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R (4,1211) P (T) or a pharmaceutically acceptable salt thereof, wherein
Rl is a C6_14 aryl group, or a 5-14 nenbered heteroaryl group which nmay be
unsubst i tWOd10§07RAbst i t ut ed by one or nore of G _8 al kPCI/ER2@8/03N3&r vy
group, Cl1_8 hal oal kyl, Ci1-8 al koxy, halo, NH2, CN, OCFl, OH, C(0)NR6RS,
C(0) R6, NR6R8, NHC(0)R6, S02R6, or SO2NR6RS; R2 and R3 are

i ndependently C1-8 alkyl, G _8 alkylOH, or R2 and R3 forma fused C3_14
cycl oal kyl group; L is a bond, C1_8 al kylene, -C(0)0-, -C(0)NRO-,
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Besides the roles in tumorigenesis, Hh signaling is also implicated in the metastasis of prostate
cancer. Hh signaling may be involved in many additional types of tumors and such links are
expected to continue to be discovered; this is an area of active research in many cancer centers

around the world.

Proliferation of these cancer cells requires Hh pathway activation, and blocking Hh
signaling pathways often inhibits cancer cell proliferation. Indeed, Hh antagonist cyclopamine and
Glil siRNA can effectively block the proliferation of these cancer cells, and can reduce tumor size in
Xenograft models, suggesting that novel Hh antagonists could provide new chemotherapeutic agents
for the treatment of these cancers. Hh antagonist cyclopamine has been shown to suppress the

metastasis of prostate cancer in animal models.

In addition to being involved in cancer, Hh signaling plays important roles in normal tissue
homeostasis and regeneration. Hh pathway is activated after the injury of retina, bile duct, lung,
bone and prostate in mouse models. Hh pathway is also constantly active in hair follicles, bone

marrow, and certain regions of the central nervous system (CNS), and benign prostate hyperplasia
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I n anot her enbodi ment, the present invention includes conmpounds of fornula

(1) according to claiml1 wherein Rl is VN I n anot her enbodi nent, the
present iWOaAtW@AI20ncl udes conpounds of formula (1) whePETEPRI/OWD3S
2010/ 007120PCT/ EP2009/ 059138 NN N, or , and In yet anot her

enbodi nent, the present invention includes conpounds of forrmula (1) wherein
R4 is C(0)0OCL 8 alkyl, CF;,, C(0)OR6, C(0)NR6R8, Ci shal oal kyl, C alkyl OH,
C(0)R6, SO02R6, C(O0)NHCI 8 al kylR6, C(CH3)(CH2)(OH), C(0)CH2, C(CH2)CR3, or
C( CH3) (aﬂHBﬂ)‘Bl Chdsclabin /86n e cRBadull £ d'bg'tdleﬁﬁﬂﬁi Qdalhiry Hlddgeﬁ;bg Batdlvky hetivitd:8

al keny C314 cycl oal kyl, a C614 aryl group menber ed  het eroaryl
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proliferative discases, benign prostate hyperplasia, wet macular degeneration, psoriasis, bone

marrow proliferative diseases and leukemias, osteopetrosis and hair removal.

Evidence that constitutive activation of Smo results in cancers (¢.g., BCC), and that Smo
may be oncogenic upon its release from inhibition by Ptch, suggests utility of Smo antagonists as
therapeutic agents in the treatment of such disorders. (Stone et al. (1996) Nature 384: 129).
Accordingly, molecules that modulate the activity of the Hedgehog signaling pathway, ¢.g., which

modulate Smo activity, are therapeutically useful.

SUMMARY OF THE INVENTION

The present invention relates generally to novel compounds relating to the diagnosis and
treatment of pathologies relating to the Hedgehog pathway, including but not limited to tumor
formation, cancer, ncoplasia, and non-malignant hyperproliferative disorders. The present invention
includes novel compounds, novel compositions, methods of their use and methods of their
manufacture, where such compounds are generally pharmacologically useful as agents in therapies
whose mechanism of action involve methods of inhibiting tumorigenesis, tumor growth and tumor
survival using agents that inhibit the Hedgehog and Smo signaling pathway. The compounds and
methods of the present invention (e.g., a compound of Formula I) relate to inhibiting activation of
the Hedgehog signaling pathway, e.g., by inhibiting aberrant growth states resulting from
phenotypes such as Ptc loss-of-function, Hedgehog gain-of-function, Smoothened gain-of-function
or Gli gain-of-function, and comprise contacting the cell with a compound of the invention (e.g., a
compound of Formula I) in a sufficient amount to agonize a normal Ptc activity, antagonize a normal
Hedgehog activity, or antagonize Smoothened activity (e.g., to reverse or control the aberrant growth

state).

The present invention relates to compounds of the formula (I):



is and R4 is C13 al kyl, such as nethyl, ethyl, proply, or butyl; C2_8

al kenyl, such as ethenyl or propenyl; C314 cycl oal kyl, such as cycl opropyl,
cycl obut YWO 2810108828nt yl , or cycl ohexyl; a C614 aryl groBET/EPReN/0a83phenyl ;
a 5-14 menbered heteroaryl group, such as pyridinyl or imdazolyl, a 3-14
menber ed cycl ohet eroal kyl group, such as piperidinyl, norpholinyl,
pyn-olidinyl, or piperazinyl; ClI _8 al koxy, such as nethoxy, ethoxy, or
propoxy; halo, such as d, F, Br, or 1; NR6R3, such as NHCl 8al kyl;

C(0)OR6, such as C(0)0C sa or C(0)0OH, C(0)NR6R8, such as

C(0) NHC6C(O)N C6 WD 2010/90%1 6PCT/EP2009/059138 maryl Chsal kyl , or

C(0) - 5- 14nenber ed het er oaRyl group or C(0)-3-1l4nenbered cycl ohet er oal kyl
group, Chshal oal kyl, swch as CFs; fornyl, carbal koxy, Chsal kyl OH, such as
CH2OH, et hyl substltutdd with OH at any position, propyl substituted with
OH at any position tyl substituted with OH at any position; C(0)R6,
such as C(O)Chséd( 1 _S02R6, such as SQ2Chsal kyl or SQ2CF3;

C(0) NHC1_3al I cylR6!™ syc s C(0) NHC1_8al ky1OH, or C(0)NHC1_3al ky1Ch;
SC2NR6R8, such as SOR2NMKC1- 8al kyl ; OCFs, NHC(0)R6, such as NHC(0) Cl8al kyl ;
CH20C( 0) NR6R8, CHRNR6 NHC( 0) OR6, NHC(0) NR6R8, CH2NHSO2R6, CH2NHC(0) ORG,
OC(0) R6, or NHC(0) Rey amN -wherein R4 may be unsubstituted or substituted;
and pis 0, 1, or 2. | N I n anot her enbodi nent, R6 and R8 are

i ndependently H, g a , such as nethyl, ethyl, propyl, or butyl; C28

al kenyl, such as al kenyil , propenyl; C314 cycl oal kyl, such as cycl opropyl,
cycl obutyl, cycl opentylt~ )] cycl ohexyl; a C6 14 aryl group, such as phenyl;
a 5-14 nember ed heteroarQ? group, $ich as pyridinyl or pyrimdinyl; a 3-14
menber ed cycl ohet eroal kyl group, such as norpholinyl, piperidinyl,
pyrrolidinyl, or piperazinyl ; Cl shaloal kyl, such as CFs; CI-8 alkylCH C1
salkox»ra@ﬁﬁhmaanmmhhaxﬁngﬂegﬂhﬁ&yofQmmkwp R6 or R6 and R8 on one atom can
forma heteroatom containing rin such as a 5-14 nenpered heteroaryl group

or a 3-14 mBitef e |50y 8F dail gﬂ &‘dﬁleteroaryl 2rayp Whish HeY be HBBEPtHEIE Obf
the pr %ﬁ%mut&mﬁ&k'o%o@éf@%m M@&%&H lgwﬁlpe@l g{a@tuaﬁtctltgtamaggmaw e or

nore of G al’kyl', such as net’h ent C314

cycIoaKRyKXHéu@Hﬁ§§3E§ﬁﬂﬁbﬁb©yi N@%@Boﬂﬁ&&@ﬂﬂtﬁ&bB@snﬁthRéR8cycIohexyl a

C6_14 aryl suc \ het oar | ~gr , such as
pyri dinyl of 5' dﬂmnglgw 438 %gc; aﬂpgﬁféh G OFxéﬁ%ﬁgggghch as
nnrphobyﬂyﬂkﬂgy@@fldlnyl pyrrolidinyl, or plpera2|nyl ds aIkyICH such

as CH20H; ,. 0XO, oaI as CF ar boxy Qi sal k 0 QG
sal kyl, hal &15§B%d% e;‘]‘ye éig) 'r'%%g) l&a@@ﬁ@ "0 I&W)ﬁ(yl- -é($
anothemugqpoglnent and R4 is met hyl , phenyl pyridi nyl, nethoxy, d, F,

C(0)0C1 sal kyl, C(0)0H, 0) NHC6 _ 14ary| C(O)NC6 14aryIC|saIky
C( 0) - 5- 14me Ayedal ahfeméfmgéwly@{ OUPR 5.@nd pt Rast anepb¥red 5yEI ohet er oal kyl

2000 gal iyl SbErg Y GO gh BTk s A RS

2010/0@?6181%?&3‘&]@%@@&{059138 SC2NHC1_8al | cyl, OCF3, NHC(O)CI—|3 or

CH20C( 0) NH f _which titute d

0, 1, of o s EilT e LE ol R sl wpen o ByRBS BRI

C( 0) OH, r&;%Sa 3%%%3&t(egd&)y%het@(o@m9%up @;: ga]k@ﬁ%)hgg"mé% @(0)@(1@5) N@WRS
y

optlonal substituted with piperazinyl olin , or ridinyl. a
or ef er Kedhababodi frem, ctalf g Re: zaﬂw@ﬁ) @@)R@(&y &, o HNRER

gﬁggg%$%§g§§|%9% %%8%% Cl%ro oun s f or rruI a (’Nﬁjv%og ?gNg?%)Nﬁ

whi ch lﬁﬂ/szbiSOméu@HENIﬂG((é)d)Rﬁr osm@m touNéﬂ:(@yR@rvdnmmapbemsumd&ra| kyI ,

such as n%th % ethyl, propyl (e.g., isopropyl), butyl, pentyl, or hexyl; a
Cc6_14 &FH ‘8¥ dp, such as phenyl: Cl1_8 hal oal kyl, such as CF3; Cl18 al koxy,

such as rret zqwlpﬁlkﬁtwamﬂ Bahgogstich as A, F, Br, or 1; NW CN, OCF;, OH
C(0) NR6R8, C(0) R6, NRGRS NHcéoﬁQe S02R6, or SO2NR6R8. Tn a further
enmbodi ment , rq:@rndlpsare independently

Y is a bond, C,_g alkylene, -C(O)-, -C(O)O-,-CH(OH)-, or -C(O)NRI10;
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whi ch may be unsubstituted or substituted by one or nore of nethyl, ethyl,
CF3, methoxy, d, F, WO 2010/007120PCT/ EP2009/ 059138 NH2, CN, OCF3, or OH.
| n anot hewoegftyglivieént, RI nay be unsubstituted or subst PCUERAOOROSHIECHI, C
F, methoxy, or CH. In another cnbodinment, thc present invcntion includes
compounds of formula (1) wherein R7is N ( R4 ) p or substituted with
one or nore of nethyl, ethyl, isopropyl, O, F, CN, nethoxy, or CF3.

In yet anot her enbodi nent, the present invention includes conpounds of
formul a (1) RéheHehdloddh, CH, R} B, ®HRIGCH:, or@¢3s;; C(0) OR6, C(0) NR6RS, Cl1
shal oal kyl, C1 8 aIkyICH g&@ ), R6, SO02R6, C(0)NHCI 8 al ky1R6,

C( CH3) ( cHB) R&dd R giedpdepersioptlintp s ellyg! ordfs o cHg) ( cH2OH) OH. Tn an

enbodi ment  RE .a0%sRE ﬁ‘lﬁ@pe‘nﬂgﬁl@l%@r}tah(%('l I, . HRERM! ¢, | 3Tcwealk}q}’§b9p%§l5élroup,
cycl ohexyl, phenyl, pyridinyl, norpholinyl, piperidinyl, pyrrolidinyl, or

pi per adf Hyrhemliﬁﬁ@d h@'mpﬂwkgrow \03 - R membenkg caddheﬁlaoadhylcmwmﬂmham&ﬂ éhm a
het er Oa&y ]ﬁoélrga nl n P ()Srua%q{()aaéldfi% on ne a cgr(lj heteat e?ero m%{)r%lél,%i &SUCh

as pyri pyr n1d|n ereg” cyc €roa
such a$mg1@ﬁu|d|nyl or plpera2|nyl Tn anot her enbodlnent, the present

i nvention includes c 0 s of fornmula (1) wherei IS
V&hergn %14, ﬁg,p an'd R% can be unsubstltutegl or subst?tuted%y one or more of C; g alkyl, Cs.

14 cycloalkyl, a Ce.14 aryl group, a 5-14 membered heteroaryl group, a 3-14 membered
cycloheteroalkyl group, C;s alkylOH, OH, oxo, C,s haloalkyl, carboxCs alkyl, or SO,C, salkyl,
halo, -OCH3, -OCF3, -OH, 'NHQ.

In an embodiment, the present invention includes compounds of formula (I) wherein R7 is

SO oL O

In another embodiment, the present invention includes compounds of formula (I) according

to claim 1 wherein R1 is

N
| \N l ~ NI AN \(/N\o /N\N
Z Z Z Nﬁ N—f‘/
O&N

H

In another embodiment, the present invention includes compounds of formula (I) wherein R7
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0 substituted. WO 2010/007120PCT/ EP2009/ 059138 I n anot her

enbodi nent, the present invention includes conpounds of fornula (I) wherein
R2 and R3were10@p7B0al kyl , such as nmethyl, ethyl, or tog@CR&P280t0018%he
carbon atonms to which they are attached forma C47cycl oal kyl group. In

anot her enbodi ment, R2 and R3 arc each nethyl, or forma cyclopentyl or

cycl ohcxyl group. In a still further enbodi nent, the present

i nvention includes conmpounds of fornmula (1) -wherein R2 and R3 arc CH

I n anot her i ment, the present invention includes conpounds of formula
(1) V\,herein SN-0-, FNASN -C(0) -
QD
I

OM(OH) -, -CH2-, -CF2-, -CHF-, -C(OH)-
or a bond. | her nbo i ment, pr esent i nvention includes conpounds

of formula ( eln CH - anet enbodi ment, the present
i nvention |ncludes conpounds of ?ornula (I) wherein both X and Ware N, and

Zis CH, a\lsN odinment, pis 0, 1, or 2. In
anot her e Hodi ngnt
i n anot her lenmhodi

her enbodinent, pis 1.

aIkyI ene, such as methyl ene,
et hyl emg,is pr opyl ene ~>C(0)-,, - , -C(0) NR1O, where R10 is
Chsal kyl, such as nethyl, ethyl, propyl or butyI or H In another
enbodi nent, Y is a bond, nethylene, C(O)O- or C(O)NH I n anot her

enbodi ment, pyy ét%n@th&%'ﬁ@oodlﬂﬂen@ﬂﬁé 4§t€£en?fm&§lidﬁqﬂéludés Q@m?éﬁﬁ@ oF fo'rﬁﬁfarﬁ)'v%brem
i ncludes a conpound formul’a or a pharnmaceutically

accept &dlie Cé@]QCltsrﬁékyé,dst, mm C!L@)NR@SZ @1@?14)@@111)210@@3’115@(2609((03@31392R6
C(O)NHC]-g a]ky1R6, C(CHg)(CH3)(OH), C(O)CH3, C(CHQ)CH3, or C(CH3)(CHQOH)OH, and R6

and R& are independently H, C;.galkyl, Ci5 alkenyl, Cs.14 cycloalkyl, a Ce.14 aryl group, a 5-14
membered heteroaryl group, or a 3-14 membered cycloheteroalkyl group.

In another embodiment, the present invention includes compounds of formula (I) wherein R7

), T, e,
OO, 4, T,

and R4 is C;galkyl, such as methyl, ethyl, proply, or butyl; C,¢ alkenyl, such as ethenyl or propenyl;

Cs.14 cycloalkyl, such as cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl; a Ce.14 aryl group, such
as phenyl; a 5-14 membered heteroaryl group, such as pyridinyl or imidazolyl, a 3-14 membered
cycloheteroalkyl group, such as piperidinyl, morpholinyl, pyrrolidinyl, or piperazinyl; C;s alkoxy,
such as methoxy, ethoxy, or propoxy; halo, such as Cl, F, Br, or I; NR6RS, such as NHC; galkyl;

C(O)OR6, such as C(O)OC,salkyl, or C(O)OH; C(O)NR6RS, such as C(O)NHCg_jsaryl, C(O)NCs.
6



R11 is C1-8 al kyl, C2_8 al kenyl, C3_14 cycloal kyl, a C6_14 aryl group, a
5-14 nmenbered heteroaryl group, a 3-14 nenbered cycl ohet eroal kyl group,
Cl_8 al koX92041056120NR13R14, C(0) OR13, C(0) NR13R14, Ci ghZCHalPR8No/05918% nmyl ,
car bal koxy, C _sal kyl OH, C(0)R13, S02R13, C(0)NHCl_ 3al kylR13, NRI 3R14,
SO2NR13R14, OCF3, NHC(0) R13, CH20C(0) NR13R14, CH2NR13R14, NHC(0)OR13,
NHC( 0) NR13R14, CH2NHSO2R13, CH2NHC(0) OR13, OC(0) R13, or NHC(0) R13, which
may be substituted or unsubstituted; R12 is H Cl1-8 alkyl, a C644

aryl gn@auac,. @1@8 dﬂaj(oaslmyﬂemb@rbd&eakdaeyugmd@abm(d)ﬁz14@hbmey,clo®kteroau<yl
C(0) NR13R14 ) R13, NR13R14 ré? 3, S02R13, SO2NR13R14; Ri3 and

R14 ar érq%(ép@ﬁ@élﬂfv §ugh, aS<§1F3 écrrwi caipatkoxy. (g ey IOFEsuehas G Bhikpl . a co14

aryl gxepPiutd @nﬂéfﬁﬁ@ﬁ ,}p pé’u)b&tltgtre@%h @J%f@xﬂfﬁ%@%ﬁr&@utyl substituted
cycl ohet er oal kyl group, sha oa ky , Cl-8 al kyl OH, al koxy, or R13 and

R14 on “dthé)ldtabmymitiborfﬁﬁCﬁRﬁeﬁtleh eatCamCeerkdi SOMRY. rsmqingfs Sélhﬂl salkyl or Y@grkai n

e it of Cl
8 aI kyl™, O@@% gﬁ((?lluggfl y?sfﬁ@ggfdiﬁﬁ%ﬁ @PO @ﬁﬂ 1§a]%2ilctr%h%(5‘ 2ﬁﬂgbrlﬁ"létsuecf“?loaryI
gr oup., S@zﬁﬂﬂl zmym@a Syt (ohies endazislwﬂlcgb)«nmau(ﬁn S Hah& (0 )SH, 6RBHCHONRGR €18
hal oal k rhox C. sal kyl lo, - [;,-Od . - NH2.
' anottti EBaaNHeTo s, sHATRORaveheYan DRt g0 & i E R veg oo
from wherein R4 may be unsubstituted or substituted; and p is 0, 1. or 2
2-[(R)-4-(4, 5-Di et hy1- 6- phenoxy- pyri dazi n-3-yD- 2-net hy1- 3, 4, 5, 6-t et r a- hydr

0-2H[ 1, 2' Thi pyrazi ny]-5' -y11- propan-2-ol; 2-
R) - 416- -3, 4
(G 415 o ARSI R R B B SRS it T

(R -pﬂopélﬂ ,0b bidy 1€, h yikebyl pyuch ds :Eikéhyj[ Iplimiehyll C3 p;wyblod]&yi such as cyclopropyl,

[
3]_ %l ﬁw alr?rﬁicllggyci})opegqg ObFWg‘g}‘?r grmoary group, such as phenyl; a 5-14 membered
( R) hérefdﬁ?ﬂ ME!M s ﬁ%ﬂm{ﬁ}l’l@k fiy&nbﬂh@@tahy h4 B¥FibEred cycloheteroalkyl group, such as

Z 6-tetrahydro-2

, 2 ] bi ﬁwralzqhﬁyllpmem@lm pywmnﬂrqslpipezazwh) Cl[zlxh@ba%hzwh as Hs; Cy aftptlGHy C1.

57y 11 B g O s g pedy R Sl s L RAEEEN o

- di ntt hyhtajpyrg nd@zimhas aplli-Bembgré&d hderbatyl gioypl pioa 2H4 [meinbeed]dyclphectamnlikyll - 5
"yl kproPanZ -ol ; 2 -[(S)-4 -(6-B enzyl-4,5 -d inethyl-pyridazin-3 -yl)-2
-methy®*%®; 4,5 |6 -tetrahydro -2 H[ 1 ,21bipyrazinyl 51-yl]-propan-2-ol; 2
-[(R-4 - (6 Benzyl 4, 5t hyl - pyridazin-3-yl1)-2 -ethyl-3 ,4,5 ,6 -tetrahydro
-2HL 1, 21bi pyrazinyl-51- yl kpropan-2-ol; 2 44 -(4- Benzyl 6,7 -d ihydro-5

Hcyc | openﬂ%ﬂfﬂ)ﬁﬂiﬁﬂl&%ﬂeﬁ of. t}g,q_gr_egngmgent@nt Ré ﬁgﬁ@@ﬂlﬁs@ﬁ[ﬂu@d or substituted with

| opent &l Byt at A ptedcind iy yond BN R Eohel MALE ety

bi pyr azyelyiropyls g/}mldbpt}«hpanloﬁerﬁyl- @I(da):lohexyﬂ &Belmzwlgmuﬁ sudh asmhelnyll apylrd dazi n- 3
-yl)-2 -nethyl
, 21bi pyt© ‘%}‘I%fer?ﬂ“ﬂ gé‘?‘i?aﬁ%"ﬁcas péﬁ% glor[p%’%“ ddnyl( B3 BaMIAsdrycigheteroalkyl
i met hy lgrqupl $udazi ﬂroi-’pho}{ﬂ.))l Iﬁpelﬁfﬁﬁﬁyﬂyrﬁ)hd{hyﬁ or PipciagingRlty daytH Hubh 4s CH;0H;
, 21bi pyr azinyl 51 kpr opane- 1 2-d One aspect of the present
i nvent i(Gh FaKess Kyhisheh #rele s o&?gbwlwmgoré&kﬁ@eﬂ%é fradgt. speipastile Korfgy or 1
Snmo- depgaggnbdratpwayg,act i vation. Another aspect of the present invention
makes avai [ abl e et hodzs enpl oyi ng conpounds for inhibiting Hedgehog
(l'i gand) -i ndependent pathway activation. in certain enbodi nents, the
present nethods .can used t ount t the pheno [ f
unwant ed ac rl“\‘/né)tﬂlleéﬁmo?dlmellgan (P%oglgs IB%tﬁ ChenyQBXﬁélmz ré{s?lu ﬁgﬁﬁ(éa%Bgédgehog
gai n- ofdlkylcC{@H, RY(O)NHES 14a1fy1, f@(@f;NCpna@tclsgmgl, eDB6- 1gaicibeied huletatyd @roup,

t at F t th t t hod I ct [ 1
(v A3 dmsmRirays i bo iz B gt Sor SO ik O CEAREHOBE e
I nvent ic@0)¢®;, 9 0)EHLIPIoNT 891ﬁ(yF@bg@t3ack®)}@ﬁcpgah@loﬁ @d)NIR!, €81 1@Fg n an

anount SU?fI Ci en% to antagoni ze a snoot hened- depéndent and/ or dgehog
i ndependent activation pat hway.

3[\)'



The conpounds and net hods of the present invention nmay be used to regul ate
proliferation and/or differentiation of cells in vitro and/or in vivo,
e.g., In wAafgoabi on of tissue fromstemcells, or toPETaP2IY/05488 gr owt h
of hyperproliferative cells. In another particul ar enbodi nent, contacting
the cell with- or introducing into the cell- a conpound of the invention
(e.g., a conmpound of Formula |I) results in inhibition of cellular
proliferation, inhibition of tunor cell growth and/or survival, and/or

i nhi bi SICONHO,_dITPOTEEMNESC®)CHHUS , CHFOC{MHNHTEH § bl odiivhesihed) tankuptiarédes
met hods for |nh|b|t|n% MD 2010/ 007120PCT/ EP2009/ 059138 and/ or ant agoni zi ng
t he Hh°palt RH§3 5% i g compounds of the invention (e.g., a conpound of
Formula 1) in a tunor cell. Thc ntthods of the prcsent "i nvention may
cnpl oy compounds of the invention (e.g., a conpound of Fornmula I) as

formul at ed ésmmﬁarnm@e@nknaR4p$66§K§bi6ﬁ§“&bnbmWhKN@XéHp®Ewﬁﬁ@ﬁﬂﬂﬂ&é@ﬂy

d d
o o pat B o A BIC R i oRRGHRCHR AR AR REs ™y BPeREMAL on°sicn

as CaHQﬁﬁﬁmﬂm@KOfpﬁﬂﬁmﬂs (such as nedul | abl ast oma, basal ceII car ci nons,

etc.), and non-nalignant hyperprolifcrativc disorders. One enbodi nment
of the present i nvention provides a conpound and nethod for inhibiting the
synt hesi s, E§§§kﬁQnmgaggngHqg stabi | i zation, phosphorylation,

rel ocation wthin the cell, and/or activity of a Sno protcin in a cell in
vitro or in vivo conprising, contacting said cell with, or introducing into
said cell, &,onmpound ofgjhe inventionge.g., a corrpound of Formula 1).

Anot her aspect e | nventgd ommpr ovi des c ound and met hod of

di agnosi ng, preNentijng, and/ treatjng cel|u|ar debi litations,

der angenents, sf unctN hyper pl asg#C > <hyperproliferative and/ or
cancerous di sease stdtes; and/or t.@stasis of funpendcells, in a namal

or aduc e g0 S B BRaR e e EERG L RDGR TR R 1) “ane

their an@mmmﬂyma;lon to a mmmual in a therapeutically effectlve anount .

DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n anot her enbodi nent, the

present invention includes a pharnaceutical conposition conprising a

t herapeutic f: ]

o T anot Rt oL S e e e B S b L i &1

treatimg a mamal suffering froma pathology relating to the Hedgehog

pat hway which conprises adnlnlsterlng to said nanmal |n need of treatment a

t her apeuti cal 1y ve ano of a conpo%nd accor to f@ nator |a.
in Iu

TN
in the prese % N t e t T{irﬂﬂﬁa s bot rbphylactlc
or preventi s nt_las me curat| di se Nsuppre Si
treatnent, in i p tlentsN risk MO of @wh

2010/007120PCT/EP2009/059138 for a disorder of the invention g
Hedgehofwhisharaydedingdhsdesed(as. sgbstmé%@e@r)e)oralgormf ¢ 1-padkyl) quch at Inéﬁlb’ eﬂryhu s

o Sans S OFe 4 TEHRR, BIEL LR TR0 Ao L PELRY 00 R AR AC S Pl

di sor deuch(@.(3; Ccankexy), suchps matizntyor wehary; ﬂmloahlIC(hglaCé, I &ir dorHe e HOy-0€EFat ed

di sord . I ) r idc ! | ess severe than
before%gPQﬁfﬁﬁgﬁgéﬁﬂgﬁggeggﬁg%ﬁﬁ{é&ﬂﬂg’S@ﬁ*eorégghggﬁgherein means to | ead
to fix, rtm ssion of the Hedgehog-rel ated disorder (e.g., cancer) in a
patient, or of on90|ng eplsodes t hereof, through treatnent. The terns

"prophyIaX|éﬂaBFt@b@EWeWPWHhR Weans i npedi ng the onset or recurrence of
nmet abol i c. di sorders, e.g., fiabetes. "Treatnent" or "treating" refers

to therpr VEnNi on ang pryphyl axis and particularly refers to the
adm ni sf on ot/ di cing or_|the performance of nedical procedures wth
respect toa pa r i [ ti to.cur r
redgce t he eXPent of o’r&llkellhoog&'&gH agéFigﬁgg%éﬁaOﬁgﬂ%nﬁﬁedé%&“gwEO?
or COﬂdﬂﬁdﬂM@ﬁbemmﬁhimnﬂi@hﬁbﬂﬂ&k@bﬁGnM&ﬁﬁ@ﬁbﬁﬁwﬂ@Lw&ﬁm(Hg,ﬁkﬂbkyKHdF
"Di agnosi s" refers to diagnosis, prognosis, nonitoring, characteri zing,
selecting patients, including participants in clinical trials, and
identifying patients at risk for or havdng a particul ar disorder or

clinical event or those nost likely to respond to a particular therapeutic
treatment, or for assessing or nonitoring a patient's response to a

ady

particul ar therapeutic treatnent. "Subject” or "patient" refers to a
mammal , preferably a human, in need of treatnent for a condition, disorder
or di sease. conmpound(s) of the invention" as used herein includes

but is not Iimted to conmpounds of Fornula | (e.g., a conpound of Fornul ae
(1), including all variants thereof). A conpound of the invention includes



WO 2010/ 007120PCT/ EP20) 9/1) 59138 "Del ay of progression" as used
herein means that the adm nistration of a conpound of the invention (e.g.,
a conmpourNO@P10f97Y¥20l a 1) to patients in a pre-stage or PATAR28/0F13phase of
a Hedgehog-rel ated disorder (e.g., cancer) prevents the di sease from
evolving further, or slows down the evolution of the disease in conparison
to the evolution of the disease without adm nistration of the active
conpound. "Hedgehog gai n-of -function" refers to an aberrant

modi fi oat,l ON, @CFgmirmH O a@bthar Ehodiate, R Hatdgebagsupetiaicd oF sshyttdienedCene,
or a chan e(é decrease) in the |l evel of expression of such a gene,

whi ch <iim qwi%f%ﬁenotype whi ch resenbles contacting a cell with a
Hedgehog protein, e.g., aberrant activation of a Hedgehog pat hway. The
gain-of -function may include a loss of the ability of the Ptc gene product
to regul at eln ftheeymbodimeak fregssicnrineingdi ingbrlesgonpagnds @ fpimul&fl) FhewnoR7
Gli 3, or loss of the ability to regulate the processing, stability,

| ocal i Zation or activity of the @i proteins, e.g., Gil, Gli2, and Gli3.

The term "Hedgehog n- of - functlon"\\s al so used herel to refer to any
N . g. xh| ting exces ol I¥%ration) which
i on g t he reﬁggﬁ g i gnal yransduction

simlar cellular
occurs due t o R
pat hway, i ncl udi i m ed N nodi fi cation ation of
Hedgehog itsel f. a tumor céll with an abnor mal 1y *Agh
LN ation of e Hedgehog signal i ng pat hway
notype, even if Hedgehog is not
ion" refers to an
genewhRh r@am%eaﬁﬁﬂuéde&el of
expression of thé gene, which resulfs in a phenotype Wwhich resenbl es
cont acwsibsgtweeith ong ermerc éthgthiybgthyt atoprapyl. 1o, Chalmesthenyt oelfs vati on of a
Hedgehog pat hway. The | oss-of-function may include a |oss of the ability of
the Ptc gene product to regulate the | evel of expression, processing,
stability, |ocal 'InZy?HI badtherle@@atimtdng MhoOpre@at inVi:ﬂtij)ndhﬁclﬁeis c@ﬁﬁ@&d@ﬁﬂfoﬂh@lﬁﬁﬂ)ns

e  aMIeTRIE FeDbl oF 5t IRORO s IR RGBRCC oo sbalsor JgBRoor

expr essiPRe! Qﬁ(d)hﬁcggaﬁylmﬂgg%'%ﬂg%w)@ﬂ @(@)@me@%m i, 6P crEer g fA)OH.

contacting a cell with roteéin, e.g., aberrant activation of a
Hedgehog pat hway. WO 2010/007120PCT/EP2009/059138 " Smoot hened

gai n-of -fun r.ant ﬂRQ%f. | 0 Sno
gene, or an%§%c@g%%@%gﬁeve¥M§?“%§§¥8 sﬂgn 0 ﬂ%% ]ggﬁ%15V% gdﬁﬁ?agn a
phenot yhenyhiyeildiny & sembh odiay © pipeddiny In gyrao |z, omipimrmﬂ—yledgehngthpxptt\eo R,6 @.qg.,
aberrant actjvation of a ho er el snal
or gani &6 ne‘“neiaéo%ﬁarb’fg‘eaﬁ%%@teg%f%‘b Xl(“é‘r‘% r’é‘lgg%]ﬁﬁé gﬂﬁd‘?ﬂ‘ﬁ?e
Wi th aprduposigani ﬁyt@(ﬁ@%ﬂﬂﬁlﬂ&h@l,orrﬁeﬁﬂ hrmb&al ¢ Ashefer Nk A GrbA, siBiag ht of
| ess than 3 kil odal tons, and preferably less than 1.5 kilodalfons.
used h@ﬂ@ﬂﬁﬁﬁlmHEWEW@@W" gene is used interchangeably with the term ' marker
gene" and is a nucleic acid that is readily detectable and/or encodes a
gene product that is readily detectable such as |uciferase.
Transcri pt i émalotlendmbodnsh@ticgnakntcondntioh irségluecoesouadeo Hdnule i hateinyR4
sequences, such as pronoters, enhancers, termnators, and the like, that
prOV|d§5for t he expression of a coding sequence in a host cell. in
eukaryotic cells, polyadenylation signals are control sequences. A
"pronoter _sequence” is a DNA regul atory regi on capabl e of binding RNA
polynerzgﬁ\ln a cell an |n|t|at|ng tran crlptlon of a downstream (3

o]

te

directi ng seque purposes o flnlng the present invention
the pro N sequence und it nus by the transcription
initiation |te nd extend ups rean1(5' l\iﬁa Qn) to include the m ni num
nunber of ba or elenents Cessary to ini te i e els
det ect abl e above background. VVthln(%he pr onot er s%é%§%§§tE%P§ﬁbﬁ&'guﬁd a

t ranscrutptiboed.i nitiation site (conveniently defined for exanple, by mapping
wi th nuclease Si), as well as protein binding domains (consensus sequences)
responsi bl e for the binding of RNA pol y9rer ase. A codi ng sequence is
"under the control- of transcriptional and translational control sequences
in a cell when RNA pol ynerase transcri bes the codi ng sequence into nmRNA,
which is then trans-RNA spliced and translated into the protein encoded by
t he codi ng sequence. The phrase "pharmaceutically acceptable" refers
to nol ecular entities and conpositions that are physiologically tolerable
and do not typically produce an allergic or simlar untoward reaction, WO
2010/ 007120PCT/ EP2009/ 059138 such as gastric upset, dizziness and the |ike,



"Anal og" as used herein, refers to a small organic conmpound, a nucl eotide,
a protein, or a polypeptide that possesses simlar or identical activity or
functi on(¥P 28/0AR0Oconpound, nucl eoti de, protein or pol pPp&EEPRAE/0§138 onpound
having the desired activity and therapeutic effect of the present

invention. (e.g., inhibition of tunmor growh), but need not necessarily
conpri se a sequence or structure that is simlar or identical to the
sequence or structure of the preferred enbodi nent WO

2010/ 007120PCT/ EP2009/ 059138 "Dcrivative" refers to cither a
conpound, a_protein or polypcptide that conprjses an am no acid scquence of
a parcnt préﬁ@}Oﬂl%Fmbaqllyﬁe%fhe@éesewdflvw&gnb*t,c chaferepaddngf fomanly () PEEEEY i on

of am o AQIKd z{r;@@']_géﬂﬁyls URA S ety P Reh 1,98 kS HRPRitR theAdftidn! aSs toQ¥hiéh t'EHﬁ!n%' ¢
acid or nucleotide thaf has been nodified by either Introduction of

nuci cotitagded (ystd Cuchdodkdrzrael. dnianether catdidtman R 2oamdRi &t corhsnetiiyleor form a
deriva%icgfqu%ek%l%%iqﬁrqycleotidc, protein or pol ypepti de possesses a
si mi | af?orPsdent Feal Flnctifon as t he parent pol ypepti de.

"Inhibitors,” or "antagonists" refcr to inhibitory nolecules idcntified
using in vitro in vivo,assays for Hh path function, e.g.,.S

ant agoni st sIn§ ﬁlalggﬁf@*fsrcm%ﬂd}mwﬁﬁ%m%%@é Ny I%H\f,\@é@ﬁi compopl ol f({r@ul?d%ounds
or agegRrdifal Haqeasersi gnaling that occurs via the Hh pathway |nhibitors
may be conpounds that decrease, block, or prevent, signaling via this

pat hway. "Hedgehog-rel ated di sorder(s)" as used herein includes

di sorders a o h: LSr .0 . f Y,
as vl | oo o Sk OURaE R Rt o AR € Bl SRS PR
rel ati mg-Q-p-Nd¢t @)+, cHED Hi-he Hle dGERO G HiARt FO@H )-, olrle thgedh olg-anhethat @dbodiment,

di sorder(s)" include. byt are not lipmted to tunor forpgation, cancer,

neopl adiEPCrAl NYTAIRE BRAES GPBP U 4t fogrBY (Bovngen L i rol-thal Cnant

hyper pigibbdigfcat, it reicaOh dgftidn indiRRY efRgounal at Bemeth snRARFSHoth & A wned Nde
beni gn prostate hyperplasia, psoriasis, wet nmacul ar degenerati on,

ost eopénd 9% SHarf@ddunisdnt ed hair growt h. As used herein, the term
"cancer" includes solid mammalian tunors as well as hematol ogi cal

mal i gnanci es. "Solid manunalian tunors” include cancers of the head and
neck, | ung, Inmesdidnembodeentypdi st bn2imn aasthohaghslimsitopradhor Ipdnyetemsther
hepatobk&iigﬁ g stfnl smal | intestine, colon, colorectal, rectum anus,

ki dney S0P 4P "bi-adder, prostate, urethra, penis, testis, gynecol ogical
organs, ovaries, breast, endocrine system skin, central nervous system
i ncluding brain; sarcomas of the soft tissue and bone; and nel anoma of

cut aneous aNHoMer gBeadigient Y i bopdeCretkylense Michar asthydanenghygirantapaisne

i ncl ude, hi d ) MRIR ey i ]%ﬁ@? of
Iynphoc?gﬁd gﬁgﬁgﬂggﬁggnggﬁﬁgﬁﬁgydcutS?EH%ggﬁ%§% éérgﬁﬁgﬁﬁl%et a dgﬁ
neopl aboiyard He dnesotberaggmdinadnedy wia fond) BShylenc,add?)-oor, C(8)SHndernaberany
stage of grgﬁrgﬁsio% cin be treated, such as primary, netastatic, and
recur r SHEOURREES™ 2P8P%r mat i on regar di ng nunerous types of cancer can be
found, e.g., fromthe Anerican Cancer Society, or from e.g., Wlson et al.
(1991) WD 2010/ 007120PCT/ EP2009/ 059138 Harrison's Principles of Interna
Medi ci ne, 12t ¥ apgthes gpbodimentaiie present invgationggelndenarempated oefoariladizy uses
are contenpl at ed. Cancers which are particularly anmenable to
treatnment by the conpounds and nethods of the invention include but are not

limMited to ®Womad megaiiQbl asMefs, prinitive neuroectodermal tunors
(PNETS) , basahfg?Lp»cawcinoc; (.BCC) al | cell lung cancers, |arge cel

| ung cancers, }y s ON thg ga inal tract, rhabdomyosarcomas, soft
ti ssue sarcomas, pancrgatic tupbrs, 7 tunors and prostate tunors.

As used herein, the te€rm' malifgnant® hyg hﬁ erative disorder(s)"
includes but is not imted to cancers, \: | proliferative disorders,
bone marrow proliferative di seases and | eukem as. As used herein

t he term non- nal {(Ighant hyperproliferative disorder(s)" includes but is not
limte - MRl - jc proliferative disorders, such
as snngfﬁgﬁﬁggfﬁﬁﬁ§é%%%%@?g“%ﬁﬂ%?§€3%§§§%e|s, cut aneous scarring, and

pul monary fibrosis. As used herein, "hdbo" or "hal ogen" refers to fluor,
chl oro, brono, and iodo. As used herein, "alkyl' refers to a

strai ght-chain or branched saturated hydrocarbon group. In sone

enbodi nents, an al kyl group can have from1l to 10 carbon atons (e.g., from
1 to 8 carbon atons). Exanples of al kyl groups include nethyl (M), ethyl
(Et), propyl (e.g., n-propyl and isopropyl), butyl (e.g., n-butyl,

i sobutyl, s-butyl, t-butyl), pentyl groups (e.g., n-pentyl, isopentyl,
neopentyl), and the like. A lower alkyl group typically has up to 4 carbon




As used herein, "alkylthio" refers to an -S-al kyl group. Exanples of al
kyl t hi o groups include nethylthio, ethylthio, propylthio (e.g.,

n- propyl tWOGOEMW71280pr opyl t hi 0), t-butylthi o groups, an@CTH®2000/089138

The term "carbal koxy" refers to an al koxycarbonyl group, where the
attachnment to the main chain is through the carbonyl group (C(0)). Exanples
include but are not limted to nethoxy carbonyl, ethoxy carbonyl, and the
like. As used herein, "oxo" referes to a doubl e-bonded oxygen (i.e
=0). It is also to be understood that the term nology C(0) refers to a -C=0
group, whether it be ketone, al dehyde or aC|d or acid derjvatiyve.

Sinilarly, 8(b)s¢erdnd G afkenyly grwsloa  a Copgaryls@eumaret hmemberdal kyr

referSther&m%kd@pl agn%&r;bnk&védr@cfaﬂaegmk@pgl%up %Qﬁt@x?%*aﬁ)t NRUSRiS$. | n sone
embodi ments,” a hal oal kyl group’can have 0 car bon at orms (e.g., from1l

{0 8 CANOUIRER, @@)NREs&JrﬂpCe@atofamyaw@mmwar@tmpscum&wﬁ&é Q3R | THBRITHF2,
CH2F, |
al kyl %ﬁ%ﬁqs Wﬁ’ g$n éﬁ%ggggﬁgﬁﬁaggéégﬁcg%gﬁgxgﬁﬁh?Cﬂfk%%éﬂgﬁﬁﬂ?%alogen

at ons (CHIQQIR,BEH NH@@))OZHS)NH@(@)NMISRJ@EGH\MHBOERH)€H,4_BIH(]QODG)R)IB @fC(O)R13,
"hal oal kyl . " For_exa hal oa] kyl group can have the fornmula WO
2010/ o@?ﬁ%@%@?&fg}) E@s%lgsﬁutedofunsu{’ﬁx%&fifgin Xis F, d, Br, or I, i is

an integer in the range of Ito 10, and j is an integer in the range of 0 to
21, provided that is less than or equal to 2i+l. As used herein,
ehen”an al K12 gridub 48k Fonen Bgoua. § urled DRl Carabnsy. koS Cal RYFGH, | ¢

Funct i ShECQISaR S G OR B, R SRR ORI S ERTBL ORI ot fon on the

al kyl chain. Exanmple of Ci_g al kyl OH groups include without limtation,

835? ’hef:::.zc'a%gJH %%@%ﬁg@%ﬁ@y %gﬁ%ﬁ é%@%a@gf %Vg&fhﬁ'y:‘( ?(&rlbﬁ%ﬂ e

i ncl udig E@pcysllua%dnwré@ﬁeter@dr%ﬂe%yﬁp, a300h BbKYEYL cﬁn&féf&oan&l(gy@boc@l diloaltyRUP

can be nonocyclic . or polycyclic .g., contal ning used,
bri dged;- sa]ﬂfﬁ%lﬂ Cgpillk@w PR %%d %Féyn OW@I@IC?\H acleatqs@ﬁomceﬁf@lnargermaéﬁé ed
i nside or outside of the rlng system A cycl oal kyl group, as a whole, can
have from3 to 14 ring atons (e.g., from3 to 8 carbon atons for a

nmonocycl i c WickhaaRKY) Rg} oupR & carf leoms tbstiatddlorcabdivutedby om: dronoraof)ﬁl ydipdl i ¢

cycl oal 0 tabl e 0S on of the c IoaIIc ro can
o oot Rl g oo wrelR e L GoRERH biPrhaly st ¥ Tt o °P
cycl oalc&amhetgbmsgr@w bygl@lkym @ ol € mmt&kbox@ygmﬂem D.C. ga]k 1,

cycl ohex cl ohept cl opentenyi, cycl ohexenyl, cyclohexadienyl,
cycloh@ﬁ%aﬂ?@%@y@ CFndpH N%kg norpi nyl, norcaryl, adamantyl, and

spi ro[ 4. 5] decanyl groups, as well as their honDIogs, isoners, and the |ike.
As used herein, "heteroatont refers to an atom of any el enment other than
carbon or hydaegen cabddimgot, t}d:qsq:seﬁtdnvalxianrpicmdem toropgemd sdxgtgéfromsul f ur,

phospho ele As used, her y allcyln. refers to a
hon- ar o%ifm s DarRy g SR P B e B S PR EGR B  Soner o,

t hr ee, Qmﬁpwﬁﬁniuy@a]ﬁu@g:hegeroaton1selected fromO, N and S. and
optlonallévcontalns one or or three) double or triple

bonds A-néhadodl- R@qnygm@tbpﬂo ‘ézé d&nemblrlémdéaﬁ 3n3él)r% ni*f‘rﬂé;Yh334 ?.6-tahy g

at ons  apg; 1CA); Wlla%l {’Lrotpgn§or1| ng heteroatons (e.g., from3-6 ring atons
for a nDnoc eteroal kyl group and from7 to 14 ring atons for a

pol ycyc3- [(8)-63(&JSdh@leéhmeidlrg‘ﬂﬁhp@thyljmeldww@ﬂ)eimedmlﬂﬂ 5.oitawmpydarttbe

coval e {Eﬁnagiqg gﬁ_ orghe:feflned chem cal structure at any heteroaton(s)
or car P%n% ¥ Héﬁ) PSS in a stable structure. One or nore N or S
at onms 2 (R)-¢y4 bk belpkyttined- ﬁ]@dﬂﬁ&/ -phedoii-sliynerimetiy 3.4, B tcphpy drl@ HN- oxi de,
thlonnrg ﬁllne S-OX|ﬁ th|o or phol i ne S, S-di oxi de). Cycl ohet eroal kyl

gr oups LcARPIBYEEHoh ﬂﬁoﬁﬁéz nmore oxo groups, such as phthalindyl,

pi peri . ; H } i
D010/ 007 130T 3006, Dab 3G H i b M e Ny re abh 1 2R e
Exanpl ésylbbrappei2etet er oal kyl groups include, anmong ot hers, norpholinyl,

t hi onor phol i nyl, pyranyl, imdazolidinyl, imdazolinyl, oxazolidinyl,
pyrazolidinyl, pyrazolinyl, pyrrolidinyﬂ, pyrrolinyl, tetrahydrofiiranyl,

t etrahydrot hi enyl, piperidinyl, piperazinyl, and the like. As used
herein, "aryl"™ refers to an aromatic nonocyclic hydrocarbon ring system or
a polycyclic ring systemwhere at |east one of the rings in the ring system
is an aromati c hydrocarbon ring and any other aromatic rings in the ring
system i ncl ude only hydrocarbons. In some enbodi nents, a nonocyclic aryl
group can have from6 to 14 carbon atons and a pol ycyclic aryl group can
have from8 to 14 carbon atons. The aryl group can be covalently attached



The term "l ower al kenyl" refers to a al kenyl group which contains 2-6
carbon atons. An al kenyl group is a hydrocarbyl group containing at |east
one car bowocarmwni2doubl e bond. As defined herein, it nmapPCHEPIISOBNBS t ut ed
or substituted with the substituents described herein. The carbon-carbon
doubl e bonds may be between any two carbon atons of the al kenyl group. It
is preferred that it contains 1 or 2 carbon-carbon doubl e bonds and nore
pref erably one carbon-carbon doubl e bond. The al kenyl group nay be strai ght
chai ned-[ar(6 Bean@hesdinianplyadainglylids4 Bt te@aley dROLHL[il 1T o rdzthyes Hemrbpanl
-propenyl, 2-propenyl, 1 -butenyl, 2-buteny|, 2-nethy|-|-propeny|, 1,

3- buta&ﬂényl and the |ike. The term "l ower al kynyl", as used herein,
refersoteg Fﬁh&%&YﬁSgﬁ&Hmyﬁﬁﬁ&ﬁhﬂkﬂgbéIﬁmﬁﬁﬁﬁ@@f@&ﬁﬂﬁdnﬁ@H%!5¥B¥IBQBQMD i's
a hydrocarby group contai hing at | east one carbon-carbon triple bond
carbon5éaﬂbunmnﬁﬂﬁle bond may be between any two carbon aton1of t he aIkynyI
group. n bon carb,
R N S R L L g R e b ST B A
group wHyprbganst-olRi ght chalned or branched. Exanpl es |nclude but are not

limted to ethyny -propynyl, 2-pro y tynyl and the

li ke. %(ﬁ%fﬁgg&’iééﬁé}%f %Ué@?%@ Srp‘}{az};l 'yl]j gﬁéti}y@%% nvention

i ncl udep lwaQQQQﬁ%gqﬁbﬁﬁkjglacceptable i sot opi cal | y-1 abel ed conpounds of

the inven i~ e. ounds of formula (1), wherein one or nore atons are

repl ac éc{(lb)y4-é4 Br‘mZMhév? i§ydrae HseretopgnigdleyraniveryD-Buncthyl-ad. o6t tetranyde-dd- mass
nunber pb»&Swgﬂgwgigﬂbregmq%gplc mass or mass nunber usually found in

nat ur e. I''sot opes suitable for inclusion in the
conpoundsref-(G-Bendyivd Sndime thybpynidazses yi) Lemothels3 05 chy dalogen? HY uRlbiagra2idylnd
3H, carpo such as, 11C, 13C and 14C, chlorine, such as 36C, fluorine,
such aé “Yi-ethepechand such as 1231 and 1251, ni trogen, such as '11NT and

' 5N1, oxy, 1@)941(6 B@&igl a3- dlﬁﬁthyigpfl@aﬁh 1.y0-2- @B@gsm@ St@netrmrb-@ﬁ faﬁ’blpyﬁﬁ!myl-
sul phur, such a Certain isotopically-Iabel conpounds of
forml & YW}W%ﬁéﬁlé%thle, those incorporating a radloactlve i sotope, are
useful in drug and/or substrate tissue distribution studies. The

radi oactive isotopes tritium i.e. 3H, and carbon-14, Le. 14C, are

parti cul ar | Pnasgfeat offthx pnedmnsmpmtpmseakemawﬂehteariet}hddmempkamg @inponedrfpor at i on
and rea wth heaﬁler sotopes

s of dete
such aﬁﬁ@ﬂ% SPgifien§dgnt 1 pzﬁrwmﬂ‘éﬁt%r a\neﬂlﬁf %ﬁpﬁé’* ﬁﬂmﬁf‘éﬁ?ﬂlaveg oA
resul t iapglableanetasRahiloyint egdousdstorihibifing Hé@reh@@;@pﬁ@,mdd@@ﬁ@as@@h\vdy vivo

hal f-1ife or reduced dosage reaﬁlrenents and hence may be preferred in

sonme ciRFENHHgr ahiesgain embodimentsgtisgrgsenfineshodricem by Bisiite erngsragt therhienatypispes,

such a I f

Topogrgghaé§%t¥?M§?u zﬂB 8?32§3%$B??§m§ﬁ §¥P§%§E$ec %%?}g?gﬁgg%%HOf
Isotopﬁm&hbthabm$eﬂﬁannnmumd&o&kn@b@nmbéﬁﬁmmmtmnmgeme&@khymba:ﬁm&mhmeﬁ by
convent i | tech ues known_t ose. the a [ ocess
onal oodteh el Ao daRrT BT WS SED gy Sek AR bts e s RAFETR s
usi ng anthRPVeafon ale, dﬁﬁimh@afﬂfqmiuaablebe&hémgﬁ%@leme 1l amcendeht duficient to
non- | abel ed .r eagent preV|oust enpl o har maceutical |y

accept #Bfagonizg %sgnQﬁt heagd-darangsit ae(é{ﬁfﬁafif&é%md@mdm@@tmafl%p%th@aﬁéa| ts formed
with bases, nanely cationic salts such as alkali and al kaline earth netal
salts, such as sodium lithium potassium calcium magnesium as well as
anmoni um salThe comprmdasndamatbodsrfithe pricsent hny ertiomondyhs useld wtrhgulatamoniferationrand

tris-(h 1 .
50107 ogi T BEBERER b UEb ORI o &Rk P, inReformpetionsiisste iy s5m el as

ﬁf dm‘ nﬁlfﬁipraﬁdnd&],e g@cﬁv@ahmfﬁylﬁ‘e&ijlilfbﬁféydtive ;cel%ndn @ﬁ(gﬁéilp@rtﬁzglaf eﬂﬁb@dlﬁh@htdgcl)rﬁa@mg ded
ydrochl ori c t hanesul f oni ¢ aci ic aci are possi bl e provi de
a_ basi ehredurp! §H8Wn§§°1%%ﬁ%t hgeell frqoawun@@i IRt (ﬁgmacemmw SO o.
The presRRitsiAURMIHiAN @lIaheSrofiR rdtig, lthbﬁfb\ﬁ%rfﬁnﬁ&%u %f&sﬂﬁhn&/B%%ﬂUﬁt Afior
pat hways regul ated by Hh and/or Sno can be nodul ated by the conpounds of

t he i nveinbifignof tumorigenesis n Thute aratheydartsnlar cmbedimentiverides methodsdoobiditolz t he
present invention conprise conpounds of forrmula (1) for inhibiting

Sno- dependent pat hway activati on. Anot H&r aspect of the present invention

i ncl udes conpounds and net hods for inhibiting Hedgehog (Iigand)-i ndependent
pat hway activation. In certain enbodi nents, the present conpounds and

nmet hods can be used to counteract the phenotypic effects of unwanted
activation of a Hedgehog pat hway, such as resulting from Hedgehog

gai n-of -function, Ptc |oss-of-function or snoothened gai n-of-function

mut ati ons. For instance, the subject conmpounds and net hod can invol ve
contacting a cell (in vitro or in vivo) wth a Snpb antagonist, such as a



enbodi nent provi des nethods for inhibition and/or antagoni smof the Hh

pat hway by enpl oyi ng conpounds of the invention (e.g., a conpound of

For mul a IWO0i2A10007126or cel | . In yet anot her enbo®CkgR200910KY3%et hods
of the present invention enploy conpounds of the invention (e.g., a
conpound of Forrmula T) as formul ated as a pharnmaceutical preparation
conprising a pharnmaceutically acceptable excipient or carrier, and said
preparations nmay be admnistered to a patient to treat conditions involving

unwant efd/eeidtadoningd tae Bhipathway 6f capl Sapc@hioandy d@rithd idi@ition (SL¢H c@dpound of
medul | obl ast oma, basal cell carcinoma, etc.), and non-nalignant

hyper pFermyla Dapiayemgs & der s. One enbodi nent of the present
invention provides a nmethod for inhibiting the synthesis, expression,
production, and/or activity of a Sno protein in a cell in vitro or in vivo

conpri si ng, Tbonmctwotls althe picdent aivienimt hay emplopcemdewidagl thatinyeg@imegeala , a

conpound _of thed nventio e.q.,.a.conpound. of Formula T)... WO

5016/ 00 T EpRYE0/ 8gaglided « pEARRIMRE Bieph BT ArPhiingte | nvent on

pr ovi delamnac@itizelly adccthlslgBadpiag or paeieenhd fdd argiatiodsmat bengindaikictddas a
debilitations, derangenents, and/or dysfunctigns; hyperplastic,

hyper pPBTsTf & g3 gency ﬁ&}VOiVa%wmedoqe PR3t &cp “LFPYr S PLmaE Suchy
tumor  GeldcdulldblhsRnlFBPAEI ccARafAhEAS et%s%dan%oﬁnﬁnlgﬁﬁﬁ PSRN, AlveXRIRAST on of
a Snb genc or gene product (e.g., a Sno protein), conprising adm nistering
to a mammual a therapeutically effective anount of an agent that inhibits or
ant agoni zes : i . j nd/ or VA > d
of the | nyeshe SrEYaRElAnaRAL Al R Foouibdhiio fhor BufRITROMET
speci f isgiethdsys, exqutsivnl @b éattiohadtabilorap on pissphd ryfatonilebo chtiodyichin ithet ol f axieorwi t h
aspects of. Hh, c, or snoothened signal transduction. actjvi RN

li kewi $E"MH¥ %&pﬁﬂ RO I fiehitt YHg Oﬁr“%YliV’P é?‘&?‘il%‘_i’mgf&}?taﬁt%éﬁldmeﬁ%& 2al _
conseqyanciashg iflo 5948 B&1, aeehbsuRI R int&ltos (agyh BSmpoRAtE RrEEnl 198BS - of f uncti on
phenot ype, a Hedgehog gai n-of -functi on phenotype, a snoot hened

gai n-of -functi on phenotype or a @i gain-of-function phenotype. Thus, it is
contenpl ate I i [ . . |, for
i bi Fi g PS8 ehsh P ek BRI RN Som bl 3n g IR B pHS Bl
genet i endrot @atatiop ctlhddr dabilitarahe sletahgenhiaig edigr yafulhergns; hypeprietier r ed

enbodi nent s, ..t.he. co unds are.capable of .jnhibiti.ng.at |east. sone of. the
b1 o ogheBT byl BLSE e Rbe oG b EsAd oF BB b B Gep ERr naamry i

t ar get ch@hdtsrized by the prestibSandldi@xpREIMGHS a8 mé BéheRi @8RS BrodurY @I 1 HSmb PEJt&IAE

t he use of conmpounds of Formula | which agonize Ptc inhibition of Hedgehog
si gnal icAgPrising rorarousgs pinfarmpile (I gndieirpdmibrragen ihpBenarbt vhegpitistieam
conponept hggn%ngtsignal pat hway, in the regulation of repair and/or
functional performance of a wide range of cells, tissues and organs,

i ncluding normal cells, tissues, and organs, as well as those having the

phenotype of Ptc | oss-of- t I A= 0f < i.on, snoot hened
gai n-of -function or Qi Dﬁf&%ﬂ?’&#ﬁﬂﬁﬁ%gﬁ d wasubj ect net hod
has t herapeutic and cosnetic applications ranging fromregul ati on of neural
ti ssues, bone and cartilage formation and repair, regulation of _.

sper mat ogen&spwther sphpdipicBh thefpresent igrengep dickidss myramaseasicd compaiilieh i on of

bl ood %Qéﬁﬁ&n%QHQE&k&ﬂmh gﬁ@&h?%ﬁ%hﬁﬁﬁQ%QEBGﬁﬁhkgﬂdi $0%d ARl or 1O ati on
of smooth nuscle, regulation of lung, liver and other organs arising from

t he pr iandth¢neanbypdiment.dbgibrasanomverdticnandudsy eiretthasl dfursgtingnmameglibudtcriog fvn ki n

and hair owth, .etc reover. .t he subject pethods. can WVO. .

2010/ 06y 19l eiBoE U0 B e b L o R PR R <R pemoreb e
cul t ur ef {reatmichtr DtheraputiolyCcefdclve ameunsbdh eorpduid lacdordingy tofdjmula Iorla. I N
certain enbodi nents, a conpound of Fornmula | can inhibit activation of a
Hedgehog pat hway by bi nding to snoot hened or its downstream proteins.

