 0.31 m:hol) in
tetrahydrofuran (0.4 mL) was added to a slurry of lithium aluminum hydride (15.0 mg,

20  0.39 mmol) in tetrahydrofuran (2.24 mL) at 0°C. The reaction mixture was stirred at 0°C
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for 2 h. The reaction was then quenched by the dropwise addition of water. The reaction
was then diluted with more water (25 mL) and extracted with ethyl acetate (3 x 25 mL).
The organics were dried over sodium sulfate, filtered 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-N-(5-hydroxymethyl-thiazol-2-yI)-
propionamide (63.4 mg, 55.4%) as a white solid: mp 115-117°C; EI-HRMS m/e calcd for
Ci3H2;CINL0,S (M*) 364.1012, found 364.1004.

Example 35

3-Cyclopentyl~N-(4-hydroxymethyl-thiazol-z-yl)-2-(4-methanesulfonyl-phenyl)-

propionamide
WA
A
O\\ 0 S / OH
0=}
CHs,

A solution of 2—[3—cycIopentyl-2-(4-methhnesulfonyl-phenyl)—propionylamino]-thiazole-
4-carboxylic acid ethyl ester (prepared in Example 3(B)(b), 130 mg, 0.29 mmol) in
diethyl ether (2 mL) was cooled to 0°C.and then slowly treated with lithium aluminum
hydride (17 mg, 0.44 mmol). The reaction mixture was allowed to warm to 25°C where it
was stirred for 4 h. After 4 h at 25°C, thin layer chromatography indicated the presence
of starting material. An additional amount of lithium aluminum hydride (11 mg, 0.29
mmol) was added to the reaction mixture, and the reaction mixture was allowed to stir at
25°C for 15 h. The reaction mixture was then slowly quenched by the dropwise addition
of water, The resulting mixture was partitioned between water and ethyl acetate. The
organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, ethyl acetate) afforded 3-
cyclopentyl-N-(4-hydroxymethyl-thiazol-2-yl)-2-(4-methanesulfonyl-phenyl)-
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propionamide (55 mg, 46%) as a white solid: mp 124-126°C; EI-HRMS m/e calcd for

C19H24N204S (M*) 408.11-78, found 408.1164.

Example 36

3- Cyclopentyl-N-[4-(2-hydroxyethyl)-thiazol-2-yl]-2-(4-methanesulfonyl-phenyl)-

propionamide

A solution of {2-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionylamino]-thiazol-
4-yl}-acetic acid ethyl ester (prepared in Example 3(B)(d), 120 mg, 0.26 mmol) in diethyl
ether (500 pL) was cooled to 0°C and then slowly treated with lithium aluminum hydride
(15 mg, 0.39 mmol). The reaction mixture was allowed to warm to 25°C where it was
stirred for 1 h. After 1 h at 25°C, thin layer chromatogfaphy still indicated the presence
of the { 2-[3-cycl0penty1—2-(4-methanesulfonyl-phenyl)-propionylamino]-thiazol—4—yl}-
acetic acid ethyl ester.- An additional amount of lithium aluminum hydride (10 mg, 0.26
mmol) was added to the reaction mixture, and the reaction mixture was allowed to stir at
25°C for 1 h. The reaction mixture was then slowly quenched by the dropwise addition
of water (10 mL). The resulting mixture was partitioned between water and ethyl acetate.
The organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo. -
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl acetate)
afforded 3-cyclopentyl-N-[4-(2-hydroxyethyl)-thiazol-2-yl]-2-(4-methanesulfonyl-
phenyl)-propionamide (20 mg, 18%) as a yellow foam: mp 84-87°C; EI-HRMS m/e calcd
for CaoHa6N,04S; (M") 422.1334, found 422.1335.
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Example 37

(2R)-2-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionylamino]-thiazole-4-

carboxylic acid methyl ester

He,, H . .
Y
[T~
Ci O—
Ci

A solution triphenylphosphine (164 mg, 0.63 mmol) in methylene chloride (3 L) was
cooled to 0°C and then treated with N-bromosuccinimide (112 mg, 0.63 mmol) in small
portions. The resulting orange reaction mixture was stirred at 0°C for 20 min and then
treated with (2R)-3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionic acid (prepared in
Example 54, 150 mg, 0.52 mmol). The reaction mixture was stirred at 0°C for an
additional 15 min and then allowed to warm to 25°C. The reaction mixture was then
treated with 2-aminothiazole-4-carboxylic acid methyl ester (181 mg, 1.15 mmol). The
resulting reaction mixture was stirred at 25°C for 15 h. The crude reaction mixture was
directly purified by flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetate) to afford impure (2R}2-[3-cyclopentyl-2—(3,4-dichloro-pheny1)—
propionylamino]-thiazole-4-carboxylic acid methyl ester. The impure product was
diluted with ethyl acetate and then washed with a saturated aqueous sodium bicarbonate
solution. The organic layer was dried over magnesium sulfate, filtered, and concentrated
in vacuo to provide pure (2R)-2-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionylamino]-
thiazole-4-carboxylic acid methyl ester (92 mg, 41%) as a white solid: mp 143-144°C;
[0]%sg0 = —10.2° (c=0.98, chloroform); EI-HRMS m/e calcd for CigHzoCLN,05S (M")
426.0572, found 426.0562.
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-Example 38

(A) 3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-pyridin-2-yl-propionamide:

A solution of triphenylphosphine (28.80 g, 109.8 mmol) and imidazole (14.9 g, 219.6
mmol) in methylene chloride (160 mL) was cooled to 0°C and then slowly treated with
iodine (27.87 g, 109.8 mmol). The reaction fnixture was then treated dropwise with a
solution of cyclopentylmethanol (10.0 g, 99.8 mmol) in methylene chloride (10 mL). The
resulting reaction mixture was allowed to warm to 25°C, where it was stirred for 4 h. The
reaction mixture was then diluted with water (50 mL), and the reaction mixture was
further extracted with methylene chloride (3 x 20 mL). The combined organic layers
were dried over sodium sulfate, filtered and concentrated in-vacuo at 25°C. The resulting
solid was washed with pentane (4 x .50 mL) and filtered through a silica gel plug. The
filtrate was concentrated in vacuo at 25°C to afford iodqrhethylcyclopentane (1848 g,

88%) as a clear colorless liquid: EI-HRMS m/e calcd for C6H1 I (M) 209.9906, found
209.9911. | | | ' -

A solution of diisopropylamine (13.36 mL, 101.89 mmol) in tetrahydrofuran (250 mL)
was cooled to -78°C under a nitrogen atmosphere and then treated with a 2.0M solution

of n-butyllithium in hexanes (51 mL, 101.89 mmol). The reaction mixture was. stirred at -

- 78°C for 15 min, at which time, a solution of 3,4-dichlorophenyl acetic acid (9.08 g, 44.3

mmol) in tetrahydrofuran (60 mL) and hexamethylphosphoramide (20 mL) was slowly
added via a cannula. The bright yellow solution was allowed to stir at -78°C for 1 h, at
which time, a solution of iodomethylcyclopentane (11.17 g, 53.2 mmol) in.

o

hexamethylphosphoramide (10 mL) was added via a cannula. The reaction mixture was
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stirred at -78°C for 1 h The reaction mixture was then allowed to warm to 25°C, where it
was stirred for 14 h. FHereaction mixture was then acidified to pH = 2 by the dropwise
addition of a 1N aqueous hydrochloric acid solution and extracted with ethyl acetate (3 x
50 mL). The combined organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230400 mesh,
chloroform then 99/1 chloroform/methanol) afforded  3-cyclopentyl-2-(3,4-
dichlorophenyl)-propionic acid (10.28 g, 81%) as a white solid: mp 74.5-76.9°C; EI-
HRMS m/e caled for C14H;6C10> MY) 286.0527, found 286.0534.

A solution of 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid (114 mg, 0.39 mmol)
in methylene chloride (10 mL) was treated with 1 drop of N,N-dimethylformamide and
then cooled to 0°C. The reaction mixture was then treated with a 2.0M solution of oxalyl
chloride in methylene chioride (0.22 mL, 0.44 mmol). The reaction mixture was stirred at
0°C for 30 min and then treated with a solution of 2-aminopyridine (78 mg, 0.83 mmol)
and N, N-diisopropylethylamine (0.16 mL, 0.95 mmol) in tetrahydrofuran (2 mL). The
resulting reaction mixture was stirred at 25°C for 14 h. The reaction mixture was then
diluted with water (10 mL) and extracted with methylene chloride (2 x 15 mL). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230400 mesh, hexanes then 19/1 to
4/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-pyridin-2-yl-
propionamide (58 mg, 50%) as a white foam: EI-HRMS m/e caled for CigHzoCLN,O
(M") 362.0953, found 362.0955.

(B) In an analogous manner, there were obtained:

(a) From 2-amino-5-nitropyridine and 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic
acid: 3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-nitropyridin)-2-yl-propionamide as a
yellow-orange foam: EI-HRMS m/e caled for CioH;9CLN3O; (M™) 407.0803, found
407.0799.
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(b) From 2-amino-5-carboxymethylpyridine and 3-cyclopentyl-2-(3,4-dichlorophenyl)-
propionic acid: 3-’Cyclopentyl—2-(3,4-dichloro-phenyl)-N-(S-carboxymethylpyﬁdin)-2-yl-
propionamide as a white foam: EI-HRMS m/e calcd for C3;H3C1N20; (M™) 420.1007,
found 420.0994.

{c) From 4-aminopyrimidine and 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid: 3-
Cyclopentyl-2-(3,4-dichloro-phenyl)-N-pyrimidine-6-yl-propionamide as a white foam:
EI-HRMS m/e calcd for C;sH19C1N30 (M) 363.0905, found 363.0910.

(d) From 2-amino-5-methylpyridine and 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic
acid: 3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-methylpyridin)-2-yl-propionamide as a
white solid: EIFHRMS m/e calcd for Cz0H2:CLN,O (M™) 376.1 109,'found 376.1119.

(¢) From 2-amino-4-methylpyridine and 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic
acid: 3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-(4-methylpyridin)-2-yl-propionamide as a
white solid: EI-HRMS m/e calcd for Ca0H2,CLLoN>0 (M™) 376.1109, found 376.1106.

(f) From 2-amino-6-methylpyridine and 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic
acid: 3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-(6-methylpyridin)-2-yl-propionamide as a
light yellow solid: EI-HRMS m/e calcd for C20H22C12N20 (MM 376.1109, found
376.1107.

(g) From 2-amino-5-chloropyridine and 3—cyclopentyl-2—(3,4-dich1orophenyl)-propionic
acid: 3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-chloropyridin)-2-yl-propionamide as a
white foam: EI-HRMS m/e calcd for C;gH;9ClsN>0 (M*) 396.0563, found 396.0564.

(h) From 2-amino-5-bromopyridine and 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic

acid: 3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-bromopyridin)-2-yl-propionamide as a
white solid: EI-HRMS m/e calcd for Cy9H;9BrCLN,0 (M*) 440.0058, found 440.0066.
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Example 39

(A) 3-Cyclopentyl-2-(4-nitro-phenyl)-N-pyridin-2-yl-propionamide

O,N

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid (prepared in Example 22,

LA

263 mg, 1.0 mmol) in methylene chloride (5 mL) was cooled to 0°C and then treated with
a 2.0M solution of oxalyl chloride in methylene chloride (0.6 mL 1.2 mmol) and a few
drops of N.N-dimethylformamide. The reaction mixture was stirred at 0°C for 15 min
and then at 25°C for 1 h. The reaction mixture was then treated with a solution of 2-
aminopyridine (207 mg, 2.2 mmol) in tetrahydrofuran (5 mL) and N,N-
10  diisopropylethylamine (0.42 mL, 2.5 mmol). The reaction mixture was stirred at 25°C for
24 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-cyclopentyl-
2-(4-nitro-phenyl)-N-pyridin-2-yl-propionamide (110.2 mg, 32.5%) as a white solid: mp
152-154°C; EI-HRMS m/e caled for CoH,;N30;5 (M") 339.1582, found 339.1581.

(B) In an analogous manner, there were obtained:

(2) From 4-aminopyrimidine and 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid: 3-
Cyclopentyl-2-(4-nitro-phenyl)-N-pyrimidin-4-yl-propionamide as a white solid: mp 152-
153°C; EI-HRMS m/e calcd for CisH20N,O3 (M") 340.1535, found 340.1533.

20 (b) From 2-amino-thiazole-4-carboxylic acid ethyl ester and 3-cyclopentyl-2-(4-nitro-
phenyl)-propionic acid: 2-[3-Cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazole-4-
carboxylic acid ethyl ester as a pale yellow solid: mp 110-115°C; EI-HRMS m/e calcd for
Ca0H23N305S (M™) 417.1358, found 417.1346.
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Example 40

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

i
CHg

A solution of diisopropylamine (3.2 mL, 23.16 mmol) in dry tetrahydrofuran (10.3 mL)
and 1.3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (3.4 mL) was cooled to ~78°C
under nitrogen and then treated with a 10M 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-(methylthio)phenylacetic acid (2.01 g, 11.03
mmol) in dry tetrahydrofuran (10.3 mL) and 1,3-dimethyl-3.4,5,6-tetrahydro-2(1H)-
pyrimidinone (3.4 mL). The reaction mixture was allowed to stir at -78°C for 1 h, at
which time, a2 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 éllowed to warm to 25°C where it was stirred for 24 h. The
reaction mixture was quenched with water and then concentrated in vacuo to remove
tetrahydrofuran. The remaining aqueous phase was acidified to pH = 2 with a 10%
aqueous hydrochloric acid solution and then extracted with ethyl acetate (1 x 200 mL).
The organic layer was washed with a saturated aqueous sodium chloride solution (1 x 100
mL), dried over sodium sulfate, filtered, and concentrated in wvacuo. 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 Ci5H200:S (M™) 264.1184, found 264.1177.

A solution of 3-cyclopentyl-2-(4-methylsulfanyl-phenyl)propionic acid (200 mg, 0.76
mmol) and triphenylphosphine (198 mg, 0.76 mmol) in methylene chloride (2 mL) was
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cooled to 0°C and ther’i;";'gt’i"g%ted with N-bromosuccinimi@® {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 orange reaction mixture was then treated with
2-aminopyridine (151 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
chioride. The remaining residue was partitioned between water and ethyl acetate. The
organic layer was washed with a 1N agueous hydrochloric acid solution, washed with a
saturated aqueous sodium bicarbonate solution, dried over magnesium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
3/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2~(4-methylsulfanyl-phenyl)-N-pyridin-
2-yl-propionamide (83 mg, 32%) as a white solid: mp 127-128°C; EI-HRMS m/e calcd
for C20H24N,0S (M™) 340.1609, found 340.1611.

Example 41

3-Cyclopentyl-N-pyridin-2-y}-2-(4-trifluoromethylsulfanyl-phenyl)-propionamide

H
N N
~
O N
$
CF;

A solution of diisopropylamine (2.4 mL, 16.80 mmol) in dry tetrahydrofuran (7.5 mL)
and 1,3-dimethyi-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (2.5 mlL) 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-(trifluoromethylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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
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of dry tetrahydrofuran was added dropwise. The reaction mixtu:é 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 tetrahydrofurén. The remaining aqueous phase was
acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and then extracted
with ethyl acetate (1 x 300 mL). The organic layer was washed with a saturéted aqueous
sodium chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsuifanyl-
phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-HRMS m/e calcd

_for CysH;7F30,S (M) 318.0901, found 318.0912.

A solution of 3-cyclopentyl-2-(4-tﬁﬂuoromethylsulfanyl—phenyl)propionic acid (59.6 mg,
0.187 mmot) and triphenylphosphine (49.1 mg, 0.187 mmol) in methylene chloride (468
nL) was cooled to 0°C and then treated with N-bromosuccinimide (36.7 mg, 0.206 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 orange reaction mixture was
then treated with 2-aminopyridine (35.2 mg, 0.374 mmol). The resulting reaction mixture
was stirred at 25°C for 16 h. The reaction mixture was then concentrated in vacuo to
remove methylene chloride. The remaining residue was diluted with ethyl acetate (50
mL). The organic layer was washed with a 10% aqueous hydrochloric acid solution (1 x -
50 mL), washed with a saturated aqueous sodium bicarbonate solution (1 x 50 mL),
washed with water (1 x 50 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 70230 mesh, 9/1 hexanes/ethyl
acetate)  afforded 3-cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethylsulfanyl-phenyl)-
propionamide (25.0 mg, 34%) as a cream solid: mp 101-102°C; EI-HRMS m/e calcd for

" Ca0H21FsNo0S (M*) 394.1327, found 394.1321.



th

10

15

WO 00/58293 PCT/EP00/02450

-101-

Example 42

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

H H
No _N
g
Q 0 I
o=y
CH,

A solution of 2-aminopyridine (95 mg, 1.01 mmol) in acetonitrile (2 mL) was treated with
3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (prepared in Example 3(A),
250 mg, 0.84 mmol), triphenylphosphine (243 mg, 0.93 mmol), triethylamine (350 pL,
2.53 mmol), and carbon tetrachloride (1 mL). The resulting reaction mixture was stirred
at 25°C for 15 h. The cloudy reaction mixture was diluted with water and then extracted
with methylene chloride. The organic layer was dried over magnesium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
1/3 hexanes/ethyl acetate) afforded impure 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-
N-pyridin-2-yl-propionamide. = Recrystallization from hexanes/methylene chloride
provided pure 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-pyridin-2-yl-propionamide
(170 mg, 54%) as a white solid: mp 172-173°C; EI-HRMS m/e calcd for CyoH24N203S
(M*) 372.1508, found 372.1498.
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'Example 43

(A) 3—Cyclopentyl-N-pyridin-Z-yl-Z-(4-triﬂuordmethanesulfonyl-phenyl)-

propionamide
H H
N N
]
A o
0=
CF3

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-(triflucromethylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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 ibdomethylcyclopemane (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
acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and then extracted
with ethyl acetate (1 X 300 mL). The organic layer was washed with a saturated aqueous
sodium chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/_ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-HRMS m/e calcd
for C;5H;7F50,S (M") 318.0901, found 318.0912.
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A solution of 3—cycloﬁéﬂt;i-Z-(4-triﬂuoromethylsulfanyﬁﬁﬁényl)propionic acid (1.33 g,
4.18 mmol) in methanol (10 mL) was treated slowly with 4 drops of concentrated sulfuric
acid. The resulting reaction mixture was heated under reflux 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 aqueous sodium bicarbonate solution (1 x 100 mL), washed with a saturated
agueous sodium chloride solution (1 x 100 mlL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 97/3
hexanes/ethy! acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid methy! ester (1.37 g, 99%) as a light yellow oil: EIF-HRMS m/e
caled for Ci6HjoF50,8 (MT) 332.1058, found 332.1052.

A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)propionic acid methyl
ester (1.14 g, 3.43 mmol) in methylene chioride (8.6 mlL) 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 Ry 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 x 100 mL), washed with a
saturated aqueous sodium chloride solution (1 x 100 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 19/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-
phenyl)propionic acid methyl ester (1.19 g, 95%) as a light yellow oil: EI-HRMS m/e
calcd for CigH oF304S (M™) 364.0956, found 364.0965.
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A solution of 3—cyclopentyl-2-(4-triﬂuoromethanesulfonyl—pheny])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 acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and
then extracted with ethyl acetate (2 x 100 mL). The combined organic layers were
washed with a saturated aqueous sodium chloride solution (1 x 100 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo to afford a cream solid. This solid was
purified by triturating with diethyl ether/petroleum ether to provide pure 3-cyclopentyl-2-
(4-trifluoromethanesulfonyl-phenyl)propionic acid (527.0 mg, 77%) as a white solid: mp
143-145°C; EI-HRMS m/e calcd for C,sH;7F30,S (M") 350.0800, found 350.0816.

A solution of 3-cyclopentyl-2—(4—tn'ﬂuoromethanesulfonyl-phenyl)propionic acid (118.9
mg, 0.34 mmol) and triphenylphosphine (133.5 mg, 0.51 mmol) in methylene chloride
(848 pL) was cooled to 0°C and then treated with N-bromosuccinimide (102.7 mg, 0.58
mmol) in small portions.. After the complete addition of N-bromosuccinimide, the
reaction mixture was allowed to warm to 25°C where it was stirred for 45 min. The
reaction mixture was then treated with 2-aminopyridine (95.8 mg, 1.02 mmol). The
resulting reaction mixture was stirred at 25°C for 22 h. The reaction mixture was then
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 5/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-N-pyridin-2-yl-2-(4-
trifluoromethanesulfonyl-phenyl)-propionamide (37.1 mg, 26%) as a light yellow solid:
mp 151-153°C; EI-HRMS m/e calcd for CaoH,1F3N,03S (M*) 426.1225, found 426.1220.

(B) In an analogous manner, there were obtained:

(a) From 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)propionic acid and 2-
amino-5-chloropyridine: N-(5-Chloro-pyridin-2-yl)-3-cyclopentyl-2-(4-triflucromethane-
sulfonyl-phenyl)-propionamide as a cream solid: mp 146-148°C; EI-HRMS m/e calcd for
C20H20CIF3N,03S (M") 460.0835, found 460.0846.
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(b) From 3-cyclopent$%§k4—triﬂuoromethanesulfonyl-f;ﬁggyl)propionic acid and 2-
amino-S-methyl  pyridine:  3-Cyclopentyl-N-(5-methyl-pyridin-2-y1)-2-(4-trifluoro-
methanesulfonyl-phenyl)-propionamide as a pale yellow solid: mp 155-157°C; EI-HRMS
m/e calcd for CHpsF3N,038 (M) 440.1381, found 440.1376.

(¢) From 3-cyclopentyl-2-(4-trifuoromethanesulfonyl-phenyl)propionic acid and 6-
aminonicotinic acid methyl ester: 6-[3-Cyclopentyl-2-(4-trifluoromethanesulfonyl-
phenyl)-propionylamino}-nicotinic acid methyl ester as a yellow foam: mp 58-62°C; EI-
HRMS mye calcd for CzH23F3N20sS (M™) 484.1280, found 484.1274.

Example 44

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

H
N N
]
A 0 &
A
CH; NO

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 reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (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 CoHzCINO4 (M") 229.0142, found
229.0146.

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
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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
iodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry 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 ethy] acetate (150 mL) and water (50 mL). The organic phase was
washed with a saturated aqueous sodium chloride solution, dried over magnesium suifate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 4/1 hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-
propionic acid methyl ester (2.17 g, 32%) as a yellow oil: EI-HRMS m/e calcd for
CisH;3CINO, (M*) 311.0924, found 311.0927.

A solution of 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-propionic acid methyl ester (1.00
g, 3.21 mmol) and sodium methanesulfinate (0.36 g, 3.53 mmol) in dimethyl sulfoxide (3
ml) was heated at 130°C for S h. The black reaction inixture 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 X 50 mL). The combined
organic layers were washed with a saturated aqueous sodiurﬁ chloride solution, dried over
magnesium sulfate, filiered, and concentrated in vacuo. Flash chromatography (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 Ci16H2NOgS (M+H)* 356.1169, found 356.1175.
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A solution of 3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionic acid methyl
ester (865 mg, 2.43 mmol) in tetrahydrofuran (6 mi) was treated with a 0.8M agueous
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 1IN
aqueous hydrochloric acid solution (10 mL). The resulting aqueous layer was then
extracted with ethyl acetate (2 x 50 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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-methanesulfonyl-3-nitrophenyl)-propionic acid was used without further purification in

subsequent reactions.

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-
aminopyridine (91 mg, 0.97 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was directly purified by flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethy] acetate) to afford 3-cyclopentyl-2-
(4-methanesulfonyl-3-nitrophenyl)-N-pyridin-2-yl-propionamide (106 mg, 58%) as a
white foam: mp 92-95°C (foam to gel); FAB-HRMS m/e calcd for CyoH23N;05S (M+H)*
418.1436, found 418.1430.
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Example 45

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

ester

Ci NN
cl : o)

A mixture of G-aminonicotinic acid (4.0 g, 28.9 mmol), methanol (75 mL), and
concentrated hydrochloric acid (4 mL) was heated under reflux for 16 h. The reaction
mixture was allowed to cool to 25°C and then concentrated in vacuo to remove methanol.
The resulting solid was treated with water (20 mL) and enough sodium bicarbonate to
adjust the pH = 8. The solution was then extracted with ethyl acetate (3 x 25 mL). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo to afford 6-aminonicotinic acid methyl ester (3;12 g, 71%) as white foam: EI-
HRMS m/e caled for C;HgN,O, (M) 152.0586, found 152.0586. '

A solution of uriphenylphosphine (123 g, 4.69 mmol) in methylene chioride (15 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (947 mg, 5.32 mmol). The
resuiting brown-purple solution was stirred at 0°C for 5 min and then treated with 3-
cyclopentyl-Z(R)-(3,4—diéhloro-phenyl)-propionic acid (prepared in Example 54, 900 mg,
3.13 mmol). The reactibn mixture was stirred at 0°C and then allowed to warm to 25°C
over 45 min. The reaction mixture was then treated with 6-aminonicotinic acid methyl
ester (620 mg, 4.07 mmol) and pyridihe (0.38 mL, 4.7 mmol), and the reaction mixtﬁre
was allowed to stir at 25°C for 20 h. The resulting reaction mixture was diluted with
water (15 mL) and then extracted with methylene chloride (3 x 15 mL). The combined
organic layeré were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash

chromatography (Merck Silica gel 60, 230-400 mesh, 9/1 hexanes/ethyl acetate) afforded
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6—[3-cyclopenwl-2(R)-(§§2ﬁﬁich}oro-phenyl)-propionylanﬁirﬁ}inicoﬁnic acid methyl ester
(1.10 g, 84%) as a white foam: [0]>sge = —68.0° (c=0.128, chloroform); FAB-HRMS m/e
caled for Cy;H,,ClN,05 (M+H)* 421.1086, found 421.1079.

Example 46

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

H H

No _N
NS
>

|

Cl 0

0 OH

Cl

A solution of 3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-carboxymethylpyridin)-2-yl-
propionamide (prepared in Example 38(B)(b), S0 mg, 0.12 mmol) in ethanol (10 mL) at
25°C was treated with a solution of potassium hydroxide (20 mg, 0.36 mmol) in water (2
mL). The reaction was stirred at 25°C for 2 h. At this time, the reaction was diluted with
water (5 mL). The ethanol was removed in vacuo. The aqueous layer was then acidified
to pH = 2 with a 1IN aqueous hydrochloric acid solution. This solution was extracted with
methylene chloride (3 x 10 mL). The organic layers were dried over sodium sulfate,
filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 80/20 hexanes/ethyl acetate with acetic acid) afforded 6-[3-cyclopentyl-2-(3.4-
dichloro-phenyl)-propionylamino}-nicotinic acid (34 mg, 71%) as white foam: EI-HRMS
m/e caled for CagH,CLN,03 (M) 406.0851, found 406.0852.
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Example 47

6-[2-(4-Chloro-phenyl)-3-cyclopentyl-propionylamino]-nicotinic acid

H H

N N\
o 0 OH

0

A solution of 6-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-nicotinic acid
.methyl ester (prepared in Example 31(B)(c), 62.6 mg, 0.16 mmol) in
tetrahydrofuran/water/methanol (0.40 mL, 3:1:1) was treated with a 2N aqueous sodium
hydroxide solution (0.16 mL, 0.32 mmol). The reaction was stirred at 25°C for 24 h. The
reaction mixture was then poured into water and extracted with chloroform (2 x 30 mL).
The aqueous layer was then acidified to pH = 1 with a 1N aqueous hydrochloric acid
solution. The product was extracted into chloroform/methanol (9:1, 3 x 25 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230—400 mesh, 75/25 hexanes/ethyl acetate w/acetic acid) afforded 6-{2-(4-
chloro-phenyl)—3-cyclopcntyl-propionylafnino}-nicotinic acid (17.0 mg, 31.5%) as a white
solid: mp 206-208°C; EI-HRMS mve calcd for CyoH;,CIN,O, (M") 372.1240, found
372.1244.

Example 48

6-[3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionylamino]-nicotinic acid

N\

OH
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A solution of 6-[3-cyélopentyl-2-(4-methanesu1fonyl~pﬁchyl)—propionylamino]-nicotinic
acid methyl ester (prepared in Example 53(B)(a), 100 mg, 0.23 mmol) in tetrahydrofuran
(500 pL) was treated with a 0.8M aqueous lithium hydroxide solution (300 uL, 0.23
mmol). The solution was stirred at 25°C for 4 h. The reaction mixture was then directly
purified by column chromatography. Flash chromatography (Merck Silica gel 60, 230-
400 mesh, 1/3 methanol/ethyl acetate) afforded 6-[3-cyclopentyl-2-(4-methanesulfonyl-
phenyl)-propionylamino]-nicotinic acid (65 mg, 70%) as a white solid: mp 191-193°C;
FAB-HRMS mv/e calcd for CpH4N2OsS (M+H)™ 417.1484, found 417.1484.

Example 49

3-Cyclopentyl-2(3,4-dichloro-phenyl)-N-(5-hydroxymethyl-pyridin-2-yl)-

propionamide

H
N

l

OH

N
N
0 Z

Cl
cl

A solution of 3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-carboxymethylpyridin)-2-yl-
propionamide (prepared in Example 38(B)(b), 398 mg, 0.95 mmol) in diethyl ether (30
mL) cooled to 0°C was treated with lithium aluminum hydride (54 mg, 1.4 mmol). This
slurry was allowed to slowly warm to 25°C. The reaction was stirred at 25°C for 16 h.
At this time, the reaction was quenched with water (10 mL) and extracted with ethyl
acetate (3 x 15 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50

~ hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-

hydroxymethyl-pyridin-2-yl)-propionamide (131 mg, 35%) as a white foam: EI-HRMS
m/e caled for CagH22CIoN20, (M) 392.1058, found 392.1062.



WO 00/58293 PCT/EP00/02450
-112-

Example 50

2-(4-Chloro-phenyl)-3-cyclopentyl-N-(5-hydroxymethyl-pyridin-2-yl)-propionamide

'. Cl

A solution of 6-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino}-nicotinic acid

5  methyl ester (prepared in Example 31(B)(c), 83.3 mg, 0.21 mmol) in tetrahydrofuran (2.1

mlL) was added to a cooled (0°C) slurry of lithium alumi_hum Hydride (12.0 mg, 0.32

mmol) in tetrahydrofuran (1.54 mL). The reaction mixture was stirred at 0°C for 2.5 h.

The reaction was then quenched by the dropwise addition of. water (25 mL). The reaction

was further diluted with water and was then extracted with ethyl acetate (3 x 35 mL). The

10  organics were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash

chromatography (Merck Silica gel 60, 230-400 mesh, 70/30 hexanes/ethyl acetate)

afforded 2-(4-chloro-phenyl)—3-cyclopentyl-N-_(S-hydroxymethyl-pyridin-z;yl)-

propionamide (12.5 mg, 16.1%) as a white solid: mp 60-62°C; EI-HRMS m/e calcd for
C20H33CIN2O, (M™) 358.1448, found 358.1443.

15
Example 51

3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-hydroxy-pyridin-2-yl)-propionamide

A solution of 3—cyclopentyl-2-(3,4-dichlof0-phenyl)~propionic acid (prepared in Example
20 38, 183 mg, 0.63 mmol) in methylene chloride (6.37 mL) was cooled to 0°C and then
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treated with a 2.0M solution of oxalyl chloride in methylene chloride (0.35 mL., 0.7
mmol) and a few droph of N,N-dimethylformamide. The reaction mixture was stirred at
0°C for 10 min and then at 25°C for 30 min. The reaction mixture was then treated with
5-benzyloxy-pyridin-2-ylamine (281 mg, 1.4 mmol) and N,N-diisopropylethylamine (0.26
mL, 1.5 mmol). The reaction mixture was stirred at 25°C for 16 h. At this time, the
reaction was concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 70/30 hexanes/ethy] acetate) afforded N-(5-benzyloxy-pyridin-2-yl)-3-cyclopentyl-
2-(3 4-dichloro-phenyl)-propionamide (150 mg, 50.0%) as a yellow solid: mp 47-49°C;
EI-HRMS m/e calcd for CasHasClaN20, (M) 469.1449, found 469.1455.

A solution of N-(5-benzyloxy-pyridin-2-yl)-3-cyclopentyl-2-(3.4-dichloro-phenyl)-
propionamide (145.3 mg, 0.3 mmol) in methanol (5.1 ml) was treated with 10%
palladium on activated carbon. The reaction mixture was stirred under hydrogen gas at
25°C for 16 h. The catalyst was then filtered off through a pad of celite (ethyl acetate).
The filtrate was concentrated in vacuo to give 3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-
(5-hydroxy-pyridin-2-yl)-propionamide (92.2 mg, 78.5%) as a tan solid: mp 79-81°C; EI-
HRMS m/e caled for CroHz9Cl N0, (M) 378.0896, found 378.0890.

Example 52

3-Cyclopentyl-N-(5-hydroxymethyl-pyridin-2-yl)-2-(4-methanesulfonyl-phenyl)-

propionamide

A solution of 6-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionylamino}-nicotinic
acid methyl ester (prepared in example 53(B)(a), 110 mg, 0.26 mmol) in diethyl ether
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(500 ul) was cooled to 0°C and then slowly treated with lithium aluminum hydride (15
mg, 0.38 mmol). The reaction mixture was stirred -at 0°C for 30 min then allowed to
warm 10 25°C. After 1 h at 25°C, thin layer chromatography still indicated the presence
of the starting material. An additional amount of lithium_.aluminum hydride (10 mg, 0.26
mmol) was added to the reaction mixture, and the reaction rgﬁxture was allowed to stir at
25°C for 1 h. The reaction mixture was then slowly quenched by the dropwise addition
of water (10 mL). The resulting mixture was partitioned bétWeen water and ethyl acetate.
The organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 meéh,' 1/3 hexanes/ethyl acetate) -
afforded the 3-cyclopentyl-N-(5-hydroxymethyl-pyridin-2-yl)-2-(4-methanesulfonyl-
phenyl)-propionamide (60 mg, 57%) as a yellow foam: mp 74-77°C; EI-HRMS m/e calcd
for Co1HagN204S (M*) 402.1613, found 402.1617.

Example 53

(A) 3-Cyclopentyl-z-(4-methanesulfonyl-phenyi)-N-(S-methyl-pyridin-Z-yl)-

propionamide
H H
N N
A o N
O"’ls CHs
CHag

A ‘solution triphenylphosphine (177 mg, 0.68 mmol) in methylene chloride (3 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (132 mg, 0.74 mmol) in small
portions. The reaction mixture was allowed to warm to 25°C over 30 min and then was

treated with 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (prepared in

Example 3(A), 200 mg, 0.68 mmol). The reaction mixture was stirred at 25°C for 30 miff*#;

and then treated with 2-amino-5-methylpyridine (154 mg, 1.42 mmol). The resulting

reaction mixture was stirred at 25°C for 1 h. The crude reaction mixture was directly
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purified by flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl
acetate) to afford &pﬁre 3-cyclopentyl-2-(4-methanssulfonyl-phenyl)-N-(5-methyl-
pyridin-2-yl)-propionamide as a red solid. The impure product was further purified by
precipitation from 1/1 hexanes/ethyl acetate to afford pure 3-cyclopentyl-2-(4-
methanesulfonyl-phenyl)-N-(5-methyl-pyridin-2-yl)-propionamide (80 mg, 31%) as an
off-white solid: mp 184-185°C; EI-HRMS m/e calcd for CpHy¢N203S (M™) 386.1664,
found 386.1664.

(B) In an analogous manner, there was obtained:

(a) From  3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic  acid and  6-
aminonicotinic acid methyl ester: 6-[3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-
propionylamino}-nicotinic acid methyl ester as a yellow foam: mp 82-85°C; EI-HRMS
m/e caled for CoH,y6N-05S (M*) 430.1562, found 430.1571.

Example 54

{A) N-(5-Chloro-pyridin-2-yl)-3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-

propionamide
H,,' H
N N
l S
o =
Ci Cl

o}

A solution of 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionic acid (prepared in Example
38, 5.00 g, 17.4 mmol) in tetrahydrofuran (150 mL) cooled to -78°C was treated with
triethylamine (2.77 mL, 19.9 mmol) followed by trimethylacety] chloride (2.24 mL, 18.2
mmol). The resulting white slurry was stirred at -78°C for 15 min and then at 0°C for 45

min. In a separate flask, a solution of (S)-4-isopropyl-2-oxazolidinone (2.14 g, 16.57
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mmol) in tetrahydrofuran (80 mL) cooled to -78°C was treated with a 2.0M solution of n-
butyllithium in hexanes (8.7. mL, 17.4 mmol). The solution was stirred at -78°C for 10
min and then allowed to warm to 25°C where it was stirred for an additional 10 min. At
this time, the first reaction mixture was recooled to -78‘5C. The second reaction mixture
was added to the first reaction mixture over a period of 5 min via cannula. The combined
reaction was then stirred at -78°C for 15 min and then allowed to warm to 25°C where it
was stirred for an additional 1.5 h. At this time, the reaction was quenched by the
addition of a saturated aqueous sodium bisulfite solution (50 mL) and extracted with ethyl
acetate (3 x 40 mL). The combined organic layers were washed with a saturated aqueous
sodium bicarbonate solution (1 x 20 mL) and a saturated aqueous sodium chloride
solution (1 x 20 mL), dried over sodium sulfate, ﬁltered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 85/15 hexanes/ethyl acetate)
afforded (1) 3-[3-cyclopentyl-2(S)-(3,4-dichloro-phenyl)-propionyl}-4(S)-isopropyl-
oxazolidin-2-one (2.15 g, 33%) as a clear oil: [0}®ss0 = +87.5° (c=0.160, chloroform);
EI-HRMS m/e caled for CaoHasCLLNO3 (M™) 397.1211, found 397.1215 and (2) 3-[3-
cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl}-4(S)-isopropyl-oxazolidin-2-one (1.88
g, 28%) as a white solid: mp 71.9-74.6°C; [0] 3550 = —27.6° (c=0.188, chloroform); EI-
HRMS m/e calcd for CaoH25C1LNO; (M*) 397.1211, found 397.1212.

A solution of 3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-4(S)-isopropyl-
oxazolidin-2-one (1.88 g, 4.72 mmol) in tetrahydrofuran (73 mL) and water (22 mL) -
cooled to 0°C was treated with a 30% aqueous hydrogen peroxide solution (2.1 mL) and
lithium hydroxide (394 mg, 9.4 mmol). The reaction was stirred at 0°C for 1 h. At this
time, the reaction was quenched with a saturated aqueous sodium sulfite solution (16 mL)
followed by the addition of a 0.5N aqﬁeous sodium bicarbonate solution (50 mL). The
tetrahydrofuran was then removed in vacuo. The residue was diluted with water (40 mL)
and_ extracted with methylene chloride (3 x 20 mL). The aqueous layer was then
acidified to pH = 2 with SN aqueous hydrochloric acid solution and extracted with ethyl

acetate (4 x 25 mL). The combined drganic layers were then dried over sodium sulfate,
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filtered, and concentrated in vacuo to afforded of 3-cyclopentyl-2(R)~(3,4-dichloro-
phenyl)-propionic acid @2@ mg, 70%) as a white solid: mp.75.1-78.3°C; [0.’.]23589 =-50.3°
(¢=0.100, chloroform); EI-HRMS m/e caled for C;4H;6Cl.02 (M™) 286.0527, found
286.0535.

A solution of triphenylphosphine (344 mg, 1.31 mmol) in methylene chloride (10 mL)
cooled to 0°C was treated with N-bromosuccinimide (263 mg, 1.48 mmol). The reaction
solution was stirred at 0°C for 5§ min. At this time, 3-cyclopentyl-2-(R)-(3,4-dichloro-
phenyl) propionic acid (250 mg, 0.87 mmol) was added. The reaction was allowed to
slowly warm to 25°C over 45 min. At this time, 5-chloro-2—aminoi)yﬁdine (145 mg, 1.13
mmol) and pyridine (0.11 mL, 1.31 mmol)} were added to the reaction mixture. The
reaction was stirred at 25°C for 20 h. At this time, the reaction was diluted with water
(10 mL) and extracted with methylene chloride (3 x 10 mL). The organics were dried
over sodinm sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate) afforded N-(5-chloro-pyridin-2-
y1)3-cyclopenty)-Z-(R)—(.’S,4-dichloi‘o-phenyl)—propionamide (289 mg, 84%) as a white
solid: mp 125-128°C; [0) 5530 = ~65.6° {c=0.16, chloroform); EI-HRMS m/e calcd for
CioH,5ClN,0 (M') 396.0563, found 396.0565.

(B) In an analogous manner, there were obtained:

(a) From 2-amino pyridine and 3-cyclopentyl-2-(R)-(3,4-dichloro-phenyl) propionic acid :
3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-pyridin-2-yl-propionamide as a white foam:
[a}23589 = =56.2° (¢=0.153, chloroform); EI-HRMS m/e calcd .for C1oH20C1oN,0 (M)
362.0953, found 362.0952.

(b) From 2-aminothiazole and 3-cyclopentyl-2-(R)-(3,4-dichloro-phenyl) propionic acid:
3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-thiazol-2-yl-propionamide as a white solid:
mp 133.4-136.5°C; [0]%sg9 = -66.0° (c=0.106, chioroform); EI-HRMS m/e calcd for
C17H15CL,N,08 (M") 368.0517, found 368.0519.
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(c) From 2-(amino-thiazol-5-yl)-oxo-acetic acid ethyl ester and 3-cyclopentyl-2-(R)-3-
cyclopentyl-2-(3,4-dichlorophenyl)-propionic  acid: (2R)-{2-[3-Cyclopentyl-2-(3,4-
dichlorophenyl)-propionylamino]-thiazol-5-yl }-oxo-acetic acid ethyl ester as a light
yellow foam: mp 117-120° C; FAB-HRMS m/e calcd for CpHpCLN,OsS (M+H)"
469.0755, found 469.0753. |

(d) From ethy]l 2-amino-4-thiazole glyoxylate and 3-cyclopentyl-2-(R)-3-cyclopentyl-2-
(3,4-dichlorophenyl)—propionic. acid:  (2R)-{2-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-
propionylamino]-thiazol-4-yl }-oxo-acetic acid ethyl ester as a white solid: EI-HRMS m/e
calcd for C;1H22CLN,0,S (M™) 468.0677, found 468.0677.

Example S5 |

3-Cyc10pentyl-2-(3,4_-dichlorophenyl)-N-(lH-im_idazol-2-yl)-propionamide

Cl

A solution of 3-cyclopentyl—2-(3,4-dichlorophenyl)-propiohic acid (prepared in Example
38, 200 mg, 0.70 mmol), benzotriazol-1-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (310 mg, 0.70 mmol), N,N-diisopropylethylamine (244 pL, 1.40

mmol), and 2-aminoimidazole sulfate (140 mg, 1.05 mmol) in dry N,N-

dimethylformamide (5 mlL) was stirred at 25°C under nitrogen for _15 h. The reaction
mixture was partitioned between water and ethyl acetate. The organic layer was washed
with a 1N aqueous hydrochloric acid solution, washed with water, and washed with a
saturated aqueous sodium chloride solution. The organic léyér was dried over magnesium
sulfate, filtered, and concentrated_ in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 1/3 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3,4-dichlorophenyl)-
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N-(1H-imidazol-2-yl)-propionamide (81.4 mg, 33%) as a white solid: mp 58-60°C; El-

HRMS m/e calcd for C§#HisCLN;O (M) 351.0905, found 351.0901.

Example 56

3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-methyl-isoxazol-3-yl)-propionamide

A solution of 3-cyclopentyl-2-(3.4-dichlorophenyl)-propionic acid (prepared in Example
38, 70.7 mg, 0.25 mmol) in oxalyl chloride (215 plL, 2.46 mmol) was cooled to 0°C and
then treated with 1 drop of dry N,N-dimethylformamide. The reaction mixture was stirred
at 0°C for 30 min and then stirred at 25°C for 3 h. The reaction mixture was concentrated
in vacuo to afford a yellow oil. This yellow oil was dissolved in a small amount of
methylene chloride and then slowly added to a solution of 3-amino-5-methylisoxazole
(48.3 mg, 0.49 mmol) and triethylamine (68 mL, 0.49 mmol) in methylene chloride (1.2
mL). The resulting reaction mixture was stirred at 25°C for 14 h. The reaction mixture
was concentrated in vacuo to remove methylene chloride. The resulting residue was
diluted with ethyl acetate (100 mL) and then washed with a 10% aqueous hydrochloric
acid solution. The organic layer was dried over sodium sulfate, filtered, and concentrated
in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl
acetate)  afforded  3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-methyl-isoxazol-3-y1)-
propionamide (78.3 mg, 87%) as a yellow glass: mp 84-86°C; FAB-HRMS m/e calcd for
C13H2C1,N,0, (M+H)" 367.0981, found 367.0982.
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Example 57

3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-oxazol-2-yl-propionamide

HY
O 0\>
c
A . solution of benzotriazol—1-yloxy—tris(dimethylamino)phosphonium

5  hexafluorophosphate (102 mg, 0.23 mmol), 3-cyclopentyl-2-(3,4-dichlorophenyl)-
propionic acid (prepared in Example 38, 60 mg, 0.21 mmol), N,N-diisopropylethylamine
(73 pL, 042 mmol), and 2-aminooxazole (27 mg, 0.31 mmol) in dry N,N-
dimethylformamide (1 mL) was stirred at 25°C under. nitrogen for 15 h. The reaction
mixture was partitioned between water and ethyl acetate. The organic layer was washed
10 with a 1IN aqueous hydrochloric acid solution, washed with water, and washed with a:
saturated aqueous sodium chloride solution. The organic layer was dried over maghcsium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 1/1 hexanes/ethyl acetate) afforded 3—cyclopcnty1-2—(3,4-dichlofopheny])—
N-oxazol-2-yl-propionamide (34.9 mg, 47%) as a white solid: mp 134-136°C; EI-HRMS

15 m/e caled for Cy7H3C1N,0, (M) 352.0745, found 352.0750.

Example 58

3-Cyclopentyl-2;(3,4-dichlorophen’yl)-N -pyridazin-3-yl-propionamide

cl
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A solution of 3-cyclopént;'i-2—(3,4-dichlorophenyl)—propioﬂic acid (prepared in Example
38, 6252 mg, 2.18 mmol), O-benzotriazol-1-yl-N,N,N’,N-tetramethyluronium
hexafluorophosphate (908.3 mg, 2.39 mmol), N,N-diisopropylethylamine (1.1 mL, 6.53
mmol), and 3-aminopyridazine (310.6 mg, 3.27 mmol) in dry N,N-dimethylformamide
(11 mlL) was stimmed at 25°C under nitrogen for 72 h. The reaction mixture was
concentrated in vacuo to remove N,N-dimethylformamide. The resulting residue was
diluted with ethyl acetate (200 mL). The organic layer was washed with a 10% aqueous
hydrochloric acid solution and washed with a saturated aqueous sodium chloride solution.
The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(3,4-dichlorophenyl)-N-pyridazin-3-yl-propionamide (493.8 mg,
62%) as a white foam: mp 70-71°C; EI-HRMS m/e calcd for CigH;sClLN:O (M)
363.0905, found 363.0908.

Example 59

3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-pyrimidin-2-yl-propionamide

H
N\©
o o]
c

A solution of 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid (prepared in Example
38, 100 mg, 0.35 mmol) in methylene chioride (1 mL) was treated with 2 drops of dry
N,N-dimethylformamide. The reaction mixture was cooled to 0°C and then treated
dropwise with oxalyl chloride (34 mL, 0.39 mmol). The reaction mixture was stirred at
0°C for 10 min and then stirred at 25°C for 2 h. The reaction mixture was concentrated in

vacuo. The resulting residue was dissolved in a small amount of methylene chloride and

was slowly added to a cooled (0°C) solution of 2-aminopyrimidine (67 mg, 0.70 mmol) in
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methylene chloride (1 mL). The resulting reaction mixture was stirred at 0°C for 30 min
and then stirred at 25°C for 2 h. The reaction mixture was concentrated in vacuo to
remove methylene chloride. The resulting residue was diluted with water and extracted
with ethyl acetate (3 x 50 mL). The combined organic extracts were washed with a
saturated aqueous sodium chloride solution. The organic layer was dried over magnesium
sulfate, filtered, and concentrated in vacuo. Flash chrorf;atography (Merck Silica gel 60,
230-400 mesh, 1/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3,4-dichlorophenyl)-
N-pyririﬁdin—2-y]-propionamide (854 mg, 67%) as a Whi_te solid: mp 103-105°C; EI-
HRMS m/e calcd for C;3H;6C1:N30 (M™) 363.0905, found 363.0915.

Example 60

3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-pyrimidine-6-yl-propionamide

A solution of 3-cyclopentyl-2(R)-(3.4-dichlorophenyl)-propionic acid (prepared in
Example 54(A), 200 mg, 0.69 mmol) in methylene chloride (5 mL) was treated with 1
drop of N,N-dimethylformamide and then cooled to 0°C. The reaction mixture was then
treated with a 2.0M solution of oxalyl chloride in mcthyleﬁe chloride (0.52 mL, 1.04
mmol). The reaction mixture was stirred at 0°C for 30‘inin and then treated with a
solution of 4-aminopyrimidine (131 mg, 1.38 mmol) in tetrahydrofuran (10 mL) and
pyridine (0.28 mL, 3.45 mmol). The resulting reaction mixture was stirred at 23°C for 14
h. The reaction mixture was then diluted with water (10 mL) and extracted with
methylene chloride (3 x 15 mL). The combined organic layers were dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 3/2 hexanes/ethyl acetate) affordcd 3-cyclopentyl-2(R)-(3,4-dichloro-
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phenyl)-N-pyrimidin-4~yl-propionamide (147 mg, 60%) as a white solid: mp 166.5-
169.3°C; EI-HRMS mfé galed for Cy3H;9CLLN30 (M) 363.0905, found 363.0909.

Example 61

3-Cyclopentyl-2-(4-methanesulfinyl-phenyl)-N-thiazol-2-yl-propionamide

H

H
N _N
A
0\\? o 8
CHg

A solution of diisopropylamine (3.2 mL, 23.16 mmol) in dry tetrahydrofuran (10.3 mL)
and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (3.4 mL) was cooled to -78°C
under nitrogen and then treated with a 10M solution of n-butylithium 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-(methylthio)phenylacetic acid (2.01 g, 11.03
mmol) in dry tetrahydrofuran (10.3 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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 concentrated in vacuo to remove
tetrahydrofuran. The remaining aqueous phase was acidified to pH = 2 with a 10%
aqueous hydrochloric acid solution and then extracted with ethyl acetate (1 x 200 mL).
The organic layer was washed with a saturated aqueous sodium chloride solution (1 x 100
mL), dried over sodium sulfate, filtered, 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 CysHz002S (M") 264.1184, found 264.1177.
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A solution of 3-cyclopentyl-2-(4-methylsulfanyl-phenyl)propionic acid (200 mg, 0.76 -
mmol) and triphenylphosphine (198 mg, 0.76 mmol) in methylene chloride (2 ml) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (150 mg, 0.84 mmol).
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
washed with a 1IN aqueous hydrochloric acid solution, washed with a saturated aqueous
sodium bicarbonate solution, dried over magnesium sulfate, filtered, 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 3/1 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 caled for CigHz,N,0S; (M)
346.1174, found 346.1171. | |

A solution 3-cyclopentyl-2-(4-methylsulfanyl-phenyl)-N-thiazol-2-yl-propionamide (75
mg, 0.216 mmol) in methylene chloride (1 mL) was treated with 3-chloroperoxybenzoic
acid (75% grade, 50 mg, 0.216 mmol). The reaction mixture was immediately monitored
by thin layer chromatogréphy and the results ir_ldicated the immediate absence of starting
material. The reaction mixture was partitioned between water and methylene chloride
and then washéd with a samrated. aqueous sodium bicarbonate solution. The organic

layer was further washed with water and then dried over magnesium sulfate, filtered, and

concentrated in vdacuo. Recrystallization from 1/1 héxaneslethyl acetate afforded 3-

cyclopentyl-2-(4-methanesulfinyl-phenyl)-N-thiazol-2-yl-propionamide (25 mg, 32%) as
a white solid: mp 170-173°C; EI-HRMS m/e calcd for C;3HN,0,S; (M™) 362.1123,
found 362.1121.
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E Example 62

{2-[3-Cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-propionylamine}-thiazol-4-
yl}-acetic acid ethyl ester

H H
N N
7~
F>k3 0 S -
O// \\O o i

A solution of diisopropylamine (2.4 mlL, 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-(trifluoromethylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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
acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and then extracted
with ethyl acetate (1 x 300 mL). The organic layer was washed with a saturated aqueous
sodium chloride solution (I x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-HRMS m/e calcd
for C15H,7F;0,S (M") 318.0901, found 318.0912.
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A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)propionic acid (1.33 g,
4.18 mmol) in methanol (10 mL) was treated slowly with 4 drops of concentrated sulfuric
acid. The resuiting reaction mixture was heated under reflux 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). Th§ organic phase was washed with
a saturated aqueous sodium bicarbonate solution (1 x 10@ mL), washed with a saturated
aqueous sodium chloride solution (1 x 100 mL), dried oyer'sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 97/3
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-n'iﬂuoromethylsulfanyl-
phenyl)propionic acid methyl ester (1.37 g, 99%) as a light yellow oil: EI-HRMS m/e
caled for Ci¢HisF>0,S (M) 332.1058, found 332.1052.

A solution of 3-cyclopentyl-2—(4-triﬂuorbmethy]sulfany]-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 ﬁme, thin layer chromatography
showed the presence of two new lower R¢ products. An additional 2.00 g of 3-
chloroperoxybenzoic acid was added to the reaction mix:tu'ré 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 x 100 mL), washed with a
saturated aqueous sodium chloride solution (1 x 100 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 19/1 hexanes/ethyl acetate) afforded 3-cyclopentyl_-_2-(4—triﬂuoromethanesulfonyl-
phenyl)propionic acid methyl ester (1.19 g, 95%) as a light'yellow oil: EI-HRMS m/e
calcd for C|6H19F304S (M) 364.0956, found 364.0965.
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A solution of 3-cyclopentyl-2-(4-triflacromethanesulfonyl-phenyl)propionic acid methyl
ester (708.2 mg, 1.94 nifnd]) in tetrahydrofuran (2.4 ml) wag 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 acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and
then extracted with ethyl acetate (2 x 100 mL). The combined organic layers were
washed with a saturated aqueous sodium chloride solution (1 x 100 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo to afford a cream solid. This solid was
purified by triturating with diethyl ether/petroleum ether to provide pure 3-cyclopentyl-2-
(4-trifluoromethanesulfonyl-phenyl)propionic acid (527.0 mg, 77%) as a white solid: mp
143-145°C; EI-HRMS m/e calcd for CisH;7F30,S (M") 350.0800, found 350.0816.

