WD 2004/ 072038 PCT/ US2004/ 003933 PROCESSES FOR THE
PREPARATI ON OF N- HETEROARYL- N- ARYL- AM NES BY REACTI NG
w047 ARYL CARBAM C ACI D ESTER W TH A HALO HEPERDARY/003933

AND ANALOGOUS PROCESSES TECHNI CAL FI ELD OF THE
| NVENTI ON [ 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
i nternmedi ates useful in the process of the present
i nvention. The present 10 invention also relates to a
di aryl am nes produced by the processes of the
present invention. BACKGROUND CF THE | NVENTI ON [ 0002]
Protein kinases are involved in various cellular
responses to extracellular signals Recently, 15 a

en- act vated rote k | nas VAP S

PRO A ACTING AN
o e B R e e
I'nases a TVt 6 eir
phosphorylatlon [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 growh
factors, cytokines, WV radiation, and stress-inducing
agents. WD 2004/ 072038 PCT/ US2004/ 003933 2 [0003]
One particularly interesting MAPK is p38. p38, also
known as cytoki ne suppressive anti- inflammatory drug
bi ndi ng pr ot ei NTECGEBRYARNETIRKD @BSTHESONTIENTIONOmM
nmurine pre-B cells that were transfected 5 with the
|i pppobyyacchanedprekBSy deceptdabn GBléteandoipnmeﬂies
with LPS. p38 has since been isaqlated and %P%Pced
Sas has the EBRIAlén(?BHFHESFF of RiREnd FAGnes analogues

thereof. The processes of the present invention

produce diaryl amines in high vield and purity. The

present invention also relates to intermediates useful

in the process of the present invention. The present
10 invention also 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 to extracellular signals. Recently,
15 a family of mitogen-activated protein kinases (MAPK)

hag been discovered. Members of this family are

Ser/Thr kinases that activate their substrates by

phosphorylation [B. Stein et al., Ann. Rep. Med. Chem.,

31, pp. 289-98 (1996)]1. 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
stinmul ated by stress, such as treatnent of 10
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shock, and by cytokines, such as IL-1 and TNF. [0004]
I nhi bition of p38 kinase | eads2te a bl ockade on the
production of both IL-1 and TNF. IL-1 and TNF
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overproduction are set forth in WO 96/21654. WO
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implicated in acute and chronic inflammatory diseases
and in post-menopausal osteoporosis [R. B. Kimble et
al., Endocrinol., 136, pp. 3054-61 (1995)].

[0005] Based upon this finding, it is believed that

p38, along with other MAPKs, have a role in mediating
cellular response to inflammatory stimuli, such as
leukocyte accumulation, macrophage/monocyte activation,
tissue resorption, fever, acute phase responses and
neutrophilia. In addition, MAPKs, such as p38, have
been implicated in cancer, thrombin-induced platelet
aggregation, immunodeficiency disorders, autoimmune
disease, cell death, allergies, osteoporosis and
neurodegenerative diseases. Inhibitors of p38 have
also been implicated in the area of pain management
through inhibition of prostaglandin endoperoxide
synthase-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

ki nase inhibitors (see, e.g., WO 99/58502 and WD
wO@01/p1039 . However, although they are effectiREI/ES2004/003933

drugs, there are feMImays to make aryl

anmi ne-contai ning ol ecul es wi thout a significant

anount of by-product. Palladiumcatalyzed couplings

f_#0086y! amdag,and1tulel0pbakbde;hayahael day
tra I't1onal stra?egy to produce a nolecule conprising
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analogues 20 thereof that avaids the proble
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andPQﬂﬂ%ﬁXn Eﬁ%glyégaoc%ﬁbiﬁig% Reedf }ry1 amine and aryl
i nternedi ates produced by such™a process. SUWARY OF

lOTHEthVENThaMeZEeFDOGBP Ac@dndu@@aﬂosﬂn&ﬁaﬁxannﬂnoduce a
i nventi.on pr V|de processezifor
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prohliem efe@verdidhynabiforheabeyamenralld tadtalge to the
scal e preparation, and provide high yields. The
pr e3BARS] ARERt tERGALIONRIGVIT SO RS (o 1w HErkdR and

[ eagents;suchas U poaoanoundss el iLabihodde  ror

present Tnvention pfo rocess ere
15pri haly aeplsoam peimsnyerdenes tEerorcer idomWdly employed
2004/ é%g% esCEggS%%Q4/%g%%% of%atlon, 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 yield and purity. There

also exists a need for intermediates produced by such a

process.

SUMMARY OF THE INVENTION

25 [0008] 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
waleriwzaost e undergoes an al kali metal salt- proP@I/e82004/003933

transition netal -catal yzed cross coupling with an aryl

5 leaving group to produce an4 nternedi ate, which,

upon deprotection, produces the diaryl am ne

substrate. The uct nma odu

by E?%ﬂﬂ@?gyanﬁylﬁggﬁpaha %BFgagéﬁoggﬁ%?ﬁglﬁﬁvghOughto
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formula (I)7 Art, N Ar2 or a salt thereof,
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(1), in the presence of an alkall tal, salt _or 2
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thhlgadyaeﬂdges of allow ng preparation of a conpound
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al 'owi ng preparation of a conmpound of forrmula (1) in

Ary \N,Arz
H
(I)
or a salt thereof,
wherein:
15 Ar; 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:

Ary—X Ar,—NH-Y
{II) (IIT)
wherein:
Ary, Ary, X, and Y 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 derivative
without the problem of over-arylation. The processes
of this invention have the further advantage of
30 allowing preparation of a compound of formula (T) in
high vield and purity, in addition to facile reaction




high yield and purity, in addition to facile reaction

WO 2004/ 072038 PCT/ US2004/ 003933 - 5 conditions that
w@e@4noeaed |y scaled up for |arge scale PCT/US2004/003933

prepar ati on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[0012] The present inventionowercones the

difficulties and shortcom ngs of the prior art and 5

eac an I e n
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optionally substituted at one or , nore ring atons W th
5onePBPVﬁ€?§ BUBSEFERENEST PRASHEABENR FOFRIME e P &%

hal 6 i.phatic optionally substituted with
R%Eﬁat& %{5 C(O)N(R )2, OC(0)N(R )2, NR CO2R

NR'C(O)R' SOZN(R')Z, 20 N=CHN (R) 2, or OPO3HZ2 ;

Cl- C6 al koxy optionally sub@tiﬁ;:ﬁ(red with N (R) 2,

OR , C02R , C(O N(R) 2, 0)N(R )2, S02N(R )2,
NR CO2R, NR C(O)R, N=CHN (R) 2, or OPO3H2 ; Ara ;
CFS OCF3; OR ; SR ; S02N(RI)2; OS02R ; SCF3;

. 25 CO2N(R )2: C(O N(R ) 2:
EfC%IRSMER)%SE%% ‘NR C (O c((og R'C;( %\lR'( sz)ze :
1ooc ¢BprRin: NR C (O R; NR C02R2; NR C(0)C(0)R2;
NR CLONCR') ZI‘Ar(lx:z(:ngiNggg)azre Nﬁlgggg\z&ently 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 heterocatoms;
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', CO2R',
C(O)N(R'")3, OC(O)N(R')y, NR'CO3R', NR'C(O)R', SON(R')2,

20 N=CH-N(R')y, or OPO3H,; C;1-C¢ alkoxy optionally
substituted with N(R'),, OR', COR', C(O)N(R')2,
OC(O)N(R')3, SO,N(R')z, NR'COR', NR'C(O)R',
N=CH-N(R')y, or OPO3H,; Ars; CF3; OCF3; OR'; SR';
SO;N(R')5; OSOR'; SCF3; NOy; CN; N(R')2; COR';

25 CON(R')2; C(O)N(R')z; NR'C(O)R'; NR'COgR';
NR'C(0)C(O)R'; NR'SO,R'; OC(O)R'; NR'C(O)R?; NR'CO,R*;
NR'C(0)C(0)R?; NR'C(O)N(R')y; OC(O)N(R')z; NR'SOR*;

NR'R%; N(R®)5; OC(O)R?; OPOsH,; and N=CH-N(R'),;



NR R2; N(R)2; OC (O R2; OPO3H2 ; and N=CHN (R)

2 ; WD 2004/ 072038 PCT/ US2004/003933 6 R is
w@edogntas from hydrogen; C1-C6 aliphatic; or BCBUS2004/003933

menbered carbocyclic or heterocyclic ring system

optionally substituted with T 14%43 substituents

i ndependently sel ected from hal o, Cl-C6 al koxy, cyano,

5 nitro, amng, hyd d.Cl- liphatic: i s, ,
C1nCh g i phatfe Sbt FONSFEE9s GP: PuREHE ¢ hankR STuthatic;
OR oy L0285, m&hADER L2rBhceyBZNCRor) Ret@rokyclic ring

carbocyclic or heterocyclic ring systemoptionally
subsystemeepwiohaNLR pebsORtuted2RrRLtly( ©) NERPB2 soiostd tuents
SOZNéR‘%Z; vvhe;[ei n Ara is %n ar%gl or heteroaryl rin
systePRRRISREL Y ySPheEE ot 5oTaP Rl Gt ef1ots 5 at PO
5-8 nmenbered. ring, having 0-4 _hat exoat ._Wherein Ara

57s Bbt onat Y e UbEY R arda APdoh CO5 oIMBIES i ng
atonms with ong2a r bsti. ; ' t .
sel ect ed fromﬁha{"‘?)?gci_g6 %ﬁ%ﬁ%ﬁ% dg&%ﬁ%%hﬁ% dibstituted
su | P Wt R OR , ) Y e
o KR B 2 R R e QR R )2 o @
N=CERNO&EY 21 1i0r oOPERBHRro€ieChcalkkkagy sopt-iconaidty o2G11y
substituted with N(R )2, OR, Q2R , C(ONR)?2,
OC( e R fetedopitR NAR'ANR OBR , CREIR 'O( & FO) NN&CH: T
(R?; 2 or OPO3H2 ; CF3; OCF3; OR ; SR ; SO2N (R)

105, S@@hPR )2iSCF3; NO2: ON N(R )2: C02R : CO2N(R ) 2:

ONR)2; N OR: NR CO2R : OR: 5.
ﬁ(R' )SO(ZR” ) OC(%‘%?}LHRA@ 0} o™ W%z%%%&e&ﬁéof@?
NR %Q&QR&%&O%QM\'&&E& £ NRASA2R2 - aNR RS NelRBZirated
oC( O Rz; H2; and N=CH- N(R )2. [0013] In a
pr ebedrmedmbabedi ményg, hAvtingn-Ar begegoatons;

wherein Arz is optionally substituted at one

15 or more ring atoms with one or more substituents
independently selected from halo; C;-Cg aliphatic
optionally substituted with N(R'),, OR', CO,R',
C(O)N(R')3, OC(O)N(R')y, NR'COR', NR'C(O)R', SO3N(R')g3,
N=CH-N(R')y, or OPO3H;; C;-Cgs alkoxy optionally

20 substituted with N(R');, OR', CO3R', C(O)N(R'),,
OC(O)N(R')s, SO,N(R')z;, NR'CO,R', NR'C(O)R',
N=CH-N(R')y, or OPO3H;; CF3; OCF3; OR'; SR'; SON(R')3;
OSO3R'; SCF3; NOj;; CN; N(R')z; CO3R'; CON(R')y;
C(O)N(R')3; NR'C(O)R'; NR'CO3R'; NR'C(O)C(O)R';

25 NR'SO,R'; OC(O)R'; NR'C(O)R*; NR'CO,R®; NR'C(0)C(0)R?;

NR'C(O)N(R')2; OC(O)N(R')2; NR'SOsz; NR'Rz; N(R2

)2
OC(0)R®; OPOsH,; and N=CH-N(R'),.
[0013] In a preferred embodiment, Ar; and Ar, are

independently selected from optionally substituted



i ndependent|ly selected fromoptionally substituted WO
2004/ 072038 PCT/ US2004/ 003933 - 7 phenyl, naphthyl,

whesziomodazol yl , benzot hienyl, benzofuranyl, Pemok3n4/003933
qui nol i nyl, benzot hi azolyl, benzooxazolyl,
benzi m dazol yl, isoquinolinyls 7isoindolyl, acridinyl,

benzoi soxazol yl, pyridyl, 5 pyrimdyl, pyridazinyl,
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substituted pyrid Are is optionall substit ut ed
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e th step of ¢ lin nd of reul a
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[0014] The processes of this invention comprise the
step of coupling a compound of formula (II) with an

15 amine of formula (III) to obtain a diaryl amine of
formula (I), in the preéence of an alkali metal salt or

transition metal catalyst:

Ari—X Ar,—NH-Y
(II) (IIT)
20 wherein:
X is a leaving group; and
Y is -C(0)-0-%Z; and
Z is selected from C;-Cg aliphatic, benzyl,
Fmoc, -SO3R' and Q, provided that Q is not substituted

25 with X or alkyne; wherein Ar;, Arp, Q and R' are as
defined above.

[0015] Scheme 1 below depicts a preferred process of

the present invention:



WD 2004/ 072038 PCT/ US2004/ 003933 - 8 Scheme 1 Art H
N-Ar2 ~x +Y (1) (I11) Step 1 At NA2 Y (1V)

wEe@p/0203Art Ar2 N H (1) wherein Art, Ar2, PCT/ERZI0N003933
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are as defined above. The steps illustrated above may
be described as follows: Step81- 5 [0016] A conpound
of formula (11), bearing a suitable |eaving group X
is reacted with a conpoundsg}fleméolrrml a (I'l'l), which
bears the Y-NH npiety. The “feaction is conducted in
the presence of an alkali netal t,..such as cesium
carbonate; or alternatf¥ely 10 a tyansition netal
catal yst, and optionally & bade aMd optionally one or
nore |igands. [0017] |Inmne enbodi kBHE), a transition
netal catalyst is used. An exenplary transition netal
catal yst that can be used conprises a transition netal
15 ion or atom and one or norg ssiidmhl e |igands.
Preferably, the transition newal catalyst conprises a

Ari_ A2

<—Z

H
<

Step 2

Arq ~N _Arp
H

(1)

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

steps illustrated above may be described as follows:

Step 1:

[0016] 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
reaction is conducted in the presence of an alkali
metal salt, such as cesium carbonate; or alternatively
a transition metal catalyst, and optionally a base and
optionally one or more ligands.

