Dl SUBSTI TUTED PHTHALAZI NE HEDGEHOG PATHWAY ANTAGONI STS The present
invention relates to Hedgehog pat hway antagoni sts and, nore specifically,
to novel wop4otiesesast it uted pht hal azi nes and t herapeuti c pasastévenesi’z The 5
Hedgehog (Hh) signaling pathway plays an inportant role in enbryonic
pattern formation and adult tissue maintenance by directing cell
differentiation and proliferation. The Hedgehog (Hh) protein famly, which
i ncl udes Soni ¢ Hedgehog (Shh), Indian Hedgehog (1hh), and Desert Hedgehog
(Dhh) are secreted glycoproteins that undergo post-translational

nodi fications, including autocatal ytic cl eavage and coupling of chol esterol
10to the amno-term nal peptide to formthe fragnent that possesses

si gnal i ng act bWtysTITRDNYSTH AL AN HE MEDVEHRRS BA THANSYRIDTANENHTSt €i n Pt ch
(Ptchl and Ptch2), thereby alleviating Ptch-nedi ated suppression of

Snoot hened (Snp). Snmo activation tri ggers a series of intracellular events
culmnating in e shakidbafhiomeol i &aBphanatbinitonadaators (Al

Gli 2, and Gli 3) ang e expression of pen dent” genes that are

15r esponsi bﬂpemfl@allyctelnlovqirld+d1$1@stauﬁe@nhth@1@¢1mesgu¢l thexapputicangihogehedics and

i nvasi o C I { erest
based onr5 t heed(%e hdg%ﬁ gg@}hg gatﬁ‘grr edggltn ?/rga:nf %ﬁe 1%% ngﬁﬁﬂl% pg%r?%rﬁla1l%ads to
t he formatiad adflt tsné mau&tenurmbs dlr@:tlgg pelbfaffcneetmtlion amhp‘robﬁeratlmdﬁhel obl ast onm,
basal cell ga 8N te cancer. Several
- ant agon SeeSh R REI bpfFy gt oG ERe AR RLEM AaSubRiEhes on

al kal oi d co(mh‘h)md DeEbrﬁH&igehdge(mm nemccdted@yaopnmunhhtﬁhmgedﬁo@t- and t he
2,4-disubstjt hi azole c ound JK18. 200503 288 .di scl ose ertain
R RpeR L e I s R s S S

ant agoni(st sto tia diih@kdriytinaMERAGED ¥onlthe Ghgadn sREpdefstaisindling adirdtybsth t ut ed

pht hal azi ne .c unds related to the dia and of pathol ogi es
related to qlﬂ%nﬁgﬁd@ﬁlﬁﬁpﬁéfrﬁwmb%?ﬁ@‘éggfcﬁl(ﬁc nélttPC )g@é%’yf or potent
hedgehog padilRvaiingd Mbi-Bicliefed sufpadstibs bt ShddthdnBOS&d)a8nb dctil@bibl @izk@s a

phar macodynam c, pharmacoki netic. and toxi col og%/%pr ofil es. The, present

i nvent i on prBe ddaraseipar cyends erlmingiing ip dieadpbirpkon of Hhefels rpngiivtione pot ent

ant agoni st Sfa&BrsEbhiS At E'lWIB) angthe-ggﬁ'reﬂfcﬁ%@@1 -deP¥RIRhd RRcsREAYicdes a conmpound
of Formula I ornmula’ | wherein drogen, fluoro, cyano,

trifl uobometetnpnsible foreelh projiferagmn; @llﬁwrvabéﬁglogqn@ﬁ@? wddpvasiens | uor omet hyl ; R3

I s hydrogen or g ﬁérﬁhn@ﬁﬁ‘fée@ﬁt@y thaked@londi ﬁé’?%le ol sPBasggoﬁairﬁg dgc?’ovlel%/ hydr ogen,
R4 is chloro, fluoro, cyano, trifl uoromnet %/ 71 di f | uor omet hoxy or
trifluor orretﬁlw@iayrrant a@w@mneﬁéhh sigaaling heatls tou ee@rrpfitmméﬂrw@s unprgiegl sel ect ed

fromthe gr %ﬁ!}{lﬁ ( NNt 4-N
Nl- NN N ;%_H%e&tgzr&ﬁh&} n[fkg gl)(gbl Nﬁ7sa], Ge lc?rcwem,a, sméa&/ecell %u&g'cét}cer aﬂ\l_ or
a phar maceutrpgat ba,ncem(SemrdtiﬂeaI@@bmsts hevedstn reported in themrtt $veh ps ther azi ne ri ng
struct utes aboy od.t hat. t he

15pi per%"; nseer?ld%l allkalomﬁ %P‘%PO““‘&l &fgﬂ ”81“%08“%1‘11%"“ C%m%ounf‘ C%'R%?“ﬁ“ f‘?@"’ﬁ%e and the
right side Zyﬂ dtshlsnp]tqmiethmzolmeompdugd K14 |W@éﬁb5()6)32t8ﬂehscbsds(cmydm 1,4- It will
be understo the | ed artl an that the. c ounds. t he present
Chvent on citrubd B fiin Syt ENereb . B AR e S act s on wi th
a nunber of wio2008a061a casw)swcgamnq 4aﬁmsnttned ﬁlﬁhmmbadoﬁm@awslraabdwm@cept abl e
acid additign salts, Such 2 31819 rmac accept %bl e acid addition
salts and c Wﬁﬁsﬁﬁtfﬁ?ﬂ%qnb@& Ogbersé ?ﬂtF Wg} e Noglochog dAIYP% wel | known in the
art. Segs e.g., TRereStiBBkists @hed for pdtANBERISHo hat MMb%lﬁﬁLﬁ&e
PRODERTI ES, SELECTI ON AND USE, (VCHA/ W | ey-  VCH, S.M Berge, et al.

" Phar maceut ¢ dsyrapl pha%la?%ﬂm@fph@ﬁ%ﬁh@@mﬂéé@m@é@%w&@% V&F 66, No. 1,
January 197&ese§§9@&1&15ﬁ Bro®RIBOvEEIN-Qis@bstitullk@ PhiMBRhbOMat JRCHHAR aOFRRUNS  Of
Formula I, or a pharnaceutically acceptable salt thereof, wherein: (a) Rl
i s hydr ogerof thip pgfhweor cyano: (b) RL is fluoro: (c) R2 is hydrogen or
fl uoro;
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10(d) R2 is hydrogen; (e) R3 is hydrogen; (f) R4 is fluoro, chloro, cyano,
trifluoronethoxy, difluoronethoxy or trifluoronmethyl; (g) R4 is fluoro or
cyano; 15ybpofee7f| uoro; 4-N N- Me 7NNt)N-, - Me' (1)1 ®OI/USR)09/061583 / ,

YNI\ 17, (k)is (1) RL is hydrogen, fluoro or cyano; and R2 is
hydrogen or fluoro; 20(m Rl is hydrogen, fluoro or cyano; and R2 is
hydrogen; (n) RL is fluoro; and R2 is hydrogen or fluoro; (o) RL is fluoro;
and R2 is hydrogen; (p) Rl is hydrogen, fluoro or cyano; R2 is hydrogen or
fluoro; and R4 is fluoro, chloro, cyano- trifluoronethoxy, difluoronethoxy
or trifluoronethyl; -4- (q) RL is hydrogen, fluoro or cyano; R2 is
hydrogen; and R4 is fluoro, chloro, cyano, trifluoronethoxy,

di f1 uor onmet hoxy 10 phdsédt ideRQIRMes albhp&idics Fbin@f 10, R2 is hydrogen or
fluoro; and R4 is Pluoro, chl oro, cyano, trifluoronethoxy, difluoronmethoxy
or trifluoronethyl; 5(s) Rl is fl Q; R2 is hydrogen; and R4 is fluoro,
chloro, cyano, trifluoronethox uo thgxy or trifluoronethyl; (t) RL
i s hydrogen, fluoro or c @rgggn or fluoro; R3 is hydrogen; and

R4 is fluoro, chloro, cyano, [ WX N@Porret hoxy or
trifluoronethyl; 10(u) Rl is hydrogen, oroHonNrcgano; R2 is hydrogen; R3
is hydrogen; and R4 is fluoro, chloro, cyano, gfifIgioronethoxy,

di fl uoronet hoxy or trifluoronmethyl; (v) RL is fluoro; R2 is hydrogen or
fluoro; R3 is hydrogen; and R4 is flbeomslalchl oro, cyano, trifluoronethoxy,
di fl uorometfpxy or trifluoronethyl; and 15(w) Rl is fluoro; R2 is hydrogen;
R3 is hydrogen; and R4 is fluoro, chloro, cyano, trifluoronethoxy,

di f | uor diret hoxy Rris bydrddendhuiomne tyapb; trifluyroRethykorfbatiop; R2 is hydrogen; R3 is

hydr ogen; and R4,.i.s, fl1 uar ay R rogen, fluoro or cyano; R2 is
hydr ogen or flufnkrcl)s;Shy Odg%n’%luﬁﬁ%%rtﬁl?hlw,rgm%gisor M '"IK 4-NN 0\ /"

dr
an L NN
20(z) Rl is hydriodemydrédenior chl@p, myddal thiR3t fesst hydsfRjend Raisdiysroger;/ K,
)/NN-, - Me or

R* is chloro, fluoro, cyano, trifluoromethyl, methoxy, difluoromethoxy or

trifluoromethoxys;

N

L
L —_

TN N~
10 v represents a substituted piperazine-1,4-diyl selected from the

group consisting of
e

Me M

t / \ ’l 1/ ( 1 P4 ( ' 1 / : i
1 k N 7‘_N N_','_ ’l'_N N'l
__/ > / \_< )

Me Me Me

/_(; /—(_OH
+N  N+& a 4.
FNCONT AN N

or a pharmaceutically acceptable salt thereof.
In the piperazine ring structures above it will be understood that the left side of the
15  piperazine ring, as drawn, is linked to the bicyclic phthalizine and the right side of the
piperazine ring is linked to the carbonyl.
It will be understood by the skilled artisan that the compounds of the present
invention 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

20  pharmaceutically acceptable acid addition salts and common methodology for preparing



-5- (z) RLis fluoro; R2 is hydrogen or fluoro; andis NN4- ) Me Me /,

or (aa) Rl is hydrogen, fluoro or cyano; R2 is hydrogen or fluoro; R3 is
hydr ogen;wBaoimetioaor o, chl oro, cyano, trifl uoronet hoxypCaiuskeonerses hoxy
5or trifluoronethyl; and M, 4-N' ,41N4- ) Me isor (bb) Rl is

hydr ogen, fluoro or cyano; R2 is hydrogen; R3 is hydrogen; R4 is fluoro or
cyano; and NN Me 4-NN4- /, )N Me' isor 10The present invention also

provi des a pharmaceutical conposition conprising a conpound of Formula I,
or a pharmaceutically acceptable salt thereof, in conbination with a
pharmaceutically acceptabl e excipient, carrier or diluent. The conpounds of
the present invention are preferably formlated as pharmaceuti cal

conposi t i ongeAAFE WISt HaGh DY aRt. Y& b8t ¥. gﬁhlr@w asANBBefex abl y, such
15conpositions are for oral or intravenous ad m nistration.

phar maceut | FARVSMFIET NSO g PROJEEI dley SEGFCHHEN ANINGSE Hé(ﬁ%%/g\’llﬁ& | known
[0 e art. VLD v BEM OO oFHE: SR ENGR, AN FIRAGHL R CRRIARACY. (A
pr esent |nv%ﬁ@ﬂ@nVeﬂngpermwwg1§7ﬁethod of treating brain cancer, basa

cel I 20car ci nongy, 650 BAGGHReFANGRS lnv%%%mcﬁldg@&ﬁ Junds%%hﬁﬁ& ancer,
biliary tract cancer, prostate cancer, breast ca cer | ung
cancer, nond@nmkbmtaﬂywkam@ﬂ@amubmﬁdEWbﬂ@h -6- | ynphomm, nultlple myel oma,
ovari an cancer, 4gk¢%ﬁg %%gp%%&bch%v%r cancer, Kkidney cancer or nel anoma
in a patient conpr 8 nlsterlng 0 a patlent in need of such

treat nent an effec@)Rémdhmunt of a conpound of Fornmula I, or a
pharmaceutical ly @E ptqple salt.thereof 5/t will be understood that the
amount of the conp SIS TS ni st ered will be deternined by a
physi ci Bn under thﬁ)Réh&wan@mglrcunstances including the condition to be
treated, the chosgg Bgute of adm ni stration, the actual conpound or
conpounds admi ni st'& 8d AP e, wei ght, and response of the individual
patient, and the s@yeristfiuodf, chib®, ahd entluGosyiRiOdBluoldastgesoper day
nornally fall within the rang of about 0.1 to 10 about 5 ng/ kg of body

wei ght. " In some i nst SHEELORYY, ige | evel s below the lower linmt of the

af oresai d range na%)péBQngﬂy thoadequate, while in other cases stil

| arger doses may be enpl oyed. herefore, the above dosage range is not
intendetf to limt @h& &dBRESof the invention in any way. This invention

al so provides a conpound of Formul a },\or a pharmaceutically acceptabl e
salt thereof, for use a%/ﬁ\qedlcanent {SAddi tion Fy, this invention
provi des use of a conpemnd ¢F+Fornulh—v or a/pharymceutically acceptable
salt thereof, int dqigdture offea nmedi cament_f/or treating cancer. In
particul ar, the ca cer is select®ed fromth& group consisting of brain
cancer, basal cell carcinoma, esophagug cancer, gastric cancer, pancreatic
cancer, biliary tract pqﬁEEN,,prosfate naﬂcer, breast cancer, snall cel

| ung cancer, non-snalt+—oel | N¥ng canger, 20B-cell |ynphoma, multiple

nmyel oma, ovari an C@pcer, co orquaMecancerb | i ver cancer, kidney cancer and
mel anona. ’
Me
N NTF 4N %4_
(k) \\// is ;
(1) R' is hydrogen, fluoro or cyano; and R* is hydrogen or fluoro;
20 (m) R' is hydrogen, fluoro or cyano; and R? is hydrogen;

(n) R' is fluoro; and R” is hydrogen or fluoro;
(0) R' is fluoro; and R” is hydrogen;
(p) R is hydrogen, fluoro or cyano; R? is hydrogen or fluoro; and R* is fluoro,

chloro, cyano, trifluoromethoxy, difluoromethoxy or trifluoromethyl;



Furthernore, this invention provides a pharnmaceutical conposition
conprising a conpound of Fornmula |, or a pharmaceutically acceptable salt

t her eof , W 2ar/@e307ve i ngredi ent for treating brain caneerushavabiscel |

carci noma, esophagus cancer, gastric 25 cancer, pancreatic cancer, biliary

tract cancer, prostate cancer, breast cancer, small cell |ung cancer,
non-small cell lung cancer, B-cell |ynphoma, nultiple nyel oma, ovarian
cancer, colorectal cancer, |iver cancer, kidney cancer or nelanona.

The conpounds of Fornula I, or salts thereof, may be prepared by a variety

of procedures known in the art, as well as those described in the Schenes,
Preparations, and 30 Exanpl es bel ow. The specific synthetic steps for each
of the routes descf)€ds fRYodRE, luofo orcQulYy; REE Hylrodbi: fafd RNE (MBXSeh1Qh, | N
conjunction with steps fromdifferent schemes, to prepare conpounds of
Formula |, or salts €¥@pdgfluoromethoxyrdilugipmethory eniidluiogmedzl ot her wi se

indi cated, are as @1' ViR Y RAGT HyARRen JRIFERRERT R fRDE éh%}dg'aﬂo, material s
are generally readily available to one of ordinary skill in the art.

O hers may be nade byrifSrosamepsiodyt ddempmerbexyo tioffygaeinathydnd het er ocycli ¢
chem stry, techni 1 YWY . P b h of known
structufglIy-siniﬂgfﬁbgﬂ%%gth%l§ﬂ§%gﬁgﬂgﬁogégﬁgggﬂgéé§%ﬁ ed in the
Preparati ons and Exatfliesomsthoxh, dithidrometheryl andiifipramgthydlovel procedures. As

used herein, the f oW t he,eani n indi cated; 0" refers
to 10 di et hyl ethé?%h"g%ﬁﬁﬂ%gﬁgﬁg%?%g Pﬂb%ﬂ§ﬁ¥5?%%&?@%@8"%mgéym§% érs to

di net hyl sul f oxi de; " B0 ORLTS finexoechdord aoyeddy yi flimoatctttony, diflkdrometkéeres to
tetrahydrofuran; "M hﬁ refgéﬁ to methanol; "MIBE" refers to

met hyl -tert-butyl et Her*'S68" or "t-boc" refers to tertbutoxy carbonyl;
"SCX" refers to studrRy ichidraRnekohangsan@Rrd is'HyTR@en; Refietiyardgon;tahg R* is
concentration of an %ﬂent hat rodqfes S @60ﬂr he naﬁinal i nhibitory
response possi bl e 15f 8770t Ha ety Mtiuorquisthogy, diQLOBEROXY 0T () A = H

\--- - - 1 Step 4 triflbrsa@@eund of Fornula (6b) can be prepared in
accordance with reactions as depicted in Schegqe 1. -8- In,Schenme 1, Step
1, 1, 4-dichlor opht&élRatsi rq By ischydrogen pidoru R i vdroges aad Ry 5 J1eEp: pi per azi ne

