PROCESSES AND | NTERVEDI ATES FOR PRODUCI NG
AM NOBENZI M D AZOLE UREAS TECHNI CAL FI ELD OF THE
wO DMEREISCN [ 0001] The present invention rel at eBCT/0S2008/082565
processes and internedi ates for the preparation of
conpounds useful as inhibitors of bacterial gyrase and
Topoi sonerase |V (Topo V). BACKGROUND OF THE
I NVENTI ON [ 0002] Bacterial resistance to antibiotics
has | ong been recognized, and it is today considered
to be a serious worldw de health problem As a result
PRDCESSES WA NTISVED PRFE £ ORIPRIHIREINPRETRDBERIZINED AZOLE
diffrcult to treat wih antibiofics or even
untreatabl e. [0003] GyrasEREdSone of the
t opoi sonerases, a group of enzynes, which catal yze the
i nterconversion of topological isoners of DNA (see
general ly, Kornberg and Baker, DNA Replication , 2d

Ed., Chapter Eigigg——%éﬁﬁ ; Drlica,
Nblecular Nlcﬁéﬁgéﬁgé%iﬁﬁggéij By ca and Zhao,

M croblology and Mol ecul ar Bi ol ogy Revi ews, 1997 61,
[ as ontrol's DNA
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replication process. Gyrase also catal yzes the
conversion of relaxed, closed circular duplex DNA to a
negat ivel y supegAek GReOUNOMTHMINVENBIONr e favorabl e
reconbi nati on. The nechani sm of the supercoiling

or
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regi on, passing a second region of the DNA t rough t he
backrighiefcchony aFegi Pirdiftgult Hetrisk Wide ANtIqtigh prsevesuiipatgble

(0093 €2V @9ETRORADE tﬁmdpéls&ﬁé’rﬁa% &b dfenBime WMBEcakdlyze the
t opoi sonerase. The supercoil'ing reactiion is driven by
intqr¢paveyision pﬁ@p@lﬁgmﬂmmrsgaf DA% (seTpenealip. Kenldigand Baker, DNA
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axa nt
occurs When the DNA strands of a parental duplex are untwisted during the replication

process. Gyrase also catalyzes the conversion of relaxed, closed circular duplex DNA to a
negatively superhelical form, which is more favorable for recombination. The mechanism of
the supercoiling reaction involves the wrapping of gyrase around a region of the DNA,
double strand breaking in that region, passing a second region of the DNA through the break,
and rejoining the broken strands. Such a cleavage mechanism is characteristic of a type 11
topoisomerase. The supercoiling reaction is driven by the binding of ATP to gyrase. The
ATP is then hydrolyzed during the reaction. This ATP binding and subsequent hydrolysis
cause conformational changes in the DNA-bound gyrase that are necessary for its activity. It
has also been found that the level of DNA supercoiling (or relaxation) is dependent on the
ATP/ADP ratio. In the absence of ATP, gyrase is only capable of relaxing supercoiled DNA.
[0004] Bacterial DNA gyrase is a 400 kilodalton protein tetramer consisting of two A
(GyrA) and two B subunits (GyrB). Binding and cleavage of the DNA is associated with
GyrA, whereas ATP is bound and hydrolyzed by the GyrB protein. GyrB consists of an



ATP/ ADP ratio. In the absence of ATP, gyrase is only

capabl e of rel axing supercoiled DNA. [0004] Bacteri al
woORRIHYIs2Se 1S a 400 kil odal ton protein tetranRCT/US2008/082565

consisting of two A (GyrA) and two B subunits (GyrB).

Bi ndi ng and cl eavage of the DNA is associated wth

GyrA, whereas ATP is bound and hydrol yzed by the GyrB
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[000’?]S ul't Ibacterlal resistance to antibiotics has become an important public health
problem, there is a continuing need to develop newer and more potent antibiotics. More
particularly, there is a need for antibiotics that represent a new class of compounds not
previously used to treat bacterial infection. Such compounds would be particularly useful in
treating nosocomial infections in hospitals where the formation and transmission of resistant
bacteria are becoming increasingly prevalent.

[0008] Compounds described as gyrase and Topo I'V inhibitors useful in the treatment of
bacterial infections are disclosed in WO 02/060879, WO 05/0122292, US2005/0038247,
US2006/0122196 and WO 07/056330. Also disclosed in these publications are processes and
intermediates for the preparation of these compounds. There remains however, a need for

economical processes for the preparation of these compounds.



expanded spectrum of potencies, inproved antibacteri al

pot enci es, inproved potency agai nst single target
worea0as61875s and/ or | ower spont aneous rates of reRBCBHUS2W0$082565

[0007] As bacterial resistance to antibiotics has

beconme an inportant public health problem there is a

conti nui ng need to devel op newer and nore potent

antibiotics. Mdxre particularly, there is a need for

antibiotics that represent a new class of conpounds
not previously u§Eaﬁﬂéﬂﬁé§%1ﬂﬁéﬁﬂéﬁiﬁmilnfectlon Such
[00§9TPOUR qésci’i@é&i' e oH@és‘pb& léi‘ e lp}’esé“lﬁ “r’rfv*éhudnrbr&%@é%!rd%gsses for

nosocom al i nf ectlons In p where the fornation
prepavth gty epas #idsksipe mY afhibitosy @p@htn tbeamaélmrm ofbastepalcipfertiggs. Such

j ' / eval er . Go Kibed as
R e R S et
bengb[ dtimadeesliZay)ured €ompowms! lahevidg the lSosede belowD 02/ 060879,

WD 05/ 0122292, US2005/0038247, US2006/0122196 and WO

07/ 056330. Also dis in these publications are

processes and inter tes for the preparation of

t hese conpounds. There remai ns however, a need for

econoni cal processes the preparation of these

conmpounds. SUWARY COF INVENTION [ 0009] As descri bed
herein, one aspect Nof /th | present invention provides
processes for prepatiMg se and Topo IV inhibitors
useful in the tre8bpent of bacterial infections. Such
conmpounds i ncl ude

| -ethyl-3-(5-(5- f Y ropyridin-3-yl)-7-(pyrimdin-2-yl)

-1 Hobenzo[ d]im daz0bl -2-yl)urea (Conpound 1) havi ng

the structure below [0010] In another aspect, the

present invention pro@ides conmpounds useful as
internmedi ates in the processes of the present

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0018i0 1 1 | anqtheprspess ghepresenhiavisties aroyidengaaoueds welibises t o
int@mPAEEHINS AcRUEBRARL Bksch FiREBRRUNG Of formula 1

conprising: i) providing

3-fluoro-5-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-y

|')pyridine ppTATLED DESCRIPTION OF THE INVENTION

[0011] In one aspect, the present invention relates to a process for preparing a compound

of formula 1:

N
l/
N
~N
. |
NH N_.~
HN
=0
HN

comprising:
i) providing 3-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine

(formula 2) and 4-bromo-2-nitro-6-(pyrimidin-2-yl)benzenamine (formula 3),



(formula 2) and

4- brono-2-nitro-6-(pyrimdin-2-yl)benzenam ne (fornula
W@2000/0§18¢F oss coupl i ng the conpound of fornul aPQI/HI2H08/082565

t he compound of fornmula 3 in a biphasic mxture

conprising water, an organic solvent, a base and a

transition-netal catalyst to produce
propyridin-3-yl)-2-nitro-6-(pyrimdin-2-yl)ben

PR 4, 4 ; iii) reducing the conmpound

xduce 5-(5-fluoropyridin-3-yl)-3-

[ zeng-1, 2-diam ne of fornmula 5, iv)
reacflﬁg t he @¥npgundjof) formula 5 with the conmpound
of f la 6, in &Hbi ic mxture conprising
buf d water and an organic solvent to produce the
conpo&nd of fornul% 1.[0012] In another aspect, the

Conloti P ureRrpund i TGt £ R Pl b EBTp g Jine

blpﬁa&fmﬁb{ﬁﬁe &cm[fr@fng'bﬂ'aﬁar% orgnRrseivent, Foddg akd 4 SarBition-metal catalyst

6- d hetero rin avin -2 nitrogens
%‘g\%g? ﬁg %Wﬁﬁyr?ﬁ{“?' - u%%‘friot rdm%%t'%'yﬁb%nzﬁf“gﬁ‘eo‘tf&rmula4
imdependent|ly sel ected from OR2 or hal ogen;
_4 aliphatic; or Rhng Cis an unsubstituted
ne ring; Xis nitrogen, CH or CF;: wth a
compound lof formula 6b, Rg , NH 6b wherein,x is 0-5;

iii) reducing the compound of formula 4 to produce 5-(5-fluoropyridin-3-y1)-3-
(pyrimidin-2-yl)benzene-1,2-diamine of formula 5§,
F

N™ X

~

N

H,N 7S
NH, N~

5 ;

iv) reacting the compound of formula § with the compound of formula 6,
NO,

in a biphasic mixture comprising buffered water and an organic solvent to produce the

compound of formula 1.



RB is selected from-RJ, -OR J, -N(RJ)2, -NO2,
hal ogen, -CN, -C _4hal oal kyl, -G _4hal oal koxy,
WO GOpsERY) 2, - NRIC(O) RJ, -SORJ, -SQ2RJ, - SO2NeEROYR2008/082565
-NRISQ2RJ, -CORJ, -NRISO2N(RJ)2, -COCORJ ; wherein RJ
i s hydrogen or unsubstituted Cl1 aliphatic; and each Rg
is ClL aliphatic; in a biphasic m xture conprising
[oo2if f enethowRt RbeNRe HBscRl @k i6n PRVMBN ploBesP FRPHPEritde
conmpound of forrmula I . [0013] In yet another aspect,
comppoanghplloEpyla f:nvent i on al so provi des a process for
purifying a corﬁ)w;gd of formula 1, 1 conprising: a)
slurrying a preparati on conprising a conpound of
formula 1 in an§fganic solvent, water and acid to
obtai n a suspensijgn of the conpound of formula 1, b)
heating the susi on to obtain a honbgeneous
sol ution of coupgdt c) filtering the honpbgeneous
sol ution of coRpQYNO d) cooling the solution to
obtain a sal tH,\g? conpound 1 in a solid form [0014] In
anot her aspect y_the present invention also provides a
process for ppeparing a conpound of formula 6b, 6b
wherein,x is OR%; RBis selected from-RJ, -0R J,
-N(RJ) 2, -NO2, hal ogen, -CN, -G _4hal oal kyl,
-G _4hal oal koxy, I-C(O) N(R J)2, -NRICCOR J, -SORJ,
compg%, -S2N(R J)2, -NRISO2RJ, -CORJ, -NRISO2N(R J) 2,
- J ; RJ is hydrogen or unsubstituted Cl
al i 1bh Aggctng pepgmpound of formula 4b,
NTSX

o~

NH, 6

4b ;

H,N

wherein,
Ring C is a 6-membered heteroaryl ring having 1-2 nitrogens, wherein:
Ring C is substituted with 1-3 R groups;
each R' is independently selected from OR? or halogen; and
R?is Cy.4 aliphatic; or
Ring C is an unsubstituted 2-pyrimidine ring;
X is nitrogen, CH, or CF;;

with a compound of formula 6b,

[ e
/—(R x
o s7 0
RY\NJ\N/)\NJ\ .RY
H H H

6b

wherein,



each Rg is Cl aliphatic; conprising: ic) reacting a

conpound of fornula 6aaa or a suitable salt thereof:
w@ama/oeses ein x is 0-5; RBis selected from - RAICT/USIRIS/082565

-N(RJ) 2, -N®2, hal ogen, -CN, -Gi-4hal oal kyl,

-G _4hal oal koxy, -C(ONRJ)2, -NRIC(OR J, -SORJ,

- SO2RJ, -SOZN(R J)2, -NRIJISO2RJ, -CORJ, -NRIS2N(R J) 2,

-CQCI8-5) ; and RJ is hydrogen or unsubstituted Cl

al i atlc with an |sJo apat e of formul a RY- N=C=0
whelk eis selrpred 5ot R '6-QR | PHRDE cNOp-halgean r¢M b Cettlortl e of

-Cl\é}@él&ﬁkc%d C?il\gf% DR/ GONVEROR OsBIIRVISUENR'GO 'THQ%Q{J Ofcor’,

formul a I n anot her ‘aspect, the present
-NRﬁQéﬁ(tR)@nCQI pwvdjvfedles conpounds of formula 6b useful

as k0L BF ERuDAGREC PLAGRRBSAIOT Lhe present

|nvent|o erein x i s selectedfrom
-RanchBt 180G aNpRIE2, - NO2, hal ogen, -

ina W&: %1%?11‘6 %%ﬁlﬁjg b‘é%gﬁ? aétlérog ﬁl(l @gl s&% ﬁdcﬁ%uce the
commoffohRﬂSDZN(RJ)Z - ; RJ is hydrogen or
subst | hatl
00857 o ek s Reph BB i B SR Bute et duappitine
compoued b formdh $0 provi des conpounds of fornula 4a usef ul
as internediates in the processes of the present

i nvention: 4a N~
' =
N
N | ~
Y\NH N__~
HN
Y=o
HN)
1

comprising:

a) slurrying a preparation comprising a compound of formula 1 in an organic solvent,
water and acid to obtain a suspension of the compound of formula 1,

b) heating the suspension to obtain a homogeneous solution of compound 1,

¢) filtering the homogeneous solution of compound 1,

d) cooling the solution to obtain a salt of compound 1 in a solid form.
[0014] In another aspect, the present invention also provides a process for preparing a
compound of formula 6b,

AN

| (RO
(0] S (0]
RY\N)J\N/)\NJ\ _RY
H H H
6b

wherein,



wherein Ring Cis a 6-nenbered heteroaryl ring having

1-2 nitrogens, wherein: Ring Cis substituted with 1-3
w@Rogoesps; each RL is independently sel ect ed PCDOSIORR082565

or halogen; R2 is C _4 aliphatic; or Ring Cis an

unsubstituted 2-pyrimdine ring; X is nitrogen, CH or

CF;, and RN and RP are independently NO2 or NH2 or

NHRW oRw i's an ami no protecting group provi ded t hat

the follow ng conpounds aje excl ud

2- nlf\tllséeleﬁt?dpg?mdlf\n R yINR2:, clﬁwuhalioaerg -CN, -Cy_shaloalkyl,

-leﬂ%laﬂlt&?)’@@méﬁg ﬁRmv);wdlsro;Rz $DOIR'S- s, RYE,dINR’SO5R’, -COR’,

éne-
4“%@®dﬁ@%h»§i¥¥¥%azol-l-yI) 5 (pyri di n-3-yl)phenyl )ani ne
r ogy [0017] As used
hefgﬁ%ﬂhﬁﬁgﬂi @Fgﬁﬁﬁ%§ﬁgfﬂn@%¥%2§hshalI apply unl ess
ot hermRS & Gindlipltied. For purposes of this invention,
hem cal elenents are identified in accordance
he Periodic Table of the El enments, CAS version,
Hanidbeakingh cGinpering tof foranid 6By & acsijtablStall thateof:
Addltgonally, general principles of organic chen1stry
é%crlbed in "Organic Chem stry", Thomas Sorr el
U |¥,r3|ty Sci ence Books, Sausalito: 1999, and
" ch's AdvancedOrganic Chem stry", 5th Ed., Ed.:
Sm'/th, MB. and March, J., John Wley & Sons, New
rk: 2001, the entire contents of which are hereby
HNF porated by reference. [0018] As described herein,
conpounds of the invention may optionally be
Gafastituted with one or nore substituents, such as are
illwﬁggﬁ&%g)?enerally above, or as exenplified by
particul ar classes, subclasses, and species of the
|nw§%mwdmnmNMQn -RDIGR 't MR’ )0 ASOp dalopémFCN nCarhploglky b

g TN FER O SOaB ey G, Afgour’. -cor

4«§Sb$ﬁﬁ$ﬁeﬁtXhﬁy bel ei t her the sane or different at
eacﬁh 5) hydrogen or unsubstituted C,.¢ aliphatic;

with an isocyanate of formula RY-N=C=0, wherein

COI%HI‘{%H’I

RY is Cy. aliphatic;
in a suitable mixture of water and an organic solvent to provide a compound of formula 6b.
[0015] In another aspect, the present invention also provides compounds of formula 6b
useful as intermediates in the processes of the present invention:

[ e
/—(R X

re L A JkNiﬂ

N” NN
H H H
6b

wherein

x 18 0-5;



[0019] If a substituent radical or structure is not
identified or defined as "optionally substituted,” the
waemeet8eEnt radi cal or structure is unsubsti tRECEUS2008/082565
[ 0020] Conbi nati ons of substituents envisioned by this

invention are preferably those that result in the

formati on of stable or chem cally feasible conpounds.

Ther gracisd Rbth &R, -G8, meqz,hﬁoelhalogé@fmad glaro@mypunds
that are not su stan}rall altere mhen subj ect.e

-Cleb%ﬁﬂquzzsn§(%\1(g b WRIGOIR héqR POk etSCbN(R hetl\ﬂ%ﬁ@dﬁq -COR’,
¢U@g@ﬂm@eget@ﬁkyythelr recovery purification, and use
for one or nore of the Poses di scl osed herein. In
sonk ihiseetienentsubsituseddblealiptipoudd or chenical |y
fe IS one that is not substantially
alﬁépgg ﬁﬁ%n Egﬁg'at a tenperature of 400C or less, in
[00i6le abswnhewtinf afmar:tsthu p@sent inyeiten atsh erdvades cympaads ¢fifermula
4a useﬁ.ﬁl %Tm erl%ﬁdlatgs m"ﬁ{le prﬁc% ses gf tY}@ resenu %Venﬁlsogghﬁetr Slr nm
means a stralght chaln (| e., unbranched) or branched,
dubslt i tut ed or unsubstituted hydrocarbon chain that is
pl etely saturated or that contains one or nore
s of unsaturation. Unless otherw se specified,
hatic groups contain 1-6 aliphatic carbon atons.

RN nYsowe.eyrbodi ments al i phatic groups contain 1-4
carbon atons. Suitable aliphatic groups
|nclude but are not limted to, linear or branched,

sub@tltuted or unsubstituted al kyl, al kenyl, or
whabiynyl groups. Further exanples of aliphatic groups
Include, but are not |limted to, nethyl, ethyl,
Rmrgr(b}syil6 mbulbeydad. hetesogylopyglbaving dl3utitydgens edetowt vyl |
rt-~but Iror mrhexyl The terns "al kyl" and
%§CIS XMhmBqﬁﬁﬁﬁ% i8R herein, are inclusive of
bonhdermn@hpmmhabmeamﬂdﬁbmnmﬁeﬂhsbgmwated car bon

The term "al koxy", as used herein,
ref r%crbggﬁhﬁile group, as previously defined.

aﬁﬁg@hﬁﬂnﬁ@mﬁh@wﬂaqﬁﬁhmaheﬁ@;bon chai n through an
¥% "al k xy atom [0023] The terns "hal oal koxy"
Xl%wl'ﬁﬁf HPWVS'aP fers to alkyl, alkenyl or al koxy, as

NaﬁwR%aéﬁad@wdaﬁlymmﬁwﬁzlﬂrmw,th one or nore hal ogen

atong. . .
R™ 1s an amino protecting group;

provided that the following compounds are excluded;
2-nitro-6-(pyridin-2-yl)-4-(pyridin-3-yl)phenyl)amine; 3-(pyridin-2-yl)-5-(pyridin-3-
yl)benzene-1,2-diamine; and (2-nitro-3-(pyrazol-1-yl)-5-(pyridin-3-yl)phenyl)amine.

Definitions and General Terminology

[0017] As used herein, the following definitions shall apply unless otherwise indicated.
For purposes of this invention, the chemical elements are identified in accordance with the
Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics, 75M Ed.
Additionally, general principles of organic chemistry are described in “Organic Chemistry”,

Thomas Sorrell, University Science Books, Sausalito: 1999, and “March’s Advanced



[0024] The term "hal ogen" or "hal 0", as used herein,

refers to fluorine, chlorine, brom ne or iodine.[0025]
wWab@oversns " heteroaryl,” refers to a nonocycl i cPET/H§R008/082565

system having a total of six ring nmenbers containing

one or nore nitrogen heteroatons. The term

"heteroaryl" may be used i nterchangeably with the term

Orgahr%t@{e%wl’ yhlgaq [Q{Q@{SM W §aoukrch 'JmJ&ﬁ‘ltWQéy & Sons, New
m)noci/c i C eteroar rings include the fol|ow ng:

Yorky 2081 iy entige c‘@ntentlgy%(wamlz axg|herehy gchtpgtag;qd bygeference.