[0017] In one embodiment, a transition metal
catalyst is used. An exemplary transition metal
catalyst that can be used comprises a transition metal
ion or atom and one or more suitable ligands.
Preferably, the transition metal catalyst comprises a

Group 8 metal. More preferably, the transition metal



Goup 8 netal. More preferably, the transition netal
WD 2004/ 072038 PCT/ US2004/ 003933 9 catal yst
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enbodi nent, two different |igands are sinmnultaneously
used in step 1. [0018] Accordi®gto a preferred
enbodi nent, a base 5 is used in step 1 in conjunction

W t ansiti lys Jt apl eobaseser
A SRS R B B Shog A EgogipRererrea
Moremipo@feeabl ytwo hdi biseens 1KGROds poelslimPischecvusly
sol vent s, for stef 1 when using a 10 transition netal

cat@F§<t 1P nEF88e"t ol uene and non-polar aprotic

sol petri 8] suchpasoMiBEy EVEa prdrbexaneembBO28knk) a base
anot her enbodi ment, an alkali netal salt is used in

st eps lusedefer abep, 1t ke apRabncrapal wight thies txageditdgen
salt.. 1 002 refere I .or p en
aeiHEEan CarRL PCie: 1 EaPES) EPhE. 151 AR spsiE aoemu,

30|K%EY§¢§@(OPQSaﬁWPCS§é@3Q 2:MdA0Z2Z et - SEBP, Zthe base is

radi cal V) is renoved to 20 produce the diaryl
amrep®f. formula (1). [0023] According to a preferred
enbodi nent, an acid, such as TFA, HCl, HBr, or H s
usef0P#93t ep Brefpreedppeferabpy forhétep ¢ WhepFAsing a

[ 00 4$ngrgt8£r gtgﬁlggggayggr&ﬁ%g§g% E%ﬁh%%% %id non-polar

chl of FRat ed“Sol Vents “Suc
1, 2agi-ehler getlhanes sand ebl mrehenpeme. apd0Xelkatiee

processes of this invention have the . advantages of
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is used in step 1. Preferably, the alkali metal salt
is a cesium salt.

[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 Y of (IV) is removed to
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. More
preferably, the acid is TFA.

[0024] Preferred solvents for step 2 include
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
without the problem of over-arylation. The processes

of this invention have the further advantage of



formula (1) froma primary aryl am ne derivative 30
W t hout the problem of over-arylation. The processes
wo@tooior238 nvent i on have the further advantage PET/VE2004/003933
2004/ 072038 PCT/ US2004/ 003933 - 10 allow ng
preparation of a conpound of- figrrula (1) in high
yield and purity, and on a large scale. Step 1
Rea%fnta: 5 [0026] Transition netal catalgsts ui table
f o ltlewing: SEEERATFHVET iUn T SRIEIESY o aheriith kbt al™
at i alith Qe Ay TR | drgandearJhes L pasi tion
ne?gkﬂaﬁ?' exi st in 5hfysuitable oxidgigo% étate
rangi ng fromzero valence to any higher val ence
avaj lable to the 10 transition nmetal. According to a
pr%@@ﬁ%ﬂ?j@m, the transition metal catalyst
5 CONUOXRS a8 @psBeidetdta MELcHTRECE abhyabhe for the
transition netal catalyst conprises palladi um
Catralepsinte chiprexesomesonmici Rl eranat Fhen | pghpdsatom or
i ncl udin i t hout | j [ ' al I
deriSrt atalﬂ'giesc\)l}%%fS P o%%)%%nnieligéarg%b bi p %‘Lé p%?%lg%gté{)%{n Iﬁggél may
ar sixies, iandahybsutsatbhereofdafi273tdbeerpneiegablyn zero
the transition netal] . catalyst is a | ] adi um cat al yst
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15 MYang aryl derivatives of phosphines and biphosphines,

imines, arsines, and hybrids thereof.

[0027] More preferably, the transition metal

catalyst is a palladium catalyst of the formula PdLy,

wherein each L is independently selected from Cl, -OAc,
20 -0-tolyl, halogen, PPhy, 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.

[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, i1f necessary, converted
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used herein includes any transition netal catalyst
and/ or catalyst precursor as-iftlis introduced into the
reaction vessel and which is, if necessary, converted
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20 the substrates and/or reagents of the desired

pr oB8ssenta 3gcy eNerasesediprgiesaliey presentl it ehidwn 5

Wi | t fere with the formation of the diary

an1%8m8 Pogg%?E Exanpl es of suitable solvents include,
[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
gquantity need to facilitate the desired process, and
does not necessarily have to be a quantity to dissolve
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
solvents, ether solvents, protic solvents, and aprotic
solvents. Mixtures of solvents are also included
within the scope of this invention. Preferred solvents
useful for Step 1 of the process of the present
invention using a tramsition metal catalyst include
toluene, benzene, or a non-polar aprotic solvent such
as MTBE, DME, or hexane.

[0031] According to one embodiment, the coupling

step using a transition metal catalyst (Step 1) occurs
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25 solvents, ether solvents, protic solvents, and
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included wthin the scope of this invention.
Preferred solvents wuseful foriXStep 1 of the process
of the present invention using a transition netal
catal yst include 30 tol ;{gne benzene non
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a transition netal catalyst (Step 1) occurs
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RS TRl L SPRATE et BETRD diakr heatiagpy oprrtiary
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metal aryl oxides, alkali nmetal am des, tertiary
ani AREAN{hyeRar by Ty nerer bkt iy o owa@susaﬁdmahfa]?ﬁ any

[ a b n
e e e e s e
anmi amelps qotteducr efle:re’édrbaéelsasést beé phespnesent
i nvention include KO Bu, NaQ Bu, K3P04, Na2CQ03, and
10 ‘esoausion goapiude K&P FByet MpOERIY sKstP4alfaeOsr 2RE
present invention conprise salts of sodium
pot@®iUBm rubidium or cesiumions. Preferably,

al kpdpssptal sabis; suitablgiforshhespiesent thveptie@lnt

conpri se sal ts of 15 potassiumor cesiumions.
Pr ef evewi ah kabhpnesal sgatssofcenpiime pacbesate, rubidium

phosphat e, and al koxi de sa% . M referred alkali
metd SSFHEtstPRShl eFFREFHD iypo?igggﬂln{@%?goﬁ%g%nd
cesiyim £81 Hopst ecndbstesphef enabhyiohheoabkakle Belldls of
salt is cesium carbonate.
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.
[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

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
presence of an acid. Examples of suitable acids
include, without limitation, HCl, HBr, HI, and organic
acids including formic acid, acetic acid, propionic

acid, butanoic acid, methanesulfonic acid, p-toluene
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catalyst to be used in the present process is any
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am ne product. [0034] Preferred solvents useful for

Step 1 of the process of the pgesent invention using

an al kali netal 25 salt include polar aprotic solvents

such as NWMP. Step 2 Reagents: [0035] _According to a
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HBr, H, and TFA. [0036] Preferred solvents for Step 2
of the process 5 of the present invention include
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2-di chl oroet hane, and chl orobenzene. ™ [0037] In one
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embodi ment of the present |nvent|on is a carbanate
anlﬁgoﬁﬁétectﬁﬁgoﬁﬁoﬁﬁbo |ﬁ§t§?gapﬁﬁ%ﬁ ddyention, Y

foI Fﬂg' gerclg b mb%eBgﬁ\ln%5ﬁ)[x%Q%%]t lé%:%dlﬂ"er Adboddi®ig to a

oW ng e Initions app y unl eSs ot herw se
i ndpeatfedredl sopoddoritnaftyi ass Bafc.substituents are

15perqb%§9?Ie oggyused 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 = fluorenylmethoxycarbonyl
Tf = trifluoromethanesulfonate
Ts = p-toluenesulfonyl
25 Ms = methanesulfonyl
TFA = trifluorocacetic acid
Ac = acetyl
dba = trans, trans-dibenzylideneacetone
dppe = 1,2-bis- (diphenylphosphino)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



such conbi nations result in stable conpounds. ,[0040]
Sone of the abbreviations used throughout the 20
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DIBAL-H = diisobutyl aluminum hydride

LAH = lithium aluminum hydride

super hydride = lithium triethylborohydride

L-selectride = lithium tri-sec-butylborohydride

Red-Al = sodium bis (methoxyethoxy)aluminum hydride

IPA = isopropanol

glyme = dimethoxy ethane

diglyme = bis(2-methoxy ethyl)ether
[0041] As used herein, the following definitions
shall apply unless otherwise indicated. The phrase
"optionally substituted" is used interchangeably with
the phrase "substituted or unsubstituted." Also,
combinations of substituents are permissible only if
such combinations result in chemically stable
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, 4tk
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.



super hydride = lithiumtriethyl borohydride

L-selectride = lithiumtri-sec-butyl borohydride 15
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| PA = i sopropanol glynme = di net hoxy ethane diglynme =

bi s(2-met hoxy ethyl)ether [0041p As used herein, the
follow ng definitions 20 shall apply unless otherw se
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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
40°C or less, in the absence of moisture or other

chemically reactive conditions, for at least a week.
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the system is aromatic and wherein each ring in the
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may be used interchangeably with the term "aryl ring".

20 [0050] The term "heterocycle", "heterocyclyl", or
"heterocyclic" as used herein means non-aromatic,
monocyclic, bicyclic, or tricyclic ring systems havin

five to fourteen ring members in which one or more of

g

the ring members is a heteroatom, wherein each ring in

25 the system contains 3 to 7 ring members.
[0051] One having ordinary skill in the art will
recognize that the maximum number of heteroatoms in a
stable, chemically feasible heterocyclic or
heterocaromatic ring is determined by the size of the
30 ring, degree of unsaturation, and valence of the
heteroatoms. In general, a heterocyclic or

hetercaromatic ring may have one to four heteroatoms

SO
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group may contain one or more substituents. Suitable
substituents on the unsaturated carbon atom of an aryl,

heteroaryl, aralkyl, or heterocaralkyl group are

selected from halogen; haloalky; -CFi; —R4; —OR4; —SR4;

20 1,2~-methylenedioxy; 1,2-ethylenedioxy; protected OH
(such as acyloxy); phenyl (Ph); Ph substituted with R%;
-OPh; -OPh substituted with R*; -CH,Ph; -CH,Ph
substituted with R*; -CH,CH;(Ph); -CH.CHz(Ph) substituted

4

with R*; -NO;; CN; N(R%),; -NR’c(0)rR%; -NRrR*c(0)N(RY),;

25  -NRYCO,R*; -NR'NRC(0)R*; -NR'c(0)N(RY).; -NR*NR%C(0)RY;
~NR*NRc (0)N(RY),; -NR*NRYCO,RY; -C(0)C(0)R%;

~C(0)CH,C(0)RY; -co.R*; —C(O)R*; -C(O)N(RY)4;

~0C (0)N(RY),; -S0.R*; -S0.N(R*),; -S(0O)R*; -NR*s0.N(RY),;

-NR*SOzR"; -C(=S)N(R%)2; -C(=NH)-N(R");; - (CHz),NHC(0)R*;
30 - (CHz2)yR*; -(CH)yNHC (O)NHR?; - (CH,),NHC (O)OR*;
- (CH)yNHS (O)R*; - (CH),NHSO,R*; or - (CH,),NHC (0O)CH (V-

4, .4

R*)R*; wherein each R* is independently selected from
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L BRRPRaLETT: o (LHasUReL, ! HUSELAR) S By aRop(Ph)
subsupbaedc @6t hnR4bstiRORedCN : N (R4) 2 ; -NR 4C

(C» Eﬁéf] ’%ﬁﬁ Em(054hk%§4?%%up i %Faf"g%eans an

- NPoﬂbBﬂQc(ﬂblélt{f Réhdt cNRnéNBéC@?&M par-t@( G)EC(aO)dMﬁpow.ﬁd
(0) CH2C (O R4; -CO2R4;. -C(O R4, C(CDN%' 4) 2
(I:%BN%?R&) are. semnlseéoﬁﬁ( RAY2: ~Ss¢ OFRR* NRC (R*) 2=,
4S0 R4 :
15-(C}g§§& 6)%%Raﬂ§8ggé?necehghﬂ(, ﬁ%eCﬁg&nyHC (dﬁﬁ% n is
NHR4 satuf€ERY pRHENEOLu@RLted,- stCHIPhENES (@arRhed - Ci-e

(CHQgr%oHSOEaln.wgach ggH%Lf%gg%lgg)s%%s%giuted, 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(0O)-, -S-, -SO-,
-805-, -NR*-, -SO3NR*-, or —-NR*SO,;-; wherein R* is

selected from hydogen or aliphatic. Optional
substituents on the alkylidene chain are as described
below for an aliphatic group.