A solution of triphenylphosphine (97 mg, 0.371 mmol) in methylene chloride (1.5 mL)
was cooled to 0°C and then slowly treated with N-bromosuccinimide (66 mg, 0.371
mmol). The reaction mixture was stirred at 0°C for 20 min and then treated with 3-
cyclopentyl-2-(4-triflaoromethanesulfonyl-phenyl)propionic acid (100 mg, 0.285 mmol).
The resulting reaction mixture was stirred at 0°C for 10 min, allowed to warm to 25°C,
and then treated with ethyl 2-amino-4-thiazoleacetate (123 mg, 0.657 mmol). The
resulting reaction mixture was stirred at 25°C for 3 d. The reaction mixture was then
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetate) afforded {2-[3-cyclopentyl-2-(4-trifluoromethanesuifonyl-phenyl)-
propionyl-amino]-thiazol-4-yl }-acetic acid ethyl ester (107 mg, 72%) as a yellow foam:
mp 48-51°C; EI-HRMS m/e calcd for CoHasF3N,0OsS; (M*) 518.1157, found 518.1157.
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Example 63

N-(5-Bromo-pyridin-z-yl)-3-cyclopéntyl-2-(4-triﬂuoromethanesulfonyl-phenyl)-

propionamide

S\ Br
~o

F
S I
&

A solution of diisop_ropylamine (24 mL, 16.80 mmol) in dry tetrahydrofuran.(7.'5 mL)
and 1,3-dimethy]-3,4,5,6~tetrahydro—2(lH)-pyrimidinone_ 2.5 mL) was cooied 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-(trifluoromethylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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
acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and then extracted
with ethyl acetate (1 x 300 mL). The organic layer was washed with a saturated aqueous
sodium chlon'de solption (1 x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-_2-(4—uiﬂuoromethylsulfanyl-
phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-HRMS m/e calcd
for CysH;7F30,S (M”) 318.0901, found 318.0912.
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A solution of 3—cyclogentyl-2—(4-mﬂuoromethylsulfanyl—phenyl)proplomc acid (1.33 g,
4.18 mmol) in methanol (10 mL) was treated slowly with 4 drops of concentrated sulfuric
acid. The resulting reaction mixture was heated under refiux for 36 h. The reaction
mixture was allowed to cool to 25°C and then concentrated in vacuo to remove methano].
The residue was diluted with ethyl acetate (200 mL). The organic phase was washed with
a saturated aqueous sodium bicarbonate solution (1 x 100 mL), washed with a saturated
aqueous sodium chloride solution (1} x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 97/3
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid methyl ester (1.37 g, 99%) as a light yellow oil: EI-HRMS m/e
caled for CigHyoF;02S (M™) 332.1058, found 332.1052.

A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)propionic acid methyl
ester (1.14 g, 343 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 R¢ 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 x 100 mL), washed with a
saturated aqueous sodium chloride solution (1 x 100 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 19/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-
phenyl)propionic acid methyl ester (1.19 g, 95%) as a light yellow 611: EI-HRMS m/e
caled for C1gHi9F304S (M) 364.0956, found 364.0965.
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A solution of 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-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 acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and
then extracted with ethyl acetate (2 x 100 mL). The combined organic layers were
washed with a saturated aqueous sodium chloride solution (1 x 100 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo to afford a cream solid. This solid was
purified by triturating with diethyl ether/petroleum ether to provide pure 3-cyclopentyl-2- _
(4-trifluoromethanesulfonyl-phenyl)propionic acid (527.0 mg, 77%) as a white solid: mp
143-145°C; EI-HRMS m/e calcd for CisH;7F304S (M™) 350.0800, found 350.0816.

A solution of triphenylphosphine (206 mg, 0.785 mmol) in methylene chloride (4 mL)
was cooled to O°C and then slowly treated with N-bromosuccinimide (140 mg, 0.785
mmol). The reaction mixture was stirred at 0°C for 10 min and then treated with 3-
cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)propionic acid (250 mg, 0.710 mmol).
The resulting reaction mixture was stirred at 0°C for 10 min and then allowed to warm to
25°C where it was stirred for 30 min. The reaction mixture was then treated with 2-
amino-5-bromopyridine (271 mg, 1.57 mmol). The resulting reaction mixture was stirred
at 25°C for 15 h. The ;eaction mixture was then concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 2/1 hexanes/ethyl acetate) afforded
the pure N-(S-bromo-pyn’djn-2-yi)-3-cyclopenty1—2-(4-triﬂuoromethanesulfonyl—phenyl)—
propionamide (226 mg, 63%) as a yellow foam: mp'13(.)-132°C; EI-HRMS nve calcd for
Ca0H20B1F;N20;S (M*) 504.0330, found 504.0325.
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Example 64

2-(4-Chloro-3-nitro-phenyD-3-cyclopentyl-N-thiazol-2-yl-propionamide

H H
N_ _N
1)
o S
cl
NO,

A solution of 4-chloro-3-nitrophenylacetamide (2.00 g, 9.32 mmol) in methano} (40 mL)
was treated with Ambetlyst® 15 ion exchange resin (15.00 g). The resulting reaction
mixture was heated under reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetate) afforded 4-chloro-3-nitro-phenylacetic acid methyl ester (1.91 g,
89%) as a yellow oil: EI-HRMS m/e caled for CoHyCINO, (M) 229.0142, found
229.0146.

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 tumed deep purple (almost black) in color. The reaction
mixture was then stimed at -78°C for 1 h, at which time, a solution of
iodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry tetrahydrofuran was
added dropwise. The reaction mixture was then stired 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 mlL), and the resulting reaction
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_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 chioride solution, dried over magnesium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 4/1 hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-
propionic acid methyl ester (2.17 g, 32%) as a yellow oil: EI-HRMS m/e calcd for
CsH;sCINO4 (M*) 311.0924, found 311.0927.

A solution of 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-propionic acid methyl ester (260

mg, 0.834 mmol) in tetrahydrofuran (3 mL) was treated with a 0.8M aqueous lithium
hydroxide solution (1.25 mL, 1.00 mmol). The reaction mixture was stirred at 25°C for
15 h. The resulting reaction mixture was partitioned between water (50 mL) and ethyl
acetate (50 mL) and then treated with a 1N aqueous hydrochloric acid solution (10 mL).
The layers were shaken and separated. The aqueous layer was further extracted with ethyl
acetate (50 mL). The combined organic layers were dried over magnesium sulfate,
filtered, and concentrated in vacuo to afford 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-
propionic acid (243 mg, 98%) as a yellow solid which was used without further
purification: mp 112-115°C; FAB-HRMS m/e calcd for Ci4H;sCINO, (M+H)* 298.0847,
found 298.0851. |

A solution of triphenylphosphine (105 mg, 0.403 mmol) in methylene chioride (1 mL)
was cooled to 0°C and then slowly treated with N-bromosuccinimide (72 mg, 0.403
mmol). The reaction mixture was stirred at 0°C for 20 min and then treated with 2-(4-
chloro-3-nitro-phenyl)-3-cyclopentyl-propionic acid (100 mg, 0.336 mmol). The
resulting reaction mixture was stirred at 0°C for 10 min and then allowed to warm to
25°C, where it was stirred for 20 min. The reaction mixture was then treated with 2-
aminothiazole (74 mg, 0.739 mmol). The resulting reaction mixture was stirred at 25°C

for 15 h. The crude reaction mixture was treated with a solution of hexanes/ethyl acetate

- (2mL, 3:1) and then directly purified by flash chromatography (Merck Silica gel 60, 230-
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400 mesh, 3/1 hexéﬁéé?ethyl acetate). The pufé "?2-(4-chloro-3-nitro—pheny1)—3-
cyclopentyl-N-thiazol-2-yl-propionamide (93 mg, 73%) was obtained as a pale yellow
foam: mp 68-72°C (foam to gel); EIFHRMS m/e caled for C;7H;gCIN3O3S o
379.0757, found 379.0760.

Example 65

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

cl

A solution of 4-chloro-3-nitrophenylacetamide (2.00 g, 9.32 mmol) in methanol (40 mL)
was treated with Amberlyst® 15 jon exchange resin (15.00 g). The resulting reaction
mixture was heated under reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetate) afforded 4-chloro-3-nitro-phenylacetic acid methyl ester (1.91 g,
89%) as a yellow oil: EI-HRMS m/e calcd for CoHgCINO, (M*) 229.0142, found
229.0146.

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(IH)-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-nitropheny1acetic acid

methyl ester (5.00 g, 21.8 mmol) in a small amount of tetrahydrofuran over a 15 min
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period. The reaction mixture turned deep purple (almost black) in color. The reaction
mixture was then stimed at -78°C for 1 h, at which time, a solution of
iodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry 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,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 4/1 hexanes/ethyl .acetate) afforded 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-
propionic acid methyl ester (2.17 g, 32%) as a yellow oil: EIFHRMS m/e calcd for
CisH)sCINO, (M") 311.0924, found 311.0927. '

A solution of 2-(4-ch1oro-3-nitro-phenyl)—3—cyclopemyl-propioni¢ acid methyl ester (260
rﬁg, 0.834 mmol) in tetrahydrofuran (3 mL) was treated with a 0.8M aqueous lithium
hydroxide solution (1.25 mL, 1.00 mmol). The reaction mixture was stirred at 25°C for
15 h. The resulting reaction mixture was partitioned between water (50 mL) and ethyl
acetate (50 mL) and then treated with a 1N aqueous hydrochloric acid solution (10 mL).
The layers were shaken and separated. The aqueous layer was further extracted with ethyl
acetate (50 mL). The combined organic layers were dried over magnesium sulfate,
filtered, and concentrated in vacuo to afford 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-
propionic acid (243 mg, 98%) as a yellow solid which was used without further
purification: mp 112-115°C; FAB-HRMS m/e calcd for Cy4H;6CINO,4 (M+H)" 298.0847,
found 298.0851.

A solution of triphenylphosphine (105 mg, 0.403 mmol) in methylene chloride (1 mL)
was cooled to 0°C and then slowly treated with N-bromosuccinimide (72 mg, 0.403

mmol). The reaction mixture was stirred at 0°C for 20 min and then treated with 2-(4-
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chloro-3-nitro-phenyl){3;cyclopentyl-propionic - acid (100 mg, 0.336 mmol). The
resulting reaction rmxture was stirred at 0°C for 10 min 'and then allowed to warm to
25°C, where it was stirred for 20 min. The reaction mixture was then treated with 2-
aminopyridine (70 mg, 0.739 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was treated with a solution of hexanes/ethyl acetate
(2 mL, 3:1) and then directly purified by flash chromatography (Merck Silica gel 60, 230-
400 mesh, 3/1 hexanes/ethyl acetate). The pure 2-(4-chloro-3-nitro-phenyl)-3-
cyclopentyl-N-pyridin-2-yl-propionamide (60 mg, 48%) was obtained as a pale yellow
foam: mp 48-52°C (foam to gel); EI-HRMS m/e calcd for Ci9HzoCIN3O3 (M") 373.1193,
found 373.1185.

Example 66

N-(5-Bromo-pyridin-2-yl)-3-cyclopentyl-2-(4-methanesulfonyl-3-nitro-phenyl)-

propionamide
H H
N N
|
A o N
/,? Br
CHg NO,

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 reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (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 CoHRCINO, M%) 229.0142, found
229.0146.



10

15

WO 00/58293 PCT/EP00/02450
-136-

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 2 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
jodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry 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 ammonijum 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,
ﬁltered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 4/1 hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-
propionic acid methyl ester (2.17 g, 32%) as a yellow oil: EI-HRMS m/e calcd for
CisH1sCINO, (M) 311.0924, found 311.0927.

A solution of 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-propionic acid methyl ester (1.00
g, 3.21 mmol) and sodiﬁm methanesulfiﬁate (0.36 g, 3.53 mmol) in dimethyl sulfoxide (3
mlL) 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 x 50 mL). The combined
organic layers were vs_)ashed with a saturated aqueous sodium chioride solution, dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck

Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-
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methanesulfonyl-3-nitrophenyl)-propionic acid methyl ester (0.95 g, 84%) as a yellow
gel: FAB-HRMS m/e dled for Cy6HNO6S (M+H)" 356:1169, found 356.1175.

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 IN
aqueous hydrochloric acid solution (10 mL). The resulting aqueous layer was then
extracted with ethyl acetate (2 x 50 mL). The combined organic 'layers were dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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-methanesulfonyl-3-nitrophenyl)-propionic acid was used without further purification in

subsequent reactions.

A solution of triphenylphosphine (212 mg, 0.81 mmol) in methylene chloride (3 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (144 mg, 0.81 mmol).
The reaction mixture was stirred at 0°C for 10 min and then treated with 3-cyclopentyl-2-
(4-methanesulfonyl-3-nitrophenyl)-propionic acid (250 mg, 0.73 mmol). The resulting
reaction mixture was stirred at 0°C for 5 min and then allowed to warm to 25°C, where it
was stired for 30 min. The reaction mixture was then treated with 2-amino-5-
bromopyridine (279 mg, 1.61 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was directly purified by flash chromatography,
(Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate), to afford N-(5-bromo-
pyridin-2-yl)-3-cyclopentyl-2-(4-methanesulfonyl-3-nitro-phenyl)-propionamide (121 mg,
33%) as a white foam: mp 80-83°C (foam to gel); FAB-HRMS m/e caled for
C20HzsBrN;OsS (M+H)* 496.0542, found 496.0543.
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Example 67

3-Cyclopentyl-2-(3'-hydroxyamino-4-methanesulfonyl-phenyl)-N-thiazol-2-yl-

propionamide

H H
N

N
/4
: X
W\ o s
23 |
CHy NHOH B

A solution of 4-chloro-3-nitrophenylacetamide (2.00 g, 9.32 mmol) in methanol (40 mL)
was treated with Ambérlyst@ 15 ion exchange resin (15.00 g). The resulting reaction
mixture was heated under reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,- 3/1
hexanes/ethyl acetate) afforded 4-chloro-3-nitrophenylacetic acid méthyl ester (191 g,
89%) as a yellow oil: EI-HRMS m/e calcd for CoHgCINO, (M") 229.0142, found
229.0146.

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 pufple (almost black) in color. The reaction
mixture was then stired at -78°C for 1 h, at which time, a solution of
iodomethylcyclopentane (4.58 g, 21.8 mol) in é small amount of dry tetrahydrofuran was

added dropwise. The reaction mixture was then stirred at -78°C and then allowed to
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warm to 25°C, where it was stirred for 48 h. The reaction mixture was quenched with a
saturated aqueous ammiviium 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,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 4/1 hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-
propionic acid methy] ester (2.17 g, 32%) as a yellow oil: EI-HRMS m/e caled for
Cy5H;3CINO, (M) 311.0924, found 311.0927.

A solution of 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-propionic acid methyl ester (1.00
g, 3.21 mmol) and sodium methanesulfinate (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 x 50 mL). The combined
organic layers were washed with a saturated aqueous sodium chloride solution, dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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 mv/e calcd for CiH21NOgS (M+H)" 356.1169, found 356.1175.

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 IN
aqueous hydrochloric acid solution (10 mL). The resulting aqueous layer was then

extracted with ethyl acetate (2 x 50 mL). The éombined organic layers were dried over
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magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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-methanesulfonyl-3-nitrophenyl)-propionic acid was used without further purification in

subsequent reactions.

A solution of triphenylphosphine (138 mg, 0.53 mmol) in methylene chloride (2 mL) was
cooled to 0°C and then siowly treated with N-bromosuccinimide (94 mg, 0.53 mmol).
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 'allbwed 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 direcﬂy purified by flash chromatography, (Merck Silica gel 60,
230-400 mesh, 1/1 hexanes/ethyl acetate), to afford 3-cyclopentyl-2-(4-methanesulfonyl-
3-nitrophenyl)-N-thiazol-2-yl-propionamide (96 mg, 52%) as a pale yellow solid: mp
121-124°C; FAB-HRMS m/e calcd for CisH21N3O0sS: (M+H)" 424.1001, found
424.1000. | |

A  solution of 3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-N-thiazol-2-yl-
propionamide (150 mg, 0.354 mmol) in methanol (3 mL) was treated with 10% palladium
on activated carbon (50 mg). The reaction mixture was stirred under a positive pressure
of hydrogen gas (balloon) at 25°C and atmospheric pressure for 3 h. The catalyst was
then filtered off through a pad of celite, and the celite pad was washed well with ethyl
acetate. The filtrate was concentrated in vacuo. Flash chromatography (Merck Silica gel
60, 230-400 mesh, 20/1 methylené chloride/methanol) afforded 3-cyclopentyl-2-(3-.
hydroxyamino-4-methanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide (85 mg, 59%) as
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a white solid: mp 124-126°C; EI-HRMS m/e caled for 613H5N30482 M™) 409.1130,

found 409.1131.

Example 68

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

H “ N
/4
. X
i\ 0 )
AT
CHy NH,

A solution of 4-chloro-3-nitrophenylacetamide (2.00 g, 9.32 mmol) in methanol (40 mL)
was treated with Amberlyst® 15 jon exchange resin (15.00 g). The resulting reaction
mixture was heated under reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetate) afforded 4-chioro-3-nitrophenylacetic acid methyl ester (1.91 g,
89%) as a yellow oil: EI-'HRMS m/e calecd for CoHgCINO4 (M") 229.0142, found
229.0146.

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 stitred at -78°C for
20 min and then slowly treated with a solution of 4-chioro-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

iodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry tetrahydrofuran was
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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,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 4/1 hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-
propionic acid methyl ester (2.17 g, 32%) as a yellow oil: EI-FHRMS m/e calcd for
CsHjsCINO, (M*) 311.0924, found 311.0927.

A solution of 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-propionic acid methyl ester (1.00
g, 3.21 mmol) and sodium methanesulfinate (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 x 50 mL). The combined
organic layers were washed with a saturated aqueous sodium chloride solution, dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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 Ci6Hz NOgS (M+H)* 356.1169, found 356.1175.

A solution of 3-cycldpenty1-2-(4—methanesulfon_yl-3-nitrophenyl)—propionic acid methyl
ester (865 mg, 2.43 rrimol) 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 va&uo to remove tetrahydrofuran.
The resulting aqueous residue was diluted with water (25 mL) and then treated with a 1IN

aqueous hydrochloric acid solution (10 mL). The resulting aqueous layer was then
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extracted with ethyl acetate (2 x 50 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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-methanesulfonyl-3-nitrophenyl)-propionic acid was used without further purification in

subsequent reactions.

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).
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 purified by flash chromatography, (Merck Silica gel 60,
230-400 mesh, 1/1 hexanes/ethyl acetate), to afford 3-cyclopentyl-2-(4-methanesulfonyl-
3-nitrophenyl)-N-thiazol-2-yl-propionamide (96 mg, 52%) as a pale yellow solid: mp
121-124°C; FAB-HRMS m/e caled for CisHoiN3OsS, M+H)* 424.1001, found
424.1000.

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-N-thiazol-2-yl-
propionamide (100 mg, 0.236 mmol) in methanol (2 mL) was treated with a solution of
ammonium chloride (27 mg, 0.500 mmol) in water (200 pL). The reaction mixture was
then treated with zinc dust (151 mg, 2.31 mmol). The reaction mixture was heated under
reflux for 2 h. The reaction mixture was allowed to cool to 25°C and then filtered
through a pad of celite. The celite pad was washed well with methanol. The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/1
hexanes/ethyl acetate) afforded 2-(3-amino-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-
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thiazol-2-yl-propionamide (40 mg, 43%) as a white solid: mp 207-209°C; EI-HRMS m/e

caled for CigHaN;05S; (M) 393.1181, found 393.1180.

Example 69

3-Cyclopentyl-N-thiazol-2-yl-2-(3-trifluoromethanesulfonyl-phenyl)-propionamide

A solution of 3-(triﬂuoromgthylthio)phenylacetic acid (5.00 g, 21.17 mmol) in methanol
(50 mL) was treated slowly with 10 .drops of concentrated sulfuric acid. The resulting
reaction mixture was heated under reflux for 18 h. The reaction mixture was allowed to
cool 1o 25°C and then concentrated in vacuo to remove methanol. The residue was
diluted with ethyl acetate (100 mL). The organic phase was washed with a saturated
aqueous sodium bicarbonate solution (1 x 100 mL), dried over magnesium sulfate, and
filtered. The filtrate was concentrated in vacuo to afford (3-trifluoromethylsulfanyl-
phenyl)-acetic acid methyl ester (5.28 g, 99%) as a pale yellow oil which was used
without further purification: EI-FHRMS m/e calcd for CioHgF;0,S (M™) 250.0275, found
250.0274.

A solution of diisopropylamine (1.5 mL, 10.5 mmol) in dry tetrahydrofuran (27 mL) and
1,3-dimethyl-3 4,5,6-tetrahydro-2(1H)-pyrimidinone (8 mL) was cooled to -78°C under
nitrogen and then treated With a 2.5M solution of n-butyllithium in hexanes (4.2 mL, 10.5
mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then treated

dropwise with a solution of (3-trifluoromethylsulfanyl-phenyl)-acetic acid methyl ester
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(2.50 g, 10.0 mmol) m é small amount of tetrahydrofurén. The reaction mixture was
allowed to stir at -78°C for 1 h, at which time, a solution of iodomethylcyclopentane (2.10
g, 10.0 mmol) in 2 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 (50 mL) and then partitioned between water (75 mlL)
and ethyl acetate (75 mL). The layers were shaken and separated. The organic layer was
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 8/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-
(3-trifluoromethylsulfanyl-phenyl)-propionic acid methyl ester (2.95 g, 89%) as a
colorless oil: EI-HRMS mve calcd for C;¢HoF50,S (M") 332.1058; found 332.1047.

A solution of 3-cyclopentyl-2-(3-triflucromethylsulfanyl-phenyl)-propionic acid methyl
ester (275 g, 8.27 mmol) in methylene chloride (30 ml) was treated with 3-
chloroperoxybenzoic acid (80-85% grade, 4.28 g based on 80%, 20.67 mmol). The
reaction mixture was stirred at 25°C for 6 h, at which time, thin layer chromatography
showed the presence of two new lower R¢ products. An additional 4.00 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 40°C for 3 d.
The reaction mixture was allowed to cool to 25°C and then partitioned between water
(100 mL) and methylene chioride (100 mL). The layers were shaken and separated. The
organic phase was washed twice with a saturated aqueous sodium bicarbonate solution,
washed with water, dried over magnesium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/methylene
chloride) afforded 3-cyclopentyl-2-(3-trifluoromethanesulfonyl-phenyl)-propionic acid
methyl ester (2.07 g, 69%) as a colorless oil: EI-HRMS m/e calcd for CysH oF304S (M)
364.0956, found 364.0947.

A solution of 3-cyclopentyl-2-(3-trifluoromethanesulfonyl-phenyl)-propionic acid methyl
ester (1.28 g, 3.52 mmol) in tetrahydrofuran (12 mL) was treated with a 0.8M aqueous
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lithium hydroxide solution (4.9 mL, 3.88 mmol). The reaction mixture was stirred at
25°C for 24 h and then concentrated in vacuo to remove tetrahydrofuran. The resulting
yellow oil was partitioned between water (50 mL) and ethyl acetate (50 mL) and then
treated with a 1N aqueous hydrochloric acid solution. - The organic layer was dried ové,r
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 1/1 .hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3-
trifluoromethanesulfonyl-phenyl)-propionic acid (1.09 g, 99%) as a viscous yellow oil
that solidified upon sitting to a white solid: mp 86-88§C; EI-HRMS m/e calcd for
Ci1sH17F304S (M™) 350.0800, found 350.0792.

A solution of triphenylphosphine (194 mg, 0.74 mmol) in methylene chioride (3 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (132 mg, 0.74 mmol).
The reaction mixture was stirred at 0°C for 15 min and then treated with 3-cyclopentyl-2-
(3-trifluoromethanesulfonyl-phenyl)-propionic acid (200 mg, 0.57 mmol). The resulting
reaction mixture was stirred at 0°C for 5 min and then allowed to warm to 25°C over 30
min. The reaction mixture was then treated with 2-aminothiazole (143 mg, 1.43 mmol).
The resulting reaction mixture was stirred at 25°C for 15 h. The crude reaction mixture
was then directly purified by flash chromatography (Merck Silica gel 60, 230-400 mesh,
3/1 hexanes/ethyl acetate) to afford pure 3-cyclopentyl-N-thiazol-Z-yl-2-(3-
trifluoromethanesulfonyl-phenyl)-propionamide (178 mg, 72%) as a light yellow foam:
mp 61-64°C (foam to gel); EI-HRMS m/e calcd for CgH;oFsN;0sS; (M*) 432.0789,
found 432.0790.
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Example 70

3-Cyclopentyl-2-(3-flnoro-4-trifluoromethyl-phenyl)-N-thiazol-2-yl-propionamide

F F

A solution of 3-fluoro-4-(trifluoromethyl)phenylacetic acid (2.50 g, 11.25 mmol) in
methanol (25 mlL) was treated slowly with 4 drops of concentrated sulfuric acid. The
resulting reaction mixture was heated under reflux for 15 h. The reaction mixture was
allowed to cool to 25°C and then concentrated in vacuo to remove methanol. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) afforded
(3-fluoro-4-trifluoromethyl-phenyl)-acetic acid methyl ester (2.58 g, 97%) as a colorless
oil: EI-FHRMS m/e calcd for C;0HzF,0» (M") 236.0460, found 236.0457.

A solution of diisopropylamine (1.5 mL, 10.67 mmol) in dry tetrahydrofuran (24 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (8 ml.) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (4.3 mL,
10.67 mmol). The resulting reaction mixture was stirred at -78°C for 45 min and then
treated dropwise with a solution of (3-fluoro-4-trifluoromethyl-phenyl)-acetic acid methyl
ester (2.40 g, 10.16 mmol) in a small amount of tetrahydrofuran. The reaction mixture
was allowed to stir at -78°C for 1 h, at which time, a solution of iodomethylcyclopentane
(2.24 g, 10.67 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 a saturated aqueous ammonium chloride solution (10 mL)
and then partitioned between water (75 mL) and ethyl acetate (75 mL). The layers were
shaken and separated. The aqueous layer was further extracted with ethyl acetate (1 x 75

mL). The combined organic layers were washed with a saturated agueous sodium
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chloride solution, dried over magnesium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 5/1 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid methyl ester
(2.69 g, 83%) as a colorless oil: EIFHRMS m/e calcd for Cy¢H;sF4O; (M) 318.1243,
found 318.1250.

A solution of 3-cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid methyl
ester (1.80 g, 5.69 mmol) in tetrahydrofuran (15 mL) was treated with a 0.8M aqueous
lithium hydroxide solution (7.1 mL, 5.69 mmol). The reaction mixture was stirred at
25°C for 15 h. The reaction mixture was concentrated in vacuo. The resulting residue
was diluted with ethyl acetate (100 mL) and then washed with a 5% aqueous hydrochloric
acid solution and a saturated aqueous sodium chloride solution. The organic layer was
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 2/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-
(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid (1.11 g, 64%) as a white solid: mp 93-
95°C; FAB-HRMS mv/e calcd for CysH;¢F.0, (M+H)" 305.1165, found 305.1175.

A solution of m’phenylp_hospﬁine (312 mg, 1.19 mmol) in methylene chloride (5 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (212 mg, 1.19 mmol).
The reaction mixture was stirred at 0°C for 30 min and then treated with 3-cyclopentyl-2-
(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid (300 mg, 0.99 mmol). The resulting
reaction mixture was stirred at 0°C for 15 min and then allowed to warm to 25°C where it
was stirred for 30 min. The reaction mixture was then treated with 2-aminothiazole (218
mg, 2.18 mmol). The resulting reaction mixture was stirred at 25°C for 3 d. The crude
reaction mixture was then directly purified by flash chromatography (Merck Silica gel 60,
230-400 mesh, 2/1 hexanes/ethyl acetate) to afford 3-cyclopentyl-2-(3-fluoro-4-
triflucromethyl-phenyl)-N-thiazol-2-yl-propionamide (243 mg, 64%) as a white solid: mp
-194-195°C; EI-HRMS m/e calcd for C;3H,sF,N,0S (M") 386.1076, found 386.1076.
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Example 71

3-Cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-N-pyridin-2-yl-propionamide

A solution of 3-fluoro-4-(trifluoromethyl)phenylacetic acid (2.50 g, 11.25 mmol) in
methanol (25 mL) was treated slowly with 4 drops of concentrated sulfuric acid. The
resulting reaction mixture was heated under reflux for 15 h. The reaction mixture was
allowed to cool to 25°C and then concentrated in vacuo to remove methanol. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) afforded
(3-fluoro-4-trifluoromethyl-phenyl)-acetic acid methyl ester (2.58 g, 97%) as a colorless
oil: EIFHRMS m/e calcd for C,oHgF4O, (M*) 236.0460, found 236.0457.

A solution of diisopropylamine (1.5 mL, 10.67 mmol) in dry tetrahydrofuran (24 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (8 ml.) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (4.3 mL,
10.67 mmol). The resulting reaction mixture was stirred at -78°C for 45 min and then
treated dropwise with a solution of (3-fluoro-4-trifluoromethyl-phenyl)-acetic acid methyl
ester (2.40 g, 10.16 mmol) in a small amount of tetrahydrofuran. The reaction mixture
was allowed to stir at -78°C for 1 h, at which time, a solution of iodomethylcyclopentane
(2.24 g, 10.67 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 a saturated aqueous ammonium chloride solution (10 mL)
and then partitioned between water (75 mL) and ethyl acetate (75 mL). The layers were
shaken and separated. The aqueous layer was further extracted with ethyl acetate (75

mL). The combined organic layers were washed with a saturated aqueous sodium
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chioride solution, dried over magnesium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 5/1 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid methyl ester
(2.69 g, 83%) as a colorless oil: EIFHRMS m/e calcd for CieHisFsO2 ) 318.1243,
found 318.1250.

A solution of 3-cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid methyl
ester (1.80 g, 5.69 mmol) in tetrahydrofurah (15 mL) was treated with a 0.8M aqueous
lithium hydroxide solution (7.1 mL, 5.69 mmol). The reaction mixture was stirred at
25°C for 15 h. The reaction mixture was concentrated in vacuo. The resulting residue
was diluted with ethyl acetate (100 mL) and then washed with a 5% aqueous hydrochloric
acid solution and a saturated aqueous sodium chloride solution. The organic layer was
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 2/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-
(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid (1.11 g, 64%) as a white solid: mp 93-
95°C; FAB-HRMS mv/e calcd for CisHigF402 (M+H)" 305.1165, found 305.1175.

A solution of triphenylphosphine (312 mg, 1.19 mmol) in methylene chloride (5 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (212 mg, 1.19 mmol).
The reaction mixture was stirred at 0°C for. 30 min and then treated with 3—cyclopenty1—2-
(3-fluoro-4-triflucromethyl-phenyl)-propionic acid (300 mg, 0.99 mmol). The resulting
reaction mixture Was stirred at 0°C for 15 min and then ailowed to warm to 25°C where it
was stirred for 30 min. The reaction mixture was then treated with 2-aminopyridine (205

mg, 2.18 mmol). The resulting reaction mixture was stirred at 25°C for 3 d. The crude

~ reaction mixture was then directly purified by flash chromatography (Merck Silica gel 60,

230-400 mesh, 2/1 hexanes/ethyl acetate) to afford 3-cyclopentyl-2-(3-fluoro-4- -
triﬂuoromethyl—phenyl)-N-pyﬁdin-Z-yl-propionémide (171 mg, 45%) as a pale yellow
foam: mp 40-44°C (foam to gel); EI-HRMS m/e calcd for CaoH20FsN,O M) 380.1512,
“found 380.1519. | -
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Example 72

2-(3-Bromo-4-methanesu1fonyl—phenyi)-3-cyclopentyl-N-thiazol-z-yl-propionamide

H
N_ _N
\(/J
Q& 0O S /
0=}
CH; Br

A solution of 4-(methylthio)phenylacetic acid (21.21 g, 116.38 mmol) in methanol (291
mL) was treated slowly with concentrated sulfuric acid (3 mL). The resulting reaction
mixture was heated under reflux for 3 d. The reaction mixture was allowed to cool to
25°C and then concentrated in vacuo to remove methanol. The resulting residue was
diluted with diethyl ether (600 mL). The organic layer was washed with a saturated
aqueous sodium bicarbonate solution (3 x 300 mL) and a saturated agueous sodium
chloride solution (1 x 300 mL). The organic layer was dried over sodium sulfate, filtered,
and concentrated in vacuo to afford (4-methylsulfanyl-phenyl)-acetic acid methyl ester
(20.95 g, 92%}) as a yellow liquid which was used without further purification: EIFHRMS
m/e caled for C1oH;20,S (M) 196.0558, found 196.0559.

A solution of (4-methylsulfanyl-phenyl)-acetic acid methyl ester (5.11 g, 26.03 mmol) in
carbon tetrachloride (130 mL) was slowly treated with bromine (1.74 mL, 33.84 mmol).
The reaction mixture was stirred at 25°C for 4 h, at which time, thin layer
chromatography still indicated the presence of a substantial amount of starting material.
The reaction mixture was treated with more bromine (1.74 mL, 33.84 mmol). The
reaction mixture was stirred an additional 4 h at 25°C and then quenched with a 10%
aqueous sodium bisulfite solution (150 mL). The reaction mixture was concentrated in
vacuo to remove carbon tetrachloride. The resulting aqueous layer was extracted with

ethyl acetate (3 x 150 mL). The combined organic layers wére dried over sodium sulfate,
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filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 9/1 hexanes/ethyl acetate) afforded (3-bromo-4-methylsulfanyl-phenyl)-acetic acid
methyl ester (6.10 g, 85%) as a light yellow oil: EIFHRMS m/e calcd for Ci1oH1BrO,S
(M) 273.9663, found 273.9661.

A solution of diisopropylamine (3.4 mL, 24.38 mmol) in dry tetrahydrofuran (21 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (9.8 mL,
24.38 mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then
treated dropwise with a solution of (3-bromo-4-methy1sulfanyl-phényl)-acetic acid methyl
ester (6.10 g, 22.17 mmol) in dry tetrahydrofuran (21 mL) and 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (7 mL). The resulting reaction mixture was allowed to
stir at -78°C for 1 h, at which time, a solution of iodomethylcyclopentane (5.59 g, 26.60
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 (300 mL) and then concentrated in vacuo to remove
tetrahydrofuran. The remaining aqueous phase was extracted with ethyl acetate (3 x 150
mL). The combined organic layers were washed with a saturated aqueous sodium
ch]dride solution (1 x 200 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl
acetate) afforded 2-(3-bromo-4»-methylsulfanyl-phenyl)-3-cyclopenty1—propionic acid
methyl ester (4.52 g, 57%) as a light yellow oil: EI-HRMS m/e calcd for CigHziBrOzS
(M*) 356.0446, found 356.0435. |

A solution of 2-(3-bmmo-4~methyisulfanylephenyl)-3-cyclopentyl—propionic acid methyl
ester (1.07 g, 2.99 mmol) in methylene chloride (15 mL) was treated with 3-
chloroperoxybenzoic acid (57-86% grade, 1.81 g based on 57%, 5.99 mmol). The
reaction mixture was stirred at 25°C for 3 h. The reaction mixture was concentrated in

vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
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(300 mL). The orgaméﬁiihse was washed with a saxurﬁéggaqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated aqueous sodium chioride solution (1 x 100 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (1.09 g, 94%) as a
colorless oil: EI-HRMS m/e calcd for CysH19BrOS (M") 388.0344, found 388.0343.

A solution of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester (1.62 g, 4.16 mol) in methanol (10 mL) was treated with a 1IN aqueous
sodium hydroxide solution (8.7 mL, 8.74 mol). The reaction mixture was stirred at 25°C
for 27 h. The reaction mixture was concentrated in vacuo to remove methanol. The
resulting aqueous residue was acidified to pH = 2 with a 10% aqueous hydrochloric acid
solution and then extracted with ethyl acetate (1 x 400 mL). The organic layer was
washed with water (1 x 300 mL) and a saturated aqueous sodium chloride solution (1 x
300 ml). The organic layer was then dried over sodium sulfate, filtered, and
concentrated in vacuo to afford 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid (1.39 g, 89%) as a white solid which was used without further purification:
mp 149-150°C; FAB-HRMS m/e calcd for C15H19BrO4S (M+H)" 375.0266, found
375.0274.

A solution of triphenylphosphine (168 mg, 0.64 mmol) in methylene chloride (3 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (114 mg, 0.64 mmol).
The reaction mixture was stirred at 0°C for 10 min and then treated with 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (200 mg, 0.53 mmol). The
resulting reaction mixture was stirred at 0°C for 5 min and thén allowed to warm to 25°C
where it was stirred for 25 min. The reaction mixture was then treated with 2-
aminothiazole (117 mg, 1.17 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was then directly purified by flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) to afford 2-(3-bromo-4-
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;nethanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-y1-propionamide (214 mg, 88%) as a
yellow solid: mp 106-107°C; EI-HRMS m/e calcd for CigH2,BrN203S; (M") 456.0177,
found 456.0175.

Example 73

2-(3-Bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide

H H
- N_ _N.
~ ]
QD 0 K
R
CH3 Br

A solution of 4-(methylthio)phenylacetic acid (21.21 g, 116.38 mmol) in methanol (291 -
inL)_ was treated slowly with concentrated sulfuric acid (3 mL). The resulting reaction
mixture was heated under reflux for 3 d. The reaction mixture was allowed to cool to
25°C and then concentrated in vacuo to remove methanol. The resulting residue was’
diluted with diethyl ether (600 mL). The organic layer was waéhed with a saturated

aqueous sodium bicarbonate solution (3 x 300 mL) and a saturated aqueous sodium

chloride solution (1 x 300 mL). The organic layer was dried over sodium sulfate, filtered,

and concentrated in vacuo to afford (4-methylsulfanyl-phenyl)-acetic acid methyl ester
(20.95 g, 92%) as a yellow liquid which was used without further purification: EI-HRMS
m/e calced for CigH;202S (M™) 196.0558, found 196.0559.

A solution of (4-methylsulfanyl-phenyl)-acetic acid methyl ester (5.11 g, 26.03 mmol) in
carbon tetrachloride (130 mL) was slowly treated with bromine (1.74 mL, 33.84 mmol).

The reaction mixture was stimed at 25°C for 4 h, at which time, thin layer

~ chromatography still indicated the presence of a substantial amount of starting material.

The reaction mixture was treated with more bromine (1.74 mL, 33.84 mmol). The
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reaction mixture was stxrred an additional 4 h at 25°C aﬁd then quenched with a 10%
aqueous sodium bisulfite solution (150 mL). The reaction mixture was concentrated in
vacuo to remove carbon tetrachloride. The resulting aqueous layer was extracted with
ethyl acetate (3 x 150 mL). The combined organic layers were dried over sodium sulfate,
filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 9/1 hexanes/ethyl acetate) afforded (3-bromo-4-methylsulfanyl-phenyl)-acetic acid
methyl ester (6.10 g, 85%) as a light yellow oil: EIFHRMS m/e calcd for CioHyBrO2S
(M) 273.9663, found 273.9661.

A solution of diisopropylamine (3.4 mL, 24.38 mmol) in dry tetrahydrofuran (21 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (9.8 mL,
24.38 mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then
treated dropwise with a solution of (3-bromo-4-methylsulfany}-phenyl)-acetic acid methyl
ester (6.10 g, 22.17 mmol) in dry tetrahydrofuran (21 mL) and 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (7 mL). The resulting reaction mixture was allowed to
stir at -78°C for 1 h, at which time, a solution of iodomethylcyclopentane (5.59 g, 26.60
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 (300 mL) and then concentrated in vacuo to remove
tetrahydrofuran. The remaining aqueous phase was extracted with ethyl acetate (3 x 150
mL). The combined organic layers were washed with a saturated agqueous sodium
chloride solution (1 x 200 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl
acetate) afforded 2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester (4.52 g, 57%) as a light yellow oil: EI-HRMS m/e caicd for C,¢H;1BrO,S
(M") 356.0446, found 356.0435.
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A solution of 2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.07 g, 2.99 mmol) in methylene chloride (15 mL) was treated with 3-
chloroperoxybenzoic acid (57-86% grade, 1.81 g based on 57%, 5.99 mmol). The
reaction mixture was stirred at 25°C for 3 h. The reaction mixture was concentrated in
vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 100 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl aceiate) afforded 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (1.09 g, 94%) as a
colorless oil; EI-HRMS m/e calcd for C6H0BrO4S (M™) 388.0344, found 388.0343.

A solution of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester (1.62 g, 4.16 mol) in methanol (10 mL) was treated with a 1N aqueous
sodium hydroxide solution (8.7 mL, 8.74 mol). The reaction mixture was stirred at 25°C
for 27 h. The reaction mixture was concentrated in vacuo to remove methanol. The
resulting aqueous residue was acidified to pH = 2 with 2 10% aqueous hydrochloric acid
solution and then extracted with ethyl acetate (1 x 400 mL). The organic layer was
washed with water (1 x 300 mL) and a saturated aqueous sodium chloride solution (1 x
300 mL). The organic layer was then dried over sodium sulfate, filtered, and
concentrated in vacuo to afford 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid (1.39 g, 89%) as a white solid which was used without further purification:
mp 149-150°C; FAB-HRMS m/e calcd for C;sH;oBrO,S (M+H)" 375.0266, found
375.0274. | | |

A solution of triphenylphosphine (168 mg, 0.64 mmol) in meihylene chloride (3 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (114 mg, 0.64 mmol).
The reaction mixture was stirred at 0°C for 10 min and then treated with 2-(3-bromo-4-

methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (200 mg, 0.53 mmol). The
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resulting reaction mixti%;e was stirred at 0°C for 5 min and t;ien allowed to warm to 25°C
where it was stimed for 25 min. The reaction mixture was then treated with 2-
aminopyridine (110 mg, 1.17 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was then directly purified by flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) to afford 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide (175 mg, 73%) as a
white foam: mp 99-101°C; FAB-HRMS m/e caled for CzoHsBrN203S (M+H)* 451.0692,
found 451.0689.

Example 74

2-(3-Bromo-4-methanesulfonyl-phenyl)-N -(5-bromo-pyridin-2-yl)-3-cyclopentyl-

propionamide
H H
N N
|
R\ 0
o o
CHs Br

A solution of 4-(methylthio)phenylacetic acid (21.21 g, 116.38 mmol) in methanol (291
mL) was treated slowly with concentrated sulfuric acid (3 mL). The resulting reaction
mixture was heated under reflux for 3 d. The reaction mixture was allowed to cool to
25°C and then concentrated in vacuo to remove methanol. The resulting residue was
diluted with diethyl ether (600 mL). The organic layer was washed with a saturated
aqueous sodium bicarbonate solution (3 x 300 mL) and a saturated aqueous sodium
chloride solution (1 x 300 mL). The organic layer was dried over sodium sulfate, filtered,
and concentrated in vacuo to afford (4-methylsulfanyl-phenyl)-acetic acid methyl ester
(20.95 g, 92%) as a yellow liquid which was used without further purification: EI-HRMS
m/e caled for CyoH;20,.S (M) 196.0558, found 196.0559.
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A solution of (4-methylsulfanyl-phenyl)-acetic acid methyl ester (5.11 g, 26.03 mmol) in
carbon tetrachloride (130 mL) was slowly treated with bromine (1.74 mL, 33.84 mmol).
The reaction' mixture was stimed at 25°C for 4 h, at which time, thin layer
chromatography still indicated the presence of a substantial amount of starting material.
The reaction mixture was treated with more bromine (1.74 mL, 33.84 mmol). The
reaction mixture was stirred an additional 4 h at 25°C and then quenched with a 10%
aqueous sodium bisulfite solution (150 mL). The reaction mixture was concentrated in
vacuo to remove carbon tetrachloride. The resulting aqueous layer was extracted with
ethyl acetate (3 x 150 mL). The combined organic layers were dried over sodium sulfate,
filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 9/1 hexanes/ethyl acetate) afforded (3-bromo-4-methylsulfanyl-phenyl)-acetic acid
methyl ester (6.10 g, 85%) as a light yellow oil: EI-HRMS m/e calcd for C;oH;;BrO,S
(M") 273.9663, found 273.9661.

A solution of diisopropylamine (3.4 mL, 24.38 mmol) in dry tetrahydrofuran (21 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (9.8 mL,
24.38 mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then
treated dropwise with a solution of (3-bromo-4-methylsulfanyl-phenyl)-acetic acid methyl
ester (6.10 g, 22.17 mmol) in dry tetrahydrofuran (21 mL) and 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (7 mL). The resulting reaction mixture was allowed to
stir at -78°C for 1 h, at which time, a solution of iodomethylcyclopentane (5.59 g, 26.60
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 .mixturc
was. quenched With water (300 mlL) and then concentrated in vacuo to remove
tetrahydrofuran. The remaininv aqueous phase was extracted with ethyl acetate (3 x 150
mL). The combined organic layers were washed thh a saturated aqueous sodium
chloride solution (1 x 200 mL), dried over sodlum sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl
acetate) afforded 2—(3—bromo-4-me'thylsulfanyl-phenyl)-3;cyclopentyl-propionic acid



10

15

WO 00/58293 . PCT/EP00/02450
-159-

E@-ﬂf‘ii -, LB
methyl ester (4.52 g, 57%) as a light yellow oil: EI—HRM§ m/e calcd for C¢HzBrO,.S
(M) 356.0446, found 356.0435.

A solution of 2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.07 g, 2.99 mmol) in methylene chloride (15 ml) was treated with 3-
chloroperoxybenzoic acid (57-86% grade, 1.81 g based on 57%, 5.99 mmol). The
reaction mixture was stirred at 25°C for 3 h. The reaction mixture was concentrated in
vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 100 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 2~(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (1.09 g, 94%) as a
colorless oil: EI-HRMS m/e calcd for C;¢H;0BrO4S (M™) 388.0344, found 388.0343.

A solution of 2-(3-bromo-4-methanesuifonyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester (1.62 g, 4.16 mol) in methanol (10 mL) was treated with a 1N aqueous
sodium hydroxide solution (8.7 mL, 8.74 mol). The reaction mixture was stirred at 25°C
for 27 h. The reaction mixture was concentrated in vacuo to remove methanol. The
resulting aqueous residue was acidified to pH = 2 with a 10% aqueous hydrochloric acid
solution and then extracted with ethyl acetate (1 x 400 mL). The organic layer was
washed with water (1 x 300 mL) and a saturated aqueous sodium chloride solution (1 x
300 ml). The organic layer was then dried over sodium sulfate, filtered, and
concentrated in vacwo to afford 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid (1.39 g, 89%) as a white solid which was used without further purification:
mp 149-150°C; FAB-HRMS m/e caled for CisHioBrO,S (M+H)" 375.0266, found
375.0274.



10

15

WO 00/58293 PCT/EP00/02450
-160-

A soiution of triphenylphosphine (154 mg, 0.59 mmol) in -methjiene chloride (3 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (104 mg, 0.59 mmol).
The reaction mixture was stirred at 0°C for 10 min and then treated with 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (200 mg, 0.53 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 30 min. The reaction mixture was then treated with 2-amino-5-
bromopyridine (203 mg, 1.17 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was then directly purified by flash chromatography
(Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate) to afford the 2-(3-bromo-
4—methanesulfonyl-phenyl)-_N-(S-bromo-pyridin-2-jll)-3l-cyclopentyl-propionamide (164
mg, 58%) as a white foam: mp 83-86°C (foam to gel); FAB-HRMS m/e caled for
Ca0H2,Br;N,05S (M+H)" 528.9796, found 528.9783.

Example 75

2-(3-Cyano-4-methanesulfonyl-phenyl)—S-cyclopentyl-N-thiazol-2-yl-propionamide

A solution of 4-(methylthio)phenylacetic acid (21.21 g, 116.38 mmol) in methanol (291
mL) was treated slowly with concentrated sulfuric acid (3 mL). The resulting reaction
mixture was heated under reflux for 3 d. The reaction mixture was allowed to cool to
25°C and then concentrated in vacuo to remove methanol. -The resulting residue was
diluted with diethyl ether (600 mL). The organic layer was washed with a saturated

aqueous sodium bicarbonate solution (3 x 300 mL) and a saturated aqueous sodium

* chloride solution (1 x 300 mL). The organic layer was dried over sodium sulfate, ﬁlfered,
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and concentrated in vdguo to afford (4-methylsulfanyl-phenyl)-acetic acid methyl ester
(20.95 g, 92%) as a yellow liquid which was used without further purification: EI-HRMS
m/e calcd for CyoH;20,S (M') 196.0558, found 196.0559.

A solution of (4-methylsuifanyl-phenyl)-acetic acid methyl ester (5.11 g, 26.03 mmol) in
carbon tetrachloride (130 mL) was slowly treated with bromine (1.74 mL, 33.84 mmol).
The reaction mixture was stirred at 25°C for 4 h, at which time, thin layer
chromatography still indicated the présence of a substantial amount of starting material.
The reaction mixture was treated with more bromine (1.74 mL, 33.84 mmol). The
reaction mixture was stirred an additional 4 h at 25°C and then ciuenched with a 10%
aqueous sodium bisulfite solution (150 mL). The reaction mixture was concentrated in
vacuo to remove carbon tetrachloride. The resulting aqueous layer was extracted with
ethyl acetate (3 x 150 mL). The combined organic layers were dried over sodium sulfate,
filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 9/1 hexanes/ethyl acetate) afforded (3-bromo-4-methylsulfanyl-phenyl)-acetic acid
methyl ester (6.10 g, 85%) as a light yellow oil: EI-HRMS m/e calcd for CioHyBrO;S
(M) 273.9663, found 273.9661.

A solution of diisopropylamine (3.4 mL, 24.38 mmol) in dry tetrahydrofuran (21 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (9.8 mL,
24.38 mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then
treated dropwise with a solution of (3-bromo-4-methylsulfanyl-phenyl)-acetic acid methyl
ester (6.10 g, 22.17 mmol) in dry tetrahydrofuran (21 mL) and 1,3-dimethy}-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (7 mL). The resulting reaction mixture was allowed to
stir at -78°C for 1 h, at which time, a solution of iodomethylcyclopentane (5.59 g, 26.60
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 (300 ml) and then concentrated in vacuc to remove
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tetrahydfofuran. The remaining aqueous phase was extracted with ethyl acetate (3 x 150
ml). The combined organic layers were washed with a saturated aqueous sodium
chloride solution (1 x 200 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl
acetate) afforded 2-(3-br_omo-4-methylsulfanyl-phenyl)-.3-cyclopentyl-propionic acid
methyl ester (4.52 g, 57%) as a light yellow oil: EIFHRMS m/e calcd for Ci¢Hz;BrO,S
(M) 356.0446, found 356.0435. |

A solution of 2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.07 g 299 mmol) in methylene chloride (15 mL) was treated with 3-
chloroperoxybenzoic acid (57-86% grade, 1.81 g based on 57%, 5.99 mmol). The
reaction mixture was stirred at 25°C for 3 h. The reaction mixture was concentrated in
" vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 100 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 3/1 hexﬁnes/ethyl acetate) afforded 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (1.09 g, 94%) as a
colorless oil: EI-HRMS m/e calcd for Cy¢H1sBrO,S (M™) 388.0344, found 388.0343.

A mixture of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (990.0 mg, 2.54 mmol) and copper(l) cyanide (273.3 mg, 3.05 mmol) in dry N,N-
dimethylformamide (2.5 mL) was heated under reflux for 4 h. The reaction was allowed
to cool to 25°C, and the crude reaction mixture was directly purified without furthe_r
chemical work-up. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 100%
hexanes then 3/1 hexanes/ethyl acetate) afforded 2-(3-cyano—4-methanesulfony1—phenyl)?
3-cyclopentyl-propionic acid methyl ester (646.5 mg, 76%) as a very light yellow oil: EI-
HRMS m/e caled for Ci7H2:NO,S (M7)335.1191, found 335.1185.
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A solution of 2-(3-cyanﬁfincthanesulfonyl—phcnyl)-3-c§213%entyl-pmpionic acid methyl
ester (4.84 g, 14.4 mol) in tetrahydrofuran (25 mL) was treated with a 0.8M aqueous
lithium hydroxide solution (27 mL, 21.6 mmol). The reaction mixture was stirred at
25°C for 2.5 h. The reaction mixture was partitioned between water and ethyl acetate and
then acidified to pH = 2 with a 10% aqueous hydrochloric acid solution. The layers were
shaken and separated. The resulting organic layer was washed with a saturated aqueous
sodium chloride solution, dried over magnesium sulfate, filtered, and concentrated in
vacuo to afford crude 2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic
acid (3.80 g, 82%) as a pale yellow oil that solidified to a pale yellow solid. An analytical
sample was obtained by recrystallization from ethyl acetate to.afford 2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid as a white solid: mp 180-181°C;
EI-HRMS m/e caled for Ci6H;oNO,S (M™) 321.1034, found 321.1039.

A solution of triphenylphosphine (98 mg, 0.37 mmol) in methylene chloride (1 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (67 mg, 0.37 mmol).
The reaction mixture was stirred at 0°C for 15 min and then treated with 2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (100 mg, 0.31 mmol). The
resulting reaction mixture was stirred at 0°C for 5 min and then allowed to warm to 25°C
where it was stired for 30 min. The reaction mixture was then treated with 2-
aminothiazole (68 mg, 0.68 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was then directly purified by flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) to afford 2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide (117 mg, 93%) as a
white solid: mp 145-148°C; E-HRMS m/e calcd for CioHzN3O:S: (M) 403.1024,
found 403.1023,
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Example 76

2-(3-Cyano-4-methan&sulfonyl-phenyl)-3-cyclopentyl-N_-pyridin-Z-yl-pfopionamide

A solution of 4-(methylthio)phenylacetic acid (21.21 g; 116.38 ﬁuhol) in-methanol (291
mL) was treated slowly with concentrated sulfuric acid (3 mL). The resulting reaction
mixture was heated under reflux for 3 d. The reaction mixture was allowed to cool to
25°C and then concentrated in vacuo to remove methanol. The resulting residue was
diluted with diethyl ether (600 mL). The organic layer was washed with a saturated
aqueous sodium bicarbonate solution (3 x 300 mL) and a saturated aqueous sodium
chloride solution (1 x 300 mL). The organic layer was dried over sodium sulfate, filtered,
and concentrated in vacuo to -afford (4-methylsulfanyl-pher__lyl)-acetic acid methyl ester
(20.95 g, 92%) as a yellow liquid which was used without further purification: EI-HRMS
m/e calcd for CyoH ;20,8 (M™) 196.0558, found 196.0559.

