
P70 S6 KINASE INHIBITORS BACKGROUND OF THE INVENTION        p70 S6 kinase
is a downstream effector of the phosphatidylinositol 3 kinase (PI3K)/AKT/
mammalian target of rapamycin (mTOR) signaling pathway and p70 S6 kinase is
commonly activated in many human solid tumors. p70 S6 kinase activity
regulates ribosome biogenesis, cell growth, and cell cycle progression in
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 86 kinase are described as useful in
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 and WO 2008/012635). The present invention provides
surprisingly potent compounds that inhibit p70 86 kinase activity. In
addition particular compounds of the present invention are highly
bioavailable. SUMMARY The present disclosure provides compounds of Formula
I: RI\R2 /=-N 14Y /,N 14-\ R5 R4 Z2 where: Y is CR6; Z1 and Z2 are
independently CR3 or N, provided that Z1 and Z2 are not both N; RI is H or
C1-13;        R.2 is phenyl and substituted with a first substituent
selected from halo and trifluoromethyl, and optionally further substituted
with a second substituent wherein said second substituent is halo;  la
wherein.  Y is CR6; Z1 and Z2 are independently CR or N, provided that Z1
and Z2 are not both N; RI is H or CHs; R2 is phenyl substituted with a
first substituent selected from halo and trifluoromethyl and optionally
further substituted with a second substituent wherein said second
substituent is halo; R3 is hydrogen, halo, C1-C4 alkyl, C3-C6 cycloalkyl,
or Cs-Cs alkynyl, wherein C2-C6 alkynyl is optionally substituted with
hydroxy; 



R4 and R5 are independently hydrogen or C1-C4 alkyl; R6 is hydrogen; or a
pharmaceutically acceptable salt thereof.  -2-       B? is hydrogen, halo,
C1-C4 alkyl, C3-C6cycloalkyl, or C2-C6 alkynyl, wherein C2-C6 alkynyl is
optionally substituted with hydroxy; R4 and R5 are independently hydrogen
or C1-C4 alkyl; R6 is hydrogen ; or a pharmaceutically acceptable salt
thereof  5 10 15 20 25 30  -3-       The present disclosure also provides a
method of treating lymphangioleiomyomatosis in a mammal comprising
administering to a mammal in need of such treatment an effective amount of
a compound of Formula I or a pharmaceutically acceptable salt thereof.
The disclosure 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.       In a second aspect, there is provided a pharmaceutical
formulation comprising a compound as defined above, or a pharmaceutically
acceptable salt thereof, in combination with 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.       This disclosure 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 p70 S6 kinase.
Additionally, this disclosure provides a compound of Formula I or a
phannaceutically acceptable salt thereof for use in inhibition of p70 S6
kinase in mammals. Furthennore, this disclosure provides a pharmaceutical
composition adapted for the inhibition of p70 S6 kinase comprising a
compound of Formula I or a  -4- pharmaceutical y acceptable salt thereof in
combination with one or more pharmaceutically acceptable excipients,
carriers, or diluents thereof.      This disclosure also provides the use
of a compound of Formula I or a phatiriaceutically acceptable salt thereof
for the manufacture of a medicament for the inhibition of angiogenesis.
Additionally, this disclosure provides a compound of Formula I or a
pharmaceutically acceptable salt thereof for use in inhibition of
angiogenesis in mammals. Furthermore, this disclosure provides a
pharmaceutical composition adapted for the inhibition 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 disclosure 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.       In a fourth aspect, there
is provided the use of a compound as defined above, or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for the
treatment of adenocarcinomas of the colon. 



Additionally, this disclosure provides a compound of Formula I or a
pharmaceutically acceptable salt thereof for use in treatment of
adenocarcinomas of the colon in mammals. Furthermore, this disclosure
provides a pharmaceutical composition adapted for the treatment of
adenocarcinomas of the colon 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 disclosure 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 disclosure provides a compound of Folinula I or a pharmaceutically
acceptable salt thereof for use in treatment of non-small-cell lung cancer
in mammals. Furthermore, this disclosure 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 disclosure 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 glioblastoma multiforme. Additionally, this disclosure
provides a compound of Formula I or a pharmaceutically acceptable salt
thereof for use in treatment of  -5- glioblastoma multiforme in mammals.
Furthermore, this disclosure provides a pharmaceutical composition adapted
for the treatment of glioblastoma multiforme 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 disclosure further provides the use of a compound of
Foimula I or a pharmaceutically acceptable salt thereof for the manufacture
of a medicament for the treatment of ovarian carcinoma. Additionally, this
disclosure provides a compound of Formula I or a pharmaceutically
acceptable salt thereof for use in treatment of ovarian carcinoma in
mammals. Furthermore, this disclosure 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 disclosure 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
disclosure provides a compound of Formula I or a pharmaceutically
acceptable salt thereof for use in treatment of leukemia in mammals.
Furtheimore, this disclosure provides a pharmaceutical composition adapted
for the treatment of leukemia 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 disclosure 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
disclosure provides a compound of Formula I or a pharmaceutically
acceptable salt thereof for use in treatment of pancreatic carcinoma in
mammals. Furthermore, this disclosure provides a pharmaceutical composition
adapted for the treatment of pancreatic 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 disclosure further provides the use of a compound of
Foimula I or a pharmaceutically acceptable salt thereof for the manufacture
of a medicament for the treatment of prostate cancer. Additionally, this
disclosure provides a compound of  -6- Formula I or a pharmaceutically
acceptable salt thereof for use in treatment of prostate cancer in mammals.
Furthennore, this disclosure 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 disclosure 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 mammary carcinoma. Additionally, this
disclosure provides a compound of Formula I or a pharmaceutically
acceptable salt thereof for use in treatment of mammary carcinoma in
mammals. Furthermore, this disclosure 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 phaitnaceuticaily acceptable excipients, carriers, or diluents
thereof       This disclosure 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 disclosure provides a compound of Formula I or a
pharmaceutically acceptable salt thereof for use in treatment of
lymphangioleiomyomatosis in mammals. Furthermore, this disclosure provides
a pharmaceutical composition adapted for the treatment of
lymphangioleiomyomatosis 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. In
addition, the disclosure provides a compound of Formula 1 for use in
therapy. DETAILED DESCRIPTION OF THE INVENTION       The general chemical
terms used in the formulae above have their usual meanings. For example,
the term "C1-C4 alkyl" refers to a straight or branched, monovalent,
saturated aliphatic chain of one to four carbon atoms, for example, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, and t-butyl and the like.
Likewise, the term "C1-C3 alkyl" includes methyl, ethyl, and isopropyl and
the like.  -7-       As used herein the term "C1-C4 alkoxy" refers to a
straight or branched alkyl chain having from one to four carbon atoms
attached to an oxygen atom. Typical C1-C4 alkoxy groups include methoxy,
ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy and the like.           As
used herein, the terms "Halo" refer to a chlorine, bromine, iodine, or
fluorine atom, 5unless otherwise specified herein.       As used herein the
term "C3-C6 cycloalkyl" means a fully saturated ring comprising carbon and
hydrogen atoms and includes eyclopropyl and cyclobutyl.         As used
herein, the term "C2-C6alkynyl" is a straight or branched alkynyl chain
having from two to six carbon atoms and one triple bond, including, but not
limited to, ethynyl, propynyl, 10butynyl, pentynyl, and the like. 



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 15that
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.
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 20exist in 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
diastereomers. All such racemates, enantiomers, and diastereomers are
within the scope of the present invention. The specific stereoisomers and
enantiomers of compounds of Formula I can be prepared by one of 25ordinary
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. 30        The skilled artisan will also appreciate that
compounds of Formula I where le is hydrogen or where Zi or Z1 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  5Chemistry, 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, RI is
10hydrogen either as IH-imidazole or a 3H-imidazole contemplates both
tautomeric forms.       Certain classes of compounds of Formula I are
preferred p70 S6 lcinase inhibitors. The following paragraphs describe such
preferred classes: a) Y is CR6; b) Y is CH; 15c)RI is H; d) RI is CH3; e)
Z1 is CR3; ZL is CH; Z2 is N; 20h)R2 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;
R2 is phenyl substituted with a first substituent selected from halo and
trifluoromethyl and further substituted with a second substituent which is
25halo; 1)R2 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 is halo.



k)R2 is phenyl substituted in the 3 or 4 position with a first substituent
30selected from the group consisting of halo and trifluoromethyl, and
further substituted with a second substituent which is halo,  -9- I)R2 is
phenyl substituted in the 3 position with a first substituent selected from
the group consisting of halo and trifluoromethyl, and optionally further
substituted in the 4 position with a second substituent which is halo;
5m)125 is H; n) The compound of Formula I is a free base; o) The compound
of Formula I is a salt; The compound of Formula I is the hydrochloride
salt; The compound of Formula I is the tosylate salt. 10Other preferred
compounds of Formula I are those where Y is CR6 and RI is H or CH3
Additional preferred compounds of Formula I are those where Y is CR6 and
It` is li or CH3; and R2 is phenyl substitued with a first substitucnt
selected from the group consisting of halo and trifluoromethyl, and
optionally further substituted with a second substituent which is halo.
15Preferred compounds of Formula I also include those where Y is CR6 and RE
is H or CH3; R2 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; R5 is H; Z1 is CR3 and
Z2 is N. Also preferred are those compounds of Formula I in which Y is CH;
le is H or 20CH3; R2 is phenyl substituted with a first substituent
selected from the group consisting of halo and trifluoromethyl, and
optionally further substituted with a second substitucnt which is halo; R5
is H; Z1 is CH; and Z2 is N. In addition, preferred are those compounds of
Formula! in which Y is CH; RI is      H or CH3; 1k2 is phenyl substituted
with a first substituent selected from the group 25consisting of halo and
trifluoromethyl, and further substituted with a second substituent which is
halo; R5 is H; Z1 is CH; and Z2 is N.       More preferred compounds of
Formula I are those in which Y is CH; RI is H or CH3; R2 is phenyl
substituted in the 3 position with a first substituent selected from the
group consisting of halo and trifiuoromethyl, and optionally further
substituted in the 4 30position with a second substituent which is halo; R5
is H; Z1 is CH; and 4 is N.       In addition, more preferred compounds of
Formula I are those in which Y is CH; RI is H or CH3; R2 is phenyl
substituted in the 3 position with a first substituent selected  -10- 



from the group consisting of halo and trifluoromethyl, and further
substituted in the 4 position with a second substituent which is halo; R5
is H; Zi is CH; and Z2 is N.       Particularly preferred are those
compounds of Formula I in which Y is CH, Z1 is CH and Z2 in N. 5The
following compound, 4- {444-(3-(Trifluoromethyl)-pheny1)-1H-imidazol-2-
ylkpiperidin-l-yll -IH-pyrazolo[3  CF3 or a pharmaceutically acceptable
salt therefore, is most especially preferred.           Additionally, the
compound 4- (4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)-1-
10methy1-1H-imidazol-2-yfl-piperidin-l-y1) -1H-pyrazolo[3,4-cipyrimidine:
CF, or a pharmaceutically acceptable salt thereof, is also most especially
preferred.       The compounds of Formula I are inhibitors of p70 S6 kinase
and are therefore useful in the treatment of metabolic diseases and
disorders such as obesity, diabetes, 15metabolic syndrome, insulin
resistance, hyperglycemia, hyperaminoacidemia, and hyperlipidemia, and
proliferative disorders, particularly glioblastoma multiforme, colorectal
cancer, hepatocellular cancer, lung cancer, breast cancer, ovarian cancer,
and renal cell carcinoma in mammals Tn addition, it has been found that the
p70 S6 kinase pathway is activated in cells of benign tumors, such as those
associated with 20 lymphangiolciomyomatosis (LAM). Sec Journal of Bological
Chemistry, 277:34, 30958- 30967 (2002), and Modern Pathology 19, 839-846
(2006). Thus p70 56 kinase inhibitors  -11-  may also be useful in treating
LAM. Inhibitors of p70 S6 kinase are also useful inhibitors of angiogenesis
in mammals. It is preferred that the mammal to be treated is 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 5prepared as set forth in the schemes,
methods, and examples set forth below. It will be recognized by one of
skill in the art that the individual steps in the following schemes may be
varied to 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. Some
substituents have been eliminated in the following schemes for the sake of
clarity 10and are not intended to limit the teaching of the schemes in any
way.        Compounds of Formula I may be prepared as illustrated in the
following scheme where RI, R2, Ra, R5, Z1, Z2and Y are as previously
defined, and Lisa  suitable leaving group such as halo. 



15SCHEME 1     H        A substituted pyrazolopyrimidine (or purine or
pyrrolopyrimidine) compound of formula (a) is reacted with a substituted
piperidine of formula (b) to form compounds of Formula I. For example, a
solution of a compound of formula (a), the piperidine (b) and a suitable
base such as 20triethylamine, diisopropylethylamine, or N-methylmorpholine,
in a suitable solvent, such as propanol or isopropyl alcohol are heated to
about 70C-100C to provide compounds of Formula I, which may then be  -12-
isolated and, if necessary and desired, purified using techniques well
known in 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 Z1 is CR3 and
4 is N 5may be prepared from allopurinol by reaction with a chlorinating
agent such as phosphoryl chloride and heating to about 80C-90C. Further,
compounds of formula (a) may be substituted if desired under conditions
well known in the art. For example, a compound of formula (a) where Z1 or
Z2 is CR3 is fluorinated upon exposure an appropriate fluorinating agent,
such as [1-
(chloromethyl)-4-fluoro-1,4-diazoniabicyclo[2.2.2]octanebis(tetrafluorobora
te)] in a suitable 10solvent or mixture of suitable solvents, such as
acetonitrile and acetic acid. Moreover, compounds of formula (a) where R3
is alkyl or cycloalkyl are synthesized by methods known in the art. For
instance, dichloropyrimidine is reacted with cyclopropane carbaldehyde in
the presence of strong base such as LDA, in a solvent such as THF, at
cooled temperatures to produce the requisite alcohol. Oxidation in the
presence of chromium (VI) oxide at 0 C in a suitable 15solvent such as
acetone provides the required ketone, which is then reacted with hydrazine
hydrate in a suitable solvent such as THF at room temperature to provide
cycloalkyl-substituted pyrazolopyrimidine compounds of formula (a).
Additionally, methods of producing compounds where R3 is alkynyl are known
to the skilled artisan. For example, a chlorinated compound of formula (a)
trimethylsilylacetylene in triethylamine and a suitable solvent such as DMF
and/or 20THF using tetrakis(triphenylphosphine)palladium(0) (Pd(Ph3P)4) as
a catalyst to afford the ethynylsubstituted compound of formula (a). The
requisite piperidine compounds (b) may be prepared as illustrated in the
following scheme, where RI, R2, R4, .2.5 K and Y are as previously
described, and PG is a suitable protecting group. 25SCHEME 2   



WO 2008/140947PCTMS2008/062143 Amine (c) is reacted with a protected
piperidine in the presence of suitable coupling agents such as isobutyl
chloroformate, 1-ethy1-343-dimethylaminopropylj- 5 carbodiimide
hydrochloride (EDC), or I -propanephosphonic acid cyclic anhydride (PPA)
and an appropriate base such as N-methylmorpholine or triethylamine, in a
suitable solvent such as THF, methylene chloride, or N,N-dimethylfonnamide
(DMF) at reduced temperatures to form amide compounds of formula (d). The
subsequent imidazole piperidine (bl), where Y is CR6 is formed upon
exposure of compound (d) to ammonium 10 acetate or ammonium chloride in a
sealed vessel, or for compounds where R.5 is H, upon exposure to microwave
hcat under pressure. Alternatively, compounds of formula (b1) may be formed
by reacting amidine (e) with an appropriate halo ketone in a suitable
solvent, such as DMF or acetone, in the presence of a base, such as
potassium carbonate or sodium carbonate, followed by deprotection under
conditions well-known to the skilled 15artisan. Hydroxypiperidines of
formula (b 1) may also synthesized by reacting a phenacyl bromide of
formula (m) with formamide in the presence of heat. The imidazole (n) is
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 in the presence of sodium hydride while allowing the reaction
mixture to warm to room temperature to  -14- provide the intermediate of
formula (o). The subsequent protected imidazole may then be treated with a
metalating agent, such as n-butyllithium, in an inert solvent, such at THF,
under reduced temperatures and under an inert atmosphere. This mixture is
treated with an appropriately substituted piperdinone and allowed to warm
to room temperature for 5about 1 h to give compounds of type (p). Treatment
of intermediate (p) with an aqueous acid such as 1 N HC1 at elevated
temperatures gives (1)1).       The required amidines may be syntheized as
described in scheme 3, wherein PG is a suitable protecting group: SCHEME 3
OH N NH,    PG (e) PG (a) PG (5)   0 NH CIPCIH 



PG (1)   fio 10       Amidinc (c) is readily produced from nitrites. More
specifically, hydroxylaminc hydrochloride dissolved in a suitable solvent,
such as water, is reacted with cyanopiperidine (g) in the presence of a
base such as sodium carbonate in a suitable 15solvent, such as in methanol
and exposed to heat to provide the hydroxycarbamimidoyl- piperidine (h).
The hydroxycarbamimidoylpiperidine (h) in a suitable solvent, such as
acetic acid, is then hydrogenated via palladium catalyst in the presence of
acetic acid anhydride under pressure to provide amidine (e). Alternatively,
a carboximidic acid (j) is formed by dissolving cyanopiperidine (g) 20in a
suitable solvent such as methanol, cooling, then reacting with hydrogen
chloride gas. The amidinc is then produced by treating carboximidic acid
(j) with ammonia in methanol, then saturating the mixture with ammonia gas.
-15-       The skilled artisan will appreciate that not all of the
substiruents in the compounds of Formula 1 will tolerate certain reaction
conditions employed to synthesize the compounds. These moieties may be
introduced at a convenient point in the synthesis, or may be protected and
then deprotected as necessary or desired. The skilled artisan will 5also
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 in
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
10circumstances, the order in which moieties are introduced is not
critical. The particular order of steps required to produce the compounds
of Formula I is dependent upon the particular compound being synthesized,
the starting compound and the relative lability of the substituted
moieties. The abbreviations, symbols and terms used in the examples and
assays have the 15 following meanings: BuOH = butanol, DCM =
dichloromethane, DMF = N,Ndimethylformamide, Et0Ac = ethyl acetate, Et0H =
ethanol, Me0H = methanol, Pd(OH)2/C = palladium hydroxide on carbon
(Pearlman's catalyst), h = hour(s), LDA = lithium diisopropylamide, EDCI =
1-(3-dimethylaminopropy1)-3-ethylcarbodiimide hydrochloride, Et20 = diethyl
ether, Et3N (or TEA) = triethylamine,NaBH(OAc)3= 20 sodium
triacetoxyborohydride, TBAF = tetrabutyl ammonium fluoride, Tf20 =
trifluoromethancsulfonic anhydride, THF = tctrahydrofuran. Preparation 1
2-Bromo-1-(2-fluoro-5-trifluoromethyl-phenv1)-propan-1-one FF 25F0 