[oolP¥]" ! ' dAgf dé@c)lbedméfénmcglhﬂéﬂnd:( @Etﬁe mvpéfiroh maQ'OBfi&laMJ/ be substituted
grlm din-4-yl, or pyrimdin-5-y (

azil ny
withpnd efamera s@sifucnty yrdhs aferillustipred ggwalg'@bpw 8L a)ﬁlexer@mhf%d by
parﬁé{flér%g%éeg sgbéfés%esheggig ggc'l yolf _the}_?\’eﬁ{l&f’?‘r\w &h AhE tﬂ%ﬁg&gg[}fsqlorr]l in

according to stahdard chem cal nomenclature.
anysgvam S@ntt@ldmnm'mewbsatdu@t\@ﬂolamy Ithagroo@l pubyayers o¢ltcd¢hirgne

speglﬁegfgrou S[He Su st e%ﬂn% 0 g ltl%eiagll Erﬁ Scﬁf'férlgrﬁn gacf?postritgo%.

ted Car bon &
[0032]l ectlédsubstitnert halsel ori ssti@dreiinndt h‘(&nﬂlﬁédl crnldbﬁrmd a&f‘oﬂﬂ])nally
d herein, a bon dtd gwnfroma
e

s IGHT i SnETREn RS DEE Bt RSN hi o

[Oomu]l ti Qbmbirnmﬁtglsfsyﬁﬂaeuiméngssensmmmd meihaw&vdnemﬁspm‘@abg those
titutjion o substit stituta .

thaSBRT U PRy bR 8 SRR COTR U (NS e o

use8 Yisfe BIMefdrofo @xpoRlde thaFar@ usmastman}eamdswmsﬁbj bl to

COI)GI’[IO%F é?tia:ljlé\lvggr Lgﬁ&ggwtlpbwéfteo%zé&d{[ﬁ‘?f;ﬁaﬁl&og@]‘e%?qvgél purleﬁcatlon

andAfs@ ¥R one 8SmbS B HRYUBILbs disERERIR AN, LIQSEe SHBRSents, a stable
i ntended to ﬁ}tot ect a functional group, such as,

f
corgoip Precheriraty fatibe comprugd is egrths seytot Substpmiisy e tcred when kept
at aacgl‘ﬁfé& Ere%qgﬁ(;o&fl&ls Gn ql?eaa%%‘in%]& Igdﬁgthfé%r SRt &%Bﬁ&lly reactive

procedures used protecting groups are
condit®o$, d@@dleana(@reebne and Wits, Protective Groups in

[00%)]r Emlﬁ%éé{)t '!1] \X%ldt?ﬁf] 0? r‘glpﬁgb :gbgu%;,ga‘;sgllg%d }}ge!l £ e‘%ns as Iséighlt\lgham
(i.cr, @hlgaehed.or Evaamumbmﬁuted d)lftmglﬁntﬂ}nredﬂlydlbcanbptglhamphat is

corllfqg%tﬁ];;/%a%uaﬁeé { %o%gbrrsg)hgl (P:ra &B%%}t%gﬁr unsﬁurﬁﬁ#fl Q(lj‘r@eésls )9 herwise
spedifiodh |atipidic gtcmbs cohtddi DBRHEpIRkY carbb athihtiomGame bmbodlments
aliphatic groups contain 1-4 aliphatic carbon atoms. Suitable aliphatic groups include, but
are not limited to, linear or branched, substituted or unsubstituted alkyl, alkenyl, or alkynyl
groups. Further examples of aliphatic groups include, but are not limited to, methyl, ethyl,
propyl, butyl, isopropyl, isobutyl, sec-butyl, fert-butyl, n-pentyl or n-hexyl. The terms
“alkyl” and the prefix “alk-", as used herein, are inclusive of both straight chain and branched
saturated carbon chain.

[0022] The term “alkoxy”, as used herein, refers to an alkyl group, as previously defined,
attached to the principal carbon chain through an oxygen (“alkoxy’) atom.

[0023] The terms “haloalkoxy” or “haloalkyl” refers to alkyl, alkenyl or alkoxy, as the
case may be, substituted with one or more halogen atoms.

[0024] The term “halogen” or “halo”, as used herein, refers to fluorine, chlorine, bromine

or iodine.



trichloroacetyl, phthalyl, o-nitrophenoxyacetyl,
a-chl orobutyryl, benzoyl, 4-chlorobenzoyl,
WeRMoMeIsENzoyl , 4-nitrobenzoyl and chiral auxi PCEHDB288/082565
such as protected or unprotected D, L or D, L-am no
aci ds such as al ani ne, |eucine, phenylal anine and the
|'i ke; sulfonyl groups such as benzenesul fonyl,
[0025]t Ol YRNREH HARRYAryRNErctNS alnhdBeychiafiRaiR Lt W RYRSoEMURIx
as benzyl oxycar bonyl, p- chl or obenzyl oxycar bony
ringyMEEP D KYIEHAY PRSI CRAD BIFPRSN stfreatasbie NIty @aﬁewawgli may be
usea 1&&&15&&9%55’&%%@ ARCANEroarky Iﬁ?ﬁ%?’ﬂobenzw oxycar bonyl ,
- di met hoxybenzyl oxycar bony
[0036]5 d“ﬁﬁph@w@@ggyﬁmyﬁgg bgtgly)plyl rings include the following: pyridinyl
y g -
p 1? r%o'Eg efré]lzi gar bon{/ ?91[1%ld’1ny1 e.g. ZPyg_;lmldm -2-yl, pyrimidin-4-yl,
or qurmgdlhd)@lb@mlz@dzmyy(@g,mngdzm 3-yl, pyrldazm 4-yl, pyridazin-5-yl, or
pyr?daf 31% %L Pﬁ%%l%% %gegego?%lg )r(ll)él rrn%Qr@é{ aCCOI'dll‘(thO Q%af’?@a?@ dhemical
nmnmmhdnﬂethyl 3, 5- d|nethoxybenzyloxycarbonyl,

nzhydr bonyl| Io car bonyl , .
003 ot S e BR Co B S S Pa s b g substivents
Suleblmwsmreb@ 1oy lthe uiedtinany eabhxonyﬂn,of ahétyloaryy ganpaytlected from
6% tr| hLoro \hoxycar bonyl , phenoxycar bonyl ,
ﬂmﬁﬂﬁl i &@O% onyl, fluorenyl-9- nethoxycarbonyl,

[002¥|C! opeabytiBoeadit@myhd daea R Ydubx et RARYEenter of one ring
C cIohexonxycarbonyI hen%lthlocarbonyL and t he

w1tp1|nl€1énulgﬁ> Giigg Rx,sr[enggaé al&wnéq%qu AP ywbstltutlon of the substituent at

anyl ubPNEMIL PR in alREs¥ENd OREY WBthVthe ﬁlﬁﬁllptel}ﬁlgl sk ap@k example,
silyl groups such as trinmethylsilyl and the like. In

Figgiea reprpwats meyitble Nbpteticadn pryoighorgygioay gopmnyafigyre b
[0030] Unless otherw se stated, strugsures depicted
herein are also nmeggt to include gl lisqgeric (e.g.,
enantioneric, diagtergenmeric, and ggongtric (or
conformational)) of the stryg ~'Rgor exanpl e,
the R and S confi ations for each ymretric center,
(2) and (E) doubl e bond isoners, and (Zg and (E)
conf or mati onal i slogwes. Therefore Figuigy

D L s N e
profeckd funetonalf groupesyshes é‘mt exemnlpmmrﬁdksohalr enuw,tdarhoxylh@rtmab etc.,
'clga?\lK éxﬁ%sd-aﬂté‘? c'tlgrﬁ du fl‘% ﬁéﬁw% I%rcé[H ?to@#equ u%j: n]%rotectmgrgeroups

oneric ornB 0 conpouna: Irnve
are\listlosad ih Kizcene apkeWafs, Pif@ﬁ?ctsz@rmwnn Oragdé Sinoresis, 3/ Edition (John

Wifég/] I&e§osns % ehv? gfvov}ké ?99%5 a%Elhelc is %ntcrorlf)%}a!fled%eremelpy reI’erence elgxamples of

nitrogen protecting groups include acyl, aroyl, or carbamyl groups such as formyl, acetyl,

propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl,
trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-
bromobenzoyl, 4-nitrobenzoyl and chiral auxiliaries such as protected or unprotected D, L or
D, L-amino acids such as alanine, leucine, phenylalanine and the like; sulfonyl groups such
as benzenesulfonyl, p-toluenesulfonyl and the like; carbamate groups such as
benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-
nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-
dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4-
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are also neant to include compounds that differ only

in the presence of one or nore isotopically enriched
W@r@am®e18Eor exanpl e, conpounds havi ng the pr esRE/US2008/082565

structures except for the replacenent of hydrogen by

deuteriumor tritium or the replacenent of a carbon

by a 13C- or 14C-enriched carbon are within the scope

dmféﬁhokweﬁzyl&as@%b@m 4- 1§%&y¢>&@%&9&%@9ﬁ 2usefuk, f or

exanpl e,” as anal itlcal tools, probes in bIO|O i ca

Hﬁ&@@@n%@xyg@rb@}y /%wlme\ﬁmﬁh@r@ym@rWﬂhl mrblpb%b/l) I-
meﬁl R fﬂoﬁylp& (&f dhln%thg{-g) Q%ilrlletfl Béh%gl%g@fy ng par the

esen I nvention des a p oce ing a
bmumnpﬂumﬂm@bnﬁQMMmM@q@mp@Q&meqmqsmm@h®nb@ﬂmwénts t he

isolgréﬁ)‘é?}lcsygéaérégﬁxl,?eﬁhgoggéa:ﬂgﬂ%x me%ngyc%ﬁ:)onﬁ alfy?ox%argonyl 2,2,2,-
tricB}of-detlmkyaeaBao(lﬁl ghehobrctidbmydmehibrgpheh o3, Artodnolx Alhoegl-an- 2- y
L
melpb a5 [OP%ﬁ@waf'?boﬂxqu%dﬁmﬁmyﬁ%éwfaﬂaﬁcw&e’ty#%yﬁﬂm{wl
phedylthibdaybodyiama ﬂ%q?qa arﬂglkytgeom rstacgl_ws ﬁelﬂz_fyl Tugyheiy meByand
the co of. fo i phasi.c.. m xtur
benéglﬂ’&q‘g?ﬁ Rﬂlé‘?é‘}‘e a‘tﬁu‘éﬁ% B‘H?Sé“ ‘Eﬁ‘ﬁ’tﬁﬂéﬂ)g]é%‘ttﬂﬁﬁlﬂe- gln one

embdd%ﬁ&ittN@FbtéEﬁthgroﬁﬁd b Fﬁaloylo produce
IuoroEyrld n-3

ro-6-(pyrimdin e
l00§%1n anpﬁkesscﬁt Wﬁﬁﬁqaﬁda@tmatures id?nl«)tedr 1&9% %W@ISP Fi’é?aﬁtdﬁﬁk?i}ﬂﬂ all
isobrid @rg_méhﬁltﬁmteﬁc Ql'fa@féké%ﬁ‘neﬁc @Rd bdARERBF écgﬂfd}nﬁﬁdﬂa?) Rrms of the

pyrimd benzene-1,2-dram ne of fornula
Stméﬁ%tf@rrﬁgamhlé tg% @Jﬁﬁowguf%wmﬂoae@hmxmnqtﬂ@cmam
dm@ e BoRli EEgln%rs add (7 Shdl () SortSrhRBaR féoﬁ{éﬁét Yh&BRMAAHS] ng

fere ter ‘and an organic solvent to produce the
ster@mhsmmwsmerﬁ oY well 2 chantjopR8g]diasterepoeric curd gelimating ©r t he

con?&%ﬁ&ﬁl)q%% dégtof 'tlfg g)kés%rﬁ loSm nﬁ?£r9W1 1nStR élcl%ﬁé ?fl 1&9 ggé]i"]tion.

rotic solven
Unked @ledrede ftawd all t@utordq:mﬁbhm(qfehdmepoumﬂs OX thmevention are within

the %t@qg)tﬁ;%ﬂhte rul%vlegt’lon R i (faionallypuenrl]ezsg 0t%brw15¥3 s?ate%s Strungltres%eplcted herein

are also meant to include compounds that differ only in the presence of one or more
isotopically enriched atoms. For example, compounds having the present structures except
for the replacement of hydrogen by deuterium or tritium, or the replacement of a carbon by a
B¢C- or "*C-enriched carbon are within the scope of this invention. Such compounds are
useful, for example, as analytical tools, probes in biological assays, or gyrase/Topo IV
inhibitors with improved therapeutic profile.

[0031] In one embodiment, the present invention provides a process for preparing a

compound of formula 1:
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met hyl ethyl ketone, nethyl isobutyl ketone, acetone,

N, N- di net hyl f or mam de, N, Ndi net hyl acet am de,
wWOReOENIPYrrol i di none, or dinmethyl sul foxi de. PODBS3008/682565

ot her enbodi ments, the aprotic solvent inii) is

sel ected from 1, 2- di nmethoxyet hane or di oxane. In

ot her enbodi nents, the aprotic solvent inii) is 1, 2-

di met hoxyet hane. [0036] Injother enbodiments, the

organic solvent in ii) is a protic solvent. In sone
IOOéHbodirhS@me@mbpﬁl@emsOtb@ Brogesp (REMECPRIANG 4 qonngurdsgfefpimai 1
corhfrRE: met hanol, ethanol, or isopropanol. [0037] In some

enbodi nment s, the base in ii) is an inorganic base.

[ 0038Yoviding diffeorerfoddt hemtgmethii] B Acligaherelabasdnyriding )
I : '
o b R T PR Frin B
sodi hosphat e, gsodi um hydr oxi de, potassi um
hydnloxjJde or |ithilum hydroxi de. [0039] In sone other
enbodiynents, the prgani ¢ base in ii) is selected
fronw@pta33| O .N\ cesi um car bonate or
potQ thn1pho§phakﬁ d et other enbodi nments, the
i nopaiikc base in'17) ¥€ sel ected from potassi um
carbopate. [0040] In sone enbodiments, the
transition-netal catalyst inii) is a palladium based
catip) ysds-colGii He dothpd M EHRRA 1Bt tBe cdnkiRund of formula 3 in a
al 'adi um based catalyst inii) is selected from
blpgqﬂq ra@pmmqmgrlé@gt@feé, an organic solvent, a base and a transition-metal catalyst
to ﬂr@&fe@h I(54etbio W b RNOS Rl REb PR @D W Q) e Rinine of formula 4,
tris( |benzy |deneacetone)d|palladlun(O) I'n yet other
enmbodi neris;™ t he pal | adi um based catalyst inii) is
|)acetate. [0042] In sonme enbodi nents, the

&l 1 gand. [0043] In sonme enbodi ments, the
iggnd inii) is a triarylphosphine |igand
FKY B sphine ligand. [0044] In sone
enbodi menHs Nt phosphine ligand inii) is a
trial kyl phosphi ne 1i gand.
4 ;
iii) reducing the compound of formula 4 to produce 5-(5-fluoropyridin-3-y1)-3-
(pyrimidin-2-yl)benzene-1,2-diamine of formula 5,
F

N~~~

o~

N

H,N 7S
NH, N~

5 ;

iv) reacting the compound of formula § with the compound of formula 6,

12



[0045] In other enbodi ments, the trial kyl phosphi ne
ligand in ii) is selected fromtri-wbutyl phosphi ne,

W 24090618038 y| phosphi ne or tricycl ohexyl phosphi neCT/pPS14$5982565
In some enbodi nents, the phosphine ligand inii) is a
triaryl phosphine |igand sel ected from
tri phenyl phosphine, tri-o-tolyl phosphine,
tri-mtolyl pesphi ne, t -ptolyl phosphine, or
tri-p-anisyl phosphine. [0047] In other enbodi nents,
the triaryl $phine ligand in ii) is selected from
tri phenyl phosgghi ne. [0048] In sone enbodi nents, the
bi phasic m xtjure in ii) additionally conprises an
arsine 19 ge§id. 9l n some enbodi nents, the arsine Iigand
in iR yarsine ligand. In sone enbodi nents,
t he trmary i ligand in ii) is triphenylarsine.
[0049] In so ot her enbodi nents, the biphasic mxture
inii) additiPonally conprises a phase transfer

in ﬂﬂf)lﬁlsi)ﬁﬁmtufe%ﬁl@}mh bR WM AR Bctnic kNOer? RASBduce the
transfer cataly Inii) is selected from

corgRopy o forfatlyd anmoni um bromi de, tri-w butyl amoni um

[00S8yl or nfis%n@ren{%&%h{s I th&BiloRYit QTR UM PticdBvel0051]
I'n other embodi ments, the phase transfer catal yst in

[0034]) | & soeeyembelimeninythapreid ohientia i &éeleftg@ﬁgfp I}2h some
: t | n
dm%'tfﬂ%g%tﬁ%@ Boxahd 8chERSTe ?&%Q%St%?zeﬁl@%agieﬁ&’s” R ur%l%ﬂ{ey

tween 75C’to 1000C. er e
methyketleyl drstone eyl ingbutddetoneraceséne, NyV- dlg’lerhyi-fomanbéq We¥n
dln% &%cgtgm%golg eltlgr r}%r%%h&) B?\%r OPJIR&% E)%%ie, the cross

I ng Feact S run [0054] In sone
[00é51]bodlm®h¢r$m'bndlment)s thh@rctmqobmmtdn @) isfseleered Bomd 1i2s

dlmeﬁlduc ane rolrd 10xa&1%t er emgxg&%gteq ! I onthc SO V%ll’lttl 91 1Sé 1,2-
conprisin a SUIta rogen a ere an

dmﬁ:thokﬁdm]hﬁeor gani ¢ sol vent

[0036] In other embodiments, the organic solvent in ii) is a protic solvent. In some
embodiments, the protic solvent in ii) is selected from methanol, ethanol, or isopropanol.
[0037] In some embodiments, the base in ii) is an inorganic base.

[0038] In some embodiments, the inorganic base in ii) is selected from potassium
carbonate, cesium carbonate, potassium phosphate, sodium carbonate, sodium phosphate,
sodium hydroxide, potassium hydroxide or lithium hydroxide.

[0039] In some other embodiments, the inorganic base in ii) is selected from potassium
carbonate, cesium carbonate or potassium phosphate. In yet other embodiments, the
inorganic base in ii) is selected from potassium carbonate.

[0040] In some embodiments, the transition-metal catalyst in ii) is a palladium-based
catalyst.

[0041] In some embodiments, the palladium-based catalyst in ii) is selected from
palladium(IT)acetate, tetrakis(triphenylphosphine)palladium(0) or
tris(dibenzylideneacetone)dipalladium(0). In yet other embodiments, the palladium-based
catalyst in ii) is palladium(IT)acetate.

[0042] In some embodiments, the biphasic mixture in ii) additionally comprises a

phosphine ligand.
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[0055] In other enmbodinents in iii) the catalytic
hydr ogenati on conditions conprise a pall adi um net al
W@ 2009/091875 on car bon, a hydrogen at nosphere of PEL/WEWNL/182565
to 10 atnospheres and an organi c sol vent selected from
an aprotic solvent, a protic solvent or m xtures
thereof. [0056] In other enbodinments iniii) the
[00R%Y | aﬂi ééme@ﬁib@hmﬁ:ﬁtts athy pospSindRLNE &I EYa trrdP%sMine ligand or a
t palladiumnetal on carbon, the hydrogen
trlaﬂ@ﬁ%@%éﬁ@gﬁfsﬁ between 1 to 6 atnospheres and the

[00@5]9 an hf:soﬁf%l e\&ﬁ)@alnleﬁts ath@f)msblﬁnes HEM 11)%?5 ﬁ%‘il@/@phfoﬁfﬂme ligand.
hanol or ethanol or an apro I ¢ solvent sSelected

[00ﬂ$]om ] (pdnqj|eﬁ@pql1yjeg‘r@,ethgmaﬂqlp@psphme ligand in ii) is selected from tri-n-

i I her enbodi nents
butllﬂﬁﬁ?s' P@E%ﬁﬁdﬁ%ﬁﬁg %%&ngggi%héx g)}{gstsphﬁlgs between 1% to
[0030)% bin meie@htbogbiaiehiadhmmqmltlm liggnd mam)bemtrlanﬁehOthn@wnd
sel%&qufc'd%p fﬁgﬁtfn\}/ éjh?ﬁ)th\’\%et?l oltoilyq%hos@]tlr\lleén ;Dq%fi? Séognnfef
tol)riﬁtobpinm ooﬂrueumwmmoslﬂnnean aprotic solvent select ed

1008 ooa i SPERTERS. R B sl delied o

triphetylphesphido t 0 10% by wei ght pal | adi um netal on car bon,

100385 ¢ TG GRRPEMEBR VB o NN D A el KR T Rcn & rsing

hginaOﬁQs]oniermﬁ)@meﬁﬁbmel m@ﬁeulgandtlﬂ ) Ragadtyarssellent ThBorhy)
an aprotic solvent. [0060] In sonme enbodinents, the

em%%na%% thedrigralaesinerigagd inj 19, lsstepléeet/@&fﬂﬁ om 1, 2-

[0099]TEt ROXVRIJARE BmMBE ikl bR ANGHipHa® Bt tudeNn ﬁpﬁﬁ%htlonally comprises a
enbodi nents, the conpound ]? formul a I's used as a

phaseirgisfes gataliistan aprotic sol vent. | 0062] In some

[OOSMbOdid%%%mbToﬁ‘lﬁleﬁ@ WHQ[:Hbge nsfP E:HM%%% (1)1511 i€ sUS&Rd B @

solution in 1,2- dinet yet hane In some ot her

ce@ﬁ@@@hm@nlumh@@émvmt}@&mm@ﬂmIChloedet & used in a
ben%glﬁlgetﬁ L MnohiDQ6 Progdaesorre enbodi nents, the biphasic

ere water solution in iv) comprises an aprotic
[00§Bll veht othergmbndianguiechsplipsd frasfeaditusttediixie a pH of

cet ?%\%@?%Ig%%ﬁébr%%gﬂ In some enbodi nents, the

ered water solution in iv) conprises an
[0052] In some embodiments, the cross coupling reaction of ii) is run at between 75°C to

100°C.

