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desired technical features of encapsul ant
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[0007] In particular, WO 03/077914 describes the synthesis of the sodium salt of a

benzimidazole derivative 11 from 2,3,4-trifluorobenzoic acid in 11 linear steps
as illustrated in Scheme 1. Introduction of a di-substiuted aniline is
accomplished by the stepwise introduction of an unsubstituted aniline moiety,
followed by subsequent bromination and chlorination. Not only is this process
inefficient in terms of the number of linear synthetic steps required, but there
are also selectivity issues, as well as process safety issues around the
chlorination reaction. For example, the synthesis shown in Scheme 1 includes

a number of chemical transformations that could be hazardous to carry out on



than 100 m croneters; and about 70 to about 95 wei ght
percent of a silica filler, based on the total weight
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curabl e conposition may conprise the epoxy resin in an
anmount of about 70 to about 98 parts by wei ght per 100
parts by weight total of the epoxy resin and the

pol y(arylene ether) resin. Wthin this range, the

epoxy resin anount nmay be at | eastabout 80 parts by

wei ght or at | east about 85 parts by weight. Al so

within this range, the epoxy resin anmount may be up to
about 95 parts by weight, or up to about 90 parts by

wei ght. The curabl e conposition conprises a hardener.

Any hardener suitable for use with epoxy resins may be
used. Such hardeners include, for exanple, conmpounds
having two or nore functional groups such as am no,

acid anhydri de, am de, hydroxyl, carboxyl, or nercapto
groups. Suitable hardener cl asses include, for

exanpl e,



novol ac type phenol resins obtained by condensation or
copol ycondensati on reacti on of phenols (phenol series)

weuait/azphenol , cresol, resorcinol, catechol, PCT/US2006/023986

bi sphenol A, bisphenol F, phenyl phenol, and
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| ess than 2 weight percent of particles greater than

100 mcroneters, or less than 1 wei ght percent of
weani7ioms greater than 100 m cronmeters. | n anBCiaIS2006/023986

enbodi nent, the poly(arylene ether) resin nmay excl ude

particles greater than 80 micronmeters, or particles
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heteroarylalkyl, heterocyclyl and heterocyclylalkyl portions are optionally

substituted with one or more groups independently selected from halogen,
hydroxyl, C;-Cy alkyl, C-C4 alkenyl, C,-C4 alkynyl, C3-Cs cycloalkyl and Cs-
Cs heterocycloalkyl;

[0013] R? is hydrogen, C;-Cyo alkyl, Cp-Cyo alkenyl, C,-Cio alkynyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, -COR>, -C(O)OR? or -C(O)NR’R®, wherein said
alkyl, alkenyl, alkynyl, benzyl, allyl and arylalkyl portions are optionally



hydr ocar byl oxy, and C2-Cl12 hal ohydrocar byl oxy wherein

at least two carbon atons separate the hal ogen and
woxyg@mazeons. Met hods of preparing pol y(aryl ereTaiSk®e)23986

resins are known in the art and include, for exanple,
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4, 663 9,02 and 4, 665, 137 to Percec, 021, 543 10 ,Mayska
[0018] ot o R’ agd doare Andepsndgnilyhyeirogen, tﬂ@l@@%@@@b -OR’, C1-Cio alkyl,

Hayas @%tCG%%%n h8: Btl?g%kﬁéﬁ tCS Ioaﬁkpfﬁg??-g}?oz cV@oalkylalkyl,

aryl arylalkyl, heteroaryl, heteroarylalkyl heterocyclyl or heterocyclylalkyl,

[0019] or R® and R° together with the atom to which they are attached form a 4 to 10
membered heteroaryl or heterocyclic ring, wherein said heteroaryl and
heterocyclic rings are optionally substituted with one or more groups
independently selected from halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, triftuoromethoxy, azido and OR’; and

[0020] R’ is hydrogen, C1-Cyo alkyl, C,-C1o alkenyl, aryl or arylalkyl.

[0021] More specifically, one embodiment of the present invention provides a

process, referred to herein as Method 1, for preparing N-3 benzimidazole
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In one enbodi nent, the poly(arylene ether) resin
conprises at |east one termnal functional group

weebwmozd2f r om car boxylic acid, glycidyl etherpCamg2006/023986

[0022]

[0023]

anhydride. A nmethod for preparing a poly(arylene

ether) resin substit with_term.n car.box
grouﬁ§mm§mBE%VPE§@ﬁP¥£Y%8 ﬁ?% f@ﬁﬁ %ﬁéW8V?61MBS
O her suitable nethod3|n§k%ge J hose descri bed in, for
exanpl e, European Patent | 61, 51A¢Bl to Peters et

pr ¢parati on are

al . Qycidyl ether-functitqnalize l'y(aryl ene ether)
resins and net hods for
described, for exanpl ¢ Pa gnt Nos. 6,794, 481

to Amagai et al Rant™6, 8% Te6 hii et al., and
U S. Patent Applicat “ubllcatlon No. 2004/ 0265595
Al to Tokiwa. Anhydri Functlonallzed pol y(aryl ene
ether) resins and nethodskﬁpr their preparation are

descri bed, for exanple, in European Patent ,No. 261,574
Bl t oArmesalip gn@@olgqtgsp thessaf, M/Igrenpgﬁ,eﬁ’qzt, 2 {LX: a’iﬂlfié% are as defined

Publ | Lo e RA0AAORRRES2 A 1o o st a1 “The
intrinSrc’ viscosit pol y(aryl ene ether) nay
vary ﬂa@etmghagnp@nﬂtmédelaéﬂiqrerertl es of the
conposition and the other onents. In one

enbodi nent, the poly(arylene ether) resin may have an
intrinsic viscosity of abou to 1.0 deciliter per
gram neasured at 250C in roform Wthin this
range, the intrinsic vi y_hay be at |east about
0.1 deciliter pre gré&hs | €ast about 0.2
deciliter per gram Al so wighin this range, the
intrinsic viscosity nmay b up, tgpgggyt 0.6 deciliter
per gram or up to about 4A6e per gram In
anot her enbodi nent, the pq%y@@&%hene et her) reS|n may
have an intrinsic VISCOSIty of about 0.03 o 0.15

[0024] deci | ivhereipX? igFafi, B uored selfora&Cester apkd| ¥t aidbRiere as defined

VWthI this the intrinsi.c visc

' eaot Retiuand KoL SR 8PP B G oBR el Bupudppcitions
0. 07 ge@idsistiBstitRed of iwbsthheed bahihi 11yl Bt SCIROFE, withen aniline
intrinsic viscosi be up to about 0.12 deciliter

per gr@msemﬁdbwth%gm{ﬁ"b 10 deciliter per gram hi

anot her enbodi nent, the poly(ar1lene et her) resin may

have an intrinsic vi sty bout 0.12 to about

0.30 deciliter per gram nmegsu d at 250C in

chloroform Methods of pre aan low intrinsic

viscosity poly(aryl ene ethe reS|ns i ncl ude, for

exanpl e, those described in Ux3 Patent No. 6,307,010

Bl to Braat et al., and U.S. Patent Application
Publlcatlon No. 2005/0070685 Al to Mtsui et al. The

[0025] CUr abj mg?%gﬁ{c 'c?ﬂ“a TaYe &P BRIVIRE 2 3RBHoud tRvAROHmRfa VII-1a

arts
Wherem A is -NR’R* or a compound of Formula VII-1b wherein A is Nj,

o
Fea

VII-1a: A = NR’R*



pol y(aryl ene ether) resin per 100 parts by wei ght
total of the epoxy resin and the poly(aryl ene ether)

woesi7mo20et hin this range, the poly(aryl ene et RET)S2006/023986
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[0028]

[0029]

[0030]
[0031]

[0032]

[0033]

anount may be at |east about 5 parts by weight, or at

| east about 10 parts‘a_4ﬁ§ig= Al'so within thisrange,

the poly(aryl ene ethe ¥ up to about 20 parts by

wei ghtvhein ®F, Ré, B XEan@&RP bife B)leWabd@hérein]he curabl e
conposition conprises a silica filler. In one

embod SRS S@Wecomquaé of Fermgpa Y&k jos 1 bt peevide a compound

silicgrplm QR odinent, the silica filler

conpri ses, ase “on the total wei ght of silica filler,

about 75 to about 98 weiGyht f%rcent of a first fused

silica having an averageg i cl i ze of 1 microneter

to about 30 m croneter N2 to about 25

wei ght percent of a s¢g fus d /Jllca havi ng an

average particle siK about 3 mcrometer to |less
than 1 mcroneter. Vvthhp t he abox% range, the anount

of the first fused silid& filler may be at | east 80

wei ght percent, or at |eadqUl-85 wei ght percent. Also

wi thin the ve [an the anount of the first fused

si | i c¥beren ggo%ﬁ f&adtxg ag%asﬂféc?flw éerl@e\ﬁherelarwleﬁﬁl p@f said
92 we r t a

of 1 e Bpale o 5?%’& e e RN 3o DR S U R Ry, then
about NEIReeifghid qmmmxand of Bornada VEHsltlszi‘ﬂdut 8 wei ght

percent ... Al sQ . in the ove fr ,, the amount of

Phe. <Busite fullacdimoind*of PpERufay Bt f o BB obcompound of
wei ghtop@ieeatl, or up to about 15 wei ght percent. The
curabl e conposition may, optionally, further conprise

a cure accelerator. Suit: 2ﬁre acgel erators

i ncl ude, for exanple ' unds, tertiary

am nes (including I, abi cyT . 4. 0)undecene-7

(DBU)), phosphineg (inc ng t gylphosphlnes)

[ [ R -nlosSE sphoni um sal ts,
phenol conpl exes of tke floregoi ng, xdnd the |ike, and
combi nati ons thereof. Phehol conpl exes of cure
accel erators, which are spiret i nes called latent cure

accel er at or nchude, far exanple, the 1:1 conplex of
|, 8- dWHE"&H}@chon&)ﬁ E@F%oeé%aﬁdgﬁ’éd@m 28 d phenol .

Sui t aflRreh{Hgd %%ﬁﬂe%agg&dm QS{n#gﬁn& BPForiaM % (19 00R!,

structuremhereln R4 e each 1 ndependently hydrogen
or ' Clogtionaily nlemgr(i:))aquwus hyﬂmlmnbwﬂhmfrwuhduhan acideor base or (ii)

accel erator. co IS tr| phos

pr esefZYHAHg %é’ gln%iy oePrQV éalﬁ!ﬂ? E’Eé%fgmi’rﬁmi%laaﬁo unt
effective to achieve thecggglred curing profile, which
is typically about 0.2 tp abdp tt 20 parts by weight per

100 parts by weight epg QI::?/
x®

In one embodiment of Method 1, the compound of Formula Va or Vb is

Ia-2

prepared according to the method comprising:

nitrating a compound having the Formula ITa



The curabl e conposition may, optionally, conprise a
flame retardant. Although antinony oxi de and

woaabogermated aronmatic flane retardants may be BEEMIS2006/023986

[0034]

[0035]
[0036]

[0037]

[0038]

[0039]

they are preferably avoided. O her suitable flane
retardants include, for &Eanple, anmmoni um
pol yphosphat e, nel am ne phosphate, nel am ne

pol yphosphat e, nel am ne_gyanxéat e, resorci no
bi s(di phenyl phosphat @
(i
hEr

perazine-N, N -bi s(di- (2, 6-
di met hyl phenyl ) phospho jate), and the like, and
conbi nati ons t hereof. i pnesent, the flane
retardant may be used injan anount effective to
produce a UL-94 value ofXV-O at a thickness of 3.2
mllimeters (1/8 inch), whhch is typically about 5 to
about 50 parts by weight per 100 parts by wei ght total

of t veheegnX andX ‘reraimdlepéndepity F( Gl Praner aswémpaty estarand X is

The cur.abl e co sition may, optionall urther
conpr® ggg%%ehe(ﬁqgg%?’éové(geoar ?%’(’Pé’%lgé A gﬁ%@ﬁa Ege art. Such
addi tives include, for exagple, silane coupling
agents, nold rel ease agents$, colprants (including

pi gnents and dyes), therpsa abi | i zers, adhesion

pronoters, ion scavenger g gw stress additives, and
the like, and conbinati©

3 Her eof . Those skilled in
the art can sel ect %N abl§ addftives and amounts. As
the conposition is definedyas conprising nultiple

conponents, it will be understood that each conponent
is chemically distinct, p&Yticularly in the instance

t hat si.nglse ni cal und may satisfy the

dof | ATHTOR oot ds AT BB s Bne - At o curi no,

the gefsEagishidbBoapbidd bs FeesilsaW &ifar @pariebgst that contains or
i ncl udi ng i nproved adhesjon to copper, reduced

shri riengrates eawiQibey (i) RPrRasY abswepdary rmine gthep hpneyp aromatic
coeffi gj S;: t her ' n.Gco

Co cdMbEMt TGl 4 Rl B AAREHET By RRCeS RSy b
specicohedtagddntol 2l @misiezender eordéiane that BHowexkotivedisplheement of
cured_gconmposi tion y.exhi bit_a copper adhesi on at C

of abbuet i cPBPaRstbL 9@@%3&%3&%@ %&ggwpea“n of Fotmula
accong Rectoth REMNRIRS: BOR8c i RIRRH R bf ForAuls UVARHEiv) a

conposition, conprising: about 70 to about 98 partszpy .
wei ghnetalf azide wpdexyconditions tatrpllew isplgctivardisplassment eyf gk yof said

resin and a i gomeric epoxy resin: an effective .
rourfergPua BhERGRRE 1Yolp oAt iR aF BEREROUaS 3h Fopyig Vb wherein
aboutp 30vparts by wei ght of a poly(arylene ether)

resin having an intrinsic viscosity of about 0.05 to

aboutln@ngiher| embpdiment op Methpdan thy gorapersid &f Feymuda ¥a or Vb is
t han ' qf ) icles greater than 100
m cr &%@%‘%@@%ﬁgﬁeg@%%%o S:Mﬁt about 95 wei ght percent
of a nitrating a compound of Formula ITh
CO,H
X3

X5
X4
1Ib

wherein X° and X* are independently F, Cl, Br, I, or a sulfonate ester, and x°

8



fused silica filler, based on the total weight of the
curabl e conposition; wherein the fused silica filler

woanproosmes, based on the total weight of fusedPeriiSe®e6/023986

' [0040]
[0041]

[0042]

[0043]

[0044]

filler, about 75 to about 98 wei ght percent of a first

f usedissaisldEﬁﬂedl@féiﬁgtogﬁoﬁu@a@&@p@@fdtdquoemaiazm of 1

m croneter to about 30 mcroneters, and about 2 to

about 25 wei ght percent of @28econd fused silica

havi ng an average particle lsizexef about 0.03

m cronmeter to | ess than syonet er; wherein al

parts by wei ght are baseg 100 parts by weight total

of the biphenyl epoXy, (ESMK dndythe pol y(aryl ene

ether) resin. Another "enbodi rent is a curable

conposi tion, conprising: abéut 70 to about 98 parts by

wei ght of an epoxy resin q@gprising a bi phenyl epoxy

resin and an epoxy cresol vol ac resin; about 10 to

about wheRimAE?, 06" 4 X®irght défined hehgnol i ¢ novol ac

har dener; about 0.2 to about 10 parts by weight_of )
t ri pheeMepingshacaboxdisornid funcgomgbeaid 39m§am<g opfjormula ITI to a
wei ght._-0of e r,) ' '
ot o1 PGS CORHLF R R egE Bl b 2fina
deciliters per gram and cof8@NHsi ng | ess than 5 wei ght
percent of particles greategr thgs 100 m croneters; and
about 70 to about 95 wei gf er’'Cent of a fused silica
filler, based on the tota ght of the curable

conposi tion; wherein {he V\;J(}o.lica filler

conpri ses, based on RE tof ‘wei ght of fused silica
filler, about 75 to about 98 wei ght percent of a first
fused silica having an average particle size of 1
mcrometer to about 30 ni 88neters, and about 2 to

about ' C . i ql ]

navi g3 dEing the BEREEY anfile BraB TG KRR Pormala 10 t
m cr opmivizte 4 @nipesiad bfiBormiulaid¥r onet er; wherein all

parts by wei ght are based ﬁn 100 parts by wei ght total

of the bi phenyl epoxy resfH and t he pol y(aryl ene

ether) resin. The inventieqQ i udes net hods of

encapsul ating a solid s &Ydevice with the curable
conposition. Thus, one jenbaodi ment is a nethod of

. 9 ce, conprising:

encapsul ating a solid state device with a curable

conposi tion conprising anXepoxy ;raedi n, a hardener, a

pol y(aryl ene et her) resinlépnprising | ess than5 wei ght
percent of particles greater than 100 m croneters, and
about refBtidd s@l WémpPandIfImRe TeNitRf(i)3a stddefBthat contains or
filler, based on the total weight of the curable _
conposgeraraes ammeniey (iDryPEmerycer wbonsapoapds athesrthan an aromatic
Curin e osi L] , Lona Lnel ude

post - ditngt RHR°E el e, gl doetol URF A Sbscquently be
150 t eoralefred intd® @l eminy, uabaWwonditibng avdiivw sdedivdrdisplatement of

convect,i on oven). Suitable nethods for encapsul atin
sol i dth‘ltojtsgid con)lpound of Formula 1V, to provide Sar,]id ompound o% Formula

K

Va wherein A is NR’R?; or reacting said compound of Formula IV with (iv) a
metal azide under conditions that allow selective displace}nent of X* of said
compound of Formula IV to provide said compound of Formula Vb wherein
A is Ns.

In yet another embodiment, a compound of Formula Va or Vb is prepared by

9



devices are known in the art and descri bed, for
exanple, in U S Patent Nos. 5,064,882 to Will es,

W6 26820802 B2 to Rubinsztajn et al, 6,800,373 B2THIS2006/023986

CGorczyca, 6,878,783 to Yeager et al.; U S. Patent
Appli%?tion Publi cati on No. 2004/0166241 Al to Gallo
et al D BAHofl SPWPHSPEonal Patent Application No. WO

[0045] 03/ 07 2628imla dophpokRE 88 Forflulftiy The i nvention includes

encapsul at ed devi ces prepared using the curable
conposi tion. Thus, one erf$adi nent is an encapsul at ed
solid state device, conprjisings a solid state device;
and a cured conpositio YeapsSul ating the solid state
devi ce, wherein the cu bnposi ti on conprises the
products obtained on c a. gurabl e conposition
conprising an epoxy resi a %érdener, a poly(aryl ene
ether) resin conprising Ixss than 5 wei ght percent of
particles greater than 100 _m croneters, and about 70
to about 95 wei ght percenﬂ”bf a silica filler based on

[0046] t he t QhaleiVRP ahd XOhreilge h&éﬂ?gﬁ Qﬁ,nﬁf, E,idlseri e{)%%tggytlg %ster and X° is

[0047]
[0048]

[0049]

encapsul ated solid statée devices 1nc

whi chag éefined dierein dorprosidel covonipmund ofiFenulp &t i al | y

cured, and fully cured. FI G, Is a side

cross-sectional view of anjerlcapsul ated solid state
device, 10. The solid state.deyixte 20 is attached to
copper |eadfrane 30 via fve layer 40. The solid

state device 10 is al so ected to the copper

| eadf rane 30 via gol O,Ni re O>~&hd ground bonds 60.

Cured nol di ng conpound 70 epcapsul ates the solid state
devi ce 20, any exposed edgés of the adhesive |ayer 40,
gold wires 50, ground bongg 60, and a portion of the
copper |ead frame 3Q, |eaving exposed the pad 80,

cor r ewperetl ¥g X and X5ard ascdefived heimopper | eadf rame 30

bene e lid stafe.devic . .JFhe.invention is .
furt ﬁléerQCtHg aas?rcgqu@ U3, of ﬁ;g’nf“é]lgl ﬁ&“ﬁlﬁ‘ Z’%rﬁ fqaget; thgt contains or
exanpgesrdtosriibfa l D afpritharg VRS dbS ¥R OYAe?Shdan aromatic
pol y(aryl ene ether) type and anount were prepared and

t est eNINEOMH EH) 13 dprgenl dhajededivesdai gromahet tan Exbseghently be

1 co ' r -her) anpl es..2 and. 4

cont g?ggﬁ%doﬁ%( %p%%‘%l?h%licﬁg ?c_)r?i?t?lc_?r{)sﬁ%%ty lgxnwgsegﬁcﬂg? ;1‘1splacement of
resi n¥" bfisaidgormpdumidred Forniiladb itd pevidefa &mpbuad &f FoRBula Ila-
decithggsﬂgra £spectively, both having been sieved

Lo cOnPRFIFIBAS NaRe s OF Ecknd pid compawndial Rersniarbblaridh (v) 2
Examhes] 8-iad il ive di 4 -
poly(2,6-dine?ﬁ%??%?%ﬁgﬁiﬁﬁ?gﬂgwé?ﬁﬁ?geFgg?ﬁ%nﬁgJyﬁﬁ of said
i nt r i998ipeun{ of FeimiledIofo provide a compound of Formula IIla-2 wherein

A is N3

CO,H
x3

OsN X5
A
Ia-1: A =NR’R*
IIIa-2: A=N;j

wherein R?, R*, X3, X* and X° are as defined herein;

10



0.12 and 0.30 deciliters/gram respectively, both

havi ng been sieved to contain only particles |arger
wohent/0824@2m cronmeters. All sanpl es contai ned sPCTA&A2006/023986

resin, epoxy silane coupling agent, biphenyl epoxy

[0050] I €Si NeorBRAKYE BE @IMHox PIRY i@ GrduSdfsaidbanpdine ok mat Ila-1 or
resin, triphenyl phosphi ne, carnauba wax, carbon bl ack
ant i mIAg-20%i aearbexdic aeidr estsy &rﬁrc’dﬂ(@pﬁ epfspoynd offigrpla 1Ib-1 or
FBS570§ily cam.d fused silica obtained from Denka
havi n{:]ﬁg 2&%%?86@8 fticle size of 17.7 microneters and
a surface area of 3.1 nmete€COeam "Denka SFP silica"
is a fused silica obtained frorTB(Denka havi ng a nedi an
particle size of 0.7 m cronmeters and a surface area of
6.2 nmeter2/gram The epo ane coupling agent,
gl yci doxypropyl tri X age (Chem cal - Abstracts
Regi stry No. 2530-83- Q was obt &i ned as Z6040 from Dow
Corni ng. The bi phenyl epoxw resin
3,3 ,5,5 ~tetranet hyl -4, 4' -di gl yci y bi phenyl was
obt ai ned as RSS1407LC froHIWRaxﬁﬁﬁ%&An epoxy cresol
novol ac resin was obt ai ne 182 AERYSXL- 4 from Chang
Chung. A phenolic novol ac hardener was obtai ned as

[0051] Tamanwhe2&8RY, R W aidaXieare I dgfived hershnsphi ne was
obtained from Al drich.Chem cal. The. .

100521 pol y( ST R PP RIS S0 R R4 PREpaiRd gfFrmula Ib-
obt ai ped rfmomdFEpAMANGSde MBI tb Prdvidda BbMpeMMEZSOFormula ITlc-
car nauba wax was” obt ai ned as CHEM r) Wax 411 from
M chel wabllc@ardsoectiyeliek pi gnent was obt ai ned as BLACK
PEARLS(r) 120 from Cabot. igbrono bi sphenol A
(Chemi cal Abstracts Registrjy 79-94-7) was obtai ned

as BA59P from Great Lakes,Quralfe conpositions were
prepared by mxing all i @ ents in a Henschel

m xer, then extruding theg ure in a co-rotating
tw n-screw extruder $BN at~60C ixA the rear section and
90C in the front. After cdoling and hardening, the
materials were then ground'Ato a powder using a Retsch
mll.Spiral flow |engths, 1AsAF essaURigF2centi neters
(cm, were determ ned accordi ng to ASTM st andar d
D3123-98 (also SEM G 1- 88y-2: 5 t he st andard
spiral .fl o | specifi IRl .20-gram char ge
[0053] of t h‘éVhrer]{) P‘Q{F{% c’o%p%@r% a\%ggg @er%%%%si?l grre@léégfint o the
[0054] spi r abeloaiviting safd priv@ardyemlide arvdp tofgaildengipouhd ay Bomeslilp¥Ilc-1 or
the conpound before flow stopped due to cure /
pr ess BHE-2dp povidpsaideempeuwd of FREM A VEres YB: speed and
i nj ec r : :
100551 ¢ ) E L AR SR et PP A0L RARG Rpfighoss, refemed to
ni egahastaisMeied)2, forespeaingie!3ybenkmidatdepempowrds reyassented

mai nt %{y %ggmuta 1%.7255%(1 their synthetic intermediates, said method comprising:
[0056] providing a compound of Formula VIII-1 prepared as described in Method 1
CN

JLG

NHR®
viII-1

11



Speci mens for flexural strength, thernonechanica
analysis (TMA), and noi sture absorption neasurenents

woenw@/opzmpar ed by transfer nol ding as foll ows. PATAS2106/023986

[0057]

[0058]

[0059]
[0060]

[0061]

[0062]

[0063]
[0064]

resin transfer press (Fujiwa) mas used. A four-cavity

352 orUIRERAY g8 ok :Chr 4B 8 BBrBOWEFFOReRER afferein when A of

i nj efsaid%nﬁfoﬁﬁé Hfﬁoﬁﬁm@wl VE@r Vﬁ-lﬁﬂ ﬁmm%ﬁz%f N?[«é&rl then

nllllneters sec. The nold was naintained at 1 OC and
a tm@ﬂﬁanf%niqmep@y@MéFﬂamﬂaéaﬂﬁlSbEEbNEns wer e

post - cur a farcedair co vectio 1
Pour SOt e il AR ST SaP il gt Vil g GOoR
det er, 16ﬁa11>h@sn@@§ hipedoaehy@blysRevifabr expamsaroaid Gfr Bse or (ii)
and t glass transition éTg) of the nol ded EMC.

Ther mﬁaﬁm@a@ yaifdlP s ddemeopraung Rl B2k n

El mer TMA 7 I nstrunent kangf er - nol ded speci nens
measuring at |east 3 32l ers ( in each

erature was first
1lhen cool ed at

ranped at 5C/ mn fro
5 mn to QOC. The sg sgd for anal ysis,
ranped from QOC giN i An initial
vertical probe force of| 0,05 Newt gh was used. G ass
transition tenperature, Hﬁg was taken as the point of
intersection of two tangefi® drawn to the

di mensi on- tenperature curve, at 500C and 1900C. The
rreasu’vlwmenﬁ{s Rels, ¥ade andc}éraraaswdﬁfméémm,mdphere at

AT e Ay r—

(PPMHg mula@hE." refers to the coefficient of therma
expansi on bel ow Tg, and "CTE2" refers to the
coef fin@nevher embediatenh the rissentiiayeniies peovigdes yprasess aeferred to

St andap i B SPERIERCHE BARRRENC B A REAe ifolfes represented

exc eyl kpimafa kake m&aﬂiﬁireyldhﬁmatmsdlamd, said/nethod comprising:

schedul e.. Four tran - d spec (6.35 x 1.25 .
x 0. PTEHing 35902@0%38%8’%11& Fdaar vy .oﬁgﬁpawéraé]desmbed n
used.\;liggdry wei ght of each specimen was noted after
oven]%rylng for one hour at 110Q0C. The sanpl es were
then conditioned in a Hihi lef'y control |l ed chanber at
8 hours. Mi st
wei ghts were neasured s 10 m nutes of

t he /jtlonlng chanber

renmovi ng the sanpl es
hol di ng t he specég& ' 3 hum d container in
the interim Adhesion tjo copper pstrate was measur ed
according to SEM G69- 996, "Test Met hod for

measur enent of adhesbve stre gﬁybetmeen | eadf r anes
and nol di ng I

VII-1b: A =N3
wherein R%, R, R* X!, X? and X° are as defined herein;
converting the nitrile group of said compound of Formula VII-1a or VII-1b to
COOR!, optionally using (i) aqueous hydrolysis with or without an acid or
base or (ii) enzymatic hydrolysis, to provide a compound of Formula VII-2a
or VII-2b
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conmpounds.” The "pull" nethod was used, with a 5-m |
thi ck copper substrate transfer-nolded into a bl ock of

waoubdiozpogonpound, 2.8 millineter thick. (The PeadSe@a®23986

[0065]
[0066]

[0067]

[0068]

[0069]

[0070]

and tool recommended by the SEM standard were not
used - however, the testospesdi men geonetry is simlar
to the recommended standard.) The cgpper substrate
used was EFTEC 64T V urukawa Metals. The
adhesive area (the tr n of the copper
that was nol ded i nt oA | di § ound) was about
15.2 millimeter2,0Nncl uti ng ¥ot h™8j des. The adhesion
of the nold conpound to,copper wasXt est ed by pul ling
the copper "tab" out of the nold conpound using an
Instron tensile testddl-2at AthiRFRY'e of 2
mllimeter/mn. The Eﬁfé | gad, was recorded as the
adhesive strength. T 02k THad was neasured in
pounds, divided by the area (15.2 m®2), and converted
to negapascatsz(wﬁﬁ% for geporging. To determ ne

f | exumdlerein Radjt R,, B heX's ¥1phé X @6 B5lefimedkhare?y cm X

0. 3175 were te ro r e .a . d]

to AST DRSO K iRbaLoBEpRRAENIRTREL TP PRERit f¥ompound
Shri nkagernmwas VilHasured as follows. The curabl e
conposition was transfer nolded into rectangul ar

| zod-t ype speci nens (6.380Bepati meter x 1.27 centimeter
x 0.3175 centineter; 2.6 ingh X0.5 jxich X 1/8 inch)
using a four-cavity tp a~t5-ton Fujiwa transfer
press. The speci nens | ded and allowed to
cool down to rogg?ﬁ di mensi ons of the
speci nens were neas

with 0.01 millineter (ONKHROS5 inch) accuracy. Three
readi ngs per speci nen me$a6{?ken for width and

t hi ckness neasur enents. “feadi ngs were taken for

| engt R HERAS R SRENECS X' VWRF hed Sared B horiMaidtingwhbRind®hén A of
break-of f area. Typically, sixteenspeci mens were

meas usad cpmpovnt efrfoamulaYitl-2aver ¥He2b mNnditeerizyl, NH-allyl, then

shrin s.reported. .Fla HEES s determ ned
accor E\ﬁﬂg ‘%I%a]l‘jr?& l‘? af OT{C f%?!hb% %éﬁﬁ@@p& t est
proce d?@]ﬁﬁlg Sridleoftbotid I0fFoul QITIEN Wb esvide fshid@meorBptbund of

time of not nore than 10 seconds in any trial and a
cunul Femydafadne- out tinme of not nore than 50 seconds

for fi S | t I ' [

rabi o SoCHRBRIeE SmpPARREE, 1he kAU Aol WG okl refered
smal | tpalier¢ial es sMethofoly (far ypreparirgt Mer) beesintidazole compounds
exhi b &ép?gse}xtrég Eb}e/%so?nqulg(ig&e{md their synthetic intermediates

Ib-2

and salts and solvates thereof, wherein R}, R%, R®, X!, X? and X5 are as defined

herein, with the proviso that R* is not hydrogen, said method comprising:
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adhesi on at 23C and 240C, increased glass transition
tenperatures, and reduced shrinkage relative to
waxzeTpoz9i, w t hout any poly(aryl ene ether) reBCHUSEIWG6/023986
addition, Exanple 2, with small particle size
pol y(aryl ene ether) resin havi an intrinsic
[0071] i sco®re%idige agomporskef Faraula }Sﬂﬁ-lg peapered as ldegsribed imMsthod 1
25C, exhibited reduced gy stgrre absorption and reduced
coefficients of thermal |expansion nglative to Exanple
1. Tabl e 1SNAr PROCESS (G BENZI M D AZOLE
COVPOUNDS BACKGROUND ENTI{ON [ 0001] Rel at ed
Application [0002] T t ntion clai s
priority of U S Pi2ovi sijonal Appl keation Serial No.
60/ 693, 374 filed June 23HR2005, ich is incorporated
herein in its entirety b?}’ﬁfli.ls reference. [0003] Field
of the Invention [0004] This invention relates to
WhereilpR%)d§3s XesXf and Xh ereps epfinat harainpfvithehepoeisoltha R® is not hydrogen
conpounds. re specifically, this inventiaon relates
and whEGT R 315G ComPPUD i eRRiLe Mkt a1 by . NB-bonzy, NH-
allyl, theh SR8 Eo RART (RERYAA Gﬁﬁoﬁﬁﬁz{‘ﬁ’ilﬁﬂﬁmﬁﬁ benzi m dazol e
derivatives. This invention further i'ncludes
[0072] i nt er medizange seidnpoupnisdobf FormeuladWilIAY to herosidet hesingpound of
of th% heﬁgl’lgﬁyd i ¢ conmpounds of this invention and to
the mef oqls of preparation thereof. [0005] Description

of the state of the artCN 00Q6] Benzi m dazol e
derivatives have been investi gat edxas therapeutics for

treating cancers, Vi | OR and di seases and
pat hol ogi cal conditip nvol nfl ammati on and
have been di scl osed zZall]gnele pat ents and
publications int | a3t sefferal QQars, i ncluding U S

Pat ent Publ i cation N 2003/ 0232869, 2004/ 0116710,
and 2003/ 0216460; U.S. Ratent No. 5,525,625 WD

98/ 43960; WD 99/ 01421; WD 99/01426; WD 00/ 41505; WD
00/ 42002; WD 00/ 42003; WJwd/ 41994; WD 00/ 42022; WO

00/ 42029 . 88201 : 02/06213° WO
00731 3, 07%% ;mvgﬁ%e\%% %2%%%%’%%%@%%”%%% icular, WO
[0074] 03/ 07781 dontesiitg b thet ierilsymbire $i Ibalf td DOGRNiopBvsalst using (i)

of a benzi m.dazogl e derivative 11 from . )
2, 3, 429U°PRT JOHEBEHY OTiER £8i WItPAUt #0| Ppidagr dpgper (i) enzymatic

hydrolysis, to provide said compound of Formula Ib-2

COR' 2
|

Ib-2
[0075] wherein R', R%, R* X!, X? and X° are as defined herein.
[0076] In one embodiment the cyclization Method A described below can be used in
conjunction with Method 4 above.
[0077] The step of cyclizing a compound of Formula VIII-1 or VIII-2 to provide the

benzimidazole core structures in any of the above-described Methods 1-4 can
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as illustrated in Scheme 1. Introduction of a

di -substiuted aniline is acconplished by the stepw se
wonvoredesei on of an unsubstituted aniline noi ePET/US2006/023986

fol | oned by subsequent brom nati on and chl orinati on.