A solution of (4-methylsulfanyl-phenyi)—acetic acid methyl ester (5.11 g, 26.03 mmol) in
carbon tetrachloride (130 mL) was slowly treated with bromine (1.74 mL, 33.84 mmol).
The .resulting reaction miidure was stirred at 25°C for 4 h, at which time, thin layer
chromatography still indicated the presencé of a substantial amount of starting material.
The reaction mixture was treated with more bromine (1.74 mlL, 33.84 mmol). The
reaction mixture was stirred an additional 4 h at 25°C and then quenched with a 10%
aqueous sodium bisulfite solution (150 mL). The reaction mixture was concentrated in
vacuo to remove carbon tetrachloride. The resulting aqueous layer was extracted with

ethy! acetate (3 x 150 mL). The combined organic layers were dried over sodium sulfate,
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filtered and _concentratéﬁ :?z vacuo. Flash chromatograﬁiy' {Merck Silica gel 60, 70-230
mesh, 9/1 hexanes/ethyl acetate) afforded (3-bromo-4-methylsulfanyl-phenyl)-acetic acid
methyl ester (6.10 g, 85%) as a light yellow oil: EI'HRMS m/e calcd for CyoHpiBrO,S
(M) 273.9663, found 273.9661.

A solution of diisopropylamine (3.4 mL, 24.38 mmol) in dry tetrahydrofuran (21 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (9.8 mL,
24.38 mmol). The reaction mixture was stired at -78°C for 30 min and then treated
dropwise with a solution of (3—bromo-4-methy1sulfanyl-phenyi)—aéetic acid methyl ester
(6.10 g, 22.17 mmol) in dry tetrahydrofuran (21 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (7 mL). The resulting reaction mixture was allowed to stir at -78°C
for 1 h, at which time, a solution of jodomethylcyclopentane (5.59 g, 26.60 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 (300 mL) and then concentrated in vacuo to remove tetrahydrofuran.
The remaining aqueous phase was extracted with ethyl acetate (3 x 150 mL). The
combined organic layers were washed with a saturated aqueous sodium chloride solution
(1 x 200 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl acetate) afforded
2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (4.52 g,
57%) as a light yellow oil: EI-HRMS m/e calcd for CisH,1BrO,S (M") 356.0446, found
356.0435.

A solution of 2-(3-bromo-4-methylsuifanyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.07 g, 2.99 mmol) in methylene chloride (15 mLl) was treated with 3-
chloroperoxybenzoic acid (57-86% grade, 1.81 g based on 57%, 5.99 mmol). The
reaction mixture was stirred at 25°C for 3 h. The reaction mixture was concentrated in

vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
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(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated aqueous sodium chioride solution (1 x 100 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl. acétate)_ afforded 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (1.09 g, 94%) as a
colorless oil: EI-HRMS m/e calcd for C;¢Hi9BrO4S (M+ ) 388.0344, found 388.0343.

A mixture of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (990.0 mg, 2.54 mmol) and copper(I) cyanide (273.3 mg, 3.05 mmol) in dry N,N-
dimethylformamide (2.5 mL) was heated under reﬂﬁx for 4 h. The reaction was allowed
to cool to 25°C, and the crude reaction mixture was directly purified without further
chemical work-up. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 100%
hexanes then 3/1 hexanes/ethyl acetate) afforded 2-(3-cyano-4-methanesulfonyl-phenyl)-
3-cyclopentyl-propionic acid methyl ester (646.5 mg, 76%) as a very light yellow oil: El-
HRMS m/e caled for C17H21NO4S (M™) 335.1191, found 335.1185.

A solution of 2-(3-cyano—4—methanesulfonyl-phenyl)-3-cyclopcntyl-propionic acid methyl
éster (4.84 g, 144 mbl) in tetrahydrofuran (25 mL) was :treated with a 0.8M aqueous
lithium hydroxide solution (27 mL, 21.6 mmol). The reaction mixture was stirred at
25°C for 2.5 h. The reaction mixture was partitioned befwgen water and ethyl acetate and
then acidified to pH = 2 with a 10% aqueous hydrochloric acid solution. The layers were
shaken and separated. The resulting organic layer was washed with a saturated aqueous
sodium chloride solution, dried over magnesium sulfate, filtered, and concentrated in
vacuo to afford crude 2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic
acid (3.80 g, 82%) as a pale yellow oil that solidified to a pale yellow solid. An analytical
sample was obtained by recrystallization from ethyl acetate to afford 2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid as a white solid: mp 180-181°C;
EI-HRMS mve caled for C1gHioNO,S-(M") 321.1034, found 321.1039.
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A solution of tﬁphenj%%sphine (98 mg, 0.37 mmol) %'i"féi’iethylene chloride (1 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (67 mg, 0.37 mmol).
The reaction mixture was stirred at 0°C for 15 min and then treated with 2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (100 mg, 0.31 mmol). The
resulting reaction mixture was stirred at 0°C for 5 min and then allowed to warm to 25°C
where it was stired for 30 min. The reaction mixture was then treated with 2-
aminopyridine (64 mg, 0.68 mmol). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was then directly purified by flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) to afford 2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide (94.5 mg, 76%) as
a yellow foam: mp 87-90°C (foam to gel); EI-HRMS m/e calcd for C1H2N;05S (M)
397.1460, found 397.1460.

Example 77

3-Cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide

H Ho
N
’d
o \( /7
| o s
o1

A mixture of aluminum chloride (72.35 g, 0.54 mol) in chloroform (181 mL) was cooled
to 0°C and stirred until the solid indterial dissolved. The reaction mixture was then
slowly treated with ethyl oxalyl chloride (61 mL, 0.54 mol), and the resulting reaction
mixture was stirred at 0°C for 30 fiiri. The reaction mixture was then slowly treated with
ethyl phenyl sulfide (25.00 g, 0.18 fnol). The solution turned to a wine color and slowly
became gum-like. The resulting resction mixture was then stirred at 0°C for 2 h. The
reaction mixture was slowly po"ﬁreﬁ into a large amount of ice/water. The resulting

aqueous layer was extracted with cli}orofonn (3 x 200 mL). The combined organic layers
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were dried over sodium sulfate, filtered, and concentrated in vacuo.  Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 9/1 hexanes/ethyl acetate) afforded
(4-ethylsulfanyl-phenyl)-oxo-acetic acid ethyl ester (23.64 g, 55%) as a yellow oil. The
material was used without further purification and characterization in subsequent

reactions.

A solution of iodomethylcyclopentane (4.60 g, 21.89 mmol) and triphenylphosphine (5.74
g, 21.89 mmol) in acetonitrile (22 mL) was heated under ;eﬂ_ux for 2 weeks. The reaction

mixture was allowed to cool to 25°C and then concentrated ir vacuo to provide an orange

solid. The orange solid was triturated with diethyl ether and then filtered. The solid was

washed well with diethyl ether until the washings showed the absence of
iodomethylcyclopentane and triphenylphosphine by thin layer chromatography. The solid .
was allowed to air dry to afford cyclopentylmethyl triphenylphosphonium iodide (8.92 g,
86%) as a light orange solid: mp 195-198°C; FAB-HRMS mv/e calcd for Co4HzsP M+H)"
345.1772, found 345.1784.

A suspension of cyclopentylmethyl triphenylphosphonium iodide (24.48 g, 51.82 mmol)
in dry tetrahydrofuran (100 mL) was cooled to 0°C and then treated dropwise with a 1.0M
solution of sodium bis(trimethylsilyl)amide in tetrahydrofuran (52 mL, 51.82 mmol). The
bright orange reaction mixture was stirred at 0°C for 1 h. The reaction mixture was then
treated with (4-ethylsulfanyl-phenyl)-oxo-acetic acid ethyl ester (9.50 g, 39.87 mmol).
The resulting reaction mixture was allowed to warm to 25°C where it was stirred for 20 h.
The reaction mixture was concentrated in vacuo to remove tetrahydrofuran and then
diluted with water (300 mL). The aqueous layer was extracted with ethyl acetate (3 x 200
mL). The combined organic layers were washed with a saturated aqueous sodium
chloride solution (1 x 200 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl
acetate) afforded the 3-cyclopentyl-2-(4-ethylsulfanyl-phenyl)-acrylic acid ethyl ester
(6.08 g, 50%) as a yellow oil containing a 1.82:1 mixture of (E):(Z) isomers: FAB-LRMS
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m/e caled for CisH240,S (M+H)" integer mass 304, found 305. The isomeric mixture

was used without further separation in subsequent reactigns.
g AR 4

A solution of 3-cyclopentyl-2-(4-ethylsulfanyl-phenyl)-acrylic acid ethyl ester [5.76 g,
18.92 mmol, (E):(Z) = 1.82:1] in methylene chloride (47 mL) was slowly treated with 3-
chloroperoxybenzoic acid (57-86% grade, 11.45 g based on 57%, 37.83 mmol). The
reaction mixture was stirred at 25°C for 1 h. The reaction mixture was concentrated in
vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated agueous sodium chloride solution (1 x 200 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-
(4-ethanesulfonyl-phenyl)-acrylic acid ethyl ester (4.89 g, 77%) as a colorless oil. The
product was a 3:1 mixture of (E):(Z) isomers that was used without further purification

and characterization.

A solution of 3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-acrylic acid ethyl ester [4.89 g,
14.53 mmol, (B):(Z) = 3:1] in ethanol (36 mL) was slowly treated with 10% palladium on
activated carbon (244.5 mg). The reaction mixture was stirred under a positive pressure
of hydrogen gas (balloon) at 25°C and atmospheric pressure for 44 h. The catalyst was
then filtered off through a pad of celite, and the celite pad was washed well with ethyl
acetate. The filtrate was concentrated in vacuo. Flash chromatography (Merck Silica gel
60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-ethanesulfonyl-
phenyl)-propionic acid ethyl ester (3.5_0 g, 71%) as a colorless viscous oil: FAB-LRMS
m/e calcd for C;5H604S (M+H)" integer mass 338, found 339.

A solution of 3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-propionic acid ethyl ester (2.50
g, 7.39 mmol) in tetrahydrofuran (30 mL) was treated with a 0.8M aqueous lithium

hydroxide solution (11.1 mL, 8.86 mmol). The reaction mixture was stirred at 25°C for
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23 h. The resulting réacﬁon mixture was partitioned between water (75 mL) and ethyl
acetate (75 mL) and then treated with a 1N aqueous hydrochloric acid solution (15 mL).
The layers were shaken and separated. The organic layer was dried over magnesium
sulfate, filtered, and concentrated in vacuo to afford 3-cyclopentyl-2-(4-ethanesulfonyl-
phenyl)-propionic acid (2.20 g, 96%) as a white solid which was used without further
purification: mp 137-138°C; FAB-HRMS m/e calcd for C1J12204S M+H)* 311.1317,
found 311.1321. a |

A Solution'of triphenylphosphine (279 mg, 1.06 mmol) in methylene chloride (5§ mL) was
cooled to 0°C and then slowly treated with N—bromosucéinimide-(189 mg, 1.06 mmol).
The reaction mixture was stirred at 0°C for 20 min and then treated with 3-cyclopentyl-2-
(4-ethanesulfonyl-phenyl)-propionic acid (300 mg, 0.97 mmol). The resulting reaction
mixture was stirred at 0°C for 10 min and then allowed to warm to 25°C where it was
stirred for 30 min. The reabtion mixture was then treated with 2-aminothiazole (213 mg,
2.13 mmol). The resulting reaction mixture was stirred at 25°C for 15 h. The crude
reaction mixture was then directly purified by flash chromatography (Merck Silica gel 60,
230-400 mesh, 1/1 hexanes/ethyl acetate) to afford 3-cyclopentyl-2-(4-ethanesulfonyl-
phenyl)-N-thiazol-2-yl-propionamide (330 mg, 87%) as a pale yellow solid: mp 178-
179°C; EI-HRMS m/e calcd for C1oH24N203S, (M) 392.1228, found 392.1230.

Example 78

3-Cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-pyridin-2-yl-propionamide
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A mixture of aluminun%i élﬁoride {72.35 g, 0.54 mol) in chlc;roform (181 mlL) was cooled
to 0°C and stirred until the solid material dissolved. The reaction mixture was then
slowly treated with ethyl oxalyl chloride (61 mL, 0.54 mol), and the resulting reaction
tnixture was stirred at 0°C for 30 min. The reaction mixture was then slowly treated with
ethyl phenyl sulfide (25.00 g, 0.18 mol). The solution turned to a wine color and slowly
became gum-like. The resulting reaction mixture was then stirred at 0°C for 2 h. The
reaction mixture was slowly poured into a large amount of ice/water. The resulting
aqueous layer was extracted with chloroform (3 x 200 mL). The combined organic layers
were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 9/1 hexanes/ethyl acetate) afforded
(4-ethylsulfanyl-phenyl)-oxo-acetic acid ethyl ester (23.64 g, 55%) as a yellow oil. The
material was used without further purification and characterization in subsequent

reactions.

A solution of iodomethylcyclopentane (4.60 g, 21.89 mmol) and triphenylphosphine (5.74
g, 21.89 mmol) in acetonitrile (22 mL) was heated under reflux for 2 weeks. The reaction
mixture was allowed to cool to 25°C and then concentrated in vacuo to provide an orange
solid. The orange solid was triturated with diethyl ether and then filtered. The solid was
washed well with diethyl ether until the washings showed the absence of
iodomethylcyclopentane and triphenylphosphine by thin layer chromatography. The solid
was allowed to air dry to afford cyclopentylmethyl triphenylphosphonium iodide (8.92 g,
86%) as a light orange solid: mp 195-198°C; FAB-HRMS mv/e calcd for CasHpeP (M+H)*
345.1772, found 345,1784.

A suspension of cyclopentylmethyl triphenylphosphonium iodide (24.48 g, 51.82 mmol)
in dry tetrahydrofuran (100 mL) was cooled to 0°C and then treated dropwise with a 1.0M
solution of sodium bis(trimethylsilyl)amide in tetrahydrofuran (52 mL, 51.82 mmol). The
bright orange reaction mixture was stirred at 0°C for 1 h. The reaction mixture was then

treated with (4-ethylsulfanyl-phenyl)-oxo-acetic acid ethyl ester (9.50 g, 39.87 mmol).
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The resulting reaction mixture was allowed to warm to 25°C where it was stirred for 20 h.
The reaction mixture was concentrated in vacuo to remove tetrahydrofuran and then
diluted with water (300 mL). The aqueous layer was extracted with ethyl acetéte (3x200
mL). The combined organic layers were washed w1th ‘a saturated aqueous sodium
chioride solution (1 x 200 mL), dried over sodium sulfate,_. filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 7-0—230 mesh, 19/1 hexanes/ethyl
acetaie) afforded the 3-cyclopentyl-2-(4-ethylsulfanyl-phe_nyl)-acrylic acid ethyl ester
(6.08 g, 50%) as a yellow oil containing a 1.82:1 mixture of (E):(Z) isomers: FAB-LRMS

" m/e calcd for CysH240,S (M+H)* integer mass 304, found 305.

A solution of 3-cyclopentyl-2-(4-ethylsulfanyl-phenyl)—iacr'yﬁc acid ethyl ester [5.76 g,
18.92 mmol, (E):(Z) = 1.82:'1] in methylene chloride (47 mL) was slowly treated with 3-
chloroperoxybenzoic acid (57-86% grade, 11.45 g based on 57%, 37.83 mmol). The
reaction mixture was stirred at 25°C for 1 h. The reac:tion'mixture was concentrated in
vacuo to remove methylene chloride. The resulting msi&ue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated aqueous sodiurﬁ chloride solution (1 x 200 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-
(4-ethanesulfonyl-phenyl)-acrylic acid ethyl ester (4.89 g, 77%) as a colorless oil. The
product was a 3:1 mixture of (E):(Z) isomers that was used without further purification

and characterization.

A solution of 3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-acrylic acid ethyl ester [4.89 g,
14.53 mmol, (E):(Z) = 3.:1] in ethanol (36 mL) was slowly treated with 10% palladium on
activated carbon (244.5 mg). The reaction mixture was sﬁrred under a positive pressure
of hydrogen gas (balloon) at 25°C and atmospheric pressure for 44 h. The catalyst was
then filtered off through a pad of celite; and the celite pad was washed well with ethyl

acetate. The filtrate was concentrated in vacuo. Flash chromatography (Merck Silica gel
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60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-ethanesulfonyl-
phenyl)-propionic aci_é hyl ester (3.50 g, 71%) as a &oldtless viscous oil: FAB-LRMS
m/e caled for C1sH04S (M+H)" integer mass 338, found 339.

A solution of 3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-propionic acid ethyl ester (2.50
g, 7.39 mmol) in tetrahydrofuran (30 mL) was treated with a 0.8M aqueous lithium
hydroxide solution (11.1 mL, 8.86 mmol). The reaction mixture was stirred at 25°C for
23 h. The resulting reaction mixture was partitioned between water (75 mL) and ethyl
acetate (75 mL) and then treated with a IN aqueous hydrochloric acid solution (15 mL).
The layers were shaken and separated. The organic layer was dried over magnesium
sulfate, filtered, and concentrated in vacuo to afford 3-cyclopentyl-2-(4-ethanesulfonyl-
phenyl)-propionic acid (2.20 g, 96%) as a white solid which was used without further
purification: mp 137-138°C; FAB-HRMS m/e calcd for CisH»04S (M+H)"™ 311.1317,
found 311.1321.

A solution of triphenylphosphine (279 mg, 1.06 mmol) in methylene chloride (5 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (189 mg, 1.06 mmol).
The reaction mixture was stirred at 0°C for 20 min and then treated with 3-cyclopentyl-2-
(4-ethanesulfonyl-phenyl)-propionic acid (300 mg, 0.97 mmol). The resulting reaction
ﬁixmre was stirred at 0°C for 10 min and then allowed to warm to 25°C where it was
stirred for 30 min. The reaction mixture was then treated with 2-aminopyridine (200 mg,
2.13 mmol). The resulting reaction mixture was stirred at 25°C for 15 h. The crude
reaction mixture was then directly purified by flash chromatography (Merck Silica gel 60,
230-400 mesh, 1/1 hexanes/ethyl acétate) to afford 3-cyclopentyl-2-(4-ethanesulfonyl-
phenyl)-N-pyridin-2-yl-propionamide (185 mg, 50%) as a pale orange solid: mp 144-

* 145°C; EI-HRMS m/e calcd for CyHaeN205S (M) 386.1664, found 386.1660.
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Example 79

2-(3,4-Bis-methanesulfoxiyl-phenyl)-3-cyclopentyl-N-thiazol-Z-yl-propionamide

H n i
j/_/N
3 Y
o=? |
-\
o)

A solution of 3,4-difluorophenylacetic acid (5.00 g, 29.05 mmol) in methanol (73 mL)
was slowly treated with concentrated sulfuric acid (4 mL). The resulting reaction mixture
was heated under reflux for 65 h. The reaction mixture was allowed to cool to 25°C and
then concentrated in vacuo to remove methanol. The resulting residue was slowly diluted
with a saturated aqueous sodium bicarbonate solution (300 mL) and then extracted with
ethyl acetate (1 x 300 mL). The organic layer was dried over magnesium sulfate, filtered,
and concentrated in vacuo to afford (3,4-difluoro’-phenyl)-af:etic acid methyl ester (5.38 g,

99%) as a yellow oil which was used withiout further puriﬁcation.

A solution of sodium thiomethoxide (6.39 g, 86.69 mmol) in dimethyl sulfoxide (72 mL)
was treated with (3,4-difluoro-phenyl)-acetic acid methyl ester (5.38 g, 28.89 mmol). The
reaction mixture was stirred at 25°C for 2 h then heated at 70°C for 15 min, at which
time, thin layer chromatography indicated the absence of starting material and the
presence of a very polar new product. The reaction indicated that the ester hydrolyzed to
the acid upon heating. The resulting reaction mixture was allowed to cool to 25°C. The
reaction mixture was then treated with a 10% aqueous hydrochloric acid solution (200
mL) and then extracted with chloroform (3 x 200 nﬂ.). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated in vacuo to afford a yellow
oil. This yellow oil was dissolved in methanol (100 mL) and then slowly treated with

concentrated sulfuric acid (5 mL). The resulting reaction mixture was heated under reflux
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for 3 h. The reaction mixture was allowed to cool to 25°C and then concentrated in vacuo
to remove methanol. ;iThé resulting residue was slowly diluted with a saturated aqueous
sodium bicarbonate solution (300 mL) and then extracted with ethyl acetate (1 x 300 mL).
The organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo
to afford an inseparable, isomeric mixture of (3-fluoro-4-methylsulfanyl-phenyl)-acetic
acid methyl ester and (4-fluoro-3-methylsulfanyl-phenyl)-acetic acid methyl ester as a
yellow oil (4.65 g 75%) which was used without further purification and

characterization.

A solution of the inseparable, isomeric mixture of (3-fluoro-4-methylsulfanyl-phenyl)-
acetic acid methyl ester and (4-fluoro-3-methylsulfanyl-phenyl)-acetic acid methyl ester
(4.44 g, 20.72 mmol) in methylene chloride (103 mlL) was slowly treated with 3-
chloroperoxybenzoic acid (57-86% grade, 13.80 g based on 57%, 45.59 mmol). The
reaction mixture was stirred at 25°C for 4 h. 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 (1 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 200 mlL),
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 20/1 methylene chloride/ethy! acetate) afforded an
inseparable, isomeric mixture of (3-fluoro-4-methanesulfonyl-phenyl)-acetic acid methyl
ester and (4-fluoro-3-methanesulfonyl-phenyl)-acetic acid methyl ester as a colorless

liquid (3.31 g, 65%) which was used without further purification and characterization.

A solution of the inseparable, isomeric mixture of (3-fluoro-4-methanesulfonyl-phenyl)-
acetic acid methyl ester and (4-fluoro-3-methanesulfonyl-phenyl)-acetic acid methyl ester
(228 g, 926 mmol) in dimethyl sulfoxide (23 ml) was treated with sodium
thiomethoxide (1.37 g, 18.52 mmol). The reaction mixture was stirred at 25°C for 4 h
and then quenched with a 10% aqueous hydrochloric acid solution. The aqueous layer

was extracted with chloroform (1 x 400 mL), dried over magnesium sulfate, filtered, and
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concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/2
hexanes/ethy] acetate) afforded an inseparable, isomeric mixture of (3-methanesulfonyl-4-
met'hylsulfanyl-phenylj—ac&#tic acid methyl ester and  (4-methanesulfonyl-3-
methylsulfanyl-phenyl)-acetic acid methyl ester as a yellow liquid (2.19 g, 86%) which

was used without further purification and characterization.

A solution of the inseparable, isomeric mixture of (3-methﬁnesulfonyl-4-methylsu1fanyl-
phenyl)-acetic acid methyl ester and (4-methanesulfonyi-3—methy1sulfanyl—phenyl)-acetic
acid methyl ester (2.19 g, 7.98 mmol) in methylene chlbride (20 mL) was slowly treated
with 3-chloroperoxybenzoic acid (57-86% grade, 6.41 g based 6n 57%, 31.93 mmol).
The reaction mixture was stirred at 25°C for 5 h and then slowly quenched with a 1.5N
aqueous sodium sulfite solution. The resulting reaction mixture was extracted with
methylene chloride (300 mL). The organic phase was dried over magnesium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 10/1 methylene chloride/ethyl acetate) afforded (3,4-bis-methanesulfonyl-phenyl)-
acetic acid methyl ester (1.89 g, 77%) as a white solid: mp 157-158°C; EI-HRMS m/e
calcd for CpyHi406S, (M*) 306.0232, found 306.0234.

A solution of diisopropylamine (951 pL, 6.79 mmol) in dry tetrahydrofuran (6 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (2 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (2.5 mL, 6.79

~mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then treated

dropwise with a solution of (3,4-bis-methanesulfonyl-phenyl)-acetic acid methyl ester
(1.89 g, 6.17‘mmol) in dry Eeuahydfofumn (12 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (4 mL).. The resultiﬁg reaction mixture was allowed to stir at -78°C
for 1 h, at which time, a solution of iodomethyléycldpentane (1.56 g, 7.40 mmol) in a
small amount of dry ieﬁ'ahydrofuran was added dropwise. The reaction mixture was
allowed to warm to 25°C wheré it was stirred for 64 h. The reaction mixture was

quenched with water (150 inL) and then concentrated in vacuo to remove tetrahydrofuran.
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The remaining residue was further diluted with water (100 mL) and then extracted with
ethyl acetate (1 x 250 #fL). The organic layer was Wwashed with a saturated aqueous
sodium chloride solution (1 x 100 mlL), dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanesfethyl acetate) afforded 2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid methyl ester (1.61 g, 67%) as a yellow oil: EI-HRMS m/e calcd for
C17H2406S2 (M") 388.1014, found 388.1014.

A solution of 2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.17 g, 3.01 mmol) in tetrahydrofuran (12 mL) was treated with a 0.8M aqueous
lithium hydroxide solution (5.6 mL, 4.52 mmol). The reaction mixture was stirred at
25°C for 3 h. The resulting reaction mixture was partitioned between water (75 mL) and
ethyl acetate (75 mL) and then treated with a IN aqueous hydrochloric acid solution (10
mL). The layers were shaken and separated. The organic layer was dried over
magnesium sulfate, filtered, and concentrated in vacuo to afford 2-(3.4-bis-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (1.10 g, 98%) as a white foam
which was used without further purification: mp 64-68°C (foam to gel); FAB-HRMS m/e
caled for Ci6H206S2 (M+H)™ 375.0936, found 375.0932.

A solution of triphenylphosphine (154 mg, 0.59 mmol) in methylene chloride (2 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (105 mg, 0.59 mmol).
The reaction mixture was stirred at 0°C for 10 min and then treated with 2-(3,4-bis-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (200 mg, 0.53 mmol). The
resulting reaction mixture was stirred at 0°C for 5 min and then allowed to warm to 25°C
where it was stired for 30 min. The reaction mixture was then treated with 2-
aminothiazole (118 mg, 1.18 mmbl). The resulting reaction mixture was stirred at 25°C
for 15 h. The crude reaction mixture was then directly purified by flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) to afford 2-(3,4-bis-
methanesulfonyl-phenyl)-B-cycIdpéniyl—'N—thiazbl-zoyl-propionamide (150 mg, 61%) as a
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pale yellow foam: mp 104-107°C; EI-HRMS m/e caled for C1oH24N205S3 (M*) 456.0847,
found 456.0846. '

Example 80

2-(3,4-Bis-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide

H H
N N
SN
oﬂf
=0
S/
-\
o)

A solution of 3,4-difluorophenylacetic acid (5.00 g, 29.05 mmol) in nﬁethanol (73 mL)
was slowly treated with concentrated sulfuric acid (4 mL).. The resulting reaction mixture
was heated under reflux for 65 h. The reaction mixture' was allowed to cool to 25°C and
then concentrated iﬁ vacuo. to remove methanol. The resulti_ng_ residue was slowly diluted
with a saturated aqueous sodium bicarbo_nate solution (300 mL) and then extracted with
ethyl acetate (1 x 300 mL). The organic layer was dried over magnesium sulfate, filtered,
and concentrated in vacuo to afford (3,4-difluoro-phenyl)-acetic acid methyl ester (5.38 g,

99%) as a yellow oil which was used without further purification.

A solution of sodium thiomethoxide (6.39 g, 86.69 mmol) in dimethyl sulfoxide (72 mL)
was treated with (3,4-difluoro-phenyl)-acetic acid methyl estér (5.38 g, 28.89 mmol). The
‘reaction mixture was stirred at 25°C for 2 h then heated at 70°C for 15 min, at which
time, thin layer chromatography indicated the absence bf starting material and the
presence of a very polar new product. The reaction indicated that the ester hydrolyzed to
the acid upon heating. The resulting reaction mixture was allowed to cool to 25°C. The
reaction mixture was then treated with a 10% aqueous hydrochloric acid solution (200

mL) and then extracted with chloroform (3 x 200 mL). The combined organic layers
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were dried over magnesium sulfate, filtered, and concentrated in vacuo to afford a yellow
oil. This yellow oil WHS dissolved in methanol (100 mlL) and then slowly treated with
concentrated sulfuric aétid (5 mL). The resulting reaction mixture was heated under reflux
for 3 h. The reaction mixture was allowed to cool to 25°C and then concentrated in vacuo
to remove methanol. The resulting residue was slowly diluted with a saturated aqueous
sodium bicarbonate solution (300 mL) and then extracted with ethyl acetate (1 x 300 mL).
The organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo
to afford an inseparable, isomeric mixture of (3-fluoro-4-methylsulfanyl-phenyl)-acetic
acid methyl ester and (4-fluoro-3-methylsulfanyl-phenyl)-acetic acid methyl ester as a
yellow oil (465 g, 75%) which was used without further purification and

characterization.

A solution of the inseparable, isomeric mixture of (3-fluoro-4-methylsulfanyl-phenyl)-
acetic acid methyl ester and (4-fluoro-3-methylsulfanyl-phenyl)-acetic acid methyl ester
(4.44 g, 20.72 mmol) in methylene chloride (103 mlL) was slowly treated with 3-
chloroperoxybenzoic acid (57-86% grade, 13.80 g based on 57%, 45.59 mmol). The
reaction mixture was stirred at 25°C for 4 h. 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 (1 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 200 mL),
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 20/1 methylene chloride/ethyl acetate) afforded an
inseparable, isomeric mixture of (3-fluoro-4-methanesulfonyl-phenyl)-acetic acid methyl
ester and (4-fluoro-3-methanesulfonyl-phenyl)-acetic acid methyl ester as a colorless

liquid (3.31 g, 65%) which was used without further purification and characterization.

A solution of the inseparable, isomeric mixture of (3-fluoro-4-methanesulfonyl-phenyl)-
acetic acid methyl ester and (4-fluoro-3-methanesulfonyl-phenyl)-acetic acid methyl ester
(228 g, 9.26 mmol) in dimethyl sulfoxide (23 ml) was treated with sodium
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thiomethoxide (1.37 g, 18.52 mmol). The resulting reaction mixture was stirred at 25°C
for 4 h and then quehched with a 10% aqueous hydrochloric acid solution. The aqueous
layer was extracted with chldroform (1 x 400 mL), dried over magnesium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/2
hexanes/ethy] acetate) affofded an inseparable, isomeric mixture of (3-methanesulfonyl-4-
methylsulfanyl-phenyl)-acetic  acid  methyl ester and (4-methanesulfonyl-3-
methylsulfanyl-phenyl)-acetic acid methyl ester as a yéilow liquid (2.19 g, 86%) which

was used without further purification and characterization.

A solution of the inseparable, isomeric mixture of (3-methanesulfonyl-4—methylsulfany1—
phenyl)-acetic acid methyl ester and (4-methanesulfonyl-3-methylsulfanyl-phenyl)-acetic
acid methyl ester (2.19 g, 7.98 rhmol) in methylene chloride (20 mL) was slowly treated
with 3-chloroperoxybenzoic acid (57-86% grade, 6.41 g based on 57%, 31.93 mmol).
The reaction mixture was stirred at 25°C for 5 h and then slowly quenched with a 1.5N -
aqueous sodium sulfite solution. The resulting reaction mixture was extracted with
methylene chloride (300 mL). The organic phase was dried over magnesium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 10/1 methylene chloride/ethyl acetate) afforded (3,4-bis-methanesulfonyl-phenyl)-
acetic acid methyl ester (1.89 g, 77%) as a white solid: mp 157-158°C; EI-HRMS m/e
caled for C1H,406Sz (M) 306.0232, found 306.0234. '

A solution of diisoproﬁylamine (951 pL, 6.79 mmol) in dry'tetrahydrofuran (6 mL) and.
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (2 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M 501ution of n-butyllithium in hexanes (2.5 mL, 6.79
mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then treated
dropwise with a solution of (3,4-bis—meth#ncsulfonyl—pﬁenyl)—acetic acid methyl ester
(1.89 g, 6.17 mmol) in dry tetrahydrofuran (12 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (4 mL). The resulting reaction mixture was allowed to stir at -78°C

for 1 h, at which time, a solution of iodomethylcyclopentane (1.56 g, 7.40 mmol) in a
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small amount of dry%:étﬁhydroﬁ;ran was added droﬁwiée. The reaction mixture was
allowed to warm to 25°C where it was stirred for 64 h. The reaction mixture was
quenched with water (150 mL) and then concentrated in vacuo to remove tetrahydrofuran.
The remaining residue was further diluted with water (100 mL) and then extracted with
ethyl acetate (1 x 250 ml). The organic layer was washed with a saturated aqueous
sodium chloride solution (1 x 100 mL), dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid methyl ester (1.61 g, 67%) as a yellow oil: EI-HRMS m/e calcd for
C17H2406S2 (M") 388.1014, found 388.1014.

A solution of 2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.17 g, 3.01 mmol) in tetrahydrofuran (12 mL) was treated with a 0.8M agueous
lithium hydroxide solution (5.6 mL, 4.52 mmol). The reaction mixture was stirred at
25°C for 3 h. The resulting reaction mixture was partitioned between water (75 mL) and
ethyl acetate (75 mL) and then treated with a IN aqueous hydrochloric acid solution (10
mL). The layers were shaken and separated. The orgamic layer was dried over
magnesium sulfate, filtered, and concentrated in vacuo to afford 2-(3,4-bis-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (1.10 g, 98%) as a white foam
which was used without further purification: mp 64-68°C (foam to gel); FAB-HRMS m/e
caled for C ¢H2206S; (M+H)" 375.0936, found 375.0932.

A solution of triphenylphosphine (154 mg, 0.59 mmol) in methylene chloride (2 mL) was
cooled to 0°C and then slowly treated with N-bromosuccinimide (105 mg, 0.59 mmol).
The reaction mixture was stirred at 0°C for 10 min and then treated with 2~(3,4-bis-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (200 mg, 0.53 mmol). The
resulting reaction mixture was stirred at 0°C for 5 min and then allowed to warm to 25°C
where it was stimed for 30 min. The reaction mixture was then treated with 2-

aminopyridine (110 mg, 1.18 mmol). The resulting reaction mixture was stirred at 25°C
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for 15 h. The crude reaction mixture was then directly purified by flash chrométography
(Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) to afford 2-(3,4-bis-
methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-‘Z-yl—bropionamide (117 mg, 49%) as a
pale yellow foam: mp 107-110°C; EI-HRMS m/e calcd for CyHpeN,0sS2 (MY) 450.1283,
found 450.1282. | | |

Example 81

3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-[1,2,4]triaziri-3-yl—propionamide

H -
2Ny

a

A solution of 3-cyclopentyl—2—(3,4-dichlorophenyl)¥propiohi¢ acid (prepared in Example
38, 400 mg, 1.40 mmol) in dry pyrdine (5 ml) was treated with 1,3-

dicyclohexylcarbodiimide (316 mg, 1.53 mmol.).' ‘The reaction mixture was stirred at

25°C for 3.5 h and then treated with 3-amino-1,2,4-triazine (296 mg, 3.08 mmol) and an

additional amount of pyridine (1 mL). The reaction mixture was warmed at 100°C for 20
h. The reaction mixture was concentrafed in vacuo to remove pyxidine. The resulting
residue was diluted with ethyl acetate then filtered. The filtrate was washed with a 1IN
aqueous hydrochloric acid solution and washed with water. The organic layer was dried
over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/1 ethyl acetate/hexanes) afforded 3-cyclopentyl-2-
(3.4-dichlorophenyl)-N-[1,2,4]triazin-3-yl-propionamide (40.9 mg, 8%) as a yellow-
orange solid: mp 81-83°C; EI-HRMS m/e calcd for C;7H;sCLN4O (M") 364.0858, found
364.0857.
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Example 82

3-Cyclopentyl-2-(4-sulfamoyl-phenyl)-N-thiazol-2-yl-propionamide

H

H
No _N
o’
0 \( /7
A\ 0] S
0=}
NH,

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 10M 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-methylsulfonylphenylacetic acid (240 g, 11.2
mmol) in a small amount of dry tetrahydrofuran. After approximately one-half of the 4-
methylsulfonylphenylacetic acid in dry tetrahydrofuran 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-methylsulfonylphenylacetic acid in dry tetrahydrofuran, the reaction mixture was
very thick and became difficult 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 resnlting yellow reaction mixture was
concentrated in vacuo to remove tetrahydrofuran. The aqueous residue was acidified to
PH =2 using concentrated hydrochloric acid. The aqueous layer was extracted with ethyl
acetate. The organic phase was dried over magnesium sulfate, filtered, and concentrated
in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ ethyl
acetate) afforded 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (1.80 g,
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52%) as a white solid: mp 152-154°C; EI-HRMS m/e calcd for CisHz00.S (M")
296.1082, found 296.1080.

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (491 g, 16.56
mmol) and triphenylphosphine (6.52 g, 24.85 mmol) in methylene chloride (41 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (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-bromosuccinimide, the reaction mixture was
allowed to warm to 25°C over 30 min. The brown reaction mixture was then treated with
2-aminothiazole (4.98 g, 49.69 mmol). The resulting reaction mix;urc was sti;red at 25°C

for 19 h. The reaction mixture was then concentrated in vacuo to remove methylene

[N

chloride. The remaining black residue was diluted with a 10% aqueous hydrochloric acid-

solution (400 mL) and then extracted with ethyl acetate (3 x 200 mL). The combined
drgénic layers were washed with a saturated aqueous sodium chloride solution (1 x 200
mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatogrdphy (Merck Silica gel 60, 70-230 mesh, 1/3 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
C1sH20N>058; (MY 378.1072, found 378.1071.

A solution of diisopropylamine (559 pL, 3.99 mmol) in dry tetrahydrofuran (1.2 mlL) was
cooled to -78°C under nitrogen and then treated with a 2.5M solution of n-butyllithium in
hexanes (1.6 mL, 3.99 mmol). The resulting reaction mixture was allowed to warm to
0°C and then was treated with 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-
yl-propionamide (463.1 mg, 1.22 mmol) in small portions. The reaction mixture turned
orange in color. The reaction mixture was then allowed to warm to 25°C where it was
stirred for 30 min. After 30 min at 25°C, the reaction mixture was cooled back down to
0°C and then treated with a 1M solution of tributylborane in tetrahydrofuran (1.8 mL,

1.84 mmol). The resulting reaction mixture was stirred at 0°C for 10 min then allowed to
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warm to 25°C. The reaction mixture was stirred at 25°C for 30 min then heated under
reflux for 20 h. The reaction mixture was cooled to 0°C and then treated with water (3
‘mlL) followed by sodium acetate (702.5 mg, 8.56 mmol) and then finally hydroxyamine-
O-sulfonic acid (484.2 mg, 4.28 mmol). The resulting reaction mixture was stirred at 0°C
for 30 min then allowed to warm to 25°C where it was stirred for 44 h. The reaction
mixture was concentrated in vacuo to remove tetrahydrofuran. The resulting aqueous
residue was diluted with ethyl acetate (150 mL). The organic layer was washed with a
saturated aqueous sodium bicarbonate solution (1 x 100 mlL) and a saturated aqueous
sodium chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/2
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-sulfamoyl-phenyl)-N-thiazol-2-y}-
propionamide (191.8 mg, 72%) as a white solid: mp 179-181°C; EI-HRMS m/e caled for
Ci7H21N30,S; (M) 379.1024, found 379.1029.

Example 85

3-Cyclopentyl-2-(3,4-dichlorophenyl)-N-[1,3,4]thiadiazol-2-yl-propionamide

H
N\(/NIN
I
Cl

A solution of 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid (prepared from
Example 38, 200.0 mg, 0.70 mmol), O-benzotriazol-1-yl-N,N,N’N'-tetramethyluronium
hexafluorophosphate (316.9 mg, 0.84 mmol), N,N-diisopropylethylamine (365 mL, 2.09
mmol), and 2-amino-1,3,4-thiadiazole (140.8 mg, 139 mmol) in dry N,N-
dimethylformamide (2 mL}) was stirred at 25°C under nitrogen for 20 h. The reaction
mixture was concentrated in vacuo to remove N,N-dimethylformamide. The resulting

residue was diluted with ethyl acetate (100 mL). The organic layer was washed with a
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saturated aqueous sodium bicarbonate solution (1 x 50 mL), a 10% aqueous-hydrochioric
‘acid solution (1 x 100 mL), and a saturated agueous sodium chloride solution (1 x 100
mL). The organic layer was dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 2/1 hexanes/ethyl
acetate) afforded 3-cyclopentyl-2-(3,4-dichlorophenyl)-N-{1,3,4]thiadiazol-2-yi-
propionamide (197.3 mg, 77%) as a white foam: mp 90-91°C; EI-HRMS m/e calcd for
Ci6H17CLIN;0S (M™) 369.0469, found 369.0476.

Example 86

(A) 2-(4-Cyano-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide

NC

A solution of freshly prepared lithium diisopropylamide (23 mL of a 0.32M stock
solution, 7.13 mmol) cooled to -78°C was treated with (4-bromo-phenyl)-acetic acid
methyl ester (148 g, 6.48 mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (16.2 mL, 3:1). The resulting solution was stirred at -78°C for 45
min. lodomethylcyclopentane (1.49 g, 7.13 mmol) was then added in 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (2 mL). The reaction mixture was stirred at -78°C
for 4 h. The reaction was then warmed to 25°C and was stirred at 25°C for 18 h. The
reaction mixture was then quenched by the drbpwise addition of a saturated aqueous
ammonium chloride solution (10 mL). This mixture was poured into water (100 mL) and
extracted with ethyl acetate (3 x 50 mL). The organics were washed with a saturated
aqueous lithium chloride solution (1 x 50 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 95/5
hexanes/ethyl acetate) afforded 2-(4-bromo-phenyl)-3-cyclopentyl-propionic acid methyl



10

WO 00/58293 PCT/EP00/02450
-187-

ester (1.60 g, 79.3%) as a clear oil: EI-FHRMS m/e calcd for C;sH;90,Br (M") 310.0568
found 310.0564.

A solution of 2-(4-bromo-phenyl)-3-cyclopentyl-propionic acid methyl ester (500 mg,
1.60 mmol) in N,N-dimethylformamide (4.01 mL) was treated with copper(I) cyanide
(144 mg, 1.60 mmol). The mixture was heated at 170°C for 1 h. At this time, the
reaction was cooled to 25°C and poured into aqueous ammonium hydroxide (5 mL). The
solution was diluted with water (25 mL) and extracted with ethyl acetate (3 x 35 mL).
The organics were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate)
afforded 2-(4-cyano-phenyl)-3-cyclopentyl-propionic acid methyl ester (65.6 g, 15.8%) as
a clear oil: EI-HRMS m/e caled for CigHoNO, (M™) 257.1415 found 257.1406.

A solution of 2-(4—cyano-phenyl)-3-cyclopenty1-pr0pibnic acid methyl ester (65.0 mg,
0.25 mmol) in tetrahydrofuran/water/methanol (2.5 mL, 3:1:1) was treated with a IN
aqueous lithium hydroxide solution (0.27 mL, 0.27 mmol). The reaction was stirred at
25°C for 6 h. At this time, the reaction was acidified to pH = 1 with a 1N aqueous
hydrochloric acid solution and extracted with chloroform/methanol (9:1, 3 x 25 mL). The
organics were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate)
afforded 2-(4-cyano-phenyl)-3-cyclopentyl-propionic acid (36.0 mg, 58.6%) as a white
solid: mp 126-128°C; EI-HRMS m/e caled for C;sHy;NO, (M') 243.1259 found
243.1268.

A solution of 2-(4-cyano-phenyl)-3-cyclopentyl-propionic acid (33.0 mg, 0.13 mmol) in
methylene chloride (1.36 mL) was cooled to 0°C and then treated with a 2.0M solution of
oxalyl chloride in methylene chloride (0.07 mL, 0.14 mmol) and a few drops of N.N-

dimethylformamide. The reaction mixture was stirred at 0°C for 10 min and at 25°C for
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30 min. ‘The reaction mixture was then treated with a solution of 2-aminothiazole (30.0
mg, 0.29 mmol) and N,N-diisopmpylethylanﬁne (0.05 mL, 0.32 mmol) in tetrahydrofuran
(0.67 mL). This solution was stirred at 25°C for 3 h. At this time, the reaction wés
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl | acetate)  afforded 2-(4-cyano-phenyl)-3-cyclopentyl-N-thiazol-2-yl-
propionamide (44.1 mg, 100%) as a white solid: mp .64-66°C; EI-HRMS m/e calcd for
C1sH19N30S (M") 325.1248 found 325.1247.

(B) In an analogous manner, there was obtained:

(a) From 2-aminopyridine and 2-(4-cyano-phenyl)-3-cyclopentyl-propionic acid: 2-(4-
Cyano-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide as a white solid: mp 61-63°C;
EI-HRMS m/e calcd for Cy0H2 N30 (M) 319.1684, found 319.1697.

(b) From 2-(4-cyano-phenyl)-3-cyclopentyl-propionic acid and 6-amino-nicotinic acid
methyl ester: 6-[2-(4-Cyano-phenyl)-3-cyclopentyl-propionylamino]-nicotinic acid methyl
ester as a white solid: mp 62-64°C; EI-HRMS m/e calcd for C2H3N303 (M*). 377.1739,
found 377.1736. |

Example 87

(A) 3-Cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethyl-phenyl)-propionamide

AN

O N =~
FsC

A solution of freshly prepared lithium diisopropylamide (23 mL of a 0.31M stock
solution, 7.13 mmol) cooled to -78°C was treated with (4-trifluoromethyl)phenylacetic
acid (693 mg, 3.4 mmol) in tetrahydrofuran/ hexamethylphosphoramide (8.5 mL, 3:1).

The resulting solution was stirred at -78°C for 30 min. Iodomethylcyclopentane (784 mg,

-
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3.7 mmol) was then added in hexamethylphosphoramide (1 mL). The reaction 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
saturated aqueous ammonium chloride solution (10 mL). The excess solvent was
removed in vacuo. The residue was acidified to pH = 1 with a IN aqueous hydrochloric
acid solution. The mixture was poured into water (150 mL) and extracted with ethyl
acetate (3 x 100 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 95/5
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethyl-phenyl)-propionic acid
(634.9 mg, 65%) as a white solid: mp 94-95°C; FAB-HRMS m/e calcd for CysH;7F;02
(M+Na)" 309.1079, found 309.1072.

A solution of benzotriazol-1-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (170 mg, 0.38 mmol), 3-cyclopentyl-2-(4-trifluoromethyl-phenyl)-
propionic acid (100 mg, 0.34 mmol), and 2-aminopyridine (36 mg, 0.38 mmol) in N,N-
dimethylformamide (1.75 mL) was treated with N,N-diisopropylethylamine (0.12 mL,
0.73 mmol). The reaction mixture was stirred at 25°C for 18 h . At this time, the reaction
was poured into water (50 mL) and extracted with ethyl acetate (3 x 50 mL). The
combined organic layers were washed with a 1N agueous hydrochloric acid solution (1 x
50 mL), dred over sodium sulfate, filtered, and concentrated in vacwo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate)
afforded 3-cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethyl-phenyl)-propionamide (127
mg, 53.3%) as a white gum: EI-HRMS m/e caled for CooH,FaN,O (M) 362.1605, found
362.1592.

{B) In an analogous manner, there was obtained:

() From 6-amino-nicotinic acid methyl ester and 3-cyclopentyl-2-(4-triflucromethyl-

phenyl)-propionic: 6-[3-Cyclopentyl-2-(4-trifluoromethyl-phenyl)-propionylamino}-
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nicotinic acid methyl ester as a white gum: EI-HRMS m/e caled for CooHz3F3NoO3 (M)
420.1660, found 420.1661.

Example 88

(A) 2-{4-(Butane-1-sulfonyl)-phenyl]-3-cyclopentyl-N-thiazol-2-yl-propionamide

A 0 T:l)

A solution of freshly prepared lithium diisopropylamide (430.55 mL of a 0.3M stock
solution, 129.16 mmol) cooled to -78°C was treated with (4-nitro-phenyl)-acetic acid
ethyl ester (prepared in Example 22, 2632 g 12583 mmol) in
tetrahydrofuran/hexamethylphosphoramide (312.5 mL, 3:1). The resulting solution was
stirred at -78°C for 45 min. Iodomethylcyclopentane (27.75 g, 132.1 mihol) was then
added in hexamethylphosphoramide (27.75 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 ammonjum
chloride solution (250 mL). This mixture was concentrated in vacuo. The residue was
diluted with water (250 mL) and extracted with ethyl acetate (3 x 300 mL). The organics
were washed with a saturated aqueous lithium chloride solution (2 x 250 mL), dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 98/2 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-
nitro-phenyl)-propionic acid ethyl ester (28.30 g, 77.2%) as a yellow oil: EI-HRMS m/e
caled for Ci¢HNO, (M) 291.1470, found 291.1470.

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid ethyl ester (7.37 g, 25.3

mmol) in ethyl acetate (316 mL) was treated with 10% palladium on activated carbon.

-
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The reaction mixture was stirred under hydrogen gas at 60 psi at 25°C for 18 h. The
catalyst was then filtered off through a pad of celite (ethyl acetate). The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate) afforded 2-(4-amino-phenyl)-3-cyclopentyl-propionic acid ethyl
ester (3.52 mg, 53.3%) as a yellow oil: EI-HRMS m/e calcd for C;sHxNO, (M)
261.1729 found 261.1727.

A mixture of concentrated hydrochloric acid (0.38 mL) and ice (380 mg) cooled to 0°C
was treated with 2-(4-amino-phenyl)-3-cyclopentyl-propionic acid ethyl ester (497 mg,
1.90 mmol). After 5 min, a solution of sodium nitrite (139 mg, 2.61 mmol) in water (0.31
mL) was added to the reaction mixture. The resulting solution was stirred at 0°C for 5
min. At this time, the solution was added to a solution of n-butyl mercaptan (0.23 mL,
2.20 mmol) in water (0.41 mL) warmed to 45°C. The reaction was stirred at 45°C for 3
h. At this time, the reaction was diluted with water (50 mL) and extracted with
chloroform (3 x 50 ml). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude brown oil (588 mg) in methylene chloride (8.8 mL)
was cooled to 0°C and treated with 3-chloroperoxybenzoic acid (80-85% grade, 1.5 g,
8.78 mmol). The reaction mixture was stirred at 25°C for 18 h. At this time, the reaction
was diluted with water (75 mL) and extracted with chiloroform (2 x 30 mL). The organics
were dried over sodium sulfate, filtered, and concentrated in vacwo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate)
afforded 2-[4-(butane-1-sulfonyl)-phenyl}-3-cyclopentyl-propionic acid ethyl ester (144.3
mg, 20.7%) as a yellow oil: EI-HRMS m/e calcd for CaoHz004S (M*) 366.1865 found
366.1858.

A solution of 2-{4-(butane-1-sulfonyl)-phenyl}-3-cyclopentyl-propionic acid ethyl ester
(140 mg, 0.38 mmol in tetrahydrofuran/water/methanol (0.95 mL, 3:1:1) was treated with
a 1IN aqueous lithium hydroxide solution (0.76 mL, 0.76 mmol). The reaction was stirred
at 25°C for 8 h. At this time, the reaction was acidified to pH = 1 with a 1N aqueous
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hydrochloric acid solution and extracted with chloroform (3 x 50 mL). The organics were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 90/10 chloroform/methanol) afforded 2-[4-(butane-
1-sulfonyl)-phenyl]-3-cyclopentyl-propionic acid (88.3 mg, 68.4%) as a clear oil: FAB-
HRMS m/e caled for C1gH604S (M+H)" 339.1631 found 339.1638.

A solution of triphenylphosphine (99 mg, 0.37 mmol) and N-bromosuccinimide (76 mg,
0.42 mmol) in methylene chloride (1.26 mL) cooled to 0°C was treated with 2-[4-
(butane-1-sulfonyl)-phenyl]-3-cyclopentyl-propionic acid (85 mg, 0.25 mmol) in
methylene chloride. The reaction mixture was stirred at 25°C fér 45 min. At this time,
the reaction was treated with 2-aminothiazole (33 mg, 0.32 mmol) -and pyridine (0.03 mL,
0.37 mmol). The reaction was stirred at 25°C for 18 h. The reaction mixture was then
concentrated in vacuo to remove methylene chloride. At this time, the reaction was
diluted with water (50 mL) and extracted with chloroform (3 x 50 mL). The organics
were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 50/50 hexanes/ethyl acetate)
afforded  2-[4-(butane-1-sulfonyl)-phenyl]-3-cyclopentyl-N-thiazol-2-yl-propionamide
(69.3 mg, 65.6%) as an off-white solid: mp 163-165°C; EI-HRMS m/e calcd for
C, H,N,0.S, M") 420.1541 found 420.1535.

(B) In an analogous manner, there was obtained:

(a) From 2-aminothiazole and 3-cyclopentyl-2-[4-(propane-1-sulfonyl)-phenyl]-propionic
acid: 3-Cyclopentyl-2-[4-(propane-1-sulfonyl)-phenyl]-N-thiazol-2-yl-propionamide as a
yellow oil: EI-HRMS m/e calcd for CooHsN,03S, (M) 406.1385 found 406.1389.
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Example 89

(A) 3-Cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-

propionamide

H H
N
0)

A solution of freshly prepared lithium diisopropylamide (35.32 mL of a 0.31M stock

CF,

solution, 10.95 mmol) cooled to -78°C was treated with (4-fluoro-3-trifluoromethyl-
phenyl)-acetic acid (1.11 g, 5.0 mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (12.42 mL, 3:1). The resulting solution was stirred at -78°C for 1 h.
Iodomethylcyclopentane (1.16 g, 5.52 mmol) was then added in 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (1.2 mL). The reaction mixture was stirred at -78°C for 4
h. The reaction was then warmed to 25°C and was stirred at 25°C for 24 h. This solution
was then quenched by the slow addition of the reaction mixture to a 2N aqueous
hydrochloric acid solution (50 mL). The product was extracted into ethyl acetate (1 x 300
mL) and diethyl ether (1 x 50 mL). The organics were dried over sodium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
50/50 hexanesfethyl acetate) afforded 3-cyclopentyl-2-(4-fluoro-3-triflucromethyl-
phenyl)-propionic acid (1.28 g, 84.3%) as a white solid: mp 65-68°C; EI-HRMS m/e
caled for CysH;¢F402 (M™) 305.1165, found 305.1174.

A solution of 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionic acid (304
mg, 1.0 mmol) in methylene chloride (10 mL) was cooled to 0°C and then treated with a
2.0M solution of oxalyl chloride in methylene chloride (0.6 mL, 1.2 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 24 h. The reaction mixture was then treated with 2-amino-thiazole (175
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mg, 1.75 mmol) and N,N-diisopropylethylamine (0.4 mL, 2.41 mmol). This solution was
stirred at 25°C for 48 h. At this time, the reaction was concentrated in vacuo. High
pressure liquid chromatography (Chromegasphere SI-60, 10 pM, 60A, 25¢m x 23cm ID,
60/40 heptane/ethyl acetate) afforded 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-
phenyl)-N-thiazol-2-yl-propionamide (326 mg, 84.5%) as a light yellow solid: mp 125-
127°C; EI-HRMS m/e calcd for C;sH;sE,N20S (M*) 386.1076, found 386.1086.