[0053] In other embodiments, the cross coupling reaction of ii) is run at between 80°C to

90°C. In yet other embodiments, the cross coupling reaction of ii) is run at 85°C.

[0054] In some embodiments in iii) the compound of formula 4 is reduced under catalytic
hydrogenation conditions comprising a suitable hydrogen atmosphere and a suitable organic
solvent.

[0055] In other embodiments in iii) the catalytic hydrogenation conditions comprise a
palladium metal catalyst on carbon, a hydrogen atmosphere of between 1 to 10 atmospheres
and an organic solvent selected from an aprotic solvent, a protic solvent or mixtures thereof.
[0056] In other embodiments in iii) the palladium metal catalyst is between 1% to 30%
by weight palladium metal on carbon, the hydrogen atmosphere is between 1 to 6
atmospheres and the organic solvent is a protic solvent selected from methanol or ethanol or

an aprotic solvent selected from N, N-dimethylacetamide or N, N-dimethylformamide.

14



aprotic solvent and an aqueous buffer adjusted to a pH

of between 3 to 4. [0066] In sone enbodi nents, the
W@RIonss7sol vent in iv) is selected from 1, 2- PCT/US2008/082565

di met hoxyet hane or di oxane. [0067] In other

enbodi nents, the aprotic solvent iniv) is

1, 2-di met hoxyet hane. [0068] In sone enbodi ments, the

[oomact 1Ot Ofhel dboldimdntiNn &) tRETNBE MM 2RO ALy &Q@&%een 1% to

| 69] 1n other enbodinents, the reaction of i V)
30 l'.?ﬁ watehbeal indiam magencarbondis hydgrgropimopphpex is Betryarn 1106

atnﬁ%}f@f@s %(Fﬁlé orﬁafl‘l@ sbIGafR &S epﬁof?cf SOII\)é)lt deRoclcl @roﬁitmaﬁén\&?@rrbthaﬁg or

In some enbodi ments, the process fo
an ?H}f@tp?eﬂolVﬁ@t spleet?%ﬁpmz\élb’ﬁhr(l@hﬂmm@wn d| n- 3-
[00¥$]) 71 JP[?(& e alﬁleﬁt Y iy | he af?a%ﬂﬁﬁ)%g ﬂ;?s%%'b‘e%&e%h $4r§80%
formu er conpri ses: urrying a
by wplgbmaaadlmn ngtakpn cabery the lwdwg@uatmomhelfedsr patveenll b an

atmo}glg%% es%n(f'&)l Fa%lb sg\?IYa%n? Sﬁﬂﬂdl%gtlh% a&‘ﬁ m éal n a suspension

he conp eating the
[0059is p e Irss'ome ehibodibteais nhaoﬂgamm gcémo insivsio b bprotic ivent.

nd 1, filterin the neo | utj on of
00§ o erfibeiish i, Aol SR R S S Bl L2
&n&ﬂm&ﬁﬁmmﬂﬁﬂdﬂxmﬂ a solid form [0072] In sone
odi nent s id organic solvent in_a) i a otic
00§ vt omeaimp it B L ront ot 8 Rusel e BhReaf g
aprbtic #)vehs t0 a tenperature of between 400C to
900C. [ 0073] I n sone other e [ments, said tic
[0083)| v et Sof eaybosilglea%ﬂﬁ%\ﬁ%?poap 5y 0 lss%%FQ‘jaSs%ﬁ USiqp én 1.2-

dinR@odydtanfEt hanesul foni c acid or et hanesul f oni ¢ aci d
and said heating in b) is to a tenperature of between

l006%ioc {frosogsother gobrodimenys, Shsrpompattidif fertudp 6 is yeeddp @ selidsform.
[OOEQ) pf@%ﬁﬁ'eﬂ@)ohmﬁh@}’the %Pﬁélc(tﬁfﬂfe}eﬁ AR Y61 LE R gv) comprises an

(pyrimdin-2-yl) benzo[d] i m dazol - 2-yl') urea
apreffic @b«emﬁné an afugppshiantfer ediptddste 8 PHeOf betavgey3toad.- 1 i zi ng t he

g SRRk 5y L PSR Gl S
aprbfeqméweatt amden aq@oFBiuficnadjomel te wipbldifivemesn 3 tave
[OOE@C r Zl%nt s% e: e@%&o%@{/&gt‘r_s]{]thg gprSt?c'Q%”eﬁt%ﬁ i&} imei(etc{éﬁ %rogf l,ﬁ\!at er
dlmethoxyethane or dioxane.
[0067] In other embodiments, the aprotic solvent in iv) is 1,2-dimethoxyethane.
[0068] In some embodiments, the reaction of iv) is run at between 50°C to 100°C.
[0069] In other embodiments, the reaction of iv) is run at between 70°C to 90°C.
[0070] In yet other embodiments, the reaction of iv) is run at between 75°C to 85°C.
[0071] In some embodiments, the process for preparing 1-cthyl-3-(5-(5-fluoropyridin-3-
yD)-7-(pyrimidin-2-yl)- 1 H-benzo[d]imidazol-2-yl)urea of formula 1 further comprises:

a) slurrying a preparation comprising a compound of formula 1 in an organic solvent,
water and acid to obtain a suspension of the compound of formula 1,

b) heating the suspension to obtain a homogeneous solution of compound 1,

¢) filtering the homogeneous solution of compound 1,

d) cooling the solution to obtain a salt of compound 1 in a solid form.
[0072] In some embodiments, said organic solvent in a) is a protic solvent, said acid is a

sulfonic acid and said heating in b) is to a temperature of between 40°C to 90°C.
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[0076] In other enbodinents in e), the protic sol vent
is ethanol. [0077] In sone enbodi nents, the present

WO p0oeq6iseh provi des a process for purifying a BPORNPS29NEI082565
of formula 1, 1 conprising: a) slurrying the conmpound
of formula 1 in an organic solvent, water and acid to
obtai n a suspension of the conpound of formula 1, b)

[oohgat | ngsohﬁ%t&%lﬁ%ﬁmgﬁs fsgd oRkidlsflvént APAVIRBABMS or ethanol, said
filtering the honpbgeneous

solution of co :
sulfpgicgeiddhmethaes ﬁgﬁymldlor ctmnesBlbrTingFid tel saidihgatingrin byis toa
wn@@&ﬁﬁ@mqmga%h6gﬁngggﬁpund 1in asolid form [0078] In
sonme enbodi ments of the process to purify the conpound
[0034] f ofmigimg emboglimegty, thapigcess famraparid \rethyl-3-65-@-fhosnysdin-3-
a S
o P e O S Bt Tl BB For B L R Ay s Dl
9004, re§r99718%ing thesaltrel whipenndenbbadinehit ggofic tdhenperaorissire of
if e f formula 1, in a) said protic
an&%FPg$¥W%i&Ql %%Hggyo%b%t%%mrnngnd said sulfonic acid
[0075] nmeihanesulbbdinicots abe ctestabizitamas e) dompirisesaonidtuanal water and
§%>sq|d heating is to a tenperature of between 500C to
2PEYHEETH80] I n sone other enbodinents of the process
[0076) putn cﬁtyertehrbomﬁﬁm@une) it pfosic sollent &, ethaﬁola) sau d protic

v IS e d said. sulfonic
1003 B R SET iy oroit by e fronist  Rigofs Frgugiving o
coﬁ@mm@bﬁ%ﬂﬁﬁaoj bet ween 600C to 700C. [0081] In sone
enbodi nents, the present invention provides a process
of purlfylng t he conpoundy ormula 1, further
conprising recrystalli zi the salt of compound 1 in a
sui tabl e organic solvent off a m xture of an organic
solvent and water at a sui | e tenmperature. [0082] In
sone enbodi nents, the rec al ;i zation conprises a
m xture of water and a pfo |cmﬁzzwent. I n ot her
enbodi nents, the protlc‘%fNWe £s et hanol .
HN

comprising:

a) slurrying the compound of formula 1 in an organic solvent, water and acid to
obtain a suspension of the compound of formula 1,

b) heating the suspension to obtain a homogeneous solution of compound 1,

¢) filtering the homogeneous solution of compound 1,

d) cooling the solution to obtain a salt of compound 1 in a solid form.
[0078] In some embodiments of the process to purify the compound of formula 1, in a)
said organic solvent is a protic solvent and said acid is a sulfonic acid and in b) said heating
is to a temperature of between 40°C to 90°C.
[0079] In some other embodiments of the process to purify the compound of formula 1,
in a) said protic solvent is methanol or ethanol and said sulfonic acid is methanesulfonic acid

or ethanesulfonic acid and in b) said heating is to a temperature of between 50°C to 80°C.
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[0083] In other enbodi nents, the process for preparing
a conpound of fornmula 1 conprises: ia) reacting

WG 2{034061800r opyri di n-3-yl ) -3-(pyrim di n- 2-yl ) beP@ZBn82008/@82565
-diamine of formula 5, 5 ; with the conpound of
formula 6, 6 in a biphasic m xture conprising buffered
wat er and an organic solvent to produce the conpound

[00961 f orRehR other ERORAhedtoSROBro 8D R URBNMNS coh PR bORREIa 1,

solvent in ia) is an aprotic solvent. [0085] In sone
in 33548 @ neleent iy rshanpl ad Seid sfopesicid in cthaneslfoniceciskand an b) said

heaﬁlﬁgmt&a%mp@faﬁfré besevelnane: 66%@@ oxane. [0086] In some

odi nment e conpound of fornula 6 is obtained as
[0081]s ol Ut osre elm’@OéIﬁleafp:rTfE@ prgsaabinyeniton ﬂomygl?}; a pypcesopepurifying the
t S
R A R A N S i b
suigbla ergapiisoldtent siixtuitef eoongaun @blvﬁfnt fmglrwai¢rat gsuigble
n%?}a{:ll ped in a solid form [0089] In sone enbodi nents,
7 ‘phasic buffered water solution in ia) conprises

[0082] apimdone eabbiiartts ahel rearys@atiuaounsompfifes b nagiutestfechtet andaa
odi nents, the
profi iieeal gTRY st FREmR PR e S conpr T ses an
[008F)r Ot IiCotBealevdodimand, tanprachde ot prpufidoer coaghounst @dotnalal pH
of . between 3 to 4. [0091] In sone enbodinents, the
compiseYi ¢ solvent inia) is selected from1,2-

di nig} haxiet Hesrgudbpyeid pxane-3-(bRaid]n-2-0)sinBek-1,2-diamine of
enbodl ments, the aprotic solvent ini1a) is
formuls Sqj et hoxyet hane.

N T

o~

N

H,N 7S
NH, N~

S
with the compound of formula 6,
NO,

in a biphasic mixture comprising buffered water and an organic solvent to produce the
compound of formula 1.

[0084] In some embodiments, the organic solvent in ia) is an aprotic solvent.

[0085] In some embodiments, the aprotic solvent in ia) is selected from 1,2-
dimethoxyethane or dioxane.

[0086] In some embodiments, the compound of formula 6 is obtained as a solution in an

aprotic solvent.
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[0093] In sone enbodi nents, the reaction of ia) is run
at between 500C to 1000C. [0094] In other enbodi nents,
WO b@oemtt i on of ia) is run at between 700C t oPODOK2008/082565
[0095] In yet other enbodinments, the reaction of ia)
is run at between 75C to 85C. [0096] In other
enbodi nents, the present invention provides a process

008D  PHERM RSB Lméimﬂgouﬁ@taméhm& 6 is CHRITRYAI a8 b RQutidh 1,2-
reacti ng a conpound of formula 4b, wherein,Ring Cis a

dinpthepyssaned heteroaryl ring having 1-2 nitrogens,
[OO‘M‘]er et \onRioRe: an@dnﬁém?' ttﬁetdéhl%guﬁ’éﬂ Jf Borbrud 34 ogfaﬁﬂé@ﬁr a solid

each Rl is independently selected from OR2 or hal ogen;
forand R2 is G -4 aliphatic; or Ring Cis an

[00g§":];S u b \;ﬁj §t0 teﬁ{%o&nﬁ}ﬁrs J% gl'pffi'ﬁlcr B are%%va'teé 851 v\ﬁl}({nqg ’001(1}51’1869 bn

" a conpoun ormu erel
aproticsolvRB dnd ag edlmuwf&r adjustddXp apBRIDetwen( Rtal). 2, NO 2

[OOB@( ﬁtll(%ﬂmj:) Eibodl ntj g?%?‘%{1§¥c bugﬁd?a?e?g%a%%)ﬁ ¥d) §8n§w(e|§zan
aprdt)@olvehﬁnﬂﬁ_ﬁ)ﬁ@bpu&lﬁm@r ddjustddRo 3 SERNPRWwEPL3 to O0COR J
008 Lo g bR R o O L e >
dinRiloRashame ot dibxne. conpri sing buffered water and an
[008£]gankn ot eorlev %nélmter?ts g gpl'rlgt?c sto %ntCn? liIB Pg d?rIlet}flo(g(yet alm% !
[0093] In some embodiments, the reaction of ia) is run at between 50°C to 100°C.
[0094] In other embodiments, the reaction of ia) is run at between 70°C to 90°C.
[0095]  In yet other embodiments, the reaction of ia) is run at between 75°C to 85°C.
[0096] In other embodiments, the present invention provides a process for preparing
compounds of formula I:

X

-

L o
»NH

HN
=0
HN
oy

comprising:
ib) reacting a compound of formula 4b,

i@
Z

NH, 6

4b ;

H,N

wherein,
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[0097] In sone enbodi nents, the organic solvent in ib)
is an aprotic solvent. [0098] In sonme enbodi nents, the

W@RIonss7sol vent in ib) is selected from 1, 2- PCT/US2008/082565

di met hoxyet hane or di oxane. [0099] In sone
enbodi nents, the conpound of fornula 6b is obtained as
a solution in an aprotic solvent. [00100] In sone
R1n%@f§q|6niﬁé1hl§eredﬁb@er&9ﬂ99ﬂg@ﬁv1ﬁé 100fit88eAs, Qldeleqh; Obt ai ned as
solution in 1,2- thoxy ethane. [00101] In some
é?tnwe@ isevBB Rt it | 3t3=1ér®@ﬁrpound of fornula 6b is
Obté%bl‘ﬂﬁdls'1ﬁheﬁer§l@1|1tlyc§efe%@froﬁ%ﬂ%hal’o@erﬁQIIIEP embodi nent s,
the biphasic buffered water solution in ib) conprises
an Ripf 614 dlipbetiovent and an aqueous buffer adjusted to a
t) In sone enbodi nents, the
trﬁ%ﬁggﬁb <éF%21§%%%§$£%%%tlon in ib) conprises an
XdapmogmmCEOMW§ht and an aqueous buffer adjusted to a pH

of b@%é"'@o oqouné?ff%nm[l% 04] In sonme enbodi nents, the

aproti is selected from1, 2-
di net hoxye e or di oxane. [00105] In other
enbodi ment &, JHEaprotic solvent inib) is

1, 2- di met hoXyet hane. [00106] In sone enbodi nents, the
reactiqp o§ i ) is run at between 500C to 1000C.
[OO&Q?JLI er enbodi nents, the reaction of ib) is
run awN” be mﬂen Wﬁbc to 900C. [00108] In yet other
enbodi'ment s, t Hé reaction of ib) is run at between 75C
to 85C. [0016P] In other enbodi nents, the present
|nvent|on provi des a process for preparing conpounds
Wheyeing oyl 'a 6b, 6b wherein, x is 0-5; RBis selected
frqngoaﬂ -ORJ, -N(RJ)2, -NO2, hal ogen, -CN,

4haloalkg
KBls selected from -R’, -OR’, -N(R"),, -NO,, halogen, -CN, -C;_shaloalkyl,

-Cj_shaloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),, -NR'SO,R’, -COR’,
“NR'SO,N(R"),, -COCOR’ ; wherein

R’is hydrogen or unsubstituted C,_¢ aliphatic; and

cach RY is Cp¢ aliphatic.
in a biphasic mixture comprising buffered water and an organic solvent to produce the
compound of formula 1.
[0097] In some embodiments, the organic solvent in ib) is an aprotic solvent.
[0098] In some embodiments, the aprotic solvent in ib) is selected from 1,2-

dimethoxyethane or dioxane.

[0099] In some embodiments, the compound of formula 6b is obtained as a solution in an

aprotic solvent.

[00100] In some embodiments, the compound of formula 6b is obtained as a solution in
1,2-dimethoxyethane.

[00101] In some other embodiments, the compound of formula 6b is obtained in a solid
form.

[00102] In some embodiments, the biphasic buffered water solution in ib) comprises an

aprotic solvent and an aqueous buffer adjusted to a pH of between 2 to 5.
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-G _4hal oal koxy, -C(ON(RJ)2, -NRIC(ORJ, -SORJ,
-SRRJ, -S@2N(RJ)2, -NRISO2RJ, -CORJ, -NRIS2N(RJ)2,

WO g0O0R373 RJ i s hydrogen or unsubstituted Cl PCT/US2008/082565
aliphatic; and each Rg is Cl1 aliphatic; conprising:
ic) reacting a conmpound of fornula 6aaa or a suitable
salt thereof: 6aaa wherein x is 0-5;RB is selected

[00f103]m Iﬁl)me e%odlmeh@(tﬁé% hasicl\@@fereha\l&%)%h(mdn%mb) comprises an

4hal oal kyl , 4hal oal koxy
apromybf(ee)w an AqRYS bﬁ%mtedtsmﬁ(qﬁbyween 2RJ,
[00164PRJ 1 soNRERIBNGRAL Zhe afrbE&BIvtng in W5 Rected HOMAT, QQGH or

unsubstituted CI ali phatic; with an isocyanate of
dinfeghorydthanReNEOxangherein RY is G -6 aliphatic; in a

0
00 LTS 4 SR 90T Gyl
[00é0ﬁlodln1®nteserrrbfodm)lt,s, thh@a@roganﬁ iy ismh webrtwées SAFC @PI06ta. c
[00?6’%]\/6 nt %}h rre{)nm q%fntg A Xon eo hbgtlshr%n (r)exxgée% 76% to%t I's
[002083t om Yet bher, ermbm)kiumne thb eemzmneqf ib)yik emes betweetn”WSPC to 85°C.

2.
[00&%&5 3:1 ot %ge R%lmehrs]%@(ap %Lvlbgr%lgﬂﬁ%vglgs 'D grocess 90r pre\f)armg
corﬁi;oNndhidfe“@hmllaaﬁlet am de, N-nethyl pyrrolidi none, or

di met hyl sul foxi de. [00111] In other embodinents, the

aprotic soljv & )p ic) is selected from1, 2-

dlnethoxye or dioxane. In other enbodinents, the

aprotic solvent inic) is 1,2- dinmethoxyethane.

[00112]0 1 nssoge enbodi nents, the conpounds of fornula

5 or.fdkmsha Ab a&id the conpounds of forrmula 6 or

fornuﬂa &b $} %repared according to the processes and

6b
wherein,

x 18 0-5;

R is selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
-C;4haloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),, -NR'SO,R’, -COR’,
-NR'SO,N(R"),, -COCOR’ ;

R'is hydrogen or unsubstituted C,_s aliphatic; and

each RY is C ¢ aliphatic;
comprising:
ic) reacting a compound of formula 6aaa or a suitable salt thereof:

(RB)x
VA

Z

X

HNZ ~NH,

6aaa

wherein x is 0-5;
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procedures disclosed herein. In other enbodi nents, the

conpounds of fornula 4b are prepared according to
wWee@eedsres known to one of skill in the art (BCHUS2088€82565

WO 02/ 060879, WD 05/0122292, US2005/0038247,

US2006/ 0122196 and WO 07/056330 each of which is

i ncorporated by reference for the procedures rel ated

t o t'hg saraRpk&h LIIN-GI, QURAS nefogdR LN &, 4Rdoalkyl,
[00113]S In sone en‘oopllqn\ggg ﬁ Orgesent |r11</en0ta| gn

-Ciphaealisy. €6APERNTSNBIC(OYF mﬂ% 6802 %b Skh¥fe ) NR $Q:R. £OR’,

-NIR§O£I§(R3)§| @@C‘%ﬁ(lf -RJ, -ORJ, -N(RJ)2, -NO 2,
Cl 4ha| oal kyl, -Gi _4hal oal koxy,
lti)la\lmrqg)eg or ungEbliEEd) R-adlipheoR J, - SO 2RJ, - SO 2N(R

w1tﬂ)a1?hsogu%t9§%ﬁﬂula O whebl ISCN(R 3)2, -COCOR J ; RJ

rogen or unsubstituted Cl1 aliphatic; and each
R>gR| sGJ:la@Haphatl C. [00114] I'n some enbodi nents of

in 2 su1 ?ﬁ%\rg of wg rngélf%&%p anllgﬁg Verilt 'to %rgglf? g?&‘? ?U§Pog'mul§l 6b.