Slowly add a solution of bromine (3.34g, 0.95 equiv) in dichloromethane
(80.00 InL)to a solution of 2-fluoro-5-(trifluoromethyl)propiophenone (5 g,
22.03 mmol) in dichloromethane (80 mL) is with stirring so that the brown
color of bromine just  -16-       disappears. Wash the reaction mixture
with saturated NaHCO3, dry over Na2SO4 and concentrate to provide 6.22 g of
crude material. MS(ES): nilz = 301.2 [M+214].           The compounds of
Preparations 2-5-D may be prepared essentially as described in 5Preparation
1. Preparation Compound MS(ES): m/z [M+2111 2 2-Bromo-1
-(4-fluoro-3-trifluoromethyl-phenyl)-propan-1 -one 301.2 3
2-Bromo-1-(2-chloro-5-uoroethyl-pheny1)-ethanone 285.2 4
2-Bromo-1-(3-fluoro-5-trifluoromethyl-pheny0-ethanone 287.2 5
2-Bromo-1-(2-fluoro-5-trifluoromethyl-pheny1)-ethanone 287.2 5-A
2-Bromo-1-(4-trifluoromethyl-pheny1)-propan-1-one 281 5-B
2-Bromo-1-(3-1uoromethyl-pheny1)-propan-l-one 281.2 



5-C 2-Bromo-1-(3-chloro-4-fluoropheny1)-propan-1-one 265.2 5-D
2-Bromo-1-(3-fluoropheny1)-propan-1-one 231.2  Preparation 6
2-Amino-1-(3-(trifluoromethyl)phen_y0ethanone hydrochloride Add
3-(trifluoromethyl)phenacyl bromide (10 g, 37.4 mmol) to a solution of
10hexamethylenetetramine (HMTA) (5.80 g, 41.3 mmol) in carbon tetrachloride
(100 mL). Stir at room temperature overnight. Filter the precipitate and
suspend the filter cake in ethanol (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 in 2- 15propanol taking care not to cool
below room temperature to provide 2-amino-143-
(trifluoromethyl)phenyl)ethanone hydrochloride (7.67 g, 86%). MS(APCI):
ni/z = 204 [M +       The compounds of Preparations 7 and 9-14 may be
prepared essentially as described in Preparation 6. 20  -17-  Preparation
Compound Physical Data 7 2-Amino-1-(4-(trifluoromethyl)- phenyl)ethanone
hydrochloride MS (MCI):: m/z = 204 [M + H] 8   



9 2-Amino-1-(4-chlorophenyl) ethanone hydrochloride 'H NMR (DMSO-d6)
88.05-8.02 (m, 2H), 7.69-7.66 (m, 2H), 4.59 (s, 214) 10
2-Amino-1-(4-fluoro-3- (trifluoromethyl)phenypethan-one hydrochloride 1H
NMR (DMSO-d6) 38.44-8.35 (m, 2H), 7.98-7.80 (m, 1H), 5.11-4.90 (in, 2H),
4.73-4.68 (m, 2H) 11 2-Amino-1-(3-fluoro-4-
(trifluoromethyl)phenyl)ethan-one hydrochloride 'H NMR (HMSO-4) 38,55-8.40
(hr s, 2H), 8.15 (d, J = 18 Hz, 2H), 7.98-7.80 (m, 1H), 5.11-4.90 (m, 2H),
4.73-4.68 (m, 2H) 12 2-Amino-1-(3-fluoro-5-
trifluoromethyl-phenyl)-ethanone hydrochloride 'H NMR (HMSO-d6, 400 MHz):
8: 3.93 (2H, s), 7.41(114, d, J = 8.8Hz), 8.10 (1H, s), 8.16 (1H, s), 8.18
(3H, s). 13 2-Amino-1-(2-chloro-5- trifluoromethyl-phenyl)-ethanone
hydrochloride MS(ES): m/z = 238.2 [M + H] 14 2-Amino-1-(2-fluoro-5-
trifluoromethyl-phenyl)-ethanone hydrochloride MS(ES): m/z = 222.2 [M + H]
15   16     5 10  



-18-                                    Preparation 18
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) 5in 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 g) to a solution of triphenylphosphine
(1.06 equiv; 9.86 mmoles; 2.61 g) and p-Toluenesulfonic Acid (2.2 equiv;
20.47 mmoles; 3.56 g) in 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. 10MS(ES): m/z = 236.2 [M + H].       The
compounds of Preparations 18A to18-D may be prepared essentially as
described in Preparation 18. Preparation Compound MS(ES): m/z [M+141 1 8-A
2-Amino-1 -(4-trifluoromethylpheny1)-propan-1 -one toluene- 4-sulfonic acid
salt 217.2  18-B 2-Ano -1 -(3 -trifluoromethylpheny0-propan-1 -one toluene-
4-sulfonic acid salt 217 18-C 2-Amino-1 -(3 -chloro-4
-fluoropheny1)-propan-1 -one toluene- 4-sulfonic acid salt 210 18-D
2-Amino-1 -(3-fluoropheny1)-propan-1 -one toluene-4-sulfomc acid salt 167  



15 20  -19- Preparation 19             tert-Bu ty 1 4-(2-oxo-2
-(3-(trifluoromethy 1)phenyBethylcarb a moyllp iperidine-1 -carbo 'Mate CF3
0 Add N-methylmorpholine (13.0 mL, 118 mmol) to a solution of 1 -(tert-
5butoxycarbonyflpiperidine-4-carboxylic acid (11.2 g, 48 8 mmol) in THF
(400 mL) at -10 C and stir for 5 min. Add isobutyl chloroformate (5.1 mL,
38 8 mmol) and continue stirring at -10 C for 2 h. Add
2-amino-1-(3-(trifluoromethyl)phenyBethanone 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 vacua. Purify the 10residue by silica gel
chromatography (330 g RediSep column, eluting with a gradient of 0% to 100%
ethyl acetate:hexane, 6.0 L) to provide ten-butyl 4-(2-oxo-2-(3-
(trifluoromethyl)phenyDethylcarbamoyl)piperidine-1-carboxylate (9.72 g,
60%). MS (APCI): m/z =315 [M - C5H802 + Hr.            The compounds of
Preparations 20 and 22-25 may be prepared essentially as described in
15Preparation 19. Preparation Compound Physical Data MS(APCI) 20 tert-Butyl
4-(2-oxo-2-(4-(trifluoromethyl)pheny1)-
ethylcarbamoyl)piperidine-l-carboxylate m/z = 315 [M - C5H802 + Hr 21   22
tert-Butyl 4-(2-(4-chloropheny1)-2-
oxoethylcarbamoyepiperidine-l-carboxylate m/z ---- 280 [M - C5H802 + Hr 23
tert-Butyl 4-(2-(2,4-dichloropheny1)-2- oxoethylcarbamoyDpiperidine- 1
-carboxylate 



m/z --- 315 [M - C51-1802 +HI- 24 tert-Butyl
4-(2-(4-fluoro-3-(trifluoromethyl)phen-y1)-2-
oxoethylcarbamoyl)piperidine-l-carboxylate m/z = 433 [M + 1-1] 25
tert-Butyl 4-(2-(3-fluoro-4-(trifluoromethyl)phen-y1)-2-
oxoethylcarbamoyl)piperidine-l-carboxylate m/z = 433 [M + I-1]  -20-
Preparation 27
154-12-(4-Fluoro-3-trifluoromethyl-pheny0-1-methy1-2-oxo-ethylcarbamov11-pi
peridine-1-  carboxylic acid tert-butyl ester       Add dimethylformamide
(20 mL) is to a mixture of 2-amino-1-(4-fluoro-3-
frifluoromethyl-pheny1)-propanThone 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 20equiv; 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 p1) at 0C. Warm the mixture to room temperature while
stirring for one hour. Dilute the mixture with Et0Ac, wash with water, 1 M
citric acid, water, saturated NaHCO3, and saturated aqueous sodium chloride
and dry over 25Na2SO4. Purify the residue by dissolving in CH2C12, loading
onto a silica gel column and eluting with Et0Ac to give 500mg (51%) of the
title compound. MS(ES): m/z = 445.2 [M - H].       The compounds of
Preparations 30-32D may be prepared essentially as described in Preparation
27. Preparation Compound MS(ES) 28    -21- Preparation 



Compound MS(ES) 29    4-[2-(2-Chloro-5-trifluoromethyl-phenyl)-2-oxo- m/z =
449 30 ethylcarbamoyl]-piperidine-l-carboxylic acid tert- butyl ester
[M++1-1]  442-(3-Fluoro-5-trifluoromethyl-pheny1)-2-oxo- m/z = 433 31
ethylearbamoylkpiperidine-l-carboxylic acid tert- butyl ester [M+-1-H]
442-(2-Fluoro-5-trifluoromethyl-pheny1)-2-oxo- m/z = 433 32
ethylcarbamoyll-piperidine-l-carboxylic acid ten- butyl ester [M++1-1]
Tert- butyl 4-(1-oxo-1-(4- m/z = 428.2 32-A
(trifluoromethyl)phenyl)propan-2-ylcarbamoy1]- piperidine-l-carboxylate
[M++H] 



Tert- butyl 4-(1-oxo-1-(3- m/z = 428 32-B
(trifluoromethyl)phenyppropan-2-ylcarbamoylk piperidine-l-carboxylate
[M++14]  left- butyl 4-(1-oxo-1-(3-chloro-4- m/z = 412 32-C
fluorophenyl)propan-2-ylcarbarnoyl I -piperidine-1- carboxylate [M++H]
Tert- butyl 4-(1-oxo-1-(3-fluorophenyl)propan-2- m/z = 378 32-D
ylcarbamoylkpiperidine-l-carboxylate [M++H]  Preparation 33
4-(4-(3-(Trifluoromethvflpheny1)-1H-imidazol-2-vIlpiperidine  Microwave
heat a mixture of tert-butyl 4-(2-oxo-2-(3-(trifluoromethyl)phenyI)-
5ethylearbamoyDpiperidine-1-carboxylate (2.5 g, 6.09 mmol) and NH4CI (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-oxo-2-(3-(trifluoromethyl)phenypethylcarbamoy1)-
piperidine-l-carboxylate (2.35 g, 5 67 mmol) and NH4C1 (1.8 g, 33 6 mmol)
in ethanol 10(20 mL) utilizing the same microwave and heating program. Cool
the mixture to room temperature. Repeat the above procedure with a third
portion of tert-butyl 4-(2-oxo-2-(3-
(trifluoromethyl)phenypethylcarbamoyDpiperidine-l-carboxylate (2.0 g, 4 82
mmol) and NH4C1 (1.34 mg, 25 0 mmol) in ethanol (15 mL) at 300W, 160 C, and
200 PSI for 12 h in a microwave apparatus. Cool the mixture to room
temperature. Combine the batches, 15adsorb 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%  



-22- CMA:methylene chloride, 3 L) to provide
4-(4-(3-(trifluoromethyl)pheny1)-1H-imidazol-2- yppiperidine (3.40 g, 75%).
MS (APCI): m/z = 296 [M +           The compounds of Preparations 34-35 may
be prepared essentially as described in 5Preparation 33. Preparation
Compound Physical Data 34
4-(4-(4-(Trifluoromethyl)pheny1)-1Himidazol-2-yl)piperidine MS (MCI): m/z =
296 [M + fl] 35 4-(4-(2,4-Dichloropheny1)-1Himidazol-2-y0piperidine MS
(ES): m/z = 296 [M + El]  Reference Preparation 36
4-(4-Phenyl-1H-imidazol-2-y1)piperidine hydrochloride Microwave heat a
mixture of tert-butyl 4-(2-oxo-2-phenylethylcarbamoy1)-piperidine-1-
10carboxylate (1.0 g, 2.88 nmol) and NH4CI (0.462 g, 8.65 mmol) in 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 in 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-pheny1-1H-imidazol-2- 15yl)piperidine (0.418 g, 64%) as an off-white
solid. Add 4-(4-phenyl-1H-imidazol-2-yopiperidine (0.060 g, 0.26 mmol) to
methylene chloride (15 mL) and concentrated hydrochloric acid (28 !AL).
Stir the mixture for 45 min, then concentrate the mixture in vacua to
provide 4-(4-pheny1-1Himidazol-2-yDpiperidine hydrochloride (0.070 g, 99%).
MS (APCI): m/z = 228 [M + 14]. 20The compound of Preparation 37 may be
prepared essentially as described in Preparation 36. Preparation Compound
Physical Data 37 



4-(4-(4-Chloropheny1)-1H-imidazol-2- yl)piperidine hydrochloride MS (APCI):
m/z = 262 [M + II]  Preparation 38
25444-(4-Fluoro-3-(trifluoromethyl)phenv1)-1H-imidazol-2-y1)piperidine
hydrochloride  -23-       Microwave heat a mixture of tert-butyl
4-(2-(4-fluoro-3-(trifluoromethyl)pheny1)-2-
oxoethylcarbamoyDpiperidine-1-carboxylate (1.7 g, 3.92 mmol) and Nn4C1
(0.579 g, 10.8 mmol) in ethanol (17 mL) at 300W, 120 C, and 14 bar for 12 h
in a Personal Chemistry microwave. Cool the mixture to room temperature and
add silica gel (20 g). Purify the residue by silica gel 5 chromatography
(330 g RediSep column, elute with a gradient of 0% to 100% CMAJmethylene
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)pheny1)-1H-imidazol-2-yflpiperidine (600
mg, 51%). MS (APCI): m/z 314 [M + H]. Suspend
4-(4-(4-fluoro-3-(trifluoromethyl)pheny1)-1H-imidazol-2-yOpiperidine (250
mg, 100.80 mmol) in methanol (20 mL) and add hydrogen chloride (2 M in
diethyl ether, 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
vacua at 100 C for 2 h to afford
4-(4-(4-fluoro-3-(trifluoromethyl)pheny1)-1H-imidazol2-yppiperidine
hydrochloride as an off-white solid (220 mg, 79%). 15 MS (APCI): m/z = 314
[M + H]. Preparation 39  4-(4(3-Fluoro-4-(trifluoromethyl
phenyl)-1H-imidazol-2-yl)piperidine hydrochloride  Microwave heat a mixture
of tert-butyl 4-(2-(3-fluoro-4-(trifluoromethyl)phenyI)-2-
20oxoethylcarbamoyl)piperidine-1 -carboxylate (517 mg, 1.19 mmol) and NH4C1
(350 mg, 6.54 mmol) in 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). Puri& the residue by silica gel
chromatography (40 g RediSep column, elute with a gradient of 0% through
100% CMAJmethylene chloride over 60 min, 40 mL/min) to provide
4-(4-(4-fluoro-3- 25(trifluoromethyl)pheny1)-1H-im dazol-2-y0piperidine
(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
afford 4-(4-(3-fluoro-4-(trifluoromethyl)pheny1)-1H-
30imidazol-2-yl)piperidine hydrochloride (29 mg) as an off-white solid.  MS
(APCI): m/z = 314 {M+ HI. Preparation 41
54(N-Hydroxycarbamimidoy1)-piperidine-1-carboxylic acid tert-butyl ester.
Dissolve hydroxylamine hydrochloride (1.65 g; 4.99 equiv; 23.74 mmoles) in
water (5 mL) and add sodium carbonate (2.53 g; 23 87 mmoles). Place
4-cyano-piperidine-l-carboxylic acid tert-butyl ester (1 g; 1.00 equiv; 4
76 mmoles)(Astatech) in a small vial and dissolve in methanol (6 mL; 148.25
mmoles), then add to the flask containing the hydroxylamine. Heat the 



10 mixture to reflux with stirring and hold for 3 h. Remove the methanol by
evaporation and extract the aqueous layer with ethyl acetate (2 x 100 mL).
Wash the combined organics with water (1 x 100 mL), dry over magnesium
sulfate, filter and concentrate to a white solid. thy under reduced
pressure to obtain 1.05 g (91%) of the title compound as a white solid.
LCMS: m/z = 188.2 [M - tBu, M + H] 15 Preparation 42
4-Carbamimidoyl-Mperidine-l-carboxylic acid tert-butyl ester       Dissolve
4-(N-Hydroxycarbamimidoy1)-piperidine-l-carboxylic acid tert-butyl ester
(9.7 g 1.00 equiv; 39.9 mmoles) in methanol (300 mL) and add acetic acid (2
equiv, 20 25  -25- 79.73 mmoles; 4.6 mL), and methanol washed Raney Nickel
(2.7 g). Heat the reaction to 50C, then hydrogenate with 1 ATM hydrogen gas
for 4.5 hours. Filter the reaction mixture through Celite and concentrate
under reduced pressure. Suspend the solid in diethyl ether, filter and dry
under reduced pressure to give 10.39 g of
4-carbamimidoyl-piperidine-l-carboxylic acid 5tert-butyl ester. MS (ES):
m/z = 228 [M H]. Preparation 43  4-Carbamimidoylinperidine-1-carboxylic
acid tert-butyl ester acetic acid salt  10 Add 10% Pd/C (0.079 g; 37.12
umoles) to 4-(N-Hydroxycarbamimidoy1)-piperidine-1- carboxylic acid
tert-butyl ester (805 mg; 1.00 equiv; 3.31 mmoles) in acetic acid (15 mL;
261.77 mmoles) and acetic acid anhydride (0.5 mL; 5.29 mmoles). Hydrogenate
at room temperature for 7 hr at 20 PSI. Purge flask with nitrogen to
provide 1.2 g of a foam. Triturate with acetonitrile and filter to provide
270mg (28%) of the product as a white solid. 15MS (ES): nz/z = 228.0 [M H].
Preparation 44  4-f 4-(3-Chlorophenyl)- 1H
-imidazol-2-yll-piperidine-hydrochloride salt.  Suspend
4-Diaminomethyl-piperidine-1-carboxylic acid tert-butyl ester acetic acid
salt 20(685 mg ; 1.00 equiv; 2.38 mmoles) in dimethylformamide (10 mL;
129.33 mmoles) and add powdered potassium carbonate (1400 mg; 10.13
mmoles). Stir 10 minutes at room temperature then add
2-Bromo-1-(3-chloro-phenyl)-ethanone (1400 mg; 6.00 mmoles) dissolved in 4
mL DMF dropwise to the amidine at room temperature. After 3 h, dilute the
reaction with ethyl acetate and wash with 50% aq. sodium bicarbonate. Dry
the organic layer over sodium sulfate, 25filter and concentrate to a crude
oil. Purify using ISCO chromatography over a biotage 40M column, eluting
with a gradient of DCM to 6%Me0H/DCM. Concentrate the appropriate fractions
to give a 20% yield of 4-[4-(3-Chloro-phenyl)- 1H
-imidazol-2-yl]-piperidine-1- carboxylic acid tert-butyl ester. MS (ES):
m/z = 262.0 [M + H].            Dissolve 444-(3-Chloro-phenyfi- 1H
-imidazol-2-ylkpiperidine-l-carboxylic acid tert30butyl ester (171 mg;
472.54 'moles) in dichloromethane (3 mL; 46.80 mmoles) and  -26- 



slowly add hydrogen chloride (4 mL; 16.00 mmoles) ( 4M HC1 in dioxane) at
room temperature. Stir the solution 1 h. Concentrate in vacuo (2 x DCM) to
give 4-[4-(3-Chloropheny1)- 1H -imidazol-2-yl] -piperidine hydrochloride
salt. MS (ES): nil: = 262.0 [M + 11]. 5The compounds of Preparations 45-47A
may be prepared essentially as described in Preparation 44. Preparation
Compound MS (ES): m/z = [M +11] 45 444-(2,4-(2,4-pheny1)-1H-idazol-2-ylk
piperidine hydrochloride salt 264.0 46
444-(3-Chloro-5-fluoro-pheny1)-1H-imidazol-2-ylk piperidine hydrochloride
280.0 47   47-A tert-Butyl 4-(4-(3-bromopheny1)-1H-imidazol-2-
yl)piperidine-l-carboxylate 408.0  Preparation 48
1-Benzvl-piperidine-4-carbonitrile  10Add 4-Cyanopiperidine (7.19 g; 1.00
equiv; 65.269 mmoles); benzaldehyde (1.05 equiv; 68.533 mmoles; 7.0 mL),
then sodium triacetoxyborohydride (1.3 eq, 84.85 mmoles; 18.73 g) to
2%(v/v) acetic acid in tetrahydrofuran (435 mL) and stir rapidly until
complete. Dilute with ethyl acetate and wash with sat. sodium bicarbonate,
saturated aqueous sodium chloride, dry with MgSO4, filter, evaporate under
reduced pressure to give 13.0 g oil. Dissolve in ether (-300 inL),
15filter, and slowly add 60 mL 1M HCI in ether. Cool in ice bath. Filter,
rinse with ether, dry under vacuum and collect 13.616 g (57.51 mmol, 88%)
1-benzyl-piperidine-4-carbonitrile. 