I'n anot her epeYIBRdesdipBoRRSRRL “IrEMBBLth AR IRIO¥SH PRophDRCASE REventive

phar maceutical preparations conprising, as an active ingredient, a de%fhog
si gnal itiegimpptias veglbas cyrptine gsdiacasosipprselvofreqtmepfuingludlinggrogimaant hEpasignts at ris

ant agoni st such as described herein, fornulated in an anount sufficient to
inhibit, in vivo, proliferation or othdB biological consequences of Ptc

| oss-of -function, Hedgehog gai n-of -function, snoothened gai n-of-function or
di gain-of-function. The treatnment of subjects by adm nistering
conpounds of the invention (e.g., conpounds of Forrmula 1) can be effective
for both human and ani mal subjects Aninmal subjects to which the invention
is applicable extend to both donestic animals and |ivestock, raised either
as pets or for comrercial purposes. Exanples are dogs, cats, cattle,
horses, sheep, hogs, goats, and |l anas. The present invention also




bears sone simlarity to G protein-coupled receptors and i s nost honol ogous
to the Frizzled (Fz) famly of serpentine proteins. (Al cedo et al. (1996)
Cel | 86: WQRP10/007120 An i nactive Hedgehog si gnal PAE/EF200810a3138 s wher e
the transnmenbranc protein receptor Patched (Ptc) inhibits the activity of
Snoot hened (Snp), a seven transnenbrane protein. The transcription factor
@i, a downstream conponent of Hh signaling, is prevented fromentering the
nucl eus through interactions with cytoplasm c proteins, including Fused and
Suppr essar digdrdérieg e ifvition (c.£\sa Hec@QRSLEUILBE Bisoldbd@ L lchidchpBawelagd ilivat i on of
Hedgehog .t arget. genes is, repressed. Actrvatron of the pathway is initiated
t hr ougﬂ?atbffnrtﬁzlglrfg s 5Fm élﬂr}leéfnc{qﬁi@s the frsemeniien ! ar/|0§amgesrleﬁ Rf thsﬁrre%ﬁﬁ | hh) to
Ptc. Ligand binding results in a reversal of the repression of Sno, thereby
activating a cascade that leads to the translocation of the active form of
the transcrBpt isoppresioindror@eyersed” ¢ pea H@dg@usrelm@ Hsardedeig. . asnéoviati@slitaarsget
g??gr gX L8 OSIEi?(ggatel %na,(l:(i Hdg%%eg%eqate@ (Clllﬁ,?rder (¢. %1afbete%) 91‘ht0 rende?seaécg f%}%ﬂdl Q% by Hh
mhereupeWnéanBEMESnﬁmﬂmuuméeeﬁaknstructures within the cell to the plasna
menbrane. The | ocalization of Sno to the plasma nenbrane triggers
activation of Hh pathway target genes in an Hh-independent nmanner. (Zhu et
al . (2003) Geprsade¥d hét%(nllg}an@ 24M2hd ThEe Fasisasie At H¥§%eﬁg -péfatg@@lsé)ﬁ@l%

the transl ocation of the active formof the transcription factor to the
nucl eusanchidn apetianator ghorgoigmpisotlpry thergpf, thraumdl teretieesd nucl ear G, act i vat es
Hh pat hway target gene expression, including of Wits, TGFP, and Ptc and Qi
t hensel ves. I ncreased | evel s of degehog signaling are

suf ficient e temink i‘@rophydaicCer “prwvortond meandingicding @gpuinseitr faurtnurnit

survi val E e cancers jpclude, but are not limted to, prostate cancer

(" Hedg@ﬁﬂﬁ’ FaﬁQﬂFWn@grﬂmB?Sktate regeneration, neoplasia and netastasis",
Kar hadkar SS, Bova GS, Abdallah N, Dhara S, Gardner D, Nhitra A, Isaacs JT,
Berman DM Beachy PA., Nature. 2004 Oct 7;431(7009):707-12; "Inhibition of
prostate canEwemng] orf Eeaiines ey 1o heepy arevraEomprdpreoiNI G HESGEREE Y

parr ot fox B AAATT B P ARG of Moo MGG Por Pk g Mo SR EIRP oty o

US A 2oeht Augeis ﬁl@ﬂﬂ@)ﬂ@ls (RS5ehti@)),or (' Qyt ot eRuw thd Eaattsf Dnﬂdwhhdodoqf a

conbi nati on of efrtrnrb sel ective

oo dor des e he uBRaI PEndlits PPl R in B FekatSy RS AR S  ancer
M neaulaffliMedMoore E, Moniaux N, et al (2006), international Journal of
Cancer; 118 WD 2010/ 007120PCT/ EP2009/ 059138 (4):1022-31) breast cancer
("Hedgehog signaling pathway is a new therapeutic target for patients with

breast cancep: ] iyt B : J \
Nomra kPSS E b RS EN Epend Spni g AN RS ERIIT

(" Hedgetodglisg ppradipags arcdinBai tridlsy egulatid/isgpdtionsmeviel foobr eoinged paatahlar
mal i gnant human. mamar em ce Liu S ntle I D _ et al
(5008) arEb P iR ERhY TSRS gy qiethstert i bibufic grbspfhn. 3t for
snoot hageeigSvdhoritdriig 8 Paxadhnys gispdiﬂetdﬁpdrﬁamagwa&um aeathearls to increased
proliferation, altered differentiation and ductal dysplasia," Mraes RC,
Zhang XM Harrington N, et al (2007), Devel opnent; 134 (6):1231- 42),

medul | obl ast aiffed MUl @IS RPEnGHAM BrdrHBAI0l H.0fn X n@@@aq&eanﬁar&%y

bl ockade", Berman DM Kar hadkar ahan AR, Pritchard J1, Eberhart CG
Wat ki nsomhtiorCdenrdekor disaper MK, Tarpale J, dson JM Beachy PA., Science.
2002 Aug 30; 297(5586) : 1559-61), non- mel anoma ski n cancer, i.e. squanDus
cell carcinoma (SCC) and basal cell carcinoma (BCC) ("ldentification of a
smal | ol ecuheompbini($)of t}&fmrzdmaoﬁre@geb@gersmgmlhde@gupahbmamtedabfcempc:u@l@ of
basal cell carcrnona ik Iesrons |ch rrt rian Bl1,

Xu Y, Eqanulp (g cheappaungof kesnutac ( aatnelr@mgﬁl Yeriapy f JA‘\ cmraﬁlw ?t heywang
FY., Prgenfid ﬂnclﬁgésdth§§ﬂecf-ﬂcal%/ ﬁste@&gﬁ)dﬁﬁﬂs 2o 4RP&R)inABdiRe aljese hﬁ@& MR | ng
Smoot hened mutations in sporadi ¢ basal -cel |l carcinona' , Murone M
Luoh SHxaRples ofithe gresent applzpagiorc, Boni fas JM Lam CW Hynes M Goddar d A
Rosenthal A, Epstein EH Jr, de Sauvage FJ., Nature. 1998 Jan 1;

391(6662): 90-2), pancreatic, esophagusJ4stonach, and binary cancers
("Hedgehog is an early and | ate nedi ator of pancreatic cancer

tunori genesi s-, Thayer SP, di Magliano MP, Heiser PW N elsen CM Roberts
DJ, Lauwers GY, Q YP, Gysin S, Fernandez-del Castillo C, Yajnik V, Antoniu
B, MMahon M Warshaw AL, Hebrok M, Nature. 2003 Cct 23;425(6960): 851-6;
"W despread requirenent for Hedgehog ligand stinulation in growh of

di gestive tract tunours”, Berman DM Karhadkar SS, Maitra A, Mntes De Cca
R GErstenblrth VR, Brrggs K Parker AR, Shrnada Y Eshlenan JR watkrns DN,

P e e = 7 v o~ o~ o~ N\ Py . —



The present invention is predicated in part on the discoveries by the
present inventors that |ynphoma and nmultiple nyel oma di seases are dependent
on t he hed@ahwyoran) si gnaling pat hway using | ynphona aRETHPAGAEBH M
cells isolated fromtransgenic Ep-MWc mce and Cdkri'a knockout mce, and
di scovering that hedgehog |igands nediate the interaction between strom
and | ynphoma cells. The sane was found for |ynphoma and nultiple nyel oma
sanpl es isolated frompatient sanples fromthe bone (multiple nyel ona) or
from | ynph nodes, bone marrow or spleens from non-Hodgkin's |ynphoma (NHL)
patients and al so_for chraonic |ynphocytic |eukema (CLL) sanples. In

addi tion, itDG&Eof HOBEEST patasiuse bsrein gigapy thptihe Mhmél}%ﬁfa@r} g sosrRed ofi theluces
apopt 0$h2nlén é?é,%nﬂy%ﬁﬁ&‘&’ﬁl{mh}ﬁ@meﬁt@!id §pr_easrf'2%etopﬁfanoéé@l§%9§e%$ gi on of
hedgehog pat hway nmenbers 1 nhibit cyclopam ne i nduced apoptdosis of |ynphona
cel | s iHedgéhogeaclared diseeder (¢ hecanparepicoends tho divdast Himim ¢volang frgthet, oeslowws Hown
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char act&ipdudailosrofabndrhyiof thedite gae nreduchie ragitee thedeval efiedEssies. i n the
tissue 3 b i : j j fat in
the o ol e B o e e TR 8 S P ocyt e
nmost prodiohént |y i nvol ved. By way of exanple, subjects
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| ynphoma, pl asnobl astoma, plasnmacytona or CLL) can be treated w th nethods
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'V, Ann Arbor Staging System). Lynphonmas suitable for treatnent with

met hods of the invention include but are not limted to Hodgkin's disease
and non- Hodgki n' s di sease. Hodgkin's dilSease is a human nmal i gnant di sorder
of lynph tissue (lynphona) that appears to originate in a particular |ynph
node and | ater spreads to the spleen, liver and bone marrow. It occurs
nostly in individuals between the ages of 15 and 35. Tt is characterized by
progressive, painless enlargenent of the |ynph nodes, spleen and general

| ynph tissue. O assic Hodgkin's disease is divided into four subtypes: (1)
nodul ar scl erosis Hodgkin's disease (NSHD); (2) mxed cellularity Hodgkin's
di sease (MCHD); (3) |ynphocyte depletion Hodgkin's disease (LDHD); and (4)



WO 2010/ 007120PCT/ EP2009/ 059138 Thus, the nethods of the
present invention include the use of conpounds of the invention which
agoni ze P¥O 201i0BI20i on of Hedgehog signaling, such as byCIrARRMO0F138
activation of snoothened or downstream conponents of the signal pathway, in
the regulation of repair and/or functional performance of a w de range of
cells, tissues and organs, including nornmal cells, tissues, and organs, as
wel | as those having the phenotype of Ptc |oss-of-function, Hedgehog

gai n- of f unct i“SmoothieBal fienefigalidh et fefsun e hisvira@t mEliificgenror afutdtloncifa®mo For

i nstance, the subject nethod has therapeutlc and cosnetic appllcatlons
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(invitro), or on c al e imal (in vivo). In
accord HeéﬂVPtﬁn@H %ﬁéﬂegﬁ?ﬁﬁmqéﬁébagggﬁnt i nvention further provides a

nmet hod for preventing or treating any of the diseases or disorders

descri bed above in a subject in need of such treatnment, which nethod
conpri ses adwitnddshessin agraporterdigandsisbjesicnteechehgepblyeith hatdry “afarler gined aadbunt
( See, ISt )

compousdoe et B ARG e S TR T e il PheBlafle uch o
of t heaahoiferastses, the reqU|red dosage mnll vary dependi ng on the node of
adm ni stration, the particular condition to be treated and the effect

desired. Adm nistration and Pharnmaceuti cal Conpositions: The
invention rgkat&ptiofaltdie tluﬁﬁatgﬁlamfrmeewnb@sadre DN RS U fat P Se@ORHRE, I sBENG
conmpounds of Fornula (1) in the therapeutic nd, in a broader aspect of
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t her apeuti cal Ve and |a an the usua accept abl e nodes
known in the art, either singly or in conblnatlon with one or nore

t herapeutic ,agents. A therape ally effective t .ma ry. w del
dependi ng P AR BT IR RN bR s g e,
t he agecimsl heladhg ’t&@ns'@ﬁ@ﬂldﬂ”bfodonigtré‘aﬁbBe@ﬁoctlbﬁﬁ:oﬁﬁﬂg% n&d. Fbhgurpeyepernd
used and_ot her factaors. general satisfactory results are indicated to
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humans he range froma to abou g, conveni ent y
adm ni $aes ed¢lemelgs néwsmy/todeidatdosascrlppom ot Ity detéotabde bodapakgraund r¥ithind

f t abl e t d t f
1t o sl ey Sk R o Wiy iR SR Rk P R B
admi ni syetapgm@mpharctmmnt)t acsavbeucaarppasmmtﬁn‘ig dymARY(coBBNRBkéq@Badesy out e, in

particul ar enter & ly, e.g., inthe formof tablets or
capsul@§p06¥ pgﬁﬁﬁﬂeP@Pgi @Ag“ﬂWPﬁﬂﬁpe formof injectable solutions or
suspensions, topically, e.g., in the formof lotions, gels, ointnents or

creams, or in a nasal or suppository form Pharmaceuti cal conposi tions
conprising & @dmcmm@noé ist hedepﬂ@szentrolf’pﬁemsicontidml #ndeteanfslotimad)coritml a

phar rm%eeUte}lgG% Xceehcwﬁé) Qﬁﬁ (6] merase(%ranscrl(]ti)e a&l%%c(lhat I Ortller\{\éetlrlt]toar‘rtt glcg 1S

phar nacCe reart y accep & °cary i er or ue A Pe nanufacture
conventhednans KM eslichy ad txindBitedgntanky Iabtengembddda@tth@god‘@g fqdsice For ex anpl e,
oral conpositions can be tablets or gelatin capsules conprising the active
ingredient together with a) diluents, e.g., l|actose, dextrose, sucrose,
manni tol, sqhbph@le ‘Eﬁ@ﬂnﬁé&ﬁﬁﬁll?@&éﬁtﬁbl@l’ YFLRE m%cﬁl%nhﬁ%rﬁ cofpBsitio thatCa,
tal cum stearlc aci ts magnesi um or cal ciumsalt and

pol yet layd mysiglogecslly tcflesrble abd sotdyenlly)prgdusden gllergicyr ,smn’eg nete et radatiginum
silicate, starch paste, gelatin, tragacanth, nethylcellul ose, sodium

car boxynet hyl cel | ul ose and or pol yvi nyllpyn-olidone; if desired d)

di sintegrants, e.g., starches, agar, alginic acid or its sodiumsalt, or
ef fervescent m xtures; and/or e) absorbents, colorants, flavors and
sweeteners. Injectabl e conpositions can be aqueous isotonic solutions or
suspensi ons, and suppositories can be prepared fromfatty enul sions or
suspensi ons. The conpositions may be sterilized and/or contain

adj uvants, such as preserving, stabilizing, wetting or enulsifying agents,
solution pronoters, salts for regulating the osnotic pressure and/or



WO 2010/ 007120PCT/ EP2009/ 059138 pharmaceutically acceptable salt form and
b) at | east one co-agent. The kit can conprise instructions for its

adm ni st r&0i201/007120 The ternms "co-adm ni stration" oPCTFERAWOME 38

adm nistration” or the like as utilized herein arc neant to enconpass

adm ni stration of the selected therapeutic agents to a single patient, and
are intended to include treatnent reginens in which the agents are not
necessarily adm nistered by the sanme route of administration or at the sane
time. suchas gastifib@pdcerdinziRBedniaEelkd, Gabn 6Qiistatd O huatinUBRErdty, ek dsdieans a
product that results fromthe nIX|n§,or conbinin% of nore than one active
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ingredients, e.g. a conpound of Fornmula | and a co-agent, arc th

adni ni sharmadonas for pstt in@nimady, pud marepugdwerlynnhheafsor m of a si ngI e entity or
dosage. The term "non-fixed conbi nati on" neans that the active ingredients,
e.g. a compound of Forrmula 1 and a co-agent, are both adm nistered to a
patient as Fapamatearendt irtfedsoaidilbett, ijunaht, ampwlsr ¥, vehiaicwith @hichythor
sequentially with no s ific tinme limts, ei n ch. adm ni stration
provi d&S™PH E)éﬁ?}{lﬁn&éﬁr%%é?lf eharpgesufi é?%le@fca{l h%stsﬂ@ﬁwwaﬁ&gh PVelReYody of
the pabjg riﬁclu(-lmgtﬂo% §85ctBleaR, &RRLI, €8 ettéjbléz&(‘sg'ﬁﬁhﬂlc $AR8hH ARYh asepegnuttolﬂesoybean
adnministration 0 or nmore active |ngre i ents. Processes for Making
Conpourdsmaferal hé Sewﬂ@mithe like. Wate@é@ﬂ@@@ﬁﬁ@lvﬁlwaénamm@s ohd agneptresi s of

the co i ) be
found PROL e el ELo MRt b8 PugrEpfly R RIBTAERAL (RPN tohcciBly
conpoumdun&mtﬂmnﬁhmﬁmhhmmunamchﬁmpmﬁpaﬁﬁﬂmdsnéR@ﬂmgmme@hmnmaﬁhmahhmﬁmﬁdbIe
acid agdlt salt by reacting the free base formof the conpound with a
phar macé Wynacceptable inorganic or organic acid. Alternatively, a
pharmaceutically acceptabl e base addition salt of a conpound of the
invention can be prepared by reacting the free acid formof the compound
wi th a phar fthe eresac dhergpeateadiytoaisreve ammughrib escdrherinterineantgaggount sufficient to

Altern

O e SobEbYac LAFARRL S btE IR, SCelf GOTRAMIRR dent Mort PERIIOBy G020
2010/ 0pet2RPEL &2 PASrABY pBRent, a clinical[Fhvegnificet dudicd 1mﬁlefactd§&étybﬁmeticﬁrozmds of

t he conpounds .qf .t he . invention can b e red fro t he rrespondi ng base
BRI L A A AR e A o B S R T el v
conmpoungpRiehbie ih BYRRIEAIBNidnifi @Rt @midfioaddinpioaninghd host.or m can be converted to

the corresponding free base by treating wth a suitable base (e.g.,
anmoni um hydr oxi de sol ution, sodi um hydroxide, and the |ike). A conpound of

the inventi ORg rﬁ” fgefé}gﬁ)e lgggt'eflélgﬁla?ﬁl %vlbg ﬁgeﬁ]tg Qr% pﬁ%&%éﬁtﬁgl | dtu&‘ﬁostlc

correspondlng ree acid treating Panife aci d (e.g
hydr ochbopéstiasi a,th@tay)be compounds, iRrctuie ugdsdpcnlypaitudvseﬁaghenthesonf@npovmdtstsof

the invention can are kngwn to thgse of ordin ski |
|t he 05p e RaGRs iy RGBE RS i -B00 b b B R 5 or R A e
Bloorg@&ganam&nh@ﬂ|0|nal Chem stry Letters, Vol. 4, p. 1985).

Protected derivatives of the conpounds of the invention can be nmade by

nmeans known to those of ordinary skill in the art. A detailed description
of techni que}inﬁ%‘ ésgﬁpd fert il &E‘?S ol B i &{n%o%ﬁ | RoRUDS p?(Qgint hel r
renmoval can be T. G eene, otecting Groups in O'ganic

Chemi stplybeptRicdhat dpssecors s@dhrrpmvletr@yalainﬁvﬁmrsfunqtm(S) aﬂ@@ gompound, nucla@tidpounds
ST, 0225 é)P rt?elﬁ%ﬁtgollplﬁev %ﬂt IOB %orr(l:pg)gmcksi) g?\%rgg? Mle Qil selpetd a¥t1‘ﬁ§)f 0281% tl?erjlpeuh\} 8&&{{%9 thg:jl)lfesntgt the
conpou nldl&ln@csn (be., mglﬁﬁtﬁﬁlt oﬂumerrgrb@;h) ciamnml r@@fléﬁﬁﬁﬂaﬁﬁidomm"rse@%@én&)br
recrystallization froman aq or gani ¢ sol vent_ m xt i ng organic
Sol vontEUEHERNA S YIS G 1aHE n eI SO UFIRL TR preferred embo o@dBounds of
the invention can be prepared as their individual stereoisoners by reacting
a racemc mxture of the conpound with an optically active resol ving agent
to forma pair of diastereoisoneric conpounds, separating the diastereoners
and recovering the optically pure enantioners. Wile resolution of
enantioners can be carried out using cdVal ent diastereoneric derivatives of
t he conpounds of the invention, dissociable conplexes are preferred (e.g.,
crystalline diastereonmeric salts). D astereoners have distinct physical
properties (e.g., nelting points, boiling points, solubilities, reactivity,
etc.) and can be readily separated by taking advantage of these
dissimlarities. The di astereoners can be separated by chromatography, or
preferably, by separation/resolution techniques based upon differences in
solubility. The optically pure enantionmer W) 2010/007120PCT/ EP2009/ 059138
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Bl NAP() - (1, 1' - bi napht hal ene-2-2' di yfl bi s(di phenyl phosphi ne)

DASTDi et WD2a2M0AwEE0f ur trifluoride Deo xofl uor Bi s(2- mMECREPYEONFDI& nosul
fur tri fl uori de DCMDi chl oronet hane Dijbu X-Phos 2-(Di-tert.

But yl phosphino) 2',4',6'-triisopropyl-1,1'-biphenyl D LEAD et hyl am ne
DTPEADI i sopr oyl et hyl am ne DVFDi net hyl f or mam de HPLCHi gh pressure |iquid
chromat ography HR MSHi gh resol uti on nass spectronmetry HATUL1B i s(di et hyl

ani no) - met hybeedivdHelor@toZithéd B@@hpoand, 4 frotoin cmpbiypéjbtidéithzu l&’bﬁpﬁé@s afl@mino
hexaf | uor ophosphat e HBTUG- B enzotr| azol -1 N -tetranet hyl

uroni  BRINEIIEATS AUGYRIHTO BI9EAR ar RROBICDLifE thebhay bm %@%yrthgmoductlon of amino
HLVI DSHexaeeh il B2 aRfu¥hR &%Q{tfagz 120 Bﬁéﬁé@%ﬁ%%@é@&%% AMPNESen

spectrometry NBSN-Brom succi ni m de NMVN- net hyl mor phol i ne
NMON- Mastdalyfliqeidryphitb b inoducos denudidenderstbitytupymsrasideldiioss, additions or mutations. The

derivative nucleic acid, nucleotide, protein or polypeptide possesses a similar or identical function as

the parent polypeptide.

“Inhibitors,” or “antagonists” refer to inhibitory molecules identified using in vitro and in
vivo assays for Hh pathway function, e.g., Smo antagonists. In particular, inhibitors and antagonists
refer to compounds or agents that decrease signaling that occurs via the Hh pathway. Inhibitors may

be compounds that decrease, block, or prevent, signaling via this pathway.

“Hedgehog-related disorder(s)” as used herein includes disorders associated with disruption
or aberrance of the Hedgehog pathway, as well as disorders associated with normal but undesired
growth states relating to activation of the Hedgehog pathway. “Hedgehog-related disorder(s)”
include but are not limited to tumor formation, cancer, neoplasia, malignant hyperproliferative
disorders, and non-malignant hyperproliferative disorders. “Hedgehog-related disorder(s)” also
include benign prostate hyperplasia, psoriasis, wet macular degeneration, osteopetrosis and

unwanted hair growth.

As used herein, the term “cancer” includes solid mammalian tumors as well as hematological
malignancies. “Solid mammalian tumors” include cancers of the head and neck, lung,
mesothelioma, mediastinum, esophagus, stomach, pancreas, hepatobiliary system, small intestine,
colon, colorectal, rectum, anus, kidney, urethra, bladder, prostate, urcthra, penis, testis,
gynecological organs, ovaries, breast, endocrine system, skin, central nervous system including
brain; sarcomas of the soft tissue and bone; and melanoma of cutaneous and intraocular origin. The
term “hematological malignancies” includes childhood leukemia and lymphomas, Hodgkin’s
discase, lymphomas of lymphocytic and cutancous origin, acute and chronic leukemia, plasma cell
ncoplasm and cancers associated with AIDS. In addition, a cancer at any stage of progression can be
treated, such as primary, metastatic, and recurrent cancers. Information regarding numerous types of

cancer can be found, e.g., from the American Cancer Socicty, or from, e.g., Wilson et al. (1991)
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NMRNucl ear nmagnetic resonance n. a. Not avail able n.d. Not determ ned R,
rt Room t enper at ure SEM2- (Tri net hyl si | yHet hoxynet hyl TFATri fl uoroacetic acid
THFTet r al¥yOr20f0/0z120 PCT/EP2009/059138
X- Phos2- (Di cycl ohexyl phosphino)-2',4',6"-triisopropyl-1,1'-biphenyl
COMPOUND SYNTHESI S PI Tri dazi ne-arvl ethers and -anilines As
illustrated in Schene 1, conpounds of Fornula |la can be prepared from
i ntermedi ates 11la (preparation described in Scheme 6) , which can either
react \Makfisod’ sTHiERPles@T Iitinki Medibiyie di2feEditibhevigGlawidit], @RPBdth Budisfldacenent
or palladi.um catal yzed nucl eophilic displacenent. Conpounds |la can be
conver VEEINHY g3 ferelalahl es by functional group manipul ations of R'.
R'X=N CH CRS Il XXZ(mZ(m R2R2.-N.--""LIiNRI-LH "N.-"----e"G N II11II
2heat or Pd-catR2 base CI RIL = 0, NH

Cancers which are particularly amenable to treatment by the compounds and methods of the

invention include but are not limited to gliomas, medulloblastomas, primitive neuroectodermal
tumors (PNETS), basal cell carcinoma (BCC), small cell lung cancers, large cell lung cancers,
tumors of the gastrointestinal tract, rhabdomyosarcomas, soft tissue sarcomas, pancreatic tumors,

bladder tumors and prostate tumors.

As used herein, the term “malignant hyperproliferative disorder(s)” includes but is not
limited to cancers, neuronal proliferative disorders, bone marrow proliferative diseases and

leukemias.

As used herein, the term “non-malignant hyperproliferative disorder(s)” includes but is not
limited to non-malignant and non-neoplastic proliferative disorders, such as smooth muscle

hyperplasia in blood vessels, cutancous scarring, and pulmonary fibrosis.

As used herein, “halo” or “halogen” refers to fluoro, chloro, bromo, and iodo.

As used herein, “alkyl” refers to a straight-chain or branched saturated hydrocarbon group.
In some embodiments, an alkyl group can have from 1 to 10 carbon atoms (e.g., from 1 to 8 carbon
atoms). Examples of alkyl groups include methyl (Me), cthyl (Et), propyl (e.g., n-propyl and
isopropyl), butyl (e.g., n-butyl, isobutyl, s-butyl, t-butyl), pentyl groups (¢.g., n-pentyl, isopentyl,
neopentyl), and the like. A lower alkyl group typically has up to 4 carbon atoms. Examples of
lower alkyl groups include methyl, ethyl, propyl (e.g., n-propyl and isopropyl), and butyl groups
(c.g., n-butyl, isobutyl, s-butyl, t-butyl).

As used herein, “alkenyl” refers to a straight-chain or branched alkyl group having one or
more carbon-carbon double bonds. In some embodiments, an alkenyl group can have from 2 to 10

carbon atoms (e.g., from 2 to 8 carbon atoms). Examples of alkenyl groups include cthenyl,

19



Il'lala SCHEME 1 Synthesis of exanples 1-5 WO 2010/007120PCT/ EP2009/ 059138
Exanpl e 1:

(R) - 4- (4, BORDIEOARRE- 6- phenoxy- pyri dazi n- 3-y1) - 2- met hy 1- BCA/ER2@9108218% hy
dro-2H 1 2'azin 1-5 -carboxylic methyl ester MeO, CN NO To a solution
of

(R)-4-(6-Chl oro-4, 5-di net hyl - pyri dazi n-3-yl)-2-nethyl -3,4,5, 6-tetrahydro2Hl
1, 21bi pyrazi nyl-5'-carboxylic acid nethyl ester (conpound 54, 40 ng, 0.106
nunol ) pid})eﬁylnbutérgﬂ UYraeniishadagdbpbdasl, dedtdiddyl, Qe)é&eﬁﬂférdupspﬁidaﬁéhkbm"fhe
phosphate (40.6 0.19 rrrmlg and di-tbu X-Phos in a
2 dr umog%PbW%eﬁrh?Paﬂatbovﬁ@ul?}F pdscapha B nd dsugRds fq %EW@%F)WE%mma% (vsagb% in
fol | owvgdy i h the additon of palladium (11) acetate (2 ng, 0.01 mmol). The
reaction mxture is flushed with nitrogen again and heated to 100 C for 16
h. The mixture is fi I tered through Celite and the filtrate is concentrated
to affordabro e cr p HPL C, ut|n wth
15 2055 acelomnran NGV er Bt R B TR bt Rt e R ohn e o
t o prowaecdrben- dz&Bcbrr e lgrondsl Clin saﬁle ambhdlhen&pdm Ak gipup 22[%121% frobd 24 tdONMR (400

MHz, DMSO-d6) 3 = 8.69 : 7. 40 7.19
(t J=72 P&aomegﬁrméwwﬁﬁ %zﬁfﬁ‘amalH%af kgl éwpﬁmlugﬁethznﬂ 38 (m
2 35 (pi%lpg 1, bl%wirl &n%gﬁag@th@mke:gﬂe 0136 &%nc%e ggf;t_)§ﬂrbarﬂ>5ﬁ trlpzl-)e BRdd cpod M 1H),
435. 21%Ternelisech 438 @me) Etermpnal (szlkhzsm(lmgtyma)(zx
5-Di net hy1- 6- phenoxy- pyri dazin-3-yl)-2-nmethyl-3 4 5 6-tetra-hydro-2H1L 2'

biazin 1 5ro an-2-ol HO, N N -/ To a solution of (R)-4-(4,5 -dine
t hyl- 6- phe n(Axylsq‘lyheircdﬂ,Ziaﬂ(-o3y’S/fhfeerorm1t—®4aﬂc3'1 gl;oﬁp 6Ekahplahyf alkoxy groups include

dro- 2H bi pyrazi n - car box I| .met hy 98 mml) in 2
mL anh l‘EﬂJ‘& Yr B8 e 83 I’IWTHB?’%W ij’@ﬁ&%oﬁ f?’k‘}ﬁi‘ grop Gngthﬁﬁ‘i 8 mmol )
in a 2dnidda BeehUmityMRio”irétersad an Z§—a|l%§rl Ftd@r E&hﬂlf)lég6ﬂalﬁ§rlfﬂi’§ pRapEinciline
reactlon m xture is stirred at -78 h, before berng warned to O

" C and msthylthieg cthyglthig aepeylrale. 2. mprom&n@ e%l:tspmpyhmmtr@wlﬂnq genehadd et h
sat. agy ,NH4Cl at -78 C and diluted with DCM The organic solution is
washed wth brine, dried over Na2SO4 and concentrated to afford the crude
material. The resulting solid is puri fied by prep. HPLC, eluting WO
2010/ 007120PCT/ EP200 9138.with 109400% acetonitrile in water
mobi | e phasggr ° Ir5i FiT Beﬁw J9ih-tpr Oxwa%%lvﬁgfg%wm g b I Bein
pr oducichih & @B BRarddyl gfr@@z@(cbg)l Gk afnpledfididd bat M’@lnbﬁhfﬁﬂéd 1@ &foxyy, 59% .
1H NVR (400 MHz, DI\/BOd63/ 3 (s, 1H, 8.19 (s, 1H, 7.41 (t, J 7. 6Hz,
211) 702@01(13{1 eth@fy@F@nyllﬂl}dthvhﬁ (d, 1=7.6Hz, 211), 5.09 (s, 1H), 4.64 (in,
1H), 4.164.13 (in, 1H), 3.44-3.41 (in, 2H), 3.02-2. 99 (in, 1H), 2.89-2.85
(in, 1H), 2.34 (s, 3H), 2.25 (s, 311), 1.41 (s, 611), 128 (d, 1=6.6Hz,
311). HR NVBAgmba] hekdin) “ompasfcrd3db.a2lb0Blec-boadsl 0x486n @5080) Eanpbetode

o 2r gy Pau P R R DASH P Ak PG VaSRET Rk u e Brida ™Y ¢

or acid derivative. Similarly, S(O) refers to a—S=0 group.

mz, MH) neas.

As used herein, “haloalkyl” refers to an alkyl group having one or more halogen substituents.
In some embodiments, a haloalkyl group can have 1 to 10 carbon atoms (e.g., from 1 to § carbon
atoms). Examples of haloalkyl groups include CF3, C,Fs, CHF,, CH,F, CCl;, CHCl,, CH,Cl, C,Cls,
and the like. Perhaloalkyl groups, i.e., alkyl groups wherein all of the hydrogen atoms are replaced
with halogen atoms (e.g., CF3 and C,Fs), are included within the definition of “haloalkyl.” For

example, a Cy.10 haloalkyl group can have the formula
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and Exampl e 4:

(R -4-(4,5-Di net hyl-6-phenyl am no-pyri dazin-3-yl)-2-nethyl-3,4,5,6-tetra-hy
dr o- 2HTi BVPROHAIOARRe- 5' - ear boxyl i e acid penyl am de 0 - RNTHP2009/059138

To(R) -4-(6-chl oro-4, 5-di net hyl - pyridazin-3 -yl1)-2

-nmet hyl- 3, 4,5, 6-tetrahydro-2H11 , 21 bi pyrazinyl-5'-carboxylic acid nethyl
ester (conmpound 54, 250 ng, 0.663 mmol) is added aniline (2.4 n., 26.5
mmol) in a mcrowave tube. The reaction mxture is heated at 190 C for 30
mon i n-g;Hy.¢poOWaReih 6Ri8 IFOCI, BEhe If €i8ah irdépefinkthti kgt 5f | @B dn®issh lintegr g€l
and purified by flash chronatography, eluting. wth 50%400% Et OAc: hept ane
for sifhedan 08 124 nrreVidedthpbivie desihien oBogebioMsoH i n DCM Bot h exanpl e 3 and
4 arc collected and concentrated to afford white solids. Exanple 3: 130 ny,
45% -LH NWMR (400MHz, CDC13) = 8.83 (s, 1H), K16 (s, 1H), 7.41-7.32 (m
4H), 7. 14- 7 As@s¢dherdipf)whep anliy] groupng follpiyed ly 8Gungtiasl group.sph agalb@Ofk jt i8H)

2 552l A bl G0 G g 8 R s 0T,
2010/ loavmczﬁg%;malaag?@ﬁt&w 1@8tiddBor( thik 211k yMrhiain. Mplé&lz[: lég,augﬁxbg.gréﬂﬁ .i12~,|1ude5

Exa e 4: . m MH) neas. . C . 495 2, a e 5

2-[ ?Ee) Wﬁleut, lnisioey ﬁi}aa% éﬂé@%@{&}%ﬁaﬁaﬁiﬁ@%ﬁ?ﬁz@m@ﬁ@%ﬁ% 6-
tetrahydro-2H41 2i bi pyrazinyl-5 -yll-propan-2-ol HO -NN -N - To a
sol ution of

(R) - 4- (4, 5- disedhercis- shdnsikenitefors by & heraiomage yarpogyche gtopn i lylimg @ctieadr ahyd

ro-2H4 { azl Nyl 5 - o) I i . 0 ny,

014 miliP} MM PR S8 R BT o I aBRS Fee FE B (24

, uL, 1pdlyepetiel(}.gi, no@aidingrfused stepigadyandfor vpiad rigs systéhs), @harvitethe naboog®ems are

at nosphere. .The reactjon mxture is stirred at -78 C fqr 1.5 h,_ befor

e o0 LY I Gt s RIS AL S0, S e 52 Pt fmr&Em s

quencheglgWwdnks € at, frodfl3 tdN¥deBorBdtomd BorG Iﬁ&%c%!;ic%%ﬁl@al%lt folMd 188 795 gani ¢

solution is washed with brine, dried over Na2SO4 and concentrated to afford

t he cr ga@oratoawifer a pofyrycheevslqallyg geap). dAnssyiiablefringdopiiopplihe cygbpatkyl@rawpi ng

with 10% 4009 L e d - bj Lf i

L, O ACRIG R AT U g PSR OSSRl

f r eeze<cgelomdpylocyatdboryd, caclaherttd, sy@ldhdx(12& ciohpeptdR Yyclopentenyl, cyclohexenyl,
cyclohexadienyl, cycloheptatrienyl, norbornyl, norpinyl, norcaryl, adamantyl, and spiro[4.5]decanyl

groups, as well as their homologs, isomers, and the like.

As used herein, “heteroatom” refers to an atom of any element other than carbon or hydrogen
and includes, for example, nitrogen, oxygen, sulfur, phosphorus, and selenium.
As used herein, “cycloheteroalkyl” refers to a non-aromatic cycloalkyl group that contains at least
one (e.g., one, two, three, four, or five) ring heteroatom selected from O, N, and S, and optionally
contains one or more (e.g., one, two, or three) double or triple bonds. A cycloheteroalkyl group, as a
whole, can have from 3 to 14 ring atoms and contains from | to 5 ring heteroatoms (e.g., from 3-6
ring atoms for a monocyclic cycloheteroalkyl group and from 7 to 14 ring atoms for a polycyclic
cycloheteroalkyl group). The cycloheteroalkyl group can be covalently attached to the defined
chemical structure at any heteroatom(s) or carbon atom(s) that results in a stable structure. One or
more N or S atoms in a cycloheteroalkyl ring may be oxidized (e.g., morpholine N-oxide,
thiomorpholine S-oxide, thiomorpholine S,S-dioxide). Cycloheteroalkyl groups can also contain one

or more 0xo groups, such as phthalimidyl, piperidonyl, oxazolidinonyl, 2,4(1H,3H)-dioxo-
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I ff NVMR (400 MHz, CDCl1l1l) 8 = 8.25 (s, 1H), 8.04 (s, 1H, 7.49 (d, J=7.5Hz,
2H), 7.31 (t, J=7.5Hz, 2H), 7.02 (t, .1=7.5 Hz, 1H), 6.59 (b, 1H), 4.634.61
(m 1H), WORerMpoIR0(m 1H), 3.44-3.09 (m 5H), 2.36 (s, PSHEP2QID818E, 3H),
1.56 (s, 6H), 1.39 (d,./=7.1 Hz, 3H. HR M5 (nlz, M#) neas. 434. 2667,

calc. 434.2668. Aryl-pyridazines As illustrated in Schenme 2,
conpounds of Fornmula I b can be prepared for exanple by chloride

di spl acenent froma 1, 4-dichloropyridazine Il with a piperazine to yield

i nt er mpgliimidsyl) Ib}lrldlﬂAMlel’)-oli@EEﬁd e tiRc. aERGAIKIEN 6F cg6loBetrbaleslt @bupsindudel dtikng
coupling to yield conpounds |V. Nucl eophilic aromatic substltutlon W th

e.g. aPyicEh P@mmégyluwora%@w oBrREYh i%lﬁ%zogﬂﬂéwh dmpdazofivb oxpmplidglit e A) .
Al ter n%&fa‘é@l dfmyl' ﬂ&ﬂoﬁﬁﬂ' ﬁ}tfr?(ﬁld ﬂyl %ﬁoﬁ@ﬁ%trﬁﬂfdrbiﬁﬂépflt fe?rgﬂﬁﬁlotﬁﬁhﬂeﬁp&@dmyl

conmpounds [ na whi'ch are’ substrat’es for  SuzuKi coupling reactions wth

bor oni eimtiziyl.end gstlkes to yi el d exanples |b (Route B, 48 WO

2010/ 007120PCT/ EP2009/ 059138 X = N, CH). Conpounds |Ib can be converted into
further exanples by functional group manipulations of R" e.g. by ester
hydrol ysi s ardsalticteif Oanat fediis ay an@ro@a@y dodadelclid Indrdcarteatridg system

funct|onaI|t| . |11 alb SCHEVME 2 Synt hesis of internedi ates:
3-(4- F|°ﬁ6P8-‘/E>¥leﬁ§1P}%SXStSdeW% as%%@ét hsringe Ky eb‘P%é}‘%%i?ailamI)latﬁyrl dazi ne

( Conpoqw&lro@rbon rin arIpang O Qfé)npa‘ﬁ% trﬁ?@ fol BSKnd @s%ﬁjfi@lude only hydrocarbons. In
3-chl oro-4, 4(R) - 3-net hyl'- pi perazi'n-1-yl1)- pyfidazi ne (500 ng,

2.07 rm@my ethle@@ﬁSoqomemﬁlyblm @il growe v hasgfom, to4 4r5rhmt0)n5§@dla }@mlbonat e
440
( lgrojuﬁ gygln)e f{ (f ne ca‘rﬂ‘c@ 4‘[9&1 . ﬁ?e arwiélrg{l}?_ é %I ﬂsy Eyl/aly& 10 E}h ne)

m xtur e rog en t tri eny
pal | adldaﬁmddﬁﬂieﬂﬂ@,al @ru]:ﬁhBe amanl ):aann auddxes) thndestihén arstablaseudtsreh hai.cmh to 110

for 18 h he reaction m xture |s concentr ted and parti
et hyl aCBPSH Ay bgroun ¢anhave grly apqmuiic gpq H°>é‘1hﬁ§’in§§8tgatp ¢ >an Pilﬂl\g’ﬁt e

combi nedp k@ adhtrac N, %Qéﬁﬁ&%%ﬁg}%gfﬂ Eﬁ’@@@%k95&1&§er@m@§ne%fseamﬂyﬁgtoﬁ\p Edh

sodi um sul fate and concentrat ed. is purified by col um chronmatography
(0- 25U gwelyardicirigtshisicane wakihat ie@&t)onf: arogiajie cagocyec oing is fused (i.c., having a

3-(4-f | .
IR S S e e R e = A
211) 3.g8pé mechizle]) anorgdbther bdzo(deniyatditdy oﬂc@]bpénildne d=12n ﬁidmlylfg@o@)l,—wmchlig a2.20
( S 3H) 6&5'14 cygggﬂ@]éaé?reatl%,r@ig s_stlg‘rﬁgll)_bcygﬂogexagle (ie.,a tetralﬂgldronal_Bhthyl group, \(vﬁﬂcﬁ

3- ( 4 Thid £ &, 0ieRRE gydlodmemblqia—ué P A 418h ) Y @AY (2. s Ayt @A B8RV 2 dipl witikh - PY

ri dazi ne gconpoun
is a 5,6-bicyclic cycloheteroalkyl/aromatic ring system), and pyran (i.c., a chromenyl group, which is
a 6,6-bicyclic cycloheteroalkyl/aromatic ring system). Other examples of aryl groups include

benzodioxanyl, benzodioxolyl, chromanyl, indolinyl groups, and the like.

As used herein, “heteroaryl” refers to an aromatic monocyclic ring system containing at least
one ring heteroatom selected from O, N, and S or a polycyclic ring system where at least one of the
rings in the ring system is aromatic and contains at least one ring heteroatom. A heteroaryl group, as
a whole, can have from 5 to 14 ring atoms and contain 1-5 ring heteroatoms. In some embodiments,
heteroaryl groups can include monocyclic heteroaryl rings fused to one or more aromatic carbocyclic
rings, non-aromatic carbocyclic rings, or non-aromatic cycloheteroalkyl rings. The heteroaryl group
can be covalently attached to the defined chemical structure at any heteroatom or carbon atom that
results in a stable structure. Generally, heteroaryl rings do not contain O-0O, S-S, or S-O bonds.

However, one or more N or S atoms in a heteroaryl group can be oxidized (e.g., pyridine N-oxide,
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HN  Conpound 2 is prepared anal ogous to conmpound 1. 1H NWVR (400 MHz,
CDCl2) 8 = 7.69 - 7.80 (m 2H) 7.60 - 7.70 (m 2H) 3.38 - 3.52 (m 3 H)
2.98 - 3.WO20my0021F 2.69 - 2.83 (m 1H) 2.30 (s, 3H) 2. PET(EP200346§9138 15 (d,
J=6.4Hz, 3H). HR M5 (mz,1VITT+) neas. 351.1806, calc. 351.1797.

3-Chl oro-4, 5-di net hyl- 644- (5-trifluoronethyl-pyridin-2-yl)-piperazin-l-YlI-
PYri dazi ne (conmpound 3) N -N Nci -

1-(5-Trifluoronethyl -pyridin-2-yl)-piperazine (10 g, 43.3 mmol) is conbi ned
wi th 3toslicad Swxatedthfophehd®Ehidxi@yr Ed@azploeof shéh Aetlroa8 ridgd®lude pyrrolyl,
triethylam ne 58 25 m), and NIVIP (40 nL). The reaction mxture i s heated
to a tawpkihenil.oysiryh sryimidyk gyridesi pygaffalﬂ fesrobddesrohAtyez iy vgifrolyrhe

resi dU(?so&lﬁazKBWl'tBla%lyPthid&%E/lQEH&%QPEJE&BM o%déidl:{zlcﬁdgl‘?l idotdBi,
MeOH CH2C12) to afford the title conmpound 111 NVR (400 MHz,

DIVBO d@)fnzoﬁml hénzothgengl qpimolyl. By mgthgUju{ngtyl, lsmaglomqunmmbli quinkz9lyly. 03 (d,

11 .88 .-3, 7
2aa. o oeheaPE e mbagyt B ol eyt el b d oA e e ny
| - pyri meedorezobyl, dadddiaxy |1H€inwbtjll rogi-tdhzab gt ﬁﬂo]ﬁﬁﬁbﬁp@@b’bﬁz@yl M¥phthyridinyl,
2010/ 00 20PCT EP2 .09( 059131 MeOQ.CNNCI F, C % a roundbottom fl ask
i s add@8hglaginyopisidingl. gprwy ez O@rr&éwézthﬁ@owldwh iRy Ayl 4. 41 mol ),
2-chl orf@foﬂyﬁdlmhl M%@Iss@fdm @ylabwrgﬁlaﬁlyﬁ pyﬁaictwm 3\(@ r@ﬁﬂgbg'?‘ﬁﬁﬂﬂﬁ este
(2.12g nmol ) di'i sopr opyl et hyl am eé : nmol ) |na
di oxanéhlerg)ﬂmtﬂaolxloilhmnpwoml;dh@tl@lrm@éolfy £roups, hn therllbenfmﬂwpexa@mkse)f hteraagyl

f)][‘e " eAESp thellldd 4y &7 R0 R0, bt WPl ShuitOithy B LML REEA R Rl 81 Ve 1.35 ¢

2- [ 4- ( Geadolfiod pyrdlihA diawpt,layill theylikedazi n- 3- y1) - pi perazi n-1-y1l]-4-trifl uoroneth
yl - pyri m di ne-5- carboxylic acid nethyl ester (71%. 1ff NWVR (400 Mz,
CDC13) =8.96 (s, 1H), 4.09 -4.22 (m 4H), 3.93 (s, 311), 3.35 (m 411),
2.39 (s, 3Has d2fiR&l HeSoin #dterm “lower alkyl”, when used alone or in combination refers to alkyl

containing 1-6 carbon atoms. The alkyl group may be branched or straight-chained, and is as

defined hereinabove.

The term “lower alkenyl” refers to a alkenyl group which contains 2-6 carbon atoms. An
alkenyl group is a hydrocarbyl group containing at least one carbon-carbon double bond. As defined
herein, it may be unsubstituted or substituted with the substituents described herein. The carbon-
carbon double bonds may be between any two carbon atoms of the alkenyl group. It is preferred that
it contains 1 or 2 carbon-carbon double bonds and more preferably one carbon-carbon double bond.
The alkenyl group may be straight chained or branched. Examples include but are not limited to
ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 2-methyl-1-propenyl, 1, 3-butadienyl, and the
like.

The term “lower alkynyl”, as used herein, refers to an alkynyl group containing 2-6 carbon
atoms. An alkynyl group is a hydrocarbyl group containing at least one carbon-carbon triple bond.
The carbon-carbon triple bond may be between any two carbon atom of the alkynyl group. In an
embodiment, the alkynyl group contains 1 or 2 carbon-carbon triple bonds and more preferably one
carbon-carbon triple bond. The alkynyl group may be straight chained or branched. Examples
include but are not limited to ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl and the like.
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HR M5 (m z, M+) neas. 431.1206, calc. 431.1210. Synthesis of exanples 6-9
via Route A. Exanple 6: (R)-4-16-(4-fluoro-phenyl)-4

5- di met hyWoRgrw/arPn- 3-y11l- 2-nmet hyl -3 4 5 6-t et rahydr 02R¢T/EP2009/059138

bi pyrazi nyl-5' -carboxylic acid nmethyl ester Me02C: )-N Combi ne
3-(4-fluoro-phenyl)-4,5-di met hyl-64(R) - 3-net hyl - pi perazi n-1-y1)-pyridazi ne
(522 nmg, 1.73 mol), 5-chloro-pyrazine-2-carboxylic acid nethyl ester (360
ng, 2.07 nmol), diisopropylethylanm ne (900 pl. 5.19 mmol) and di oxane (3
m) inar OUI‘[dle lpfbtsér@ﬂ‘ivéﬂtﬁﬁkncldd@ﬁﬁll prarmdutically adceftBbldisotCoibaBbedde ofPagids on

m xture ur|f coI m raphy (0-100% et hyl acet at el hept ane

gr adi eff e % P‘fq}i‘r gsc?f ‘H?Fnéeéy ntotnF %émt”iﬁ Al asplacRg by Ptomsq"‘wmg
(R) - 446he(sdme atomic number but an atomic mass or mass number different from the atomic mass or mass

fl uoro- phenyl) -4, 5- dlnethyl pyri dazi n-3-yl]-2-nethyl-3, 4,5, 6-tetrahydro-2H1
1,2-1 BrEbsrastallyfoundin patyEoxyl i c aci d nethyl ester (63%. Iff NVR (400 Mz,
CDC13) =8.87 (s, 1H K21 (s, 1H 7.46 - 7.60 (m 211) 7.19 (t, .7=8.5Hz,
2H) 4.84 (hr s, 111)4.43 (d,./=13.0Hz, 1H) 3 99 (s, 3H) 3.68 (d,../=12.5Hz,
1H) 3.49 -3. @aﬁlg]e gﬂot%@)eg’@ulfagg 1for~11re11251(§1Hﬁ the%ogl und@@th@mlrgntloﬁc G 1H)
2.41 (s, 3H 2.2 (d 1). NKH) meas.
437. 209@%t0pea¢fd1ydm36’h,M1as fEmmbﬂ earbron etm)aasui& 1(’€Lat1¢ i“@; @@Tmmuﬁy¢8- iHeny1) - 4

b1 pyr aSPHy e 68 P G0 S0 Al ik gy “uchs MRS CRC Sk e as "0, 70

2010/ 0@Hd ROPShbAEHBAROKR 2FU88nd Nl sM1el *RC) ; -/ 2- CF3 Exanple 7 is prepared
in a analogous fashi on to exanple 6 fromconpound 2. IfT NVR (400 MHz,

CDCl2) 8 = 8.87 (s, 1H), 8.21 (d, J= 1. SFE 1FD 7.72- 7 82 (m 2H), 7.68
(d, J=8. 1Hz, .4 85 4. 44 .00 (., . 3H)
870" (a, aoa ok Kbyt e it bl 0 o Hupd, il iaddfip

1H), 3 rddboactivk iSotorfeMre bédful i2dithg ahSor sﬁb‘@trate&s@% dis&ibudb studieHPhd AdiodcHhe 7Hz,

3H). HR M5 (nlz, Mi+) neas. 487.20p50, calc. 487.2069. Exanple 8:

(R) - 4- 1%910p8s Wit} iforibmad Rybapheng1)C arapagicrstinysely fordhin Parpgielin viewpbthey| - 3 4
56-t i --carboxylic acid OF, To a
soIut|g%\f’reo?}ég&gmgf&}af%’(%mgg%Xllis d%§&§§nl) and nethanol (10 nlL) is added 50%
aqueous Li OH aqueous (10 nL). The mixture is stirred at roomtenperature
over ni ght . Solgcnt is runoved. The residue is dissolved in water and

aci di fi ed wi tHOSRptiqeiG hﬁ?‘Yl%fBW(EﬂpeS?S“ﬁhas ey o W Y adtord gertaindhestnsutiorh e
et hyl

080 ac Srobry i e i SOMERAR Sk bEbrhy b UG ERA o §93 0,
1H), 7.d8shg¢ qumken&.n&l—h),d h%h{)e,ma&‘tﬁ@)re{fehed/m&rﬁ)d-lzrcuﬂki)mced. 88 (m 1 H), 4.48 (d,
J=13.0Hz, 1H), 3.66 (m 3H), 3.40 (m | H), 3.23 (m 1H), 2.43 (s, 3H),
2.27 (s, 3H), 1.53 (d,./=6.5Hz, 3H). HR M5 (nlz, MH) nmeas. 473.1900.

Exanpl e 9: (@llbﬁltﬁltﬁ)n(w‘}ﬂlfﬂoﬁﬁ()ﬁ)erﬁmxwt é)%s such as ''C, "®F, °0 and "’N, can be useful in
5-t hnet hyl - pyri dazi n- 3- | - 2- et Ry 45 6-t etrahydroZHll 2'1

bipyrafbﬁymasmmaamqughmbyé&ﬂﬂsmdwsﬁneﬁmnmngsﬂmtuonmqﬁmexaumeI6 (0.74 g,
1.31 mmol ) and nethanol (10 nml) is added sodi um hydroxide (100 ng). The
mxture is stirred at roomtenperature overnight. Solvent is itnoved and

the residue itsigii@BabeRd bompRhES ofFbch )dﬂafl b&firatty e Ip%phleh'lgylcctn%rﬁﬁnﬁbom 7,

and extracted with ethyl acetate. The et acetatfe [ayer i's concentrated
t o af f dechnityims known © tb@ﬁplgumn(ﬂ@: Brdpy pgt@‘%semalag% [t thmﬁesbsqrfd.ed in the

accompanying Examples and Preparations using an appropriate isotopically-labeled reagents in place of

the non-labeled reagent previously employed.

Pharmaceutically acceptable salts of any acidic compounds of the invention are salts
formed with bases, namely cationic salts such as alkali and alkaline earth metal salts, such as
sodium, lithium, potassium, calcium, magnesium, as well as ammonium salts, such as ammonium,

trimethylammonium, diethylammonium, and tris-(hydroxymethyl)- methylammonium salts.
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WD 2010/ 007120PCT/ EP2009/ 059138 1H NMR (400 MHz, CD2Cl2) 6 = 8.90 (s, 1H),
KI1 (s, 1H), 7.52 (m 2H), 7.22(m 211), 4.67(m 111), 4.48 (d, .7=12.0Hz,
1H), 3.65VOr103y1203.40 (m H), 3.26 (m 1H), 2.46 (s, PEHEP2®I®MIESE, 311),
1.53 (d, J=6.5Hz, 311). HR M5 (nth, M#) neas. 423.1941. Synthesis of
exanpl es 10-40 via Route B. GENERAL PROTOCOL FOR THE SUZUKI COUPLI NG OF
BORONI C ACI DS TO PYRI DAZI NYL CHLORIDES Illa. Method A In a round
bottom fl ask, conbine 3-chl oro-pyridazine (0.268 nmpl), boronic acid (0.537
mol ) and sodi um carbonate (57 ng, 0.537 mmol) in 1 nL of water and 1 8 nL
of THF. Purge reaction mxture with nitrogen for 20 mn, then add |
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Struct %E)r%pmll_rll S %/F&lreﬂir%\/en%_r'{ él.g.,q:%ranspbur} S of %g%ul}la I) inhibit Hh signaling by preventing
endogenous activating ligands for Smo from binding to or activating Smo (i.e., acting via negative
cooperativity with endogenous agonists). In another embodiment, the compounds of the invention
(e.g., compounds of Formula I) inhibit Hh signaling by increasing binding of endogenous

inactivating ligands for Smo from binding to or inactivating Smo (i.e., acting via positive

cooperativity with endogeous antagonist).

In another embodiment, the compounds of the invention (e.g., compounds of Formula I)
inhibit Hh signaling by preventing Smo from localizing to the plasma membrane. In another

embodiment, the compounds of the invention (¢.g., compounds of Formula I) inhibit Hh signaling by
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preventing signaling from Ptch to Smo, in the presence or absence of Hh ligand. In another
embodiment, the compounds of the invention (e.g., compounds of Formula I) inhibit Hh signaling by
preventing the stabilization of Smo. In another embodiment, the compounds of the invention (e.g.,
compounds of Formula I) inhibit Hh signaling by preventing the phosphorylation of Smo on
activating sites. In another embodiment, the compounds of the invention (e.g., compounds of

Formula I) inhibit Hh signaling by increasing the phosphorylation of Smo on inhibitory sites.

In still another embodiment, the compounds of the invention (¢.g., compounds of Formula
I) inhibit Hh signaling by preventing Smo from activating downstream targets, such as transcription
factor Gli. In another embodiment, the compounds of the invention (e.g., compounds of Formula I)

inhibit Hh signaling by effecting the inactivation, sequestration, and/or degradation of Smo.

In another embodiment, the methods of the present invention may be used to regulate
proliferation and/or differentiation of cells in vitro and/or in vivo, ¢.g., in the formation of tissue
from stem cells, or to prevent the growth of hyperproliferative cells. In another particular
embodiment, contacting the cell with- or introducing into the cell- a compound of the invention (e.g.,
a compound of Formula I) results in inhibition of cellular proliferation, inhibition of cancer/tumor
cell growth and/or survival, and/or inhibition of tumorigenesis. Thus, another particular
embodiment provides methods for inhibition and/or antagonism of the Hh pathway by employing

compounds of the invention (¢.g., a compound of Formula I) in a tumor cell.

In yet another embodiment, the methods of the present invention employ compounds of the
invention (e.g., a compound of Formula I) as formulated as a pharmaceutical preparation comprising
a pharmaceutically acceptable excipient or carrier, and said preparations may be administered to a
patient to treat conditions involving unwanted cell proliferation such as cancers and/or tumors (such

as medulloblastoma, basal cell carcinoma, etc.), and non-malignant hyperproliferative disorders.

One embodiment of the present invention provides a method for inhibiting the synthesis,
expression, production, and/or activity of a Smo protein in a cell in vitro or in vivo comprising,
contacting said cell with, or introducing into said cell, a compound of the invention (e.g., a

compound of Formula I).
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Another embodiment of the invention provides a method of diagnosing, preventing and/or
treating cellular debilitations, derangements, and/or dysfunctions; hyperplastic, hyperproliferative
and/or cancerous disease states; and/or metastasis of tumor cells, in a mammal characterized by the
presence and/or expression of a Smo gene or gene product (e.g., a Smo protein), comprising
administering to a mammal a therapeutically effective amount of an agent that inhibits or
antagonizes the synthesis and/or expression and/or activity of a compound of the invention (e.g., a

compound of Formula I).

It is, therefore, specifically contemplated that compounds of Formula I which interfere with
aspects of Hh, Ptc, or smoothened signal transduction activity will likewise be capable of inhibiting
proliferation (or other biological consequences) in normal cells and/or cells having a patched loss-of-
function phenotype, a Hedgehog gain-of-function phenotype, a smoothened gain-of-function
phenotype or a Gli gain-of-function phenotype. Thus, it is contemplated that in certain
embodiments, these compounds may be useful for inhibiting Hedgehog activity in normal cells, e.g.,
which do not have a genetic mutation that activates the Hedgehog pathway. In preferred
embodiments, the compounds are capable of inhibiting at least some of the biological activities of

Hedgehog proteins, preferably specifically in target cells.

Thus, the methods of the present invention include the use of compounds of Formula |
which agonize Ptc inhibition of Hedgehog signaling, such as by inhibiting activation of smoothened
or downstream components of the signal pathway, in the regulation of repair and/or functional
performance of a wide range of cells, tissues and organs, including normal cells, tissues, and organs,
as well as those having the phenotype of Ptc loss-of-function, Hedgehog gain-of-function,
smoothened gain-of-function or Gli gain-of-function. For instance, the subject method has
therapeutic and cosmetic applications ranging from regulation of neural tissues, bone and cartilage
formation and repair, regulation of spermatogenesis, regulation of benign prostate hyperplasia,
regulation of blood vessel formation in wet macular degeneration, psoriasis, regulation of smooth
muscle, regulation of lung, liver and other organs arising from the primitive gut, regulation of

hematopoietic function, regulation of skin and hair growth, etc. Moreover, the subject methods can
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be performed on cells which are provided in culture (in vitro), or on cells in a whole animal (in

Vivo).