(3a) or (3b) in a nughigRPEiahb GriliR6mEthExyS HidS biotdthb@NolSh¥rd mb@yPERVI de a

pi perazi nyl phthal azi ne of fornula (4a) ,or (4b). The,reaction takes place
in a dipolar aproti"0Rs#l e Rsifdiydipgemiisd bidrasras aifl Rh isfHogpphleir i at e base
such as Fflethy|a”‘n@ym@ﬁ%ﬂ§&@&@ﬁ¥%ﬁHﬁﬂbﬁﬂkﬂ%xyQFUEB&%ﬁéﬂMH1Carbonat?- The
mxture is heated at about 70,150 C. The skilled artisan will recognize
that in some inst are8s isifluoyd: R isdedepgonilt aglbdiagen:and 8¢ isdlugrast ect i ng gr oup
such as a t-boc gr 1 i i : | owi ng protection
of the |ess hi nder@anliSt P’grgog%{?glgl%&g}éﬁphﬁqg H}‘Ar@g&%@hu@ﬂo, i
(5)-tert-butyl-3-nethyl pi perazi ne- ,1,/ar.boxyl at e. pjgonver sel y, when
reaction takes place at Ahe\less thder@d‘nitnoged it may 10be possible to
use unprotected pi perdzithes Nsuch as ET%—Z,G- et hikpi per azi ne or

pi per azi n- 2-yl - met hanol . 'theﬁSiMeprotecb}on Ped%irgd when using 2, 5-

di et hyl pi per azi ne. In Step 2, the phthal azinyl chloride of formula
(4) is reacted with a phenyl boronic acid under Suzuki cyqégfdoupling
conditions. The skilled artisan will recognize that theraN 1584 a variety
of Coﬂdhi'ons,USGf&ﬁRfﬁmy&%g&iHﬁ@%bP&mﬁ&QQi§&ﬁ§&&ﬁﬂﬂﬁ|'ng\iﬂdkt'QQS- The
reaction conditions nmake usée of a suitable solvent such as di oxane or

di oxane/ wat er. The reacti on is accopplished in the presence of a base such
as cesi um car bonat €7 8! E§iun1ﬂ|ye&jqe. The reaction takes place in the
presence of a palla@i m cat al ystN subhk- as

bi s(ditert-butyl(4- ?nethyI@ﬁinobhéhylkphosphine) di chl oropal |l adi un(11),
(1,1 - 20bi s(di phenyl phosphi no)ferrocene)pal |l adiun(l1) chloride, or
(SP-4-1)- bis[bis(1,1-

di net hyl et hyl ) (4- nmet hoxyphenyl ) phosphi ne- KP] di chl or o- pal | adi um ( pr epar ed
according to the synthesis of catalyst Din J. Og. Chem 2007, 72,
5104-5112) under an inert atnosphere at a tenperature of about 80-110 Cto
gi ve a phenyl piperazinyl phthal azine of formula (6a) or (6b).
25AIternatively, in Step 3, a phenyl phthal azinyl chloride of formula (5)
is reacted with a piperazine of formula (3a) or (3b) in a nucleophilic
aromatic substitution (SNAr) simlar to that described in Step 1, above. In
Schene 1, Step 4, amne functionality, such as that present in the phenyl

pi perazi nyl phthal azine of formula (6a), can be deprotected to (6b) and
further reacted to 30 give conmpounds of the invention. Methods for renoving
nitrogen protecting groups are well known in the art (see, e.g., Geene and
Wits, Protective Goups in Oganic -9- Synthesis, 3rd Ed., John WIley and

~ U OA NN o o o . =



25Preparation 1 -10- (S)-tert-Butyl
4-(4-(4-fluorophenyl) pht hal azi n-1-y1) - 2- et hyl pi per azi ne- 1- car boxyl at e

Heat a mwoun®/whs501- chl or o- 4- (4-fl uor ophenyl ) pht hal azi n@C{AISe00g/061593 3
mmol ), (5)- tert-butyl 2-nethyl pi perazine-1-carboxylate (5.03 g, 25.1 mmol)
and triethylamne (8.1 5 nL, 59.0 nmol) in DMSO (97 nmL) at 115 C for 3 d.
Pour the reaction mxture into water, rinsing with CH2C12. Extract with

Et 20. Wash the organic layer with water (2 x), then dry over Na2SO4 and
concentrate under reduced pressure. Purjfy the resulting residue by flash
silica gel chromatography (gradient of O to 20% Et OAc in CH2C12) to provide
the title conpound as a pale yellow foam (7.05 g, 84% . ES/M5S nlz 423.2

10(M+1l). Alternate procedure: Add (S)-tert-b

2- met hyl pi per azi ne- 1-car boxyl ate (276 g, 1.38 nol)t —slurry of

1-chl or o- 4- (4- quorogp gﬁ@) phthal azine (275 g, 1.0% nol) and

di i sopropyl et hyl anizh KR isthydmggmer) flyopp; @Mso (256 L) iat 25 C. Heat the

Add the mixture to EtQAC (R-5 L) and er (3.5 L). Extract the aqueous
phase with ethyl acetéte—%Q X 2.0\ nbi ne the organic | ayers, wash with
water (2.5 L) and congentrate to “a\hr.own foam Dissolve the foamin
acetonitrile (1.0 L) and cool o 1 Cfor 80 min. Filter the precipitate to
obtain a tan solid GERYidFRER bl dreyart Rt isGudbeand fRibief RYist he residue in
acetonitrile (500 ntgyfor 30, mn. 20Filter the m Xt ure LﬁﬂObtaln a tan

solid. Combine the sBY98E%Hr Reis Supuer ehdorg feyapg. rif] Hreaeyuttievenchae® ton-, 25
C) for 25 h to obtain the title conpound as a tan splid (435 g, 96%. ES/ M5

m Xture to 102 C for 9 15Cbo| t?f_@@fctlon to 25 C and stir for 48 h.
)

mz 423.0 (M1). Prepare the pvﬁ6?32|nylphmhahazlnes in the table
bel ow by essentially follow ng the Zﬁﬁmoce ute desdfkbed in Preparatlon 1,
usi ng 1.; eq of the app grla ¥/§ubst t |nﬂea2|ne and 3-5 eq of

triethyllam ne at a t8 Yo 15 to 150 for 3 to 6° days Prep. No.

Chem cal nane Structure LCMeES/ M5 nfz WD 2010/ 062507PCT/ US2009/ 061573 2
(S)-tert-Butyl 4-(4-(4- /#Hborophenyl)phthala2|n 1-

y1) - 3- et hyl pi per azi ne- grboxylate . * \, NNN,--\o Ns,Nd K ) -/0 423.2
04+1) 3 (R)-tert-Butyl 4- (4- quorophenyI)phthaIazin 1-
y1) - 2- et hyl pi per ne- car bo ate F41 N-N N 423 M+ 1 4*
(R -tert-Butyl 4- (@b ISrer&&%S%ﬁ'ﬁgﬂ Ff SKAaR s ixdrpgen: R Ry drogen
yl)-3-nethy|p|pera2|ne 1- carboxyl ate /Nf_\N/ Me
——N N > +N  ONE
q ) . Me )
uoro or cyano; and is or ;
10 The present invention also provides a pharmaceutical composition comprising a

compound of Formula I, or a pharmaceutically 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
15  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. Gennaro, et al.,
eds., 191 ed., Mack Publishing Co., 1995).
The present invention also provides a method of treating brain cancer, basal cell
20  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



40 \ NN ,--\o 1\li_24,-, K - 423.2 (M+r 1) 5 tert-Butyl 4-(4-(4-

fl uor ophenyl ) pht hal azi n-1- y1)-2-net hyl pi perazi ne-1- carboxylate F41 . N-N
N 423. 0 (WBXprodersrt - Butyl 4-(4-(4- fluorophenyl) phthal 2irS2009/061573

y1) - 3- et hyl pi per azi ne-1- carboxylate 41 \/ N-N Nr-\1\14: K 423.0 (M+l)
*Use DVF as solvent. Alternate procedure for Preparation 2: Add

1-chl oro-4-(4-fl uorophenyl)phthal azine (200 g, 773 nmol) to a solution of
5(S)-tert-butyl 3-nethyl pi perazi ne-1-carboxylate (232 g, 1.16 nol),

di i sopropyl et hyl am ne (674 nL, 28.1 nolg., and DMSO (2.0 L). Heat the

m xture to 120 C for 60 h. Cool the mxture to 25 C, pour into ice water
(3.0 L) and filter. Collect the solids, dissolve in CHC12 (2.0 L), and

extract W tigmpRSed, rludigle fyeloG@ NS e Bh&r IRl Yadic s, Phassheanfidadd to a
silica plug (3.0 kg silica) eluting with 3% THF in CH2Cl2 to yield the

title compoWheFr 45MEBNeNa/d|a| RIFT SePTSITER IginiguRs (© EBANAS! iy ecdofueh (Mr1) .
Preparati onghe) ad &FdctiBUYdunt of a compound of Formula I, or a pharmaceuticall

2-ethyl -4-(4-(4-1luorophenyl ) pht hal azi n-1-yl) pi perazi ne-1-car goxyl ate
-12- aqeentabde s#itshawod of 1-chl or o- 4- (4-fl uor ophenyl ) pht hal azi ne (5.02

g, 19 4 1), ( tar - [ ine- - g, 23.3
nmol ) aﬁgnﬁzc 0gﬁ%guggEgaH%%¥g%ﬁ@%?§&?%9@&%@&@%@&%&?&%@&%&%ﬁ§@?Owﬁg d. Pour
the reacti dre deicxmineéby mplysiwienemderrthquslemgnt wircumsEno@cinclEsting detcondition ©t 0AC.
Wash t he or ILCl ith [ , khen i Vi Na2SO4, and
concentr at e&ﬁ‘ﬁ‘*&%F‘ ’ tfﬁ%%(s:%ﬂ Olﬁtre ggéﬁ?lgfsgﬁﬁ&rni tThigl a‘?ﬁ%%?ééﬁq%td iog%é/nrlpgoéllg& ue by flash
silica gel zlmosatdghapdeywfightagidendponde oZ thetindi80046] RatikAC anhdithhexaresif t o

provide the,title,co und (5.11 q,, 609 . . ESINS. .M z 437, 2. (M

b opar e « nabPiEFUSTRRER: Hfissi nd ot oo BINE B oy et 1

foll ow nmp tdveutd @gkduf Bodiesight. bmdiomo iftapadatago fevdls belswniy: lower limit of

cis-2,6-dimﬁth | pi.perazi ne, Prep ame Strycture ESSMS mz 8 1
er ety f

No. Chem cal
-(cis-3 ,5-t Faﬁ‘ﬁf)@raé?? Wpie-t?%%deﬂl‘lateel%iﬁ?l?oqi Ry IARRdOsN Y 337, 2

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 I, or a
pharmaceutically acceptable salt thereof, for use as a medicament.

15 Additionally, this invention provides use of a compound of Formula I, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating
cancer. In particular, the cancer is selected from the group consisting of brain cancer,
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,

20  B-cell lymphoma, multiple myeloma, ovarian cancer, colorectal cancer, 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 brain cancer, basal cell carcinoma, esophagus cancer, gastric

25  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.

The compounds of Formula I, or salts thereof, may be prepared by a variety of
procedures known in the art, as well as those described in the Schemes, Preparations, and

30  Examples below. The specific synthetic steps for each of the routes described may be



(m+l) : N " 41\ N\, 10 Preparation 9
(R)-(4-(4-(4-Fluorophenyl) pht hal azi n- 1-yl ) pi per azi n- 2-yl ) nmet hanol
Di ssol ve wochiomwsesod- (4-f 1 uor ophenyl ) pht hal azi ne (0.1 g, POTAS20m90b1573 (R) -
15pi per azi n- 2-yl net hanol (0.07 g, 0.58 mmol) and diisopropyl et hyl am ne
(0.34 nL, 1.93 mol) in DVSO (1 m.). Stir the reaction at 120 C for 64 h.
Purify the reaction mxture by flash silica gel chromatography (0-10%2 M
anmoni a/ MeOH in CH2C12) to yield the title conpound as a brown solid (0.11
g, 84% . ES/M5S mz 339.0 (Mtl). -13- Prep. No. Chemi cal nanme Structure
ESSMS mz 10 (S4(4(4- )-(-- Fluorophenyl)phthal azin -1-yl)pi perazin-2-
yl ) met hanol 339.0 (M+l) | i k1- OFI /C

combined in different ways, or in conjunction with steps from different schemes, to

prepare compounds of Formula I, or salts thereof.
The substituents, unless otherwise indicated, are as previously defined. The
reagents and starting materials are generally readily available to one of ordinary skill in
5 the art. Others may be made by standard techniques of organic and heterocyclic
chemistry, techniques which are analogous to the syntheses of known structurally-similar
compounds, and the procedures described in the Preparations and Examples which follow
including any novel procedures.
As used herein, the following terms have the meanings indicated: “Et,O” refers to
10  diethyl ether; “DMF” refers to dimethylformamide; “DMSO” refers to dimethylsulfoxide;
“EtOAc” refers to ethyl acetate; “THF” refers to tetrahydrofuran; “MeOH” refers to
methanol; “MTBE” refers to methyl-fert-butyl ether; “boc” or “t-boc” refers to tert-
butoxycarbonyl; “SCX” refers to strong cation exchange; and “ICso” refers to the
concentration of an agent that produces 50% of the maximal inhibitory response possible
15  for that agent.

Scheme 1

Step 1 /\

5 (6a) A=boc or (6b)A=H

N

Step 4

A compound of Formula (6b) can be prepared in accordance with reactions as

depicted in Scheme 1.



41/ N NH NN 11 1-((2S,5S)-2,5- D nethyl pi perazin-1-yl)- 4-(4-

fl uorophenyl ) phthal azine I'i 40\, N--NH NN 337.0 (M+1l) 12 1-(cis-2,5-

D net hyl pvpensziepsor- y1) - 4-(4- fluorophenyl) pht hal azi n@Crrse@ioc15m3 xt ur e)
11 FAI\NH NN\ -¢c, + 4. \ , N'" sNH NN\-( 337.0 (M+l) 13 1-(trans-2,5-

D net hyl pi perazin-1-yl) - 4-(4- fluorophenyl)phthal azine (racem c m xture)
NH NNM- + ik 11/NNH NN\ -c, 337.0 (M+l) Preparation 14 (S)-tert-Butyl
4- (4-chl oropht hal azi n-1-y1) - 3- net hyl pi perazi ne-1-carboxylate CI N N' O
:ss NN -14- -8-

In Scheme 1, Step 1, 1,4-dichlorophthalazine (2) can be reacted with a substituted
piperazine (3a) or (3b) in a nucleophilic aromatic substitution (SNAr) to provide a
piperazinyl phthalazine of formula (4a) or (4b). The reaction takes place in a dipolar
aprotic solvent such as DMSO or DMF with an appropriate base such as triethylamine,

5 diisopropylethylamine, or potassium carbonate. The mixture is heated at about 70-150
°C. The skilled artisan will recognize that in some instances it will be advantageous to
use a protecting group such as a 7-boc group in a piperazine of formula (3a) allowing
protection of the less hindered nitrogen atom, as in (S)-fert-butyl-3-methylpiperazine-1-
carboxylate. Conversely, when reaction takes place at the less hindered nitrogen it may

10 be possible to use unprotected piperazines such as cis-2,6-dimethylpiperazine or
piperazin-2-yl-methanol. Neither is protection required when using 2,5-
dimethylpiperazine.

In Step 2, the phthalazinyl chloride of formula (4) is reacted with a phenylboronic
acid under Suzuki cross-coupling conditions. The skilled artisan will recognize that there

15 are a variety of conditions useful for facilitating such cross-coupling reactions. The
reaction conditions make use of a suitable solvent such as dioxane or dioxane/water. The
reaction is accomplished in the presence of a base such as cesium carbonate or cesium
fluoride. The reaction takes place in the presence of a palladium catalyst such as bis(di-
tert-butyl(4-dimethylaminophenyl)phosphine) dichloropalladium(II), (1,1°-

20 bis(diphenylphosphino)ferrocene)palladium(Il) chloride, or (SP-4-1)- bis[bis(1,1-
dimethylethyl)(4-methoxyphenyl)phosphine-kP]dichloro-palladium (prepared according
to the synthesis of catalyst D in J. Org. Chem. 2007, 72, 5104-5112) under an inert
atmosphere at a temperature of about 80-110 °C to give a phenyl piperazinyl phthalazine
of formula (6a) or (6b).

25 Alternatively, in Step 3, a phenyl phthalazinyl chloride of formula (5) is reacted
with a piperazine of formula (3a) or (3b) in a nucleophilic aromatic substitution (SNAr)
similar to that described in Step 1, above.

In Scheme 1, Step 4, amine functionality, such as that present in the phenyl
piperazinyl phthalazine of formula (6a), can be deprotected to (6b) and further reacted to

30  give compounds of the invention. Methods for removing nitrogen protecting groups are

well known in the art (see, e.g., Greene and Wuts, Protective Groups in Organic




Heat a m xture of 1, 4-dichlorophthal azine (10.0 g, 50 2 mmol),
(S)-tert-butyl 3- nethyl pi perazi ne-1-carboxylate (15.1 g, 75.4 mmvol) and
triethyl awDree10(@2300 ni, 150.7 mmol) in DVMSO (200 nli) at pC2A@SAPO61523 d. Pour
the reaction mxture into water, rinsing with CHCl12. Extract wth Et20.
Wash the organic layer with water (2 x), dry 5 over Na2SO4, and concentrate
under reduced pressure. Purify the resulting residue by flash silica gel
chromat ography (gradient of 0 to 20% Et0Ac in CH2Cl12) to provide the title
conpound as a pale yellow solid (6.0 g,9-33%9. ES/M5 mz (35Cl) 363.0 (Mtl).
Preparation 15 10(S)-tert-Butyl

4- (4-chl oropht hal azi n-1-y1) - 2- net hyl pi perazi ne-1-carboxylate CI i: /-K O N
N \-/ O -ksyntlesis, 3% Ed. Jbﬁawﬂ@y Hﬁ&Sdﬁ%Q\IMY&rIA(I@D%Wpdr(é%}ﬁﬁl@'b@él ne (7.80 g,
39 2 mmol), -tert-butyl 2- mstr% EI per azi ne-|-carboxyl at e Q4 98 g, 24.9
nol ) and téeip&tmplaﬁﬁth@plzewl mpexazinyy ghtbalpgipg of fprmuvgdcanibe@csamplighedgo ¢ f or
18 h. Pour e LRACLIAMoR §ﬁ&lra§vd1tﬁth9d96§énecrhlon%l§ n@émﬁlﬁmmaﬁk% Ext ract
w th Et0Ac. Wash anic layer WwtR water brine dry over
Na2504, andra@éﬁ@e@fmtpéh regrignate %é&@@é@Xpwg@wrem lwgamwbwwhé%wdmnhg

resi due %I lica gel chromatography (gradient of 20%to 80% EtOAc in
hexanes) to pI’OVI e the title conpound (4.13 g, 46%. ES/M5S mz (35C1)
363.0 (Mrl). 20Prejtldreappoeiatedby Be-skided arBsanythat compounds of formula (5) in

4-(4-(4-cy .azin-1-y1)-3- i ine-.l-.car | ate
Heat a ni X{a@uc(r?lglgg ?X%e)ﬁﬁﬁ%ﬂ@ﬁruatvﬁib}/e dreda lgreeltegc}ﬂy%r%%e%%y%eﬂgodg ALReXY

4- (14- chl or opbichiascaibedhcteiy b) by3usinet frydepipethazarnestabisireld ax e atteFQrsz@mgLe 11.0

nmol ), 4- cyana henyl, bor. nlc acid (2. 5car bonat e
(o o af ERRSTORH ROrEs 5 sl 4 G Br By SF R PR A T

met hoxyphenythgnpdios plonnige {ﬁR]l ﬂhthdﬂlocuhbycbaﬂe,l @adbetydlided aAtighy dedr@mto 2007 4- 72,
5104-5112) (75 4- di oxane 0 and (20 nL) at
50 C over hillEy BERIEEGH 1T PR BRTH P R BB SOAG GrocTZ
Extract thepr@ﬂbl@Qh'@l Liayerd-phdnhl- (Gl he oEchymhtaqs)cos(mImﬁdelpng@m c layer over
Na2SO4 and oncentrate under red ced 5 sure. Purify the resulting

resi due by {ifhiarpriihglazing cap pe ppet t%ap 15/ qr@rrlaa%ma%fzu@ S SORIEL OAC i n
CH2C12) to RiN%h dLeil e bbikdsPorf¥PIOsIsto ASpIRNYIphHalSha DORrh@a ) (4. 46 g, 949 .
ES/M5 mlz 430. 2 (I\ﬁk Prepare the pi perazinyl phthal azines in the table

bel ow bl® essentially followi ng the 10procedure described in Preparation 16,
using the appropriate 4-chl oropht hal ggjepe 2and boroni c aci d. Degas
Preparations 19-20 prior to adding bis(di-tert-butyl(4-

di met hyl am nophenyl ) p sphi ne) dichl oropal | adi ) as the catal yst, and
heat the resulting 72 _h. Chgm cal nane

%s%t 90 C for

Structure LG K 17 ( tert-Bugyl y _{

phenyl pht haRaz Wl"he_-l—tar boxy . - -+405. 2
- ﬁ;ggz&(%h@n yl)p ht hal a 71 H

(I\/H) 18 (S)-tert- Buidyl 4
y1) - 2- met hyl pi per a¥Phe- 1- car boxy - 41 NFOHMGI 2 (M) g2 R

In Scheme 2, the deprotected plperazmyl phthalazine of formula (6b) can be

acylated using a substituted phenyl isocyanate in an inert solvent such as dichloromethane
20  to give a urea of Formula (I).

