
DISUBSTITUTED PHTHALAZINE HEDGEHOG PATHWAY ANTAGONISTS
The present invention relates to Hedgehog pathway
antagonists and, more specifically; to novel
disubstitutcd phthalazines and therapeutic use thereof
The 5Hedgehog (11h) signaling, pathway plays an
important role in embryonic pattern formation and
adult tissue maintenance by directing cell
differentiation and proliferation, The Hedgehog (Hh)
protein family, which includes Sonic Hedgehog (Shh),
Indian Hedgehog (Ihh), and Desert Hedgehog (Dhh) are
secreted glyeoproteins that undergo post-translational
modifications, includifIg autocatalytic cleavage and
coupling of cholesterol 10to the ainino-terminal
peptide to fbrm the fragment that possesses signaling
activity. Rh binds to the twelve-pass transmembranc
protein Ptch (Ptchl and Preb2), thereby
Ptch-mediated suppression of Smoothened (Sine), Smo
activation triggers a series of intracellular events
culminating in the stabilization of the Gli
transcription factors (err) and the expression of
Gli-dependent genes that are I 5responsible for cell
proliferation, cell survival, angiogencsis and
invasion,         Fih siunaling has recently attracted
considerable interest based on the discovery that
aberrant activation of Shh signaling leads to the
fOrmation of various tumors, e.g., pancreatic cancer,
mediffloblastoma, basal cell carcinoma, small cell
lung cancer,, and prostate cancer. Several Hh
antagonists have been reported in the art, such as the
steroidal alkaloid compound 1P-609:, the atninoproline
compound CUR61414: and the 2,4-disubstituted thiazole
compound J1(18, W02005033288 discloses certain 1,4-
disubstituted phthalazine compounds asserted to be
hedgehog antagonists.       There still exists a need
for potent hedgehog pathway inhibitors, particularly
those having desirable pharmacodynamic,
pharmacokinetic and toxicology profiles. The present
invention provides novel 1,4-disubstituted
phthalazines that are potent antagonists of this
pathway. The present invention provides a compound of
Formula 1:  /,', \\\ \/0 \ ------/'?\ 1 l'---- \//\, R
-----c'," /?.;\ -- N'\)----- Nil  Formula 1 wherein:
R1 is hydrogen, flutioro, cyano, trifluoromethyl,
methoxy), or trifluoromethoxy; R2 is hydrogen or
methyl; and 567 R R ;R and R are independently
hydrogen, chloro, fluoro, cyano; trifluoromethyl or
trifluoromethoxy, provided that at least two of R3,
R4. R5, R 6. and R7 are hydrogen., Or a
pharmaceutically acceptable salt thereof. It will be
understood by the skilled artisan that the compounds
of the present 10invention comprise a tertiary amine
moiety and are capable of reaction with a number of
inorganic and organic acids to form pharmaceutically
acceptable acid addition salts. Such pharmaceutically
acceptable acid addition salts and common methodology
for preparing them arc well known in the art. See,
e.g., P. Stahl, et at., HANDBOOK OF PHARMACEUTICAL
SALTS; PROPERTIES; SELECTION AND USE, (VCHAAViley-
15VCR 2002); S.M. Berge, ei 0/.., 'Pharmaceutical
Salts, "Journal of Pharmaceutical Science. Vol 66, No.
1, January 1977.       Specific embodiments of the
invention include a compound of Formula I, or a
pharmaceutically acceptable salt thereof, wherein: (a)
R1 is hydrogen; 



(b) R1 is fluor, (0) Rr''' is hydrogen; (d) R2 is
methyl; (e) R.' is chloro, fluor, trifluoromethyl, or
trifluoromethox),; (1) R5 is fluor, trifluoromethox),,
or trifluoromethyl;  (g) R1 is hydrogen, and R is
hydrogen; (h) R1 is fluor, and fe is hydrogen; (i) R1
is hydrogen, and R2 is methyl; (j) R1 is fluoro and R2
is methyl;  (k) R1 is hydrogen and R3 is chloro,
fluor, trifluoromethyl, or trifluoromethoxy: (1) P. is
fluor and P. is chloro, fluor trifluoromethyl, 03 ti
ifluoromethoxy:   (in) R' is hydrogen and R-' is
ehloro, fluoro, irilluoromeihyl, or trilluorametboxy:
(n) re is methyl and R' is ehloro, fluoro,
trif1uoromethy or trilluoromethoxy; (0) R1 is hydrogen
and R5 is fluor, trilluoromethoxy, or tritluoromethyl;
(p) R1 is fluor and Rs is fluom, trifluoromethoxy, or
trifluommethyl; (q) R2 is hydrogen and Rs is fluor,
trifluoromethox.y, or triftuoramethyl; (r) R2 is
methyl and Rs is fluor, trifluoromethoxy, or
trifluoroinethyl;  (s) R is cider, fluor,
trifluoromethyl or trilluoromethoxy and Rs is fluor,
trifluoromethoxy, or trifinoromethyl:  (t) R is
hydrogen, R-"' is hydrogen, and R' is ehloro, fluoro,
trifluoromethyl, or trifluoromethoxy;  (u) R1 is
hydrogen, R2 is methyl. and R"' is ehloro, fluor,
trill uoromethyl, or trifluoromethoxy;  (v) R1 is
fluom,is hydrogen, and RS is (Allow, fluor,
trifluoromethyl, or trifluorometboxy;  (w) R` is
fluor, R2 - is methyl, and le is chloro, fluoro, tri
Ihtoromethyl, or trifluoromethoxy; (X) R1 is hydrogen,
R' is hydrogen, and R' is fluoro" trifluoromethyl, or
trifluoromethoxy;  (y) R1 is hydrogen, R" is methyl,
and R' is fiuoro, trifluoromethyl, or
trifluoromethoxy;  (z) R1 is fluor, R2 is hydrogen,
and R" is fluor, trifluoromethyl, or trifluoromethoxy;
(aa) R is fluor, R is methyl, and Rs is fluor,
trifluoromethyl, or trifluoromeiboxy; (bb) R1 is
hydrogen, R' is hydrogen, R' is chloro, fluoro,
trilluorornethyl, or trifluoromethoxy and R5 is
fluoro, trilluorornethyl, or trilluorornethoxy; (cc) R
is hydrogen, R2 is methyl, R3 is ehloro, fluor,
trifluoromethyl, or triffuoromethoxy, and Rs is fluor,
trifluoromethyl, or trifluoromethoxy; (dd) RI is
fluor, R' is hydrogen, R.3 is ehloro,fluoro,
trifluoromethyl, or trifluoromethoxy, and Rs is fluor,
trilluoromethyl, or trilluoromethoxy;   -4- (ce) R is
fluoro, 12,'. is methyl. R' is ehloro, fluor,
trifluoromethyl, or trifluoramethoxy, and R'is fluor,
trifluoromethyl, or trilluoromethoxy, (if) R' is
hydrogen. Rhydrogen. R-1 is trilltioromethyl, and R5
is fluoro., (gg) R1 is Nolo, R2 is hydrogen. R3 is
trifluoromethyl, and R5 is fluoro; (hh) R' is
hydrogen, R2 is methyl, R3 is trilluomnethyl, and R5
is fluor(); (ii) R' is fluor, fe is methyl, le is
trilluoromethyl, and R5 is fluor(); (0 three ofR4, R5,
le and R7 are hydrogen; and (kk) four of R. R4, R5,
R's and R7 are hydrogen. 



the present invention also provides a pharmaceutical
composition comprising a compound of Formula 1, or a
phartnaceutically acceptable salt thereof, in
combination with a pharmaceutically acceptable
excipient, carrier or diluent.        The compounds of
the present invention are preferably formulated as
pharmaceutical compositions administered by a variety
of routes. Preferably, such compositions are for oral
or intravenous administration. Such pharmaceutical
compositions and processes for preparing them are well
known in the art See, e.g., REMINGTON: THE SCIENCE AND
PRACTICE OF PHARMACY (A. (Jennaro, et al., eds., 19th
ed.. Mack Publishing Co., 1995).       The present
invention also provides a method of treating
medulloblastoma, basal cell carcinoma, esophagus
cancer, gastric cancer, pancreatic cancer, biliary
tract cancer: prostate cancer: breast cancer, small
cell lung cancer, non-small cell lung cancer, B-cell
lymphoma, multiple myeloma, ovarian cancer, colorectal
cancer, liver cancer, kidney cancer or melanoma in a
mammal comprising administering to a mammal in need of
such treatment an effective amount of a compound of
Formula 1, or a pharmaceutically acceptable salt
thereof.       It will be understood that the amount
of the compound actually administered will be
determined by a physician under the relevant
circumstances, including the condition to be treated:
the chosen route of administration, the actual
compound or compounds administered, the age, weight,
and response of the individual patient, and the
severity of the patient's symptoms. Dosages per day
normally fall within the range of about 0.1 to about
10 mekg of body weight. In some instances dosage
levels below the lower limit of the aforesaid range
may be int)re than adequate, while in other cases
still larger doses may   -5- be employed. Therefore,
the above dosage range is not intended to limit the
scope of the invention in any way. This invention also
provides a compound of Formula!, or a pharmaceutically
acceptable salt thereof, for use as a medicament.
Additionally, this invention provides use of a
compound of Formula I; or a 5pharmaceutically
acceptable salt thereof, in the manufacture of a
medicament for treating cancer. In particular, those
cancers are selected from the group consisting of
medulloblastoma, basal cell carcinoma, esophagus
cancer, gastric cancer, pancreatic cancer, biliay
tract cancer, prostate cancer, breast cancer, small
cell lung cancer, non-small cell lung cancer, B-cell
lymphoma, multiple myeloma, ovarian cancer, colorectal
10cancer, liver cancer, kidney cancer and melanoma.
Furthermore, this invention provides a pharmaceutical
composition comprising a compound of Formula I; or a
pharmaceutically acceptable salt thereof; as an active
ingredient for treating medulloblastorna, basal cell
carcinoma, esophagus cancer, gastric cancer,
pancreatic cancer, biliary tract cancer, prostate
cancer, breast cancer, small cell 15lung cancer,
non-small cell lung cancer; B-cell lymphoma, multiple
mycloma, ovarian cancer, colorectal cancer, liver
cancer, kidney cancer or melanoma_       As used
herein, the following terms have the meanings
indicated: -Et20" refers to diethyl ether: "DMF"
refers to dimetbylformamide; -DMSO" refers to
dimethylsulfoxide; "TFA" refers to trilluoroacetic
acid; "boc" or "t-boc" refers to iert-butoxycarbonyl;
"SCX- refers to strong cation exchange; "PyBOP" refers
to benzotriazolyloxytripyrrolidino-phosphonium
hexafluorophosphate: "prep" refers to preparation:
"ex" refers to example; and "IC50" refers to the
concentration of an agent that produces 50% of the
maximal inhibitaty response possible for that agent.
/7-?\ R.(/ (2) Scheme //,-- \,) );Sepia
\\----Ct-------).     /., N=N/-\,R''' HN\ 1N --, bac
(3a)  