Not oI ts 0cess |neff|C|ent in terns of the
nunbe PFH B %Wﬂa]n@ﬁ‘}’sc Kiye gxclization methods mamdie Methods A-

ar e alpsOarg ei&6tibed tlly éeﬁéﬂdle%elo@vs Wl lre%?ecp |j_:(9 Ctﬁgscgﬁ:ﬁ?azto% of a

i ssues around the chl™orination react or ex
the sypmpewiGoshawnld NBehelewtvem i ivdede andersioed tief Methods

ggre ;ny CAgEtatpg?nSf Oﬁg?%h}e &YF% }gegg l:grggg}ng]g Zogl%g%lz]és VIII-2. The
| evel sy@fzatiyn BicBbAS sl hhidaeiued Nl@tbeHﬁnﬂ % @Eﬂvﬁtﬂz& or N-1

a final active pharmaceutical ingredient
wi || BenZipislagelecdeaatiies: dapsrding on| thel rwgemls elsed tind tetparticular

for app l.e [
app! i ga% ?%ﬁi T Bt %nggf g&gé&%ld)s g %Lg?sﬁﬁ ]gel ng

[0078] per f oMEm]anbA | Arcgmpswal & Fdrivula Walel, imdrs@IR? is hydrogen can be
envi ron (i rrpact (for exanple i n terns of amou
of r aWﬁ?REF rtPél% CP%%’PP%‘B% dvarisdegede aemgﬁwtedfbwgneula Ia-1,
pr odugs #id g ria
| ow tox?l)celmtR %Sh%ydﬁ? of, 4 9 pr :]uc %%Qﬁ?%oggeg gmfg (1) formic
( iv) aad) Qmorlgllscmsthe g@sms sf blseno@ﬂ(amdaxz(ﬁpiﬁ ﬁ)mﬁcy ad¥@ dBfvative

el di ng an r nvergent synt hesi s)

Si ncepﬁé? é]feg%%ﬁ? 19 & éﬂﬁp%ﬂ frile gryip 0! spisheonpoynd of Bermula Ia-1
are pginehtn Bk lcynwsRf W a@@ﬁecgﬁﬁﬁl 2 UWh@ﬁﬂ ROGS & H&%n%& fherem to

on-goi ng. need for a nore effi synt etic rou
t he ppiedidetafdhe benzimiiarole dantomer nb@rctswalbd\b@/stmma 1282 wherein

nmor e gt scale ma ctur

step %rio hg}g.l‘o%e cle@{gngcg It Y op&lpla&agqag eépacted with
substart naﬂmhtm@ hgeme tvostbiide hzerrm&ﬂrr@ SR URXNLEMBIYN-3 alkylated
usef or, t purioose of manufacturing benzi m dazol e

deri \L}éef‘?\?é‘éaffog b 1SUMVARY OF THE | NVENTI ON

[0009] In general, the present |nv%nt| B provides

nmet hods for prEparRhg het er ocyclic con‘%ounds 1and their

synthetic intej rredNat es,xwhi ch ar =~ S L the

production o Ref apeltys compou

benzi mpdazol & i vatli ves. [Oog rdiagxt'o one
aspect Fgf\m e~presght ~¥yent i oy tho&% arexprovi ded
for the prepatati npound N_the general

Formulas la-1, 'la-2, Ib-1, I'b-2 and Rheir synthetic
I nter nedi at efa_ka- I la-2 b2
[0079] wherein R* and R® are not hydrogen. ‘
[0080] Method B: A compound of Formula VITI-1, wherein R® is not hydrogen, can

be cyclized to the corresponding N-1 benzimidazole represented by Formula
Ib-1 by a "one pot" method upon treatment with (1) formic acid, optionally in
the presence of a second acid, (ii) a formic acid derivative in the presence of
an acid, or (iii) formaldehyde or a formaldehyde derivative in the presence of
an acid. The nitrile group of said compound of Formula Ib-1 can then be
converted to a COOR' group, wherein R! is as defined herein, to provide a
compound of Formula Ib-2.

[0081] Method C: A compound of Formula VIII-1, wherein R is hydrogen, can be
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[0011] and salts and sol vates thereof, wherein: [0012]
R1 is hydrogen, Cl-Cl10 al kyl, C2-C 0 al kenyl, C2-C10

walborrg2o92 C3- CLO 1 cycl oal kyl, C3-Ci 0 cycl oal kpCalusios/023986

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

aryl, arylal kyl, heteroaryl, heteroar yI aI kyI

het er

L TR RSt B S ot
al kynwhereinRélio aiekly)ﬂ,, bycy Mmqiokyrhaﬂhb& hlpomtr)féhtmeﬁf WwitB ke lor more

et o SETHI ATk PrmagERrS BiogmageRitrddy Bunen fegressnce of
W th angigr T[m%rlﬁtrﬂé %‘r‘&%&lbf‘ 91'3@90691%%{1}1& of @oﬁﬁhﬁdlag%@l then be

hal ogen, hydroxyl, al ken
al ky rWnVer@@ tos SRR afoyp, thfemSR @6ah deﬂananiclyarbmatdqﬂowde a

[0013 yﬁydro e Cl1- C10 al kyl, C2-G 0 al kenyl,
%IQPR?? ]24% trial kyIS|IyI

dl aI KyttBoy I8 | AVdompo@ﬁR%f Fogﬁ@hmﬁl-ﬁ?rwh%g %%ydro en, can be
wherein said al kyl, al kenyl, ] benzyl %
lin@%ab Cy

and &V§lizediipl tlﬁo%rr%n@dar& beml @Qtﬁss@m@@ltbe’demﬂa Ib-1

one 4 d selected from
nal ogs et & RS B eI RS PR
C2- HAajal k;(r)yéactlh@@béinpﬁﬁld of thﬂlmgvm-la C10 al kyl,
C2-C10 al kenyl, C2-C10 al ky % benzyl, allyl,
aryl al kyl, trial kylsilyy}, | kyl aryl silyl, -COR5,
-C(O OR5 or -C(O NR5R6 V\,herNsln |d al kyl , al kenyl ,
al kynyl , benzyl, all - portions are
optionally substitut ih on Dr e groups
i ndependent |y sehgg ed waal ogén, hydroxyl, Cl-C4
al kyl, C2-C4 al kenyl and C2-C4 al kynyl, wherein for
Formulas Ib-1 and 1b-2,NH& is not hydrogen: [0015] R4
is hydrogen, C1-Cl10 al kgl $2-C1l0 al kenyl, C2-C10
al kynyl, C3-C10 cycloaIkIF C3-C10 cycloalkylalkyl
ar y| atithydn, acylatieg agent t@piloyldearcohgoand 6y Ebiydah kKx!1,
wherei n said al kyl, al keqgyl, %Ikynyl cycl oal kyl ,
cycl oal kyl al kyl, aryl al ﬁ%teroar | al kyl and
het erocycl yl al kyl porti aIIy substi tut ed
with one.or nore grouq sel ected from
hal ogen, hydroxyl cy [ azido, Cl-C4 al kyl,
C2-C4 al kenyl AN cycl oal kyl, C3- C6
heterocycloalkyl JNRSRG and -OR 72[ 0016] X1 and X2
are |ndependently selecﬂﬁﬂ?fron1hydrogen F, d, Br,
I, OR7, Ci1-C10 aIkyI ‘ggho al kenyl , C2-C10 alkynyl
C3-G o0 cycloalkyl

wherein R? R X! X X5 are as defined herein and R* is H, Cy-Cyp alkyl, Cs-

Cio cycloalkylalkyl, arylalkyl, heteroarylalkyl or heterocyclylalkyl, and
(i) reducing the amide group of said compound of Formula IX-1 to

provide a compound of Formula X-1

Q/O

NHR?
X-1

. 2 .
wherein R, R3, R4a, x4 Xz, X are as defined herein; or
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cycl oal kyl al kyl and C -C 1 thioal kyl, wherein said
al kyl, al kenyl, al kynyl, cycl oal kyl, cycl oal kyl al kyl

wana7toozal kyl portions are optionally substit BCEASMO6/23986

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

one or nore groups independently selected from oxo,

hal og reaEtru'L Eéd@ r&?gfoﬂﬁﬁl Of(#(frhlﬂﬁlr V‘iﬁtﬁ Rith Qﬁ“i]kylatmg agent to
trifluor omet H,

Cl- Coratitg$aid {:@ﬁlicajndREF@ntduEG(-ds ald ndependent I y

hydr trlf or one

A ot eieizcnnd SRR o g XyicT SR gpionaly in
cycl qrd f§ﬁé§e’1‘1|c!§}z$f 2 sGdoll acﬂrdﬂ (ﬁ? KYd)nm@ gdie dedvtlve in the presence of
het eroaryl al kyl , heterocyclyl or heterociclylalk

[ 001 9] seorndrBidiedprREide sgist dearponng Bf Fpanya danls dhomitdle group of
they re a Q L e 1

1 T P PSR LION o

hete rvﬁhb){éih RC ig asnii$inad Beef, kop@lidg asshgioithd bEBomntlhInae
or nore groups |ndependently sel ected from halg%gn,
ogen, can be

cyancy < ! P?mpw%slr%fma"ﬂhlm PSR ORY!
t . XL
L 2 A B O LR Kot 1

aryl atheydin R @f{)mt]hy&tngen,slpea: stfsp-m:%el methodheoreptigiognent of

hor o) 1 as. LERUEEE BB SpEprRYRNIGET - | o e0 1O

benzi m dazol econpounds ¢rpregented by Fornmula la-2 and
their synthetic internEmlateS Ia 2 [0022] and salts
and sol vates thereof, Fk
X5 are as defined herig said od conpr|5|ng
[0023] reacting a compousd
NR3R3a Vb: A - N3:N0024 whe>ﬁe|n 3is F, d, Br, |,
or a sulfonate ester ang, and R3 are as defined
herein, and R3a is Hor a group that is renovable
under reductive conditi o¥iHIduch as substituted or
unsubst.i tut.ed benzyl, allyl or.-C(O OR6 i.t.h a

an | vt ¢ Seflecy Gling B pSbidaasdpond PhESETR Foehe
presence of a base to prowmidega compound having
Formula VI1-1a wherein Ajlis -NR 3R3axbr a conpound of

Forrmula VII1-1b wherein \/
(@]
J ~
Ré& N \
H 2
NHR3 X
IX-1

wherein R?, R?, Xl, X2, X° are as defined herein and R*isH, C;-Cyp alkyl, Cs-
C1o cycloalkylalkyl, arylalkyl, heteroarylalkyl or heterocyclylalkyl; and
(ii) reducing the amide group of said compound of Formula IX-1 to

provide a compound of Formula X-1

CN rl\>2 1
X
N \@
‘ /j
R4a/\ N X5 ’\
: NHR3 x
X-1



VIl-la: A= NR3R3avll-1b: A = N3 [0026] wherein R2,
R3, R3a, X1, X2 and X5 are as defined herein; [0027]

woedurmory2 sai d conpound of Fornmula VII-la or VPCTIUS2106/023986

[0095]
[0096]

[0097]

[0098]
[0099]

[00100]

[00101]

[00102]
[00103]

provide a conpound of Formula VIII-1 VIII-1 [0028]

wher giird R2A®, R, X XX2aRH aplons Aefn@Bhigthi sed herein,
wher ei n when 'A’of ’sai’d conpound of For muia VII-la or

VI | - 1(b) rescti®y saiidosrpeyhd OIﬂH?camruw VIHnk iwitiHRe abfyladigigdagent to
conpound ,of . For nmul a VI H2; [0029] cyclizing

sai dpé%vr}% (gc%gpqygglrﬁg #asxlil to provi de a conpound

of Fqeyieh@ingasald ¢dnpoundGIHorih Rl BiinwiRR (i) BésmiXacidhbtivmdlly in
X5 are as defined herein; and [0031] converting the

ni t r ithepigreap of A S%%zrl@ agigrasdithd @?nmwlﬁﬁﬂavaﬁa’ﬁlm {hs presence of
OO0k 0l AP Yo V3L Bela Chhp BEGIDUR ARl YT S W (0 O

W t hout an aC| ase or F enzymati ¢ hydrol ysis,

to provide said corrpourQN of R‘zorrrul ala-2 la-2 [0032]

hi one enbodi nent of Mt hole t he npound of Fornul a

Va or Vb is prepared accardi n o’fhe net hod

conprising: [0033] ni ng a c/rrpj:jnd havi ng t he

Formul a Ha[ 0034:14 n are independently

F, d, Br, I, s(ulfonat ester xAd X5 is as

defl ned here| n to p\i\@wy\de a conmpound of Formula IV

[ 0035] wherein X3 and X4 'Rt e as defined herei n; and

[ 0036] reacting said corrBﬁulnd of Formula IV with (i) a
reagent that contains or generates ammonia, (ii) a

pr i mavheréin REERYRAAXY, SN endKAare dshiefinehhaeiaaid c

amne or (iii) a reagent that delivers a group that

can §%§@aaeth@|% BEOUPo Yy dY P EEC | tHE Nan b%ﬂﬁ@azaméqmpound of
condi a f

Car 0 ORI " gy Rl AET B Sl BB R T R Tl en be
of Faonmureed\fa mﬂ@(}R ngrdup,swhiRBIR3R! inas dﬁ'arethhegem,atodprowde a
compound of . F V.with (iv) a metal azide under
condi*PPBRung O@Iu “%el ective di spl acenent of X4 of

sai d LRRHAN S RhtaEsY &Rd BovieV fdafirey SMhan$itien GRAPHSIB4 forth in
of Formula Vb wherein

part in the description that follows, and in part will become apparent to those

skilled in the art upoﬁ examination of the following specification or may be
learned by the practice of the invention. The advantages of the invention may
be realized and attained by means of the instrumentalities, combinations,
compositions, and methods particularly pointed out in the detailed description
and in the appended claims.
BRIEF DESCRIPTION OF THE FIGURES
The accompanying drawings, which are incorporated herein and form a part of
the specification, illustrate non-limiting embodiments of the present invention,
and together with the description, serve to explain the principles of the
- invention.

In the Figures:

Figure 1 shows a reaction scheme (Methods 1-4) for the synthesis of
compounds having the Formula Ia-1, Ia-2, Ib-1 and Ib-2 and their synthstic

intermediates.
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A is N3. [0037] hi another enbodi nent of Method 1, the
conpound of Formula Va or Vb is prepared by the nethod
woanprooziong: [0038] nitrating a conpound of ForPauiua2006/023986

[0039] wherein X3 and X4 are independently F, O, Br,
, or _a sulfonate ester, and X5is as_ defined here|

[001041t 0 erogmreezaswpp@@ma ofymtaaticuretes (for reqappgofhe intérmediate
mherel &t pherein; [0041]
conver %ep%gr ))ﬁ&c ac?sg%l)mn(gt@] on of said

* [00105]C On'p@i@ﬁjre@c sH'BWsFﬁJ'foale Ipbt" dyolizationi methyd aviethed (@@ﬂlﬂl@ formic acid
provi de a corrpound of Foryula H d [Q042]..deh rat}‘ ng .
the. [ ARG AU ARTGES P 6 BFCRBPORAG WGRARY <) hutomers
| Hd t P |V [0043]
e R SO

[00106] r eagdfituttehiashoment ‘aing @otﬁ'rcyghMIDatm@hqhﬂﬂnhha B()MSl)ﬂgéOl’mm acid,

prl mary or. Se dar [

am nét § @f Cgi Wg‘{hyg% °f \?‘efg%mgldal?y%a&etnﬁ/ giive for the
can Sp%bﬁ—ﬁg&kﬁ%mebﬁnﬁmmr t&d stmbmr@gwr@mseﬁmdmdebmula Ib-1
conditions that al | ow sel ective displacement of X4 of

sai d bevrpmdhdlsdiﬁﬂmkmﬂna IV, to provide said conpound

of Far.nul a Ve rein N r d
[00107]con'p ﬁ'&rof |§$1P"r¥§|§ IQ)évmlft (Rq@?%uo?rletlg aZ|Qgeu§% ¢ using
‘ condi foranilehyirt @l |oWosehkehydee dhirsptieeefrentthof p])épamhon of

d d of Formula IVt
o Foranialdurs aapieranisq ik aif bokathersis Bois SRGher
[00108]b”’t°gdhg'g 6 3hGRIPL %Hltpétf;g?)%ﬁkﬁm\éa HthofP (Metﬂddfn@j @ the

hod conpri si ng: nitrating a conpound
of Foprepdration bf h@Gitslaxdies mpresdated tly ¥oanela Ia-1 wherein R* is not
mdependently F, d, Br, I, or a sulfonate ester and X
i s ash¥EPEHed herein, to provi de a conpound of Formul a
[00109]' I [ﬁ%ﬂie] TSGR dho%fér niditiangh Srlzbfordendleld (dethod E) for the

erein; [0048] reacting said conpound of Fornula I]I
wu th pneparatwlea@bﬂmmtdazolwwmswe@by Fermrlatlas! whersi B, is not
(i) ﬁ\dgrl mary or secondary am ne other than an
ar omatYCO&H ne or (iii) a reagent that delivers a

group thBETAINESDESCRIPTIONOF THE INVENTION
[00110] One aspect of the present invention provides methods for the preparation of
compounds of the general Formulas Ia-1, Ia-2, Ib-1 and Ib-2 and their

synthetic intermediates

f/ f/
4
R4‘\N NG R \N X2
Ia-1 Ia-2
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converted into an am ne, under conditions that allow
sel ective displacenent of X4 of said conpound of

woéanimoz09k | 1, to provide a conmpound of Fornmul aPCHAS2M6/023986

[00111]
[00112]

wherein A is NR3R3a; or reacting said conmpound of
For mul a L with (iv) a netal azide ék?e%er condi tions

that allo sel!ﬁéct I vexdi spl acenment of @2 sai dy!
compoun Eoryula/l 11 to provide 2

For mul a z heregin Ais N3 illfa

I11a-2; 4 erein R3, R34 8, X4 g) X5 are
as dey.i ' p&i N F0050] convertl\l';ng he “ar bo y>|<g C
acid ¢ h of said cOmpound of F allla-1 or

Illa-2 to\a,carboxylic acid ester to\ppovide a

conpound of Forpula I11b-1 or I11b-2, Rregpectively,
I[11b-1: A= P&%’o’%a [11b-2: A= N3 [OOSl]ﬁp\/\zerei n R3,
R3a, X3 and X5 are as defined herein; [0052]
converting the carboxylic acid ester group of said
conpotidcals ambsqtviatgs thersof, Whsgein | b-2 to a prinary

ot . ) ! |
"1 0oR9" B oRudef 06,6 PRPTPERRS ke ML PRy SiCCo
[ 0053gyotbati; OB, cfebmllofdlaln dryKGarglaticyh hettebanyk dieteroarylalkyl,
erern;, an e in a ri.mar i de . '
gr oupﬂ%?m%)éﬁl%" %}%Mﬁ@%ﬁﬁp&}%ﬂiﬁ |C{% C&I%ﬁﬁ?ﬁﬂz wherein said

pr oV 81y &lien HOMRIHILl o WliodTRfL Y RoaVey 1 BllcyYRryl] 490y | Reteroaryl,

anot her” enbodi e present invention provides a
pr ocebggronppiadkyle hetagodyelydi mdabethtochdnlaikyl f portipmse prer opigonally

N-3 benzjm dazol e conpounds repr.esent ed For mul.a
oo S F R BY AN B LR AR SRR B O B halogen,
conpr hydregyl, €005 GlkyRrOMC filRehyd CLOPaIUREYI0T; ERrcitlbalkyl and Cs-
VI - Iﬁéﬁ}g}bar ggﬁas ygfe(gzcr?bed yiiﬁn(gpl\/la\t Hogﬂ}ill VI3I I -C?I[JIOOS%,] me
wher efnhgterocygoalkyl; X2 and X5 are as defi ned herein

o035, R, {26 . PR A, iR Ay 'tk

sai d gyl dilkiarysila, MORS FC(@)O0R2or -C(O)NR’R, wherein said
alkyl, alkenyl, alkynyl, benzyl, allyl and arylalkyl portions are optionally
substituted with one or more groups independently selected from halogen,

hydroxyl, C;-C4 alkyl, C,-C, alkenyl and C,-C; alkynyl;

[00114] R? is hydrogen, C;-Cyo alkyl, C,-Cyo alkenyl, C,-Cjo alkynyl, benzyl, allyl,

arylalkyl, trialkylsilyl, dialkylarylsilyl, -COR’, -C(O)OR® or -C(O)NR’R’,
wherein said alkyl, élkenyl, alkynyl, benzyl, allyl and arylalkyl portions are
optionally substituted with one or more groups independently selected from
halogen, hydroxyl, C;-C, alkyl, C,-C, alkenyl and C,-C,4 alkynyl, wherein for
Formulas Ib-1 and Ib-2, R? is not hydrogen;

[00115] R* is hydrogen, C;-Cio alkyl, C;-Cio alkenyl, C;-Cio alkyhyl, Cs-Cyo

cycloalkyl, Cs3-Cip cycloalkylalkyl, arylalkyl, heteroarylalkyl or
heterocyclylalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, arylalkyl, heteroarylalkyl and heterocyclylalkyl portions are
optionally substituted with one or more groups independently selected from

halogen, hydroxyl; cyano, nitro, azido, C;-C; alkyl, C;-C4 alkenyl, C,-C4
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[ 0058] converting the nitrile group of said conpound

of Formula VTII-I to COORL, optionally using (i)
waguemozohydrol ysis with or without an aci d or POERS26/023986

(ii) enzymatic hydrolysis, to provide a conpound of

For I
X2 g%g%% b? gkgrél%ky}i[ecg %eg?rﬂ(%m?oa 6\85% SRR ’ng
[00116]) sai d 3 e olfrde ﬂfdeE@{dmﬂgasélbdtéd ﬂommymdgendzs GRiBd, I, OR’, C;-Cio
conmpound of Formula la-2 ¢ {;0061 hi anot her
T

enbodiybnt Cthe Heszht ont MERPr obisdes  £Yslgbeds, Ci-Cuo
refer, S r

o ety U061 31 ERCHPUINGA, ok SPEON Dochyy akymy
and tcydbalkyly myh]sallwlalkyﬂemdetﬁmatm Jpostaind aretdpcudnally substituted

U1 ity PE | ore, piredndke oty bR NBFhggos helogen,
Vil k@ﬂu&oma%ﬁsmﬂamﬂnemfy NGB o 1 R, R

R3a, Xi, X5 are as defined here| n;” [ 0064]
[00117]convé‘it1$HgFIGbBﬂi41¢f¢1ngaH§Mb of sai d conpound of

For sa_\ld6 | COCRJti tio aII

[00118] (1) n%uaéngu% ydl‘ri)lf)1 sfignt% hﬁdrg eIW P TS y&’m or 1g%@ea]kyl’
or (i0y)C g rullystd,i Cz-h:){(d%ﬂiy)d?l Cs-CR @rcqwuega ;O PseAlgialkyl,
Forrrul a Vll-2a or VI1-2bVIl-2a: A = NRBR3a VII-2b: A

[ GUBST Y ke dictprearyl, RoterqanylaliRgla hetgepcystyl erfiptorgeypidalkyl,
as d ] I [
(001191 20, nS’F R ROt R ASEHE LR SR MR Bh 0.4 10 10
For mubeanbétdd h2tevbaryt Drlhdterbepdieb rihgwhelieetin Baid Reteroryl and
X and X.are as defined herejn, (\éﬁ]ere n when A of
sal dhE@FP&f THES FaTemAPHORALY. substifuted | wBh pue Np§, OIS groups
NH- bediey algbibiedt N S coppayn
For mul a %}}dle}}hg |Ss NtI?|2 h]g%g F(%&%]B c%;ﬁ(’z. ng s,a:jlm@lfuOmmethy1
conp ddh@r@ﬂethoxmﬁummet@w,mzmm sand conpound of

[00120] For migﬁils Ill}%rogen Cy-Cyp alkyl, C;-Cy alkenyl, aryl or arylalkyl.
[00121] Methods for preparing N-3 benzimidazole compounds of the general Formulas

Ia-1, Ta-2, Ib-1 and Ib-2 can be performed in several ways and are described
below. Three methods, namely Methods 1-3, for preparing the N-3
benzimidazole compounds of the general Formulas Ia-1 and Ia-2 are shown in
Figure 1. Method 4, also shown in Figure 1, describes the synthesis of the N-1
benzimidazole derivatives represented by Formulas Ib-1 and Ib-2.

[00122] In certain embodiments of Methods 1-4, X° is halogen. In other embodiments,
X° is F. In yet another embodiment, X' is H or halogen. In another ‘

embodiment X> is alkyl or halogen. In one embodiment X is Br.

[00123] In certain embodiments of Methods 1-4, R* is C1-Cio alkyl. In particular
embodiments, R* is methyl.

[00124] In some embodiments of Methods 1-4, R? is hydrogen.

[00125) Method 1: One embodiment of the present invention provides a method,

referred to herein as Method 1 and shown schematically in Figure 1, for
preparing compounds of Formulas Ia-1 and Ia-2 and their synthetic

intermediates
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[0069] In yet another enbodi ment, the present
i nvention provides a process, referred to herein as

woRbTRd2092 for preparing N-1 benzi m dazol e conpoumgs006/023986

[00126]

[00127]

[00128]

represented by Fornmula Ib-2 and their synthetic
internmedi ates Ib-2 [0070] and salts and sol vates
thereof, wherein Rl, R2, R3, X1, X2 and X5 are as
defined heggin, with the proviso that J53i s, not
hydrogen, $ai d Wet hodeonpri sing: [ 0071] pr%V|d|ngoa
conmpound © -1, prepare
Met hod 1 n R2 R3, X1,

defj ned he pr ov?‘so t

h FﬁggL—_ en A of sd

Formul aM--1a or VI1-1b is N3, N zyl , NHaIIyI
then NHR3 of said conpound of Fornula VII I -1 is NH2;
[0072] cyclizinglisaid conpound of FornmulaaMIl-1 to

prOV|de a c;gpound of Formula |b-J l,b-1 [0073] wherein

R, Radxalts 3o solvpisesthgreet,axherein Re R 'n&r eXn andnd 70 @y Apfined
and %gfg[(rfrtlng of the nitrile group in Ib-1 to COORL,
optionally using (i) aqueous hydrolysis with or

Wi t th)reapecaﬁmaﬂﬂyoMeﬁaﬁiel @s showr) irefigyreal, icompyiskesqirysarstion of a

to provide f Forrrulalb

wher pved AForRR LT oo GOREH aitupetind et foffatie Va or Vb
herein. [0076] In one enbodinent the cyclization

Met hod A described bel ow can besused in conjunction
with Method 4 above. [00 e step of cyclizing a
conpound of Formul a VIII VIII-2 to provide the
benzi m dazol e core sghrpctuges~im any of the
above-descri bed Met hods 1-4 canbe perforned in sever al
ways. Five cyclization nmethods, nanely Methods AE, are
described in general bel %:V\AUNRQ@pect to the
cyclization of a conpound of Formula VIII-1. However,.
it is to be understood thdr: MstNods A-E apply equal ly

to the cyclgszatl o f_.cQ ds of For | as | -2. .
The. QRIS R Bl ik Had G T PGB BUTerEfers Rgnot fimited to
benz mmﬂ@kﬂaﬁb@laﬁ@mw@té vemeﬂ{anébdlfoh@tem mea@emklﬁfonate or p-

derivatives, depending on the rea ents used and the _
par t tuenssulfmate, R | is Udne%s aogroun ethaloifp semeisblst under reductive

For mdl)l?(ﬁtléﬂsl slucfl as substituted or unsubstituted benzyl, allyl or -C(O)OR®, and

[00129]

[00130]

[00131]

X° and R? are defined herein.

A compound of Formula Va or Vb can be prepared by several methods as
shown in Figure 2. For example, according to one embodiment a compound
of Formula Va or Vb is prepared by the method comprising:

nitrating a compound of Formula Ila

CN
X3
X5
X4
IIa

wherein X° and X* are independently F, Cl, Br, I, or a sulfonate ester and X° is
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[0078] Method A: A conpound of Forrmula VIII-1, wherein
R is hydrogen, can be cyclized to the correspondi ng

woenwioeazol e represented by Formula la-1, wheceius2d4/023986

[00132]

[00133]

[00134]

i s hydrogen, by a "one pot" nethod upon treatment wth

(1) ToQakifie i tegfdvmeaal dotdoitnfi REFBIERE RS Of a

second aci d or (1 formc acid derivative in the

presence of an acid. The nPirile group of said

conmpound of Forrmula la-1 can th be converted to a

COOR1 group, wherein Rl ¢ efined herein, to

provi de of the benzi m daz taut oner represented by

Formul a | a-2 wherei nqg 2204 en. If desired, the

conmpound of Formul a -2 can be“reacted with an

al kylating agent to providg‘a m xture of the N-1 and

N-3 al kyl ated benzi m dazoles la-2 and 1 b-2 [0079]

wherein R4 and R3 are not “ydrogen [0080] Method B: A

ConMpoURdeiR T &t il & \d bs hefintA@ERIN FBokSe®diment, X3, X* and

hydr ogen, can be cyclized to the correspondi ng N-T

benziXn ataFol Bher @presad b€ Hotnyul &8V s ﬂaanlrbadtecb\yﬂh (i) @rreagent that

pot " on treatnent 'th [ ormc

oot GRETHS i anse G bbbt ey fiine pther than

formag arddatiberaiiad, i ¥e (i bhﬁeagéﬁsﬂfh@ed&fvef’sn aAGkhp Qhat can

(ii1) formal dehyde or a formal dehyde derivative in the

pr es ehbequenthhbeganyerterhiatoan ging, lgrd@u porshitiangithat allow selective

conp r a C r {x¢d
%%c%fneﬁ%gﬁé ndtgiald c%'ﬁg)ogﬁa g‘éﬁgﬁrﬁg irf 1§ %r&ude said

pr ovicdmpauad UﬁE(omdﬂa)VaRvﬂfemih A ﬂSWR3f @984l cbﬁ'ipb(mﬁ 6 Féxmula

compqund of Forrrul [1-1 erein R3 j.s hydrog
can H¥cicreasied i (i éaclaﬁab %’Bﬁ " RO iR alow| slective

repr &k c%gleﬁ og' oxmlaslia-do gl B{] %n'nﬁlamh% ’prQ‘yldél said

"one pot” upon treat two or
equi \t:ahlpntmd ochBmmﬂmeeﬁ;pdﬂndnsa\Iaf or mal dehyde

o oup bRt Rl sBOREOBT SESPI s, PreRdiatoh ek qgpounds of

conv gioh@dlal IV e GEBRIn 0ROl RhosRe IR N Eﬂe g aR8 nﬂﬁ‘ﬁden EQ‘[ are not
herein, to provide a conpound of Formula I a- 2.