In certain embodiments, a compound of Formula I can inhibit activation of a Hedgehog

pathway by binding to smoothened or its downstream proteins.

In another embodiment, the present invention provides the use of pharmaceutical
preparations comprising, as an active ingredient, a Hedgehog signaling modulator such as a
compound of Formula I, a smoothened antagonist such as described herein, formulated in an amount
sufficient to inhibit, in vivo, proliferation or other biological consequences of Ptc loss-of-function,

Hedgehog gain-of-function, smoothened gain-of-function or Gli gain-of-function.

The treatment of subjects by administering compounds of the invention (e.g., compounds
of Formula I) can be effective for both human and animal subjects. Animal subjects to which the
invention is applicable extend to both domestic animals and livestock, raised either as pets or for

commercial purposes. Examples are dogs, cats, cattle, horses, sheep, hogs, goats, and llamas.

The present invention also makes available methods and compounds for inhibiting
activation of the Hedgehog signaling pathway, e.g., to inhibit normal but undesired growth states, for
example benign prostate hyperplasia or blood vessel formation in wet macular degeneration,
resulting from physiological activation of the Hedgehog signaling pathway, comprising contacting
the cell with a compound of Formula I, in a sufficient amount to antagonize smoothened activity, or

antagonize Gli activity, e.g., to reverse or control the normal growth state.

The present invention makes available methods and compounds for inhibiting
activation of the hedgehog signaling pathway, e.g., to inhibit aberrant growth states resulting from
phenotypes such as Ptc loss-of-function, hedgehog gain-of-function, smoothened gain-of-function or
Gli gain-of-function, comprising contacting the cell with a compound of Formula 1, in a sufficient
amount to agonize a normal Ptc activity, antagonize a normal hedgehog activity, antagonize

smoothened activity, or antagonize Gli activity e.g., to reverse or control the aberrant growth state.
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Members of the Hedgehog family of signaling molecules mediate many important
short- and long-range patterning processes during vertebrate development. Pattern formation is the
activity by which embryonic cells form ordered spatial arrangements of differentiated tissues. The
physical complexity of higher organisms arises during embryogenesis through the interplay of cell-
intrinsic lineage and cell-extrinsic signaling. Inductive interactions are essential to embryonic
patterning in vertebrate development from the earliest establishment of the body plan, to the
patterning of the organ systems, to the generation of diverse cell types during tissue differentiation.
The effects of developmental cell interactions are varied: responding cells are diverted from one
route of cell differentiation to another by inducing cells that differ from both the uninduced and
induced states of the responding cells (inductions). Sometimes cells induce their neighbors to
differentiate like themselves (homeogenetic induction); in other cases a cell inhibits its neighbors
from differentiating like itself. Cell interactions in early development may be sequential, such that
an initial induction between two cell types leads to a progressive amplification of diversity.
Moreover, inductive interactions occur not only in embryos, but in adult cells as well, and can act to

establish and maintain morphogenetic patterns as well as induce differentiation.

The vertebrate family of hedgehog genes includes three members that exist in
mammals, known as Desert (Dhh), Sonic (Shh) and Indian (Ihh) hedgehogs, all of which encode
secreted proteins. These various Hedgehog proteins consist of a signal peptide, a highly conserved
N-terminal region, and a more divergent C-terminal domain. Biochemical studies have shown that
autoproteolytic cleavage of the Hh precursor protein proceeds through an internal thioester
intermediate which subsequently is cleaved in a nucleophilic substitution. It is likely that the
nucleophile is a small lipophilic molecule which becomes covalently bound to the C-terminal end of
the N-peptide, tethering it to the cell surface. The biological implications are profound. As a result of
the tethering, a high local concentration of N-terminal Hedgehog peptide is generated on the surface
of the Hedgehog producing cells. It is this N-terminal peptide which is both necessary and sufficient

for short- and long-range Hedgehog signaling activities.

Smoothened (Smo) encodes a 1024 amino acid transmembrane protein that acts as a
transducer of the Hedgehog (Hh) signal. Smo protein has 7 hydrophobic membrane-spanning

domains, an extracellular amino-terminal region, and an intracellular carboxy-terminal region. Smo
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bears some similarity to G protein-coupled receptors and is most homologous to the Frizzled (Fz)

family of serpentine proteins. (Alcedo et al. (1996) Cell 86: 221)

An inactive Hedgehog signaling pathway is where the transmembrane protein
receptor Patched (Ptc) inhibits the activity of Smoothened (Smo), a seven transmembrane protein.
The transcription factor Gli, a downstream component of Hh signaling, is prevented from entering
the nucleus through interactions with cytoplasmic proteins, including Fused and Suppressor of fused
(Sufu). As aconsequence, transcriptional activation of Hedgehog target genes is repressed.
Activation of the pathway is initiated through binding of any ofthe three mammalian ligands (Dhbh,
Shh or Thh) to Ptc. Ligand binding results in a reversal of the repression of Smo, thereby activating a
cascade that leads to the translocation of the active form of the transcription factor Gli to the nucleus.

Nuclear Gli activates target gene expression, including Ptc and Gli itself.

Ligand binding by Hh alters the interaction of Smo and Ptc, reversing the repression of
Smo, whereupon Smo moves from internal structures within the cell to the plasma membrane. The
localization of Smo to the plasma membrane triggers activation of Hh pathway target genes in an
Hh-independent manner. (Zhu et al. (2003) Genes Dev. 17(10):1240) The cascade activated by
Smo leads to the translocation of the active form of the transcription factor Gli to the nucleus. The
activation of Smo, through translocated nuclear Gli, activates Hh pathway target gene expression,

including of Wnts, TGFp, and Ptc and Gli themselves.

Increased levels of Hedgehog signaling are sufficient to initiate cancer formation
and are required for tumor survival. These cancers include, but are not limited to, prostate cancer
(“Hedgehog signalling in prostate regeneration, neoplasia and metastasis”, Karhadkar SS, Bova GS,
Abdallah N, Dhara S, Gardner D, Maitra A, Isaacs JT, Berman DM, Beachy PA., Nature. 2004 Oct
7;431(7009):707-12; “Inhibition of prostate cancer proliferation by interference with SONIC
HEDGEHOG-GLII signaling”, Sanchez P, Hernandez AM, Stecca B, Kahler AJ, DeGueme AM,
Barrett A, Beyna M, Datta MW, Datta S, Ruiz i Altaba A., Proc Natl Acad Sci U S A. 2004 Aug
24;101(34):12561-6), (“Cytotoxic effects induced by a combination of cyclopamine and gefitinib,
the selective hedgehog and epidermal growth factor receptor signaling inhibitors, in prostate cancer

cells,” Mimeault M, Moore E, Moniaux N, et al (2006), International Journal of Cancer; 118
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(4):1022-31) breast cancer (“Hedgehog signaling pathway is a new therapeutic target for patients
with breast cancer”, Kubo M, Nakamura M, Tasaki A, Yamanaka N, Nakashima H, Nomura M,
Kuroki S, Katano M., Cancer Res. 2004 Sep 1;64(17):6071-4), (“Hedgehog signaling and Bmi-1
regulate sclf-renewal of normal and malignant human mammary stem cells,” Liu S, Dontu G, Mantle
ID, et al (2006) Cancer Res; 66 (12):6063-71), (“Constitutive activation of smoothened (SMO) in
mammary glands of transgenic mice leads to increased proliferation, altered differentiation and
ductal dysplasia,” Moraes RC, Zhang XM, Harrington N, ¢t al (2007), Development; 134 (6):1231-
42), medulloblastoma (“Medulloblastoma growth inhibition by hedgehog pathway blockade”,
Berman DM, Karhadkar SS, Hallahan AR, Pritchard JI, Eberhart CG, Watkins DN, Chen JK,
Cooper MK, Taipale J, Olson JM, Beachy PA., Science. 2002 Aug 30;297(5586):1559-61), non-
melanoma skin cancer, i.e. squamous cell carcinoma (SCC) and basal cell carcinoma (BCC)
(“Identification of a small molecule inhibitor of the hedgehog signaling pathway: effects on basal
cell carcinoma-like lesions”, Williams JA, Guicherit OM, Zaharian BI, Xu Y, Chai L, Wichterle H,
Kon C, Gatchalian C, Porter JA, Rubin LL, Wang FY ., Proc Natl Acad Sci U S A. 2003 Apr
15;100(8):4616-21; “Activating Smoothened mutations in sporadic basal-cell carcinoma”, Xie J,
Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M, Goddard A,
Rosenthal A, Epstein EH Jr, de Sauvage FJ., Nature. 1998 Jan 1;391(6662):90-2), pancreatic,
esophagus, stomach, and billary cancers (“Hedgehog is an early and late mediator of pancreatic
cancer tumorigenesis”, Thayer SP, di Magliano MP, Heiser PW, Niclsen CM, Roberts DJ, Lauwers
GY, Qi YP, Gysin S, Fernandez-del Castillo C, Yajnik V, Antoniu B, McMahon M, Warshaw AL,
Hebrok M., Nature. 2003 Oct 23;425(6960):851-6; “Widespread requirement for Hedgehog ligand
stimulation in growth of digestive tract tumours”, Berman DM, Karhadkar SS, Maitra A, Montes De
Oca R, Gerstenblith MR, Briggs K, Parker AR, Shimada Y, Eshleman JR, Watkins DN, Beachy PA.,
Nature. 2003 Oct 23;425(6960):846-51), (“Nuclear factor-kappa B contributes to hedgehog signaling
pathway activation through sonic hedgehog induction in pancreatic cancer,” Nakashima H,
Nakamura M, Yamaguchi H, et al (2006), Cancer Research; 66 (14):7041-9), (“Blockade of
hedgehog signaling inhibits pancreatic cancer invasion and metastases: A new paradigm for
combination therapy in solid cancers,” Feldmann G, Dhara S, Fendrich V, et al (2007) Cancer
Rescarch; 67 (5):2187-96), (“Oncogenic KRAS suppresses Glil degradation and activates Hedgehog
signaling pathway in pancreatic cancer cells,” Ji Z, Mei FC, Xie J, et al (2007), J Biol Chem; 282
(19):14048-55), and small-cell lung cancer (“Hedgehog signalling within airway epithelial
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progenitors and in small-cell lung cancer”, Watkins DN, Berman DM, Burkholder SG, Wang B,
Beachy PA, Baylin SB., Nature. 2003 Mar 20;422(6929):313-7), (“Hedgehog signaling in small-cell
lung cancer: Frequent in vivo but a rare event in vitro,” Vestergaard J, Pedersen MW, Pedersen N, ct

al (2006), Lung Cancer; 52 (3):281-90).

Additional cancers in which increased levels of Hedgehog signaling are sufficient
to initiate cancer formation and are required for tumor survival include, but are not limited to colon
cancer (“Sonic Hedgehog-dependent proliferation in a series of patients with colorectal cancer,”
Douard R, Moutereau S, Pernet P, et al (2006) Surgery; 139 (5):665-70), (“Hedgchog signalling in
colorectal tumour cells: Induction of apoptosis with cyclopamine treatment,” Qualtrough D, Buda A,
Gaffield W, et al (2004), International Journal of Cancer; 110 (6):831-7), glioma, (“Cyclopamine-
mediated Hedgehog pathway inhibition depletes stem-like cancer cells in glioblastoma,” Bar EE,
Chaudhry A, Lin A, et al, Neuro-Oncology; 2007, 9 (4):594), (“HEDGEHOG-GLI1 signaling
regulates human glioma growth, cancer stem cell self-renewal, and tumorigenicity,” Clement V,
Sanchez P, de Tribolet N, et al, (2007) Current Biology 17 (2):165-72), (“Ligand-dependent
activation of the hedgehog pathway in glioma progenitor cells,” Ehteshan M, Sarangi A, Valadez JG,
ct al (2007) Oncogene; March12, 2007, Epub ahead of print), melanoma (“Meclanomas require
HEDGEHOG-GLI signaling reaulated by interactions between GLI1 and the RAS-MEK/AKT
pathways,” Stecca B, Mas C, Clement V, et al (2007), Proceedings of the National Academy of
Sciences of the United States of America; 104 (14):5895-900), non small cell lung cancer (NSCLC)
(“Frequent requirement of hedgehog signaling in non-small cell lung carcinoma,” Yuan Z, Goetz JA,
Singh S, et al (2007), Oncogene; 26 (7):1046-55), ovarian, (“Hedgehog signal pathway is activated
in ovarian carcinomas, correlating with cell proliferation: It's inhibition leads to growth suppression
and apoptosis,” Chen XJ, Horiuchi A, Kikuchi N, et al, Cancer Science; (2007) 98 (1):68-76), liver
(“Activation of the hedgehog pathway in human hepatocellular carcinomas,” Huang SH, He J,
Zhang XL, et al (2006), Carcinogenesis; 27 (7):1334-40), (“Dysregulation of the Hedgehog pathway
in human hepatocarcinogenesis,” Sicklick JK, Li YX, Jayaraman A, et al (2006), Carcinogenesis; 27
(4):748-57), renal (“Clear cell sarcoma of the kidney: Up-regulation of neural markers with
activation of the sonic hedgehog and Akt pathways,” Cutcliffe C, Kersey D, Huang CC, ct al (2005),
Clinical Cancer Rescarch; 11 (22):7986-94), Rhabdomyosarcoma, (“Rhabdomyosarcomas and

radiation hypersensitivity in a mouse model of Gorlin syndrome,” Hahn H, Wojnowski L, Zimmer
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above: PFiblogy 2®BXAnpl-85), Sid Ulnandrasarcoma (“Constitutive hedgehog signaling in

chondrosarcoma up-regulates tumor cell proliferation,” Tiet TD, Hopyan S, Nadesan P, et al (2006),
American Journal of Pathology; 168 (1):321-30).

Hedgehog pathway inhibitors (e.g. cyclopamine) have been shown to be useful in
the treatment of psoriasis (“Cyclopamine: inhibiting hedgehog in the treatment of psoriasis” Cutis,
2006, 78(3):185-8; Br. J. Dermatology, 2006 Apr;154(4):619-23, “Psoriatic skin expresses the
transcription factor Glil: possible contribution of decreased neurofibromin expression”, Endo H,

Momota Y, Oikawa A, Shinkai H.).

Malignant lymphoma (ML) involves the cells of the lymphatic system, and is the
fifth most common cancer in the U.S. ML includes Hodgkin's disease, and non-Hodgkin's discases
which are a heterogencous group of lymphoid proliferative diseases. Hodgkin's disease accounts for
approximately 14% of all malignant lymphomas. The non-Hodgkin's lymphomas are a diverse
group of malignancies that are predominately of B-cell origin. In the Working Formulation
classification scheme, these lymphomas been divided into low-, intermediate-, and high-grade
categories by virtue of their natural histories (see "The Non-Hodgkin's Lymphoma Pathologic
Classification Project,"” Cancer 49:2112-2135, 1982). The low-grade lymphomas are indolent, with
a median survival of 5 to 10 years (Horning and Rosenberg, N. Engl. J. Med. 311:1471-1475, 1984).
Although chemotherapy can induce remissions in the majority of indolent lymphomas, cures are rare
and most patients eventually relapse, requiring further therapy. The intermediate- and high-grade
lymphomas are more aggressive tumors, but they have a greater chance for cure with chemotherapy.

However, a significant proportion of these patients will relapse and require further treatment.

Multiple myeloma (MM) is malignant tumor composed of plasma cells of the type
normally found in the bone marrow. These malignant plasma cells accumulate in bone marrow and
typically produce monoclonal IgG or IgA molecules. The malignant plasma cells home to and

expand in the bone marrow causing anemia and immunosuppression due to loss of normal
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hematopoiesis. Individuals suffering from multiple myeloma often experience anemia, osteolytic
lesions, renal failure, hypercalcemia, and recurrent bacterial infections. MM represents the second

most common hematopoietic malignancy.

The present invention is predicated in part on the discoveries by the present
inventors that lymphoma and multiple myeloma discases are dependent on the hedgehog (Hh)
signaling pathway using lymphoma and plasmacytoma cells isolated from transgenic Eu-Myc mice
and Cdkn2a knockout mice, and discovering that hedgehog ligands mediate the interaction between
stroma and lymphoma cells. The same was found for lymphoma and multiple myeloma samples
isolated from patient samples from the bone (multiple myeloma) or from lymph nodes, bone marrow
or spleens from non-Hodgkin's lymphoma (NHL) patients and also for chronic lymphocytic
leukemia (CLL) samples. In addition, it was found that inhibition of the Hh signaling pathway
induces apoptosis of stroma dependent lymphoma cells, and that overexpression of hedgehog
pathway members inhibit cyclopamine induced apoptosis of lymphoma cells in vitro. Further, the
inventors found that treating mice with hedgehog pathway inhibitors abrogates lymphoma expansion
in vivo. Finally, the inventors discovered that there is no expression of Gli3 in spleen B-cells and in
the majority of cyclopamine responsive lymphomas, but a predominant expression in all

cyclopamine resistant lymphomas.

These data indicate that Hh signaling provides an important anti-apoptotic signal
for the initial steps of transformation by c-Myc and plays an important role for lymphoma
maintenance. Thus, disruption of the Hh signaling pathway provides novel means for treating
lymphomas (¢.g., NHL), multiple myelomas, CLL and other hematopoictic malignancies. In
addition, expression of Gli3 in lymphomas provides a negative predictive factor for responsiveness

to Hh inhibition and an important means for patient stratification.

In accordance with these discoveries, the invention provides methods for inhibiting
growth of tumor cells, e.g., lymphoma and myeloma cells. The invention provides methods and
compositions to treat lymphoma or myeloma in a subject by inhibiting growth of tumor cells. The
methods are also useful to prevent tumorigenesis in a subject. Some of the methods are directed to

treating lymphomas which do not have significant expression of Gli3 relative to spleen B cells. The
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NN - * Owve 5032406 (calc. 503.2382) Synthesis of exanples 35-40 via am de
formati on GENERAL PROTOCOL FOR THE AM DE FORVATI ON The m xture of
exanpl e 8W0P201000/¢0 0. 08 nmol ), HATU (64.0 ny, 0.17 moPLT/ERRI0SH18PY| et hyl
amne (44.0 ny, 0.34 mmol), dinethylacetamde (1.5 nL) and am ne (0.13
mmol) is stirred at roomtenperature for 10 h. The crude product is
purified by HPLC (C18 colum, acetonitrile / water (3% propanol), 30%- 100
%9 to afford the exanples 35 to 40 (74% - 82%. WO

2010/ OGnetZfIPGMoER2Q0P4iOEPISH thxapcem n3dd 40ieafihient hphhovicagichbdahgotifiahtiat 3)
lists exanpl es of conpounds prepared by the general procedure described
above: STHBING g agen| RitH denaling g nt somppypfl ofEganulal). Compoupshof the

Ner N' LINN e d%{eghl'afe/ ccfi@dr R988r inhibit a biological activity of an Hh signaling pathway

member.

This invention provides methods of prophylactic or therapeutic treatment of
cancers of the blood and lymphatic systems, including lymphomas, leukemia, and myelomas. The
methods employ an antagonist of hedgehog signaling pathway to inhibit growth and proliferation of
lymphoma cells, leukemia cells, or myeloma cells. Lymphoma is malignant tumor of lymphoblasts
derived from B lymphocytes. Myeloma is a malignant tumor composed of plasma cells of the type
normally found in the bone marrow. Leukemia is an acute or chronic disease that involves the blood
forming organs. NHLs are characterized by an abnormal increase in the number of leucocytes in the
tissues of the body with or without a corresponding increase of those in the circulating blood and are

classified according to the type of leucocyte most prominently involved.

By way of example, subjects suffering from or at risk of development of
lymphoma (e.g., ¢.g., B-cell lymphoma, plasmoblastoma, plasmacytoma or CLL) can be treated with
methods of the invention. Preferably, the subject is a human being. The methods entail
administering to the subject a pharmaceutical composition containing an effective amount of a
compound of Formula I to inhibit the hedgehog signaling pathway. The subject can be one who is
diagnosed with lymphoma, with or without metastasis, at any stage of the disease (e.g., stage [ to IV,
Ann Arbor Staging System). Lymphomas suitable for treatment with methods of the invention
include but are not limited to Hodgkin's disease and non-Hodgkin's disecase. Hodgkin's discase is a
human malignant disorder of lymph tissue (lymphoma) that appears to originate in a particular
lymph node and later spreads to the spleen, liver and bone marrow. It occurs mostly in individuals
between the ages of 15 and 35. It is characterized by progressive, painless enlargement of the lymph
nodes, spleen and general lymph tissue. Classic Hodgkin's disease is divided into four subtypes: (1)
nodular sclerosis Hodgkin's disease (NSHD); (2) mixed cellularity Hodgkin's disease (MCHD); (3)
lymphocyte depletion Hodgkin's disease (LDHD); and (4) lymphocyte-rich classic Hodgkin's discase
(cLRHD).
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In some preferred embodiments, the present methods are used to treat non-
Hodgkin's Lymphoma (NHL). Non-Hodgkin's discase is also called lymphosarcoma and refers to a
group of lymphomas which differ in important ways from Hodgkin's disease and are classified
according to the microscopic appearance of the cancer cells. Non-Hodgkin's lymphoma includes but
is not limited to (1) slow-growing lymphomas and lymphoid leukemia (e.g., chronic lymphocytic
leukemia, small lymphocytic leukemia, lymphoplasmacytoid lymphoma, follicle center lymphoma,
follicular small cleaved cell, follicular mixed cell, marginal zone B-cell lymphoma, hairy cell
leukemia, plasmacytoma, myeloma, large granular lymphocyte leukemia, mycosis fungoides, szary
syndrome); (2) moderately aggressive lymphomas and lymphoid leukemia (e.g., prolymphocytic
leukemia, mantle cell lymphoma, follicle center lymphoma, follicular small cleaved cell, follicle
center lymphoma, chronic lymphocytic leukemia/prolymphocytic leukemia, angiocentric lymphoma,
angioimmunoblastic lymphoma); (3) aggressive lymphomas (e.g., large B-cell lymphoma, peripheral
T-cell lymphomas, intestinal T-cell lymphoma, anaplastic large cell lymphoma); and (4) highly
aggressive lymphomas and lymphoid leukemia (e.g., B-cell precursor B-lymphoblastic
leukemia/lymphoma, Burkitt's lymphoma, high-grade B-cell lymphoma, Burkitt's-like T-cell
precursor T-lymphoblastic leukemia/lymphoma). The methods of the present invention can be used
for adult or childhood forms of lymphoma, as well as lymphomas at any stage, e.g., stage I, II, 111, or
IV. The methods described herein can also be employed to treat other forms of leukemia, e.g., acute

lymphocytic leukemia (ALL).

Some of the therapeutic methods of the invention are particularly directed to
treating lymphomas or myelomas which do not express Gli3. As disclosed in the Examples below, it
was observed that, while Glil and Gli2 were expressed in all lymphomas, detectable Gli3 expression
was present mainly in lymphomas which were resistant to Hh pathway inhibition by cyclopamine.
There is no expression of Gli3 in normal spleen B-cells and in the majority of cyclopamine
responsive lymphomas. Thus, prior to treatment with Hh antagonists, subjects with lymphomas can
be first examined for expression of Gli3 in a lymphoma cell sample obtained from the subject. Gli3
expression level in the sample can be compared to Gli3 expression level in normal spleen B cells
obtained from the subject. Gli3 expression levels in the lymphoma or myeloma samples and the
control cells can be determined using methods well known in the art, ¢.g., as described in the

Examples below. A likely responsiveness to treatment with Hh antagonists described herein is
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SINNN"' N ikF ON- 583.2758 40 QCD - 3- N r)N N NF ON- 619. 2410

Pi peri din-4-yl -pyridazi nes As illustrated in Schene 3, conpounds of
For mul a 1WOgan/@@12pr epar ed by Suzuki coupling of protectP€d/EP2009/059138
1,2,3,6-tetrahydro-pyridi ne-4-boronic acids with pyridazine chlorides Vto
yield internediates VI which after protecting group renoval and

nucl eophi l i c di spl acenent provide internediates VII. Hydrogenation

furni shes exanples Ic. W) 2010/ 007120PCT/ EP2009/ 059138 PG Cl R2 RI

indicated by the lack of detectable Gli3 expression in the lymphoma or myeloma samples or an
expression level that is not significantly higher (e.g., not more than 25%, 50%, or 100% higher) than
Gli3 expression level in the normal B cell. Other than being an additional step of the therapeutic
methods of the invention, the pre-screening for lack of Gli3 expression can be used independently as

a method for patient stratification.

In addition to lymphomas, the methods and compositions described above are also
suitable for the treatment of myelomas. Multiple myeloma is a fatal neoplasm characterized by an
accumulation of a clone of plasma cells, frequently accompanied by the secretion of Ig chains. Bone
marrow invasion by the tumor is associated with anemia, hypogammaglobinemia, and
granulocytopenia with concomitant bacterial infections. An abnormal cytokine environment,
principally raised IL-6 and IL-1f levels, often results in increased osteoclasis leading to bone pain,
fractures, and hypercalcemia. Despite aggressive chemotherapy and transplantation, multiple

myeloma is a universally fatal plasma proliferative disorder.

Compounds of the invention are useful in the treatment of hedgehog related
disorders such as basal cell nevus syndrome (also called Gorlin’s syndrome and/or nevoid basal cell

carcinoma), a rar¢ autosomal dominant cancer genetic syndrome.

Compounds of the invention are useful in the treatment of basal cell carcinoma
(BCC or rodent ulcer), tumors of the adrenal glands arising from the cortex or the medulla part of the

adrenal gland medulla, and ovarian tumors.

Compounds of the invention are useful in the treatment of bone overgrowth
disorders including, but are not limited to, acromegaly, macrocephaly, Sotos syndrome, progressive
diaphyseal dysplasia (PDD or Camurati-Engelmann disease), craniodiaphyseal dysplasia, and

endosteal hyperostosis disorders including Van Buchem disease (types I and I1) and sclerosteosis.

Compounds of the invention are useful in the treatment of unwanted hair growth,
for example, hairy moles and cosmetic prevention of hair regrowth after epilation.

Compounds of the invention are uscful in the treatment of Liver fibrosis.
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N V SCHEME 3 Synthesis of internediates:

4- (6-Benzyl-4, 5-di net hyl - pyri dazi n-3-yl) - 3, 6-di hydr o- 2H pyri di ne- 1

- car boxylWwo 2a0/@7€0- pbut yl ester (compound 5) / POTEPZOO15918% Of
3-benzyl- 6-chl oro-4, 5-di net hyl pyri dazine (800 ng, 3.44 mmol) in 20 nth DW
is added tert-butyl 4-(4,4,5,5-tetranethyl -1,3,2-diox

abor ol an- 2-y1) -5, 6-di hydropyri di ne-1(2H)- carboxylate (1.3 g, 4.1 mol),
foll owed with potassium carbonate (1.43 g, 10.3 mmol) and Pd(PP1l-04 (397
ng, 0.344 mmol) in a round bottom flask. The vial is evacuated and fl ushed

with nitrogen. The reaction m xture is heated to 100 C for 16h. The m xture
is filtered throughMelheimethady of the prospatimyeatipr incBide disrusa pbeprouads oithe t he
crude nRLAAbRhick ngdﬂe@tb' 'Irﬁnthf%orp&'ﬂ' Hédg@ﬁjoé)s)fgrfalhﬁé RGP BBLRGIHRR YRR lof I ca
gel, eluting with Fractions containing the desired

pr oductmapéeuimsidoedsteaah qmm@emtfr aﬁﬂa@l sigal phthoey, ia therregwlatsnl afder(air, a@d@r 77%
1111N 0] CD2C12) 8. = 7.30-7.21. S5H). 5.84-5

AR P oy g5 e? O e M ifPoresms A RURE i B 857

3H) 2 aﬁ&)o(gﬁns 3vell as dhOsd Imvirgthe pidbo(ypt a1 Pivitbsh-offattiod Fledgehopadairsof- 380. 23

Met hyl ) ) ) . . . .
5- ( 4-y( sunsannypmoathsned galt-AGUBGHITRAF hsdnpifunstign oF ey atdlsy thes bt mghogpbyr a
'ZI' IO ne- 21th& B Blo8mb COIRALNR S YangMMrom Nauld@or 08PN 120G ERZRARIAR9138

4- ( 6- béermption aml wppiptregHlatipprof deezinptogenesls.- I@gl@afénmfdae@igalﬁrqﬁwq Iipaeplasizgar boxy!
Ic aci g rﬁtu?itl %ﬁ)% dggstsglrforg%azl?n@?mt mg'c%%ar én)eraltB 3)@?&% %@E@I} épsn%%% The

reactio fare rs’stirre mnan oncen

3- be nzyﬂusélﬁﬁeg\nlmmctd’tyﬂlulfg- (ider2ng ofhet etghaardingfyam d16l])ﬂ4ﬁlyslc) Wrﬂegl&iztilcb’lﬁofas a

yel | ow, sticky. solid.( To.a solutio

3- benzy 414" toRigh ﬁ‘j‘/%l 6@%@ O%qu(/'% @4@%9%?%%%0%&%%“8&% hethedss® g
0. 644 mERkiforkitd h YA WhikE a@qﬁ@ﬂdémhwhuénnqhdr@r@mf@mﬁﬁa&h&ahﬁwtat e (222
ng, 1.29 =of) and TEA (0.45 nlL, 3 22 mmol) in a mcrowave tube. The

reacti 8o xture is heated at 160 C for 40 min in a mcrowave reactor. The
m xture is concentrated to afford a brown oil and purified by prep HPLC
eluting with 10% 100% acetonitrile : water (both nobile phases nodified by
3% n-PrOH). Fracti Inrascmdmtcai\xrii}rtge fdn@odi@theqnlespntddvmltioaﬁm}mopdokfideda arethod
freeze-dried

416. 5, f%rﬁrgvenﬁﬁ%orztreatmg an})mfl t}le dlseases or(storcrgé descr@ed a'gsve ina Shbj ect 121 nesdor

3- Benz%ﬂcmr&trﬂémmwn@rh@acéépﬁie@ Iaaﬁlu@gt&r@ttbwﬁ’yﬁuj glit B tierypkhitidal 9 c&ebiivieet r ahy
dropyridin-4 yIIpyrlda2|ne conpound 7) a sol ution of

3- benzgvlmounfd &> negpyaistgtion apd Bh W@quﬁlaﬂfd%‘@mmpaﬁ nm.itagfpﬁ pemreaas AEF qwlay,

0.175

0,572, TUPh ol ol 08 L Sy et 5 HPHGROL LI IR TR By Y e

react i garyrdepenghigg orsthh emide df atmibBGatl@, flerpatt@Guiancomlit@onmto dre oneated amdethe eect The
m'xturg i.s ,concentrated to afford a brown oil and purified by prep HPLC,

elutin fih 10% 100% acetonitrile : water (both nobile phases nodified by
3% n-PrOH). Fractions containing the desired product are conbi ned and
freeze- drled to afford a whlte solid (33 rrg, 429 . NI\/R (400 MHz,

DVBO- d6) 3 = 8.44 (s, 1H),A¢ migistragign a Cd : 30 7.26 (m
2H), 7.20- 7T%@ln(vghtlo%%lzategtcggle%seggf Ithrma]ceghc’laHEom S ronéc oQﬂBouﬁ;@ of 4. 32
(s, 2H), 4.27-4 2H), (t, , 2.22

(s, 3HFormulael) Qrsthe ﬁH)rapeHR (‘aBd(lnﬁi)roa%H«%Spmaﬁthemntl@rwropdﬂala@tw)m@mn@%@f a
Synt heﬂ% q}‘ exaIm d41(
cdgchog- S5AHR dlsor Cits).

In general, compounds of the invention will be administered in therapeutically effective
amounts via any of the usual and acceptable modes known in the art, either singly or in combination

with one or more therapeutic agents. A therapeutically effective amount may vary widely depending
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Exampl e 41: Methyl 5 -(4-(6-benzyl-4 ,5-di methylpyri dazin -3-yl

)pi peridin-l-yl)pyrazine-2- carboxyl ate WO 2010/ 007120PCT/ EP2009/ 059138
To a sol Wpen1gR71et hy| PCT/EP2009/059138

5- (4-(6-benzyl- 4, 5-di nmet hyl pyri dazi n-3-y1) -5, 6-di hydropyri di n1( 2H) - yepyr azi
ne- 2-car boxylate (60 rig, 0.144 mol) in 20 nL EtOH is added 10% Pd-C (77
nmyg, 72 nunol) The reaction mxture is stirred under hydrogen atnosphere for
16 h. The mxture is filtered through Celite and the filtrate is

COﬂCenbh@lﬁeﬁ&QVéIﬁ @fﬂﬁrddse@seyﬁak |a@é/\arﬁﬁjeiadvc€ BVt thk@ﬁﬁ_/f):ct the pN&’ﬁb}((ﬂfQﬁk MTHpound
DMSO-d6) 6 866 gs 1H), 1H), 7.28-7 7.19-7.15 (m
3H), 4 uge)d 341(16),!1116( ﬁa[c VL In g@ng‘?l E@ls agsory rEsglgs ¥ 1nd§|a{§ed t@bngtglng@S}(sFﬁtnlq:alllgq)at

3. 26 Sakly (el srg Ahul 803 39 sm@sd ek Sy Hhent1 AA2ndici iy chsdilin R M
(mtz, |v1|¥+ rr%as ro 212147 cal cmg %@.62245. g(érrpl en4%: Ay Sd_g% "

2- 15[ 4426g6@m‘<z19ma146 5 lmrmmlts hyln t-hpyange tami abost-(yir)lgpi Ponf 1 iorg, ¢onveniently

i gléll-.l 4 rl%lznlls er{egr C. X%/ niglwd%g{aﬂsels up é({ ouf ?L mgs a da or 1 ﬁ%g)ﬁb eSﬁl%ble u&ﬁedfi'«}fge 4 5-
di met hybrneyfoi dalzidaenistNidiolN comprise frEﬁﬁ ca. 181@|5l@h1g01@t10€f ingedieyit.

5- (4-(6-benzyl -4, 5-di met hyl pyri dazi n-3-yl ) pi peridin-1-yl)pyranne- 2-
carboxylate (30 ng, 0.07 nmol) in 2 nL anhydrous THF is added 3 M CH3MyBr

(287 pL, 0. S%nﬁ}&hds @ffthe 1718e1§10%§1%e mﬁlhﬂgﬁéﬂ ﬁtﬂmpiwﬁtf‘cal Eﬁ?ﬁ)o@fﬁ%ﬁ& bPihy
m xture is stirred at - and stirred at C for an addltlonal 1

h. The cpiventipral r@t@uepﬁfh@dar\mntqnalbfat: g atplly aqreroii th@wfoml o tgbdkss ertcapsides, o and
the m r{ i

ir oo SuSPERISRE" bbb AR AL ARRE s RS bR Ens (ARSANORR b DA 4,
puri fi éstiony, getsepintdin®; oredretinsngr inatnlasal 096suppOtiratbeto Rhinaceuticab@igiosifibat h
nobi | e phases nodifie 3% n- Pr Bo |l es 42 and .43 arc ¢ ted
as whi fgm%%acow'@gfgﬁwﬁ%bw @960@%@@#3@ g ppPaccyeally apgept @3&%&&
NVR (4@8}%@5%@05@&& atlegst%?i ﬁarmllbgwtlcﬁlﬁ&cép‘lablé-L’Qmeﬁor%ﬂugnt%gn bm  2H),
719715 1H), 4.45-4.41 (m 2H), 4.27 (s,

ctzlqed(lﬁia cgp.})entlgnai 'ynapger bg'|;9ux1ng, g@nlelgtlnggqq)coatlngget o&3 Fonpxauly,,

L f‘z (?}5&1 oyt Tbirk o Bibe R o0 AP Al e Ryl ADVENY S

( m 2H)111ue7ht519-g7 JddbosendexBble, subreb®; Mamthto(, Isprbdbl) cellilR€ afd'or @iine; D) BbridaiR§ (m
(" 4 g iegaleh. igic o5 fsppSms pisalfurh S s ol St 5BisPBis.
also ¢) binders, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose and or polyvinylpyrrolidone; if desired d) disintegrants, ¢.g.,
starches, agar, alginic acid or its sodium salt, or effervescent mixtures; and/or ¢) absorbents,
colorants, flavors and sweeteners. Injectable compositions can be aqueous isotonic solutions or

suspensions, and suppositories can be prepared from fatty emulsions or suspensions.

The compositions may be sterilized and/or contain adjuvants, such as preserving,
stabilizing, wetting or emulsifying agents, solution promoters, salts for regulating the osmotic
pressure and/or buffers. In addition, they may also contain other therapeutically valuable substances.
Suitable formulations for transdermal applications include an effective amount of a compound of the
present invention with a carrier. A carrier can include absorbable pharmacologically acceptable
solvents to assist passage through the skin of the host. For example, transdermal devices are in the
form of a bandage comprising a backing member, a reservoir containing the compound optionally

with carriers, optionally a rate controlling barrier to deliver the compound to the skin of the host at a
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Example 44: : 3 -B enzyl-6- Ti -[5-(trifluoro nethyl)pyridin-2-yll -pi
peridin-4-yll -4,5-dinmethyl pyridazine F F -NN N To a solution of
3-benzy1l-WOR0W/M9B2AY 1- 6- (1- (5-(trifl uoro methyl) pyri di RCTER@INSAIB, 6-

t et rahydropyridi n-4-yQopyridazine (20 ng, 0.047 mmol) in 8 nL EtOH i s added
10% Pd-C (25 ng, 19 mmol ). The reaction m xture is stirred under hydrogen
at nosphere for 16 h. The mxture is filtered throug Celite and the filtrate
is concentrated to afford a off-white solid. The m xture is purified by
prep HRb&rolrHuhd p@dyveinind OfticlORPa ptd@dd bériddeof tinwah méaRthsdroki thedphases
nodi fied by 3% n-Pr . Fractions containing t he desired product are

combi ndlf sy Ypissenyieray founulptians gay alikibeased| Juitablg fopgulatigey for gapical

(nz, 1¥%ﬂﬁcﬁﬁ3n,;%§§to t}ﬁ%iinﬂ'dnd%%s? arcecteraBly 1R SYlutionsAE VY, Qﬂfﬁ@%pﬁlg and
aryl met hyl - pyri dazi nes As il lustrated in Schene 4,

di chl omellgsnoivdan theast. 1Suck amy lsentrimactubdizeiist diatalizers, sunbstyi enbansthgaagentotivficis| e
after %e&)roton%t iespn and subsequent oxidation (e.g with air) to aryl acyl
conpounaspr\?ﬁrr NG&I eophilic displacenent of the chlorine with am nes

provi des exanples hl which can be further reduced with e.g. NaBH4 to
exanples le (Route A) Reaction of internediates VIII wth piperazincs

provi des conpoundsChmpyHds bf @t ilen¥¥d danlble abmGTisterRd UCtht@Pewticilfeffective
i nternedi ates X which after a nucl eophilic displacenent reaction furnish

exanpl esopfts (rRembEnggion vAthr qriger mfopnibeiaperdic agews (Phermagesieneheaminagions). Ror can

provi de_additjonal .exanpl es. Examples |d and |e cap.also he transfaormed WO
D026, 0e3 e e aE S Ry o R, Gl Afhelofy. SR A’ SARRIRL T

bet weeandtume thérBgeuply b dhdy tienoiirpeytidigex waRfiord drv@ier SX¥RPaMYGormonedN | S
e.g. phenyl, pyridyl SCHEME 4 nt hesi s of internediates:

(R) - 2- RBfepPlasic gaiisgnd/ o5 mgnecyna pdies2psetahagompti lgpphioman gn sy eipsox§ameofaci d
nmet hyl r ) 02C- (1N i :

(R 3 B RTREUE e bhyen MEORSEAE i e, . Cbflr Phtrapscs Expppinprial and

5- chl ortinfayt dgenReleichar (BaXyllumara®iras MEtchy | 9993 taad Go8&idarmayd Gilrkhntiak) and
Na2CO (2.1 g, 20.0 mmol) The reaction mxture is stirred in a mgrowave

r eact ol hgtmagalosiealsiesis of Ferapquiiesy hardmpnetat sE4s). MsgrasgHilPrefessigngl ¢Recdr gani ¢

sol venbq i r . i 1.7
oo venarhf. ERIRIEAR RS AR BT B R AR RS BRI

Me 02 CNiNkbsphate, suraihin #ndsobntiunesP. dxamples of suitable chemotherapeutic agents include

(R -2-nmethyl-4-hoc-3,4,5,6-tetrah ro-%l—Ml 21bi pyrazinyl -5' -carboxylic acid
et hyl ASBHEginie HjconsyeliStiais §ISP1ﬁt"{/g@ﬁr wnlily&%r%blfieoﬁ@ap MR R oxane,
4.5m, si8MORJch, The reaction mixture is stirred at 70C for 1 h. The
reaction solution is concentrated, dissolved in DCM and organic |layer is

washed with Na2CO3 to adjust the pH value to 8.0. The solvents are renoved

under reduced pressure to afford a.prown oil (1. 2. 779, . . .
P Wit ¢ compounds of the invention arg admanétereg 1{? conjunction with other

therapies, dosages of the co-administered compounds will of course vary depending on the type of

co-drug employed, on the specific drug employed, on the condition being treated and so forth.

An Hh inhibitor of the present invention may be usefully combined with another
pharmacologically active compound, or with two or more other pharmacologically active compounds,
particularly in the treatment of cancer. For example, a compound of the formula (1), or a
pharmaceutically acceptable salt thereof, as defined above, may be administered simultancously,
sequentially or separately in combination with one or more agents selected from chemotherapy agents,

¢.g. mitotic inhibitors such as a taxane, a vinca alkaloid, paclitaxel, docetaxel, vincristine, vinblastine,
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1H NAVIR (400 Mz, DMsO-d5) 8 = 8.81 (s, 1H), 8.11(s, 1H), 4.58 (m 1H),
4.22 (d, J=13.1Hz, 1H), 3.96 (s, 3H), 3.21 (m, 2H), 3.17 (m 1H, 3.07 (m
1H), 2. 18WOmrp10108y1201. 35 (d, J=6.5Hz, 3H). M5 (m z, 1V111PLTAPANI 03838
2-((R-2-Methyl -3 45 6-tetrahydro-2H 1-1 2'| bi pyrazinyl-5'-v1l)-propan-2-01
(conpound 10) HO -N N NH % To a sol ution of

(R -2-methyl -3,4,5,6-tetrahydro-2H[1, 2] bi pyrazinyl-5'-carboxylic acid

nmet hyl ester (60 ng, O0.24 nnDI) in THF (3 nmL) at -78 Cis added MeMyBr (3 M
solution in .Et20,640 mol ) The react. ture i Lrred

for 2 HMO er%é[b‘tﬂ“&ﬁg rﬁHQP@F‘éa“i“%a teAseHR §- nglﬁlﬁ gﬁ%ﬁua@u@ 8“& (‘g
Addltl@pﬁk]ﬂ@ﬁﬁ&n&§MQQQﬁ% ﬁ&@mmgc&?ﬂgmmﬁals extracted with EtOAc the
organic Iayer i's washed wth . Purification by HPLC of the cr ude

product with acetonitrile in water (from5%to 80%wth 3% 1- propanol) at

O e e R B S K B
5.06(s.A cjelﬁﬂpouﬁjd &Qﬁé@onﬂ&hﬂ (I) §1a)? dsd 8 us@ﬂﬁz adsara)&e Gmon(aﬁﬁa:tlog with ofhes an%bpo%lfegat@g

(m 1H), 1.40 (s, 6H), mz, MH) neas .
(6- Chl @@mpmmss oﬁuqbtamtxptrolﬁwm\@azmn%ldy Jln):mﬁhémwre neftlinzied rﬁearem@tﬁmninbllmsm) N N

cl \ th c
heny! “Hisspeitn i oB paas fomo & TE bRl B R dBet Disg s Sitendored T
cool ed aH@laﬁnQ@Muﬁdﬁ%(&%uMsWhﬁﬁhﬁ@@c&lﬁdlﬁ‘érent\/é@on processes; cyclooxygenase

2010/ 007120PCT/ EP2009/ 059138 ni, 2Min THF, 11.3 nmol) The reaction m xture

is sti rirrh&itOfSoMM%iqhibi@IsowTQRvmbihitqig apiinepplastic@ni@netabalifes; pipe Gomppwids; i s

ti T . |
e R e e
separ atedpamnds hieh agteddscpbasahibs tiddciagtEd prdtdin oDl pdighaenionamdrdingani ¢

phases are concentrated to givc the title conpound as a brown solid (1.4 g,
quant . PEOM; pVRaqdIeRn Vg thi e agyinapeptidaseginhibiiprs:bjsphosphomses  hiplogipgl responsg (1 m

211), og%ijgss ar&?b'r_glff rg?\%%n&%&éeg Ij’rlﬂ]e})%;axl\\é% g{/ it rg Mﬁﬁ' EH&F @?Ras%‘x‘iZo %mc isoforms;

(6-Chl or I'met pyri i n- met han conpound 12)
N - N O tdlbmerase inhibitors; proteasome inhibitors; compounds used in the treatment of hematologlc

malignancies; compounds which target, decrease or inhibit the activity of Flt-3; Hsp90 inhibitors such as
17-AAG (17-allylamino-gelda-namycin, NSC330507), 17-DMAG (17-dimethylaminoethylamino-17-
demethoxy-geldana-mycin, NSC707545), IP1-504, CNF1010, CNF2024, CNF1010 from Conforma
Therapeutics; temozolomide (TEMODAL); kinesin spindle protein inhibitors, such as SB715992 or
SB743921 from GlaxoSmithKline, or pentamidine/chlorpromazine from CombinatoRx; PI3K inhibitors;
RAF inhibitors; EDG binders, antileukemia compounds, ribonucleotide reductase inhibitors, S-
adenosylmethionine decarboxylase inhibitors, antiproliferative anti-bodies or other chemotherapeutic
compounds. Further, alternatively or in addition they may be used in combination with other tumor
treatment approaches, including surgery, ionizing radiation, photodynamic therapy, implants, e.g. with
corticosteroids, hormones, or they may be used as radiosensitizers. Also, in anti-inflammatory and/or
antiproliferative treatment, combination with anti-inflammatory drugs is included. Combination is also
possible with antihistamine drug substances, bronchodilatatory drugs, NSAID or antagonists of

chemokine receptors.

The invention also provides for a pharmaceutical combinations, ¢.g. a kit, comprising a) a

first agent which is a compound of the invention as disclosed herein, in free form or in
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According to the protocol described bel ow,

3, 6-di chl oro-4, 5-di net hyl - pyri dazine (1.00 g, 5.65 mml) and

4- pyri dylNseabwiof2d| e hydrochl oride (1.05 g, 6.79 nmol ) PETERRAEHSTIBR tit] e
conpound as a white solid (822 ng, 59% . 6-Chloro-4 5-dine

hvl ri dazi n- 3- v1i di n- 3- vl - met hanone (conpound 13 NN O cl

3,6-Di chl oro-4,5-di methyl -pyridazine (1.00 g, 5.65 nunol) is added to an
oven-dried, 250-nL round-bottom flask under N2 followed by THF (50 niL) and
pyri di phamaccarelpiictthble s418Q6mMhd bf abRadtahe do-dftat. IMda &iticAmMcdrbprike gassetbnai t h
a flowof N2 for 30 mn. NaHVDS (14.13 nL, 1 O M 14.13 mol) is added and
the red@tisMistEtiopred for 16 h. The reaction mixture is then transferred
to a beaker and stirred vigorously under open to the atnosphere for several
hours. The reaction is quenched with saturated sodi um bi carbonate sol ution,
and t he or garfihegermsécerdmmettationi arlicanbintdadmmistrane” ofitfe lderbuhlbatddcrgami ¢
Iayersa%;eeﬂgﬁnggo%ﬁ&Qagr}ﬂgffdri9%>o el ZSO%n.fiIHe ed.aqd %ongenérated
under Fediced prédShira THE ErtGe material " rSPplfi*fred Vi a T Bsh™ e e

chr onmatiggidep iy inoluds trtate@ngelin({cdds 20%hiok theageits ae ncH2LCERprityadafitiaeddbhehd i t1 e
conpound (1.3 g, 93% . . ll-LNNR (400 MHz, DMBO-d6) = 8.97 (s, 1H), 8.80
(d, .73amgpeptc qhadmigiStatiopgratthe sametyps. 1) 7. 60-7.64 (m 1H), 2.44 (s,
3H), 2.33 (s, 3H). WD 2010/007120PCT/ EP2009/ 059138

(6-Chl oro-4, 5-di met hyl - pyri dazi n-3-yl)-pyridin-2-yl -net hanone (conpound 14)
N-N Cl Thezergr ‘Dhemasewical @ngiipasiony hs yppd herain meang a2 poglugf, thg rewitafael ) is

added : : ~hat n - THE m.)
and py&@ﬁ%ﬁgg%yﬁég%g?%%@?ﬁg gg?§%8gﬁ%kqiggﬁmﬁﬁgﬂ%Em#%%tgﬁgg?gﬁ%i%E;g%%%ssed
f or 30 combinafNadMD8he(abtiOc Mpreli#entk3Thd terml 4fid&R] comblinatios” mdaedhanidt dchiee r eact i on
is stirred overnight. The rEactioF %%xture is tr nséerred%{o a heaker and
ai r st igeHoR-Gor BERTPOYNG oL SRTRHAS abir&aEoRhare AR RIBWISHISG G 1E quenched
wi th safmiahess§adiiietolh 684 BARIREALHE Y dbda@ ThERGNPHBANIXEE cnBingX akdad W th
di chl or onet hane.” The conbi ned organic | ayers are washed with brine and
dried dheéfhengpsongreticntsee.aa eomposohedinrmataddaind sgeragetdue bathpdedstersd torpe

or ude e ) e C . ety £ 0-20%
et nangrtoh et S i B 2o RTRIAAE BPRy B ) Wi BoUBie iR (200
MHz, DlMBOts(Wbdreid seclBada@nisiratjonIghvid&. tRGajduncal lykdffecBvellévdls of thd Hromigoudts (1 n,
1H, 2.4 S..,3H),. 2.21 . f4 .

5 b ne#rf‘aaoﬁwf %e@ﬁtl?étﬁ@ﬁ(@%%raﬁs?mh% 12 §AFIPVPFTEARS 1% S PITINSFAUAN 8T A0 hivet ha
none (GUPeHRE iddddied.NO HN According to the protocol described

bel ow, (6-chloro-4,5-dinethyl-pyridazin-3-yl)-pyridin4-yl-nmethanone (750
ng, 3.03 mml) and (R)-2-nethyl-piperazine (364 ng, 3.63 mmol) afforded the

title conpound as g bel Qg 83, 1 :
f4,5-Di rrethy1-64(R)-r(f\elrsr%g é‘-a?% ?éz ﬁgﬁ§§ %%p?$?tg%in-3-y||-pyridin-3-y|-m

et hanone ( coRepuschtdtjveNxhmpletdE synthesis of the compounds of the invention, ¢.g., compounds

o) ahaorids b b B P B ey SsaBi gt O PerepeAE "Bcaed co’n *

m crowave vial followed by NWP (17 nl)

A compound of the invention can be prepared as a pharmaceutically acceptable acid
addition salt by reacting the free base form of'the compound with a pharmaceutically acceptable
inorganic or organic acid. Alternatively, a pharmaceutically acceptable base addition salt of a
compound of the invention can be prepared by reacting the free acid form of the compound with a

pharmaceutically acceptable inorganic or organic base.

Alternatively, the salt forms of the compounds of the invention can be prepared using salts

of the starting materials or intermediates.
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65 WO 2010/ 007120PCT/ EP2009/ 059138 and triethyl am ne (2.01 nlL, 14.49 nmol)
The vial is sealed and irradiated in the mcrowave at 170 C for 30 mn. The
crude mat\Pi2810/G0312di rect |y purified via flash chromat ogP&piP2ea/0891B§ ca gel
(0-20% net hanol in CH2Cl2). The resulting oil is co-evaporated with CH2Cl12
and heptane to afford the title conpound as a powder (1350 ng, 90% . 1H NWMR
(400 MHz, DMSO-d6) 6 = 9.56 (br s, 1H), 8.96 (s, 1H), 8.84-8.86 (m 1H),
8.21-8.24 (m 1H), 7.60-7.63 (m 1H), 3.72 (s, 1H), 3.69 (s, 1H), 3.45-3.50
(m 1H), 3.26-3.31 (m 4H), 2.30 (s, 6H), 1.32 (d, 1=6.5Hz, 3H).

fe:lhgn(? nrere E Eg lr%gff‘f‘?ﬂR ag_lg:p;_r%]tqg Kpsg %qla.“%lesrqaf%lllencojrhp%%lr)ldspo%rt}lledlgéeln?log C?l/rll ‘Le I?r%ll;ellrgcli fror%l yi-
(6- Chl %eocoﬁeaao%umgtblayé adAfon 4 bpaéd ycﬂdhloqusmt@foﬁl ¥e5¥&ctw@1tyh@ep%n(p‘§é9 my, 2.22
mmol ), (R)-2- yl - pi perazine (320 ng, 3 aré added into a

mi c r owavmpvmrall offtlad lhmﬂwéldn hlyaINMPd ¢Blitdn) sali it ¢ané>ter¢yn\miedeo 1(h© coespbndisg G6c

al%,(1se rradl ated i.n .t he

h.
The cr lg)aseeo%a{ealun%}mtﬁ as ?a%l e, p%rar?rlngralum haldfqmd so? 10n so 1um }g/dﬁomge an(ﬁ L

I rec Vi I‘OTTB. on SI |ca
gel (20kd0% s@hpeundlof tha nﬁ}elaﬁaﬁin dlﬁhsaflddiﬁdh dalhtefo it tdnEbe(IQmD@wddo (}ﬁ?l ng, 97%.
1H NVR (400 , . 66 OHz, lH)
8. 10- ngﬂ%w% ficgaggbby! r?%ﬂn@.w s&ytablg il (¢-By ﬁ[ﬂ]?[ygh(](glcﬁaglc? oi)- 1H)

3.45-3.50 (m IH), 3.12-3.33 (m 4H), 2.29 (s, 3H), 2.15( s, 3H) '1.32 (d,
J=6.5Hz, 3H).

4, 5- Di net hl;) 1 -Paadryg denmatirigd ofghqromzpeundsiafytic ingensipn iceii be Arepdragbhipicthods kepa ne
(conpo 8 C . o) i he: .

4, 5- di E&;ﬁzﬁg‘e 3%)4{% Ew:skﬂfl{l heI art C &eﬁélgﬁlﬁg &%&a}l_@geeoéa%inqgr elt aﬂ%?%@,b@lgor%gﬁlg\ﬁlnd
pyri daMenthnzyI(]hpymst@[rwéfsywlrm,tmaa&ﬁe (550 ng, 1.77 mol), hydrazine
nonohydrate (0.43 nL, K84 nmmol), and KOH pellets (495 ng, 8.82 mmol)
afforded the title conpound (372 ng, 71%.