, /R2 kk\ /  NH N= (5) Step 3          R2 Ris NN
INI=N'/ Fonnti[a IleR4       A compound of Formula I
can be prepared in accordance with reactions as
depicted in Scheme 1.       A 1 -chloro substituted
phthalazine (2) is reacted with a 4-amino boc
protected piperidine (3a) in a nucleophilic aromatic
substitution (SNAr) to provide a piperidine
substituted phthalazine of formula (4). For example,
the chloride (2) can be reacted with the piperidine of
formula (3a) in a dipolar aprotic solvent such as DMF
or DMSO, in the presence of an organic base such as
triethylamine or inorganic base such as potassium
carbonate and heated to 100-140 C.       Amine
ftinctionality, such as that present in the
piperidinyl phthaluine of fOrmula (4), can be
deprotected and further reacted to give additional
compounds of the invention. Methods for introducing
and removing nitrogen and oxygen protecting groups are
well known in the art (see, e.g., Greene and Wuts,
PrOective Groups in Organic Synthesis, Ed., John Wiley
and Sons, 'New York, (1999)). For example, hoc
deprotection of the amino piperidinyl phthalazinc of
formula (4) can bc accomplished under acidic
conditions, such as hydrogen chloride or
urilluoroacetic acid. Alternatively, HO can be
generated in situ by dropwise addition of acetyl
chloride to a solution of an alcohol solvent such as
methanol in toluene at 0-20 'C followed by the
addition of a compound of formula (4) and heating the
solution to 30-60 'C to give a compound of fbmiula
(5). It will be obvious to one skilled in the art that
a compound of forrnida (5) can be isolated as a salt
such as the hydrochloride amine salt and carried on to
Step 3 or transformed to the free amine using an
inorganic base such as potassium carbonate. The
4-amino piperidine can he acylatcd using a substituted
benzoyl chloride in an inert solvent such as
dichloromethane or dioxanc and a base such as
triethylamine or pyridine to give an amide compound of
Formula 1. Alternatively, a compound of tbrmu la (5)
can be acylated using a substituted benzoic acid with
an appropriate coupling reagent such as PyBOP and an
appropriate base such as triethylamine in an inert
solvent such as diehloromethane or using
I-(3-dimethylaminopropy1)-3-ethylcarbodiiinide
hydrochloride and I - hydroxybenzotriazole in a
dipolar aprotic solvent such as DMF.
Alternatively. a 1-chloro substituted phthalazine (2)
is reacted with an Npiperidine-4-yl-benzarnide of
tbrmula (3b) in a nucleophilic aromatic substitution
(SNAr) as previously described for Step la to directly
give a compound of Formula I. For example, the
chloride (2) can be reacted in a dipolar aprotie
solvent such as DNIF or DMSO, with a
N-piperidine-4-yl-benzamide of formula (3b), in the
presence of a base such as triethylamine and heated to
SO-140 'C to give an amide of Formula I.       It will
be appreciated by the skilled artisan that compounds
of formula (2) in  Scheme I are commercially available
or can be readily prepared by methods similar to those
described herein or by using procedures that are
established in the art. For example,  2-phenylcarbonyi
benzoic acid, generated from a Grignard reaction of a
phenyl bromide with phthalic anhydride, can he
cyclized with hydrazine to give a 4-phenyl-211-
phthalazin- 1-one. Subsequent treatment with
phosphorous oxychloride provides the I -
chloro-4-phenyl-phthalazine of formula (2).
Alternatively, I ,4-dichlorophthalazine can be reacted
with a phenyl boronic acid in a Suzuki cross-coupling
reaction to give the corresponding I
-chloro-4-phenyl-phthalazine of formula (2).  Fon:ERIN
[       A compound of Formula can be prepared in
accordance with reactions as depicted in Scheme 2, In
Step La 1,4-dichlorophthala2ine (6) can be reacted
with a 4-ammo boc protected piperidine (3a) in a
dipolar aprotic solvent such as N- methy py rro i done
or DIVISO with an appropriate base such as potassium
carbonate or triethytamine. The mixture is heated at
70-95 C. to give a compound of formula (7). In one
method, shown in Step 5, a compound of formula (7) can
be &protected and subsequently acylated at the amine
in Step 6 using a substituted benzoyl chloride in an
inert solvent such as diehli-iromethanc, with a base
such as triethylamine to give an atti.ide  of formula
(9). Alternatively, a compound of formula (7) can be
acylaied using a substituted phenyl carboxylic acid
and an appropriate coupling reagent such as PyBOP and
a suitable base such as triethylamine in an inert
solvent such as dichloromethane at room temperature!
or using 1-hydroxybenzotriazole and 1-(3-dimethyl;
,iminopmpy1)-3- 5ethylcarbodiimide hydrochloride with
an appropriate solvent such as DNIF. In Step 7, the
phthalazinyi chloride of formula (9) is reacted with a
phenylboronic acid under Suzuki- Miyaura cross
coupling conditions. The skilled artisan will
recognize that there are a variety of conditions
useful for facilitating such cross-coupling reactions.
The reaction      conditions make use of a suitable
solvent such as dioxanetwater. The reaction is
10accomplished in the presence of a base such as
potassium phosphate tribasie monohydrate, sodium
carbonate. potassium carbonate, or cesium carbonate.
The reaction 



takes place in the presence of a palladium catalyst
such as tris(dibenzylideneacetone)dipalladiutn (0)
with tricyclohexylphosphine or (SP-4- I )-      bis
bis(I,I-di MC
thylethyl)(4-methoxyphenyl)phosphine-Oldichloro-pallad
iutn (prepared 5according to the synthesis of catalyst
D in 1. Org. Chem. 2007, 72.5104-5112) under an inert
atmosphere at a temperature of about 80-160 'C to give
a compound of Formula 1.       Alternatively, the
plythalazinyl chloride of formula (7) can be initially
coupled with a phenyl boronic acid as shown in Step 2
under Suzuki-Miyaura conditions as described
previously to give a phenylphthalazine of formula (4).
In Step 3, a compound of formula (4) can be &protected
and then acylated as shown in Step 4 at the amine
using a substituted benzoyl chloride or phenyl
carboxylic acid as described previously to give a
compound of Formula 1,       The following
Preparations and Examples are provided to illustrate
the invention in further detail and represent typical
syntheses of the compounds of Formula 1. The names of
the compounds of the present invention are generally
provided by ChemDraw Ultra(r) 10.0. Preparation I
4-(4-Fluoro-phenyl)phthal azin -1 --methyl-carbamie
acid ten-butyl ester  -10-  r  ,, N=N0        Add
1-chloto-4-(4-fluorophenyt)-phthalazine (3.00 it, 11.6
mmol) to a solution of methyl-piperidin-4-yl-carbatnic
acid tert-butyl ester (2.98 g, 13.9 mmol) and
triethylamine (3.52 n, 34.8 mmol) in DMF (30 niL).
Heat at 130 'C for 3 days. Dissolve the reaction
mixture in diehloromethane and wash with brine. Dry
the organic phase with sodium sulfate, filter, and
concentrate under reduced pressure. Purify the
resulting residue by flash chromatography (20:5:1,
hexane:ethyl acetate:2 M ammonia in methanol) to yield
the title compound as a solid (4.45 g, 88%). ES/MS mlz
437.2 (M+1). Alternate procedure: 10Combine
inethyl-piperidin-4-yl-earbamic acid (err-butyl ester
(75 g. 349 mmol),
1-chloro-4-(4-fluoro-pheny1)-phthalazine (75 g, 289
ITITTIO I), and potassium carbonate (80 g, 579 mmol)
in dimethyl sulfoxide (500 mI,) and heat the mixture
to 110 'C for 3 h. Cool the reaction to ambient
temperature and pour the slurry into water (1.0 14.
Collect the solids by filtration and dry in a vacuum
oven kir 3 days to provide the title compound 15as a
white solid (120 g, 95%). ES/MS miz 437.3 (M+1).
Prepare the piperidinylphthalazines in the table below
by essentially follo-winn the procedure described in
Preparation I. using the appropriate chlorophthalazine
and tBOC protected aminopiperidine: Prep Chemical name
ES/MS tritz  Methyl- [ 144-phen ylphrhalazin-
1-y1)-piperidin-4-y1-1- carbamie acid iert-butyl ester
tert-Buty11-(4-(4-fluorophenyl)phthalazin-l-yl)piperid
in- 4-ylcarbamate tert-Buty i I -(4-phenylphthalazin-
I -yl)p ipe rid i n-4- y Ica rbamate 419.2 (M-l1)
4:).,...., ,%J.1.. 405,2 (M+1)  N7z--N 



