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AKT AND P70 56 KINASE INHIBITORS

BACKGROUND OF THE INVENTEICN
The phosphotidyhinositol-3-kinase (PI3K)YAKT/mammalian target of rapamycin
5 (mTOR)pathway encompasses & number of signaling points which are critical in the
control of cell growth and survival. AKT, also known as protein kinase B, is 2 serine-
ihreonine protein kinase which has a key role in this pathway. Activation of AKT is
mediated by PI3K. PI3K generates phospholipids which bind to AKT. Upon binding,
AKT is recruited to the plasma membrane and is activated through phosphorylation.

10 AKT activation and signaling promotes cell survival, growth and proliferation. Increased
AKT activation has been tmplicated in a wide variety of cancers, P70 36 kinase is a
serine-threonine protein kinase which is a downstream effector of the PISK/AKT/mTOR
signaling pathway. P70 56 kinase phosphorylates the ribosomal protein 86 in eclls and
regulates ribosome biogenesis, cell growth and cell cycie progression in response to

15 mitogenic stimulation, P70 56 kinase is commonly activated in many solid mmors.

A series of substitutzd piperidine compounds having AKT inhibitory activity are
disclosed i WO 2008/075109. These compounds are disciosed for use in the treatment
of diseases or conditions comprising or arising from abnormal ccll growth or abnormally
arrested cell death, including cancer. There remains 2 nced to provide altemative AKT

20  inhibitors which can be used in the ireatment of proliferative disorders such as cancer,
The present invention provides altemative AKT inhiibitors. Preferred compounds of the
present invention are more potent AKT inhibitors than those known in the arf,

Additionally, there is a need to provide alizrmative p70 56 kinase inhibitors which
can be used in the treatment of proliferative disorders such as cancer. The present

25  invention provides zltemative p70 56 kinase inhibitors. Preferred compuounds of the
present invention are more potent p70 S6 kinase inhibitors than those known in the art.

Preferred compounds of the present invention are inhibitors of both AKT and p70
$6 kinase. More preferred compounds of the present invention are more potent AKT
inhibitors than known AXKT inhibitors end more potent p70 56 kinase inhibitors than

30 knownp70 S6 kinase inhibitors.

Certain compounds of the present invention have lower hERG activity than AKT
and/or p70 S6 kinase inhibitors known in the art.
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BRIEF SUMMARY
In a first aspect, there is provided a compound of the formula:
Y
X
R} o
\ —
R?/ R?S/N y N
RS R
N
NZT W
‘ 0
S
N H
Formula I
wherein:
XisF, Cl, CF3;, CNor H;
YisF,HorCl;

R} and R? are independently H, C) - C4 alkyl or CH,CH,OH; or R' and R®
together with the nitrogen atom to which they are attached form a pyrrolidine ring
optionally substituted with hydroxymethyl at the 2-position or hydroxy at the 3-
position, or an azetidine ring substituted with hydroxy at the 3-position;

RYisH or OH;

R%is H; or R® and R” together with the nitrogen atom to which R? is attached form
a piperidine ring;

R’ and R® are independently H or CHj; or R"and R' together with the nitrogen
atom to which R’ is attached form a pyrrolidine ring;

W is CR*R®, NR', C=0 or C=CH-R’,

R* and R’ are independently H, CH3, or CH,CH3; R* and R® together with the
carbon atom to which they are attached form a cyclopentane ring; or one of R* or
R’ is benzyl and the other is H;

R’ is 2-thiazolyl, 4-pyridyl, 2-methyl-4-thiazolyl, 2-imidazolyl, 5-thiazolyl, or 4-

imidazolyl; and
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R is H or C-Cs alkyl; or a pharmaceutically acceptable salt thereof.

In a second aspect, there is provided a pharmaceutical formulation comprising a
compound as defined above, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, diluent, or excipient.

In a third aspect, there is provided a compound as defined above, or a
pharmaceutically acceptable salt thereof, for use in therapy. |

In a fourth aspect, there is provided a compound as defined above, or a
pharmaceutically acceptable salt thereof, for use in treatment of glioblastoma multiforme.
This disclosure further provides a method of treating glioblastoma multiforme in a
mammal comprising administering to a mammal in need of such treatment an effective
amount of a compound of the present disclosure, or a pharmaceutically acceptable salt
thereof. Additionally, this disclosure provides the use of a compound of the present
disclosure, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for the treatment of glioblastoma multiforme. Furthermore, this disclosure
provides a pharmaceutical composition for use in therapy comprising a compound of the
present disclosure, or a pharmaceutically acceptable salt thereof, and provides a
pharmaceutical composition for treating. glioblastoma multiforme comprising a compound

of the present disclosure, or a pharmaceutically acceptable salt thereof.

DETAILED DESCRIPTION OF THE INVENTION

The general chemical terms used in the formulae above have their usual meanings.
For example, the term “C;-Cs alkyl” refers to a straight or branched, monovalent,
saturated aliphatic chain of one to four carbon atoms and includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and t-butyl. Likewise, the term “C;-Cs
alkyl” includes methyl, ethyl, and isopropyl. Methyl and ethyl are preferred alkyl groups.

Compounds of this invention are bases, and accordingly react with any of a
number of organic and inorganic acids to form pharmaceutically acceptable salts and the
present invention includes the pharmaceutically acceptable salts of the compounds of
Formula I. 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 in Journal of Pharmaceutical

Science, 66, 2-19 (1977), which are known to the skilled artisan. The free base and the
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hydrochloride, tosylate, hernisuccinate and trisirifluoromethanesutfonic acid salts are
preferred. The free base is especially preferred.
Some of the compounds of the present invention have one or mere chiral centers
and may exist in a variety of stereoisomeric configurations. As n consequence of these
5 chiral centers, the compounds of the present invention ocour as racemates, mixtures of
enantiomers znd as individual enantiomers, as well as diastereomers and mixtures of
diastereomers. Al such racemates, enantiomers, and diastereomers are within the scope
of the present invention. The specific sterecisomers and enantiomers of compounds of
Formula I can be prepared by one of ordinary skill in the ant utilizing well known
10 echniques and processes, such as those disclosed by J. Jacgues, et al., "Enantiomers,
Racematcs, and Reselutions”, John Wiley and Sons, Inc., 1981, and E.L, Elicl and S.H.
Wilen,” Sterecchemistry of Organic Compounds”, {Wiley-Interscience 19943, and
European Patent Application No, EP-A-838448, published April 29, 1998. Examples of
resolutions include recrystallization techniques or chiral chromatography.
15 The skilled artisan will also appreciate that componnds of Formula I exist as

tautomers, for example:

=N
W

e Ve
H..-—N\[(W Nao
\I/
o] OH
Although tautomers are structurally distinet, the skilled artisan wil appreciate that they
exist in equilibrium and are casily and rapidly interconventible under ordinary conditions,
20 {See, March, Advanced Organic Chemi Third Edition, Wiley Interseience, 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 2 single tantomeric form contemplates both tautomeric

forms individually and mixtures thereof.
25 The compounds were disclosed herein were named using the naming program within
Chem Draw Ultra version v10 or Chem Bio Viz Ultra version v11,

In an alternative embodiment, there is provided a compound of the formula:
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wherein:

N
N !
k | >=o
=
N
N H

XisF, Ci, CF;, CN, H or CHF:;

YisF, Hor CI;
R! and R? are independently H, C; - Cq alkyl or CH;CH,OH; or R and B?