25 [0055] An aliphatic group or a non-aromatic
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 heterocaryl group and

the following: =0, =S, =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



R4) R4; wherein each R4 is independently selected from
WD 2004/ 072038 PCT/ US2004/ 003933 - 18 hydrogen,

w@piokornaBs y substituted C1_6 aliphatic, an PCT/US2004/003933
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unsubstituted 5-6 nenbered heteroaryl or heterocyclic

ring, phenyl (Ph), -OPh, -CHgPh); wherein vy is 0-6;

and. Vis a linker group. Wien R4 is C1 6 aliphatic, it

5 may be substituted with one or nore substltuents
sesabsadtmm ONH2 2 LilgHatdt .4 dhigshat’i éF Ci-eNadephatic, it

al i phat i Cl.4 aliph :

al FBMat® u%StﬁiuSES)éin(W J@FA a‘ﬁ %ﬁw"% ,Suﬁ%t‘(“g&*t( Cl 4
al Isrélil%fclt@d £ roMOR N, EN-NHCO 2, aie@aa(cety} ali(ghat i c),
-0- (halo C1_4 10 allphatlgl) or -hal o&Cl 4
al eaiwhiedyic)uhebal AgeReh~BH, 4 -Og|(CprapildpPatic) . ~NO2,
IMeRRE gD LO0R)  ThesbRamCl | kot (gaount, o

ani C nnlety t hat connects two
pa%ﬂip@fatacﬂonmun(dzald_mkereslmhavaxwsl@ir@in -gach Cig

-S- . -NR -, - 2- -C(O), or an al kylidene
ché’iﬂphﬁ%%llﬁllqr@l@ C? a saturated or
unsoyet ed, sl ighlertts iranalethi €doden caf bamehai n
which is optlonally substituted, and wherein up tp

t Wareietaid doetdr cxatalriat eadlmraam]sseﬁiew@d ﬁm\mn Bre

opt i onal l'y replaced by -¢(0)- C( O CO -

O (992, -C(Q) NFEOZR NR*—NFQ’Q)C(Q\MFE* oﬁ(0>C§20<O>R
-SO, S02-, - Fg* 600 - Z:A]%@r el n Ay
i Sb HeRct eBOFN Bn hydo&érrséiN (&) ibhaT(F E‘NlaoﬂJ Az ©
substituents_on th | Kyl isd d
Dol WIS ot T oup 280 i Yal et £rom

gr%gdxocg%%é ”gak}é ?tu ﬂ&n@%%&@i@ut&drtpg amypﬁaes_al n

one ents. Sul tabl e substituents on

t heopsied erial B cdsdiontwtednphahyphéPht, gepbpovrledy a

luﬂgégégfgégegeterocycéﬁglgnagly substituted -CHz(Ph), or
an unsubstituted 5-6 membered heteroaryl or
heterocyclic ring. When R® is a C;.¢ aliphatic group or
a phenyl ring, it may be substituted with one or more
substituénts selected from -NH,, -NH(C;_; aliphatic),
-N(C;., aliphatic),, halogen, -(Ci-s aliphatic), -OH,
-0-(Cy-4 aliphatic), -NO, -CN, -CO2H, —C02(Cq_4
aliphatic), -0O-halo(C;-4 aliphatic), or (halo Ci.s
aliphatic); wherein each Ci4 aliphatic is
unsubstituted.
[0057] 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

those of skill in the art in order to produce compounds

that are potent inhibitors of p38 kinase.



are selected fromthose |isted above for the 30
unsaturated carbon of an aryl or heteroaryl group and
wo b@4hzdoBow ng: =0, =S, =NNHR5, =NN(R5) 2, =NR5PCF/ORH)4/003933
=NNHC (O R5 , =NNHCO2R5 , =NNHSO2R5 , or =NR5 , where
each R5 is independently sel é&ed from hydrogen or a
optionally WO 2004/ 072038 PCT/ US2004/ 003933 - 19
substituted C1_6 aliphatic. When R5 is Cl_6 aliphatic,
it may be substituted Wt%%ﬁsi nore substituents
sel ected from-NH2, -NH (C |p%1at|c) -N (C1_4
aliphatic) 2, halogen, -CH -O (Cl_4 aliphatic),
-NG2, 5 -CN, -CQ02H, -COp aliphatic), -0-(halo C1_4
aliphatic), or (hal@3Cli4 iPhat i c)G wher Ben each
Cl_4 aliphatic is unsQJbsllt t ed. [00 bstituents
on the nitrogen of a s t|+:h clic ring
are selected from - O- ( -C02R6, -C
(O C (O Re, - ?1 2Ré"5 - SO2N( R6) 2,
-C(=S)N(R6) 2, - C(=NH) - NFRG) or -NRS@2R wher ei n
each R6 is independently selected]from hydrogen, an
optionally substituted C1_6 aliphatic, optionally
substituted phenyl (Ph), optional|yS¥8Pstibstituted
-0-Ph, optionally substituted - (Ph) or an
unsubstituted 5-6 menbered het@groag %/ or heterocyclic
ring. Wien R6 is a ClL_6 aldsph ic g é)up orGs a phenyl
ring, it may be substituted @ft re
substituents selected from - al i phatic),
20 -N (C1_4 aliphatic) 2, - (Cl]4 aliphatic)
-QH,  -0- (Cl_4 aliphagjon , Y-CN\Bs - C02H, - €02
(Cl 4 aliphatic), -0-halo (CEi4 al i phatic), or (halo
Cl_4 aliphatic); wherein each CL_4 aliphatic is
unsubsti t ut ed.

Step 2




25 [0057] Schenes 2-8 illustrate the application of
the process of Schene 1 to the synthesis of pyridinyl

W@eook/072888 ne derivatives. These pyridinyl di arpCT/a8i0€603933
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synt hesi zed according to the present invention nmay be
further functionalized accordigg to nethods known to
30 those of skill in the art in order to produce
conpounds that are potent inhibitors of p38 kinase.
WO ¥HeEEd72038 PCT/ US2004/ 003933 - 20 Schene 2 O

02 G G _NX W Y G4 G 21 22 G5, Step 1
?)3 C 31 3 R2 Jc%+%fwﬁcﬁeﬂl¢r?“c%1* iphpiep arvly and

@ B0/ «Bstitdrel iR 24cHd1iphatic, aryl, nitro, o,
CO3R', CO2N(R'),, OR', NCOR', NR'C(O)N(R')y, or
OC(O)N(R')3;

provided that R’ is not t-butyl;

: Gi1, Gz, Gz, G4, and Gs are independently
selected from hydrogen, aliphatic, aryl, substituted
aryl, nitro, CN, OR', COzR', COgN(R')sy, NR'COsR',
NR'C(O)N(R')2, OC(O)N(R'),, F, Cl, Br, I, O-Ts, 0O-Ms,
0S03R', and OC(O)R';

X is a leaving group;
Y is -C(0)-0-%;
Z is selected from C;-Cg aliphatic, benzyl,

Fmoc, -SO3R' 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:
[0059] Step 1: 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
alkali metal salt such as cesium carbonate in a solvent
such as NMP; or alternatively in the presence of a
catalyst such as palladium acetate, optionally a ligand
such as BINAP or dppe, and optionally a base such as
potassium phosphate in a compatible solvent such as
toluene, MTBE, DME, or hexane, to give the protected

coupling product of formula 23.



4 GL WD 2004/072038 PCT/ US2004/003933 - 21 wherein

R3 is selected fromCl-C6 aliphatic; aryl; and aryl
wgedngnriost ed with CL-C6 aliphatic, aryl, nitroPCIENS2004/003933

CO2R , 2N (R) 2, OR , NCO2R , NR C (O N (R)

2, or 5 OC(O)N(R )2; provided Rhat R3 is not t-butyl;

G, &, &3, 4, and GB are independently selected

i £ F08EN ICRe t BB ThE BROFRCF S, CRRPIdBSRE Ok a3 1o
C (RhER3) thh@n( @):'.\JGR'shc% ak, ™6h B g srul(%a-gsl’e solvent
O M, _0S02R, and OC (O ; X is a |eaving group;

Y i sucky( ef- tehvzeps € @éﬂé@ f o ArG1.cbd caldgifimtriec, or
ben 0 0 ot
cuberiproBanElRe, 18 6Ty BRBHLAR o Formdil: .
5def I[ﬂ@dlhboveSch@ﬁESBaTHl&l\Aalthcaﬁi&sSth@S sﬂyldtmfetsrﬁ &f i n
EE E i i bed as follows: 20 [0059] Step
1 Fher 5iag: ra eﬁﬁ? P and Behgys PRoeEempl idijash ddies
fros,2e68k088R1 I gfa
fromi2eRbk0g argat(;gggeleﬁ ds ee%&@ta%tteerhogwﬁ%g %Sroduct
mat éti af Schemecdupl ed with a protected aryl amne 22
(see, e.g., Schene 3) in the presence of an 25 al kal
metal salt such as cesium carbonate in a solvent such
as NWP;, or alternatively in the presence of a
catal yst such as palladium acetate, optionally a
ligand such as BI NAP or dppe, and optionally a base
such as



pot assi um phosphate in a conpati ble sol vent such as 30
tol uene, MIBE, DME, or hexane, to give the protected
w@oaplor20g8 pr oduct of fornula 23. WD 2004/ 07203BCT/US2004/003933
PCT/ US2004/ 003933 - 22 [0060] Step 2: The protected
coupling product 23 is reacteggwith an acid such as
TFA in a suitable solvent such as nethylene chloride,
1, 2-di chl oroet hane, or chl orobenzene, to give the
conmpound of forrmula 24. 5 LOO61] Schenme 3a illustrates
the synthesis of startingSFRe®ei 8* 21 and Scheme 3b
exenplifies the further derivatization of deprotected
coupling product 24 of Scheme 25 WO 2004/ 072038 OH

PCT/ US2004/ 0393@2 -s chems 8a 0 2()—| G B8_HO

| 2 Stepud P' 3303

0 &30 R ~O Step c el
G

IG 34 35 O0X 2 G5\ Step I / G4




B30I NXY B A
Y

Step 1 0O N (€3
wokeoyo7@3H G5 4 Gl
- 24 Schene 3b
YGG 4 Gl 240
HO '410- NN N N

Step F
s

fo L
HO G G3
St G 5
ep \/”\m 0 lr\
| X NN
z G
TS O)\NH 5
38

wherein R’ , G1, Ga, Gz, G4, and Gs 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

10 activating agent such as S0Cl,;, 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,

15 or NMP, and heating. An alcohol of the formula R°0H is

then added to form compound 32.



A GOH3 ~11 36 37 O Step GHO~NAIO G 3 H I
NN 4 GL ONH25 38 wherein R3, Gl, &, G3, 4, and

w@200a102203% set forth in Scheme 2 above. 5 [ 00PQI/UT1v64/003933
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various steps illustrated in Schemes 3a and 3b may be

described as follows: [0063]- $tz=ep- A© Nicotinic acid

derivative 31 may be activated by reacting it with a

chl oroformate 10 activating agent such as SOCl2,

pheA&l or of BremtR; GAMPPIN 13D phengPuRhedr et bR natRoronic

oracrbo t t agent o sugh DCG,

or i %hearg' g%slzr?]c%ﬁ%fﬁ]{%t a%dOf « cé‘E’afx_Pét as

N- Bedrnexssue cd de ta ke, ia apol MChaamos;d)diﬂml ganbosath,

as CH2Cl2, 1, 2-dichl oroethane, DVF, or NWP, ,and

he®Q4RES A FXOPOPAER t HEC %‘Pﬁu?%ﬂ?%@it?s CefdiMadded

to U325 U 20044 2038 ECI1LF20084,003938,
2%3!%‘86858%) ep B?lCorrpound 32 i s coupl ed °r

borhinitci uract cbstuckids B3 & nseolieept esenbeasf taléanab y¥EBE,

such _as | adi um acet ate,, a base such as sodi um

car t%lpah ?%%&ﬁng%%?bonat e, lithium carbonate,

cesjougsy car b@@@;{bec pobassed@nprobitt exddeissedbnnN-oxidized

t - but oxi de, ithiumt-butoxide in a solvent such
as 1@|@@@eprgmgmpe of a reagent such as MCPBA, peracetic

acid, or MMPP in a chlorinated solvent such as CHzCly or

1,2-dichloroethane to give 35.
[0066] Step D: N-oxide 35 is activated in the

presence of a reagent such as POClsz, POBrj, S0OC1l,,

SOzClz, or SOBr,; to give 21.

[0067] 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 Xs
are each independently selected from Cl, Br, I,
imidazole, O-Ph, p-nitrophenyloxy, 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.

[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, L-
Selectide, LiBH,, NaBH3(anilide), Red-Al, oxr NaBHy in a
solvent such as THF, DME, MTBE, MeOH, EtOH, IPA, t-
BuOH, glyme, or diglyme to form 37.

[0070] Step G: The alcohol of 37 may be further

functionalized such as by activation with X,C(0)Xs,



DME, or hexane to give 34. [0065] Step C. Coupl ed
product 34 is then Noxidized in the presence of a

w0 e@gmemo3such as MCPBA, peracetic 10 acid, orP@AVBR20041003933

10

a chlorinated solvent such as CH2Cl12 or

1, 2-di chl oroethane to give 3524 0066] Step D: N oxide

35 is activated in the presence of a reagent such as
POC13, POBr3, SOCl2, $S02Cl2, or SOBr2 to give 21. 15

[ 0GBéreSheps andndslameecaasdsetribedhinns8ebpefeapove, then
above. [0068] Step E: The free amne of 24 is

derieratiingd theo degtaamte widdy &5HEHRI) nlfHar ba Byrm 38.

react with.an activated carbonyl such as X4((.0)
wnabo il L Yee Bl i SRR et Bl e
framstBired usidd il ORugdnt t4ephetwt oxyg
substituted OGaryl, or a |leaving group, and then, )

r emettiemg atlive ddy oyl b tapPLaficHi e by x| o Rl 10
sol yent _such as tol.u , r 6 :
[0 a§tsce%‘hf3 ueli-‘eas oF %%c%qog{lsa:\q]—%c%%%% Tg%é stéPting
r edisgedit=q & her e We ashaih dic prdmoho| anal ddeupr esmpoends .
of a reduci%agent such as DIBAL, LAH super thod
hydiO0T] - SHHEERE b, PLTEIES IEIETARR 17 de) L Pikey Tetho
or iy | MERLL SHGD B, MBE1 Mafthe .

Et %%A,ﬂf&ﬁﬁﬁuld—l, IEL;;I yne,@%rﬂ-ﬂg:f%l yme to %Ekr/m 37.