MS (ES): in/z= 201 [M + H]. Preparation 49
201-Benzyl-piperidine-4-carboximidic acid methyl ester hydrochloride
Dissolve 1-Benzyl-piperidine-4-carbonitrile hydrochloride (1.00 equiv; 57.3
nmoles; 13.57 g) in 75 mL Me0H and cool in ice bath. Saturate with HO gas
for 25 minutes, then remove ice bath and stir for 3 hours. Evaporate under
reduced pressure to give 17.47 g (65.0 mmol, 113%) 1-
benzyl-piperidine-4-carboximidic acid methyl ester hydrochloride. 25 MS
(ES): m/z = 233 [M + H].  -27- MS (ES): ma = 233 [M + H1. Preparation 50
1-Benzyl-pineridine-4-carboxamidine dihydrochloride  5Dissolve
1-benzyl-piperidine-4-carboximidic acid methyl ester hydrochloride (17.47 g
1.00 equiv; 65 mmoles) in 2M ammonia in methanol (-350 mL). Saturate with
ammonia gas for 15 min. Stir for 18 hours and evaporate. Co-evaporate with
dry methanol. Dry under high vacuum to give 18.29 g (63.03 mmol, 97%) of
1-benzylpiperidine-4-carboxamidine dihydrochloride as a light yellow solid.
10MS (ES): m/z = 218 [M +1-1]. Prenaration 51
1-Benzv1-445-(3-chloro-4-fluoro-phenv11- IN -imidazol-2-v11-0iperidine
Dissolve 1-benzyl-piperidine-4-carboxamidine dihydrochloride (2 g; 1.00
equiv; 15 6.89 mmoles) in dimethylformamide (90 mL). Add powdered potassium
carbonate (4 equiv; 27.56 mmoles; 3.8095 g) and warm to -45 C. Add
3-chloro-4-fluoro-phenacyl bromide (2.00 equiv; 13.782 mmoles; 3.5366 g) in
8 mL with DMF dropwise over 40 minutes. Dilute with 50 mL ethyl acetate,
stir 5 mm and filter. Evaporate and partition with ethyl acetate/sat,
sodium bicarbonate, wash organic layer with water, then saturated 20aqueous
sodium chloride. Dry with MgSO4, filter and evaporate to red foam. Purify
over flash silica gel with 0-10%Me0H/ACN. Pool fractions to give 1.9772 g
(5.346 mmol, 78%) 1-Benzy1-445-(3-chloro-4-fluoro-pheny1)- 1H
-imidazol-2-y11-piperidine. MS (ES): m/z = 370 [M + F1].           The
compounds of Preparations 52-53 may be prepared essentially as described in
25Preparation 51. Pre aration Corn mind rannertalli 52
1-Benzy1-445-(3,4-(3,4-phenyl)- 1H - imidazol-2-11-iieridine 368 53
1-Benzy1-444-(4-fluoro-phenyl)- 11-/ - imidazol-2- 1 - i eridine 



336.0  Preparation 54  4-15-(3-chloro-4-fluoro-phenv1)- 1H
-imidazol-2-v11-piperidine dihydrochloride  -28-      Dissolve
1-benzy1-445-(3-chloro-4-fluoro-phenyl)- I H -imidazol-2-ylkpiperidine
(1.00 equiv; 1.595 mmoles; 590 mg);,
N,N,1\11,N-tetramethy1-1,8-naphthalenediamine (1 equiv; 1.595 mmoles; 341.8
mg) in 1,2-dichloroethane (12 mL) and cool in an ice bath. Add
1-chloroethyl chlorofonnate (3 equiv; 4.785 mmoles; 517 gL) and warm to
reflux for I hour. Cool to RT and 5 filter through 1 cm plug silica gel,
rinse with DCM. Evaporate to give 760 mg foam. Dissolve in Me0H and heat to
reflux for 6 hours. Evaporate to give 556.3 mg (99%)
445-(3-chloro-4-fluoropheny1)- 1H -imidazol-2-ylkpiperidine dihydrochloride
as a yellow foam. MS (ES): m/z = 280 [M + 11]. 10The compounds of
Preparations 55-56 may be prepared essentially as described in Preparation
54. Preparation Compound MS (ES): m/z = [M + II] 55
445-(4-chloro-3-trifluoromethyl-pheny1)- 1H -imidazol-2-y11-piperidine
dihydrochlmide 330 56 445-(3,4-dichloro-pheny1)- 1H -imidazol-2-
yll-piperidine dihydrochloride 297  Preparation 57 444-(4-Fluoro-phenyl)-
1H -imidazol-2-v11-Mperidine 15Hydrogenate 1-Benzy1-444-(4-fluoro-pheny1)-
1H -imidazol-2-y11-piperidine in 20% Pd(OH)2/C (Pearlman's catalyst)
(0.15gm) in 125 mL 2B Et0H, at 30C for 23 h at 60 PSI. Filter and
concentrate to yield the title compound as an oil. MS (ES): m/z = 246.0 [M
20The compounds of Preparation 59 may be prepared essentially as described
in Preparation 57. Preparation 



Compound MS (ES): nalz = [M + BO 58   59 444-(3,4-Difluoro-phenyl)- 1H
-imidazol-2-y13- piperidine (NH4CO2) 264.0  -29- Preparation 60  tert-Butyl
4-(4-(3-(trifluoromethyl)pheny1)- 1H
-imidazol-2-yl)piperidine-1-carboxylate  Add
4-(4-(3-(trifluoromethyl)pheny1)- 1H -imidazol-2-yl)piperidine (795 mg,
2.69 mmol) to a solution of CH2C12 (25 mL) and THF (25 mL) under nitrogen
followed by 5triethylamine (0.985 mL, 5.64 mmol) and di-tert-butyl
dicarbonate (650 mg, 2.96 mmol). Stir the mixture at room temperature
overnight. Concentrate the mixture in vacuo and purify the residue by
silica gel chromatography (120 g RediSep column, elute with a gradient of
0% to 100% ethyl acetate/hexanes, over 35 mm, 85 mL/min) to provide
tertbutyl 4-(4-(3-(trifluoromethyl)pheny1)- 1H
-imidazol-2-yl)piperidine-1-carboxylate (550 10mg, 51%) as an off-white
solid. MS (APCI): m/z = 396 [M + H].       The compound of Preparation 61
may be prepared essentially as described in Preparation 60. Preparation
Compound Physical Data 61 tert-Butyl 4-(4-(4-(trifluoromethyl)pheny1)- 1H
-imidazol-2-yppiperidine-1-carboxylate MS (APCI): m/z = 396 [M + H].  



15Preparation 62  tert-Butyl 4-11-methyl-4-(3-(trifluoromethyl)phenyl)-
111idazol-2-yl)piperidine-1-  carboxylate  Add tert-butyl 4-(4-(3-(t
uoromethyl)pheny1)- 1H -imidazol-2-yppiperidine-1- carboxylate (540 mg,
1.36 mmol) to diethyl ether (100 mL) and cool to 0 C. Add 20sodium hydride
(55 mg, 1 5 mmol, 60% in mineral oil) to the mixture followed by methyl
iodide (0.142 mL, 2 72 mmol). Stir the mixture for 1 h at 0 C and warm to
room temperature. Add THF (40 mL) and stir the mixture for 12 h.
Concentrate the mixture, and purify the residue by silica gel
chromatography (120 g RediSep column, elute with a gradient of 0% to 100%
ethyl acetate:hexane, over 40 mm, 85mL/min) to provide ten- 25butyl
4-(1-methyl-4-(3-(trifluoromethyl)pheny1)- 111 -imidazol-2-yOpiperidine-1-
carboxylate (425 mg, 76%). MS (APCI): m/z -= 410 [M + H].       The
compound of Preparations 63 and 63A may be prepared essentially as
described in Preparation 62. Preparation CompoundPhysical Data  -30-
Preparation Compound Physical Data 63 tert-Butyl 4-0
-methy1-4-(4-(trifluoromethyl)- phenyl)- 1H -imidazol-2-yl)piperidine-1-
carboxylate MS (APCI): m/z = 410 [M+ H] 63-A tert-Butyl
4-(4-(3-bromopheny1)-1-methy1-1H- .. imidazol-2-yl)piperidine-1-carboxylate
MS(ES):m/z = 422(M+H)  Preparation 64  4-0
-Methyl-4-(3-(trifluoromethyl)nheny1)- 1H -imidazol-2-yllpiperidine
dihydrochloride Add hydrogen chloride (4 M in 1,4-dioxane, 5 mL, 20 mmol)
to a solution of tert- 5butyl 4-(1-methy1-4-(3-(trifluoromethyl)pheny1)- 1H
-imidazol-2-yl)piperidine-l- 



carboxylate (400 mg, 1.10 mmol) in CH2C12 (10 mL) at 0 C under nitrogen and
stir for 2 h. Concentrate the mixture in vacuo to provide 4-(1-methy1-4-(3-
(trifluoromethyl)pheny1)- 1H -imidazol-2-yDpiperidine dihydrochloride (435
mg, >99%). MS (APCI): m/z = 310 [M + H]. 10The compound of Preparation 65
may be prepared essentially as described in Preparation 64. Preparation
Compound Physical Data 65 4-0 -Methyl-4-(4-(trifluoromethyl)phenye- 1H -
imidazol-2-yl)piperidine dihydrochloride MS (APCI): m/z =- 310 [M + H]
Preparation 66  154-1-4-(4-Fluoro-3-trifluoromethyl-phenyl)- 1H
-imidazol-2-yll-piperidine-1-carboxylic acid tert-butyl ester       Add
ammonium acetate (3.24g, 41.63 mmoles) to a solution of tert-butyl
4-(-2-(4-
Fluoro-3-(trifluoromethyl)pheny1)-2-oxoethylcarbamoyDpiperidine-1-carboxyla
te (600 mg, 1.00 equiv; 1.39 mmoles) in 1-Butanol (7 mL), followed by
triethylamine (1 equiv; 20193.40 4). Stir the mixture at 160 C in a sealed
tube for 2 hours. Remove the solvent in vacuo by co-evaporating with
toluene and CH2C12. Redissolve the crude in Et0Ac, wash with water, dry
over Na2SO4 and concentrate. Purify the residue via silica gel
chromotography, eluting with Et0Ac : Hexane (6 : 4) to offer 280 mg (49%
yield) of the title compound. 25 LCMS: MS(1S): m/z = 314.2 [M + H].  -31-
The compounds of Preparations 67,69 and 71-73D may be prepared essentially
as described in Preparation 66. Preparation Compound Physical Data 67
444-(4-Fluoro-3-trifluoromethyl-phenyl)- 1H-
imidazol-2-y1]-3-methyl-piperidine-1-carboxylic acid tert-butyl ester
MS(IS): m/z = 428.2 [M+1-1] 68 



69 444-(4-Fluoro-3-trifluoromethyl-pheny1)-5-methyl- 1H
-imidazol-2-yll-piperidine-1-carboxylic acid tert-butyl ester MS (ES): m/z
= 428.2 [I`n + Iii 70   71 444-(2-Chloro-5-trifluoromethyl-phenyl)- 1H -
imidazol-2-ylkpiperidine-1-carboxylic acid tort- butyl ester MS (ES): m/z =
430.2 [1\A  Hi 72 444-(3-Fluoro-5-trifluoromethyl-phenyl)- 1H-
imidazol-2-ylkpiperidine-1-carboxylic acid tert- butyl ester MS (ES):z =
414.2 [M + Hi 73 444-(2-Fluoro-5-trifluoromethyl-phenyl)- 1H -
imidazol-2-yll-piperidine-l-carboxylic acid tert- butyl ester MS (ES): m/z
= 414.2 [M + Hl 73-A Tert-butyl 4-(5-methyl -4-(4-(trifluoromethyl)pheny1)-
1H-idazol -2-ylkpiperidine-1-carboxyliate MS(IS): m/z = 409.2 RVI  14] 73-B
Tert-butyl 4-(5-methyl -4-(3-(trifluoromethyl)pheny1)- 1H-imidazol
-2-yli-piperidine-1-carboxyliate MS(IS): m/z = 409.2 [1`4 + Hi 73-C
Tert-butyl 4-(5-methyl-4-(3-chloro-4-fluoropheny1)- 111 -imidazol-2-y'
eridine-l-carboxyliate 



MS(IS): nilz = 393.2 [M + 14] 73-D Tert-butyl
4-(5-methyl-4-(3-fluorophenyI)- 1H- .. unidazol-2-yll-piperidine-1
-carboxyliate MS(IS): m/z = 359.2 [M  Hi  Preparation 74
54-14(4-Fluoro-3-trifluoromethyl-pheny1)-1-methyl-1H-imidazol-2-yll-piperid
ine-1-carboxylic  acid tert-butyl ester      Dissolve
444-(4-Fluoro-3-trifluoromethyl-phenyl)- 1H -imidazol-2-ylkpiperidine-1-
carboxylic acid tert-butyl ester (860 mg, 2.08 mmoles) in diethyl ether
(100 mL) under N2. Cool the solution to 0C in an ice bath, and add sodium
hydride (1.1 equiv; 2.29 mmoles; 91.52 mg), 10followed by injecting methyl
iodide (2.00 equiv; 4.16 mmoles; 259.12 uL). Stir the mixture for 1 hour at
0 C, and then warm to room  -32-       temperature. Inject tetrahydrofuran
(40 mL) into the above mixture, and then stir at room temperature
overnight. Concentrate the mixture under reduced pressure, and then
dissolve the residue in Et0Ac. Wash with saturated aqueous sodium chloride.
Purify the residue via silica gel chromatography, eluting with Et0Ac :
hexane (7:3) to offer 270 mg 5(30% yield) of a title compound. MS (IS): m/z
= 428.2 [M + FI]. Preparation 74-A       Tert-butyl
4-(1,5-dimethy1-4-(4-(trifluoromethyl
)pheny1)-1H-imidazol-2-y11-piperidine-1- 10carboxylate        Add freshly
powdered potassium hydroxide (193.45 mg, 2.93 mmols, 4 equiv) to a solution
of tert-butyl 4-(5-methy1-4-(4-(trifluoromethyl)pheny1)-1H-imidazol-2-y1]-
piperidine-1-carboxylate (300 mg, 0.73 mmoles) in dimethyl sulfoxide (2 mL)
Stir the  15 mixture at room temperature for one hour, and add methyl
iodide (156 mg, 1.5 equiv) in one portion. After stirring for three hours,
dilute with AcOEt, wash with saturated aq. sodium chloride and dry over
Na2504. Purify the residue via silica gel chromatography, eluting with
Et0Ac : hexane (6:4) to offer 210 mg (68% yield) of a title compound. MS
(IS): m/z = 423.2 [M + FI]. 20The compounds of Preparations 74-B to 74-F
may be prepared essentially as described in Preparation 74-A. Preparation
Compound MS (IS):m/z = [M + 



III 74-B Tert-butyl 4-0,5-dimethy1-4-(3-
(trifluoromethyl)phenyl)-1H-imidazol-2-y1]- piperidine-l-carboxylate 423.2
74-C Tert-butyl 4-(4-(3-chloro-4-(fluoropheny1)-
1,5-dimethy1-1H-imidazol-2-y1]-piperidine-l- carboxylate 407.2 74-D
Tert-butyl 4-(4-(3-fluoropheny1)-1, 5-
dimethy1-1H-imidazol-2-ylkpiperidine-I- carboxylate 373.2 74-E tert-Butyl
4-(4-(3,4-difluoropheny1)-1- isopropyl-1H-imidazol-2-y1)piperi dine-1-
carboxylate   -33- Preparation Compound MS (IS):m/z = [M + H] 74-F
tert-butyl 4-(1-isopropy1-4-(3- 



(trifluoromethyl)pheny1)-1H-imidazol-2- yl)piperidine-l-carboxylate
Preparation 75  4-14-(4-Fluoro-3-trifluoromethyl-phenv1)- 1H
-imidazol-2-v11-piperidine hydrochloride  Add hydrogen chloride (2 mL, 12 M
aqueous) to a solution of 4-[4-(4-Fluoro-3- 5trifluoromethyl-phenyl)- 111
-imidazol-2-yl]-piperidine-1-carboxylic acid tert-butyl ester (275 mg;
665.19 !moles) in methanol (10 mL) Stir the mixture at room temperature
overnight, and then concentrate and dry to offer 210 mg (90% yield) of the
title compound. MS (IS): m/z = 314.2 [M +1-1]. 10The compounds of
Preparations 76-78 and 81-836 may be prepared essentially as described in
Preparation 75. Preparation Compound MS (IS): m/z = IM + H] 76
444-(4-Fluoro-3-trifluoromethyl-pheny1)- 1H - ..
imidazol-2-y1]-3-methyl-piperidine dihydrochloride 328.2 77
444-(4-Fluoro-3-trifluoromethyl-pheny1)-1-methy1-1H
-imidazol-2-y11-piperidine hydrochloride 328.2 78
444-(4-Fluoro-3-trifluoromethyl-pheny1)-5-methy1-1H
-imidazol-2-y11-piperidine dihydrochloride salt 328.2 79   



