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Pyrindi ne Derivatives for Treatnent of _
Hyperproliferative Disorders FIELD: This application
wo0 edoavee3t o smal | nol ecul e heterocyclic PCT/US2006/008779
pharmaceuticals, and nmore particularly, to
2ynk§o saosét -,'nls.;ax'.‘., vat |v S haV|
het er ocycl es such as pyrim di ne derl vat ives have been
]ﬂl sclosed in patent and non-patent publications as
FIELIY, v ng a variety of pharmaceutical properties and
Utl“his' %ﬁgﬁéatm%el‘éﬁa”c&l toséiﬁgl} Médu‘feaﬁét&%ﬁ}gn(ﬁi& %ﬂalr%ltagglt@?k oéﬁﬁd more
62225 (Bayer) ates t eriva
Pamc‘algrlv,ﬁo aknmaeéasmltﬂdlvstron@meahdvathes bavisg cytotaxieadtivignt
of rho-kinase nediated conditions including cancer. WO
2001/87845 (Fujisawa) relates to N-containing
BACK@ROUNYcl i ¢ conpounds havi ng 5-HT ant agoni stic f
agtivit These, conpounds re st.at ed as_being usefu
f@ﬁ“?%&?flﬁg‘%% hPRy SoasEd ty @éﬁé’?@F‘ﬁﬁ"efl%‘ﬁ‘é‘V%%%Vérheen disclosed
in patdit%ﬂd@h%atéﬂ@pﬂﬁlﬁéa@i@ﬁﬁ aé Balyilt® AtvaMefyCr) pHa8had®sichOproperties and
| kyl -N-ary rim di nam nes and derivatives
utlhtleishéﬂéeéﬁl S“%PEW“& ignssarg figigd Plowahi bit the corti copropin
rof @aﬁegzz‘ﬂgaé CGREL ¢ FhetRAvhiey d Bhibi d
tre(gt mgnt o 4 r)h%g{fél(gﬁﬁlmsl%r ergvan Q%%t&?bgwé? ca fﬂ ttors, an
their uge mﬁntmrmémﬁms@@e@@hndmﬂas ineludingsanceer.

2 .
N2 SRBSERTIELIED Bl ™ N Pialihe hesgprsiic cqpppounds having
5-HT wahtegenistse a¢trvmyr edheentomfoundnae staldd 20640 HRRBR0 for treating or
Cenom reI tes to N-contai ni ng
plever&%ere%l%y@legou%% ed%ﬁl ounds as ki nase nodul ators,

awid t%éIUSOGS(GDu Poht &\&&rﬂhﬁtrelét%s N MN-QIy1-N-arylpyrimidinamines and

eas ed di sorders |ncluding cancer.
derlvat(lves thereof, 011 are state(E {0 1nhlb1r% the co1“t?coprop1n releasing factor (CRF)

peptide and to be useful for treatment of psychiatric disorders and neurological diseases.

WO  2004/048365 (Chiron) relates to 2.4,6-trisubstituted pyrimidines as
phosphotidylinositol (PI) 3-kinase inhibitors and their use in treatment of cancer.

WO 2004/000820 (Cellular Genomics) relates to N-containing heterocycles and
other compounds as kinase modulators, and their use in treatment of numerous kinase-
associated disorders including cancer.

WO 01/62233 (Hoffmann La Roche) relates to nitrogen-containing heterocycles and
their use in treatment of diseases modulated by the adenosine receptor.

US 2004/0097504 (Vertex) relates to nitrogen-containing heterocycles useful in
treatment of various protein kinase-mediated disorders.

The pharmaceutical field is always interested in identifying new pharmaceutically

active compounds. Such materials are the subject of the present application.

Compounds of the invention

In a first embodiment, this invention relates to a compound of the structure
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WD 01/62233 (Hof fmann La Roche) relates to
ni trogen-contai ning heterocycles and their use in

wao ewavsest of di seases nodul ated by the adenosPeiEUS2006/008779

receptor. US 2004/0097504 (Vertex) relates to

ni trogen-cont ai ni ng heterocycl es useful in treatnent
of various protein ki nase- e di sorders. The
pharmaceutical fi S al erested in

i dentifying new phar

application. Copgounds of the invention In a first
enmbodi nent, thys |invention relates to a conpound of
t he structupem%¢ré' resents H, R2 represents

-NH 2; L represents “5CH nis 1; n" is 0, 1, or
2; Gis nethyl or tr uronethyl; G is nethyl or
amno; J is pyridyl or pyrimdyl; Y is phenyl, pyridyl
owhegieii mi dyl ; or a pharnaceutically acceptable salt

t e;e%&Etl .a second enbodi ment, the present invention
rel ares 1o conpound sel ected fromthe group

cRA sdpsdsemg —NH,;
L represents O;
Mis CH;
nisl;
n’is 0,1, or2;
G is methyl or trifluromethyl;
G’ is methyl or amino;
J is pyridyl or pyrimidyl;
Y is phenyl, pyridyl or pyrimidyl;

or a pharmaceutically acceptable salt thereof.

In a second embodiment, the present invention relates to a compound selected from

the group consisting of

(6-(2,6-dimethylphenyl)-N*-(4-{ [2-(trifluoromethyl)pyridin-4-
ylJoxy }phenyl)pyrimidine-2,4-diamine)

- F
N~ NH
Ny CcH
A 3
~
N

H,C

H,N



(6- (2, 6-di met hyl phenyl ) - N4- (4-
{[2-(trifluoronethyl)pyridin-4-

wQ kjoexgdphenyl ) pyri m di ne- 2, 4-di am ne) ( 6- ( 6- anPCOPF20061008779
n-3-yl)-N4-{4-[ (2- et hyl pyri di n-4-yl ) oxy] phenyl } pyri m
di ne-2,4- diamne) (N
-(4-{[2-(trifluoronethyl)pyridin-4-yl]oxy}phenyl)-4,5

- rimdin

R RGN R e P%?B%W@%dﬁwmmlﬁham}zﬁmd@w 2.4-
Ydik yl)pyrimdine-2,4- diamne) ;

and( 6- (6-am nopyridin-3-yl)-N 4-(4-
{[2-(trifluoromethyl)pyrimdin-4-

ylhllénxy} phe(gyl ) pyri m di ne-2, 4-di am ne) or a

p acceptable salt thereof. er
enbod| nent ,
For mu (1)

5 i nvention relates to conpounds of
it R1 represents H, (CrC 3)al kyl, or

cycl opropyl ; resents (Cl-C3)al kyl, cyclopropyl,

O QC 3)alkyl, dr NR3R4 wherein R3 and R4 are H,

(G -C3)al kyI pyl; R2a represents H or

hal ogen; M re?present | or N, L represents a carbonyl
5 group, O NR5 , CR6R/ C2- C3) al kyl enyl which is

optional l'y substitut ed up tostwi ce by groups
i ndependently sel ected from hal ogen and OH, wherein R5
is Hor (Cl-C3)al kyl; and

(N°-(4-{ [2-(trifluoromethyl)pyridin-4-yljoxy } phenyl)-4,5’-bipyrimidine-2,6-

diamine)
F
F
PR
N~
NH
NTX
I
~
HQN*N N
/)
10 N

(6-phenyl-N*-(4-{ [2-(trifluoromethyl)pyrimidin-4-ylJoxy } phenyl)pyrimidine-2,4-
diamine)

F
F
L
Nz NH
N/
s
H,NT N

L5 ;and
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R6 and R7 are independently H CH3, hal ogen, or OH J
represents an aromatic or heteroaromatic ring sel ected

WO e@a9h281 gr oup consi sting of Y represents an aPOIEH$1006/008779

or heteroaromatic ring selected fromthe group

consi sting of wherein R represents H or (Cl-C3)alkyl;
G' represents a substituent selected fromthe group
consisting of (COrC 3)alkyl, cyclopropyl, (G -C
3}%Lﬁ<9ﬁl¥n°ﬁ&ql%l§eﬁ~ryl)@iﬁ3(4-ﬁﬁr(ﬁmomylgpmﬁm-ﬁ RO

r Gl - ~%- i}ﬂ!ﬁy ; and mrepresents the
ngﬁ%@?@g?@ggggﬁlél%%q:h ,egnd is 0, 1, or 2; G
represents a substituent located on ring J; G
represents a substituent located on ring Y; n
represents the nunber of substituents G and n'

Othexgunber of substituents G ; n and n’
de endy 0, 1, 2, or 3, subject to the
t hat NHNng J and ring Y each nmay be

substituted i ndepgndently up to 3 tines by

substituents |i&ed) bel ow as nunbers Gl-@, to a
maxi mum t ot aj \\ﬁ ituents on rings J and Y, 2)
ring J and rifig Y each nay be substituted

-

i ndependently up to 2™ 2by substituents |listed
bel ow as nunbers &3-Gl1, to"a maximumtotal of 3
substituents on rings J and Y, and 3) ring J and ring
Yoehplrpageubisaldy proeptabie st hesr@bendent | y once by a
substituent selected fromthose |isted bel ow as
nunbers Gl2- G37;

In another embodiment, this invention relates to compounds of Formula (I)

(G
(o= e,

: (1)

wherein

R! represents H, (C-Cz)alkyl, or cyclopropyl;

R? represents (Ci-Cs)alkyl, cyclopropyl, O(C;-Cs)alkyl, or NR*R*
wherein R> and R* are H, (Ci-Cy)alkyl, or cyclopropyl;

R™ represents H or halogen;

M represents CH or N;

L represents a carbonyl group, O, NR® , CRR” , or (Cy-Cy)alkylenyl which is
optionally substituted up to twice by groups independently selected from
halogen and OH; wherein

R’ is H or (C;-Cs)alkyl; and
R®and R are independently H, CHj, halogen, or OH;

J represents an aromatic or heteroaromatic ring selected from the group consisting of
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and subject to the further provisos 4) when J is
phenyl, Gis other than OH or al kylthio; and when J is

w@b@apho2er pyridyl, nis 1, 2, or 3; 5) when JPCHUS2006/008779

phenyl, and Gis &4 shown below, then R2 is NR3R4; G
and G ieties are independently sel ected fromthe

group € ting hal o% &ZI\4) Bl 1 Oyl
whi ch optii opad .l y S;U%)stl tawﬂ gWQ s by
OCCi - QQal kyl ; 4) ( 5)a|ky| N\ﬁlchls

optionally substltuted [ ndepem@ntly up to twa tines
by groups selected from hydroxyl and cyano, or up to
t Krrepreseantsean gmhad ogistcroGoMaGCENg s¢lecty fiNOhO)etdp consisting of
1-C3)al kyl ; G7) NHSO 2(q C3)al kyl ; (38) NR1OR11 |,

wher ei d Rl tl cted fromH,
CH3, cy(@ pyl,% ﬁ %ﬁr %

wherein R® represents H or (C;-Cs)alkyl;

G” represents a substituent selected from the group consisting of (C;-Cs)alkyl,
cyclopropyl, O(C;-Cs)alkyl, halogen, CFs, CN and CO,R’ ;

wherein

R’ represents H or (C-Cs)alkyl; and

m represents the number of substituents G, and is 0, 1, or 2;

G represents a substituent located on ring J;

G’ represents a substituent located on ring Y;

n represents the number of substituents G; and

n’ represents the number of substituents G ;

n and n’ are independently 0, 1, 2, or 3, subject to the provisos that

1) ring J and ring Y each may be substituted independently up to 3 times by
substituents listed below as numbers G1-G2, to a maximum total of 4
substituents on rings J and Y,

2) ring J and ring Y each may be substituted independently up to 2 times by
substituents listed below as numbers G3-G11, to a maximum total of 3
substituents on rings J and Y, and

3) ring J and ring Y each may be substituted independently once by a
substituent selected from those listed below as numbers G12-G37,;

and subject to the further provisos

4) when J is phenyl, G is other than OH or alkylthio; and when J is phenyl or
pyridyl, nis 1, 2, or 3;

5) when J is phenyl, and G is G4 shown below, then R? is NR’R*;

G and G’ moieties are independently selected from the group consisting of:
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R12 and R13 are independently Hor (C C3)alkyl,
provi ded that both R10 and R 11 are not NR12R13

wareweheeseous! y, and (C2-C4)al kyl which is optPOrnEk1096/008779

substituted up to three tinmes by halogen, and up to
two ti S by substituent groups independently sel ected
from h@ ox%fd?g‘ac 1-C3)al kyl, and NR14R15 , wherein
R14 and R15 are independently Hor (G -C 3)alkyl,
orR14 and R15 can join to forma heterocycle of

f or nul $2hhePEEnCoalkaprdientoptionly B, swstiNRI6up tanvo times by
R16r epr esen 5 -C 3)alkyl, or R10O and R11 may be
joined to f???nﬁg%éla grat ed 5-6-nenbered N-contai ning
ring which is optionally substituted up to two tines
by OH, IgJ 75}_{3., wherein R17 and R18 are H or

(C1- C3§}a kyl”, " or by

G4)  (Cy-Cs)alkyl, which is optionally substituted independently up to two
times by groups selected from hydroxyl and cyano, or up to three

times by halogen;
G5) OCF;;
G6) NHC(O)(C;-Cs)alkyl ;
G7)  NHSO,(C;-Cj)alkyl ;

G8) NR'R'., wherein

R'® and R" are independently selected from

H,

CHs,

cyclopropyl,

benzyl,

NR"R" wherein
R and R® are independently H or (C;-Cj)alkyl,
provided that both R' and R are not NRR'
simultaneously,

and

(Co-Cy)alkyl which is optionally substituted up to three times
by halogen, and up to two times by substituent groups
independently selected from hydroxyl, O(C;-Cs)alkyl,
and NRMRP , Wherein

R™ and RY are independently H or
(C;-Cs)alkyl, or
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(G -C3)alkyl which is optionally substituted up to two
times by hal ogen, OH, or Q(Cl-C3)al kyl; )

W@ aHape92BIR1I9R20 wherein R19 and R20 ar e i ndepePdiBEN$1096/008779
H, (Cl-C5)al kyl, or (C3-C6)cycloal kyl, or may be
joined to forma saturgfed 3:16-nmenbered N-containing
ring; and the subscri 3( a%fl'ﬁi SCAINOith {0eigER Bhetgrogycle of formula

(CH2V-NQ GO b - wherein Qs Oor NRR1 ; R2 1 is
H, (Cl1-C3)al kyl, or cyclopr | ; Qand t he subscript "b"
is an integer of 1-3; dl) 2V EHRICOCH3 wher ei n
R22 is H (G -C3)al kyl, or cycl : h 16
subscript "c" is an integer of g?{fﬁp%%&tﬁe‘%&@ Zland
wher ei nNR23 and R24 i ndependent | Rl?‘repﬁmsﬁoH(Caa@alkgh
(C2-C4) al kyl whi %p may optionally be substituted once

by OH or NR25R26 7, wherein R25 and R26 i ndependently
represent HROY ap@ RE3hmalykpe ;jofakd) tdoim a saturated 5-6-membered

N-containing ring which is optionally substituted up to two

times by

OH,

NR'R'® , Wherein
R" and R*®are H or (C;-C3)alkyl,

or by

(C1-Cs)alkyl which is optionally substituted up to two times by
halogen, OH, or O(C;-Cs)alkyl;

G9)  (CH,),-NRYR? wherein
RY and R%® are independently H, (C;-Cs)alkyl, or
(Cs-Ce)cycloalkyl, or may be joined to form a saturated

5-6-membered N-containing ring; and

&6 22

the subscript “a” is an integer of 1-4;

(Cszb—N Q'
Q isOor NR*;
R is H, (C;-GCs)alkyl, or cyclopropyl; and

G10) wherein

the subscript “b” is an integer of 1-3;

G11) CH,NR*(CH,).OCH; wherein
R*is H, (C1-Gs)alkyl, or cyclopropyl; and

(1PN

the subscript “c” is an integer of 2-4;

G12) OSO,NR®R* wherein



Gl4) N2 ; G 5) cyclopropyl ; Gl6) OR27, wherein R27

represents phenyl or benzyl; GL7) S(C -C3)al kyl; G18)
WERHoGb0REH2) 1- 3- OR5; wherein R5 represents H oPCT/T82806/008779

3)alkyl; NNGd 9) &0) H; &1) C(ONR2BR29 , wherein

R28 and R29 are jpndepengdent | el ected fr

cycl opropyl, pro¥i ¢&d lfhdfléef%f‘ae“ﬁ%rea‘f?aerﬁ%] ghé’ ofCrCajalkyl
si mul taneously cycl opsaR¥! may @pﬁ&ﬁhamgdbé Rabstitited ogeeobp OH or
does not constitute both R28 and R29 simultaneously,

and (Cl-C3)al kyl whi cNR R opvhesaial |y substituted up to

two tines by OH or R28 angzs %6 Q] t
4 saturated 5-6. member ed R2R234 "RY BRadpehdedyt RptQEM H or

5 (C1-Ca)alkyl;
G13) CN;
G14) NOy;
10

G15) cyclopropyl ;

G16) OR*, wherein

R? represents phenyl or benzyl;

15
G17) S(Cy-Cs)alkyl;
G18) CH=CH-(CH,)1.3-OR’; wherein
R’ represents H or (C{-Cs)alkyl,
20
NN
.a;QN/N
G19) H
N
= ]
N
G20) H
25 G21) C(O)NR®R* , wherein
R? and R? are independently selected from
H,

cyclopropyl, provided that both R® and R® are not

simultaneously cyclopropyl,
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N-containing ring which is optionally substituted up
to two tines by OH or by (Cl-C3)al kyl which in turn

WO g0069920nal | y substituted up to two times by EE/U82006/008779
QG -C3)al kyl; &R2) wherein Q is O or NR30, and R30
is H cyclopropyl, or (G -C3)al kyl which is optionally
substituted once by ogen, OH, or QCl-(C3)al kyl ;
G23) O (CH2)d-NR3 1R42'wherein R3 1 and R32 are

i ndependently H, - 0 cl opr opy may
be joined to forr%a sat ur Bf‘é’éd‘@tg %%%P%I%OCS not consiitute both

N-cont ai ni ng ring; ang? Ly RUREEKItREous, 1S an integer
of 2-4; 0-(CH2 )- NQ' @&4) e - V\/nerelnthe
subscript "e" isdh integer of 2-3; and Q" is OorNR

33 ; and R33 is 4@5@1]](%3%? ébxggtﬁnl%ﬁ? gl!l]:%BElRQ&I hp  ¥%vd Smes by

O or NR34 ; and
cycl opropyl ;
or

R* and R” may be joined to form a saturated 5-6-membered
N-containing ring which is optionally substituted up to two
times by OH, or by (C;-Cs)alkyl which in turn is optionally
substituted up to two times by OH or O(C;-Cs)alkyl;

é—NmQ"
G22) j— wherein

Q’isOor NR*, and

R is
H,
cyclopropyl, or
(C1-C3)alkyl which is optionally substituted once by

halogen, OH, or O(C;-Cs)alkyl,

G23) O-(CHp)¢-NR*R*®  wherein
R*! and R** are independently H, (C;-Cs)alkyl, or cyclopropyl,
or may be joined to form a saturated 5-6-membered
N-containing ring; and

the subscript “d” is an integer of 2-4;

/N
O_(CH2 ) _N Qm .
G24) © /" wherein

the subscript “e” is an integer of 2-3; and
Q" is O or NR* ; and
R¥is H, (C1-Gy)alkyl, or cyclopropyl;
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&6) C(ONR 35(CH 2)fOR36 wherein R, 33551 . s H, (C

r C3)al kyl, or cyclopropyl; R36 is (d-C 6)al kyl
wo@pitsoyeBl y substituted up to two tinmes b y hab@mes2006/008779

OH, or QC 1-C3)al kyl, and the subscript " f ' is an

i nt eger of 2 ; GZ7) CO2R37 wherein R37 is Hor (Cr
C3) al kyl ; Lk, which is optionally substituted
by up oC%Jée ctedffrroomnhhaalltogen (d-C
3)al kyléZ%bRss SHCSH N R3OR40 wherein R 38

represents H or 1@,(@1)1akl5<‘ylandand R39and R40
represent H or A-C3) al Iéy &X9) N R4 1SO2N R42R4A3
wherein R4 1reprgse1ﬁtl%(ﬂ1 slyl.orcgelapmpky| | and R42
and R43 independently represent H, CH 3, or

(C2-C3)al kyl which may optionally b e substituted once
by - 08260 R(@MNRAEH,)WOR eihereit4 and R45

i ndependently repgesent H or (G -C 3)al kyl; G30)

OC(O) - CH 2-NR 46%4 Jﬂaé@epﬁoalkyl or cyclopropyl;

R* is (C1-Ce)alkyl optionally substituted up to two times by
halogen, OH, or O(C;-Cs)alkyl, and

the subscript “f” is an integer of 2-4;

G27) CO.R* wherein
R* is H or (C;-Ca)alkyl:

G28) phenyl, which is optionally substituted by up to 2 groups selected
from halogen, (C;-Cs)alkyl, OR*, CN, CF;, and NR¥R*
wherein
R represents H or (C-Cs)alkyl; and
"R¥and R represent H or (C;-Cs)alkyl;

G29) NR*'SO,NR*R* wherein
R41represents H, or (C1-Cgalkyl, and
R* and R® independently represent H, CHs, or (C,-Cs)alkyl
which may optionally be substituted once by -OH or
NR*R* , wherein
R* and R® independently represent H or
(Ci-Cs)alkyl,

G30) OC(0)-CH,-NR*R* wherein
R* and RY independently represent H, (C;-Cs)alkyl, or
COq(t-butyl), provided that R* and R¥ are not both
simultaneously CO,(t-butyl);

G31) NR*)C(0)R™ wherein

10
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R46 and R47 independently represent H, (C C3)al kyl,

or CO 2(t-butyl), provided that R46 and R 47 are not
whoiok/0%928Ll t aneously C Q2(t-butyl); G31) N(R 4B0T1Z0£)0B5/008779

49 wherei nR48 represents Hor (Q C 3)al kyl; and R49

represents (CH2) % CO2H - al kyl ,

(CH2) 1- 4- NR50R51%8P@?%“F¥%%9§%§5‘%XH%ﬁ‘éependent ly
represent Hor (R anky! , or CH(R52) - NR53R54
wherein R52 represents CH2§1-4- NH2, CH2OH, CH(CH3) OH,
or (G -C3)al kyl; and JenttORE4 i ndependent |y

represent H or (G -C3) %&’,"'al 2) C(O-(G-C3) al kyl;
&B3) (CH2)g-N(RB5)-C( O - Sé) érein g represents 1, 2,
or 3; R55 represents @SR ) alhesein R56 represents

(Cl-C3)al kyl optionally Suﬁsot iatht ﬁdl L{Rdetp%née\?ﬁyt ;rerf)?essertfy H or
(Ci-Cy)alkyl, or
CH(R’>)-NR¥R>** wherein
R represents (CHp)4-NH,, CH,OH,
CH(CH3)OH, or (C;-Cs)alkyl; and
R*® and R independently represent H or
(C1-Cy)alkyl;

G32) C(0)-(Ci-Cyalkyl;

G33) (CHp)e-N(R*)-C(0)-R>® wherein

g represents 1, 2, or 3;

R represents H or (C;-Cs)alkyl;

R® represents )

(C1-Cs)alkyl optionally substituted up to two times by
OR” or NR**R® 9, wherein
R’ represents H or (C;-Cs)alkyl, and
R® and R¥ each represents H or
(C1-Cs)alkyl,

g __/(Reo)h
or R re _ @ i
presents wherein

R% represents halogen, (C;-Cs)alkyl, O(C;-Cs)alkyl,
CN, OH, CFs, or NR®’R®, wherein
R® and R® represent H or (C;-Ca)alkyl;
and

h represents 0, 1, or 2;

G34) (CH.)i-NR®)-C(0)-NR*R® wherein

irepresents 1, 2, or 3;

11
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OR57 or NR58R59, wherein R57 represents Hor (CrC

3)al kyl, and R58 and R59 each represents Hor (CC
WRr@bk94231 or R56 represents wherein R60 repr esPCL/BES2006/008779

hal ogen, (G -C3)al kyl, (XCl C3)al kyl, CN, OH, CF3, or

NR6 1R62, whereinR6 1 a 2 re resent Hor (d-C

3)al kyl; and h r%pr’é’@@ﬁ?@s )aiky G34)

(CH2) i - N(R63) - C(@)“W@@écm e@érﬁ di]e %S

or 3; R63 represents H or %3 f(f]i qué4 andﬁ

each represents Fror (d- C S)al kyI or J-N Qv R64 and
R65 may be joined to form- / vvherein rgpr_gsents

CH2, Oor NR 6 wherein R66 represents H -
c3) al kyl ; j repreé%mdskﬁimaabegomaatm7mprésemsvaﬂe@ﬁn

(GC3alkyl and RE (iepreseil Sut! Ghe KRG ALK

R represents H or (C;-Cs)alkyl;

N
(CHpNR™)-50,7 3

G35) R® wherein
j represents 1, 2, or 3;
R67represents H or (Ci-Cs)alkyl; and
R represents H or (C-Cs)alkyl;

G36) (CHp)-N(R®)-SO5-R™ wherein
k represents 1, 2, or 3;
R® represents H or (C;-Cj)alkyl; and
R represents (C;-Cylalkyl, or phenyl which is optionally
substituted up to perhalo by halogen or up to three
times by OR’", CN, CFs, or NR"R" , wherein
R™ represents H or (C;-Cs)alkyl; and
R and R” each represents H or (Cy-Cs)alkyl;
G37) CH=CH-(CH,);5-NR™R” wherein
R™and R7 represent H or (C;-Cs)alkyl;
or a pharmaceutically acceptable salt, solvate, solvate of a salt, or stereoisomer

thereof.

Pharmaceutically acceptable salts of these compounds as well as commonly used
prodrugs of these compounds such as, for example, O-acyl derivatives of invention
compounds which contain hydroxy groups, ester derivatives of invention compounds which
contain carboxyl groups, and amide derivatives of invention compounds which contain

amino groups, are also within the scope of the invention.

12
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&36) (CH2) k- N(R69) - SO2- R70 wherein k represents 1, 2,
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nes b or NR72R73 , wherein R7 1
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I oi.s0Q
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hymnadnpmdnd&oas,weﬂl“d@nndhmoamyluseﬁqpﬂmdmugsh@bg@beﬁefmy not
h I O acyl derivatives o
s FRERRHER B4ER, B B BB e 5 oy

eg) & cdmpomtm ofetheOfnvéntibanini @Rich CAROMB Sy W dstinGORt Birfs of a

car boxyl rou s,. and am de derivatives of invention
numegd &s mscﬁ}tldégﬁtfa?lﬁ%ﬁﬁitsle@ PefapEed laeaa |u§ & @icettaip number
of suHst'iﬁheﬁt@ O ehOfotdl MRnibey en Eﬁ&ﬂtﬂehts'p%s&@let@(c ﬁ[ﬂgel of valences
1) i n conpounds of the invention |n

avaﬂaﬁtekfyr THEBELES At By layecarend usthe tdaﬁmcbn@u@hﬁaésam Q‘foatoms then the
numbaygfr Qf&%‘ﬁtu 2 if@ﬁin iteBNg tﬁé‘lnﬁlglﬁgr Qtr Wblea\/aﬁtﬁgg eF%? ‘qule if a

IS a moi et mil taneous
(Cl—Ct)mEingmwp@f ﬁnﬂ@qﬁe%dmmphgdlﬁMaaug ag té thoen batogems and up to two other

defme,@é%é%fﬁ}(enﬁs ﬁgg g%lan o[?lylf a éP %15;(}1‘5%%;) thﬁlﬁ belctrkt}/p torﬁ')tree ststttuents (the
number of available valences) all of Wh1ch could be halogen, but no more than two of which
could be other defined substituent groups.

The compounds of Formula (I) may contain one or more asymmetric centers,
depending upon the location and nature of the various substituents desired. Asymmetric
carbon atoms may be present in the (R) or (S) configuration. Preferred isomers are those
with the absolute configuration which produces the compound of Formula (I) with the more
desirable biological activity. In certain instances, asymmetry may also be present due to
restricted rotation about a given bond, for example, the central bond adjoining two aromatic
rings of the specified compounds.

It is intended that all isomers (including enantiomers and diastereomers), either by
nature of asymmetric centers or by restricted rotation as described above, as separated, pure
or partially purified isomers or racemic mixtures thereof, be included within the scope of the
instant invention. The purification of said isomers and the separation of said isomeric

mixtures may be accomplished by standard techniques known in the art.
The terms identified above have the following meaning throughout:

The term “optionally substituted” means that the moiety so modified may have from
none to up to at least the highest number of substituents indicated. The substituent may
replace any H atom on the moiety so modified as long as the replacement is chemically
possible and chemically stable. When there are two or more substituents on any moiety,
each substituent is chosen independently of any other substituent and can, accordingly, be

the same or different.
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Method of treating hyperproliferative disorders

The present invention also relates to a method of using the compounds described
above, including salts, prodrugs, and corresponding pharmaceutical compositions thereof, to
treat mammalian hyperproliferative disorders. This method comprises administering to a
patient an amount of a compound of this invention, or a pharmaceutically acceptable salt or
prodrug thereof, which is effective to treat the patient’s hyperproliferative disorder. A
patient, for the purpose of this invention, is a mammal, including a human, in need of
treatment for a particular hyperproliferative disorder. A pharmaceutically effective amount
of a compound or composition is that amount which produces a desired result or exerts an
influence on the particular hyperproliferative disorder being treated.

Hyperproliferative disorders include but are not limited to solid tumors, such as
cancers of the breast, respiratory tract, brain, reproductive organs, digestive tract, urinary
tract, eye, liver, skin, head and neck, thyroid, parathyroid and their distant metastases. These

disorders also include lymphomas, sarcomas, and leukemias.
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o]fixamples of liver cancers include, but are not limited to hepatocellular carcinoma
(liver cell carcinomas with or without fibrolamellar variant), cholangiocarcinoma
(intrahepatic bile duct carcinoma), and mixed hepatocellular cholangiocarcinoma.

Skin cancers include, but are not limited to squamous cell carcinoma, Kaposi’s
sarcoma, malignant melanoma, Merkel cell skin cancer, and non-melanoma skin cancer.

Head-and-neck cancers include, but are not limited to laryngeal / hypopharyngeal /
nasopharyngeal / oropharyngeal cancer, and lip and oral cavity cancer.

Lymphomas include, but are not limited to AIDS-related lymphoma, non-Hodgkin’s
lymphoma, cutaneous T-cell lymphoma, Hodgkin’s disease, and lymphoma of the central
nervous system.

Sarcomas include, but are not limited to sarcoma of the soft tissue, osteosarcoma,
malignant fibrous histiocytoma, lymphosarcoma, and rthabdomyosarcoma.

Leukemias include, but are not limited to acute myeloid leukemia, acute
lymphoblastic leukemia, chronic lymphocytic leukemia, chronic myelogenous leukemia, and
hairy cell leukemia.

These disorders have been well characterized in humans, but also exist with a similar

etiology in other mammals, and can be treated by administering pharmaceutical
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t he compounds of the invention, or a salt or prodrug
thereof, in a pharmaceutically acceptable carrier.
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reproductive organs, digestive tract, urinary tract,
his| dpplcaticek mherehthe ghluaraldforme dk psetdhfpr oompogoals atdityy aiddthe like,
I stant . netasta di sorders al so

this i5§£<% E%gll% %ﬁﬁgﬁg@le Coél?pobl ssalt’acﬁgg? glﬁ %eni as. Exanpl es of

bSaiaSslre espreially ithephu@acdutitalBr &caghbleisaltd €dcdmpouniast femula I
carci .nonm, duct al

t al ca i nvasi ve Iar
such s o EORRIS ACG) R0y NP GBI B YRR R Teprgfic acids, from
compdoxadTeF &5rmiila CRREAr $ badic tﬂ?@o%’eﬁsﬁbfnat Shtable QEbrg'aﬂf%' é&‘ijd%a are, for
but are not limted to smal non-smal | - cel

examnlq; fglogst aqidbrneh ag Sydrorhlors agid owdiria |ac@d@r@rﬁapmfw id. Suitable
riP Y] KByl T YRR R IR wis, o
example acetlc acid, propionic acid, octanoic acid, decanoic acid, dodecanoic acid, glycolic
acid, lactic acid, -hydroxybutyric acid, gluconic acid, glucosemonocarboxylic acid, fumaric
acid, succinic acid, adipic acid, pimelic acid, suberic acid, azeiaic acid, malic acid, tartaric
acid, citric acid, glucaric acid, galactaric acid, amino acids, such as glutamic acid, aspartic
acid, N-methylglycine, acetytaminoacetic acid, N-acetylasparagine or N-acetylcysteine,
pyruvic acid, acetoacetic acid, phosphoserine, 2- or 3-glycerophosphoric acid.

The compounds of the invention may be administered orally, dermally, parenterally,
by injection, by inhalation or spray, or sublingually, rectally or vaginally in dosage unit
formulations. The term 'administered by injection' includes intravenous, intraarticular,
intramuscular, subcutaneous and parenteral injections, as well as use of infusion techniques.
Dermal administration may include topical application or transdermal administration. One
or more compounds may be present in association with one or more non-toxic
pharmaceutically acceptable carriers and if desired, other active ingredients.

Compositions intended for oral use may be prepared according to any suitable

method known to the art for the manufacture of pharmaceutical compositions. Such

compositions may contain one or more agents selected from the group consisting of diluents,
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or without fibrolanellar variant), cholang rci noma
action joNety ghget @%qu e Hoetexemple r?on’frlﬁl)e dalasl miasesidl such as glyceryl

monoﬁ@ﬂ%o&ekiy%@[ d?éﬂ@elrﬂ@ %%Ecérﬂﬁﬂged SKipRsd C@gll%ﬁgénds may also be

i ncl ude, "but "are not ted t'o squanous cC
Pfepa@érl@lﬂ@itﬂmapld‘laﬁdgased f@m coma, nali gnant mel anoma,

N%Blgﬁdlat‘f slfo &apugea(ﬂgf biso %ngresglﬁ (?g 5 %rgma a 1:1(1| cﬁpf i elge'rein the

nec cancers inelu
active] mlgyﬂdgma lis /mllxyqb Opitkarayt ngeﬂl solid ndiaeph) oy rgemble, calcium carbonate,

i, ARG TR bt e B, SRR, ey S S i
rmxed yitphvaree or a06H Hedgkh oS el semut Gl tlﬂlﬂﬂpp’aiaffm(‘cﬁwhve oil.
éﬁﬁ?@ﬂ?ﬁé@%& gggﬂag{ﬁge ?tﬁaeactl%g dmelit)e/rqa?lg ?rrlr%ldgmxttmeewﬂh excipients
suitable for the manufacture of aqueous suspensions may also be used. Such excipients are
suspending agents, for example sodium carboxymethylcellulose, methylcellulose,
hydroxypropyl-methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and
gum acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for
example, lecithin, or condensation products of an alkylene oxide with fatty acids, for
example polyoxyethylene stearate, or condensation products of ethylene oxide with long
chain aliphatic alcohols, for example heptadecaethyleneoxycetanol, or condensation
products of ethylene oxide with partial esters derived from fatty acids and hexitol such as
polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with
partial esters derived from fatty acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The aqueous suspensions may also contain one or more preservatives,
for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring agents, one or
more flavoring agents, and one or more sweetening agents, such as sucrose or saccharin.
Dispersible powders and granules suitable for preparation of an aqueous suspension
by the addition of water provide the active ingredient in admixture with a dispersing or

wetting agent, suspending agent and one or more preservatives. Suitable dispersing or

wetting agents and suspending agents are exemplified by those already mentioned above.
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propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a
preservative and flavoring and coloring agents.

The compounds may also be administered in the form of suppositories for rectal or
vaginal administration of the drug. These compositions can be prepared by mixing the drug
with a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at
the rectal or vaginal temperature and will therefore melt in the rectum or vagina to release
the drug. Such materials include cocoa butter and polyethylene glycols.

Compounds of the invention may also be administered transdermally using methods
known to those skilled in the art (see, for example: Chien; “Transdermal Controlled
Systemic Medications”; Marcel Dekker, Inc.; 1987. Lipp et al. WO 94/04157 3Mar94). For
example, a solution or suspension of a compound of Formula I in a suitable volatile solvent
optionally containing penetration enhancing agents can be combined with additional
additives known to those skilled in the art, such as matrix materials and bacteriocides. After
sterilization, the resulting mixture can be formulated following known procedures into
dosage forms. In addition, on treatment with emulsifying agents and water, a solution or

suspension of a compound of Formula I may be formulated into a lotion or salve.
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as diisopenRyd , 298G gk Afi9aten dlippRIeRYl vichacaiyy edisoPIaRYb mepdeate, or
diisopfopyP @bt Pad alidha® Rh&PRIAL érﬁf&ﬁ01ngqg5@f1§ls CiABkAE Bhbbhatidyl

active ingredient in adm xture wth™non-toxic
derivaivpsr e i legithip at cephalisl eteenesep| @rmdgs whieohesar ereas and  their

derlvaﬁ%st %9!1 &ted sﬁr.fﬁb tl?ﬁtlycgs%fﬁfi atnabchc?thglepgégﬁ(fo? monoehhyl ether.

excl pients ma or “exanpl e, ‘I ner
Suitables pergtrsitiam @Izhab@ngt fermglationsmncgr bisnaine]ude asti:ases one or more

materials selected from monohydroxy or polyhydroxy alcohols, saturated or unsaturated
Cs-Cig fatty alcohols, saturated or unsaturated Cs-Cjg fatty acids, saturated or unsaturated
fatty esters with up to 24 carbons, diesters of saturated or unsaturated dicarboxylic acids
with a total of up to 24 carbons, phosphatidyl derivatives, terpenes, amides, ketones, ureas
and their derivatives, and ethers.

Suitable binding materials for transdermal delivery systems are known to those
skilled in the art and include polyacrylates, silicones, polyurethanes, block polymers,
styrene-butadiene coploymers, and natural and synthetic rubbers. Cellulose ethers,
derivatized polyethylenes, and silicates may also be used as matrix components. Additional
additives, such as viscous resins or oils may be added to increase the viscosity of the matrix.

For all regimens of use disclosed herein for compounds of Formula I, the daily oral
dosage regimen will preferably be from 0.01 to 200 mg/Kg of total body weight. The daily

dosage for administration by injection, including intravenous, intramuscular, subcutaneous

19



10

15

20

25

30

cal ci um phosphate or sodi um phosphate; granul ati ng and

di sintegrating agents, for exanple, corn starch, or
w@bk@snde3aci d; and bi ndi ng agents, for exanpl ePCT/US2006/008779

nagnesiun1stearate stearic acid or talc. The tablets

be. d b ted b
and pAFBAT HBLOD 4961 LiSEEGF LA SRCPrAsSBRpEs BAT AOT (0 200

mg/Kg Bﬁtoﬁ@fﬁ)bﬂ Rl st Tl?@haltyr@@tm @REod Jégﬁﬁ&ivwﬁr Ir%fe@@o be from 0.01 to

stai ned action over onger pe exa

200 mtgﬂﬁé obi@italypor veighil The @lhﬂsagaggna,lc@sa}ge BNt \@élrm:@raﬁﬂy be from
| b

0.01 t8 2)256 ‘?ﬁﬁggiggggs&)ﬁgﬁgﬁfg@%ﬁt S“gP‘? g&’d g%& Egseagg ré;éﬁ[lgg rwaerably

be frOFio ﬂriuthEOQ)msg fadlrmmsrtaied Useveeayors ®ofdme tpn@sémtyedThs transdermal

I e wherein the acti I,Nn ent
conc S PR AR T AT A R L AP G500 200
mg/Kg allhe daily artaditioh @los£p@! e gitEn pdisHBR &1 P be AR 0] 18103%g/Kg of
sof t | atin capsul es wherein the active ingredient is
fotal by %8G5t h water or an oil nedium for exanple peanut
oit! will beudppreadted flyNihBEe Skillv€ iRl the AH lﬂﬁé%utﬁesﬁﬁﬁpﬁ' BRthod of
containing the active materials in admxture wt
adminisiratipn rillsdepend anlaevarinty oh éaqmsuﬁlécqfuw@cbfargqgw@med routinely
when §d%§iﬁ?§@§rh%% fﬁg¥u@s ? Wi apad un%léi:sg)o%x RLREGIM §afhg specific dose
suspendi agents, for exanple so
level fglaarb/ogqympﬁ@c will d¢p§gé ppmlea hytiete bf {Hcoss Jincluding, but not limited to

acg% O T e

the padérﬂ;,pthﬁ gbng“akileai/th_tof th&qmag:ﬁnths genyerad the patient, the diet of the patient,
i o R BRSSO B mppgtions,an

severit§df dige wﬂdﬁncfrﬁﬁﬂdﬁrdg@iﬂgj&erafa?f Ttexang Rirthed MYy be! Bﬁ‘e skilled in
ensation products of ethylene oxide

the arghgin GREREQIRedl AT 61, AEHOPYe of BFAEYBNpIcEe daily nurber
of dos&eitt AEREFRINAT FOBANN TR, 3 MAhrm REuGAN ?%é%{téﬂ?@ dﬂ ﬁ’igfégf Siven for

of ethylene oxide with partial este Ive
a defiegnuynbes jof daym gah bx ipscsitained hy dkospakiltedyiatthe his ruemg conventlonal
treatmSRtkd ol nonool eate, or condensation products of

et hyl ene oxide with

The compounds according to the invention can be converted into pharmaceutical

preparations as follows:

Tablet:

Composition:

100 mg of the compound of Example 1, 50 mg of lactose (monohydrate), 50 mg of
maize starch (native), 10 mg of polyvinylpyrrolidone (PVP 25) (from BASF, Ludwigshafen,
Germany) and 2 mg of magnesium stearate.

Tablet weight 212 mg, diameter 8 mm, curvature radius 12 mm.

Preparation:
The mixture of active component, lactose and starch is granulated with a 5% solution

(m/m) of the PVP in water. After drying, the granules are mixed with magnesium stearate
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partial esters derived fromfatty acids and hexitol
anhydri des, for exanple polyethylene sorbitan

worwendeat e. The aqueous suspensi ons may al so PONUSI006/008779
one or nore preservatives for exanple ethyI or

/| z- p roxybenzoate, one or nore ¢ on
for 5 bR TR 3T oo IR/ IS R SHHIES Pratsd (A0S Tormieses above).
The m®WERE ﬁﬁéal@pﬁg@[},t@plcmw ps g§. sucrose or saccharin.

Di spersi bl'e powdérs and granul es suitable for
preparati on of an agueous suspension by the addition

Ok 160N SablifisAalib® 1n9redient in admixture
agent, suspendi ng agent

afdmpostionr: nor e preservatlves Sui t abl e di spersing or

e 18 S A R RS o0 e o

Rhodigd Qk fitledit @J,m ﬁofn EM@WbﬁlsyB/WEﬁI EBANE@nd DO %\t@ rwat@ an d
Ior|n % al so be present. e conp
n‘g‘ym%ﬁ S ot 19OFAE of BierfoatooHe 2 PudBEL° rheqlathlon I provided by

10 ml bPEAVERbERH. €. 9., oily suspensions which may be
formul ated by suspending the active ingredients in a

vegetable oil, for exanple arachis oil, olive oil
SPRANEQl.! or peanut oil, or in a mineral oil such as
lTqtid paraffin. The 0|Iy suspensi ons may contain a

t'ﬁhec Réndiggl &gerspendedrinextbarpl enlebs vaasiye Icamtpomm a$ failded to the
I ho Swee eni ng ents su th se

susperlopt o8 e B LERBEES BN BBl ARG B onet e
swellumgoﬁlthelahpdzﬂgaltlabbmpmmal preparations. These

conpositions may be preserved by the addition of an

anti-oxi dant such as ascorbic acid. Pharmaceuti cal

CSoIREi6h Foroinsraybndilttadiiniyitdtipn: "y al so be in the form

of. oll-1n-water enulsions. The oil phase may be a

v@%@ﬂ‘éﬂéﬁ—‘&oi |, for exanple olive oil or arachis oil,

0

o s 81 A6CBhpBhl of BLRIATPLS i) bl AR 00 ang 250 ¢ of
water fpgdnjectiony- occurring gums, for exarrpl e gum acaci a or

gum tragacant h, naturallyoccurring phosphati des, for

exanpl e soy bean lecithin, and esters or parti al

eBoduatioger i ved
The compound of Example 1 is dissolved with polyethylene glycol 400 in the water

with stirring., The solution is sterilized by filtration (pore diameter 0.22 um) and dispensed
under aseptic conditions into heat-sterilized infusion bottles. These are closed with infusion

stoppers and crimped caps.

GENERAL PREPARATIVE METHODS

The compounds of the invention have the general chemical structure shown below
and may be prepared by the use of known chemical reactions and procedures. The particular
process to be utilized in the preparation of the compounds of this invention depends upon the

specific compound desired. Such factors as the selection of the specific J and Y moieties, as
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L5

fromfatty acids and hexitol anhydrides, for exanple

sor bi tan nonool eate, and condensati on products of the
wa@200d/0prst i al esters with ethyl ene oxide, for BPXEDF1086/008779

pol yoxyet hyl ene sorbitan nonool eate. The enul si ons may

al so cont ai weet eni hg and fl avoring agents, Syrups
well a3 (7 SPEF g PRSP POPIR At APHAUIOEHITRBL B MRl oHlse Al Blay a role
in thef Sith @XBOBOIEVEAYREhe prefat AW SN@le BhYGRE coRPbitids U @fs invention.
sucrose. Such fornul'ations may al so contain a
Thosefa¢tnscapieadily seesmizasdty are skitedsinsheorit.ng and col ori ng
agents. The conpounds may al so be adm nistered in the
fgrﬁﬁﬁ’fﬂﬁl%ﬁbpﬁhésfp lowingsgénsral rpsepaattiver methgidnare presented to aid the
.04 - At 0 cndh itions be_ ..
reader A SOh B A0E e Riog e Rat e g, RSy PRURAG, M0 o arcutar
examemn-bemgi pasénte] erelnivpiienthewbkmehinienta odcctomt desertbingrie working
examplSTPer at ur es but Iiquid at the rectal or vagi nal
Rehperature and will therefore nelt in the rectum or
vagina to rel ease the drug. Buch material s include
cocoa butter and pol yet hyl ene gl ycols. Conpounds of

the i nvention may alac—be_‘ac%“m—st‘efed transdermal |y

usi ng nmet hods known tht),Qose illed in the art (see,

for exqMpPdo Ehien; - DL:Qn frolled Systenic

Medi cati ons”; I\/hr1cel 4 %r, /; *1987. Lipp et al.

WO 94/ 04157 3MarR®4) ~Eoff exanple, a sdl®gilon or

suspensi on of a cornpou ofMEGHRUNA | 4% a suitabl e

vol atil e sol vent np&ironal |y contai ni ng penetration

enhanci ng agent g J;

addi ti ves knowd toNho (i jdsed in Qhe ar

matrix materials and ba i beided. "™ Af'r &°"

sterilization, the resukting m xture can be fornul ated

foll ow ng known procedur esEj nto dosage fornms. In

addition, on treatnent with enul sifying agents and

wat er, a solution or suspegsion of a compound of

Formula | may be fornulated into a |otion or

sallwarighletzapins Gothessnmsthbds arer wcdsssiibrgl inr the seeniabescription if

' . t en n o those skilled.in the . .

they afifhd $GE N ERBeF b0 2VBsha: LBRE Al e Sighiegvin a siven
symbol §igp o3} ) Malicwded lmort thwronce in a given structure, it is to be understood that

such as

each of these groups or substituents may be independently varied within the range of
definitions for that symbol.

Within these general methods the variable Z is equivalent to the moiety

(C'i")m
SENPHIE G
7 = ( /)/ @ )n

‘\/ . . . . .
M in which each variable group or substituent is

allowed to vary independently within the limits defined for that symbol.

Within these general methods the variable E is equivalent to the moiety

~

E= @——(G')n.
in which each variable group or substituent is allowed to vary

independently within the limits defined for that symbol.
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ket ones such as acetone, |ower carboxylic acid esters
such as ethyl acetate, polar ethers such as

wao edosadozalr of ur an, | ower hydrocarbons such as hBXEHIE2006/008779
cycl ohexane or benzene, or hal ogenated hydrocarbons
Sﬁch as dich qQrof orm

omet hane, I
BniSP8ves |tﬁ%r%?mqé % they Pefﬁp%%fvrlﬂbrea@% idHwed optional

fi t Stloy B8t QealcACF Roddl
il AP SRR SO IR, JACOLIP NP IR Wikin e

scope ket e3f8s methOémtm@ak b@béw:ue@tSa@ﬁedU@dt whish sl stablet teths, reaction
condltﬁdﬁ\ée br 'ﬂ“)édfuﬂg r{ﬁp Egdluﬁp Z%Vh(f%h: ?ﬁgl ]ga Fé‘ ?51:? G8 rtlti)eo pesactnﬁﬂ 18 tbrgsent in

penetration e ransdef
protecdadl fomarwhesy st@mrﬁraad kinowmdval bheasd mkmebﬂv&dgnonps Beompleted at

app m]%gﬂtt?/ ﬁ@g‘%&;}%‘%ﬁ\tﬁ%%h%?lgﬁ% i apgbo‘d& S%ﬁp?& IX (alfr I e ne gl ycol

oAdbﬁi@ﬁyll c@h b of SRt Rt €0 @k %Sgielpa@tleﬂoxﬁgot@ér formula (I)
fatty al cohol s such as | auryl al cohol or cety
compaynds, jpy) elabosgion At dynciionghgiovps Rfesentc S@Mlabmtgpna.l@fﬂ&ées but is

not ligMEDA s & {y&ﬁw‘l}l’s?s afé'dﬁ'@tl(ﬁlat Sighiesh, ORIkYRASY, Ura%l@@orf aE§t¥r1f1cat10n
esters w to 24 carbons suéh as neth

armdab(plb Iqul dehg@gmpryactmﬁs beugh traggfermpatiops l’lilzglol}gl'ﬂ()}ne 1nstances require
the usé %?Itpr&%t)ﬂ Cé[,:lg ]Egogpgﬂeyrﬁ%bgs 81%&1%5@5& ﬂlfTaﬁﬁtGrg I?ecénqi P G M. Wauts,

caproni c I'c acld, Irstinic acid, stea
Protective @iroaps lyna(l)irglatuccfyatiaed,s, Wnlegdl NsWér’kao([l%ﬁ); anchtr@drmrated herein

by ref 1’?’%; :%u%}ﬁglgestﬂocdﬁ %50%?&( Me glétbzﬁ er gaptgg‘%l% of %]]% dg%lf)eéjt %pprmpound or at
anothea pigeatiethediyntheos mp;el thstabcaﬂabe readily apparopytb on@klgHé®in ME art.

e RPN R R P el TR 540 UL Adad E are s

defineldl @Bb¥d) infayie €RRNBAELD; plephRRABSordAB16 @S eadti®h %B@ﬁz«ncé’ E€S;own in
and their derivatives, and ethers such as dinethyl

Gener«?ﬂ%%oe. dVanbihs: wine Ae gRyridine dosnsel Kglocgena are dither obtained
from SdthhRRLiA RENELT 8f idlcChPanf Ql%llg@ﬁﬂuih@t bl@na%cgﬁﬂ éﬂt@ gﬁ)ubhshed

i nclude m xtures one or” nore nateri al sel ecte
procedysotatidiog yl: dprapikl sihsldRessyChdneoRel. 3198§at52|,r 3B % rB-ketoester 2:

Tabuch‘lnsf@t bf & e:g/ % ?ﬁf a(?ﬁ tYs la&):()h&}nf‘c%mes %% %ﬁé@ﬂleorl is treated with

unsat ur at acids ur a
B-ketoestera? ur ateflixing mixed solvent such as alcohol and toluene or benzene to furnish

pyrimidinone intermediate 3. The alcohol is typically a lower molecular weight alcohol such
as ethanol, isopropanol, n-propanol, r-butanol, iso-butanol, or f-butanol. Compound 3 is
treated with a chlorinating agent such as phosphorous oxychloride, thionyl chloride or
phosphoroﬁs pentachloride to yield chloropyrimidine intermediate 4. Intermediate 4 is
reacted with a nucleophile of formula NHR'Z in a refluxing solvent such as alcohol, water,
DMF, DMA, acetonitrile, acetone, dioxane or DMSO to furnish the invention compound of
formula 5 [formula (I), where R* is H]. Such reactions can also be done in a melt free of
solvent or in a solvent catalyzed by acids such as HCI, H,;SO, or bases such as but not
limited to triethylamine, Cs,CO3, K,CO3, Na,CO;, K3PO,, NasPO,, NaOH, KOH, NaH,
NaNH,, KNH,, or a sodium or potassium alkoxide or 1,8-diazobicyclo[5.4.0Jundec-7-ene
(DBU). Invention compounds of formula 5a [(I) where R% is Cl, Br or I} can be prepared

from compounds of formula 5 by halogenation with Cla, Bry, or I,. Invention compounds of
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15

fatty esters with up to 24 carbons, diesters of
saturated or unsaturated dicarboxylic acids with a

W0 oi0al09081 up to 24 carbons, phosphati dyl deri vBECT/UER06/008779
terpenes, am des, ketones, ureas and their

derivatives, and ethers i_.tabl e bin mat er i al a
formulg 5% [Drwhera & ralF] g P@%@?%@ l‘toé‘hﬁleafP‘émﬂﬁ SIAOPBOrfS gihere R* s
Cl, Br c§‘1J'(II lJyJ aet%élébphnrc sﬁf)§t1tﬁﬂﬂ1 e8G oﬂ%lrn%(?i ﬂlﬂﬁfdé'S@ﬁl@é,,e g., KF.

I‘'cones ur et hanes, bl ock pol yners,

G&hmméh@ﬁquédlene coployners and natural and
synthetic rubbers. Cellul ose ethers, derivatized

pol yet hyl enes, and Sélgdhgﬂglggnelmy so be used as
gﬁgylx conpo Addjigtional Q#HXeQNO@E@%1asN

us Fesg oils may be 3 |ncrea3@/ﬂh
V|sco§|ty of the matrix. For &I gi mens of Jde
dijscl osed hergin for conpounds of for mula |, the ddllly
oral dosage reginen will preferably be froghgtgl t
200 ng/ Kg of total body weight. The daily
adm ni stration by injection, including intravenous,
i ntramuscul ar, subcut aneousand parenteral injectiorns,
and use of infusion t?ghnlqyes will preferably fg9ﬁ1
0.01 to 200 ng/Kg of totgf” body i@Bhatiod Ne da|I
rectal dosage regi nen w pref erabl’y be from 0.0
200 ng/ Kg of total bodyN)\ﬂA/ght The—datt+y vagi na N’/hj\
dosage regimen wl | y be fromO0.01 toRZ
ng/ Kg of total body i g he daily topical dosage
reginen will preferably §§ from0.1 to 200 ny
adm ni stered between one to four tinmes dai lé The

t & AP MiEthod 381 C &MY rhsun @ oMfbimds & Br ahich R R’at and E are as
0 maintain a daily dose of fromO0.01 t

e ll[” red T to
prewomjy Kigfingthsar) #soyba BIeRSE i Bh aao%l@&@tlr"%gffv‘%é]ﬁnvﬁeﬂﬁleme Otlined in
Gener%re lﬁ%ﬁ{oﬁb‘:‘]%/” IB@HOW' OFfifls O&cﬁl@rdbgrlﬁﬁﬂlﬁg fNfwhieh a¢ ehBetycommercially

be appreci atéd by those skilled in the
availalile br tiabe niade paone skilled imiberisrcsprdipmionubishad RIACSHITSS Bagli,

J.et alczﬁ\gf% ecgtéaz [‘,lggif Iﬁ@ﬁ Sl Zfﬂcfsgéa%teda\lv th Qb SHile@ §ormula NHR'Z

Iy whe mnistering therapeutics,
in a solvewi kshctals aldoRol ndeers tMEF, oh®MSOr (o furaish tintermpdiaier 9.c Such

conder?satslons can also be done in a solvent catalyzed by acids such as HCI, H,SO4 or an

R

aforementioned base. Compound 9 is reacted with a boronic acid or ester of formula
E-B(OR’), where R’ is H, alkyl or two R’ may form a ring, under standard Suzuki coupling
conditions (such as Pd(PPhs); or PdCly(dppf)-CH,Cl, /base/solvent) to provide invention

compound 3.
General Method B
cl A, oz
N)j NHR'Z /ﬁ\ - N /i
Rz)I\N/ o solvent/acid or base )\ SuzuKi 2/lN A
9 5

R' = H, alkyl or two R' may form a ring
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| evel for any given patient will depend upon a variety
of factors, including, but not limted to the activity
wo@Roobhe923peci fi ¢ conpound enpl oyed, the age ofPE€TES2006/008779
pati ent, the body wei ght of the patient, the general
Ith atient, the gender of t he patient,  the
- dpyentipp FEBPULS T fPgelas igrvhipp i eRofnd E are
as deﬁﬂéH Bbie! @ﬁcﬂ @), LY ﬂfeedéﬁneﬁxﬂélﬁb'éaﬁ'alég He g{ﬁ%ﬁ%’éc{‘@id @ Aternative
and the severlt of the condition under g thera
reaction segupncepthinpds lﬁeGer@pﬁrM@ﬁhad 6 helone Toks, |meane¢1anemels reacted
t t
with %gg&@ﬁlﬁdggﬁoﬁngﬁtar@h dﬁig l&f@rﬁmﬁfnﬁéﬂeﬁ?&)%ﬁﬁg s é(ggré%alopieethod A) to
furnisb dntpoeaddhte10. Fﬁpmpbmd 10is taeamkiamﬂamembnmab liteacaient abfogmula 7
r eof r a, defin r.o ays, can. .
in an 3frclig AREE meflbi§ ohgl e uRRt B fenal Ripe A g invendon
comp@ﬁfdlveﬂfdr@lnazlstreat ment tests. The conpounds accordi ng
to the invention can be converted into pharnmaceuti cal
preparations as follows: Tablet: Conposition: 100 ng
oGehb@] 8vtpeged of Exanple 1, 50 ng of |actose
(rmonohydrate), 50 ng of nmize starch (native), 10 ngy
of pol yvi nyl pyrrolidone (PVP 25) (from BASF,
Ludwi gshaf en,(GGgr many) and 2 ng of nagnesi um st ear at e.
Tabl et wei ght 2_\12|_lp(g, di aneter 8 mm curvature radi us
12 mm Prepa@_j/n The m x{qie gf act, onent,
Iaﬁt ose ahigleLaﬁ his granu/(g}yoL rl‘5)ut| on, z
nm of the PVP in vvat%ni\l fts?r dryi ng he granuIFie’sN
m xed Wlt nmegnesi umjst eatitefor 5 min, This
/& re isgpplged usingy ustorrary tabl et press Nﬁ
R (bt foraggibrba%ee ab/&e) The moi di fSfor ce appl,j éd
is typically 15 kN R™ N

E

4 10 5

X = halogen, OTf, OMs, OTs
L'= O, NR®

General Method D - Invention compounds of formula 13 in which R', R? and Z are
as defined above, and RP is G2, G12, G23, G24, G30, or benzyl can also be prepared via a

reaction sequence as shown in General Method “D” below. Thus, demethylation of

intermediate 11 (General method A or B or C) employing standard conditions (such as BBrs,
MesSil, AICI/EtSH etc.) provides intermediate 12. Subsequently, compound 12 can then
undergo alkylation, acylation, or sulfamylation to introduce the RP substituent and provide
the compound of formula 13. Standard reaction conditions for these transformations can be
used, i.e., a reagent of formula RP-halo in the presence a base. In addition, O-alkylation can
be accomplished using a Mitsunobu reaction (i.e., DEAD/PPhs) to provide invention

compound 13 where R” is alkyl.
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Suspension for oral adm nistration: Conposition: 1000
nmg of the conpound of Exanple 1, 1000 ng of ethanol
W@ 2894992400 ng of Rhodi gel (xanthan gum from FMI/US2006/008779
Pennsyl vania, USA) and 99 g of water. A single dose of
100 mg of the conpound according to the invention is
provided by 10 ml of oral suspension. Preparation: The
Bhadiay®lethed Puspended i n et hanol and the active
conmponent is added to the suspension. The water is
added with stirring. Stirring is continued for about
gh yAtil the swellimlg o the Rhodigel is conpl qqt'gN/Z
Solfution f ' ~avenqus admi ni sk ib@&;g?@mosit on:
IN of thqéé‘?ng'g Faéclﬁnn Exanpl e dr,ﬁi%y@lti
pRl ygt hyl ene gl ycolgﬁool and 250 g of waterfor
RQ(% CtNOhy  Produck#omN npofrditseobEx anpl g 1IN,
di ssol /e/d wi t h pol yet hyl ege l ycol 400 in the water
Wi t M&?TTring., The sol (H&'ON is sterilized by RS
filtration (pore diameter 0.22 nm and di spensed under
aseptil® conditions intolBeat-sterilized infusion 13
bottl es. These are closed with infusion stoppers and
crinped caps. CGENERAL PREPARATI VE METHODS The
Generah Methodi E -dpvensienicopmeundrofifayeula 16 agé A& imwhitheR, 83l G, G, m,

n, and$t A GE HEELANRYPe, REH QWY is CH or N, can be prepared via a reaction sequence as

shown in General Method “E” below. Thus, the cyano group of intermediate 14 can be

hydrolyzed and the resulting carboxylic acid can be coupled with an amine such as
NHR*R?, a piperdine, or morpholine, under standard conditions to provide compound 16
where G* is G21, G25 or G26. Invention compound 17 can be prepared by reduction of the
amide 16 with LiAlH, or BHj;, followed by optional sulfonylation or acylation.
Alternatively, compound 17 can be prepared by alkylation or reductive amination of amine
185, which is prepared by reduction of 14 by a reducing agent such as H,/Pd on C in acetic

acid.
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and may be prepared by the use of known chem cal

reacti ons and procedures. The particul ar process to be
waieiobiogesl i n t he preparati on of the conpounds PET/UK1086/008779

i nventi on depends upon the specific conpound desired.

Such f{ act he selection of the specific J and Y

noi et TE™ ?géew%éas the specific substituents possible

at various locations on the nolecule, all play a role

|n t h&"pat h {Bobe fol l owed in the preparatl( ' of {®e-

speci T nds of this invention. Thos S5
arenrsadi |y ,\‘rﬂg_%ognl zed by owectigki | | ed *FnNt/i'\{_ /ért

Nevgrt hel ess, the fol |l ow ng—gereral prep te NH

m¥hoys are presented to aid the readerN}imﬂ 2
R I zing the conmpounds of the inyg with nore
detail ed particul ar exanpl es bei ng present eg bel ow i n

t he experilfental section describing the working
exanples. Z, 3 E (D All variable groups of these

nmet hods ar@drg%sdescrl bed in the generic des¢rdpnhiikykion,
they I e2. lineThfigf 1 cal |y defined bel ow. Wheracgation or

vari abl e group or substituent with a given $ynfoylation
(i.e. G, M is used nore than once in aygiven
structure, it is to be understood that each of these
groupanQr suesd. tuents may be independent |y, vari eoe
Wi t hi -—p}é /:sige of definitions for that J%fbol,_

Wikt t)hes<e neral net e vari e \F‘
equy v\aT'\ént M tpg noi et hpe%ﬁm 'h y in whigh eacﬁb\v\ar Ie g1r up
Oﬂ)glbst i tuent(®rg 2, opnonal acylanon )j\

K

N or sulfonylation
R N E
where GF' = G21, G25, G26
16 E2_
where G G9(a=1),G10 (b =1), G11,
G33(g=1),G34 (i=1), G35
(i=1),0rG36 k=1)

General Method F - Invention compounds of formula 17b can be prepared by

displacement of the halo substituent on the compound of formula 17a with a sulfur, nitrogen
or oxygen nucleophile, represented by G'I-H, e. g., a thiol, ammonia, a mono or
dialkylamine, water or an optionally substituted alcohol, in the optional presence of a base
such as triethylamine, Cs,CO;, KoCOs3, NayCO;, K3POu, NasPOs, NaOH, KOH, NaH,
NaNH;, KNHy, or a sodium or potassium alkoxide or 1,8-diazobicyclo[5.4.0lundec-7-ene
(DBU). Thus are prepared compounds of formula (I) in which G¥! is selected from G2, G3,
G8, Gl6, G17, G22, G23, and G24. In addition, compounds of formula 17¢ may be
prepared by acylation or sulfonylation of the compounds of formula 17b where at least one
H may be replaced, using appropriate reagents such as acyl halides or alkylsulfonyl halides,
generally in the presence of a base. Thus are prepared compounds of formula (I) in which
G™? is selected from G12, G29, G30 and G31.
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allowed to vary independently within the limts

defined for that synbol. Wthin these general nethods
wo b@owemsrbl e E i s equivalent to the noiety - PCI/Wki006/008779

each variable group or substituent is allowed to vary

I ndependent | 1ihin the limts defined for that

syrrbo(?e.nlefaqi&\ggw@c%gni zed that conpounds of the

invention with each clained optional functional group

cannot(i'b)\e réfared with each of the bel ow | zated (G

met hods—> T the scope of each method OpRED /=

sﬁ'l;os,\t/r‘/\\t_ ntgfev used which are stable #/'Q tj@\e%lﬁtli_/\mn

condi ti ons, e functional groups whic h‘alyl N—( -y
paNtiYxi pate in fie reactions areqpr esenty prot ect e
F{g re necessary, and the_renpyval 2%3 ch
protective groups is conpleted at appRoprNate stages
by met hodsiZael | known to thos®S&killed in thgpart.
Addi ti onal conpounds of forrmula (I) may be prepag;?d
fromother formula (1) conpounds by el abor@teR Gof =
functional groups present. such el aborati of? CRcFa 6éS
but is nat,lin e to, HyGEATYEP's, reduct i @, G22, G23,
oXi dqti o) \'—‘\ Lkgla‘ti, on, acylatiop, esterifi@tion,
am dat| & dhd \ehy'dration reactions. Such
t r ansf pr mati ons 21 N some jnstances require the use
of pNGtgcting groups by the nethods disclosed in T. W
Grlgp/ripeN P.GM Wts, Protective Gou in Oganic
Synthesis; Wley: New York, (1999), and i@areqpaymHed
herein by reference. Such nmethods woul d be,pnitiated
after LfntihekirsGot= @1ReGeRe6Bt 681 compound or _at.. anot her
place in the synthetic route that woul d b& rady
apparent to one skilled in the art. Generap’dvethod A -
I nvention conpounds of fornula 5 in which Z—and E are
as defined above, may be.sgqnveni I r re
according to a reaction %e%ﬂ%ﬁeéeé:%gtgo'é m%ner al
Met hod "A". Thus, amidine or guanidi ne |1 (=tfRef')N(CH,)s-OH
b- ket oester 2 are either obtained fromycomerci al
sources or made by one skilled in the artH&eR)eN ngat o
publ i shed ~—7

and

(C4-Csalkyl)SH

=

General Methods (a-e) for Preparation of Intermediate NHR'Z

Method a - The compounds of formula 18 in which M, G, G”, m and n are as
defined above, M’ is independently CH or N, and L’ is O or NR® can be conveniently
prepared as shown in Method a below. Generally, the intermediate 18 may be prepared by
an aromatic substitution reaction of intermediate 7 and intermediate 6. Thus, aniline or
aminopyridine 6 is treated with an aromatic intermediate of formula 7 in an aprotic solvent
such as DMF, DMA, acetonitrile, acetone, dioxane or DMSO and base to furnish the
intermediate of formula 18 (when X = OTf, OMs, OTs see ref. Sammes, P. et al. J. Chem.
Soc. Perkin Trans 1, 1988, (12), 3229-31). Compounds of formula 18a can be obtained
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procedures (amdine 1. Ganik et al Russ Chem Rev.
1983, 52, 377-393: b-ketoester 2: Tabuchi, H et al.
WEWbe992311993, (9), 651-2). Ami dine or guani di PET/1S1086/008779
treated with b-ketoester 2 in a refluxing m xed
ol vent such as alcohol and toluene or benzene to
througsfau

e eRinAtien RbA8 with ap psghydecursler Teductye gmdnatiog conditions

suduﬁ%@ﬁﬁﬁ'NﬁBﬁhtﬁM%fNﬂBH%?Hk Ar weight al cohol such as

et hanol , i soprdpanol z-propanol , /?-butanol,

I so- butanol, or -butanol. Cbnpound 3is treated wwth a

chl orq (ﬁvg agent such as phosphorous oxychl ori de,

t hi onyl” chl ori de or phosphorous pentachloride to yield

chloropyr|n1d|ne intermediate 4. Internediate 4 is

reacted wth a nucl egphile of formula NHRlz in a

refIUX|ﬁ )s L ent ,suGh as al cohol , wat d

acet oni aceg( €, \ di oﬁW@”T@FSizvso \6\/f/u _jf't he

|nveﬂhng_ onp dund _Jyornula 5 [foy

R2a is H ." Such reactions can al so be don |n mel t

free of | vent or |@.a sol vent catal yzed bx aci ds

such as , H2SO4 or bases such as but not Pimited to

triethylamne, Cs2CO3, K2CO3, Na2CO3, K3POX4; Na3PO4,

NaOH, KOH, NaH NaNH , KNH2, onegxﬁgggﬁﬂhgﬁkpotassium

al koxi de or |, 8-di azobicycl o[ 5. 4. 0] undec-7-¢ene (DBU)

Invention conmpounds of fornula 5a [(1) where R2a is

, Br or:lg, nggn be prepared fron1conpqug3 of rmul a
5 by hal g@@?g&pgﬂ%n Eg Br2, or e Ilgﬁ
’ wher e
g?gggrgggfrBH%Pﬁgrﬁﬁ %I) conpgﬁndsiizg:e %p;ﬁns

d, Br or I by a nucleophilic substitdtion reaction

using a fluoride source, e.g., KF. General NBe&hod A 5a
Ceneral Method B - Conpounds of fornmula 5 in which R1,

R2, Z and E are as previously defined can al so be

p B Abrematlwlwqmquvés olfaemitler] 8be ifuwhich Mu6) Gfiemt and n

are asl &fﬁ@@%@be Mot h@qn &%ltlg ]i‘IT&ruﬁ afld P! gr@pwﬁs By déﬁg, can be

8, which is ‘either commer
conveniently prepared as shown in Method b below Thus, the aromatic intermediate of

formula 20 is deprotonated with an aforementioned base or LDA, n-BuLi, #Buli in an
aprotic solvent, followed by reaction with intermediate 19 to furnish the intermediate of
formula 21. The nitro group of compound 21 can be reduced by one skilled in the art
according to published procedures such as catalytic hydrogenation, Fe/HOAc and SnCl, to

provide intermediate 18b.

29



10

L5

avai l abl e or can be nmade by one skilled in the art

according to published procedures (Bagli, J. et al, J.
woeas/oghem 1988, 31(4), 814-23), is reacted waTus2006/008779

nucl eophile of formula NHRLZ in a solvent such as

alcoR@% ter, DMF or DMSO to furnish internediate 9.

Such h sations can al so be done in a sol vent

cat al yzg ..)by aci ds s EE as HO, H2SO4 an "H‘ )

af orene _J__\IBIXEd bage. ouanagels reac
g?\agi_ndard
3)

bor oni ¢/ cid or, est gf
IS I-DzNerI/ or 'two myfogmatrlog\l
Suzuki coupling conditions (su% as Pd(P 4 or PdQ
2(dppf >CH2C /base/ s®ovent) to provide inveftion
conpound 5. General Method B9 5 R = H alkyl or two
R may forma ringGeneral Method C - I|nventijon
conpounds of formula 5 in which RlL, RPe®mAPNE are as
defi ned above, and Z, L' are defined bel ow gan al so be
prepared via an aIFg;natlve reaction sggyence tlined
in General M'RE&INRG Cle| ow. Thus, |nt d|_-a 24 s
reacted w t h X= haledepo@Tii OBs,ddTsf or mul a g<1 M'

af or ement i oney =GRgeddentiysCH &aner al Hﬁal

furnish internediate 10. Conmpound 10 is treﬁ, L,ed with
an aromatic internediate of fornula 7 in an aprotic
sol vent and base (such as bases in General Method A)

% qug %?8 '4&‘(1%5&%1:{1 o a@ﬁfﬂé%&#ﬁfﬂ%&ofz %%;HHﬂﬁazﬁ %6 gﬁ{&? & which G,
G”, m and n are as defined above, P’ is a protectmg group, M’ is independently CH or N,
and R® is H or (C1-Cs)alkyl can be prepared via a reaction sequence as outlined in Method ¢
below. Thus, intermediate 22 is treated with acyl chloride 23 under Friedel-Crafts acylation
conditions (Lewis acid such as AICl3) to furnish the intermediate of formula 24. Compound
24 can be converted to aniline 25 by Grignard reaction with R6MgBr or reduction with
LiAlH, followed by deprotection. Aniline 26 can be obtained by reduction of the carbonyl
group of 24 by methods such as but not limited to N,H./OH", Pd/C/H,, Et;SiH/Lewis acid, or
NaBHu/Lewis acid (see ref. Ono, A. et al, Synthesis, 1987, (8), 736-8) or alternatively by
formation of a dithiane and subsequent desulfuration with Raney Nickel. In some instances,
deprotection of aniline may be necessary to obtain 26. By deprotection of the amino group

of compound 24, the aniline intermediate 27 can also be obtained.
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General Method D - Invention conmpounds of fornmula 13

in which RI, R2 and Z are as defined above, and RDis
W@2006/AR31 3, &XR4, G30, or benzyl can al so beP@rEpmnEas779

via a reaction sequence as shown in CGeneral Method "D’

bel ow. Thus, denethylation of inter d| ate 11 (Gener al

nmet hod A or B or C) enploying st aﬁd I| ons
Mdthodb as BBr3, Me3Sil, A Cl 3/EtSH e pr8 Yhes
internedi ate 12. Subsequently, conpg;qu 12 can then
under go al kyI ation, acylatiaq or smhé.aﬂﬁlkan)%q to g @)
(G"nt roduc ttgn RD subsl(ca't)ruent a npr ovi de t he % 'c_‘ ‘ n
A8,  Sivangbar q%ﬁeprpﬁee% fo Sy
tlrgn med i oNL&,”t‘ah—B'e \ e/ a—teagent Y
PHNF oFnul a RDNh-aﬁomFtHﬂepesen 2 base. 1n HabiditTon
O 8Rkyl at i oZB can be acconpl34shed usi ng a M t sunobu25
reaction (i.e., DEADZPPh3) to provide invention

P'= PEoleRBLAaPL3, y@aggtlgn RD i s al kyl . General Method D Gener al

Met hod E - d. Baeaikdiom e6nmpounds fBPRITFEN16 and 17 in

which R, R2, G G m n, and E are_as defined above,

and M is CH or can be prepared via reaction

sequ e as shown in General Method "E'_ bel ow S,

t he @ 31{58\01‘ intermediate 14 can'® hyd o)-g@)u

and t \r sufti gy carboxylic acid can be pI nth
a}\ll' e~ uclméé NHR28R29, a pi perdine o!/| ne,

unE’e standard conditions to provide "@'Snpound 16 where

GE is &1,%%25 or G26. Invent| on conpound 172¢€an be

%Pha(}de &I e %%g&%ﬁﬁt? | ali ﬁl IQE 3b53u4 biy Bi A IG!fh‘?(’!h G, G”, m

ona at | on or acyl atio
and n ﬁ’eta@ defitddvdloye, Mbmnmdﬂpdndﬁlﬂaeﬁrﬁ beNp ar@bﬁr sdH py (Ci- Cs)alkyl can be

Iatlo or reductive anin V‘*I'hﬁ? trati
Prepar?% %WVQB%‘T“P A VB2 ?@%ﬁ?@t SRS ¢ ?%ﬂl(%{)n a redu g ?n%égwe AHaton
of int&HERiads 282&RelopimCthuiladd atitraticmc bmmnmsr stichMet bod nBt jinited to
HNO3/I{52804, or NaNOs/HCl furnishes intermediate 29. Reduction of 29 with a reducing

agent such as SnCl,, Fe/HOAc, or catalytic hydrogenation provides aniline 30. Additionally,

compound 29 can be converted to aniline 30a by treatment with R®MgBr or reduction with
LiAlH, followed by the above-mentioned reduction conditions. Aniline 31 can be obtained
by reduction of the carbonyl group by a method such as but not limited to N,H4/NaOH,
Pd-C/H,, Et;SiH/Lewis acid, or NaBH4/Lewis acid (see ref. Ono, A. et al, Synthesis, 1987,
(8), 736-8) or alternatively by formation of dithiane and subsequent desulfuration with
Raney Nickel. In some instances, reduction of the nitro group by an aforementioned method

may be necessary to obtain aniline 31.
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1. hydrolysis optional alkylation, 2. am ne coupling
acylation or sulfonylation , Gl1, G35 General Method F
W0 2006021281 on conpounds of fornula 17b can be pPEpHSB®A6/008779
by di spl acenent of the hal o substituent on the
co nd, of fornmula 17a with a sulfur, nitrogen or
ﬁg@ | eophile, represented by Gl -H e.g., a
t hi ol , nia, a nono or dial kylam ne, water or an
ot monal y“?ubstltutedemcoh | Ginn the opt(Bira

pr bﬁﬁﬁmﬁuch HETN Iaﬁmﬂbn
K2 “K3PO& , (\Na
KNHZ; sodi um or pot assi u OXIde or

|, 8- di a2®bi cycl o[ 5.4.0]u -éb-ene (DBU) . Thusi,arae
prepared conpounds of formula (1) in which Gis
selected from®x, &, &, d
&4. In addition, conpounds of
A € Bty Vbl | on e f ony
conmpounds og formula 17b where at
repl aced, using appropriate reagents sug 5hﬁmn yl
hal i des or al kyl sul fonyl halides, gen I'n the

presence of a base. T@§§ are pq@m@red coapgyng§ dﬁg
—fmr

formula (T) in which ellacted from

G30 and G31. General WMet od F &enevlal Met ho a-
Preparation of Internmedrafre N Met hod a he MLJ
compounds of fornula 18 iyy h M G G, and n are
as defined above, M is |n&epgﬁdently CH or N2 alp L'
is Oor NR5 can be conveniently prepared as shown in

I\Menmh g Pl @MpdaBBEbRIIMula a3 BINRAIAN, 838, RER and
are
are as efined above and R® is G2, G16, G23, and G24, can be prepared conveniently via

a reaction sequence as shown in Method e below. Thus, intermediate pyridine 32 is oxidized
by a reagent such as m-CPBA, H;0,, CH;C(O)OOH, or CF3C(O)OOH to the N-oxide,
followed by chlorination with a chlorinating agent such as phosphorous oxychloride, thionyl
chloride or phosphorous pentachloride to yield chloropyridine 33. Compound 33 can be
converted to aniline 36 by treatment with alcohol in the presence of base such as NaH,
followed by reduction of the nitro group with a reducing agent such as SnCl,, Fe/H", or
catalytic hydrogenation. Treatment of compound 33 with amine HNR'R! followed by
reduction of the nitro group of resulting compound 34 with the above mentioned reagents

provides compound 37.
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an aronmatic substitution reaction of internediate 7
and internediate 6. Thus, aniline or am nopyridine 6

WO goobi0erRsed wWith an aronmatic i nternedi ate of fPEHUBRA0G008779
in an aprotic solvent such as DM, DVA, acetonitrile,
am@tﬁﬂ‘g di oxane or DVMSO and base to furnish the
i eé ai ate of formula 18 (when X = OIf, O, OIs see
ref. Sammes, P. et al. / . Chem Soc. Perkin Trans 1,
%‘2@ (12), 3229-31). Conpounds of forrmula 18a can be

ai nedt BYeei IQXliﬂ@GUchq [nﬁ bizon qf .1 éiimth an(G)oz
yd Ciides Chladnse T I’H%I’ﬁiltl % =|s
du

oeNNéLB BHM3CN, or c) \ hod chi v
ami natjon 18a Method b - AI erna 'vely, mpbunds of . ..
form#a 18b, in which M G33G', Mand n are as3alef i MR

above, M is independently or Nand L' is OJf NRS or
CH , can be conveniently prepared as shown in thod b
bel ow. Thus, the aronmatic i hHefpagd at e of f or nujlredu@fon
is deprotonated with an aforenenti oned base or |LDA,
-BuLi, -BuLi in an aproticjsolvent, followed

reaction with intermediate 19 to furnish the

i 'R me |at@)09f formul &'R1. Theapitro grggg of Goz

co B i_zanré?ﬁctl’oﬁd /Hy\mhl\gkl lhl e / 4 GIEY
t oMb ogeduges Nsuc as/ca ytICN
Hm enat Fe/ ml # Sncl pr Y &\—<

i nt er medd at e AL8b. Met hod b 1®520 2Rf reduction @b  NR'R!
R® = G2, G16, G23, G24

By using these above described methods, the compounds of the invention may be
prepared. The following specific examples are presented to further illustrate the invention
described herein, but they should not be construed as limiting the scope of the invention in

5 any way.

Abbreviations and Acronyms
A comprehensive list of the abbreviations utilized by organic chemists of ordinary
skill in the art appears in the first issue of each volume of the Journal of Organic Chemistry;

10 this list is typically presented in a table entitled Standard List of Abbreviations. The

abbreviations contained in said list, and all abbreviations utilized by organic chemists of

ordinary skill in the art are hereby incorporated by reference.

For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,
15 67th Ed., 1986-87.

More specifically, when the following abbreviations are used thronghout this

disclosure, they have the following meaning:

2X two times

20 3X ‘ three times
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Met hod ¢ The 4-substituted aniline conpound of fornula
25, 26 and 27 in which G G', mand n are as defined

W@bweme992Pl is a protecting group, M is indepePcEN$1096/008779

CHor N and R6 is Hor (Cl1-C3)al kyl can be prepared
via a reactijon éf uence as outlined in Method c bel ow.
THHES | nt er FEAYIBVEIYNYT {reated with acyl chloride 23

upder Fri ed,ebutggﬁ{a}b%ngpyl ation conditions (Lewis acid
such as Al 3) to fufnish the internediate of fornula

2@&-Bubbrpounkltylditiiam be converted to aniline 25 by

S dre | W MyBr or reduction with LiAH
??gpggv\ed gd;gééggrrlmbé@f(ﬁgn. Aniline 26 can be obtained
bgalededuct i oralaflatedhe car bonyl group of 24 by net hods

S s but .not limted, to N HAZOH , Pd/ G H 2 .
ety Lewga%aa?owa%aéis%m g Pk of R
A et al, Syfhesis, 1987, (8), 736-8) or

aCheonat i vemythayolfgr mati on of a dithiane and

subsequent desul furation with Raney N ckel. In sone

[ es, MoMIBEE on of aniline may be necessary to
optain 26. Bypigprotection of the am no group of
conpound 24, the aniline internediate 27 can al so be

oBBY ned. 1. L.RglayBbicyelobb#Obindonén®e = al kyl) P =
cting e 3-substituted aniline
g%gptgunds 3%59%@54@%%%@?%&Wm ch G G', mand n are
abEA&Y i ned dbibybkzodicarbsxylmdependently CH or N, and R6
[ r (CL:.C3)al kyl can be prepared conveniently via
aﬁPgé@ti on %%8%%‘2‘39{@%“‘8@“%@?%% Met hod d bel ow. Thus,
nbIgAt i on odiisopiopreEdilah@e 28 enpl oyi ng standard
ﬁé&@tion K&nditions sych as but not Iimted to HNO 3
, or F{i@ﬂ?}%m"f‘ ni shes internediate 29.
Repugt | on of-dgfeti b plyAdmei Ng agent such as Snd 2,
Fe/ HOAc, or catalytic hydrogenation provides aniline

IBMEnddi t i ofiEnetipxyeagsound 29 can be converted to
apMr ne 30ayvhy aif ERFRRLmMe h REMyBr or reduction with

DMSO dimethylsulfoxide
DMSO-dg dimethylsulfoxide-ds

EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

EtSH ethanethiol

EtOAc ethyl acetate

EtOH ethanol

Et;SiH triethylsilane

h hour(s)

HATU O-(7-azabenzotriazol-1-yl)-N,N,N’, N’-tetramethyluronium
hexafluorophosphate

Hex hexanes

"HNMR proton nuclear magnetic resonance

HOAc acetic acid

HPLC high performance liquid chromatography

LC-MS liquid chromatography / mass spectroscopy

LDA lithium diisopropylamide
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LiAlH 4 foll owed by the above-nentioned reduction
conditions. Aniline 31 can be obtai ned by reduction of

w0 b@sogmbonyl group by a nethod such as but nopCT/U8i00€D8779
to N HVNaCH, Pd-CH 2, Et3Si H Lewis acid, or NaBH

4 [ S aci see ref. o, A, et al, Synthesis, 1987,
(61}1%6- S)E@iur%h?@mf‘él@x@%ﬂ%ﬂ@fy formati on of dithiane
apd subsequgpitipigsul furation with Raney Nickel. In
sone_instances, reduction of the nitro group by an

afidrBRnt i ofrebloparehdbarApibcihecessary to obtain

aflHpe 31. d Method e The conpounds of fornula
31(?16?%8 37 |ﬁ@%?@h M G G, m n, RO and RL 1 are as

defin ned aboménudg(s) Re is G2, A 6, &3,. and G4, can
be. pg.epared _convenient]y via a reaction sequence as
sﬁ%@éﬁi n l\/b&rﬁ%egh)gmb'zll?fl@e Thus, intermediate pyridine
3RIS BS oxi di @a¢ dpyctiost@RORNE cRbGbspasy M CPBA, H2QO2,
Cﬁlggﬁ%ﬁ ofr CF3C(O)OOH to the N-oxide, followed by
c f’3o$Pd\1/HIT’Ffla§e?9ﬁV]6?1Ph‘_&%ﬂrq?g agent such as
pOREPhOr ousoO¥¥ail QTSR (hBdyeny) chloride or
phosphor ous pentachl ori'de to yi'eld chl oropyridi ne 33.

Cagtpound 330univlusacsbionenyldtbsyd aniline 36 by
t tment wht ' e presence of base such as
Nga? W JHES&@Q U1 (L)

fol |l owe eductiom of the nitro group with a
rBdfGci ng agestladsctn ewb@nCl 2, FeZH+, or catal ytic

hydr nati on.,.Ireat nen f nd wi th am ne HNR
1%%&%@ I otrm}égh%eyzalé%ﬁg%‘ﬁegoﬁwg(ﬁ%ﬁ 1“5‘??(5?0 group of
rR&@Phi)ng cletpldsingblizdyiphbiphitegpaladvmen(@ent i oned

réﬁg@s \é}ldes compound 37. Met hod e HRe, base

r Bﬁ%% 2 @, Gl6, (23 (%4 B Si"ﬂ,? tgﬁ e. above
descri bed methagydi ﬁré‘/l%lﬁﬂ?ﬁlblﬁ}ﬂ S nulﬁiév?{e faldBJﬁn y
be prepar edOmHer VIR IGEHITIEREBS i ¢ exanpl es are
present ed tRihibtigle 111 ustrate the invention

rt room temperature

Ry TLC Retention factor

s singlet

t triplet

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography

General Analytical Procedures

The structure of representative compounds of this invention were confirmed using
the following procedures.

Electron impact mass spectra (EI-MS) were obtained with a Hewlett Packard 5989A
mass spectrometer equipped with a Hewlett Packard 5890 Gas Chromatograph with a J & W
DB-5 column (0.25 uM coating; 30 m x 0.25 mm). The ion source was maintained at 250
°C and spectra were scanned from 50-800 amu at 2 sec per scan.

High pressure liquid chromatography-electrospray mass spectra (LC-MS) were

obtained using either a:
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descri bed herein, but they should not be construed as

limting the scope of the invention in any way.
Wa\RIs9923t | ons and Acronyns A conprehensive | iBCT/0520061e08779

abbreviations utilized by organic chenists of ordinary

skill in th t h
80 urdiorict Reckyud A TBI-CRGHRPe! el SRRy adhp LR & pariae

wavelebgtht dé%,‘—r&@l‘ % PPS3 SR edyMr fpré A g SRtk (24 Bt andardA), and a

revi ati ons. The abbrevi ati ons contai ned in
FinnigaaildQ iist , tranthasd Ispestrometer avith radeditaspiay e’@n’&?tl@} g atpestra were

scanneﬁ 21&%1} E%(? 611?(20 A glugl%r ¥ vt 1 d'gntntng %cc?Ur&mg k& H%%%mér of ions in the

Feférence. ose
sourcel Mhe HiueRes, wéﬂ&% itk nicetahitréle emwﬂtfs \antle OJ%%TFAl 3€1§1d B % water in

e L SR L G B0 10K B, BETRL S

flowraédof'] A986nBT is Med SvigPACinitiat Abldyof Mbefintahe affman hmldrrg 95% B of
breviations are used throughout this disclosure,
05Hutlh$9tahametlfilm§ GdMiBwi ng meani ng: 2X two times 3X three
td mesAl Me3 trinet hyl al um num Boc - but oxycar bonyl - BulLi

butyl ['ithium -BuOK pot assi um - but oxi de cal cd
o) cul Gilsth GBPLE sysymdicainpas.cedu Eve &filsan 30p tRimRiga Cilson 215

Autosangpelm 'a GRS S&lg({eeadrregyr e K AiicqEbi¢-§8 €8fuban (2 x 23 mm, 120 A),

and a Micromass LCZ single quadrupole mass spectrometer with z-spray electrospray
ionization. Spectra were scanned from 120-800 amu over 1.5 seconds. ELSD (Evaporative
Light Scattering Detector) data is also acquired as an analog channel. The eluents were
either A: 2% acetonitrile in water with 0.02% TFA or B: 2% water in acetonitrile with
0.018% TFA. Gradient elution from 10% B to 90% over 3.5 min at a flowrate of 1.5
mL/min is used with an initial hold of 0.5 min and a final hold at 90% B of 0.5 min. Total
run time is 4.8 min. An extra switching valve is used for column switching and
regeneration.

Routine one-dimensional NMR spectroscopy is performed on 400 MHz Varian
Mercury-plus spectrometers. The samples were dissolved in deuterated solvents obtained
from Cambridge Isotope Labs, and transferred to 5 mm ID Wilmad NMR tubes. The spectra
were acquired at 293 K. The chemical shifts were recorded on the ppm scale and were
referenced to the appropriate solvent signals, such as 2.49 ppm for DMSO-dg, 1.93 ppm for
CD3CN-d3, 3.30 ppm for CD;0D 5.32 ppm for CD,Cl,-d, and 7.26 ppm for CHClz-d for g

spectra.

General HPLC Purification Method

Preparative reversed-phase HPLC chromatography was accomplished using a Gilson 215
system, typically using a YMC Pro-C18 AS-342 (150 x 20 mm ILD.) column. Typically, the
mobile phase used was a mixture of (A) HxO containing 0.1% TFA, and (B) acetonitrile. A

typical gradient was:
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Experimental Examples

Preparation of chloropyrimidine amine intermediates

Intermediate 1A: Preparation of 4-chloro-6-phenylpyrimidin-2-amine
Cl
N e
|

s

HoN™ N

A suspension of guanidine carbonate (3.60 g, 20 mmol) in ethanol (120 mL) and
toluene (20 mL) was refluxed under nitrogen for 1 h, during which time about 50 mL of
solvent was removed by distillation. After the mixture was cooled to 45 °C, ethyl 3-oxo0-3-
phenylpropanoate (7.68 g, 40 mmol) was added and the solution was heated at reflux
overnight. The desired product precipitated as a white solid during the reaction. Water (50
mL) was added to the reaction and the mixture was refluxed for an additional 30 min. After
cooling to rt, the mixture was neutralized with 1N HCI and placed in the refrigerator for 6 h.
The solid was filtered, washed with water followed by ether and dried at 60 °C under
vacuum to give the product as white solid (6.45 g, 86%). MS ES: 188 (M+H)", calcd 188;
RT = 0.91 min; TLC (CH,Cl,/ 2M NHj3 in MeOH 95/5) R¢ = 0.10.

A mixture of the above product (6.0 g, 32 mmol) and POCl; (100 mL) was heated at
reflux for 1 h. The majority of the POCl; was removed in vacuo and the residue was diluted
with EtOAc and poured over an ice/saturated NaHCO; solution. The aqueous layer was
extracted with EtOAc and the combined organic layers were washed with brine, dried
(Na2S0y), and concentrated. The crude organic concentrate was re-crystallized from
EtOAc/ether to give the product 1A as an off-white powder (2.8 g, 43%). MS ES: 206
(M+H)*, caled 206; RT = 2.49 min; TLC (CH,Cly/ 2M NH; in MeOH 95/5) Re = 0.72.
(Reference 1: H. L. Skulnick, S. D. Weed, E. E. Edison, H. E. Renis, W. Wierenga, and D.
A. Stringfellow, J. Med. Chem. 1985, 28, 1854-1869).
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ORI P A AT P 1

sodiumtriacet ox bor ohydri de O O rret hanesul f onyl
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Pd2(dba) 3 t FeR( diMben deneacet one) di pal | adi unt 0)
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Patat 20-dpyt)) pyaitidi2-2-amine intermediate 1B was prepared by an analogous

method to that described for 1A, starting from guanidine carbonate and ethyl 3-(2- furyl) -3-
oxopropanoate. MS ES: 196 (M+H)", calcd 196, RT = 2.13 min.

Intermediate 1C: Preparation of 4-chloro-6- (3-furyl) pyrimidin-2-amine

Cl
N/
|
HoN N / \
O

The (3-furyl) pyrimidin-2-amine intermediate 1C was prepared by an analogous
method to that described for 1A, starting from guanidine carbonate and ethyl 3-(3-furyl)-3-
oxopropanoate. MS ES: 196 (M+H)", caled 196, RT = 2.04 min.

Intermediate 1D: Preparation of 4-chloro-6-(2-thienyl) pyrimidin-2-amine

Step 1: Preparation of ethyl 3-oxo-3- (2-thienyl) propanoate
0 o

A solution of 2,2-dimethyl-1,3-dioxane-4,6-dione (12 g, 83.26 mmol) and thiophene-
2-carboxylic acid (8.97 g, 70.0 mmol) and DMAP (17.10 g, 140 mmol) in methylene
chloride (100 mL) was cooled in an ice bath and treated with a solution of DCC (15.88 g,
76.96 mmol) in methylene chloride (50 mL). The reaction was stirred at rt for 2 h. The
resulting precipitate was filtered and the filtrate was concentrated and re-dissolved in EtOH
(400 mL). To this solution was added p-toluenesulfonic acid (32 g) and the reaction mixture
was refluxed for 1 h. The solvent was removed in vacuo to afford the crude organic

concentrate which was dissolved in ethyl acetate (1000 mL) and washed with water (300
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pqzeBlﬁb!ﬂﬁ) byﬁnmcdniztur@ﬁatmrwgm £are€ tyosP bﬂMogﬁi@Smethod to that
spectra (LC-MS) were obtai ned usi n ei t her
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i abl e tHhy d ct -80%
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10 hexanﬁt)c&fﬁﬂ%rap mass spectrometer with el ectrospray
ioni zation. Spectra were

Intermediate 1E: Preparation of 4-chloro-6-(3-methoxyphenyl)pyrimidin-2-amine
| cl
N~ I

PN

HNT SN OCHs
Step 1: Preparation of ethyl 3-oxo0-3-(3-methoxyphenyl) propanoate

o O

A~ OCHg

HaC™ O
This material is prepared by a method analogous to that described for preparation of
ethyl 3-oxo-3-(2-thienyl)propanoate in preparation of 1D, starting from 2,2-dimethyl-1,3-
dioxane-4,6-dione and 3-methoxybenzoic acid.
Step 2: Preparation of the title compound
20 1E is prepared by a method analogous to that described for 1A, starting from

guanidine carbonate and ethyl 3-oxo0-3-(3-methoxyphenyl) propanoate.

Intermediate 1F: Preparation of 4-chloro-6-(4-methoxyphenyl)pyrimidin-2-amine

Ci
N/
PNy
HoN™ N
OCHs

)5 Step 1: Preparation of ethyl 3-oxo-3-(4-methoxyphenyl) propanoate
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iﬁ gg{D ﬁ%lil 819{]12 Wq‘%o s were either A 2%
@ﬁ@@uéﬁarddebyra wveet beyd mmetldxgcmlsO@%h‘ﬁF,demrled fooptdat warting from

euanid b e R b 05 (4 e GO W SNSRI 18 i

is used with an initial hoId of 0.5 mn and a final

hold at 90% B of 0.5 nin. | . run ti is 4.8 mn ...
Intermdiate G Ersprestiongt dagieror & T4l prneiisl o Rdininigin-2-
afiflide€oenerati on. Routine one-di mensi onal NWR
spectroscopy is performed on 400 MHz Vari an
Mer cury-pl us spettroneters. The sanples were dissol ved
in deuterated ents obtai ned from Canbri dge | sotope
Labs, and tran ed ed to 5 mMmID WInmd NWVR tubes. The
spectra werg, ONIT 293 K. The chemi cal shifts
wer e recorded on t he scale and were referenced to
t he appropriate sol vent stfal s, such as 2.49 ppm for
egl‘] Préparatlon o@ B{E‘yf 8ox0-3-[4-(trifluoromethyl) phenyl]propanoate

O O

@ G I son HPLC system
30600Hgps, a G 1son 215

n

/\O

HaC
CF5
This material is prepared by a method analogous to that described for preparation of
ethyl 3-oxo-3-(2-thienyl)propanoate in preparation of 1D, starting from 2,2-dimethyl-1,3-
dioxane-4,6-dione and 4-(trifluoromethyl)benzoic acid.
Step 2: Preparation of title compound

This material is prepared by a method analogous to that described for 1A, starting

from guanidine carbonate and 3-0x0-3-[4-(trifluoromethyl) phenyl]propanoate.

Intermediate 1H: Preparation of 4-~chloro-6-(4-fluorophenyl)pyrimidin-2-amine

Cl
N
HQN)\\N
F

Step 1: Preparation of ethyl 3-(4-fluorophenyl)-3-oxopropanoate

40



10

15

20

25

30
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weeosdeat i on Met hod Preparative rever sed- phaseCHPEI006/008779
chr omat ogr aphy was acconplished using a G |son 215
system typi caIIy Jsing a YMC Pro-Cl18 AS-342 (150 x 20
' Iy t he nobi |l e phase used was a
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acetonitrile. Atyplcal @

di ent was: Experi nent al
Exanpl es Preparation of CHf orfopyrim di ne am ne

| r t. | nte redi a | A.; Prepar n_of .
AR i Rk T A bR BBl orgprepation of
ethyl @mnﬁd@nt@@gt)bmpaﬁ@te( S pfeparatidf) ofidd,) sthtingtfh@n d,2-didddhyl-1,3-
. m_% nd tolu nL) s refluxed under nitrogen
dioxaneg,6-ligne aﬂi‘gr i ﬂ&or TER%HHe about 50 mL of sol vent was

rsn&g\m(ﬂ?r&pﬁrﬂioﬁtdfkﬂﬂ@fcb gou[ﬁter the m xture was cool ed
5 0C, et hyl 0XO0- g)‘gen yl propanoate (7.68 40

i 3 D@Rarﬁédédaamathpﬁeanﬁ 9@& ¢ thatsdasenlpas fost lAesuaUmg from

)
pani Q4L D60 e BRPAE SR O B Sl Bt
the reactlon and the m xture mas refl uxed for an
oling to rt, the mxture
pl aced in the

refrigerator for 6 h. The solid was filtered washed

wi £.h wat foll ovve Y, ap C under
nternfiigte A Prepfeatioior G edS e Sors eyl

86% . MS ES:. 18 ; calkcd 188; RT = O 91 mn, TLC

(CH2A 2/ 2M NH3 5/ 5°™ R = 0.10. A mixture of

the above ppogtt . N32 mmol) and PO 3 (100 ni)

was heated at reflux for 1 h. The mgjority of the

POCh 37886 spletion et diisopuanylemiae 612 hmlr, 86 2dumolyas THH (0 @) was

added a solution of n-BuLi in hexanes (1.60 M, 26.9 mL, 43.0 mmol) dropwise over 5 min.

The mixture was stirred for 30 min, then a solution of 4-chloro-picoline (5.00 g, 39.2 mmol)
in THF (20 mL) was added slowly over 30 min. The reaction mixture was warmed to -60 °C
and stirred for 30 min. after which time a solution of methyl iodide (2.44 mL., 39.2 mmol) in
10 mL THF was added over a 20 min period. The reaction was stirred for 30 min at -60 °C
and 1.5 h at =30 °C. The reaction was quenched by pouring the mixture into cold brine. The
mixture was extracted with dichloromethane. The organic layers were dried (sodium
sulfate) and concentrated. Vacuum distillation of the residue (10 mm Hg, 70-80 °C)
furnished 5 g of a 4.5:1 mixture of the desired 2-ethyl-4-chloropyridine and the isopropyl
analog.

A well stirred, degassed solution of #BuOK (5.43 g, 44.5 mmol), 4-aminophenol
(4.16 g, 38.2 mmol) and 2-ethyl-4-chloropyridine (4.5 g, 32 mmol, contains 20% isopropyl
analog) in dimethylacetamide (100 mL) was heated at 100 °C for 30 h. The reaction mixture
was cooled to rt and concentrated in vacuo. The residue was partitioned between
dichloromethane (200 mL) and 0.1 N NaOH (200 mL). The organic phase was washed with
0.1 N NaOH, dried (Na;SO4), and concentrated in vacuo. The crude oil was purified by
silica gel chromatography (20% EtOAc to 60% EtOAc in hexanes) to provide 3.22 g of the
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wi th Et QAc and poured over an ice/saturated NaHCO3
sol ution. The aqueous | ayer was extracted with Et OAc
wapaehde3ctonbi ned organic | ayers were washed we€TUsS2006/008779
brine, dried (Na2SO ), and concentrated. The crude
. Qrganic concentrate was re-crystallized from
desiredcBAL POIPRRI A1 g1 863 Fig 95 sciSPRrop aslogn MY ES i @1+H)', caled
215, IPPWREID . 8 9, 43% . MS ES: 206 (M+H)+, calcd 206; RT
= 2.49 mn; TLC (CH2A 2/ 2M NH3 in MeOH 95/5) Rf =
0.72. (Reference 1: H L. Skulnick, S. D. Wed, E. E

i . ' ' . a D.. A .
TnterigPARRERL brebardff iAo Heih B9RaGE Y Sxfphenyi) amine
1854-1869) . | nt erpedi @ .Ciiy epar ati on of 4-chl oro-6-
(2-furyl) pyri -2%@% The (2-furyl)
pyrim di n- 2HgmT ne~i nt er Yiate I B was prepared by an
anal ogous nethod to that described for I A stalling

f {&bd2gMamivinysidinc4rybo RaYlepeatleamjie ZRRwasryepagl by 2 method
alofRHER B 00 o 15 F25-ARBA M oA A nTlof B Yaring

from 4-8mfinpphienol pyd drdtdone-2mattiyipeyritive, MBS ESr 20) (M-+H)*, caled 201, RT =
1.01 H%)Ari m din-2-am ne internmediate 1C was prepared by an
"~ "anal ogous nethod to that described for I A starting
from guani di ne carbonate and ethyl 3-(3-furyl)-3-
te. - 196, (MEH) +, I 196, RT = 2.04
Interigpgiate Hdrrparaion @(#@y&m B’ﬁ‘/ﬁ%ricd?nea-carboxanﬁde
yl)

4-chl oro-6-(2-thi Nirridi n-2-am ne Step 1:
Preparati on of | 3jox0p-3- (2-thienyl) propanoate A
sol ution of {2nZ- AN3dizoxane- 4, 6- di one (12 g,

83.26 nmol) and thi ophene- @-carboxylic acid (8.97 g,
70.0 nmol ) and DVAP (17.10 g, 140 nmmol) in nethyl ene
c Prifeningrhqneb ()l 8 17§, Qubsmansd) and pofasginm clutpsite (4@ g, 0.17 mmol)

- WivtaR ' f 5 /! 1)) Amido-4-
vere LRSIV B0 Gty 7 30 A0 A
chloropyli‘idlne &g, .13 fronol? whs added andsi mibxtgrepw acstipicdat @0f&vernight.
The r{aé@@?@%@ggas}%%éﬂ&ﬂ%ﬁh Sl ﬁ?enr%gilaﬁé %/tag%a&ﬂi%ned between ethyl

acetate and water. The aqueous layer was extracted with ethyl acetate. The organic layers

were combined, dried (Na;SOg4) and evaporated to dryness. The crude tan solid was
recrystallized from ethyl acetate to afford 10.5 g (27%) of the desired product 2C. MS ES:
230 (M+H)*, caled 230, RT = 1.29 min.

Intermediate 2D: Preparation of 4-(3-aminophenoxyamino] phenoxy)-N-methyl-

pyridine-2-carboxamide

NH,
Aniline 2D was prepared by a procedure described in WO 00/42012 (Bayer
Corporation, ®-Carboxyaryl Substitued Diphenyl Ureas as RAF kinase Inhibitors), starting
from 3-aminophenol and 4-chloro-2-(N-methylamido)pyridine. MS ES: 244 (M+H)", caled
244, RT = 1.51 min.
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methylarmdo)pyrldme MS ES: 244 (M+H) calcd 244 RT = 1.16 min.

Intermediate 2G: Preparation of 4-(4-amino-3-fluorophenoxy) pyridine-2-carbonitrile

Beaey

4-(4-Amino-3-fluorophenoxy) pyridine-2-carbonitrile (2G) was prepared by a
method analogous to that described for 4-(3-aminophenoxy) pyridine-2-carboxamide (2C),
starting from 4-amino-3-fluorophenol and 4-chloro-2-cyanopyridine, MS ES: 230 (M+H)",
caled 230, RT = 2.85 min.

Intermediate 2H: Preparation of 4-(4-amino-2-fluorophenoxy) pyridine-2-carbonitrile
F

o
HaN ~N
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Preparati on of ethyl
4-f ] ugr ophenyl ) - 3- oxopr opanoat eThis material is

3- (. > ] .
Inteﬂﬂﬁilﬁ%ﬁ%‘d Bypparagieniob 3-Swarodd (- meghylnyridimed-yDpxeiphenyl }-amine
preparation of etfhyl 3-o0x0-3-(2-thienyl)propanoate in

preparation of I shartin ,I,grom 2, 2-di nethyl -1, 3-
di oxane- 4, 6- di ond -Truorobenzoic acid. Step 2:
Prepar at i on f AN e Bund IH is prepared by a

met hod anal ogous to that described for I A starting
f {PHFluoro-4-[(2-methylpyridin-4-yl)oxylphenyl }-amine (2J) was prepared by a

method analogous to that described for 4-(3-aminophenoxy) pyridine-2-carboxamide (2C),
starting from 4-amino-2-fluorophenol and 4-chloro-2-cyanopyridine, MS ES: 219 (M+H)",
calcd 219, RT = 1.07 min.

Intermediate 2K: Preparation of [4-(4-methoxyphenoxy) phenyl] amine

0L
HoN 0~CHs

1-Fluoro-4-nitrobenzene (7.76 g, 55.0 mmol) and potassium carbonate (12.0 g, 86.8
mmol) were suspended in anhydrous DMF (100 mL) and stirred at 125 °C for 2 h.
4-Methoxyphenol (6.21 g, 50.0 mmol) was added and the mixture was stirred vigorously at
125 °C for 4 h. After cooling to rt, the reaction mixture was poured into ice-water (1000
mL) and stirred vigorously for 30 min. The resulting yellow solid was collected by vacuum
filtration and washed with water to give 11.7 g of the nitro intermediate which was dried in
vacuo overnight. This nitro intermediate (8.00 g, 32.6 mmol) was suspended in ethanol (180
mL) and added to a flask charged with 10% Pd/C (0.35 g). The reaction mixture was
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guani di ne carbonate and the product from Step 1, ethyl
3-(4-fluorophenyl) - 3- oxopropanoate. Preparation of
waaisvyvet ed aniline internedi ates | nternedi at BCRBS2006/008779
Preparation of (4-[(2-ethylpyridin-4-yl) oxy] phenyl}
mne To a -78 OC sol utio f di.i sopropylamne (12.1
ﬂusheﬁﬂcvlﬂséygmﬁﬁ% g7 ithyeer fymes 2@3&8@ SRR g SLUBIcE diyEqesR agnosphere
overniBhtBUThe icBtall@X /38 Setdv @b ViltZRioR dHe th@%ﬂﬁaﬂ@m!&s})‘ concgrcl)trated. The

dropwi se over 5 min. The mxture was stirred for
resultipg precipii@ie wassesiligeted hy ypcumne filteation [ip gofeianehifessadid pyoduct (6.76 g,

96%). SFBIIE M TR LA 6Tkt W04 BAALHLE Q8 oBYCoelle hexane) Ry

react’ion m'xture was
=0.18stirred for 30 min. after which tine a solution of
methyl iodide (2.44 nL, 39.2 mmol) in 10 nL THF was
added over a 20 mn period. The reaction was stirred

Interthélia@02103 NP@par&tibrO6F adaliho!3-@tifludforléthyhpReri 33 ¥ iplySidine-2-
was. quenched by pouring the m xture into cold brine.

carbomteile i vt yre was extracted with di chl oronet hane. The

organic layers were origad (@ediumsul fate) and
concentr at ed. @ m d| stY1lation of the residue (10
nm Hg, 70-8Q Q€ rni M 5 g of a4.5 1 mxture of

the desired 2-ethyl-4-chloropyridine and the isopropyl
alilaik agpterds] Wepilepsitd by edmettled asdegbus ab tidt dbsw@ibed Botfeparation of

.4 , . 44.5 l.), 4-amnophenol (4 16 g, 38.2 . )
2C, stdgfing Boft g RSP RTINS - Chrar sy AR NS
20% i sopropyl analog) in dinethylacetam de (100 nlL)
was heated at 100 OC for 30 h., The reaction m xture

Intermgiate gdile Preparationed {H-b@casthylpaimidinviadiexypheayljamine
resi due was partili anednbetomgen di chl oronet hane (200
m.) and 0.1 N’gigﬁngg ﬁt}. The organi ¢ phase was
washed Withlagﬂ ~~Mied (Na SO4), and

[

concentrate n vacuo. The crude oil was purified by
SThik eeatgedl icpicpirad oghapkiiod 2646 A6 thad QY HEL ACreparation of

hexanpes) to.provide 3. 22 of thedesired ethyl
2C, Sta&B%%ﬁﬁEﬂ'ﬁ%&l il a%‘gelflg%%-m PYHYIdinenal og. MS ES:
215 (M+H) +, cal cd
Intermediate 2N: Preparation of 4-(4-aminophenoxy)-N-(2-{[fert-
butyl(dimethyl)silylloxy }ethyl)pyridine-2-carboxamide

O
Me
O S N Me
l N H M&™ Y Me
~
HQN Me
4-(4-Aminophenoxy)-N-(2-{ [tert-butyl(dimethyl)silyl]oxy }ethyl)pyridine-2-
carboxamide was prepared by a method analogous to that described for 4-(3-aminophenoxy)
pyridine-2-carboxamide (Intermediate 2C), starting from 4-aminophenol and N-(2-{[fert-
butyl(dimethyl)silylJoxy }ethyl)chloropyridine-2-carboxamide MS ES: 388 (M+H)", calcd
388, RT = 3.60 min.

Intermediate 20: Preparation of 4-(4-fluoro-benzyl)-phenylamine
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215, RT = 0.19 mn. Internediate 2B: Preparation of
{4-[(2-net hyl pyridin-4-yl) oxy] phenyl} am ne

wd@ 20060228£t hyl ryri di n-4-yl) oxy] phenyl} am neP¢RB}200&608779
prepared by a nethod anal ogous to that described for

amrophenox i di ne- 2-carboxam de (2C
sﬁé&m Farfawmgf%%%@h@ylbmltrOPheny1) inéihamone
4- chl oro 2- rrethyl pyridine, M5 ES: 201 (M+tH)+, cal cd

Internmedi ate 2C. Preparation of
gi ne- 2- car boxam de

3-Am' nophen . 7 mol) and potassi um
- but oxi de (%2 07 g, 0.17 ) were suspended in
Ml‘?f ’aQbIﬁﬁbH Yk ﬁgﬁfréﬁéﬁg?yg %ﬁ@rxﬁ%ﬁ% 8 1 £ hinrlél? ¢h ﬁ?roétrhaﬁ@(rZOQhQL) was

addeda@bﬁ@auwl@mfbe @ &gu%mm> gllofve dpyat%uogqbe@l@m@r%ngmm mmol).
The mpﬂtﬁwr SACLH O I %tféjf % R\é\’gl%g gﬁ@&%@&r 3‘]%%@% %4%?\2 q—IClTh'Fhe reaction

residue was parti Ween e and
mixtusgawes .wafhed afqthadllstel ayepushdmOFk tand clire, \Airiel:l mtelnydodlum sulfate,
an C Ia erns  were,co

it R sendidfadb AR Sip e TS R RECPORd st Ffpw sotia. The

solid swzisu ﬁul\i\ﬁai recnyayshilizags ffop leixbids a6 egiat e(4- ﬂu@ﬁfopheﬂyl)- -
i270/() of the_ degi regﬁ?roduct 2C, M5 ES:
mtroplmm)met 1@%9%(2'&9, 6 33)- H1N WEHCl-dt & fddi%ad%e (pSH), 7.90 (m,

1H), 7%%&9&@'?@0 3 ami nophenoxyani no]

enox I V- pyr| di ne- 2-carboxam de Aniline 2D
wakep 3k E@ﬁ@dobyofé fprooed@urnigobesyhbéredne n WO 00/ 42012

(Bayer Cor poration,. wCarboxyaryl Substitued D phenyl
Ureas as RAFi tors), starting from
3- am nophen and ﬁ‘iz (A mst hyI am do) pyri di ne.

M5 ES: 244 (M+H) + cal cd 2
nTo al sohefomect Gi-fudb:phBhygper- ﬁﬁﬂoﬁl’ier@ﬂ) l{rréth[aﬁ&ae (2.0 g, 8.2 mmol) in
n

dlchloromettflellnlé%g %)I a%l IOQ’C Wz}/sl a)dde ﬂuromet%anesuf}})mc acid (1.4 mL, 16 mmol)
in dichloromethane (16 mL). A solution of triethylsilane (2 mlL, 12 mmol) in
dichloromethane (16 mL) was subsequently added dropwise, resulting in an exotherm. After
5 min, additional trifluoromethanesulfonic acid (1.4 mL, 16 mmol) was added, followed by
triethylsilane (2.0 mL, 12 mmol). The reaction mixture was stirred at rt for 2h, then poured
into cold saturated sodium bicarbonate and extracted several times with dichloromethane.
The combined organic extracts were dried over sodium sulfate and concentrated in vacuo.
Purification by column chromatography eluting with 0-10% ethyl acetate in hexanes, gave
the desired product as a white solid (260 mg, 14%). "H NMR (CHCls-d) & 8.14 (m, 2H),
7.31 (m, 2H), 7.12 (m, 2H), 7.01 (m, 2H), 4.06 (s, 2H).

Step 3. Preparation of the title compound.

To a solution of the product prepared in Step 2 (260 mg, 1.1 mmol) in ethanol (4 mL)
and water (1.2 mL) was added iron powder (188 mg, 3.40 mmol) and ammonium chloride
(36 mg, 0.70 mmol). The reaction was stirred at 85 °C for 2 h, cooled to rt, and filtered
through Celite®. The filtrate was concentrated then diluted in dichloromethane, washed
with water, and dried over sodium sulfate. The combined organic layers were concentrated

in vacuo to afford 4-(4-fluoro-benzyl)-phenylamine as light brown oil which crystallized
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{4-[(3, 5-Difluoropyridin-4-yl) oxy] phenyl} am ne
(2E) was prepared by a nethod anal ogous to that

waele®enyded for 4-(3-am nophenoxy) PCT/US2006/008779
pyri di ne- 2- carboxam' de (2C), starting from
4-am nophenol and, 4, 5-trifluoropyridine,

upon starglipgfdP-me.cl % EzlﬁMlhTCHC@ B0 Hilh.(m, ALy @Qam éHzFﬁ 62 (m,
2H), 4-%@%@’% g%%)?hp i V-met hyl pyri di ne- 2- car boxam de
4-(4- Am nophenoxy) -1 V-nmet hyl pyri di ne- 2- car boxam de

Interr&é«@&% (re dédiqr‘)‘o&a' edur er@iesc,rl b?‘%{" n &ﬁ phepgdamine

Di phenyl Ur egs se I nhi bi tors), starting
from 4-am nophenol || and chl or o- 2- (i Vet hyl am do)
pyridi ne M5 ESN®44 ( MAN pcal cd 244, RT = 1.16 min.
Internmedi ate 2G Preparation “of
4S(ep- hnPrepardtibh whr(@phtoeks)yl pi2-iridiuvoe@ethdriendit-Aiylpacetic acid
othvl &k 4- Am no- 3-f | uor ophenoxy) pyridi ne-2-carbonitrile
y e(s ) was prepared by a nethod anal ogous to that
described for 4-(3-andsEphenoxy)
pyrldlneZg;ggbo 3 O, startlngfrom
4-am no- 3-f| uoroph! 4- chl or o- 2- cyanopyri di ne,
MS ES: 230 ( M+, ] b, RT = 2.85 min.
| nt er medi ate 2H Preparati on ‘of
4T ¢ 4- shation-E-dthyl qd efiieptexyl)acetate (760 mg, 3.6 mmol) in DMF (10 mL)

r.idine-2-carbonitril ed-(4-Am n uor ophenox )
was aff i S ire Btk (s e AL  Biiap Ty SRR Frggiore was
stn‘reda;ﬁalt @@OB@ ntif), theAU-Heserd- Qﬁ’ﬂlof&ﬁetﬂyl(@rﬂﬁﬂenmb% X3 mmol) was
-2-carhoxam de (2C), starting from

added AafFﬁr hgatiierat J<9r SptE ol i Bisueeny &y Rvped gRiRJRS Miatsr Ad extracted
with ei31 ’%@etat%30ﬂfe'\@"i§gﬂic 157k Q/e?eg@ashga- Wlthzwgér Tha- bnne tk(>en dried over

I nt er medi at e  Preparation of 4-(4-am nophenoxy
Sodlurpyﬁulﬁﬂtmeané candsatpted| ire vacyx- Afhhaorstsisiiexyps purified by column

chromQéér aghgeélgtu%a{wﬁﬂrl'o eds(% reelﬂf}@ é&ﬁ%\?%ﬁﬂ %E &d O%% ﬁll H‘Egohﬁl%nyl) (2-

trlﬂuopynepthiylrpe/;@}re&ryb)ea(am deid(QIG) eswt as hlvntgous yellow oil (440 mg, 41%).

"H NMR (CHCls-d) & 8.70 (d, J = 5.1 Hz, 1H), 8.23 (m, 2H), 7.63 (m, 1H), 7.50 (m, 2H),

7.44 (dd, T =5.0, 1.6 Hz, 1H), 5.15 (s, 1H), 4.27 (q, = 7.0 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H).
Step 2. Preparation of 4-(4-nitrobenzyl)-2-(trifluoromethyl)pyridine

FaC Z

Nx

NO,

To a solution of the product prepared in Step 1 (440 mg, 1.24 mmol) in methanol (13
mL) containing a drop of water, was added powdered LiOH (36 mg, 1.5 mmol) and the
mixture was stirred at rt overnight. The mixture was concentrated to remove the methanol,
diluted in dichloromethane, and washed with water. The combined organic extracts were
dried over sodium sulfate, concentrated in vacuo, and purified by column chromatography
eluting with 10-25% ethyl acetate in hexanes to give 4-(4-nitrobenzyl)-2-
(trifluoromethyl)pyridine as a light yellow solid (100 mg, 29%). "H NMR (CHCI3-d) & 8.65
(d,] =4.7Hz, 1H), 8.21 (m, 2H), 7.49 (s, 1H), 7.35 (m, 2H), 7.28 (m, 1H), 4.18 (s, 2H).

Step 3. Preparation of the title compound
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from 4-am nophenol and 4-chl oro-2-cyanopyridi ne, M
ES. 212 (M+tH)+, calcd 212, RT = 1.23 mn. >

WO paoeroedi at e 2J: Preparation of PCT/US2006/008779
{3-fluoro-4-[(2-methyl pyridi n-4-yl)oxy] phenyl }-am ne

- Flyoro-4-[ (2-nmet hyl pyridi n-4-yl)ox he .-am ne
E% . S3f g%éqrbaar 9% é?ﬁépg?o [ é}oib Wé]% F%{L@H%a,]%\tlth nitrogen then
diluted 85 6thhiRaq21:Ar). 45 6Auddi B ggjﬁfiﬁ’%é(ﬂenzyl)—2—(ftriflun%romethyl)pyridine (100

pyri di ne-2-car boxam de , starting fro
mg, 045mimed). I ethaen] dghahdland myriginen(1dr me2 OchBamapsy) db mebsequently

a5 18 A8t S o o iy e

on thepflesky| [Tharmineire -ws Lired 4at nit toveinégin ehen (iftei®d dhrough. Oelite® and

I d i um t 12 , 1 86.8 0| .
concelfTigl 386 o0 B RirTote e (BueRe i Pt B g R afea ec
plug, d&ifgowitR 50-1087Methiioxyphentexbfes?lo give 4Q20riABIoMeMRE -pyridin-4-

added and the m xture was stirred vigorously at 125 0C

ylmetdy plpnplamips & dewsicoRslesnol {76 MESTERIHHRAGHGhahvBE.57 (.
" lamip c .
I =5 QR G, DA D, G D Mdon 209, B (D) AL, 5.57

(brs, 2). vacuum filtrati on and washed with water to give
11.7 g of the nitro internediate which was dried in
vacuo overnight. This nitro internediate (8.00 g, 32.6

Intermettihte 2@rsPiepangivaiad 4-@-nhiwibdnzgD S ridine-2drbéidadiet 0 a
fl ask chargﬁg with 10% Pd/ C (0.35 g). The reaction
m xture wasrtrugfieg ' ydrogen gas three tinmes and
then stirred ag_rty une hydr ogen at nosphere
overni ght. The catal yst” walHz enoved by filtrati on and

t fqi | . C r T esul ti.n

pér}ggilbi%é@éﬁ%\é@%é aﬁg&gﬁgjg&&%@gegéﬁﬁ%&?éﬁoﬁlﬁat{l% on to give

a white sol N@p y 8. 76 g, 96% . MS ES 216 (M+H) +,

cal cd 216, RT @ TLC (25% et hyl

acet at e-hexanew\ = 08 >Nbnt ermedi ate 2L:

Preparation of 4-] 4-.arri. no-3-(trifluoronethyl)phenoxy]
ph® i i spdutian of 4-(4-nitro-benzyl)-pyridine 1-oxide (1.0° g, 4.3 mmol) in

dichloromethane (9 mL) was added trimethylsilyl cyanide (2.3 mL, 17 mmol). After 5 min,
benzoyl chloride (1.0 mL, 8.7 mmol) was added dropwise and the mixture was stirred at rt
for an additional 30 min. Water (10 mL) was carefully added, followed by solid potassium
carbonate (2.1 g). After 30 min, the aqueous phase was extracted with dichloromethane and
the combined organic layers were dried over sodium sulfate and concentrated in vacuo.
Purification of the residue by column chromatography, eluting with 5-25% ethyl acetate in
hexanes, gave an orange oil. This oil was subsequently triturated with toluene to afford 4-
(4-nitro-benzyl)-pyridine-2-carbonitrile as a tan solid (353 mg, 34%). "H NMR (CHCls-d) &
8.63 (d, ] =4.8 Hz, 1H), 8.21 (m, 2H), 7.49 (m, 1H), 7.32 (m, 3H), 4.15 (s, 2H).

Step 2. Preparation of the title compound

10% Degussa Pd on carbon (40 mg, 0.38 mmol) was flushed with nitrogen then
diluted in ethanol (5 mL). 4-(4-Nitro-benzyl)-pyridine-2-carbonitrile (250 mg, 1.05 mmol) in
ethanol (5 mL) and pyridine (42 mg, 0.52 mmol) was subsequently added, and the mixture
was flushed again with nitrogen prior to placing a hydrogen balloon on the flask. The

mixture was stirred at rt overnight then filtered through Celite® and concentrated. The
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carbonitrile This material is prepared by a nethod
anal ogous to that described for preparation of 2C,

WG @onNgL from 4- am no-3-(trifluoi Onmet hyl) pherpol/uszede/008779
4-chl oro- 2- cyanopyri dine. Internmediate 2M Prepar ati on

pyrimdi oxy] phenyl } m ne Thi
residuyye F&%&ZVFQE ﬂaﬁc@fatwdgﬂ%%iﬁﬁ G Sii5c el PyE shame with 50-
100% @e58 hidiad if ﬁéxaﬂése %1% hqn- a%n@@enz%n)aﬁ;tridiﬂe ﬁfcamomtrﬂe (134 mg,
4- am no- phenol | or o- [ 'pyri m di ne.

61%).1" HEMMCHC@@NSS%@@{@ erfz éH) 746 (s, 1H), 7.30 (d, J = 4.8 Hz, 1H),

6.93 (é’i fé?%ﬁg%ﬁ%@% %15 %?ﬁfﬂt@%& boxam de

4- (4- Ami nophenoxy) - -(2-{[fer
t hyl I t hyl d 2-
Intervaelnle s Beenabas )ui}'f S CaP e e HREIDBIEe {0 hat

descri bed f @ 3oaninophenoxy)
pyri di ne-2-ca o>fa { I nt ermedi ate 2C), starting
from 4- ani noph {[tertbutyl(

di met hyl ) silyl] oxy} et hyI )c or opyri di ne- 2- car boxam de
W(E&mﬂl&ﬁhe(ﬂ\zﬁkw-% phbﬁi@ﬁdﬁ%&waﬁrapar@d@@ dvindthod analogous to that

te 20 Preparation

deserlﬁii F ‘% o2IBERPYA “PX&‘neWS?’rdéﬁ‘ﬁ'??‘éﬁb@ﬁm@dePr@Eér X3Hpg ofrom  4-
ammobﬂerfdl u@a 0 4@1@151}6%0%) yhidin®IM$ 8gheny (N[ ARt Bﬁ@@ nel, T@r 20,32 min.

solution of 4-ni robenzoyl chloride (2.3 g, nmol )

in nitroethane (20 nL) was added al um num chI or| de

f @4l ) 3 . .13

Tnterieiii RS ke o e G o B L PRAEP-plen Hafime

quenched care W t4 6M HCl . The reaction m xture

was washed with dilu gueous NaOH and brine, dried

over sodi um sul¥at e, t®Hed, and concentrated in

vacuo tl provid i‘ge crude product as a |ight yellow
B EDITREPSSHT ShplPhendempy wasarsrared 1 3 efiod analogous
to thatfde%ﬁﬁé@f@PWZ Eﬁ]@réﬁﬁetﬁﬁ—%ﬁﬂﬁﬁ Q- ﬁﬁﬁﬂb&ll))l?_}lle&ﬂ/%mme Intermedlate

ni trophenyl ) - nmet hanone” (2.0 g, 659
2P), sigrtggfrorg etipyl (4rpitplpenyd) agetatergnd 2- chloro 4-nitro- pyridme H N R

(CHCl3-d) 68.23(dd, J=5.1, 0.5 Hz, 1H), 7.11 (m, 1H), 7.01 (m, 1H), 6.95 (m, 2H), 6.65
(m, 2H), 3.83 (s, 2H).

Intermediate 2T: Preparation of 4-[(4-bromopyridin-2-yl)oxyJaniline

N._ O
JCL
U,
Br
A solution of 4-aminophenol (1.86 g, 17.05 mmol) in anhydrous DMF was added to

2

a suspension of potassium z-butoxide (2.10 g, 18.75 mmol) in DMF. The mixture was stirred
at rt for 1 h. 4-Bromo-2-fluoropyridine (3.00 g, 17.05 mmol) was added into the reaction
mixture and it was heated at 90 °C with stirring for 20 h. It was cooled down to rt and 100 ml
of water was slowly added to quench the reaction. The reaction mixture was concentrated in
vacuum to provide a residue which was extracted with EtOAc (3 X) and washed with water
(3 X). The organic layer was dried (MgSO4) and concentrated to give the crude product,
which was purified by flash chromatography (Hexane:EtOAc=6:4) to provide 1.02 g (23%)
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IH, 7.84 (m IH, 7.20 (m IH. Step 2. Preparation
of | -fluoro-4(4-nitrobenzyl)benzene To a sol ution of

W@ 2e0bl0e2B0- phenyl ) - (4- ni trophenyl ) - met hanone (RCOU8Z006/008779
8.2 mvol) in dichloronethane (16 nL) at 0 0C was added

trifl fonig id (1.4 n, 16 [) i .
of the gReHET S aTnang SEaeY rehe SISCBE 7ep SHEGD e FHlBC#as & mAes2 min;
TLC (ﬁ{%xgﬁa/]gtb%dy@m )%fl_no,gg.chl oronet hane (16 nmL) was

subsequent|y added dropwi se, resulting in an exotherm
After 5 m n additional trifluoronethanesul fonic acid

Inten{le:dlléttehy &r ‘(051 w&%q%gﬁorgﬂek%r%gb -¥lg)oxy|#e]m1¥1ur o

was St i rredCE:t then poured into cold
saturated sodi i caate and extracted several
times with di CH o OIne The conbi ned organic

extracts were dried over so fumsul fate and
cAndht(5at@x derga\wezdumluti%tmr off #eatingrhebyl ¢4l @lgn 0.38 mol) in N,N-

dlmethr}lz ﬁagg&)eg é%\gﬁ }(f}]-ﬁ oW gr??té\%tvgpgaé'tgg/sngrtgh%ﬂm% 363 8{1(;‘1 dnrred while
warmif@ 66 200°C. 1494solulibn Wﬁa(xﬁ@:ﬂub)ro-d t8iflbdropmth@pdridide 840 g, 0.36

) 2H)., 7.12 2H), 7.01 (m,  2H), 4.06 (s, 2H), o
mol) 1%%&6’[@%%@? S vef oo @ﬁféﬁd?élﬁiﬁaa sl died at 25 °C
for 18 %0IThHeirOtti8h miRBrOHasteh cBARRBHRE ih RacelotMddhd A8RIEas added to

1.1 nol) in ethanol (4 nL) and water

vigoroyely sHIREY Grrigoider  LaBBreppitatsd solidkmiiere %ECE%nwmn filtration
and waiHe@ i€ i gﬁ)ﬂgﬂol/&he} 1ﬁg%ﬂowg@%gnegﬁéf:rt+t eré’%ﬁeSt’f‘hre gﬁﬂilow tan

at 85 0C f h, cool e ort, throu
solids @ete dridrtp.affbiné 72i8| g €720 ofiaproductc Sl NMRe(MBORd4i § 526ds, 2H, -

o, kg DRSO BTl 0 et 308 9%, .5

(d, THCONERNIVISIES2 5 N(MABY0 ciled 259, RIE-1.66 min. ,
4- (4-1luoro-benzyl)-phenyl am ne as |ight brown oil

whi ch crystallizedupon standing (150 ng, 67% . 1K NWR
Internﬁe@'ge Q‘V )Prgl_s)grajﬂ%n(df‘m&ﬁgl’4 gl %ﬂdﬂheﬂbﬁy)p?rlﬁﬁle(ﬂal%@(ylate

Nenend

Step 1. Synthesis of methyl 4-chloropyridine-2-carboxylate HCI salt
O

Cl
I X OCHjg
N HC!

Anhydrous DMF (10.0 mL) was slowly added to SOCI, (300 mL) at 40-48 °C. The

solution was stirred at for 10 min., then picolinic acid (100 g, 812 mmol) was added over 30

min. The resulting solution was heated at 72 °C (vigorous SO, evolution) for 16 h to
generate a yellow solid. The resulting mixture was cooled to 1t, diluted with toluene (500
mL) and concentrated to 200 mL. The toluene addition/concentration process was repeated
twice. The resulting nearly dry residue was filtered, and the solids were washed with
toluene (50 mL) and dried under high vacuum for 4 h to afford 4-chloropyridine-2-carbonyl
chloride HCI salt as an off-white solid (27.2 g, 16%). This material was set aside.
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Internmedi ate 2P: Preparation of
4-(2-trifluoronethyl-pyridin-4-ylnmethyl)-phenyl am ne
W®EL@p/09923Pr epar at i on of PCT/US2006/008779
(4 ni tro-phenyl)-(2-trifluoronethyl - pyridin 4-yl)-acet
acid ethy] ester To a soJ ution_of
ﬁh retdrfblsﬂf@rfwwéév%ws 445 fogVeQHg( mﬁm@/& Pl T whidh kept the
mternzﬂ‘fémﬁ@ﬁu@l‘i@@w 68%s oﬁl‘léjéﬁn@ﬁ@é' WQI% stikéa al'H 'f0134§11m0))}ed to 5°C

le reaction m xture was stirred rt

and t@@edeﬁh Et:t% ﬁfmder@msq r The wsplsimgtselifls pyrd ﬁltcrred (‘Emhed with
Et,0 KQ)O %n]gj ml arlé@%nﬁgrd %gd g@é ﬁ@%ssﬂ?eatalt a %(8 g%v{d%r [n%dhyl 4-

ure was poure I'ce Water and Bxtrac
chlorowmdhnefzmﬁtboayblteawjl Sete apmgwhite sbhy i $0 vipra&S %ashed 08-112 °C;

o BSOS r P eiadd ke b Rk M r 2y
8.68 (d: CYESJSYH& HEDES. @&(Iﬁl@hYH) VIS ESI M- Q228 %7et hy|

aiue i n hexanes, gi ve (4-nita>phenyl)-(2-
3?@%@FHVFﬁ69QV@ﬁ?PWP%HH? acetic acid ethyl ester

aMeﬁl_}fY' @—S&Hﬁuﬂcﬁ%k%y%;lncﬁﬁe‘}@ C%oxﬂﬂf@ W&% %aﬁe@"'@ﬁ aJ hnethod
analogppg to t;hag QGS(CﬁpeQ fgr 4- ?3—mlr(o@benoggy): p5r1@me j_Z (@rqu(am1 (ZC) starting

£ , : 7 7.0 Hz, 2H), 1.30 (t, J =
romt@ %%Eé& Oéils—‘;é%l Aﬁd% %eﬁla} ation of
4-(4- nltrobenzyl) 2- (trifluoronmethyl)pyridine To a
SOk Ut | of ..th rodugt prepared in Step 1 (440 ny,
259Eﬁ?%ﬁ?ﬁ%i&ﬁ?H#ﬁLﬁgﬁﬁ%Tug (13 nL) containing a drop of

wat er, was added povvdered LiOH (36 ng, 1.5 nmmol) and

e BT 0" T S e bt F b

pyrlmmlﬁahm.qmﬁ,@ne and washed with water. The conbl ned
organi c extracts were drl ed over SOdI um sul f at e,
concentrated in .«o | d by col um
chr omat ogr aphy el -25 oethyl acetate in
hexanes to gi veHN- (A-nltro enzyl) 2-

(trifluoronethyl yr|d| ne as a light yellow solid (100
ng, 29%. 1H N 3-J) d 8.65

Chloropyrimidine 1A (75 mg, 0.35 mmol) and aniline 2A. (72 mg, 0.35 mmol) were
suspended in water (2 mL) containing concentrated hydrochloric acid (0.1 mL) and stirred at
100 °C for 17 h. After cooling to rt, the mixture was neutralized with 1 N aqueous sodium
hydroxide and stirred for 20 min. The precipitate was collected by filtration and purified by
silica gel column chromatography (0-5% methanol-methylene chloride) to afford 43 mg
(32%) of the title compound as a yellow solid. "H NMR (DMSO-dg) 6 9.34 (s, 1H), 8.31
(d, 5.7 Hz, 1H), 7.91-7.93 (m, 2H), 7.86 (d, J = 8.8 Hz, 2H), 7.45-7.47 (m, 3H), 7.07-7.09
(m, 2H), 6.76 (d, J = 2.3 Hz, 1H), 6.68 (dd, J = 5.6 Hz, 1.3 Hz, 1H), 6.49 (s, 1H), 6.37 (b,
2H), 2.69 (q, J = 7.6 Hz, 2H), 1.19 (t, ] = 7.4 Hz, 3H), MS ES 384 (M+H)", calcd 384, RT =
1.87 min; TLC (5/95 v/v methanol-methylene chloride) Re= 0.41. The reaction mixture can
also be purified by preparative HPLC using an elution gradient from 15% to 85 %

51



10

15

(d, J = 4.7 Hz, IH), 8.21 (m 2H), 7.49 (s, IH, 7.35
(m 2H), 7.28 (m IH), 4.18 (s, 2H). Step 3.
woe@payesi on of the title conpoundl10% Degussa IRUI/US82006/008779

carbon (15 ng, 0.14mml) was flushed with nitrogen

then diluted in ethanol (2 nL). A solution of
acetonirifeqin iy aterspaianing 0.2-% (144 pyes o meinhwirh Byanodieaex Lumo5 py 18 150

i, et hanol ri;dine (14 ng, 0.18

x 30 il S ARG b RecBhO RN PR ales Y FUE L e e was
f Byustisdhvagaithe wikle hcompoundein pii i apprdppiap scdverd such as MeOH or

. hydr.ogen |l 0o fl . The mxture was stjirred
diovargy SFRGTlnpitEE | ABrHE I of S0 RPSISOHICT (et rdapiation, the
corresFSNIGHMCRSEethdRBuif@skalsi: MaplMépsol ved in et hyl

acetate and filtered through a silica gel plug,
eluting with 50-100% et hyl acetate in hexanes, to give
( j 11V UIN G SNV AU o INTa N ROV 5 ryl am ne
Bxamflle 2 Pl o8 BT TALCRNffy B dainct 3PV ipheRIRS
phenylorgniline-24-daming d, J = 5.0 Hz, IH), 7.47 (s, IH),
7.26 (m IH), 6.93 (m @gH), 6.63 (m 2H), 3.92 (s,
2H), 3.57 (br s, 2 ntgr ale 2Q Preparation of
4-(4-an1no-benle i di Re=R-carbonitrile Step 1.
Preparation of N
4-(4-nitro-bengyN.-pyridine-2-carbonitrile To a
sol ution of 4-(4-rjtro-benzyl)-pyridine 1-oxide (1.0
g, 4.3 mml y,NNH ChyBronet hane (9 ) was added
trimethylsilyl cyanide £2.3 nlL, 17 mol ). After 5 mn,
benzoyl chloride (1.0™nlL, 8.7 mmol) was added dropw se
aswtihdrromi chllatbpyrwvarlisd 1A raad aadling 2B, ¢iiis admpolehidt wanplep@aed by a
mn. Water (10 nL) was careful |y ,added, followed b
method gnplagqystia diat desaibes damEgample 1.y H MMR (ONISOriq), St%@ (s, 1H),

ue h 1 Vit ' et d
525 (FRUPSYR ISR 5 £ BhPHONTLE f SThP1 DI A0 o
= 8.9 Hul| 3B 6.73r(d, Lericebizr &Had.6h6y0&dun 1 Hue 47 i(s dtt)oh.361(s,t 2, 2.37
B85 l.uem_ch t a el utd Lth 5- 25%
. TGS 8 (T G0 ST R 20 o, O B e

chloridea R sWBequent |y triturated with toluene to afford A-

Example 3: Preparation of 4-{3-[(2-amino-6-phenylpyrimidin-4-yl)amino]phenoxy}

/@ P
NH
HN 0" NF 2

O

pyridine-2-carboxamide

N/
J%l

HaN~ N

Starting from chloropyrimidine 1A and aniline 2C, this material was prepared using

a method analogous to that described for Example 1. 'H NMR (DMSO-ds) & 9.43 (s,

1H), 8.50 (d, J = 5.6 Hz, 1H), 8.12 (s, 1H), 7.88-7.90 (m, 2H), 7.75 (t, ] = 2.2 Hz, 1H), 7.70
(s, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.43-7.46 (m, 4H), 7.38 (t, J = 8 Hz, 1H), 7.19 (dd, J = 5.5
Hz, 1.5 Hz, 1H), 6.75 (dd, J = 7.5 Hz, 1.0 Hz, 1H), 6.48 (s, 1H), 6.38 (b, 2H); MS ES 399
(M+H)*, caled 399, RT = 2.64 min; TLC (5/95 methanol-methylene chloride) Re =0.27.
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(4-nitro-benzyl)-pyridine-2-carbonitrile as a tan
solid (353 nmg, 34%. 1H NWR (CHO 3-<i) d 8.63 (d, J =
wa2@eh9231 H), 8.21 (m 2H), 7.49 (m |H), 7.32PCTHUSBbBH/008779
4.15 (s, 2H). Step 2. Preparation of the title
conmpound 10% Degussa Pd on carbon (40 ny, 0. 38 nnDI)
was flushed with nitrogen then diluted in ethanol
Examﬁiieh M%,%éi«atﬂbﬁ E)Pﬂ{SflwhﬁurR%Jgfliﬂeﬁflp@rﬁﬁﬂﬁpm l)ﬁhhﬁ%g%@@oxy}-zv-
i n et hanol and pyridine
methymﬂﬁlnﬁ@fcﬁrhwwdbsequentIy added, and the mi xture was

flushed again with oge rior to placing a
hydr ogen bal | oon o as The m xture was stirred
at rt overnight N h Celite(r) and

concentrated. Th reS|due was ed in ethyl
acetate and fi e
eluting with 5@

d through a S|I|ca gel plug,
0%.ethyl acetate in hexanes, to
gi ve 4- (4-ariMo-Nen pyridi ne-2-carbonitrile (134
ng, 61% . 1H NWR ( -d)d855(d J=52HZIH)
7.46 (s, IH, 7.30 J = 4. H), 6.93 (
Startigg froglp.v: log)m(gm(l ne JA=argl 2211].1.}26 ZQH)hls @a@g}a]( gas Qqq))aled using

t rea
the meh{})(i & Igrﬁng[lntgp a%?}))(leli Pﬁﬁ% r gﬁgﬁ%@ 8 9.43 (s, 1H), 8.76-8.79 (m, 1H),
8.50 (dﬂ;-](ﬁ SMHIa,op]H)a rV(BGﬁ 92<(gh I2H|) ORYS i(difne 2\06Hz pHEp Ar9d(doy =a7.9 Hz,

11D, 7B B ooty 4 P b L B By B, = 8.0 iz, 1.0

Hz, 1}13t @ﬂg I(sﬁgnzr@ax {s, 2ﬁmm{zaggeg§14 B, 3u: qu:m @rp@amw Bflcd 413,

0.32
RT=2%ht @thé'ar‘at(é@@ giettpnglmedyico Cbbrlde) R(=01
4- (2-chl oro-pyridin-4-yl nethyl)-phenyl am ne
4- (2-Chl oro-pyridin-4-yl methyl)-phenyl am ne was
prepared by a nethod anal ogous to that described for

Exami 6 PSR SR R iR ot liER PO BREILEE 1 )
phenyhpyeimidinad- (Iiamhleoro 4 nitro-pyridine. 1H NVR (CHC 3-
) d 8.23 (dd, J = 5.1, 0.5.Hz, IH), 7.11 (m IH) 7.01

(m IH, 6.95(m 2H, 66§ (m 2H), 3.83 (s, 2H).
l\

HN N

N/
/k\l

HoN~ N

Staring from chloropyrimidine 1A and aniline 2E, this compound was prepared by a
method analogous to that described for Example 1. H NMR (DMSO-ds) & 9.24 (s, 1H),
8.63 (s, 2H), 7.88-7.90 (m, 2H), 7.74 (d, 1 = 9.0 Hz, 2H), 7.43-7.46 (m, 3H), 7.03 (d, J =9.0
Hz, 2H), 6.44 (s, 1H), 6.31 (b, 2H); MS ES 392 (M+H)", caled 392, RT = 2.27 min.

Example 6: Preparation of 4-(4-amino-3-fluorophenoxy)pyridine-2-carbonitrile

hydrochloride
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Internmedi ate 2T: Preparation of

4-[ (4-bronopyridi n-2-yl)oxy]aniline A solution of
wa2@aovephenol (1.86 g, 17.05 mmol) in anhydr oRST/DE4606/008779

was added to a suspension of potassium -butoxide (2.10

g, 18.75 nmol) ir} DIVF. &he m'xf: re was stirred at rt

for 1 h. 4-Brono-2y#A 4o i e (3.00 g, 17.05 mmol)
was added into theiLeactign Jx xture and it was heated
at 90 OC with sHNfring for 20 h. It was cooled down to

rt and 100 M of \water was slowy added to quench the
reaction. The r‘\bacl ion m x}_‘B('Me] was concentrated in
vacuumto pﬁq\Y’i’L&‘ﬁ aFes| due ich was extracted with
Et OAc (3 X) and was 'th water (3 X). The organic
| ayer was dried (MgSO% and concentrated to give the
CStdH R PrOdUH oropit eV BE RHTA{iRDGY tid dBerial was prepared by a
chr omat ogr a%hy 2xane: Et OAc=6:4) to provide 1. Oé) gp

method 2gekpppust ieethpndeserieadl for Example la 48kt 8w rseftics. wasc@Eaplete, the

slid. i AARTERY g g S MED 45 ity Bt ', gppound. 11 NMIR
(DMSBF(QF)?FH@Q)%(BF ®koad, 1HF1 1|0.51 (s, 1t()jr_oad,Ale)l ]8.63 (d, J _=I 6.0 HZA 1H)i 3.07 (s,
A4-{[2-(trifluoromethyl)pyridin-4-yl]oxylaniline A co
broad, (Fb! G5 (ry@lhols S0 4ot 461150 18D, 68 abhenb (qis1 51 52 1z, 2.4
Hz, 119, 3801@! 1= 812 iy, Néh e { Sy Ag etgde; 6390 1?1'),Lé.sm§bro\%g,l 1H); MS

treateg W th potassiumtert-butoxidc and stirred

ES: 3908 Mrithg, qabr PR RT A 25 mit. on cont ai ni ng
4-fluoro-2-trifluoronethyl pyridine (60 g, 0.36 nol) in
di net hyl acetam de (150 nL) was slowy added and the

Exampiestt ¥ 3vilisorotd-F(2 eletayl i3 5iddG 4t djoxyiplieny ke phesdpyimidine-2,4-

diamiﬁ% xture was then concentrated in vacuo and the residue
was added to vigorously stirred water ( 1 L). The
precipitated solids fere coll ected by suction
filtration and washegd woth 4.sopHgpanol /et her (1:1)
foll owed by ether hex ne:l The yellow tan solids
were dried to affers72.8°¢2(79% of product. 1H NMR
(DVvsd 6) d 5. 20 (s, 2H, - NH2), 6.62 (m 2H), 6.86
(m 2H), 7.04 @

IH, /=5.6, 2.4 Hz), 7.24 (d, IH
7=2.4 Hz), 8.54_ IH 5.7 Hz). MS ES 255 (MrH) +,

Starting from chloropyrimidine 1A and aniline 2H, this material was prepared by a
method analogous to that described for Example 1. 'H NMR (DMSO-ds) &6 9.54 (s, 1H),
8.24-8.30 (m, 2H), 7.19 (dd, J = 7.6 Hz, 2.4 Hz, 2H), 7.44-7.48 (m, 3H), 7.23 (t, ] = 9.2 Hz,
1H), 6.70-6.76 (m, 2H), 6.49 (b, 2H), 2.41 (s, 3H); MS ES 388 (M+H)", calcd 388, RT =
1.70 min.

Example 8: Preparation of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]

phenoxy}pyridine-2-carbonitrile
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I nternedi ate 2V: Preparation of nethyl

4- (4- am nophenoxy) pyri di ne- 2- car boxyl ate Step 1.
w®bherss of nethyl 4-chl oropyri di ne- 2- car boxgeHUS206KD08779

salt Anhydrous DMF (10.0 ni) was slowy added to SOC 2

(300 nL) at 40-48 OC. The solu on was stirred at for

10 m n., then picold4 O g, 812 mmol) was
added over 30 min. regultN ng solution was heat ed
at 72 0C (vi gorHNnS evolUtion) for 16 h to generate

a yellow solid. e resulting mxture was cooled to
rt, diluted w
200 nmL. Theyt\ eidi t i on/ concentration process was
repeated tw ce, i

filtered, and the so s vvere washed with tol uene (50

e AR SDN BUT, r  «

metho@fahaldfduseo sioit iddsciidéd %@xal@ﬁs 1. IHH\HVIRB(DNIS@L%W&S EE’V?) (b, TH),
aside. The red filtrate from above was

10.85 (B GHDnBp6 48 L=10a0 ElzahHyr/- %Bt%t(ﬁb 2t %ﬁﬁﬂl 85[ @Wp%ﬁlhﬂt?rle(d J=
2.4 Hi?quan 853- 7%7 @%HPW'E‘E@ JWeg 8 134 idied 18ty 51 gEOEI;ITf% 65 (s, 1H);

nin,~ cool ed d'treated wth Et20 (

MS EipdhWsH)", vhled B8LRT Frig2Xmin.ds were filter ed washed

wth Et O (200 nL) and dried under reduced pressure at

35 0C to provide nethyl Achl oropyridine- 2-carboxylate
Example|9: Paxbparation of i Be{[ 2-aliino-643dugyl) iaihidingd-fiiEninbPplgoxy)-

6) d.3.88 3H): 7.82 (dd, /=5.5, 2.2
N‘me‘iig'kpy%‘ggg‘sﬁgb?’%?mﬂ_z 2 I(—; |E)|) 8. 68 Ed, /=5.5 Hz,

10.68 (br s, MBS ES\172 (MrH) + cal cd 172.
Step 2. Preparatlo th

conpound Met hyl
4- (4- am nophenonp) pyr1 dohes Fbwxgl at e was prepared

by a nmet hod anal agous to that descri bed for

4- ( 3-am nophe ﬁfxﬁil pyri di ne- 2- car boxam de (20C),
starting fr

Preparat i on

oduct of step 1 and 4-ani nophenol.
Starting from chloropyrimidine 1C and aniline 2D, this material was prepared by a
method analogous to that described for Example 1. “H NMR (DMSO-ds) & 9.37 (s, 1H),
8.77 (d,J=5.0 Hz, 1H), 8.50 (d, T = 5.0 Hz, 1H), 8.11 (s, 1H), 7.71-7.74 (m, 2H), 7.56-7.59
(m, 1H), 7.43 (d, I = 4.0 Hz, 1H), 7.36 (t, ] = 8.0 Hz, 1H), 7.16-7.18 (m, 1H), 6.79-6.80 (m,

1H), 6.72-6.73 (m, 1H), 6.29 (s, 2H), 6.22 (b, 1H), 2.78 (d, J = 5.0 Hz, 3H); MS ES 403
(M+H)", caled 403, RT = 1.99 min; TLC (5/95 methanol-methylene chloride) Re= 0.27.

Example 10: Preparation of 4-(4-{[2-amino-6-(3-furyl)pyrimidin-4-yljamino}-
phénoxy)-N-methylpyridine-Z-carboxamide
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Exanpl e 1: Preparation of L"-{4-[(2-ethylpyridin-4-yl)
oxy] phenyl } - 6- phenyl pyri m di ne- 2, 4-di am ne

w@hdoeogpyr i mdine A (75 ng, 0.35 mmol) and anPdT/DE2086%008779
(72 mg, 0.35 nmmol) were suspended in water (2 ni)
cont ai ni ng concentrated hydrochloric acid (0.1 nmL) and
stirred at 100 OC for 17 h. Afffer cooling to rt, the
m xture was neut r aLFzed w 4ffaeous sodi um
hydr oxi de and sti rfor |20/mi 4 The precipitate was
coll ected by filNTatifon an

Huri fied by silica gel
col umm chr omat ography (0-5% net hanol - net hyl ene
chloride) to aftfor

43 ng (32% of the title conmpound

as a yello iﬁﬁ*ﬂ 1H NVR (DVBO-J 6) d 9.34 (s, IH),
831(d5 | 791793(m2H) 7.86 (d, J =
8.8 Hz, 2H), 7.45-74P (m 3H), 7.07-7.09 (m 2H),

6.76 (d, J = 2.3 Hz, 1H), 6.68 (dd, J = 5.6 Hz, 1.3
Fotartinglfyond clgrapyrinditipe 1€ 8id 4nidline22¥,,thi2 ngBeriad , wa$ prephrdl by the

method G 40 8F dbscribad Tor xanpple 1o orb ANTRODMSS-d5) 5 9131 s, 111,

8.76 (dret=hsn ol MRS, 'M?e(aeJ chd. @szﬁ)l) |§‘f121SO114)17 g5he, 1 e3¢t Hemm), 7.74
m xture can ‘al so puri f eparati ve HPLC usin
(s, TR 36 (1 1 58 PEATENG - J0r bi (508K 5l Dbl Eni (3 PE) 623 &, 11D,

er 3 h

278 (o £ 3B 3 0 A5 B 0T L R N 2 PRETRIEEEC (s
methaigdmpasuyldneachigride) RFAOs26.t . By dissolving the title

conmpound in an appropriate solvent such as MeOH or

di oxane, addition of either 1 NHO or 1 N
ExampletifiaResuarfition of A&{4}(4-aftdohenoxpiphenyl] -6hshenylpyrimidine-2,4
correspondi ng HO or nethanesul fonate salt is
7Sol ated. Exanple 2: Preparat| on of

LA-{4-[ (2- et hyl pyri ©4- oxy] phenyl } -6
phenyl pyri m di ne- 2 o a St ating from

chl oropyri m di ngy §02B, this conpound was
prepared by a rre hod anal ogous t% that descri bed for
Exanple 1. 1H N I(DI\/ISC}J 6) d 9.31 (s, IH),

NS

HoN" N

diami

Starting from chloropyrimidine 1A and [4-(4-nitrophenoxy) phenyl] amine, this
material was prepared by a method analogous to that described for Example 1. "H NMR
(DMSO-ds) 69.36 (s, 1H), 8.23 (d, J = 9.2 Hz, 2H), 7.87-7.93 (m, 4H), 7.43-7.48 (m, 3H),
7.08-7.12 (m, 4H), 6.49 (s, 1H), 6.37 (b, 2H); MS ES 400 (M+H)", calcd 400, RT = 3.01
min; TLC (5/95 methanol-methylene chloride) Ry = 0.67.

Example 12: Preparation of N ~[4-(4-chlorophenoxy)phenyl]-6-phenylpyrimidine-2,4-

diamine
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8.25 (d, J = 5.7 Hz, IH), 7.89-7.92 (m 2H), 7.83-7.86
(m 2H), 7.42-7.48 (m 3H), 7.04 (d, J = 8.9 Hz, 2H),
W@E208/09431 J = 2. 4 Hz, IH), 6.67-6.69 (m |H), BCHUSI086/008779
IH), 6.34 (s, 2H) 2.37 (s, 3H); MBS ES: 370 (M+H)+,
= 1.41

cal cd 370, RT .41 m ; TLC (5/95 met hanol - net hyl ene
chloride) Rf = O 3 Preparati on of
4-{3-[(2-am no- 6- d|n 4-yl)am no] phenoxy}
pyri di ne- 2- car bo am de Sta tirfg fromchl oropyrimdi ne
A and aniline 2C _this material was prepared using a
nmet hod anal ogo S tlo that described for Exanple 1. 1H
NVR ( DMBO- J '.4 IH, 850 (d, J = 5.6 Hz,
IH) 812(2I|—Bl 790(m2H) 7.75 (t, J = 2.2
7.70 (s, Z7.60 (d, J 8.4 Hz, ,

Hz, | H)
Stamng f%ﬁgﬁ:.éﬁoﬂflﬁgn égpe ]I%a?f@ gf g4 ctélg op%ﬁﬁgxy,} Ip?):r'l_éli aﬂ'l%lé; %iis rlaterial

was pieghred6byd (mssthadanalegds (b tham—ble;scmiﬁlsma(xml«p-l)k i NMR

s el B L P KT 0GR 8, 7.

(m, 3H; {7539[((125@478 a%@ -JHhe BYIoP, | 4T I6r1r64csyhmr6 BRI PENOXVIS ES 389

p di ne- 2-"car boxam de
M oL H A5 e B (AR aVbiaes s HLDS? Br =G
prepared usi ng the method simlar to Exanple 1. 1H NWR
(DMSO-J 6) d 9.43 (s, IH), 8.76-8.79 (m IH, 8.50 (d,
Exampue 135Pgeparationpf N4[46+-metitoxyphenoty)pleny-¢-pheaylpyrnddine-

IH), 7.59 (d, J = 7.9 Hz, I|H), 7.42-7.47 (m 4H),
24d‘af“fé‘§(t, J=80H, IH, 7.17-7.19 (m IH, 6.75 (dd,

W

8

J =8.0 Hz, 1.0 IH), 6.38 (s, 2H),
2.78 (d, J = 4.8 H’13(I\/H—|)+ cal cd 413,
RT = 2.13 mn; 3met hyl ene chl ori de)
Rf = 0.31. Exanple 5: Preparat|on of

-{4-[(3,5-di N opyri di n-4-yl) oxy] phenyl } - 6-

LA
phenyl pyri m dl/dng

Starting from chloropyrimidine 1A and aniline 2K, this material was prepared by a
method analogous to that described for Example 1. 'H NMR (DMSO-ds) § 9.15 (s, 1H),
7.90 (dd, J = 9.6 Hz, 1.6 Hz, 2H), 7.70 (m, 2H), 7.44 (m, 3H), 6.93 (m, 4H), 6.88 (d, J = 8.8
Hz, 2H), 6.43 (s, 1H), 6.27 (s, 2H), 3.72 (s, 3H); MS ES 385 (M+H)", calcd 385, RT = 2.48

min.

Example 14: Preparation of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]-2-

fluorophenoxy }pyridine-2-carbonitrile

F
O xCN
HN I =N
N= |
H2N/,\\N
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Staring fromchloropyrimdine IA and aniline 2E, this
conpound was prepared by a nethod anal ogous to that

waele®enyded for Exanple 1. 1H NI\/R (DMSO-J 6) d Ec12/uf51(096/008779
IH, 8.63 (s, 2H), 7.88-7.90 (m 2H), 7.74 (d, J =

e pleial iy Progorsd ok iz fisfozelo t%m%fglb%dpﬁgﬂmple L

startingd@8m XM ard 2A27 m n. Exanple 6: Preparation of
4- (4-am no- 3-fl uorophenoxy) pyri di ne-2-carbonitrile

hydrochl ori deStarting fromchl oropyrimde I A and

Exampi€ hF‘ P Jl%@ltl&lh ££4- @T@[drﬁt ‘-’@- @ﬁflﬂnﬁdlﬂﬂ -§1) kS

ana tot at descr fter "t he
5 (trlﬂucrreamthjdhpham@éwrlétr@-z-tzméwgdhld was filtered and

washed with M to rQEI t|tIe conmpound. 1H NMWR
(DVMBO-J 6) d 1 H 10.51 (s, broad, IH
8.63 (d, J = lg 7(s broad, IH), 7.88
(m 2H), 7.79 ( =24Hz 7.66 (m 3H), 7.45
(dd, J = 11.2 Hz .4 Hz, 730(d J = 3.2 Hz,

IH), 7.16 (dd,
broad, |H);HMS
m n. Exanpl e 7:
-{3-fluoro-4-[(2-nmethyl pyridin-4-yl)oxy] phenyl }-6-phen
yilhsy rxiadrgil mepﬁ:pé,reddjyammeehcﬂ araogoys fto ¢mat described in Example 1,
startin %} ;ﬁe%“do dine 1A and aniline 2H, this material was
%3 i/TAa nmet hod anal ogous to that described for
Exan'ple 1. 1H NWVR (DMSO-J 6) d 9.54 (s, IH, 8.24-8.30
7.48
10 Exam[(lg}m,%ﬁgepayatz%n %{j N*- \54] L(ngzt?lggyzyr}rpbdm-é y}}yxgp}@nefﬁﬁ 6-2 H)
pheny?gﬂi?mﬁhle-iw)dlalﬁuﬂel (s, 3H; M5 ES 388 (M+H)+, calcd

m n Exanple 8: Preparatlon of

4-{4-1(2- arﬁnoGp 4y|)amno]
phenoxy} pyri di ne- 2 bon tr IeSt arting from
chl oropyri m di niéN and ani |ne 21, this material was

prepared by a N7

o]

HoN" N

.8 Hz, 16Hz IH), 6.82 (s,
MtH) +, cal cd 399, RT = 2. 24

This material is prepared by a method analogous to that described in Example 1,
starting from 2M and 1A.
L5
Example 17: Preparation of N -{4-[(2-methylpyridin-4-yl)oxy]phenyl}-6-[4-(2-
pyrrolidin-1-ylethoxy)phenyl]pyrimidine-2,4-diamine

O N CH
N
H2N)%N ‘/\>
o ™~N

Step 1:  Preparation of 6—(4—methoxypheny1)—N4—{4—[(2—methylpyridin-4-
20 yDoxylphenyl}pyrimidine-2,4-diamine
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15

met hod anal ogous to that described for Exanple 1. 1H
NVR (DMSO-J 6) d 12.73 (b, IH), 10.85 (b, 2H), 8.56

W@ 2006899236. 0 Hz, IH), 7.94-7.96 (m 2H), 7.83-FCBBESL00§/008779

2H), 7.71 (d, J = 2.4 Hz, IH), 763767(m 3H), 7.29
(d, J = 8.8 Hz, 2H), -7. 21 @B“ 6.65 (s, IH;

M5 ES 381 (MeH) +, : N 222 mn. Exanple 9:
Preparation of | _N
4- (3-{[2-am no-&IN'3-Turyl ) pyri m di n-4-yl ] ani no} phenoxy

)- -nethyl pyr|-2-carboxarri de Starting from

chloropyrimding 1€ and aniline 2D, this material was

pr epar ed byF%N 3l ogous to that described for

Exanplel 1 J 6) d 9.37 (s, IH, 8.77 (d,
.0 Hz, IH), 8.50Yd, O0HF 5.0 Hz, IH) 8.11 (s,

I lf'ﬁmdnﬁ%r]iall?lﬁ')?p%epﬁr%gz # mgthmi5 gl@gg?@ls tp |_t|51at él;es;@l?es;l f:(Pg'E(Jqqqfnple 1,

startnﬂg*ﬂ}om@FEﬁdQBSO (m IH, 6.72-6.73 (m IH), 6.29 (s,

2 622 IH, 2.78 (d, J = 5.0 Hz, 3H; M ES 403
aﬁﬂ) | cd Aoparghipn= 1, 9)@ m n4- [’jcf_@upg 4-[(2-methylpyridin-4-
éﬁ@[}g},ﬂﬁ@b%ﬁ%g 4°§Hﬂ?i'éhc9ie) Rf = 0.27. Exanple 10:

reparation

4-(4-{[ 2- am no- 6- di n- 4-yl ] am no} -
phenoxy) - i V- net hyI u di ng- ,ﬁar boxam deStarting from
chl oropyri m di ngiNICahd an e 2F, this material was

prepared by the
Exanmple 1. 1H
J = 5.0 Hz, X8

t hod anal ogous to that described for
DVMSO-J 6) d 9.31 (s, IH), 8.76 (d,
H Z J =6.0 Hz, IH, 8.12 (s,
| H), 785(d2J : 2H), 7.74 5 (s, IH, 7.36
(d, J = 3.0 Hz, IH, m14(m 3H) 681(s IH)

2
n/”éﬁw(t%?%% fipm S ajb%’els ghted with Pl il W@le@ giforide at

0 °C feethRN @lfr&*ﬁ&dﬂulugrh%d%hﬁ&atﬂﬁ)bﬂ pib1hd® - prexamRl §. E1W. McOmie

Pr epar ati on

and D). B[ Weplq -Ghet p%ﬁﬂbngﬁwcghéfﬁw Y- 61pH&AYDpyr thai dtisived Zompound is

obtaind® di am ne

Step 3: Preparation of 6—[4—(2—b1'omoethoxy)phenyl]—N4—{4—[(2-methylpyridin—4—

yDoxylphenyl }pyrimidine-2,4-diamine

jepon
HN N

N
HQN/'\\N
O/\/Br

To a solution of Step 2 product (1 equiv) in DMF is added 1,2- dibromoethane (1

equiv) and K,COs (3 equiv). The mixture is refluxed overnight. After cooling to rt, the
mixture is diluted with EtOAc and washed sequentially with 1IN NaOH, water and brine.
The organic layer is dried (Na,SO,) and concentrated to afford a crude product which is to

be used in next step without further purification.

Step 4: Preparation of the title compound
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Starting fromchloropyrimdine | A and
[4-(4-nitrophenoxy) phenyl] amne, this material was
w@e@pasedl by a nmet hod anal ogous to that descriPerusmne/008779
Exanple 1. 1H NI\/R(DI\/BOJ 6) d 9 36 (s, IH), 8 23 (d,
87-7.93 48 (m ,
L& iy o s I%?ﬁiiu% Hhom &tepe’ § eqqlﬁ) pyreolgdgn? 62 ey aiCO; (8
equiv)ER BF (Miiridtar @RbC %véﬁ@ght Rl é’ol@éht% E‘@ma_\lte@ e(rﬁi’ @1@ residue is

met hanol - net hyl ene chl oride) Rf . Exanpl e
dlssol'f:qd@,gaEtg)(Aco nTkg organic solution is washed w1th wate1 dried, and evaporated to

drynesg a’%ﬂén 5 éltdg? L1§R%\ﬂ@{%$d3ﬁ? %Hbglfa@%%/rliﬁ)h& égﬁ] i %ﬁ}cﬁycg)'rl]@nq 18 eaﬂ%tcfr the title

compduad( 4- chl or ophenoxy) phenyl] amne, this material was
prepared by a nethod anal ogous to that described for
Exanmple 1. ITHNWR (DVMSO-J 6) d 9.24 (s, IH, 7.90 (dd,

E 17183 Pirépar4tid Hz4 24} 2-arhid$64[4-(2-piperfdif-1-glet K
e e TR e Bl
pyrnm@@p- ;&amgl hwxymﬂlns%fsr il H) + cal cd 389, RT

= 2.78 mn; TLC (CH2d 2b_ 2 N Ni N MeOH 95/5) Rf =
0. 33 Exanple 13: Eir/gt onJof
L7- [ 4- (4- met hoxyphenro N ] - 6- phenyl pyri m di ne-
2,4-diamne Starging fromchloropyrimdine | A and
aniline 2K, thi terial was prepared by a nethod
anal ogous to t,ti@t i bed for Exanple 1. 1H NMR
(DVMSO-J 6) HM. 187 (s , 7.90c(ad, J =9.6 Hz, 1.6
Hz, 2H), 7.70 (m 2 44 N3H), 6.93 (m 4H),
688(d J =8.8 Hz, 2H), %6.43 (S, IH), 6.27 (s, 2H),
3THid if §nep§ﬂé)1 if“@m%&oa%a(%ﬁg to thaPl&driB&PforMxampledd, starting
mn. 4: Preparation of

from 1K, {”*Ea‘[id(‘ﬂsﬁagﬁlﬁ%fl@%ﬁbﬁw pyri midi n-4-yl)ani no] - 2-
fl uorophenoxy} pyridi ne-2-carbonitrileThis material is

prepared by a nethod anal ogous to that described in
Exampled9p Peeparation of methyl defd-[X2tamido46/phenylpyrimidin-4-

yDamino]phenoxy}pyridine-2-carboxylate

o)
HN =N

N/
Py

HoN™ N

Starting from chloropyrimidine 1A and aniline 2V, this material was prepared using
a method analogous to that described for Example 1. "H NMR (DMSO-dg) & 9.37 (s, 1H),
8.52 (d, 1H), 7.85 (m, 4H), 7.41 (m, 4H), 7.16 (m, 3H), 6.45 (s, 1H), 6.36 (s, 2H), 3.79 (s,
3H); MS ES 414 (M+H)*, caled 414, RT = 2.16 min.

Example 20: Preparation of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]phenoxy}

pyridine-2-carboxylic acid
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Exanpl e 15: Preparation of
4-{4-[ (2-am no- 6- phenyl pyri m di n-4-yl)am no] -3
w@ eossr onmet hyl ) phenoxy} pyri di ne- 2- car boni P€T/U82006/008779
This material is prepared by a nmethod anal ogous to
t hat described in Exanple 1, startlng from2L and | A

Exanpl e 16: Prepar atl on of’
Lr-{4-[(2- rrethylp %ul phenyl } - 6-
phenyl pyri m di ne- 2 |an1ne Nyhis material is prepared

by a net hod anang to t descrlbed in Exanmple 1,
nd | A, Exanple 17: Preparation of |V
i n-4-yl)oxy] phenyl }-6-[4-(2-

enyl ] pyri m di ne- 2, 4-di am ne

starting from?2
-{4-[(2-nethyl gyri
pyrrolidin-hs
Step 1: Prepération ,

6-(4- nethoxyphenyl) 4-[(2-met hyl pyridin-4-

0 nyl i djzne T

/1) SR cobBNART S8 % 36T IO A v
pheHOE)(thideleS.Z cabamrlln G20 goO0f Enﬁin ExampleS8em éincentrated sulfunc acid

150 EERRRLENOh A-LE10 ML LZCIE ORI

water (3t mLDmﬂs alldedf fdhlamWSﬂ &p hk%%tg?ataog: ﬁh)f @%18 ¢th61bE&Bxx&s kBoled to
met hyl.ene .chl ori de a I ter wor an

rt and GRSy oWy Y Sbicr S (BradaAdHEIRE s oNimir & . The

solids &fbﬂe ﬂ%en Eollé%&ib Sdclon BWRidn, wheh Q6th wiet (50, mﬂ)la%d dried by air

(19 , the desired conpound is obtai ned St €p .
suctiopy gbg pléght]@(ﬁdamp material was then dissolved in a minimum Volume of hot (90 °C)

N, N—dﬁn&t@lé&n&ﬁﬂ&@%ﬁﬁé@%ﬁﬁ@é_’ bvhs [a\%{eﬁ‘hnrtli e TRk Péé{ed%hgﬁtfy acidic.

l) oxyl phenyl } pyri
The cooled solution was then poured into ice water (2 L), stirred for 0.5-1 h and the

precipitated material was collected by suction filtration. The filter cake was washed with
water, followed by isopropanol, diethyl ether, and finally hexane. Air-drying sequentially
afforded the carboxylic acid as an off-white solid, 18.5 g (90%). H NMR (DMSO- ds)
9.40 (s, 1H). 8.53 (d, 1H, J=5.8 Hz), 7.90 (m, 4H), 7.46 (m, 3H), 7.40 (d, 1H, J=7.1 Hz),
7.16 (m, 1H,), 7.13 (d, 2H, J=9.1 Hz), 6.50 (s, 1H), 6.40 (s, 2H), 3.30 (br s, 1H), MS ES
400 (M+H)*, calcd 400, RT = 1.71 min.

The HCI salt of the title compound, (Example 78), was prepared by addition of
Example 20 to a 1N HCI.

Example 21: Preparation of N* -(4-{[2-(morpholin-4-ylcarbonyl)pyridin-4-
ylloxy}phenyl)-6-phenylpyrimidine-2,4-diamine

To a solution of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]phenoxy} pyridine-
2-carboxylic acid (Example 20, 0.15 g, 0.38 mmol) in dry DMA (3 mL) was added HATU
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To a solution of Step 2 product ( 1 equiv) in DW is

added 1, 2- di bronpethane ( 1 equiv) and K2CO3 (3
we@uwe®d923iThe m xture is refluxed overni ght. AfPE&r/US2006/008779

cooling to rt, the mxture is diluted with Et OAc and

washed sequentl ally with IN NaCH, water and brine. The
(0.14 g)rog%ﬁwménq é@l 128 t-Nzso)- Hhed seloHer wip stiserl atgt for 0.5 h,

follow@ﬁ fb?%@dﬁlo%rdfqﬁm 5 %C(b 160 Gfgd Rinkdd). gqle%ﬁﬂu%‘scﬁ%n was stirred
Wi t hout puritication. : epar at I on
at rt omrntghé followed bw rppmHBL\Cmepmau@l of gchemegda&%) ﬁammvroduct 'H

MR ghiRG doy B ) i ARl RS bl ik R m 25 b T, 0,

7.21 (ﬂaom)e MO0 @n,20PE.89 (@rm) 13 (R S3rd MS Esdn@%Mm)d da[bd 469.

OAc. The organic solution is washed wth wa
drl ed, and evaporated to dryness. The resi due |s

Fiof, I r 1ol .
Exam {2 REep Ao R T ARl AbinS I e U Phntiolohopoxy)-
NN-dnn{thy[I{)Ql(hne-ﬁa:a@b?M@epl peridin-I-ylethoxy) phenyl]
pyri m din-4-yl}am no) phenoxy] pyri di ne-2-carbonitrile
This is prepared by a mpthod apal ogous to that
descri bed for Exanp trRg-'fyrom I F, 21 and
usi ng pi peridine in an@,!_,e 19: Preparation of
met hyl 4- {4-[ (258 no- 6 phenyl pyrl?'n di n- 4-
yl ) am no] pheno ri di ne-2-carboxylate Starting from
chloropyrimdine I')/A and aniline 2V, this material was
prepared usH anal ogous to that descri bed
for Exanple 1. 1H N O-J6) d 9.37 (s, IH, 8.52
(d, ITH, 7.85 (m 4H 7 7.41 (m 4H), 7.16 (m 3H),
@h#5Smasrial fsl)preﬁar&ﬁbf 9, methid aﬁal@@m{ssto thlrd) desb@)eﬁﬁfoﬂE%ample 21,

+
startingi(;,gr/lé%ll)afl—’éﬁl @# ragpno- é—phenylpyr1m1]dln-4 y?)amlno]ggenoxy}pyrldme 2-carboxylic
acid and drfleth{13n@#8. N0- 6- phenyl pyri mi di n-4-yl) am no] phenoxy}

Example 23: Preparation of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]phenoxy}-
N-(2-methoxyethyl)pyridine-2-carboxamide

O
oy O@ANN"%
H
HN ~N

N/
Py

HoN” N
This material was prepared by a method analogous to that described for Example 21,

starting  from 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]  phenoxy }pyridine-2-

carboxylic acid and 2-methoxyethylamine.

Example 24: Preparation of 4-[4-({2-amino-6-[4-(trifluoromethyl)phenyl]pyrimidin-4-
yl}amino)phenoxy]-N-(2-methoxyethyl)pyridine-2-carboxamide
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pyri di ne- 2- carboxylic aci dA sol ution containing the
4-{4-[ (2-am no- 6- phenyl pyri m di n-4-yl ) am no]

WO b@eo3pyri di ne-2-carbonitrile (20 g, 0.05 nmedT/US2006/008779
Exanple 8) in concentrated sulfuric acid (150 nilL) was
heated at 70 OC for 12 h. The reaction m xture was
then cooled to -40 OC and watelf (30 nL) was added,
foll owed by heati ng=s Nm.OCfrlhe sol ution
was cooled to rt aour d ilntoqvigorously stirred
ice water (2 L) Haidsfirring was continued for 2 h

The solids were 1
washed with wather
The slightly

en collected by suction filtration,
500 nmL) and dried by air suction.

texd al was then dissolved in a

m ni mum vol ufie of ho 0 00 L -dinethyl formamn de and
triethylam ne was ad ot the m xture tested

slightly acidic. The cool ed solution was then poured
i Piep il Prgparation of| #-[4<{3-pmine-6-04-(toifmotomethylipheny Ipyrimidin-4-

o] : I .gol | ected by suction
v amﬁofﬁir@ g%%}g%%ﬂgbg%@éﬁggﬁg was vvasheé with water,
foll owed by isopropanol, dieth{l ether, and finally
hexane. Air-dryi ng _ssquential] fforded the
carboxylic acid aff |whilte S0lid, 18.5 g (909 .
1H NVR (DVMBO 6pHne 240 (SH). 8.53 (d, IH J=5.8
Hz), 7.90 (m 4 7.46 (m 3H), 7.40 (d, IH 7=7.1
Hz), 7.16 (m INY 7.13 (d, 2H, /=9.1 Hz), 6.50 (s,
IH), 6.40 (s, 2% .3Q (br s, 1H), MBS ES 400 (M+H)+,
cal cd 400, = 1. The HCO salt of the title
conmpound, (Exanple 7 , prepared by addition of
Exanple 20 to a IN HO . Exanple 21: Preparation of
5 LThi¢ gafdriz] {snprepired by naktlydds anddogyds)tpyhatdieseribed for Example 1 and

Examéie]z%xé/tbﬁfﬁg%’dr&'z?al?J‘f&y' pyrim dine-2,4-diamne To a
ol'ution of :

4Step 2k PRpartion-ob tiphakydomypound di n- 4-yl ) am noj phenoxy}
r.i di ne: 2-carboxylic agi anple 20, 0.1 38
b FhatTiny o5 DRORC P e aireabi-ier tyob 9gsenged grfisample 21
startingMtom ardmbilcAyéByldmik  dndl 34089k 2-amife 6S Olsithh RBmB@AS1)phenyl]

o stirred at rt ?or 0.5 h, ) )
10 = pyrimidin-4-yl}amino)phenoxy]pyridine-2-carboxylic acid.

Example 25: Preparation of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]phenoxy}-
N-(2-methoxyethyl)-N-methylpyridine-2-carboxamide

0
oo

HN N G,

N cd

|

FQN/L§N
15 This material is prepared by a method analogous to that described for Example 21,
starting  from 4-{4-[(2-amino-6-phenylpyrimidin-4~yl)amino]phenoxy } pyridine-2-

carboxylic acid and 2-methoxyethyl-N-methyl amine.
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foll owed by addition of norpholine (0.16 g, 1.88
mol ). The resulting solution was stirred at rt
w@@cnygbt , foll owed by prep-HPLC separation tRPCHUS®0T08779
ng (35% pure product 1H NVR (DNBC> d6) d 10.79 (s,
IH), 8.40 (s, I H) &éﬁi 4 (m 2H), 7.60
Exampiﬁ 21§F-I) Prepagqthrm of2|b|§4 -[4(; 4(mpthh)1pe1@zggl-(yg)ca;bibnyl]pyrldln -4-

yl}oxyépﬂgrgﬁlﬂ-p%&y pYfintrfiné®0s aMibhie: cal cd 469. Bxanple 22

ation
4- {4 [ (2-ami no- 6- phenyl pyri mi din- 4-yl') am no] phenoxy} -
iV, iV-dimethyl pyridj D- e e This material is

prepared by a neth
Exanple 21, staHN

go s tp t at descrlbed for

ridine- 2 carbo
23: Prepar at \of

4-{4-](2- anf’ 6 he
N-(2- rrethoxyethy [)p

giélg Hl%clérba %PP ot ﬁ.ﬂﬂed o th%gtrtaglfa g@sa%ia%%g scrlbed %o?%xample 21,
5  starting- { 4rdrh2- mﬁﬁﬂ%ﬁHWﬂ)Mﬂ F’hf—ﬁldﬁn‘]‘-l-‘ Mbérﬁ‘ﬂb]’ﬁh]:noxy} pyridine-2-

phenoxy} pyri di ne-2- carboxylic aci
carboxyligeacith dxample 20) rad Exstplnpaizindr thTMRl @MVI80-ds) 6 10.85 (s,

1), it 1en DAL Ah o0l B! 978 B 5B 7 BY R YD ™ 35 i, 31,
7.06 (mNzHy, -66a (Bobﬂl)etlbyl()rpylﬂ)d# 082y, ¢ H), xR (&%), 8p1 A (m, 3H), 2.78 (s,
3H); Mé[%% 4{8{35&\@%[ Cagd[%z( RAiT 138 myhet hyl') phenyl ] pyri mi di n-

10 4- 'yl }am no) phenoxy] pyri di ne- 2- car boxylic aC| d Th| S
terial is prepared by nethods anal ogous to
Examplec; Poggpraon Arifd(C {[é%&le@%‘ﬁﬂwl)zmng}rwtbyﬁgyww
yDoxyighéif -6 &eﬁlﬁﬁlandlaeao@.aﬁimm@ of the title compound

acid and di met hyI am ne. Exanple

yrim di n-4-yl)am no] phenoxy} -
I ne- 2- car boxam de Thi s

his material 1s prepared a met hod anal ogous to
that described for | N~~-OCHs
HN ~N H
N/I
HQNJ\\N

A solution of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl) amino]phenoxy}-N-(2-
15 methoxyethyl)pyridine-2-carboxamide from Example 23 (50 mmol) in anhydrous THF (50
mL) is added in portions to a pre-cooled in ice-bath solution of lithium aluminum hydride
(100 mmol, 1.0 M in THF) in anhydrous THF (150 mL). The reaction is stirred at 0 °C for 30
min until evolution of hydrogen subsides. The reaction mixture is refluxed under nitrogen for
48 h. The mixture is brought to 5-10 °C and carefully quenched with water (3.8 mL), 15%
20 NaOH (3.8 mL) and water (12 mL). The mixture is extracted with EtOAc and the organic
layer is dried and concentrated to give a crude product which is purified by chromatography
on a silica column to give the title compound.
(Reference: Org. Synth. Collect., 1988, Vol. VI, 382-385)
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4-{4-
Exampié ¥ [P(ﬁéwr&ily@pﬁ?r(jlﬂwmﬂw
pyridik A STBRY Bhed )y ﬁnﬂmp@ﬁqddlame met hod anal ogous to

starting from 2-net hoxyet hyl am ne and 4-[4-({2-am no-6
(trifluoronethyl)phenyl] pyrimdin-4-yl

w0 asvsngephenoxy] pyri di ne- 2- carboxylic acid. ExetmpUs208&5008779

Preparation of

phenyl pyri mi di ).ani no] phenoxy} -
l)m&\El e pipear bl benyD

descrlbe le 21, startlng from

4-{4-[(2-am no- 6 | ) am no] phenoxy} py
ridi ne-2- car boxyl cid |an oxyet hyl -i V- net hyl
am ne. Exanpl e 28N parati 6h of

i VA-[4- ({2-[ (4-nt hyl pi perazin-1-yl)carbonyl]pyridin-4
-yl }oxy) phenyl’\] 6{ phenyl pyri m di ne-2, 4-di am ne This
material isy F}\q a net hod anal ogous to that
descri bed for Exanpl , starting from

4-{4-[ (2-am no- 6- phe pyEi m di n-4-yl)am no] phenoxy}

L N et T R R ey

5 yl]am1h6};3&n6§y)p}1ﬁ'ﬁme§cﬁﬁ)o&ghc b, 7.90 (m 2H), 7.74 (m

10

2 m3H) 706(m 2H), 6. 60

(sIH) 451(mIH) 408(m 345(m 3H), 3.17
(m 3H), 2.78 (s, 3H); M5 calcd 482, RT
= 1.86 min. Exanple 27: parhtl n of

LA-{4-[ (2-{[ (2- met haxy etk

) am met hyl } pyri di n- 4-
yl) oxy] phenyl } - 6- phepy pyri m di ne- 2, 4-di am ne A

sol ution of 4-{4- [@ia no- 6- phenyl pyri ni di n-4-yl)
am no] phenoxy} -7

met hoxyet hyl) pyr| [ ne 2- pxam de from Exanpl e 23
(50 mml) |n anhydrous T ( m_) is added in

PP i dh PRBARA Lt Gttt TR t 5 drichDeds: Bxamples 1

and 20eduinyidp Giosn Tiiland 2RO nl). The reaction is sti rred at 0

% for 20 mn untjl evoI ution of hydrogen subsi
EPr calt i o 'FRYAUMe | & r ef PkathsryRRCY DY 0@‘6{1[21‘(@?0@}1011“ -4-

ylcarbonyl)pyridin-4-yl]oxy } phenyl)pyrimidine-2,4-diamine

This material is prepared by a method analogous to that described for Example 21,

starting from 6—(4—ﬂuoropheny1)—N4—[4—(pyridin-4—yloxy) phenyl] pyrimidine-2,4-diamine

and piperidine.

Step 3: Preparation of the title compound

This material is prepared by a method analogous to that described for Example 27,

starting from 6—(4-methoxypheny1)—N4—(4—{[2—(morpholin-4—ylca1‘bony1)pyridin—4—yl]oxy}
phenyl)pyrimidine-2,4-diamine.

65



Example 39(: rgmqgaﬂqntqg 6g(flv@et!1ﬁ§3’ﬁh‘mly
_ 382- 385) Exanpl e
pyrldﬂ'ﬂygr Epar at rg@déne(%%?ﬁuor ophenyl ) -
0

48 h. The m xture is brought to 5-10 OC and carefully
guenched with water (3.8 nL), 15% NaCH (3.8 nlL) and

wWoR0e090232 nl). The mixture is extracted w th BECTIB8208616D8779

the organic layer is dried and concentrated to gi ve a

crude product which is purified by chromatograp n a
b- e% ool pigaechy)

LN-(4-{[ 2- (plperim
pyridin-4-yl]oxy}p
Preparati on of HN
4- (4-{[ 2- am no- 6:(4-f | uor ophenyl ) pyri m dm 4-
yl ] am no} pheno Y pyri di ne- 2-carboxylic acid This
mat eri al |s a net hod anal ogous to that
descri bed fo? Exanpl and 20 starting fromIH and
21. Step 2 : Prepara n~oEHH- (4- met hoxyphenyl ) - L4

é4 {[2-(morpholin-4- 0

tehr bo’ﬁyl )P;symr@tm 4-9f | dixif HReaginp Hy - mi i rephen D riiramidin-4-

[)p ri/d m4 diam ne Step 1:

5 y1]amllnﬁg%h'gg P?{@dé Ca;@xgﬁgpéaed by a net hod anal ogous to

10

15

e 21, starting from
6-(4-fl uorophenyl) L/ 4- [4 (pydel n- 4-yl oxy) phenyl]
pyrim di ne- 2, 4- di aniRe galne LS Step 3 :
Preparati on of ths(’i/ ound 'This material is
prepared by a ngh0 naI N to that described for

Exanpl e 27, startling from 6-(4-nmethoxyphenyl)- 4-(4-{
[ 2- (rmrpholln 4\1yl| arbonyl') pyridin-4-yl]oxy }

phenyl ) pyri E@;‘( A< di am ne. Exanpl e 29: Preparation
of 6-(4-net pﬁ'eny

N*- (4- {[2(rmrphoI|n- @@,L,hl)
pyridi n-4-yl]oxy}phenyl) pyri i di ne- 2,4-diamne Step 1:
PFlaip anatetiaris pfepared by a method analogous to that described for Examples 1

and 20 sthitinigl Fo: TG 4- Met hoxyphenyl ) pyri m di n-4-

Step 2: Preparation ~ of  6-(4-methoxyphenyl)-N*-(4-{[2-(morpholin-4-

ylcarbonyl)pyridin-4-yl]Joxy } phenyl)pyrimidine-2,4-diamine

OCH,

This material is prepared by a method analogous to that described for Example 21,

starting from the product from step 1.

Step 3: Preparation of title compound

This material is prepared by a method analogous to that described for Example 27,

starting from the product of step 2.

Example 30: Preparation of N’ -ethyl-6-(3-methoxy-phenyl)- N* -[4-(2-trifluoromethyl-
pyridin-4-yloxy)-phenyl]-pyrimidine-2,4-diamine
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15

yl ] am no } phenoxy) pyri di ne-2-carboxylic acid This

material is prepared by a nmethod anal ogous to that
waele®enyed for Exanples 1 and 20, starting froreT/BSBNE008779

21. Step 2 : Preparation of

6-(4-nethox henyl) LN-(4-{[ 2- (nor phol i n- 4-

ylcarbonyl) =y y} phenyl ) pyri m di ne- 2, 4- di am

ine This naterl j s J‘!’ red by a net hod anal ogous to

t hat descri bed Exanpl e , Starting fromthe

product fron1step 1. Step 3, Preparation of title

conpound This materi al |s|pr.pared by a net hod

anal ogous to that Q§CFN S 27 starting

fromthe product of °stef 2. Exa ®Preparation of

iV et hyl - 6- ( 3- net hoxy- phenyl ) -

;’ éxg/)%eptﬁ{?lgfﬂblu %ﬁﬂ%ﬁ%‘r@"dﬁge@iodﬁyaﬁhemg%tpggn{qine

Pr eparation of ¢l

Trichl oropyri e (11 83 g, 64. 49 mol ) was added to
a solution f 22 | boronic acid (9.8 g,
64.49 mml) "In a so t m»Xture of ethanol (30 niL),
toluene (30 nmL) and "2 aqueous sodi um bi car bonat e

it. The resulting mﬁture was detqasse

6.7 nl) .a
Orsafefam%r(lée‘iﬁer@ 'R FBMSPe Wate AdfgdkiOners solution of

3- mett@i&ﬁl%yl@okﬁhl@ la&aqg %T‘% 64. 49 mmol) in a solvent mixture of ethanol (30 mL),
enyl phi no) f errocene] pal | adi um

tolueng (30) @i¢ ﬁ@fb?%@qq@aﬁ?esc@m @tca{@nateg% 3.12D) #hrb| Hheygasplting mixture
was d%agﬁq s th@ul{rﬁz‘Hll bdyagh] Tt theSreV e ﬁ‘e‘tasﬁt \9?5 E&)Irg e® Witehitrogen.

The coo reaction m xture f
Dichlorin du@hs(télpbmyllda)sglehqfemocandpalﬂ@npad(Hr)dshlma@h@uam adduct (2.4

g, 3. 2?&%0@ as J?Eg%%%i&l&:&%@%iﬁ?%&f%@é VS%I% Eefa??&J fe]og %[)h L& ﬁr & dfhe cooled
reactlotmhnmtuié &gns diteyedethrtuigh g sﬂilctal‘gea pad and ﬂj&tpa(dfwz& Washédi%th acetone.
The flﬁrate% was evaporatlé] )ﬁggéarsreguceg pressure The crude material was pur1fled by
column chromatography eluting with a gradient of 0 to 45% ethyl acetate/hexanes to give
2,4-dichloro-6-(3-methoxy-phenyl)-pyrimidine as a white solid (14.4 g, 65.4%). MS ES 255
(M+H)", calcd 255, RT = 3.35 min.

Step 2: Preparation of [2-chloro-6-(3-methoxy-phenyl)-pyrimidin-4-y1]-[4-(2-

trifluoromethyl-pyridin-4-yloxy)-phenyl]-amine

CFjn O
N7
Cl)l\N/ Ovch

2,4-Dichloro-6-(3-methoxy-phenyl)-pyrimidine (1.0 g, 3.92 mmol) and 4-(2-
trifluoromethyl-pyridin-4-yloxy)-phenylamine Intermediate 2U (1.0 g, 3.92 mmol) were
suspended in a mixture of isopropanol/water 2:8 (40 mL). The reaction mixture was heated
at reflux for 24 h at which point the TLC showed a completed reaction. The reaction mixture

was filtered with a fritted glass funnel. The crude residue was purified by HPLC eluting with
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2, 4-di chl or 0- 6- ( 3- net hoxy- phenyl ) -pyrimdi ne as a

white solid (14.4 g, 65.4%. M5 ES 255 (MtH)+, cal cd
wWQ@a®s/0923= 3.35 mn. Step 2: Preparation of PCT/US2006/008779

[ 2-chl or 0- 6- ( 3- met hoxy- phenyl ) - pyrlmdln 4- yI] [4-(2-

o BB e B TP A g, The v

salt  Df 92200 rb-AMIAM62y-phenyl)-pyrimidin-d- 1 2-trifluoromethyl-pyridin-4-
trif uoronetﬁ's pyr?, |ny4)§¥oxy ][ i Py

yloxy)- m@wﬂe@mm &ag\gbtainegl ap, a 3elgow mﬁmmmlgg@ parstadirign (326 mg,

40 nmL The reaction
50'10/@%@%@%@2{’2@9 %éé}ﬁe%gfg 11(24 h a% whi ch poi nt
t B@pn@’rsmmm af thetife ebmdomrehd\tz+edry1 6TBemethacy-phenyl)- N'-[4-(2-

. l.tere |t I ass funnel. The
tr1ﬂu06918%f5 (’fbé X¥s ;}%P?ﬁfl B?ﬂrl i é 1HJ(11 ng witha
g[zid!hbi’di 6£(B 18eth Ok y/plondD & y@ihitini4- gi]vyat(zrmﬂ@abﬁiemyn@yndm -4-
1% TFA dn bath soI vents. The TFA sal

YlOXYTEheéle SO hok b oliygmningi @My ] mIpauqredissolved
in n-biahblU@rANELAY {heF%XzEdtﬁ%rlnﬂﬁu% |v6%?§>ﬁ)eatﬁ@ %{‘?ﬁd *’@'Hv@ﬁu%lﬁsThe reaction

obtai ned as a yell ow oil sol | I ed on st
mixtufegp@e gEaposged gjder VETES), m tk(el\nmglerresm:im vas pydfiedy HPLC eluting

with azgrggieﬁ‘q &k 10%%)65)5‘?’3?’ acdt 51‘?1 e{t%}ncoﬁ% r{ ﬁf {)le‘%t: Ac&n@oth rgglvents The

net hoxy p
TFA tsalit f bﬁJdV dﬁﬂb&h@-l(?)-plyertlll(1£}<lyﬂplﬁbnyll){)XIY?—[i4|9@etlm)ﬂu]arqmyerthyﬂ];ﬁi/irlalm—é—yloxy)~

pbeny W FTANE 2t tiamins (39 ek vy PPiRingR s 2 priee sqlid o H NMR

(acetoﬁd: Hg)tﬁnn@ﬁ@t(bxyllmym 06 rQBfl 15 @>6>2) p!nemtdz— a Ng06 180 11), 7.53-
am ne THF, wer e

751 (e SHR 0T B (e B8 3 (L SFLSG, (L H B (or 18y RS BS6 (on
28), 19951289 €4, 3in W0 FAGOVRENIENLacd e, RGACHIaM A Xt ur e

wer e evaporate vacuum and e cru resi due
was purified by HPLC eluting with a gradient of 10 to

Exam@?el%la%‘?éﬁgp?h{)h l?ﬁivﬁ-é? amgi?lg-t < In()lnrl](g 69ph1e>(1){%fi[1'):)%'11|11?dln J-ylamlno)
phenoRy Epiwidling-X-Garwehitoite/ - phenyl ) -
LN-14-(2- trN% uoronéthyl pyridin-4- yI oxy) -

phenyl ] - pyri amne (13.9 ng, 11% was
obt ai ned as a 1H NVR
N7 ] Br
BN
H,N" N

To a solution of 4-[4-(2-amino-6-phenyl-pyrimidin-4-ylamino)-phenoxy]-pyridine-2-
carbonitrile (Example 8, 200 mg, 0.53 mmol) and sodium acetate (146.6 mg, 459.8 mmol)
in acetic acid (4 mL) at 1t was added bromine (84 mg, 0.53 mmol). The reaction was allowed
to stand for 2 h after which time dichloromethane (20 mL) was added followed by water (20
mlL). The phases were separated and the organic layer was washed with a saturated aqueous
bicarbonate solution. The combined organic extracts were dried over MgSO, and then
evaporated under vacuum. The crude material was purified by column chromatography
eluting with a gradient of 0 to 60% AcOEt/Hexanes to give 4-[4-(2-Amino-5-bromo-6-

phenyl-pyrimidin-4-ylamino)-phenoxy]-pyridine-2-carbonitrile as an orange solid (200 mg,
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(acetone-rf6) d 10.36 (br, IH, 10.06 (Br, IH), 8.62
(d, J =6 Hz, IH), 8.00 (br, IH, 7.53- 7.51 (m I|H),

wQ@ 20060992301 (m 2H), 7.19-7.12 (m 3H), 6.66 (SPCT/H§2006/008779
3.94 (s, 3H), 3.59-3.56 (m 2H), 1.31 (t, J =7 Hz,

. M5 ES 482 (M+H)+, calcd 482, RT = 2.83 mn.
83%). %M% (@MSW@M% (& =p Hz, 1H, 8.50 (Br, 1H), 7.90-7.86 (m, 2H), 7.67
d,7 = %ﬂiéf 1(}5)] 8)@4?7?%?;{9@1[1}3 REIY o PR AR P dlodl 30037 (B, 2m).
MS E&4§Q(M2H$ﬁmaiod65€pﬂ§hyl2 §Hyminm di n- 4-yl am no) phenoxy] - p

yridine-2- carbonitrile (Exanple 8, 200 ng, 0.53 mol)
and sodi um acetate (146.6 ng, 459.8 nmol) in acetic

Exampli32: ([’4'e htigh of N UA.52 32 966-phoBRIAE-diBdx dy’]?)yrﬂilﬁa-yloxy]

‘(P?'? e reaction was allowed to stan or 2 h after
Pheny}i6-phenylmpyripiding2drdiaming (20 L) was added fol | oned

by wat er (2 Tr@ phases_were separated and the
organi c |ay %ﬁls Was hed taturat ed aqueous

bi car bonat €O tion. NK B ped ,organi c extracts
were dried over MJSO and then evappr at ed under vacuum
The crude material was purified R ol um

chr omat ography eluting with a gradi f 0 to 60%
AcCEt / Hexanes to g| ve 4-[4- ( HoAmi nd-
phenyl - pyri m di n- 4-yl am no) - phenoxy] -
né;ldl ne-2-carbonitrile as an orange solid (200

-BB04-chlana-puwidin- iy y8)phan 81-§heay-Ryrmidine-244dianise

sl 80 B 58, G B30 e 500 3 g1

ethanoBKj1, m@, 846 @Bnol).2pgwdekds E9H46392 1(1g/,l+(l)-§$8- mmoal),cad 4B9%roRiE-6=(20 mg,
ar ation of

008 i el sy AROR e TROBERU Ny oyireh #. 90 S eppieht, arer

which ptimwy it} wGs plgdtyd - pithi Watk nend?, kude@di Wth both ethyl acetate and
dichlo#r&{ﬂﬁa_élgz ed??ﬂ% ﬁé& I(o%ggwgp 1@?&9%h$93%e%raigf ﬁﬁlfg){l , pyéc{ue was
punwal't?fsﬂleﬂ Q{iPL(f‘ td in‘éecﬂg tl(lé C%ll‘lg@)ll‘ld 21'4'\/91%[3 ok, nl'I-f'NWIRt ({]‘j}@gb ~dg) 8
10.79 @bm@, h}g),@&@\,(,hpﬁ 1@208 ﬂ@(d J=5.8 Hz, IH) 790(m 2H) 777 (dd,J=7.6,2.0
Hz, 2H), 7.64 (m, 3H), 7.21 (d, ] = 8.9 Hz, 2H), 6.69 (dd, ] = 5.8, 2.1 Hz, 1H), 6.60 (s, 1H),
6.22 (d, J =2.2 Hz, 1 H), 4.57 (t, J = 5.1 Hz, 2H), 3.96 (m, 2H), 3.68 (m, 2H), 3.50 (m, 4H),
3.15 (m, 2H); MS ES: 485 (M+H)", calcd 485, RT = 1.96 min.

Example 33: Preparation of 6-phenyl-N*- [4-(2-triﬂuoromethyl-pyridih-4-ylmethyl)-
phenyl]-pyrimidine-2,4-diamine

FaCul
l

N~ NH

N/

PNy

HoN" N

Starting from chloropyrimidine 1A and aniline 2P, this material was prepared using a
method analogous to that described for Example 1. 'H NMR (DMSO-ds) & 12.90 (br s,
1H), 10.82 (br s, 1H), 8.64 (d, J = 5.1 Hz, 1H), 7.83 (m, 3 H),. 7.74 (m, 2H), 7.64 (m, 4H),

69



10

15

20

0.08 nmol ) were subsequently added. The m xture was
stirred at 90 OC overnight, after which tinme it was

waldoevet3wi t h water and extracted with both etPgl/US2006/008779
acetate and dichl oronet hane. The conbi ned organi c

e concentrated and_the resjidue
731 (7 EcRe g Dp & (PG 1hb gt L@: 2HE VST 408 VoG qeled 422, RT
=2.51"in. 15% . 1H NVR (DMSO-J 6) d 10.79 (br s, IH), 9.99 ‘
br s, IH, 808 (d, J =5.8 Hz, IH), 790(m2H)
7.77 (dd, J = 7.6, 2.0 Hz, 2H), 7.64 (m 3H), 7.21 (d,

Exam;(he348g)? 5%"“5‘%@(’81@ jﬁiz %Hg) g&yr&ﬁ%ﬁ-ylﬁi wPh&l})u_as g)h%gyl-

pyrimidine-2i4-diatnidé (m 2H), 3.68 (m 2H), 3.50 (m 4H),
3.15 (m 2Hb1 I\/S ES: 485 (M+rH)+, calcd 485, RT = 1.96
m n. Exanpl € e i on of 6-phenyl-iV
[4(2tr|flquo th ridin-4-ylmethyl)-
phenyl ] - pyri m dine-2, 4-di ne Starting from
chl oropyrimdine I A andﬁ ine 2P, this material was
prepared using a nmet hod analjogous to that described
for Exanple 1. 1H NVRi{ 12.90 (br s, IH),
10.82 (br s, IH), 8.64(d, J Hz, IH), 7.83 (m 3
H,. 7274 (m 2H), 7.64 (m 4H)77.31 (d, J = 8.3 Hz,
28pstinfg. f6on (Chlorepyritnitne 1A dhll dn$line22), thidakeBial 422 prepared using a

M-H) +, cal cd 422, RT = 2.51 mn. 1Exal{“/iple 34:
methogbag ggt&lﬁ ©nthak described for Example 1. '"H NMR (DMSO-ds) § 12.80 (br s,

1H), 1b’>r4[(§' EZIﬁﬁ's}qu aay§ '—dj (f‘6 ﬁzmihpyi’ 33 gﬁfgﬁ;ﬁog ?{ ﬁﬁeﬂ&i PY63 (m,

am ne artln rom

3H), 714A @mnd! Eni7|30nen, 28D, 6.ail sﬁblmatlé{r)t 2198v(a.s2py, &S ESd 368 Mg, caled
388, %@%@@I ogous to that described for Exanple 1. 1H

6)d1280(brs IH) 10.74 (br s, IH),
8.29 (dd, J = 5.4, 0.6 Hz, 7.83 (m 2H), 7.67 (m

EX&HI%[EDIBS Z’r?[r_:br(atlgn ggzl-([g 7(2-§]fjblx(xo-|gg)l%yl-g§§ntlw-\y%ng}j-gé%@f’l] -
pyridiffd-2=catbaSitfilen.

NC

l\
N~

NH

Js

HoN™ N

Starting from chloropyrimidine 1A and Intermediate 2Q, this material was prepared
using a method analogous to that described for Example 1. *H NMR (DMSO-ds) § 12.74
(br s, 1H), 10.73 (br s, 1H), 8.63 (d, ] = 4.9 Hz, 1H), 7.96 (s, 1H), 7.82 (m, 2H), 7.72 (m,
2H), 7.61 (m, 4H), 7.30 (d, J = 7.9 Hz, 2H), 6.61 (s, 1H), 4.05 (s, 2H); MS ES: 379 (M+H)",
caled 379, RT = 2.35 min.

Example 36: Preparation of N ~[4~(2-aminomethyl-pyridin-4-ylmethyl)-phenyl]-6-

phenyl-pyrimidine-2,4-diamine
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Exanpl e 35: Preparation of

4-[ 4- (2- am no- 6- phenyl - pyri m di n- 4-yl am no) - benzyl ] -
WE06dInet 2- carbonitrile Starting from chl or oppeT/DE2061@8779

A and Internmediate 2Q this material was prepared

usi ng a net hod analogous to that described for Exanple

1. 1H NVR (DM 74 (br s, IH, 10.73 (br s,

IH), 8.63 (d, ' 7.96 (s, IH), 7.82 (m

oH), 7.72 (m 2H),>7.61 (m 24H), 7.30 (d, J = 7.9 He,

2H), 6.61 (s, IH), 4.05 (sn2H); M5 ES: 379 (M+H) +,

calcd379 RT = 2.35 mn. ﬁi\{ [

- [ 4- (2- am nonet hyl - pysN AN 4>y T T

phenyl pyri m di ne- 2, 4- dlanlneloo'l-gussa Pd on carbon

(15 mg, 0.14 mmol ) was flushed with nitrogen then

did% tiegussa Betdpacwwbon (15 mg) 0.14 mmol) was flushed with nitrogen then

ailuted bR R iy - DY A B Pty b iy spingdbgnal pyridine-
2- carb&ﬁuﬂg (EQalﬁﬁlenJB)@b g, 024 Ransl) i AefHahoBPOmEPALE Bbidh@sted HC1

nm.) were subsequently added, and the m xture
(0.03 IWa}s WP%@’r‘i’é%HUé@ﬁY Addgds Andhfher e s dfushesl pyai g mitrogen prior

to placmédef H’)Q?Bgé?laﬂ)iﬁgﬂ offihd ﬁ&‘skf hgS Knix e w% §t|tnl,t’5c?at"i@§)r%c}i folef Giltered

or 3 hen filtered through
through @@hm@ ot eancenmttaged: eBfiechasi dweaw appuriticdeay pryp MPé& tartie NG 14-(2-

ammoﬂat‘ﬁﬁl l‘tl(h 4(%1y etlgrl%pl}?ny ] n%]ekhenpls—p%rhrghd%e] -2 él -di réur?fl (lgyrpig 11%).
H NMEI (@e)g@m ausasn (tE J(-15> 3rfmz, 1H)%.76 J(hl MM% wmﬁ;))st, ’8225©m 4H),
6.53 (st WD+ G213 408 o115} MS B! b3 g, avlod b R (s 4in.

ES: 383 (MtH) +, cal cd 383, RT = 1.84 mn. Exanple 37:
Pr egar ation of phenyl -

Example 3 4P ¢mration pf Giphonse PG teiflwonomethyDpyridin-d-
y‘]"’“yﬁﬂeﬁﬁgtﬁ%?ﬁ?ﬁ&%& id%n@i'nge 2,4-diamne Starting from
4-(2-trifluoronet h ;ACKd oxy) - phenyl am ne 2U,
the title corrpound pa ed using a nethod
anal ogous to thag

/K\ |

HoNT N

Starting from chloropyrimidine 1A and 4-(2-trifluoromethyl-pyridin-4-yloxy)-
phenylamine 2U, the title compound was prepared using a method analogous to that
described for Example 1. "H NMR (CD3;0D) & ppm 6.59 (1 H, s), 7.16 (1 H,dd, /= 5.6, 2.4
Hz), 7.29-733 (2H, m), 742 (1 H, d, J=2.4 Hz), 7.61 - 7.67 3 H, m), 7.75 - 7.79 (2 H,
m), 7.94 2 H, s), 8.63 (1 H, d, J = 5.7 Hz), 10.79 (1 H, s); MS ES 424 (M+H)", calcd 424,
RT = 2.48 min.

Example 38: Preparation of N* ~(4~{[1-oxido-2-(trifluoromethyl)pyridin-4-
ylloxy }phenyl)-6-phenylpyrimidine-2,4-diamine
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descri bed for Exanple 1. 1H NWVR (CD3CD) 5 ppm6.59 ( 1
H s), 7.16 ( 1 H dd, J =5.6, 2.4 Hz), 7.29 - 7.33
W@ 20061099281 7.42 ( 1 H d, [/ 2.4 Hz), 7.61 - WCBUS1086/008779
H m, 7.75 - 7.79 (2 H m, 7.94 (2 H s), 863 (1
H d, /[ =57 H), 10.79 ( 1 H_s); M5 ES 424 (MH)+,

cal cd 424, RT = 2. 48 Fa' 38: Preparation of
LA- (4-{[I - oxi do- 2- | udk orf hy! ) pyri di n- 4-
yl ] oxy} phenyl ) - éinpheryl pyr i dore- 2, 4- di am neTo a

sol ution of 6-pheaqyl -

LA-(4-{[2-(trifNToponet hyi)pyri di n-4-

yl ] oxy} phen?ql Rlplyar idine-2,4-diamne (0.10 g, 0.24

mol , Exanplé°37) in 3, m CPBA (77% 0.053 g,

0.24 mmol ) was added the m xture was stirred at rt

ower ni ght . vent Sr in t he .

rgg [ dug vvag(ﬁ? g rgn U%Pi n %ﬁ%\ﬁgfgd pljj\)r'{Z %%%@%“(@{;H‘BF%?MRYWW*
ylloxt}ohgrybpydmidite-Apt-ditmare ¢3.16 whidt 2 sohold Kxabdph. 37)HnNVRCls, m-

CPBAgaﬁg,}(Oé(’)Sﬁ% g{? &9?%&5’%&%%&8@ }Léed hl?)\gfg% ?v'as? _slg'_%éc% %ﬁHzt’overnight.
Solve@Hyas rémbied in/vadfo Bhd Bldresidued@as taler38p (DMIhad %}Il:%d by prep-
(dd, J = 5.7 Hz, I% 6.71 (s, IH. ES 440 |—g+,
HPLCctgi mspvideid ! npgrot ag pfinivhite polighidil@)3dH NMR (DMSO-ds) 510.20 (s, 1H),
A - (AT RATEL Ry Y RYT i Abs74- yh) - _
Tl e A N e e U
(m, 5H), {80« 2381t GHY; pR¢ g, Fy= 5.1 Idz, 148 §.7) &sxi 1H)] MS ES 440 (M+H)",
Y ridi ne-2-carbonitrile (3.2 g, 8.4 mol,
caled %Eﬁf‘eb% Wy 10% pal | adi um on carbon catal yst (0.75
g, Degussa, Germany) in glacial acetic acid (100 ni)

S, S n a, Parr dr pgenat | on aratus (3 atm, .
Exampy 39 AP oo o SRS BhenY tre PDg SR eine-24-
diamings filtered through di atonaceous earth and the

filtrate was concentrated in vacuo. The resi due was

di ssolved in A Lf-di NAdg and treated with
triethylam ne | N
2
HN
N/
NG
HoN™ TN

A mixture containing of  4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino}
phenoxy }pyridine-2-carbonitrile (3.2 g, 8.4 mmol, Example 8) and 10% palladium on
carbon catalyst (0.75 g, Degussa, Germany) in glacial acetic acid (100 mL) was shaken on a
Parr hydrogenation apparatus (3 atm Hj) until hydrogen consumption ceased. The
suspension was filtered through diatomaceous earth and the filtrate was concentrated in
vacuo. The residue was dissolved in N,N-dimethylformamide and treated with triethylamine
until basic, then was added to vigorously stirred ice water. The precipitated solids were
collected by suction filtration and washed with water, isopropanol, diethyl ether and finally
hexane. The product was dried by air suction to afford a tan powder, 2.36 g (73%). H
NMR (DMSO-ds) 6 ppm 9.39 (s, 1H), 8.30 (m, 1H), 7.89 (m, 4H), 7.44 (m, 3H), 7.05 (m,
2H), 6.96 (dm, 1H), 6.69 (dm, 1H), 6.51 (s, 1H), 6.36 (s, 2H), 4.16 (d, 0.5H, J=5.8 Hz,
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until basic, then was added to vigorously stirred ice

wat er. The precipitated solids were collected by
waewbiogm3filtrati on and washed with water, i sopeDps2v06/008779

di et hyl ether and finally hexane. The product was

CHNe8y'3 G RARCEENER) 5655 Broprii g0 M PRy Sss, gl D catea 385
RT=1V4Min7-89 (m 4H), 7.44 (m 3H), 7.05 (m 2H), 6.96

(dm IH), 6.69 (dm IH, 6.51 (s, IH), 6.36 (s, 2H), .

ATeglTEAY salp(Eyample §28wap OlgtaprgPy preparasive SIPLL cgﬁ{he above reaction
mixtureH2NH2) . 3.28 (br s, 2H, NH2), M5 ES 385 (MrH)+, calcd

85 RT=1.75 min. The TFA salt (Exanple 92) was

obt ai ned by preparative HPLC of the above reaction

1 xture.  Ex I : paration, of T .
Examyle 40 kFopartBOF of VA Li- (T R0R0RG Pt tpyrimydinsd:y igminol-
phenoRyipyerd-2yyljméthyBmythaiebdlforamidbanesul f onam de

Met hanesul fonyl chl oride (0.040 nLt)O.52 nmol ) was

added to a sol ution of ﬁ (A O

{[2- (am nonet hyl ) p A 0 S‘ptuau;]yl ) - 6- phenyl pyri

m di ne- 2, 4- di am ne anple 39, .20 g, 0.52 mmol) and

DVAP (0.064 g, WN52 ol ) 1h pyridine (8.0 nL) at O

0C. The m xture xmas allowed to warmto rt and was

stirred overnight.|| The m xture was concentrated in

vacuo and t roue~as taken up in DMF and purified

by prep-HPLC to pro 82 ng of an off-white solid

(279% . 1H NMVR (CD3OD) ppm 8.57 (1 H, d, /=6.8 Hz),

Q\/Ig@laﬁgsuﬁ'onﬁ)chlozidZ%OiO4a -r§19, 4.82 Bmd) wad a8&d S _dkolfiion of N* -(4-

J=7.4 Hz), ° ,42@ 1 H d /=2.5Hz), 7.29 - 7.33 (3 H,
([2-(aminongin@pyridind-yHyxy Jphemy1)-6-phendpyrigidone-2.4-digmiy; (Eymple 39,
0.20 ggrée pgxﬁglt%li\}geﬁl)d;’pwﬁ 610683 0B% Fndnlif FYrfdineRQIRAS 4% °C. The
mixture Wafs @lo{dd fo Rammiau-abd phae nitred ovarnigh -Phe mixture was concentrated

in Vac%oI PRGNS %)a)éﬁlpe\ﬂruipdiinlbl%i?yaln %%BX& 135/ %I‘Jpl—ﬁﬁiqu %%qu}.léj 82 mg
of an off-white solid (27%). 'H NMR (CD;0D) & ppm 8.57 (1 H, d, J=6.8 Hz), 8.00 (2 H,
s), 7.77 - 7.80 (2 H, m), 7.63 (3 H, d, /=74 Hz), 7.42 (1 H, 4, J=2.5 Hz), 7.29 - 7.33 3 H,
m), 6.58 (1 H, s), 4.54 (2 H, s), 3.04 (3 H, 5); MS ES 463 (M+H)", calcd 463, RT = 1.17

min.

Example 41: Preparation of N-[(4-{4-[(2-amino-6-phenylpyrimidin-4-
yl)amino]phenoxy }pyridin-2-yl)methyl}-4-fluorobenzamide

N*-(4-{[2-(Aminomethyl)pyridin-4-y1]oxy }phenyl)-6-phenylpyrimidine-2,4-diamine
(50 mg, 0.13 mmol, Example 39) and 4-fluorobenzoyl chloride (20.6 mg, 0.13 mmol) were
suspended in THF (1 mL) and stirred at rt for 24 h. TLC and LC-MS indicated the reaction
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YA (4-{[ 2- (Am nonet hyl ) pyri di n-4-yl ] oxy}phenyl ) - 6-phe

nyl pyri m di ne-2, 4-di am ne (50 ng, 0.13 mmol, Exanple
w@2)ocmyt3v- f | uor obenzoyl chloride (20.6 ng, O0.RGI/ODRWDG/008779

were suspended in THF ( 1 nL) and stirred at rt for 24

h. TL%XaE[:E LG MS indicated the reacti onwas conpl et ed.
was complelder (g REITEXYIsa et EF Sl WHDEEERC and waslere ity {IN aqueous

sodiurh N AREGEY SsoRRHnURXY QRIS SXHUL I 62bhi@MleF s dried and
(3X). The organic l'ayer was dri'ed and concentrated to
concenyrajed BBLlg @ meghef e waedeppioduest Tha hiesiduss waugurified by Prep-TLC

i Eined. - =2:8 t ai . :
NS G015 65 BRH TN S A3,
NMR (;Clﬁm))) adas.m a4 71H(%,57.8%-|Im,2 1H§27%7(88112d, @Igl)),, 72.ZH<)1 Zxﬁéég)s, 21;5) ¢t, 2H), 7.02
@, 2885 Gt s 82 ) TG, 645 (& 1EDi 1 594 EBApMS S SOREMEED", calcd
507, RGO 2 (et 11 Mét;ﬁ%f%og@%z@s@n’é%msﬁé TLC

(MeOH Et CAc=20/ 80 57. anpl e 42: Preparation
of N -[(4-{4-[(2-am no-6-phenyl pyrim di n-4-

i i B - V. - = di et hyl urea
Examiﬁ_e% %-’ 1 i gégﬁﬁrﬁngﬁ)éynehﬂ%ﬁypg%%&% h))}eé%ﬂa;hx%{%%éﬁlﬂ{ 6- pheny
yDaminpyphemody yporizlid-2ef])methpH-N, Bodiethyl@reh3 ol , Exanpl e
39) and di et hyl carbanyl chloride (@O. 6 ng, 0.13 mol)
were suspended in THF (.1 nL) and stirred at rt for 24
h. TLC and LC- M5 i péfivsal 1 N/e\a@mg on was
conpl ete. The m xt vvas exfy actied lwi th Et OAc and
washed with I N EyUeols sodiim hydr oxi &8ssol ution (2X)
and H20 (3X). Thg organic layer was dried and
concentrated tq giye 72 ng of the crude product. The
resi due was,, \E\' Prep- TLC (CH3OH: Et OAc=2:8) to
obtain 40 ng°(63% e title product as a yell ow sh
oil. 1H NWR (CD3QD) 28 (d, |1 7.84 (m 3H), 7.81

. H) ,
(4-1ID. i ine- L6- i 12, 4-diamine
(5 By oy BB
(50 mg )13 111:ng11), Example)39) Bl g8thydanriiavsich]oritlal (2616 482 ,0. RTmmmol) were
suspengleg {n Pk (lThﬁ) (M%I%ﬁ%% i:or2£)4/ §.O)TL% and %&MS indicated that the

reaction was complete. The mixture was extracted with EtOAc and washed with 1IN

aqueous sodium hydroxide solution (2X) and H,O (3X). The organic layer was dried and
concentrated to give 72 mg of the crude product. The residue was purified by Prep-TLC
(CH30H:EtOAc=2:8) to obtain 40 mg (63%) of the title product as a yellowish oil. y: |
NMR (CD;0D) & 8.28 (d, 1H), 7.84 (m, 3H), 7.81 (s, 1H), 7.48 (m, 3H), 7.05 (d, 2H), 6.84
(m, 1H), 6.75 (s, 1H), 6.44 (s, 1H), 4.39 (s, 2H), 3.23 (m, 4H), 1.20 (t, 6H); MS ES 484
(M+H)", caled 484, RT = 2.37 min; TLC (MeOH/EtOAc = 20/80) R¢ = 0.4

Example 43: Preparation of N* ~[4-({4-[(2S)-(+)-2-(methoxymethyl)pyrrolidin-1-
yllpyridin-2-yl}oxy)phenyl]-6-phenylpyrimidine-2,4-diamine
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Exanpl e 43: Preparation of
LA-T14-({4-1(2S)-(+)-2-(met hoxynet hyl ) pyrrolidin-1yl]
WE0sa9IN3L- yl } oxy) phenyl ] - 6- phenyl pyri m di ne- 2P&¥F/tsB0%/608779
ei VM{4-[ (4-Bronopyridi n-2-yl)oxy] phenyl }-6-phenyl pyri m
idine-2,4-diamne (7 ng, 0.17 nmmol , was prepared by
the net hod of Exa and I nternedi ates 2T and
| A as starting materi |ST’@
AM-[ 4- (4-brono- pyri di n- 2- yIoxy Hphenyl ] - 6- phenyl - pyrim
i di ne-2,4- dpam s then_cegbined with
(S)-(+)-2- (metrﬁ)xy t yI)pyrl'\'oI |[d| ne (99.5 ng, 0.86
mmol) in a 5-nL reaction ] ang-freat ed at 108 0C
with stirring for 24 h. TLQCand L i ndi cated t hat
the reaction was conplete. After cooling to rt, the
MJ[%tIerﬁ@pyhamml)&xﬂp%tyﬂ%Jﬁh&ﬁy@rﬁﬁ\@@nﬂ4%&5@6 gs mg,
aqueous sodi um hydr oxi dé sol ution (2X)
0.17 n(rmk) waspeePaicg duithe mathed o\ﬁﬁéﬁaam ed using spd dntorpediates 2Hand 1A

f t
o sl O DR BRI VIS, BBt mpidne 2
dlarmr(em%s tbrhntct\mhmctd evlqbr ot} deeﬁlowmlethbd)pwr@hdlne 199. Nl\mg 0.86
mmol)gi% r%iﬁo%%gggkmfﬁnga’t%t ﬁBg _(’g‘avifh;gﬂqﬁ- fl'ojig,(flg% ’ngé'_& and LC-MS
1ndlcaﬂe&l)that3th38re(1¢non2{7vl)13 cAmpte mAf&H)cpang.&) @t thé kactidn Qiixture was

extrac&gqlw@%t(a‘%c Ae V%’r%%ieibé&jlthg&f _ane@s 1‘(—5%&&]’% hé(d&)agcfe soéfl?t?dn 5&) and

H,O (33()3 pﬁfe&ir%ﬁﬁc nyer was dried and concentrated to g1ve 75 mg of the crude product.

h i sopropyl ani no{)met h
The refflri}l%wf PHERGE y@rﬁﬂwﬁm &o &ﬁ awﬁlwé%lgt%%) of the

i Pl‘eé&zlv(t%%ﬁr%ﬂfgvrhﬁﬁ%mw%m. LT (3, P g 40 7 o

3H), 76)4rikle|2i51) [yl (. diHe S 24 4s,ditBns Ae ({,8@1);1@.38 @m2 2Hprfo3(Q (m, 3H), 3.18
3 ' ' 1 0. 40

o 1 B G A 3R i WS o TBHAD) Gled &8 RH 1t w.C

(EtOAf:))RfQQﬂ‘I Sodi um tri acet oxyborohydri de (105 ng, 0.50
mol ) was added into the reaction m xture and the
m xture was stirred at rt for another 24 h. The

ExampleXtidy Peepiatibh bf 87 4L ({LD1(REFOp31dRInol By Ipyridin-4-
yl}oxy)phenyl]-6-phenylpyrimidine-2,4-diamine

CHj
© | X NJ\CH
~N H
HN

N/
)%l

HoN” N

Acetone (11.51 mg, 0.20 mmol), N -(4-{[2-(aminomethyl)pyridin-4-yljoxy} phenyl)-
6-phenylpyrimidine-2,4-diamine (80 mg, 0.21 mmol, Example 39) and titanium (IV)
methoxide (68.2 mg, 0.40 mmol) were suspended in CH,Cl, (5 mL) and stirred at rt for 24 h.
Sodium triacetoxyborohydride (105 mg, 0.50 mmol) was added into the reaction mixture and
the mixture was stirred at rt for another 24 h. The mixture was filtered through a Celite®
pad and washed with CH,Cl,. A small amount of Celite® was added to the filtrate and 5 mL
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pad and washed with CH C 2. A small anpunt of
Celite(r) was added to the filtrate and 5 nLof water
woer®easited t o quench the reaction. After it waBCHUB00€8779
for 20 min, the CH O 2 was renoved in vacuo. The
s tak up in et h¥te acetate and washe

resi du n th
of waleR WRA BRI B (AR CB N TR aAdor 4 B CHAC, was

ve@nk %Eu’cﬂtl@l@ agd f Pig
e SO, SO0V e R Ll IREHer ke A3 o

(2X) apgy wwz (fBh3dP)orgarse Byer was qoHpentatgbandgurifig by Prog TLE, (MeOH)

to gw%'é')s Ip%(ﬁf%% gfzﬁ'g@ tlﬁlez'})po%gtg% a(g')nitﬁ ﬁ))f)& 2‘1@311\4@ (qrﬁbcﬁ% 58.35 (d,
1H), 71821@ CH), 604 ¢d, VB) ER4 87, m&bl)oe (npmgm 6225 1R, 682 (B9 1H), 6.46

aration of
(s, THy AL @szn;%,plﬁgﬂwgﬁﬂ 6100 MBS 477 (VD ealea 397 Ry = 2.50
min; M@M@}ghgnqxgé pyri di ne- 2- carboxylic acid
(2- hydroxyet hyl )am de Chloropyrimdine A (0.2 g, 0.97
mmol ) and Internmediate 2N (0.38 g, 0.97 mmol), were

S j t d heated at 80 0OC for
Examﬁ%zﬁﬂ‘&%ﬁ (?? Haﬁa Wg‘%l&ﬁ} ﬁk%e‘ l?@ggfl A conpl et e.
ylamik® phesoxyipyriditd dcarbokylic acbd (2-hpdraxyathyh)andadel heat i ng

was continued at 80 OC for 5 h. The sol vent was
renoved by rotary evaporation, and the residue was
treated with 10% sodi um carbonate and extracted with
Et CAc (20 nL x 3). |c extracpss were conbined,
washed with water § drlgd over magnesi um

sul fate, and evaporate a solid that was
washed wi th nmethanol to give pure product, 0.19 g
(449% . 1H NWR (\PWMBO-J 6) d 9.36 (s, IH), 8.62 (t, IH),
8.45 (d, IH), )éssl(m 4H), 7.47 (m 3H), 7.38 (d,
IH), 7.1 1 gy : b (s, IH), 6.34 (s, 2H), 3.49
(t, 2H), 3.36 (t, 2 . _AB ES 443 (MtH) + cal cd 443.
Exanpl e 46: Preparati on of 6-phenyl-

L Chlpropypinifing 18e(0: 2.0 96 myglpymd Hitermediate 2N (0.38 g, 0.97 mmol),

vers YA OERALR L O ot AL T g s

reactioni aneofplete. KF was then added to the reaction mixture and heating was

continued at 80 °C for 5 h. The solvent was removed by rotary evaporation, and the residue
was treated with 10% sodium carbonate and extracted with EtOAc (20 mL x 3). The organic
extracts were combined, washed with water and brine, dried over magnesium sulfate, and
evaporated to afford a solid that was washed with methanol to give pure product, 0.19 g
(44%). "H NMR (DMSO-ds) & 9.36 (s, 1H), 8.62 (t, 1H), 8.45 (d, 1H), 7.88 (m, 4H), 7.47
(m, 3H), 7.38 (d, 1H), 7.11 (m, 3H), 6.45 (s, 1H), 6.34 (s, 2H), 3.49 (t 2H), 3.36 (t, 2H); MS
ES 443 (M+H)" calcd 443.

Example 46: Preparation of 6-phenyl- N* -{4-[2-(1H-tetrazol-5-yl)pyridin-4-
yloxy]phenyl}pyrimidine-2, 4-diamine
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carbonitrile (0.20 g, 0.53 mml, prepared in Exanple
8), sodium azide (0.051 g, 0.79 mmol), and
wa eioeddpeBanm ne (0.11 g, 0.79 mmol) in tol uene ¥ABUKL0P6/008779
was heated at 100 OC for 2 5 days. The m xture was
then treated with cold water. Thﬁ solid was collected
by filtration, washed wth wati®fand met hanol to give

pure product, 0.14 e (DMBO-J 6) 9.51 (s,
IH), 8.62 (d, |H)@ﬁ(
(m 3H), 7.19 (;m 6.

7.55 (d, IH), 7.48
/(\'m 3H); MS ES 424 (M+H) +
calc 424. LO Exappl e 47: Preparation of
Lr-{4-[2-(4,5- ro-1 -imdazol-2-yl)pyridin-4-

onxy]phenyI},ﬁ§p nylpyri m di ne-2, 4-di amine A mixture
of

4 {4 [ (2-am no- 6- ph yrimdin-4- yI)an1no]phenoxy}py
ne-2- carbonitrile prepared i

E%aﬁ%mres)of Ayl aming- ér@hﬁy?mnmglgm @yl)@nw]nlge%myudme 2-
carbon?tﬁ‘fje %Ojbé lél’ d@r gﬁn& P ;%@ed”'ﬁ'PF)xa % 5(0%111,{]%1-)32 S(O 051 g, 0.79

heated at” 80 0C for 3 days. The oI vent was .
mmol); arbivisthybmiay dhbt at 0-a% rrundé in fobugne €D pile 398 nheatecrhtelOO Cfor 2

days. '[‘fr?e: fng)#a e}"@%s %fé %&%&@X&%@%@&@ééﬂ%@f@%{ ?%c!rll%\é@g bS/yfﬂtratlon

washeqb mﬂhumtgar &hdOhethafi @ % .givieHpuid/gr (dDMSOCl 463 (@B%)) 3 NMR (IBMSO-ds)

89.51 il S D G187 o s (i, g eeBronEn| 118 it 3B, 6.48 (.

3H); M§ESZ@L (M'S@I)Eéléaéleo (M*H)+ cal c 424. Exanple 48:
repar ati on "of

LA- [4 (2- Chl oro- pyri di n-4-yl oxy) - phenyl ] - 6- phenyl pyri m

a3 P A L SRR AR i+
yloxy]ﬁhalm} €-phenglgy Niid{noAGddignine 9. 40 (s, IH), 8.22 (d,

IH), 7.85 (m 4H), 7.45 (m 3 .11 (m 2H), 6.88 (m
2H), 6.46 (s, IH), 6.36( 57\}/EE8390(M+H)+,

calcd 390, RT = ;ff:ﬁr >

A mixture of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]phenoxy}pyridine-2-
carbonitrile (0.2 g, 0.53 mmol, prepared in Example 8), ethylene diamine (0.095 g, 1.58
mmol), and sulfur (0.05 g, 1.58 mmol) in DMF (3 mL) was heated at 80 °C for 3 days. The
solvent was then removed by evaporation under reduced pressure. The residue was purified
by preparative HPLC followed by preparative TLC (EtOAc:NH4,OH = 99:2) to afford pure
product, 0.01 g (5%). "TH NMR (DMSO0-ds) & 9.39 (s, 1H), 8.41 (d, 1H), 7.84 (m, 4H), 7.42
(m, 3H), 7.37 (d, 1H), 7.09 (m, 3H), 6.95 (s, 1H), 6.46 (s, 1H), 6.37 (s, 2H); MS ES 424
(M+H)" calc 424.

Example 48: Preparation of N -[4~(2-Chloro-pyridin-4-yloxy)-phenyl]-6-phenyl-

pyrimidine-2,4-diamine
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Exanpl e 49: Preparation of (S)-iV
-{4-[ 2- (2- Met hoxynet hyl pyrrolidin-I|-yl)pyridin-4-
W@ b@xpIpbenyl } - 6- phenyl pyri m di ne- 2, 4- di am ne PCTUK1006/€)8779

of L/ -{4-[(2-chloropyridin-4-yl)oxy]phenyl}-
6- phenyl pyri m di ne-2,4- diamne_ (0.15 g, 0.38 mmol,
prepared i n Exanpl e28y° L(+)-2-
(et hoxymet hyl ) pyr ding (2, ) was heated at 80 0C
for 3 days. TheHNi xtdre was“cooled to rt and separated
by preparative HRLC directly. The desired fractions
wer e conbi ned, I\h/eul ralized by 10% sodi um car bonat e,

AACc (3X). The extracts were

and extractg % A
conbi ned, drfed vernesi um sul fate, and evapor at ed
to furnish pure produs¥, 0.04 g (22%. 1H NWVR (DVMSO-d

é’;&ii,s %9%8&%dmw5§%e¥>2rgé%X(r%%sc,t%'ﬁb'%‘f 17A6v7v§§1 (zﬁsl?yzg?%@gtg&% 4¢88ibed in
EramIVE ML DN 0 28 GUITEZS 19,054 U514 o 50,
: S . . 1. ;
711 Gon 1857 2EBot ARt T 6 56 (5 BRGMAHES 000 QY81 6RKg 390, RT =
2.27 mikh4-{2-am no-6-[4-(2-trifluoronethyl pyridin-4-
yl oxy) phenyl am no] pyri m di n- 4-yl } phenyl ) - 3- hydr oxypr op
i onam deTo a sol ution of

X .- - di nethyl - k. 3- oxazol i
BrampiS el ISR BT iy Rt
yloxylpYenil}-éiprenlylgyainaidin-2d-didtind ) was added HATU (0.1 1

g, 2.87 mol) and DI EA (0.742 5.75 mmol ). After the
reaction solution was stirred t for 1 h,

6- (4- am nophenyl) - £ 40 ~1 uor onet hyl ) pyri di n-4
- yl]oxy}phenyl) py di ng- Zd- di

rg’ne (0.84 g, 1.92
nmol ) was addedHNThe sol utron was stirred for an
additional 24 h &

At rt and separate 'B%/ preparative
HPLC to affordMa qlid i ntermedi ate, which was treated
wi th net hangl H.)~and concentrated HC (0.5 nlL)
for 12 h at 7Y. The lting mixture was diluted with
DVBO and purified by MPLC to give a solid. The solid

\’Egsél&?%e[ %g ]‘ﬁ“'—¥%E(g—aéh%r@fafrﬁjdiﬁ-qdﬁmy%h%ﬂfrﬁp b eI rimidine-2,4-
diamine (0.15 g, 0.38 mmol, prepared in Example 48) and (S)-(+)-2-

—+

(methoxymethyl)pyrrolidine (2 mL) was heated at 80 °C for 3 days. The mixture was cooled
to rt and separated by preparative HPLC directly. The desired fractions were combined,
neutralized by 10% sodium carbonate, and extracted with EtOAc (3X). The extracts were
combined, dried over magnesium sulfate, and evaporated to furnish pure product, 0.04 g
(22%). "H NMR (DMSO-ds) & 9.24 (s, 1H), 7.89 (m, 3H), 7.78 (m, 2H), 7.42 (m, 3H), 7.00
(m, 2H), 6.44 (s, 1H), 6.34 (s, 2H), 6.10 (m, 1H), 5.85 (d, 1H), 4.06 (m, 2H), 3.40 (m, 1H),
3.21 (s, 3H), 3.08 (m, 4H), 1.82 (m, 4H); MS ES 469 (M+H)" calc 469.

Example 50: Preparation of 2-amino-N-(4-{2-amino-6-[4-(2-trifluoromethylpyridin-4-
yloxy)phenylamino]pyrimidin-4-yl}phenyl)-3-hydroxypropionamide
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organi c | ayer was separated, washed wth water and

brine, dried over nmagnesium sul fate, and evaporated to
w@bdoengh281 433 g (43% of pure product. 1H NVR ¥CIVB£2086/008779

6) d 9.34 (s, IH), 8.59 (d, IH, 7.88 (m 4H), 7.76

(d, 2H), 7.37 (s, IH, 7,16 (m_ 3H, 6.45 (s, IH,

6.36 (s, 2H), 4.88 TRA63(m 2H), 3.39 (m

IH); M5 ES 526 (Mt alld/ﬁgﬁ. Exanpl e 51:

Preparation of HN

4-{2-am no-6-[ (4.

[2-(trifluoronethyl)pyridin-4-
yl ] oxy} phenyl ) n] pyri m di n-4-yl } phenol Step 1 :
Prepar at i on L o

-(4-{[2-(tr| uorone ) py

|d|Nn

yl' ] oxy} phenyl) pyri m divie=g; N4l neA stirred sol ution
cont ai ni ng 2-am no- 4, 6-di dhl opyri m dine (17.74 g,
0.1 1 nol) and

4T{>[ % (§c§1{1ﬂc1cl)IPOBP ”?4@53' @téﬁ’ Bh%kgca%ngf_rgy]l)oii}cﬁ’l% h ,|3 084]2_16(81dme -4-

(I ntermedi ate I n water I'sopr opan
carboxyilic agd| (@&ﬁcanﬁﬁamwlh}ld doye WNfdlmearyiastet(aﬁndﬂ_IlQ/vai) was added

a9 2 TPl ORI R AR Liufonves
stirredf i latr atti offorandl sthed (Wahhncqmeﬁyl)-Nf he- {f[iJ(itrﬂueﬂ)nﬁHtlﬁ)ﬂWldm 4-

oo e bl DAL T er e (0 90, and

st1rrededr§H‘mt haditiesil Q4(lp|dr8t) andTE@)aﬁdﬁédey ep/@alvfehHPLGOt@' ﬁﬁ)rﬂoa solid
ly stirred 1 ce water

0] or 0
intermggiaje, PRGOS SoAIEd HOBETBHnoL (H) miaimd sfnisatisd High @3 mL) for

12 h #6t. I'eet sty %Hﬁﬁlfeoﬂasf Hﬂlﬁté@Wl@l@MEbWﬁ@?ﬁgﬁed by HPLC to give a
sequentially with water , isopropanaol ieth

solid. él‘rb@ olifalpsy Stssda Hath saﬁéatﬁétsedium W@gb@ﬂiee@ldbét%‘P for 2 h. The

organig kl/%é{q{/‘ast &pgiateglr gvg%ééi \ggﬁ ”ﬁ_ﬁ b@n s 1{:@ ogrfn’(_%zaﬁ%sl%fl sulfate,

and evdpdrated. t8>1affcdd 02433 d &99%))af pﬁré%fb’rc(ddct | lmi NMR. DMEBD;dsy §19.34 (s,

1w, s 10, 5 Cmty 7076 ) 2515, A s 18 Loy 0 S5 6.36

(s, 2HRH=R (931H|)1 B.56SEPHS 3.3 @pannt MREST526 fmemH)f L8c£9rgound

Example 51: Preparation of 4-{2-amino-6-[(4-{[2-(trifluoromethyl)pyridin-4-
ylloxy}phenyl)amino]pyrimidin-4-yl}phenol

: ,O\G/CRB
~ N
HN

1]
H2N)\\N
OH
Step 1: Preparation of 6-chloro—N4-(4—{[2—(triﬂuoromethyl)pyridin—4—

ylloxy }phenyl)pyrimidine-2,4-diamine
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To a 8 nL m crowave tube was added
6-chloro-L"-(4-{[2-(trifluoronethyl)- pyridin-

wa200beoeyd phenyl ) pyri m di ne- 2, 4-di am ne (0.2 gPCOUSR06/008779
mol ), boronic ester (0.17 g, 0.79 mmol),
PdC 2dppf - CH2d 2 con‘pl ex (0.023 g, O. 03 nmol ),

pot assi um car bonate (0
-di net hyl acet am de (3 nd lwa (1 rrL) The
m xture was degassedHN'l ushed w ni trogen, and

heated at 150 OC for 15 min in a mcrowave reactor.
The m xture vvasflltNere and the filtrate was

separ at ed by preg_”bﬂﬁﬁliv e desired fractions were
conbi ned, basified b eXtracted with Et QA (3X). The

EAQQmeax:tdlmdnsCmailﬁmtghg&mmﬁm6d11&141bﬂa) pYaiRdin@ ey i Ignml mol)
dried _ over g)‘pe& um.sul fate, and evaporat ed to giv

and 4-4 B2-(iflporgapethyliparidingtiidexy Jenilingrintermsestiaty 24) o wste( §400 mL),
1soprot>é'1%l %ﬁ)O%%Lf $nd b@iﬂoen@at%@ hgl&jmclélbplc agl—‘l)d§§ gﬁ% w%rﬂeatfa af 85 °C for 18
h. Tig @ggtg,on iy co@leg()to(@ °C2mgd thoyatiev4ian solidHyas colidetad by suction
flltrat1§4?aéldE§§%édg vﬁix (vg{t par ' <i’intm%d ﬁ'ﬁdu@tmaxgasaﬁ sgdlved in hot N,N-

Fi f1Uor omat
d1mett4/-1&l‘rumy1)qeh@®y?(é)rmmtb]tlp)gthylmndlen wds wldvakhenided asitig rtAo sokébn was

s B TR e RN 0B ) w3l s e

water WhE L8, @@odtirfige iwas Ic@ﬁi:trm@ﬂ g6r bat MheThe solidd WeR d@scted by suction
ed at rt unt s evolution ceased. The

FlratiGs ] PRGOSCATSENY WERA e RSP A SRr ) Hhee ond Fngy hexae.

The m@feridt (s dABH BY-Fr fdcfion to afford a light tan solid, 28.8 g (77%). .'H NMR
2-(trifluoronethyl)pyridin-4-yl]oxy Jphenyl ) am noj

(DMSby Kend me-%l@/ (s, ifhehob (¢.0116/7,6 Blz)l.47.#intd, 2Hexasl) €7.51)d, 1H,

=24 Hgg(t ur e8 ﬁen ZSyJZ ?gg‘i {ﬁ—]? ? =?Zg?’%1§ﬁﬁ.)’qllﬁ8e{s§ 2?151{(10@1(3 1H).

MS ESag2 de{)éd:aWdt B Thas mand separated by preparative
\}}PLC. .}ﬁe desired fractions were conbi ned, basified
tep 25 Jrenaitiog o &l i OPBRdt e, and extracted with

ET(QA\Q hB 29101 ol e Sl gkt RIIVE behEREIN R, [2%%%%1%6@;1) pyr1d1n—

dried over nagnesium sul fate, and evapor at ed

I he,
4- yl]ow}p@eryé&rypgg&w ddueipming (12 g Q%qu,amolj_,Hbommc ester (0. 17 g, 0.79
mmol), PdCl,dppf-CH,Cl, complex (0.023 g, 0.03 mmol), potassium carbonate (0.18 g, 1.3

mmol), N,N-dimethylacetamide (3 mL), and water (1 mL). The mixture was degassed,
flushed with nitrogen, and heated at 150 °C for 15 min in a microwave reactor. The mixture
was filtered, and the filtrate was separated by prep HPLC. The desired fractions were
combined, basified, and extracted with EtOAc (3X). The EtOAc extracts were then washed
with water and brine, dried over magnesium sulfate, and evaporated to give 45 mg (20%)
pure product. "H NMR (DMSO-ds) §9.75 (s, 1H), 9.22 (s, 1H), 8.58 (d, 1H), 7.86 (d, 2H),
7.76 (d, 2H), 7.35 (s, 1H), 7.12 (m, 3H), 6.78 (m, 2H), 6.39(s, 1H), 6.20 (s, 2H); MS ES 440
(M-+H)*, calcd 440.

Example 52: Preparation of sulfamic acid, 4-{2-amino-6-[4-(2-trifluoromethylpyridin -
4-yloxy)phenylamino]pyrimidin-4-yl}phenyl ester
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NVR (DMSO-J6) 5 9.42 (s, IH), 8.59 (d, IH), 8.09 (d,
2H), 7.98 (m 2H), 7.85 (m 2H), 7.35 (m 3H), 7.10
W@ 206899231 6. 42 (s, IH), 6.36 (s, 2H); M5 ES 51BCT/Nstobi)/808779
cal cd 519. Exanple 53: Preparation of
L”-[4-(2-am nopyri di n-4-yl oxy) phenyl] 6-
phenyl pyri m di ne- 2,4 i a 8-nL vial was added
Pd2(dba)3 (0.028 g, DI ), 2-
di cycl ohexyl phospiii nobi phenyl (0.025 g, 0.070 mol ),
and L™-{4-[(2- chloropyrldln 4-

yl ) oxy] pheny! } -8~ phenyl pyri ni di ne- 2, 4- di ami ne (0.20 g,
0.51 mmol , Eﬁ@d&l 4 The vial was seal ed,
evacuated, Ad back

added via syringe, f 6

e®@wt h nitrogen. THF was t hen
vgdsbm4add|t|on of LiHVDS (I M
in THF, 0.72 rnL, 0.72 mol) The nixture was heat ed
atlo @eatomlmeﬂfﬂnghtsocmeterfmﬁérge I\ smimeBrwasoasided dmpvvlsq formic
acid (?r’lf @%?g g&i)agilq rd%%lwm}te%gghriéi cg %a@e? ﬁ)ﬁ&il\la’fgf_l%lx{lj&e was gurred at rt

until mbvdaﬁcﬂdcmﬁdzdw Tllleudt'sjalltﬁrgesuﬁhinoy] d&omdhme_ad)deéB)o a §blaetion of 4-{2-

i TS RISl it

(0.06 gt eﬂarmtno‘]{ eExiithplet sl)f i aiySN, N dsdh g a@aftarin'd@dﬁﬂ] P@d The reaction

m1xtu%,_yyas tg’terts%plr? at gq_%;r 12 hy %hf ﬁeluéqq) wzgg)gqte(é éylthppﬁtharfpl ggs separated
by pregﬁfaubé"l-IPL@ e (c@snéd’ﬁractﬁﬁs %%r@’ggm&%&'bbﬁsﬁéh Qﬂth?’gajtulated sodium
le 54: Hig Anal ogi ng ( HSA) Synt hesi s
Cafborb?éft ﬁ@fél eahtraFéedaWﬁh ﬁﬁaﬁé (8X). IThecpxiraefs avere egmbpined, washed with brine,
n 1
icd L IRILASE, 98,y ) pCOBEN 001 £ iy
NMRNPMSA-4B) ¢ 9dad(s0 18 &5wid,alEnis.08f (dPan) 21. Q@mi‘n) 28HRPTR2 (m, 2H),

/ . A do i

735 G 0 Gt alt b S8 o HNSTAE GEAD e 5107
equi val ent of 2 M K2CO3 aqueous sol ution. After the
resul ting mxture was degassed for 10 min using N2,

ExamplecS3; Prepagation of Ned4«Zennpapwadiacd-yiosy mbensd-620 min in

h midiN&y 3. diSafheor - The reaction m xture was
P en:ﬂb‘y‘ﬁiered an1 he flltrate

ST

N/

s |

HoN” N

=1

To a 8ml vial was added Pdy(dba); (0.028 g 0.03 mmol), 2-
dicyclohexylphosphinobiphenyl (0.025 g, 0.070 mmol), and N* -{4-[(2-chloropyridin-4-
yDoxy]lphenyl }-6-phenylpyrimidine-2,4-diamine (0.20 g, 0.51 mmol, Example 48). The vial
was sealed, evacuated, and back filled with nitrogen. THF was then added via syringe,
followed by addition of LiIHMDS (IM in THF, 0.72 mL, 0.72 mmol). The mixture was
heated at 65 °C overnight. The mixture was then cooled to rt, treated with 1N HCI, and
stirred for 12 h at rt. The mixture was then neutralized using 1IN NaOH and extracted with
methylene chloride (10 mL x 3). The organic extracts were combined, washed with brine,

dried over magnesium sulfate, and purified by preparative HPLC to furnish 0.035 g of the
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was purified by pre-HPLC eluting with 15%to 85 %
acetonitrile using a Phenonenex Luna 5 m C18 150 x 30

woreosoYsn to provide the final product. ExanpP@I/652006/008779
H gh- Speed Anal ogi ng (HSA) Synthesis Method B To a

e of 1 _equival ent of the chl oro%rlmdl ne
desitergrockeig oI VO EE D T 0B TR '.fmeaaowaﬁ b3, 7.22

. 2GRS, 855 eels VPR, Bl Sy

anhydrous L iV-dinmethylacetamde in a 8 m_ m cr owave

ol SRR e R BRI SRR AT o e

To a ﬁﬁ@ﬁé&ﬁd éqivaldht 15 Rhdl ShioebpYAmiliine (Y@(ﬁhgm@% @@@b@ﬁl@mt;eneral
heated at 140 QC for 20 min in a mcrowave reacto

MethoghB), eeqryalent of beipnée gd (¢-81 Geneal N&ﬁb"‘i Be. #nd Q. Péte@uwalent of
PACl, ﬁf)P@'H%élb edrdex? qrﬁﬂ’ln& %Hgalegs W th&fé?regﬁa%z%ﬁné?{e a5 mL

et oni |'e Using a Phenonenex Lura 5 150 x
Hucrowecl@mtmn Yessep Moy |ad@edt hé dquwalenbo’bzi%ﬁ(zcas afpeons Belution. After

the reﬂtﬂ[ﬁg{fﬁﬁé&%ﬁ vf&la&e%%sg C i o%lgreﬁ%%cﬁwﬁ%{]%gs g&.azﬁ\ed and heated at

150 °Cfom26umid 18 a@anﬂmaalve hmcm:rdTm rea@tlcﬁqmmmieemss?ﬂtdrecb andthecfiltrate

B T WY T ——
5 u CHEES 080 vl @A@hAR R vARGNE fiRalProdict. 2 M K CO8 in water

in a5 nL mcrowave reaction vessel under nitrogen was
heated at 140 OC for 20 mn in the personal m cr owave

mxampfS; High J0fed SRR AISLISRBRE U, 0 1506 10

To a B& LY af dt ayitatant ef don tialiormpygnidibé F® mgi ag. aompound 9 General

Methot(ﬂﬁ ,?Ifrﬁgﬁl)\(/%]:,agtnﬁ g%oé%%ﬁpe}cé(} ggeneig?g B@é?h?t? Jﬂrm?cﬁ % (PC{ equlvzﬁent of

PdCL@ppf3 - @@l cﬁrr(p{e‘k— i 2:3 whiorampydiods v, Aydipethy]aebrmidd in a 8 mL
t ep

mlcroxﬁav(ezreécﬁ.f) rIegge R Iaggei;i? e%;%kva ng,pf é%ﬁf;& aré(?l%elOggtS&ptlon After

the resulting mixture was degassed for 10 min using N,, the vial was sealed and heated at

140 °C for 20 min in a microwave reactor. The reaction mixture was filtered, and the filtrate
was purified by pre-HPLC eluting with 15% to 85 % acetonitrile using a Phenomenex Luna

5 uC18 150 x 30 mm column to provide the final product.

Example 56: High-Speed Analoging (HSA) Synthesis Method C

A mixture of 1 equivalent chloropyrimidine (e.g. compound 9 General Method B), 2
equivalents of boronic acid (General Method B), and 0.1 equivalent of PdCl,(dppf)-CH,Cl,
complex in 2.5 mL anhydrous N,N-dimethylacetamide and 0.5 mL of 2 M K,COj3 in water in
a 5 mL microwave reaction vessel under nitrogen was heated at 140 °C for 20 min in the
personal microwave reactor. The reaction mixture was filtered, and the filtrate was purified
by pre-HPLC eluting with 15% to 85 % acetonitrile containing 0.1%TFA using a

Phenomenex Luna 5 u C18 150 x 30 mm column to provide the final product.
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carbonate To a m xture of
2-am no-4, 6-di chl oropyrimdine (1.5 g, 9.15 mmol),

WO baobph924r PCT/US2006/008779
(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) phenyl
carbonate (2.9 g, 9.15 mmol), Pdd 2dprf CH2d 2 conpl ex
(0.45 g, 0.55 mmol ), and DME (14 nL) was added a
sol ution of potassiumcarbonate (3.2 g, 22.9 mmol) in
vvaterrémrL) The m xture was then degassed, fl ushed

Example $y7: liepal'gaéwnaﬁé Rexmping- %({4si@2ﬂldommmdlgrﬂyl)oxﬁk»henyl} amino)
ﬂﬁﬂbr r was separated, washed with water and
pyrmﬁ&l ne, dr| e(g over nagnesi um sul fate, and evapor at ed.
The residue was purified by colum (2% MeOH: 50%
hexane: 48% EtOQ% to ag ord 0.64 g (22% desired
product. M ES al cd 322, RT = 3.37 mn.
Step 2: Preparatin ti conpound This materi al
was prepared by a nethod anal us to that described
for Exanple 1, starting from product from
4- (2-am no- 6-chl oropyri m di nt 4-yl ) phenyl tert-butyl
carbonat e and I nternmedi aHgN2RN 1 (DI\/BO J6) d 9.79
(s, IH, 9.25 (s, IH), 8.22 (d, | 86(m 2H) ,
7.74 (m 2H), 7.09 (m 2H), 6.95 (m 2, 6.80 (m
2H8tep 6.139 P(r%lgrdtit% & Zﬁ(i—ﬁmur%':&—chl ﬁﬁnﬂ@iﬁ 4 ﬁﬁe\nyl tert-butyl
cal cd 406, 74 mn. Exanple 5 Preparati on” of
( 3|yhamates- { 4- [ ( 2- ani no- 6- phenyl pyri mi di n- 4- yl ') ami no]
phenoxy} pyri di n- 2-yl )dut - 3-en-1 -0l 4-{4-[ (2-chl oi Opyrid
i n-4-yl)oxy] phenyl } - @- phenyl pyri m di ne-2, 4-di am ne (0.
10 g, 0.26 mol, Eﬁﬁpe 48), K2CO3 (0.089 g, 0.64
nmol ), and DVA eplgcedintoasmall
m crowave vi al .

e@%ﬁ d for 10 mn
before (3E)- 4(4455- /“\ i'e

tetramet hyl -1, 3, 2-di oxabor ol aﬁ 2- yI )Gcﬁﬁt 3-en-1|-ol
(Do 1D rﬂixtu@e 3§ Inﬁﬂﬁﬂo @ﬁﬁhlaﬁ&%ﬁﬁﬁrﬂm@ (E526] 3, 1@50%&3( t-butyl-4-

(ﬁ 0 mol ) were ad . The m Xture
44,5 égt@:@raetgyl 11’5’,@ dioxabgrolan-2 —yl)phenyl carbonate (2.9 g, 9 15  mmol),

PdCl,dppf CHLCl, complex (0.45 g, 0.55 mmol), and DME (14 mL) was added a solution of

potassium carbonate (3.2 g, 22.9 mmol) in water (4mL). The mixture was then degassed,

1 Xt

flushed with nitrogen and heated at 80 °C overnight. The organic layer was separated,
washed with water and brine, dried over magnesium sulfate, and evaporated. The residue
was purified by column (2% MeOH:50% hexane:48% EtOAc) to afford 0.64 g (22%)
desired product. MS ES 322 (M+H)", calcd 322, RT = 3.37 min.

Step 2: Preparation of title compound

This material was prepared by a method analogous to that described for Example 1,
starting from the product from 4-(2-amino-6-chloropyrimidin-4-yl)phenyl tert-butyl
carbonate and Intermediate 2R. '"H NMR (DMSO-dg) & 9.79 (s, 1H), 9.25 (s, 1H), 8.22 (d,
1H), 7.86 (m, 2H), 7.74 (m, 2H), 7.09 (m, 2H), 6.95 (m, 2H), 6.80 (m, 2H), 6.39 (s, 1H),
6.23 (s, 2H); MS ES 406 (M+H)", calcd 406, RT = 2.74 min.

Example 58: Preparation of (3E)-4-(4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino]
phenoxy}pyridin-2-yl)but-3-en-1-ol
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20 mMn in a mcrowave reactor. The m xture was cool ed,
filtered, and purified by prep- HPLC. Concentration of

wao bwedersr ed fractions gave 0.016 g of the titPE&I/US2006/008779
compound (10% . MS ES: 426 (MtH)+, cal cd 426, RT =

1.90 min. Exanple 59: Preparation of
(4-{4-[(2-am no- 6-ph QHIHO] phenoxy}
pyri di n-2-yl ) met hanol i f1dor cetate) To a cl oudy
sol ution of HN

4-{4-[(2-am no- 6- phenyl pyrim di n-4-yl)am no] phenoxy}
pyri di ne-2- carbo£§ acid (748 ng, 1.87 mmol, Exanple
20) i n anhydr 2 ) at rt was added

car bonyl di i ni ddzol e ( 4f , 2.81 nmmol ). The white
suspen3|on was stirred 80 0OC overni ght,

cansenty gl LR O T A APLLEE bl 10

0.26 nlnnOD E}@mpiel 48t 161CQ:1M.089) g, vtas4 artdelyl. arifiOMA X2.6relyesre placed

o o R PARI LY 3 PL Re2e0Br e R A 5 .5

tetramblﬁﬁfbit 8,3- momlsorqlumcﬁmtwanhl-@pn@o 161G, @.33 ditabl)i dhd@Pd(dppf)Cl,

(ﬁ Bwnn for 15 m.n, the m xture was .

CHZCQ |CBW|PfF & 0 QOapmpdtere a@cl?@r orhegnixéae wasderies af 330 °C for

20 mifti) adhioRbve AERE. Sthelthixfge Vs d1dd, 'i'ﬂte}éd Waé é)unfled by prep-
extracted wth EtOAc (3 x 100 mL). The conbi ne

HPLCo (etisentratigpepkthfedesirest fragtiony gava@PIons of thet titteeeomparand (10%).
ES0R pfed déa A %% white gum (420 ng, 85%
MS purngJrThe c}%cgeﬁniaéﬁerpgp liO 0 ng) was purified by
prep HPLC purification to gi ve 37 ng (40% vyiel d) of

Exam%ﬂ%gt g‘i-l(\]gar%ﬁ%q%y gﬂg@f(ggamci%l 6;93( (gpﬁ -y n/qglo?lpgxen)mxy}
pyridift2-yl)mefithnointrifbdroadetats) ( d, 2H) 7.20 (m 2H), 6.60
(s, IH), 4.60 (s, 2H); ES 386 (M+H)+ cal cd 386, RT
= 1.73 mn. BAQ aration o
6- (2, 6-di met hyl phenyL) - N - [2-(|f' | uor omet hyl)
pyridi n-4-yl]oxy}phényl) pyri m#ine- 2¢4- am ne

To a cloudy solution of 4-{4-[(2-amino-6-phenylpyrimidin-4-yl)amino] phenoxy}
pyridine-2-carboxylic acid (748 mg, 1.87 mmol, Example 20) in anhydrous DMF (50 mL)
at rt was added carbonyldiimidazole (456 mg, 2.81 mmol). The white suspension was
stirred at 80 °C overnight, concentrated to a volume of 10 mL, and diluted with anhydrous
THF (7 mL). The reaction mixture was cooled to 0 °C and water (10 mL) was added. The
mixture was vigorously stirred as NaBH, (142 mg, 3.75 mmol) was added and was allowed
to warm from 0 °C to 1t over 2 h before it was quenched with conc. HCI (1 mL) in an ice
bath. After stirring for 15 min, the mixture was slowly added to a stirred solution of sat.
NaHCO; (20 mL) at 0 °C. After stirring for 30 min, it was extracted with EtOAc (3 x 100
mL). The combined organic layers were dried over Na,SOy, filtered, and concentrated to
give an off-white gum (420 mg, 85% pure). The crude material (100 mg) was purified by
prep HPLC purification to give 37 mg (40% yield) of the title compound as a colorless gum.
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To a m xture of
6-chl oro-N4- (4-{[2-(trifluoronethyl)pyridin-4-
wQ kjoexgdphenyl ) pyri m di ne- 2, 4-di am ne (1.0 g, PCBURI00O6/008779
avai | abl e by condensati on of 2-
1 NQ-4, 6-diLchl oropyrim di ne_and
B N RISt B 0D ks PR By FHA PO R4 RS et FELnf R, 3HD)
[ ' 11989 : HCRrd + -
7.35 (I&'ﬁ%%)ﬁ ggpg{dega\&%r%g?g rlglﬁbg.)%é ésﬁ?ﬁfz gi_s BsREIRY-H)* caled 386, RT =
1.73 mfnret hyl phenyl boronic acid (786 ng, 5.2 nmol) in DWF
(13 nL) was added aqueous Na2CO3 (2 M 3.9 nlL) and
tetraki s(tri phenyl phosphin)pal | adiurn (0) (303 ng,
Exam@le2 633\5f1DI Prepahstiores of t iGﬂg_,ﬁlﬂkﬁét_hﬂp‘h@ﬁylmE’(ﬂS{@Zi-(tfr%ﬂéml‘Gmethyl)
LM efqre it was pl.ac .n_a mcrowave reactor nrys
PYP”%?'WﬁP’Z@ﬁW‘MF Pe'%%e‘hf‘gk“?‘y) at 150 OC for 20 m n.
The resulting m xture was cooled to rt before it was
filtered and insoluble material was rinsed with DW.
The filtrate was corcentrated under vacuo and
di ssol ved in Et OAcExIThe resylting m xture was washed
with water and theForgant @‘ was dried over
Na2SO4. Renoval of thal vers ?{Mvacuo gave the
crude material, which was purified'Wmth 40 M bi otage
eluting with Hex/ EtOAc (1/1) to prayideyihe title
conmpound as an off-white solid L@SZ my, [ 56% : 1H NMWR
(DMSO-J6): d 9.27 (s, IH), 8H9 (W '), 7.86-7.90 (m
2H), 7.35 (d, IH), 7.04-7.17 (m 6 35 (s, 2H),
5.86 (s, IH, 2.10 (s, 6H ppm MVBLES 452 (MrH) +, RT =
2.76 mn. Exanple 336: Preparation of
6T¢ 6- amd nopymixdwse3- y| Pf N 4- §-¢hlpt@Nirgd-Hj2-fyiffudicmaethyl)pyridin-4-

- V| h iriom dione-2,.4-di ani X .
oA PRI AT SESLAR B oo o =
aminoaﬁm?-ﬂiﬁ:hlbrapﬂrnﬂiﬂh&nmhd q M(ﬁtrﬂlurc?kﬂ&%ﬁﬁ?ﬁi%in{@?l)&ﬁd@cblfeﬁyl} amine,

L he. - I ssol ved w
deserifel i k&?ﬁ@@@%ﬁdeﬂ 08 rliFESbY FieerRARipd oy eferqare and 1.3-
dimettA@sheh iBBroaobeid 786 9mPC52nehnRAY &5 HMM (1BUMPX W 4dHed1Rueous

was adde orti onwi se; the solution

, 410 ol daea . !
NaxCQafPride 3&%31 ageh EptabsistapRenedphariir 2 pasties(O) (3 B o 26 anmol).
The re8@fthg hBRuAE 2 & 0ORE&II8Er 18kiif beRPe WaFas placed in a microwave reactor

(Emrys optimizer by Personal Chemistry) at 150 °C for 20 min. The resulting mixture was

cooled to rt before it was filtered and insoluble material was rinsed with DMF. The filtrate
was concentrated under vacuo and dissolved in EtOAc. The resulting mixture was washed
with water and the organic layer was dried over Na,SO4. Removal of the solvent under
vacuo gave the crude material, which was purified with 40 M biotage eluting with
Hex/EtOAc (1/1) to provide the title compound as an off-white solid (657 mg, 56%): 'H
NMR (DMSO-d6): 8 9.27 (s, 1H), 8.59 (d, 1H), 7.86-7.90 (m, 2H), 7.35 (d, 1H), 7.04-7.17
(m, 6H), 6.35 (s, 2H), 5.86 (s, 1H), 2.10 (s, 6H) ppm; MS ES 452 (M+H)*, RT = 2.76 min.

Example 336: Preparation of 6-(6-aminopyridin-3-yl)-N4-{4-[(2-methylpyridin-
4-yDoxylphenyl}pyrimidine-2,4-diamine
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L0

10 reestablished and a sol ution containing the
4-chl oro-2-picoline (50 g, 390 mol) in N
woRhoreehgl acet am de (400 nl) was sl owl y added eemus1ve6/008779
m xture was heated at 90 OC for 17 h. The m xture was
then allowed to cool tqQ 45 0OC, filtered and
concentrated t&° 8 in vacuo to | eave brown
residue. The resijuejwas Wy added to vigorously
stirred water (IL)™~and the suSdension was stirred for
gcted by suction [5

| hr. The solids were then cogl

filtration and washed with §ma anmount of

i sopropanol, ether and dgi gd {4-[(2-

Met hyl pyri di n-4-yl) oxy] Pphenyl} lamihe (49.9 g, 64%
as light tan solid. 1H NWVR ( DMSQd .21 (d, IH,

6.78 (d, 2H), 6.57-6.63 (m 4H), 5.10 (s, 2H), 2.35
(s, 3H,; M5 ES 201 (MtH)+, calcd 201, RT = 1.04 mn.
>0 Step 2: Preparation of 6-chloro-N4-(4-{

[ 2- et hyl pyri di n- 4-

yS$tbp X yPreparaydn @yfd- - Medypyddidian) oey] phenyl} amine
{4-[(2-Methyl pyridin-4-yl) oxy] phenyl} am ne (47.5 g,

237 mmol ) and 2-am no->, pyri m di ne (40.8 g,
249 mmol ) were suspend L wal 900 nL) and

2-propanol (300 ni). 2M agueous hydtdzhl oric acid

J t

tAE 11qg>ﬂef*xfo¥ %441{ 9 gs L%%\p@ﬁolt) ?\g@ aﬂg%ﬁ% tﬁ]g %L g"ﬁeéﬂ ﬁgﬁﬁld\’\@gsolved
with Z\éNernmeﬂiylaoetamrde 600 i an@he aliired mivtuee eak Ithmt ecbléd/ to 9 °C and
porss R B BB BB ARt s
and salgtﬂflb@abﬁdreabo&_@sxﬂﬁ t'Butcﬁ;ﬁda/!aﬂﬁ}tm 67@13 Biblhpl&i&ﬁl tOhSﬁrrmg was

ed apd the mxtu s st r .additjgna m

reestatphghaGE SYALISR UG exdblprs § R 5 390 mimol) in N

d1metl@la@5ﬂhﬁ&3§109%]§)l wheslodly herpanatitd fuxthi WadBsat&PR! ®RPC for 17
f o about 0OC and preci |tate forned were collected b

h. Theswixthesrivasi ther alqve togeehtoc WG Hiltgerdesndageacentfagadl forpear dryness
in vacé’daﬁ)ul%’@/ Ot?&%&ﬁ?&stlg% ggqe% %sﬂ%&l%ﬁ%&%%gg@fﬁo)oﬁgG%yglg%{igr,ed water
(1L) and-bthe gus@ﬁnsﬁ@l Wasi)s,tinidfer (lljl;. Zih)a,soﬁdS)@ve(r@ therHyqllegtedsby suction
filtratiérp hitd W%Eﬁe’d \gitg%m(aﬁ’ amount of isopropanol, ether and dried to afford {4-[(2-
Methylpyridin-4-yl) oxy] phenyl} amine (49.9 g, 64%) as light tan solid. "H NMR (DMSO-
ds) 0 8.21 (d, 1H), 6.78 (d, 2H), 6.57-6.63 (m, 4H), 5.10 (s, 2H), 2.35 (s, 3H); MS ES 201

(M+H)*, caled 201, RT = 1.04 min.

Step 2: Preparation of 6-chloro-N*-(4-{ [2-methylpyridin-4-
yl]Joxy}phenyl)pyrimidine-2,4-diamine

L
N__~ NH

N/
Ny
H.N" N7 Cl
{4-[(2-Methylpyridin-4-yl) oxy] phenyl} amine (47.5 g, 237 mmol) and 2-amino-

4,6-dichloropyrimidine (40.8 g, 249 mmol) were suspended in water (900 mL) and 2-
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IH, 6.66 (s, IH, 5.98 (s, IH; M ES 328 (MtH) +,
calcd 328, RT = 1.45 mn. Step 3: Preparation of the

W0 paobeIrenpound: To a mi xture of PCT/US2006/008779
6-chl oro- Nd- (4-{[ 2~met hyl pyri di n- 4-

propa%clﬂ]égé(y kﬁ.ﬁe%) ﬁ%eroz_ln‘égér%ghlohé agfdas utlon(é39 I%L) was then ald)ded and

the mltxaire awaattheﬂ héaxe’ﬂ a’& 9B QxR A7, aAMre Znikkurd Yk Ghéieallolydd §,come to rt
[) DMF (30 nL) was added aqueous Na CC3
and sons avege ?R_I;ec@ﬁ@y suction filtration and washed with small amount of 1sopropanol

The sc!»hds w&b Heli @&H%%ﬂcﬁﬁ%mm d ﬁé{g@&@c@ﬁfﬁ ! '?ﬁétﬁ?ﬂ)%{rﬁﬁé (20 mL) was

[ oride e resultin
then ad@@}bmiethe nuxtun_eowm stir st asidésiangl Wi 0. aWa&@ v@@then added in

s L b TS K B b n
prempltateEfo@ﬁed Vﬂ'd‘re doistitd Iblygsm‘tlm Ulgatt@ds wabbedvitd atapadndr dried in
e L LR  LpreToges JE S8 vt REAar (e

r§ al i
VOIS, S DTSy RO 706 M o005 GgaT o

1H), 6266NsahifbBi9%8 (snl Hie 6 ES 388 (Mi+dD" tchled 328 léTeohﬁblmni as
an off-white solid (1340 ng, 57%: 1 NVWR (DVBO JoO d
9.20 (s, IH, 8.51 (dd, IH), 8.27 (d, IH, 7.81-7.88
( Htep3¥)PregaBion.ob 6h title ebhpoond:2 (d, | H), 6.68 (dd,
IH), 6.47 (dd, IH), 6.33 (s, IH, 6.32 (s, 2H), 6.23
(¥0 2H), 2.39 (spix@H) ppm oFB ES 3B6h16MN]- t4 {[QTmethM;Q@idin 4-

yl]oxyméﬁ?'%/%??ggxlé(ﬁpg %u%%}e aL r(% gg’r io P e%a{)at | 2 Ammo 5-(4,4,5,5-
tetramyih]yplﬁlzlbbb’i&'ﬂldolén@ yl*}ﬂy@ﬁd[ﬂd‘('lcb ger. ?nﬁmﬂb AMDMA(30 mL) was added

aqueoqts f\&eéélz o(gtl}%]; 44, g}l@n@}qqg,{l) W@]@hwykphosphmo)ferrocenepalladmm I
chlorid¥d (]293%@ rl%‘)ﬂrﬁdﬁ%’r TH ngﬁ‘ﬁmé Iﬁixgiré‘WaQ %e%% 119 ’10%1%%§f0r6 it was

nmol sSee exa , pyrim din-5 oroni ¢ aci
heated(aj; '5039@ cmgrmglw g.“hmﬁ@]u)tmg mlxture was cooled to rt before it was concentrated

o SELEFAAPIALBER HISEENE) SR AL S, e o
brine #hdbthel orgéniahdyed vow sirloFoweadNa;SO,, Removal of the solvent under vacuo
gave the crude material, which was purified with 40 M biotage eluting with 100% EtOAc
first and then with 95% CH,Cl, and 5% 2 N ammonia in MeOH to provide the title
compound as an off-white solid (1340 mg, 57%): "H NMR (DMSO-d6): & 9.20 (s, 1H), 8.51
(dd, 1H), 8.27 (d, 1H), 7.81-7.88 (m, 3H), 7.03-7.06 (m, 2H), 6.72 (d, 1H), 6.68 (dd, 1H),
6.47 (dd, 1H), 6.33 (s, 1H), 6.32 (s, 2H), 6.23 (s, 2H), 2.39 (s, 3H) ppm; MS ES 386

M+H)*, RT = 1.06 min.

Example 337: Preparation of Preparation of N°-(4-{ [2-(trifluoromethyl)pyridin-4-
ylloxy}phenyl)-4,5’-bipyrimidine-2,6-diamine
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15

degassed for 10 mn. The m xture was reacted under

m crowave condition at 180 OC for 20 mn. The reaction
woreoobve3wnas filtered and concentrated. The reBCTHUS2006608779

extracted with EtOQAc (6 m) and washed with 1 M NaCH

solution ( 1 nmLx2) ?nd water ( 1 nLx3). The organic

| ayer was dried tg._fiurnish 129 nmg of the crude
product. The crude ST
(Hex: Et OAc=2:8) to gi 8 my_

I d :

conmpound as ayellows . :
2H), 9.20 (s, IH), 8.54 (d, IH, 88(d 2H) , 7.32

(d, I'H, 7.15 (m 3H), 6.56 (s, f‘!
(MrH) +, calc. 426, RT = 2.35 m sl
(Hexane: Et CAc=I : 9) Rf= 0. 25. amme
of 6-phenyl-N 4-(4-{[2-(trifluorometh [\)] yrimdin-
4-yl]oxy} phenyl)pyrl m di ne- 2, 4-di am ne Step 1.

Px epar a : 3
4Achl or tgh%%?t rifluor orret hylg Bl)llleomNdl(?]é Etglpfl?]lolﬂng}hgrggyﬁdm “
yl]Oxyypf)q@ybpymlmmn%zérdwmm@ (400 108, @89 modl, serveiamgphd 33 5). rpymmidin-5-

ylborog c aa%NP %l )(/)[ ghjr@n ya%(tr%ﬁjf@?ﬂg é{')h?)ﬁphﬁ@(ﬂ% l:gcil'Zm%)) (45.41 mg,

0.04 madaldsoditine catbohate €208223 tige h.d6edtred) ind.f edll (bt)(arﬁlg’droﬁh DMF was

tur Vas. cool ed an pou ed.into cr
dogesa oy L i T G e ok e T8 B B R °C for 20
min. "ﬂh@)&@ﬁ&ldﬁeﬁl@xtm&h@sjfﬂ%&@ aﬁﬂ%hc@@ﬁw&t ok r@ﬁa&r waSllek®8kted with
and concentrated tqQ give 4-ch

Na2SO4
EIOAG {8 T Kb HOEM Y55 i M BRRE tusbny (1 7alogd) 988 (1 mlx3). The

orgam(‘z' @é}k@‘%&%‘ Jirle(dzt(ﬁflﬂmsﬂ ]1%@ m% 3¢ %c&%gé Clg)t 43%«9 cﬁﬁl %c_ll_uct was

purified by, pap- 80525 9 g18?e°1§ mg @Rg)afahe silegompound as a

214t |
st 2 KA FEERERE R I LA 0 115 0, n,
7.32 (d,400)17)15nas, SWyebqe] ags ippht, MS tEDuLe xivden( lcab? 46, R = 2.35
min; TTE”(I&GX%QQ:E&BSCL?E)U{{EL (r)]%Sm xture vas stirred at room

Example 338: Preparation of 6-phenyl-N4-(4-{[2-(triﬂuoromethyl)pyrimidin-
4-ylloxy}phenyl)pyrimidine-2,4-diamine

i
g

HNT N

Step 1. Preparation of 4-chloro-2-(trifluoromethyl)pyrimidine
F
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tenp for 15 mn.

4-chloro-2-(trifluoi Qrethyl)pyrirnidine in DVF (10 nl)
wor®enyesl added and the resulting m xture was BCT/DSMd6/008779

at roomtenp for 16 h. Water was then added and the

m xture was extracted with ethyl acetate, dried over

anhydrous sodi um sul fate and concentrated i n vacuo.

TheyFriesemiB ?l)wfmfdirﬁﬂ-oy%?) 09% Bl@ﬁ@gﬁmf)ﬂ a8 R Mot Fluorochem

Hexane, Ethyl "acetate) to af

Ltd., UK} [V@S(Stlm@mi%mo?@@h 1 P gl N N—d4m gihlybaitiner(il |16meL.(R214mmol)
was a&ﬁﬁ%@@ %&fﬁd@@é %’@0%%@(1 dé% %ﬂ)@ féfj %h/.ll hresl?ué‘%) ;(\%Scor:oéed and
poure@ o CMshfdrice cthbir dx @hed tRicewh éthemi The Sdnabinad organic layers were

f i d .
wasnff PRRSALY bl Sl RS o ppusepyan o e oo
tnﬂuoggme&hﬁ)pmm)hmr(d e, Cho®r91fght PHRRMY bIPYZ.5 Y, du%> ZYRNMR éDMSO-

'{9 I;)a_were suspended in water m.)
495 D 98i9ofBndi1d(@BTHR) Vel T xealb g NS RIS £2598CMS RT
=328 for 17 h. After cooling to rt, the mxture was
neutralized with 1 N agueous sodi um hydr oxi de and
stirred for 20 mn. The precipitate were coll ected by
6..phen

(SberhisPanb PW ?3)# (PR G itast Doy eniat ne-

4d|amne a yellow solid. 1H NWR
(DI\/SOJ 6) d935 (s% IH), 7.85-7.91 (m
4H), 7.42-7.47 (m 3H) 718(d 2H) ,

6.48 (s, IH), 6.38 (brs, 5(M+H) +, calcd

250 Btods 3 AR 1 52 SPPIEIAGE 8 )y i
potass.wf;n \]zcs;rt puio i 1S g.nhS mmacl) yud the rapultingrinbitese myds) ;trfreylrfrt room
temp %)'_r thin! 9L éh'l&B%—ﬁ{l@gc&ﬂéﬁ}f%hkl&%ﬁg N DME (10 mL) was then added

-am nopyr
and thd-résﬁlt{l{me()ttunefWasostithahyd;@npjmhp‘r'fcdi It--Water was then added and the

i LGV BNEDY LR L nc, 42D e B RRSEE Rl o
concer(tﬂmnfi)acud. WERCLBVBEEs puifiedlusinBBidtshe Midgh. 4081 461 (Hexane, Ethyl
acetate)'_% afford 4-{[2-(trifluoromethyl)pyrimidin-4-ylJoxy }aniline (2.2 g, 63%). 'H NMR
(DMSO-dg) & 8.78 (d, 1H), 7.16 (d, 1H), 6.90 (d, 2H), 6.60 (d, 2H), 5.17 (brs, 2H); MS ES
256 (M+H)", calcd 256, RT = 2.42 min.

Step 3. Preparation of the title compounds

4-{[2-(trifluoromethyl)pyrimidin-4-yl]oxy }aniline (1.0 g, 3.9 mmol) and 4-chloro-6-
phenylpyrimidin-2-amine (806 mg, 3.9 mol) were suspended in water (39 mlL) and
isopropanol (13 mL) and the mixture was heated at 95 °C for 17 h. After cooling to rt, the
mixture was neutralized with 1 N aqueous sodium hydroxide and stirred for 20 min. The
precipitate ~ were  collected by filtration to  afford  6-phenyl-N*-(4-{[2-
(trifluoromethyl)pyrimidin-4-yl]oxy }phenyDpyrimidine-2,4-diamine (1.2 g, 72%) as a
yellow solid. "H NMR (DMSO-dg) § 9.35 (s, 1H), 8.85 (d, 1H), 7.85-7.91 (m, 4H), 7.42-
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7.81-7.94 (m 6H), 7.38 (d, IH, 7.30 (d, 2H), 6.63
(brs, 2H), 6.46 (brs, 2H); M5 ES 441 (MtH) +, cal cd

W@ 2ms/09823= 1. 98 m n. Cytotoxic Activity of thePCT/US2006/008779
I nvention Conpounds The follow ng section descri bes an

747 @naBlt dnke 38D 25 104D BB . B Byt BN B %os vy,

calcd #23, R £ ¥ 508fmigonpounds on cells. Human tum)r cells,
e.g., HCTI 16 cells, are seeded in a 96-well plate at
3. Oxl B cel I s/wel | and growmn in 100 mM of RPM
conplete nedia (Invit rogen Corporation, Gand Island,

3490 (
el S5, 5004 " 3L o RIS, SN Mg
yrllmﬂlnrﬂ shoxyiphérgiipyrimidinesd4@ieminko each wel |, 50 m of
addi tional growth nmedia containing 20 m\/lto 60 nM
concentrations of compound with 0.2% DVSO i s added.
Cells are grown torFanother 72 h at 37 0C. 20 m of
Al amar Blue (Tr eE 2(¢) stens, Inc., Ceveland,
Chi o, USA) reagent a ded each vveII and i ncubat ed
for 4 h at 37 0OC PI S are~feggyi n a Spectraiax
Gem ni (Mol ecul ar Devi ces, CA, A) with 544 nm
excitation and 590 nm emi ssi onNWayel engt h. 1 C50 val ues
[

are determ ned by linear regr [ lysis of |og

drug concentration versus H%P'cerﬂ |hi\b tion. Exenpl ary

| Cs0Sof exanples are shown in the t ow. O her

enbodi ments of the invention will be apparént to the

skilled in fro nsi deration of this

%’éé PWIEOQFTI%J‘H %%é\’ e(trg?uoﬂr%etihﬁb%ﬁfmkﬁlﬁl -di scl osed
yl]oxyh"ﬁﬁéh'y[)pyﬂﬁuduﬁe 2 mcﬁﬁﬂﬁ@ &AL plehBredPBHI 4 %@Ho@naﬁ‘ﬁgvous to that

exanpl es be considered as exenplary only, wth

describpadyfor Sxoppleadad it H NVR (DMEGHID D kfe$5hgi IHH)I, 88&1166@ 1H),
7.81-79% ng:)nl?%}g), 7N GG RagR D, B3 Bs, D), Blas'ord 2m; Ms Es 441

gun
(M+H)*, caled 441, RT = 1.98 min.

Cytotoxic Activity of the Invention Compounds

The following section describes an assay that can be used to characterize compounds

of the invention, e.g., to test for the cytotoxic activity of compounds on cells.

Human tumor cells, e.g., HCT116 cells, are seeded in a 96-well plate at 3.0x10°
cells/well and grown in 100 pl of RPMI complete media (Invitrogen Corporation, Grand
Island, NY, USA) containing 10% fetal bovine serum (Hyclone, Logan, Utah, USA) and 10
mM HEPES and at 37 °C for 16 h in an incubator with 5% CO,. To each well, 50 ul of
additional growth media containing 20 pM to 60 nM concentrations of compound with 0.2%
DMSO is added. Cells are grown for another 72 h at 37 °C. 20 ul of Alamar Blue (Trek
Diagnostic Systems, Inc., Cleveland, Ohio, USA) reagent is added to each well and
incubated for 4 h at 37 °C. Plates are read in a SpectraMax Gemini (Molecular Devices, CA,
USA) with 544 nm excitation and 590 nm emission wavelength. ICs values are determined

by linear regression analysis of log drug concentration versus percent inhibition.
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wherein Rl represents H R2 represents -NH 2; L

repres

woredoppo2er trifl uronet hyl;

pyri dy

pyri m dyl ;
t

consi s
{[2-(t
} pheny
) - NA-{
yl ) oxy
-(4-{1
- bi pyr
(6-phe
y} phen
2, 4-di
-(4-{1

ents O Mis CH
| or pyrimdyl; Yis

1y 105

nis 1 n is 0, | ,
G

i's nmethyl

phenyl, pyridyl or

or 2. Gis
or ani ;or/US2006008779

or a pharmaceutically acceptable salt

f empiesiie shavarindhe tablRele- gr oup

ing of 6-(2 6-dineth

i 1 uobsmeRlngrppgt i di

yl phpnvl Y -N4-(4-

n-4- VHEERY6 ICs0 [1M]

V4

JpyT i diez2, 4= dirar
4-[(2-nethyﬁ%§ridin-4

Te)y (6=(6=—amgzopyrid

n- 3-yl

phenyl } pyri3siedi ne- 2,

4-di am ne) (H

ri din-4-vi1laoxwwln

(trifl uinr Onrnfhly! ) faly

v T oo

m dine-2,6-§33fanine)

540/ ILENLINA- LRI N S A ]—‘.173\*5] ISARASAED 4

)-4,5

Ayl - NA- (4-{[38g(Tri 11U
vl ) pyrim dine-

or omet hyl ) pyf7 m di n-

-yl ] ox

anm ne) (6- (6-3/ nopyri

n_( 4+ s £1

din-3-yl)-N 3

N PO A Y
=t Truoronetnyit)

A H A
T 1T urir-=4-=

yl ] oxy} phenyl) pyri m di ne- 2, 4- di am ne)

Other embodiments of the invention will be apparent to the skilled in the art from a

consideration of this specification or practice of the invention disclosed herein.

It is

intended that the specification and examples be considered as exemplary only, with the true

scope and spirit of the invention being indicated by the following claims.
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or a pharmaceutically acceptable salt thereof. 3. A
phar maceuti cal conposition conprising a conpound of

webk@snyiR3and a pharmaceutical ly acceptabl e carpPCBDS2046/008779

The pharmaceutical conposition of claim3 for the
treatment or prevention of cancer. 5. A process for
preparing the pharnaceutical conposition of claimS3,
COMahissi Ng combi ning at | east one conpound accordi ng
toclaiml1l with at | east one pharnaceutically
acceptable carrier or excipient and bringing the
resuidibp9 conbination into a formsuitable for said
pharmaceuti cal conposition.6. A nmethod of treatnent
for a hyperproliferative di sorder conprising

a niniéy%;ing ﬁn tfftective anmount of a conpound of
clai m 2 PEPLURYBf Ve s HYSeed thereof. 7. The method of
claim6 wherein said hyperprohkiferative disorder is
cancer. 8. A cowpz&gg/gt ueG%or the treatnent or
prevention of _disqrdeérs. use of a conpound of
claim1 for n%huféﬁ%mring a pharmaceutical conposition
for the treatnent or prevention of a disease. 10. The
use of clain19§ Mnerei n the disease is cancer. 11. The
use of cIainEQL\;w- et the use is treatnent. 12. A
packaged ph r maleut -Qﬂgosition conprising a
cont ai ner conpri si ng phar maceuti cal conposition of
claim3 and instructions for using the

wherein

()

R! represents H;

R? represents —NHj;

L represents O;

M is CH;

nisl;

n’is 0,1, or2;

G is methyl or trifluromethyl;

G’ is methyl or amino;

J is pyridyl or pyrimidyl;

Y is phenyl, pyridyl or pyrimidyl;

or a pharmaceutically acceptable salt thereof.
2. A compound selected from the group consisting of

6-(2,6—dimethy1phenyl)—N4—(4— {[2-(trifluoromethyl)pyridin-4-
ylloxy }phenyl)pyrimidine-2,4-diamine)
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phar maceuti cal conposition to treat a di sease or
condition in a mammal . 13. The packaged pharmaceuti cal

wewpo2928i on of claim 12, wherein the di sease BPCT/US2006/008779
condition is cancer.

F
F
N_.=
NH
N C
M,
N

H,C

Hy

H,N

(6-(6—aminopyridin—3—yI)—N4—{4~[(2—methy1pyridin—4—
ylhoxylphenyl } pyrimidine-2,4-diamine)

5
HSC@o
QL
N~ NH
N
I
HQNJ\N/ N
ZNH, |
b4
(NC-(4-{ [2-(trifluoromethyl)pyridin-4-ylJoxy } phenyl)-4,5’-bipyrimidine-2,6-
diamine)
10
F
F
o
N~
NH
NT X
H NJI\N/ SN
2 I )
—
N ’
(6-phenyl-N*-(4-{ [2-(trifluoromethyl)pyrimidin-4-yl]oxy } phenyl)pyrimidine-
2,4-diamine)
15
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F
F
goue!
N~
NH
N/

|
H N)\\N

2

;and

(6-(6-aminopyridin-3-yl)-N (4] [2-(trifluoromethyl)pyrimidin-4-
ylloxy }phenyl)pyrimidine-2,4-diamine)

5
F
F’
N~ NH
N~ |
NS
HENJ\N B
<
N~ ONH, |
M
or a pharmaceutically acceptable salt thereof.
3. A pharmaceutical composition comprising a compound of claim 1 and a

10 pharmaceutically acceptable carrier.

4. The pharmaceutical composition of claim 3 for the treatment or prevention of
cancer.

15 5. A process for preparing the pharmaceutical composition of claim 3,
comprising combining at least one compound according to claim 1 with at
least one pharmaceutically acceptable carrier or excipient and bringing the
resulting combination into a form suitable for said pharmaceutical
composition.

20
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10.

11.

12.

13.

A method of treatment for a hyperproliferative disorder comprising
administering an effective amount of a compound of claim 1 to a subject in
need thereof.

The method of claim 6 wherein said hyperproliferative disorder is cancer.

A compound of claim 1 for the treatment or prevention of disorders.

A use of a compound of claim 1 for manufacturing a pharmaceutical

composition for the treatment or prevention of a disease.

The use of claim 9, wherein the disease is cancer.

The use of claim 9, wherein the use is treatment.

A packaged pharmaceutical composition comprising a container comprising
the pharmaceutical composition of claim 3 and instructions for using the

pharmaceutical composition to treat a disease or condition in a mammal.

The packaged pharmaceutical composition of claim 12, wherein the disease

or condition is cancer.

95