(B) In an analogous manner, there was obtained:

(a) From ethyl 2-amino-4-thiazole glyoxylate and 3-cyclopentyl-2-(4-fluoro-3-
trifluoromethyl-phenyl)-propionic acid: {2—[3-Cyclopentyi-Z-(4-ﬂuoro—3—triﬂuoromethyl-
phenyl)—propionylamino]-thiazo}-4—y1}—oxo—acetic acid ethyl ester as a light yellow solid:
mp 155-158°C; FAB-HRMS m/e calcd for CpHxFiN20,S (M+H)" 487.1314, found
487.1319. | |

(b). .From 5-methyl-2-aminopyridine and 3—cyclopentyl-Z-(4-ﬂuorq-3-triﬂuoromethyl—
phenyl)-propionic  acid: 3-Cyclopentyl—z-(4-ﬂuoro-3-tﬁﬂu0romethyl-phenyl)—N—(S-
met:hyl-pyridin-z-yl)-propionamide as a white solid: mp 132-133°C; EI-HRMS m/e calcd
for C21Hz,FsN,O (M™) 392.1668, found 392.1669.

(c) From ' 2-aminopyridine and 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-
propionic  acid: = 3-Cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-N-pyridin-2-yl-
propionamide as a light yellow oil: EI-HRMS m/e calcd for CyoH0F4N,O (M™) 380.1511,
found 380.1521.
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Example 90

3-Cyclopentyl-N-thiazol-2-yl-2-(3-trifluoromethyl-phenyl)-propionamide

H H
N N
\r/\>
O S /
CFa

A solution of freshly prepared lithiom diisopropylamide (35.32 ml of a 0.31M stock
solution, 10.9 mmol) cooled to -78°C was treated with (3-triﬂudmmethyl-phenyl)-acetic
acid (102 g, 5.0 mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (12.4 ml, 3:1). The resulting solution was stirred at -78°C for 3 h.
Jodomethylcyclopentane (1.16 g, 5.52 mmol) was then added in 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (1.16 mL). The reaction mixture was stirred at -78°C for
4 h. The reaction was then warmed to 25°C and was stirred at 25°C for 48 h. This
solution was then quenched by the slow addition of the reaction mixture to a 2N aqueous
hydrochloric acid solution (50 mL). The product was extracted into ethyl] acetate (3 x 100
mL) and diethyl ether (1 x 50 mL). The organics were washed with a saturated aqueous
lithium chloride solution (2 x 100 mL) and a saturated aqueous sodium chloride solution
(1 x I50 mL), dried over magnesium sulfate and sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate with acetic acid) afforded 3-cyclopentyl-2-(3-trifluoromethyl-
phenyl)-propionic acid (1.16 g, 80.5%) as an off-white solid: mp 64-65°C; EI-HRMS m/e
caled for CisH;7F302 M + Na*) 309.1079, found 309.1084.

A solution of 3-cyclopentyl-2-(3-trifluoromethyl-phenyl)-propionic acid (286 mg, 1.0
mmol) in methylene chloride (10 mL) was cooled to 0°C and then treated with a 2.0M
solution of oxalyl chloride in methylene chloride (0.6 mL, 1.2 mmol) and a few drops of

N,N-dimethylformamide. The reaction mixture was stirred at 0°C for 15 min and at 25°C
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for 1.25 h. The reaction mixture was then treated with a solution of 2-aminothiazole (175
mg, 1.75 mmol) and N,N-diisopropylethylamine (0.42 mL, 2.41mmol) in tetrahydrofuran
(10 mL). This solution was stirred at 25°C for 24 h. At this time, the reaction was
concentrated in vacuo. High pressure liquid chromatography (Chromegasphere SI-60, 10
uM, 60A, 25cm x 23cm ID, 60/40 heptane/ethyl acetate) afforded 3-cyclopentyl-N-
thiazol-2-yl-2-(3-trifluoromethyl-phenyl)-propionamide (299.2 mg, 81.4%) as a light
yellow solid: mp 134-136°C; EI-HRMS m/e calcd for CisHjoF3N,0S (M*) 368.1170,
found 368.1165.

Example 91

(A) 3-Cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-N-thiazol-2-y}-

propionamide.

o
O CF;
A solution of freshly prepared lithium diisopropylamide (35.3 mL of a 0.31M stock
solution, 10.9 mmol) cooied to -78°C was tréated with (4-fluoro-3-trifluoromethyl-
phenyl)-acetic acid (1.11 g, 5.0 mmol) in tetrahydrofuran/ 1,3—dimethyl;3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (12.4 mL, 3:1). The resulting solution was stirred at ;78°C for 1 h.
At this time, the reaction was treated with a solution of iodomethylcyclopentane (1.16 g,
5.52 mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1.2 ml). The
reaction mixture was stirred at -78°C for 4 h. The reaction was then warmed to 25°C and
was stirred at 25°C for 48 h. This solution was then quenched by the slow addition of the
reaction mixture to a 2N aqueous hydrochloric acid solution (50 mL). The product was
extracted into ethyl acetate (3 x 100 mL) and diethyl ether (1 x 50 mL). The organics

were dried over magnesium sulfate and sodium sulfate, filtered, and concentrated in
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vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl
acetate with acetic acid) afforded 3-cyclopentyl-2-(4-fluoro-3-trifluoromethy}-phenyl)-
propionic acid (1.28 g, 84.3%) as a white solid: mp 66-68°C; EI-FHRMS m/e calcd for
CysHyF4O2 (M*) 305.1165, found 305.1174.

A solution of 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionic acid (7.77 g,
25.3 mmol) in methanol (50 mL) was treated slowly with concentrated sulfuric acid (0.01
mL). The resulting reaction mixture was heated under reflux for 24 h. The reaction
mixture was altlowed to cool to 25°C and then concentrated in vacuo. The residue was
dissolved in ethyl acetate (75 mLlL) and washed with a satﬁrated aqueous sodium
bicarbonate solution (1 x 50 mL), water (1 x 50 mL), and a saturated aqueous sodium
chloride solution (4 x 50 mL). The organics were dried over magnesium sulfate and
sodium sulfate, filtered, and concentrated in vacuo to afford 3-cyclopentyl-2-(4-fluoro-3-
trifluoromethyl-phenyl)-propionic acid methyl ester (8.48 g, 87.5%) as yellow oil: El-
HRMS m/e calcd for CysHisF40, (M7) 318.1243, found 318.1240.

A solution of 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionic acid methyl
ester (7.0 g, 21.9 mmol) in N,N-dimethylformamide (50 mL) was treated with sodium
methanethiolate (2.61 g, 33.0 mmol). The reaction mixture was then heated at 100-110°C
for 24 h. At this time, the reaction was poured onto a mixture of ice and a 2N aqueous
hydrochloric acid solution (100 ImL). This mixture was extracted into ethyl acetate (3 x
75 mL) and diethyl ether (1 x 50 mL). The organics were then washed with water (1 x 75
mL) and a saturated aqueous sodium chloride solution (3 x 100 mL). The organics were
dried over magnesium sulfate and sodium sulfate, filtered, and concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 85/15 hexanes/ethyl acetate)
afforded  3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-propionic  acid
methyl ester (2.48g, 35.5%) as a pale yellow oil: EI-HRMS m/e calcd for Cy7Hz;F50,S
(M) 346.1214 , found 346.1212.
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A solution of 3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-propionic acid
methy] ester (2.36 g, 6.81 mmol) in methylene chloride (75 mL) at 25°C was treated with
3-chloroperoxybenzoic acid (80-85% grade, 9.69 g, 40.1 minol). The reaction mixture
was stirred at 25°C for 16 h. At this time, the reaction was diluted with methylene
chloride (75 mL). The solution was washed with a satura;tgd aqueous sodium bisulfite
solution (2 x 50 mL), water (l.x 50 ml), a saturated aqucou§ sodium chloride solution (3
X 75 ml), a saturated aqueoﬁs sodium bicarbonate solution (1 x 75 mL), and a saturated
aqueous sodium chloride solution (3'x 75 mL). The orgar'xics_. were dried over magnesium
sulfate and sodium sulfate, filtered, and concentrate.d in vacﬂo to afford 3-cyclopentyl-2-
(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionic acic.i' methyl ester (2.88 g) as a
clear oil: EI—HRMS m/e caled for C17H,F304S (M*) 378.1112 found 3-78.1116.

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionic
acid methyl ester (395mg, 1.04 mmol) and 2-aminothiazole (209 mg, 1.38 mmol) in a
solution of magnesium methoxide in methanol (7.4 wt%, 2.09 mL, 1.38 mmol) was
heated at 110°C for 24 h. The reaction mixture was then éoncentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate)
afforded the 3-cyclopentyl—_2—(4~rhethanesulfony1—3-triﬂuoroﬁlethyl—phenyl)-N—thiazol-2—
yl-propioné.midc (256.7 mg, 55.1%) as a white solid: mp 95‘i00°C; EI-HRMS mv/e calcd
for C1sH21F3N;05S; (M*)446.0946, found 446.0944.

(B) In an analogous manner, there was obtained:

(a) From (2-amino-thiazol-4-yl)-acetic acid methyl ester and 3-cyclopentyl-2-(4-
methanesulfonyl-3-trifluoromethyl-phenyl)-propionic acid: {2-[3-Cyclopentyl-2-(4-
methanesulfony1-3-triﬂuoromethyl-phenyl)—propibnylarnino]-thiazol-4—yl}-acetic acid
methyl ester as a white solid: mp 81-86°C; FAB-HRMS m/e calcd for C22H25F3N20532
(M+H)" 518.1157, found 518.1161.



- Ww"‘ﬁi

WO 00/58203 PCT/EP00/02450
-199-

(b) From 2-amino-thiazole-4-carboxylic acid methyl ester and 3-cyclopentyl-2-(4-

methanesulfonyl-3- tnﬂuoromethyl-phenyl)—prop1omc atid:  2-[3-Cyclopentyl-2-(4-

methanesulfonyl-3-trifluoromethyl-phenyl)-propionylamino}-thiazole-4-carboxylic  acid

methyl ester as a white solid: mp 117-121°C; FAB-HRMS m/e calcd for Ca1Hy3F3N20s5S5
5  (M+H)" 504.1000, found 504.1000.

Example 92

3-Cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-N-pyridin-2-yl-

propionamide
K
\ 0 N~
A
10 O CF,

A solution of freshly prepared lithium diisopropylamide (141.28 mL of a 0.31M stock
solution, 43.8 mmol) cooled to -78°C was treated with (4-fluoro-3-trifluoromethyl-
phenyl)-acetic acid (444 g 20.0 mmol) in tetrahydrofuran/ 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (49.68 mL, 3:1). The resulting solution was stirred at -
15 78°C for 1 h. At this time, the reaction was treated with a solution of
iodomethylcyclopentane (4.64 g, 22.09 mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (4.6 mL). The reaction mixture was stirred at -78°C for 4 h. The reaction
was then warmed to 25°C and was stirred at 25°C for 48 h. This solution was then
quenched by the slow addition of the reaction mixture to a 2N aqueous hydrochloric acid
20  solution. The product was extracted into ethyl acetate (3 x 400 mL) and diethy] ether (1 x
200 mL). The organics were dried over magnesium sulfate and sodium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
50/50 hexanes/ethyl acetate with acetic acid) afforded 3-cyclopentyl-2-(4-fluoro-3-
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* trifluoromethyl-phenyl)-propionic acid (3.37 g, 55.4%) as a white solid: mp 66-68°C; EI-

HRMS m/e calcd for C;sHy6F40, (M*) 305.1165, found 305:1174.

A solution of 3-cyclopentyl—z-(4-ﬂuoro-3—t1iﬂuoromethyl:pht}nyl)-propionic acid (1.52 g,
5.0 mmol) in N,N-dimethylformamide (10mL) was treated with sodium methanethiolate
(0.59 g, 7.5 mmol). The reaction mixture was then heated to 100-110°C for 14 h. At this
time, the reaction was poured onto a mixture of ice and a 2N aqueous hydrochloric acid
solution (25 mL). This mixture was extracted into ethyl acetate (3 x 35 mL) and diethyl
ether (1 x 25 mL). The organics were then washed with water (I x 50 mL) and a
saturated aqueous sodium chloride solution (3 x 75 mL). The ofganics were dried over
magnesium sulfate and sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate
w/acetic acid) afforded 3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-
propionic acid (1.36 g, 83.4%) as a pale yellow oil: EI-HRMS m/e caled for CygH;9F50,S
(M) 332.1058, found 332.1057.

A solution of 3-cyclopcntyl-2—(4-methylsulfanyl—3-tn'ﬂuoromethyl—phenyl)-pﬁpionic acid
(1.29 g, 3.89 mmol) in ethanol (25 mL) was treated slowly With concentrated sulfuric acid
(0.01 mL). The resulting reaction mixture was heated under reflux for 48 h. The reaction
mixture was allowed to cool to 25°C and then concentrated in vacuo. The residue was
dissolved in ethyl acetate (35 mL) and Washed with a saturated aqueous sodium
bicarbonate solution (1 x 15 mL), water (1 x 15 mL), and a saturated aqueous. sodium
chloride solution (3 x 20 mL). The organics were dried over magnesium sulfate and
sodium sulfate, filtered, and concentrated in vacuo to afford 3-cyclopentyl-2-(4-
methylsulfanyl-3-trifluoromethyl-phenyl)-propionic acid ethyl ester (1.39 g, 94.8%) as
yellow oil: EI-HRMS m/e calcd for CsHa3F30,S (M) 360.1370, found 360.1370.

A solution of 3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-propionic acid
ethyl ester (1.32 g, 3.69 mmol) in methylene chloride (50 mL) at 25°C was treated with 3-
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chloroperoxybenzoic acid (30-85% grade, 4.8 g, 19.8 mniol)‘. The reaction mixture was
stirred at 25°C for 4 d. At this time, the reaction was diluted with methylene chloride (235
mL). This solution was washed with a saturated aqueous sodium bisulfite solution (1 x
50 mL), water (1 x 50 mL), a saturated aqueous sodium bicarbonate solution (1 x 50 mL),
water (1 x 50 mL), and a saturated aqueous sodium chloride solution (3 x 50mL). The
organics were dried over magnesium sulfate and sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 70/30
hexanes/ethyl acetate with acetic acid) afforded 3-cyclopentyl-2-(4-methanesulfonyl-3-
trifluoromethyl-phenyl)-propionic acid ethyl ester (1.28 g, 89.0%) as a clear oil: EI-
HRMS mv/e caled for C1gHF304S (M) 392.1269 found 392.1268.

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionic
acid ethyl ester (707mg, 1.80 mmol in tetrahydrofuran/water (24 mL, 3:1) was treated
with lithium hydroxide (166 mg, 3.97 mmol). The reaction was stirred at 25°C for 24 h.
At this time, the reaction concentrated in vacuo. The residue was diluted with water (25
mL) and extracted with diethyl ether (1 x 15 mL). The aqueous layer was acidified to pH
= 1 with a 2N aqueous hydrochloric acid solution, and extracted with chloroform (3 x 25
mL). The organics were washed with water (1 x 25 mL), a saturated aqueous sodium
chloride solution (3 x 25 mL), dried over magnesium sulfate, filtered, and concentrated in
vacuo to afford 3-cyclopentyl-2-(4-methanesulfonyl-3-triflucromethyl-phenyl)-propionic
acid (426.7 mg, 65%) as a white solid: mp 122-123°C; EI-HRMS m/e calcd for
C,H,,F;0,S (M") 364.0956 found 364.0956.

A soluion of and 3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-
propionic acid (73 mg, 0.2 mmol) and triphenylphosphine (79 mg, 0.3 mmol) in
methylene chloride (5.0 mL) was cooled to 0°C and then treated with N-
bromosuccinimide (60.5 mg, 0.34 mmol). 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-aminopyridine (28.2 mg, 0.3mmol) and pyridine
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(1 drop). The resulting reaction mixture was stirred at 25°C for 48 h. The reaction
mixture was then diluted with. methylene chloride (50 mL). The organic layer was
washed with water (1 x 50 mL) and a saturated agueous sodium chloride solution (2 x 25
mL), dried over magnesium sulfate and sodium sulfate, filtered, and concentrated in
vacuo. High pressure liquid chromatography (Chromegasphere SI-60, 10 M, 604, 25cm
x 23cm ID, 50/50 heptane/éthyl acetate) afforded 3-cyclopentyl-2-(4-methanesuifonyl-3-
trifluoromethyl-phenyl)-N-pyridin-2-yl-propionamide (54.2 rrig, 61.5%) as a white solid:
mp 86-89°C; EI-HRMS m/e calcd for C,1Hp3F3N,0;S (M) 440.1383, found 440.1381.

Example 93
3-Cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-
propionamide

H H .
e
O S\/>
\S |
CFs

A solution of 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyi-phenyl)-propionic  acid
(prepared in Example 89, 1.52 g, 5.0 mmol) in N,N-dimethylformamide (10 mL) was
treated with sodium methanethiolate (593 mg, 7.5 mmol). The reaction mixture was then
heated to 100-110°C for 14 h. At this time, the reaction was cooled to 25°C and poured
onto a 1N aqueous hydrochloric acid solution (25 mL) and extracted into ethyl acetate (3
X 25 mL) and diethyl ether (1 x 25 mL). The organics were then washed with water (1 x
50 mL) and a saturated aqueous sodium chloride solution (3 x 75 mL), dried over
magnesium sulfate and sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-propionic  acid
(1.37 g, 82.4%) as a pale yellow oil: EI-HRMS m/e caled for C¢HioF30,S (M")
332.1058, found 332.1057.
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A solution of benzotriazol-1-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (188 mg, 0.42 mmol) and 3-cyclopentyl-2-(4-methylsulfanyl-3-
trifluoromethyl-phenyl)-propionic acid (94 mg, 0.28 mmol) in N,N-dimethylformamide (5
mL) was treated with N, N-diisopropylethylamine (150 pL, 0.85 mmol) and 2-
aminothiazole (42.5 mg, 0.42 mmol). The mixture was stirred at 25°C for 48 h. At this
time, the reaction mixture was poured into cold water (25 mL) containing a IN aqueous
hydrochloric acid solution (50 mlL) and extracted into ethyl acetate (2 x 75 ml) and
diethyl ether (1 x 25 mL). The organics were then washed with water (2 x 75 mL) and a
saturated aqueous sodium chloride solution (3 x 75 mL), dried over magnesium sulfate
and sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-
methyléulfanyl-3-triﬂuoromethyl—phenyl)-N—thiazol-2—y1—propionamide (50.5 mg, 43.1%)
as a clear oil: FAB-HRMS m/e caled for CyoHxnF:N,0S, (M+H)" 415.1125, found
415.1123.

Example 94

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

°\\ o N A

/\\o

o
A solution of aluminum trichloride (34.8 g, 261.4 mmol) in chloroform (120 mL) under
argon and cooled to 0°C and was then treated dropwise with a solution of ethyl
chlorooxoacetate (18.7 mL, 167.5 mmol) in chloroform (120 mL). The mixture was then
stirred at 0°C for 30 min. After this time a solution of 2-chlorothioanisole (25.0 g, 156.5

mmol) in chloroform (120 mL) was added dropwise to the above mixture at 0°C and it
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turned red in color. It was allowed to warm to 25°C and stirred for an additional 3.5 h.
The reaction was quenched by slowly adding water (500 mL). The solution turned yellow
in color and was then transferred to a separatory funnel _aﬁd éxtracted with chloroform (3
x 50 mL). The organic phase was dried over sodium sulfate',: filtered and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 2305_406 mesh, 80/20 hexanes/ethyl
acetate) afforded (3-chlor.o-4-methylsulfany1-phenyl)-oxo-acé;ic acid ethyl ester (31.37 g,
77%) as a yellow oil. | o

A solution of cylcopenytlmethyl triphenylphosphine iodidé (725 mg, 1.53 mmol) in
tetrahydrofuran (10 mL) was cooled to 0°C. To this cooled ‘solution was added sodium
bis(trimethylsilyl)amide (1.0 M in THF, 2.14 mL, 2.14 rmhol)_i and the reaction turned red
in color. It was stirred at 0°C for 45 minutes and th'en': a solution of (3-chloro-4-
methylsulfanyl-phenyl)-oxo-acetic acid ethyl ester '(35%5 mg, 1.37 mmol) in
tetrahydrofuran (5 rfo) was added slowly. The reaction was warmed to 25°C and stirred
for 20 h. The reaction was diluted with water (50 mL) and transferred to a separatory
funnel and extracted with diethyl ether ( 3 x 25 mL). The organic layers were dried over
sodium sulfate, filtered and concentrated in vacuo. Chromatagraphy (Biotage Flash 12M
column, 80/20 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methylsulfanyl-phenyl)-3-
cyclopentyl-acrylic acid ethyl ester (267 mg, 60%, mixturé of E and Z isomers (2:1)) as a

yellow oil and taken on without characterization.

‘A solution of E and Z 2-(3-chloro-4-methylsulfanyl—phenyl)-3-cyclopentyl-acrylic acid
ethyl ester (100 mg, 0.31 mmol) dissolved in methylene chloride (5 mL) cooled to 0°C
was treated with 3-chloroperoxybenzoic acid (80%, 157 mg, 0.729 mmol) and stirred for
3.5 h. The reaction mixture was diluted with methyiene chloﬂde (25 mL), transferred toa
separatory funnel and washed with saturated aqueous sodiuih carbonate solution (2 x 10
mL) and brine (2 x 10mL). The organic layers were dried over sodium sulfate, filtered
and concentrated in vacuo. Chromatogfaphy (Biotage Flash 12M column, 80/20
hexanes/ethyl acetate) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
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acrylic acid ethyl ester (95 mg, 86%, mixture of E and Z isomers (2:1)) as a colorless oil

and taken on without chiticterization.

The mixture of E and Z isomers of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
acrylic acid ethyl ester (1.04 g, 2.91 mmol), nickel chloride hexahydrate (69 mg, 0.29
mmol) and methanol (25 mL) were placed in a flask under argon. To this green solution
was then added sodium borohydride (221 mg, 5.83 mmol) slowly in small portions using
an ice bath if necessary to keep the temperature at 20°C. The solution turmned black and a
fine precipitate formed after addition of the sodium borohydride. This was then stirred at
25°C for 1.5 h. After such time the reaction was filtered through'celite and washed with
methanol. The filtrate and washings were combined and concentrated in vacuo to reduce
the volume. The residual solution was then diluted with water (15 ml.) and extracted
with ethyl acetate (3 x 15 ml) dried over sodium sulfate, filtered and concentrated ir
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl
acetate) afforded a mixture of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid methyl ester and 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid ethyl ester (transesterification occurred under the reaction conditions) (937
mg) as a clear colorless oil. (It was carried on without characterization because it was a

mixture of esters)

The mixture of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester and 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
ethyl ester, from above, (937 mg) was dissolved in ethanol (30 mL) and allowed to
dissolve. To this solution was then added a solution of potassium hydroxide (733 mg,
13.1 mmol) in water (7 mL). The yellow solution was then stirred for 3 h at 25°C. It was
concentrated in vacuo to remove the ethanol and then IN hydrochloric acid was added
until the pH = 2. This was then extracted with methylene chloride (3 X 15 mL). The
organic layers were then dried over sodium sulfate, filtered and concentrated in vacuo.

Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl acetate
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plus 1% acetic acid) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid (787 mg, 82% over two steps) as a white solid: ‘mp: 123.9-126.2°C; FAB-
HRMS m/e caled for C ,H 0, SCl (M+H)" 331.0771, found 331.0776. |

Triphenylphosphine (238 mg, 0.91 mmol) was dissolved in methylene chloride (10 mL)
and cooled to 0°C. To this solution was added N—bro;nosuccinimide (183 mg, 1.03
mmol) and was stirred at 0°C until it was completely dissolved and became light purple
in color. The 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (200
mg, 0.61 mmol) was theh added and it was stirred at 0°C for 20 min and then warmed to
25°C and stirred for 30 min. After such time 2-aminopyridine (85 mg, 0.91 mmol) and

pyridine (0.088 mL, 1.09 mmol) were added and it was stirred at 25°C for 16 h.” The

~ reaction was then diluted with water (10 mL) and then extracted with methylene chloride

(3 x 15 mL). The organic layers were then combined and dried over sodium sulfate,
filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400

mesh, 60/40 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-

- cyclopentyl-N-pyridin-2-yl-propionamide (210 mg, 85%) as a colorless oil: EI-HRMS

m/e calcd for C,H,,N,0,SCI (M) 406.1118, found 406.1120.

Example 95

N-(5-Bromo-pyridin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-

propionamide

3 |

\ o N A
A\

Br

(o]

A solution of triphenylphosphine (238 mg, 0.91 mmol) in methylene chloride (10 ml.)

was cooled to 0°C and then treated with N-bromosuccinimide (183 mg, 1.03 mmol). The
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reaction mixture was stitréd at 0°C until it was compléte‘l& dissolved and became light
purple in color. The reaction mixture was then treated with 2-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (prepared in Example 94, 200 mg,
0.61 mmol) and stirred at 0°C for 20 min and then warmed to 25°C where it was stirred
for 30 min. After such time, the reaction mixture was treated with 2-amino-5-
bromopyridine (157 mg, 0.91 mmol) and pyridine (0.088 mL, 1.09 mmol), and reaction
mixture was stirred at 25°C for 16 h. The reaction was then diluted with water (10 mL)
and then extracted with methylene chloride (3 x 15 mL). The combined organic layers
were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 70/30 -hexanes/ethyl acetate)
afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-(5-bromo-pyridin-2-yl})-
propionamide (245 mg, 83%) as a white foam: EI-HRMS m/e caled for CyoHpBr
CIN,0O;8 (M™) 484.0223, found 484.0222.

Example 96

N-(5-Chloro-pyridin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-

propionamide

2T

3 !

AN ° NG~
N\

€l

A solution of triphenylphosphine (238 mg, 0.91 mmol) in methylene chloride (10 mL)
was cooled to 0°C and then treated with N-bromosuccinimide (183 mg, 1.03 mmol). The
reaction mixture was stirred at 0°C until it was completely dissolved and became light
purple in color. The reaction mixture was then treated with 2-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (prepared in Example 94, 200 mg,

0.61 mmol) and stirred at 0°C for 20 min and then warmed to 25°C where it was stirred
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for 30 min. -After such' time, the reaction mixture was treated with 2-amino-5-
chloropyridine (117 mg, 0.91 mmol) and pyridine (0.088 mL 1 09 mmol), and the
reaction mixture was snrrcd at 25°C for 16 h. The reaction was then diluted with water
(10 mL) and then extracted with methylene chloride (3 x 15 mL) The combined organic
layers were dried over. sodium sulfate, filtered, and con:centrated in vacuo. Flash
chromatography (Merck. Silica gel 60, 230-400 mesh, 80/_20 hexanes/ethyl acetate)
afforded 2—(3—chloro-4-rri_éthanesulfonyl-phenyl)&-cyclopentyl-N-(S-chloro—pyxidin-z-yl)-
propionamide (110 mg,_j 41':%) as a yellow foam: EI-HRMS m/e caled for CyoHa

' C1N>058 (M™) 440.0728,; found 440.0728.

Example 97

2—(3—Chloro-4-methaneshlfbnyl-phenyl)-3-cyclopentyl-N-(5-triﬂuoromethyl-pyridin-

2-yl)-propionamide

A solution of triphénylphosphine (238 mg, 0.91 mmol) in methylene chloride (10 mL)
was cooled to 0°C and then treated with N-bromosuccinimide (183 mg, 1.03 mmol). The
reaction mixture was stirred at 0°C ﬁntil it was completely dissolved and became light
purple in color.  The reaction mixture was then treated with 2-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (prepared in Example 94, 200 mg,
0.61 mmol) and stirred at 0°C for 20 min.and then warmed to 25°C where it was stirred
for 30 min. After such time, the reaction mixture was treated with 2-amino-5-
trifluoromethyl-pyridine (147 mg, 0.91 mmol) and pyridine (0.088 mL., 1.09 mmol), and
the reaction mixture was.stin'ed at 25°C for 16 h. The reaction was then diluted with

water (10 mL) and then extracted with methylene chloride (3 x 15 mL). The combined
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organic layers were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesfi,“ 60/40 hexanes/ethyl acetate)
afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-(5- trifluoromethyl -
pyridin-2-yl)-propionamide (122 mg, 43%) as a white foam: EI-HRMS m/e calcd for
CaoHa2 CIF3N;03S (MY) 474.0992, found 474.0990.

Example 98

{2-[2-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionylamino]-thiazol-

4-yl}-oxo-acetic acid ethyl ester

H
N

A

[+

//O

o]

-

A solution of triphenylphosphine (238 mg, 0.91 mmol) in methylene chloride (10 mL)
was cooled to 0°C and then treated with N-bromosuccinimide (183 mg, 1.03 mmol). The
reaction mixture was stirred at 0°C until it was completely dissolved and became light
purple in color. The reaction mixture was then treated with 2-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (prepared in Example 94, 200 mg,
0.61 mmol) and stirred at 0°C for 20 min and then warmed to 25°C where it was stirred
for 30 min. After such time, the reaction mixture was treated with 2~(amino-thiazol-4-
yl)-oxo-acetic acid ethyl ester (182 mg, 0.91 mmol) and pyridine (0.088 mL, 1.09 mmol),
and the reaction mixture was stirred at 25°C for 16 h. The reaction was then diluted with
water (10 mL) and then extracted with methylene chloride (3 x 15 mL). The combined
organic layers were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl acetate)
afforded {2-[2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionylamino]-
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thiazol-4-yl }-oxo-acetic acid ethyl ester (208 mg, 67%) as a clear colorless oil: EI-HRMS
m/e calcd for C2Ha5CIN,O6S; (M) 513.0921, found 513.0919.

Example 99

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl- -

propionamide

A o TJ

/\\o

Cl

A mixture of 2-(3—chloro-4—methancsu1fonyl-phenyl)—3-cyclopentyl-propionic-- acid
(prepared in Example 94, 6.07 g; 18.35 mmol), (R)-(+)-4-benzyl-2-oxazolidinone (2.83 g,
15.96 mmol), and triethylamine (6.68 mL, 47.71 inmol) in tolluene (50 mL) was heated at
80°C under argon until a homogeneous solution was obtained. The reaction mixture was
then treated with trimethylacetyl chloride (3.55 mL, 28.81 mmol) in toluene (10 mL), and
the reaction became yellow in color and a precipitate formed. The reaction mixture was
then heated at 80°C for 36 h. The reaction was cooled to 25°C and then the toluene was
removed in vacuo. The residue was diluted with ethyl acetate (150 mL). The organic
layer was washed with a 1N aqueous hydrochloric solution (1 x 100 mL), a 10% aqueous
sodium carbonate solution (1 x 100 mL), and a saturated aqueous sodium chloride
solution (1 x 100 mL). The organic layer was then dried over magnesium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
90/5/5 methylene chloride/hexanes/ethyl acetate) afforded (1) 4(R)-benzyl-3-[2(S)-(3-
chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-oxazolidin-2-one  (2.08 g,
23%) as a white foam: [oc]23539 = +10.4° (c=0.144, chloroform); FAB-HRMS m/e calcd
for CasH2sCINOsS (M+H)* 490.1455, found 490.1457 and (2) 4(R)-benzyl-3-[2(R)-(3-
chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl}-oxazolidin-2-one  (2.20 g

o
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25%) as a white foam: [0]%ss0 = —93.9° (c=0.165, chloroform); FAB-HRMS m/e calcd
for CasHpsCINOsS (M-f~H)+ 490.1455, found 490.1443.

A solution of lithium hydroxide (215 mg, 9.0 mmol) in water (2.8 mL) was treated with a
30% aqueous hydrogen peroxide solution (2.0 mL, 18 mmol). This freshly prepared
lithium hydroperoxide solution was then cooled to 0°C and then slowly added to a cooled
(0°C) solution of  4(R)-benzyl-3-[2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-
cyclopentyl-propionyl}-oxazolidin-2-one (2.20 g, 4.5 mmol) in tetrahydrofuran (18 mL)
and water (5.8 mL). After 1.5 h at 0°C, the reaction was quenched with a 1.5N aqueous
sodium sulfite solution (25 mL) and was diluted with water (150 mL). The aqueous layer
was extracted with diethyl ether (3 x 50 mL). The aqueous layer was then acidified with a
1N agueous hydrochloric acid solution to pH = 2 and extracted with ethyl acetate (3 x 50
ml). The combined organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25
hexanes/ethyl acetate with 1% acetic acid) afforded 2(R)-(3-chloro-4-methanesulfonyl-
phenyl)-3-cyclopentyl-propionic acid (1.26 g, 85%) as a white solid: mp 106.1-108.8°C;
[0]%s80 = —43.0° (c=0.172, chloroform); EI-HRMS m/e caled for CisHyoClOsS (M)
330.0692, found 330.0690.

A solution of triphenylphosphine (248 mg, 0.94 mmol) in methylene chloride (9 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (190 mg, 1.07 mmol). The
reaction mixture was stirred at 0°C until it was completely dissolved and became light
purple in color. The reaction mixture was then treated with 2(R)-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (208 mg, 0.63 mmol). The
reaction mixture was stirred at 0°C for 20 min and then warmed to 25°C where it was
stirred for 30 min. After such time, the reaction mixture was treated with 2-
aminothiazole (95 mg, 0.94 mmol) and pyridine (0.092 mL, 1.13 mmol), and the reaction
mixture was stirred at 25°C for 16 h. The reaction was then diluted with water (10 mL)

and then extracted with methylene chloride (3 x 15 mL). The combined organic layers
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were dried -over sodium sulfate, filtered, and concentrated in vacuo. 'Biotage
chromatography (FLASH 40S, Silica, 65/35 hexanes/ethyl acetate) afforded 2(R)-(3-
chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide (210 mg,
81%) as a white foam: [0]>sg0 = —54.3° (c=0.081, chloroform); EI-HRMS m/e calcd for
C,5Hz CIN O3S, (M) 412.0682, found 412.0679. -

Example 100

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclope_ntyl-N-pyridin-Z-yl-

propionamide

ZX

\ N~
A -

Cl

A solution of triphenylphosphine (238 mg, 0.91 mmol) in methylene chloride (10 mL)
was cooled to 0°C. and then treated with N-bromosuccinimide (183 mg, 1.03 mmol).
The reaction mixture was stirred at 0°C until it was complétely dissolved and became
light purple in color. The reaction mixture was then treéted with 2(R)-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (prepared in Example 99, 200 mg,

0.61 mmol). The reaction mixture was stirred at 0°C for 20 min and then warmed to

. 25°C where it was stirted for 30 min. After such time, the reaction mixture was treated

with 2-aminopyridine (85 mg, 0.91 mmol) and pyridine (0.088 mL, 1.09 mmol), and the
‘reaction mixture was stirred at 25°C for 16 h. The reaction was then diluted with water
(10 mL) and then extracted with methylene chloride (3 x 15 mL). The combined organic
layers were dried over sodium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 40S, Silica, 60/40 hexanes/ethyl acetate) afforded 2(R)-(3-
chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide (202 mg,
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81.5%) as a white foam: [0]%sg9 = —41.8° (c=0.098, chloroform); EI-HRMS m/e calcd for
C20H23CIN,O5S (M*) 406.1118, found 406.1119.

Example 101

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

propionamide

ZX

3 |

AN N N
N

Cl

A solution of triphenylphosphine (238 mg, 0.91 mmol) in methylene chloride (10 mL)
was cooled to 0°C and then treated with N-bromosuccinimide (183 mg, 1.03 mmol). The
reaction mixture was stirred at 0°C until it was completely dissolved and became light
purple in color. The reaction mixture was then treated with 2(R)~(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (prepared in Example 99, 200 mg,
0.61 mmol). The reaction mixture was stirred at 0°C for 20. min and then warmed to
25°C where it was stirred for 30 min. After such time, the reaction mixture was treated
with 2-aminopyridine (85 mg, 0.91 mmol) and pyridine (0.088 mL, 1.09 mmol), and the
reaction mixture was stirred at 25°C for 16 h. The reaction was then diluted with water
(10 mL) and then extracted with methylene chloride (3 x 15 mL). The combined organic
layers were dried over sodium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 408, Silica, 60/40 hexanes/ethyl acetate) afforded N-(5-bromo-
pyridin-2-yl)-2(R)~(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionamide
(222 mg, 76%) as an off-white foam: (0] 7ss = —48.6° (c=0.105, chioroform); EL-HRMS
m/e calcd for CyoHz:BrCIN,O5S (M) 484.0223, found 484.0223.
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Example 102

N-(5-Cyano-pyridin-Z-yl)-S-cyclopentyl-2~(3,4-dichlorg-phenyl)-px"(')pionamide :

A solution of nickel(Il) bromide (253 mg, 1.16 mmol), triphenylphosphine (1.15g, 4.39 -
mmol), and zinc powder (1;3 mg, 1.73 mmol) in acetonitrile (11 mL) was stirred under
argon at 60°C for 1 h. The reaction turned dark brown in color. After such time, the
reaction mixture was treated with sodium cyanide (578 mg, 11.8 mmol) and 2-amino-5-
bromopyridine (2.00 g, 11.6 mmol), and the reaction mixture was stirred at 60°C for 16 h.
The reaction mixture was then cooled to 25°C, diluted with ethyl acetate (50 mL), and
then filtered through celite. The filtrate was concentrated. in vacuo. Flash chromatography
(Me;ck Silica gel .60, 230-400 mesh, 100% ethyl acetate) éffofded 6-amino-nicotinonitrile
(577 mg, 42%) as a white ‘solid: mp 156.8-158.5°C; EI-HRMS m/e calcd for C5H§N3
(M) 119.0483, found 119.0480. .

A solution of triphenylphosphine (1.23 g, 4.70 mmol) in methylene chloride (26 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (948 mg, 5.33 mmol). The
reaction mixture was stirred at 0°C until it was completely dissolved and became light
purple. in color. The reaction mixture was then treated with 3-cyclopentyl-2-(3,4-
dichloro-phenyl)-propionic acid (prepared in Example 38, 900 mg, 3.13 mmol). The
reaction mixture was stirred at 0°C for 20 min and then warmed to 25°C where it stirred
for 30 min. After such time, the reaction mixture was treated with 6-amino-
nicotinonitrile (560 mg, 4.70 mmol) and pyridine (0.46 mL, 5.64 mmol), and the reaction
mixture was stirred at 25°C for 16 h. The reaction was then diluted with water (25 mL)

and then extracted with methylene chloride (3 x 25 mL). The combined organic layers
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were dred over sodium sulfate, filtered, and concentrated in vacuo. Flash

| chromatography (Merék Silica gel 60, 230-400 mesh, 85/15 hexanes/ethyl acetate)

afforded N-(5-cyano-pyridin-2-y1)-3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionamide
(882 mg, 73%) as a pink foam: EI-HRMS m/e calcd for CyoHi9CLN3O (M") 387.0905,
found 387.0905.

Example 103

3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-(5-trifluoromethyl-pyridin-2-yl)-

propionamide

2ZX

a
A solution of 3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionic acid (prepared in
Exampie 54, 200 mg, 0.69 mmol) in methylene chloride (10 mL) and one drop of N,N-
dimethylformamide was cooled to 0°C and then treated with a 2.0M solution of oxalyl
chloride in methylene chloride (0.42 mL, 0.84 mmol). Gas evolution began immediately.
The reaction mixture was allowed to warm slowly to 25°C where it was stirred for 30
min. After this time, the reaction mixtare was treated with a solution of N,N-
diisopropylethylamine (0.24 mL, 1.39 mmol) and 5-triflucromethyl-2-aminopyridine (150
mg, 0.905 mmol) in tetrahydrofuran (4 mL) in one portion. The resulting reaction
mixture was stirred for 16 h at 25°C. After such time, the reaction was diluted with water
(15 mL) and was extracted with methylene chloride (3 x 15 mL). The combined organic
layers were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate)
afforded the 3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-(5-trifluoromethyl-pyridin-2-yl)-



5

10

15

WO 00/58293 PCT/EP00/02450
-216-

propionamide (77 mg, 26%) as a white solid: mp 113.8-117.5°C; EI-HRMS m/e calcd for
C20H,9CLF3N,0 (M*) 430.0826, found 430.0835.

Example 104

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

S

A solution of 6-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionylamino]-nicotinic acid
methyl ester (pi’epared in Example 45, 188 mg, 0.45 mmol) in tetrahydrofuran (3 mL) was
treated with a 3N aqueous hydrochloric acid solution (3 mL). The resulting reaction
mixture was heated under reflux at 60°C for 4 h. After such. time, the reaction was cooled
to 25°C, diluted with water (5 mL), and then extracted with ethyl acetate (3 x 20 mL).
The combined organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl
acetate with 1% acetic acid) afforded 6-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-
propionylamino]-nicotinic acid (8 mg, 4%) as a white solid: [0£]*sgy = —41.4° (c=0.099,
chloroform); FAB-HRMS m/e caled for CyHzoCLN.O3 (M+H)* 407.0930, found
407.0928.
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Example 105

6—[3—Cyclopentyl-2-(i,4‘~dichloro-phenyl)-propionylam'i‘ﬁo]-N-methyl-nicoﬁnamide

/

A solution of 6-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionylamino]-nicotinic acid
(prepared in Example 46, 125 mg, 0.31 mmol), N, N-diisopropylethylamine (0.10 mL,
0.61 mmol), and benzotriazol-1-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (142 mg, 0.32 mmol) in N,N-dimethylformamide (15 mL) at 25°C
was treated dropwise with a 2.0M solution of methylamine in tetrahydrofuran (0.16 mL,
0.32 mmol). The resulting reaction mixture was stirred at 25°C for 16 h. The reaction
mixture was then diluted with water (10 mL) and extracted with ethyl acetate (3 x 10
mL). The combined organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate) afforded 6-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-
propionylamino]-N-methyl-nicotinamide (83 mg, 64%) as white solid: mp 229.1-
231.7°C; FAB-HRMS mv/e calcd for C2yHpCLLN30, (M+H)™ 420.1245, found 420.1247.

Example 106

3-Cyclopentyl-2-(3,4-dichloro-phenyl)-N-pyrazin-2-yl-propionamide
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A solution of 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionic acid (prepared in Example
38, 100 mg, 0.35 mmol) in methylene chloride (5 mL) and one drop of N,N-
dimethylformamide was ?coo_led to 0°C and then treated w1th a 2.0M solution of oxalyl
chloride in methylene chloride (0.20 mL, 0.39 mmol). Ga$ evolution began immediately.
The reaction mixture was stirred for 30 min at 0°C. Afteﬁ this time, the reaction mixture
was treated with a SOIution of N,N-diisopropylethylamine (0.15 mL, 0.84 mmol) and
aminopyrazine (69 mg, '0.73 mmol) in tetrahydrofuran (4 mL) in one portion. The
resulting reaction mixture w:as stirred for 16 h at 25°C. The reaction mixture was then
diluted with water (10 mL) and extracted with methylenie _chlon'de (3 x 15 mL). The
combined organic layers were dried over sodium sulfate; filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl
acetate) afforded 3-cyclo?enty1-2—(3 ,4-dichloro-phenyl)-N—iayrazin-z-yl—propionamide (38
mg, 30%) as a yellow sio]id: mp 46.5-51.3°C; EI-HRMS m/e calcd for C;gH;oCLN50
(M*) 363.0905, found 363.0907. -

Example 107

N-(5-Bromo-pyridin-2-yl)-3-cyclopentyl-2(R)-(3,4-dich__loro-phenyl)-propionamide

2T

c” Br
c
A solution of triphenylphosphine (411 mg, 1.57 mmol) iﬁ methylene chloride (15 mL)
was cooled to 0°C and then treated with N-bromosuccinimide (316 mg, 1.78 mmol). The
reaction mixture was sﬁrfed at 0°C until it was completely dissolved and became light
purple in color. The reaction mixture was then treated with 3-cyclopentyl-2(R)-(3,4-
dichloro-phenyl)—propionic acid (prepared in Example 54, 300 mg, 1.05 mmol). The

reaction mixture was stirred at 0°C for 20 min and then warmed to 25°C where it was
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stirred for 30 min. After such time, the reaction mixture was treated with 2-amino-5-
bromopyridine (271 nig, 1.57 mmol) and pyridine (0.15 ndl, 1.88 mmol). The resulting
reaction mixture was stirred at 25°C for 16 h. The reaction was then diluted with water
(10 mL) and extracted with methylene chloride (3 x 15 mL). The combined organic
layers were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate)
afforded N—(5—brorno-pyridin—2—yl)—3-cyclopentyl-Z(R)—(3,4-dichloro—phenyl)-
propionamide (448 mg, 97%) as a white solid: mp 107.3-109.9°C; [0]%se9 = —66.7°
(c=0.084, chloroform); EI-HRMS m/e calcd for C;sHi9BrClaN2O (M") 440.0058, found
440.0056.

Example 108

3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-(5-hydroxymethyl-pyridin-2-yb)

propionamide

ZzT

o
a
A solution of 6-{3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionylamino]-nicotinic acid
methyl ester (prepared in Example 45, 398 mg, 0.95 mmol) in diethyl ether (30 mL) was
cooled to 0°C and then treated with lithium aluminum hydride (54 mg, 1.4 mmol) in one
portion. There was immediate gas evolution. The reaction mixture was allowed to
slowly warm to 25°C and was stirred at 25°C 16 h. After such time, the reaction mixture
was diluted with water (10 mL) and then extracted with ethyl acetate (3 x 15 mL). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl
acetate) afforded 3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-hydroxymethyl-pyridin-2-
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yD) propionanﬁde (131 mg, 35%) as a white foam: FAB-HRMS m/e calcd for
C20H2ClN;0, (M+H)" 392.1058, found 392.1062.

Example 109

3-Cycloheptyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-z-yl-propionamide

P
00

A mixture of magnesium metal (4.81 g, 200 mmol) and dry tetrahydrofuran (10 mL)
under argon was treated with a solution of 1,2-dibromoethane (0.94 g, 5 mmol) in dry
tetrahydrofuran (5 mL). The resulting reaction mixture was stirred for 10 hﬁn to activate
the magnesium metal. The reaction mixture was then treated dropwise with a solution of
cycloheptyl bromide (17.7 g, 100 mmol) in dry tetrahydrofuran (30 mL), one-fifth portion
over a period of 5 min. The resulting reaction mixturé was stirred for 5-10 min to initiate
the exothermic reaction. The remaining portion of the cycloheptyl bromide solution was
then added dropwise while controlling the inside temperature below 50°C. After
complete addition, the solution was stirred for 1 h and then diluted with dry
tetrahydrofuran (80 mL). In a separate reaction flask, a mixture of lithium chloride (8.48
g, 200 mmol, predried at 130°C under high vacuum for 3 h) and copper(@) cyanide (8.96
g, 100 mmol) in dry tetrahydrofuran (110 mL) was stirred at 25°C under argon for 10 min
to obtain a clear solution. The reaction mixture was cooled to -70°C and then slowly
treated with the freshly prepared cycloheptylmagnesium bromide. After the addition, the
reaction mixture was allowed to warm to -10°C where it was stirred for 5 min. The
resulting reaction mixture was again cooled back to -70°C and then treated with methyl
propiolate (7.57 g, 90 mmol). The reaction mixture was stirred for 15 h at -70°C to -50°C
and then slowly treated with a solution of jodine (34.3 g, 135 mmol) in dry

tetrahydrofuran (30 mL), with the temperature kept at -70°C to -60°C. After addition of
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the iodine solution, the cooling bath was removed, and the reaction mixture was allowed
to warm to 25°C where it was stirred for 2 h. The reaction mixture was then poured into
a solution consisting of a saturated aqueous ammonium chloride solution (400 ml) and
ammonium hydroxide (100 mL), and the organic compound was extracted into ethyl
acetate (3 x 200 mL). The combined organic extracts were successively washed with a
saturated aqueous sodium thiosulfate solution (1 x 400 ml) and a saturated aqueous
sodium chloride solution (1 x 400 mL). The organic layer was then dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 20/1 to 10/1 hexanes/dicthyl ether) afforded (E)-3-
cycloheptyl-2-iodo-acrylic acid methyl ester (17.86 g, 64%) as a colorless oil: EIFHRMS
m/e caled for Cy;H;710, (M) 308.0273, found 308.0273.

A mixture of zinc dust (2.6 g, 40 mmol, Aldrich, -325 mesh) and dry tetrahydrofuran (3
mL) under argon was treated with 1,2-dibromoethane (0.38 g, 2 mmol). The zinc
suspension was then heated with a heat gun to ebullition, allowed to cool, and heated
again. This process was repeated three times to make sure the zinc dust was activated.
The activated zinc dust suspension was then treated with trimethylsilyl chloride (220 mg,
2 mmol), and the suspension was stirred for 15 min at 25°C. The reaction mixture was
then treated dropwise with a solution of (E)-3-cycloheptyl-2-iodo-acrylic acid methyl
ester (6.16 g, 20 mmol) in dry tetrahydrofuran (5 mL) over 10 min. The reaction mixture
was then stirred at 40-45°C for 1 h and then stirred ovemight at 25°C. The reaction
mixture was then diluted with dry tetrahydrofuran (10 mL), and the stirring was stopped
to allow the excess zinc dust to settle down (~2 h). In a separate reaction flask,
bis(dibenzylideneacetone)palladium(0) (270 mg, 0.5 mmol) and triphenylphosphine (520
mg, 2 mmol) in dry tetrahydrofuran (25 mL) was stirred at 25°C under argon for 10 min
and then treated with 4-bromophenyl methy! sulfone (4.23 g, 18 mmol) and the freshly
prepared zinc compound in tetrahydrofuran. The resulting brick red solution was heated
at 50°C for 24 h. The reaction mixture was cooled to 25°C and then poured into a
saturated aqueous ammonium chioride solution (150 mL), and the organic compound was

extracted into ethyl acetate (3 x 150 mL). The combined organic extracts were washed
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with a saturated agqueous sodium chloride solution (1 x 300 mL), dried over anhydrous

magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck

- Silica gel 60, 230-400 mesh, 4/1 to 1/1 hexanes/ethyl acetate) afforded (E)-3-cycloheptyl-

2-(4-methanesulfonyl-phenyl)-acrylic acid methyl ester (6.01 g, 99%) as a viscous yellow
oil: EI-HRMS nv/e caled for C13H2404S (M™) 336.1395, found 336.1395.

A solution of nickel(Il) chloride hexahydrate (7.8 mg, 0.033 mmol) and (E)-3-
cycloheptyl-2-(4-methanesulfonyl-phenyl)-acrylic acid methyl ester (111 mg, 0.33 mmol)
in methanol (3 mL) was cooled to 0°C and then treated with sodium borohydride (25 mg,
0.66 mmol) in two portions. After the addition, the black reaction_ mixture was stirred for
15 min at 0°C and then allowed to warm to 25°C where it was stirred for 15 h. The black
solid was filtered using filter paper and washed with methanol. The combined solvents
were concentrated in vacuo, and the residue was diluted with water (25 mL) and ethyl
acetate (25 mL). The two layers were separated, and the aqueous layer was extracted with
ethyl acetate (1 x 15 mL). The combined organic extracts were washed with a saturated
aqueous sodium chloride solution (1 x 50 mL), dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo to afford racemic 3-cycloheptyl-2-(4-methanesulfonyl-
phenyl)-propionic acid methyl ester (101 mg, 91%) as a colorless oil: EI-HRMS m/e
calcd for CisH604S (M™") 338.1552, found 338.1555.

A solution of 3-cycloheptyl—2—(4-methanesulfonyl-phenyl)-propionié acid methyl ester
(95 mg, 0.28 mmol) in ethahol (2 mL) was treated with a 1N aqueous sodium hydroxide
solution (1.5 mL). The solution was heated at 45-50°C for 15 h, at which time, thin layer
chromatography analysis of the reaction mixture indicated the absence of starting
material. The reaction mixture was concentrated in vacuo to remove ethanol. The
residue was diluted with water (10 mL) and extracted with diethyl ether (1 x 20 mL) to
remove any neutral impurities. The aqueous layer was then acidified with a 1N aqueous
hydrochloric acid solution, and the resulting acid was extracted into ethyl acetate (2 x 15

mL). The combined organic layers were washed with a saturated aqueous sodium
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chloride solution (1 x 50 mL), dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo to afford 3-cycloheptyl-2-(4-methanesulfonyl-phenyl)-propionic
acid (78 mg, 86%) as a white solid: EI-HRMS m/e calcd for C;7Hz04S (M+H)*
325.1474, found 325.1478.

A solution of triphenylphosphine (116 mg, 0.44 mmol) in methylene chloride (2 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (78 mg, 0.44 mmol). The
reaction mixture was stirred at 0°C for 30 min and then treated with a solution of 3-
cycloheptyl-2-(4-methanesulfonyl-phenyl)-propionic acid (72 mg, 022 mmol) in
methylene chloride (2 mL). The clear solution was stirred for 16 min at 0°C and then
allowed to warm to 25°C where it was stirred for 1.5 h. The reaction mixture was then

treated with 2-aminothiazole (66 mg, 0.66 mmol), and the resulting suspension was

- stirred for 20 h at 25°C. The reaction mixture was then concentrated iz vacuo to remove

methylene chloride, and the residue was diluted with ethyl acetate (30 mL) and a 1IN
aqueous hydrochloric acid solution (30 mL). The two layers were separated, and the
aqueous layer was extracted with ethyl acetate (1 x 10 mL). The combined organic
extracts were successively washed with a saturated aqueous sodium bicarbonate solution
(1 x 20 mL) and a saturated aqueous sodium chloride solution (1 x 30 mL), dried over
anhydrous magnesium sulfate, filtered, and concentrated in wvacuo.  Biotage
chromatography (FLASH 40S, Silica, 4/1 to 1/1 hexanes/ethyl acetate) afforded 3-
cycloheptyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide (68 mg, 76%) as
an amorphous solid: EI-HRMS m/e calcd for CpoHzeN»03S; (M) 406.1426, found
406.1424.
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Example 110

3—Cyclohexyl-2-1(4-methanesulfonyl-pheriyl)-N-thiazol-2-yl-propioi1amide

HII;IIN
e

A mixture of zinc dust (16.34 g, 250 mmol, Aldrich, -325 mesh) and dry tetrahydrofuran
(6 mL) under argon was treated with 1,2-dibromoethane (0.94 g, 5 mmol). The zinc .
suspension was then heated with a heat gun to ebullition, allowed to cool, and heated
again. This process was repeated three times to make sure the zinc dust was activated.
The activated zinc dust suspension was then treated with trimethylsilyl chloride (0.54 g, 5
mmol), and the suspension was stirred for 15 min at 25°C. The reaction mixture was then .
treated dropwise with a solution of cyclohexyl iodide (21 g, 100 mmol) in dry
tetrahydrofuran (30 mL) over 15 min. During the addition, the temperature rose to 60°C.
The reaction mixture was then stirred for 3 h at 40-45°C. The reaction mixture was then -
cooled to 25°C and diluted with dry tetrahydrofuran (60 mL). The stirring was stopped to
allow the excess zinc dust to settle down (~3 h). In a separate reaction flask, a mixture of -
lithium chloride (8.48 g, 200 mmol, predried at 130°C under high vacuum for 3 h) and
copper(l) cyanide (8.95 g, 100 mmol) in dry tetrahydrofuran (110 mL) was stirred for 10
min at 25°C to obtain a clear solution. The reaction mixture was cooled to -70°C and
then slowly treated with the freshly prepared zinc solution using a syringe. After the
addition, the reaction mixture was allowed to warm to 0°C where it was stirred for 5 min. .
The reaction mixture was again cooled back to -70°C and then slowly treated with methyl
propiolate (7.56 g, 90 mmol). The resulting reaction mixture was stirred for 15 h at
-70°C to -50°C and then slowly treated with a solution of iodine (34.26 g, 135 mmol) in
dry tetrahydrofuran (30 mL), with the temperature kept at -70°C to -60°C. After addition
of the iodine solution, the cooling bath was removed, and the reaction mixture was

allowed to warm to 25°C where it was stirred for 2 h. The reaction mixture was then



10

25

30

WO 00/58293 PCT/EP00/02450
-225-

poured into a solution consisting of a saturated aqueous ammonium chloride solution
(400 mL) and ammonium hydroxide (100 mL), and the organic compound was extracted
into ethyl acetate (3 x 250 mL). The combined organic extracts were successively washed
with a saturated aqueous sodium thiosulfate solution (1 x 500 mL) and a saturated
aqueous sodium chloride solution (1 x 500 mL), dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 9/1 hexanes/diethyl ether) afforded (E)-3-cyclohexyl-2-iodo-acrylic acid methyl
ester (26.3 g, 99%) as a light pink oil: EI-HRMS m/e calcd for C;oH;sI0, (M™) 294.0117,
found 294.0114.