Vet hdianitsd ta reastips areemppuikbefidrmwla Nawith vites edid nRBleu psfesence
hydr cl i,zed h spondi ng
benz |%9 g‘z:to a@m?%gr eSent &d 0%86 f {ﬂlﬁ% Q?IH\/\her ein R4

i's now 1thl ycﬁlihﬁg@éd rdf¥refcsS tEFiph s @, Fth@QéS $rov@NPf ks B@npound of

[008?1>:] ? &7 reacting a conpound of Forrmula VIII-I
ormula IV is then selectlvely replaced by a nitrogen nucleophile to provide a

compound of Formula Va or Vb. Examples of nucleophilic reagents that
contain or generate ammonia include, but are not limited to, NH; and NH,OH.
Examples of nucleophilic primary and secondary amines include amines
having the formula HNR’R™, wherein R® and R* are as defined herein.
Specific examples of primary and secondary amines include, but are not
limited to methylamine, benzylamine, dibenzylamine, allylamine, diallylamine
and hexamethyldisilazane. Examples of nucleophilic reagents that deliver a
group that can subsequently be converted into an amine include, but are not
limited to, (1) metal amides such as sodium, potassium and lithium amide, or

alkylated derivatives thereof, (2) protected ammonia or amide equivalents
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VIII-1 [0084] with an acylating agent to provide a
wo %¢mesnd of Formula | X-1 [0085] wherein R2, P@%/Usléomzs%ﬁ

ey 02 @kl 2s ..:g;;] “:f Lned herein and Rda is H C1-C
P fk” fgs‘“@“ kelat kyl al kyI aryl al kyl ,

hetero { alk d 6

e o ﬁ%l't‘ 3%?% i, A sad ] (o ogen
| X- |n1ic¢bophﬂé/d lﬁfeﬁ/mg ©e %@Mﬁﬁ MNRPRPruheeds- M is Q08hI such as Na,
wher ein , acting said conpound of

For gy Bd, \ﬂ% |M$ OWAIWHQSR atareﬂgs heyeimbetore geigiadgemd such as

2 SR . Fd ], 2

opt i (brsaqtﬂlmethylm]lybamrdes esodanof (bas)étnmeﬂxjrlsaﬂgrl)dmﬂe (0|r| Potassium

f or i i d _d t f
agirg?bfsé CI (hy Y 9 lvempﬁ g;ﬁ elglqe"g‘?l,%% %qsn]élclude but
ni trdrk 808 'hﬁﬁféd% Sc¥idin %Wm oFéaglmﬂ 87il8 $hd lithium

t hen be converted to a group, wherein i's as
def iazedt eNgi n, to provi de a conpound of Fornula Ia-2.

[00135] [ Ooglgllﬂg?p% d§u§@%ﬁtloggﬁ g ng ﬁrg@:ﬁg}f a q\r/k)ézm tb avg}tro group in

COr r @SABnREt0 ginkap 2l MttHer Gkh m@Wﬁqn Mgk aft fhoth@uh@odictibn of an
wherein R4 is not hydrogen, a step-w se net hod
ConpAED ggeul] WD) ar(oa)atle gy élaéhq ¢rge &f compeunly odfformula 1V,
For

o Vbbb had ORI ity B € A
vvher)é"i :md?X cﬁBbe )@blacm md)éﬁemimtlﬁm sk@ﬁmn@stejmr"éhan igise group

gfw laﬁk%mosnﬁ@% @%%rtg Iﬂ%ﬁ wgp ga?umo@fce%{?g@{%ﬁ@//@ %ﬁlﬂa Y §-e., the
[ 009¢ g&hgy 1srs€ﬂ‘h‘ﬁ€/é?§1 egwlf'a%e@mr g%lt%g?éﬁ@m@feoﬁﬁﬂéjwﬁﬁ AR or no

of Fornul to pr a conpound For mul a
X- 1 [chaﬂéqenme roa°| theRE, gRBp Réban Xhe rxactlo)@lsapgffamed under the

defined h t

of  FBPAAL FeHetfh Rt e, feaRTir, Soadess OB Stfeeture
sai dhreiRg eqeivafenfsastcRophile, efcD0REHed € atigaed sdﬂa:usaln@bno-
conmpound of Formula X-1 wth (|2 formc acid

opt i AFHARYSN 3irthe Resiereeshn do Bre nitre B izemPobRd of Formyla IV

aci (st &, M BN el ol ARBAEEY Trd RafBf0d6e stons
whergicleopile %8, s, (BELscas@on ¥oayapebcbd asasilpsat def beled: room

herei n; and
temperature and at atmospheric pressure using one equivalent of the

nucleophile to provide the desired mono-amination product. Examples of
strong nucleophiles include, but are not limited to, aqueous ammonia (30%
vol/vol) and metal amides such as sodium, potassium and lithium amide.
Alternatively, if a weak nucleophile is used, more forcing conditions such as
elevated temperatures and/or elevated pressure and/or an excess amount of the
nucleophile may be required to achieve monoamination. Examples of weak
nucleophiles include, but are not limited to, a primary or secondary amine
substituted with a sterically bulky group such as t-butyl. The mtroduction of
an amino group at the position ortho- to the nitro group provides the
substitution product represented by Formula Va or Vb, which is less reactive

to further nucleophilic attack, and therefore the reaction can be carried out
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[0099] renoving the R group to provide the N-3
wo 206 whésdazol e conmpound of Fornula la-1. The pithid2bdd/023986

mi,,.,,‘,g.r oy ,ﬁ:,o@ ;»;,S%ingy-;ﬁgxﬁ% und of Formula la-1 can then be
vk donvert él""t‘d""'a"‘ébﬂ%i" ' group, wherein Rl is as defined

her ej t,0 oV onpound, of. Formul g3l a- 2. 0100
haon v aeblife dteb AR B R ne TR’ sfitpipolittd Paka- to
| nvefkimito Paaly isbepretd inhtdibidquadrdiey Bf M@hod 1 by an aniline
description that follows, and in part will becone o
appaﬁ‘@gﬁophﬁevt Ads dlisgevenyeqf methedrdogir thap gewe thaiwmsibsHtution

of 1 , ' Lo . '
the S s S0 PR ol R An FndBRf ey EAEDERbr B affcint
i nveutcofor tiymbheufheiatd atdbaitdted theatingdadoles refantype tepirévented
instrunmental ities, conbinations, conpositions, and
nmet h@ﬂlsa'ﬂjépflilé‘l}l' arly pointed out in the detailed
descy,i pt.i.QF i : p i :

f00136) 2ect Bty B s flo i EpRPRPASIN] Mol V. i prepared by
dr awieagiig anngpouadefifoconiadVavihl chease INHAHH af mom tgmperature
part. of .the.specification, illustrate_non-lim.ti. .
e ol AL &7 BT U Bt O SRLERN BRI G e organic
Wit Nod-Eva®s C idthdON, TISE! VE 4tRoexB| ahdd t DenithyICi PlreSidine.
of the invention. [00102] In the Figures: [00103] -
Fi guhlernatitebinse somwarnd of Kamele Vaneamhbe Preparyd fogr repefeng 2
synt ' f V] h - '
o I&g@&%fqg _oﬁ%%ﬁtéh”@f P&H@ly%({&%%\%&l agmﬁ%ﬂuit YethBeraturd Podween 0
I Nt eandeIBoRE $n pAGIEAME bétivger 80 2nd WEC s8d@T 1’6 bayNEhg! i18 one
routes for preparing the internmedi ate conpounds i
r epr &Riaentyy compaindef Kermptal /e repeied g th 9vgovsammonia at
sho " iy (o2/8 j fé‘ﬁ&ﬂ%%]ﬁé ) '
for %@g%ﬁg%o?mge?%pmdcﬁfo H]derl vat | VEIXE% %?%ﬁeerﬂl%(ﬂgem’ @
pr epamngtouod off Forenda iVl as odaetetlawitb reeusouse pmeseid @dddyl bar
For\r@ha la-1 wherein R4 is hydrogen. [00106] Figure 4
shows gg)"_one pot" cyclization nmethod (Method B) using

[00137] fOr M\gcoRdihg to Barlo®idM dnsdiletess Viddviy §n HiSkE®) d8NYEDHoBAd of
a formal dehyde derivative for the preparation of

benzfaringlerBh er 3dr e psenatast ir ths megmdensamyrisihgby  For nul a
[00138] Ib'Ini%?ﬂ%%@onﬁqdnﬁo?%onmﬁg{l en. [00107] Figure 5

shows "a e cyclization method (Method C) using
CO.H
X3
X5
X4
IIb ‘
[00139] wherein X°, X* and X° are as defined herein, to provide a compound of
Formula IIIT
CO,H
X3
02N X5
X4
11X
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f or mal dehyde or a formal dehyde derivative for the
- preparation of benzim dazol es represented by Fornul a
EwOaed7/ootvergi ne RAwigngt hyl . [ 00108] Figure 6 shoOwaIS2006/023986

mul ti-step cyclization nethod (Method D) for the
[00140]pr epakkiadn XX baaziTird az adfaedepigsent ed by For mJl a
a-1 wherein R4 is not hydrogen. [00109] gure
[00141]shovvs cemst i thparioxghie geidyapip &f iseid seamesad @fdiaspylagl to a

P S 0 Pl e i

DESCRIiP ThéONrOR fof Hix al NG Y Glrba[tlﬁi@ 1:1 Odonﬁ'mﬁmdsqmé clftonnﬁlat BH with

present invention rOV|des &; s, for thenfr ?B)

of coRPRFTREYCEHRIYRES @‘@H’é’iﬂﬁ}m 2y ﬁiﬁ’ldﬁ§t fopmy te pgr Ii’m“de a

and | bsRp&if dfekhudpidreti c internedi ates |a-|

| a- 2[00131] and salts and sol vates thereof, wherein:

[00112] R1 is hydrogen, C1-GNHzal kyl, C2-C10 al kenyl

C2-Ci 0 al kynyl, C3-G O cycloalk%b, C3-G 0

cycl oal kyl al kyl, aryl, ar , heteroaryl,
heterocyclylalkyl

het eroaryl al kyl , heteroc
trialkylsilyl or dial 5 X#’ wherei n said aIkyI
al kenyl, al kynyl, cycloal kyll, cycl oal kyl al kyl, aryl,
aryl al kyl , heteroaryl, hetetoaryl al kyl, heterocyclyl
and heterocyclyl al kyl portjqQns are optionally
substituted with one or nin g groups i ndependently
[00142]5eI eckﬁl@reflﬂ Xpn)tpaﬁln‘élmre Qé/géfﬁiéﬁlhere@l -4t al kyl, C2-CA
kenyl, C2-C4 al kynyl, C3-C6 cycloal kyl and C3- C6

ny
[00143]h eter ddyxdlraimgnbd: prn[n@t)flaml]de R@upwfhyldrcog@nun@f Byrngula ITId under

Fri ol Ry R sondong; Poff 168 Re Rinlsfillet gp the art 1o

-C(O a SYRScRnA of Bondh kv “al kenyl, al kynyl,
benzyl , IIyI and aryl al kyl portions are optionally

substituted with one or nBVe groups i ndependently

sel ected from hal ogen, hydroxyks G -C4 al kyl, C2-C4

al kenyl and C2-C4 al kyn 00114] R3 is hydrogen,
C-G 0 alkyl, C-GO0 a I, C2-C 0 al kynyl, benzyl,
allyl, arylalkyl, ' s dial kyl arylsilyl,
-COR5, -C(O OR5 or C(O) N5R6 wherein said al kyl,

al kenyl , al kynyl, benzyl, Xéllyl ;and aryl al kyl portions

are
v

[00144] reacting said compound of Formula IV with (i) a reagent that contains or

generates ammonia, (ii) a primary or secondary amine other than an aromatic
amine or (ili) a reagent that delivers a group that can subsequently be
converted into an amine, under conditions that allow selective displacement of
X* of said compound of Formula IV, to provide said compound of Formula
Va wherein A is NR’R*; or reacting said compound of Formula IV with (iv) a
metal azide under conditions that allow selective displacement of X* of said
compound of Formula IV to provide said compound of Formula Vb wherein
A is N;. For example, in one embodiment a compound of Formula ITId
wherein X° =X*=X° = F, can be treated with POCI; at a temperature above

ambient and in a suitable solvent such as, but not limited to acetonitrile, to
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optionally substituted with one or nore groups
i ndependent Iy selected from hal ogen, hydroxyl, Cl-C4
EWaRK071002082 LA i‘b” aJ lﬁgq?{b‘hand C2- 4 al kynyl , wher ePaTM82006/023986

"Eormul s ™1 2, R3 is not hydrogen; [00115] R4

IS hy 1- C -G 0 alkenyl, C2-G O
al kyn f&gg‘fhagﬁmg?}g}dgoj%wul = Cl10 cycl oal kyI al kyl ,
[00145]ar yI affhylmtrhﬁactrﬁb@ﬂﬁﬁ(drﬂ' féyl réﬁanﬂgt§r ﬁ%% l%ﬂ‘nula III are as

wher ei,n sgg&i al kyl , al kenyl yny cyc
cycl o4FseyiPed k3hove ar yiaal k&ﬂmplh,etmr oA yérﬁbd(ﬁﬂneﬁ‘tndi trihalobenzoic

het er Lhpons, are iopally substituted
et o BBk AL Kool LT A L ErBEhv R Tumineciieis widin F:804 to
haI ogBﬂ@VIdEyaﬁ 6)4yﬂ1ha10y5am0robéﬂzbfcoac1@ &entggt 'bgdl-‘ ?%g}é dgl in high

kenyl C2- CGal kynyl, C3-C6 cycl oa
Ilet e¥18 yCl oaI kyl, -NR 5R6 and -OR7; [00116] X1 and X2

[00146] ar eolqlﬁhdﬁ@ %ﬁ%ﬁgﬂoérgb 1% @rﬁtég %&3\518 @é?@ﬁo?en@n@@d of Formula Va

aI ky Vb @r@var@i bytﬂecmadtkgd conﬁhsﬁ.}?p lcic: oal lk%g al lkyl
al kyl, al kenyl,

and wherein sa
Sy ky%fr%?%/ IE?W OfE%]P%HSM al kyl and t hi oal kyl
portions are optionally cupstituted with one or nore
groups i ndependently sel ected fron1oxo hal ogen,
trifluoronethyl, difl uorage axy and trifluoronethoxy;
[00117] X5 is H, F, d| I or G-C6 al kyl; [00118]
R5 and R6 are independe «_hydr ogen, trifluoronethyl,
-OR7, G-G 0 alkyl, CdC asalkenyl C2-C al kynyl,
C3-ClO cycl oal kyl , C3 G40 cycloalkylalkyl, aryl,
aryl al kyl, heteroaryl, heteroarylal kyl, heterocyclyl
or heterocyclylal kyl, [0dIH9] or R5 and R6 together

00 W|th 2t hthey e attached forma 4 to
(001481 V(}rlil'ger e(;@m >{: %@?@”B@Sh@@ﬁéd}ﬁé@mcm iPrayidevaescaipound of
sal dFbmetda @Hr yI| and heterocyclic rings are optionally
substituted with one or nore groups independently
sel ected from hal ogen, cy&@afl nitro, tiifluoronethyl,
di fl uor onet hoxy, trifluor meth Xy, azido and OR7; and
[00120] R7 is hydrogen, al kyl, C2-C 0
al kenyl, aryl or aryl alk [00121] I\/Iet hods for
preparing N3 benzi@2 > g‘&oounds of the general
Fornmulas la-1, la-2,"7Ib- I and Tb-2 can be perforned in
several ways and are descktbed bel ow. Three net hods,
nanmel y Methods 1-3, for gﬁeparing the N3
benzi m dazol e conpounds t he general Fornulas I|a-I

[00149] and wizerindt’e X< BAIWE bft as defined herein;

[00150] reacting said compound of Formula ITT with (1) a reagent that contains or

generates ammonia, (ii) a primary or secondary amine other than an aromatic
amine or (iii) a reagent that delivers a group that can subsequently be
converted into an amine, under conditions that allow selective displacement of
X* of said compound of Formula III, to provide a compound of Formula ITIa-
1 wherein A is NR’R%; or reacting said compound of Formula IIT with (iv) a
metal azide under conditions that allow selective displacement of X* of said

compound of Formula ITI to provide a compound of Formula Illa-2 wherein
AisN;
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Figure 1. Method 4, also shown in Figure 1, describes
the synthesis of the N-1 benzi m dazol e derivatives
woepr7@smEn e Ly Eagmutias 1 b-1 and 1 b-2. [ 00122PCRius2006/023986
certain enbodi ments of Methods 1-4, X5 is halogen. In
ot her enbodi nents, X5 is F.cd,A yet another enbodi nent,
X1 is Hor halogen. In another egbodinent X2 is alkyl
or hal ogen. |h one enbodiw Xis Br. [00123] In
certain enbodi mrents of M 5 1-4, R4 is G-G O
al kyl . hi particul ar enpbedi peR{s R4 is methyl.
[00124] In sone embodizNent § of %athods 1-4, R2 is
hydrogen. [00125] Method 1:, One enbodi nent of the
present invention provides a nmethod, . referred to
herein as Method 1 and shdWa-lscheMRIRAI Iy in Figure

1, for preparing conpound f_F rmylas la-1 and la-2
and their synthetic interiggfatgspﬁb126] and salts and

[00151F0! vat&svektigl th@foa;rw?@ﬁ@hﬁd FR2oupRdf sakll cont o@iﬂjoﬁ@orﬁfu@a Rda-1 or
defined herein. L00127 Mor e speC|f|caI , Method 1,
as sh8la-2 e @i gapexylic eitnssies amdey, signdert @Qnﬁhteﬁmawell known to

conpo ] _
For mp So/ sk e bl Pﬁf&é@ b AR RIRER IR or b2,
wher ergspe@iviel,, F, C, Br, or a sulfonate ester such

as, but not limted to, trlc# or onet hanesul f onat e,
nethanesulfonate, benzenes fate or

pt ol uenesul fonate, R3a is H.or &3group that is

renovabl e under reductive conyitions such as

substituted or unsubstit pbenzyl , allyl or

-C(O OR6, and X5 and d@3R"a defixped herein. [00129] A
conmpound of Formula Va or Mb can be prepared. by

several methods as shown i f\'Figure 2. For exanpl e,
according to one enbodi ne g .CRIPQRAg=0f Fornul a Va

or Vb is prepared by the EgPﬁ% conp?gging [ 00130]
nitrating a conpound of FdHmd:aAHeNj 00131] wherein X3

nd X4 are 9 ap F , or a sulfonate
[00152ﬁst er VAR ?E}ﬂ }k © ﬁ%‘%&inﬁgﬁﬁreﬂﬁovi de a conpound
[00153]Of Fo E&B’Ueﬁlﬂg%hla VaI[bQQ}lﬁz:lch\@s%r%rﬁuﬁ@f SM’ )c(%ﬁﬂo& SAForala IIb-

defined herein. In one enbodi ment,
1 or IIb-2 to a primary amide group under stander conditions well known to

persons skilled in the art to provide a compound of Formula Ille-1 or Ile-2,

respectively,
CONH,
X3
OoN X3
A
Mlc-1: A=NR’R*
Ilc-2: A=N;
[00154] wherein R?, R*, X® and X° are as defined herein; and
[00155] dehydrating said primary amide group of said compound of Formula ITle-1 or

IIIc-2 under stander conditions well known to persons skilled in the art to
provide said compound of Formula Va or Vb.
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X5 are F. The compound of Fornmula IV is then reacted
with (i) a reagent that contains or generates anmmoni a,
;;;wgizpm/ggzﬂggg;jwrm;;}{ﬁ Q.. secondary am ne ot her than BAT/US2006/023986

fih o gt o Bl

aromaf i ¢ ami ne,~of “(Fii) a reagent that delivers a
00 roup ha; spbsequent be converted into an
[ ISGgm' ne, un&‘e’%ﬂ%gn F%H@V{fi%@%pp@w%o@ FagmwleeVa and Vb salts and
di spl acleates)thepdofX4n Qe SRiHd Q 1V, to_g,
provi dg sajd_conpound, of Form gy@gco\%)&ﬁgfﬁ?f'k%pgula&a,x and
NR3R3&E, 4t iR eodfolme Ibf Formula IV is reacted with
00157( 1 Vv) ; : ' er .condi.tions that all ow
[ IseI ec?‘i] 1\\?/11;&3{'&;1 gfda%geﬁéﬁ% 18 184EC 4+ 2 sompowshelolierads VI-1a or VII-
Formulla |V to provide said conpound of Fornula Vb
wherein Ais N3. [00133] N tration reaction conditions
sui table for the preparati ogzof conpounds of Fornul a
IV are well known to thgse §killed xh the art, and
i ncl ude, but are not F ¢ -4cting a conmpound of
Formula Ila with nit ¢ presence of an
activating agentp 2 Q ated sul furic acid.
[00134] Wth continued |reference tg2Figure 2, the X4
group of the conpound & Fornula IV is then

sel ectively repl ace a i trogen leophile to
provi de a conpound &ﬁéoarn%rz@\?/agaﬁgﬁ/ﬁ?ﬁaam es of
nucl eophi li c reagent¥lltiatZ e@Nai b/ generate anmoni a
incl yde. .buti 3§ lim,ted to, NH3 and NHACH.

[00158] Exan‘p%eegel%?{ n%cﬁ% iR ]fgl phizreZyarapsl defnmdricasiy, i@meagsepared
i ncl belecRAhEaToRBY | NR3R3a, wherein R3
and Rga ar eg_as g%f%}lﬂ(ggfﬁ%}%@{nvd§%é§’ﬁs@e§kv |VaEh ppubstituted
pri maF yisheptiseed ndenilinani Mese i spetifidlly, bbhe arShdi@hent for the
i m Pf‘e%altaﬂoﬁre&hyl am ne bzﬂégl am ne, di benzyl am ne,
al | yPam ne " d alPYPRHRdFe oA ndomailankiinla dicspidinmrte. Method 1
Exanpompries 2 wuatleepiliib i i t . deliver a group
that can s bsequeﬁltgjlﬁ bagorg%%gﬁ% JR%t géj“éﬁb Jﬁ?%@n%emeen a
i ncl ﬁ%}’él?o%latof APENHBY omYb end erwaniling hah@thearg as wHCh
as sodi um potassiumand |ithiymam de, or alkyl ated
derivatives thereof,g ted anmoni a or am de
equivalentsP C T/ US OB %' 3 Q@ e B such as, but
not limted to, hydroxyl es$ and hydrazines, (3)
ni trogen nucl eophi | es havi n\t he Fornmul a MNR3R3a
wherein Mis a netal such as Ma, K Li, Cs, My or A
and R3 and R3a are as hereinbefore defined and such as

(00159 NaNH2, K_NHlorzLi NH% and (4) netal silylam des such as

1 i t whesein X', X* and R? are as defined herein, in the presence of a suitable base

Im an appropriate solvent. The nitrile moiety in said compound of Formula
Va/Vb was found to be a more effective activating substituent for this

nucleophilic substitution reaction compared to an ester group in the same
position.

[00160] The SnAr reaction is performed in the presence of a base that strong enough to

deprotonate the aniline substrate in order to achieve effective conversion to the
coupled compound VII-1a. Examples of bases that can generate reactive
nucleophilic anilines include, but are not limited to: meta] hydrides, such as
sodium hydride; dialkyl metal amides, such as lithium dialkyl amines (e.g.,

lithium diisopropylamide); metal silazides, such as hexaalkyldisilazides (e.g.
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(bis)(trinmethylsilyl)am de, sodium
(bis)(trimethylsilyl)am de or potassium
nWLQ hp(q)gog,g?g I’TIB.t byl .xs,_i%l{‘ ) ).am de. Exanpl es of nucl epphiuis2me/023986

et al "4 ies” i igeE but are not limited to, sodium

azi de ot.assi.um azi de, (KN3) and |ithium azide

(Li'l\B)S&&&'F%héf‘f%et&WEc‘il@%#er ﬂgh]%’o§?}i¥laﬁthidndlélﬂazade or potassium

| eavi hgxapicthid dNilabide); uRahBikd ok, i an oy

aronat{c ring is a n£thod mefﬁ&%hgkﬁagﬁg%ﬁéﬁgf%xﬁgporhﬂmﬂn

the i AtPEEEE terpied dfom nrisary secgndenp ok teridargal hORHEE o€ potassium

ring k- gase of conpounds,of Farmula IV, it was )

di scoverl%e 8)tuﬁgt ,%0(81511 erlgga&ﬂg?@’l é’&etﬁeégilidf&?n (88ndisedisms  amide,

t he | petassngn grodgslitkdmanhidd); CAEnRY f8 :

[ ndepggddfé t lﬁX I.n separate %g?eps. T_hate fEésn@SC?ﬂ%’ Slrkglljf)m}grrwlesmn

the posI®¥PoAth P seagpeis fuch as gradufelimimmmrapads of
[00161]For muABcdr¥inkite . [ . i s selectivel

repl aced b uf a nitr %13 g%%rdﬁl} g g(@%ﬁ??’%ltw{ ‘hc?ﬁlﬂ?‘ﬂél offorpyla VII-

di spl btenEht1psart breprBargd asighosiein tipere MeREich@hd Scompound of

per f qmygder he.ﬁp rog{iate reaction condi tions.

The reaction® b Vity AR apiding of Formyla Vtinaa apmtiessganig solvent

equi vial teepres@foe 6! QPRI | % |00, a5y &ve

sel ect] ve monoani nation atl? e85%§¥?§%%‘3@ﬁwgﬁgiﬁxtﬁzmnpbs

ni t r PlgiEekic srsapimpdvends ofcluder hull e ndt teprado O'HE, NBethylether

st renghn. cl.eophi |l e. For.exanple, if a strong

nucl eopm & ﬂ%@s ﬁ@é@m‘f‘h ?I}faeﬂlio(ﬁlﬁn?\%%ﬁ pBidiae hastsiHoymula VI

at or bel ow room t effger at ure and at at nospheric

pressure using one equi of the nucleophile to
provi de the desired non ;?”i ation product. Exanples

of strong nucl eophiles in but are not limted
to, agueous anmoni a (SOO/X\/OI/VO)F) and netal am des
such as sodi um potassium a [ithium am de.

Al t er nat i_velly,2 i f a weak nucleophile is used, nore
[00162] £ or ¢ Whgreboci XT anbRE arhasadefieke hateat! EAPRaLMF Shbodiment, X'
t o ’

d/ I t d/ or an_excess anpun
the BUBF oS her R BN Fug icommonss! abFowwaa Va, wherein R° and
r non@atdra aydropen &ERPhEEXOhrafeak AUEH SORN l&"gﬁ%&g‘ﬁ: q%g;%'rmula

but %re not Iinmted to, a primary or secon
subst'lt WheEnfRithcanravedicf HomyulbVkis 4boui-34eEdrésiline, in the
' h

-b he- i duct i t ot
post picesnes s bRE R RRrple SPusdnum: 9i-pubxidne in THE ot o
s ubstenipatatura bpiwadin ¢ 0 k€50 eEeRY ﬁgvi*aké a?;a[ergghﬁﬁi X?F Jol u\a(% iY,H' 1a

which, is. l.ess reactive to further nu I'c a
and YREFEIS@dH, e atedydragsn, ¥ais B dnz-chiato antd X2 is 4-bromo.

[00163] This inventiqn further provides compounds of Formula VII-1a and VII-1b
CN R2
/@: rl\l l \/X1
OaN x:C\/j
A S
VII-1a: A = NRR*
VII-1b: A=N;
[00164] and salts and solvates thereof. In one embodiment of a compound of Formula
VII-1a, X’ is F, and R%, R® and R* are H.
[00165]

With continued reference to Figure 1, the nitro group of the compound of
30
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24 267097_| . DOC 05-21-4 ARRO31 PCT WOE - 80248/0089 -
267097 VITP CT./ " 1.1 ESiQ./ : . "sill ic_i Ibi wth

vel . of selectivity. The | eavi ng gr oupCKUSL006/023986
rHe" gd&t Hilgn BaRH ES the nitro group is replaced in a
subse thod 1 by an aniline nucl eophile.

t f
The d?gﬁ&}%%ﬁgf‘% hd8dF G redeaed 49 prawide %Fomp@mdl of Formula
bst i i i j . ect | .
and | naopenaant o) S EARERBA Rl Fhdtions and
t he nEgegenie wel &nown olfstse skiled i thezirtyi Biazgll@Soffuitable methods

d by Ja-l d la-2. [00136] h. a ) )
a1 SRS BB ek ol Gl o Dhortaidied o, disobvin
pr epamethl hyductaty, icagilRicCRIMREEHALOs, Fak r@ﬁ%ﬁn%t&‘il% #arg?ons. More

OH at roomtenperature in water _ -
\?\A’Xf ﬁg%tecglﬁ Frgales f’f élltﬁs@,l?%flgemﬁ_fﬁl re@lmzqmlcsl ielis;clgc:]eeﬁlz Lﬁabf @ metal in
r gani e = 1, 4= .
KI— ?ret étl] }%}1&%}6:' ?{))llvlglgi l;f]hed.ep%[mtﬂecr ﬁ%’ﬁi{}%}sy Exam Umgtalss suitable for

For muissolieing aretab ecdur gy iaclubly, bue aftiod Undte5PAU M 0f Sn. For
For mul a IY wi th aqueous ammoni a at tenperat ures
%

bet weBH"H QAHOBRE PR qronradiar af Foemuie ¥AT-30 cambe t60verted
0C undercohrpoub@bt M3} vy %Qlﬁé%fﬁ%ﬁ)gol\xgﬁrr?mg%q R AIRAE i in

of Formula IV is reacted wth agueo
t enpefuielie sglviset system 6t GEEradurcs bEveenTIRT Gt ®C emotdltypically at

' d of F ula IV.is )
oot BHOG R cobls AR ATETIR s 5o b met sdpsons include
[ 001 tparke sslvéht BostérAs SRM LREHuETHP BellifR @@baallﬁisﬁ%‘r%‘égg éfrléehaanol and

Figure 2, a conpound of Fornula Va or

by t hellret ha@lyéie niardregemgtion00as die pé;(rﬁarategngisth Epipeanth the
i i 3 an are_ as

B o L e o

2670%XahpoOC-16 a8l - #, ARRIBLOPCT, \RvREL1e ﬁ@@ﬂ%’a&%&i Eoer Juse in

1267097, v ] 00140] wherein X3, X4 and X5 are as
EaYW%g}Wkiqé

[00166]

[00167]

her eit eE%tFRPérIPFlﬁléeath% agam@bﬁyiiiied ttra;: Pg, _@g gllp and Ni.
o onispeaiagtle SO Rolls SRS e o, o
ski | loegnic solvent and/or aqueous organic solvents, such as a mixture of
isopropanol and THF. Catalytic hydrogenation can also be performed in an
organic solvent in the presence of a palladium or platinum-based catalyst
(such as, but not limited to, palladium or platinum metal supported on carbon)
at hydrogen pressures greater than 60 psi. In one embodiment, catalytic
hydrogenation was found to be particularly effective to achieve the conversion
of a compound of Formula VII-1a into a compound of Formula VIII-1.
This invention further provides compounds of Formula VIII-1 and salts and
solvates thereof. In one embodiment of a compound of Formula VIII-1, X is
F, and R, R® and R* are H.
With continued reference to Figure 1, the compound of Formula VIII-1 can be

cyclized to the benzimidazole derivative represented by Formula Ia-1
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in the art (for 'exanple, by treating a conpound of
Formula Il with concentrated aqueous anmoni um

FWa oo rat - oemy flerper ature) to provi de a cBapWS2I®G6E/023986
of Forrmula IHd [00142] wherein X3, X4 and X5 are as
defined herein; and [00143 dehydrating the primary
ami de group of said conpound &f Fornm1a H d under

st andard dehydrati on cond on A known to persons
de a onp und of Formula IV

ul:ac‘ rruIaIVvvith(i)

(ii) a

skilled in the art to p
or generatqg ammmoni a,

[ 00144] reactingRéai
a reagent that contains c
primary or secondary ot her than an aromatic
amne or (iii) a reagent ﬁ?qt delivers a group that
can subsequentlg be converted into an am ne, under
[00168F ondi thensn BHak’ KT, Rl el Ricare ve ddfisgl hﬁeme rffha)éyc}(zaifon step to

said co Formul a |

of FoPHHE @& ﬁﬁ@}r@ﬁdﬁm&e Cgrq\@@ﬁé@r Qf&r POEE‘F mn several
CoNPOYRLs Auclr 8¢ §B’5J éhelo\f(MétEJSHs(A \0) oﬁﬂ'ﬁ%tcﬁlscrﬁ%ﬂ e iR GR i1,
conditions that allow selective displacement of X4 of

[00169kai d ddspotavitledfheFan m eorhhounds wf dormulaska-H and sgltsuand] solvates
of Fornul Vb wherein Ais N3. For exanple, in one
enbodlm%%% a conmpound of Forrmula Hd wherein X3 = X4 =

[00170)K5 = FheCilfiilbeletivemtee tbpydstMel B BoAtula HaClRER éHeUdidfhverted to a
above anblpnt and in a sqltable sol vent such as,

not | GRORJ Sreumcwhersin ) | i, ag slefinod hpgimoto [proids a carboxyl
o2 RSB roiggLp0ee | 20ro7

7,55, provide the conpound of
Forrmul a |'V. [00145] The wd,Ratbon conditions for
preparing a conpound of 'ornu alll xfe as described

above. For exanple, in

represented by Fornul a e trleated with fum ng
nitric acid in cn '

2,3,4-tri hal o- 5- ept esent ed by
Formula 111 in high [00146] In yet another

enbodi nent as shown in Figure 2, a conpound of Fornul a
Va or Vb is prepared by tHhe2net hod conpri si ng:

[00171] wherein R', R%, R*, X!, X? and X° are as defined herein. Procedures for the
hydrolysis or alcholysis of nitriles to carboxylic acids or esters, such as
chemical or enzymatic methods, are well known to those skilled in the art. For
example, chemical methods of converting a nitrile to a COOR' group include
hydrolysis in water, with or without an organic co-solvent, and in the presence
of an acid or base. Suitable bases include, but are not limited to, Group I or
Group II metal hydroxides, carbonates and bicarbonates, such as sodium
hydroxide, potassium hydroxide, lithium hydroxide, etc. Examples of suitable
acids include, but are not limited to, mineral acids, for example hydrochloric
acid, sulfuric acid, etc. In one embodiment the hydrolysis of the nitrile group
of Formula Ia-1 to provide a compound of Formula Ia-2, wherein R is H, is
carried out using a base such as potassium hydroxide in water, with or without
an organic co-solvent such as THF.

