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P70 S6 KINASE INHIBITORS

BACKGROUND OF THE INVENTION

p70 S6 kinase 1s a downstream effector of the phosphatidylinositol 3 kinase
(PI3K)/AKT/ mammalian target of rapamycin (mTOR) signaling pathway and p70 S6
kinase 18 commonly activated in many human solid tumors. p70 S6 kinase activity
regulates ribosome biogenesis, cell growth, and cell cycle progression 1in response to
mitogenic stimulation. As such, suppressing p70 S6 kinase activity will block ribosome
biogenesis, synthesis of select proteins, cell growth, and cell cycle progression. Thus a
role for p70 S6 kinase exists in tumor cell proliferation and protection of cells from
apoptosis. Furthermore, inhibitors of p70 S6 kinase are described as useful 1n treating
infections, inflammation and tumor formation, as well as metabolic diseases and
disorders. (WO 2005/117909, WO 2006/071819, WO 2006/046024, WO 2007/125321
andWO 2008/012635). The present invention provides surprisingly potent compounds
that inhibit p70 S6 kinase activity. In addition particular compounds of the present

invention are highly bioavailable.

BRIEF SUMMARY OF THE INVENTION

The present invention provides compounds of Formula I:

R1\ 2
/=N N
T
\_‘_/ N
HN__ 2, 3 A
ZZ
|

where:

Y is N or CR®:
71 and Z» are independently CR” or N, provided that Z; and Z, are not both N

R' is H or C;-C4alkyl;
R* is phenyl optionally substituted with a first substituent selected from C;-C,
alkyloxy, cyano, NO», halo, trifluoromethyl, and trifluoromethoxy and optionally further

substituted with a second substituent selected from the group consisting of halo;
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R’ is hydrogen, halo, C;-Cy alkyl, C3-Cgcycloalkyl, or C,-Cg alkynyl, wherein Cs-
Cs alkynyl 1s optionally substituted with hydroxy;

R* and R’ are independently hydrogen or C;-Cy alkyl;

R® is hydrogen or hydroxy: or a pharmaceutically acceptable salt thereof.

This imnvention also provides compounds of Formula I wherein:

Y is N or CR®:
Z1 and Z, are independently CR’ or N, provided that Z; and Z, are not both N;

R' is H or C;-Csalkyl;
R” is phenyl optionally substituted with a first substituent selected from C;-Cy
alkyloxy, cyano, NO,, halo, trifluoromethyl, and trifluoromethoxy and optionally further

substituted with a second substituent selected from the group consisting of halo;

R” is hydrogen, halo, or C3-Cgcycloalkyl;

R* and R’ are independently hydrogen or C;-C, alkyl;

R® is hydrogen or hydroxy; or a pharmaceutically acceptable salt thereof.

The present invention also provides a method of inhibiting p70 S6 kinase 1n a
mammal comprising administering to a mammal 1n need of such treatment an etfective
amount of a compound of Formula I or IA or a pharmaceutically acceptable salt thereof.

The present invention also provides a method of inhibiting angiogenesis 1n a
mammal comprising administering to a mammal 1n need of such treatment an effective
amount of a compound of Formula I or a pharmaceutically acceptable salt thereof.

Additionally, the present invention also provides a method of treating
adenocarcinomas of the colon 1n a mammal comprising administering to a mammal 1n
need of such treatment an effective amount of a compound of Formula I or a
pharmacecutically acceptable salt thereof.

Additionally, the present invention also provides a method of treating non-small-
cell lung cancer 1n a mammal comprising administering to a mammal 1n need of such
treatment an effective amount of a compound of Formula I or a pharmaceutically
acceptable salt thereof.

The present invention also provides a method of treating glioblastoma multiforme

in a mammal comprising administering to a mammal 1n need of such treatment an



10

15

20

25

30

CA 02687265 2009-11-12

WO 2008/140947 PCT/US2008/062143

effective amount of a compound of Formula I or a pharmaceutically acceptable salt
thereof.

The present invention further provides a method of treating ovarian carcinoma in a
mammal comprising administering to a mammal 1n need of such treatment an effective
amount of a compound of Formula I or a pharmaceutically acceptable salt thereof.

The present invention further provides a method of treating leukemia 1n a mammal
comprising administering to a mammal 1n need of such treatment an effective amount of a
compound of Formula I or a pharmaceutically acceptable salt thercof.

The present invention further provides a method of treating pancreatic carcinoma
in a mammal comprising administering to a mammal 1n need of such treatment an
etfective amount of a compound of Formula I or a pharmaceutically acceptable salt
thereof.

The present invention additionally provides a method of treating prostate cancer 1n
a mammal comprising administering to a mammal 1n need of such treatment an effective
amount of a compound of Formula I or a pharmaceutically acceptable salt thereof.

The present invention further provides a method of treating mammary carcinoma
In a mammal comprising administering to a mammal 1n need of such treatment an
etfective amount of a compound of Formula I or a pharmaceutically acceptable salt
thereof.

The present invention also provides a method of treating
lymphangioleiomyomatosis 1n a mammal comprising administering to a mammal 1n need
of such treatment an effective amount of a compound of Formula I or a pharmaceutically
acceptable salt thereof.

The mvention also provides a pharmaceutical formulation comprising a compound
of Formula I or a pharmaceutically acceptable salt thereof, in combination with a
pharmaceutically acceptable carrier, diluent, or excipient.

This invention also provides the use of a compound of Formula I or IAor a
pharmaceutically acceptable salt thercof for the manufacture of a medicament for the
inhibition of p70 S6 kinase. Additionally, this invention provides a compound of
Formula I or a pharmaceutically acceptable salt thereof for use 1n inhibition of p70 S6
kinase in mammals. Furthermore, this invention provides a pharmaceutical composition

adapted for the inhibition of p70 S6 kinase comprising a compound of Formula I or a
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pharmaceutically acceptable salt thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or diluents thereof.

This invention also provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
inhibition of angiogenesis. Additionally, this invention provides a compound of Formula
I or a pharmaceutically acceptable salt thereof for use 1n 1mnhibition of angiogenesis in
mammals. Furthermore, this invention provides a pharmaceutical composition adapted
for the mnhibition of angiogenesis comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or diluents thereof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of adenocarcinomas of the colon. Additionally, this invention provides a
compound of Formula I or a pharmaceutically acceptable salt thercof for use 1n treatment
of adenocarcinomas of the colon in mammals. Furthermore, this invention provides a
pharmaceutical composition adapted for the treatment of adenocarcinomas of the colon
comprising a compound of Formula I or a pharmaceutically acceptable salt thercof 1n
combination with one or more pharmaceutically acceptable excipients, carriers, or
diluents thercof.