A mixture of zinc dust (2.6 g, 40 mmol, Aldrich, -325 mesh) and dry tetrahydrofuran (3
mL) under argon was treated with 1,2-dibromoethane (0.37 g, 2 mmol). The zinc
suspension was then heated with a heat gun to ebullition, allowed to cool, and heated
again. This process was repeated three times to make sure the zinc dust was activated.
The activated zinc dust suspension was then treated with trimethylsilyl chloride (217 mg,
2 mmol), and the suspension was stirred for 15 min at 25°C. The reaction mixture was
then treated dropwise with a solution of (E)-3-cyclohexyl-2-iodo-acrylic acid methyl ester
(5.88 g, 20 mmol) in dry tetrahydrofuran (5 mL) over 5 min. During the addition, the
temperature rose to 50°C. The reaction mixture was then stirred at 40-45°C for 1 h and
then stirred overnight at 25°C. The reaction mixture was then diluted with dry
tetrahydrofuran (10 mlL), and the stirring was stopped to allow the excess zinc dust to
settle down (~2 h). In a separate reaction flask, bis(dibenzylideneacetone)palladium(0)
(270 mg, 0.5 mmol) and triphenylphosphine (520 mg, 2 mmol) in dry tetrahydrofuran (25
mL) was stirred at 25°C under argon for 10 min and then treated with 4-bromophenyl
methyl sulfone (4.23 g, 18 mmol) and the freshly prepared zinc compound in
tetrahydrofuran. The resulting brick red solution was heated at 50°C for 24 h, at which
time, thin layer chromatography analysis of the reaction mixture indicated the absence of
starting material. The reaction mixture was cooled to 25°C and then poured into a
saturated aqueous ammonium chloride solution (150 mL), and the organic compound was

extracted into ethyl acetate (3 x 100 mL). The combined organic extracts were washed
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with a saturated aqueous sodium chloride solution (1 x 200 mL), dried over anhydrous
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 3/2 hexanes/ethyl acetate) afforded (E)-3-cyclohexyl-2-(4-
methanesulfonyl-phenyl)-acrylic acid methyl ester (5.79 g, 99%) as a low melting white
solid: EI-HRMS m/e calcd for C17Hz204S (M") 322.1238,'four.1d 322.1236.

A solution of nickel(II) chloride hexahydrate (157 mg, 0.66 mmol) and (E)-3-cyclohexyl-
2-(4-methanesulfonyl-phenyl)-acrylic acid methyl ester (1.07 g, 3.31 mmol) in methanol
(30 mL) was cooled to 0°C and then treated with sodium borohydride (380 mg, 10 mmol)
in four portions. After the addition, the black reaction mixture was stirred for 15 min at
0°C and then allowed to warm to 25°C where it was stirred for 15 h. The black solid was -
filtered using filter paper and washed with methanol. The combined solvents were
concentrated in vacuo, and the residue was diluted with water (50 mL) and ethyl acetate
(50 mL). The two layers were separated, and the aqueous layer was extracted with ethyl
acetate (1 x 25 mlL). The combined organic extracts we}e washed with a saturated
aqueous sodium chloride solution (1 x 50 mL), dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo to afford racemic 3-cyclohexyl-2-(4-methanesulfonyl-
phenyl)-propionic acid methyl ester (1.04 g, 97%) as an amorphous white solid: EI-
HRMS mv/e caled for C17H2404S (M) 324.1395, found 324.1395.

A solution of 3-cyclohexyl-2-(4—methanesulfonyl—pheﬁyl)—prdpionic acid methyl ester
(1.00 g, 3.08 mmol) in ethanol (15 mL) was treated with a 1N aqueous sodium hydroxide
solution (6 mL). The solution was heated at 45-50°C for 15 h, at which time, thin layer
chromatography analysis of the mixture indicated the absence of starting material. The
reaction mixture was then concentrated in vacuo to remove ethanol, and the residue was
diluted with water (20 mL) and extracted with diethyl ether (1 x 40 mL) to remove any
neutral impurities. The aqueous léyer was acidified with a 1N aqueous hydrochloric acid
solution. The resulting acid was extracted into ethyl acetate (2 x 50 mL). The combined

organic layers were washed with a saturated aqueous sodium chloride solution (1 x 50
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ml), dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo to
afford 3-cyclohexyl-2-(4-methanesulfonyl-phenyl)-propionic acid (570 mg, 60%) as a
white solid: mp 139-143°C; EI-HRMS m/e calcd for CigH2048 (M*) 310.1239, found
310.1241.

A solution of triphenylphosphine (416 mg, 1.58 mmol) in methylene chloride (8 mL) was
cooled to 0°C and then treated with N-bromosuccinimide (281 mg, 1.58 mmol). The
reaction mixture was stirred at 0°C for 30 min and then treated with a solution of 3-
cyclohexyl-2-(4-methanesulfonyl-phenyl)-propionic acid (290 mg, 0.93 mmol) in
methylene chloride (5 mL). The clear solution was stirred for 15 min at 0°C and then
allowed to warm to 25°C where it was stirred for 1.5 h. The reaction mixture was then
treated with 2-aminothiazole (233 mg, 2.32 mmol), and the resulting suspension was
stirred for 20 h at 25°C. The reaction mixture was concentrated in vacuo to remove
methylene chloride, and the residue was diluted with ethyl acetate (50 mL) and a 1IN
aqueous hydrochloric acid solution (50 mL). The two layers were separated, and the
aqueous layer was extracted with ethyl acetate (1 x 30 mL). The combined organic
extracts were successively washed with a saturated aqueous sodium bicarbonate solution
(1 x 50 mL) and a saturated aqueous sodium chloride solution (1 x 50 mL), dried over
anhydrous magnesium sulfate, filtered, and, concentrated in vacuo.  Biotage
chromatography (FLASH 408, Silica, 4/1 to 1/1 hexanes/ethyl acetate) afforded 3-
cyclohexyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide (337 mg, 92%) as
an amorphous solid: EI'-HRMS m/e caled for CyoH,4N,03S; (M") 392.1228, found
392.1230.
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- Example 111

3-CYclopén@leZ-(34nitrophenyl)-N-thiazol-Zg-ylfpropionamide

NO,

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 refluxed 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 soﬂium bicarbonate solution. (2 x

25 mL), water (1 x 50 mL) and a saturated aqueous sodium chloride solution (1 x 50 mL).

‘The combined organic layers were dried over sodium sulfate, filtered, and concentrated 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 CoHoNO4 (M™) 195.0531, found 195.0532.

A solution of freshly prepared lithium diisopropylamide (43.3 mL of a 0.3M stock
solution, 12.99 mmol) ‘cooled to -78°C was treated with '(3-niti'o-phcny])-aceﬁc' acid
methyl ester (245 g, 12.56 mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-
2( 1H)—pyrimidinoné (32 mL, 3:1). The resulting Solution \;vas:stirred at -78°C for 45 min.
At this time, the reaction was treated with a solution of iodomethylcyclopentane (2.78 g,
13.23 mmol) in 1,3—dimethyl—3,4,5,6-tetrahydro-2(1H)-pyrimidinone (2.78 mL) and the
mixture was stirred at -78°C for 3 h. The reaction was waimed 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 x 50 mlL).
The organics were washed with a saturated aqueous lithium chloride solution (2 x 25

mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
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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: EFHRMS m/e calcd for CisH;sNO4 (M') 277.1314, found 277.1317.

A solution of 3-cyclopentyl-2-(3-nitro-phenyl)-propionic acid methyl ester (0.55 g, 2.0
mmol) in tetrahydrofuran/water (12 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 x 20 mL). The aqueous layer was acidified to pH = 2 with a 3N aqueous hydrochloric
acid solution. The solution was extracted with methylene chloride (3 x 25 ml). The
organics were washed with a saturated aqueous sodium chloride solution (2 x 25 mL),
dried over sodium sulfate, filtered, 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
caled for Cy4H;7:NO4 (M") 263.1157, found 263.1156.

A solution of 3-cyclopentyl-2-(3-nitro-pheny!)-propionic acid (432 mg, 1.64 mmol) in
methylene chloride (16 mL) was cooled to 0°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) and N,N-diisopropylethylamine (0.70 mL, 3.93 mmol) in tetrahydrofuran
(16 mL). 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
Ci7H;oN303S (M") 345.1147, found 345.1153,



10

15

WO 00/58293 PCT/EP00/02450
-230-

- Example 112

3-Cyclopentyl-2-(3-methoxy-phenyl)-N-thiazol-2-yl-propionamide |

OCH3

A solution of freshly prepared lithium diisopropylamide (23 mL of a 0.31M stock
solution, 7.13 mmol) cooled to -78°C was treated with (3-meth6xy—phcnyl)-acetic acid
methyl ester (1.07 g, 5.94 mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (14.8 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
(1.37 g, 6.53 mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1.16 mL).
The reaction mixture was stirred at -78°C for 3 h. The reaction was then warmed to 25°C
and was stirred at 25°C for 16 h. At this time, the reaction was quenched by the dropwise
addition of a saturated aqueous ammonium chloride solution. This solution was diluted

with water (100 mL) and extracted into ethyl acetate (3 x 50 mL). The organics were

washed with a saturated aqueous lithium chloride solution (1' X 75 mL), dried over .

sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica -
gel 60, 230-400 mesh, 95/5 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3-methoxy-
phenyl)-propionic acid methyl ester (1.39 g, 89.1%) as a clear oil: EI-HRMS m/e calcd
for Cy6H,03 (M) 262.1568, found 262.1561. |

A solution of 3-cyclopentyl-2-(3-methoxy-phenyl)-propionic acid methyl ester (1.39 g,
5.29 mmol) in tetrahydrofuran/water/methanol (13.2 mL, 3:1:1) at 25°C was treated with
a 2N agueous sodium hydroxide solution (3.97 mL, 7.94 mmol). The reaction was stirred
at 25°C for 48 h. At this time, the reaction mixture was poured into water (50 mL) and
extracted with chloroform (3 x 25 mL). The aqueous layer was acidified to pH =1 with a

1IN aqueous hydrochloric acid solution. The aqueous layer was extracted with a solution
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of chloroform/methanol (9:1). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 70/30
hexanes/ethyl acetate with glacial acetic acid) afforded 3-cyclopentyl-2-(3-methoxy-
phenyl)-propionic acid (1.05 g, 79.8%) as a clear wax: EI-HRMS m/e calcd for CysHz005
(M") 248.1412, found 248.1409.

A solution of 3-cyclopentyl-2-(3-methoxy-phenyl)-propionic acid (500 mg, 2.0 mmol) in
methylene chloride (20 ml) cooled to 0°C was treated with a 2.0M solution of oxalyl
chloride in methylene chloride (1.1 ml, 2.20 mmol) and a few drops of N,N-
dimethylformamide. The reaction mixture was stirred at 0°C for iO min then at 25°C for
30 min. The reaction mixture was then treated with 2-aminothiazole (444 mg, 4.42
mmol) and N N-diisopropylethylamine (0.84 mL, 4.83 mmol) in tetrahydrofuran (10.1
mL). This solution was stirred at 25°C for 18 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-cyclopentyl-2-(3-methoxy-phenyl)-N-thiazol-2-yl-
propionamide (549mg, 82.6%) as a white solid: mp 44-45°C; EI-HRMS m/e calcd for
Ci1sH2N,0,S (M™) 330.1402 found 330.1398.

Example 113

3-Cyclopentyl-2-(3-hydroxy-phenyl)-N-thiazol-2-yl-propionamide

OH
A 1.0M solution of boron tribromide in methylene chloride (3.53 mL, 3.53 mmol) at
25°C was treated with a solution of 3-cyclopentyl-2-(3-methoxy-phenyl)-N-thiazol-2-yl-
propionamide (prepared in Example 112, 0.11 g, 0.35 mmol) in methylene chloride (3.5
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mL). This solution was stirred at 25°C for I h. At this time, the reaction was cooled to
0°C and treated with a dilute aqueous ammonium hydroxide solution. This mixture was
stitred at 0°C for 15 min. At this time, the aqueous layer was separated from the organic
layer. The aqueous layer was extracted with chloroform (3 x 50 mL). The organics were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate) afforded 3-cyclopentyl-
2-(3-hydroxy-phenyl)-N-thiazol-2-yl-propionamide (50 mg, 44.7%) as a white solid: mp
177-179°C; EI-HRMS m/e calcd for C17Hz0N20,S (M") 316.1245 found 316.1244.

Example 114

3-Cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethoxy-phenyl)-propionamide

F4CO
A solution of freshly prepared lithium diisopropylamide (23 mL of a 0.31M stock
solution, 7.13 mmol) cooled to -78°C was treated with (4-trifluoromethoxy-phenyl)-acetic
acid (0.74 g, 3.39 mmol) in tetrahydrofurar/ 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (8.5 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 (0.78 g, 3.73
mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1 ml). The reaction
mixture was stirred at -78°C for 4 h. The reaction was then warmed to 25°C and was
stirred at 25°C for 18 h. The reaction mixture was then quenched by the dropwise
addition of saturated aqueous ammonium chloride solution (10 mL). The resulting
mixture was concentrated in vacuo to remove the excess solvent. The residue was diluted
with water (100 mL) and acidified to pH = 1 with a 1IN aqueous hydrochloric acid
solution. This solution was extracted with ethyl acetate (3 x S0 mL). The organics were

washed with a saturated aqueoﬁs lithium chloride solution (1 x 100 mL), dried over
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sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-
trifluoromethoxy-phenyl)-propionic acid (0.31 g, 30.6%) as a tan solid: mp 62-64°C; El-
HRMS m/e caled for CysHyF; O3 (M) 302.1129 found 302.1131.

A solution of 3-cyclopentyl-2-(4-trifluoromethoxy-phenyl)-propionic acid (0.16 g, 0.52
mmol) in methylene chloride (5.3 mL) cooled to 0°C was treated with a 2.0M solution of
oxalyl chloride in methylene chloride (0.29 mlL., 0.58 mmol) and a few drops of N.N-
dimethylformamide. 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 soJution of Zaminothiazole 0.11 g,
1.16 mmol) and N,N-diisopropylethylamine (0.22 mL, 1.27 mmol) in tetrahydrofuran
(2.65 mL). The reaction mixture was stirred at 25°C for 18 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-cyclopentyl-N-thiazol-2-y}-2-(4-
trifluoromethoxy-phenyl)-propionamide (203.8 mg, 100%) as a white solid: mp 168-
170°C; EI-HRMS m/e célcd for C13H19F3N2.Ozs (M™) 384.1119, found 384.1118.

Example 115

3-Cyclopentyl-2-(3,4-dimethoxy-phenyl)-N-thiazol-2-yl-propionamide

H H
N N
Y
O S /
H3CO
OCH,
A solution of freshly prepared lithium diisopropylamide (58.5 mi. of a 0.91M stock

solution, 53.2 mmol) cooled to -78°C was treated with (3,4-dimethoxy-phenyl)-acetic
acid (4.97 g, 25.3 mmol) in tetrahydrofuran/l,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
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pyrimidinone (25.3 mL, 3:1). The resulting solution was stirred at -78°C for 45 min and
at 25°C for 15 min. At this time, the reaction was cooled to 0°C and was treated with a
solution of iodomethylcyclopentane (5.87 g, 27.8 mmol) in 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (1 mL). The reaction mixture was stirred at 0°C for 30
min. The reaction was then warmed to 25°C and was stirred at 25°C for 18 h. The
reaction mixture was ihen quenéhed by the dropwise addition of saturated aqueous
ammonium chloride solution (10 mL). The resulti_ng mixture -was concentrated in vacuo.
The residue was dilufed_ with water (100 mL) and acidified to pH = 1 with a 1IN aqueous
hydrochloric acid solution. This solution was extracted with ethyl acetate (3 x 50 mL).
The organics were washed with a saturated aqueous lithium chloride solution (1 x 100
mL), dried over sodium sulfate, filtered, and concentrated in wvacuo.  Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 70/30 hexanes/ethyl acetate)
afforded 3—cyclopentyl-2-(3,4-diméthoxy-phenyl)—propionic acid '(4.5 g, 63.8%) as a
yellow solid: mp 111-112°C; EI-HRMS m/e calcd for Ci16H2204 MY .278.1518 found
278.15 17.

A solution of 3-cyclopentyl-2-(3,4-dimethoxy-phenyl)-propionic acid (0.50 g, 1.79 mmol)
in methylene chloride (17.9 mL) cooled to 0°C was treated with a 2.0M solution of oxalyl
chloride in methylene chloride (1.0 mL, 1.97 mmol) and a few drops of N,N-
dimethylformamide. 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 (0.39 g,
3.95 mmol) and N,N-diisopropylethylamine (0.76 mL 4.3 mmol) in tetrahydrofuran (8.98
mL). The reaction mixture was stirred at 25°C for 18 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-cyclopentyl-2-(3,4-dimethoxy-phenyl)-N-thiazol-2-yl-
propionamide (665 mg, 100%) as a pale yellow solid: mp 50-52°C; EI-HRMS m/e calcd
for CioH2N>03S (M*) 360.1507, found 360.1516.



WO 00/58293 PCT/EP00/02450
-235-

Example 116

3-Cyclopentyl-2-(3,4-dihydroxy-phenyl)-N-thiazol-2-yl-propionamide

H H
N\(/ N
PORRY,
OH
A 1.0M solution of boron tribromide in methylene chloride (7.43 mL, 7.43 mmol) at
5  25°C was treated with a solution of 3-cyclopenty1-2—(3,4-dimethoxy-pheny1)-N-thiazol-2—
yl-propionamide (prepared in Example 115, 0.27 g, 0.74 mmol) in methylene chloride
(7.43 ml). This solution was stirred at 25°C for 1 h. At this time, the reaction was
cooled to 0°C and treated with a dilute aqueous ammonium hydroxide solution. This
mixture was stirred at 0°C for 20 min. At this time, the reaction was poured into water
10 and was extracted with chloroform (3 x 50 mL). The organics were dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 70/30 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3,4-dihydroxy-
phenyl)-N-thiazol-2-yl-propionamide (38.8 mg, 15.7%) as a white solid: mp 170-173°C;
EI-HRMS mv/e calcd for Ci7H2oN>058 (M™) 332.1194 found 332.1192.

15
Example 117

3-Cyclopentyl-2-(4-methoxy-phenyl)-N-thiazol-2-yl-propionamide

HaCO
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A solution of freshly prepared lithium diisopropylamide (58.5 mL of a 0.93M stock
solution, 53.2 mmol) cooled to -78°C was treated with (4-methoxy-phenyl)-acetic acid
(421 g, 2535 mmol) in tetrahydrofuran/ 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (25.3 mL, 3:1). The resultirig solution was stirred at -78°C for 45 min. At
this time, the reaction was treated with a solution of iodomethylcyclopentane (5.85 g, 27.8
mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1 mL). The reaction
mixture was stirred at -78°C for 45 min and at 0°C for 1 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 saturated aqueous ammonium chloride solution (10
mL). The excess solvent was removed in vacuo. The residue was acidified to pH = 1
with a 1N aqueous hydrochloric acid solution. This mixture was poured into water (50
mL) and extracted with ethyl acetate (3 x S0mL). The organics were washed with a
saturated aqueous lithinom chloride solution (1 x 100 mL), dried over sodium sulfate,
filtered,.:_and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,_230—400
mesh, 70/30 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-methoxy-phenyl)-
propionic acid (2.76 g, 43.8%) as a yellow solid: mp 119-121°C; EI-HRMS m/e calcd for
C15Hz003 (M) 248.1412 found 248.1415.

A solution of 3-cyclopentyl-2-(4-methoxy-phenyl)-propionic acid (500 mg, 2.0 mmol) in
methylene chloride (20.1 mL) cooled to 0°C was treated with a 2.0M solution of oxalyl
chloride in methylene chloride (1.1 mL, 2.21 mmol) and a few drops of N,N-
dimethylformamide. The reaction mixture was stirred at 0°C for 10 min then at 25°C for
30 min. The reaction mixture was then treated with a solution of 2-aminothiazole 444
mg, 4.42 mmol) and N,N-diisopropylethylamihe (0.84 mL, 4.83 mmol) in tetrahydrofuran
(10.1 mL). This solution was stirred at 25°C for 18 h. At this time, the reaction was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-methoxy-phenyl)-N-thiazol-2-yl-
propionamide (638 mg, 95.8%) as a pale yellow solid: mp 166-167°C; EI-HRMS m/e
ce;lcd for C1gH22N,0,S (M") 330.1402 found 330.1398.
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Example 118

3-Cyclopentyl-2-(4-hydroxy-phenyl)-N-thiazol-2-yl-propionamide

H H
N\(/ N
6] S\/>
HO

A solution 3-cyclopentyl-2-(4-methoxy-phenyl)-N-thiazol-2-yl-propionamide (1.03 g,
3.12 mmol) in methylene chloride (31.26 mL) at 25°C was treated with a 1.0M solution
of boron tribromide in methylene chloride (31.26 mlL., 31.26 mmol). This solution was
stirred at 25°C for 4 h. At this time, the reaction was cooled to 0°C and was then
quenched by the dropwise addition of a dilute aqueous ammonium hydroxide solution.
The resulting solution was stirred at 0°C for 15 min. This mixture was then poured into
water (50 mL) and extracted with ethyl acetate (3 x 30 mL). The organics were dried over
sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 70/30 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-hydroxy-
phenyl)-N-thiazol-2-yl-propionamide (626.8 mg, 63.4%) as a off-white solid: mp 198-
200°C; EI-HRMS m/e calcd for C17HzN,0,S (M™) 316.1245 found 316.1256.

Example 119

4-[2-Cyclopentyl-1-(thiazol-2-ylcarbamoyl)-ethyl}-benzoic acid methyl ester

N
HsCO o) \s‘/\/)
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A solution of 4-methyl-benzoic acid (10 g, 73.4 mmol) in benzene (133 mL) was treated -
with benzoyl peroxide (72 mg, 0.29 mmol). This mixture was heated to reflux until it
became homogeneous. At this time, the reaction was treated with N-bromosuccinimide
(13 g, 73.4 mmol) and additional benzoyl peroxide (72 mg, 0.29 mmol). This mixture
was heated at reflux for 2.5 h. At this time, the reaction was cooled to 25°C. The
resulting precipitate was collected by filtration and washed with hot water (50 mL). The
solid was taken up in water (150 mL). This slurry was heated at 80°C and then filtered
while hot. The solid that was collected was dried in vacuo to afford 4-bromomethyl-
benzoic acid (12.3, 77.9%) as a white solid: mp 224-226°C; EI-HRMS m/e calcd for
CsH,BrO, (M") 213.9629, found 213.9628. '

A solution of 4-bromomethyl-benzoic acid (4.0 g, 18.6 mmol) in acetonitrile (186 mL)
was treated wiih a solution of sodium cyanide (1.0 g, 20.4 mmol) and sodium hydroxide
(0.74 g, 18.6 mmol) in water (24 mL). The reaction mixture was heated at reflux for 2 h.
At this time, the reaction was cooled to 25°C and concentrated in vacuo. The resuiting
solution was washed with chloroform (1 x 50 mL). The aqueous layer was acidified to.
pH = 3 with a LN aqueous hydrochloric acid solution. The aqueous layer was extracted
with a solution of chloroform/methanol (9:1, 3 x 100 mL). The organics were dried over -
sodium sulfate, filtered, and concentrated in vacuo to afford 4-cyanomethyl-benzoic acid
(0.79 g, 26.3%) as a white solid: mp 193-195°C; EFHRMS m/e calcd for CoH7NO, M5
161.0476, found 161.0483.

A solution of 4-cyanomethyl-benzoic acid (0.53 g, 3.31 mmol) in a 50% aqueous
hydrochloric acid solution (42.8 mL) was heated at 80°C for 16 h. At this time, the
reaction was cooled to 25°C and brought to pH = 3 by the dropwise addition of a 50%
aqueous sodium hydroxide solution. The resulting mixture was diluted with water and
extracted with butanol (2 x 50 mL). The organics were then extracted with water (5x50
mL, pH = 6-7). The aqueous extracts were broﬁght to pH = 3 with a 3M aqueous

hydrochloric acid solution and concentrated in vacuo to afford 4-carboxymethyl-benzoic
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acid (70 mg, 11.7%) as a white solid: mp 235-237°C; EI—IfRMS m/e calcd for CsHgOq
(M™) 180.0422, found 180.

A mixture of 4-carboxymethyl-benzoic acid (0.20 g, 1.11 mmol) and nickel(Il) chloride
hexahydrate (27 mg, 0.11 mo!l) in methanol (1.11 mL) was heated at 120°C for 24 h. At
this time, the reaction mixture was cooled to 25°C and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 70/30 hexanes/ethyl acetate)
afforded 4-methoxycarbonylmethyl-benzoic acid methyl ester (66.7 mg, 28.8%) as a clear
oil: EI-HRMS m/e caled for C;1H;,0, M™") 208.07335, found 208.0733.

A solution of freshly prepared lithium diisopropylamide (2.3 mL of a 0.31M stock
solution, 0.7lmmol) cooled to -78°C was treated with a solution of 4-
methoxycarbonylmethyl-benzoic acid methyl ester (66 mg, 031 mmol) in
tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone ~ (0.85 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 (86 mg, 0.40 mmol) in 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1 mL). The reaction mixture was stirred at -
78°C for 4 h. The reaction was then warmed to 25°C and stirred at 25°C for 18 h. At this
time, the reaction mixture was quenched by the slow addition of a saturated aqueous
ammonium chloride solution (10 mL). The reaction mixture was then poured into water
(S0 mL). This solution was extracted into ethyl acetate (3 x 25 mL). The organics were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 4-(2-
cyclopentyl-1-methoxycarbonyl-ethyl)-benzoic acid methyl ester (60.5 mg, 65.7%) as a
clear oil: EI-HRMS m/e calcd for C17H204 (M™) 290.1518, found 290.1518.

A solution of 4-(2-cyclopentyl-1-methoxycarbonyl-ethyl)-benzoic acid methyl ester (0.40
g, 1.37 mmol) in tetrahydrofuran/water/methanol (13.7 mL, 3:1:1) was treated with a IN
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aqueous lithium hydroxide solution. The reaction mixture was stirred at 25°C for 1 h. At
this time, the reaction was poured into water. The aqueous layer was acidified topH =1
with a IN aqueous hydrochloric acid solution and extracted with a solution of
chloroform/methanol (9:1, 4 x 25_ mL). The organics were dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck. Silica gel 60, 230-400
mesh, 50/50 hexanes/ethyl acetate) afforded a mixture of 4-(1-carboxy-2-cyclopentyl-
ethyl)-benzoic acid methyl ester and 4-(l-carboxy-2-cyclopentyl-ethyl)-benzoic acid
methy} ester (161.8 mg, 42.5%) as a clear oil: EI-HRMS m/e calcd for Ci¢Hz004 (M)
276.1361, found 276.1364.

A solution of the mixture of 4-(1-carboxy-2-cyclopentyl-ethyl)-benzoic acid methyl ester
and 4-(1-carboxy-2-cyclopentyl-ethyl)-benzoic acid methyl ester (24.2 mg, 0.08 mmol) in
methylene chloride (0.87 mL) cooled to 0°C was treated with a 2.0M solution of oxalyl
chloride in methylene chloride (0.05 mL, 0.10 mmol) and a few drops of N,N-
dimethylformamide. The reaction mixture was stirred at 0°C for 10 min and at 25°C for
30 min. The reaction mixture was then treatéd with a solution of 2-aminothiazole (19.3
mg, 0.19 mmol) and N,N-diisopropylethylamine (0.04 mL, 0.21 mmol)} in tetrahydrofuran
(0.44 mL). The reaction mixture was stirred at 25°C for 4 h. At this time, the reaction
was concentrated in vacuo. Flash chromatography (Merék Silica gel 60, 230-400 mesh,
50/50 hexanes/ethyl acetéte) afforded 4-[2-cyclopentyl-1-(thiazol-2-ylcarbamoyl)-ethyl]-
benzoic acid methyl ester (18.1 mg, 57.6%) as an off-white solid: mp 54-56°C; EI-HRMS
m/e caled for CjoH2,N,05S (M') 358.1351, found 358.1346.
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Example 120

3-Cyclopentyl-2-(3-fluoro-4-methoxy-phenyl)-N-thiazol-2-yl-propionamide

H H
N N,

)

O S /
HaCO
F

A solution of (3-fluoro-4-hydroxy-phenyl)-acetic acid (1.0 g, 5.87 mmol) in methanol (20
ml) was treated with a catalytic amount of sulfuric acid. The reaction was heated at
120°C for 6 h. At this time, the reaction was concentrated irn vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate)
afforded (3-fluoro-4-hydroxy-phenyl)-acetic acid methyl ester (1.05 g, 97.6%) as a white
solid: mp 34-36°C: EI-HRMS m/e calcd for CoHgFO; (M™) 184.0535, found 184.0533.

A mixture of 3-fluoro-4-hydroxy-phenyl)-acetic acid methyl ester (1.0 g, 5.43 mmol),
potassium carbonate (1.87 g, 13.57 mmol), and methyl iodide (1.12 g, 8.14 mmol) in
acetone (27.1 mL) was heated at 90°C for 4 h. At this time, the potassium carbonate was
removed by filtration. The filtrate was concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate) afforded (3-fluoro-4-
methoxy-phenyl)-acetic acid methyl ester (1.01 g, 94.3%) as a clear oil: EI-HRMS m/e
caled for CyoH;FO3(M™) 198.0692, found 198.0693.

A solution of freshly prepared lithium diisopropylamide (21.6 mL of 0.31M stock
solution, 6.69 mmol) cooled to -78°C was treated with a solution of (3-fluoro-4-methoxy-
phenyl)-acetic acid methyl ester (1.26 g, 6.38 mmol) in tetrahydrofuran/1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (16 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 (1.47 g, 7.02 mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
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pyrimidinone (2 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 48 h. The reaction mixture was then quenched by
the slow addition of a saturated aqueous ammonium chloride solution (10 mL). The
reaction mixture was then poured into water (100 mL) and extracted with ethyl acetate 3
x 50 mL). The organics were washed with a saturated aqueous lithium chloride solution
(1 x 50 mL), dried over sodiufn sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(3-fluoro-4-methoxy-phenyl)-propionic acid methy! ester (1.50
g, 83.8%) as a clear oil: EI-FHRMS m/e caicd for C6H2 FO3(M") 280.1477 found
280.1474.

A solution of 3-cyclopentyl-Z-(3-ﬂuoro-4-methoxy-phenyl)-propionic acid methyl ester
(1.04 g, 3.73 mmol) in tetrahydrofuran/water/methanol (9.3 mL, 3:1:1) was treated with a
1IN aqueous lithium hydroxide solution (3.73 mL, 3.73 mmol). The reaction was stirred
at 25°C for 18 h. At this time, the reaction was acidified to pH = 1 with a 1N aqueous
hydrochloric acid solution and extracted with ethyl acetate (3 x 50 mL). The organics

were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash

chrométography (Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate)

afforded 3-cyclopentyl-2-(3-fluoro-4-methoxy-phenyl)-propionic acid (707.8 mg, 71.3%)
as a white solid: mp 149-151°C; EI-HRMS m/e calcd for CisHioF Os (M) 266.1318
found 266.1317.

A solution of 3-cyclopentyl-2-(3-fluoro-4-methoxy-phenyl)-propionic acid (400.0 mg,
1.50 mmol) in methylene chloride (5.0 mL) cooled to 0°C was treated with a 2.0M
solution of oxalyl chloride in methylene chloride (0.82 mL, 1.65 mmol) and a few drops
of N,N-dimethylformamide. 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 (331 mg, 3.30 mmol) and N,N—diisopropylethylamine (0.62 mL, 3.60

'mmol) in tetrahydrofuran (7.5 mL). This solution was stirred at 25°C for 18 h. At this
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time, the reaction was concentrated in vacuo. Flash chromatography (Merck Silica gel
60, 230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3-fluoro-4-
methoxy-pheny!)-N-thiazol-2-yl-propionamide (538.4 mg, 100%) as a white solid: mp
51-53°C: EI-HRMS mv/e calcd for CigH,1FN,0,S (M') 348.1307 found 348.1312.

Example 121

3-Cyclopentyl-2-(3-fluoro-4-hydroxy-phenyl)-N-thiazol-2-yl-propionamide

H H
N<__-N
1)
0 s/
HO
F

A solution of 3-cyclopentyl-2-(3-ﬂnoro-4—methoxy—pheny1)-N-thiazol-Z—yl—propionamide
(prepared in Example 120, 305.4 mg, 0.87 mmol) in methylene chloride (8.7 mL) at 25°C

‘was treated with a 1.0M solution of boron tribromide in methylene chloride (8.75 mL,

8.75 mmol). This solution was stirred at 25°C for 5 h. At this time, the reaction was
cooled to 0°C and quenched by the dropwise addition of a dilute aqueous ammonium
hydroxide solution. The resulting solution was stirred at 0°C for 15 min. This mixture
was then poured into water (50 mL) and extracted with ethyl acetate (3 x 30 mL). The
organics were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(3-fluoro-4-hydroxy-phenyl)-N-thiazol-2-yl-propionamide
(212.7 mg, 72.5%) as a white solid: mp 199-201°C: EI-FHRMS m/e calcd for
Cy7H;oFN;0,S (M™) 334.1151 found 334.1152.
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Example 122"

6'-[2-(3-Chloro-phenyl)-'3-cyclopentyl-prbpionylamino]-nicotinié acid

A solution of freshly prepared lithium diisopropylamide (141.3 mL of a 0.32M stock
solution, 45.0 mmol) cooled to -78°C was treated with (3-ch16ro-phenyl)—acetic acid (3.41
g, 20.0 mmol) in tetrahydrofuran/ 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
(49.7 mL, 3:1). The resultirig solution was stirred at -78°C for 1 h. At this time, the
reaction was treated with a solution of iodomethylcyclopentane (4.64 g, 22.08 mmol) in
1,‘3-dimethyl-3,4,5,6-tetfahydro-Z(lH)-pyﬁnﬁdinone (4.64 mL). The reaction mixture
was stirred at -78°C for 4 h. The reaction was then warmed to 25°C and was stirred at
25°C for 48 h. This sdlution was then quenched by the siow addition of the reaction
mixture to a 2N agueous hydrochloric acid solution (50 mL). The product was extracted
into ethyl acetate (1 x _ 150 mL). The organic layer was dried over sodium sulfate, filtered,
and concentrated in. vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
85/15 hexanes/ethyl acetate) afforded 2-(3-ch]oro-phenyl)-3-cyclopentyl-propionic acid
(3.68 g, 72.9%) as a yellow solid: mp 70-72°C; EI-HRMS m/e caled for C14H7ClO; (MY)
252.0917, found 252.0915.

A solution of 2-(3-chloro-phenyl)-3-cyclopentyl-propionic acid (504 mg, 2.0 mmol) in
methylene chloride (20 mL) cooled to 0°C was treated wifh a 2.0M solution of oxalyl
chloride in methylene chloride (1.1 mL, 2.2 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
2 h. The reaction mixture was then treated with 6-amino-nicotinic acid methy} ester (532

mg, 3.5 mmol) and N,N-diisopropylethylamine (0.84 mL, 4.8 mmol). This solution was
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stirred at 25°C for 18 K. At this time, the reaction was concentrated in vacuo. Flash
chromatography (Merck Silicé gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate)
afforded 6-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino}-nicotinic acid methyl
ester (151.9 mg, 19.7%) as a colorless oil: EI-HRMS m/e calcd for CaiHysCIN,Os (MH)
386.1397, found 386.1398.

A solution of 6-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino}-nicotinic acid
methyl ester (146.9 mg, 0.38 mmol) in tetrahydrofuran/water/methanol (10 mL, 3:1:1) at
25°C was treated with a 2N aqueous sodium hydroxide solution (0.4 mL, 0.80 mmol).
The reaction mixture was stirred at 25°C for 4 d. At this time, the reaction was
concentrated in vacuo. The residue was diluted with water (50 mL) and extracted with
diethyl ether (1 x 50 mL). The aqueous layer was acidified to pH = 1 by the dropwise
addition of a 3N aqueous hydrochloric acid solution. This solution was extracted with a
solution of methylene chloride/methanol (3:1, 3 x 75 mL). The organics were dried over
magnesium sulfate, filtered, and concentrated in vacuo. The resulting solid was triturated
with diethyl ether/hexanes (2:1) to afford 6-[2-(3-chloro-phenyl)-3-cyclopentyl-
propionylamino}-nicotinic acid (63.6 mg, 44.4%) as a white solid: mp 251-255°C; EI-
HRMS m/e caled for CogH,CIN,O3 (MT) 372.1240, found 372.1250.

Example 123

6-[3-Cyclopentyl-2~(4-nitro-phenyl)-propionylamino}-nicotinic acid methyl ester

4
i S
0  N._ZA__OCH,
ON

(o)

A solution of freshly prepared lithium diisopropylamide (430.55 mL of a 0.3M stock
solution, 129.16 mmol) cooled to -78°C was treated with (4-nitro-phenyl)-acetic acid
ethyl ester (26.32 g, 125.83 mmol) in tetrahydrofuran/hexamethylphosphoramide (312.5
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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 (27.75-g, 132.1 mmol) in

~ hexamethylphosphoramide (27.75 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 agqueous ammonium chloride
solution (250 mL). This mixture was concentrated in vacuo.. The resulting residue was
diluted with water (250 mL) and extracted with ethyl acetate (3 x 300 mL). The organics
were washed with a saturated aqueous lithium chloride solution (2 x 250 mL), dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 98/2 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-
nitro-phenyl)-propionic acid ethyl ester (28.30 g, 77.2%) as an yellow oil: EI-FHRMS m/e
caled for C1gHa1NO, (M™) 291.1470, found 291.1470.

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid ethyl ester (14.1 g, 48.06
mmol) in tetrahydrofuran/water (300 mL, 3:1) was treated with lithium hydroxide (4.35 g,
103.67 mmol). The reaction was stirred at 25°C for 21 h. The tetrahydrofuran was then
removed in vacuo. The residue was diluted with water (75 mlL) and extr_écted with ether
(3 x 75 mL). The aqueous layer was acidified to pH=1 with a 3N aqueous hydrochloric
acid solution and extracted into methylene chloride (3 x 75 mL). The organics were
washed with a saturated aqueous sodium chloride solution (2 x 100 mL), dried over
magnesium sulfate, filtered, and concentrated ir vacuo to afford 3-cyclopentyl-2-(4-nitro-
phenyl)-propionic acid (11.97 g, 93.6%) as a yellow solid: mp 119-125°C; EI-HRMS m/e
caled for C4H7NO, (M”) 263.1157, found 263.1162.

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid (526 mg, 2.0 mmol) in
methylene chloride (20 mL) cooled to 0°C was treated with a 2.0M solution of oxalyl
chloride in methylene chloride (1.2 mL, 24 mmol) and a few drops of N,N-
dimethylformamide. The reaction mixture was stirred at 0°C foi' 15 min and at 25°C for

30 min. The reaction mixture was then treated with a solution of 6-amino-nicotinic acid
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methyl ester (532 i'ng, 35 mmol) in tetrahydrofuran (10 mL) and NN-
diisopropylethylamine (0.84 mL, 4.8 mmol). This solution was stirred at 25°C for 48 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 6-[3-cyclopentyl-2-(4-
nitro-phenyl)-propionylamino}-nicotinic acid methyl ester (353.9 mg, 44.6%) as a pale
orange glass: E-HRMS m/e caled for CoHysN;Os (M) 307.1637, found 397.1631.

Example 124

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

e o

H,N

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid (prepared in Example 22,
263 mg, 1.0 mmol) in methylene chloride (10 mL) cooled to 0°C was treated with a 2.0M
solution of oxaly! chloride in methylene chloride (0.6 mL, 1.2 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 30 min. The reaction mixture was then treated with a solution of 2-aminopyridine
(200.6 mg, 2.14 mmol) in tetrahydrofuran (5 mL) and N,N-diisopropylethylamine (0.42
ml, 2.4 mmol). This solution was stirred at 25°C for 48 h. At this time, the reaction was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 80/20
hexanesfethyl  acetate) afforded  3-cyclopentyl-2-(4-nitro-phenyl)-N-pyridin-2-yl-
propionamide (138.6 mg, 40.9%) as a pale yellow glass: EI-HRMS m/e calcd for
CioH2;N305 (M™) 339.1581, found 339.1582.

A mixture of 3-cyclopentyl-2-(4-nitro-phenyl)-N-pyridin-2-yl-propionamide (130 mg,
0.38 mmol) in ethyl acetate (50 mL) and methanol (5 mlL) was treated with a catalytic
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amount of 10% palladium on activated carbon (50 mg). The resulting mixture was
shaken at 25°C under 60 psi of hydrogen gas in a Parr appératus for 24 h. At this time,
the catalyst was removed by filtration through a plug of celite. The filtrate was
concentrated in wvacuo to afford 2-(4-amino-phenyl)-3-cyclopentyl-N-pyridin-2-yl-
propionamide (99.9 mg, 84.3%) as'a tan oil: EI-FHRMS m/e calcd for CioHz3N;0 (M)
309.1834, found 309.1849. ' '

Example 125

6-[2-(4-Amino-phenyl)-3-cyclopentyl-propionylamino]-nicotinic acid methyl ester

N
i 2
0 Nz OCH;
HoN

o

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid (prepared in Example 22,
526 mg, 2.0 mmol) in methylene chloride (20 mL) cooled to 0°C was treated with a 2.0M
solution of oxalyl chloride in methylene chloride (1.2 mL, 2.4 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 30 min. The reaction mixture was then treated with a solution of 6-amino-nicotinic
acid methyl ester (532 mg, 3.5 mmol) in tetrahydrofuran (10 ml) and N,N-
diisopropylethylamine (0.84 mL, 4.8 mmol). This solution was stirred at 25°C for 48 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 6-[3-cyclopentyl-2-(4-

~ nitro-phenyl)-propionylamino]-nicotinic acid methyl ester (353.9 mg, 44.6%) as a pale

orange glass: EI-HRMS m/e calcd for CHpsN30s (M) 397.1637, found 397.1631.

A mixwre of 6-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-nicotinic acid methyl
ester (300 mg, 0.75 mmol) in ethyl acetate (30 mL) was treated with a catalytic amount of

10% palladium on activated carbon (30 mg). The resulting mixture was shaken at 25°C
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under 60 psi of hydrogen gas in a Parr apparatus for 24 h. At this time, the catalyst was
removed by filtration through a plug of celite. The filtrate was concentrated in vacuo to
afford 6-{2-(4-amino-phenyl)-3-cyclopentyl-propionylaminoj-nicotinic acid methyl ester
(262.8 mg, 94.7%) as a pale yellow glass: EI-HRMS m/e caled for Cp;HysN3Os (M)
367.1895, found 367.1899.

Example 126

3-Cyclohexyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-

propionamide
HH
N._N
X
~ o S
.01 \O CF3

A solution of isoamyl nitrite (4.02 mL, 30 mmol) in dimethyl disulfide (19.8 ml, 220
mmol) at 25°C was slowly treated with 4-bromo-2-(trifluoromethyl)aniline (4.8 g, 20
mmol). The reaction was exothermic with gas evolution. The resulting brown reaction
mixture was heated to 80-90°C for 2 h, at which time, thin layer chromatography analysis
of the reaction mixture indicated the absence of starting material. The reaction mixture
was cooled to 25°C and then concentrated in vacuo. The resulting residue was dissolved
in ethyl acetate (200 mL). The organic layer was washed successively with a 1N aqueous
hydrochloric acid solution (1 x 200 mL) and a saturated aqueous sodium chloride solution
(1 x 200 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated in
vacuo. Biotage chromatography (FLASH 40M, Silica, 8/1 hexanes/ethyl acetate)
afforded 4-bromo-1-methylsulfany}-2-trifluoromethyl-benzene (4.73 g, 87%) as a brown
oil: EI-HRMS m/e calcd for CsHgBrF;S (M) 269.9326, found 269.9327.
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A solution of 4-bromo-1-methylsulfanyl-2-trifluoromethyl-benzene (4.71 g, 17.4 mmol)
in methylene chloride (100 mL) was cooled to -10°C and then treated with 3-
chloroperoxybenzoic acid (86% grade, 9.0 g, 52.2 mmol). The reaction mixture was
stirred at -10°C for 10 min and then allowed to warm to 25°C where it was stirred
overnight. At this time, thin layer chromatography analysis of the reaction mixture
indicated the absence of starting material. The reaction mixture was then filtered, and the
solids were washed with methylene chloride (1 x 50 mL). The filtrate was concentrated
in vacuo. Thé resulting residue was dissolved in ethyl acetate (100 mL). The organic
layer was washed successively with a saturated aqueous sodium bicarbonate solution (2 x
100 mL) and a saturated aqueous sodium chloride solution (1 x 100 mL), dried over
anhydrous magnesium sulfate, filtered, and concentrated in vacuo to afford a yellow solid.

Recrystallization from methylene chioride (20 mL), diethyl ether (10 mL), and hexanes

 afforded 4—bromo-1-methanesulfonyl-Z-Mﬂuoromethyl-benzene (3.46 g, 57%) as a white
" solid: mp 110-112 °C; EI-HRMS m/e calcd for CsHgBrF:0,S (M) 301.9224, found

301.9223.

A mixture of zinc dust (1.3 g, 20 mmol, Aldrich, -325 mesh) and dry tetrahydrofuran (2
mL) under argon was treated with 1,2-dibromoethane (187 mg, 1 mmol). The zinc
suspension was then heated with a heat gun to ebullition, allowed to cool, and heated
again. This process was repeated three times to make sure the zinc dust was activated.
The activated zinc dust suspension was then treated with uimethylsilyl chloride (110 mg,
1 mmol), and the suspensibn was stirred for 15 min at 25°C. The reaction mixture was
then treated dropwise with a solution of (E)-3-cyclohexyl-2-iodo-acrylic acid methyl ester
(prepared in Example 110, 2.5 g, 8.5 mmol) in dry tetrahydrofuran (3 mL) over 5 min.
After the addition, the reaction mixture was stirred for 1 h at 40-45°C and then stirred
overnight at 25°C. The reaction mixture was then diluted with dry tetrahydrofuran (4
mL), and the stirring was stopped to allow the excéss zinc dust to settle down (~2h). Ina
separate reaction flask, bis(dibenzylideneacetone)palladium(0) (108 mg, 0.2 mmol) and
triphenylphosphine (209 mg, 0.8 mmol) in dry tetrahydrofuran (10 mlL) was stirred at

25°C under argon for 10 min and then treated with 4-bromo-1-methanesulfonyl-2-
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triﬂuoromethyl-benzené" (2.12 g, 7 mmol) aﬁd the fresfxly prepared zinc compound in
tetrahydrofuran. The resulting brick red solution was heated at 40-45°C for 2 d. The
reaction mixture was cooled to 25°C and then poured into a saturated agueous ammonium
chloride solution (100 mL), and the organic compound was extracted into ethyl acetate (3
x 75 mL). The combined organic extracts were washed with a saturated aqueous sodium
chloride solution (1 x 100 mL), dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo. Biotage chromatography (FLASH 40M, Silica, 9/1 to 3/1
hexanes/ethyl acetate) afforded (E)-3-cyclohexyl-2-(4-methanesulfonyl-3-trifluoromethyl-
phenyl)-acrylic acid methyl ester (2.7 g, 99%) as a viscous oil: EI-HRMS m/e calcd for
CisH21F304S (M™) 391.1191, found 391.1200.

A solution of nickel(Il) chloride hexahydrate (36.6 mg, 0.154 mmol) and (E)-3-
cyclohexyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-acrylic acid methyl ester (302
mg, 0.77 mmol) in methanol (8 mL) was cooled t0 0°C and then treated with sodium
borohydride (87 mg, 2.29 mmol) in four portions. After the addition, the black reaction
mixture was stirred for 15 min at 0°C and then allowed to warm to 25°C where it was
stirred for 15 h. The black solid was filtered using filter paper and washed with
methanol. The combined solvents were concentrated in vacuo, and the residue was
diluted with ethyl acetate (50 mL). The organic layer was washed successively with a 3N
aqueous hydrochloric acid solution (1 x 50 mL), a saturated aqueous sodium bicarbonate
solution (1 x 50 mL) and a saturated aqueous sodium chloride solution (1 x 50 mL), dried
over anhydrous magnesium sulfate, filtered, and concentrated in vacuo to afford racemic
3-cyclohexyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionic acid methyl ester
(280 mg, 93%) as a viscous oil: EI-HRMS m/e calcd for CisH23F304S (M") 392.1269,
found 392.1276.

A solution of 3-cyclohexyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionic
acid methyl ester (265 mg, 0.67 mmol) in ethanol (5 mL) was treated with a 1N aqueous
sodium hydroxide solution (1.5 mL). The solution was heated at 45-50°C for 5 h, at



10

15

20

WO 00/58293 PCT/EP00/02450
-252-

which time, thin layer chromatography analysis of the mixture indicated the absence of
starting material. The reaction mixture was then concentrated in vacuo to remove ethanol,
and the residue was diluted with water (20 mL) and extracted with diethyl ether (1 x 40
mL) to remove any neutral impurities. The aqueous layer was acidified with a 1IN
aqueous hydrochloric acid solution. The resulting acid was extracted into ethyl acetate (2
x 50 mL). The combined organic layers were washed with a saturated aqueous sodium
chloride solution (1 x 50 mL), dried over anhydrous magnesium sulfate, filtered, and
concentrated in vacuo to afford 3-cyclohexyl-2-(4-methanesulfonyl-3-trifluoromethyl-
phenyD)-propionic acid (249 mg, 97%) as a viscous oil: EI-HRMS m/e caled for
C17H2:F50,S (M™) 378.1113, found 378.1121.

A solution of triphenylphosphine (279 mg, 1.06 mmol) in methylene chloride (5 mL) was
cooled to 0°C and then treated with N—bromosuccinimide (188.7 mg, 1.06 mmol). The
reaction mixture was stirred at 0°C for 30 min and then treated with a solution of 3-
cyclohexyl-2-(4-methanesuifonyl-3-trifluoromethyl-phenyl)-propionic acid (237 mg,
0.626 mmol) in methylene chloride (4 mL). The clear solution was stirred for 15 min at

0°C and then allowed to warm to 25°C where it was stirred for 2 h. The reaction mixture

was then treated with 2-aminothiazole (188 mg, 1.88 mmol), and the resulting suspension
was stirred for 15 h at 25°C. The reaction mixture was concentrated in vacuo to remove
methylene chloride, and the residue was diluted with ethyl acetate (50 mL) and a 1IN
aqueous hydrochloric acid solution (50 mL). The two layers were separated, and the
aqueous layer was extracted with ethyl acetate (1 x 30 mL). The combined organic
extracts were successively washed with a saturated aqueous sodium bicarbonate solution
(1 x50 mL) and a saturated aqueous sodium chloride solution (1 x 50 mL), dried over
anhydrous magnesium sulfate, filtered, and concentrated in wvacuo.  Biotage
chromatography (FLASH 40S, Silica, 4/1 to 2/1 hexanes/ethyl acetate) afforded 3-
cyclohexyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-propionamide
(83 mg, 29%) as an amorphous solid: EI-HRMS m/e calcd for CaoH2sF3N203S, MH
460.1102, found 460.1100.
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Example 127

(A) 3-Cyclohexyl-2-(3,4-dichloro-phenyl)-propionyl}-urea

A solution of (3,4-dichloro-phenyl)-acetic acid (14.0 g, 0.068 mol) in methanol (71mL)
was treated with a catalytic amount of sulfuric acid. The reaction mixture was refluxed
for 12 h. The reaction was concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate) afforded (3.4-dichloro-phenyl)-acetic
acid methyl ester (15.0 g, quant.) as a white solid: mp 30-32°C; EI-HRMS m/e calcd for
CoHgCl,0, (M") 217.9901, found 217.9907.

A solution of freshly prepared lithium diisopropylamide (16.3 mL of a 0.3IM stock
solution, 5.04 mmol) cooled to -78°C was treated with (3,4-dichloro-phenyl)-acetic acid
methyl ester (1.0 g, 4.58 mmol) in tetrahydrofuran/hexamethylphosphoramide (8.6 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 bromomethylcyclohexane (1.92 ml., 13.76 mmol) in
hexamethylphosphoramide (1 mL). The reaction mixture was stirred at ~78°C for 3 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 x 50 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25
hexanes/ethyl acetate) afforded 3-cyclohexyl-2-(34-dichloro-phenyl)-propionic acid
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methyl ester (1.5 g, quant.) as a clear oil: EI-HRMS m/e calcd for C;6H0Cl,0; (MY)
314.0840, found 314.0836.