, N )-N  H         Add trifluoroacetic acid (100 mI,)
to a solution of
Il-r4-(4-fluorophenyl)plythalazin-1-yrj-piperidin-4-yl
'i-methyl-carbarnic acid tert-butyl ester (1g" 10.2
mmol) in diehloromethanc (100Stir the reaction at room
temperature 5overnight, and concentrate under reduced
pressure. Dissolve the resulting residue in
dichloromethane and wash with 1 N NaOH and brine. Dry
the organic phase with sodium sulfate, filter, and
concentrate under reduced pressure. Crystallize the
title compound from hexaneklichloromethane to obtain
the title compound (846 g, 98%). ES/MS 337.2 (M+1).
10Alternate procedure (isolated as the hydrochloride):
Combine toluene (500 inL) and methanol (30 ittL) at 10
C. Add acetyl chloride (29 niL, 410 mmol) dropwise
over 20 min. Maintain the temperature below 15 "'C
during the addition. Add
11-[4-(4-f1uoroTheny1)-phthalazin-1-y1l-piperidin-4-y1
} -methylcarbamic acid terl-butyl ester (71 g, 164
mmol). Heat the slurry to 35 'C. for 2 h. Cool 15the
slurry to ambient temperature and collect the solid by
filtration. Dry in a vacuum oven at 40 'C for 12 h to
provide the title compound as a white solid (58 g,
95%), ES/MS miz 337 (WI ). Prepare the unprotected
aminopiperidinylphthalazines in the table below by
essentially following the procedure described in
Preparation 5, using the appropriate 20tBOC protected
aminopiperidinylphthalazine: Prep Chemical name ES/MS
miz 6  Meaty 141-(4-phenylphthalazin-I-Opiperidi
n-4-yll-amine  (MI)  319.2 7  1-(4-(4-Fluoropheny 1
)ph tha laz i n-l-yl)p iperid in-4-amine  (M+1 )
321,2 8 1-(4-Phenylphtha1a2in- I -yl)piperidin-4-amine
305,2  Preparation 9 tent-Butyl
1-(4-chlorophthalazin-l-yl)piperidin-4-Amethypcarbamat
e  WO 2009/134574PCT/US2009/039065 



cr N N-N-0 0 / Combine 1.4-dich1orophtha1azine (5.00
g, 24.6 riunol), tew-butyl
methyl(piperidin-4-yDearbamate (5.54 g, 25.8 mmol),
and potassium carbonate (29,5 inmol; 4.08
g)N-methylpyrrolidone (50.0 mi.), Heat the reaction
mixture at 80 'C for 53 days and pour the reaction
mixture into ice water. Filter via vacuum filtration
to obtain a yellowish solid and dry at room
temperature in a vacuum oven. Purify by silica gel
chromatography (1 :1, hexane:ethyl acetate) to obtain
the desired product (5.79 g, 62%). ES/MS nilz. 377.2
(M+1). Alternate procedure: TOCombine I,
4-dichlorophthalazine (7.04 g, 35A mmol), teri-butyl
methyl(piperidin-4-yl)carbainate (5.54 g, 37.2 mmol),
triethylamine (7A mt., 53.1 mmol) and DM50 (85Heat the
reaction mixture at 85 C for 3 days or until complete
consumption of starting material, After cooling,
transfer the reaction mixture to a separatory funnel
with diethyl ether and wash with water. Separate the
organic layer and 15dry with MgS0.1, filter, then
concentrate in vocuo. Purify the resulting residue by
flash chromatography (0-10% methanol in
dichloromethane) to obtain the tide compound (7.6 g,
57%). ES/MS rulz 377.2 (M+1.). Preparation 10
fen-Butyl
tnethyl(1-(4-(4-(trifluoromethyl)phenyDphthalazin-1-y1
)piperidin-4- y Dearbatnate /-\ ? ,  N-N 0\A--- /  13-
mg. 0.640 minol), potassium phosphate tribasic
monohydratc (209 mg, 0.907 mmol),
tricyclohexylphosphine (19 mg, 0,064 matol), 1
4-dioxane (3.5 inL) and -water (1.5 ml.). Bubble
nitrogen through the reaction mixture lbr S min-Add
tris(dibenzylideneacetonti)dipalladium (0) (0.027
mmol, 25 mg). Bubble nitrogen 5through the reaction
mixture for another 5 min. licat the sealed reaction
vessel in a microwave for one hour at 150 C... Pass
the reaction mixture through a silica gel pad eluting
with ethyl acetate. Concentrate in var::tio and purify
the resulting residue using silica gel chromatography
(30170, ethyl auetate:hexatie) to obtain the title
compound (0.170 g (65%). ES/MS mlz 486.8 (M+11. 10
Preparation 11 N-Nlethy1-1-(4-(4-(
iflouromethyl)ribenyl)phthalazin-1-yl)piperidin-4-amin
e dihydrochloride 



Add hydrogen chloride (4.0 N in dioxane, 20 int:, 80.0
mmol) to eri-butyl methyl 15(1-(4-(4-(
triflouromethyl)phertyl)phthalazin-1-y1)piperidin-4- y
)e;,irbamate (0.158 g,, 0.325 inntol). Stir at room
temperature overnight. Remove solvents under reduced
pressure. Use the crude material (0,169 g, >100%) as
is ES MS int-i 387.0 (NI-11). Preparation 12
20ter-Butyl 1-(4-(4-cyanophenyl)phthalazin-l-yllpiper
Win -4-y1( methyl)c arbamate Charge a pressure tube
with ter/-butyl
1-(4-chloroph-thalazin-l-y1)piperidin-4-
y1(methyDearbamate (400 mg, 1.06 mmol), 1,4-dioxane
(12 mi.), water (4 ml"), 4- cyanophenylboronic acid
(467 ints" 3.18 mind), and cesium carbonate (1.40 g,
4.24 mmol). Bubble nitrogen through the reaction
mixture for 5 min. Add (SP-4-1)-
25bisibis(1,1-dimethylethyl)(4-methoxyphenyl)phosphinC
-KF]dichloro-palladium (dr. (hem. 2007, 72, 5104-5112)
(36.0 mg, 0.053 mmol). Bubble nitrogen through the
reaction mixture for a few minutes and seal the
reaction vessel. Heat the reaction at 90 C. overnight.
Filter the reaction mixture through a silica gel pad
eluting with ethyl acetate. Remove the solvents under
reduced pressure and purify the resulting residue
using silica 30gel chromatography (30:70, ethyl
acetate:hexane) to obtain the title compound (0.392 g,
ES/MS MIZ 444.2 (Mi-1).  -14- Preparation 13 4
-(4-(4-(M ethyla m o)p iperid in- I -y1)phthal a zth-i
-vhenzonitrde d hydrochloride           Prepare the
title compound. by essentially following the procedure
as described in 5Preparation I Iusing. reil-butyl
1-(4-(4-cyanophenyl)phthalazin-1-y1)piperidin-4-
y1(methyl)carbainate (0.385 g, 0.868 mmol). Use the
crude :material (0.378 g, >100%) as is in subsequent
reactions. ESIMS miz 344.2 (M+.1) Preparation 14
101-(4-C11orophthalazin-1-y1)-N-methy1piperidin-4-amin
e dthydroch1oride Add hydrogen chloride (4,0 N in
&oxalic, 100 mi..; 400 mmol) to a solution of
teri-butyl
1-(4-chloroplithalazin-l-y11piperidin-4-yl(methyl)carb
amate (7.60 g; II,00 equiv; 202 mmol) in methanol (100
triL). Stir at room temperature one hour. Remove the
solvent under reduced pressure to obtain the title
compound (7.0514, 100%). ES/MS 15miz 277.2 (1\4+1).
Preparation 15 .N.4 44-Chlorophthalazin-
-yl)piperidin-4-y0-N-methy1-2-(trif1uoromethyl)ben7ara
ide  C IN N N 0i.:=1 F F F 20Combine 1-(4-eh
lorophthalazi n-l-y1)-N-methylp iperidin-4-amine d
ihydrochloride (1.01 g. 2.89 imuol) and triethyliunine
(1.2 mi.:, 8.61 imuol) in dichloromethane (30 mL),
Flush the reaction vial with nitrogen and add
3-trifluoromethythenzoyl chloride (0.46 inL, 3.12
mmol). Place the reaction under a nitrogen blanket and
stir at room temperature overnight. Concentrate to a
residue and purify using silica gd chromatography
(0-10% ,7)5methanol in dichloromethane) to obtain the
title compound (1.11 g, 86%). ES/MS mlz 449,2 (N4+1). 