[0070] Step G The al cohol of 37 nmay be further
functional i zed such as by d&ahemgi%n with X4C(0) X5, WO
2004/ 072038 PCT/ US2004/ 003933 - 26 wherein X4 and X5
are as described in st E above, ther~r®acti ng the
carbonyl wth O—|(CH29\% N form 38. c@ Al t hough
the processes of scheres |4-7) are H

cl oo ©

41 42

[0073] The various steps illustrated in Scheme 4 may

be briefly described as follows:



illustrated using specific reagents and starting 5
materials, it will be appreciated by one of skill in

w0 b@4mrio3s hat suitabl e anal ogous reactants andPGI/ER100410p3933
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materials may be used to prepare anal ogous conmpounds.
[0072] Scheme 4 provides an-exXdnpl e using the nethod
of the instant |nvent|on to produce a diaryl am ne.

85, bl 4y o N GREAF B

aNaldda EnchhyM ¢ 00314 I hies \earaiiolfﬁalsst &ms $§jfﬂ1tﬂsda$a$ efirom 2-

Sch 4 b b
OB PP PRI Dt © -6 27 STe78] bt optd. 18
6- s ﬁl%ﬂ'y%méa ﬂfptéﬁiﬁe @@&1@ gBtByk-2, 6-

ester 41 1s available by synthesis from2
c hldgridnicomteini Il e 1 4R (62=e, eegg Sé¢i@me5§ u Fhe

coupled with a protgeted aryl, amne sych as Boc: 7,6

carbonate and a solvent such as NMP; or alternatively
in the presence of a catalyst such as palladium
acetate, optionally a ligand such as BINAP, and
optionally a base such as potassium phosphate in a
compatible solvent such as toluene to give the
protected coupling product of formula 43.

[0075] Step 2: Protected coupling product 43 is
reacted with an acid such as TFA in a suitable solvent
such as methylene chloride to give the compound of
formula 44.

[00761] 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:

o
~o | N F
NZ X HN
Y F
F
41a 42a

wherein X and Y are as set forth above.
[0077] Scheme 5a illustrates the synthesis of
starting material 41 and Scheme 5b illustrates the
further derivatization of the deprotected coupling

product 44 of Scheme 4.



5 difluoroaniline 42 (see, e.g., Scheme 5) in the
presence of an alkali netal salt such as cesium
w@arobormase and a sol vent such as NMP; or alt er P&r/usmoy003933
in the presence of a catal yst such as pall adi um
acetate, optionally a ligand suych as BI NAP, and 10
optionally a base such as potassi um phosphate in a
conpati bl e sol vent such as toluene to give the
protected coupling product of fornula 43. '[0075] Step
2: Protected coupling prodSehemg 58 reacted with an
acid such as TFA in a suitable solvent 15 such _as
met hyl ene §hl oride to give the @onpound of forRila
44. 100 genFP 1y, ong i 11, in the Hry,
wil | recognizg that the compound| of fornulE‘E4 may be
pr oduced t reaction of 4la-Wwth 42a:FOF\ INX
HN "/ ;Y Fg F 20 41la 42a whereigy X and Y argg as set
forth above. [0077] Schenme 5a illustrates the
synthesis of starting material 41 and Schene 5b0

illustrates the furtheg riyati zation of the\o
depr ot ect¥LRcBupl i ng 25 %ro uct| 44 cﬁtegcﬁerre 4.7 WO
2004/ 072038 PCT/ US2004/ “- 28 Schene 5
Step AB o
F F
55

54
0 F

~
Y ~ + HN

NZ el o)\b F
Step D
— K
41 42

Step 1
B e
43
(0]
~N R F
Step 2 © | _



nj~\ SOHH) | C O NF/ 515253 00 Step B\O

\ Step C~01 \ NI\ i FF54550F)p \OIl \ +

wo2004/0088 O OF Step DF 41 42 0 \O\ F/ BUEPSH04/003933
\ NF/ OOF x 43 0 Step 2 OF aN30 HF F 44 W
2004/ 072038 PCT/ US2004/ 003933 29 29 Schene 5b O aN

Step E
Scheme 5b
O
\O SN F
l P Step E
N N —_—
Ho
F
44
Step F
NH2
56 57
HOV\N
Step G |
)\NHZ
58
[0078] The various steps illustrated in Schemes 5a

10

15

and 5b may be briefly described as follows:

[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
presence of HOBt and N-hydroxysuccinimide in a polar
aprotic solvent such as CH;Cl,, 1,2-dichloroethane, DMF,
or NMP, and heating. An alcohol such as methanol is

then added to form 6-chloronicotinic acid methyl ester

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

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



NFHF 44 OF p aNFStep FH NNNF 0-11- NH2 F
0-;---NH2 '56 57 O Step GHO/\HOI \ F/ NN\ F

wW@r0Me220368 [ 0078] The various steps il ustratBdI/U82004/003933
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Schenmes 5a and 5b may be briefly described as

follows: 5 [0079] Step A: 6-Chlgoronicotinic acid 51 is
activated by reacting with a chloroformate activating
agent such as SOC12, phenyl chl orof ormate, or

p- mistllepteny laagtiadreof ¢ f@tse Bk asiryediumi grrbonate,
actiyvating _agent such as .CDI. [ 10

pr é)é’é’?@es B %I@itboarhag:ﬁ\’l- hyl%l@ngﬁ:%@%%% iﬁeéb%gl ar
apreiritorsle/ eotdi bs {CHRGEKX i des 2-sbhdhlmr oevhamei de, or
DME, or NWP, and heating. An al cohol such as_nethanol

i s Lifghdmm dadr s rb-a FOFEH e ot 1R 2t et nethy | MIBE,

estrﬁ[E' ¥ Hed.0080] gﬁ_t g% . Conpound 52 is coupl ed
wi th a boronic d suc

acl as 53 in the presence of a
cat[osst] suchstasp WD 2004/ @R Z9B81 RETY 820084 0D 9BRen - N-

30 palladjumacetate, a '
Calﬂdgf#&tzee in e présencbgscaef Sgcpeggeggdlsgénh as MCPRA,

peracetic acid, or MMPP in a chlorinated solvent such
as CH,Cl, or 1,2-dichloroethane to give 55.
[0082] Step D: The activated N-oxide 55 is

halogenated in the presence of a reagent such as POCls,

POBr;, SOCly, SO0,Cl,, or SOBry; to give 41.

[0083] @ Steps 1 and 2 are as set forth for Scheme 4
above.
[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 Xsg
each are independently selected from Cl, Br, I,
imidazole, O0-Ph, p-nitrophenyloxy, 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 56.

[0085] Step F: The ester functionality of 56 is
reduced to the corresponding alcohol in the presence of
a reducing agent such as DIBAL, LAH, super hydride, L-
Selectide, LiBH,;, NaBHj(anilide), Red-Al, or NaBHz in a
solvent such as THF, DME, MTBE, MeOH, EtOH, IPA, t-
BuOH, glyme, or diglyme to form 57.

[0086] Step G: The alcohol of 57 may be further
functionalized such as by reaction with X,C(0)Xs,

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

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



pot assi um car bonate, |ithium carbonate, cesium
carbonate, potassiumt-butoxide, sodiumt-butoxide, or

WO paohjiozeesg - but oxi de in a sol vent such as tol uePeT/UMDIBE)03933

5

5 DVE, or hexane to give 54. [0081] Step C. The
coupl ed product 54 is then N- gxidized in the presence
of a reagent such as MCPBA, peracetic acid, or MVWP
in a chlorinated solvent such as CH2Cl12 or

1, 218PRRAl or oePRBRBSL § BIFEE1SSS 29 FHFOEPLeSUSHNS thfe method
act j ¥a - I 5,15+ 4+ Ral ege In t S

of BYTEASAPEEREE TvERTR SRR ) R e
SOBr2 to give 41. [0083] Steps 1 and 2 are as set

forth for Schene 4 above. $8hf®E8A] Step E: The free
amne of 44 is derivatized to formthe correspondi ng

urea by reaction with ap activated cafkpmy such as

X4C(0) X5, wherein X4.anfl X5 _ each are inndently
selected fromd, Br, 9, dazel e, ©NPh

p- ni trophenyl oxy, subs¥ (Q-arylwyig af a | eaving
group, and then reacﬂiﬁ,the carbonyllfﬁ?h anmoni um
hydroxi de in a sol ¥éntsuich as tolu ~ DME, or MIBE
to form56. [0085] Step B1 The ester fgpctionality of
56 is reduced to the correspondjng alcohol in the
presence of 25 a reducing agent|such as DI BAL, LAH,
super hydride, L Selectide, LiBH4, gNaBH3(anilide),
Red-Al, or NaBH4 in a solvent syich as THF, DVE, MIBE

MeOH, EtOH, I PA t- BuOH, gly or diglyme to form
57. [0086] Step G The al coha S5¢ nmay be further

30 functionalized such a i 0 h X4C( O X5,
wherein X4 and X5 are as dg 2N p E above,
then reacting the carbon 1 th OH F)2NHQ to form
58. F F /j;: 0
63
Step 2

[0088] The various steps illustrated in Scheme 6 may
be briefly described as follows:

[0089] Step 1: 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-

difluoroaniline 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



WO 2004/ 072038 PCT/ US2004/ 003933 - 31 [0087] Schene
6 provides an exanple using the nethod of the instant

WO pwe0t30s t o produce a diaryl amne. Scheme BCTOUF2004/003933

5

10

15

O\ +HN/ NOCO O-~-OF FF6142 Stepl1 OF NN
I/ OOFFF x 63 Step 2 ONF I/ FHF 64 5

[ 0088] The various steps illustrated in Schene 6 may
be briefly described as follows: [0089] Step 1:

6- cH otlee ZOI(QS@Wfq)@o@o%‘é@W?t auebt hai padépdivmhy|

est S S

%f%‘?%?h%co n| C acﬁé % fy{jégsg%ﬁcgcég%ll%aGTH?O is
COLtpad)teimelhy aa ot € céech aagl pabhseismcphaspBace2if- a
dlfluoroanlllne 42 (see, e.g., Schenme 7) in the
pr <IMREE PPl Al ket %iﬂa a%aF?l‘éﬁ’&ﬁ B gé¥pufhe

carbonad & 8t SusPl ¥ "brS8GL: a8 £ NMBrmAi s 2bEr Nati vely
[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.
[0091] More generally, one of skill in the art will
recognize that the compound of formula 63 may be

produced by the reaction of 6la with 42a:

O .
/\ .F
0 I X
N7 X Hr;l:;
Y F
F F
6la 42a .
wherein X and Y are as defined above.
[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.



WD 2004/ 072038 PCT/ US2004/ 003933 - 32 in the

presence of a catalyst such as palladium acetate,
wopitornaBs y a |igand such as BI NAP, and opti op&l/Ug2084/003933

base such as potassi um phosphate in a conpatible

sol vent such as toluene to give3the 5 protected

coupling product of fornula 62. [0090] Step 2: The

protected coupling product 62 is reacted with an acid

such as TFA in a suitable solvent _such as nethyl ene

chloride to give the conpoulftPTR® Tdrnula 63. 10

[0091] More,generally, one of skill in the art wl]l

recogni ze tjhat the c§qpoxpd of Fbrnula 63 nayleH

pr oducedH re f 42a: O wE-Rigg HN
FYF 6la 4fa Jwherein X and Y afle gs defi above.
15 [0092] Ychelte 7a illustratescithNsynt h&Si 3 of F

starting matarial 61 and Schene 7hiillustrateg,ythe
further derivatization of the deprotected coupling
product 63 of Schene 6. W(322004/072038 0
PCT/USZOO4@OS§§33 - 3o '

HO1 \ O F*¥”\BBr O N

Step D N=cl 0" 70
— > F F

/\O I\F
Step 1 NP N

F F 0J§o F




NFF 517172 00 Step B~\OIl \ Step COFFFF
73740 /\O+HN \ NO OOF Step DFF 6142 0
WO 2004072038 Step 1 | \ NN\ F F 0--k-0 F 62 OPCBUS®0L003933
/IN\O/ F} \ NN\ F 15 FHF 63 W 2004/072038
EICL/ US2004/ 003933 - 34 ScheB® #b O\ F )p | Step E
F FF

Scheme 7b
(0]
% \F
I P Step E
N N —_—
H r
F F
63
0 (0]

75 76

[0093] The various 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 SO0Cl,;, phenylchloroformate, or p-
nitrophenyl chloroformate, or a carbodiimide activating
agent such as CDI, DCC, or EDC in the presence of HOBt

10 and N-hydroxysuccinimide in a polar aprotic solvent
such as CH,Cl,, 1,2-dichloroethane, DMF, or NMP, and
heating. An alcohol such as ethanol is then added to
form 6-chloronicotinic acid ethyl ester 71.

[0095] 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,
potassium carbonate, lithium carbonate, cesium
carbonate, potassium t-butoxide, sodium t-butoxide, or
lithium t-butoxide in a solvent such as toluene, MTBE,

20 DME, or hexane to give 73.

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

in the presence of a reagent such as MCPBA, peracetic



63 OO FF HOI NNN\ ~Step FH M HF F F
O-NH2 F F 75 76 [0093] The various steps in Schenes

wQq a00a0t203b nay be briefly described as fol |l oWwBCT/B5S2004/003933
[0094] Step A: 6-Chloronicotinic acid 51 is activated
by reacting with a chloroforoetg activating agent
such as SOCl12, phenyl chl oroformate, or p- nitrophenyl
chl oroformate, or a carbodiimde activating agent
sucichd, G, MPEE, inraEEl onitheepr ssénentobudiBls1OHL,Cly or
and N-hydroxysuccinimde in a polar aprotic sol vent
such- asderpEapoethang; Ef| 8F8§tﬁéne, DMF, or NWP, and
heat An a oh.S | qLS~t Aen-added to
ol T, heehob A a5t ienel Bl Gas
St epa Bogé&napeanin7thespeesphed wift B a2cbgeom &uchS aacipdCl;,
such as 72 in the presence of a catalyst such as

5 pal P@Bt4m S0Et gt S0.81basersdoBrastsodiuen 64t bonat e,
pot assi um car bonate, |ithium carbonate, cesium
car BBR2BE, poPhESBFuM BRFUR0RFBeaSs§REUAPEIBUESK §hege 6
[ithy t-butoxide in a solvent such as tol uene, MIBE,
20 , or hexane to give 73. [0096] Step C. Coupl ed
profl0e99¥3 i sSthenEN Tkiedestdr iEnntchéopedséyceiof63ais
reagent such_as BA, peracetic WO 2004/ 072038 :
PCTHERIBA/ 830831 BECERALE, Or AMIPRS| FUGD 85 NaOH in a

10chl gpipahedssehvant raechaas €EH2GlacAHified in the presence
of an acid such as HCl to form 75.