The following Preparations and Examples are provided to illustrate the invention
in further detail and represent typical synthesis of the compounds of Formula (I). The
names of the compounds of the present invention are generally provided by ChemDraw
Ultra® 10.0.

25 Preparation 1



NN__/No -k"-- 19 (S)-tert-Butyl 2-nmethyl-4-(4- phenyl phthal azi n-1-
yl ) pi perazi ne-| -carboxylate 41? *0 405.2 (M1l) /-N 4 41\N-N-/0

-k---- 280028)0/a6307- But yl 2-nmet hyl -4-(4- (4- (trifl uorometrhgsh()(lpmenyi)phth
al azi n-1-yl) pi perazi ne-1- carboxylate 41 FF N N ao,\-0 FN - N 473.
(MH1) &, . -16- Preparation 21 (S)-tert-Butyl

4-(4-(4- et hoxyphenyl ) pht hal azi n-1-y1) - 2- net hyl pi perazi ne- 1- car boxyl ate
Treat a degassed m xture of (S)-ten-butyl 4-(4-chlorophthal azin-1-y1)-2-
5net hyl pi perazi ne-|-carboxylate (0.81 go-2.23 mol ),

4- met hoxybenzeneboronic acid (1.07 g, 7.05 nmol) and cesium fluoride (1.05
g, 6.94 nmmol) in 1,4-dioxane (30 nmL.) with

(1,1 -bis(di @&L ey BRPOE PILR)EhE RS PG RAN! 13d]- ol cky)pisdid el @arkyhate 9, 0. 33
mmol ). Heat the resulting m xture at 95 C overnight. Partition the reaction
m xture between water and EtOAc. t the aqueous | ayer wth Et0Ac. Wash
the organic portion with water i ne dryO er Na2SO4, and
concentrate under reduced pre . /Puni f.y the m/esulting residue by flash
silica gel chromatography (gra \Lor 70% Et OAC i n hexanes) to
provide the title conpound (O. 94 g, 6°/c) ES/M5 mlz 435.2 (Mtl).

Preparati on 22 Heata mixture of 1-chloro-4-(4- ﬂuorophenyl)phthalazine (5.0 g, 19.3 mmol), (S)-

15(5)-1-(4-Fl ht.h I

Treat a sol tiitBhTor et e (PN B % PSR Rt b 1 ya) -2
met hyl pipermarj 590 hmodrib XSS nfl7). 8051 9°C 163 2. mow the tehictibn 4nidiufexae (50 nl)
\FI)MI. teE| gl ,I[VI a,|[_| gl%{%:fgrléﬁllﬁgr\g#lgéﬁn&}(]g)arargj[_\)\rfth 5‘88 Wa%ﬁ't}}e%rgllmsc a%!e\r/\em Qv%tel; ?2 Lﬂl tant

then dry over Na,SO4 and concentrate under reduced pressure. Purify the resulting

residue by flash silica gel chromatography (gradient of 0 to 20% EtOAc in CH,Cly) to
provide the title compound as a pale yellow foam (7.05 g, 84%). ES/MS m/z 423.2
10 (M+1).
Alternate procedure:
Add (S)-tert-butyl 2-methylpiperazine-1-carboxylate (276 g, 1.38 mol) to a slurry
of 1-chloro-4-(4-fluorophenyl)phthalazine (275 g, 1.06 mol) and diisopropylethylamine
(346 mL, 1.99 mol) in DMSO (2.56 L) at 25 °C. Heat the mixture to 102 °C for 9 h.

15  Cool the reaction to 25 °C and stir for 48 h. Add the mixture to EtOAc (2.5 L) and water
(3.5 L). Extract the aqueous phase with ethyl acetate (2 x 2.0 L). Combine the organic
layers, wash with water (2.5 L) and concentrate to a brown foam. Dissolve the foam in
acetonitrile (1.0 L) and cool to 1 °C for 30 min. Filter the precipitate to obtain a tan solid.
Concentrate the mother liquor and slurry the residue in acetonitrile (500 mL) for 30 min.

20  Filter the mixture to obtain a tan solid. Combine the solid precipitates and dry in a
vacuum oven (14 torr, 25 °C) for 25 h to obtain the title compound as a tan solid (435 g,
96%). ES/MS m/z 423.0 (M+1).

Prepare the piperazinylphthalazines in the table below by essentially following the
25  procedure described in Preparation 1, using 1.5 eq of the appropriately substituted
piperazine and 3-5 eq of triethylamine at a temperature of 115 to 150 °C for 3 to 6 days.

Pre LC-
Nop. Chemical name Structure ES/MS
: m/z




20 2 h at anbient tenperature. Concentrate the reaction m xture under
reduced pressure. Dissolve residue in MeOH and pour onto a 50 g Varian(r)
SCX col urmo 2Rimsesonm t h MeOH and CH2C12, then el ute the pcodisetodnstshs 1: 1
CH2C12: 2 M amonia in MeOH Concentrate the el uent under reduced pressure
to provide the title conpound as a pale yellow foam (4.83 g, 93% . ES/ M5
mz 323.2 (Mtl). 25 Alternate procedure for Preparation 22: -17- Cool

nmet hanol (2.82 L) to OCvia a 1:1 acetone/water bath with dry ice, and add
acetyl chloride (142 nL, 2.0 nol) dropwise over a period of 30 mn,

mai ntai ning the tenperature below 15 C during the addition. Stir the

m xture for 15 mn. Add (5)-tertbutyl

4- (4- (4-f1 ugrophenykyLeMBa)azuuqa1- Y1) - - met hyl p=gerazi ne- I- cprboxylate (282
g, 5667 mmol|) in or}ﬁlogﬁghgﬂyg hthgginq 11 he| m xture hoat 2p 463>
Concentrate, afd dis desiidue | n pwdt R Ly« %d SQML@I) NaHCCB
until the pHis 7. B{; gtg t'he product | wit X7 combi ne the

organic |l ayers, a ({R?%plc&ﬂ lr@% &[0 give the tit} éonpound a a brown
1

crushabl e fgam in |g{apy ehd (236 g, 99 . ES[MS nf 7,333/0 (Ml).
10Prepare the Pi peé@zi f‘g Eﬁi@ab%llnes n .t dblebelaw by Zﬁg ilally
fol l owi ng the prog (il in Prepanati 0‘I°rN22\_/USP th g);)r opri ate

boc-protectEU SIS | |||ty lll. ars | LI re—wHth—reactiontimes fi’u n2—+H—o0
overni ght. Hor Preg %‘ﬁ VEOH as vent Pr ep. I>B Chemi cal
name Structyre4tC % 'ﬁ;‘l (F4ur e Jé) -(p 3.2

met hyl pi per azi n- | -|piD) 'H‘FH%{ &?Faﬁgl R \-HNsHMH 828. 2 @(ﬁ?) 24 (R) -

1_(4_ F| uor OF hnn\l1\ 4 p&ya? t hvl pl pnr az \l| \ nhf h:\l azi-ne — ...u, _ NNH N-N
323.2 (,4+1) 25 (F>)fer”3 108 44 fior opheny L) - 4 (2 Q

met hyl pi per azi - | - ? mﬂ)a&thﬂézm 1- 1\H ONH 3p323.0( 1) 26
() - 1= (4- Fl ugr ophenyl me‘(hgl_pln?&zwflm per ail Q ,\lXp Lb{al az{ ne| M+ | 7.\

F.\ , NNH 323_0 (fibpxgate (). 1. (4- F| uoropheny1) - 4- (2-
met hyl pi per azi n- | -\y¢yBithaietne (1 /\|F410,, N N—N 323.0 (M1) 28 (5) -

1- (2- Met hyl pi pgr aziftworoppanylnhthip@myt pht hal e _{ 423.0
yI)-3-methylpiperazine-1- F \o h{ N 7< (M+1)
carboxylate

*Use DMF as solvent.

Alternate procedure for Preparation 2:
Add 1-chloro-4-(4-fluorophenyl)phthalazine (200 g, 773 mmol) to a solution of

5 (S)-tert-butyl 3-methylpiperazine-1-carboxylate (232 g, 1.16 mol), diisopropylethylamine
(674 mL, 28.1 mol), and DMSO (2.0 L). Heat the mixture to 120 °C for 60 h. Cool the
mixture to 25 °C, pour into ice water (3.0 L) and filter. Collect the solids, dissolve in
CH,Cl, (2.0 L), and extract with water (2.0 L). Concentrate the organic phase and add to
a silica plug (3.0 kg silica) eluting with 3% THF in CH,Cl, to yield the title compound as

10 ayellow foam (126 g, 38%). ES/MS m/z 423.0 (M+1).

Preparation 7

(S)-tert-Butyl 2-ethyl-4-(4-(4-fluorophenyl)phthalazin-1-yl)piperazine-1-carboxylate

N
O



[1/--\ s/NH ., Ni 305.2 (M1l) WD 2010/062507PCT/ US2009/061573 -18- 29
(S)-4-(4-(2-Methyl pi perazin-1- yl)phthal azin-I-yl)benzonitrile 41/--\ NNH .
N=/ 330. 2v0ree101062507 N-N)-/ . ? 30 (5)-1-(3-Ethyl pi per azipaTIuoSgdop/odrs(3l-
fl uor ophenyl ) phthal azine 4, . \N\ pH N-N 337.2 (1\4+1) 31
(5)-1-(3-Methyl pi perazin-1-yl)-4- phenyl phthalazine 4. /- ? N_/ NHii \
\N-N 305.2 (,4+1) 32 (5)-1-(3-Methyl pi perazin-1-yl)-4-(4- .
(trifluoronethyl)phenyl)phthalazme 4.1 F F \/NNH NN- 373.2 (1\4+1) 33
(5)-4-(4-(3-Met hyl pi perazin-1- yl)phthabazin-I-yl)benzonitrile i-NH N N=/
330. 2
Heat a mixture of 1-chloro-4-(4-fluorophenyl)phthalazine (5.02 g, 19.4 mmol),
(S)-tert-butyl 2-ethylpiperazine-1-carboxylate (5.00 g, 23.3 mmol) and K,CO; (5.38 g,
38.9 mmol) in DMSO (75 mL) at 120 °C for 1 d. Pour the reaction mixture into water,
rinsing with EtOAc. Extract with EtOAc. Wash the organic layer with water (2 ), then
5 brine, dry over Na,SOy, and concentrate under reduced pressure. Purify the resulting
residue by flash silica gel chromatography (gradient of 20 to 80% EtOAc in hexanes) to
provide the title compound (5.11 g, 60%). ES/MS m/z 437.2 (M+1).
Prepare the piperazinylphthalazine in the table below by essentially following the

procedure described in Preparation 7, using cis-2,6-dimethylpiperazine.

Prep. Chemical name Structure ES/MS
No. m/z
1-(cis-3,5-
. 4D_1(r41‘1_ethylp1pera21n— 1-yl)- 3379
(M+1)

fluorophenyl)phthalazine

10

Preparation 9

(R)-(4-(4-(4-Fluorophenyl)phthalazin-1-yl)piperazin-2-yl)methanol

§ ) o
/ ~\
F N ~—N NH
N-N

Dissolve 1-chloro-4-(4-fluorophenyl)phthalazine (0.1 g, 0.39 mmol), (R)-

15  piperazin-2-ylmethanol (0.07 g, 0.58 mmol) and diisopropylethylamine (0.34 mL, 1.93
mmol) in DMSO (1 mL). Stir the reaction at 120 °C for 64 h. Purify the reaction mixture
by flash silica gel chromatography (0-10% 2 M ammonia/MeOH in CH,Cl,) to yield the
title compound as a brown solid (0.11 g, 84%). ES/MS m/z 339.0 (M+1).

20 Prepare the piperazinylphthalazines in the table below by essentially following the

procedure described in Preparation 9, using the appropriately substituted piperazine.



(1\ 4+1) NMNM--/ 34 (5)-1-(4-Met hoxyphenyl)-4-(3-

nmet hyl pi perazin-1-yl)phthal azine 41\/ NNH N-N 335.2 (Mtl) Preparation 35 3
- F | uor o-weois100my3nat ob enzonitrile F 5Cool a sol uti eaTafS2emi0pts0sgene
(1.09 g, 3.67 mmol) in toluene (20 nL) in an ice- water bath. Treat with a
solution of a 4-am no-3-fluorobenzonitrile (1.36 g, 10 O nmol ) and
triethylamne (2.8 nL, 20.0 mmol) in toluene (30 nL) dropwi se. Heat the
resulting mxture at 70 C for 5 h. Cool the reaction m xture to anbi ent
tenperature and filter off the solid. @ncentrate the filtrate under
reduced pressure to give a white solid (1.44 g, 10 84% which is used

w thout further purification. GOMs mlz 162 (M+). WO

2010/ 062507 PCH; 520097 061573 - 19- Prepare the kKnown|i gQgygnate in the
tabl e bel ow firqp the &pphisgtrame aniline, bytre¥eEntially fol lpm ng the
procedur e described Prgparati on 35. Prep. Chem cal [name  Structure

Jo N Q.
- g3 _la- i s
GC/M5s mz 36(2-Flu %%hgny%%xt%gg%ig 4- (trifl piret h )d9|e1ze§}%‘0 ON F F 205

GO 5 Exappl ; ;
(S) - N- (4- Fl ugr opheny¥YRIBEZA2C2 £ | uol 6p i az i 1- 1YM et hyl pi per a
zi ne-1- car boxani d&VA§URMNI ori de N-N
1-((2S,58)-2,5- O R
11 Dimethylpiperazin-1-yl)- I 337.0
4-(4- —~O NN (M+1)

fluorophenyl)phthalazine

atate
1-(cis-2,5- F \N_,\f N\_{IH

Dimethylpiperazin-1-yl)-

12 4-(4- + 337.0
fluorophenyl)phthalazine (M+1)
(racemic mixture) O )

Ee T
N N

F Q N ~—N NH
1-(trans-2,5- N-N
Dimethylpiperazin-1-yl)- “

13 4-(4- + 337.0
fluorophenyl)phthalazine (M+1)

(racemic mixture) O
-
F N\ /N NH
N-N \—Q

Preparation 14

(S)-tert-Butyl 4-(4-chlorophthalazin-1-yl)-3-methylpiperazine-1-carboxylate



HCl 10Treat a sol ution of

(S)-1-(4-fl uorophenyl)-4-(3-net hyl pi perazin-1-yl)phthal azine (1.0 g, 3.1
nmol ) i n WBR2C0A6¢®T nl) with 1-fluoro-4-isocyanat obenzemeT(U32002/06573 3. 72
mmol ). Stir for 3 d at anbient tenperature. Concentrate the reaction

m xture under reduced pressure. Triturate the residue with Et20 and filter.
Rinse the solid with pentane and then dry in a vacuum oven at 45 C.

Di ssolve the solid in a mxture of CH2Cl12 and 15 MeOH and treat with 3 eq
of 1 MHCL in Et20. Agitate the resultijag m xture, concentrate under
reduced pressure, and dry in a vacuumoven at 45 Cto yield the title
hydrochl oride salt as a yellow foam (1.5 g, 98%. ES/M5 miz 460.0 (Ml).

Al ternate proceduies fdurE¥MPlaehibrophdiatmt | 0T ©-582 Ay appirhrRIene (105
m., 930 mmol ) dropwi se over 1 h to a 20sol ution of

(S) - 1- (4- f | nehpiveitging-l fabgxue Myl g gérapmal) sud tiythilepined 2| farls 3807 g, 930
mol ) in CHAELR i AvMBA-208hi23: ©0 °BlhF 2 4 NBouMmEtlcBod Rixtde idth RatefNd
concentrate to a foam Slurry the foamin MBE (3.0 L), and wash the wet
cake w th NIBRVEOCHIOL. BoneterithriE@ Waeh e prganic l4yquetth weten@ >0idry Sl urry
the oil 4n J l4, d ok . i ne the
filtere so%gg%zsg?ﬁ’?BQF%C% %trag%ﬁélle%%? SH? fetgﬁuzé?cpélgl ougcrfJ S{éléhg%sg%g?zo- solid
(344 g, 80%ash Slligr gof chiamawgtaphly (gBRIFEngef 070 2OMmiONCciim CHsOlprtopeavale tie3. 27 L) at
42 C and treat. w 1.4 - di,0X [ yiv/ 37, Heat the
resul ting r@%tcﬁiﬁ{g&ﬁ}lgaé%p@%fygfrﬂ%%dhﬁ%(ﬁ'b%cg%?)' t%S/lgg%zgléolif%@?l)z h. Filter
and wash the wet cake with isopropanol (200 nL) and heptane (200 nL). Dry
the cake in a vacuumoven (12 torr, 35 5tC, h) to obtain the title
conpound as a pal e yellow solid (3DEPGT8Pl Es/Vs mz 460.0 (MH1).