[00172] As an alternative to chemical hydrolysis, enzymes are also available that will
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[00147] nitrating a conpound of ForguLa lib [30148]
wherein X3, X4 and X5 are as define erein, to .
iworowiodeoz; corpeting yof- Fornmula 11 111 [00149] Pen@Ssion023986

X, Xand X are as det i ned herein; [00150] reacting
a1 3 om0 O Gl of blookiphlnd b At BRYSLpkd Sharbony i

contai ns or generates a pring s
secondgiflytoprovidect hempeoumnofRorandada-i2c Emamgle@ rof(gutu:l enzymes
lLivers a group that can subsequent|y
2er gg%f\jcg&rc%etetggtlt Vr‘{ﬁg"‘éﬁwvegrﬁ e %@ré}&e&ﬂéﬁtf’ !aO%bQWEIfP aCIdy include,
al | owbstedre abt Waited phagrsgnt of X4 of said conpound of
or mu I|, to provide a conmpound of Formula IHa- 1

[00173] o cMetho " NP3 R4 angther sanbodimeens,athe lclleﬂqmdnge_r?ibn provides a
i [ . i de _under conditions
e L BRI S Ve -

conpolad and tHeorsynthetit idteth@dpkegvi de a conpound of
Fo:rpnul allla-2 wherein Ais N3 27 267097J. DOC 05-21-4

ARRO31 PCT \\\DE - 80248808 %2 267097 vlllla-1: A
NR3R3a Illa-2: A = N3 [Q0 51|Q002ﬁzft|ng t he
carboxylic acid group ) ( ynd of Fornula
Illa-1 or Illa-2 to a Qarbaoxyli cid ester under

stander condi ti offis~weT | “Knownct o~p&rsons skilled in

' ' b-1 or
the art to provide a\;o_mound of Fofmula I11 .
I11b-2, respectively, Il1I'b-1: A NR3R3a Il1b-2: A N3

[00152] wherein R3, R3a, Dd and X5 arel_as,defijnedt
i ti t he carboxyl.ic_3aci ster
07 A o b BY A o et
a prihesiy. BIBER] 10 ¥iusuaRE in FIRARAET AR Lid §1\g§r r\é\ﬁéelof Method
known tq persons skilled in the art to provide 1
conpduitdthghe e¥eaptipa that e GN@roud iscoflyertedsipecCOOR \at an earlier

stage in the synthetic route. In particular, according to Method 2, a compound

Formula VIII-1 wherein Z is CN is converted into a compound of Formula
VIII-2 wherein Z is COOR!. The hydrolysis can be carried out using methods
known in the art, including chemical or enzymatic catalysis methods as
described in Method 1.
[00175] Compounds of Formulas VIII-2 can then be cyclized to provide the N-3
benzimidazole core structure represented by Formula Ia-2 wherein Z is
COOR!. The cyclization step to provide the benzimidazole core structure can
be performed in several ways, such as any one of Methods A, C and D as
described later in detail.
[00176] Method 3: In yet another embodiment, the present invention provides a
~ method, referred to herein as Method 3, for preparing compounds of Formula
Ia-2 and their synthetic intermediates. Method 3, as illustrated in Figure 1,
follows the SnAr route of Method 1, with the exception that the CN group is
converted into COOR! at an earlier stage in the synthetic route. In particular,
according to Method 3, a compound of Formula VII-1a or VII-1b wherein Z
is CN is converted into a compound of Formula VII-2a or VII-2b,
respectively, wherein Z is COOR!. The conversion of the nitrile moiety of the
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I11c-1: A= NR3R3 Illc-2: A = N3 [00154] wherein R3,
02653 and X5 are as defined herein; and [%ngﬁﬁz()%/o 3986

eh ér t1.0g.saj 6 e mary am de group of said conpoun
% ¥ #% PirlgTqéF I11c-2 under stander conditions

R S v
05- Z&dﬂxe&mﬂ RaToe davikd out&ﬁ?rfg&/n@&ﬁﬂs kn@Pd @8 the art mcludmg

vl [ 00156] This invention further provi des conpounds of
For nelemiszl oaﬁ@fzwt@aqataéysmetb@qlwmgcrmﬁérl@M ¢thl.one

71 706 o ARCATRH 2D 3L )2y 000 08 o

r ef escangamtio oFl E@mmlel VHIczor’qponnﬁbduétuﬁormul ﬁm‘él ImdnatyOﬁlsmg

VIIIb VII|-1la: = NR3R3a VI I -1 b:

N3 [ erslEipps méh éisnthkie dwnb%ls iR Methad 1Ré%0mm>u§éa 0£ Egrgulas
d?ﬂlrhe@futﬂ q;ee'c liZed tBhﬁx% V@’ ceRRr R @énﬁmﬁ&&ﬂoﬁg c@re structure

conpound 0 For a Va o , respectively,

substeptes¢msed by Korswis {a-2uwkaeiant |i$ IGK)ORIbr'Ehe cychzatlon step to

BN 1of DEBAITHo0 T Arue, ity POALHoY spveral ways,

CONMPuich 8§ ady Bk bRl &, 8rdp MRsd &s&ﬁ%ﬂtlhﬁeﬂlﬂ @Rail SNAT)
reacti on between a conpound of Formula Va or Vb and an

[00178] anl | Methadoii nglnt et #withanl embadingnt] §o1@eniiayaition)movides a
| t r c f.

i (R, B0 SRIAE R LIS 4, B ok hERTY BeigRlacot
nMoi edompotndaiepreseipd by ‘FoﬁﬁuIE(Ib-mdnd thvéf Mnihak ihrunedibes
be a nore effective activating substituent for this
nucl eophi | i ¢ substit ubPER geact i on conpar ed to an
ester group in the sane pqﬁltlon X[00160] The
SNATr eaction i s per Red i oxpresence of a base
that strong enough f gpr ot ¢
substrate in ord C i t
t he coupl ed conpound VII-14a. Examﬁles of bases that

WO

can generate react N,
Rs
Ib-2
[00179] and salts and solvates thereof, wherein Rl, Rz, R3, Xl, X? and X are as defined

herein, with the proviso that R’ is not hydrogen. Methoc‘l 4, as illustrated in
Figure 1, follows the SyAr route of Method 1 up through the preparation of a

compound of Formula VIII

CN Flz2 .
X
H,N x® A(/
X2
NHR®
VIII-1
[00180] wherein R%, R®, X!, X* and X° are as defined herein. Cyclization of the

compound of Formula VIII-1 according to Method B described below in

detail provides a 1-H benzimidazole of Formula Ib-1
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nucl eophilic anilines include, but are not limted

to:- nmetal hydrides, such as sodi um hydride; dial kyl
EWoRbEIZR e, sughas |1 thium dial kyl anmines PeTWIS2006/023986

l'ithiumdiisopropylamde); netal silazides, such as

hexaal kyl di si | azi des (€Ny., p29 267097_I| . DOC 05-21-4

ARRO31 PCT \\\DE - 80248/ 0089 - 267(3)97 VI pWO

2007/ 002092 ," .,,.. < , I . . m; i Bib
.1 *sli fa fcu sodi xamet di silazide, lithium
hexanet hyl di sil azi 3 é(gs i hexanet hyl \
di sil azi de); net aIN\aI kgxi de suchxas potassi um

sodi um or |ithium akkoxyj des derived from primary

secondary or tertiary alRphols (e.g., potassium
tert-butoxide, sodiumisoanylate); nmetal amdes (e.g.,

sodi um am de, potassium at®de, 1ithium am de);
[00181]Gr | OB RIS X1 &% dnd x@lakds Q i hal i des); and
| umi num reagents, "such as tria um num r eagent s.
[00182[ 0016 Conpersion ahif rdg: mmlerﬁlmoemhmldi[hﬂrtb adfOORé grmxpemlmem R'is as
a co

of .F
o op AR SHPSSSReFBuFA et AaErg! Bt EGRRT KGn 0B Mo uinciuding

of FochathiRal\ edbyMBiotdidlysld nffidds A€ dedcribed VRN 1, o provide
an aprotic organic solvent in the presence of a base

at a a@mm@@m f&aplgdn2.- 50 and 80 C. Exanpl es of
[00183fU| e%lac?d’s aﬁll b %}}‘:é élrgseerﬂ{ ?nN_th? gﬁ%mdlg%tmﬁﬁb&r r(l)?tdl%fllngq cltcfv%tages

and
enbo d bﬂafﬁonvérhﬁnﬁlrprbd:d’sleesffaﬁ pichgrikOéoioans oMhe [g@ﬁélﬁﬁ]]fonnulas
wherein X1, and R2 are as defined herein, In a

parti &l b2t PRrbHr-2. Xor psaeple, the PrasstsRe P! the present invention
enbod:P;g;,Eﬁe oBnfATR 35}%?9 eglgfa'i”#o%nyﬁs MOETELS 123 b2 in

R3a a drog n an X5 are F, is’reacted wt
a COIT'h[ghlﬂﬂ yofldsFoompdred Wb , conert@inal pmicdssen npiturticr,ofhe invention

Formula V| is Zchloro |I|n int resence.

o 5 Btuides Bptag, i e euSeRa B B eeaaYe o cHgon of
at a LempendkWrerseinae Vil 4a ‘59.[1-@; td ‘i’)r&ﬁ@é’ idgzithidazoles of
conpound of Formula ViI-la wherein R3 and R3a are

hydr o§ermulxgla-3, Fa-2,)4b-1 and 16k, gepeetinglx21n addition, ghe process of

Lg?rlrs %%e%‘ @Q’\é}] gc;rll\}? Fnc]icrg rr%}}haﬁiel %dosﬁit%% Q%Q[HE ?e{'lrgg ‘g’ca(fe synthesis
of benzimidazoles than conventional processes. For example, the cyclization
of a compound of Formula VIII-1 to a compound of Formula Ia-1, according
to the Methods A and C-E described below in detail, or the cyclization of a
compound of Formula VIII-1 to a compound of Formula Ib-1 according to
Method B described below, produces far less toxic by-products than methods
utilized in the prior art for the synthesis of benzimidazole ring systems, and is
a more efficient process. The synthetic methods of the present invention are
selective and the preparation of the compounds of this invention can be carried
out in high yield, thus providing industrial value. Furthermore, benzimidazole
derivatives represented by Formulas Ia-1, Ib-1, Ia-2 and Ib-2 can be
synthesized from trihalobenzoic acids in a relatively short number of steps.

[00184] Benzimidazole cyclizations

[00185] As stated, the cyclization of compounds of Formula VIII-1 or VIII-2 in any of
35
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VI1-1b. A= N3 [00164] and salts and sol vates thereof.

I n one enbodi nent of a conpound of Formula VII-la, X5
WO 20070020984 1182 = R@H ?‘ﬂ‘ﬂ R3a are H [00165] Wth eonuiszmwe/d23986
reference to Fi'g 1, the nitro group of the conpound

of 30NBSHORZLY o RO31 PCT \\\ DE
80248/ 0089 - 26%'}9%6%?,%‘? ‘E“ tp provide p %ﬂﬂmldazolapprq shructures

y d - [, [H2F8b-udralbve loah deoferMrined kin's%vér%lﬁ@a& %g‘;f:e rélﬁthods

to pr 0 d of Formula VIII-1

step hOE It BRITRIE Gt deicrbphiloncend o itomtad Bigures 3.7
dre 5 [ | ed. th t

ERD] o Al Ity Bl RSN bt Rideafeutematives or N-1

3: g ; gzgllﬂzlggﬁaﬁﬂt% ﬂ@l‘d@élVbﬂ.l ﬂg}iﬂndlﬂgginatlhl; tﬂélatggﬁ*:s tg{;hglogreg ta}ld the nature

and enzymat :ngl r letg%% B@%th aﬁ)ﬁeﬁ %é?ﬂcnbecbﬁdnm wigh a:éspect to the |

di sscﬂwhzngwmeifabm SEHG I FREm ] the use.of

| n {%Ly abl e sol \?ent under aglqudﬂggcon G t@%ﬁﬁ&émo‘i
né Y tesg e %ﬂf@nffwh@ﬁss@@lmq@umb ahe fmﬂgﬁdrp@ﬁcompounds

| ncI WiEorll, VIR N0t limted to, Zn, Fe and Sn. For

exanpl e, in one enbodi nent a conpound of For mul a

[00186] vy | . Method Ae Aomudinged dyelizatANPRUR 8 g@% :

VI - owder and concentr at ea jn Figure 3, a

3

swtaérlng’ CPQ/@&“”%‘%SYQM Iat t enper at ures between 0-100
0C, nore typically at 4§ t q:260 0C. Sui t abl e sol vent
systens for dissolving|netal redugtions include
organi c sol vent systeasgu 3 ut not limted to, a
m xture of methanol ¢ é]byti c hydrogenati ons
can be perforned ‘ 9 the presence of a
netal catalyst in‘a sui tabl e sol £nt system under
hydrogen (for exanple, N#R20 atm”H2) at 0-100 C.
Sui tabl e metal catal ystgfjof use in catalytic
hydr\pﬁenatlpns |Ecl ude ut are not limted to,

o dpCeareat definé@hb@irSMavR ’
ted to, an i)r gani c‘issﬁ?/ %ﬁscan be

i ncl t
and/ dé)rg aq%&ﬂ%c%reﬁg?ﬁd&n% guzERIdazols tasorer represottted iy Bbrmula
i sodmelanol and THF. Catal ytic hydrogenation can al so
be perforned in an organic solvent in the presence of
a pall adium or plati bal%ed cat e}I yst
X

[00187]

N
Ve .
H
Ia-1
[00188] according to a "one-pot" process which comprises reacting a compound of

Formula VIII-1 with (1) formic acid optionally in the presence of an additional

acid, or (ii) a formic acid derivative in the presence of an acid, under
Ed

appropriate conditions known to those skilled in the art. As used herein, the

term ) ) . ; ) ..
rm "formic acid derivative" mcludes, but is not limited to, esters of formic

acid such as, but not limited to, trimethylorthoformate, triethylorthoformate,

and forma:rmdme acetate. For example, in one embodiment, a compound of

3
Formula VIII-1 wherein R® and R are hydrogen was converted into a

36
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(such as, but not limted to, palladiumor platinum

nmet al supported on carbon) at hydrogen pressures
FwareEiez9Litan: BOmEs ke mhi one enbodi ment, cat al pCTAIS2006/023986

hydr ogenati on was found to be particularly effective

- ' of : f F la_.
t o ackbgipuid®f FUMRISILY i ve?ﬁ/J ﬁf?ﬁgﬁﬁ]@l ! opol%riguanaxyﬂpsmethyl

VIl-la into a conpound of For a
i nvenPrbaformetehand privic dek! indHPEB sntisionf IfFdystred, ahdlcbipbund of

and s vat es ther.eof hi .ope enbodi nent of a
comoghgﬁglg rig?)z??ru ge {ﬁaftF& I"‘flt‘:flx"él ‘gkylﬁ{,}n%ﬁ&e@@ Preyidgn@l mixture of
R3a atte Wil 4087k Mitel bedivhidabeles 1:25 ghefse to Figure

1, the conpound of Fornmula VIII-1 can be cyclized to
t he benzi m dazao e rivative represgnt e by Formul a
la-1 3 1 267097 05-21-4 ARRO3L PG \\\DE -

80248/ 0089 - INY L ~Ka- | [ 00168 wherel VX1, X2,

X5, R2 gpd R4 as [ef Thed her g he gyclijzation
step to bﬁg e benzFni dazolle ToOre ¢t r re la-|I
can be pertyorm sevexal vvay\ ch as an)#one of
Met hods A, D as descri bed | ater\Ri3n detail.

[00169] Al so provided herein are conpounds of Fornul a
la-1 and sal 8-2and sol vates thereof. [IB@L70] The

[00189]ni”i\lvﬁergﬁf1i‘*/§}d|§ r%é){@ eont ed by Formula la-1 can be

[00190]converted to a &®/herein RL is as defined

her ei Methodl Br o\icderding & bgotivhtidie Matald e ent

by Formul a ‘I_la- 2 la-2 00%8{%1 wherein RL, aggs’%g} ﬁ)ﬁ%‘m 4, a
X2 arf@meougd of ggnﬂ‘é‘ﬁimlh‘é atin. R Ps oot tipdreged, @an bbeyclized to

hydr ahy 8:8esBbn@hs RRY ¥&i5 Ltri.les to carboxylic

aci ds or ester sggﬁ%ﬁ as Ca(ze‘ﬂ,eggﬁlVag}Veg?{gﬁ{igfq%)yFormulaIb-1
met hods, are well knoWiN to gehose skilled in the art.

For exanple, chem cal |methods of cxfverting a nitrile

to a COORL group incklide _hytkoly3ils in water, with or
wi t hout an organi c go-sol|vent, in the presence of
an acid or base. S tap/ basé Iude, but are not

limted to, GouN. |l oy Gowd |I~aABtal hydroxides,

car bonat es and bi E\\Qrbnat es, such ézs sodi um

N

R3
Ib-1

[00191] wherein R?, R, X', X? and X° are as defined herein according to a "one-pot"

process which comprises reacting a compound of Formula VIII-1 with (1)
formic acid, optionally in the presence of a second acid, (ii) a formic acid
derivative in the presence of an acid, or (iii) formaldehyde or a formaldehyde
derivative in the presence of an acid under appropriate conditions known to
those skilled in the art to provide the N-1 benzimidazole derivative
represented by Formula Ib-1 wherein R? is not hydrogen.

[00192] Method C: Cyclization Method C, as shown in Fiéure 5, provides a "one pot"
method for selectively and directly converting a compound of Formula VIII-1,

. 3 .
wherein R’ is hydrogen, to an N-3 benzimidazole derivative represented by
Formula Ia -1
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hydr oxi de, potassi um hydroxi de, |ithium hydroxide,
etc. Exanples of suitable acids include, but are not
EWO 20071002092 G W“ne‘rt:{i Ham ds, for exanpl e hydrochComiS2006/023986

aci d, squurl ¢ "aci d’ etc. In one enbodinent the

hydrol ysis of the nitrile lgroug of Formula la-1 to

provide a conpound of Forpul a Ia 2, %herem Rl is H,

is carried out using a bha ot assi um

hydroxide in water, w't vvit ut/ n organic

co-sol vent such @s\THF 72% alternative to

chem cal hydrol yS| s, Nenzy l\'so avai |l abl e t hat

will 32 267097_1I. -4 ARRO3X®PCT \\\DE -

80248/ 0089 - 267097 vI WO 007 0 6,, 3 c, a hydrolyze

the nitrile group of a colMpdund of Formul a |a-| |nto a
[00193)car box¥ikieth REIW! t ;| nd. of Forpnul a -

]Exarrpl es ofRs u)gh )gn%%sg?ﬁgldﬁgf@ﬁqﬁnvﬁqdl 18{:’(?#9@?1}’1 Method C

ni tri $ENRFisSs gemnmcdmpdmd@f@aﬁméwﬂm%@\ﬂm-ﬁ 1H1dt%v£ or more

but ag q‘%%‘i’{ tedgf ﬁg@p{'&té' I ases 00173] Met

In yet anoth dﬁmﬂmmelm rthe presence of
provi desid Tﬁi§ Peadtiort &dvahta ggm{sgr Lf}gge%ldg Pivd (h()é'{l}? ot r%glogelectlwty

preparlng conpounds of Fo

synt Hetrevide ﬁmhﬂtlwgzmd&ouda%ﬁl@emﬁ Fbﬁﬁulaflg 1 As used
sol vald t&%rﬁﬁﬁ’ " gin Rl X1, X2

are adz ef i ned her &i'N %’flﬁé@nﬁw"é IPPIIUG% rbagt el@l non 11m1ted to,
Fi gurdialkoxyinndthas stidasSNeHD f witbh th
except ldlog that the CN gr oup%&g%%v%@t@g%l nt 3‘% SPltable
an edr1%54PT Bypgeesiof thisanyspiion emolmdermmwalmchﬁr(tel &, Wudsic acid,

d.F VITI-]
31\‘(1:2 ?glﬁ::]ln QHB@ éé:(ﬁlilfolﬂgd %%1%% @‘n?t‘ﬁgﬁ) ﬁ%mg%(rg g]lgﬁ@esgffomc acid, etc.)

For mg,p@ csmeKyIE whdy @lg), Brinke 4K REeticTNEd @95 0 ![ﬁ’tcﬁhes n&f ﬂmltlng

be ¢ dot usi ng. met hods known in the )
i ncl u | ng “&er‘? g dFagdionds Aeratmed @aamtymhﬂemhtmdﬁg afater and

descdieitest 1 ounds of rmul as
VIII-2 Car}llmtai[ﬁié{ﬁ& Egd%%g }{Ogglégt?llme dBre[Sﬁlg:thfo an acid such as

benzf W%&‘Ef@l%m@ structure repr esent ed by Formul a
The cycljzation step to

00194] | a-2 %JOR
[ : provi ben2|cﬁ{ &Pearl%li‘eé enbediment amrN-3 benzimidazole

derivative represented by Formula Ia-1, wherein R* is not hydrogen, can be

prepared from a compound of Formula VIII-1 in a stepwise manner as shown
in Figure 6. More specifically, Method D comprises treating a compound of
Formula VIII-1 wherein R? is hydrogen, with a suitable acylating agent such
as, but not limited to, formic acid, an acid anhydride (for example acetic
anhydride), an acid halide (for example acetyl chloride) or an ester (for

example trifluoroethyl formate) to provide the intermediate compound
represented by Formula IX-1

R4a /U\

IX-1
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be perforned in several ways, such as any one of
Met hods A, C and D as described later in detail.

WO Qurm6309dMet had ~3uy dinmyet anot her enbodi ment, PO®/US2006/023986
present i nvention provides a method, referred to

[00195her ei RylRSciMVRE W?]d X3.anll S géjﬁéﬂn%g Pg}ie Hgg gf?r rrgldkyl Cs-

la-2 and their 3ynthefic i|nterne
il usﬂl@r@@@oﬂh}’lﬂl@h raylblkyl, ohétéx\oﬁryﬂdIEyIMet&%%&yﬁfkyl wherein

Met ho t xeeptio that the CN group is
convegt édﬂ lwﬁlt 8“&‘8%51 %ty oY @EOL Byteropmdalkyln anﬂr eheterocydylalkyl
synt hebitions atd eptidrhlpadubkSiitedr ‘r;rrtt@cc{'h%r(%J ga% ¢ Q ?h{l%ti lpgeWently

a congﬁgund of Formula VII-la or
is co %‘rt?ded}qnhtb@l%en,oim@tsmdl ofyak@r niidog a¥ldo; 2&-0f alkyl, C,-C,

VII-2 spegt The

conve?lé{le%}ﬁ g € h 1% %‘F’@ﬁ(}' $p-aae grgcycloalkyl -NR°R and

2670970111 DOC 05- 21 4 ARR031 PCT \\\DE - 80248/ 0089 -

26709 . s aB/ 3 e s conpound of Fornul a
[00196]VI | - ih \9{3|qu|{§> qfdh%c@mldg!f(ﬂ@pmuhﬂ& tiinthB rédiiced to provide

defi nzﬁﬁnth@ﬁl@" ! ut. usin t hods known

in the art, éihﬁtglcg) Rgﬁ% Egseﬁgdgt% Iargt c catalysis

nmet hods as descri bed in MBNhodk21. [00177] Compounds of

Formulas VI1-2a and VII-2b can then b& converted to a

conpound of Fornmul a VTI Hoon tion the nitro

noi ety using conditions dhos described in

Met hod 1. Comp@i -2 can be cyclized

to provide the N-3 benzi dazo e coyxe structure

represented by Fornula | N wherein Z is COORL. The

cyclization step to pr ow)g t he benzi m dazol e core

tructure C erforned in several ways, such as

cn

[00197] any  ovhe ﬁo?ds XR,an@ 30T @asﬁ&eﬂ@é GES
det a'nlrcluc{eog %/ t hod. 4: ar yet anot ﬁgf dsel%%g)?reﬁﬁlmng agents
the present dhvENt frB’r’iedp‘ioob?@@%tweﬁﬁm%gensf(ergr,GBH;I “DHF) in

her ean apmopiitb e6lvént she aPrgpari ng N-1 benzi m dazol e
nds represented by Fornula Ib-2 and their

[0019g] <°"P
synt tern@ﬂr@tyea edipgted orfu:ompmoxm]ca@rw Hahbs d%%g%y from a
sol vgd X1, X2 and
are aslﬁlgl e‘#n hfel?‘yewe{] t"f? ﬁlilf?é”rb rl%\ﬁlgléfet hdty RRictien nuoith an
hydr @i@y&lratlng\/bgdmod Bxar@fleb bf $&tabf f6)1hilhg agents include, but are not
limited to, alkyl halides (such as ethyl iodide), alkyl tosylates, alkyl mesylates

and alkyl triflates.
[00199] Cyclization of the compound of Formula X-1 to provide the benzimidazole

represented by Formula Ia-1

. @

Ia-1

. 4 . .

[00200] wherein R" is not hydrogen, is accomplished by reacting the compound of

Formula X-1 with (i) formic acid optionally in the presence of a second acid or

(i) a formic acid derivative in the presence of an acid, under appropriate
39
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Figure 1, follows the SNATroute of Method 1 up through
the preparation of a conpound of Fornmula VIII VIII-I
FwOQord0ioondregirny B3 X X and X are as defi ne#Ch@ISai0n023986

Cyclization of the conpound of Fornula VIII-I

accor omitibms MeWAas 1B s6esAL: low dnjdetail

provides a 1-H benzi m dazol eﬁggeggtrtﬁgf%wﬁleo@ porgpound of Formula

26709%2 L. BhEupEs Dl it dRRIGIRCEC dsBiEs incBRRABAORE Dot limited to

26709¢ - 181]. wherein . R2, R3, X1, X2 and X5 ’
[00201]ar e aéj%‘létb ?lrol eg&%g?%le’ .1%&%‘%“@&%@@9@%@1@@&&&

ni t ri Metheh &t i [@nmialtetnbtive @@ t@é@e rel n :

i s as_defined herein can.the% e clglzragl&g olbc%@r?ree Iﬁeoddgsﬁj}lerelrl

known?S Method Byran Ninbengithidgzalheiivativearpesayemby Gormula Ta-1

cat al g R £ cribed in Method 1, to provide

a corgi)u.nld. of q%%@m&jﬁ%g’ gatt Fﬁ@i%fe PRotsompgurst of Hermula

pr eseWlllinnerstépwisqunantiefies shom AT g@t a8 bsdv DG Fioure 7.
[OOZOZ]advanMC%ess ov.{eir fog\\éieﬂtl onal processes for prepdring

conpounds BFPRydYiethad B-semprises fraating accypoiund | ofaBekmula

| b- 2. VA®, evirah R S of th r esent

i nvention provide é%?rgto@?}cggg%f %?Weg 8%%%#%?”%@%‘?@? such as,

| a- 1,50 g, limpged tandomiic 2adidy bi ghoad anbdhdlee GRAPEBHIL Gcetic
rther, the invention

conv L@aah prog s, F

pr ovi%ﬁjelg mel() ’hg%sacﬁgﬁ%fq'?e (Iﬁég?xé@@ieeé?qtylecﬂﬁﬁde) or an ester (for
chenesahplet ithBudyethilZ dbineie)0ko C ngs. of . Formul as .
VITI-1 and VIII-2 tol&rjoviee 2P %iédg@eollgé%e“’oi?&gte compound
For mifR§esepiediby Hogmpla IXs1| and 1b-2, respectively. In

addi tion, the process of fe Ri esent invention is nore
reliable and suitable for| theylar ge-ﬁcal e synt hesis of

benzi m dazol es than conves i oNa| cesses. For
exanpl e, the cyclijati ¢ a i}ﬁ%nd of Fornmul a

>

VIII-1 to a co of\ Fortul al act), according to the
Met hods A and C-E degcri hed b>é‘r10W|r21detaiI, or the
cyclization of a conpoungugé FormuP& Vill-1 to a

conpound of Formula Ib-1__according to Method B
descri bed bel ow, produceTé('ﬂar | ess toxic by-products

[00203] t hanwhekhor RAL X! isZed i ar,,art for_tghe
synthesis of benzi ni gggglatéé‘% %%ﬁns?)(/ishte%eﬁ%?n Rd 15 & C1-Cio alkyl,

C3-Cro  cycloalkylalkyl, arylalkyl, heteroarylalkyl or heterocyclylalkyl,
wherein  said  alkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl, and
heterocyclylalkyl portions are optionally substituted with one or more groups
independently selected from halogen, hydroxyl, cyano, nitro, azido, C;-Cy
alkyl, C,-Cy4 alkenyl, C,-C,4 alkynyl, Cs-Cg cycloalkyl, Cs-Cg heterocycloalkyl,
-NR°R’ and -OR®.

[00204] The amide group of the compound of Formula IX-1 is then reduced to provide

an intermediate compound represented by Formula X-1

CN R?
| X1
N
)
R PN N X5 \/
H X2

NHR®
X-1
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a nore efficient process. The synthetic nethods of the
present invention are selective and the preparation of
kwoher7mwompomds ot el pgys, | nvention can b e carri BATWS2006/23986
(002 hi gh yield, tzhu?e,1 p4|ranow ding i ndustrial val ue.
OSFurthemmﬁxeR PrRANZY azgl § [ rese
Formulas la-1, Ib-I ,}dl g@zﬁgﬂ% %‘%aézs de3thof] Jek ﬁ&’gﬁg%}éeducmg
fr om PFFRRedez diut 2 ings hnmt@i tCeIMraNeatypeSﬂ&@ﬁde g@ﬁé (e.g.,

of st ] ycl i zations [0018

o o %Plg &“ﬁf%ﬁé%rﬁl agFroggfuie SR Vsp %lgﬁ.&é JHE Ntelp:@%ﬁqu,aa compound
VIITI-o Enmmnax-lz arrbeaﬂaﬁn@cfd%i:l &k

Vil X-2o iy o di& BT & chnfdndSr Rithia VIt as
2007/ 2\6)91?1 g.lre 3‘e@gﬂon witfeathgliglating agdnt b dispusesEht Method

II gv :i‘ nbi gyché’at%cb\f'tﬁjee o%@lﬁggé&tﬁ? ggﬁ ﬁ%g;qrvﬁetstﬁéggrgﬁmidazole

ways. feﬂeﬁ@ltwbbjnﬁdlsnulmXWHI y Met hods A-E, are described
bel ow and are illustrated_ in Figures 3-7. The
cyclization nethods provi 'é eﬂ her N-$ benzi m dazol e
derivatives or N1 benzi pddaz o atives,
dependi ng on the reagenf pl oy, d d the nature of
the R3 substitugnt~ Me ¢ dlescri bed bel ow
with respect t&the “\Conpounds of
Formula VII1I1-1. Howev t is to b¢ understood that
t hese cyclization nethods apply equally to the
cyclization of conmpounds Qf Formula VIII-2. [00186]

[00206] Met hod A: A%cogdl ng to c;’ﬁgT]I zation Method A, as shown
i n Fivdieren R°, R’ adfiipound Hf >Bos I 8 3
wherei n Xl X2 and XSHare gléggeg%%}de%érﬁ%{r eer?[‘ é QBheR
is h%?“@%?m Sé‘HlnC%@O@yé loff Fetmtle XMt pravidestho NIB M8nzimidazole
benz'bgiiﬂg % represent ed by Formul a Il a-|

[ 00188] accor ing to a "one-pot" process which

[00207] ¢ oanfghcglsrfeacetmmgn@NGD st frda rH@HJ:lﬁn&lAzlo#es ardyefl known
an

(1) { ornic g@ ogt onaII in the presence o
addi {9 RIS ted 18 the 3, )an theoraagents endi radetion edriditions Required

the g&reeEELOh AR SCILT R3“E}9&15. For example, when the R3 group of a
compound of Formula XI-1 is N-alkyl, N-allyl, N-benzyl, -C(O)OR’ or

-COR?, removal of the R® group can be achieved by hydrogenation. An N-1
allyl substituent can also be removed from a compound of Formula XI-1 by
heating the compound of Formula XI-1 in the presence of an organometallic
catalyst such as Rh(PPhs);Cl, also known as Wilkinson's catalyst.