4, 5- Di met hy 1-p34iedidd ddvamiaydrii Joaf, /p@ahd@ dfr%th&rleﬁea&b&m&%m&Mthﬁ tfdazin
e (conpound 19) WD 2010/ 007120PCT/ EP2009/ 059138 N N

met hy 118s¢ pRyrdmapetkil in-the pise Adletaned desgniptignafitehgigues gplirgble wh«r @ne«ﬁmsl of

ol PRRORTE st i dnd By ferf o THASI) my RUEIRSY WG EREMEE ML GH P Ol P
are addddmisoryd, Ydmdtrmbnbmlmomléyasi@om,dndz hB9%eaction is heated at 190 C for 4

h. The reaction mxture is allowed to warmto roomtenperature and poured
into water. The organics are extracted with dichl oronethane. The conbi ned

organi ¢ | ayercondofnMasiRdprabdnhinkEtd@, caflbé eshveniehtNGREdd, oir fdrfn%ﬂ@drl?%ﬂ

concentrated under reduced pressure. The crude materi al Eurlfl e

flash ®HsHR{ S ApHYoBMRsSPIVRiEE (G hydstes)o/Hratspdrompamds gseklo afford

iy, B GOBRof ity 3% by rorNBBof S0 %a@‘s”iﬁ%ﬁ@f’%ﬂt s 21

4. 12 (brix@yre, 144 prgdnit Bol3e@2 sycimas 8idkin, BtrdRy&oBuan(anmethdnel. 2. 17 (s, 3H), 2. 13(
s, 3H), 0.99 (d, J=6.0Hz, 3H). Synthesis of exanples 45- 55. Exanple. 45:
(R)-4-(6-13enzoyl- 4, 5-di met hyl - pyri dazi n-3-y1)-2-nethyl -3, 4,5, 6-tetrahydro-
2Hf 1, 211bi py r@shpdyihdddftieainbetivhicen BEp@pared iytheie sidevidual stereoisomers by reacting a

racemic mixture of the compound with an optically active resolving agent to form a pair of
diastercoisomeric compounds, separating the diastereomers and recovering the optically pure
enantiomers. While resolution of enantiomers can be carried out using covalent diastereomeric
derivatives of the compounds of the invention, dissociable complexes are preferred (e.g., crystalline
diastercomeric salts). Diastercomers have distinct physical properties (e.g., melting points, boiling
points, solubilities, reactivity, etc.) and can be readily separated by taking advantage of these
dissimilarities. The diastereomers can be separated by chromatography, or preferably, by

separation/resolution techniques based upon differences in solubility. The optically pure enantiomer
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MeQ2C- N- (/ To

(R) -2-met hyl -3, 4, 56-tetrahydo-2H-[ 1, 2] bi pyrazi nyl -51-car boxylic acid nethyl
ester (1090rg10/@7¥03 mmol) in DVF (5 L) is added PCT/EP2009/059138

(6-chl oro-4, 5-di net hyl - pyri dazi n- 3-y1) - phenyl met hanone (100 ng, 0.402 nmol)
and sodi um carbonate (170.7 ng, 1.61 mml) and the reaction m xture is
heated in a mcrowave reactor for 4 h at 180 "C. Then the reaction m xture
is diluted with DCM (25 nit) and washed with NaHCO3 and water. Organic

sol vents thén xbVaed, ebngRdthitehRY&Ading Adatt, byetygesttipilesaus that Whgld abtdeulpinoduct
is purified by HPLC with_acetonitrile in water (from 20%to 100% with 3%
1- pr op&#f6Myjzagpn 22 Rgialed dsaginiogef Settsdriques %imhp%h%% tortheregeletionef product
(az aln @{e;eomhfe?s &Q@%?Buﬂcé@ro%he@?a&mléél: Tur%"ygﬁ 6élﬁgnMﬂzJea%&%ié§6)m@re Coﬁe@?
J=12. 6|Szmug_l I-H)Wﬂ@l ZBngnomeHR acc@ate@ a@d)Regﬂgltlor@,”QQhr( Wlleglzﬁ})nd SZ)ng_,gm( 5198$H)
1.30 (s, 3H. HR M5 (mz, MH) neas. 446.5098, cal c. 446.5104. WO

2010/ 007120PCT/ EP2009/ 059138 Examle 46 6- R -4- 4- 1-H drox -1-neth 1-eth
1 hen 1 -3- rret her azi n 1- | -4 5- diEeAMPEIRYri dazi n-3-yl)-phenyl - met hanone
HONNNO , N

(6-chl or o- 4, éfha.pﬁ%ﬁwweaw? g dyither sxgrplifiodebif ol iech Sk dhiBBowEE 0. 20 Mol )

i N DVF pf{3edhihtiVeSkagB€dwhich are 1ntended to 111ustrate the 1nvent10n and are not to be construed as
214- (R) - 2- net hyl - pi perazi ne-1-y gfﬁ)_' enyl kpropan-2-ol (47 ng, 0.20 mmol)
i

and sodrusmlicatebomcdhercgelix str@lctuoe nghpyioylucts &rﬂécm@dtermcm b@tcml@rmﬁisb}’heat ed

inam x

di | ut eé&hgﬁ\‘{%ﬁ%% ?’a‘ i g/ashrenéﬁ\%atgﬁ %ﬁ%ﬁfkﬂ '{3&3&% gféﬁrﬂf soI vent
i s ext iAbteihtanduded amvboscwodemtived uc thd aptr €9aipoendsPine pﬂrlf(e@ithy&funbgtdlﬂfélﬂ@d@;f
the crude product wiith ACN in water (from 20% 00% wi th 3% 1- propanol)
at 220 Ve ﬂ@?mﬂaﬁwf%w% Yh%réjveegﬁe?@EaSﬁr@ﬁxét as off white powder (25
ny, 28%. 1H NMR (400 MHz, DMBO-d6) 8 = 8.42 (s, 1H), 8.23 (s, 1H),
761789(m5,477(m1H),425 d,J126HzIH),375(d,

J=12. 6Hz, | Thy fol “@I&f(hiprevsa&lpzswﬂlzbeqsqylthrsugl@u‘(tﬂw exqppless. 11 (m | H), 2.50
(s, 3H), 2.32 (s, 3H), 1.47 (s, 6H), 1.35 (d,../=6.6Hz, 3H). HR M5 (trilz,
MH+) nmeas. 444. 2256, calc. 444.2651. Exanple 47:

(R) - 416J$T1(DdFrszBREWMﬁ@N-Srret hyl) -4, 5-di net hyl -p

ggz'dnm%gﬁé%’ est eiiq]\(/iil)z-éﬁhglg aleneei Eac{]%%lscidl%h'ény}ﬁh%:slﬁl'&xr azinyl-5 --carboxylic

(R) - 4- [sdrenzoy 1 pfotylsthmBhdIsur tiftiokidazi n- 3-y1) - 2-met hyl -3, 4, 5, 6
tetrahydro-2HL11, 2 bipyrazinyl-5' -carboxylic acid nmethyl ester (8 ng, 0.017

nunol ) DeAxalimy ( Bif(3-mcthoxneby) aaruHibissAyer i de (170 iig, 0.004 mol) in
15 mn and t mxture is stirred at roomtenperature for |h.
The reg:(?\lﬁon m xtbgcrhg&l&gl&:l}%ut ed with DCM and washed with NaHCO3 and wat er.
The or @fmed’chlovéle-test Bepfaﬂ@s}édnéﬂd,ﬁ,ﬁ’etrimpmm-l,ilsbiphm\lled under reduced
pressur Pur i f| tl)g "én HPLC of the crude product with acetonitril in
wat er (qeiﬁém 10% }i th 3% 1-propanol) at 220 nm wavel ength detection
provi dedPERe desDiieshroylotiviamims of f white powder. (6 ng, 79%. WO

2010/ 007120PCT/ EP2009/ 059138 1H NMR (400 MHz, DVMSO-d6) = 8.77 (s, 1H),
8.47 (PMh11) 7Dyocthylfgmemidsyl) 6. 15 (s 1H) 4.92 (in, 111), 4.50 (in,

1H, 3. 31 -3 . 3.02 (in, 2H, 2.30 (s, 311),
2.H)14 (gﬁ&%i ﬂi}lgobﬁdég qé‘%&h% drhph mz, M—I+§I nmc:as.H)449. Exgrsrple 423:

2- | (RHRIMS ( Hyr H@glwesqcbmwhassrepdwwmy
Detr and VRO By} STR M Al G RN byihel BR2 5-eqlots. scplpygigipjum-3-oxice

hexafluoropho sphate
HBTU O-Benzotriazol-1-yl-N,N,N',N'-tetramethyluronium hexafluorophosphate
HOBt 1-Hydroxy-1H-benzotriazol
HMDS Hexamethyldisilazane
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To

(R)-4[ 6- (hydr oxyl - phenyl - net hyl ) - 4, 5-di et hyl - pyri dazi n-3-y11- 2- net hyl - 3, 4,
5, 6- tet raarogo2A01, 21bi pyrazi nyl -5' - carboxyl i ¢ aci d mBCH{EP2@¢08{08413§ 15 ny,
0.032 mml) in THF (2 nL) is added nethyl magnesi um brom de (32 pi, 0.095
mmol) at - 78 C and the reaction mxture is stirred O C for 2 h. The
reaction mxture is diluted wth DCM and washed with NHACL and water. The
organi ¢ solvent is separated extracted and concentrated under reduced
pressumnes Purifi sakd grcteymdéRLC of the crude product with acetonitrile in
wat er é@£0n11096t0 100% wi t h. 3% 1- propanol ) at 220 nm wavel enght detection
provi d&BY he desMNrB@prseERidas of f white powder (11 nmg, 77%. -11-1 MAR
(400 N%@MN£WBC>dﬁﬂnwﬁWﬁh&%yﬁQQ 1H), 8.07 (s, 1H), 7.29-7.34 (m 5H), 5.88
(s,1H), 4.67 (m 1H),"4.19 (m 1H), 3.61 (m 111), 3.52-3.31 (m 311), 3.19
(tt, J2MOHz, 12NMethylmdarphole@okide 3H), 2.05 (s, 3H), 1.57 (s, 6H), 1.40
gg:./—gnﬁpkt, 3H%4n§§ﬂ¥§hgﬁ$%é MH+) meas. 449. 2649, calc. 444.2665. Exanpl e
(R) - 4- (WIR- D met Nyidle&rrpatnietd reséhayitaret hyl - pyri dazi n-3-y1) - 2-nmet hyl - 3, 4, 5, 6-t
etrallydro2H 1 2'azig %f5'-carbox lic acid nethyl ester According to
the prdtfocol descPld@dehel ow for exanpl e 46,

4, 5-di gt hy1- 34( Rht xdrstihpgl pi perazin-1-yl1)-6-pyridin-4-yl met hyl - pyri dazi ne
(155 , 0.51 mmol) and 5-chl oro-pyrazi ne-2- WO

2010/ OGKA1HOPCT/ ER2ODHUBYABE car boxylic acid methyl ester (99 ng, 0.56
ggpl) %&ﬁgrded t?ﬁTﬁh&&@bﬁ%ﬂRﬁﬂ@ﬂwﬂ@lan orange oil (123 ng, 56% . Exanple.
2- [ (R T#A( 4, 5- D meflyrbadetipyciddi n- 4-yl net hyl - pyri dazi n-3-y1)-2-net hyl-3, 4,5,
6- t Accor di tqQ the protocol described bel ow,

(R) - 4- (A5_ gi net VT§%¢§®F@Hin-4-y|nethylpyridazin-3-y1)-2-nethy1-3,4,5,6-te
t rahydropédtl, 21bipwyah&iphedniad)2oXy bi-giiadetdyrel hylphagter (110 mg, 0.25
mrol ) and MeMi (é.%go &%%mi.é% %2D|3 afforgé%ythe tﬁtﬁéﬂconpound as a

yel | ow powder (40 ng, 37%. Iff NWR (400 MHz, DMSO-d6) = K47 (d, .7=5.5Hz,

2H), 8 : s, 1H), 7.21 (d, .7=5.5Hz, 2H), 5.15 (s, 1H), 4.68
(hr's, Cﬁ{[?é}f@g%w"%ﬁé 4.17 (d, .7=12.5Hz, 1H), 3.21 - 3.59 (m 3H).

3. 07 (doriddzih-abHethess dutdz-anilides 2. 89 - 3.00 (in, 1H), 2.28 (s, 3H), 2.13
ggh glg)Sb, 1C§I% dflﬁé&@%@z’gélghéggﬁg?%rﬁg(guna?z ﬁi fgrﬁ%lﬂa Ii'illq c%B bé Blre%)’areM#()m rirrﬁg'r%riediates
5-Di neﬁmj(pﬁgﬂﬁﬁd)rdﬂ@cﬁbé(ﬂ schythe BY Y WHiRR ichir Sithet dcadt WRh BYphesbl 4r @niline by direct

6-tetrahydro2H41, 2] bi pyrazi nyl-5' -carboxylic acid nethyl ester - 0 erNSoN ¢
\ N , N @¢gEmal nucleophi c,:gl_sgjaﬁqg{lqﬁp QL gll_adl(um-catalyzed nucleophilic displacement. Compounds Ia

)-3-me = Pl T n-d-y ).~ 6= i dikn- 3 - i-dazidwe. (350 ng, 1.18
ol ) Canet SRR GER ke b B RS, { (2437 g, 1. 41
nunol) are added to a m crowave vial followed by NWP (7 nL) and
triethylamne (0.49 nL, 3.34 mpl) ., the vial is sgaled and irradiated in
the m crowave at 145 C for |30 mn. e cr ude materlial is directly purified

via flash chromat ogr aphy ilica gel (0-20% ol in CHCl12) to afford
the title conpound (3®my; 6% . WO 2010/ 007 %0 /%32009/059138 1H NMR (400
MHz, DMBO-d6) = 8.71 (s, ; 8.52 (d, J=6Hz, 1HMn-8.48 (s, 1H), 8.42 ( s,

1H), 7.57 (d, J= 8Hz, 111),
12Hz, 111), 4.29 ( s,
1H), 2.93-2.99 (m11-1), [R.2§ ( s,—38H+—=2=17 (
311). Exanple 52: R2 = heat or Pd-cat. R2
2-[(R)-4-(4,5-Dinethyl -6-p [idin-valnethyl-pyrid zin-3-ye-2-nethyl-3,4,5,6
- tetrahydro-2kM1,2]bmgyra2|ny1-5'-y||-propag-2u61 L=0,NH

7.30-7.33 (m 1H)
XNR. 79 ( ®M811),

4.5 (in, 1H), 4.45 (d, 1=
5 (in, 311), 3.08 (in,
H), 1.36 (d, J=7Hz,

2

SCHEME 1
Synthesis of examples 1-5
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HO - NN- N

(R -4-(4,5-Di nethyl-6-pyridin-3-yl nethyl -pyridazi n-3-y0-2-nethyl-3,4,5,6-te
t r ahydr o-2O[2010200TRD pyr azi ny1S- car boxyl i ¢ aci d net hyl esPET/EP2B4§)13%). 058
mml ) is added to an oven-dried, round-bottomflask under N2 foll owed by
THF (0.6 nL) The rcaction is then placcd in a dry-ice bath for 15 mn.

MMyl (0.15 m, 30 M 0.461 mmol) is added drop-w se and the reaction is
stirred at -78 Cfor 30 min. The reaction is warned to OC and stirred 30

M n or Baaiple 1€ GRPUQY S-Diprsten ishiind /-plaRzMedyl)-Thecth@acd f GRctahyt ure is
gquenched w th sat ur at ed_anunoni um chI or| de solution. The organics arc

ext r actEi2kili 2 Tpipparingl-grcgrboxyhemethylasiched or ganic | ayers are dricd over
Na2SO4, f|| canhmoncentrat ed under reduccd pressure. The crude

mat cri deo:f H‘flw flash chromatography on silica gel (2% CH2C12, 98%
(50/ 30/ 20 thyI et/at pt ane/ I\/EOH)) to afford the title conpound (3.5
ng, 14% . 1H NMR (400 DVSO-d6) = 8.49 (s, 1H), 8.42 (d, .1= 6.7Hz,

Py 120 (ppAhonopde eyl 3% {pud s d8 ey PRy bl

3.51 (@H-[ ]1-2 bﬁ)yﬁiﬁmyl 5H)arb03y]3@1—a&d4ﬁethyh esRt 1om@Bubd Sddd) mp= 0126 Ihinpl) IkR2, mL

Sy § el nadeigmiadTasy e B8 mgadh) b Fowbi @G e 551 ithp aha Tk

434 2666Ph@<(6r5p1|n @314 mmol) in a 2 drum screw-top vial. The vial is evacuated and flushed with
(R -4-(4,5-D net épldi n-2-g| met hy I-Ipﬁ/rldazm 3- ylé 2-met hyl-3,4,5,6-t
etrahyartesfzppl@ﬂzvvﬁql wtha Aglditon of aplhidm i(H) aestefe fthg 0 ktr@fflolm éi fpaghon

2010/ 0Q¢, i eRdh Ak 0P O, Th filtered through
20101 S RRTLSRANN S35 et BP0 LA, i g i e o

2- Met hyddipyaniddbagltiat. i 6orge ntzaﬂedrmﬂfﬁorcii s bdivesal.vERE ¢rnde'l'1H'§d14<2®s pririfice byt RIAT,ed

to -30 ter it cnt an dcd
tir omut €tk S, TePo akntle el amorh AL R BiSinsh S v gt

2, 4-Di @&tvmem@aébﬁxa&p&doa@s(a?w}ﬂte@bhd@)ékngnml%)) Is added and thc reactl on |s
warrred to roomknperature and stirred f . Add H20 (30 nlL) and extract

with Et GhdMRA4H) i P Qoleg é?nr&6w%ﬂfbr§ﬁ8 (En &L ok bt Fat-éHen2Hhédd. (tThe
resi du U A r ) f e
o aff or i ollthy 7A0 (R e A UBLSDAPIM) ARl 68 19 A S EC P Ry
Step 2.(m(]H)I} 3-02(299 6n, IH)niaﬂhyil%EimpyHD d_iSr(g,Z%H)yR Ae(HyH, 1@&@@6.@@ 3Hy1) - 2
ety 5é\§ LPLLANYSE 9152 L, AP gyrazi nyl-5" -carboxylic acid methyl
(R -4-(6- ChI or o- 4, 5 di met hyl - pyri dazi n-3-y1) - 2-net hyl- 3, 4, 5, 6- t et r ahydr o- 2H
[1, 21b| yra2| nyl 5 -carboxyl IE acid rret hy!| es3t er2(250 ng, 0.663 rrrml i

-d s [Pivaiet DI 9o MCHQ XY=\ A Y1 )-2 R VA .4 ,S tetra _1"

onat e (216.2 ng, 0.664 mmol), paIIadlumtrlfIa{e

... d

(6 2 mg, 0.0Z28 ricyclohexyl phosphine (15.5 ng, 0.055), and toluene
(2 L) "eThe HOT \mxture is heated to 110 C for 65 h to reach 10%
converS|/onN 8 xtract wth Et0Ac. Concentrate conbi ned organics

i n vacuo. The ue | urified by flash chromatography on silica gel
(MeOH CH2C12) to afford the title conmpound (13 ng, 5.4% . 1H NWR (400 MHz,
DIVBO d6) 8 Fol.sélutibd pf RU- Gll-fzdnﬂdﬂ)yl 6&)11@60X}8p}4131a£1m3 IHR;mEh B 4, d,,6-tdt¥a’lhy3HZ

71
4 41 ( %&) ?’2 ngﬂgram&ly%% ce%oxyil% metéy]Seéte( §98 @g,)o 5@ @gll_q)smggnls ﬁ\gh
(2d§i_6 J a&@edGﬁM m@thgifg%%eﬁé*‘lmébz%r%z@e Q%(ﬁ)' Y, :l]@ ngllﬁ’ﬁ@)l) ?n 2 tlzdzrurﬁ H}ptm%-tgg X(ag %tS-g?' @)“C
cal c. ( Zlgderzgmgen mh@e g‘fhe regq_tqug)wmire,qs stlrred(at -78°°C for 1 rg?la%)efore being warmed
5- Di | 0
LoLr gﬁgt/éd]?gc gff%’ttfrlieq f?rlﬁfd}'tior'ﬁg];?% {H%fe'agfcfﬂ' Iﬂlxﬁlré( {Js)qu%ndgqlea QXV% s, éq.ﬁ\H%-Cl at-78 °C
2010/ 0G#d 20BEH/ ERBGD@M)SQ]@SOrgamc sohﬁmampl \&as'h'dd ivathpbepar &tdf oom Bxdoplads53

Z% 4agg|6%r|1°%gg‘%f8d Q&%ﬁorﬁ%@@descr : b%rgalggfheer)ésah so‘:—fzd is purl%l/gd gy prép. %C mfu%ng

2-1(R)-416- (D f | uor o- phenyl - met hyl ) - 4, 5-di net hyl - pyridazin-3-yll -2-me th
1-3 4 5 6-tetrah dro-2H 1 2' biazin 1-51-- ro an-2-ol H9/1'1. N Step 1:
3-Chl oro-4, 5-di net hyl-6- (2- phenyl141, 31dbt hi ol an- 2-y1) - pyri dazi ne (conpound
21) N



To a DCM sol ution of

(6-chl oro-4, 5-di net hyl - pyri dazi n-3-y1) - phenyl - net hanone (300 ng, 1.22 nmol)
i s added WO20u19aydi t hi ol (0.408 m, 4.86 mmol) and BF1POEEP2§09/03BA8 i ,
1.216 mmol ) at OC under nitrogen atnosphere. The reaction mxture is
strired at roomtenperature for 16 h. The reaction was charged with
BF3.0Et2 (0.154 m, 1.216 mmol) and 1, 2-ethandithiol (0.408 nm, 4.86 nmol),
and heated at 40C for 6 h. The reaction is quenched with sat. NaHCO3 at OC
and or gdmi % has@% scoesifiae ivivattr Pbdthenobllb @heded aijdefiddayes %l 15 PEHIH g dF@vesns
Na2SO4, filtered and concentrated to afford a yellow solid. The residue

| oaded oG thadegurd awéuﬁ&rq FamEangshangl figee- %rrﬁddﬁaffe@raa\ﬁw sofif (14 W 3% (2jo
80% Et O
t 0Ag: Nmpggmﬂlér és)gg) mﬁ@ﬂ@ 3/ Pﬁ”E gggdgrg?ﬁw or adyc& cALE21GPFBHNE

and concentr at to aT ite soi 3% . 1H NWR (400 WHz,

CDA i ) J87.6HZ, BA), 7. 153(d(m7 61, 2HJ, 269 &, 281) (4154 Gir])],H)B446-43133@n(11H) auy-3.4. GO

82 i ortDes P PP e Db et S By 24 ?Sﬁh@f’iﬁ@ wh N TR i TR o

N=N 3H). To a DCM (1 nl) solution of NBS (49.6 ng, 0.279 mmol) is added
DAST (0.147 m, 1.115 mml)The reaction m xture is cooled to O C before
3- chi otk MSgmiz. MHRymess ¢32.2HSnyrle. 48528080/ 007120PCT/ EP2009/ 059138
[1,3]dithiolan-2-yl)-pyridazine (90 ng, 0.279 nmol) is added. The m xture
is stirred at roon1tenperature for 3 hAddltlonaI 2 eq of DAST (73.7 pL

: xdleldo ) & ame & 4,5 3

;. at 0 'C The aqueous | ayer is mashed
N8 < Bitres Jartrc-rayers are dried over Na7SO4 and
concentrat mhe crude m xture. The residue is | oaded on silica
gel an&‘b Eﬁygiu? chromat ography, eluting with 15 45% Et OAc:
hept ane. Fractl ns cont a ng the desired product are conbi ned and
concentrated to afford avyellowoil (15 ng, 20%. 1H NVR (400 MHz, CDC13)
= 7-54nﬁd52 (m ZFD, 7.47-743 (m 3H), 2.42-2.41 (m 6H). 19F NWR (400 MHz,
CDCh) = -89.9. M5 (mz, MH) neas. 269.2, calc. 269.06 Step 3:
2-1(R)-4-116- (D'fluoro phenyl - nethyl) 4, 5- dlnethyl pyrlda2|n 3-yll -2-ne
th 2 3N . I

JICh . : : )
P|ner|dlaqmpﬁannﬂdﬂzmmmmmCamdrmnﬁsmmklustrated in Schene 5,
pi peridin-lsyl-pyridazines can be prepared by a nultitude of routes.
Accor di td%%gk&ﬁﬂhﬁgggtﬁonalized pi peri dines can react with
i nt er ne ks NVt g/ yi e)die les 1g. Exanples |h and |i can be prepared
via Route B. Reaction of V th a 4- piperidinylcarboxylic ester provides
after ester_hydrolysis in di .at Xl a can react either

Eideah

i m dazol - suB8tit ut r% ﬁqlin’ﬁﬁlycﬁﬁl‘i%mc%ﬁa'@ﬁ@éﬁyw - ‘ie{rﬁ@’di‘i‘? afilli2des
t o examplyesidyl-5-Eebx§1iE aBldaub e Ses?e)f%EmhFj?oﬁlnHJMbYSG 8RCHIGAY rhiRbBi{Bgicat £9in¥

wth 4- cyanoplperldlne and subsequent cat al yzed teaction of XIb with
R'- Br. (Fmlheo.5 minghznk-migtestaie tibed Teg sppliersmpiure anhdseedmt d P dorf30omin in

! nterﬂ?ﬂpgwée Aeerd LY f}?é‘%%ﬁh' Dk Rk '1&21,8{1 ryk i B3 S rfRATBP! fasN

a ket o-al dehyde precursor) I'ch are avai rea
4- hydr@kymmﬁﬁyﬁﬁ@;@emmﬁwnb§0%r%hxw%HﬂﬂAsuﬁeequﬁnmnomﬂmmhwohmﬁ% folewad ewho

el cct o 1080 MOt B “BRbSsrelio g arSeeia el cphectug i, i Ve

tertiagyfl cohol exanples IL Transfornatlon of the hydroxyl group with
fluorination reagants e.g. Deoxofluor yields further exanples In. Ketones
XI'd can be used in reductive am nation reactions with am nes and e.g.

NaBH( ),agent to yield exanples To. WO
2010/ %@8%}%%%0@9659138 | . H2NCH2ON- Ar, Hetaryl // NH2 2. Ph3P,
CCl4 'H NMR (400MHz, CDCls) & = 8.83 (s, 1H), 8.16 (s, 1H), 741732 (m, 4H), 7.14-7.10 (m, 1H),

479-4.77 (m, 1H), 4.39-4.35 (m, 1H), 3.96 (s, 3H) 3.52-3.45 (m, 2H), 3.35-3.42 (m, 1H), 3.24-3.21
(m, 1H), 3.12-3.07 (m, 1H), 2.38 (s, 3H), 2.15 (s, 3H), 1.44 (d, J=6.7 Hz, 3H).
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SCHEME 5 Synt hesis of exanple 56 by Route A: Exanple 56: 211

-(6-Benzyl-4, 5-di net hyl - pyri dazi n-3-yl)-pi peridin-4-yl11-2, 3di hydro-1Hisoin

dol e NN -W8t2819/007128- ( 6- Benzyl- 4 5-di net hyl - pyri dazi n- 3- PCIAEP2009/059138

4- di oxa- 8-aza-spiro[ 4. 51decane (conpounds 23) WO

2010/ 007120PCT/ EP2009/ 059138 Conpound 23 is prepared from

3-benzyl- 6-chl oro-4, 5-di net hyl pyri dazi ne and 1, 4-di oxa- 8-

aza-spirof[4.5] decane followi ng the procedure simlar to what described for

compoundS 8n/z1HNYRnéAODBIMZcal CDRA3) 8 = 1.89 (4H, nm), 2.08 (3H, s), 2.17

(3H, s), 3.33 (4H, m, 4.00 (4H, s), 4.29 (2H, s), 7.22 (5H, m. M5 (m z,

M) neas. 340.4. Step 2:

1- (6- Bghzw k@,§0q¥g§qhyl Pyridazi n-3-yl)-Pi Peridin-4-one (conpound 24)

To conpoun ng, 2.46 mmol) in acetone (50 nL) is added hydrochloric

acid (M2Az, M@Hﬁuymmm@ﬁﬁ>@dné9$% stirred for 46 h, then treated with

saturated sodi um bi carbonate to slightly basic, and extracted with ethyl

acetate (3x). The organic extracts are washed with brine, dried to give an

oi | th&kmmbmw1dBBRDu«e5a%n&ﬂnﬂhhﬂknﬂamnbaﬁﬂdmnn338W@nﬁimﬂBADMBJf|catlon by

silica ) ethyl acetate in heptane). 1H NMR (400

Mz, Ol — ) ; pr2-oly 2 7 (4H ), 3.6 (4H ), 4.3

(2H, sw 3 (5Hk n)N MR NB (niz MH) neas. 296.1763. Step 3:

2- Fl i dazi 3 e 1 2 3dih dro-1Hi soi ndol e (exanpl e 56) To
e g

ket one 24 43 ) in anhydrous THF/ CH2C12 (1.5 nml1l1 5 nlL) is
added |50|ndoI|ne (25 0.22 mmol ) and glacial acidic acid (3 uL)and

tri acet oxyl r8QMLIMAOE O (A0 Tl o IR ) idBRR- T X0 Ui 1S5 25

for 2 h and, quenched w t'h aturate
2010/ 00yd2ePClY, ERP200e7ig8DL88boxylic acid methyl ester (example 3, 360 mg, 0.14 mmol) in 2

mL anhydrous THF is added 3 M methylmagnesium bromide (554 uL, 1.7 mmmol) in a 2 drum
septum-top vial at -78 °C under nitrogen atmosphere. The reaction mixture is stirred at -78 °C for
1.5 h, before warmed to 0 °C and stirred for an additional 1 h. The reaction mixture is quenched
with sat. aq. NH4Cl at -78 °C and diluted with DCM. The organic solution is washed with brine,
dried over Na,SO4 and concentrated to afford the crude material. The resulting solid is purified by
prep. HPLC, eluting with 10%—100% acctonitrile in water (both mobile phases modified by 3% n-
PrOH). Fractions containing the desired product are combined and freeze-dried to afford a white
solid (25 mg, 42%).

'H NMR (400 MHz, CDCl3) 8 = 8.25 (s, 1H), 8.04 (s, 1H), 7.49 (d, J=7.5Hz, 2H), 7.31 (t, J=7.5Hz,
2H), 7.02 (t, J/=7.5 Hz, 1H), 6.59 (b, 1H), 4.63-4.61 (m, 1H), 4.16-4.12 (m, 1H), 3.44-3.09 (m, 5H),
2.36 (s, 3H), 2.18 (s, 3H), 1.56 (s, 6H), 1.39 (d, /=7.1 Hz, 3H).

HR MS (m/z, MH+) meas. 434.2667, calc. 434.2668.

Arvl-pyridazines

As illustrated in Scheme 2, compounds of Formula Ib can be prepared for example by
chloride displacement from a 1,4-dichloropyridazine II with a piperazine to yield intermediates III,
which react with a boronic acid or ester in a Suzuki coupling to yield compounds I'V. Nucleophilic
aromatic substitution with e.g. arylchlorides under basic conditions yields examples Ib (Route A).
Alternatively, intermediates Il can react with substituted amines to compounds IIIa which are

substrates for Suzuki coupling reactions with boronic acids or esters to yield examples Ib (Route B,
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bi carbonate, and extracted with CH2C12. The organi c phase is dried,
rotavaped, and was subjected to HPLC purification (actonitrile-water- 0.1%
TFA) to gwogotw7t2dt | e conpound as a TFA salt (67 ny, SYUI/EP2049EYIB8 (400
MHz, CDC13) = 2.2 (411, m, 2.3 (311, s), 2.4 (3H, s), 3.2 (2H, m, 3.6
(111, m, 3.8 (2H, m, 4.5 (4H, bs), 5.1 (2H, bs), 7.3 (9H, M. HR M5 (m z,
MH) meas. 399. 2547. Synthesis of exanples 57-59 by Route B: Exanple 57:
3-Benzyl- 644- (5-chl oro-1Him daz01-2-yl)-Pi Peridin-1-y11-4,5-dinmethyl -pyrid
azi ne G StepCH). TobfpoBediz Y- din SbdicoBidel - Pyd ifghdizdr Nexamyples- B panhdtidnble gfoupa
boxylic acid ethyl ester (conpound 25) .. .To a solution of .

3- benz yREUEE0BT 8T R75e.gi Rptenigt hydiolygiszandeanid. forygation g1 Gaigspryd #dditgoptor aternd)
i s addeghdpbRefi.di ne-4-carboxylic acid ethyl ester (2.0 g, 12.9 mmol) and
DIPEA (3.7 nmL, 21.6 mmol) The m xture is heated in mcrowave at 210 C for
1.5 h. The mxture is concentrated at 80 C by rotovaporation. The crude
product is purified by HPLC (GH3CN H20: 22 % - 445 % with 0.1 % TFA) to give

1- (6-benzyl-4,5-di methyl - pyri in-3-y1)-pi$i§:i2ne-4-carboxylic acid et hyl

ester (0.94 g 61%.N.1Hz 400 Mz, CDeit@ 1.28 (3H, t), 1.90 (2H,
q), 2.07 (2H, zoys 5 (3H, 2. 3BofedH, S),
1

4 (1H, m, 3.03 (2H, t),
3.57 (2H, d), 4. q), 450 (2H s), 7.19)(2H, d), 7.24 (1H d), 7.29

(2H, t). HR MBS (n zN M) Riveass, 354-2ibig. ., 1- (6-Benzy1l-4

5-di net hyl - pyri n-3=y1) - pj| perll di he-4-sar bgkyl ilc aci d (conmpound 26)
To a solution of R2 Z Pd-cat., base R2 N
1- (6-benzyl-4, 5-di net hyl - pyri dazi n- 3-y1) - pi perildi ne-4-carboxylic acid ethyl

ester (0.88 g, 2.5 mml) in Et9OH (8 nlL) is add&d a sol ution of sodium
hydroxide (0.8 g, 20.1 mmol) ip 1120 (8 nL). After being stirred at 25 C
for 2 M2t ixture is &bncen{ﬁﬁﬁbd?eandvextricwembmkth CH2C12 (2 x 10 nl)
to renove|inpurities. The aquebus layer is acidified by 1IN HC1 to pH - 5,
and WQ BO?lZOPgT/EPZOOQﬁp59138 extractedTW th CH2C12 (6 x 20 nmL) The
conbi néd or gani ¢ solution is

i ed over Na2SAx _filtered and concentr at ed

to give 1- (8. benzyl-%,.5-di mef hyl}- pyri dazi n- 3-fy1) Jpi peri di ne- 4- car boxylic
acid (0.68 g, NW R (400 MHz, CDC13) L3=/1.92 (2H, q), 2.08 (2H

d), 2.25 (3H ) (3H, s\ 2. 64"H ),
d), 4.49 (2H, s), 0 (2k4._d
M) neas. 326! ep 3:|
1- (6-Benzvl-4, 5- dLgedshvl - Puri peridipd- 4-ca boxylic acid
cvanonet hvl - ami de  (conmopthd 27) o¥a sdl ution of
1- (6-benzyl-4, 5-di net hyl - pyri ddzi n- 3-y1) - pi periRli ne- 4-carboxylic acid (350
my, 1.08 nmol) in DW (10"¥L) is added D1PEA (0.94 nit, 54 nmol) and HATU
(490 n@c}ﬂﬂﬁgznnnl). After being stirred at 25C, am noacetonitrile
hydrochl oride (119 ng, 1.29 mmol) is added. The mixture is stirred for 2 h,
and di ISyndesissof mténdcaté20 nl) and washed with 1120 (3 x 10 int) The
or gani ayer s drj fhltergd.aqd concentr at ed. Th? crude
pr oduct=rs-puritred-hy JHatog AR EAD e R TG A OIROUPE Ly e
1- (6- benzyl- 4;%- di hyl - pyri dazi n-3-y1)- piperidi ne-4-carboxylic acid
cyanonet I‘?@zéﬂ‘gi%éo ng, 72 %. 11-1-NWVR (400 MHz, CDC13) S = 1.97 (4H,
m, 2.2%8 (3H, s), 2.36 (311, s), 2.58 (1H, m, 3.07 (2H, t), 3.67 (2H, d),
4.12 (2H, d), 4.44 (2H, s), 7.14 (2H, d), 7.31 (3H, m. M (ink, MH) neas.
364.3. Ste 4: 3-Benzvl-65-chloro-1Him dazol -2eridin 14 5-di neth 1idazine
To a round bottom flask is added 3-chloro-4,5-dimethyl-6-((R)-3-methyl-piperazin-1-yl)-

711 (21-1, t), 3.60 (21-1,

.31 (211, t). HR MBS (niz,
|

- 3- 0- Pi
Pd-cat., basT

L

/1
imethyl-0-((R)-3-m

pyridazine (500 mg, 2.07 mmol), 4-fluorophenylboronic acid (580 mg, 4.15 mmol) sodium
carbonate (440 mg, 4.15 mmol), toluene (16 mL) and water (8 mL). The reaction mixture is purged
with nitrogen for 20 min. Tetrakis (triphenylphosphine) palladium (50 mg, 0.103 mmol) is added
and the mixture is heated to 110 °C for 18 h. The reaction mixture is concentrated and partitioned

between ethylacetate and water. It is extracted with ethylacetate twice and the combined organic

49



(exampl e 57) To a sol ution of
1- (6-benzyl- 4, 5-di net hyl - pyri dazi n-3-y1l) - pi peri di ne-4-carboxylic acid
cyanonet WyD-28m¥@212020 ng, 0. 055 nmol) and tri phenyl pho®EHiER2009/459138
acetonitrile (1 nm) at 25C is added carbon tetrachloride (42 ng, 0.28 mol)
After being stirred at 50C for 3 h, the mxture is concentrated, and
diluted with CH2C12 (10 niL) and washed with sodi um hydroxide (2 nL, IN),
and H20 (2 nmL), dried over Na2SO4, filtered and concentrated. The crude
pr oduciphises prardrici ﬁdthl@ydlhRLsGlfﬁt@aB&:%ﬂdaﬁhaté’(? %t Apubifivdl bl cAlurhn YhrbrA}ographgi(ve
3-benzyl- 644- (5-chl oro-1H i m dazol - 2-
pi peri dPi- fPetP?E]Ol/HleﬁD’éfinﬁéPWﬁe)W rgfvaéﬁprﬁ%g ‘(fﬁl(‘%ﬂ‘ﬂ?éo'l’h@%) -4 3 1dimpy I 8D Rz,
MeOH- dﬁeﬂ?ﬁ gpega%m( ggq) 1da£nc2g§ 3¢@H d), 2.35 (3H, s), 2.50 (3H s), 3.20
(3H, 8 4.46 (211, s), 7.25 (2H, d), 7.34 (1H, t), 7.35 (1H,
s), 7. éH NMR14OQ ])/HJZYRDC\I@SEO’ZLM emmmmﬂ EB’ZGOQ#&)&?ZLBBI) BRSNB, 2H) 2.84 MBH B
calc. 382,17 | & 58;
2oL L EreHlE 43 S 2aRR R D O R RN RV Br 311D 195 G U, 5.
pryridHne To a sol ution of
1- (6-benz 4 5- dlnethyl 8 ri dazin-3 Q& pi peri di ne-4-carboxylic acid
( conpodaMBgm/5MHr) mgas1 § 4)cahdﬂ§ di ami nopyri dine (33 ng, 0.30 nml)
in CH2C12 (0 5 nL) is added pol yphosphoric acid (1 nL) The m xture is
concentrated to remove CH2Cl12 After belng stlrred at 150C for 1.5 h, the

: 3 lab gth

aqueou soIut|onrofAsodnunthydrOX|dekto pH - K The aqueousisolutlon i's

extracted with CH2C12 (5 x 15 nlL) The conbi ned organic |ayers are

concent rat.edNahd rified by HPLC (CH3CN H20: 22% 45 %with 0.1 % TFA) to

gi ve 24X %%e?§?§25 dlnethyl pyri dazin-3-y1) -

pi peri di‘n-4-y1 1FL|n1dazo[4 b]pyridine (33.8 nmyg, 55% . 1H NMR (400 MHz,

MeOH- c 28 .38 (2H, dd), 2.53 (3H, s), 3.29

(214, 3‘?"}“%“%%2 ‘Hg °§%““§ﬁ°‘(ﬂ gyinds-ag (214 s), 7.25 (2H, d), 7.32

§114 t'h ,NMRQ@O({M%%ZQCDCQI%SZEZ(GQW 8df(11)1, 218) #60 ( 170 (md)H) 83623 61Kin, 31H) 28R -M5
nmeas

2-]1- (é@éﬁkﬁ@ﬁ@ ar%ﬂhtﬂ) %ﬁpl(%éﬂ)ﬁlé (3 BfD4-lpednirio- i éHi-di n- 4-y1] - 1

H m da p ( nzyl-4

5-di net hyl - d?ﬂ gg - §{§yﬁemﬂ§3%%ﬂg%$?dlne 4- carboxylic acid ethyl
ester (conpound 28) To a solution of

3- benzy. i in NMP (10 nL)
i s adde S Gt DOXYTTC ety Zl'eg, 8.6
nunol ) “&HELBNSEA (3 7 m, 21 6 nnDI) The ntxture IS heated in mcrowave at
210 C for 1.5 h. The nmixture is WD 2010/ 007120PCT/ EP2009/ 059138
concent reat edyat vDy rotovaporation. The crude product is purified by
HPLC (B—BG@O« % B5c% with 0.1 % TFA) to give

1-(6- bedzyl- - I-pyrlda2|n 3-yl)-4- nethyl piperidine 4- carboxylic

acid e ter 19 ,
1.29 ( 1(>]§_-qu§ Or%n%%ﬂ(pz/n mf%-yl%lpfaazc%e 15l & 1 3 mypoly zsffm]ba%ed ‘ﬁlﬂé :forg)‘t 3.
3.13 ( aﬁheth 1%31(1&%& a4 @)84.39me01 @ﬂélth ind &% 1(12,;"1an§ NMF (4olm( £ Hrhddbactibn28
(3H, : meas. 35. Step 2:

1- ( 6- Bérnztyltc i, leiatﬂdntet%tnmnbmra@zﬂ 1r$03°Cof042r§emny|ané|ﬂp@r padicerratedciy wsug| e
acid a 0

6. S ATRRNE durificd by R %@?tl‘a*'o%ﬁﬁ%? filicy el (089 MEOL/CHLCLY tg afford the e

aci d emhg$omEMéB2@p8Bm)g, .6 nmmol) in EtOH (5 m.) is added sodi um

tvo. hr Ao Aofb? ﬁwigéﬁ'ééré P By 83 Httﬁ LG GethBe A PR )

to remue | HopPUL) 38€53. 76"51#? @gWSS DRYRIAH)D B défflj ed by 1IN HC1 to pH - 5,
and extracted with CH2C x 20 nmL) The co |ned organic solution is

dried over thSO4 flltered and concentrated to gi ve
1- ( 6- b&rAyd iSrd % D¢
acid (Om%

yridagia ddine-t boxyl i c
X\Qic ac1d/r?1€thvl ester (compound 4)




1H NVR (400 MHz, CDCl;) S =1.33 (3H, s), 1.60 (2H, t), 2.13 (3H, s), 2.23
(3H, s), 2.31 (2H, d), 3.17 (211, t), 3.38 (2H, d), 4.42 (211, s), 7.21
(2H, d), woznym®@1mo t) HR M5 (m z, MH) neas. 340.2028. PETHP2009/p59138
5-dinmethvlridazin-3-eridin-4-vl Himdazo 4 5- chwidine (exanple 59)

To a sol ution of

1- (6-benzyl- 4, 5-di net hyl - pyri dazi n- 3-y1) - 4- net hyl - pi peri di ne-4-car boxylic
acid (50 ng, 0.15 mmol) and 2, 3-di am nopyridine (32 ng, 0.29 mmol) in
CH2C12 0 %fns ded polyphosphorlc acid (1 nL). The mxture is
concentré%g;Nto_neégigCH2C12 After being stirred at 150 C for 3.5 h, the
m xture i &°cool ed t 5C diluted with water (3 nL), and baS|f|ed by 10%

| yt di Th t
it oot T Rulo RS AR oS Slime Ry yepe A M BTl 8 2R
puri fi estnély, 2HRl1&E UGHAGHYolnk2@tiy1-bSrifidind 8- c bk f1i é@l(ﬂm%ﬁ%@d)er {013, \8882 mmol)
2-[1-(6-benzyl-4, 5-di net hyl - yrlda2|n 3- %U} 4- net h@%&%ﬁ&g 4- ﬁ}] 1H m d
azo [428d él]lswmpaleﬂéylwme 3 miw 23 mpgylpig @Wié% ved

S",OOZ T g@%ﬁf . FﬂteiLthQQea(c?iBh ﬁﬁture%ngﬁmgcz»ln]th Wta)er al?d gtﬂ}ilﬁge'f!lte & gilvgl 49 5(0¥H

d), 7. 33{4((mlorcu )425 dzm:efhyt deazm)S y18 pmra(zmHl -y_b])4 trelusemqqlm pyd)mdlge -23 ( 1H,

E;anple%gﬁgﬂn”mK#+thl 9§(”@%3.2446. Synt hesi s of exanple 60 by Route C

146- Bermivg, (36iMIRL bYICipr= slag (301 8), widb--5¢ 121mh e 0x93 (s; BRY, BYds-(8t, Bp-2239 3", 5
,6'- tetrahydro-111-12 4] bipyridinyl-4'-carbonitrile - NC Step 1:

1- (6- B&naih- 3%6didkt hyl - pyri dazi n- 3- 0- pi peri di ne- 4- carboni trile (conpound

30) gQgqu“ g $3P a 4B 9 gompound 10 and pi pe

' di ne-4- carbonltrP1e§$ I%m}§R;E g grocégure simlar to what described for

conpound 3. 1H NWVR (400 MHz, CDC13) S=20-2.2 (44 m, 2.1 (311,9%), 2.2

(3H $), 2.8 i 1 L2 m, 3.4 (211, m, 4.3 (2H, s), 7.2 (511,

. HRS ﬂ‘("ﬁ‘% ’f\?liﬂquz’%'gé“.‘a ée‘l’?.ef%o. Step 2:

2 (6- BIEQBEDIQ)G’ (KN 2 B horp b p@ny-2.5 Alim B onpaldasin 31y1]-Oheth¥P 3.4.5.6-tetrahydro-

2010/ 007120PCT/ EP2009/ 059138_ , To 2-brono-5-iodo-pyridine (2.974g. 10.2

nmol ) ! ic 3qid meHwl eftelcr (20 nl) at -78 Cis added

dropmnsc n-; ty+\lu$h| (2 5 Min hcxane, 4L, 10.2 mmol). The m xture is

stlrreﬁ“éi ng?éﬁj% then acetone (anhydrous 0.749 uL, 10.2 mmol)

i s added drop The nlxture is slowy warned up to -50 C over 1.5 h and

i s quenched ol SRuYfia 6! hagogsommml&mloff (#§3- Iﬁe&wlgﬁf;&gmwrly;)l @trmé_hn@@ﬁzat e.

The organi ¢ phase is separa ‘dricd and rof avape ue I's
puri fi e, by 3gnholg.e- gtéoromwmbgarth(am nx0bglesthy(368 0wt A0E nimolhept ane) to

give t taclalsc;[plr(t)py tﬁﬁr%mquﬂ(ﬁ Sl M b mmo Pandd dlch]an ?3 1%L) 16n42(1)/90'und bottom flask. Heatto 110

°C for 18 h. Concentrate reaction mixture and purify by column chromatography (0-100%

cthylacetate/heptane gradient). Triturate product with acetonitrile to give 480 mg of (R)-4-[6-(4-
fluoro-phenyl)-4,5-dimethyl-pyridazin-3-yl]-2-methyl-3,4,5,6-tetrahydro-2H-[1,2’] bipyrazinyl-5°-
carboxylic acid methyl ester (63%).

'H NMR (400 MHz, CDCl;) 8 = 8.87 (s, 1H) 8.21 (s, 1H) 7.46 - 7.60 (m, 2H) 7.19 (t, J=8.5Hz, 2H)
4.84 (brs, 1H) 4.43 (d, /=13.0Hz, 1H) 3.99 (s, 3H) 3.68 (d, /=12.5Hz, 1H) 3.49 - 3.63 (m, 2H) 3.39
(dd, /=12.8Hz, 3.8Hz, 1H) 3.15 - 3.31 (m, 1H) 2.41 (s, 3H) 2.29 (s, 3H) 1.50 (d, J/=6.5Hz, 3H).

HR MS (m/z, MH+) meas. 437.2097, calc. 437.2101.

Example 7: (R)-4-[6-(4-trifluoromethyl-phenyl)-4.5-dimethyl-pyridazin-3-vl]-2-methvl-3.4.5.6-

tetrahydro-2H-[1.2°] bipyrazinvyl-5’-carboxvlic acid methyl ester
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1H NWR (400 MHz, CDC13) = 1.60 (6H, s), 1.96 (1H, s), 7.45 (111, d, J = 8
Hz), 7.70 (1H, dd, 7= 4, 8 Hz), 8.47 (1H, s). HR M5 (w z, M#H) neas.

216. 0034.Wet289/@®7120 PCT/EP2009/059138

146- Benzyl- 4, 5-di net hyl - pyri dazi n-3-y1)-5-(1- hydroxy-1-nethyl -ethyl)-2',3",
5,6'- tetrahydro-1"H[2,4]bipyridinvl-4'-carbonitrile (exanple 60)

To a m xture of conmpound 30 (122 ng, 0.398 mmol) and conpound 31 (103 ng,
0.478 rrm)l) in anhydrous toluene (3 n) is added Pd2(dba): (18 ng, 0.020
nmol ) . ﬂxtﬂreNﬂNs bpled with nitrogen for 7 min, to which is added
tri-t-puty ?ﬁpﬁ (4/0°Min toluene, 40 p.L, 0.040 nmol) and Iithium
hexanmet hyl di silazide (1.0 Min toluene, 0.995 uL. 0.995 mmol) . The m xture
i s stiBxe@pRt7 it rdpered 1iba Bhdlogoub €8hidh tdEkafaplO6 frdmitompodndol ed to rt.

Addi ti opaimR42¢6ivmz cOLS, r&&) 8.8% (s, 113, @erw(hpmsz}m ne. (A2 L2 g H)i 1. bg

hexamet hyl di si | azi dé (0.995 pt) are added to the reaction m xture. After
bei ng e84 HelH)o# 83 Torty, Htlhér 4 (st [rr18. 3z, fblentded, WL B. 784 duwdt dHizahip AiSGm

hi d d
it brratAhar ARt B ASCHTS £ al W DA 23 DR S Y P

(acctorodltlrtrsnﬁzy\@lﬂ)er 0.1% THF) to givc the titic conpound as a TFA salt (24

119 400 3 6H, $), 2.23 (211, m), 2.27 (311,
mg ﬁf‘@ M ?)%M%%g‘%% 21“34§?£9§?%r( , ) .81 (2H( . ?52 (2H,(s),
730(5H . 7.68 (1H, d, J = 12 Hz), 796(1H M, 8.79 (1H s). HR NS

(mz, M) rreas 442.2600. Synthesis of exanple 61 by Route D: Synthesis of
i nt er méde@plss: (R4 -[BEhtrifinopmethyl phemstlhd.p-dmabylepyristaziaPyyli-d-npthyl§314.5.6-

2] bi py A c ) WD 2010/ 007120PCT/ EP2009/ 059138
HO’,,N'%ét%'hQéﬁ%ﬁ{gj%f ﬂ!ﬁ%@}?a%g]g %‘Pﬁ%ﬁlgaéﬁ n-4-yl-methanol (125 g, 1.03
mol ) i85 QNMQ‘QOIM 3- benzyl-6- chI or o- 4, 5-di net hyl - pyri dazi ne (60

ng, 0.258 Nt Thc reaction mxture is stirred at 210 Cin a
m crowavc reactor for 2 h. Then the rcaction mxture is diluted with DCM

(15 ni)and Washekitign phexaambol (g Watlepmotiigad srcgunpld 19 s1ly énadded S¢epapenuad
d f

P oduot TR AR (1 BEY RS sk GRS oMb b SIS Ry s el Sl iR, )
220nm v edsetug tihdiskolvedtin ontepaal/acidiicd Wwith ANH Clad pplrabduct amisexabEtedvviith ethybwder

200 629 H NVR (400 Mz O 3,7 7.23-7.36 55 (t,
3:5_ 3 cet{[il he ¢ yé@ce(tastg laérir 1)s co%pe%%qﬁo ezﬁq)rd th/é tlélg cgwo%fg]%ﬁ%ékgs a 1|(_|)
2.21 ( ell&H};oh(Q 14 (s, 314), 1.84 (m 214), 1.62 (m 111), 1 40 (m 214).
HR M5 (m z M—I+é nmeas. 312.2069, calc. 312.2076. 6- Benz
5 di rretHyNNB%/(“iO %%%C@a%)iorﬁe"ror(éh IAD- 8.1 ¢ & H)-det T&Qi%é @ﬁ%()d, J=8.0Hz,Tg

' - be & 6 t 0 1,
o1 pyr 1 GEay R nEehOaT (o fbor GG RANCH ST B 23 o ) 2 B
Dess-l\/ﬁr2t7i(sr3rlﬁagé31(d (1265HmﬁH)0 59 mmol ), the rcaction mxture is stirred at
room-t r the reaction mxture is diluted with DCM and
mshed%Wﬁé@%ﬁWaﬁaﬁgg%%he organi c phase is separated and the
sol vent renoved under reduced pressure. Purification by HPLC of the crude

product with acetonltrrle |n vvater from 20% to 95% w th 3%1 propanol) at
220 nmbExanaledh -4 «imethul-praidaziaB-yil-3anethyl-}:4. .0 ¢tetnghvei

powder (130 MBipyt8i-s Mkt fiZacidHr) meas. 310. Example 61

3-Benzyl-4,5-dimet hyI-644-(4-tri |l uoronethyl-1H i m dazol -2-y1)-piperidin-|-

y1prr|H51a[}ren WA 007120PCT/ EP2009/ 059138 To the sol ution of
sodi um acetate ‘trihydrate (50 ng, O. 615 mml) in water (5 m.) is added
11d|brorr0333tr|fluoroacetone The solution is

heat ed 45 mtPasohion ef gample &fk %tltﬁlén%lﬁa apﬁgrrﬂ@aeﬂr @@ errn%,a@eri IR i s

added tll?dl%xﬁigl H;d \y). @ mixture is stirred at room temperature overnight. Solvent is removed and
1- (6-benzyl-4, d|nethylpyrrdazrn-B-yl)-p peri di ne-4-car bal dehyde (100 ng,

0 31 mths 1)351@? iMdOBPIY &l imWatemadd eoididisd tvitit el PHauepHsabantrﬁb nndaextché@H ethyfmi,

™ 12 ac%le.) The-g&lyl L&At 'Ia(%]r 1rsnc2)(rgclé£t?atle f% tlttl(e) ccs)rtng(r)llgndf %68 2, 56%) asa
yellow solid.
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h at roomtenperature and the reaction mxture is then concentrated under
reduced pressure to yield a sem-solid which is recrystallized from heptane
to yiel d Wogdw/97iduct . Purificaton by HPLC of the crud@CpHERANEI0SABE h
acetonitrile in water (from 10%to 100% w th 3% 1-propanol) at 220 nm
wavel engt h detection provides the desired product as off white powder (28
ng, 22% . 1H NWMR (400 MHz, DVMSO-d6) 3 = 7.72 (s, 111), 7.23-7.36 (m 511),
4.29 (s, 211), 3.52 (m 111), 3.37 (m 2H), 2.97 (m 211), 2.24 (s, 311),
2. 20- 1'"ATNMR (4bIMH2,. B § 5 =380 (s l—H’) r@’m((mlu) 'V\/B'E‘Imm'ﬂi)§7 241165 2050,67qal, C.
416. 2062. Synt hesi s of exanpl es 62: 2-%1

6 Bert) 1L 6 ol 3t ) gD 40 () Uy e i Hia 20 (s 3102 158, 30,
-tetrah%grgtf6g}§ngy|noI ine N=N This conpound as a TFA salt is

pr epar ed fron1conpound 24 and 1, 2, 3, 4-tetrahydroi soquinoline follow ng a
pr ocedlhfrFeMSs(adz,umHé)(amqase425694111 1- NVR (400 MHz, MeOH-d4) = 2.1 (2H, m,
2.3 (3H, s), 2.3 (2H, m, 2.4 (3H, s), 3.1-3.9 (9H, m, 4.4 (2H, s), 4.6
(2H, s), 7.3 (9H, m. HR M5 (mz, MH) neas. 413.2689. Exanple 63:

(6 Benthekis 4f &xamhhpied 10440 pigrRa@e Bn- 3-y1) - 5- ( 1- hydr oxy- 1- net hyl -et hyl ) - 2",

2010/ o@ﬁf%&s@w&éi’é’%ﬁﬁ%w&hﬁ%% ngowcwwund 31 (532

mg, 2. @&anmzmqyn(gnbagngg§1ﬂmF (5 nm) at 0O T is added sodi um hydride (60%
in mneral oil, 138 ng, 3.45 nunol) The m xture is stirred at rt for 1 h

and t hdfethesbfed to 0 C, to which is added SEMCL (0.564 uL, 3.2 mml). The
mxture is ?ﬁéforuﬁgbglgmﬁ!ﬂaalp lﬁﬁﬁnQS c%%rgggfqugﬁ%leQO 28@9111?(9 %Qrolhca%ﬂfj(gqj‘éem:hed

with water, extracte acet at e organic ase 'S hed with
bri ne, ndndeuhndumm&ahap&d57ﬁngOdBVynmﬂbmdmemé“pUHaﬁdbﬁrmWoETHFcBu@@I

h t .15% et h t t fford, t
compourtriat aute Sy g T Bigrin 4 WAt PR eyl 1 e o1y
s), 0.84d ﬁé’dﬁto nmo, Cﬂ-f0598 ﬁGPhrlﬁf)by c3ludith &lﬁﬁnat@napﬂy 60si(iddel $lith a02430%H, d, J =

8 Hz) 7.61 (1H, s) HR MS | Vf H+) meas. 346.0822. St ep
2: @@y@@ﬁﬂ;{hcgtagc gr,aﬁ;@{ﬂh rltw];q rHeducH- }y@yfhgnoj: and acetonitrile to remove other

'”Ethy%n,uﬁtTﬁJde Cn%béwk@nylethoxynethoxy) ethyll-21,3 ,5 ,61-tetrahydro-1
11-1-12,411bi pyri | -41-0l (conpound 35)
Method B

In a round bottom flask combine 3-chloro-pyridazine (0.268 mmol), boronic acid (0.536
mmol) and cesium carbonate (175 mg, 0.536 mmol) in 2 mL of 1,4-dioxane. Purge reaction mixture
with nitrogen for 1 min and add tetrakis (triphenylphosphine) palladium (30 mg, 0.026 mmol). Heat
to 115°C for 18 h. Filter reaction mixture through Celite and concentrate. Partition between ethyl
acetate and water, collect organic layer. Extract again with ethyl acetate and combine organics. Dry
with sodium sulfate, filter and concentrate. Triturate material with acetonitrile, followed by a
recrystalization from hot acetonitrile to give the desired products.

Method C

In a microwave vial, combine 3-chloro-pyridazine (0.080 mmol), boronic acid (0.096 mmol),
potassium phosphate (34 mg, 0.161 mmol) and X-Phos (1.3 mg) in a n-butanol solution (1.5 mL).
Purge with nitrogen for | minute and add palladium acetate (1 mg) then heat in a microwave reactor
for 45 min at 150 °C. Filter and concentrate reaction mixture, followed by purification on
preparative HPLC (water/ acetonitrile with 1% ammonium hydroxide) to yield the desired products.

Method D
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To compound 34 (272 ng, 0.786 mmmol) in THF (6 nL) at -78 Cis added t-butyl
lithium (1.7 Min pentane, 1.0 nm., 1.7 nmol) The m xture is stirred at -78
C for 30 WDR01W@7RAi ch conpound 24 (209 ng, 0.707 rmol ) PCH/EPRRIOIIAL) is
added at -78 C. The m xture is stirred and warned up slowy to -40 Tin 1
h, then quenched at -40 t with saturated anmoni um chloride. THF is renoved
and the residue was extracted with ethyl acetate (3x). The organic phase is
washed with brine, dried over anhydrous Na2SO4 and concentrated. The
residue is puiididredtaldyvisl 3 icEBrgsyriddein (0.9 DAMLAOREIAERZAQOS0DEDD),
chromat ogr aphy (40-60% et hyl acetate in hcpt ang)j rovi de recovered
conpouRafassum phasphgte (hdbme L /i@ ippd &-hginbo lrsen%msolr?alut@?% Sgd
Wh' te @9 }e%lt}fj-ﬂ'{fr% f()ﬂpﬁmll\/!i{?d acﬁ%ﬂlaalurg aCetQteQ&@%;é,%ﬁ)en hBat8d a Qn?x&'llowtave react018
1.74 H, , 2.10 (3H, s), Z.22 (3H, s), 2.28 (2H, m,
3 57 (6¢1{45n)11na413(1 ((Z]F-IIte@nd c4n@@tr(112|¥{eac§9)n X ters. @Mﬂtiog})etwﬁegé’thyEH:tatnjand7 43
ng’ (685 ter c Qleétﬁlggher%fgamc? Féﬁinﬁ%aﬁl ar_rlllgsal(n?}l)? \?rgan cs,?%rg;lwnh spﬁlu’fgnssu?fate angp
tetr ahydﬂid&niratH- Rﬁ’r,lﬁﬂflﬂlbbhmm chir i dtodraplof in(ack BONIh eth§Betate/heptanclgradionqoyiztd 35
(44 mg,, 0,078 in CH2C12 (1.5 nL) at OC is added TFA (0.15 r.tL). The
mxturéhQ‘Les’é?qPrP@&F at 0 Cfor 2 h and is quenched with 25% anmoni um
acetate, extracted with ethyl acetate. The organic phase is washed with
brine, dried and concentrated to yel l ow resi due which is purified by

si | i caFyampdesrlfrs dhe &ﬂwnqg)tae%(ﬁgslzlﬁéhws ¢xampip of oympeyings PisperRe by Bepiedy

d .CDC13) S = 1.62 (6H, 1.72 (2H,
pr? 2 5141%5113@2@{)%%5%&?%% S??Qef% (2H, r‘r; 3. 50 (4H,( r’r),S)4. 30 (2H,( s),
720(E[Hblerr) 7.42 (1H, m), 7.86 (1H, n), 8.66 (1H b.$). HR M5 (nmh, M)

neas. /IQQ 2EQ0 Evarmnl e R/I

I_I\MII’JI

2-11' {( EXBBRE, 1 4, 5- di me ‘ﬁW“rﬁyn dazi n- B-y1) - s iR YI3Ye MU Imeas. 41| 51 61-he

xahydrol 2,141 bi gyrA dj pan-2-pl HONN=N Step 1: 1 -(6 Benzy1-4

5-di net hyl - pyri|d E%TC% of o- 5- [L1-Aret ny4L821L7(52-(ta1¢ MEERYTDI l|anyl et hox
ymet hoxy) - et hyl|i - 11, 2 3 51 61- hexahydr 0-[2, 4l bi pyr| di nyl (corpound 36)
WO 2016/ 697126RCTH EP"OO)‘?_L\O'\:*@QSS Ffo—conmpound—35(39 g, 0-069mvl ) at
0 Cig added cal ol n THF, £65] 44141938 (ba10la) 4 Tbs)M|Xture is

stirred at rt flor 4 h was e W|th saturated NaHCO, extracted wth CH2C12

(3)() The Qr ga LC pha:p is washed with prine ldried and concentratled to
afford brdén oill - ' aphy plir | i on af tlhe titl ed
compound (21 ny, 48 R (2 1; '{2](33%8(?33%%32?%9@ (2H, t,
J = 8|Hz), 1.6(6H S) 2.0 (2H, m, 2.1(3H s), 2.2 (3H, s), 26(2H, n,
3.4 (4H, B, 3.6 2/,Nth NS )(j 3[(2H ), 4.7 (2H ), 7.2{(5H n,
7.6 (1H m, 7.8 I\6e$) HR MS 4442008 Ne4h). 44%2611)565. 3369.
Step 2:

2411- jl nzyt=j4 F:) yrethytgRyrdazin=3ry)=4t=ftuoro=11;2535451, 61- hex

)I 2

ahydrc 'bi pylr F2ty N5--2 o (xamhss Bk (cdic. 456.2375)
15 F§—</_=N>—NCN Nj{ g B 448.1513 (calc. 448.1516)
16 F:}—</_=N\)—NCN CNy (N C | 415.1859 (calc. 415.1858)
T SO o D | 457.1746 (calc. 457.1764)
8 MeOch> C/ _EFNCNJQZ_Q;I B 507.1503 (calc. 507.1523)
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This exanple is prepared from conpound 36 and TFA foll owi ng a procedure

descri bed for exanple 63. 1-14-NWVR (600 MHz, CDCl2) 8

1. 63 (6H,

s), 2.05

HR

(2H, nm), WORIIY®H20s), 2.32 (3H, s), 2.55 (2H, m, 3.94PCTHEP20P/0SN3H3 (2H,
b.$), 7.25 (5H, nm), 7.590 H, d, J = 6Hz), 7.90 (1H, m, 8.71 (1H, b.9$).
M5 (mz, MH) neas. 435.2554. Piperazinyl-pvridazines
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1H NMR (400 MHz, CDC13) 8 = 2.44 (s, 611). M5S (mz, M#) neas. 177.1. 2 3 6
7- Tet rahydr o- 5H- cycl opent a[ dThYri dazi ne-1 4-di one (conpound 38) 0 NH WO
2010/ 007 M ORO/EP2009/ 059138 A sol ution of hydrazPRE/ERQUOHEHBDr i de
(2.4 g, 22.8mml) and 1-cycl opentene-1,2- dicarboxylic anhydride (3.0 g,
21.7 mmol) in water (10 nL) is heated to reflux for 3 h. The reaction

m xture is cooled down to roomtenperature and the precipitate is collected
by filtration. The yellow solid is mxed with 15 nL 1IN NaCH and stirred for

2h, fi[lTtened and yig;%imﬁl umto pive
2,3,6,|7-tetrahydgo- Wd] pyri dazb net 142D.249615enl€.38).2612)2 |g, 67% .
MS (m|z, MH) neas. 4-Dichloro-p

7- di hydro=5HTYct open[ d.|_(.1| pyTTdazi e (conmpound 39)CrCl The
conpound i s prepared anal ogous to conpound 37 starting from corrpound 36.
1H- NVR S 4 0RsiVof exDiples A534 Sia-GRigRdrRadilitignrio ekdrs 2. 00 (m 1H), 1.85 (m

2 3, 5@%@%@%@%@9%%@&%D](Té%pound 40) 0 NH NH To a

sol ution of Th)édb@rid Bgtom3 ek PdooleldIo 178rmpbc)ntmﬂmg@ts@run()ﬁoﬂés)er@ndmmm (2 m)

i s added 4,5, 6, 7-tetrahydro-i sobenzof uran-1, 3-di one (2 C? mmol ) The
react i @ﬁhxﬁr%tsliﬁ {4emp b jaddaskp 3Msolytipn of methy krsenesiuralrpm %8%%)1 Vlat ure
and t heypr eciniitat Ribs (G QLhg 4 it 2bianuvashasho L AaRRS candidr | ed
under \%’gugirréptwggﬁl vebv?&?Ja ﬁ%%jo %idh cf:ro Bﬁp‘he azi Igvnll E(I: one %S .09
g, 960/QsoluN@1 Q]?nqzlg:owmm)mqmag chl@ﬁde OBxtract Wlth ethylacetate twice and collect organics. Dry
1,4-Di %th sodiuim su’lelte and%g)rlicaeg%egt Pgrrllfty%y cO ulrrpnech oma gra&ly n a)O 100%

cthylacetate/heptane gradient. Triturate product with acetonitrile and filter to give 2-propan-ol.