Exanpl e1® (S)-tert-Butyl 4-(4-chlorophthalazin-1-y1)-2-methylpiperazine-1-carboxylate

(S)-N-(4-Fl uorophenyl)-4-(4-(4-fluorophenyl) pht hal azi n-1-y1) - 3- net hyl pi pera
zi ne-1- 10car boxam de hydrochl ori g Cl - Treat a solution of
(5)-1-(4-fluorophenyl)-4-(2-nethylYi ger a}y_g 1-oy1l) phthal azine (0.5 g, 1.55
mol) in CH2C12 (15.5 nl) with d-ff udyoy4- ilsefyanat obenzene (0.194 ni, 1.71
mml ). Stir overnight at anbient twnferatwfe. Purify the reaction nixture
by flash 15 silica gel chronmatography (gradi of 0 to 3% 2 M anmoni a/ MeOH
in CH2C12). Dissolve the purified free base in a m xture of CH2C12 and MeOH
and treat with oo Agi j hxture,
concentrate undﬁeg?% Lxéea%?gééd&%éﬁ}hgﬁl z@?&i%&éb?ﬁgﬁgl H(S))E/igﬂ%gf?l%S Cto

yi el d t he tinethgpipyrdrioehicarbpedate £.93 @44 nywdl) evd Fiohmapne720.gml484. ES/ M5
mz 460.0 ( ; ;

L1 uor o- 4 HESin Bt 080 B & BLRCREH £ bak des ARl rbn Mg vaen ) 1 (6 a

sol ut i ol of rir{stie-wlith( EtOAlcu Ex ot emy EYO Ae.( Brastethbpigphip dayazwith datgd(Pphtahdl azi ne
(729, 223 erT%Q didn oc}el:%ﬁ:!izsd 509 cnr11‘ enaa'{te 25dercfe Sé[ei ' tsher'\e nis)g 7 %re];so{t' go mn
and concent P B SRR FE RS At SQEED T HIUSHTedacer PSS HITq PUrds e pesgiongy o

met hanol atreQ@ueebydilash biticd gl clomtograginAGehdicheo 208t t’0%d Ko Arei hadamds) ®ol ut i on

and stir for 1 _h ncentra he ut. i to & rry the foamin
acetonitri II?SOYI%%‘G%@? C%{W?P“Bﬁi«;b{ﬁ (@%nﬁém @fzt(ed)gﬁgb é@ﬁjéct the title
conpound as a yellow solid (91g, 86%. ES/M5 niz 460.0 (Mm+l). -21-
Prepare_the ureas in the table bel gw by essentially follow ng the
procedut®s described in Exanple 1 brePelafiggil® 2 using the appropriate

pi perazi nyl p@t)J?&}—Bﬁﬂyﬂﬁ(@Mg@n@hE@}Ffphﬁélﬁﬁﬁﬁ—}Qf—3iﬂ&ﬁlyﬂﬁ§kﬁ&ﬂ{elﬁ&a@bdx§la%yanat e.
Reactions tines vary from0.5 h to 3 d. Purify conpounds by trituration
(wth Et20 or 1:1 CH2C12: hexanes) o flash silica gel 5 chromatography.
For Exanples 57-60 and 66-69, purify mass-guig reverse phase
chromat ogr aphy (Waters XBrijdge £T8, OpB N5 fPLY;_col , 30 x 75 M 5 p.m
particle size, gradient of 20 tW _70%)g torfu'_t/ril in water, containing 0.01
M amoni um bi carbonate, at 85 nL/mn flowsate for 8 mn) For Exanples
75-82, use the crude isocyanates (Preparations 35-36) in 1.5-2 fold excess.
For Exanpl es 18 Heate mpdurggf Gorar-awylvedrearemhthaipaingcy-Sanethylpiperazingir
process. 1,C } s 3 = :

DA R vor Ryt ReTCE 0 BT, 4 GRS Borohie o (Tu% 313 mblob, cesium

y1) - 2- m&t hydagiopete a4 he-41-1 mapbhowed 'Pdélgz’ytaﬁxh@éhlldim@bvlethylxi-\ NN HCl / r\i(
i 460.0 04+1)




\/

(trifluoronethoxy)phenyl) pi
NWO-2010/0623¢7 F O F .

\ . HC

4 ()-4-(4-(4- Fluorophenyl)phthal azin-1- y1)-2-nethyl-N(4-
perazi ne-| -carboxam de hydrochl ori de
* 526 0 (Mrl) 5 ()-N - (4-Fl rorasheapdissai-

WN-N 41

(4-(4- fluorophenyl)phthal azi n-1- yl)-3-nethyl pi perazi ne-1car boxam de

hydr ochl ori de

Fluorophenyl)phihélazin-l- y1l) - 3-net hyl - N- ( 4-
pi perazi ne-| -carboxam de hydrochloride . \

\', NNHCO N-\N)

460.0 04+1) 6
(trifluo
NN HCl

()-4-(4-(4-
r omet hoxy) phenyl )

N-\N)/o OFF Ii F

526.0 (M+l) 7 (R)-N-(4-FIuorophenyl)-445(4-(4l f | uor ophenyl ) pht hal azi n- 1-

y1) - 2- met hyl pi per azi ne-1- car boxam de hydrochl ori de

F

methoxyphenyl)phosphine-kP]dichloro-palladium (J. Org. Chem. 2007, 72, 5104-5112)
(75.4 mg, 0.11 mmol) in 1,4-dioxane (80 mL) and water (20 mL) at 90 °C overnight.

Partition the reaction mixture between water and CH>Cl,. Extract the aqueous layer with

CH,Cl,. Dry the combined organic layer over Na,SO, and concentrate under reduced

pressure. Purify the resulting residue by flash silica gel chromatography (gradient of 0 to

20% EtOAc in CH,Cly) to provide the title compound as a light orange foam (4.46 g,
94%). ES/MS m/z 430.2 (M+1).

Prepare the piperazinylphthalazines in the table below by essentially following the

10

procedure described in Preparation 16, using the appropriate 4-chlorophthalazine and

boronic acid. Degas Preparations 19-20 prior to adding bis(di-terz-butyl(4-

dimethylaminophenyl)phosphine) dichloropalladium(II) as the catalyst, and heat the

resulting mixtures at 90 °C for 72 h.

Pre LC-
Nop. Chemical name Structure ES/MS
) m/z
(S)-tert-Butyl 3'—methyl—4—(4— O —~ 0 4059
17 phegylphthala21n— 1- Q &= N—4 (M+1)
yl)piperazine-1-carboxylate N-N \—/ O7<
(S)-tert-Butyl 4-(4-(4- O
18 cyanophenyl)phthalazin-1- _ N/_\N __/<O 430.2
y1)-2-methylpiperazine-1- N= O \N_N/ “/ 0 (M+1)
carboxylate _ﬁ
(S)-tert-Butyl 2-methyl-4-(4- O ~ 0
19 | phenylphthalazin-1- Q \ /N N —/< (?\(/}ilz )
yl)piperazine-1-carboxylate N-N 0
(S)-tert-Butyl 2-methyl-4-(4- O s o
(4- FF /_\N
20 | (trifluoromethyl)phenyl)phth Q N\ _V N _/<o 473.2
. . . F N-N (M+1)
alazin-1-yl)piperazine-1-
carboxylate




i NNNHCl |i 460.2 (M+l) -22- 8 (R)-4-(4-(4- Fluorophenyl)phthal azin-1-
yl)-2-methyl -N-(4- (trifluoronethoxy)phenyl) piperazine-|-carboxam de
hydr ochl owoade10/d6B50m- N NN \ -/ HCl Fx_F . 0 F 526.2 ( MtPLTAISEMRPA61573

N (4- Cyanophenyl)-4- (4-(4- fluorophenyl)phthal azi n-1-

y1) - 2- et hyl pi per azi ne-1- carboxam de hydrochl ori de i 41\ N-N NN \-
HC . 467.2 (Mtl) 10 (R)-N-(2,4-D fluorophenyl)- 444(4-

fl uorophenyl ) pht hal azi n-1- y1)-2-net hyl pi perazi ne-1- carboxam de
hydrochloride . . \ / NN HIli 478.26(M1) HCl

Preparation 21

(S)-tert-Butyl 4-(4-(4-methoxyphenyl)phthalazin-1-yl)-2-methylpiperazine-1-carboxylate

~
N

/9
N
/P O Nerl N _/io

Treat a degassed mixture of (S)-tert-butyl 4-(4-chlorophthalazin-1-yl)-2-

5 methylpiperazine-1-carboxylate (0.81 g, 2.23 mmol), 4-methoxybenzeneboronic acid
(1.07 g, 7.05 mmol) and cesium fluoride (1.05 g, 6.94 mmol) in 1,4-dioxane (30 mL) with
(1,1°-bis(diphenylphosphino)ferrocene)palladium(Il) chloride (0.27 g, 0.33 mmol). Heat
the resulting mixture at 95 °C overnight. Partition the reaction mixture between water
and EtOAc. Extract the aqueous layer with EtOAc. Wash the organic portion with water

10 and brine, dry over Na,SOy, and concentrate under reduced pressure. Purify the resulting
residue by flash silica gel chromatography (gradient of 15 to 70% EtOAc in hexanes) to
provide the title compound (0.94 g, 96%). ES/MS m/z 435.2 (M+1),

Preparation 22

15 (S)-1-(4-Fluorophenyl)-4-(3-methylpiperazin-1-yl)phthalazine

K
F N ,—N NH
N-N n_/

Treat a solution of (S)-tert-butyl 4-(4-(4-fluorophenyl)phthalazin-1-yl)-2-

methylpiperazine-1-carboxylate (7.05 g, 16.2 mmol) in 1,4-dioxane (50 mL) with 4 M
HCl in 1,4-dioxane (25 mL). Add MeOH to dissolve the resultant precipitate and stir for

20 2 h at ambient temperature. Concentrate the reaction mixture under reduced pressure.
Dissolve residue in MeOH and pour onto a 50 g Varian® SCX column. Rinse with
MeOH and CH,Cl,, then elute the product with 1:1 CH,Cl,: 2 M ammonia in MeOH.
Concentrate the eluent under reduced pressure to provide the title compound as a pale
yellow foam (4.83 g, 93%). ES/MS m/z 323.2 (M+1).

25  Alternate procedure for Preparation 22:



11 (R) - N-(4-Fl uorophenyl)-4- (4-(4- fluorophenyl)phthal azi n-1-

y1) - 3- net hyl pi perazi ne-1- carboxam de hydrochloride . 410\ / N-N HCI NN

i 460. 2 WwRd)0/b250(R) - 4- (4- (4- Fl uor ophenyl ) pht hal azi n- P€T/US2009/061573
y1l)-3-nethyl -N-(4- (trifluoronmethoxy)phenyl) piperazine-I|-carboxam de
hydrochloride . 441\ . NNNHC N--\1- )- / o, FOVFF 526.2 (Mtl) 13 (R -
N- (4- Cyanophenyl)-4- (4-(4- fluorophenyl)phthal azi n-1-

y1) - 3- net hyl pi perazi ne-1- carboxam de hydrochloride . N-NHCI N-\N)-/
467. 2 (M+l) . 14 (R-N(2,4-D flimor ophenyl) - 44444-

Cool methanol (2.82 L) to 0°C via a 1:1 acetone/water bath with dry ice, and add
acetyl chloride (142 mL, 2.0 mol) dropwise over a period of 30 min, maintaining the
temperature below 15 °C during the addition. Stir the mixture for 15 min. Add (S)-tert-
butyl 4-(4-(4-fluorophenyl)phthalazin-1-yl)-2-methylpiperazine-1-carboxylate (282 g,

5 667 mmol) in one portion. Stir the mixture for 12 h at 25 °C. Concentrate, and dissolve
the residue in water (3.0 L). Add solid NaHCOs until the pH is 7. Extract the product
with CH,Cl, (2 x 2.0 L), combine the organic layers, and concentrate to give the title
compound as a brown crushable foam in quantitative yield (236 g, >100%). ES/MS m/z
323.0 (M+1).

10 Prepare the piperazinylphthalazines in the table below by essentially following the
procedure described in Preparation 22, using the appropriate boc-protected
piperazinylphthalazine with reaction times from 2 h to overnight. For Preparations 30-34

use MeOH as solvent.

Pre LC-
Nop. Chemical name Structure ES/MS
) m/z
23 (S)-1-(4-Fluorophenyl)-4-(2- O 7\ 323.2
methylpiperazin-1-yl)phthalazine F Q Nt/ N M (M+1)
24 (R)-1-(4-Fluorophenyl)-4-(3- O /_( 323.2
methylpiperazin-1-yl)phthalazine F Q W (M+1)
N-N

25 (R)-1-(4-Fluorophenyl)-4-(2- —\ 323.2

methylpiperazin-1-yl)phthalazine F Q -t/ N; N (M+1)

2% (£)-1-(4-Fluorophenyl)-4-(3- — 323.0
. . 1_ . N NH

methylpiperazin-1-yl)phthalazine F Q VAR ( (M+1)

27 (£)-1-(4-Fluorophenyl)-4-(2- — 323.0
. . . N NH

methylpiperazin-1-yl)phthalazine F Q Nt —/ (M+1)

(S)-1-(2-Methylpiperazin-1-yl)-4- O I/ 305.2
phenylphthalazine O N\t N}_/NH (M+1)

28




fl uor ophenyl ) pht hal azi n-1- y1)-3-net hyl pi perazi ne-1- carboxam de
hydrochloride F. \ / HO 478.2 NN HN®* (M1l) 15 (S)-4-(4-(4-

Fl uor ophewgl2ppitsbalrazi n- 1- y1)-2-net hyl - N-(4- (trifl uor ecetusecopppisenyl )

pi per azi ne-| -carboxam de hydrochloride . NN 41/ HO NN\- Fx Fir oF
526.2 (M+rl) -23- 16 (S)- N-(4-Cyanophenyl)-4- (4-(4-
fl uor ophenyl ) pht hal azi n-1- y1)-2-net hyl pi perazi ne- 1-
hydrochl ori de * 467.2 (M+l) i N-( .i NN HCl 17
(S)-N-(2,4-Difluorophenyl)- 4-(4-(4- fligorophenyl) pht hal azi n-1-
y1) - 2- met hyl pi per azi ne- 1car boxam de hydrochloride H 41 \li NN HC
(M+1l) 18 (S)-N-(4-Fluoro-2- (trifluoronethyl)phenyl)-4- (4-(4-

car boxam de

478. 2

f1 uoropheny[)yphtharazin-I- yI)-2Z-methyl pi perazi ne-ar boxam de

hydrochl ori de 29 | (9-4-(4-2-Methylpiperazin-1- — 330.2

yl)phthalazin-1-yl)benzonitrile N= Q N\t N}_/NH (M+1)

(S)-1-(3-Ethylpiperazin-1-yl)-4-(4- O — 337

30 | fluorophenyl)phthalazine Q " (M)

F el N/

31 (S)-1-(3-Methylpiperazin-1-yl)-4- O 305.2

phenylphthalazine Q . ’4 N \_/NH (M+1)

3 (S)-1-(3-Methylpiperazin-1-yl)-4-(4- iy O 373.2

(trifluoromethyl)phenyl)phthalazine ) O \ '\1 N NH (M+1)

(S)-4-(4-(3-Methylpiperazin-1- B ) < 330.2

33| yI)phthalazin-1-ylbenzonitrile = & N v

34 (S)-1-(4-Methoxyphenyl)-4-(3- O 335.2

methylpiperazin-1-yl)phthalazine % O /] N NH (M+1)

Preparation 35
3-Fluoro-4-isocyanatobenzonitrile
F
=

5 Cool a solution of triphosgene (1.09 g, 3.67 mmol) in toluene (20 mL) in an ice-
water bath. Treat with a solution of a 4-amino-3-fluorobenzonitrile (1.36 g, 10.0 mmol)
and triethylamine (2.8 mL, 20.0 mmol) in toluene (30 mL) dropwise. Heat the resulting
mixture at 70 °C for 5 h. Cool the reaction mixture to ambient temperature and filter off

the solid. Concentrate the filtrate under reduced pressure to give a white solid (1.44 g,

10 84%) which is used without further purification. GC/MS m/z 162 (M.



410 \H . N-N HCl 528.0 (Mtl) 19 (S)-N- (3 -Chloro-4- fluorophenyl)-4-(4-(4-
fl uor ophenyl ) pht hal azi n-1- y1)-2-net hyl pi perazi ne-1- carboxam de

hydr ochl owoae10/062507. /-( , . .\, NNMNM-/0C 1-1C 35ECTAS4000/0615#1) 20
(S)-N-(4-Chl orophenyl)-4- (4-(4- fluorophenyl)phthal azin-1-
y1) - 2- et hyl pi perazi ne-1- carboxam de hydrochloride |i /4 / Ii ci \NN%

NN -/0 NCI 35C1 476.0 (M+l) 21 (S)-4-(4-(4- Fluorophenyl)phthal azi n-1-
yl)-2-nmethyl -N-(4- (trifluoromethyl)phenyl) piperazine-I|-carboxam de
hydrochloride 11'.,F afr, NN NNM-/0 HEh- 510.0 (M+rl) 22 (S)- N (4 - (D
I fl uor omet hoxy) phenyl)- 4-(4-(4- fluorophenyl)phthal azi n-1-

y1l) - 2- net hyl pi perazi ne-1- carboxam de hydrochloride lik /4 * 411, NN
N-MNM-0F HCl 508.0 (M+l) 23 (S)-4-(4-(4- Fluorophenyl)phthal azi n-1-

y1) - N- (4- met hoxyphenyl) - 2- net hyl pi_ per azi ne-| car boxam de hydrochl ori de
1, 1 4 HI |:410_£Warq\t]he k@omn_lgbcmatezw@e(jat(lm?w from the appropriate aniline, by

essentially following the procedure described in Preparation 35.

Prep. Chemical name Structure GC/MS

No. m/z

36 2—E1u0r0—1—isocyanat0—4— _ F: FF 20?