[00208] Examples of formic acid esters for the cyclization Methods A, B, C and E
include trimethylorthoformate, triethylorthoformate, and formamidine acetate,

[00209] The above-described cyclization Methods A-E of the present invention offer
several advantages over conventional methods for the preparation of
benzimidazole derivatives. First, there are only a few literature examples of
the conversion of a diamino aryl compound to a benzimidazole (see, for
example, G. P. Ellis, R.T. Jones, J. Chem. Soc., Perkin 1, 1974, 903; G.T.
Morgan, W.A.P. Challenor, J. Chem. Soc. Trans., 1921, 1537; N.S. Zefirov, et
al., Zyk, ECHET9S: Electronic Conference on Heterocyclic Chemistry, (1988)
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appropriate conditions known to those skilled in the

W02@6'ﬁ/0020f§§ used herein, the term"formc acid gerivabicHs3oss

[00210]

[00211]

[00212]

[00213]

ANgl gdes,. bul.i s ”P limted to, esters of formc acid
EucH‘é&“‘%uﬁ"‘%t'1 hi t ed to tri et hyl ort hof or mat e,

trie r orna din et a

excar 90108, N BHERETS S B O B D i B R 1980, 25703-
VI | 1704), Vi@ éier] itsheantd ttBSﬁ:pafted Ry shpe InVElSed Qiphey ebktituted
into a 36 267097 _|.DQC 05-21-4 ARRO31 PCT \ UDE -

802 48P 8T suclz@vmevnyol‘f%mztbenrwsgéﬂp pregepBigaton. In
of Fq a h_ Yl i WM :
et HopEses il frfi of 8 Rerllbohfhés HR9BLARAD Hiblrtin
| f desT.r edorghhe Wokjpou@bhlhofo/mulieent. a-Sac.cdirabe, 1921,1537).
ith an al kyl at ent. to provide m xtur
0 BRI, frenm R of s drGaHh AR ADYF OO o iistial
| b- %pbﬁéa%ohp nd DAL MHBAR thatRhreHsARfic E}Bﬁsth@rﬁCPHCHO
hydrogen. [00190] Method B: According to cyclization

I\/Et h@@gest rra:stu@hmm ih poRyegtioral Anethodo apd timteiote fonatigenerate

wher can be cyclized to
Ve kb PYEARIGR S0 o8 afflon AR AR, SO0, 08 Ve
I epragadined" GyCRHonnt and tuikyl! bs LisddOgtt8alreh e gisitufifed linear
R3, X1, X2 and X5 are as defined herein according to a

" on e prnched-ghan @WV@I@%@Y@@%@@ Fasliged haying oms i demeprbon
of FosdUldne¥dih thd a i‘ggcon ddai rrf rgg &t?)ﬁhﬂqg s%ttlltlﬁ&f‘ Aé%pér{&enﬂy

t he preéence of "a aC| ormc aci
der iwidtt oue or nndu’eesubstetaans degtibad batiwl, ED;ran(]:Jllesl ()f alkyl groups
f or nal d%h yde or 1o o{ehyde erivative in

pr eSBHREE: put3ye al?ﬁtd ro’aH}:ﬁt ﬁir FE RBRI &ﬁgmpﬁl@mtyl
to tifw lsﬁclﬂu?qr belit- $1!ft§1 REhtyl, QsdPeRNi d@eo}a@ﬁyi\"tért-gent%l hexyl,

benzi m azole Ivati vé represent éd b For mul
V\,h e r2ehen<yR 3+leexyb 3-inythylygatyl, h[eD@l @ZIYIMEIde@i likge.

Pond et hGe il R R e plkahudeRedy pffe'or Brinhed

con\&aﬂm A8ncVatRiBOAEarBbn FRtidH havidg tholto 10NQINatlBs iand at
s hydrogen, to an N-3 benzi m dazol e derivative

r eprl@qg;émiqe@ol{b}e Ponrdnand incipdeg but is not limited to, ethenyl, propenyl, 1-
but-3-enyl, 1-pent-3-enyl, 1-hex-5-enyl and the like, wherein the alkenyl

radical may be optionally substituted independently with one or more
substituents described herein, and includes radicals having "cis" and "trans"
orientations, or alternatively, "E" and "Z" orientations.

The terms "C,-Cjp alkynyl" and "alkynyl" refer to a linear or branched
monovalent hydrocarbon radical of two to twelve carbon atoms containing at
least one triple bond. Examples include, but are not limited to, ethynyl,
propynyl, butynyl, pentyn-2-yl and the like, wherein the alkynyl radical may
be optionally substituted independently with one or more substituents
described herein.

1"non

The terms "carbocycle," "carbocyclyl," "cycloalkyl" or "Cs-Cjo cycloalkyl"
refer to saturated or partially unsaturated cyclic hydrocarbon radical having
from three to ten carbon atoms. The term "cycloalkyl" includes monocyclic

and polycyclic (e.g., bicyclic and tricyclic) cycloalkyl structures, wherein the
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37 267097J. DCC 05-21-4 ARR0O31 PCT \ UDE - 88%48{/\,{(1)2?& -

267097 vl| 0 2p07/002092it g , , la-I [001OI ]RRCT/SIS2006/023986
EW&2007%0209%2: angl Xy ane as defined herein an aen

‘methyl.” Vet hod "C conpri ses treating a conpoun

of T of aal Gk aselaroS boadhally (BeHR aciroied: ercpiikin anseturated
SI e;g%@ai?ylz\mesadi th. alhsafurdte@Céd %ﬂ&%&a%gﬁﬁ%{(@! %{(XCIRE]{:}YI or
fr{s? ﬁ;ﬁ&%r‘e?\érgé"wﬁ”g‘g%ggt%feF%E?ﬁgc;?&ezégé;g ﬁz_g.nga{;%r;ipgesl of &loalkyl
e e L A o g —
P SR h ey
et oy R REBER IRl e onetore Lq%%titutgupmmmm%aﬁous
(et ol Faminanptd, Guch OYUBARSULLAN §od5Hclspehtn) sibsituted
A iy s ko o S
G et ho ot B ET oMk np s SR R Amiee s aicoyioiC,C,
an aéfdnzhich-Gs hama?ﬁ’gre@éu%gg?lﬁgﬁﬁygéan 1&8@ - s)gﬁyf mono(Ci-
E'en??ﬁﬁi}%i%ﬁié@%?ﬁ‘?«?mw Cﬁ@pr@é@hylenhim(CFﬂG)ﬁgkr% ml 2 I

B T e T b R O p——
gggp ;Cﬂgcqg{guli%éicel. Oﬂ\ﬂnedoﬁwel@"bfchl;b@ill: E?br?u%yghlel QI least one of the
nor o RERAERESh e SR Rotsrsiars ablectedciomiNng, or s, and
agenwheuinhthasadibAlt mBPthe ! d Birh&E rifeal fo?#?m%?%%?fagﬁglaeied the

[ i for exanple acetic an
ﬁ;: ?%Fz&h%/tg{nl g%%ﬁl(f’}ﬂpéarabbgp;d mgddlerdrde ) the rendnoieﬁfeefadeaB.r The

o R P vison o
267099 )9S ues AesetiABRAGinPCTrhe) éegﬁ 1?%69%?1%110 Oe:8n9<:ofnpasses
2670 ony b G200, 0950021 B /T
[00215] The terms "heterocycloalkyl," "heterocycle" or "hetercyclyl" refer to a
saturated or partially unsaturated carbocyclic radical of 3 to 8 ring atoms in
which at least one ring atom is a heteroatom selected from nitrogen, oxygen
and sulfur, the remaining ring atoms being C, wherein one or more ring atoms
may be optionally substituted independently with one or more substituent
described below. The radical may be a carbon radical or heteroatom radical.
The term further includes bicyclic and tricyclic fused ring systems, which
include a heterocycle fused one or more carbocyclic or heterocyclic rings.
"Heterocycloalkyl" also includes radicals wherein heterocycle radicals are
fused with aromatic or heteroaromatic rings. Examples of heterocycloalkyl
rings include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino, thiomorpholino, thioxanyl,
piperazinyl, homopiperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl,
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[00195] wherein R2, X1, X2 and X5 are as defined

WO 2'@@#@&692&”(1 Rda is H G -C 10 alkyl, C3- Cl0pcT/us2006/023986
al kvl al k aryl al kyl, heteroaryl al kyl or

L él?déy fyl‘ﬁaf ky‘lﬁ"'"’%\herei n said al kyl,
| oal kyl,a | al t | al ky] d
S MEE N T
Wi t hte@ﬁl@d@di hﬁﬂ 92 HBSLihiidePpnaeHi Y 1&&411@91 eﬂ{fpwemyl 4H-

hal ogen, r ox ano, nitro, azido €4

C2- ayran ,enghoxar@ir ch}éahk Xalgnyl, Coyragolaybl o@tmgnyl cﬁlﬂ@elanyl

R e

to pﬁﬁ&iz@ﬁdﬂlm I Nt3eszabidyed[8. lodihpcugl) re;pmsxgmlezdh .h9Theptanyl,
For mul 97] erein X1 and X5 are
as def lﬁ&lowr %ﬂxﬁxans %Iéﬂméﬂﬁéamfg Hgolgayl s YR fisties are

?Ut aﬁﬁoen{éﬁldeh'vm}hﬁ%é Seo Ig@%f‘%ﬁfs &éfﬁx‘?tufne dygé ?&eg&ggtéﬁgs, as

I'n an appropriate solvent suc
[ 001(%1]V6d\lﬁtom ﬂnatgrmmsyh,stad abonpaumdbo C-Foched @ N-attaded where

be f d directly f d of Formula VLI
oS oA PG o e lFer s BEEP GNP From PATALS Pty gpyrrol-1-
agengl. (I\Ex@dmé@swfayrwj-?btcg-aah&%hpt iFgthagenkup r&hua& from

but are not limted to a%k hal1des (such as et hy
i odiigudazold gy beosyiiarokd-yl WaCh@c{rby@ratn@slami@ -¥l G@rattached)

trif t&?‘éfqp[l %}9§]he§éégé}}cﬁét %ren o\%]h 0{%&1 30% ungy of afoms  are

For nu %6 pr ovi zol'e prese nt

by Fabstthd! adth bge | ()0 AM4tieshsy di ndiaékomsloﬁmpholmyl The
hydrog i s acconpl.i shed b% reactlng t he conpound of
For rFFEOSECle giopps lzqrﬁmfaaff Fbgted e Wﬁ@lﬁydsu sybgtted in one

pr esgng@rof ul?st o@ﬁioﬂsq{f 1('\}3}10‘98]‘ SulsC 6k cl%xample, such
nder

derivative In t esence an acl d,
apprisproatc g@mgsm@?bd; oDﬁIihEOE' AUbsHuAKRED, %TeMpﬂE €1-Cs

8024 qoﬁé P 7097 v ah 007/ 002092 / 3
condify -% Mo § AP ?Bf?n%éﬂté‘?» aWO mono(Cy-
pr Oﬂégﬁkﬂaﬁﬁ&fwo&i(@l eg)aﬁ?ramah@ ﬂ alANPIESCOhIkynyl, C;-Ce

suitable formc acid esters inc e, but® are not
| i miedaplleyd, Ct-£r draloplkoby,t mmgecha@éalkyl mono(C;-Ce)alkylamino(C;-

tri e(EMkﬁr&r'}l?(fc‘?de?at]ﬁyl%%Fnof(@r Eahdhne acetate.

[00216] The term "aryl" refers to a monovalent aromatic carbocyclic radical having a
single ring (e.g., phenyl), multiple rings (e.g., biphenyl), or multiple
condensed rings in which at least one is aromatic, (e.g., 1,2,3,4-
tetrahydronaphthyl, naphthyl), which is optionally mono-, di-, or trisubstituted
with, e.g., halogen, lower alkyl, lower alkoxy, trifluoromethyl, aryl,
heteroaryl, and hydroxy.

[00217] The term "heteroaryl" refers to a monovalent aromatic radical of 5-, 6- or 7-
membered rings which includes fused ring systems (at least one of which is
aromatic) of 5-10 atoms containing at least one and up to four heteroatoms
selected from nitrogen, oxygen, or sulfur. Examples of heteroaryl groups are
pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl,
furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,

isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
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[00201] Method E: In an alternative nmulti-step

wo %Bdchgat i on method, referred to herein as Mpdiagk6ve/035ss

[00218]

[00219]

[00220]

[00221]

[00222]

[00223]
[00224]

N- 3 benzi m dazol e derivative represented by Formul a

la-1, wherein R4 is not hydrogen, can be prepared from
d la V8|1 -]
ChovenirgurbMadth v Gafush StBSeR gt puriny.

specidaifagblyy,, tﬂ&@&lyp Cthiad@oB1,| Be6liddoBal ifgzayE ObRRYAfazanyl,
of Formula VIIl-1, wherein Ris not hydrogen, with a

sui thepreihiopipali henzedengol Wy dinaeazelyl, Awinazalisyt egpiaexalinyl,
f
agg'%ph%&ﬂlnfﬁ%ggﬁg%ﬁgﬁﬁ%g ( orro(ﬁéggen@?f(mlls% lﬁ{:‘lﬁ&é&vmn the

chl Qicopi@)of Cthlsadlefﬁﬁfheir (He:oeroebyargnd)@st firief d)pimhaﬂy hydno-, di-, or
forrrat ide t i nt di_.at e conpound
r eprtBs 18&8 me&t?qg%u ﬁ{ﬂgg BUSFYHPe P Jeito, §3-Ca alkyl,

X1, f
e

het @Efmteyma'rakylralkort" tnemsrmy}idyy Irraildaiyl (as \dhﬁn@i abcsvab gubstituted

glnl(;yvlﬁ b Cq\é]glc&gl %ﬁ%{ﬁy Eﬁ?i’ (Igﬁg k%/ﬁ geget ¥ M(0¥e 'preferred

S ubsdriTalkiy® eadiddldareneylQT; 1Ak @s.0BERH]lds ﬁﬂﬁﬁ@@&ﬁ&l )phenylethyl
sel ect ed from hal ogen, hydroxyl, cyano, nitro, azido

G -@d thg lke. C2-C4 al kenyl, C2-C4 al kynyl, C3-C6

Cycl% Ifél/ljﬁé %te g?%(gf"o e%%l.ﬁaz!nk% R@Y @Q ddefq?g above)

[ 002 e cSmjound

| X- Isubsltnhdnvm}edUneecbatyd noiew @isoass defined aBekiedt More preferred
corrpound represented by FOHTLH a X-1 X-1 40 267097J. DOC

05- EteroK petcal §\@f[9E g2 Aemgodered Jigrsoaryl(1a-alkyls.
20 ] , Rda,
X1, Q:Z)z(éa ol%aéﬁg? 8%%1 efl 2%%%%%‘?‘ IE‘Jﬂ{sautggtgzlatl ‘e reduci ng

agerfle terol Ubletsroomtlylalkel"naoteahs mint elityt anoibiyr Gasedefinpd above)

Soi v uGERE « isfocup b ekt abg RRnEE RS Nt pefered
For m&@oesrolymm bgditAs Re i beW-hknfveRA AeRAIHAYNGD,. %Eﬂkyls,

Formula VIT'l-1"as shown in Figure 7 by reaction wt

an di¥eyipdes ingludg tatehydsopliredmstyli n Met hod D.

Oyelfigation Ol e FRIPOURGS uf W' ol b8 BEMYEbove)
substituted with a cycloalkyl moiety (also defined above). More preferred
heterocyclyl radicals are 5- or 6-membered cycloalkyl-C; s-alkyls. Examples
include cyclopropylmethyl.

The term "Me" means methyl, "Et" means ethyl, "Bu" means butyl and "Ac"
means acetyl.

The term "halogen" represents fluorine, bromine, chlorine, and iodine.

In general, the various moieties or functional groups of any of the compounds
of the present invention may be optionally substituted by one or more
substituents. Examples of substituents suitable for purposes of this invention
include, but are not limited to, oxo (with the proviso that it is not on an aryl or
heteroaryl), halogen, cyano, mnitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -OR’, -NR'SO,R"™", -SO,NR'R", -C(O)R', -C(O)OR!,
-OC(O)R', -NR'C(O)OR™, -NR'C(O)R", -C(O)NRR", -SR', -S(O)R",
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represented by Fornmula Xl -1 [00206] wherein R2, R3,

Rda, X1, X2 and X5 are as defined herein. Renoval of
woOheo7R82092 oup from sai d conpound of Fornul a Xl PCT/US2006/023986

provi des the N-3 benzi m dazol e compound of Fornul a

la-1. -JOER2Q7INRR" hONR'(E(@)NRGKwVi-N@@H\ICN)mTR'T uegl, sheteroaryl,

from benzi m dazol es are well E,vvnto pers ﬁllled

in t hayill, Beigroapdalkyh detrrecyslyd apd deiereryoy Vige R, R,
requi he e t t u

S e L 8 8 i
[00225X] - I Itds M lad kyderstdbdathay in inbtatbies sytere tv@( 6)) ORE: rdicalSGRS psed in

yor ogisREiono e - Srrgned HBERGIE Hirtups o frst named

r emovedidal RoRAsiaQFR Y BE @it bAd iR 146t 'nbm*é?ﬂ rﬂﬁéﬁlh@ BorlstiRred to
conpound of Formula Xl -1 in the presence of

or ganberettathedctoc Heabtystursuinh qeestimn( PP 3or examﬁbi the radical

CoounSTalgELPIP b Folioats SRRk, TR o

[00226pnd ECensih lbdﬁlpbﬁhd@pﬂ&yh@dtab@fr@ﬁlg&b% process of the present invention
triethylorthoforrnate, and fornmam di ne acet ate,
[ 0020940 FHISt ASoMER dels ARITB elUoRRSTic, frmsn erBeric foymgprof the

the p{;&ﬁlgdr}\gq]db %Yasﬂtn Cf?&}afﬁ%é tej]{q)r SEMESIB] vid WNBR ARERIe B Bization and

convent | aration o
benzi th'ecﬂai@o Iﬁeccdshngllm thaeptesdﬁt nﬁ‘te,ntmh eneludesethenprgpaati@wof all

ar ! EORTRIRGOE: o HoRA rna BB pidd: D2 Bl ab-2ayhercn

P. El Rﬂisshygro'l'genJones J. Chem Soc, Perkin 1, 191A,
903; G T. 'Morgan, WA.P. Challenor, J. Chem Soc.
[00227]Tr ansThlSl@@]}tmn{aBa enp\prgpasz@sfqomppunéq ofaForm@kVIII -1, VIII-2, XI-

ECHET I e e ference on Heterocyclic
Chem Z’&aylE %9];'%’51 121d§§267097 | . DOC 05-21-4 ARR031 PCT
[00228) \ \ DEThls&Q%kﬁfo(ﬂoﬁﬂther Zﬁcﬂﬂ&g QHI\Jatés of |60mpbtﬂnd @!f Fortnula VIII-1,

$ si' a 406-408; V. Mla D. %/
o ganVéHF'»’r oXI 1ada-1pdap I'Pﬁt and @h@93)Th62t5m70§0 V‘?‘M)refers to an

R L L o
pr oceswmlaofilek.he present invention. In addition, in many
002290 b Lo B 5, e oselSeL Lyt v
Soc. IrRfl§; 1a-19%l2 :tﬁfland Ib-2. That is, a compound of the invention may
possess a sufficiently acidic, a sufficiently basic, or both functional groups,
and accordingly react with any of a number of inorganic or organic bases, and
inorganic and organic acids, to form a salt. Examples of salts include those
salts prepared by reaction of the compounds of the present invention with a
mineral or organic acid or an inorganic base, such salts including sulfites,
bisulfites, phosphates, monohydrogenphosphates, dihydrogenphosphates,
metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates,
propionates, decanoates, caprylates, acrylates, formates, isobutyrates,
caproates, heptanoates, propiolates, oxalates, malonates, succinates, suberates,
sebacates, fumarates, maleates, butyn-1,4-dioates, hexyne-1,6-dioates,

benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates,
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Furthernore, the nethods of this invention are nore
suitable for industrial applications, since it uses

woeag@nrm®2t hat are | ess toxic than the HCO / HCHECTAS2®61023986

[00230]

[00231]"

[00232]

m xture used in conventional nethods, and therefore do

not generate toxic by- products such as dlchloronethyl
et herydraxobawpatepe t erfigthoxypenzoatesq| ky| Phthglgfes,a| Ky (sulfonates,

as u%ﬁ@eéfgﬁﬂfdngte h%ﬁytaeetQte 3{% ocgﬁglclna{ég heﬂ Ibutyrates, citrates,

bran arn nova ent on ra havi ng
one tlacthtes camlydnmxabmmtesy\h glgaoﬂxateme mf@és r adﬁ@ahesntfynates

mor o renpeThees eetthbat oot eaapleRs G Rppcs, and

gr oURfanidRfhdsdesinbdlh M Be eeltnpbmm siefilet;ﬁeseﬂmuéhmo@hw include
n-propyl, isopropyl, butyl, isobutyl, sec-butyl,
t er t -thoteythan @@m ic of bagiemojety, the spaneyids of éhe prseent javention

L T L R

al kenylthe anéehtivie@oafpoahd &Ny base; éfeadestred kdlngay berprepared by any
branchedchai n nonoval ent hydrocarbon radi cal havi ng

two tWitalge dagtheshavaiishle wnlie 2t (feastanple tHretmen Qafotﬁa free base
imdblut llé'h'lggmflﬁﬁorﬂg%uﬂ@ Jﬁl&rﬁda &QF%‘BQEM& ’su§{ Qﬁﬁydijochlonc
|'i ke, acith dyéiobrantie aaidksuiﬁlncr@mﬂ aatkic rany, p]aaosphd)m@axaﬂ layd the like,
substit utﬁd i nde ende tI with one or, nore

substir WER Y 8 ST 2Bl 4P MO scid puseinic acid

havi ngandelis a01§nﬂm£1{@£§d 1ﬁ£1b§1@ta%Id ?S}ﬁwupﬁmd oxalic acid, glycolic
al ternatively, orientations 212] The

t er meactdcgalicytic atlldyfm ylvranemdlyl 'agldg ywall as glwmm@ acid dr @b&hlromc

or bran hed noval ent. hydrocar.pbon radi¢

Dol VERE AR SR BT HRT B KRR el St oo acia
bond.subX asmpagid mdl ufl elutdnitc aafd? af@torhdti¥ do@dl séh as benzoic acid
et hynyl , propynyl butynyl pentyn- 2-yl and the |iKke,

wher eirn cinmamsg |agkly| ar gdlfonig apids Bechosei Brialueyesulfonic acid or

subst t with one or nore
substélﬂﬁéllj%%?fsoln escr’lragﬁ% 1Llée/er ein. [00213] The terns
car dé dyciheeritive canpoand isydn, dcid, alye desied whlt nowy BeGRefzt€d by any

cycloal kyl" refer. to saturated or al ly . : .
unsatHt @/1% PR ifer p@%éreasﬂef}t Qi ﬂafafre% 39 vyt A ARorganic or

thregybhid %ﬁsémr}kl‘%n@& °1H§r arli |39sat1t§raﬁ% thY<e! RAMEY | with alkali and

i ncl udes nonocyclic and %ycyc ltc (e.g., bicyclic and

t ri cyadkalioy eagle ntdlkstichsas rh!lkmlur eadiumhpetessiing Heriggn and calcium.
Preferred organic base salts include, for example, ammonium,
dibenzylammonium, benzylammonium, 2-hydroxyethylammonium, bis(2-
hydroxyethyl)ammonium, phenylethylbenzylamine, dibenzyl-
ethylenediamine, and the like salts. Other salts of acidic moieties may
include, for example, those salts formed with procaine, quinine and N-
methylglucolsamine, plus salts formed with basic amino acids such as glycine,
ornithine, histidine, phenylglycine, lysine and arginine.
The inventive compounds may be prepared using the reaction routes and
synthesis schemes as described herein, employing the techniques available in

the art using starting materials that are readily available or can be synthesized

using methods known in the art.
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267097_| . DOC 05-21-4 ARRO31 PCT WDE - 80248/ 0089 -
267097 vl 1 WD 2007/002092] ' ; a polycyclic structures

wopbi7maAioky i ncl ude a saturated or partially PCT/US2006/023986

[00233]

[00234]

[00235]

[00236]

unsat urated cycl oal kyl fused to a saturated or

artimagl |l nsat ur at ed .cycloal kyl .ar hetero | oal kyl
i ng FOPT SRR SORPRBEE 5 4PS Presea dnvesbaRpelhogre entompassed
cycl aglthy bregéUnentits intdede, But ard@t NRfitel itd the dothBounds of the
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl;
cycl @ﬁ@ﬁpfeﬁ ,an%\i/hy ackfbor base additien syl bateki| Thaigxdseples presented
opt i : i1yt ' ntly i.n one nore..
Subst ot i Rabed 1 Bhiekle BRRESRR stibolyagiito s htion, and
exanptenotsintdnded ¢ tialikihe @opeips tieAypebdicafdn enald Yaims in any
substituted with, for exanple, C-C6 alkyl, QC6
al koXX¥#Y- hal ogen, hydroxy, cyano, nitro, am no,

nono”- Ctal kyl am no, dEW@ kyl am no, C -C al kenyl,
C2-C6 al kynyl, Cl1-C6 hal oal kyl, Cl1-C6 hal oal koxy,
amo (I@e ex@nplgl ang Ip;remmuianCpmvidE’&djl eu«%w ﬁIZTg_hID ﬁ@ﬁ@é‘al daglexemplify
di (CL-C6) al kyl am C1l-Co)alkyl. [O e term

" hét reog%li?y?‘}(mﬁe?tg% Preseat H}Vgg%?il Iaflge‘HP‘]h_BiL of preparing such
br ancé@gowtiri B im%\iﬁki@l@iooﬁﬁﬁia&(?%&}a@ of ﬂl@'p‘f&%n?ﬁl?éhlgﬁ)n is not

to twelve carbon atons, wherein at [east one o

car b&aited daeny avaydpl theesdond ohthg fhlé@&ineaﬁllxemptas |b apdtpeeparations.
f in the.ragdic na e.a )
s bootsofd effiodt ARG ORE BL AL AR E e bl 1iEiiShs described

het enogtiemendiyy adupeal tol prephre aningaib@ @rotidr MBK BibehiRks of the
the radical). T het er oal ky] radi cal ~may be

h :
opt i BERHQR stk eliergatdee mmdkgsisnfanprepating ﬁh%ﬁéﬁmou?(‘iﬁ{ of this
substj ' ' a .
s 356 et et D 08 U ORLAGESR i
The thersypthekietod monyestmplifigd compdaide raoeytding"to Ghe invention may

" " ref d tially, .
nsab e e e Bere B i taropt axpereBt ® thpisgleois the ar,
i N VG byaipptpaistelPPRtdcting iRbA8ihS gl%ups%tb?r@?fﬁg{g other suitable

sel ected fromnjtrogen, oxygen and sulfu o _
r emefCAEFYS ki b therert isghen had, thoeatesiribednanddor hyomeking naytine

ato ont i 1 bstit,ut ed .i ndependent |. .t
onen?(i;lr0 Hﬁrrisoéfr11 Q&ésu sljte?‘{@g naténélilg &F t&“ﬁ&W%‘o& gt%ﬁlérqa%%@\éalscqosed
may beeia cakhom riadheakt ahll et feoatiam hadheiak - appliSability for
term further includes_bicyclic and tricyclic fused

ri ngPrEpingRther gompRundsQfitBinyertianer ocycl e fused one or

moT emCRERAGH 1 Ees@libddCHEERC UL CothbNS: indicated all temperatures

are set forth in degrees Celsius. Reagents were purchased from commercial

suppliers such as Aldrich Chemical Company, Lancaster, TCI or Maybridge,
and were used without further purification unless otherwise indicated.
Tetrahydrofuran (THF), N,N-dimethylformamide (DMF), dichloromethane,
toluene, dioxane and 1,2-difluoroethane were purchased from Aldrich in Sure
seal bottles and used as received.