15-        Prepare the amides in the table below by
essentially following the procedure described in
Preparation 15, using the appropriate acid chloride:
Prep Chemical name ES/MS miz 16 N-( 1 -(4-( h1oroph
thalazi n-1 - yl)pip efi din-4-y1)-3-cyano-N- 406.2
methylbenzamide (M+1.) 17 N--( 1 -(4-Ch loroph thalazi
n-1 -yl)p ip e ri din-4-y1)-5 -fl uoro-N- 467.2
methy1-2-(trifluoromethyl)benzamide  (M+1)  18 W-4.1
-(4- Ch lo roph tha lazi n-1 -yl)piperi d i
n-4-y1)-K-me thy l.-4- 465.?  (trill
uoromethoxy)benzamide (M+1)  Example I .N-C.I
-(4-(4-Fluotophonyl)phthalazin-1-yr)piperidin-4-y1)-N-
methyl-4- (trilluorotnethoxy)bcazamide hydrochloride
HC          Combine methyl I -14-4441 uoro-phenyl)ph
thalazin- I -yllpiperidin-4- yl,Imethylamine (100 mu,
0,300 mmol), triethylamine (0.12 MI.:, 0.89 mmol) and 



10dichloromethane (2 niL) at room temperature. Add
4-(trifluoromethoxy)-benzoyl chloride (100 mg. 0,45
mmol) to the mixture and stir at room temperature
overnight. Concentrate the reaction mixture and purify
the resulting residue by flash chromatography (20'5:1,
hexane:ethyl acetate:2 M ammonia in methanol). Add 1 N
in diethyl ether to a solution of the isolated product
in diehloromethanemethanol and 15remove the solvents
under a stream of nitrogen gas to yield the title
compound as a solid (98 mg, 58%). ES/MS miz 525.0
(M+1). Alternate procedure: Add 1-I
4-(4-fluoro-pheny1)-phtha lazin-1.-y1l-piperidin-4-y1}
-methyl-amine hydrochloride (58 g, 155 mmol) to
1,4-dioxanc (580 mi.). Add triethylaminc (86 mE, 20
622 inmol) and stir lbr 20 min. Add
4-(trifluoromethoxy)benzoyl chloride (24 mL,155 mmol)
dropwise over a period of 20 min. Stir for one hour at
ambient temperature. Add water (100 mL), extract with
ethyl acetate (200 mi.), and concentrate the organic
portion  -16- under reduced pressure. Purify the
resulting residue by flash chromatography. doting with
ethyl acetate over a 1 kg silica plug to yield the
product as a colorless oil (58 g, 71%). Combine
toluene (586with ethanol (117and cool to 3 'C. Add
acetyl chloride (8 rilL, 111 mmol) over a period of 20
min. Stir for 20 min and then add N-{ I- 54-(
4-fluoro-pheny1)-phthalazin- I -yll-piperidin-4-yPi
-N-methyl-4-trifluoromethoxy- ben7amide (58 g, I 11
mmol) in toluene (40  in one portion. Stir for 12
Concentrate to 173 volume. Collect the precipitate by
filtration. Dry the solid in a vacuum oven at 40 'C
overnight to afford the title compound as a white
solid (42 g, 67%). ES/MS TIVZ 525.0 (M-i- I).
10Prepare the amides in the table below, by
essentially fonowing the procedure described in
Example 1, using the appropriate acid chloride: e 65
Ex Chemical name Bennmide substituents ES/MS nitz
N414444-Fluorophenyl)phthalazin-1-
yl)piperidin-4-y1)-N-Inethyl4-
(trifluorometlayl)benzamide hydrochloride N(
-1-(444-Flu oroph eny 1)phth al aZ in- 1 - y
i)piperidin-4-y1)-N-methyt-3- ( tri fluorome thyl
)benzaini de hydrochloride 4-C F3 3-CF3 509,2 



509,2 (MI+ I )  N4 1-(444-F I uoroph enyl)phth al;AZ
in-1- yl)piperidin-4-y1)-,V-methyl-2-
(trifluoromethyl)benzamide hydrochloride  N4 1
-(444-Fluoropheny Ophthalazin-1- y
i)piperidin-4-y1)-N-methyt-2-
(trifluoromettioxy)benzamide hydrochloride   2-C F3
2-0CF3 509,2 575,2 (M1-1) 6 8 2 ,6-Di flu oro-N4 I
-(444-fluoropheflyi)pht.halazin1-yl)piperi di n-4 -y
I)-N-methylbenzam ide hydrochloride
2-Fluoro-N41-(4-(4-fluorophenyl)phthalazin- -
y1)piperidin-4-y1)-N-methy1-6- Wifluoromethypbenzamide
hydrochloride N4 1 -(444-Fluoropheny1) phtha laz in-1-
y Op iperidi n-4-y1)-N-methyl- 2,5- b i s( tr i Fluo
rome thy]) bcnza mi de IVY droc hloridc 2-F, 6-F 6-(F3
2-CF3, 5-CF i 477.2 577.7 (M+1) 5:76,8 .   9 2-F
tuoro-N41 -(4-(4-fluorophenyl)phthal a zin- -
yl)piperidin-4-y1.)-iV-methyl-4-
(trifluoromethypbenzamide hydrochloride 2-, 4(F ,527.0
I, M+ I) 10 _ 



2,44Dich1oro-N-( I -(4-(4-fl uoropheny Opt) tha lazi
n1-yl)pi peridi n-4-y1)-N-methylbenzam i de
hydrochloride 2-C1, 4-C1 _ 509.0 (M-l- I) ., 11
2,4,6-Trifluoro-N-(1-(4-(4- fitiorophenyl)phthalazin-
I -yl)piperidin-4-).-JV- methylbenzamide hydrochloride
2-F, 4 F, 6-F 495.0 (M+I) 12 13 5-1
Inoro-N-(144-(4-fluorophenyl)phthal azin- 1- ....,1)pi
perid in-4-y 0- AT-methyl -2- -iu-imethybbenza'de
hydrochloride 3-F 1uoro-i\-I1 -(444-u . opheny
Ophdialaz in- I - yl)piperi d in-4-y1)- iV-mediyi -4-
(trifi uoromethyl )benzarni de hydrochloride   2-CF ._
-F4-0-'3 57)7,0 04+1) ,527.0 14 2-F
luoro-N-(1-(4-(4-11 uorophenyl)phthalazin-I -
yl)piperidin-4-y1)-iV-methyl-3-
(trif1uoromethylbenzarnide hydrochloride 2-Chloro-N4 I
44-(4-ftuorophenyl)phtlzin- I.- y Ilpiperid in-4-y1 3-
N-met hy1-5- (tri fl uoromethyl)benza mi de.
hydrochloride 2-F, 3-CF3, 2-C5-CF3 527.0 04-1-1.)
543.0 (NV I) 561,0 



(\4+1) 16 , 3-Chloro-2-fluoro-N-(144-(4- fluoropheny
Dphthalaz in- I -yl)piperi d in-4-y )- -V- me
tliy1-6-(1rifi uorornethyl)benzamide hydrochloride,
1-3-C1,- CF3  17 19
......................................................
N-(1-(4-(4-Fluorophenyl)pht alnin-1- yl)p iper id i
n-4-y1)-N-methyl--;,- (triff uorormithoxy)benzamide
hydrochloride
......................................................
......................................................
..................................
2-Chloro-N-(144-(4-11uorophenyl)phthalazin-1-
yl)piperich n-4-y1)-N-methylbenz amide  hydrochloride
3-Ch1oro-N-( I 44-0- fluoropheny DOI thz . y Op iper
id i n-4-y D-N-niethylbenz am ide hydrochloride k--)
3-0CF3 2-C1 3-C1 575) (M+1) 475.0 475.0 t M+1) 20 4-1
hloro-N-(144-(4-11uorophenyl)ph tha laz . - -
y0piperidin-4-y0-N-methy1benzzimide hydrochloride 4- .
475.0 (M+ I ) 21  ------------- 



22  2,4- Difluoro-N-(1-(444- fluorophen yl)ph thalaz-
1-yl)piperidif1-4-y1)-N-methylbenzamide hydrochloride
------------------------------------------------------
-------- 2-F tuoro-N-(1.(4-0-fluorophenyl)phthal a
zin- ylvipe r idi n-4-y I )-1V-rnethyl-5-
(trifluoromethypbenzamide hydrochloride  2-F, 4-F 2-F.
"-F3 477.0 (M+ I) ,527.0 (M+ I) 23
N-(1-(4-(4-Fluorophenyl)phthalazin- I -
yl)piperidin-4-y1)-iNi-methy1-2,4- b i s(
triflui-irolnethy Oben-La/nide. hydrochloride 2-CF ;.,
4- .T:i 577,0 OM+ I)  -18- 24 4-Cyano-N41
-(4-(4-fluorophenyl)plithalazin-lyi)piperidin-4-y1.)-N
-methylbenzamide hydrochloride 4-CN 466.2 (MH-1) 25
2,6-Dichloro-N-(1-(4-(4-f1 uoropheny Opt) tha
lazin1-yl)piperidin-4-y1)-N-methylbenzamide
hydrochloride 2-C1, 6-C1 .. S09.0 (M-4-1) ., 26 3
-Cyano-N-(1-(4-(4-fluorophenyl)phthalazin-1-
ylviperidin-4-y1)-1V-methylbenzi)lnide hydrochloride 