(trifluoromethyl)benzene O—=N . M)

5
Example 1
(S)-N-(4-Fluorophenyl)-4-(4-(4-fluorophenyl)phthalazin-1-yl)-2-methylpiperazine- 1 -
carboxamide hydrochloride
F Q C >N w —<N4©7F
N-N  — o
HCI

10 Treat a solution of (S)-1-(4-fluorophenyl)-4-(3-methylpiperazin-1-yl)phthalazine

(1.0 g, 3.1 mmol) in CH2Cl, (31 mL) with 1-fluoro-4-isocyanatobenzene (0.42 mL, 3.72
mmol). Stir for 3 d at ambient temperature. Concentrate the reaction mixture under
reduced pressure. Triturate the residue with Et,O and filter. Rinse the solid with pentane
and then dry in a vacuum oven at 45 °C. Dissolve the solid in a mixture of CH,Cl, and
15 MeOH and treat with 3 eq of 1| M HCl in Et,0. Agitate the resulting mixture, concentrate
under reduced pressure, and dry in a vacuum oven at 45 °C to yield the title hydrochloride
salt as a yellow foam (1.5 g, 98%). ES/MS m/z 460.0 (M+1).
Alternate procedure for Example 1:
Add 1-fluoro-4-isocyanatobenzene (105 mL, 930 mmol) dropwise over l hto a
20 solution of (S)-1-(4-fluorophenyl)-4-(3-methylpiperazin-1-yl)phthalazine (300 g, 930
mmol) in CH,Cl, (4.5 L) at 25 °C. Stir the mixture for 25 min, and concentrate to a foam.
Slurry the foam in MTBE (3.0 L), and wash the wet cake with MTBE (500 mL).
Concentrate the mother liquor to an oil. Slurry the oil in ethyl acetate (2.0 L) to give a

solid and filter. Combine the filtered solids, and dry to obtain the title compound as a tan



-24- 24 (S)-N-(4-Cyanophenyl)-4- (4-(4- cyanophenyl)phthal azin-1-
y1l) - 2- net hyl pi per azi ne- 1car boxam de hydrochloride /- ,NNNN- HC 474.2
(ML) WON010/06250R- * 25 (S)-4-(4-(4- Cyanophenyl) pirCmaiSamoies73
y1) - N-(4-fl uorophenyl)-2- nethyl pi perazi ne-I| carboxam de hydrochl oride N
lik .." /- ,NNNMN-0 HJ .F 467.2 (M1) 26 (S)-4-(4-(4-
Cyanophenyl ) pht hal azi n-1- y1)-N- (2, 4-di fl uorophenyl)- 2-nethyl pi perazi ne-1-
Car boxam de hydrochloride N= "111H\/NN N-N\-0 HCl j\ W 485.0

20-

solid (344 g, 80%). Slurry the solid (327 g, 711 mmol) in isopropanol (3.27 L) at 42 °C

and treat with 4 M HCl in 1,4-dioxane (177 mL, 711 mmol). Heat the resulting mixture

to 60 °C for 30 min. Cool to 25 °C slowly over 2 h. Filter and wash the wet cake with

isopropanol (200 mL) and heptane (200 mL). Dry the cake in a vacuum oven (12 torr, 35
5 °C, 2 h)to obtain the title compound as a pale yellow solid (308 g, 87%). ES/MS m/z

460.0 (M+1).
Example 2
(S)-N-(4-Fluorophenyl)-4-(4-(4-fluorophenyl)phthalazin-1-yl)-3-methylpiperazine- 1 -
10 carboxamide hydrochloride
(p
avava

O~

N-N VY 5

Treat a solution of (S)-1-(4-fluorophenyl)-4-(2-methylpiperazin-1-yl)phthalazine
(0.5 g, 1.55 mmol) in CH,Cl, (15.5 mL) with 1-fluoro-4-isocyanatobenzene (0.194 mL,
1.71 mmol). Stir overnight at ambient temperature. Purify the reaction mixture by flash
15  silica gel chromatography (gradient of 0 to 3% 2 M ammonia/MeOH in CH,Cly).
Dissolve the purified free base in a mixture of CH,Cl, and MeOH and treat with 3 eq of 1
M HCl in Et,O. Agitate the resulting mixture, concentrate under reduced pressure, and
dry in a vacuum oven at 45 °C to yield the title hydrochloride salt as a yellow foam (0.72
g, 94%). ES/MS m/z 460.0 (M+1).
20  Alternate procedure for Example 2:
Add 1-fluoro-4-isocyanatobenzene (27.9 mL, 245 mmol) dropwise over 1 hto a
solution of (S)-1-(4-fluorophenyl)-4-(2-methylpiperazin-1-yl)phthalazine (72 g, 223
mmol) in CH,Cl, (500 mL) at 25 °C. Stir the mixture for 25 min and concentrate to a
foam. Add acetyl chloride (16.5 mL, 231 mmol) to methanol at 0 °C and stir for 5 min.
25  Add the foam to the methanol solution and stir for 1 h. Concentrate the solution to a
foam. Slurry the foam in acetonitrile (200 mL) and CH»Cl, (30 mL), filter and collect the
title compound as a yellow solid (91g, 86%). ES/MS m/z 460.0 (M+1).



(M+1) 27 (S)-N-(3-Cnhloro-4- fluorophenyl)-4-(4-(4-

cyanophenyl ) pht hal azi n-1- y1)-2-net hyl pi perazi ne-1- Carboxam de

hydr ochl owoae10/06250/NN- N-N\ -0 HCl le, Cl 35C1 500.8 (MtPLT/USRB09/061573 28
(S)-N-(4-Chl orophenyl)-4- (4-(4- cyanophenyl)phthal azi n- 1-

y1) - 2- net hyl pi per azi ne- 1- Carboxam de hydrochloride N=. /--\, \/NNNN-o0

HCI d 35C1 483.0 (Mtl) 29 (S)-4-(4-(4- Cyanophenyl) pht hal azi n-1-
y1)-N-(4-fluoro-2- . (tnfluoronethyl)phenyl)-2- nethyl piperazine-1-
Car boxam de hydrochloride |lik;.,:-H/2YN

Prepare the ureas in the table below by essentially following the procedures

described in Example 1 or Example 2, using the appropriate piperazinylphthalazine and a
slight excess of the appropriate isocyanate. Reactions times vary from 0.5 h to 3 d. Purify
compounds by trituration (with Et,O or 1:1 CH,Cl,: hexanes) or by flash silica gel

5 chromatography. For Examples 57-60 and 66-69, purify by mass-guided reverse phase
chromatography (Waters XBridge C18 ODB MS HPLC column, 30 x 75 mm, 5 pm
particle size, gradient of 20 to 70% acetonitrile in water, containing 0.01 M ammonium
bicarbonate, at 85 mL/min flow rate for 8 min). For Examples 75-82, use the crude
isocyanates (Preparations 35-36) in 1.5-2 fold excess. For Examples 18, 29 and 38 omit

10 MeOH from the HCI salt formation process.

Ex. Chemical name Structure ES/MS
No. m/z

(£)-N -(4-Fluorophenyl)-4-

(4-(4- O Hol
3 | fluorophenyl)phthalazin-1- | _ /_< H_@_F (411\?[2 . {))
y1)-2-methylpiperazine-1- \_\7 N\_/N—§O

carboxamide hydrochloride
()-4-(4-(4-

Fluorophenyl)phthalazin-1- O HCl F
yl)-2-methyl-N-(4- H XF | 526.0
4 (trifluoromethoxy)phenyl)pi | F O N2 N\/:/(N—<N_®_O F (M+1)
perazine-1-carboxamide NN o

hydrochloride

(£)-N -(4-Fluorophenyl)-4- HCI
(- 4 7 HOF 460.0
5 | fluorophenyl)phthalazin-1- | © O N /N N—< :
N >_/ S (M+1)

yD)-3-methylpiperazine-1- N
carboxamide hydrochloride

(2)-4-(4-(4- o :
Fluorophenyl)phthalazin-1- O H “F

¢ | yD-3-methyl-N-(4- FN/_\N_<N_©_O Pl 526.0
(trifluoromethoxy)phenyl) NN — o (M+1)
piperazine-1-carboxamide
hydrochloride
(R)-N-(4-Fluorophenyl)-4- O
(4-(4- H

7 | fluorophenyl)phthalazin-1- F Q \ N/_(N NOF 460.2

y1)-2-methylpiperazine-1- NN N (M+1)
carboxamide hydrochloride HCl




NN- N-N\ -0 HCI

(M+1)

y1l) - 2- et hyl - N- (4-
hydrochloride F F IiF /4 | .
(S)-4-(4-(4- Cyanophenyl)phthalazin-1- y 1)-N(4-
2- met hyl pi perazi ne-1- carboxanm de hydrgghl ori de .

535.0 (M+1)

: N= 4100
Cyanophenyl ) pht hal azi n-1- y1)-2-nethyl -N-(4- .
pi per azi reol20wawskstan de hydrochloride - 0 /-1e, F , NN NPRTAG2@09057517. 0
-25- 31 (S)-4-(4-(4- Cyanophenyl) pht hal azi n- 1-
(trifluoronethoxy)phenyl) piperazine-I|-carboxam de
N= \/NN- NN -0 HCl
(di fl uor onet hoxy) phenyl) -

0 533.0 (M1)

30 (S)-4-(4-(4-

(tnfl uoronet hyl ) phenyl)

(R)-4-(4-(4-
Fluorophenyl)phthalazin-1-
y1)-2-methyl-N-(4-
(trifluoromethoxy)phenyl)
piperazine-1-carboxamide
hydrochloride

W, H r
FN\/:/(N_Q_Q_O F

HCI

526.2
(M+1)

(R)- N-(4-Cyanophenyl)-4-
(4-(4-
fluorophenyl)phthalazin-1-
y1)-2-methylpiperazine-1-
carboxamide hydrochloride

HCI

467.2
(M+1)

10

(R)-N-(2,4-Difluorophenyl)-
4-(4-(4-
fluorophenyl)phthalazin-1-
y1)-2-methylpiperazine-1-
carboxamide hydrochloride

478.2
(M+1)

11

(R)-N-(4-Fluorophenyl)-4-
(4-(4-
fluorophenyl)phthalazin-1-
y1)-3-methylpiperazine-1-
carboxamide hydrochloride

O HCI )
FN/Q—{ a

460.2
(M+1)

12

(R)-4-(4-(4-
Fluorophenyl)phthalazin-1-
y1)-3-methyl-N-(4-
(trifluoromethoxy)phenyl)
piperazine-1-carboxamide
hydrochloride

526.2
(M+1)

13

(R)- N-(4-Cyanophenyl)-4-
(4-(4-
fluorophenyl)phthalazin-1-
y1)-3-methylpiperazine-1-
carboxamide hydrochloride

HCI

N—N

467.2
(M+1)

14

(R)-N-(2,4-Difluorophenyl)-
4-(4-(4-
fluorophenyl)phthalazin-1-
y1)-3-methylpiperazine-1-
carboxamide hydrochloride

HCI F

478.2
(M+1)

15

(S)-4-(4-(4-
Fluorophenyl)phthalazin-1-
y1)-2-methyl-N-(4-
(trifluoromethoxy)phenyl)
piperazine-1-carboxamide
hydrochloride

526.2
(M+1)




-41IN N-N\-0 HC 515.0 (M+l) 33 (S)-N-(4-Fluorophenyl)-2- nethyl-4-(4-

phenyl pht hal azi n-1- vyl ) pi perazi ne-1- carboxam de hydrochloride lil. 11\//--
\' NN N NvoQoH@e2ab42. 2 (M+rl) 34 (S)-N-(2,4-Di fl uorophenpCrAUus2000m615y3 - 4- (4-
phenyl pht hal azi n-1- yl) pi perazi ne-1- carboxam de hydrochloride H/-N . |ikN

NMNM7-"0 HC 460.2 (M+1l) 35 (S)- N (4-Cyanophenyl)-2- nethyl-4-(4-

phenyl pht hal azi n-1- vyl ) pi perazi ne-1- carboxam de hydrochl oride 11 449.2
(M+1) [-""1411=N 4.\ ;, NN NNN\-0 HC 36 (S)-N(3-Chloro-4-

fl uor ophenyl) - 2- et hyl - 4- (4-phenyl phthal azi n-1- yl) pi perazi ne-1-

car boxam de hydrochl oride 11: /- [ 11 \/NN-% il frN Ns-/0Cl
HCl 35Cl1 476.0

(8)- N-(4-Cyanophenyl)-4- .
or —O ~ ~ = 62
16 | fluorophenyl)phthalazin-1- \_ /7 N\_/N_<O :
Cl

yD)-2-methylpiperazine-1- (M+1)
carboxamide hydrochloride

(S)-N-(2,4-Difluorophenyl)- O F
4-(4-(4- —~ “OF 4782
17 | fluorophenyl)phthalazin-1- | F Q ) —<O (M +'1)
HCI

H

y1)-2-methylpiperazine-1-
carboxamide hydrochloride

(S)-N-(4-Fluoro-2-

F
F
(trifluoromethyl)phenyl)-4- O o "
18 | (44 i Q —~ A F | 528.0
fluorophenyl)phthalazin-1- IR _<O (M+1)

y1)-2-methylpiperazine-1-
carboxamide hydrochloride HCl

(S)-N-(3-Chloro-4- O R
S H 35
fluorophenyl)-4-(4-(4- /—\ NQ F Cl
19 | fluorophenyl)phthalazin-1- F Q NI NN _<o o 494.0
HCI

y1)-2-methylpiperazine-1- (M+1)
carboxamide hydrochloride

(S)-N-(4-Chlorophenyl)-4- .
(4-(4- O — H—Om el
20 | fluorophenyl)phthalazin-1- F Q \ 7 N\—/N_<o 476.0
y1)-2-methylpiperazine-1- NN (M+1)
carboxamide hydrochloride Hel
(S)-4-(4-(4- o
Fluorophenyl)phthalazin-1- s H F
51 | YD-2-methyl-N-(4- e S _\g—@-f 510.0
(trifluoromethyl)phenyl) N o (M+1)
piperazine-1-carboxamide HCI
hydrochloride
(S)-N-(4-
(Difluoromethoxy)phenyl)- O S ow
4-(4-(4- an N—Q—O 508.0
22 . F Q A N N —F
fluorophenyl)phthalazin-1- N-N Y~ © F (M+1)
y1)-2-methylpiperazine-1- Hel
carboxamide hydrochloride
(8)-4-(4-(4- O . ,
Fluorophenyl)phthalazin-1- $
/N < > 0 472.0
1)-N-(4-meth henyl)-2-
23 | y1)-N-(4-methoxyphenyl) F O . N\_/N—\’\O M)

methylpiperazine-1-
carboxamide hydrochloride HCI




(Mt1) 37 (S)-N-(4-Chlorophenyl)-2- methyl-4-(4- phenyl pht hal azi n-1-

car boxam de hydrochloride 40 \NN N11 a N-NO HCl

35C1 458.0 (M+1) 38

(S) - N- (4-Wwbuorome2s07(tri fl uoronet hyl) phenyl)-2- nethyl - 4PC4AUIS2009/061573

NN 41\ N-Ni O HCl

phenyl pht hal azin-1-y1)-N- (4-ui

phenyl pht hal azi n-1- yl) pi perazi ne-1- carboxam de hydrochloride ik /4
510.0 (M+l) -26- 39 (S)-2-Methyl-4-(4-
L., ttrtioronethyl VhenYl)Pi P
erazi ne-1| -carboxam de hydrochloride .fip,F /--\/ NN likN-NM-/0 HCl

04+1) 40 (S)-2-Methyl-4-(4-
t t ruor omet hoxy) PhenY1)
\,NN- afrNNM-0 1-1Cl

| e,

phenyl pht hakazin-1-y1)-N (4-
| npi per azi ne-1|-carboxam de hydrochloride F F /-\,
508. 0 04+1)

24

(8)-N-(4-Cyanophenyl)-4-
(4-(4-
cyanophenyl)phthalazin-1-
y1)-2-methylpiperazine-1-
carboxamide hydrochloride

/_\

N /N

HCI

474.2
(M+1)

25

(S)-4-(4-(4-
Cyanophenyl)phthalazin-1-
y1)-N-(4-fluorophenyl)-2-
methylpiperazine-1-
carboxamide hydrochloride

§

SOH
N F
S eseTetacs
N-N _/

HCI

467.2
o (M+1)

26

(S)-4-(4-(4-
Cyanophenyl)phthalazin-1-
y1)-N-(2,4-difluorophenyl)-
2-methylpiperazine-1-
carboxamide hydrochloride

— £
N= N ~—N

HCI

F

N— 485.0
© (M+1)

27

(8)-N-(3-Chloro-4-
fluorophenyl)-4-(4-(4-
cyanophenyl)phthalazin-1-
y1)-2-methylpiperazine-1-
carboxamide hydrochloride

35C1
500.8
(M+1)

28

(8)-N-(4-Chlorophenyl)-4-
(4-(4-
cyanophenyl)phthalazin-1-
y1)-2-methylpiperazine-1-
carboxamide hydrochloride

3507
0 483.0
(M+1)

29

(S)-4-(4-(4-
Cyanophenyl)phthalazin-1-
y1)-N-(4-fluoro-2-
(trifluoromethyl)phenyl)-2-
methylpiperazine-1-
carboxamide hydrochloride

535.0
(M+1)

30

(S)-4-(4-(4-
Cyanophenyl)phthalazin-1-
y1)-2-methyl-N-(4-
(trifluoromethyl)phenyl)
piperazine-1-carboxamide
hydrochloride

517.0
o (M+1)

492.0



41 (S)-N-(4- (Difluoronethoxy)phenyl)- 2-nethyl-4-(4- phenyl phthal azi n-1-
yl ) pi perazi ne-1- carboxam de hydrochloride .,14D, ., NN NNN-0 HCl 490.0
(MF1) 42 we)eiaeas0Cyanophenyl) - 4- (4-(4- met hoxyphenyl ) poThsb@2ionts73
1-y1)-2-met hyl pi perazi ne-1- carboxam de hydrochloride I1.-'" 478.8 (M+l)
/-0, =N 21I1\NN-( NNM-0 HE 43 (S)-N-(4-Fluorophenyl)-4- (4-(4-

nmet hoxyphenyl ) pht hal azi n- 1-y1)-2-net hyl pi perazi ne-1- carboxam de

hydrochloride i--\ lif11, , 4.\ ; NN NNN\-0 1-1C 472.2 (M+l) 44
(S)-N-(2,4-Difluorophenyl)- 44444- 25-

met hoxyphenyl ) pht hal azi n1-y1) - 2- et hyl pi per azi ne- 1- car boxam de
hydrochloride 1110, i--\, 1IN-NN\-/ N4 HCl 490.2 (M+l) 45

(S) - N-(4-Fl poropenyX)a2- nmet hyI-4-[(4-(4- (LI fTuoronethyljphenyl)
pht hal azi n-1 -yl !@z%ﬁé{y%ﬁmgﬁz@@qhoxam de hoch_lsorH@y—lﬂl, 510.|12 (Mt1)
y

Fl 1\ / NI\I‘ :|\3|'1M _Q_methyl_N_(él._ N= O \ _ / NCN-« 5330
(trifluoromethoxy)phenyl) NN © (M+1)
piperazine-1-carboxamide HCl
hydrochloride
(S)-4-(4-(4- F
Cyanophenyl)phthalazin-1- Y—F

1y | DN =0 § 4 at _5'—@—0 515.0
(difluoromethoxy)phenyl)- - N- /o (M+1)
2-methylpiperazine-1- Hel
carboxamide hydrochloride
(S)-N-(4-Fluorophenyl)-2- O .
methyl-4-(4- o — _<N4©7F o

_— NN .
33 | phenylphthalazin-1 \N_ ’\1 NIVARN (M+1)

yl)piperazine-1-
carboxamide hydrochloride

HCI
(S)-N-(2,4-Difluorophenyl)- O . F
2-methyl-4-(4- —~ H 4@,,: 1602
34 | phenylphthalazin-1- O \ N\_/N—<O :
HCI

yl)piperazine-1- (M+1)

carboxamide hydrochloride

(S)-N-(4-Cyanophenyl)-2- O .

methyl-4-(4- O s «H—Q%N 149

L NN .