[00@1ﬂ]0dlm®nte$n¥bbd1mms ofi ftﬂishmrgérm‘ sm]Neat S bn aprbiéc fKRlvent. In other
S e e S R R R
toh@agponlRas x@fenéspmﬁ'ﬂhf/l& bBhidyl cthar, Vﬂ&&iyEd':tHleiet@ge, @hditls/1 &obutyl ketone,
R SR PR B 2o S35 e, o
dinR@ghuffdxile i ndependently selected from OR2 or hal ogen;
[00?{]1({ In other embodiments, the aprotic solvent in ic) is selected from 1,2-
dimethoxyethane or dioxane. In other embodiments, the aprotic solvent in ic) is 1,2-
dimethoxyethane.

[00112] In some embodiments, the compounds of formula 5 or formula 4b and the
compounds of formula 6 or formula 6b are prepared according to the processes and
procedures disclosed herein. In other embodiments, the compounds of formula 4b are
prepared according to procedures known to one of skill in the art (e.g., see WO 02/060879,
WO 05/0122292, US2005/0038247, US2006/0122196 and WO 07/056330 each of which is
incorporated by reference for the procedures related to the preparation of compounds of
formula 4b).

[00113] In some embodiments, the present invention provides compounds of formula 6b:

[ e
/—(R X

RY\HJ\N/)\HJ\H,RY
6b
wherein
x 18 0-5;
R is selected from -R’, -OR’, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
-C;4haloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),, -NR'SO,R’, -COR’,
-NR'SO,N(R"),, -COCOR’ ;
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R2 is G _4 aliphatic; or Rng Cis an unsubstituted
2-pyrimdine ring; Xis nitrogen, CH or CF, and RN
W@rwIMR8zs e i ndependently NO2, NH2 or NHRW RwWEBHUS2908/082565
am no protecting group; provided that the foll ow ng
conmpounds are excl uded,;
2-nitro-6-(pyridin-2-yl)-4-(pyridin-3
- Y R ROBIYd A B MRubsBinkd | 6@115haacy4nh 5 -(pyridin-3 -
yl ) benzene-1, 2-di am ne; and
( 2-99Fh RoIsCigeqaiplepsied - | - y1 ) - 5- (pyri di n- 3-yl ) phenyl ) ani ne
100314100 Chngl o @R & WP A SRR AU RHLURIE uRfR'T QbTHb A s
da I's unsubstituted pyri'm dine,
para pefl Séheahﬁ@W3NH2 [00118] In other enbodinents of

[00?%8%&‘{?&6?6 85%)%%%8€Cﬁnep0§ﬁﬁ%f %r@%bﬂ gle %Ei sﬁbstiﬂﬁﬁt is Para NO;

andRYt isethyer enbodi nents of conpounds of fornula 4a X is

[00&)(1: Flr:'\%%ot%fr %bfgsfﬁl ?’st { tgﬁ}éerggné B grlgmngor(%v“?des C rélp%lrrles of 1 rngula

4a:i nventi on prOV|des conpounds of formula 4a:4a wherein
Rl Cis a 6-nenbered heteroaryl ring having 1-2

gens, wherein: Ring Cis substituted with 1-3 Rl

each Rl is independently selected fromOR2 or

; and R is Ci-4 aliphatic; or RRng Cis an

bstituted 2-pyrimdine ring; X is nitrogen, CH or

3 RN and RP are independently NO2, NH2 or NHRW

am no protecting group.

4a

wherein
Ring C is a 6-membered heteroaryl ring having 1-2 nitrogens, wherein:
Ring C is substituted with 1-3 R groups;
each R' is independently selected from OR? or halogen; and
R%is Ci4 aliphatic; or
Ring C is an unsubstituted 2-pyrimidine ring;
X is nitrogen, CH, or CF; and
RY and RY are independently NO,, NH; or NHRW;
R" is an amino protecting group;
provided that the following compounds are excluded;
2-nitro-6-(pyridin-2-yl)-4-(pyridin-3-yl)phenyl)amine; 3-(pyridin-2-yl)-5-(pyridin-3-
yl)benzene-1,2-diamine; and (2-nitro-3-(pyrazol-1-yl)-5-(pyridin-3-yl)phenyl)amine.
[00117] In some embodiments of compounds of formula 4a, X is C-F; Ring C is
unsubstituted pyrimidine, R and R” are both NH,.
[00118] In other embodiments of compounds of formula 4a, X is C-F; Ring C is
unsubstituted pyrimidine, R™ is NO, and R” is NH,.
In yet other embodiments of compounds of formula 4a, X is C-F; Ring C is unsubstituted
pyrimidine, R is NH, and R" is NO,.

[00119] In other embodiments, the present invention provides compounds of formula 4a:
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[00120] In other enbodinents, the present invention
provi des conpounds of fornula 4a: 4a wherein Ring Cis
w@2@merser ed heteroaryl ring having 1-2 nitr oR@nE$2008/082565
wherein: Ring Cis substituted with 1-3 Rl groups;
each R1 is independently selected from OR2 or hal ogen;
and Ris G _4 aliphatic; or Ring Cis an unsubstituted
%VQ%EIﬁldlne ring; Xis nitrogen, CH or CF, and RN
an P are independently NO2 or NH2; provided that the
f oFT owi ng conpounds are excl uded,
(tro-6-(pyridin-2-yl)-4-(pyridin-3
phenyl )am ne; 3-(pyridin-2-yl)-5 -(pyridin-3-
\e- |, 2-di am ne; and
-(pyrazol -1-yl)-5-(pyridin-3-yl)phenyl)am ne
I n other enbodi nents, the present invention
proad des conpounds of fornmula 4a: 4a wherein Ring Cis
& 6-menber ed heteroaryl ring having 1-2 nitrogens,
WhilElr ein: Ring Cis substituted with 1-3 RL groups;
RifBach aFGLnerﬁbdraﬁ&&e HiloYhasigd EOtRedehOWheRA: or hal ogen;
and R? is 4 aliphgtic;, or Ring Cis an
lﬁf\%@éﬁ@ﬂﬂ‘é@d‘zlﬂwﬁﬁ‘ng&“ﬁé ring; X is nitrogen, CH, or
CF; catitR! RO RP&hdBRI ARl dBRENECRhh Y M B P  NH2.
Processes and | nternmedi ates [00122] The fol |l owi ng
deﬂﬁﬁﬁ@uoﬁﬁm@é5§f|be terms and abbreviations used

qﬁﬁf@ B an unsubstituted 2-pyrimidine ring;
X is nitrogen, CH, or CF; and

RN and R are independently NO,, NH; or NHRW;
R" is an amino protecting group.
[00120] In other embodiments, the present invention provides compounds of formula 4a:

N X
l v

RN O
RP

4a
wherein
Ring C is a 6-membered heteroaryl ring having 1-2 nitrogens, wherein:
Ring C is substituted with 1-3 R groups;
each R' is independently selected from OR? or halogen; and
R?is Cy.4 aliphatic; or
Ring C is an unsubstituted 2-pyrimidine ring;
X is nitrogen, CH, or CF; and
RY and RY are independently NO, or NH;;
provided that the following compounds are excluded;
2-nitro-6-(pyridin-2-yl)-4-(pyridin-3-yl)phenyl)amine; 3-(pyridin-2-yl)-5-(pyridin-3-
yl)benzene-1,2-diamine; and (2-nitro-3-(pyrazol-1-yl)-5-(pyridin-3-yl)phenyl)amine.
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Ac acetyl Bu butyl Et ethyl Ph phenyl Me nethyl THF
t et rahydr of uran DCM di chl or omet hane CH2Cd 2
waelc@bloersdihet hane Et OAc et hyl acetate CH3CN aceP@riUS2008/@82565
Et OH et hanol MeOH net hanol MIBE net hyl tert-bvAyl
et her DMF N, N-di net hyl f ormam de DVA or DMAcC N
N- di et hvl aceDMSO di net hyl sul f oxi de HOAc acetic acid
[00TFA t 1 dthdRrPBGIREAE, tBEpdscht BDediibh BEINAE MR uRIsFIEA rmula 4a:
di i sopropyl et hyl am ne DI EA diisopropyl et hyl am ne K2CC3
plotassi um car bonat e Na2CC3 sodi um car bonate Cs2CO3
lasium car bonat e NaHCCB sodi um bi car bonat e

4a

wherein
Ring C is a 6-membered heteroaryl ring having 1-2 nitrogens, wherein:
Ring C is substituted with 1-3 R groups;
each R' is independently selected from OR? or halogen; and
R%is Ci4 aliphatic; or
Ring C is an unsubstituted 2-pyrimidine ring;
X is nitrogen, CH, or CF; and
R™ and R” are independently NO, or NH,.

Processes and Intermediates

[00122] The following definitions describe terms and abbreviations used herein:

Ac acetyl

Bu butyl

Et ethyl

Ph phenyl

Me methyl

THF tetrahydrofuran

DCM dichloromethane
CH,Cl, dichloromethane
EtOAc cthyl acetate

CH;CN acetonitrile

EtOH ethanol

MeOH methanol

MTBE methyl tert-butyl ether
DMF N,N-dimethylformamide

DMA or DMAc N,N-dimethylacetamide
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NaOH sodi um hydr oxi de Na2SO4 sodi um sul f at e K3PO4
pot assi um phosphate NHAC ammoni um chl ori de LC/ M5

woO p@aloeischr omat ogr aphy/ mass spectra HPLC hi gh PCT/US2008/082565
performance |iquid chrontagraphy GC gas chronat ogr aphy
LC I'iquid chromatography H or h hours atm at nospheres
rt or RT roomtenperature TLC thin |ayer

DMXU onat Qghar¥uldighydrochl oric acid H2O water Et NCO
et hyl isocyanate Pd/C pall adi um on carbon NaOAc sodi um

HO#¢et at e 2FEI8@41dsul furic acid N2 nitrogen gas H2

TFRYdr ogeni@asoddattitldeig N-butyl lithium Piv pival oyl DI
de-ioni zed Pd(OAc) 2 pal |l adi unm(11)acet at ePPI 13

EtsNr i phenytighdaphe ne

DIPEA diisopropylethylamine
DIEA diisopropylethylamine
K,CO; potassium carbonate
Na,COs sodium carbonate

Cs2COs cesium carbonate
NaHCO3 sodium bicarbonate
NaOH sodium hydroxide

Na,SO4 sodium sulfate

KsPOy potassium phosphate
NH,C1 ammonium chloride
LC/MS liquid chromatography/mass spectra
HPLC high performance liquid chromtagraphy
GC gas chromatography

LC liquid chromatography
Hrorh hours

atm atmospheres

rtor RT room temperature

TLC thin layer chromatography
HCI hydrochloric acid

H,O water

EtNCO cthyl isocyanate

Pd/C palladium on carbon
NaOAc sodium acetate

H,SO4 sulfuric acid

Ny nitrogen gas

H, hydrogen gas

n-BuLi n-butyl lithium

Piv pivaloyl

DI de-ionized

Pd(OAc), palladium(IT)acetate
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/-PrOH i sopropyl al cohol NBS N-bronosuccinim de

Pd[(Pri 3)P] 4 tetrakis(triphenyl phosphi ne)pal | adi un(0)
wWOEIBRoEsryt et r af | uor oet hyl ene NLT not | ess t haPCINNE2008/082565

nore than rpmrevol utions per mnute SMstarting

mat eri al Equiv. equivalents 1H NMR proton nucl ear

magneti ¢ resonance [00123] As used herein, other
pmﬁbbreV|aﬁﬂgﬁﬁ>mﬁﬁmp@ls and conventions are consi stent

th those used In the contenporary scientific

lPﬁﬁieratd%@“m$§éﬂmé g., Janet S. Dodd, ed., The ACS

NBSt Yyl e cy¢g@nm§w@ggﬁﬁg for Authors and Edltors 2nd
Ed., Washi ngton, Aneri can Chem cal Society,

Pd[{Rf9)P 4 hé¢t@|krs(trlnltewlpb@sahle@)palbdiwo)ent irety by

PTF@ferengglt&QQ&gg&h}l n,cone enbodi ment, the invention
a ARd i nt er medi ates for preparing a

process

NLEonpounwook%ﬂmmnula 6 as outlined in Schenme | . Schene
[(00125] In Scheme |, isothiourea of

Nh¢r nula Egsgt%%epared by addltlon of thiourea of

rpnf or mul a réehitionaps mitadl e sol vent (e.g., acetone) to a
SMgixture flthnbr mde of formula 6d in a suitable

ol vent "G g& tone). Treatnent of isothiourea of
Eqmornulaeﬁavanh excess ethylisocyanate in a suitable
1I{ger’\ﬁ%ure of water and an on%anlc solvent (e.g., 1, 2-

MIEt ho PP ThARERT BASNSPGESORA pseudot hi our ea of

[001 23] MU AR ued HeRhl 3k dbBre@REoRTBAfH IR cOlvemediR AR donsistent with

pseudot hi ourea of formula 6 is grepared b
those used in the contemporary scientific literature. See, ¢.g., Janet S. Dodd, ed., The ACS

Style Guide: A Manual for Authors and Editors, 2nd Ed., Washington, D.C.: American
Chemical Society, 1997, herein incorporated in its entirety by reference.
[00124] In one embodiment, the invention provides a process and intermediates for

preparing a compound of formula 6 as outlined in Scheme I.

Scheme I:
NO, NO,
NO,
S —_—
—_—
+
B d." P
p
HN? “NH, SN ONTONT NS
Br H H H
6d 6¢c 6a 6

[00125] In Scheme I, isothiourea of formula 6a is prepared by addition of thiourea of
formula 6c¢ in a suitable solvent (e.g., acetone) to a mixture of the bromide of formula 6d in a
suitable solvent (e.g., acetone). Treatment of isothiourea of formula 6a with excess
ethylisocyanate in a suitable mixture of water and an organic solvent (e.g., 1,2-
dimethoxyethane) afforded the pseudothiourea of formula 6.

[00126] In one embodiment of Scheme I, pseudothiourea of formula 6 is prepared by
reaction of commercially available 2-(4-nitrobenzyl)isothiourea hydrobromide salt of formula
6a with excess ethyl isocyanate in a mixture of water and an organic solvent (e.g., 1,2-

dimethoxyethane) at a temperature of between 0°C to 50°C.
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reaction of comrercially avail able
2-(4-nitrobenzyl )i sot hi ourea hydrobrom de salt of

wo 200006 ®7%a Wi th excess ethyl isocyanate in a PERUSR088/082565
of water and an organic solvent (e.g., 1,2-
di met hoxyet hane) at a tenperature of between 00C to
500C. [00127] In one enbodi ment, the conpound of

(001 27]MukPo R eh%oﬂlhféﬁtafh%@oﬁ?o@d%@ k‘dﬂﬁﬂu@ﬁi it Prepite iU Eion in an
sol vent Ee hoxyet hane) and used wi t hout

orgpRje flegnt {eshi lad- riwth%wfthaéleb%népla@dawwt Brthergrpisiondn theas
pre §tfdn' &%&nb&hn@qr&@ H&c%ed[lggé%ﬁie y.n another enbodi nent,

he conpound of fornula 6 Is isolated as a solid and

(00428 d {manpier gnlgdament.itemcoaipovecthgfdomenla 6 &980&%%%3@@@01 gl used
in tﬁéﬁ@?ﬁat\én Jr QG H2ha b s g&%&%ﬁn ggﬁ%'\ﬁent the invention

es a process and Internmediates to prepare a
Hm¢bﬂpobn@md&r@nmnmhqnebamsmﬁmspnwb@ﬂam®hwmﬁmhm80h@WE%to

prePai?}e a §?rp1§0g§d ogforrglolg %ﬁ 91]; d ISert%gé,%{g‘% in %C nfeﬁg hi ourea of

repared I'our ea of
ScHeaterfal 2 6C in a SU|tabIe sol vent (e g., acetone) to a
m xture of the conpo of forrmula 6dd yn a suitable
solvent (e.g., acetewng): Treatment of (|i stidwi,our ea
ingermedi ate of foflnuja 6aa with exceSsA socyanate in
Sslli t abke m xture wat®NC8nd an orgdni ¢ sol vent

|( . g+ 1J[2- dimet hoxyet hamed af f ords pSeudot hi our ea
foHﬁﬁ%ﬁ“ﬁb. I'n héﬁ% l a ablVﬁ)Lk;Ei RRB, x, and
g are as defineg It wlh be a éiiated t hat
radi cal HX in conpoun s of fornmul a 6aa represents a
68ali tableggalt (e.g.,gsuch as the hydrgpronmi de salt)
which is optionally present to aid in the isolation of
[00¢3ﬂTpoIm$nbh61aaIa Rathiaada ol(fdrmulacﬂbpmm&ﬂﬁecblby ddolitivn| ol thielaleal

a table IeaV|n rou ogen
forfhufide Tt SR L APt s Sk Ru SE rmpy oae
in 4 duéhble solvepadid. )acdmsepl a&etﬂlebyofasdﬂlﬁsmréﬁﬂtdrrﬂé‘(ﬁm lgformula 6aa
.chem cal noiety. table | eavin roups are
wit R e Pt T i AR e o N0 B SR St B e

dmIEH%EIyeSIﬁdny) ffoﬂ@rar péelMﬂﬂﬁ(khreaAdf hTorEﬁhla, 6bo[An S3hredd dbovd Q’ﬁﬂhcals R®,
y an and " Conpr ehenpsi ve C)g nlc

d
X, apgl §n§feoarsrijﬁfs ﬁl%lﬁ@rem L%WSU?@ apmeem?ﬁ dhagradico X pycomppyy
forflila@¥a prR8s a d988le s41N@ o€ Qe tIK RAtIBrddfid¥ G WhRh &

i ncor porated herein by reference.
optionally present to aid in the isolation of compound 6aa. Radical X in compounds of

X

formula 6dd is a suitable leaving group (e.g., halogen). As used herein, a suitable leaving
group is a chemical moiety that is readily displaced by a desired incoming chemical moiety.
Suitable leaving groups are well known in the art, e.g., see, "Advanced Organic Chemistry,”
Jerry March, 4" Ed., pp. 351-357, John Wiley and Sons, N.Y. (1992) and "Comprehensive
Organic Transformations," Larock, Richard C., 2™ Ed., John Wiley & Sons, 1999, the
contents both of which are incorporated herein by reference.

[00131]  Such leaving groups include, but are not limited to, halogen, sulphonyloxy,
optionally substituted alkylsulphonyl, optionally substituted alkenylsulfonyl, optionally
substituted arylsulfonyl, and diazonium moieties.

[00132] In another embodiment, the invention provides a process and intermediates for

preparing a compound of formula 2 as outlined in Scheme II.
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[00131] Such I eaving groups include, but are not
limted to, hal ogen, sul phonyl oxy, optionally
wWGQawsve8es ed al kyl sul phonyl, optionally substi®CE/Es2008/082565
al kenyl sul fonyl, optionally substituted aryl sul fonyl,
and di azonium noieties. [00132] In another enbodi nent,
the invention provides a process and internedi ates for
ScHERARr i ng a conmpound of fornula 2 as outlined in
Schene I1.Scheme I1: 2a 2b [00133] In Schenme |1, the
boronic acid of fornmula 2b is prepared/by reaction of
comercially avail abl e 3- br omo- 5- f | §or ridi ne of
F ra 2a wiF BPblg |t i Seg(e. g., Mbutyl
it lum—im the pJesence—of a brate ester (e.g.,
i dOpropyl borate) in a suitable Bprotic sol vent.
S@at abl e aproti @vsol vents include2 for exanple,
t et rahydrof uran. Subsequently, the internediate borate
ester m xture i s quenched and hydrol yzed with an
[0023p) e oUsSdhtine athe &ciodic(aeid®f forUta2Mue prapartihy) rebd@iogioy e

bor onj.c aci . Subsequentl.y, the boronic acid. of.
oGRS Sfle FDcort S TR AITE off st e eriss SE e i gase
(e.SUi-bafl1Rhis@) m?mbplé@nga ofggbglraﬂee@ee)i ééél% ,é@di})rqiﬁw@ﬁt%ﬂin a suitable

te rature o et ween to to Ive the
apratisobisAt %ftatﬂ%?mﬂﬁl%sog{emﬁ (‘)‘t?%é‘&a] foy ¢xagiple. @ﬁ%@&r%ﬁ& a

Sutsz 8RR ¢heQfiteFrRiaiid Borate bdler FERAELs lhenCR A8 hPUOERaSEEh an
commer ci al l'fi/(' [00135] In one enbodi ment, a conpound of

aquesineraacid e go Renasupqus HC horsavehogpig asil b siwpsequently, the

borbFiERAH Bﬁfo%ulfa oh MR riBEd RRR Bfngécﬁ‘age 5180 a‘%ﬁlﬁ&ﬁg Wiseat (e.g.,
described in WD 05/012292. I n anot her enbodi nent, the

tolueaevso einelc e dfterppaitaredE befarge®) e iy EHSS evgivormeempanil pf
forlllla¥€t anot her enbodi ment, the conpound of formula 3c
can be prepared according to known procedures from
[00234)r o hrobrerrbndaeith e corfp@nad 6] formuladan hdreme ibad ibremichased
corﬁrﬂ%cfa vention provides a process and internediates for
preparY'ng a conmpound of forrmula 3 as outlined in
[008583) e min drlelembodiment, a compound of formula 3 in Scheme III can be prepared from

a compound of formula 3¢ according to the procedures described in WO 05/012292. In
another embodiment, the compound of formula 3¢ may be purchased commercially. In yet
another embodiment, the compound of formula 3¢ can be prepared according to known
procedures from 2-bromobenzeneamine.