3-CN 466.2 27 2
4-Chloro-N-(144-(4-fluoropheny1)phthalazin-1-
...,1)piperidinA-y1)-Ar-methy1-2-  .
rifluoromethyl,ibenzamide hydrochloride
2,4-Dich1oro-5-fluoro-AL(I-(4-(4-
f1uorophenyl)phthalazin-l-yl)piperidin-4-yl.)-N-
ethylbenzamide hydrochloride  2-CF:i, 4-C1 2-Cl. 4-Cl.
5-F 542.6 576 6 ' 29  3
5-Chloro-AL(1-(4-(4-fluorophenyl)phthalazin-
1yl)piperidin-4-y1.)-iV-methyl-2-
(trifluoromethyl)benzamide hydrochloride
4-Fltioro-AL(144-44-fluorophenyl)phavalazifi- / -
yl)piperidin-4 -y1)- N-methy1-2-
(trifluoromethyl)benzamide hydrochloride 2-CF3, 5-C1
2-C13, 4-F 577.0  Alternate procedure to Example 30:
Add I 1-I4-(4-fluoro-phenyl)-phtha laziine
hydrochloride (80 ;,,t, 240 mmol) to water (500 mL) to
form a slurry. Add potassium 5carbonate until the pH
is 10, Add methylene chloride (400 mL). Stir
vigorously until al the solids dissolve. Separate the
organic layer and concentrate to a clear oil (74 g,
220 mmol) to afford
1-14-(4-titioro-pheny1)-phthalazin-l-ylkpiperidin-4-yl
I -methyl-amine.       Combine I 1-14-(4-11 uoro-ph
eny1)-ph that azin-l-yll-piperidin-4-y1I -methyl-amine
(12 g, 35 mmol), pyridine (20 mL, 247 mmol) and
1,4-dioxane (120 mi.). Stir the 10reaction for 20 min.
Add dichloromethane (25Stir the slurry ibr 20 min. Add
4- titioro-2-( trifluoromethyl)benzoyi chloride (6.5
nil.., 43 mmol) dropwise over a period of 20 min. Stir
ibr 2 II, Pour the mixture into water (100extract with
diehloromethane (200 mt.) and concentrate under
reduced pressure. Purify the residue by flash
chromatography (1:1, ethyl acetate:hexane) to yield
the product as a white solid (10.3 gr., I 555%). Add
441 uoro-N- {
-14-(4-fluom-phen51)-phthala7in-1-y11-p1peridiri-4-ylI
-N- methyl-2-traltiorometity1-benzamide (10 g, 19.85
rnmol) to toluene (125 mL) to obtain a slurry. .Add
methanol (30 mt..) to make a homogenous solution. Add
hydrogen chloride  WO 2009/134574PCT/US2009/039065
15.21 inL, 4M N1,4-dioxane, 20 inmol) in one portion.
Allow to stir for one hour and coneennzte to 1/3
volume. Collect the solid and dry in a vacuum OVCII
for 12 h at 35 'C to obtain the title compound as a
white. solid (9.5 g, 85'14 ES/MS.111'z 527.0 (M-t-1). 



5Example 31
44'luoro-N-methyl-N-(144-pheny1phtha1azin-1-y1)piperid
in-4-y1)-2- (trifluoromethyObenzamide hydrochloride
Combine
methyl-[1-(4-plienylphthalazin-l-y1)piperidin-4-yl
[-aminemg, 2.5 10mmol), triethylamine (1.05 m.L., 7.54
mmol) and diehloromethane (20 ml..) at room
temperature, Add 44luoro-2-(trilluoromethyl)benzoyl
chloride (683 mg, 3.01 mmol) to the mixture and stir
at room temperature overnight Concentrate the reaction
mixture and purify the resulting residue by flash
chromatography (20:5:1, hexanc.!:ethyl acetate:2 M
ammonia in methanol), Add 1 NIACI in diethyl ether to
a solution of the isolated product 15in
dichloromethanelmethanol. Filter the resulting solid
to obtain the title compound (1.13 g, 88%). ES/MS miz
509.2 (M1).       Prepare the amides in the table
below by essentially following the procedure described
in Example 31 , using the appropriate acid chloride.
Isolate the HCIsalt by filtration or by evaporating
the solvent:  Ex Chemical name Benzamide substituents
ESINIS miz 32 N.-Methyl-N-4 I -(4-pheny1 phthal azi
n-1- yl)piperidin-411)-2- (trifiuoromethoxyThenzamide
hydrochloride 2-0C.F; 50'7..? 04+1)  -20- 33 ,V-Methy
I-(1-(4-phe-Iphthal az-1 - yl)piperidin-4-y1)-4-
(trifluommethoxy )berzainidc hydrochloride 4-0, 507.2
(M+1)  34 ,. N-Methyl-N--(144-phenylphthatazin- I -
yl)piperidin-4-y1)-2- (trifluoromethyl )benzanaide
hydrochloride   



2-C 1:-; 3-CF; 491.2 01+1) 491,4 35 N-Methyl.-1V4 I
-(4-p henylphthal a zi n-1- yOpipe33din-4-y1)-3-
(trifluoromethyl )benzamide hydrochloride    36 ,  2
-Fluoro-;V-methyl-N-(1-0-phenyl ph thalazin- 1-..,1)pi
perid in-4 -y1)-6- (trifluoromethyl
)benzanai-lrochloride  N-Methyl.-1V4 I -(4-p
henylphthal a zi n-1- yl)piperidin-4-y1)-4-
(trifluoromethyl )b en zamide hydrochloride    2-F,
6-Cr3 (m+ 1 ) (M+1) 491.2 37     38 ,
2-Fluoro-N-methyl-N-(14 4-pht. fly lph- . -
1-yl)piperidin-4-y1)-4- (trifluoro lethvi )benzanai e
hydrocoride  2,4-Dichloro-N-methyl-N-(1-(4- p hefl)
lphthalazin-1- y 1)p iperid i fl4- vl)benzamide
hydrochloride. N-Methyl-N-(1-(4-phenylphthalazin-1-
yl)pip erid in-4-y1)-2 A-
his(trifluoromethyl)benzamide hydrochloride 4-Cy
ano-N-rnethyl-N-( 1-(4-phenyl phthalazin- 1-v1) ii
cridin-4-v1)berizamide hydrochloride 2-F 4-C F3 2-CI
4-CI 



2-CF , 4-C T3 4-CN 509,4 01+1) 491.0 (M1) , 448,2
(1M+1)  39 ,        40 , 41    42 3
-Chloro-2-fluorc-N-methyi -N-(1-(4- pheny lphth
aiazin-l-y1 )piperi din-4-y1)-6- (trill uorometh yl)b
enzamide hydrochloride 2-12-Cl36-CF; 543,0 (M+1) 43
5-Fluoro-N-inethyl-M-( l -(4-phenylphth ai azi - 1-y
Opiperidi n-4- 'fl-2 (trill uororneth vi)b enzamide
hydrochloride 2-T3, 5-F 509.2 (M+ I ) 44
"V-Methyl.-.N41-(4-phenylphthal az-1-
yl)piperidin-4-31)-2,5- bis(trifluorornethyl)bei -
amide hydrochloride 



2-CF3 5-C F3 (M+ 1 ) 45 ,. 2-Chloro-N-inet .. -N-( I
-(4-phelphthalaz in- 1-yl)piperidin-4-y1)-5-
(trifluoromethypbenzamide hydrochloride
2-Fluoro-N-methyl-N-(1-(4-phenylphthatazin1-yl)piperid
in-4-y1)-5- (trifluoromethyl )benzamide hydrochloride
3-Fluoro-N-methyl-N-(1-(4-phenylphthalazin1-yl)piperid
in-4-y1)-4- Orifluoromethypbenzamide hydrochloride
2-CI 5-CF) . - 2-F5-12F-:, . - 3-F, 4-C F3 - (m i -
509.) 01+1) 46 ,.    47     -) - 48
2-Eluoro-N-methyl-M-( I -(4-phenylph
hatazin1-yi)piperidin-4-y1)-3-
(trriluorornethyl)beIMITI1 ide hydrochloride 2-F,
3-C.: F3 509,) (M+1) 



5                Example 49 N41 -(4- (4-f luorop
henyl)phthal-yl)pipfluoromethyl)benzami de
hydrochloride ?HC1F F \F N-N        Combine II
-(4-(4-fittorophenyl)inbalazin.-1.-yDpiperidin-4-amine
(1 10 mg, 0.34 rumo1),. triethy1arnine (0.14 m.1.".
1.02 mmoi) and dichloromethane (2 la) at room
temperature. Add 4-(trifluoromethyl)-benzoyl chloride
(85 ma, 0.41 mmol) to the mixture and stir at room
temperature overnight. Concentrate the reaction
mixture and 10purify the resulting residue by flash
chromatography (20:5:1. hexane:ethyl acetate:2 M
ammonia in methanol). Add I N 1-1C1 in diethyl ether
to a solution of the isolated product in
dichloromethaneimethanol and remove the solvents under
a stream of nitrogen gas to yield the title compound
as a solid (57 mg, 32%). ES/MS miz 495.2 (M+1).
Prepare the amides in the table below: by essentially
following the procedure as 15described in Example 49,
using the appropriate acid chloride: /  /// N   Ex
Chemical name Benzamide substituents ES/MS m/7 so 51
.............IIVI.P.Fliql-9:4.7.Y.DP9Y.:4T.*J2Y01.9.0.
19I:jA................................................
............_.jMt..D... 4- Fluoro-N-( I4-(4- fl uoroph
enyl)phth al az in-1-
,V41-(4-44-Eluomphenyl)plithalazin- 1-
yl)piperidin-4-y1)-3-(trifluorometh)l)benz::imide
hydrochloride! 4-F 3-CF3 445.2 495.) 