[0100] Step F: 75 is then reacted with diphosgene

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

15



1, 2-di chl oroet hane to give 74. [0097] Step D: The
activated N-oxide 74 is halogenated in the presence

wo@bRooa/or®agient such as POC13, 5 POBr3, SOCl2, BORUIRN4/003933

10

15

or SOBr2 to give 61. [0098] Steps 1 and 2 are as set
forth for Scheme 6 above. [[00%9]- Step E: The ester
functionality of 63 is saponified in the. presence of
a base such as NaCH in a 10 solvent such as THF, and
then acidified in the pres&ems 8n acid such as HO
to form 75. O[0100] Step F: 75 is then reacted with

di phosgene ||f ol | owed by NH4OH to forn1the am de- urea
compound

> WO 2004/07 / US2004/ 003933 -
36 Sche Qb s;rew O) Nsvceﬁom 61 42
O" ~OH \ OF HOF |
H2N aNg
61 42
O
/\o S F
l ~Z Step B
N™ °N ;: _
HoF
F F
63
0 O
F F
HO | x HoN | =
N/ N Step C N/ N
F E F F F NHI;
75 76
[0101] The various steps in Scheme 8 may be briefly
described as follows:
[0102] Step A: 6-chloro-2-(2,4-difluorophenyl) -

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-
difluoroaniline 42 in the presence of an alkali metal
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.
[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 HCl to form 75.



\ N\ StepCN FI FHFFFO--J"'" - N7576

[0101] The various steps in Schene 8 may be briefly
wale@anidwesl as follows: 5 [0102] Step A PCT/US2004/003933

6-chl oro-2-(2, 4-di fl uorophenyl)- nicotinic acid ethyl

ester 61 is available by synthgsis from

2-chloronicotinic acid. Starting material 61 is

coupled with a protected aryl am ne such as Boc-
d| fI]deMdanl | iSteeR L i n ?%@%r@%@ﬁc@%‘?t%@i wl kAl iilﬁ%Pﬁgene

sl S on QBRI T HVC iR Brorciet coumri 76

Progidsy  Th eI‘l'Ré' %@I@sﬁﬁﬁ% U@;Jcér_{}_‘iﬂ;lgé ofdutlst8atBeBhe present
S

reacte mnth acid suc in a suitable
solmmv&nﬁmmﬂ1fm a meinyéenen chhbeh diet t mayi be phacticed, but

ou of farmula 63. 103]. Step B: Th
5ftﬁg§?%hﬁﬂqu %ﬁp§5ru§§ %ﬁlf%%ﬁt?ﬁg?ﬂ% b §§e§%§ gyerall
a hasgsush @ﬁeh@@k&é@sés §@|Mﬁét1ﬁﬁéﬁt@§nTHF and
then acidified in the gresence of an_aci d such %od

to FQFOEY5. \iheoosapr2b38obeT/ th20621 603939 HPL§7met
0104] h d. h o
gorw% Séefi%ﬁﬂcéP%és% Sgh%ﬁﬁfgg H&EBaQEB 059%Q§dlent £

e urea conpoun
[Okﬂéﬂeﬂhﬁcé@¢ﬁbmrﬂgeexanm%ewFAlIaetnate>thé @@esenﬁo 10)

invention in a mapner in racti ced
10butw%ﬁsﬁ%%l@V%BtzﬁémﬁﬁHEFFu@H ésmF?ﬁi?a?Pg g%&pgﬁlthThe

Oveﬁé%ﬁodSQQPflgéstBﬁep2995§§e§B0§h5ﬂ§ll@VenleB cm

[0106] Where applicable, the foll ow ng HPLC net hod

wascotiinzed wnl esEhet herwi &8-qthdreaesd: t8 Fhadir&rension

wat er:acetonitri LFA (]0:, 0 90: 10)

10 08t uht OV%?UE%Sﬁlnug atg% w%?ﬁlﬁhéng%ggouﬁhl The

met podowi i | i zrscbhaiZgr hax aSBtReenphbédbmen2s dine methods
15 of of the present invention provides compounds of

formula (A) or formula (B):

(A) or

wherein:

each of X;, Xs, 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



colum, 5 pm The term"Tres" refers to the retention
time, in mnutes, associated with the conpound. [0107]

w@\ec@angiosyy t o anot her enbodi nent, the nethods PABUSI000603933

10

15

the present invention provides conpounds of fornula

(A) or formula (B): X, X2 H2N3¥%, - X2 N H2N O N(R 2 O
NOO X3 o RN HO X4 (A) or X4 (B) ; wherein: each

of X1, X2, X3, and X4 is |ndependently sel ected 20
frpnrbmlaartgom'mh|t@eod1@¢dorawr§ Mheraad Hy 1qeeromrated

d A
aslgl%%%lnﬁllspgr . ( ) er natl 052‘;% @é@#)s I | cat |d(;r!rl1ds

VO 9845 &Q%mbﬁ%B@sn @fott@j’ourid% o5 ENM 120 O(ZH 0 720BSEormula
PCT/ US2004/ 003933 _ - 38 _publication"), the di scl qg,ure
whéBdof T8 AEEHPGEatdd tHve RESF B Ve%t'n]c“é1 e

di sl 95 BURNUS Al kRIERY ol shoaw

compoun formulFa (A) and orrrula (B). The nmet hods
of phuhd ipeedent. i nvention nay be 5 readily used to

d f the '502 ' 1,004 : 9
e adRIc TP flind 0D o dhntaihdd Uhfincdl Ue
eaehy afu %1, (242, éé%h W %4 ixs, fxyorand x4 is fluoro.

According to another preferred embodiment of formula
(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.

[0111] According to the most preferred embodiment of

formula (B), the methods of the present invention

produce compound 77 below:

20



According to another preferred enbodi nent of fornula
10 (A), Ris H [0110] According to a preferred

weedvagiaesmt of fornula (B) , each of X1, X2, pemuXbo4/603933

10

15

20

25

fluoro. According to another preferred enbodi ment of
formula (B), Ris H 15 [0111B9According to the nost
preferred enbodi nent of fornula (B), the nethods of
the present invention produce conpound 77 below. | F
F H2NOi OO HN HOF 77.___20 WD 2004/ 072038

PCT/ US2004/ 003933 - 39 EXERAMERESEyanple 1 O C N
52 5 2-Chloro-nicotinic acigdmifyls ester (52): 52 was
prepared according to the method of Synth. Comm
26(12), 2257-2272 (1996). To a nitrogen purged fl ask
was charged 2-chloro-nicotini Qacid (1000.0 g, 6.0
noles, 1.0 eq) followed by-9L t byl ene chloride. To
10 this was added thionyl cHPorife XJ1.4 L, 19.7 nol es,
3.2 eq.) and the reaction Was, d to 402C with

vi gor ous

52

2-Chloro-nicotinic acid methyl ester (52): 52 was
prepared according to the method of Synth. Comm.
26(12), 2257-2272 (1996). To a nitrogen purged flask

was charged 2-chloro-nicotinic acid (1000.0 g, 6.0

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

this was added thionyl chloride (1.4 L, 19.7 moles, 3.2

eqg.) and the reaction was heated to 40°C with wvigorous
stirring under nitrogen overnight. The acid chloride
solution was cooled in an ice bath and methanol (3L,
moles, 12 eqg.) was slowly added while keeping the
temperature at 202C. The rate limiting parameter is
the vigorous evolution of copious quantities of HC1

gas. After the addition, HPLC analysis [Tret Starting

material = 7.5 min, Tret: 52 = 11 min] showed the product

had formed immediately. The volatiles were removed in

vacuo and the residue extracted from 10% Na,COz; with

EtOAc. The combined organics were dried {(MgSO4),

filtered, and concentrated to a pale yellow oil.

Example 2



stirring under nitrogen overnight. The acid chloride
solution was cooled in an ice bath and net hanol (3L,

wQ2004t00d08%, 12 eq.) was slow y added whil e keepCTyS10h€003933

10

15

15 tenperature at 202C. The rate limting paraneter is
the vigorous evol ution of cepéd6us quantities of HCl
gas. After the addition, HPLC analysis [TYet starting

material = 7.5 mn, Tret 52 = 11 mn] showed the
product had forned i medi atel §. The volatiles were
removed in 20 vacuo and t hespesSkhguegextracted from 10%

Na2CO3 with EtOAc. The conbined |org nics were dried
(MS™M), filtered, and cone®ntratgéh to a pale yell ow
oil. 25 Exanple 2 WD 2004/ t@: PCT/ US2004/ 003933 40
O I N F 54 2-(4-Fluorgphetiyl)-nicotinic acid

nmet hyl ester (54): To a nitrogen purged flask was
charged Pd(Ph3)4 (1.84 g, 5 1s5& nmnoles, 0.005 eq),

sodi um car bonate (42.8 g, 404 nmmol es, 1.3 eq), 52

55.5 g, 320.6 I . - f I b )
o (@DFIs ogo-ﬁ@WeMS ot i pd TeRROb e esF 1056 -

t Et OH._Th 2C
Wltf?n% S%Torl? S |prurr|9ﬁgc{l;%ﬁ eérlg ove?ém g tPPl;Y_?g (1.84 g,

anal ysingnd1HLt PD0s )M sodingh c%rborla?temm @fg; heo4
reaction m xture showed that the starting _materi

WaMﬁﬁret]el%/ «Dns Bred (a'iﬁj 2 Jatdr0 ef (RRPHES pe%lko eq), p-
%ql %do$ g/']t eoa.lt%ﬂloé" C@i eéjcgho f@@m] trﬁrﬂ@fégt u{ €

S reane nder va
eq), followed by 1.3 L denatured EtOH The reaction

was heated to 78°C with vigorous stirring under Nj
overnight. HPLC analysis [Tret 52 = 10 min, Tret 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
residue was dissolved in EtOAc, washed, dried (MgSO4),
filtered through celite, and concentrated to afford a

pale yellow solid 54.



15 residue was di ssolved in EtCAc, washed, dried
(MgS™M), filtered through celite, and concentrated to

w@pdoanoas pal e yel l ow solid 54. WO 2004/ 07203BCT/US2004/003933

10

15

20

25

PCT/ US2004/ 003933 - 41 Exanple 3 0 ~p \ 0- F 55
2- (4- Fl uor o- phenyl ) - 1-oxy-niLcagi ni c acid nmethyl ester
5 (55): To a nitrogen purged flask was charged urea
hydr ogen peroxide (86.9 g,,924 nmoles, 4.0 eq.), the
diaryl pyridine 54 (53.4 Examlendles, 1.0 eq) and
530 nL acetic acid. The bright yell ow honogeneous

sol ution was heated to 70-759COwi th vigorous stirring
10 under nitrogen until the{ al ysis [Tret 54 =
12 mn, Tret 55 = 10 m n] sKowed
The reaction was cooled to per at ure and the
contents slowy poured onto g

vigorously stirred icy m = WasOs| om y added 6N

NaOH 15 to pH 7 while maintaining a tenperature of

302C. EtOAc and NaHCO3 (soli &g were added until an
aqueous pH of 8- 9 was reached, and the solids

di ssol ved. The layers were separated and the aqueous

| ayeer (4draxileand yEtedreyll ) i tdryEtrieot iivkc cambd ragthyl ester
organi cs were washed with 5% 2 HCCOB_ a ed
by eHoxi'de & é%ﬂtt%‘?gf%sp%‘-?e‘% hgl""‘\%F e@%%cgg%%gggi %ﬁ%%

I f e A& d Ve VES. PO§) L9Ve mheLeperacddeqgt he the
bi car bonat e washes were repeated until _the test g@sand

negtitdmsl Wrckdiegat4 ve(3drd por at? ¥, "PAESS cofrbl ng
orgﬁﬂi%ﬁbwggg{gélggiépbsgéé’béiéﬁ@rﬁgllé@dhomogeneous

solution was heated to 70-75°C with vigorous stirring

under nitrogen until the HPLC analysis [Tret 54 = 12
min, Tyer 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
. to pH 7 while maintaining a temperature of 30°C. EtOAc
and NaHCO; (solid) were added until an aqueous pH of 8-
9 was reached, and the solids dissolved. The layers
were separated and thé aqueous layer back-extracted
with EtOAc. The combined organics were washed with 5%
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 (MgSO4), filtered, and

concentrated to a pale yellow solid 55.



25 concentrated to a pale yellow solid 55. WO
2004/ 072038 PCT/ US2004/ 003933 - 42 Exanple 4 0 N

W0O-2001/0783&Ch| or 0- 2- (4-f | uor o- phenyl ) - ni coti ni ¢ BCT/US2004/003933

5

10

15

20

methyl 5 ester (41): To a nitrogen purged flask was
charged the N-Oxide 55 (45 9g,4282 moles, 1.0 eq)

foll owed by 300 nL dichloroethane. The phosphorous
oxychloride (101 nlL, 1080 _nmoles, ,6 eq) was added al
at once, causing an innedﬁﬁfggﬁféé-in t enperat ure
from17 to 192C 10 foll owed by gradual warm ng after
that. The solution was heatef] under nitrogen to
70-752C until| HPLC analysk§ 55 = 10 mn, Tret
41 = 17 m n] showed >94% conpl ¢ The reaction was
cool ed to room tenperature~g qQntent s
concentrated under vacuum
POC13. The renmi nder was éhched by sl owy pouring
onto 450 g of ice. After nelting the ice, the product
was extracted into nethylene 4hloride. The conbi ned
organics were dried (MgSO4), filtered through silica,

 SREhILLS- SR EERB, SR ) Ot eBRTnlEn SETM fhhiyh®
ester (41l): To a nitrogen purged £flask was charged the

N-Oxide 55 (45 g, 182 mmoles, 1.0 eq) followed by 300

mL dichloroethane. The phosphorous oxychloride (101
mL, 1080 mmoles, 6 eg) was added all at once, causing
an immediate rise in temperature from 17 to 19°C
followed by gradual warming after that. The solution
was heated under nitrogen to 70-75°C until HPLC
analysis [Trer 55 = 10 min, Tret 41 = 17 min] showed >94%
completion. The reaction was cooled to room
temperature and the contents concentrated under vacuum
to remove most of the POCl;. The remainder was
guenched by slowly pouring onto 450 g of ice. After
melting the ice, the product was extracted into
methylene chloride. The combined organics were dried
(MgS0,), filtered through silica, eluted with methylene

chloride, and concentrated to a solid 41.