Examples 32-34: The following table (Table 2) lists examples of compounds prepared by the
general procedure described above:
Table 2

Example Structure HR MS [m/z, MH+| meas.

32 HO /_N>—N/_\N ' F
N= )—/ =
= 4372453 (calc. 437.2465)
33 HO /_N\)—N/_\NWCFa
N= )—/ =
4872430 (calc. 487.2433)

34 HO N — N-N
)V< N NWOMe
=N At =
F,C

S 503.2406 (calc. 503.2382)

Synthesis of examples 35-40 via amide formation

GENERAL PROTOCOL FOR THE AMIDE FORMATION

The mixture of example 8 (40.0 mg, 0.08 mmol), HATU (64.0 mg, 0.17 mmol),
diisopropylethyl amine (44.0 mg, 0.34 mmol), dimethylacetamide (1.5 mL) and amine (0.13 mmol)
is stirred at room temperature for 10 h. The crude product is purified by HPLC (C18 column,
acctonitrile / water (3% propanol), 30% ~ 100 %) to afford the examples 35 to 40 (74% ~ 82%).
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WO 2010/ 007120PCT/ EP2009/ 059138 7' Cl The suspension of conpound 40
(2.09 g, 12.6 mmol) in POC13(10 m.) is refluxed for |h, cooled down, and
poured i WO 2007IBe precipitate is collected by filtraPCoEPANIOFMBED in a
vacuum oven to give 1,4-dichloro-5,6,7,8-tetrahydro-phthal azine (41) (2.23
g, 87%9. HR M5 (m z, M#) neas. 203.0139. 3-Benz

- 6-chl or o- 4, 5-di met hdazi ne( conpound 42 A m xture of

4,5-di nct hyl-1, 4-di chl oro- pyri dazinc (10 g, 565 nmol),

t ct r akiExaiplgi3ariol: The spidiwig) fablcl(ashieBY ks &GAmpld.of doBfoulid®prcp@dd by tiie ( 200

m.) is degasscd and then benzylzinc bromde (147 niL, 0 5 Min THF, 7340
nmol ) @@“ﬁﬂd%%fdmﬁ@e$é@€@ﬂ%ﬁesolutlon is heated to 65C over ni ght. Sol vent
is renoved. Water is added and the water layer is extracted with Et0OAc. Thc
organic layer is concentrated to afford a crude product that is purified by
chronaﬂbgkabhy on S|I|ca gel (EtOAc/Fbptane 096- 5099 to give the title
COITpOLul ; Ul/ ; 1 vr\ \'-fuu MHz 2T 6=—"7—2+ (i n, 5H), 4. 38 (S,
2H), 2. @éﬁ?’gﬁ" , 2. 21Str . HR Mg E 2D WWWQ&“’”%&OS%.

3- Chl or o- 85( 4- qu ro- benzyl) 4 5-di nethyl - pyri dazi ne (conpound 43)

Anal ogous to cqnp Bnd 42 ab

3-chl gr o- 6- (4-f|l #mm 1§_€«§}Qbﬂethyl-pyrBd@29mm is prepared from

4, 5-di|net hyl1-1,|4- 8|dh ?_ﬁ dazi ne and para-fluoro benzyl zinc brom de.
M5 (mlz, M) rmas 251.1. WD 2010/ 007120PCT/ EP2009/ 059138 1- Benz
-4-ehlloro36 7-di[Pgro-5Hc |lo nta didazinc eomound 44 CI | NN To a
sol utijon of 1, 4- &gg{@w 8, TN-gli ro SFLcycIogigéﬁkd]pyridazine (conpound
39, 500 ng, 2.64 i s adde Ph3)4 (3883 ng, 0.33
mol ) |The nixtLre |s degggs d "and benzyl zinc bromde (11 nit, 0.5 Min

THF, %6 I3I7UI) s—added—The—mxture—+is—heated—at—66—CFor|5h. The reaction
m xtune i s coolle %omn to RT and saturfated aq. NaHCO solution is added and

rnrc‘)

the mji|xture is |ex cted mntmNEtOAc The conbl&fgfgrgagnic | ayers are
washed with watler, W_rpe ’_éhpa NasO4, frYtefd and concentrated. The
crude |product ifs pd%lFled_by chriomat ogr aphy ( Et OAct h¢pt ane 10% - 30%)
to giye conpound 44 (490 ny 76@6 | - H NVR (400 MHz, CD2Cl12) 6 = 7.30-7.21
(m 5H), #828 ("2 2.97 (m 2H), 2.84 (m 2H), 2.09 (m 2H). HR M8
(m z, |M#) neas. él g848

4;‘;“2_@@3 590.2831
o

39 £
- W W e 5832758
atatntatar
40 %
O
;N NN 619.2410
EaBa BB aWas

Piperidin-4-yl-pvridazines

As illustrated in Scheme 3, compounds of Formula I¢ can be prepared by Suzuki coupling of
protected 1,2,3,6-tetrahydro-pyridine-4-boronic acids with pyridazine chlorides V to yield
intermediates VI which after protecting group removal and nucleophilic displacement provide

intermediates VII. Hydrogenation furnishes examples Ic.
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1- Chl oro-4- 4-fluoro-benz6 7-dih dro-5Hc clo en a d ridazine comound 45
Cl Conmpound 45 is prepared anal ogous to conpound 44 starting from of
1, 4- di chlW¥Pe@vB/0p712di hydr o- 5H cycl opent a[ d] pyri dazi ne (cE8epFrAWIRN13HhNnd
par a- f | uorobenzyl zinc brom de 1H NVR (400 MHz, CD2Cl2) 8 = 7.23 (m 2H),
6.99 (m 2H), 4.27 (s, 2H, 2.98 (m 2H), 2.84 (m 2H), 2.11 (m 2H. HR M5
(nth, MH#) neas. 263.0752. 1-Chloro-4-(4-fluoro-benzyl)-56 7

8-t ctrahydro- pht halazi ne (conmpound 46) WD 2010/ 007120PCT/ EP2009/ 059138

To a solution of 1,4-dichloro-5,6,7,8-tetrahydro-phthal azi ne (conpound 41,
0.50 g, 2.46 mol ) in THF ( Gm_) arc added 4-fluoro-benzyl zincchloride
(0.5Min THF) (6.40 nL, 3 2¢G mmol) and palladiumtetrakis 'l‘"
trlphenylphosphlne (0 36 31 mmol ) The mjxture is degassed and stirred
at 50 C over ni ght .;°Thém reaction npgture i's cool edmjoy g room

tenperature, sat. HCO, ter arc added and the m xt s extracted
wi th EtOAc. LI'he |ned organic | ayers are shed with bri

e, dried over

Na2SO4 R2{ puri fied by
chr ormat ogf| aphy eEt—éAe»L N
1-chl or Nf Pe(BRNG. be,a v Re_M6) (0.51 g,

309%) . (milz, K199y CMEas. 7. 11 Synt hé's of internediates XH GENERAL
PROTOCOL g@R THE AMLNATI q\.l/('j: CHLORI DES XI 1| W TH P1PERAZI NE& TO YI ELD
COVPOUNDS 48 -Y53 (ROUTE A) VI To a solRitioM'of X11 (04 rfrol) in NWP or
DVE' di exqiievg4d nL) is added the piperazine (0.6 nmmol). The reaction mxture
is heated at 190 Cfor 4 hin a mcrowave reactor. It is cooled down to rt,
di | ut e@ymlteb‘lsmtel\mmids with aq NaHCO3 sol ution and the organic | ayers

) hy.

pr ovi d@ﬁorﬁ@n@ﬁpduct as a yeII ow sol i d after renoval of the soI vent s
-50% 7059 3- Ben,g\(ll 4, 5-di net hvl- 64(R) - 3- net hyl - Di Derazi n-1-yl) - Dyri dazi ne
2\

(corrpo n

47) V-Rreparation A

3-Chl or I e 64( R) - 3- met hyl - pi perazi n-1-yl)-pyridazi ne (400 nyg,
1.66 mml 1 eq) '-‘ to a solution of benzylzinc bromde (12 3 nL 0.5
Min THF, 6 64 mmol, 4 eq) and WO 2010/ 007120Q0PCT/ EP2009/ 059138

tetrakis(tr Fsr?ewtmds%b%yb@whlam Bndinebyrytidaingg SAdg. Sattonmed)iniZ mL

M Cr OWgy\g i i 0C
(hi gh absgrgpﬁd(e)%ys?gbl%{%’laﬁi 54 §%’§q§t(%£l%tﬂnq13 fem}gg%?%ﬁ 2%&?&@%%&?@%?%?
and purafbprdatoy(1sy Igi dal gmhol¢hf®hmdqwmlph>pta(55um 2:0borEte) AcA h et Ik )mrhol) yeng| d

the de%‘d{ﬁi’lg)& %@70 rlfllg,d 0. gl’f’ég rgi) n a r und boggr%rf%sf( Ol}he vial is evacuated and flushed with

nitrogen. The reaction mixture is heated to 100 °C for 16h. The mixture is filtered through Celite

and the filtrate is concentrated to afford the crude material. The mixture is purified by flash
chromatography on silica gel, cluting with 3%— 15% MeOH: DCM. Fractions containing the
desired product are combined and concentrated to afford a brown solid (1.0 g, 77%).

'H NMR (400MHz, CD,Cl,) 8 = 7.30-7.21 (m, 5H), 5.84-5.82 (s, 1H), 4.43 (s, 2H), 4.13-4.11 (m,
2H), 3.69 (t, /=5.5Hz, 1H), 2.56-2.54 (m, 2H), 2.26 (s, 3H), 2.20 (s, 3H), 1.49 (s, 9H).

MS (m/z, MH+) meas. 380.7, calc. 380.23.

Methvl 5-(4-(6-benzyl-4.5-dimethylpvridazin-3-y1)-5.6-dihydropyridin-1(2H)-y)pyrazine-2-

carboxvlate (compound 6)

o} N — N=N
ataGa Ve
o /TN I
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To a solution of 3-benzyl-6-chloro-4,5-dinethyl -pyridazine (100 ng, 041
nmmol) in NWP (2 nml) is added2-(R)-nethyl-piperazine (62 ng, 0.61 mmvl). The
reacti on WOROUWM®7128 heated at 190C for 4 h in a m crowaPETHEPAVHFI3FL s
cooled down to rt, diluted with DCM washed with ag. NaHCO sol ution and
the organic layers are renoved to afford the crude product. Flash

chromat ography of the crude product w th EtOAcl heptane (20%to 50% and
then MeOH DCM (5% to 20% provides the product as a yellow solid aflur

renoval of trael- @Cﬁeﬁﬁﬁt@S Gﬁﬁetlﬁﬁ&pyﬁ&%n 3]y||') MlMﬂQ2M@rldMQaﬂ@x Bc &cid 1ot
-7.34% Ir-é)b &5 I-%ES 13 - 3.26.(m 211),
2 81 né@eS(tq,ﬁ(ié() Me; O §587@1m01)215 g@iefi O/‘ZI.T% in T @gct{qlﬁmljx_tqrﬁ is stzrrga\l-)f((rslo

311 iY And concentrated -to 0 i 10 n- ridazine
297, 2088 o o A et € s hRgs Mt 5RBidesin

pr epar ed ayeclbong ﬁmkyosplmls(ldésng the@Porbokea SPABLE df @dvnmyllrﬁd Emethot- ﬁf(é 213R0-MB
(2, e BERS1008 1R, A0R A g0 YReZORRAPOARSPGY SRACRY D03 ARl 2
chloropyrazine-2- carboxylate (222 mg, 1.29 mmol) and TEA (0.45 mL, 3.22 mmol) in a microwave
tube. The reaction mixture is heated at 160 °C for 40 min in a microwave reactor. The mixture is
concentrated to afford a brown oil and purified by prep HPLC, eluting with 10%—100% acetonitrile
: water (both mobile phases modified by 3% n-PrOH). Fractions containing the desired product are
combined and freeze-dried to afford a white solid (80 mg, 30%).

MS (m/z, MH+) meas. 416.5, calc. 416.2.

3-Benzyl-4.5-dimethyl-6-(1-(5-(trifluoromethypvridin-2-y1)-1.2.3.6-tetrahydropyridin-4-

yl)pvyridazine (compound 7)

N . N-N
FSCON\_\>—//\\_/<\—\/;\

To a solution of 3-benzyl-4,5-dimethyl-6-(1,2,3,6-tetrahydropyridin-4-yl)pyridazine (70 mg,
0.175 mmol) in 2 mL dioxane is added 2-chloro-5-(trifluoromethyl)pyridine (64 mg, 0.35 mmol) and
TEA (0.122 mL, 0.88 mmol) in a microwave tube. The reaction mixture is heated at 160 °C for 40

min in a microwave reactor. The mixture is concentrated to afford a brown oil and purified by prep
HPLC, cluting with 10%— 100% acetonitrile : water (both mobile phases modified by 3% n-PrOH).
Fractions containing the desired product are combined and freeze-dried to afford a white solid (33
mg, 42%).

'"H NMR (400 MHz, DMSO-d¢) 8 = 8.44 (s, 1H), 7.83 (dd, J=2.5Hz, 9.1Hz, 2H), 7.30-7.26 (m, 2H),
7.20-7.16 (m, 3H), 6.99-6.97 (d, J/=9.1Hz, 1H), 5.96-5.94 (m, 1H), 4.32 (s, 2H), 4.27-4.26 (m, 2H),
3.97 (t, J=5.6Hz, 2H), 2.60-2.58 (m, 2H), 2.22 (s, 3H), 2.16 (s, 3H).

HR MS (m/z, MH+) meas. 425.1958, calc. 425.1953.

Synthesis of examples 41-44

Example 41: Methyl 5-(4-(6-benzyl-4.5-dimethvipvridazin-3-v)piperidin-1-y)pyrazine-2-

carboxylate
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40 326 (M5) Cd 40 297.2088 53 H 311.5 (M5) Internediates from Route B:
3-Chl oro-4, 5-di net hyl- 64(R) - 3-ntt hyl - pi peraz n-1-yl)-pyridazinc (conpound
54) 95 \W0020W¢0eR¥120PCT/ EP2009/ 059138 HN N- Sol | #CKEES®(0IV3Y , 72.4
mmol, 1.8 cq) is added to a solution of (R)-2-nethyl- piperazinc (4.00 g,
40 mmol, 1 cq) and 3, 6-di chl oro-4, 5-di net hyl -pyridazine (8 g, 452 m, 1.1
eq) in DVF (50 nL), and the resulting solution is stirred at 60 C for 48 h.
The reaction mxture is concentrated to 1/2 vol ume under reduced pressure
and the m nimumwat g¥N(ca. 15 nl) required to dissolve the solid salts is
added, "F&f d\b addi ti on of dichl oromethane (100 ). The organic

| ayer is separated, “dri ver sodi um sul fate and concentrat ed under
reduced pressure, then purified by silica gel colum chronatography (2% -
20% MeOH CHZE12) sdi@ioni ®F dmbiigl deailGastns@pnuingkt idebiht3ey 158 l6L dih{dtopfyrillin-
499 . 1H NWMR (400 MHz, CDClB? @L(% 08232 21 % K%Eipzya 3ey_§2 92§ 17y411
2. 47 (d@EH)1dpyrazige-2-qaboxylate (@H}lg (21%111(1@1) ig RP)mL Ft Hle gddegH07o Be @3(7(7dng,

e T O e
ﬁltered through Celite and the ﬁltrate 1s concentrated to afford a yellow solid (60 mg, 100%).
'"H NMR (400 MHz, DMSO-dg) 8= 8.66 (s, 1H), 8.43 (s, 1H), 7.28-7.26 (m, 2H), 7.19-7.15 (m, 3H),
4.67-4.64 (m, 2H), 4.27 (s, 2), 3.81 (s, 3H), 3.43-3.39 (m, 1H), 3.26-3.17 (m, 2H), 2.27 (s, 3H), 2.14
(s, 3H), 1.92-1.86 (m, 4 H).
HR MS (m/z, MH+) meas. 418.2247, calc. 418.2243.

Example 42: 2-{5-[4-(6-Benzyl-4.5-dimethyl-pyridazin-3-vl)-piperidin-1-vyl]-pvrazin-2-v1} -propan-
2-ol
HO ﬁfN

\4

and

Example 43: 3-Benzyl-6-{1-[5-(1-methoxv-1-methyl-ethyl)-pyrazin-2-vl]-piperidin-4-y1} -4_5-

dimethvl-pyridazine

/
O ,~N ,—_  N-N
ate NW@
To a solution of methyl 5-(4-(6-benzyl-4,5-dimethylpyridazin-3-yl)piperidin-1-yl)pyrazine-2-
carboxylate (30 mg, 0.07 mmol) in 2 mL anhydrous THF is added 3 M CH;MgBr (287 uL, 0.862

mmol) at -78 °C under nitrogen atmosphere. The reaction mixture is stirred at -78 °C for 1 h and
stirred at 0 °C for an additional 1 h. The mixture is quenched with sat. aq. ammonium chloride at -78
°C and the mixture is partitioned between DCM and brine. The organic layer is dried over Na;SOy4
and concentrated to afford a brown oil. The mixture is purified by prep HPLC, eluting with 10%—
100% acctonitrile : water (both mobile phases modified by 3% n-PrOH). Both examples 42 and 43

are collected as white solid.

60



3, 6-di chl oro-4, 5-di net hyl pyri dazine. M5 (mz, M#) neas. 227.

(R) - 4- ( 6-¥0I12010902128- di et hyl - pyri dazi n- 3-y1) - 2- net hyl - 3PETAP2009/059138
6-tetrahydro-2H 11 2Thi pyrazi nylScarboxylic acid nethyl ester (conpound 56)
3-Chl oro-4, 5-di net hyl- 64(R) - 3- et hyl - pi perazi n-1-y1)-pyridazine (1.20 g,
4.88 mml ), 5- chloro-pyrazine-2-carboxylic acid nethyl ester (946 ng, 5.37
nmol ), triethylanine (3 40 nmL, 24.4 mmol ), and 1, 4-dioxane (10 nL) are
combi ngain 1em21§QnQQ7mumet(mMHasﬁMfsaa§@ MR BB (@ 11Bf ko# (gargensey 2and

heat ed to The reaction is then allowed to cool to room

t enper &butid). dig-513 @me’&i)f 0P8 4e3H). S08ei g 48P iet Idmediipi 43t €s21dliPidg 2 hing
tine wh f 1 i g th H20. The precipitate is
ari od Eavans: T 2Rg DR e e e L R T 0y M (i & Wi
nmeas. :HHMS.(MMH&M@HBME&)E@B/ ER2OOKIHI138 2- R -4- 6-Chloro-4
5-dinmethridazin-3 1 2-nmeth 1-3 4 5 6-tetrah dro-2H 1.2'|binvrazin

51-yl | -propan-2-ol (compound 57) HO NN-Nr

(R) - 4- ERaBlea3064ne 2404 N WMRY L0(hAAL, rbﬁrsblaa% DRBOHYL -131)48 §oggt1@1t)ra@s'dr2@ 2H
[ 1, 21bi pyrazinyl-5"-carboxylic acid methyl ester (400 ny 1) is
suspenﬂ@d2ﬂh'N%%ﬂéignnﬂﬂ)éﬂ&‘bﬁbﬁedﬁﬁo427$s@PDNhBﬁﬁﬂﬁdgné§DUh096@Bd@a€H)8

t e b 14 [ d I i,kse. The reaction is
stlrregukgr §§ Pz%f&gﬂle%§4H§ngb)éﬁ%w%%lrrég4gﬁm§§§itional 30 min. Sat.
aq. NHHBELMSI@w/ai2M+18")acde 68 34631ecutd 863 .6440wed by additional FLO (40 nil)
The organics are extracted with EtOAc (3 x 50 nL), dried and concentrated
to give the desired product as a beige powder (415 ng, quant.). M

(m z, 1¥LhtihienRass-girfi3- (125l edRludto h&h@iiheiiBr-2 yl]-piperidin-4-y1} -4.5-dimethyl-:
5-di net hyl - pyridazin-3-yI)-2-nmethyl-pi pérazin-I-A-4-triflTuoronmet hyl pyri m di

Compound 55 is prepared as descri bed above from pi peraz ne and
6
)

ne- 5- cavhéaalci ¢ acid methyl ester (conpound 58) Cl Tri et hyl am ne
(2.0 ink .4 N 2.9 eq) is added to a solution of 2-chloro-4-
trifluo i mdi ne-5-carboxylic acid nmethyl ester (1.25 g, 50
mol , 1%eq), 3-chl di met hy1l- 64(R) - 3- et hyl - pi perazin-1

-yl)-pyridazine (1.20 5 0 mmol, leg) in dichloromethane (40 nL) and the

| t | ut t . .
i uted i cRodsnrb e Hang BBy %{Sﬁ%n@?lm-ﬁ-éhl%%h‘ﬁ%% QI SRR
brine (&ahgdicppyiitin-arydppgiidadigy@0 g (SEFanabhdn Sdnl EdOHMenddddiotaPs R24atmg,and
concentrated _ u reduced ressure to a ite residu de red
compound IP%‘ODsg'ﬂ‘StrSEF“B? e wedclmdshﬁ%a%e&pmw%@ere %3% ?FFE’;S‘PEFn’é)
as a \Mﬂlttsf%dStﬁ}dug (ﬁellte‘3§n<9the8§ﬁ@ase I\A\Qoa&mé@@%é?a@f@ﬁf A %l?f2\9919e1 QcﬁﬁilwhelhluHM% {400
WMHz, DMSO- d6 = 0 (s, 1H, 4.92 - 5 (m 1m, 4, 6 (m 1
3.84 (uriftedt yBreBQJP(Id? cluting mﬁzlo%ﬂPO%@cgton(tltﬂe yeeder (Bwh mozlliphasss owdifisd,

113 Sty i g A S0 Sy oo b

2- [ (R) whiteBelizh(S8ang-407§- di met hyl - pyri dazi n- 3-y1) - 2- et hyl - Pi nerazi n-1-y11-4-
tr'f'“Ra?on&h%ﬁfS%k%L”37ﬁ mﬁb98§4glc acid ethyl ester (conpound 59 C

Arvlacvl-, arvlhvdroxvmethyvl- and arvlmethvl-pvridazines

As illustrated in Scheme 4, dichloro-pyridazines I can be reacted with aryl-substituted
acctonitrile after deprotonation and subsequent oxidation (e.g with air) to arylacyl compounds VIII.
Nucleophilic displacement of the chlorine with amines provides examples Id which can be further
reduced with e.g. NaBH4 to examples Ie (Route A) Reaction of intermediates VIII with piperazines
provides compounds IX which afier Wolf-Kishner reduction yield intermediates X which after a
nucleophilic displacement reaction furnish examples If (Route B). Further functional group

transformations at R” can provide additional examples. Examples Id and Ie can also be transformed
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Fol |l owi ng the protocol above with
2-chloro-4-trifiuoronethyl-pyrimdine-5-carboxylic acid ethyl ester (400
my, 1.57 WOr610/001128q) and PCT/EP2009/059138

3-chl oro-4, 5-di net hyl-6-((R)-3-nmnethyl - pi perazin-1-y1)- pyridazine (400 nyg,
1.66 mmol, 1 eq) affords 700 ng of desired product as a white solid (97%.
1H NVR (400 MHz, DMSO-d6) = 8.94(s, 1 H), 512 - 5.18 (m 1H), 4.70 - 4.85
(m 111), 4.35 (q, J=7.0Hz, 2H), 3.48 - 3.56 (m 2H), 3.40 (d, J=12.5Hz,
1H), 3.imd cknplsHOthHZCFAHnd T2 Hnkdr béwedd Alahf the2pydhlatite ndbldty ,byZox3per-S,

3H), 1. 44 (d, J=7.0Hz, 311), 1.37 (t, J=7.0Hz, 3H). 3-Chl oro-4,5-dinethyl
- 6- MZ) h@qge 445-tri uoronethyl -pyri din-2-yl1)-piperazin-1 -yll-

pyri da2| ne (conpound 60) Conbine 4 H

3, 6-di chl oro-4, 5-di met hyl - pyridazine 0 0.554 mmol ) NR) - 2-

met hyl pi per azi ne (85 ng, 0.831 rrrml) ssijum carb (383 mg, 2 77
nmol ) andDM:(er/}m vi akl. Heat |nth crowave at 126efor 3.25 h.
Add 2-chl or@-5-trilfl uorgmet p)ﬁP?’d’l"ﬁe (18 ng, yo7 nmol )| and heat at 180
C for rm>NThecrude reactNof s p Ndi rectly

chr omat og |aph)k on.SifLca /éo—zroﬁf—EEOA||n|hem) to|afflord the title
conpoumd”as i 5 yelﬁzow ol i dRdut€8 re; M5 (N zgo Nreas. 386.4 WD

2010/ 007120RCT/ EP2009/ 05913& I nt er nedi at es from Route C. 3-/Chl oro-4

5-dineth 1-6-opeth |- ridin- Ierazk;n 1 a1 Fopyt i dazi ne( sqefipoynd al NN -N
FId F - 1-(5- Tri uor onet hyl - pyri di n-2-y1) - pi perazipe (10 g, 43.3
nmml ) is conbined with 3, 6-|djchl -45dirrethy| prlda2| e (14.49. 84.3
mol ), triethyl ani ne KBea5 ivt?af‘e NVP (40 ni). “PhARt | on mixture is
irradiated to a tenperature'oks180i C for 25 and t hen cgpcentrated in
wenn). The residue is purifi¥d by flash chrorrat ography on slilica gel (0-8%
MeOH CH2C12) to afford the tl e compound ( g 82%) . NVR (400 Hz,
DMSO-d6) 8= 8.48 - 8.41 ( 1H), 7.84 (dd, E(j 2.4Hz, 1H), 7.03 (d,
J=9.1Hz, 1H), 3.88 - 3.76 4H) , nasH8 - (m 4H) 2. (s, 6H).

- pi peraz&zn I-yll 6, 7- di hydr o-
KEINNCI sol ution of

1- Chl or 0-4-14- (5-trifluoromef hyl - pyeonli ns,2-y
ha2|,|,ne (conpou d 3&9 500 ngy
)

5Hcycl opent ardl pyri dazi R ou
4-di chl oro- 6, 7-di hydr o- 5H gycl ppent a[ d] pyrl
2.64 nmol) in NWP (5 L), ed R2
1[5-trifluoronmethyl)-pyrid-2fyl)-pi pera2| ne (1581 ng, 2.51 |) followed by
triethyl amne (1.1 m, 7, | )}y The m xAUr eomas, heat es”1 n aym cronwave
reactor for 170 C for 60 nm \ﬂater was added to the reaction m xture and
extracted with Et0Ac. The conbi nd or ganeseksVeyid! were washed with water,
brine, gij@gpqver Na2SO4, filtered and concentrated. The crude product was
tritirated wth nmethanol to provide the title conpound (483 ng, 48%. | HNVR
(CD201S)ynﬂlems8fﬁﬁen(rmadlzﬂtb§ 7.68 (dd J=8. 9 Hz 2.5 Hz, 1H), 6.73 (d

30 . 60

b] ),{razm car%Hgndlc ac1d5m£;tlhvl ester 2.16

R ‘. a Q 1\ 1A 2]
1- Chl oq%mulfl uotorret hyI pyr| d| n- 2 yl) - pi perazin-1-y11-5 6 7
8-tetrahydro- hpht hal azi ne (conmpound 63) WO 2010/ 007120PCT/ EP2009/ 059138

MeO. CGN N—boc

To (R)-1-boc-methylpiperazine (1 g, 5.0 mmol) in DMF (20mL) is added 5-chloro-pyrazine-
2-carboxylic acid methyl ester (862 mg, 5.0 mmol) and Na,COs (2.1 g, 20.0 mmol). The reaction
mixture is stirred in a microwave reactor at 140 °C for 3 h. Then the mixture is cooled to rt and the

organic solvent is removed in vacuo to afford a brown colored solid as product (1.7 g, quant.).

MS (m/z, MH+) meas. 337.

(R)-2-Methyl-3.4.5.6-tetrahydro-2H-[1,2']bipyrazinyl-5'-carboxylic acid methyl ester (compound 9)
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FO N, To a solution of 1,4-dichloro-5,6,7,8-tetrahydro-phthal azi ne
(compound 25, 100 ng, 0.492 mmol) in NWP (3 nL) is added

1[5-tri fIHOrOWEOR2D) - pyri d- 2-y1) - pi perazi ne (114 ny, 0. KCT/ERAYON5F188 | owed
by triethyl amne (218 [tL, 1.57 mmol) The m xture was heated in a

m crowave reactor for 140 C for 60 mn. Water was added to the reaction

m xture and extracted with Et0OAc. The conbi nd argani c extracts were washed

with water, brine, dried over Na2SO4, filtered and concentrated. The crude
pr oduct s, purified by flash chromatography on silica gel (EtOAcl heptane
096to“5%@6(?§* M4 96 ng (49% of the title conpound. 1HNMR (400 MHz,
CD2C12) 8 = (s, 1H, 7 73 (dd, J=9.0 Hz, 2.5 Hz, 1H), 6.79 (d, J=9.0

'{'fn’ 2H) %5 (s??rwlgmmj %”1-4%&-3 4%é-§etr221h}§c§0-(2lﬂ-[l%ipy%dz?r%l-%m:argo lic 1.80

644- ( 4-aﬁk1|n(i)d’tl(i)y15$t61; @, g3519&tnﬁrﬁblly¢lf OtePit 1 andy istdde/ BITt EIMD &1 didkdire 14.5hL; ni cotinic
acid ethyl est (conmpound 6 The conmpound.is prepared in a

simlar® ) ¢ HECISB e i Sérﬁfsd/ét 70K ford 2, TW§ctweéglutlaw congenirpied.g

- (4- ChlgaeOv& i ey Brganic layer is washed with Na2C03 to ad_]ust the pH value to 8.0. The
-5H-cycl opentardl pyri dazi n-1-y1)-3-nethyl -pi perazin-1 -yll-nicotinic acid

met hyl selsews acconpodnadesyduced pressurotosafond abioom of (1.2 g, 77%). _
i CLAP IR Aod i isN80RAS §YG RS 4 P 1iRE S0 Sl R0 4R DS TR T 1
(S) - 3- methy| 318, #25(:h- QH§ r3aiyyed, 913 H O Len Uph) Y. @h NdEL): 535 @@UBQSHZI THRCI d
ethyl ester (297 ng, 1.19 mmol) and triethyl amne (332 1..11,, 2.39 mml)
The r e (B Mtkpwicesi23Theated in a mcrowave reactor at 195 C for 4 h.
Water and EtOAc is added. The | ayers are separated and the ageous |ayer is
extracted mnth EtOAc The conbrned organrc Iayers are mashed mnth wat er, WO
2010/ 0QAIRRE S . N2 PO

concen@gat crude product is purrfled by flash chronatography

( Et OAXI épeu to 709 to yield 50 ng (16% of the title conpound.
4-(6-Chl'ort-4 Q‘drnethyl pyridazin-3-y1)-3 4 5 6-tetrahydro-2H11

211bi pyrazi nyl -5' -carboxylic acid nethyl ester (conmpound 66) O, N, NNN"

To the soluﬂboﬂ @ﬁﬂ®n405(Biﬂenﬁhﬁyﬁﬁ652H$ﬂwﬂﬁh2@ﬁléiﬁnyﬁﬁﬁyLiaaﬁpxﬂki@décid

t hyl 2
oot ahTs PR B0 RholIR ks (3 ARl 7s Bk dieBRASHBr (3 Msplutipn g0
péd3§16ndpﬁﬂy)nmhe)ﬂeac&mﬁmnnmmﬁmgeyn&ﬁ&nprCedram,Taﬂﬁﬁaﬂﬂuﬁﬁnmpmst?dmdrs
t t t t t Et . i i
PR OIS el T WA E PR L R A I i
The crygde oRafUlled & RYSHf! €0 Waﬂ'ﬁbgc Plﬁﬁfé@ﬁ&ﬂ'b rFﬂ’]@éVﬁt @1"6 crﬂt@e md%ét(yWht h

3% 1-propanol) to give white Eomder /%
Dl\/BO. d8yetenitrilg inggater(from % tg 844 vish 3% lkgropegloggt £20nng wgv@pqygth d,q.tyctlog pgcgvué@

7 3H). M5 (mz,1V111+) neas. 363.
Sy nt hes%sdeg?%deé;%rrlpﬁt ool ol ot S0Pt Mo T e NGTSe GoRLI Mo O
PYRI DAZIHNE\/[EI(M@H/IDESDNESFO'&)WJ B-l3AI(§{I1HZ,I8\I£O @Rﬁﬁij BE6 (J,0HY) £ELOHEXANPRES (8 5- 69
(RCUI %P | uti on of dazine Ina (0.15 mml, 1 eq.)
in THFW@ §(ms2%ha«§é ((2Bbr?r§54(nr 15)51 ‘h‘brso H) tHe (fik . - degassed and
aryl zivigghomae ) (Ra¢237 1.5 eq., e.g. as a 0.5 Msolution in THF) is added
and the mxture i's heated in a microwave reactor at 80 C for 30 min. The
reaction mxture is cooled to rt, water is added and the m xture is
extrac th .Et.0Ac. , The S0 i ned organi c ex racts washed with water,
brine, §EL,hY"' I15-1 ﬁll— 11 rr? ?1 anfl on dalated The crude
productz%;%,prfred by fl ash chronatography on silica gel with

Et OAci he evas eluent to yield exanples Ip. The followi ng table (Table 5)
| i sts comnpoun prepared by Negi shi coupling as descri bed above: TABLE

3,6-Dichloro-4,5-dimethyl-pyridazine (1.00 g, 5.65 mmol) and phenyl acctonitrile (652 mL,
5.65 mmol) are dissolved in toluene (17.5 mL), cooled to 0 °C and charged with NaHMDS (5.65
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WO 2010/ 007120PCT/ EP2009/ 059138 Exanple Structure HR M5 [mz, M+ F| neas.
65 CF 3 CAN) 1111 CI (110 474.1670 66 C F3 SIN 40 476.1865 67 CF, 1101
458. 1974 \§O 20100 1) PCT/EP2009/059138

mL, 2M in THF, 11.3 mmol). The reaction mixture is stirred for 16 h, slowly warming up from 0 °C
to rt. The mixture is stirred vigorously at the open air for another 24 h. The mixture is quenched by
the addition of aqueous NaHCOs; solution, the layers are separated and the aqueous phase is
extracted with DCM. The combined organic phases are concentrated to give the title compound as a
brown solid (1.4 g, quant.).

'H NMR (400 MHz, CDCl;) 8 = 7.82 (m, 2H), 7.55 (m, 1H), 7.40 (m, 2H), 2.39 (s, 3H), 2.28 (s,
3H).

MS (m/z, MH+) meas. 247 4.

(6-Chloro-4.5-dimethvyl-pyridazin-3-yl)-pyridin-4-yl-methanone (compound 12)

N-N (¢]
c— N a

/A /¥\>
&
According to the protocol described below, 3,6-dichloro-4,5-dimethyl-pyridazine (1.00 g,

5.65 mmol) and 4-pyridylacetonitrile hydrochloride (1.05 g, 6.79 mmol) afforded the title compound
as a white solid (822 mg, 59%).

(6-Chloro-4.5-dimethvyl-pyridazin-3-yl)-pyridin-3-yl-methanone (compound 13)

N-N (¢]
c— N a

VAR C\N
3,6-Dichloro-4,5-dimethyl-pyridazine (1.00 g, 5.65 mmol) is added to an oven-dried, 250-mL

round-bottom flask under N, followed by THF (50 mL) and pyridin-3-yl-acetonitrile (8§00 mg, 7.68
mmol). The reaction is degassed with a flow of N for 30 min. NaHMDS (14.13 mL, 1.0 M, 14.13
mmol) is added and the reaction is stirred for 16 h. The reaction mixture is then transferred to a
beaker and stirred vigorously under open to the atmosphere for several hours. The reaction is
quenched with saturated sodium bicarbonate solution, and the organics are extracted with
dichloromethane. The combined organic layers are washed with brine, dried over Na,SOy, filtered
and concentrated under reduced pressure. The crude material is purified via flash chromatography
on silica gel (0-20% methanol in CH,Cl,) to afford the title compound (1.3 g, 93%).
'"H NMR (400 MHz, DMSO-dg) 3 = 8.97 (s, 1H), 8.80 (d, J=4.5Hz, 1H), 825 (d, J= 8.0Hz, 1H),
7.60-7.64 (m, 1H), 2.44 (s, 3H), 2.33 (s, 3H).
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SIN 0 454.2226 WD 2010/ 007120PCT/ EP2009/ 059138 69 CO2Et N -1Th' 11..1.N

fNN. ' Cl0 492 (M5) Exanple 70: 246-
| (S)-444-W220WW730benzvl) - 6, 7- di hydr o- 5H cycl opent a[ dl pP¢TIERAOM5138/ 1] - 3-
met hyl - pi perazin-1 -yl; -pyridin-3-yl)-propan-2-ol CH EN) To a

sol ution of

(S)-444-(2-chl oro-benzyl) -6, 7-di hydro-5H cycl opent a[ d] pyri dazin-1 -y1]- 3-
nmet hyl- 3, 4, 5, 6-t et rahydro- 2H11, 21bi pyrazi nyl - 51-carboxylic acid ethyl ester
(35 mg, 0.071 nmol) in THF (5 nL) is added methyl magnesiumiodide (3 Min
ether, 0.19 ni, O, 57 nunol) at 0 C and the mxture is stirred ar rt for 30
mn. S.'C Neackey -dungthiyliny g daziar3 sl oy dine 2 dethangue(cpmpeund 14) o separated and
t he aqueous: L@yer is extracetd W th EtOAc The conbi ned organi c | ayers are
washed Wit h'we ter, brine, dried over Na2SO4, filtered and concentrated. The
crude product?i purified by HPLC (acetonitrile/water with 0.1% TFA, 10%to

50% . The pro is isolated as the free base after treatnent of the salt
with Na2 CCBS%LlykhBBo 4 %Jdlﬁgthyﬁgy@dakiﬁe Mod 87 765 thbl) 15@@&(1 16+ Bry2307 m| FoimEp! €
71: 2-1(R)-4-1-6-(2 uor o- benzy1) -4 5-d

- pyr i d&gitemBlagkiunder Nefthppved by p&F29 mL)-and pyridin- 2 yl acetonltrlle (800 mg, 7.68 mmol).
y1J- 4- L T LURLO TR ¥ 3 Hh "R PVESE PO XA 16,185 191 hm S §€ldded and the

reaction is stirred overnight. The reaction mixture is transferred to a beaker and air stirred
vigorously for several hours. The reaction mixture is quenched with saturated sodium bicarbonate
solution. The organics are extracted with dichloromethane. The combined organic layers are
washed with brine and dried over Na,SQOy, filtered and concentrated under reduced pressure. The
crude material is purified via flash chromatography on silica gel (0-20% methanol in CH,Cl,) to
afford the title compound (616 mg, 44%).

"H NMR (400 MHz, DMSO-ds) 5 =8.68 (m, 1H), 8.26 (m, 1H), 8.16 (m, 1H), 7.76 (m, 1H), 2.45
(s, 3H), 2.21('s, 3H).

[4.5-Dimethyl-6-((R)-3-methyl-piperazin-1-yl)-pyridazin-3-yl]-pyridin-4-yl-methanone (compound

15)
AR N
VAN
%>‘< 7\
AR

According to the protocol described below, (6-chloro-4,5-dimethyl-pyridazin-3-yl)-pyridin-

4-yl-methanone (750 mg, 3.03 mmol) and (R)-2-methyl-piperazine (364 mg, 3.63 mmol) afforded
the title compound as a beige solid (778 mg, 83%).

[4.5-Dimethyl-6-((R)-3-methyl-piperazin-1-yl)-pyridazin-3-vyl]-pyridin-3-yl-methanone (compound

16)
AR N
-,

(6-Chloro-4,5-dimethyl-pyridazin-3-yl)-pyridin-3-yl-methanone (1.2 g, 4.84 mmol) and (R)-

2-methyl-piperazine (485 mg, 4.84 mmol) are added to a microwave vial followed by NMP (17 mL)
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WD 2010/ 007120PCT/ EP2009/059138 0 O FF NN"NNF I "F To a solution
of

2-[ (R) - 4-WO-26097 304, 5- di net hyl - pyri dazi n- 3-y1) - 2- met hy PCHIEFa0QHsN38 - y1] - 4-
trifluoronethyl-pyrimdine-5-carboxylic acid ethyl ester (229 ng, 0.50
mmol, 1 eq) and THF (1.4 nL) in a mcrowave vial is added

2,4-di fl uorobenzyl zinc bromde (2.0 nL 0.5 Msolution in THF, 2.0 mol, 4
eq) and tetrakis(triphenyl phosphine)palladium (25 nmg, 0.03 mmol, 0.05 eq).
The vi ahd tritiggmhiad (AOOmNe at. Mﬂrﬂbl)ﬁ rae MaCisQuayEardlirr@digtcl v Gb nﬁ&‘@%@é ataro
setti ng& for 25 mm An additional aliquot of 2, 4-diflorobenzyl zinc brom de

(1.0 Lt Mol hicaulcimpioritis diregtiypiticdy iz fshichromptegrantyp nesiicaes W@ 05n
m xt ur ¢,daSnbERl@edl)), TherdthifhOYaYE o&lvapddicPwiflhiglriahRial {athb ﬁﬁ)rrd iRk or
5 mm The reaction mxture is quenched with water (10 nlL) and then

ext r ac ceupoindes Broade(@3%0 @8, 9% ). The conbi ned or ganl c fractions are dried

over nua a en C e
chromatlgg K%(?]%} b%%}?%@ Ac}9 aﬁe?ﬂt%% ﬁsjtg?% %gés d%(:%) I 4()(H16225
mg, 81%H), M()Tmmn(ﬂf@)()yv&t(s 1@@59& FH§ 386- 3(50 (W HH), ¥.243. 3(1t(m 41:17 23}62(5 1H),
6. 76 n2 4-99- 5,07 (m 1H), 4.64 - 4.73 (m 1H, 4.28 (q,
J=7. OHfH)’Z‘i-éz d3/455H3 308 (m 2H), 3.31 (d, J=12.5Hz, 1H), 3.10 (d,
J=10. 5Hz, 1H), 290 3.02 (m 1H), 2.25 (s, 3H), 2.24 (s, 3H), 1.36 (d,
J=7. 0Hz, 3H), 1. 29 (t, J=7. OHz 3H) Exarrple 172 2 (2 iL(R) 446- (2 |

v, g g 5 A4 B3 aneyr (compoun

y1l}- trlfluoromethyl pyrlmdln 5 yl) pr opan- 2- oI | Ny-l WO

2010/ 0 20PCT/ EP2009/ 059138 To a solution of 2-

{(R) - 446%\2,/ -\di fl uor o- benzy1) - 4, 5-di et hyl - pyri dazi n- 3-yft-2-net hyl pi peraz
in- I-yi| t I onet hyl - pyri m di ne- 5-carboxylic acid ethyl ester (220
ng, 040 mml/, 1 in THF (1.0 nmL), cooled in an ice bath, is added a

solution of MeMgBr (2 nmL, 3 Min ether, 6 mmol, 15 eq.). The solution is
al | oned to y&Chlor®4StdifmothyBpyridavinddiel)pgadint 20yl -msthapnoan ¢Hedna 219 ﬂnhml)cm)eﬁf-ul

addi ti on of saturat NHAC n ex cted with Et0 The

is dri &t ladefpega&medﬁf% %%%mfﬁbﬁ{e &%@éﬁ@ r”‘é‘ﬂlé‘d’wa?‘ﬂ?éﬁﬁ%la%@ by W‘%@q %@id by
si |i ca gehicasidmme (9PRRL @WsaRRY!) (BR vial 1S %aEdAAE ihaRitan®)thd Mictdwdwd 4t NSy
desired conpound as a white solid (27 ng, 13% . 1H NWR (400 MHz, CDC13) =

8. 74 (s¢ far)h. Thogude mategalgs dippetly pugfipd via fpsh drggatog@playior siicaigel (204746 -

505 0,26 2 3.49 (d, 1=12.4
i, 1 Bl i) Ramolgie Rlfphodl e 9% 51y "Ny T 305t
1=12. OMA NNAR3#E) MHH) DMS@)(& = 935—?)(br21315 86 (BH)=S. 0H27®H1581068—I)7(rﬂ, 4D, (d,
J=6.7Hz, 3 HR NS 37. 2 f I 73 -
87 GENERAL g’)F@T ﬁéﬁ“aﬂﬁ@ ?«19% e 3A%&ﬁ%i&#@%ﬁ-iﬁ%iﬁ%@%ﬁ%ﬁgﬁme§h@s
X T@pgt E@)EX%WQ@&J%JQ{?G (ROUTE A) To a solution of amne X111
(0.5 , and the aromatic halide (1 mol, 2. eq.) in NW (2.5 m)

i's added trlethylam ne (1 5 rrrml 3 eq. ) The mxture is heated in a

reachw}y ofM;he aromati c hallde) for 30 mn. After LC M5 shows corrpl etion
of thewnne GW water and EtOAc is added and the |layers are separated and
t he aqu ous layer is extracted with Et OAc. The conbi ned organic | ayers were
washed with watersnbrine, dried over sodiumsulfate, filtered and

CoCeD! ot e T R BSUEL LA RUEAL) 0P LhBe S AR SRIRRIG S0 2 0@

pyridazin-3-yl]-pyridin-4-yl-methanone (550 mg, 1.77 mmol), hydrazine monohydrate (0.43 mL,

8.84 mmol), and KOH pellets (495 mg, 8.82 mmol) afforded the title compound (372 mg, 71%).

4.5-Dimethyl-3-((R)-3-methyl-piperazin-1-y)-6-pyridin-3-ylmethvyl-pyridazine (compound 19)
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Exanpl e 73:

(R)-4-(6-Benzyl-4, 5-di net hyl - pyri dazi n-3-v1l)-2-nethyl-3,4,5, 6-tetrahydro-2H
fl,Tibi pyWaz2dio7gv- car boxylic acid nmethyl ester RCHBPRUOHSUBS
conmpound 47 (6.0 g, 20.27 mml), 5-chloropyrazi ne-2-carboxylic acid nethyl
ester (5.3 g, 30.30 mol ), EUN (6.2 g, 60.60 mmol) and di oxane (100 nmL) is
heated to reflux overnight. Solvent is renoved. Saturated NH4Cl solution is
added and extracted with Et0Ac. The WD 2010/ 007120PCT/ EP2009/ 059138 or gani c
| ayer is—congentrated to afford the crude product that is purified by

chr omat™d ﬁﬁwo ilica gel (EtOAcl heptane: 50% - 100% to give the title
conpound (6.6 g, 769 as a yellow solid. 1H NVR(400 M4z, CD2Cl2) 6 = 8.81
(s, 1H), 8.21 (s, 1H), 7.29 (in, 5H), 4.83 (in, 1H), 4.43 (m 111), 4.33
ES :2%;1)1) 3. 94- msne@ggfl(@) Sancftiml- pﬂabﬂa)zin Bygzpyﬁmzia,ﬂ)yl ﬁyrﬂdfin-(%ml nidﬂ)a,nm)c (130(31

S

433, 23484 é%aﬁ%?‘iélY¢wZII@6rlon?ﬁQrﬂf6|( %‘W% 2P§§|r@n?&&%@%l pe%YstP 4d. 4&%&&8&3 of

_(;_XEE EU 'ﬁﬁﬁolp ::E]}g@ gfegﬁ}éﬁ%tgﬁ}%n@% Q) RSadiREE & RRAdILBttSNTIaBENRI R rRERFEIHUERE at
190 °C for 4 h. The reaction mixture is allowed to warm to room temperature and poured into water.
The organics are extracted with dichloromethane. The combined organic layers are washed with
brine, dried over Na,SQy, filtered and concentrated under reduced pressure. The crude material is
purified via flash chromatography on silica gel (50/40/10 CH,Cl,/ MeOH/NH4OH)) to afford the title
compound (1.17 g, 94%).
"H NMR (400 MHz, DMSO-dg) 8 = 8.47 (s, 1H), 8.41-8.42 (m, 1H), 7.54-7.56 (m, 1H), 7.29-7.32
(m, 1H), 4.25 (s, 2H), 4.12 (brs, 1H), 3.17-3.22 (m, 3H), 2.72-2.94 (m, 4H), 2.17 (s, 3H), 2.13(s,
3H), 0.99 (d, /=6.0Hz, 3H).

Synthesis of examples 45— 55.
Example 45: (R)-4-(6-Benzovl-4.5-dimethyl-pyridazin-3-yl)-2-methvl-3.4.5.6-tetrahvdro-2H-

[1,2’]bipyrazinyl-5’-carboxylic acid methyl ester
Meozcj/ﬁ }1\5_; N 2 7N\L//O¥

N _

To (R)-2-methyl-3,4,56-tetrahydo-2H-[1,2]bipyrazinyl-5’-carboxylic acid methyl ester (100
mg, 0.403 mmol) in DMF (5§ mL) is added (6-chloro-4,5-dimethyl-pyridazin-3-yl)-phenyl-

methanone (100 mg, 0.402 mmol) and sodium carbonate (170.7 mg, 1.61 mmol) and the reaction
mixture is heated in a microwave reactor for 4 h at 180 °C. Then the reaction mixture is diluted with
DCM (25 mL) and washed with NaHCOs3 and water. Organic solvent is extracted and removed under
reduced pressure. The crude product is purified by HPLC with acetonitrile in water (from 20% to
100% with 3% 1-propanol) at 220 nm wavelength detection to collect the desired product as an off
white powder (58 mg, 32%).

'H NMR (400 MHz, DMSO-d¢) 8 = 8.65 (s, 1H), 8.35 (s, 1H), 7.48-7.65 (m, 5H), 4.39 (d, /=13.1Hz
, 1H), 3.54 (d, J/=12.6Hz, 1H), 3.29 (m , 2H), 3.17 (m, 3H), 2.31 (s, 3H), 2.18 (s, 3H), 1.30 (s, 3H).
HR MS (m/z, MH+) meas. 446.5098, calc. 446.5104.
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Example 46: (6-{(R)-4-[4-(1 -Hydroxy-1-methyl-ethyl)-phenvl]-3-methyl-piperazin-1-vl}-4.5-

dimethvl-pyridazin-3-yl)-phenyl-methanone

ﬁ—( f"‘ \Lﬂ
ks,
To (6-chloro-4,5-dimethyl-pyridazin-3-yl)-phenyl-methanone (50 mg, 0.20 mmol) in DMF
(3 mL) was added 2-[4-(R)-2-methyl-piperazine-1-yl]-phenyl]-propan-2-ol (47.4 mg, 0.20 mmol)

and sodium carbonate (86.2 mg, 0.81 mmol), the reaction mixture was heated in a microwave reactor
for 4 h at 180 °C. Then the reaction mixture is diluted with DCM (15 mL) and washed with NaHCOs
and water. Organic solvent is extracted and removed under reduced pressure. Purification by HPLC
of the crude product with ACN in water (from 20% to 100% with 3% 1-propanol) at 220 nm UV
detection provides the desired product as off white powder (25 mg, 28%).

'H NMR (400 MHz, DMSO-ds) 8 = 8.42 (s, 1H), 8.23 (s, 1H), 7.61-7.89 (m, 5H), 4.77 (m, 1H), 4.25
(d, J=12.6Hz, 1H), 3.75 (d, J/=12.6Hz, 1H), 3.65 (d, J/=12.6Hz, 1H), 3.29 (m, 2H), 3.11 (m, 1H),

2.50 (s, 3H), 2.32 (s, 3H), 1.47 (s, 6H), 1.35 (d, /=6.6Hz, 3H).

HR MS (m/z, MH+) meas. 444.2256, calc. 444.2651.

Example 47: (R)-4[6-(hydroxvyl-phenyl-methvl)-4.5-dimethyl-pyridazin-3-vl1]-2-methvyl-3.4.5.6-

tetrahydro-2H-[1.2]bipyrazinyl-5’-carboxvlic acid methyl ester

MeO, CIjN)_/ §_< @

To (R)-4-(6-benzoyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3,4,5,6

OH

tetrahydro-2H-[1,2’]bipyrazinyl-5’-carboxylic acid methyl ester (8 mg, 0.017 mmol) in MeOH
(2mL) is added sodium borohydride (170 ug, 0.004 mmol) in 15 minutes and the reaction mixture is
stirred at room temperature for 1h. The reaction mixture is diluted with DCM and washed with
NaHCO; and water. The organic solvent is separated and the solvent is removed under reduced
pressure. Purification by HPLC of the crude product with acetonitril in water (from 10% to 100%
with 3% I-propanol) at 220 nm wavelength detection provides the desired product as off white
powder. (6 mg, 79%).
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'"H NMR (400 MHz, DMSO-dg) 8= 8.77 (s, 1H), 8.47 (s, 1H), 7.29-7.38 (m, 5H), 6.15 (s,1H), 4.92
(m, 1H), 4.50 (m, 1H), 3.89 (s, 3H), 3.49-3.61 (m, 3H), 3.17-3.02 (m, 2H), 2.30 (s, 3H), 2.14 (s, 3H),
1.43 (d, /=6.6Hz, 3H).

MS (m/z, MH+) meas. 449.

Example 48: 2-{(R)-4-[6-(Hyrdoxvl-phenyl-methvl0-4.5-dimethvl-pyridazin-3-vl)-2-methvl-3.4.5.6-

tetrahydro-2H-[1.2]bipyrazinyl-5’-yl]-propan-2-ol

/N </—\>
To (R)-4[6-(hydroxyl-phenyl-methyl)-4,5-dimethyl-pyridazin-3-yl]-2-methyl-3,4,5,6-

tetrahydro-2H-[1,2]bipyrazinyl-5’-carboxylic acid methyl ester
(15 mg, 0.032 mmol) in THF (2 mL) is added methyl magnesium bromide (32 ul, 0.095 mmol) at -
78 °C and the reaction mixture is stirred 0 °C for 2 h. The reaction mixture is diluted with DCM and
washed with NH4Cl and water. The organic solvent is separated extracted and concentrated under
reduced pressure. Purification by HPLC of'the crude product with acetonitrile in water (from 10% to
100% with 3% 1-propanol) at 220 nm wavelenght detection provides the desired product as off
white powder (11 mg, 77%).
'H NMR (400 MHz, DMSO-d¢) 8 = 8.27 (s, 1H), 8.07 (s, 1H), 7.29-7.34 (m, 5H), 5.88 (s,1H), 4.67
(m, 1H), 4.19 (m, 1H), 3.61 (m, 1H), 3.52-3.31 (m, 3H), 3.19 (tt, /=3.5Hz, 12.7Hz, 1H), 2.29 (s,
3H), 2.05 (s, 3H), 1.57 (s, 6H), 1.40 (d, /=6.6 Hz, 3H).
HR MS (m/z, MH+) meas. 449.2649, calc. 444.2665.

Example 49: (R)-4-(4.5-Dimethyl-6-pyridin-4-ylmethyl-pvridazin-3-y1)-2-methvl-3.4.5.6-tetrahydro-

2H-[1.2"Tbipyrazinyl-5'-carboxvlic acid methyl ester

/N
—O0 / N /—\ N—N —
o>_<\l_=>_r>—/N4§=Z_§:}

According to the protocol described below for example 46, 4,5-dimethyl-3-((R)-3-methyl-

piperazin-1-yl)-6-pyridin-4-ylmethyl-pyridazine (155 mg, 0.51 mmol) and 5-chloro-pyrazine-2-
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Exanpl e 87: 3-Benzyl-4

5- di met hyWO@o1(iRy128- met hy1- 4- (4-tri fl uor o- met hanesul f onPCH@2802059138
erazin-1-idazine 0 -, To the solution of

3- benzyl- 4, 5-di net hyl- 6- ((R) - 3- net hyl - pi perazi n-1-y1)-pyri dazi ne (80 ny,
0.257 mmol ) in dioxane (5 nL) is added
1-chloro-4-trifluoronet hanesul fonyl - benzene (95.2 ng, 0.385 nmol),

pot ass ichtrmbiayndraaid lethgll ds&t A D). F0mmbl) 250 ra¥a e, tittadRipdaaasWNRange oil (123
|n1dazoI|n ylidene-Pd(0) (175 ng, O0.129mmvol) The m xture is heated in a
m cr owdVte ﬁé%ctor at 100 C for 120 min. Water is added to the m xture and
extracted with Et OAc. The conbi ned organic | ayers are washed with water,
brine, dr|ed over Na2804 f||tered and concentrated domn The crude product

A90 MHz, DI\/BOdG) = 7.81 (d,J+9. 1Hz,

7.17-7.30 (m 7H), 151 (rn 1H), 4.26 (s, 211), 3.97 (d, J=12.6Hz,

lH) 55 = t , 3.42 (m 211), 3.14 (m 111), 3.00 (m 111),
2.26 (S/EB%zg_ : , 1.31 (d, 1=6.5 Hz, 3H. HR M5 (mtz, MH)
neas. =505. 1885. Synthesi s of exanples 88 - 115 GENERAL
PROTOCOL FOR THE GRIGNARD REACTION W TH ESTERS To a solution of the ester

(0.5 mol, 1 eq.) in i s added a magnesi um brom de or i odide

(4 mol, 8 éﬁcordgléltﬁfhed’ﬁ(’tp?f’léﬁft?é‘fb?d 'aftlow7(§)'é“(4'f5h@nt€€1é(tfétpdﬁdtﬁ‘r‘kt’lﬁteéh>i 5
stirre ¥ﬁ&a291 & )% m%th?’l Bhr%% Q‘ttlah'}tcﬁg Y. [tlr-Q Wﬁﬂ@l-@%@&ﬂym hdd h‘l‘éﬂ&ie&é}d
wat er. The co |ned gani ¢ layers are
(110 mg, 0.25 mmol) and MeMglI (0.660 mL, 1.98 mmol) afforded the title compound as a yellow
powder (40 mg, 37%).
'H NMR (400 MHz, DMSO-d¢) 8 = 8.47 (d, J=5.5Hz, 2H), 8.36 (s, 1H), 8.21 (s, 1H), 7.21 (d,
J=5.5Hz, 2H), 5.15 (s, 1H), 4.68 (br s, 1H), 4.29 (s, 2H), 4.17 (d, J=12.5Hz, 1H), 3.21 - 3.59 (m,
3H), 3.07 (dd, J=12.5Hz, 3.5Hz, 1H), 2.89 - 3.00 (m, 1H), 2.28 (s, 3H), 2.13 (s, 3H), 1.42 (s, 6H),
1.28 (d, J=6.5Hz, 3H).
HR MS (m/z, MH+) meas. 434.2650, calc. 434.2668.

Example 51: (R)-4-(4.5-Dimethyl-6-pyridin-3-ylmethyl-pyridazin-3-y1)-2-methvl-3.4.5.6-tetrahydro-
2H-[1.2"Tbipyrazinyl-5'-carboxvlic acid methyl ester

4,5-Dimethyl-3-((R)-3-methyl-piperazin-1-yl)-6-pyridin-3-ylmethyl-pyridazine (350 mg,
1.18 mmol) and 5-chloro-pyrazine-2-carboxylic acid methyl ester (243.7 mg, 1.41 mmol) are added
to a microwave vial followed by NMP (7 mL) and tricthylamine (0.49 mL, 3.54 mmol). The vial is
scaled and irradiated in the microwave at 145 °C for 30 min. The crude material is directly purified
via flash chromatography on silica gel (0-20% methanol in CH»Cl,) to afford the title compound (30
mg, 6%).
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washed with water, brine, dried over Na2504, filtered and concentrated
down. Purification by HPLC of the crude product with acetontrile in water
provi des WBa0t0&0f128ry al cohol s (main product) next to sRETELR00QMHDUAE s of

t he correspondi ng net hyl ketones. The solvents are renoved with a

| yophilizer to provide the products as white powders.

Exanpl e88: 24(R) - 4- ( 6- Benzyl - 4, 5- di net hyl - pyri dazi n-3-yl)-2-nethyl -3,4,5, 6-t
et rahydro-2H 1, 21bi pyrazi nyl-5' -yl | - propan- 2- ol To a sol ution of
(R) - 4- (B NoaRrZ¥d0 Kby, divsd lay)l & py8 7 dazil iy, 3-30104; 2=ared Iy, 8?484551HS) sez(ahmr 02H
[12']blpyrazmyl5-carboxyI|c aci d net hy est er ND %

THF (12-YAGL 8 dEd. Tat-hyB (W‘F&Hﬁbé@érﬁnbiﬁ)n 45 (&J/ml 2Hes 29 Gszﬁﬁ Ther)

at r e [ 0 £ X EEIN Wi th
DCM an(ﬁ%wa?éﬁg'(]:] 3&’3%?@&%&)”%6’8% 1Hf259F3 %%G%gl ine glggr ga 1’Iﬁgyer gtrg'gg\ﬂlashed
w t h waterz, 3bhi ne, dried over Na2SO, filtered and concentrated down.
Purification by HPLC of the crude product with acetontrile in water ( from
10%to 95% w th 3% 1-propanol) at 220 nm wavel ength detection provides the
desi r egixamprRMI 2 (GO0 -@5-DEAIyINEXridie 3 SMRbihyRRIIALS - 30¥1) b hifcthary £5pondi ng
met hyl ket one pl e 95) The solvents are renmoved wth a | yophi I izer to
providtd bh o2 Binysazigyles 2-0l1H NMR (400 MHz, CD2Cl12) 6 = 8. 28
(s, 1H)H 10 (s, 725(m 5H), 4.83 (m 1H), 433(s 2H) , 420(m
1H) %(jéj)“ 7 (m 1H), 3.44 (m 2H), 3.29 (m 1H, 3.14 (m 1H),
2.31 (s, 16/ ( § /3H), 1.56 (s, 611), 1.40 (d, J=6.5Hz, 3H). 108 WD
2010/ 007120PCT/ EP2009/0 138 HR M5 (trilz, M#) neas. 433.2713, calc.

433. 2716. 14.1: } 6T I L es
93,2110, EYRIRLES i A iThe SaoNasuAPL e OTabhe 1) ld shperaom e
2010/ 0072 20pPaaziER200eb0osg1r38id mdhgi3sE UL OFSE/rER2) (:04ddsd k38 aved-dridd 1. 3036

round-bottom flask under N, followed by THF (0.6 mL). The reaction is then placed in a dry-ice bath
for 15 min. MeMgl (0.15 mL, 3.0 M, 0.461 mmol) is added drop-wise and the reaction is stirred at

M NS

—78 °C for 30 min. The reaction is warmed to 0 °C and stirred 30 min or until complete conversion is
observed. The reaction mixture is quenched with saturated ammonium chloride solution. The
organics are extracted with ethyl acetate. The combined organic layers are dried over Na;SOy,
filtered and concentrated under reduced pressure. The crude material is purified via flash
chromatography on silica gel (2% CH,Cl,, 98% (50/30/20 cthyl acetate/ heptane/ MeOH)) to afford
the title compound (3.5 mg, 14%).

'"H NMR (400 MHz, DMSO-dg) 8 = 8.49 (s, 1H), 8.42 (d, J= 6.7Hz, 1H), 8.36 (s, IH), 8.21 (s, 1H),
7.57 (d, J=7.9Hz, 1H), 7.32 (m, 1H), 5.13 (s, 1H), 4.67 (s, br, 1H), 4.29 (s, 2H), 4.17 (d, J= 12.5Hz,
1H), 3.51 (d, J=12.5Hz, 1H), 3.34-3.42 (m, 2 H), 3.07 (dd, /= 12.1Hz, 1H), 2.93-2.97 (dt, /<3.4 Hz,
12.5Hz, 1H), 2.28 (s, 3H), 2.17 (s, 3H), 1.43 (s, 6H), 1.28 (d, J= 6.5Hz, 3H).

HR MS (m/z, MH+) meas. 434.2663, calc. 434.2668.

Example 53: (R)-4-(4.5-Dimethyl-6-pyridin-2-ylmethyl-pyridazin-3-y1)-2-methvl-3.4.5.6-tetrahydro-

2H-[1.2'Ibipyrazinyl-5'-carboxvlic acid methyl ester

o~ N —
— /_\ N=N
ATeSeTel
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Exanpl e 112:

24(R) - 4- (6- Benzyl- 4, 5-di met hyl - pyri dazi n-3-0)-2-nethyl -3,4,5, 6-tetrahydro-2
HJ1, 2] bi pyo2a10/0p1128' - y1J- 2, 2- di net hoxy- et hanol OH PCTTE®2¥995718% | on of
KOH (33 ng, 0.38 mmol ) and nethanol (5 nL) is added exanple 95 (20 ng,
0.048 mml ) in nethanol (1 nth) and then iodobenzene di acetate (23 ny,
0.072 mml) in portions at 0OC. The m xture is stirred at rt overnight.
Solvent is renoved to give a crude product that is purified by HPLC

(acet ositdpy ii: IPecphratiah 6f 2.4 O yri 80Z0 vimE B9 erdtan-BoV @ ofrlpeurtd 2d)e conpound
(12 ng, 52% jas a yellow solid. 'fiNWR (400 MHz, CD2Cl12) 3 = 8.42 (s, 1H)),
8.18 (sr\ 7.29 (in, 5H), 4.72 (in, 1H, 4.32 (s, 2H, 4.30 (m 1H),
3.94 (dyat §0Hz 2H), 3.58 (m 1H), 3.47 (m 2H), 3.28 (m 1H), 3.26 (s,
6H), 3.13 (m 1H), 2.31 (s, 3H), 2.16 (s, 3H), 1.44 (d, J=6.5Hz, 3H).

Exanmpl e 113: 4- (6- 5- dj net hyl - 0- 2-
hyimp éel 5, 62 tl\é!‘ftLﬁﬂgra»dal(ez@ %2§ Vzb Iawé?z%”r@% léedy{ 'B‘%héﬂdPfovmf@q@d to =30 °C.1q
a sol uti,pp,gf hﬁﬁfi’rHRII £8 ;?ﬁi (ISAMH peftarte? 26%%13 angh Ve QR pedsctbind So1agifednd the

NaBH4( 10 ng, at 0 C, "afterwards the reaction mxture is stirred
at rt awcaoidwtstlan@forGOSmh at SH) ¥ent 41Ihm|eélrybp@dara3rdnwé& 4mlj, 34 augdpis atlfeiand

extracted with .DCM Th ani c | 0 ra f he titl
Comoutits TEH oy THBUA Bdoan R ang SfPS R (A0 FRA) e cpd et i
(2|S_|) 12B6(%§c Olv ﬁsﬁécoﬁiﬁ)ned%réa@l& rﬁflth'ﬂfﬂne efh(d%%nééﬁ?)tratk"ﬁ)z 1vaéu(057Tl§€mesﬂiﬁB is ﬁhrﬁ' d

(m (m
2.19 ( dlastgplromatogrphy onggijca gel 3BtQPeF/H¢p¥@65F& alfgud) 2, 4ﬁ1r3€$hz' -pﬂr@nérléme@mq)
HR M5 19. 2543. WO 2010/ 007120PCT/ EP2009/ 059138 Exanpl e
114: ﬁ)@llltén 3M1+@ lﬂgatﬁlantzl)
1- BR) - 4- ( 6- Benzyl - 4, 5-di net hyl - pyri dazi n-3-y1) - 2net hyl - 3, 4, 5, 6-t et rahydro- 2
Hlbi r &zdp?: IRBAA4, 5-2)1imet1lllvbﬁ Dvﬁthlnamwlmthvl pyridabn-ZvH e -methgh3 éfS HlaliR124}-2 Ry,
4.0
benzyl : s SYETRYIPS,24. 5, 6-t et rahydr o- 2H-[ 1, 21bi pyr

azi nyl - @J4 @6 bala@cn@ S(CHQQTh?Dpyrﬂdanm? 2 mahﬁbﬁﬂsiﬁ(té@a}fgﬂd}o amd then

|odobenzene acetate (464 ny .5 Mol e portions at 0 C. The m xture

i s stilhédbinyrazisyrd’ 'F%fﬂ?ﬁ?@flw eie resfylnsigtit 25€rﬁeg,s@ﬁ<y?emmolé iy epprpegdayith 2en
extr aCtd?ng LN -2 ] etﬂggéarytefﬁ di 8115/9 4165 m ¥ ??ﬁﬁg&d‘ﬁ&lkﬁﬁo&%d}ﬁﬂe%léﬁ%g,

after s concentr at’e crueex is materi al
di ssol \(()eﬁd4|mmmhl pﬂ:lladml(h trifre @ . NmigC0.028 mm9>1),| sicpddexty! phephinx i Ur.& mg 05d55).r ed

3 h. Aft HCO2 and
ot oot TR oar)- TRl Bedin Rl Braetd s BT Br da t B Hhon O ehiador
pr OdUCTAdde’gb Al RubétiiigOEIA L Mdheaitﬁwmndarbrgmdsqavmb (st BAduERPhamRd
50% - 1009 to give the title conpound ( n& 580/? as a yellow solid.

PN VRDA B velo tapby o Lioaed SVEQL GHyC g § I(déhe g cormopnd (1 mey 4% o1

(S 2H)11§1 Wﬁ% %wﬁ?n@sfﬁ% i H)ME‘)(% 114 %%IZBHS{) 7§?§?m3i$i),,?81. I(g {%1?31@9

J 6 5HA H)3H) L (HR=NBHz SHZzMHB) 7 a8as. 1848132H§541(R6 (Exarhbl);a4.4]163; 2H),R.48 6+ Bemz, 1

?15_2?1 [Iﬁ‘g;‘# g§ 5%3%5’??9{,23 %éixﬁ;;,é) %@e@ﬁﬁﬂ% I 2';-?512 Y295 (¢, J5f2.2Hz, 3.2Hz,

1- [ (R) “1fp(H2Baenzmnl246%s, @H)EIBW dp% bHaZ My 3-y1) - 2net hyl - 3, 4, 5, 6-
tetrahydro-2H11, 21bi pyr azi Lé 2- gildroxy et hanone (exarrpl e 114, 110
my, 0. 2HR Mfoinyz.aMH engs 4 2:%6)c=ilg 4@ NaBH4 (14 ng, 0.38 mml) at 0 ' C.
The m xture is warnmed up to roomtenperature and stirred for 3 h. The
reaction solution is acidified wwth 3N HC1 to pH 7 and the organic sol vent
i s rembixenpleBdel{@9idi4e5-Demdhylsebyratini2rylathyl pireidziNd-3E3-sahyitl.4h.6and

d ) Ia er, 'IS concentrated to afford the title

f LISt @S8R~ WD 2010/ 007120PCT/ EP2009/ 059138 1H
NVR (4@16L|\//|=|zw GDZCM) 6 = 8.09 (s, 1H), 8.00 (s, 1H),

fﬂ)@/\@
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7.18 (m 5H), 4.64(m 1H), 4.57 (m 1H), 4.26 (s, 2H), 4.10 (m 1H), 3.60
(m 2H), 3.48 (m 1H, 3.34 (m 2H, 3.18 (m 1H, 3.02 (m 111), 2.21 (s,
311), 2. O8O(e10/@H20 1.30 (d, 1=6.5Hz, 3H). HR M5 ( nPRT/EVEROP/ORHAS .
435.2511. Synthesis of exanples 116 and 117 Exanple 116:

(R -4-(6-Benzyl-4,5-dinmethyl- pyridazin-3 -yl1)-2 -methyl-3,4,5,6-tetrahydro
-2H 1, 2Thi pyrazi nvl-51-earboxylie acid ONN-N (R -4- (6-Benzyl-4,5-d
i methyl -pyri dazin -3-yl)-2-nethyl-3,4,5, 6-tetrahydro-2H 1, 21Thi pyrazi nyl
-51-car boxy Ethﬁleﬁﬂilﬁprﬁﬁér&}/froﬁsek@lﬁlpKeSS&y@lddlﬁoﬂ6fM'€Mg)I ab Gesefibddl foLekamplldsd.i OH
(998 ngi nmol 3 THF (20 ni), and MeOH (10 nL). The conbi ned
m xt ur RMSa(IH}/B\MHﬂ 616%5{ f‘§4 %166¢ 58k 1¥m%fature for 16 h. it is concentrated
to renmove organic solvents in vtecuo. Additional water is added and the pH
i's adjusted to 4 0 mnth HC1 or phﬂephate buffer The solutlon |s extracted

dlfo renove the drying
e title conpound (1.46 g,

840 Pl% FED2C12) 6 = 8.89 (s, 1H), 8.10 (s, 1H), 7.27 (m
48/4\@ %_H)N m 1H), 4.34(5, 2H), 3.58 (m 3H), 3.31 (m 1H),
3 16 (m 1H), 2.32 /3H), 2.18 (s, 3H), 1.50 (d, .7=6.5Hz, 3H). HR M5

(nth, M) neas. 419 2200. Exanpl e 117: 2 R 4idazin-3-vl 2-nmeth lerazin-14
trifluoronerhyl-pyrimdine-5-carboxylie acid FaC

Step 1: 3-Chloro-4.5-dimethvl-6-(2-pheny]-[ 1 .3]dithiolan-2-y1)-pvridazine (compound 21)

N S

To a DCM solution of (6-chloro-4,5-dimethyl-pyridazin-3-yl)-phenyl-methanone (300 mg,
1.22 mmol) is added 1,2-ethandithiol (0.408 ml, 4.86 mmol) and BF3-OEt, (0.154 ml, 1.216 mmol)

at 0°C under nitrogen atmosphere. The reaction mixture is strired at room temperature for 16 h. The
reaction was charged with BF;-OEt; (0.154 ml, 1.216 mmol) and 1,2-cthandithiol (0.408 ml, 4.86
mmol), and heated at 40°C for 6 h. The reaction is quenched with sat. NaHCOj3 at 0°C and organic
phase is washed with brine. The organic layer is dried over Na,;SOy, filtered and concentrated to
afford a yellow solid. The residue is loaded on silica gel and purified by flash chromatography,
cluting with 20 —80% EtOAc: heptane. Fractions containing the desired product are combined and
concentrated to afford a white soild (280 mg, 73%).

'H NMR (400 MHz, CDCl3) 8 = 7.54-7.53 (m, 2H), 7.28-7.22 (m, 3H), 3.46-3.34 (m, 4H), 2.30 (s,
3H), 1.94 (s, 3H).

MS (m/z, MH+) meas. 323.0, calc. 322.88.

Step 2: 3-Chloro-6-(difluoro-phenvl-methyl)-4.,5-dimethyl-pyridazine (compound 22)

T F

</:\>

To a DCM (1 mL) solution of NBS (49.6 mg, 0.279 mmol) is added DAST (0.147 ml, 1.115

N=N
CIM
/N

mmol). The reaction mixture is cooled to 0 °C before 3-chloro-4,5-dimethyl-6-(2-phenyl-
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HO " =N To a solution of nethyl

2-[(R)-4-(6-benzyl -4, 5-di net hyl - pyri dazi n-3-y1)-2-net hyl - pi perazinl -yl1l-4-t
rifl uor or¥ORY10/089¥20m di ne- 5- car boxyl ate (500 ng, 1.0 mMMBCI/EP2@946)138 n THF
(5 nL) is added an aqueous solution of LIiOH (1 M 2.0 n., 2.0 nmmol, 2.0 eq)
and the resulting solution is WO 2010/ 007120PCT/ EP2009/ 059138 heated to 75
Cfor 4 h. The reaction mxture is diluted with Et0Ac (50 nL) and washed
with water (3 x 15 nL). The conbi ned aqueous washes were adjusted to pH 6
wi t h aqueplithiotal2-¢1- ledazﬁﬂ'tE(DOeﬁigr M@@nmol)hlsdd(ﬁhdl orcHgeivane i Jtixred it thymThe
conbi ned organic |layers are dried over sodiumsulfate and concentrated

under Hrepfpééélfrdéhtt%aw éﬂdOE %A%w% %@Lppééﬁé{lma% e et end g Biytureo

my, 96 ﬁrred‘-fdr@%héﬂ@g Mﬂ%’red}{ﬁgrﬁngflﬁlresls%gnc%& (v3th s th]aHCdg A9 °C/- B dfous
211), 2 (in 1) 4. 86 (m 111),

4.31 (éayezlla)wasbecszmh DO prd th)conBisg (mganlg 2er5w;re dm)d ogerlNaﬁ%@; and
J=12.5Hz, 3.5Hz, 1H), 2.97 - 3.09 (m 1H), 2.37 (s, 1. 47
(d, 1=6omptrataijo affffed ks e Hwﬂm)e neesresidge7is dogie Oswmqa%i gn%pureﬁ@élrﬁﬂ Bash118

v ELD FORTIER RN EE T ' To 120 Nerisod e aviogh Coin bl Bl

(40 ngardkobibimaizing comentBOel © e(fﬂa@d m&@llqv&swhelétmgt 2000)r ef | ux f or 1 h and then

sol vent, i l.ved i ) ansferred
o a schaBATHY Stis D0 TP SEach o 308 bR 1 SR TPl s xtre 1 s
sti rred9FaNM1g(4t)9M@Z RepMateL _old m_) is added and the m xture extracted
with DCM (3 x m_). The organic |layer is concentrated to give a crude

pr oductM$ batz, W@mqaﬁl%a%galﬂlébﬁtoﬁaceton| trile / water (1% NFLOH), 30% -
100 %9 to afford the product (exanples 118 to 132, 20%- 84% . Method B: A
m xture of exanple 116 (40 ng, 0.10 mml), HATU (73 ng, 0.14 mol e),

dii SODTS@d?)yJ gt fik}-4 369 DEIo AL plihy|-Re BN DIt IRt BYAiRE 8 jath@de (1.5 nl) and
am ne A I i S sﬁlrred at rt for 10 h. T]he crude product is purified

by HPL&WYI Bkt 2! A O] biexamgeS8) to afford the
pr oduct (exﬁ%ﬁ% Sgg‘g’plre r%@om%%r@pou&ﬁ% angéf-gphé:‘sérlﬂéh%ore ic 4g1e follow ng

table (Table 8) lists exanpl es of npounds prepared e formation as
descri bed above: TABLE 8 V\D 2010/ 007120PCT/ EP2009/ 059138 Exanpl e Structure

HR M5 [l 2 i Mt Teas s

As illustrated in Scheme §, piperidin-1-yl-pyridazines can be prepared by a multitude of

routes. According to Route A functionalized piperidines can react with intermediates V to yield
examples Ig. Examples Th and Ii can be prepared via Route B. Reaction of V with a 4-piperidinyl-
carboxylic ester provides after ester hydrolysis intermediates XIa which can react either to
imidazol-substituted examples Th or can be condensed with ortho-dianilines to examples Ti. Route C
provides examples Ij by reacting intermediates V  with 4-cyanopiperidine and subsequent Pd-
catalyzed reaction of XIb with R”-Br. Further imidazol-substituted examples Ik can be prepared
from intermediates XI¢ (by condensation reaction in the presence of ammonia and a keto-aldehyde
precursor) which are available by reaction of 4-hydroxymethyl-piperidines with V and subsequent
oxidation of the alcohol functionality (Route D). Route E provides ketones XId which can act as
clectrophiles for metallo-organic reagents such as R”-Li to provide tertiary alcohol examples Il
Transformation of the hydroxyl group with fluorination reagants e.g. Deoxofluor yields further
examples In. Ketones XId can be used in reductive amination reactions with amines and e.g.

NaBH(OAc); as reducing agent to yicld examples lo.
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SCHEME 5

Synthesis of example 56 by Route A:
Example 56: 2-[1-(6-Benzyl-4.5-dimethyl-pyridazin-3-yl)-piperidin-4-vyl1]-2.3dihvdro-1 H-isoindole

4 p
@NCN @

Step 1: 8-(6-Benzyl-4.5-dimethvyl-pyridazin-3-vyl)-1 4-dioxa-8-aza-spiro[4.5]decane (compounds 23)
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Compound 23 is prepared from 3-benzyl-6-chloro-4,5-dimethylpyridazine and 1,4-dioxa-8-
aza-spiro[4.5]decane following the procedure similar to what described for compound 3.
'H-NMR (400 MHz, CDClz) &= 1.89 (4H, m), 2.08 (3H, s), 2.17 (3H, s), 3.33 (4H, m), 4.00 (4H,
s),4.29 (2H, s), 7.22 (5H, m).
MS (m/z, MH+) meas. 340.4.

Step 2: 1-(6-Benzyl-4.5-dimethvyl-pyridazin-3-yl)-piperidin-4-one (compound 24)

To compound 23 (917 mg, 2.46 mmol) in acetone (50 mL) is added hydrochloric acid (1.2 N,

20 mL). The mixture is stirred for 46 h, then treated with saturated sodium bicarbonate to slightly
basic, and extracted with cthyl acetate (3x). The organic extracts are washed with brine, dried to
give an oil that provides pure 24 as thick oil (565 mg, 78%) after purification by silica gel
chromatography (40% ethyl acetate in heptane).

'H-NMR (400 MHz, CDCl3) 8 =2.1 (3H, s), 2.2 (3H, 5), 2.7 (4H, m), 3.6 (4H, m), 4.3 (2H, s), 7.3
(5H, m).
HR MS (m/z, MH+) meas. 296.1763.

Step 3: 2-[1-(6-Benzyl-4.5-dimethvyl-pyridazin-3-v1)-piperidin-4-v1]-2 .3dihvdro-1 H-isoindole

(example 56)
To ketone 24 (43 mg, 0.15 mmol) in anhydrous THF/CH,Cl, (1.5 ml/1.5 mL) is added

isoindoline (25 pL, 0.22 mmol) and glacial acidic acid (3 pL)and triacetoxyl sodium borohydride
(98 mg, 0.44 mmol). The mixture is stirred for 2 h and, quenched with saturated sodium
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bicarbonate, and extracted with CH,Cl,. The organic phase is dried, rotavaped, and was subjected to
HPLC purification (actonitrile-water- 0.1% TFA) to give the title compound as a TFA salt (67 mg,
89%).

'H-NMR (400 MHz, CDCl5) 8 = 2.2 (4H, m), 2.3 (3H, s), 2.4 (3H, s), 3.2 (2H, m), 3.6 (1H, m), 3.8
(2H, m), 4.5 (4H, bs), 5.1 (2H, bs), 7.3 (9H, m).

HR MS (m/z, MH+) meas. 399.2547.

Synthesis of examples 57-59 by Route B:
Example 57: 3-Benzyl-6-[4-(5-chloro-1H-imidazol-2-y)-piperidin-1-vl]-4.5-dimethyl-pyridazine

c._R N=N
Lo Ny

Step 1: 1-(6-Benzyl-4.5-dimethvl-pyridazin-3-yl)-piperidine-4-carboxylic acid ethyl ester

(compound 25)
To a solution of 3-benzyl-6-chloro-4,5-dimethyl-pyridazine (1.0 g, 4.31 mmol) in NMP (10
mL) is added piperidine-4-carboxylic acid ethyl ester (2.0 g, 12.9 mmol) and DIPEA (3.7 mL, 21.6

mmol). The mixture is heated in microwave at 210 °C for 1.5 h. The mixture is concentrated at 80
°C by rotovaporation. The crude product is purified by HPLC (CH3CN/H;O: 22 % ~ 45 % with 0.1
% TFA) to give 1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-piperidine-4-carboxylic acid ethyl ester
(0.94 g, 61%).

'H-NMR (400 MHz, CDCl5) 8= 1.28 (3H, t), 1.90 (2H, q), 2.07 (2H, d), 2.23 (3H, s), 2.33 (3H, s),
2.54 (1H, m), 3.03 (2H, t), 3.57 (2H, d), 4.17 (2H, q), 4.50 (2H, s), 7.19 (2H, d), 7.24 (1H, d), 7.29
(2H, t).

HR MS (m/z, MH+) meas. 354.2179.

Step 2: 1-(6-Benzyl-4.5-dimethvl-pyridazin-3-y1)-piperidine-4-carboxvlic acid (compound 26)

To asolution of 1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-piperidine-4-carboxylic acid ethyl
ester (0.88 g, 2.5 mmol) in EtOH (8 mL) is added a solution of sodium hydroxide (0.8 g, 20.1 mmol)
in H,O (8 mL). After being stirred at 25 °C for 2 h, the mixture is concentrated, and extracted with

CH,CI; (2 x 10 mL) to remove impurities. The aqueous layer is acidified by IN HCl to pH ~ 5, and
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trifluoronethyl-pyrimdine-5-carboxylic acid (2-hydroxy-ethyl)-nethyl-am de

extracted with CH,Cl, (6 x 20 mL). The combined organic solution is dried over Na,SOy, filtered
and concentrated to give 1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-piperidine-4-carboxylic acid
(0.68 g, 83%).

'H-NMR (400 MHz, CDCl3) 8 =1.92 (2H, q), 2.08 (2H, d), 2.25 (3H, s), 2.35 (3H, 5), 2.64 (1H, m),
3.11 (2H, 1), 3.60 (2H, d), 4.49 (2H, s), 7.20 (2H, d), 7.26 (1H, t), 7.31 (2H, t).

HR MS (m/z, MH+) meas. 326.1870.

Step 3: 1-(6-Benzyl-4.5-dimethvl-pyridazin-3-y)-piperidine-4-carboxvlic acid cyanomethyl-amide

(comopund 27)

To a solution of 1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-piperidine-4-carboxylic acid (350
mg, 1.08 mmol) in DMF (10 mL) is added DIPEA (0.94 mL, 5.4 mmol) and HATU (490 mg, 1.29
mmol). After being stirred at 25°C, aminoacetonitrile hydrochloride (119 mg, 1.29 mmol) is added.
The mixture is stirred for 2 h, and diluted with EtOAc¢ (20 mL) and washed with H,O (3 x 10 mL).
The organic layer is dried over Na;SOy, filtered and concentrated. The crude product is purified by
chromatography (CH2Cl,/MeOH: 97% / 3%) to give 1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-
piperidine-4-carboxylic acid cyanomethyl-amide (280 mg, 72 %).
'H-NMR (400 MHz, CDCly) 8 = 1.97 (4H, m), 2.25 (3H, s), 2.36 (3H, 5), 2.58 (1H, m), 3.07 (2H, 1),
3.67(2H, d), 4.12 (2H, d), 4.44 (2H, s), 7.14 (2H, d), 7.31 (3H, m).
MS (m/z, MH+) meas. 364.3.

Step 4: 3-Benzyl-6-[4-(5-chloro-1H-imidazol-2-vl)-piperidin-1-y1]-4.5-dimethyl-pyridazine

(example 57)
To a solution of 1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-piperidine-4-carboxylic acid

cyanomethyl-amide (20 mg, 0.055 mmol) and triphenyl phosphine in acetonitrile (1 mL) at 25°C is
added carbon tetrachloride (42 mg, 0.28 mmol). After being stirred at 50°C for 3 h, the mixture is
concentrated, and diluted with CH,CI, (10 mL) and washed with sodium hydroxide (2 mL, IN), and
H,0 (2 mL), dried over Na,SOy, filtered and concentrated. The crude product is purified by HPLC
(CH3CN/H,0: 22 % ~ 45 % with 0.1 % TFA) to give 3-benzyl-6-[4-(5-chloro-1H-imidazol-2-yl)-
piperidin-1-yl]-4,5-dimethyl-pyridazine (11.8 mg, 56%).
'H-NMR (400 MHz, MeOH-d4) 8 =2.09 (2H, m), 2.20 (2H, d), 2.35 (3H, s), 2.50 (3H, s), 3.20 (3H,
m), 3.87 (2H, d), 4.46 (2H, s), 7.25 (2H, d), 7.34 (1H, t), 7.35 (1H, s), 7.39 (2H, 1).
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WO 2010/ 007120PCT/ EP2009/ 059138 Fi C N HO To a sol ution of
2-[(R)-4-(6-benzyl-4, 5-di net hyl - pyri dazi n- 3-y0- 2- net hyl - pi perazi n-| - A- 4-
trifl uor ONGL2RLV00PA2PT m di ne- 5- carboxylic acid (45 ng, 0. PCHkHEPROIDSHEY in THF
(2 nL) is added an excess of oxalyl chloride (100 4, 1 2 mmol, 12 eq,) and
a catalytic anmount of DMF, and the resulting solution is stirred at rt for
45 mm at which tinme N 2-hydroxyethyl, N -nmethyl amne (200 4, 2.5 mol, 25
eq) is added, and the reaction is stirred for an additional 1 h. The

react i ®R MSX/z,eMHs) clilt.sRed794.t h Et OAc (50 nmL) and washed with water (2 x
10 mL) followed by brine (2 x 10 nL) The organic layer is dried over sodium
sul fate and concentrated under reduced pressure to a white residue. The
desi r eghGORROUNSL | $6-BS )Rl SRV 1A bv&&zﬁei-vﬁ%mhpggahmﬁi%%3: 20 %
MeOH CHZCIZ) as a white solid (43 ng, d4) 6 =
8. 55 (&)pyddine6Hz, 1H), 7.22 - 7 29 (m 2H), 7.11 -7.20 (m 3H), 5.05 -5.15
(m 1H, 4.69 - 4.79 (m 1H), 4.30 (s, 2H), 3.80 (t, J=5.7Hz, 2H), 3.66 (t,
J=5. 6Hz# 0 N=8. 60 (m 211), 3.43 -3.50 (m 2H), 3.15 (dt, J=12.6Hz,
4. 2Hz, 1H), 2.35 (s, 3H), 2.16 (s, 3H), 1.45 (d,

J=8. 3Hz, 3I-B‘ ) ( ) meas. 544.2647. Exanple 142:

(R) -4- (6 Benzyl-4 5-di metsyl - pyridazin-3-0)-2-nethyl-3 4 5
6-tetrahydro-2HJ- 1, 21bipyraziny1 5' -carboxylic acid nethoxy-nethyl -am de

11 2101 pyr agp syl taon ST BYSiReh Dot S T blithnteit il B LAY 0

CH2C12 (((ofﬁﬁlﬁ)undl R9.. SO-lﬂ‘ig oni SXIhtJth an8 2 Sadih@thoperi din€y38nmalg, O rmlnob lh OHLCle ({. 31Nt L,
0. 358 ed fol | pwe 3 drops ile stirring, h
react | eﬁqaf{de Raagbbosicris t‘&'r)pél}hﬁtnﬂf‘ el @P&gnﬁat\/%q rgaﬁw%sﬁp@@ hy fefcheing (209
M., 1. %tlmzl.lt)l 505(3 pAded, daRxre & dodlch ayest Cbbhh?fgdj{)vﬁth ¥t@{10 mL), and basificd by
N, 0 dlnethylhydroxylanlne hydr ochl ori de % , 0.144 nunol) ‘Al'l ow t he

t

reacti dA” &ﬂusctuwsolfu@@n esadiuncayexide et eTbﬁr mgouﬁ sptutioe i extrigpgfediithThe

at 1 or 0 (LR 8 E e s s SRRSO K B b SR BBcae KRS osonbe
(CH3;CN/H,0: 22 % ~ 45 % with 0.1 % TFA) to give 2-[1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-
piperidin-4-yl]-1H-imidazo[4,5-b]pyridine (33.8 mg, 55%).
'H-NMR (400 MHz, MeOH-d4) 8 = 2.28 (2H, qd), 2.36 (3H, s), 2.38 (2H, dd), 2.53 (3H, s), 3.29
(2H, 1), 3.56 (1H, m), 3.93 (2H, d), 4.48 (2H, s), 7.25 (2H, d), 7.32 (1H, t), 7.39 (2H, t), 7.70 (1H,
dd), 8.46 (1H, d), 8.62 (1H, d).
HR MS (m/z, MH+) meas. 399.2294.

Example 59: 2-[1-(6-Benzyl-4.5-dimethyl-pyridazin-3-v1)-4-methyl-piperidin-4-vl]-1 H-

imidazo[4.5-c]pvyridine

N=N
/

/IN
N

Step 1: 1-(6-Nenzvl-4.5-dimethyl-pyridazin-3-y1)-4-methyl-piperidine-4-carboxvlic acid ethvl ester

(compound 28)
To a solution of 3-benzyl-6-chloro-4,5-dimethyl-pyridazine (1.0 g, 4.3 mmol) in NMP (10
mL) is added 4-methyl-piperidine-4-carboxylic acid ethyl ester (2.0 g, 8.6 mmol) and DIPEA (3.7

mL, 21.6 mmol). The mixture is heated in microwave at 210 °C for 1.5 h. The mixture is
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Alternative route to prepare exanple 95: Exanple 95:

11(R) - 4- (6- Benzyl - 4, 5-di net hyl - pyri dazi n-3-y1)-2-nethyl -3, 4,5, 6-tetrahydro-
2Habi a, WPt2011951201] - (t hanone PCT/EP2009/059138

(R) -4-(6-Benzyl- 4, 5-di nmet hyl - pyri dazi n-3-yl)-2-nethyl-3,4,5, 6-tetrahydro-2H
[ 1, 2" Thi pyrazi nylS-carboxylic acid nethoxy-mnethyl-am de (exanple 142, 450
mg, 0.975 mmol) is dissolved in THF (1 nL) and cooled to OC. A dropw se
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H20 (1 drop) and concentrate reaction mixture in vacug. The residue is

purifi ee~ty » Fa&R- Ihr Yimbtte ghadnte Rz -dinggiayl- p(yeéazméﬂyol)é orEnepedfiscAnd
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tetrahydro-2HL11, 21bi pyrazi nyl-5' -yl Pet hanone (350 ng, 0.841 mml) in THF
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add| tidhnl 16 h at roomtenperature. Renove THF in vary. The re5| due is

purified by flas chr i ca gel 0% Et.0AC/.

B e L I S Sk M
Exanpl acili4fiyl ester (0. 60 g, 1.6 mmol) in EtOH (5 mL) is added sodium hydroxide (0.5 g, 13 2 mmol)
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(R)-4- | 3.4 5,
(7., oA, L pidect o dhof s sginany o penyind o
suspended extmcmdem&n@H(le L) 20 ménblihaenohbifel arggnic aﬂutldﬁzs) d(iqd Loy Nai&ﬁ)a hi s
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Vit 7C14QarbAeidicH(l (@rid geXSD%act W t h Et OAc. V\ash t he corrbl ned organics with
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nt . fl h
chr onat HdMBHf}OQ)M%% G T390 O DO B 115 20BN BeY (1H.1b 26tr3Bus

(49. 2 nry, A 32 (d, J=1.4Hz, 1H), 8.27
-8.16 m”% 3%(35}1\%2 ﬁQ@HNQZngER}ﬁ%&i 277833??% 3H), 4.98 (d, J=1.0Hz,
1H), 4HKMSM2M(H1ﬁ)Iﬂdd) 3402888.(td, J=6.2Hz, 1.0Hz, 1H), 4.25 (s, 2H), 4.18
(dm J=12.9Hz, 1H), 3.55- 3.46 (m 1H), 3.49 (d, J=5.8Hz, 2H), 3.40 (dm
J=12.4Hz, 1H), 3.29 (td, J=12.5Hz, 3.2Hz, 1H), 3.07 (dd, J=12.3Hz, 3.5Hz,
1H), 258 3 0dil-(bérzyd4. 3didtdthy]-byiidazin3 -20-4 G ethdbPiperddid-A-Ip 1 HIM) dazd[436 (S,
3H), 1.28 (d, J=6.4Hz, 3 H. HR M5 (nlz, MH) neas. 449.2667, calc.

449, 266811 exanpl es 145- 158 GENERAL PROTOCOL FOR THE AM NATI ON
OF PYRI DAZINE CHLORIDES XIl WTH AM NES TO Yl ELD EXAMPLES 145 TO 154 ( ROUTE
A ToTg a%@iuﬂ%h 81 -ea- a&?l @@Zdlﬂ@tthILﬁfdaQﬁSS -yih-h- Iﬁghygl%lﬁ@ffdln)e A @2)1rNMDylf3r

di oxane/ DMF (3 is a he subst i tut ed er azi ne

(0. 15 ptid (30 08, @rﬂx@m)mdh@drﬁ &ﬂ@n@nqwrlﬁ@at(%mgm D pangod b Cé@(ﬁﬁhe%] i3 @ddegh
210 C f e r

i th PO el ) CrRARR PO ARAN IlRe Crfh, Brbroif fARUSE |
over Nd26M™ forf3.3 hethceﬁhmmd icandeint 2at €ddithoanwitivetec (udE), pndtasifieditsy 19461 f i ed

by chronmato h ilic e 0 | exane: . 10% - X | es
| p Exaﬁﬁ'ileé’élgﬁ(ggn n %Iéﬁgl %f‘g‘l4 dé\npthgﬁeélqt‘eF’élﬁ I‘Seexstf?"tlsﬁ? /t% Cé@%&??d?’(é‘sl% pL).
COMPOUNHS cHfBRed 8iaki¥ 18RNRE ESRe@fatdsdHulfed BPRAPEC (CH;CN/H,O: 15 % ~ 40 %
with 0.1 % TFA) to give 2-[1-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-4-methyl-piperidin-4-yl]-1H-
imidazo[4,5-c]pyridine (21 mg, 27%).
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'"H-NMR (400 MHz, McOH-dy) & = 1.60 (3H, s), 2.15 (2H, 1), 2.34 (3H, 5), 2.49 (3H, 5), 2.65 (2H,
d), 3.35 (2H, d), 3.65 (2H, d), 4.43 (2H, s), 7.22 (2H, d), 7.31 (1H, 1), 7.37 (2H, 1), 8.12 (1H, d), 8.56
(1H, d), 9.23 (1H, s).

HR MS (m/z, MH+) meas. 413.2446.

Synthesis of example 60 by Route C:
Example 60: 1'-(6-Benzyl-4.5-dimethyl-pyridazin-3-v1)-5-(1-hvdroxy-1-methvyl-ethyl)-2'.3".5'.6'-
tetrahydro-1'H-[2.4']bipyridiny]l-4'-carbonitrile
HO N ,— N=N
7 \
TS OL A )

Step 1: 1-(6-Benzyl-4.5-dimethvl-pyridazin-3-vyl)-piperidine-4-carbonitrile (compound 30)

Compound 30 is prepared from compound 10 and piperidine-4-carbonitrile following the
procedure similar to what described for compound 3.
'H-NMR (400 MHz, CDCl3) 8 = 2.0-2.2 (4H, m), 2.1 (3H,s), 2.2 (3H,s), 2.8 (1H, m), 3.1 (2H, m),
3.4 (2H, m), 4.3 (2H, s), 7.2 (5H, m).
HR MS (m/z, MH+) meas. 307.1930.

Step 2: 2-(6-Bromo-pvridin-3-yl)-propan-2-ol (compound 31)

OH
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To 2-bromo-5-iodo-pyridine (2.974 g, 10.2 mmol) in a mixture of THF (15 mL) and ether
(20 mL) at -78 °C is added dropwise n-butyl lithium (2.5 M in hexane, 4L, 10.2 mmol). The mixture
is stirred at -78 °C for 30 min, then acetone (anhydrous, 0.749 uL, 10.2 mmol) is added drop wise.
The mixture is slowly warmed up to -50 °C over 1.5 h and is quenched with saturated ammonium
chloride, extracted with ethyl acetate. The organic phase is separated, dried and rotavaped. The
residue is purified by silica gel chromatography (10-20% cthyl acetate in heptane) to give the title
compound as white solid (1.40 g, 64%).
"H-NMR (400 MHz, CDCl;) 8= 1.60 (6H, s), 1.96 (1H, s), 7.45 (1H, d, T = 8 Hz), 7.70 (1H, dd, J =
4,8 Hz), 8.47 (1H, s).
HR MS (m/z, MH+) meas. 216.0034.

Step 3: 1'-(6-Benzyl-4.5-dimethvyl-pyridazin-3-v1)-5-(1-hydroxy-1-methyl-ethvyl)-2'.3".5'.6'-

tetrahydro-1'H-[2 .4']bipyridinyl-4'-carbonitrile (example 60)

To a mixture of compound 30 (122 mg, 0.398 mmol) and compound 31 (103 mg, 0.478
mmol) in anhydrous toluene (3 mL) is added Pd,(dba); (18 mg, 0.020 mmol). The mixture is
bubbled with nitrogen for 7 min, to which is added tri-t-butylphosphine (1.0 M in toluene, 40 pL,
0.040 mmol) and lithium hexamethyldisilazide (1.0 M in toluene, 0.995 uL. 0.995 mmol) . The
mixture is stirred at rt for 15 min, then at 60 °C for 3 h, and cooled to rt. Additional Pd(dba); (18
mg), tri-t-butylphosphine (40 uL) and lithium hexamethyldisilazide (0.995 uL) are added to the
reaction mixture. After being stirred for 17 h, the mixture is quenched with saturated ammonium
chloride and extracted with ethyl acetate. The organic phase was washed with brine and dried,
rotavaped and purified through preparative HPLC (acetonitrile-water-0.1% THF) to give the title
compound as a TFA salt (24 mg, 11%).

'H-NMR (400 MHz, CDCl3) 8 = 1.63 (6H,s), 2.23 (2H, m), 2.27 (3H, 5), 2.41 (3H, 5), 2.58 (2H, m),
3.57 (2H, m), 3.81 (2H, m), 4.52 (2H, s), 7.30 (5H, m), 7.68 (1H, d, J = 12 Hz), 7.96 (1H, m), 8.79
(1H, s).

HR MS (m/z, MH+) meas. 442.2600.

Synthesis of example 61 by Route D:

Synthesis of intermediates:

(5’-Benzyl-3’.4°-dimethvl-3.4.5.6-tetrahydro-2 H-[ 1.2 ]bipyridinyl-4-yl)-methanol (compound 32)
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HO  —  N=N
R

To the solution of piperidin-4-yl-methanol (125 mg, 1.03 mmol) in NMP (3 mL) is added 3-
benzyl-6-chloro-4,5-dimethyl-pyridazine (60 mg, 0.258 mmol) and TEA. The reaction mixture is
stirred at 210 °C in a microwave reactor for 2 h. Then the reaction mixture is diluted with DCM (15
mL)and washed with NaHCO; and water. The organic solvent is separated and removed under
reduced pressure. Purification by HPLC of'the crude product with acetonitrile in water (from 20% to
100% with 3% 1-propanol) at 220nm wavekength detection provides the desired product as off
white powder (200 mg, 62%).

'H NMR (400 MHz, DMSO-d¢) 8 = 7.23-7.36 (m, 5H), 4.55 (t, J=5.3Hz, 1H), 4.29 (s, 2H), 3.45 (m,
2H), 2.85 (m, 2H), 2.57 (s, 1H), 2.21 (s, 3H), 2.14 (s, 3H), 1.84 (m, 2H), 1.62 (m, 1H), 1.40 (m, 2H).
HR MS (m/z, MH+) meas. 312.2069, calc. 312.2076.

1-(6-Benzyl-4.5-dimethvl-pyridazin-3-yl)-piperidine-4-carbaldehvde (compound 33)

o N=N
N
Y

To 5’-benzyl-3’,4’-dimethyl-3,4,5,6-tetrahydro-2H-[ 1,2]bipyridinyl-4-yl)-methanol(155 mg,
0.473 mmol) in DCM (5 mL) is added Dess-Martin reagent (257 mg, 0.59 mmol), the reaction

mixture is stirred at room temperature for 2 h. Then the reaction mixture is diluted with DCM and
washed with NaHCO; and water. The organic phase is separated and the solvent removed under
reduced pressure. Purification by HPLC of'the crude product with acetonitrile in water (from 20% to
95% with 3% 1-propanol) at 220 nm wavelength detection provides the desired product as off white
powder (120 mg, 78%).

MS (m/z, MH+) meas. 310.

Example 61: 3-Benzyl-4.5-dimethyl-6-[4-(4-trifluoromethyl-1 H-imidazol-2-y1)-piperidin-1-v]]-

pyridazine
H
N N=N
\
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To the solution of sodium acetate trihydrate (50 mg, 0.615 mmol) in water (5 mL) is added
1,1-dibromo-3,3,3-trifluoroacetone (83.5 mg, 0.307 mmol). The solution is heated 45 min at 100 °C
bath temperature and then cooled. The solution is added to a solution of 1-(6-benzyl-4,5-dimethyl-
pyridazin-3-yl)-piperidine-4-carbaldehyde (100 mg, 0.31 mmol) in MecOH (5 mL) and concentrated
aqueous ammonia in MeOH (1.7mL, 7M, 12 mmol). The reaction mixture is allowed to stand for 3.5
h at room temperature and the reaction mixture is then concentrated under reduced pressure to yield
a semi-solid which is recrystallized from heptane to yield crude product. Purificaton by HPLC of
the crude product with acetonitrile in water (from 10% to 100% with 3% 1-propanol) at 220 nm
wavelength detection provides the desired product as off white powder (28 mg, 22%).

'H NMR (400 MHz, DMSO-d¢) 8 = 7.72 (s, 1H), 7.23-7.36 (m, 5H), 4.29 (s, 2H), 3.52 (m, 1H), 3.37
(m, 2H), 2.97 (m, 2H), 2.24 (s, 3H), 2.20-1.97 (m, 4H), 2.14 (s, 3H).
HR MS (m/z, MH+) meas. 416.2050, calc. 416.2062.

Synthesis of examples 62- 64 by Route E:
Example 62: 2-[1-(6-Benzyl-4.5-dimethyl-pyridazin-3-vl)-piperidin-4-vl]-1.2.3 4-tetrahydro-

isoquinoline
N=N
REes N
7N

This compound as a TFA salt is prepared from compound 24 and 1,2,3,4-tetrahydro-
isoquinoline following a procedure used in example 56.
'H-NMR (400 MHz, McOH-d4) 8 = 2.1 (2H, m), 2.3 (3H, s), 2.3 (2H, m), 2.4 (3H, s), 3.1-3.9 (9H,
m), 4.4 (2H, s), 4.6 (2H, s), 7.3 (9H, m).
HR MS (m/z, MH+) meas. 413.2689.

Example 63: 1'-(6-Benzyl-4.5-dimethyl-pyridazin-3-v1)-5-(1 -hvdroxy-1-methyl-ethyl)-2'.3".5'.6'-
tetrahydro-1'H-[2.4'Ibipyridinyl-4'-ol

HO N N=N
/
?M’“%
HO

Step 1: 2-Bromo-5-[1-methyl-1-(2-trimethylsilanvl-ethoxymethoxv)-ethvl]-pyridine (compound 34)
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To compound 31 (532 mg, 2.46 mmol) in anhydrous DMF (5 mL) at 0 °C is added sodium
hydride (60% in mineral oil, 138 mg, 3.45 mmol). The mixture is stirred at rt for 1 h and then
cooled to 0 °C, to which is added SEMCI (0.564 uL, 3.2 mmol). The mixture is stirred at rt for 16 h,
50 °C for 1 h, cooled to rt and quenched with water, extracted with ethyl acetate. The organic phase
is washed with brine, dried and rotavaped. The oily residue is purified by silica gel chromatography
(10-15% cthyl acetate in heptane) to afford the title compound as clear oil (474 mg, 56%).
'H-NMR (400 MHz, CDCls) 8 = 0.0 (9H, s), 0.84 (2H, m), 1.59 (6H, s), 3.60 (2H, m), 4.60 (2H, s),
7.43(1H, d,J =8 Hz), 7.61 (1H, m), 8.42 (1H, s).

HR MS (m/z, MH+) meas. 346.0822.

Step 2: 1'-(6-Benzyl-4.5-dimethyl-pyridazin-3-v1)-5-[1-methvyl-1-(2-trimethylsilanyl-
ethoxvmethoxvy)-ethy]]-2'.3"'.5".6'-tetrahyvdro-1'H-[2.4"]bipyridinyl-4'-ol (compound 35)

Ovol
/
\ Si_
ZN /
OH

N

~N
| h

=N

To compound 34 (272 mg, 0.786 mmol) in THF (6 mL) at -78 °C is added t-butyl lithium
(1.7 M in pentane, 1.0 mL, 1.7 mmol). The mixture is stirred at -78 °C for 30 min, to which
compound 24 (209 mg, 0.707 mmol) in THF (2 mL) is added at -78 °C. The mixture is stirred and
warmed up slowly to -40 °C in 1 h, then quenched at -40 °C with saturated ammonium chloride.
THEF is removed and the residue was extracted with ethyl acetate (3x). The organic phase is washed

with brine, dried over anhydrous Na,SO4 and concentrated. The residue is purified by silica gel
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chromatography (40-60% cthyl acctate in heptane) to provide recovered compound 24 (103 mg,
49%) and the title compound 35 (106 mg, 27%) as a white solid.

'H-NMR (400 MHz, CDCl3) 8 = 0.0 (9H., s), 0.87 (2H. t, J = 8 Hz), 1.64 (6H, s), 1.74 (2H, m), 2.10
(3H, s), 2.22 (3H, s), 2.28 (2H, m), 3.57 (6H, m), 4.31 (2H, s), 4.66 (2H, s), 4.95 (1H, s), 7.27 (5H,
m), 7.43 (1H, m), 7.80 (1H, m), 8.62 (1H, m).

HR MS (m/z, MH+) meas. 563.3392.

Step 3:1'-(6-Benzyl-4.5-dimethyl-pyridazin-3-y1)-5-(1-hydroxy-1-methyl-ethyl)-2'.3".5'.6'-
tetrahydro-1'H-[2.4"Tbipyridinyl-4'-0l (example 63)
To compound 35 (44 mg, 0.078 mol) in CH,Cl, (1.5 mL) at 0 °C is added TFA (0.15 uL).

The mixture is stirred at 0 °C for 2 h and is quenched with 25% ammonium acetate, extracted with
cthyl acetate. The organic phase is washed with brine, dried and concentrated to give a yellow
residue which is purified by silica gel chromatography (0-5% methanol in CH,Cl,) to give the
desired product (17 mg, 50%).

'H-NMR (400 MHz, CDCl3) 8 = 1.62 (6H, s), 1.72 (2H, m), 2.09 (3H, s), 2.21 (3H, 5), 2.25 (2H, m),
3.50 (4H, m), 4.30 (2H, s), 7.20 (5H, m), 7.42 (1H, m), 7.86 (1H, m), 8.66 (1H, b.s).

HR MS (m/z, MH+) meas. 433.2590.

Example 64: 2-[1'-(6-Benzyl-4.5-dimethyl-pyridazin-3-v1)-4'-fluoro-1'.2".3'.4'.5".6'-hexahvydro-

[2.4'Tbipyridinyl-5-yl]-propan-2-ol

HO N N=N
4

Step 1: 1'-(6-Benzyl-4.5-dimethyl-pyridazin-3-vy1)-4'-fluoro-5-[1 -methvyl-1-(2-trimethvlsilanyl-
cthoxymethoxvy)-ethy]]-1'.2'.3".4".5' 6'-hexahvydro-[2 .4']bipyridinyl (compound 36)
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chl oroformate (40 ng, 0.26 mml) in CH2C12(3 nL) at 25 C is added
nor phol ine (0.07 L, 0.60 nmml) After being stirred at 25 C for 3

h, the mxture is diluted mnth CH2C12 (10 nmL), and washed with saturated
sodi um bi carbonate (1 nL) and water (2 x 5 nL). The organic |layer is
concentrated,and purified by HPLC (CH CN H20: 22 % - 45 %with 0.1 % TFA)
to give 4 (E benzyl 4, 5-di met hyl - pyri dazi n-3-y1) - pi perazi ne-1-carboxylic
aci d phej Qr (69 ng, 81%. 1H NMR (400 MHz, CDCl;) 3=2.28 (3H, s),
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To compound 35 (39 mg, 0.069mmol) at 0 °C is added cold deoxofluor (50% in THF, 665
uL, 1.38 mmol). The mixture is stirred at rt for 4 h, washed with saturated NaHCOs3, extracted with
CH,Cl, (3x). The organic phase is washed with brine, dried and concentrated to afford brown oil.
Silica gel chromatography purification affords the titled compound (21 mg, 48%).

'H-NMR (400 MHz, CDClz) 8= 0.0 (9H, 5), 0.9 (2H, t, J =8 Hz), 1.6 (6H, 5), 2.0 (2H, m), 2.1 (3H,
s),2.2 (3H,s),2.6 (2H, m), 3.4 (4H, m), 3.6 (2H, t, J =8 Hz), 4.3 (2H, s), 4.7 (2H, ), 7.2 (5H, m),
7.6 (1H, m), 7.8 (1H, m), 8.6 (1H, b.s).

HR MS (m/z, MH+) meas. 565.3369.

Step 2: 2-[1'-(6-Benzyl-4.,5-dimethyl-pyridazin-3-v1)-4'-fluoro-1'.2".3'.4'.5".6'-hexahvydro-

[2.4'Tbipyridinyl-5-yl]-propan-2-ol (example 64)

HO / N N=N
%@7@“/\@/\“@
7N\

This example is prepared from compound 36 and TFA following a procedure described for

example 63.

'H-NMR (600 MHz, CDClz) & = 1.63 (6H, s), 2.05 (2H, m), 2.19 (3H, 5), 2.32 (3H, 5), 2.55 (2H,
m), 3.94 (4H, m), 4.53 (2H, b.s), 7.25 (5H, m), 7.59(1H, d, J = 6Hz), 7.90 (1H, m), 8.71 (1H, b.s).
HR MS (m/z, MH+) meas. 435.2554.

Piperazinvl-pyridazines

Scheme 6 shows a general synthetic scheme for the preparation of compounds of
Formula Ip. Substituted 1,4-dichloropyridazines II can be reacted with organo-zinc reagents under

palladium catalysis to form intermediates XII. Displacement of the remaining chlorine with an
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SCHEME 6
Synthesis of intermediates I1 and XII:
4,5-Dimethyl-1,2-dihydro-pyridazine-3.6-dione (compound 36)
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4H), 2.26 ( J=13.1Hz, 6H). zZ, H).. neas.. 377.2 . 4, :

-Di net hy1- 621191{&25@#1??1@%}85%%@?%%%Womdﬁg%d.m3%@?@2@389 i) and dimethy!

- y11- pyrdid@ghiidady dR o, 6@ ninfol AiS haddGR Ph@idAfai®he sidpensidhdtifted at reflux for 16 h.
-Dinmet hyl-614-(5-tri f1 uoronmeth | -pyri din-2-y1)-piperazin-1-pyri_ dazi

n- 3- y1}The sgpeasionisqopled dopmge rym Gmperafitippd haares PipELiitered weshedayigh walged
to a s o L g r i

ext 1 act autord PG O VER R 3 AR LoD i pIRBGIREERe BF 044

sodi um9B¥gar bonat e sol uti on and extracted with Et0Ac. Target conpound

remai ng, i h 0 yer. This | r.js, concentrated under reduced
pressur%JQWhingﬂﬂi%?ﬁﬂ%sfé)?Fiﬂdﬁé@g%ﬁéﬁbiﬁagﬁiines with MeOH, and then
dried iV yag) Mirp)ahiQr thithe title conpound (280 ngy, quant). Acetic acid

Nt (2- R5-di net hyl -6-114- (54 il uoronethyl -pyr din-2-yl)-piperazin- 1 -3/111-p
dazin-3- yl -acetyl)-hydrazide (conpound 69) Acetic acid hydrazide
(20.6 QE%DﬂnéﬁﬂﬂﬂPh%hbﬁyﬁ d‘ghkga§m£ﬁﬂag7potponlflask under N2 fol | owed by
DMF (57 nL). DiTsopropyfetnyfamne (0.Z5 nL) is added and the reaction is
stirred fdr' 30 min 14,5-Dinethyl -64445 -tri fl uoronethyl -pyri d in
-2-yl)-pipenazin-l-yll-pyri dazin-3 -yl) -acetic acid (110 ng, 0.28 mmol)
i's added\agq the reaction is stirred for 1 h. HOBT (42 ng, 0.311 mmol) and
HBTU (116T8’ng, 0.31 nmmol) are added and the reaction is allowed to stir
for 16 h. @he crude reaction mxture is purified via flash chronat ography

on silica gel (0-39%4 nEd _t I |t i
conpound (114 ny, gg&gﬁ&ﬂg&ﬁgé%g?gbgﬁggéﬂ EQ%Q%%$%§§?§%9%§HiE2§?%£%$11L
exanpl dlasKl 518l POCG2A2EN arh)l is sib59y a@dd’oi: Dhostdpedsi@r isESti_metl _hnd-healtedZ t04re_ﬂux and.all
?;f‘ld' ?g@ﬁ%ﬁ@ﬁ%&@,ﬁ?g ,,fﬁjfﬁ@ g_ht ool 0L ONED A B Fe tn&d ThaerRaRRA Y 1

viscous, brown solution is poured in small portions slowly onto ice in a 1.5 L beaker under stirring.

=
=

The orange suspension is necutralized with 28% aqueous ammonia under external cooling.. The
product is filtered with a Buchner funnel, washed with water and dried at 40 °C under vacuum to
yield a off white powder (59 g, 93%).

'H-NMR (400 MHz, CDCls) 8 =2.44 (s, 6H).

MS (m/z, MH+) meas. 177.1.

2.3.6.7-Tetrahydro-5H-cyclopenta[d]pyridazine-1.4-dione (compound 38&)
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NO 4,5-D nethyl-6 -1445uoronethyl -pyridin -2-yl)-p iperazin-1 -yll-pyr
dazin -3 -yl- aceton itril e (120 ng, 032 mmvl) is conbined wth hydroxyl
am ne (63WARI1N09ROMDI ) and THF (2 nlL). The reacti on mPLTHEP2IVHSHAt ed tO
reflux for 3 h. Concentrate the reaction and redi ssolve the residue in

di met hyl acet am de di net hyl acetal (500 pL). Heat this solution for 16 h at
reflux. Concentrate the resulting mxture in yam. The residue is purified
by flash chromat ography on silica gel (MeOH CH2Cl12) to afford the title
conpound (62 s%h’(fﬁ)n ofﬁ%ramﬂé-h}}drMMR)r(d@Q@AMﬂll81@?{5@'2&6)1 -cyeloPerténe( 02- J=1. 6Hz,
1H), 7.83 (dd, , 1H), 7.03 (d, .1=9.1Hz, 1I-Q, 4.34 (s, .2H)
3.86 3‘”?’5’0(%11‘" %ﬂh)’d“‘ée 3¢ g@l fgmpfﬂ) inypgter G 0gmlY ig heajpy to roflwsyfor 3 h. Bhy reagtiop)
(12 3HhixtdR 1%@0((19(11 éower"' })omq@rﬁ eratﬂ%n@%r@ﬁ{)ﬁate ﬁ%lllé%é@og et 9% 168wand

4 5-Di nmet - Htetrazol - 5-trifluofoneth
1- pyriselid n.rmxyﬂ_\)v;th lj;ﬁ p@f Hi N@Qﬂ ang stirregjari2d, ﬁ]zeprn@ agd dried under vacuum to give
4,5-Di h Lraz ol - nethyl) 644-
(5-tr|?g£%?%%% %%PQEi %@mw5%453rlﬁfggﬁégén Q- y1l1l-pyridazi ne
4,5-Exmﬂnmyl§ﬁ6?%ﬂ45 -trifluoromethyl-pyridin-2 -yl1)-p iperazin-1
-yl1l1-pyridazip-3 -yl ac nitrile (120 ng, 0.32 mmmol) is conbined with zinc
(rn) cﬁﬂ%gpéém%iép§mﬁdggg.32 nmol ) and sodium azide (25 ng, 0.38 nmol) in
H20 (5 nL). The m xture is heated to reflux for 4 h, and then cooled to
roomtenperature. The free tetrazole i S |solated by filtration, dissolved
i n DVF L¢aDixhioirg-6. 7agiHydrerSH-esglapantaidipie woupdp)f i cati on. Cesi um
carbonate (&28.5 ng, 0.395 mmol) is added and the reaction mxture is
cool ed to/QJC Met hyl iodide (16 ,ulL, 0.263 nmol) is added dropw se, and
the re \oans stirred and allomed to warmto roomtenperature over 16 h.
Cool ba N0 C and add additional nethyl iodide (24 M., 0.395 nmol).
AIIOM/readEfdn to Warmto roomtenperature WO 2010/ 007120PCT/ EP2009/ 059138
over 16 h. Concentrate reaction in vactto and filter off solids. Wash with
MeOH. Remmi ni ng sol hacampoynd sairenseed analqgousdn aompwrdﬁd stastiggfrormiceppynddo. C

(CHI CNiy 0 tdt u e of

Fegi of sHenk (B YA TSRS S o GRPPRL N, 200 o SRt Hio

DVBO- d)R MS @vAMMAS) nidd.188.9886.(d, . 7=9.1Hz, 1H), 7 07 - 6.99 (m 111),
4.62 (s, 1.111), 4.50 (s, 0.911), 4.30 (s, 1.311), 4.00 (s, 1.7H), 3.85 -
3.76 (m 4 H), 3.24 - 3.16 (m 411), 2.29 (s, 1.711), 2.26 (s, 3H), 2.21
(s, 1.3H)s6hR- M abifr8. phMak)ilEA%io 3 RA3Ad 4681 C. 434.2029. Exanple 162:
4,5-Di net hyl-3-(5-methyl -T1, 3, 4Joxadi azol - 2-yl net hyl ) - 644- (5-tri fl uoronet hy
| pyridin-2-y1)-piperazin-1-yl1l-pyridazi ne Aceti caci dN - (2-14,5-d

met hy 1- n fluoronmethyl - pyridin-2-yl)-piperazin-I-yl]- pyridazin-3-yl
y1r@z|de (114 ng, 0.248 mol) is added to a round-bottom fl ask
under N2 f olfl owed by acetonitrile (3 nalL), diisopropylethylam ne (0.27 nth,

1.43 mmol ) 8&nd triphcnyl phosphine (115.5 ng, 0.44 nnDI) and the reaction is

stiyrred for 139 Hdlon EEADLAT @53 IRNE: ( £indh M &@ 70 IRHOAS e gl

and the reaction is Stirr e cru re 'S
HPLC (AﬁﬂﬁﬁHMﬂmh&ﬁhgﬁkﬁmﬁaﬁnajmmdné@kgﬂ3ﬂ0mﬁ6mdﬂdI%hﬂohnﬁhﬁmomﬁﬁmuﬂﬂﬁﬁ8 ny,
79 nl 434. 1 I 434. 1 h f I
16/(.)3 ang til\%grgoolgd down to rggr%%empe%amrega% thecpqecclpltatg is co ected b 1"trat?osr{ %va(s)hedewxlﬁlrrp €s
water and dried under vacuum to give 2,3,5,6,7,8-hexahydro-phthalazin-1,4-dione (40) (2.09 g,
96%).

MS (m/z, MH+) meas. 167.05.

1.4-Dichloro-5.6.7.8-tetrahyvdro-phthalazine (compound 41)
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Exanpl es 163 and 164 are prepared fromincubation of 200 ng exanple 88 with
reconbi nant human Cyp3A4 to yield after isolation and purification the
conmpoundsweatvned bel ow as -white solids. Exanpl e 163PCT/EP2009/059138

2-[ (R -4-(6-Benzyl - 5- hydr oxynet hyl - 4- net hyl - pyri dazi n-3-y0-2-methyl -3 4 5
6-tetrah dro-2H 1 2' b razin 1-51-ro an-2-ol WO

2010/ 007120PCT/ EP2009/ 059138 HO Yield: 6.5 ng Exanpl e 164:

2-[ (R) - 4- (6-Benzyl - 4- hydr oxynet hyl - 5- met hyl - pyri dazi n- 3-y0- 2- met hy1- 3

4,5, 6-tetrahydro-2H41, 2] bi pyrazi nyl-5' -yl11- propan- 2- ol OH Yield: 8.2 ng
The co of the present invention are a species of a genus of
conpoudds Sh in US provisional application 60/89499. The following is
conpar ativerdata showi ng i nprovenents in potency and solubility by a
conmparison of the closest exanples, e.g., conpound nos. 92, 93, 93a, b, ¢

fron1appllc ion 60/8 Wt | es,of t ventd
nop | ont 1 on 167 Bes0e e armr e o B 72 f S riar fLlo MPYSE R sk (250
Smo  aga@bélsd lown, and poured into ice. The precipitate is collected by filtration and dried in a vacuum

oven to give 1,4-dichloro-5,6,7,8-tetrahydro-phthalazine (41) (2.23 g, 87%).
HR MS (m/z, MH+) meas. 203.0139.

3-Benzyl-6-chloro-4.5-dimethyl-pyridazine (compound 42)

Cl

% B
_N

A mixture of 4,5-dimethyl-1,4-dichloro-pyridazine (10 g, 56.5 mmol),
tetrakis(triphenylphosphine)palladium(0) (3.3 g, 2.80 mmol) and THF (200 mL) is degassed and
then benzylzinc bromide (147 mL, 0.5 M in THF, 73.40 mmol) is added. The reaction solution is
heated to 65°C overnight. Solvent is removed. Water is added and the water layer is extracted with
EtOAc. The organic layer is concentrated to afford a crude product that is purified by
chromatography on silica gel (EtOAc/Heptane: 0% ~ 50%) to give the title compound (9.5 g, 67%).
'H NMR (400 MHz, CD,Cl,) 8 = 7.27 (m, 5H), 4.38 (s, 2H), 2.36 (s, 3H), 2.21 (s, 3H).

HR MS (m/z, MH+) meas. 233.0839.

3-Chloro-6-(4-fluoro-benzyl)-4.5-dimethvl-pyridazine (compound 43)

Cl

% i
?N

F
Analogous to compound 42 above, 3-chloro-6-(4-fluoro-benzyl)-4,5-dimethyl-pyridazine is
prepared from 4,5-dimethyl-1,4-dichloro-pyridazine and para-fluoro benzyl zinc bromide.
MS (m/z, MH+) meas. 251.1.
91



1050 [nM MouseSno bdg., 1050 [nM HumanSno bdg., 1050 [nM equilibrium
solubilityat pH6.8 [pIM 92 266 7558 197 247 <5 93 367 42 <5 93a 211 356
WO 2010/007120 PCT/EP2009/059138

1-Benzyl-4-chloro-6.7-dihydro-5H-cvyclopenta[d]pyridazine (compound 44)

Cl

o

To a solution of 1,4-dichloro-6,7-dihydro-5H-cyclopenta[d]pyridazine (compound 39, 500
mg, 2.64 mmol) in THF (5 mL) is added Pd(PPhs3)s (383 mg, 0.33 mmol).The mixture is degassed
and benzyl zinc bromide (11 mL, 0.5 M in THF, 5.6 mmol) is added. The mixture is heated at 60 °C
for 5h. The reaction mixture is cooled down to RT and saturated aq. NaHCOj3 solution is added and
the mixture is extracted with EtOAc. The combined orgaqnic layers are washed with water, brine,
dried over NaSQq, filtered and concentrated. The crude product is purified by flash chromatography
(EtOAc/heptane 10% - 30%) to give compound 44 (490 mg, 76%).

'H-NMR (400 MHz, CD,Cl,) 8 =7.30-7.21 (m, 5H), 4.28 (s, 2H), 2.97 (m, 2H), 2.84 (m, 2H), 2.09
(m, 2H).
HR MS (m/z, MH+) meas. 245.0848.

1-Chloro-4-(4-fluoro-benzyl)-6.7-dihydro-5H-cyclopenta[d]pyridazine (compound 45)

Cl

.5
_N

.
Compound 45 is prepared analogous to compound 44 starting from of 1,4-dichloro-6,7-

dihydro-5H-cyclopenta[d]pyridazine (compound 39) and para-fluorobenzyl zinc bromide.

'H-NMR (400 MHz, CD,Cl,) 8 =7.23 (m, 2H), 6.99 (m, 2H), 4.27 (s, 2H), 2.98 (m, 2H), 2.84 (m,

2H), 2.11 (m, 2H).

HR MS (m/z, MH+) meas. 263.0752.

1-Chloro-4-(4-fluoro-benzyl)-5.6.7.8-tetrahydro-phthalazine (compound 46)
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Cl
| o
?N

F
To a solution of 1,4-dichloro-5,6,7 8-tetrahydro-phthalazine (compound 41, 0.50 g, 2.46
mmol) in THF (5 mL) are added 4-fluoro-benzyl zincchloride (0.5M in THF) (6.40 mL, 3.20 mmol)
and palladium tetrakis triphenylphosphine (0.36 g, 0.31 mmol). The mixture is degassed and stirred
at 50 °C overnight. Then the reaction mixture is cooled down to room temperature, sat. NaHCOs and
water are added and the mixture is extracted with EtOAc. The combined organic layers are washed
with brine, dried over NaSOys, filtered and concentrated down. The crude product is purified by
chromatography (EtOAc/ heptane: 10% ~ 40%) to give 1-chloro-4-(4-fluoro-benzyl)-5,6,7.8-
tetrahydro-phthalazine (46) (0.51 g, 30%).
MS (m/z, MH+) meas. 277.11.

Synthesis of intermediates XIII
GENERAL PROTOCOL FOR THE AMINATION OF CHLORIDES XII WITH PIPERAZINES
TO YIELD COMPOUNDS 48 — 53 (ROUTE A)

To a solution of XII (0.4 mmol) in NMP or DMF/dioxane (2 mL) is added the piperazine
(0.6 mmol). The reaction mixture is heated at 190 °C for 4 h in a microwave reactor. It is cooled
down to rt, diluted with DCM, washed with aq. NaHCOs3 solution and the organic layers are
removed to afford the crude product. Flash chromatography of the crude product with
EtOAc/heptane (20% to 50%) and then MeOH/DCM (5% to 20%) provides the product as a yellow
solid after removal of the solvents (~50%-70%)

3-Benzyl-4.5-dimethyl-6-((R)-3-methyl-piperazin-1-y)-pyridazine (compound 47)

HNi—\N MR
/- %

Preparation A:
3-Chloro-4,5-dimethyl-6-((R)-3-methyl-piperazin-1-yl)-pyridazine (400 mg, 1.66 mmol, 1 eq) is
added to a solution of benzylzinc bromide (12.3 mL 0.5 M in THF, 6.64 mmol, 4 ¢q) and
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tetrakis(triphenylphosphine)palladium (100 mg, 0.08 mmol, 0.05 eq) in a microwave vial. The vial

is sealed and irradiated in the microwave at 100 °C (high absorption setting) for 40 min. The

reaction mixture is concentrated and purified by silica gel chromatography (5 - 20% EtOAc/heptanc)
to yield the desired compound (324 mg, 66%).

Preparation B:

To a solution of 3-benzyl-6-chloro-4,5-dimethyl —pyridazine (100 mg, 0.41 mmol) in NMP (2 mL) is
added2-(R)-methyl-piperazine (62 mg, 0.61 mmol). The reaction mixture is heated at 190 °C for 4 h

in a microwave reactor. It is cooled down to rt, diluted with DCM, washed with aq. NaHCOs3

solution and the organic layers are removed to afford the crude product. Flash chromatography of

the crude product with EtOAc/heptane (20% to 50%) and then MeOH/DCM (5% to 20%) provides

the product as a yellow solid after removal of the solvents (74 mg, 61%).

'H NMR (400 MHz, DMSO-dg) 8=7.22 - 7.34 (m, 2 H), 7.11 - 7.22 (m, 3 H), 4.22 (s, 2 H), 3.13 -

3.26 (m, 2 H),2.81 -2.99 (m, 3 H),2.70 - 2.80 (m, 1 H), 2.38 - 2.48 (m, 1 H), 2.15 (s, 3 H), 2.08 (s,
3 H), 1.00 (d, J/=6.5Hz, 3 H).

HR MS (m/z, MH+) meas. 297.2089.

Compound 46 — 53: The following table (Table 4) lists compounds prepared by amination as

described above:

TABLE 4
Compound | Structure HR MS [m/z, MH+| meas.
H
()
N
48
| SN 283.1918
~N
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49

294.4028

50

308 (MS)

51

326 (MS)

52

297.2088

53

311.5 (MS)

Intermediates from Route B:

3-Chloro-4.,5-dimethvl-6-((R)-3-methyl-piperazin-1-y1)-pvridazine (compound 54)
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HN N Y

VAR

Cl

Solid K,CO3 (10 g, 72.4 mmol, 1.8 eq) is added to a solution of (R)-2-methyl- piperazine
(4.00 g, 40 mmol, 1 eq) and 3,6-dichloro-4,5-dimethyl-pyridazine (8 g, 45.2 mml, 1.1 eq) in DMF
(50 mL), and the resulting solution is stirred at 60 °C for 48 h. The reaction mixture is concentrated
to %2 volume under reduced pressure and the minimum water (ca. 15 mL) required to dissolve the
solid salts is added, followed by the addition of dichloromethane (100 mL). The organic layer is
separated, dried over sodium sulfate and concentrated under reduced pressure, then purified by silica
gel column chromatography (2% - 20% McOH/CH,Cl,) to yield the desired compound as a white
solid (4.7 g, 49%).
'H NMR (400 MHz, CDCls) 8= 3.08-3.21 (m, 2H), 2.73-2.92 (m, 4H,) 2.47 (dd, J=12.4Hz, 10.2 Hz,
1H), 2.13 (s, 3H), 2.07 (s, 3H), 0.93 (d, /=6.3Hz, 3H).
HR MS (m/z, MH+): meas. 241.1218.

3-Chloro-4.5-dimethvl-6-(piperazin-1-yl)-pyridazine (compound 55)

HNCN‘@*CI

/N
Compound 55 is prepared as described above from piperazine and 3,6-dichloro-4,5-dimethyl-
pyridazine.

MS (m/z, MH+) meas. 227.

(R)-4-(6-Chloro-4,5-dimethyl-pvridazin-3-y1)-2-methvyl-3.4.5.6-tetrahydro-2H-[1 .2']bipyrazinyl-5'-

carboxvlic acid methvl ester (compound 56)

o N  ,~—_ NN
\/\—( YN N S—a
0 N= )_/ —

3-Chloro-4,5-dimethyl-6-((R)-3-methyl-piperazin-1-yl)-pyridazine (1.20 g, 4.88 mmol), 5-

chloro-pyrazine-2-carboxylic acid methyl ester (946 mg, 5.37 mmol), triethylamine (3.40 mL, 24 .4
mmol), and 1,4-dioxane (10 mL) are combined in a 100 mL round-bottom flask fitted with a reflux
condenser and heated to 80 °C for 24 h. The reaction is then allowed to cool to room temperature
and stirred for 48 h. A beige solid precipitates during this time which is isolated by filtration, rinsing
with H,O. The precipitate is dried in vacuo to afford the title compound (1.30 g, 71%).

MS (m/z, MH+) meas. 377.3.
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2-[(R)-4-(6-Chloro-4.5-dimethvl-pyridazin-3-y1)-2-methyl-3.4.5.6-tetrahvdro-2H-[ 1 .2']bipyrazinyl-

5'-yl]-propan-2-ol (compound 57)
N W TN g
4T

(R)-4-(6-Chloro-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-2H-

[1,2"]bipyrazinyl-5'-carboxylic acid methyl ester (400 mg, 1.04 mmol) is suspended in THF (12 mL)
and cooled to =78 °C. Methylmagnesium iodide (2.8 mL, 3 M in diethyl ether, 8.4 mmol) is added
dropwise. The reaction is stirred for 30 min, warmed to 0 °C, and stirred an additional 30 min. Sat.
aq. NH4C1 (10 mL) is added to quench, followed by additional H,O (40 mL). The organics are
extracted with EtOAc (3 x 50 mL), dried and concentrated to give the desired product as a beige
powder (415 mg, quant.).

MS (m/z, MH+) meas. 359.3.

2-[(R)-4-(6-Chloro-4.5-dimethvl-pyridazin-3-y1)-2-methvl-piperazin-1-y]]-4-trifluoromethvl-

pyrimidine-5-carboxvlic acid methyl ester (compound 58)

Triethylamine (2.0 mL, 14.4 mmol, 2.9 eq) is added to a solution of 2-chloro-4-
trifluoromethyl-pyrimidine-5-carboxylic acid methyl ester (1.25 g, 5.0 mmol, leq), 3-chloro-4,5-
dimethyl-6-((R)-3-methyl-piperazin-1-yl)-pyridazine (1.20 g, 5.0 mmol, leq) in dichloromethane (40
mL) and the resulting solution is stirred at rt for 2 h. The reaction mixture is diluted with
dichloromethane (50 mL) and washed with water (25 mL), then brine (25 mL). The organic layer is
separated, dried over sodium sulfate and concentrated under reduced pressure to a white residue.

The desired compound is isolated by silica gel chromatography (10 —75% EtOAc/heptane) as a white
solid (1.83 g, 82%).
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'H NMR (400 MHz, DMSO-dg) 8 =9.00 (s, 1H), 4.92 - 5.15 (m, 1H), 4.54 - 4.76 (m, 1H), 3.84 (s,
3H), 3.59 (d, /=14.0Hz, 1H), 3.50 (t, /=12.8Hz, 2H), 3.08 (dd, J=12.8Hz, 3.3Hz, 1H), 2.89 - 2.99
(m, 1H), 2.36 (s, 3H), 2.33 (s, 3H), 1.39 (d, J/=7.0Hz, 3H).

HR MS (m/z, MH+): meas. 445.1373.

2-[(R)-4-(6-Chloro-4.5-dimethvl-pyridazin-3-v1)-2-methvl-piperazin-1-vyl]-4-trifluoromethvl-
pyrimidine-5-carboxvlic acid ethyl ester (compound 59)

Following the protocol above with 2-chloro-4-trifluoromethyl-pyrimidine-5-carboxylic acid
cthyl ester (400 mg, 1.57 mmol, 1 eq) and 3-chloro-4,5-dimethyl-6-((R)-3-methyl-piperazin-1-yl)-
pyridazine (400 mg, 1.66 mmol, 1 eq) affords 700 mg of desired product as a white solid (97%).

'H NMR (400 MHz, DMSO-dg) 8 =8.94 (s, 1 H), 5.12 - 5.18 (m, 1H), 4.70 - 4.85 (m, 1H), 4.35 (q,
J=7.0Hz, 2H), 3.48 - 3.56 (m, 2H), 3.40 (d, /=12.5Hz, 1H), 3.21 (d, /=10.5Hz, 1H), 3.02 - 3.14 (m,
1H), 2.36 (s, 3H), 2.35 (s, 3H), 1.44 (d, J/=7.0Hz, 3H), 1.37 (t, /=7.0Hz, 3H).

3-Chloro-4.,5-dimethvl-6-[(R)-3-methyl-4-(5-trifluoromethvl-pvridin-2-vl)-piperazin-1-vl]-

pyridazine (compound 60)
FVF—@N/_\N a cl
ST

Combine 3,6-dichloro-4,5-dimethyl-pyridazine (100 mg, 0.554 mmol), (R)-2-

methylpiperazine (85 mg, 0.831 mmol), potassium carbonate (383 mg, 2.77 mmol) and DMF (1 mL)
in vial. Heat in the microwave at 120 °C for 3.25 h. Add 2-chloro-5-trifluoromethylpyridine (181
mg, 0.997 mmol) and heat at 180 °C for 30 min. The crude reaction is purified directly by flash
chromatography on silica gel (0-40% EtOAc in heptanes) to afford the title compound as a light
yellow solid (78 mg, 37%).

MS (m/z, MH+) meas. 386 .4
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Intermediates from Route C:
3-Chloro-4.5-dimethvyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-vl]-pyridazine (compound

61)

AN/ NV N N
004y

1-(5-Trifluoromethyl-pyridin-2-yl)-piperazine (10 g, 43.3 mmol) is combined with 3,6-
dichloro-4,5-dimethyl-pyridazine (14.4 g, 84.3 mmol), tricthylamine (8.25 mL), and NMP (40 mL).
The reaction mixture is irradiated to a temperature of 180 °C for 25 min, and then concentrated in
vacuo. The residue is purified by flash chromatography on silica gel (0-8% MeOH/CH,Cl,) to
afford the title compound (13.2 g, 82%)).
'H NMR (400 MHz, DMSO-ds) 8= 8.48 - 8.41 (m, 1H), 7.84 (dd, J=9.1Hz, 2.4Hz, 1H), 7.03 (d,
J=9.1Hz, 1H), 3.88 - 3.76 (m, 4H), 3.28 - 3.20 (m, 4H), 2.31 (s, 6H).

1-Chloro-4-[4-(5-triflucromethvyl-pyridin-2-y1)-piperazin-1-y1]-6.7-dihvdro-5H-

cyclopentald]pvridazine (compound 62)

N S\ N-N
FSCON N S—cl

To a solution of 4-dichloro-6,7-dihydro-5H-cyclopenta[d]pyridazine (compound 39, 500 mg,
2.64 mmol) in NMP (5 mL) is added 1-[5-trifluoromethyl)-pyrid-2-yl)-piperazine (581 mg, 2.51
mmol) followed by tricthyl amine (1.1 mL, 7.9 mmol). The mixture was heated in a microwave
reactor for 170 °C for 60 min. Water was added to the reaction mixture and extracted with EtOAc.
The combind organic extracts were washed with water, brine, dried over Na,SOy, filtered and
concentrated. The crude product was tritirated with methanol to provide the title compound (483 mg,
48%).
'H NMR (CD,Cl,) 8 =8.41 (s, 1H), 7.68 (dd, J=8.9 Hz, 2.5 Hz, 1H), 6.73 (d, J=8.9 Hz, 1H), 3.80
(m, 4H), 3.60 (m, 4H), 3.04 (m, 2H), 2.95 (m, 2H), 2.16 (m, 2H).
HR MS (m/z, MH+): meas. 384.1190.

1-Chloro-4-[4-(5-trifluoromethvl-pyridin-2-y)-piperazin-1-v1]-5.6.7.8-tetrahydro-phthalazine

(compound 63)
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N ,— NN
FaoON N—  S—al

To a solution of 1,4-dichloro-5,6,7,8-tetrahydro-phthalazine (compound 25, 100 mg, 0.492
mmol) in NMP (3 mL) is added 1-[5-trifluoromethyl)-pyrid-2-yl)-piperazine (114 mg, 0.492 mmol)
followed by triethyl amine (218 pL, 1.57 mmol). The mixture was heated in a microwave reactor for
140 °C for 60 min. Water was added to the reaction mixture and extracted with EtOAc. The combind
arganic extracts were washed with water, brine, dried over Na,SQs, filtered and concentrated. The
crude product was purified by flash chromatography on silica gel (EtOAc/heptane 10% to 70%) to
yield 96 mg (49%) of the title compound.

'H NMR (400 MHz, CD,Cly) 8 = 8.41 (s, IH), 7.73 (dd, J=9.0 Hz, 2.5 Hz, 1H), 6.79 (d, ]=9.0 Hz,
1H), 3.85 (m, 4H), 3.40 (m, 4H), 2.76-2.68 (m, 4H), 1.93 (m, 2H), 1.80 (m, 2H).
HR MS (m/z, MH+) meas. 398.1359.

6-[4-(4-Chloro-5,6.7.8-tetrahydro-phthalazin-1-vl)-piperazin-1-yl]-nicotinic acid ethvl ester

(compound 64)

N YN N—-N
EtOZCON N— S—cl

The compound is prepared in a similar fashion as described above.

MS (m/z, MH+) meas. 402.2

6-[(S)-4-(4-Chloro-6,7-dihyvdro-5H-cvclopental[d]pyridazin-1-vl)-3-methvl-piperazin-1-vl]-nicotinic

acid methyl ester (compound 65)

To a solution of 1,4-dichloro-6,7-dihydro-5H-cyclopenta[d]pyridazine (150 mg, 0.79 mmol)
in NMP (5 mL) is added (S)-3-methyl-3.,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'-carboxylic acid
cthyl ester (297 mg, 1.19 mmol) and tricthyl amine (332 pL, 2.39 mmol). The reaction mixture is
heated in a microwave reactor at 195 °C for 4 h. Water and EtOAc is added. The layers are separated

and the aqeous layer is extracted with EtOAc. The combined organic layers are washed with water,
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BI M, s#ndl) and TEA (446 ul, 3.21 mmol), the reaction mixture is stirred at 190 °C for 60 min. Water is

added to the mixture and extracted with EtOAc. The combined organic layers are washed with
water, brine, dried over Na,SOy, filtered and concentrated. The crude product is purified by HPLC,
(acetonitrile/water: 10% ~ 95% with 3% 1-propanol) to give white powder (165 mg, 43%).
'H-NMR (400 MHz, DMSO-dg) 8 = 8.69 (s, 1H), 8.44 (s, 1H), 3.92 (t, J=5.0Hz, 4H), 3.83 (s, 3H),
3.27 (m, 4H), 2.41 (s, 3H), 2.32 (s, 3H).

MS (m/z, MH+) meas. 363.

Synthesis of examples 65 - 72
GENERAL PROTOCOL FOR THE NEGISHI COUPLING OF PYRIDAZINE CHLORIDES IlIA
WITH ARYL ZINC BROMIDES TO YIELD EXAMPLES 65-69 (ROUTE B/C)

To a solution of chloropyridazine Ila (0.15 mmol, 1 eq.) in THF (5 ml) is added Pd(PPhs),
(12.5 mol%). The mixture is degassed and aryl zincbromide (0.225, 1.5 eq., ¢.g. as a 0.5 M solution
in THF) is added and the mixture is heated in a microwave reactor at 80 °C for 30 min. The reaction
mixture is cooled to rt, water is added and the mixture is extracted with EtOAc. The combined
organic extracts are washed with water, brine, dried over sodium sulfate, filtered and concentrated.
The crude product is purified by flash chromatography on silica gel with EtOAc/heptane as eluent to
yield examples Ip.

The following table (Table 5) lists compounds prepared by Negishi coupling as
described above:

TABLE §
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Example Structure HR MS [m/z, MH+| meas.
65
474.1670
66
476.1865
67
458.1974
68
4542226
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69 492 (MS)

Example 70: 2-(6-{(S)-4-[4-(2-Chloro-benzyl)-6.7-dihydro-5H-cyclopenta[d]pyridazin-1-y1]-3-

methyl-piperazin-1-y1} -pyridin-3-yl)-propan-2-ol

OH

Cl

To a solution of (S)-4-[4-(2-chloro-benzyl)-6,7-dihydro-5H-cyclopenta[d]pyridazin-1-yl]-3-
methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'-carboxylic acid ethyl ester (35 mg, 0.071 mmol)
in THF (5 mL) is added methyl magnesium iodide (3 M in cther, 0.19 mL, 0.57 mmol) at 0 °C and
the mixture is stirred ar rt for 30 min. Sat. NaHCO; solution and EtOAc is added. The layers are
separated and the aqueous layer is extracetd with EtOAc. The combined organic layers are washed
with water, brine, dried over Na;SQy, filtered and concentrated. The crude product is purified by
HPLC (acetonitrile/water with 0.1% TFA, 10% to 50%). The product is isolated as the free base
after treatment of the salt with Na,COssolution (11 mg, 32%)
HR MS (m/z, MH+) meas. 478.2367.

Example 71: 2-{(R)-4-[6-(2.4-difluoro-benzyl)-4.5-dimethyl-pyridazin-3-vl]-2-methyl-piperazin-1-

ylt-4-trifluoromethvyl-pyrimidine-5-carboxvlic acid ethyl ester
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/N
Y
N

a.

To a solution of 2-[(R)-4-(6-chloro-4,5-dimethyl-pyridazin-3-yl)-2-methyl-piperazin-1-yl]-4-
trifluoromethyl-pyrimidine-5-carboxylic acid ethyl ester (229 mg, 0.50 mmol, 1 eq) and THF (1.4
mL) in a microwave vial is added 2,4-difluorobenzylzinc bromide (2.0 mL 0.5 M solution in THF,
2.0 mmol, 4 eq) and tetrakis(triphenylphosphine)palladium (25 mg, 0.03 mmol, 0.05 eq). The vial
is sealed and heated in the microwave at 60°C (high absorption setting) for 25 min. An additional
aliquot of 2,4-diflorobenzylzinc bromide (1.0 mL 0.5 M solution in THF, 1.0 mmol, 2 eq) is added
and the reaction mixture is heated in the microwave at 100 °C (high absorption setting) for 5 min.
The reaction mixture is quenched with water (10 mL) and then extracted with EtOAc (2 x 25 mL).
The combined organic fractions are dried over magnesium sulfate, concentrated and purified by
silica gel chromatography (25 - 75% EtOAc/Heptane) to yield the desired compound (225 mg, 81%).
'"H NMR (400 MHz, CDCl3) 8= 8.86 (s, 1H), 7.12 (t,J=7.3Hz, 1H), 6.76 - 6.83 (m, 2H), 4.99 - 5.07
(m, 1H), 4.64 - 4.73 (m, 1H), 4.28 (q, J/=7.0Hz, 2H), 3.35 - 3.46 (m, 2H), 3.31 (d, J/=12.5Hz, 1H),
3.10 (d, /=10.5Hz, 1H), 2.90 - 3.02 (m, 1H), 2.25 (s, 3H), 2.24 (s, 3H), 1.36 (d, J/=7.0Hz, 3H), 1.29
(t, /=7.0Hz, 3H).

Example 72: 2-(2-{(R)-4-[6-(2.4-Difluoro-benzyl)-4.5-dimethvl-pyridazin-3vl]-2-methyl-piperazin-

1-y1}-4-trifluoromethyl-pyrimidin-5-yl)-propan-2-ol
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To a solution of 2-{(R)-4-[6-(2,4-difluoro-benzyl)-4,5-dimethyl-pyridazin-3-yl]-2-methyl-
piperazin-1-yl} -4-trifluoromethyl-pyrimidine-5-carboxylic acid ethyl ester (220 mg, 0.40 mmol, 1
eq) in THF (1.0 mL), cooled in an ice bath, is added a solution of MeMgBr (2 mL, 3 M in ether, 6
mmol, 15 eq.). The solution is allowed to warm to rt for 30 min. The reaction is quenched with the
careful addition of saturated NH4Cl, then extracted with EtOAc. The organic layer is dried over
sodium sulfate, then concentrated. The product is isolated by silica gel column chromatography
(25 - 75% EtOAc/heptane) to yield the desired compound as a white solid (27 mg, 13%).

'H NMR (400 MHz, CDCls) & = 8.74 (s, 1H), 7.21 (tt, J=8.3Hz, 6.5Hz, 1H), 6.85 - 6.94 (m, 1H),
4.95 - 5.05 (m, 1H), 4.64 (dd, /=12.5Hz, 3.3Hz, 1H), 4.26 (s, 2H), 3.49 (d, J/=12.4 Hz, 1H), 3.36 -
3.44 (m, 2H), 3.19 (dd, J=12.5Hz, 3.8Hz, 1H), 3.05 (td, J/=12.0Hz, 3.3Hz, 1H), 2.35 (s, 3H), 2.33 (s,
3H), 1.70 (s, 6H), 1.42 (d, /=6.7Hz, 3 H).

HR MS (m/z, MH+) meas. 537.2408.

Synthesis of examples 73 — 87
GENERAL PROTOCOL FOR THE AMINATION OF AROMATIC CHLORIDES WITH
AMINES XIII TO YIELD EXAMPLES 74 TO 86 (ROUTE A)

To a solution of amine XIII (0.5 mmol, 1 eq.) and the aromatic halide (I mmol, 2 eq.) in
NMP (2.5 ml) is added triethylamine (1.5 mmol, 3 eq.). The mixture is heated in a microwave
reactor to temperatures between 140 °C and 190 °C (depending on the reactivity of the aromatic
halide) for 30 min. After LC MS shows completion of the reaction, water and EtOAc is added and
the layers are separated and the aqueous layer is extracted with EtOAc. The combined organic layers
were washed with water, brine, dried over sodium sulfate, filtered and concentrated. The product is

purified by flash chromatography on silica gel with EtOAc/heptane as eluent to yield examples Ip.

Example 73: (R)-4-(6-Benzyl-4.5-dimethyl-pyridazin-3-yl)-2-methyl-3.4.5.6-tetrahydro-2H-

[1.2'Tbipyrazinyl-5'-carboxvlic acid methvl ester

OM N N
o N %
A mixture of compound 47 (6.0 g, 20.27 mmol), 5-chloropyrazine-2-carboxylic acid methyl

ester (5.3 g, 30.30 mmol), Et;N (6.2 g, 60.60 mmol) and dioxane (100 mL) is heated to reflux
overnight. Solvent is removed. Saturated NH4Cl1 solution is added and extracted with EtOAc. The
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organic layer is concentrated to afford the crude product that is purified by chromatography on silica
gel (EtOAc/heptane: 50% ~ 100%) to give the title compound (6.6 g, 76%) as a yellow solid.

'H NMR(400 MHz, CD,Cl,) 5 = 8.81 (s, 1H), 8.21 (s, 1H), 7.29 (m, 5H), 4.83 (m, 1H), 4.43 (m,
1H), 4.33 (s, 2H), 3.94 (s, 3H), 3.52 (m, 3H), 3.27 (m, 1H), 3.14 (m, 1H), ), 2.31 (s, 3H), 2.17 (s,
3H), 1.49 (d, /=6.5Hz, 3H).

HR MS (m/z. MH+) meas. 433.2348.

Examples 74 —86: The following table (Table 6) lists examples of compounds prepared by

amination as described in the general procedure:

TABLE 6
Example | Structure HR MS [m/z, MH+| meas.
74 ) NN
o N% 419 (MS)
75 Q7N NN
BateGod 433.2341
N
76 D fN 447.6 (MS)
77 2\ /NN\
3O 431 (MS)
78 M N\ /NN\
= 4452353
79 el
}LNjN)CN /NNL%} 417.4825
80 FSC
AWaWE
o\\%ﬁ/u“ _ 513.2225
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F.C
81 O\/\—(N\%N/_\N N
o N = 519.2140

82 DaWaW s

o\\%ﬁ/u“ _ 501.2207
83 FSC

O N

N CNH/MN _ 515.2383

o) N —
NN N N—(
o4 —d = /um 463 (MS)

85 < = 512 (MS)
NN N/—\N /N7N\
86 o 530 (MS)

Example 87: 3-Benzyl-4.5-dimethyl-6-[ (R)-3-methyl-4-(4-trifluoro-methanesulfonylphenyl)-

piperazin-1-vl]-pyridazine

9 NN
F.C N N

B
!

To the solution of 3-benzyl-4,5-dimethyl-6-((R)-3-methyl-piperazin-1-yl)-pyridazine (80
mg, 0.257 mmol) in dioxane (5 mL) is added 1-chloro-4-trifluoromethanesulfonyl-benzene (95.2
mg, 0.385 mmol), potassium hydroxid pellets (101 mg, 1.55 mmol), naphthoquinone imidazolin-2-
ylidene-Pd(0) (175 mg, 0.129mmol). The mixture is heated in a microwave reactor at 100 °C for 120
min. Water is added to the mixture and extracted with EtOAc. The combined organic layers are
washed with water, brine, dried over Na SOy, filtered and concentrated down. The crude product is
purified by HPLC (acetonitrile/water: 10% ~ 95% with 3% 1-propanol), to give a light yellow
colored powder (55 mg, 89%).
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'"H-NMR (400 MHz, DMSO-dg) 8 = 7.81 (d, J=9.1Hz, 2H), 7.17-7.30 (m, 7H), 4.51 (m, 1H), 4.26
(s, 2H), 3.97 (d, J=12.6Hz, 1H), 3.55 (d, J=12.2Hz, 1H), 3.42 (m, 2H), 3.14 (m, 1H), 3.00 (m, 1H),
2.26 (s, 3H), 2.13 (s, 3H), 1.31 (d, J=6.5 Hz, 3H).

HR MS (m/z, MH+) meas. 505.1872 calc. 505.1885.

Synthesis of examples 88 — 115
GENERAL PROTOCOL FOR THE GRIGNARD REACTION WITH ESTERS

To a solution of the ester (0.5 mmol, 1 eq.) in THF (3 mL) is added alkyl magnesium
bromide or iodide (4 mmol, 8 eq., solution in ether) at -78 °C. The reaction mixture is stirred at 0 °C
for 2 h then diluted with DCM and washed with NH4Cl and water. The combined organic layers are
washed with water, brine, dried over Na,SQy, filtered and concentrated down. Purification by HPLC
of the crude product with acetontrile in water provides the tertiary alcohols (main product) next to
smaller amounts of the corresponding methyl ketones. The solvents are removed with a lyophilizer

to provide the products as white powders.

Example 88: 2-[(R)-4-(6-Benzyl-4.5-dimethyl-pyridazin-3-y1)-2-methvyl-3.4.5.6-tetrahydro-2H-

'

[1.2'Tbipyrazinyl-5'-yl]-propan-2-ol

HO, N — NN
MN N
N =

To a solution of (R)-4-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3.,4,5,6-tetrahydro-
2H-[1,2’]bipyrazinyl-5’-carboxylic acid methyl ester (840 mg, 1.85 mmol) in THF (12 mL) is added
methyl magnesium bromide (5 mL, 15 mmol, 3M in ether) at -78 °C. The reaction mixture is stirred
at 0 °C for 2 h then diluted with DCM and washed with NH4Cl and water. The combined organic
layers are washed with water, brine, dried over Na,SOy, filtered and concentrated down. Purification
by HPLC of the crude product with acetontrile in water ( from 10% to 95% with 3% 1-propanol) at
220 nm wavelength detection provides the desired alcohol (400 mg, 50%) next to small amounts of
the corresponding methyl ketone (example 95). The solvents are removed with a lyophilizer to
provide the products as white powders.

'H NMR (400 MHz, CD,Cl,) § = 8.28 (s, 1H), 8.10 (s, 1H), 7.25 (m, 5H), 4.83 (m, 1H), 4.33 (s,
2H), 4.20 (m 1H), 3.78 (s, 1H), 3.57 (m, 1H), 3.44 (m, 2H), 3.29 (m, 1H), 3.14 (m, 1H), 2.31 (s, 3H),
2.16 (s, 3H), 1.56 (s, 6H), 1.40 (d, /=6.5Hz, 3H).
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HR MS (m/z, MH+) meas. 433.2713, calc. 433.2716.

Examples 89 — 111: The following table (Table 7) lists examples of compounds prepared by

Grignard addition as described above:

TABLE 7
Example | Structure HR MS [m/z; MH+| meas.
8 S New L
D @ 419.2546
90 O NN
AN 8 4332716
91 O NN
R N @ 4472865
72 SN
D @ 4212559
93 O NN
e AR @ 4452710
94 AN N
o= — 431.5 (MS)
95 AN N
LN 417.2395.
96 H%_//iN\%N/i\N /N 7N\\;
N % @ 501.2599
HO N ,— NN
97 /7 \%N N /7\L
ﬁ;g“ /~ @ 519.2485
F
98 H%_//iN\%N/i\N /N 7N\\;
e ﬁ% s 5132584
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WO 2010/007120

99 H%;QH/Q” /NNL@ 531.2500
100 O\\ECQ\HQN . 4852271
101 O\\EC@\* NQN & 503.2163
102 O\\ECQHQN . 4972258
N O\E{:H/CN% 515 (MS)
104 O /NNL@ 462.2679
105 ERaSS /NNL@ 4482250
106 SO /NNL@ 436.2532
107 H%F_CCHWN /NNL@ 512 (MS)
108 N NQN & 496 (MS)

e

100 H%;f &”ﬂ” /NNL@ 530.2543
110 O\EC\%“W - 514.2247
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41 0.1-1 1-25 <0.1 0.1-1 WO 2010/007120  PCT/ EP2009/ 059138 42 <O.
<0.1 <0.1 43 <0.1 <0.1 <0.1 <0.1
WO 2010/007120 PCT/EP2009/059138

HO N — N-N
111 7N N N N
Mf N/uN% 461.3036

Example 112: 2-[(R)-4-(6-Benzyl-4.5-dimethyl-pyridazin-3-vl)-2-methvl-3.4.5.6-tetrahydro-2 H-

[1,2°Tbipyrazinyl-5’-y1]-2.2-dimethoxy-ethanol

OH

N  ,—  N-N

To a solution of KOH (33 mg, 0.38 mmol) and methanol (5 mL) is added example 95 (20
mg, 0.048 mmol) in methanol (1 mL) and then iodobenzene diacetate (23 mg, 0.072 mmol) in
portions at 0°C. The mixture is stirred at rt overnight. Solvent is removed to give a crude product that
is purified by HPLC (acetonitrile / water (1% NH4OH), 30% ~ 100%) to give the title compound (12
mg, 52%) as a yellow solid.

'H NMR (400 MHz, CD,Cl,) 5 = 8.42 (s, 1H), 8.18 (s, 1H), 7.29 (m, 5H), 4.72 (m, 1H), 4.32 (s,
2H), 4.30 (m, 1H), 3.94 (d, J=6.0Hz, 2H), 3.58 (m, 1H), 3.47 (m, 2H), 3.28 (m, 1H), 3.26 (s, 6H),
3.13 (m, 1H), 2.31 (s, 3H), 2.16 (s, 3H), 1.44 (d, J/=6.5Hz, 3H).

Example 113: 1-[(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3.4,5.6-tetrahydro-2H-

[1.2'Tbipyrazinyl-5'-yl]-ethanol

N  ~— NN
WN N—C Y
HO N= =

To a solution of example 95 (50 mg, 0.12 mmol) and MecOH (3 mL) is added NaBH4 (10 mg,
0.24 mmol) at 0 °C, afierwards the reaction mixture is stirred at rt an additional 0.5 h. Solvent is
removed and water is added, then extracted with DCM. The organic layer is concentrated to afford
the title compound (38 mg, 76%) as a white solid.
'H NMR (400 MHz, CD,Cl,) § = 8.04 (s, 1H), 8.01 (s, 1H), 7.15 (m, 5H), 4.73 (m, 1H), 4.57 (m,
1H), 4.21 (s, 2H), 4.07 (m, 1H), 3.46 (m, 1H), 3.33 (m, 2H), 3.15 (m, 1H), 3.01 (m, 2H), 2.19 (s,
3H), 2.05 (s, 3H), 1.39 (d, J/=6.5Hz, 3H), 1.30 (d, J=6.5Hz, 3H).
HR MS (m/z, MH+) meas. 419.2543.
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44 <0.1 0.1-1 0.1-1 0.1-1 45 0.1-1 0.1-1 <0.1 <0.1 46 <0.1 <0.1 <0.1 0.1-1
47 <0.1 <0.1 48 <0.1
WO 2010/007120 PCT/EP2009/059138

Example 114: 1-[(R)-4-(6-Benzyl-4.5-dimethyl-pvridazin-3-v)-2methvl-3.4.5.6-tetrahydro-2H-

[1.2’]bipyrazinyl-5’-yl)-2-hydroxy-cthanone

To a solution of KOH (224 mg, 4.0 mmol) and CH3;OH (10 mL) is added 1-[(R)-4-(6-
benzyl-4,5-dimethyl-pyridazin-3-yl)2-methyl-3,4,5,6-tetrahydro-2H-[ 1,2 ]bipyrazinyl-5’-yl)-
cthanone (400 mg, 1.0 mmol) in CH30H (10 mL) and then iodobenzene diacetate (464 mg, 1.5

mmole) in portions at 0 °C. The mixture is stirred at room temperature overnight. The solvent is
removed and then extracted with DCM. The organic layer is washed with aqueous NH4Cl and
afterwards concentrated to yield crude example 112. This material is dissolved in water and then 6 N
HCI1 (5 mL) is added. The mixture is stirred at room temperature for 3 h. Afterwards it is made
basic with NaHCOj; and extracted with DCM. The organic layer is concentrated to give a crude
product that is purified by chromatography on silica gel (EtOAc/Heptane: 50% ~ 100%) to give the
title compound (240 mg, 58%) as a yellow solid.

'H NMR(400 MHz, CD,Cl,) 8 = 8.82 (s, 1H), 8.15 (s, 1H), 7.27 (m, 5H), 4.91 (s, 2H), 4.86 (m,
1H), 4.48 (m, 1H), 4.33 (s, 2H), 3.57 (m, 2H), 3.46 (m, 1H), 3.30 (m, 2H), 3.14 (m, 1H), 2.31 (s,
3H), 2.17 (s, 3H), 1.50 (d, /=6.5Hz, 3H).

HR MS (m/z, MH+) meas. 433.2340.

Example 115: 1-[(R)-4-(6-Benzyl-4.,5-dimethyl-pyridazin-3-yl)-2methyl-3.4,5.6-tetrahydro-2H-
[1.2°]bipyrazinyl-5’-yl)-cthane-1,2-diol

To a solution of 1-[(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2methyl-3,4,5,6-
tetrahydro-2H-[1,2"]bipyrazinyl-5°-yl)-2-hydroxy-ethanone (example 114, 110 mg, 0.25 mmol) and
EtOH (20 ml) is added NaBHy4 (14 mg, 0.38 mmol) at 0 °C. The mixture is warmed up to room
temperature and stirred for 3 h. The reaction solution is acidified with 3N HCI to pH~7 and the
organic solvent is removed. The residue is dissolved in saturated NaHCOj3 solution and extracted
with DCM. The organic layer is concentrated to afford the title compound (96 mg, 91%) as a white
solid.
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<0.1 <0.1 <0.1 49 <0.1 1-10 0.1-1 0.1-1 50 <0.1 <0.1 <0.1 <0.1 51 <0.

<0.1 <0.1
WO 2010/007120 PCT/EP2009/059138

'H NMR (400 MHz, CD,Cl,) 8 = 8.09 (s, 1H), 8.00 (s, 1H), 7.18 (m, 5H), 4.64 (m, 1H), 4.57 (m,
1H), 4.26 (s, 2H), 4.10 (m, 1H), 3.60 (m, 2H), 3.48 (m, 1H), 3.34 (m, 2H), 3.18 (m, 1H), 3.02 (m,
1H), 2.21 (s, 3H), 2.06 (s, 3H), 1.30 (d, /=6.5Hz, 3H).

HR MS (m/z, MH+) meas. 435.2511.

Synthesis of examples 116 and 117
Example 116: (R)-4-(6-Benzyl-4.5-dimethyl-pyridazin-3-yl)-2-methvl-3.4.5.6-tetrahvdro-2H-

'

[1.2'Tbipyrazinyl-5'-carboxvlic acid

N-N
M [N

(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3.4,5,6-tetrahydro-2H-

[1,2"]bipyrazinyl-5'-carboxylic acid methyl ester (1.8 g, 4.16 mmol) is combined with LiOH (998
mg, 42 mmol), H,O (20 mL), THF (20 mL), and MeOH (10 mL). The combined mixture is allowed
to stir at room temperature for 16 h. It is concentrated to remove organic solvents in vacuo.
Additional water is added and the pH is adjusted to 4.0 with HCI or phosphate buffer. The solution
is extracted with EtOAc and the combined organic extracts are washed with brine. The extract is
dried over sodium sulfate and filtered to remove the drying agent. The filtrate is concentrated to
afford the title compound (1.46 g, 84%).

'HNMR (400 MHz, CD,Cl,) 5 = 8.89 (s, 1H), 8.10 (s, 1H), 7.27 (m, 5H), 4.84 (m, 1H), 4.44 (m,
1H), 4.34 (s, 2H), 3.58 (m, 3H), 3.31 (m, 1H), 3.16 (m, 1H), 2.32 (s, 3H), 2.18 (s, 3H), 1.50 (d,
J=6.5Hz, 3H).

HR MS (m/z, MH+) meas. 419.2200.

Example 117: 2-[(R)-4-(6-Benzyl-4.,5-dimethyl-pyridazin-3-yl)-2-methyl-piperazin-1-yl]-4-

trifluoromethvyl-pyrimidine-5-carboxylic acid

FsC

N-N
/_{/:\ N/\
/_/

To a solution of methyl 2-[(R)-4-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-piperazin-
1-yl]-4-trifluoromethyl-pyrimidine-5-carboxylate (500 mg, 1.0 mmol, 1.0 eq) in THF (5 mL) is
added an aqueous solution of LiOH (1 M, 2.0 mL, 2.0 mmol, 2.0 ¢q) and the resulting solution is
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<0.1 53 <0.1 1-10 0.1-1 <0.1 54 <0.1 0.1-1 <0.1 <0.1 55 56 0.1-1 1-10

1-10 1-10 57
WO 2010/007120 PCT/EP2009/059138

heated to 75 °C for 4 h. The reaction mixture is diluted with EtOAc (50 mL) and washed with water
(3 x I5 mL). The combined aqueous washes were adjusted to pH 6 with aqueous HCI (1 M), then
extracted with dichloromethane (3 x 50 mL). The combined organic layers are dried over sodium
sulfate and concentrated under reduced pressure to yield the desired product as a white solid (470
mg, 96%).

'H NMR (400 MHz, McOH-d4) 8 =8.97 (s, 1H), 7.23 - 7.30 (m, 2H), 7.10 - 7.22 (m, 3H), 5.11 -
5.23 (m, 1H), 4.77 - 4.86 (m, 1H), 4.31 (s, 2H), 3.52 - 3.64 (m, 2H), 3.50 (d, /=12.5Hz, 1H), 3.17
(dd, J=12.5Hz, 3.5Hz, 1H), 2.97 - 3.09 (m, 1H), 2.37 (s, 3H), 2.17 (s, 3H), 1.47 (d, /=6.5Hz, 3H).
HR MS (m/z, MH+) meas. 487.2088.

Synthesis of examples 118 — 144

GENERAL PROTOCOL FOR THE AMIDE FORMATION WITH ACID EXAMPLE 116 TO
YIELD FURTHER EXAMPLES 118 TO 140

Method A:

A mixture of example 116 (40 mg, 0.10 mmol) and SOCI, (10 mL) is heated to reflux for 1 h
and then solvent is removed. The residue is dissolved in DCM (2 mL) and transferred to a solution
of amine (0.14 mmole) and DCM (3 mL). The reaction mixture is stirred at rt for 2 h. Water (10 mL)
is added and the mixture extracted with DCM (3 x 20 mL). The organic layer is concentrated to give
a crude product that is purified by HPLC [acetonitrile / water (1% NH4OH), 30% ~ 100 %] to afford
the product (examples 118 to 132, 20% ~ 84%).

Method B:

A mixture of example 116 (40 mg, 0.10 mmol), HATU (73 mg, 0.14 mmole),
diisopropylethyl amine (37 mg, 0.29 mmol), dimethylacetamide (1.5 ml) and amine (0.14 mmole) is
stirred at rt for 10 h. The crude product is purified by HPLC (acetonitrile / water (3% propanol), 30%
~ 100 %) to afford the product (examples 133 to 140, 37% ~ 55%).

Examples 118 — 140: The following table (Table 8) lists examples of compounds prepared by amide

formation as described above:

TABLE 8
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.1-1 1-25 1-10 1-10 58 0.1-1 1-10 0.1-1 0.1-1 59 1-10 1-25 1-25 1-10 60
.1-1 1-10 0.1-1 1-10 61 0.1-1 1-10
WO 2010/007120
Example Structure HR MS [m/z, MH+| meas.
NN N/_\,N /NiN\
118 _(Q A 516.3076
O
NI/ NN . N
119 }N/INJ PR @ 460.2810
(o] N N-N
>\4\f\ N/i\’N TN
120 S s A 501.3091
N
QN AN
121 QN =, @ 486.2969
S
N N= —
122 » ’- 529.3404
4<
NN N/—\N /N7N\
123 Non 476.2772
OH
o N
124 s e 5153204
O>\ 7N N/—\,N /NiN\
125 p A 530.3240
HO
O>\ \/}N/ et N
126 (} N ) @ 488.2773
O
N/ N/—\,N /NiN\
127 NN 4922732
HO  oH
O\\ 7N /NiN\
128 sy v 458.2668
N .
(o] N N-N
>\4\f\ N/i\’N TN
o e A 502.2933
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1-10 1-10 62 0.1-1 1-25 1-10 1-10 63 0.1-1 1-10 0.1-1 0.1-1 64 <0.1 0.1-1
65 0.1-1 0.1-1 <0.1 0.1-1

PCT/EP2009/059138

WO 2010/007120
130 O\\ 7N Nh A
o NN 4902907
OMN\ VAR
131 o NN 501.2723
N
132 NV Nh NN
N 4762763
133 O\\ 7N Nh A
{H N e 474.2962
N/ NN
134 R = 8 500.2369
QN TN
135 HO}HJ“ = 490.2918
136 O\\ 7N N/—\ AR
NN 4762776
HO/_fH
3l 3 )
137 | sy 531.3190
O N5
138 e ats 5232917
O\\ 7N /—\N A
139 e e a 544.3489
NN NhN A
140 DA N 5153224

Example 141: 2-[(R)-4-(6-Benzyl-4.5-dimethvl-pyridazin-3-y1)-2-methvyl-piperazin-1-yl]-4-

trifluoromethyl-pyrimidine-5-carboxylic acid (2-hydroxy-ethyl)-methyl-amide
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To a solution of 2-[(R)-4-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-piperazin-1-yl]-4-
trifluoromethyl-pyrimidine-5-carboxylic acid (45 mg, 0.1 mmol, 1 eq) in THF (2 mL) is added an
excess of oxalyl chloride (100 uL, 1.2 mmol, 12 eq,) and a catalytic amount of DMF, and the
resulting solution is stirred at rt for 45 min, at which time N-2-hydroxyethyl, N-methyl amine (200
uL, 2.5 mmol, 25 eq) is added, and the reaction is stirred for an additional 1 h. The reaction mixture
is diluted with EtOAc (50 mL) and washed with water (2 x 10 mL) followed by brine (2 x 10 mL).
The organic layer is dried over sodium sulfate and concentrated under reduced pressure to a white
residue. The desired compound is isolated by silica gel chromatography (CH,Cl, — 20 % MeOH/
CH,Cl,) as a white solid (43 mg, 79%).

'H NMR (400 MHz, McOH-d4) 8 = 8.55 (d, J=2.6Hz, 1H), 7.22 - 7.29 (m, 2H), 7.11 - 7.20 (m, 3H),
5.05-5.15 (m, 1H), 4.69 - 4.79 (m, 1H), 4.30 (s, 2H), 3.80 (t, J/=5.7Hz, 2H), 3.66 (t, J=5.6Hz, 2H),
3.50 - 3.60 (m, 2H), 3.43 - 3.50 (m, 2H), 3.15 (dt, /<12.6Hz, 4.2Hz, 1H), 2.97 - 3.07 (m, 1H), 2.35
(s,3H), 2.16 (s, 3H), 1.45 (d, J/=8.3Hz, 3H).

HR MS (m/z, MH+) meas. 544.2647.

Example 142: (R)-4-(6-Benzyl-4.5-dimethyl-pvridazin-3-y1)-2-methvl-3.4.5.6-tetrahydro-2H-

[1.2'Tbipyrazinyl-5'-carboxvlic acid methoxy-methyl-amide

(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3.4,5,6-tetrahydro-2H-[1,2"]bi-
pyrazinyl-5'-carboxylic acid (50 mg, 0.120 mmol) is dissolved in CH>Cl, (300 uL). The mixture is
cooled to 0 °C and oxalyl chloride (32 uL, 0.358 mmol) is added followed by DMF (3 drops).
While stirring, the reaction is warmed to room temperature over 3 h. Diisopropylethylamine (209
pL, 1.2 mmol) is added dropwise followed by addition of N,O-dimethylhydroxylamine
hydrochloride (14 mg, 0.144 mmol). Allow the reaction to stir for 16 h. Concentrate the crude
mixture in vacuo. The residue is purified by flash chromatography on silica gel (MeOH/CH,Cl,) to
afford the title compound (42 mg, 76%).
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WO 2010/007120 PCT/EP2009/059138

Alternative route to prepare example 95:

Example 95: 1-[(R)-4-(6-Benzyl-4.5-dimethvyl-pyridazin-3-y1)-2-methvl-3.4.5.6-tetrahydro-2 H-

[1.2'Tbipyrazinyl-5'-yl]-ethanone

(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3.4,5,6-tetrahydro-2H-

[1,2"]bipyrazinyl-5'-carboxylic acid methoxy-methyl-amide (example 142, 450 mg, 0.975 mmol) is
dissolved in THF (1 mL) and cooled to 0°C. A dropwise addition of methyl magnesium iodide (325
uL, 0.975 mmol) is added dropwise. Reaction is warmed to room temperature and continues to stir
for 16 h. Add H,O (1 drop) and concentrate reaction mixture iz vacuo. The residue is purified by
flash chromatography on silica gel (60-100% EtOAc/Heptane and 0-8% MeOH/EtOAc) to afford the
title compound (350 mg, 8§6%).