(M1-1) 52 ,V41-(4-44-EluomphenyI)plithalazin- 1- y
Opiperid in-4- y1)- 4- (trifluoramethoxy)benminide
hydrochloride 4-0CF3 511.)   53
1V-t1-(4-(4-Fitioropheriyi)phtlialazin-1- yl)pi perid
i n-4-y I.)-2-( tri t1uorornethy1)benzami de
hydrochloride 2..,, 495..? (IA +1) 54 Ar41-(4-(4-F1 LI
oropheriy1 )ph thalazi ri- I- yl)piperidin-4-)4)-2-
(trill LI orornethoxy)benzarnide hydrochloride ....
2-0 F3 ., 51.0 (M+I) ., - Ar-t 1-(4-(4-F1 LI
oropheny")ph tba Jaz' n- I- yppiperidin-4-y1)-3-
(trifluoromethoxy)berizarnide hydrochloride 3-0 'i.
511) (M -1) 56
4-Cyano-N-(1-(4-(4-f1iorophenyl)plithala2in-1-
Vilpiperidin-4-vnbenzarnide hydrochloride    4- -i
452.0 (M+ I) ooos, 



tr$tr4 2,6-Di fluoro-N-( 14444- fl LI orophenyi )ph
tha la zi n- I -yl)piirid in-4- yl)benzarnide
hydrochloride 2-F,-I. 463.0  2 -Fluoro-N--(1-(44
4-11uorophe ay Ophthala zin-1-
yl)piperidif1-4-y1)-6-(trilluorometh)l)berizarnide
hydrochloride 2,4,6-Trill uoro-N-(1 -(444-
-fluorophen)l)ph tha Lazio -1-yl)piperi d in-4- vl
gicrizamidc hydrochloride
2-Fluoro-M-(1-(4-(4-11tiorophenyl)phzin-1-
yl)piperidin-4-y1)-5-(trilluoromethy1)-amide
hydrochloride   2-F, 6-( F.; ..-4-F 6-F 24s-CF; 5 I
3.0 (Mil) 481.0 (M-1-1) 513,0 (N4+1) 61
4-Fluoro-V.(1-(4-(4-fluor ()phony I)phthalazin- I -
'Opi per idi n-4-y1)-2 2- fluorome thy lybenzarai de
hydrochloride 2-CF3, 4-F 513,0 (M-1-1) 62
N-(1-(4-(4-Fluorophenyl)phthala-
yl)piperidin-4-y1)-2,4- bis(trifluoromethy 1)benzam i
de hydrochloride 2-C14-1 F-; - 561 0 - - (M+1) 63 



2- Chloro-N-(1-(4-(4-fhiorophenyl)phthalazin-1- ,y1)pi
peri din-4-yl)benzarn i de hydrochloride 2-C1 461.0
(M.-- I) 64
3-Chloro-.W-(144-(4-finorophernyl)phthalaii-1-
yl)piperidin-4-y1)benzarnide hydrochloride 3-C 1 461.0
(M+1) 65
4-Chloro-A'-(1-(4-(4-fitiorophenyl)plahala7in-1- .
yi)piperid in-4-y1)benzami de h\ di 4-C1 461.0 (M+l)..
66  2 ,4-Dich loro-5-11 uoro-N-(1-44-(4-
fluomphenyl)plahalazin-l-ylypi pc ridin-4-
yl)benzamide hydrochloride 2-C1 4-Ci_ 512.6 (M-1) --
-- -- 67 4-Chloro-N-(1-(4-(4-fluorophenyl)ph t halazi
n-1.- yl)piperidi n-4-y1)-2-(tri thiorome thyl)benzami
de   hydrochloride     2- T3, 4-CI 528.6 (M-+-1)
Example 68 .N-
1-(4-Phenylphthalazin-111)piperidin-4-y1)-44
rilluoromethyl)henzamidc hydrochloride       Combine
144-phenylphthalazin-l-y1)piperidin-4-amine (110 mg,
0.34 mmol), triethylarnine (0.140 mL, 1.02 mmol), and
dichloromethane (2 mL) at room temperature. Add
4-(trilluoromethyli-benzoyl chloride (85 ma., 0.41
rnmol) to the mixture and stir at room temperature
overnight Concentrate the reaction mixture and purify
the resulting residue by flash chromatography (20:5:1.
hexane:ethyl acetatel2 M ammonia in 10methanol). Add I
N fICI in diethyl ether to a solution of the isolated
product in dichloromethane/methanol and remove the
solvents by placing under a stream of nitrogen gas to
yield the title compound as a solid (1 I6 mg, 67%).
ES/MS raiz. 477.2 (MH-1).       Prepare the amides in
the table below by essentially following the procedure
described in Example 68, using the appropriate acid
chloride: H N N=N 150 



Ex 69 ...71) 71
......._................_.............................
.................................._._.._____..____..__
___ ,"...y1)piperldin-4-yl)benzamide Chemical name 4-F
Inoro-N-( 1-(4-pheny Iplithalazia-1- - hydrochloride
N-(1-(4-Phenylphthalazin-1-y1)piperidin-41)-
3-(trifluoromethvi)benzamide hydrochloride N-(1-.
(4-Ph eny lphth al azin-l-y Op i peri d in-4-y1)-
2-(trifluoromethyl)benzamide hydrochloride Benzamide
,substituent(s) 4-F  3-CF3       2-CF3  (M+1 )  ES/MS
miz 427.2 477.7 04+1) 477..2 (M+1) 72 i'V.- ( I
44-Phony lph tha laz in- I -y Op iperidi n-4-y1)-
2-(trifluoromethoxy)benzamide hydrochloride 2-0CF3
493.0 (M.+1) ,..7..5 74 _
A.41-(4-Phenylphthalizin-1-yl)piperidin.-4-y11-
3-(trifluoromethox.y)benzamide hydrochloride
4-Cyano-N-(1 -(4-phen yip hthalazin-1 - ----
'yl)piperidin-4-yl)benzainide hydrochloride  3-0CF3
4-CN 493.0 (M+.1) 434.0 (M+1)   



75 3-Cvano-N-( I -(4-phenvlphthalazin- I- - -:-
yl)piperidin-4-yl)benzamide hydrochloride 3-CN 434.0
(M+ I)  2 4-Difl LI oro-N-( I -0-phenvlphthalazin- I-
yl)piperidin-4-yl)benzamide hydrochloride  2-: 4-F F
(M+I)  1.0 45  Difluoro-N4 I -(4-phe nv lphth al
azin-1- ,.-4,".- yitpiperiain-4-vi)ocnzamide
hydrochloride 2-F, 6-F 445.0 (M1" I ) 78 2-F luoro-N-(
1-(4-p heny lphthalazi n- I - yl)piperi d in-4 -y1)-64
tri flu romethyl) benza mid e hydrochloride 2 4
6-Trifluoro-Nq I -(4-phenylphthalazin- I- ..
yl)piperidin-4-0)benzamide hydrochloride  2-F. 6-CF::
2-F,F, 6- 4-F 495.0 (1\1+ I ) 463.0 (MH- I) 80 2-F
luoro-N-( I -(4-p heny lph tha laz i n- I -
ylviperidin-4-yl)-5-(trifluoromethyl)benzamide
hydrochloride 



2-F, 5-CF; 4)5.0 (M+ I ) 81.
4-Fluoro-N-(1-(4-phenylphthala2in-1-
yl)piperidin-4-y1)-2-(tritlioromethyl)benzamide
hydrochloride 2-CF,:, 4-F 4)5.0 (M+1) 82
N--(1-(4-Phenylphthalazin-l-yl)piperidin-4-y1)-
2A-bis(trifluaromethyObenzamide hydrochloride 2-CF3,
4-CF: 545.0 8 3 2-Chloro-N-(1-(4-phenylphthalazin- I -
.-. yl)piperidin-4-yl)benzamide hydrochloride    2-CI
143.0 (M+I)   3-Chloro-N-(1-(4-phenvlphthalazin- I. -
yl)piperidin-4-v1)benzamide hydrochloride 3-C1 443.0
(M1" I ) .. 8n 4-Chloro-N41-(4-phenvlphthalazin- I -
-..-.,.                enztide hydrochloride
yl)nipendin-4-v1)bmi 4-(1 443.0 (M+ I)  Example 86
A,'-( -(4-(4-Fluorophenyl)ph-thalazin-
-yl)piperidin-4-yl)benzamide hydrochloride 