A mixture of 3—cyclohexyl-2—(3,4-dichloro—pheny1)-propion_ic_:. acid methyl ester (582 mg,
1.84 mmol) and urea (222 :.mg, 3.69 mmol) in a solution bf magnesium methoxide in
methanol (7.4 wt%, 3.96 mL, 2.76 mmol) was refluxed at 120°C for 12 h. The reaction
mixture was then concentrated ir vacuo. Flash chromatography (Merck Silica gel 60, -
230-400 mesh, 50/50 hexanes/ethyl acetate) afforded 3-cyclohexyl-2-(3,4-dichloro-
phenyl)-propionylj-urea (52.9 mg, 8.3%) as a white solid: mp 76-79°C; EI-HRMS m/e
caled for CsH2ClN,0, (M*) 342.0902, found 342.0904.

(B) In an analogous manmer, there were obtained:

(a) From 3-cyclopropyl-2-(3,4-dichloro-phenyl)-propionic acid methyl ester and urea: 3-
Cyclopropyl-2-(3,4-dichloro-phenyl)-propionylj-urea as a white solid: mp 117-119°C; EI-
HRMS mv/e calcd for Cy3H;4C1LN,0, (M™) 300.0432, found 300.0431.

(b) From 3-cyclopenty1¥2-(3,4-dichloro—phenyl_)-propionic acid methyl ester and urea: [3-
Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-urea as a white solid: mp 103-105°C; EI-
HRMS m/e calcd for C;sH;3CLN,0, (W ) 328.0745, found 328.0750.

(c) From 3-cyclobutyl-2-(3,4-dichloro-phenyl)-propionic acid methyl ester and urea: [3-
Cyclobutyl-2-(3,4-dichloro-phenyl)-propionyl}-urea as a white solid: mp 65-67°C; EI-
HRMS m/e calcd for C14H6Cl1aN20, (M*) 314.0589, found 314.0597.

(d) From 3-cycloheptyl-2-(3,4-dichloro-phenyl)-propionic acid methyl ester and urea: [3-
Cycloheptyl-2-(3 4-dichloro-phenyl)-propionyl]j-urea as a white solid: mp 69-71°C; EI-
HRMS m/e calcd for C17HzCloN;0; (M") 356.1058, found 356.1054.

(e) From 1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-methyl ester and methyl

urea: 1-[3—Cyclbpentyl-2-(3,4—dichloro-phenyl)-propionyl]-3—methy]-urea as a white solid:
mp 120-125°C; EI-HRMS m/e calcd for CigH20CLLN,0, (M™) 342.0902, found 342.0903.
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() From 3-cyclohexyl-2-(3,4-dichloro-phenyl)-propionic acid methyl ester and methyl
urea: [3-Cyclohexyl-2-(3,4dichloro-phenyl)-propionyl]-3-methyl-urea as a white solid:
mp 69-73°C; EI-HRMS m/e caled for C17HCLN,O, (M*) 356.1058, found 356.1046.

() From 1-[2-(3,4-dichloro-phenyl)-4-methyl-pentanoyl]-3-methyl ester and methyl-urea:
1-[2-(3 ,4-Dichloro-phenyl)-4-methyl-pentanoyl]-3-methyl-urea as a white solid: mp 123-
125°C; EI-HRMS m/e caled for C14H;3CIN,0, (M) 316.0745, found 316.0740.

(h) From 2-(3,4-dichloro-phenyl)-hexanoic acid methyl ester and methyl-urea: 1-[2-(3,4-

Dichloro-phenyl)-hexanoyl}-3-methyl-urea as a clear oil: EI-HRMS m/e caled for
Ci4H13CLN20, (M™) 316.0743, found 316.0745.

Example 128

1-[2-(3-Chloro-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea

Cl

(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 refluxed 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: EI-HRMS m/e calcd for Ci1oH1,ClO, (M™) 198.0448,
found 198.0442.

A solution of freshly prepared lithium diisopropylamide (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 tetrahydrofuran/hexamethylphosphoramide (16.1 mL, 3:1). The
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* 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 addition of a saturated aqueous ammonium chloride
solution (20 mL). This ﬁﬁxture was poured into water (100 mL) and extracted with ethyl
acetate (3 x 50 mlL). The organics were dried over sodium sulfate, filtered, 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 C;6H>,C10, (M) 280.1230,
found 280.1238.

A mixture of 2—(3-chloro—phenyl)—3-cyclopentyl¥propionic acid ethyi ester (1.70 g, 6.05
mmmol) 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 refluxed 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 Cy6Hz CIN,0; (M*) 308.1292, found 308.1287.

Example 129

1-[3-Cyclopentyl-2-(3,4-difluore-phenyl)-propionyl]-3-methyl-urea
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A solution of (3,4—diﬂﬁoro~phenyl)—acetic acid (5.0 g, 0.029 mol) in methanol (30.0 mL)
was treated with a catalytic amount of sulfuric acid. The reaction mixture was refluxed
for 4 h. The reaction was concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate) afforded (3,4-difluoro-phenyl)-acetic
acid methyl ester (5.15 g, 95.2%) as a clear oil: EI-HRMS m/e calcd for CsHgF,0, (M)
186.0493, found 186.0492.

A solution of freshly prepared lithinm diisopropylamide (23.0 mL of a 0.31M stock
solution, 7.13 mmol) cooled to -78°C was treated with (3,4-difluoro-phenyl)-acetic acid
methyl ester (1.20 g, 6.48 mmol) in tetrahydrofuran/hexamethylphbsphoramide (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 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 (20 mL). This mixture was poured into water (160 mL) and extracted
with ethyl acetate (3 x 50 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25
hexanes/ethyl acetate} afforded 3-cyclopentyl-2-(3,4-difluoro-phenyl)-propionic acid
methyl ester (1.79 g, quant.) as a clear oil: EI-HRMS m/e calcd for CysH;sF202, (M)
268.1275, found 268.1278.

A mixture of 3-cyclopentyl-2-(3,4-difluoro-phenyl)-propionic acid methyl ester (1.65 g,
6.14 mmol) and methyl urea (683 mg, 9.22 mmol) in a solution of magnesium methoxide
in methanol (7.4 wt%, 16.6 mL, 12.3 mmol) was refluxed at 100°C for 8 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-[3-cyclopentyl-2-(3,4-difluoro-
phenyl)-propionyl}-3-methyl-urea (180 mg, 9.4%) as a white solid: mp 111-113°C; EI-
HRMS m/e calcd for CygHaoF2N20, (M™) 310.1493, found 310.1499.
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Example 130

1-[2-(4-Chloro-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea

Ci

A solution 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 refluxed for 12
h. The reaction was then concentrated in vacuo. Flash chromatography (Merék 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
CioH;:C10, (M™) 198.0448, found 198.0452.

A solution of freshly prepared lithium diisopropylamide (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 iodomethylcyclopentane (1.50 mg, 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 addition of a saturated aqueous ammonium chloride
solution (20 mL). This mixture was poured into water (100 mL) and extracted with ethyl

acetate (3 x 50 ml). The organics were dried over sodium sulfate, filtered, 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 C;gH Cl,0> (MY)
280.1230, found 280.1227.
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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 refluxed 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 C;¢H,;CIN,0, (M") 308.1292, found 308.1291.

Example 131

1-[3-Cyclopentyl-2-(4-nitro-phenyl)-propionyl}-3-methyl-urea

H H H
R
O O
O,N

A solution of freshly prepared lithium diisopropylamide (430.55 mL of a 0.3M stock
solution, 129.16 mmol) cooled to -78°C was treated with (4-nitro-phenyl)-acetic acid
ethyl ester (26.32 g, 125.83 mmol) in tetrahydrofuran/hexamethylphosphoramide (312.5
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 (27.75 g, 132.1 mmol) in
hexamethylphosphoramide (27.8 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 (250 mL). The reaction mixture was concentrated in vacuo. The residue was
diluted with water (250 mL) and extracted with ethyl acetate (3 x 300 mL). The organics
were washed with a saturated agueous lithium chloride solution (2 x 250 mL), dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 95/5 hexanes/ethyl acetate) afférded 3-cyclopentyl-2-(4-
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nitro-phenyl)-propionic- acid ethyl ester (28.30 g, 77.2%) as a yellow oil: EI-HRMS m/e
calcd for C1¢Hy ) NOg (M*) 291.1470, found 291.1470. -

A mixture 6f 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid ethyl ester (1.27 g, 4.36
mmol) and methyl urea (647 mg, 8.73 mmol) in a solution of magnesium methoxide in
methanol (7.4 wt%, 9.36 mL, 6.54 mmol) was refluxed at IOQ°C for 8.5 h. The reaction
mixture was then concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 50/50 hexanes/ethyl acetate) afforded 1-[3-cyclopentyl-2-(4-nitro-phenyl)-
propionyl}-3-methyl-urea (183.6 mg, 13.2 %) as a white solid: mp 179-183°C; EI-HRMS
mle calcd for C1gHy N304 (M) 319.1532, found 319.1527. |

Example 132

1-(3-Cyclopentyl-2-phenyl-propionyl)-3-methyl-urea

Hl H H
N._N

T\

O o)

A solution of freshly prepared lithium diisopropylamide (23 mL of a 0.31M stock

solution, 7.13 mmol) cooled to -78°C was treated with phenyl-acetic acid ethyl ester (1.06
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 iodomethylcyclopentane (1.50 g, 7.14 mmol) in
hexamethylphosphoramide (1.5 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 48 h. The reaction mixture
was then quenched by the dropwise addition of a saturated aqueous ammonium chloride
solution (5 mL). The reaction mixture was poured into water (100 mL) and extracted

with ethyl acetate (2 x 100 mL). The organics were washed with a saturated aqueous
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lithium chloride solution (2 x 50 mL), dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 95/5
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-phenyl-propionic acid ethyl ester (1.70 g,
quant.) as a pale yellow oil: EI-HRMS mv/e caled for CisHz0, (M') 247.1698, found
247.1704.

A mixture of 3-cyclopentyl-2-phenyl-propionic acid ethyl ester (1.70 g, 7.06 mmol) and
methyl urea (1.04 mg, 14.13 mmol) in a solution of magnesium methoxide in methanol
(7.4 wt%, 130.3 mL, 21.18 mmol) was refluxed at 100°C for 24 h. The reaction mixture
was then concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 50/50 hexanes/ethyl acetate) afforded 1-(3-cyclopentyl-2-phenyl-propionyl)-3-
methyl-urea (1.21 mg, 62.4 %) as a white solid: mp 145-147°C; EI-HRMS m/e calcd for
Ci¢H2N,0, (M*) 274.1681, found 274.1682.

Example 133

1-[2-(4-Bromo-phenyl)-3-cyclopentyl-propionyl}-3-methyl urea

WK
o

O O

CHs
B

A solution of diisopropylamine (7.7 mL, 54.88 mmol) in dry tetrahydrofuran (23 mL) and
1,3-dimethy!-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 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
tetrahydrofuran (23 ml) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (10

mlL). The reaction mixture turned dark in color and was allowed to stir at -78°C for 1 h,
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at-which time, a solution of iodomethylcyclopentane (5.76 g, 27.44 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 24 h. The reaction mixture was quenched with
water and then concentrated in vacuo to remove tetrahydrofuran. The aqueous residue
was acidified using a 10% aqueous hydrochloric acid solution. The resulting aqueous
layer was extracted with ethyl acetate (2 x 100 mL). The combined organic extracts were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate) afforded 2-(4-bromo-
phenyl)-3-cyclopentyl-propionic acid (3.88 g, 50%) as a light yellow solid: mp 91-93°C;
EI-HRMS m/e calcd for Ci4H;7BrO; (M") 296.0412, found 296.0417.

A solution of 2-(4-bromo-phenyl)-3-cyclopentyl-propionic acid (1.37 g, 4.61 mmol) in
methanol (23 mL) was treated slowly with 5 drops of concentrated sulfuric acid. The
resulting reaction mi)&ure was heated under reflux for 42 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
aqueous sodium bicarbonate solution (1 x 100 mL), washed with a saturated aqueous
sodium chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 19/1
hexanes/ethyl acetate) afforded 2-(4-bromo-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.40 g, 97%) as a light yellow oil: EI-HRMS m/e calcd for C;sH;oBrO, (M")
310.0568, found 310.0569.

2-(4-Bromo-phenyl)-3-cyclopentyl-propionic acid methyl ester (420.0 mg, 1.35 mmol)
and methyl urea (299.9 mg, 4.05 mmol) were treated with a solution of magnesium
methoxide iﬁ methanol (7.4 wt%, 7.7 mL, 5.40 mmol). The resulting reaction mixture
was then heated under reflux for 48 h. The reaction mixture was allowed to cool to 25°C
and then filtered through celite. The celite was thoroughly washed with ethyl acetate, and

the filtrate was concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-
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230 mesh, 3/1 hexanes/ethyl acetate) afforded 1-[2-(4-bromo-phenyl)-3-cyclopentyl-
propionyl]-3-methyl urea (58.7 mg, 12%) as a white solid: mp 184-186°C; EI-HRMS m/e
caled for Ci6HzBIN,0, (M*) 352.0786, found 352.0791.

Example 134

1-[3-Cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)-propionyl]}-3-methyl urea

H
H H
N N
Y \CH3
o o
CFs

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-(trifluoromethylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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
acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and then extracted
with ethyl acetate (1 x 300 mL). The organic layer was washed with a saturated aqueous
sodiumn chloride solution (1 x 100 mL), dred over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
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phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-HRMS m/e calcd
for CysH)7F50,S (M") 318.0901, found 318.0912.

A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)propionic acid (1.33 g,
4.18 mmol) in methanol (10 mL) was treated slowly with 4 drops of concentrated sulfuric
acid. The resulting reaction mixture was heated under reflux 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 aqueous sodium bicarbonate solution (1 x 100 mL), washed with a saturated
aqueous sodium chloride solution (1 x 100 mL), dried over sodiuxﬁ sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 97/3
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyl)propionic acid methyl ester (1.37 g, 99%) as a light yellow oil: . EI-HRMS m/e
caled for C16H1oF30.8 (M™) 332.1058, found 332.1052.

3-Cyclopentyl—2-(4-tﬁﬂﬁoromethylsulfanyl-phenyl)propionic acid methyl ester (210.1
mg, 0.63 mmol) and methyl urea (140.5 mg, 1.90 mmol) were treated with a solution of .
magnesium methoxide in methanol (7.4 wt%, 3.6 mL, 2.53 mmol). The resulting reaction
mixture was then heated under reflux for 64 h. The reaction mixture was allowed to cool
to 25°C and then filtered through celite. The celite was thoroughly washed with ethyl

acetate until the solvent passing through the celite showed absence of desired product by

thin layer chromatography. The filtrate was concentrated in vacuo.  Flash

chromatography (Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded
1-[3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)-propionyl}-3-methyl urea (42.7
mg, 18%) as a white solid: mp 144-145°C; EI-HRMS nve calcd for Ci7H2F3N20,S M)
374.1276, found 374.1270.
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Example 135

1-[3-Cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-propionyl}-3-methyl urea

H

H H

NTN\CHa
QA o O
0=}

CFj

A solution of diisopropylamine (2.4 mlL, 16.80 mumol) 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-(trifluoromethylthio)phenylacetic acid (1.89 g,
8.00 mmol) in dry tetrahydrofuran (7.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-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
acidified to pH = 2 with a 10% aqueous hydrochloric acid solution and then extracted
with ethyl acetate (1 x 300 mL). The organic layer was washed with a saturated aqueous
sodium chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-2~(4-trifluoromethylsulfanyl-
phenyl)propionic acid (1.47 g, 58%) as a cream solid: mp 69-71°C; EI-HRMS m/e calcd
for CysH;7F50,S (M*) 318.0901, found 318.0912.

A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-phenyl)propionic acid (1.33 g,
4.18 mmol) in methanol (10 mL) was treated slowly with 4 drops of concentrated sulfuric
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acid. The resulting reaction mixture was heated under reflux 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 aqueous sodium bicarbonate solution (1 x 100 mL), washed with a saturated
aqueous sodium chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and -
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 97/3 .
hexanes/ethy] acetate) afforded 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-
phenyDpropionic acid methyl ester (1.37 g, 99%) as a light yellow oil: EI-HRMS m/e
caled for CigHigF30,S (M) 332.1058, found 332.1052.

A solution of 3-cyclopentyl-2-(4-trifluoromethylsulfanyl-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 R¢ 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 x 100 mL), washed with a
saturated aqueous sodium chloride solution (1 x 100 mL), dried over sodium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 19/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-trifluoromethanesulfonyl-
phenyl)propionic acid methyl ester (1.19 g, 95%) as a light yellow oil: EI-HRMS m/e
calced for CygH)oF304S (M) 364.0956, found 364.0965.

3-Cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)propionic acid methyl ester (383.8
mg, 1.05 mmol) and methy! urea (234.1 mg, 3.16 mmol) were treated with a solution of

magnesium methoxide in methanol (7.4 wt%, 6.0 mL, 4.21 mmol). The resulting reaction
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mixture was then heated under reflux for 2 d. The reaction mixture was allowed to cool
to 25°C and then filtered through celite. The celite was thoroughly washed with ethyl
acetate until the solvent passing through the celite showed absence of desired product by
thin layer chromatography. The filtrate was concentrated in vacuo.  Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded
1-[3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-propionyl}-3-methyl urea (119.3
mg, 28%) as a white solid: mp 191-192°C; FAB-HRMS m/e calcd for Ci7HzFsNyO4S
(M+H)" 407.1252, found 407.1247.

Example 136

1-[3-Cyclopentyl-2-(4-methylsulfanyl-phenyl)-propionyl]-3-methyl urea

H
H H
N N

\n/ “CHg

O O
CHs

A solution of diisopropylamine (3.2 ml, 23.16 mmol) in dry tetrahydrofuran (10.3 mL)
and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (3.4 mlL) was cooled to -78°C
under nitrogen and then treated with a 10M solution of n-butyllithium in hexanes (2.3
ml, 23.16 mmol). The resulting reaction mixtute was stirred at -78°C for 30 min and
then treated dropwise with a solution of 4-(methylthio)phenylacetic acid (2.01 g, 11.03
mmol) in dry tetrahydrofuran (10.3 mLl) and 1,3-dimethyl-3,4,5,6-tetrahydro-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 aliowed to warm to 25°C where it was stirred for 24 h. The
reaction mixture was quenched with water and then concentrated in vacuo to remove

tetrahydrofuran. The remaining aqueous phase was acidified to pH = 2 with a 10%
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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 x 100
mlL), dried over sodium sulfate, filtered, 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 CisHz002S (M*) 264.1184, found 264.1177.

A solution of 3-cyclopentyl-2-(4-methylsulfanyl-phenyl)propionic acid (500 mg, 1.89
mimol) in methanol (8 mL) was treated slowly with 2 drops of concentrated sulfuric acid.
The resulting reaction mixture was heated under reflux for 15 h. The reaction mixture
was allowed to cool to 25°C and then concentrated in vacuo. The orange residue was
partitioned between water and ethyl acetate. The organic layer was dried over magnesium
sulfate, 'filtered, and concentrated in vacuo to provide pure 3-cyclopentyl-2-(4-
methylsulfanyl-phenyl)propionic acid methy! ester (481 mg, 91%) as a yellow-orange oil
which was used without further purification: EI-HRMS m/e caled for CiH20,S (M)
278.1341, found 278.1347.

3-Cyclopentyl-2-(4-methylsulfanyl-phenyl)propionic acid methyl ester (400 mg, 1.44
mmol) and methyl urea (267 mg, 3.60 mmol) were treated with a solution of magnesium
methoxide in methanol (7.4 wt%, 5.6 mL, 3.89 mmol). The reaction mixture was then
concentrated in vacuo to approximately one-half the volume of methanol. The resulting
reaction mixture was then heated under reflux for 15 h. The reaction mixture was
allowed to cool to 25°C, filtered through celite, and the celite was thoroughly washed
with ethyl acetate. The ethyl acetate filtrate was washed with water. The organic layer
was dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 2/1 hexanes/ethyl acetate) afforded
l-[3-cyclopenty1-2-(4-mcthy1sulfanyl-phenyl)-propionyl]-3-methy1 urea (141 mg, 31%) as
a white solid: mp 185-186°C; EI-HRMS m/e calcd for C;7H24N20,S M") 320.1559,
found 320.1559.
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Example 137

1-[3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionyl]-3-methyl urea

H H
NTH\CHQ,
A O O
o>

CHs

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 10M solution of r-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-methylsulfonylphenylacetic 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 tetrahydrofuran 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-methylsulfonylphenylacetic acid in dry tetrahydrofuran, the reaction mixture was
very thick and became difficult 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 resulting yellow reaction mixture was
concentrated in vacuo to remove tetrahydrofuran. The aqueous residue was acidified to
pH = 2 using concentrated hydrochloric acid. The aqueous layer was extracted with ethyl
acetate. The organic phase was dried over magnesium sulfate, filtered, and concentrated

in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl
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acetate) afforded 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (1.80 g,
52%) as a white solid: mp 152-154°C; EI-HRMS m/e calcd for CisHO.S (M)
296.1082, found 296.1080.

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid (500 mg, 1.89
mmol) in methanol (15 mL) was treated slowly with concentrated sulfuric acid (3 drops).
The resulting reaction mixture was heated under reflux for 15 h. The reaction mixture
was allowed to cool to 25°C and then concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-
(4-methanesulfonyl-phenyl)propionic acid methyl ester (377 mg, 72%) as a white solid:
mp 63-66°C; EI-HRMS mv/e calcd for CyH2,04S (M") 310.1239, found 310.1230.

3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)propionic acid methyl ester (350 mg, 1.13
mimol) and methyl urea (lé4 mg, 2.48 mmol) were treated with a solution of magnesium
methoxide in methanol (7.4 wt%, 6.0 mL, 4.18 mmol). The reaction mixture was then
concentrated in vacuo to 'approximétely one-half the volume of methanol. The resulting
.reaction mixture was then heated under reflux for 15 h. The reaction mixture was
allowed to cool to 25°C, filtered through celite, and the celite was thoroughly washed
with ethyl acetate. .The ethyl acetate filtrate was washed with water. The organic layer
was. dried over magnesium sulfate, filtered, and concentrated in wvacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl acetate) afforded
1-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionyl]-3-methyl urea (124 mg, 31%)
as a white solid: mp 205-206°C; EI-HRMS m/e calcd for C;7H4N;0,S (M*) 352.1457,
found 352.1445. '
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Example 138

(A) 1-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-ethyl-urea

Ci
cl

A solution of triphenylphosphine (28.80 g, 109.8 mmol) and imidazole (14.9 g, 219.6
mmol) in methylene chloride (160 mL) was cooled to 0°C and then slowly treated with
iodine (27.87 g, 109.8 mmol). The reaction mixture was then treated dropwise with a
solution of cyclopentylmethanol (10.0 g, 99.8 mmol) in methylene chloride (10 mL). The
resulting reaction mixture was allowed to warm to 25°C, where it was stirred for 4 h. The
reaction mixture was then diluted with water (50 ml), and the reaction mixture was
further extracted with methylene chloride (3 x 20 mL). The combined organic layers
were dried over sodium sulfate, filtered and concentrated in vacuo at 25°C. The resulting
solid was washed with pentane (4 x 50 mL) and filtered through a silica gel plug. The
filtrate was concentrated in vacuo at 25°C to afford iodomethylcyclopentane (18.48 g,
88%) as a clear colorless liquid: EI-HRMS m/e caled for C¢HpI (M™) 209.9906, found
209.9911.

A solution of diisopropylamine (13.36 mL, 101.89 mmol) in tetrahydrofuran (250 mL)
was cooled to -78°C under a nitrogen atmosphere and then treated with a 2.0M solution
of n-butyllithium in hexanes (51 mL, 101.89 mmol). The reaction mixture was stirred at -
78°C for 15 min, at which time, a solution of 3,4-dichlorophenyl acetic acid (9.08 g, 44.3
mmol) in tetrahydrofuran (60 mL) and hexamethylphosphoramide (20 mL) was slowly
added via a cannula. The bright yellow solution was allowed to stir at -78°C for 1 h, at
which time, a solution of iodomethylcyclopentane (11.17 g, 53.2 mmol) in

hexamethylphosphoramide (10 mL) was added via a cannula. The reaction mixture was
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stirred at -78°C for 1 h.” The reaction mixture was then allowed to warm to 25°C, where it
was stirred for 14'h. The reaction mixture was then acidified to pH = 2 by the dropwise
addition of a IN aqueous hydrochloric acid solution and extracted with ethyl acetate (3 x
50 mL). The combined organic layers were dried with sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
chloroform then 99/1  chloroform/methanol) afforded  3-cyclopentyl-2-(3,4-
dichlorophenyl)-propionic acid (10.28 g, 81%) as a white solid: mp 74.5-76.9°C; El-
HRMS m/e calcd for C4H;CLO, (M*) 286.0527, found 286.0534.

* A solution of 3-cyclopentyl-2-(3,4-dichlorophenyl)-propionic acid (366 mg, 1.27 mmol)

in methylene chloride (10 mL) and 1 drop of N,N-dimethylformamide was cooled to 0°C
an& then treated with a 2.0M solution of oxalyl chloride in methylene chloride (0.76 mL,
1.53 mmol). The reaction was stirred for 30 min at 0°C, at which time, 1,1,1,3,3,3-
hexamethyldisilazane (0.81 mL, 3.81 mmol) was added to the reaction mixture. The
reaction was allowed to slowly warm to 25°C and then stirred at 25°C for 16 h. The
reaction mixture was then treated with methanol (5 mL). The resulting reaction mixture
was washed with a 5% aqueous sulfuric acid solution (2 x 10 mL). The combined
aqueous layers were extracted with methylene chloride (3 x 10 mL). The combined
organic layers were then washed with a saturated aqueous sodium chloride solution (1 x
10 mlL), dried over magnesium sulfate, filtered and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 70/30 hexanes/ethyl acetate)
afforded 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionamide (229 mg, 63%) as a white
soiid: mp 98.6-100.1°C; EI-HRMS m/e caled for Cy4H;7CI,NO (M™) 285.0687, found
285.0688.

A solution of 3—cyclopentyl—2—(3,4-dichloro—phehyl)—propionamide (98 mg, 0.33 mmol) in
toluene (10 mL) was treated with ethyl isocyanate (0.03 mL, 0.42 mmol). The resulting
solution was heated under reflux for 24 h. At this time, the reaction was concentrated in

vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl
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afforded 1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-ethyl-urea (29 mg, 26%)
as a white foam: EIFHRMS m/e caled for Ci17HCLN.O, (M') 356.1058, found
356.1066.

(B) In an analogous manner, there were obtained:

(a) From 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionamide and isopropyl isocyanate:
1-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-isopropyl-urea as a white solid:
mp 134.6-138.3°C; EI-HRMS m/e calcd for CigHz4CLN,O, (M™) 370.1215, found
370.1232.

(b) From 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionamide and propyl isocyanate: 1-
[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-propyl-urea as a white solid: mp
117.8-120°C; EI-HRMS m/e calcd for CysH24CLN,O, (M") 370.1215, found 370.1209.

{c) From 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionamide and ethyl 3-
isocyanatopropionate: 3-{3-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-
propionic acid ethyl ester as a light yellow oil: EI-HRMS m/e calcd for C20H6ClaN204
(M™) 428.1270, found 428.1265.

(d) From 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionamide and ethyl
isocyanatoacetate: {3-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-ureido }-acetic
acid ethyl ester as a light yellow oil: EI-HRMS mv/e calcd for CH4CLN;0, (M)
414.1113, found 414.1108.

(e) From 3-cyclopentyl-2-~(3,4-dichloro-phenyl)-propionamide and allyl isocyanate: 1-

Allyl-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-urea as a clear colorless oil:
EI-HRMS m/e caled for CigHClLN,0, (M) 368.1058, found 368.1064.
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Example 139

1-[3-Cyclopentyi-Z(R)-(3,4-dichloro-phenyl)-prdpiohyl]-3-methyl-urea

H H: ;
N
o o
Cl

Cl
A solution of 3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionic acid (prepared in Example
12, 5.00 g, 17.4 mmol) in tetrahydrofuran (150 mL) cooled to -78°C was treated with
triethylamine (2.77 mL, 19.9 mmol) followed by trimethylacetyl chloride (2.24 mL, 18.2

mmol). The resulting white slurry was stirred at -78°C for 15 min and then at 0°C for 45

‘min. Ina sepérilte flask, a solution of (S)-4-isopropyl-2-oxazolidinone (2.14 g, 16.57

mmol) in tetrahydrofuran (80 mL) cooled to -78°C was treated with a 2.0M solution-of n-

‘butyllithium in hexanes (8.7 mL, 17.4 mmol). This solution was stirred at -78°C for 10

min. It was then warmed 25°C and stirred for an additional 10 min. At this time, the first
reaction mixture was re-cooled to -78°C. The second reacti{:n mixture was added to the
first reaction mixture over a period of S min via cannula. ':The combined reaction was
then stirred at -78°C for 15 min. It was then warmed to 25°C and was stirred for an
additional 1.5 h. At this time, the reaction was quenched ny the addition of a saturated
aqueous sodium bisulfite solution (50 mL) and extracted with ethyl acetate (3 x 40 mL).
The organic layers were combined, washed with a saturated aqueous sodium bicarbonate
solution (1 x 20 mL), a saturated aqueous sodium chloride solution (1 x 20 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 85/15 hexanes/ethyl acetate) afforded (1) 3-[3-cyclopentyi-
2(S)-(3,4-dichloro-phenyl)-propionyl]-4(S)-isopropyl-oxazolidin-2-one (2.15 g, 33%) as a
clear oil: [0)%s59 = +87.5° (c=0.160, chloroform); EI-HRMS m/e calcd for CzHzsClNO;
(M™) 397.1211, found 397.1215 and (2) 3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-
propionyl}-4(S)-isopropyl-oxazolidin-2-one (1.88 g, 28%) as a white solid: mp 71.9-
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74.6°C; [0)Psg9 = -27.6° (¢=0.188, chloroform); EI-HRMS mv/e calcd for CooHasClNOs
(M") 397.1211, found 397.1212.

A solution of 3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl}-4(S)-isopropyl-
oxazolidin-2-one (1.88 g, 4.72 mmol) in tetrahydrofuran (73 mL) and water (22 mlL)
cooled to 0°C was treated with a 30% aqueous hydrogen peroxide solution (2.1 mL) and
lithium hydroxide (394 mg, 9.4 mmol). The reaction was stirred at 0°C for 1 h. At this
time, the reaction was quenched with a saturated aqueous sodium sulfite solution (16 mL)
followed by the addition of an aqueous solution of 0.5N sodium bicarbonate (50 mL).
The tetrahydrofuran was then removed in vacuo. The residue was' diluted with water (40
ml) and extracted with methylene chloride (3 x 20 mL). The aqueous layer was then
acidified to pH = 2 with a 5N aqueous hydrochloric acid solution and extracted with ethyl
acetate (4 x 25 mL). The ethyl acetate layers were then dried over sodium sulfate,
filtered, and concentrated in vacuo to afforded of 3-cyclopentyl-2(R)-(3,4-dichloro-
phenyl)-propionic acid (928 mg, 70%) as a white solid: mp 75.1-78.3°C; [06]*sgo = ~50.3°
(c=0.100, chloroform); EI-HRMS m/e calcd for C;4H;6Cl,0, (M) 286.0527, found
286.0535.

A solution of 3-cyclopentyl-2(R)-(3,4-dichlorophenyl)-propionic acid (105 mg, 0.37
mmol) in methylene chloride (10 mL) and 1 drop of N,N-dimethylformamide was cooled
to 0°C and then treated with a 2.0M solution of oxalyl chloride in methylene chloride
(0.18 mL, 0.37 mmol). The reaction was stirred for 30 min at 0°C, at which time,
1,1,1,3,3,3-hexamethyldisilazane (0.25 mi, 1.17 mmol) was added to the reaction
mixture. The reaction was then allowed to slowly warm to 25°C and stirred at 25°C for
16h. The reaction mixture was then washed with a 5% aqueous sulfuric acid solution (2 x
10 mL). The combined aqueous layers were extracted with methylene chloride (3 x 10
mL). The combined organic layers were washed with a saturated aqueous sodium
chloride solution (1 x 10 mL), dried over magnesium sulfate, filtered and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 60/40 hexanes/ethyl
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acetate) afforded 3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionamide (60 mg, 58%)
as a white solid: [0]®sg = -67.6° (c=0.106, chloroform); EI-HRMS m/e calcd for
C1:H;7CLN,0, (M) 285.0687, found 285.0685.

A solution of 3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionamide (54 mg, 0.19
mmol) in toluene (5 mL) was treated with methyl isocyanate (0.03 mL, 0.47 mmol). The
resulting solution was heated under reflux for 24 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 1-[3-cyclopentyl-2(R)-(3,4-dichloro—phcnyl)vpropionyl]-

‘3-methyl-urea (40 mg, 63%) as a white solid: mp 124.8-127.5 °C; [0]%sg9 = —21.2°

(¢=0.099, chloroform); EI-HRMS m/e calcd for C16H0CLN,O; (M) 342.0902, found
342.0902.

Example 140

1-[3-Cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionyl]-3-methyl-urea

~
CH
o ks
A\ 0 ®)
Rt
CHz NO,

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 réﬂux for 64 h. The reactio_ti mixture was allowed to cool to
25°C and then filtered to remove the Ambjcrlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetaté) afforded 4-chloro-3-nitrophenylacetic acid methyl ester (1.91 g,
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89%) as a yellow oil: EI-HRMS m/e caled for CoHgCINO, (M™") 229.0142, found
229.0146.

A solution of diisopropylamine (3.35 mL, 23.9 mmol) in dry tetrahydrofuran (45 mL) and

5  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

10 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

iodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry 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

15  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,

filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400

20 mesh, 4/1 hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-

propionic acid methyl ester (2.17 g, 32%) as a yellow oil: EI-HRMS m/e calcd for
C;sH;3CINO, (M") 311.0924, found 311.0927.

A solution of 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-propionic acid methyl ester (1.00
25 g, 3.21 mmol) and sodium methanesulfinate (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 diluted with ethyl acetate (50 mL) and water (50 mL), and the layers were separated.
The aqueous layer was further extracted with ethyl acetate (2 x 50 mL). The combined
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organic layers were washed with a saturated aqueous sodium chloride solution, dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 meéh, 1/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-
methanesulfonyl-3-nitrophenyl)-propionic acid methyl estér (0.95 g, 84%) as a yellow
gel: FAB-HRMS mve calcd for CigHzNOgS (M+H)" 356.1169, found 356.1175,

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionic acid methyl
ester (865 mg, 2.43 mmoI) m tétrahydrofuran (6 mL) was treated with a 0.8M aqueous
lithium hydroxide solution (4.6 mL, 3.65 mmol). The réa¢t.i0n mixture was stirred at
25°C for 3 h. The reactio_h mixture was concentrated in vacuo to remove tetrahydrofuran.
The resulting aqueous residu_e was diluted with water (25 IﬁL) and then treated with a 1N
aqueous hydrochloric acid solution (10 mL). The resuiﬁﬁg aqueous layer was then
extracted with ethyl acetate (2 x 50 mL). The combined orgéﬂc- layers were dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (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; ho‘vever, the 3-cyclopentyl-2-
(4-methanesulfonyl-3-nitrophenyl)-propionic acid was used without further purification in

subsequent reactions.

A mixture of 3-cyclopentyl—_2—(4—methanesulfony1-3—nitrophenyl)-propionic acid (300 mg,
0.88 mmol) and 1 drop of .N,N-dimethylfonnamide in m;:thylene chloride (2 mL) was
cooled to 0°C and then slowly treated with oxalyl chloride (84 pL, 0.97 mmol). The
reaction mixture was stirred at 0°C for 10 min and then sﬁtred at 25°C for 1 h. The
resulting reaction mixture was then treated dropwise with 1,1,13,3,3-
hexamethyldisilazane (560 pL, 2.64 mmol) and subsequently stirred at 25°C for 15 h.
The resulting reaction mixture was diluted with methylene chloride (20 mL) and
methanol (15 mL) and then washed with a 5% aqueous sulfuric acid solution (20 mL).

The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo.
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Flash chromatography (Merck Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl acetate)
afforded 3-cyclopennyl—ﬁ—(4~methanesulfony1—3—nitropﬁériyl)-propionamide (140 mg,
47%) as a yellow foam: mp 72-76°C (foam to gel); FAB-HRMS m/e calcd for
CysHoN205S (M+H)™ 341.1172, found 341.1181.

A solution of 3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionamide (126 mg,
0.37 mmol) and methy! isocyanate (211 mg, 3.70 mmol) in toluene (2 mL) was heated
under reflux (120°C) for 15 h. The reaction mixture was allowed to cool 10 25°C and
then concentrated in vacuo. The resulting yellow oil was treated with a small amount of a
1/1 mixture of hexanes/ethyl acetate, and a precipitate started to fénn. The material was
further cooled in the freezer for 2 h to facilitate additional precipitation. The solid was
collected by filtration and then dried in vacuo to afford 1-[3-cyclopentyl-2-(4-
methanesulfonyl~3—nitrophenyl)-propionyi]-3—methy1—urea (50 mg, 35%) as a pale yellow
solid: mp 241-242°C; FAB-HRMS mv/e calcd for C17H23N306S (M+H)" 398.1386, found
398.1399.

Example 141

1-[3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-3-ethyl-urea

H H
D
@] 0
Cl
Cl

A solution of 3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionamide (prepared in
Example 139, 103 mg, 0.36 mmol) in toluene (10 mL) was treated with ethyl isocyanate
(40 pL, 0.54 mmol). The resulting reaction mixture was heated under reflux for 24 h.

The reaction mixture was then concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 4/1 hexanes/ethyl acetate) afforded 1-[3-cyclopentyl-2(R)-
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(3,4-dichloro-phenyl)-propionyl]-3-ethyl-urea (54 mg, 42%) as a white foam: [a]23589 =
-41.9° (c=0.031, chloroform); FAB-HRMS m/e calcd for Cj7Hz2CLN:O; M+H)*
357.1136, found 357.1137.

Example 142

[2-(4-Chloro-phenyl)-4-methyl-pentanoylj-urea

.I:} NH
2
A

0O O
Cl

A Eolution of (4-chloro-phenyl)-acetic acid (6.29 g, 0.03 moi) in ethanol (38.4 mlL) was
treated with a catalytic amount of sulfuric acid. The reaction mixture was refluxed for 12
h. The reactioﬁ was then concentrated in vacuo. Flash 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 paie yellow solid: mp 39-41°C; EI-HRMS m/e calcd for
C10H1:C10, (M") 198.04438, found 198.0452.

A solution of freshly preparéd lithium diisopropylamide (21.2 mL of a 0.31M stock
solution, 6.14 mmol) cooled to -78°C was treated with (4-chloro-phenyl)-acetic acid ethyl
ester (1.11 g, 5.58 mmol) in tetrahydrofuran/hexamethylphosphoramide (13.9 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 1-bromo-2-methyl-propane (1.81 mL, 16.7 mmol) in
hexamethylphosphoramide (1 mL). The mixture was stirred at -78°C for 3 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 agueous ammonium chloride
solution (20 mL). The reaction mixture was poured into water (100 mL) and extracted

with ethyl acetate (3 x 50 mL). The organics layers dried over sodium sulfate, filtered,



10

15

WO 00/58293 PCT/EP00/02450
-281-

and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
50/50 hexanes/ethyl acetate) afforded 2-(4-chloro-phenyl)-4-methyl-pentanoic acid ethyl
ester (1.24 g, 87.1%) as a white solid: mp 34-35°C; EI-HRMS m/e calcd for C14H;9ClO,
(M) 254.1074, found 254.1069.

A mixture of 2-(4-chloro-phenyl)-4-methyl-pentanoic acid ethyl ester (508 mg, 1.99
mmol) and urea (239 mg, 3.99 mmol) in a solution of magnesium methoxide in methanol
(7.4 wt%, 4.28 mL, 2.99 mmol) was heated to reflux for 24 h. The reaction mixture was
then concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
50/50 hexanes/ethyl acetate) afforded [2-(4-chloro~pheny1)-4-ﬁ1ethy1—pentanoyl]-urea
(28.1 mg, 5.2%) as a white solid: mp 164-165°C; EI-HRMS m/e calcd for C;3H;7CIN2O,
(M™) 268.0979, found 268.0972.

Example 143

R-[2-(3,4-Dichloro-phenyl)-4-methyl-pentanoyl]-urea

H
N _NH,

b

O o
Ci

Cl
A solution of (3,4-dichloro-phenyl)-acetic acid (10.0 g, 0.048 mol) in ethanol (50 mL)

was treated with a catalytic amount of sulfuric acid. The reaction mixture was refluxed
for 7 h. The reaction was concentrated in vacuo, diluted with diethyl ether, and poured
into water. The ether layer was washed with a saturated aqueous sodium bicarbonate
solution and water. The organics were then dried over sodium sulfate, filtered, and
concentrated in vacuo. Vacuum distillation (bath temperature: 175°C; head temperature:
125°C) afforded (3,4-dichloro-phenyl)-acetic acid ethyl ester (9.38 g, 82.5%) as a clear
oil: EI-HRMS mv/e calcd for CyoH;0Cl,0; (M) 232.0058, found 232.0066.
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A solution of freshly prepared lithium diisopropylamide (4.88 mL of 0.29M stock
solution, 1.41 mmol) cooled to -78°C was treated with (3,4-dichloro-phenyl)-acetic acid
ethyl ester (300 mg, 1.28 mmol) in tetrahydrofuran/hexamethylphosphoramide (3.2 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 1-bromo-2-methyl-propane (1.53 mlL, 1.41 mmol) in
hexamethylphosphoramide (1 mL). The reaction mixture was stirred at -78°C for 6 h.
The reaction was then warmed to 25°C and stirred at 25°C for 16 h. The reaction mixture

was then quenched by the dropwise addition of saturated aqueous ammonium chloride

‘solution (1 mL). This mixture was poured into water (50 mL) and extracted with ethyl

acetate (3 x 50 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate) afforded 2-(3,4-dichloro-phenyl)-4-methyl-pentanoic acid ethyl
ester (356.4 mg, 95.8%) as a clear oil: EI-HRMS m/e calcd for Ci4H;5Cl,0, o
288.0683, found 288.0677. | |

A mixture of 2-(3,4-dichloro-phenyl)-4-methyl-pentanoic acid ethyl ester (197 mg, 0.68
mmol) and urea (82 mg, 1.36 mmol) in a solution of magnesium methoxide in methanol
(7.4 wt%, 1.46 mL, 1.02 mmol) was heated to reflux for 3 h. The reaction mixture was
then concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
75/25 hexanes/ethyl acetate) followed by high pressure liquid chromatography
[Chirobiotic T, 5uM, 25cm x 4.6mm ID, 60/40 buffer (0.1% triethylamine in water
titrated to pH 5 with glacial acetic acid)/ethanol] afforded R-[2-(3,4-dichloro-phenyl)-4-
methyl-pentanoyl]-urea (120.0 mg, 58.1%) as a white solid: mp 138-140°C; EI-HRMS
m/e caled for Ci3H;6CLN,O, (M") 302.0589, found 302.0595.
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Example 144

1-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-(2-hydroxy-ethyl)-urea

\ﬂ/ OH

0 o)
Ci

Cl

A solution of 1-allyl-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionylj-urea (prepared
in Example 12B-¢, 75 mg, 0.20 mmo}) in dry methylene chloride (10 mL) and methanol
(2 drops, needed to solubilize the compound) was cooled to -78°C and deoxygenated by
bubbling argon through the reaction mixture. Ozone was then generated and bubbled
through the reaction until a blue color appeared and then the reaction was stirred for five
min.

At this time, argon was bubbled through the solution again until the blue color
disappeared. Triphenylphosphine (54 mg, 0.20 mmol) was then added and the reaction
warmed to 25°C and stirred for 16 h. At this time, the reaction was concentrated in
vacuo and then dissolved in dry methanol (10 mL). The reaction was cooled to 0°C and
then slowly treated with sodium borohydride (31 mg, 0.81 mmol). The reaction was then
warmed to 25°C and stirred for 1 h. It was then quenched with water (10 mL) and
extracted with ethyl acetate (3 x 15 mL). The organics were combined and washed with
water (1 x 15 mL), a saturated aqueous sodium chloride solution (1 x 15 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) afforded 1-[3-cyclopentyl-2-(3.4-
dichloro-phenyl)-propionyl]-3-(2-hydroxy-ethyl)-urea (48 mg, 64%) as a hygroscopic
white solid: EI-HRMS m/e calcd for C;7H2,CLN,0;3 (M") 370.1215, found 370.1209.
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Example 145

1-[3-Cyclopentyl524(3,4-dichloro-phenyl)-propionyl]-3-(2-hydrOXy-propyl)-urea

cl
Ct

A solution of 1-allyl-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionylj-urea (prepared
in Example 12B-e, 132 mg, 0.36 mmol) in tetrahydrofuran (10 mL) cooled to 0°C was
treated with a 1M solution of borane-tetrahydrofuran (0.7 ml., 0.72 mmol). The reaction -
mixture was allowed to warm from 0°C to 25°C over 1 h. At this time, the solution was
re~cooled to 0°C and treated with ethanol (2 mL) followed by the slow addition of a
~mixture of a saturated aqueous sodium bicarbonate solution (6 mL) and 30% hydrogen
-peroxide (2 mL). The resulting mixture was allowed to slowly warm to 25°C over 1 h.
At this time, the reaction was re-cooled to 0°C and was slowly quenched with a saturated
“aqueous sodium sulfite solution (20 mL). This mixture was extracted with ethyl acetate (3
x 20 mL). The organics were washed with a saturated aqueous sodium chloride solution
(1 x 15 mL), dried over sodium sulfate, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate) effected the separation
of two spots, the first of the two product spots to elute off the column afforded 1-[3-
cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-(2-hydroxy-propyl)-urea (36 mg, 26%)
as a white solid: mp 116.7-119.9°C; EI-HRMS m/e calcd for C;sHpaClLN,O; (M)
386.1164, found 386.1173.
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Example 146

1-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-(3-hydroxy-propyl)-urea

ﬁ H\/\/OH
bl

0 ¢
Ci

Cl

A solution of 1-allyl-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-urea (prepared
in Example 12B-¢, 132 mg, 0.36 mmol) in tetrahydrofuran (10 mL) cooled to 0°C was
treated with a 1M solution of borane-tetrahydrofuran (0.7 mL, 0.72 mmol). The reaction
mixture was allowed to slowly warm from 0°C to 25°C over 1 h.. At this time, the
solution was re-cooled to 0°C and ethanol (2 mL) followed by a mixture of a saturated
aqueous sodium bicarbonate solution (6 mL) and 30% hydrogen peroxide (2 mL) was
added slowly. This mixture was allowed to slowly warm to 25°C while stirring for 1 h.
At this time, the reaction was re-cooled to 0°C and slowly quenched with a saturated
aqueous sodium sulfite solution (20 mL). This solution was extracted with ethyl acetate
(3 x 20 mL). The organics were washed with a saturated aqueous sodium chloride
solution (1 x 15 mL), dried over sodium sulfate, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate)
effected the separation of two spots, the second of the two product spots to elute off the
column afforded 1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-3-(3-hydroxy-
propyl)-urea (73 mg, 53%) as a white hygroscopic solid: EIFHRMS m/e caled for
CisH2:CLN,03 (M") 386.1164, found 386.1172.
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Example 147

{3-[3'-Cyclopentyl-2'-'(3,’4-dichloro-phenyl)-propionyl]-ureido}-acetic acid methyl

ester
0
A A
N N '
\ﬂ/ ~OCHg
0] 0

Cl
Cl

A solution of {3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido}-acetic acid
ethyl ester (prepared in Example 12B-d, 77 mg, 0.19 mmol) in ethanol (5 mL) at 25°C
was treated with a solution of potassium hydroxide (36 mg, 0.65 mmol) in water (1 mL).
The reaction mixture was stirred at 25°C for 2 h. - At this time, the reaction was diluted
with water (5-mL) and the ethanol was removed in vacuo. The aqueous layer was then
acidified to pH = 2 with a 1N aqueous hydrochloric acid solution and extracted with
metﬁylene chloride (3 x 15 mL). The organics were then dried over sodium 'sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 88/12 chloroform/methanol plus 1% acetic acid) afforded {3-[3-cyclopentyl-2-(3,4-
dichloro-phenyl)-propionyl]-ureido}-acetic acid (43 mg, 60%) as a white solid: mp 204.2-
206.8°C; EI-HRMS m/e caled for C17H20CLN,04 (M) 386.0800, found 386.0795.

A solution of {3-[3-cyclopentyl-2-(3 ,4-dichloro-phenylj—propionyl]—ureido}—acetic acid
(30 mg, 0.08 mmol) in methanol (5 mL) was treated with concentrated sulfuric acid (4
drops). The reaction was heated to 80°C for 8 h. At this tiine, the reaction was cooled to
25°C and diluted with water (10mL). This solution was extracted with ethyl acetate (3 x
20 mL). The organics were washed with a saturated aqueous sodium bicarbonate solution
(1 x 20 mL), a saturated aqueous sodium chloride solution (1 x 20 mL) and water (1 x 10
mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash

chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate)
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afforded {3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-acetic acid methyl
ester (21 mg, 68%) as a white solid: mp 134.5-136.6°C; EI-HRMS m/e calcd for
C13H22C12N20¢ (M+) 400.0957, found 400.0970.

Example 148

3-{3-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureide}-propionic acid

methyl ester

H H H
NTN\/\H/OCHS
o) O O
Cl

&

A solution of 3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-propionic
acid ethyl ester (prepared in Example 12B-c, 94 mg, 0.22 mmo}) in ethanol (5 mlL) at
25°C was treated with a solution of potassium hydroxide (43 mg, 0.77 mmol) in water (1
mL). This solution was stirred at 25°C for 2 h. At this time, the reaction was diluted with
water (5 mL) and the ethanol was removed in vacuo. The aqueous layer was acidified to
pH = 2 with a IN aqueous hydrochloric acid solution and extracted with methylene
chloride (3 x 15 mL). The organic layers were then dried over sodium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
50/50 hexanes/ethyl acetate plus 1% acetic acid) afforded 3-{3-[3-cyclopentyl-2-(3,4-
dichloro-phenyl)-propionyl]-ureido }-propionic acid (30 mg, 35%) as a white foam: FAB-
HRMS m/e caled for CygH2,CLN,O, (M+H)™ 401.1035, found 401.1022.

A solution of 3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-ureido }-propionic
acid (20 mg, 0.05 mmol) in methanol (5 mL) was treated with concentrated sulfuric acid
(4 drops). This solution was heated to 80°C for 8 h. At this time, the reaction was cooled
to 25°C and diluted with water (10mL). This solution extracted with ethyl acetate (3 x 20
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mL). The organic_:s were washed with a saturated aqueous sodium bicarbonate solution (1
X 20 mL), a saturated aqueous sodium chloride solution (1 x 20 mL) and water (1 x 10
mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate)
afforded 3-{3-f3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-propionic acid
methyl ester (18 mg, 86%) as a white solid: 93.6-95.8°C: EI-HRMS m/e calcd for
C19H24C1N204 (M) 414.1113, found 414.1114. | |

Example 149

{3-[3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-ureido}-acetic acid ethyl

ester

0
A
T OEt

0 o)
Cl

Ci

A solution of 3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionamide (prepared in
Example 13, 600 mg, 2.10 mmol) in toluene (15 mlL) was treated with ethyl
isocyantoacetate (0.35 mL., 3.14 mmol). This solution was heated under reflux for 16 h.
At this time, the reaction was cooled to 25°C and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate)
afforded {3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-ureido}-acetic  acid
ethyl ester (525 mg, 60%) as a colorless oil; [0]s80 = -27.4° (c=0.113, chloroform); EI-
HRMS m/e calcd for C1oH24C1:N,04 (M) 414.1113, found 414.1123.
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Example 150

1-Allyl-3-[3-cyclopentyl-2(R)-(3,4-dichlore-phenyl)-propionyl}-urea

Cl
Cl

A solution of 3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionamide (prepared in
Example 13, 1.02 g, 3.55 mmol) in toluene (30 mL) was treated with allyl isocyanate
(0.47 mL., 5.33 mmotl). This solution was heated to reflux for 16 h. At this time, the
reaction was cooled to 25°C and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate) afforded I1-allyl-3-[3-
cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl}-urea (1.06 g, 81%) as a colorless oil:
[(x]23539 = -25.2° (¢=0.151, chloroform); EI-HRMS m/e calcd for C;zH2CLN,O,; (M)
368.1058, found 368.1054.

Example 151

1-[3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl}-3-(2-hydroxy-propyl)-urea

Cl
Cl
A solution of 1-a11y1-3—[3-cy¢lopentyl-2(R)—(3,4~dichloro-phenyl)—propionyl]-urea
(prepared in Example 24, 765 mg, 2.07 mmol) in tetrahydrofuran (50 mL) cooled to 0°C
was treated with a 1.0M borane solution in tetrahydrofuran (4.14 mL, 4.14 mmol). The

reaction was altowed to warm from 0°C to 25°C over 1 h. At this time, the reaction was
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re-cooled 1o 0°C and treated with ethanol (15 mL) followed by a mixture of a saturated
aqueous sodium bicarbonate solution (45 mL) and hydrogen peroxide (15 mL). The
resulting mixture was allowed to warm from 0°C to 25°C over 1 h. The reaction was then
slowly quenched with a saturated aqueous sodium sulfite solution and then extracted with
ethyl acetate (3 x 30 mL). The organics were washed with a saturated aqueous sodium
chloride solution (1 x 20 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl
acetate) afforded 1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-3-(2-hydroxy-
propyl)-urea (103 mg, 11%) as a white foam: [0)%s8 = -33.0° (c=0.094, chloroform); EI-
HRMS mv/e caled for C1gH24CLN,O; (M™) 386.1164, found 386.1151.

Example 152

1-[3-Cyclopentyl-Z(R)-(3,4-dichloro-phenyl)—propionyl]-3-(3-hy&roxy-propyl)-urea

A solution of 1-allyl-3-[3-cyclopentyl-2(R)~(3,4-dichloro-phenyl)-propionyl]-urea

(prepared in Example 24, 765 mg, 2.07 mmol) in tetrahydrofuran (50 mL) cooled to 0°C
was treated with a 1.0M borane solution in tetrahydrofuran (4.14 mL, 4.14 mmol). The
reaction was allowed to warm from 0°C to 25°C over 1 h. At this time, the reaction was
re-cooled to 0°C and treated with ethanol (15 mL) followed by a mixture of a saturated
aqueous sodium bicarbonate solution (45 mL) and hydrogen peroxide (15 mL). The
resulting mixture was allowed to warm from 0°C to 25°C over 1 h. The reaction was then
slowly quenched with a saturated aqueous sodium sulfite solution and then extracted with
ethyl acetate (3 x 30 mL). The organics were washed with a saturated aqueous solution of

sodium chloride (1 x 20 mL), dried over sodium sulfate, filtered, and concentrated in
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vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl
acetate) afforded  1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-(3-hydroxy-
propyl)-urea (173 mg, 22%) as a white foam: [0]>sgs = -37.3° (¢=0.075, chloroform); EI-
HRMS m/e caled for CysHpCLN,05 (M) 386.1164, found 386.1154.