This invention also provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of non-small-cell lung cancer. Additionally, this invention provides a
compound of Formula I or a pharmaceutically acceptable salt thercof for use 1n treatment
of non-small-cell lung cancer in mammals. Furthermore, this invention provides a
pharmaceutical composition adapted for the treatment of non-small-cell lung cancer
comprising a compound of Formula I or a pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically acceptable excipients, carriers, or
diluents thereof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manutacture of a medicament for the
treatment of glioblastoma multiforme. Additionally, this invention provides a compound

of Formula I or a pharmaceutically acceptable salt thereof for use in treatment of
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olioblastoma multiforme 1n mammals. Furthermore, this invention provides a
pharmaceutical composition adapted for the treatment of glioblastoma multiforme
comprising a compound of Formula I or a pharmaceutically acceptable salt thereof 1n
combination with one or more pharmaceutically acceptable excipients, carriers, or
diluents thercof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thercof for the manufacture of a medicament for the
treatment of ovarian carcinoma. Additionally, this invention provides a compound of
Formula I or a pharmaceutically acceptable salt thereof for use 1n treatment of ovarian
carcinoma in mammals. Furthermore, this invention provides a pharmaceutical
composition adapted for the treatment of ovarian carcinoma comprising a compound of
Formula I or a pharmaceutically acceptable salt thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or diluents thereof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of leukemia. Additionally, this invention provides a compound of Formula I or
a pharmaceutically acceptable salt thereof for use 1n treatment of leukemia in mammals.
Furthermore, this invention provides a pharmaceutical composition adapted for the
treatment of leukemia comprising a compound of Formula I or a pharmaceutically
acceptable salt thereof 1n combination with one or more pharmaceutically acceptable
excipients, carriers, or diluents thereof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of pancreatic carcinoma. Additionally, this invention provides a compound of
Formula I or a pharmaceutically acceptable salt thercof for use 1n treatment of pancreatic
carcinoma 1n mammals. Furthermore, this invention provides a pharmaceutical
composition adapted for the treatment of pancreatic carcinoma comprising a compound of
Formula I or a pharmaceutically acceptable salt thereof 1n combination with one or more
pharmaceutically acceptable excipients, carriers, or diluents thereof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the

treatment of prostate cancer. Additionally, this invention provides a compound of
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Formula I or a pharmaceutically acceptable salt thereof for use 1n treatment of prostate
cancer 1n mammals. Furthermore, this invention provides a pharmaceutical composition
adapted for the treatment of prostate cancer comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or diluents thereof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thercof for the manufacture of a medicament for the
treatment of mammary carcinoma. Additionally, this invention provides a compound of
Formula I or a pharmaceutically acceptable salt thercof for use 1n treatment of mammary
carcinoma in mammals. Furthermore, this invention provides a pharmaceutical
composition adapted for the treatment of mammary carcinoma comprising a compound of
Formula I or a pharmaceutically acceptable salt thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or diluents thereof.

This invention further provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of lymphangioleiomyomatosis. Additionally, this invention provides a
compound of Formula I or a pharmaceutically acceptable salt thercof for use 1n treatment
of lymphangioleiomyomatosis in mammals. Furthermore, this invention provides a
pharmaceutical composition adapted for the treatment of lymphangioleiomyomatosis
comprising a compound of Formula I or a pharmaceutically acceptable salt thercof 1n
combination with one or more pharmaceutically acceptable excipients, carriers, or
diluents thereof.

In addition, the invention provides for the use of a compound of Formula 1 1n
therapy.

DETAILED DESCRIPTION OF THE INVENTION

The general chemical terms used 1n the formulae above have their usual meanings.
For example, the term “C,-C,4 alkyl” refers to a straight or branched, monovalent,
saturated aliphatic chain of one to four carbon atoms, for example, methyl, ethyl, propyl,
1sopropyl, butyl, 1sobutyl, and t-butyl and the like. Likewise, the term “C;-C; alkyl”
includes methyl, ethyl, and 1sopropyl and the like.
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As used herein the term “C;-Cy4 alkoxy™ refers to a straight or branched alkyl chain
having from one to four carbon atoms attached to an oxygen atom. Typical C;-C, alkoxy
oroups mclude methoxy, ethoxy, propoxy, 1sopropoxy, butoxy, tert-butoxy and the like.

As used herein, the terms "Halo" refer to a chlorine, bromine, 10dine, or fluorine
atom, unless otherwise specified herein.

As used herein the term “Cs-Cg cycloalkyl” means a fully saturated ring
comprising carbon and hydrogen atoms and includes cyclopropyl and cyclobutyl.

As used herein, the term “C,-Cg alkynyl” 1s a straight or branched alkynyl chain
having from two to six carbon atoms and one triple bond, including, but not limited to,
ethynyl, propynyl, butynyl, pentynyl, and the like.

Compounds of this invention are bases, and accordingly react with any of a
number of organic and 1norganic acids to form pharmaceutically acceptable salts and the
present invention includes the pharmaceutically acceptable salts of the compounds of
Formula I or IA. The term "pharmaceutically acceptable salt" as used herein, refers to
salts of the compounds of Formula I that are substantially non-toxic to living organisms.
Such salts include the pharmaceutically acceptable salts listed i Journal of
Pharmaceutical Science, 66, 2-19 (1977), which are known to the skilled artisan.
Hydrochloride, mesylate, and tosylate (also known as p-toluene sulfonate) salts are
preferred salts. The hydrochloride and tosylate salts are most preferred.