Combine 1-ehloro-4-(4-fluorophenyl)phthalazine (150
mg, 0.58 mmol), N(piperiditi-4-yl)benzamide (178 mg,
0.87 fillI101), triethylamine (0.404 inL, 2.9 mmol)
and dimethylformamide (1 mi.) at room temperature.
Heat to 100 'C and stir overnight. Pour the crude
reaction mixture onto a strong cation exchange
Phenomenex Strata (r) SCX (55 10jun, 70 A) 10 g/60
mi., column (with a 'benzene sulfonic acid functional
group). Elute the desired product with 2 N methanol ie
ammonia (40and concentrtite. Purify the  residue by
flash chromatography (2(i-30%1110% 2 N methanolie
ammonia in ethyl acetate] in hexane). Add N
hydrochloric acid in diethyl ether to a solution of
the isolated product in diehloroinethanelinethanol and
remove the solvents wider a stream of nitrogen as to
yield the title compound as a solid (137 mg. 51%).
ES/MS m/z 427.2 5(M+1). Exa triple 87 N-(1
-(444-Cyanophenyl)phtlialazin-l-y1)piperidin-4-y1)-4-1
1uoro-N-inethy1-2- (trifluoromethyl)betizamide
hydrochloride _ \ 1 A /i I'\\. / HC 1F-1\ FE
Charge a 4 mi. reaction vial with
4-(4-(4-(methylatnino)piperidifl
-yl)phthalazinl-yObenzonitrile dihydrochloride (44.7
mg, 0.107 minol.). diehloromethane (1 and
triethylamine (0.0598 mi.,. 0.429 mmol). Flush the
reaction vial with nitrogen and add 4- f1uoro-24
trifluoromethyl)benzoyl chloride ((),033 g, 0.14
f1111101). Cap the Vial and allow 15the reaction to
stir at room temperature overnight. Evaporate to a
residue and purify using silica gel chromatography
(40:60, ethyl acetate:hexane, then ethyl acetate). Add
N IICI in diethyl ether to a solution of the isolated
product in dichloromethanemethanol and remove the
solvents by placing under a stream of nitrogen gas.
Dry M a vacuum oven at 50C to obtain the title
compound (360g. 59%). ES/MS miz 533.8 (M+1). 20Prepare
the amides in the table below by essentially following
the procedure described in Example 87, using the
appropriate starting material from Preparation 1_1 or
Preparation 13 and 4-(trit1uoromethoxy)benzoyi
chloride:  -26- Ex Chemical name Structure ES/MS miz 



88 1V-(1-(4-(4-Cyanophenyl)phthalazin-1- yl)p iperi d
in-4-yI)-N- me thy1-4- (tri fluoromethoxy)benzamide
hydrochloride R' eee CN 537).2 (\i-i-1) 89 .N-Me
thy1-4-(tri fl townie thox y)-N-(1 -(4-(4- (tti
fluoromethyl)phenyl ) phtbalazin-l-yl)piperidin-
4-yl)ben2amide hydrochloride , R ' ---=,F, 575.7
(lvt+1)  Example 90 N-Me tr uoroinethy11-N-( 1-(4-(4-(
tri fluo rome t hyl)pheny )phtly
yl)piperidin-4-yl)benzamide hydrochloride       Charge
a microwave vessel with N-(144-chlorophthalazin-l-y
)piperidin-4-y1)-Nmethy1-2-(trif1uoromethyl)benzamide
(0.101 g, 0.23 minol), 4- (trifluoromethyl)pheny
lboronie acid ( 0.1T1 a, 0,9 mmol), cesium carbonate
(0.295 a, 0.9-1 1,4-dioxane (3and water (1 ml"). Purge
the reaction vial two times with 10nitrogen. Add
(SP-4-1)- bisl
bis(1,1-dimethylethyl)(4-methoxyphenyl)phosphine- KP
jdichloro-palladium O. ('hem, 2007, 72, 5104-5112)
(0,002 a; 0,003 mmol) and heat the reaction at 90 C
for 16 h, After cooling, separate the two layers and
remove the water. Evaporate the organic solvent with a
stream of nitrogen. Purify the residue from the
organic layer using silica gel chromatography (0-10%
methanol in dichloromethane). 15Add 4 N HO in dioxane
to a solution of the isolated product in methanol and
remove the solvents in vacuo to obtain the tide
compound (OA 00 Lt, 75%). ES/MS intz 559.2 ( M+11.
Prepare the compounds in the table below, by
essentially following the procedures described in
Example 90, using the appropriate starting material
from Preparations 15-18 and the appropriate boronie
acid:   ?\, \r? 7RR  N\ 0 R4R4 Ex 91 



Chemical name 3-Cyano-N-meth yl-N-( I 4444- ( trill
uoromethy i)phenvl )phthalazi n-1-
yl)piperidin-4-yl)benzamide hydrochloride R groups (W
eee H unless other- wise indicated) R E ,-----((F,---
CN ES/MS -- miz .516.2 (M+1) 92 Y-(1-0-(4-Cyanophen
il)phthala zin-1- y1)piperidin-4-y1)-1V-methyl-2-
(trifluommethyl)benzamide hydrochloride REC\ .., RT3
516.2 (M-i-1) 93 At( -(.4--(4-Cyanophenyl)phth a
lazin- I- yl)piperidin-4-y1)-5-11uoro-iV-methyl-2-
(trill uorotneth vl)benzarnide hydrochloride R',R 1C ,
-.1\1-"-F-i-,.   ''- R6 ---=, F 534.7 (M-1 I ) 94
3-Cyano-N-(I-(4-(4- eyanopheny i)phthalazin-l-y
1)piperidin4- y1)-N-methylbenzamide hydrochloride RE
,---- CN; R4 ,----(IN 473.2 (M+1) 95
.5-F1uoro-N-methy1-N-(1-(4-(4- (tri fluororne thoxy)p
hen yl)phthala. n-1- yl)piperidin-4-y1)-2- 



(trilluoromet h),,,l)benza mi de hydrochloride 1 R...
OCF-,. R - (-17;; -'. RF 593:' (M1) 9 6 Ar-Methyl-N-(
14=1-0- (trifluoromethox y)phen yllphtha la in- 1- --'
yi)piperidin-4-y1)-2- (trifluoromethyl)henzainide
hydrochloride IOCF3;'(-1:-, - 575.9 (M+1) 97
.)-Gyano-N-( -(444-
methoxyphenyOphthala71n-1-y1)piperidin- 4-y1)-IV-ine
thy ibenzamide hydrochloride REOC3,--2-- CN 478.2
(M+1) 98 99 3 -Cyano-N-ineth yl-N-( 1-(4-(4-
fluorome thoxy)phenyl)p y1)piperidin-4-yl)benzamide
hydrochloride N-Methy I-4-ar i fluor Medlo
xyl-N(1-044-(trill uoromethoxy)phenyl) ph tha tazin-
i-yl)piperidin-4-y I b n7arni de hydrochloride = OCFj;
R4 RE =OC F3; R' OCF3 591.2  8- 100 