80   81 444-(2-Chloro-5-trifluoromethyl-pheny1)- 1H- ..
imidazol-2-yli-piperidine dihydrochloride salt 330.2 82
444-(3-Fluoro-5-trifluoromethyl-phenyl)- 1H - .. imidazol-2-ylkpiperidine
dihydrochloride salt 314.2 83 444-(2-Fluoro-5-trifluoromethyl-phenyl)- 1H -
.. imidazol-2-y1]-piperidine dihydrochloride salt 314.2 83-A 4-(1'
5-dimethy1-4-(4-(trifluoromethyl)pheny1)- 1H- imidazol-2-y11-piperidine
hydrochloride salt 323.2 83-B 441 '
5-dimethy1-4-(3-(trifluoromethyl)pheny1)-1Himidazol-2-yl)piperidine
hydrochloride salt 323.2 83-C
4-(4-(3-chloro-4-fluoropheny1)-1,5-dimethy1-1Himidazol-2-yl)piperidine
hydrochloride salt 307.2  -34- Preparation Compound MS (IS): m/z 



= [M + HI 83-D 4-(4-(3-fluoropheny1)-1,5-dimethyl-1H-imidazol-2-
yl)piperidine hydrochloride salt 273.2 -  83 E
4-[4-(3,4-Difluoro-phenyl)-1-isopropy1-1H-imidazol-2- yl]-piperidine
hydrochloride salt  83-F
4-(1-Isopropy1-4-(3-(trifluoromethyl)pheny1)-1Himidazol-2-yppiperidine
hydrochloride salt  83-G 4-(4-(3-Bromopheny1)-1-m ethy1-1H-im idazol-2-
yl)piperidine hydrochloride 322  -35- Preparation 86
1-Benzy1-444-(3-chloro-4-fluoro-nheny1)-1-ethyl-IH  Add dimethyl sulfoxide
(0.3 M, 2.7 mL) to powdered potassium hydroxide (1.5 5equiv, 1.217 mmoles;
68 mg). Add 1-Benzy1-445-(3-chloro-4-fluoro-phenyl)- 111-
imidazol-2-ylkpiperidine (300 mg, 1.00 equiv; 0.811 mmoles), dropwise add
iodoethane (1.1 equiv, 0.892 mmolcs; 71 uL) over 8 mm. Stir the reaction
for 60 minutes, then dilute with water (120 mL) plus saturated sodium
chloride (25 mL) and extract four times with DCM. Wash the organic extracts
with water, then saturated aqueous sodium chloride, 10and dry with MgSO4.
Filter and purify on silica gel with 10% methanol/acetonitrile to give 262
mg (0.659 mmol, 81%) of 1-Benzy1-444-(3-chloro-4-fluoro-phenyl)-1-ethyl-IH
-imidazol-2-yThpiperidinc. MS (ES): m/z = 398 [M + F1].           The
compounds of Preparations 87-89 may be prepared essentially as described in
15Preparation 86. Preparation Compound MS (ES): m/z = EM + 1-11 



87 I -Benzy1-444-(3 -chloro-4-fluoro-pheny1)-1 -methyl-1H
-imidazol-2-ylkpiperidine 384 88 i1-Benzy1-444-(3-chloro-4-fluoro-pheny1)-
I - soprop 1-1H -imidazol-2-y13-piperidine 412 89
1-Benzy1-444-(3,4-(3,4-phenyl)-1-m ethyl-1 H - ..
nruclazol-2-yli-piperidine 412                            Preparation 90
4-14-(3-Chloro-4-fluoro-pheny11-1-ethy1-1H -imidazol-22y11-nineridine
hydrochloride  Dissolve 1-Benzy1-444-(3-chloro-4-fluoro-pheny0-1-ethyl-1H
20 piperidine (263.3 mg, 1.00 equiv; 0.662 mmoles) and
1,8-Naphthalenediamine, N,N,M,Nt-Tetramethyl- (0.05 equiv, 0.033 mmoles,
7.0 mg) in 1,2-Dichloro-ethane (5 mL) and cool in an ice bath. Add
1-chloroethyl chloroformate (1.2 equiv , 0.794 mmol; 0.086 inL). Stir the
reaction 10 minutes in an ice bath then heat to reflux for 20 minutes and
evaporate to dryness. Dissolve the residue in methanol (5 mL) and reflux
for 45 25minutes and evaporate to dryness to give 268 mg (0.779 mmol, 118%)
444-(3-chloro-4- fluoro-pheny1)-1-ethy1-111 -imidazol-2-y13-piperidine
hydrochloride.  -36- MS (ES): nilz = 308 [M + H].       The compounds of
Preparations 91-93 may be prepared essentially as described in Preparation
90. Preparation Compound MS (ES): in/z = [M + HI 91
414-(3-Chloro-4-fluoro-pheny1)-1-methyl- IN - imidazol-2-yll-piperidine
hydrochloride 294 92 444-(3-Chloro-4-fluoro-phenyl)- I-isopropyl-1H -
imidazol-2-y11-piperidine hydrochloride 440.2 



93 4-14-(3,4-Difluoro-phenyl)- 1-methyl-ill -imidazol-2- yll- piperidine
278.0  5Preparation 94 4-Chloro-5-fluoro-7H-pyrroloP2 3-dlpvrimidine
Combine 4-Chloropyrrolo[2,3-d]pyrimidine (2.985g, 19.40mmol), [1-
(chloromethyl)-4-fluoro-1,4-diazoniabicyclo[2.2.2]octanebis(tetrafluorobora
te)] (Sclectfluoto) (I 0.523g, 29.704 mmol)], acctonitrilc (200 mL), and
acetic acid (40 mL) 10and heat to 70C for 24 hours. Monitor loss of
starting material by HPLC then concentrate. Add two portions of toluene (50
mL) and evaporate. Filter crude material thru a pad of celite, washing
with! :1 Et0Ac/CH2C12. Finally, concentrate the filtrate and chromatograph
on a silica column eluting with CH2C12/Me0H [0-10%Me0H gradient]. Check
fractions by MS and combine product fractions to provide 1.931g (58%) of 4-
ISChloro-5-fluoro-7H-pyrrolo[2,3-d] pyrimidine. MS (ES): m/z = 172 [M + HI
Preparation 95  4-Chloro-IH -pvrazolo(3,4-dlpyrimidine  20To a solution of
allopurinol (20g, 146.94 mmoles) in toluene (205.71 mL), add phosphoryl
chloride (68.27 mL, 734.68 mmoles) and diisopropylethylamine (56.38 mL,
323.26 mmoles) and heat the mixture at 80C for 2 hours. Remove the solvent
in vacuo to half and pour the mixture into 2 M potassium phosphate, dibasic
(734.68 mL, 1.47 moles) in water at 4C. Stir the mixture overnight at room
temperature. Filter off the 25precipitate through a pad of celite and wash
it subsequently with Et0Ac. Separate the filtrate, wash the aqueous layer
with more Et0Ac, join the organic layers, dry it over  -37- MgSO4, filter
and concentrate in vacuo to afford 4-Chloro-1H-pyrazolo[3,44]pyrimidine
(16g. 70.45% yield) as a yellow solid. MS (APCI): m/z = 155.1 [M+1-1]
5Preparation 95-A  4,6-Dichloropyrimidine-5-carbaldehyde      Charge DMF
(8.9 mL, 1.3eq) in a round bottom flask and cool to 0C. Add POC13 (32.6 mL,
4.0eq) to the reaction drop wise at 0C. Stir the reaction mass at 0C for
Ih. 10 Charge 4,6-dihydroxy pyrimidine (10.0g, 1.0eq) to the reaction mass
and allowed it to come to room temperature slowly. Reflux the reaction mass
for 4h and monitor the reaction by TLC (10% acetone in DCM). Concentrate
the reaction mass under vacuum and pour the concentrated reaction mass over
crushed ice. Extract the product with diethyl ether and wash with saturated
aq. sodium chloride. Dry the organic layer over anhydrous 15sodium sulfate
and concentrate it under vacuum to get pale yellow solid as product (6.2g,
40%). Preparation 95-B  I -(4,6-Dichloronvrimidin-5-v1)propan-1-ol 



20       Charge 4,6-dichloro-pyrimidine-5-carbaldchydc (2.5g, I .0cq) and
toluene (50 mL) in a round bottom flask. Cool the reaction mass to -10C.
Add ethyl magnesium bromide (3M) in THF solution (5.1 mL, 1 leq) drop wise
at -10C. Slowly allow the reaction mass to come to RT in 1h. Charge chilled
ammonium chloride solution to the reaction mass and 25extract with diethyl
ether. Wash ether layer with saturated aq. sodium chloride solution. Dry
the ether layer over anhydrous sodium sulfate and concentrated it under
reduced pressure to get the desired product (2.3g, 79.3%).       The
compound of Preparation 95-C may be prepared essentially as described in
Preparation 95-B. Preparation Compound 95-C
1-(4,6-Dichloropyrimidin-5-vflethanol  -38- Preparation 95-D
4-Chloro-3-iodo-1H-pvrazolof3 ,4-dltwrimidine Charge
4-chloro-1H-pyrazolo[3,4-cipyrimidine (6.1g, 1.0eq), N-iodosuccinimide
5(NIS) (21.55g, 2.0eq) and DMF (213.5 mL) in a round bottom flask. Stir the
reaction mass at 50C for 16h. Monitor the reaction by TLC (10% acetone in
DCM). Concentrate the reaction mass under reduced pressure. Charge ethyl
acetate and wash with water and saturated aq. sodium chloride. Dry the
organic layer over anhydrous sodium sulfate and concentrate the organic
layer under reduced pressure to give 4-chloro-3-iodo- IN-
10pyrazolo[3,4-d]pyrimidine (6.8g, 61.43%). Preparation 95-E
4-Chloro-3-((trimethvIsilvflethvny1)-1H-pvrazolor3,4-dlovrimidine  Charge
4-chloro-3-iodo-1H-pyrazolo[3,4-d]pyrimidine (5.4g, 1.0eq), trimethyl
15silyl acetylene (I1.347g, 6.0eq), CuI (1.833g, 0.5eq), TEA (2.68 mL,
1.0eq), DMF (67.5 mL), and THF (202.5 mL) in a round bottom flask under
argon atmosphere. Stir the reaction mass under argon atm for 30min. Charge
(PPh3)4Pd (2.225g, 0.1eq) and stir the reaction mass at 35C for 3h. Monitor
the reaction by TLC (10% acetone in DCM). Concentrate the reaction mass
under reduced pressure. Charge ethyl acetate and wash 20 with saturated
sodium bicarbonate solution, water and saturated aq. sodium chloride, Dry
the organic layer over anhydrous sodium sulfate and concentrate the organic
layer under reduced pressure. Purify the compound by column chromatography
(silica 100-200 mesh, DCM - Acetone) to give desired product (1.81g,
36.14%). 25Preparation 96
Cyclonropv1-(4,6-dichloro-pvrimidin-5-v1)-methanol  Add slowly n-BuLi (2.37
g, 36.0 =not) to a cooled solution of diisopropylamine (3.72g, 36.0 mmol)
in 50.0 mL THF at -78C under nitrogen atmosphere. Stir the reaction mixture
for 30 min at the same temperature, then add 4,6-dichloropyrimidine 30(5.0
g, 33.0 mmol) dissolved in 15 mL of THF. Stir the resultant reaction
mixture for an 



additional 30 min at -78C, then add cyclopropane carbaldehyde (2.58 g, 36.8
mmol). Allow the reaction mixture to warm up to room temperature. Add 50.0
mL of water and  -39- extract the organic with ethyl acetate (3 x 50 mL),
wash with saturated aqueous sodium chloride, then dry over anhydrous sodium
sulfate. Concentrate under reduced pressure under vacuum to give
Cyclopropyl-(4,6-diehloro-pyrimidin-5-y1)-methanol (4.0 g, 54% yield). MS
(APCH: nilz = 220 [M tH] 5 Preparation 97
Cyclopropyl-(4,6-dichloro-pyrimidin-5-y1)-methanone       Add chromium
oxide (VI) (5.84 g, 58.4 mmoles) portion wise to
cyclopropyl(4,6-dichloro-pyrimidin-5-y1)-methanol (4.0 g, 18.2 mmoies) in
80.0 mL acetone at 0C 10and stirr for 30 min at 0 C. Next add isopropyl
alcohol to quench the excess reagent and stir for another 15 min at room
temperature. Cool to 0 C and pour onto sat. NaHCO3 solution. Filter through
Cclite0 bcd, extract with ethyl acetate (3x50 mL), and wash the combined
organic layers with saturated aqueous sodium chloride. Dry and concentrate
under reduced to give the title compound as a colorless oil (2.0 g, Yield
50%, 9.2 mmol). 15 MS (ES): m/z = 218 [M + H].      The following
Preparations may be prepared essentially as described in Preparation 97.
Preparation Compound 97-A 1-(4,6-dichloropyrimidin-5-yl)propan- I -one 97-B
1-(4,6-dichloropyrimidin-5-yl)ethanone  20Preparation 98  4-Chl
oro-3-cyclopropyl -1H -pyrazolof 3 4-dlpyrimidine  Add hydrazine hydrate
(2.67 g, 53.4 mmol) slowly to cyclopropyl- (4,6-dichloro
pyrimidin-5-y0-methanone (9.66 g, 44.5 mmol) dissolved in 300 mL THF at
room temperature and stir for 4 hours. Upon completion, partition the
reaction mixture 25between water and ethyl acetate, collect the organic
layer, wash with saturated aqueous sodium chloride, dry over anhydrous
sodium sulfate, and concentrate under vacuum. Purify the resultant title
compound by passing through a short silica gel (60-120 mesh) pad using
Chloroform/ methanol (97:3) as cluent. MS (ES): m/z = 195 [M + H].  -40-
Preparation 109  



4-Chloro-5-iodo-7H-pyrrolo 12.3-d1 pvrimi din e      Dissolve
6-chloro-7-deazapurine (10.75 g, 70 mmol) and N-iodosuccinimide (16.8 g, 75
mmol) in 400 mL of dry DMF and leave at ambient temperature in the darkness
over night. Evaporate the solvent. Distribute the dark residue between 500
mL of ethyl acetate and 150 mL of 10 % Na2S03. Wash the organic fraction
with 10 % Na2S03 (2x100 mL), saturate aqueous sodium chloride solution (150
raL), dry over Na2SO4 and evaporate. Crystalize the yellow residue from
ethanol to yield 16.2 g (83%) of
4-chloro5-iodo-7H-pyrrolo[2,3-d]pyriraidine as off-white crystals.
Evaporate the mother liquor, dissolve in toluene, and purify by flush
chromatography on silica gel (7x 4 cm). Wash the column with toluene until
the eluant is colourless then elute the title compound with 5 % ethyl
acetate in toluene to give an additional 3.5 g of the product. Preparation
110  -41-
4-(4-Chloro-7H-pyrrolor2,3-d1rwrimidin-5-y1)-2-methylbut-3-vn-2-ol
Charge 4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (5.0g, 1.0eq), 2-
methy1-3- butyn-2:ol (9.02g, 6.0eq), TEA (I.68g, 0.93eq), CuI (1.36g,
0.4eq), DMF (62.5 rnL) and THF (187.5 mL) at RT under argon atmosphere.
Stir the reaction mass at RT under argon 5atmosphere for 5min. Charge
Pd(PF'h3)4 (1.03g, 0.05eq) and stir the reaction mass at 45C for 16h.
Monitor the reaction by TLC (65% CHC13: 23% Hexane: 12% Acetone).
Concentrate the reaction mass under vacuum. Charge ethyl acetate and give
washing with water and saturated aq. sodium chloride. Dry the organic layer
over anhydrous Na2SO4 and concentrate it under vacuum. Crystallize the
compound in 65% CHC13 : 23% hexane 10:12% Acetone to give the desired
compound (3.35g,79.7%).      The compound of Preparation 111-112 may be
prepared essentially as described in Preparation 110. Preparation Compound
Physical Data 111 3-(4-Chloro-7H-pyrrolo[2,3-d]pyrimidin-5-
yl)prop-2-yn-1-01  112 4-Chloro-5-trimethylsilanylethyny1-711-
pyrrolo12,3-al-pyrimidine LCMS-250(M+H)  Preparation 113
154-Chloro-5-(3-methv1-3-(trimethylsilvloxv)but-1-vny1)-7H-pyrrolo12
3-dlpyrimidine        Charge
4-(4-chloro-7H-pyrrolo[2,3-cipyrimidin-5-y1)-2-methylbut-3-yn-2-ol (3.35g,
1.0eq), imidazole (2.9g, 3.0eq), TEA (2.16g, 1.5eq) and diethyl ether (84
tnL) at RT. Cool the reaction mass to 0C and add trimethyl silyl chloride
(1.53g, 1.0eq). Stir the reaction mass at RT for 4h. Monitor the reaction
by TLC (5% Me0H in DCM). Charge 20 chilled DM water and extract with
diethyl ether. Wash the ether layer with saturated aq. sodium chloride. Dry
the organic layer over anhydrous Na2SO4 and concentrate it under vacuum to
get the desired compound (3.06g,70%). Preparation Compound Physical Data
114 



4-Chloro-5-(3-(trimethylsilyloxy)prop-1-yny1)- 7H-pyrrolo[2,3-d]pyrimidine
-42- 4-(4-(5-(2,4-Di chloropheny11-1H-imi
dazol-2-vIlpiperidin-1-y11-1H-pyrazol o [3 .441-  pYrimidine hydrochloride
Heat a mixture of 4-(4-(2,4-dichloropheny1)-1H-imidazol-2-yflpiperidine
(270 mg, 0.91 mmol), 4-chloro-1H-pyrazolo[3,4-d]pyrimidine (280 mg, 1.82
mrnol), Et3N 5 (0.63 mL, 4.5 mmol), and 2-propanol (10 mL) at 90 C
overnight under N2. Cool the mixture to room temperature and pour into
water (100 mL) Extract the mixture with CH2C12 (2x200 mL), combine the
organic layers, and wash with water (50 mL). Dry (N a2504)the organic
layer, filter the mixture, and concentrate the filtrate in vacuo. Purify
the residue by silica gel chromatography (25 g of 5i02, elute with
CH2C12/CMA 104:1, 1000 mL) to provide
4-(4-(5-(2,4-dichloropheny1)-1H-imidazol-2-yl)piPeridin-l-y1)-
1H-pyrazolo[3,4-d]pyrimidine (304 mg, 80%). Add hydrochloric acid (2.0 M
aqueous, 0.36 mL, 0.72 mmol) to a suspension of
4-(445-(2,4-dichloropheny1)-1H-imidazol-2-
y1)piperidin-l-y1)-1H-pyrazolo[3,4-d]pyrimidine (300 mg, 0.72 mmol) in
methanol (7 mL). Concentrate the mixture in vacuo to dryness. Dissolve the
residue in methanol (2 15 mL) and add diethyl ether (50 mL) to form a
precipitate. Filter the precipitate, and wash the filter cake with Et20.
Dissolve the solid in methanol (10 mL) and remove the solvent in vacuo to
dryness to provide
4-(4-(5-(2,4-dichloropheny1)-1H-imidazol-2-yl)piperidinl-y1)-111-pyrazolo[3
,4-d]pyrimidine hydrochloride (210 mg, 65%) as an off-white solid. MS
(APC1): m/z = 414 [M + H]. 20The compounds of EXAMPLES 2,4-18, 23-28 and
31-33H may be prepared essentially as described in EXAMPLE 1. EXAMPLE Coin
ound Ph sical Data  4-(4-(4-(4-(Trifluoromethyl)pheny1)-1H- MS (APCI): m/z
= 2 imidazol-2-yl)piperidin-1-y1)-1H-pyrazolo[3,4- cl] yrimicline
hydrochloride 414 [M + H] 3    4-(4-(4-(4-Chloropheny1)-1H-imidazol-2- 