Example 153

1-{2-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea

H H H
A
A ‘0 O
A
o ¢

A solution of aluminum trichloride (34.8 g, 261.4 mmol) in chloroform (120 mL) cooled
to 0°C was treated with a solution of ethyl chlorooxoacetate (18.7 mL, 167.5 mmol) in
chloroform (120 mL). The mixture was stirred at 0°C for 30 min. At this time, a solution
of 2-chlorothioanisole (25.0 g, 156.5 mmol) in chloroform (120 mL) was added dropwise
to the reaction mixture. It was then allowed to warm to 25°C and stirred for an additional
3.5 h at 25°C. At this time, the reaction was quenched by the slow addition of water (500
ml) and extracted with chloroform (3 x 50 mL). The organics were dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 80/20 hexanes/ethyl acetate) afforded (3-chloro-4-methylsulfanyl-phenyl)-
oxo-acetic acid ethyl ester (31.37 g, 77%) as a vellow oil: EI-HRMS m/e caled for
C1sH2CLN,0;5 (M") 386.1164, found 386.1154.

A solution of cylcopentylmethy! triphenylphosphonium iodide (prepared in Example 33,
725 mg, 1.53 mmol) in tetrahydrofuran (10 mL) cooled to 0°C was treated with a 1.0M
solution of sodium bis(trimethylsilyl)amide in tetrahydrofuran (2.14 ml, 2.14 mmof).
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The reaction was stirred at 0°C for 45 min. At this time, the reaction was treated with a
solution of (3-chloro-4-methylsulfanyl-phenyl)-oxo-acetic acid ethyl ester (355 mg, 1.37
mmol) in tetrahydrofuran (5 mL). The reaction was then warmed to 25°C and stirred at
25°C for 20 h. The reaction was then diluted with water (50 mL) and extracted with
diethyl ether (3 x 25 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Biotage chromatography (FLASH 12M, Silica, 80/20
hexanes/ethyl acetate) afforded 2-(3-chloro-4-methylsulfanyl-phenyl)-3-cyclopentyl-
acrylic acid ethyl ester (267 mg, 60%, 2:1 mixture of E:Z isbmers) as a yellow oil and

taken on without characterization.

A solution of E:Z isomers of 2-(3-chloro-4-methylsulfanyl-phenyl)-3-cyclopentyl-acrylic
acid ethyl ester (100 mg, 0.31 mmol) in methylene chloride (5 mL) cooled to 0°C was
treated with 3-chloroperoxybenzoic acid (80%, 157 mg, 0.73 mmol) and stirred for 3.5 h.
The reaction mixture was then diluted with methylene chloride (25 mL). This solution
was washed with a saturated aqueous sodium carbonate solution (2 x 10 mL) and a
saturated aqueous sodium chloride solution (2 x 10mL). The organics were dried over
sodium sulfate, filtered, and concentrated in vacuo. Biotage chromatography (FLASH
12M, Silica, 80/20 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methanesulfonyl--
phenyl)-3-cyclopentyl-acrylic acid ethyl ester (95 mg, 86%, 2:1 mixture of E:Z isomers)

as a colorless oil and taken on without characterization.

A solution of E:Z isomers of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-
acrylic acid ethyl ester (1.04 g, 2.91 mmol), nickel chloride hexahydrate (69 mg, 0.29
mmol) in methanol (25 mL) cooled to 0°C was treated with sodium borohydride (221 mg,
5.83 mmol) at a rate to maintain the reaction temperature below 20°C. After complete
addition of the sodium borohydride, the reaction was stirred at 25°C for 1.5 h. At this
time, the reaction was filtered through celite and washed with methanol. The filtrate was
concentrated in vacuo. The residue was diluted with water (15 mL) and extracted with

ethyl acetate (3 x 15 mL). The organics were dried over sodium sulfate, filtered and
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concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25
hexanes/ethyl acetate) afforded a mixture of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-
cyclopentyl-propionic acid methyl ester and 2-(3-chloro-4-methanesulfonyl-phenyl)-3-

cyclopentyl-propionic acid ethyl ester (transesterification occurred under the reaction

Lh

conditions) (937 mg) as a clear colorless oil. (Transesterification occumred under the

reaction conditions and the mixture of esters was carried on without characterization)

A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester and 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid

10 ethyl ester (268 mg) and methyl urea (110 mg, 1.5 mmol) in magnesium methoxide in
methanol (7.4 wt%, 1.6 mL, 1.1 mmol) was heated to 100°C for 8 h. At this time, the
reaction was concentrated in vacuo. The residue was then dissolved in ethyl acetate (50
mlL), filtered through a plug of silica gel, and washed with ethyl acetate (100 mL). The
filtrate was concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400

15  mesh, 60/40 hexanes/ethyl acetate) afforded 1-[2-(3-chloro-4-methanesulfonyl-phenyl)-3-
cyclopentyl-propionyl}-3-methyl-urea (55 mg, 19% yield) as a white foam: FAB-HRMS
m/e calcd for C H,,CIN,0,S (M-+H)" 387.1145, found 387.1156.

Example 154

20 1-[2-(3-Chlore-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-3-ethyl-urea

H H H
N\H/N\/
R o o
o ¢

A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester and 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
ethyl ester (prepared in Example 27, 937 mg) in ethanol (30 mL) at 25°C was treated with
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a solution of potassium hydroxide (733 mg, 13.1 mmol) in water (7 mL). This solution
was stirred at 25°C for 3 h. At this time, the reaction mixture was concentrated in vacuo.
The residue was acidified to pH = 2 by treatment with a 1N aqueous hydrochloric acid
solution. This solution was then extracted with methylene chloride (3 x 15 mL). The -
organics were dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl acetate plus
1% acetic acid) afforded 2-(3-chloro-4-methanesulfonyl-phenyi)-3-cyclopentyl-propionic
acid (787 mg, 82% over two steps) as a white solid: mp 123.9-126.2°C; FAB-HRMS m/e -
calcd for C;sH;0C10,S (M+H)* 331.0771, found 331.0776.

A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (147
mg, 0.44 mmol) in toluene (5 mL) with N,N-dimethylformamide (2 drops) at 25°C was
treated with oxalyl chloride (0.05 mL, 0.53 mmol). The reaction was stirred at 25°C for -
30 min. At this time, the reaction was cooled to -60°C and treated with ammonium
hydroxide (0.50 mL, 3.8 mmol). The resulting suspension was allowed to warm to 25°C -
and stirred at 25°C for 1 h. At this time, the reaction was quenched by the addition of a
2N aqueous hydrochloric acid solution (1 mL) and then extracted with diethyl ether (3 x
25 mL). The organics were dried over magnesium sulfate, filtered, and concentrated in -
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 65/35 hexanes/ethyl
acetate) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionamide
(130 mg, 89%) as a white foam: EI-HRMS m/e calcd for CisHCINO;S (M*) 329.0852,
found 329.0852.
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Example 155

1-[2(R)~(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl}-3-methyl

urea
H H
At
A 0 O
A2
O ¢

A solution of 2—(3-chloro-4-methanesulfonyl-phcnyl)-3~cyc10i)entyl-propionic acid
(prepared in Example 28, 6.1 g, 18.3 mmol), (R)-(+)-4-benzyl-2-oxazolidinone (2.83g,
15.9 mmol), triethylamine (6.68 mL, 47.7 mmol), in toluene (50 mL) heated to 80°C was
treated with pivaloyl chloride (3.55 mL, 28.8 mmol) in toluene (10 mL). The resulting
slurry was heated at 80°C for 36 h. At this time, the reaction was cooled to 20°C and
concentrated in vacuo. The residue was diluted with ethyl acetate (150 mL) washed with
a 1N aqueous hydrochloric acid solution (100 mL), a 10% aqueous sodiumn carbonate
solution (100 mL), and a saturated aqueous sodium chloride solution (100 mL). The
organics were dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 90/5/5 methylene
chloride/hexanes/ethyl acetate) afforded 4(R)-benzyl-3-[2(S)-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-oxazolidin-2-one (2.08 g, 23%) as a
white foam: [0]%ss0 = +10.4° (c=0.144, chloroform); FAB-HRMS m/e calcd for
CasHasCINOsS (M+H)™ 490.1455, found 490.1457 and 4(R)-benzyl-3-[2(R)-(3-chloro-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-oxazolidin-2-one (2.20 g, 25%) as a
white foam: [(1123539 = -93.9° (c=0.165, chloroform); FAB-HRMS m/e calcd for
CysHasCINOsS (M+H)" 490.1455, found 490.1443.

A solution of lithium hydroxide (215 mg, 9.0 mmol) in water (2.8 mL) was treated with a
30% aqueous solution of hydrogen peroxide (2.0 ml, 18 mmol). This lithium
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hydroperoxide solution was cooled to 0°C and was then slowly added to a solution of
4(R)-benzyl-3-[2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-
oxazolidin-2-one (2.20 g, 4.5 mmol) in tetrahydrofuran (18 mL) and water (5.8 mL)
cooled to 0°C. The reaction was stirred at 0°C for 1.5 h. At this time, the reaction was
quenched with a 1.5N aqueous sodium sulfite solution (25 mL) and was further diluted
with water (150 mL). This solution was extracted with diethyl ether (3 x 50 mL). The
aqueous layer was then acidified to pH = 2 with a 1N aqueous hydrochloric acid solution
and extracted with ethyl acetate (3 x 50 mL). The drganics were dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 75/25 hexanes/ethyl acetate plus 1% acetic acid) afforded 2(R)-(3-chloro-
4—methanesulfonyl—phenyl)—3-;:yclopentyl-_propionic acid (1.26 g, 85%) as a white solid:
mp 106.1-108.8°C; [oc]23539 = -43.0° (c=0.172, chlorofo;m); EI-HRMS m/e calcd for
Ci5sH19Cl04S (M") 330.0692, found 330.0690.

A solution of 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
(200 mg, 0.61 mmol) in toluene (4.8 mi.) and N,N-dimethylformamide (12 uL) at 25°C
was treated with a 2.0 M solution of oxalyl chloride in methylene chloride (0.36 mL, 0.73
mmol). This solution was stirred at 25°C for 30 min. ' At this time, the reaction was
cooled to -60°C and treated dropwise with a 30% aqueous ammonium hydroxide solution
(0.59 mL, 5.24 mmol). The resulting suspension was allowed to gradually warm to 25°C
and stirred at 25°C for 1 h. The reaction mixture was then extracted with ethyl acetate (3
x 25 mL). The organics were dried over magnesium sulfate, filtered and concentrated in
vacuo. Flash chromatography (Biotage Flash 40S column; ethyl acetate) afforded 2(R)-
(3-chloro—4-methanesulfonyléphenyl)-3-cyclopentyl—propionamide (175 mg, 88%) as a
colorless oil: [a]”ss = -45.8°(c=0.096, chloroform); EI-HRMS m/e caled for
Ci5H2CINO;S (M) 329.0852, found 329.0851.

A solution of 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionamide
(160 mg, 0.49 mmol) in toluene (5 mL) was treated with methyl isocyanate (0.12 mL,
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1.94 mmol). The reaction mixture was then heated at 100°C for 16 h. At this time, the
reaction was concentrated in vacuo. Biotage chromatography (FLASH 408, Silica, 60/40
hexanes/ethyl  acetate) afforded  1-[2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-
cyclopentyl-propionyl]-3-methyl-urea (79 mg, 42%) as a white foam: [0]%,, =
-8.9° (¢=0.09, chloroform); FAB-HRMS m/e caled for CH,,CIN,0,S (M+H)" 387.1145,
found 387.1142.

Example 156

1-(2-Chloro-ethyD)-3-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionyl]-urea

A solution of 3-cyclopentyl-2-(3.4-dichloro-phenyl)-propionamide (prepared in Example
12, 182 mg, 0.64 mmol) in toluene (10 mi) was treated with 2-chloroethyl isocyanate
(0.08 mL, 0.95 mmol). The reaction was heated at reflux for 16 h. At this time, the
reaction was cooled to 25°C and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate) afforded 1-(2-chloro-ethyl)-3-
[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionyl]-urea (189 mg, 76%) as a colorless oil:
EI-HRMS m/e caled for Cy5Hy:ClsN,O, (M) 390.0669, found 390.0659.
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Example 157 -

. 1-[3-Cyclopent'jl-z-(3-trifluoromethanesulfonyl-phenyl)-prbpionyl]-3-methyl-urea

H
o

o) O

H
N

o= l =0
CF,

A solution of 3-(trifluoromethylthio)phenylacetic acid (5.00 g, 21.17 mmol) in methanol

(50 mL) was treated slowly with concentrated sulfuric acid (10 drops). The resulting
* reaction mixture was heated to reflux for 18 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 (100 mL). The organic phase was washed with a saturated aqueous
éodium bicarbonate solution (1 x 100 mL), dried over magnesium sulfate, and filtered.
The filtrate was concentrated in vacuo to afford crude (3¥trif1uoromethy1sulfany1-phenyl)—
acetic acid methyl ester (5.28 g, 99%) as a pale yellow oil which was used without further

purification: EI-HRMS m/e calcd for C,0HoF30,5 (M™) 250.0275, found 250.0274.

A solution of diisopropylamine (1.5 mL, 10.5 mmol) in dry tetrahydrofuran (27 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (8 mL) cooled to -78°C was treated
with a 2.5M solution of »n-butyllithium in hexanes (4.2 mlL, 10.5 mmol). The resulting
reaction mixture was stirred at -78°C for 30 min and then treated dropwise with a solution
of (3-trifluoromethylsulfanyl-phenyl)-acetic acid methyl ester (2.50 g, 10.0 mmol) in a
small amount of tetrahydrofuran. The reaction mixture was allowed to stir at -78°C for 1
h. At this time, the reaction was treated with a solution of iodomethylcyclopentane (2.10
g, 10.0 mmol) in a small amount of dry tetrahydrofuran. The reaction mixture was
allowed to warm to 25°C where it was stirred for 15 h. The reaction mixture was
quenched with water (50 mL) and then partitioned between water (75 mL) and ethyl

acetate (75 mL). The organic layer was dried over magnesium sulfate, filtered, and



10

15

20

WO 00/58293 PCT/EP00/02450
-299-

concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 8/1
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(3-trifluoromethylsuifanyl-phenyl)-
propionic acid methyl ester (2.95 g, 89%) as a colorless oil: EI-'HRMS m/e calcd for
C16H1oF30,S (M") 332.1058, found 332.1047.

A solution of 3-cyclopentyl-2-(3-trifluoromethylsulfanyl-phenyl)-propionic acid methyl
ester (2.75 g, 827 mmol) in methylene chloride (30 mL) was treated with 3-
chloroperoxybenzoic acid (80-85% grade, 4.28 g based on 80%, 20.67 mmol). The
reaction mixture was stirred at 25°C for 6 h. At this time, thin layer chromatography
showed the presence of two new lower Ry products. An additional 400 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 40°C for 3 d.
The reaction mixture was cooled to 25°C and then partitioned between water (100 mL)
and methylene chloride (100 mL). The layers were shaken and separated. The organic
phase was washed twice with a saturated aqueous sodium bicarbonate solution, washed
with water, dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/methylene chloride)
afforded 3-cyclopentyl-2-(3-trifluoromethanesulfonyl-phenyl)-propionic acid methyl ester
(2.07 g, 69%) as a colorless oil: EI-HRMS m/e calcd for C1¢H1oF304S (M") 364.0956,
found 364.0947.

3-Cyclopentyl-2-(3-trifluoromethanesulfonyl-phenyl)-propionic acid methyl ester (500
mg, 1.37 mmol) and methyl urea (305 mg, 4.12 mmol) were treated with a solution of
magnesium methoxide in methanol (7.4 wt%, 5.9 mL, 4.12 mmol). The reaction mixture
was then concentrated in vacuo to approximately one-half the volume of methanol. The
resulting reaction mixture was then heated under reflux for 15 h. The reaction mixture
was allowed to cool to 25°C, diluted with ethyl acetate (10 mL), and then filtered through
celite. The celite was thoroughly washed with ethyl acetate. The filtrate was

concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
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hexanes/ethyl acetate) afforded 1-[3-cyclopentyl-2-(3-trifluoromethanesulfonyl-phenyl)-
propionyl]-3-methyl-urea (253 mg, 45%) as a white foam: mp 59-62°C (foam to gel); EI-
HRMS m/e caled for Cy7H,1FsN,04S (M) 406.1174, found 406.1178.

Example 158

1-[3-Cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-propionyl}-3-methyl-urea

FsC
F
A solution of 3-fluoro-4-(trifluoromethyl)phenylacetic acid (2.50 g, 11.25 mmol) in:
methanol (25 mlL) was treated with concentrated sulfuric acid (4 drops). ‘The resulting
reaction mixture was heated under reflux for 15 h. The rgaction mixture was allowed to

cool to 25°C and then concentrated in vacuo to remove methanol. Flash chromatography

" (Merck Silica gel 60, 230-400 mesh, 1/1 hexanes/ethyl acetate) afforded (3-fluoro-4-

trifluoromethyl-phenyl)-acetic acid methyl ester (2.58 g, 97%) as a colorless oil: EI-
HRMS m/e calcd for CioHgF4O, (M) 236.0460, found 236.0457.

A solution of diisopropylamine (1.5 mL, 10.67 mmol) in dry tetrahydrofuran (24 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (8 mL) cooled to -78°C was treated
with a 2.5M solution of n-butyllithium in hexanes (4.3 mL, 10.67 mmol). The resulting
reaction mixture was stirred at -78°C for 45 min and then treated dropwise with a solution
of (3-fluoro-4-triflucromethyl-phenyl)-acetic acid methyl ester (2.40 g, 10.16 mmol) in a
small amount of tetrahyd:ofuran. The reaction mixture was allowed to stir at -78°C for 1
h. At this time, the reaction was treated with a solution of iodomethylcyclopentane (2.24
g, 10.67 mmol) in a small amount of dry tetrahydrofuran. The reaction mixture was

allowed to warm to 25°C where it was stirred for 15 h. The reaction mixture was
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quenched with a saturated aqueous ammonium chloride solution (10 mL) and then
partitioned between water (75 mL) and ethyl acetate (75 mL). The layers were shaken
and separated. The aqueous layer was further extracted with ethyl acetate (75 mL). The
combined organic layers were washed with a saturated aqueous sodium chloride solution,
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 5/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-
(3-fluoro-4-triflucromethyl-phenyl)-propionic acid methyl ester (2.69 g, 83%) as a
colorless oil: EI-HRMS m/e calcd for Cy¢HisF40, (M) 318.1243, found 318.1250.

3-Cyclopentyl-2-(3-fluoro-4-trifluoromethyl-phenyl)-propionic acid methyl ester (750
mg, 2.36 mmol) and methyl urea (437 mg, 5.90 mmol) were treated with a solution of
magnesium methoxide in methanol (7.4 wt%, 14.5 mL, 7.08 mmol). The reaction
mixture was then concentrated in vacuo to approximately one-half the volume of
methanol. The resulting reaction mixture was then heated under reflux for 15 h. The
reaction mixture was allowed to cool to 25°C and then partitioned between water (75 mL)
and ethyl acetate (75 mL). An emulsion formed, and a saturated aqueous sodium chloride
solution was added to break down the emulsion. The aqueous layer was further extracted
with ethyl acetate (2 x 75 mlL). The combined organic layers were dried over magnesium
sulfate, filtered, and concentrated in vacuo to afford a white semi-solid. The semi-solid
was treated with a solution of 2/1 hexanes/ethyl acetate, and a white solid formed. The
solid was filtered, washed well with hexanes, and dried to afford 1-[3-cyclopentyl-2-(3-
fluoro-4-triflucromethyl-phenyl)-propionyl}-3-methyl-urea (322 mg, 38%) as a white
solid: mp 187-189°C; FAB-HRMS m/e calcd for Ci7HaoF4N>0, (M+H)" 361.1539, found
361.1549.
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- Example 159

1-[3-Cyclopentyl-2-(4-ethanesulfonyl-phenyl)-propiohyl]-3-methyl-urea

w

A mixture of aluminum chloride (72.35 g, 0.54 mol) in chloroform (181 mL) cooled to
0°C was stirred until homogeneous. The reaction mixture was then treated slowly with
ethyl oxalyl chloride (61 mL, 0.54 mol). The resulting reaction mixture was stirred at
0°C for 30 min. It was then slowly treated with ethyl phenyl sulfide (25.0 g, 0.18 mol).
The solution tumed to a wine color and slowly became gum—hke The resulting reaction
mixture was then stirred at 0°C for 2 h. The reaction mixture was slowly poured into a
large amount of ice/water. The resulting aqueous layer was extracted with chloroform (3
x 200 mL). The combined organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 9/1
hexanes/ethyl acetate) afforded (4-ethjllsu1fanyl-phenyl)—oxo—acetic acid ethyl ester (23.64
g, 55%) as a yellow o.ilT The material was used without further purification and

characterization in subsequent reactions.

A solution of iodomethylcyclopentane (4.60 g, 21.89 mmol) and triphenylphosphine (5.74
g, 21.89 mmol) in acetonitrile (22 ml.) was heated under reflux for 2 weeks. The reaction
mixture was allowed to cool to 25°C and then concentrated in vacuo to provide an orange
solid. The orange solid was trithrated with diethyl ether and then filtered. The solid was
washed well with diethyl ether until the washings showed the absence of
iodomethylcyclopentane and triphenylphosphine by thin layer chromatography. The solid
was allowed to air dry to afford cyclopentylmethyl triphenylphosphonium iodide (8.92 g,
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86%) as a light orange solid: mp 195-198°C; FAB-HRMS m/e calcd for CpsHapP (M+H)*
345.1772, found 345.1784.

A suspension of cyclopentylmethyl triphenylphosphonium iodide (24.48 g, 51.82 mmol)
in tetrahydrofuran (100 mL) cooled to 0°C was treated dropwise with.a 1.0M solution of
sodium bis(trimethylsilyl)amide in tetrahydrofuran (52 mL, 51.82 mmol). The bright
orange reaction mixture was stirred at 0°C for 1 h. The reaction mixture was then treated
with (4-ethylsulfanyl-phenyl)-oxo-acetic acid ethyl ester (9.50 g, 39.87 mmol). The
resulting reaction mixture was allowed to warm to 25°C where it was stirred for 20 h.
The reaction mixture was concentrated in vacuo to remove tetréhydrofuran and then
diluted with water (300 mL). The aqueous layer was extracted with ethyl acetate (3 x 200
mL). The combined organic layers were washed with a saturated agueous sodium
chloride solution (1 x 200 mL), dried over sodium sulifate, filtered, and concentrated in
vacuo. Flash chromatography (Mexck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl
acetate) afforded the 3-cyclopentyl-2—(4—cthylsulfanyl-phcnyl)—acfylic acid ethyl ester
(6.08 g, 50%) as a yellow oil containing a 1.82:1 mixture of E:Z isomers: FAB-LRMS
m/e caled for CysH,40,S (M+H)" integer mass 304, found 305.

A solution of 3-cyclopentyl-2-(4-ethylsulfanyl-phenyl)-acrylic acid ethyl ester [5.76 g,
18.92 mmol, E:Z = 1.82:1] in methylene chloride (47 mlL) was slowly treated with 3-
chloroperoxybenzoic acid (57-86% grade, 11.45 g based on 57%, 37.83 mmol). The
reaction mixture was stirred at 25°C for 1 h. The reaction mixture was concentrated in
vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated agueous sodium bicarbonate
solution (3 x 200 mL), washed with a saturated aqueous sodium chloride solution (1 x
200 mlL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 3/1 hexanes/ethyl acetate) afforded
3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-acrylic acid ethyl ester (4.89 g, 77%) as a
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colorless oil. The product was a 3:1 mixture of (E):(Z) isomers that was used without

further purification and characterization.

A solution of 3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-acrylic acid ethyl ester [4.89 g,
14.53 mmol, (E):(Z) = 3:1) in ethanol (36 mL) was slowly treated with 10% palladium on
activated carbon (244.5 mg). The reaction mixture was stirred under a positive pressure
of hydrogen gas (balloon) at 25°C and atmospheric pressure for 44 h. The catalyst was
then filtered off through a pad of celite, and the celite pad was washed well with ethyl
acetate. The filtrate was concentrated in vacuo. Flash chromatography (Merck Silica gel
60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 3-cyclopentyl-Z-(4-ethanesulfony1—
phenyl)-propionic acid ethyl .ester (3.50 g, 71%) as a colorless viscous oil: FAB-LRMS
m/e calcd for C1gH604S (M+H)" integer mass 338, found 339.

3-Cyciopentyl-2—(4-ethane_sulfonyl-phenyl)-propion_ic acid ethyl ester (50(_)_"_ mg, 148 .

r_nmo-l') and methyl urea (274 mg, 3.70 mmol) were treated with a solution of magnesium
methoxide in methanol (7.4 wt%, 6.5 mL, 4.43 mmol). Th_é reaction mixture was then
concéntrated in vacuo to épproximately one-half the volume of methanol. The resulting
reacﬁon mixture was then heated under reflux for 2 d. The reaction mixture was allowed

to cool to 25°C and then diluted with ethyl acetate (25 mL). The mixture was filtered

- through a pad of celite, and the celite pad was washed with ethyl acetate (50 mL). The

resulting filtrate was washed with water (40 mL) then the water layer was further
extracted with ethyl acetate (40 ml). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated in vacuo to afford a colorless oil. The oil
was treated with a solution of 2/1 hexanes/ethyl acetate (10 mL), and a white solid began
to precipitate. The suspension was placed in the freezer to enhance crystallization.  The
solid was filtered to afford 1-[3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-propionyl]-3-
methyl-urea (178 mg, 33%) as a white solid: mp 200-201°C; FAB-HRMS m/e calcd for
Ci15H6N>0,S (M+H)" 367.1691, found 367.1697.
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Example 160

1-[2-(4-Chloro-3-nitro-phenyl)-3-cyclopentyl-propionyl}-3-methyl-urea

cl
NO,

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 reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 3/1
hexanes/ethyl acetate) afforded 4-chloro-3-nitro-phenylacetic acid methyl ester (1.91 g,
89%) as a yellow oik EI-HRMS m/e calcd for CoHgCINO, (M') 229.0142, found
229.0146.

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) cooled to ~78°C was 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. At this

time, the reaction was 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 this time, the reaction was treated with a solution of
iodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry tetrahydrofuran. 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 then quenched with a saturated aqueous
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ammonium chloride solution (50 mL), and the resulting reaction mixture was
concentrated in vacuo to remove tetrahydrofuran. The 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, - filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 4/1
hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-propionic acid
methyl ester (2.17 g, 32%) as a yellow oil: EI-HRMS m/e calcd for C;sH;sCINO, (M™)
311.0924, found 311.0927.

~ A solution of 2~(4-chloro-3-nitro-phenyl)-3-cyclopentyl-propionic acid methyl ester (260

mg, 0.834 mmol) in tetrahydrofuran (3 mL) at 25°C was treated with a 0.8M aqueous
lithium hydroxide solution (1.25 mL, 1.00 mmol). The reaction mixture was stirred at

25°C for 15 h. The resulting reaction mixture was partitioned between water (50 mL) and

- ethyl acetate (50 mL) and then treated with a 1N aqueous hydrochloric acid solution (10
15 ~

mL). The layers were shaken and separated. The aqileous layer was further extracted
with ethyl acetate (50 mL). The combined organic layers Were dried over magnesium
sulfate, filtered, and concentrated in vacuo to afford 2-(4-chloro-3-nitro-phenyl)-3-
cyclopentyl-propionic acid (243 mg, 98%) as a yellow solid which was used without
further purification: mp 112-115°C; FAB-HRMS m/e caled for CHigCINO, (M+H)*
298.0847, found 298.6851.

A mixture of 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-propionic acid (450 mg, 1.51
mmol) in methylene chloride (4 mL) was treated with N,N-dimethylformamide (1 drop)
and then cooled to 0°C. The reaction mixture was then slowly treated with oxalyl
chloride (145 L, 1.66 mmol). The reaction mixture was stirred at 0°C for 10 min and
then stirred at 25°C for 1 h. The r'esulﬁng reaction mixture was then treated dropwise
with 1,1,1,3,3,3-hexamethyldisilazane (960 pL, 4.53 mmol) and subsequently stirred at
25°C for 15 h. The resulting reaction mixture was diluted with methylene chloride (10

mL) and methanol (10 mL). The organic layer was washed with a 5% aqueous sulfuric
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acid solution and a saturated aqueous sodium chloride solution. The organic layer was
dried over sodium sulfate, filtered, and concentrated in vacuo to afford 2-(4-chloro-3-
nitro-phenyl)-3-cyclopentyl-propionamide (295 mg, 67%) as a yellow oil which solidified
upon sitting to a yellow solid. The yellow solid was used without further purification: mp

112-114°C; EI-HRMS m/e calcd for Cy4H;7CIN,05 (M) 296.0927, found 296.0931.

A solution of 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-propionamide (200 mg, 0.67
mmol) and methyl isocyanate (382 mg, 6.70 mmol) in toluene (3 ml) was heated under
reflux (120°C) for 15 h. The reaction mixture was allowed to cool to 25°C and then
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 2/1
hexanes/ethyl acetate) afforded 1-[2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-propionyl]}-
3-methyl-urea (139 g, 60%) as a white foam: mp 61-64°C (foam to gel); FAB-HRMS m/e
calcd for CygHzoCIN30, (M+H)™ 354.1220, found 354.1232.

Example 161

1-[2-(3-Bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl}-3-methyl-urea

H H H
R
A o O
7
O/
N
A solution of 4-(methylthio)phenylacetic acid (21.21 g, 116.38 mmol) in methanol (291
ml) was treated slowly with concentrated sulfuric acid (3 mL). The resulting reaction
mixture was heated under reflux for 3 d. The reaction mixture was allowed to cool to
25°C and then concentrated in vacuo to remove methanol. The resulting residue was
diluted with diethyl ether (600 mL). The organic layer was washed with a saturated

aqueous sodium bicarbonate solution (3 x 300 mL) and a saturated aqueous sodium

chloride solution (1 x 300 mL). The organic layer was dried over sodium sulfate, filtered,
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and concentrated in vacuo to afford (4-methylsulfanyl-phenyl)-acetic acid methyl ester
(20.95 g, 92%) as a yellow liquid which was used without further purification: EI-HRMS
m/e calcd for CyoH1,0,8 (M) 196.0558, found 196.0559.

A solution of (4—methylsulfanyl-phenyl)—acetic acid methyl ester (5.11 g, 26.03 mmol) in
carbon tetrachloride (130 mL) was treated slowly with bromine (1.74 mL, 33.84 mmol).
The reaction mixture was stired at 25°C for 4 h, at which time, thin layer
chromatography still indicated the presence of a substantial amount of starting material.
The reaction mixture was further treated with more bromine (1.74 mi., 33.84 mmol). The
reaction mixture was stirred an additional 4 h at 25°C and then @enched with a 10%
aqueous sodium bisulfite solution (150 mL). The reaction mixture was concentrated in
vacuo to remove carbon tetrachloride. The resulting aqueous layer was extracted with
ethyl acetate (3 x 150 mL). The combined organic layers were dried over sodium sulfate,
filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 9/1 hexanes/ethyl acetate) afforded (3-bromo-4-methylsulfanyl-phenyl)-acetic acid
methyl ester (6.10 g, 85%) as a light yellow oil.: EI-HRMS m/e calcd for CioH;1BrO,S
(M") 273.9663, found 273.9661.

A solution of diisopropylamine (3.4 mL, 24.38 mmol) in dry tetrahydrofuran (21 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7 mL) cooled to -78°C was treated
with a 2.5M solution of n-butyllithium in hexanes (9.8 mL, 24.38 mmol). The resulting
reaction mixture was stirred at -78°C for 30 min and then treated dropwise with a solution
of (3-bromo-4-methylsulfanyl-phenyl)-acetic acid methyl ester (6.10 g, 22.17 mmol) in
dry tetrahydrofuran (21 mL) and 1,3-dimethyi-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7
ml). The resulting reaction mixture was allowed to stir at -78°C for 1 h. At this time,
the reaction was treated with a solution of iodomethylcyclopentane (5.59 g, 26.60 mmol}
in a small amount of dry tetrahydrofuran. The resulting reaction mixture was allowed to
warm to 25°C where it was stirred for 15 h. The reaction mixture was quenched with

water (300 mlL) and then concentrated in vacuo to remove tetrahydrofuran. The
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remaining aqueous phase was extracted with ethyl acetate (3 x 150 mL). The combined
organic layers were washed with a saturated aqueous sodium chloride solution (1 x 200
ml), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 19/1 hexanes/ethyl acetate) afforded
2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid methy! ester (4.52 g,
57%) as a light yellow oil: EI-FHRMS m/e calcd for Ci¢H;BrO,S (M) 356.0446, found
356.0435.

A solution of 2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (107 g 2.99 mmol) in methylene chloride (15 ml) was treated with 3-
chloroperoxybenzoic acid (57-86% grade, 1.81 g based on 57%, 5.99 mmol). The
reaction mixture was stirred at 25°C for 3 h. The reaction mixture was concentrated in
vacuo 1o remove methylene chloride. The resulting residue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate
solution (3 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 100 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 2-(3-bromo-4-
mcthanesulfonyl—phenyl)-3—cyclopentyl-pfopionic acid methyl ester (1.09 g, 94%) as a
colorless oil: EI-HRMS m/e caled for C16H;oBr0O4S (M") 388.0344, found 388.0343.

A solution of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid
methyl ester (1.62 g, 4.16 mol) in methanol (10 mL) was treated with a IN aqueous
sodium hydroxide solution (8.7 mL, 8.74 mol). The reaction mixture was stirred at 25°C
for 27 h. The reaction mixture was concentrated in vacuo to remove methanol. The
resulting aqueous residue was acidified to pH = 2 with a 10% aqueous hydrochloric acid
solution and then extracted with ethyl acetate (1 x 400 mL). The organic layer was
washed with water (1 x 300 mL) and washed with a saturated aqueous sodium chloride
solution (1 x 300 mL). The organic layer was then dried over sodium sulfate, filtered, and

concentrated in vacuo to afford 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-
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propionic acid (1.39 g, 89%) as a white solid which was used without further purification:
mp 149-150°C; FAB-HRMS m/e calcd for C;sH;eBrO,S (M+H)" 375.0266, found
375.0274. '

A mixture of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (400
mg, 1.07 mmol) in methylene chloride (4 mL) cooled to 0°C was treated with N,N-
dimethylformamide (2 drops) followed by oxalyl chloride (100 pL, 1.18 mmol). The
reaction mixture was stirred at 0°C for 10 min and then stirred at 25°C for 1 h.  The
resulting reaction mixture was then treated dropwisg with - 1,1,1,3,3,3-
hexamethyldisilazane (680 pL, 3.21 mmol) and subsequently stirred at 25°C for 15 h.
The reaction mixture was then diluted with methylene chloride (20 mL) and methanol (20
mL). The organic layer was washed with a 5% aqueous sulfuric acid solution (1 x 40 mL)
and a saturated aqﬁeous sodium chloride solution. The organic layer was dried over

magnesium sulfate, filtered, and concentrated in vacuo to afford 2-(3-bromo-4-

’methanesulfonyl-phenyl)-3-cyclopentyl-propionamide (271 mg, 68%) as a white foam.
* The white foam was used without further purification: mp 60-63°C; EI-HRMS m/e calcd

for CisH20BrNOsS (M") 373.0347, found 373.0348.

A solution of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionamide (200
mg, 0.53 mmol) and methyl isocyanate (61 mg, 1.07 mmol) in toluene (1 mL) was heated
under reflux for 24 h. The reaction mixture turned very cloudy with the forming of a
white precipitate. The reaction mixture was allowed to cool to 25°C and then treated with
hexanes. The reaction mixture was placed in the freezer for 1 h then filtered. The white
solid was washed with cold hexanes to afford 1-[2-(3-bromo-4-methanesulfonyl-phenyl)-
3-cyclopentyl-propionyl]-3-methyl-urea (100 mg, 44%) as a white solid: mp 259-260°C;
FAB-HRMS m/e calcd for C17HBIN,0,S (M+H)"* 431.0641, found 431.0646.
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Example 162

1-[2-(3-Cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl}-3-methyl-urea

CN

A solution of 4-(methylthio)phenylacetic acid (21.21 g, 116.38 mmol) in methanol (291
mL) was treated slowly with concentrated sulfuric acid (3 mL). The resulting reaction
mixture was heated under reflux for 3 d. The reaction mixture was allowed to cool to
25°C and then concentrated in vacuo to remove methanol. The resulting residue was
diluted with diethyl ether (600 mL). The organic layer was washed with a saturated
aqueous sodium bicarbonate solution (3 x 300 mL) and a saturated aqueous sodium
chloride solution (1 x 300 mL). The organic layer was dried over sodium sulfate, filtered,
and concentrated in vacuo to afford (4-methylsulfanyl-phenyl)-acetic acid methyl ester
(20.95 g, 92%) as a yellow liquid which was used without further purification: EI-HRMS
m/e calcd for CioH 20,8 (M") 196.0558, found 196.0559.

A solution of (4-methylsulfanyl-phenyl)-acetic acid methyl ester (5.11 g, 26.03 mmol) in
carbon tetrachloride (130 mL) was treated slowly with bromine (1.74 mL, 33.84 mmol).
The reaction mixture was stimed at 25°C for 4 h, at which time, thin layer
chromatography still indicated the presence of a substantial amount of starting material.
The reaction mixture was further treated with more bromine (1.74 mL, 33.84 mmol). The
reaction mixture was stirred an additional 4 h at 25°C and then quenched with a 10%
aqueous sodium bisulfite solution (150 mL). The reaction mixture was concentrated in
vacuo to remove carbon tetrachloride. The resulting aqueous layer was extracted with
ethyl acetate (3 x 150 ml.). The combined organic layers were dried over sodium sulfate,

filtered and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
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mesh, 9/1 hexanes/ethyl acetate) afforded (3-bromo-4-methylsulfanyl-phenyl)-acetic acid
methyl ester (6.10 g, 85%) as a light yellow oil: EI-HRMS my/e calcd for C;oH;;BrO,S
(M“) 273.9663, found 273.9661.

A solution of diisopropylamine (3.4 mL, 24.38 mmol) in dry tetrahydrofuran (21 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (7 mL) cooled to -78°C was treated
with a 2.5M solution of n-butyllithium in hexanes (9.8 mL, 24.38 mmol). The resulting
reaction mixture was stirred at -78°C for 30 min and then treated dropwise with a solution
of (3-bromo-4-methylsulfanyl-phenyl)-acetic acid methyl ester (6.10 g, 22.17 mmol) in
dry tetrahydrofurari (21 mL) and 1,3-dimethyl-3,4,5,6—teti‘ahydro—2(1H)-pyrimjdinone 7
mL). The resulting reaction mixture was allowed to stir at -78°C for 1 h. At this time,
the reaction was treated with a solution of iodomethylcyclopentané (5.59 g, 26.60 mmol)
in a small amount of dry tetrahydrofuran. The reaction mixture was allowed to warm to
25°C where it was stirred for 15 h. The reaction mixture was quenched with water (300
mL) and then concentrated in vacuo to remove tetrahydrofuran. The remaining aqueous
phase was extracted with ethyl acetate (3 x 150 mL). The combined organic layers were
washed with a saturated aqueous sodium chloride solution (1 x 200 mL), dried over
sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 70-230 mesh, 19/1 hexanes/ethyl acetate) afforded 2-(3-bromo-4-methylsulfanyl-
phenyl)-3-cyclopentyl-propionic acid methyl ester (4.52 g, 57%) as a light yellow oil: EI-
HRMS m/e (_:alcd for C16Ha;BrO;S (M™) 356.0446, found 356.0435.

A solution of 2-(3-bromo-4-methylsulfanyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (1.07 g, 2.99 mmol) in methylene chloride (15 mL) was treated with 3-
chloroperoxybenzoic acid (57-86% grade, 1.81 g based on 57%, 5.99 mmol). The
reaction mixture was stirred at 25°C for 3 h. The reaction mixture was concentrated in
vacuo to remove methylene chloride. The resulting residue was diluted with diethyl ether
(300 mL). The organic phase was washed with a saturated aqueous sodium bicarbonate

solution (3 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 100 mL),
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dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 3/1 hexanes/ethyl acetate) afforded 2-(3-bromo-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (1.09 g, 94%) as a
colorless oil: EI-HRMS m/e calcd for Ci6HoBrOsS (M) 388.0344, found 388.0343.

A mixture of 2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (990.0 mg, 2.54 mmol) and copper(l) cyanide (273.3 mg, 3.05 mmol) in dry N,N-
dimethylformamide (2.5 mL) was heated under reflux for 4 h. The reaction was allowed
to cool to 25°C, and the crude reaction mixture was directly purified without further
chemical work-up. Flash chromatography (Merck Silica gel 60; 70-230 mesh, 100%
hexanes then 3/1 hexanes/ethyl acetate) afforded 2-(3-cyano-4-methanesulfonyl-phenyl)-
3-cyclopentyl-propionic acid methyl ester (646.5 mg, 76%) as a pale yellow oil: El-
HRMS m/e caled for Cy7HzNO,S (M*) 335.1191, found 335.1185.

A solution of 2~(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl
ester (4.84 g, 14.4 mol) in tetrahydrofuran (25 mL) was treated with a 0.8M aqueous
lithium hydroxide solution (27 mL, 21.6 mmol). The reaction mixture was stirred at
25°C for 2.5 h. The reaction mixture was partitioned between water and ethyl acetate and
then acidified to pH = 2 with a 10% aqueous hydrochloric acid solution. The layers were
shaken and separated. The resulting organic layer was washed with a saturated aqueous
sodium chloride solution, dried over magnesium sulfate, filtered, and concentrated in
vacuo to afford crude 2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyi-propionic
acid (3.80 g, 82%) as a pale yellow oil that solidified to a pale yellow solid. An analytical
sample was obtained by recrystallization from ethyl acetate to afford 2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid as a white solid: mp 180-181°C;
EI-HRMS m/e calcd for Ci¢HsNO4S (M) 321.1034, found 321.1039.
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A mixture of 2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid (200
mg, 0.62 mmol) in methylene chloride (2 mL) cooled to 0°C was treated with N,N-
dimethylformamide (2 drops). The reaction mixture was then slowly treated with oxalyl
chloride (60 pL, 0.69 mmol). The reaction mixture was stirred at 0°C for 10 min and
then stirred at 25°C for 1.5 h. The resulting reaction mixture was then treated dropwise
with 1,1,1,3,3,3-hexamethyldisilazane (395 pL, 1.87 mmol) and subsequently stirred at
25°C for 15 h. The reaction mixture was then partitioned between methylene chloride (20
mL), methanol (15 mL), and a 5% aqueous sulfuric acid solution (25 mL). The organic
layer was washed with a saturated aqueous sodium chloride solution, dried over

magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck

Silica gel 60, 230-400 mesh, 1/3 hexanes/ethyl acetate) afforded 2-(3-cyano-4-

. methanesulfonyl-phenyl)-3-cyclopentyl-propionamide (141 mg, 70%) as a white foam:

mp 67-70°C (foam to gel); EI-HRMS m/e calcd for Cy6Hz0N,03S (M) 320.1195, found
320.1195.

- A solution of 2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionamide (135

' mg, 0.42 mmol) and methyl isocyanate (72 mg, 1.26 mmol) in toluene (1 mL) was heated

under reflux for 15 h. The reaction mixture was allowed to cool to 25°C and then
concentrated in vacuo to afford a yellow semi-solid. The semi-solid was treated with a
solution of 2/1 hexanes/ethyl acetate (3 mL) and a white precipitate formed. The
suspension was placed in the freezer for 1 h and then filtered to afford 1-[2-(3-cyano-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea (55 mg, 35%) as a
white solid: mp 237-239°C; FAB-HRMS m/e calcd for CysHz23N30,S (M+H)* 378.1487,
found 378.1483.
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Example 163

1-[2-(3,4-Bis-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea

A solution of 3.4~difluorophenylacetic acid (5.00 g, 29.05 mmol)'in methanol (73 mL)
was slowly treated with concentrated sulfuric acid (4 mL). The resulting reaction mixture
was heated under reftux for 65 h. The reaction mixture was allowed to cool to 25°C and
then concentrated in vacuo to remove methanol. The resulting residue was slowly diluted
with a saturated aqueous sodium bicarbonate solution (300 ml.) and then extracted with
ethyl acetate (1 x 300 mL}). The organic layer was dried over magnesium sulfate, filtered,
and concentrated in vacuo to afford (3,4-difluoro-phenyl)-acetic acid methy} ester (5.38 g,

99%) as a yellow oil which was used without further purification.

A solution of sodium thiomethoxide (6.39 g, 86.69 mmol) in dimethyl sulfoxide (72 mL})
was treated with (3,4-difluoro-phenyl)-acetic acid methyl ester (5.38 g, 28.89 mmol). The
reaction mixture was stirred at 25°C for 2 h and then at 70°C for 15 min. At this time,
thin layer chromatography indicated the absence of starting material and the presence of a
very polar new product. The reaction indicated that the ester hydrolyzed to the acid upon
heating. The resulting reaction mixture was allowed to cool to 25°C. The reaction
mixture was then treated with a 10% aqueous hydrochloric acid solution (200 mL) and
then extracted with chloroform (3 x 200 mL). The combined organic layers were dred
over magnesium sulfate, filtered, and concentrated ir vacuo to afford a yellow oil. This
yellow oil was dissolved in methanol (100 mL) and then slowly treated with concentrated

sulfuric acid (5 mL). The resulting reaction mixture was heated under reflux for 3 h. The
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reaction mixture was allowed to cool to 25°C and then concentrated in vacuo to remove
methanol. The resulting residue was slowly diluted with a saturated aqueous sodium
bicarbonate solution (300 mL) and then extracted with ethyl acetate (1 x 300 mL). The
organic layer was dried over magnesium sulfate, filtered, and concentrated in vacuo to
afford an inseparable, isomeric mixture of (3-fluoro-4-methylsulfanyl-phenyl)-acetic acid
methyl ester and (4-fluoro-3-methylsulfanyl-phenyl)-acetic acid methy} ester as a yellow

oil (4.65 g, 75%) which was used without further purification and characterization.

A solution of the inseparable, isomeric mixture of (3-fluoro-4-methylsulfanyl-phenyl)-
acetic acid methyl ester and (4-ﬂuoro-3-methylsulfanyl-phenyl)—aéetic acid methyl ester
(444 g, 20.72 mmol) in methylene chloride (103 mL) was slowly treated with 3-
chlorqperoxybenzoic acid (57-86% grade, 13.80 g based on 57%, 45.59 mmol). The
reaction mixture was stirred at 25°C for 4 h. 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 (1 x 200 mL) and a saturated aqueous sodium chloride solution (1 x 200 mL),
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 20/1 methylene chloride/ethyl acetate) afforded an
inseparable, isomeric mixture of (3-fluoro-4-methanesulfonyl-phenyl)-acetic acid methyl

ester and (4-fluoro-3-methanesulfonyl-phenyl)-acetic acid methyl ester as a colorless

liquid (3.31 g, 65.%) which was used without further purification and characterization.

A solution of the inseparable, isomeric mixture of (3-fluoro-4-methanesulfonyl-phenyl)-
acetic acid methyl ester and (4-fluoro-3-methanesulfonyl-phenyl)-acetic acid methyl ester
(228 g, 9.26 mmol) in dimethyl sulfoxide (23 ml) was treated with sodium
thiomethoxide (1.37 g, 18.52 mmol). The reaction mixture was stirred at 25°C for 4 h
and then quenched with a 10% aqueous hydrochloric acid solution.. The aqueous layer
was extracted with chloroform (1 x 400 mL), dried over magnesium sulfate, filtered, and

concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 312
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hexanes/ethyl acetate) afforded an inseparable, isomeric mixture of (3-methanesulfonyl-4-
methylsulfanyl-phenyl)-acetic  acid methyl ester and (4-methanesulfonyl-3-
methylsulfanyl-phenyl)-acetic acid methyl ester as a yellow liquid (2.19 g, 86%) which

was used without further purification and characterization.

A solution of the inseparable, isomeric mixture of (3-methanesulfonyl-4-methylsuifanyl-
phenyl)-acetic acid methyl ester and (4-methanesulfonyl-3-methylsulfanyl-phenyl)-acetic
acid methyl ester (2.19 g, 7.98 mmol) in methylene chloride (20 mL) was slowly treated
with 3-chloroperoxybenzoic acid (57-86% grade, 6.41 g based on 57%, 31.93 mmol).
The reaction mixture was stirred at 25°C for 5 h and then slowly quenched with a 1.5N
aqueous sodium sulfite solution. The resulting reaction mixture was extracted with
methylene chloride (300 mL). The organic phase was dried over magnesium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230
mesh, 10/1 methylene chloride/ethyl acetate) afforded (3,4-bis-methanesulfonyl-phenyl)-
acetic acid methyl ester (1.89 g, 77%) as a white solid: mp 157-158°C; EI-HRMS m/e
caled for Cy1H1406S, (M*) 306.0232, found 306.0234.

A solution of diisopropylamine (951 pL, 6.79 mmol) in dry tetrahydrofuran (6 mL) and
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (2 mL) was cooled to -78°C under
nitrogen and then treated with a 2.5M solution of n-butyllithium in hexanes (2.5 mL, 6,79
mmol). The resulting reaction mixture was stirred at -78°C for 30 min and then treated
dropwise with a solution of (3,4-bis-methanesulfonyl-phenyl)-acetic acid methyl ester
(1.89 g, 6.17 mmol) in dry tetrahydrofuran (12 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (4 mL). The resulting reaction mixture was allowed to stir at -78°C
for 1 h. At this time, the reaction was treated with a solution of iodomethylcyclopentane
(1.56 g, 7.40 mmol) in a small amount of dry tetrahydrofuran. The reaction mixture was
allowed to warm to 25°C where it was stirred for 64 h. The reaction mixture was
quenched with water (150 mL) and then concentrated in vacuo to remove tetrahydrofuran.

The remaining residue was further diluted with water (100 mL) and then extracted with
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ethyl acetate (1 x 250 mL). The organic layer was washed with a saturated aqueous
sodium chloride solution (1 x 100 mL), dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 3/1
hexanes/ethyl acetate) afforded 2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid methyl ester (1.61 g, 67%) as a yellow oil: EI-HRMS m/e calcd for
C17H2406S2 (M™) 388.1014, found 388.1014.

2-(3,4-Bis-methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (375 mg,
0.97 mmol) and methyl urea (214 mg, 2.90 mmol) were treated with a solution of

magnesium methoxide in methanol (7.4 wt%. 4.2 mL, 2.90 mmol). The reaction mixture

_was then concentrated in vacuo to approximately one-half the volume of methanol. The

resulting reaction mixture was then heated under reflux for 48 h. The reaction mixture
was allowed to cool to 25°C, diluted with ethyl acetate (5 ml), and then filtered through
celite. The celite was thoroughly washed with ethyl acetate. The filtrate was

concentrated in vacuo. Flash c_:hromatography (Merck Silica gel 60, 230-400 mesh, 1/2

‘hexdnes/ethyl acetate) afforded 1-{2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-

propionyl}-3-methyl-urea (65 mg, 16%) as a white solid: mp 220-222°C; EI-HRMS m/e
calcd for CigH6N,06S2 (M*) 430.1232, found 430.1231.

Example 164

1-[3-Cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionyl]-3-methyl-urea
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A solution of freshly prepared lithium diisopropylamide (35.3 mL of a 0.31M stock
solution, 10.9 mmol)} cooled to -78°C was treated with (4-fluoro-3-trifluoromethyl-
phenyl)-acetic acid (1.11 g, 5.0 mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (12.4 mL, 3:1). The resulting solution was stirred at -78°C for 1 h.
At this time, the reaction was treated with a solution of iodomethylcyclopentane (1.16 g,
5.52 mmol) in 1.3-dimethyl-3,4,5,6-tetrahvdro-2(1H)-pyrimidinone (1.2 mL). The
reaction mixture was stirred at -78°C for 4 h. The reaction was then warmed to 25°C and
was stirred at 25°C for 48 h. This solution was then quenched by the slow addition of the
reaction mixture to an aqueous solution of 2N hydrochloric acid (50 mL). The product
was extracted into ethyl acetate (3 x 100 mL) and diethyl ether (1 x 50 mL). The organic
layers were dried over magnesium sulfate and sodium sulfate, filtered, and concentrated
in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate with acetic acid) afforded 3-cyclopentyl-2-(4-fluoro-3-
trifluoromethyl-phenyl)-propionic acid (1.28 g, 84.3%) as a white solid: mp 66-68°C: EI-
HRMS my/e caled for CysH;gFsO; (M7) 305.1165, found 305.1174.

A solution 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionic acid (304 mg,
1.0 mmol) in methylene chloride (10 mL) and N,N-dimethylformamide (1 drop) was
cooled to 0°C and then treated with a 2.0M solution of oxalyl chloride in methylene
chloride (1.5 mL, 3.0 mmol). The reaction was stirred for 30 min at 0°C. At this time,
1,1,1,3,3,3-hexamethyldisilazane (2.0 mL, 9.5 mmol) was added to the reaction mixture.
The reaction was allowed to slowly warm to 25°C and then stirred at 25°C for 16 h. The
reaction mixture was then treated with methanol (3 mL) and diluted with methylene
chloride (35 mL). The resulting mixture was washed with a 5% aqueous sulfuric acid
solution (2 x 10 mL), water (1 x 25 mL), and a saturated aqueous sodium chloride
solution (3 x 25 mL). The organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo to afford 3-cyclopentyl-2-(4-fluoro-3-trfluoromethyl-phenyl)-
propionamide (333 mg, 92.5%) as a pale yellow oil: EI-HRMS m/e caled for C;sH;7FNO
(M") 303.1246, found 303.1252.
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A solution of 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionamide (303
mg, l.Q mmol) in toluene (5 mL) was treated with methyl isocyanate (0.59 mL, 10 mmol).
The resulting solution was heated to reflux for 24 h. At this time, the reaction was
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl afforded 1-[3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-
propionyl}-3-methyl-urea (360 mg, 49.2%) as a pale yellow oil: FAB-HRMS m/e calcd
for C17H20F4N20, (M+H)" 361.1539, found 361.1534.