N.-( I 4 4-(4-Metho xyphenyl )phtlialazin- -
yi)piperidin-4-y1)-N-methyl-4-
(trifluoroinethoxy)benzainide hydrochloride le = OCH3;
R:.: - OCF3 (MI) 10.1 5-Fluoro-N-(1-0-(4-
methoxyphenyl)phthaiazin- 1 -yl)piperidin-
4-yi)-N-methyl-2- (trithioromethyl)benzamide
hydrochloride R1 = 0(113; le = CF3 ; R6 = F 539.?
(iN4+1) 102 N-t I -(4-(=1-Methoxyphenyl)plithalazin- I
- yl)piperidin-4-y1)-N-Inethy1-2-
(trifluoroMethyl)benzamide hydrochloride R- OCIL; R' -
C.F3 521,2 (M+1)        The Sonic Hedgehog (Shh)
pathway is critical during embryogenesis, but is
downregulate.d after early postnatal development in
most tissues, hi contrast, more than 30% of human
inedulloblastorna exhibit high levels of GU/
(:lie-Ira-associated oneogene homolog expression;
indicating that abnormal activation of the Shh pathway
is important in a subset of pediatric brain tumors.
Cerebellar Purkinje cell-secreted Shh promotes the
proliferation of granule progenitors, indicating that
uncontrolled activation of hedgehog (EIll) pathway may
sustain the development of mcdulloblastorna. This
hypothesis is confirmed by the development of
mcdulloblastoma in Patched gene Wick-) mice. Treatment
of these mice with a hedgehog antagonist inhibited
tumor growth. Furthermore, it is documented that
hedgehog antagonist treatment resulted in inhibition
of Gill expression in these brain tumors.
Uncontrolled hedgehog pathway activity has been
reported in a number of other cancers as well. For
example, hedgehog has been implicated as a survival
factor for the following cancers: basal cell
carcinoma; upper uastro intestinal tract cancers
(esophagus, stomach, pancreas; and biliary tract);
prostate cancer; breast cancer; small cell lung
cancer; non-small cell lung cancer; B-cell lymphoma;
multiple myelorna; gastric cancer; ovarian cancer;
colorectal cancer; liver cancer; melanoma; kidney
cancer; and medulloblastoma.       Elements of the
hedgehog pathway have been asserted to be potential
drug targets fir the treatment of cancers, A Daoy cell
line established from medulloblastoma tumor (ATCC,
HTB-1 86), is responsive to Hh ligands. When these
cells are treated with  exogenously added
Shh-conditioned media, Rh signaling pathway is
activated and results in an increased expression of
(lid. Cyclopamine, an alkaloid isolated from the corn
lily Verattwn colOrnictim is a weak hedgehog
antagonist and has been shown to suppress the
expression of Gli/ in response to Shh stimulation.
Recent observations suggest that cyclopamine inhibits
the growth of cultured medulloblastoma cells and
allografts. Using this Daoy cell model system, potent
inhibitors of hedgehog signaling pathways can be
identified. Since the compounds of the present
invention are hedgehog antagonists, they tire suitable
for treating the aforementioned tumor types.
10Determination of Biolopical Activity IC50 The
.following assay protocol and results thereof further
demonstrating the utility and efficacy of the
compounds and methods of the current invention are
given for the purpose of illustration and are not
meant to be limiting in any way. Functional assays
provide support that the compounds of the present
invention exhibit the ability to inhibit I 5Shh
signaling. All ligands, solvents. and reagents
employed in the following assay are readily available
from commercial. sources or can he readily prepared by
one skilled in the art.       Biological activity is
determined using a functional assay in Daoy neuronal
cancer cells and measures levels of GIL/ ribonucleic,
acid via a bDNA. (branched deoxyribonucleic acid)
assay system (Panomies, inc., Fremont, CA), Gil was
originally discovered in a Glioblastoma cell line and
encodes a zinc Finger protein that is activated by Sbh
signaling. The maximum response is obtained by
inducing Gill transcription in the Daoy cells with
conditioned medium (HEK-293 cells stably expressing
recombinant Shb) for 24 hours and. then measuring the
amount of stimulated Gill transcript. The minimum
response is the mount of Gill transcript inhibited
with a control compound in Daoy cells that have been
stimulated with conditioned media (human embryonic
kidney, (HEK)-293 cells stably expressing recombinant
Shh) for 24 bows.  Functional .Assay for Measuring the
Inh bition of Gill in Daov cells  -30- 



types of synthetic hybrid short 6W-specific eDNA
probes that determine the specificity of the target
transcript (capture extenders (CB), label extenders
(LEs), and blockers (BEM that hybridize as a complex
with the target transcripts to amplify the
hybridization signal. The addition of a
elicmilumigcnic substrate during the amplification
step allows 5for detection using luminescence,
The Daoy cell line obtained from American Type Culture
collection (ATCC) is a Shh-responsive human neuronal
tumor cell line and was established in 1985 from a
desmoplastic cerebellar inedullablastorna tumor, a
physiologically relevant tumor cell line. Endogenous
levels of Gid transcripts levels are low in Daoy cells
but can be stimulated by using conditioned media taken
from cells stably over-ex-pressing human Shh (a
HEK-293 cell line stably transfected with hShh).
Daoy cells are grown to continency in tissue culture
T225-flasks in Daoy growth media containing Minimum
Essential Medium (ME114) plus 10% Fetal Bovine Scrum
(FBS) with 0.1 nM non-essential amino acids and 1 mM
sodium pyruvate. The cells arc removed from the
T225-flasks using trypsin ethylenediaminctetraacetic
acid (EDTA), centrifuged, resuspended in media, and
then counted.    The Daoy cells are then seeded at
50,000 cells per well in growth media in Costar 96
well clear tissue culture plates and allowed to
incubate overnight at 37 C under 5% carbon dioxide
(COA The cells are washed CMC time in phosphate
buffered saline (PBS) followed by addition of 100 pL
of Shh Conditioned Media (Shh-CM) to stimulate levels
of Gil/ expression Shh-CM is diluted to achieve
maximum stimulation using control growth media - 0.1%
FBSSDMEM (Dulbeceos Modified Eagle Medium). Daoy cells
treated with Shh-CM are then treated with various
concentrations of hedgehog inhibitors at
concentrations ranging from approximately 1 ).1.11.1
to 0,1 nM. Compounds are allowed to incubate for 24
hours at 37 C. under 5% CO,.       The measurement of
the GO transcript is performed by using the Quantigene
2.0 Ghl assay as described by the manufacturer
(Panomics, Inc.). Prepare a diluted lysis mixture
(DL.M) buffer, which includes Proteinase K. After a 24
hour incubation with compound, the cells are washed
one time with PBS and 180 iL of DEM is added to the
cells. The cell plate containing the lysis buffer is
sealed and placed at 55 C. for 30 to 45 minutes. The
resulting cell lysates are then triturated 5 times. A
working probe set  -31- containing OH probes is made
by diluting the probes in the DLM aceordina to
manufacturer's directions, and then 20 uL of the
working probe set is added to the bDNA assay plates
Mom!, with 80 L of the Daoy lysates. The plates are
sealed and incubated overnight at 55 'C. The bDNA
plates are then processed according to the
manufacaurer's 5 directions. The signal is quantified
by reading the plates on a Perkin Elmer Envision
reader detecting luminescence. The luminescent signal
is directly proportional to the amount of target
transcript present in the sample.       The
luminescent signal data from the functional assay are
used to calculate the 1050 for the in vitro assay. The
data are calculated based on the maximum control
values 10(Daoy cells treated with Shh-CM) and the
minimum control value (Daoy cells treated with Shh-CM
and an inhibitory concentration of a control compound,
II uM of N-(3-(111-
benzo[dlimidazol-2-y1)-4-chlompheny1)-3.5-dimethoxyben
zamide). A four paramete.!r logistic curve fit is used
to generate the IC50 values using ActivityBase
software programs vs. 53, equation 205 (Guidance for
Assay Development and HTS, vs 5, i 5Copyright 2005,
Eli Lilly and Co, and The National Institutes of
Health Chemical Cienomics (enter), The 4 parameter
equation is as follows; Fit A)/(1 -4(C/x1)1'D))) where
A-Bottom, B-Top, C-IC50 and D-Hill Coefficient,
Following the protocol described, the compounds
exemplified herein display an 1050 of < 30 nM. The
compound of Example 36 has an IC50 of approximately
237 nM with a standard error of 0.150 (n=2) in the
assay described above. These results provide evidence
that. the compounds of the present imention are
hedgehog antagonists and as such are useful as
anticancer agents.  WE CLAM  1. A compound of the
following formula:    wherein: RI is hydrogen,
fluor(); cvano, trifluorornethyl, methoxy,or
trifluoromerhoxy; is hydrogen or methyl; and       R.
R4, R. R6 and R7 are independently hydrogen, chloro,
fluor, cyano, trifluoromethyl or trifluoromethoxy"
provided that at least two of R, R4, R. R6 and le are
hydrogen; 10or a pharmaceutically acceptable salt
thereof,        2. The compound of claim I wherein R'
is hydrogen, or a pharmaceutically acceptable Sal t
thereof.        3. The compound of claim I wherein R
is fluor, or a pharmaceutically acceptable salt
thereof.        4. The compound according to any one
of claims 1-3 wherein R' is methyl, or a
pharmaceutically acceptable salt thereof  5. 'File
compound according to any one of claims 1-3 wherein R2
is hydrogen, or a pharmaceutically acceptable salt
thereof  6. The compound according to any one of
claims 1-5 wherein le is chloro; fluor,
trilluaromethyl or trifluoromethoxy, or a
pharmaceutically acceptable salt thereof.  7. The
compound according to any one of claims II-6 wherein
R5 is fluor, trifluoromethoxy or trifluoromethyl, or a
pharmaceutically acceptable salt thereof 



-33-        8. The compound according to any one of
claims 1-7 which is 4-tinoro-N4 (4-fluorop heny Oph t
halazi n-1-yl)p p eri d in-4-y1)-N-meth y 1-24. tri
tiorometh I )benzam i de, or a pharmaceutically
acceptable salt thereof. 5        9. A pharmaceutical
composition comprising a compound according to any one
of claims 1-8, or a pharmaceutically acceptable salt
thereof, in combination with a pharmaceutically
acceptable carrier, diluent or excipient. 1010, A
method. of treating meduiloblastama, basal cell
carcinoma, esophagus cancer, gastric cancer,
pancreatic cancer, biliary tract cancer, prostate
cancer, breast cancer, small-cell lung cancer,
non-small cell lung cancer, B-cell .lymphoma, multiple
rnyeloma, ovarian cancer, colorectal cancer, liver
cancer, kidney cancer or melanoma, in a mammal
comprising administering to a mammal in need of such
treatment an effective 15amount of a compound
according to any one of claims 1.-8, or a
pharmaceutically acceptable salt thereof        11. A
compound according to any one of claims 1-8, or a
pharmaceutically acceptable salt thereof, for use as a
medicament.        12. A compound according to any one
of claims 1-8, or a pharmaceutically acceptable salt
thereof, for use in the treatment of cancer. 