[00136] In another embodiment, the invention provides a process and intermediates for

preparing a compound of formula 3 as outlined in Scheme II1.

Scheme III:
» —_— —_— N —
; Br ; Br ; B(OH), ; T| N
NH )ﬁ(NH )%NH )%NH N~
3a O 3b O 3¢ 0 3d
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Schenme 111:[00137] Referring to schene |11, the

bronpani |l i ne of pivalamde of fornula 3b is prepared
whoowoemri ng a conmpound of forrmula 3a with PCT/US2008/082565

pi val oyl chloride in a suitable aprotic solvent (e.g.,

di chl oronmet hane) in the presence of a suitable base

(e.g., an organic tertiary am ne base such as

trigthyl am ne) at tenmeratures between -208C and 25C.

Pre aration of the copyespondi ng boronic agid of

la 3c is ach| evy reacting a bro of
~AO~LARhi um baseg(jery

vvlth Q Ney el tyl
QAP Ot/IC soPvent " (e. { ks N
t

hi ufp) JJn = Bui SR bI
rahy ofur an) owed addition of a sul

borate ester (e.g., Osopropyl borate) at a suitabl e

tenperature (e.g., -45@fto -1000C). Biaryl 3

internmediate 3d is prepared by cross coupling reaction

of boronic acid 3c with 2-chloropyrimdine in a
[OOQ?ﬂhaﬁkférr %l EJh@mQ&H 49@&‘8&%21111%&9 ?Waﬁm@@escﬁ f&ﬁluga 3b 1§Brepared

Kal I § ase such as sodi um car bonate) and
by tedting blcempaugd i tHrvpl Banitith(pevatpylchigirde ol 2 wiitatede h@fbtl@wr@ny (e.g.,
| C )

dlCWg{OE‘g aﬁ(!?tlﬁﬁg ?esg @%gg %LLQEIS%E%%F d%%@% tegtt?a‘r)gamme base such
as tsigthy latnine) ateﬂpmratm@s betvzveeng20 Coatl R6%h 2&@ration 20O C)rresponding
boanlrchmH foan&ul’gég 18 ac 1equlb reacﬁg{sen? rrogﬁebr (_t)‘?eTrlr_)néllYJ\AC%b \ﬁl?h 12 sdtr%ng
lithium Basgl g rabutaldehmrn) acd ahitatile aprstid dodlkehe(elee Imﬁhjadr()lﬁu&m)

e. , 5C ta 80 to vi de
ronly§edpy pfiRfomsh e Sl tol SR IF Sinkim il iaEe Mg Thpurure
(e. g: 0@5 Oeldo aHl(DHO)U ‘381881I 1utetrﬂéﬂ1a(té33(gls ,pré@@ie}ﬂ?? Bros Q&ﬁ@&ﬁg)reﬂdﬁﬁﬁ:))f
in a e | . g. Su uric aci
bormnf F‘?lé 3%1&“8 3t08 05%%@%%3%@%& BRI pPHHTPY 1 é?rgamc base
(e. g?mu@h nthal bR s@tha@Is@dAthamb@@é)laﬁ@a GliALR orgnRGHVEMEE .,
a suitable acid ydrochloric acid) in an

glyeqlggmt%vl%ueoémh a(Sélt?jﬂe tr%%l@meéalé%tﬁlaﬁm at a suitable
tetralagmﬁfh dm%sﬁ}ﬁngpa,na&a@m?pﬁ a%&%lét&ng&%@(e thba&w@érﬁzsac to

npoun formula 3 38] I n another enbodi nent
120c ﬁ)e CPW@HW phfoprdy Bl sshen hsprpiwaied With@ breiastinedpageride. goNBS

or ﬁ%%sh&%lﬁld%ﬁm%gal Q(t,e‘uE 9&?‘9! Psuda §te%te}a'uf?§% g s° C to 80 )]
chenme 'V ene | V:[00139] In Sc ene |V ronat

to ffrovidedral tzomile of @gmulgéu pNéthtih oh3eds wcompbﬂhpdj_by rsﬂfactmg_a cooled

aqug&{s%%:eor?’ (e. ff b%tvp EF%BC Yot a¢ gi{ Rif l:l sﬁﬁHgg&% (EE?&QR[WC ﬁcid)

g., ase suc
with nitric acid to pr0V1de a compound of formula 3f. Removal of the pivaloyl protecting

group is achieved with a suitable acid (e.g., hydrochloric acid) in an organic solvent (e.g.,
absolute ethanol) at a suitable temperature (e.g., between 30°C to 120°C) to yield a compound
of formula 3.

[00138] In another embodiment, the invention provides a process and intermediates for
preparing a compound of formula 4 as outlined in Scheme IV.

Scheme IV:
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pot assi um car bonate, cesium carbonate) and a suitable

aprotic organic solvent (e.g., 1,2- dinethoxyethane or
walt@raesys wi th a suitable transition-netal catBCHE52008/082565

(e.g., palladium(ll)acetate), a suitable phosphine

catalyst (e.g., triphenyl phosphine) and a suitable

phase transfer catalyst (e.g., cetyltrimethylanmoni um

bromi de) at a suitable tenperature (g bet ween 400C
Nt 200C) to®ield a conpound of fdymula 4. [00140] In

IS Cross | wth aryl bromde of formula 3 in a

o 1~C5)ha5| CO | ner—g&m—c—-base g n., an al kal i
%al base sug) wopassi um phosp znd b suitabl e

prioti c organic solvent (e.g., et anoIN)_| ﬁ a suitable

transition-nesal catalyst (e.g., =

pal | adium(l1)acetate), a suitable phoéphi ne cat al yst

[OOEr%Ag'S}n écrhIeBF ?fytlofg}l%sé%l? Ifd}%lllaa}n? {:I%SS c%l él%? win B ?%I%mme of

er catalys €.g., cety
fortonlaidiial e)oipaasicami;qmire ablgpets m;mgmcmaee ((e@, gn, a%hmméhasé@mﬁ as

C d d formula 4. [00141
TR i R R R v et
dln&ﬂd)xyemﬁzﬁlé BEdibﬁe_tne)SwfﬂOﬁ sxﬂfa?/lpalrahﬂ@oransaquagtmi(;@f,l for Crruhlea

Ll LN sSchene. V. chene V. .
palfa g s P oo R ERESR o g aper Ko HETOGRBE G bl

phak@frifdked ctallyQ (¢.5ecotylirinidfiey 1dmyotiem Beimigd)Qela dBlE temperature
redu0|ngpcond| a suitabl e hydrogen

(e et HBEISh &tPrPé ﬁétwéé@ﬁeglp@fndgf famnlsd um catal yst) in

[0084@ U tadothes@hdRNthent,8n Sehendd IV KU BBk f&@lﬁﬂ@msfée&ss t&upled
tgl ve the desired dianmine of fornula 5.[00143]
w1

A repide s demmt in atighapip apieoh ingrgspicdete (§-8p % elés&ls metal

bas@@&h'p%’éa@sﬁ% gh@bﬁa?te aﬁﬁ a@ﬁlﬁaﬁﬁrﬁr(ﬁﬁ ozi‘ga‘ﬁm%ﬂtqeg etfll%or%1ﬁ1 a
as outli ned chenme Schene VI 001 4

Sultsbln dgpsitgn; m@thle:atﬂtiyahﬁerge pelfladﬂm(hh)ﬁcata@) |ar$u1aq’q>leamowmne catalyst

dd) water with
(e ?ﬁg&%ﬁlgg&hﬂl%e)?ﬂdg%%&bm@ ﬁﬁé}%ﬁ%@ﬁ&gﬁsﬁ( agnsw tabl e acid
cetgltrphetipdamheoriumbsomile) at & ontebletterapesdurs (. £ ubdtgeeadid) to 1£0°C) to

yield® %%hl%gur\l’éf It 2,50 ution of conpound of formula 6

[00141] In another embodiment, the invention provides a process and intermediates for
preparing a compound of formula 5 as outlined in Scheme V.

Scheme V:

N\i i
NH2 NH2

[00142] In Scheme V, conversion of the nitro group in the compound of formula 4 to the
aniline may be achieved under reducing conditions (e.g., a suitable hydrogen atmosphere in
the presence of a palladium catalyst) in a suitable solvent (e.g., N, N-dimethylacetamide) to

give the desired diamine of formula 5.
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in an organic solvent (e.g., 1,2-dinethoxyethane) at a
sui tabl e tenperature (e.g., between 400C 1200C).
WE@e061835 [ 00145] The foll ow ng preparative exBOpUsz08/082565
are set forth in order that this invention is nore
fully understood. These exanples are for the purpose
of illustration only and are not to be construed as
[00&3]1 t iPGhotRERISRRR® thd MGertiOY BRI hdc@D¥nd@¥rmediates for
[00146] Anal yt| cal methods used: [00147] (A) HPLC on a
prepgiingrRLoRBe Y fmaln asyiliaahin SehemgVis mm 3.5
ScHbnfR'@ns. Mobil e phase A is water/1 M amoni um formate,
pH 7.0 (99: 1). Mbile phase B is ACN Water/ 1M
anmoni umformate pH 7.0 (@9, 9:1). G adiep oFt o 100
7F10 to 12 min. Flow ate 1.2 nL/mn|l Dgtection
245 nm T = 30 0OC 148] (B) LC on |@n Agil ent
RP I8, 4.6 x 250 nm col u Mobi | e phase ACGN H2Q TFA
40: 0.1). Detection at P65 nm Fl ow rat
un tinme 22 non. s{0@49] (O

H,e0 . ing H2 as t he éar,rlll\er/\gas and nps ure
gradhﬁm@f 8-2- 10- 20N FIdw Nate 1.4 rrin. Run time
24 ni 00150] (D) HPL®@ on an Altima Cl8=# 6'x 250 nm
colum. Mbbil e phase ACN H20 (7:3). Dettction at 220
nm Flowrate 1.0 nL/mn. Anbient tenp. Run tine 2 1
mn.[00151] (E) Sane as (D) wi th nobile phase

[00ALN HE¥chEhe (\/T QhS@aMine by foamdladah e hdido a@icor S utioh (e.g.,

sodgh gt RoHSr & Bl A RDOPHEAST 35 St 1ftable S such as

for DRingas, lc@ﬁbe%ﬂedﬁmmﬁé M)ﬁ@k@ctéd Wit ddrhition AL ERInd befPmula 6
Run time 25 mn. G sane as%E) but with a

in an&a&nwrsmyﬁmr(%gelafdlle}etéowey ea YA B CHHES ¢ between
4006012@% % [00154] (H GC on a J&WDB-1 colum, 60 m
Z)and 3.0 mmfilmthickness.

Examples

[00145] The following preparative examples are set forth in order that this invention is
more fully understood. These examples are for the purpose of illustration only and are not to
be construed as limiting the scope of the invention in any way.

[00146] Arabtical methods used:

[00147] (A) HPLC on a Waters XBridge Phenyl column, 4.6 x 75 mm, 3.5 microns.

Mobile phase A is water/1 M ammonium formate, pH 7.0 (99:1). Mobile phase B is
ACN/Water/ 1 M ammonium formate, pH 7.0 (90:9:1). Gradient 10 to 100 % B in 10 to 12
min. Flow rate 1.2 mL/min. Detection at UV 245 nm. T =30 °C.

[00148] (B) LC on an Agilent RP18, 4.6 x 250 mm column. Mobile phase
ACN/H,O/TFA (60:40:0.1). Detection at 265 nm. Flow rate 1.0 mL/min. Run time 22 min.
[00149] (C) GC on an HP-5 column. Using H, as the carrier gas and a temperature
gradient of 8-2-10-240. Flow rate 1.4 mL/min. Run time 24 min.

[00150] (D) HPLC on an Altima C18 4.6 x 250 mm column. Mobile phase ACN/H,O

(7:3). Detection at 220 nm. Flow rate 1.0 mL/min. Ambient temp. Run time 21 min.
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Carrier gas He. Run tinme 17.0 min. Initial tenperature

40 0C, hold at 40 OC for 5 mn. Ranp to 100 0OC (10
wW@200040§1878 hen ranp to 240 0C (35 C/ mn) and hoPdI/HS820881@82565

OCfor 2 min. Colum flow 2.5 nL/mn Helium

(constant). FID detector. Split ratio 30:1. [00155]

Exanple 1 [00156]

[00451)5- {2)WRRRRY (ID)GUA'EIT 1%015&1%)‘113%04@1{1@{'2@71(1:@’(70%@ 1N ard &étach&m at
zenam ne (4) thod 1 0157] A 3L round-bottom f

2508 fitted W|th a rrechanl cal overhead stirrer, a
[00'1?!]' u(@ei@@?ﬁ?@ ilenPRE-& 46K m&&rohﬁﬁ}{j M%&%@aé@ﬁ th

| uor o- 4,4,5,5-tetranet hyl -
ACNH»@HEEA@E%Q @ 1y | Dgteetipe 2 Hnng. 2§10€v95t60 OgnL/anll frpbient tgmp. Run

I 4- bronmo- 2-ni tro-6-(pyrimdin- 2-yl)benzenan ne
tlm?%? \((%04 55 g, 354 mmol, 1.0 equiv), K3PO4 (93.1 g,

(00458 N1l same 226 dguivivh 2 Rived 8bw datalhs #EROBAE-BES]): phase

70,%@?@@ 2 (0.80 g, 3.5 mmwl, 1 nmol % Al drich
‘#06410JE) cetyl tri met hyl ammoni um bronide (1.28 g, 3.5
[oommjl (H) @61on%I &MY DB- L bo OB IBGEX 0aANIRPRA33. ()3nrﬂzﬁihg ;hidm;ess

caipgs o Rpndle ool ahaEREu 3 CCIREFH b 6T e Bigoamy
to 1100 af:t(éI YT/ iy, ?}mﬁamgm 3401 “Cr(esl "C\‘//n@rgﬁgﬂ ?d;m ;( zsztawc fbmlrand
CoPgRbEf B i g iap An k] gt SP TR et hod

C) After the reaction was judged conplete, the
xture was cooled to 30 0C, then water (10 vol) was
[Ooééﬁied Exsarlede reaction stirred for 2 h. The resul ting

[00856]" T x-(mmfdplyharnesiymdnﬁlaﬁs (fplyhhﬁéim@%ﬁ)e%éﬁﬁﬂné/‘(rzg

water (2 ol) and acetonitrile vol )
r cake vvas then charged back to the flask and

[OOW] er Aa.’aqddi%gnc{«g&toﬁpﬂla)sk whb ﬁttéci wil ¥ m\é@rﬁtn§§1| Jvb@dad s(ﬁtfrelg ﬁ Reflux

OC and filtered again. The filter cake was
contdp@nfs g ¢ harmameter @nd purgerowish NoweBlupe-afis, @ﬁd@mmﬁwhm r3h2-

dlog%bggogae@%g%rfd (%)2(929 uﬁﬂ' %B%@ 2%3 ?Hﬂgorg%—.é%ht?%}g—%mldm—
2- yt)btreﬁrmilmmﬂM@DﬁQS geiﬂﬁlomn@l 1 Wgﬂl@)a[(zl?@a(@ii il gn438i mmsl, Web e
oy o B AL A SR 2 PRAN T
#OAB)JE) Z&ﬂltlgnetﬁylﬁﬁmmﬁhmsb,rorﬁm@(l 28 g, 3.5 mmol, 1 mol %, Aldrich #0823CE)
and PPh; (3.74 g, 14 mmol, 4 mol %, Fluka #1093859 ) were added followed by EtOH (10
vols) and water (1.1 vols). The heterogeneous reaction mixture was stirred vigorously (>300
rpm) and heated to reflux (80°C). After 6 hours a sample was removed for analysis of
reaction completion (method C). After the reaction was judged complete, the mixture was
cooled to 30 °C, then water (10 vol) was added and the reaction stirred for 2 h. The resulting
slurry was filtered and the filter cake washed with water (2 x 5§ vol) and acetonitrile (2 x 5
vol). The filter cake was then charged back to the flask and water added (10 vol). The slurry
was stirred for 3 h at 30 °C and filtered again. The filter cake was then transferred to a dish
and allowed to dry under vacuum at 60-80 °C for 12 h furnishing compound 4 as an orange
powder (104.87 g, 88 %), purity : 96.14 % AUC determined using method A. Typical
reaction times were 7.9 min for SM (2) and 6.9 min for product (4).

Method 2
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equi v.),
3-fluoro-5-(4,4,5,5-tetranethyl -1, 3, 2-di oxabor ol an- 2-y

wo 2p9oedrne (2) (684.0 g, 3.04 mmol, 1.2 equi VRCT/KI0@B082565
(3M 1.06 Kg, 1.59 noles, 3.0 equiv., ca. 3.4 vols),
cetyltrinmethyl ammoni um brom de (9.70 g, 0.025 noles, 1
mol %, Pd(OAc)2 (5.80 g, 0.025 noles, 1% nol) and PhP

[0065’% 04g3r019@;> - @%yrﬂnl%@&gbeﬁ@eﬁﬁm% @3)q¢si4 ¢ o @ hdiasko

equi pped with a nechanical stirring

cquiph érfhnousS (4 féé ﬁd%faéllfﬁt}’éﬁ§e?rdla’%0@1@r?eYlﬁﬁyﬁ’étné (21634 G g4
an)Y IN&uAg A IRt 1 BV (175Phlotks, 310Ul $)-3 40&s)

het er ogeneous reacti on th ure was stirred vi OYOUS|
¢

cetylsinguyy arnpm@mam@rm@é@ STt 01085 nojes1B0OIGE), PASAGIAE §hep 0.025
mofiQ402 FroBland P> o3 6L PNablle A EoDeRANE YhIAAREN,

e ‘anmount o ct accunul ates an
cquEEneTh M@thwalmChmm\]/sdrlﬁgﬂppammsMsﬂwc Come¢riyocndp theﬁthtn@etelt feBowed

by I %gd1g%11e J"f%gl(ﬁ ?i 1 l ﬁl %Eter\%@e{télgous (reatct'5 ion mixtur% %% sst?rred

ng s re
VIgMSShZ ()SB(E)dptn()) alﬁﬁhe@@d m reﬂm CSIO ‘ODi Ihilrntg"tbe d:]]umha)ﬁ the react10n the
dd ti
ml’?‘érg ﬁ?F‘iafnﬁd 1S§?‘t?raF )}’evﬁgéouf“i qftpéor ae aéi%‘dm{j%%s i aft%r:ﬁcaaﬁ%’é‘ple was
remb@shid aml)tsis (ilrféth%l WOl Avted th@feadiloN wad jwiat@confBetdd] water 2.53 L, 5
ilter ca was. t hen transfe red
volgh o a2 i Festini Slpei y Feagion SR bR rcogd o HE 4 ahich
pointh&bipHRe rhlb(tulr@wm@wﬂd ala&li@iap2N) eldlea&umng@mm was filtered
owder (726. Cg\@}(tQZ % 96.9 % AUC by nethod A

I cal
and the fifjer C?Iéﬁw‘@%e RS ATIR %CN {ndrﬁiesé? TEkahbdP é{olé)p The filter
cak[e Q\Q@- 8h transferred to a dish and allowed to dry under vacuum at 60~80 °C for 12 h

5-fl uoropyridin-3-yl)-3-(pyrindin- enzene- |,
Theg {epmpeudsyasi b dps broavn:p@weeréu%w gl'%zc%o%?e%%t‘“dﬁc by method

A, %iéhmélﬁ’sﬁ%géab@m%%ﬁs 098s. controller and a Huber

enperature controll er was added
[00155(]5 Examplsgyri di n-3-yl)-2-nitro-6-(pyrimdin-2-