MS (APCI): m/z = 4 yppiperidin-1-y1)-1H-pyrazolo[3,4-d]pyrimidine
hydrochloride 380 [M + H]  4-{414-(3-(Trifluoromethyl)-pheny1)-1H- MS
(APCI): m/z = 5 imidazol-2-y1]-piperidin-1-y1}-1H-pyrazolo[3,4-
d]pyrimidine hydrochloride 414 [M + H]
4-(4-(4-(4-fluoro-3-trifluoromethyl)pheny1)-1H- MS (APO): m/z = 6
imidazol-2-yl)piperidin-1-y1)-1H-pyrazolo[3,4- d]pyrimidine hydrochloride
432 [M + H]  -43- EXAMPLE Compound Physical Data
4-{444-(4-Fluoro-3-trifluoromethyl-pheny1)-1H- MS (IS): (m/z) = 7
imidazol-2-y1]-piperidin-1-y11-7H-pyrrolo[2,3- d]pyrimidine hydrochloride
431.41 [M+H]  6-(445-(4-Fluoro-3-trifluoromethy1-pheny1)-1H- 



MS (IS): (m/z) = 8 imidazol-2-ylkpiperidin-1-y11-9H-purine hydrochloride
431.41 [M+H]  5-Fluoro-4-{444-(4-fluoro-3-trifluoromethyl- MS (IS): (m/z)=
9 phenyl)-1H-imidazol-2-ylkpiperidin-1-yll -7H- pyrrolo[2,3-d]pyrimidine
hydrochloride 449.40 [M+H]  4-(444-(4-Fluoro-3-trifluoromethy1-pheny1)-1-
MS (IS): (m/z) = 10 methyl-1H-imidazol-2-y11-piperidin-l-y1}-1H-
pyrazolo[3,4-d]pyrimidine hydrochloride 446.2 [M+H]
4-(4-(1-Methy1-44(3-trifluoromethyl)pheny1)- MS (MCI): m/z = 11
1H-imidazol-2-yl)piperidin-1-y1)-1H- pyrazolo[3,4-d]pyrimidine
hydrochloride 428 [M + H]  4-(4-(1-methyl-44(4-trifluoromethyl)pheny1)-1H-
MS (APCI): m/z = 12 imidazo1-2-yl)piperidin-1-y1)-1H-pyrazolo[3,4-
d]pyrimidine hydrochloride 428 [M + H]  



4-(4-(4-(3-Fluoro-4-(trifluoromethyl)pheny1)-1H- .MS (APCI): m/z = 13
imidazo1-2-yl)piperidin-1-y1)-1H-pyrazolo[3,4- d]pyrimidine hydrochloride
432 [M + H]  4-{444-(4-Fluoro-3-trifluoromethyl-pheny1)-1H- MS (IS): (m/z)
= 14 imidazol-2-y1]-3-methyl-piperidin-1-y1}-1H- pyrazolo[3,4-d]pyrimidine
hydrochloride 446.2 [M+H]  4-{444-(4-Fluoro-3-trifluoromethyl-pheny1)-1H-
MS (IS): (m/z) = 15 imidazol-2-y1]-3-methyl-piperidin-l-y1}-7H-
pyrrolo[2,3-d]pyrimidine hydrochloride 445.2 [M+H] 16 4-
(444-(4-Fluoro-3-trifluoromethyl-pheny1)-5-
methyl-1H-imidazol-2-ylkpiperidin-l-y11-7H- pyrrolo[2,3-d]pyrimidine
dihydrochloride MS (IS): (m/z) = 445.2 [M+H] 17
4-{4-14-(4-Fluoro-3-trifluoromethyl-pheny1)-5-
methyl-1H-imidazol-2-ylkpiperidin-1-y11-1H- pyrazolo[3,4-d]pyrimidine
dihydrochloride MS (IS): (m/z) = 446.2 [M+H]  6-
(444-(4-Fluoro-3-trifluoromethyl-pheny1)-5- MS (IS): (m/z) = 18
methyl-1H-imidazol-2-y1]-piperidin-1-y1}-9H- purine dihydrochloride 446.2
[M+H] 



19   20   21   22    -44- EXAMPLE Compound Physical Data    23
4-(4-[5-(2-Ch1oro-5-trifluoromethy1-pheny1)-1H-
iraidazol-2-y11-piperidin-1-yll-lH-pyrazolo[3,4- d pyrimidine
dihydrochloride MS (IS): (m/z) = 448.2 [M+1-1] 24
4-{445-(3-Fluoro-5-trifluoromethyl-pheny1)-1H-
imidazol-2-y11-piperidin-l-y11-1H-pyrazolo[3,4- d pyritnidine
dihydrochloride MS (IS): (m/z) = 432.2 [M+H] 25
4-(415-(2-Fluoro-5-trifluoromethyl-pheny1)-1H-
imidazol-2-y1]-piperidin-l-y1}-7H-pyrrolo[2,3- d]pyrimidine dihydrochloride



MS (IS): (m/z) = 432.2 [M+H] 26
4-(445-(2-Fluoro-5-trifluoromethyl-pheny1)-1H-
imidazol-2-y11-piperidin-1-y11-1H-pyrazolo[3,4- d]pyrimidine
dihydrochloride MS (IS): (m/z) = 432.2 [M+1-1] 27
6-{415-(2-Fluoro-5-trifluoromethyl-pheny1)-1H-
imidazol-2-ylkpiperidin-1-y1}-9H-purine dihydro chloride MS (IS): (m/z) =
432.2 [M+1-1] 28 3-Cyclopropy1-4-(445-(4-fluoro-3-trifluorometh-
ylpheny1)-1H-imidazol-2-yll-piperidin-1-y11-1H- pyrazolo[3,4-d]pyrimidine
dihydrochloride MS (IS): (m/z) = 472.2 [M+H] 29   30   30-A   30-B   30-C
30-D 



31 6-{414-(4-Trifluoromethy1-pheny1)-1H-imidazol-
2-yll-piperidin-1-y1}-9H-purine hydrochloride MS (ES): (m/z) = 414.0 [M+H]
32 6-{4-[4-(3-Trilluoromethy1-pheny1)-1H-imidazol-
2-y1]-piperidin-l-y1}-9H-purine hydrochloride MS (ES): (m/z) = 414.0 [M+H1
33 4-(444-(4-Fluoro-3-trifluoromethyl-pheny1)-1-
methyl-1H-imidazol-2-ylkpiperidin-1-y1}-7H- pyrrolo[2,3-dlpyrimicline
hydrochloride MS (ES): (m/z) = 445.0 [M+1-1]  -45- EXAMPLE Compound
Physical Data 33-A 4-(4-(1, 5-dimethy1-4(4-trifluoromethyl)pheny1)-
1H-imidazol-2-yl)piperidin-l-y1)-1 Hpyrazolo[3,4-d]pyrimidine
dihydrochloride (Coupling reaction in dimethylformamide with MS (MCI): m/z
= 441 [M + El]  diisopropylethylamine)  33-B
4(441,5-dimethy1-443-trifluoromethyl)phenye-
1H-imidazol-2-yl)piperidin-l-y1)-1 Hpyrazolo[3,4-d]pyrimidine
dihydrochloride (Coupling reaction in dimethylformamide with MS (MCI): m/z
= 441 [M + II]  diisopropylethylamine)  



33-C 4(444(3-chloro-4-fluoropheny1)-1,5-dimethyl-
1H-imidazol-2-yl)piperidin-1-y1)-1 Hpyrazolo[3,4-d]pyrimidine
dihydrochloride (Coupling reaction in dimethvlfortnamide with  MS (APCI):
m/z = 425 [M + II]  diisopropylethylamine)  33-D
4(444(3-fluoropheny1)-1,5-dimethy1-1H- imidazol-2-yl)piperidin-1-y1)-1
H-pyrazolo[3,4- d]pyrimidine dihydrochloride (Coupling reaction in
dimethylformamide with MS (APO): m/z = 391 [m +11]  diisopropylethylamine)
33-E 6-1,44443,4-Difluoro-pheny1)-1-isopropy1-1H-
imidazol-2-y11-piperidin-1-y11-9H-purine hydrochloride MS (MCI): m/z = 424
[M + El] 33-F 4-{4[4(3,4-Difluoro-phenyl)-1-isopropyl-1H-
imidazol-2-y11-piperidin-1-y11-1H-pyrazolo[3,4- dIpyrimidine hydrochloride
MS (APCI): m/z = 424 [M + I-1] 33-G 4-
{441-Isopropy1-443-trifluoromethyl-pheny1)-
1H-imidazol-2-ylkpiperidin-l-y11-7Hpyrrolo[2,3-a]pyrimidine hydrochloride
MS (MCI): m/z = 455 [M + I-1] MS (MCI): m/z = 456 [M +1-1] 33-H
4-{4[1-Isopropy1-4(3-trifluoromethyl-pheny1)-
1H-imidazol-2-ylkpiperidin-l-y11-1Hpyrazolo[3,4-d]pyrimidine hydrochloride



REFERENCE EXAMPLE 34
54-{44544-F1uoro-3-trifluoromethy1-nhe1w1)-1H-imidazo1-2-v11-Mperazin-1-y1)
-1H- nvrazolor3,4-dInvrimidine hydrochloride Combine
14544-Fluoro-3-trifluoromethyl-pheny1)-1H-imidazol-2-ylkpiperazine (195 mg,
1.00 equiv; 0.620 mmoles); 4-Chloro-1H-pyrazolo[3,4-d]pyrimidine (1.00
equiv; 0.620 mmoles; 96 mg); isopropyl alcohol (3 mL);
diisopropylethylamine (1 mL) 10 and heat in a microwave reactor at 80C for
60 min. Evaporate the reaction mixture and purify on silica gel with 5%
Me0H/DCM. Combine the fractions to give 213.2 mg  -46- (0.494mmol, 80%) of
4- {445-(4-F1uor0-3-trifluoromethy1-pheny1)-1.1-/-imidazol-2-yljpiperazin-
1 -y1}-1H-pyrazolo[3,4-d]pyrimidine. Dissolve the free base in DCM/Me0H and
add 1.0 eq 1M HC1 in ether. Concentrate the mixture to give 237.2 mg 4-
(44544- Fluoro-3-trifluoromethyl-phenyl)-1H-imiclazol-2-ylkpiperazin- I -yl
-1H-pyrazolo[3,4- 5d]pyrimidine hydrochloride. MS (ES): m/z = 443 [M + H].
The following compounds may be prepared essentially as described in EXAMPLE
34. EXAMPLE Compound Physical Data MS (ES) 35 4- ( 4.4543 -Chloro-4
-fluoro-pheny1)-111-imi dazol-2-
yli-piperidin-l-y1}-1H-pyrazolo[3,4-d]pyrimidine hydrochloride m/z = 398
[M+-i-H] 36 4-(445-(4-Chloro-3-trifluoromethyl-pheny1)-113-
imidazol-2-y1}-piperidin-1 -y1}-1H-pyrazolo[3,4- dipyrimi dine
hydrochloride m/z = 348 [M4+1-1] 37 4- { 4-15-(3 ,4-dichloro-phenyl)-
1H-imidazol-2-y1}- piperidin-l-y1}-1H-pyrazolo[3,4-d]pyrimidine
hydrochloride nvi = 414 1M++Fll , 



38 4-(4-14-(4-Fluoro-pheny1)-1H-imiclazo1-2-yl)- piperidin-l-y1}
-1H-pyrazolo[3,4-d]pyrimidine hydrochloride odz = 364.2 [Mi.+1{1 39 4-
{44443 -Chloro-4-fluoro-phenyl)-1-ethyl- IH-
imidazol-2-y1]-piperidin-1-y1}-1H-pyrazolo[3,4- dlpyrimidine hydrochloride
m/z = 426 [M++H] 49 4- (444-(3-Chloro-4-fluoro-pheny1)-1-methyl-IH-
imidazol-2-y11-piperidin-1-y1)-1H-pyrazolo[3,4- d]pyrimidine hydrochloride
m/z = 412 [M++H] 41 6- (4-[4-(3-Chloro-4-fluoro-phenyl)-1-methy1-1H-
imidazol-2-yl]-piperidin-1 -y1) -9H-purine hydrochloride m/z = 412 [M++H.]
4I-A 3-Cyclopropy1-4-(4-(4-(4-fluoro-3-
(trifluoromethyl)pheny1)-1-methyl-111-imidazol-2-
yl)piperidin-l-y1)-1H-pyrazolo[3,4-dlpyrimidine MS (M+H): miz = 486.5 41-B
3-Cyclopropy1-4-(4-(4-(3,4-difluoropheny1)-1-
methyl-1H-imidazol-2-yl)piperidin-I-y1)-1H- pyrazolo[3,4-d]pyrimidine MS
(M+H): m/z = 436.4 42 4-14-[4-(3-Chloro-phenyl)-1H-imidazol-2-y1]-
piperidin-l-yll -1H-pyrazolo[3,4-d]pyrimidine hydrochloride nilz = 380.2
[M++H] 43 4-14-[4-(2,4-Difluoro-pheny1)-1H-imidazol-2-y1]- piperidin-l-yll
-1H-pyrazolo[3,4-d]pyrimidine hydrochloride salt nilz = 382.0 [M++H]  -47-
EXAMPLE Coin' ound Physical Data 



MS (ES) 44 4-1444-(3-Ch1oro-5-fluoro-pheny1)-1H-imidazol-2-
ylkpiperidin-1-yll -1H-pyrazolo [3 ,4-d]pyrimidine hydrochloride nilz =
398.0 [M++1-1] 44-A 4- {444-(3,4-Difluoro-pheny1)-1-methy1-1H- imi
dazol-2-yll-pip eridin-l-y1) -7H-pyrrolo [2,3- d syrimidine bis
hydrochloride MS (MCI): m/z = 395 [M + H] 44-B 6-
{4-[4-(3,4-Difluoro-pheny1)-1-m ethyl-1H-
imidazol-2-y11-piperidin-1-yll-9H-purine bis hydrochloride MS (MCI): m/z =
396 [M + H] 44-C 4- {444-(3-Chloro-4-fluoro-phen y1)-1 -methyl-1H-
imidazol-2-ylkpiperidin-1 -yll -7H-pyrrolo [2,3- d]pyrimidine bis
hydrochloride MS (APO): m/z = 411 [M + H] 45 4-
{444-(3-Chloro-4-fluoro-pheny1)-1-isopropy1-1H- imidazol-2-ylkpiperidin-1
-y11-1H-pyrazolo [3,4-   yrimid 'ne hydrochloride mix = 440.2 [1V1++H] 46
4-{4-[4-(3,4-Difluoro-phenyl)-1-methyl-11/- imidazol-2-yl]-piperidin-1
-y11-1H-pyrazolo [3,4- , . yrimidine hydrochloride m/z = 396.0 [M++H] 47 4-
(4-[4-(3,4-Difluoro-pheny1)-1H-imidazol-2-yl]- pip eridin- 1 -yll
-1H-pyrazolo[3,4-d]pyrimidine hydrochloride m/z = 382.0 [M++H] 48 4- {44443
-Trifluoromethyl-phenyl)-1H-imidazol-2- ylkpiperidin- 1
-y11-7H-pyrrolo[2,3-d]pyrimidine hydrochloride m/z = 413 [M++H] 



49 4- {441-Methy1-4-(3-trifluorome yl-pheny1)-1H-
imidazo1-2-y1]-piperidin-1-y1}-7H-pyrrolo[2,3- d]pyrimidine hydrochloride
m/z = 427 [M++H] 50 6- {441-Methy1-4-(3-trifluorometlayl-pheny1)-1H-
imidazol-2-ylkiperidin- 1 -y1} -9H-purine hydrochloride miz = 428 [M++H]
50-A   50-B   50-C   50-D    -48-  EXAMPLE  Compound Physical Data MS (ES)
50-E   50-F 



6-(4-(4-(3-bromopheny1)-1-methy1-1H-imidazo 2- yl)piperidin- 1
-y1)-9H-purine hydrochloride ES-MS (M+H) = 438.0 50-0
4-(4-(4-(3-bromopheny1)-1-methyl-1H-imidazol-2-
yl)piperidin-l-y1)-1H-pyrazolo[3,4-d]pyrimne hydrochloride ES-MS (M+H) =
438.0 50-H   50-/     5 10 15  -49- EXAMPLE 53-A
44444(4-fluoro-3-(trifluorom ethyllphenv1)-1-m ethyl-1H-imidazol-2-v1)pip
eridin-l-v1)- 3-m ethyl -1H-pyrazolo13. 4-d1 pvrimi dine       In a
microwave vial charge
444-(4-fluoro-3-trifluoromethyl-pheny1)-1-methyl1H-imidazol-2-y11-piperidin
e dihydrochloride salt (0.5g, 1.0eq),
1-(4,6-dichloropyrimidin-5-y1)-ethanone (0.22g, 1.0eq), TEA (1.2 mL, 8.0eq)
and isopropyl alcohol (5 mL). Stirr the reaction mass at 80C for 45 min in
microwave. Monitor the reaction by  -50- TLC (10% Me0H in DCM). Cool the
reaction mass to 000 and add hydrazine hydrate (0.07 mL, 1.2eq). Slowly
bring the reaction mass to RT. Stirr the reaction mass at 80C for 45min in
microwave. Monitor the reaction by TLC (10% Me0H in DCM). Concentrate the
reaction mass under vacuum. Charge ethyl acetate and then wash with 5 water
and saturated aq. sodium chloride. Dry the organic layer over anhydrous
Na2SO4 and concentrate it under reduced pressure. Purify the compound by
column chromatography (Silica gel 60-120 mesh, DCM - Methanol). Crystallize
the product in diethyl ether and filter it to give
4-(4-(4-(4-fluoro-3-(trifluoromethyl)pheny1)-1-methyl1H- imidazol-2-yl)p
iperidin-l-y1)-3-methyl-IH-pyrazolo[3,4-d]pyrimidine (0.254g, 1050.29%). MS
(M-i-H). m/z = 460.5 