Some of the compounds of the present invention have one or more chiral centers
and may exist 1n a variety of stereoisomeric configurations. As a consequence of these
chiral centers, the compounds of the present invention occur as racemates, mixtures of
enantiomers and as individual enantiomers, as well as diastereomers and mixtures of
diastercomers. All such racemates, enantiomers, and diasterecomers are within the scope
of the present invention. The specific stereoisomers and enantiomers of compounds of
Formula I can be prepared by one of ordinary skill in the art utilizing well known
techniques and processes, such as those disclosed by J. Jacques, et al., "Enantiomers,
Racemates, and Resolutions”, John Wiley and Sons, Inc., 1981, and E.L. Eliel and S.H.
Wilen,” Stereochemistry of Organic Compounds™, (Wiley-Interscience 1994), and
European Patent Application No. EP-A-838448, published April 29, 1998. Examples of

resolutions include recrystallization techniques or chiral chromatography.
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The skilled artisan will also appreciate that compounds of Formula I where R’ is
hydrogen or where Z; or Z, are N exist as tautomers. Although tautomers are structurally
distinct, the skilled artisan will appreciate that they exist in equilibrium and are easily and
rapidly interconvertible under ordinary conditions. (See, March, Advanced Organic

Chemistry, Third Edition, Wiley Interscience, New York, New York (1985), pages 66-70;

and Allinger, Organic Chemistry, Second Edition, Worth Publishers, New York, New
York, (1976), page 173). As such, the representation of a compound of Formula I in a
single tautomeric form contemplates both tautomeric forms individually and mixtures
thereof. Likewise, the naming of a compound of Formula I where, for example, R’ is
hydrogen either as 1H-1imidazole or a 3H-1imi1dazole contemplates both tautomeric forms.
Certain classes of compounds of Formula I are preferred p70 S6 kinase ihibitors.

The following paragraphs describe such preferred classes:

a) Y is CR®;
b) Y 1s CH;
c) R'is H:
d) R'is CHz;
c) Z1is CR’;
f) Z11s CH;
2) 7518 N;

h) R” is phenyl substituted with a first substituent selected from the group
consisting of halo and trifluoromethyl, and optionally further substituted
with a second substituent which 1s halo;

1) R is phenyl substituted with a first substituent selected from halo and
trifluoromethyl and further substituted with a second substituent which 1s
halo;

1) R” is phenyl substituted in the 3 or 4 position with a first substituent
selected from the group consisting of halo and trifluoromethyl, and
optionally further substituted with a second substituent which 1s halo.

k) R” is phenyl substituted in the 3 or 4 position with a first substituent
selected from the group consisting of halo and trifluoromethyl, and further

substituted with a second substituent which 1s halo.
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1) R” is phenyl substituted in the 3 position with a first substituent selected
from the group consisting of halo and trifluoromethyl, and optionally

further substituted 1n the 4 position with a second substituent which 1s

halo;
m) R’ is H;
n) The compound of Formula I 1s a free base;
0) The compound of Formula I 1s a salt;

D) The compound of Formula I 1s the hydrochloride salt;

q) The compound of Formula I 1s the tosylate salt.

Other preferred compounds of Formula I are those where Y is CR® and R is H or
CH; Additional preferred compounds of Formula I are those where Y is CR® and R' is H
or CHs; and R” is phenyl substitued with a first substituent selected from the group
consisting of halo and trifluoromethyl, and optionally further substituted with a second
substituent which 1s halo.

Preferred compounds of Formula I also include those where Y is CR® and R is H
or CHs; R is phenyl substitued with a first substituent selected from the group consisting
of halo and trifluoromethyl, and optionally further substituted with a second substituent
which is halo; R’ is H; Z; is CR” and Z, is N.

Also preferred are those compounds of Formula I in which Y is CH; R' is H or
CHs; R” is phenyl substituted with a first substituent selected from the group consisting of
halo and trifluoromethyl, and optionally further substituted with a second substituent
which is halo; R’ is H; Z; is CH; and Z, is N.

In addition, preferred are those compounds of Formula I in which Y is CH; R’ is
H or CHs; R” is phenyl substituted with a first substituent selected from the group
consisting of halo and trifluoromethyl, and further substituted with a second substituent
which is halo; R’ is H; Z; is CH; and Z, is N,

More preferred compounds of Formula I are those in which Y is CH; R' is H or
CHs; R* is phenyl substituted in the 3 position with a first substituent selected from the
oroup consisting of halo and trifluoromethyl, and optionally further substituted in the 4
position with a second substituent which 1s halo; R’ is H: Z, is CH: and Z, is N.

In addition, more preferred compounds of Formula I are those in which Y 1s CH;

R' is H or CHj; R” is phenyl substituted in the 3 position with a first substituent selected
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from the group consisting of halo and trifluoromethyl, and further substituted 1n the 4
position with a second substituent which 1s halo; R’ is H: Z, is CH: and Z, is N.
Particularly preferred are those compounds of Formula I in which Y 1s CH, Z; 1s
CH and Z, in N.
S The following compound, 4-{4-[4-(3-(Trifluoromethyl)-phenyl)-1H-1midazol-2-
yl]-piperidin-1-yl}-1H-pyrazolo[3.,4-d]pyrimidine:

/=N N

HN.
N

CF

3

2

or a pharmaceutically acceptable salt therefore, 1s most especially preferred.

Additionally, the compound 4-{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-
10  methyl-1H-1midazol-2-yl]-piperidin-1-yl}-1H-pyrazolo[3.4-d]pyrimidine:

H,C

N \
) = ' |
\
\ 7 \
N, 2
F
CF,

or a pharmaceutically acceptable salt thercof, 1s also most especially preferred.

The compounds of Formula I are inhibitors of p70 S6 kinase and are therefore
useful 1n the treatment of metabolic diseases and disorders such as obesity, diabetes,

15  metabolic syndrome, insulin resistance, hyperglycemia, hyperaminoacidemia, and
hyperlipitdemia, and proliferative disorders, particularly glioblastoma multiforme,
colorectal cancer, hepatocellular cancer, lung cancer, breast cancer, ovarian cancer, and
renal cell carcinoma 1n mammals. In addition, 1t has been found that the p70 S6 kinase
pathway 1s activated 1n cells of benign tumors, such as those associated with

20  lymphangioleitomyomatosis (LAM). See Journal of Bological Chemistry, 277:34, 30958-
30967 (2002), and Modern Pathology 19, 839-846 (2006). Thus p70 S6 kinase inhibitors
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may also be useful in treating LAM. Inhibitors of p70 S6 kinase are also useful inhibitors

of angiogenesis in mammals. It 1s preferred that the mammal to be treated 1s a human.