10040l gg?—é&?@gigo'bgriﬁﬁ%%%hég?@yg%ﬁE)%g,lu)ﬂméene.ll-,z@)&)iaﬁﬁ.w %)
000641 N- @ 30 hyBimbityaigdeator Equippdd, withoa Bt’udh)' gasThatroleaetdoy Huber

temgglscltu?ggoqlﬁglléllvl &a@ﬁde&i&g(ggﬁmgoﬁ%iuﬁlﬁ 3t I1 Elrttéo (\ENgjgrlml 9—?—09

yl)l&@z@lamlrtehié) (POFss drsé1 ofol, tlh)é) elqmaOI 5:% PW@S(4383g 3000 &&1) msi DMA
B i R PN LR S A e
t1mBs}5 ahagierirdbeh ’glkse(3 GileyY)e Thb aéacﬁdrﬁéﬁlﬁéiathﬁ was set to 23 °C and the
pressure of the reactor was set to 50 psi with hydrogen gas. The mixture was agitated at 1350
rpm. The reaction progress was monitored by the hydrogen uptake curve that started to
flatten out after 1.7 hours. The hydrogenation was continued for an additional 2 hours. The
reactor with purged with nitrogen gas (3 times). Removed an aliquot and analyzed it by
HPLC (method A) to obtain NMT 1 % AUC of 4. The hydrogenation was continued for
another 0.5 h, followed by pressure release and N, purge (3 times). The reaction mixture was
filtered through a pad of celite (400 g, wetted with 1.50 L of DMA) and a #3 Whatman filter
paper. The hydrogenator was washed with DMA (1.10 L) and filtered through the celite pad.
The filter cake was washed with 0.300 L. of DMA. The resulting filtrates were combined and

treated with activated carbon twice (493 g each). After the second wash, the charcoal was
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flatten out after 1.7 hours. The hydrogenation was

continued for an additional 2 hours. The reactor with
w@eogeeistd t h nitrogen gas (3 tines). Renoved aPCHUB290$/082565

and analyzed it by HPLC (nethod A) to obtain NMI 1%

AUC of 4. The hydrogenati on was continued for another

0.5 h, followed by pressure release and N2 purge (3

ren{dvme&) filtrdti6h, LREGE FARHRE A Bronass S ﬁlIetrga&qis t\hﬁt@x“?b oEL) was

pad cellte(400 g, wetted wth

slogly aakﬁ%ct taapirftain g éampsegsere of NG 4 dr oiganvatiow swrmﬁ@d Out
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usid tthed &).f Typicr Rentibit Oghard 308 kid & SNBEPEE 5.08ImB for product
(20.0 L) was slowy added to maintain a tenperature of
GNMT 40 OC and a yel l ow solid precipitated out.
[oolfgj]t eEgglmbj@g slurry through a #3 Whatman filter paper
om tenperature and washed the yellow solid with

l00663ﬂ LNdI"'d\‘/%IHéI“eafPHB’ Té-nigiobseay-thiepsendavges (9) a vacuum
[OOQﬁéﬁn §1(4 GBS %%Ihld(ﬁ&q{&moﬁaﬁbnﬂﬁé ?"afj(ﬂ@g 154 In@les 10 9 equ iv.),

nmpound (5) as a white
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molkv W@I\EIWI md@aMMquMeh¢w rabtemzapll Yheequltinghipdatio mixture
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At tloatemd Of(tlie f&act_uonlheﬁmmiré is annhpmv& 0( 2 I;‘J,earzma cblprlese tap aqueous layer
t 10 L
o P Fh bR sl s Bt e G pme oL
2.8iveD oya adited irt@ €3 Midrfon¥lsI2 tivealcescentdat&ll 16(:?1,8 Wwol ht 350480 %G:idmér
to th I ) I I | uti t | ti

vactipipAST e Tt G WS N SPEyons Ao RS BF Pzl Syaipine

miW@s cGitthiningdoMp@Ma QB ﬁdrﬁﬂul@% Wl uedal difectiyoin tl?ejnegﬁstsﬁﬁ WBeSore At
the end of the reaction the ure i s conpri

runging he ngxi$tepohs miELe Wy an?alwééﬁlgﬁwwéro H Sgre&ﬁé%ﬁw%fﬁame

had/iRkh RMOREE {iPiMsQL FA M Ceat RN @Titiond NEstARHER WS chtay @beddds
renmoved and DME (2L, 2.8 vol) was added into the

[Ooﬂ)ﬁlt ofXamMBKBA t hen concentrated to 2.8 vol at 35-40 0OC
[00¥66]€T Alternative isolation of N,N-diethylureamido-2-(4-nitrobenzyl)-2-

thiopseudourea (6)

[00167] To asuspension of 2-(4-nitrobenzyl)isothiourea hydrobromide (6a) (2.15 g, 7.33
mmol) in pH 7.0 buffer solution (3.0 mL) and 1,2-dimethoxyethane (4.0 mL) was added ethyl
isocyanate (2.40 mL, 30.6 mmol). The biphasic solution was allowed to stir for 18 hours, at
which point a white suspension was observed. The solids were filtered. The filter cake was
washed with water then diethyl ether to afford the title compound 6 after air drying as a white
solid (1.76 g, 68%). The title compound exists as a mixture of rotamers. 'H NMR: & 12.00
(bs, INH), 8.15 (d, 2H, J= 8.1 Hz), 7.95 bs, INH), 7.69 (d, 2H, J= 8.3 Hz), 7.64 (app t,
INH), 4.29 (s, 2H), 3.10 (quintet, 2H, J = 6.6 Hz), 3.01 (quintet, 2H, J = 7.0 Hz), 1.07 (t, 3H,
J=7.1Hz), 1.00 (t,3H, J=7.2 Hz) ppm.
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vacuum pressure. This distillation was repeated one

additional tine then the remaining m xture containing
w@repoensds of fornula 6 was used directly in theCTES1008/082565

step. Before running the next step, the m xture was

anal yzed (nmethod H) to nake sure all the isocyanate

had been renoved (if this is not the case, additional

[00@5 ti hg[x@,;AlPQrg,g m ght be needed). [00165] Exanple 3A
ternative isol ation of

IOOSZQPI i vMi‘@ttﬁgheuﬂé)asﬁﬂaeurza hadrabremise o)) ) - 2-
[00&7’0] 0pP$EYYS! lﬂr%?ctér%dérqcﬂ-t@c@en 18 Rp %W@s%ﬂ&ﬂhf&lrea {1 5 511ég) and

2- (4-ni trobenzyl )i sot hi our ea hydrobrom de

acegpne 3033). ke Inyixtig viss{agitagedp (Hofagsepasesk dagkoras (ade e@l ) and
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he bi phasi ¢ sol ut
browéa@ disblowkvaroingtriay begequirgdhdie sqlutadn okithedhiopide mias added to the
- Si er spl.i ds re .
i SRRSO SR 8. SO i
mirchitest Ayter seinhng fot bhalﬂPIo(E dndlys@ dfitlicl reix@monghown d9Bo abiversial The

t lid (1,76 titl
il a0 A b b TRkt ybs S ooy G aar B gt 8 1.
Thél.ébhﬁ@wéﬂaﬂrlect ig@l\{ZeHﬁ()%.l@ ((9%1% 3?/2&:3))&1‘ th7e ngfie(dhhadm%al&l%l Ij)bﬂme solid.
69 = . app t, ,
[0011%% Exampled " 3 10 (quintet, 2H J = 6. ngz), 3. 01

[004 7Ry ml-chyl-gl'dS (S‘-ﬂu0170p9r1&21)-3-yﬂ-7Q3y1(1hmdlﬁiﬂ,—yl)11H—b%nﬂo[h‘]&ﬂudazol-z-
1.00 (t, 3H J = 7.2 Hz) ppm[00168] Exanple 3B

yl)‘erGiJQQ] 2- (4-ni trobenzyl )i sot hi ourea hydrobroni de (6a)
(008951 7QkoAR (462 1o, ﬁ@fé& CUO Miﬁ@@'an@ Wm&ér(ng@no@tmwﬂ@&@rged

was added t hi our ea and acetone (30 L). The

to 42y Moétovvﬂ%Ske?@P‘PB‘fde‘H“h anOVﬁ @cbﬁmf,@ P prgie, adhermenguplc and
twﬂehﬁ@%@éﬁéleﬁetrﬂéﬁm RLQL %?th(s”so%o}f%s an dA%ﬁéeﬁHﬁe& dtution of

he m xture was stirred until the brom de

0 33 Wbk {npleh g rmyl bes rdsdneidye pH rredigelofithic splutstn was

SLE R R R A b S T AR
mofegyrInfeetiun. X wiasrrd@@l. Miha IAME solytianeaf 641 2 eqiing olbt@medzasmbowﬂnc
oL 5 L SRRSO TS
wagtinfed aigbroLlMy BEDO-250apipmel leated ta roflu @0LY). During the course of the
reaction, the yellow suspension first transformed into a dark yellow suspension, then into a
tan suspension. After 4h, the reaction mixture was cooled to 22~35 °C. The tan suspension
was filtered and the filter cake was washed with water (8 x 2L), EtOAc (5 x 4L), and dried at
40-50 °C under vacuum to provide compound 1 as a beige powder (747 g, 93 %, purity: 99.32
% AUC by method A). Typical retention times: pseudoisothiourea intermediate (6) 7.3 min,
product (1) 6.3 min, SM (5) 5.4 min.
[00174] Example5
[00175] 1-ethyl-3-(5-(5-fluoropyridin-3-yl)-7-(pyrimidin-2-yl)-1H-benzo|d]imidazol-2-
yDurea, monoesylate salt (monoesylate salt of 1)
[00176] 1-Ethyl-3-(5-(5-fluoropyridin-3-yl)-7-(pyrimidin-2-yl)-1H-benzo[d]imidazol-2-
yhurea (1) (51.0 g, 0.135 moles, 1.0 equiv), EtOH (255 mL, 5 vol), ethanesulfonic acid (12.5
mL, 0.149 moles, 1.1 equiv) and H,O (71.4 mL, 1.4 vol) were charged to a flask under

nitrogen equipped with a mechanical stirring apparatus, reflux condenser and a thermometer.
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The solids were dried to give 5.09 kg (93%yield) of

the desired product 6a as a white solid. [00171]
WE@a068731 [ 00172] PCT/US2008/082565

| -ethyl-3-(5-(5-fluoropyridin-3-yl)-7-(pyrimdin-2-yl)

-1 Hbenzo[d] i m dazol -2- yl)urea (1). [00173] NaOAc

(1040 g, 12.7 noles, 6.0 equiv.) and water (16 L, 10.5

Th/@hrky WeS Kineh A Reich @ 8522Vt ORs di@SKc® Qi RP 8 Brotid N
an overhead stirrer, a pH probe, a thernmcoupl é and

solytigy. WhiER pRs eaotrddn 4258 °C %rtrﬁeraﬁ@rqf P&AEivg and fikarpdtheizhie D@rim
0 f

PTP“@P‘Aeﬁb?ﬁBe é i% %??Et\%\lﬁ% ?egg d)gl d‘Hiu nte\iv% fﬁk%?g)oélg(gtg Milors o % d%élng
which grrs(alsaetd led waa sst@hliBhedTiAdter 2 h at 20 -25 °C EtOH (255 mL 5 vol) was
add%cé gver 3 “01{1 %’&’ 21 tgg uétXrlf%oﬁlgﬁq g%[?é m oveYE }%ﬁ"&‘ﬁ& t'&e%_g'ls
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for\p g a6 ﬁiﬂﬁt}lythé %ﬁeéﬁﬁl@tfers@lg))f Baych lfgﬁiaytﬂﬂwth@wfdellf (:5136 o 805 O purity:

e coyrse of the reaction, the yellow

99. %gﬁ”pgﬁgﬁ’%ﬂleﬂo <t transfornmed into a dark yel | ow
[003WAPERSAMAPle SBhEN into a tan suspension. After 4h, the

reaction m xture was cooled to 22-35 0OC. The tan
100478 p e ResyarXefshe free Base droghthepenoesylatepaltefide was washed

[OO‘MQ] h \1\@& @s&la(e8(1 % ik pﬁ%%@asﬁ@dl&t&ﬂ-e)oov@%teg 92 ?Qol)”‘atnd 6 N HCI

under vacuum rovi de conpoun as a bei ge
(2. -‘pmAbI@@re (slmgedgto asblaslo/endmﬂlir@gﬁn egopima wishaUaedhgnind sHHAES A) |
app-gyaﬁis%hu{ & e%dta|tﬁ@1§10m9é1e Uﬂf%'réa%m ﬁl%ﬁ@was StlrrSelil/I f%rSISILT 1

intermediate (6) /.3 mn, product (1) mn
h. Eheqmmtuje wp@'(hery ﬂ]ter@(@rmﬂgb a@a@ @m_e'hge] 454 and actlvated carbon (1:1

m1xt1]1r tEX el E Sﬂ’%ﬂ ﬁl?eéfrﬁeﬂ} ra%@y "rhdhﬂa% vyas )coo7le({ B)()l’ lgbéi I nwl%c}}/lgc}mt 6
N Na@xh OBS(WV@I)GWS alldedafowly kfephg 716 temperature below 5°C untll apH of
NLIT I'T' Irl?Blfe&l] Tﬁ?&g@%\?ﬁ% %y;jvlmg égrr%dlgor g]%&pl ad%]t IS‘Q%ZHYe slurry
waé’ﬁiﬂt@é‘d andl.tR: fReH ke, walkhddhi(hADS NIaOFb (08 )701) water (2 x 3 vol) and
oSSR OO P B T Bl T i o e
vacl & &F 40-50°C for 12 h giving the free base as a white powder (60.40 g, 87 %)

[00180] Example 6

[00181] S5-fluoropyridine-3-boronic acid (2b).

[00182] Toa 700 L low temperature reactor were added 3-bromo-5-fluoropyridine (2a)
(25 Kg, 142 moles, 1.0 equiv.), THF (222.5 Kg) and isopropyl borate (28 Kg, 149.3 moles,
1.05 equiv.). The resulting mixture was cooled to -90 °C ~ -80 °C while stirred. Then n-BuLi
(40.2 Kg, 2.5 M, 142 moles, 1.0 equiv.) was added dropwise (2Kg/h) maintaining the
temperature below -87 °C. After the addition was complete, the mixture was maintained at
-88 ~ -83 °C for 2.5 h. When the reaction was deemed complete by HPLC analysis, it was
quenched by addition of 9 % aqueous HCI1 (7.7 Kg). The mixture was transferred to a 1000 L
glass-lined reactor and the temperature returned to -20 ~ -10 °C. Additional HCI solution
(122.3 Kg) was then added until pH was adjusted to 1~2 maintaining the temperature at 0~10

°C. The mixture was then held for 0.5 h in order to allow layers to separate. The organic
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nitrogen equi pped with a nechanical stirring
apparatus, reflux condenser and a thernoneter. The

W@ kapg18ts stirred and heated to 65-70 0C andPEl/US2008/082565
solids dissolved, |eaving a brown solution, which was
cooled to 45-50 0C at a rate of 0.5 0OC mn and
filtered through a 0.2 mm PTFE nenbrane filter. The
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(168 Hg, 170 eolds XE.0IEIVYAThE Reftifhd mi:@ure dat da@idgh 1 14-pagl°©find
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majytanc3f the p4rag teRpeBuEier 2 Irhe Tl Ieaqtigh @agymenigases gk o uefil no
SM WasRAetedled WA G PRIRIre GadbdIRdib ko & BRI dbaliducWasbARM t 20~25

slowy keep mg the tenperature below 5C until a pH of
°C. N&trth@ DPoighE Vg Eﬁé@usmgq%evwre Kiltgihi Tthe Tidrate Wos spaeengpted pader

VaCtIQIEl aNl:I gb °B a8l POOl(R M2 un-ﬁ'] ﬁo %hé{foﬁﬂls‘ﬁ’ﬁéd (tdtl Tﬁt{negft@)egohng the

filter cake washed wt
mlxﬁme & 6Q L, gy@ohgwine (Fhd Ked e adé@fémittbe l(rlgtwe ¢owouateyl agatp gnder

o g, oLyl Gl Lo
ISOIbrals}é alesha (K8 Ke) wovadded Iﬁ@hM@S@tlngaﬂixwe e0k80]l tEXRIP @ and

the ?bcki%g ﬁa%%ll&w&#tg 8588?4{26 Qttﬁ q S %9 I’}lll ThE% sgltlgégl)u’ry wa dﬁlctlered

er a ure r eac
and3hbdfibrateibeakt was dfpyred do drg 11@ 2ajy dryer at 37~43 °C, furnishing the product

as a white solid (25 Kg, 81.2 %, purity: 98 % AUC determined by method C). Typical
retention time for product (2) was 9.6 min. '"H NMR (CDCls, 300 MHz): & .75 (1H, s), 8.53
(1H, d), 7.75 (1H, m), 1.96 (12H, s) ppm.

[00186] Example 8

[00187] Preparation of N-(2-bromophenyl)pivalamide (3b).

[00188] To a 1000 L glass-lined reactor at 0 °C was added DCM (670 Kg) and Et;N (76.4
Kg). Then, 2-bromoaniline (3a) (100 Kg, 581 moles, 1.0 equiv.) was added with stirring.
The resulting mixture was cooled to 0~10 °C and pivaloyl chloride (77.1 Kg, 640 moles, 1.1
equiv.) was added dropwise (5Kg/h) while maintaining the same temperature. The mixture
was stirred at this temperature for 1h 25 min and reaction progress monitored by HPLC.
When it was deemed complete, the reaction was quenched by addition of a 5 % aqueous

solution of Na,COj3 (120 Kg) at a rate of 2Kg/min. After addition, the mixture was stirred for
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(25 Kg, 142 noles, 1.0 equiv.), THF (222.5 Kg) and

i sopropyl borate (28 Kg, 149.3 noles, 1.05 equiv.).
wab@oest ti ng m xture was cooled to -90 0C ~ PGDUSIB08/082565

while stirred. Then n-BuLi (40.2 Kg, 2.5 M 142 nol es,

1.0 equiv.) was added dropw se (2Kg/h) maintaining the

tenperature below -87 0C. After the addition was
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20- é‘h amy@déhe preanjmphageiwpciseaatly owd dine pPEIOBTIaTT Hragjiieeigd with
DCWM&J ﬁ66 X@Rg Bﬁﬁng‘bﬁ&h léf(t?ac‘ﬁ@r? thd 6! rﬂ)ﬁgs@cr hB&hrt Qlag?‘stﬂ'gg QorLIS 20

gl ass-1i ned Veactor and the t'enperature returned
min gy thenhebl 9l S-AQAE to Glva fOI—Eb’efsS@H’aEﬁtiO@n AQII@QrgaH(‘gbaywwere

corﬁtﬂﬁ&l aﬂgquﬁ H&IGIOLS s%ﬂél\_éﬁgf %%l &%ﬁ}g Q(r%f) Qla;'é(gieﬁrﬁj J&ﬁtﬁ{ fﬂle ﬁﬁlvg{lue

e tenpérature at xture was
betfvean Dang ch Than tiEdelueom)lamrlvaSdmye@d&nﬂ thegegraicdtyer wiiwashed

r e ed.. W. t h
i SARRISAREG) 18D SCBAN R AR SRS Bl WLty oo
30 mgaand lellrfo3(bmin. tThe atdaniwvphay evas Se@pateatand) triedldver Hel@q68 Kg)
.| ayer epar at and the daueousla rs
Wlthéﬁféln%%ﬁ gilt c Wsﬁﬁn@ﬂg&éw?ﬁlge ed(uén% u%}l > gﬁhé& vacuum
filt@r gae fitrafacke Was washpa K)vﬁth M melicp (2 5viasx a)jj"ﬂlﬁtfﬁ@té a8
ueous, NaOH s utlon

f b
congETEADY O A1 o1 6 BCGTHDAE BT a0 sy giiled

outWaser it Wheidetioayycentdnthidd ey moﬁhbmﬁrér muﬁiﬁyp KIMRy) at 65~70
tray dryer at 40-45 0C. Title co was obt ai ned

°C. AN cRpfepisatiog) the myxiyresvag goolgsizto 45y 0 &fﬁlidtRHF w3 agded, (AP K e)-
Thétsth® 8@t RAdcBlentla®d 18 ) afoXedioR b &airf ud P8 4dme %ondltlons as above.