The following example may be prepared essentially as described in Example
53- A. Example Compound Physical Data -  53 B 3-Ethyl-4-(4-(4-(4-fluoro-3-
(trifluoromethyl)pheny1)-1-methy1-1H-imidazol-
2-yl)piperidin-l-y1)-1H-pyrazolo[3,4- d]pyrimidine MS (M+H): m/z = 474.6  I
5EXAMPLE 53-C
3-ethyny1-4-(4-(4-(4-fluoro-34trifluoromethyfiphenv1)-1-methyl-1H-imidazol-
2-  vflpineridin-1-v1)-1H-pvtazolo13,4-dlovrimidine       In a microwave
vial charge
4-[4-(4-fluoro-3-trifluoromethyl-pheny1)-1-methyl1H-imidazol-2-ylkpiperidin
e.2HCI (0.2g, 1.0aq), 4-chloro-3-trimethylsilanylethyny1-1H- 20 pyrazolo
[3,4-d] pyrimidine (0.151g, 1.1eq), diisopropylethylamine (0.72 mL, 7.6eq)
and isopropyl alcohol (6 mL). Stir the reaction mass at 80C for 45min in
microwave. Monitor the reaction by TLC (30% Acetone in DCM). Concentrate
the reaction mass. Charge ethyl acetate and then wash with water and
saturated aq. sodium chloride. Dry the organic layer over anhydrous Na2504
and concentrate it under reduced pressure. Purify the 25 compound by column
chromatography (Silica gel 100-200 mesh, DCM - Acetone) to give
4-14-[4-(4-fluoro-3-trifluoromethyl-pheny1)-1-methy1-1H-imidazol-2-yThpiper
idin1-y1}-3-trimethyl silanylethyny1-1H-pyrazolo[3,4-a]pyrimidine (0.18g,
60.56%)  -51-       Charge 4- {4-[4-(4-fluoro-3-trifluoromethyl -phenyl) I
-methy1-1H-imidazol-2-yl] piped din-l-y1}-3-trimethyl
silanylethyny1-1H-pyrazolo[3,4-capyrimidine (0.18g, 1.0eq), KOH (0.057g,
3.0eq), Me0H (3.7 mL) and DCM (1.85 mL) in a round bottom flask. Stir the
reaction mass at RT for 40min. Monitor the reaction by TLC (30% Acetone in
DCM). 5 Concentrate the reaction mass under vacuum. Charge DCM and given
water and saturated aq. sodium chloride washings. Dry the organic layer
over anhy. Na2SO4 and concentrated it under vacuum to give
3-ethyny1-4-(4-(4-(4-fluoro-3-(trifluoromethyl)pheny1)-1-methylIH-imidazol-
2-yl)piperidin-l-yl)-IH-pyrazolo[3,4-d]pyrimidine (0.074g, 46.07%). LCMS =
470.4 (M+1). 10The following compuond may be prepared essentially as
described in Example 53-C. Example Compound Physical Data 53-D
4-(4-(4-(3,4-DifluorophenyI)-1 -methyl-1H- imidazol-2-yl)piperidin-1
-y1)-3-cthyny1-1H- pyrazolop ,4-d]pvrimidine MS (M+H): m/z = 420.5
EXAMPLE 53-E  44444-(4-(4-fluoro-3-(trifluoromethyllpheny1)-1
15v1)-7H-ovrrolof2.3-dltwrimidin-5-v1)-2-methvlbut-3-vn-2-ol  



In a microwave vial charge
414-(4-fluoro-3-trifluoromethyl-pheny1)-1-methylIH-imidazol-2-y1)-piperidin
e dihydrochloride (0.5g, 1.0eq), 4-chloro-3-(3-methy1-3-
20trimethylsilanyloxy-but-1-yny1)-1H-pyrrolo[3,4-dbyrimidine (0.47g,
1.0eq), diisopropylethylamine (2 mL, 7 6eq) and isopropyl alcohol (10 mL).
Stir the reaction  -52- mass at 80C for lh in microwave. Monitor the
reaction by TLC (10% Me0H in DCM). Concentrate the reaction mass under
vacuum. Charge ethyl acetate and give water and saturated aq. sodium
chloride washings. Dry the organic layer over anhydrous Na2SO4 and
concentrate it under vacuum. Purify the compound by column chromatography
5(Silica gel 60-120 mesh, DCM Me0H). Crystalize the product in diethyl
ether and filter it to get the desired product
4-(4-(4-(4-fluoro-3-(trifluoromethyl)pheny1)-1-methyl-IH-imidazol-2-y1)pipe
ridin-1-y1)-5-(3-methyl-3-(trimethylsilyloxy)but-1-yny1)-7H-pyrrolo[2,3-d]p
yrimidine (0.21g, 23%). Charge
4-(4-(4-(4-fluoro-3-(trifluoromethyl)pheny1)-1-methy1-1H-imidazol-2-
10yl)piperidin-l-y1)-5-(3-methyl-3-(trimethylsilyloxy)but-l-yny1)-7H-pyrrol
o[2,3- 4pyrimidine (0.2Ig, 1.0eq) and TI-IF (2 mL) in a round bottom flask.
Cool the reaction mass to 0C. Add tctra-buytlammonium fluoride (0.19 mL,
2.0cq) drop wise. Stir the reaction mass at RT for 40min. Monitor the
reaction by TLC (10% Me0H in DCM). Charge ethyl acetate and give washing
with saturated sodium bicarbonate solution and 15saturated aq. sodium
chloride. Dry the organic layer over anhy. Na2SO4 and concentrate it under
vacuum. Crystallize the product in diethyl ether and filtered it to give
444444444-
fluoro-3-(trifluoromethyl)pheny1)-1-methyl-1H-imidazol-2-yppiperidin-1-y0-7
Hpyrrolo[2,3-d]pyrimidin-5-yI)-2-methylbut-3-yn-2-ol (0.11g, 64%). MS
(M+H): m/z = 474.6. 20The following compounds may be prepared essentially
as described in Example 53-E. Example Compound Physical Data 53-F
4-(4-(4-(4-(3,4-difluoropheny1)-1-methyl-1H-
imidazol-2-yDpiperidin-l-y1)-7H-pyrrolo[2,3-
dlpyrimidin-5-y1)-2-methylbut-3-yn-2-ol MS (M+H): nilz = 475.6 53-0
3-(4-(4-(4-(3,4-difluoropheny1)-1-methyl-1H-
imidazol-2-yepiperidin-1-y1)-7H-pyrrolo[2,3-
dlpyrimidin-5-yl)prop-2-yn-l-ol MS (M+H): m/z = 449.4 53-H
3-(4-(4-(1-methyl-4-(3-(trifluoromethyl)pheny1)-
1H-imidazol-2-y1)piperidin-1-y1)-7H- pyrrolof
2,3-dipyrimidin-5-yl)prop-2-yn-1-01 



MS (M+H): nilz = 481.4 53-I 5-Ethyny1-4-44-p-methyl-4-(3-trifluoromethyl-
phenyl)-1H-imidazol-2-y11-piperidin-l-y1}-7H- pyrrolo[2,3-capyrimidine
(heat in sealed tube 100C overnight, Et3N, deprotect with TBAF) MS (M+H):
m/z -- 451  -53- Example Compound Physical Data 53-1 4- {44443,4-Di
fluoro-pheny1)-1-methy1-1H- imi dazol-2-yl] -p iperidin-1 -y1)-5
-ethyny1-7H- pyrrolo[2,3-d]pyrimidine (heat in sealed tube 100C overnight,
Et3N, deprotect with TBAF) MS (MH): m/z = 419 53-K
5-Ethyny1-4-{444-(4-fluoro-3-trifluoromethyl- phenyl)-1 -methyl-1H-
imidazol-2 -ylkpiperidin- 1-y1) -7H-pyrrolo[2,3-abyrimidine (heat in sealed
tube 100C overnight, Et3N, deprotect with TB,4F) MS (M+11): nilz = 469
EXAMPLE 54  4-
(444-(3-Trifluoromethyl-phenv1)-1H-imidazol-2-v11-pineridin-l-v11-1H-ovrazo
lo4-cflovrimidine hydrochloride N/( HCI 5CF3      To a 22L 4-necked round
bottom flask (fitted with addition funnel, nitrogen blanket, condenser,
scrubber and mechanical stirrer) add: 3-trifluoromethyl- acetophenone (1500
g, 1.00 equiv; 7.97 moles) and dichloromethane (7.5L). Stir the resulting
clear, colorless solution at room temperature while adding a solution of
bromine 10(1274 g; 1.00 equiv; 7.97 moles) in dichloromethane at room
temperature via addition funnel over 4 hours. Quench the reaction by slow
addition of saturated aqueous NaHCO3 (2000 mL), controlling thc temperature
by ice bath to less than 25 C. Separate the phases and wash the organic
layer with saturated aqueous sodium chloride (2000 mL), then dry the
solution over sodium sulfate, filter and concentrate to a clear colorless
oil. 15 Purify this crude oil by silica gel chromatography (step gradient,
20% to 50% CH2C12 in heptane) to afford
2-Bromo-1-(3-trifluoromethyl-phenyl)-ethanone (1667g, 6.24 mol, 78%) as a
clear, colorless oil.         Charge
2-bromo-1-[3(trifluoromethyl)pheny1]-1-ethanone (1664.7 g; 1.00 equiv; 6.23
moles) and tetrahydrofuran (7500 tnL) to a 12 L 3-necked round bottom flask
(fitted 20with water-cooled condenser, nitrogen blanket, mechanical stirrer
and cooling bath.  



-54- Charge sodium azide (425.6 g; 1.05 equiv; 6.55 moles) in one portion.
Rinse into the flask with water (135 mL). Stir the pale yellow slurry at RT
under nitrogen. After 6 hours, add water (260 mL) and continue to stir
overnight. Filter the resulting orange slurry over a thin pad of Celite(r)
and rinse with THF (IL). Divide the resulting solution 5into two equal
portions (5146.5 g each). Charge two identical 22 L 3-necked round bottom
flask (fitted with addition funnel, water-cooled condenser, nitrogen
blanket, mechanical stirrer and cooling bath) with triphenylphosphine (889
g, 3.43 mol, 1.1 eq), ptoluenesulfonic acid monohydrate (1304 g, 6.86 mol,
2.2 eq) and THF (5.6L). Add the two portions of intermediate mixture via
addition funnels to the individual flasks over 10four hours, controlling
the foaming from nitrogen evolution by addition rate and the temperature by
use of an ice bath. On completion of addition stir the slurry at ambient
temperature for two hours, then filter solids from both reactors onto the
same filter. Wash both flasks and the combined cake with a total THF (4 L).
Dry in a vacuum oven at 40 C overnight to afford
(2-Amino-1-(3-trifluoromethyl-phenyl)-ethanone)-, p-toluene 15sulfonate
(1:1) as a white, crystalline solid (2340g,6,23 mol, 72%).       Charge
(2-Amino-1-(3-trifluoromethyl-phenyl)-ethanonc)-, p-toluenc sulfonatc (1:1)
(913 g, 2.43 mol) and 1-tert-Butoxycarbonylisonipecotic acid (623 g, 2.73
mol, 1.12 eq) along with THF (2.75 L) and Et0Ac (5.5 L) and cool to 0-5 C.
Add 1.2 equivalents of propylphosphonic anhydride (T3P) (1.2 eq, 2.91 mol,
1.512 L of a 50% solution in 20 Et0Ac) and maintain the reaction
temperature at 0-5C during addition. Stir for 10 min, then add
N-methylmorpholine (566 g, 5.6 mol, 2.3 eq) holding the temperature below 5
C during addition. Warm the reaction to room temperature and after 10
hours, cool in an ice bath and add water (7.3 L). Separate the layers and
wash the aqueous layer with Et0Ac (2.75L). Combine the organic layers and
wash with 0.5M aqueous sodium 25bicarbonate solution (2.75L). Wash the
organic layer with saturated aqueous sodium chloride (2.75L), then treat
the resulting organic layer with sodium sulfate and filter. Remove the
solvent via distillation down to -4.6 L. Add back heptane (11 L) while
removing solvent via distillation until the final volume reaches -11L. Cool
to 50C and seed. Hold the resulting slurry at 50C for 3 h, then cool the
slurry to room temperature 30and stir for 2 h. Filter the solids and wash
the cake, first with 10% Et0Ac in heptane (2L) then with heptane (2L).
After drying in a vacuum oven at 60C for 3h, 800 g (79%) of 4-  -55-
[2-0xo-2-(3-trifluoromethyl-pheny1)-ethylcarbamoyl]-piperidine-1-carboxylic
acid ten-butyl ester is obtained as a white solid.       Prepare a solution
of
442-0xo-2-(3-trifluoromethyl-phenyl)-ethylcarbarnoylipiperidine-l-carboxyli
c acid tert-butyl ester (773.3 g; 1.00 equiv; 1.87 moles) in methanol
5(2300 mL). Prepare a solution of ammonium acetate (755.08 g; 9.80 moles)
in methanol (3500 mL). Pump the two solutions at a 5:1 mol ratio of
ammonium acetate to 442-0xo-
2-(3-trifluoromethyl-phcny1)-ethylcarbamoyll-piperidine-1-carboxylic acid
tcrt-butyl ester, with a residence time of 45 minutes. Combine the two
streams in a tee at room temperature and then allow to flow into a thermal
tube reactor with the oven temperature 10at 170C for 5 hours. Combine all
of the collected product solution and concentrate under reduced pressure,
then solvent exchange into 3500 triL of n-BuOH. Wash this solution with a
mixture of 3000 mL of saturated aqueous NaHCO3 and 1000 mL water. Wash
again with saturated aqueous sodium chloride (3000 nth), followed by
azeotropic drying by distillation of IL of n-BuOH (45 C bath temp). Filter
the solids that 15precipitate during distillation. Charge the filtrate to a
5L 4-neck flask in a cooling bath. Bubble anhydrous HC1 gas slowly into the
solution, controlling the temperature < 55 C with ice water bath. On
completion of reaction add Heptane (4000 rnL) slowly via addition funnel,
then cool the resulting slurry to <5 C in an ice bath, hold for 15 min.
Filter the solids and wash the cake with heptane (2 x 600 rnL). Dry solids
in 40 C 20 vacuum oven to afford
(4-[4-(3-Trifluoromethyl-phenyl)-1H-imidazol-2-y1]-piperidineh
Hydrochloride (1:1) as a white solid (619.1g, 1.87 mol, 92%). 



Charge 4-Chloro-1H-pyrazolo[3,4-d]pyrimidine (93.3 g; 1.00 equiv; 603.66
mmoles; 93.30 g),
(444-(3-Trifluoromethyl-pheny1)-1/1-imidazol-2-ylkpiperidine)-,
Hydrochloride (1:1) (200.1 g; 1.00 equiv; 603.13 mmoles), and Methanol
(1800 mL) to a 255000 mL 4-necked round bottom flask (fitted with nitrogen
blanket, rubber septum, mechanical stirrer, heating mantle, condenser and
thermocouple probe). Add Triethylamine (280 mL; 2.01 moles) via addition
funnel over approximately 15 min. Heat the resulting clear orange solution
to 50C and hold at 50 C for 15 min. When reaction is deemed complete by
HPLC, add Water (2000 mL) via an addition funnel at 3050C. Add seed
crystals during this water addition and the product crystallizes. On
completion of addition, heat the slurry to reflux for 1 hour. Cool to room
temperature then filter and wash solids with 20% Me0F1 in water (2x250 mL).
Dry the solids in a  -56- vacuum oven at 45C overnight to afford 4-
{444-(3-Trifluoromethyl-pheny1)-1H-
imidazol-2-y1]-piperidin-l-yll-1H-pyrazolo[3,4-d]pyrimidine as a tan solid
(211.5g, 0.603 mol, 85%). m.p. = 281 C; MS m/z = 414 [M +111 5Charge 4-
(44443 -Trifluoromethyl-pheny1)-1H-imidazol-2-y1 ppiperidin-1 -yl } -
1H-pyrazolo[3,4-d]pyrimidine (442.9 g, 1.07 mol) along with IPA (4.43L) and
stir the resulting slurry at RT. Slowly add HC1 (214 mL of a 5M aqueous
solution, 1.07 mo1,1.0 eq) and heat to 50 C. Stir for 30 minutes and add
acetone (4.43 L) and continue heating for 4 h. Cool to 15 C for 2 hr then
filter the solid. Wash the filter cake with acetone 10(800 mL) and dry
resulting solid in vacuum oven at 60 C for 3 h to afford the title compound
(458 g, 94%) as a tan to off-white solid. M.p. = 306 C; MS (ES): m/z = 414
[M+Fl] EXAMPLE 55  154-
{444-(4-Fluoro-3-trifluoromethyl-pheny1)-1-methyl-1H-imidazol-2-yll-piperid
in-l-yll - 1H-pyrazolof 3 ,4-dlpyrimidine hydrochloride   CF3 20Add
methenamine (1.10 equiv; 231.55 mmoles; 32.46 g) to a solution of 4-fluoro-
3-(trifluoromethyl)phenacyl bromide (60.00 g 1.00 equiv; 210 50 mmoles) in
ethyl acetate (450 mL; 4.60 moles). Stir the mixture at room temperature
overnight. Remove the solvent in vacuo and triturate the solid in MTBE.
Filter and dry under reduced pressure. Add ethanol (450 mL; 7.73 moles),
followed by hydrogen chloride (150 mL; 258.30 equiv; 1.75 moles) and stir
the mixture at room temperature overnight. Remove the solvent in vacuo and
dry the solid in vacuo at 50C for a week to obtain 2-Amino-1-(4-
fluoro-3-trifluoromethyl-pheny1)-ethanone hydrochloride (54.23 g; 100%
yield) as a white solid.  -57-      Add N-methylmorpholine (3 equiv ;
631.52 mmoles; 69.66 mL) to a solution of Piperidine-1,4-dicarboxylic acid
mono-tert-butyl ester (1.20 equiv; 252.61 mmoles; 57.92 g) in THF (400 mL).
Cool the mixture to -10C with a dry ice-acetone bath. Add isobutyl
chloroformate (1.1 equiv ; 231.56 mmoles; 30.26 mL) dropwise while 