The compounds of Formula I can be prepared by one of ordinary skill in the art
following art recognized techniques and procedures. More specifically, compounds of
Formula I can be prepared as set forth i the schemes, methods, and examples set forth
below. It will be recognized by one of skill in the art that the individual steps 1n the
following schemes may be varied to provide the compounds of Formula I or IA. The
reagents and starting materials are readily available to one of ordinary skill in the art. All
substituents, unless otherwise specified, are as previously defined. Some substituents
have been eliminated 1n the following schemes for the sake of clarity and are not intended
to limit the teaching of the schemes 1n any way.

Compounds of Formula I may be prepared as illustrated in the following scheme
where R', R*, R* R°, Z{, Z,and Y are as previously defined, and L 1s a suitable leaving

oroup such as halo.

SCHEME 1

R N. N
Eé\ Rl/\f
L

, R \( 4
1 TR
N7 NS v
+ e
K E / . ~N
N N R
I Z1
N 3

Z
(@) (b) kN‘ /7
N
N
H

I

A substituted pyrazolopyrimidine (or purine or pyrrolopyrimidine) compound of
formula (a) 1s reacted with a substituted piperazine or piperidine of formula (b) to form
compounds of Formula I or IA. For example, a solution of a compound of formula (a),
the piperazine (b) and a suitable base such as tricthylamine, dusopropylethylamine, or N-
methylmorpholine, 1n a suitable solvent, such as propanol or 1sopropyl alcohol are heated

to about 70°C-100°C to provide compounds of Formula I or IA, which may then be
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1solated and, 1f necessary and desired, purified using techniques well known 1n the art,
such as chromatography.

Compounds of formula (a) are commercially available, or may be synthesized by
methods known to the skilled artisan. For example, compounds of formula (a) where Z;
is CR” and Z, is N may be prepared from allopurinol by reaction with a chlorinating agent
such as phosphoryl chloride and heating to about 80°C-90°C. Further, compounds of
formula (a) may be substituted 1f desired under conditions well known 1n the art. For
example, a compound of formula (a) where Z; or Z, is CR” is fluorinated upon exposure
an appropriate fluorinating agent, such as [ 1-(chloromethyl)-4-fluoro-1,4-
diazoniabicyclo[2.2.2]octanebis(tetrafluoroborate)] 1n a suitable solvent or mixture of
suitable solvents, such as acetonitrile and acetic acid. Moreover, compounds of formula
(a) where R” is alkyl or cycloalkyl are synthesized by methods known in the art. For
instance, dichloropyrimidine 1s reacted with cyclopropane carbaldehyde 1n the presence
of strong base such as LDA, 1n a solvent such as THF, at cooled temperatures to produce
the requisite alcohol. Oxidation in the presence of chromium (VI) oxide at 0 °C 1in a
suitable solvent such as acetone provides the required ketone, which 1s then reacted with
hydrazine hydrate 1n a suitable solvent such as THF at room temperature to provide
clycloalkyl-substituted pyrazolopyrimidine compounds of formula (a). Additionally,
methods of producing compounds where R is alkynyl are known to the skilled artisan.
For example, a chlorinated compound of formula (a) trimethylsilylacetylene in
tricthylamine and a suitable solvent such as DMF and/or THF using
tetrakis(triphenylphosphine)palladium(0) (Pd(PhsP),4) as a catalyst to atford the
cthynylsubstituted compound of formula (a).

The requisite piperidine/piperazine compounds (b) may be prepared as illustrated
in the following scheme, where R' R* R* R’ and Y are as previously described, and PG
1S a suitable protecting group.

SCHEME 2




10

15

CA 02687265 2009-11-12

WO 2008/140947 PCT/US2008/062143
_13-
2 R’
R J\(H\’KO\IBOC
NH, ————™ N
OA\/ 2 O R2 RS
R’ R> O \ H

N N Ny N~pG
(N HO
(m) H

(p)

Amine (¢) 1s reacted with a protected piperidine in the presence of suitable
coupling agents such as 1sobutyl chloroformate, 1-ethyl-3-[3-dimethylaminopropyl]-
carbodiimide hydrochloride (EDC), or 1-propanephosphonic acid cyclic anhydride (PPA)
and an appropriate base such as N-methylmorpholine or triethylamine, 1n a suitable
solvent such as THF, methylene chloride, or N,N-dimethylformamide (DMF) at reduced
temperatures to form amide compounds of formula (d). The subsequent imidazole
piperidine (bl), where Y is CR® is formed upon exposure of compound (d) to ammonium
acetate or ammonium chloride in a sealed vessel, or for compounds where R” is H, upon
exposure to microwave heat under pressure. Alternatively, compounds of formula (b1)
may be formed by reacting amidine (e) with an appropriate halo ketone 1n a suitable
solvent, such as DMF or acetone, 1n the presence of a base, such as potassium carbonate
or sodium carbonate, followed by deprotection under conditions well-known to the skilled
artisan. Hydroxypiperidines of formula (bl) may also synthesized by reacting a phenacyl
bromide of formula (m) with formamide 1n the presence of heat. The imidazole (n) 1s
then added to a suitable solvent such as THF, cooled, and treated with a nitrogen
protecting group such as 2,2-(trimethylsilyl)ethoxy-methyl chloride 1n the presence of

sodium hydride while allowing the reaction mixture to warm to room temperature to
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provide the intermediate of formula (0). The subsequent protected imidazole may then be
treated with a metalating agent, such as n-butyllithium, 1n an nert solvent, such at THF,
under reduced temperatures and under an 1nert atmosphere. This mixture 1s treated with
an appropriately substituted piperdinone and allowed to warm to room temperature for
about 1 h to give compounds of type (p). Treatment of intermediate (p) with an aqueous
acid such as 1 N HCI at elevated temperatures gives (bl).

The required amidines may be synthesized as described in scheme 3, wherein PG

1S a suitable protecting group:

SCHEME 3

HN NH2
N ~ NH
(\% ]
N
PG

(8) (h) (e)

|
O __NH H,N.__NH
Cl CIH
e
CIH
) )
PG

()

(el)

Amidine (e) 1s readily produced from nitriles. More specifically, hydroxylamine
hydrochloride dissolved 1n a suitable solvent, such as water, 1s reacted with
cyanopiperidine (g) in the presence of a base such as sodium carbonate 1n a suitable
solvent, such as 1n methanol and exposed to heat to provide the hydroxycarbamimidoyl-
piperidine (h). The hydroxycarbamimidoylpiperidine (h) i a suitable solvent, such as
acetic acid, 1s then hydrogenated via palladium catalyst in the presence of acetic acid
anhydride under pressure to provide amidine (¢).