The reactions set forth below were done generally under a positive pressure of
nitrogen or argon or with a drying tube (unless otherwise stated) in anhydrous
solvents, and the reaction flasks were typically fitted with rubber septa for the

introduction of substrates and reagents via syringe. Glassware was oven dried
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"Het erocycl oal kyl " al so i ncludes radicals wherein

wo Jeiepaeycl e radicals are fused with aromati ¢cqiys2006/023986

[00237]

[00238]

het eroaromatic rings. Exanples of heterocycl oal kyl

rings include, but are not limted to, pyrrolidinyl,

tetr drof di hydr of uranyl, tetrahydrothienyl,

t et r%ﬂiy/ PP%%‘%//I di hydr opyr anyl ,

tetr h‘h-WNIBI d’}ble@t@a/ ﬁvaféyﬂecorﬂécpeﬁ dVatn oFOBMRP insh@ment operating at
t hi onor phal i no |.0xan pi perazin

oMb Br 29D YZ. e MR perbsts A tosed e ERH or DMSO-ds
\r}\%goglglg(%{jg é&égtsd} og%ﬂ\e/ﬂl ll\]m&?erﬁgfrvﬁr;ﬁggﬁ)ﬁ%n&%d When

Iy El pdakoxep@gpiiditiest hniee@oﬂyd,, thex fdleywiing | sbbeivaatons nark , used: s

o oy ety @uBis FGrblDh T GRiehy P Cipidsppdingt (doublet of

AHpy g dhtdts), Chtogc@ﬂmlet of: 18 [@tQX(’lC%ﬂ}zﬂmg RVEAZRL] When given, are
di t hi anyl ,” di t hi ol anyl, dlhydropyranyl,

.d|hyﬂ@@ﬂhﬂeﬁ@ﬁﬁzﬂiﬁydrofuranyl

pyrazolidinylim dazol i r{1 dazol i di nyl,

3-azabi cyco[ 3. 1. 0] hex

Frepaitaltion ot 6o(4db ronkt)- b&nlﬁaﬁenﬂ@ﬁM@Wﬂ@&&-ﬁnﬂmﬁml
3Hindolyl and qU|noI|Z|n¥ piro noieties are also

i ncl uded wi t hitengeigidazole ﬁﬂrli‘mygc@éﬂ nition. The

foregoi ng gr QRE: as derived from té‘tﬁng oups |isted
above, may b f C—attached or N-att ted where such is
possi bl e. Fo sfance, a group de Ffrom pyrrol e

may b e pyr 1- vyl —(—N——af*rache pyrrol - 3-yl

(C attached 2 1I:her a group_ de : rom i m dazol e

may be im dazjol-1-yl (N-attactre i dazol - 3-yl

(G attached).F An exanple of a hetermcycllc group

wherein 2 I‘I;ﬁ carbon atons are sub *tuted wi th oxo

(=O noietie ?slldioxothiom)rp inyl. The

het es@pYA! & 9UOHPRIIAESE]iRoBtnSoid BRHD'S Flitih £ BN, 908 (5490 g,
speci f1 ed, substituted In one or nore substltut

posi 1. Bémlwonhcb@érfq)row gﬁob@é SqFEOT) wa(samhied touh (3.35 kg) of

o Ol SRS o el iRl SRS, was

hy dri@gy adédBafda mixture onrB @ﬁlﬂlfﬂi’éﬁé(ngoﬁ: acﬁmi%yé fmmaol 1
di (C 1-C6)al kyl am no, “C al'kenyl, C2-Cs alKk

01 Biuiva) Bap Ryl (583 ke ﬁﬁpwm@a& FafiDndt @ secars) éasky\mth ice-
q§'£| ﬁb%ﬁm no%{%:%%% ﬁ:?uaf \ﬁﬁgr?lagéﬁ iof} rWa(sil c(o%plete the reaction

olutlon was allowed to warm to room temperature. After 5 hours, the

reaction was complete as determined by HPLC and the reaction mixture
(brown solution) was poured into a mechanically stirred mixture of 10.6 kg of
distilled water and 11.8 kg of ice over 10 minutes. The yellow slurry was
cooled to 14 °C, stirred for 2 hours and then filtered. The cake was rinsed
with 4.0 L of distilled water and then with 5 L of heptane. The wet cake was
oven-dried overnight. The crude solids (1.791 kg) were then stirred in 16 L of
distilled water (9 vol.), filtered and oven-dried at 55 °C under high vacuum
overnight to yield 1035.9 g (75%) of 2,3,4-trifluoro-5-nitrobenzoic acid as a
yellowish solid. HPLC was 98 a% (220 nm) and 100% (254 nm). 'H NMR
(400 MHz, DMSO-dg) 3 8.44 (1H, apparent dt, J 1.9, 7, Ar-H); F NMR (376
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[00216] The term"aryl" refers to a nonoval ent

aromati c carbocyclic radical having a single ring
woeogoo2qpkenyl ), nultiple rings (e.g., biphenyPLT/Us2006/023986

mul ti ple condensed rings in which at | east one is

ar orraquz HRISD-ds) B 453.94=131 61 tmwr]éaqmwoo MHz, DMSO-dg) &
napht hyl ), which is op tlonaII nmono-, di-

t lr.k SuBS? (@uplbdz\m:ﬁ, bes>gls4 «hwbg@h (C+F0\d@rj29ﬂlk910) 1S (R F, dd, J
yar o2y [Bod i8Rt of AP Do bR PB,t B Sopoms” 3108 (),

nonoval enti 585 orasi cogadiis A PEf(-)aniz 220 (M-1Y detb&Bder ed
ri ngs whi ch includes fused ri ng systens (at |east one

of which is aromatic) of 5-10 atons containing at

| east one and ggfo four heteroatonms sel egted from
ni trogen, oxyge or sul fur. Exanples of héteroaryl
groups are p ¥l | i m dazolyl, pyri ‘ F
pyrazol yl, t ,
thienyl, i oA t hi azol yl, oxazoly
I sot hi az , oyrrglyl qU|noI|nyIOﬂNsoq |noIEnyI

i ndol ylI , ben2|n1dazolyl benzof uranyl, cimpolinyl,
|ndazonI 44 267097 | .DOC 05-21-4 ARRO31 PCT WDE -
80248/ 0089 - 281097 vlindolizinyl, phthali@k-hyl,

ridazin tri 2|nl,|50|ndol I teridinyl,
[00239Eﬁr|n$Fep éxa'a ¥ iflyox .-ug:t_ 0|Tya|_a ‘mixture of 2,3,4-

thi adi,aq)y! |5Ln1fr95é?1§@ﬁy %u;ﬁd *{‘P@?Qfé” I Wol, 1 equlv) in 400 mL of

benzot hi ophenyl, benzot hi azol enzoxazo

qui nazlistillc@/ IWatqquamedﬂémycbncmapﬁhd hapninoninyd hyélmhde (28 % NH;
furop i ny Spi ar.e so included wiphi

t he s g 5%91 g 38@ |rHLt ef%)a‘?‘wv grofpLng faat internal
opt i Ofb?rhﬂe){atﬁi‘ér\@as bélbw.6. @pCtd’Vblswsi héwk. ecfh‘é"rﬁﬁtur@ v&gvs stirred for
hal ogen, hydroxyl, cyano, nitro, azido, Cl-C4 al

C2- C45%Ink1éh§¢5 m@h@wamgﬂm roommetﬁ}mbdér Ry4 homd "When the
c3-C 0 Kk 2 The

rreanspegltr:l&é &X? LQ@‘JA) %mp(létg gs &%[Llﬁ%lae %%Hg[,(,a LE% S{nll)?(ﬁ{ e RS cooled

W th ane oe- Wm)d‘r&)a&’f yihd oBrcehiyate@HED (30 MES wae theal@ded dropwise
Mor e recgerred aryl al kyl radicals are

aryl - USA PR T Eeappiie 3vas shiTred) éorbleh@w with ice bath coohng and
pheny il

hory b W Ot Aok AR TOP U g g e v
above}56 wils toif tMTBH. WiThb (&kh@i&ﬁﬁl&h}dﬁeﬂm’ce‘#& °Cab€@n1§ﬁt to give
defi ned above). Mrre preferred heteroar

| al
ot CEp8 Grak Biells sl nHEEBavasctEs 6% (20am) BukPRgS 6% (254

nm). The MTBE filtrate was concentrated on a rotary evaporator and pumped

overnight to give 9.9 g of a second crop as a yellow solid: HPLC was 81.1 a%
(220 nm) and 95.40 a% (254 nm). Combined yield of 4-amino-2,3-difluoro-5-
nitrobenzoic acid was 144.8 g (88 %). 'H NMR (400 MHz, DMSO-dg) 6 8.0
(2H, br s, NHy) 8.42 (1H, dd, J 1.5, 7.6, Ar-H); '°’F NMR (376 MHz, DMSO-
ds) §-153.9,-129.0. *C NMR (100 MHz, DMso-dﬁ) 8106 (C; d, J 10), 126
(CH), 128 (C), 140 (C-F, dd, J 241, 16), 140.8 (C, dd, J 12, 4), 153 (C-F, dd, J
263, 11), 164 (COOH). IR vpu/om™ 3494, 3383, 1697, 1641, 1280. MS
APCI (-) m/z 217 (M-1) detected.
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Exanpl es i ncl ude oxazol yl met hyl, pyridylethyl and the
i ke. [00220] The term "heterocyclyl al kyl" neans an

wabkboyloormwe ety (as defi ned above) substituted wPCH/U82006/023986

[00240]

[00241]

het erocyclyl noiety (al so defined above). Mire
preferred heéc? ocycl ylal kyl radicals are %o 9
6- menber ed het’erocyclyl -G ~-al kyl s. Exanpl e% incl ude

t et rahydr opysanytiret hyl . [ 00221] The terr
"cycl oal k " means an al kyl noiety
above) sul ted with a cycloal kyl

jore preferred hetedpCyclyl radicals
rrber ed cycl oal kyl - Q*-al kyl s/)_Exanpl es

i ncl ude cycl 8fr opyl met hyl . [00222] The teFHe"Me" neans
rrethyl " Et TIlxebns et hyl, "Bu" neans but ¥iIbahd " Ac"

nmean acetyl [00223].Theterm hal ogen represents
fluorStﬁe \ thyiester: TYISCI (132

gener 1t Jﬂgl \23(5 Etﬁgg) Q;?é g% eﬁsbv@f Sfrfﬁﬂﬁ{e's ?5‘ leltﬂf}pHP§-aHflno-2 3-
any e conp e present Invention may be
opt [ ahﬂhdm fsmhebeﬁmicedmkiy(léﬁé ar 0.607 encluds tquivgnins325 mL of

ubstltuent sujtable for rposes..of this ..
o orEORS | TR Bk R Reded, o rarin Db S Ry BVt it xdaction
the pt{féévdoﬂﬁ)létg ak dbtbrrhPed 8Y I@I@@h@ﬁﬂm&rwmléﬂﬁh)éh)we-water

hal ogen, cyano, nitro, trlfluoronethyl
di f | vsthofrstdioxiputesr |Tﬂxeu©¢ct§1|¢etnhmme way o, filtepgd and the cake was

. m% S%ﬁejdqbvaths%@%@/&o% O)é?:@)mcc%% was é}-_tge%v(g}mght at 55 °C
- S(ORder - RzacuumN%l F%tve THRIC(O) (b, 15%‘ 4 ammo -2,3-difluoro-5-

- NRLC( NCN) , aryl heteroaryl ary

het ermﬁolgﬂnablkwmd ethol sstye | bﬂPLgnWaShEY era%;(%l(inm) legpd 99.2 2 %

Bl ey 1254 B TANRyA00 8 s L B 5,08 1 @i b,

to bexupderst aed atptsaltent Qad] DTSttQinFESAMl?f el bWV (Y 81Hz, D6
radi cals are used’in succeSS|on to define a

substDMSENt & atBas AEZD.2.0 & BMRCLO0dHzt BYISO+ds) & Ha(Eld;0), 105
radi c i nsi d dt e r.ninal d a

namedtr da7 d 125 Che der s 10§ CEL S vanup fo A 7 244, 15,
St rucfyr cr a h di

aryl aﬂgy(t% PQ Jg%t?a hed ioptjﬁlejgta?ugpu?? ﬁogugs{tﬁo%ﬁw w/on”
t he 3341891 3R UBI9[ 062D,6]548e 1 840, Nl 28dnphithd(Hrepare®31 (M-1)
accoréj to a process of the present invention can

exi st or nore tautomeric fornms. Tautoneric

forms of t he conpounds may i nterchange, for exanple,

via enolization/de-enolizati on and
COZMC CONHZ

F F

O,N F O,N F
NH, NH,
IIIb-1 1Ilc-1

Step D: 4-Amino-2,3-difluoro-5-nitrobenzamide: A mixture of 4-amino-2,3-
difluoro-5-nitrobenzoic acid methyl ester (150 g, 0.646 mol) in 14 M NH,OH

(1 L, 14 mol, ~7 vol) was stirred at room temperature. After 8 days HPLC
analysis showed the reaction was almost complete. The solid product was

filtered off, washed with water (2 x 200 mL), and then dried at 50 °C in a
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the like. Accordingly, the present invention includes
the preparation of all tautoneric fornms of conpounds

woRoFEmmebas la-1, la-2 Ib-1 and | b-2 wherei n RETIiUS2006/023986

[00242]

hydr ogen. [00227] This invention also enconpasses
conmpounds of Fornulas VIII - -2, Xl -

| a- 2 PR 0N 5. @rov[l%ézagﬁlmﬁw% Laifpmrrolearenie (1187

i ncl v S d I Vit

VI | ngg%ﬁ 1|1) %8 Y&fo“g_ggwla%inl %%CF?’E’% rolk NMR (400 MHz,
" sol \BWMISO- d@ﬁé’r@ @8, bns,aqd) e 88 Hfbra, megtztﬂm(lb]f, apdrent dd,

i nvention_w th _one nmor e sol vent nol ecul es, 00229

Thi s 4 hvehth &a-Tht ng&W§sw%QM§ oAs) c® nh%"'-o%c (100
; V. BRVEN | it
o 2 g PMO-09 8 D2 S 1 P 4 8 188y Gobledins ©

a sufdﬁiL gl yssasu((dFCdd arzstgf i7)cwm l(ancﬂism57on)b@6314 (c 5).
functional groups, accord react with any

bR G PG 16 38755, BEVbg 2 aniPAOMREET () 216
and ds, to forma salt. Exanples of salts

i ncl %ﬂ%?%g%%&%alts prepared by reaction of the

conmpounds of the present invention with a mneral or
organi c acid or_an inorgani c base, such salts

i ncl udi ng sul ¥PY%s, bisulfites, phosphaf{®s

nonohydr ogenphgsplFat es, di hydr ogenphosph
net aphospha pyrophosphat es, chl ori
i odi des, ace @S, propionates, decanmates
capryl aPgs, arryl & es, formates, iGBbut)fates,

caproates, hefyfjanoat es, proplolates oxakAt es,

mal onat es, succl nates, suberates, sebacatés

fumarat es, mgpRat es, butyn-l,4-dioatesva
hexyne- |, 6-di oates, benzoates, chlorobenzoat es,

met hyStepdzodt dsninai2(d-diflmbens-aitteteniondiidsy Denz sat&Ssuspension

th b |, at | f te
g1 ORLSCH TR SRRy BReRAEB (o bt opme dpctsstoniil

pheng&iﬁﬂfnﬂ) HR9AI& PORIESS MBCY @tlerﬁolg in one portion. The mixture

g- hydroxybut yrates, glycolates, tartfates,
met hae shsnfhsatzt és 70 pE @ipé aethglrbatian @mcen@zﬂh:hh aligpersion become

L B 8 A e Bt i

| nveptaithiy fariel) Cihdd@adMmemiNianR WAL caAtdkE 30r°Aaitf added to
noi ety, the conpounds of the present invention may

i ncl Baerfbad,) oger Yrminofesseiiieshe tﬁr@esam@weasd@iﬁawﬁcas °C. The
[ Oozigeggltérft %y%&’p%i&% %Q@tgﬁléﬁj fc'>rsl ﬁottl)raSf(?teredh under vacuum,

desi red sal red
and the remaining solid was then dried in a vacuum oven at 50 °C to provide

4-amino-2,3-difluoro-S-nitrobenzonitrile as a yellow solid, (74.4 g, 90%
yield). HPLC 95 a%. 'H NMR (400 MHz, DMSO-dg) & 8.30 (2H, br s, NE),
8.53 (1H, apparent dd, J 1.8, 6.4, Ar-H). '°F NMR (376 MHz, DMSO-dg) 6 -
128, -152. "°C (100 MHz, DMSO-ds) 6 87.1 (C, d, J 15), 113.6 (C, d, J 4),
128.6 (CH, s), 128.8 (C, d, J 5), 139.3 (CF, dd, J 245, 14), 141.5 (C, dd, J 13,
5), 152.8 (CF, dd, J 259, 12). IR vpe/om™ 3446, 3322, 2235, 1647, 1551,
1287, 1275. MS APCI () 198 (M-1) detected, APCI (+) 200 (M+1) detected.
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sui tabl e nmethod available in the art, for exanple,
treatnent of the free base with an acidic conpound,
weaodzioozdoar |y an inorgani c acid, such as hydroelrmseme/023986
acid, hydrobrom c acid, sulfuric acid, nitric acid,
phosphoric acid and ¢he like, or with an orgenic acid,
sug¢h as, acet i CH&}\?i d, [mal ei c acid, succinic @ci d{i
At i c acid, fumgfi®yaci d, _nmal onic acid REAIVINS
i oxal it acid, oIic acid, salicyl di d, O
pypEnosi dyl aci d, swefi ag, gl ucuronic [
gal acturoni c acid, an al pha hydroxy acfd, suich as
cit¥ic acid or tartaric acid, an ami no aci d\Hsuch as
aspagtic acid or glutamc acid, an aromati c acyg.fasuch

as benzoic acid or cinnamc acid, a sulfonic acid,
[00243kuch &sem- t ol uBnesul fdeAmmaoa?i(4tbumehhiee hingn uoro-5-

or the.like. [002 If the. inventj C ound, .. s
aci o TiAPERerials T pirm oL B B vt Wpie S 0321
met hogholf, AndeX Aildlgeh, &t NeOTeMs Rided MELIONRE2 BIotoMilide (22.8 g,
an i norganic or organic base. Preferred inorganic

sal t s Odrlemphoddemaixivsel quickly tarmkd darkapirplel Jod) Werealoaredo stir at

nmet al it hi o . aS§i,U rd s
cal ci 2m rfeoﬁl ép e Hﬂg?%%fﬁ%ﬁ%lﬁ@é-%%ﬁ §§’i3ﬁdc]pldd§ :3-#%%0%9&0mmle
exanpl(&) ga0ironhelinin THEE(12§ haldhevdr U0 mbensy | Afteothe wddition was
2- hydr oxyet hyl ammoni um  bi s(2-. hydr oxyet hyl ) ammonji um |
pheny FEPRlEEG &k yIEHIS avas galingyesy Fo (Fme H dRhs eanda Hign stirred
the |j t al: i dhio ji 2111 :
el udee By SREEABE R ihBoflq Bl Aof JTHuRlih SudfBl remained
pr ocaiAmditiogal KtOBua@) hieth| guircoséniMein fHK aal #sbromo-2-

formed wi th.basj.c api acjds su | ycine, ...

or 11 ¢ RRRESSBH: L GO0 ) P eishel Bl i A peditonal 4 hous
ar gi nkffting M3l stiih LerhdYQNT THE nEQRPO WAEIhePYodlEd to 10 °C and
prepared using the reaction routes and synthesis

- schentisatgd widsAY Héd dadid i 40 mL) émphopentign (ivaperasimirogeds 30 °C),

e Py ape i F st Bbledd of S af e hlBnanot

known (100 b wetd thed Q@&3] anRels esantakhy/ CorcaeRetisa Biick slurry.
the present invention, which are enconpassed by the
pr eseMethanpb f1G0mL) wap ders, addad, the anigbire Wagicpaepnirgtedtagain and

conpo « afﬂ#%'- hgﬂg t | d: .
addi t #%g&%l% tviéi]%e ﬁ}ge%geo .&ﬁ'ﬁwe hagr]rg?%gé gjrt{eyéieikra@z% %1% I%ﬁhed with
ar e i ntetiraiod (200 mil).urcatthe palidsi stadtat toediyothependrs vafshed with

AT I I AT R -

oven overnight at 50 °C, to provide 25 g of 4-amino-2-(4-bromo-2-

O,N

chlorophenylamino)-3-fluoro-5-nitrobenzonitrile as a light tan solid (assay
~93% by HPLC). "H NMR (400 MHz, DMSO-de) & 7.17 (1H, d, J 8.6, Ar-H),
7.50 (1H, dd, J 8.6, 2.0, Ar-H), 7.76 (1H, d, J 2, Ar-H), 7.79 (2H, br s, NHy),
8.26 (1H, s, Ar-H), 8.85 (1H, br s, NH). "’F NMR (376 MHz, DMSO-d¢) § -
144. *C (100 MHz, DMSO-ds) 6 89.5 (C, d, J 4), 116.3 (C, d, J 4), 117.6
(CH, s), 126.7 (C, d, J 5), 127.3 (CH, s), 129.6 (C, s), 130.1 (C, d, J 2), 131.4
(CH, s), 132.4 (CH, s), 137.4 (C, d, J 11), 137.9 (G, 5), 139.5 (C, d, J 5), 140.9
(CF, d, J256). IR vma/om™ 3448, 3338, 2360, 2342, 2217, 1640, 1539, 1313.
MS APCI (-) 385 (M-1) detected.
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way. EXAMPLES [00234] The exanpl e and preparations
provi ded bel ow further illustrate and exenplify the

woanpmords of the present invention and nmet hodBCofUS2006/023986

preparing such conmpounds. It is to be understood that
the scope of the present invention is not limted in
any way by the scope of the foll ow ng exanpl es and
prepagati ons.ciPersons skilled in the artepil | cl

t the chemical reactions degcribed npy be
g to prepare ajnunber of S vEK
e invention, and alter
e compounds of thig,j
hin the scope of tH's in
exammBlke, the synthesis of non-exenplifiedHconpounds
accordi ngptpat he invention nmay be successful |y
performed by nodifications apparent to those sﬁlﬂled

[00244] i n t demrt, &:g., by apprepianat @Ry 44hrome A-thlgrophenylamino)-3-

I nt eri er i]nﬁ ar.plfg_s, by utilizing other suitable
reag 2 the art other than those descri bed,

[00245] and/ or by NrEkb@g IFoutd ng wRALS | CEllieRS &f 4- o:-%gzte-gmmo-z-

[00246]

conditions. Alternatively, other reactions disc
her eichlosppheppaming-3-flsorard-niwobénzositriec@§ril g.el.Asumol) in THF

havi Ni L1 f ari er. conpounds

the. MG SR bbbt RELRRS ol 10 et ARG Sbe Gue. 204
unl essmeol; Her equie). | Hytieahietc akld (3STRES 8 WLEHALHALE.2 equiv.)
forth in degrees Celsius. Reagents were purchased FTom
comm¥fag Gen ﬁ‘}ﬂﬁff ite rthe Jerckion dnixtye| tha CafeninemtaiGngpaminternal

Lancagh R ature e o AUPELRE $im gL&BarnglyngE}q%l\é\%tts% %%tt no starting

further purificati on unl'ess ot herwi‘se”i

Tet r atejairadfamained, THE) mixiNrbindis aidhyd f.dgrdmm e {Mpkrature over
di chl oy onet h tol uene, di oxane and. ,

1, 2-di #‘?‘Ho%@?ﬁé&hﬁmﬁeﬁ’ﬁ?ﬁ@has‘é@f% &ificdl diwmeh tprremigve any
seal ubRhétb@SidNd DS eRe AFrdte R §Glded %&?64506“5% dfollowed by
reactions set forth bel ow were done generally under a

posi NHsLAsr €dsmle agheans satotpeed srluergonTloe pii ohthe mixture was

aryi | t her w ted) in anhyd .
) 5P 0l 52 b AL o e
fitteduvdd pressubdes poeffea $iatvnigugple RUERASHT OtheQlis Sension was

subs}_[]at S and reagents via syri n&% d asswar e
ovenldfice dagiect W sodidi thef. wiow2gryl wikh NeRrAecil mL). The

‘gﬁgre%c{h?lﬁ\gﬁsg@gn QRed iR VAR o éﬁf &t 5b gétorvgrr}l?gq}t to provide 16.0 g
of 4,5-dia:mino-2-(4-bromq-2-chlorophenylamino)-3-ﬂuorobenzom'trile (86 %
yield, >95 % by HPLC). 'H NMR (400 MHz, DMSO-dg) & 5.22 (2H, br s,
NHy), 5.52 (2H, br s, NH,), 6.24 (1H, d, J 8.7, Ar-H), 6.69 (1H, br s, Ar-H),
7.23 (1H, dd, J8.6, 2, Ar-H), 7.44 (1H, s, NH), 7.54 ( 1H, d, J 2.1, Ar-H). °F
NMR (376 MHz, DMSO-dg) & -141. *C (100 MHz, DMSO-dg) & 98.1 (C, d,
J4),108.8 (CH, s), 112.5 (C, 5), 115.4 (C, ), 118.8 (C, d, J 4), 119.7 (CH, s),
121.4 (C, d, J 14), 129.7 (C, 4, J 15), 131.3 (s, CH), 131.9 (CH, s), 135.8 (C,
d, J 8), 143.4 (C, s), 146.8 (CF, d, J 235). IR vp/em™ 3380, 2203, 1634,
1594, 1519, 1506. MS APCI (-) 355 (M-1) detected.

Method 2: A stired mixture of 4-amino-2-(4-bromo-2-
chlorophenylamino)-3-fluoro-5-nitrobenzonitrile (200 mg, 0.52 mmol) and
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400 or 500 MHz. 1H NMR spectra were obtained as CDO 3

or DMSQd 6 solutions (reported in ppm. O her NWR
weabw@mazm2zwer e used as needed. Wien peak nul ti pCTaIS2106823986

are reported, the foll ow ng abbrevi ations are used: s

(si ngkef py/C d(40 i TDHF (4 (hiry MlEinkthabl (BJhID) ph & hydrbgenated

(broadened), doubl et of doubl ets), (doub] et of
tripl eedgrl 3(9@51u9f hy@og%h@ﬂfmht Wﬁéﬁll’@Wéﬁas there filtered through a

64 biithes oI b [ Joh EUATRER: Sor0 PR LAl MRaBlad pressure 1o
nzoi npebaidel £tan530halrd‘.md4ﬁ intichcwak fuirthert ddied ﬂﬁlﬂe%&]glﬁ?&pum for 2

0096 { BAGS 5 BroHiealy 1768 OF 3y GEpwty 1 G- istng drehltopignyamino):3-
R L T A T
Of HNOd&ivwasise thlyeHPadHed 1HoNMRn(mmmmeMSO ds) & 5.22 (2H, br s,

ot v 5 G 5 bRy ST dh ol 7 AT B REBGHH: i 5 ArED,
Secondgg: @ﬁkdwéﬂa'zcwfwmq]ﬁ QQ@H GO B, &y NOUArH). "F

Wien addition was conplete ereac:|on sol uti on was

al | omMAR@WW;DMSﬁMd&nWature After 5 hours,

the reaction was conplete as determ ned by HPLC and

the reaction mxture (brown solution) was poured into
avnechani cal Iy stirred m xtwre ofcil0.6 kg of distadled a

t & d 11.8 kg of ice agyer M0 hinutes. The yell owd
rr cooledsto 14 ir @ or 2 hours B
N ed The cake egowith 4.0 L of Br
2 i stilled water and t he 2 th5Lof *hept ane ™NThd wef
o1 s oven-dried overnig ;!Fh crude solids ['1.791
kg) Were then stirred in 16 L of distilled water (9

vol.), filtered and oven-dried at 55 OC under high

[00247]\/ acUURtVE! (4 Birorh8-2Yd 12 dp A& fanding)- (-fla¥o- 94‘methyl-3H-
2,3,4-trifluoro-5-nitrobenzoic acid as a _yell ow
sol i dbendpintidazole-Gavaganitpify her a afiiared oeokiians ofn M- dl&lﬂmo -2-(4-

N (SR o b e o

- 131 ﬁ1ethok?ﬁhegland31:6 MMB 2(915)&111%-12 in DB:EQS@G{();LM aflﬂo?)n( @mperature
rlT)0) 148 (aéée¢°0wntr@tecé éslfmi%)a<>1d1@45 %@ 8 g 134@@@?101) over 5

10),  163utbLOPHRY reddBoX hisfird wisO8ert BEdted to 50 °C for 4 hours, after

which HPLC analysis indicated that 6% starting material remained. A further

aliquot of diethoxymethane (0.5 mL, 0.2 equiv.) was added and heating at 50
°C was continued for an additional 1.5 hours, when HPLC indicated that no
starting material remained. The mixture was allowed to cool to room
temperature and treated first with water (30 mL) (pH was 1), then slowly with
aqueous sodium hydroxide solution (about 6 mL, 5N) and more water (20 mL)
until the pH was 6-7. Isopropanol (70 mL) was then added and most of the
THF was removed on a rotary evaporator until the mixture became a thick
purple slurry, which was then filtered through a medium fritted funnel. The
purple solid residue was washed with 50% iPrOH/water (2 x 20 mL), then

dried in a vacuum oven at 50 °C overnight to provide 3.7 g of 6-(4-bromo-2-
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1712, 1555, 1345, 1082. M5 APClI (-) mz 220 (M)
detected. [00239] Step B :

wa-280m0m92. 3-di fl uoro-5-ni trobenzoic acid : ToPar/usS2006/023986

m xture of 2,3,4- trifluoro-5-nitrobenzoic acid (167.2

g, O. Zﬁﬁ)t(ﬂpﬂenylimﬁﬂ»uWﬂﬁorbB-ﬂi@@lleBquenleﬁhﬂizloféjS ‘é@ﬁ)gﬁlmle

was a ded concent rated ammpni um hydr oxi de (28 % N
sol ut i(bh3%3¥ieldy, HRlC mnalysisomdiegted thatstheqmiteyial had an assay of

over | 50 A ANIE AN BIRRLE S ot Tneh Gl g Tim 756

m nut es-KNJ.23hEm, Wauns:e, AﬂH)OWGSll }emptar gty eAfPﬂ) ?89 (s, Ar-H),
hours. \When the reaction >9009 | et €

det er §i23¢@ Ay THPE 63 (@:H&I"Ibn XtEJNW§7QbﬁHZ3d3MSCHdB) & -134. *C

e (oM EvEORef B DI 51 (e P a8 S a0

stirred, dQM)lmger(cvvs)t hwqqcbatb‘ﬁoﬁowg;ﬂng i&‘ﬂ@ég d, J 12,),

filtered. The cake was rinsed di'st

vat er 1ahd (EHed), WBZ -t (85D siil3610 (BrBE/ IThBechk@ dyalsls), 143 (C, s),

oven t ive 13 of a

vor 1 o S5ICE st a B8R £250, (B ardb G J58haa07. M
(254 mwpCI (DBeo MIBE detdciddat € was concentrated on a

rotary evaporator and punped overnight to give 9.9 g

of a second crop as a yellow solid: HPLC was 81.1 a%
(220cym and 85.40 a% (254 nn). Combi ned ﬁgl d ofC
4amno 21 3-di fl uoro-5- nitrobenzoic acid sH144189

a6 d 106 (Bd 1 10), 126 (CHV 176 (&, M6 “Be
(&’ dd, J 241, 16), 140.8 (C dd, Nz 4) 153
(C-F, dd. 131263, 11), 164 (COOH). IR vnjcm ~Na3494,

[00248]3383 S&gSFG [4%3111Q-:|22<§HQIOB§61®? q:illmg) )7 fmo%o %—metﬁ\'/\fl' il?[

[00249]

[00250]

[ 00240] Ste

4 Am enz@inBdaliold- ﬁmamoﬁvlm tariobeNz @i gtiged dnix@irbYdf U Dromo-2-
uiv) was. added over 5

:m nut& I%)ég%{ly%’napg))s-/%gpo&) %\mqﬁ]&ylgi}gbenzmmldazoled carbonitrile
di f | u@Do-rRgnb.53 Qﬁiﬁ&l? %Cet@a&lbgw%@eﬁ/%fﬁﬁ gfauQ 26% 32%%? Jqded solid

equiv.) in 325 The m xtu
r ef | u&Ofb(0. hfsg,rﬁ)@msv ). V\Wlaﬂ mikiere was beased wesS 0OMp B kowas, after

o bR BRLA rvas et Sriie cuEsipmaL frdbromo-2-

was tdltb@rof)héntyﬁhﬁﬂo)anﬂubfbeii SRS 1 VRELUBDIERaYIL B.- (ﬁtr’odi‘yhc acid.

of OH. The wet cake was dried overnight at 55

under H’]WR\(@\Q,QJM’H% PNSPede) 8.9 GH.92WHHS 6.50 (1H apparent t,J
4-am 019:%, 3], A" Q1 d, 7 8.8, AcH), 7.63 (1H, br s, Ar-H), 8.09 (1H, s,

NH), 8.41 (1H, s, Ar-H). "°F NMR (376 MHz, DMSO-dg) § -133.

The foregoing description is considered as illustrative only of the principles of

the invention. Further, since numerous modifications and changes will be
readily apparent to those skilled in the art, it is not desired to limit the
invention to the exact construction and process shown as described above.
Accordingly, all suitable modifications and equivalents may be resorted to
falling within the scope of the invention as defined by the claims that follow.

"nn

The words "comprise," "comprising," "include," "including," and "includes"
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nitrobenzoic acid nethyl ester. HPLC was 97.9 a% (220
npi) and 99.2 a % (254 nm. 1H NVR (400 MHz, DMSO d6)

wd 2807842003H, s, Owve), 8.1 (2H, br s, NH2), 8. 4BC{/US2006/023986
apparent dd J 1.9, 7.2, Ar-H. 19F NWR (376 Mz, D6
D\VSO) 129;13CI\/R1%%I\/H2DI\/Sd)
52 ( use d% ttllé Spget 1§at1ﬂ1)1) an lloyingjclgims gre mtegded to
(CH, sgecify thb pr ( d 2
e S %52 Ce_%é&e o@’sﬁte qg?gmf]eflﬂl‘%gel]sscanég%ééts &t stk bekt they
| R viffocapt pl:mlsrsle (B8 AReseRGO O a:ﬁ@ﬁmn msmp d@3are bﬂﬁaﬁ features,

[ 00o Tregp s Tn gty s SUERGEOL. 5. i ¢ obenzam de

: A mxture of 4- am no- 2, 3- difluoro-5-nitrobenzoic
acid nethyl ester (150 g, 0.646 nol) in 14 MNHCH ( 1
L, 14 nol, ~7 vol) was stirred at room tenperature.
After 8 days HPLC anal ysis showed the reaction was

al nrost conplete. The solid product was filtered off,
washed with water (2 x 200 nmL), and then dried at 50 C
i n avacuum oven to provide

4- am no- 2, 3-di fl uoro-5-nitrobenzam de (118.7 g, 85%
yield) as a yellow powder. HPLC 93.3 a% 1H NWR (400
MHz, DMSQd 6) d 7.65 (2H br s, NH2), 7.83 (2H, br s,
NH2), 8.30 (IH, apparent dd, J 1.5, 7.2, Ar-H. 19F
NVR (376 MHz, DVMsQd 6) d -130, -154. 13C (100 MHz,
DvsQd 6) d 110.7 (C, d, J 12), 123.8 (CH, s), 128.1(C
s), 139.5 (C, dd, J 14, 4), 139.6 (CF, dd, J 243, 17),
151.7 (CF, dd, J 257, 11), 163.4 (C, s). IRvmicmL
3496, 3419, 3385, 3179, 1653, 1279, 1240. M5 APCl (-)
216 (M 1) detected. Illc-1 Va [00242] Step E : 4-

Am no- 2, 3-di fl uoro-5-nitrobenzonitrile : To a stirred
suspensi on of 4-am no-2, 3-di fl uoro-5-nitrobenzam de
(90 g, 0.416 nol) in acetonitrile (630 n.) was added
POCI3 (96 nmL, 1.04 nol) in one portion. The m xture
was then heated to 70 C and as the reaction proceeded
t he suspensi on becone a brown solution. After 1.5
hours, HPLC anal ysis showed no renmi ning starting
material. The reaction m xture was cooled to 30 0C
then added to water (4.5 L) over 30 mnutes while the
tenperature was held at 17-25 0C. The
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resultant bright yellow slurry was stirred for 1 hour,

filtered under vacuum and the renmaining solid was
woOherr/odzased i n a vacuum oven at 50 C to provi deCT/US2006/023986

4-am no- 2, 3-di fluoro-5-nitrobenzonitrile as a yell ow
Whabisicthiméd%: 4 g, 90% yield). HPLC 95 a% 1H NWR (400

MHz, DMSQd 6) d 8.30 (2H, brs NH2), 8.53 (IH,

apparent dd, J 1.8, 6.4, Ar-H). 19F NWR (376 Mz,

L o i 6%“%5%%3 V5. vy ©) o o7
(C, d, J5), 139.3 (CF, (dIszRﬂ 245 14), 141.5 (C, dd,
J 13, 5), 152.8 (CF, dd, |J 25 12). xIR vnj cm x 3446,

3322, 2235, 1647, 1551, g \/ APCl (-) 198
( I|) d tect ed. [ 00243]

(M1) detected, APC (

Step F :

4- Ami no- 2- ( 4- brom)\chhI 3t oph&ny! am zJV3 f | uor o- 5-

ni trobenzonitrile : -Fb:&,\jstl rred solution of KtCBu
(321 rnL, IMin THF, 0.321 nol), under nitrogen, at 10
0C, was added 4 brono- 2- ck#8roani | i ne (22.8 g, 0.1 1

|ckly turned dark purple and was
andsalg}%lwlsoggtgsmefe a}tlé%‘%1 10 OC for 10 m nutes before

&dds hrbgatiC\e g, diedl] C1-0 aw Sy C1-CRealkgylf CilG, ER%odkyl, Cs-
10 rmlg in THF (150 nmL) over 10 minutes. After the
Cio %wa{lﬁya% Yias ¥3hpl @fséalkhle rsterereylnadetgroawiedono wskerecyelyl,

heteroc?raa/ “g}tl e?jﬁalﬁﬂgﬂ% & cﬁ&lkglﬁﬁgslgrye(&me% satd’ La%ﬁ”%h%éﬁ&ls alkynyl,

% of starting material renal

cycloalk\yld|c1yck>a&lylaﬂ<1t}dBlar§(12&ryiﬂkle }Rstmrqarylg hetabatyldlkyl, Heferomolyl and
chl oro 005 nol) were adde
heterooygipla0i3F apits AP RO SHOHBHTS VAR g e B idepehdently

selectecﬁfrbin' hall ¥R H}Qﬂoxﬁhé -0 )ﬂk?f @231@;55111&&8@ ©00) glyhe, é%lcggycloalkyl

and treated with 140 nl) in one por
andCa-Qsélﬁﬁ@mcawleﬂ]étYkose to 30 OC) then met hanol (140 nL).

i N T

dlalkylatrS)lsﬁyE hcc}R5§l @(@)OR%f ha@INKCROO wikkdeinv@gidt MRy, anie@el, alkynyl,
he m xture was concentrated again and the solids were
benzyl,t bt ) erkadleylt pRTHOR 2k eRfianally raubstitateds withepneapr more groups

h 2 nee gold d rted
mndepery % %ei@hﬁg@ %@eﬁ%gﬁl{éd%ﬂé%\/\m Ter (1 B%S rr12_)d aagélgga%n? C2-Ca
alkynylwl th methanol (100 ni), then dried i n t he vacuum oven

%}(Zr Qéen? tg g?l@%@&» 810 aﬂ<eny1 2‘? %10 alkynyl, Cs5-Cjp cycloalkyl, Cs-

n 0] n
Cu oS BURTAITULAILADsLLYEIG) SRR B it o

alkenyl yd, @)clqjlllwl,lc?yc(daﬂgyldkyl,] ar&'lﬂgylﬁlne—téﬂ))arylalkyl and heterocyclylalkyl
portions are optionally substituted with one or more groups independently selected from

halogen, hydroxyl, cyano, nitro, azido, C;-C4 alkyl, C,-C4 alkenyl, C,-C4 alkynyl, C3-Cs
cycloalkyl, Cs-Cs heterocycloalkyl, -NR°R® and —OR’;

X' and X* are independently selected from hydrogen, F, Cl, Br, I, OR’, C;-Cyo alkyl,
Cy-Cyp alkenyl, C»-Cip alkynyl, Cs;-Cyo cycloalkyl, Cs-Ciy cycloalkylalkyl and C;-Cyo
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalkyl
portions are optionally substituted with one or more groups independently selected from oxo,

halogen, trifluoromethyl, difluoromethoxy and trifluoromethoxy;
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7.50 (IH, dd, J 8.6, 2.0, Ar-H), 7.76 (IH d, J 2,
Ar-H), 7.79 (2H, br s, NH2), 8.26 (IH s, Ar-H), 8.85
wORbi7/002098, NH). 19F NMR (376 MHz, DVSO d6) d PCTAK2006/023986
13C (100 MHz, DVBO-d6) d 89.5 (C, d, J 4), 116.3 (C,
&’ id B4 F, CLBE, 160r(@|:c6511<y1 126 7 (c d J 5), 127.3 (CH
%5,129603) 131.4 (CH, _s)
oangl Rcpge @ﬁepemmtw brsiroaen Jnﬂugromf@wl,gqlif Cs)Clopélgﬂ,sCz -Cio

scensh Ssih i 6545 gl G YRlog - BNy L SEU Beroar

heteroa8fBIkylheeratgtlgbomittarbbydlplaldyl, | - | [ 00244] Step G

i dor BB RS dneethir W TP g341S] S BBy peaclid o a 4 to 10

membe3&d h'été@ﬁ]ry@gr I‘}et@i@c?élmzrugé WHePHR s4d heteroaryl and heterocyclic rings are
chl or ophényl am no ['uor o-5-nitrobenzonitrile (20.0

optlonaél,y sg]pstguﬁ@ﬂmqh one d’ﬂ-jﬁo(ezg@ummdgpﬁjldmt)hmlm‘ted( from Imlggen, cyano,

e, BRSSP g Bk S TR e o

i Hy@rogmcthﬁaamﬁldey Q.9 alkbyll £ SYlalkiyKt Ur e at a

rate nalnta|n|ng an internal tenperature of -50 0C, at

thedhgonMpis@iganal ysi s i ndicated that no starting

I e was allowed to cool to
?%%ﬁ?%gﬁ%e?g?gggq%géﬁﬁfvaéty%and then filtered through
a coarse fritted funnel to ¢®nove any unreacted zinc.
To the filtrate was added water x§200 nL) foll owed by
NHAQAc (60 nli, aqueous sa yed solution). The pH of
the m xture was then 6-7 @ pst of the organic
sol vents were renovedos aporati on under reduced
pressure to provide a brown/purple suspension. The
suspension was filtered to ‘give a ?urple solid that
was washed with water (4 WHOARNR’RHPe solid was then
dried in the vacuum oven, at.gQ_OC overnight to
provide 16.0 g of :

( r h f
S AL, LU I SR SR REe R %ﬁ%@gﬁ’ Cr-Cio
alkenyl\VHZ;- CDI\/BtkydyB)b@zﬁl 22113(12 H,rylla}kys trMHQ})lsﬂ}EB SRalkPlbdyldityl,s -COR’,

-C(O)dﬁdz (#) C?Qﬁi%(ﬂ(ﬂ, Ik_ffhegean s§1d8al]@/1 ﬁlﬁgrﬂfﬁﬁgyn}gl Elgpze/ Fﬁﬁly& ’and arylalkyl

portioniNHre oﬁtl&f’&ll& Jubkstitbted Jwah ]oneA(Br' fibre efp%ﬂ(ﬁan selected from
DVS 141. 13C (100 MHz, Cﬁ d 98. C d,

halogerg hb)drom)l)scsce @lkyls Co-Ga 2lkenylGinds - 0141@ ylcand )R3a ig iydrogen,
substitdtsd orqmst}bsﬂutedlﬂ'e?‘iz}l, g.fR;i orS-b(O)OR6, with a compound of Formula VI

RZHN\GZJ

V1

in the presence of a base to provide a compound of Formula VII-1a wherein A is -NR*R* or

a compound of Formula VII-1b wherein A is N3
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121.4 (C, d, J 14), 129.7 (C, d, J 15), 131.3 (s, CH),
131.9 (CH, s), 135.8 (C, d, J 8), 143.4 (C, s), 146.8
wOCh7/0d2093 235). IR v /cm 1 3380, 2203, 1634, P2EDAIS2006/023986
1519, 1506. M5 APCI (-) 355 (M) detected. [00246]
Method 2: A stirred m xture of 4-am no-2-(4-brono-2-
chl or ophenyl am no) - 3- f (or oRB-ni t rohenzonitrile (200
my, 0.52 rmol) and5% Pi{C (40 X'n THF (4 nl) and
met hanol (2 nlL) was ena d ¥hder 1 atm of
hydr ogen over ni ght. xturie vas then filtered
through a syringgnTItef angsthessol vents were renoved
under reduced pressure|to provideya tan solid residue,
whi ch was further drie& under high vacuumfor 2 hours
to provide 171 ng of .
4, 5-di am no- 2- (4- br oW—'@-‘&fé\%?ﬁenyl am no) - 3-
fluorobenzonitrile (PA%pieldy, at -90% assay by HPLC
[- 0.18 % des-brono derivative by HPLC]). 1H NWR (400
riggcingOMBD-adnppuad B Faripigld, VB-13 or NED1b & pdvidH cbmpsund of
FormulaN'/:ﬁi]Sl 6.24 (IH d, J 87, Ar-H), 6.69 (IH, br s,
Ar=Hy, 7.23 (IH, dd, J 8.6, 2, Ar-H), 7.44 (IH, s,
NH), 7.54 ( IH d, J 2.dy AgrH). 19F NMR (376 Mz,
DVSO-d6) d -141. [00247] Stgp H: X
6- (4- Br onp- 2- chl or ophehyda > uor o- 3- et hyl - 3Hben
zoi m dazol e- 5-carbon : h’oﬂ stirred sol ution of
4, 5-di ani no- 2- (4-yn N
br ono- 2- chl or ophenyl am ho).- 3-f | ugeobenzonitrile (5 g,
14 mmol) and di et hoxyme¥tane (2.6 nmL, 29.5 mmol) in
THF (50 nlL) at room tenpefgijure was added concentrated
sulfuric acid (1.5 nL, 28 niL, 14.1 mmol ) over 5
wherein fihen eefl saitheoneaua iof Horriwe 1d-1ae Wikdh ib das NH-banzgi) NpLallyl,
or -4 . ft why PL. al ysi s indicated that
then NH /oog %&?&% our@toér%iroa ufraemg:ﬂ 3. & further alij quot of
ciitlpdihgxaidresipiiard(dd Forttlla VO R-166 Pfdfv-ide NESInFARE bf #0Ehula Ia-1
heating at 50 0C was continyed for an additional 1.5
hours, when HPLC i ndi c&led ']?hat nQ,starting materi al
remai ned. The m xture was atl oyed/to cool to room
tenperature and trea I rsthw water (30 nL) (pH
was 1), then g%omﬂy aquegu odi um hydr oxi de
sol uti on (about BN, 200d mefe water (20 nL) until
the pH was 6-7. IsépLe (70 #t) was then added and
nost of the THF was renoved on a rot evapor at or
until the m xture becanejgithick purple slurry, which

was then filtered through a nediumfritted funnel. The
converting the nitrile group of said compound of Formula Ia~1 to COOR, to provide

said compound of Formula Ia-2.
2. The process of claim 1, wherein said compound of Formula Va or Vb is prepared by
the method comprising:

nitrating a compound of Formula ITa

CN
XS
XS
x4
Ila
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purple solid residue was washed with 50% i Pr OH wat er

(2 x 20 mL), then dried in a vacuum oven at 50 0OC
woves7rogiee to provide 3.7 g of PCT/US2006/023986

6- (4- brono- 2- chl or ophenyl am no) - 7-fl uoro- 3-net hyl -3H Db

gnzoi_m dazo| e-5-¢ jtrile (69.3%vyield PL.
wherein X5 fay0| Ge FRISPEHERD Friak e ohe SRR T 4 Kby P B T
- TR Mdzr FRlYeedVe) d 3 93 (3H, s, CH3),
or C1-Cs Ryt %F"H dg&go ARy 7023 (IH d, 8.8 A-H.
761(IHd321 Ar-N,789(s Ar-H), 8.23 (s,
Ar-H), 8.53 (s, NH). %3376 Mz, DMVBQd 6) d
-134. 13C (100 MHz, D d 32.1 (Me, s), 107.4 (C
d, J 2), 109.6 (CH, 4.0 (C, d, J 4), 115.6 (C,
s), 117.7 (C d, %’Sﬁ " CH s), 123.6 (C d, J
12,), 131.4 (CH, S¥, . s), 136.0 (C, d, J 9),
136.4 (C, d, J 15), 143 X'C, s),.ahd9.6 (CH, s), 150.2
(CF, d, J 250). IRv cm 1 2360, 2342, 1507. M5 APCI
( ) 379 (M 1) detected. [IN0248] Step I :
f tes
re Ct %%azo mgoggcargoxy |¥:9aq%’:1|ﬂgw #GH ng}%ggg%ﬁﬁsx%#g&ae
ammomaofn)ﬁr fAmbryooDsedondary amine other than an aromatic amine or (iii) a reagent

chl or ophenyl am no) - 7-f | oroS | - 3H-.ben
that dehvel§ acgpgp, ﬁlil%/: (CRIL éub(s)g%n e@og%er%.ﬁdp%/) gn Amine, W con%ztlons that

allow sel%%tli]&aéq‘a Jp@gﬁ'éﬂt-rﬁf X @f 'sﬁidzc&n}%u%h YR FoAHEE AN 0td Brdadd said
equi v m xture was heated at 85 C for
compound G®fFoums]a ﬁﬁt‘)dter@m ik hs NRPJ@ aomtopsiing said p@@?@@ldc@fr@qﬂéﬂ’éa v
conv rS|o to,6-
with (iv) o iR} pr Pﬂ‘iiﬁr é?)“d&op?g%% allgwné?lﬁwvesﬁs%%%e%elnrtnO(Ijo azo Pf said
compound%f@@frﬁﬁl’é)ﬁ\" 16 p?&\h@e sald bR UAQD FMﬂiiulaDNB@hdreﬁa) Ads B 92
(3 s, CH3), 50 (IH, apparent t, J 6.2- glgr
3. The grpc@qs}qf cljum 31 g/hgreme@alc}.gompom qfﬁgrmbya‘ga orA[b pre §¢by
H._s H), 8.41 (IH, s, Ar-H). 19FNI\/R(376I\/HZ
themeth(g\)f:d&p%s)m -133. [00249] The foregoing description is
ni¢@tisg desmdoasd of Hoisiutadlbve only of the principles of
the 1 nvention. Further, a ce nunerous nodifications
and changes wi |l be readi 9 apparent to those skilled
inthe art, it is not desired®to |imt the invention

to the exact construct and process shown as
‘ gy, all suitable
i reFéntgsmy be resorted to

descri bed above. Acco

nodi fi cations and equi

falling within the scopg of the invention as defined

by the claims that fol | & [00250] The words

“conprise," "conprising, "ygpinclude,” "including, " and

"includes"when used in this specification and_in the
wherein KObh®X B inliepeidenlyer, Gl Brdeat 4 mlfpeteicbier e Xpisdehdel, Br, [

of stated features, e S,._conponents, or steps,
or C;-Cs glkyl {qig9v1deacompound oplgo e g <P P

CO,H
X3
O,N x5
x4 .
m

converting the acid group of said compound of Formula 11T to a primary amide group
to provide a compound of Formula ITId
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do not preclude the presence or addition of one or
nore other features, integers, conponents, steps, or
waroerpe2mher eof . What is clained is: 1. A proceBeTfus2006/023986

preparing a conpound of Fornmula la-2 la-2 and salts

and sol vates thereof, where&aonH,Rl i s hydrogen, Cl1-C10

al kyl, C2-C10 al kenyl, C2-C10 al kynyl, C -Cl10O

cycl oal kyl, C3- Cl cycl oalkKns I, aryl, arylalkyl,

het eroaryl, heteroaryl al kj eterocyclyl,

het erocycl yl al kyl , trla . | _or dlalkylaryIS|IyI

wherein said al kyl, enyl], al%ynyl cycl oal kyl ,

cycl oal kyl al kyl, aryl, aryhal kyl, heteroaryl,

het er oaryl al kyl , heterocyclyl and’heterocyclylalkyl

portions are optionally suiitituted with one or nore

o s i ndependently sel ected from hal oggen, hydroxy
Wf - keilsomnopndaf KoneyHy lld g A@iTle group to

rovid I het erocycl oal kyl ; R2 i s hydrogen,
prov &N&hﬂ&hﬁﬁofﬁ@ﬂg@%&fﬁ al kenyl , C2-C10 alkynyl
CulalkylaryIS|IyI - COR5,
ereiggsaid aIkyI, al kenyl ,
3] al kyl portions are
one oOr nore groups
Yalpgen, hydroxyl, Cl-C4

aryl al kyl, trialkylsilyl,
4X@G%or-QQN%ML
al kynyl , benzyl, allyl 37
optionally substituted

i ndependent |y seleq% ‘ A
al kyl, C2-C4 al kenyf?and €2-C4"al kynyl; R4 is
hydrogen, C1-Cl0 al kyl, Cx¢CLlO aljygnyl, C2-C10

al kynyl, C3-C10 cycloalkyl C3- 'C10 cycloalkylalkyl
aryIaIkyI heteroarylalkyHWbr het erocycl yl al kyl ,

PSP P g PRI 1S B S R o senercs

ammonkg (1E)rmnﬁéryl oa|skc)6nd@@f dnhiBE 5thef Bak Bh bARtcYanSH 6 ?ﬂi}% Regent

with one or nore groups |ndependently selected from
that delﬁfgrsoaggﬁup H}P&I prg;(wbseqwegﬂbbe penveged g¢ apamae, (gzqdq |cR19(11t10ns that

o L BRSPS B Y P

compoun.ddaéﬁenne]at\rg/whe.ieamesﬂw]aﬁ) dryreactigg I?.aldh_c.on@oun@bf Fd)rmula v

M= e e X7

compodnﬁ'o@ Fokthla TVBHRANAS @il&jc #ﬂﬂnd of IF%ﬁHﬁ( 'V {Vlﬁw}:}’ﬂ AisN,

cl oal kyl , cycl oal kyl al ky nd thloa k portions ar e
4. qu proaesis|of chirhdt wheteatisaid compnedaf annelagfa)mpﬁb is prepared by
endently sel ected from oxo, hal ogen,

D
theHWt?ék‘W} Stomet hyl , di fl uoromet hoxy and trifl uor omet hoxy;

Whraiissg Hcoﬁpot(ﬂd,ofafonnhlaqile]-'CG al kyl; R5 and R6 are
i ndependent|y hydrogen, trifluoronethyl, -OR7, Cl-Cl10
al kyl, C2-C10 COzH

X3

X5
X4
ITb
wherein X° and X* are independently F, CL, Br, 1, or a sulfonate ester and X’ is H, F, CL, Br, I

or C;-Cg alkyl to provide a compound of Formula III
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al kenyl, C2-C 0 al kynyl, C3-G 0 cycl oal kyl, C3-C10
cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl,
waebwroozvy| al kyl , heterocyclyl or heterocycl yl aCkgiS2006/023986
R5 and R6 together with the atomto which they are
attached forma 4 to 10 nenbered heteroaryl or
het erocyclic ring, wherein &xHd heteroaryl and
het erocyclic rings are optijonal Ixy substituted with one
or nore groups i ndepende s€l ect ed from hal ogen,
cyano, nitro, trifluorong di fl uor onmet hoxy,
trifluoronethoxy, aZiC?jEl andRY, .and R7 is hydrogen,
Cl1-C10 al kyl, C2-C af*kenyl] ar% or arylal kyl, said
met hod conprising: reactinggta conpound of Formul a Va
or Vb Va: A NR3R3a Vb: A = N3 wherein X3 is F, d, Br,
I, or a sulfonate ester, RHlis hydrogen, C -G 0

o oo SRR A ¥ i
ammorriﬁ(((@) IRinery o6 ENRRAFOAm D 1R Ahddrlardlaiit anfh& 8P ¥ili) a reagent
a

l kynyl, benzyl, allyl and arylal kyl portions are
that deiyars 8 gEqupythaf dsstsibspguently bacamvertest infrofeagginsy pader conditions that

i e Jor I e
alow SeRERRPAESAHert BLRS b Soily I LI Y ot Pompound
of Forrhyld THgenwhatinsA i NRERP*por reasingShidteotrpdube afFormuh INlwith (iv) a
o -C(OOR6, with a compound of Formula VI_ VI in_the
metal ggidesiics copditionsaiat Bl selpries SiselasapRRh @l oF Portiicgmpound of
FormulHr hdrdV1EE £bsmfoiiit otiBHIA 19fa 2 vREROUNE NG FOrmul &
VIT-1b wherein s NBVII-Ta: A = NR3R3a l-1b. A=
N3 reduci ng said conpound o¥O4Fornmula VII-la or VII-1b
to provide a conpound of FormulagsVilil-1 VIII-1 wherein
when A of said conpound gf” B aVil-laor VII-Ibis
N3, NH benzyl, NHallyl, NHR3 of said conpound of
Formula VIT1-1 is NH2, g ssai d conpound of
Formula VII1-1 to provide a| conpound of Fornula |a-|I
la-1 converting the nitrileagroup of said conpound of
Formula la-1 to COORL, to _provide ., .
IMla-1: A=NR’R
IIIa-2: A=N;j;
wherein R® is hydrogen, C1-Cio alkyl, C,-Cyp alkenyl, C,-Cyo alkynyl, benzyl, allyl,
arylalkyl, trialkylsilyl, dialkylarylsilyl, -COR’, -C(O)OR5 or -C(O)NR5R6, wherein said alkyl,

alkenyl, alkynyl, benzyl, allyl, and arylalkyl portions are optionally substituted with one or

more groups independently selected from halogen, hydroxyl, C;-Cy4 alkyl, C,-C; alkenyl and
C,-C; alkynyl and R* is hydro gen, substituted or unsubstituted benzyl, allyl or -C(O)ORG;
converting the carboxylic acid group of said compound of Formula IIla-1 or IIIa-2 to

a carboxylic acid ester to provide a compound of Formula ITIb-1 or IITb-2
CO,Me
X3

O5N x5
A ;

IIb-1: A =NR’R*

IIb-2: A=N;,
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sai d conmpound of Fornula la-2. 2. The process of claim
1, wherein said conpound of Fornula Va or Vb is
wonrepaozd2 by the net hod conprising: nitrati ng BCT/US2006/023986
conmpound of Formula Ilawherein X3 and X4 are
cogheREnetB chibokylidicid Biter droufbf didednhiat Sf EsfBiiladN®-1 or
X5is H F,_d, Br, I or G-C6 alkyl to provide a
IIb-2 tompyduay astidEsionn tapiovidecneanpynd af Howorp 8ad @flllc-2
Formula IV with (i) a reaggff, that contains or
generates ammonia, (ii) alprifrary or secondary am ne
other than an aromatic amwe o¥® (iii) a reagent that
delivers a group that cfa bsequently be converted
into an am ne, under cg ons that allow selective
di spl acement of X4 @M saig” conyound of Forrmula IV to
provi de said conpound of Formula Va wherein Ais
NR3R3a; or reacting said Conpourid®éf Fornula IV with
(iv) a netal azide umgers.c ncy__'ni%i s that allow
sel ective displ acerreglt%olf ‘?(4 0 Rs?ai d conpound of
Formula 1V to provi délls&i: dA eddpound of Formula Vb
erein is.N3. 3...The prqocess of claim1l, wherein
S G htiim ey bl o comoindpthanate Bertis -2 to
providenfeidehoRAR bf Bérmdila Waldraty ng a conpound of Formul a Ho
wherein X3 and X4 are independently F, A, Br, |, or a
5. She meeese of enaronendl XBiths 2Hfo M, Grherddn sald org@it- BBt contains or

& 0ol 5 [ nmpound of Forrmula Il converting
genera?%we aglituglgroﬁﬁgglﬁg%?d conmpound of Formula Il to a

6. Phe pricyssaifictlémgy, Sherdi® s#if Q¥n@eutl SOFRAMNMAIWYs Fasl¥hath excess
I Hdcopverting said am de group of said conpound of

ammon rgxifpgn Watehalipem tPEPERBN® t o provi de a conpound

7. Phe BSITY Ar IMimeactRQ: S als d YA ;d V. ,
vviet E (1) gf rc\é%%e%’t gvlt][1 atn§ g%lﬁt (?a?qﬁﬁs)&g ? (g);fg{;%lr%gl%%s a%%che’d with

aqueous( dmmopiapt iemgreyataes betwenn a0 ynd i3MeC ander] -3 baNHy,.

g romaticé?m'ne or éféll%area ent that delivers a o
- Thowisers ol anlitns abLlatmeAds §. BESEE AN PEdAnESegAndary amine is
methylagdihd)€, %ﬂ@ﬂarﬁfﬁ@%‘ ti @BsnAynatingl | ovﬁé@g#ﬁﬁé' ve dial}xl,am%ng or

di spl acenment of X4 of sai'd conmpoun ormul a
hexame{hylijsibgansai d conmpound of Fornula Va wherein A

i ; @r reacting said conpound,of rmula 1V wth ‘
o PRPERL uBT . Bl CoRrRsns 1ohelaProq 0w tat can
subsequeelyebé torevettbd Rt ar ARie Rfsebtedi vl @) ﬁ%@?ﬂ%ﬁd@{g)) a protected
JFormula IV to_provide said conmpound of Formula

ammonigyy gnilepequivalgt; () amérqscs casicophile havime 1the Whemail: MNR’R™
wherein?@'iﬂ% g‘f%fgl) Qﬁme@froﬁ%%,ii,vés a XP, ahd (@raeﬁgtg?gﬂytﬁ/mltdg.e

net conpri si ng:
10. The process of claim 9, wherein said metal amide is NaNH,, KNH, or LiNH,.

e~

11. The process of claim 9, wherein said protected ammonia or amide equivalent is a
hydroxylamine or a hydrazine.

12. The process of claim 9, wherein said metal silylamide is lithium
(bis)(trimethylsilyl)amide, sodium (bis)(trimethylsilyl)amide or potassium
(bis)(trimethylsilyl)amide.

13. The process of any one of claims 2 to 4, wherein said metal azide is NaN3, KNj or
LiNj.
14.  The process of claim 1, wherein said cyclization comprises reacting said compound of
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nitrating a conpound of Forrmula |lib wherein X3 and X4

are independently F, d, Br, |, or a sulfonate ester
wana7xe2i9s H, F, d, Br, | or Cl-C6 al kyl to pPOVius2008/023986
conmpound of Forrmula II111l reacting said conpound of

Formula Il with (i) a reagent that contains or
Fonnulag%ﬂéﬂawé@rfmﬁmm hydrqgeny with %a forary agifl, qpitasRbY iy therdresence of a

r rea tt t R, d id
seont 58S 10 MELATPLL S, 16,86 Ll T RRNLt Biface s
compoumctlbbF@rmﬂdrImw}i&fBiheR tsdmlrctgenns that allow sel ective
npound of Fornul a |

di spl acement of X4 of s
15, Theguesss 8 SaiboUNEEISR FOEIZTPT AP iR e Ao ompotind of
Formula('\'u;ﬁgz‘?l whgfel RaGd lléﬁﬁofeger ith WO O ere%LFl%lQMls Rf !t‘drba‘hle'hglde ora

azi condi tion hat al
formaldem'lde demvaetlvﬂus fHegquesvrer offn il tofprevde said npmpmndﬁf Formula Ia-1
%h Il to provide a conpound of Fornmula Illa-2
Wherein é?’é“ie is N3 Illa-1: A= NR3R3a Illa-2: A = N3
16. "Mﬁ%fr@ée@s 5Bclafn WWB&&Q@md%@a@ioﬁ'cBwpns@Z C10 al kenyl,
-C10 al kynyl, benzyl, , IyI al kyl
(@)u al @y resiclig a camapwd @ﬁls‘/qrmuﬂ%/ 141 Jwrtsfrem@@ dy bpgrogen, with an

[ 1@l kenyl, al kynyl,
acylaﬁn%%e%i\lﬁga de%"%nﬁ’gﬂary %frgfl"{gportl ons are opti onal | y

substituted with one or @Bre gAoups independently
sel ected from hal ogen, hydroxyl, Cl-®4 alkyl, C2-C
al kenyl and C2-C4 al kypylg %~ hydr ogen,
substituted or un$ubst d be yljallyl or
- (O OR6; conver ti g _earbox cid group of said
compound of ForRful a Xi11a’g, to a car boxylic
acid ester to provide a gpgpound of *Formula I11b-1 or
[11b-2 I'1lb-1: A—NRSRSaIIIbZ A = N3converting the
carboxylic acid ester gr d¥p! of sai d conmpound of

ool RO, 31 LA Sl O, K0 R R 5, B0 o

oun

heterocyBlyNRBR3and | | c- 2: A = N3 dehydrating the pri mary am de

group.of sai.d conpqund of Fornula I1]
provi@e EdvEng Bisseudesore Pgﬁﬂg}éﬁn%“ al'#é 1% ph provide a
compouR&SPFoﬂ%Lﬁ xapy one of clains 2 to 4, wher e| n said
eagent t at contains or generates amonia i SNH3 or NH
C]—| 6. The process of cCHi ml’52 wherein sai d conpound
of Formula IV is reacte W|t exces

NHR3 or
X-1

(b) reacting said compound of Formula VIII-1, wherein R’ is hydrogen, with an
alkylating agent to provide said compound of Formula X-1; and

(c) reacting said compound of Formula X-1 with (i) formic acid optionally in the
presence of a second acid or (ii) a formic acid derivative in the presence of a second acid to
provide said compound of Formula Ia-1 wherein R* is not hydrogen.
17.  The process of claim 1, wherein said cyclization comprises:

(a) (1) reacting a compound of Formula VIII-1, wherein R? is not hydrogen, with
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amoni um hydroxide in water at roomtenperature. 7.
The process of claimb5, wherein said conpound of
woeanimoz09tV i s reacted with agueous amoni a at PCT/US2006/023986
tenperatures between 30 and 130 OC under 1-5 bar
an acyl%@entto%ro{f e aQBH@%ﬁﬁ’d HramoRe0f claims 2 to 4,
whereln said primary or secondary amne is
net hyl am ne, benzyl am ne, CMi beﬁzyl am ne, allylam ne
di al | yl am ne or hexanet hy| di SN azane.X9. The process
of claim1, wherein saigd reggen delivers a group
n
]

t hat can subsequently Dbe 0O an amne is
sel ected from ( etal 2 pr ot ect ed
anmoni a or am d equ val ept; ot rogen

nucl eophi |l e havi ng the chmmﬁ a MNR3R3a wherein Mis a
netal selected fromNa, K _Li, Cs and Al; and (d) a

netal silylamde. 10. The%ﬂocess of claim9, wherein
12. T ces rein s
1 y1 i SRR Fanie S SRR o Py edS-1 o provide a
of claims 2 to 4, whereiS\ saR8l netal 1a2|de i's NaN3,
conmpound of For mul a
formc acid derivatHve ijn the presence of an acid to
cyclization conprises reaéfing said conpound of
dlérreamlng\seldl cormprengdrod FonneladV Ik, adegkid 8° i ovl Ieirégindwith an
, Wherein R3 is hydrogen, an acy
C3-
providegZifh dofggnd ﬂéf%%@?é?faﬁ i or

SertilRIfs AMCI& ) S I%}”&% 1k
process ofS c?g? g %eh&rje?lr? al 3@& ot}glct gdéﬁ%ﬁg%roarglalkyl ot
heterocgelytdkybcpuidval ent is a hydr oxyI am ne or a hydrazi ne.
componﬁi@l%ﬂ%hﬁbla@k—(ﬂ r| met hyl silyl)am de or .potassi um
(bis)(trinethylsilyl)am de. 13. The process of any one
KN3 or LiN3. 14. The pr cess,l,of clajfm 1, wherein said
cyclization conprises 238 [
VIII-1, wherein R3 is (i) formc acid,
optional Iy in tReyj€Sence éond acid or (ii) a
provi de said conpound ofNHR3rnula la-1 werein R4 is
hydrogen. 15. The process of claim1, “wherein said
Formula VI11-1, wherein R3 is hydrogen, with two or
nore equi val ents of formal dehyde or a formal dehyde
nd of la | a- ereln 4 is methyl. 16. The
alkylatlﬁg gg‘%’ggo BIPVL‘{;éF Cfmﬂﬂ"}gﬁll 8%1\? icl i zation
(c?rfﬁidti%ﬁssald 2dmbbund QP%ﬂrﬁlﬂa @(—@ (WRH’ l{ﬂdfo%lc': ? Ig)ﬂonally in the
presencg gé atseeandpgoad; Pl i) fvmpmmﬂd@ivaﬁue nmtha ersdncmhéaeeamnd acid to
G O cycl oal kyl al kyl ,
[T?.
N\C/])(I
R4\§ X5 /\ 2
\ | X
R ; and

XI-1
(d) removing the R group to provide said compound of Formula Ia-1 wherein R? is

not hydrogen.

18.  The process of any one of claims 14, 16 or 17, wherein said formic acid derivative

comprises an ester of formic acid.
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het erocycl yl al kyl, and (ii) reducing the am de group

of said conpound of Fornula I X-1 to provide a conpound
wohoFEmomeka X-1 (b) reacting said conpound of POTMSE@®6/023986

VITI-1, wherein R3is hydrogen with an al kyl ati ng

gent to V|d sai.d co rmul a X- d
19. BOPRY o B dfip SR Bobtinitasdd 1o o tlaﬁnfthﬁfﬂqrmgggﬂma
tnethylo%@lbﬁ)rﬁhﬁfe' N@kh¥midind Aetdis esence of a second acid or

1) formc acid derivative in the presence of a

20. E@cmn@bsaof damlhrmlwrde seidi farealdghyde detdvative indy Higlioxymethane.

ot RSB ooy by L B8 i TSR BB SLOR o

compriskLRE4tINRGaR CRFBAAD DT foonﬁﬁfarlul-law‘ifhlxifatér, onieslestivl A3 thespresence
not hydrogen, w than acyl ati ng agent to prow de a
of an aC@cnﬁb@emw orpiheyt an preanic\iREENG R4a is H, Cl-Cl
cl 13 1
22. ’ﬁl #oggsﬁs\’s?fcgignﬁyl v@ﬁé %Ser ocd(yg(%%/vlegﬁq({rl gk l%ﬁ dm r11e group to COOR
comprisesaﬁeatmggaﬁdlmmmde ofjFotmpule Ta-g avith snﬂptasmb prbvi?x‘arsmdl @mpound
| X-1 to provide conpound of Formula X-1 (b) reacting
ofFormggiIa:’c\y Sﬁ’r#vl #'?Forrrul aVIll-1, wherein R3 is not
23. R%)?Jc@g‘seﬁr f@paﬁngyc&hgaﬁlﬁtdmnﬁgﬁ%—zt o provide said
npound f Formul a reacting said conpound of
Formula X-1 with (i) for@thR i d optlonally in the
presence of a second aci ¢ ora§z||) aX'ormc acid
derivative in the preserice d acid to provide
sai d conmpound of For -1 (¢g) repoving the R3
group to providgassaid C mula la-1 wherein
R4 is not hydrogen. n. N he r?focess y8f any one of
clains 14, 16 or 17, kein said formc acid
derivati ve conprises an ester of formic acid.19. The
process of claim 18, wher¥rh said fornmic acid ester is
triethylorthoformate, or
and salt Mﬁw%sﬁé&ggé%?geﬁﬁzo The process of claiml1l5,
Rshsrlgzdro@m a,-Co¢ amyu éhy(d@ alleniyly &hiGre allgmgl, Cs-Cio cycloalkyl Cs-

di al t han process of m
Cio  cyfgal E}Sﬁﬁ‘d S| 6‘FV of gé{ hefeéoag’j}doup ?t@ommgr oﬁf}erocydyl
heterocﬁ@ﬁ?lk&ls %aﬁé&%@l&l "B} ﬁﬁhgll&?@ﬁu nxghé}gm'zﬁ’aﬁﬂulﬂﬁyi aalkeﬂylt Rikynyl,

or an al cohol in’the presence of an acid
cycloalktyas eyclwlkﬁalmfl wiryh owlaékyl,o hgtarviacylc @s@rwﬁlﬁlkyzzhemyclyl and

heteroc ﬁ%ﬁV@pod{‘S%png ?p %sutu?eal v%tl? oY &t ?n'o?en gpofupg %f'l(fjependently
selected from halogen, hydroxyl, C;-Cj4 alkyl, C,-C; alkenyl, C,-C4 alkynyl, C3-Cs cycloalkyl

and C3-Cg heterocycloalkyl;

R? is hydrogen, C1-Cyo alkyl, C,-Cyg alkenyl, C,-Cyo alkynyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -COR’, -C(O)OR’ or —C(O)NRSR(’, wherein said alkyl, alkenyl, alkynyl,
benzyl, allyl and aryialkyl portions are optionally substituted with one or more groups
independently selected from halogen, hydroxyl, C;-C4 alkyl, C;-C; alkenyl and C,-Cy4
alkynyl;

R*is hydrogen, Ci-Cig alkyl, C,-Cyy alkenyl, C,-Cyo alkynyl, Cs-Cyo cycloalkyl, Cs-
Cio cycloalkylalkyl, arylalkyl, heteroarylalkyl or heterocyclylalkyl, wherein said alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl, and heterocyclylalkyl

portions are optionally substituted with one or more groups independently selected from
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conprises treating said conmpound of Forrmula la-I with

a nitrilase to provide said conmpound of Fornmula la-2
woher7eomIRl is H 23. A pr ocess for preparing BCT/US2006/023986

compound of Formula la-2 la-2 and salts and sol vates

t hereof, wherein: Rl is ‘I(%drogen Cl-C1 aI k

halogen,ahk@nyyl cgmoCTitst,kaziga,, CicGs @ﬂ%y@t 6al alsgnyl z-beﬁbkynyg C5-Cs

het er oar yI
Cydoau(ﬁ}é er o4t é{%r8+3{§¥4aﬂ(ﬁfe%d1{r ocyc(:1 het er ocycl yl al kyl,
X ded XY bfel 1h&épeﬁ<ﬂertﬂlly&|eleyied r@drﬁ Ihly&rlogelwylfe @j Br,da0R’ aCky]lq alkyl,

al kenyl , al kynyl cl.oal k cyc | Kyl
Cx-Cro alkgnd) KaC 10hé@‘¥?ﬂar(§3rclohé¥é?%}5 éﬂé CYﬁ%&Y‘&&YLW C1-Co
e n kyl and thioalkyl
o PN i, 1A g ot s s
portionssaet eptiamillf rsmbntxh&é@gfﬁh onk i nexg grou@s 1r(d¢pmd&yﬂy S@QC'E@, from oxo,

halogen R BPEIT-PRy oy DR o 2kl a0

4 aryl al kyl, trialkylsilyl,
%t ke Cl@r@opC?lb%%gl yo ORg . EIC? yl si y

mﬁ]lnc&naa;gmemdynﬂy alyﬁ@lgym, tH@FlRW}qthylbéﬂéyl Ci-gla 3fkyl, C2-Cuo
alkenyl, %?ch a}{lﬁ%ﬂ( 366 r(’gg L\gélc%]hg Iafejﬁ (gf)g%}(c?&ﬂe}%%ﬁlé? gﬂ? %aﬁgrl,‘ﬂewfoaryl,

heteroarfyRileg; %terbmrﬁbﬁzeteﬁzﬁglaﬂiy&yl C2-C4 al kenyl andCi .
n i s ro , -
ol 1%54 e, Rcfﬁéeﬁher mlﬁhyﬂgfi?/atO@swoW@KéyTg%é}r% C}éé%énoa 4 to 10
member%& ?H%?Aalfyl lﬁé?’é&ocy@ﬁ%’\k{ﬁ% K¥herett€a &l ﬁ’éi‘ér)ﬂh@ll léﬁ{ch h@t%rocychc rings are

erocyclyla el n said al kyl, kenyl
optionaléy kqmytutedcyﬂh @ab oy more grdupahﬂ@ppahdcytly salpgztbélﬁtoym halogen, cyano,

nito, tgpprosnein Ty S iRkt u%?f%i% o witp aRg oA 1 ©
Rhﬂ@&afb%%ﬂtdyc%%hﬁta y Cgl g%&aramadkﬁxyl cyano,

nitro, azido al kenyl, C2-C4
%ﬁ&mﬁﬂiod coppadsingycl oal kyl , C3-C6 het er ocycl oal kyl ,

X2 are i ndependently sel ected
IFP%}H%%"P%PQ’&H?O&O??‘%@ Y 1, OR7, CI-Cl0 alkyl, C2-CL0
al kenyl, C2-C 0 al kynyl, C&NCi 0 cycloal kyl, C3-C 0
cycl oal kyl al kyl and C1- C| 0 it hi o?([, kyl, wherein said
al kyl, al kenyl, al kynyl, eyskodlkyl, cycl oal kyl al kyl
and thioal kyl portions a |onaIIy substituted with
one or nore groups indepe ;Sel ected from oxo,
hal ogen, trifluorone®dVyl, difl ugr omet hoxy and
trifluoromethoxy; X5 is H y, d, Br, | or G-C6
al kyl; R5 and R6 are |ndependently hydrogen
trifluoromethyl, -OR7, Cd¥ 0 alkyl, C2-C0

wherein X® and X* are independently F, Cl, Br, I or a sulfonate ester, with (i) a reagent that

contains or generates ammonia, (ii) a primary or secondary amine other than an aromatic
amine or (iii) a reagent that delivers a group that can subsequently be converted into an
amine, under conditions that allow selective displacement of X* of said compound of
Formula IV, to provide a compound of Formula Va wherein A is NR’R*: or reacting said
compound of Formula IV with (iv) a metal azide under conditions that allow selective
displacement of X* of said compound of Formula IV to provide a compound of Formula Vb

wherein A is N3
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al kenyl , C2-C Qal kynyl, C3-C Qcycl oal kyl, C3-C10
cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl,
waebwroozvy| al kyl , heterocyclyl or heterocycl yl aCkgiS2006/023986
R5 and R6 together with the atomto which they are
attached forma 4 to 10 nephered heteroaryl or
heterocyclic ring, wherein|said_heteroaryl and
het erocyclic rings are og 'y substituted with one
or nore groups |ndepende| sel ected from hal ogen,
cyano, nitro, trifluoromihy di f I uor onet hoxy,
trifluoronethoxy, azPedb and OR7A and R7 is hydrogen
G -ClO al kyl, C2-Ci 0 al kengl, aryl or arylalkyl, said
nmet hod conpri sing: reactL€%_ 'Eﬁ@€ wnd of Fornmula IV
IV wherein X3 and X4 are dgﬁe ly F, d, Br, | or
a sulfonate ester, with (y). a £gggent that contalns or

generates ammoni a, (ii) aaﬁ@lnar or secondary am
wherein & Hie hydrogen, £ -G alioli G-Guriafentk qym@m plkamyle ezt atlbflatarylamyl

w5 G TaRBE BRE CEAR ESERURE , PRGPNEL b,

alkynyl, dbsRyRCERE rﬁtthafrleH(yD ofiidingl 2£© wpticiddlyofubistituted svithVonet or more
rovide a conpound of Fornula Va wh r%%VMﬁ¥ﬁ§ Rg C
groups ipdeneadenthnlasiaddrers hploarm hyrrorst fures 4 4(%11\J§Pf‘ and C2-C4
3a | 6,
B e e R A
rﬁﬁ@tﬂgdseld?cdhqmnndl bﬁFmﬁmEmemlr ¥ brithlaeoeipounrd pStha@vemula VI
= NR3R3a Vb: A = N3 wherein R3 is hydrogen, Cl-Cl0
al kyl, C -C10 al kenylgznG2-C kynyl benzyl, allyl,
aryIaIkyI trial kylsilyl, ¢ a yIaryIS|IyI CORS,
-C(O OR5 or -C(O NR5RSG, wher ei said al kyl, al kenyl,
al kynyl , benzyl, allyl and al kyl portions are
optionally substituted with oRe or nore groups
i ndependently sel ected from hal ogen, hydroxyl, Cl-C4
aIkyI C2-C4 al kenyl and ®2-C4 al kynyl, and R3a is

0 ubstit ut unsubsti t.ut z I . :

in the FEESehEy G crBens ont g SAPHORURpBIAC G Rg Pt G ein A i
NRPR*M a/\édnhbcﬁmawm@ﬁﬂﬂawmnw{%@aﬁwﬁml VI in the
presence of a base to prOV|de a conmpound havi ng

Fornula VI1-1a wherein @ |sR—NR3R3a or a conpound of

Formula VI1-1b wherein ISNNg[ftL 'a: A NR3R3a

VII-1a: A = NR’R*
VII-1b: A=N;
reducing said compound of Formula VII-1a or VII-1b to provide a compound of

Formula VIII-1

NHR3
\qH}
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VII-1b: A= N3 reducing said conpound of Fornmul a
VIl-la or VII-Ib to provide a conpound of Fornul a
woRbd7/002002 1 | - 1 wherei n when A of said conpound 8E€T/US2006/023986
Formula VIl-la or VII-Ib is N3, NH benzyl, Mtallyl,
then NHR3 of said conpound of Formula VIITI1-1 isNHZ;
whereircwhareAtdfsgidtdospoiitid bf BorgrudagIlbia saVill-th iy dH dfenzyl, NH-allyl,

la VIII Cttﬁq rovi de a conpound of
then N}%{% % “&ﬂnilﬁou?d\‘]?FPH%“ eyd ﬁ]z Fs&gﬁgal d conpound of
E(Si{v'é}ﬂrfg We! hitdlet Solp Vfl AR 3GthFoERMBLWOENeh VRIMUk® dGOR?, t
A process for preparing a conpound of Fornula
mwwdqapqmmwmgoﬁﬁdm@daﬁglbhd sol vates thereof, wherein: Rl
i's hydrogen, Cl1-Cl10 al§%b 92 C1 alkenyl C2-C10
al kynyl , C3-C10 cycl oa | R cycloalkylalkyl,
aryl, aryl al kyl, aryl al kyl
het er ocycl yl, heter rialkylsilyl or
di al kyl aryl silyl, [ yl, al kenyl,
al kynyl, cycl oa}y yl, aryl, arylal kyl,
het er oaryl , heteroarylal yl, hetgtocyclyl and
heterocyclylalkyl por t(NFbis are optipmal |y substituted
with one or nore groups Rﬁfﬁ endently selected from
hal ogen, hydroxyl, Cl1-C4 5 C2-C4 al kenyl, C2-C4
%dﬁﬂh\gl saidmigouad G Patdoth Vand: @m@%hﬁrdémﬁéhﬁ@bkwmula Ia-
i s hydrogen, Cl1-Cl10 al kyl, -C10 al kenyl', C2-C10
2. al kynyl , aryl al kyl, trlalkyIS|IyI dlalkylaryIS|IyI

24. Aﬁgagxfﬂg&%%éﬁ@% cﬁnﬂﬁ%ﬁgg¥$ggﬁu angé:LSIZ?LSIaLE¥L|ons

are optionally substltuteﬂ)ml p one or nore groups
i ndependently sel ected f on1h | ogen, xhydroxyl, Cl-C4

al kyl, C2-C4 al kenyl a l; R4 is
hydrogen, Cl- C10 al kyl Cl al , C-Cl1 al kynyl,
C3-C10 cycl oal kyl, C3-£ yel o | kyl, aryl al kyl

ch¥l al Ky 2 wher ei n” sai d

het er oaryl al kyl f\Tﬁxézé %
al kyl, al kenyl, al ky aeyceloal kyl, ““cycl oal kyl al kyl,
aryl al kyl, heteroaryl al kyl and heterocyclylalkyl

portions are optionally sb3tituted with one or nore

ro i.ndepen sel ected from hal ogen, hydroxyl,
andsaltgﬂﬂﬁg?"ﬂf’i feog n}b%g NG -C4 alkyl, C2-C4 al kenyl, C2-C4

|l ky Hydrog@'@ﬁclo alkyl, C,-Cy alkenyl, C,-C;o alkynyl, Cs5-Cyo cycloalkyl, Cs-
Cio cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, trialkylsilyl or dialkylarylsilyl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, C,-C4 alkyl, C,-C4 alkenyl, C,-C4 alkynyl, C3-C¢ cycloalkyl
and C;3-Cg¢ heterocycloalkyl;

R? is hydrogen, C;-Co alkyl, C;-Cyo alkenyl, C,-C1o alkynyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -COR’, -C(O)OR® or -C(O)NR’R®, wherein said alkyl, alkenyl, alkynyl,
benzyl, allyl and arylalkyl portions are optionally substituted with one or more groups
independently selected from halogen, hydroxyl, C;-Cs alkyl, C,-C; alkenyl and C,-C4
alkynyl,

R* is hydrogen, C;-Cyo alkyl, C,-Cyo alkenyl, C,-Cyo alkynyl, C3-Cyo cycloalkyl, Cs-
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cycl oal kyl, C3-C6 heterocycl oal kyl, -NRSR6 and -OR 7;
111 X and X are independently selected from
waypdrogzse2 F, G, Br, |, OR, CG-GO0 alkyl, C2PCras2006/023986
al kenyl, C2-G al kynyl, C3-C 0 cycloal kyl, C3-C
cycl oal kyl al kyl and G -G O thioal kyl, wherein said
Cio cyalohmylaﬂaﬂkewamylalheymarylaawﬂ coxahmrocydytallqdl kHeadikydaid alkyl,

alkenyDAfkyiil RRidon DEYAoMTaRES abfitk ) Bubaitiakyt o g Obyctinaticn

portionB alr® @pflondllyi ubk@ieAe ity onedd)lf hié% ‘gfﬂ%ﬂpﬁ‘ Qﬁ(‘i’ep%ﬁ@enct:lg selected from
trifluoronmethoxy; X5 is

halogery| IkydroxyksCysng, Reroaragidon (ﬂap@m @I](liﬁh |C9z Gy ahsgiln C2-Cs alkynyl, Cs-Cs

c}’cloal&l‘ gggphlgg%cg'?f (o}:) Péﬁg Cyc al ky|C3 8200 0 al kenyl,

W(}ind&{%)tb aidepéndeatly seleatsd tﬁahkwdromg &1 GarBi, I, OR’, C;-Cy alkyl,

gk R L el Sy, PEE oSN M S .
thioalk @il WAREH daff TG, 4alkhyi0a ﬂiﬁﬁ% gglogl‘f( ?r%[%llkg%lkyl and thioalkyl

éterocyclic rirng, where het
portionk etceeptiopally subsiitutgs! witle onpoi woed gryumhdepmderﬁw seil¢ckeddfinem oxo,

ndependent elect d from hal ogen,
haloga i fTESr S AR B PSR B SR BB ot hosy
1){5|1§Hupr@ngtrnqggcl @gélgg and OR7; and R7 is hydrogen,
d.-a IkyI C2- fkenyl aryl or aryl al kyl

R adith man@mdemlyn@ydremmﬂ@r@n@mo@m h-Goraliol, oCrCiy
alkenyllbé’fz-lg mfﬂag a¢"éé poaﬁz 1,?3?13(3 981%%1‘112%&1% a%rﬁ &t lalk}% Ihentgroaryl

are con

heteroaoylalggh hétﬁtoeyclymiﬁimteiocjcﬂylalkﬂl p rimary o r secondar y
ne ot her than an aromatic amne or (iii) a rea

Pﬁeﬁ G Bvé?%eﬂéerg‘?”é]& phe riam do yhigh dagyuater iiached forh @ 4 to 10
membeg e%r_B%rgl glr‘%é%iiﬁ@yﬁf@ﬂ}fg Fﬁ@ '?Lgf(?¥daﬁ)ﬂ;ant(ih%rter?‘l:}lcﬂ\5"n11gs are

el ect placement of sali oun
optionaﬂl@rrsnhitiiutb&/ wilhootmcm/mdle goqmmdtpmdd@ﬁlyF@itemtﬂdaﬁ(\m halogen cyano,

rein NR3R3 eacting said co
mitro, R, RO s TSR PEDEE AR 1P ons
Riad hy@iréagé‘ﬂf @Eb@&éwe@%/xm, ARENE Mryldr afhatkf sai d

conpoun or mul to provide a conpound of
Fodmatkodgempisingin A is N3 Va: A = NR3R3a Vb: A = N3

%%{ﬁ%g 152390 dhwo%%ﬁal\pl Cl al kyl, C2-C10 al kenyl,

benzyl™, " al l yl, aryIaIkyI
trial kyIS|IyI di al kyl aryl sﬂ:leI -COR5, -C(O OR5 or
- C( O) NR5RG, wherein said al yl, )@I kenyl ,

O,N X5

x4

v
wherein X° and X* are independently F, Cl, Br, I or a sulfonate ester, with (i) a reagent that
contains or generates ammonia, (ii) a primary or secondary amine other than an aromatic
amine or (iii) a reagent that delivers a group that can subsequently be converted into an
amine, under conditions that allow selective displacement of X* of said compound of
Formula IV, to provide a compound of Formula Va wherein A is NR3R3a; or reacting said

compound of Formula IV with (iv) a metal azide under conditions that allow selective
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al kynyl , benzyl, allyl, and arylal kyl portions are
optionally substituted with one or nore groups
wondeperdent | y sel ected from hal ogen, hydr oxyl PCCISEN6/023986

al kyl, C -4 alkenyl and C2-C4 al kynyl, and R3a is

hydrogen substituted or unsubstituted benzyl, allyl
displacementQ(fCf GRBsaid evmioung of Fotele fYotermovifle Emomploand/af Bormula Vb
wherel\/?‘éwz\%h a conpound of the Formula VI VI in the

% §éHce of a base to provi de a conmpound havi ng

Formula VIl-la wherein A iscNNR R3a or a conpound of

Formula VI1-1b wherein A isN3 VIi-la: A = NR3R3a

VII-1b: A= N3 convertingstt itrile group of said

compound of Formula VII-I VII-Ib to COOR1L, to

provi de a conpound ofgge Vb -2a wherein Ais

NR3R3a or VI1-2b wherein A |s N3VII-2a: A NR3R3a

VII-2b: A = N3 reduci ng sail conpound of Formul a

VI1-2a or VII-2b to proviog.ascoqppad of Fornul a

VIIT1-2 VII1-2 wherein when A of said conpound of

Formula VIl1-2a or VII-2b i‘%b N3 =N benzyl, NHallyl,

Wherelﬁ ﬂe i %@%e%f co @éq %ﬁ\@n‘ﬁ—ﬁ O?yng%aagl\(él(ﬁy:l,lbeﬁzfl IEHII_I% arylalkyl,

tnalkymmvmd&ymymimmmmﬁ dcocb)cmfr SUUGIONERRS, vafereif spidadied salkenyl,
preparing, a conmpound of Formula Ib-2 and salts and

alkynylg gpgzcﬁl allyly, é]p(%@}rylallﬁﬂep@ﬁlﬁns REE P gth%yosgéﬁltu Wil one or more
groups %&g?ﬂ!en GEEY gél%é@d %Slglyﬂal c%%% ﬁ&f))@){lkg}?ﬂ; ’alkﬁ (;61@4 fllkflwl and Cy-C4

alkynylha®RBds Wdrogmﬂ; afasanxyédabMyﬂsubdmeLIted bm,zgl wllyl or C(O)OR

PRSP EmeHAE TR s S Wby o g fortata V1

cycloalkylalkyl, aryl aryl al kKyks, heteroaryl
het er oaryl al kyl , heté? I /and heterocyclylalkyl
portions are optlonally subst¥tuted with one or nore
groups i ndependently sel ectled,£r om hal ogen, hydroxyl,
Cl-C4 al kyl, C2-C4 al kenyl, -4 al kynyl, C3-C6
cycloalkyland C3-C6 heterocchGaIkyI R2 i s hydrogen,
Cl-C10 al kyl, C2-C10 aIken&{ C2-C10 al kynyl ,
aryl al kyl , trialkylsilyl,

in the presence of a base to provide a compound having Formula VII-la wherein A is

NR’R* or a compound of Formula VII-1b wherein A is N3

CN R2
N /X1
A
N7 x° \
2
A X :

VII-1a: A = NR’R*
VII-1b: A=Nj;
converting the nitrile group of said compound of Formula VII-1a or VII-1b to
COOR!, to provide a compound of Formula VII-2a wherein A is NR’R** or VII-2b wherein
Ais N3
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di al kylarylsilyl, -COR5, -C(OOR5 or -C(O NR5R6,
wherein said al kyl, al kenyl, alkynyl, benzyl, allyl
wana7aoyoal kyl portions are optionally substit BCEASMO6/023986
one or nore groups independently selected from
hal ogen, hydroxyl, Cl-C4 al kyl, C2-C4 al kenyl and
C2-C4 al kynyl; R3 is G €Q.RbRal kyl, C2-C10 al kenyl,
C2-C10 al kynyl, benzyl, | ad'kyl ,
trialkylsilyl, dialkylary 5, -C(O OR5 or
: nyl, al kynyl,
por ' d\s are optionally
substituted with nor e gr oups, i ndependent |y
sel ected from hal ogen, Rg&g®exyl, ct- 4 al kyl, C2-C4
al kenyl and C2-C4 al kynyl; X1 and X2 are independently
sel ected from hydr ogdAl-28; A=NBIR®|, OR7, Cl-Cl0
al kyl, C2-C10 al kenyl %—_ 0 .al kynyl, C3-G 0
cycloal kyl, C3-Gi 0 CQ@F' ~§%r' kyl and CI -ClO
réduealgkydid cohpbeid of BbthdkkviT-2:2bkanyhp R ke a compound of
cycl oal kyl, cycl oal kyl al kyl and thi oal kyl portions are
Fomlubéflilbﬁal |y substituted with one or nore groups
i ndependently sel ect ed &Epn1oxo, hal ogen,
trifluoromethyl, difl 3 i@t hoxy and trifluoronet hoxy;
X5is H F, d, Br, I)@S)I; R5 and R6 are
i ndependent |y hydro rif et hyl, -OR7, C -CIO
al kyl, C2-G 0 al ke ynyl, C3-G 0
cycl oal kyl, C +{€ 3 |, aryl, arylal kyl,
het eroaryl, heteroary|al kyl, hetefocyclyl or
het erocycl yl al kyl , orN#® and R6 together with the atom
to which they are attachaggyfgrma 4 to 10 nmenbered
het eroaryl or heterocyclic ring, wherein said
whereithwhen dasfysaidarodiposné pHEgrotuile VII-2g sr ¥ilb2b it NgNilibgnzyl, NH-allyl,
bstituted wi th_.one ar . s j ndependently
thenN@vl gt C?W%?Hnﬂéﬂfgaléﬂ‘f a(%g,“gﬁ%f@,d trifluoronethyl,
Ay d1lzy GIREEI¥Ind OF Fbinktelh VTRE-B A Yrovatfe il @thotRd of A&iShula Ia-
R% izg“%]ydr ogen, Cl1-Cl10 al kyl, CZi-dClO al fIglenyl ,0%;33% or ula Ia
2. aryl al kyl, said nethod conprising: reacting a conmpound
f rein X3 and-X4 are independently F,
25. %Prg%s,g%%)ro?\%@ guﬁopgﬁﬁ?(gogg?@%a%'?h (i) a reagent
that contains or genera@g!'afmONI @, (ii) a primry or
secondary amine other tlhan &n aromtic amine or (iii)

benzyl, allyl and_ary

a reagent that delive € t can subsequently
be converted into an , unpder c¢onditions that

al | ow sel ective di spta 5 of said conmpound of
Formula 1V, to pro '\de a co%pound Xff Formula Va

wherein A is NR3R3a; \rlgacti ng said

3
Ib-2

and salts and solvates thereof, wherein:

R!is hydrogen, C;-Cyg alkyl, Co-Cyo alkenyl, C,-Cjp alkynyl, C3-Cio cycloalkyl, Cs-
Cio  cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, trialkylsilyl or dialkylarylsilyl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, Ci-C; alkyl, C,-Cy alkenyl, C,-C; alkynyl, C3-Cs cycloalkyl
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conmpound of Formula IV with (iv) a netal azide under
conditions that allow selective displacenent of X4 of
weabd/ozypound of Fornula IV to provide a conmpeadmnasefo6/023986
Formula Vb wherein Ais N3 Vai: A = NR3R3a Vb: A = N3
wherein R3a is hydrogen, substituted or unsubstituted
and Csf{arhefarocysldajitylor - C( O) OR6; reacti ng said corrpound of

5 10 M 2 COMRRNS 10 ho Bt TRO B v,

dialkylﬁ@lsimyl aC(bRS I@(%@ R2ioR e(a)ﬁ\mﬁﬂs Rarr&h s%1d3 9‘% uzﬂﬁergai alkynyl,
FormJIaVII-Ib erein Ais N3 VIl-Ila:
benzylavPIﬂYh #nd Arvlalkgl peidigns rige @ﬁtl@naéldnﬂwwt@r Wb 4 @1 more groups

| f~ F
eyl D S0 SOTPEUICE G TR na -

alkynyForrmI a Vlil-laor VII-Ibis N, NHbenzyl, NH- al lyl,
en ofs nd of Formula Vi1l-1 is NH2;
flﬁ sOala&i<Y o%‘guﬁdaﬁﬁnﬁor%ﬁw \#Ile fenzyl( jajlyl, " arylalkyl,
tnalkylgl?ﬁ”Hiﬁlk%?ir?lsﬂ?lgtdlgﬁal olORY be-QOSRRIRE eréln%@ﬁloﬂﬁiyl ?lkenyl

rmc aC|d derivative in’t presence o
alkyny]arbea@yld ally)lr aid jary)lalikylr ptuhdmshydaeomomlly(ﬁmbstﬁtd’eﬁy\dﬂh one or more

groups (iin '%B eaﬁg) fselggttfeaﬁi Exr gge%sgﬁx%ﬂng Ing aﬁ.@d p(fr: I‘f(enyl and C,-C4
alkynylnl tri I e group of said conpound of Fornula IDb- I to

%Qﬁar?l% th z?re Fl)rrlc?e\llf)ler?(?entslg Isglegtgcrlr%%lrjnngyd?rggeio rFm(Jllll aBrI ? OR’ , C1-Cyo alkyl,
Cy-Cyo alkenyl, C,-Cyo alkynyl, C;-Cjo cycloalkyl, C3-Cyo cycloalkylalkyl and C;-Cio
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalkyl
portions are optionally substituted with one or more groups independently selected from oxo,
halogen, trifluoromethyl, difluoromethoxy and trifluoromethoxy;

X3 is H, F, Cl, Br, I or C;-C alkyl,

R® and RS are independently hydrogen, trifluoromethyl, -OR’, C;-Cyo alkyl, C»-Cyp
alkenyl, C2-Cyg alkynyl, Cs3-Cyg cycloalkyl, Cs-Cjp cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or R’ and R® together with the atom to which they are attached form a 4 to 10
membered heteroaryl or heterocyclic ring, wherein said heteroaryl and heterocyclic rings are
optionally substituted with one or more groups independently selected from halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido and OR7; and

R’ is hydrogen, C;-Cyg alkyl, C,-Cyo alkenyl, aryl or arylalkyl,

said method comprising:

reacting a compound of Formula IV

CN
X3
O,N X5
X4
IV
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wherein X° and X* are independently F, Cl, Br, I, or a sulfonate ester, with @) a
reagent that contains or generates ammonia, (ii) a primary or secondary amine other than an
aromatic amine or (iii) a reagent that delivers a group that can subsequently be converted into
an amine, under conditions that allow selective displacement of X* of said compound of
Formula IV, to provide a compound of Formula Va wherein A is NR?R*; or reacting said
compound of Formula IV with (iv) a metal azide under conditions that allow selective
displacement of X* of said compound of Formula IV to provide a compound of Formula Vb

wherein A is N3
CN
X3

O,N x5
A
Va: A=NR’R*
Yb: A= N3
wherein R* is hydrogen, substituted or unsubstituted benzyl, allyl or -C(O)OR®;

reacting said compound of Formula Va or Vb with a compound of the Formula VI,
R2HN N ﬁ

X2
VI
in the presence of a base to provide a compound having Formula VII-la wherein A is

-NR*R* or a compound of Formula VII-1b wherein A is N3

CN R2
H\Af
O2N X° \/j
A X :

VII-1a: A =NR’R*
VII-1b: A=Nj;
reducing said compound of Formula VII-1a or VII-1b to provide a compound of
Formula VIII-1
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CN |-'|Q2 )
N \C /jx
HoN x® ‘\/
NHR® X?
VIII-1

wherein when A of said compound of Formula VII-1a or VII-1b is N3, NH-benzyl, NH-allyl,
then NHR? of said compound of Formula VIII-1 is NHy;

reacting said compound of Formula VIII-1 with (i) formic acid, optionally in the
presence of a second acid, (ii) a formic acid derivative in the presence of an acid, or (iii)
formaldehyde or a formaldehyde derivative in the presence of an acid to provide a compound
of Formula Ib-1

; and
Ib-1
converting of the nitrile group of said compound of Formula Ib-1 to COOR!, to

provide said compound of Formula Ib-2.
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