5maintaining the temperature below -5 C. After 30 mm at -5 -10 C, add
2-amino-1-(4- fluoro-3-trifluoromethyl-pheny1)-ethanone hydrochloride
(54.23 g; 1,00 equiv; 210.51 mmoles) suspended in THF (300 mL) and stir the
mixture in the bath at -5 C for 20 min. Stir for 1 hour at room
temperature. Add water and Et0Ac, then wash the organic layer with water
and saturated aqueous sodium chloride. Dry over Mg304, filter and remove 10
solvent in vacuo. Suspend the crude in MTBE and stir for 2 hours. Filter
the solid and dry in vacuo to give
142-(4-Fluoro-3-trifluoromethyl-pheny1)-2-oxo-ethylcarbamoylk
piperidine-4-carboxylic acid tert-butyl ester (64.44 g; 70.79% yield). Add
ammonium acetate (15 equiv; 1.02 moles; 78.61 g) to a solution of 14244-
fluoro-3-trifluoromethyl-pheny1)-2-oxo-ethylcarbamoy1]-piperidine-4-carboxy
lic acid 15tert-butyl ester (29.4 g; 1.00 equiv; 67.99 mmoles) in I-butanol
(150 niL; 1 64 moles), then add triethylamine (I equiv ; 67.99 rnmoles;
9.48 mL). Stir the mixture at 160C in a sealed tube for 3 h. Add EtOAC and
water, then wash the organic layer with more water and saturated aqueous
sodium chloride and concentrated in vacuo. Triturate the crude in
MTBE, filter and dry under reduced pressure to give
4-[4-(4-Fluoro-3-trifluoromethyl20phenyl)-1H-imidazol-2-y1]-piperidine-1-ca
rboxylic acid tert-butyl ester (18.23 g; 44.10 mmoles, 64.86% yield) as a
white solid.       Add
444-(4-Fluoro-3-trifluoromethyl-pheny1)-1H-imidazol-2-y1)-piperidine-1-
carboxylic acid tert-butyl ester (16.03 g; 1.00 equiv; 38.77 nunoles) in 40
mL of dimethyl sulfoxide to a solution of potassium hydroxide (1.5 equiv ;
58.16 mmoles; 3.26 g) in 200 25ml. of dimethyl sulfoxide. After 5 min at
room temperature, add methyl iodide (1.1 equiv; 42.65 mmoles; 2.66 mL) in
one portion. Stir at room temperature for two hours, then pour the mixture
into ice water. Filter the solid, wash with water, and dry under reduced
pressure. Triturate the solid in hot heptane, filter and dried under
reduced pressure to give
444-(4-Fluoro-3-trifluoromethyl-pheny1)-1-methyl-1H-imidazol-2-ylk
30piperidine-l-carboxylic acid tert-butyl ester (8.7 g; 52.49% yield) as a
white solid. Add hydrogen chloride ( 4.00 equiv; 81.41 mmoles; 20.35 mL) to
a solution of 4-
[4-(4-Fluoro-3-trifluoromethyl-pheny1)-1-methyl-IH-imidazol-2-A-piperidine-
1-  -58- carboxylic acid tert-butyl ester (8.7 g; 1.00 equiv; 20.35 mmoles)
in dichloromethane (101 77 mL), at room temperature. Stir the solution at
room temperature for 1 hour. Remove the solvent under reduced pressure, and
dissolve the crude in isopropyl alcohol (101.77 mL) Add
4-chloro-1H-pyrazolo[3,4-4pyrimidine (1.65 equiv; 33 58 mmoles; 55.19 g)
and triethylamine (10 equiv; 203.54 mmoles; 28.37 mL). Stir the mixture at
reflux for 1 hour. Remove the solvent under reduced pressure and triturate
the crude in water overnight. Filter the solid and triturated in hot
acetonitrile, filter and dry in vacuo. 4-
(444-(4-Fluoro-3-trifluoromethyl-phen yl)- I
-methy1-1H-imidazol-2-ylkpiperidin-1-y1) - 1H-pyrazolo[3,4-d]pyrimidine
(8.42 g; 18.86 mmoles; 92.66% yield) is obtained as a 10light yellow solid.
Add hydrogen chloride (1.1 equiv; 18.52 mmoles; 4 63 mL) to a suspension of
4-
1444-(4-fluoro-3-trifluoromethyl-pheny1)-1-methy1-1H-imidazol-2-ylkpiperidi
n-1-yll1H-pyrazolo[3,4-d]pyrimidine (7.5 g; 1.00 equiv; 16.84 mmoles) in
dichlorotnethane (50 mL), and stir the mixture for 1 hour at room
temperature Remove the solvent in vacuo, 15 and triturate the crude in MTBE
for 1 hour. Filter the solid and dry in vacuo overnight to give
4-{444-(4-Fluoro-3-trifluoromethyl-pheny1)-1-methy1-1H-imidazol-2-y11-piper
idin1 -y11-1H-pyrazolo[3,4-d]pyfimidine hydrochloride (7.99 g; 16.58
mmoles; 98.47% yield) as a white solid.11-1-NMR (300 MHz, DMS0):
614.01-13.99 (m, 1H), 8.57-8.54 (m, 2H), 8.26-8.19 (m, 3H), 7.72-7.63 (m,
1H), 5.23-5.20 (m, 2H), 3.89 (s, 3H), 3.41 (m, 2H), 202.15-2.07 (m, 3H),
1.10 (s, 2H). EXAMPLE 56  Crystalline 4-
{444-(3-Trifluoromethyl-phenv1)-1H-imidazol-2-yll-piperidin- 1 -y1) -1H- 



pyrazolo13,4-dlpvrimidine hydrochloride 25Suspend 4-
{444-(3-Trifluoromethyl-pheny1)-1H-imidazol-2-ylkpiperidin-1-y11-
1H-pyrazolo[3,4-4pyrimidine (134 mg) in acetone (2 mL) Heat the suspension
to 77C, then add methanol (1 mL) Add 0.25M HC1 (1.28 mL) to the solution
and cool slowly. Add heptane (2 mL) followed by acetone (6 mL). Allow
evaporation overnight at room temperature. Add acetone (3 mL) to the
resulting oil and slurry the resulting white solid 30in acetone for 4
hours. Filter the suspension and air-dry to provide 98 mg, dry in vacuum
oven at 45C under vacuum. The Rhin has endothermic onset at 294 C.  -59-
X-ray powder diffraction analysis is performed with a D4 Endeaver
diffractometer, equipped with a CuKct source (X=1.54056 A) operating at 40
kV and 50 mA. The sample is scanned from 4 to 40 in 20, with a step size of
0.009 in 28 and a scan rate of > 1.5 sec per step. Sample displacement
error is corrected using the MST 5standard 8RIv1675 (standard peak at 8.8
in 20). Angle 2-theta ( 0.1) Intensity % Angle 2-theta ( 0.1) Intensity A
7.1 39.5 19.8 30.7 10.7 9.1 20.4 16.0 12.8 133 21.7 
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18.9 9.8 30.3 7.2 19.4 17.3         The present invention provides
crystalline 4-{444-(3-Trifluoromethyl-pheny1)-
1H-imidazol-2-y1J-piperidin-1-yll -1H-pyrazoloP ,4-dlpyrimidine
hydrochloride characterized by at least one peak in the x-ray pattern at 20
diffraction angle of 7.1  0.1 10or 21.7  0.1. The present invention also
provides a pharmaceutical formulation comprising crystalline 4-
f444-(3-Trifluoromethyl-pheny1)-1H-imidazol-2-y11-piperidin1-y11-1H-pyrazol
o[3,4-d]pyrimidine hydrochloride characterized by at least one peak in the
x-ray pattern at 20 diffraction angle of 7.1  0.1 or 21.7  0.1. The present
invention further provides the use of crystalline
4-{4-[4-(3-Trifluoromethyl-pheny1)-IH-
15imidazol-2-0]-piperidin-1-yll-IH-pyrazolo[3,4-d]pyrimidine hydrochloride
characterized by at least one peak in the x-ray pattern at 20 diffraction
angle of 7.1  0.1 or 21.7  0.1 for the manufacture of a medicament for the
inhibition of angiogenesis or treatment of adenocarcinoma of the colon.
-60- General Procedure for the Preparation of Salts and Crystals       A
master plate is prepared with 250 pL of the free base of the subject
compound in methanol (0.1 M) added to all wells set in a 96 well format. An
array of acids is dispensed to each well in stoichiometric molar
equivalents. The solvents are evaporated 5from all 96 wells using a Genevac
Series IT evaporator leaving solid residues or oils in the master plate. An
array of solvents is dispensed to each one of these wells through a sealing
gasket and then heated to 55C with stirring and allowed to equilibrate for
60 - 90 minutes at about 55C. Each sample is then filtered hot and
transferred to corresponding wells in an evaporation plate, a precipitation
plate, and a cooling plate. The evaporation 10plate is prepared by
transferring 200 pL of the filtrate from the master plate using 55C heated
syringes to the open well titer plate and is then allowed to evaporate to
dryness over night at room temperature and ambient humidity. The
precipitation plate is prepared by adding 100 p.L of the filtrate from the
master plate using 55C heated syringes to a gasket-sealed 96 well titer
plate where each well contains an anti-solvent of 200 uL of 15 heptane or
water. After equilibrating for a period of nine hours at room temperature,
the excess solution is wicked away using pre-cut Whatman filter paper. The
cooling plate is prepared by transferring 200 pi, of the filtrate from the
master plate to individual wells using 55C heated syringes in a
gasket-sealed titer plate, and cooling exponentially from 55C to 10C over a
period of 8 hours. Photomicrographs are collected on the material in 20
each well in the 96 well plates using a Zeiss Axiovert 200M inverted
incident-light microscope with a 2.5X objective. If the material is
crystalline, it exhibits birefringence that is displayed as white against a
dark background. Amorphous solids or oils appear dark or as opaque droplets
or rings. 25EXAMPLE 57  4- I4-[4-(4-Fluoro-3-trifluoromethyl-pheny1)- I
-methy1-1H-imidazol-2-yl]-piperidin-1-y1}- 11-/-pyrazolo[3,4-d]pyrimidine
p-toluenesulfonate Cool a solution of 4-fluoro-3-(trifluoromethyl)phenacyl
bromide (93% pure by HPLC, 1000 g; 3.51 moles) and tetrahydrofuran (5 L) to
<5 C in an ice bath. Add a 



30solution of sodium azide (239 g; 3.68 moles, 1.05 eq) in water (800 mL)
drop wise over one hour at < 5 C. After stirring at < 5 C for one hour,
separate and discard the aqueous layer. While still cold, add the organic
layer slowly over 3 hours to a solution of  -61- triphenylphosphine
(920.2g, 3.51 moles, 1.0 eq), p-toluenesulfonic acid monohydrate (1335g,
7.02 moles, 2.0 eq), and THF (5L). Maintain the temperature at < 15  C
throughout this addition and solids precipitate during the addition. Stir
the reaction mixture at <20 C for 2 hours and then filter the solid, wash
with 5 THF (3 x 2 L), and dry at 50C under vacuum to give 1167.4g (85%, 92%
corrected for starting material purity) of
2-amino-1-(4-fluoro-3-trifluoromethyl-pheny1)-ethanone ptoluenesulfonate as
a white crystalline solid.       Combine
2-amino-1-(4-fluoro-3-trifluoromethyl-pheny1)-ethanone ptoluenesulfonate
(1133 g; 2.88 moles), 1-(tert-butoxycarbonyl)piperidine-4-carboxylic 10acid
(795 g; 3.47 moles, 1.20 eq), tetrahydrofuran (3450 mL), and ethyl acetate
(7500 mL) to form a thin white slurry. Cool the slurry to < 5 C in ice bath
and add 2- propanephosphonic acid anhydride (T3P) (50% solution in Et0Ac)
(2385 g; 3.75 moles, 1.3 eq). Then add N-methylmorpholine (795 mL; 7.21
moles, 2.5 eq) over 1 hour, maintaining the temperature < 10C. Warm the
resulting slurry to ambient temperature 15and stir for 2 hours.
Quench the reaction by addition of water. Separate the organic phase, then
wash with aqueous NaHCO3, aqueous NaCl. Warm the organic phase to 50 C on a
rotary evaporator and add n-heptane. Distill solvent under vacuum until the
final slurry volume is approximately 5 L. Cool the slurry to room
temperature and filter the solids, wash with 20n-heptane (2 x 1L) and then
dry in a vacuum oven at 50C overnight, resulting in 14244-
fluoro-3-trifluoromethyl-pheny1)-2-oxo-ethylcarbamoyll-piperidine-4-carboxy
lic acid tert-butyl ester (1124.8g, 90%) as a white solid.       Combine
142-(4-fluoro-3-trifluoromethyl-pheny1)-2-oxo-ethylcarbamoyllpiperidine-4-c
arboxylic acid tert-butyl ester (100 g, 231 mmoles), ammonium acetate
25(178.3 g; 2.31 moles, 10 eq), and methanol (1000 mL) The reactor used for
this transformation is a coiled 1/16" I.D. stainless steel tube (total
internal volume of tubing in oven is 541 mol). Heat the reactor in an oven
to 140C. Control the back pressure in this tube at 250 psig by a regulator
to allow super-heating of the solution above its noinial boiling point Pump
the solution prepared above continuously through the heated tube 30under
pressure at 6.01 mL/min (affording a total residence time in the heated
tube of 90 minutes). As the solution exits the oven, cool it back to 20C in
a tube-in-tube heat  -62- exchanger. Once the entire solution process
through the reactor (8 hours total processing time), concentrate the
resulting orange solution under vacuum at 30C to a total volume of 600 mL.
Add acetonitrile (200 mL) and heat the solution to 50 C. Add water (700 mL)
drop wise with seeding over 2 hours to crystallize the product. Cool the
resulting slurry to 20C and filter the solid , then wash with 20% Me0H in
water (2 x 200 mL) Dry the resulting solid under vacuum at 50 C. Re-slurry
the solid in acetonitrile (200 mL) at 50 C Cool the slurry to ambient
temperature, filter the solid and wash with acetonitrile (100 mL) to afford
444-(4-fluoro-3-trifluoromethyl-pheny1)-1H-imidazol-2-
ylkpiperidine-l-carboxylic acid tert-butyl ester (54.43g, 132 mmoles, 57%)
as an off 10white solid.       Dissolve
444-(4-fluoro-3-trifluoromethyl-phenyl)-1H-imidazol-2-ylkpiperidine1-carbox
ylic acid tert-butyl ester (80.02 g, 183.69 mmoles) in dimethyl sulfoxide
(1060 mL). Add KOH (18.47 g; 279.82 mmoles; 1.5 eq) in one portion. Add
methyl iodide (27.74 g; 193.48 mmoles, 1.05 eq) over 30 minutes at 25 C.
Stir the solution at 25 C 15for 1 hour. Add a mixture of
444-(4-fluoro-3-trifluoromethyl-pheny1)-1-methy1-1H-
imidazol-2-ylkpiperidine-1-carboxylic acid tert-butyl ester seed crystals
(0.17 g) and water (80 mL) over 5 minutes to the solution. Stir the
resulting thin slurry at 25 C for 30 minutes. Add additional water (240.73
mL) over 30 minutes at 25 C. Filter the solid and wash with 20% DMSO in
water (2 x 120 mL) and then water (120 mL) Dry the 



20 solid under vacuum at 60 C. Dissolve the resulting dried solids in
ethanol (480 mL) at 50 C. Add water (240 mL) over 5 minutes. Then add
444-(4-fluoro-3-trifluoromethylpheny1)-1-methy1-1H-imidazo1-2-A-piperidine-
1-carboxylic acid tert-butyl ester seed (0.038 g) and more water (240 mL)
over 30 minutes. Cool the resulting slurry to 25 C over 2 hours. Filter the
solids and wash the cake with 20% Et0H in water. Dry the solid 25under
vacuum at 60 C affording
444-(4-fluoro-3-trifluoromethyl-pheny1)-1-methyl-1H-
imidazol-2-ylkpiperidine-1-carboxylic acid tert-butyl ester (72.36g, 92%)
as a white solid. Prepare an anhydrous HC1 solution by slow addition of
acetyl chloride (193.14       mL; 2 71 moles, 4.00 eq) to methanol (1160
mL) over 45 minutes at < 5C. Add the 30resulting solution to a separate
flask containing a solution of 444-(4-fluoro-3-
trifluoromethyl-pheny1)-1-methyl-1H-imidazol-2-y11-piperidine-l-carboxylic
acid tert-  -63- butyl ester (290 g; 678.46 mmoles) in methanol (2320 mL)
over 90 minutes at 20 C. Stir the reaction mixture at 20 C overnight.
Concentrate the reaction mixture under vacuum at 30 C. Add dimethyl
sulfoxide (1080 mL; 15.20 moles; 1.08 L; 1.19 kg) and the distillation
continues until the internal temperature reaches 50 C at a pressure of 20
mm 5Hg. Add DM 50 until the total volume is 2030 mL. Then add tricthylaminc
(473 mL; 3.39 moles, 5 eq) via addition funnel over 30 minutes. Charge
solid 4-chloro-1Hpyrazolo[3,4-d]pyrimidine (110.29 g; 713.58 mmoles, 1.05
eq) in equal portions equally spaced over 30 minutes. Stir the resulting
slurry at 20 C overnight. Heat the slurry to 80 C. Add water (229 mL) to
afford a clear solution. Seed the reaction and add more 10 water (1273 rnL)
slowly over 4 hours to fully crystallize the product. Cool the slurry to 50
C and filter the solid. Wash the cake with 30% water in DMSO (2 x 290mL),
then water (290 tnL). Dry the solids under vacuum at 60 C to afford 4-
(444-(4-fluoro-3-
trifluoromethyl-pheny1)-1-methy1-1H-imidazol-2-yll-piperidin-l-y1}-1H-pyraz
olo[3,4- d]pyrimidine (301g, 99%) as an off white solid. 15Dissolve 4-
1.444-(4-fluoro-3-trifluoromethyl-pheny1)-1-methyl-1H-imidazol-2-
y1l-piperidin-1-yll-1H-pyrazo1o[3,4-4pyrimidine (20g, 44.9 mmolcs) in a
20:1 I-120:acetone mixture (360 mL). Add a solution of p-toluenesulfonic
acid monohydrate (10.25g, 53.9 mmoles, 1.2 eq) in a 20:1 1-120:acetone
mixture (40 mL) to the reaction over 20 minutes at 2000. Heat the reaction
mixture to 55 C, hold for 1 hour, then cool to 25 20 C over 1 hour. Filter
the solid and wash the cake with water (40 mL). Drying under vacuum at 5000
affords 4-
(444-(4-fluoro-3-trifluoromethyl-pheny1)-1-methyl-1Rimidazol-2-yll-piperidi
n-l-y11-1H-pyrazolo[3,4-4pyrimidine p-toluenesulfonate (23.9g, 86%) as a
white solid. EXAMPLE 58  25Crystalline 4-
{444-(4-Fluoro-3-trifluoromethyl-chenv1)-1-methyl-1H-imidazol-2-vli-
pineridin-l-yll -1H-pyrazolof 3 ,4-dloyrimidine n-toluenesulfonate
To a 1-L round bottom flask with overhead stirrer charge with 60.12g of
4-(4-[4-
(4-Fluoro-3-trifluoromethyl-pheny1)-1-methyl-1H-imidazol-2-y1]-piperidin-1-
y11-1H- pyrazolo[3,4-a]pyrimidine, followed by 250 ml of 5% aq. Me0H. Stir
the resulting 30slurry and add p-toluenesulfonic acid monohydrate (26.88 g)
followed by a rinse forward with the remaining 50 mL of 5% aq. Me0H. Stir
the resulting slurry and cool the crystals  -64- to 5 C. After 1 h at 5 C,
stop stirring and filter the slurry on a Buchner funnel. Rinse the flask
out with 75mL of cold 5% aq. Me0H and use this rinse to wash the filter
cake. Transfer the solids to a weighing dish and dry at 50 C in vacua all
day and all night, with a slow air bleed. The final weight is 71.44 g.
5X-ray powder diffraction analysis is performed with a D4 Endeaver
diffractometer, equipped with a CuKa source (?,-1.54056 A) operating at 40
kV and 50 mA. The sample is scanned from 4 to 40 in 20, with a step size of
0.009 in 20 and a scan rate of > 1.5 sec per step. Angle 2-theta ( 0.1) 