Alternatively, a carboximidic acid () 1s formed by dissolving cyanopiperidine (g)
1n a suitable solvent such as methanol, cooling, then reacting with hydrogen chloride gas.
The amidine 18 then produced by treating carboximidic acid (j) with ammonia in

methanol, then saturating the mixture with ammonia gas.

PCT/US2008/062143
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The skalled artisan will appreciate that not all of the substituents 1in the compounds
of Formula I will tolerate certain reaction conditions employed to synthesize the
compounds. These moieties may be itroduced at a convenient point 1n the synthesis, or
may be protected and then deprotected as necessary or desired. The skilled artisan will
also appreciate that the protecting groups may be removed at any convenient point in the
synthesis of the compounds of the present invention. Methods for introducing and
removing nitrogen protecting groups are well known 1n the art; see, for example, Greene

and Wuts, Protective Groups in Organic Synthesis, 3" Ed., John Wiley and Sons, New

York, Chapter 7 (1999). Furthermore, the skilled artisan will appreciate than in many
circumstances, the order in which moieties are introduced 18 not critical. The particular
order of steps required to produce the compounds of Formula I 1s dependent upon the
particular compound being synthesized, the starting compound and the relative lability of
the substituted moieties.

The abbreviations, symbols and terms used 1n the examples and assays have the
following meanings: BuOH = butanol, DCM = dichloromethane, DMF = N,N-
dimethylformamide, EtOAc = ethyl acetate, EtOH = ethanol, MeOH = methanol,
Pd(OH),/C = palladium hydroxide on carbon (Pearlman's catalyst), h = hour(s), LDA =
lithium dusopropylamide, EDCI = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride, Et,O = diethyl ether, EtsN (or TEA) = triecthylamine, NaBH(OAC)3 =
sodium triacetoxyborohydride, TBAF = tetrabutyl ammonium fluoride, TH,0 =

trifluoromethanesulfonic anhydride, THF = tetrahydrofuran.

Preparation |

2-Bromo-1-(2-fluoro-5-trifluoromethyl-phenyl)-propan-1-one
Fe _F
F

Br
F O

Slowly add a solution of bromine (3.34 g, 0.95 equiv) in dichloromethane (80.00
mL)to a solution of 2-fluoro-5-(trifluoromethyl)propiophenone (5 g, 22.03 mmol) 1n

dichloromethane (80 mL) 1s with stirring so that the brown color of bromine just
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disappears. Wash the reaction mixture with saturated NaHCO3, dry over Na,SO,4 and
concentrate to provide 6.22 g of crude material.
MS(ES): m/z =301.2 [M+2H].

The compounds of Preparations 2-5-D may be prepared essentially as described in

Preparation 1.

: MS(ES): m/z
Preparation Compound [M-+2H]
) 2-Bromo-1-(4-fluoro-3-trifluoromethyl-phenyl)-propan- 1012
1-one '
2-Bromo-1-(2-chloro-5-trifluoromethyl-phenyl)-
3 285.2
cthanone
2-Bromo-1-(3-fluoro-5-trifluoromethyl-phenyl)-
4 287.2
cthanone
2-Bromo-1-(2-fluoro-5-trifluoromethyl-phenyl)-
5 287.2
cthanone
S_A 2-Bromo-1-(4-trifluoromethyl-phenyl)-propan-1-one %1
5-B 2-Bromo-1-(3-trifluoromethyl-phenyl)-propan-1-one 281.2
5-C 2-Bromo-1-(3-chloro-4-tfluorophenyl)-propan-1-one 265.2
5-D 2-Bromo-1-(3-fluorophenyl)-propan-1-one 231.2

Preparation 6

2-Amino-1-(3-(trifluoromethyl)phenyl)ethanone hydrochloride

Add 3-(trifluoromethyl)phenacyl bromide (10 g, 37.4 mmol) to a solution of
hexamethylenetetramine (HMTA) (5.80 g, 41.3 mmol) 1n carbon tetrachloride (100 mL).
Stir at room temperature overnight. Filter the precipitate and suspend the filter cake 1n
cthanol (200 mL). Dilute the mixture with concentrated hydrochloric acid (28 mL), and
stir the mixture at room temperature overnight. Filter the precipitate, and concentrate the
filtrate in vacuo to provide an off-white solid. Recrystallize the solids from hot 1%
concentrated hydrochloric acid 1n 2-propanol taking care not to cool below room
temperature to provide 2-amino-1-(3-(trifluoromethyl)phenyl)ethanone hydrochloride
(7.67 g, 86%).

MS(APCI): m/z=204 [M + H].
The compounds of Preparations 7-16 may be prepared essentially as described 1n

Preparation 6.
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Preparation Compound Physical Data
2-Amino-1-(4-(trifluoromethyl)- | MS (APCI): m/z=204 [M + H]

/ phenyl)ethanone hydrochloride
2-Amino-1-phenylethanone 'H NMR (500 MHz, DMSO-dj)
q hydrochloride (titurated from hot | 8.80-8.10 (br s, 3H), 8.02 (dd, J =
propanol) 1.0, 8.5 Hz, 2H), 7.75-7.72(m, 1H),
7.61-7.58 (m, 2H), 4.59 (s, 2H)
2-Amino-1-(4-chlorophenyl) 'H NMR (DMSO-ds) 58.05-8.02
9 cthanone hydrochloride (m, 2H), 7.69-7.66 (m, 2H), 4.59 (s,
2H)
2-Amino-1-(4-fluoro-3- 'H NMR (DMSO-dg) 88.44-8.35
10 (trifluoromethyl)phenyl)ethan- (m, 2H), 7.98—-7.80 (m, 1H), 5.11—
one hydrochloride 4.90 (m, 2H), 4.73-4.68 (m, 2H)
2-Amino-1-(3-fluoro-4- 'H NMR (DMSO-dg) & 8.55-8.40
" (trifluoromethyl)phenyl)ethan- (br s, 2H), 8.15 (d, /=18 Hz, 2H),
one hydrochloride 7.98-7.80 (m, 1H), 5.11-4.90 (m,
2H), 4.73—-4.68 (m, 2H)
2-Amino-1-(3-fluoro-5- 'H NMR (DMSO-dg, 400 MHz): §:
> trifluoromethyl-phenyl)- 3.93 (2H, s), 7.41(1H, d, ] = 8.8Hz),
ethanone hydrochloride 3.10 (1H, s), 8.16 (1H, s), 8.18 (3H,
S).
2-Amino-1-(2-chloro-5- MS(ES): m/z=238.2 [M + H]