35 phegylphthalazm 1 NIVALNEVAR N (M+1)

yl)piperazine-1-

carboxamide hydrochloride Hel

(8)-N-(3-Chloro-4- O S H

fluorophenyl)-2-methyl-4- Q VARY _<N Pl %al
36 | (4-phenylphthalazin-1- NEVARANEVARN o | 476.0

yl)piperazine-1- (M+1)

carboxamide hydrochloride HCI

(8)-N-(4-Chlorophenyl)-2- O )

methyl-4-(4- —~ H—@u el
37 | phenylphthalazin-1- O~ N 458.0

yl)piperazine-1- (M+1)

carboxamide hydrochloride HC

(S)-N-(4-Fluoro-2-

|
T
(trifluoromethyl)phenyl)-2- O . F
3g | methyl-4-(4- ~ X £ | 5100
henylphthalazin-1- N M+1
phenylp ) LN (M+1)
|

\ 4
yD)piperazine-1- N=N
carboxamide hydrochloride H




HCI -27- 46 (S)-N-(4-Cyanophenyl)-2- nethyl-4-(4-(4-
(trifluoronethyl)phenyl) phthal azin-I-yl)pi perazi ne- 1-carboxam de

hydr ochl owode1ode230r 517. 2 ( M+1) ,-41 FIP\/ NN FN- N €C@/uSa109/041573
(S)-N-(2,4-Difluorophenyl)- 2-nethyl-4-(4-(4- (trifluoronethyl)phenyl)
pht hal azi n-1 -yl ) pi perazi ne- 1-carboxam de hydrochloride IikH 11 F.\ /
N-\N" 528.0 (Mtl) FN-N -0 HCI 48 (S)-4-(4-(4-

Fl uor ophenyl ) pht hal azi n-1- y1)-3-nethyl-N-(4- (trifluoromethoxy)phenyl)

pi per azi ne-| - carboxam de hydrochl ori de2sHCIFx_ F . 0o 41\ni-\NF NN o : -
526.2 (M+l) 49 (S)-N-(4-Cyanophenyl)-4- (4-(4- fluorophenyl)phthal azin-1-
y1) - 3- net hyl pi perazi ne-1- carboxam de hydrochloride .HC 467.2 (Mt1) I
410\ /N -\ (S)-2-Methyl-4-(4-

phenylphthalazin-1-yl)-N- s H F
o | & a ey _{“‘@‘f 492.0
(trifluoromethyl)phenyl)pip N-N  — O (M+1)
erazine-1-carboxamide
hydrochloride
(8)-2-Methyl-4-(4- FE
phenylphthalazin-1-yl)-N- O S oH M
40 |4 O N/—\N_<N—®—O 508.0
(trifluoromethoxy)phenyl) NIVARANEVAR S (M+1)
piperazine-1-carboxamide
hydrochloride

(8)-N-(4- F

(Difluoromethoxy)phenyl)- O s W —F
{ N )¢

2-methyl-4-(4- NN 490.0
41 phenylphthalazin-1- O N N\—/N_<o (M+1)

yl)piperazine-1-
carboxamide hydrochloride

-N-(4-Cyanophenyl)-4- .
(514 Cyanopheny Q¢

(4-(4- \
42 | methoxyphenyl)phthalazin- © Q NI N\_/N_<O
1-yl)-2-methylpiperazine-1-
carboxamide hydrochloride

478.8
(M+1)

-N-(4-Fluorophenyl)-4- s
(S)-N-( phenyl) ) ¢ ay

(4-(4- \ /\
43 | methoxyphenyl)phthalazin- ° Q }\,_N/ N\_/N_<O (Lll\ﬁlz)

1-yl)-2-methylpiperazine-1-
carboxamide hydrochloride

. F
E‘S@]\f(—f,4—D1ﬂu0r0phenyl)— /_\ ! i F
-(a-a- \

44 | methoxyphenyl)phthalazin- ° O }\I_N/ N\_/N_<O 490.2
HCI

1-yl)-2-methylpiperazine-1- (M+1)
carboxamide hydrochloride
(S)-N-(4-Fluorophenyl)-2-
methyl-4-(4-(4- &) &
45 (trifluoromethyl)phenyl) ;- O [\ NERY _<N_©_F 510.2
phthalazin-1-yl)piperazine- F NN — 0 (M+1)
1-carboxamide
hydrochloride




NN -/ : 50 (S)-N-(2,4-D fluorophenyl)- 4-(4-(4-
fl uor ophenyl ) pht hal azi n-1- y1)-3-net hyl pi perazi ne-1- carboxam de

hydr ochl owodet0/ddzi07N/ -\ N. . \ 478.2 (M) NN --/ [ : PCBAIS2009/061573
(S)-N-(4-Fluoro-2- (trifluoronethyl)phenyl)-4 fluorophenyl)phthal azin-1-
y1) - 3- net hyl pi perazi ne-1- carboxam de hydrochloride .HC /__\H 11 FN41\ 1NN
N-N. .-/ 528.0 (M+l) 52 0)-4(4(4- Fluorophenyl)phthal azi n-1-

y1l) - N- (4- met hoxyphenyl) - 3- net hyl pi perazi ne-1- carboxam de hydrochl ori de
HCl * /--\40 41/ NN-' N-NO : 472.0 (Mr2y-53 (S)- N (3 -Chloro-4-

fl uorophenyl)-4-(4-(4- fluorophenyl)phthal azi n-1- y1)-3-nethyl pi perazi ne-1-
carboxam de hydrochloride .HCl /--\ _i41 4. NN N-NOCI :z 35C1 494.0 (M+l)
-28- 54 (5) {N(4 @LRAChERYAhy2- (4 (4-

methyl-4-(4-(4-

(trifluoromethyl)phenyl) i O O N _<H—©_:N 517.2
phthalazin-1-yl)piperazine- F NN /b (M+1)
1-carboxamide

hydrochloride

HCI
(S)-N-(2,4-Difluorophenyl)- O . F
2-methyl-4-(4-(4- F — HOF
: F O N N
47 (trifluoromethyl)phenyl) - NIV AR N _<o 528.0

phthalazin-1-yl)piperazine- (M+1)
1-carboxamide HCl
hydrochloride

(S)-4-(4-(4- .
Fluorophenyl)phthalazin-1- O u F

ag | YD-3-methyl-N-(4- F O C 3N N _{“@—0 Pl 5262
(trifluoromethoxy)phenyl) N-N M o (M+1)
piperazine-1-carboxamide )
hydrochloride
(8)-N-(4-Cyanophenyl)-4-

HCI
o LI
. — 467.2
49 | fluorophenyl)phthalazin-1- N =N
phenyl)p ~O~ s A (M+1)

y1)-3-methylpiperazine-1-
carboxamide hydrochloride

46

HCI

(8)-N-(2,4-Difluorophenyl)- O Hel F
Moro F Q aw, Fl 4782
50 | fluorophenyl)phthalazin-1- }l B N/ N}_/N _<O e

y1)-3-methylpiperazine-1-
carboxamide hydrochloride

(8)-N-(4-Fluoro-2- .
(trifluoromethyl)phenyl)-4- HC F—&F
51 (4-(4- O ¥ . 528.0
fluorophenyl)phthalazin-1- F Q N 4 N/_\N—< (M+1)
y1)-3-methylpiperazine-1- NN \—/ o
carboxamide hydrochloride )
HCI
(S)-4-(4-(4- O
Fluorophenyl)phthalazin-1- H{ } /
52 yl;l—?\f—o(lé)l—fne};h)gxyphenyl)—} F Q N N/_\N—<N 7| 4720
N-N Y o (M+1)

methylpiperazine-1-
carboxamide hydrochloride

(S)-N-(3-Chloro-4- O HC !
fluorophenyl)-4-(4-(4- ~— N Fl Pl
53 | fluorophenyl)phthalazin-1- F O \ N\_/N—§ 494.0

y1)-3-methylpiperazine-1- © cl (M+1)
carboxamide hydrochloride




fl uor ophenyl ) pht hal azi n-1- y1)-3-net hyl pi perazi ne-1- carboxam de
hydrochloride .HC /--\* C F., NN( NNN)-/0 35CL (M+1l 55 (5)-44444-

Fl uor ophewgl2ppitsbalrazi n- 1- y1) - 3- net hyl - Nd4- (tri fl uor omerrugkyopioersys )

pi per azi ne-| -carboxam de hydrochloride *HCI * ., NNNF F N-N.-/0 510.0
(Mtl) 56 (S)-N-(4- (Difluoronethoxy)phenyl)- 4-(4-(4-

fl uor ophenyl ) pht hal azi n-1- y1) - 3-net hyl pi perazi ne- 1car boxam de
hydrochloride .HC 41, NN NN -/OF :. 508.0 (Mtl) 57 (5)-44444-
Cyanophenyl ) pht hal azi n-1- y1)-N4 4-fl uggophenyl)-3- nethyl pi perazi ne-1-

car boxam de hydrochloride iiHC -lik \ o 467.0 (M1) \/ICNNN-/ $ 58
(5)- N(4-Cyanophenyl)-4- (444- cyanophenyl) pht hal azi n-1-
y1) - 3-met hy[pi pérazi ne~1- carboxam[de hydrogh{ ornde . I-ICI [ __\U =N 474.0
(MFL)  NE 41/ N@ﬁ\?&ﬁlomﬁenﬁﬁ § ) Ao Fa
54 | fluorophenyl)phthalazin-1- | F \ 4 N\_/N_< 476.0
y1)-3-methylpiperazine-1- NN ° (M+1
carboxamide hydrochloride
(S)-4-(4-(a- o
Fluorophenyl)phthalazin-1- O H F
55 | yD-3-methyl-N-(4- . Q [\ N/_\N_{“ < >F7<F 510.0
(trifluoromethyl)phenyl) N-N > © (M+1)
piperazine-1-carboxamide )
hydrochloride
(S)'N'(4' HClI
(Difluoromethoxy)phenyl)- O H
4-(4-(4- . /7 NOO 508.0
56 : \ NN >—F
fluorophenyl)phthalazin-1- NN o F (M+1)

y1)-3-methylpiperazine-1-
carboxamide hydrochloride

(S)-4-(4-(4- O
Cyanophenyl)phthalazin-1- —\ N .
57 | yD)-N-(4-fluorophenyl)-3- N= O N/ N\_/N—< _Q_ (41‘\?[1{))
methylpiperazine-1- °

carboxamide hydrochloride
(S)- N-(4-Cyanophenyl)-4-

HCI
(4-(4- ' 4
. = 74.0
-1- = /\ N =N
58 | cyanophenyl)phthalazin-1 N= O ¢ N N So < > (M+1)

y1)-3-methylpiperazine-1- N-N
carboxamide hydrochloride

(S)-4-(4-(4- N
Cyanophenyl)phthalazin-1- I\ HOF
. N== 485.2
59 | yD-N-(2,4-difluorophenyl)- O \_7 N\ ,N—<O (M+1)

3-methylpiperazine-1-
carboxamide hydrochloride

(5)-4-(4-(4- Hol  plF
Cyanophenyl)phthalazin-1- O H

60 y1)-N-(4-fluoro-2- N= O /7 N F| 535.0
(trifluoromethyl)phenyl)-3- N N}_/N _<o (M+1)

methylpiperazine-1-
carboxamide hydrochloride
(8)-N-(3-Chloro-4- Hel
fluorophenyl)-4-(4-(4- O H e
61 | cyanophenyl)phthalazin-1- | = Q () N/_\N_<N 501.0
y1)-3-methylpiperazine-1- N-N \}—/ 0 cl (M+1)
carboxamide hydrochloride )




NN-/0 : , 59 (5)-4(4(4- Cyanophenyl) pht hal azi n-1-
y1l)-N(2, 4-di fl uorophenyl)- 3-nethyl pi perazi ne- 1car boxam de hydrochl ori de .

HCl NF 4880201062307 N - WAN NN_Ti 60 (5)-4(4(4- PCT/US2009/061573
Cyanophenyl ) pht hal azi n-1- y1)-N44-(4-2- (trifluoronethyl)phenyl)-3-
met hyl pi per azi ne-| car boxam de hydrochloride HCl i /--\ , . 535.0 (Mt1l)

41\ / NN N-N)-/0 61 (S)-N-(3-Chloro-4- fluorophenyl)-44444-
cyanophenyl ) pht hal azi n-1- y1)-3-net hyl pi perazi ne- 1- carboxam de
hydrochloride HCl ilk O,NN =\, 35Cl 501.0 (M+l) N- NOCl -29- 62
(S)-N-(4-Chl orophenyl)-4-(4-(4- cyanophenyl ) pht hal azi n-1-
y1) - 3- net hyl pi perazi ne-1- carboxam de hydrochloride HG HCl ik /-\ * C
"C 483.0 (M) (S)-N-(4-Chlorophenyl)-4- O Hel .
(4-(4- H Cl
62 | cyanophenyl)phthalazin-1- | \— O [ N/_\N_{‘_@‘C' 483.0
yD)-3-methylpiperazine-1- N-N 0 (M+1)
carboxamide hydrochloride

(S)-4-(4-(4-
Cyanophenyl)phthalazin-1- Hel
63 | YD-3-methyl-N-(4- W — H@_KF 517.0
(trifluoromethyl)phenyl) N= O N\ N}_/N_ﬁo FE 1 (M+1)
piperazine-1-carboxamide 3}
hydrochloride
(S)-4-(4-(4-
Cyanophenyl)phthalazin-1- HCl
64 | yD-3-methyl-N-(4- W — H—@o 533.0
(trifluoromethoxy)phenyl) N= O \rd N}_/N _<o F>TFF (M+1)
piperazine-1-carboxamide s
hydrochloride
(S)-4-(4-(4-
Cyanophenyl)phthalazin-1- Hal
65 | YD-N-(4+ W —~ =)o 515.0
(difluoromethoxy)phenyl)- | N= O \er! N\_/N*O F>_F (M+1)
3-methylpiperazine-1-
carboxamide hydrochloride
(8)-N-(4-Fluorophenyl)-3- Hel
methyl-4-(4- O H 4429
66 | phenylphthalazin-1- Q C o\ _{'OF MA1)
yl)piperazine-1- NN N
carboxamide hydrochloride N
(8)-N-(4-Cyanophenyl)-3- el
methyl-4-(4- O " . 449 2
67 | phenylphthalazin-1- O Cx N NAQTN M +'1)
yl)piperazine-1- N—N \—/ o

carboxamide hydrochloride

(8)-N-(2,4-Difluorophenyl)- O HC F
3-methyl-4-(4- ' F
68 | phenylphthalazin-1- O «® N/_\N _< _<\ >— 460.0
0

yl)piperazine-1- (M+1)

carboxamide hydrochloride

(S)-N-(4-Fluoro-2-

F
(trifluoromethyl)phenyl)-3- O HCI ::é
methyl-4-(4- H | s100
© it Q \ /N N

phenylphthalazin-1- N7 N\ (M+1)
yl)piperazine-1- ©
carboxamide hydrochloride




N=/ NNNN-/ : 63 (S)-4-(4-(4-

Cyanophenyl ) pht hal azi n-1-y1)-3-nethyl -N-(4- (trifl uoromnethyl)phenyl)

pi per azi ngol20meamskswgam de hydrochloride .HC /--\ N, . PETHSC00958i579 04+1)
N=. \NNN.-/ 64 (S)-4-(4-(4-

Cyanophenyl ) pht hal azi n-1-y1)-3-nmethyl -N-(4- (trifluoromethoxy)phenyl)

pi per azi ne-1-carboxam de hydrochloride . HCl /--\ ,11o0 F OF 533.0 (M+l)
N=*NN NN).-/ s: 65 (S)-4-(4-(4- Cyanophenyl)pht hal azin-1-y1)-N-(4-

(di fl uoronet hoxy) phenyl)- 3-net hyl pi perazi ne- 1car boxam de hydrochl ori de .

HCl /--\ , lio 0 515.0 04+1) N= .\ /7 NN NN- -

(8)-N-(3-Chloro-4- O e
fluorophenyl)-3-methyl-4- ;7 N FI *Cl

70 | (4-phenylphthalazin-1- O N/ N\_/N_< ol 476.0
yl)piperazine-1- N-N ¢ © (M+1)
carboxamide hydrochloride
(8)-N-(4-Chlorophenyl)-3- HCl

41 | methyl-4-(4- O HOQ el
phenylphthalazin-1- Q o N/_\N_< 458.0
yDpiperazine-1- N-N > © (M+1)

carboxamide hydrochloride

(8)-3-Methyl-4-(4- O HCI

. F

phenylphthalazin-1-ylI)-N- — H@7< 492.0
N N F

72 | (4-(trifluoromethyl)phenyl
1()ip(erazine—1—carbyoz<la)1mid}é:) O }\I—N/ o " (M+1)
hydrochloride )
(5)-3-Methyl-4-(4- O HCl
phenylphthalazin-1-yl)-N- H
(trifluoromethoxy)phenyl) N-N ¥ o FF | (M+])
piperazine-1-carboxamide )
hydrochloride
(S)-N-(4- HCl
(Difluoromethoxy)phenyl)- O s —@—o

qq | 3-methyl-4-(4- O ¢ N/_\N_< V| 490.0
phenylphthalazin-1- N-N o F (M+1)

yl)piperazine-1-
carboxamide hydrochloride

F

(S)-N-(4-Cyano-2- O Sy

fluorophenyl)-4-(4-(4- F 7\ =N

75 | fluorophenyl)phthalazin-1- Q NN N\_/N_<O (Aﬁj‘rf )
y1)-2-methylpiperazine-1-

carboxamide hydrochloride

(S)-N-(2-Fluoro-4- F
(trifluoromethyl)phenyl)-4- O B C F .
F

N

e Y ) N/\:/\N—< 528.0

fluorophenyl)phthalazin-1- N-N 0 (M+1)
y1)-2-methylpiperazine-1- HCI

carboxamide hydrochloride

(S)-N-(4-Cyano-2- O . F

fluorophenyl)-4-(4-(4- N= — N—Q{N

77 | cyanophenyl)phthalazin-1- O N N\_/N_<O g\?{i%
y1)-2-methylpiperazine-1-

carboxamide hydrochloride




66 (S)-N (4-Fluorophenyl)-3- nethyl-4-(4- phenyl pht hal azi n-1-

yl ) pi perazi ne-1- carboxam de hydrochloride .HC 410 442.2 04+1) \/N-\T1
NN/ VO 2600/06807N- ( 4- Cyanophenyl) - 3- net hyl -4- (4- pheayiysharabeszs n- 1-

yl ) pi perazi ne-1- carboxam de hydrochloride .HO . \ , NN-\NNN-/ | IF
449.2 (Mrl) 68 (S)-N-(2,4-Difluorophenyl)- 3-nethyl-4-(4-

phenyl pht hal azi n-1- vyl ) pi perazi ne-1- carboxam de hydrochloride .HC /--\ 4l
460. 0 (M+1) li k \' NNN..-/N 69 (S)-N(4-Fluoro-2-
(trifluoromethyl)phenyl)-3- nethyl-4-(41-

(S)-N-(4-Cyano-2- O \ =
fluorophenyl)-2-methyl-4- S _
78 | (4-phenylphthalazin-1- O - % )—=N | 4670
- 0

/
yl)piperazine-1- N (M+1)

carboxamide hydrochloride HCl

(S)-N-(4-Cyano-2- o
fluorophenyl)-4-(4-(4- O H 4%4.8
79 | fluorophenyl)phthalazin-1- | ¢ O C M\ _«N { > =N M +'1)
y1)-3-methylpiperazine-1- N-N M o

carboxamide hydrochloride )}
(S)-N-(2-Fluoro-4-

(trifluoromethyl)phenyl)-4- O HCl F i
g0 | 44 — H-( —Cr | 5280
fluorophenyl)phthalazin-1- F 8 N N = M+1
- v

y1)-3-methylpiperazine-1-
carboxamide hydrochloride
(8)-N-(4-Cyano-2-

fluorophenyl)-4-(4-(4- O u 4920
81 | cyanophenyl)phthalazin-1- | n= O C N\ _<N { > =N M +'1)
yD)-3-methylpiperazine-1- N-N M~ o

carboxamide hydrochloride )

(8)-N-(4-Cyano-2- Hel F
fluorophenyl)-3-methyl-4- O H 467.0
82 | (4-phenylphthalazin-1- Q & =Y _«N i > =N M +'1)
yl)piperazine-1- N-N Y %

carboxamide hydrochloride )