Intensity % Angle 2-theta ( 0.1) Intensity % 14 6.826 12 23.485  10.256 24
23.615 17 12.984 24 23.866 21 13.131 61 24.024 20 13.431 25 24.667 11
13.688 100 24.795 II 



14.062 14 25.029 8 15.745 6 25.552 9 17.121 15 26.234 5 18.599 5 26.556 10
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6 28.352 6 21.962 14 28.428 5 22.108 9 38.232 5  10The present invention
provides crystalline 4-{444-(4-Fluoro-3-trifluoromethyl-
pheny1)-1-methy1-1H-imidazol-2-y1)-piperidin-l-y11-1H-pyrazolo[3,4-4pyrimid
ine ptoluenesulfonate characterized by at least one peak in the x-ray
pattern at 20 diffraction angle of 13.70  0.1 or 10.30  0.1. The present
invention also provides a pharmaceutical formulation comprising crystalline
4-1444-(4-Fluoro-3-trif1uoromethy1-pheny1)-1-
15methyl-1H-imidazol-2-ylkpiperidin-l-yll -1H-pyrazolo[3,4-cipyrimidine p-
toluenesulfonate characterized by at least one peak in the x-ray pattern at
20 diffraction angle of 13.7  0.1 or 10.30  0.1. The present invention
further provides the use of crystalline 4-
{4-[4-(4-Fluoro-3-trifluoromethyl-phenyl)- 1-methyl-1H-imidazol-2-y1]-
piperidin-1-y1}-1H-pyrazolo[3,4-Apyrimidine p-toluenesulfonate
characterized by at  -65- least one peak in the x-ray pattern at 20
diffraction angle of 13.7  0.1 or 10.3  0.1 for the manufacture of a
medicament for the inhibition of angiogenesis or treatment of
adenocarcinoma of the colon. 5Inhibition of 70S6 kinase        P70 S6
kinase (T412E) from Upstate USA, Inc. (Charlottesville, VA) is preincubated
with 10 concentrations of compound in a 15 p.L volume for 30 min at room
temperature in 96-well plates. PICA, PKC, MAPKAP - K1 Substrate from
AnaSpec (San Jose, CA) and gamma 33P-ATP from PerkinElmer (Waltham, MA) is
added to initiate the 10 reaction which is allowed to proceed for 60
minutes at room temperature in a final 25 ML volume under the following
conditions: 10 mM HEPES pH 7.5, 10 mM MgCl2, 1.0 mM D'TT, 0.082 mM EGTA,
0.005% TRITON X-100Tm, 25 pM, 25 pM ATP, 40 nCi/mL, 4 ttM substrate, and 5
nM enzyme. Reactions are terminated with 75 pl., 10% H3PO4 and 85 pL of
quenched reaction mix is transferred to a phosphocellulose filter plate
(Millipore 15 #MAPHNOB50) and washed with 0.5% H11304 using a vacuum
manifold. 100 pL of Microscint 20 (Packard #60113621) is added to each well
and plates with liner are counted using a Wallac Beta Counter. Relative
IC50 values are calculated by non-linear four parameter fitting. The
exemplified compounds were tested essentially as described above and were
found to have IC50values less than or equal to 0.75 MM. The following 20
compounds were tested essentially as described above and were found to have
the following activity: EXAMPLE IC50 (AM)  0.0294 7 



0.0103 8 0.00758 10 0.00379 57 0.0127            This demonstrates that
compounds of the present invention are potent p70 S6 25Icinase inhibitors.
-66- Angiogenesis Cord Formation Assay      Human neonatal dermal
fibroblast cells (neo NHDF) are seeded into Parkard 96 well plate on the
first day, and incubated in the 37 C and 5% CO, incubator. Human umbilical
vein endothelial cells (HUVEC) are then plated on the top of neo NHDF
cells. 5Starting the third day, the co-culture is treated with eight-dose
series of the test compound (starting with 20 nM, 13 serial dilution) in
the presence of 2Ong/mL vascular endothelial growth factor (VEGF). The
compound and VEGF are replenished every two to three days. The assay is
conducted over a 12 day period. Cells are fixed by cold 70% ethanol for 30
minutes on the 12th day and processed for anti human CD31
immunofluorescence. 10 Cultures are incubated with mouse anti human CD3I
antibody and then stained by goat anti mouse alexa 488 secondary antibody.
Cells are also stained by Hoechst to visualize the nucleus. After the
staining, the cord formation is captured and quantified using Cellomics
Arrayscan(r) VTI high content image analysis platform adopting the tube
formation BioApplication. Two parameters, the cord area and angiogenesis
index, are 15used to calculate the relative potency of the test compound in
this angiogenesis assay. The compounds of Examples 5 and 10 were tested and
analyzed essentially as described above. EXAMPLE 5 10 icso (Am)  2.92  4.78



This demonstrates that compounds of the present invention are useful in
inhibiting 20angiogenesis. Cell Assays      Cells are maintained, then
typsinized and suspended in Dulbecco's modified Eagle's medium (DMEM_
containing 10% fetal bovine serum (FBS), 25 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 1.0 mM Sodium
Pyruvate and 25 0.1 niM Non Essential Amino Acids (NEAA). lx 103 HCT116 and
2x103 Cells may be seeded in 50 pL in 96 well plates and incubated in 5%
CO2 at 37C overnight. Compounds are prepared at desired starting
concentrations and serial diluted in DMSO. 4 iL of diluted compounds arc
transferred in 1 mL 10% PBS DMEM to make up 2X concentrations as added
501iL to the 501.11 in the presence of cells for dosing. The plates  -67-
are incubated at 37C in 5% CO2 for 72 hours. At the end of incubation
period, 104 Alamar Blue is added and after 2 hours reaction the measurement
is determined in CytoFluor at 530 nm excitation, 580 nit emission and Gain
45. The following compounds were tested in the following cell lines
essentially as described above. EXAMPLE U87MG A549 A2780 NCI- PANC- Rat PC3
IC562  1050 1050 1050 H460 1 IC50 13762 IC 50 IC50  



(IIM) (M) &IVO 1050 (Prvi) 1050 (PTH) OINIO     (jM) - (j11VI)   5 14.6 22
NA NA NA NA NA NA 57 27.52 10.28 



25,05 23.99 30.24 51.62 31.92 16.46  5      This indicates that the
compounds of the present invention are useful in inhibiting the
proliferation of these cell Lines via a mechanism involving p70 86 ldnase.
Determination of p70 S6K In Vivo Target Inhibition (FICT 116) 10HCT 116
human colon carcinoma cells* (5 x 106) are subcutaneously implanted into
the flank of athymic nude mice in 0.2 niL of matrigel. Two weeks
post-implantation, mice are dosed PO according to a time course, single
dose/single time point, or dose response protocol for the determination of
TMED50 (threshold minimum effective dose). Tumors are flash frozen at
harvest and blood is collected for the determination of parent 15 compound
plasma exposure and the calculation of TMEC50 (threshold minimum effective
concentration) in the case of dose response studies. Tumors or tissues are
homogenized in XY Lysis buffer (10pg/rnL Leupeptin, 10 pg,/mL
Trypsin-Chymotrypsin Inhibitor, 10 gg/mL Tosyl phenylalanyl chloromethyl
ketone (TPCK), 10 pg/mL Aprotinin, 60 mM Beta-Glycerol Phosphate, 1% Triton
X100, 25 mM Tris pH 7.5, 2.5 mM Pyrophosphate, 20 150 mM NaC1, 2 mM
p-tosyl-L-argininc methyl ester (TAME), 15 mM para-nitrophenyl phosphate
(pNPP), 5 mM Benzamidine, 1 mMNa Vanadate, 10 mM NaF, 50 ttg/mL
phenylmethane sulofnyl fluoride (PMSF), 1 mM DTT, 15 rriM EDTA pH 8.0, 5 mM
EGTA pH 8.0, 1 gM Microcystin, 1 gM Okadaic Acid, and 1 Roche Complete
protease inhibitor mini-tablet per 10 mL) using Lysing Matrix A tubes (MP
Bionnedicals, Solon, 25 OH, cattf 6910-500) and a BI0101 Thermo Savant Fast
Prep FP12. Lysates are aliquoted and either assayed immediately or stored
at -80 C for later testing. In Vivo Target Inhibition of p70 S6K is
measured utilizing Meso Scale Discovery (Gaithersburg, MD)  -68- ELISA
technology to assess effects of the compound on phosphorylation of the
serine 240/244 site of the downstream effector S6RP. Phosphorylation of p70
S6K(T389) and Akt(S473) is also assessed using this technology in a
multiplex format. In summary, 20 ug of lysate is added to a carbon
electrode 96-well plate pre-spotted with the appropriate 5 capture
antibodies. Thc protein of interest is probed using a ruthenium labeled
detection antibody. Upon the passage of current over the electrode in the
presence of read buffer containing the co-reactant TPA,
electro-chemilumincscence results in the generation of light which is
quantified and recorded using the MSD Sector 6000 instrument. For each
study, percent inhibitions are calculated relative to the vehicle control
group and ANOVA 10 analysis is performed using the JMP software package for
the determination of statistical significance. The following compounds were
tested essentially as described above and have the following potencies
based on plasma exposure. EXAMPLE 1050 (p.M) 5 7.3 7 1.92 8 47.7 



10 1.97 *Alternatively, U87MG cells may be used in the procedure described
above.      This demonstrates the ability of compounds of the present
invention to inhibit p70 S6 15ldnase in vivo. Determination of p70 SOC In
Vivo Efficacy       HOT 116 human colon carcinoma cells (5 x 106) are
subcutaneously implanted into the flank of athymic nude mice in 0.2 mL of
matrigcl. One week post-implantation, mice are dosed PO according to the
pharmacokinetics and the pharmacodynamics of the 20 molecule to maintain
30-50% or 60-90% p56 Inhibition over a 24 hr period. Dosing is continued
for at least 21 days. Tumor volumes are measured bi-weekly to evaluate drug
related tumor growth reduction utilizing standard methods. At the end of
the study, tumors are flash-frozen at harvest and blood is collected for
the determination of parent compound plasma exposure. The compound of
Example 5 was tested essentially as 25described above.  WO
2008/140947PCT/US2008/062143 -69-  Vehicle 30 mg/kg PO (BID x 21) 60 mg/kg
PO (BID x 21) 60 mWkg PO (OD x 21) Day Tumor Volume' Tumor Volume' Tumor
Volume' Tumor Volume' 8 38.5 + 4.1 36.5 +3.1b 28.8 + 2.6b  



13 100.9 + 13.7 58.7 +. 4.8" 42.1 + 6.2*** 57.8 + 10.7** 16 163.1 + 25.7
90.9 + 9.4*** 72.1 + 11.8*** 85.0 + 13.3*** 20 287.1 + 31.9 134.6 + 13.2***
1390 26.4*** 142.5 18.4*** 23 402.2 + 43.1 192.7 13.5*** 188.4+ 25.9***
194.5 + 25.7*** 27 545.0 + 41.1 296.3 + 30.1*** 280.0 + 36.1*** 252.7 +
344*** 'Mean volume (mni) of 10 animals + standard deviation. bDifference
not significant elative to vehicle treatment group. "0.001 < p <0.01
relative o vehicle treatment group 5***p <0.001 relative to vehicle
treatment group This demonstrates that the componds of the present
invention arc useful in reducing rates of tumor growth. Oral administration
of the compounds of the present invention is preferred. 



10 However, oral administration is not the only route or even the only
preferred route. For example, transdermal administration may be very
desirable for patients who are forgetful or petulant about taking oral
medicine, and the intravenous route may be preferred as a matter of
convenience or to avoid potential complications related to oral
administration. Compounds of Formula I may also be administered by the
percutaneous, intramuscular, 15intranasal 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 and the caregiver, and other relevant circumstances
(ReminRton's Pharmaceutical Sciences, 18th Edition, Mack Publishing Co.
(1990)). The pharmaceutical compositions are prepared in a manner well
known in the 20pharmaceutical art. The carrier or excipient may be a solid,
semi-solid, or liquid material that can serve as a vehicle or medium for
the active ingredient. Suitable carriers or excipients are well known in
the art. The pharmaceutical composition may be adapted for oral,
inhalation, parenteral, or topical use and may be administered to the
patient in the form of tablets, capsules, aerosols, inhalants,
suppositories, solutions, suspensions, or the 25like.       The compounds
of the present invention, alone, or optionally in combination with an
oncolytic, cytotoxic agent, or therapeutic agent, are usually administered
in the form of  -70- pharmaceutical formulations which may be administered
orally, for example, with an inert diluent or capsules or compressed into
tablets. For the purpose of oral therapeutic administration, the compounds
may be incorporated with excipients and used in the form of tablets,
troches, capsules, elixirs, suspensions, syrups, wafers, chewing gums and
the 5like. These preparations should contain at least 4% of the compound of
thc present invention, the active ingredient, but may be varied depending
upon the particular form and may conveniently be between 4% to about 70% of
the weight of the unit. The amount of the compound present in compositions
is such that a suitable dosage will be obtained. Preferred compositions and
preparations of the present invention may be 10determined by methods well
known to the skilled artisan.      The tablets, pills, capsules, troches,
and the like may also contain one or more of the following adjuvants:
binders such as povidone, hydroxypropyl cellulose, microcrystalline
cellulose, or gelatin; excipients or diluents such as: starch, lactose,
microcrystalline cellulose or dicalcium phosphate, disintegrating agents
such as: 15croscarmellose, crospovidone, sodium starch glycolate, corn
starch and the like; lubricants such as: magnesium stearate, stearic acid,
talc or hydrogenated vegetable oil; glidants such as colloidal silicon
dioxide; wetting agents such as: sodium lauryl sulfate and polysorbate 80;
and sweetening agents such as: sucrose, aspartame or saccharin may be added
or a flavoring agent such as: peppermint, methyl salicylate or orange
flavoring. 20When the dosage unit form is a capsule, it may contain, in
addition to materials of the above type, a liquid carrier such as
polyethylene glycol or a fatty oil. Other dosage unit forms may contain
other various materials that modify the physical form of the dosage unit,
for example, as coatings. Thus, tablets or pills may be coated with sugar,
hydroxypropyl methylcellulose, polymethacrylates, or other coating agents.
Syrups may 25 contain, in addition to the present compounds, sucrose as a
sweetening agent and certain preservatives, dyes and colorings and flavors.
Materials used in preparing these various compositions should be
pharmaceutically pure and non-toxic in the amounts used.      The compounds
of Formula I are generally effective over a wide dosage range. For example,
dosages per day normally fall within the range of about 0.01 to about 10
30mg/kg of body weight. In some instances dosage levels below the lower
limit of the aforesaid range may be more than adequate, while in other
cases still larger doses may be employed without causing any harmful side
effect, and therefore the above dosage range  -71- is not intended to limit
the scope of the invention in any way. It will be understood that the
amount of the compound actually administered will be determined by a
physician, in the light of the relevant circumstances, including the
condition to be treated, the chosen route of administration, the actual
compound or compounds administered, the age, 5weight, and response of the
individual patient, and the severity of the patient's symptoms. 



For example, one formation may include a compound of Formula I and 2.223 pL
of IN NaOH per rag of compound, with 1% EEC /0.25% Tween 80 / 0.05%
Antifoam 1510-US vehicle according to the following calculation: mL of
vehicle to add = (mg of compound / Theoretical mg/mL) - (mg of compound /
1200 mg/mL estimated compound 10 density) - mL of IN NaOH added. Another
formulation may include 5% vitamin ETPGS, I% hydroxyethylcellulose, and
0.05% Dow Coming Antifoam in purified water.      The bioavailability of
compounds of the present invention may be measured by methods known to the
skilled artisan. For example a compound of Formula I is administered to
Sprague Dawley rats at doses of 1 mg/kg (IV) or 10 mg,/kg (oral gavage)
15in a conventional formulation. An oral formulation may include a
suspension (0.25% PS80, I% EEC, 0.05% Antifoam in water) using milled
compound of Formula I. Plasma samples are obtained and concentrations of
the compound of Formula I are measured. The compound of Example 57 was
evaluated in a method substantially similar to that described above and
found to have an oral bioavailability of >100%.  -72- WE CLAIM: 1. A
compound of the formula: wherein: Y is CR6; Z1 and Z2 are independently CR3
or N, provided that Z1 and Z2 are not both N; Ri is H or CH3; R2 is phenyl
substituted with a first substituent selected from halo and trifluoromethyl
and optionally further substituted with a second substituent wherein said
second substituent is halo; R3 is hydrogen, halo, CI-Ca alkyl, C3-C6
cycloallcyl, or C2-C6 alkynyl, wherein C2-C6 alkynyl is optionally
substituted with hydroxY; R4 and R5 are independently hydrogen or CI-Ca
alkyl; R6 is hydrogen; or a pharmaceutically acceptable salt thereof  -73-
2. The compound of Claim 1, or a pharmaceutically acceptable salt thereof,
wherein Z2 is N.  3. The compound of Claim 1 which is 4-
{444-(4-Fluoro-3-trifluoromethyl-Pheny1)-
1-methyl-1H-imidazol-2-ylkpiperidin-l-y1}-1H-pyrazolo[3,4-d]pyrimidine, or
a pharmaceutically acceptable salt thereof  4. The compound of claim 3
which is
44444-(4-Fluoro-3-trifluoromethylpheny1)-1-methy1-1H-imidazol-2-341-pipelid
in-1-y11-1H -pyrazolo [3 ,4- 6/}pyrimidine p-toluenesulfonate. 5. A
pharmaceutical formulation comprising a compound of any of Claims 1 to 4,
or a pharmaceutically acceptable salt thereof, in combination with a
pharmaceutically acceptable carrier, diluent or excipient. 6. A compound of
any one of Claims 1 to 4, or a pharmaceutically acceptable salt thereof,
for use in therapy. 7. The use of a compound of any of Claims 1 to 4, or a
pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for the treatment of adenocarcinomas of the colon. 