5-fl uoropyri di ne-3-boroni ¢ aci d pi nacol at e
Thg guotegsef DeMavas gpitpred by §§- ysingapetheddtysy <0Adso ixture was

cootléalI tH85E30(° %%/dég\} 4@ Itﬂeﬁ\f@tgregﬂloﬁ%h silica %c_el (8 Kg) klélder if%%uum in order

| 'uor opyri di ne-3-boronic acid
(0 drlodhe 410 R yashritiopineoT S B0 oAb 506, '9lukgy of rude
o} B oy g4 6 CERLERLR I, HEBtgenion ime
for steripe meetayiab(3apis 82 minkand Thgradeetd8b)om 8 Rasinnoni t ored by

upti SM was detected. Then the m xture was
[Oog%ﬁ e?f&%%p%% OC and continued to be cooled to 20-25

[000€D)] AfV- aanblnmhyl{prbpmnmmdfe)' 1-4pbergd-bosinigacid Baguum

oo ly o 5 Y G S A B P
bro@idphenyhginaladfde €3b)GOTHF MR tKE was mlxed with THF (102.7 Kg). With
stirring, the resulting solution was cooled to -65 ~ -70 °C. Then n-BuLi (2.5 M, 73.4 Kg, 2.4
equiv.) was added dropwise (2.5/3.0 Kg/h) while keeping the same temperature range. After
addition, the reaction was stirred at this temperature for 45 min. The remaining n-BuLi (73.4
Kg) was then added and after the second addition, the mixture was stirred at -60 ~ -70 °C for
lh. The reaction was monitored by HPLC until a lithiation ratio of > 96 % was detected.
Then isopropylborate (105.9 Kg, 563 moles, 2.6 equiv.) was added at the rate of 10-15 Kg/h
at -60 ~ -70 °C. The resulting mixture was stirred at the same temperature for 4h 20 min.
The reaction was monitored by HPLC until completion. The reaction mixture was quenched
by addition of petroleum ether (241.2 Kg) and allowed to warm to 0~5 °C and maintained at
this temperature for 2h. The resulting mixture was washed-filtered by centrifuge and the

cake washed with saturated aqueous NH4CI (159 Kg) under stirring for 1h. Then the washing
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m xture to 60 0C, cycl ohexane (27.4 Kg) was added and

the m xture evaporated again under the sanme conditions
W@ paoploxses di stil |l ati on observed. Mintai ni ng tPET/US2008/082565

tenperature at 55-65 0C, isopropyl al cohol (20.8 Kg)

was added and the resulting m xture was heated to

70-80 OC and the product was allowed to crystallize at

mixRuré Va@Hsd Alterd@whh cdirubesidl the ébgnbsﬁeldrﬂnyatwaﬁ»eré bérfc@l{tﬁaféd under
and the filtration cake was allowed to dry in a tray

Vacawg?@rr Ta85 é‘?am@’ B5¢)-0% MPa usHingdractien Cbift’é](ﬁ@l evt érélelathﬁmqﬂére was
coo?éall tb §7 6@ ?nd%ntrf%&gea ag/ﬁln PG BN wat8va {ﬁeﬁ%ﬂ%&f ('iflsd]ﬁgb 3y O 5-1h

Typical Fetention tine pr oduct
andgceetrlﬁqgﬁd on¢q MVR @M@ waggashggHw)th MjTEsE (A%4 KigHfor 8)5- lleangs
ﬁltg%ﬁéenérz?%%fg ﬁ’ftﬁr errssln% ;lt?e?ooog](;rgd ilmcfs()k)oxpam obtaARAEEhn off-white
solidVs [ BeiSanBpireity.| 9 i % abiagrindthod 8b )Typlcalo¢@sfonToncafol SPI03b)
Wa% %ﬁi‘ lined reactor at 0 OC was added DCM (670 Kg) and

lI(76 4 Kg). Then, 2-bronoaniline (3a) (100 Kg, 581
[OOM]eSExamﬁleGIQw v.) was added with stirring. The

m xt ur 10 OC and pi val oyl
[Ooiﬁ N@‘gg"( f‘?‘lfl"ﬁgyl\s\@ﬁyﬁ%ﬁvglgm"g @d Equiv.) was added
[00d194) erSzeS(IOEIKgl/m)lmm rdaetofTahdedr &N, WG diidies I g@h@imethyl ether (152.3
The m xt.ur rred at thi .
ey SREF ainh &-chbromy i I ThLGEES o shiblys aes added with
stirfiRg) ifs1wed bb?dkﬁh&? WK ¢, 3. wasled ee@mqlucwmheeﬁe@nuﬂghﬁlxmre
reaction vvag,%gogenched by additign of a 5 % aqueous

wasHige pbly-df o3 0mip @nddgsn Ar(24- ¢la%taylolrpr2m§wmdﬁ>1-phenyl-

bor&qu akid astgli b5 @B ,of{nlaaudm ObhidinfhWRGitiShdl N1 off@zﬂ‘éb Begmaadi.o
the pH val ue tes be between 7 and 8. The

equie e aghedia 9ne pergoR dA ey additipy aﬂwu%a@@sﬁplﬁu@h@ 3R&e 2 M)

wa QSN Gcll BREN VRS 5 MRdt&d t%d789$‘§ C éB'&@efﬁ&H@%‘%h' @H@Jeaé’é{%ﬁ was
extracted with DCMtV\/lce <vigaé> érhrlng each

mogisaredlest HBIAC usihg mgihog Hasu‘tll: M: (ﬁt)m‘aé ¢ mixdgrefvsp then slightly
coo}eiél tg 90 r’?s”’ca nEﬂ%ﬁ %XP?AIH Heo u%%e?\gatrelo(ga 6 WSE? ﬁg and

l'ayer separation. he”organic 1 ayers weré co
stirsinglccatiBuddhaa o Gsfos bR bt iTom mpfturei@ras (IRB filte@d l@):enmﬁ;lge and the

cakggx%glgegt\xp hj)%ﬁg& w!i o Tﬁyw\étfﬂrg&cp%&%ﬁ% tcﬁesawd}S flndTﬁS

an C
wavnasitbdcbdwwnd hrwﬁatmerﬁyeiﬂydﬂdcbﬂ@cwé&k (aﬂ.(thelh_@m a Ebllletry nqnd:aﬂl dryer but

sonk RO SRS By Bl tgfevﬁgglpéﬁf&é?@wé"aa”
obtaifel dra yetlow wer sdNd B3 7(15€) >Kgp %, purlty > 98 % determined by method F).
Typical retention time for product was 15.9 min.

[00195] Example 11

[00196] Preparation of N-(4-Bromo-2-(pyrimidin-2-yl)pivalamide (3e).

[00197]  Acetic acid (367.5 Kg) was charged to a 500 L reactor. Then, N-(2-(pyrimidin-2-
ylphenyl)pivalamide (3d) (35 Kg of product, contained water, 137.3 moles, 1.0 equiv.) was
added followed by NBS (26.9 Kg, 151.1 moles, 1.1 equiv.). The resulting mixture was
heated to 50~55 °C and stirred for 5h. The reaction progress was monitored by HPLC
(method I) until 3d was < 2%. The reaction was quenched by pouring onto purified water
(350 Kg) which had previously been cooled to 0~5 °C. The mixture was maintained at 0~10
°C under stirring for 1-2 h. The mixture was then filtered via a centrifuge. The combined

cake from 3 batches (from 35 Kg of 3d each) was washed with purified water twice (550 +
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with stirring for 13 h. The resulting slurry was
filtered under vacuum using a 50L vacuum filter. The
W0 pdovoeus7oHN cake was washed with DCM tw ce (25PKEUSK208§/082565
The filtrate was concentrated by evaporation at T<50
OC under atnospheric pressure until no sol vent
distilled out. Then it was additionally concentrated

500P¥ o) AMARQKAABr MI5AE. rAft’e@@‘dé‘d@Sh& BitratidPaith 8dnt®Bsd ShdQeying, the
%er concentration, the m xture was cool ed to 55- %

tlﬂfomom GrHmavehieipedce d lighigmligg polidi@ho Kigedhioxpuiits el
det&ﬁp&% aﬁ&l?@cap%et%f@@? r ﬁﬂl&m re@&lﬁbﬁ]tlfﬂg @&rSM tﬁ) $84% 5 min, for

condltl ons” as above. The content of DCM was nonitored
progyct Q&) wes hyl méthod F until <0. 1% The mixture was
l e 30 O0C under N2 and then filtered though
[Oogﬁil ch%grg?l%?% Kg) under vacuumin order to dry it. The
[00$99]| c rqplavafionad Naéislhrod ot 2vh ite-¢vpy Hmitii- 22 phigyDpivalarhide (3f).

j I whi.ch f
oS S8 "3 S0 Rl oS £ 3R P D AL e
HzS@nt(GEBﬁ Ko 8t%,e7 7 Io’Kg$w§6r dddodjatrmetrepdrathre (13280 Cs Te Gesniting
mi %ngf&%éfoﬁécﬂg ldcg é a)m énsél 1\§—(49brronmr0]12—&ygprr:lligi%b—}%(p%gﬁ))!l)%iv%lamide
3eY\20(KZ;, 29 . Bintoiishy.0 ecpﬁ'@pi)v@ﬁaiﬂécﬁﬂi%ﬂoﬁﬁﬂme Rydpieah©Rn@eratird

3c)., [00191] In 1500 L .ti tor er
contiet sy BTG e (ot o ey Byseruuat Db st
disdoBRY cbmpitidy. (Aa%scd@mgwaom-xe@ MNOh(12hg, 9@@2021 K@ Y) was

Wt h stlrrl the resulting solution was cooled to

addeg dropwise (2 5@%} PREFIHLERS terp@er@uq@l Agtgr qddp{g)n the prgagl ™gs §t1rred
at tHESNRAERS 16 DMINS € hé Za&lod pPo A ok Godtak Rhs WohitRedBEPLOUntIRG SM (3e)

same tenperature range. er addition, the reaction

coujhle defqcierle fVhale mamt%mmé thscerapaistarerapr! 04501 ihe rggggion was
queﬁlglfga'bg}'pegrn& iBulth 2 i dufe o%gl)us%%et(b@@Kg%ﬁ%paﬁgera(M@Kg) ina

he sécond addition, the mxture was stirred
10007Iog1@8csﬁ¢ tinedirpactorh &he mixdure vias thas mygtdinegrag o 19y’ Cﬁm@ lh The

mlﬂlrﬂje IvJas ﬁlt%lje& %?Eé\?ﬁ%%@%ﬂd&h@&é& §v%§ W{geh\sé@ﬁl&tﬁ?s gﬁtvﬁq betU%glp 6 and

I sopropyl bo qui v.)
7. Aodeshlttg prhdict wesedrfl a §-66 “RoThe @tde Boducts-ftin @@erarrbaeches A3

<RI 0B 8H0 93,00 41BN %S LOTRBIA0 eic
undgn $t;rfn_1g:ﬁ>|rrph aeid mrms f'ﬂee:drtlﬁmrgﬁ sdiicargbb((m Ke). \/\Hﬁe sijive phigechs by
waﬁ%& %141?&6\? éWIS% dgﬂ%ge)ﬁgi hli\e 9 d %ltra%;s RIS concen?r\l\ﬁeg unc?er
vacuum at T < 50 °C to remove the solvent. Petroleum ether was then added (141.7 Kg) and
the solution concentrated again at 40~50 °C until no fraction distilled out. The resulting crude
was filtered via a centrifuge. The cakes were combined furnishing the title compound (3f) as
a grayish brown solid (62 Kg, 91 %, purity: > 92.7 % as determined by method G). Typical
retention time for product (3f) was 11.3 min.

[00201] Example 13

[00202] Preparation of 4-bromo-2-nitro-6-pyrimidin-2-yl-phenylamine (3).

[00203] Ina5S00L was charged EtOH (87.4 Kg, 3.12 Kg/Kg). With stirring, a solution of
HCl in EtOH (168 Kg, 35 %, 6 Kg/6Kg) was then added. Finally, N-(4-bromo-2-nitro-6-
pyrimidin-2-yl)phenyl)pivalamide (3f) (28 Kg, 73.8 moles, 1.0 equiv.) was added in one
portion. After addition, the mixture was heated to 80~88 °C and refluxed for 49 h. The

reaction progress was monitored by HPLC (method T) until 3f was <3 %. Additional
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this tenperature for 2h. The resulting m xture was
washed-filtered by centrifuge and the cake washed with

W@ 2009068281 aqueous NHAC (159 Kg) under sti rriPQI/i82008/082565
I h. Then the washi ngm xture was also filtered with
centrifuge and the conmbined filtrates were
concentrated under vacuumat T< 35 0C and P < -0.09

HclEom mlhthonr@o § @%pmd@a 8itd thé Bk t@¥ LontihD&NtottR eefmxzsd £t 8n
was cool ed O0C and centrifuged again. The cake

addjépnal g b eEhWtWrW%‘Fooéeﬂ% 3k “Fand guagchad byrpguring it onto cold
purﬁ?e'atwra'tefr R4 /N ‘i"ﬁe fﬁﬁftﬁe w-glé] ﬁlt&%@ltﬂ@&ltﬂ‘ﬁéﬁhﬁﬁ W Edte WEBEadhed

114 Kg) for 5-1h and [tered h centrifugation.

wit\fwater tles/indgr &tm@ngo%r bln(4é0 Keixd)( 3 69 re@\)@lgngmﬂlduw driggsat 4650

°C QJJeEN'h t%?xrrﬁ%l {nd tlﬁ?éonggnelﬁ(? I§ Ssﬁa ?ﬁom@gfti \O/EIYOgvl\ﬁ%?gg%O% ﬁg 9339’ §
purpty rp9. q%@l@@ﬁ]nn@(mmbodlﬁ) [ Dpl@Bietention time for 3 was 10.1 min. 'H

REGEEEIET AR Al P TRE T gl For”

gl ycol dinethyl ether (152. 3 Kg, 5L/ Kg). Then

2-chl oropyrimdine (18.4 Kg, 160 noles, 1.01 equiv.)
was added with stirring, followed by Pd[(Ph 3)P] 4
(3.65 Kg, 3.2 noles, 0.02 equiv.). The resulting

m xture was stirred at 15-25 0C for 20-30 mn and then
N- (2, 2-di net hyl -1 - propi nam de) | - phenyl boroni ¢ aci d
(3c) (35 Kg of product, containing additional 1 1 Kg
of salts, 158 noles, 1.0 equiv.) was added in one
portion. After addition, aqueous Na2CO sol ution (132.8
Kg, 2 M was added quickly and the m xture heated to
78-83 0C and refluxed for 3h. The reaction was
nonitored by HPLC using nethod Huntil SM (3c) was < 3
% The m xture was then slightly cooled to 70-75 0OC,
guenched by addition of cold purified water (5-10 0C,
525 Kg) and stirring continued at 0-10 OC for 1-2 h.
The m xture was then filtered by centrifuge and the
cake washed with purified water. The wet product from
4 batches (7, 35, and 35 Kg scal e) was conbi ned and
dried on a tray dryer for a week and then on a rotary
coni cal dryer but sone water (at |east 3 % weight)
coul d not be renoved. The title conpound (3d) was
obtai ned as a yellow wet solid (157 Kg, > 100 %
purity > 98 % determ ned by nmethod F).
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Typical retention tinme for product was 15.9 mn.
[ 00195] Exanple 11 [00196] Preparation of

WO WopAeBrono- 2- (pyri m di n-2-yl ) pi val am de ( 3e)PCT/00W8%7982565
Acetic acid (367.5 Kg) was charged to a 500 L reactor.
Then, N-(2-(pyrimdin-2- yl)phenyl)pival am de (3d) (35
Kg of product, contained water, 137.3 noles, 1.0
equiv.) was added followed by NBS (26.9 Kg, 151.1
noles, 1.1 equiv.). The resultlng m xture was heat ed
to 50-55 OC and stirred f&rAIBS The reaction progress
was nmonitored by HPLC (nethod |) until 3d was < 2%
The reaction was quenched by pouring onto purified

1. wat & procgs dorugpanng tsthiihdt (ptelliaoirginbeeh-'dopimigin-&yD-1%/-
tained at 0-10 OC under

benQ dl&mﬁégﬂ%%lﬁ%&M&n@epm xture was then filtered via
a centrifuge. The conbi ngdxake from 3 batches (from
35 Kg of 3d each) was waghed with purified water twce
(550 +500 Kg) under stirrig for 0.5- Ih. After a
second filtration with cepfyifuge and drying, the
title product (3e) was oned as a light yellow
solid (105.6 Kg, 80 % O .3 % determ ned by
anal ytical nmethod Q. igal Nretlention time for SM
(3d) was 7.5 mn, for oduct (3e) was 15.1 mn.
[00198] Exanple 12 [00199o Preparation of
7V- (4-brono-2-nitro-6-pyrimdin-2-yl)phenyl)pi val am de
(3f). [00200] water (7.4 Kg) was charged to a 200 L
reactor. Upon cooling t6 0-5 0C, cone. H2ZSO4 (138 Kg,
98 % 3.77 L/Kg) was addedjat a tenperature T< 30 OC.
The resulting m xture was cooled to 0~5 0OC agai n and

COMPIEHEHr onp- 2- pyri ni di n- 2-yl ) phenyl ) pi val ani de (3e) (20
Kg, j) %@dlﬂgmﬁorols QL4 5tdranc B 1 @Qdﬁ&ab&oﬂnmmﬁyﬁaﬁe

keepi ng the tenperature constant. After addition, the

(formuls Araad desonae-Rrivtegio-4yrisnidio-2ad beprengmie (e ). t he
sol i d. di ssol ved con‘pl etely. After cooling to -10 ~ -5
0C, NHNG 3 (12 Kg, P98 % 0.4 L/Kg) was added dropwi se
(2 ) maintaipyg this tenperature. After addition
the m xture was reg at the sane tenp for 30 mn.
Thej_etti on aNogies 'ﬁfi monitored by TLC until no SM
(3e) NH, N~

2 3 .
ii) cross coupling the compound of formula 2 and the compound of formula 3 in a
biphasic mixture comprising water, an organic solvent, a base and a transition-metal catalyst
to produce 4-(5-fluoropyridin-3-yl)-2-nitro-6-(pyrimidin-2-yl)benzenamine of formula 4,
F

N~ X

I/

N

O,N 7S
NH, N__~

4 ;

iii) reducing the compound of formula 4 to produce 5-(5-fluoropyridin-3-y1)-3-

(pyrimidin-2-yl)benzene-1,2-diamine of formula 5§,

42



could be detected. Wiile maintaining the tenperature

at -10 ~ -0 OC the reaction was quenched by pouring it
W@ni0d/06u8m xt ure of crushed ice (280 Kg) and t apCTES2908/082565

(420 Kg) in a 1000 L gl assed-lined reactor. The

m xture was then maintained at 0-10 OC for 0.5-1h. The

m xture was filtered with centrifuge and the cake was

washed ilr its pH was between 6 and 7. The resulting
produc{“| ds dried at 50-60 OC. The crude products from
several~patches (3 x 20 Kg scal e) were conbi ned and

di ssolved in DCM (469 Kg), dried over Na2SO (25 Kg)
g ring for 4h and press-filtered through

M _Kg). The silica plug was washed with

concent ratzed~dnder vacuumat T < 50 OC to renove the

sol vent .5 Petrol eum ether was then added (141.7 Kg) and

t he solutlon concentrated again at 40-50 OC until no

f r dig} ir@ating e Fenpoyndof formieS madiha ¢ongpornd efdormara 6,

filtered viapg,centrifuge. The cakes were conbi ned

furnishing the title compound (3f) as a grayi sh brown

solid (62 1 9% purity: > 92.7 %as determ ned by

met hod Q). cal retention tine for product (3f) was

11.3 min. [0Q201] Exanple 13 [00202] Preparation of

4- br omo-®2- g tro- 6- pyri m di n-2-yl - phenyl am ne (3).

[OO(%HU] S,ﬂ)\OL was charged Et OH (87.4 Kg, 3.12

Ka/ rlng, a solution of HO in EtOH (168

Kg, 35 % 6 KQIGKQ) was then added. Finally,

N- (4- br ono- 26ni tro-6- pyrim di n- 2- yl') phenyl ) pi val am de

(o i a0 misteteSotBieh: buteRdSirind at @ RO B (R0Rce

thegomp@ngCf &maukeds | uxed for 49 h. The reaction progress
was nonitored by HPLC (nmethod 1) until 3f was < 3 %
Addi tional HO / Et OH sol ution (50.5 Kg) was added and

2. t héThwiproagsseofctunh il nuledleih thelreganefdolyeetdn fiprs aapp@ddsdlvanal
9.5 h. The m xture was cooled to 30-40 O0C and quenched
by pouring it onto cold purified water (280 Kg). The

3. m XTherpeoossssoficialirh @1 whkryih kdid e@ntic ol wegeis dr2ddimboxcakansas

di washed with water tw ce under stirring for Ih (450 Kg

10%1%) . The resulting solid was dried at 40-50 OC under

N2, to furnish the titIe conmpound 3 as a browni sh

yel | OMISO|Hg $20 9 96 %

4. The process y one of claims 1-3, wherem the base in ii) is an inorganic base.

5. The process of claim 4, wherein said inorganic base is selected from potassium

carbonate, cesium carbonate or potassium phosphate.

6. The process of any one of claims 1-5, wherein the transition-metal catalyst in ii) is a

palladium-based catalyst.

7. The process of claim 6, wherein the palladium-based catalyst is palladium(II)acetate,

tetrakis(triphenylphosphine)palladium(0) or tris(dibenzylideneacetone)dipalladium(0).
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purity: 99.0 % determ ned by nethod G . Typical

retention tinme for 3 was 10.1 mn. 1H NMR (CDO 3, 300
worpred79. 00 (I H, d), 8.85 (IH d), 8.46 (I H,Pdiys2002e2565

(2H, m ppm CLAIMS 1. A process for preparing

| -ethyl-3-(5-(5-fluoropyridin-3-yl)-7-(pyrimdin-2-yl)

-1 Hbenzo[ d]im dazol -2-yl)urea of fornula 1:
8. CONMMYel ppbdREk oflahy Ql’feodf'cglhrﬂsgl 7, wherein sald biphasic mixture in ii) additionally

3-fluoro-5-(4,4,5,5-tetranet hyl - Bdloxaborolan 2-y
comy sy 4 Rhosehif lgepdil a 2) and

4- brono-2-nitro-6-(pyrimdin-2-yl)benzenam ne (fornula

3), ii) cross coupling the conpound of formula 2 and
9.t heTf@mli‘fmﬁﬁﬂi cpim Bovhatia the nhasphinsilighadsis & triArydplipsghine ligand or a

er, an organic solvent, a base and a

trlaﬁﬁg}%%@ln@g er%%al catal yst to produce

4- (5- quoropyrldln 3-yl)-2-nitro-6-(pyrimdin-2-yl)ben
IO.éfe (r:?rp?rrose zf alnqgl J%“éﬁ? p(hgsp;h?ne lggngylPa 1aﬁ}h§ho%?ljn9§f'lgagld
sele(cmﬁrframtﬂnphe@lghbsﬁhemzene |,2-diam ne of formula 5,5 ;

iv) reacting the conmpound of forrmula 5 with the

conpound of forrmula 6, HH 6 in a biphasic mxture
11.CcONpiel Bodagy dTuhy edead clmahﬁr 1@ heddin @l @BiphasicSoikiein ii) O

todyce the conpound rmula 1. 2. The process of
addiopally Gomppisesad Settﬁaélsﬁ aﬁ?’s& solvent inii) is an

aprotic solvent. 3. The process of claim2, wherein

said aprotic vent is 2- di met hoxyet hane or
12.4i olhgriocess of ?f%@n Forssdn @F pam tra?ﬁéewtakywdﬁ nms 1-3,
Cetyyt}ﬁﬁe%ﬂarﬁlhgmgﬁ%eomael i) is an inorganic base. 5. The

process of claim4, wherein said inorganic base is

sel ected from potassi um carbonate, cesium carbonate or

13.p0tﬂ§%rmmw&%cﬁ" ‘claims 1-12, wherein the cross coupling reaction of ii) is
run at between 75 °C to 120°C.