N-(4-Cyanophenyl)-4-(4-(4- O
fluorophenyl)phthalazin-1- /_( o 4812
83 | yl)-cis-2,6- F Q N N\_{l_/(N_@{N '
H

dimethylpiperazine-1- G (M+1)
carboxamide hydrochloride

N-(4-Fluorophenyl)-4-(4-(4-
fluorophenyl)phthalazin-1- O ( o 74
84 | yD)- cis-2,6- . NERW .
Q N-N \—Q _/<N—©~F (M+1)

dimethylpiperazine-1-

carboxamide hydrochloride HCl "
(S)-N-(4-Cyanophenyl)-2-

Hol
othyl-4-(4-(4- Q) M. i 4812

85 | fluorophenyl)phthalazin-1- | - NERY
yl)piperazine-1- O NN N—@—:N (M+1)

carboxamide hydrochloride




phenyl pht hal azi n-1- yl) pi perazi ne-1- carboxam de hydrochl oride HC 410\
IN-\NNN.-/ 1 F* 510.0 (Mtl) -30- 70 (S)-N(3-Chloro-4-

fl uor ophew@pri@sewrhyl - 4- (4- phenyl pht hal azi n-1- yl) pi pecaaise@90e61573

car boxam de hydrochloride .HO1 --X, NN- 11\ // N-N-/0C 35C1 476.0 (Mtl)
71 (S)-N-(4-Chl orophenyl)-3- nethyl-4-(4- phenyl pht hal azi n- 1-

yl ) pi perazi ne-1- carboxam de hydrochloride .HC ci 11\ / NN NN -/0 :
35C1 458.0 (M+l) 72 (S)-3 -Methyl- 4-(4 - phenyl phthal azin- 1-yl)-N
(4-(trifluoromethyl)phenyl) piperazi nesb-carboxam de hydrochl ori de HCl
/--\ NN FF M:N-/ 492.0 04+1) 73 (S)-3 -Methyl-4- (4 -

phenyl pht hal azin- 1-y1)-N- (4- (trifluoronmethoxy)phenyl)

pi perazi ne-[-caf Pﬁﬁ@@,ﬂ%iﬂ%ﬁj&pﬂgﬁyl)@“ de HO O * :_411\ , NN NFNOFF
86 flfélrlg;ﬁégigsﬁthalazin-1- FN/_\N—-’<O 4922
No HOF (M+1)
HCI
(S)-2-Ethyl-N-(4-fluoro-2-

yl)piperazine-1-
F
(trifluoromethyl)phenyl)-4- O /_\"_ o
(4-(4- F O v N N4 542.2
87 N-N M~ N F
HCI H
F

carboxamide hydrochloride
fluorophenyl)phthalazin-1- (M+1)
yl)piperazine-1-

carboxamide hydrochloride i

(8)-2-Ethyl-N-(4- O —
fluorophenyl)-4-(4-(4- ~ 0 4749
88 | fluorophenyl)phthalazin-1- F O N/ N\_/N —~ M +'1
yl)piperazine-1- NN HO P )
carboxamide hydrochloride HCl
(28,55)-N-(4-Cyanophenyl)- O
4-(4-(4- 0
89 fluorophenyl)phthalazin-1- | F O NIy N§_/N _/<N _@_ on | 4810
y1)-2,5-dimethylpiperazine- H (M+1)
1-carboxamide hel
hydrochloride

Example 90
(R)-N-(4-Fluorophenyl)-4-(4-(4-fluorophenyl)phthalazin-1-yl)-2-
(hydroxymethyl)piperazine-1-carboxamide hydrochloride

HO
) 2
X O
O~
N-N N@—F
H
5 HCI
Treat a solution of (R)-(4-(4-(4-fluorophenyl) phthalazin-1-yl) piperazin-2-yl)-
methanol (0.15 g, 0.44 mmol) in CH,Cl, (3 ml) with 1-fluoro-4-isocyanatobenzene (0.04
g, 0.31 mmol). Stir the reaction at ambient temperature for 30 min and then concentrate

the reaction mixture. Purify the resulting residue by flash silica gel chromatography (0-

10 50% EtOAc in hexanes, then switch to 3% MeOH in CH,Cl,) to yield a solid. Dissolve



508.0 (M+l) 74 (S)-N-(4-
phenyl pht hal azi n-1- yl) pi per azi ne-1 -

(S)-N-(2-Fluoro-4-

(trifluoronethyl)phenyl)-4-

(Di fl uoronet hoxy) phenyl)- 3-nethyl -4-(4-

car boxam de hydrochl ori de HC
, NN N- NNWOQP10A82500 ( M+1) 75 (S)-N (4-Cyano-2- fl uoropheoyas2eh90415(31-
f | uor ophenyl ) pht hal azi n-1- y1)-2-net hyl pi perazi ne-1- car boxam de
hydrochl oride 11, H =N 484.8 (1\4+1)

41\ / NN-'" N-N\-0 HC
(4-(4-

76

fl uorophenyl ) pht hal azi n-1- y1)-2-net hyl pi perazi ne-1- carboxam de

hydr ochl ori de

*1 H.

, F 528.83( Mrl)

Fil k,

Nr-\N-F N-NO \-/ HCI

77 (S)-N-(4-Cyano-2- fluorophenyl)-4-(4-(4- cyanophenyl)phthal azi n-1-

y1) - 2- net hyl pi per azi ne- 1-

(1\ 4+1)

car boxam de hydrochloride *H N 11 /-(_-N 492.0
the sdd it MYOHN 1N HG@nd treat with 1 N aqueous HCI (0.13 mL, 0.13 mmol).

Concentrate the solution to obtain the title compound as a solid (0.065 g, 29%). ES/MS
m/z 476.0 (M+1).

following the procedure described in Example 90, using the appropriate

piperazinylphthalazine and isocyanate.

Prepare the piperazinylphthalazine ureas in the table below by essentially

Ex.
No.

Chemical name

Structure

ES/MS
m/z

91

(R)-N-(4-Fluorophenyl)-4-
(4-(4-
fluorophenyl)phthalazin-1-
yl)-2-
(hydroxymethyl)piperazine-
1-carboxamide
hydrochloride

HO
o
. 0
OO
OO

HCI

476.0
(M+1)

92

(S)-N-(4-Fluorophenyl)-4-
(4-(4-
fluorophenyl)phthalazin-1-
yl)-2-
(hydroxymethyl)piperazine-
1-carboxamide
hydrochloride

DI
" O NN N\—/N_/<N—®—F

HCI

T

476.0
(M+1)

93

(R)-N-(4-Cyanophenyl)-4-
(4-(4-
fluorophenyl)phthalazin-1-
yD-2-
(hydroxymethyl)piperazine-
1-carboxamide
hydrochloride

483.0
(M+1)

Examples 94 & 95

10  N-(4-Fluorophenyl)-4-(4-(4-fluorophenyl)phthalazin-1-yl)-trans-2,5-dimethylpiperazine-

1-carboxamide hydrochloride, Isomer 1 and Isomer 2

Q1 Q.
" O N-N N\—/N_/<H—< >—F and Q NN N)—/N_/<N—< >—F

HCI

HCI



-31- 78 (S)-N-(4-Cyano-2- fluorophenyl)-2-nethyl-4-(4-phenyl phthal azi n-1-
yl ) pi perazi ne-|- carboxam de hydrochloride N 467.0 (Mtl) Nli =N O \N
NN\ - HCIwO2910(66250- ( 4- Cyano- 2- fl uorophenyl)-4-(4-(4- PCT/US2009/061573

f | uor ophenyl ) pht hal azi n-1- y1)- 3-net hyl pi perazi ne-1- car boxam de
hydrochloride ivHCI H N . /-\ 484.8 (M1l) 41\ / NN- N-No 80
(S)-N-(2-Fluoro-4- (trifluoronethyl)phenyl)-4- fluorophenyl)phthal azin-1-
y1) - 3- net hyl pi perazi ne-1- carboxam de hydrochloride ii HC " . 528.0 (Mt1l)
Fafr, NNNF NNN.-/0 81 (S)-N-(4-Cyano-234-fl uorophenyl)-4-(4-(4-
cyanophenyl ) pht hal azi n-1- y1) - 3-net hyl pi perazi ne-1- carboxam de
hydrochloride HCl . H 492.0 (M+l)

Treat a solution of 1-(trans-2,5-dimethylpiperazin-1-yl)-4-(4-
fluorophenyl)phthalazine (0.3 g, 0.89 mmol) in CH,Cl, (5 mL) with 1-fluoro-4-
isocyanatobenzene (0.17 g, 1.25 mmol). Stir the reaction at ambient temperature for 1 h.
Purify the reaction mixture by flash silica gel chromatography (0-50% EtOAc in

5 hexanes). Pool and concentrate the appropriate fractions. Dissolve the mixture of N-(4-
fluorophenyl)-4-(4-(4-fluorophenyl) phthalazin-1-yl)-trans-2,5-dimethylpiperazine-1-
carboxamide isomers (0.3 g, 0.59 mmol) in MeOH (2 mL). Separate the mixture of
trans-isomers by chiral chromatography (Chiralcel OJ-H, flow rate 30 mL/min, detection
225 nm, 6:4 MeOH: acetonitrile). Collect first eluting peak as Isomer 1 and the second

10 eluting peak as Isomer 2. Pool and concentrate appropriate fractions. Dissolve the
separated isomers in MeOH (1 mL) and treat each solution with 1 equivalent of 1 N
aqueous HCIL. Concentrate to give the hydrochloride salts of Isomer 1 (0.131 g, 44%) and
Isomer 2 (0.129 g, 43%). Isomer 1: ES/MS m/z 474.2 (M+1), 99% ce. Isomer 2:
ES/MS m/z 474.2 (M+1), 99% ee.

15

Examples 96 & 97

N-(4-Fluorophenyl)-4-(4-(4-fluorophenyl)phthalazin-1-yl)-cis-2,5-dimethylpiperazine-1-

carboxamide hydrochloride, Isomer 1 and Isomer 2

FNC;—«‘N’ O FN)Z(N—«; s

H
HCI HCl

20 Prepare Examples 96 and 97, by essentially following the procedure as described
for Examples 94 and 95, using the mixture of cis-dimethylpiperazines from Preparation
12. Separate the mixture of cis-isomers by chiral HPLC and make the HCI salts to give
Isomer 1 (0.21 g, 34%) and Isomer 2 (0.20 g, 33%). Isomer 1: ES/MS m/z 474.2 (M+1),
95% ee. Isomer 2: ES/MS m/z 474.2 (M+1), 92% ee.

25

Biology
Hedgehog has been implicated as a survival factor for the following cancers: basal

cell carcinoma; upper gastro intestinal tract cancers (esophagus, stomach, pancreas, and



N=. \, NNNN 82 (S)-N(4-Cyano-2- fluorophenyl)- 3-nethyl - 4-

(4- phenyl pht hal azi n-1- vyl ) pi perazi ne-1- Carboxam de hydrochl ori de HCl

467.0 (MM 2010/02507\N = N- N-NO : 83 N (4- Cyanophenyl) PET(U$2¢02/061573

fl uor ophenyl ) pht hal azi n-1- y1)-cis-2,6- dinethyl piperazine-1- Carboxam de
hydrochloride 11 , NN 11- N-NN...N 481.2 (M+l) HCIH 84

N- (4- Fl uor ophenyl)-4-(4-(4- fluorophenyl)phthal azin-1- yl1)- cis-2,6-

di et hyl pi perazi ne-1- Carboxam de hydrochloride 11 41 \ '* N-N HCl 474.2
(M+1) 85 (S)- N (4-Cyanophenyl)-2- ethyl3s4-(4-(4- fluorophenyl)phthal azin-1-
yl ) pi perazi ne-1- Carboxam de hydrochloride 41 HC 'o .\ , N--\N \- NN
481. 2 (M+l)

biliary tract); prostate cancer; breast cancer; small cell lung cancer; non-small cell lung
cancer; B-cell lymphoma; multiple myeloma; gastric cancer; ovarian cancer; colorectal
cancer; liver cancer; melanoma; kidney cancer; and brain cancer.
Elements of the hedgehog pathway have been asserted to be potential drug targets
5 for the treatment of cancers. A Daoy cell line established from medulloblastoma tumor
(ATCC, HTB-186), is responsive to Hh ligands. When these cells are treated with
exogenously added Shh-conditioned media, Hh signaling pathway is activated and results
in an increased expression of Glil. Cyclopamine, an alkaloid isolated from the corn lily
Veratrum californicum is a weak hedgehog antagonist and has been shown to suppress
10 the expression of G/i/ 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
are suitable for treating the aforementioned tumor types.
15

Determination of Biological Activity ICsg

The following assay protocol and results thercof further demonstrate the utility
and efficacy of the compounds and methods of the current invention. Functional assays
provide support that the compounds of the present invention exhibit the ability to inhibit

20  Shh signaling. All ligands, solvents, and reagents employed in the following assay are
readily available from commercial sources or can be 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 G/i! ribonucleic acid via a bDNA (branched

25  deoxyribonucleic acid) assay system (Panomics, Inc., Fremont, CA). Gli was originally
discovered in a Glioblastoma cell line and encodes a zinc finger protein that is activated
by Shh signaling. The maximum response is obtained by inducing G/i/ transcription in
the Daoy cells with conditioned medium (human embryonic kidney, HEK-293 cells
stably expressing recombinant Shh) for 24 hours and then measuring the amount of

30  stimulated G/i/ transcript. The minimum response is the amount of G/i/ transcript

inhibited with a control compound in Daoy cells that have been stimulated with



: WO 2010/ 062507PCT/ US2009/ 061573 -32- 86 (S)-N-(2,4-D fl uorophenyl) -
2-ethyl-4-(4-(4- fluorophenyl)phthal azin-1- yl)pi perazi ne-1- carboxam de
hydr ochl owode10fe23d7 \N-e N-N\-N *F H HCl 492.2 (Mtl) 87PCT/US2009/061573
(S)-2-Ethyl -N-(4-fluoro-2- (trifluoronethyl)phenyl)-4- (4-(4-
fl uor ophenyl ) pht hal azi n-1- yl ) pi perazi ne-1- carboxam de hydrochloride ./N N
4- NNN-N* HO F F F 542.2 (M1) 88 (S)-2-Ethyl-N(4-
fl uorophenyl)-4-(4-(4- fluorophenyl)phthal azin-1- yl)pi perazi ne-1|-
car boxam de hydrochloride NN * N-N\-N34. HCl 474.2 (Mw1l) 89
(2S, 5S)-N-(4- Cyanophenyl)- 4-(4-(4- fluorophenyl)phthal azi n-1-
y1l) -2, 5-di net hyl pi perazi ne- 1-carboxam de hydrochloride .' 40, N NC
NN -/11 O\!:o:nailffoﬂfé@m&ﬂ%{h@mﬁ%ﬁﬂryfﬁé‘ﬁiﬂﬁéﬁ H®R-293 cells stably expressing

uo

R) - N- (4- Fl uor ophenyl) - 4- (4- (4- rophenyl ) pht hal azi n-1-y1) - 2-
(R ( recombenant ghg) for 2(4 hol(lrs, phenyl)p yl)

Functional Assay for Measuring the Inhibition of Giil in Daoy cells

5 The bDNA assay system utilizes the technology of branched-chain DNA to allow
amplification of a target ribonucleic acid (transcript). The technology employs three
types of synthetic hybrid short Glil-specific cDNA probes that determine the specificity
of the target transcript [capture extenders (CEs), label extenders (LEs), and blockers
(BLs)] that hybridize as a complex with the target transcripts to amplify the hybridization

10  signal. The addition of a chemilumigenic substrate during the amplification step allows
for 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 medullablastoma tumor, a physiologically relevant tumor cell

15 line. Endogenous levels of G/il transcripts levels are low in Daoy cells but can be
stimulated by using conditioned media taken from cells stably over-expressing human
Shh (a HEK-293 cell line stably transfected with hShh).

Daoy cells are grown to confluency in tissue culture T225-flasks in Daoy growth

media containing Minimum Essential Medium (MEM) plus 10% Fetal Bovine Serum

20  (FBS) with 0.1 nM non-essential amino acids and 1 mM sodium pyruvate. The cells are
removed from the T225-flasks using trypsin ethylenediaminetetraacetic 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%

25  carbon dioxide (CO,). The cells are washed one time in phosphate buffered saline (PBS)
followed by addition of 100 uL of Shh Conditioned Media (Shh-CM) to stimulate levels
of Glil expression. Shh-CM is diluted to achieve maximum stimulation using control
growth media — 0.1% FBS/DMEM (Dulbeccos Modified Eagle Medium). Daoy cells
treated with Shh-CM are then treated with various concentrations of hedgehog inhibitors

30  ranging from approximately 1 pM to 0.1 nM. Test compounds are allowed to incubate

for 24 hours at 37 °C under 5% COo».



(hydr oxynet hyl ) pi per azi ne-1 - car boxam de hydrochl ori de 5HCI Treat a
solution of (R)-(4-(4-(4-fluorophenyl) phthal azin-1-yl) piperazin-2-yl)-

met hanol WO0.208/032500. 44 mmol ) in CH2C12 (3 m) with PCT/US2009/061573
1-fluoro-4-isocyanat obenzene (0.04 g, 0.31 mvol). Stir the reaction at

anbi ent tenperature for 30 mn and then concentrate the reaction m xture.
Purify the resulting residue by flash silica gel chromatography (0- 10 50%
Et OAc in hexanes, then switch to 3% MeOH in CH2C12) to yield a solid.

Di ssolve -33- the solid in MeOH (1 mig7and treat with 1 N aqueous HCl
(0.13 nL, 0.13 mmol ). Concentrate the solution to obtain the title conpound
as a solid (0.065 g, 29% . ES/MS mz 476.0 (M+l). 5SPrepare the

pi perazi nyl pht hatazicairdh&R8f thé szh%aﬁsahbﬁs petemedyy @esand Qaddigedeal.d ow ng
t he procedure described in Exanp 90, using the appropriate

pi per azi ny| Pt Hapvaidaerigediby %walﬂfa%t@rer Ernomygs, lgnle Arepare arfiivied Sesisuct ur e

ES/MS iz 91ix6fR (Iﬁh(/[ Blﬁféﬂ%lﬁ&nﬁa}i&e)s'ﬁotelﬁélse(lé Aﬂé&%%@ﬁﬁﬁéﬂbﬁ@&ﬁbﬂl azin-1-
y1l)-2- (hydroxynethy ]pl perazi nel-car boxani de éroc loride HO\ * /-( p

41N- NNN-\ - \compoppdHthecellyarg washedpng tigewitisPBNandi 1 #) woeidphdryadded to tha - ( 4-
L SenoprerIen LSSl UGS TR RRgeet oo
(R) - N- ( 4- CymimofsheTelpsulting(csll (ybatef 4ra dreo piiterayed)ysirndsalAawpring prope jet2-
(hydroxymet iyl)RiPES PRB&Ts SREARXATHAE PRI R hAf & rling to the ©

manufacturer’s directions, and then 20 uL of the working probe set is added to the bDNA

assay plates along with 80 uL of the Daoy lysates. The plates are sealed and incubated

10 overnight at 55 °C. The bDNA plates are then processed according to the manufacturer’s

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

15  ICso for the in vitro assay. The data are calculated based on the maximum control values
(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, 1 uM of N-(3-(1H-
benzo[d]imidazol-2-yl)-4-chlorophenyl)-3,5-dimethoxybenzamide). A four parameter
logistic curve fit is used to generate the ICsy values using ActivityBase software programs

20 version 5.3, equation 205 (4ssay Guidance Manual Version 5.0, 2008, Eli Lilly and
Company and NIH Chemical Genomics Center).