Example 5
0
o | S
~
N N
H

44



WO 2004/ 072038 PCT/ US2004/ 003933 - 43

6- (2, 6-D fl uoro-phenyl am no) - 2- (4-fl uor o- phenyl ) -
wor@aniaBg aci d nmethyl ester (44): To a nitr ogkeI/pazogeeh3o33

flask was charged pall adium acetate (13.2 g, 59

mol es, 0.04 eq), racem c BLNAR (36.6 g, 59 mmvl es,

0.04 eq), 5 followed by 1.9L toluene. The

het er ogeneous_slurry_was _ heated to 502C under

ni t Podén 6+ B £3upgerPhenydrmdneg —23d4c L luanehenyl) -
pyr hﬁxbtﬁﬁkef la.@?.d‘”neﬁ:%% Ls¥erl (42): 'T%loeéag rﬁ@rc?‘é@n %ﬂfged

Boc-2,6-difluoroaniline 42 (386.4 g, nmol es,

eq) ;Elasﬁ W&BOéh@%@Edgpaéllhdmhreaceia&elO(]e}})z eer é:‘>9 mmoles,
add t once foII 9L t ol ue r|
T tn0Rersdenecem En el Maeh s g v MG (002 e,

51002610v6Enl 8 1204, FRJIkiRILd hme"'%!&ex\é%ﬁgléchﬁs slurry was

reacti on showed conpl ete conversion to HPLC
[ Tréeatgd £0170fCh unPleat 143 rogzy. £au 12 hmms Ageolied geo

" Nogl® MRALEOTER. 8220 hClsal Ly Detygen 1820 us

hours) the  Treacti to rroom ure
andmbiles,caneetys @nlduBed: &t i QA4 drd=trGAcing ol hi 6386.4
was added 1 x 1.94 L of 6N HC1, and both | ayers were

fil Ger dd65% medegh deld tesl) Teac &:PPe W87 2cakelwdsmoles, 2.8

rlnse wth 2 9 Et QAc S

100 p Bkt A0 GORE. g dh E1on o gttt S 1h 113 fEeyene
of Bhihge. drrh%dhe(tl\&%@@ned‘ué trefrt s neione et nadethdfred
a brown, viscous o0il. To renove the Boc-protecting

gr oGie, 1OREColPveras g 81t Wepiitered oy HHLGret HBXInethe
chl gride.and 38G A tmp1ERR WRSRAdded,, The 4£a

LC [Ty
was stirred overnight to faC|I|tate Boc renovgkfl.}q{r%e [Trec
vol &tli kFed7werie,r Ehpvdd i=n Za/écmro,n EtTRAc 44.9 1) . Gmdin,

suffici.ent quantity of 1 or 6__N Na was ed until
15 he™oRLRRE o5 2L ?I%n s UG et SRRV (g()}lours) the

NaHCER wasnadded d1Rid N tim temperature and the

contents diluted with 1.94 L EtOAc. To this was added
1 x1.94 L, of 6N HCl1l, 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
(MgS0,), filtered and concentrated to a brown, viscous
oil. To remove the Boc-protecting group, the oil was
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 gquantity of 1 or 6
N NaOH was added until the pH was 2-7. Then a
sufficient gquantity of 5% NaHCO; was added to bring the

30 PH to 8-9. The organic layer was separated and washed
with 1 x 5% NaHCO;, dried (MgSO,), filtered an

concentrated to a brown oil/liquid. The crude



30 pHto 8-9. The organic |ayer was separated and
washed with 1 x 5% NaHCO3, dried (MgSO4), filtered an

w@oemgerossat ed to a brown oil/liquid. The crudeP®US2004/003933

15

20

25

2004/ 072038 PCT/ US2004/ 003933 - 44 oil/liquid was
azeodried twice wth a sufficignt. quantity of
toluene. At tines the free base precipitated out

resulting in a slurry. The residue was dissolved in
50@iil/ tigluigheraenrzeBinigadN m¢%tW13e¢h 5 sk ehenas

added, sulted in th SO|I [ ut .

He SR é’prﬂﬁr ecéﬁﬂ}ﬁner t He- 1(ﬁ][lrreosgenl ze s%lllg%sgbr oke

up pridc itEERSSAT You 2 A ddl Wing BOAS sthlnrzble added tesidue
facilitate the break F After coolin t he SO|Id 44

naass sHgsad iRA \ide (AR T0- 59t iene And Bkabpb el Hel/grher
F h 1
%%%O@\I%uo?dgi% deny l%}% e]iﬁ%ly]lltfo(1 4%Ifll Eo? o?%hleﬁys/l ) -

15 drtea0tiing cowci d Hmmybasesammli%)unﬂ'bl atlhet r ogen

purged fl ask t he am ester HCl s 0

4 Ropggeny 24 2 S5 o o T veey T2 o0 b of
to'E’ch.k?c Jdéh E@%&@é&rt%ef@@yﬁlﬁﬁ%éufﬁewﬁeaﬂdﬁﬁ. After
phosgene (1.4 L of 93 Mtoluene solution, 2.7

nmolesling dg)e aﬁmlxcheél@mat%ahwbﬁt%sbﬁe‘é%aumo 502C
und@ tn:_lé rio en overnight. The progress of the
rea |on ormthe -NC(OC npiety was nonitored by

HPLC [ Tr et 44 = 17.6 mExampré €ar banoyl

56

6-1-(2, 6-Difluoro-phenyl)-ureido] -2~ (4-fluoro~-phenyl) -
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
the heterogeneous mixture was added phosgene (1.4 L of
1.93 M toluene solution, 2.7 moles, 4.0 eq) and the
reaction was heated to 50°C under nitrogen overnight.
The

progress of the reaction to form the -NC(O)Cl moiety
was monitored by HPLC [Trer 44 = 17.6 min, Tr: carbamoyl
intermediate = 19.7 min, Tret 56 = 16.4 min, monitored
at 229 nm]. Once the nitrogen was completely reacted,
the brown solution was cooled to approximately -52C,
and NH.OH (0.84L, 12.4 moles, 18.5 eq) was slowly added

dropwise. As the addition neared completion a solid



internediate = 19.7 mn, Tret 56 = 16.4 mn, nonitored
25 at 229 nnj. Once the nitrogen was conpletely

WO eaanzd3s t he brown solution was cooled to PCT/US2004/003933

10

15

approxi mately -52C, and NH4COH (0. 84L, 12.4 nol es,
18.5 eq) was slowy added dropwi se. As the addition
neared conpletion a solid WO 2004/ 072038

PCT/ US2004/ 003933 - 45 forned. The slurry was

sti Eperedi t hThe slunaveragngtizseeviéd B;L Pdcwigher and
filtr T k hed 0

tol iehsorberens, aPuEl Bt Ras B LA det il B
7 Hoaahkel With lFxCB9O MH? t©b7uene to remove late eluting
1- (2, 6- Di f |, uor o- phenyl ) - 1-[ 6- (4-f | uor o- phenyl ) - 5-

hy dEBRYKFEERSE- pyri di n-2-yl]-urea (57): To a nitrogen
10 purged flask was charga%gﬂﬁb}geﬁ ester 56 (10.0gq,
24 92 nmmol, 1.0 eq) followed by 10Nl THF. The m xture
was cooled to 0-52C. To the cool ed solution was added
Dl BAL- H THF sol uti on (14% 4FL gl , 6.0 eq)

dr opwi se over 20-30 m nu 8% ' was stirred
15 at 15-202C while the _sS wWas
nonitored by HPLC [Tret Tret 57 = 14.0
mn, nonitored at 22%Nn The r ngw m xture was
guenched into cooled (5- 102C3 15% aqueous H2SO4 (150
m.). After the quench was congheted, the mi xture was
stirred for 10-15 20 minutes. To the m xture was added
TBME (150 nL). The m xture was heated at 502C for 60
m ndtd2., 6FPd Eduprer-rhemyd )odal [éd (4o fmsirartphenyl) -5~

ten%?%%%%&%et%nq %@%1 e%yill—urea (57): To a nitrogen

purged flask was charged the urea-ester 56 (10.0g,
24.92 mmol, 1.0 eq) followed by 10 mL THF. The mixture
was cooled to 0-5°C. To the cooled solution was added
DIBAL-H/THF solution (149.5 mL, 149.5 mmol, 6.0 eq)
dropwise over 20-30 minutes. The mixture was stirred
at 15-20°C while the reaction progress was monitored by
HPLC [Tret 56 = 16.4 min, Tyer 57 = 14.0 min, monitored
at 229 nm]. The reaction mixture was quenched into
cooled (5-10°C) 15% agqueous HyS0; (150 mL). After the

quench was completed, the mixture was stirred for 10-15

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

mixture was heated at 50°C 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 volume. The dilution and

25 concentration process was then repeated. The residual

mixture was cooled to 0-2°C, 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



| ayer was renoved. The organic | ayer was concentrated
to about 35 nlL of residual volune. The dilution and 25

W@ omaemosat i on process was then repeated. The PERUS2084/003933
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m xture was cooled to 0-22C, and hel d at that
tenperature for 45 mnutes. Thg aff-white solid 57

was collected by suction filtration using cold toluene
(25 nmL) as a rinse solvent. The solid was dried under

WD V20040 220 38nKREETH S0 02 0039383 for 4%5-5 viaewum ke afford

anj ent te rature for 3-5 hours to afford 80%
cggroeﬁctceodﬂirf%oc:"rea‘i ealrr(% e8 OHO'-"-"Np FHI ~ NN
F O-NH2 5 58 (2-Hydroxy-ethkyinpieasbam c acid
6-[1-(2,6-difluoro- phenyl)-ureido]-2-(4-f

| uor o- phenyl ) -pyridin-3-yl nethyl ester (58): To a
n:trggfn puzged fl ask mas‘ﬁgarged the benzylic

al cohol 57 (7.1g, H®. 0O s 1. 0eq)Fand. 10 CDI (6.2
0. 38.0 moles, 2.0 567 1Bl Fowed by\q)l 2 s
solution was stirred at : 1-2

hours and then test-quench
acetonitril e/ excess ethang 0 ctivation
was not conplete, additional CD can be added until
the 15 test quench indicated c | ete conversion. Once
the test-quench showed conplé%gpconversion to 58, the
reacti on was quenched by slowy adding 2.0 eq

et hapol il sk Oe By 11}~ c 2Bb&aMBDE €8¢1aThe [ 162} oA iAGoro-
phenyl) -ureido] -2- (4-fluoro~-phenyl) -pyridin-3-yl methyl

ester (58): To a nitrogen purged flask was charged the
benzylic alcohol 57 (7.1g, 19.0 mmoles, 1.0 eqg) and
CDI (6.2 g, 38.0 mmoles, 2.0 eq) followed by 71 mL THF.
The solution was stirred at room temperature for 1-2
hours and then test-quenched into dry
acetonitrile/excess ethanolamine. If the activation
was not complete, additional CDI can be added until the
test quench indicated complete conversion. Once the
test-quench showed complete conversion to 58, the
reaction was quenched by slowly adding 2.0 eq
ethanolamine (0.64 mL, 38 mmoles). The reaction was
stirred at room temperature for 2 hours whereupon HPLC
analysis [Tret 57 = 14.2 min, Tyer 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 NH4Cl solution (2 x 71 mL) followed by brine (1
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



stirred at roomtenperature for 2 hours whereupon HPLC

20 analysis [Tret 57 = 14.2 mn, Tret 58 = 13.6 mn,
woeiomossl at 229 nn] i ndi cated conpl et e convePGT/OR20M4003933

58. The THF was renoved under vacuum and the residue

di ssolved in 71 nmL ethyl acetape and washed w th

aqueous NH4CLl solution (2 x 71 nL) foll owed by brine

(1 25 x 71 nmL). The organic | ayer was azeodried with

Et Odben(gertly heptedhéor 85-4Gé&Cuas Upesomndltimoed aniviii te

71 nl..EtQAc., filtered - tr d._T e
(i i PeboaiecbTeiisg ™0, 58 SRRGRY Ryt

t ol aener¥0i3004H0d728.3BBCHAUE20@04/0@3™IBNne. 47 then
gently heated to 35-409C. Upon cooling, a white solid
formed which could be isolated by vacuum filtration
sand washed with cold toluengpfxagple 9 F | \ |

HHCI N HN O- F 1. NW, 65CN FF+ 1 \ + CS2CO8 2.
water 3. CFSQ0OOH O F 4. HCI OO F 61 42 63 F
2-(2,4-Difluor ophenylﬁ;:-(Z, 6-di f | uor ophenyl

ni cotfnic acid ethyl [st (63): Inall, 4-
10 r -bat t omed fHaskoequi pped wi th an over kea

nechflanilcal |stirrer, lheating nmant! es.nvefsstcux congenser,
= + + Cs,005 ——> _

2. water
3. CF;COCH
0 L F 4. HCI o OK E
61 42 63

2-(2,4-Difluorophenyl)-6-(2, 6~-difluorophenylamino) -
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), CsyCO3; (150g) and