Example 165

1-{2-[4-(Butane-1-sulfonyl)-phenyl]-3-cyclopentyl-propionyl}-3-methyl-urea

A solution of freshly prepared lithium diisopropylamide (430.55 mL of a 0.3M stock
solution, 129.16 mmol) cooled to -78°C was treated with (4-nitro-phenyl)-acetic acid
ethyl ester (26.32 g, 125.83 mmol) in tetrahydrofuran/hexamethylphosphoramide (312.5
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 (27.75 g, 132.1 mmol) in
hexamethylphosphoramide (27.75 mlL). The fnixture was sti'rred.ét -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 (250 mL). This mixture was concentrated in vacuo; dih_lted with water (250 mL),
and extracted with ethyl acetate (3 x 300 mL). The organics were washed with a
saturated aqueous lithium chloride solution (2 x 250 mL), dried bver magnesium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 98/2 hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-nitro-phenyl)-propionic
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acid ethyl ester (28.30 g, 77.2%) as an yellow oil: EI-HRMS m/e calcd for CigH> NO,
(M") 291.1470, found 291.1470.

A solution of 3-cyclopentyl-2-(4-nitro-phenyl)-propionic acid ethyl ester (7.37 g, 25.3
mmol} in ethyl acetate (316 mL) was treated with 10% palladium on activated carbon
(500 mg). The reaction mixture was stirred under hydrogen gas at 60 psi at 25°C for 18
h. The catalyst was then filtered off through a pad of celite (ethyl acetate). The filtrate
was concentrated in vacuo to give 2-(4-amino-phenyl)-3-cyclopentyl-propionic acid ethyl
ester (3.52 g, 53.3%) as a yellow oil: EIF-HRMS m/e calcd for CisH,sNO, (M™) 261.1727,
found 261.1727.

A mixture of concentrated hydrochloric acid (0.38 mL) and ice (380 mg) cooled to 0°C
was treated with 2-(4-amino-phenyl)-3-cyclopentyl-propionic acid ethyl ester (497 mg,
1.90 mmol). After 5 min, a solution of sodium nitrite (139 mg, 2.0 mmol) in water (0.31
ml) was added to the reaction mixture. The resulting solution was stirred at 0°C for 5
min. At this time, this solution was added to a solution of n-butyl mercaptan (0.23 mL,
2.20 mmol) in water (0.4 mL) warmed to 45°C. The reaction was stirred at 45°C for 3 h.
At this time, the reaction was diluted with water (50 mL) and extracted with methylene
chloride (3 x 50 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. The crude brown oil (588 mg) in methylene chloride (16.5 mL)
was cooled to 0°C and treated with 3-chloroperoxybenzoic acid (80-85% grade, 1.5 g,
8.78 mmol). The reaction mixture was stirred at 25°C for 48 h. At this time, the reaction
was diluted with methylene chloride (100 mL). This solution was washed with a
saturated aqueous sodium bisulfite solution (1 x 100 mL), a saturated aqueous sodium
chloride solution (1 x 100 mL), a saturated aqueous sodium bicarbonate solution (1 x 100
mL), and a saturated aqueous sodium chloride solution (1 x 100 mL). The organics were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 2-[4-(butane-
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1-sulfonyl)-phenyl}-3-cyclopentyl-propionic acid -ethyl ester (144.3 mg, 20.7%) as a
yellow oil: EI-FHRMS m/e calcd for C20H3004S (M") 366.1865 found 366.1858.

A solution of 2-[4-(butane-1-sulfonyl)-phenyl]-3-cyclopentyl-propionic acid ethyl ester
(125.3 mg, 0.34mmol) in magnesium methoxide in methanol (7.4 wt%, 0.98 mL, 0.68
mmol) was treated with methyl urea (38 mg, 0.51 mmol). This mixture was refluxed at
11.0°C for 12 h. The reaction mixture was then concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate)
afforded 1-{2-[4-(butane-1-sulfonyl)-phenyl}-3-cyclopentyl-propionyl }-3-methyl-urea
(61.8 mg, 45.8%) as a white solid: mp 189-191°C; EI-HRMS m/e calcd for CypH3oN204S -

- (M") 395.2005, found 395.2008.

Example 166

1-[3-Cyclopentyl-z-(4¥methanesulfonyl-3-trifluoromethyl-phenyl)-propionyl]-3-

methyl-urea
H H O H
NTN\
//S\\
O CF,

A solution of freshly prepared lithium diisopropylamide (35.3 mL of a 0.31M stock
solution, 10.9 mmol) cooled to -78°C was treated with (4-fluoro-3-trifluoromethyl-
phenyl)-acetic acid (1.11 g, 5.0 mmol) in tetrahydrofuran/1,3-dimethyl-3.4,5,6-tetrahydro-

2(1H)-pyrimidinone (12.4 mL, 3:1). The resulting solution was stirred at -78°C for 1 h.

At this time, the reaction was treated with a solution of iodomethylcyclopentane (1.16 g,

5.52 mmol) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1.2 mL). The

- reaction mixture was stirred at -78°C for 4 h. The reaction was then warmed to 25°C and
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was stirred at 25°C for 48 h. This solution was then quenched by the slow addition of the
reaction mixture to an aqueous solution of 2N hydrochloric acid (50 mL). The product
was extracted into ethyl acetate (3 x 100 mL) and diethyl ether (1 x 50 mL). The organics
were dried over magnesium sulfate and sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50 hexanes/ethyl
acetate with acetic acid) afforded 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-
propionic acid (1.28 g, 84.3%) as a white solid: mp 66-68°C; EIFHRMS m/e calcd for
CisH16F:02 (M) 305.1165, found 305.1174.

A solution of 3-cyclopentyl-2-(4-fluoro-3-triflucromethyl-phenyl)-propionic acid (7.77 g,
25.3 mmol) in methanol (50 mL) was treated siowly with concentrated sulfuric acid (0.01
mL). The resulting reaction mixture was heated under reflux for 24 h. The reaction
mixture was allowed to cool to 25°C and then concentrated in vacuo. The residue was
dissolved in ethyl acetate (75 mL) and washed with a saturated aqueous sodium
bicarbonate solution {1 x S0 mL), water (1 x 50 mL), and a saturated aqueous sodium
chloride solution (4 x 50 mL). The organics were dried over magnesium sulfate and
sodium sulfate, filtered, and concentrated in vacuo to afford 3-cyclopentyl-2-(4-fluoro-3-
trifluoromethyl-phenyl)-propionic acid methyl ester (8.48 g, 87.5%) as yellow oil: EI-
HRMS mv/e caled for CigH;gF40> (M™) 318.1243, found 318.1240.

A solution of 3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionic acid methyl
ester (7.0 g, 21.9 mmol) in N,N-dimethylformamide (50 mL) was treated with sodium
methanethiolate (2.61 g, 33.0 mmol). The reaction mixture was then heated to 100-
110°C for 24 h. At this time, the reaction was poured onto a mixture of ice and an
aqueous solution of 2N hydrochloric acid (100 mLl). This mixture was extracted into
ethyl acetate (3 x 75 mL) and diethyl ether (1 x 50 mL). The organics were then washed
with water (1 x 75 mL) and a saturated aqueous sodium chloride solution (3 x 100 mL).
The organics were dried over magnesium sulfate and sodium sulfate, filtered, and

concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 85/15
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hexanes/ethyl acetate) afforded 3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-
phenyl)-propionic acid methyl ester (2.48g. 35.5%) as a pale yellow oil: EI-HRMS m/e
calcd for Cyj7H, F30,S (M") 346.1214 , found 346.1212. -

A solution of 3-cyclopentyl-2-(4-methylsulfanyl-3-triflucromethyl-phenyl)-propionic acid
methyl ester (2.36 g, 6.81 mmol) in methylene chioride (75 mL) at 25°C was treated with
3-chloroperoxybenzoic acid (80-85% grade. 9.69 g, 40.1 mmol). The reaction mixture
was stirred at 25°C for 16 h. At this time, the reaction was diluted with methylene
chloride (75 mL). This solution was washed with a saturated aqueous sodium bisulfite
solution (2 x 50 mlL), water (1-x 50 mL), a saturated aqlieous sodium chloride solution (3
x 75 mlL), a saturated aqueous sodium bicarbonate solution (1 x 75 mL), and a saturated
aqueous sodium chloride solution (3 x 75 mL). The organics were dried over magnesium
sulfate and sodium sulfate, filtered, and concentrated in vacuo to afford 3-cyclopentyl-2-

(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionic acid methyl ester (2.88 g) as a

* clear oil: EI-HRMS m/e calcd for Cy7HF;0,S (M*) 378.1112, found 378.1116.

. A solution of 3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-propionic acid

methyl ester (378 mg, 1.0 mmol) in magnesium methoxide in methanol (7.4 wt%, 2.0
ml, 1.40 mmol) was treated with methyl urea (148 mg, 2.0 mmol). This mixture was
refluxed at 110°C for 12 h. The reaction mixture was then concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 40/60 hexanes/ethyl acetate)
afforded 1-[3-cyclopentyl-2-(4-methanesulfonyl-3-triftuoromethyl-phenyl)-propionyl}-3-
methyl-urea (61.8 mg, 45.8%) as a white solid: mp 268-270°C; EI-HRMS m/e calcd for
CisH23F3N20,4S (M™) 420.1331, found 420.1345.
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Example 167

3-{3-[3-Cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-ureido}-3-oxo-propionic acid

ethyl ester

H H H
Y
o O @) 0}
Cl

Ci

S A solution of [3-cyclopentyl-2-(3.4-dichloro-phenyl)-propionyl}j-urea (prepared in
Example 1B-d, 402 mg, 1.22 mmol) and pyridine (0.15 mL, 1.83 mmol) in toluene (15
ml) was treated with ethyl malonyl chloride (0.19 mL, 1.5 mmol). The resuiting reaction
mixture was heated at reflux for 2 h. At this time, additional pyridine (0.15 mL, 1.83
mmol) and ethyl malonyl chloride (0.19 mL, 1.5 mmol) were added. The reaction was
10 then heated at reflux for 90 min. The reaction was then cooled to 25°C, diluted with ethyl
acetate (50 mL), washed with water (2 x 235 mL), and dried over magnesium sulfate. The
solution was concentrated in vacuo. Flash column chromatography (Merck Silica gel 60,
230-400 mesh, 4/1 hexane/ethyl acetate) afforded 3-{3-[3-cyclopentyl-2~(3,4-dichloro-
phenyl)-propionyl}-ureido } -3-oxo-propionic acid ethyl ester (172 mg, 32%) as a colozless

15 gum: EI-HRMS m/e calcd for CaoH,4C1oN>Os (M) 443.1140, found 443.1128.

Example 168

1-[3-Cyclopentyl-2-(3-fluoro-4-methanesulfonyl-phenyl)-propionyl}-3-methyl-urea
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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 reflux for 64 h. The reaction mixture was allowed to cool to
25°C and then filtered to remove the Amberlyst® 15 ion exchange resin. The filtrate was
concentrated in vacuo. Flash chromatography (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 CoHgCINO, (M") 229.0142, found
229.0146.

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) cooled to -78°C was 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-niﬁopheny1aceﬁc acid methyl ester (5.00 g,
21.8 ﬁmol) in a small amoﬁnt of tetrahydrofuran ovér 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 this time, the reaction was treated with a solution of
jodomethylcyclopentane (4.58 g, 21.8 mol) in a small amount of dry tetrahydrofuran. 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 mlL), 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 magncéium'sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 4/1
hexanes/ethyl acetate) afforded 2-(4-chloro-3-nitrophenyl)-3-cyclopentyl-propionic acid
methyl ester (2.17 g, 32%) as a yellow oil: EI-HRMS m/e calcd for CysH;sCINO, (M™)
311.0924, found 311.0927.
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A solution of 2-(4—chlor‘o-34nitr0pheny1)—3—c_vc1opentyl»propionic acid methyl ester (1.00
g, 3.21 mmol) and sodium methanesulfinate (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 x 50 mL). The combined
organic layers were washed with a saturated aqueous sodium chloride solution, dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 230-400 mesh, 1/1 hexanesfethyl acetate) afforded 3-cyclopentyl-2-(4-
methanesulfonyl-3-nitrophenyl)-propionic acid methyl ester (0.95 g, 84%) as a yellow
gel: FAB-HRMS my/e calcd for Ci6H1NOgS (M+H)* 356.1169, found 356.1175.

A solution -of 3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionic acid methyl
ester (1.50 g, 4.22 mmol) in methanol (30 mL) was treated with a solution of ammonium
chloride (474 mg, 8.86 mmol) in water (3 mL). The reaction mixture was stirred at 25°C
for 5 min and then treated with zinc dust (2.70 g, 41.36 mmol). The reaction mixture was
heated under reflux for 2 h. The reaction mixture was allowed to cool to 25°C and then
filtered through a pad of celite. The filtrate was concentrated in vacuo. The resulting
orange oil was dissolved in ethyl acetate. dried over magnesium sulfate, filtrated, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 2/1
hexanes/ethyl acetate) afforded 2-(3-amino-4-methanesulfonyl-phenyl)-3-cyclopentyl-
propionic acid methyl ester (1.49 g, 98%) as a white solid: mp 98-100°C; EI-HRMS m/e
calcd for Cy6Hz3NO,S (M) 325.1348, found 325.1358.

A slurry of nitrosonium tetrafluoroborate (215 mg, 1.84 mmol) in methylene chloride (6
mL) cooled to 0°C was treated dropwise with a solution of 2-(3-amino-4-
methanesulfonyl-phenyl)-3-cyclopentyl-propionic acid methyl ester (500 mg, 1.54 mmol)
in 2 small amount of methylene chloride. The resulting reaction mixture was stirred at

0°C for 1 h. The reaction mixture was then allowed to warm to 25°C and then treated



10

WO 00/58293 PCT/EP00/02450

-328-

with 1,2-dichlorobenzene (6 mL). The resulting reaction mixture was heated at 100°C for
1 h, during which time, the methylene chloride was distilled off. After 1 h at 100°C, the
reaction mixture was allowed to cool to 25°C. The crude reaction mixture was directly
purified by flash chromatégraphy, (Merck Silica gel 60, 230-400 mesh, 9/1 hexanes/ethyl
acetate to elute 1,2'-dichlo:robcnzene then 2/1 hexanes/ethyl acétate), to afford impure 3-
cyclope‘ntyl-2—(3-ﬂuoro-4;mcthanesulfony1-phenyl_)—propionic acid methyl ester as a
yellow oil. Repuriﬁcation by flash chromatography (Merck Silica gel 60, 230-400 mesh,
3/1 hexanes/ethyl acetate) afforded pure 3-cyclopentyl-2-(3-fluoro-4-methanesulfonyl-
phenyl)-propionic acid methyl ester (214 mg, 42%) as a pale yellow oil which solidified
upon sitting at 25°C to a pale yel]ow. solid: mp 66-68°C; EI-HRMS m/e calcd for
Ci6H21FO4S (M) 328.1144, found 328.1148. |

3-Cyclopentyl-2-(3-fluoro-4-methanesulfonyl-phenyl)-propionic acid methyl ester (90
mg, 0.274 mmol) and methyl urea (61 mg, 0.822 mmol) were treated with a solution of
magnesium methoxide in methanol (7.4 wt%, 1.0 mlL, 0.685 mmol). The reaction
mixture was then concentrated in vaéuo to a;iproximately one-half  the volume of
methanol. The resulting reaction mixture was then heated under reflux for 24 h. The
resulting cloudy, white reaction mixture was allowed to cool to 25°C and . then filtered
through celiie. The celite was thoroughly washed with ethyl acetate. The filtrate was
concentrated in vacuo. Flash chroxhatography (Merck Silica gel 60, 230-400 mesh, 1/1 -
hexanes/ethyl acetate) afforded 1-[3-cyclopentyl-2-(3-fluoro-4-methanesulfonyl-phenyl)-
propionyl]-3-methyl-urea (23.3 mg, 23%) as a white solid: mp 199-200°C; EI-HRMS m/e
calcd for C;7H23FN,0,S (M) 370.1362, found 370.1370.
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Example 169

1-[2-(4-Cyatio-phenyl)-3-cyclopentyl-propionyi]-3-methyl-urea

\n/ ~N

NG 8] o

A solution of (4-bromo-phenyl)-acetic acid (6.77 g, 31.48 mmol) in methanol (32 ml)

was treated with a catalytic amount of concentrated sulfuric acid (3 drops). The reaction

mixture was then heated to reflux for 24 h. At this time, the reaction was concentrated in

vacuo. The residue was treated with an aqueous solution of sodium bicarbonate (100

mL). This solution was extracted with ethyl acetate (3 x 100 mL). The organic layers

were washed with a saturated aqueous solution of sodium chloride, dried over sodium

sulfate, filtered and concentrated in vacuo to afford (4-bromo-phenyl)-acetic acid methyl -

ester (6.75 g, 94%) as a yellow oil. The product was used without further purification.

A solution of freshly prepared lithium diisopropylamide (50.5 mL of 0.3 M, 15.15 mmol)
cooled to -78°C was treated with (4-bromo-phenyl)-acetic acid methy! ester (3.36 g, 14.67
mmol) in tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (37 miL,
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 (3.24 g, 15.45 mmol) in 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (3.24 mL). The reaction mixture was stirred at -
78°C for 4 b. The reaction was warmed to 25°C and stirred at 25°C for 20 h. The
reaction mixture was then quenched by the slow addition of a saturated ammonium
chloride solution (40 mL). The reaction mixture was then poured into water (100 mL)
and the product was extracted into ethyl acetate (3 x 75 mL). The organics were washed
with a saturated aqueous sodium chloride solution (3 x 100 mL) and a saturated aqueous
solution of lithium chloride (3 x 100 mL), dried over sodium sulfate and magnesium

sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
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230-400 mesh, 80/20 hexanes/ethyl acetate) afforded 2-(4-bromo-phenyl)-3-cyclopentyl-
propionic acid methyl ester (3.86 g, 84.6%) as. a clear .oil_: __ EI-HRMS m/e calcd for
C15H19BrO,> (M™) 310.0568 found 310.0564.

A solution of 2-(4-bromo-phenyl)-3-cyclopentyl-propionic acid methyl ester (1.55 g, 5.0
mmol) in N,N-dimethylformamide (12.5 mL) was treated with copper cyanide (672 mg,
7.5 mmol). This mixture was heated at reflux fqr 21 h. The reaction mixture was cooled
to 25°C and poured into aqueous ammonjum hydroxide (25 mL) The resulting solution
was diluted with water (25 mL). This solution was extracted with ethyl acetate (3 x 50
mL). The organics were washed with a saturated aqueous sodium chloride solution (3 x
75 mL), dried over sodium sulfate and magnesium sulfate, ﬁitered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl
acetate) afforded 2-(4-cyano-phenyl)—3—cyclopentyl-propionié acid methyl ester (1.17 g,
91.3%) as a clear oil; EI-HRMS m/e calcd for C1.6H19N02 (M) 257.1415 found
257.1406.

A miicture of 2—(4-cyano-pheriyl)—3-cyc10pentyl—prqpi6nic acid methyl esfer (257 mg, 1.0
mmol) and methy] urea (148 mg, 2.0 mmol) i.n a solution of mégnesium methoxide in
methanol (7.4 wt%, 2.0 mL, 140 mmol) was heated to reﬂux for 48 h. The reaction
mixture was then concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 70/30 ethyl acetate/hexanés) afforded 1-[2-(4-cyano-phenyl)-3-
cyclopentyl-propionyl]-3-methyl-urea (48.8 mg, 16.3%) as a white solid: mp 61-65°C;
FAB-HRMS m/e caled for Cy7Hz1 N3O, (M+H)* 300.1712 found 300.1722.
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Biological Activity Examples

Example A: In Vitro Glucokinase Activity

Glucokinase Assay: Glucokinase (GK) was assayed by coupling the production
of glucose-6-phosphate to the generation of NADH with glucose-6-phosphate
dehydrogenase (G6PDH, 0.75-1 kunits/mg; Boehringer Mannheim, Indianapolis, IN)

from Leuconostoc mesenteroides as the coupling enzyme (Scheme 2).

GK G6PDH
D-Glucose + ATP——— Glucose-6-PhosphatcN(;-Phosphogluconolactonc

NAD NADH

Scheme 2

Recombinant Human liver GK1 was expressed in E. coli as a glutathione S-transferase
fusion protein (GST-GK) [Liang et al, 1995} and was purified by chromatography over a
glutathione-Sepharose 4B affinity column using the procedure provided by the
manufacturer (Amersham Pharmacia Biotech, Piscataway, NJT). Previous studies have
demonstrated that the enzymatic properties of native GK and GST-GK are essentially
identical (Liang et al, 1995; Neet et al., 1990).

The assay was conducted at 25° C in a flat bottom 96-well tissue culture plate
from Costar (Cambridge, MA) with a final incubation volume of 120 uL. The incubation
mixture contained: 25 mM Hepes buffer (pH, 7.1), 25 mM KCl, 5 mM D-glucose, 1 mM
ATP, 1.8 mM NAD, 2 mM MgCly, 1 uM sorbitol-6-phosphate, 1 mM dithiothreitol, test
drug or 10% DMSO, 1.8 unit/m] G6PDH, and GK (see below). All oTganic reagents were
> 98 % pure and were from Boehringer Mannheim with the exceptions of D-glucose and
Hepes that were from Sigma Chemical Co, St Louis, MO. Test compounds were
dissolved in DMSO and were added to the incubation mixture minus GST-GX in a

volume of 12 ul to yield a final DMSO concentration of 10%. This mix was preincubated
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in the temperature- controlled chamber of a SPECTRAmax 250 microplate
spectrophotometer (Molecular Devices Corporation, Sunnyvale, CA) for 10 minutes to

allow temperature equilibrium and then the reaction was started by the addition of 20 pl
GST-GK.

After addition of enzyme, the increase in optical density (OD) at 340 nm was
monitored over a 10 minute incubation period as a measure of GK activity. Sufficient
GST-GK was added to produce an increase in ODsgg of 0.08 to 0.1 units over the 10
minute incubétion period in wells containing 10% DMSO, but no test compound.
Preliminary experiments established that the GK reaction was linear over this period of
time even in the presence of activators that produced a 5-fold increase in GK activity.
The GK activity in control wells was compared with the activity in wells containing test
GK activators, and the concentration of activator that produced a 50% increase in the
activity of GK, i.e., the SC;s, was calculated. All of the compounds of formula I

described in the Synthesis Examples had an SC, 5 less than or equal to 30 pM.

Liang, Y., Kesavan, P., Wang, L., Niswendcr, K., Tanizawa, Y., Permut, M. A,
Magnuson, M., and Matschinsky, F. M. Variable effects of rhatuﬁty—onset—diabetes-of—
youth (MODY)-associated glucokinase mutations on the substrate interactions and
stability of the enzyme. Biochem. J. 309: 167-173, 1995.

Neet, K., Keenan, R. P., and Tippett, P.S. Observation of a kinetic slow transition in

monomeric glucokinase. Biochemistry 29;770-777, 1990.
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Example B: In Vivo Glucokinase Activity

Glucokinase Activator in vive Screen Protocol

C57BL/6J mice are orally dosed via gavage with Glucokinase (GK) activator at 50
mg/kg body weight following a two hour fasting period. Blood glucose determinations are

made five times during the six hour post-dose study period.

Mice (n=06) are weighed and fasted for a two hour period prior to oral treatment.
GK  activators are formulated at 676 mg/ml in Gelucire vehicle
(Ethanol:Gelucire44/14:PEG400q.s. 4:66:30 v/w/v. Mice are dosed orally with 7.5uL
foﬁmillation per gram of body weight to equal a 50 mg/kg dose. Immediately prior to
dosing, a pre dose (time zero) blood glucose reading is acquired by snipping off a small
portion of the animals tail (~1 mm) and collecting 15 pL blood into a heparinized
capillary tube for analysis. Following GK activator administration, additional blood
glucose readings are taken at 1, 2, 4, and 6 hours post dose from the same tail wound.
Results are interpreted by comparing the mean blood glucose values of six vehicle treated
mice with six GK activator treated mice over the six hour study duration, Compounds are
considered active when they exhibit a statistically significant (p < 0.05) decrease in blood

glucose compared to vehicle for two consecutive assay time points.
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Claims

1. A compound comprising an amide of the formula I:

R3

5 wherein

the * indicates an asymmetric carbon atom,;

PCT/EP06102450

R' and R? are independently hydrogen. halo, amind, hydroxyamino, nitro, cyano,

sulfonamido, lower alkyI,-OR5 . -C(O)ORS, perﬂuoro-lqwer alkyl, lower alkyl

thio, perfluoro-lower alkyl thio, lower alkyl sulfonyl, perﬂu.oro—lower alkyl -

10 sulfonyl or lower alkyl sulfinyl;

R’is cycloalkyl having from 3 to 7 carbon atoms or lower alkyl having from 2 to 4

carbon atoms;

R*is -C(O)NHR™; or an unsubstituted or mono-substituted five- or six-membered

heteroaromatic ring connected by a ring carbon atom to the amine group shown,

15 which five- 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 monosubstituted at a position on a ring

carbon atom other than adjacent to said connecting carbon atom with a

20 substituent selected from the group consisting of lower alkyl, halo, nitro, cyano,
-(CH,),-OR®, -(CH,),-C(O)OR’, -(CHy):-C(O)NHR®, -C(0)-C(O)OR’,

-(CH,),-NHRS;

S
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R* is hydrogen, lower alkyl, lower atkenyl, hydroxy lower alkyl, halo lower alkyl,
«(CH»)s-C(O)YOR? or -C(0)-(CHa),-C(O)OR®;

R’ is hydrogen, lower alkyl or perfluoro-lower alkyl;
R®, R” and R® are independently hydrogen or lower alkyl; and
5 nis0,1,2,3 or4;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein

R’ and R? are independently hydrogen, halo, amino, hydroxyamino, cyano, nitro,
10 lower alkyl, -OR®, -C(0)OR’, perfluoro-lower alkyl, lower alkyl thio, perfluoro-
‘Tower alkyl thio, lower alkyl sulfonyl, perfluoro-lower alkyl sulfonyl, lower alkyl

sulfinyl, or sulfonamido;
R? is cycloalkyl having from 3 to 7 carbon atoms;

R*is an unsubstituted or mono-substituted five- or six-membered heteroaromatic ring
connected by a ring carbon atom to the amine group shown, which five- 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 monosubstituted at a position on a ring carbon atom other than adjacent to

20 said connecting carbon atom with a substituent selected from the group

consisting of lower alkyl, halo, nitro, cyano, -(CHy)-OR®, (CHy),-C(O)OR’,
-(CH,),-C(O)NHR?, -C(0)-C(O)OR® or -(CH,),-NHR®;

nis0,1,2.3 or4;
R’ is hydrogen, lower alkyl, or perfluoro-lower alkyl; and
25 R®, R” and R® are independently hydrogen or lower alkyl;

or a pharmaceutically acceptable salt thereof.
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A compound according to any of claims 1 to 2, wherein R?® is an unsubstituted or
mono-substituted five- or six-membered heteroaromatic ring selected from the group
consisting of thiazolyl, pyridinyl, imidazolyl, isoxaz;oly._l, oxazolyl, pyridazinyl,

pyrimidinyl or thiadiazolyl.:

A compound according to any of claims 1 to 3, wherein R* is unsubstituted thiazolyl,
unsubstituted pyridinyl or pyridinyl substituted by halogen, Iower alkyl hydroxy lower
alkyl or -C(O)OR?, wherein R? is lower alkyl.

A compound according to claim 1, wherein

R' and R? are independently hydrogen. halo, amino, nitro, cyano, sulfonamido, lower .
alkyl, perfluoro-lower alkyl, lower alkyl thio, perfluoro-lower alky! thio, lower
alkyl sulfonyl, or perfluoro-lower alkyl sulfonyl;

R’ is cycloalkyl having from 3 to 7 carbon atoms or lower alkyl having from 2 to 4

carbon atoms;
R* is -C(O)NHR*,

R¥ s hydrogen, lower alkyl lower alkenyl, hydroxy lower alkyl halo lower alkyl,
~(CH,)»-C(O)OR? or -C(0)-(CH,),-C(O)ORS;

R’ and R® are hydrogen or lower alkyl; and

nis0,1,2,3o0r4;

or a pharmaceutically acceptable salt thereof.

A compound according to any of claims 1 or 5, wherein R* is -C(O)NHR®, and R is

lower alkyl or lower alkenyl.

A compound according to any of claims 1 to 6, wherein R’ is hydrogen, halo, nitro or
cyano.
A compound according to any of claims 1 to 7, wherein R' is hydrogen or halo.

\

RN
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9. A compound accordifig to any of claims 1 to 8, wheréif R? is hydrogen, lower alkyl
sulfonyl, perfluoro-lower alkyl, perfluoro-lower alkyl sulfonyl, halo or -OR® wherein
R’ is perfluoro-lower alkyl.

10. A compound according to any of claims 1 to 9, wherein R? is halo or lower alkyl

sulfonyl.

11. A compound according to any of claims 1 to 10, wherein the amide is in the R

10 configuration at the asymmetric carbon shown.

12. A compound according to any of claims 1 to 11, wherein R® is cyclopentyl, cyclohexyl

or cycloheptyl.
15 13. A compound according to any of claims 1 t012, wherein R3 is cyclopentyl.

14. A compound according to any of claims 1 to 13, selected from the group consisting of:

2-(3-chloro-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-(4-bromo-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,

20 2-(4-chloro-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethyl-phenyl)-propionamide,
3-cyclopentyl-2-(3-fluoro-4-triflucromethyl-phenyl)-N-thiazo}-2-yl-propionamide,
3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-propionamide,

25 3-cyclopentyl-N-thiazol-2-yl-2-(3-triflucromethyl-phenyl)-propionamide,
3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-nitrophenyl)-N-thiazol-2-yl-propionamide,
2-(4-amino-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-(3-amino-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,

30 2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-(4-cyano-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,

—”/"—"‘N
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3-cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethylsulfanyl-phenyl)-propionamide,
3-cyclopentyl-2-(4-methylsulfanyl-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-methylsulfanyl-3-trifluoromethyl-phenyl)-N-thiazol-2-yl-

propionamide,

3-cyclopentyl-2—(4~fnethanesulfiny1—phenyl_)—N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-methanesulfonyl-3-nitropheny1)—N—thiazol-2—y1-pr0§ionanﬁde,
2-(3-amino-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,

3-cyclopentyl-2- (3-hydroxyarmno-4-methanesulfonyl-phenyl)-N-th1azol 2-yl-

propionamide,

2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide,
2—(3,4—bis-methanesulfonyl-phenyl)-3-cyclopéntyi-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-sulfamoyl-phenyl)-N-thiazol-2-yl-propionamide,
2-[4-(butane-1-sulfonyl)-phenyl]-3-cyclopentyl-N-thiazol-2-yl-propionamide,
3-cyclopentyl-Z-’[4—(propane-1-sulfonvl)-phenyl]-N-thiazbl-Z-yl-propionamide
3-cyclopentyl-2-(4-methanesulfonyl-3- tnﬂuoromethyl—phenyl) N-thlazol-Z-yl-

proplonarmde

2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-

propionamide,

2-[3-chloro-4-methanesulfonyl-phenyl]-3-cyclopentyl-N-thiazol-2-yl-propionamide,
2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-thiazol-2-yl-propionamide,
3-cyclopentyl-N-thiazo]-2-y1-2-(4-triﬂudromethanesulfonyl-phenyl)—propionamide,
3-cyclopentyl-N-thiazol-2-yl-2-(3-trifluoromethanesulfonyl-phenyl)-propionamide,
3-cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethoxy-phenyl)-propionamide,
3-cyclopentyl-Z-(3-methoxy—phenyl)—N-thiazol-2—yl-propionamide,
3-cyclopentyl-2-(3-hydroxy-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dimethoxy-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dihydroxy-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-methoxy-phenyl)-N-thiazol-2-yl-propionamide,
3-cyclopentyl-2-(4-hydroxy-phenyl)-N-thiazol-2-yl-propionamide,
4-[2-cyclopentyl-1-(thiazol-2-ylcarbamoyl)-ethyl]-benzoic acid methyl ester,
3-cyclopentyl-2-(3-fluoro-4-methoxy-phenyl)-N-thiazol-2-yl-propionamide,

AL D
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3-cyclopentyl-2-(3-fluoro-4-hydroxy-phenyl)-N-thiazol-2-yl-propionamide,

3-cyclopentyl-z-(.%i,4-:'dichlorophenyl)-N—(S-hydroxj}niéthyl—thiazol-?.-yI)-
propionamide,

3-cyclopentyl-2-(3,4-dichlorophenyl)-N-[4-(2-hydroxyethyl)-thiazol-2-y1]-
propionamide,

2-(4-chloro-phenyl)-3-cyclopentyl-N-(5-hydroxymethyl-thiazol-2-yl)-propionamide,

3-cyclopentyl-2-(3,4-dichlorophenyl)}-N-(4-hydroxymethyl-thiazol-2-yl)-
propionamide,

3-cyclopentyl-N-{(4-hydroxymethyl-thiazol-2-yl)-2-(4-methanesulfonyl-phenyl)-
propionamide,

3-cyclopentyl-N-[4-(2-hydroxyethyl)-thiazol-2-yl]-2-(4-methanesulfonyl-pheny})-
propionamide,

3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(4-methyl-thiazol-2-yl)-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(5-methyl-thiazol-2-yl)-propionamide,

{2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid
ethyl ester,

{2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid
methy] ester,

2-[2-(3-chioro-phenyl)-3-cyclopentyl-propionylamino}-thiazole-4-carboxylic acid
methyl ester,

2-[2-(3-chloro-phenyl)-3-cyclopentyl-propionylamino}-thiazole-4-carboxylic acid
ethyl ester,

{2—[2—(4—chloro—phenyl)—3-cyclopentyl—propionylanﬁno]-thiazol-4~yl}-acctic acid
ethyl ester,

2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic acid
methyl ester,

2-{2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazole-4-carboxylic acid
ethyl ester,

{2-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino]-thiazol-4-yl }-acetic acid
methyl ester,

{2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazol-4-yl }-acetic
acid,

{2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino}-thiazol-4-yl }-acetic acid
ethyl ester,

2-[3-cyclopentyl-2-(3,4-dichlorophenyl)-propionylamino]-thiazole-5-carboxylic
acid,

—
L



10

[\8)
W

30

35

WO 00/58293 PCT/EP00/b2450

-340-

2-[3- cyclopenty] -2-(3,4- d1chlorophen}l)—prop1ony1armno] thiazole-4-carboxylic
acid,

{2-[3-cyclopentyl 2-(3,4-dichlorophenyl)- proplonylanuno]-thlazol 4-yl}-acetic acid
methy] ester,

(2R)-2-[3-cyclopentyl-2-(3,4-dichloro-phenyl)- proplonylammo] -thiazole-4--
carboxylic acid methyl ester,

2-[3-cyclopentyl-2-(3.4-dichlorophenyl )-propionylamino]-.thiazole-S-carboxylic
acid methy! ester,

2-[3-cyclopentyl-2-(3,4-dichlorophenyl)- prop1ony1annno]—th1azole—5 carboxylic
acid ethyl ester,

{2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazol-4-yl }-acetic acid
ethyl ester.

{2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazol-4-yl }-acetic acid
methyl ester,

2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazble—4-carboxylic acid
methyl ester,

2-[3-cyclopentyl-2- (4-n1tro—phenyl)—prop1onylarmno]-th1azole-4—carboxyhc acid

| ethyl ester, .

{2- [2—(4—anuno—phenyl)-3 -cyclopentyl- prop10nylannno]—th1azol-4—y1}-acetlc acid
methyl ester,

2-[2-(4-amino-phenyl)- 3-cyclopentyl-prop1onylarmno]-th1azole-4 carboxylic acid
methyl ester,

{2-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)- prop10nylarmno]-th1azole—4—
carboxylic acid ethyl ester,

{2-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionylamino]- thlazol-4—yl}-4-
acetic acid methyl ester,

{2-[3-cyclopentyl-2-(4-methanesulfonyl- 3—tnﬂuoromethyl-pheny1)-
propionylamino]-thiazol-4-yl}-acetic acid methy] ester,

2-[3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-propionylamino} -
thiazole-4-carboxylic acid methyl ester,

{2-[3-cyclopentyl-2-(4-nitro-phenyl)-propionylamino]-thiazol-4-yl }-oxo-acetic acid
ethyl ester,

{2-[3-cyclopentyl-2-(3 4-d1chlorophenyl)—proplonylarmno]thlazol -5-yl}-oxo-acetic
ethyl ester,

{2-[3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionylamino]-thiazol-
4-yl}-oxo-acetic acid ethyl ester,

{2-[2-(3-chloro-4-methanesuifonyl-phenyl)-3-cyclopentyl-propionylamino]-thiazol-
4-yl}-oxo-acetic acid ethyl ester,

L
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3-cyclopentyl-2-(3 ,4-c_1ichlorophenyl)-N-(5—nitro—thiazol-2-yl)-propionamide,
3-cyclopentyl-2-(3-fluoro-4-triftuoromethyl-phenyl)-N-pyridin-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-pyridin-2-yl-propionamide,
3-cyclopenty}l-N-pyridin-2-yl-2-(4-trifluoromethyl-phenyl)-2-propionamide,
3-cyclopentyl-N-thiazol-2-yl-2-(3-trifluoromethyl-phenyl)-propionamide,
2-(3-chloro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide.,
2-(4-amino-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,

2-(4- cyano-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide.
2-{4-chloro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
2-(4-chloro-3-nitro-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
3-cyclopentyl-2-(4-nitro-phenyl)-N-pyridin-2-yl-propionamide,
2-(4-cyano-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,
3-cyclopentyl-2-(4-methylsulfanyl-phenyl)-N-pyridin-2-yl-propionamide,
3-cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethylsulfanyl-phenyl)-propionamide,
3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-N-pyridin-2-y}-propionamide,
3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-pyridin-2-yl-propionamide,

2-(3-bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-
propionamide,

2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-
propionamide,

3-cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-pyridin-2-yl-propionamide,
2-(3,4-bis-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-propionamide,

2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-pyridin-2-yl-
propionamide,

3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-N-pyridin-2-yl-
propionamide,

3-cyclopentyl-N-pyridin-2-yl-2-(4-trifluoromethanesulfonyl-phenyl)-propionamide,

3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-carboxymethylpyridin)-2-yl-
propionamide,

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

6-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino}-nicotinic acid,
6-[2-(3-chloro-phenyl)-3-cyclopeityl-propionylamino}-nicotinic acid methy! ester,
6-[2-(4-chloro-phenyl)-3-cyclopentyl-propionylamino}-nicotinic acid methyl ester,

I
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6—[3—cyclopentyl-z-(4-nitro-phenyl)—propionylamino]-nicotinic acid methyl ester,
6-[2—(4-amino-pheny1)-3—cyclopeﬁty]-propionylamino];nipotinic acid methyl ester,
6-[2-(3-chloro-phenyl)—3-cyclopentyl'-propionylamino]f-nicotinic acid,
6-[2—(4—cyano-phenyl)—3'-cyclopenty1-propionylanlino]{niéotinic acid,

6-[3-cyclopentyl—2—(4_-triﬂuoromethanesulfonyl-phenyI)-prbpion_vlamino]—nicotinic
acid methyl ester,

6-[3-cyclopentyl-2- (4—tnﬂuoromethanesu1fony1 phenyl)—prop1onylarmno]—mcotmlc
acid,

6-[3-cyclopentyl-2-(4-methanesulfonyl- phenyl)-proplonylarmno]-n1cot1mc acid
methy] ester,

3-cyclopentyl-2(R)-(3,4-dichloro-phenvl)-N-(5-hydroxymethyl-pyridin-2-yl)-
propionamide,

3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-hydroxy-pyridin-2-yl)-propionamide,

2-(4-chloro-phenyl)-3-cyclopentyl-N-(5-hydroxymethyl-pyridin-2-yl)-
propionamide,

3—cyclopenty1—N—(S-hydroxymethyl-pyridin—2—yl)—2—(4-methanesulfonyl—phenyl)—
propionamide,

N-(5-chloro-pyridin-2-yl)-3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionamide,
3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-brompyridin)-2-yl-propionamide,

3-cyclopentyl-2(R)-(3,4-dichloro-pheny})-N-(5-triflucromethyl-pyridin-2-yl)-
propionamide,

N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionamide,

N-(5-chloro- pyndm—”-yl) 3-cyclopenty1-2 (4-tnﬂuoromethanesulfonyl-phenyl)-
propionamide, _

N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2-(4-trifluoromethanesulfonyl-phenyl)-
propionamide,

N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2-(4-methanesulfonyl- 3-mtro-phenyl)-
propionamide,

2-(3-bromo-4-methanesulfonyl-phenyl)-N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-
propionamide,

N-(5- bromo-pyridin-2-yl)-2- (3-chloro-4-methanesulfonyl-phenyl)- -cyclopentyl-
propionamide,

2-(3-chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-N-(5-trifluoromethyl-pyridin-
2-yl)-propionamide,

N-(5-chloro-pyndm—z-yl)-2-(3-chloro—4-methanesulfonyl—phenyl)—3 cyclopentyl-
propionamide,
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3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(5-nitropyridin)-2-yl-propionamide,

3-cyclopentyl—2-(3;i&ich]oro-pheny])—N—(S-methylpjkridin)-z-yl-propionanﬁde,
3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(4-methylpyridin)-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichloro-phenyl)-N-(6-methylpyridin)-2-yl-propionamide,
3-cyclopentyl-N-(5-methyl-pyridin-2-yl)-2-(4-trifluoromethanesulfonyl-phenyl)

propionamide,

3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-N-(5-methyl-pyridin-2-yl)-

propionamide,

6-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionylamino}-N-methyl-nicotinamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-(1H-imidazol-2-yl)-propionamide,
3-cyclopentyl-2-~(3,4-dichlorophenyl)-N-(5-methyl-isoxazol-3-yl)-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-oxazol-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-pyridazin-3-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-pyrimidin-2-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-pyrimidin-6-yl-propionamide,
3-cyclopentyl-2-(4-nitro-phenyl)-N-pyrimidin-4-yl-propionamide,
3-cyclopentyl-2-(3,4-dichlorophenyl)-N-[1,3,4]thiadiazo}-2-y]l-propionamide,
2-[4-methanesulfonyl phenyl}-3-cyclohexyl N-thiazol-2-yl-propionamide, and
2-f4-methanesulfonyl phenyl]-3-cycloheptyl N-thiazol-2-yl-propionamide.

15. A compound according to any of claims 1 to 13, selected from the group consisting of:

1-(3-cyclopentyl-2-phenyl-propionyl)-3-methyl-urea,
1-[2-(3-chloro-phenyl)-3 cyclopentyl-propionyl}-3-methyl-urea,
1-f2-(4-chloro-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea,
1-[2-(4-cyano-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea,
1-[2-(4-bromo-phenyl)-3-cyclopentyl-propionyl]-3-methyl urea,
[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyi}-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-methyl-urea,
1-[3-cyclopentyl-2(R)~(3,4-dichloro-phenyl)-propionyl}-3-ethyl-urea,
1-allyl-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl}-urea,
1-allyl-3-[3-cyclopentyl-2(R)~(3, 4-dichloro-phenyl)-proprionyl}-urea,
1-[3-cyclopenty!-2-(3,4-dichloro-phenyl)-propionyl]-3-ethyl-urea,
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1-[3-cyclopentyl-2(R)-(3.4-dichloro-phenyl)-propionyl]-3-methyl-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-isopropyl-urea,
1-[3-cyclopentyl-2-(3 ,4-dichloro-phenyl)—propionyl]'—3-ﬁrc;>pyl-urea,
1-[3-cyclopentyl-2-(3 ,4-diﬂuoro-phenyl)-bropidny]]—3—me__fhyl-urea,

5 1-[2—(4-chloro-3-nitro-phenyl)—3-cyclopentyl-proprionyl]_—.3-methyl-urea,
l-[3-cyclope_ntyl-z-(4-nitro-phenyl)-propionyl]-3-methyl—ﬁrea,
1-[3—cyclopentyl-z-(4-triﬂuoromethylsulfanyl-phenylj-pfqpionyl]-3-methyl urea,
1—[3-cyclopentyl-2—(4-methylsulfanyl-phenyl)—propionyl]_-3-methy1 urea,
1-[3-cyclopentyl-2-(4—triﬂuoromethanesulfonyl-phenyzl)-propionyl]-3-methy1 urea,

10 1-[3-cyclopentyl-2-(3-trifluoromethanesulfonyl-phenyl)-propionyl]-3-methyl urea,

1-[3-cyclopentyl-z-(4-methanesulfonyl-phe_nyl)—propidnyl]-3—methy1 urea,

1-{2-[4-(butane-1-sulfonyl)-phenyl]}-3 -cyclopentyl-prdpr_ionyl }-3-methyl-urea,
1-[3-cyclopentyl-2-(4-etha_nesulfonyl-phcnyl)—proprionyl]—3—methyi-urea,
1-[2-(3,4-bis-methanesulfonyl—phenyl)—3-cyclbpentyl-proprionyl]-3-methyl-urea,

15 1-[2-(3-bromo-4-methanesulfonyl-phenyl)-3 -cyclopentyl-proprionyl]-3-methyl-
urea, _ _
1—[3—cyclopentyl-2;(3-ﬂuoro-4—methanesulfonyl—phenyl)-proprionyl] -3-methyl-urea,

1-[2-(3-chlofo-4—methanesulfonyl—phenyl)-3-cyclopentyl-proprionyl]—3—methy1-urea

1-[2(R)-(3-chloro-4-methanesulfony1-phenyl)-3-cyclopentyl-propri onyl}-3-methyl-
20 urea, |

1-[2-(3—chloro-4—methanesulfonyl-phenyl)-3—cyclopenty1-prop1iony1]-3-ethy1—urea,
1-[2-(3-cyano-4-methanesulfonyl-phenyl)-3-cyclopentyl-proprionyl]-3-methyl-urea,

1-[3-cyclopentyl-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-proprionyl]-3-
methyl-urea,

25 1-[3-cyclopentyl-2-(4-fluoro-3-trifluoromethyl-phenyl)-propionyl]}-3-methyl urea,
1-[3-cyclopentyl—2-(3_-ﬂuoro-4-triﬂuoromethyl-phenyl)-propionyl]—3—methy1 urea,
1-[3-cyclopentyl-2-(4-methanesulfonyl-3-nitrophenyl)-propionyl]-3-methyl-urea,
[2-(4-chloro-phenyl)-4-methyl-pentanoyl}-urea,

[3-cyclopropyl-2-(3 ,4-dichloro-phenyl)-propionyl]-uréa,.

30 [3-cyclobutyl-2-(3,4-dichloro-phenyl)-propionyl]-urea,
R-[2-(3,4-dichloro-phenyl)-4-methyl-pentanoyl]-urea,
1-[2-(3,4-dich1or_o-phenyl)—4-methy]-pentanoyl]—3—methyl-_urea,
1-[2-(3,4-dichloro-phenyl)-hexanoyl}-3-methyl-urea,
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3-[cyclohexyl-2-(3,4-dichloro-phenyl)-propionyl]-urea,
[3—cyclohexyl—2—(3;ﬁiéichloro-phcnyl)—propionyl]-3-me’thyl-urea,
[3-cycloheptyl-2-(3,4-dichloro-phenyl)-propionyl]-urea,

3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido }-propionic acid
ethyl ester,

{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido } -acetic acid ethyl
ester,

{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl}-ureido}-acetic acid methyl
ester,

3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido} -propionic acid
methyl ester,

{3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl]-ureido} -acetic acid ethyl
ester,

3-{3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-ureido } -3-oxo-propionic
acid ethyl ester,

1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl}-3-(2-hydrox y-ethyl)-urea,
1-[3-cyclopentyl-2-(3,4-dichioro-phenyl)-proprionyl]-3-(2-hydroxy-propyl)-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-3-(3-hydroxy-propyl)-urea,
1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-proprionyl]-3-(2-hydroxy-propyl)-urea,
1-(2-chloro-ethyl)-3-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-proprionyl]-urea, and
1-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-proprionyl]-3-(3-hydroxy-propyl)-urea.

A compound according to any of claims 1 to 14, selected from the group consisting of:

3-Cyclopentyl-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide,
3-Cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethoxy-phenyl)-propionamide,
3-Cyclopentyl-N-thiazol-2-yl-2-(4-trifluoromethanesulfonyl-phenyl)-propionamide,
3-Cyclopentyl-2(R)-(3,4-dichloro-phenyl)-N-pyridin-2-yl-propionamide,

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

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

3-Cyclopentyl-N-pyridin-2-yl-2-(4-trifluvoromethanesulfonyl-phenyl)-propionamide,

3-Cyclopentyl-N-(5-methyl-pyridin-2-y})-2-(4-trifluoromethanesulfonyl-phenyl)-
propionamide,

3-Cyclopentyl-2(R)-(3 4-dichloro-phenyl)-N-(5-hydroxymethyl-pyridin-2-yl)
propionamide,
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6-[3-Cyclopentyl- 2-(4-tnﬂuoromethanesu1fonyl phenyl)-proplonvlannno]—mcot1mc
acid methyl ester, o

3-Cyclopentyl-2- (3-ﬂuoro-4~mﬂuoromethy1-phenyl)-N—pyndm— -yl-propxonamlde
3-Cyclopentyl-2-(4-methanesulfonyl- 3—n1tropheny1)—N—pyndm-2 -yl-propionamide,

5 2-(3-Bromo-4-methanesulfonyl-phenyl)-3- cycIopentyl-N-pyndm -2-yl-
propionamide, :

2-(3- Cyano—4-methanesulfony]-phenyl) 3- cyclopenty]—N-pyndm -2-yl-
propionamide,

2-(4-Chloro- 3-mtro-phenyl) -3- cyclopenty]-N-pyndm—Z—yl-proplonarmde

10 2-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl- N—pyndm-”—yl—
propionamide, -

N-(5-Bromo-pyridin- 2-y1) 2-(3-chloro-4- methanesulfonyl-phenyl)—3-cyclopentyl-
propionamide,

2-[3-Chloro-4-methanesulfonyl-phenyl]- 3-cyclopentyl-N-th1azol -2-yl-
15 propionamide,
(2R)-3-Cyclopentyl- 2—(4-methanesulfonylphenyl)-N—thlazoI -2-yl-propionamide,

-(3—Bromo-4—methanesulfonyl-phenyl) 3—cyclopentyl-N—th1azol -2-yl-
propionamide,

2-(3-Cyano-4-methanesulfonyl-phenyl)- 3—cyclopentyI-N-th1azol—"—yl-propmna.mxde,

20 3-Cyclopentyl-2-(4-ethanesulfonyl-phenyl)-N-thiazol-2-yl-propionamide,

3-Cyclopentyl-2-(4-methanesulfonyl-3- tnﬂuoromethyl-phenyl) -N-thiazol-2-yl-
propionamide, and

N-(5-Bromo-pyridin-2-y1)-2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-
cyclopentyl-propionamide.
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A compound accordiiig to any of claims 1 to 13 and 15, selected from the group

consisting of:

1-{3—cyclopenty1—2(R)—(3,4-dich}oro—phenyl)—propionyl]-3-ethyl—urea,
1-[3-cyclopentyl-2(R)~(3.4-dichloro-phenyl)-propionyl}-3-methyl-urea,
1-[3-cyclopentyl-2-(3,4-dichloro-phenyl)-propionyl]-3-methyl urea,
1-[3-cyclopentyl-2-(4-methanesulfonyl-phenyl)-propionyl}-3-methyl urea,
1-Allyl-3-[3-cyclopentyl-2(R)-(3,4-dichloro-phenyl)-propionyl}-urea,
1-[2-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl}-3-methyl-urea,

1-[2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl}-3-methyl-
urea, and

1-[2~(3-Bromo-4-methanesulfonyl-phenyl)-3-cyclopentyl-propionyl]-3-methyl-urea.

The use of the compounds according to any of claims 1 to 17 for the treatment of type
1I diabetes.

A pharmaceutical composition comprising a compound of any of claims 1 to 17 and a

pharmaceutically acceptable carrier and/or adjuvant.

. The use of a compound according to any of claims 1 to 17 for the preparation of

medicaments containing a compound according to any of claims 1 to 17 for the

treatment or prophylaxis of type II diabetes.

. A method for the prophylactic or therapeutic treatment of type II diabetes, which

method comprises administring a compound of any of claims 1 to 17 to a human being

or an animal.

A process for the preparation of the compounds of formula I according to any of

claims 1 to 17, which process comprises:

I
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(a) The condensation of a compound of formula XI:
H3

COOH
. Xi
RZ
R1
wherein R', R? and R® are as defined in claim 1;

with a compound of the formula VIII:

R*2.NH, A1

h

wherein R* is an unsubstituted or mono-substituted five- or six-membered
heteroaromatic ring connected by a ring carbon atom to the amine group

shown, which five- or six-membered heteroaromatic ring contains from 1 to 3

£

heteroatoms selected from sulfur, oxygen or nitrogen, with one heteroatom -

10 being nitrogen which is adjacent to the connecting ring carbon atom; said
mono-substituted 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, -(CHz)s-OR®, <(CH,),-C(O)OR’, -(CH,).-C(O)NHRS®, -C(O)- C(O)ORB
15 or -(CHy), NHR6 R® R, R® and n are as defined in claim 1;

via peptide coupling to produce a compound of formula I-d:

H2

wherein R!, R%, R? and R*? are as defined above;

optionally followed by the conversion of one or both of the substituents R! and/or

20 R? into another substituent R! and/or R? as defined in claim 1.

-
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(b) The reaction of a compound of formula IX:
RS

NH
2 X

wherein R', R® and R are as defined in claim 1;
with a compound of the formula X:
5 RY.N=C=0 X
wherein R* is lower alkyl, lower alkenyl, hydroxy lower alkyl, halo lower

alkyl or -(CHz)n-C(O)OR5, wherein R is hydrogen or lower alkyl and n is as
defined above;

to produce a compound of formula I-a:

10

wherein R, R? R® and R*! are as defined above;

optionally followed by the conversion of one or both of the substituents R' and/or

R? into another substituent R! and/or R? as defined in claim 1.

-

15 (¢) The reaction of a compound of the formula XI:

RS

OCH,
Xi

RZ

R1

-

A A

wherein R!, R? and R? are as defined in claim 1;
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with a compound of the formula:
H>NCONH,

to produce a compound of the formula I-b:

RS
N _NH
\n/ 2 I-b
R2 . o ©
R1
5 wherein R, R? and R? are as defined above;

optionally followed by the conversion of one or both of the substituents _Rl and/or

R? into another substituent R! and/or R? as defined in claim 1.

(d) The reaction of a compound of the formula I-b

RS
H
N._-NH,
T o
- 0o O
10 R
wherein Rl, R? and R? are as defined in claim 1;
with a compound of the formula XIII:
CIC(0)-(CH,),-C(O)OR® X
wherein R® is hydrogen or lower alkyl and n is as defined in claim 1;
15 to produce a compound of the formula I-c:
R3
N Na__-(CHy_OR® |
Y Y e
o 0O 0 o© ﬁc|)/
R‘l

wherein R}, R?, R3, R® and n are as defined above;

R
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optionally followed by the conversion of one or both of the substituents R' and/or

R? into another stibstituent R' and/or R? as defined in &laim 1.

23. The invention as described hereinbefore.
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