Example 143: (R)-4-(6-Benzyl-4.5-dimethyl-pvridazin-3-y1)-5'-isopropenvl-2-methvl-3.4.5.6-
tetrahydro-2H-[1.2']bipyrazinyl

Methyltriphenylphosphonium iodide (410mg, 1.010 mmol) is added to THF (5.5 mL) and
cooled to 5 °C. Potassium fert-butoxide (1.1 mL, 1M in THF, 1.1 mmol) is added dropwise and the

reaction is stirred for 30 min. 1-[(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3,4,5,6-
tetrahydro-2H-[1,2']bipyrazinyl-5'-yl]-ethanone (350 mg, 0.841 mmol) in THF (1.5 mL) is added to
the reaction. The reaction is allowed to stir 1 h at 5 °C, and then the ice bath is removed and the
reaction is allowed to stir an additional 16 h at room temperature. Remove THF in vacuo. The
residue is purified by flash chromatography on silica gel (60-90% EtOAc/heptanc) to afford the title
compound (130 mg, 37%).
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Example 144: 2-[(R)-4-(6-Benzyl-4.5-dimethvyl-pyridazin-3-yl)-2-methyl-3.4.5.6-tetrahydro-2H-

[1.2'Tbipyrazinyl-5'-yl]-propane-1.2-diol

(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-5'-isopropenyl-2-methyl-3,4,5,6-tetrahydro-
2H-[1,2"]bipyrazinyl (example 143, 120 mg, 0.290 mmol) is suspended in acctone (2 mL), tert-
butanol (1 mL), and H,O (1 mL). To this suspension is added K,O0sO4 (9.6 mg, 0.029 mmol) and
NMO (37.4 mg, 0.319 mmol). The reaction is stirred at room temperature for 16 h. Concentrate in
vacuo. Add H,O and extract with EtOAc. Wash the combined organics with brine and concentrate
in vacuo. The residue is purified by flash chromatography on silica gel (MeOH/CH,Cl,) to afford
the title compound (49.2 mg, 38%).

'H NMR (400 MHz, DMSO-dg) 8 = 8.32 (d, J=1.4Hz, 1H), 8.27 - 8.16 (m, 1H), 7.33 - 7.23 (m, 2H),
7.22 -7.13 (m, 3H), 4.98 (d, J/=1.0Hz, 1H), 4.74 - 4.62 (m, 1H), 4.58 (td, /=6.2Hz, 1.0Hz, 1H), 4.25
(s, 2H), 4.18 (dm, J=12.9Hz, 1H), 3.55 - 3.46 (m, 1H), 3.49 (d, J/=5.8Hz, 2H), 3.40 (dm, J=12.4Hz,
1H), 3.29 (td, J/=12.5Hz, 3.2Hz, 1H), 3.07 (dd, J/=12.3Hz, 3.5Hz, 1H), 2.95 (td, J=12.3, 3.2Hz, 1 H),
2.26 (s, 3H), 2.12 (s, 3H), 1.36 (s, 3H), 1.28 (d, /=6.4Hz, 3 H).

HR MS (m/z, MH+) meas. 449.2667, calc. 449.2665.

Synthesis of examples 145-158
GENERAL PROTOCOL FOR THE AMINATION OF PYRIDAZINE CHLORIDES XII WITH
AMINES TO YIELD EXAMPLES 145 TO 154 (ROUTE A)

To a solution of pyridazine chlorides XII (0.34 mmol) in NMP or dioxane/DMF (3 mL) is
added the substituted piperazine (0.49 mmol) and TEA (0.15 mL, 1.08 mmol). The mixture is
heated in a microwave synthesizer at 210 °C for 60 min. Water is added and the resulting mixture is
extracted with EtOAc. The combined organic layers arec washed with water, brine, dried over
Na,SOy, filtered and concentrated down. The crude product is purified by chromatography on silica

gel (EtOAc/Hexane: 10% ~ 70%) to give examples Ip

Examples 145 — 154: The following table (Table 9) lists examples of compounds prepared by

amination as described above:
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TABLE 9
Example | Structure HR MS [m/z, MH+| meas.
145
433.2760
146 [N]
459.2924
N
>N
CF,
S
N
147 M
N 428.2062
CF,
S
N
148 ™
N 440.2065
N
>N
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<0.1 <0.1 91 <0.1 <0.1 <0.1 <0.1 92 <0.1<0.1 <0.1 <0.1093<0.1<0.1 <0.12
<0.1 94 <0.1 0.1-1 <0.1 <0.1
WO 2010/007120 PCT/EP2009/059138

149
446.1960
CF,
R
LN
N
150 (]
N 458.1984
N
>N
151
472.2124
CO,Et
R
LN
N
152 (]
N 462 (MS)
N
>N
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153
450.2307

154

476.2472

Example 155: 4-(6-Benzyl-4.5-dimethvyl-pyridazin-3-yl)-piperazine-1-carboxvlic acid phenvl ester

0. 0~
e
L
o

jﬁé”

o

To a solution of 3-benzyl-4,5-dimethyl-6-piperazin-1 -yl-pyridazine (60 mg, 0.21 mmol) and
phenyl chloroformate (40 mg, 0.26 mmol) in CH,Cl, (3 mL) at 25 °C is added N-methyl morpholine
(0.07 mL, 0.60 mmol). After being stirred at 25 °C for 3 h, the mixture is diluted with CH,C1, (10

mL), and washed with saturated sodium bicarbonate (I mL) and water (2 x 5 mL). The organic layer
is concentrated and purified by HPLC (CH3CN/H,0: 22 % ~ 45 % with 0.1 % TFA) to give 4-(6-
benzyl-4,5-dimethyl-pyridazin-3-yl)-piperazine-1 -carboxylic acid phenyl ester (69 mg, 81%).
'H-NMR (400 MHz, CDCls) 8 = 2.28 (3H, s), 2.41 (3H, s), 3.40 (4H, d), 3.81 (4H, d), 4.50 (2H, s),
7.13(2H, d), 7.20 (2H, d), 7.27 (2H, m), 7.33 (2H, m), 7.38 (2H, m).

HR MS (m/z, MH+) meas. 403.2115.

Example 156: 4-(6-Benzyl-4.5-dimethyl-pyridazin-3-yl)-piperazine-1-carboxvlic acid phenvylamide
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To a solution of 3-benzyl-4,5-dimethyl-6-piperazin-1-yl-pyridazine (60 mg, 0.21 mmol)) in
CH,Cl, (5 mL) at 25 °C is added phenyl isocyanate (33 mg, 0.28 mmol). After being stirred at 25 °C
for 2 h, the reaction mixture is concentrated and purified by HPLC (CH3;CN/H,0: 22 % ~ 45 % with
0.1 % TFA) to give 4-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-piperazine-1-carboxylic acid
phenylamide (49 mg, 58%).

'H-NMR (400 MHz, CDCl3) 8 = 2.12 (3H, s), 2.21 (3H, 5), 3.27 (4H, 1), 3.67 (4H, 1), 4.30 (2H, s),
7.01 (1H, t), 7.19 (3H, m), 7.25 (4H, m), 7.39 (2H, d).
HR MS (m/z, MH+) meas. 402.2279.

Example 157: 4-(6-Benzyl-4.5-dimethyl-pyridazin-3-vl)-piperazine-1-carboxvlic acid benzylamide

OEHJi |
l]
]%Z

D

=

To a solution of 3-benzyl-4,5-dimethyl-6-piperazin-1-yl-pyridazine (60 mg, 0.21 mmol)) in
CH,Cl, (5 mL) at 25 °C is added benzyl isocyanate (37 mg, 0.28 mmol). After being stirred at 25 °C
for 2 h, the reaction mixture is concentrated and purified by HPLC (CH3CN/H,0: 22 % ~ 45 % with
0.1 % TFA) to give 4-(6-benzyl-4,5-dimethyl-pyridazin-3-yl)-piperazine- 1 -carboxylic acid
benzylamide (46 mg, 60%).

'H-NMR (400 MHz, CDCly) 8 = 2.24 (3H, s), 2.34 (3H, s), 3.33 (4H, t), 3.58 (4H, t), 4.44 (2H, s),
4.49 (2H, s), 7.19 (2H, d), 7.26 (2H, m), 7.30 (2H, m), 7.32 (4H, m).
HR MS (m/z, MH+) meas. 416.2437.
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Example 158: 3-Benzyl-6-(4-benzyl-piperazin-1-yl)-4.5-dimethyl-pyridazine

To a solution of 3-benzyl-4,5-dimethyl-6-piperazin-1-yl-pyridazine (40 mg, 0.14 mmol)) in
CH,Cl, (1.6 mL) and THF (1.6 mL) at 25 °C is added benzaldehyde (23 mg, 0.21 mmol), acetic acid
(2 drops) and sodium triacetoxyborohydride (90 mg, 0.43 mmol). After being stirred at 25 °C for 2
h, the mixture is diluted with CH,Cl, (10 mL) and washed with saturated sodium bicarbonate (2 mL)
and water (5 mL). The organic layer is concentrated and purified by HPLC (CH3;CN/H,0: 22 % ~
45 % with 0.1 % TFA) to give 3-benzyl-6-(4-benzyl-piperazin-1-yl)-4,5-dimethyl-pyridazine (20
mg, 37%).

'H-NMR (400 MHz, MeOH-d4) 8 = 2.00 (3H, s), 2.11 (3H, s), 2.56 (4H, t), 3.12 (4H, t), 3.51 (2H,
s),4.16 (2H, s), 7.05 (3H, m), 7.15 (3H, m), 7.25 (4H, m).
HR MS (m/z, MH+) meas. 373.2378.

5-membered arvlmethvl-pyridazines

Scheme 7 shows a general synthetic scheme for the preparation of compounds of
Formula Iq to Is. Substituted chloro pyridazines IIla can be reacted with acetonitrile under
treatment with a strong base (e¢.g LIHMDS) to form intermediates XIVa. Hydrolysis of the nitrile
functionality provides acid intermediates XIVb and subsequent amid coupling with acid hydrazides
yields intermediates XIVe. Intermediates XIVa can be reacted with hydroxylamine and N,N-
dimethylformamide—dimethylacetal to examples Iq or can provide tetrazole examples Ir by reaction
with sodium azide followed by alkylation (e.g. bromides or iodides). Intermediates XIVe can be

condensed e.g. with triphenylphosphine to examples Is.
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SCHEME 7
Synthesis of intermediates XIV
4.5-Dimethvl-6-[4-(5-trifluoromethyl-pyridin-2-vl)-piperazin-1-vl]-pyridazin-3-vl-acetonitrile

(compound 67)
F

N N—N

; 7 NN S N
F — \_/ — N
N

3-Chloro-4,5-dimethyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-pyridazine (1.0

g, 2.64 mmol), acetonitrile (0.225 mL, 4.22 mmol), and toluene (5 mL) are combined and cooled to
0 °C. LiHMDS (8.4 mL, 1.0 M, 8.4 mmol) is added dropwise over 5 min. The reaction is stirred at
0 °C for 1 h, then warmed to room temperature and stirred an additional 16 h. The reaction is
quenched by the addition of saturated aq. NH4Cl, and the organics are extracted with EtOAc. The

combined organic layers are dried over MgSQOy4 and concentrated. The residue is purified by flash
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chromatography on silica gel (0-100% EtOAc in heptanes) to afford the title compound as an orange
solid (500 mg, 50%).

'H NMR (400 MHz, CDCl;) 8 = 8.36 (s, 1H), 7.60 (dd, J=9.0Hz, 2.5 Hz, 1H), 6.65 (d, J=9.0Hz,
1H), 3.96 (s, 2H), 3.72 - 3.78 (m, 4H), 3.26 - 3.37 (m, 4H), 2.26 (d, J/=13.1Hz, 6H).

MS (m/z, MH+) meas. 3772 .

§4 5-Dimethyl-6-[4-(5-trifluoromethvl-pyridin-2-yl)-piperazin-1-yl]-pvyridazin-3-vy1} -acetic acid

(compound 68)

OO

{4.5-Dimethyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-pyridazin-3-yl} -
acctonitrile (210 mg, 0.56 mmol) and 6 M HCI (1.0 mL) are added to a sealed tube and then heated

to 100°C for 16 h. The organics are extracted with CH,Cl,. The aqueous portion is neutralized to pH
~7 with sodium bicarbonate solution and extracted with EtOAc. Target compound remains in the
aqueous layer. This layer is concentrated under reduced pressure and the residue is triturated several

times with MeOH, and then dried iz vacuo to afford the title compound (280 mg, quant).

Acetic _acid N'-(2-{4.5-dimethyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-pvridazin-3-

v} -acetyl)-hydrazide (compound 69)

Acetic acid hydrazide (20.6 mg, 0.28 mmol) is added to a round-bottom flask under N,
followed by DMF (5 mL). Diisopropylethylamine (0.25 mL) is added and the reaction is stirred for
30 min. {4,5-Dimethyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-pyridazin-3-yl} -acetic
acid (110 mg, 0.28 mmol) is added and the reaction is stirred for 1 h. HOBT (42 mg, 0.311 mmol)
and HBTU (116.8 mg, 0.31 mmol) are added and the reaction is allowed to stir for 16 h. The crude
reaction mixture is purified via flash chromatography on silica gel (0-30% methanol in

dichloromethane) to afford the title compound (114 mg, 90%).
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Synthesis of examples 159 - 162
Example 159: 4.5-Dimethyl-3-(5-methyl-[1.2 4]oxadiazol-3-vl-methy])-6-[4-(5-trifluoromethyl-

pyridin-2-vl)-piperazin-1-yl]-pvyridazine
F N N=N
OO
F — \_/ .
JN
Y (o]

4,5-Dimethyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-pyridazin-3-yl-

acctonitrile (120 mg, 0.32 mmol) is combined with hydroxyl amine (63 mg, 0.96 mmol) and THF (2
mL). The reaction mixture is heated to reflux for 3 h. Concentrate the reaction and redissolve the
residue in dimethylacetamide dimethylacetal (500 uL). Heat this solution for 16 h at reflux.
Concentrate the resulting mixture in vacuo. The residue is purified by flash chromatography on
silica gel (MeOH/CH,Cl,) to afford the title compound (62.3 mg, 45%).

'H NMR (400 MHz, DMSO-ds) 8 = 8.44 (d, J=1.6Hz, 1H), 7.83 (dd, J=9.1Hz, 2.5Hz, 1H), 7.03 (d,
J=9.1Hz, 1H), 4.34 (s, 2H), 3.86 - 3.76 (m, 4H), 3.26 - 3.18 (m, 4H), 2.54 (s, 3H), 2.27 (s, 3H), 2.22
(s, 3H).

HR MS (m/z, MH+): meas. 434.1913 calc. 434.1916.

Examples 160 and 161: 4.5-Dimethyl-3-(1 -methyl-1H-tetrazol-5-vlmethy])-6-[4-(5-trifluoromethyl-

pyridin-2-vl)-piperazin-1-vl]-pyridazine & 4.5-Dimethyl-3-(2-methyl-2H-tetrazol-5-ylmethyl)-6-[4-

(5-trifluoromethvyl-pyridin-2-vyl)-piperazin-1-vl]-pyridazine

F N N=N N N=N
F — \ / —N F — \ / —N
—N._ -,\N N.
N

\
~ ’N\
N

4,5-Dimethyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-pyridazin-3-yl-
acctonitrile (120 mg, 0.32 mmol) is combined with zinc (II) chloride (43.5 mg, 0.32 mmol) and
sodium azide (25 mg, 0.38 mmol) in H,O (5 mL). The mixture is heated to reflux for 4 h, and then
cooled to room temperature. The free tetrazole is isolated by filtration, dissolved in DMF (4.2 mL),
and carried on without further purification. Cesium carbonate (128.5 mg, 0.395 mmol) is added and
the reaction mixture is cooled to 0 °C. Methyl iodide (16 uL, 0.263 mmol) is added dropwise, and
the reaction is stirred and allowed to warm to room temperature over 16 h. Cool back to 0 °C and

add additional methyl iodide (24 uL, 0.395 mmol). Allow reaction to warm to room temperature
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over 16 h. Concentrate reaction in vacuo and filter off solids. Wash with MeOH. Remaining solid
is dissolved in H,O and TFA and is purified by HPLC (CH3CN/ H;0) to afford the title compounds
as a 57:43 mixture of regioisomers (22.2 mg, 20%).

'H NMR (mixture of compounds, 600 MHz, DMSO-dg) & = 8.44 (s, 1H), 7.83 (d, J=9.1Hz, 1H),
7.07 —6.99 (m, 1H), 4.62 (s, 1.1H), 4.50 (s, 0.9H), 4.30 (s, 1.3H), 4.00 (s, 1.7H), 3.85 - 3.76 (m, 4
H), 3.24-3.16 (m, 4H), 2.29 (s, 1.7H), 2.26 (s, 3H), 2.21 (s, 1 .3H).

HR MS (m/z, MH+) meas. 434.2035, calc. 434.2029.

Example 162: 4.5-Dimethvyl-3-(5-methvl-[1.3.4]oxadiazol-2-vimethy])-6-[4-(5-trifluoromethvl-

pyridin-2-vl)-piperazin-1-yl]-pvyridazine

SO

Acetic  acid  N'-(2-{4,5-dimethyl-6-[4-(5-trifluoromethyl-pyridin-2-yl)-piperazin-1-yl]-
pyridazin-3-yl} -acetyl)-hydrazide (114 mg, 0.248 mmol) is added to a round-bottom flask under N,
followed by acetonitrile (3 mL), diisopropylethylamine (0.27 mL, 143 mmol) and
triphenylphosphine (115.5 mg, 0.44 mmol) and the reaction is stirred for 30 min. Hexachlorocthane
(77.5 mg, 0.329 mmol) is then added and the reaction is stirred for 16 h. The crude mixture is
purified via HPLC (ammonium hydroxide as a modifier) to afford the title compound (8 mg, 7%).
HR MS (m/z, MH+) meas. 434.1934, calc. 434.1916.

Synthesis of examples 163 and 164
Examples 163 and 164 are prepared from incubation of 200 mg cxample 88 with
recombinant human Cyp3A4 to yield after isolation and purification the compounds mentioned

below as white solids.

Example 163: 2-[(R)-4-(6-Benzyl-5-hvdroxymethvyl-4-methvl-pyridazin-3-vl)-2-methyl-3

4.5.6-tetrahvdro-2H-[1.2'Tbipyrazinyl-5'-vyl]-propan-2-ol
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OH N /\ N=N
MJ N)_/N \ 7

HO
Yield: 6.5 mg

Example 164: 2-[(R)-4-(6-Benzyl-4-hvdroxymethvyl-5-methyl-pyridazin-3-vl)-2-methyl-3

4.5.6-tetrahvdro-2H-[1,2']bipyrazinyl-5'-yl]-propan-2-ol

OH Vi N/ NN
>LN(=>_ N)_/N \ 7
OH
Yield: 8.2 mg

The compounds of the present invention are a species of a genus of compounds shown in US
provisional application 60/89499. The following is comparative data showing improvements in
potency and solubility by a comparison of the closest examples, ¢.g., compound nos. 92, 93, 93a, b, ¢

from application 60/89499 with examples of the present invention:

Application 60/89499
Example | RGA RGA Mouse Smo | Human Smo | equilibrium
no. (I nM Smo | (25 oM | bdg., ICso [nM] | bdg., ICso [nM] | solubility at
agonist) Smo pH6.8 [UM]
ICso [nM] | agonist)
ICso [nM]
92 266 7558 197 247 <5
93 367 42 <5
93a 211 356 61 <5
93b 168 529 139 204 <5
93¢ 22 236 62 101 <5

Examples of the present invention
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Example | RGA RGA Mouse Smo | Human Smo | equilibrium
no. (1 oM Smo | (25 oM Smo | bdg., ICso [nM] | bdg., ICso [nM] | solubility at
agonist agonist
I(g:50 [r)lM] I(g:50 [r)lM] pHo-S Tub)
2 2 23 8 4

48 2 25 8 5 425

50 6 114 32 29 > 1000

54 7 83 30 22 619

88 1 14 3 9 44

89 2 60 15 11 11

90 1 34 7 6 18

91 5 57 8 8

92 4 58 10 10

93 1 14 3 1 20

95 8 110 9 8

96 6 62 4 3

97 3 35 2 2

98 11 69 6 6

99 5 72 3 2

104 5 70 9 14

105 3 35 6 7

106 5 76 5 7

107 2 23 3 3

108 4 33

109 3 38 2 2

111 1 18 2 1

144 5 83 19 24 270
BIOLOGICAL ACTIVITY
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Activity of the compounds was evaluated using a reporter gene assay (RGA) in
TMHh12 cells. ICso for antagonism of Gli-luciferase activity was tested in the presence of increasing
concentrations of a small molecule agonist which binds to Smo with 1 nM affinity and activates the
Hh pathway (Frank-Kamenetsky et al 2002, Journal of Biology 1, 10.1-10.19). Antagonist
compounds from screening which show increased ICsgs for Gli-luc as the agonist dose is increased
may be directly interacting with Smo (either through competition for the same binding site on Smo,
or via competition between an active conformational state of Smo that is induced by agonist and an
inactive state that is induced by the test antagonist). In validation experiments, a variety of small
molecule antagonists of Smo demonstrate “ICsg shift” behavior.
Table 10 lists the ICso of antagonists determined in the presence of different (1 nM and 25 nM)
concentrations of a small agonist of Smoothened (Frank-Kamenetsky et al 2002, Journal of Biology

1,10.1-10.19).

A Smo binding assay was developed using radio-labeled smoothened agonist for compound
competition. Table 10 lists the ICso for displacement of a small molecule agonist of Smoothened

determined in a filter binding format for the mouse and human Smoothened receptor.

TABLE 10
Example RGA RGA Mouse Smo Human Smo
no. (1 nM Smo (25 nM Smo bdg., bdg.,
agonist) agonist) ICso [MM] ICso [uM]
ICsp [UM] ICso [uM]
2 <0.1 <0.1 <0.1 <0.1
3 0.1-1 1-10 0.1-1 0.1-1
4 0.1-1 1-10 0.1-1 0.1-1
5 <0.1 0.1-1 <0.1 <0.1
6 1-10 1-25 <0.1 <0.1
7 1-10 1-25 <0.1 <0.1
8 1-10 1-25 0.1-1 0.1-1
9 1-10 1-25 1-10 1-10
10 <0.1 <0.1 <0.1
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144 <0.1 <0.1 <0.1 <0.1 145 0.1-1
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11 <0.1 1-10 <0.1
12 <0.1 0.1-1 <0.1 <0.1
13 <0.1 <0.1 <0.1 <0.1
14 1-10 1-25 0.1-1 1-10
15 <0.1 0.1-1 <0.1 <0.1
16 <0.1 0.1-1 0.1-1 0.1-1
17 0.1-1 0.1-1 0.1-1 0.1-1
18 0.1-1 1-10 <0.1 <0.1
19 0.1-1 0.1-1 <0.1 <0.1
20 <0.1 0.1-1 <0.1 <0.1
21 0.1-1 1-10 <0.1 <0.1
22 0.1-1 0.1-1 0.1-1 0.1-1
23 0.1-1 0.1-1 <0.1 0.1-1
24 0.1-1 0.1-1

25 0.1-1 1-10 <0.1 <0.1
26 0.1-1 1-10 0.1-1 0.1-1
27 1-10 1-10 0.1-1 0.1-1
28 1-10 1-10 <0.1 <0.1
29 1-10 1-10 <0.1 <0.1
30 1-10 1-10 1-10 1-10
31 <0.1 <0.1 <0.1 <0.1
32 <0.1 <0.1 <0.1 <0.1
33 <0.1 <0.1 <0.1 <0.1
34 <0.1 0.1-1 <0.1 <0.1
35 <0.1 <0.1 <0.1 <0.1
36 <0.1 <0.1 <0.1 <0.1
37 <0.1 0.1-1 0.1-1 <0.1
38 <0.1 0.1-1 <0.1 <0.1
39 <0.1 0.1-1 0.1-1 0.1-1
40 <0.1 0.1-1 0.1-1 0.1-1
41 0.1-1 1-25 <0.1 0.1-1
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o5 <0.1 0.1-1 <0.1 <0.1
43 <0.1 <0.1 <0.1 <0.1
44 <0.1 0.1-1 0.1-1 0.1-1
45 0.1-1 0.1-1 <0.1 <0.1
46 <0.1 <0.1 <0.1 0.1-1
47 <0.1 <0.1
48 <0.1 <0.1 <0.1 <0.1
49 <0.1 1-10 0.1-1 0.1-1
50 <0.1 <0.1 <0.1 <0.1
51

52 <0.1 <0.1 <0.1 <0.1
53 <0.1 1-10 0.1-1 <0.1
54 <0.1 0.1-1 <0.1 <0.1
55

56 0.1-1 1-10 1-10 1-10
57 0.1-1 1-25 1-10 1-10
58 0.1-1 1-10 0.1-1 0.1-1
59 1-10 1-25 1-25 1-10
60 0.1-1 1-10 0.1-1 1-10
61 0.1-1 1-10 1-10 1-10
62 0.1-1 1-25 1-10 1-10
63 0.1-1 1-10 0.1-1 0.1-1
64 <0.1 0.1-1

65 0.1-1 0.1-1 <0.1 0.1-1
66 <0.1 0.1-1 <0.1 <0.1
67 011 110 <0.1 0.1-10
68 011 01 0.1-1 0.1-1
69

70 <0.1 <0.1 <0.1 <0.1
72 <0.1 0.1-1 <0.1 <0.1
73 <0.1 0.1-1 <0.1 <0.1
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75 0.1-1 1-10 <0.1 <0.1
78 <0.1 1-10 <0.1 <0.1
79 0.1-1 1-10 1-10 1-25
80 0.1-1 0.1-1 <0.1 <0.1
81 <0.1 0.1-1 <0.1 <0.1
83 <0.1 0.1-1 <0.1 <0.1
87 <0.1 0.1-1 <0.1 <0.1
88 <0.1 <0.1 <0.1 <0.1
89 <0.1 <0.1 <0.1 <0.1
90 <0.1 <0.1 <0.1 <0.1
91 <0.1 <0.1 <0.1 <0.1
92 <0.1 <0.1 <0.1 <0.1
93 <0.1 <0.1 <0.1 <0.1
94 <0.1 0.1-1 <0.1 <0.1
95 <0.1 0.1-1 <0.1 <0.1
96 <0.1 <0.1 <0.1 <0.1
97 <0.1 <0.1 <0.1 <0.1
98 <0.1 <0.1 <0.1 <0.1
99 <0.1 <0.1 <0.1 <0.1
100 <0.1 0.1-1 <0.1 <0.1
101 <0.1 0.1-1 <0.1 <0.1
102 <0.1 0.1-1 <0.1 <0.1
104 <0.1 <0.1 <0.1 <0.1
105 <0.1 <0.1 <0.1 <0.1
106 <0.1 <0.1 <0.1 <0.1
107 <0.1 <0.1 <0.1 <0.1
108 <0.1 <0.1

109 <0.1 <0.1 <0.1 <0.1
110 <0.1 <0.1 <0.1 <0.1
111 <0.1 <0.1 <0.1 <0.1
112 <0.1 <0.1 <0.1 <0.1
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113 <0.1 0.1-1 <0.1 <0.1
114 <0.1 0.1-1 <0.1 <0.1
115 0.1-1 1-10 011 011
116 1-10 1-25 1-25 0.1-1
117 1-10 1-25 1-10 1-10
118 <0.1 0.1-1 <0.1 0.1-1
119 <0.1 <0.1 <0.1 <0.1
120 <0.1 0.1-1 0.1-1 0.1-1
121 <0.1 <0.1 <0.1 <0.1
122 0.1-1 1-10 0.1-1 0.1-1
123 <0.1 0.1-1 <0.1 0.1-1
125 <0.1 0.1-1 0.1-1 0.1-1
126 <0.1 0.1-1 <0.1 <0.1
127 <0.1 0.1-1 011 011
128 <0.1 0.1-1 <0.1 0.1-1
129 <0.1 0.1-1 0.1-1 0.1-1
130 <0.1 0.1-1 <0.1 <0.1
131 0.1-1 1-10 011 011
132 <0.1 0.1-1 <0.1 0.1-1
133 <0.1 0.1-1 <0.1 <0.1
134 <0.1 0.1-1 <0.1 <0.1
135 <0.1 0.1-1 <0.1 <0.1
136 <0.1 0.1-1 <0.1 0.1-1
137 0.1-1 0.1-1 0.1-1 0.1-1
138 <0.1 0.1-1 0.1-1 0.1-1
139 0.1-1 1-10 1-10 1-10
140 <0.1 1-10 0.1-1 0.1-1
141 <0.1 0.1-1 <0.1 <0.1
143 <0.1 <0.1 <0.1 <0.1
144 <0.1 <0.1 <0.1 <0.1
145 0.1-1 0.1-1 0.1-1 0.1-1
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1-10 1-10 159 0.1-1 1-10 1-10 1-10 160/161 1-10 1-25 1-10 1-10 162 0.1-1
1-25 1-25 1-25 163 <0.1 <0.1 <0.1 <0.1
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146 <0.1 <0.1 0.1-1 0.1-1
147 <0.1 0.1-1 0.1-1 0.1-1
148 <0.1 0.1-1 <0.1 <0.1
149 <0.1 0.1-1 <0.1 <0.1
150 <0.1 0.1-1 <0.1 <0.1
151 <0.1 0.1-1 0.1-1 0.1-1
153 <0.1 <0.1 <0.1 <0.1
154 0.1-1 1-10 <0.1 <0.1
155 <0.1 0.1-1 0.1-1 0.1-1
156 <0.1 0.1-1 <0.1 0.1-1
157 <0.1 0.1-1 <0.1 0.1-1
158 1-10 1-25 1-10 1-10
159 0.1-1 1-10 1-10 1-10
160/161 1-10 1-25 1-10 1-10
162 0.1-1 1-25 1-25 1-25
163 <0.1 <0.1 <0.1 <0.1
164 <0.1 <0.1 <0.1 <0.1

Thus while there have been described what are presently believed to be preferred
embodiments of the invention, those skilled in the art will realize that changes and modifications
may be made thereto without departing from the spirit of the invention, and it is intended to claim all

such changes and modifications as fall within the true scope of the invention.
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164 <0.1 <0.1 <0.1 <0.1 Thus while there have been described what are
presently believed to be preferred enbodi nents of the invention, those skilled
inthe art will realize that changes and nodifications may be nade thereto
wi t hout departing fromthe spirit of the invention, and it is intended to
claimall such changes and nodifications as fall within the true scope of the
invention. Calnms 1. A conpound of Formula I: (1) or a pharnmaceutically
acceptabl e salt thereof, wherein RL Is or N each of Which may be
unsubsl it ut edy£Xs substitul ed by one or nore of Cl4 alkyl. a C6.14 aryl group,
Cl1.0 haloal kyl, C,,,a al koxy, halo. N H2, CN, OCF3, OH C(0)NR6R8, C(0)Rs6,
NR6128, NHC( 0} RE°m 3021 MUSOPNRGT 28; R2 and R3 are independently C, sal kyl. C,
sal kyl OH, or R2 and R3 form 0614 cycloekﬁﬂj group:

/R7 4

Y
I
w
(2
m
X
R2 | N
I
N
R3 Z

L\R1 )

or a pharmaceutically acceplable salt thereof, wherein
R1ls

N N
XN X N NG \(/\N
~ "o //
OG0T
ar
o/\/u
=N

}

each of which may be unsubstituled or substituted by one or more of C4_g alkyl, a Cg_44 aryl group, C_g haloalkyl,
C,.g alkoxy, halo, NH,, CN, OCF3, OH, C{O)NR6R8, C(O)R6, NRER8, NHC(O)R6, SO,R6, SO,NRERS;

R2 and R3 are independently C,_galkyl, C4_galkylOH, or R2 and R3 form C3 44 cycloalkyl group;

L is a bond, C, g alkylene, -C(O)O-, -CONRS-, -C_g alkylOH-, C;_g haloalkyl, -C(O)-, - NH- or -O-;

X and W are independently N, or CR5 and at least one of X and Wis N;

R7is

Oy Q1 Oy 0 O B
D D
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L is a bond, Cl1.6 al Kylene, -C(0)0-, -CONR9-, -C24 al kyOH, C1,8 halos Isyl,
-0(0)-, - NH or -0-; X and Ware independently N, o CR5 and at | east one of X
and Wis N R7 is R4 is Cl4 alkyl, C241 al kenyl, Cl4 cycloal kyl, a 06_14 aryl
group, a 5-14 nenbered hel eroaryl group, a 3-14 nenbered cycl ohet eroal kyl
group, Ci, 5al koxy, hal o, NR6R3, C(0)0R6, C(0) NR6R8, Ci .ahal oal kyl, forrnyl,

car bal koxy, G _aal kcyl OH. C(0) R6, S02R6, C(0) NHCl4al kyl R6, NR6RS, SOZNR6R8
OCF3, NHC(0) R6, 0H200(0) NR6R8 CH2NR6RS, NFI C(O)ORE NHC( 0) NR6R8, CH2NHSO2R6,

CH2NFI C( 0) OR, o Qe NEC( QFiG Lo eys he substituted of
unsubst i t ut ed,i4 . eécy Ué s (b, cORROGORNAGRITE | ol Bt & T r om 0- 3:

isl Yis a bl@ndc1 ga@ZLOHGC(a)RkybzemegomH@@a@)ms NR&RE( GI\BeR8CHFLOMYc(QIRe0EH00C) 0) N( R10) - ; R5
is H hal ogen,® 2 ri%‘ u;ﬁgsl 1 O)WQSCWHSW%NW)O&?I8C‘RT®°’é}W%‘°)F?1dependentI y
014 al kyl or ,S X ay. :%é%n ependently H, 014 al kyl, Cm al kenyi, Cl4
cYcl oal kyl, a rﬁB;eMedmfn)wls group, a 5-14 nenbered het eroaryl group, a 344
menber ed cycl ohet er oal k h | o . Cl4al kyl OH, C 1_8a ilsoxy, or
R6 and R8 on ,Q,%Hs,ﬁlpgl‘e,éc,\ceéf a&g@ﬁg g?g? oa%g()f(n Containing ring: and Werein R4,
R6, and R8 canRsbeéan&uélgﬁetngbuut@dky@m sul sélct uted by oneI or rrgge of C,a alkyl,
03. 14 cycl oal k2" Rg '@ 2" 8 AEEME Sl Y YIgetrerdar roup, a 3- 14
nenbered cycl o g:ﬁeép? Bal kv heg“%g;fﬁ ﬂ;lﬁﬁzggﬁj”p AL C(f—'f(y' }ib"a'k% T5al ksgl car boxCl4
al kyl, or SOZO&heBaik'iksﬁladehé’dnﬁb,unw rsub %&oneoﬂdgeofcuam&mchoa'hlao@pnpound of
formul a (1) ac OdFikﬁ 4 E‘ng fdé?‘%'ﬁarlg'%é@ﬁmmﬁdqy@“ Y 00 C6s WY, >*€CF3, C(0) ORS,
C(0) NR6R8,  C1, IR&EPTAIRYL L Bar vy 'cH™ o) Re, °"stPR6, C(0) NFI Cl 4 al ky1R6,
C(O—B)(O—B)(ﬂ-h)h.,ecoﬁ}(o&):cﬁlrd;mu|€]ﬂ2ec&}nla+oebfla1wr@rrefn@(sC&dSQc( £ OF). Gblorand)nkBs, and Rd ar e

i ndependent |y He“a'@IY' ﬁ)‘ sei'IY'WIqO)R@SOzBG APRENYFRYROCECHPGHEYE COEK G CHAHOB. . 14 aryl
group, a 5-14 GRREES ﬁdeﬁmgm@r by SLOMEY, 0O oy ;A,dwqura%dcts%gémghet er oal kyl
group. 3 The clePOWRGh, ©F 3-f @EriTt ayc|6hlet a8 CE0f. di Nng to any of clainms 1-2 wherein Rl
may be unsubstltut ed or substltut ed wnth one or nore nmet h et hyl ,

| sopropyl, o, ?fr’.L @ﬁ oo, R e B Tybﬁfrﬁﬁbffﬁ?’”ﬁ%ew phanyl ,

C( 0) OH, CF3 O(a, heny|0({@)>+06§340(8|13)( . c(0{00),06H 124,005 orQ((cQ) NCHZCH3
optionally subfsct**noﬁu@@c?"wbﬁwepwﬂpmerazm' Imyrpnotiny, FTBW'WHOI inyl, or pyridinyl. 4 The
oonpound of § of,mul, 2, 0) AGEALALNG G Chdhikd YHSTELNRA, mgqho@ o phenyl,
pyrldinyl, nmet&gyyy, clas, &onelQdy, XS kahyB Yebikyl, aé)G)Orl-lnbe d4eryl ,

C( 0) NCar yI C1- 5al4kepbered cl@}ter@*ndmr%eﬁeaéH HE1C8100 &ICHI(C )PtbLﬂ@)CH@ qPcHchg- 14menber ed

cycl obet er oal k§§2C1 eigeliiogile scito e s iglerav v o 5(’@@7‘6 " CCOPEH3,
C( 0) CH20HS3, PG Lal kyl, SOQ2CF3, C(0)NHC _Balicyl OH, C(0) NESGi . . 8a | kyl CF3,
SO2NHCI . Bal kyThecoQoffONHICEQ®}o@mgti®i,mwrere@FIQOC, (O)NHCH 3. 5 The conpound of
formula (1) according to claim1 wherein R4 is iLNA L?//NH O which may be ens
ubstituted or substi tut;ﬁ. Q Q

N

/\ )I\N /U\N/\
K/O I\/NH
) ) or ,
which may be unsubstituted or substituted.
6. The compound of formula (1) according to any of claims 1-5 wherein R2 and R3 are C,_g alkyl.

7. The compound of formula () according to any of claims 1-6 wherein R2 and R3 are CHs.

8. The compound of formula (I) according to any of claims 1-7 wherein L is ~O-, -NH-, - C(Q)-, -CH(OH)-, -CH,-, -CF -,
-CHF-, -C(OH)-, or a bond.

9. The compound of formula () according to any of claims 1-8 wherein L is -CH,-,

10. The compound of formula (1) according to any of claims 1-8 wherein both X and W are N, and Z is CHy, and mis 1.
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6. The conpound of formula (1) according to any of clains 1-5 wherein R2 and
Pa are 0, alkyl. 7. The conmpound of fornula (I) according to any of clains 1-6
wherein R2 and R3 are CH3. 8. The conpound of forrmula (I) according to any of

claims 1-7 wherein L is-0-, -NH, - C0)-, -CHOH--, -CH2-, -CF2-, -CHF-,
-0(01-1)--, or a bond. 9. The conpound of fornula (1) according to any of
clains 1-6 wherein L is -CH2-, 10. The conpound of formula (1) according to
any of clainms 1-9 wherein both X and Ware N, and Z isand mis |. [Il. The
COITPOUHd Of fQ1r ‘H;u!:o@rpo(nlﬂ)ffon%geﬁ@gcgh&)goapﬂfc%m% 19I/herg’1|§|lsrns 1-10 Wher el n R7 IS and
R4 is C(0)CH3. C(0)NH phenyl, C(0)O0 CF3, CH3) (C 3)0H, C(0)0CH CP3, or

C kaal kyl . 02,2 al kenyl, cl oalgyISNa C8_12yCrN group, a 5-14 nmenbered
het er oaryl group, a 3- 14 eF cyci , .3 a |l koxy, ha io,
NR13R14, C(0)O0R13, C(0)NR13 )uhai oal ;orf ormyt, ACar bal koxy 03. 3al ky1011,
C(0) R13, S02R13, C(0)NHC1, 82 |ky| R 13, NR13R14, SO2NR13R14, OC F3, NHC( 0) R13,
CH200( 0) NR13R144nd CH2NR13R14, NHC(0) OR13, NHC(0) NR13R14, CH2N1-i SO2R13,

CH2N1- 1C( 0) OR13R¢ 'SCR\P)‘(*@Y(RWBPhe%'rC(CNFW(XF@P@@!?L%@OWP)@WW&W HRoLeMst it ut ed or
unsubsti t ut ed, RbAschnSacthafeto Bim@bikdbiaga@ C644 aryl group, 0133 hal oal kyl ,

Cl, 5ai koxy, halo, NH, ON, OCF3, OH, C(0)NR13R14, 0(0) R13, NR13R14,

NHC(0) R13, SO2R13, S02NR1 =—NR13 frat=mre i ndependently H, G .ealkyl,
C2, 8 al kenyl, C4 cycl oal kyl, X .

hel emaryl gyoup, a 3-14 rrenbe y
Cl. 8habal kyl , Ck8al kyl OH, C1_3al kox : on one atomcan form a

het ercal orn contai ning ring; and Wierein R11, RI ’#2 R14 can be
unsubstituted or substituted by one or nore of G ..3 alkyl, C3.14 cycl oal kyl,
a 08 14 aryl group, a 5-14 nmenphered hel eroaryl group, a 3-14 nenbered

cycl ohetercal kyl group, C 1.3 al ky(OH OH oxo, Cl.8 haioal kyl, carboxCl_3
al kyl, or SQ2Cler8eterkapducaifeadeneple saQBteB where@CF3, - OH, -NH2. 13 A cor‘r?ound of claim

11 s C1 galkyl, C,.g alkenyl, Cq 44 cycloalkyl aCgqy aryl group a 5-14 membered heteroaryl group, a
1 sel ected fronf Cm% roalkyl group, c1 alkoxy, halo, NR13 O)OR13, C(S%y\lsR 4.C Bh Ioa yl, form

(R) - 4- (4, 5- Dl methyib, O SRy AL C b @O R CbRbr ahydr 02H [ 1,
2] bi pyr azi nyl - SEOHZW)M FG*:RE?BHW b(O@St’-%ewC(O)(\HRZM4062&HSQZR®31¢MHH<WOR@rq§henyI anm no
pyridazin 3 yl) 2 hEUHYY 3 B SR YILSRA R & o 21 ANE AR Lo F- car boxyl i ¢

acid net hyl est Qfa INRI3R14, NHC(O)R13, SOR13, SOZNR13R14

(R -4-(4,5-D rreflﬁ yt R 8 -ap herryd lerayrﬁ Pk \Pr.d atkas. K43 pd-aZs.1; e drdan b 5-8 mdmb&ed6- t et r a- hydr o
_ 2H11 21bl pyr az 1ry| cl;p:] ?g%étrg crc ::% eirllbr: gr:ﬁh(énVioﬂ?d r(f’_ad!gIOH C,galkoxy,orR13and R14

2-[(R)-4-(4, 5- Dwmal Jmﬁan ea,yLeambame@yxutsd@zbymnesrn)ele)fczeamtma,m&,y,éla 5, 6-tetrahyd
ro-2H-ftri bi pyr &Zd an%loup@_’syi nfemtpqe@]gtawny@ml(gla 3—14((§Emead. c@he(erqalkyl group, Cy.g alkylOH, OH,

f1 uor o- phenyi ) - 28w ARt AT pYFPILTAY 3™ A2y i¥e Y1 ™8, 4, 5, 6- t eVahydro- 2H 1, 121
bi pyr azl nyI S1£@.Eob@%yl>f|:lﬁn B ﬂﬂ?ﬁché/(L‘l 5-@&kh@B-phenoxy-pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-

(R) - 446- (4-t ri f P pmErhytaphidn ke w4es@— dRrestsRipptyis fremdrafmmda@tvmmezw met hyl - 3, 4, 5,
G-t et 1 ahydr o 2HEL AV HT Pz e st S et e

(R) -416- (4-trif huehomnehdyliaph meh Dyr3d 5 DrediydredH )é]brpg[i)aylﬁyLsd/&mpEHBl- 26 (lacet hyl 3, 4, 5, 6-
t et rahydre- 2H (2% phbu@ir"aezhv'ﬂ%dfa@'yﬂ Etmlhxl‘b 2 |teirqtvdaél;i lﬂj2l bipyrazinyl- Srfrzfgyzhﬁ ?f'g]m;

(R) 446- (4 fl uofﬁfmg lic acld Y\Eﬁ%?b & riqﬁﬁght bzii/l p?daaz)lln -3-yl]-2-methyl-

net hyl - 3, 4, 5, 6- &.etshadydoon, Al agu';ylzjcar kypw@mw&m pne@ar Sy (dyreaziaging: Met hyl
5-(4-(6- benzyl Melf‘ﬂﬁdﬁ‘l?'réw?g yrblplc?awﬁrfa@xy ny g@ﬁsehnwwmwaizlnﬁw-z car boxyl a

| plpendln 1-yl)pyrazine-2 2-{5-[4-(6-B l-pyridazin-3-yl}-pipe 1-yl}-pyrazin-2
€, yl}-propan-2-al; 3-Benzyl-6-{1-[5-(1-methoxy-1-methyl-ethyi)- pyrazm -2- yalyflpendlnA -yl}-4,5-dimethyl-pyridazine;
2-{5-14- (6- Benzyéznza p-D1sktinlicoinety iyl DY FriedaZ 12 5-Bmeyhil- in@ € [R)-Xb- mmziw ysljmepyr azi n- 2-

y| | - pr opan 2- 0| thyl-pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'- carboxyl(c acld methy! ester; (6-{{R)-4-[4-(1-

3- Benzy1- 6- (1- (BT L R ST T R B Ao e el M 4- y1} - 4, 5-

di r net hyl pyl’l dezlicn@ia methyl ester; (R)-4-(4,5-Dimethyl-6-pyridin-4-ylmethyl- pyrldazm3yl)2methyl345&tetrahydro

3- Senzyi - 6- { 1452 1tAlirf t2pbT- GRest AyHTAY Fstti: FR-24 SO prrid - et vid2e3-0:254i met hyl - pyri d
azi ne:

(R) - 4-(6-BenZayl -4, 5-di rnel hyl - pyri daZi n-3-yl)-2-net hyl -3, 4,5, 6-tetrahydro-2H
(1, 21bi pyraZl nyl-5'-carboxylic acid nethyl ester: (64(R)-4,14-(1-

Hydr oxy- 1- met h, y1- el hyl ) - phenyl ] - 3- net hyl - pi perazi n-1-yl1}-4, 5-di net hyl - pyri daz
i n-3-y1)-nhenyl - net hanone; (R)-4

[ 6- (hydr oxyl - pher, y1- met hyl ) - 4, 5-dI met A§1 - pyri dazi n- 3- 301- 2-met hyl - 3, 4, 5, 6- t eb
ahydro- 21- 141, 21bi pyrazi nyl -5' -carboxylic acid nethyl ester:

(R -4-(4,5-D met hyl -6-pyrl di n-4-yl net hyl- pyndazi n-3-yl)-2-nethyl-3,4,5,6-tetra
hyc3ro2H[ 1, 2| bl pyrazl nyl -5' -carboxyl | ¢ acid nethyl ester:

(R)-4-(4, 5-D net hA- 8- pyndi n- 3-yl net hykpyr | dazi n-3-y!) - 2- ne-

C(0) OCH2CH3. or a phar ITB.Q?U'[I cally Racce tabl e )‘fkher eof, wherein R11 is




Chl cro- benzyl) -6, 7-di hydr o- 5H-cycl opent a[ d] pyrii da2| nl -y11-3-rnethyl - pl perazi n-
1-yll-pyridln-3-yl)-propan-2-ol; (R)-

4- (6-Benzyl- 4, 5-di et hyl - pyri dazi n- 3-yl)-2-rnel hyl -3, 4,5, 6-tetrahydre-2H (1, 21
bi pyraz[ nyl-5t-carboxyllc add nethyl ester;

3-Benzyl-4,5-elnethyl -6-[ (R -3-nmethyl-4-(4-trit

| uor o- met hanesul | onyl pheny1) - oi perazi n-1-y11- pyri dazi ne;

2-1(R)-4-(8-El enzyI 4 5t di rrethyt pyridazi n-3-yl)-2-nmethyi-3, 4,5, 6-tetrahydro-2
H[l 2] bl pyra I ro ZIn -Carboxylic ac e e Tl

L (R4 (b B Gy S bl A e o ORI 5B et r ahyar a
-2H-0 . 2. Thi p%ﬁa%btﬂyﬂndﬁm 3. y)l2lmt9l6/t mmﬂlra,hydro 2H-[1.2"bipyrazinyl-5'-carboxylic acid methyl ester; 2~{

11(R) - 4- (6- Ber? EM'U@-PCH”WFﬁde Herigezi- %‘Vﬂ Bugpylps Q@tﬁ@‘wﬁ H-IT:?MY’B'"!GE* tetratlydro-2H
11" 2101 pyra T SRS A R el e Bl

i -4, 5 dt net hyl Berﬁyd’d )IIET-IZt trIMl )me ﬁfﬁ-trh 23/1) ipeynQ-yif gk Mdﬂ’Ean &njetha-] bi

pyr azi ny| 5- yo.pelyeha:hg(i;é {1-hydroxy-1- methyl ethyl)-2,3,5',6-tetrahydro- 1"H-[2,4’]bipyridinyl-4"-ol;  2-(1’-(6-Benzyl-4,5-

(R) 4- (6 Benz e?éggldnpﬁﬁldro Lﬁygrﬁa[giipy zjﬁyfy 2)212{)! )ﬁr?e:%]t -y pyrld-lgé)’ll)gpféggsi—gt(ézahydr 0-2H-0, 2

] bl pyrazinyl- AN GyricBnl 395-2-methyl-3,4,5, 6-tetrahydro-2H-[1,2']bipyrazinyl-5'-carboxylic acid methyl

(R -21-(6- Benze;rel 4 3@erdul ma:tnhw @[WMee&mm#IL@re yidnareRuamEhdnylriecBizid B pyBeatiret r ahydr a- 2H- (
1, 21bi pyr azi nyf R’Iiscfa'ﬂb ehxfpvgqu'ﬂd [Y}:hgtgmﬁi ‘%f‘i*éffhyl 42;'61teubha§?zms SUx 2p3<i-m§;5g

(R) - 4- (8- Et engyliaidlne VAR Wi e Al SABn ORI Z et hyl 3, 4,5, 6-t
et rahydr o- 2F- iyd@xygﬁthﬁay{(ia—l [srB lJ-A 5. d|$nethyl pyridazin- 3 y|) 2methy| .3,4,5,6-telrahydro-2H-[1 2]b|);l)yrazmy|

4,5-01net hyl- 3-Y -8happg 249/ F(6Pengy @?;@aﬁthvaozwzmsw melypd4 2““@'4? Z'ituggpyta?'l fl uot o- et hy
I - pyr di n- 2- yl): ﬁﬁQXéz el xyizletﬁ :Fa?gyr ﬂg—g:megﬁlxlﬂz:zm 3- Ira;h)::;:)rige[r:yl ;_b:z)e”l:;I L.
4, 5-Di et hyl - 3-465-@% by, Jﬂ”byrﬁzeillzaﬂn i3\l IR 1 a)dta |Z|34rrr(t5,»1)is Ehddnwamanmet hyl - pyri di
n- 2- yl) pl per @hZHPYTII;IFILZ-YAPIIpy;H] 1dawg?z@e ;)5 Dlmetyg (1-methyl-1H- telrazolgy:methy:) gr}% E; m?pu%ome

4, 5- anet hyl 3 tg?’”'d f‘éét Hylaz' pa-pY 4 "8z S th ﬁéfmﬁyﬁaﬁ Y[ Y N I' ﬁ’“ el hyl - pyri di

ridin I i ndazing; i me )-6- tr

n-2- yl) p| pera é%: ;layltalﬁlzaﬁ) Bsé Fab Irbléyw-fyn ne lZm[eR) 4-(6-Benzyl-5- hydroc;c);?ne?tzlt;l 4- methylypyrrdazm 3-yl)-2- .
4, 5- Di et hy 1- 3ewry-Srsmetrdiylo-2f-1.Bdl-onedi- ﬁ@@lZ-OQH}Rb e byt hydBrynedryicmettyrdy-f | uor onmet hyi -

pyri di n- 2-yi ) “f5Fpetazim=212 Gty R rrey-s 2Ry 24~ ( 6- Beni _y1- 5-
hydnmxymet hy1- 4- met hyI yridazin-3-yl)-2- net hyI 3,4.5,64Se

hydr a- 2H [ 1, 21bi pyt L= Byl I8 2R~ 2- aF NN
2-1) - 4- (6- Benzy1- 45 hydf oxytet T rrethyl B_@E N 2. el hyl - 345M | et rah
ydro-2H 0 , 21bi pyraztnyl-5 -yl | -propan-:2 FN N F/ NN-N Ove F -
H5r _cr -N NN N
F N ,— N-N
/ /r F N ,— N-N
OO0 OO
; CN
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and 14, The conpounds of formula (1) according to claim1 wherein said corn
pound is selected from

24(R) - 4- (4, 5- D met hyt - 6- phenoxy- pyri dazi n-3-yl1)-2-methyl -3,4.5,6-tetra-hydro-2
H 11, 21bi pyr azi nyl -5' -yl kpropan- 2-ol ;

2-1(R) - 4- (6- (Hydroxyl - phenyi - et hyl ) - 4, 5- di net hyl
-pyridazin-3-yl)-2-nethyl-3,4,5, 6-tetrahydro-2H 0, 21bi -

pserazi nyl-5'-yl1ll-propan-2-ol;

21(R)-4-(4,5-D netbyl -6-pyridrn-4-ylinethyl-pyridazin-3-yl)-2-nethyl-3,4,5,6le

trallydro-2H-ftrlbi pyrazinyl-5"- vyil-propans&-ol;
2-[(R)-4-(4,5-D nethyl-6-pyritklgg§; it (pyridazin 3 yl) 2
met hy1-3. 4,5, 6-tetral | ydro-2H [T, 2birpyreagl nyl -5' - A- propan-2-ol :

24(R) - 4- (6-Be

nryl-4, 5di met hyl - pyridail n-3-y1)-2-nethyl -3, 4,5, 6-tetranydro-2H (1, 211bi pyr azi
nyl-5.-yll-propar,- 2-d;

2- K- (6-13enzyl - 4, 5-di r ngyhyl - pyri dazln-3-yl)-3, 4,5, 6-tetrahydro-2/441, 21bi pyra
zi nyl - Tyl | - propan- 2- ol ¢y~ N~ )—cr, Q N\ NN

24(S).4.{6-Benzyl -4 dv-het‘wyﬁi%m dszl n;g‘-‘ﬁﬁ%ﬁe’ ,4.5,5-tetrahydra- 2H
(1, 2] bi nyrazi nyl -G ropan2- 6;

2-[ (R)-446-Benzyl- 4, 5-di net hyl - pyri dazin-3-yl)-2-ethyl-3,4,5, 6-tetrahydro-21-1
-11, 21or pyrazi nyl -5. -y1; - propan- 2- at
2-[4-(4-Benzyl-5, 7-di hydro- 5Hcycl opent a[,d] pyfidazip; 1

-y1)-3, 4,5, 6-1 et rahydr o- 2H 11, 2] bi pyr azi /5\'§:i ReRan- 2- ol ;
2-[(R)-4-(4-El enzyl-6, 7-di hydro-5H cycl opental d pﬁﬁ§§g§:>l-yl)-2-rnethyl-3,4,5
, 6-tetrahydro-2H (1. 21bypgyr azl nyl - Guy1] - pr opan- 2- ol ; -
1-[(R) - 4- (6- Benzyt - 4, 5- gi\retQy/ ridaz;n 3 yl) 2 methyl 3,4,5 G
teIrahLydro-ZFL(l,21@56585ﬁﬂ1 fS'-yll-e%gEzﬁ;?}janaN

=/ 1)=N2-

2-[ (R)-446- Benzyl- 4,5%di net hyl - pyri dazin N _iwh-3, 4,5, 6-tetrahydro-2H
[ 1, 2' ] bi pyrazi nyl - Gyl kpropane- 1, 2-dl ol .
F
cl \NTN, NCN—(:_I}—COZEI " /_N\ NCN /N:\{

o} N I\ N-N o] N \ N-N

M\ N N M\ N N—¢ S

-0 N Y/ = >’{‘j N= Y~ )=
; )

142



15. The compound 2-[(R)-.

(6-Benzyl- 4, di net hyl - pyrldazin-3-yl)-2-nmethyl-3,4.5, 6-tetrahydro-2H[1, 21bi oyr
azlryl-5". ylkpropa n-2 or a pharmaceutically acceptable salt thereof. 16. A
pharmaceutical conposition conprising a conpound, or pharmaceutically
acceptabl e salt thereof, according to any one of clains 1-15 and a

phar maceutically acceptable carrier. 17. A conpound according to any of clains
1-15 for use in the prophylaxis or treatnent of cancer. 18. A conpound far use
according to claim17, wherein the cancer is selected from basal cel

carci nong, nedullahlas toma, pancreatic, prostate stonmach and non email cel

| ung cancers. rdlng to any«ﬁ' NOT el & - 15 in
conbi nati on vvlth ong% tic a‘g'}tgy)—’%
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and

14. The compounds of formula (I) according to claim 1 wherein said compound is selected from:

2-[(R)-4-(4,5-Dimethy!-6-phenoxy-pyridazin-3-yl)-2-methyl-3,4,5,6-tetra-hydro-2H-[1,2'bipyrazinyl-5"-yl]-pro-
pan-2-al;

2-[(R)-4-(6-(Hydroxyl-phenyi-methyl)-4,5-dimethyl-pyridazin-3-yl)-2-methy!-3,4,5,6-telrahydro-2 H-[1.2]bi-
pyrazinyl-5'-yl]-propan-2-ol;
2-((R)-4-(4,5-Dimethyl-6-pyridin-4-yimethyl-pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'-
yl}-propan-2-ol;
2-[(R)-4-(4,5-Dimethyl-6-pyridin-2-yimethyl-pyridazin-3-yi)-2-methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5-
yl}-propan-2-ol;
2-[(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'-y}-propan-
2-of;

2-{4-(6-Benzyl-4,5-dimethyl-pyridazin-3-y1)-3,4,5,6-tetrahydro-2H-[1,2'bipyrazinyl-5'yl]-propan-2-ol;
2-[(S)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3,4,5,6-telrahydro-2H-(1,2']bipyrazinyl-5"-yl]-propan-

2-ol;
2-[(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-ethyl-3,4,5,6-telrahydro-2H-{1,2'bipyrazinyl-5'-yl]-propan-2-
ol;
2-[4-(4-Benzyl-6,7-dihydro-5H-cyclopentald]pyridazin-1-yl)-3,4,5,6-tetrahydro-2H-[1,2'|bipyraziny!-5'-yl}-pro-
pan-2-ol;

2-[{R)-4-{4-Benzyl-6,7-dihydro-5H-cyclopenta[d]pyridazin-1-yl)-2-methyl-3,4,5,6-tetrahydro-2H-[1,2 | bipyrazi-
nyl-5'-yl]-propan-2-ol;
1-[(R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)}-2-methyl-3,4,5,6-tetrahydrao-2H-[1,2'|bipyraziny|-5'-yl]-eth-
anone; and
2-[{R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methyl-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5"-yl]-pro-
pane-1,2-diol.
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15. The compound 2-[{R)-4-(6-Benzyl-4,5-dimethyl-pyridazin-3-yl)-2-methy!l-3,4,5,6-tetrahydro-2H-[1,2']bipyrazinyl-5'-

16.

18.

19.

yl]-propan-2-ol or a pharmaceutically acceptable saft thereof.

A pharmaceutical composition comprising a compound, or pharmaceutically acceptable salt thereaf, according to
any one of claims 1-15 and a pharmaceutically acceplable carrier,

. A compound according lo any of claims 1-15 for use In the prophylaxis or treatment of cancer.

A compound for use according to claim 17, wherein the cancer is selecled from basal cell carcinoma, medulloblas-
toma, pancreatic, prostate, slomach and non small cell lung cancers.

A compound according to any one of claims 1 - 15 in combination with one or more therapeutic agents,
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