0.15 I, 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 % conversion 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



and t hernocoupl e was charged 61 (50g), Cs2CO3 (1509)
and 0.15 L of NWMP. The solution was stirred
wor@enmess y and heated to 65 C at which time POT/UBE04/003933
suspensi on was 15 added a solution of 42 (60g) in 0.10
L of NWMP over 10 m nutes. HeatBng at 65 C for 18
hours, HPLC shomed 85 % conversion of 61 to the
desjfed, Boc a d t t enperature was
inc#égsea Bt §° Cwa§n8° EEéegng&ygﬁgtéﬁFéPnheéHQﬁfd with

f orwapeaddhbi paah «&8aboubs 2Qeshowed - 7% %)%QRM%!S'O”
of 61 to the desired Boc adduct 62 (not shown).

m xture was then cooled to 20 and poured in one

portlon : 0 g n -.ne ked,.3
r ound- ﬂ gtg |é§§EEEQUIppe bO% & &qulpped

5necmﬁnhcah sﬁerheadamécﬁsnﬁba&neteﬁﬁb% aﬁﬂethermocouple
tenperature of the water rose from 22 Cto 27 C as a

restitt oRAYHEAL8F: FBR 8PlifeaRNPO-SoLutifon. The
susmgggz/eggg:gﬂ%eu%&%m&%&g@d é’&&&?% %focgﬁ TFA

PCT/ - the tan so was col

by iml@metPgntlpnnseﬂfmﬁrhtwmaheuranetpmkha@'émyanmlent

the fil for 2 hours a_2 L, 4-necked, ,

r ouf %o%?%ﬁ%ﬁ tPRER Bhu #EﬁeBOCSpﬁPFﬁcgﬁ%oggFﬁéﬁTl was
10 mechabéeabdsbir HeL.candnihenhsogouphee Was cbarged heq by

tan solid and 0.8 L of CH2Cl2. To the stirred solution

wasTAbed FUCRPTBELIIEA ThReoRélporersdueafesr taken up in
houg s st.i a t rat yre, f
Bog@5?6%e%?2§8na%%?Fg¥SQEed1§Hg§tgc?eg gggﬁgﬁ%?dan HCOs,
t hedwr }avorehinal geacwasratedubed romheyEemégeﬂayegnwas
The 0|I es s_taken u 0.7 L _EtOAc, an
tré%?%% Wﬁkg 5 ﬁgsﬁtﬁ?ﬁPEa ﬁﬁkﬁf@l ag6r CRE CRRER teas by
15 Wasrpffeyicedapdhat EbHACTHayrEe Yasuivashed wWihh o123k

Satgggggdohb L gggAgogggniﬁgtggluﬁlon treated with HCl in
Et20 (0.4 L of 2.0 M solution) and stirred for 60
minutes. The product 63, a yellow powder, was
collected by filtration (70.5% yield).

20 The product may be recrystallized by heating the
crude salt in 4 mL 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.



15 rotary evaporation. To the resultant brown oil was
added 0.2 L EtOAc and the solution treated with HCl1 in
wWEL@d/0(®38 L of 2.0 Msolution) and stirred foPCB0S2004/003933

m nutes. The product 63, a yell ow powder, was

collected by filtration (704%%vyield). 20 The product
may be recrystallized by heating the crude salt in 4
mL Et OH/ g of crude product to ref lux, then cooling

to anbi ent tenperature. V@éﬁgﬁe have herei nbefore
presented a nunber of 2 iments of this
invention, it is apparent that the basic construction

Whaty g sp&14 d%0 provide other enbodi ments which

utilize the nmethods of this invention._ Therefore, it
w1l be lappr &i%%est%éoﬁ t%m@%‘bjprég o LT nR8HE on

coﬂp%lﬁfa Ree defd ned-hyi 4 h@I)C_J ains 30 appended hereto

rat her than the specific enbodi nents which have been
presented hereinbefore by way of exanple. WO
2004/ 072038 PCT/ US2004/ 00%9%@”2 49 CLAIM5S What is
clainmed is: 1. A process forqproducing a diaryl am ne
compound of the forrmula (I): Art., NAr2 H (lI) or a
salt thereof, said process conprising the step of
coupling a conpound of fornmula (lIl) with an am ne of
or feorsifia ¥14Y9°%n the presence of an alkali netal salt

said ﬁ&&ééggnééﬁﬁkfggﬁ@ £l ab Ysh o A Lo M 85N Heofpound of
formula (II) with an amine of formula (III) in the presence

of an alkali metal salt or a transition metal catalyst:

Ar1-—X Arz—‘NH'Y

(I1) (ITII)
wherein:
Ar, and Ar,; are independently Q;

wherein each Q is an aryl or heteroaryl ring
system optionally fused to a saturated or unsaturated 5-3
membered ring having 0-4 heterocatoms;

wherein Q is optionally substituted at one or more

ring atoms with one or more substituents independently
selected from halo; C;-Cs aliphatic optionally substituted
with N(R')5, OR', COsR', C(O)N(R')z, OC(O)N(R')2, NR'CO2R',
NR'C(O)R', SO,N(R')y, N=CH-N(R')y, or OPOsHz; C1-Cs alkoxy
optionally substituted with N(R')z, OR', COR', C(O)N(R')2,
OC(O)N(R')5, NR'CORR', NR'C(O)R', SO;N(R')a2,

N=CH-N(R'),, or OPOsHy; Arsy; CFi; OCF3; OR'; SR'; SO;N(R')j;
OSOsR'; SCF3; NOs; CN; N(R')z; COzR'; CO2N(R')2; C(O)N(R')z2;
NR'C(O)R'; NR'CO3R'; NR'C(O)C(O)R'; NR'SOR'; OC(O)R';

NR'C(O)R?; NR'CO,R*; NR'C(0)C(0)R*; NR'C(O)N(R')s;



(1) (rrr) wherein: Art and Are are independently Q
wherein each Qis an aryl or heteroaryl ring system
wopitornaBs y fused to a saturated or unsaturat ePICBUS2004/003933
menbered ring having 0-4 heteroatons; wherein Qis
optionally substituted at o®® or nore ring atons with
one or nore substituents independently selected from

o ol TR e LT Y S e
de?iRN ( , S02N (R) 2, N=CH-N (R ) 2, or OPO3HZ2 ;
CgRP%mxy optionally substituted with N(R )2, OR,

COZR 9) - AR ;
D7 GOt S (bR gtr, MO tR or o

>" G\Sgg%rpb@tfeé CEBocR L wzhetgegouzﬁ%): 2ingCB03Rem
opwabiméuﬁr%a’éé §* i by Eporen Nﬁlzseéﬁgs KoR
ind B 07203%'\%0%%@%%0%%‘%(3%%0) i N%&%a 03532“6 mitro,

ami\'%,sqz roﬂ?\' @md’\&f\’?dg,al t@_?c, CPOSHZ and
N=CH is selected fromhydrogen; Cl-C6

al i phat IR m a’;l coR ARfAbeked cCaikaeyellly Rubstituted with
heterocyclic ring system optionally substituted with

N(R' 10 DBUbIIORIENTS 0)iNdenendensoyNsRl ¢¢f edr f 4 osniBbeyclic
Cl-C6 al koxy, cyano, nitro, amno, hydroxy, and Cl-C6
or alll?tbﬁé‘??%dm F31a %:&S'%maPP]éhaﬂﬁé1125pl511bﬁ‘alll:yted with

bSt g%JtZ’edcodrmRtéhcg]r\a&ggb%' )@ O g&éﬁé?o §/t(:)l) :\IS:Rr? ﬁgor
‘Z%i?ff" Do OB B S ) 2 e A T evsten

optalyha DIy het ee@aty | arsHGuBy8E€Mbr unsaturated 5-8 membered

ring having 0-4 heteroatoms;

wherein Ar; 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', COJR', C(O)N(R')2, OC(O)N(R');3, NR'COsR',
NR'C(O)R', SOsN(R'),, N=C-N(R'),, or OPO3H;; C1-Cg alkoxy
optionally substituted with N(R'),, OR', COsR', C(O)N(R"),,
OC(O)N(R')2, SO3N(R')s, NR'COR', NR'C(O)R', N=C-N(R'),y, or
OPO3Hz; CF3; OCF3; OR'; SR'; SO3N(R')y; OSOSR'; SCF3; NOy; CN;
N(R')2; COgR'; COoN(R')3y; C(O)N(R')2; NR'C(O)R'; NR'CO3R';

NR'C(O)C(O)R'; NR'SO3R'; OC(O)R'; NR'C(O)Rz; NR'COsz;

NR'C(0)C(0)R*; NR'C(O)N(R'),; OC(O)N(R'),; NR'SO,R?; NR'R?;
N(R®),; OC(0)R%; OPOsH,; and
-N=C-N(R')3;

X is a leaving group;

Y is -C(0)-0-%Z; and



optionally fused to a saturated or unsaturated 5-8

menbered ring having 0-4 heteroatons; wherein Ara is
wopintomnaBs y substituted at one or nore ring aPOIES2W04/603933

one or nore substituents independently selected from

hal o; Cl-C6 aliphatic optiohalty substituted wth

N(R)2, OR, CO2R, C(ONR )2, OCC(ONR)2, NR CO2R,

C1 G5 aPkdy Cobe! DRPPY CStinePRaYda WPk N ROFD. OF O

pro%%%(do)tg,fé)a '\Iﬂhqg %ot g&]&?rtﬂ(ﬁﬁe?d M(}R &@aaﬂg/z@ZR'

SR ; SOZN(R) 2; OSOZR , SCF3;, N2, CN N(R)z'
CO2R zcozN(fnfme )pzzoc@(s@ m@g@lm\m ap o;mlmm cherther

NR' . OR
o G I e N LA oY F AT G52
amitR G NdRDL; KL ddpdthd PO0BSEmulandr) - N=C N(R ) 2;

Xis a leaving group; Yis -C(0)-OZ2;, and V\D
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al i phat it bel¥yIPTIGRTS acprdiny %%Rf}u HedW]Pﬁﬁ?l@ the

prdcad10 dlé%éféﬂﬁ&ﬁi Wiy X% otzrés.hgy@@on Znedhe @£@§§§§t

according to claim1, further conprising the step of
renmoving group Y fromthe coupled amne to groduce '
the corrp‘-bund Hie forongss (anOBdlfst‘let‘prQb@S@ ccohgragn the

er el the oce d using a
tratnr‘s ctl rﬁé%%vi] c‘%{%ﬁy %I.Cl 2 %?gggeégﬁgﬁcor di ng to
claim 3, wherein the transiti on netal catalyst
conpri ses. paltadipocess Thecprditegstaccbailinng wherkannthe
4 wherein the catalyst is PdLn, wherein each L is
catialgepie e nE dn s etheagtadd f r om - OAc,

each L is independently selected from -OAc,
-O-tolyl, halogen, PPhs;, dppe, dppf, dba, and BINAP; and n

is an integer from 0-4.

6. The process according to claim 3, wherein the
step of coupling a compound of formula (II) with an amine of

formula (III) is performed in the presence of a base.

7. The process according to claim 6, wherein the

base is selected from KOtBu, NaOtBu, K3PO,, Na,CO;, and

Cs,C03.

8. The process according to claim 1, wherein the

process is performed using an alkali metal salt.

9. The process according to claim 8, wherein the
alkali metal salt is selected from salts of potassium,

rubidium, or cesium ions.



-0-tolyl, hal ogen, PPh3, dppe, dppf, dba, and Bl NAP;
and n is an integer fromO0-4. 6. The process
wa@ewaiorhosgy to claim 3, wherein the step of coR@I/URYPO&003933
conmpound of forrmula (I1) with an am ne of formula
(I'11) is performed in the presence of a base. 7. The
process according to claim®6, wherein the base is
selectedfro K PQ4,
S no0s Lof! ke O%?%ES?%%??&@% td At AMnerein the
alkkhe m@t@QeS&ItS1BeB@Q@M@édﬁﬁnmmiybﬁﬁéeﬂumrnﬁﬁﬂoﬁﬁﬂé or
9. The process according to claim@8, wherein the
CesaPRyCARY tesalt is selected fromsalts of potassium
rubi di um or cesiumions. WO 2004/ 072038
PCT/ US2004/ 063933 0ued? aborBIBNQs Q% 6 0 dited i
claim9, whereinthe alkali netal salt is selected
thef adﬂnariat astiadmsedtbomatcesdum gegihanaday bonate. 11. The
process according to claim 10, wherein the alkali
metal s It [ esi um 0 r S .
accor di ﬁlg to% r% e%%wlércre}:laoﬁf ngz ielieleafcgtng?’f S"(’)hrr?]f%len £
is gedl teaN Frdi ﬁt@leOfgroGlp cditsistding f —-COIf ,-BLETs;I, -F,
i odoni um .and di azo. 13._-The process according to
-OTE) aiATE, Westosmin®y ansl 8§@Z%14. The process according
to claiml for producing a diaryl am ne conpound of

the formy a: QG R GordNdP to claim 1, wherein Y

is Boc.