Following the protocol described, the compounds of the invention exemplified
herein display an ICso of <40 nM. For example, the compound of Example 2 has an ICsq
of approximately 0.42 nM with a standard error of 0.21 (n=2) in the assay described

25 above. These results provide evidence that the compounds of the present invention are

hedgehog antagonists and, as such, are useful as anticancer agents.

CYP3A4 Inhibition Assay

30 Incubation samples are prepared by adding a human liver microsomal preparation
to the test inhibitor (final concentrations 0.05 mg/mL protein, 10 uM inhibitor in 100 mM
NaPOQy, pH 7.4 buffer) and mixed. Samples are pre-incubated for approximately five



40, NI- \N- \- 483.0 (M) N-NN=N H HCl Exanpl es 94 & 95 10N-(4-F

| uor ophenyl) -4-(4-(4-fluorophenyl)pht hal azi n-1-yl)-trans-2,5-di nethylp

i per azi newoX2otoome3woxam de hydrochl oride, |Isoner 1 and | $ORAIS289/0615FHCI HCI

- 34- Treat a solution of 1-(trans-2,5-dinethyl piperazin-I-yl)-4-(4-
fl uor ophenyl ) pht hal azine (0.3 g, 0.89 mml) in CH2Cl12 (5 nL) with

1-fl uoro-4- isocyanatobenzene (0.17 g, 1.25 mmol). Stir the reaction at
anbi ent tenperature for 1 h. Purify the reaction mxture by flash silica
gel chromat ography (0-50% Et OAc i n 5heggnes). Pool and concentrate the
appropriate fractions. Dissolve the m xture of N (4-

fl uorophenyl) - 4-(4-(4-fl uorophenyl)

pht hal azi n- I!mnﬁtﬂez att§7a°'@3‘F%lléwfﬁlg%tﬂ?é’hﬁh&%Bﬁééﬁ}% Ihe rGREQOX A& W armers (0.3
g, 0.59 mmol) in m.) " Separate the m xture of trans-isoners by
chiral chr tt@guoépwut(ogmomammlN@PHand madazolameas 3@ anizy me subsighse. énal on 225
nm 6:4 Me I I and the
second 106l tPr A A MLNREDHR WPl Skl a8, PR S3opESIREe
fractions. tbBe saqllaserd hentaepdsa et at sgmedisately IVEQHFoLowihg t}anni:ubatmat each

solution with 1 equival ent of N _aqyequs Concent e the
hydr ochl or.QfélOiém @afdlronﬂ%(aﬁﬁ?he%bx 616%3%“@10 %o dtrgh@rds 1@&9 fég g, 43%.
| somer 1. @Md%%hﬁﬁt@gr%ﬁnd tROUNPRs afeslﬁ&s‘d wéll. ERéMRetthgditd. 2 (MH1),
99% ee. 15 Exanples 96 & 9

N- (4- Fl uor ofstréiry-1the mixtyre (srenrifiesed pHpniorimsieln 4000 pr-fer Lmingts- 2. 5- di et hyl pi
perazine- 1-, ﬁbrxﬁﬁlgg@iglsd@aﬁé(gﬁa%;‘z@a By Leavs hey®r 1 and |soner 2 HCl HCI

20Pr epar e Exanpl es 96 , by essentially follow ng the procedure as
descri bed for BEXampleesregnalyzed veBg HPSCAYS ith gigdiqny elatieyf on short conventional

ci s-di hy, b f

ci s- |sg§}er séggy C |ra@%éﬁ>£%%géﬁp§éea%ﬂﬁgmﬁﬂé@s ?@&%@b@%wﬂggnﬂé{&tﬁo 21 g,
349 and | sasrerMobile®hag By, 8wM1111+%HE@meﬂTan@$ﬁ/MBVnh Y 7osgegicac{dvMObile95% ee.

| somer 2: Eﬁ{ g@CmSZQSMﬁ]I 614 Mfr%igth n%? \%\ﬁ%ﬂ%h 5/ ?&eﬂ% ché( Rinsm %ggpﬁa%ehas been
i nplicated as sarvi val or f’ovm ng cancers asal “cell

car ci nong; lelgaxﬂmacremmta(n/ab tract cancers (esophagus st omach,

pancreas, and - biliary.tract); cer st. cancer; smal |
Pelt Tang canceresgRpsnt fidelfte i AR ShELE ARREE r RORGRHAE " 11 51 e
nyel omals gagbiitaing a8I0Orat a aMsy dfan2.¢c anOel-midaadlaneaidauocancer; | ver cancer;
mel anoma; ki dney ¢ rai ance El eng pat hway
nave been duSBRYEAREGTE3Brap e PR S G SRrD PR N FESVHEHE o
cancers. A Daoyre¢orted heve igtabiabl dshebrhim m@ﬂim@dzashQMetpﬂéﬁeﬁce(oﬁTCC,
HTB-186), is responsive to Hh ligands. When these cells are treated with
exogenousl yandaléié’éPrSHWeé%ﬁH’PtoiféQ}é -medi a, Hh signaling pathway is activated

and results in %llb@ﬁé%ﬁﬁ&o@df aés%ﬁgédoale%uo%g con@éﬁllld%%mer?ﬁen%h al kal oi d
isolated fromthe cori |ily Veratrumcalifornicumis a weak hed gehog

ant agoni®t aaaphil Isecem(Exaonles 1d8sitppi-8s 410t h7e6(é>69f6§s@1dc8ﬁ Y displpy i n
response to I Ey%gg S opami ne
inhibits tHgégrgaﬁﬁﬁ%f%%%@?ﬁPgﬁg%BﬁﬁﬁPﬁgﬁgg% ?g%a%%ggﬁ%dg¥§#ts Usi ng
thi s Daoy c¥lb7-4Ddeto8s§s redrR9-pbtiepley ~Hb bihitore. of hedgehog signal i ng

pat hways can be identified. Since the conpounds of the present invention
are hedgehog antagoni sts, they are suitable for treating the aforenentioned
tunmor types. 15 Determination of Biological Activity |ICso The
foll owi ng assay protocol and results thereof further denonstrate the
utility and efficacy of the conpounds and nethods of the current invention.
Functi onal assays provide support that the conpounds of the present
invention exhibit the ability to inhibit



20Shh signaling. Al ligands, solvents, and reagents enployed in the
follow ng assay are readily avail able fromcomrercial sources or can be
readi |y pweparcag2iy one skilled in the art. Bi ol o@CTalS2@006M73y i S
determ ned using a functional assay in Daoy neuronal cancer cells and
measures levels of G|l ribonucleic acid via a bDNA (branched

25deoxyri bonucl ei ¢ acid) assay system (Panom cs, Inc., Frenont, CA. G|
was originally discovered in a Aioblastoma cell line and encodes a zinc
finger protein that is activated by Shhosignaling. The maxi numresponse is
obtained by inducing GII transcription in the Daoy cells with conditioned
medi um (human enbryoni ¢ ki dney, HEK-293 cells stably expressing reconbi nant
Shh) for 24whaurgnand then neasuring the anount of 30stinulated Gl
transcript. The mninmumresponse is the anount of G II| transcript inhibited
with a control donpéeaound obdsfollsyingfopmye: have been stinulated with -36-
condi ti oned nedi a (human enbryoni c—ki dney, HEK-293 cells stably expressing
reconbi nant Shh) for 24 hours. Fuonal Assay for Measuring the
Inhibition of GII in Daoy cg X e/65N$ agsay systemutilizes the
¢ @ /N . _

echnol ogy of branched- clis lif n of a target

ri bonucleic acid (transcript)= ThéFﬁbc gyNeggjéyﬁithree t ypes of
synthetic hybrid short GII-specific cDNA probe at determne the
specificity of the target transcript [capture Bxtefders (CEs), | abel

ext enders (&§§&n and bl ockers (BLs)] that hybridize as a conplex with the
t ar get transcrlpts to anplify the hybridization 10signal. The addition of a
chemi | urfi geni ¢ R bshydatgendinofm gyanherifinpbint thgldrinpthesyep al | ows for detection
usi ng | um nesce The obtained from Ameri can Type Cul ture
col l ection (AT ]S%ymogﬁﬁﬁg%ggxé%?ﬁégﬁﬁﬂﬁhn neuronal tunor cell line and
was est abl i shed R’ns GyRiB&ch bocrhl«ao,ctgsvrmqmiltha;tat least encedfed’laad Rivischytitogll; ast oma

GIT tranger pt 4 reoar eds B wieiRlpeREl e Bt ik TBE ST Chui at ot by

usi ng condi tiiflorethettiody;a t aken from cell s stably over-expressi ng hunman Shh
(a HEK-293 cell line stably transfected with hShh). Daoy cells are
grown to confluengy/intissue culture T225-flasks in Daoy growth nedia

cont ai ni ng M ni nim\Essential Medi um (MEM) plus 10% Fetal Bovi ne Serum 20

(FBS) wigh 0.1 nMn Ssenﬁdgﬁgserﬁ{ﬂﬁ@stﬂﬁtb&jﬁlpé‘r@ﬁné-lm\dlﬁ(@gbé{éﬂ pPyhweate. The

cells are rgg@ygﬂmgh%thhe 25-fl asks using trypsin
et hyl enedi am netetraacetic acid (EDTA) centrifaged, regsspended in nedia,

and then counted. /he Daoy, ¢ s are n seed at 50,000 cells per
wel | H1momhrmma|ﬂMbmm'%wa+d£w m%mmmmuwerﬂmesam

al l owed to incubate overnight .at 37—C ‘under)»5% 25car bor{ di'oxi de (CR). The
cells are washed one tMee in phosphate buMeered saline #BS) foll owed by
addition of 100 ii,L of Shh Conditioned Media (Shh-CM to stinulate |evels
of G Il expression. Shh- is diluted to-@d¢hi eve maxi mum sti nul ati on usi ng
control growth nedia - %)FBS/DWE | beccos Modified Eagl e Medium.
Daoy cells treated wi T \_b CM@are Q_DNﬁTeated W th various concentrations
of hedgehog inhibitors 30 ranging fromapproximately 1 i.tMto 0.1 nM Test
conpounds are akﬁQb@gnk&mhagggﬁ&@mggga@4wn@prs at 37 C under 5% CQ2. -37-
The nmeasurenent of the GIIl transcript is performed by using the Quantigene
2.0 G Il assay as described by the manufacturer (Panonics, Inc.). Prepare a
di | uted;d ysis mxirpe &nfohM oft&l}gn&lqrwhe‘f’é?h Rhls'hg}ﬁllogg{e%ug)ljb%} Bldiask K. After a 24
hour incubation w th conpound, the cells aré washed one tine with PBS and
180 ialL of Ienndcsutizeleercerialineltsbesedfs. The cel | plate containing the lysis
buffer is sealed and placed at 55 C for 30 to 45 mnutes. The resulting
cell lysates are then triturated 5 tinmes. A morklng probe set containing
Gl probes is rfadke muihdadcoyingtiecipimbes2 whertih®' DLilte@esordi ng to t he
manuf act ure t 20 | at of the working probe set is
added to t 11‘fﬁﬁ@gggéﬁgérﬂﬁggm*‘ggﬁ with 80 Iat of the Daoy |ysates. The
pl ates 2lre seal ed and i ncubated 10 overnight at 55 C. The bDNA plates are

t hen processed according to the manufacturer's directions. The signal is
quantified by reading the plates on a Perkin El mer Envision reader
detecting | um nescence. The |um nescent signal is directly proportional to
t he amount of target transcript present in the sanple. The | um nescent
signal data fromthe functional assay are used to cal culate the 151 Cso for
the in vitro assay. The data are cal cul ated based on the maxi num control

val ues (Daoy cells treated with Shh-CM and the m ni num control val ue (Daoy
cells treated with Shh-CM and an i nhibitory concentration of a control
conpound 1 IaM(ﬁ
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10 C18 col umms, (Loading Mbile Phase - 95/5 MIIli-Q H20/ net hanol (v/v)

wth 1% acetic acid. Mbile Phase B - 80/20 MIIi-Q H20/ met hanol (v/v) wth
1% acet i cwacbw/oekdobi | e Phase C - 5/95 M1 1i-Q H20/ met hamair/usedoe)eis7s h 1%
acetic acid. Rinsing Mbile Phase - 75/25 MI1i-Q H20/acetonitrile (v/v).

The sanples are injected into a Mass Spectral Analyzer for Selected Ion
15Monitoring (SIM at a nass of 342.1 (1-0H m dazolan) and 346.1 (a-

hydr oxym dazol am d4 i nternal standard) using Turbolon Spray under positive
conditions. Data are reported as % inhibition of the formation of

1-OH-m dazolamin the presence of an inhibitor concentration of 101.1. M
Fol | om ng the protocol described, the foll ow ng conpounds of the invention
20 exenpl i fied hergi SnfyATRSRinkd By @6 of 8AmAI1-3 deSh RS ngeRBr 69, and
85-94) display <45% i nhibition. I'n adhltlon t he conpounds ofg%xanples 1-5,
7-17,  33- 35{ludiy or aghwgacegticalls pcasptablggals@eregl, and 89- 94 di spl ay <10%
|nh|b|t|on -39- WE CLAIM 1. A conpound of the follomjng forml a:
wherein, 5Ri is hydrogen, fluoro, cyano, trifluoromethyl met hoxy; R2 is
hydr ogen, fl uord- dhe Qmmenmé}qcoﬂdmﬁ@anmewﬁclhyr@rlo@@herem REHd hj»rdajogeproam ded

t hat at §e Hgﬁgmgﬁfﬁ%:ggawﬁﬁwd%r rogen R4 is chloro, fluoro,
cyano, trifluoronet uor onet met hoxy or trifl uoronethoxy;
10represents a substituted plpera2|ne 1 4-diyl selected fromthe group
Fﬁ/gsi\/zt I) n/g ,Of N%N\%ﬁ%scqmpound 3cc</)rd1n.g t? %IMaone <08:_1al<175 1 gw&ﬁ 1|1_1|}g 1§hylﬂrogdn ora NN NN,
phar maceut i ghatrhaccacebpicaiiteblslttthdrédr eof 152. The conpound of claim1l
wherein Rl is hydrogen, fluoro or cyano, or a pharnaceutically acceptable
salt thereof 3. The conmpound according to claim1l1 or 2 wherein RL is
fluoro,10r a phar maeevihp@al hycoaticeptaabbee Ealdimé hervaefcin R4 fluoro, chlord, The
conpound according to one of cl ajns erein ogen or
fluoro, or Cga‘b%érﬂfgr%%’ﬂﬁa]i‘%‘é(i W‘?‘“%%‘ﬁ‘f/g‘?{l%&‘?&?@t Yhetré armace“mﬂ{ 5. The
conpound acgesglbkaltehaddty. one of clains 1-4 wherein R2 is hydrogen, or a
S5pharmaceutically acceptable salt thereof 6. The conpound accordi ng
to any one of claims 1-5 wherein R3 is hydrogen, or a pharnmaceutically
acceptabl e salt g hﬁé@da{po&macc&laﬁlg%)m@@faﬁmndv Rt RNy nQNe oPf  cl ai s
1-6 wherein R4 is fluoro, chloro, cyano, trifluoromethoxy, trifluoronethyl
or difl lor o%tlwrapleﬁrmaceﬁh%ﬂlwa@c@mablémlt%Aera@%ept abl e salt thereof

8. The conpound according to any one of clains 1-7 wherein R4 is fluoro or
15cyano, or a pharnmaceutically acceptable salt thereof 9. The
conpound according to any one of clainms 1-8 whereinis N N /’\\Wb v, 1=\
, "-NN-, Me or 2010. The conpound according to and oneraf clwims 1-9

whi ch |s (S)-N-( . .

Fl uor ophenyl) - 4E%Zheﬁn$¥ﬁ%%%§]dnlﬁgﬁﬁ?ﬁgpggfwmﬂ¥§f?m§mnethyIpipera?ine-l-ca
rboxam de, or, a—pharnaceut|CHbly accept abl e salt thereof

-—N N+ —\
! ]
~ N ONE
Me _/
or
20 10. The compound according to and one of claims 1-9 which is (S)-N-(4-

Fluorophenyl)-4-(4-(4-fluorophenyl)phthalazin-1-yl)-2-methylpiperazine-1-carboxamide,

or a pharmaceutically acceptable salt thereof.

25 11. The compound according to claim 10 which is (S)-N-(4-Fluorophenyl)-4-(4-
(4-fluorophenyl)phthalazin-1-yl)-2-methylpiperazine- 1-carboxamide hydrochloride.



2511. The conpound according to claim1l0 which is

(S)-N-(4-Fl uorophenyl) - 4-( 4-

(4-f 1 uor opbenygspdorhal azi n-1-y1) - 2- net hyl pi per azi ne- | - cachmwsamodel1573
hydrochl ori de. -41- 12. A pharnaceutical conposition conprising a conpound
according to any one of clains 1-11, or a pharmaceutically acceptable salt
thereof, in conbination with a pharnaceutically acceptable carrier, diluent
or excipient. 513. A nethod of treating brain cancer, basal cell carcinon,
esophagus cancer, gastric cancer, pancreatic cancer, biliary tract cancer,

prostate cancer, breast cancer, small-cell lung cancer, non-small cell |ung
cancer, B-cell |ynphoma, nultiple nyel oma, ovarian cancer, col orectal
cancer, liver cancer, kidney cancer or nelanonma in a mamal conpri sing

adm nistering to a manmal in need of4kuch treatnent an effective anount of
a 10 conmpound according to any one of clainms 1-11, or a pharnmaceutically
accept abl e salt thereof. A conpound accordi n%,to any one of

. 14.
claims 1-11, dr- & pRarseticatcompeionfompptiasp sormpaupd aocaidingrto 2pyme se as a

medi camenpgclatfs 1-11, or a pRarmAc&MEAY UBEEpABIE QAIIMER oL, @ AMbifAfI6h Wih £] ai B8 1- 11, or

a pharmaceutical ly acceptable salt thereof, for use in the treatnent of
cancer . Ppharmaceuticaily acceptable carrier, diluent or excipient.

S 13. A method of treating brain cancer, 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

10  compound according to any one of claims 1-11, or a pharmaceutically acceptable salt

thereof.

14. A compound according to any one of claims 1-11, or a pharmaceutically
acceptable salt thereof, for use as a medicament. '
15
15, A compound according to any one of claims 1-11, or a pharmaceutically

acceptable salt thereof, for use in the treatment of cancer.

RECTIFIED SHEET (RULE 91)