PCT/US2009/063620

together with the nitrogen atom to which they are attached form a pyrrolidine ring

optionally substitated with hydroxymethyl at the 2-position or hydroxy at the 3-

position, or an azetidine ring substituied with hydroxy af the 3-position;

R isHor OH:

R®is H:or R and R? together with the nitrogen atom to which R? is attached form

a piperidine ring;

R’ and R® are independently H or CHa; or R’ and R’ together with the nitrogen

atom to which R’ is attached form a pymoiidine ring or a piperidine ring;

W is CR*R®, NR™, (=0 or C=CH-R’;
R* and R® are independently H, CHa, or CHCH; R* and R together with the
carbon atom to which they are attached form 2 eyelopentane ring; or one of R* or

R® is benzyl and the other is H;
R’ is 2-thiazolyl, 4-pyridyl, 2-methyl-4-thiazolyl, 2-imidazoby], S-thiazolyl, or 4

imidazolyl; and
R s H or C,-C; alkyl; or a pharmaceutically acceptable salt thereof,

In one embodiment, the present invention comprises compounds of Formula [

wherein ¥ is F.
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In another embodiment, the present invention comptises compounds of Formula 1
wherein X is Cl, CF; or F. In particular, X is CFs.
In another embodiment, the present invention comprises compounds of Formula I
wherein W is CR'RY, NR* or C=CH.R®.
5 In another embodiment, the present invention comprises compounds of Formule I
wherein W is CR“R’. In particular, R* and R® are independently H or CHy; or R*is H and
R* is CH.CH;; or R and R’ topetber with the carbon atom to which they are attached
form a cyclopentane ring. More particularly, R® and R® are independently H or CH;; or
R* and R’ together with the carbon atom to which they are attached form a cyclopentane
10 ring. More particularly, R* and R® are independently H or CHs. Even more particoiarly,
R" and R’ arc both H.
In another embodiment, the present invention comprises compounds of Formala |
wherein W is NR'®. In particular, R' is methy! or ethyl,
In ancther embodiment, the present invention comprises compounds of Formula 1
15  wherein W is C=CH-R’. In particutar, R® is 5-thiazolyl.
In another embodiment, the present invention comprises compounds of Formula I
wherein R and R? are independently H, €, - Cy alkyl or CH,CH,OH; or R' and R?
together with the nitrogen atom to which they are attached form a pyrmrolidine ring
optionatly substitated with hydroxymethyl at the 2-position or hydroxy at the 3-position.
20 Inparticular, R! and R? are independently H or CHa: or R! and R® together with the
nitrogen atom to which they are attached form a pyrrolidine ring. More particularly, R}
and RY are both CH;.
In another emhodiment, the present invention comprises compounds of Formnla §
wherein R is H.
25 In another embodiment, the present invention comprises compounds of Formula 1
wherein R is H.
In another embodiment, the present invention comprises compounds of Formula |
wherein R” s H; or R and R’ together with the nittogen atom to which R' is attached
form a pyrroliding ring. Fn particular, R” is H.
30 In yet another embodiment, the present invention comprises compounds of

Formuta T wherein R® is H,
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In g further embodiment, the present invention comprises compounds of Formula 1
wherein Y is Fand X is Cl, CF; or F. In particular, Y is F; X is Cl, CF; or F; and W is
CR'R®, More particularly, Y is F; X is €1, CF3 or F; W is CR'R®; and R* and R are
independently H or CHa, or R! and R’ 1ogether with the carbon atom 1o which they are

5 attached form a cyclopentane ring, Even more particularly, YisF, X is CLCFsor F; Wis
CR*R®; R and R are independently H or CHs, or R* and R’ together with the carbon
atom to which they are attached form a cyclopentane ring; and R and R are
independently H, C; - C; alkyl or CH,CH,0OH, or R and R’ together with the nitrogen
atom to which they are attached form a pyrrolidine ring optionally substituted with

10 hydroxymethyl at the 2-position or hydroxy at the 3-position.

In a further embodiment, the present invention comprises compounds of Formuta I
wherein Y is F; X is Cl, CF; or F; and W is NR'®. Inparticular, Y is F; X is CL, CFy or F;
W is NR™; and R' and R? are independentiy H, C; - C, alkyl or CH,CH,OH, or R' and R?
together with the nitrogen atom to which they are attached form a pyrrolidise ring

15 optionally substituted with hydroxymethyl at the 2-pesition or hydroxy at the 3-position.

In a further embodiment, the present invention comprises compounds of Formufa I
wherein Y is F; X is Cl, CF; or F; and W is C=CH-R”. In particular, Y is F; X is Cl, CF,
or F; W is C=CH-R": and R® is 5-thiazoly]. More particularly, Y is F; X is Cl, CFy or F,
W is C=CH-R®; R® is 5-thiazolyt; and R* and R? are independently H, C, - C4 alkyl or

20 CH,CH:OH, or R' and R? together with the nitrogen atom to which they are attached
form a pymolidine ring optionally substituted with hydroxymethyt at the 2-position or
hydroxy at the 3-nosition,

In a yet fusther embodiment compounds of the invention include those of the

formula:
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Formula T}

wherein:

Xis¥F, 4, or CF5,

R'and R are independently H, C, - C, alkyl or CH;CHOH; or R! and R?
together with the nitrogen atom o which they are attached form a pymrolidine ring
optionally substituted with hydroxymethyi at the 2-position or hydroxy at the 3-
position;

R'is H or OH;

R%is H; or R® and R? together with the nitrogen atom to which R? is attached form
a piperiding ring;

R’ and R® are independently H or CH;: or R” and R’ together with the nitrogen
atom to which R’ is attached form a pyrrolidine ring;

W is CR'R®, NR, or C=CH-R’;

R* and R® are independently H or CHy; or R* and R® together with the carbon atom
to which they are attached form a cyclopentane ring;

R’ is 5-thiazolyl; and

R'%is H or C;-Cs alkyl; or a pharmaceutically acceptable salt thereof,

In ong embodiment, the present invention comprises compounds of Formula I

20 wherein X is CF;,

In another embodiment, the present invention comprises compounds of Formula IF

wherein W is CR'R® and R and R® are independently H or CH;. In patticular, R® and R’
are both H.
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In another embodiment, the present invention comprises compounds of Formaula IL
wherein W is N and R is methyl or ethyl.