14. The process according to claim 1 for

producing a diaryl amine compound of the formula:

comprising the step of coupling a compound of formula 21
with an amine of formula 22 in the presence of an alkali

metal salt or a transition metal catalyst:

O
R3 jer.
\O l R G5 ,G3
2
N X
. ”
G1 Y G5
21 22

wherein:
R’ is selected from aliphatic, aryl, or aryl
substituted with aliphatic, aryl, nitro, CN, CO3R’,

CO2N(R’)5, OR’, NCOR’, NR'C(O)N(R’),, and OC(O)N(R’')5; -



A G1 24 Hconprising the step of coupling a conmpound

of formula 21 wth an amne of fornula 22 in the
wee@gomoas of an alkali netal salt or a transiPCDNS2004/003933

netal catalyst: O R @R OB &GB3 NXHN j 4G Y

G5 21 22 wherein: R3 is sePécted fromaliphatic,

aryl, or aryl substituted with aliphatic, aryl,

?Io; ‘N (@f""%%z n&hégo%{?) g% %ﬁ%) to%wg‘gfang?s ©
rC-Ib-{JtU;?IZQ;OM §039§3 G4'Gf}n%i?w q%dG%l are H%%&gﬁfjseen]ﬁ%/ted
frofeseteed,r il n,am@bli phaibssituydd stpbt idlted, CN,
aryl, nitro, CN, OR, C02R, Q02N (R) 2, NR CO2R
OR’, MR:RC,(OP-N(RR ), NR'CR'Q) NR(RQ (R’ ) £, QF(OBF(R') 2,
I, 0-Tos, O M, OSO2R, and OC(OR ; and X and Y are

F, &3.d@hndd iQrTsisai 8-S 15500k preces§ Qdc%'rr'dieﬁtjito

claim 14 fur r S he sif renovi ng
group Y t éacofgﬁp éoeéle{%(%e 1o p odulce t he
conpound of fornula 24. 16. The process according to

cl ai m 14,5 whemgi rprdcl'&sspra(rﬁﬁﬂﬁdirsg pmf@:ramd Usi figreher

transition netal cataly 17. The process .accor di ng
contmflcﬁﬂa}%ti@ SHRER &' q%o‘ﬂ%m?% M oG jeppled
am ﬁg@éé ad B orddbudd e P asass Acgpr ding to
ai m erein the

16. The process according to claim 14, wherein

the process is performed using a transition metal catalyst.

17. The process according to claim 16, wherein

the transition metal catalyst comprises palladium.

18. The process according to claim 17 wherein the
catalyst is PdL,, wherein

each L independently is selected from -OAc,
-O-tolyl, halogen, PPhs, dppe, dppf, dba, and BINAP; and n

is an integer from 0-4.

19. The process according to claim 16, wherein
the step of coupling a compound of formula 21 with an amine

of formula 22 is performed in the presence of a base.

20. The process according to claim 19, wherein
the base is selected from KOtBu, NaOtBu, K;3;P0O,, NayCO3, and

Cs,CO0;5.

21. The process according to claim 14, wherein

the process is performed using an alkali metal salt.



catal yst is PdLn, wherein each L independently is
selected from-QOAc, -0-tolyl, halogen, PPh3, dppe,
walppi/o7®Ba, and BINAP; and n is an integer frpoT/0S2004/003933

19. The process according to claim 16, wherein the

step of coupling a conmpounddf-fornmula 21 with an

amine of fornula 22 is perfornmed in the presence of a

base. 20. The process according to claim 19, wherein

t he basgsi s e .0 ,

Na2CQO3, §f%\nd §1%% %@efs o t?he pr cegs%gcclgf?aﬁg V\tf%ereln
thec bakaﬂ14meWaér ebit tilse s@rl@@m ifrome refedrtree ob fU S aigh s um,

kali nmetal salt. WO 2004/072038 PCT/ US2004/003933 -

rub%ﬁiluﬁlz thgeﬁﬁb@eégngccor ding to claim21, wherein

the alkali nmetal salt is selected fromsalts of

pot assi gm. rubi BrdFesd LRV PND Adind M2 PrEELsSin
according to claim 22, wherein the alkali netal salt

thej glkalldcredalr mlpoias Siahnacdach drare PR sy Farbonate
or w% Q%&atc%?:ﬁ%ﬁat-'éhe process according to claim23,
erein

al'kali netal salt is cesium carbonate.
25. The process according to claim 14, wherein X is
sel ect ed4f. roﬁ‘heh@rgc:@ms eangirstiimy wf cl@im -8B, wherein
oni um, and di.azo. 26. The process

thea@g&a&l nﬁ‘eltg?-rls%lﬂﬁ 8 SRS FF P e, 27, The

process according to claim1 for producing a diaryl
am ne comspounthedhrihedoraBdxdi@d to claim 14, wherein X

is selected from the group consisting of -Cl, -Br, -I, -F,

-0Tf, -0Ts, iodonium, and diazo.

26. The process according to claim 14, wherein Y

is Boc.

27. The process according to claim 1 for

producing a diaryl amine compound of the formula:

or a salt thereof,
said process comprising the step of coupling a compound of
formula 4la with an amine of formula 42a in the presence of

an alkali metal salt or a transition metal catalyst:



"OF/ F 44 or a salt thereof, 5 said process

conprising the step of coupling a conpound of fornula
wdl@4mr2oB8 an am ne of fornmula 42a in the presePCEUS1004/003933

an alkali netal salt or a transition netal catal yst:

WD 2004/ 072038 PCT/ US20047 0938933 55 OF ~O\ N X HY

F F/ 41a 42a wherein X and Y are as defined in

claim1 above. 28..The process according to claim?27,

further conprising ghe step of renoving group Y from

the coupled amwg pRQduce the co of formula

44, 29. The process afjcoriding to cl ai wherein

the process is | d ng a tridNsi tyon net al

catal yst. 30. accordi ngyto gl ai m 29,

wherein the tF8 catal yst conpri ses

pal I adium 31. The pigcess according g@gcl ai m 30

wherein the catalyst is PdLn, wherein each L is

i ndependdsreinsd ected famsmasOatlefingd tiot y¢latml bgelpove.

PPh3, dppe, dppf, dba, and BINAP;, and n is an integer

fromO-4., 32, Th r 0Cess ' o) | 9,

wher ei négt'heTgltee 12 c?ec%sa pefc’lacﬁogxoéal cgg(r}rcpcé)u(ﬁ:g‘!dgxig n%%f rr%jlnéther
conpld dirich thie atare oOfrdmrmia dh2aup sy perdor e ¢oup hed

resence of a bhase.
amﬂ%e to produce the compound of formula 44.

29. The process according to claim 27, wherein

the process is performed using a transition metal catalyst.

30. The process according to claim 29, wherein

the transition metal catalyst comprises palladium.

31. The process according to claim 30 wherein the
catalyst is PdL,, wherein

each L is independently selected from -0Ac,
-0O-tolyl, halogen, PPhi, dppe, dppf, dba, and BINAP; and n

ig an integer from 0-4.

32. The process according to claim 29, wherein
the step of coupling a compound of formula 4la with an amine

of formula 42a is performed in the presence of a base.

33. The process according to claim 32, wherein

the base is selected from KOtBu, NaOtBu, K3P0,, NayCO;, and

Cs5CO3.

34. The process according to claim 27, wherein

the process is performed using an alkali metal salt.



33. The process according to claim 32, wherein the
base is selected from KO Bu, NaQ Bu, K3P04, Na2CQ3,
war@4/0292CC3. 34. The process according to cl aP@T/R$2004/003933
wherein the process is perforned using an al kal
metal salt. WD 2004/072038 FCT/ US2004/ 003933 - 56
35. The process according to claim 34, wherein the
alkali netal salt is selected fromsalts of potassium
r ubi di ugk Or @S HEERAS o 38 rdiRE RIOCEIS ACHO 4 dih
claim 35, wherein the alkali netal salt 1s selected
thef ndkepot assrdmsedithdmatseleotededingm carlicnaife. p@Assthen,
r.ocess according.to claim36, wherein the alkal
rubﬁgﬁgm'sgrtCF§185538FFCarbonate. 38. The process
according to claim 27, wherein X is selected fromthe
group cg@agsi strhegpbcdds, ad¥ordihg do <@ .35 Oktherein
i odoni um and diazo. 39. The process according to
thecpakml27melpdr Spd ty i $BGEteAD frrie QRtGeEsism (EHTRATRES
:].ai roduci ng a diaryl am ne conpound of
or bRt %%E?ﬁéte% aNF /1 FEF63 or asalt
t hereof, said process conprising the step of coupling
a conpo@fd offhef @rmaiess s6 baagindinan tanigieigl For mierein
42a.in.the presence .of an alkali netal salt or a
they plkaild] B thb AR Catdl b D 0CHT67 3038
PCT/ US2004/ 003933
38. The process according to claim 27, wherein X

is selected from the group consisting of -Cl, -Br, -I, -F,

-0Tf, -0Ts, iodonium, and diazo.

39. The process according to claim 27, wherein Y

is Boc.

40. The process according to claim 1 for

producing a diaryl amine compound of the formula:

0]

P F
(®) X
w

N N

H

F F F

63

or a salt thereof,
said process comprising the step of coupling a compound of
formula 6la with an amine of formula 42a in the presence of

an alkali metal salt or a transition metal catalyst:



57 0 /~-0OF NXF( FHN Y 6la 42a wherein X and Y

are as defined in claim1l above. 41. The process
wW@e@anaossy to claim40, further conprising theCHEUS®00603933

renoving group Y fromthe coupled amne to produce

t he compound of formula 63.°427 The process according

to claim40, wherein the process is perforned using a

transition netal canIyst. 43. The process accordi ng

to claimd42, whereinjthe transition netal catalyst

conpri ses pal | gefygr ~44-xJhe process. according to

claim 43, wherein thefcatjal yst is erein each

L i s independent |y Sset’ egi@txf r om - OAc, -tolyl,

hal ogen, PPh3, dj dppf, dba, andiNgl ;and n is

an integer frof 04" #5. The procesﬁ'ac rding to

claim42, wherein the step of coupling a conpound of

formula 61a with an amine of fornula 42a is perforned

in the presence of #ligase. 46. The prd@ess according

to claim45, wherein. the base is_selected frpom KGO Bu

NaCt Bu, YWESPRILD NGRS, Y P ¥ gfined 7inThsaiiotedRove.-

according to claim40, wherein the process is

per formed usifge g&@ég@é ladedAisq to ML 2Q040072Q38her

PCT/ US2004/ 00393 - 58 48. The process according to
comgriishy ththestedm of removing group Y from the coupled

amine to produce the compound of formula 63.

42. The process according to claim 40, wherein

the process is performed using a transition metal catalyst.

43. The process according to claim 42, wherein

the transition metal catalyst comprises palladium.

44. The process according to claim 43, wherein
the catalyst is PdL,, wherein

each L is independently selected from -0Ac,
-0~tolyl, halogen, PPhs, dppe, dppf, dba, and BINAP; and n

igs an integer from 0-4.

45. The process according to claim 42, wherein
the step of coupling a compound of formula 6la with an amine

of formula 42a is performed in the presence of a base.

46. The process according to claim 45, wherein

the base is selected from KOtBu, NaOtBu, K3P0Q4;, NayC0j3, and

Cs5,CO3.

47. The process according to claim 40, wherein

the process is performed using an alkali metal salt.



the alkali netal salt is selected fromsalts of
potassium rubidium or cesiumions. 49. The process
wW@ewandoss)y to claim48, wherein the alkali nePel/USzi04/003933

is selected from potassi um carbonate or cesium

carbonate. 50. The process Z&cording to claim 49,

wherein the alkali netal salt is cesium carbonate.

51. The process according to claim40, wherein X is

sel ecteqqfro r iS4 1 o -BF :

R e e T
theaat@pdingetralclsailn 46, sdiemcdiay, ¥rans Bdd:s 58, Pdtwmssium,

rocess according.to claim40 for producing a diaryl

rUbgﬁ'ilHE"CQFFp&?ﬁ&uB’f € fornula: O F~p NNF I FHF

63 or a salt thereof, said process conprising the

step of 40quphihRy pi Se@WRO WG oHA1i HprdBll i £ilm Wi g ) vBerein
am ne of fornula 42 in the presence of a suitable

thegpR&Ril imedia ls siad tord & sadsiatissh T Pazass gt . cagkprate
.. ~0 ! FFHF 61 42 WO 2004/072038
or g&%ﬁﬁ%ﬁﬁ%ﬁ%ﬁ%@%%@ - 59 54, The process according to
claim53 further
50. The process according to claim 49, wherein

the alkali metal salt is cesium carbonate.

51. The process according to claim 40, wherein X
is selected from the group congisting of -Cl, -Br, -I, -F,

-0Tf, -0Ts, iodonium, and diazo.

52. The process according to claim 40, wherein Y

is Boc.

53. The process according to claim 40 for

producing a diaryl amine compound of the formula:

(@)
P F.
O =
L. ]:]
N~ °N
H
F F F
63

or a salt thereof,
said process comprising the step of coupling a compound of
formula 61 with an amine of formula 42 in the presence of a

suitable alkali metal salt or transition metal catalyst:
0]

/\O AN

I/ )(OF
N
cl O)LN
H F

61 42



conprising the step of renoving the Boc group fromthe

coupl ed am ne to produce the conpound of fornula 63.
w®2004/0M83%r ocess according to any of clai s 53POF/USHM4/003933

wherein the process is performed using cesium

carbonate. 56. The process®@ctording to claim54

further conprising the steps of: (a) reacting the

compound of forrmula 63 with a base; and 5 (b)

aci difyigng t hg,d d NS AL TR D RSP £l AInLP
produce a conpound of the fornula 75: O N aFl4N F F
comgril sEnigh tHe/ .sthre qff osessyiagr drlve rgpd oycda) i 56n the

in.th b ' t ' 8. T
colf IS AR £ LIEA DS, (Rndu 180k FomlDE B cceos
HCl . WD 2004/ 072038 PCT/ US2004/ 003933 - 60 59. The

process s COrtid pride<d Ridbdbrdin tHeraw@nef i S1agns he3 or
steps of: (c) reacting the conpound of fornula 75 with

o e APBgY)1 e reriorgredhars Bagt FORI W xEFleonate.
formed in step (c) with NHAOH to produce a conpound

of the f5%r_rml.1q1e %ﬁfoc%sé_l%[\é@c{\}:cﬁné\l to claim 54 further

comprising the steps of:

(a) reacting the compound of formula 63 with a
base; and

(b) acidifying the reaction mixture formed in step

(a) to produce a compound of the formula 75:
O
HOT N )
5
N™ °N
H
F F F
75 .

57. The process according to claim 56 wherein the

base in step (a) is NaOH.

58. The process according to claim 56 wherein the

acid in step (b) is HCI.
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59. The process according to claim 56
further comprising the steps of:
(c¢) reacting the compound of formula 75 with
diphosgene; and
5 (d) treating the reaction mixture formed in
step (c¢) with NH,OH to produce a compound of the formula
76:




