PROCESS FOR PREPARI NG BENZI M D AZOLE COVPOUNDS
BACKGROUND OF THE | NVENTI ON [ 0001] Rel ated Application

WO 0@0R)213he present application clainms prioritpCDUS1008024084
Provi sional Application Serial No. 60/693,270 filed
June 23, 2005, which is incorporated herein inits
entirety by this reference. [0003] Field of the
I nvention [0004] This invention relates to processes

R ORI PO EREP AT BN ST YIRS,

of conpounds that can be used to prepare

phar maceut i c 8 AGEEROUNIX O FAEHEAINVRNGaON €
derivatives. This invention further includes _
[0001] nt or Hsdetgd Anpligatiomds obt ai ned during the synthesis

f th n
1, AP SO SIS ) Sppgion s
No. 60[/@30540 Deeslc hinet 232066, whichsisaineorpbratdie haretn frO@O Gntirety by this

f Benzi m dazol e derivatives have been investigated as
Ie ereni’ﬁnerapeutl cs for treating cancers, viral infections,

[0003] and dirsgasgshénsveagbnol ogi cal condi tions i nvol vi ng
nfl ammat1 on and havé been di scl osed in a nunber of.

[0004] pat entldisaigventioni edattsoie Praceshes [forstthe epreparhtigre anf's heterocyclic

o S SR B3 )8R0 A8 Rt ot o

be usedbto5RBpH2 phatdcOBiichBagis s\iﬂl%/g/bg%zggﬂda\%%‘@()%%‘éeﬁ6 ;T QOnvention
Q0/ 41505; WO_00/ 42002; WD 00/ 4
further emlu%z@ferv@i@tﬁ/ oepyndypPighied shwing o synthess ob thewsterocychc

compoﬁ%lls Q@&i&&mlg\éptﬁ%%ﬁt% and 3o %emetggéso(?%ﬁéygaratiﬁlotgyeoi} n

particular, W 03/077914 descri esis of
[0005] t he SMMMMOI e derivative 11 from
00061 %, PO PERRERL o 50 B AT b oo vt
cancers| 9@l iffedtRmiBaf disbRed Hﬁ@%ﬁth@fog%a?%mdlﬁ&}ﬁs 8lveRing inflammation
and have been disclosed in a number of.patents and publications in the last several years,
including U.S. Patent Publication Nos. 2003/0232869, 2004/0116710, and 2003/0216460;
U.S. Patent No. 5,525,625; WO 98/43960; WO 99/01421; WO 99/01426; WO 00/41505; WO
00/42002; WO 00/42003; WO 00/41994; WO 00/42022; WO 00/42029; WO 00/68201; WO
01/68619; WO 02/06213; WO 03/077914; and WO 03/077855.

[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. This route is not only very long in terms of the number of steps, but also
includes a number of chemical transformatlons that could be hazardous to carry out on a
manufacturing scale, and/or produce levels of by-products that would not be acceptable in a
final active pharmaceutical ingredient (API). It will be appreciated by those skilled in the art
that for a process to be suitable for industrial application it should be (i) amenable to being
performed on large scale, (ii) have minimal environmental impact (for example in terms of
amount of raw materials required and/or the amount of waste produced), (iii) safe (for
example, use materials of low toxicity that do not produce toxic waste), and (iv) as low in

cost as possible (for example, by being a higher yielding and more convergent synthesis).
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i ncludes a nunber of chem cal transformations that
coul d be hazardous to carry out on a manufacturing
wa@e@b®ep218and/ or produce | evel s of by-products tper/usmoé/o24084
not be acceptable in a final active pharnmaceutica
r
Since RHApFAYE mipRihs, b glpepr ARIBIE BE B EiaDd \EERT S frgrpoutics
there fsOhn iomdgtsing irled afopl 4 aadre oasfﬁk:iens fsyntlheltlcb goyte) fmnﬁnabﬂoductlon of

benzingQRAoTARREARESS (PGB0 FOMAGledgr Sifdhia or ?Fgﬁgf%mwefacm

égw mat er i al sor e
u

terocycllc conpqunds such as benz|m dazol es are
pStentlaIIy useful as therapeutics, there is an
on-going need for g nore efficient synthetic route for
the production of benzim dazole derivatives that is

nore anenable to or suitable for |arge-scale

manuf acture. Schenme 1SUMVARY OF THE | NVENTI ON [ 0008]

In general, the present invention provides nethods flor
preparing het erocyclic conpounds and their syntheti

nt di ates, which are uggf wcH,or the productios ofOCH3
w‘rag%utlc conpounds such as benzi m dazol e

deri vat i [ 0009] Accordipg o-‘ spect of the N
l ennt i or;—rret hods pr o ed fOr the \©
epal athon of conpoundg \ef S efal Fornul gg SE

ET 1a-2, "Ib-1, 1b-2 and lc.q' an- thelr synt heti c I
o= internediates la-1 la-2 Ic-I 20010] and salts and 2
sol vages thereof, wherein [0911] Z is -CC=0) ORI, 4

-C(=O NR 6R7, CN, -C(OH, or , or a noiety that can be
transfornmed into any one of said Zgroups, for exanple
t hrqugh hydrolysis; [0012] R1 is hydrogen, C-GO

al kyl, C2-C 0 al kenyl, C2-G 0 al kynyl, C3-GC 0

Os_OCH, O _OCHs Ox_OCHs
H H
N N N
N F —N F —N F Br
N u
NH, \=n \=N
7 8 9 l
Nt
O ONa" , Ox OCHs
Y H
. N N
. -
—nN F Br —N F Br
'\;N \=N
11 ‘ 10
Scheme 1



cycl oal kyl, C3-Cl10O cycl oal kyl al kyl, aryl, arylal kyl,
heteroaryl, heteroaryl al kyl, heterocyclyl,
waedaognonyt! yl al kyl, trial kylsilyl or dialkyl arptweuk3006/024084
wherein said al kyl, al kenyl, alkynyl, cycloal kyl,
cycl oal kyl al ky§unavAlRy &5W TH K YN vERSERIIQar y! ,
het eroaryl al kyl, heterocyclyl and heteroc cIyIaIk
[0008]por t | dngengral, dpst prosralt iy estips pravides dnetheds %n@rqwrlmheterocychc

compogﬁc? ﬁ% tElgifpsy&% Eﬁl Ne? ﬁglﬁ{ A Cfélaﬁhea | o?ﬁp dfgp ég rgductlon of

therapetiyie |c@ﬁhb51¥ﬂds sﬁﬁﬂas@%n%nh@icﬁﬂé @&Wéh@@d kyl [0013] R2 and
R2b are independently ¥dro gen, G -C 10 al kyl, C2-C
[00091a| kenﬁccoezn&jpcprwaﬁw;f/p tb&rpﬁsgnwwen’fm alleﬂfwg 'rllrewrowded for the

preparé\yn %lrcgyérc])ﬁ{g)\éhlgd ?/ﬂkt;}/lf ggl%?gkelac))}ﬁ{ yny g{% )?Iqa?%%/ Fc-l and their

synthefiomtdéromdiatese opti onal |y substi t uted with one or nore
groups i ndependently sel ected from hal ogen, _hydroxyl,
g-c&4 al kyl, @& CnRaIkenyI and C2-C4 al k R%hereln
for Formula ld-1, t hydr ogen; %
are i ndepeng from hydr 0g
I, OR8, Ci1-(Q 0 kyI C%ZEIO alken
C3- G (RW}y;@ ) cycl oaIﬁ“(yI-a ky
t hi oal kyl ,\ wher ei n sal d aPFkyI al keny\,_al kynyl ,
cycl oal kyI C%I oal kyl al kyl and t hi oal y N portions are
optionally substityted with one or nore groups
I ndependent |y selected from oxo, hal ogen, cy %3
nitro, trifluoronethyl, difluoromethoxy,
trifluoronmethoxy and a2|do [0015] X5 is H F, d, Br,
| or Cl-C6 ‘Ikykgb[0016L R6 and R7 ar eCPsRl ependeng%y
0

hydr ogen, trifl L,kpro , -OR8, C1-C10 al gl

al kenyl , €2-& CS ClCcycl oa

cycl oal ky ]ar yl al kyl , aryl ,

het BI® she ocycl yl  RP %-‘J a :

ALKy
[ 0017] 5 and R7 togéther with the atom'to whi ¢k
they areattached forma 4 to 10 ne Ned het er oar yl
or heterocycl |? i ng, wherein said heteroapél and
het er ocyclic rfl?fgs are optionally substitutéd with one
or nore groups independently selected from hal ogen,

ae
N X5 /\
\ X

\
RZ
Ic-1
[0010] and salts and solvates theréof, wherein
[0011] Z is -C(=0)OR', -C(=0)NR’R’, CN, -C(=0O)H, or
R12a R120 '
N

o\/(

, or a moiety that can be transformed into any one of said Z
, L



trifluoronethyl, difluoromethoxy, trifluoromethoxy and
OR8; [0018] R8 is hydrogen, C]-ClCal kyl, C2-G O

wa@bdoeyiis7 aryl or arylal kyl, wherein said al kyPCT/US2006/024084
al kenyl, aryl and arylal kyl are optionally substituted

t s independently selected from
groups, rega%?%é&%&?mlﬂ Ery%épand -0 (G- Cloyal kenyl); liOOlI()]
[0012] R1O iR hydhyﬂgegen, Cﬁ:FC]O llsilkyG2-Cazalienyl, Co-Cio alkynyl,” Cs-Cio

cycloalkwﬁt é;?—g %}fc% ﬁ{y@&(ﬁr %%@ lﬁ‘% alkyl %&éﬁ%é{){%’l @t&%érypﬂkyl heterocyclyl,

heterocy‘&Yﬁhlﬁ ], Kitaidykarllyl oRr mlandyﬂwyl,sﬂﬂet\emamy kaitl kglkylanalkenyl, alkynyl,

het erocycl yl al ort t I
exlosling o v oL Bt DS

heterocyégylgl%ipg?lj?&qg ??é%&o@@nf){?sﬂuwdownﬁ%hg Or n@re ?rcﬁl}pklﬂdependently

-C6 cycl oa
selectedn &toRi Oh‘allﬁédmal ydroxyd, NIRRT, aﬂi@l O38C4 aaliingb26p- (ﬁlggwgﬁld Ci-Cq

R12b are independently selected fromhydrogen, Ci-G O
cycloaliglapd CscOs Iy t@O%ﬂr"i%%ﬂwl C2-Gi 0 al kynyl, C3-G O

[0013] %C'e?gg‘é}{{i Rz%e%&bpemé | otk delay Cy- aag Wikyl, ayC @laksenyl, Co-Cio

and het éroaryl al’kyl 0021
alkynyl,%r&blk}dg’etaﬁe’dﬂm tdialkylersasibyi ‘tny) i- @@i@éyoraﬁ%a]ggg%hé@erem

L

groups BIABASHdRRIN s?éctéch%o?ﬂﬁﬁ%ﬁh liyaventl] ORCp akkyl dbiC pallenyl and Co-C
process, referre erejn as Method 1, f

amynﬂhWBﬂb§h®rﬁP@@%%F%légaﬁéﬁhﬁghP@§¥esegted byOLofaﬁfgrlng

[oo14] ' & 9(”‘1 b Relqte EM&S}Seﬂgéﬂt emc%dr@&h%tyal%gkﬁ ‘H, d109123J ORA;-Cyg

salts an soI vat e wherei n” Z, R2’ X1,
alkyl Oﬁl? Rrutkexsl, a,eC g sllgayl, rfeelChenye]on kyka@ﬁCmg:yn@glkylalkyl and C;-Cyg

wicntofoR S B A S B0, SGREREE BB e i

portlonsoare %lonéll}%ub@tltﬁtéhfvﬂﬂﬁb& &Sh6fe, growsh 1Zdé}f&dd@ﬁ51y€ﬂ‘e&c’&d from oxo,
ed herein, to provide a conpound of For nul

halogel{ @@w nighve reflupro@ethyd, dlfb@%@rh%wréﬂ%maé@méamﬂ%?rléc?:n
[0015] X’ is H, F, Cl, Br, I or C;-Cs alkyl;

[0016] R® and R are independently hydrogen, trifluoromethyl, -OR®, C-Cy alkyl,
C,-Co alkenyl, C,-Cyp alkynyl, C3-Cyo cycloalkyl, C3-Cio cycloalkylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl,
[0017] or R® and R’ together with the atom to which they are attached form a 4 to 10
membered heteroary! or heterocyclic ring, wherein said heteroaryl and heterocyclic rings are
optionally substituted with one or ‘more groups independently selected from halogen,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and OR%;
[0018] R® is hydrogen, C1-Cyo alkyl, C>-Cio alkenyl, aryl or arylalkyl, wherein said
alkyl, alkenyl, aryl and arylalkyl are optionally substituted with one or more groups
independently selected from OH, -O-(Cl—Clo-alkyl) and -O-(C-Cyp-alkenyl);
[0019] R is hydrogen, C;-Cip. alkyl, C3-Cy 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, Ci-C4 alkyl, Ca-
C4 alkenyl, C,-C,4 alkynyl, C3-Cq cycloalkyl, C3-Cg heterocycloalkyl, -NR®R” and -OR?®; and
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[0027] treating said conpound of Fornula I,
optionally at el evated tenperature and/ or pressure,
WOWR0M/002467 or nore equi val ents of (i) a reagentPCHESE2006/024084
contains or generates ammonia, (ii) a primary or
secondgeay he _of. ' ' r ~( 10y
[0020]a r eaggntar?ﬂ%t ca{%I llgggepreé&égﬂl ?S%beg{et(a @mglggmég’sg G n;{q(%l’ C2-Cro
alkenyh € dopatyngld G;r€19 cacloaiyln €340 pycdedlkidakyl; amoatythllon, heteroaryl
dh ornHI@VVI-II,,or treating said conmpound of Fornula II
anc heFrAY 2*Yy two or noreequival ents of a netal azide
[0021]0Pt | Ongl kR ¥* &kd RIPe YRl (WARES AbHIBSvIABE LR R BBRHEPform 2.4 to
to provide a conpound. of Formula VI-12 VI-Il: A =
10 memjpererpcaypoayzlic Aeterp@y] @0R8roaMebie ging. X5, R2 and Z are as

defin erel: nd R2a_i.s hydro G -Cl1 al kyl. .
10022165 'S ot siTneaB0 oS " By BE o Presghy ehtion provides
procesaI igfaatddyto hefdimldsyMritod! 1, eirapiephiiy N6 Yénzim@eHe compounds

Ca& ) ORG, - Ol NR6R7, -ORl. or -NHRL, wherein said
represegeyy Fog -1 ang thgRyyntheficipiarmediptes|  and aryl al ky!

portions are optionally substituted with one or nore

groups i ndependently sel €ct ed¥from hal ogen, hydroxyl,

C -C4 alkyl, C2-C4 al kepyhyantC24 al kynyl ; [ 0029]
ormulila VI-11 or VI-12 to
Na Ml VIla-1 [0030]

reduci ng said conpound
provi de a corrpounﬂmg&
wherein X5, R2, R2a d 4 are”as defxened herein, and
wher ei n when A of For VI-Il or VI-12 is
- NH benzyl, -NHOR1, - NHNH 1°r N3, then R2 and R2a of
Formula VIla-1 are hydrog F [0031] when R2a is
[0023] hy dr oged salesy:eidi saivag:s Stairebfcon@em T ROt RFOXIUKE.M X8ark ab Gefined
. provide a conpound of Formula VilTa-l [0032] wherein
herein, gaid gaetheebepmpingind. X5 are as defined herein; and

[0024][0033]llitmg1?|a§.%?1ﬂﬁﬁ?ﬂ}{§{i§§glg}ﬁoglﬂﬁﬁ! i ng said conpound of

Formul a VI aving the formul a
z
x3
x5
x4
[0025] wherein X and X* are independently F, Cl, Br, I or a sulfonate ester, and Z
and X’ are as defined herein, to provide a compound of Formula II
z
x3
ON" - TXS
x4
II
[0026] wherein X°, X*, X and Z are as defined herein;
[0027] treating said compound of Formula II, optionally at elevated temperature

and/or pressure, with two or more equivalents of (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 to provide a

compound of Formula VI-11, or treating said compound of Formula IT with (iv) two or more
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[0034] wherein X1 and X2 are as defined herein and X6
is F, d, Br, 15 -052CF3, al kyl sulfonate, aryl
waeo7ooase, al kyl aryl sul fonate, -B(OR8)2, -BRBCDUS2006/024084

-Bi (R 1) optionally either (i) at elevated tenperature

equivatents gptmeakdide, optidredlypit elkemted tedipeatti@s @nd/of pfekiuke,ith provide a
ese a netal -based catal yst and a base, to

Conmmﬁpivf%%ngi.glggnpound of Formula la-I1. [0035] In a

particul ar enmbodi mrent of Method 1, there is provided a

process for. preparing a cofpound of Formula la-I Ia-|

[0036] and salts and sol S ereof , wherein: [0037]

Zis -C=0OR 1, Rl is C 0 alkyl, and R2, R10, Xi,

X2 and X5 are as defb _ 5 sald process

conprising: [0038] i)* nitrating a conpound having the

Fornmul a [0039] wherein X afd X are i ndependent |y F,

A, Br, I, or a sulfonate ester,and X5 is as defined

herein, to provide a ¢drhpodrid B% Formula 11 [0040]

wherein X , X and X5 Ald2ad=¥fined herein: [0041] ii)

reacti t d of la |l with a conmpound of
[0028] ¢ rrul"gl%ﬁib% C@hﬂgﬁg‘? RS ‘ii:eg'“%[l heremn, and ™ is hydragem Gk 1o alkyl,
Cy-C1o @ileh@is L v !
>Cro ks 15 PoITg) amy serg;yg augg DAL u@kgshﬂ RliASIal cor’,
-C(O)OHey e@@)N[RgB43PRt |qr) “NFRi¢ twhetpin hzﬂd editydr alkerymy kgl (bankyl, allyl

L€ Saui vak ent reagent that
and al}\%ltkgl g%\g 88% rerl]grg éor% Y %}bﬁﬁltg%eg E grf megt #EPups\ipd¢nendently

selected/froinl haldgeth%BZ@(y[l 04é¢] aN&?EC@JGl alfay] aﬁldondC?Ql‘f‘( nlel s
C-C 10, al kyl, and R2 and X5 are as defined. hefrein;
[0029] | oo45]fediuel}1g ﬁ@é&@mu@%pﬁF @B Yid 1ot VHekhtolprowitle b compound of

FormulR™VQY4-§€ a conpound of Formula Vila-|

4
NRZRZa
H,N X5
NR2R2a
VIla-1
[0030] wherein X°, R%, R* and Z are as defined herein, and wherein when A of

Formula VI-11 or VI-12 is -NH- benzyl -NHOR', -NHNHR' or Nj, then R? and R* of
Formula VIIa-1 are hydrogen;

[0031] when R* is hydrogen, ¢yclizing said compound of Formula VIIa-1 to provide
a compound of Formula VIIIa-1
zZ
NR?R22
Rw\N X5

\=y

© VIIIa-1
[0032] wherein Z, R%, R*, R'® and X® are as defined herein; and
[0033] when R* is hydrogen, 4coupling said compound of Formula VIIIa-1 with a

)

NE2N-04 amination neanace 1K A0 AL Baa ¥% ADDAZA DA



VIla-1 [0046] wherein R2a is hydrogen, RL is G-C O
al kyl and R2 and X5 are as defined herein; [0047] v)
we@y@lioad1sy sai d conpound of Fornula Vila-1 to PCDUSZIE6/624084
conpound of Forrmula VII- a-1Villa-I [0048] wherein R2a
reagent Baviyhe gl is C1-C10 alkyl, and R2, RI0 and X5
are as defined herein; and [0049] vi) coupling said
conmpound of Formula VI]/} a-| th a reagent having the
For mul a [ 0050] wher ei n® X2 are as defined herein
and X6 is F, d, Br, I, PCF3, al kyl sul fonate,
aryl sul fonate, alkyl aryl onate, -B(OR8)2, -BF3 or
-Bi (R) 2, to provide said coppound of Fornula la-I.
[0051] The coupling stage of this process is
[0034] opt i orvehersinchr #1ded” ot andefimadnlarein)and| BV &t BdCl, Br, I, -OSO,CF;,

' | in.th f .
ot SRR RO D GRS, 5 A rts
either (pae cleyBBE 2pmberampohh@opfandliyc dfe prbode BN b&de, or (i) in the

Method 1, there is provided a process for preparing a
Pfesen%&fédﬂﬁaf-'aafsegsﬁtﬁw&nﬂé-hasqzé@ pPrqvidssa}d eieposar of Fayeila Ia-1.

sol vat j : d
[0035] 81 %)Q%Eﬁ%bf em%&ﬁfe’nﬂo?lh/letlﬁﬁg dll,?(]:tger‘% rlﬁnlr%é:ae(fgo ﬁ?cess for

are as defined herein,: said net
preparigg agbinpguzl efdippouladack Formula Villa-1, VIilla-1 [0055]
wherein R2a is hydrogen, _wth 9 reagent having the

For mul a XX R X
f/]
. R10\N X5 /\/
, N X2
N

Ia-1
[0036] and salts and solvates thereof, wherein:
[0037] Z is -C(=0)OR', R'is C;-Cyg alkyl, and R% R', X!, X* and X° are as defined
herein, said process comprising: ‘
[0038] i) nitrating a compound having the Formula
COOH
X3
x5
Y
[0039] wherein X> and X* are ihdependently F, Cl, Br, 1, or a sulfonate ester and X’ is
as defined herein, to provide a compound of Formula II
COOH
x3
O,N X5
X4
II
[0040] wherein X°, X* and X° are as defined herein;



[ 0056] wherein X1 and X2 are as defined herein and X6
is F, d, Br, I, -0OSQ2CF3, al kyl sulfonate, aryl
waeo7ooase, al kyl aryl sul fonate, -B(O R8)2, - BFGI/UR2006/024084

-Bi (R 1) in the presence of a suitable netal-based

catal yst a : | f LBt V, 5
04 o ae s KO PEauE oF ol B R Rbmpp bl formula
R'OH,Fdremih R [9058)0 alks ® fiim ithe ®rrespending estdryhaving tha fogaa

and X6 is iodo. [0059] In one empbodi nent the conpound

for Formula la-1 is isolatéd88 its esterified form

(i.e., wherein Z is COOR1) I nx@not her enbodi nent the

ester group COORL is hydr ¢d and the conpound is

ein Zis COOH) or a salt
thereof, for exanplegysodig

isolated as a free acid
a5t . [ 0060] | n anot her

enbodi nent, the present invention provides a nethod,
referred to herein as Methoff 2, far preparing N3

benzi m dazol g .c unds r esent Formul g la- 2
(00421 3nq *t RURSEEBy R e TR G GHS S diic) % e Fb BeEeaditrin
[0043];2I ts diﬁ‘;d SRhMUACHe IR ERIm sWpeln ﬂ_itﬁltwoF%ordn%il@ equitlents of a

an 5 are as defined herein, said net

reagentibapgansiatey: anjip 0B o furmreatommypuad 06 Fpwawla WaMi ng t he

Formul a [0063] wherein X3, X4, X5 and Z are as defined

herein, to provide a<corrpou90& Formula Il [0064]

wherein Z, X3, X4 and X5 are_as glefined herein; [0065]

treating said compound offForyyila Il optionally at an

el evated tenperature and/&)r prlessure with two or nore

equi val ents of (i) a ¢ gagen Mays cont ai ns or

generates amoni a, (i i2) a primary or secondary am ne

other than an aromatic amind or (iii) a reagent that

delivers a group thatycpn su ently be converted

into an anmine to provide 'a conpound of Fornula VI-II
[0044]wher eiwhdrgia RE jasydebemer! heCeCh; alty] tarslaR? agd $&ide as defined
compound of

herein;
[0045] iv) reducing said compound of Formula VI-11 to provide a compound of
Formula VIIa-1

COOR!
NRZR?2
HaN X8
NR2R2a
VHa-1
[0046] wherein R* is hydrogen, R! is C1<Cyo alkyl and R? and X’ are as defined
herein;
[0047] V) cyclizing said compound of Formula VIIa-1 to provide a compound
of Formula VIIIa-1 '
COOR!
NR2R22
R1O\N X8
\==n



Formula Il wth (iv) two or nore equivalents of a
nmetal azide optionally at an el evated tenperature
W@/ o0219T essure to provide a conmpound of For neCHUY1004/@24084
VI-1l: A= NRR2a VI-12: A = N3 [0066] wherein Z, X,
R and R a are as definedygraein; [0067] reacting said
onpound of Formula VI-1] or VI-12 with a I{} npound
[0048]haV| ngNlteﬁ@np% whyadreeaR wkerio plkzl, prd Bs ﬁilCth are as defined
ein, optionally in the presence of an activating
heremhd% nt that activates the Z group towards reaction with
[0049] S a| d o@)Tp o wodp hay said) cothpormdrafifloam RhOHII4-0 wittoy tedgera having the
onpound of Fornula Va-1l or Va-12 Va-1l: A = NR2R2
Formulgs 7. A = N3 [0068] wherein R3R, R and X are as
defi ned herein;[0069] redu0|ngxsa|d compound of
Forrmul a Va-I11 or Va-12 Xo i de a conpound of
Formula VIla-2 Vlla-2 [00 erein Rl, R2, R2a and
X5 are as defined herein, erei n when A of
For rrul a Va-11 or Va-12 is - benzyl, -NHOR 1, -NHNHR
1 or N3, then R2 and R2a of F@ermlaVIIaZare

s Y 30 90T 05, T2 IR 5k €17 icboscr

alkyl sil6ormatd, aryVbilF@araze, WlkdylaylZulfoRue]-BORP g -BFRbr -IR2R HRA& provide said
%do are as defined herein; and [0073] when E&Z

compop ?1%’6’@%1]*“ Eoupl i ng sai d compound of Formula Villa-2

[0051]W 1D a1eaasRis 820 AniReoEN WdbRonally carried out at either i) elevated

temperature and optionally in the presence of a base or ii) in the presence of a metal-based

catalyst and a base.
[0052] In another particular embodiment of Method 1, there is provided a process for
preparing a compound of Formula Ia-1

R‘l

-
N X
Rm\N\_ X5 ¢
A N
Ia-1
[0053] and salts and solvates thereof, wherein R!, R?, R'%, X', X? and X° are as
defined herein, said method comprising:
[0054] coupling a compound of Formula VIIIa-1,
,
NRZR?
R'—y XS
\=y
VIIla-1
[0055] wherein R* is hydrogen, with a reagent having the Formula X



[0074] optionally either (i) at elevated tenperature
and optionally in the presence of a base, or (ii) in
wo b@7poaseENnce of a netal -based catal yst and a PeEBEES2006/024084

wherein X1, X2 and X6 are as defined herein, to

provi de said conpound of Formulia la-2. [0075] Yet

anot her enbodi nent of e preggent invention provides a

net hod, referred to hereim as~Method 3, for preparing

N- 3 benzi m dazol e conpounds v egpresented by Fornmul a

Ib-1 and their synthetic inte(nedi ateslb-1 [0076] and

salts and solvates thereof, wiérein z, R 2ZbD,

Rt>110U, Xv-1', X21 and XDyare as defined herein, said

met hod conprising: [0077] nitrating a conpound havi ng
[0056]t he Forheia N'00A8K* weeae definéd, hexein axda¥disZF.a€k Brs I, -OS0,CF;,

s SSAET 6T O PR SOTMOUES! FY ks i
presend A8 QhithR8 Gl Basal GtAPARAY BB inkAREPIPriAte sviveht. (1) a

reagent that contains or ‘generates ammonia, (ii) a
[0057] pr i narly ooe embedimgat the aerigapt aftlivamulant hasihe pondlei c

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

can subsequently be’tc rted into an am ne under
conditions that allow sel ecffi ve di spl acenent of X4 to
provi de a conpound of S [I1-11; or reacting said

compound of Formul a IIxMtf1(F&) a_netal azide under
conditions that allow selective displacenment of X to

[0058] pr ovi diheze ¥oisddid indlkForrrhalegen and X3 igipdo) | : A NR2R2a

111-12; = .008 wher el n, X3, , A are .
1005915 4o 1 SBESHEVUI A P50RIPor LA i RulaTR | FiSuRR ofj@eSierifod
form (Fer, Mh@ein! - sl COOR') 14 2anotiek | @nisddinemt el esat gebup COOR' is

tenperatures, with (i) a_reagent that contains or
hydrolypedetnst e comaonpd 1s (sdlgted agrd s e (gdndary QPR or a salt
tharo@h#%&th@Quﬂahﬂ{ atic amne or (iii) a reagent that

&

i'vers a group that can
[0060] In another embodiment, the present invention provides a method, referred to

herein as Method 2, for preparing N-3 benzimidazole compounds represented by Formula Ia-

2 and their synthetic intermediates

CO,R’
2 EZ /X1
10 \(;/]
R ——N x5 \x2
“—N
Ia-2
[0061] and salts and solvates thereof, wherein R, R% R', X!, X* and X’ are as
defined herein, said method comprising:
[0062] nitrating a compound having the Formula
A
X3
x5
x4 |
[0063] wherein X°, X%, X® and Z are as defined herein, to provide a compound of
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subsequently be converted into an amne to provide a
conpound having Fornula Vb-11 wherein B is -NR2bR2c
w@r@7/M03187 - NR2R2a or N3; or reacting said conppUntSmbe/024084
Formula I11-11 or 111-12 wth (iv) a netal azide,
Formulgﬁl onal ly at elevated tenperatures, to provide a
conpound of Formula Vb-12 wherein Bis N3 and Ais
-NR2R2a or N3, Vb-I1 :B = NR2bR2c; A = NR2R2a or N3
Vb-12: B = N3, A = NR2ZR2a ok _N3x} 0083] wherein Z, X5,
R2, R2a, and R2b are as o- herein and R2c is
hydrogen, C - G o al kyl, ' O al kenyl, C2-C10
al kynyl, benzyl, allybN"aryfal Kyf, trialkylsilyl,
dlalkylaryIS|IyI - CORG, (O OR6, -C(ONRGR7 , -OR1
or -NHR1, wherein said al kyI , al kenyl, al kynyl,
benzyl, aI Iyl and aryl al kyII portions are optionally

substi tuted_w th, ©on ndependent |y
[0064] ¢ ectv\éllﬂ’refl?g\;ﬁ( gfoaé‘gr?gi HE &t g‘i‘g’l‘e%%elﬂ al kyl, C2-c4
[0065] al kenx caid sdid coth @ﬁljﬁ’ BY Forth @984 ]o 16%1131' ﬁtgansalledated temperature
ound FormJ a Vb-11 or Vb-1 provi de a

and/or @mmmﬁ n\dltbftwpmrnmp@ gquivalenty|of i) a[rmsﬂ thah spriaps 2Or generates

anmor o R0 o BEED P SRR AT 4200 s

that de‘hNh‘i‘sb@ng’r)éhp th&, canNslstq@ntlyNbiNHRhyertdde mth&naanhHRZ&D provide a
: /or R2b and R2c, respecti fJ of Fornmul a VI | g
Compo‘él?deO%WPB@%NI‘l[ldi?)]%vaﬁﬂeFﬁ Foseljned G f8 ireaie p4id cqgpound of
r

Formulﬁaflg\gftﬂ Tﬁg%l ﬁ{)mo% (@)‘gl,ln@a%l%tg fbef{l 2}] tn%’tsﬁ R&Ydedgptﬁ)n‘ﬁﬂ%@ létﬁdelevated
temperainee @sl/cefrésvac theroidea mlnipc[lmd&é]l:ovm’elﬁ VPR i s

hydr ogen, coupling said conpound of Formula VIIIDb-I

with a reagent having the fornmula [0089] optionally

either (i) at elevated te at uke and optionally in

the presence of a '

O,N x5
A
VI-11: A =NR’R*
VI-12: A=N;
[0066] wherein Z, X°, R* and Rzal are as defined herein;
[0067] reacting said compound of Formula VI-11 or VI-12 with a compound having

the Formula R'OH, wherein R' is as defined herein, optionally in the presence of an
activating agent that activates the Z group towards reaction with said compound having the
Formula R'OH, to provide a compound of Formuia Va-11 or Va-12

COLR!

A
L
A
Va-11: A = NR*R*

.Va-12: A=N;
[0068] wherein R!, R%, R* and X5 are as defined herein;

O,N

11



base, or (ii) in the presence of a netal-based
catal yst and a base, wherein X, X2 and X are as
waledoroexdsherein, to provide said conpound of FRCTUBZ06/024084

[b-1. [0090] In another enbodinment, the present

[0069]1 NVeNntARiRY M dempourdl MRS huld ¥aerl &dvha2he@séndés compound
Met hod 4, for preparing N3 benzi m dazol e conpounds

of Forpelgr\dadt ed by Fornmula Ib- 2 and their synthetic
internedi ates | b-2 [0091](%§81salts and sol vat es
t hereof, wherein Rl, R2b, , X1 X2 and X5 are as
defined herein, said net coNpR’Si ng: [ 0092]
nitrati ng a conpound ha he formula and Z are as
defined herein, to provide g~conmpound of Formula
| 1[0094] wherein X3,"%4, X6 an8 Z are as defined
herein; [0095] reacting sawRir®onmpound of Fornula |
with (i) a reagent that c\? taj ns or generates anmmoni a,
(ii) a primary or seconda'ﬁa' i ne other than an

[0070]ar OMAtyker&H RE & R hbid 3@ dreagaRfinbddercite! AW Ber8in when A of
group that can subsequently be converted 'into an

FormubnVaell ondar1Z imdiibsneylt RIHOR'| oWHBETRCot b, then R and R** of
iSR!l acenent, of X4, to provide a conpound of Fornul a
Formurﬁfﬁﬁfic%g%?gré)&?’ng sai d compound of Formula Il with
[0071](i V) awhetRY iakjdtegdn)dpdliz6Qnaid sansoundalf Falhelw VIIa-2 to provide
sel ective displacenent of X4 to provide a conmpound of
a compogpdgf Boyppla ¥Ifkar2 11: A : NRZR2a 111-12: A = N3 [0096]
wherein Z, R2, R2a, X3 and Xpgare as defined herein;
[ 0097] reacting said conpound of Fornula Il1I-11 or
|H 12 with a conpound havinmg t h8RIREt mul a R OH wherein
Rl is as defined herein, pnal ly in the presence of
an activating agentR15hat Q vat es the Z group towards
reaction with said COW of ¥orrmula RIOH, to

VII1a-2
[0072] wherein Rl, R? R* R and X° are as defined herein; and
[0073] when R*® is- hydrogen, coupling said compound of Formula VIIIa-2 with a

reagent having the Formula

[0074] optionally either (i) at elex;ated temperature and optionally in the presence of a
base, or (ii) in the presence of a metal-based catalyst and a base, wherein X!, X* and XS are as
defined herein, to provide said compound of Formula Ia-2.

[0075] Yet another embodiment of the present invention provides a method, referred
to herein as Method 3, for preparing N-3 benzimidazole compounds represented by Formula

Ib-1 and their synthétic intermediates

12



provi de a conpound of Formula IV-21 or 1V-22 |V-21: A

= NR2R2a 1V-22: A N3 [0098] wherein Rl, R2, R2a, X3
wa@re7Xe1a8T e as defined herein; [0099] reacti ngPGHUS2006/024084

conmpound of Forrmula IV-21 or 1V-22, optionally at

el evated tenperatures, wgth (j,) a reagent that

contains or generates ammonia, (ii)xh primry

orsecondary am ne ot her-ths at i ¢ am ne or
(ii1) a reagent that deg d
<10

p that can
subsequent|ly be gpnv N &M ne to provide a
conmpound of Fornmnul a @g—egm\/\herei n Bx{s -NR2bR2c and A
is -NR2R2a or N3, or reatting said conmpound of Fornul a
I'V-21 or IV-22 with (iv) g Retal azide, optionally at
el evated tenperatures, to provide a conpound of s

[0076] FOT Mubsd Vit2@ndveelveies tBeresf, Nehearinl 2 RY, RURZR2aX0end\d’ are as
Vb-21: B = NR2bR2 Vb-22: B = N3 [00100] wherein R1,

definedrereimagid method ROBPHHESXS are as defined herein;
[0010 . ' | gf, Formul a Vb-21 or

00771\, 22?‘%%&%% %3’?’5‘3’@%‘3%‘%@%?%*@?%& mila Viib-2 Vilb-2
[00102] wherein Rl, R2, RRa, R2b, R2c and X5 are as
defined herein, and wherekn wken A and/or B of Fornula
Vb-21 or Vb-22 is -NH i‘ , N3, -NHOR1 or - NHNHR1,
then R2 and R2a and/or and R2c, respectively, of
Formula VI1b-2 are hydroggn; [00103] when R2a is
hydr ogen, cyclizing said gonmpound of Fornula VIIb-2 to
provide a conpoynd .of Formula VII1b-2 VI11b-2 100104

[0078] wher eiwherin R2KK > PBandrd @reaptidsienedr hereia, Mepioyigty a compound of

Formufeﬁiei n; and

z
X3
O,N x5
x4
II
[0079] wherein X3, X4, X° and Z are as defined herein;
[0080] reacting said compound of Formula IT with (i) a reagent that contains or

generates ammonia, (ii) a primary or secondary amine other than an aromatic amine or (iii) a
reagent tha;t delivers a group that can subseqliently be converted into an amine under
conditions that allow selective displacement of X* to provide a compound of Formula III-11;
or reacting said compound of Formula II with (iv) a metal azide under conditions that allow

selective displacement of X* to provide a compound of Formula ITI-12
z
X3

OsN x5
A
II-11: A =NR?R*
I-12: ‘A =Nj

13



[ 00105] when R c is hydrogen, coupling said conpound
of Formula VIIIb-2 with a conpound having the

wo oromadAFD0106] optionally either (i) at el evaP@mrus2006/024084
tenperature and optionally in the presence of a base,

[0081]0r (1 ighekdin 5PEXDRESRAGRA o ard aSBEMctibRASE cat al yst and
ase, wherein’X’ > X2 and X6 are as defi ned herein

[0082]t 0 pr avactieg §audd00@mﬁpmdmf Rfroomdyy BIH pip1HE-12 @D&@lﬂ“}’\@t elevated

temperRiiraio ity o7 & ragept, g (cBRteRIsC BF Bonds e ra&r;nq&ugr 1) 8% iflary or
secondh¥yl anbia® athet thag @h ar@@a[tnmm@hs of €ifdil) es&gﬁsﬁhﬂydeﬁaenml goup that can
Ic-1 and their synthetic internediates |c- I [.00

subsequendlysbe cenveriad duiova aiich i sesidehsrapAuy hrppe ukleb -11
A 2c | y)2|

e Sy i A ORISE o B A g

or HI-{DGAth@}v) prmepialrzﬁmﬂeasmui@mﬁylabekévatnd izt freoadui®s, tetpeoéin a@@mpound

d X5
of Forrp st NBF BB oo e SReomgobRd of Forml a Xib-

[00111] wherein Z, R 2b ,Rt2z2c , R10 and X are as

defined herein and Ris not hydrBogen;and [00112]

coupl i ng said conpound of /Fokwala Xlb-1 with a reagent

having the fornmula [00113 ionally either (i) at

el evated tenperat uresygpd onal |y in the presence

of a base, or (ii) in fhe ptesence of a netal - based
catal yst and a base, whereifi X1, X2 and X6 are as
defined herein, \tp_lﬁ)r]g\glqR%%aq QX;GWR@W& f Formul a
lc-1. [00114] The step of cyc i zing a corrpound of
Formula VIla-1, Wh12:B =M, Iﬁb INR;R%@IIN)}Z to provide
benzi m dazol e core structures in any of the
above-descri bed Methods 1-5 can be perforned in

[0083]Sever aJvhéﬁ@MSZ XSere R, eMCcRPzat hodefimet heftsn amBREliy hydrogen, C;-

Met hods A-E, are
Cio alkyl, C»-Cjo alkenyl, C;-Cjp alkynyl, benzyl, allyl, arylalkyl, trialkylsilyl,

dialkylarylsilyl, -COR®, -C(O)OR®, -C(O)NR’R” , -OR' or -NHR', 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,-C4 alkenyl and
C,-C4 alkynyl; ,

[0084] reducing said compound of Formula Vb-11 or Vb-12 to provide a compound
of Formula VIIb-1

z
NRZbRZC
H,N X3
' NRZRZa
VIIb-1
[0085] wherein Z, R%, R* R*® R* and X’ are as defined herein, and wherein when A

and/or B of Formula Vb-11 or Vb-12 is -NH-benzyl, N3, -NHOR' or -NHNHR', then R* and
R* and/or R?® and R*, respectively, of Formula VIIb-1 are hydrogen;

[0086] when R* is hydrogen, cyclizing said compound of Formula VIIb-1 to provide
a compound of Formula VIIIb-1

14



descri bed in general below with respect to the

cyclization of a conpound of Fornula VIIb-1 for ease
wotoognpdianat i on; however, it is to be under st oPAI/URZNG6/024084

Met hods A-E apply equally to the cyclization of

conpounds of Formulas Vlla-l, Vlla-2 and VIlb-2. The

cyclization nethods wi |l provide 2eizg her N3

benzi mi dazol e derivative NR*B€hzi m dazol e

derivatives, depending o reagents used and the

substituents on thegico of, Formul as Vila-I

[001>f15] Met hod A: According

ViIla-2, VIIb-1 and VI
to Method A, a conpoun NFormula VIl b-1, wherein R2

d

and R2a are hydrogen, casqgﬁkﬁyclized to the

correspondi ng benzi m dazdl*e represented by Fornul a
[0087] V1 'l b-ihersihien, &N RRIR ' snd U0 48 Befikdd 1RreifNRdPOL

met hod upon,treatnent with (i) formc acid, optionally
[0088] n t havhsineRerie diydrogam epyaling eridl compiogndrof Foruka YBAhilcwith a

' [ hve in the presence of an acid. The

r“@a“?%#ggﬁﬁéﬁ% ormula VI1Ib-1 can then be carried on to

a conpound of Formula Ib as described in detail bel ow

[00116] Method B: Accordin Met hod B, a conpound of

Formula VI1b-1, wherein RPa is| hydrogen and R2 is not

hydr ogen, can be cyclized -\ ohe corresponding N3

benzi m dazol e represented by Eeormula VIlIIb-1 by a

mul ti-step nethod upon treatment with (i) formc acid,
[0089] opt i owatipgaliyreithie(ipetebeated tehpemmatuacidid oprabllpoi the ptésedce of a

_ : ; . SR H ‘ )
base, ofit B fcjor g SELIN AL bR FRe PRl SRR Turndge R aba i are
definedt Hieeeipy tepeodde edfid asmpeind, of(ForptaMbAE an i nt er nedi at e

N-1 benzi m dazo] e, conpound represented by the Fornul a
[0090] y; p,_ | n ?H%th%ﬁ%{a%@egtg o PiveAn IRyaLipn @eyiddsenpiveess, referred to

) h ont i . .
i UG 1y g R ERMAA SRSkl ML) P
2 and thegmaynttietiofinteimeedR@esgr oup at the N-I position. [00117]

Met hod C. According to Method C, a conpound of Formul a

VI1b-1, whereinR2 and R2 Oa'?ellazhydro en, can be

cyclized to the corresponrdi ngNlN- 3-benzi m dazol e

represented by Fornmul a efgin R10 is methyl,

by a "one pot" mel%pod I r eat(rey wth two

= X

-2.

N\ X
—N
1b-2
[0091] and salts and solvates thereof, wherein R!, R, R X', X2 and X° are as
defined herein, said method comprising:
[0092] nitrating a compound having the formula
z
x3
xs
X4
[0093] wherein X°, X*, X° and Z are as defined herein, to provide a compound of
Formula II
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or nore equival ents of formal dehyde or a fornmal dehyde
derivative in the presence of an acid. The conpound of
wo-or0mbAsSVI | | b-1 can then be carried on to theP®¥F/BS2006/024084
benzi m dazol e conpound represented by Formula Ib-1 as
described in detail below 2[00118] Method D. According
to Method D, a conpound of |Forgula VIIb-1, wherein R2
and R2a are hydrogen, cay peycyclized to the
correspondi ng benzi m dazgl e jsjepresented by Fornul a
VIT1Db-1, wherein RLOg$ not geogen, by a step-w se
process conpri sing: [6)011‘9£4 (a) reacting a conmpound of
Forrmula VI1b-1 VIIb-1 [00120] with a suitable
acyl ating agent to providgqra conmpound of Formula | Xb
| Xb [00121] wherein Z R2, R2a and X5 are as defined
[0094] her eiwheseid SR1 85, Xsad Z @e-agtofingddyareings- g o

[0095] ﬁgf le%%!%gi%):gsﬁlag Lc?p%%%@lo!@ﬁormnﬁt ﬁ;%&ﬂi)’j‘lakﬁéhg&ﬁ that contains or

erein sard
generated YEInR@liK IRk lpyimar@ by babiddry aiméricestber thhm ki ytomatiedmine or (iii) a
het er ocycl yl al kyl portions are og‘?it onal Ig}g’ supsti tut.ed der
reagent \{hat hdedivarsop grerR thetotads SYERISEIY it PORVEEFR P8t AGHTS, un

. - < ' ufd oftFiydula IMI-11,

oS00 DT g sl

or reactingtseidamygonat lof [FormMRIRWithn(@v)-20Retal poda ggqler(c@pdltlons that allow
. reduci ng the.an de oup of sai f Fornul a

selectivg Pt OF e R PO A RSP TS RS 53] “wher of n

Z, R2, Rka, RlCa and X5 ar& as defined herein; and
[00124] (c) reacting said gonpound of Fornula Xb with
(i) formc acid optionall vt he presence of an
additional acid or (ii) 4 mc acid derivative in
the presence of an acig Oovysde sai d conmpound of
Formula VIT11b-1. AlternatiJely, according to another
enbodi nent of Method D, coffpound of Fornula Xb may be
obt ai ned by reaction of sgidicamewig?of Fornul a
VI1b-1 with an al kyl ati ng agent of fornula R10aCH2L,
wherein L is a ITI-12: A=N;

[0096] wherein Z, R%, R*, X? and X are as defined herein;

[0097] reacting said compound of Formula III-11 or III-12 with a compound having
the formula R'OH wherein R! is as defined herein, optionally in the presence of an activating
agent that activates the Z group towards reaction with said compound of formula R'OH, to

provide a compound of Formula I'V-21 or IV-22

CO,R?
X3
0N X8
A
IV-21: A = NR’R®
IV-22: A=N3
[0098] wherein R!, R?, R®, X® and X° are as defined herein;
[0099] reacting said compound of Formula IV-21 or IV-22, optionally at elevated

temperatures, with (i) a reagent that contains or generates ammonia, (ii) a primary or
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| eavi ng group, such as d, Br, |, Ow, OIs, OIf, etc.
[00125] Method E: According to Method E, a conpound of
wo-or0mbAsSVI | b-1, wherein R2a i s hydrogen and RRCT/ES1008/024084
hydr ogen, can be cyclized to the correspondi ng
second?r?%lg‘é ﬁﬁépjch%n%ﬂqg&ﬂ&?c QhinEQE g}ﬂ Qréé]l’%leﬁtbthﬁta déversel g’roﬁﬂﬁla’[ can
rogen, by a step-w npri si ng:
subseqﬁé)ﬁlizélﬁ] co@aérterdemtxt amgmanecto rpn«mded a cbmpowndudl afimda Vb-21 wherein

i A bt SRR, SO SR R B Byt e v-22

with (%i aR%’etaB?a%cﬁn%& Al a@%ledﬁfadl ﬂ@ﬁ Q8uedsN taHoVid&am eSmpbund of
cycl oa %< kyI aryI al kyl ,
Formuhéfle%a\dryt@aﬂl ByBl\branﬁét@“NBy]& wrdskyl , wherein said
al kyl, cycl oal kyl al kyl, ar y&glRngl het eroaryl al kyl ,
and heterocyclylalkyl porti ®ns are optionally
substituted with one or nmore.gr®ups i ndependently
sel ected from hal ogen, hyd |, cyano, nitro, azido,
G- alkyl, C2-C4 al ken <4 al kynyl, C3-C6
cycl oal kyl, C3-C6 het 8eNcycloal Kyl , “NR6R7 and - OR8;
[00129] (b) reducing the ampde group of said conpound
of Formula I Xb to provide a coggound%ofZC Formul a XbXb
[00130] wherein Z, R2, R2aYP RTRR10a and X5 are
as defined herein; [00131] vH3): B egiq}l ng sai d conmpound
of Formula Xb with % formc acid optionally in the
[001003r esendiereif RANRARIF R rlhzfath?jamras(deﬁx)echhefrcmm c acid

erivative in.the res id ovi de ,sa
100108010 dRAEHE 168 ROPBORY B oo b ot SB1ZA R aFRTHE 3 compound
of Foriéla VIEB-2 R2c, R1Ca and X5 are as defined herein; and

CO;R!
NRZbRZC
H,N X5
NRZRZa
VIIb-2
[00102] wherein R', R%, R*, R?®, R* and X are as defined herein, and wherein when

A and/or B of Formula Vb-21 or Vb-22 is -NH-benzyl, N, -NHOR' or -NHNHR!, then R>
and R* and/or R® and R2°, respectively, of Formula VIIb-2 are hydrogen;

[00103] when R* is hydrogen, cyclizing said compound of Formula VIIb-2 to provide
a compound of Formula VIIIb-2
CO,R!
NRZbRZC
R"%—y X5
\=y
VIIb-2 -
[00104] wherein R}, R*, R*, RY and X° are as defined herein; and
[00105] when R is hydrogen, coupling said compound of Formula VIIIb-2 with a

compound having the formula
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[00133] renoving the R2 group to provide the N3
benzi m dazol e conpound of Fornmula Ib-1. Alternatively,
wW@e@anailny t o anot her enbodi ment of Met hod E, BCT/US2006/024084

compound of Formula Xb may be obtained by reaction of

a conpound of Formula VI1b-I with an al kyl ating agent

of formula R10aCH2L, V\,hé el )A is a leaving group,

such as d, Br, I, etc. [00134] In a

further aspect, the prese k\ entlon provi des

conmpounds of Fornulas 111, , - VIla-1, VIIb-I
Villa-1, VIllb-1 and Xl b-1I andsalts andsolvates

[00106] her eotrtiomdhpeitheti§) htaé:lﬁ‘fﬁjed:t@mmla@ge lahd pptitanally itvihel presence of a

e e e e

definedhidreimpto }brbﬂ‘ild& eﬁdtcompbm@m&am{ Bs2. benzi m dazol ones,
yrazipnes, and pijperazines. [00135] Additional
[001073 4y ant Yefesothsticrbodimeneat thegsessnt mhenionrvevideon r@mlmd referred

r

to herelf}?assl?fr?ﬂ{o‘a 4 Bl Eeﬂ%[ﬁ‘dg Ny Eé}ﬁxar?feﬁ%%&% Q&{lﬁgusnedg géprfe CF%V\%’ Formula
Ic-1 arldﬁhelasxntanntemdmail on of the fol |l owi ng

specification or may be,|l earned by the practice of the

i nvention. The advantages oﬁ*?he iqﬁention may be

, % e

%rrposi tions, and
kg the detail ed

pend
DESCRI PTI ON OF THE KI GURES[ 00136] e accorrpany| ng
drawi ngs, which are ch)Eporat ed herein and form a
part of the specification, illustrate non-limting
enbodi ments of the presenticitnvention, and together

ith S ion, serve to explajn he prln pl es
[Oﬂlﬂsm t hé gﬁgl% cfogptlvzft%t_vbgge]o £ whergis % t’ i(%gare as defined

herein, Eglg%@hgdm@ reacti on schenme (Met hod 1) for t he
ynt hesi s of" compounds having the Fornmula la-1I.
[001091 omswahz@ﬁreor@p@mdmmrmaladmmi scheme (Method 2)

for the synthesis of conpgunds

NRZbRZC
H,N X8
NRZR?22
VIiIb-1
[00110] prepared as described in Method 3, wherein R? is not hydrogen and Z, R*,

R*, R* and X are as defined herein to provide a compound of Formula XIb-1

XIb-1
[00111] wherein Z, R*®, R?, R' and X are as defined herein and R is not hydrogen;
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having the Formula la-2. [00140] Figure 3 shows a
reacti on schene (Method 3) for the synthesis of
we@eopomids having the Fornmula I1b-1. [00141] Fi BUT/@S2006/024084
shows a reaction schene (Method 4) for the synthesis
and of conmpounds having the Formula Ib-2. [00142] Figure 5
hows the structures of organonetallic |igands used in
[00112&er t ai’RuUBkEE saihPorarRovEd b Frigule Sdbtl wﬁh acrﬁaaehbhqswrestéﬁfonnula
i nvention. [00143] Figure 6 shows a "one pot”
cyclization nethod (Metitod l7f/u3|ng formc acid or a
formc acid derivative fof tig preparati on of
benzi m dazol e core struct > Jrepresented by Fornmul a
I b-1. [00144] Figure 7 sho 2 ,mlti-step cyclization
met hod (Method B) using fornié& acid or a formic acid

oo113¢ler i valptivgallyositHeh €) Bf 8BRS le@ipetiule Rid €n %r esence of
[ !sjtruc?%rlesa r}gplr esg%t ed by Fo?ir%)u la | b-1 B%OOM% 1ﬁfre

a base, @r &ikbinghe praspreedt m@?lcbmfhcatdmstrpeﬂmd@sq Weadigd ¢ X and X° are
as deﬁl‘tlﬁii'ﬂégelﬁotroﬁ{;\%m(aq& (gl{l% %rr?&lawel derivative for

eba Ion O azo core structures

[00114f epr eSKbret step yf dyolifitg & J:dinﬂ)ounﬂo&ﬂﬂ&]mﬁa oane-19 \snlms lb-1 or
altern t|ve myl ti-step cyclization nmethod (Metho %é
VIIb-2tig provige hrpmidazels Fost StB@ﬁEP%ﬂndaéleocPféhé ab@ves@qsarebqsir thods 1-5

can be p%ﬁf)ﬁﬁ@dqinege\}%)/al E}Pd!'}/gu'S@Vérgl'f ch[z&%‘ll%]ath% 3{ WW A-E, are

anot her mul ti-st ep cycC |zat|on net
descrlbf:d; in gérergdrispay atithoespeft thehe tynlidatzal ef © cvmepamdudtforasla VIIb-1

oo BB R S T P i B R BT oy

cychzatlﬂr\/ 6Nt drAPoUHIe oI BeEmuTRS VPRSI, fVl‘Ia-tZ%dWHBEE' at lhe,oéycﬁ&atlon methods
ounds of the general Formulas la-I, la-2

will p]]OHl siben N-B hengimislerele sgarivativesc or N-1 ben21m1dazole derlvatlves

depending on the reagents used and the substituents on the compounds of Formulas VIIa-1,
VIla-2, VIIb-1 and VIIb-2.
[00115] Method A: According to Method A, a compound of Formula VIIb-1, wherein

R? and R* are hydrogen, can be cyclized to the corresponding benzimidazole represented by

r

Formula VIIIb-1, wherein R0 is hydrogen, by a "Qne pot" method upon treatment with (i)
formic acid, optionally in the presence of an additipnal acid or (ii) a formic acid derivative in
the presence of an acid. The compound of Formula VIIIb-1 can then be carried on to a
compound of Formula Ib as described in detail below.

[00116] Method B: According to Method B, a compound of Formula VIIb-1, wherein
R* is hydrogen and R? is not hydrogen, can be cyclized to the corresponding N-3
benzimidazole represented by Formula VIIIb-1 by a multi-step method upon treatment with
(i) formic acid, optionally in the presence of an additional 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 an intermediate N-1 benzimidazole compound represented by the Formula
XIb-1. The compound of Formula XIb-1 can then be carried on to the N-3 benzimidazole
derivative Formula Ib-1 by alkylating the N-3 position, followed by removal of the R* group
at the N-1 position. _

[00117] Method C: According fo Method C, a compound of Formula VIIb-1, wherein
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intermedi atesla-1 la-2 Ib-1 Ib-2 Ic-1 [00149] and
salts and sol vates thereof, wherein: [00150] Z is
WO gozRL, -C(=O)NR6R7, CN, -C(=OH, or , or BCTDBBN§024084
that may be transformed into any of said Z groups for
R2 I 1
andga%]‘e &%df%ﬁu&%zﬂeyé%ﬂiae%ﬂitg ﬁheI ({O%C%ll%@]alﬁ I?Sbn i gﬁlggz%ﬂ‘e represented
by Foreydd Uﬂlbyl wheIeirCRﬂf is yodtlod lkyyh dbteypot” arejllllqd apqnl ta¢alt1ybnt with two

het | al
or ot g BeyRIof ERFIHIO Y PaF KTEdehy FRTALY R A e presppep of am acid
The céﬁ‘fﬂﬁ&ﬁidnoﬁ @'o@mﬁiakﬂlllbai K:@HYthen dekydived onyed d BB, benzimidazole

cycl oal ky aryl al kyl , heteroaryl,
compotyad mﬁyﬂedﬂ?kizlormh@tlérb@gdvﬁbwbedn@ defatl delsaycl vl al ky!

orti ane,.o I t .
wouly o MARED: e Pe SRR L b b T Bl Tlp A, wherein
andckza@ﬂe llt%:(dfiygen dﬁﬁt E‘élc?dliﬁedh}d the @Bll"rEE}:JloEHMgmﬁhzmﬁBazﬁ& represented by
cycl oa an -6 heterocycl oa 00152 IS
Fonnu}%,ﬁ I&l@-éﬂwh@enchds gp‘khwdrogég,_ y pst SP-Q%%}PI%C@Q c 52'smg
I Kyny, di al kylarylsilyl,
[001196} (la) CQ?ES%%MAIPO%? (?lF%M}&glblv\}/\i}}%rlel n said al kyl,
alkenyl al kynyl and aryl & kyl portions are optlonally
substituted with one or npte oGrees | ndependent |y
sel ected from hal ogen, hydroxyl, G -C4 alkyl, C-C4
al kenyl and C2-C4 al kyny ol erein for Formula Ic-1, R
is not hydrogen; [00453] ®Zb 1% hydrogen, C-C O
al kyl, C2-G 0 al kenyl, kR al kynyl, aryl al kyl,
trialkylsilyl, dialkylarylsilyl, -COR6, -C(O OR6 or
-C(O NR6R7, wherein said ¥yl , al kenyl, al kynyl and

I al k) t ! bst t
o2l 28 BRSO S TR TR R 15
hydroxyl, G -C al kyl, C2-C al kenyl and C2-C4 al kynyl ;

NRZbRZC
1
SESE S
NR2?R22
IXb
[00121] wherein Z, R%, R* and X° are as defined herein and R'® is H, C;-Cyo alkyl,

C;-Cyp 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;-C4 alkyl, C,-C; alkenyl, C,-C4; alkynyl, C;-Cgs cycloalkyl, C3-Cg
heterocycloalkyl, NR°R” and -OR®;

[00122] (b) reducing the amide group of said compound of Formula IXb to provide a
compound of Formula Xb
z
NR2bR20
R10a’\N X5
H
. NR?R?a
- Xb
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[00154] X1 and X2 are independently selected from
hydrogen, F, d, Br, I, OR8, Cl1-G O alkyl, C2-C]0O
wa@bdoenyils7 C2- G 0 al kynyl, C3-CG 0 cycl oal kyl, OBETZUS2006/024084
cycl oal kyl al kyl or C1-C10 thioal kyl, wherein said
[001233' ky ,_wﬁlexl%ﬁﬁz,' R?, R R lang 8P GO defined B¥elRahky! al kyl
nd thioal kyl" portions are optionally substituted with ]
[00124ne or(c)romacting saip soinpdepkotBomina Xb| with € fHreim asicboptionally in
hal ogen .ano,, nitro,.trifl.uor.qgnet.hyl, . .
the pregeler 46 B AMERERY 21 e it Agyetvalve i s Pretpee f en acid to
provid&Osdi@ Ebmpoun@ of BFornhuler VEIHE al Aydraat{veB8]58¢corfingneb another
R7 are independently hydrogen, trifl uoronethyl,

OR3, ,
embodgment1af Metkpil D,cmmound #if Ferghla &bi}@yobeapkgaWIFI,bycrﬁa@ion of said
I i .0 I ; I (2 k : :
comp GUSLF LI 03 QP15 RRYH Rty e P8 i L
leaving gioaposigk by ChIBeyl, ONIOWBL 0T etR6 and R7 together with

the atom tq _which they e ached forma 4 t .
(001234 o MAHAES  AGAINGH Ry KTEPHPHG! BN B ViTbah grherein
R*is Hﬁgg QP R2R DD BY BHREY, Thh Be 'l AR 36 theORrtedp didg benzimidazole

substituted with one or .m)rFO groups i ndependently
compogiedl exft Edrnﬁtrl@rNH&b-dgem},lercmi Ri'utsr @mgth[y@rlogen, by a step-wise method

di fl uoronet hoxy, trifluoromethoxy and OR8; [00158] R8
COMPISMZydr ogen, C] -G 0 alkyl, C2-C 0 al kenyl, aryl or
[001263r y! al kyjlreacvibign@bmpsandlofifdeyiula Vilbenyl , aryl and

arylal kyl are .optionally substituted wth one or nore

groups i ndependently selected from OH,

-O(C -Co-alkyl) and - O (¢d - QirseREF kenyl ) ; [ 00159] R10

is hydrogen, C -G 0 al kj C3- C10 cycl oal kyl al kyl ,

aryl al kyl, heteroaryl al i het erocycl yl al kyl ,

wherein said al kyl, &4l oal kyl81 kyl , arylal kyl,

het er oaryl al kyl and het er qgyg*yl al kyl portions are

optionally substituted with one or nore groups

i ndependent |y sel ected fr¥Mbhhl ogen, hydroxyl, cyano,

itro, ' | - I T ¢ hggx[
IOOIZ'QI ky nyIV,FIH Egg@%icgﬁ%%g%ht t§¥0 %I er ocf/l(t:I Ioo(EgIOEéIﬂ? IXb
-NR6R7 and -OR8; and [00160f Rl12a and Rl12b are ‘
i ndependently sel ected fromlhydrpees, C -C 0 al kyl,
C2- C10al kenyl, C2-Ci 8 al Wy; C3-C 0 cycl oal kyl,
C3-G 0 cycl oal kyl al kyJJ\, a aryl al kyl, heteroaryl
and het eroaryl al kylgoa X5

NR2R2a
IXb
[00128] wherein Z, R%, R* and X° are as defined herein and R'® is H, C-Cyo alkyl,

C;3-Cyo 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;-Cs alkyl, C,-C4 alkenyl, C,-Cs alkynyl, C;3-C¢ cycloalkyl, C;3-Cs
heterocycloalkyl, -NR®R” and -OR%,;

[00129] (b) reducing the amide group of said compound of Formula IXb to provide a

compound of Formula Xb
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[00161] or Rl12a and R12b together with the atomto
which they are attached forma 4 to 10 nenbered
w@a00poeai6t i c, heteroaryl or heterocyclic ring.P¢D03B8§/024084

Met hods for preparing N-3 benzim dazol e conpounds of

the general Formulas la-1, Ja-2, Ib-1 and Ib-2 can be

perfornmed in several ways. |Four mpthods, namely

Met hods 1-4, are shown in-R -4, respectively,

and are descri bed bel ow. od 5 describes the

synthesis of the Nud.—h ta e derivatives

represented by Fornul ayglc-1{. [00163] In certain

enbodi ments of Methods 1-5NRRPs - C(=O) NR6R7. In

certain enbodi nents, R6 isXOQS and R7 is H In certain

enbodi nents, Rs is G-Co a‘?kyl optionally substituted
[00130] t h Ghher@n(Z0R? 30% gk RyRY", RI™ aifd XCare@s Qefihddelmeytin; | n

certain enbodi nents, R8 is - ( -CH | arti.aul ar .
[00131E b di(esseaing zaidscongovertalFierpyia- ¥y with ) farfnig eid optionally in
the profEEe B th EIPEGHTRI 3 B MRS adivefiyt iy Hopentdht an acid o
provideesaibebimpning of Rbrmnda B@IlWl . [ 00165] In certain

enbodi nents of Methods 1- X5 is halogen. In

particul ar enbodi ments, X5 is F. [00166] In certain
XINRAR?X2 are H or

enbodi nents of Methods 1-5
hal ogen, and X6 is hal 1@ n ot her enbodi nents, X2

is alkyl. In certapfp € pnts, X1 is Br. In certain
enbodi nents, X is CYNTncsgftaixa enbodi nents, X is
i odo. [00167] In cert \n enbodi nents of Methods 1-5,
R10 is G-C 0 alkyl. In ﬂ\é\rzti cul ar enbodi nents, RI10
is nethyl. [00168] In otheRenbodi nents of Methods
1-5, R2 and R2b are hydroggp.1 [ 00169] In certain
enbodi nent s, M;t hzgds2 1-1% provide methods of preparing
[00132¢ onpourttiseinZ, RA-R), Ra-R ™ 4 X arpfgs defaned heeeip: apderein Z

00133 ChrME ot 2 S8 S 399 KEp PR compon o
FormuRMBOH! ARBinStivdRp, dcSor@g, toRrother dinbodiment of Method E, a compound of
Formula Xb may be obtained by reaction of a compound of Formula VIIb-1 with an
alkylating agent of formula R'%CH,L, wherein L is a leaving group, such as Cl, Br, I, OMs,
OTs, OTH, etc.

[00134] In a further aspect, the present invention provides compounds of Formulas III,
Va-1, Vb-1, VIIa-1, VIIb-1, VIIIa-1, VIIIb-1 and XIb-1 and salts and solvates thereof.
Compounds having Formulas ITI, Va-1, Vb-1, VIIa-1, VIIb-1, VIIla-1, VIIIb-1 and XIb-1
are useful for the synthesis of heterocyclic compounds including, but not limited to,
benzimidazoles, benzimidazolones, pyrazines, and piperazines.

[00135] Additional advantages and novel features of this invention shall be set forth in
part in the description that follows, and in part will become apparent to those skilled in the art
upon 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
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X5 is F, X2 is d, and R10 is nethyl. In particular

enbodi nents, Zis -C(ONH (CH2CH2OH), X5 is F, X2 is
w@Ro7amisR10 is nethyl. [00170] In certain enbPdi/De2006024084

Met hods 1-5 provide nethods -of preparing conmpounds of

[00136’ a-1, - a%corh? cé BadifBdvhieh lare%@&%bﬂtte%l He%e&%fom?@part of

aoen X2 are H or halo
the speCific@}ion, allkgtrate nnn«hantn@g embedmgnigeitt e pmseliltsm@m@n, and together

d
with 3 05¥erip P, BB pai 2 PinRCe SR MBS & 1% 1

[00137¢ , arlﬂﬂlfélplguﬁe met hyl . [00171] Met hod 1: One
di ment of the present_ inventi onésrow des a

enmbo
[00133ﬂ ef er fdgured ﬂt@mwea@wmy@ﬁw Mgihad Ip Enths éh@hﬁsﬂﬁ a‘fqn%PoundS

for preparingconpounds of Formula Ia-|I
haVIngaﬁedﬁ{)I%HP{r?I%ynt hetic internediates la-1 [00172] and

[00139%al t s Rigare Qoshoatsesrebdipnesohemevddethod 2XTor th2 synBesiRef @mapounds
b % area efined herein, and Z is -CC=0) OR1,
aving t “CN, -C(=OH, or [00173] , or a noiety

[001403 hat qaguﬂaej {HARSS REARA schdife BI¥HhBAS) qfasr hdisfntBed SEIpounds
or exanpl e through hydrolysis. Exanples of noieties

havingtthQaFOmaﬂabbltransfor med into the defined Z groups

[00141 Ptr gggﬁ}? %ICX??S are nugoln?sgg%%) Q/I@&&A? g(gr o ﬁtﬁ ﬁt (gf compounds

havinghﬁé/F@@qdm!}b-fzor mul a CH(OR 1)2. [00174] I\/bre
speci fi cal l% ]PMEt hod 1 conprjses nit ratl ng a npound
&

[00142havi nd'igwe Fehar He] Boetreys ethereanometalliyigands {is<g n certain ary!
halide baq,%@gqgﬁ%hiofmeg?er@me tiof @ sulfonate ester such

not Trmt tri ? uor onet hanesul f onat e,
[00143fet harktigulefostatves, a e petiegulifaivatreetbod (Method A) using formic acid
t ol uenesul f on and X5.an are. as .de
or o g RV i eI B R WP TR OIf GO PRy pfpecnted
by Forfiula Pb- gnd Xr 5 - are as defined herein. In one

enbodi ment of aconpound of Formula 11, X3, X4 and are
[00144¢ Figure 7 shows a multi-step cyclization method (Method B) using formic acid

or a formic acid derivative for the preparation of benzimidazole core structures represented
by Formula Ib-1. |
[00145] Figure 8 shows a '"one pot" cyclization method (Method C) wusing
formaldehyde or a formaldehyde derivative for the preparation of benzimidazole core
structures represented by Formula Ib-1. |
[00146] Figure 9 shows an alternative multi-step cyclization method (Method D) for
the preparation of benzimidazole core structures represented by Formula Ib-1.
[00147] Figure 10 shows yet another multi-step cyclization method (Method E) for the
preparation of benzimidazole core structures represented by Fofmula Ib-1.

DETAILED DESCRIPTION OF THE INVENTION
[00148] One aspect of the present invention provides methods for the preparation of
compounds of the general Formulas Ia-1, Ia-2, Ib-1, Ib-2 and Ie-1 and their synthetic

intermediates
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[00177] Nitration reaction conditions, which are well
known to those skilled in the art, can include

WO 2@e021§7 an aromati c systemwi th nitric aci d PET/UR®06/024084
presence of an activating agent such as concentrated
sul furic agid. For exanple, in one enmbaoghent, a

2,3,4-trih Iobeﬁ20|c c&m be treated wt ﬁ?ng ni typai €
acid in S N 7/
2,3, 4-tri 5-ni :3n20|c acid, s q ‘ 'i
2,3,4-tr Jor 0- 5-i ty.obenzoi c |d hilgh yile

[061 5 CONEAdUNI Fornul§ FrNthen und@@goe 5
bi s- am on reaction”® conpr|S|ng a\ eophilic

dlsplaceweNt of X3 and X . Nucleophilic substitution
of a leaving grngup (such as a halide, or sgl@pnate
ester) ortho- oxpara- to a nitro group in aromati c
ring is a method well known in the art for the
i ntroduction of an ami no group into an aromatic ring.
In the case& of Qanpounds of Formula 11 C@ﬁ%¥pmg gr oups
at positions orhho- anX'para- to the nigro
be repl a j j process under,
of

conditio bi s-am nati o
hereLn, wel | asrMet hed

speC|f|caIIy accordi ng2to thhod'i a cjonpou d of 'x2
For mul a Ns treated optionally at at ed
tenperatures with two or nore equivalents of (i) a
reagent that clbntains or generates ammoni alb€ii) a
primary or secondary am.ne other than an aromatic
amne or (iii) a reagent that delivers a group that
can subsequently be conyert%%%into an amne to provide
a conmpound of Formul a erei XA i sSNR2R2a, or
sai d conpound of For
or nore equivalents @
el evat ed t enperat ures
conmpound of For nmul M, VI - |s N3 VI-1l: A=
NR2R2a VI-12: A = NQ_L}Ol?Q] wher ef'n X5, R2 and Z are
as defined herein, and R2a is hydrogen, Cl-Cl10O al kyl,
C2-G 0 al kenyl, C2-C10 aRkynyl, benzyl, allyl,

arylal kyl, trialkylsilyl, dﬂaHkyIaryIsinI, - CORG6,

e optionally at
re to provide a

[00149] and salts and solvates thereof, wherein:
[00150] Z is -C(=0)OR', -C(=0)NR’R’, CN, -C(=0)H, or
R12d_ .

~,
N
o\\<?
for example through hydrolysis;

[00151) R' is hydrogen, C;-Cio alkyl, Cp-Cio alkenyl, C;-Cio alkynyl, C3-Cpo
cycloalkyl, C3-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

, or a moiety that may be transformed into any of said Z groups,
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-C(O OR6, -C(O NR6R7, -OR1, or -NHR1l, wherein said
al kyl, al kenyl, al kynyl, benzyl, allyl, or arylal kyl
WwW@oeoorioaa1s7 are optionally substituted with one PCT/IB2086/024084
groups i ndependently sel ected from hal ogen, hydroxyl,
selecte@ffo%hﬁb%éﬁ hy(ﬁ'gX};l‘AC?- &%, @nd, SRefA, @J)-€Y Blkynyll T;-Cg cycloalkyl
certal mbodi nent s, a’i's a nitrogen protecting
and ngismmﬂrrsmbaasrl hydr ogen, substituted or unsubst ituted

o I T Gl NI

trialkylMa¥Ih @Qilk]ylarS/Hﬁle cPRENE(OHORDbML@)NR RWheliceid shil eﬂm-lalkenyl
can und ergo an esterification of the Z group and a
alkynyhj anda gielkylomortipng nares vpponatly; subsiiuted WHR| @l Pipyrore groups

1ndepelr1c?et%;ﬁlgl .ngecttéae fl%g‘m%%}b%on Vgr%guoﬁ \Agé’alme{%% (371 'afke%d Cy-Cy

npoun rein I's C1-C]
alkynyBIvikiekein @cptHo@ﬂnalaJIy-ll Rzushmotrhyd&gan;e of an activating

ent o formthe ¢co ng e t
(001537 01 1 o oy s &1 op SIRG: et g BB B tp Mgyl arylaliy

trlalkygﬂ#}l' \dﬁall 51’?159{11 (CORY J(R@%R@ ol DAlO IRIRY Al BsteiaFARNAIRY], alkenyl,
| & amoni um hydf oxi de or (||) a primary or

alkynykemmlndaylylkalmmetlmhere toptionally spbsidnted WHnneng oor more groups

1ndepeg<5qgg¥l gseﬁlja t%o gP d oogfeg,ggwg”l (]l;ézbl 'alk er(g %lléegyl% Cy-Cy

atar

alkynyherel n [ 00181] Exarrpl es of act i vati ng agent s i ncl ude,
not_Jimted (a)., mneral and or f;Cgi

[00154(1 b) r@ég@w}t% @5@%&3@1@%6%@?@ FRE: by ¢e8Pe y@ Ci-Cio

t -
o E21, el &) g QECHBBY el BB or 01
thioalkyh| whetior sad @dkyla a;kleny:lh I aﬂ{wﬂyb r epeetaadkydn dycdc‘cilkiylelklyb rand ghioalkyl

pOI'thl’f(Sﬁfgqc:: BHT?%E {r'ﬁ st1 th.lyl élgllng)rrel: grc)u S g céi)epe:n ent Y selectgc? 15rbm 0xo, "

halo geg ' @}béﬁl) qhes Mhﬁ%ﬂéﬁ@'tﬁy'ln cgﬁucgr@ﬁi@hoxfl q}lﬂhbﬂoﬁ{éfh/cl)éﬂ anvllazido;

des_ i ncl udi ng, but not limted to, trimethylsily
[001556hl orllﬁeIS(PNé‘BSil(Bl’)IOI(@)C@IﬂH@l of ormat es such as al kyl

hl or af or byt I el
[00156jhI oro o?@ - Sareg prhd%}%yqdenﬁ )i X#og&l? t? f?loporrﬂ%flﬁ) -GR® élr—& 10 alkyl,
C,-Codhlrbiky] @zodi ey haxyd;at 1@Scyﬁld>©.fkyﬁ803-6w cymallkylmﬂ(?k?@rylp arylalkyl,
di et hyl azodi car boxyl ate (DEAD), which is typically
heteroggb@e%éfpa@dﬁkwhb@qemqym’{19,1 @tifﬁ%bﬂﬁlﬁél reagent such as,

[0015@Ut nog, g é:HdtlgdtOE@[heIP Ritk the foRNE vATRPHYER attach& form a 4 to 10

ctiva |ng agen
membered heteroaryl or heterocychc ring, wherein said heteroaryl and heterocyclic rings are

optionally substituted with one or more ‘groups independently selected from halogen,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and OR®;
[00158] R® is hydrogen, C;-Cig alkyl, C-Cjo alkenyl, aryl or arylalkyl, wherein said
alkyl, alkenyl, aryl and arylalkyl are.optionally substituted with one or more groups
independently selected from OH, -O-(Cy-Cjp-alkyl) and -O-(C,-Cio-alkenyl);
[00159] R is hydrogen, C;-Cio alkyl, C3-Cyjo cycloalkylalkyl, arylalkyl,
heteroarylalkyl or heterocyclylalkyl, wherein said alkyl, cycloalkylalkyl, arylalkyl,
heteroarylalkyl and heteroc?clylalkyl portions are optionally substituted with one or more
groups independently selected from halogen, hydroxyl, cyano, nitro, azido, C;-C4 alkyl, C»-
C4 alkenyl, C,-Cy alkyhyl, C3-Cg cycloalkyl, C3-Cg heterocycloalkyl, -NR°R” and -OR®; and
[00160] R'? and R™ are independenﬂy selected from hydrogen, C;-Cyq alkyl, C2-Cyo
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is trimethylsilyl chloride. [00182] Exanples of

reagents that contain or generate ammonia include, but
wae@7naisti mted to, NH3 and NHACOH. Exanpl es oPCPUBI0A6/§24084

and secondary am nes suitable for purposes of this

atkenyl, CEERD WP o eSOt Nl il T B BRAIREE heteroary

andhet@;)@&lyg)dneﬂ of pri mary and secondary am nes include, but

re not tqubto met hyl am ne, benzyl am ne
[00161]d. benzcgnRam Rl tpgﬁftb%w@ thgiasgm ¢ Akethay are attached form a 4 to

10 menfEXAELI B w@&f}g{q or BXRERL A%, G r eagent s that

gr éup can subseque tIy be converted
[00162] nt 0 AMethodsrier pmpehmgeN 3ﬁ1ﬂhzm1éazmd)¢ cdmpaundsiof the gedgral Formulas

tal ., am de suha of assi and |ithium
1a-1, Ta3g et 853 T3, c3i BF o Trdioc b uel i s eshocy RARLy Mgthods
1-4, arcBRBRAIA FoFurdyM- dere%%'éw@}#; E1HdSrS HEJR1iBSd b&lBY, Mthbd Bide&Sibes the
to, hydroxyl am nes and drazines, (3) nitrogen

synthesjsfe|theoDhi b@r@nhlalwqigd@rn@tmmmmem ampledeln Mis a

[00163];"et al Iy Heu%s '\Iﬁddlmmil’[g't%f g;?ﬁ’tho% ?5 '% 'is -E? éﬁ‘ngﬁet lIn certain

Iam es suc

embodlfﬂen&) RE i ot hyd R 21 |1$/H) dn cdftainsedsbddiments, R is C;-Cyo alkyl optionally
rinmethylsilyl)am de or potassiu

substitfegh 4 1 n%t(ﬁypsﬂilvi))odnpdgfl“@waﬂfﬂn&s) bt conginagmbodiments, R is -
| 1 t @g de (NaN3
(CHo)- Ug{;as Sﬁwagérue%{b%? [h?érscé er;% % u zggH ?i: Ng)( >
[00164] [00133] ceTlai binsbogimherds | o Methoﬂs oh5cah e GRORGr mell certain
t | udi
embocispfrlé: Xt Poafiof o RPrEgn SFERE R athas Mt di oxane,

[00165at t enpekabir esbbdERBHRI of MBILdd 1G5t %5200 Hafe geﬂn In particular
certain enbodi nents the reaction is performe

embOdl@Ie@VaKetFEerrperatures in the range of about 50 and 100

[00166]OC q}?(‘ﬁ%ﬂ{%} f(fcf? efits %M&%‘oc{sqr 1681%% %E%Lorglngc?g%lq and X° is

of For npri ses reac g a‘co

halogeanim wthea ehibovidrﬁdht@rﬁ?ollIaﬂﬂmlhﬂdrcﬁxtadﬁerﬁbocﬁméﬁlﬁpﬁf & BF.€ In certain
nd 100 0OC, gargl cul.ar between 80 and 90

5
embOdl’@@ntS[ ggﬁ?égl} %%\ﬁ%‘far‘l’é?mé%jalﬁﬁfln Jf 151088t hod for preparing
[00167]""I ngﬂp'e'%lﬁ’ endBREIRMNE M Méth(gcstTnSaRG@'fg)@lr' @1'0 g%yl:orlﬂlﬂaﬁlcular

rises reacting, for exanplé&, a conp
embodlmgmﬁuRa i§ methyl.
[00168] In other embodiments of Methods 1-5, R? and R?® are hydrogen.
[00169] In certain embodiments, Methods 1-5 provide methods of preparing
compounds of Ta-1, Ia-2, Ib-1, Ib-2 and Ye-1 wherein Z is -C(=0)NR°R’, X° is halogen, X!
and X? are H or halogen, and R'? is C{-Co alkyl. In certain embodiments, R® is OR®, R7 is H,
X is F, X* is Cl, and RY is methyl. In particular embodiments, Z is -C(=O)NH-
(CH,CH,OH), X° is F, X*is Cl, and R' is methyl.
[00170] In certain embodiments, Methods 1-5 provide methods of preparing
compounds of Ia-1, Ia-2, Ib-1, Ib-2 and c-1 wherein Z is COOR', X° is halogen, X' and X?
are H or halogen, and R s Ci-Cyp alkyl. In certain embodiments, R'is C;-Cyp alkyl, X’ isF,
X? is Cl, and R'? is methyl. In particular embodiments, Z is COOCH,, X® is F, X% is Cl, and
R is methyl.
[00171] Method 1: One einbodiment. of the present invention provides a method,
referred to herein as Method 1 and shown schematically in Figure 1, for preparing

26



wherein Z = CO2H, and X3 and X4 = F, wth excess
anmoni um hydr oxi de solution in Nmethyl pyrrolidine at
wapoogloaaiat ed tenperature, for exanpl e bet ween BOF/882005/024084
in a sealed reactor, under a slight pressure of
compouAdS B Romulfadia- BX@d1Bke sPhrthethantermedipesvi de conpound _
Formula VI-Il wherein Z = CO2H, R = H and R2za = Hin
hi gh yield. [00185] Thi sTi nvahtion @al so provides
conpounds of Formulas VAl 1 _and A( 2 and salts and
sol vates thereof, wherle ;] R2 and R2a are as
defined herein. Lp so r@ ' of conpounds of
Formula VI-11 an& VIN12, or - C(=0) NR6RY.
In certain enbodi msnt\s:: is -OR8 and R7 is H 1In
particul ar enbodi nents, R8 is -(CH2)2-OH 1In sone
embodi ments, X5 is hal ogé-11n particul ar embodi ments,

X5 is E _ln s L. [ 0 2 P fined
o el GG RN B AR G T g
herein, 8id Ms—-C2=0F0RheO=EMR'RY, @M, 4(e@)Meorconpound of

For mul a \1/2I la-1 [00187] wherein X5, R2, R2a and Z are

as defi Redgtwerei n, ‘wherein when A of said conpound of

For w:ﬁl){- Il or Formula VI-12 is -NH benzyl, -NHORL,

-NHNHRT, wr N3, then R2 and R2a of the conpound of

For nulia \}I'Na-l are hydrogen. [00188] The reduction

step fmﬁe performed utilizing reaction conditions

and reagents well known to those skilled in the art. .

[00173]Exanpl es of suidrabimeistptthadeanf be trapsfoehed) inin ayoprst PE said Z
itro groyp inclu but. are, not. | i.ndt t .

eroups, o &Grin o e FaRBPE R s fics tehn fertpstopmed into

the defiRdi0Z @RAYPIRIrbGoH BRdbIyos Snclide! Butsipe asf liaitek aiypithsestefs having the
di ssql ving netal reductions include the use of a netal

formulaj G{OR 'suaAndaseialsdvipgribe fpmaule GE{QR 02-condi ti ons.
(0017417 TEMERe SbedTBh BT 1pbaY SokBfisid ARPHKEDS BBRBlnd havige the
Formul$Hn. Sui tabl e sol vent systens include water and/or
organi ¢ sol vents such as,, but not limted to,
al cohol s, carboxylic acids, ethers or a m xture of
t hese. For exanple, in
Formula VI-Il or VI-12
of Formula VIla-I

[00175] wherein X° and X* are independently F, Cl, Br, I, or a sulfonate ester such as,
but not limited to, trifluoromethanesulfonate, methanesulfonate, benzenesulfonate or p-

toluenesulfonate, and X° and Z are as defined herein, to provide a compound of Formula II

Z
x3
OzN ooxs
X4
II
[00176] wherein X3, X* and X’ are as defined herein. In one embodiment of a
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usi ng zinc powder and concentrated HO in a m xture of
nmet hanol and water, at tenperatures between 0-100 0C,
woreeog/0oaipt cal |y at 50-70 C. Catal ytic hydr ogenBCT/O8R06/024084
can be performed with hydrogen in the presence of a
I 3 abl e sol vent system under
Compmhn% ?goglﬁﬁl?fl%%&égaﬁﬁawﬁ 20 atm H2) typically at
[00177]: errpeNattralroﬁScemm)n&endlﬁoﬂQ@v}ﬁbh Saividblmewretodhossaskilledgn ghe art,

ca ncy g 2 S SRS P AR S o M cing agen
such a§éHnE&Q}a?eds§%ﬂlfﬁﬁ6tacﬁN St &S ahiptd, 4l ®ne BHbodingennat2, 8 uriihadbenzoic
al cohol's (e.g., nethanol, ethanol, i sopr anol

can be ‘acaé@d mth(fmrmngelstwrasld(le 15 S04de Ryavidecied.Adeyihale -éttwé’?%zow acid,

ed so n udi ng aqueous
such asr?l %«? &1;1%%018;-mgﬂf>§enngcnar%c§| | Bigh 3’2&41 hydr ogenat i ons.
[oo178fat al yhé CchuﬁgeﬂﬁtHd@mulAﬁSI fraem ohntdergoes peartis- amimtlbly reaction
effective for the conversi,on %ﬂ %nd %f Far nu
compr oo s g oSS AR R B R coving
group @@egrmﬁﬂhg%gtsulf&{a% éﬁ&?})ﬁ% dcﬁ' PRS- thAURo bR WREN @R aromatic ring

tive d convenient catal yst, providing a
is a matiosdowel dnodvn \th lthe hrtffmeﬁleflntmdlccapb@ﬁ aneegmldg royminto an aromatic

ring. Iy i}ﬂtcggere ég?%%he {n{lp_hzlgaggg ng&JBF gf poesﬁboglalo tho- and para- to
the n1t1B tb@$ LabS Wkl Qﬂ aOdingaplassiasiet euirchld Gorbﬁtlons Examples of
ective. The reaction can be carried out in_a rang

bis- ammﬁtI@thaml dlusisated hezsin oy Methodtlupe vorll aetgihed ?arbelov\HF More
£ ot h e n

specifioy oEhiRpp doofielto & pERBAIAE, ALTCRAGHCIY R lrected optionally

elevate@fidBgdritures vith foheort moTRaiqatvaleatsvafsi)tayeh gk that b@tttmimse nr generates
20-80C. [00189] Thiis invention further pr.ovid

ammorgifba RESNY OF GFRIFEVATHAS PUIR a0t SORRHC B PRGiD) a reagent

that d%%fsegfglpﬁ? rtﬁétnch Zﬁzﬁ E@ltl?nge Réavated afto daf hpgsk to provide a

nts conmpounds of Fornul a
compthd af Hormald ‘gl—lcﬁlﬁﬂﬁlmﬂ is NR:B)ZNRBRTd compeind: efifiprmula IT is treated
with GEBOE TR SRS el bt BB HhRfpuggancor
pressuﬂesto Bﬁvﬁ&%oﬂﬂbuﬂébﬂ@ﬁﬁ@ﬁ Vanoghdreint s 151‘2(35 is F. In

her enbodi nents, R2 and R2a are hydrogen. [00190]
Wth conti nued reference t® Figure 1, the conpound of
Formula VlIla-1 can A

OyN X5
| A

VE-11: A=NR?R*

VI-12: A=N;
[00179] wherein X°, R? and Z are as defined herein, and R* is hydrogen, C;-Cyo alkyl,
C,-Cy alkenyl, C,-Cyo alkynyl, benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, -CORS,
-C(0)OR®,-C(O)NR®R’, -OR', or -NHR', wherein said alkyl, alkenyl, alkynyl, benzyl, allyl,
or arylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, C;-Cy4 alkyl, C-C4 alkenyl and C,-C4 alkynyl. In certain
embodiments, R* is a nitrogen protecting group such as hydrogen, substituted or

unsubstituted benzyl, allyl or -C(O)OR®. In a particular embodiment, R* is hydrogen.
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be cyclized to the benzim dazol e derivative

represented by Fornmula VIlla-1 when R2a of said
wa@orpooid? of Forrmula Vila-1 is hydrogen. VI | a-PCT/082004/§24084

The cyclization step to provide the benzim dazole core

[00180$t I UCtIHlaEpagiddlReniRdiméiied Meths€ V¥ ethalconpytnd SHESmaga II, where
any one of Methods A-E as described herein. [00192]

Z is CROFb gsnovidgisg Merskrricaiien ob Msodrateuind=a hitpBingfipn 4o one step.
. . f s .
s o 08 SRLN B BESR oMM 05, 772 OB, v
compoﬁ@dﬂ@ﬁlﬁﬁhﬁﬂ@ﬁi@ﬂ mhbiVRI' 1ia-0,;CE aIISleEﬁR)haﬂy in the presence of an

R NI I T STk e

d fofC 0 VI fa. 3% 1
i STy SRS OISy Vo, 53 i

ammonmmhlwdromche sotip aepttm@mrmrﬂesomial)c@mpmm’qhm thn %mmaélc amine to

provids's spopipd Gk B AP b R dh BB RO EFFLMEs L, A R and

R?® areMslde@indd hdf@nand R2a are hydrogen. | n ot her
enbodi ments, R10 is nethyl. [00191%/ Wen R2a is
2

[00181ﬂ1ydr odermpleseofasHpaingcasnisHas lnde. Huypre aat lingikgq 19 (2) mineral and
orgamcd 'aﬁﬁgt k ,%Q%éur%ga%%l% ofcggfﬁgﬂﬂ%‘ﬁf aﬁ)%g(glﬁ%( @mham{o Qﬁ a01d chloride

ever a s ar nown
1nclud1|ng1 Ghuatnﬂt elithtied tthe hplogpaataigi agerdd sdclarasl Sm(]i;esarb(,COCI)z, alkyl

etoro ik ST T e IRk ST UL ERS 35 i 0
carbod IHEAROPHRLIuim Al BBtHoE BRSH T tIt IIRFSI0RBEY16rBREInkideN (DCC); (d)
metal catal yZed processes are particularly conmmon

trlalkybdmbﬂlah@snmlmqg, %\mwelnmltcdwée,etran@thﬂeﬂxl tldoridx aMsbBED; (e)

effici nt t ransi rretal atal (o | i-n
chlorofBifies ST ko ARPOPRETOMENG ocascPREl BN and anv
chloroﬁ)hiﬂﬁafeb t(ghagl Icﬁlob&bhnéitbﬁgaﬁmd & didkjlhsdiasixiybites such as, but not

npounds of Fornula la-1. In addition, very few of

11m1tedt ’m;) déeéhygpgpglt@rhopfgkatqq@@géewhw@ﬁérty@galiynus(eﬁem conjunction with a
phosp 1h§ )ge; géég 8 bﬁ’t Q4R iteddo rlgl"flﬁt IRBnd @ﬁlﬂ’&ﬁﬁleﬁt élée Etl(i'tllé/atlng agent

enzené a an aronati'c am ne to provi
is tnmethy]lsrlﬁld;hpnmlduct | n high yield. However, part| cul ar

[0()182@at a:TpéWgﬁ %P%\{;@éﬁ %gmé%g@t é%]lrerea?q,] gr%%les){ﬁx?ﬁ L hglde gut are not
limited to, NH3 and NH,OH. Examples of primary and secondary amines suitable for
purposes of this invention 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, benzylémine, dibenzylamine, allylamine, diallylamine and
hexamethyldisilazane. Examples of 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 such as, but not limited to, hydroxylamines and hydrazines, (3) nitrogen
nucleophiles having the Formula MNR?R* wherein M is a metal such as Na, K, Li, Cs, Mg
or Al, and (4) metal silylamides such as lithium (bis)(trimethylsilyl)amide, sodium
(bis)(trimethylsilyl)amide or potassium (bis)(trimethylsilyl)amide. Examples of metal azides
include, but are not limited to, sodium azide (NaNj3), potassium azide (KNj3) and lithium azide
(LiN3). '
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of compounds of Formula Villa-1 with aryl halides.
[00194] More specifically, one enbodi nent for the
w@e@parAasi on of conpounds of Formula la-1, as BEDWA20061024084
Figure 1, conprises a coupling reaction between a
[00183]30n'p0q11’1€ Bik-ahhdfeharc¥ttdrachn Bahpéormdd2tn iafly fsyldﬁlcigecrrgamc or

an aryl halide in the presence of a sujtab 'Bﬁ
aqueouﬁeﬁtoarenbaméhld@ﬁ by oot dimitesd fnREmethA nP YRR g dioxane, at
e acth h {BCreacti
o BTl AT 5 g HEotn

perfornﬂiﬂl%t%ﬁeﬂaﬁadl—“temﬁbnahﬂs 1n|the rmé)b@léﬁoutaﬂ(kgﬂd =11} ‘f(bn@me example of a

sul f onat e, a ul
methodgfor RETCRIZ: SR F VEADBOY bt BB 7 § fepound of
Formulg 3% V\Iltlﬂeanﬁﬁ&%{n%yh%&&ﬁﬂt al temﬁ@lra’ﬁﬁi Bet@l@l@:ﬁ)go Hﬁdl”é@O °gl 1r1I Farticular
, , - al kyl , , Br, or I,
betweearSd a)(& 9D§CF CI Br or | . In certai n enbodi nent s,
is Br

[00184Lnb0d|4@ﬁ§e%ee§§tgr%hag ﬁ?o%lgleﬂfﬂqg%ﬂoag% cgl &F o%{glgg.\ grﬁfteﬁ ula VI-l

from a doRpeR @ Fhub Hicogpbienizenaingaforfeatmgle!  ctr@paund of Formula II,
effective and_regiosel ective partner for Q&BCOU I

whereip dattG @i #ndt Ke aBd v eT §i SHithorXcetnpBirainy K159 butidn in N-
methyl |3Jrllo§‘1d01}e X %’f@ngz{f &ﬁﬁ{) F% IQI:) %enze r#ée HYRRERi80- StOhQI | @dP sealed

I's sel ect’ively
reactord tuﬁ@éraa: 3tht$pmeksalbd ef laamecml&i affor wemlph? Difebarotpiprergde compound

C s of _t hi v;en ncl re not
Fomullae‘ﬁﬁi ]iﬁ’m{zzroéféé ‘th% Hﬂﬁihg Wﬁes such as
[00185 ZCOBrmMQQﬁnorQﬁl%@@%@w&a%lmnB@@E Burmane VL paahdE VI-12 and
ases such as triethyl alﬁ Abl&ISwta bl e solvents for the
e

salts amb@«pllvaﬂﬁg theraeft |V61¢rq1m<Zl, i and & nere a9 fefined hesein. In some
oo ST BE GT DUSHALBeoR, LBOR

certain G@tHIirEts, FECik I—©R8 bR RUGELT. bhjtpaﬁfcalam@tnbbdlmmesdms@s ~(CH,),-OH.
or ganonget al | i c; catal ysts. The phrase organon§; al IF|
I

In SOHtf‘aFﬁllb?%]tmenFﬁea?ﬁs I hélé?s%n ystt BHHEHPE cHPOFIRESl Xad Fa
embodﬁﬁe{qﬁ{]b dnﬁe%ﬁﬂgs 0 %I—Qi AgiREg, include, but are
no t

di um copper,” nickel, and o
[00186;])| at i rithwa cérﬂnpomrdebﬁrﬁoexﬂulal ydrlds of oVI-dappethen netugtd to provide

[, ng heteroatons such as oxygen, sulfur,
CompoH?$P€%@ kfﬁ%gphor ous. Ligands cont ai ni ng

an In some

Z
. NRZRZa
HoN X5
NRZRZa
' VIla-1
[00187] wherein XS, Rz, R* and Z are as defined herein, wherein when A of said

compound of Formula VI-11 or Formula VI-12 is -NH-benzyl, -NHOR', -NHNHR', or N3,
then R* and R of the compound of Formﬁia VIIa-1 are hydrogen.

[00188] The reduction step can be performed utilizing reaction conditions and reagents
well known to those skilled inAthe art. Examples of suitable methods for reducing an
aromatic nitro group include, bﬁt are not limited to, dissolving metal reductions, catalytic

hydrogenations, and enzymatic reactions. More specific examples of dissolving metal
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oxygen groups are generally inexpensive and readily
avai |l abl e, and ethylene glycol is a particul ar exanple
w@Roog/oeasveni ent ligand that is effective in tP€I/US2006/024084
process. For palladium catal.yzed coupling reactions,
recuoti GAUARNNGe b OBLE SR T IS MV LIRS S, Fdmples
of metaﬂmﬂabk&s&)h drssaolgmgupstab:redmt@npmm bet ge awop hﬁmdd a0, Zn, Fe and

econd, het eroat omrcqnt ai ni n rou e been shomn
Sn. Sujable rplyent Ystens s 8@%&% Bk Orgagtacn%ﬁw%waés Bl&hnot limited

to, alco%l@ Afoxlliokéias ettl%rs HPEMRAGS AMtks&arRRBS ple, in one embodiment a
['ustrative exanpl es of suitable organopal [ adi um

compoumltcdl Kosmald W& ldow, Vb2 can be n@nvertpwcv e@omgumil eORelpula VIIa-1
nd h
using z?lag rPto%(/ﬁnrt Qnd%&?egﬁ[%%fﬁﬁb 1%@1)8]%& ot}orﬁet}uiln i(a &n\x)a?er e{%(’tiemperatures

betweet OLI0BKICS (hdre np@eaal;phmpm PE) ,Caadl 1@ﬁifdlragéﬁamibns can be performed
di chl ori de[ bi s(di phenyl phosphi no)ferrocene]. OQh
with hygrogan apHieIPaeichrs elr melpseajalyytdn RisBURble solueHEystee Wlé@rrkydrogen

(or o T AL R G B PARPE BHRB8T RG] puitBle metal

catalysts 9@Quse B edtelytie dhydmipeatayiohs ilichxdb,dtdﬁ arcomist [amieedniot Pd,iPj Rieand Ni.

ExamplgS i HRBEICGR NSBLENSHfOL o ] BGIERT TERISOAT Ao gnanethanol,

ethanoles@ﬁl%Pﬁnd \]“é@&‘id 8d CARRE (SES eth§T hdbrdteNDaril @cﬁ&ﬁgé‘@d TefF). Mixed
Formu |, wherein a i s hydrogen,

solventh dnejuding saieaus eeixbeesasn elsp romatandnesddnfor hgdioeerstions Gatalytic
hydrog%aﬁgﬁ %va\étfloun nt IGUF.%& e%):tWe %@rntth %§§Ve§§1§%§ a compound of

cess am)u ase SsucC

Formulé\MItlhedr LD ﬂitaanbn@ﬁ)uﬁmef PoreBANVIIaY.e i b erBBOMIESE platinum
refluxin a conpound of Formula Vlilla-1, wherein R2a

oxide wag foungrtg eAfvative mrd erraement et et Mevidire sonpoynd @f ¥ 1la-1
free frdyflchiBfn Qésff&tfencﬁl Qﬁotﬁepéﬁﬁddgﬁ]gﬁéuﬁfmg Phs B4 fy@ffenation

oS In the presence o
catalystpaﬂni&@hﬂmubﬂtﬁmmddﬁntntolﬁallaﬂmnprsemedl o eatioanwas found to be
ound of Farmula VLI a-|

effectivgggg{e:r?gcts‘aé)ge%é: ngveaﬁlz%cﬁg t(lg agzange 0? organic solvents, ang admfaxture of
methandt &l PHP-asl AP E@B@B%Zéﬁ%):u@é ikl EGTRATAE. Ufﬁdﬁ%&ﬂ"ﬁ?é@sure in a

40 - 140 OC in anisole in the presence of a caftalytic
range befifsen £- .fbapaas dbagtyeand tb@nmpm@ua Ll asrp@lloféa@gvmﬁ@rﬁwc

o, 2 80,8 Ay 38R KRSLB T e
solvated thateolianerdieen X°, R* and R* are as defined herein. In some embodiments of
compounds of Formula VIla-1, Z is -COORI or -C(=0)NR®R’. In certain embodiments, R®
isOR®andR7isH. In particular embodiments, R%is -(CH2),-OH. In some embodiments, )
is halogen. In particular embodiments, X° is F. In other embodiments, R*> and R* are
hydrogen.

[00190] With continued reference to Figure 1, the compound of Formula VIIa-1 can
be cyclized to the benzimidazole derivative represented by Formula VIIIa-1 when R* of said

compound of Formula VIIa-1 is hydrogen.
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eval uated for the netal -catal yzed coupling reaction of
the present invention. Figure 5 illustrates several
wo p@anaaseval uated i n organonetal | i ¢ coupling PERUS10061624084

to convert conpounds of Formula Vlilla-1 to conmpound of

Formula la-1, and the chemzal nanes for the |igands

are provi ded in Table 2. Table 1 59%1?99] In one

enbodi nent a Pd scavenger, Rop~ exanple Silicycle

Siliabond Si- Thiourea cs used to reduce the Pd

content of the conpoen e by the process of

the invention. [00200] W ternatively, the

net al - catal yzed couplin ction can be carried out

usi ng a copper catal yst ‘ﬁﬁﬁi . Y. Kwong, A. Klapars

and SX. Buchwal d, . Organic ers 2002, 4, 581-584).
[00191Fxanp| Hs Of'clﬁbjﬂldirﬁh’[e@ tm@p@ndéo&l&edaamﬁmiaystesomacd;tuﬂﬁne can be

but,are not limtedt t.h n one
perfoneaﬂia%ﬁeﬁgﬁkwaxwl obY BRE PLVERIATF S0F GBI bihborel.
[00192?I COhOAl'sG ﬁ%lﬂ@@theréﬂcﬂe a@oﬂﬁ%ﬂﬂ@%”@érnﬂla &Iﬁlﬂ-i‘néﬂd’ salts and

a sinple ch e dIO| catal yst, such

solvamtthglb@ﬁvehgm&alx [Rg 12]nd|R1 are 2 dafimad thexedn. éntsomermho,dlments

of Comfpwfsh%’fpﬁ BBV ey B ORp sl b RoR el fmens,

¢ is gr'ogRad BW. d]Janﬁ@iﬁchiCeJnﬁQﬂhhéﬂt@ Rfi i§ PIGECBHL | In some embodiments
optionally in the presence of a base such as a |ithium

of comppugds ohFommylp Y Ikarbi Bhtis G- e edneapetle gpbodiments, R’ is
methyl[ 0Q2Q8)eM&hBY (ﬁm%ntsl oF X&ég@lﬂﬂts E&gﬂﬁ&"\!’ﬁfﬁ -1, t}da is halogen. In

resent invention provi referred t
partchﬂmrmbmdaﬁeﬂW,tXfoﬂ 2, Infsomepimetpalimengs o6 nmnpmdsisoff H%mmulal ¥Yllla-1,

the| ntheti ¢ interpedi la-2 [00203]
R andgf Rl g ot et fenedt Sereln w1 ko, Rab,
[00193f1, X2wagad R janeddgerdahb rb%ﬁlp@ﬁﬁ@ o Fol\fﬁﬁﬁodlﬁa-lat?an be directly

illustrated in Figure 2, follows the diam nation route
converged tispmpdurt, ofdiiarmutahia-kaedemingn Figae 1t ﬁevezalgn@thpds are known in

d
the e REE e it P MR S TPutS b P FBine wih «
halobe@gensh@eg) fir Ek@upl, 2CT MeublicgicduMNo. WO 02/083622).  Nucleophilic

aromatic substitutions and transition metal catalyzed processes are particularly common

coupling methods. However, there are very few examples of efficient transition metal
catalyzed coupling processes that provide diarylamines that are highly substituted in both
rings, as is the case for compounds of Formula Ia-1. In addition, very few of the catalysts
that have been reported in the literature for a coupling reaction between a trihalobenzene and
an aromatic amine to provide the desired product‘in high yield. However, particular catalyst
systems have been identified herein that can be emiployed to give high yields for the coupling
of compounds of Formula VIIIa-1 with aryl halides.

[00194] More speciﬁcally, one embodiment for the preparation of compounds of
Formula Ia-1, as shown in Figure 1, comprises a coupling reaction between a compound of
Formula VIIIa-1, wherein R* is hydrogen, and an aryl halide in the presence of a suitable
metal-based catalyst and a base in an appropriate solvent. In one embodiment, the aryl halide

has the Formula
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of a conpound of Formula VI-1| or VI-12 (prepared as

described in Method 1) VI-11: A = NRZR2a VI-12: A = N3
wQ 0@20dj15Tan be converted to the correspondi ngPEBUS2006/024084

derivative represented by Fornula Va-1l or Va-12

Va-11: A = NRZR2a Va-12: A = N@ [00205] wherein R1,

R2, R2a and X5 are as

compound of Forrmula VI-II “12 with a compound

having the fornmul a RLCH, ally in the presence of

an activating agent that ac g gtes said Z group

towards reaction with the conﬁ%und of formJIa R1CH,
[00195y\herelvme!f€ml>s‘ asl ﬁéfaim@ﬂdmteal Iereixamdpk e Bf CL, Br, I, -OSO,CF;,

activating agents .suitabl g Uy es_of this
alkyl spkiomsate,idsr Suhenggealkpaty] éfllé”owé%» AR 3¢l -BE: Of HI(R)z. In another

\ | bove for l\/bt hod 1, including
embOd?ﬁ%dtrﬁﬁ%é alﬂg1 g{agﬁﬂga%@%ggl ds; (b) reagents capabl e of
converting a carboxyljc
i ncluding, but not Iim ed‘
(c) carbodiimdes; (d) ({trialkylsilyl halides; (e)
chl orof ormat es and (f) kytsazodi car boxyl at es al one
or together with a phogbhine reagent. [00206]
o] Va-r11z2 verde
[00196?0”121 gg%%%é&% gﬁx%pﬁig{oe?iﬁsu %# (‘%‘P%r &1 ?{ngszgl g 5 AP él B orl,
and X6t1hﬁt CHé&xscorIbeth aelntaibbdﬂnlmﬂmlentk/,bxltﬂséhem deirianl drybodaments X, is ClL

ovvnl ure een‘ooment for.the o
In ang era @Bﬂ%gﬁ‘% Xg Fét nmda Va-l| agPafEulas €g 8 ‘EBmmo 2-
chloroiBfiobeRERd Rad Budd Q@'E'Qrahse%fecn{/é) Qﬁ)@ ?&flﬁeﬁecﬁ@e‘jﬁ&’tﬂw f&aih@ coupling
compound of Formula Va- I rovid

reactiog @nﬁ@m@dvcrfsloﬁ@f pemhpovwds @f EvrmalaZ’ Bboep @xsyomm;més af Farmula Ia-1,
wherelgztg? 1%d% %roup o? AhHnf. cﬁformggobe%rzeeﬂenls se[‘ectlx\m% rd?spﬁ]acmﬁegultable

bases for use in the coupling reactions of this invention include, but are not limited to, Group
I and Group II metal bases such as Na;CO;, K3CO3, Cs;CO3, NaOH and NaOtBu, and

organic bases such as triethylamine. Suitable solvents for the coupling reaction include, but

herel n, by reacting a

d into an acid chloride
o, hal ogenati ng agents;

are not limited to, toluene; anisole, 2-methyltetrahydrofuran and dioxane.

[00197] Suitable metal-based catalysts for this coupling reaction include, but are not
limited to, organometallic catalysts. The phrase "organometallic catalyst" means a catalyst
comprising a metal and an organic ligand. Examples of metals include, but are not limited to,
palladium, copper, nickél, and platinum. The preferred ligands for copper include those
containing heteroatoms such as oxygen, sulfur, nitrogen or phosphorous. Ligands containing
oxygen groups are generally inexpensive and readily available, and ethylene glycol is a
particular example of a convenient ligand that is effective in the process. For palladium
catalyzed coupling reactions, phosphine ligands have been shown to be effective, and in
certain cases bidentate ligands containing either two phosphine groups or one phosphine
group and a second heteroatom-containing group have been shown to be effective. Examples
of such ligands include, but are not limited to, DPE-phos and Xantphos. Illustrative
examples of suitable organopalladium cataljsts include, but are not limited to, Pd(OAc), and
Xantphos, Pd(OAc), and DPE-phos, Pdy(dba); and Xantphos, Pdy(dba); and DPE-phos,
palladium tetrakis(triphenylphosphine), and palladium dichloride
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conmpound of Formula Va-Il or Va-12 is -NH benzyl,

-NHOR 1, -NHNHR1 or N3, then R2 and R2a of Fornul a
w/dogo@21aT e hydrogen; [00209] (ii) when R2a i SPCT/US2006/024084

hydr ogen, cyclizing said conpound of Fornmula Vlila-2

[bls(dqbl’;‘elnPE)hHﬁiHﬁQgﬁerﬁié@ﬁb] a0theP bfgal@Pallatifiint Btallydts aB¥nSRE a8 may be
i zati on Met hods A-E descri bed herein, to rOV|de a

found @b@@@mh@he@ﬁlvrfo@mm& Tnapstarmatiqpe 21] edun by eﬁlﬁh@d C.RLarock, VCH
PubhlexsZaI)n Mﬁg%\;]gY 1)§|99r eP%‘cferge%f 'cﬁglg'sgefngiula? gﬁ]td a.leoggtlilllmted to,
Pd(OAanznmlﬂ’diecﬂmbge i e@hﬁﬁmioﬁdwb&l E&ahtphba c)tl |DP&E~ﬁhom t hAapart1cular
nd having the Formula | §212 wher ei n X% ns
embodigpeil f Uik e R BYPPER éPWP“é"ﬁt iegh%iney: eanprand @t cgpula Vlla-1,
wherelﬁ‘ |I@2“51§ qﬁi'dl;o%@'ﬁeﬁﬁﬁ Yrig & RchsBREd OB eHe iif tBlﬂ@nepfneﬁﬁnﬁ%séHce of a
base, (i11) in the presence of a netal -based
catalyt@aamlyﬁtof d}dﬂOAcbaé(@ntmgs pmdvandgmsm anearpdunsiiable base such as
C:COL T sERRUI Ty SE e CpSsB RGP Sy Qe o Sompound of
Formuﬁﬁ‘?ﬂ%-ﬂeﬁﬂl@relﬁ@\ 11§ HgtirogkA, HArd BAlP-saPRGtedBBi&ne ¥ tdlgene in the
I'n anot her embodi ment, X6 is iodo. In a particul ar

presen%éfoad%ﬁfémlc appBntcd R AL end BSEmDhes w1ty Bresenics of 8 geiiakde base.
A partl%n%p d[!nnecﬂi{rghg Epfh% >P %h@;@g&gﬁ)g%gﬁn glg%s dlgeggﬁé'%]cpx:ng grﬂfof Formula

VIIIa-d:qtnﬁcaundJstlmfethmmﬁlnaeﬂéa(elg_ 2echldda- éﬂzﬂadbbropmbémn@dt a temperature
e 28 EL Lo o, e, Lot er et at s sompound g

XantpH%@ LAY bR eMcs@ardolnft of 8 @h@dRdbask Q0S4 Céé\hdg, e Method 2 as

lustrated in Figure 2 shows the conversion of the Z
[00198¢r ouptlable t@mnmrlgwom pﬁlcmnonr@ ltgaedsp rbemraaﬂlsolrventfs that have been

oy d of For 0
evaluaEITRERE Risr CIAGR. SGintipg eacliy B i MiPeomuct R * Figure s
illustrafds gdvRrad  SRAWS @{ﬂeiluat@dleanforg?aﬁbjﬁl%&hh&f’@@ﬁhxﬂ?ﬂ%&ctﬁhs to convert
Met hod 2 for_ease of explanation. That Is, the Z group

compoprgs ¢ emieeViHa-k & coorngof Feynplei larL. duf ithgychemical names for
the ligdhd g ﬁﬁo@ﬁe&@tﬁﬁﬁ 2. [00215] Method 3: In yet another
e

nent e present invention provides a stepw se
aninatlon nmethod, referred to herein as Method 3 and
shown generally in Figure 3,
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for the preparation of conmpounds of Formula Ib and

their synthetic internediates Ib-1 [00216] and salts
wapa7sad1yat es thereof, wherein Z, X1, X2, X5, PR2buUswd6/024084

R10 are as defined herein. In general, according to

one enbodi nent of the inyggidon, a nethod for

preparing a

onpound of Formul a | b-|

aCCcor
St

ding-to

Met hod 3 con
Forlnighmd [ 002
defi ned here

Dri ses nitrati
17] whBasi n X3,

n, to provide
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ybe 54

DPE-phos

Cs,COs

Toluene

53

DPE-phos

Cs2CO3

Anisole

59

Verk B

CSzCO3

Dioxane

4

Xantphos

CSzCO3

Toluene

73

Xantphos

Cs2C04

Anisole

99

Xantphos

CsyCOs

Dioxane

79

Xantphos

Cs,CO;

Dioxane

60

Xantphos

Cs2CO3

Dioxane

70

Xantphos

CSzCO3

Dioxane

91

Xantphos

CSzCO3

Dioxane

99

Xantphos

K;3PO,

Anisole

74

Table 2

S Phos

2-dicyclohexylphosphino-2',6'-dimethoxy-1,1'-biphenyl

Cycloh_B

2-(dicyclohexylphosphino)-2'-(N,N-dimethylamino)biphenyl

‘B AB

2-di-t-butylphosphino-2'-(N,N-dimethylamino)biphenyl

‘But_ B

2-(di-t-butylphosphino)biphenyl

VerkB

2,8,9-tri-i-butyl-2,5,8,9-tetraaza-1-phosphabicyclo[3.3.3Jundecane
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converted into an am ne, under conditions that allow

sel ective displacenent of X4, to provide a conpound of
wae-eoomobAsT 11 -11, or said conpound of Fornul a |PCT/8S2006/024084

reacted with (iv) a netal azide under conditions that

e e DU L R T R T

A= N3 [OO)gﬁdiemhﬁnlade) X5, R2, R2a and Z are as

defi |"n3r~|4l'1g|J vvvvv
Rpg- Béﬁéﬁ pi Eﬁcé’élfq %& -Bisstiphegiiphogduraitst oinapbthybr

DS — o
B TV e, 7 ot

NicBeophi | | RsEPSH{S)2-(@phaylghobetins)éermicenyl|onae
ester ortho- g@’ara to anitro group in an aromatic
ring is a MEVHHEOSRINE known in the art for the

Cti 08 q0 C TTnyg.
e A T R L e R L TR

PBReplari nat be®-diplithdplpsphinoplitenyhether t 0 t he Z group

depend—on—thetype—of—nucteophiteused-in-the

nono- am nation reaction. For exanple, if a strong
[00199pucC! GQerJeeerﬁH&hrn%ﬁt laSpUS&Lver B fo?ac%thﬁfé RRYe E’feogﬁﬁgond Si-
easily at or below roomtenperature and at atr¥o eric
Thiourgs enisher ewed $¢ rguomthedtii¢anddnd of thef cantrunds predpdeid lg/ the process of
rovi de the desired nono-am nation product. Exanples

the mvg’?tloélt rong nucl eophil es include, but are not linited

[002001 0, aQuUeskSIvVAFTIRI HethBEFAIYEIJ d0ablin@rd it @dn RJa8€&d out using a
such as sadi um potassi um and |ithium am de.

copper gptabish ftep e yKwongaAwEdipasy éﬂlﬁb§|&h|31’@hW§1du§)éﬁamﬁd|€€erS 2002, 4,
581- SSHPr CE)&QQ;&&”Q{‘ Ghibee %gﬁg&r%s %Xt@ ‘53 HENRE r@ﬁtucru%sn?t %1wéted to,

and/ or "€l evate pr ess and/ or a excess ‘anount
Cul/ethylaple exdyaiol. | &n omeyerthbodiegut, tedreacti@chicaxednmm daah nkioholic solvent,

s o SRR e AR AT, LS PULBLE 10 o iyt

glycolW th a sterically bul ky group such as t-butyl. The
i ntroduction of an am no group ortho- Xo the nitro

[00201hr ou pén @@ak@satmeersmmnm thecnmuphmgmﬁ:at ccvmmte@e]ftf@dmbla VIlla-
1-12 t ve to furt

1 Wlthgg oy es(/) p}ﬁal de to aPliogé gtc%lweouagsqfte ]lsi Lg%‘ﬁltgtlo can proceed gy direct

nucleophilic dlsplacement, optionally in the presence of a base such as a lithium amide, at
either ambient or elevated temperature.l

[00202] Method 2: In yet another embodiment, the present invention provides a
method, referred to herein as Method 2, for preparing compounds of Formula Ia-2 and their

synthetic intermediates

CO,R! R2
N /X1
R10N 5 //]
O e X,
N
Ia-2 ,
[00203] and salts and solvates thereof, wherein Rl, RZ, RIO, Xl, X2 and X° are as

defined herein. Method 2, as illustrated in Figure 2, follows the diamination route of Method

1, with the exception that the Z group is converted to a -COOR! group at some point during
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the nitro group, so the reaction can be carried out

with a high level of selectivity. [00223] For exanple,
w@e@aenadlny to one enbodi nent a conpound of ForPai/aS2006/024084

H -1l can be prepared by reacting a conmpound of

the syntF%s(Ssz]yft rr‘lppe ruWEig Bf % %(5\%@{] ‘Ptr &s quq 1ge§ t?HéCiZ group

ure r “wi t hout an or gani ¢
of a congsbuaa lof Eoinhulb of II-IlVﬁdVb!{Z @Irephréd geddsaribeddn piethed Ween 0
and 7. Exanples of suitable organic co-solvents
i nclude THF, 1, 4-di oxane and N-nmethyl pyrrolidine. In
certain enbodi nents, a coppgundAof Formula H | | is
prepared by reacting a cd d of Formula I | with
excess NH CH in water at opAl enper at ure. The
aci di fication can be @Nconpish¥d by the addition of
an acid such as, but not lignted to, a dilute or
concentrated mneral acid_ or a car boxylic acid such as
acetic acid. In one enbodrﬂeH%*Afﬁgpégove descri bed
preparation of a compoundygfiFoxmiga I11-11 or 111-12
is perfornmed without isol atl on of the internediate
[00204]c onpoumdbe tanvarted tethe eotresponding estehderivative rapiésanted by Formula

gggund represented by Fornula Il is isolated.
V341 Exanples of reagents that contain or generate
arrrmnl a for preparing a compgund of Formula Il1-11 or

[11-12 include, but are hot
Exanpl es of primary and sg
purposes of this inventio
fornmul a HNR2R2a, wher €i A R?a are as defined
herein. Specific exaﬁ§1es of primary and secondary
anm nes include, but are notAlimted to methylamn ne,
benzyl am ne, dibenzylanin §15¥ ?g di al | yl am ne
and hexanet hyl di si | azane. es of reagents that
deliver a group t hat can SﬂbSkqunF&y be converted
an am ng clg Qut arg@g limted t

l'imted to, NH3 and NH4CH.
af'y ami nes suitable for
| ude am nes having the

to
00205kt o1 Sharere ot s BoHAdnd ] At PRI Br i ffpmpound of
Formulg n"fl?l &' vihhs) éarﬂﬁ edc lﬂﬂt h#8Se thergafula R2OHD rdﬂtl@ﬁél in the

moni a or am ae GQUIV ents such as, but not 'limte
presendeOof hiydaaivptingriagest tat aotidatey ismids Z g@)lp niowiarstgergaction with the

compo{r:%f %qe f%grggiﬁelgém\a/\*f}?e%m ti%q lFor degq}lre Rzﬁgﬁagl%ﬁyp ?‘F‘Iﬁvaﬁng agents
suitable 'f(gryﬂnﬁﬁl‘)s‘éﬁ%f this invention include, but are not limited to, the activating agents
listed above for Method 1, including (a) mineral and organic acids; (b) reagents capable of
converting a carboxylic acid into an acid chloride including, but not limited to, halogenating
agents; (c) carbodiimides; (d) tfialkylsilyl halides; (e) chloroformates and (f)
dialkylazodicarboxylates alone or together with a phosphine reagent.

[00206] Compounds of Formulas Va-11 and Va-12 can be converted to a compound of
Formula Ia-2 in a manner similar to that described in Method 1. More specifically, as shown
in Figure 2, one embodiment for the conversion of a cempound of Formula Va-11 or Va-12
to a compound of Formula Ia-2 comprises: ‘ ,

[00207] (i) reducing said compound of Formula Va-11 or Va-12 to provide a

compound of Formula V1Ia-2
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such as lithium (bis)(trimethylsilyl)amde, sodium
(bis)(trimethylsilyl)am de or potassium
w@ baogpx1s7 net hyl si |l yl ) am de. Exanpl es of et al PEwUSE6/024084
i nclude, but are not limted to, sodium azide (NaN3),
pot assi um azi de (KN3) anddd ghi um azide (LiN3) .
[ 00225] Thi's invention f urft her pr gvi des conmpounds  of
Fornmula 11l and salts and sql¥dt8€s thereof. In sone
enbodi ments of conpound For mula I, ZisCOOR 1 or
-C(=O NR6R7. In certajpepbodipents, R6 is -OR8 and R7
is H In particular odirrenté,RSis-(Cl—Q)Z-CH I n
some enbodi ments, X is halNgg@h. In particul ar
enbodi nents, X5 is F. In rEai n enbodi ments, Ais
-NH2. [00226] Wth continUeli“reference to Figure 3,
[00208] he Caimeedn®'OR> FOF ahdl &° hid asl defiaed hétein, 28d inefe@ohesl A of said

optionally at elevated tenperatures, with (i) a
compoprchgeRermHatV &bhoai sl bis g\%ﬁ@ﬁWés-l\Hﬁ%m é\f HR) og N3, then R®
205 4 18, € ' 1 ne other than an aromatic
and R a(% ne %l%aoﬂlﬁief&gql?g%) ent that delivers a group that
[00209¢an sl ehue Rt is helregenyerclieigisatdocommpoamni né FoompladWilad using
conpound havi ng, Fornul a Vb- 1], wherei I, S, -,NR2 .
methodydcincs, ot REGHDAALIE, B OB OB SR Ea T A TEGFTGPS ferein t
providd 4 bothpo@id k¥brdhdld eigacted with (iv) a metal azide,
optionally at elevated tenperatures, to provide a
fdeR'ein Bis N3 and Ais -
R2bR2GRMe- 12: B = N3 [ 00227]
d~R2b are as defined herein
al kyl, C2-Ci 0 al kenyl,

conmpound of Formula Vb-12

NR2R2a orN 3, Vb-11: B =

wherein Z, X5, R2, R2a, 14

and R2c is hydrogen, Cl1-

C2-Cl al kynyl, benzyP~-\e T agyl al kyl

trialkylsilyl, dialkylagyldilyl, -COR6, -C(OOR 6,

-C(ONR6R7 , -OR1L or -N , wherein said al kyl,

al kenyl, al kynyl, benzyl yyply! and arylal kyl portions

are optional Ily ;ubzstilg}ut edsvvith one or nore groups
[00210] ndeperitesinlR/, BalRERedarfd $harhab defared Heyelnognd| | G - ¢4
[00211@;‘;%’: éﬂ%é)\g@ﬂ’g ?f%@?r%%g% gc%li%lgk%%y lbénzlirrr]licﬁlzole represented by
Formula VIIIa-2 with a compound having the Formula

¢

[00212] wherein X', X* and X° are as defined herein, optionally either (i) at elevated
temperature and optionally in the presence of a base, or (ii) in the presence of a metal-based
catalyst and a base, to provide said compound of Formula Xa-2. In certain embodiments, X!,
X2 and X® are independently F, Cl, Br, or I. In certain embodiments, X! is Br. In certain
embodiments, X; is Cl. In another embodifnent, X% is iodo. Ina particular embodiment, the
compound of Formula VIIIa-2 is reacted with is 4-bromo-2-chloroiodobenzene.

[00213] In one embodiment, the synthesis of compounds of VIIIa-2 from compounds
of Formula Va-11 or Va-12 is performed without isolation of the intermediate compound
VIIa-2. In other embodiment, the intermediate compound of Formula VIIa-2 is isolated.

[00214] While Method 2 as illustrated in Figure 2 shows the conversion of the Z group
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[ 00228] According to one enbodi nent, the animation
reaction is perfornmed by reacting a conpound of

wo-omobdAsT 11 with a suitable nitrogen nucl eophPCEUSR06I024084
nmet hods well known to those skilled in the art.

to a CHOR'0g61) Skeleep Hbié}ﬁﬁatﬁﬁicif%moﬁn{oﬁﬁd BEE &?gﬁ§ (V:%‘):llt 8 ¥2a-12 from a

i nvention include, but are not limted
compquag pé Aozmelp MI-Eoer ¥I-A20it ixfierheruderstoortimt &igure &l shdivagnly one of

severagggnyéggr%#t% ﬁe&ﬁ(gdagi'\g% et%geg o#‘\l E?%%%’O&N%B%é’%%?égw can be

convefR] @NEOBRA abary meéntdiiinpeke fHotak bf Mdlidd2.met al  azi des
ncl u limted to, (NaN3), potassium azide

' dj ng, put oot _ _
[""21{1&\13) Mhi y&b irpether iembpdizeat. (the )preseat émtentioh grrovides a
stepwi ' i & t N

P D PR PR 2 SRS AP BUGO BEIGEY in Figure 3,
for theprepasaticmcbfznmpnivadsarf Famindla Tbomi visdiesynshesio ditemse didred

not limted to, hydroxyl agi nes and hydrazi nes, (3)

ni trogen nucl eophi |l es having tﬁ‘ﬁ"e For>r<‘qul a MNR2bR2c

wherein Mis a netal suchxas /Li, Cs, My or Al;

and netal silylan des s| ! >

it hi un(bis) (tri mgihyl lani d&, xsbdi um .
irTFyT) n dé or Xf)otasg)izum

(bis)(trinethyls
(bis)(trinmethylsilyl)awdg. The reaction can be
performed in any suitable organic or inorganic solvent
at tenperatures ranging fr -20 0Cto 200 C
002161y Ppi C \ L oNna.S. pe 1 ghevat edv 10
[ tT errp.e?darllltd usragg eﬁuﬁ?ﬁ%&té&{ﬂ%ﬂg?@f %g%ﬁteQB? ’agéd’ }gO%Y)Caﬂ% are as
defineghhetedr. athh yentral ewpedatguivesndembedimebDofit B%eMn, a method for

0229] For.e le, i ne enbodi t a conmpound of
prepar{f_ngr & ;\(}Bl}q pﬁﬁ%ﬂ&l?} l&-lg agcgrgbm annﬁ\ﬂggocbtﬁ ggpp@alsgﬁy nitrating a
compougdhivientheFoangampound of Formula |11 with aqueous

amoni a in an organic solvent such as, but not limted

to, tetrahydrofuran, diox@ane or N-nethyl
pyrrolidinone, at elevated temperature, for exanple,
bet ween 30 and 130 0C, as a further exanple

bet ween 55-90. 0C under ght pressure of amoni a
(for exanple between 1 t baf). [00230] The nitrb
group of the conmpound of EForrmula Vb-I11 or Vb-12 is
then reduced to provide a conpound of Fornula VIIb-I

[00217] wherein X°, X*, X° and Z are as defined herein, to provide a compound of
Formula IT
Z
X3
O,N X8
x4
il
[00218] Nitration reaction conditions are well known to those skilled in the art. For

example, in one embodiment a trihalobenzoic acid can be treated with fuming nitric acid in
H>S0y4 to provide a 2,3,4-trihalo-5-nitrobenzoic acid.
[00219] Compounds of Formula IT are then converted to compounds of Formula ITI-11

or III-12 by a stepwise amipation process. A useful discovery was that the X> and X* groups
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VIl b-1 [00231] wherein Z, R2, R2a, R2b, R2c and X5 are
as defined herein. In enbodinents of Method 3 wherein
wo@neds7 B i s N3 - NH benzyl, -NHORL or - NHNHRRCT/URI®N6/024084
NR2R2a and/ or NR2bR2c group of the conpound of Fornul a
of com[\{édﬂ?i's LedresenfNddy FRRuILAUGH bR ReRA&R if e}?@enﬂgr fI‘%f’ﬁ dthe leaving
l'1zI'ng reaction conditions ‘and reagents known
group aihdmepc&kmd:ﬂ edhbnta e aitto. gBvanpl ts @Iﬁn}mluintia(tﬂ Eommxlhdas:an be

an.aromatic ni.tro gr.oup ncl u
selectivelt 1ALl (o AREL AT ENG e B e bt HET eyl [Pptrotled
conditityd r[‘h@%hﬁﬁlh@%@)u AN cheSIMBITTRAL Aot ROGE InARS gR%p d:,@ﬁ Ghérbeddisplaced
above 0023 %hls invention further prOV|des
by a seconpawmettopbile ﬁbam@maerwntbstageah@rslaltbg synidetio rawe.e £xamples of
selectnlrf_:gs?%%%ﬁ];ae Wkgg%ﬁﬁ%%@ggregﬁgfﬂr 6$M%éﬁ%r%p\l>de dﬁpﬁ WA in Method
4, benzi m dazol e derivative represented by Fornmnul a

VITIb-IVIIIDb- 0234 rein Z, R2b, tR
002204 ; 5 M%rea@ea@% %F sbodppa éy%qnil%w&% F@r@gﬂw 1s reacted
with (D4 gg&ﬁ thA@oRGRE 'o%gﬁ?é%searﬁfﬂ'bﬁlas Gl UG &y 6f Qecl%ﬁdary amine other
pertor nmed i n several ways, such” as any one
than arcpoimatzt amimeMpt (ibpe pagenashad eddiviiseal grﬁerpeﬂhnt cz[uomlﬁﬁqluently be

i.s, i nvention . furt of For nulk )
convertpl g A it bl ffonS MY G FRTRE e Elneal o6 o provide
a compBafid bf Fbyehie gemn1 1 toh@alaezempﬁuﬂcaapmmhﬁ@ TERaBicte Bith (iv) a metal

Formula VIT1Db-1 is optionally isolated or directly

azide ungder, eprdidonsothalorin selceiverdisplaseananb of Xy tonprgvide a compound of
ion by reacting the conpound of Formula VIIIDb-I
FOImma&lﬁhﬁa compound having the formula [00237] optionally
either (i) at elevated tenpérature and optionally in
the presence of a base, or (ii) yv6n the presence of a
net al - based catal yst and $€, wherein X1, X2 and X6

are as
O,N X5
A
I1-11: A =NR*R™
III-12: A=N;s
[00221] wherein X, X°, R%, R* and Z are as defined herein. In certain embodiments,

R* is a nitrogen protecting group such as substituted or unsubstituted benzyl, allyl or
-C(O)OR®. In another embodiment, R? and/or R* is hydrogen.

[00222] Nucleophilic substitution of a halide or sulfonate ester ortho- or para- to a
nitro group in an aromatic ring is a method well known in the art for the introduction of an
amino group into an aromatic ring. The reaction conditions needed to achieve selective
mono-amination at the position para- to the Z group depend on the type of nucleophile used
in the mono-amination reaction. For example,. if a strdng nucleophile such as is used, the
reaction may proceed easily at or below room temperaturé 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, potassiﬁm and lithium amide. Alternatively, if a weak

nucleophile is used, more forcing conditions such as elevated temperatures and/or elevated
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defined herein, to provide said conpound of Fornul a

I b-1. The coupling reaction can be perforned generally
wa@sgoodesnsT bed for Method 1, using any suitabl ePCT/US2006/024084

net al - based catal yst. Suitable catal ysts include, but

pressur@r%d(rbqt ah! Egﬁte?éj drfourft OBP Ghe t}ﬂt%f‘e% g may | @edh‘é@iiuﬁ@,s @6 achieve

yStS ustrative exar‘r‘p es Of suitab
monoar@ingasro pExdraelesi of waalahq@d@hllmhm]dé% byl prearad llﬁbtedltparﬁ prégary or

seconda};ug ﬂrg)gea%%éwaeai;\gﬁﬁ v nt 1ca§& ﬂlﬂ(& a%rga% ﬁ%%gbthgls OPhe introduction
of an aﬁfﬁ&d %%h Bl E@hiesﬁﬁrwg@&@@)da@dwi’em ’smﬁbltutlaﬁqar@caict adpiresemnted by

ride [bis(di phenyl phosphino)ferroce

FormulPd Bf 6 orddli-¢ Afccab«;/ ks raapigveia duidheg anelgalPhitie P&%(@éf}gl Rpsitign para-

such as P 0
o el G AN L SN Ko B,
oozzsﬁF]’E- pres exz%1@1§l338dcoMih@®(d oﬂe ehi’mogimtmamaoctdmpowdtrﬁdfqmmta III-11
e present I nvent f
can be PREpEIRH bSCAPEIR @&Omlpgfq Bk ﬁg‘%bﬁ%ﬁ@ﬁ%% (GhbEgi bptween
0 °C ah@ %o 9135&«3 e Y th' &t SlAsdi A %%bﬂmzco[ L Q0039) fotlatved by
vMest ereof, wherein R10 X1

ac1d1ﬁcXﬁomtwaK$eM@nd‘aardb7 | EE@mpﬂe$ ef snitayistcgenia cowplivents jrclude THF,
il lustr i.n F|

Lo sl BTRR, o8t BB IRaR SRR gigpmie -
11 is pk%@reg bg'rr@éc@lrﬂ S &ﬁﬂﬁ/&ﬁlﬂ%@ %ﬁnﬁiam @d’c@%{NHEOHOﬁ@V&ter at room
Int during the synt hesis. For exa as sho h
temperﬁﬂuw Tae 4cidifivetion grobmpacspmaligisrpy i %ﬂtl%?#ﬁﬂ i fichiap, but not

( |
s k(R S8B1RS) B5EG1E BchBo ML S bl i
one enibb@mfdﬂf rtes fvvdidegeritst @repd eatiou af mempemcm@mwlabm 11 or IT1-12

is perfoFr?l{ercrlu\lzvghéa{-lgc}latlgn OYthe 1nterme&1ateAcorrl}|§>un§2 In anoztﬁer emﬁod\B ent, the
intermediate compound represented by Formula Il is isolated.

[00224] Examples of reagents that contain or. generate ammonia for preparing a
compound of Formula III-11 or II-12 include, but are not limited to, NH3 and NH4OH.
Examples of primary and secondary amines suitable for purposes of this invention 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, aliylamine, diallylamine and hexamethyldisilazane. Examples
of 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 such as, but not
limited to, hydroxylamines and,hydraiines, (3) nitrogen nucleophiles having the Formula
MNR?R?* wherein M is a metal such és Na, K, Li, Cs, Mg or Al, and (4) metal silylamides
such as lithium (bis)(trimethylsilyl)amide, sodium (bis)(trimethylsilyl)amide or potassium
(bis)(trimethylsilyl)amide. Examples of metal azides include, but are not limited to, sodium
azide (NaNj3), potassium azide (KN3) and lithium azide (LiN3).

[00225] This invention further provides compounds of Formula III and salts and
solvates thereof. In some embodiments -of cbmpounds'of Formula III, Z isCOOR! or
-C(=O)NR6R7. In certain embodiments, R® is -OR® and R” is H. In particular embodiments,
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[00241] by reacting said conpound of Formula IIl-11 or
[11-12 with a conpound having the fornmula RLCH,
wob@reda1sRL i s as defined herein, optionally iPCT/82006/024084
presence of an activating reagent that activates the Z
8 is - 0 c odlap 3
R i (BERUPOAOYRLAR LERCHLRRIAT R BRI BT epbubatiubg, X i .
In certasikethbatimientst Aes a¥lt.. Exanpl es of activating agents

002265 281 BRIl DS DR gy o

12 is reh 8@ IptiSnaBPARIRaRY teapyetikdsNYita (Dardspent that emitgins of generates
an acid chloride including, but not limted to,

ammonheal(ub@ papiang OB sREePSaTy AEHNG SThsDthan gy arpinaiie )a@meawﬁnl) a reagent

| or of r f d
T
compoﬂﬁh%@ﬁonﬁlﬂh Vit 1 Ivlrr¢ied 0,NR*R* and A is NR R* or N, or said

di | oh | di | k
compotiil BRESTRI IR Btion st Revikd vl (80 ' PRl ipgipnally a
elevateg E%rﬁﬁér&jtﬁre(s M%%)?b@dé o Rthoufd of P&kl 30T GRAERGXBIi8Ng%nd A is -

. not limted to, diethylazodicarboxylate
NRR{®BA), typically in conjunction with a phosphine
reagent such as, but not ligited to, Ph P. In a
particul ar errbodl ment, a compound of Forrmula I[11-1] or
111-12 where Z i s COOH can 'i.ﬁ verted into a methyl
()
i

ester derivative represenf y Formula I'V-21 or [V-22
by reaction wth nethanol he presence of
trimethylsilyl chloriag@”™ [0§242]x°A conmpound of Formul a
I'V-21 or 1V-22 is then reacted, optionally at elevated
tenperatures, with (i) a reagent that contains or
generates ammonia, (i) avansta]ByemRZbRéCcondary am ne
other than an aromatic amne or_ (iii) a reagent that
delivers a group that can YRi3cgaeht |y be converted

[0022 nto a\lzvrh Xﬁ'%p v 91% ]ﬁg%%%o&@?ﬂaﬁ’ﬁlel%ﬁ{ o}(?ﬁ%ﬂrogen, Ci-

erein c or or sail
Cyo aligf, lTL[tgaCIOV-azﬁer@'l [Ch-22 | ﬂk}‘lrﬁﬁ,ctlﬁﬂlzy\h,t Iallfll v)aryialkgl, altrialkylsilyl,

d tiponal l
dinlky G ehot of KBV VBORE Aper anh A TN RoRRGEGr Sd alkyl
alkenyi\%lky\{pf %%nzﬁ Ell}hl%ka%g;la}@r‘l %grtlo%s 'are'\lgptionally substltuted with one or

more groups independently selected from halogen, hydroxyl C;-C4 alkyl, C,-C4 alkenyl and

C,-C4 alkynyl. In a particular embodiment, X’ is F.

[00228] According to one embodiment, the amination reaction is performed by
reacting a compound of Formula III with a suitable nitrogen nucleophile using methods well
known to those skilled in the art. Nitrogen nucleophiles suitable for purposes of this
invention include, but are not limited to, (i) reagents that contain or generate ammonia
(including, but not limited to, NH; and NH,OH); (ii) primary and secondary amines having
the formula HNRZbR2°; wherein R? and R* are as defined herein; (iii) metal azides including,
but not limited to, (NaNj3), potassium azide (KNs) and lithium azide (LiN3) and (iv) reagents
that deliver a group that can subsequently be converted into an amine include, but are not
limited to, protected ammonia or amide equivalents such as, but not limited to,
hydroxylamines and hydrazines, (3) nitrogen nucleophiles having the Formula MNR*R*

wherein M is a metal such as Na, K, Li, Cs, Mg or Al; and metal silylamides such as lithium
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[00243] wherein Rl, R2b, R2c, R20, X1, X2 and X5 are
as defined herein. The reaction can be perforned in
w@eyn7eeisabl e organi c or inorganic solvent at PCT/US2006/024084
tenperatures ranging from- 20 0C to 200 0C. Typically
(bis)(tritnbthyt@ObinGlR, | s pedifar %d(mé)gﬁhﬁﬂ@ﬂﬁl@'l)bﬁlﬁ&er at Yf es pbtassium
e of about 30 and 130 C, nore preferably, at

. the ra
(bISXtHPeYebpféﬁﬂaga%E has Wé%ﬁlpls@namopeg@r@eﬁ inFgyy seilalip oEganicrprgperganic
i of
v SRS, nGARRUT I BRI Nbs 2l B0 s
elevatednietriperequres irs tha mamgei & dboutB0 enddA) CCsmlovepitefanldl adsmperatures

b npot. Limted to, tetrahydrofuran, dioxane or
bemee”l\é%‘%ﬁ (lbyrrol i di none at el evated tenperature and
[00229junder F& &damn@hy, 1@51%&%@1@%@15@1%@@&%%@1@@@11 wherein A =

between 1 to 5 bar). [00244] Thi's invention also
B = NHp sap b @btasnsegoiisacton dor eampows-of FoanulaJl a2th agreaiseammonia

[ anot her,

in an ofble Shu@h SR, Pilbry il 6 HhiPvhmm’ BelBH HER metny
pyrrolidiroae carrghoated taﬁp&mu[m |f61 Mample, ivgtwdeen 30 and 130 °C, and as a further

Zf?fr di a%% %bf uor o- 5 ni trobenzoic acid ester. In a
exampla,Bgyvpe, Huicha fHeht RresuteRfrsuRenia(ior sxample besween 1 to 5
bar). 1S methyl 2, 4-diam no-3-fluoro-5-nitrobenzoate.[00245]

Wth continued reference to Figure 4, carboxylic acid
[00230]est er Ehe wipoaseurt ethbgoFprmd of KyaRila ¥b-Moer2Pb-daris ten reduced

Wtilized to a ounds of Fornmula Ib-2 by the
toP““”%%?ﬁ%ﬁp@ﬂﬁﬁvﬂ%Fﬁﬁﬁgpg8;26] (i) reducing the conpound

of Formula Vb-21 or Vb-2Z utilizing reaction

conditions known in the grt, sugh.,as those descri bed

for Method 1, to provi de s ound represented by

Formula VI1b-2 VIIDb-2 | ] wherein when A and/or B

of Formula Vb-21 or Vb H benzyl, - NHOR1,

-NHNHR 1, or N3, thH&h R2Jand B2a and/or R2b and R2b,

respectively, of Fornul ayféekh-2 are hydrogen; [00248]

(ii) when R2a is hydrogen clycl I zing said conpound of
Formula VIl b-2 using

[00231] wherein Z, R?, R*, R?®, R% and X° are as defined herein. In embodiments of
. Method 3 wherein A and/or B is N3, -NH-benzyl, -NHOR' or “NHNHR', then NR*R?? and/or
NR*™R* group of the compound of Formula VIIb-1 is -NH;. The reduction step can be

performed utilizing reaction conditions and reagents known to those skilled in the art,
Examples of suitable methods for reducing an aromatic nitro group include, but are not
limited to, dissolving metal reductions, catalytic hydrogenations, and enzymatic reactions as
described above.

[00232] This invention further provides compounds of Formula VIIb-1 and salts and
solvates thereof. P

[00233] When R* is hydrogen, compounds of Formula VIIb-1 can be cyclized to

provide the benzimidazole derivative represented by Formula VIIIb-1

43



met hods such as, but not limted to, any one of
Met hods A-E described herein, to provide a conpound of
Wb AN | 1 b-2 VIT1b-2 [00249] wherein Rl, RPCT/B1906/024084
R2, R10 and X5 are as defined herein; and [00250]
(iii) when R2c is hydrogen, coupling said conpound of
Formula VI11b-2 with a reagent having the Fornul a
[00251] optional |y either &) diR?®RBvat ed t enperat ure
and optionally in the pre of a base, or (ii) in
the presence of a nptal -lbased catal yst and a base,
wherein X1, X2 and®' X6Nar e™aS dofi ned herein, using
reacti on conditions sugh-as those descri bed for Method
1, to provide said conpound of Formnula |b-2.[00252]
Accordi ng to one enbodi memipaf the present invention,
rocess for the,conyersion of a_conpound of Formula

a
(00234 7| p3herein & B-e SrmdtinedoK. msrandegned beretiorita eebzaion step to
povid Y PLUIRLEBELIAOHRLIE D, S8 BOTNN, B0 BRI o any on
of cycligatidndidethode AaE abdswedbabheatiyst and a base in an

o023 Bl 0 0 STRSMTEP kg 1 YA o s

solvate@eflefi ned herein. The coupling reaction can be
erforms?ljoﬁ nerally as described for Method 1. The

(002361 epaitancR 61 hEenpoUNksbOEITgAmE servesentsd by Fomula VIITb-1 is
oniona TRSHBLS LR I B2 AR5 G R AR 68on
reacting 100 26spotifd b&F dvRIUOUTHb-dSwith h UshpadRthavingthe frthuda

shows the conversion of the Z group to a - COORL group

during the preparationof a cénpound of Fornula IV-21

or 1V-22 froma conpoundyef Skormula I11-11 or 111-12,

it is to be understood t gure 4 shows only one of

several enbodi nents of Method 4 for ease of

expl anation. That is, the Z group can be converted to

-COOR 1 at  an oj.nt durj t he process of Method 4.
[00237] optionally e%/thgr 61) ate evafeg %emperatgre and optionally in the presence of a

base, or (ii) in the presence of a metal-based catalyst and a base, wherein X', X* and X® are as
defined herein, to provide said compound of Formula Ib-1. The coupling reaction can be
performed generally as described for Method 1, using any suitable metal-based catalyst.
Suitable catalysts include, but are not limited to, copper-based and palladium-based catalysts.
Illustrative examples of suitable organopalladium catalysts include, but are not limited to,
Pd(OAc), and Xantphos, Pd(OAc), and DPE-phos, Pd,(dba); and Xantphos, Pdy(dba); and
DPE-phos,  palladium  tetrakis(triphenylphosphine), and  palladium  dichloride
[bis(diphenylphosphino)ferrocene]. Preferred catalysts include organopalladium catalysts
such as Pdy(dba); in combination with Xantphos or DPE-phos, and Pd(OAc), in combination
with Xantphos or DPE-phos. o

[00238] Method 4: In yet another embodiment, the present invention provides a
method, referred to herein as Method 4, for preparing compounds of Formula Ib-2 and their

synthetic intermediates
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[00255] This invention further provides conpounds of
Formula VII1b-2 and VI1I1b-2 and salts and sol vates
wo barmeafis7 [ 00256] Yet anot her enbodi nent of t hRCPUERE6024084
i nvention provides a nethod, referred to herein as
Met hod 5, for preparing @Dh@b%p2|n1dazole conpounds
represented by Fornula 1d-T dhd theikr synthetic
internmediates lc-1 [0025 2 and sol vat es
t hereof, wherein Z, R2 , X2]and X5 are as defined
herein and R2 is.qet < sai.xF met hod conpri sing:
[00258] cyclizing a orrpund )st Forrula VI1b-1VIIDb-I
[ 00259] prepared as d bed in Method 3, wherein R2a
i s hydrogen and Z, R2bo, i R>2 ¢ and X5 are as defined
herein, to prOV|de a conp P¥d of Formula Xib-1 Xl b-
[002391 002691]@ WAEY 8 séivatesd tittEoRAtheRED Rénq;tz‘)(ﬁz‘ér Kl aX2 and X° are as
fined herein; and [0 0261] when R2C s hy
deﬁneddmgm Adetbad d. mmbwn@uafat@brmﬁqgarw bfonows tthe atepié!a;@ @gtination
he. ] t Lo Gl 1
route o MARLE Tkl S ruBR B R (BT YorRfR o n 20BK. group at
some pRintadiRdgethe nyn(helsl)s For tehﬁnple,ese lsh@wmfm dipetead - ﬁﬂsécgroup of a

compogaiaLFEEHEnSI-h Of DIpHOPRer-as 8O RpLIMIoc mil o

lc-1. [00263] Methods 1-5 of the present invention
provi de a nunber of distinc advgntages over
conventional processes fo epar i ng conpounds of the

general Fornulas la-I, IDb d lc-1. For exanple, the
processes of the present et Qn provi de conpounds
of the general 02N X
A
[1-11: A = NR’R”
II-12: A=Ns
[00240] can be converted to the corresponding ester derivative represented by Formula
IV-21 or IV-22
CO,R!
x3
O,N x5
A
IV-21: A = NR*R*
IV-22: A=Nj
[00241] by reacting said compound of Formula YII-11 or III-12 with a compound

having the formula R'OH, wherein R' is as defined herein, optionally in the presence of an
activating reagent that activates the Z group towards reaction with said compound of formula
R'OH, under reaction conditions well known to those skilled in the art. Examples of
activating agents suitable for purposes of this invention include, but are not limited to, (a)
mineral and organic acids; (b) reagents. capable of converting a carboxylic acid into an acid
chloride including, but not limited to, halogenating agents such as SOCl, or (COCl),, alkyl

chloroformates, aryl chloroformates and acid chlorides (such as trimethylacetyl chloride); (c)
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Formulas la-1, Ib-1 and Ic-1 in higher yields conpared

to conventional processes. Further, the invention
w@e@vioelas7 met hods for the regiosel ective and PCT/US2006/024084

chenosel ective cyclization of conpounds of Formul as

carbod¥lds inchitingd/Ibubndt Hiitdr @Y Hidec1BRAG AHBIARRE@STREC); (d) trialkylsilyl
.. Formulas ViTla-1 and VI1ib-T, respectively. In "
halidesy dacludigg, Yuie npf obmdtsd ofo.t Kempthetselsit ¢Mw¥n i QdeiSiChiprand  (e)
: [ htapl r. tthe. |arge- e synthes;
dialiy ERAARGEER S 35 Bt B 1B WP ARE01 oI 0T Poman)
typicallyxangingynctibe V\gdna qjhshlﬂﬁn@feagelgtmﬁfpb La@,dbmlf ndtaimikdAto, PhsP. In a
. Vlla-1 or VIIb-1 to a c ound of Formula VIHa-| or
particuly ebofimeat (PRt BTNt & Hha2 Ao dets FOPRecan be
convertell §#B8 M meiRY POt QP OGHE RPrdsBiited 85 FohBulaTVRYT BE PHYRL Sy reaction
.. than nmethods utilized inthe prior art for the
with methand és the pa¢seheerncdi tringtindlily] chlngdsyst ens, and is a nore
fficient progess. The het.i ¢, et hods of, the
[00242§r esert SRS g iozﬁog’?@agi’lxa?’i%&%%ﬁ’?% ragiedoaptgnplly apglevated
temper£ORBO WIS (ipfa tdaigntl THaeohRMsCaN gherfRE a@FoMit (i)Na hffary or
yield, thus providing industrial value. Furthernore,
secondg¥ AR ghshIban ge aramatioARing ep (it} a rragantdhatmisiivens asgroup that can
- -] - dh-1 . - .
subsea by e o P s 1 R b R ATE shpbult Pyl My wherein
A is NRBRY arvidper saifd m@wnd[drcmﬁmmasvﬂzn mrollazot ds reactefd with (iv) a
cyclizatigns [0026 As stated, the cyclization o
metal aé%ﬁp%%%%ﬂ%fﬂ* 18?’??5? l.ﬁlegﬂwﬂ%}rqsz topioxids & sanuppund gidormula Vb-22
whereiVAliD=RRPR*apW,0f Methods 1-5 of the present invention
to provi de benzi mi dazol e core structures can be
perforned in several ways. ®&Réral nethods, nanely
Met hods A-E, are described bel ow and are illustrated
in Figures 6-10. Wile Methodg  A-E are descri bed
specifically with respect he cyclization of a
conpound of Formul a NN for~gase of explanation, it
is to be understood that Methods A-E al so apply
equally to the cyclization of conpounds of Fornul as
VIla-1, Vila-2 and VI b-2Vvplbe ByRZRY¥I on net hods
will provide either N-3 benzim dazole derivatives or
N-1 benzi mi dazol e deri vat iWe&2: Bigpéndi ng on t he
[00243F eage_ngvﬁeﬂdﬁle@l, W@! ﬁzblq{lp’aj(t heul Ry 3 %egg%‘ ﬁxerein The reaction
substituents on the conpounds of Fornul as a- 1,
can be parfeamed ivanbsuitabledorghnibof inorganic solvent at temperatures ranging from -

20 °C to 200 °C. Typically the reaction is performed at elevated temperatures in the range of
about 30 and 130 °C, more preferably at temperatures between 50 and 95 °C. For example,
in one embodiment a compound of Formula Vb-21 can be obtained by reaction of a
compound of Formula IV-21 or IV-22 with aqueous ammonia in an organic solvent such as,
but not limited to, tetrahydrofuran, dioxane or N-methyl pyrrolidinone at elevated
temperature and under a slight pressure of ammonia (for example between 1 to 5 bar).

[00244] This invention also includes compound of Formula Vb-21 and Vb-22. In one
particular embodiment, Rlis C 1-Co alkyl. In another embodiment, R! is methyl. According
to one embodiment,“ the compound of Formula Vb-21 is a 2,4-diamino-3-fluoro-5-
nitrobenzoic acid ester. In a particuleir embodiment; the compound of Formula Vb-21 is

methyl 2,4-diami110~3-ﬂﬁoro-5 -nitrobenzoate.
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[00266] Method A: According to cyclization Method A as
shown in Figure 6, a conpound of Forrmula VIIb-1, where
w@R200a/0021R2a ar e hydrogen, can be cyclized to tP€T/US2006/024084
correspondi ng benzi m dazol e tautonmer represented by
[00245]F0r mmthvéddtiﬁu&d Wftdehod td BRAGTY, éarb@xyhcvm;ed estarsREPresanted by

ro according to a "one- roc
Formula: ﬂppﬂg@ést@acqainnlgf HilEsApURTEP P OPB}H‘?HP \é‘é ‘mmbﬁz by the
mﬁmOde%P{gh c acid optionally in the presence of an

acid, or (ii) aformc acid derivative in
[00246]t he p(ig sahxcmgo fheamm;mudd uofdBernapa r\ap2i aare Vbe3d itilizing reaction

knvvntotosesklle nth d. _herein
conditiopa JgpWhJRrHE Atko e h s LIQAg ey e ear#?} b@i@ods Buie Revidge d¥pound
rqﬂmmﬂwg%%ggnﬁ@a\qgggrs of formc acid such as, but not
[Tmted to, trinethyl orthoforrmte
triethyl orthof or mat e, an@®%Rr mani di ne acetate. For
exanpl e, in one enbodi ment, anmegrpound of Fornul a
VIIb-1 (wherein Z is CZMeYYand R2 and R2a areH) was
converted into a conpo d/o Formula VI11b-1 (wherein
Z is CO Me) in veryHhi'gh>yi el'¥ upon reaction with
met hyl orthoformate and syfaric acid in THF sol ution.
[00268] Method B: According to Method B, as
illustrated in Figure 7, yggrpound of Fornula VIIb-1I,

wherein R2a is h dr%zgn and R2 is not hydrogen, can be
[00247]cycl | wherein Whea ponefi Rgrmnels Yl o KB4 & NH-benzy, -

NvtoR SREERFRSALRY AL g s B SR 850,51 Bl

VIIb- Zﬁfeﬁgﬂm@@npf an additional acid, (ii) a fopm c a(:| d
derivative (faor.

form.c acid e h
1002481 1 e RV 617 Rt o PHEOB 7 AR Pt CHOPOPHEL Gl oG VETb-2 using

method% Q4 @h{]ﬁ?ﬂﬁﬁft@é 8) ahPoh 16 P8RRI YL EMes@ibedCHeikin Ofo provide a
i11) fornal dehyde or ‘a formal dehyde derivative in the

compoyndegdioceulafl VHEb-dci d, to provide an internmediate N-|
benzi m dazol e conpound repéfﬁent ed by the Formul a
Xl b-1. As used herein, thejterm"fornal dehyde
derivative" includes, but NOR®RMi ted to,
di al koxynet hanes such as'die%hoxynethane and
di met hoxynet hane. [Q0269}% ALkyl ati on of the conpound
of Formul a-Xl b-1 proviNes Yhe Bénzi ni dazol i um

N
VIIIb-2
[00249] wherein R', R?, R?®, R*, R'% and X are as defined herein; and
[00250] (iii) when R* is hydrogen, coupling said compound of Formula VIIIb-2 with

a reagent having the Formula

[00251] optionally either (i) at elevated temperature and optionally in the presence of a
base, or (ii) in the presence of a metal-based catalyst and a base, wherein X! X2 and X° are as
defined herein, using reaction conditions such as those described for Method 1, to provide

said compound of Formula Ib-2.
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ion represented by the conpound of Fornmula Xilb-1.

Renmoval of the N1 substituent (i.e., the R2
wa@amsozieent ) from the conpound of Fornul a X | BET/US2006/024084

provi des the N3 benzi m dazol e conpound represented by

[OOZSZfSrag{J%A@cMhlx Lgﬁfo' onmidg%gxt ;Hri:dtﬁ/étq%%sgﬂt Hoehitbh Of Jprocess, for the

on such as descr 1 to provi
conversibrBofrerumipriudd o6 Feraapdiiid? iepr esmpoed! dyFdemubalba2 comprises a

. Ib-1..[100270] Methods for r Vi ng ubsti tue iy
coupling FhaKtign PTHTUS AR SO dior Py o b S6 o) G Bgide in the
presence 6T AEhitab® ehekd)DHakQRBARS AAda BRI AR pBRPkibtcORIvent. In one

required depend on the nature of the R2 group. For
embodigesinphecaryliidide taetiRI ogmslap of a conpound of Fornul a

XIlb-1 is substituted or unsugétituted benzyl, allyl

or COOR6 wherein R6 isxbenzyl/ renoval of the R2 group

can be achi eved by hydroggnatyion. An N-1 allyl

substituent can also be r vad by heating a conpound

of Formula Xilb-1 in the p ence of an organonetallic

catal yst such as Rh(PPh3)3C ¥al so known as

W | Ki ¢ at-al ysts. hod j | O
1002530+ o ierent X S A gt A e B0 Fhe EXGIIREHehin can be
perfornredtdeackally as elesaribied eby Matiecbddi.rBet pryparatiore of cogpaunds of Formula

ound of Fo la VI]b-1, where R2 and a are .
V-4, anotpes gh Nrdil, S 7GR0 M i g Be prepared in one
pot or if 8RIeBSFRE 8nky. FOormul a VI11b-1[00272] wherein R10 is

met hyl . Method C conpri ses treating a conmpound of

yl .
[00254]For nmuMéhilgl igthod v asrillgstiatedvip Figurerd shows) thevaheersionof the Z group
mal dehyde a_formal dehyde der, vative, | e
to 2 -COORIBIAR MR Ihe Brep Rl SEDHERedFln AT oyl bl Snpypzdiom o
compoundGfFdemulaUlI-a1 er DIt13, itrfd toetsk vrelerstdoal thi o peie NiagheSvs DuBone of
as di et hoxynet hane and di net hoxynet hane. Suitabl e
several gabodimeis 9fi deted 4ofort9ape of syrlanation. | ABpluise the Aegrapp can be

convert?tﬂod-%}d@Rg?t an Fﬂoﬁﬂrdhgngﬁig%roéég ?ﬁ l?lgfh)od%ru' fonic acids

met hanesul foni'c aci [Ffuenes nic acid, etc.) or
[00255k ar boXsi iavatiodsfusthehp@sides compoweis cbfdforamdt Vilta2iadd VIIIbh-2

In on on-l.im.ting enbodi nent, the reaction is
and“ﬂ%QPgﬁﬁﬁéﬁsﬂﬁﬁﬁéetonitriIe contai ni ng sonme water and

(0025611 et hgxy ARitAanenaid LRI QX YRBIR &R ntifn Eﬁﬁ/i&rseasﬁ%gd,oxfeferred
an acid such as toluenesul fonic acid. This reaction

to hereigdhy dMethee ousirprenasingdid behzimidegalsl eongounds represented by Formula
Ic-1 and their synthetic intermediates

z RZb
. |{1 X1
@
N7 jj :x5 /\/
N\ X
\R2

Ic-1
[00257] and salts and solvates thereof, wherein Z, R*®, X!, X? and X are as defined

herein and R? is.not hydrogen, said method comprising:

[00258] cyclizing a compound of Formula VIIb-1
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regi oselectivity to provide N3 nethyl benzim dazol es
represented by Formula VIIIb-1. Another advantageous
wo e@veaspf this process is that the fornal dehpdBEUMes024084
not appear to react with the amno group ortho to the
Z group of conpounds reprgsented by Formula VIII1b-1I.
Furthernore, the reaction] congihions avoid the
production of w chl orongt hitt"et her as a by-product.
Thi s by-product is a ca pgen, and its production on
an industrial scal egjns Al yxundesi rabl e. [00273]
Met hod D: According to anpther enbodi nent, an N-3
benzi m dazol e derivative W%Bresented by For mul a
VII1b-1, wherein R10 is w®gtp-hydrogen, can be prepared

froma conpound of Formula VIIb-1 in % Stepw se manner,, .

[00259]as  shprgperpsh aFidggsribed in Mgthod pewherebaR  yis hydtagsd apd Z, R™, R
5 t ka4 | b-1,

wnd x° SEIPHLARR AR A Ao PIBRINsEEA |1

acyl ati ng agent such as,Zbut not limted to, formc

acid, an acid anhydride { | e acetic

anhydride), an aci d ha or exanpl e acetyl

chloride) or an ester exanpl e trifl uoroethyl

formate) to provide, the ir :Xgediate conpound

b |

represented by For rr[ii?a I p [00274] wherein Z, R2,
R2a and X5 are as de herein and RICa is H C-C
10 al kyl, C -C 0 cycloal ksd al kyl, aryl al kyl,
het eroaryl al kyl or biete IyIaIkyI wherein said
al kyl, cycl oal kyl al kyl , ]al kyl , het er oaryl al kyl ,
[0026072nd h@h&@&%q:lzykéﬂl k99, RIOKLd RN B eeﬁ}fehlref@bla)ﬁd
substituted with one or nore groups i ndependent | y
[00261]sel ecwhen i 0in hedrogem, cavpling syl camypavod ofi FermulaX ol with a
rea ent%w te#(%/mul C2-A al kenyl, C2-C4 al kynyl, C3-C6
& cycp%}f &3- Cehet er ocycl oal kyl, - NR>6 Rr> 7 and
-OR . [00275] The am de groupxbf the compound of

Fornmula I Xb is then reaugfﬁzfj provi de
[00262] optionally either (i) at elevated temperatures and optionally in the presence of

a base, or (ii) in the presence of a metal-based cétalyst and a base, wherein X', X* and X° are
as defined herein, to provide said compound of F ormula Te-1.

[00263] Methods 1-5 of the present invention provide a number of distinct advantages
over conventional processes for preparing compounds of the general Formulas Ia-1, Ib-1 and
Ic-1. For example, the processes of the present invention provide compounds of the general
Formulas Ia-1, Ib-1 aﬁd Ic-1 in higher yields comparéd to conventional processes. Further,
the invention provides methods for the regioselective and chemoselective cyclization of
compounds of Formulas VIIa-1 and VIIb-1 to provide benzimidazoles of Formulas VIIIa-1
and VIIIb-1, respectively. In addition, the process of the present invention is more reliable
and suitable for the large-scale synthesis of benzimidazoles than conventional processes. For
example, the conversion of a compound of Formula VIIa-1 or VIIb-1 to a compound of

Formula VIIIa-1 or VIIIb-1, respectively, according to the methods of the present invention
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an internedi ate conpound represented by Forrmula Xb Xb
[00276] Suitable reducing agents include, but are not

wo pen7exist o, borane-type reduci ng agents (e.g.PCT/US2006/024084
BH3- THF) in an appropriate solvent such as THF.

producéd fa@nesatibie by préQIEROURS ﬁqe@{odg%ﬁlﬂﬂécﬁlﬁ%e %Br Qﬁ t50Mh@RPnthesis of
directly froma conpound of Fornula VI by reaction

benzimjglazplearing Sk¢ras.i ang 1agemt>reo¢fﬁmnhmoaem O?he:rsuzmhewm areliods of the

present ol BRCOG 2P IR PERTR0G Rt DrpbinBeT g fveton can be

carriedhaiti ftehighichelds ﬂﬁishyllovidi?ﬁg dedusE¥t| vaed. | PRtiimbRe benzimidazole
npound of Fornula Xb to provide the _benzim dazol e
derivatigy ieperipeiad iy pivula VATIADL| WHibrb. falool) andhdedi an be
synthedt frdin ka1 VAL GE %&ds erc'a &?%R’?BJ §h$>ﬂqﬁmmé [)P% js Ng the
Xb w't 1)

conpound of Formul a ormc acid optionally
[00264] n t hBeprinilagede of clmtiansi tional acid or (ii) a formic
f.or .exa of fo

002652, B LYY SRR o 0 Ry PV 2, v

and VI![szeinhéHyOdSit bridrate oant ﬁ&ﬁé@%@nﬂ@n@@%&ﬁ@@ bérﬁ:lﬁlﬁﬁzole core
presence of an acid under appropriate conditions known

Structmteé condsepesformeddn isevertevairst  3evepnl onsthiedsa newrjyoMisthods A-E, are

d F | I
B 154018, SOPREHOSE . RO Pt B S
speciﬁclhllyw'p]n ovspaet mnthhl;]caclhmnmll mf@az@?gomrﬂ{fomﬂnﬂﬁ t\’ﬁﬂf—{ﬂlﬂoﬂ ease of
0 n an alternative nulti-ste
explandap; tibdd G MG TROMHIda A-§ A Sy sgualBithdhe & igation of
compo®{IRWT Hombia9 lVI?a&OVIfh IR 3@9‘ ZIOfSTIEegc’tEﬁE&%m\AI 1Jngthl)ds s will provide

wherein R2a i s hydrogen an rogen,
either NvyAc b¢nzéniidagole hbrlwn\reespohidl hepidazole ct&n@htnavesp dﬁmﬂdlg on the

reagentg %sedoan%éaﬁéitl:%xlélgr ic{o%\l}? SHBSTZ{CR%%ESI]%} q’f H%)gralg qeqnng oé%uﬂts Vlila-
1,VIIaG2;I’KHGb¥1Cbr@fVﬁBIZTU| a Vil b I VIlb-I

[00266] Method A: According to cyclization Method A as shown in Figure 6, a
compound of Formula VIIb-1, where R* and R* are hydrogen, can be cyclized to the

corresponding benzimidazole tautomer represented by Formula VIIIb-1

VIIIb-1
[00267] (i.e., wherein R' is hydrogen) according to a "one-pot" process which

comprises reacting a compound of Formula VIIb-1 with (i) formic acid optionally in the
presence of an additional acid, or (ii) a formic acid derivative in the presence of an acid under
appropriate conditions known to those skilled in the art. As used herein, the term "formic
acid derivative" includes, but is not limited to, esters of formic acid such as, but not limited
to, trimethylorthoformate, triethylorthoformate, and formamidine acetate, For example, in

one embodiment, a compound of Formula VIIb-1 (wherein Z is CO,Me, and R? and R*® are
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[00280] with a suitable acylating agent to provide a
conpound of Formula I Xb I Xb [00281] wherein Z, R2, R2a
wa@pa7Xe18T e as defined herein and R1Oa is H Ql€TUB2006/024084

al kyl, C3-G O cycl oal kyl al kyl, aryl al kyl

H) wa@@&ﬂ%ﬁ@d Wiéla f%f@ %F %Bar A kﬁJ !ﬂ(hr el)éﬁxez g4 I@g &leﬁ in very high

, cycloal k eteroary
yield uhem mgmwyhahdtwl pibofiroas aad eulcﬁtfuuq amd i ?Hﬁu;bhmbh ut ed

oy N T R R R G —-

FormulG2ViIbal kehotkin B2 Shyakdoshtnd IC31GR Gyl hk&i b&RyGhed to th
Ormuheterocycl%alllnk [\%ﬁd% anld Or%8 ql\gg(%ge n yorsed o the

correspoagdingi N b%?@lramaa@e dewaisnistl byal andémﬁ’dmml cbfy aFonszap method

upon tt%&xén? vﬂE‘pﬁEg&Eg %9@%8&%?@ E%%gﬂleég{%%o)%b y{eo(gcﬁn 3rlal acid, (ii) a

formic defid rdedvdtte/ree(for dx@fpR4la {oehid aeidt ¢shg ShdasL Qﬁﬁ’ﬁ@tﬂé?lértﬁﬁformate
la Xb (1 form%amdoptlonallylnt

wiethy oAb laRB e ot Saratiiing SHeH) 46 The FEFRDES g1 88 dcidh i 3 repaldehyde
or a fHBRIABYde Berlidfve SR AMP Rese RS 6F an Qkidf Q5 ?Brgwa?ag St¢Rediate N-1

as, but not limted to, trinethylorthofornma
benzmtld@iZ@l@th@thhﬂdf rﬂpmm@ﬁe@iﬁw therioamiuthi Xdbelk et ea);ed hereing the term

" nce .of..an acid to,provid ai.d, conp
formafe R P A et Bt o i, 13: pallORGhethaagy such s
dletho@mtﬁéaeaﬁ@daﬁetel@iyzmﬂaﬁéerel n and [00286] renoving the

usi ng_met hods such as those described in

[00269l/et hogﬁgﬂfﬂlﬁorb PhilieckempeundoRF grangs Mlbiazprowides ﬂwdmdumﬂazohum
LTIy e R TENTI T
the R? QuHsOtLpnb\zﬁ“@m thm cdinpoleinafl ForahakoXEThe D ipeuae BE NEQryddkitidazole

T TR
descrlb@d’ il F/ﬂ:@ﬁddof‘ t® oVidebth& NoB %an?ﬁlc?d&gl)élc%}dﬂ%gn@ éseﬁ%dtbﬂq:ormula

formul a R10a L, wherein L Is | eavi'ng group,
Ib-1. 35 d, Br, I,

[00270] Methods for removing N-1 substituents benzimidazoles are well known to
persons skilled in the art, and the reagents and reaction conditions required depend on the
nature of the R* group. For example, Whén the R? group of a compound of Formula XIIb-1
is substituted or unsubstituted benzyl, allyl or COOR® wherein R is benzyl, removal of the
R? group can be achieved by hydrogenation. An N-1 ally] substituent can also be removed by
heating a compound of Formula XIIb-1 in-the presence of an organometallic catalyst such as
Rh(PPh;);Cl (also known as Wilkinson's catalyst).

[00271] Method C: Cyclization Method C, as shown in Figure 8, provides a "one pot”
method of selectively and directly converting a compound of Formula VIIb-1, where R? and

R™ are hydrogen, to an N-3 benzimidazole derivative represented by Formula VIITb-1

4
NR2b‘R20
—N
VIiiIb-1
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Ovs, Ors, OTf, etc. [00287] The above-descri bed
cyclization Methods A-E of the present invention offer
wa@ewanadisadvant ages over conventional nethods POF/US1006/024084
preparation of benzi m dazol e derivatives. First, there
(002721 ©_Ofbikrdin ROV @ﬁgﬁt MER PG e%eétggzgg&a&?mm Formula
a diam no ary ound to a ‘benzim
VIIb-1f with el)(am»bemofé ecﬁ;va&'fbﬁts sf foRné[ldeH}(dees a fdrmaldﬁ(ycﬁe d@uuatlve in the
Per

presengs, g an §6},d 1%»3‘[‘3&190%1@;?6}1%%) e}&v,q’ages 5}(%60\1} éreAnof hmlted to,
dialkoxgeic@ithRes Vubh a¥0 Hi@%xg?e&xanér kaahadhoymétha@¥K Suitable acids for

CHET98: El ectronic nf erence on Heterocyclic

purpos@«.@ﬁﬁigtmgﬁntl(nl ggdydeqopermdgeidy/(e.g/ sudfvaic apid, HEVHRY), sulfonic acids
(metha}:? %@C %1r% Ldg E%Iug‘%g\t}lﬁ&ﬁg ac1dn%fca og chl%%%cgléczlgcr%ésg ?uc?xo@ forrﬁ ¢ acid or

acetic atilst i Wwhe chostlbaiimat &ﬁbédiﬁi&nﬁsth& h@ﬁﬁlohni‘ﬁoﬂ)étﬁﬁ‘rrﬂeﬂ ﬂhha:etomtrﬂe
process of the present invention. In addi tl\%@ in nty

contaméwg 1oRe Pricerut %@Oése@ﬁﬁb@@% o @f@eﬁf@érf’@g@a@% {1 thepyeseace of an acid
n T, F e

such e{é Q&ﬁé@gﬂ%&n@ 1%%&1/b ilglgé;)reygttg ﬁ%\%@@i sty %Ié){:?]egg Wlth complete

regmseﬂ@twh}e iprgsede Nidventhprbeurinidzela wpissented ebyhﬁwmg]a aV IItb-1.

hird amnosbstl ent _on t.h r whi ch
Anoth i SpiBERSRY SRS oty B beaffes i Eht R Tt g Bt appear 1o
react WigAeeN8nin® & a%f&rﬁasatd R Bfgrakgd ef @aﬁlpmm@r&gte@éﬁed by Formula
Furt her nor e, e methods. of this invention are nore
VIIIb-3y Faghiraofeithe n@a@mnrqoadlt@pﬁu rYQidthegneduation ©é bistchlerenethyl ether
t I t t t
as a bf nfr%?\gér?esfll}és@ ]inﬁ)dgcot ﬁ\?/ é%@c‘?@gﬁ J\?rhs 8ddé§§4‘?ﬁeqs ?xg\?sgﬁ scale is
highly nndesgelsier at e t oxi ¢ by-products such as dichl oronet hyI

1002735 "o Atuba Dl [ SFesig e oplheuoriivedy ah N3 Denzimidazole

: \Y; I 1P
crvaRGRYILEDS RoEROR PP WSO8 090 ol 1 pronc

from abeonamund r@élHoymsLabHIlt-btleca jtedeipe muenet §s widvim cm&gnre 9. More

speclﬁéﬁféfuyi%@h%%ﬂ”ﬁr%a R PR Ty AT Wil R and

arel't@fd@c@éh witﬁ@%ﬁ@hﬂl‘: acPldtidg agdns GRH 34, buﬁﬁ@t 1abed to fornmc acid, an
tert-butyl, pentyl, 1so entyl neogent , tert ent

acid anhgskyqe (for qag@;pyle acgtlﬁ é&l}&[ ridg), ﬁggﬂgﬁp e fpr expapnle pcetyl chlorlde) or
an est@F t(Ych' e%%lé hﬁﬂdo;{oee’[hyl formate) to provide the intermediate compound
represented by Formula IXb

Z
NRZbRZG
j)]\
D) 5
R10a g X
NRZRZa
IXb
[00274] wherein Z, R%, R* and X° are as defined herein and R'® is H, C;-Cyo alkyl,

C3-Cyp cycloalkylalkyl, arylalkyl, heteroarylalkyl or heterécyclylalkyl, 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;-C4 alkyl, Cy-C4 alkenyl, C,-C4 alkynyl, C3-Cg cycloalkyl, C;-Cg
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[00289] The ternms "C2-Cl0 al kenyl ™ and " al kenyl"
refer to |inear or branched-chai n nonoval ent
whyaroeasbon radi cal having two to 10 carbon apOIESZNE024084
at | east one double bond, and include, but is not
fpethemys, propenyl, |-but-3-enyl,
heterocb’&l%ﬁ(?pSNgn%l&ﬁ -@\ﬁex 5-enyl and the like, wherein the
[00275pRI kenyllhe radde gloupay thseconprtouond af Fyrrslalbslxibtl&ﬂm reduced to provide

endent|ly wth ubstituents descri bed
an“““ﬁ&%@fﬁcmﬁﬂﬂm 8?@ﬁ%§£ﬁ§§$ gsﬁgving "cis" and "trans"
orientations, or alternatlwely "E" and "Z"
orientations. [ 00290] The tlernms L 0 al kynyl" and
"al kynyl" refer to a line gﬁ hed nonoval ent
hydr ocar bon radi cal of t twel ve carbon atons
containing at | eash.-ane ti pFebond. Exanpl es incl ude,
but are not limted tdj et ynyI% propynyl, butynyl,
pentyn-2-yl and the like, wgers n the al kynyl radica
may be optionally substituted independently with one
or mor e substituents descrXbed herein [ 00291] The
rms "carbocycle," "carbo ) cl oal kyl " and .
(00276} 5. S5 8Bl ar BT psenisapanod. e ety op rep Ry reducing
a | ' mit%ifnﬁﬁvél O¢Bmpounds of
st A D O Ty oy o
Formullari’éb aalebe fomed yoktty o emﬂnmmﬂl% F(Démgla VIBb'd)]D(z' |rpgetigR@vith an

sk UL b 0OCH SALHSHSE 85 cMRE S 8, 1. . 1. 0w

OTs, (OIf, R, t Eghinyled N@ﬁkyﬂﬁir@dagéﬁﬁ maluldwallfyllli’:ﬁddésosmh as ethyl iodide.
saturated or partially unsaturated cyc] oal kyl

Cyclizatismeplothp cgomiorpd of .Fﬁgmal@ Xh tamypvide ﬂF?eP"é}ZHBW?OIF irpiyesented by
s of cycl oal kyl groups include, but are not
Fonnuﬁﬁﬁﬂ?%g cycl opropyl, cycl obutyl, cycl opentyl,
cyclohexyl cycl oheptyl, a#d the Iike. The cycl oal kyl
may be optlonally substltuted |Qﬁ@ @ﬂdently in one or
nore substitutabl e posit 4 various groups. For
exanpl e, such cycl oal kyl ps nmay be optionally
substituted with, gor_ e ; pe or nore groups
i ndependent |y selecte@ fro alkyl, G-C6
al koxy, hal ogen, hydroxy; myano nitro, am no,
H OnQ(Cl- C6) al kyl am no, §§ -C 6)al kyl am no, C2-C6
al kenyl, C2-C6 al kynyl, éﬂl -5 hal oal kyl, C1-C6

[00277] wherein R' is not hydrogen, is accomplished by reacting the compound of

Formula Xb with (i) formic acid optionally in the presence of an additional acid or (ii) a
formic acid derivative (for example, esters of formic acid such as, but not limited to,
trimethylorthoformate, triethylorthoformate and formamidine acetate) in the presence of an
acid under appropriate conditions known to those skilled in the art to provide a compound of
Formula VIIIb-1. The compound of Formula VIIIb-1 can be reacted with an aryl halide as
described in Method 1 to provide an N-3 benzimidazole compound of Formula Ib-1.

[00278] Method E: In an alternative multi-step cyclization method, referred to herein
as Method E as shown in Figure 10, a compound of Formula VIIb-1, wherein R*™ is
hydrogen and R? is not hydrogen, can be cyclized to the corresponding benzimidazole
compound of Formula VIIIb-1, wherein R' is not hydrogen, by a step-wise method

comprising:
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hal oal koxy, am no(C]-C 6)al kyl, nmono(C]-C
6) al kyl am no(C -C 6)al kyl and di (g -
w@gjoalobatbam no(C - C 6) al kyl . [00292] The t er m PCT/US2006/024084
"heteroal kyl" refers to saturated |inear or
ranc o CRARYAN 8PFo YA 9EB-Pon radi cal of one
““n79f mggeggggggbn atghé wherein at |east one of the
carbon atons is replaced f
fromN, O or S, and whergin iNmrRrPadi cal may be a
carbon radi cal or heter; radical (i.e., the
het er oat om may appear in g_mddle or at the end of
the radical). The hetBf oalfkyl "¥°adi cal may be
optional ly substituted ingdgpendently w thone or nore
substituents described herein. The term "heteroal kyl"
enconpasses al koxy and hefdbdal koxy radicals. [ 00293]

ool LS50 SREMELRSHLE LY B SRE T o R

unsat urated carbocyclic radical of 3 to 8 ring atons
in which at |east one ring atomgsga heteroat om

sel ected fromnitrogen, oxygep and sul fur, the

remai ning ring atons Pein wherein one or nore ring
atons may be optiopal st ed i ndependently with
one or nore substituentt descriped bel ow. The radical
may be a carbon radical or ¥&Rer oat om radi cal . The
termfurther includes bicy®y c and tricyclic fused
ring systens, i ¢h include a heterocycle fused one

[00281jpr e oralremey%lRe Rot ap@aeec §e e éleduhrg@n and R™ is H, C,-Clo alkyl,
Cs- Cloh(!é!%er O@?Mr@}r"%g}géﬂk HeRPod: E{ﬁg B h{éﬁ 51@ alw;le rvﬁl'eﬂaln said alkyl,

s are
cycloaik@tatﬂfyl)amqﬂﬂkyk; hetﬂ@ﬁryldﬂx;&nmicbéle’@fodyelymmