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[0001] The present invention relates to processes 5 for the facile synthesis
of diaryl am nes and anal ogues thereof. _The processes of the present

i nvention produce diaryl amnes in high yield and purity. The present
invention also relates to internedi ates useful in the process of the
present invention. The present 10 invention also relates to a diaryl am nes
produced by the processes of the present invention. BACKGROUND OF THE

| NVENTI ON [ 0002] Protein kinases are involved in various cellular responses
to extracellular signals. Recently, 15 a family of mtogen-activated
protein ki nases (MAPK) has been discovered. Menbers of this famly are

Ser/ Thr ki nases that activate their substrates by phosphorylation [B. Stein
et al., Ann. Rep. Med. Chem, 31, pp. 289-98 (1996)]. MAPKs are thensel ves
activated 20 by a variety of signals including growth factors, cytokines,
UV radi at i OPROCRESESSFIRE $BE IPRERIGATIPN agye N+ HETEMBR 2004 AT 2088 P ET/ MiE20fid/ 03933

2 [0003] OFerRFhraARBAMIArACID| BHTER GGTH AgHAVOPHETEROARSE . AND FRBLOGHIUS (PRROEASAS as

cyt oki ne suppressive anti- inflamuatory drug binding protein (CSBP) and RK,
was isolated frommnurine pre-B cells that were transfected 5 with the

| i popol ysaccharide (LPS) receptor, CDl14, and induced with LPS. p38 has
since been isolated and sequenced, as has the cDNA encoding it in humans
and

) TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to processes
5 for the facile synthesis of diarvl amines and analogues
thereof. The processes of the present invention '
produce diaryl amines in high yield and purity. The
present invention also relates to intermediates useful
in the process of the present invention. The present
10 invention alsco relates to a diaryl amines produced by

the processes of the present invention.

BACKGROUND OF THE INVENTION

{0002} Protein kinases are involved in various
;) cellular responses t0 extracellular signals. Recently,
15 a family of mitogen-activated protein kinases (MAPK)
has been discovered. Members of this family are
Ser/Thr kinases that activate their substrates by
phosphorylation [B. Stein et al., 2nn. Rep. Med. Chem.,
31, pp. 289-98 (1996)]. MAPKs are themselves activated
20 by a variety of signals including growth factors,

cytokines, UV radiation, and stress-inducing agents.



m ce. Activation of p38 has been observed in cells stinulated by stress,
such as treatnent of 10 |i popol ysaccharides (LPS), W anisonycin, or osnotic
shock, and by cytokines, such as IL-1 and TNF. [0004] Inhibition of p38

ki nase | ead kade on the production of both IL;:j IL-1 and
TNF stinulgﬁgggﬁgg%ggduction of other proinflammatory éghéyggfgﬁgg such as

IL-6 and IL-8 and have been inplicated imacute and chronic inflammatory
di seases and in post-nmenopausal osteoporosis [R B. Kinble et al.,

Endocrinol ., 136 .- 3054-61 (1995)]. [0Q05] Based upon this finding, it is
believed that 2P¥%8 al OR§ R}Fhl%%iﬁlgmw@?eﬁs%ﬁga‘fﬂ?%é% #3fedi ati ng

cel lul ar responsgzg 0 d1d arBRhosY Sytdiire sSpphedsivéeuyoicyte accunul ation,
macr ophage/ nonocyte activatiqn, tjssue resorption, fever, acute phase

responses and nEREYEPROOEY. AFRO dtRdineh Prvkeks, (SEBR) ARG FK, Wase 25 been

implicated in cane®larddRoh Aok Ddosh-H &lght thaghesdtiAhstected
I mmunodefi ci ency di sorders, autoi nmine disease, cell death, allergies,

ost eopor osi s5 andvitHeihRiddeneraY Paeckaides d3FS) nhireeRERe, GID1438andve al so
been inplicated jfsdhey 3528 ﬂiaspalﬁam%%@g ﬁgeg‘%%éd“%@ tion of

prost agl andi n endoper oxi de Sﬁnthase-z I nduction. sease associ at ed
with IL-1, |L-6sequerges: ERFhasckpe R ieogodiagset fmrhumans awd 96/ 21654.

W0 2004/ 072038 RO4IS20044003933 o8 pIHIRE) LMBRY HELEGH 6%, RRSSESSI N

medicinally inportant properties adal nst various targets, including MAPKs,
conprise diaryl siimeateonbdveghnpse, ofudthias ityeatment of

10 lipopolysaccharides (LPS), UV, anisomycin, or osmotic
shock, and by cytokines, such as IL-1 and TNF.

") {[0004] Inhikbition of p38 kinase leads to a blockade
on the production of both IL-1 and TNF. IL-1 and TNF
stimilate the production of other proinflammatory

15 cytokines such as IL-6 and IL-8 and have been
implicated in acute and chronic inflammatory disecases
and in post-menopausal ostecporosis [R. B. Kimble et
al., Endocrinol., 136, pp. 3054-61 (1895)1].

[00051] Based upon this finding, it is believed that

20 P38, along with other MAPKs, have a role in mediating
cellular response to inflammatory stimuli, such as
leukocyte accumulation, macrophage/monocyite actiwvation,
tissue resorption, fever, acute phase responses and

) neutrophilia. In addition, MAPEs, such as p38, have

25 been implicated in cancer, thrombin-induced platelet
aggregation, immunodeficiency disorders, autoimmune
disease, cell death, allergies, ogteocporosis and
neurodegenerative diseases. Inhibitors of p38 have
also been implicated in the area of pain management

30 through inhibition of prostaglandin endoperoxide
gynthase-2 induction. Other disease associated with
IL-1, IL-6, IL-8 or TNF overproduction are set forth in
WO 96/21654.



a class of nolecules identified as potent p38 MAP 5 kinase inhibitors (see,
e.g., WD 99/58502 and WO 00/17175). However, although they are effective as
drugs, there_are ys to nake aryl am ne-containing nolecules wthout a
si gni fi cant X‘ﬁb@ﬁ{/&\g’%\éﬁy- product. Palladi um catal yzed cBUPPYAYE0HE3 an aryl
am ne and aryl 10 halide have been the tradi tional strategy to produce a

nol ecul e conprising a diaryl am ne. However, problens wth over-addition of
the aryl halide partner to the amne have traditionally resulted in |ow
yields and puriti%08ihen XopyimRisrulep Pafsresingd amgsisiiedli¥or 15 this

reason, primary %’ﬂﬁlﬁ%a@a&eFE%eﬁlﬁE@@gﬁiﬁgw Q¥elous S iheiuwifhe
transformation, which has [imted the scope of the palladiumcatalyzed

coupl i ng react i oARPKR00GPFRAEES Hh ATy aminesnectneeamplopfathiackss for
the facile synthesics0f @Eaﬁxieamégesia%miﬂahogg%@&é Bagephpt hat avoi ds

the problemof over-arylation, to obtain diaryl amnes in high yield and
purity. Thered alkiase dnbihipersl fame.i stor redPa® 245 8FW@dewddWly such a

process.  SUMARY ddfy 11 sh WERBLCILSS 0008l nAeaay dlig dipng,gngdi ment, the

present invention provides processes synthesis of diaryl
am nes that avoi dnvgs,pitberensoé Taremwaysr yhamabe, axyle ameeabbetabdniag ge

scal e preparatio royi i Vi gl h e Wp) | al so
avoi ds 30 the us%‘oo]’fae%ﬂle:{'re%f ﬁ}&?g%ge%%sl%gc é'Eauéilt %ﬁg%gémogjﬁys]%%gé%ggi fically,
t he present inverRdldmadinovicdeslyzet aoagd inghepéi an caxyl raripeanpd anyhe i s

rendered t enper arl'lallyidvéoh%%gllf)gzg 01:31'18e Ff:%ﬁ'f%%gglali 0gv;.?}?a:?\:?’eegy4 to produce a
molecule comprising a diaryl amine. However, problems
) with over-addition of the aryl halide partner to the
amine have traditionally resulted in low yilelds and
purities when a primary aryl amine is employed. For
15 this reason, primary amines are not commonly employed
substrates for this transformation, which has limited
the scope of the palladium-catalyzed coupling reaction.
[0007] Accordingly, the need exists for a process
for the facile synthesis of diaryl amines and analogues
20 thereof that avoids the problem of over-arylation, to
obtain diaryl amines in high vield and purity. There
also exists a need for intermediates produced by such a

process.

) SUMMARY OF THE INVENTION

25 [oo08] According to one embodiment, the present
invention provides processes for the facile synthesis
of diaryl amines that avoid the problem of over-
arylation, are amenable to large scale preparation, and
provide high vields. The present invention also avoids

30 the use of harmful reagents such as tin compounds.
Specifically, the present invention provides a process

wherein a primary aryl amine is rendered temporarily



"secondary" by adding a suitable protecting group to the nitrogen. Once
formed, this protected aniline derivative undergoes an al kali netal

sal t-pronote sition nmetal -catal yzed cross coupling with an aryl 5

| eavi ng gr oug"‘%‘""‘d% uce an internediate, which, upon d%%‘?@%@%q%"ﬁ?
produces the diaryl am ne substrate. The product may be produced with few
by-products and in high yield. [0009] The invention provides processes for
10 producing a conmpound of the forrmula (I): Arl.NAr2 H (1) or a salt

t hereof , wher ei n'secthdariy”ahd Midimr @ svidebleecprdedaving @@40p The processes

of this inventi c i t he f.counkn c formula (11)
with an amine of 1 gl%loégflrl I?nf%%gqbr%ﬁdh gﬂ %a%&%%%%%glg%gr mula (1), in
t he presence of darizaitdve nefetgesd taromlka0it mansl teadtpeabtedtatyst: Art-X
Ar2-NHY (I1) (Ilalé%g wher ei | ow. 25

W in:. Arl, A X dy defi db
[0011] The process 15‘f1'ophfn?gﬂﬁéearﬁallé;ﬁ%ﬁa%o?%ecmé%{/’ﬁ?ﬂazf'd g‘ é*qeﬁﬁ:gvm ng

preparation of destipouattoad tdosmadure bh Lhoeraediatess whikhl apbme
derivative without the problem of over-arylation. The processes f this
Cnvention have (IRPTRREERAPRAREIHUARS GPoaB iy by iTiRS PaERrE e oThS:
conpound of for Bdcdudt) ma be produced with few by-products and in

high yield.

[0009] The invention provides processes for

10 producing a compound of the formula (I}:

j Ary . E‘Arz
(I}
or a salt thereof,
wherein:
15 Ary and Ar; are as defined below.
{0010] The processes of this invention comprise the

step of coupling a compound of formula {(ITI) with an
amine of formula (III) to obtain a diaryl amine of
formula (I), in the presence of an alkali metal salt or

20 transition metal catalyst:

D) Ary—X Ary—NH=Y
{II) (III)
wherein:

Ary, Ar,, X, and ¥ are as defined below.

25 [0011] The processes of this invention have the
advantages of allowing preparation of a compound of
formula (I) from a primary aryl amine derivatiwve
without the problem of over-arylation. The processes
of this invention have the further advantage of
30 allowing preparation of a compound of formula (I) in
high vield and purity, in addition to facile reaction




high yield and purity, in addition to facile reacti on WD 2004/ 072038
PCT/ US2004/ 003933 5 conditions that are readily scaled up for |large scale
preparation. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [00121 The present
i nvention ovV&IFRIES difficulties and shortcom ngs art and
5 provides pr ocesse% ?or produci ng a conpound of the fgljrcr}{rﬁg 00?{0§39£

.NAr2 H (1) or a salt thereof, 10 whersgin: Arl and Are are |ndependently
Q, wherein each Qis an aryl or heteroaryl ring systemoptionally fused to
a saturated or unsat t.ed nmenber e i ng_hav 0-4 het eroat ops; 15
V\Iher el n Q i S Optl G L&R%lgﬂﬁ ghlti-c a%;\’i g ie\é% ﬁp L\ one or

more substituents igﬁéﬁ:ﬁﬁmﬁrﬁﬁ Jﬂlﬂi’jn DR SERIPTEON \I;qp;ggl .

||UC||LF_Y AYANAYAA B A A\ A RAENELTY] Oy

ti |1 bst 2, ONR)2,
NR 02R | N o OMSLEE o B St R v O e 229, Koxy
optionally substdifffiedlivdéd R shdrtERringOHT tHe OriloR aft afdC(O) N(R) 2,
S02N( R ) 2, N Co2R R R OPO3H2; _Al CF3; OCF3;
R (SR') N( RE f?lgﬂ)"s%‘ﬁgce%% f"ﬁoﬁg"@)&?l‘?ﬁ?:@? )W@BE@‘E SHR02N(R ) 2;
C(ON(R ) 2: NR'C(f@):EQhJ_aNRtXI)ZR' NR C(OC(OR; NR SO2R; OC(OR ;
NR C(O R2; NR CO2R2; NR (O C(OR2; NR C(ONR)2; O(ONR )2 NR SO2R2;

Ar1\ -Arz

-'(

N
H
{I)

or a salt thereof,

10 wherein:

.

Ar, and Ar; are independently Q;

wherein each Q is an aryl or heterocaryl ring
system optionally fused to a saturated or unsaturated
5-8 membered ring having 0-4 heteroatoms;
15 wherein Q is optionally substituted at one or

more ring atoms with one or more substituents

independently selected from halo; C;-Cg aliphatic
optionally substituted with N(R'};, OR', COzR',
C{O)N(R')s, OC{O)N(R')2, NR'CO;R', NR'C(O)R', SON(R'}2,
20 N=CH-N(R')y, or OPOsH;; C;-Cs alkoxy optiocnally
substituted with N(R')s, OR', COxR', C(O)N(R')a2,

) OC({O}N{R')2, "SOzN{R')2, NR'CO3R', NR'C(O)R',
N=CH-N(R')3, or OPOsgHz; Ari; CF3; OCF3; OR'; SR';
SON(R')z; OS02R'; SCF3; NOo; CN; N(R')z; COR';

25 CON(R'}2; C(O)N(R')z; NR'C{(QO)R'; NR'COR";
NR'C(O)C(O)R'; NR'SOR'; OC(O)R'; NR'C(O)R?; NR'CO;R’;
NR'C(0)C(O)R?; NR'C(O)N{R')z; OC(O)N{(R');; NR'SO;R’;

NR'R%; N{(R®)z; OC(O)R®; OPOsHz; and N=CH-N(R')j;



NR R2; N(R2)2; OC(O)R2; OPO3H2; and N=CH- N(R )2; WD 2004/072038

PCT/ US2004/ 003933 6 R is selected fromhydrogen; Cl-C6 aliphatic; or a
5-6 nmenbered carbocyclic or heterocyclic ring systemoptionally substituted
with 1 to 3 é"@o’é’?‘i"’c”é’éﬁts i ndependent |y sel ected from h P GF/UZAU0E393 koxy,
cyano, 5 nitro, am no, hydroxy, and Cl-C6 %Ozphat R2 is a C1-C6 aliphatic
optionally substituted with N(R)2, OR, , C(O)N(R )2 or SO02N(R ) 2; or
a carbocyclic or heterocyclic ring systemoptionally substituted with

N(R )2, OR, (I)ZR' C(O) NER )izs csrel:b@tS&Zﬂ(&h)Hydmmi e, ACA dldpaatheyl or

het er oar yl ri ng opti.onal sed 0 a saturated or unsaturated 5-8
menbered ring ha gr‘% ’Eeé?lﬁrcféi oﬁ)ﬁ‘é +F rPrA?rE‘r’qeéfc’SyFﬂ-bﬁaﬁ%g substi t ut ed
at one 15 or ﬁDrs@‘stlaﬂﬁgoﬁEinﬁaMﬂ RupRe: BhLEDIA ibStid YeBhBstifidanandent | y
selected fromhalo; Cl1-C6 aliphatic optionally substituted with N(R )2,

OR, C2R , C(O)lmfiﬁpylzder@@(maqlﬁr:)tgd RROIMOTER 0 NIR-C G RoxySO2NERD) 2,
N:CH-N(F\’)Zg %g a H:(’?O)’éo |onaIIy%O substituted with N(R)Z,
ﬁmﬁ?éﬁ’z of’)?(;oeﬂ? mc?’q 3; INRT2) WRDIR . R AR NO2;
CN. N(R)2; C02R; Q02N(R) 2: gca %ﬁﬁlg&ﬁﬁé%gg@&y%%“ﬁé ’
NR (O (O R ; 2GR BORK ,, ©§('Q) RiRNR %{RN%%@ & O Rz;

R Q(ON(R )2; CO(O) N(R 2" NR 502 NR R2; N(R2) OPCBH2; and
NECH N(R ) 2. [ 00EBFbravelin aiehetserosyoui eering AyS tam ontéonakly

substituted with N(R')z, OR', COR', C(Q)N(R'); or
10 SOsN(R'}a;
ii) wherein Ar; is an aryl or heteroaryl ring

gsystem optionally fused to a saturated or unsaturated

5-8 membered ring having (6-4 heterocatoms;
wherein Ar; is optionally substituted at one

15 or more ring atoms with one or more substituents
independently selected from halo; C;-Cs aliphatic
optionally substituted with N(R'},, OR', COzR',
C(O)N(R'}a, OC{OYN{R')3, NR'COzR', NR'C(O)R', SON(R')3z,
N=CH-N{R')2, or OPQOsH;; C;-Cs alkoxy optionally

20 substituted with N{R'},;, OR', COzR’', C(O)N(R'}3,
OC(O)N(R')2, SOzN(R')s, NR'CO;R', NR'C(O)R',

-) N=CH-N(R')2, or OPQgH;; CF3; OCF3; OR'; SR'; SON(R')z;
O8S0OzR'; SCF3; NO;; CN; N{R')2; COR'; CON(R')s;
C(O}N(R')3; NR'C{O)R'; NR'COzR'; NR'C{Q)C(OCIR';

25 NR'SOR'; OC(O)R'; NR'C(0)R®; NR'CO;R?; NR'C(0)C(0)R?;
NR'C{O}N{R')2; OC(O}N{(R')2; NR'SO.R*; NR'R*; N(R?);;
0C{0)R?; OPO3H; and N=CH-N(R')j.

[0013] In a preferred embodiment, Ar; and Ar; are
independently selected from optionally substituted



i ndependently selected fromoptionally substituted WO 2004/ 072038

PCT/ US2004/ 003933 - 7 phenyl, naphthyl, benzim dazolyl, benzothienyl,
benzof ur anyl indoI qui nol i nyl, benzot hi azol yl, benzooxazolyl

benzi mi dazol P“é‘BéB# nolinyl, isoindolyl, acridinyl, bREEBIEH439a}y|
pyridyl, 5 pyrlnldyl pyridazinyl, tetrazolyl, furanyl i mdizaol yl,

i soxazol yl, oxadlazolyl oxazol yl, pyrrolyl, thiazolyl triazolyl, and

t hi enyl . In a nore preferred enbodlnent Arl and Are are |ndependently

sel ected from optahsmail, ynsphshyl uthenzimidaroand, 1oemsetihhenyl,n an even nore
preferred enbodi iRt efichni$, e&&a al ?jalaubi&ay&utﬁ&gaeﬂfl%olwd Ar2 is
optionally substituted phenyl d1 The processes of this invention
conprise the stéﬁmwpoﬁéllehg bﬁ@ﬁﬂﬂkﬂﬂ%@lwﬂ f dpoueinglinylvi th an 15 anine
of formula (111) @ :ql a a ( t he presence
of an al kali net a’]r’(tb1 t §grm' ?%%%%lonmb%g‘tzg SO&%a{;%/gé? E!/9\)rt Ar 2-NHY (I1)
(1'11) 20 wheFei myﬁmlgya,lpmid@z{mdup te&m‘donyﬂ.s ftﬁ(a@leZ and Z is
selected fromC -} i_phati c enzvil and provi ded that Q
i s not substltutegnja aBE?%'X}%ék%;%%x% M é%gf %«1 oﬁﬁ%égy 'and R are as

defined above. [QQ&&blSdheﬁhi&zamylwvuhﬂ@zoﬂyla an&fﬁmienynprocesa nbret he

present Inventlmi:-referred embodiment, Ar; and Ar,; are independently

gelected from optionally substituted phenyl and
10 pyridyl. In an even more preferred embodiment, Ar; is
optiocnally substituted pyridyl and Ar; is optionally
-”) substituted phenyl.
[0014] The processes of this invention comprise the
step of coupling a compound of formula (IXI) with an
15 amine of formula (III) to obtain a diaryl amine of
formula (I), in the preeence of an alkali metal salt or

transition metal catalyst:

Ary—X Ary~NH-Y
(II) (IIT)
20 wherein:
X is a leaving group; and
Y is ~C(0}-0-%; and
.:) Z is selected from C3-Cg aliphatic, benzyl,

Fmoc, -SO3R' and Q, provided that Q is not substituted
25 with X or alkyne; wherein Ax,, Ar;, ©Q and R' are as

defined above.

[00151] Scheme 1 below depicts a preferred process of

the present invention:



WD 2004/ 072035 PCT1US2004/003933 8 Scherme 1 Arl\ HNAr2 x + Y/ (I1)
(rrr)y Step 1 At ~-N.A2Y (IV) Step 2 At. NA2 H (I) wherein Arl,
Ar2, X, and Y are as defined above. The steps illustrated above may be

descri bed as y@idopiseosg Step 1. 5 {0016] A conpound of fo | | beari ng
a suitable |eaving gPoup X, 1s reacted with a conpound %Eyhg%éﬂﬁ%%3(Hl),

whi ch bears the Y-NH-noiety. The } reactiog Ls conducted in the presence of
an alkali J netal salt, such as cesium carbonate; or alternatively 10 a
transition netal catalyst, and optionall]y a base and optionally one or nore
ligands. [0017] in one enbodinent, a tr§A8F%i%n netal catalyst is used. An
exenplary transition netal catalyst that can pe used conprises a transition
nmetal 15 ion or atom and one or nof@~gyitable*ﬁ$§ Ads. Preferably, the
transition netal catalyst conprises a (}dhp ¥ nmetal. More preferably, the
transition netal (I1) (III)

Step 1

Ary Ary
\N -~

|
Y

(IV)

'j) Step 2
Arq \N /Arz
H
(1)

wherein Ar,, Arp;, X, and Y are as defined above. The

steps illustrated above may be described as follows:

Step 1:
5 {00161} A compound of formula (II), bearing a

suitable leaving group X, is reacted with_a compound of
formula (III), which bears the Y-NH-moiety. The
i) reaction is conducted in the presence of an alkali
h metal salt, such as cesium carbonate; or alternatively
10 a transition metal catalyst, and optionally a base and
optionally one or more ligands.
[co17] In one embodiment, a transition metal
catalyst is used. An exemplary transition metal
catalyst that can be used comprises a transition metal
i5 jon or atom and one or more suitable ligands.
Preferably, the transition metal catalyst comprises a

Group 8 metal. More preferably, the transition metal



WO 2004/ 07
Accor di ng
si mul t aneo
a base 5
cat al yst.
More prefe
when usi ng

enbodi nent
nmetal salt
usi ng an

Step 2: {0
diaryl am

2038 PCT/ US2004/ 003933 - 9 catalyst conprises palladium

to a preferred enbodinent, two different |igands are

i's
Suitabl e bases include KO Bu, Na@ Bu, K3P04, Na2CCB,

us%é% used in step 1. [0018] According to a preferred enbodi nent,
A7H8t ep 1 in conjunction with the tranBFTP8904/698983

and Cs2CCB.

rably, the base is K3P04. [0019] Preferred solvents for step 1

a 10 transition nmetal catalyst include toluene and non-pol ar
aprotic sol vent s C§ahvgs SABELiIEPa4RaIAERaNcACTDOEME FR anBERéprred

,an alkdbiaifehal @s@étdiﬂf%rkéﬁﬁdlii.§a§é§paﬂe feeherabbys1$he al kal i

Is a cesiun1saft. 15 [0021] Pre
al kal i Wwse€afinsgrePihcl ude pol ar aprotic sol vents such

erred solvents for step 1 when

as NWP.

022] | rto%&@F)aZ( I_ﬂé‘é&fcﬂn Y £8f a( b}‘éféfré&@m'h%nt?ogﬁ%&’%‘ce the

ne of fornu ). [002 According to a preterred

odi nent, an

acid, such & TRA uped ippstewrl Hn icondvadtion swigh ZheMsrensitipnef erabl y,

s TPA 0 err, e o] incl u
d_soIvgﬁfégséékagigé}Qéﬁgfﬁ%?g-g%% %o%%e %g%éptggﬁdﬁgﬂgékbbenzene.
[0025] The procegses, ofNdlaos, | axweis,00; haverrdd ereddyablngashoobarld awi ng

n of a conpound of formula (1) froma primary aryl am ne

the acid i
chlorinate

preparatio
derivative

E3PO,.

(0019} preferred solvents for step 1 when using a

10 transition metal catalyst include toluene and non-polar

aprotic solvents such as MTBE, DME, and hexane.

[0020] In another embodiment, an alkali metal salt

is used in step 1. Preferably, the alkali metal salt

is a cesium salt.

15 [0021] Preferred solvents for step 1 when using an

alkali metal salt include polar aprotic solvents such

as NMP.

Step 2:

[0022] In step 2, radical ¥ of (IV) is removed to

20 produce the diaryl amine of formula (I).

[0023] According to a preferred embodiment, an acid,

such as TFA, HCl, HBr, or HI is used in step 2.
preferably, the acid is TFA.

[0024] Preferred solvents for step 2 include

More

25 chlorinated solvents such as CH,Cl;, 1,2-dichloroethane,

and chlorobenzene.

[0025] The processes of this invention have the

advantages of allowing preparation of a compound of

formula (I} from a primary aryl amine derivative

30 without the problem of over-arylation. The processes

of this invention have the further advantage of



30 without the problem of over-arylation. The processes of this invention
have the further advantage of WO 2004/ 072038 PCT/U82004/003933 - 10

al l owi ng preparation of a conpound of fornmula (1) in ield and purity,
and on a Iargfz@gQV§BSStep 1 Reagents: 5 [0026] TranS|t| ’é%@%%wﬁﬁialysts
suitable for the present invention conprise a transition netal atomor ion
and one or nore ligands. The transition netiall may exist in any suitable
oxidation state ranging fromzero valence to any higher val ence avail abl e
to the 10 transialbowires alrepbealdhngf t donporing bEdL6AhOTE NEN in t he
transition netal, _catal yst. co rlses a G 8 _netal re preferably, the
transition netal 2t g& %%;d PFEEY ‘féﬁ%&hﬁaéﬁ?aF9§} €conpl exes may

i nclude chelating |igands, includlng, without Iimtation, alkyl 15 and aryl
derivatives of phosphjnes and bi phosphi nes, i m nes, arsines, and hybrids

t hereof. [0027] r, the transition netal catalyst is a

pal | adi um catal ygbo2d] t he frenBikacRdhetal WaRI-AWR-EaEH1 LahFe i fiieRGRdENt | Y
selected fromd, -OAc, 20 -0-tolyl, hal ogen, PPh3, dppe, dppf, and Bl NAP;

and n is an i ntBERFERY o‘rﬁ"?n&l"?h§°%P6¥%tqr@ﬁéétﬁpﬁn@?ﬁﬂerﬁt%toél

catal ysts nmay bejg epdd eshd! Y hobBt bpgéndwowwtraﬂele{én rﬁ@%ﬁ}na? variety
of ligand transformati ons may occur t hr oughout the process of fhe

present |nvent|oﬁXlﬂﬁm?nIqqyaﬁﬁlﬁﬁ?19e°$kﬂﬁﬁ}QPo9¢ﬁ§etFéh@i@g(ﬁ¥QWEF§K°
throughout the pgpgess «f a&a@ehﬁbﬁéf“%aiéﬂﬁeé“a‘v%'haﬂﬁetﬁ'g thgand may be in a

| abil e configuration in relationto

1 transition metal. Accordlng to a preferred embodiment,

the transition metal catalyst comprises a Group 8
H) metal. More preferably, the transition metal catalyst

comprises palladium. Catalyst complexes may include
chelating ligands, including, without limitation, alkyl

15 and aryl derivatives of phosphines and biphosphines,
imines, arsineg, and hybrids thereof.
[0027] More preferably, the transition metal
catalyst is a palladium catalyst of the formula PdL,,
wherein each L is independently selected from Cl, -OAc,

20 ~-0-tolyl, halogen, PPhi, dppe, dppf, and BINAP; and n
is an integer from 1-4. The aforementioned transition
metal catalysts may be prepared using methods known in
the art.

b) [0028] A variety of ligand transformations may occur

25 throughout the process of the present invention. The
ligand may be bound to the transition metal throughout
the process of the present invention, or the ligand may
be in a labile configuration in relation to the
transition metal during all or part of the process.

30 Accordingly, the term "transition metal catalyst® as
used herein includes any transition metal catalyst
and/or catalyst precursor as it is introduced into the

reaction vessel and which is, if necessary, converted



transition netal during all or part of the process. 30 Accordingly, the
term"transition netal catalyst"” as wused herein includes any transition

netal cataly catal yst precursor as it is intr d he
reaction veé@%ﬁm%ﬁgﬁ ich is, if necessary, converted v@g§g§ﬁ96@§%§%
PCT/ US2004/ 003933 - 11 in situ into the artive formof catal yst that

participates in the reaction. [0029] The quantity of the transition netal
catalyst to be used.in th

, pr.esent .process is a uantity that 5 pronotes
the formation olehglﬁFa?ﬁgoaﬁw?m§ﬁ54% u ?FmAﬁioﬁ%?%é}ﬁQJFEE%referred
enbodi nent, the guantctipatsesain dHealpiceianount, wherein the catalyst is
used in an annu&é hgit S %ess t han stﬁéﬁgionetrip relative to the aryl
conponents. In argP pr eF &7 r P EREdP e trRPSich aefer FREFEent in
the range of abouwb BeOlstq AWOtHe RRsEBEEpPOEESH!:d il igu@nt Ot{ hendon- am ne

aryl conponent, nore preferabply about 1 to about 10 nole percent, and even
nore preferady §EBﬁPtTSt5h%bBﬂ%M§1°HDPS pRe cdigryy mige3pro@retof skill in

the art may readipkkosghRGt téNa PRUHAREHALRLSQINEN , thd!SRahBite; Process of
the present invention. A solvent may be Eresent in any ~quantity need to
facilitate the dEStR&ULHERBIGE aidhergdasthet caerBsttards BeRgvERt be a

quantity to di ss@l@n20chle S¢bEESRBRnABEL260] SROGNS 2N athGe dES| 14
process. A solvent according to the present invention wll not interfere

with the formati G¥vef CPREORPRFY! & RCthesdtetersednsmbodsrenti i e
sol vents incjgide.catwhiBeuts! brddadd o chel Pargated Spluent.sa Bydagss bon

20 mole percent relative to the non-amine aryl
-“) component, more preferably about 1 to about 10 mole
- percent, and even more preferably about 1 to about 5
mole percent.

15 [0030] One of skill in the art may readily select an
appropriate solvent to use in the process of the
present invention. A solvent may be present in any
guantity need to facilitate the desired process, and
does not necesgsarily have to be a cuantity to dissolve

20 the substrates and/or reagents of the desired process.

A solvent according to the present invention will not
interfere with the formation of the diaryl amine
product. Examples of suitable solvents include,

:) without limitation, halogenated solvents, hydrocarbon

' 25 solvents, ether solvents, protic solvents, and aprotic
solvents. Mixtures of solvents are alsc included
within the scope of this invention. Preferred solvents
useful for Step 1 of the process of the present
invention using a transition metal catalyst include

30 toluene, benzene, or a non-polar aprotic solwent such
as MTBE, DME, or hexane.
foo31] According to one embodiment, the coupling

step using a transition metal catalyst (Step 1) occurs



25 solvents, ether solvents, protic solvents, and aprotic solvents.

M xtures of solvents are also included wthin the scope of this invention.
Preferred so eful for Step 1 of the process of the present

i nventi on us%ﬂ’g‘ﬁ 7rza%si tion metal catalyst include 30 tg?wgﬁ?“’%@"ﬁ%ene, or
a non-pol ar aprotic solvent such as MIBE, &DIYE or hexane. [0031] According
to one enbodi nent, the coupling step usTr1l a transition netal catalyst
(Step 1) occurs WD 2004/ 072038 PCT/ US2004/ 003933 - 12 in the presence of a
base. Exanpl es ofinsth¢ artesdyaseof anbhsde, Eaanpdets loifrishatabhe kddead i net al
hydr oxi des, al kal,] al | . t canbanat es, .phosphat es al kal i
metal aryl oxi degl?&]énﬁéa'l iw:%e}{%g{g g‘%ﬁaggﬁl@é'r talalz%{lr%f/l 5 mé%ar]ieg‘?a?%ffdfefdar byl )
ammoni um hydr oxi dékaliangeidilazd koxigen| cnbiesle Ssarbumadieant physgiiathase used may

be any quantity ich allaws fqr the formation of the diaryl. am ne
product. Preferr ggﬁ%glsé%etﬁ% t%éﬁproé‘%gﬁ?' i%ﬁ’i ¥ tiertc PRAES RO BRF 4@ Bu,
K3PO4, Na2CO3, aaflind®, G car®R3?hmfbkiln Hpirdxigelst Sagdi daddsL for the

present invention copprise salts of sodjum potassium_ rubidium or cesium

i ons. Preferabl yOrgiREy iPafRsS: IR SuaRbibate hase HsedpPa¥dit #ent i on

conprise salts otudftpe} agsidHNaMN oweS S ti SForfzRfion 8¢ ehkadiaRmtal salts
conpri se carbonate, phosphate, and al koxide salts. Myre preferred al kali

metal salts sui té’B?‘%eiIi’ifﬂ‘%Rfé:' p3F§§§FHﬁ¢pba%§ﬁﬁlétfe th%d PEESPREN car bonat e. Mbst
preferably, the alkahi;d®talc ém&gg:@ﬁeﬁ@f hQBal & nARol 0034 The

gquantity of the transition netal cata

10 Cs,C0;3.
[0032] Alkali metal salts suitable for the present
»:) invention comprise salts of sodium, potassium, rubidium

or cesium ions. Preferably, alkali metal salts
suitable for the present invention comprise salts of
15 potassium or cesium ions. Preferred alkali metal salts
comprise carbonate, phosphate, and alkoxide salts.
More preferred alkali metal salts suitable include
potassium carbonate and cesium carbonate. Most
preferably, the alkali metal salt is cesium carbonate.
20 [0033] The quantity of the transition metal catalyst
to be used in the present process is any quantity that
promotes the formation of the diaryl amine product.
[0034] Preferred solvents useful for Step 1 of the
";) process of the present invention using an alkali metal

25 salt include polar aprotic solvents such as NMP.

Step 2 Reagents:

[0035] According to a preferred embodiment, the
protecting group removal step (Step 2) occurs in the
30 presence of an acid. Examples of suitable acids
include, without limitation, HCl, HBx, HI, and organic
acids including formic acid, acetic acid, propionic

acid, butanoic acid, methanesulfonic acid, p-toluene



to be used in the present process is any quantity that pronotes the
formation of the diaryl am ne product. [0034] Preferred sol vents useful for

Step 1 of thegglheliARgss of the present invention using E@E’géﬁ@é‘{m tal 25

salt include polar aprotic solvents such as NWP. Step 2 035]
According to a preferred enbodi nent, the_ otecting group renoval step
(Step 2) occurs in the 30 presence of an acid. Exanples of suitable acids
include, without limtation, HCO, HBr, H, and organic acids including
formic acid, acetsudfgpid, apidpikarzenespildonbataeiodc awd d, net hanesul foni ¢

acid, p-toluene : PCII S2 I f ani id,
benzenesul foni c \éA'%%fi Qé%gg&??% Iaugér#ac%? %%gg%?%aﬁ% gbrfr chJea&E} geo t he
present inventi dmvienthodeityddHBIGL , HHBrandI TFénd [THX36] Preferred sol vents

for Step 2 of th [,QCess f_1h r.esent Lnvention include _chlorinated
sol vents such a?%ﬁ% 12, ?L,?%E%Tf%%(fo#)&gteﬁg effmén %&oroor%é:'r'\ﬁzeeﬁgf)cefﬁow] In
one enbodi ners ofofl hkeppeasait | weRition iXcliude achBmirad el Gopvedtgording to
a preferred 10 enbodinent, X is _selected fromthe group consisting of d,
Br, |, F, oOrf, Or¥ch ggofRFafrh2:akd2dfbsloqasidspe) napfecbhpboPertfneof t he
present invention, Y is a carbamte am ne protecting group. According to a
preferred enbodinent, Y is Boo. 15 [0039] As used herein, the follow ng
definitions shall0o03@3ly ufhedze cuifmdimenti ndi the apiresirdo inveofhpnatXons of

substituents are ipseramlggr%g'glog&ﬁ/_ i fAcc%y:&Qn&oErgiQa&;&&rre%sul t in stable

conpounds.

10 embodiment, X is selected from the group consisting of
Ccl, Br, I, F, OTf, OTs, iodonium, and diazo.

:) [0038] In one embodiment of the present invention, Y
is a carbamate amine protecting group. According to a
preferred embodiment, Y is Boc.

15 [0039] As used herein, the following definitions
shall apply unless otherwise indicated. Also,
combinations of substituents are permissible only if
such combinations result in stable compounds.

[0040] Some of the abbreviations used throughout the

20 specification (including the chemical formulae) are:

Boc = t-butoxycarbonyl
Fmoc = f£lucrenylmethoxycarbonyl

Tf = trifluoromethanesulfonate
g) Ts = p-toluenesulfonyl
25 Ms = methanesulfonyl

TFA = trifluorocacetic acid
Ac = acetyl
dba = trans, trans-dibenzylideneacetone
dppe = 1,2-bis-(diphenyliphosphino)ethane
30 dppf = 1,1'-bis-{diphenylphosphanyl)ferrocene
dppp = propane-1,3-diylbis(diphenylphosphane}

BINAP = 2,2'-bis(diphenylphosphanyl)-1,1'-
binaphthyl

MTBE = methyl t-butyl ether



.[0040] Sone of the abbreviations used throughout the

20 specification

(i ncluding the chem cal formulae) are: Boo = t-butoxycarbonyl Fnoc =

f1 uorenyl met hxxeadoRry! Tf = trifIuoronethanesulfonatePCE%

2004/003933

p-tol uenesul fonyl 25 Ms = met hanesul fonyl TFA = trifluoroacetic acid Ac =

acetyl dba = trans,trans-di benzylideneacetppe. dppe =
1, 2- bi s- (di phenyl phosphi no) et hane 30 dppf =

1,11- bi s- (di phenyl phosphanyl ) ferrocene dppp =

propane- |, 3-di yl bi s(dP: gﬁ ﬁ@ﬁanBINAP

2,2 - bis(dlphenylphosgb§n¥l ﬂ-lbaerhg%Eﬁihﬁidéﬂgié met hyl t-butyl ether WD

2004/ 072038 PCT/ US2004/ 003933 -

=_di net hoxyet hane CDI =

1, 1' - car bonyl - di i ni daP6Fe= BAE <Ciqvlodpryiraresdd ididsodi i ni de EDC =
1- et hyl - 3-( 3- dlﬁEthy|gﬂbﬂQpIL&%ﬂQllé_QQLQQﬁétﬁyEEh{hggﬁgagl gride HOBt =

N- hydr oxybenzptri azol e hh@gfbg&ﬁyﬁimglgyaggghgbﬁ

= di met hyl f or mam de

MCPBA = n}chloroperben20|c acid 10 = magnesi um nonoper oxypht hal at e

hexahydrate DI BAL-H OHF|3&5&Wﬂr9§WPﬁFﬁ8ﬁ¥h?6?1%e LAH =

hydride super hydri denmpl &tiiseerlipgtwhbarabydri de
DMF = dimethylformamide

MCPBA = m-chloroperbenzoic acid

[ithium al um num

10 MMPP = magnesium monoperoxyphthalate hexahydrate
DIEAL-H = diiscbutyl aluminum hydride

LAH = lithium aluminum hydride

') super hydride = lithium triethylborohydride

L-selectride = lithium tri-sec-butylborohydride

15 Red-Al = sodium bis (methoxyethoxy)aluminum hydride

IPA = isopropancl
glyme = dimethoxy ethane

diglyme = bis(2-methoxy ethyl)ether

{0041] As used herein, the following definitions

20 shall apply unless otherwise indicated.

The phrase

"optionally substituted" is used interchangeably with

- the phrase "substituted or unsubstituted." Also,

combinationg of substituents are permissible only if

such combinations result in chemically stable

K) 25 compounds. In addition, unless otherwise indicated,

functional group radicals are independently selected.

[0042] The term “leaving group", as used herein, has

the definition known to those of ordinary skill in the

art (see, March, Advanced Organic Chemistry,

4th

30 Edition, John Wiley & Sons, pp. 352-357, 1992, herein

incorporated by reference). Examples of leaving groups

include, without limitation, halogens such as F, Cl,

Br, and I, diazo, aryl- and alkyl-sulfonyloxy groups,

and trifluoromethanesulfonyloxy.



L-selectride = lithiumtri-sec-butyl borohydride 15 Red-Al = sodium
bi s( met hoxyet hoxy) al um num hydride | PA = isopropanol glynme = di nethoxy
et hane di gl yne = bi s(2-nethoxy ethyl)ether {0041] As used herein, the

fol I owi ng deMd#%YYAS8 20 shal| apply unl ess otherw se i RAFUSEOMIB%BAe phrase

"optionally substituted"” is used i nterchqgggapl y with the phrase
"substituted or unsubstituted." Al so, conbirnations of substituents are
permssible only if such conbinations result in chemcally stable 25
conpounds. I n addi®d4dd, unlTassternetanighaitidi"casedsed hemeiromsangr oup

radi cal s are independently.sel ected. 004 he. term"| eavi garaoup", as
used herein, has %%gg]éﬁ’?ém?oﬂr%ﬁﬁﬁé}{e% @Bér%? @V%Pﬂfﬁ%?? é}%‘&’r #%tt he
art (see, March, Q1 gaBkeutdedl Y Yhat! Bodla B td ordaRReW I ey &
Sons, pp. 352-357, 1992, herein incorporated by reference). Exanpl es of

| eavi ng groups iHHEIGFIEE WRERSUTaEIeR ¢ atiben tepal dgéhehatid’ adsp, O, Br,

Y1 1 Uor omet Faneat] 7t oy o 20041 072050 R ORE004 B0 LEe 8 004y
The term "al i phatGie"hy@rogaddretdel earempatedivyisetuhabadopr refehed Cl- C12
uni €5 of unsat ar NTaaing, 3aECOR fbfe Kxie b BleBEut ARl R A ARABRD P T
C3- Ce hydrocar borismds @pemati€s{s@il dymdicc aydyncahhon i shaiormplagee! y
oL O | aleg RO ATE O P BB WA On DUt on s
10 "cyggoalkylx), that has a single point of attachment to
the rest of the molecule wherein any individual ring in
F) said bicyclic ring system has 3-7 members. For
m example, suitable aliphatic groups include, but are not.
limited to, linear or branched alkyl, alkenyl, alkynyl
15 groups and hybrids thereof =such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl) or {(cycloalkyl)alkenyl.
[0044] The terms "alkyl", "alkoxy", "hydroxyalkyl”,
"alkoxyalkyl", and "alkoxycarbonyl", used alone or as
part of a larger moiety includes both straight and
20 branched chains containing one to twelve carbon atoms.
The terms "alkenyl" and "alkynyl" used alone or as part
of a larger moiety shall include both straight and
branched chains containing two to twelve carbon atoms,
-) wherein an alkenyl comprises at least one double bond
25 and an alkynyl comprises at least one triple bond.
[0045] The term "chemically stable" or "chemically
feasible and stable*, as used herein, refers to a
compound structure that renders the compound
sufficiently stable to allow manufacture and
30 administration to a mammal by methods known in the art.
Typically, such compounds are stable at temperature of
402C or less, in the absence of moisture or other

chemically reactive conditions, for at least a week.



also referred to herein as "carbocycle"” or 10 "cycloal kyl"), that has a
single point of attachnment to the rest of the nol ecul e wherein any

i ndi vi dual rj | id bicyclic ring systemhas 3-7 ma{@l% exanpl e,
suitable ali %"W‘”ﬁ“ﬁgups i nclude, but are not I|imted 10, Por?;e':]g{”sor
branched al kyl, al kenyl, alkynyl 15 groups,@and hybrids thereof such as

(cycl oal kyl ) al kyl, (cycl oal kenyl)al kyl) or (cycl oal kyl)al kenyl. [0044] The
terms "al kyl ", "al koxy", "hydroxyal kyl", "al koxyal kyl ", and

"al koxycar bonyl " , 109464 al oFes oferm "hsdealbyla, | Wrajeraliwively (i asfludes bot h
straight and 20 bianchedohal NieLAN'AK N0 PRED, NP1 50) PO ghoms. — The
terns "al kenyl" and "alkynyl" used al one or as Ppart o & ar ger “noi ety

shal | include botdaset maighe, asebstbrtateldewithatms eomaienibagogen to twel ve
car bon at ons, rei.n a I |, Lse l.ea one doubl e bond 25 and
an al kynyl corrp\r,\,i%gtéjglsét ?%%s g%e }faﬁi{%{eé b%%%.tls I5[3’0%115’] rﬁﬁieof:e m "chem cally
stabl e" or "chen®aa7y fedsebtermntheseabhbdm” asearsed har,ciom, Srat@rs to a
conmpound structur at_renders the.c und s%fi.cientl stable.to all ow
manuf act ure and fglaggmlﬁf:s?&%t?% ?%dgg%gnﬁ%ﬁmb %ﬁ%@@f%ﬁ&éms?ﬁﬁﬁfe art.
Typical ly, such emdpshedquatersizdl Eoain bEnpey dbawis afitrdd2a.or less, in the
absence of noi st oth chem cal.ly,reactive conditjons, for at |east a
week. VIO 2004/ 0730983bcT) U0 T03594me; 95 PO SRl AP KR Tl kyl ©,
"hal oal kenyl ", amért"bd@l aalkoger' momans zkkyts w©b kerydivalenal koxy, as the
case may be,_ substituted with one or_ nore hal ogen_  atons. ye\e term "hal ogen”

means F, C],l r. qﬁtrpgen, which may be primary which may
substituted with 1-2 aliphatic groups.
“) foosa} The term "aryl" used alone or as part of a

larger moiety as in "aralkyl", "aralkoxy”, or
Taryloxyalkyl", refers to monocyclic, bicyclic, and

15 tricyclic carbocyclic ring systems having a total of
five to fourteen members, where at least one ring in
the system 1s aromatic and wherein each ring in the
system contains 3 to 8 ring members. The term "aryl"
may be used interchangeably with the term "aryl ring"®.

20 [C050] The term "heterocycle", "heterocyclyl®”, or
"heterocyclic"” as used herein means non-aromatic,
manocyelic, biceyclic, or tricyelic ring systems having
five to fourteen ring members in which one or more of

the ring members is a heterocatom, wherein each ring in

R

25 the system contains 3 to 7 ring members.
[oo511] One having ordinary skill in the art will
recognize that the maximum number of hetercatoms in a
stable, chemically feasible heterocyclic or
hetercaromatic ring ig determined by the size of the
30 ring, degree of unsaturation, and valence of the
hetercatoms. In general, a heterocyclic or

hetercaromatic ring may have one to four heteroatoms so



5 [0047] The term "heteroatom nmeans N, 0, or S and shall include any
oxi di zed formof nitrogen and sulfur, and the quaternized formof any basic
nitrogen. [0048] The term "am ne" or "am no" used alone or as part of a

| ar ger noi et to a trivalent 10 nitrogen, which ry or
whi ch may be%O{OEI’@E(?ut ed with 1-2 aliphatic groups. [Oogg%ugﬁ%%tﬁeg??n "aryl ™"

used alone or as part of a larger noiety S in "aral kyl", "aral koxy", or
"aryl oxyal kyl", refers to monocyclic, bi cycl'ic, and 15 tricyclic carbocyclic
ring systems having a total of five to fourteen nenbers, where at |east one
ring in the systkngd stsatbgabptenerywhier enrnheaehoarwgatm tHieg dgst em

contains 3 to 8 rj rEedriqg;r gsa‘f[g%%%ia&ﬁ] ﬂa%l may be used i nterchangeably

with the term"” ary ring e term het er ocycl e", "heterocyclyl"
or "heterocycli cl0aE2lusedTher éemnﬁae@mmr'onaséd,almmy@lsi parbi cyclic,

or tricyclic ring, yStEl ayin five tq.fqurteen,ri grrenbersm whi ch one
or nore of the rlflg;r%e éargs%?égtayh%% e%apﬁ%erﬁﬁﬁ?%ﬁ%feacﬂ ring in 25 the

system cont ai Bs 3"hetekasryjaloker s. réﬁﬁ.]to&‘menbayd:h:gcprbﬁdmy.cs&nﬂl in the
art will recogni etht t he naxi rrumn nber ofngﬁei # 3 st abl e,
chenically feasib cﬂ’e“‘t Ao kTR %y%‘f'em% BOFr BniPFR gémvse &t er mi ned by
the size of the 3fburtedn degyeremiberds alnd dhe@8inant J/@Asﬂﬂ&ﬁ:eOfra.hbein

het eroatons. In g neral a heterocyclic qr . heteroaromtic ring have one

to four heteroat ofie Y A54P50RE PEH (83664PRBIHRE 1o ﬁle Isé’ﬁ ®Bs t he
het erocyclic or hehgfaisodhkl 6rlhdfe iBeteroatoms, and each ring in the

10 gystem contains 3 to 7 ring members. The term

"heteroaryl® may ke used interchangeably with the term
f) "heteroaryl ring" or the term "heteroaromatic".

[0053] An aryl (including aralkyl, aralkoxy,
arvlioxyalkyl and the like) or hetercaryl (including

15 hetervarylalkyl and heteroarylalkoxy and the like)
group may contain one or more substituents. Suitable
substituents on the unsaturated carbon atom of an aryl,

hetervaryl, aralkyl, or heterocaralkyl group are

selected from halogen; haloalky; -CFi; —R}; -ORF; —SR4;

20 1l,2~methylenedioxy; 1l,2-ethvlenedioxy; protected OH
{such as acyloxy); phenyl (Ph); Ph substituted with R%;
-0Ph; -OPh substituted with R%; -CHzPh; -CHzPh
substituted with R*; -CH,CH;(Ph); -CH,CHz(Ph) substituted

",

with R -NO»; CN; N(R%)2; -NR’c(0)R?%; -MR*c(O)N(R%).;
25  -NRYco.R*; -mNR*NmC(0)R*; -NRUc(O)N(RY):; -NR'NR'c(O)RY;

-NrRUNR*c(0)N(RY)2; -NR*NR®cORY; -c(O)C(O)RY;

~C{0)CHC(0)RY; -CO.RY; ~C(O)RY; —C(O)N(RY)2;

—0C (OYN(R*)2; -SO0:R*; -50,N(RY)2; -S(O)R*; -NR's0.N(RY):;

~NRYS0.RY; -C{=8)N(RY)2; -C(=NH)-N(R*)2; - (CHz),NHC(O)R®;
30 - (CHp)yR*; -(CH;)yNHC(O)NHR*; - (CH,),NHC (0)OR*;

- (CHz) yNHS (O)R*; - (CHz)NHSO,R*; or - (CH,)yNHC (O)CH (V-

RF)R4; wherein each R is independently selected from



chemcally feasible and stable. [0052] The term™" heteroaryl ", used al one or
as part of a Iarger noi ety as in "heteroaral kyl" or 5 "heteroaryl al koxy",
refers to no | i bicyclic and tricyclic ring systens having a total of
five to four Oﬁ‘” 7&?133 nenbers, and wherein at | east onePFT’Héz"Pﬂ‘% 3PRe system
I's aromatic, at | east one ring in the systﬁn contai ns one or nore

het er oat oms, and each ring in the 10 systentfcontains 3 to 7 ring nenbers.
The term "heteroaryl"™ nmay be used interchangeably with the term

"heteroaryl ringhyiroges,t eptidieeller caberatiuced ¢QOX3iphatdy! aqi ncl udi ng

aral kyl, aral kox ryl,oxyal kyl . and.t he ||k terqQaryl (ing¢ludin 15
hetergaryl al kyl éﬁﬁ“ﬁg¥ég8§?él%ﬁ<wbﬁ§dt h&g%ﬁ%‘j’y r?ﬁjg‘er%f é:gﬁ & n oge or
nore substituent asln‘éui bhbhel 6RHS! i104@R, S -QR, (19 ;URsRi-eiat @digagben at om of

an aryl, heteroa aral Kk l or het er oar al kyI grogg are sel ected from
hal ogen; hal oal k ¥rds aphinkeRgrovgr,. WRSRIR) I hy 8 éB*‘%‘k’;F' it

1, 2-ethyl enedy oxynaypno@t Qﬁbgﬂlﬁted SHGH @aeaewﬁasyé sihauehi?l) | |
substituted with R4; - CPh -OPh substituted with R4; -CH2Ph; CHZPh

substituted with S¥-ecten EFE‘('PT"BH cRE¢Fpe PR E RAASSS b urBAC1wi ¢ h R4; - NOZ;

CN, N(R4)2: - NR4 1 cNR4 4),2
-NR4CEO)¥\|( R4) 2:- Y R NRzl:C(cg%Q Rj‘(&@ W&g )rleﬁlC(’? )?\lilf\%)?z -N§24’Nh4oo§R4 B

-C(O C(O R4; - ClRefloreey O Kér-« -BomReticd) O Rl =@f (Juy F@l@hatlw O N(R4) 2;
-802R4 - SO2N( R4 S(&) R o, NR4 4 3 SP2R¢ R4) 2:
o N ( )4(3;0 L(F\%C(O)O&H S@&JSO\&B(I )allﬁijlﬁé ?sz% '\ﬁg(l E& )
(CHZ) NHC( citbm a lPé“@HEH/NI—ESf Ordto qumzﬂym@m: V&EIGGG@PFNI—@(@) CH( V-

R4)R4; wherein eaph Rchs ipdepapdantlygel ected from

ﬁ) [0054] The term "linker group" or "linker" means an
- organic moiety that connects two parts of a compound.
Linkers are comprised of -0-, -S-, -NR*-, -C(R*)s—,
15 -C{0), or an alkyvlidene chain. The alkylidene chain is
a saturated or unsaturated, straight or branched, Ci.e
carbon chain which is optionally substituted, and
wherein up to two non-adjacent saturated carbons of the
chain are optionally replaced by -C(0)-, -C({0)C(0)-,
20 -C(O)NR*-, -C{O})NR*NR*-, NR*NR*-, -NR*C(O}-, -S-, -SO-,
~-80;3-, -NR*-, -SO;NR*-, or —-NR*S0;-; wherein R* is
selected f£rom hydogen or aliphatic. Optional

substituents on the alkylidene chain are as described

o

below for an aliphatic group.

25 [0055] An aliphatic group or a non-arcmatic
heterocyclic ring may contain one or more substituents.
Suitable substituents on the saturated carbon of an
aliphatic group or of a non-aromatic heterocyclic ring
are selected from those listed above for the

30 unsaturated carbon of an aryl or heteroaryl group and
the following: =0, =8, =NNHR>, =NN(R®),, =NR®, -OR’,
=NNHC (0)R®, =NNHCO,R®>, =NNHSO;R®>, or =NR°, where each R’

is independently selected from hydrogen or a optionally



WO 2004/ 072038 PCTI US2004/ 003933 - 18 hydrogen, optionally substituted

G _6 aliphatic, an unsubstituted 5-6 menbered heteroaryl or heterocyclic
ring, phenyl -CH2(Ph); whereiny is 0-6; and V.is a |linker
group. \Wen R‘ZBP}M@ B%:P i phatic, it 5 may be substitut eo"%"t’ﬁ%"“&’ﬁ%‘%ﬁ nor e
substituents selected from -NH21 -NH(C1_4 aliphatic), -N(C1_4 aliphatic)?2,
-S(O(CL_4 aliphatic), -S02(Cl-4 aliphatT 039 ~ hal ogen, -(Cl_4 aliphatic),

-OH, -0-(Cl_4 aliphatic), -N&2, -CN, -CO2H, -CX2 aliphatic), - 0- (halo C1_4

10 aliphatic), omubsahet€dd4al |aaﬁ@wa¢z)1c whietied iR°eashcCl_dligidahagtiie is
unsubsti t ut ed. [0054 The term nkegngrou or "linker" nmeans an organic

noi ety t hat conn&‘@é’s WU R ¥itbnBBEn mc?ﬁehlé'éﬁk?t&rté‘eﬁBﬁprlsed of -0-,

-5-, -NR*-, -C(RE:ectd§ fdi)-NH)/ aﬁH?élkA/'dl(i%t%EQl n.y{Bg, al kyl i dene chain
is a saturated or unsaturated, straight or branched, Cl1L 6 carbon chain

which is optionaPfyP8abitl vutedosshd ~MerdiCap pdirhativh- adiecent

S%E 3; 3 Si caggOpng; N$§2H f:h@b? @e ﬂ@ﬁh%ﬁ&%t:a?{ Lspk‘ﬁ&f& @Y, - C(SEJ) ' o
-S02-, -NR*-, -S@2fmhatigl, -W@@éﬂ Cohepdipharicly “é’@lr@enéga¢hd3h-hydogen or

al i phat ic. Opti orglqll%:,h%_@étig qﬁm[sgqgg]lgg al kyl'i dene chain are as descri bed

bel ow for an aliphatic group n al i phatic group or a non-aronatic
het erocyclic ri ndoﬁ'ﬁﬁ]cont%ﬁﬁ@wwsmnethﬁmwm of aSpprabl e
substituents on the s atura ted car Qn, of _an %Jpﬁat oup ¢ of a

non- ar omat i ¢ heterr(%]?cf‘l ?tenrocyc &S gﬁggtiﬁeﬁ ‘itf?%]sgrrlof“st & above for the
10 —I\T(R )2, —C{O)R ; —COZR ’ —C(O)C(O)R ’ -C(O)CHgC(O)R ’

) -S0,R°, -80.N(R%),, -C(=8)N(R®);, -C(=NH)-N(R%)s, or
-NRSO;R; wherein each R® is independently selected from
hydrogen, an optionally substituted C;.¢ aliphatic,
optionally substituted phenyl (Ph), optionally

15 substituted -O-Ph, optionally substituted -CH;{(Ph), oxr
an unsubstituted 5-6 membered heterocaryl or
heterocyclic ring. When R® is a Ci¢ aliphatic group or
a phenyl ring, it may be substituted with one or more
substituénts selected from -WNH;, -NH({C;.s aliphatic),

20 -N(Ci-¢ aliphatic),, halogen, -(C;.4 aliphatice), -OH,
~0~(Cy.4 aliphatic), -NO;, -CN, -COH, -C02{Ci-s
aliphatic), -0-halo(Ci.4 aliphatic), or (halo Ci.s

) aliphatic); wherein each Cj., aliphatic is
- unsubstituted.

25 [0G57] Schemes 2-8 illustrate the application of the
process of Scheme 1 to the synthesis of pyridinyl aryl
amine derivatives. These pyridinyl diaryl amines
synthesized according to the present invention may be
further functionalized according to methods known to

30 those of skill in the art in orxrder to produce compounds

that are potent inhibitors of p38 kinase.



30 unsaturated carbon of an aryl or heteroaryl group and the follow ng: =0,
=S, =NNHR5, =NN(R5)2, =NRS, -ORS, =NNHC (0) R5, =NNHCO2R5, =NNHSO02R5, or
=NR5, where each R5 is independently selected from hydrogen or a optionally
WO 2004/ 07208, J56a)d71¢3¢004/ 003933 - 19 substituted Cl_6pgfihdliohspss Wen RS
is C1_6 aliphatic, it may be substituted with one or nore substituents

sel ected from-NH2, -NH(Cl 4 allphatlc)— 2M(C1l_4 -aliphatic) 2, hal ogen,

- OH, -C>(C1_4,a|iphat|c) -N2, 5 -CN, -CO2H, -CX2 aliphatic), -0- (halo
Cl_4 aliphatic), or (halo Cl1_4 aliphatic); wherein each C1_4 aliphatic is
unsubstituted. [0056] Substituents OnRénﬁf%{ Efgen of a non- aromatic
heterocyclic ring are selected from (R6) 2, -C(O R6, -C02R6,

-(OQ C(OR6, -C(0)CH2C(0)R6, -S02R6, - S2N(R6) 2, -C(=S)N(R6) 2,
-C(=NH)-N(R6) 2, or NRSO2R; mhereintbach<f£ is independently selected from
hydrogen, an optionally substitut’e 2l i phata tionally substituted
phenyl (Ph), optionally 15 substit -Ph, opti |y substituted
-CH2(Ph), or an unsubstituted 5- f Het a or heterocyclic
ring. Wien R6 is a Cl-6 aliphati up or a phenylgfing, it may be
substituted with one or nore S#bstig,uentis sel ect from-NH3, -NH(Cl_4
aliphatic), 20 -N(C1_4 aliphatic)2, halogen, -(Cl 4 aliphatic), -OH,
-0-(C1_4 aliphatic), -N®2, -CN, -CQ2H, -CO2 121 4 aliphatic), -Ohalo(Cl_4

aliphatic), or (halo C1_4 aliphatic); whereiin eaghiCl_4 aliphatic is
unsubstituted. 25 .[0057] Schenes 2-8 illustrnate the application of the

()



process of Schenme 1 to the synthesis of pyridinyl aryl am ne derivatives.
These pyridinyl diaryl am nes synthesized according to the present invention
may be further functionalized according to nethods known to 30 those of
skill in theW20040328% der to produce conmpounds that ar ePPEVEMYIPRET bitors
of p38 ki nase. WD 2004/ 072038 PCTI US2004/ 003933 20 Schene 2 0 R3~-0 & G5
B NX+HNI/ YGBHAG 21221 Step4l0-& G / 3 01 A\ &G DI NI (&
YG 23 Step2002G R, 0&3I1 ~~ NHM GGG 4Gl 24 WO

2004/ 072038 PCT/ 20044003933

R’ is selected from C1-Cs aliphatic; aryl; and
aryl substituted with C;-Cg aliphatic, aryl, nitro, CN,
COgR', COaN(R')y, OR', NCOzR', NR'C(O)N(R')p, or

5 OC(O}N(R')g3;
provided that R® is not t-butyl;

: G, Gz, G3, G, and Gy are independently
selecied from hydrogen, aliphatic, aryl, substituted
aryl, nitro, CN, OR', CO3R', CO;N(R')s, NR'COZR',

10 NR'C{O)N(R'),, OC{O)N(R'},, F, C1, Br_, I, O-Ts, 0O-Ms,
) 080zR', and OC(O)R';
X is a leaving group;
Y is ~C({0)-0-%;
Z is selected from C;-Cg aliphatic, benzyl,

15 Fmoc, -SOzR' or Q, provided that Q is not substituted

with X or alkyne;
wherein Q and R' are as defined above.

[0058] The various steps illustrated in Scheme 2 may
be described as follows:

20 f0059] Step 1l: The starting material 21 is available
by synthesis from 2-chloronicotinic acid according to

') procedures known in the art (see, e.g., Scheme 3). The

starting material 21 is coupled with a protected aryl
amine 22 (see, e.g., Scheme 3) in the presence of an

25 alkali metal salt such as cesium carbonate in a solvent
such as NMP; or alternmatively in the presence of a
catalyst such as palladium acetate, opticnally a ligand
such as BINAP or dppe, and optionally a base such as
potassium phosphate in a compatible solvent such as

30 toluene, MTBE, DME, or hexane, to give the protected

coupling product of formula 23.



- 21 wherein: R3 is selected fromCl-C6 aliphatic; aryl; and aryl
substituted with C1-C6 aliphatic, aryl, nitro, CN, CQR2R, CO2N(R )2, OR,
NCO2ZR, NR C(ONR )2, or 5 OC(ONR)2; provided that R3 is not t-butyl;
Gl, G2, G3, ®020MARNE are independently selected from¥FEFBYNI%3 i phati c,
aryl, substituted aryl, nitro, CN, OR/, Cl%)fR', C2N(R )2, NR-C2R, 10

NR CCONR)2, CC(ONR)2, F, d, Br, 17 Ts, 0-M5, OSSR, and OC(OR ;
Xis aleaving group; Yis -C(O-0Z Zis selected fromCl-C6 aliphatic,
benzyl, 15 Fnoc,[00802R 03t<) Zor Mhiededotbated) ¢oupioings phetiutut 28 isvi th X or
al kyne; wherein and R ar.e as defjned, above. [00587 The. various steps
illustrated in sgﬁé‘ﬁgeﬁ %avl He ac?é‘écﬁflﬁgdaﬁsﬁ‘%lJrrb\ﬁs:s%aPéGSW D 1: The
starting materi algsu2h &8 A¥ehyRHe cHlprsyal hesz -sdi o rbetfageonbgot i nic acid
according to proggdures known in the art i('see, e.d.. Schene 3%. The
starting nat eri alCB2PTPEEREEHF od- ik S ERRot WRVPARH FOIMME 33 (see, e.g.,

Scheme 3) in g he phegsgnce Séhae 2 ahkaktraestal tisal dyrelias ogesi um
carbonate in a solvent such as NMP; or alternatively in the ggesence of a

catal yst such as SFaFtaBe iReREerahk @1 opdi SRRENY 3P |e%pd 1Edg8nta8 BI NAP or

dppe, and opti onghhyharbase: FaiciyAS onPSkaashit &asPhalB1liRgapseaat i bl e
sol vent such as %04 t(%I geﬂe, I\gTBE, DVE, or hexane, to give the protected
o] cheme .



coupling product of fornula 23. WO 2004/ 072038 PCT/ US2004/ 003933 - 22

[ 0060] Step 2: The protected coupling product 23 is reacted with an acid
such as TFA | jtabl e solvent such as nethyl ene chl i

1, 2-di chi or ogpﬁgoﬁg'%o%? chl orobenzene, to give the corrpol{}rr?&%g?m???sr?ul a24. 5
[ 0061] Schene 3a illustrates the synt hesi; of starting material 21 and
Schenme 3b exenplifies the further deriva Pzation of deprotected coupling
product 24 of Scheme 2. 1) WD 2004/ 072038 PCTI US2004/ 003933 - 23 Schene
3a ~~,,,, OOH HO" YV 2 Step AR30 241 \G'-H~1 J + XN"'" 1 31 32
33 Step 30 & Step CR3-O& B R-OCB¢hedhe i (A | \1 A | %41 O 34 35
li & G B RS O' ~T Step D INX+HN/ YG 4\G 21 22

O O e ?H
. /GZ Step A 3l 4 2 P oH
HO | j —_— | J + | \
2 S g
X7 N 1
31 a2 33

—




O G 3 RB~0~G Step1 N\ 443 YG 23 O® 3G Step 2 RHO Gs
HGs G4 GL 24 WD 2004/ 072035 PCT/ US2004/ 003933 - 24 Schene 3b O & R3
C3bl StepE NH\ »" & 2430/ 2G2&@ ' G ~ RI Oft
step F HO N WORMIRIEL G 0 NH23 A 1 O- -,,2 G5 36 3PCTHSEp083%8p G
HONA Ol G G N
- 24 -
Scheme 3b
O ’Gz
RS G Ga
~o |!\5 Step E
N/E
Gsg
G4 Gq 24

10

15

wherein R® : G1, G2, G3, Gz, and G; are as set

forth in Scheme 2 above. . .

[0062] The various steps illustrated in Schemes 3a
and 3b may be described as follows:

[0063] Step A: Nicotinic acid derivative 31 may be
activated by reacting it with a chloroformate
activating agent such as SOCl;, phenylchloroformate, or
p-nitrophenyl chloroformate, or a carbodiimide
activating agent such as CDI, DCC, or EDC in the
presence of HOBt and N-hydroxysuccinimide in a polar

aprotic solvent such as CH,Cl;, 1,2-dichloroethane, DMF,

or NMP, and heating. 2an alcohol of the formula R0H is
then added to form compound 32.

/

N

G3
3



Ga d O:- NH2 38 wherein RB, G, &, G, A, and G are as set forth in
Schene 2 above. 5 [0062] The various steps illustrated in Schenmes 3a and 3b
may be descrl‘psq 0%%7{3 lows: 1 [0063] Step A Nicotinic acid derivative 31
may be actyvar reacting it with a chlorof ormate RETAERIGAIPHg agent
such as SOC12 phenyl chl orof ormate, or p- nltrophenyl chloroformate, or a
carbodiimide activating agent such as CDI25DCC, or EDC in the presence of
HOBt and N hydroxysuccinimde in a polar aprotlc sol vent such as CH2Cl12,

1, 2-di chl or oet hargpoedyF, 1§5tep AMRonptdbndeaki ng. cABeLhalh of bbhenfer mul a
R3CH is then added to f rrppund 32. WD 2004/.072038 PCTI US2004/ 003933 -
25 10064] Step B ﬁb‘t‘f'g‘na%g | 30 I IEEESRAER af bR roAFalYSiciSYCBURR as 33 in

the presence of Falkdivsl adbehrds a PRAdAGUEA A66L8dfum &4133RasHCh as sodium

carbonate, potassium carbonate, 1ithi um carbonate, cesi um 5 carbonate,

pot assi um t - but O)&%S% GATPORRtRXi ddbigm carbenake arRio¥ de in a sol vent
such as tol uege, £@VEpo L é‘f&&é‘r@ﬁuﬁ‘_ %548, 3doal AP lbutliRal, &pup! ed
product 34 is t hen N-o>?| di zea ?n he pregence o?o%{reagent suc% as MCPBA,

peracetic 10 acﬂdthémvaPbuFﬁxad%kﬂmra setlegnt obveintas el uesieCHETER, or

1, 2-di chl or oet haRgmt 0 (9 ¥ex3R O%_Q} Sep D N-oxide 35 is activated in the
presence of a reagent sucexg e ePCﬁr& SOC121

[0065] Step C Coupled product 34 is then N-oxidized

in the presence of a reagent such as MCPBA, peracetic
10 acid, or MMPP in a chlorinated solvent such as CHyCl; or
. 1,2-dichlorcethane to give 35.
:) [0066] Step D: N-oxide 35 is activated in the

presence of a reagent such as POCl;, POBrjz, SOCl,,

50,C1l,;, or S80Br; to give 21.

15 100671 Steps 1 and 2 are as set forth in Scheme 2
above.
[0068] Step E: The free amine of 24 is derivatized

to form the corresponding urea by reaction with an
activated carbonyl such as X4C(0)Xs, wherein X, and Xj

20 are each independently selected from Cl, Br, I,
imidazole, 0-Ph, p-nitrophenvloxy, substituted O-aryl,

or a leaving group, and then reacting the carbonyl with

;) ammonium hydroxide in a solvent such as toluene, DME,
| or MTBE to form 36.
25 [0069)] Step F: The ester functionality of 36 is

reduced to the corresponding alcohol in the presence of
a reducing agent such as DIBAL, LAH, super hydride, IL-
Selectide, LiBH,;, NaBH;(anilide), Red-Al, or NaBH; in a
solvent such as THF, DME, MTBE, MeCH, EtOH, IPA, t-

30 BuCH, glyme, or diglyme to form 37.
[0070] Step G: The alcohol of 37 may be further

functionalized such as by activation with X4C{0)ZXs,



S02C12, or SOBr2 to give 21. 15 [0067] Steps 1 and 2 are as set forth in
Schene 2 above. [0068] Step E: The free amne of 24 is derivatized to form
the correspogd Rg,4h68 by reaction with an activated carhonyl such as
X4C(0) X5, wherern and X5 20 are each independent|y sePEECRIMWYEH a, Br,
|, imdazole, O Ph, p-nitrophenyloxy, su seti tuted O-aryl, or a |leaving
group, and then reacting the carbonyl wtHK” “anmoni um hydroxide in a sol vent
such as toluene, DME, J or MIBE to form 36. 25 [0069] Step F. The ester
functionality ofy&dinn XedH@ed; tard R GREELENON NG RL @habolr8, t figePr esence
of a reducing agent such as DI BAL, LAH, super hydride, L- Selectide, LiBH4,
NaBH3( ani | i de), ReabtAing dheNaBionpl awitdolOH(CH, 510h &8 TeER IBE, MIBE, MeCOH,

EtOH, IPA t 30 .. glyme, .or di me to form37. [0070] ep G The
al cohol of 37 maE&gg'lf urt%‘gwhhoflﬂgrcgﬁ!‘%rﬁﬁc?"ze&fe?ué’ ﬁ‘s”{"ﬁ’)‘}e%c‘hsilﬁ%eon with
X4C(O) X5, WO 20041 NiAG3E SCTs18520046 00RO 3Bagent® anbiesedi iy and X5 are as
described in_step E abaove, then__reacting the carbonyl with O4(CH2)2NH2 to

form 38. [0071] PEIGRAR -t BE prddebecrrrifedatededyaoire 0% sk ludfy at ed using

speci fic reagent gh@nd-15tedald R8i%aBBEChflsyods rehbkakes 3Ry efialgdgby one of
skill in the art that suitabl e anal ogous reactants and starting naterials
may be used to pPRERIE1Eh APy EEs LEBHPBRREEPATRY @R ogene nermP i-des an

exanpl e using theggieihod sefhdaes petdied MMERELAD1E0LRIAG UGS Sndindfy!
am ne. 10 Scheme 4
of the instant invention to produce a diaryl amine.

10 Scheme 4
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[0073] The various steps illustrated in Scheme 4 may

be briefly described as follows:



OF 1pI \ + HNl NCIl OOF F 41 42 Stepl1 O\ ~\ F/ ~NNFO F X
43 Step 2 FNNj] FHF 44 [0073] The various steps illustrated in Schene
4 may be briefly described as follows: WO 2004/ 072038 PCT/ US2004/ 003933 -
27 [0074] St"%‘bz"%‘!’mé‘pém or 0- 2- (4-f 1 uor ophenyl ) - ni cot i ni c PCHEUPHMBIF| ester
41 is available by synthesis from 2- chiorpnicotinic acid (see, e.g., Scheme
5). 41 is coupled with a protected aryl am ne such as Boc-2,6 5

di fluoroaniline 42 (see, e.g., Schene 5) in the presence of an al kali netal
salt such as cesil@#f4kar bdiare land-ghioreeht (SifdmoarorkRy Lbornbtewimiat i vel y

in the presence gﬁg ﬁ%@w%stﬁmla;ﬁpﬂ %%Sﬁeﬂas uk@ﬁ% tResfBtELRRIJY 2

| i gand such as BI 10 optionally a S potassi um phosphat e
in a chloronicotinic acid (see, e.g., Scheme 5). 41 is

coupled with a protected aryl amine such as Boc-2,6-

5 difluorcaniline 42 (see, e.g., Scheme 5) in the
presence of an alkali metal salt such as cesium
carbonate and a solvent such as NMP; or altermnatively
in the presence of a catalyst such as palladium
acetate, optionally a ligand such as BINAP, and

10 optionally a base such as potassium phosphate in a
compatible solvent such as toluene to give the

ﬂ) protected coupling product of formula 43.

{00751 Step 2: Protected coupling product 43 is
reacted with an acid such as TFA in a suitable solvent

15 such as methylene chloride to give the compound of
formula 44.
100761 More generally, one of skill in the art will
recognize that the compound of formula 44 may be
produced by the reaction of 4la with 42a:

0
~o N F
»
N X Hl}l
Y F
F
4ia 42a

20 i
wherein X and ¥ are as set forth above.
[00771 Scheme 5a illustrates the synthesis of
starting material 41 and Scheme 5b illustrates the
further derivatization of the deprotected coupling
25 product 44 of Scheme 4.



conpati bl e sol vent such as toluene to give the protected coupling product
of fornmula 43. 10075] Step 2: Protected coupling product 43 is reacted with
an acid suc a suitable solvent 15 such as oride to
gi ve the coﬁ%gé%gfﬁ?hpfornula 44. {0076] More generally, oﬁ%ﬁggmﬁgkll in the
art will recognize that the conpound of %anula 44 may be produced by the
reaction of 4l1a with 42a: O X HN Y I 20 4l1la 42a wherein X and Y are
as set forth above. [00771 Schene 5a |IIustrates the synthesis of starting
material 41 and Schene 5b illustrates the further derivatization of the
deprot ected coupling 25 product 44 of Sthemee 54 WO 2004/ 072038 .

PCT/ US2004/ 003933 - 28 Scheme 5a 0 0 CH HO Step Ab + \ B~CH Cd NO NF

| / 51 5253 00 StepB\O Steg C ~0O | N9I
HO | i ——-——-:» \OJI\J /@/ “OH
o1 N

N
51

() (8]
e ———- N/ P
t

F F d

54 55

D " D
F
_Step D ’:i: °
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O
\0 \F
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Step 1 N~ "N
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5455 OFI \ \OI \ + HNO Step DNCO 0-,-O0F F 41 42 0/ Step 1 N\
F;aOF OX43 OF 11 Step 211 J 1 \ NNF 44 W 2004/072038

PCTI US20041003933 - 29 Schene 5b Ob \ NN\ | Step B FI / HF 44 OIN
PNH St ep\ NNV F/ Op F/ OANHZ 56 57 O

WO 2004/072038 PCT/US2004/003933
- 29 -
Scheme 5b
th X e
Step F
NHa
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0
HO o~ g F
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—_— NZ N
s A
58
[00781] The various steps illustrated in Schemes 5a

and 5b may be briefly described as follows:

5 [0079] Step A: 6-Chloronicotinic acid 51 is
activated by reacting with a chloroformate activating
agent such as S0Cl,;, phenylchloroformate, or

- p-nitrophenyl chloroformate, or a carbodiimide

activating agent such as CDI, DCC, or EDC in the

10 presence of HOBt and N-hydroxysuccinimide in a polar
aprotic solvent such as CHpCly, 1,2-dichloroethane, DMF,
or NMP, and heating. An alcohol such as methanol is
then added to form 6-chloronicotinic acid methyl ester
52.

15 [0080] Step B: Compound 52 is coupled with a boronic

acid such as 53 in the presence of a catalyst such as



Step GHO'"\H~-1 F/ | NN F OANHz 58 [0078] The various steps
Illustrated in Schenmes 5a and 5b may be briefly described as follows: 5
[0079] Step A. 6-Chloronicotinic acid 51 is activated by reacting with a
chl or of or mat eVQ@PRIg agent such as SOC12, phenyl chl GCFfUSEANRDEY330T

p- ni trophenyl chloroformate, or a carbodiimde activating agent such as
CDI, DCC, or EDC in the 10 presence of HoBtCand N hydroxysuccinimde in a
polar aprotic solvent such as CH2C12, 1, 2-dichl oroethane, DMF, or NWP, and

heati ng. An al cohgal a nQl . ded.t0 for

6- chl or oni cot i ni ?’gégéggpr%t %‘ff‘?gée‘g?’e% bé%? %€g€0%%0%°d§tuérb C%FQ&%%%%UM 52 is
coupl ed with a b@otassiuactarisomdteas 158hinmt harprmsenceesfium cat al yst such
as WD 2004/ 072038, _PCTI US2004/ 003933 . -.3 | I adi um acetate, .g base such as
sodi um car bonat e ,car%Fgg éi’ uRT %%Srsolé"ﬁ‘atté?ugﬁﬁgﬁm %%c#l“b% 3["%’?1;“8§§§ﬁm or

car bonat e, pot asdiitthitmbttbutoeidesdai amsblbahdXxsbleh £y tolukheyumeteibut oxi de

In a solvent suc s tolyene, MIBE,, 5 , or hexane to give 54. (0081]
Step C. The c%up&%%’pf’adﬁa‘a%ﬁ ¥ qlp(gnSEyoni di zed in the presence of a
reagent such as NiOBBA] pegegpidc MR doupledMPPodic® gahligr ikRaher- sol vent

such as CH2Cl12 or ,1,2-di ¢hl oroethane to give 55. 10 [0082] St eﬁ?‘D: The
activated N-oxi d@*3581z8d K3 HR RHSSETCR Phe® pFeReEFRe ) 2B ¥GBRY such as

POC13, peracetic acid, or MMPP in a chlorinated solvent such

as CHyCl; or 1,2-dichloroethane to give 55.

10 [0082] Step D: The activated N-oxide 55 is
halogenated in the presence of a reagent such as POCls,
'j> POBr3, S0Cl,, S0,C1;, or SOBr, to give 41,
[0083] = Steps 1 and 2 are as set forth for Scheme 4
above.
15 [0084] Step E: The free amine of 44 is derivatized

to form the corresponding urea by reaction with an
activated carbonyl such as X4C(0)Xs, wherein X, and Xs
each are independently selected from Cl, Br, I,
imidazole, 0-Ph, p-nitrophenyloxy, substituted O-aryl,

20 or a leaving group, and then reacting the carbonyl with
ammonium hydroxide in a solvent such as toluene, DME,
or MTBE to form 56.

m) [0085] Step F: The ester functionality of 56 is

reduced to the corresponding alcohol in the presence of

25 a reducing agent such as DIBAL, LAH, super hydride, L~
Selectide, LiBH;, NaBHj3(anilide}, Red-Al, or NaBH, in a
solvent such as THF, DME, MTBE, MeOH, EtOH, IPA, t-
BuOH, glyme, or diglvme to form 57.
[0086] Step G: The alcohol of 57 may be further

30 functionalized such as by reaction with X,C(0}Xs,

wherein X4 and X5 are as described in step E above, then

reacting the carbonyl with OH(CH,);NH; to form 58.



POBr31 SOC12, S02C12, or SOBr2 to give 41. [0083] Steps 1 and 2 are as set
forth for Schene 4 above. 15 [0084] Step E: The free amne of 44 is
derivatized _to formthe corresponding urea by reaction with an activated
carbonyl sucR'QW0RPE) x5, wherein X4 and X5 each are i REEHEI9LRN9893Y
selected fromd, Br, |, imdazole, O-Ph, g ni t rophenyl oxy, substituted
O0-aryl, 20 or a |eaving group, and then redéting the carbonyl with anmoni um
hydroxi de in a solvent such as toluene, DME, or MIBE to form 56. [0085]
Step F: The ester[dogmgti ongbhéde of Hoviidles’ @HUEREMD De 1S P HhRSRREHLAT

al cohol in the presence of 25 a reducing agent such as DI BAL, LAH, super
hydride, L Sel ect3fd&Pe FBE%AN R ERBRTHH;O g@) Predgcala FranEBaring-a  sol vent
such as THF, DVE, MIBE, MeOH, EtOH, IPA, t- BuCH, glynme, or diglyne to form
57. [0086] Step G The al cohol of 57 magchem&éugther 30 functionalized such
as by reaction with X4C(O X5, wherein X4 and X5 are as described in step E

above, then reacting the carbonyl wth OH(CH2) 2NHR _tq _form 58. WO
2004/ 072038 PCT/ US2004/ 003933 - _31 )i [ 0087] Schene ovi des an exanpl e
C

1
using the nethod of the i nstant” 1 AVERt THN to pr o a diaryl am ne.
Scheme 6 O ~O1 \ + HNI / N & 61 42N, F

5 [0088] The wvarious stepsg illustrated in Scheme 6 may
be briefly described as follows:
[0089] Step 1l: 6-chloro-2-(2,4-difluorophenyl) -
nicotinic acid ethyl ester 61 is available by synthesis
from 2-chloronicotinic acid (see, e.g., Scheme 7). 61

10 is coupled with a protected aryl amine such as Boc-2,6-
difluorocaniline 42 (see, e.g., Scheme 7) in the
presence of an alkali metal salt such as cesium

carbonate and a solvent such as NMP; or alternatively



Step1 \ F/ F/ FOO 63 Step2 0”0\ FPI INNFFHF9 64 5 [0088]
The various steps illustrated in Scheme 6 may be briefly described as
follows: [0089] Step 1l: 6-chloro-2-(2,4-difluorophenyl)- nicotinic acid
ethyl ester F084/H9EB | abl e by synthesis from 2-chl or onPEBES29400883 d (see,
e.g., Schene 7). 61 10 is coupled with a protected aryl am ne such as
Boc-2,6- difluoroaniline 42 (see, e.g., Sc¥emre 7) in the presence of an

al kali metal salt such as cesium carbonate and a sol vent such as NWP; or

alternatively thgpgﬁédg épcgkugzgggégg %ﬁ 3%253 &gﬂpresence of a

catal yst such as pal fum acetate, opti as BI NAP, and
optionally a bas@CguaheasnyKuﬁéﬂunﬁp&ég@n@t$u¢h1as BJvAgat ebfie sol vent such

s Lobuene to gl yg.thg buproteskeducouall g pradyetalolariula 2. [0090]

Step 2: The prote T ng pro reac anacid such as
TFA in a SU|tabIeomphvbhle sictends swehhyk ebel wdrlooricdgitve ghee t he conpound

O ool e, & BoLHL M R, ghorglntl .10 Lhe art wiT
{0090] Step 2: The protected coupling product 62 is
reacted with an acid such as TFA in a suitable solvent
such as methylene chloride to give the compound of
formula 63.

10 [o0091] More generally, one of skill in the art will
recognize that the compound of formula 63 may be
i) produced by the reaction of 6la with 42a:

0 .
0 | = -F
N ) HN
Y F
F* F
61la 42a

wherein X and ¥ are as defined above.

-4

15 £0092] Scheme 7a illustrates the synthesis of
starting material 61 and Scheme 7b illustrates the
further derivatization of the deprotected coupling

product 63 of Scheme 6.



produced by the reaction of 6la with 42a: O /gyp\ F NXIANY F F F 6la

42a wherein X and Y are as defined above.
starting materi al

t he synt hesi s of

15 [0092] Schene 7a illustrates

61 and Schene 7b illustrates the

further deriWVa2fPR7I08h of the deprotected coupling pr ocﬁf&”%%”“%?”gcherre 6.

D WD 2004/ 072038 PCT/ US2004/ 003933 -

33 Scheme 7a 0 0O OH HOI \ st , |\
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I\~ F Stop 11 \ NN\ FFOMOF 620F Step2I1 \'l NHF FF 63 W

2004/ 072038 PCT/ 1JS2004/ 003933 - 34 Scheme 7b 0 70 / Step E NN--- FF

HF 63 00 L loiemesmt 0P F_ HZN ~ i F/ NNNZ FFHFFFONHZ 75 76
[ 0093] The vari ous s?e s in Schenes 7a and 7b may be br FEF{20EYEPhed as
follows: 5 [0094] Step A: 6-Chloronicotini;g acid 51 is activated by
reacting with a chloroformate activating agent such as SOCl12,
phenyl chl orof ormate, or p-

Schame Th

C*COKJ
O 0
HO X P HaN l Y F
' P Step F o
F F F F F o OP NH,

) 75
{0093} The wvarious steps in Schemes 7a and 7b may be
briefly described as follows:

5 [0094] Step A: 6~-Chloronicotinic acid 51 is
activated by reacting with a chloroformate activating
agent such as S0Cl,;, phenvlchloroformate, or p-
nitrophenyl chleoroformate, or a carbodiimide activating
agent such as CDI, BCC, or EDC in the presence of HOBt

10 and N-hydroxysuccinimide in a polar aprotic solvent
such as CHyCl,, 1,2-dichloroethane, DMF, or NMP, and
heating. BAn alcohol such as ethanol is then added to

form é-chloronicotinic acid ethyl ester 71.

S

{00951 Step B: Compound 71 is coupled with a boronic
15 acid such as 72 in the presence of a catalyst such as

palladium acetate, a base such as sodium carbonate,

potassgium carbonate, lithium carbonate, cesium

carbonate, potassium t-butoxide, sodium t-butoxide, or

lithium t-butoxide in a solvent such as toluene, MTIBE,
20 DME, oxr hexane to give 73.

[0096] Step C: Coupled product 73 is then N-oxidized

in the presence of a reagent such as MCPBA, peracetic



ni trophenyl chioroformate, or a carbodiimde activating agent such as CDI,
DCC, or EDC in the presence of HOBt 10 and N-hydroxysuccinimde in a polar
aprotic solvent such as CH2Cl12, 1, 2-dichl oroethane, DVMF, or NWP, and
heating. An ch as ethanol is then added to fo =.chl icotinic
acid et hyl egdtdé@@df?&FOO%] Step B: Conmpound 71 is coupllé%&lgmsztﬁﬁmgggg%r oni c
15 acid such as 72 in the presence of a c | yst such as palladium acet at e,
a base such as sodi um carbonate, potassi carbonate, l|ithium carbonate,
cesium carbonate, potassiumt-butoxide, sodiumt-butoxide, or Ilithium

t-butoxide in a $@ivenbrsusbe &% 0lebe inMEE, sBrAVEsueh RexeRfLt,00gi ve 73.
[ 00961 Step C. Coupled product 73 is then N-oxidized in the presence of a

reagent such as McRBALcBépreethananborg8X¥e074038 PCTI US2004/ 003933 - 35

acid, or MVWPP in agehhoringted solyant ~suchy a8 }@@_ Gl 9 1L, 2-dichl oroet hane
to give 74. [0097L] St gp D: The activat gd N- oxi de 74Jd|%s hgi ogenated in the

presence of a reagdpgeadtldabn RHE dresenPeBo S8, a SE¥EEENtSE2EH2as 0POEBr2 to
give 61 E00981 Steps 1 and 2 are as set forth for Scheme 6 above. 10099]
Step E: The &st ePOBtimet $Pkd:i £P20F2.691 §OBsagenidiived6iln t he presence of a

presence of an adO8o8icn sthed ¥ ePhands I iofthaten el b 5 ey 1
reacted with di pktegene followed by NHAOH to form the am de-urea conpound
76. 15 10099] Step E: The ester functionality of 63 is
saponified in the presence of a base such as NaOH in a
10 solvent such as THF, and then acidified in the presence
of an acid such as HC1l to form 75.