13 trifluoromethyl-phenyl)-
cthanone hydrochloride
2-Amino-1-(2-fluoro-5- MS(ES): m/z=222.2 [M + H]
14 trifluoromethyl-phenyl)-
ethanone hydrochloride
3-(2-Amino-acetyl)-benzonitrile | 'H NMR (DMSO-de, 400 MHz): §:
hydrochloride 4.62 (2H, s), 7.81-7.77 (1H, m), 8.18
(1H, d, J = 7.6Hz), 8.28 (1H, d, J =
8.4Hz), 8.50 (1H, s), 8.56 (3H, s).
4-(2-Amino-acetyl)-benzonitrile | 'H NMR (DMSO-dg, 400 MHz): o:
16 hydrochloride 4.62 (2H, s), 8.06 (2H, d, J = 8.4Hz),
8.16 (2H, d, J = 8.4Hz), 8.54 (3H, s).

15

Preparation 17

2-Amino-1-(3-(trifluoromethoxy)phenyl)ethanone

Add sodium azide (583 mg, 8.96 mmol) to a solution of 3-(trifluoromethoxy)-
5  phenacyl bromide (2.17 g, 7.66 mmol) in methanol (20 mL). Stir at room temperature for
2 h. Concentrate the mixture in vacuo. Dissolve the residue in EtOAc (20 mL) and wash

with water (10 mL). Dry the organic layer (Na,SQO,), filter, and concentrate filtrate in
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vacuo to provide 2-azido-1-(3-(trifluoromethoxy)phenyl)ethanone (1.70 g, 91%). 'H-
NMR (CDCls): 07.83 (m, 1H), 7.77 (s, 1H), 7.56 (m, 1H), 7.49 (m, 1H), 4.55 (s, 2H).

Add palladium on carbon (720 mg, 10% Pd/C, 50% water by weight) to a nitrogen
purged solution of 2-azido-1-(3-(trifluoromethoxy)phenyl)ethanone (1.70 g, 6.93 mmol)
in ethanol (15 mL). Purge the flask with hydrogen (balloon). Stir at room temperature
overnight. Filter the mixture over Celite®, rinse the Celite® with ethanol (3 x 30 mL),
and concentrate the filtrate in vacuo to provide crude 2-amino-1-(3-
(trifluoromethoxy)phenyl)ethanone (1.56 g, 88%). 'H NMR (DMSO-d) 8 8.56 (br s,
2H), 8.07 (m, 1H), 7.95 (s, 1H), 7.76 (m, 2H), 4.63 (s, 2H).

Preparation 13

2-Amino-1-(4-fluoro-3-trifluoromethyl-phenyl)-propan-1-one toluene-4-sulfonic acid salt

Add sodium azide (640.94 mg; 1.05 equiv; 9.76 mmoles) in one portion to a
solution of 2-Bromo-1-(4-fluoro-3-trifluoromethyl-phenyl)-propan-1-one (2.78 g; 1.00
equiv; 9.30 mmoles) 1n tetrahydrofuran (15 mL). Stir the mixture at room temperature
overnight. Filter the solids and wash with THF. Add the crude azide (1.00 equiv; 9.30
mmoles; 2.43 ¢) to a solution of triphenylphosphine (1.06 equiv; 9.86 mmoles; 2.61 g)
and p-Toluenesultonic Acid (2.2 equiv; 20.47 mmoles; 3.56 g) m tetrahydrofuran (15
mL) under 20 °C. Stir the mixture overnight. Filter the solid, then wash with THF to
obtain 920mg (24%) of the title compound.

MS(ES): m/z =236.2 [M + H].
The compounds of Preparations 18A tol18-D may be prepared essentially as

described 1n Preparation 18.

Preparation Compound MS{ﬁiﬁlm/z
2-Amino-1-(4-trifluoromethylphenyl)-propan-1-one _ _
18-A e 217.2
toluene-4-sulfonic acid salt
2-Amino-1-(3-trifluoromethylphenyl)-propan-1-one
18-B e 217
toluene-4-sulfonic acid salt
2-Amino-1-(3-chloro-4-fluorophenyl)-propan-1-one
18-C e 210
toluene-4-sulfonic acid salt
2-Amino-1-(3-fluorophenyl)-propan-1-one toluene-4-
18-D 0 167
sulfonic acid salt
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Preparation 19

PCT/US2008/062143

tert-Butyl 4-(2-0x0-2-(3-(trifluoromethyl)phenyl)ethylcarbamoyl)piperidine-1-

carboxylate

CF3
e \H/O\I Boc
; :N
O
O

Add N-methylmorpholine (13.0 mL, 118 mmol) to a solution of 1-(zert-

butoxycarbonyl)piperidine-4-carboxylic acid (11.2 g, 48.8 mmol) in THF (400 mL) at -10

°C and stir for 5 min. Add 1sobutyl chloroformate (5.1 mL, 38.8 mmol) and continue

stirring at -10 °C for 2 h. Add 2-amino-1-(3-(trifluoromethyl)phenyl)ethanone

hydrochloride (9.35 g, 39.0 mmol) and continue stirring for 1 h. Add methylene chloride

(500 mL) to the mixture and filter. Wash the filtrate with sat. aqueous sodium

bicarbonate (400 mL) and concentrate in vacuo. Purify the residue by silica gel

chromatography (330 g RediSep column, eluting with a gradient of 0% to 100% ethyl

acetate:hexane, 6.0 L) to provide tert-butyl 4-(2-0x0-2-(3-

(trifluoromethyl)phenyl)ethylcarbamoyl)piperidine-1-carboxylate (9.72 g, 60%).
MS (APCI): m/z=315[M — CsHO» + H]".

The compounds of Preparations 20-25 may be prepared essentially as described 1n

Preparation 19.

Preparation Compound Pll:ggl(fﬂ,gil)t 4

20 tert-Butyl 4-(2-0x0-2-(4-(trifluoromethyl)phenyl)- | m/z =315 [M+—
ethylcarbamoyl)piperidine-1-carboxylate CsHgO, + H]

71 tert-Butyl 4-(2-0x0-2-phenylethylcarbamoyl)- m/z =247 [M —
piperidine-1-carboxylate CsHzO, + H]

9 tert-Butyl 4-(2-(4-chlorophenyl)-2- m/z =280 [M —
oxocthylcarbamoyl)piperidine-1-carboxylate CsHgO, + H]"

73 tert-Butyl 4-(2-(2,4-dichlorophenyl)-2- m/z=315[M —
oxoethylcarbamoyl)piperidine-1-carboxylate CsHsO, + H]
tert-Butyl 4-(2-(4-fluoro-3-(trifluoromethyl)phen-

24 _yl)—2—ox}(l)ethglcgrbamoyl)_pi(peridine—l—carblz)giylate m/z =433 M+ H]
tert-Butyl 4-(2-(3-tluoro-4-(trifluoromethyl)phen- B

2 yl)-2-oxoethylcarbamoyl)piperidine-1-carboxylate m/z =433 M+ H]
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Preparation 26

tert-Butyl 4-(2-0x0-2-(3-(trifluoromethoxy)phenyl)ethylcarbamoyl)piperidine-1-

carboxylate

Add triethylamine (1.1 mL, 7.89 mmol) and 1-(3-dimethylaminopropyl)-3-
cthylcarbodiimide hydrochloride (EDC) (1.51 g, 7.87 mmol) to a solution of 2-amino-1-
(3-(trifluoromethoxy)phenyl)ethanone (1.56 g, 6.10 mmol) and 1-(zert-
butoxycarbonyl)piperidine-4-carboxylic acid (1.66 g, 7.24 mmol) in CH,Cl, (15 mL) at
0°C. Stir at 0°C for 3 h, then at room temperature overnight. Concentrate the mixture iz
vacuo. Purity the residue by silica gel chromatography (80 g S10, eluting with 50% ethyl
acetate/ hexanes, 1 L) to provide fert-butyl 4-(2-0x0-2-(3-
(trifluoromethoxy)phenyl)ethylcarbamoyl)piperidine-1-carboxylate (1.50 g, 57%).

MS (APCI): m/z =331 [M — CsHgO, + H]".

Preparation 27

4-[2-(4-Fluoro-3-trifluoromethyl-phenyl)-1-methyl-2-oxo-¢thylcarbamoyl]-piperidine-1-

carboxylic acid tert-butyl ester

Add dimethylformamide (20 mL) 1s to a mixture of 2-amino-1-(4-tfluoro-3-
trifluoromethyl-phenyl)-propan-1-one toluene-4-sulfonic acid salt (900 mg; 1.00 equiv;
2.21 mmoles) and 1-Boc-piperidine-4-carboxylic acid (Boc-Inp-OH) (613.96 mg, 1.20
equiv; 2.65 mmoles) at room temperature. Add N-methylmorpholine (6.00 equiv; 13.26
mmoles; 1.46 mL) to the above solution, then 1-propanephosphonic acid cyclic anhydride
(1.50 equiv; 3.31 mmoles; 862.14 uL) at 0°C. Warm the mixture to room temperature
while stirring for one hour. Dilute the mixture with EtOAc, wash with water, 1 M citric
acid, water, saturated NaHCO3, and saturated aqueous sodium chloride and dry over
Na,SO,. Purity the residue by dissolving in CH,Cl,, loading onto a silica gel column and
cluting with EtOAc to give 500mg (51%) of the title compound.

MS(ES): m/z=445.2 [M - H].
The compounds of Preparations 28-32 may be prepared essentially as described in

Preparation 27.

Preparation Compound MS(ES)
’g 4-[2-(4-Cyano-phenyl)-2-oxo-ethylcarbamoyl]- m/z+ =372
piperidine-1-carboxylic acid tert-butyl ester [M +H]
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Preparation Compound MS(ES)
59 4-[2-(3-Cyano-phenyl)-2-oxo-ethylcarbamoyl]- m/z = 372
piperidine-1-carboxylic acid tert-butyl ester (M +H]
4-[2-(2-Chloro-5-trifluoromethyl-phenyl)-2-0xo- m/z = 449
30 ethylcarbamoyl]-piperidine- 1-carboxylic acid tert- [M+H]
butyl ester
4-[2-(3-Fluoro-5-trifluoromethyl-phenyl)-2-0xo- m/z =433
31 ethylcarbamoyl]-piperidine-1-carboxylic acid tert- [M +H]
butyl ester
4-[2-(2-Fluoro-5-trifluoromethyl-phenyl)-2-0xo- m/z = 433
32 ethylcarbamoyl]-piperidine-1-carboxylic acid tert- [M +H]
butyl ester
Tert- butyl 4-(1-0x0-1-(4- m/z = 428.2
32-A | (trifluoromethyl)phenyl)propan-2-ylcarbamoyl]- M +H]
piperidine-1-carboxylate
Tert- butyl 4-(1-0x0-1-(3- m/z = 428
32-B | (trifluoromethyl)phenyl)propan-2-ylcarbamoyl]- M +H]
piperidine-1-carboxylate
Tert- butyl 4-(1-0x0-1-(3-chloro-4- m/z =412
32-C | fluorophenyl)propan-2-ylcarbamoyl]-piperidine-1- [M+H]
carboxylate
Tert- butyl 4-(1-0x0-1-(3-tfluorophenyl)propan-2- m/z = 378
32-D | ylcarbamoyl]-piperidine-1-carboxylate (M +H]

Preparation 33

4-(4-(3-(Trifluoromethyl)phenyl)- 1 H-imidazol-2-yl)piperidine

Microwave heat a mixture of zert-butyl 4-(2-0x0-2-(3-(trifluoromethyl)phenyl)-
cthylcarbamoyl)piperidine-1-carboxylate (2.5 g, 6.09 mmol) and NH4Cl1 (1.68 g, 31.4
mmol) in ethanol (20 mL) at 300W, 120 °C, and 200 PSI for 16 h in a CEM Discover

microwave apparatus. Cool the mixture to room temperature. Repeat the procedure with

a second portion of tert-butyl 4-(2-0x0-2-(3-(trifluoromethyl)phenyl)ethylcarbamoyl)-

piperidine-1-carboxylate (2.35 g, 5.67 mmol) and NH4CI (1.8 g, 33.6 mmol) 1n ethanol

(20 mL) utilizing the same microwave and heating program. Cool the mixture to room

temperature. Repeat the above procedure with a third portion of fert-butyl 4-(2-0x0-2-(3-

(trifluoromethyl)phenyl)ethylcarbamoyl)piperidine-1-carboxylate (2.0 g, 4.82 mmol) and
NH4CI (1.34 mg, 25.0 mmol) 1n ethanol (15 mL) at 300W, 160 °C, and 200 PSI for 12 h

1in a microwave apparatus. Cool the mixture to room temperature. Combine the batches,

adsorb onto silica gel, and concentrate in vacuo. Purify the residue by silica gel

chromatography (120 g RediSep column, eluting with a gradient of 0% through 100%
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CMA:methylene chloride, 3 L) to provide 4-(4-(3-(trifluoromethyl)phenyl)-1H-1midazol-
2-yDpiperidine (3.40 g, 75%).
MS (APCI): m/z=296 [M + H].

The compounds of Preparations 34-35 may be prepared essentially as described in

Preparation 33.

Preparation Compound Physical Data

4-(4-(4-(Trifluoromethyl)phenyl)- | _
% | 1H-imidazol-2-yDpiperidine MS (APCL): m/z =296 [M + H]

4-(4-(2,4-Dichlorophenyl)-1H-

35 MS (ES): m/z = 296 [M + H]

1midazol-2-yl)piperidine

Preparation 36

4-(4-Phenyl-1H-1midazol-2-yl)piperidine hydrochloride

Microwave heat a mixture of zert-butyl 4-(2-0x0-2-phenylethylcarbamoyl)-
piperidine-1-carboxylate (1.0 g, 2.88 mmol) and NH4ClI (0.462 g, 8.65 mmol) 1n ethanol
(12 mL) at 300W, 160 °C, and 14 bar for 11 h in a Personal Chemistry microwave. Cool
the mixture to room temperature, add silica gel (5 mL), and concentrate the mixture iz
vacuo. Purify the residue by silica gel chromatography (80 g RediSep column, elute with
a gradient of 0% through 100% CMA/methylene chloride over 60 min, 60 mL/min) to
provide 4-(4-phenyl-1H-1midazol-2-yl)piperidine (0.418 g, 64%) as an off-white solid.
Add 4-(4-phenyl-1H-1mi1dazol-2-yl)piperidine (0.060 g, 0.26 mmol) to methylene
chloride (15 mL) and concentrated hydrochloric acid (28 pL). Stir the mixture for 45
min, then concentrate the mixture in vacuo to provide 4-(4-phenyl-1H-1midazol-2-
yD)piperidine hydrochloride (0.070 g, 99%).

MS (APCI): m/z=228 [M + H].
The compound of Preparation 37 may be prepared essentially as described 1n

Preparation 36.

Preparation Compound Physical Data
17 4-(4-(4-Chlorophenyl)-1H-1mi1dazol-2- MS (APCI): m/z =262
yD)piperidine hydrochloride ‘M + H]

Preparation 38

4-(4-(4-Fluoro-3-(trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidine hydrochloride
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Microwave heat a mixture of zert-butyl 4-(2-0x0-2-(4-(trifluoromethyl)phenyl)-
cthylcarbamoyl)piperidine-1-carboxylate (1.7 g, 3.92 mmol) and NH4C1 (0.579 g, 10.8
mmol) 1 ethanol (17 mL) at 300W, 120 °C, and 14 bar for 12 h 1n a Personal Chemistry
microwave. Cool the mixture to room temperature and add silica gel (20 g). Purify the
residue by silica gel chromatography (330 g RediSep column, elute with a gradient of 0%
to 100% CMA/methylene chloride over 30 min and hold at 100% CMA {for an additional
30 min, 100 mL/min) to provide 4-(4-(4-fluoro-3-(trifluoromethyl)phenyl)-1H-1imidazol-
2-yDpiperidine (600 mg, 51%). MS (APCI): m/z=314 [M + H].

Suspend 4-(4-(4-tluoro-3-(trifluoromethyl)phenyl)-1 H-1imidazol-2-yl)piperidine
(250 mg, 0.80 mmol) in methanol (20 mL) and add hydrogen chloride (2 M 1n diethyl
cther, 0.798 mL, 0.80 mmol). Stir at room temperature for 30 min. Concentrate the
mixture in vacuo, and add water (15 mL) and acetonitrile (5 mL). Freeze-dry the mixture
to afford an off-white solid. Dry the solid in vacuo at 100 °C for 2 h to afford 4-(4-(4-
fluoro-3-(trifluoromethyl)phenyl)-1 H-1imidazol-2-yl)piperidine hydrochloride as an off-
white solid (220 mg, 79%).

MS (APCI): m/z=314 [M + H].

Preparation 39

4-(4-(3-Fluoro-4-(trifluoromethyl)phenyl)-1H-1imidazol-2-yl)piperidine hydrochloride

Microwave heat a mixture of tert-butyl 4-(2-(3-fluoro-4-(trifluoromethyl)phenyl)-
2-oxoethylcarbamoyl)piperidine-1-carboxylate (517 mg, 1.19 mmol) and NH4C1 (350 mg,
6.54 mmol) 1n ethanol (2 mL) at 300W, 120 °C, and 200 PSI with power max on for 12 h
in a CEM Discover microwave. Cool the mixture to room temperature and add silica gel
(~5 g). Purity the residue by silica gel chromatography (40 g RediSep column, elute with
a gradient of 0% through 100% CMA/methylene chloride over 60 min, 40 mL/min) to
provide 4-(4-(4-fluoro-3-(trifluoromethyl)phenyl)-1H-imidazol-2-yl)piperidine (228 mg,
61%) as an off-white solid. MS (APCI): m/z=314 [M + H].

Dissolve the product (29 mg) in methanol (2 mL) and add hydrogen chloride (2 M

in diethyl ether, 95 uL) and stir at room temperature for 30 min. Concentrated the
mixture in vacuo, add water (10 mL), and freeze-dry to atford 4-(4-(3-fluoro-4-
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