14. The process of claim 13, wherein the cross coupling reaction is run at between 80 °C

to 100°C.

15. The process of claim 14, wherein the cross coupling reaction is run at between 80 °C

t0 90°C.

16. The process of any one of claims 1-15, wherein in iii) the compound of formula 4 is
reduced under catalytic hydrogenation conditions comprising a suitable hydrogen atmosphere

and a suitable organic solvent.
17. The process of claim 16, wherein the catalytic hydrogenation condition comprises a
palladium metal catalyst on carbon, a hydrogen atmosphere of between 1 to 10 atmospheres

and an organic solvent selected from an aprotic solvent, a protic solvent or mixtures thereof.

18. The process of claim 17, wherein the palladium metal catalyst is between 1% to 30%

by weight palladium metal on carbon, the hydrogen atmosphere is between 1 to 6
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6. The process of any one of clainms 1-5, wherein the
transition-netal catalyst inii) is a palladium based
W@ 200alysts 7. The process of claim6, wherei n PEEUS2008/082565
pal | adi um based catal yst is palladiun(ll)acetate,
tetraki s(tri phenyl phosphi ne) pal | adi un{0) or
tris(di benzyli deneacetone)di pall adiun(0).8. The
atnfOS MRS SnPfhe BN RV Gt 1Cd FbHBsodvers seWBRl Blom B@hdhol or ethanol or
bi phasic m xture in ii) additionally conprises a
an Hrefiepriviet selegiah omgV, N-rifaethyleretsydenf " cl ai m 8, wherein
t he phosphine ligand is a triaryl phosphine Iigand or a
trial kyl phosphi ne |ligand. 10. The process of claim?9,
19.wh eFhgi proaekreof|shaar phi witerdin g mallladgimameta] eatalysp kdspisiemé’o to 10%
- . : i
by S ARIRIREL RESA oh LRI AR BN PAGSRAL AT hebdeon]B
atnospiieres iand ¥ wtganie solmernit is) V, detintthplaedtdngide onpr i ses a phase
transfer catalyst. 12. The process of claim11,
wherein the phase transfer catalyst is
20.c et Petproaret dfphy omooficlanmb r-oivdereid e ofidasic poloce ssivpfs aamyrotic
1ong of clains 1-12, wherein the cross coupling
O%Y®&ction of ii) is run at between 75 0C to 1200C. 14.
The process of claim 13, wherein the cross coupling

reagtion i s run etween 80 .0C to 1000C. 15. The
21,0 7o gt el b A BB RO L BTG >
dinfe@R&}dtine bBdibkdneat bet ween 80 OC to 900C. 16. The
process of any one of clains 1-15, wherein in iii) the
conpound of formula 4 is reduced under catal ytic
22.hy driRgRaREd AR 12601 K hdrOR $heC@MPblRI FFSorthuflt it 8ld&s a solution in an
hydr ogen at nosphere and a suitabl e organi c sol vent.
aprefc sof§Bt. pr ocess of claim 16, wherein the catal ytic
hydr ogenation condition conprises a pall adi um net al

catal yst on carbon, a hydrogen at nosphere of between 1
23.t o Tl ragasesslelaira 82, wherein the compound of formula 6 is used as a solution in

1,2-dimethoxyethane.
24.  The process of claim 1, wherein the compound of formula 6 is used in a solid form.

25.  The process of claim 20, wherein the biphasic buffered water solution in iv)

comprises an aprotic solvent and an aqueous buffer adjusted to a pH of between 2 to 5.

26.  The process of claim 25, wherein the aqueous buffer is adjusted to a pH of between 3
to 4.
27.  The process of claim 25, wherein the aprotic solvent is selected from 1,2-

dimethoxyethane or dioxane.

28. The process of any one of claims 1-27, wherein the reaction of iv) is run at between

50°C to 100°C.

29.  The process of claim 28, wherein the reaction is run at between 70°C to 90°C.
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and an organi c solvent selected froman aprotic

sol vent, a protic solvent or m xtures thereof. 18. The
wee@eees7dHf claim 17, wherein the pall adi um nePEI/US2008/082565

catal yst is between 1% to 30% by wei ght pal | adi um

nmetal on carbon, the hydrogen atnosphere is between 1

to 6at nospheres and the organic solvent is a protic

sol vent sel ected from net hanol or ethanol or an

aprotic solvent selected fromN, N-di met hyl acet ani de.
3019 Thepsogspsarf €lpim 89 vieagimihe geactipii syt Ppfaveesal 1 6.t HiC-

nmetal catalyst is between 5% to 10% by wei ght

pal | adi um netal on carbon, the hydrogen atnosphere is

31.pet Theeockss b a8y enawdsfsiney £30.dinther RemgrksgEgni ¢ sol vent is
N, N-d
ol gkl) élﬁ@ ﬁ%& ﬁ%mﬁe?tmn‘%% an %Q%orﬂﬁcﬂﬁﬁ%?fo?&ul@ﬁxn ?ngrégﬁlc

el n gan|c solvent Iniv

soleqnt, otater asbionktotobtaiiia Su*ﬂb@Slpn ots sompounfl af forBda Iwher ei n
th ol vent
di ﬁ%)t a8 é%@ﬁ %usgensmn &0 gt))(tglﬁ éﬁl%%j%genfﬂus soﬁ%lgré g% cop ourll N -
1, Mh@kmmgﬂmm@mmgﬁmmumdmdbnﬁbmmmbmuﬁl|s used as a

sol utio rotic.sol GEss of
or e 4550 R SRR ShbGist ShtouRina TG BEHE L26d as
a solution in 1 2- dlnethoxy et hane. 24. The process of
m1l, wh r f formula S. us
25 A oo eTaus 31 s ap B agd Bhsei ri S eiiiaf Bradet e
sal(bildimaSﬂ s@If b1 icﬁxr ad SWRIRAitingas 1étal tefpdritute\of bERRRT 4(05€ 30 907C.

aprotic solvent and an aqueous buffer adjusted to a pH
of between 2 to 5. 26. The process of claim 25,

33.WheriRi fodefieo ragig o SviRWiA efid protiasiist Rohdifingl Rlekndfiol, said
between 3 to 4. 27. The process of claim 25, mhereln

sulfoRis agidnpmphangspljasi acidsor sthpegsplbeniq seighynd spid heating is to a

wngbgﬁﬁ@&m%g%ggggzqg8g%pxane 28. The process of any one
claims 1-27, wherein the reaction of iv) is run at

betmeen 500C t O | OO0C.

34.  The process of claim 33, wherein said protic solvent is ethanol, said sulfonic acid is

cthanesulfonic acid and said heating is to a temperature of between 65°C to 80°C.
35.  The process of claim 31, further comprising:
e) recrystallizing the salt of compound 1 in a suitable organic solvent or a mixture of

an organic solvent and water at a suitable temperature.

36.  The process of claim 35, wherein said recrystallization in e) comprises a mixture of

water and a protic solvent.
37.  The process of claim 36, wherein said protic solvent is ethanol.

38. A process for purifying a compound of formula 1,
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29. The process of claim 28, wherein the reaction is

run at between 700C to 900C. 30. The process of claim
WQ090b8rEi N the reaction is run at between 75CT/OSBBENS2565

31. The process of any one of clains 1-30, further

conprising: a) slurrying a preparation conprising the

conpound of formula 1 in an organic solvent, water and

acid to obtain a suspensiq t he conpound of fornula

1, b) heating the suspen to obtain a honbgeneous

sol ution of conpound 1, [

obtain a salt of conpoun
process of claim 31, whe
|d acid is a sulfonic

solvent is a protic sol Ve
acid and said heating | syf erature of between
400C to 900C. 33. The ss of claim 32, wherein
said protic solvent is,gethanol or ethanol, said
sulfonic acid is nethanesul fonic acid or
et hanesul fonic acid and/said heating is to a
tenperature of between 600C,to 85C. 34. The process of
claim 33, wherein said protic solvent is ethanol, said
cmmmhﬁgnlc acid is ethanesul fonic acid and sald heatlng
a _t.enpera e of between 65C. t The )
pr oac?e%‘émfd‘? N%PYSPW?:P COPRY RSP CUREPY 8&‘?8‘1“ gy s ordabe solven,
watee@idysidab bbinnguifeesistdtthofongoimdoifdrmiuld N a suitable
organj c .sol vent or a m xture of an organic_sol venf and
?‘8 flf‘é{m%th% AFSPEsIon to aRipiaAdEegeneays SOkHan B@‘E?EE’QE“%#

cl ad)nfilgbing MR oBer2ahstolu@6h YSdoad mzcat,l on in e)
cog&))rl ses a mxture of water an EI‘ otic _saolvent. 37.
E\

pfoting the splutionyoppai a SpH of egpposad § pt Wliddorgy| vent
i s ethanol. 38. A process for purifying a conpound of
formula 1,1 conprising: a) slurrying a preparation
39.conpheinsegsyy o clRpEurieran sAbegwligSolvanhisgirgsicgalvpr said acid is a
sulﬁﬁic\ﬁ@i'atand!‘Q&ﬁéanﬁQ% t@&k&nﬂe&t&@%ﬁ&eﬁw@en%@%@w@” of the

conpound of fornula

I N a solid form 32. The
' and b) said organic

40.  The process of claim 39, wherein said protic solvent is methanol or ethanol, said
sulfonic acid is methanesulfonic acid or ethanesulfonic acid and said heating is to a

temperature of between 50°C to 80°C.

41. The process of claim 40, wherein said protic solvent is ethanol, said sulfonic acid is

ethanesulfonic acid and said heating is to a temperature of between 60°C to 70°C.
42. The process of claim 38, further comprising recrystallizing the salt of compound 1 in
a suitable organic solvent or a mixture of an organic solvent and water at a suitable

temperature.

43. The process of claim 42, wherein said recrystallization comprises a mixture of water

and a protic solvent.

44. The process of claim 43, wherein said protic solvent is ethanol.
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b) heating the suspension to obtain a honbgeneous
sol ution of conpound 1, c) filtering the honbgeneous

W@ 00a0618m of conmpound 1, d) cooling the sol utiPCI/US2008/082565

obtain a salt of conpound 1 in a solid form 39. The
process of claim 38, wherein said organic solvent is a
protic solvent, said acid is a sulfonic acid and said
heating is to a tenperature of between 400C to 900C
40. The process of claim 39, wherein said protic

45.5 0l & eFfcess orpEeHERD? cCORP@nhah®Muiadi d sul fonic acid is
nmet hanesul fonic acid or ethangsul fonic acid and said
heating is to a tenperatdfé\of bet ween 500C t o 800C.
41. The process of claim¥@# wherein said protic
solvent is ethanol, said sulfonic acid is
et hanesul fonic acid and sr o) heating is to a
tenperature of between 60Q Q MQOC. 42. The process
of claim38, further co%gg'siﬁ? rlecrystallizing the
salt of conpound 1 in a i a organi c solvent or a
m xture of an organic W vent and water at a suitable
tenperature. 43. The pr,qcess of claim 42, wherein said
recrystallization conprises a m xture of water and a
protic solvent. 44. The/process of claim 43, wherein
said protic solvent is ethapol.45. A process for
preparing a conpound of forrfrula 1: conprising: ia)

corfigitigt Ng . S
B T e S e

forinGla&, bi phasi c m xture conprising buffered water and an
organi ¢ solvent to produce the conmpound of formula 1.
46. A ﬂ s for preparing a conpound of fornula I :

=

N

H,N 7S
NH, N~

S
with a compound of formula 6,

NO,

in a biphasic mixture comprising buffered water and an organic solvent to produce the

compound of formula 1.

46. A process for preparing a compound of formula I:
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conprising: ib) reacting a conpound of fornula 4b, 4b
; wherein, Ring Cis a 6-nenbered heteroaryl ring
Wh2009MgI81s 2 ni trogens, wherein: Ring Cis subsPCT/Usd8/082565
with 1-3 Rl groups; each Rl is independently sel ected
fromOR2 or halogen; and Ris C _4 aliphatic; or R ng
Cis an unsubstituted 2-pyrimdine ring; Xis
nitrogen, CH qi~€k : with a conpound of fornula 6b, H
6b wherein, x ip 0345 RBis selected from-RJ, -0OR J,
-N(RJ) 2, - NQO2, , -CN, -G _4hal oal kyl,
-G _4hal oal koxy, < C(O N(RJ) 2, -NRIC(O RJ, -SORJ,
-NRISO2RJ, -CORJ, -NRISO2N(RJ) 2,
2 \ s, hydrogen or unsubstituted Cl
al i phatic; and\eg Ry /s ClL aliphatic; in a biphasic
m xture conprjsing buffered water and an organic
solvent to profuge the conmpound of forrmula I . 47. A
process for ppeparing a conmpound of formula 6b, 6b

\

wher ei n, RY

comprising:
ib) reacting a compound of formula 4b,

N

~

NH, °

4b ;

HoN

wherein,
Ring C is a 6-membered heteroaryl ring having 1-2 nitrogens, wherein:
Ring C is substituted with 1-3 R groups;
each R' is independently selected from OR? or halogen; and
R?is Cy.4 aliphatic; or
Ring C is an unsubstituted 2-pyrimidine ring;
X is nitrogen, CH, or CF;;
with a compound of formula 6b,

AN

| RO
O S O
RY\”)J\N/)\H)J\H,RY
6b
wherein,
x 18 0-5;
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x is 0-5; RBis selected from-RJ, -OR J, -N(RJ) 2,
-NO®2, hal ogen, -CN, -G _4hal oal kyl, -C _4hal oal koxy,
WO GOPHIER J) 2, -NRIC(0)R J, -SORJ, -SO2RJ, - SOXX/BRS2083/082565
-NRISQ2RJ, -CORJ, -NRISO2N(RJ)2, -COCORJ ; RJ is
hydrogen or unsubstituted Cl1 aliphatic; and each Rg is
Cl aliphatic; conprising: ic) reacting a conpound of

f or it aeléaaﬁfr&ﬁ &, smﬂ @Rk@i SROI, hhiagérﬁoé% d. ﬁﬁﬁﬁgwl

wherein x is 0-5; I's selected from OR ;
-Crhglpadlyxy, -C@QJ(R ar 135@50)11 ORGSO} a1S@aNg1§,p2, -NR'SO,R’, -COR’,
_NRJ%LO@W WhGe N(R J) 2, -NRIC(O)R J, - SORJ,

- -SO2N(RJ) 2, -NRJSQ2RJ, -CORJ, -NRJSOZN(RJ)Z

droggn dmnsu@tlhymtlr@gs@hpl@ﬂc,méubst ituted Cl1

al i Ve i socyanate of formula RY-N=C=0,

V\heéragl?fr} Cl 6;151%121?12, aliphatic; in a suitable m xture of
in afgplesic amdtuaarcoomgsinfg buf§wédrester and ap panid eolaent onpodued thef
ff8 A conpound of fornula 6b: 6b wherein x

Compougy% © |s selected from-RJ, -ORJ, -N(RJ)2, -NO2,

hal ogen, -CN, -C _4hal oal kyl -C| 4ha| oal koxy,
- ( R R SO2RJ, SOZN(R J) 2,
47 F(’?éfﬂ% \Br ng%@ WQSOF%M[’ ; Wherein
B
[ > JRY
0O s” o
RY\N)J\N/)\NJ\ .RY
H H H
6b
wherein,
x 18 0-5;

R is selected from —RJ, —ORJ, —N(RJ)Z, -NO,, halogen, -CN, -C;_shaloalkyl,
-C;4haloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),, -NR'SO,R’, -COR’,
-NR'SO,N(R"),, -COCOR’ ;

R’is hydrogen or unsubstituted C,_¢ aliphatic; and

each RY is Cy¢ aliphatic;
comprising:

ic) reacting a compound of formula 6aaa or a suitable salt thereof:

(RB)x
VA

=

S

PN

6aaa

HN NH,

wherein x is 0-5;

R is selected from -R’, -OR’, —N(RJ)z, -NO,, halogen, -CN, -C;_shaloalkyl,
-Cyshaloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R’),, -NR’SO,R’, -COR’,
-NR’SO,N(R"),, -COCOR' ; and
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RJ is hydrogen or unsubstituted Cl1 aliphatic; and each

Rg is Cl1 aliphatic. 49. The conpound of claim 48,
Wab@pe6187x is 1, the RB substituent is para anBCRYS1088/082565

Cl-4 aliphatic. 50. The conmpound of claim 49, wherein

the RB substituent is para NO2 and RY is ethyl. 51. A

conpound of formula 4a: 4a wherein Ring Cis a

6- nenbeyesk-h et @lsteiMled ¢ NALMRAYENY 1-2 nitrogens,
vvherelndg%n sub stlltutgglvmth 1-3 R1 groups; each

witjpan isgcxanﬁéﬁgﬁ@aéwwy NEZbedarefy om OR2 or hal ogen; and
R2 kSis@, ghﬁya{lphatl c; or Ring Cis an unsubstituted
- py rlmgl ne ring; Xis nitrogen, CH or CF, RN and RP
in Wéablﬁ@@ﬁ@ﬁ @éw&ﬂeyamd@@ orgapiz el CINIURID ViRgva icempgyng pf faomula 6b.
protecting group; provided that the foll ow ng
conpounds are excl uded:
48.2- nh cowp@n( py foradila-6B:- y| ) - 4- (pyri di n- 3
-yl) ph | )am ne; 3-(pyridin-2-yl)-5 -(pyridin-3-
yl ) be rihx 2- di am ne; and
(2-ni twg=3- (pyrazol -1-yl)-5-(pyridin-3-yl)phenyl)am ne
. 52. The compound of claim51, wherein Xis CGF, Ring
Czﬁ\ nsﬁstltuted pyrimdine, Rand RP are both NH2.
RY und of claimb51, wherein Xis CGF, Ring C
IHS unsuh)st Ht uted pyrimdine, RNis NO2 and RP is NH2.
54. The conpound of claimb51l, wherein Xis CGF, Ring C
is uhsubstituted pyrimdine, RNis NH2 and Rp is NO2.

wherein

x 18 0-5;

R is selected from -R’, -OR’, -N(R"),, -NO,, halogen, -CN, -C_shaloalkyl,
-Ci4haloalkoxy, -C(O)N(R"),, -NR'C(O)R’, -SOR’, -SO,R’, -SO,N(R"),, -NR'SO,R’, -COR’,
“NR'SO,N(R"),, -COCOR’ ; wherein

R’is hydrogen or unsubstituted C,_¢ aliphatic; and

cach RY is Cp¢ aliphatic.

49, The compound of claim 48, wherein x is 1, the RB substituent is para and RYis Cy4

aliphatic.
50.  The compound of claim 49, wherein the R® substituent is para NO, and R” is ethyl.

51. A compound of formula 4a:

/§X

=

wherein

Ring C is a 6-membered heteroaryl ring having 1-2 nitrogens, wherein:
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Ring C is substituted with 1-3 R groups;
each R' is independently selected from OR? or halogen; and
R%is Ci4 aliphatic; or
Ring C is an unsubstituted 2-pyrimidine ring;
X is nitrogen, CH, or CF;
RN and R are independently NO,, NH; or NHRW;
R" is an amino protecting group;
provided that the following compounds are excluded:
2-nitro-6-(pyridin-2-yl)-4-(pyridin-3-yl)phenyl)amine; 3-(pyridin-2-yl)-5-(pyridin-3-
yl)benzene-1,2-diamine; and (2-nitro-3-(pyrazol-1-yl)-5-(pyridin-3-yl)phenyl)amine.

52.  The compound of claim 51, wherein X is C-F; Ring C is unsubstituted pyrimidine, RN
and R" are both NH,.

53.  The compound of claim 51, wherein X is C-F; Ring C is unsubstituted pyrimidine, R"
is NO, and R” is NH,.

54.  The compound of claim 51, wherein X is C-F; Ring C is unsubstituted pyrimidine, RN
is NH, and R” is NO,.
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