‘) [0100] Step F: 78 iz then reacted with diphosgene

followed by NH;OH to form the amide-urea compound 76.

15



WD 2004/ 072038 PCTI US2004/ 003933 - 36 Scheme 8 O |

N C

+ "kOtl N\ Step

9 FFH®G1 42 O N N | Stopa "O\ FFFHF 63 OOHOF\ H\ F NN

Step CINF QLNHZ FHFF 75 76 [0101] The various steps in Schene 8
PCT/US2004/003933

may be bri efl"XPz"&ﬂ@&?%sbed as follows: 5 [0102] Step A:
6-chl oro-2- (2, 4-di fl uorophenyl)- nicotinic acid ethyl

ester

61 is avail abl e

by synthesis from 2-chloronicotinic acid36Starting material 61 is coupled
with a protected aryl am ne such as Boc-2,6- difluoroaniline 42 in the
presence of an alkali nmetal 10 salt suc.Rw:eC@Si Um carbonate in a conpatible

solvent such as NWP to 8ive the protected coupling product.
reacted wwth an acid such as TFA in a suitable
oride to glvg t he conpound of fornula 63. 15

| onal it @] Step A
K L2

coupling product is then
sol vent such as net
[0103] Step B: The est

F F
6l 42
o]

I P Step B

N™ N —_—
H ¢
F F

63

75 76

The protected

[01031] The various steps in Scheme 8 may be briefly

described as follows:

5  [0102] Step A: 6-chloro-2-(2,4-diflucrophenyl)-

nicotinic acid ethyl ester 61 is available by synthesis

from 2-chloronicotinic acid. Starting material 61 is

coupled with a protected aryl amine such as Boc-2,6-

difluorcaniline 42 in the presence of an alkali metal

W) 10 salt such as cesium carbonate in a compatible solvent

such as NMP to give the protected coupling product.

The protected coupling product is then reacted with an

acid such as TFA in a suitable solvent such as

methylene chloride to give the compound of formula 63.

15 [0103] Step B: The ester functionality of 63 is

saponified in the presence of a base such as NaOH in a

solvent such as THF, and then acidified in the presence

of an acid such as HC1 to form 75.



saponified in the presence of a base such as NaCH in a solvent such as THF,
and then acidified in the presence of an acid such as HCl1 to form 75. 37
[0104] Step C 75 is then reacted with di phosgene followed by NHAOH to form

t he: am de-urea conpound 76. [0105] The follow ng exanples illustrate the
present invention in a manner in which it may be practiced, but 5 should
not be construed as limtations upon the overall scope of the processes of

the invention. [0106] Where applicable, -the foll owi ng HPLC net hod was
utiliZed unless otherwi se indicated: a gradient of water:acetonitrile, 0.1%

TFA (90: 10 -> 10; -> 90.,10) 10 run.over 26_mnutes at.1 nl/mn and 254
nm The nethodqﬁagﬁﬂzes F%@gZ%?bgaféé ﬁﬁgﬁyreﬁ.%gi‘fﬁﬁbﬁ&p@8ﬁgﬁﬁ? 5 um The
term' Tres” ref &3 1b@elNBy @AM k@D £olhMBhe | dnHLIHLRS céﬁﬁeﬁﬁét'ﬁ@'. with the

conpound. [0107] According to another enbodi nent, the nethods 15 of of the
present inventi d@495dvi deThe ofipOlavdncokxaihpl esl Bl (Wtmatef ghrupresd®)t x, xz

IR LR S MR G 00 L G O BRI ()
5 should not be construed zs limitations upon the overall
scope of the processes of the invention.
[01l06] Where applicable, the following HPLC method
was utilized unless otherwise indicated: a gradient of
water:acetonitrile, 0.1% TFA (90:10 -> 10:90 —-> 90:10)
10 was run over 26 minutes at 1 mL/min and 254 nm. The
method utilizes the Zorbax SB Phenyl 4.6 x 25 cm
column, 5 um. The term 'T..." refers to the retention
time, in minutes, associated with the compound.
[0107] According to another embodiment, the methods
15 of of the present invention provides compounds of

formula (A)‘or formula (E):

Xi X,
HaN N Xi X:
X
T | PN NS
o} N A N(R) \Tr, |

o] N . # . o]
. | \7;7

RN

J

(A) or (B} ;

wherein:

each of X;, X2, X3, and X, is independently selected

20 from fluoro or chloro; and

R is H or methyl.
[0108] Compounds of formula (A} and formula (B) are
useful as inhibitors of p38. International PCT
Publication WO 99/58502 (hereinafter "the '502



20 fromfluoro or chloro; and Ris Hor nethyl. [0108] Conpounds of fornula
(A) and forrmula (B) are wuseful as inhibitors of p38. International PCT
Publ i cati on WO 99/ 58502 (hereinafter ,the '502 38 publication"), the'

di sclosure whereof is incorporated herein by reference, discloses a genus
of conpounds that enconpasses conpounds of fornula (A) and formula (B)

The net hods of the present invention nmay be 5 readily used to produce
conpounds of the '502 publication. (0109] According to a preferred

enbodi mrent of formula (A), each of X1, X348 X3, and X4 is fluoro. According
to anot her preferred enbodi nent of fornmula 10 (A), Ris H (0110] According

to a preferred e i ment Qf rmyla (B), each of X1, Xz, and X4 .is fluoro.
According to and%%éia%giﬁggrRédtgﬁgékﬁ?éﬁgdﬁﬁ'qaﬁfﬁﬁfa;é(%ﬁéoﬁ?qg?tﬁg 15 (0111]
Accordi ng to thehemsin hefrefeeenespadli Eidseef a Hentul &f (Hmpdudd@snet hods of
the present invention <%’roduce conmpound, 77 below _.F /. F H2ZN N/ _ HN HO F

77. 20 VD 2004/ SROFPAEESH 03P s of jgrmula (A) and rformula
{B). The methods of the present invention may be

5 readily used to produce compounds of the '502

publication.
[0109] According to a preferred embodiment of

formula (A), each of X;, Xz, X3, and X, is fluoro.
According to another preferred embodiment of formula

10 (A}, R is H,
[0110] According to a preferred embodiment of

formula (B}, each of X, X;, and X; is fluoro.

According to another preferred embodiment of formula

{B), R is H.
15 [0111) According to the most preferred embodiment of

formula (B)., the methods of the present inventiocn

produce compound 77 below:

QF
D
0 N A \/OYO

HN

J

F 77.

F
H,N

20



EXAMPLES Exanple 1 O'd N 52 5 2-Chioro-nicotinic acid nmethyl ester
(52): 52 was prepared according to the nethod of Synth. Comm 26(12),
2257- 2272 (1996). To a nitrogen purged flask was charged 2-chl oro-nicotinic
aci d (1000. 0P **8YYfpl es, 1.0 eq) foll owed by 9L met hyPEHESYSI%Bde. To 10
this was added thionyl chloride (1.4 L, 193§ noles, 3.2 eq.) and the
reacti on was heated to 402C with vi gorous tTrring under nitrogen
overnight. The acid chloride solution was cooled in an ice bath and
met hanol (3L, 74 noles, 12 eq.) was slowy added whil e keeping the 15
tenperature at 202C. The rate |imting paR¥EBE®r is the vigorous evolution
of copious quantities of HO gas. Aft 8 8 dition, HPLC analysis [Trot
starting material = 7.5 mn, Tret 52 iégkg%rﬁgLShomed t he product had
formed i nredi ately. The volatiles were renoved in 20 vacuo and the residue
extracted from 10% Na2COB8 with EtOAc. The&conbi ned organics were dried
(MgS™), filtered, and concentrated to.afala.yellowoil. 25 Exanple 2 WO
20041072038 PCT/ US2004/ 003933 - 40 O I\

-

Ci N
52

5 2~-Chloro-nicotinic acid methyl ester (52): 52 was
prepared according to the method of Synth. Comm.
26(12), 2257-2272 (1596). To a nitrogen purged flask
m) was charged 2-chloro-nicotinic acid (1000.0 g, 6.0

moles, 1.0 eq) followed by 9L methylene chloride. To

10 this was added thionyl chloride (1.4 L., 19.7 moles, 3.2
eqg.) and the 'reaction was heated to 402C with vigorous
stirring under nitrogen overnight. The acid chloride
solution was cooled in an ice bath and methanol (3L, 74
moles, 12 eg.) was slowly added while keeping the

15 temperature at 20°C. The rate limiting parameter is
the vigorous evolution of copious quantities of HC1
gas. After the addition, HPLC analysis [Tyec starting
material = 7.5 min, Teet 52 = 11 min] showed the product

had formed immediately. The volatiles were removed in

M) 20 vacuo and the residue extracted from 10% NayC0; with

BtOAc. The combined organics were dried (MgSO;).,

filtered, and concentrated to a pale y=llow oil.

25

Example 2



54 2-(4-Fluoro-phenyl)-nicotinic acid nethyl ester (54): To a nitrogen
purged flask was charged Pd(Ph3)4 (1.84 g, 5 1.6 nmoles, 0.005 eq), sodium
carbonate (4 mmoles, 1.3 eq), 52 (55.5 g, 320.6 nmol es eq),
p- fl uoropheﬁvcﬁooron@g acid (53.8 g, 384.7 mmles, 1.2 %%mszpq;op@%d by 1.3
L denatured EtOH The reaction was heateg,to 782C wi t h vigorous stirring
under N2 10 overnight. HPLC analysis [Tret 52 = 10 min, Tret 54 = 12 min]
of the reaction m xture showed that the starting material was conpl etely
consuned and a later-eluting peak produced. The reaction was cooled to room
tenperature and the solvents renoved u um The 15 residue was
di ssol ved in Et OAc, washed, dried (NQSES§ ll| ered through celite, and
concentrated to afford a pale yellow g 4,2 \WD 2004/ 072038
PCTI US2004/ 003933 - 41 Exanple 3 O O 55
2- (4- Fl uor o- phenyl ) -1-oxy-nicotinic & et hyl ester 5 (55): To a nitrogen
purged flask was charged urea hydrogen peroxide (86.9 g,,924 moles, 4.0
eq.), the diaryl pyridine 54 (53.4 g, 23B4mmoles, 1.0 eq) and 530 nL
acetic acid. The bright yeIIOM/hoaneneous solution was heated to 70- 7520
wi th vigorous st4r u i t y Tree 54 =
12 mine rrer s —4itubp ek HAREIAE pbrh iebipd SRR 150

To a nltrogen purged flask was charged Pd(Phi)s (1.84 g,

5 1.6 mmoles, 0.005 eqg), sodium carbonate (42.8 g, 404
mmoles, 1.3 eqg), 52 (55.5 g, 320.6 mmoles, 1.0 eq), p-
fluorophenylboronic acid (53.8 g, 384.7 mmoles, 1.2

i) eqg), followed by 1.3 L. denatured EtOH. The reaction
was heated to 782C with vigorous stirring under N,

10 overnight. HPLC analysis [Tret 52 = 10 min, Trt 54 = 12
min] of the reaction mixture showed that the starting
material was completely consumed and a later-eluting
peak produced. The reaction was cooled to room
temperature and the solvents removed under vacuum. The

15 residue was dissolved in EtOac, washed, dried (MgS04),
filtered through celite, and concentrated to afford a

pale yellow solid 54.



reaction was cooled to.roomtenperature and the contents slowy poured onto
500 g of ice. To the vigorously stirred icy mxture was slowy added 6N
NaOH 15 to p i mai ntai ning a tenperature of 302C. Et OAc and NaHCGO3
(solid) merehgéé@@bhﬁﬁil an aqueous pH of 8- 9 was reach®§TU§HY48¥B3 0l i ds
di ssolved. The layers were separated and the aqueous | ayer back-extracted J
with Et OAc. The conbi ned organi cs were wadded with 5% 20 NaHCOB and then
tested by peroxide test strips for the presence of oxidant. If the organic
| ayer was positive for peracid, the begaipbaate washes were repeated until
the test was negative. Once negative for peracid, the conbined organics
were dried (MgSH), filtered, and 25 conceptrated to a pale yellow solid 55.
WO 2004/ 072038 PCTI US2004/ 003933 - 42 . Exagple 4 0 ; ~ NC F 41

6- Chl or 0- 2- (4-f 1 uoro-phenyl)-nicotinic 5@? | yl 5 ester (41): To a
nitrogen purged flask was charged the : &g 25 (45 g, 182 mmles, 1.0 eq)
foll owed by 300 nlL dichloroethane. The sphpr ous oxychloride (101 i,
1080 mml es, 6 eq) was added all at opees aus?hg an inmediate rise in
tenperature from17 to 199C 10 foll owed by gradual warm ng after that. The
solution was heated under nitrogen to 70882C until HPLC analysis [Tret 55
= 10 min, Tret 41 = 17 m n] showed >94%

2= (4-Fluoro~-phenyl)-l-oxy-nicotinic acid methyl ester

5 {(55): To a nitrogen purged flask was charged urea

hydrogen peroxide (86.9 g, 924 mmoles, 4.0 eq.), the
t) diaryl pyridine 54 (53.4 g, 231 mmoles, 1.0 eg) and

530 mL acetic acid. The bright yvellow homogeneous
solution was heated to 70-752C with wvigorous stirring

10 under nitrogen until the HPLC analysis [Tr.e 54 = 12
min, Tier 55 = 10 min] showed > 97% completion. The
reaction was cooled to room temperature and the
contents slowly poured onto 500 g of ice. To the
vigorously stirred icy mixture was slowly added 6N NaOH

15 . to pH 7 while maintaining a temperature of 302C. EtOAc
and NaHCO3; (solid) were added until an aqueocus pH of 8-
9 was reached, and the golids dissolved. The layers
were separated and thé agueous layer back-extracted

;) with BtOAc. The combined organics were washed with 5%

20 NaHCO; and then tested by peroxide test strips for the
presence of oxidant. If the organic layer was positive
for peracid, the bicarbonate washes were repeated until
the test was negative. Once negative for peracid, the
combined organics were dried (MgS0s), filtered, and

25 concentrated to a pale yellow solid 55.



conpl etion. The reaction was cooled to room tenperature and the contents
concentrated under vacuum 15 to renove nost of the POC13. The renai nder was
guenched by slowy pouring onto 450 g of ice. After nelting the ice, the
product was W&PHEOIEE i nto net hyl ene chloride. The conRGIEH20#@8AH3Cs wer e
dried (MSHM), filtered through silica, eluted with nethylene 20 chloride,
and concentrated to a solid 41. Exanplé’§20‘1 F/ FNN M F 44 WO

2004/ 072038 PCT/ US2004/ 003933 - 43

6- (2, 6-Di fl uoro-phenyl am no) - 2- (4-fl uoggappeays)- nicotinic acid nethyl
ester (44): To a nitrogen purged flask was charged pall adium acetate (13.2
g, 59 mmoles, 0.04 eq), racemc BINAP (3.6 g, 59 mmples, 0.04 eq), 5

foll owed by 1.9L toluene. The heterogeQeo s slurry was heated to 502C under
nitrogen for 2 hours, cooled to 302C, ©he W pyridyl chloride 41 (386.4
g, 1.45 noles, 1.0 eq) and Boc-2, 6-di oplQapil i ne 42 (386.4 g, 1.69
noles, 1.2 eq), and K3P04 (872 g, 4.1 s, ™. 8010 eq) were added all at
once followed by a 1.9L toluene ri e heterogeneous reaction m xture
was heated to 100-C overnight and nonitored by HPLC. Wien the reaction
showed conpl ete conversion to 43 by HPLC [Aret 41 = 17 min, Tret 43 = 20.5
mn, Tret 44 = 17.6 mn, 15 nonitored at 229 nn] (usually between 18-20

hours) the 6-Chloro-2- (4-~-fluoro-phenyl) -nicotinic acid methyl

5 ester (4l): To a nitrogen purged flask was charged the
N-Oxide 55 (45 g, 182 mmoles, 1.0 eq) followed by 300
mlL dichloroethane. The phosphorous oxychloride (101
_J) mbL, 1080 mmoles, 6 eq) was added all at once, causing
an immediate rise in temperature from 17 to 19:2C
10 followed by gradual warming after that. The solution
was heated under nitrogen to 70-752C until HPLC
analysis [Tret 55 = 10 min, Tree 41 = 17 min] showed >94%
completion. The reaction was cooled to room
temperature and the contents concentrated under wvacuum
15 to remove most of the POCl;. The remainder was
quenched by slowly pouring onto 450 g of ice. After
melting the ice, the product was extracted into
methylene chloride. The combined organics were dried
(MgSQ,.), filtered through silica, eluted with methylene

20 chleoxride, and concentrated to a solid 41.

Example 5

44



reaction was cooled to roomtenperature and the contents diluted with 1.94
L Et OAc. To this was added 1 x 1.94 L of 6N HCLl, and both |ayers were
filtered rough celite. The celite wet cake was rinsed with 2 20 x 1.9 L
Et OAC. The IM"Q‘%‘F’% separated and the organic |ayer REEHSWO4H03%¥3 1 x 1.9
L of brine, dried (MySO), filtered and concentrated to,a brown, viscous
oil. To renopve the Boc-protecting group, “tA8 oil was dissolved in 1.94 L of
met hyl ene chl oride and 388 niL .25 TFA was added. The reaction was stirred

overnight to facglid, mlamﬁofenpﬂahylaﬂlem\;ohaghLQ&g@aﬂpﬂé@; wed in  vacuo,
EtOAc (1.9 L) and suffigient uant|t¥ of 1 or N NaOH was added until the

pH was 2-7. Then HQARLE 8RECEFRYY PeTsdAALHCTS il HRESE PYYERfing t he

30 pH to 8-9. TherpHaRks LAYS BRRALA! ad of g Wi /b
NaHC03, dried (MgS04), filter e%e%ﬁﬁ%oncentrat gggggwgf%r ov\% osltdjfn?nl éﬁléd The

crude WO 2004/ 072038 PGl US206Bi0BOFF (3644 goi 5P| 1medel wdb Cdzealried tw ce

out resul ting i n L larry Frhet el B bl Bas St AR BB R S
1.6 L 1N HC1/ et heresegbltat E_Qﬁcmdadd@ctraglenclﬁoreauhcbm,i reddiedsbbi ds
necessary. 200 i RO S Hpbl et o RORT, PERUER I I Co P ter
cool ing, the sol impYs,wads Qi eal ated mc-\%(ﬁuduflﬁofoam:ﬁbinamz Exaspl.¢ 6 O
g, 1.69 moles, 1.2 eg}, and K3PO, (872 g, 4.1 moles, 2.8
10 eq) were added all at once followed by a 1.9L toluene
rinée. The heterogeneous reaction mixture was heated
:) to 100=C overnigﬁt and monitored by HPLC. When the
reaction showed complete conversion to 43 by HPLC [Tre:
41 = 17 min, Trer 43 = 20.5 min, Tre 44 = 17.6 min,
15 monitored at 229 nm)] (usually between 18-20 hours) the
reaction was c¢ooled to room temperature and the
contents diluted with 1.94 L EtOAc. To this was added
1 x1.94 1L of 6N HCl, and both layers were filtered
through celite. The celite wet cake was rinsed with 2
20 x 1.9 L EtOAc. The layers were separated and the
organic layer washed with 1 x 1.9 L of brine, dried
{(MgS04) . filtered and concentrated to a brown, viscous
. 0il. To remove the Boc-protecting group, the oll was
m) dissolved in 1.94 L of methylene chloride and 388 mL
25 TFA was added. The reaction was stirred overnight to
facilitate Boc removal. The volatiles were removed in
vacuo, EtOAc (1.9 L) and sufficient cquantity of 1 or 6
N NaOH was added until the pH was 2-7. Then a
sufficient quantity of 5% NaHCO; was added to bring the
30 pH to B-9. The organic layer was separated and washed

with 1 x 5% NaHCO;, dried (MgSQu), filtered an

concentrated to a brown o0il/liquid. The crude



\OF F OANHZ 56 6-1-(2,6-D fluoro-phenyl)-ureido]-2-(4-fluoro-phenyl) 15
nicotinic acid nethyl ester (56): To a nitrogen purged flask was charged

t he am no esgﬁéliﬂﬁh galt of 44 (262 g, 0.67 nole, 1.Oeq£C followed by 1.2 L
t ol uene. ferogeneous mixture was added phosgenECTYSHIMO0EP3 1 93 M
toluene solution, 2.7 noles, 4.0 eq) and the 20 reaction was heated to 502C
under nitrogen overnight. The pr ogress of%% he reaction to formthe -NC(O d
noiety was nonitored by HPLC [Tret 44 = 17.6 mn, Tret carbanoyl

internedi ate = 18i7/Maquidrels aGesdibed thite RERI ar edER5eén229 nnj. Once
the nitrogen was conpl et el acted, _the bro sol ution was cooled to
approxi matel y - 53¢24 q@iﬁéi“@6384L lﬁ?mﬁﬁnﬂ£§é treg B28%) was slowy added
dropwi se. As thepﬁédiﬁiﬁtdwamdrégﬁmtﬂﬁg%aa Saqklh:éy\/\o 2RO LI 2038

PCT/ US2004/ 003933 - 45 formed. The slurry was stirred with 1L of water and
col | ected by vacH@fh ‘ﬁ‘*’r’i?]é{qdol’rn PRE Wettekienagad wa8hkdliWi R Aethezoo ni

tol uene to renDVEeiatforeluild @@dearmuﬁi&heées&t@aaml ené s6fas' F NF O
NHZ 57 1-(2,6-D fluoro-phhenyl -1-( - (4-fluoro-phenyl)-5-

| i ydr oxymet hyl - p§ERERIRD -UY-- uHeat(87$: agpliediwtddefibe

homogenized/solids broke up. If necessary, 200 mL of
EtOAc can be added to facilitate the break up. After
cooling, the solid 44 was isolated by vacuum

10 filtration.

Example 6

56

6-1-(2,6~Diflucro-phenyl)-ureido] -2-(4~-Eluoro-phenyl) -
15 nicotinic acid methyl ester {(56): To a nitrogen purged
flask was charged the amino ester HCl salt of 44 (262
g, 0.67 mole, 1.0eq), followed by 1.2 L toluene. To
N the heterogeneous mixture was added phosgene (1.4 L of
‘w) 1.93 M toluene solution, 2.7 moles, 4.0 eg) and the
20 reaction was heated to 502C under nitrogen overnight.
The
progress of the reaction to form the -NC{0O)Cl moiety
was monitored by HPLC [Tyer 44 = 17.6 min, Tree carbamoyl
intermediate = 19.7 min, Trer 56 = 16.4 min, monitored
25 at 229 nm]. Once the nitrogen was completely reacted,
the brown scolution was cooled to approximately -5%2C,
and NH,;OH (0.84L, 12.4 moles, 18.5 eqg} was slowly added

dropwise. As the addition neared completion a solid



10 purged flask was charged the urea-ester 56 (10.Qg, 24.92 mol, 1.0 eq)
followed by 10 nmL THF. The m xture was cooled to 0-59C. To the cool ed

sol ution was_added DIBAL-H THF solution (149.5 m., 149.5 nmol, 6.0 eq)
dropwi se ove™ QUMY ¥ nut es. The nixture was stirred 15 BEVESO00ME3HNi | e t he
reaction progress was nonitored by HPLC [Tret 56 = 16.4 mn, Tit 57 = 14.0
mn, monitored at 229 run]. The reaction APxture was quenched into cool ed
(5-102C) 15% aqueous H2SO4 (150 mL). After the quench was conpleted, the
mxture was Stirreshdedl. 10nd5sA0-# LSt I0hNg: O i Yateaddad TBME (150
m.). The mxture was heated at 504C for 60 mnutes. The m xture was cool ed
to ambi ent tenperdtldestedntyt Rewgudodsrattipar wike regfovaske Wae organic

| ayer was concentyahdh & enapoulsgih il 1af el ot etldieal UEHihyt i on and
25 concentration process was then repeate&. he residual mXxture s cool ed
to 0-22C, and heldwarith&e- 'tenperature for 45 mnutes. The off-white solid

57 was collegted by suction fiItratiogEgg:gg gold toluene (25 nL) as a
rinse solvent. The solid was dried und /072038 PCT/ US2004/ 003933 -

46 vacuum at anbient tenperature for 3-5 hours to afford 80% corrected
yield. Exanple 8 OHO 11" ~'H F ,J‘?&

(2- Hydr oxy-ethyl)-carbamc acid 6-[1-H

57

:) 1-{(2,6-Difilvoro-phenyl)-1-[6-(4~fluoro-phenyl) -5~

hydroxymethyl-pyridin-2-ylj-urea (57): To a nitrogen

10 purged flask was charged the urea-ester 56 (10.0g,
24,92 mmol, 1.0 eqg) followed by 10 miL THF. The mixture
was cooled to 0-58C. To the cooled solution was added
DIBAL-H/THF solution (149.5 mL, 14%.5 mmol, 6.0 eq)
dropwise over 20-30 minutes. The mixture was stirred

15 at 15~202C while the reaction progress was monitored by
HPLC [Trert 56 = 16.4 min, Teer 37 = 14.0 min, monitored
at 229 nm)]. The reaction mixture waz guenched into
cooled (5-108C) 15% agueous HpS0, (150 mL)}. After the
guench was completed, the mixture was stirred for 10-15

~) ' 20 minutes. To the mixture was added TBME (150 mL). The

mixture was heated at 502C for 60 minutes. The mixture
was cooled to ambient temperature, and the aqueous
layer was removed. The organic layer was concentrated
to about 35 mL of residual wvolume. The dilution and

25 concentration process was then repeated. The residual
mixture was cooled to 0-22C, and held at that
‘temperature for 45 minutes. The off-white solid 57
was collected by suction filtration using cold toluene

(25 ml,) as a rinse solvent. The solid was dried under



phenyl ) - urei do) - 2- (4-fl uoro- phenyl ) -pyridin-3-yl nethyl ester (58): To a
nitrogen purged flask was charged the benzylic alcohol 57 (7.1g, 19.0
mmoles, 1.0 e and 10 CDI (6.2 g, 38.0 mmvles, 2.0 eq) followed by 71 niL
THF. The soM#I¥W7HHE stirred at roomtenperature for 1PCI/US20M4/98393Nd t hen
test-quenched into dry acetonitrile/excess ethanolamne. If the activation
was not conplete, additional CDI can be -added until the 15 test quench
i ndi cated conpl ete conversion. Once the test-quench showed conplete
conversion to S8yabiign 4@kl @fceapiENGhal U 8LoY, ANANG 2 0ed
et hanol am ne (0.64 ni, 38 mol es). e reaction was stirred at room
tenperature for P0hoeRwregiedeyp®hdHPLC 20 anal ysis [Trat 57 = 14.2 min, Tres
58 = 13.6 min, nonitored at 229 nn] i adi conpl ete conversion to 58.
The THE was renoved under vacuum and HEQE i¢ e dissolved in 71 nL et hyl
acetate and washed with aqueous NH4Cl solution (2 x 71 nL) foll owed by
brine (1 25 x 71 nL). The organic | ayep was azeodried with EtQAc (2 x 71
m.). The residue was reconstituggg)MtJLj m_ EtpAc,_ filtered, and
re-concentrated. To the final reSidie was d 7. Et OAc and 63 nL of
t ol uene WD 2004/ 072038 PCT/ US2004/ 00393 &,{Ti ntly heated to
35-402C. Upon cooling, a white solid f d ich cdquld be isol ated by
vacuum filtration and washed with cg ueneg ,ﬁﬁénple 9F I R~ I" I
~}~b ~/ ~FIC

5 58

- (2-Hydroxy-~ethyl )-carbamic acid 6-[1-(2,6-difluoro-

:) phenyl)-ureido]-2-(4-£1uoro-pheny1)-pfridin—s—yl methyl
ester (58): To a nitrogen purged flask was charged the
benzylic alcohol 57 (7.1lg, 19.0 mmoles, 1.0 eq) and

10 CDI (6.2 g, 38.0 mmeoles, 2.0 eq) followed by 71 mL THF.
The solution was stirred at room temperature for 1-2
hours and then test-guenched into dry
acetonitrile/excess ethanolamine. If the activation
was not complete, additional CDI can be added until the

15 test quench indicated complete conversion. Once the
test-quench showed complete conversion to 58, the
reaction was ¢uenched by slowly adding 2.0 eqg

ethanolamine (0.64 mL, 38 mmoles). The reaction was

L_J

stirred at room temperature for 2 hours whereupon HPLC
20 analygis [Teet 57 = 14.2 min, Trer 58 = 13.6 min,
monitored at 229 nm] indicated complete conversion to
58. The THF was removed under vacuum and the residue
dissolved in 71 mL ethyl acetate and washed with
aqueous NHACL solution (2 x 71 mL) followed by brine (1
25 x 71 mL). The organic layer was azeodried with EtOAc
(2 x 71 mL). The residue was reconstituted with 71 mL
EtOAc, filtered, and re-concentrated. To the final
residue was added 7.1 ml: EtOAc and 63 mL of toluene



F'6F + CsEO3 1, NW. 65 CF I / 2, water / \ 3, CF3000H O F 4, HC F 61 42

63 2-(2,4-Difluorophenyl)-6-(2,6-difluorophenyl am no) -

ni cotinic acid ethyl

ester (63): kﬂgﬁwéghhg4-necked, 10 round-bottonmed flask equi pped with an

overhead nme

tirrer, heating mantle, ref |ux coPfod¥eeq/00395h

t hernocoupl e was charged 61 (50g), CS2CC3 (150g) and 0.15 L of NWP. The
solution was stirred vigorously and heat to 65 C at which tinme to the
suspensi on was 15 added a solution of 42 (60g) in 0.10 L of NMP over 10

m nutes. Heating tienbgeftiprndSedtpwos 3s5HPb o shoyssh -« 1% CORVERSLON of 61
to the desired Boc _adduct. At this tinme, the tenperature was I ncreased to

75 C, and HPLC &afgsfermedefhidnCongds be arolakrd inalack8mhours 20 showed
-- 97 % conversi @4 10f5610h0stAG A0S §dtBoLo1 @Al f2 (NOt shown). The

m xture was then cooled to 20 and poured in one portion into 2.0 L of water
stirring in a 4-necked, 3 L, round-bottomed flask equipped with an overhead

mechani cal stdrrer and 25 thernDcoupIeE%%&glgegperature of the water rose

from 22 Cto 27 Cas a result of the

48 the tan solid

dry on the filter

equi pped 5 with @dfmoveehead
F

+ + C8,C04

1.NMF, 65 °C

2. water
3. CFyCOCH

&) t F 4. HCL

stirrer and therap

f the NMP solution. The
suspensi on was then cooled to 15 C and WD 2004/ 072038 P&

52004/ 003933 -

s collected by filtration, rinsed W wat er and pul |l ed
or 2 hours. In a”}gﬁ, 4- necked, round
any cal

F

‘9¢ed fl ask

; Ele

63

2-(2,4-Difluorophenyl)~6-(2, 6-difluorcphenylamino) -

nicotinic acid ethyl ester (63): In a 1 L., 4-necked,

10 round-bottomed flask equipped with an overhead

mechanical stirrer, heating mantle, reflux condenser,

and thermocouple was charged 61 (50g), Cs3C0: {(150g) and

0.15 L of nMP. The solution was stirred vigorously and

heated to 65 °C at which time to the suspension was

15 added a solution of 42 (60g) in 0.10 L. of NMP over 10

minutes. Heating at 65 °C for 18 hours, HPLC showed ~

85 % conversion of 61 to the desired Boc adduct. At

:) this time, the temperature was increased to 75 °C, and

HPLC analysis after heating for an additional 18 hours

20 showed ~ 97 % converzion of 61 to the desired Boc

adduct 62 (not shown). The mixture was then cooled to

20 and poured in one portion into 2.0 L of water

stirring in a 4-necked, 3 L, round-bottomed flask

equipped with an overhead mechanical stirrer and

25 thermocouple. The temperature of the water rose from

22 °C to 27 °C as a result of the addition of the NMP

solution. The suspension was then cooled to 15 °C and



was charged the tan solid and 0.8 L of CH2Cl2. To the stirred solution was
added 70 nL of TFA in one portion. After two hours stirring at anbient
tenperature, none of the Boc protected material was 10 detected by HPLC, and

the mixture WRSWMEREtrated by rotary evapor ation. Th&{{Sg% f”@‘??"ﬁ'ue was
taken up in 0.7 L EtOCAc, and treated with 0.7 L saturated NaHCO3, during
V\/ni ch gas was produced. The Et CAc | ayer Wa® “washed with 0.25 L saturated
NaCl and concentrated by 15 rotary evaporation. To the resultant brown oil
was added 0.2 LtEeaéanasmnimarasobunleutédd@teﬁm::fajtll:iﬁl rimsdd 28 HH). 4 L of

2.0 Msolution) an stlr ed f.or tes The produyc a yell ow
powder, was col '8cted™® é%ﬂl]t ?ﬂg %O/fjﬁtéqrd °rzg £i’ﬂ'ér%roduct may be
recrystalli zed by heating the crude salt in m. Et OH/ g of crude product to
ref lux, then cooli ng toggrrbl ent t eraturi}qW‘u | e we_have herei nbefore

presented a nunber of todi REREEC of FYHE RARFeREFoAlark SRR ent t hat

the basic censtwichi & SPirHdineohsdi 9l KOS ahhethesfibasligiNt s whi ch
utilize the nethods of th i nvention, Therefore, it will be appreciated

that the scope BRStFR&TISHHS 57 80133 andidt-i8dd By the clai ms 30 appended

hereto rather theap,dhe @aeehé@tﬂﬁwlsa&a&ionvm&fhm TRERA Bfe’éﬁﬁt ed
herei nbefore by way of exanple. -49- CLAIMS What is clained is:

process for prodiiei A PAWER- aPStRE EEPRIHE Ftirmangonkusmbieny GZ

temperature, none of the Boc protected material was

10 detected by HPLC, and the mixture was concentrated by
rotary evaporation. The oily residue was taken up in

) 0.7 L EtOAc, and treated with 0.7 L saturated NaHCO3,

during which gas was produced. The EtQAc laver was
washed with 0.25 L saturated NaCl and concentrated by

15 rotary evaporation. To the resultant brown oil was
added 0.2 L EtOAc and the solution treated with HC1 in
Et;0 (0.4 L of 2.0 M solution) and stirred for 60
minutes. The product 63, a vellow powder, was
‘collected by filtration (70.5% yield).

20 The product may be recrystallized by heating the
crude salt in 4 mi: EtOH/g of crude product to reflux,

then cooling to ambient temperature.

:) While we have hereinbefore presented a number of

| 25 embodiments of this invention, it is apparent that the
basic construction can be altered to provide other
embodiments which utilize the methods of this
invention. Therefore, it will be appreciated that the
scope of this invention is to be defined by the claims

30 appended hereto rather than the specific embodiments

which have been presented hereinbefore by way of

example.



R31~ O |

(1) coupling

G /i

2

tJ~ 11 1 111 G & G, 24 5 conprising the steps of

,a conpound of fornmula 21 with an amne of fornula 22 in the

presence of an alkali nmetal salt or a transition netal catalyst, and (2)
renmovi ng radi cal
R-0/&~-0GG&GB \ NXHXA G Y G 21 22 10 wherein: R3 is selected
aryl, or aryl substituted with aliphatic, aryl, nitro, CN,

fromaliphatic,

CO2R ,

Y fromthe resultant conpound in the presence of an acid: O

C2N(R )2, OR, NCO2R ', NR C(Of(R )2, and OC(ON(R )2; provided
that R3 is not t-butyl; and Gl, &, G3, 4, and GS are independently

sel ected from hydrogen, aliphatic, 3 |, substituted aryl, nitro, CN,
OoR , COZR C2N(R )2, NR CR2R, NR )2, OC(ONR)2, F, d, Br, I,
O Tos,

- O - OZ Z1s
IS not
system opti onal |
havi ng 0-4 heteroatons; -50- wherein Qis optionally substituted at one or
nore ring atons with one or nore substituents independently selected from
Cl-C6 aliphatic opti onal I yOSub |tut ed

hal o;

10

15

20

20 substj

y

apisféggﬁ%&lsand oC( O R' and_X is a | eaving group Yis

al i phat| c, benzyl Fnoc, -SO2R or Q provided that Q
t,ut ed t | rin:
A Bt A SR o Pl o2r VL, 1

R\
|I

comprising the steps of (1) coupling 2 compound of formula 21 with an amine of

formula 22 in the presence of an alkali metal salt or a transition metal catalyst, and (2)

removing radical Y from the resultant compound in the presence of an acid:

wherein:

R? is selected from aliphatic, aryl, or aryl substituted with aliphatic, ary,

nitro, CN, CO;:R’, CO;N(R’),, OR’, NCO,R’, NR’C(O)N(R’)2, and OC(O)N(R’)z;

provided that R? is not t-buty); and
Gy, Gs, G, Gy, 2nd Gs are independently selected from hydrogen, aliphatic,

aryl, substituted aryl, nitro, CN, OR’, CO:R", CON(R’),, NR’CO:R’, NR’C(O)N(R ),
OC(O)N(R’)s, F, CL, Br, I, O-Tos, O-Ms, O30,R’, and OC(O)R’; and

X 1s a leaving group;
Y is -C{0)-0-Z;
Z is C;-Cg aliphatic, benzyl, Fmoc, -SO;R’ or Q, provided that Q is not

substituted with X or alkyne;

Q is an aryl or heteroaryl ring system optionally fused to a saturated or

unsaturated 5-8 membered ring having 0-4 heteroatoms;



25 with N(R)2, OR, C2R, C(ONR)2, OC(O.NR)2, NRNC®2R, NR C(OR,
S02N(R )2, N=CHN(R )2, or OPO3H2; C)-C6 al koxy optionally substituted with
N(R )2, OR, CO2R, C(IONR)2, OC(ONR)2, NRCR2R, NRCOR,

S2N(R )2, N=CH-N(R )2, or OPBH2; Ara; CF3; OCF3; OR; SR ; S@NR)2;
OS02R; SCF3; NO2; CN, N(R)2; CO2R, CO2N(R )2; C(ONR)2; NRCOR;
NRCRR; NRC(OCOR; 30 NRSO/R OC(OR; NRC(OR2; NR CO2R ;

NR C(OQ C(O R2; NR C(ON(R)2; OC(OQNR92; NR S02R2; NR R2; N(R)2; OC(O) Rz;
OPBH2; and N=CH-N(R)2; R is selected from hydrogen; Cl1-C6 aliphatic; or a
5-6 nmenbered carbocyclic or heterocyclic ring systemoptionally substituted
with |l to 3 substi tueheremQm@pﬁmﬂgmﬁswmlaeoieeﬂrﬁdrarm@abmsw@hﬂﬁsoal koxy,

cyano, nltl’O rox atl C. roce
accordi ng T EF i““ "Wﬂ?ﬁ‘g %?doggga]f’s MHHQT‘%@ 338 ‘é‘i& tion
met al st aluth(RS)z, ditlectp{mcze(@?mcﬁqncj(mm(m Nkamgua? NROENRI, SOLER L, ansi tion

nmetal cat a[é\}/ conpri ses adi um 4. process accordi ng to claim3,

wher ei n t héCaHRIE &t o QPR CM@?@?W%@WWS“PW%MMR# VB, E8Ret ed from
- QAc, 'Ot@(@%N(R*)?'G(Q@ZN(ﬁE’,@RC@HR‘eNR@@SR' goavrgnd BINAP, and n is an

integer fro ocess accordihg to cI alm 2, wherein the step of

coupl i ng aNcEFPDRY. @TOP@JShhﬁhaCEalQﬁFB PR SREPANG QB $CFg N per f or ned

pase 1 s soraet g f R R R BICR BRI SRIDRE R A7 T 11

proces® acdRSDRG QGOIRAINRIC(D)Rh MRECA,R* hNR]@(O)E(Q%Ri NRYOON(REA usi ng an

al kal i S (o i.n the al kali
nmet al sal tacéégq(ﬁ{e)éﬁ%ggg})%ﬂgl @ngﬁ 8p§¢g€3¢gﬂf H%T%Wk ’cesi umions.
-51- 9. The process mas:madtedgrohoh}&!k@em(&-Cwlfphaicl:lotm%aiehaieredrret al salt is
sel ect ed fro si um car bonat e or .cesium carbongte, .10, The process
accordi ng £8°¥ ygfcrﬁr) StefaCapll e Rfen opH 2 P?ﬁ‘rfﬁip W gtc’caes%l,’ﬂ‘}fm&‘gr bonat e.

independently selected from halo, C;-Cs alkaxy, cyano, nitro, amino, hydroxy, and C;-Cs
35  aliphatic. ‘

2. The process according to claim 1, wherein the process is performed using a

transition metal catalyst,

3. The process according to claim 2, wherein the transition metal catalyst

comprises palladium.

4. The process according to claim 3, wherein the catalyst is PdL,, wherein each L
independently is selected from -OAc, -O-tolyl, halogen, PPh;, dppe, dppf, dba, and
BINAP; and n is an integer from 0-4.

5. The process according to claim 2, wherein the step of coupling a compound of

formula 21 with an amine of formula 22 is performed in the presence of a base.

6. The process according to claim 5. wherein the base is selected from KOtBu,
NaOtBu, K3PO4, Na;COs, and Cs,CO:;. '

7. The process according to claim 1, wherein the process is performed using an |

alkali metal salt.

8. The process according to claim 7. wherein the alkali metal salt is selected from

salts of potassium, rubjdium, or cesium ions.



11. The process according to claim1, wherein X is selected fromthe group
consisting of -, -Br, -1, -F, -0OIf, -0OIs, iodonium and diazo. 12. The
process according to claiml1l, wherein Y is Boc. 13. The process according to
claim11 for producing a diaryl am ne conmpound of the formula: O ~O~ F N
N F;01 HE 44 or a salt thereof, 5 said process conprising the steps of
(1) coupling a conmpound of formula 4la wwth an amne of fornmula 42a in the
presence of ,malkali nmetal salt or a4yransition netal catalyst, and (2)
removing radical Y fromthe resultant conpound in the presence of an acid:
OFp NHY F F 41a 42a 10 14. The process according to claim 13, wherein
the process is perfornmed using a transition netal catalyst. 15. The process
accordi ng to cl &.nTlitdrooskeacedming hecikinal Svlicrshn tharlkali meed adityis selectainfpor ses

pal | adi um '§%ﬂ 16. ,The process according to claim15, wherein the catalyst
is PdL4,, wifk é’i“ﬂ“:@éb(?ﬁatﬁofgesl“ﬁblﬁaﬁa'é‘ﬁ‘ﬂ@nt ly selected from-OAc, -Ot:'lyl,

hal ogen, PPh3, dppe, dppf, dba, and BINAP; and n is an integer from 0-4.
17. The process Hcdhegroegsstaocordifg o cldm Yheerintht BRalbimenl ait iccsiald ng a

conpound
mp carbonate.

11. The process according to claim !, wherein X is selected from the group

consisting of -Cl, -Br, -1, -F, -OTf, -OTs, iodonium, and diazo.
12. The process according to claim |, wherein Y is Boc.

13. The process according to claim 1 for producing a diaryl amine compound of

the formula:
o]
0,
»
*N N
H
E F
414
or a salt thereof,
5 said process comprising the steps of (1) coupling a compound of forrnula 41a with

an amine of formula 42a in the presence of :m alkali metal salt or a transition metal

catalyst, and (2) removing radical Y from the resultant compound in the presence of an

acid:
0
F
0 0
P
NT X HN
Y F
F
dla 42a
10 14. The process according to claim |3, wherein the process is performed using a
transition metal catalyst.

15. The process according to claim 14, wherein the transition metal catalyst

comprises palladium.



of formula 41a with an amne of fornula 42.3 is perforned in the presence of
a base. 18. The process according to claim1l.7, wherein the base is selected
from KO Bu, NaQ Bu, K3PO4, Na2CO3, and Cs2CO3. 19. The process according to
claim:. 4, wherein the process is perfornmed using an alkali netal salt.

20. The process according to claim:19, wherein the alkali nmetal salt is
selected fromsalts of potassium rubidium or cesiumions. 21. The process
according to claim20, wherein the alkghi netal salt is selected from

pot assi um carbonate or cesium carbonate. 22. The process according to
claim) 1, wherein the alkali nmetal salt is cesium carbonate. 23. The
process accordin

ta claiml 3, wherein Xis,selected fro he grau
consi sting of -cfo T rp,mc-eis,acg‘?ffimg%r&?m’- Q‘Fé",heﬁe gﬁfqﬁﬂ%’“é{?dhﬂivé%&mg%h The

process accbrigindgpentently 3¢183tddfroNOAE, -0-t¥lyl, haldgén, PBR;, dgftedppiaitesadaccor di ng
toclaim1l fﬁg@gégguqing_a di aryl am ne conpound of the formula: OF '/ N
HFFF 63B A% ag yiseerdrom 03 5 sajd process conprising the steps of
(1) coupling a conmpound of forrmula 6la with an amine of forrmula 42a in the

presence of an al’kalhe pralessacéllihg @ claim raRskikinQRe & & coupladgal dosdpoudnd ( 2)

renoving radical Y fromthe resultant conpound in the presence of an acid:
0 /\ ~g\ pof fprmulg 4{gwith an amine of formula 422 Ep performed in the pre%ence of a base.

18. The process according to claim 17, wherein the base is selected from KOtBu,
NaOtBu, K3P04, Na2C03, and CS2CO3.

19. The process according to claim .4, wherein the process is performed using an
alkali metal salt.

20. The process according to claim |9, wherein the alkali metal salt is selected

from salts of potassium, rubidium, or cesiurm. ions.

21. The process according to claim 20, wherein the alkali metal salt is selected

from potassium carbonate or cesium carbonite.

22. The process according to claim 21, wherein the alkali metal salt is cesium

carbonate.

23. The process according to claim 3, wherein X is selected from the group

consisting of -Cl, -Br, -1, -F, -OTf, -OTs, iodonium, and diazo.
24. The process according to claim 13, wherein Y is Boc.

25. The process according to claim 1 for producing a diary] amine compound of

the formula:

or a salt thereof,



Y F 10 6la 42a 26. The process according to claim25, wherein the process
is performed using a transition nmetal catalyst. 27. The process according
to claim2.6, wherein the transition netal catalyst conprises palladium
28. The process according to claim:27, wherein the catalyst is PdLO,,
wherein each L is independently selected from-Q0OAc, -Otolyl, hal ogen,
PPh3, dppe, dppf, dba, and BINAP; and n is an integer fromO0-4. 29. The
process according to claim 25, whereinsihe step of coupling a conpound of
formula 61a with an amine of fornula 42a is perforned in the presence of a
base. 30. The process according to claim?29, wherein the base is sel ected
from KOPBu, NaCGeRwprogesrenmprigngdessteps nfi{ 1Gsowding agempaund of fasmilasblacddr ding to
claim 25, wyehsal i JTERMS alkald | salt. 32.
The process accggafﬁgng%gg?gﬁﬁéﬁ%%ﬁﬁég%relﬁmﬁh%ﬂgﬁggil neP%PGEE t is

sel ected featalyss,aind §2)otmpangsdicalny frovithdrasultanocongeendiin the presence &fn 33, The
process accgording to claim32, wherein the alkali netal salt is selected
from pot assium carbonate or cesium carbonate. 34. The process according to
claim 33, wherein the alkali netal salt is cesium carbonate. 35. The
process according to claim25, wherein Xis selected fromthe group
consisting of -d, -Br, -1, -F, QOTf, -OTs, iodonium and diazo. 36. The
process according to claimpgz»b inYis Bg:c. 37. The process accordi ng

to claim2' S for producing a drrary| amine conp the formula: O NN
"Ap (\ F FFH )

HN
F F Y F

10 6la 42a

26. The process according to claim 25, wherein the process is performed using a

transition metal catalyst.

27. The process according to claim :'6, wherein the transition metal catalyst

comprises palladium.

28. The process according to claim 17, wherein the catalyst is PdL,, wherein each
L is independently selected from -OAc, -O-tolyl, halogen, PPhs, dppe, dppf, dba, and
BINAP; and n 1s an integer from 0-4.

29. The process according to claim 15, wherein the step of coupling a compound

of formula 61a with an amine of formula 42a is performed in the presence of a base.

30. The process according to claim 29, wherein the base is selected from KOtBu,

NaOtBu, K3P04, Na;C0,, and Cs,CO;3.

31. The process according to claim 25, wherein the process is performed using an

alkali metal salt.

32. The process according to claim 31, wherein the alkali metal salt is selected

from salts of potassium, rubidium, or cesium ions.



63 or a salt thereof, said process conprising the steps of (1) coupling a
conpound of fornula 61 with an amne of fornula 42 in the presence of an
al kali metal salt or a transition netal catalyst, and (2) renoving the Boc
group fromthe coupled amine in the presence of an acid: O Na ON FFHF
61 42 38, The process according to claim17, wherein the process is
performed using cesiumcarbonate. -55- 39. The process according to claim
38, further conprising the steps of. _§f) reacting the conpound of fornula
53 with a base; and (b) acidifying the reaction mxture formed in step (a)
to produce a conpound of the formula 750 0 HOF N NFFF 75 40. The
process accor di nip. tTheghraiess #8ordingdo daim 31) evhbirethe alksl mptal )t is s=ldde@H.  41.
The processfaccogadi.nxgctgj cl.ai m 39 V\/qjerei n the acid instep (b) is HC. 42.
The process ' REESEFHE CHFEOM AP HCIHP 40P er conprising the steps of, (c)
reacting the conmpound of fornmula 75 with di phosgene; and (d) treating the
reaction m xt ur e34 heptodess ast@ping ¢ clawrd 38, Whékhi thealkgi metat@itas esimpound of t he

formul a 76: N1 NF QANH2
carponate,

35. The process according to claim 25, wherein X is selected from the group

consisting of -Cl, -Br, -1, -F, -OT{, -OTs, iodonium, and diazo.
36. The process according to claim Z5, wherein Y is Boc.

37. The process according to claim 25 for producing a diaryl amine compound of

Q
() XL
N™ °N™ ™
H
F F F
63 .

said process comprising the steps of {1) coupling a compound of formula 61 with

the formula:

or a salt thereof,

an amine of formula 42 in the presence of an alkali metal salt or a transition metal catalyst,

and (2) removing the Boc group from the coupled amine in the presence of an acid:
o
~a R

l 0"
-
N~ Cl k
A
H ¢
42 .

F F
61

38. The process according to claim }7, wherein the process is performed using

cesium carbonate.



76 43. The process according to claim1l, wherein the acid is selected from
the group consisting of HCl, HBr, H and an organic acid. 44. The process
according to claim 13, wherein the acid is selected fromthe group
consi-sting of HCI, HBr, H and an organic acid. 45. The process according to
claim 25, wherein the acid is selected fromthe group consisting of HC,
HBr, H and an organic acid. -56- 46, The process according to claim 37,
wherein the acid is selected fromthe_ggoup consisting of HCl, HBr, H and
an organic acid. 47. A conpound of forrmula (A) or formula (B): Xi XZ H2N N

X (/ X2 I-j@l\lyﬂ ﬂﬁu&h A X4 (B
wher ei g\: each “of f%%fyg%?di%gg %% I'n eép{ecr?g]}emts y‘h"tﬁ%&t ef((:l 12rom 1£I Loro
or chloro; anda) ﬂaamtmg-ﬂhecompmhnd offéﬁnulilrie withnpbasagaralccor di ng to cl ai m 47,

wherein the ca is.of formula deac of X1, X2, X3, adX4|,
fluoro and R i élg)gngql}gzg é |1%§°P24)6P£F94“&?399ﬁ89‘é‘? ft he

conpound ¢ Stphulal-mul a (B) and each of X1, X2, and X4 is flt.oro and Ris
H.

0
HOT NS F
N"NQ
F F "oF

40. The process according to claim 3%, wherein the base in step (a) is NaOH.
41. The process according to claim 39, wherein the actd in step (b) is HCIL.

42. The process according to claim 33, further comprising the steps of:
(c) reacting the compound of formula 75 with diphosgene; and
(d) treating the reaction mixture formed in step (c) with NH4OH to

produce a compound of the formula 76:

43. The process according to claim [, wherein the acid is selected from the group

consisting of HCI, HBr, HI and an organic acid.

44.  The process according to clairn 13, wherein the acid is selected from the

group consisting of HC1, HBr, HI and an organic acid.

45.  The process according to claim 25, wherein the acid is selected from the

group consisting of HC], HBr, HI and an organic acid.



- 56 -

46.  The process according to claira 37, wherein the acid is selected from the

group consisting of HC], HBr, HI and an organic acid.

A compound of formula (A) or formula (B):

H2 N Xq | X2
T HN N A

F e ™Y
H)
X4 (A) X ®);

wherein:
each of X, X5, X, and X, is independently selected from fluoro or chloro; and
R is H or methyl.

48.  The compound according to claim 47, wherein the compound is of
formula (A) and each of X, X, X3, and X4 15 fluoro and R is H.

49.  The compound according to ¢laim 47, wherein the compound is of
formula (B) and each of X;, X;, and X4 is fluoro and R is H.