In another embodiment, the present invention comprises compounds of Formula I1
wherein R! and R? are independently H or CHy; or R' and R? together with the nitrogen

5 atom to which they are attached form a pyrroliding ring, In particular, R! and R? are both

CH;,.

In another embodiment, the present invention comprises compounds of Formula H
wherein R is H.

In another embodiment, the present invention comprises compounds of Formula 11

10 wherein R® is H.

In another embodiment, the present invention compriscs compounds of Formuiza 1T
wherein " is H, or R and R' sogether with the nitrogen atom to which R’ is attached
form a pymrolidine ring. In particular, R” is H,

In another embodiment, the present invention comprises compounds of Formula I

15  whereinR®is H.

The following compounds of the present invention, or pharmaceutically
acceptable salts thereof, are preferred:
4-{4-[4-(4-Fluoro-3-trifluoromethyi-phenyl)- | -{2-methytamino-ethyl)- H-imidazol-2-y1)-
piperidin-1-y1}-5,7-dihydro-pymrolo[2,3-dJpyrimidin-6-one;

20 4-{4-[1-(2-Amino-ethyl)-4-(4-flucro-3 -triflucromethyl-phenyl)- 1 H-imidazol-2-y1}-
piperidm-}-v1}-3,7-di-kvdro-pyirolo{2,3-d} pyrimidin-6-one;
4-{4-{4-(4-Fluorp-I-trifluoromethyl-pheny!}- 1-({R)- L -methyl-piperidin-3-yi)- 1H-
imidazol-2-yl]-piperidin-1-y1}-5,7-dihydro-pyrrolo{ 2, 3-djpyrimidin-6-one;
4-{4-{1-(2-Dimethylamino-ethyl}-4-(4-flucra-3-triffuoromethyl-phenyl)- 1 H-imidazol -2~

25 yll-piperidin-1-yl}-5,5-dimethyl-5,7-dihydro pyrrolo [2,3-d)pyrimidie-6-0ne;
4-{4-[4-(3 4-Difluoro-phenyl)- 1 -{2-pyrroiidin- 1 -yl-cthyl)- | H-imidazol-
2-y1}-piperidin-} -y} -5, 7-dihydro-pyirolof 2,3 -djpyrimidin-6-one;
4-{4-[4.{3-Chloro-4-fluoro-phenyl}- 1-(2-pyrrolidin- 1 -yl-ethyl)- 1 H-tmidazol-2-y1]-
piperidin-1-y1} -3, 7-dibydro-pyrrolof2, 3-djpyrimidin-6-one;

30 4-{4-[1-(2-Dimethylamino-ethyl)-4-(4-fluoro-3-trifleoromethyl-pheay)- 1 H-imidazol-2-
y}-piperidin-1-y1}-SH-pyrroiof 2, 3-d]pyrimidin-6{7H)-one;
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7-Ethyl-6- {4-{4-(4-fleoro-3-trifluoromethyl-phenyl}-1-(2-(pyrrolidin- 1-ylethyl)- 1 H-
itnidazol-2-y1}-piperidin-1-y1}-7H-purin-8(9H)-one;
6-{4-[4-(3-Chloro-4-flucrophenyl)-1-(2-dimethylamino-ethyl)- 1H-imidazol-Z-y1}-
piperidin-1-y1}-T-ethyl-TH-purin-8(9H)-one;

5 6-{4-[4-(3,4-Difluorophenyl)- 1-{2-{pyrrolidin-1-yl)ethyl)- 1 H-imidazoi-2-yH-piperidin-1-
y1}-7-ethyl-TH-purin-B{9H)-one;
6-{4-[4-(3-Chlorg-4-fluorophenyl}-1-{ 2-dimethylamino-ethyl)- IH-imidazol-2-yl}-
pipertdin-1-yi} -7-isopropyl-TH-purin-8(9H)-one;
6-{4-[1-(2-Dimethylamino-ethylj-4-(4-flucre-3-trfluoromethyl-phenyl)- |H-imidazol-2-

10 yllpiperidin-l-yl}-7-ethyl-7H-purin-8(5H)-one;
6-{4-[4-(3 4-Difluoro-phenyl)-1-2-dimethylamino-ethyl)-1H-imidazel-2-y11-piperidin-1-
y1}-T-ethyl-7,9-dihydro-purin-8-one;
4-14-[4-(3 4-Difluoro-phenyl)-1-(2-dimethylamino-ethyl)- | H-imidazol-2-y1}-piperidin-1 -
y1}-S-ethyl-5,7-dihydro-pyirolo{2,3-dlpyrimidin-6-one;

15 4-{4[4-(3 4-Difluorophenyl)-1-(2-dimethylamino-ethyl)- | H-imidazoi-2-yt}-piperidin-1-
y1}-5-methyl-5H-pyrrolo[2,3-djpyrimidin-6{7H)-cne;
4-{4-[4-(3-Chloro-4-fluotophenyl)- 1 -(2-dimethylamino-ethy])- 1 H-imidazol-2-yi}-
piperidin-1-y1}-5,5-dimethyl-SH-pyrroiof 2,3-d]pyrimidin-6{7H)-one; and
4+{4-{4-{3-Chloro-4-fluorophenyl)-1-(2-{pyrrolidin-1-yDethyl)- 1 H-imidazol-2-y1]-

20 piperidin-1-yl}-5-methyl-SH-pyrrolo]2,3-dJpynmidin-6(7H)-ore.

The compound 4-{4-[ 1 -(2~-dimethylamino-ethyl)-4-(4-fiuoro-3~-trifluoromethyl-
phenyl)-1H-imidazol-2-y1] piperidin-1-y1}-5, 7-dihydro-pyrrclo[ 2, 3-d]-pyrimidin-6-one,
or a pharmacentically acceptable salt thereof, is especially preferred.

In a preferted embodiment, the compound 4- {4-[1+(2-dimethylamino-ethyl)-4-(4-

25  fluoro-3-mriflucromethyl-phenyl)- 1H-imidazol-2-yl} piperidin-~1-yi}-5,7-dihydro~
pyreotol 2,3-d}-pyrimidin-6-one, of a pharmaceutically acceptable salt thereof, is
crystaltine 4-{4-{1-(2-dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)-TH-
imidazol-2-y1] piperidin-1-y1}-5,7-dihydro-pyrrolo[2,3-d]-pyrimidin-6-one hemihydrate,
Crystalline 4- {4-[ 1-{2-dimethylamino-ethyi)-4-(4-fluoro-3-wrifluoromethyl-phenyl)-1H-

30 imidazol-2-yl] piperidin-1-yi}-5,7-dihydro-pyrroio[2,3-d}-pyrimidin-6-onc hemihydrate
is characterised by an X-ray powder diffraction pattermn comprising at least one of the
following peaks; 7.4, 14.9, 21.1, 19.8 or 10.5 (+ 0.1° 20}. Preferably, characterized by an
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Xerzy powder diffraction pattern comprising peaks at 7.4, 14.9, 211, 19.8 and 10.5 (=
0.1° 28}, Crystalline 4-{4-[1<(2-dimethylamino-cthyl)-4-(4-fluoro-3-rifluoromethyl-
phenyl)-1H-imidazel-2-y]] piperidin-1-yt} -5,7 -dihydro-pyrrolo{ 2,3-d}-pyrimidin-6-onc
hemihydrete may also be characterised by an SSNMR spectrum comprising ot Jeast one
of the following resonances; 179.8, 156.9, 151.9, 137.5 or 33.8 ppm. Preferably,
characterized by an SSNMR spectrum comprising resonances at 17%.8, 156.9, 1519,
137.5 and 33.8 ppm.

In another embodiment, the cormpound 4-{4-[1-(2-dimethylamino-ethy)-4-(4-
fluoro-3-trifluoromethyl-phenyt)-1H-imidazol-2-yi] piperidin-1-y1}-5,7-dihydro-
pyrrelof2,3-d)-pyrimidin-6-one, or a pharmaceutically accepiable sait thereof, is 4-{4-[1-
(Z-dimethylamino-ethyt)-4-(4-feoro-3-iriftucromethyl-phenyl)- | H-imidazol-2-y1}
piperidin-1-yI}-5, 7-dihydro-pyrrole[2,3-d}-pyrimidin-6-one tristriflucromethanesulfonic
acid. 4-{4-[1-{2-Dimethylamino-ethy])}-4-(4-Buoro-3-trifiuoromethyl-phenyl)- 1 H-
imidazol-2-y1] piperidin-1-yi}-5,7-dihydro-pymrolo{2 3-d}-pynimidin-6-one
tristrifluoromethanesuifonic acid is characterised by an X-ray powder diffraction pattern
comprising at least one of the following peaks; 22.6, 21.7,21.5, 21.1, 2¢.4, 20.2, 18.6,
18.5, 15.5, 15.0 and 13.2 (= 0.1°28). Preferably, characterized by an X-ray powder
diffraction pattern comprising peaks at 22.6,21.7,21.5, 21,204, 26.2, 18.6, 18.5, 15.5,
15.0 and 13,2 (£ 0,1°26). 4 {4-[1-(2-Dimethylamino-ethyb)4-{4-fluoro-3-
rifluoromethyl-phenyl)-1 H-imidazol-2-yl] piperidin-1-y1}-3,7-dihydro-pyrrolof2,3-d]-
pyrimidin-6-one tristrifluoromethanesulfonic acid may also be characterised by an
SSNMR spectrum comprising at least one of the following resonances; 176.9, 155.4,
150.0, 148.0, 94,6, 57.7, 36.4, 32,0 and 27.4 ppm. Preferably, characterized by an
SSNMR specirum comprising resonances at 176.9, 155.4, 150.0, 148.0, 94.6, 57.7, 36 4,
32.0 and 27.4 ppm.

In another embodiment, the compound 4- {4-[ 1 -(2-dimethylamino-etiyl)-4-(4-
fluoro-3-tri fluoromethyl-phenyl)- 1H-imidazol-2-yl] piperidin-1-y1}-3,7-dihydro-
pyroloi 2,3-d]-pyrimidin-6-one, or a pharmaceutically acceptable salt thereof, is 4- {4+{1-
{2-dimethylamino-ethyl)-4-(4-fluoro-3-trifluoromethyl-phenyl)- 1H-imidazel-2-y1]
piperidin-1-y1}-5,7-dihydro-pymolo[2,3-d}-pyrimicin-6-one monchydrate, 4-{4-{1-(2~
dimethylamino-ethyl)-4-{4-fiucre-3-trifluoromethyk-phenyl)-1 H-imidazol-2-yi} piperidin-
1-y1}-5,7-dihydro-pyrrolo| 2,3-d)-pyrimidin-6-one monobydrate is characterised by an

PCT/US2009/663020
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SSNMR spectrum comprising at Jeast one of the following resonances; 164.9, 150.7,
1383 and 61,6 ppm. Preferably, characterized by an SSNMR spectrum comprising
resonances at 164.9, 150.7, 138.3 and 1.6 ppm.

In an alternative embodiment, there is provided a compound selected from;

5 5-Ethyi-4-{4-[4-{4-flucre-3-(rifluoromethyl} phenyD-1-({S)-piperidin-2-yimethyl)-1H-
imidazol-2-yt}-piperidin-1-yi}-5,7-dihydro-pymolo[2,3-d]pyrimidin-6-one tris
hydrochloride;
4-{4-[4-(3-Difluoromethyl-d-fluorophenyl)- 1-(((R)-1-methylpiperidin-2-yDmethy!)-1H~
imidazol-2-yl]-piperidin- 1-yi}-5-ethyl-5,7-dihydro-pyrrelo{2 3-d]pyrimidin-6-one; and

10 {R)-6-{4-{4-(3-Difluoromethyl-d-fluorophenyl)- 1 -((1 -methylpiperidin-2-yDmethyl)-1H-
imidazol-2-yl}-piperidine 1-y1} ~7-ethyh- TH-purin-8(9H}-onc.

The compounds of the present invention are inhibitors of AKT and p70 $6 kinase
and are therefore useful in the treatment of metabolic discases and disorders such as
obesity, dizbetes, metabolic syndrome, insulin resistance, hyperglycemia,

15 hyperaminoacidemia, and hyperlipidemiz. The compounds of the present invention are
also useful in the treatment of cancer, particularly glioblastoma mltiforme,
adenocarcinomas of the colon, non-small-cell Jung cancer, small-cel hung cancer,
cisplatin-resistant smaij-cell lang cancer, ovarian cancer, leukeinta, pancreatic cancer,
prostate cancer, mammary carcinoma, renal cell careimoma, multiple mycloma, Kaposi®s

20 Sarcoma (Sodhi et &, Cancer Celi, 10: 133.143 (2006)), Hodgkin's lymphoma {Dutton ef
al., I. Pathol., 205: 498-306 (2005}), lymphargicleiomyomatosis (Goncharova er al., I.
Biol. Chem., 277:34, 30958-30967 (2002}, Non-Hodgkin's lymphoma, sarcoma and
neuroendocrine fumors, in particalar neuroendocrine turnors of the pancreas or smail
intestine {Wong ef al., 2009 Gastrointestinal Cancers Symposium, Abstract no, 174), in

25  mammals. Inhibitors of AKT and p70 S6 kinase are also useful inhibitors of angiogenesis
in mammals. H is preferred that the mammal to be treated is a human,

The compounds of the present invention, or pharmaceutically acceptable salts
thereof, can be used in a method of treating cancer, in particular, the cancers described
above, i a mammal comprising administering to a maraal in need of such treatenent an

30 effective amount of a compound of the present invention, or a pharmaceuticatly
acceptable salt thereof. The compounds of the present invention, or pharmaceutically

acceptable salts thereof, can be used for the treatment of cancer, in particular, the cancers
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described above. Furthermore, the compounds of the present invention, or
pharmaccutically acceptable salts thereof, can be used in the manufacture of 2
medicament for the treatment of cancer, in particular, the cancers described above. There
is also provided a pharmaceutical composition for treating cancer, in particular, the
cancers described above, comptising a compound of the present invention, or a
pharmacentically acceptable salt thereof.

The compounds of the present invention, or pharmaceutically accepiabie salts
thereof, can be used in a method of inhibiting angiogenesis in a mammal comprising
administering to a mammal in need of such treatment an effective amount of 2 compound
of the present invention, or a pharmaceutically acceptable salt thereof. The compounds of
the present invention, or pharmaceutically acceptable salts thereof, can be used in the
inhibition of angiogenesis. Furthermore, the compounds of the present invention, or
pharmaceutically acceptable salts thereof, can be used in the manufacture of 2
medicament for the inhibition of angiogenesis. There is also provided 2 pharmaceutical
composition for inhibiting angiogenesis comprising a compound of the present invention,
or a pharmaceutically acceptable salt thercof.

The compounds of the present inverntion may be used in combination with other
therapeutic agents and in particular, mTOR (mammalian target of rapamycin} inhibitors,
EGFR (cpidermal growth factor receptor) inhibitors, gemcitabine (Gemzar®), cisplatin,
tasisulam {sodium N[{5-bromothiophen-2-yiisulfonyl]-2 4-dichlorobenzamide),
pemetrexed (Alimta®), docetaxel (Taxotere®), doxorubicin (Doxil®) or irinotecan
(Campto®; Camptosar®), Preferred mTOR inhibitors include rapamycin (alse known as
sirolimus) and analogues thereof such as everolimus (42.0-(2-hydraxy)ethyl-rapamycin;
disclosed in EP 1 413 581), temsirolimus (42-(3-hydroxy-2-{hydroxymetiyl)-2-methyl
propanoatey-rapamycin; Torisel®,; disclosed in WO 25/28406) and deforolinms (42-
{dimethyiphosphinatc)rapamycin; disclosed in WO 03/64383). Preferred EGFR inhibitors
inchude erlotinib, cetuximab (Erbinm®; disclosed in EP O 359 282), panitumumab
(Vectibix®; disclosed in EP 0359 282) and gefinitib (Tressa®; disclosed in EP G 566
226},

In one embodiment, the present invention provides a product containing a
compound of the preseat invention, or a pharmaccutically acceptabie salt thereof, and 2
therapeutic agent selected from those listed above as a combined preparation for
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simultaneous, separate or sequential use in therapy. The present invention further
provides a compound of the present invention, or 2 pharmaceutically acceptable salt
thereof, for use in simuitaneous, separate and sequential combination with a therapeutic
agent selected from those listed above in the treatment of glioblastoma multiforme,

5  adenocarcinomas of the colon, non-small-cell lung cancer, small-cell lung cancer,
cisplatin-resistant small-cell lung cancer, ovarian cancer, leukemiza, pancreatic cancer,
prostate cancer, mammary carcinoma, retial cell carcimoma, multiple myeloma, Kaposi’s
Sarcoma, Hodgkin's lymphoma, lymphangioleiomyomatosis, Non-Hodgkin’s lymphoma
or sarcome. The present invention farther provides a method of weating 2 cancer selected

10 from the group consisting of glicblastoma multiforme, adenocarcinomas of the colon,
non-srall-cell lung cancer, small-cell lung cancer, cisplatin-resistant small-cell hung
cancer, ovarian cancer, leukemia, pancreatic cancer, prostate cancer, mammary
carcinoma, renal cell carcimotna, multiple myeloma, Kaposi’s Sarcoma, Hodgkin's
fymphoma, lymphangioleiomyomatosis, Non-Hodgkin’s lymphoma and sarcoma

15 comprising administering to a patient in need thereof & compound of the present
invention, or 2 pharmaceutically acceptable salt thereof, and a therapeutic agent selected
from those listed above in amounts that in combination are effective.

In another embodiment, the present invention provides a pharmaceutical
composition comprising a compound of the present invention together with a

26  pharmaceutically acceptabie carrier and optionally other therapeutic agents. In particular,
a therapeutic agent selecied from those listed above.

Cral administration of the compounds of the present invention is preferred,
Intravenous administration of the compounds of the present invention is also preferred.
Depending on the circumstances, other reutes of administration may be used or even

25 preferred. For example, transdermal administration may be very desirable for patients
who are forgetful or petulant about 12king oral medicine. Compounds of the present
invention may also be administered by the percutaneous, intramuscular, intranasal or
intrarectal route in particular circumstances. The route of administration may be varied in
any way, limited by the physical properties of the drugs, the convenience of the patient

30 and the carcgiver, and other relevant circumstances (Remington's Pharmaceutical
Scignces, 18th Edition, Mack Publishing Ca. (1998}).
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The compounds of Formula I ¢an 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 in the schemes, preparations, and examples set
forth below, Tt will be recognized by one of skill in the art that the individual steps in the

5  following schemes may be varied io provide the compounds of Formula I.  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,

Scheme 1

1

13
:/N B

P‘"N /N /[I}D ———————  Foxmula]

N
10 4]
A substituted imidazole piperidine of formula (1}, a substituted ketone of formula
(2), and a base such as triethylamine (TEA), diisopropylethylamine (DIPEA} or 1,8-
diazabicyclo]5 4.0undec-T-ene {DBU} in a selvent, such as propanol, isopropy! alcohol
I5  (IPA), NN-dimethylformamide (DMF), methanol, N-tnethyl-pyrrelidene (NMP) or
dimethyl sulfoxide (DMSO) are heated at an elevated temperature to form the compound
of Formula . L is a leaving group, e.g., chlorine. Altemnatively, this reaction may be
carried out by first combining potassium feré-butoxide, N.N-bis(2,6-
diisopropylphenylimidazol-2-ylidene-acetylacetonate palladium chloride [TPrPd(acac)Cl
20 (L Org. Chem. 2006, 71{10), 3816-3821)}] and purging with nitrogen. Then adding
anhydrous 1,2-dimethoxyethane (DME) and compounds (13 and (2} and heating to 80°C.
Compounds of Formula ¥ wherein one of R® or R® is benzyl and the other is
hydrogen may be prepared by reacting compound (1) with a compound of forrmula (2)
which is substituted with 2 benzylidene group and then subsequently reducing the
25 benzylidene group to a benryl group.
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The P’ group may represent the desired final amine fragment with substitutents
as defined previously (P.), a precursor to P or a protected P, fragment. All other
substrtutents are defined previously. If the protecting group in P, is carboxy benzyl
group, deprotection to provide the desired amine may be done prior to or afier reaction

5 with compound (2). The carbexy benzyl profecting group may be removed by reaction
with concentrated HCL. Alternatively, it may be removed in the presence of lithium
aluminium hydride in tetrahydrofuran (THF) to provide a methyl substituted amine
substituent as defined in P,.

Note: in the instance of 4-(4- {4-(4-fluoro-3-trifluoramethyl-phenyl)- 1-[2-

10 (isopropyi-methyl-amino)-ethyl}-IH-imidazol-2-yl1}-piperidin-1 -y])- TH-pytrolof2, 3-
dipyrimiding-5,6-dionc hydrochioride, oxidation of the 5 position methylene to the ketone
can be observed under the reaction conditions.

Substituted imidazole piperidine compounds of formula (1) are prepared as
itlustrated in Scheme 2, where PG is a nitrogen protecting group, and all other

15  substituents are as previously described,

Scheme 2
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The compound of formula (A} can be prepared from the corresponding 2-bromo-
pheny! ethancrie compound. In the synthesis of compounds of Formula [ in which R and
5 R?form a piperidine ring, the protected piperidine ring is present as an amine substituent
in compound (A} prior to reaction to form compound {B). The amine substituted
compound is synthesized by reaction of 3.amino-piperidine-1-carboxylic acid with a
Eompound of formula {(E} in the presence of a base such as TEA in a solvent such as
DMF. Later in the synthesis the protecting group on the piperidin-3-y1 may be removed
10 and replaced with a methyl substituent.

Where R* = H an amine of formula (A) is reacted with a niirogen protected
piperidine carboxylic acid in the presence of a coupling agent, such as, isobutyl
chloroformate, 1-ethyl-3-[3-dimethylaminopropyli-carbodiimide hiydrochloride (EDC), |-
propanephosphonic acid cyclic anhydride (PPA) or thionyl chloride and an base such as

15  N-methylmorpholine (NMM), DIPEA or TEA, tn a solvent such as THF,
dichleromethane (DCM), or DMF at reduced temperatures to form amide of formula (B).
The imidazole piperidine of formula (C) is formed when a compound of formula (B},

BCE/ES2009/063020
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arumonivm acetate of amponduim chloride, and a base such as TEA in a sealed vessel is
exposed to microwave heat under pressure. An intermediate of compound (C) where the
phenyl is unsubstituted can be prepared by condensing Z-oxo-2-phenylacetaldehyde with
4-formyl-piperiding- 1 -carboxylic acid rert-butyl ester in Hquid ammonia ovemight.

5 The compound of formuta (C) is then alkylated to provide a compound of formula
(D where R is hydrogen. More specifically, the compound of formula (C) is de-
protonated with a base, such as, KOH ar sodium hydride in & sclvent such as DMB0,
followed by addition of P’ with a leaving group such as halogen and in particular,
chlorine. Most of the alkylating zgents are commercially available or synthesized by

i¢  methods known in the art. For example, the alkylating agent can be prepared from the
corresponding alcohol in the presence of thionyl chloride in agueous hydrochloric acid or
phosphorus tribromide in benzene.

The amine of the alkylating agent may be further substitated by a benzyl group.
The benzy! group may be subsequently replaced by a carbexy benzy! protecting group by

15 reaction with benzylchioroformate, this can be carmied out in ane or two steps. The
alkylating agent may, altematively, contain a nitrile proup which is reduced to form an
amine, The resulting amine may then be protected by a carboxy benzy! group.

The compound of formuia (C) may be reacted with 2+{2-bromecthoxy jtetrahydro-
2H-pyran or (2-bromocthoxy)-tert-butyl-dimethyl silane to form a compound of formula

20 (D) in which P, is a 2-{tetrahydro-pyran-2-yloxy)ethyl group or a 2-(teri-butyl-dimethyl-
silanyloxy)-ethyl group, respectively, These groups are converted 1o a 2-hydroxy-ethyl
substituent and then to a 2-methancsulfonoxy-cthyl substitucnt, The methansulfonyloxy
(mesyl) leaving group can then be replaced by the desired amine.

Where the desired P. proup is pyrrolidin-2-ylmethyi, the carboxy benzyl protected

25 pyrrolidin-2-yl methyt is added to the compound of formula (C) by reaction with 2-
(toluene-4-sulfonyloxymethyi)}-pyrrolidene- § -carboxylic acid benzyl ester.

Alternately, a 4-bromo-imidazole of formula {H) undergoes coupling with a
phenylboronate compound (1) in the presence of paltadium (0) catalyst to form the
compound of Formula (D} where R® is hydrogen. A compound of Formula () may be

30 prepared from 4-(1H-imidazol-2-yl)-piperidine-1-carboxylic acid fert butyl ester. First the
P’; is added, then the compound is reacted with N-bromosuccinimide to form a 4,5~
disubstituted compound and finally this is converted to the 4-bromo substituted
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compound (H) by reaction with n-butyl Hihium (nBuli) at reduced temperatures. P*. may
be converiad to the desired P, group by the methods set out above,

The compoutd of formula (D) where R is a hydroxy group is synthesized as
shown in the middle sequence of Scheme 2, First, an imidazole compound of formula (F)

5 is formed by reaction of an acy! bromide of formmia (E) and formamide at elevated
temperature. The imidazole compound of formmula (F) is then alkylated under simifar
alkylation conditions as described above to provide & compound of formula (G).
Imidazole compound (G) is treated with a metalating agent, such as nBuli, in a solvent
such as THF, under reduced temperatures and an inert atmosphere, followed by a ring
10 nitrogen protected 4-piperdinone to give the compound of formula (D).

The piperidine protcction group of formulz (D) is then removed to provide a
compound of formula (1),

The amine of formula (A) and acyl bromide of formula (E} are either
commerciaily available, or are synthesized by methods known in the art.

15
Scheme 3
carbonyldiimidazole, 9
lﬂ I!i phosgm& w
ar mphosgeue =
= L k Y =0
N N
6} ®© O {2, W =NR®)
20

The intermediates of formula (2), where W = NR", are either commercially
available, or are synthesized by methods known to the skilled artisan. For example, 5-
amino-4,6-dichloropyrimidine (F) is alkcylated with an R'-halide in the presence of 2
strong base to give the N-alkylated pyrimidine (K). One of the chlorides in compound (K}
25 is displaced by ammonia by heating in 4 sealed vessel to give the pyrimidine diamine (L),
Cyclization with phosgene, triphosgene or carbonylditmidazole gives the intermediate (2)
whers W=NR',

Scheme 4
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The intermediates of formula (2), where W = CR*R® or C=CH-R®, are synthesized
by methods known to the skilled artisan. For cxample,

HN
1 . DIFEA, ACN S 0, ~ HC/MDioxane TL &S o
AR o 0 e e
a
L‘k\: 6 " heat Lo B,0. beat NN
NT Cl z
2= methoxy , 2.4-Gi-

wethoxy z
z
oD &
i B
Acid N H  Dase
||\N, o MRl o weCRER or CeRY
heet 7 N R-carboxaidehyde

Methyl 2-(4,6-dichloropyrimidin-5-yl)acetate may be prepared from methyl 2-

5 (A.6-dihydroxypyrimidin-5-ylacetate. The dilkydroxy compound may in turn be prepared
by adding 1,1,2-ethane tricarboxylic acid triethy] ester to a solation of sodium methoxide
in methanol, foilowed by addition of formamidine hydrochloride.

Methy] 2-{4,6-dickloropyrmmidin-S-yl)acctate is reacted with 4-
methoxybenzylamine or 2,4-dimethoxybenzylamine in the presence of base, e.g., DIPEA
10 and a solvent, e.g., acetonitrite (ACN) to give the benzyl protected acetate (M.
Treatment of compound (M) in aqueous acid and heat gives the benzyl protected purinone
{N). Compound (N) is deprotected in strong acid, e.g., triflucroacetic acid (TFA) or 40%
HEBr aqueous and heat to give the known intermediate 4-chioro-3,7-dihydro-pymrolof2,3-
dlpyrimidin-6-cne. 4-Chloro-5,7-dibydro-pyrrolo[2,3-d]pyrimidie-6-one may be
iS5 prepared from 5,5-dibromo-4-chloro-5, 7-dihydro-pyrroiof2,3-d]pyrimidin-6-one which is
in turn prepared from d-chioro-7H -pyrrolof2,3-d]pyrimidine by reaction with pyridinium
bromide perbromide.
4-Chloro-5,7-dihydro-pyrrolo]2,3-d)pyrimidin-6-one is cither atkylated with an R*
A°-halide and base or condensed with an R’-carbaxaldehvde to give compound (2), The
20 compound of formula (2) wherein R and '\ together form a cyclopentane ring is formed
from 4-chloro-5,7-dihydro-pyrrolo[ 2,3-d]pyrimidin-6-one by reaction with 1,4-
driodobutane.
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In an alternative method, the benzyl protected compound (N) is used in place of
compound (2) in the coupling reactions of Scheme | followed by removal of the benzyl
protection group.

The skilled artisan will appreciate thet not all of the substituents in the ¢ompoynds

5 of FormulaI will tolerate certain reaction conditions employed to synthesize the
compounds. These moieties may be introduced at a convenient point in the synthesis, or
mszy be protected and then de-protected 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

10  removing nitrogen protecting groups are well known in the aif; 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 is not critical. The panticular
order of steps required to produce the cornpounds of Formula ¥ is dependent upon the

15 particuiar compound being synthesized, the starting compound and the relative Hability of
the substifuted intermediates and products.

Preparation 1
2-Amina-1-(4-fluoro-3-{triflucromethyliphenyi)ethanone, 4-methylbenzenssulfonate
20
Add sodium azide (1,76 g; 1.05 equivalents (equiv)) in one portion to a solution of

2-bromo- «{4-fluoro-3-(riflucromethyl)phenylethanone (9.19 g; 1.00 equiv) in THF (50

mL). Stir the mixture at room temperature (RT) overnight. Filter the solids and wash

with THF. Add the crude azide to a solution of triphenylphosphine (1.06 equiv; 8.64 g)
25  and p-ioluenesulfonic acid (2.2 equiv; 12,0 g) in THF (50 mL) uader 20 °C. Stir the

mixture overnight. Filter the solid, and then wash with THF to obtain 5.5 g of the title

compound. MS(ES): mz=217.2 [M + H].

Prepare the following intermediates in a manner similar io that described in
30 preparation 1:

Preparstion Compound Name i Physicat Chemistry Data
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'H NMR (DMSO-ds, 300 MHz): &
2-Amino-1-(3-chloro-4- | 8.25 {m, 4ED, 8.05 (ddd, J= 8.7, 4.7, 2.3
2 fluorophenylt)ethanone 4- Hz, 1H), 7.66 {t, J= 8.9 Hz, 1H), 748-
methylbenzenesuifonate 746 {m, 2H}, 7.11 (d, J= 8.0 He, 2H},
4.62 (s, 2H), 2.28 (s, 3H).

' NMR (DMSO-ds, 300 MEz): &:
I 8.25 (s, 3H), 8.11 (ddd, J= 11.0, 7.9, 2.3
X it mino- |34 Hz, 1H), 7.05-7.96 (m, 1ED), 7.70 (dt, J=

ifluorophenyljethanone - 1105 "o 4 1o 1H), 7.47 d, J= 8.0 Hz
methylbenzenesutfonate | opn' 9y ' 77 Ha, 2H), 4.60 (s,
3H), 2.28 (s, 3H).

Preparation 4
2-Amino-1-(4-flupro-3-(triflugromethyl}phenyl)ethanone, hydrochloride

5 To a solution of 2-bromo- I -(4-flucro-3-(frifluoromethyl)phenyljethanone (60.00 g
1.00 equiv; 210.50 mmoles (mmol}) in ethylacetate (EA) {450 mL; 4.60 motes (mol)},
add 1,3,5,7-tetranzatricyclo-[3.3.1.13,7]decane {(Methenamine, 1.10 equiv; 231,35 mmol;
32.46 g) and stir at RT overnight. Remove the soivent in vacuo and triturate the solid
with methyl-t-butylether (MTBE), filter and dry in vacuo. Add ethanol (450 mL; 7.73

10 mol) followed by hydrogen chloride (36.5 wt/wt% in water} (150 mL; 8.30 equiv; 1.75
mol) and stir the mixture overnight. Remove the solvent in vacuo and dry the solid in
vacuo at 50 °C for | week to give the title compound (54.23 g; 100% yield) as a white
solid with some amount of ammonium salt. 'H NMR {300 MHz, DMSO): 8.69-8.59 (m,
4H), 8.07-8.01 {m, 1H), 4.95(d, J=5.2 Hz, 2H}. Use the solid as is.

15
Preparation 5
4-(2-{4-Fluoro-3-{rifluoromethyl}phenyl)-2-oxoethylcarbamoyiypiperidine-1 -carboxylic
acid fers-butyl ester
20 To a solution of piperidine-} 4-dicarboxylic acid mono-ferr-buty] ester {1.20

equiv; 252.61 mmol: 57.92 g) in THF {400 mL), add NMM (3 equiv; 631.52 mmol; 69.66
mL). Cool to -10 °C with a dry ice-acetone bath. Add tscbutyl chloroformate (1.1 equiv;
231.56 mmol; 30.26 mL) dropwise mantaining the temperature below -5 “C. Afier 30
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min at from -5 ta 10 °C, add 2-amino--(4-fluaro-3-(rrifluoromethyl)-phenyli-ethanone
hydrochloride (54.23 g; 1.00 equiv; 210.5] mmol} suspended in THF (300 mL) and stir
the mixture in the bath at -5 °C for 20 min and then I b at RT. Partition between water
and EA; wash the organic layer with water then saturated NaCl aqueous (brine}, dry over

5 anhydrous MgS0,, filter and concentrate in vacuo. Suspend the crude in MTBE and stir
for 2 h. Filter the solid and dry in vacuo to give the title compound (64.44 g; 78.79 %).
M NMR (300 MHz, DMSO): 8.37-8.26 (m, 3H), 7.74-7.68 (m, 1H), 4.61 (2, J= 5.5 Hz,
2H), 3.91 {d, J= 12.9 Hz, 2H), 2.75-2.64 (m, 2H), 2.46-2.37 (m, 1H), 1.69-1.66 (m, 2H),
1.39 (s, 12H).

10
Prepare the following intermediates in a manner similar to that described in

preparation 5:

MS (ES): m/z
Preparation Compound Name
(M4 - tBu)
6 4-(2-(3-Chioro-4-fluorophenyl)-2-oxoethylcarbamoy!) 343.1
piperidine-1-carboxylic acid tert-butyl ester
7 4{2-{3,4-Difluoropheny!)-2-oxoethylcarbamoyl) 337.1
piperidine- I -carboxylic acid rerr-butyl ester

Preparation 8
I5 4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)- 1/ -imidazol-2-y1}j-piperidine-1-carboxylic
acid terr-butyl ester

To a solution of 4-(2-(4-fluoro-3-{iriflucromethyl)phenyl)-2-
oxoethylcarbamoyl )piperidine- ! -carboxylic acid rere-buty! ester (294 g; 1.00 equiv;
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67.99 mmel) i 1-butanol {150 mL.; 1.64 mol), add ammonivm acetate {15 equiv; 1.02
mol; 78.61 g} followed by TEA (1 equiv; 67.99 mmol; 9.48 mL). Stir the mixture at 160
°C in z sealed tube. After 3 b, cool to RT and partition between EA and water and wash
the organic layer with water and brine. Concentrate in vacuo. Triturate the residus in

5  MTRE, filter and dry in vacuo to give the title compound (18.23 g, 44,10 mmol; 64.86 %)
as 2 white solid. "H NMR (300 MHz, DMSO): 12.01 (s, 1H), 8.08-8.04 (m, 2H), 7.70 (4,
J=1.4 Hz, 1H), 7.49-7.43 (m, 1H), 3.99 (d, I= 12.6 Hz, 2H), 2.92-2.85 (m, 3H), 1.91-1,87
{m, 2H}, 1.64-1.51 (m, 2H), 1.41 (5, 9H).

10 Prepare the following interimediates in & manner similar to that described in
preparation 8:
MS(ES): miz
Preparation Comypound Name [M+H]
4-[4-(3-Chloro-4-fluoro-pheny)-1 H-imidazol-2-yi]-
9 T o 380.1
piperidine- 1 -carboxylic acid rerr-butyl ester
10 4-[4-(3,4-Difluoro-phenyl}-1H-imidazol-2-y1}-piperidine- 2642
1-carboxylic acid fert-butyl ester

Preparation 11
2-Oxo-2-phenylacetaldehyde

Add 5S¢0, (4.6 g; 0.042 mol; 1.0 equiv), acetic acid (1.2 mL; 0.021 mol; 0.5
equiv}, water (1.5 mL; 0.083 mol; 2.0 equiv) in 1,4-dioxane (15 mL} and stir at 80 °C
until the solution becomes clear. Cool the reaction to RF, add acetophenone (5.0 g; 0.042
mok; 1.0 equiv} and stir at 8¢ °C for 18 h. Cool the reaction to RT, filter trough Celite®,
20 wash the residue with EA| and dry over anhydrous sodium sulfate. Evaporate the organic
layer, purify over 50 g silica using EA in hexane to produce the titie compound (4.0 g,
72.7%). MS (ES+): m/z = 135 (M+H)

Preparation 12
25 4-(4-Phenyl-1 H-imidazol-2-yD-piperidine- 1 -carboxylic acid rerr-butyl ester
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Combine 4-formyl-piperidine- l-carboxylic acid ferr-butyl ester (3.8 g; 0.017 mol;
0.6 equiv) and 2-oxo-2-phenylacetaldehyde (4.0 g; 0.29 mol; 1.0 equiv) in methanol (40
mL). Cool the reaction from 8 to 10°C. Add ammonium hydroxide solution {25%
sotution, 40 mL) siowly. Stir the reaction at RT for 16 h. Concenirate the reaction under
5 vacoum, quench wish water and extracs with diethy! ether. Concentrate the organic layer
and filter the solids, wash with hexane and dry under vacuum to give the title compound
(30 g, 51.7% ). MS (ES+): m7z = 328 (M-+H)

Preparation 13
10 4-[4-(3-Chloro-4-finoro-phenyl}-1-(2-dimethylamino-ethyl)- 1 H-imidazol-2-yi}-

piperidine-1-carboxylic acid reri-butyl cster

Add (2-chloro-ethyl)-dimethyl-amine hydrockloride (1.10 equiv; 579 pmoi; 83
mg)} in one portion to & mixture of 4-{4-(3-chloro-4-fluore-phenyl}-1H-imidazol-2-yi}-
15 piperidine-1-carboxylic acid rert-buty] ester {1 equiv; 526 pmol; 200 mg) and powdered
KOH (2.5 equiv; 1.316 mmol; 73.8 mg) in DMSO {3 mL). Warm to 50 °C and stir for 2
h. Dilute with DCM, wash with water, brine, dry over Mg30,, filter, evaporate and
parify on 40 g silica ge! with 10 % methanol/ACN to provide the title compound {194
mg, 0.43 mmol; 82%). MS (ES+) m/i = 451 (M+H).
20
Prepare the following intermediates in a maaner similar to that described in
preparation 13:

MS (ES):
Preparation Compound Name m/z
(M+H)
4-[1-(2-Dimethylamino-ethyl)-4-{4-fluoro-3-triflucromethyl-
4 phenyh-1H-imidazol-2-y1}-piperidine- 1 ~carboxylic acid terr- 485
butyl ester
4-{4-(3-Chloro-4-fluoro-phenyl)-1-(2-pyrrolidin--yl-ethyi)-
15 IH-imidazol-2-yl}-piperidine- 1-carboxylic acid rere-butyl 476
ester
4-{4-(4-Fluoro-3-triflucromethyl-phenyl)- i« 2-pyrrolidin- i -
16 yl-ethyl)-1H-imidazol-2-yl]-piperidine-1-carboxylic acid ters- 51%
buty! ester




WO 2010/G5656