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I NHI BI TORS Field of the Invention This invention relates generally

t o phar reweubiwmshssagent s useful in the treatnment and/ or pprassnbd/nzmeof

di seases and di sorders associated with the 5 central nervous system More
particularly, the present invention conprises conpounds for the treatnent
of a patient suffering froma disease or disorder aneliorated by inhibition
of casein kinase | delta (CK16) or CK1 epsilon (CK1E) activity through the
adm nistration of a series of substituted imdazole conpounds. More
specifically the i nvéNtPUF HEREERTHVES 2% FH3E 8- HB\{A(?FOH{R})EIEQRS

10het erocycl oal kyl -i m dazol es and rel ated anal ogs which are inhibitors of

human CKI 6 or CKL1E phosphoryl ati gng BsGKaE" iopf the Invention The
circadian clock links our daily C and activity to the
ext ernal envi r onnBnis invBmtiog uekte geoéralliido ghackacsuiicghlageatsedséfol an enber

of 15 humar{ di,sorders, includin Qe ressi on, ,seasonal affec%ive. i sorder,
and et abol IEEATE0] GElor eievEntion, o diseames nd USwEelt Fesor Al Dby t he
nast er clsock.dr@ftrRpvdus %Vﬁeﬁﬂﬂm@@?@ﬁ@ﬂé@ nHel sresepl infveptiby Rnhisesus
(Antle and Silver, Trends” Neurosci 28: 145- 151)_. At the cellular level, the
mol ecul ar evesmROUNSS fod the tertregil ofraypatientdudierinpdeornya diseaseguldigordercr ease

20 and decrease.in nRNAs. and.protei ns.that define, f K I s, resulting
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regul ated, qrker) betingdinrdigeeid ¥dministraiidn ¥f 8 diesrattdupehiired nldasbre
tract. The cycling outputs of the suprachiasmatic nucleus, not fully

i dentified, qosROuRds. iete ppeciticallysthee iventign Hetates e H-agylOnasteraatylsleep

Takahaor, eRoySeakviEMBERSRY o AR AhRE e St BRbERs B e
depressi on, GrRESSEK1aphesiHoratlbgor der, and metabolic di sorders, may have
a circadian origin (Barnard and Nol an, PL0oS CGenet. 2008 May; 4(5):
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cl ock regul ajxesrhanendiesmment Derdghation Df HBMNIBGEK RNinlicatddimsa inursserhoft hat
dramatically alter the circadian period. (Lowey et al., Science 288:

483-492)15 THBMeAR r @iSOTAeRs Hin@HENgf deEss Ny a382S9NA| i&fﬂecﬁ\*ﬁt‘#iéaﬁqe\ﬁg and
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20 and decrease in MRNAs and proteins that define feedback loops, resulting in
approximately 24 hour cycles. The suprachiasmatic nucleus is primarily
regulated, or entrained, directly by light via the retinohypothalamic tract. The
cycling outputs of the suprachiasmatic nucleus, not fully identified, regulate
multiple downstream rhythms, such as those in sleep and awakening, body
25 temperature, and hormone secretion (Ko and Takahashi, Hum Mol Gen 15:
R271-R277.). Furthermore, diseases such as depression, seasonal affective
disorder, and metabolic disorders, may have a circadian origin (Barnard and
Nolan, PLoS Genet. 2008 May; 4(5): e1000040.).
Phosphorylation of circadian clock proteins is an essential element in
30 controlling the cyclical rhythm of the clock. CK1¢ and CK13 are closely related

Ser-Thr protein kinases that serve as key clock regulators as demonstrated by



R3 (R2),, / RILR4 | wherein Ais a nitrogen-containing 4- to

7- menbered heterocycloal kyl, or alternatively A can be directly fused to
the ring wo2hisissst is attached through Rl; 15L is Cl_®aThpioio/bs749
hydrogen, Cl_3alkyl, or C3_4cycloal kyl; each R2 is independently Cl 3alkyl,
fluorine, hydroxyl, Cl_3al koxy, or cyano; R3 is hydrogen, Cl_3alkyl, or
C3_4cycloal kyl; 20R4 is a 5- to 10- menbefed heteroaryl with 1 to 3

het er oat ons, optionally substituted with 1 to 3 R7 substituents; R5 is
hydrogen or -3- R6 is hydrogen, hal ogen or Cl_3alkyl; each R7 is

i ndependent |y hal qgen, -(CH2)t-Fq, Cl 3alkyl, -CF3 ~-(CH2)t-C3 4cycl oal kyl,
OByt~ 0 ciiaamain i &) sdsnoe rgnptingl gt 158 (4 cRdEn BR6oTSeach
R8 1s I T‘dep.etEGg/PéJ %t %Xd&%%{beogsé?l@%g}?Tr'f@re\'o?ef‘}f#ﬁ&ﬂ%’of%@g&“fi’éve or
hal ogen; mis O, 1 or 2, nis 0, 1, or Z,
utility in treating circadian disorders. Thus it is an object of this invention to
provide a series of 4-aryl-5-heteroaryl-1-heterocycloalkyl-imidazoles and
5 related analogs that are inhibitors of CK18 or CK1e. This object and other
objects of this invention become apparent from the detailed discussion of the
invention that follows.

Summary of the Invention

The invention is directed to compounds, including the pharmaceutically
10  acceptable salts thereof, having the structure of formula I:
R3

(R¥)m

I
wherein A is a nitrogen-containing 4- to 7-membered heterocycloalkyl,
or alternatively A can be directly fused to the ring to which it is attached
through R";
15 L is Ci-zalkyl;
R'is hydrogen, Ci.zalkyl, or Cs.scycloalkyl;
each R? is independently Cy.salkyl, fluorine, hydroxyl, Ci.salkoxy, or
cyano;
R%is hydrogen, Cy.salkyl, or Cs.scycloalkyl;
20 R* is a 5- to 10-membered heteroaryl with 1 to 3 heteroatoms,
optionally substituted with 1 to 3 R’ substituents;
R® is hydrogen or -N(R®).;



gis 1l 2, or 3; 10t is O, 1 or 2; or pharmaceutically acceptable salts
thereof. In one enbodi nent of the invention, Ais a nitrogen-containing 4-
to 7- woO 2011/05858R3 L | nenbered heterocycl oal kyl andipsTaBroaeh®ad4dt o t he
ring N Lis Galkyl; each R2 is independently Cl1_3alkyl, or fluorine;
15each R7 is independently hal ogen, -(CH)t-Fq, -CF3, Cl_3alkyl,
-(CH2)t-C3 4cycl oal kyl, or -(CH2)t-O Cl 3ailkyl; I n anot her enbodi nent
of the invention, the corrpounds have the structure of fornula la: R4 la
-4- wherein L is Cl_3alkyl; Rl is Cl 3a1ky1 or C3_4cycloal kyl; each R2 is

i ndependently C1 fluorine, Cl1_3al koxy, or cyano; 5R3 is
hydr ogen, Cl 3al l%/rd &7’49 ‘R'yﬁ1 38 I¥yl R4 is a 5- to 10-nenbered
heteroaryl with ]eatdﬁ 3Rheﬁser9@b9€ﬁder@t§ﬁl HQI%be sz{@wwt o bk, 1 £6,3 KT
substituents; R5 1s hydrogen or rogen, hal ogen or
Cl_3alkyl; (CHz)t-Cg4cycIoaIkyI (CHz)t-O C1 3alkyl (CHz)t-cyano or -(CHy)hydroxy;
Zis N or CR?;
5 each R? is independently hydrogen or C.salkyl;
R%is hydrogen, Ci.salkyl, or halogen;
mis 0, 1 or 2;
nis 0, 1, or2;
gis1,2,or3;
10 tis 0, 1 or 2; or pharmaceutically acceptable salts thereof.
In one embodiment of the invention, A is a nitrogen-containing 4- to 7-

\g\L/Rs
membered heterocycloalkyl and Fl{4 is attached to the ring N;
L is Cqalkyl;
each R? is independently Cy_salkyl, or fluorine;
15 each R’ is independently halogen, -(CH2)-Fq, -CF3, Ci.zalkyl,

-(CH2)-Cs4cycloalkyl, or —(CH2)-O-C4_salkyl;

In another embodiment of the invention, the compounds have the
structure of formula la:

(RHm R3




| oeach R7 is independently hal ogen, -(CH2)t-Fq, Cl_3alkyl, -OF3,
-(CH2)t-C3_4cycl oal kyl, -(CH2)t-OC _3al kyl, -(CH2)t-cyano or

- (CH2) r hymtoaryyos8s8s N or CR9; each R8 is independent!yPoydBmgensios
Cl_3alkyl; RO is hydrogen, Cl1_3alkyl, or halogen; 15MiS 0, 1 or 2; n is O,
1, or 2, qis 1, 2, or 3; t is 0, 1 or 2; or pharmaceutically acceptable
salts thereof. I n anot her enbodineﬁ%'of the invention Ais a
nitrogen-containing 4- to 6- 20 nmenbered heterocycloal kyl, and m= 0. In
anot her enbodi nent of the invention Ais a nitrogen-containing 5 nenbered
heterocycloal%gl, whe eiq @aid het er ocycl oal kyl is azetidine and 1 / L R3
i s attached W&EKEL 1§ 4g3%KYf the azetidine, and mis O. | n anot her
enbodi nment  of tth1@w§q4KM1J}¢_4?Cﬁbm&ggen-containing 5- 25nenbered

het er ocycl oal kyl , mhergln sal d heterocycl oal kyl is pyrrolidine and 1 /L
R3 is attached t eadheRfiiaginNepénderdlyp@n salkyldifhorinandydraxyl,0C1.3alkexy, nor

anot her ean%%ggnt of the invention Ais a nitrogen-containing 6- R3 1/

5 R? is hydrogen, Ci.salkyl, or Cs.scycloalkyl;
R* is a 5- to 10-membered heteroaryl with 1 to 3 heteroatoms,
optionally substituted with 1 to 3 R’ substituents;
R® is hydrogen or N(R%);
R®is hydrogen, halogen or C4_salkyl;

10 each R’ is independently halogen, -(CH2)-Fq, Ciaalkyl, -CFs3,
-(CH2)-Cs4cycloalkyl, -(CH2)-O-Cq.3alkyl, -(CH2)i-cyano or -(CH2)-hydroxy;
Zis N or CR?;

each R? is independently hydrogen or C.salkyl;
R%is hydrogen, C4.salkyl, or halogen;
15 mis 0, 1 or 2;
nis 0, 1, or2;
gis1,2,or3;
tis 0, 1 or 2; or pharmaceutically acceptable salts thereof.
In another embodiment of the invention A is a nitrogen-containing 4- to 6-
20 membered heterocycloalkyl, and m = 0.
In another embodiment of the invention A is a nitrogen-containing 5-
membered heterocycloalkyl, wherein said heterocycloalkyl is azetidine and
\E\L/Rs

R* is attached to the ring N of the azetidine, and m is 0.
In another embodiment of the invention A is a nitrogen-containing 5-

25 ~membered heterocycloalkyl, wherein said heterocycloalkyl is pyrrolidine and

. 3
»
|

R* is attached to the ring N of the pyrrolidine, and m is 0.



L | menbered heterocycloal kyl, wherein said heterocycloal kyl andRdis
attached to the ring N of the piperidine, and m= 0. In any of the
enbodi mernwe 2daigisigssed above, n is one and R7 is hal ogenPCH1B201@0543801ky1l. | n
any of the enbodi nents described above, n is one and R7 is Cl_3alkyl. In
any of the enbodi nents described, nis ope and R7 is halogen. In an exanple
of this enbodinent, R7 is quorlne In any of the enbodi nents

descri bed above, Z is -CR9; wherein RO is hydrogen and R5 is hydrogen or
-N(R8)2. In any of the enbodi nents described 10 above, Z is -CR9; wherein

RO is hyd R5 d f the enb t i bed
Above, 7 1 5 TICABONEACPEIRCHEETE chy b garg i Pea. RUFE-CAHoRg o 1 he

enbodi ment s descrl bed above, Z is CR9; wherein R9 is hydrogensand R is
-N(R8) 2; wherein each R8 is hydrogen. In any of the enbodi rreng‘s déscri bed
above, Z is -CR9; wherein RO is hydrogen and R5 is 15 -N(R8) V\,herel n

| .
ohorein Fo i TenparaneteaRieflod "R SaF B ASRIARE SR 0 "5 T B ond

t he other Ré&tizehbyddo @gering N of thel glpéniyingf aridim :elmbodl ment s descrl bed above,
Zis -CR9; wherein RO is Cl 3alkyl and R5 is hydrogen or -N(R8 In any of
t he embodi rrents deseyiidae emj)o(gmg@@ts gescsibedRovaneiePre RO '@i‘a gAYy 1° and

R5 h
er i B R g, By CF fas ERRSIGTRBIS dRRSielihaoNes dnd g s
descri bed alIoN;;a,IkyZ Insany(ﬂ@the\dmb@ilmelﬁ% des@beﬁahhybne@dﬁ7 ishalhfes) [

wherein each RB is c% g e enbodi mrents descri bed above, Z
is -CR9 wherd] W%@plieso "?ﬁé 5iSi fIUOrBE. _ \(R8) 2, wherein each R8 is

Cl_3alkyl. In anyp %n%&ﬁtk@@ﬂ%b%ﬁ'érﬁs%%%ﬁb@@%b%b@vz |sZOF€9 wHePeWRY &I n R9
is Cl_3alkyl and R5 1I's -N(R8) 2, wherein_one R8 is 3alkyl, and the ot her

R8 i s hydr odemrogersand iR aajmydlfogelmeareMBﬁ)znwﬂw dfet@ererble@dlaMWdeﬂzrlbed- CR9

wh hal ' dr f_th
embodi el s EYEr Aol Aboviierat & KRIIGERH B F HERSELAR AR Fenes
hydr ogen. Irbrﬁuadduﬁfenwaegmm BBOVS, Zes CCRBeghaRy R i€ Hyir g@‘aawﬁqmsn R9
is halogen and 5 is 5 -N(R8)2. In any of t he enbodi nent’s descri bed, above,

Z i's -CRo whiHBP)a: RoamysohHIeog@ioginees descrifpaapovesds &R ; sdeheReR| 5
"yeronen | BRI s RRe Sk TRIRSE e G 86 s ekl OB L2
above, Z is erfibSdimenteidescribed BBove had cQRf; wndrdR5 R¥sis-HYdRBYéh anbieR®isn one
R8 is Cl 3a1k 1, and the other ,R8 10 is hydroge
(R®)2; wherein each R®is Cisalkyl. In any of the embodiments described
above, Z is -CR%; wherein R? is hydrogen and R® is -N(R®),; wherein one R® is
Ci.salkyl, and the other R® is hydrogen.
In any of the embodiments described above, Z is -CR?; wherein R® is
Ci.salkyl and R® is hydrogen or -N(R®).. In any of the embodiments described
20 above, Z is -CR% wherein R® is Cy.salkyl and R® is hydrogen. In any of the
embodiments described above, Z is -CR?; wherein R® is Cysalkyl and R® is
-N(R®),. In any of the embodiments described above, Z is -CR?; wherein R® is
Cisalkyl and R® is -N(R%);; wherein each R® is hydrogen. In any of the
embodiments described above, Z is -CR® wherein R? is Cysalkyl and R® is
25 -N(R®),, wherein each R® is Ci.salkyl. In any of the embodiments described
above, Z is -CR® wherein R® is Cy_salkyl and R’ is -N(R®),, wherein one R® is

Cy.salkyl, and the other R® is hydrogen.



In any of the enbodinents described above, Zis N and R5 is hydrogen or
-N(R8) 2. In another enbodinent Zis N and R5 is hydrogen. In any of the
enbodi mrenwe 2daa318s8ed above, Z is N and R5 is -N(R8)2, waenB2moemcsy RS is
hydrogen. In any of the enbodi nents described above, Zis Nand RS is 15
-N(R8) 2, wherein each R8 is Cl1_3alkyl. IQ any of the enbodi nents descri bed
above, Zis Nand R5 is -N(R8)2, wherein"one R8 is Cl _3alkyl, and the other
R8 i s hydrogen. In any of the enbodi ments described above, Rl is
hydrogen or Ci 3alkyl. In any of the enbodi nents descri bed above Rl is

hydrogen. I n any of 20 ment s, desgribed ab 1.
" any of the endBciHent DedBBRRAKBE AARR DR A0V & it & HOWREHBaR ol
het er oar yl t @ﬁ% 8 I t R7
substi tugnts d\E%éeﬂr gﬁ%%?ghw% S Pﬁd'(e?gier)l%gﬁtalny oﬁghggéerﬁ%(ﬁﬁe‘fﬂé Beécr?tfed:g

(CH2)t-Fq, -atese, Z(@H'Z(}IR @z.heaelyclRoas mlqge@r anqc&-fz Sthyxdrogeeallm;any <Dfnt®ny of
t he 25 enbodi ib d h |
WTh s bacorsBaN IS Hesbifed Bhtfe, ZlsuTiR, Hrekdn R S Mapoenata HOR'Y

substi t ugnt SNgzi 37 elmw@ht%7emOumﬁan§m&eﬁubyd Ia@boeez' is @WR3aHerdin R is
-(CH2) t - Fq, cl oal kyl, or -&OQ-IZ)t O G _3al kyl. In any

of the embodialegers m Ued‘%’e 5, WRereis gaeh tEOfWémgﬁﬂed"hear@tb%fryl

with 3 heter S b 5\ I t

substi t uent s&ﬁhe%eﬁ?galéh%%ﬁér%ﬁh s Q%@%héf{qeﬁ \#al (gRb}? 9"@% géle(acf
-(CH2) t - Fq, RGBX 1. gad@FJJa)atnyC@‘ tHe;ezﬁmdMehts @escr(bQUZQtiO\/@Zl|336H9Wherem any
of the enbodijrents described a is an isgpxazol e optionall

substi t ut ed I3\” ishajogen angR s'§b§KRtlaeWh§re'W%‘?é? n'StCi llods and the aier & t he
enbodi mept s ; %@ dgée]d above, R4 is a thiazole optionally 5 substituted
wth 1to 2 tituents, whereint is zero. In any of the enbodi nents
descri bed above, IRzanysofahppmbncﬂmeets)qiEsanmmaboevebZtlslNJaedRﬁusﬂnydirdgenS R7

substituents B Z€ero. i ments escrlb above
A T AR e 7 BN i RER yrten. J6 3 o

wherein t i %rﬁ@é&me‘n’?s aB¥ciled BSox?é"bZ’@H Neé‘rﬁé R@ei§QN(h AReMAn dAthiR® &
pyridine 10 optionally substituted with 1 to 3 R7 substituents, mhereln t

i's zero. | n heyogdn.t neaeyigidingeambodisentsbeesciledeabour,i £ ia Iﬂwrectcﬁ eis

optionallys gltu wi th, 1.8 R7,.s t]

In any of th&zﬁ %E‘?Wsea(fgscrli)zﬁ 338(35% ?Qggﬁ%&\ﬁg@éﬁ deéﬁcfrﬁiﬁ% In
any of the eifedi Zﬂ@twadéﬂzﬂ«‘?istRé)QOWﬁerdﬂ?pdné m%/réreg@kynan@ﬂye ethet R% he
embodi nents descri bed above, R3 is 01 3a1ky1 In any of the enbodinments

descri bed ab®®¥drageni s net hyl . is under stood that descriptions of

any one subst i tuqﬂta@%?nh@S@od.w%tgeegewé et RIIRSHEAPEEANS 81 any

ot her substituents hat ea eve ration of the

first substijalightinamy éfhtaessanbodimerts aebsrﬂbédlamve R plsdvyonlegeﬂnelnamy othe
sane as if each conpi nati peC|f|1caIIy?ndlnd|V|duaIIy listed. For

exanpl e,20i n (BREMRAG RENEHC eﬁm%?g qoenRt pYmith R2 to provide an
enbodi nent wher ei i i i t I updey st ood
that the corrpoun Q (%5 f(é)fr mJ(IL' héﬁnbgﬁgn% 86%&%%? %ﬁg\r/%mc%mutlél cggefl-)yrﬂgcigpt abl e
sal t s t her eahemblesed hateroahy! wumajnﬁeroaiowrwm@s @ptd)qadjyysmbslpthheobwnbah i

ds of, f d | d_ph t Labl e sahts
Cheroor° ae yide aubSibedRo el SaPl R3S dhbeiaehtT SABOER, Botlh a1 o
rel ates to qaph) o, tlog Inﬁam)peammmn@? fepprided aRyBiATBhPorlie 44 in

t he Exanpl es sectlono - 8- sue& §)ppllcatlon (including the free
bases orSphaémbedneniadegcriasepbaye.Rsi a-tihetkofomberedaiieraarylestiod nent

the inventi g LRlalfs &nd B SRR AuBSHEELRith OB 5 RSO NRLRG Of :
each R’ is independently halogen, Cj.salkyl, -(CHa)-Fq, -CF3, -(CH2)-Cs.
scycloalkyl, or -(CH2)-O-Cqsalkyl. In any of the embodiments described
above, R* is a 5- to 10-membered heteroaryl with 3 heteroatoms and is
30 optionally substituted with 1 to 3 R’ substituents wherein each R’ is



54-{141- (1, 3- benzot hi azol - 2-yl met hyl ) pi peri di n-4-y1] - 4- (4-fl uorophenyl) -
1H i m dazol -5-yl | pyri m di n-2-am ne

444- (4-f Iworzophnemgst) - 1- { 1- [ ( 5- net hyl i soxazol - 3-yl ) nmet hy PCpitpEn /054494 - y11-
1H i m dazol - 5-yl ] pyri m di n-2-am ne

4-{4-(4-fluorophenyl)-141-(1, 3-thiazol - Z?yl met hyl ) pi peridin-4-y1]-1 H

10i mi dazol -5-yl | pyri m di n-2-am ne o

444- (4-fl uorophenyl)-1-{1-[(4-isopropyl -1, 3-thiazol -2-yl)nethyl]piperidin-
4-y11- 1H i m dazol -5-yl ] pyri m di n- 2-am ne

o (11115l sogaegl ooy e ) o 03 bl A gigengr D
.133254 (4yr : gﬁ%@ﬁpﬁ}&?g”ﬂn(w ioflithe SemibBBINBH RYEICRbEE! dbctrey IR* Is lAn | M

4-{4-(4-1I ud$@fﬂ1@i@xmpﬂqmly(§1sb&tlwted it frdo 1B/ R sybstitliedisn véheyaip-tlis ero.m
dazol - 5-yI |

490 (411 uorBohahyh) e el Smeais, geserioed ABeyg: B {7 yhdbRgPIOFPHETI n-

203-y11- § Hdumstrzed -bitty |1 pyr2 rRUisibgtitaBhie wherein 4-k1lzerbl In any of the

2-cycl opropyl pyrimid in-4-yl)nethyl rrol idin- }-4-(4-
{1 Uor opheny 19780 Wae{w@é@@énmﬁq% e yicomly e ieiestmEhgl ) - 1

i dazf): qu;: Ir}8|3 R Sgll n- aﬁlry?é %&E &Af %Q’OEF%ébgjqﬁenyle;&qodATen s, described

, 3-t hi azol - %b,dv@ﬁﬂ‘iyib)afmyrsbm|azbleo'§){|¢ﬁdaHylsbbstltmed with 1 to 2 R substituents,
|dazol 5-yl I pyrimdin-2-a

444- (4-f1 uor¥eie Hytl'flff? ﬂn[a(ny %Pﬁﬁ”&ﬁq'@ﬁﬁt%%q%ﬂ@w&yﬁ dﬁf ALy 11
1H-1 m dagol - 'tDbHaFP)y%h vat‘ﬁwnﬁ é;é“s&%tftu |H ik ) |§ zero gﬁ%Hy'”'é’P(a'

I n-5-yl met hy pyrr0| azo pyrlm -am'ne -9-
4-{4-(4-fl udhemlmimdlmemt%desc(rdpedraboalle Rﬁ-lQa)uymdh@/bprmaltyl subistitlBed Mjithl H-

(6 methyt ptﬂq B sy iaBish s Rtdp a3 yi 10 o oDt
H-i m dazol - 5-yl | gyr 44y @k the-éHibd@ments described above, R® is hydrogen or Ci.
salkyl. In any of the embodiments described above, R® is hydrogen. In any of
15  the embodiments described above, R® is Cy.salkyl. In any of the embodiments
described above, R? is methyl.
It is understood that descriptions of any one substituent, such as R,
may be combined with descriptions of any other substituents, such as R?
such that each and every combination of the first substituent and the second
20 substituent is provided herein the same as if each combination were
specifically and individually listed. For example, in one variation, R" is taken
together with R? to provide an embodiment wherein R' is methyl and R? is
fluorine.
It will be understood that the compounds of formula | and la, and
25 pharmaceutically acceptable salts thereof, also include hydrates, solvates and
polymorphs of said compounds of formula | and la, and pharmaceutically
acceptable salts thereof, as discussed below.
In one embodiment, the invention also relates to each of the individual
compounds described as Examples 1 - 44 in the Examples section of the



5444- (4-fl uorophenyl)-1 -(1 -{[6-(trifluoronethyl)pyrid in-3-

yl ] nethyl |l pyrrol idin-3-yl)-1 Himdazol-5-yl]pyrimdin-2-anm ne

4-{4- (4-fwoanopisessgl )-1 41 -(1 , 3-thiazol -2-yl net hyl ) pyrcohBzhiioveld7491] - 1 H
imidazol -5-yllpyrimid in-2-amine 4-[1-{1-[(1 ,5-dinmethyl-1

H pyrazol -4-yl ) met hyl ] pyrrol idin-3-yl}-4-(4-

10f | uor ophenyl) - 1Hi m dazol - 5-yl ] pyri m dfne 444- (4-fl uorophenyl)-1 -{1

-[ (6- et hyl pyri di n-2-y|)rrethy|]pyrro| idin-3-yll1 Himdazol -5-yl]pyrimdine

444- (4-f1 uoropheny1l) - {1 [(1 -net hyI 1 H pyrazol -4-yl)nethyl]pyrrol id
n-3-yl1l-1 Him dazol. r

1560 (131 4- (KRG SHRY ﬁ%tef%)(‘% fig iheifeedogees et pheEBaRaUigaly PEGeRaPIed n- 1-

yl | met hyI)ngaqg%ﬁé,le@e) 444- (4-fl uorophenyl)-1 -{1
-[ (5-met hyl pyrazin-2-yl )met hyl ] pyrrolidin-3-yl |1 Hinidazol-5-yl]pyrindine

4-{4-(4-fluor ophdnyar)otnemembppynermh Mmyemmyelaatﬁaﬁrtooa dampoeLBrdy s¢letterd
20im dazol -5 " 4- (4-fluorophenyl)-1 -{1 -[(5-nethyl
i soxazol - rcil"ﬂé‘?%wﬁ%‘r‘?rbﬁ's g ? 3 y1l1l-1 H i m dazol -5-yl]pyrim d| ne

4-{4-(4- f5| uor opheny{-)+-{4 %m&@waﬂﬂ&@métm)myér)dwwm 41(dlfmro30pﬁd im
i dazol -5-yllpyrimid ne 4-[ {1 -[(6- ethoxypyrldln yI)nethyI]pyrroI
idin-3-yl1l- ﬁ‘f'(mldlalngﬁﬁﬁ%mlc}lﬂ -2tamineni dazol -5-yl ] pyrim dine 4-[1 -

-[(5-ethyl |soxaz‘pt ﬁ{ﬁué%ﬁhg%{%(ﬁ{ﬁf é-rﬁeﬂh |s%x¥%31 § E)%eftr%@%r&qmlplﬁ 1

H i m dazol - 5-yl ] py ine uor ophe
H-pyr azol - 3-yH-iratdagppyat]plrimnilin2-3mide - 1 H 30i m dazol -5-yl | pyrim di ne -10-

-2 (a1 uor opheny) i B arbon SRy o 2 RS Y R bR . T
10  imidazol-5-yl}pyrimidin-2-amine
4-[4-(4-fluorophenyl)-1-{1-[(4-isopropyl-1,3-thiazol-2-yl)methyl]piperidin-
4-yl}-1H-imidazol-5-yl]pyrimidin-2-amine
4-[1-{1-[(5-ethylisoxazol-3-yl)methyl]pyrrolidin-3-yl}-4-(4-fluorophenyl)-
1H-imidazol-5-yl]pyrimidin-2-amine
15 4-{4-(4-fluorophenyl)-1-[1-(pyridin-3-yImethyl)pyrrolidin-3-yl]-1 H-
imidazol-5-yl}pyrimidin-2-amine
4-{4-(4-fluorophenyl)-1-[1-(pyridin-2-yImethyl)pyrrolidin-3-yl]-1 H-
imidazol-5-yl}pyrimidin-2-amine
4-[4-(4-fluorophenyl)-1-{1-[(2-methyl-1,3-thiazol-4-yl)methyl]pyrrolidin-
20  3-yl}-1H-imidazol-5-yl]pyrimidin-2-amine
4-[1-{1-[(2-cyclopropylpyrimidin-4-yl)methyl]pyrrolidin-3-yl}-4-(4-
fluorophenyl)-1H-imidazol-5-yl]pyrimidin-2-amine
4-{4-(4-fluorophenyl)-1-[1-(isoquinolin-5-yImethyl)pyrrolidin-3-yl]-1 H-
imidazol-5-yl}pyrimidin-2-amine
25 4-{4-(4-fluorophenyl)-1-[1-(1,3-thiazol-5-ylmethyl)pyrrolidin-3-yl]-1 H-
imidazol-5-yl}pyrimidin-2-amine
4-[4-(4-fluorophenyl)-1-{1-[(5-methylpyridin-2-yl)methyl]pyrrolidin-3-yl}-
1H-imidazol-5-yl]pyrimidin-2-amine
4-{4-(4-fluorophenyl)-1-[1-(quinoxalin-5-ylmethyl)pyrrolidin-3-yl]-1H-
30 imidazol-5-yl}pyrimidin-2-amine



444- (4-fluorophenyl)-1 -{1 -[(1 -propyl-1H pyrazol-4-yl)nethyl]pyrrol

idin3-yl1-1 Himdazol -5-yl]pyrimdine

52- cycl opvopyi/051§58344- (4- f | uor ophenyl) -5-pyri mid i n- 4PgIAR20kb/HIW749dazol -

- yl]pyrrol idin-1 -yllnethyl)pyrindine

4- ({3-[4-(4-fluorophenyl)-5-pyrimdin-4- gl 1H i m dazol -1-yl ] pyrrolidin-1-

yl | met hyl ) pyri di ne-2-carbonitrile ) 444- (4-fl uorophenyl)-1 -{1
-[(1 -methyl -1 H pyrazol -3-yl)nmethyl]pyrrol idin- 103-yl1l-1

H-i m dazol - 5-yl ] pyri m di ne 444- (4-fluorophenyl)-1 -{1

-[ (6- et hox ri rol idi - y1]l- -

H[I(m dazol - ypzl ] p‘{/?‘} ?ﬁ \ﬂp%r@pth Xyrl) qy[r1 (qumoxaPn-%-y%e%h;}l)pyrrol|d|n-3-yl]-1H-

4- ({3- [ 4- (4-ifligonBOgmh@nPYahimei n- 4-y1- 1H-i mi dazol - 1-yl ] pyrrolidin-1-
yl I met hyl)-2-met hyl pyri'm di ne 15444- (4-fl| uorophenyl)-1 -{1

-[ (5- et hyl pyri d|41E42(45fﬂl)l<Dr@ph9n}'IW|={r1e[l(6meihﬁpylrldln 3yl)methyl]pyrrolidin-3-yl}-
H i m dazol

({3-[4- (4#”&%69&9’1] y%mW'?lzni?'Bir}‘?4 yl-1H i m dazol -1-yl ] pyrrolidin-1 -

5-

yl'I met hyls) qui noxa-[e-fluorophenyl)-1-(1-{[6- nfluorometh )pyridin-3-

4- ({3-[4- (4f|uoro[hg4n ¥|)m(d|{r[1 3, |my&%yzol 1-yl]pyrrolidin-1 -
2

oyl | met hyl )yhyethyl W@%fld)m 3- yl)41/{44wda2|ql 6@6]@%@1#%)2-@%6 (1
4:;:4t ?IAfa?FLo?o%Len{/W Qlﬂgé@%hkﬂgl) L@%hyj‘?_% ‘W ?F@%{'LAHW S)rl]oﬂ_ll di n- 3-

y1l1l-1 Hi m dadddzob-5WI]agyimidinc2-aeine
252- ({3- [4(4f|uoroE)1heny) 5-pyrim di y1l-1H i m dazo] %pyrrolldln 1

-yl I met hyl ) qui ndxhl- EU&QWQIEY'rUéMfﬁ?&Wl}}U@eUWHDW[Q'P'D |$9)f|}1 (31

H pyr azoly- 5- r H i m dazol - 5-yl rimdine

5- (p¥3 [Z?lI (4- qu uor oé}w nJ)e ”rn az?f?wgé’ﬁ”ﬁ&@? lH-: m daiol l-zl ;jl Bzrlrol i :ji n-1 -
30yl I net hyl ) - 2- n&t- W(@ﬂmrmpdenyd) 1-{1-[(6-4thylpyfidioc2-gpmetthyl]pydoldit-3-yl}-
-[(2- rrethoxy ridj ﬁ?&#h Jlgpyrrol idin-3- yl1-1

H i ni dazol - y'I' PAIRYIMIAING 244 (4- | uor opheny1) - 1- { 1- [ ( 5- met hoxy- 1

, 3-di et hyl 1H pys- P@@i ﬂéoropheny|)1 -{1- [(1 -methyl-1H-pyrazol-4- yI)methyI]pyrrolldln-
yI)nethyI]p rrolidin-3-yl1-1H1 m dazol -5-yl ] pyrirm di ne

5444- (4-f1 uo'i -giptiéhimigdazol-g-yl]pyrinidineg opr opyl - 1 H-pyrazol
Sk (4 TPuor opherfy -G tiobor e RUERES It 4. 414 @%@zﬁ'yﬂ]vgwewa. 3y 11
H-i m dazol - 5yhdtAynguihéxdlme
4-[4-(4-fluorophenyl)-1-{1-[(5-methylpyrazin-2-yl)methyl]pyrrolidin-3-yl}-
1H-imidazol-5-yl]pyrimidine
4-{4-(4-fluorophenyl)-1-[1-(pyridin-4-yImethyl)pyrrolidin-3-yl]-1 H-
20 imidazol-5-yl}pyrimidine
4-[4-(4-fluorophenyl)-1-{1-[(5-methylisoxazol-3-yl)methyl]pyrrolidin-3-
yl}-1H-imidazol-5-yl]pyrimidine
4-{4-(4-fluorophenyl)-1-[1-(pyridin-3-ylmethyl)pyrrolidin-3-yl]-1H-
imidazol-5-yl}pyrimidine
25 4-[1-{1-[(6-ethoxypyridin-3-yl)methyl]pyrrolidin-3-yl}-4-(4-fluorophenyl)-
1H-imidazol-5-yl]pyrimidine
4-[1-{1-[(5-ethylisoxazol-3-yl)methyl]pyrrolidin-3-yl}-4-(4-fluorophenyl)-
1H-imidazol-5-yl]pyrimidine
4-{4-(4-fluorophenyl)-1-[1-(1H-pyrazol-3-yImethyl)pyrrolidin-3-yl]-1H-
30 imidazol-5-yl}pyrimidine



444- (4-fluorophenyl)-1 -{1 -[(2-methyl-1 ,3-thiazol-5-yl)nethyl]pyrrol id
in- 103-y11-1 Himdazol-5-yl]pyrimdine 4-[1-{1-[(1

, 3- di met hyo-20H/03y858z0l - 4-y1) net hyl ] pyrrolidi n-3-y11- 4- ( 2€T/IB2010/054749

fl uorophenyl)-1H i m dazol -5-yl ] pyri m di ne 444-(4-fluorophenyl)-1 -{1

-[ (6-net hyl pyridin-3-yl)nmethyl]pyrroli di1r6-3-yl |- 1

H i m dazol -5-yl ] pyri m di ne o

154-[1-{1-[(1-ethyl-5-net hyl- 1H pyrazol -4-y1l) et hyl ] pyrrolidin-3-yl1-4-(4-
fl uorophenyl)-1Hi m dazol -5-yl ] pyrimdine 4-[1 -{1 -[(1 -ethyl-1

H 4 3;%' f1'5§';|) f%@-@f'—kﬁ!-ﬁﬁr{g%'heir@l)j1r-'['1‘?’('p%éih‘-lz'-ﬂ/flrﬁetH/H&r?&fb‘?r?- Vit

5-({3-] 4‘(4‘iHid’é¥dP-lBh)ﬁ}B§/¥i}ni§'rn€yri m di n-4-yl-1Him dazol -1-yl ] pyrrolidin-1 -
20yl | met hy1) - 2- propyl pyri m di ne 4-{4-(4-fluorophenyl)-1 41 -(qui noxal
i n-6-yl met hyl ) azet-[4d(hiigerpphenylH1-{1ak 1 -taemyl-151-pyiagol-4 ml methyimatidine

s (o worphen kool bR YT L8 L3y ety Jazetd
LG e By ek, M3 e dbogfient humar i tioelt
- [ (2- met hoxm}émr@hﬁin:%yl}m}em’d)ﬁyriv@@@@i din-3-yll1
(6 met hoxypyr | T RLORARUE R PPASR ok -Aibyrroldin-1-
H-i m dazol - SAyhéthynpyridiher22carbomicrile 12-
4-{4-(4-fluorophenyl)-141-(qui noxalin-5-ylnethyl)azetidin-3-y1]-1 Hm
i dazol - 5-yl | pyri rfi-ifi- -ﬁu%{@phgnyl)-1-{1-[(1-methyl-1H—pyrazol-3-yl)r_net_hyﬁpyrrol|d|n- .
.43328? 1‘51I0;|()]r%8|?le]?n¥@Ig%&?ﬂ&ﬂ@rﬂﬁfdh}yel 2-furyl)nmethyl]azetidin-3-y11l-1 Hm
54- ({4-[ 4- (4-f | uct-pptefydrpopbepyl)-1aildi Brnethdxyidyridim-8gt)otethyYdyirmlider-8di n- 1-
yl}-1H-imidazol-5-yl]pyrimidine
4-({3-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-yl]pyrrolidin-1-
yl}methyl)-2-methylpyrimidine
15 4-[4-(4-fluorophenyl)-1-{1-[(5-methylpyridin-2-yl)methyl]pyrrolidin-3-yl}-
1H-imidazol-5-yl]pyrimidine
5-({3-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-yl]pyrrolidin-1-
yl}methyl)quinoxaline
4-({3-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-yl]pyrrolidin-1-
20  yl}methyl)pyrimidine
4-{4-(4-fluorophenyl)-1-[1-(1,3-thiazol-5-ylmethyl)pyrrolidin-3-yl]-1 H-
imidazol-5-yl}pyrimidine
4-[4-(4-fluorophenyl)-1-{1-[(2-methoxypyridin-4-yl)methyl]pyrrolidin-3-
yl}-1H-imidazol-5-yl]pyrimidine
25 2-({3-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-yl]pyrrolidin-1-
yl}methyl)quinoxaline
4-[4-(4-fluorophenyl)-1-{1-[(1-methyl-1H-pyrazol-5-yl)methyl]pyrrolidin-
3-yl}-1H-imidazol-5-yl]pyrimidine
5-({3-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-yl]pyrrolidin-1-
30  yl}methyl)-2-methylpyrimidine



yl I met hyl ) pyri m di ne

4-{4-(4-fluorophenyl)-141-(1, 3-oxazol -4-yl nethyl)piperidin-4-yl]-1 H im

i dazol - 5-wbl2pywasmssdi ne PCT/IB2010/054749
4-{4-(4-fluorophenyl)-141-(pyri mdin-5-yl nethyl)piperidin-4-y1]-1 H

10i m dazol -5-yl | pyri m di ne 11.

2-cycl opropyl- 4- ({444- (4-fl uorophenyl)-5-pyrimdin-4-yl-1H i m dazol -1-

yl ] pi peridin-1-yl | et hyl )pyri m di ne

4- ({4-[4-(4-1I uorophenyl) 5-pyrimdin-4-yl-1H i m dazol - 1-yl ] pi peri di n- 1-
yl I met hyl) - 2- rret

54”4 {41 uor ognR) CaropREpy i dsid R me P revisiny SRR Ry U P 4- y 13 -
1H-i mi dazol -y yhLiRyddZ8)- @me%nm. o
4-{4-(4-fludrophenyl)-1-[1 soxazol - 3-yl net hyl ) - 3- net hyl pi peri di n-4-y1] -
1H-i mi dazol - 5- yl |5{A-(4fldonepheayt)-Ael1-[(5- methoxy 1 3 -dimethyl-1H-pyrazol-4-

T A SPTR A X i 1 o1 per 8-y

4-{4- (4- 1l uor ophenwl4rﬂu&rbphlaﬁmcaZ{qL[(&sdpm@éﬁw/—)p?raf@t hy! pi peri din-4-y1]-
1H i m dazol -5-yl |l p

4-{4-(4-fl ucw)cmtémﬁy/mgrrq@[rmwl}sw-cmﬂazsﬂy’iryﬂm/ﬁmlqme met hyl pi peri di n-4-y1] -
254 {4 (4 11 vor oph bRy L) S4/ePhery Lt methy Rurdiprd YAmeRAIRY BRI YK 4.y -
1H d | -5t I-53 iemidi

4- {I4m(4aleouoro%gr?¥b ) :slr(])?(azol ?1 yl pyrrolidin-3-yl]-
1H i ni dazol - 5-yI | i}yzﬁl@ﬁ)r@péeamﬁeﬂ -[(2- methyl 1 thiazol-5- yI)metP{yI]pyrroIldln-
4-{4- (4-f 3-yl net hyl) - 4- met hyl lid 3-yl
301141 i Gazo T I uarol Sy bBRARAR, - Y= Y ) FY Uor ophenyD) 1
-[1 - (isoxazol - 3-4/[1rEt-[{(§ | I-diBretbyli-pyyazodid - yI)Tnehthpyr‘]tc}h:dniBl-yl} M (4-

eonazol” S sagmrigde 178D
H(: ;ﬂoggsg: 4 z: 'rmrkrgiﬁ Fz) ﬂﬂ&%’ﬁﬁg |§cg )(/{ﬁr[gé H%tﬁﬂb?ﬁdlﬂa)fs }I)mbilhyl]pyrrolldln 3-yl}-
1H—imidazol 5 -yllpyrimidine
15 4-[1-{1-[(1-ethyl-5-methyl-1H-pyrazol-4-yl)methyl]pyrrolidin-3-yl}-4-(4-
fluorophenyl)-1H-imidazol-5-yl]pyrimidine
4-[1-{1-[(1-ethyl-1H-pyrazol-4-yl)methyl]pyrrolidin-3-yl}-4-(4-
fluorophenyl)-1H-imidazol-5-yl]pyrimidine
5-({3-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-yl]pyrrolidin-1-
20  yl}methyl)-2-propylpyrimidine
4-{4-(4-fluorophenyl)-1-[1-(quinoxalin-6-ylmethyl)azetidin-3-yl]-1 H-
imidazol-5-yl}pyrimidin-2-amine
4-[4-(4-fluorophenyl)-1-{1-[(2-methoxypyridin-3-yl)methyl]azetidin-3-yl}-
1H-imidazol-5-yl]pyrimidin-2-amine
25 4-[4-(4-fluorophenyl)-1-{1-[(5-methylpyridin-2-yl)methyl]azetidin-3-yl}-
1H-imidazol-5-yl]pyrimidin-2-amine
4-[4-(4-fluorophenyl)-1-{1-[(2-methoxypyridin-4-yl)methyl]azetidin-3-yl}-
1H-imidazol-5-yl]pyrimidin-2-amine
4-[4-(4-fluorophenyl)-1-{1-[(6-methoxypyridin-3-yl)methyl]azetidin-3-yl}-
30 1H-imidazol-5-yl]pyrimidin-2-amine



1 Himdazol -5-yllpyrimdine 4-{4-(4-fluorophenyl)-1 -1

-(isoxazol -3-ylnethyl)-3-nethyl pyrrol idin-3-yl1l]- 1

H i m dazovo2euldspsssi m di ne 4-{4-(4-fluorophenyl)-1 41 PCT/IB2010/054749

- (i soxazol - 3-yl net hyl ) pi peridin-4-y1]-1 H 10i mi dazol -5-yl | pyri di n-2-am ne
and the pharnmaceutically acceptable saltgﬁof each of the foregoing.

I n anot her enbodi nent, the invention rel[dtes to nmethods for inhibiting
casein kinase 1 CKl delta or CKl epsilon activity in a patient conprising
the adm nistration of a therapeutically effective anount of an inhibitor of

casei n 15ki nasel lta or psilon. . | n anot her_e i ment, the
i nvention rel at es4%(‘gfgk’ﬂr(9@598%<1]1ﬁ[ﬁr@wmor¥§l'%‘z?é\é'm?tmﬂ%?bg@ﬁ'yﬁ%ﬂ%a or CK1
epsi |l on act iiHicﬁéﬁo‘MBi-)ﬂ%b HRSHInL2-amise | engt heni ng of the circadian rhythm
period. In another € dinment, the invention relates to a nmethod of
treating a 20 nobfi-Gi-8eordpheonyl)-d-dHéemeathyle2-fay)oetmlazetidintdrgl}-1H-
adm ni st rati.ond of 2 trer.ﬁﬁ$uté<cal.l effective anount of an inhibitor of
casei n ki nad&{ 9&91 a\éF}yQ N anf) ilon. In one enbodinment, the invention
rel ates o0 a et hpg4dl-GrRRrdpefy| S5 PHANIEF-gef H-imdaof-u iyl fpgierriiadi ment ,
the sleep disorder 1s a circadian rhythm sl eep disorder. I'n yet another
enbodi nent , Mineetoyhryimidine hyt hm sl eep 25 disorder is selected fromthe
group consi sting pt, shif 14 j [ I rone ., .advanced
sl eep phase syndrégiﬁefgﬂﬁéggﬁ%b%@ 1§[ﬁg(e183 %gé%g 4S¥Wrtg¥}g9pér¥d’\ﬂ £Wi1rll_Pa further
enbodi nent , iigazongeyilgyeimidieeat es to a nethod of treating a nood disorder
selected fromthe cé;é{(()w consi sting of a depressive disorder 30and a bipol ar
&

di sorder. |In anothét-(4shree@rheny))drlryrimidism-yimethyljrivendin-4-Widfessi ve

di sorder,n S ;IR e disorder. In a further enbodi nent of the

i nventi o1r?, Iﬁﬁdérggégemp?g@dgﬁﬁei s a bipolar disorder. In another enbodinent,
t he bi pol ar di sordeyclopropgl-&4{dH#-(4-tuoropbegylpbpyrivnidinsdiyhd Hoimidazmi tar |

di sorder and bipolar |1l disorder.. 51 n another enbodi ment the present

i nvent i on pr%?#%é@%f%é’%%tﬁwpwm'gmeng neur ol ogi cal and psychiatric

di sorders conpri f54-({9,_'~[45(qfﬂu&ré;§r%r\w)g5lp9riﬁ1ic'iTPrmT?IMﬁﬂmﬁfﬂ%’éﬂﬁ -ﬁqui@rmound of
formula | effective in treating such disorders, or a pharraceutically
accept abl e sdinethileZemethyesuinoidisgi cal and psychi atric di sorders include but

are not |limted tp; te neur gi.cal an I jatric disorders such
as cerebral defic '{%?Agﬂﬁé@ﬁﬁgﬂ%'ﬂéhE@Srodﬁgﬁgl'%Vﬁggﬁg?rﬁ@@ﬁB'Rﬁﬁgpqéf'tyﬁhg,

st roke, cereh-q@hidaighgryi}p rigidina®-a@@ied trauma, head trauna, perinatal
hypoxi a, cardiac arrest, Ky o] ¥cem’ c neuronal damage, denentia

gl . ntia,
Al DS-i nduced demehi4-&-flvaropheny)deltelita@zons-yeaetwhehmedrypipgedinssyli at ed
nenory i npaifmeniy. A Zha " S G e, Huntington's Chorea, 15
anmyot rophi c 1at etdglz'é{sélygpgﬁhsoﬁn ?C%rﬁg’fe damage, retinopathy, cognitive
di sorders, i ncl udi-{tg(4fgoidpheaylgi1sdr(kxazels3-gimethgt-dsidihydpiperidiph4-gt)i a and
bi pol ar disorders, idiopathic and drug-induced Parkinson' s disease,
muscul ar20s padiMiglegoliP PN sd®iNt ed with nuscul ar spasticity incl udi ng

trenors, epilepsysLon i marad 1g i ﬁ{@@ﬂ i NAEM_
i nconti nence, sub%iﬁﬁlgg%?gﬂt@@ l%;pa C(Z%d&?ﬁgl&%ﬁﬁ%t’ﬁ%)ﬁ ra ﬁlpe‘\;‘\na!tnhﬁ?gml
from opi at es|Himdaizohe:yljpygtisdtioe pr oduct s, al cohol, benzodi azepi nes,

cocai ne, sedative h otics,.,psychosis, mld nitive i.npairpent,

ammestic cogniti v‘é‘{‘}'%ﬂv?%@ﬁ?f‘y'ﬁfﬁr&% '%ﬁﬁ?llﬁg'é’gaﬁiﬂyl)%%%P'Pﬁﬂ%faﬂﬂgsi ty,

schi zophr eni g-i4iz6L5-yIB9ARIAhe zed anxi ety di sorder, social anxiety

di sorder, panic disorder, post-traumatic stress 25 disorder, obsessive

conpul sidse di sor def4-(hiearopheoyiddr(d - (istxpzel3iybnethybr-methylpipesdindd-¥br der s,

trigem nal r I h .ne:l oss, tinnitus, macul ar degeneration of the
il T

eye, enesis, acute and chronic pain states, severe pain,

intractabl e pai n,4-{$(1¢-ﬂ96rfdph@npli)\i1n[i1 - (U zbl- YA ing| )R hethylpy@olitin-3-yI]-
dyski nesi a, sleep disorders, narcol epsy, attention deficit/hyperactivity
30di sorder, HiimiazolagySpydmiding-a@i¥e, and conduct disorder in a mamal .

4-{4-(4-fluorophenyl)-1-[1-(isoxazol-3-yImethyl)-4-methylpyrrolidin-3-yl]-

Q

30 1H-imidazol-5-yl}pyrimidin-2-amine



-15- Accordingly, in one enbodinent, the invention provides a nethod for
treating a condition in a mammal, such as a human, selected fromthe
condi t i onsOabovesissgonpri si ng adm ni stering a conpound ofPcCraBmb/es474% o t he
mammal . The manmal is preferably a manmmal in need of such treatnent. 5As
exanpl es, the invention provides a nmethog for treating attention
deficit/hyperactivity disorder, schizophrenia and Al zhei ner's Di sease.

I n anot her enbodi nent the present invention provides nethods of treating
neur ol ogi cal and psychiatric disorders conprising: admnistering to a

ot roati ng such G-I BENRRAoRpsHaOr SHERROV TR Gprr i iy iced i n

conbi nation W_quﬂlo%agpgy 1p§hMidiS-28@fHe Such an active agent may be, for
exanpl e, an atypi cal t'l psychotic, a cholinesterase inhibitor, D nmebon, or

NVDA r ecept or antdagbm ﬁuoro@hehylaﬂy[ﬂr(mxaanltBwﬁyeﬂlwt)r%metfmsdpym@jdlrb@tylhre not
limted to, F C oz | ne, ol anzapi ne, risperidone, quetiapine,

15 aripi pra d%’ 'ﬁ'é/}PéﬁBW Such NVDA recept or antagoni sts include but
are not Isi m ted tﬁ{ﬂ%ﬂﬂéﬂd@ﬁen@l?—d -BUesoxakel- wﬁﬁém@/asemeﬂ@lbymroﬁmrmj ude
but are not limted to donepezil and gal antam ne he invention is

al so direct eH"‘ﬂrﬁld@ZQhéTyHQM@rmd“&%I conposi tion conprising a corrpound of
formula I, anda C I tion
may be, for exanp ‘gﬁg@% :@%ﬁ oﬁﬁf@ﬁ{agglé -Iylnrégtg?/@ hf'e[t?%é-%?ol ect from

t he group Cmﬂiimtdalzgl Blyllpetimadiegi cal and psychl atric disorders, including
but not limted to; acute neurol ogi cal and chiatric di sorders such as
cerebral deficit ﬁl%ﬂﬁ%@@hef‘ﬂ)éaﬁ%ﬁ'%a@b 'sy siwheirgridindtytlakii ng,
stroke, ger r %@1 i 25
hypoxi a, %caﬁﬁ{&ééchér%(r:ﬂwlahy%%ﬁ @%e%nﬁ(?:qn%u onal gall}f %&%@n%tﬁ%f% it 2o

Al DS- i nduceccabbrafrihé doregaggul ar denent i a m xed derrentl as, age-associ ated

menory irrpairrren Al zhei ne . di t|n t.ophi c
arer i sorer oo dh e Sandiseets Bie Inysbng el PG s JERLIRG

i ncl udi ng cqogyaeld Nlﬂagé QOCRqréelf%r'SétOGKart@&ll%tébtﬁﬁiﬂ'lr?%péﬁt%'t %omush@%ar
di sorders, 30idiopathic and drug-i nduced Par ki nson's di sease, nuscul ar

spasns and -adminiitratiot cofsa dsegrapeatieallywefféctivesambent sfnagtmbibutpr ioffi lageinng
trenors, epl 1.grai ne, mgraine headache, urinary

i nconti n ﬁ%%s?gﬁcd\éﬂ? rctﬂg%@?sgcghbst ance withdrawal, withdrawal from
opi at es, n| cotingp érﬂﬂlﬁ@rcémbb@dﬁérﬁts th@hrﬁ?\ﬁ&mbn Hé%lé@do &ﬂ@ﬂhbﬂ@sof mmmmge
sedati ves, and phgnotl CS, psy ch03| s, mld cognitive inpairnment, amestic

cogni tive i r¥@PIMERBSE falt F‘elﬂ@@é@KtG@ﬁi'Qﬁ 66t'\("i¥p\é(h'ﬁﬁerﬁ’§l1|tdjbéslﬁﬂgthen'ng
schi zophr eni d anxiety disorder, social anxiety
di sor der, pacﬂrl Qggﬁ!s:%&r érérreﬁﬂ l?lé'{tlc?ogumatl c stress di sorder obsessi ve

conpul si ve di sor daranatimerderdbedintat sthediepertion miatelsﬁt)laimdmh@@baltredhﬁ@rader s,
trigem nal neurdal al a, hearing | oss, tinnitus, pacu 10 degener atl on of

r
t he eye,20end8PIS »sarq%reaén% slggPn disEdRre CQH!:P@HTQ)HE@ paMinisialiery ofs@ver e
pain, int ra%%%lg%uﬂ ef?é'dﬁ'v@pé}ﬁgur?t SFHMinhRFRr of Eﬁé‘%ﬁﬁ%ﬁaé@' @K1td?élt‘é oré
dyski nesi a ders nar col epsy, attention deficit/hyperactivity
di sorder, autks$ mpsmmdngme embodmé tMndverairmlumﬂatdsﬁoradeethod af tneatingl |

conpri sing adm nisteri n_e ctiv npound of for Ialor
Sphar macoutd Slaer, dsbicn, B pcuchet srdtiBent s JedR Amiten e ticpdian
accept abl e GAYIHNEEleepBsERBP IR et %ﬂoﬂfér'é?ﬁ@édlbhefn%”thé%’ rcBQIER h§ 8 %Raep
atypi cal antipsychotic, a choli'nesterase inhi bi tor, Dimebon, or NVD

r ecept or25ant@E$ALE IS saacueada‘fcyputbalgram iCpByisting io& shifnapridsleep wisareer, n@t

a1 pi pr azol d20SBRSRS 20 FRBRr S, BLARA Wbl SRR AR 8P e bu
are not i mque.drdmerrerrantl ne; and such chol i nesterase i nh| b| tors include

but are not I'imted to donepezil and gal antam ne. conmpounds of
the present inveridofyriaes emté%"”ﬁéabtﬂé%l inventiae relgéen foca f’%@h% of treating a
antiprolifer e,

agai hst sof ITPPURTEREE SekEtel frof MiE choyT Ron LG e Yepresehve bistRler.

t he conmoundmdofat bleotareslwmtrdemvbntamm:r eembediumentnof hwepnmniunontmnd
treatnent of a variety of human hyperproliferative disorders including both
mal i gnant and beni gn abnornal cell grow h. The conpounds,
conpositions and net hods provided herein are useful 30for the treatnent of
cancer including but are not limted to:



-17- circulatory system for exanple, heart (sarcona [angi osarcons,
fi brosarcoma, rhabdonyosarcoma, |iposarconma], nyxonma, rhabdonyoma, fibrom,
| i pora amwtot2erizisessd) , nedi asti num and pl eura, and ot her PCmiBzbYe34a€9 C
organs, vascular tunors and tunor-associ ated vascul ar tissue; 5
respiratory tract, for exanple, nasal cayity and m ddl e ear, accessory

si nuses, larynx, trachea, bronchus and fung such as small ceII | ung cancer
(SOLO), non-small cell lung cancer (NSCLC), bronchogenic carcinona
(squanous cell, undifferentiated small cell, undifferentiated |arge cell,

adenocar0|n al veol ar (bronchi ol ar carC| ma, bronchi al adenona 10
S ) I TR R O A SR
gastroi nt esttha%verﬁi@h AL o RSEBNROMBidoRAH BB IRl o drfiE@ment,
adenocar ci noma, | el onyosarcoma, |ynphoma), stomach (carcinoma, |ynphoma,
| ei omyosar cdha)blpwjalsdtsorqerpawsele@m (rom:tfwl gradienenrsistingaefenipolas lidisooser,

gl ucagonorra I %arm noid tunors, vipom), smal | 15 bowel
(adenocarci 'pPQ?ﬁE ﬁ% ®Earcinoid tunors, Kar posi's sarcoma, |eionmyona,
henangi oma, |i porg, aﬁ@thé@férﬁb&m’ﬁwenft'théoﬁ@sent ah@@wti@fh\ﬂlﬁ?oﬁ@@?ﬁﬁét%b@sn@m
t ubul ar adenoma, villous adenonma, hamartoma, |eionyoma); genl tourinary
tract, for és@aamgeﬂeu(pmgwl @ﬁém@ar&’é”%ﬁmrd%IQﬂrﬁpfﬂ%mra pmistering to a
[nephrobl ast I m%[m k I n r

cell carci norﬁra%arlanm %@nél é’fgglﬁ%ﬂég%%n&rjlgﬁaqgﬁé %ngcﬁégﬁ\%eom)t'%a('ﬁgw

(adenocar ci rdiserdersr soaepharnesdduticalibe rcoeptable eaht hereofe Muuyologlcat aing nona,
terat ocarci noma, choriocarci noma, sarconm, interstitial cell carcinoma,

fibrome, fithY5hBHEAEIScRdRIROMAILUSIEdDELARR $10t IliTledajo: acute neurological and
251 1 ver, formwﬂaﬂné‘%@?&&@@& ESrléb‘r'%laﬁﬁéfﬁflt% mueﬁm éé}‘a'iétceyﬂés%om

hepat obl ast angl osar cona epat ocel ar a hemangi o
pancreatic eudgenyi aedtgnaiting, (siuake, acerebrad dsclemiay tspires| wrslutraumma head

vesouct Vo |pesl, BelnBEPl 8, Mgt oAl B b B T A 9RREE)
fibrosar CO”%enﬁ&ﬁt!aQ'ﬁ@DB |ﬁrt]lgéé’dlaeﬁieﬁftlbo9’c¥§d&'lﬁ% derReRH, ‘?ﬁli‘é&‘a%erﬁ%”ﬁgé—

sarcoma, malignant | ynpho (reticulumcell sarcoma), i pl e nyel Omy,
mal i gnant g|a>a$00taé¢d reemory dhpaidosal, Akheiseerisonisease, (rtmtlegt;ms |Qh§mjea,ous

Lo a Bl afib e RIRRT seRRoyS, R BREES TRringRany, ifd Bis8ls ) .

neopl asms of.mt:m@m%e@bgaituvaeUi@@#@er@y%tsgmué@tismltmrsmoph@iﬁal wAghepvlarskul |
cancer (osteoma, hemangi ona &ranul oma, Xxanthoma, osteitis deformans),

moni nges ( mEHSAGRBTTIOpRYRAN eréﬂ;!i}d@@ﬁd Paskingaras slisense, Bruscwlas spesms
|
o1 obl aat o BN EU TS REoa T aaant By R S ncREf] B R

congegl t al tamus)on§]gn@aélnepmgrwmé cbfealdeohe, u:'mamwgicon’anergicf mStarftreclzgna) ;
repr oauct i ve system or exa neg | Ca uterus (endonetria
car Ci nor?!(Q) tplsranse, (%J&S\WQ% %QS@V% tﬂg@%"’qluﬁ‘ﬁm %@atﬁscéquy@pﬁ%%%?p
ovari es ov ar Cl
Hrbalicts 2" SO i)?rﬁ‘z'ecgh‘izeﬁﬁﬁésa BOE4IAE! ve@%ﬁqo%ﬁqotut Siror s,

cystadenocar0|nona uncl assi arci noma], granul osa-the
Sertoli- Leycpsgcbeskls trﬂlldocegniti\ysgepairmma ammaksiim @ngnitige atrmai)nent umuti-

{1 br osar comOTENFEARNE VAL SRPSEL FOLEPEN B, SHRb I Eared
car ci noma, b ét?'di’so?ééﬁ%%laﬂ %ﬂ?fel/@ﬂ%brdé}aﬁﬁﬁi&y&%%ﬁf@st iR Stfedsubes
(carcinoma) and other sites associated with fenal e g@nlta organs;

pl acent &5 pe;hwdeprctmeas@e Q%@mulslvemrdehénow digor §odealte§§lqm, manial e

and chroni 1oboal SHRPRS Trigbind! ifoia; BT RS, T YRENEE, e R ©

| eukem a, W?fhéﬁétld‘nebﬁthe\/@yéﬂ erAasies brathilddeph paie] acite anetidnspbamt i ©
syndrone), kin's di sease, non- Hodgkl n's | ynphoma [ mallgnant | ynphomg] ;
oral cavity, Stiﬁt@ﬁ SRueAs Bain, .Irptraqtahlgu@amgmwrwai i€ BRinmbEsh ra\é@laﬁfieoa"&nd

other parts t8{dux9@ﬂ&9kun8§1fa°%le% 9&u§8fberé‘”ﬂar%fé%rs pgft%ﬁtléﬂ dERGYRFbAkEfivt
onsit, ‘orophary Eéy alrynx,

gl ands, -19 X, nhasopha rm sinus,’ hypop
and ot hezo sidisarden abtisrh) [A\spergdrscdhsease aaddpnttmo&umk .disorder in a mammal.



skin, for exanple, malignant nelanoma, cutaneous nel anoma, basal cel

carci noma, squanous cell carcinoma, Karposi's sarcoma, nples 5dysplastic
nevi, |i peoepiizosgesema, der nat of i broma, and kel oi ds; adr ecahBylienTII49
neur obl ast oma; and cancers involving other tissues including
connective and soft tissue, retroperiton %yn1and peritoneum eye,

i ntraocul ar nmel anoma, and adnexa, breast head or/and neck, anal region,
thyroi d, parathyroid, adrenal gland and 10 other endocr i ne gl ands and
rel ated structures, secondary and unspecified nmalignant neoplasm of |ynph

nodes, seco nant neopl.as respirator nd di gestive systens
and secondar%gﬂq%qﬂ'ng& Ohe shmsaaiTant dhedrvateBsPTolishe & e (o reAing
exanpl es of 3 ¢BRARBbN MWNEMERRLaINQUEhNad B h&é'haﬁors@ﬁ-fdté@rfrdmttheté&]dwcﬁfsent

i nvention include cancer selected fromlung cancer (NSCLC and SO.O), cancer

of the head ahOVﬁe@lornpmsmg adnuristesing & atampeuntt of formedaal tmﬂmenamaaahcer of
the anal re st o br east, .canc canc of the kidney or

ureter, rena h%Qaﬁ@gpél%8%£%¥§r@Pm 'BPeFﬁéjftSHﬁE\ reﬁ@”f‘@% neopl asns of
the cent sal nervons exufiptes, (ShveplibiTroviEdS a MethydrbenReatingnatt@dtwh ns' s

| ynphoma, spinal axis tunors, or a conbination of one or _nore of the
f or egoi ng céiﬂf@rt@yperaCthltBﬂISprd%S@hlé‘p@Uﬁﬂl&:@ﬂld plzhejaans Bisestse! cancer " when
e rer el N SNSRI, hhdi AESBsehp AN, LRGIAES HERERE o

selected fromlung cancer rea cer, ovarian~cancer,

col on cancertreatidy MerbRgicarReErpsychlztis dorddre @md)rusruegl axlimlrﬂnfteﬂng to a
conbi nati on of one or nore of the foregm ng cancer

embodi ment  dtatieRk iHMesEntnereRieal iaROWH O n@rﬁ%ﬂ@&%% f‘éwatll 6ﬁ%CtIVﬁ’clnude
such hyper pl i su a V. i e.g.,
coori ol PLfedinG, Seddiederss (Thel foBBLAS SYRATRIAT & SHijghpfy Useh

As not ed ab(noenbinaborcwmboandmeofacmhe agementSuoh rmyab’eweusagdnt mawbb; M@t i on
with one or nore additional tt -c%r(ljg.er aﬂ nI x% E]%i des ed bel ow.
When a conbiRRIG eReFYpIFel ?ndQ@é‘_f iffe BoRROIESIRSREE 4R tP'bn N:-Yancer
agents may Qevadtedepi& %a?@ﬁié?%u@ri bgp%al a'%tu?éyr@Hdt@QQﬁélébé M\bttﬁret A&t
corrpound of the invention n one enbodi nent he additional anti-cancer
agent is adrﬁrrmmt efoed zipsasidaaesretlozapige,, dahmm pm$nﬁﬂdooeadmmimln@,t|on

of the G npound of the i.nvention her odi.nent... th naI

anti - canger Stbdhipeol” AR SerONBRA T8he SR 2 EOtists: HELBRRRYA®r ¢ ne
conpound of rdiainiftes hidmantihearpidhglich tRolaTEeshaBENhhibite ndlidel l@urtaére

anti - cancer c3ent is adnministered to the namal (e.g., a human)

si nul t aneoudS} lifited t@rﬁ@n@@ﬁﬂhaatﬂ@aiar&amme the compound of the invention.
The invention al e ar ical, c f
treat nent of abni&n%l h% 'S a%t& dTPe%'?éft t% |F§1H(H} |Ctr?gﬂ§alh%§arﬁb%vﬁn h 15

conpri ses arcomnmiging of @nmnumuod fomeIar lrulaadla @mrdm‘ceuacblbyba\zeemtabel udi ng
hydr at es, sol vates gnd oI rmr@hs of said conpound or h ceutl cally
accept atfile AT ¢ i BN A&t IYrEXATNEoReCYPP 9rr HP@V%Iay one

to three) a C Sele i
ant i angi ogerrlgedsnldgﬁieﬂl]g%llte gt%gmﬁé?l g]lr?a IIO(?‘fra)ans ctE%RQPEHR%@g@sgg%Eg gé’rﬁ!atr!c _
phar maceut i cisdrgders20inaludéyg dhit enatalimited , tonteudé meulrelogmahrarsj @isychiatract i ve
agent and th nmbi nati on anti - ent s as a whole is

her apout i cAIPGSBRT Bik 98 CPERDIEF Qs S LRP S oA SO ags SHGETY and

oat Ur at eq hylie g Bk Serbal Iehent téb"‘*’%"ddf'?t‘“a“‘éf‘% et o a
satu y yl substitu (1.e., substitu I

hydr ocardson hypoxienosaitiast agesly drnmpghcestatreuipng tamagendanoentigehlPSar bon

amboa ment . HOGHOAETE oen YRR, hrisiflel ORI b AR, o B ABSOMRse, one

to six car banemiopyhpaintent) /améuh@rsedrb@@ks@ﬁﬂunturfgt@mmﬁor’ee batotrophizon
atons. Exanpl es of such 30substituents include nethyl, ethyl, propyl

(i ncl udi ng raigFrap§tlemss. i e@proggmage, retinopathy, cognitive disorders, including
cognitive disorders associated with schizophrenia and bipolar disorders,

30 idiopathic and drug-induced Parkinson's disease, muscular spasms and



-21- butyl (including n-butyl, isobutyl, sec-butyl and tert-butyl), pentyl,
i soanyl, hexyl and the like. In sone instances, the nunber of carbon atons
i n a hydrwoantwisissabstituent (i.e., alkyl, al kenyl, cycloaliRyoig/omrid , etc.)
is indicated by the prefix "Cx_y," wherein x is the mninumand y is the
maxi mum nunber 5of carbon atons in the sybstituent. Thus, for exanple,

"Cl _6alkyl" refers to an al kyl substituent containing from1l to 6 carbon

at ons. "Al kenyl" refers to an aliphatic hydrocarbon having at |east
one carbon-carbon doubl e bond, including straight chain, branched chain or

cyclic gro havi ng at | east .one carbon-carbon doubl e hond. Preferably, it
T ol arht Sshrerit il TS WS s et A RO e ay

used her ei n,cdMBIsiGHIN migaifa! 'ﬁ‘ﬁgbﬁiﬁe FRABCAET BHEAY Mcokfifélidee ubspdrte
unsaturated radicals of "2 to 6 Carbon atons, including, but not limted to

et henyl, 1- tplesaecey|subsignaspwithtiraved!] withdrdveal pirapeopibtes2 -nieatingl, tabacaspenyl ,
1-butenyl, 2- Qutenyl, and the like: optignally substituted py, 1 to 5

sul tabl o sufiPRtcian ealel  adad srpriR,, S0GRR. SEHEY o Andh hyhgotcs,
trifluorgmetgyyichosi€lniie) @é{mm@ ifBairmene) amnkstid coghitil e URTpIMeidR X Waulti-
di fl uoronet hoxy or Cl1-C6al kyl. Wen t he conmpounds of the invention contain

a C2- 6al kenydorgaigupognitiee daiRedRNt nwlpesity.s sChigophienisur eneelye raenegelineds or m

the pure Z ( rJQ.. Qr e r 0 ALl s to
an al i phat CTHUAY SRR Reb rgal Platkybre R AR oL Pt Se,

i ncl udi ng stdisordbt, azeissive wornmUiside disordeqmoye disor@gereygepieaeiony nednid east
one carbon-carbon triple bond. Preferably, it is a |ower alkynyl having 2
to 6 carbon RiPQAE. disgrdesganthicemingl neselgE: eNBaring e 1QSSy NS 2 MEGA™ i s
used hergin - J . Jonel b 1 I
radi cal @s d%e&leﬁggé}g@o@{e{ agyérig&ge?%’ g&gg%bon éf@r’é’ gﬁh&@%@“?ﬁ@ﬁebéﬁd.
The term "cyatates| lsglérer paier Sniractableapbioc yneurapathicspainy@ost-trburiatie dodiy,

Lo Tour toon G0 MK DRRE. Pk oo et RERDIERSYC FUPOT ke IGIBYS FERTY - oo
has Lhr ee t QiiéHIer abRiin ANapBrgePsaRRbaSe Obnd YedRAlck Xlisdret e GustaraPY!

cycl obutyl, cyclopentyl and cycl ohexyl. he term "cycl oal kyl" al so
i ncl udes sulganprigitg edrhpisteding dnefdctive amoent of 8 corepena of farmube 1ter a 5-

cycl oal W1 - grouR eeu AR aeprAE Yot Bt ol 2 BhAiacishl, plfhole

cycl oal kyl  aiptigr. \Whahesugdmpoditie®d opyiohai) KYurttarougbrhsrisagdshht Wtgsical t h
one or nore substituents, the one or nore substituents, unless otherw se
speci fi ed, a@AdiPe¥eNPtiSound chelinedarasen iaRibHPLf Qimebepcl @al NYIDAr srGePtame

fused 06- 010, fkoumbe CSULS %hich MPRIURIRS, THIRE" B PR b AR, D

optionally substit ogen, = Irocycl oal kyl',” or
A cycl oal kylzipragidomea clongpiaes i signzagineh risperidehty qustiapines aripiprazdle, 6

ring atons. Exampl es include cycl opropyl, cyc¢lohutyl, cyclopentyl, and
cyclohexdyl . BRIPERHRe\eHG, NDIDA racopiah entagpnisss mbee ibernao! Iied &
15bi cycl odeqaamanfRg: 888 %'ubHYdholinestterasE“ﬁmh‘ti {ors 'iﬁés{éé% bLETRE ok (Hrrﬂt’édatlroo matic

substituent containing one ring or two or ree rings. The ary
substi t uent domgpeailandigalardaminght een carbon atons. As an exanple, the aryl

bstit t i t b t . The t " "
?gf Zrl tgegubg?iyt lﬁ/{sg@ﬁeﬂgﬁogﬁﬁﬁg, %g%r)sq??gpﬁ{v%@ 'Ogn@?%ngi?ga@%ﬁe.d %n% term
"aryl" al so thagdpedas és@o%té tanepictifsrafife ?é“ge‘?ﬁ@"(lé'hg., %ﬂaégyloarrmgﬂggm(argqcenyl

that are fused to a 04-10 carbocyclic ring, such as a 0 .
car bocy@si c effesy against solid mers) Tomasialse farisutartycipdiuraans.nlj) patieckeirn a

aromati o carBercapBoutRE Sy th EseHiRRnTal 18 bl n P 5H0EntGh Hhe
treatment of a variety of human hyperproliferative disorders including both
malignant and benign abnormal cell growth.
The compounds, compositions and methods provided herein are useful
30 for the treatment of cancer including but are not limited to:



25 group is substituted with one nore substituents, the one or nore
substitutents, unless otherw se specified, are each bound to an aronmatic
car bon ofwoheitfossssd aryl group. The fused 04-10 carbocyelciraBmno/ds4740 10-
menbered heterocyclic ring may be optionally substituted with hal ogen,

G 6al kyl, C3_1locycl oal kyl, or =0. Exanpl1s of aryl groups include

accordi ngly 30phenyl, naphthal enyl, tetrahydronaphthal enyl (also known as
“"tetralinyl"), -23- indenyl, isoindenyl indanyl, anthracenyl,

phenant hrenyl , benzonapht henyl (also knomn as phenalenyl '), and fluorenyl.
I n sone instances, t nunbe tons in i C substltﬁsnt cont ai ni ng

e o mor e hor erirelbien Telerny Pk BXelPIc: PEaHe/say o rlospecoras,
| NG Cat e DYkl iaKJBRBRCASH), BRI Eb MY Bloal_HEaHdbP Bl mum

and y is the maxi mum nunmber of atons formng the cyclic noiety of the
substi t uent .fioTbme, fipemexaansl etergtoma), smestidsiingdn handr cpiwlaoarangll otleg¢rers to

a heterocycl.oal k containing from5 to 8 atons, includj ng one nor e
het er oat ors, M i OIS, sl §rindr naab B apsP oAt s IBF 85 e
"hydrogen" refer Sregpur@tohy%@gear exdsibid, Uridal cavity BBy rARIcie BhE ! SstedSoryH.

The term "hydroxy" roxyl"™ refers to -OH "Wen used in conbination

wi th anot hersinges éarynxhzraga%a i Rrongles @og lungdsucht 8 srlt celhéunrgisaneeruent

to which th el d t t R QNG dr oxy
substi t uent E(S@égﬁr?ponélrzgﬁtelar%gﬁ ldn@c%@%h@qﬁ%% }g’rrle oro(&rmre % érﬁg%

substi t uent ysquamalis aceid urutifferaatiatedr sewanpd:al, ahdﬁﬂe@émuate@olargan@emhenol
The term"” cyano (also referred to as trile™) ans -CN, which al so may

be depi cted:@ denpgateinqragm aH’zﬁoéﬁj’er(brqr@h@l%r)t Sa'qul‘%ﬂ?nebr@ﬂﬁl igh ‘#ﬂﬁn%@a

depi ct edas h rom ne (which
may be glgpl cSt e%lomﬁ llyg{r%h% or 10 Pacfefﬁ%to% r%‘?rﬁ’ér?drﬁ% @%{S)?ﬁeg%m%é -1). In one
enbodi nent, the fgdstrgértestiathfar exmrnpllen @m@hhgus e(sboahnnaatceltt hardrrajm@en is
quorine. In not her_ enbodi nent he hal ogen /i s b 5The te

"het er ocycl FEFPCArGQNBes t'%'og‘yé’ﬁﬁgﬁqr‘ﬂ%en '“BFB*E%[P?\ d B ”r’ Vi ﬁﬁrcawcm@,r ogen
froma sat unghfofia, pﬁs"drh%ééfcéﬁﬂtaw YR, | Bgn%bgckdﬁ&alccﬁ&ﬁbeb%(ﬁné ot al

of 4 to 14 ring atons, wherein at |é&ast one of the ring atoms is a
het er oat om seﬂstdtflogdaﬂgdmagwgm,, gastriogena, oarcinglid uiumorsorvipsmapl émalls used

herein, the term/4; t nber het er icl.gal kyl" ;24- means th
cobet 11 e GV EegpBaridivay Hitahelfb s cardial ™ hiits, Kékonl St oal Ky
al ter nat i vel|giomBont®Mmidragndlo®a, 3lipomes hegedbicrag! Nﬁfronw)erlarge aboweRst
one such ri ng contains a heteroatomas a ri ng at om( e., nltrogen Oxygen

or sul fur). (PAeROGATEIOMehat tUiadara REeapPBEy | WH@'@I agenqpat i hasart lorfde ring
atom of the |Q h@;%%cl oal kyl substituent that is bound to the group may be
the at | east N éroatom or it may be a ring carbon atom where the

\erhng caLbon_ at omgug\ytobanany trdn, f*saalmanripﬂrgéI l?df;rméw@dehobammme\ﬂﬂnafsen{mwom or
ere the ring carbon atommy be in a different ring fromthe at |east one
het er oat®dm [ggmm&}asgom?} ly %ﬁgtaerl%m@a\i Pkﬂdde&@r@%ﬁswqﬂer@nfsqugmwst urn

substituted it hia?mﬁ{)ﬂfép fansiBRAI té{é?lmcar&f‘h%rr%{ O‘é%le bca dpeptodtak be

bound to the at least one heteroatom or It oun to & ring carbon
atom where (adenocarglnomebonsaarcomar)raytehaéem n(stemaneramae rtersjoras, ttwnmyohalast

one het eroat om.or V\/nerte he r.ing carbon atomr‘r@n% be in a dlffe“enl |II
fromthe at GAGEP TGN e HHUWALCNGMA, 1 SPRHOCALINOML: FHEYVPoal UGS o

i ncl udes subsdréihgRiat Sibfdid, Mr6adétistfa, adenomatoid tumors, lipoma);

25 liver, for example, hepatoma (hepatocellular carcinoma),
cholangiocarcinoma, hepatoblastoma,  angiosarcoma, hepatocellular
adenoma, hemangioma, pancreatic endocrine tumors (such as
pheochromocytoma, insulinoma, vasoactive intestinal peptide tumor, islet cell

tumor and glucagonoma);



to a 06_10 aromatic ring or to a 5- to 10-nenbered heteroaromatic ring,
wherein a group having such a fused heterocycl oal kyl group as a substituent
i s bound wo 2a1sisssoat om of the heterocycl oal kyl group @cTiB2a0/e®74P0N at om
of the heterocycl oal kyl group. Wien such a fused heterocycl oal kyl group is
20 substituted wth one or nore substitugnts, the one or nore substituents,
unl ess ot herwi se specified, are each boulld to a heteroatom of the

het erocycl oal kyl group or to a carbon atom of the heterocycloal kyl group.
The fused 06-010 aromatic ring or 5- to 10-nenbered heteroaromatic ring may

be optional | substi t ted t h hal oge 01 6alk locycl.oal k
pe6al kony oF Sobone, 1 Gramplg, Aot Ric s o, LPle0SaroTA). HPsatedns] ng

structure cqaéwgdarﬂg.bfdmét.é@t%ar ERSh@b8aRohth véw.ﬁg saéarb@r%t rr%n@ngﬁt the
ring atons is a heteroatom (1.e., oxygen, nitrogen, or sul h the
remai ni ng rilygphooes (eEcugm ndlém@mtma) ymgélloha:mceldsmamnna@ngnb@pﬁrﬁmh stl ng
of carbon, qxygen nitro and. sul fur., A h oar be,a sin

ing or 2 ontHReF LceidpiseSSiBaafieRrRitA dosisPertiadindly ot sRnER

i nclude But dHopdRstha! ichibh@ebdlstoRralTdHRURSMYXdTbremas tadteeiat sstedpta amd
pyridyl, pyrazyl, pyrlnldlnyl and pyridazinyl; 5-nmenbered ring
substltuentéﬁ@@dﬁidgﬁKY&azolyl i m dazol yl, furanyl t hi ophenyl, pyrazolyl,

oxazol yl, isoxaz lyl, .1, -

1, 3, 4- oxadl azol y(lﬂéeﬁr/lo Q%%%ﬁaﬁ)rl %@;Sneréonésérrﬁggffﬂﬁesé @t;riﬁnnger\(s?% Ss?YS[tuents
such as benzaNg of prumraw CNs)blcynmblmaqf gkahy tandernzostesazo! yilemangioma,
benzoxazolyl, purinyl, and anthrani]yl; and 6/6-nmenbered fused ring

subst i t uent SrangieMmss qﬁﬁmﬁpﬂﬁyl °$§@EU|ﬂ%k¥W?PS)C|Wﬁ8m99§l U&ﬁpﬁﬁfﬁpﬁﬂyl
and 1, 4-hen S he

o0 L R AR ok BB b S reo hbRRlom e
be the at Iegirna)neﬂmdymma:mgemmlmamerajplbeaka)nna]nggbcablbsmrrmt omultilbene t he
ring carbon(ﬂio Pe in%%Ee sane rin qﬁ he at | east ope heteroatom or
where the ridgoRERHA9Iar BmSHYeRBOoTA. detheies O Gangertah Sk SHBEE: one
het er oat om c%rﬂ‘n'eﬁFdfbbromfa Fr%wﬁb%rﬁboérdrhaséﬁ%%bhia')'em is in turn substituted
with a group or 15 substituent; e group or substituent may be bound to

t he at Ieast one raetmat/@raystﬁm forn@garb@ebgundccvloglaak|u’cgruSatetml|®rthah

o or ot G RBRET e e cdlieanbBe, RECFyhb e desl A aBbriel Vo om

the at Ieast(o@@@aﬁneterdaaéuﬁaﬂnaThe Eﬁr@ws het ij@@rouehocaﬂcmm@cl udefugmousdy|
N- oxi des and groups containing a pyridi ne N-oxide rin Exanpl es of

single-ring qy@t@le@ézp?wcana H@P'@ﬁ%‘@?@l@ﬂiﬂl@?ﬁ@h géamd@sa;ﬂ"tecar &ehdbmargi t ed

to f I , h Kk

hi of ar any1 55 TIEERE SREN . shFkES EBEHRTENLs, | rORRERGE terb R | VR B
[ sogyrrf)l yl l(squa;ngou's nédell Imacrid:mbmdxl nyritraemﬂwéaalolqdrcmlbm madmnobadclmodma I

i m dazolin i m dazolidinyl, pyraz razolin razolidin
triazol >2|0 yt Qr?ﬁﬁpma grelanasna); Vg&ﬁ?h?@g@r ‘P%X&?Eﬁ' a, s%i’@[@‘l’% el

I soxazol i ny'ciarélﬂb%obiﬁ ?lb}%&?rﬂéc(hmb’r 6H’5I?ﬁzf’édd?ﬁyo dré&%?g/ar‘él%fl% ubes

thiazolidin I sothiaz |ad azoly oxat I azo adi azol yl
(i ncl udi ng c(zamlrmmayand bt@r@t&sadsmﬂtgd Wit ssméleoyenitas ofgers ipigdenta,

1, 2, 5- oxadi azol. | so . known fur za

301, 3, 4- oxad? |R?§§t E%/rt% Pﬁat #%@?@W&Pi“ﬁ'ewﬁb?ﬁgans%

di hydropyranyl, madmstoddic, (f@# é@arhﬁ@%lo’b‘a (Zn%léi?zﬂlel)kerﬁiaqgl‘;ut‘é'é% ehrdhati nyl
(1 ncluding pyrlda2|nyl al'so known as "1, 2- di azi nyl "), pyrim dinyl (also
known ag5"1 E&L@eazulmmphobiastlpynIw&qmr@ oehrepicazi myhphegdyie knlﬂMkeHBa

as’ "1.3. 5 TUOPRTRIEURE dRasdst AN oyt FS Pl Y By

v-triazinyl Hedgon' kMSéSnodwl-R)c@ktrfs BEhROMa Imar@’famq)}mpwéma]izepl nyl,
oxepinyl, thiepinyl, and diazepin Exanpl es of 2-fused-ring
heteroaryls i ncl udial Bavityarar ﬁé@mpr%lmeaorﬂqu rﬁﬂﬂh BooryeT MoparRRFIe: cﬂ"@l
4H qui nol i zi i By 0, u

oyt ido[ 3, 4 c{l%ér PBQ% ndJI %og@ﬁ%&&rﬁ%& gﬂ:ﬁ&’ ancpéfﬂéil ;E?éﬂé B e aliDGhUgangs,
10pyrido[ 4, 3-N-pyridinyl), and pterldlnyl |ndonI i soi ndol yI,

i soi ndazol yl

benzazi nyl , pht hal azi nyl , qui noxal i nyl , qui nazol i nyl , benzodi azi nyl
benzopyranyl, benzot hi opyranyl, benzoxazolyl, indoxazinyl, anthranilyl,
benzodi oxol yl , benzodi oxanyl , benzoxadi azol yl , benzof ur anyl ,



i sobenzof uranyl , benzot hi enyl , i sobenzot hi enyl , benzot hi azol yl ,

15benzot hi adi azol yl , benzi m dazol yl , benzotri azol yl , benzoxazi nyl ,

benzi soxaxoryilosassd t et r ahydr oi soqui nol i nyl . ExanmplceaBmio/ds4assed- ri ng
het eroaryl s or heterocycl oal kyl s incl ude but

arenot | i m t edt 05, 6-di hydro-4Hi m dazo[ 4,5, 1-ij]quinoline, 4, 5-

di hydroi m dazo[ 4,5,1 -hdindole, 4,5,6,7-tetrahyd roi midazo[4,5,1 -

20j k] [ 1] benzazepi ne, and di benzof uranyl . Q her exanpl es of fused-ring
het eroaryls include but are not limted to benzo-fused heteroaryls such as

i ndol yl, isqind so known as "isapenzazol yl" o seud 0| nd )
| ol oni ny! PEP0 GPRRRAR RN BABE T T A STYREBDaT . Cap ARG
benzpyrazoI,MJEhé |,pt}9@z@g\y, énd’zaﬁé gkudi ng qui nol | nyl (also knovvn as
"1-benzazinyl ") or isoqui o inyl (al'so known as "2-benzazinyl")),

pht hal azi nyl , quiskixafor @(Iammﬁu mﬂgmamtyrn,elammzmdwanaws (meiamm'ran@asal

Ci nnoI i nyl aI so_known "1, 2- beniﬁ%ﬁi azi npé m)al ui nazaol i a/ (al sp._ known

as "1, 3- benz%?& a%rﬂQPm)a) SBH%%’H? | BrHeP rn[;<a CFFH8m§ﬁy My Moles
"isochr Ownwysblash@mt peme, anylona EPmistsiMio@@, and keloids;

30 t hi ochr omanyl ™), benzoxazol yl , i ndoxazi nyl (al soknownas - 27-

"benzi soxazol y1" )acﬁﬁ@ﬁrgiﬁnfﬂiylneblé@#ﬁ@@ﬁomaalaﬂd benzodi oxanyl ,

benzoxadi azol yl, henzaf Lt anpyl; rg@enfz?%?ﬁ S eﬁﬂi i {%ngzﬁg%\ﬁs%mn%&} Lffs@ﬂ'é(,"

benzothlenyl (also Krown ‘as hen

" benzot hi of yeaoperifoneusobedzperitonsyin, (@)@anaomw&nelanoma and adnexa
5" 1 sobenzot hi ophenyl , "" i sot hi onapht henyl "I sobenzot hi of urany

benzot hi azoltifﬁa%teﬁﬁ’@g rﬂr@(ﬁ‘ﬂdﬁﬂky?nﬁleﬁ@ﬂ'crﬁ dﬁf@!@llpaﬁéﬁhifﬂ'ﬁjr PEN| gland ‘and
benzoxaqlonylc(th@p|eﬁebaq4%?gia’ndl§%8xﬁe4ét@)ﬁ' ?Shég?esb?s%%aéw}éh?l inspecified

2, 3, 1- benzoxazri ny enzoxazl ny enzi soxazi |ng

1, 2- benzi soxaalngndrrbrﬂe@plbemzlotdxamhnylb):les,etseabry«ﬂanyl stajignaot meplpjasm of
10car bazol yl t hen acri term "het roar al so
el udes sy BB alan: S et SYs PR ehgeepndaly P ENERLRSCRES T Fo o
04-10 carbocgyeki c ring, such as a 05 or a 06 carbocyclic ring, or to a

4- 10- menbered heterocyclic ring, wherein a group having such a fused
heteroaryl group Merea spdgifi¢allyenexarsplesuraf t'cargeriswineonaides chenein hin the

M osed ndbor SoIBCn R (N8, BERRhD Mol rifidE Manter Yeitilen R, B,

one or nore ¢Hhesk i(NSCHT SnduBICID), Maheeios @hs Pesdd ioe thedk! ©VBAEN &HoRe, tO an
aromatic carbon of the heteroaryl group or to a het er oat om of t he

het er oaryl didRIpCancss, rapsalcangen capgebotifngl anal 6egian 1 slomaehetanger, breast
cancer, cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the

renal pelvis, neoplasms of the central nervous system (CNS), primary CNS
20 lymphoma, non-Hodgkins’s lymphoma, spinal axis tumors, or a combination of
one or more of the foregoing cancers.

Still more specifically, examples of “cancer” when used herein in
connection with the present invention include cancer selected from lung
cancer (NSCLC and SCLC), breast cancer, ovarian cancer, colon cancer,

25 rectal cancer, cancer of the anal region, or a combination of one or more of
the foregoing cancers.

In one embodiment of the present invention the non-cancerous
conditions include such hyperplastic conditions such as benign hyperplasia of
the skin (e.g., psoriasis) and benign hyperplasia of the prostate (e.g., BPH).



20heterocyclic ring may be optionally substituted wth hal ogen, 01_6 al kyl,
03-10 cycl oal kyl, or =0. Addi ti onal exanples of heteroaryls and

het er ocycWwoabkiydsssssncl ude but are not limted to: 3-1H lpemaBmidezucis 2- one,
(1-substituted)-2-oxobenzi m dazol -3-yl, 2-tetrahyd rofuranyl , 3-tetrahyd
rofu ranyl, 2- 25tetrahydropyranyl, 3-te}rahydropyranyl,

4-t etrahydropyranyl, [1,3]-dioxalanyl, [T, 3]-dithiolanyl, [1,3]-dioxanyl,
2-t etrahydrot hi ophenyl, 3- tetrahydrothi ophenyl, 2-norpholinyl,

3- nor phol i nyl, 4- nDrphoIinyI 2- thionnrpholinyl 3- thionnrpholinyl,

4L oronphol 1yl LR ML o Zp B Sh i h8) L et i
30pi peri di nYdon%lﬁhiﬁ’&{ '\ﬂ!trﬁ‘ybné’f @r‘ F?ﬁét'ed'd@dhtlo‘h‘a’i hizehhlrnybefis2zMignYare\t

-28- substituted diazolonyl, 1-phthalimdinyl, benzoxanyl,
benzo[ 1, 3] didescrieed below. When a combination therapy is used, the one or more

benzo 1,4 di 0xj..ne, ben rrolidin I benzo eri be zoxola

banzot i of argtTier e percRr, Habits adhf T B sodnystethithe SEauSA ar
pyrrol id Irgrﬂnuttghé@jy;dmhtthérbdm&bum&bﬂfher mVEhtidet n@f@h@ré}hbb@umént thie

t et rahydropyr anyl di hydr opyranyl, tetrahydrothi opyranyl, piperidino,

mor phol i no, adifiaRe FGHeanser tagenk 4nyadmipisieiesz iyl Masgrasl (¢ 8yl a fssweamny| |
t hi et I |, |,
thi azept nyl ED oG A lciiatofi SEARE oohiBatBRONS  uf Weﬂt@*‘pyrﬁt%‘ﬂ fgtnel”

i ndol i nyl, %hwdumlt,, thékbdzmr@rrarIantuebam@nﬁbenﬂ;sBad*nmmémyto theymareohainy| ,
di thianyl, 10dithi ol.an di hydr opyr anyl , dthdrothlenyI dlhydrofuranyl

pyrazol i di nyafter; rﬁdﬂé{ﬁ@{rﬁhw of nfheazempeund n9f |, the- dpwentigre| ol I8 g li"l%rxanyl ,
- azabisgyclQhbod; et]ﬂ%aé’tydltlorﬁr“ z%n‘ﬁdé)érﬁé'er a@@hp%l é&r‘nm@te d'id ﬂife”bﬁ'armpal

| m dazol yl, pyrimdiny pyrazo triazo pyrazi ny tetrazoly

furyl, thi er(glg a@umblsyhultamacmsdy with tlmexadmlmstrailmohimmmpoumyoftbieyl

qui nol i nyl , |$ﬂgm nol i nyl, indolyl, 15 benzi m dazolyl, benzofuranyl,

ci nnol i nyl, POy, |ndoI|2|nyI pht hal azi nyl , pyrlda2|nyl tr|a2|nyl,

i soi ndolyl, pter "Ffﬂ\é’)(rﬁveri%h' QDéb i gzal Mharnﬁ&é&ﬁl'célz%beposfti‘éha?&”BHe,

benzofurazanyl benzot hi ophenyl, benzot hi azol yl, benzoxazol yl

qui nazol i ny|treajmenbxaélamnplrmah@pht@igwtrmnmy’il maammaf undpglmgdadwmarrhwhlch

O nt o st okl 4 ANRREnd R BT pled! 5 SBRRET apHEY (REaing o: oup

derived fromyaystes! %oW@YeéJ%nlybélfylnoipb(sl df sl t @sgslnd? for tidrAlacduidally
(C-attached). Further, a rou]p) derived fromim dazol e mag/ be i m dazol-1-y1l
( pr

(N-attac hed)a(‘é?ﬁpta)ﬁ'@éﬁﬁfﬁ 1@"?9 O eRMREREAN Wik 606K iMekEn e;@rably one t0
L Substi tut ahge)! BollcofRUP LaERs SUokenst BR SLOGRY ERSIREORF,
us, (0]

that is bonde 0 one or ydrogen “at ons. rexanpre ogen

hal ogen, andryegenedis agents aind s&gmdiltmntshustldemmﬁmdr@and a pharrria‘ceatlcally
substituent is d r| bed asé\%el n% "substituted," a non- hydrge?] @rﬁ#b tituent
isinth8 plaé@ép %1 SRIHEDg ¥ ESEIPs e uBMOURF Hfc g orctive & he

SUbSt i Luent - cofifalid PlarfXaRes adbriaher Ubkeh kel vhuold ttﬁé@gﬁpﬁlca&

30al kyl substl tuent wherein at [east one non rogen substit s’in the
-29- pl ace diffemting dordogaiingudzsd mboembalarelltgrewdth. kyI substituent. To
illustrate, nonofluoroal kyl is alkyl stl tuted with a fluoro substituent,
and di fluoroal kyl is al kyl substitut wo fluoro substituents. It

shoul d be regROfrAkatefels ther thdar d%r%nbhé‘d‘-cﬂﬁ% §ét*a$étb&lbﬁyd?@cé?ﬂyla
substituent, each non-hydrogen
25 substituent (i.e., a substituent obtained from a hydrocarbon by removal of a
hydrogen) containing from one to twenty carbon atoms; in one embodiment
from one to twelve carbon atoms; in another embodiment, from one to ten
carbon atoms; in another embodiment, from one to six carbon atoms; and in
another embodiment, from one to four carbon atoms. Examples of such

30 substituents include methyl, ethyl, propyl (including n-propyl and isopropyl),



5substituent may be identical or different (unless otherw se stated).

If a substituent is described as being "optionally substituted," the

substi t uew0 20myosisssei t her (1) not substituted, or (2) seouBroavess74df a
carbon of a substituent is described as being optionally substituted with
one or nore of a list of substituents, ojje or nore of the hydrogens on the
carbon (to the 10 extent there are any) ‘hay separately and/or together be
replaced with an i ndependently sel ected optional substituent. If a nitrogen
of a substituent is described as being optionally substituted with one or
nore of a list of substituents, one or re of the drogens on the

ot rogen (t StHeliaSidRs' FHER’ IsoBuBhy porBy Sk Bt PUMIadedt oo

i ndependent Ing,gehaatvd ke oM isBRRd ifiisdds YRBthurthE SKBARIOA" MtoPd$i it uent
may be depicted as - NR R', wherein R and R' together wth the nitrogen

atom t o whi diydroesybyr substituartidde malkyl, arlkeryl heyaoalkylc By, efcngsdodipaiesi ng 1
or 2 heterogtons independently .selected from oxygen, nitrogen, or sulfur,
Wherei n sai BEABES cron RYP S rdey Ray M BR B A ERA P Canea LBae e
het er ocyel i Goffdafsor? 8tdn®s Methel SudBtilRiendThUR, frogeirhsie, Ye Ldalkyrererérst@@@n at om
to which they are attached may be partially or fully saturated, or

aromati c. | rAledsubativanheentainingfrae tiwe warhen aioms.consi sts of 4 to 10
atons. In anothenaﬁgy i he_ h V&l i i i t r t he
group consisting o p&ge%fsnﬁ), g%@%ﬁ{&%ﬁnﬁw&é’ét | dihf%\/ﬁe& ;é;rl(régﬁg/lq 3

i mdazolyl, dqabazehsdon doubleolphd, tiedluding! straigBbickaiaziotayichad dcidim agrol yl .
This specification uses the terns "substituent,” "radical," and "group"

. ra ; p
i nt er changed®clc groups havingrat deagt e earbonmarpen deublesbend drieiereblelity
describ a Walat | j | f
Subst | tint < peauPR Bl ey sientid 2 b catboR o, B Erangl, atisclhy s
(2) substit utexbine treibesti tCeselsenyiiameans straight 20-brandistd chaiedinsgaturaied

0Pt one SHOSHSHER S Aol S LB RO b 21
substi t uent nﬂgﬁgéﬁﬁpﬂﬁr@ﬁeﬁﬂ; (%ﬂiél'?,giSBBFd;ﬂa'?ﬂ,'z/-rﬁéiﬁymi- HEgRshy W 1 Butdyt, 002

particul ar er” of ‘non-hydrogen substitfuents, at substituent 'may be 5
ei ther (1) ruiterylpand the Bke; aptiopally substititedt kyd1 b Suguitable Ralstjaents@sl ar

Subet t deap RS PG SRR, ot ERS: ook, tRukRerhEful "t F Rl IES ¢ o
exampl e, if @ okt ueMiorbmedRHs/ | difdonathbL} esrod@,YC.aMafii onghéd the

substituted wth up to 3 non-hydrogen substituents, then any heteroaryl
with |ess tHOMPWEHSAfithatrygriionigPntaisia Conalk@oy Grobe. kst ¢IRBPYURD may

et or oaryi ettt POt B BrBRe IR e Rk 2 PEbaMTRLI SR W S cn

has only onenixturetthéngiofbl e position) would be optionally substituted with
up to one non- hyql,;aﬁ%en subst i t uent .@]ﬁ] il lustrate further, if an am no

ni trogertdi s descr FHEAYhs "HESHJO o i atic  Bydrocatepnedaxing at 16agh g 2

non- hydr oge 1N i { e } ; ituted
Wth up o 2°nan KogREribie bORY, hEBAMd LPABRL A, BRrerlRza B SRR rary

ni trogen, whwoeps havinqat neasti one ganbow-chrbdom &plé dranid. yPrefdrabiyt ut édawi t h up
to only 1 nqgn-hydro substityent if the armgno nitrogen is secondary

i trogen. 20AWEF BIYRVLNALH2dO B CaORIAIP TS P RETE FILREY BRTSTaB | 65 1 o
the first mapghyc,I8kyhfIusiUsRidherbMttotrREah aadtiigis! lrahdydd hydrakaiten t wo
moi eties: al kyl and cycl oal kyl. Thus, a 01-6- prefix on Cl_6al kyl cycl oal kyl
means t I%&t tah@iraekyynyinigidéaa) asfdeafinedaaboMechaving i2kipl 6 caraail alons ansl Pneo 6

car bon atonﬁz %ﬂ?r&?—G- prefix does not describe the cycloal kyl noiety. To
illustrate fUPk é%,'the 25 prefix "hal 0" on hal oal koxyal kyl i ndicates that
only the al koxy mMHetetmofcyidisaliajikrefgrl toyh catbstydigesibstituentoptaibed &g with
one or nore hal ogen substituents. If the hal o%en substitution only occurs
on the al kyl'emsIVélg, @ hidrogepsirpiuansaiiiried erbaevdici Bdeqde and having

"al koxyhal o ! i AR u yl

moi oty and (TSeI0 Sk b et HRing. f13re nbBAnaGHt B Byl Bubniudt

"hal oal koxyhal oal kyl ." -31- I f substituents are described as being
"i ndependently sel ected" froma group, each substituent is selected

i ndependent of the other(s). Each substituent therefore may be identical to
or different fromthe other substituent(s). 5As used herein the term
"Formula 1" may be hereinafter referred to as



a "conpound(s) of the invention." Such terns are also defined to include
all fornms of the conpound of Fornula I, including hydrates, solvates,

i soners, woystialsigsae and non-crystalline forns, isonorplreT/Ipmigna7phs, and
net abolites thereof. For exanple, the conpounds of Formula I, or 10
pharmaceutical ly acceptable salts thereof, may exist in unsol vated and

sol vated forns. Wien the solvent or wate€r is tightly bound, the conpl ex
will have a well-defined stoichionetry independent of humdity. Wen,
however, the solvent or water is weakly bound, as in channel solvates and

hygr oscopi ¢ ,conpounds, the water/solvent content will b ependent on
oy Pyl TP 6 et RatEa b Aoy o GATEReS e da cIgh JR s CYRGPT9PN | 1 be

the norm  cycloblig, gﬂﬂw%r@fcf(ﬂg p | may exist as clathrates or other
conpl exes. Ir¥c| uded W thin the scope of the invention are conpl exes such as

cl at hrates, drug-Hssterinneydeonbnl” @sminehsies\ahbstiuents hatare fused to@ €he 20

af orenenti oned sol vates, the dr d _host ar, resent Jn .stoichionetric or
non- st of chi GrBed PRI €' ©aF &5 Pl DEaPesFe NelpRinali Crapigiel e |
cont ai ni BY tgWBuP aVE sQEH anfugeacRIalkyN r8dh a6 & SUBSMEBAS isWbbGHY Ry be in
stoi chionetric or non-stoichionmetric ampunts. The resulting conpl exes may
be ioni zed, Gsalen atary af dhe £xeloalityl genn. YMher guctrér fuged ycloalkyt gsakthis
25conpl exes, P Sci 4 - 9 b bl i.an: ust
1975). Sﬁﬁgtui%drrp\@ﬁﬁ seo(gjIl E?)Orrrgru?%@t'tlﬁ%rﬁghg@%%ggyér{ﬁmwﬁrlgcé%%glﬁ%%gt ons.

The car bon- aaidsy dleeaidsef sgdutfieny npreurdshobolad Mel & lcansyh keorte f cthed

herein using a solid |line & -), asolid wedge (. --"" ), or a dotted wedge
30(--"1111) .cyelpalkyd egtaura IBEi H98thLabi1aeORatSotY tF 2s1dmaTMPeedar bon
-32- at i LR tha i : LS OFer eryg.
speci fi glggnar%tlé]@%gérg%ﬁ? E‘@grﬁﬁ %; rﬁ%exdtbﬁ?ggi,l); %@%&?u%ﬁ E{I%”ﬁ%aﬁ 5@9?@’0?&%5&1’ grg'e
i ncl uded. Thecychealkyl, @i +@er a solid or dotted wedge to depict bonds to

tri bon, at i t_to indicate that only t i
Shown 15 moant ¢ GUSBBI PR GRR SHOIS EhBouEidn BicRlY CobIRRRITaE 91 Bor mul o
| ‘may cont a'r[hﬁt@m%h@xé?ﬁﬁleésmﬁi%é'cﬁlcﬁﬁ‘fréﬁ;ﬂt 3éy‘éf8bult%b LRRDPEIPeHDS, the

use of a soli ne to depict bonds to asynnetri'c carbon’atons is nmeant to
i ndi cat e t hagyclohexplosAltérnativglvr @oios cheingsanmaymdenfuses begether, usiech aSor

exanpl e,, _.unl.ess ted herwi se, it is intended that the conpounds of

For mul ar camé%csﬁi%aca&(l %E)d gﬁ%lmybrrgrs and di astereomers or as racemates and
m xtures thereof . ThHEeerhsearf rafer®lto thrl brgnatit depitRtiedtossitainthgBBe @ingmor e
asynmetric carbon atons in a conmpound of Formula | and the use of a solid

or dotted widwor @ HEpE dusebABgst ol s ABY SHEFHHENE MaYychawbRiXaltopishieent he
same_compoulidybsy BRAAL 18 JNALEALR, WFbd STLAHHER: Ry HeARl ek BOMRI RoekS
present. 15StereolsSoners o or a I rnclude ¢rs an rans i soners,

opti cal i sorgarisors@tdmas Fhardms "anghmayresfer tolisabbttuentsessch @eopmdmylc
isoners, rotational isoners, conformational jisaoners, and tautonmers of the
conpound® ofN3EGEM 2R aNTRCENYE ni & BiPo @R s2RHNEHESH §URRIHECRIRSHCBIRS t ype
of isoneris thtgziy t | ric
20 pairs). Ehsegﬂﬂnrﬁ u A%gnrotegrzt@?%’éea d?ﬁloﬁéo@égggg aggé{%@?%ﬁ?ogg@fcgﬁﬁ er ei n
t he count er ismuthias @fkiara Cy cadxocyeljc fing, axarmd-o T-erlzared dreterocysicne, or

racemc, for.exanple DL-tartrate or -arginine. When racemat e
Crystal | i z6ding AYRETBIN, SoFTOLRONAYING SR 2 Y HRY cAY IR0 PIf SLRRIUUPTY & Ty po
i's the raceriguneofPaHstolidtidecdrbbRGY B A61 @frb @8 tWhéR sikeve WBed &irpl one
honbgeneous form of crystal is produced containing both enantionmers’in

equi nol &5 argfauPs is Tsbstitdedd withpeories mpee r sgestituenit xtthee ove cndghoiger at e

wherein two fQr C tal are produced |n, equl ol ar unt.s :
conpri sing éugﬁﬂgﬂtgﬁtghgﬁfelsgn%ﬁ%_emge gﬁjec%ied,ﬂg g%%(?g’ﬁ'&gn@f gbp?rﬁuﬁﬁﬂ'cl may
exhi bit the qanetoEnaeoliséd drauymy. i Theafidedt CYef vadlocySiTer idso For
exanpl e, the conmpounds of -33- , , ,
membered heterocyclic ring may be optionally substituted with halogen, Ci.
salkyl, Cs.iocycloalkyl, or =O. Examples of aryl groups include accordingly

30 phenyl, naphthalenyl, tetrahydronaphthalenyl (also known as “tetralinyl”),



Formula | may exist in several tautonmeric forms, including the enol and
imne fornms, and the keto and enam ne fornms, and geonetric isoners and

m xt ur es wbenaafs18s8l | such tautomeric forns are incl ude@CrIBRi10v0341€® scope
of conmpounds of Fornula |I. Tautoners exist as mxtures of a tautoneric set
in 5 solution. In solid form usually ape tautoner predom nates. Even

t hough one tautoner may be described, tHe present invention includes al
taut omers of the conpounds of Formula |I. The present invention also

i ncl udes isotopically-Iabel ed conpounds, which are identical to those

recited in Fornmula.l above,. but for the fact that 10 one or nbre, atons are
ol head by T8HEI o ATV Byt HCeB oy A CEHBRB oo BPBHENTh o t he

atom ¢ MaSs (Q[soBRwA ertdet)r) YadPHRSh) nat ure. Exanpl es of isotopes
that may be incorporated into conmpounds of “"Formula | include isotopes of
hydr ogen, car bon,Innsomegéstansepgehe puimdehovfugtorhs uor aneyclied substiduéme, such
as, but not c!oin?gi%%d § 04 2|—r|ﬁ 3I—h t13oat 151403 1%[\!3 1803 %703 31P3”§% 3 35,
181- 3 g one or moré heterodtoms, (i.e, SIgPATYIQY, heterocycloalkyr) is

i sot opi cal | indighrldelly WTEWW‘S(-MmEﬁWé@’, whdréin whemm & ishRre eninithgmwhi ch
radi oactive isotopes such as 3H and 140 are incorporated, are useful in
drug and/ or angbytisahe MaxEemdngnpbenof iademasfoaying the cyeicemoigtyof theH, and

carbon- 14, i - 3.saot rdi r ir. ease of
preparation Séfr%)gt'tu%lgdgb ggt@gﬁiﬁﬁ{ ﬁe’lg%rt h%me%é u%rs?p |rfét}§'fo(r§:§gl\9\ngﬁ<15( | Lée}gtlsl tgr
i sot opes such haterdeytioalkyimcontatning Zrbmcantoalf atoths; eitiding lbeeape whore

advantages resulting fromgreater netabolic stabjlity, for exanple

i ncreased i MeIERASIPAS1IDIthe Eyelic meiRly ehtheReligroel@kement s and, hence, may
be preferred in it e e pi Al Qg (o] f
For mua 1 may genaialty oy ogat efels; B aPhidtogkn SREVRRLE IS MREY 2
di scl osed i dapicedasehes and/ or in the Exanpl es and Preparations bel ow, by

substituting an isotopically-|abel ed reagent for a nap:isgtopically-I|abel ed
reagent. The g:orrp-@l%_ggrr%f htyﬁ@(yi ereﬂ?Xcgﬂ%ﬁaie{?é_s JQeH&"h t &br“ﬁ]egf Nsalts
derived fromgRQhgaeh it PbSfH Ferl%‘%é)gsche[ﬁ’féﬂﬂd"h%r&@”tihéicﬁf‘&st kreat! @e 30

conpound, a salt of the conpound may ‘be advant agéous "due to one or -34-
more of the stdstituenpitg sviveh the gpefix is aftashed issubsiiteiesewith enrerac enerecal

stability in differing.t er res and hum dities r a.desirabl
oi ubi | 1y MYChRERUBt S ChitpRanaR deatifucd bt & Wi B B ferea so
may be used rgirexy silsktittenty ek Sraghb@inclogs | for exbhle, ABGHAIS, srsielad on of
the conpound. 5 Were a salt is intended to be adnm nistered to a patient
(as opposed RN&NOt.or exanpl e, being used in an in vitro context), the salt
preferably is ph td Y he ..1.epm " r . |
acceptable salt” af;H(glga‘r?@ tcgggbsgﬁ&gé}éggb g% %yﬂghmie%geagﬁg%%ﬁglsgg
formula | with an acid whgse anion, or a base whose cation, is generally
consi dered suitable for human consunption. Pharnmaceutically acceptabl e
salts are partiguloaﬂ%l& sﬁ&ul as products of the nmethods of the present
& GP'TH

i nvention bédt i greater aqueous solubility relative to the

parent cgnmpound. Ty tdtfe Hdloga@tt refdrs totfiripal (whidH nidiebé eepriadiasafF)t hi s
invention are non-toxi c "pharmaceutically acceptable’ salts.” Salts
enconpassed Ghileriien(whieh maynbe sdsplctmhaﬁa@éubn%rane;(wa@@e”pﬁmbeedempted'aSr efer
to non-toxic | £ s. of T his_Lnyentio i eperal ly
prepared by 'rBZ)gcc%ris'r?%'ra%gﬁlpfr%ggﬂﬁays]gaw&%méadsa%t'a?bl elh o%ég%ng@%oﬁﬁ%rqgrggni C

aci d. Halogerblie apimtrErcdnt ansthey easssfiinebt, ethac hdlogddi isi fuorsdad.tim of the
conpounds of the present invention when possible include those derived 20
from i nor garANOtRRY; frabodimant dhealegrisdPEiNGy dr obr oni ¢, hydr of | uori c,

boric, fbuor obor ithe RBARPANILFoo BRLATOTERA | © i dubsfiluere’ 098irsd Yl Foni ¢,
and sul furic acids, and organi c acl such as acetic, benzenesultonirc,
benzoi c, citremovirg hamesragéorfiam & seturated of padiailyg,saglinpted riog staattimeoni c,
![?::H ﬁbr Lﬁg:q%%:t@?é]{gagﬁsg?lo%% qglhc’ringeétg?nns?swlefr%m %t least one of the ring

atoms is a heteroatom selected from oxygen, nitrogen, or sulfur.. For

example, as used herein, the term "4- to 10-membered heterocycloalkyl"



25 succinic, toluenesulfonic, tartaric, and trifluoroacetic acids. Suitable
organi c acids generally include but are not limted to aliphatic,
cycl oal i pNet2otijosassemat i ¢, aral i phatic, heterocyclic, carboAapioieps4asnd

sul fonic cl asses of organic acids. Speci fic exanples of suitable
organic acids include but are not limtegd 30to acetate, trifluoroacetate,
formate, propionate, succinate, glycolat®® -35- gluconate, digluconate,

| actate, nalate, tartaric acid, citrate, ascorbate, glucuronate, naleate,
fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilic acid,

stearate, salicylate, p-hydroxybenzoate, phenyl acetafe, ndel ate, enbonate
(pamoat o . rRpfimatel sl obranseaer Bnd it £ Behdaniimeaars, A

pant ot henat &etéfRc §|6§Fk?| fa@c@ﬁ%a%we@r byl %BM?rilgén?Sé‘rl BORAYS  fused aBhEMER,

cycl ohexyl amg&;p ft(j?eaasg’ al gerHO_ acl d,t [ -gytdrm(tybutyrl c g}cﬂid, (

gal act ar at e,w ace tone sipang coatans &t pelepeatpmaee,a ga omatie,,
canphor sul fon&t esn C cl o(%gnt aneﬂﬁﬁgi onate, dodewlts%l f at ey gelr%coqegﬁ(a]noat e,
gl ycerophosd'H PN Eﬁ'% afé, s noé ed group that has a heterocycioalky

10ni cot i mat esubstirient AL ery dtoRPbEIHeXMtaiRyBRIaIYR S SRGEMNARLIS bound to

3- phenyl propi onate, picrate, pivalate, thiocyanate, and undecanoate.

Fur t her nor e, thetgspep thay benheuridieast onadaterpaimonr damnpy enadaiairertesi et y,
sui tabl e ph C i Y. 8C b Stk . I i metal
el e 1.0 gBGSrERhEXIRLERRRA BT ey e IR balf RO e 8, TP

15 cal ci um aneThgteesatom salwissreand el carbon atin whap beuint abdiffer@ng aimge

| i gands, e. gf , quaternary ammonium salts. |n another enbodi nent, base salts
are formed fTF¥M Bisedt WAKhON8r REMEARIOHX ¢ SiANkRElY. i thclhgdihsieraryripalim
arginin b hine . cheling, i \ i | ) Vig| ySi ne,
megl um ﬁlg, 0 ugﬁltrﬂljgta?tlsr gﬁngltjﬂﬁa%%sce“tlgt%g \éllmnmcdqggf@s& %b%@gﬁ?t t@%l s“ha@’l be
made from seustiuent ntagribé boynaio theaddeastr gnaheteecoaaht, ©r itsuah basound

t ronmet ham n di.et hyl am ne, N, N -djbenzyl et hyl enedi am ne hl or opr ocai ne,
chol i ne. i APHAHEH AR BNy WRRELNE AL CoRah) RThE Bo1etrn (6 SATB AREne)
and procai nes $rshCledsi hRE HetEBRicHh 'Ur%heﬂ"’e%@srirf@a%a%nqé{@h?ﬁmyzﬁé’ ifvigt h
agents such as lower 25 alkyl (01-06) halides (e nmet hyl, “et hyl ,

propyl, and difiergnt 5hg ot atdesst ereshetenontoodi des), dial kyl sul f at es

(oot daoyt ) e inedbdhty tonuL ) Pbae i BuBes ARl k™ ' °°°
i odi des), artyl alGyl, s@ImatRsribh- & to ReBZ}b tMehdrhisaethibtehdHBhHERR) ringnd

ot hers. -36- . I n one enbodi nent, hem salts of acids and bases nay

al so be for nereinog gexdnpreng vesh aulusedtheterrgy sleatkygrornmssapuistituent

Typi cal |y, ' | ' Al r i

et Feoti vo' 1 4> ERURE 8% RrigrofolME e ARtk S RN RO D SO BBR M e
i nvention argf thd metérstycledkblygraop. sWhealduehra fused etelaeytioaydbreup is

phar maceuti cal qon&o}si,ti on adapted tqg such a route, and in a dose effective
for the 20r esUbsHiUtehWibORS AhEIABBHEIMGYS i ONBV MRESSWISHYRATS,
compounds 1 QI bihBrisEbpdifedr 266 CagordT boiRy Ui AerRRbimi Bf fec
readi |y ascertal ne y one of ordinary skill in the art using preclinical
and 10 cli Mmeatetocappalkytgesud amitbiacatont btomedi thienla¢teardysloalty: gream

"therapeuticglly effective amount' as s«?d erein refers to that amount of
the. conpound T 4REL RGP AramHOVINGERT & 9 tLsmealkeres Nelaroaamaric 6. or
more of the PO Bptiohaly SuBkERIE withe habdeheat dikyThest fyMoalkygating”, as

fbgen
used herein, unless otherw se indicated, %rrreans reversing, al'leviating,
i nhi biti2%g teAkORyOQrEDs of, or preventing the disorder or condition to

condi t1on The t o YT e ARy Lefip fo BRI ing S0 llt et in o
i ndi cat ed, rfefrer5 too18hgn@citonfs i ediicmoptaast et bnghel Bngledtomedis a

i mredi ately above. The term "treating"” al so includes adjuvant and neo-
20adj uvant thei@ioam (be- 20X\ Esfne ditrogen, or sulfur), with the remaining ring atoms

being independently selected from the group consisting of carbon, oxygen,
30 nitrogen, and sulfur. A heteroaryl may be a single ring or 2 or 3 fused rings.



The conpounds of the invention nmay be adm nistered orally. Oral

adm ni stration may involve swall ow ng, so that the conpound enters the

gast r oi ntwetnnaisigssact, or buccal or sublingual adm ni scatBmno/oy4de

enpl oyed by which the conpound enters the blood streamdirectly fromthe 25
Mut h. I n anot her enbodi nent, the ggnpounds of the invention may al so
be adm nistered directly into the blood Stream into nuscle, or into an
internal organ. Suitable neans for parenteral admnistration include
intravenous, intraarterial, intraperitoneal, intrathecal, intraventricular,

t th , 30i nt t al, t I ,
e b gl B lhan ' LIRS i TS5 et Mg 9ot uoe
needl e (i ncClalfidithdtear ARGesisNinleie s asnﬁﬁﬁdﬁ ol Ry, nﬁgﬁﬁ]%ﬁ’yla%d

i nfusi on techni ques. I'n anot her enbodi nerit, "t he "conpounds of the
i nventi on nmepyrigbginybeSadeimbesaceriing tsspstitienis tauchh@ss kiazotl, rimisazalylt hat

is, d | d | | h nb h d f
the i nventi gk WEBREY Burto cBidiv isanaedvt JFBrob), Targt seran. |
anot her egmbodpmentor UhB4cxERMzdNE Bhdt RethiBYSIPE | 6/5- ﬁﬁ%)’ntfé?e@dﬂ]s}é'dﬁrm@ed
rectally or vagi naII I n anot her enbodi nent, the conpounds of the

i nvention rmﬁklbétl%@ntﬁ‘esddﬂna% berzatbiofiiranyh lisohepzoiioleranybr bengisoxezvhe dosage
(20! ren Tor B nda AN aa CRRRPANKY O b BRA AL o SABP AT | o
ased on a varie inc udln t’he type, and

medi cal cond;mosﬁmJeots tshehp@élo@rﬁohnyhase@maomw cfnnbhueylp@mmetzloﬁnyl tdmel rout e
of adm nistration; and the activity of the particul ar cogpound enpl oyed.

Thus the dos%ﬂ)'epqnée?(%ﬂyhd? a/gioyphakngs a%%r@@rwupé%'? dhe ring QS@@‘er from
about 0.Q1 18r ha r‘%l?é’r‘étar);i%%bgﬁtu%ﬁ tidt! 9V %OIB dtﬁeg%rgﬂ?'rﬁg‘)tf b%etﬁed@ﬂeﬁéte

useful in the treat ment ove In cate ions. 1 n one
enbodi ment , drieehetradtodai dryitdoay buf aarlm:g)m:pdnmd atdm} dneir@teatringn carbon

dm ni st di vided d f bout 0.01 t
Sbout 100 g Ry By Rier Sar G en S Phisast e TP B Bhee e 1
conpound Of rﬁfﬁ; cérBSn'a'i‘drﬂ%b\‘]"be'lﬁ afcﬁlﬁg?é‘@‘PlH%; RO tlﬁé’aﬂ%'éﬁ oﬁ@ hetdrkgiongnd in

anot her enbodi'nent, from about 0.5 to abou conpound of
the inventi cﬁ»mplerlyk@ the detewoagh tgubstitvenihds wmfm m&tltutedsﬁnﬂga @roupodn 0. 01

0,10, Tk By IR Bt PO e 030Gy o 4°heP one

submul ti pl eshed8roatdial €0t niay HEkeubd td b&lrf{l;ad:érbod@?e@m Wher@me fimg tameps, the
adnini stration of the conmpound wi Il be repeated a Iurallty of tinmes in a

day (typicalal9mpayrkeaireine sanesing aed)e ahigast gne f@ﬁi@@@t@@rorawpe@mecm ly
b d | f F
ey, be U520, 13 LRSS hE L8R Akl R3Sy #eEISons nejrpriom,

t abl et s contEienteng BebdroalOdiso hduddés |5yr|dlyl W—OQIdES and@rodiPs Qonth’.ﬁqlﬂg a25. 0,
50.0, -38- 75.0, 100, .125, 150, 175, 200, 250 and 500 mlligrans of the
active i¥gr RIrdine N&X'Q%Q”Syrrptorratl ¢ adjustnment of the dosage to the

pati ent. A modl campho bRl S RN ALRB] I RARARoGCBbIgE: highobly 500

of the active ingredient er ehbodi ment rom
about 100 5myecofotdicwitaceta iugaeyi dr’rtydrofutara/\l/eheb'abyglrroflmrasgls tmaphemyldalsior om

about 0.1 tq about 10 /[ kg/ m nute d a con rate i nfusion

Sui t abl e suaﬁr@(‘f‘fr‘s az?cc@n%P r‘?&ym) H dfﬁﬂé ”V'n\}éfr?ﬁ%‘i’qtmem%@'wmi ¥han
subj ect s. Nﬁ%@}r?olﬂccﬂfrﬁblml t9yFrBﬁ>d|H§/Iesi?ﬁ18atélwenFsbi?ﬁldb%IWdﬁ‘md%%hrﬁﬂe not
limted to, canine i ne, bovine, caprine, equine, ovine, porcine, 10

r odent s,25| agmﬁﬁzﬂiglnybr inysezalyl, apyrazetnyli k@yrazﬁhdléMbOMVlrmtﬂ’@Z@NLn

ut ero. Ino od] C ts may
e of i t her N de Ao, SO S ErUE JePRing oz EofieR o,

enmbodi nent, thmolumwentusomummyl seshibpslidisg, of isothtazvlidmgt.e cpipirols, of the
invention for the preparation a medi canent for 15 the treatnment of the

condi tions r@@ﬁ'é@'bﬁbr @p(ﬁdlazolyl (”F%Hdlﬂﬁe axadizebht b2.d-eadiszrlvh i (Blse

referred to n 0 er as
conpound per@e ter aél W ﬁj%pié%%r@%églpyggﬁpyﬂré@gﬁp abI e sgwls) a@iej
sui t abl esof or1,8@doxadiazgy),i cayramd bénealudimgof *t,Dgyramyieaber adguegasyl),
solubility relative to the parent conpound.



20 In anot her enbodi nent, the present invention conprises pharnaceuti cal
conpositions. Such pharnmaceutical conpositions conprise a conpound of the

i nventi orwpnesesissd with a pharnaceutically acceptabl e earnBeno/osiie carri er
can be a solid, a liquid, or both, and may be fornulated wth the conpound
as a unit-dose conposition, for exarrpl e,,.a tablet, which 25 can contain
fromO0.05%to 95% by wei ght of the acti \/Zé3 corrpounds A conmpound of the
invention may be coupled with suitable polynmers as targetabl e drug
carriers. Qther pharmacol ogically active substances can al so be present.

Th t h b d t d
Sosut bl o KAOPYREVE ATy B HORTDr% BRIV e SRS KU BV | on
-39- adapt eqidduding DyAdAAH} @IS khdvin %sdqs'ﬁd%fzfrﬁﬂ’?'ﬁﬁlrﬁﬂfny'i (@8 PBIAEN!

i ntended. The actiVve corrpounds and conpositions or exarrp e, my b
adni ni st er ecAsottaBidjazimdcoal py;quansmrepwazwl taisa ctspowalas/ 1,éxdiazinyl ))

adm nistration of.a m for exa esent.ed in
o otrere anitberelsh ez Fredid s Bt a8 SR a1 3 R ER et " or
tabl ets, seacds- @Fé&tr@'l f‘('al&) &n@&@ﬁﬂtgmﬂﬂrlﬁgﬂyaﬁfdﬁd \/Otfrlaatnyl gato mm\ora@ound of
the present invention. |In another enbodi ment, the oral adm nistration may

be in a powddr2, %ﬁrl@j?t@)’iu)l),énﬂmhﬂ'lnY'naé@@ﬂWer@Fthb'dm@ﬁﬂY' BRe dazaPitdse form

i s sub-Ilingual, sEd%n ch. .1 osage
forms, the conpournds &?sf%f?%&‘ h eheg?d)%hg .ﬁclu n@{ngelrg 98{)”11%%@ %r nor e
adj uvants. Sogdlizoapsul syaraabpyrabllyets Mmummyh apmung/rol Ireghtigirieise,
formulation. In the case of capsules, tabhlets, and Ils., the dosage forns

al so may corf p98y%@f“i’|er(inﬁbid§§krﬂ%'d9{3 freB}l- Ryé'dHWépQVE!@P[@ng ﬁ] BWidRYle _
Gose Torh  BVEGBRESTEEYRBRM, TBRY, dbdingt TNA SlschdY | RordazBy! au ¢

exanpl e, pharanzeezinyl, caldmhaiazleph; ablqewmxalnsylpnsqumetdtnydms bmdimshiyb,ns,

syrups, and elixirs containi inert diluents d in. the art
LR <L g A S Ry M S
vetting, emUeHzbYidaelyl, ZOSU%ﬂEQwBQan)‘;I' avorbéi&o&ﬁdfézolyﬁweet 8Bh2&fLrarfynd/ or

perfum ng agents. | n anot her enbodi nent, the present invention
conpri ses a ipeenroduranyldose danzethiemdr ent ésallenaatfiien\ds r at benzothiszohdles, f or

exanpl € cut nj ections rayeno i_niectigns, niraperitoneal

i njecti on bqerﬂzgﬁhg(géﬁ lé{!‘ i njbeeéWrBWQZOflht ras eé}zr?‘ér'a%ohﬁecti bﬁé g’%‘? t'

i nfusi on. I rb@rztg@l&bgmpr epartatrampsrolsoglinolingd sterile inject abI e aqueous or
ol eagi nous suspensi ons) may be fornulated according to the known art using

sui tabl e di sper s@?@ammé@tqfﬁgfuséﬁdlr@r helesersiigi erghetgeanysloalkyls include hutanot her
nbodi t, T, |
oo Tent e Bl RBYo O O S D RN 882!

as via tran&ﬂleydmlmldam[lztewm/]mdme ophore5| S db§jecPetrahytoimitdzaio Syl -ar
adm nistration, or intranasal  or inhal aEl on adm ni stration. Conpositions

for topidal JQ&IHP%P%@W”%@“QI@B%?RTPW for exanple, topical gels sprays,
oi ntments, and Cr@ﬁﬂ'@?ex@n&% R 6LsE@N 161 RArBYndIEe Hg?al% #Rohi ch

enhances absorptl on or etration o t e actl ve 1 ngredi ent through t he
ski n or ot heverabtfasedd haterasgrylshsuch has cmdmdmndlsomfdotym (;alscmvknowon ar e

adm ni st er ed. sder ma) devi ce corrpl i shed

b t t [
using a patcf‘?oéieﬁhéogf tHe rRESHAQISOIN @M)gl K 'h'g}r‘]rlb\rlméﬂﬁ Ot

solid matri Xpgéud&ﬁdolle)’pi‘s@r’r’aha%@lyméél%' AW Qs therizpRa A9, 'b'éﬁbdﬂﬁ\{lgd S,
hydrogel s, lotions, solutions, cieans, ointments, dusting powder s,

dr essi ngs, f(mwmg |qumollrwk|(aISpakm@ as/vaiéqeﬁzaznﬁwrh@rgsowodgeé (alsobr es,

bandages an ro Ty riers
i ncl ude al ch t%%ﬁg?%wlgﬂ miﬁﬂgﬂgaﬁhet r€¢3$§%%ym ﬁg‘h%%?f'frﬁ{l ‘at um
gl ycerin, pqderﬁbmdzmw (mcumhg agsh@lingPYAleo ekripwie s * Penﬁrrz@tﬂazwnwmtaﬂcers
may be |ncorporated - see, for exanple, Finnin and Morgan
quinazolinyl (also 'known as “1,3-benzodiazinyl”)), benzopyranyl (including
‘chromanyl” or “isochromanyl”), benzothiopyranyl (also known as

30 “thiochromanyl”), benzoxazolyl, indoxazinyl (also known as



15Pharm Sci., 88 (10), 955-958 (1999). Formul ati ons suitable for
topical adm nistration to the eye include, for exanple, eye drops wherein

t he conpowocdonfosigsss i nvention is di ssol ved or suspende@CrnBai1eos47abl e
carrier. A typical formulation suitable for ocular or aural adm nistration
may be in the formof drops of a mcronised suspension 20 or solution in

i sotonic, pHadjusted, sterile saline. her fornul ations suitable for
ocul ar and aural adm nistration include ointnments, biodegradable (i.e.,
absor babl e gel sponges, collagen) and non-bi odegradable (i.e., silicone)
inplants, wafers, |len and particulate or vesjcul gr systens, .such as

ni osomes or ?B%'%ﬁ%o.?ﬁi’ pol yREINTeh as cP -)fqlﬂked pb??écécrl'%@rl‘}"’aci d,
25 pol yvi nylpedleh@hzolpy al UWdrofurahid, ﬁmg@l | whBinC pgéymaourhgror@m?,npl e,
hydr oxypr opyl net hyl cel F'ul ose, hydroxyet hyl cel | ul ose, or nethyl cel I'uf ose, or
a het er opol yisekeitzafurasylpol bemzqthieoyl exXalspl e kngeinan agum “beszotbwpherowlpor at ed

together with.a preservative, such.as bepzal koni um chl orjide. ,Such
formul at i ons THASAATEE e b1 PoRPaRdirar Ut olaraerbiemt Aelts KRS gs
intranasgl agvbehsbthadsgh@yDT adgbihicidphthenyl by !d?ha|“<’r>édbé'ﬁzotH|‘tﬁuﬁaﬁyl’?,e
compounds of the invention are conveniently delivered in the formof a

sol uti on or kangeENe7aW, f r oReBZPhiegiazehdy cdrrEimslazolat | Pesgatzed or
punped by t j or . aer os 5 nt at | A -

P cssuri ed ESRPARY or eiBBnBer o PRRRETRE o L ibbaE B2
propel | ant . ZEBrinbéadoxanihykui dabl3gl Bdserzokazingdal badmisokstingt i ¢inclading
typically admnistered in the formof a dry powder (either alone; as a

m xt ure, forl.&PRBISOXaZiRYa digf bl dtib@nziRoXaztbe; HIraydpigpRdacEyponent
parti cl f ml b &d M - phol i pi ds, such as

phosphateli’odqu{:aﬁg i ne) Q?r}tg?nﬁ\g, 8&9%@8%@? inhaler 10 or as an aerosol spray
from a pressuri sekhe tertralreteroqoyliva)scs mchudesasudostibents sueh easapyrydydranat om ser

P T O R A e A T
tetrafl uor oetNBHS/ME rihgl of 18 343 RriPRiAEH HRIORIBRN Ang FRheldi RgRRA  USe,

the powder may conprisé a bi oadhesive agent, for”exanple, chitosan or
15cycl odext rhaying such anfusadt hetereargbdirowmtas ©hsubstégentt is mppandi tton an

conprises a rectal dose form h.rectal dase m in the formof,
o exand o iRt sathdn, bf HE n @Sl Ello, 98% hele Pl heBidl hace,
but Vf’iri ous grblgr WhéN%@cW@yf_ub@d ll*ﬁej@&o@ﬁyl@@@lﬂ@wét&tﬁéﬁtut&@@ihﬁbn_@@rﬂrﬁ@ﬁe

mat eri al s and nodes of adm nistration Known in the pharnmaceutical art may

al so be usedubshisertsdheixs orcm%wutbrs&wgerﬁ& Upess @@Mi%sﬁ@‘?ﬂ% P€epar ed
]Py any of ”@ac%d&ﬁ'!ﬁnt% !ar%%‘éﬂc%‘”rﬁo@fofm@ﬁ%?é’arg?@%%gao? 67 F&Elom

ormul ati on and adm nistrati on procedur es: e above consrderations in
regard to efdfetiel MeteroanyllgadiumnsTiae dfuselini Q.st caxbboyclic2or @-to-eckmpsrealr e wel |
known in the art and are described in standard textbooks. Formnulation of
drugs i £0di NEIROYCIGIING FraveRe QptienalipswrstitutggtEnalogen; fas G Ca-o

Phar maceut i CL?CIO%W@W&— Mack Publishing Co., Easton, Pennsylvania, 1975;
Li berman et al., Eds., Pharnaceutical Dosage Forns, Marcel Decker, New
York, N.Y., 1980;Additonél sh@nmgpleslof hektearylsHandbweikrosfycloakdls Pichudealoetut i cal

Exci pients (3rd Ed.), Areri h uti cal i at i op, . Vshingt on,
1900 " ° R MOMUTNRG ofor e (¥ BEBRMP R OR c Ak HBSULERAPRE o i n

conbi nat i on perzmefaker3her apeuktrahp@dRiranyl, N t he-tbtr8RjdrBilra®jl, variaus 5
conditions or disease states. The conpound{s) of the present 1nvention and

ot her t ér agetiahydraggianyk )3-taisahydrepynamyl s ¢ desahydropyreabdii Sl @dig@amer in

the sane do f in osag : ntially. An
exenpl ary tﬁi%i'gétﬁ[qﬁ%%’gent Tﬁéﬁ-ﬁ@g?m?lm e%&%f@hg&wggﬁﬁropi c gl u»fA'amat e
recept or agasirahydrdthibsherdii nRsrogdnofinylof 3-wiorpholirgie dompaihatiayl, i m2-
conbi nati on" neans that the two conpounds are adm nistered closely enough
in tinme thatthiomorphelyamhce e 3dhiographelinnt.s ¢HbiopispBgiinyal  dfavelidingt.” t2re

other. The t JTOr 6y S I i RS i mul | Yo
concurrentl 0?0%95{5’3& ?@W@ﬁﬂdd?ﬁ%ﬁgﬁ |m g%?f%ﬂq o’ugygﬁ%épni gt’ra ion may
be carrised qiperidibylby 3wpiperiginyhe 4-pigevidiusd, pAitbiazotidiagyi ndistslabylpn N by
adm ni stering the conpounds at the sane point in tinme but at different
anatom c sites or using different routes of adm nistration. The
phrases "concurrent admnistration,” "co-adm nistration,” "sinultaneous
adm nistration,” and "adm ni stered sinmultaneously” nmean that 20 the
conpounds are adm nistered in conbination.



The present invention further conprises kits that are suitable for use in
perform ng the nmethods of treatnent described above. In one enbodi nent, the
kit cont avo0u/05i858t dosage form conprising one or norePofi/iBao/cmpounds of
the present invention and a container for the dosage, in 25quantities

sufficient to carry out the nethods of the present invention. In
anot her enbodi nent, the kit of the presént invention conprises one or nore
conpounds of the invention. I n anot her enbodi nent, the invention

relates to the novel internedi at es useful for pr eparing the conmpounds of

th t I h d f
e T g RGEDCieL R DL BSOSt A RRuE ARG
synthetic maidnger KRRWMING,N t%z%b?rr@lfld|H§I93“bén£$tﬁﬁér$dlﬁ9’l ObeRSdiarRAL i ons

and derlvatlzatlons that ‘are famliar to those of ordinary skill inthe

art. The st dranzothioangl i al%5L€sédeﬂn@n3@|rapwaeokthﬁrﬁp¢m@ney 5b@maothfﬁamé or may

be prepared b ne ne nown in t such th

di scl osed i rP%EOAﬁEi‘é{ 'd ret@irpﬁx@@‘f%rggwg sucﬂﬁ%@'c’%%é %Mc%g{m NI C

SYNTHETI & MEEtrieRmiroptanylL- deuhﬁmbw@lwd baetrﬁ%ymmap@* Bl engaperidifs ef er r ed
e

met hods include, but aré not linited to, those described bel ow. 10During
any of the fraomb\mln@ stfﬁmnﬁfé’ph@“%@qli'@lﬁéé@yhtplﬁﬁwaﬂw'ne%&@mw anetanyl,

desirabl e t ct r ve cul es
concer ned. '(Illﬂl%lié}E an %OZ’ﬁ @IEQ%@MP 05(%@8'11 : E‘h%on ent 8‘%%?"”&0&% Q};Fgr oups,
such as thoshiagepiewl, bedz B16- tEtraM\\,{/dr@peyﬂﬂmyl Pegiyeilinyle girpyupsnyln ﬁblgl&rylc
Chem stry, John Wley & Sons, G.eene and P. Wit s,

Protecti vg é’f’é‘@[‘ﬁar}yﬂm (ﬁ’é’&MI’QPYCheQW@r}Vy 1J§T¢r‘PW@@9 @E@ﬁ@“n}’iQQj_Lth'% T W
G P
Wlegge&qgonsqlth%égyl mﬁ‘gﬁ@fé’ﬁ@ @y%g@reg Irgtdetyaﬁ&b ér«?r@ée%d nr#@ounds

of formul a limidazdihgl, r phalnmdamjtdlrm,l |y ac&:amtawmo@all O]Sh,exaﬁylcan be3-

d t t di bel I
Ot hor vi se. i HACHERE HIRERBET t GBRTEcH + AUNSEHEHos PAFGNYef (28 above.
I'sol ation a"tﬁ/rllPMBinfw C@kb%’ylﬂnéﬂ%@ylﬁbﬁ%ﬂ%ﬁ tbﬁaf&?lo'ﬂi’r‘yl &H%‘F‘uypﬁsé’%%ﬁ@r d

procedures, Wwhich are known to a chem st "of ordihary skill. Tt wll
under st ood ﬁpla@nkyl,sbkaz@w i isothiazalylt pywealylt r@ln@drriyd)usswmﬁmlnyl mslolyl

e TortsR o hRaRAZSEL Pat B i BB IR BN BB ohr cn

they are | ntm@uﬁw}l | thiaking!, SSbiRaB|, Beadmye m@inyl Nbradlggolyio thige iy

correspond to the s ynbols superscripts or subscrlpts in the appen ed
cl ai ns. The fy@Evenis %@ﬁ@ﬁ?é@ﬂntbﬁﬁzﬁ@'@@hm hbaszeibiazglyli hesymtazedil.zi ng

the WO 201]({&?%%1?@@ %%P%ﬁﬁ%yr%yl and furopyridinyl. The foregoing

groups, as derived from the groups listed above, may be C-attached or N-

20 attached where such is possible. For instance, a group derived from pyrrole
may be pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-attached). Further, a group
derived from imidazole may be imidazol-1-yl (N-attached) or imidazol-2-yl (C-
attached).

A substituent is “substitutable” if it comprises at least one carbon or

25 nitrogen atom that is bonded to one or more hydrogen atoms. Thus, for
example, hydrogen, halogen, and cyano do not fall within this definition.

If a substituent is described as being “substituted,” a non-hydrogen
substituent is in the place of a hydrogen substituent on a carbon or nitrogen
of the substituent. Thus, for example, a substituted alkyl substituent is an

30 alkyl substituent wherein at least one non-hydrogen substituent is in the



conpounds of the present invention. They are not to constrain the scope of
the invention in any way. Experinental Procedures and Wrki ng Exanpl es

Schenme | wWORB)ImMS(ER]) M H N IV NZ RS v The conpoeouaBzfobzuweul a | b,
where R1 is H, nay be prepared as shown in Schene |I. The imne of Fornula V
is prepared by reaction of al dehyde |11 2Q\)nd an am no-substituted

BOO protected [ BOO = tertbutoxycarbonyl [*cyclic anmine IV in a suitably
inert solvent such as diethyl 10 ether or preferably tert-butyl nethyl
ether at from0O Cto 50 C, preferably at anbi ent tenperature. The

t ol uenesul fo I nmet_h an| m c] re ent VI| from
Al dehyde VI DACSAT| B SEHRcRItRt SV CURS S c R A
chlori de, f%bﬁ&‘ﬂd&ﬂoél‘R?l |§Wéﬁﬁst€{6ﬁé@r\ﬁﬁh Brf%?(g%SstﬂGéﬁtr bﬁé‘éilﬂud}éalkl{ln th
literature (Organic Synhtheses; Wley & Sons: New York, 2

10, p. 692).is lamytiazbstéuted with twe flupty aeblsttblyemteadt shrngd fierrecogaiagd thatni ¢
reagent Vi | th a carbopate base car ponat e referabl y
ot asi um cd! Bimats Torsaten ol rfoSlet o USRS CRS e baie

di met hyl @Cets%msdwenlrrl‘%fvtbl;é/|de21t|@éﬂrdrcdlfféheﬁ9(lﬁ1l@§s otheheisaltated).

N, Ndi net hyl f or mam de at fromQ Cto 50 C, preferably at anbi ent

tenperature. The Ecﬁrﬁébﬁ"ﬂiuéﬂt Fodescabed ass bﬁt%a@@dprﬁ”tﬁwmﬁﬁﬁﬁd the by
first removigyg, f@%n?% AL g@%%%sﬂfﬁgér grg ngﬁbﬁﬁt{&f'éc}' I?frbscat"b% nnY

preferably M uoroac ]” néa

di chl or onet hefreesubstifuent isvdescritied amahgafmiamnyehmnu&u \mtrebaea.blnyonéet hanol
or et hanol . Reductl ve am nation of the resulti ng secondary amne with

al dehydes or0 flaetig i substitugnia o eraiRMELe) of the Ayd rpg@ng&gp@@nqprgpn K 8 a | b.
Wiere R3GAL=Qd % tﬂ% a‘#@?ﬁg/z r&é s%gﬁl;agée@fﬁ{dg% F\c?ﬁértﬁér B% Efa%@ﬁyw@r?rafnor med

by m xi ng corrpound or onet
1, 2-di chl or oedéw@amrtlymedﬁcﬂedabbjnoné]?subs&ihﬁn&ddm wmiteoggnTef-d sabdtitubanisaddi ng

itabl e hydri. dyci. t h b h d
roferably SRICHRRE 170y BUPOAYG b LHST T e REUTOrh T eltre o
acetic ach d AbsuRAIEUNKEBE mdte SLIMERAIEBAS SPMO nErdgenl B e dEher abi y

at anbient tenperature to 50 C. This transformation may al So
acconpl i shedhelge faase nmanyomay eachi der eeaced nwith mmrln@eweit@nﬁvaselectelde

conbi natl on of RAL=0 n I in.th [ nce of a
denyr at'eng GhiehdhsBBEREAE. DRE reribror EhetICal aov' i SRITRT U -
| sopr opoxi deNRIR"awihefein RICANd/ R” 363 otABi witk Ghe afitrdddn afondlite Mo Brdynavee;
magnesi um sul fate in nmethanol or ethanol; or para-tol uenesul fonic acid in

refluxing t Atigehedwmay revta d}ﬂterchm/dmgmcomr@mg duisedubeiereiamst i on of
25 the resul by dddRg SOREIE Mih hoR AU HHBIERAISSURHE N BB AUR

bor ohydri de um cyanobor oXyboro ydr|
by hydr ogendidterociycottkgl moestgrmay cbb cptimallpuestiteted. That hétesdeywlic Imings

Fgl | adi uzr(])1 Oq‘orcrﬁég ?‘Porr? rR pgrlmll %dl toget ecli’rvel)t(r% C’]tlﬁe n?tfr(];é)erndsatcmetocv?/h C utrrl]céyo;reFor il a
attached may be partially or fully saturated, or aromatic. In one embodiment,
the heterocyclic ring consists of 4 to 10 atoms. In another embodiment, the
heterocyclic ring is selected from the group consisting of piperidinyl,
morpholinyl, azetidinyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl,
25 isoxazolyl and thiazolyl.

This specification uses the terms “substituent,” “radical,” and “group”
interchangeably.

If a group of substituents are collectively described as being optionally
substituted by one or more of a list of substituents, the group may include:

30 (1) unsubstitutable substituents, (2) substitutable substituents that are not



WO 2011/ 051858PCT/ |1 B2010/ 054749 -46- Schene Il |c An alternative nethod to
prepare pyrimdi ne conpounds of Formula IC 5 is shown in Schenme |1. The

i mne of woroul&®18881 1 is first prepared by reaction of PcoAappnepsnia and
am no-substituted BOO protected cyclic amne IV, then reacted with tosmc
reagent VIl in simlar fashion to that d3scribed for the formation of
imdazole Il in Schene |, to yield the acetyl-substituted i m dazole | X

Vi nyl ogous amde X is prepared by heating I X with tert- 1 0

but oxybi s(di met hyl am no) met hane, or preferably N, N-di net hyl f or mam de

di net hyl acetal ,. either neat. or in sui tably ngn-reagtive so|vent such as
i chl of o rstitued B s Patianels Bsdiieiin: w0t &) sBauuiaiir Subsitusese s
preferred. Ryai Hedumasitéq 59'oRe & rhbfe shBEDRIRYMS RIS UPI es the 2-
position nmay be prepared from X by treatnent with refluxing formam de or a

-47- formam de adéasubstivlent it desoribedaasibeingfomionslly Substituizgl @ith LLipkiewi se,
treatnent with a. guanidine salt aqr substituted guani dine salt in the
presence of NP1 mBes 8T aerhelods Rt Bhasy Bt oRUB TR MRY P8t de i n
al cohol  s0l \&ihler $HcHbtaibetiftae® | orqR) BEbIANRY, byatp & Hhidt Paftedulapnurssconbi ent
to 50 C 5 is preferred, yields 2-anmino-substituted pyrinidine |la.

Pr epar at i on $M-kydreean gybalitussisnen by e te the AmaxineUMowMbebat swWssivitablel | a

using the SaERIEHACHALEPLARAR® 05 SaBeme ThyL Ofcr! BEahpRIS 9 Tt i on

of conpound 0 “comnpoun hpounds Wwherein y alk or

C3_4cycl oal kyubstifeenmid aekgribekD asam hieeerpasp aptidnale sudstitgteldowitheugpteSedur es
shown in Schene Il1. Fol|ow ng nodi fi cation of the procedure described in

[ 1 a .
Organi ¢ Synt'REsBydrogen sybglityghts, thenavbprteroayliwitinigssdban 3 gbstigable 692,

al dehyde nVI ; a i : i i | c L Qs a
m xt ur ee]c())f adc‘%t'%‘u%t Wédmagn% dt?jglloﬁg'rl%g%é%% g?%‘?demw 2 e%!/rlgll e%é ?r@ﬁngg%r es.
4- Met hyl benzedesgerf isubstitaents ias tbd bdtaroaryl Shgsr substduiabid poisftiong! afiode Xl .

Fol | i th i, by J. AL M et . al., J. A Soc.
oo 159, ' SfiuBleBgs ftazony el dadl oy, alie el ifetiR sty Would B8 5°°
thiazol i um cthufy sapstithifcdel iy lLdMorthe honYyatshems@yt@iciie 7 lilustrate

Condensation wi th ‘am no-substituted heterocycl oal kyl conpound IVa in the
presence of fadket,df acating ndrogeincie lisiscybeéd astbedng hptsnatyt sulsttuted withhanol

20 proviges (Ng, ConRaMAadGehCsMbliftudnts, aA 1REOMI0gRA 7 b&BoptiShsie !
substituted with up to 2 non-hydrogen substituents if the amino nitrogen is a
primary nitrogen, whereas the amino nitrogen will be optionally substituted
with up to only 1 non-hydrogen substituent if the amino nitrogen is a
secondary nitrogen.

20 A prefix attached to a multi-moiety substituent only applies to the first
moiety. To illustrate, the term “alkylcycloalkyl” contains two moieties: alkyl
and cycloalkyl. Thus, a Cy- prefix on Cqgalkylcycloalkyl means that the
alkyl moiety of the alkylcycloalkyl contains from 1 to 6 carbon atoms; the
C16- prefix does not describe the cycloalkyl moiety. To illustrate further, the

25 prefix “halo” on haloalkoxyalkyl indicates that only the alkoxy moiety of the
alkoxyalkyl substituent is substituted with one or more halogen substituents.
If the halogen substitution only occurs on the alkyl moiety, the substituent
would be described as “alkoxyhaloalkyl.” If the halogen substitution occurs
on both the alkyl moiety and the alkoxy moiety, the substituent would be

30 described as “haloalkoxyhaloalkyl.”



5,6, 7, 8-Tetrahydroi m dazo[ 1, 2-a] pyrazines of Forrmula XI X may be 5 prepared
follow ng the synthetic sequence outlined in Schene |IV. Ketone XV may be
prepar ed W9 20omdesssi ng aryl ester X1 with the ani on ofcraBiyb/haver oaryl
conmpound XIV. This anion nay be generated using suitable am de bases such
as lithiumdiisopropyl am de [LDA] or litJium hexanethyl disilazi de [LHVDS]
in non-reactive solvents such as THF or “dial kyl 10 ethers. Oxidation of XV
to afford di ketone XVI may be acconplished with HBr in DMSO. | m dazol e

acetal XVI1 is formed via condensation of XVI w th dinethoxyacetal dehyde in
t he presence of cetate in an ethereal solvent such as .diethyl
ether or tert-butlPu FW%S@r%@ﬁscr%%ﬁ@ﬁ@ﬁtngorn%ﬂqnwtmSae&&%ﬁér%ad for
i nstance HC rbnpT'é%bwatt%st.t@érttors%ereeedt et dghirde ofertey! | Igaghhi ch i's
m xed with an inert solvent such as and treated in stepwmse fashion in

a single reatbsbivent t iherefore omagt gl adﬁnteal ot log giffesenicéopt the aiher
scavenger such ﬁ ﬁt hyl am ne; a hydri de reduci ng agent such as -49-
sodiumtri a % ydri de; and BOO anhydride, to give regioisoneric

conmpoundg Xl Xa/ b.AXl;¢&d ABbeilehd terbheForfRila Yahby @@ [Rsrefiagen ref@rr*eBEtomseVI ous
Schenmes to provide conpounds of Formula I. Schenme |V e foll ow ng

illustrate t&t@WQLIMﬂsOfdhevanPrﬁlﬁ)@ " SMSBUREYS @re als® ‘#ﬁfé@éhfto lnﬁk!déﬁta”on
Addi t | f d
i tiona necfﬁﬂﬂg%??rﬁ ougy @ﬂr@gaq |ntcm r&ﬂ\j&&{t%éé[boﬁé@ REnfyEPar e

usi ng the one’ or in

combi nati on omysttlallmecrmmueﬁ)ng@rpetraalnley tmmem nsbmbq)hert .polymorphisx pesndnent s
were generally carri ed out under inert atnosphere mtrogen or argon),

particul arl ynetabeliless thpreot &gfgexample.ndihat G?@l%’é'ﬁg?t p{eF 9@&@@nt's Yr
| nt er medgpat ‘Pﬁfa% GP@IQVEQ%G&QW” lt@'théFelo‘ferPﬁ aégﬁjstr FAYFSbRafcl e

generally u out urt rcatron, in ng anhydrous solvents
-50- where aqqdmrated rfm ( Gérezr thiel s;olMeiBeradt@Mqomgjdlycberfd d¢ine comphdwilich
Chem cal data i S reported

from either rﬁjq &Lﬁ” d"eel %ﬁgﬂp% é}@éﬁd‘?ﬁgea Ct r(@E hery eric

pressure chapkCaplveApi gatwser (AP@dakhf B@\Sﬁwcﬁhlé@mtﬁ OgR aHeY - §@t§§tes5 and
spectrometry (GOMS) instrunentation. Chemcal shifts for nuclear magnetic

resonance ( Mrvrgro&tanuoap @ommu@deséhad waitep/aplvenpepni@nt | Wi nbe ptﬁnend)ant ®her enced

synt hesed  AREPER R VBB, T8 R FIE B Harnimier HLte: o

condi tions (dgength of reactl on and tenperature) nmay vary I n general 10
reactions were followed by thin |Iayer chronmatography or mass spectronetry,

and subj ected to W ICOMPAUHES Sppropnilat & Mpyir PXIS A (ﬁ'%thrﬁi% velr Wit ween
experi ment s Ocdnﬁﬁlg%herlﬂkluﬁégg%ﬂﬂh Sthé"%‘?;oggeofstRE"lﬁ\?ent[o%t cb'rshﬁfe{e uch

el uant s/ gr adi S Were rovi de appro 11 on

times. Exanpseslati@tesniug-Host inclusion complexes wherein, in contrast to the
4-{4- (4-F uoro henv 1- ri i n-2-vy| net hvfl azeti di n- 3-
Vlg 1|(_|_ i29i dfere r@erq,tﬁn}egrs,q{wé}g% &ugear(dljtost are present in sto‘r?’chiometric or

non-stoichiometric amounts. Also included are complexes of Formula |

containing two or more organic and/or inorganic components which may be

in stoichiometric or non-stoichiometric amounts. The resulting complexes

may be ionized, partially ionized, or non-ionized. For a review of such

25 complexes, see J. Pharm. Sci., 64 (8), 1269-1288 by Haleblian (August
1975).

The compounds of Formula | may have asymmetric carbon atoms.

The carbon-carbon bonds of the compounds of Formula | may be depicted

herein using a solid line ( ), a solid wedge (—==) or a dotted wedge

30 () The use of a solid line to depict bonds to asymmetric carbon



O NNCN'( C3 H2N1r 1H. NH2 N'N C5C4 -51- A m xture of tert-butyl
3-am noazeti di ne-1-carboxylate (16.8 g, 97.5 mml) and 2-oxopropanal (10 g,
140 nmol )woeastigsisssed for 5 minutes at room t enper at ur e PCTHB2M@834749 Ng
material was purified via silica gel chromatography (Eluant: 1:1 petrol eum
ether: ethyl acetate) to give the produc}, as an oil, which 5was used

directly in the next step. Yield: 12.5 ',2'55.2 mmol , 57%

tert-Butyl 345-acetyl -4-(4-fl uorophenvl)-1Hi m dazol - 1-yl | azeti di ne- 1-
car boxyl ate (C3) Pot assi um carbonate (15.0 g, 108 nmol) was added to

a solution of 1- fluoro-4-{isocya 4- met hyl phenyl ).sul f onyl ] net hyl | benzene
(3" dee BT sy e o tRieata Rl S R B S el S ame i da o GaRaett vl

10, p. 692) dnbtignfbrs A3cénEPixiupdd dt€) tat BdtYdarbon atom are included. The
3-{[ (1E) - 2- oxopr opyl I dene] am nol azeti di ne-1- carboxylate (C) (10 g, 44

mol ) i n DMUSEIGDeither.a Tolid of dotiee wedgesto depiat bondsl® asymmedtic caon
tenperature,_,then partitianed be en, ethyl, acetate (500 nl) an ter (500
m) The. or GRS P AeMLRaNAGERO L T P ORg Boenons TS S 8 over
sodi um sul f gh@ludéd ! titeis gdssNgl tHR rROTPJURIE bl Fbrirfd P malhortai rdbre R
purified by silica gel chromatography (Eluant: 1:1 petrol eum ether: ethyl

acetate) to Qlev@s\taeicoerben aom. doithese gprapgunds, the use ahdosolidzmg to
depict bonds to asymmetric carbon atoms is meant to indicate that all
possible stereoisomers are meant to be included. For example, unless
stated otherwise, it is intended that the compounds of Formula | can exist as

10  enantiomers and diastereomers or as racemates and mixtures thereof. The
use of a solid line to depict bonds to one or more asymmetric carbon atoms
in a compound of Formula | and the use of a solid or dotted wedge to depict
bonds to other asymmetric carbon atoms in the same compound is meant to
indicate that a mixture of diastereomers is present.

15 Stereoisomers of Formula | include cis and trans isomers, optical
isomers such as R and S enantiomers, diastereomers, geometric isomers,
rotational isomers, conformational isomers, and tautomers of the compounds
of Formula |, including compounds exhibiting more than one type of
isomerism; and mixtures thereof (such as racemates and diastereomeric

20 pairs). Also included are acid addition or base addition salts wherein the
counterion is optically active, for example, D-lactate or L-lysine, or racemic,
for example, DL-tartrate or DL-arginine.

When any racemate crystallizes, crystals of two different types are
possible. The first type is the racemic compound (true racemate) referred to

25 above wherein one homogeneous form of crystal is produced containing
both enantiomers in equimolar amounts. The second type is the racemic
mixture or conglomerate wherein two forms of crystal are produced in
equimolar amounts each comprising a single enantiomer.

The compounds of Formula | may exhibit the phenomena of

30 tautomerism and structural isomerism. For example, the compounds of



tert-Butyl 3-15-(2-am nopyrimdin-4-yl)-4-(4-fluorophenyl)-1Hi m dazol -1-
yl | azeti di ne- 1-car boxylate (C4) 20To a solution of tert-butyl

3- [ 5- acetwyb-2411(os1§58Buor ophenyl ) - 1H- i mi dazol - 1- yl ] azeti dipneAk20aeniicioy| at e
(C3) (5.6 g, 15.6 nmol) in n-propanol (50 nL) was added

N, N- di met hyl f or mam de di net hyl acet al (1323 , 100 mml ), and the reaction
m xture was stirred at 90 C for 3 hours.” At this point, guanidine

hydrochl oride (7.2 g, 75 mml) and potassium carbonate (10 g, 72 muol) 25
were added to the reaction mxture. After stirring at 92 Cfor an

R o M S e e

92 C. After feangerhbathekdtd Hﬁ&uénaﬁmfh% F&Phsluan¥egedRetid lisg1aErd eingeen
ethyl acetate (100 nlL) and water (100 mL), and t he“aqueous phase was

extracted wimkigesdoéngof.addtsach teatomamofqmm; arafh@cludedbmt@m thegsedpe dfayer s

were dried over -52- dium su filt nd cagnc rateduder
tucod b odbiRoint oI L 1pRl e At nidle T RlkdRp e o8l

chr ot 0g1 Ao, U ol fdrmh oudaallihe Qé@t@meetm@aorrméwé FRIAUGHO
afford the product as a solid. Yield: 2.1 g, 5.1 mmol, 33% NWR data was

obt ai ned fr @& igetgpedney ke desaribgeh thﬁnprre@ﬁnt BvanRkRt ingludesall eokameisons. 1H

=0, (Soﬂz%@% ot pFFORRUR " 326 1 ke iy 7 a0 (ta, 928, 7, B 7

Hz, 2H), 7.42-7.4heg mes%rl)t mﬁar@@n(@lsoJﬁﬁué&eﬁkotéb&allﬁla&@le{cﬁcorhldbunds
4F| - Azeti di n-3-v1-4-(4-fluorophenvl)-1Him dazol -5-vllovrimdin-2-

10(C5) Toas¥Nigh iasadderdical futhase- '[eE;:lt?Q ”&rﬁ%@b’iﬁri ﬁJPGV% butyfey the fagt that
f' uor ophgny 13516k ﬂngﬂ'%ﬁgo?#s éré/}d Bly af étoﬁ%ﬁﬂﬁhﬁ%@orﬁ%aégé r’%s 20 m_)

mol ) i n nmethanol aqueous hydr oric acl
and the reamumbemdéfesentrﬁrem fr@ramnhloumassttorrmasstmxmtesfzrauw@ly fdmdsnml ution

was 15 concentrated and, t he i due WE é uted with ter fand
b byl acor st ExaRDIey StisORasa Fhh & ircrtiveted Tifiasipauidsiefious
amoni a, theE@aHpLPUS IRYRIe \@stdpeks! ftﬁt Ogﬁéh e%%orﬁc?ﬁt?égfétr( 1Q>Q géﬁ The

conmbi ned organic |ayers were dried over “sodi um sul fate gnd
concent r at edphiospbadiso fluerigevana hblopmedauch@g» Bus bt dmitedetod: H1 C3.5

0 S0, R gl e MR R S

J=8.5, 8.5 %m&[bndshf%orﬁﬂiladdforb)&m;ﬂeFthose?hﬂto vﬁmélﬁ) ré®baétive) gotdpddz, 1H),
8.21 (br s, 4- (4- Fl uorophenyl)-1 -fl

- (pyri mi di n- SZE}WI At Hyﬁ')‘@ze@@i’ﬁnmgomatﬁdHlaﬁ? d@?@l" i5-4nugoand/RT guRsYatgni ne (1

g/l ] nglmmxtjﬂl gbémér’r%fe%b %gi%éyl fr'é)al]tsgm%mﬁ)ery%%ﬁja;bé ne-é%lz;a?i)%l dehyde

(5.9 ng, 0. 0s6topw®! Bre tpartithipranprefefrédO idr rtheereégé ofmopreparadioacetndc acid
(0.010 - di chl or oet hane %r |S@tq was stl rred for 30

m nut es ZOSocﬁeiﬁ%?th?Q/zzeFHQ%rOIS(S‘F??HtIUF'GB Wigphea USRI and
fg;tc't |r (r)'nng_ ‘g’é%s eqNichAU&FortiCbeRain 2R PR adPartayés reé&ltu?ﬁ‘@'ﬁ?&nt Yrgadhe
metabolic stability, for example increased in vivo half-life or reduced dosage
requirements and, hence, may be preferred in some circumstances.
Isotopically-labeled compounds of Formula | may generally be prepared by
25 carrying out the procedures disclosed in the Schemes and/or in the
Examples and Preparations below, by substituting an isotopically-labeled
reagent for a non-isotopically-labeled reagent.
The compounds of this invention may be used in the form of salts
derived from inorganic or organic acids. Depending on the particular

30 compound, a salt of the compound may be advantageous due to one or



was quenched with dilute aqueous sodi um hydroxi de solution. Extraction of

t he aqueous |layer with 1, 2-dichl oroethane was foll owed by conbi nation of

t he orgarnwo 2bmysisgssand concentration in vacuo. Purifi carconBmfioniiesr esi due
was effected by reversed-phase HPLC (G adient: 5%to 60% acetonitrile in
water) 5 to provide the product as a yel OW oil. Yield: 1 ng, 0.0025 nmol,
7% LCVS mlz 403.6 (M+1l). 1H NWVR (400 , CD30D) 6 3.66-3.70 (m 2H),
3.96-4.00 (m 2H), 4.02 (s, 2H), 5.34 (m 1H), 6.38 (d, J=5.2 Hz, 1H), 7 10
(dd, J=8.8, 8.8 Hz, 2H), 738(t J=4.9 Hz, 1H), 7.44 (dd, J=8.9, 5.4

2H), 8.09 (d, J=5 7 (d, J=

10Exanpl e 2:M30& 1 ?ae SalisH BBM%'HQ'ngoPeI‘S émsq%ﬁaz%ﬂh@%eperewm%%@?%'d. n- 4-
v11-1H-i m daggbirfy Mldlfféhrg‘téﬁﬁgébéﬁur@sdéﬁb‘ BuAfiings (&) a dddirabie Qublll’w
1- | soxazol - 3- vl et hanol A sol ution of 1soxazol e-3-carbal dehyde (1.00
g, 10.3 rrerIV)’atlenOTrHFF (r[moﬁw ingigncesslacshlt of a T®NMPaund alsremae,dbelmpd\ﬂSSe with
a solution of S|um| di.de in |eth eth .50 nL, 10.5
o) - The AL fof Boratipry ByHPCRE. pPofesRe il e A heiinlndand (e
reactionswas all awmdrd 8 satrigittenBe& 6\ admhteredNd 8padienedd épsoseld 1 hour
of stirring at 20 roomtenperature, the reaction was quenched with

saturat ed ad@Qed¥sexamela, Lhﬁ”@glll-lﬁeldd@ a6l it Vige eenfeshit Fhﬁ:tséli Rueferabiyhipl
t at rat ed
Sueous sod TR Stebrady | TrEdefy PRATHat el eRpeftabie a1 g

and concent rreferd to @ sacp@pald by icoatbining\d eompbun@ogﬁirrmm o nEthogt apiay
(Eluant: 50% ethyl acetate in -54- heptane) afforded the product as a

yel | ow 0| | (WASEENIofE o7 BBSE HVHGSEy Calon. Ua generslYpFRSide IR Wisdle f¥fscopy) ,

beaks onty 1AL PRI " TR ace By Actofabf T RallS e P eliart % )

J=6.6, 4.7 I-dzaefd]lr&s p@d@ﬁts(dfthb:rheﬁwdds ofcthie) pre8eGiny entia-bedaldr ofltHeir

1-| -3yleth th f | hydri d
(825 . 4. BroRb| JIUgRL o aauB i, "HoL8e US| e prent COREBHG .. PoLREARl (o

fromthe pr Qﬁé@k&ﬁeﬁﬂé safts Bﬂ)thé”éor*nbbﬁﬁdi‘é”&‘mtﬁlg (rfi’/eﬂﬂorﬁ’”—are6 nmontiaRl) 1 n

THF (10 mL), and the reaction mxture |o was stirred for 18 hours. After
addi ti on of “phaghaceiuticatle acchptabietsatte.” waSaligashedmpiassedarithin thei edmover

Tidged 18 bapnAkBasict Stredat SR Bkttt iut BnieHl o' s flis"Vas

resubj ect ed dfanishavérarmt WRithGrednepalfy, prepafsl byeegetigvitleeées base with
met hanesul f oni ¢ anhydri de, and wor ked up in the 15 sanme manner. The crude

material was puitatie BEDAYC oF iNaggarjelacithr onat ogr aphy (El uants: 25% et hyI

acetat e | 1 Neptang, fo)d Opesh Rt DCoPERIR! ek DBTENSLILOgPr G de the

product as a coI ess oi |- oover e s. 1H

NMR (400 M—IZcoanrf@s 6f ih@bréséntJlﬁﬁerﬁldﬁZWh%hl) pos’isllﬁlé Ihsludal'ﬂﬁosé @é‘l\,(eqi J=6.6
Hz, 1H) 5

: 0
204- {4 (28- F|fmgdmrsﬁmaqgﬁ %@h @%Jaagmcﬂ!pr\ﬂ @ﬁ/ﬁmqrgmﬁerhy&'mﬂwmmm
i m dazol - 5- d 2) X f
444- (4-f uo?%%ﬁ%%rﬂf- ??i%?%ﬁedrrlmdl H{é}fg%@gm%rlé e{tzrlg %?r%rml\ln%?‘ltlc;ﬁl]lgyrqn% di n- 2-
anm ne (C8, whilfahiceaiddyeansr ergangd abigst suehnas lacdtiof banzeBieskibonit, Ben®Ec ent

6, 239, 279 Bl,, Mh 9 20 1 7 25 | - 3-yl et hyl
net hanesul fcﬁﬂtéf:ey % ﬁﬁ( gu%%hﬁ‘mpjlucgmf c&llyﬁ‘?ﬁccar'!ﬁa )é(ﬂarlzég( 1%@/%13 0.43
mol ) in aceheblonid,e h%lé'h‘:—) wedicheahethanbsdiforiic,f ofrifRérdiabihancRendyel of

sol vent under reduced pressure prOV|ded a residue, which was purlfled by
silica @8 awiceingdgiugprsul{dicdarteric.08gd triflsioreageticraaids. 5 Buitablesorganion et hyl

acetate). The |&sesdgr{[e'rglgl GRLIBGLeBa: Uk MBS ifhiRse! Xegllﬂ)fpatlc, cycloaliphatic,

aromatic, araliphatic, heterocyclic, carboxylic, and sulfonic classes of organic
acids.

Specific examples of suitable organic acids include but are not limited

30 to acetate, trifluoroacetate, formate, propionate, succinate, glycolate,



30et hyl acetate/ heptane, then concentrated in vacuo to provide the product
as a -55- white solid. Yield: 57 ng, 0.13 mol, 62% APCI niz 448.3 (Mtl).
1H NVR (WO 28H205163BRC1 3) 6 1.46 (d, J=6.9 Hz, 3H), 1.93-PCOABL0TY/03AF)9,
2.12-2.24 (m 4H), 2.98-3.08 (m 2H), 3.02 (d, J=5.0 Hz, 3H), 3.94 (q,
J=6.9 Hz, 1H), 4.59 (br m 1H), 5.14 (br,d, J=5 Hz, 1H), 6.35 (d, J=1.7 Hz,
1H), 6.40 (d, J=5.0 Hz, 51H), 7.00 (dd,'J558.8, 8.8 Hz, 2H), 7.46 (dd,
J=9.0, 5.5 Hz, 2H), 7.77 (s, 1H), 8.15 (br d, J=5 Hz, 1H), 8.38 (dd, J=1.7,
0.6 Hz, 1H). Example 3:

V1L 11T i GRGRTEG R sl ey e 'ab8 il ascorvate,
10As| ur ryof 4 {i4srofiafe, %ﬁél@;@t&%%agétzeggﬂ@méié NadpdtattHolithfaed! benzodtd Pyri m

id in-2-anine, hydrochloridé sal C9,” whi ch can be’ prepared by the nethod
of J. Sisko,arthanileatasit, 6iczB8te279alRY|atdmyo-RYdroxPoer)zo@b@0 pihgnyl@cst®de mol ),

2- (chl t hyl i mdi 110 067 | d i 365
o, 1. 12 T, R ARTEIOSR oS A SRS B ot SEC8STAE) e
heat ed_oyer niehenabushae, The r esul PanGUSGAAE] O WaS COabREneailfbridis,

organi c | ayer was concentrated in vacuo. Addition of dichloronethane
produced a sbhydroxyeipeagsulfor@ted )sufasilaiedeeyclerxyiaisinpsgifenatag aggnigre was

oo ot R O i e ARS e PRRRMEL ARy’ ¢
CD30D) 6 20 bityr@fe,2. ldafphorkdte, 2.cathphodsulfomateH) , cyclOBeritanegdropibrible Hz ,
2H), 3.84 (sOI 2H), 4.62 ﬁ%m 1I—?, 6,40 (d, J=5.2 Hz, 1H), 7.07 (dd, J=8.8,
8.8 Hz, 2H) dodesgylsylfate, ghicohpptangaty glycerapljosphaie heptaneajephepanogty, g. 8o
(d, J=5. : Examp : ,

410 (el ucpiediiete P Phfhalestongte, | oxalgte | palmogte, | pectinate,

v11l- 1H i m da&phebdylppnate; picrati@ - @ivalate, tdipcyanaie, and undecanoate.

2011/ 051858PCT/ 13_20 0/ 054749, - 56- Iaox Bl e- 3- car bal dehyde (3.5 g,
36 Tl ) was addddTETEION PG he; compopnds (Gl dPs JRERTRY. GareY G reftic
in-4-yl-1H 'rﬂbie@ﬁ%@'ita@le%ﬁﬂé?ﬁfdc@hti@al!ynae')ffe%f‘ablé%alté"wér@émr% |iH8ug8!dkdIiCO)
(10.0 g, 26.7 mmol) in THF (20 nl) and 5 di chl oromethane (6 nmi). After 30
m nut es, sodheial saltscie.og9dionohy gotassiyoFHts1alkaline eatthametabispltane.gadded,

and the reactjon s_al | owe stir, f hqur.s. |1 s.then . hed

M th sadd: acatg BnRonguR b A arborls bhaRd B st bad® Ry R RIS e

wi t h di chl orengetdiaiernaAP@nirhoniufhealsiuan Usdtiaereembasirtett; a6 tsalist &re
addi ti onal dichl oronethane (250 nlL), and the 10 conbi ned organic | ayers
were dried doenedd@rebREes Widhiosmaren-faxie salky . ingludingi JumBIURe, angifENgr gani ¢
phase was c i i E hat . I-dent: L re I 0

scal e. Rem\?dz;%}fz%?ﬂrs]%\’l: %Q?\lﬁr{s@i %lgi/h cuoln%r %{)@Zrﬁn%, ?n%dt"ﬁér]eﬁ/g@eoﬂ?é@ﬁ@@%ﬁ d,
whi ch was seapamates droviethpmiras ed zinessadtsl i d was slurried in diethyl ether
(300 nmL), filtered, and washed wth frefh di et hyl ether (150 rrLE, 15

provi di id a whi t OGaNIG SeHS mayoe madeorpm asconrdasy GriarydPeadpieraaier (100

m.), and th\%nrﬁﬁgul t: in%“?r eci p%ﬁéﬂ e waggcol | g@h@\é}gg%irfé',l t ratdié’cHyITa inqé,ovi de

addi ti onal Ite so 3.0 g). The conbi ned crude product was’ subjected to
chr omat ogr apWy siibesizyiatiaylgeédigEinant chia®groedinenotholimest liiéthaoelaatieg, and

1850 pr difiuenadBmie, reddnie WEaekhIducamEE) s plhsame roE3asa o
420. 1 (Mr1) .nitkbhdMBohtdRin o%@’ﬁ%yﬁéb uatefzedt ARh(H3erttsDsuch: &51cvdr2 (M
1.7 2 3.61 (s, 2H), 4.25 (m 1H)

2H), 2.89 (br d, J=11.7 H, , , 6.41 (d, J=5.0
Hz, 1H),256. 58kyId(C3Er) Shalides1k§.g.,6 memhyloretoyl, 2pyopyr,. 2Rd( daityl Jeblogdes, 0 Hz,

sy Utomlges, nci0tids), Bilky SuMatds> (.ot biméingty diétnyr) dodty! Tang™ -

8.86 (d, J=1.
diamyl sulfates), long chain halides (i.e., decyl, lauryl, myristyl, and stearyl

chlorides, bromides, and iodides), arylalkyl halides (i.e., benzyl and
phenethyl bromides), and others.



251H). WD 2011/ 051858PCT/ |1 B2010/ 054749 -57- Exanple 5:

4-{4- (4- Fl uorophenvl)-141- (i soxazol - 3-vl net hvi | pi peri di n-4-

v11l-1H i mvoaaolosssssl} - N- met hyl pyrim din-2-anmine (5) 0 PEodB2OT0/054749

triacet oxyborohydride (135 ng, 0.637 mmol) was added to a 5 solution of
4-[4-(4-f1 uorophenyl)-1-piperid i n-4-y]3 1H i midazol -5-y1] -Nret hyl pyrimid
in-2-amine (C8) (150 ny, 0.426 mml) an A% i soxazol e-3- car bal dehyde (49.6
ng, 0.511 mmol) in THF (10 nmL). After 90 minutes at roomtenperature, the
reaction was concentrated in vacuo and partitioned between saturated

aqueous sodi um bi car bonat ol uti and et yI ceta 10 The aqueoqus | ayer
was extracted wi th 806yPMECAFAT, NERUSTHR B OABNRca b rRSesC Ml S50 \Rer o
washed with gahey afb?@xé‘r%ﬁé)%nﬁ&ﬂbHﬁﬂe%HcPﬁér‘ﬁﬁ:ﬁ&théa‘Pt@ dried over

magnesi um sul f at e, |tered, and concentrated under reduced pressure to
provi de a thick oTyplca#ur af¢arapowid of ﬁwesnriveohorg@ adﬁnma@n’e@nraphyam@mtant s:

t hyl t at 0% th | d 15
Vi o e | et Wtedtt sROUTBh nes Fepbihed Méraif CTie SR Sot P o
product a&s anydhtion ki thm\fhlgtéiednagmn Osllﬁaﬂif@mrout@% kdVBromnz #34. 6
(Mr1). 1H NVR (400 MHz, CDCI3) 6 1 ©2.16-2.22 (m 4H) 3.03

(m 2H), 3. (Eharenacgutical qqﬁnp0§ Hion axianded st,osg ar@u angring dasg effective (m

o 7 e ety "E@oﬁ‘ ,(dzﬂﬂe@@v%"y”%ﬁ%cﬁvgo9&% e
Hz, lH) 8. benﬁmbunhglréiqd'rlied 1<b'|)treat )% pFo’@@Béeoffithe medical condltlon are

4-{4-(4-F uorophen 1)-1- (i soxazol - met hyl | pi peri di n- 4-
1/11- 1H i mi d&2eNy 989%%9@@' rﬁydpﬂ% ofrfgrerr@éwsbﬂh fetheapit Yy preclinical and

5(3E) - 4-,;Di t " | uti
of N o et b RRog Rl S RE e ois” The el ynerageu ! vt of
1, 1- di met hoeffectve rem@uad as, uSeQLhemeih) reifersztdamairmho@ﬂt bj tlvmscohmnwmﬂ at

fl f 0.h . A t f I t th
G sti 11 ed umRRS AR BER g fRieYB ol comacedianboe & gl dabe

0.837 nol, Q?rﬁ ptorH3 (ﬁQhéld%r@é){l being ¥34tdet0 C / 0.15 torr. NWR and IVB data
wer e obtai ned using the product of a reaction run under simlar conditions.

LCIVB rﬂz 174.0 (|\7l'+hg temn! TeRtingho asHeseCO® )N, 6uRle3s ¢tberwise3iddicaed2 ( br
3oz 2 s Pelersiion bHRb! yibTie o eOretds ob B mreidmnd e ¢
(3E) - 4- (di matibordarionebnditidn db WRibeXYBNtedn eple® & one or more symptoms
of such disorder or condition. The term "treatment”, as used herein, unless
otherwise indicated, refers to the act of treating as "treating" is defined
immediately above. The term “treating” also includes adjuvant and neo-
20  adjuvant treatment of a subject.

The compounds of the invention may be administered orally. Oral
administration may involve swallowing, so that the compound enters the
gastrointestinal tract, or buccal or sublingual administration may be
employed by which the compound enters the blood stream directly from the

25  mouth.

In another embodiment, the compounds of the invention may also be
administered directly into the blood stream, into muscle, or into an internal
organ. Suitable means for parenteral administration include intravenous,
intraarterial, intraperitoneal, intrathecal, intraventricular, intraurethral,

30 intrasternal, intracranial, intramuscular and subcutaneous. Suitable devices



(C10) (147 g, 0.85 nmol) and formam di ne acetate (131 g, 1.26 nol) was
heated at 1101200C for 4 hours. After cooling to roomtenperature, the
reacti on waoposigsd i nto water (250 nmL) and extracted wpCh/iBhliepzf7er m - 59-
(5 x 100 nL). The conbined organic |ayers were dried over sodium sulfate,
filtered, and concentrated in vacua D stjllation of the residue under

vacuum af forded the product as an oil. 8l d: 84 g, 0.54 nol, 64% Boiling

point: 45- 50 C/ 0.2 torr. NVR data was obtained using the product of a
reaction run 5 under sirrilar conditions. 1H NWR (400 MHz, CDCI3) 6 3.30

, 6 5.21 d ., . 8.68 (d, J=5.
Ty %0 107 Gor Barentbal adminisafion d.'nféudlﬁcaﬁsg'@d%ﬂ%d'@enmcrwe&#% on of
4- (i et hoxmj@wyrsa@d@uf@bnﬁjee@;)anea.efug.onoteéﬁn.aggg and | o concentrat ed

hydr ochl ori c "aci d in water m_.) was heated at 60- 70 C for 24
hours. The mi xt urle amhero@hbddlmﬁjwtev@p@amp@wdmdfetherledalatam mws@ao@eto

affordagla i fled Wth a u um

car bonat e scﬂ @Eergﬂdstgg%lpvﬂ% B)d etl‘? h9T %gpﬁ?eqH?ﬁe %b ganl C

| ayers wer e tefReieRhER.Gf dribthéCemboadgerithend @éﬂn@b@n@@%ﬂm ||rf\)e¢ﬂoh>ban15
distillation to afford the product as an oil. Yield: 16.3 g, 0.15 nol, 26%

GCMS mz 10880 Pergdministerd MiGDasedy opvsOnhelation7 Inanpier emgo@mept,5 He,

9. 14
tert But yl S&F?% %p%dﬁréﬁrﬁ.]fg?ﬁ% w%e‘fﬁ?oﬁh jene ﬁﬁlﬂs&%@b rg?ﬁaﬁ? Oﬁl aYboxyI ate
(CL3) 20Pyran®tldemean4b@@rrmltd&hedeo(rﬁibahdé26f Oeg, m@r&uo& n‘n@y)abeas bedded to

a mxture of tert-butyl 4-am nopiperidine-1-carboxylate (42.61 g, 212.8
mmol ) in teratd%'ﬂt%reﬁ'éi'mﬂyg?H@eXQOSQa'L) After 2.5 hours, the reaction

was fil t%r ed, andridegddd Ay glrﬂ@ﬁ FNGREL I ?H‘r’p%unﬁ %ﬁgﬁrt Qo SOt

anber oil, whi ch was gen aken directly to t oW n tep Yi el d:
56.30 g, 19%ontaminig, the2 Gomperndsi idiNFasedOon NHxari€lyCobB fagtarst, iiatiudipgctheum
characteristic peaks

(s, 1H), g dypP %,dag%,_\ge@hgll'zsd'e%(l%ﬁd rgggjgal(?ggn“r)d‘jtgcgdgfiﬂig'p%p&%t‘ ?hé%’ev%ﬂy’ of8 - 36

tert-But yI 44 (cbriditiény, QHQQ‘BM@ o’fs’aﬁbﬂlhlglrg!léh %NdLTHé*"a'cm/lﬂﬂéP'théL articular
vl 1 oi peridine- 1-car boxyl ate (Cl4) - Ami xtureoftert-butyl 4-{[ (1E)-pyri m

idin-4- yl merhgountegapiayed pl hes the ﬁn@gLe c&gnm@wmaye/a(scm@elysﬂcmg@ 198. 6
ol ), ]’|5 f llg Igo?tﬁe Srfer s % %OUF{)W”RB%%%SF (f)(?rr'ﬁ/g l)re"raH%ra eonoey (C2)

(38.30 g,
weight per day are useful in the treatment of the above-indicated conditions.

In one embodiment, the total daily dose of a compound of the invention

(administered in single or divided doses) is typically from about 0.01 to about

100 mg/kg. In another embodiment, the total daily dose of the compound of

20 the invention is from about 0.1 to about 50 mg/kg, and in another

embodiment, from about 0.5 to about 30 mg/kg (i.e., mg compound of the

invention per kg body weight). In one embodiment, dosing is from 0.01 to 10

mg/kg/day. In another embodiment, dosing is from 0.1 to 1.0 mg/kg/day.

Dosage unit compositions may contain such amounts or submultiples

25 thereof to make up the daily dose. In many instances, the administration of

the compound will be repeated a plurality of times in a day (typically no

greater than 4 times). Multiple doses per day typically may be used to
increase the total daily dose, if desired.

For oral administration, the compositions may be provided in the form

30 of tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0,



132. 4 mmol ) and pot assi um carbonate (36.59 g, 264.8 mmol) in DVF (575 5
m.) was stirred for 18 hours. The reaction was filtered, and the solids
wer e washwo 2ittdsissshyl acetate and di scarded. The conbi mrew/1B210/HTT€S wWer e
diluted with ethyl acetate (1 L) and washed with water (2 x 1 L), and the
conbi ned aqueous | ayers were extracted w.th ethyl acetate (500 ni).
Concentration of the conbi ned organic I\g%?érs in vacuo provided a solid,

whi ch was heated at 10 reflux with tert-butyl nmethyl ether (400 nL), then
cooled to roomterrperature and granul ated for 1 hour. The solid was

Chi s 11 irat®-hadOBortah: 1a0ed /dn@dd.r dbcens pRACalGrama o daf ceelle tho

sane way, Ush@@dientTor e 5embtdHANE abRIsEYENEENETe dBQan)Tt@'trﬁe %aﬁéﬁtonﬁk crop.
The conbi ned Solids provided the 15 product as a white solid. Yield: 41.70

g, 98.47 muhedlzamntﬁymmﬂy(mamzfrom@;t ®01.mg t()gbogtt-l)SOOlrr@lofltt@z (m
2H), 2.16 (br_.d, .J=1 77-2.85 br

(1) 3=1. 0 doyllg RgreBigif; of anGing! efidenEl 1 bop 1905 i 14l

1.4 Hz, 3H m@ o4jaotldd mérealeﬁ?]t InttaVvEnousd 1do§e§9né§,rar1¢@ frofh BBo100. 13565 4 Hz,
1H), 9.29 (d, 1H). 204-14-(4- uorophen 1)-1-piperid

in-4-yi- 1H|ahqu@a£>dng/$gmnutﬁ/dumgaqqmétamtta)e infusion. TFA (242 L) was added
to a solution of u 4.

fl uorophenyl) - 5- péy@l{atnq]éc)il %Mﬁj %I ?—écﬁorrrg'cri] zot fh§?| ]presentl dlmr/leent Meal l%lc%gfl ate
(C14) (30. 7(ngmniah9subjotts. Maamtmelﬁ accoreingatoethe2gizseh) invehtien id@ubeur s,

t he reactlon was treated with aqueous sodi um hydroxi de solution (2 N) unti |
the 25 pH of Ltr?éerﬂokt'wt@drt@aﬁﬁeaei@ ige, beyne; Qﬁpr'”ﬁeteSHtﬂeaPVEB@otpﬁéﬁ“Wl The
aqueous (yay C I a (

conbi ned orggg?\éﬁi%l’ z‘a}ﬁeé@&\tﬁ@rge%@r?égént%@é@gﬁlﬁﬁgvgﬁﬂo&tdg 3r ovr@g trﬂe pr oduct
as a yel |l onitdbresdhiahe &nbbdim@8, 8Qn@ns7are9duitatbe sumeatstl HamaresulijelctsVR (400
VHz, CDCI3)61821 2 1 d, J=12 2.71 (ddd,
J=12.3, 12.3N2gRs ¢ é%dergr@zat(%?y %‘agﬁﬂiﬁ'eti&bpﬁﬁ)”t 4.82 (tt, J=12.0,
3.9 Hz, 1H), 7 OQn(é’rﬁbther @ﬂrrbo!ﬁrﬁeﬁt tﬁeantl'l%‘ntlo%| Q:@mg)n%@s (tHe.ust=8f 3nelort Hz,
1H), 7.41 (dd, J=8 83 (s, 1H), 8.57 (d, J=5.3 Hz, 1H),
9.30 (d, J= 1mqre|—|zompp|unds of the |nvent|on for the preparation of a medicament for

4-{ 4- (4-Fl v1)- 1 1 hyl eridin-4-vil-1
i asede. o R RAGREN e g PR e ded B8, ) D) bSot am
t ri acet oxybor ohyd¥drdfe (tZ2t@engof telednditions ret@@e@wedot/@ tAeSenbibdLtisof

444- (4-fl uorophenyl) - 1- pi peridi n-4-y1-1H i m dazol -5-yl ] pyri m di ne (C15)
(30.50 g, Q@fStBerﬁﬁtﬂe')‘t'Cﬁhﬁaﬂst?ﬁ(@ﬂm'éls@réﬁr@ﬁap@m&@d(ﬁﬁ 9 g“\'telrmét'\ﬁe%ml) in

THF (544 nL

The eact ! o WLEGPeAIS" GhbANaPle: sS4, Ao o ekl SPRUCHIR, Vi 1
agueous sodlbﬂ@ahse@lfﬂmllagr@aseﬂaquefws(s&ﬁﬂallnty)relavm tdhtHay parght coeophtit o 9- 10.
The aqueous Iayer was extrac wi t h di chl oronet hane (330 nlL) and. the

conbi ned%r gani ¢ Nay8Pethger ee@gPQWWer thEgnBEGSEM suNVEREON | GABRTEReSand
concentrate i n I I

chr omat ograﬁHﬁTéﬁggﬁ%al@%ﬁn@wgﬁol gyﬁ?&hgm oroLﬁe altg!r)te oebﬁo tdt?g@ppr%%duct 15
was suspendeajcomnpeuhgIofetbetna\temtmomesemteainwlthe&apbalrmzmautlheﬂy adcéptable of

et hyl acetate ravi ded a sol ufion when ted at flux; this was
Cr oxt ed-wi ¢ 1ESo1 TGN F8 bE S0l iy Rl 5913, R BeehBe aaviaiiel |
After cool i Rgitt the esmpbeRY sad Uhﬁedo%a%dﬁttb’dél'trcﬁw VB e APl 2t eBidtowhR
mnutes, at which tine the solids were collected via filtration and washed
with et il ast gortaimiviom 2005%t tr 98% s weight ofetiteeaciive €OMEEsINdE706 ) ;

nmet hanol (15 n t 1 r s . boil ed
doun To a varmEwk Rotes heRtoF Baf Benrdmp harlt Aufe mdtbfelSas )
After cool i ngrgedable@iug eanwsret Otiferphdroassis w‘all acfivs sdbstadces thearvoxt ure
was filtered and the solids were washed wt anol, then heated to refl ux
in ethanol (aRresent. After 25 cooling, the ntxture was granul ated for 1
hour, filtered a lid.
The sil1ca gel oo treoBauRts 8r i fRsknt BYRES) Sy BF ABFAKERe DY BAN: | 5t e
in vacuaoto smntabledeo%dl pnete’rablysm itde WImtof\AaSphlaammderah rcoatdqsitmcet ate
(250 m.) by heating the mxture to reflux. Addition of a solution of HCl in
diethyl ether (2 N, 30 niL, 60 nmmol) was 30foll owed by cooling the m xture
to roomtenperature and granulating it for 30 -62- mnutes. The

hydrochl oride salt was collected via filtration and washed w th et hyl
acetate; it was then heated to reflux in ethanol (114 ni), cool ed,
granulated for 1 hour, filtered and washed with ethanol to provide
addi ti onal product as a solid. Conmbined yield of the two lots: 35.4 g, 80.3
nmol , 8596 5 LCWB data was obtalned frontthe product of a reactlon run

1 7~~~ A~ AN - I AN OB P — . ~



10(d, J=1.8 Hz, 1H), 9.42 (d, J=1.5 Hz, 1H), 9.58 (br s, 1H). Exanple 7:
4-{4- (4- Fl uorophenvl)-141- (i soxazol - 3-vl net hvfl pyrrolidin-3-

v11l- 1H i mvoaaolosssssl | pyrim din-2-amne (7) \- H resN - €CINIB2010/054749
tert-Butyl 345-(2-am nopyrimdin-4-yl)-4-(4-fluorophenyl)-1Hi m dazol - 1-
15yl | pyrrolidi ne-1-carboxylate (C17) tert-Butyl

3-[5-acetyl -4-(4-fluorophenyl)-1Him dazdr - 1- yl ] pyrrolidine-1- carboxyl ate
[ Cl6, prepared according to the general procedure for the synt hesi s of
tert-butyl 345- acetyl 4- (4-fluorophenyl)-1Hi m dazol -

| tid | at that. t t-butyl 3-
Y O mopyr 1 AL SUG BoRpieandyach G0Bs GECHVads BE faftmeagyigenged.

am noazet | difigy éztg@é&wb@ﬁ& o lcOMBoE ORI oxERIS)mey belBirhstéi 2, 13
7.15 (dd, J=saly, rectallwzpareaperalw %tQQIdallyJ =8.7, 5.4 Hz 2H) 7. 69 (br s,

1H)] was subj ect o_reactiqn conditi mlar toth se used for
preparation of t(ea(S'faiu??m %?P@ & 7 nd @ﬁf qsﬂspdform may Be for” example,

i n-4-y1) 54- (Frebémted cRhgiB¥rete dnitsMsueRzA hard or ot ]:a;aﬁneéil ;ﬂms 1c§@‘r’fét§><y| ate
(C44) in Exarrple 1, to provide t he product as a solid. Yiel g, 14. 4

mol , 67% 1erenges; a0tA\els, eariBom)taming agredetegpinedamount @‘Oat(leh@stme

3,45°3.65 (oriine flrieydtly ARG Hangnd2 o fbolihnf ey o0 , 7,09
(d, J=4.5 HZadrﬂlH)strall6|44143)( Iéeh% taqmwdizemr@radule\forrml Ihchnothet- etﬁ;bddﬂmemt
i dazol -5-vllovrimid in- tert - But

345- ( 2- ani ndpgArai ¢OsR fPle)S %it( 14094%&%}1@%1’9)" SXRMAS: 0%¥Q?—|en99 In such
yllpyrro 'd's'b‘ﬁdjdo%%p 6%41?%%(:8@ ouffas ocf%r’fﬁlﬁl%q%ré%r%%rn? @G’T’@h g%ﬂﬂg the
same condi tions enpro or tra ormatlono tert-butyl 3-[5-(2-

15am nopyri roried om- mglgel)adqu‘(ahtsl uoBuophengigulidst om tabbbets| ribyy | Joatasni @ i ne 1-

STyt mi o lehreese Bnyition e ot alcapRyaE. PLEs. I IQIr'T']ﬁle@‘aggl a

lid. Yiel d NG
C€)3:)D) 6I§ 6*19 S%g%sfgrmmé-%lm 5%%5”41 m@ﬁ%ﬁéén@g&sﬂ%&% belb"%& 3. 16 3. 23

20 OM 1H), &rﬁel(moatlﬂlgsassuned obscured by sol vent si gnal) 5 26 (m 1H)
6.42 (d, J=5.1 Hz 5. 4

Hz, 2H), 8.05 (s, h %@th%r ?%%Pgdrggnts %alkadr%mtrHaztionzlﬁ!?ay be |n a PqUIId ose

4-{4- (4- Fl ugemhenyyuid ldbsagesrarotor3ondl nadrmistiabivhr Plclude, ifer Exaidpld,
Hi m dazol -5-vl | pyrimdin-2-amne (7) 25To a solution of

444- (4-f uorRi‘rﬁﬁ@\@?QqumWﬁqC@ptaﬂ'?leHll&}%O'iH?rqwtmﬂﬁoISU§pe®5}|<P'E>‘§ﬁrﬁyﬁﬁlﬁﬁ gl ani ne
(16), (200 M ORRER et bR aaens ol st s (i, e )
m Xt ure was dwﬁ(oomltlcms 8oCnfagr cdrﬁphwrahu%frtterswolasn@ettmgr Qmmmlsmp@r at ure,
the r eac2t0| Onsu\g%gnélaga%lae\giormg (he 5 Ogl\llveetenlng) and/or perfuming agents.
In another embodiment, the present invention comprises a parenteral
dose form. "Parenteral administration" includes, for example, subcutaneous
injections, intravenous injections, intraperitoneal injections, intramuscular
injections, intrasternal injections, and infusion. Injectable preparations (i.e.,

25 sterile injectable aqueous or oleaginous suspensions) may be formulated
according to the known art using suitable dispersing, wetting, and/or
suspending agents.

In another embodiment, the present invention comprises a topical
dose form. "Topical administration" includes, for example, transdermal

30 administration, such as via transdermal patches or iontophoresis devices,



30tri acet oxyborohydride (500 ng, 2.36 nmmmol) and stirred for an additional 3
-64- hours at 80 C. Solvents were renoved in vacuo, and the residue was
partiti orwd 2oettosesss et hyl acetate (20 nli) and water (20PpoiCjiB20Ifves4aepueous

| ayer was extracted with ethyl acetate (2 x 20 nmL), and the conbi ned

organic layers were dried over sodium St_JJO[ate, filtered, and concentrated
in vacuo. 5 Purification by preparative thin |ayer chromatography on

silica gel (Eluant: ethyl acetate) provided the product as a solid. Yield:
60 ng, 0.15 mml, 16% LCVS mlz 406.6 (M+l). 1H NWR (400 Mz, CD30D) 6 2.10

1H), 2.50- 2.59 2H), 2.84 (dd,,K J=10.5, 6.7 . 1H),, 3.09 (.dd,
STho s o 4 Wiedadlyr ' Blm@ibatoryy ora haaEH ook iAo EETNRTAlE AR5 1
Hz, 2H), 5. @o&?bsi@i@ﬁé‘bfor @?F‘i@al( damimiétr&idiz alstincl & & Sior DéxampléHopiéall7 (dd,
J=8.7, 8.7 Hz, 2H), 7.41 (dd, J=8.5, 5.5 Hz, 2H). 8.12 (d, J=5.2 Hz, 1H),
8.21 (s, 1HgQels.e3aydroigtments, apdacrehmss: A topical formulation may include a

il 1t o oS VR st anRS BB3SHaiipn SRR titB o e ke asapent
154- 14- ( 4- FliHayuegpheiy tkinl oPWthe atiebted- ¥heabtt iWheiazak- Sonibbimdd @f dhre ( C20)

tert-Butyl 3-[4-(4-fluorophenyl)-5-pyrimdin-4-y1-1Him dazol -1- yl]pyrrol
i d i ne- 1- cariBesition: arq egminig yda detsdermgl feviche ageveiptiptiqy ydlkdere f or

t he synt hesi - - 3 (2 ' rimdin-4-yl)-4-(4-

1 vor ophenyi e PmAEhGa 2G abarsh Safn AARE!/SLAldY dnd obdes Befibrane, 1 o
7, except thape boovframsolid neatir &babE . IRtk eornhulatdis for dfiis puapost imelude
hydr ochl ori de) was converted to the product usi ng{ conditions simlar to
those enpl oy@€8 f BYAiO0gKs T I9fiRRS. §AIUHPNEeCFeMSyOINtMents, dusting powders,

O BRGSO e
i n-3-y1- 1H ibandages! add yimigpemuisions- Rippgomes (GEh8)alsom Examgdde Typicale
product was obtained as a solid. Yield: 1.5 . 5.11 Mol , 70% L m z
310. 4 (M+1) _cairllprﬁw%lgé@ ,@T_q‘zqh re r‘QI_nféa%(g:ilLll_lﬂl;lld petfolatum, white
petrolatum, glycerin, polyethylene glycol and propylene glycol. Penetration
enhancers may be incorporated - see, for example, Finnin and Morgan, J.
15  Pharm. Sci., 88 (10), 955-958 (1999).

Formulations suitable for topical administration to the eye include, for
example, eye drops wherein the compound of this invention is dissolved or
suspended in a suitable carrier. A typical formulation suitable for ocular or
aural administration may be in the form of drops of a micronised suspension

20  or solution in isotonic, pH-adjusted, sterile saline. Other formulations suitable
for ocular and aural administration include ointments, biodegradable (i.e.,
absorbable gel sponges, collagen) and non-biodegradable (i.e., silicone)
implants, wafers, lenses and particulate or vesicular systems, such as
niosomes or liposomes. A polymer such as crossed-linked polyacrylic acid,

25 polyvinyl alcohol, hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose, or methylcellulose, or a
heteropolysaccharide polymer, for example, gelan gum, may be
incorporated together with a preservative, such as benzalkonium chloride.
Such formulations may also be delivered by iontophoresis.



-65- 2.37 (m 1H, 3.02 (m 1H), 3.09 (dd, J=12.2, 4.6 Hz, 1H), 3.21 (m

1H), 3.3 (m 1H, assuned; obscured by solvent signal), 5.32 (m 1H), 7.09
(dd, J=8.w0 28110558 2H), 7.26 (d, J=5.2 Hz, 1H), 7.38 (@d1/1B280/85478.5 Hz,
2H), 8.15 (s, 1H), 8.63 (d, J=5.5 Hz, 1H), 9.28 (s, 1H)

54-{4- (4-Fl uoropheny1) - 141- (i soxazol - 3- yJ1rret hyl )pyrrol id in-3-y11-1 H
i m dazol -5-vllovrimdine (8) 444-(4-Fluorophenyl)-1-pyrrol id
in-3-yl-1Himidazol -5-yl ] pyrimidine (C20) was converted to the product
according to the gener aI procedure for the synthesis of

N S e A T P L B eI R L S A

product was af&ﬂubéfcbﬁﬁbd&}ﬁdﬁé,'df'tﬁ@lrﬁl/%htléﬁ%?@Ebﬁ@érﬁé’r‘iﬂy AEHRAEE M theTBHn IR a100%
ethyl acetate in heptane, followed by elution with 1°)/0 triethylamne in

et hyl acet atsg)utiorher mueaamlowa‘somba diumeel spsa oahtairerstidtds squsleaed 205 mg,

0. 525 |, 41/0 0 (M1 1H NVR, (400 MHz 2. 07 .16
o5 o 1y Sabe by He” pltént drbes)an” HeRoscs | S8y idesettion, Rofi &
J=10.5, 3.4 ﬁﬂéssdrli)ed SorktBmer &7 e('ﬁ‘ibb@lhﬁer %ltﬁ&h@%&@ﬁratgmltablé%réﬁel%nw A
AB=22.0 Hz, 5.30-5.35 (m 1H), 6.54 (d, J=1 Eg& 09 (dd

J 8 9, 8.9 rEzorrTmlgtlonﬁ sujtapigyfor jatsanasal agnugistratipn ave a@i¢ admwssf)eresl 4 H,

30 2k, 18 SEebp drbpojr e u%é%%h%n%'?%f@%f%?- e 305 %5

vl et hyl | pi pegiéntd nvidr wb}os;a-korr@a@zniuxéi} \zbdnp;bhem ganeld, Spr ekampi, emixgd
4-14- (4- Fl uorgphenvl)-141-1(1S)- 1-i soxazo
vl et hyl | pi pé’i"ﬁﬁpﬁoﬂphﬂpdﬁﬂ-ﬁuﬁh(P&?ZB}PQW’“FIMVPPW% frem(@ @5y powdep inhal® ut i on

of 1-i so|>6azcgé a% %h elehydol @?H;f"‘%ﬁ#éyg?&}j{sggﬁ%rﬁ%n@r g) Eﬁ’p?'sﬂm?' tohflsdM (40

m.) was add cesiumcarb te (1
[4-(4-fl uordpma‘elyab)y an@Etpmisediusing ptecﬂrblhydmodazaﬂmcstxol proguceiadiime n(i€t),5) (600

, -66- 1.86 th t d at 60 C f
Evhyl acet ai® RO ke Wil e BB ol seitls lallastion % 1 Lt er (3
x 40 i), “@éﬂ@%di’obfha?@t BF &f &4 2guealieptstiordprobhAe! rSttiahbe, ugs! ed

over sodium sul fate, |'tered, and concentrated in vacuo. Purification of
t he reS| due th¢ @\rpd@pawat CoprFe @ basidhesivePageninddieexampte, CBOsSRN5Y mm
Mobi | e phase BQO fL%TFA in water; Mbile phase B: 0.1% TFA in

acetonlt |IeQyC &G Eht: 11%to 36% B) provided a m xture of the two

enanti omeri c proddeindthemMdraBodiRicht SPEPres&f iMyertidbnrmbides 4 ksutalindvse
Chiralcel OD, 250 x 20 mm 10 Mobi | e phase A: supercritical carbon

di oxi de; NbBPIME. pid pectal msgglmm T0RY. ¥R dn ninGg T Y%, dPktexamaie ne:
El t 60: / t
a4 (a- 1 voroshest: 1 Cocbe B o FaBHAF Speposiqny base: k- YRR, 114 i

azol - 5-yl ] pyalienmativies ro8y beb.sebtaseamobnguer ation is tentatively assigned) as
ayellow0|l (Yiel nmo mz 419.2 (M1 1H NWVR

(400 MH2O CDCI 3) %t%frzpﬁr?% ”J(J)@igrz@lsr&nd md %Oéga\gnwtmpnzmowﬁ 2ﬂz the 28 (m
(a, "9e1. 2" p PR obicgs P rayidgbthe S PrguCbyicy Qb dfidS of i, B, 21
1H), 7 40 (ddvenlm gnayp. be Harep2rgd By 83ny sof 1k, welldBopor techriikyes 8055 (d,
Ot al pak OBTATEBEH LA elebive RS B e o il TRECediiER e cal
carbon di oxiglveMdtdiderations in regard to effective formulations and administration
25 procedures are well known in the art and are described in standard

textbooks. Formulation of drugs is discussed in, for example, Hoover, John

E., Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton,

Pennsylvania, 1975; Liberman et al., Eds., Pharmaceutical Dosage Forms,

Marcel Decker, New York, N.Y., 1980; and Kibbe et al., Eds., Handbook of



20phase B: 2-propanol containing 0.05%diethylamne; Gadient: 5%to 40%8)]
and 4-[4-(4-fluorophenyl)-1-{1-[(1S)-1-isoxazol-3-ylethyl]piperidin-4-y11-1
Hi m dazolw6-2911jgsyss8m di ne (10; absol ute configuration i CraRa0/H3AS4y
assigned) as a yellowoil (Yield: 30 ng, 0.072 nmmol, 4% [LCVS mz 419.1
(M+l); 1H NWR (400 MHz, CDCI3) 6 1.47 (d4 J=6.9 Hz, 3H), 1.93-2.06 (m 2H),
2.11-2.27 (m 25 4H), 2.98-3.06 (m 2H, 3. 96 (g, J=6.9 Hz, 1H), 4.60-4.68
(m 1H), 6.34 (d, J=1.5 Hz, 1H), 702(dd J=8.7, 8.7 Hz, 2H), 7.14 (br d,
J=5.4 Hz, 1H), 7.39 (dd, J87 5.5 Hz, 783(s 1H), 8.39 (br s, 1H),

8.55 (d, J Retent n tine 5 m.nutes,
using a systé?ﬁrm&ﬁpf%%h '?mpaeﬁ% &) Fm ASi P Rarap P cabAssOrgHoThe 1R
enant i omer] . Wamnég)},l/1@§§858PCT/ | B2010/ 054749 -67- Exanple 11:

2-{1. 4-(4-Phenvl1-5-pyrimdin-4-v1l-1Hi m dazol - 1-vfl pi peri din-

1-vI | met hyl | pyri nih# ner’r(pml)nds afithe present invention can be used, alone or in

tert-Butyl 4- dazol 1- vl%rﬁ rE)erldl ne-1 -
e

4-
car boxyl at o ccaBaten i Sihet dhiiabebt stbelh f ks DA BeRE S VTS 77a”
ol ), 15 ffdoremnsairdissade m&&wlﬂ@bémEMaﬁd(@ EBNHB/ RejRRE R enidd andee
Organlc Synt heses; Wley & Sons: New Yor 4; ect. Vol. 10, p. 692)
(0.209 g, O.other Wge@mage@(tﬁs) Bay/be administered S|multaneously (elther in the
4- 1E I 0 I C13
(560" g, 5 coMmtsta TRty ) SRl e, By o eclepplfy e (19

t enper at ur e,exenggladgi thetaréumwﬁgeaq uenuse sfod exampla] moxietih atripid glutarﬁéteN 50
m.). The m xture was extracted with ethyl acetate, and the conbi ned organic
| ayers wer e /RE8POHaGAPRIRTaqueous it hi um chl ori de solution, dried over

mgnesi g sul fal exnd iddrBinRitauBAdo AECRT AR, LombBaHs, | PurddhGaLion 15

via silica gel chromatography (E uant's hyl “acetate in
hept ane) pr Gnealmjthdhéheptwduompamnds('areammmbmred ckaslelydenoGigi ih: tirdé Thaitg,

0. 658 |, 5% APCI 0 HN 0 CDCl 1. 49 ,
ory 01 8o, 1 58 Wsbiag B Hricslass e BalpBida) ERskis ob Mg binags. The hemor \°
‘71 ;2),2 ‘71 gg g@o%")oonﬁ’p&%_d%t ¥n4a¥]%%2,ad4n|h‘§teréb*) sm?ult%@ie()gglp_/') %o'ﬁcﬁrreﬂrtl@ 6‘#2 éH),

Hz, 1H), 9.2Z®quentiglyl. 3\delzt|on1aﬂw smqlt@neneaﬁdmnmtr@@ondnay be carr|ed out
ol ut 1 orfoot DT 0" GMEblRis oo’ ghtnistdiion' br By abfiinfiRG £ °

pyri m di n- 4-gengddtridsi starelsaine/ bdipit Pefimei the-at-difdreax dhatoenic €A&s of 26ihgT,
0.658 mml ) in dichloronethane (5 nL). After 2 hours, the reaction was

concent r at edlifierephtauies ghadminisiratictat ed with saturat ed aqueous sodi um
bi carbonat e sol utppn. Figsd Xt‘ébﬁcméntex%rdﬁ%gﬂ' Yibh B "‘Bc{onédc%WétraEEfbﬁt At e,
M cor Weth" a

and t he conbi ned orgari ayers were wash satu gqueous sodi um

| o chl ori de “siphultaneous didreidistration fTeagiaesidamn stéred teimuftahéarstyt, mead that
concentrated under reduced pressure. The resulting |ight yellow oil

sol i di fi2dd d08ICOMROURES e agmigisirsed in 88Y€N&50Pr ovi de 105 mg of product
that was contam nfjed adehh iRk fIRhE! é‘or%@ é’ﬁf ks H%ta:—?]ré%dlt%}érf&r sefl ne

white needl es precipltated out of the aqueou ayer; ese were c l'ect ed
by filtration perfprmmgdeihelﬁnetdddsl ohalregnuenic deasrilzect r @aonec ol dnedneol i d

L1 Bt L0808 M B 0 LS 5 g B )0
?H)ZO :; :22,3 (WEG?d&np&Jr%@ éttthe émé@nprnvénﬁoﬁ'%mdlé'%o??alﬂ& @(ﬂhe%‘é? |3h g EZ

Hz, 1H),259. 3N tles sE_?fwqui to eafyy out ’31e methods of the present invention.
In another embodiment, the kit of the present invention comprises one
or more compounds of the invention.
In another embodiment, the invention relates to the novel
intermediates useful for preparing the compounds of the invention.
30 General Synthetic Schemes




202-{14- (4- Phenyl - 5-pyri m di n-4-y1-1Hi m dazol - 1-yl ) pi peri di n- 1-

vlil methvl }ovrimdine (11) The title product was prepared by reaction
of 4-(4-pNenyiasigs8peri din-4- yl-1Himidazol-5-yl)pyri RCrdB2N@o4CTR3) with
2-(chloronethyl)pyrimid ine according to the general procedure for the
synt hesis of 4-{4-(4-fluorophenyl)- 25 .141-(pyrimid

in-2-yl rrethyl)plperld in-4-yl]- 1H i m i da%ol - 5- yllpyrimid in-2-amine (3)
in Exanple 3. In this case, after the reaction m xture was concentr at ed,
the residue was partitioned between ethyl acetate and water. The or gani C

| ayer was washed th saturat ed _agueous sodi um chl ori de tion,

over magnesi um Suﬁedtcgmppqqr{ %ﬁ@u&ﬂcé@ﬂw ;aeeoorﬁﬂar&d 'rsbé/dxr&%d re
30Puri fi cat i icBed Ml & Bdetich vﬁtH Egrthefit nfethGdBkAGKARAYNé %lrtué‘fné gaare%

met hanol -69- in ethyl acétate) to provide the product as a whité solid

Yi el d: 63 nighemigBy nabmodifivationpGindnderisgizationshpt arel fRvItigr4oothase, ofcDC 3)

or 4 55 (idringy b gn drle it TTHE syt atetislliséa pdgeif A6 apitherciay
J=4.9 Hz 5 1":9va|I5bI%9or ﬁnéyaﬁe ?F@pa’ﬂ;&i 3/7rdblm§ rﬁétf(dﬂs idwn Th &R 6. (sbth.asB. 53
(br d, J=5.4 Hz, 1H), ©9.29 (br d, J=1.5 Hz, 1H).

Exanpl e 12: thostt m;eihqdq 4d|§ﬁt@fse¢ in 1§ta(rwm nf@ferermevl braksy fSusinpeas dihe: 4-

v11- 1H-i mi daz M&N?hﬁwa—“ R_E;ﬁm?“_s%nﬂéﬁc HETHORS, W1 kil (published

4-{5[ 2- (et hy'am noypyri m phenyl

yl } pi peri di rtﬂf Wit Immb@hEeX)C%éferred methods Xtsluge,0but ard -rattlihited to,

4- (5-acetyl -4-phenyl - 1H i m dazol - 1-yl ) pi peri di nel-carboxyl ate [ C24,

pr epar ed acc,tB?%ﬁ’ AgSerdbadeelgWner al procedure for the synthesis of tert-butyl

345- tyyl - 4- (4-f

J1 Tazoti Hi ne. L car B PO7 & he oIaWHESsRInde seuences, | may be nqcessery,.

am nopi per i cdintdoerl -desirbbbey tat protexs seesitiver qrl aezaactwfe tgeoupdhwdnylard- of the

ey beneorBOpeuRs’ RN, 31 SehLhECRUARTER SO N boHtRte
met hyl phenylgstdtingyd Im&hﬂubﬁeﬁéetﬂésé%écnﬁé@i‘llrﬁ@r W 1(%ré’€ﬂ?a| )PﬂﬂgctNe'\" 20

di met hyl f or mam de acet al m.) was heated to 100 C'for 18 hours,
t hen cool ed Q\Mpson@gan@t@hlemrstr\yadgbn Witey &&xinsud98asT dVs oeend and P- 70-

ot bano 3 papRronus Plie@ie RGP choafic Chehusthy Nl Mgk R SRS ous
met hanol (2 1991, dridem. ¥ddGrgeé erthy] guani Wutg Pysteetd @zrrbdgs (lr'ﬁ’r:@rg@ﬁlc 3. 77

nol) to the resul ting sodi um net hoxi de sol ut | on] The reaction 5 m xture
was heated &Eh&isty ofohp1VYileyr & Sonen 1898 erhich areohetapéicorperateth by

treated V\ntt}e\é@ e(1 m.). The solids were collected by filtration, rinsed
W th saturated aquéous sodi um bi carbonate solution and water and dried to

provi de the prodLG:cbmpeuadé iofforrhala BOdm' theerblaiadﬂaéh’iﬂlca‘gy dbcéﬁtahimlsalté»?%
APCI nlz 435.0é 1H NI\/ROE4OO , % 6 1.49 Hg g) 1.93 (m
10 2H) 20 189 e@r RAred aqeoraing fo iheiéeath@Q ?ﬁerﬁﬂi d's@ué%eq ergjabeioy |

26- f_\ﬁﬁ)’lé# fzaéhcgrlxh fnm téﬁj 9@1;( m%bgk%%ntg&ﬁﬁgg)@c"h;&ﬁ% %F& d sté§8 15 (br
d J 4 9 Hz ,abbide. Isolation and purification of the products is accomplished by standard
procedures, which are known to a chemist of ordinary skill.
It will be understood by one skilled in the art that the various symbols,
25  superscripts and subscripts used in the schemes, methods and examples are
used for convenience of representation and/or to reflect the order in which
they are introduced in the schemes, and are not intended to necessarily
correspond to the symbols, superscripts or subscripts in the appended claims.
The schemes are representative of methods useful in synthesizing the



N- Met hyl - 4- (4- phenyl - 1-pi perid in-4-yl1-1Himidazol -5-yl)pyrimid in-2-

am ne (C26) 15The title conpound was prepared fromtert-butyl 4-{5-]2-
(et hyl amvoa)yesisssdi n- 4-y1] - 4- phenyl- 1H i m dazol - 1- yl | pcpaB2odi/ng749-
carboxyl ate (C25) according to the general procedure for the synthesis of
4- (4-phenyl-1-piperidin-4-yl-1Hi mdazo4 5-yl)pyrimdine (C3) in Exanple
11. In this case, after the organic | ayers were dried over nmagnesi um
sulfate, filtered, 20 and concentrated under reduced pressure, the product
was obtained as a white solid. Yield: 174 ng, 0.520 mml 100% APCI mz

335.0 (M+l). 1H NMR (4 2.09-2.20 7 J=12
H, 2H), 2. @?r@@o“@% o Beigsot ¢ 'OH‘F?‘%’JB They 7 rw%'p? nﬁiﬁ?'” %egécoméw =12,
4 Hz, 1H, aqﬁg%ntlgﬁn,ﬁ|aﬁg,lvya)pbscured by water signal), 6.33 (d, J=5.1 Hz,
1H), 7.27- 257. , (.°37-7.41 (m 2H), 8.05 (s, 1H), 8.09 (d, J=5.1
Hz, 1H). Experlmental Procedures and Working Examples

N-Met hyl - 4- {4- phenyl - 141- (pvri m di n- 2S rI}met qvl )pi peridin-4-v11-1

Hi m dazol -5-vl | pyrim di n-2-am ne (12)— The title product was
prepared by reaction of N-methyl- 4|:(2§, phenyl 1-

pi peridin-4-y1-1H i m dazol - 5y|)pyr| e, B am ne (C26) wi.th

2- (chl oronet hyl ) - 30pyri nidi ne acco to the general (sﬁ eduge-for the
synt hesi s of 4{4(Mfluo%?ﬂh ) - 1[1(pyr|m|d g

i n-2-yl net hyl ) pi peRid&i ik 4- Y1 ] 1H—|m|inazoI 5- /p;%ym amne (3) in
Exanple 3. In this cse;Zafter oole roomtenperature, it
was diluted with dichl orret hane (20 nlL) and wat el Y rrL) The organic

| ayer was dried over rrﬂgnem umsul fate, filtered ang oncentrated in
vacuo to provide a light yellow solid, which was d| ssol ed in a small

vol une of dichl oronethane. Addition of hept ane caused a|solid to
precipitate; this mxture was stirred for 30 m nut nd then the solid was
collected by filtration, washed wi th heptane ang, y@ad wi th diethyl ether
to provide the product assg hght yel | ow SO|IdO -¥i e d 06 ny, 0.248 mol,

34% 10 APCl niz 427.1 ). T1H-NMR (408 @D) 6 |239-2.17 (m 4H).
2.29-2.36 (m 2H), 297% 311(brd@g 12I—ﬁ2,385(s 2H)

4.74 (br s, 1H), 634‘5& J51Hz, 1H), 74 7.35 (m 3H), 7.38-7.43 (m
3H), 8.06 (s, 1H), 8.09 (¥ d, J=5 Hz, 1H) 8Vl d, J=4.9 Hz, 2H).
Exampl e 13: 4-{141- (1l soxazol -3-yl nmet hyl ) pi peri di n-4-y11-Y4- phenyl -

151H i m dazol - 5-yl | pyri m di ns;2- am ne, hydrochl oride salt (13) C2713

4- (4- Phenyl - 1- pi peri drey- 4- 3:*1 1Himidazol -5-yl)pyrimid (RﬁmZ-agb'bne[ Cc27,

prepared fromtert-buty}
4- (5-acetyl - 4- phenyl\ da@ol -LBpIQ pimpeati di ne- 1-  garbQxy e (C24) in a
manner similar toNfh& syathesis of. Reduggivdgrhindtiond- 20 '\__

#\026) descri bed

phenyl - 1- pi peri di n-4 y1 1H i m dazowittbRIRLgyri m di n- 2 m xe
in Exanple 12, /bt ' gugni dime—hydrochtortde |

N- net hyl guani d ide] was reacted with /s
according to tNe“genenry Npr ocedure for the synt he37 s of o
4-{4-(4-fluorrphenyl) - R41- (i soxazol - 3- R

yl met hyl ypi peri di n- 4ky1] - 1Hi m dazol - 5-yl | - N- et hyI pyrilm' din-2-amne (5) in
25 Exanple 5. 1.

4-{141- (1 soxazol - 31§ PREPRYNTBiPer e 4Py Yyhese fhe iy i fPRY ReBYHAES %y r i i

di n- 2- anm ne dHoWee iPaS¢hePhe 13)THeASMPRE BF rmnmﬁawwe 7¢r@waﬁéa [ re\éc,ﬁbﬁl ofl01
mg, 0.252 mmol, 29% 1H NWR (400 MHz, CDCl 3) 2.08 (m Lo T2-
aldehyde ll and an amino- substltuted BOC protected [BOC tert-

butoxycarbonyl] cyclic amine IV in a suitably inert solvent such as diethyl

R5
_\E:N - car bal dehyde

10  ether or preferably tert-butyl methyl ether at from 0 °C to 50 °C, preferably at
ambient temperature. The toluenesulfonylmethyl isocyanide [tosmic] reagent
VIl is prepared from aldehyde VI, 4-methylbenzenesulfinic acid, formamide
and trimethylsilyl chloride, following the two-step general procedure described



2.12-2.24 (m 4H), 3.03 (br d, J=12 Hz, 2H), 3.69 (s, 2H), 4.59 (tt,
J=11.8, 4.0 Hz, 1H), 5.07 (br s, 2H), 6.41 (d, J=1.7 Hz, 1H), 6.54 (d,
J=5.2 Hz,wOMp11/08188- 7.34 (m 3H), 7.46-7.50 (m 2H), 7PT818m10/054y49 8. 17
(d, J=5.2 Hz, 1H), 8.40 (br d, J=1.5 Hz, 1H). This solid was dissolved in
ethyl acetate, treated with a 5sol ution 4%f hydrogen chl oride in diethyl
ether (2 N, 1 equivalent) and allowed tostir for 18 hours. The resulting
solid was collected by filtration to provide the title product as a |ight
yellow solid. Yield: 70 ng, 0.16 nmol, 19% Exanple 14:

0. o et hy| - ISR S0ganiG Sarses, NIy bipend EENOrR 2604 Satess
N-{ (4- Fl uor ophieng! pl 682 kYA NVis) tmgffgwgg r%ﬁ anaﬁc,}ti?gqﬁﬁwa’ YL ah&283mic

A m xture of 4-fluorobenzal dehyde (3.1 . , acetamde (3.78 g,
64.0 mmol ) aedgent MHtWifh s cgitbonate bade LBNS8s sodiups.carponsty drpredereblyi tril e

(12 m) and toluene (12 ni). was heated. at 50 for. 1 hour. 15 Additignal
oot am de. ( POBYIR LA LRnBIS “Tna %  CHERHYT <poghchPEr | SVl S | R
ol ) weise afigiethyladtlamesd,i n91%§trﬁﬂth;§lmﬁdirfdhé 90 g¥i nuprseratily Whi givpoi nt
4- et hyl benzenesul finic acid (6.00 .4 mmol ) was added. The reaction

, 38
was al | oved diefbiossamide SOMET 6t EmnBurG, 1o Bon e prelssran el et
20m nutes. of CabersHit s bbRPBhY SeamuF its olertibe drelp ot T 180 oy .

cool ed to O figstf @embvimguith@nBO0 |greteetingt §mupoluneet escigiel cdnalitions,i nsed Wi t h
tert-butyl -73- nethyl ether. TheTproduct was obtai ned as a white solid.
Yiel d: 4. 27¢rgferablydri acetioacid- TRIOR Ne20 0T Ae2 Spiien de)dighlarometpane.gy) |

(4, 958 1o By MG AQfoR, Shvghey opdiefdbi femarh & shahofRedibivgly
9. 39 (d, J=l0nibatian dfiHhe BesitingBsegbndary amine with aldehydes or ketones of
444- (4-T1 uoropeYAIRT =B MYds heP¥omPodnd of Potmutd I6MWRER RPR?L=0 is an
aldehyde, this transformation is preferably performed by mixing compound Il
and said aldehyde in dichloromethane, 1,2-dichloroethane or preferably
15 tetrahydrofuran [THF] and then adding a suitable hydride reducing agent such
as sodium cyanoborohydride or preferably sodium triacetoxyborohydride, with
or without the presence of acetic acid as a co-solvent, at temperatures from 0
°C to 100 °C, preferably at ambient temperature to 50 °C. This transformation
may also be accomplished by formation of a discrete imino intermediate via
20 the combination of the aldehyde R3R*L=0 and compound Il in the presence of
a dehydrating reagent such as: titanium(lV) chloride or titanium(lV)
isopropoxide in a non-reactive solvent such as THF or dichloromethane;
magnesium sulfate in methanol or ethanol; or para-toluenesulfonic acid in
refluxing toluene with azeotropic removal of water. Subsequent reduction of
25 the resulting imino species with a hydride reagent such as sodium
borohydride, sodium cyanoborohydride, or sodium triacetoxyborohydride, or
by hydrogenation in the presence of a suitable metal catalyst such as
palladium on carbon or palladium hydroxide, affords the compound of
Formula Ib.



yl | pi peri di ne- 1-car boxyl ate (C30) According to the nethod of J. A
Murry et al., J. Am Chem Soc. 2001, 123, 9696-9697,
N-{(4-fl woaphasydsg[ (4- net hyl phenyl ) sul f onyl ] net hyl | acecanBzao/(d28) (250
ng, 0.778 mmol) and 5- 10 (2-hydroxyethyl)-3, 4-di methyl-1, 3-thiazol-3-ium
iodide (44.5 ng, 0.156 nmol) were conblq&g and the reaction flask was
evacuated and refilled with nitrogen gas tw ce. Dichl oronethane (4 nL) was
added, followed by pyrim di ne-4-carbal dehyde (92.5 ng, 0.856 mml), and the
reaction m xture was heated to 35-40 C, then treated with triethyl am ne
(2.63 nL, 11.7 mmol); 15 the reaction E%R stlrred at 35 Cfor 1 hour, then
cooled to roomtenperature. Aliquot: 74.5 [ (M+1) for
N41-(4-f|uorophenyl)-2-oxo-2-pyrinidln 4- yl ethyl] mde (C29)]. After 2
hours at roomtenperature, the m xture was conceﬁt d in vacuo, dissolved
in ethanol (4 nL) and treated with_ cetlc aCI§g§F*22 m., 3.8 mryl,) and

8

tert-butyl 4agnnop|per|d nelcar 200y, 179 DX - Bfe
reaction was (R t egdco r for 3 rs concentratg reduced
ar

pressure and df ed with ethyl and &ueMls sodi um m_ r onate
sol ution unkiN m xfure was. was b C. The M xture was ex M th ethyl
acetate, and thg conbi ned organi (§£@yers were dried oveg s di m ul fate,

filtered and concentrated in vac Purification of X resi due by
silica gel chromatography (Eluant: % net hanol in ethyl" acetNEt e) provided

the product. Yield: 60 ng, 0.14 mmol, 18% LCV5S nfz 438.6 (Mr1l). 1H NMR
(400 MHz, CDCI3) 6 1.48 (s, 9H), 1.95-2.00 (m 2H), 2.12-2.2 (m 2H), 2.61
(s, 3H, 268277(m(R?2),l;|) 4.21-4.33 (m 2H), 4.65 (tt, J- 3.9 Hz,
1H), 6.97 (dd, J=8.7, 8. BOC?H) 712(rd-d J=5.2, 1.4 Hz, §029(dd
30J=8.8, 5.5 Hz, 2I,-\1)/\ =5. 3 Hz, |_P| 9. 27 d J,:I\S -74-
444- ( 4- Fl uor ophenvl S hyl 1 pi perl"dNn AHNHo M
vl lovrimdine ( N Thetltlefmfpﬁmwd—warprepar
4-[ 4- (4-f1 uorop 1) ¢ 2 ity BHPsIr i m i d i n-4-y1-1
i dazol - 1-yl ] pRpper+d i ne=d- car boxyl ate(C30) 5 accord
procedure for the synthgsig of N-nethyl-4-(4- I}_;{);1eny(f¥)n
1-pi peridin-4-yl- 1H-im'daz§\(5 yI)pyrlr’(hdln 27am ne (C26) |n\ExarrpIe 12,
except in this case the extragtion was cagered _put w th dichl oronethane.
G%‘ BN ﬁ §(|v|+1)

r8mtert but yl

e gener al

Yield: 35.7 ng, 0.106 mmol, 50 : ; 1H NWVR (400 MHz,
CDCI3) 6 1.96-2.01 (m 2H), 2.14-2.24 (m H), 2.61-2.68 (m 2H), 2.65(5,
10 3H), 3.19-3.24 (m 2H), 4.57 23, 3.9 Hz, 1H) 6.96 (dd, J=8.8,
8.8 Hz, 2H), 7.12 (dd, J=5.3, 1. \>—%H2\942(rﬂidvle]\] .9, 5.5 Hz, 2H),
8.55 (d, J=5.3 Hz, 1H), 9.30 J ;
4-{4-(4-Fl uorophenvl)-141-(is x&zol 3 vl net th )p| peridin-4-v11-2-nethyl 1Hi
m dazol -5-vIlovrimdine (14) 15Conpoulsd 14 was prepared from

444- (4-fl uorophenyl)-2-met hyl-1- piperidin-4-yl-1Himdazol-5-yl]pyrimdine
(C31) according t ner rQce for. S S|

A-{4- (4-11 uor ophdNy Pgr Xg(rﬁétggggtglpqgﬁgre Syrrr%]d?ne XgrtnBSunds 8ff Formula Ic

yl net hyl ppi peshdivh-iA-ScHeriéHli Mhddamhe bf Fotmiameiniglfpst praodiett By agadtdn(5) in
Exanpl e 5, except that extractions were carried out wth dichloronethane,

20 and the é?ﬁ?aﬁi‘O@@)@ﬁB?'e%ﬂq amiporsghslitetacaBRL-REaiedied Rycliagaing AV, then

ol 239  LEREeg 2 tBSBHT rpdgent oV RRArEE ah (i) SeSr B o
24,1215 | ddtnatorlof Bida1o I 2, Schemeato YRz Rty spsBitied gnﬁzﬁz()le "5h),
:

6.39 (d, EJ)]GlJlV"?y'HSOU%H)am@'e ngtf 5%@85938 *&/eraﬂpﬁ "?‘12""%&6@ =5 3,
1.5 Hz, pH), I_%uzoéﬁ) é(@?ﬁetﬁg%r@noﬁgéthlé'ﬁe 24}, rﬁe%?alﬁl d?méfﬁg#fd@dadnﬁté5 (d,

J=5.3 Hz, gtructures t1onal
Exanpl es ar digletwh acetdlalditber Inesatdor2in FabUéabl;r rmrdr@ac@weesqdrrgrm sath st a and

preparative |.nformation for these addi t i gnal es . Ie 3

Bontai ns 1 UFARIOTEBRDG: SueTR LS Tam SERm tad 200t HogE 751100
preferred. Pyrimidines of Formula lla where a hydrogen occupies the 2-
position may be prepared from X by treatment with refluxing formamide or a



Met hod A: Reductive am nation, exenplified by synthesis of 4-{4-(4-

5f | uor ophenyl) - 14( 1- substi t ut ed) pi peri di n-4-y11- 1H i m dazol - 5-yl | pyri m di ne
s (Exanpwe 280)051$385 A sol uti onof PCT/IB2010/054749
4-[4-(4-fluorophenyl)-1-piperidin-4-yl-1Him dazol-5- yl]pyrimdine (C15)
(0.068 nmmol) in dichloroethane (1 nL) was added to a vial 10 containing

t he appropriate al dehyde (0.075 mml ), and the nmixture was treated with
triethylamne (0.15 mmol) and acetic acid (0.38 mml). The vial was shaken
for 30 mnutes, at which time sodiumtriacet oxyborohydride (0.22 nmol) was

added and shaki ng.ywas ¢ ntinu d for an ddlt ona hours. .The.reaction
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for characterization data; biological activity is provided in Table 3.
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pepti de substrate PLSRTLpSVASLPG. (Flotow et al., 1990). The reaction was
i ncubated at 25 C for 70 m nutes. Enzyne inhibition was neasured in



the presence of 1 pL of the CKIE inhibitor, or 4% DMSO . Detection was
-77- carried out as described for the Kinase-d o Assay (Pronega).
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5,6,7,8-Tetrahydroimidazo[1,2-a]pyrazines of Formula XIX may be

5 prepared following the synthetic sequence outlined in Scheme IV. Ketone XV
may be prepared by condensing aryl ester XIll with the anion of
methylheteroaryl compound XIV. This anion may be generated using suitable
amide bases such as lithium diisopropylamide [LDA] or lithium
hexamethyldisilazide [LHMDS] in non-reactive solvents such as THF or dialkyl

10  ethers. Oxidation of XV to afford diketone XVI may be accomplished with HBr
in DMSO. Imidazole acetal XVIlI is formed via condensation of XVI with
dimethoxyacetaldehyde in the presence of ammonium acetate in an ethereal
solvent such as diethyl ether or tert-butyl methyl ether. Treatment of XVII with
aqueous acid, for instance HCI in THF/water, affords the unmasked aldehyde

15 XVIIl, which is mixed with an inert solvent such as THF, and treated in step-
wise fashion in a single reaction with: 2-bromoethylamine in the presence of

an acid scavenger such as triethylamine; a hydride reducing agent such as



1H NMR (400 MHz, CDCl 3),
1.99-2.10 (m 2H),

observed ion niz
3.01-3.06 (m
3. 62CTaB2026MH54749. 69 (br

6 (ppm; Mass spectrum APCl,
2.15-2.22 (m 4-{1[ 1- (i soxazol -3- 4H),

2H) , 3. 05wOap11/0518s8 et hyl ) pi peridin- J=5.1 Hz, 3H),

NHM Ex. 5; 4-yl]

- 4- phenyl

-1H s,

1H),
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5.18-5.21 (m 1H),

6.41 (d,

sodium triacetoxyborohydride; and BOC anhydride, to give regioisomeric
compounds XIXa/b. XIXa may be further derivatized as shown in the previous

Schemes to provide compounds of Formula I.
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The following illustrate the synthesis of various compounds of the
present invention. Additional compounds within the scope of this invention
may be prepared using the methods illustrated in these Examples, either
alone or in combination with techniques generally known in the art.

Experiments were generally carried out under inert atmosphere
(nitrogen or argon), particularly in cases where oxygen- or moisture-sensitive
reagents or intermediates were employed. Commercial solvents and reagents
were generally used without further purification, including anhydrous solvents



15 e C26 i mdazol-5-yll-N J=1.6 Hz,
7.26-7.33 (m 3H),

nmet hyl pyri m di n-2- 1H),
7.79 (s, wHRp11351858( br d,

1H), 6.44 (d, J=5.1 Hz,
7.48-7.51 amne, (m 2H),

hydrochl ori de salt J=4.9 HeCTABB010/8543® (d,

J=1.6 Hz,

10

15
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where appropriate (generally Sure-Seal™

products from the Aldrich Chemical
Company, Milwaukee, Wisconsin). Mass spectrometry data is reported from
either liquid chromatography-mass spectrometry (LCMS),
(APCl) or gas

spectrometry (GCMS) instrumentation. Chemical shifts for nuclear magnetic

atmospheric

pressure chemical ionization chromatography-mass
resonance (NMR) data are expressed in parts per million (ppm, 3) referenced
to residual peaks from the deuterated solvents employed.

For syntheses referencing procedures in other Examples or Methods,
reaction conditions (length of reaction and temperature) may vary. In general,
reactions were followed by thin layer chromatography or mass spectrometry,
and subjected to work-up when appropriate. Purifications may vary between
solvents and the solvent ratios used for

experiments: in general,

eluants/gradients were chosen to provide appropriate Rss or retention times.

Examples
Example 1: 4-{4-(4-Fluorophenyl)-1-[1-(pyrimidin-2-yimethyl)lazetidin-3-

vl]-1H-imidazol-5-yI}pyrimidin-2-amine (1)

et
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tert-Butyl 3-{[(1 E)-2-oxopropylidenelaminolazetidine-1-carboxylate (C1)




1H); 416.3 (Ml)1 4-{1[1-(isoxazol-3- 1.99-2.09 (m 2H), 2.13-2.18 (m
yl met hyl ) pi peridin- 2H), 2.23 (ddd, J=11.9, 11.9, 2.1 Ex. 5; 16 H C23
4-yl] - 4- phenyi/asksssHz, 2H), 3.03 (br d, J=11.9, 2H), PCT/IB2010/054749
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A mixture of fert-butyl 3-aminoazetidine-1-carboxylate (16.8 g, 97.5
mmol) and 2-oxopropanal (10 g, 140 mmol) was stirred for 5 minutes at room
temperature. The resulting material was purified via silica gel chromatography
(Eluant: 1:1 petroleum ether: ethyl acetate) to give the product as an oil, which

5 was used directly in the next step. Yield: 12.5 g, 55.2 mmol, 57%.
tert-Butyl  3-[5-acetyl-4-(4-fluorophenyl)-1H-imidazol-1-yllazetidine-1-

carboxylate (C3)

Potassium carbonate (15.0 g, 108 mmol) was added to a solution of 1-
fluoro-4-{isocyano[(4-methylphenyl)sulfonyllmethyl}benzene (C2, see Organic

10  Syntheses; Wiley & Sons: New York, 2004; Collect. Vol. 10, p. 692) (12.5 g,
43.2 mmol) and ftert-butyl 3-{[(1E)-2-oxopropylidene]lamino}azetidine-1-
carboxylate (C1) (10 g, 44 mmol) in DMF (150 mL). The mixture was stirred

for 16 hours at room temperature, then partitioned between ethyl acetate (500

mL) and water (500 mL). The organic layer was washed with water (3 x 500

15 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by silica gel chromatography (Eluant: 1:1 petroleum
ether: ethyl acetate) to give the product as a solid. Yield: 11 g, 31 mmol, 72%.
tert-Butyl 3-[5-(2-aminopyrimidin-4-yl)-4-(4-fluorophenyl)-1H-imidazol-1-

yllazetidine-1-carboxylate (C4)

20 To a solution of tert-butyl 3-[5-acetyl-4-(4-fluorophenyl)-1H-imidazol-1-
yl]lazetidine-1-carboxylate (C3) (5.6 g, 15.6 mmol) in n-propanol (50 mL) was
added N,N-dimethylformamide dimethyl acetal (12 g, 100 mmol), and the
reaction mixture was stirred at 90 °C for 3 hours. At this point, guanidine
hydrochloride (7.2 g, 75 mmol) and potassium carbonate (10 g, 72 mmol)

25 were added to the reaction mixture. After stirring at 92 °C for an additional 16
hours, the reaction was treated with aqueous sodium hydroxide solution (5 N,
10 mL, 50 mmol), and stirring was continued for 16 hours at 92 °C. After
concentration in vacuo, the residue was partitioned between ethyl acetate
(100 mL) and water (100 mL), and the aqueous phase was extracted with

30 ethyl acetate (2 x 100 mL). The combined organic layers were dried over



i m dazol -5- 3.70 (s, 2H), 4.75 (tt, J=11.9, 4.1 yl'I pyri mdine Hz, 1H),

6.40 (d, J=1.7 Hz, 1H), WD 2011/051858PCT/|B2010/ 054749 -78- 7.18 (dd,
J=5.3, 1.WoHa11/05k858 7. 30- 7.35 (m 3H), 7.41-7.44 (mwCTABO10/054749
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sodium sulfate, filtered, and concentrated under reduced pressure. The crude
material was purified via silica gel chromatography (Eluant: 1:1 to 1:2
petroleum ether: ethyl acetate) to afford the product as a solid. Yield: 2.1 g,
5.1 mmol, 33%. NMR data was obtained from the product of a reaction run
5 under similar conditions. '"H NMR (400 MHz, CDs0D) & 1.46 (s, 9H), 4.22 (dd,
J=9, 5 Hz, 2H), 4.41 (dd, J=9, 9 Hz, 2H), 5.47 (m, 1H), 6.39 (d, J=5.1 Hz, 1H),
7.10 (dd, J=8.7, 8.7 Hz, 2H), 7.42-7.47 (m, 2H), 8.09 (d, J=5.3 Hz, 1H), 8.25

(s, 1H).
4-[1-Azetidin-3-yI-4-(4-fluorophenyl)-1H-imidazol-5-yl|pyrimidin-2-amine

10 (C5)

To a solution of tert-butyl 3-[5-(2-aminopyrimidin-4-yl)-4-(4-
fluorophenyl)-1H-imidazol-1-yl]azetidine-1-carboxylate (C4) (2.1 g, 5.1 mmol)
in methanol (10 mL) was added aqueous hydrochloric acid (5 N, 30 mL) and
the reaction was stirred for 2 hours at room temperature. The solution was

15  concentrated and the residue was diluted with water (100 mL) and ethyl
acetate (100 mL). After adjusting the mixture to pH=9 with aqueous ammonia,
the aqueous layer was extracted with ethyl acetate (100 mL). The combined
organic layers were dried over sodium sulfate, filtered, and concentrated in
vacuo to give the product as a solid. Yield: 1.1 g, 3.5 mmol, 69%. LCMS m/z

20 311.4 (M+1). "H NMR (400 MHz, CDsOD) & 3.95 (br d, J=7.5 Hz, 4H), 5.51
(m, 1H), 6.38 (br d, J=5.2 Hz, 1H), 7.10 (br dd, J=8.5, 8.5 Hz, 2H), 7.44 (br dd,
J=8, 5 Hz, 2H), 8.10 (br d, J=5.0 Hz, 1H), 8.21 (br s, 1H).

4-{4-(4-Fluorophenyl)-1-[1-(pyrimidin-2-yImethyl)azetidin-3-yl]-1H-
imidazol-5-yl}pyrimidin-2-amine (1)

25 A  mixture of 4-[1-azetidin-3-yl-4-(4-fluorophenyl)-1H-imidazol-5-
yllpyrimidin-2-amine (C5) (11.2 mg, 0.0361 mmol), pyrimidine-2-carbaldehyde
(5.9 mg, 0.055 mmol), triethylamine (0.010 mL, 0.072 mmol) and acetic acid
(0.010 mL, 0.17 mmol) in 1,2-dichloroethane (1.0 mL) was stirred for 30
minutes. Sodium triacetoxyborohydride (22.9 mg, 0.11 mmol) was added and

30 stirring was continued for an additional 18 hours, at which time the reaction



7.84 (s, 1H), 8.39 (br d, J=1.6 Hz, 1H), 8.53 (d, J=5.4 Hz, 1H), 9.28
(d, J=1.4 Hz, 1H); 387.1 (Mtl) 1 NMR and MS data obtained on free base,
prior to wonrnatisesssof hydrochloride salt. Table 2 Rl 2CHIBB1670HTR/ = F n
=1 (para) Z =N Ex #
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was quenched with dilute aqueous sodium hydroxide solution. Extraction of
the aqueous layer with 1,2-dichloroethane was followed by combination of the
organic layers and concentration in vacuo. Purification of the residue was
effected by reversed-phase HPLC (Gradient: 5% to 60% acetonitrile in water)

5 to provide the product as a yellow oil. Yield: 1 mg, 0.0025 mmol, 7%. LCMS
m/z 403.6 (M+1). '"H NMR (400 MHz, CD30D) & 3.66-3.70 (m, 2H), 3.96-4.00
(m, 2H), 4.02 (s, 2H), 5.34 (m, 1H), 6.38 (d, J=5.2 Hz, 1H), 7.10 (dd, J=8.8,
8.8 Hz, 2H), 7.38 (t, J=4.9 Hz, 1H), 7.44 (dd, J=8.9, 5.4 Hz, 2H), 8.09 (d,
J=5.2 Hz, 1H), 8.24 (br s, 1H), 8.77 (d, J=5.0 Hz, 2H).

10 Example 2: 4-{4-(4-Fluorophenyl)-1-[1-(1-isoxazol-3-ylethyl)piperidin-4-

vIl-1 H-imidazol-5-yI}-N-methylpyrimidin-2-amine (2)
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1-lsoxazol-3-ylethanol (C6)

15 A solution of isoxazole-3-carbaldehyde (1.00 g, 10.3 mmol) in THF (10
mL) was cooled to -78 °C and treated drop-wise with a solution of
methylmagnesium iodide in diethyl ether (3.0 M, 3.50 mL, 10.5 mmol). The
resulting solid layer was broken up with a spatula, and the reaction was
allowed to warm to 0 °C over 1 hour. After an additional 1 hour of stirring at

20 room temperature, the reaction was quenched with saturated aqueous
ammonium chloride solution and extracted with ethyl acetate. The combined
organic layers were washed with water and saturated aqueous sodium
chloride solution, dried over magnesium sulfate, filtered, and concentrated in

vacuo. Purification via silica gel chromatography (Eluant: 50% ethyl acetate in
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heptane) afforded the product as a yellow oil (536 mg, of 75-80% purity as
judged by proton NMR spectroscopy), which was used directly in the next
step. '"H NMR (400 MHz, CDCls), product peaks only: & 1.58 (d, J=6.5 Hz,
3H), 2.34 (br d, J=4.4 Hz, 1H), 5.10 (qd, J=6.6, 4.7 Hz, 1H), 6.40 (d, J=1.7 Hz,
5 1H), 8.36 (d, J=1.7 Hz, 1H).
1-Isoxazol-3-ylethyl methanesulfonate (C7)

Methanesulfonic anhydride (825 mg, 4.74 mmol) was added to a
solution of 1-isoxazol-3-ylethanol (C6 from the previous step, 536 mg) and
triethylamine (0.90 mL, 6.5 mmol) in THF (10 mL), and the reaction mixture

10 was stirred for 18 hours. After addition of ethyl acetate, the mixture was
washed with water, dried over magnesium sulfate, filtered, and concentrated
in vacuo. The reaction was judged to be incomplete by proton NMR
spectroscopy, so this material was resubjected to the reaction conditions,
using two equivalents of methanesulfonic anhydride, and worked up in the

15 same manner. The crude material was purified by silica gel chromatography
(Eluants: 25% ethyl acetate in heptane followed by 50% ethyl acetate in
heptane) to provide the product as a colorless oil. Yield: 276 mg, 1.44 mmol,
14% over 2 steps. "H NMR (400 MHz, CDCl3) & 1.81 (d, J=6.6 Hz, 3H), 3.01
(s, 3H), 5.93 (q, J=6.6 Hz, 1H), 6.50 (d, J=1.8 Hz, 1H), 8.45 (d, J=1.7 Hz, 1H).

20 4-{4-(4-Fluorophenyl)-1-[1-(1-isoxazol-3-ylethyl)piperidin-4-yl]-1H-

imidazol-5-yl}-N-methylpyrimidin-2-amine (2)

A mixture of 4-[4-(4-fluorophenyl)-1-piperidin-4-yl-1H-imidazol-5-yl]-N-
methylpyrimidin-2-amine (C8, which can be prepared by the method of J.
Sisko, U.S. Patent 6,239,279 B1, May 29, 2001) (75 mg, 0.21 mmol), 1-

25 isoxazol-3-ylethyl methanesulfonate (C7) (60 mg, 0.31 mmol) and cesium
carbonate (139 mg, 0.43 mmol) in acetonitrile (2 mL) was heated at 70 °C for
24 hours. Removal of solvent under reduced pressure provided a residue,
which was purified by silica gel chromatography (Eluants: 0%, then 5%, then
15% methanol in ethyl acetate). The resulting colorless oil was dissolved in
30 ethyl acetate/heptane, then concentrated in vacuo to provide the product as a



dion mz (M1l) or (M2)12 1 7 B; C9 z z=\z NH2 4-[4-(4-fluorophenyl)-
1-{1-[(3- nethylquinoxalin-2- yl)nethyl]piperidin-4- yll1-1 H i m dazol -5-
1. 052 49500113811/ 051858PCT/ 1B2010/ 054749 -79- PCT/IB2010/054749
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white solid. Yield: 57 mg, 0.13 mmol, 62%. APCI m/z 448.3 (M+1). 'H NMR

(400 MHz, CDCl3) 6 1.46 (d, J=6.9 Hz, 3H), 1.93-2.07 (m, 2H), 2.12-2.24 (m,

4H), 2.98-3.08 (m, 2H), 3.02 (d, J=5.0 Hz, 3H), 3.94 (g, J=6.9 Hz, 1H), 4.59

(or m, 1H), 5.14 (br d, J=5 Hz, 1H), 6.35 (d, J=1.7 Hz, 1H), 6.40 (d, J=5.0 Hz,
5 1H), 7.00 (dd, J=8.8, 8.8 Hz, 2H), 7.46 (dd, J=9.0, 5.5 Hz, 2H), 7.77 (s, 1H),

8.15 (br d, J=5 Hz, 1H), 8.38 (dd, J=1.7, 0.6 Hz, 1H).

Example 3: 4-{4-(4-Fluorophenyl)-1-[1-(pyrimidin-2-ylmethyl)piperidin-4-

vl]-1H-imidazol-5-yI}pyrimidin-2-amine (3)

— N
N ot
/' N—NH, 7/ N—NH;
=N =N
F c9 F 3
10 A slurry of  4-[4-(4-fluorophenyl)-1-piperidin-4-yl-1H-imidazol-5-

yllpyrimidin-2-amine, hydrochloride salt (C9, which can be prepared by the
method of J. Sisko, U.S. Patent 6,239,279 B1, May 29, 2001) (200 mg, 0.534
mmol), 2-(chloromethyl)pyrimidine (110 mg, 0.667 mmol) and cesium
carbonate (365 mg, 1.12 mmol) in 2-methyltetrahydrofuran (3 mL) and water
15 (1 mL) was heated overnight at 70 °C. The resulting solution was cooled, and
the organic layer was concentrated in vacuo. Addition of dichloromethane
produced a solid; heptane (10 mL) was added, and the resulting mixture was
stirred for 10 minutes. Filtration provided the title product as a solid. Yield: 205
mg, 0.476 mmol, 89%. APCI m/z 431.1 (M+1). "H NMR (400 MHz, CD30D) &
20 2.08-2.14 (m, 4H), 2.30-2.36 (m, 2H), 3.09 (br d, J=12 Hz, 2H), 3.84 (s, 2H),
4.62 (m, 1H), 6.40 (d, J=5.2 Hz, 1H), 7.07 (dd, J=8.8, 8.8 Hz, 2H), 7.39-7.43
(m, 3H), 8.04 (s, 1H), 8.13 (d, J=5.2 Hz, 1H), 8.80 (d, J=5.0 Hz, 2H).
Example 4: 4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-ylmethyl)piperidin-4-

11-1 H-imidazol-5-yi rimidin-2-amine (4
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Isoxazole-3-carbaldehyde (3.5 g, 36 mmol) was added to a slurry of 4-
[4-(4-fluorophenyl)-1-piperidin-4-yl-1 H-imidazol-5-yl]pyrimidin-2-amine,
hydrochloride salt (C9) (10.0 g, 26.7 mmol) in THF (20 mL) and
dichloromethane (6 mL). After 30 minutes, sodium ftriacetoxyborohydride
(95%, 17.9 g, 80.2 mmol) was added, and the reaction was allowed to stir for
18 hours. It was then quenched with saturated aqueous sodium bicarbonate
solution (250 mL) and diluted with dichloromethane (400 mL). The aqueous
layer was extracted with additional dichloromethane (250 mL), and the
combined organic layers were dried over magnesium sulfate and filtered. At
this point, the organic phase was combined with that of an identical reaction
run on the same scale. Removal of solvents in vacuo provided a mixture of oil
and solid, which was separated via pipette; the solid was slurried in diethyl
ether (300 mL), filtered, and washed with fresh diethyl ether (150 mL),
providing a white solid (16.7 g). The oil was mixed with diethyl ether (100 mL),
and the resulting precipitate was collected by filtration to provide additional
white solid (3.0 g). The combined crude product was subjected to
chromatography on silica gel (Eluant: 25% methanol in ethyl acetate), and the
purified material was precipitated from methanol solution to afford the title
product as a white solid. Yield: 12.7 g, 30.3 mmol, 57%. APCI m/z 420.1
(M+1). '"H NMR (400 MHz, DMSO-d;) & 1.90-2.00 (m, 4H), 2.06-2.12 (m, 2H),
2.89 (br d, J=11.7 Hz, 2H), 3.61 (s, 2H), 4.25 (m, 1H), 6.41 (d, J=5.0 Hz, 1H),
6.53 (d, J=1.8 Hz, 1H), 6.80 (br s, 2H), 7.13 (dd, J=9.0, 9.0 Hz, 2H), 7.44 (dd,
J=9.0, 5.6 Hz, 2H), 8.04 (s, 1H), 8.21 (d, J=5.0 Hz, 1H), 8.86 (d, J=1.7 Hz,
1H).
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yl met hyl ) pi peridin-4- yl]-1 Himdazol-5- yllpyrimdin-2-am ne,
trifluorosoebaimsigsalt 0.882 436.11 CNI C B; CO 1 NN N LPCRHB2010/054749
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Example 5: 4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-yImethyl)piperidin-4-

vIl-1H-imidazol-5-yI}-N-methylpyrimidin-2-amine (5)
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Sodium triacetoxyborohydride (135 mg, 0.637 mmol) was added to a
solution of 4-[4-(4-fluorophenyl)-1-piperidin-4-yl-1H-imidazol-5-yl]-N-
methylpyrimidin-2-amine (C8) (150 mg, 0.426 mmol) and isoxazole-3-
carbaldehyde (49.6 mg, 0.511 mmol) in THF (10 mL). After 90 minutes at
room temperature, the reaction was concentrated in vacuo and partitioned
between saturated aqueous sodium bicarbonate solution and ethyl acetate.
The aqueous layer was extracted with ethyl acetate, and the combined
organic layers were washed with saturated aqueous sodium chloride solution,
dried over magnesium sulfate, filtered, and concentrated under reduced
pressure to provide a thick oil. Purification via silica gel chromatography
(Eluants: ethyl acetate followed by 10% methanol in ethyl acetate) provided a
viscous oil, which was reconcentrated from diethyl ether to afford the product
as a white solid. Yield: 77 mg, 0.18 mmol, 42%. LCMS m/z 434.6 (M+1). 'H
NMR (400 MHz, CDClI3) 3 1.99-2.09 (m, 2H), 2.16-2.22 (m, 4H), 3.03 (m, 2H),
3.05 (d, J=5.1 Hz, 3H), 3.69 (s, 2H), 4.67 (br m, 1H), 5.17 (m, 1H), 6.41 (d,
J=5.1 Hz, 1H), 6.41 (d, J=1.7 Hz, 1H), 7.00 (dd, J=8.7, 8.7 Hz, 2H), 7.46 (dd,
J=8.7, 5.4 Hz, 2H), 7.77 (s, 1H), 8.16 (br d, J=4.5 Hz, 1H), 8.40 (d, J=1.6 Hz,
1H).
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Example 6: 4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-yImethyl)piperidin-4-
vl]-1H-imidazol-5-yI}pyrimidine, hydrochloride salt (6)
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5 (3E)-4-(Dimethylamino)-1,1-dimethoxybut-3-en-2-one (C10)

A solution of N,N-dimethylformamide dimethyl acetal (147 g, 1.23 mol)
and 1,1-dimethoxyacetone (146 g, 1.24 mol) in 2-butanol (1 L) was heated at
reflux for 20 hours. After removal of solvent in vacuo, the residue was distilled
under vacuum to provide the product as an oil. Yield: 145 g, 0.837 mol, 68%.

10  Boiling point: 132-140 °C / 0.15 torr. NMR and MS data were obtained using
the product of a reaction run under similar conditions. LCMS m/z 174.0 (M+1).
"H NMR (400 MHz, CDCI3) § 2.77 (br s, 3H), 3.02 (br s, 3H), 3.30 (s, 6H), 4.47
(s, 1H), 5.23 (br d, J=12.6 Hz, 1H), 7.63 (d, J=12.6 Hz, 1H).
4-(Dimethoxymethyl)pyrimidine (C11)

15 A  mixture of (3E)-4-(dimethylamino)-1,1-dimethoxybut-3-en-2-one
(C10) (147 g, 0.85 mol) and formamidine acetate (131 g, 1.26 mol) was
heated at 110-120 °C for 4 hours. After cooling to room temperature, the
reaction was poured into water (250 mL) and extracted with chloroform



B, C9 0/ - NH2 4-[4-(4-fluorophenyl)- 1-{1-[(6- nethoxypyridin-3-

yl ) met hyl ] pi peridi n-4- y11-1Him dazol -5- yl]pyrimdin-2-am ne,
trifluorosocavaresissalt 0.972 460.16 CNI Cf) B; Cun PCINIB0(16/034i0¢ NH2
4-{4-(4-fluorophenyl)- 1-[1-(pyridazin-4- ylnmethyl)piperidin-4-
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(5% 100 mL). The combined organic layers were dried over sodium sulfate,
filtered, and concentrated in vacuo. Distillation of the residue under vacuum
afforded the product as an oil. Yield: 84 g, 0.54 mol, 64%. Boiling point: 45-
50 °C / 0.2 torr. NMR data was obtained using the product of a reaction run
5 under similar conditions. '"H NMR (400 MHz, CDCls) & 3.30 (s, 6H), 5.21 (s,
1H), 7.46 (dd, J=5.1, 1.4 Hz, 1H), 8.68 (d, J=5.1 Hz, 1H), 9.12 (d, J=1.4 Hz,
1H).
Pyrimidine-4-carbaldehyde (C12)
A solution of 4-(dimethoxymethyl)pyrimidine (C11) (90 g, 0.58 mol) and

10  concentrated hydrochloric acid (10 mL) in water (300 mL) was heated at 60-
70 °C for 24 hours. The mixture was cooled and evaporated under reduced
pressure to afford a glass-like mass, which was basified with aqueous
potassium carbonate solution and extracted with ethyl acetate. The combined
organic layers were concentrated in vacuo, and the residue was purified by

15  distillation to afford the product as an oil. Yield: 16.3 g, 0.15 mol, 26%. GCMS
m/z 108.0 (M*). "H NMR (400 MHz, DMSO-ds) & 7.90 (dd, J=5.0, 1.5 Hz, 1H),
9.14 (d, J=5.0 Hz, 1H), 9.49 (d, J=1.5 Hz, 1H), 9.96 (s, 1H).

tert-Butyl 4-{[(1 E)-pyrimidin-4-yImethylenelamino}piperidine-1-

carboxylate (C13)
20 Pyrimidine-4-carbaldehyde (C12) (23.00 g, 212.8 mmol) was added to
a mixture of tert-butyl 4-aminopiperidine-1-carboxylate (42.61 g, 212.8 mmol)

in tert-butyl methyl ether (1.52 L). After 2.5 hours, the reaction was filtered,
and the filtrate was concentrated in vacuo to provide an amber oil, which was
generally taken directly to the following step. Yield: 56.30 g, 193.9 mmol,
25  91%. 'H NMR (400 MHz, CDCIs) partial spectrum, characteristic peaks: ¢ 1.49
(s, 9H), 7.95 (dd, J=5.2, 1.5 Hz, 1H), 8.36 (s, 1H), 8.81 (d, J=5.2 Hz, 1H), 9.28

(d, J=1.5 Hz, 1H).
tert-Butyl 4-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-

vllpiperidine-1-carboxylate (C14)
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A mixture of tert-butyl 4-{[(1E)-pyrimidin-4-
ylmethylene]amino}piperidine-1-carboxylate (C13) (57.66 g, 198.6 mmol), 1-
fluoro-4-{isocyano[(4-methylphenyl)sulfonyllmethyl}benzene (C2) (38.30 g,
132.4 mmol) and potassium carbonate (36.59 g, 264.8 mmol) in DMF (575

5 mL) was stirred for 18 hours. The reaction was filtered, and the solids were
washed with ethyl acetate and discarded. The combined filtrates were diluted
with ethyl acetate (1 L) and washed with water (2 x 1 L), and the combined
aqueous layers were extracted with ethyl acetate (500 mL). Concentration of
the combined organic layers in vacuo provided a solid, which was heated at

10 reflux with tert-butyl methyl ether (400 mL), then cooled to room temperature
and granulated for 1 hour. The solid was collected by filtration and washed
with additional tert-butyl methyl ether; this filtrate was concentrated under
reduced pressure and treated in the same way, using 75 mL of fert-butyl
methyl ether, to obtain a second crop. The combined solids provided the

15  product as a white solid. Yield: 41.70 g, 98.47 mmol, 74%. 'H NMR (400 MHz,
CDCI3) 6 1.49 (s, 9H), 1.81-1.92 (m, 2H), 2.16 (br d, J=12 Hz, 2H), 2.77-2.85
(m, 2H), 4.30 (br s, 2H), 4.90 (tt, J=12.0, 3.8 Hz, 1H), 7.04 (dd, J=8.7, 8.7 Hz,
2H), 7.17 (dd, J=5.3, 1.4 Hz, 1H), 7.41 (dd, J=8.9, 5.4 Hz, 2H), 7.79 (s, 1H),
8.57 (d, J=5.4 Hz, 1H), 9.29 (d, J=1.5 Hz, 1H).

20 4-[4-(4-Fluorophenyl)-1-piperidin-4-yl-1H-imidazol-5-yl]pyrimidine (C15)

TFA (242 mL) was added to a solution of terf-butyl 4-[4-(4-
fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-yl]piperidine-1-carboxylate (C14)
(30.70 g, 72.49 mmol) in dichloromethane (242 mL). After 18 hours, the

reaction was treated with aqueous sodium hydroxide solution (2 N) until the

25 pH of the mixture reached 12.0. {Caution: potential exotherm!} The aqueous
layer was extracted with dichloromethane (2 x 500 mL), and the combined
organic layers were concentrated in vacuo to provide the product as a
yellowish solid. Yield: 23.90 g, 73.91 mmol, quantitative. "H NMR (400 MHz,
CDCl3) 6 1.82-1.92 (m, 2H), 2.14 (br d, J=12 Hz, 2H), 2.71 (ddd, J=12.3, 12.3,

30 2.2 Hz, 2H), 3.22 (br d, J=12 Hz, 2H), 4.82 (it, J=12.0, 3.9 Hz, 1H), 7.03 (dd,
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J=8.8, 8.8 Hz, 2H), 7.16 (dd, J=5.3, 1.4 Hz, 1H), 7.41 (dd, J=8.9, 5.4 Hz, 2H),
7.83 (s, 1H), 8.57 (d, J=5.3 Hz, 1H), 9.30 (d, J=1.4 Hz, 1H).
4-{4-(4-Fluorophenvl)-1-[1-(isoxazol-3-yiImethyl)piperidin-4-yl]-1 H-

imidazol-5-yI}pyrimidine, hydrochloride salt (6)

5 Sodium triacetoxyborohydride (29.99 g, 141.5 mmol) was added to a
solution of 4-[4-(4-fluorophenyl)-1-piperidin-4-yl-1H-imidazol-5-yl]pyrimidine
(C15) (30.50 g, 94.32 mmol) and isoxazole-3-carbaldehyde (10.99 g, 113.2
mmol) in THF (544 mL), and the reaction mixture was allowed to stir for 18
hours. The reaction was diluted with dichloromethane (330 mL) and treated

10  with aqueous sodium bicarbonate solution (875 mL), which brought the pH to
9-10. The aqueous layer was extracted with dichloromethane (330 mL) and
the combined organic layers were dried over magnesium sulfate, filtered and
concentrated in vacuo. The resulting solid was purified by silica gel
chromatography (Eluant: 5% methanol in dichloromethane), and the product

15  was suspended in ethyl acetate (300 mL) and heated. Further addition of ethyl
acetate (50 mL) provided a solution when heated at reflux; this was treated
with a solution of HCI in diethyl ether (2 M, 89 mL, 178 mmol). After cooling to
room temperature, the mixture was granulated for 30 minutes, at which time
the solids were collected via filtration and washed with ethyl acetate. This

20 material was then heated in ethanol (700 mL); methanol (150 mL) was added
to generate a solution. The mixture was boiled down to a volume of 400 mL,
and treated with additional ethanol (300 mL). After cooling to room
temperature and granulating for 1 hour, the mixture was filtered and the solids
were washed with ethanol, then heated to reflux in ethanol (247 mL). After

25 cooling, the mixture was granulated for 1 hour, filtered and washed with
ethanol to provide the product as a solid. The silica gel column was flushed
with methanol and the eluant concentrated in vacuo to provide additional
solid, which was dissolved in ethyl acetate (250 mL) by heating the mixture to
reflux. Addition of a solution of HCI in diethyl ether (2 N, 30 mL, 60 mmol) was

30 followed by cooling the mixture to room temperature and granulating it for 30
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minutes. The hydrochloride salt was collected via filtration and washed with
ethyl acetate; it was then heated to reflux in ethanol (114 mL), cooled,
granulated for 1 hour, filtered and washed with ethanol to provide additional
product as a solid. Combined yield of the two lots: 35.4 g, 80.3 mmol, 85%.
LCMS data was obtained from the product of a reaction run under similar
conditions. LCMS m/z 405.5 (M+1). '"H NMR (400 MHz, CDs0D) & 2.53-2.69
(m, 4H), 3.36-3.45 (m, 2H), 3.81 (br d, J=12 Hz, 2H), 4.60 (br s, 2H), 5.17-
5.25 (m, 1H), 6.86 (d, J=1.8 Hz, 1H), 7.28 (dd, J=8.7, 8.7 Hz, 2H), 7.37 (dd,
J=5.3, 1.4 Hz, 1H), 7.50 (dd, J=8.9, 5.2 Hz, 2H), 8.80 (d, J=5.3 Hz, 1H), 8.87
(d, J=1.8 Hz, 1H), 9.42 (d, J=1.5 Hz, 1H), 9.58 (br s, 1H).

Example 7: 4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-ylmethyl)pyrrolidin-3-

vl]-1H-imidazol-5-yI}pyrimidin-2-amine (7)
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tert-Butyl 3-[5-(2-aminopyrimidin-4-y)-4-(4-fluorophenyl)-1H-imidazol-1-

yllpyrrolidine-1-carboxylate (C17)

tert-Butyl  3-[5-acetyl-4-(4-fluorophenyl)-1H-imidazol-1-yl]pyrrolidine-1-
carboxylate [C16, prepared according to the general procedure for the
synthesis of tert-butyl 3-[5-acetyl-4-(4-fluorophenyl)-1H-imidazol-1-
yllazetidine-1-carboxylate (C3) in Example 1, except that tert-butyl 3-
aminopyrrolidine-1-carboxylate was used in place of tert-butyl 3-
aminoazetidine-1-carboxylate; '"H NMR (400 MHz, CDCl3) & 1.49 (s, 9H), 2.13
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(s, 3H), 2.22 (m, 1H), 2.45 (m, 1H), 3.47-3.88 (m, 4H), 5.55 (m, 1H), 7.15 (dd,
J=8.7, 8.7 Hz, 2H), 7.46 (dd, J=8.7, 5.4 Hz, 2H), 7.69 (br s, 1H)] was
subjected to reaction conditions similar to those used for preparation of tert-
butyl 3-[5-(2-aminopyrimidin-4-yl)-4-(4-fluorophenyl)-1H-imidazol-1-
5 vyllazetidine-1-carboxylate (C4) in Example 1, to provide the product as a
solid. Yield: 6.1 g, 14.4 mmol, 67%. 'H NMR (400 MHz, CD30D) & 1.48 (s,
9H), 2.32-2.50 (m, 2H), 3.48-3.65 (m, 3H), 3.81 (m, 1H), 5.42 (m, 1H), 6.42 (d,
J=4.9 Hz, 1H), 7.09 (dd, J=8.7, 8.7 Hz, 2H), 7.43 (dd, J=8.5, 5.3 Hz, 2H), 7.92
(s, 1H), 8.13 (d, J=4.5 Hz, 1H).
10 4-[4-(4-Fluorophenyl)-1-pyrrolidin-3-yI-1H-imidazol-5-yllpyrimidin-2-
amine (C18)
tert-Butyl 3-[5-(2-aminopyrimidin-4-yl)-4-(4-fluorophenyl)-1H-imidazol-1-

yl]pyrrolidine-1-carboxylate (C17) was converted to the product using the
same conditions employed for transformation of ftert-butyl 3-[5-(2-
15 aminopyrimidin-4-yl)-4-(4-fluorophenyl)-1H-imidazol-1-yllazetidine-1-
carboxylate (C4) to 4-[1-azetidin-3-yl-4-(4-fluorophenyl)-1H-imidazol-5-
yllpyrimidin-2-amine (C5) in Example 1. The product was obtained as a solid.
Yield: 3.3 g, 10 mmol, 69%. LCMS m/z 325.6 (M+1). '"H NMR (400 MHz,
CDs0OD) & 2.09-2.18 (m, 1H), 2.32-2.41 (m, 1H), 2.98-3.11 (m, 2H), 3.16-3.23
20 (m, 1H), 3.3 (m, 1H, assumed; obscured by solvent signal), 5.26 (m, 1H), 6.42
(d, J=5.1 Hz, 1H), 7.07 (dd, J=8.8, 8.8 Hz, 2H), 7.42 (dd, J=8.7, 5.4 Hz, 2H),
8.05 (s, 1H), 8.14 (d, J=5.3 Hz, 1H).
4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-ylmethyl)pyrrolidin-3-yl]-1H-

imidazol-5-yl}pyrimidin-2-amine (7)

25 To a solution of 4-[4-(4-fluorophenyl)-1-pyrrolidin-3-yl-1H-imidazol-5-
yllpyrimidin-2-amine (C18) (300 mg, 0.925 mmol) and isoxazole-3-
carbaldehyde (90 mg, 0.93 mmol) in toluene (5 mL) was added triethylamine
(0.5 mL, 3.6 mmol), and the mixture was heated at 80 °C for 16 hours. After
cooling to room temperature, the reaction was treated with sodium

30 triacetoxyborohydride (500 mg, 2.36 mmol) and stirred for an additional 3
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hours at 80 °C. Solvents were removed in vacuo, and the residue was
partitioned between ethyl acetate (20 mL) and water (20 mL). The aqueous
layer was extracted with ethyl acetate (2 x 20 mL), and the combined organic
layers were dried over sodium sulfate, filtered, and concentrated in vacuo.
Purification by preparative thin layer chromatography on silica gel (Eluant:
ethyl acetate) provided the product as a solid. Yield: 60 mg, 0.15 mmol, 16%.
LCMS m/z 406.6 (M+1). "H NMR (400 MHz, CD3OD) & 2.10 (m, 1H), 2.50-
2.59 (m, 2H), 2.84 (dd, J=10.5, 6.7 Hz, 1H), 3.09 (dd, J=10.4, 2.4 Hz, 1H),
3.16 (m, 1H), 3.85 (AB quartet, Jag=14.0 Hz, A as=23.1 Hz, 2H), 5.29 (m,
1H), 6.40 (d, J=4.9 Hz, 1H), 6.55 (br s, 1H), 7.07 (dd, J=8.7, 8.7 Hz, 2H), 7.41
(dd, J=8.5, 5.5 Hz, 2H), 8.12 (d, J=5.2 Hz, 1H), 8.21 (s, 1H), 8.63 (br s, 1H).

Example 8: 4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-ylmethyl)pyrrolidin-3-

vI]-1H-imidazol-5-yI}pyrimidine (8)
[¢] = o)
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4-[4-(4-Fluorophenyl)-1-pyrrolidin-3-yl-1 H-imidazol-5-vl]pyrimidine

C20

tert-Butyl 3-[4-(4-fluorophenyl)-5-pyrimidin-4-yl-1H-imidazol-1-
yl]lpyrrolidine-1-carboxylate (C19, prepared according to the general
procedure for the synthesis of tert-butyl 3-[5-(2-aminopyrimidin-4-yl)-4-(4-
fluorophenyl)-1H-imidazol-1-yllpyrrolidine-1-carboxylate (C17) in Example 7,
except that formamidine acetate was used in place of guanidine
hydrochloride) was converted to the product using conditions similar to those
employed for transformation of tert-butyl 3-[5-(2-aminopyrimidin-4-yl)-4-(4-
fluorophenyl)-1H-imidazol-1-yl]pyrrolidine-1-carboxylate (C17) to 4-[4-(4-
fluorophenyl)-1-pyrrolidin-3-yl-1H-imidazol-5-yl]pyrimidin-2-amine  (C18) in
Example 7. The product was obtained as a solid. Yield: 1.58 g, 5.11 mmol,
70%. LCMS m/z 310.4 (M+1). 'H NMR (400 MHz, CDsOD) § 2.16 (m, 1H),
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2.37 (m, 1H), 3.02 (m, 1H), 3.09 (dd, J=12.2, 4.6 Hz, 1H), 3.21 (m, 1H), 3.3
(m, 1H, assumed; obscured by solvent signal), 5.32 (m, 1H), 7.09 (dd, J=8.6,
8.6 Hz, 2H), 7.26 (d, J=5.2 Hz, 1H), 7.38 (dd, J=8.3, 5.5 Hz, 2H), 8.15 (s, 1H),
8.63 (d, J=5.5 Hz, 1H), 9.28 (s, 1H).

5 4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-yImethyl)pyrrolidin-3-yl]-1H-

imidazol-5-yl}pyrimidine (8)

4-[4-(4-Fluorophenyl)-1-pyrrolidin-3-yl-1H-imidazol-5-yl]pyrimidine

(C20) was converted to the product according to the general procedure for the
synthesis of 4-{4-(4-fluorophenyl)-1-[1-(pyrimidin-2-ylmethyl)azetidin-3-yl]-1H-

10  imidazol-5-yl}pyrimidin-2-amine (1) in Example 1, except that the crude
product was purified by silica gel chromatography (Gradient: 50% to 100%
ethyl acetate in heptane, followed by elution with 1% triethylamine in ethyl
acetate). The product was obtained as a white solid. Yield: 205 mg, 0.525
mmol, 41%. LCMS m/z 391.0 (M+1). "H NMR (400 MHz, CD30D) § 2.07-2.16

15  (m, 1H), 2.48-2.58 (m, 2H), 2.82 (dd, J=10.5, 6.7 Hz, 1H), 3.12 (dd, J=10.5,
2.4 Hz, 1H), 3.15-3.20 (m, 1H), 3.85 (AB quartet, Jag=13.9 Hz, A =22.0 Hz,
2H), 5.30-5.35 (m, 1H), 6.54 (d, J=1.7 Hz, 1H), 7.09 (dd, J=8.9, 8.9 Hz, 2H),
7.24 (dd, J=5.4, 1.5 Hz, 1H), 7.38 (dd, J=8.9, 5.4 Hz, 2H), 8.29 (s, 1H), 8.61
(d, J=5.4 Hz, 1H), 8.63 (d, J=1.7 Hz, 1H), 9.26 (d, J=1.2 Hz, 1H).

20 Example 9: 4-[4-(4-Fluorophenyl)-1-{1-[(1R)-1-isoxazol-3-

vlethyl]lpiperidin-4-yI}-1H-imidazol-5-yl]pyrimidine (9)
Example 10: 4-[4-(4-Fluorophenyl)-1-{1-[(1S)-1-isoxazol-3-
ylethyl]piperidin-4-yI}-1H-imidazol-5-yl]pyrimidine (10)

" \b/( 4 N N
o -5 \ N
Né\N/C/ _ (0 PN /CN = 0 2N /C/N =~ 0]
N N = N N =
— c7 - .
+ N
[ Y

—_—
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N I
=N =N =N
F c15 F 9 F 10
25 To a solution of 1-isoxazol-3-ylethyl methanesulfonate (C7) (1.2 g, 6.3

mmol) in DMF (40 mL) was added cesium carbonate (1.5 g, 4.6 mmol) and 4-
[4-(4-fluorophenyl)-1-piperidin-4-yl-1 H-imidazol-5-yl]pyrimidine (C15) (600 mg,
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1.86 mmol), and the reaction was stirred at 60 °C for 18 hours. Ethyl acetate
(200 mL) was added, and the mixture was washed with water (3 x 40 mL),
washed with saturated agueous sodium chloride solution, dried over sodium
sulfate, filtered, and concentrated in vacuo. Purification of the residue by
5 preparative HPLC (Column: Phenomenex Luna, 250 x 50 mm; Mobile phase
A: 0.1% TFA in water; Mobile phase B: 0.1% TFA in acetonitrile; Gradient:
11% to 36% B) provided a mixture of the two enantiomeric products, which
were separated by chiral HPLC (Column: Chiralcel OD, 250 x 20 mm, 10 pm;
Mobile phase A: supercritical carbon dioxide; Mobile phase B: 2-propanol
10  containing 0.05% diethylamine; Eluant: 60:40 A: B at 70 mL/minute) to
provide 4-[4-(4-fluorophenyl)-1-{1-[(1R)-1-isoxazol-3-ylethyl]piperidin-4-yl}-1H-
imidazol-5-yl]pyrimidine (9; absolute configuration is tentatively assigned) as a
yellow oil (Yield: 30 mg, 0.072 mmol, 4%) [LCMS m/z 419.2 (M+1); "H NMR
(400 MHz, CDCl3) & 1.47 (d, J=6.9 Hz, 3H), 1.93-2.06 (m, 2H), 2.12-2.28 (m,
15  4H), 2.98-3.05 (m, 2H), 3.96 (q, J=6.9 Hz, 1H), 4.60-4.68 (m, 1H), 6.34 (d,
J=1.4 Hz, 1H), 7.02 (dd, J=8.7, 8.7 Hz, 2H), 7.15 (dd, J=5.3, 1.3 Hz, 1H), 7.40
(dd, J=8.8, 5.5 Hz, 2H), 7.83 (s, 1H), 8.38 (br s, 1H), 8.55 (d, J=5.3 Hz, 1H),
9.27 (br s, 1H); Retention time 2.81 minutes using a Chiralpak OD-H column
(250 x 4.6 mm, 5 um; Mobile phase A: supercritical carbon dioxide; Mobile
20 phase B: 2-propanol containing 0.05% diethylamine; Gradient: 5% to 40%B)]
and 4-[4-(4-fluorophenyl)-1-{1-[(1S)-1-isoxazol-3-ylethyl]piperidin-4-yl}-1 H-
imidazol-5-yl]pyrimidine (10; absolute configuration is tentatively assigned) as
a yellow oil (Yield: 30 mg, 0.072 mmol, 4%) [LCMS m/z 419.1 (M+1); '"H NMR
(400 MHz, CDCl3) & 1.47 (d, J=6.9 Hz, 3H), 1.93-2.06 (m, 2H), 2.11-2.27 (m,
25 4H), 2.98-3.06 (m, 2H), 3.96 (q, J=6.9 Hz, 1H), 4.60-4.68 (m, 1H), 6.34 (d,
J=1.5 Hz, 1H), 7.02 (dd, J=8.7, 8.7 Hz, 2H), 7.14 (br d, J=5.4 Hz, 1H), 7.39
(dd, J=8.7, 5.5 Hz, 2H), 7.83 (s, 1H), 8.39 (br s, 1H), 8.55 (d, J=5.3 Hz, 1H),
9.27 (br s, 1H); Retention time: 2.65 minutes, using a system identical to the

analytical HPLC detailed above for the 1R enantiomer].
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Example 11: 2-{[4-(4-Phenyl-5-pyrimidin-4-yl-1 H-imidazol-1-yl)piperidin-

1-yllmethyl}pyrimidine (11)
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tert-Butyl 4-(4-phenyl-5-pyrimidin-4-yl-1 H-imidazol-1-yl)piperidine-1-

5 carboxylate (C22)

A mixture of potassium carbonate (107 mg, 0.774 mmol), 1-
{lisocyano(phenyl)methyl]sulfonyl}-4-methylbenzene (C21, see Organic
Syntheses; Wiley & Sons: New York, 2004; Collect. Vol. 10, p. 692) (0.209 g,
0.770 mmol) and tert-butyl 4-{[(1E)-pyrimidin-4-yImethylene]amino}piperidine-

10  1-carboxylate (C13) (582 mg, 2.00 mmol) in DMF (3 mL) was stirred for 18
hours at room temperature, then diluted with aqueous sodium hydroxide
solution (1 N, 50 mL). The mixture was extracted with ethyl acetate, and the
combined organic layers were washed with aqueous lithium chloride solution,
dried over magnesium sulfate, filtered, and concentrated in vacuo. Purification

15 via silica gel chromatography (Eluants: 50%, then 75% ethyl acetate in
heptane) provided the product as a cream-colored solid. Yield: 267 mg, 0.658
mmol, 85%. APCI m/z 406.0 (M+1). 'H NMR (400 MHz, CDCl3) § 1.49 (s, 9H),
1.82-1.92 (m, 2H), 2.17 (br d, J=12 Hz, 2H), 2.77-2.86 (m, 2H), 4.26-4.34 (m,
2H), 4.93 (tt, J=12, 4 Hz, 1H), 7.20 (dd, J=5.3, 1.5 Hz, 1H), 7.32-7.36 (m, 3H),
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7.42-7.45 (m, 2H), 7.80 (s, 1H), 8.54 (d, J=5.3 Hz, 1H), 9.28 (d, J=1.3 Hz,
1H).
4-(4-Phenyl-1-piperidin-4-yl-1H-imidazol-5-y)pyrimidine (C23)
TFA (2 mL) was added to a solution of fert-butyl 4-(4-phenyl-5-
5  pyrimidin-4-yl-1H-imidazol-1-yl)piperidine-1-carboxylate (C22) (267 mg, 0.658

mmol) in dichloromethane (5 mL). After 2 hours, the reaction was
concentrated in vacuo, and then treated with saturated aqueous sodium
bicarbonate solution. The mixture was extracted with warm ethyl acetate, and
the combined organic layers were washed with saturated agueous sodium

10  chloride solution, dried over magnesium sulfate, filtered, and concentrated
under reduced pressure. The resulting light yellow oil solidified over the
course of several days to provide 105 mg of product that was contaminated
with approximately 20% of a related impurity. Fine white needles precipitated
out of the aqueous layer; these were collected by filtration to provide

15  additional product as a cream colored solid. Yield from aqueous layer: 54 mg,
0.18 mmol, 27%. '"H NMR (400 MHz, CDCl3) & 1.83-1.93 (m, 2H), 2.12-2.18
(m, 2H), 2.72 (ddd, J=12.3, 12.3, 2.3 Hz, 2H), 3.20-3.25 (m, 2H), 4.85 (it,
J=12.0, 4.0 Hz, 1H), 7.19 (dd, J=5.3, 1.5 Hz, 1H), 7.30-7.36 (m, 3H), 7.42-
7.45 (m, 2H), 7.85 (s, 1H), 8.54 (d, J=5.4 Hz, 1H), 9.30 (d, J=1.4 Hz, 1H).

20 2-{[4-(4-Phenyl-5-pyrimidin-4-yl-1H-imidazol-1-yl)piperidin-1-

vlimethylipyrimidine (11)

The title product was prepared by reaction of 4-(4-phenyl-1-piperidin-4-
yl-1H-imidazol-5-yl)pyrimidine (C23) with 2-(chloromethyl)pyrimidine
according to the general procedure for the synthesis of 4-{4-(4-fluorophenyl)-

25 1-[1-(pyrimidin-2-yImethyl)piperidin-4-yl]-1H-imidazol-5-yl}pyrimidin-2-amine
(3) in Example 3. In this case, after the reaction mixture was concentrated, the
residue was partitioned between ethyl acetate and water. The organic layer
was washed with saturated aqueous sodium chloride solution, dried over
magnesium sulfate, filtered and concentrated under reduced pressure.

30 Purification was effected via silica gel chromatography (Eluant: 25% methanol
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in ethyl acetate) to provide the product as a white solid. Yield: 63 mg, 0.16
mmol, 62%. APCI m/z 398.1 (M+1). '"H NMR (400 MHz, CDCls) & 2.11-2.20
(m, 4H), 2.23-2.32 (m, 2H), 3.13 (br d, J=12 Hz, 2H), 3.87 (s, 2H), 4.78 (it,
J=11, 4.5 Hz, 1H), 7.18 (dd, J=5.3, 1.5 Hz, 1H), 7.22 (t, J=4.9 Hz, 1H), 7.29-
7.34 (m, 3H), 7.41-7.44 (m, 2H), 7.85 (s, 1H), 8.53 (br d, J=5.4 Hz, 1H), 8.76
(d, J=4.9 Hz, 2H), 9.29 (br d, J=1.5 Hz, 1H).

Example 12: N-Methyl-4-{4-phenyl-1-[1-(pyrimidin-2-yImethyl)piperidin-4-

vl]-1H-imidazol-5-yI}pyrimidin-2-amine (12)
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12
tert-Butyl 4-{5-[2-(methylamino)pyrimidin-4-yl]-4-phenyl-1H-imidazol-1-
vllpiperidine-1-carboxylate (C25)
A mixture of fert-butyl 4-(5-acetyl-4-phenyl-1H-imidazol-1-yl)piperidine-

1-carboxylate [C24, prepared according to the general procedure for the
synthesis of tert-butyl 3-[5-acetyl-4-(4-fluorophenyl)-1H-imidazol-1-
yllazetidine-1-carboxylate (C3) in Example 1, except that tert-butyl 4-
aminopiperidine-1-carboxylate was wused in place of terf-butyl 3-
aminoazetidine-1-carboxylate, and 1-{[isocyano(phenyl)methyl]sulfonyl}-4-
methylbenzene (C21) was employed rather than 1-fluoro-4-{isocyano[(4-
methylphenyl)sulfonylimethyl}benzene (C2)] (414 mg, 1.12 mmol) and N,N-
dimethylformamide dimethyl acetal (4 mL) was heated to 100 °C for 18 hours,

then cooled and concentrated in vacuo. The residue was dissolved in

In B4; C18 //-
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anhydrous methanol (2 ml) and added to a solution of N-methylguanidine in
methanol [prepared by reacting sodium metal (70 mg, 3 mmol) with
anhydrous methanol (2 mL), then adding N-methylguanidine hydrochloride
(413 mg, 3.77 mmol) to the resulting sodium methoxide solution]. The reaction
mixture was heated at 50 °C for 21 hours, then cooled to room temperature
and treated with water (1 mL). The solids were collected by filtration, rinsed
with saturated aqueous sodium bicarbonate solution and water and dried to
provide the product as a light tan solid. Yield: 230 mg, 0.53 mmol, 47%. APCI
m/z 435.0 (M+1). '"H NMR (400 MHz, CDCI3) & 1.49 (s, 9H), 1.82-1.93 (m,
2H), 2.19 (br d, J=12 Hz, 2H), 2.73-2.82 (m, 2H), 3.06 (d, J=5.1 Hz, 3H), 4.26-
4.35 (m, 2H), 4.81-4.90 (m, 1H), 5.16-5.21 (m, 1H), 6.45 (d, J=5.1 Hz, 1H),
7.28-7.34 (m, 3H), 7.48-7.51 (m, 2H), 7.75 (s, 1H), 8.15 (br d, J=4.9 Hz, 1H).

N-Methyl-4-(4-phenyl-1-piperidin-4-yl-1H-imidazol-5-yl)pyrimidin-2-
amine (C26)

The title compound was prepared from terf-butyl 4-{5-[2-

(methylamino)pyrimidin-4-yl]-4-phenyl-1H-imidazol-1-yl}piperidine-1-
carboxylate (C25) according to the general procedure for the synthesis of 4-
(4-phenyl-1-piperidin-4-yl-1 H-imidazol-5-yl)pyrimidine (C23) in Example 11. In
this case, after the organic layers were dried over magnesium sulfate, filtered,
and concentrated under reduced pressure, the product was obtained as a
white solid. Yield: 174 mg, 0.520 mmol, 100%. APCI m/z 335.0 (M+1). 'H
NMR (400 MHz, CD30OD) 4 2.09-2.20 (m, 2H), 2.37 (br d, J=12 Hz, 2H), 2.97
(s, 3H), 3.0-3.04 (m, 2H), 3.41-3.46 (m, 2H), 4.93 (tt, J=12, 4 Hz, 1H,
assumed; partially obscured by water signal), 6.33 (d, J=5.1 Hz, 1H), 7.27-
7.35 (m, 3H), 7.37-7.41 (m, 2H), 8.05 (s, 1H), 8.09 (d, J=5.1 Hz, 1H).
N-Methyl-4-{4-phenyl-1-[1-(pyrimidin-2-yImethyl)piperidin-4-yl]-1H-

imidazol-5-yl}pyrimidin-2-amine (12)

The title product was prepared by reaction of N-methyl-4-(4-phenyl-1-
piperidin-4-yl-1H-imidazol-5-yl)pyrimidin-2-amine (C26) with 2-(chloromethyl)-
pyrimidine according to the general procedure for the synthesis of 4-{4-(4-
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fluorophenyl)-1-[1-(pyrimidin-2-ylmethyl)piperidin-4-yl]-1H-imidazol-5-
yl}pyrimidin-2-amine (3) in Example 3. In this case, after the reaction cooled to
room temperature, it was diluted with dichloromethane (20 mL) and water (2
mL). The organic layer was dried over magnesium sulfate, filtered and
concentrated in vacuo to provide a light yellow solid, which was dissolved in a
small volume of dichloromethane. Addition of heptane caused a solid to
precipitate; this mixture was stirred for 30 minutes and then the solid was
collected by filtration, washed with heptane and washed with diethyl ether to
provide the product as a light yellow solid. Yield: 106 mg, 0.248 mmol, 34%.
APCI m/z 427.1 (M+1). '"H NMR (400 MHz, CDsOD) & 2.12-2.17 (m, 4H),
2.29-2.36 (m, 2H), 2.97 (s, 3H), 3.11 (br d, J=12 Hz, 2H), 3.85 (s, 2H), 4.74
(br s, 1H), 6.34 (d, J=5.1 Hz, 1H), 7.29-7.35 (m, 3H), 7.38-7.43 (m, 3H), 8.06
(s, 1H), 8.09 (br d, J=5 Hz, 1H), 8.80 (d, J=4.9 Hz, 2H).

Example 13: 4-{1-[1-(Isoxazol-3-yImethyl)piperidin-4-yl]-4-phenyl-

1H-imidazol-5-yI}pyrimidin-2-amine, hydrochloride salt (13)
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4-(4-Phenyl-1-piperidin-4-yl-1H-imidazol-5-yl)pyrimidin-2-amine  [C27,
prepared from tert-butyl 4-(5-acetyl-4-phenyl-1H-imidazol-1-yl)piperidine-1-
carboxylate (C24) in a manner similar to the synthesis of N-methyl-4-(4-
phenyl-1-piperidin-4-yl-1 H-imidazol-5-yl)pyrimidin-2-amine (C26) described in
Example 12, but using guanidine hydrochloride in place of N-methylguanidine
hydrochloride] was reacted with isoxazole-3-carbaldehyde according to the
general procedure for the synthesis of 4-{4-(4-fluorophenyl)-1-[1-(isoxazol-3-
ylmethyl)piperidin-4-yl]-1H-imidazol-5-yl}-N-methylpyrimidin-2-amine  (5) in
Example 5. 4-{1-[1-(Isoxazol-3-yImethyl)piperidin-4-yl]-4-phenyl-1 H-imidazol-
5-yl}pyrimidin-2-amine (free base of 13) was obtained as a yellow solid. Yield:
101 mg, 0.252 mmol, 29%. 'H NMR (400 MHz, CDCl3) § 1.97-2.08 (m, 2H),
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2.12-2.24 (m, 4H), 3.03 (br d, J=12 Hz, 2H), 3.69 (s, 2H), 4.59 (tt, J=11.8, 4.0
Hz, 1H), 5.07 (br s, 2H), 6.41 (d, J=1.7 Hz, 1H), 6.54 (d, J=5.2 Hz, 1H), 7.27-
7.34 (m, 3H), 7.46-7.50 (m, 2H), 7.78 (s, 1H), 8.17 (d, J=5.2 Hz, 1H), 8.40 (br
d, J=1.5 Hz, 1H). This solid was dissolved in ethyl acetate, treated with a
5 solution of hydrogen chloride in diethyl ether (2 N, 1 equivalent) and allowed
to stir for 18 hours. The resulting solid was collected by filtration to provide the
title product as a light yellow solid. Yield: 70 mg, 0.16 mmol, 19%.
Example 14: 4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-ylmethyl)piperidin-4-

vi]-2-methyl-1 H-imidazol-5-v|}pvrimidine (14)
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N-{(4-Fluorophenyl)[(4-methylphenyl)sulfonyllmethyllacetamide (C28)

A mixture of 4-fluorobenzaldehyde (3.18 g, 25.6 mmol), acetamide

(3.78 g, 64.0 mmol) and trimethylsilyl chloride (3.58 mL, 28.2 mmol) in
acetonitrile (12 mL) and toluene (12 mL) was heated at 50 °C for 1 hour.

15  Additional acetamide (1.28 g, 21.7 mmol) and trimethylsilyl chloride (1.2 mL,
9.5 mmol) were added, and heating was continued for 90 minutes, at which
point 4-methylbenzenesulfinic acid (6.00 g, 38.4 mmol) was added. The
reaction was allowed to proceed at 50 °C for 18 hours, then was cooled to
room temperature and diluted with tert-butyl methyl ether (20 mL). After 5

20  minutes of stirring, the mixture was further diluted with water (100 mL), cooled

to 0 °C for 1 hour and filtered; the collected solid was rinsed with tert-butyl
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methyl ether. The product was obtained as a white solid. Yield: 4.276 g, 13.3
mmol, 52%. 'H NMR (400 MHz, DMSO-ds) § 1.77 (s, 3H), 2.41 (s, 3H), 6.34
(d, J=10.5 Hz, 1H), 7.27 (dd, J=8.9, 8.9 Hz, 2H), 7.43 (d, J=8.0 Hz, 2H), 7.65
(dd, J=8.8, 5.5 Hz, 2H), 7.70 (d, J=8.3 Hz, 2H), 9.39 (d, J=10.5 Hz, 1H).

5 tert-Butyl 4-[4-(4-fluorophenyl)-2-methyl-5-pyrimidin-4-yl-1H-imidazol-1-

yllpiperidine-1-carboxylate (C30)
According to the method of J. A. Murry et al., J. Am. Chem. Soc. 2001,
123, 9696-9697, N-{(4-fluorophenyl)[(4-
methylphenyl)sulfonylimethyl}acetamide (C28) (250 mg, 0.778 mmol) and 5-
10  (2-hydroxyethyl)-3,4-dimethyl-1,3-thiazol-3-ium iodide (44.5 mg, 0.156 mmol)

were combined, and the reaction flask was evacuated and refilled with

nitrogen gas twice. Dichloromethane (4 mL) was added, followed by
pyrimidine-4-carbaldehyde (92.5 mg, 0.856 mmol), and the reaction mixture
was heated to 35-40 °C, then treated with triethylamine (1.63 mL, 11.7 mmol);

15  the reaction was stirred at 35 °C for 1 hour, then cooled to room temperature.
Aliquot: LCMS m/z 274.5 [(M+1) for N-[1-(4-fluorophenyl)-2-oxo-2-pyrimidin-4-
ylethyl]acetamide (C29)]. After 2 hours at room temperature, the mixture was
concentrated in vacuo, dissolved in ethanol (4 mL) and treated with acetic
acid (0.22 mL, 3.8 mmol) and fert-butyl 4-aminopiperidine-1-carboxylate (358

20 mg, 1.79 mmol). The reaction was heated to reflux for 3 hours, then
concentrated under reduced pressure and diluted with ethyl acetate and
aqueous sodium bicarbonate solution until the mixture was basic. The mixture
was extracted with ethyl acetate, and the combined organic layers were dried
over sodium sulfate, filtered and concentrated in vacuo. Purification of the

25 residue by silica gel chromatography (Eluant: 5% methanol in ethyl acetate)
provided the product. Yield: 60 mg, 0.14 mmol, 18%. LCMS m/z 438.6 (M+1).
'H NMR (400 MHz, CDCl3) & 1.48 (s, 9H), 1.95-2.00 (m, 2H), 2.12-2.23 (m,
2H), 2.61 (s, 3H), 2.68-2.77 (m, 2H), 4.21-4.33 (m, 2H), 4.65 (it, J=12.4, 3.9
Hz, 1H), 6.97 (dd, J=8.7, 8.7 Hz, 2H), 7.12 (dd, J=5.2, 1.4 Hz, 1H), 7.29 (dd,

30 J=8.8,5.5Hz, 2H), 8.54 (d, J=5.3 Hz, 1H), 9.27 (d, J=1.3 Hz, 1H).
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4-14-(4-Fluorophenyl)-2-methyl-1-piperidin-4-yl-1H-imidazol-5-

yllpyrimidine (C31)

The title compound was prepared from tert-butyl 4-[4-(4-fluorophenyl)-
2-methyl-5-pyrimidin-4-yl-1 H-imidazol-1-yl]piperidine-1-carboxylate (C30)
5 according to the general procedure for the synthesis of N-methyl-4-(4-phenyl-
1-piperidin-4-yl-1H-imidazol-5-yl)pyrimidin-2-amine (C26) in Example 12,
except in this case the extraction was carried out with dichloromethane. Yield:
35.7 mg, 0.106 mmol, 50%. LCMS m/z 338.5 (M+1). '"H NMR (400 MHz,
CDCl3) 8 1.96-2.01 (m, 2H), 2.14-2.24 (m, 3H), 2.61-2.68 (m, 2H), 2.65 (s,
10  3H), 3.19-3.24 (m, 2H), 4.57 (i, J=12.3, 3.9 Hz, 1H), 6.96 (dd, J=8.8, 8.8 Hz,
2H), 7.12 (dd, J=5.3, 1.4 Hz, 1H), 7.29 (dd, J=8.9, 5.5 Hz, 2H), 8.55 (d, J=5.3

Hz, 1H), 9.30 (d, J=1.3 Hz, 1H).
4-{4-(4-Fluorophenyl)-1-[1-(isoxazol-3-yImethyl)piperidin-4-yl]-2-methyl-

1 H-imidazol-5-yIlpyrimidine (14)

15 Compound 14 was prepared from 4-[4-(4-fluorophenyl)-2-methyl-1-
piperidin-4-yl-1H-imidazol-5-yl]pyrimidine (C31) according to the general
procedure for the synthesis of 4-{4-(4-fluorophenyl)-1-[1-(isoxazol-3-
ylmethyl)piperidin-4-yl]-1H-imidazol-5-yl}-N-methylpyrimidin-2-amine  (5) in
Example 5, except that extractions were carried out with dichloromethane,

20 and the eluant employed for chromatography was 5% methanol in
dichloromethane. The product was obtained as a solid. Yield: 10 mg, 0.024
mmol, 23%. LCMS m/z 419.6 (M+1). '"H NMR (400 MHz, CDCls) & 1.95-2.00
(m, 2H), 2.15 (ddd, J=11.8, 11.8, 2.0 Hz, 2H), 2.27-2.37 (m, 2H), 2.65 (s, 3H),
3.01 (br d, J=11.6 Hz, 2H), 3.67 (s, 2H), 4.48 (tt, J=12.4, 4.0 Hz, 1H), 6.39 (d,

25 J=1.7 Hz, 1H), 6.96 (dd, J=8.8, 8.8 Hz, 2H), 7.12 (dd, J=5.3, 1.5 Hz, 1H), 7.29
(dd, J=8.8, 5.4 Hz, 2H), 8.38 (d, J=1.7 Hz, 1H), 8.55 (d, J=5.3 Hz, 1H), 9.30
(d, J=1.4 Hz, 1H).

The structures of additional Examples are shown in Tables 1 and 2.
Tables 1 and 2 give physical data and preparative information for these



2-({3-[4-(4- fluorophenyl)-5- pyrimdin-4-y1-1 H im dazol-1-
yl]pyrrolidin-1- yllnmethyl)-3- nethylimdazo[1,2- a] pyridine,
trifluorosoebaimsissalt 1.695 454.18 ,:r C1L A; C20 H 5- ( 8T[iB20016/054749
fl uorophenyl)-5- pyrimdin-4-yl-1H i mdazol-1- yl]pyrrolidin-1-

yl I met hyl )=2-(2- 1.725 75

additional Examples, and Table 3 contains relevant biological data for all
Examples.
Methods
Method A: Reductive amination, exemplified by synthesis of 4-{4-(4-

5 fluorophenyl)-1-[(1-substituted)piperidin-4-yl]-1 H-imidazol-5-yl}pyrimidines

(Example 29)
o)
NH NN
R
Né_\N’C RJ\H NAN/C/
N - >
7N 7y
=N =N
F F
c15

A solution of 4-[4-(4-fluorophenyl)-1-piperidin-4-yl-1H-imidazol-5-

yllpyrimidine (C15) (0.068 mmol) in dichloroethane (1 mL) was added to a vial

10  containing the appropriate aldehyde (0.075 mmol), and the mixture was

treated with triethylamine (0.15 mmol) and acetic acid (0.38 mmol). The vial

was shaken for 30 minutes, at which time sodium triacetoxyborohydride (0.22

mmol) was added and shaking was continued for an additional 66 hours. The

reaction was quenched with aqueous sodium hydroxide solution (1 N, 2 mL),

15 added to dichloroethane (2 mL) and shaken. The organic layer was separated

and filtered through an empty solid-phase extraction cartridge, and the filtrate

was concentrated in vacuo. The residue was dissolved in dimethyl sulfoxide

(1 mL) and purified by reversed-phase HPLC (Column: Waters XBridge Cqs, 5

Kum; Mobile phase A: 0.03% NH4OH in water (v/v); Mobile phase B: 0.03%

20 NH4OH in acetonitrile (v/v); Gradient: 15% to 95%B). See Table 2 for
characterization data; biological activity is provided in Table 3.

Method B: Reductive amination, exemplified by synthesis of 4-[4-(4-

fluorophenyl)-1-[(1-substituted)piperidin-4-yl1-1 H-imidazol-5-yllpyrimidin-2-

amines, trifluoroacetate salts (Examples 17-28)




460. 18

z |

.......... LS....,... Z WO

2011/ 051858PCT/ 1B2010/ 054749 - 85- met hoxyet hyl )pyrimid ine,

trifl uor osoeairs1858 PCT/IB2010/054749
-76-
NH 0 NN
z /C/ PAN /C/ R
N ~ N R)J\H N 2 N
N N
/ N NH2 / \>’NH2
=N =N
F o F

10

15

20

25

A slurry of  4-[4-(4-fluorophenyl)-1-piperidin-4-yl-1H-imidazol-5-
yllpyrimidin-2-amine, hydrochloride salt (C9) (0.075 mmol) in a 1:1 mixture of
DMF and dichloromethane (0.50 mL) was added to a vial containing the
appropriate aldehyde (0.075 mmol). Sodium triacetoxyborohydride
(approximately 50 mg, 0.24 mmol) was added and the mixture was shaken for
18 hours. Aqueous sodium hydroxide solution (1 N, 1.5 mL) was added,
followed by dichloromethane (2.0 mL), and the vial was vortexed for 15
minutes. The aqueous layer was extracted with dichloromethane (2 x 1.0 mL),
and the combined organic layers were concentrated in vacuo. Dimethyl
sulfoxide (0.5 mL) was added, the sample was filtered, diluted with additional
dimethyl sulfoxide (0.5 mL) and purified by reversed-phase HPLC (Column:
Waters Sunfire C4g, 5 um; Mobile phase A: 0.05% TFA in water (v/v); Mobile
phase B: 0.05% TFA in acetonitrile (v/v); Gradient: 5% to 95%B). See Table 2
for characterization data; biological activity is provided in Table 3.

Kinase Assay. The CK13 kinase assay was performed in a standard
buffer containing ATP at 10 pM, CK18 enzyme at 2 nM, and the peptide
substrate PLSRTLpSVASLPGL at 42 uM. The reaction was incubated at 25
°C for 85 minutes. Enzyme inhibition was performed in the presence of either
1 pL of CK13 inhibitor, or 4% DMSO. Detection of luminescent output on a
PerkinElmer EnVision plate reader (PerkinElmer, Waltham, MA) was
performed as described for the Kinase-Glo Assay (Promega).

The CK1e kinase assay was performed in a standard buffer containing
ATP at 10 uM, CK1e wild type enzyme at 2.5 nM, and 42 uM concentration of
the peptide substrate PLSRTLpSVASLPGL (Flotow et al., 1990). The reaction
was incubated at 25 °C for 70 minutes. Enzyme inhibition was measured in
the presence of 1 pL of the CK1¢ inhibitor, or 4% DMSO.. Detection was



salt | Analytical HPLC Method - Columm: Waters XBridge 018, 4.6x50mm 3.5
pm Mobile phase A: 0.1% NHAOH in water (v/v); Mbile phase B: 0.1% NH4OH
i n acet orworni@s(ss8v); Flowrate 2 nL/mn. Gadient: @CEFIBuIe85459% B 4

m nutes 95% B 5 mnutes 95% B 5018, 3.0x30mm 2.7 pm Mbile phase A
0.01% TFA in water (v/v); Mobile phase 87 0.01% TFA in acetonitrile (v/v);
Flowrate 1.5 nL/mn. Gadient: 0 mnufés 5B 2.3 mnutes 95% B 2.5

m nutes 95% B

carried out as described for the Kinase-Glo Assay (Promega). Luminescent
output was measured on the PerkinElmer EnVision plate reader (PerkinElmer,

Waltham, MA).
Table 1
R3
(R%)m /
i @L\R“ R"=H
3=
/ ~ R - H
NTON R* = isoxazol-3-yl
—\ Ré=H
4 \>_R5 A = 1-LR®R*-piperidin-4-yl
L = Calkyl
(R N Z=N
RS m=0
5 n=0
Method; "H NMR (400 MHz, CDCls), 8 (ppm);
Ex# | Rs | starting IUPAC Name | Mass spectrum: APCI, observed ion
material m/z
1.99-2.10 (m, 2H), 2.15-2.22 (m,
4-{1-[1-(isoxazol-3- 4H), 3.01-3.06 (m, 2H), 3.05 (d,
ylmethyl)piperidin-| J=5.1 Hz, 3H), 3.69 (s, 2H), 4.69 (br
4-yl]-4-phenyl-1H-| s, 1H), 5.18-5.21 (m, 1H), 6.41 (d,
NHM| Ex. 5: yll-4-pheny ) ( ) (
15 26 imidazol-5-yl}-N- | J=1.6 Hz, 1H), 6.44 (d, J=5.1 Hz,
e
methylpyrimidin-2-| 1H), 7.26-7.33 (m, 3H), 7.48-7.51
amine, (m, 2H), 7.79 (s, 1H), 8.14 (br d,
hydrochloride salt| J=4.9 Hz, 1H), 8.39 (d, J=1.6 Hz,
1H); 416.3 (M+1)’
4-{1-[1-(isoxazol-3- 1.99-2.09 (m, 2H), 2.13-2.18 (m,
Ex. 5 ylmethyl)piperidin-|  2H), 2.23 (ddd, J=11.9, 11.9, 2.1
X. 5;
16 | H c23 4-yl]-4-phenyl-1H-| Hz, 2H), 3.03 (brd, J=11.9, 2H),
imidazol-5- 3.70 (s, 2H), 4.75 (it, J=11.9, 4.1
yl}pyrimidine Hz, 1H), 6.40 (d, J=1.7 Hz, 1H),




3Anal ytical HPLC Met Mobile phase A 0.1% NHACH in water (v/v); Mobile
phase B: 0.1% NH4OH in acetonitrile (v/v); Flowrate 2 nL/mn. Gadient: O
m nut es MWOR0t/0FissEat es 95% B 5 m nutes 95% B 10 4Pr epar acirasB20t?hd7pu Met hod
A. S5Anal ytical HPLC Method - Colum: Waters Atlantis dCl8, 4.6x50m 5 pm
Mobi | e phase A: 0.1%FA in water (v/v); _%bbi | e phase B: 0.1% TFA in

acetonitrile (v/v); Flowrate 2 nL/mn. "*-86- Gradient: O mnutes 5%B 4
m nutes 95% B 5 m nutes 95% B

7.18 (dd, J=5.3, 1.4 Hz, 1H), 7.30-
7.35 (m, 3H), 7.41-7.44 (m, 2H),
7.84 (s, 1H), 8.39 (br d, J=1.6 Hz,
1H), 8.53 (d, J=5.4 Hz, 1H), 9.28 (d,
J=1.4 Hz, 1H); 387.1 (M+1)

" NMR and MS data obtained on free base, prior to formation of hydrochloride

salt.
Table 2
R'=H
RC=H
R=F
n =1 (para)
5 Z=N
Retentio
- Mass
n Time
Method ~ |spectrum
_ . (min)
Ex| Ry [ HPLC |
4 starting @L\R4 Rs IUPAC Name thod Observe
metho
material 3~ . d ion m/Z
in
| (M+1) or
footnote
(M+2)/2
s]
4-[4-(4-fluorophenyl)-
1 N/Q 1-{1-[(3-
7 B; C9 )%N NH, | methylquinoxalin-2- | 4 052 | 495.16
}{O yl)methyl]piperidin-4-
yl}-1H-imidazol-5-




Table 3 - Biological Data for Exanples 1 - 42 Ex # CKIS IC50 (nM,
geonetric nean of 2-4 determ nations CKIE I C50 (nM, geonetric nean of 2-4
det er m navoansl/51§5863 536 2 16.7 67.4 3 27.8 116 4 <4. 17PCIB8B8N0/054749

-79-

yllpyrimidin-2-amine,
trifluoroacetate salt

4-[4-(4-fluorophenyl)-
1-(1-{[6-
CF3 (trifluoromethyl)pyridi
N7 n-3-

B; C9 x )
NF2 yllmethyl}piperidin-4- 1.05% | 498.10

XO yl)-1H-imidazol-5-
yllpyrimidin-2-amine,
trifluoroacetate salt
4-{4-(4-fluorophenyl)-
1-[1-(1,3-thiazol-5-
N G ylmethyl)piperidin-4-
B; C9 XQE NH, i1 H-imidazol-5- 0.88% | 436.11
yl}pyrimidin-2-amine,

trifluoroacetate salt
4-[4-(4-fluorophenyl)-
1-{1-[(1-methyl-1H-
/ pyrazol-5-

B; C9 XO/\@N NH, | Y)methyllpiperidin-4- | 0. 90? | 433.17
ylI}-1H-imidazol-5-

yllpyrimidin-2-amine,

trifluoroacetate salt

4-[4-(4-fluorophenyl)-
1-{1-[(2-

2 >{QN 2 methylpyridin-4-

1 5 C9 S| NH yl)methyl]piperidin-4- 0.85" | 444.18

yl}-1H-imidazol-5-

yllpyrimidin-2-amine,
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trifluoroacetate salt

B; C9

NH>

4-[4-(4-fluorophenyl)-
1-{1-[(6-
methoxypyridin-3-
yl)methyl]piperidin-4-
yl}-1H-imidazol-5-
yllpyrimidin-2-amine,
trifluoroacetate salt

0.972

460.16

B; C9

NH>

4-{4-(4-fluorophenyl)-
1-[1-(pyridazin-4-
ylmethyl)piperidin-4-
yl]-1H-imidazol-5-
yl}pyrimidin-2-amine,
trifluoroacetate salt

0.882

431.15

B; C9

NH>

4-[1-{1-[(4-ethyl-1,3-
thiazol-2-
yl)methyl]piperidin-4-
yl}-4-(4-
fluorophenyl)-1H-
imidazol-5-
yllpyrimidin-2-amine,
trifluoroacetate salt

1.02?

464 .13

B; C9

NH>

4-[4-(4-fluorophenyl)-
1-{1-[(2-
methoxypyridin-4-
yl)methyl]piperidin-4-
yl}-1H-imidazol-5-

yllpyrimidin-2-amine,

0.972

460.16
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trifluoroacetate salt

B; C9

NH>

4-[4-(4-fluorophenyl)-
1-{1-[(2-
methoxypyridin-3-
yl)methyl]piperidin-4-
yl}-1H-imidazol-5-
yllpyrimidin-2-amine,
trifluoroacetate salt

0.962

460.16

B; C9

NH>

4-[4-(4-fluorophenyl)-
1-{1-[(2-
methylpyrimidin-5-
yl)methyl]piperidin-4-
yl}-1H-imidazol-5-
yllpyrimidin-2-amine,
trifluoroacetate salt

0.89?

44517

B; C9

NH>

4-[1-{1-[(2-
cyclopropylpyrimidin-
4-yl)methyl]piperidin-
4-yl}-4-(4-
fluorophenyl)-1H-
imidazol-5-
yllpyrimidin-2-amine,
trifluoroacetate salt

0.99?

471.18

C15

4-[4-(4-fluorophenyl)-
1-{1-[(5-
methylisoxazol-3-
yl)methyl]piperidin-4-
yl}-1H-imidazol-5-

2.143

419.22
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yllpyrimidine

C18

NH>

4-[4-(4-fluorophenyl)-
1-{1-[(6-
methylpyridin-2-
yl)methyl]pyrrolidin-3-
yl}-1H-imidazol-5-

yllpyrimidin-2-amine

222" | 430.24

C18

NH>

4-[1-{1-[(3-fluoro-5-
methylpyridin-2-
yl)methyl]pyrrolidin-3-
yl}-4-(4-
fluorophenyl)-1H-
imidazol-5-

yllpyrimidin-2-amine

232" | 44823

C18

NH>

4-[4-(4-fluorophenyl)-
1-{1-[(2-
methylpyridin-3-
yl)methyl]pyrrolidin-3-
yl}-1H-imidazol-5-
yllpyrimidin-2-amine

218" | 430.24

C18

NH>

4-[4-(4-fluorophenyl)-
1-{1-[(5-
methylisoxazol-3-
yl)methyl]pyrrolidin-3-
yl}-1H-imidazol-5-

yllpyrimidin-2-amine

221" | 420.23
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C18

NH>

4-{4-(4-fluorophenyl)-
1-[1-(pyridin-4-
ylmethyl)pyrrolidin-3-
yl]-1H-imidazol-5-
yl}pyrimidin-2-amine

2.05'

416.23

B*:
C18

NH>

4-{4-(4-fluorophenyl)-
1-[1-(quinoxalin-6-

ylmethyl)pyrrolidin-3-
yl]-1H-imidazol-5-

yl}pyrimidin-2-amine

2.21"

467.22

C18

NH>

4-{4-(4-fluorophenyl)-
1-[1-(isoquinolin-4-

ylmethyl)pyrrolidin-3-
yl]-1H-imidazol-5-

yl}pyrimidin-2-amine

2.45'

466.25

C18

NH>

4-[1-{1-[(4,6-
dimethylpyridin-3-
yl)methyl]pyrrolidin-3-
yl}-4-(4-
fluorophenyl)-1H-
imidazol-5-

yllpyrimidin-2-amine

2.35'

444 24

B*:
C18

NH>

4-{4-(4-fluorophenyl)-
1-[1-(1,5-
naphthyridin-4-
ylmethyl)pyrrolidin-3-
yl]-1H-imidazol-5-
yl}pyrimidin-2-amine

2.12'

467.22
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C20

!
NN

—_—

L0

z

2-({3-[4-(4-fluoro-
phenyl)-5-pyrimidin-
4-yl-1H-imidazol-1-
yllpyrrolidin-1-
yl}methyl)imidazo[1,2
-alpyridine,
trifluoroacetate salt

1.68°

220.84

C20

6-({3-[4-(4-
fluorophenyl)-5-
pyrimidin-4-yl-1H-
imidazol-1-
yllpyrrolidin-1-
yl}methyl)pyrazolo[1,
5-alpyrimidine,
trifluoroacetate salt

1.76°

44119

C20

2-({3-[4-(4-
fluorophenyl)-5-
pyrimidin-4-yl-1H-
imidazol-1-
yllpyrrolidin-1-
yl}methyl)-3-
methylimidazo[1,2-
alpyridine,
trifluoroacetate salt

1.69°

454 .18

2 | C20

5-({3-[4-(4-
fluorophenyl)-5-
pyrimidin-4-yl-1H-
imidazol-1-
yllpyrrolidin-1-
yltmethyl)-2-(2-

1.72°

460.18




1530 * Geonetric nmean of 5 - 16 determnations W claim 1. A conpound of
formula |I: R6 | 5or pharmaceutically acceptable salts thereof wherein:
A is a niwoagamsessat ai ni ng 4- to 7-nmenbered het erocycl o2CitgB201@054749
alternatively A can be directly fused to the ring to which it is attached
through R1; L is G _3alkyl; 10Rl1 is hydrggen, Cl_3alkyl, or C3_4cycl oal kyl;
each R2 is independently Cl _3alkyl, fluofine, hydroxyl, C1_3al koxy, or

cyano; R3 is hydrogen, Cl 3alkyl, or C3_4cycl oal kyl; R4 is a 5-
to 10-nenbered heteroaryl with 1 to 3 het eroatoms 150ptional Iy substituted
with 1 to 3 RAsubstituents—R5ishydrogen—or Fs—hydregen,—halogen or
Cl_3alkyl: ’ mé’[hoxyethyl)pyrlmld

ine, trifluoroacetate
salt

1Analytical HPLC Method - Column: Waters XBridge C1g, 4.6x50mm, 3.5 um;
Mobile phase A: 0.1% NH4;OH in water (v/v); Mobile phase B: 0.1%

NH4OH in acetonitrile (v/v); Flow rate 2 mL/min.

Gradient:
0 minutes 5% B
4 minutes 95% B
5 minutes 95% B
“Analytical HPLC Method - Column: Advanced Materials Technology Halo
5 Cis, 3.0x30mm, 2.7 um; Mobile phase A: 0.01% TFA in water (v/v);
Mobile phase B: 0.01% TFA in acetonitrile (v/v); Flow rate 1.5 mL/min.
Gradient:
0 minutes 5% B
2.3 minutes 95% B
2.5 minutes 95% B

3Analytical HPLC Method - Column: Waters XBridge C1s, 4.6x50mm, 3.5 um;
Mobile phase A: 0.1% NH4OH in water (v/v); Mobile phase B: 0.1%

NH4OH in acetonitrile (v/v); Flow rate 2 mL/min.

Gradient:
0 minutes 10% B
4 minutes 95% B
5 minutes 95% B
10 “*Preparative HPLC purification in this case was carried out as described in

Method A.
®Analytical HPLC Method - Column: Waters Atlantis dC1g, 4.6x50mm, 5 pm;
Mobile phase A: 0.1%TFA in water (v/v); Mobile phase B: 0.1% TFA in

acetonitrile (v/v); Flow rate 2 mL/min.



each R7 is independently hal ogen, -(CH2)t-Fq, Cl_3alkyl, -CF3,
-(CH2)t-C3_4cycl oal kyl, -(CH2)t-O C1_3al kyl, -(CH2)t-cyano or

- (CH2) r hywtoaryos2638 i s N or -CR9; each R8 is independentCy/ihydo/oxyes or

Cl _3alkyl; RO is hydrogen, Cl_3alkyl, or halogen; mis 0, 1 or 2; -89- n
is 0, 1, or 2, gis 1, 2, or 3; t is 0,_8]6 or 2. 2. A conpound of claim1l
wherein Ais a nitrogen-containing 4- to /- 1 RBL I 5nenbered
het er ocycl oal kyl andR4is attached to the ring N, L is Calkyl; each R2 is
i ndependent|ly Cl_3alkyl, or fluorine; each R7 is independently hal ogen,
-(CH2)t-Fg, Cl_3alkyl, -CF3, —¢
_(CH2)t-O-G_3al kyl. |03.A conpBad

(CHA -3 4eyeloealkyly or

egt claim 2 wherein Ais a

ni trogen-containing 5 nmenberedyif gcycloalgylg Wherein said

het er ocycl oal kyl is pyrrolidine ang&% ,R3 L 1s attached to the ring N of
the pyrrolidine, and mis zefo.4 minutes 95% B

5 minutes 95% B

Table 3 — Biological Data for Examples 1 — 42

CKI§ IC5 (nM), | CKile ICs50 (NM),
Ex # geometric geometric mean
mean of 2-4 of 24
determinations | determinations

1 163 536
2 16.7 67.4
3 27.8 116
4 <417* 18.9*
5 6.86* 32.3*
6 24.0* 126*
7 67.8 193
8 211* 617*
9 281 1360
10 64.6 277

11 790 >3660
12 191 660
13 8.22 40.9
14 140 829
15 18.6 76.1
16 42.8 327
17 32.1 144
18 80.7 394
19 26.8 99.9
20 42.8 244
21 13.0 59.8




4. A conmpound of claim2 wherein Ais a nitrogen-containing 6- nenbered

het er ocycl oal kyl

wherei n sai d heterocycl oal kyl
15R4i s atwachadsissst he ring N of the piperidine,

is piperidine a

and m iPSTABZO0/054749

nd 1 L |
5. A

conpound of any of the preceding clainms wherein nis 1, and R7 is fluorine.

6. A conmpound of any of the preceding cl
-N(R8) 2, wherein each R8 is hydrogen
preceding clains wherein RL is hydrogen or Cl_3alkyl.

2

-90-

ims wherein Zis Nand R5 is
. A conpound of any of the

8. A

conpound of any of the preceding clainms wherein R4 is a 5-nenbered

het er oaryl wherein sai-#d hﬂfﬂ'nﬂfy' s—an—tsoxazple—optignally—substituted
wth 1 or 2 R7 substituents:2 and { is . 9. onpoungd of any of
t he preceding clains \ eregﬂiHs '$ Shydgggen or [ CI_3ajjgl- 10. A
met hod for inhibiting|CKl delta of CK1 epsilon pctivity in a patient
conprising the adm ni gstratizh of a ther@hpéutically ef 38@tive appunt of an
i nhi bitor of CKl delt a—o+—CKl-epsilon- 11— The—npethod—of{ claim 10
wherein said inhibition of %§G.delta or84.8cK1 epsilon3§§tivity results in a
| engt heni ng of the ciqcadi rytim perd pg T2 oAgmethod| for treating
neur ol ogi cal and psychiatric di sease or disorder conprising: admnistering
to a mammal an anount |[of a ZPnpound of th.@dim | pffect88€ in treating such
di sorders, or a pharnaceutically acceptable salt thereof. 15131 The net hod
of claim 12 wherein the dlégése ol dlsdyﬂgr is a nood3@lsorder|or a sl eep
di sorder. 14. The net h¢gd—ac dinmgto ci 13 erei nygge nood]| di sorder is
selected fromthe grouyp consisting of a depressjve dlsorder and a bi pol ar
di sorder. 2015. A pharnmaceut3®al conposi®4.6n conpri si n@6d conpound of claim

31 47.6 165

32 61.1 150

33 55.1 140

34 76.6 211

35 67.8 170

36 56.3 140

37 46.6 124

38 55.8 158

39 211 644

40 178 798

41 595 1990

42 679 1530

* Geometric mean of 5 — 16 determinations



and a pharnaceutically acceptable carrier.
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We claim:
1. A compound of formula I:
R3
(R?)m

10

15

20

or pharmaceutically acceptable salts thereof wherein:

A is a nitrogen-containing 4- to 7-membered heterocycloalkyl, or
alternatively A can be directly fused to the ring to which it is attached through
R1;

L is Cq-zalkyl,

R'is hydrogen, Ci.zalkyl, or Cs.scycloalkyl;

each R? is independently Cy.salkyl, fluorine, hydroxyl, Ci.salkoxy, or
cyano;

R%is hydrogen, Cy.salkyl, or Cs.scycloalkyl;

R* is a 5- to 10-membered heteroaryl with 1 to 3 heteroatoms,
optionally substituted with 1 to 3 R’ substituents;

R® is hydrogen or -N(R®).;

R®is hydrogen, halogen or C4_salkyl;

each R’ is independently halogen, -(CHo)-Fq, Cyaalkyl, -CFs,
-(CH2)-Cs4cycloalkyl, -(CH2)-O-Cq_salkyl, -(CH2)-cyano or -(CHy)-hydroxy;

Zis N or -CR?,

each R? is independently hydrogen or C.salkyl;

R%is hydrogen, Ci.salkyl, or halogen;

mis 0, 1 or 2;
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nis 0,1, or2;
gis1,2,or3;
tis0,1or2.
2. A compound of claim 1 wherein A is a nitrogen-containing 4- to 7-
. 3
e
T
membered heterocycloalkyl and R* is attached to the ring N;

L is Cqalkyl;

each R? is independently Cy.salkyl, or fluorine;
each R’ is independently halogen, -(CH2)-Fq, Cizalkyl, -CF3, -(CH2)-Ca.
scycloalkyl, or -(CH2)-O-C1.zalkyl.

3. A compound of claim 2 wherein A is a nitrogen-containing 5-

membered heterocycloalkyl wherein said heterocycloalkyl is pyrrolidine and
. 3
b
T
R* is attached to the ring N of the pyrrolidine, and m is zero.
4. A compound of claim 2 wherein A is a nitrogen-containing 6-

membered heterocycloalkyl wherein said heterocycloalkyl is piperidine and

\g\ Il_/ R3

R* is attached to the ring N of the piperidine, and m is zero.
5. A compound of any of the preceding claims wherein n is 1, and
R’ is fluorine.
6. A compound of any of the preceding claims wherein Z is N and
R® is -N(R®),, wherein each R® is hydrogen.
7. A compound of any of the preceding claims wherein R" is

hydrogen or Cq_salkyl.
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8. A compound of any of the preceding claims wherein R* is a
5-membered heteroaryl wherein said heteroaryl is an isoxazole optionally
substituted with 1 or 2 R’ substituents, and t is zero.

9. A compound of any of the preceding claims wherein R® is
hydrogen or Cq_salkyl.

10. A method for inhibiting CK1 delta or CK1 epsilon activity in a
patient comprising the administration of a therapeutically effective amount of
an inhibitor of CK1 delta or CK1 epsilon.

11.  The method of claim 10 wherein said inhibition of CK1 delta or
CK1 epsilon activity results in a lengthening of the circadian rhythm period.

12. A method for treating neurological and psychiatric disease or
disorder comprising: administering to a mammal an amount of a compound of
claim | effective in treating such disorders, or a pharmaceutically acceptable
salt thereof.

13.  The method of claim 12 wherein the disease or disorder is a
mood disorder or a sleep disorder.

14.  The method according to claim 13 wherein the mood disorder is
selected from the group consisting of a depressive disorder and a bipolar
disorder.

15. A pharmaceutical composition comprising a compound of claim

I, and a pharmaceutically acceptable carrier.



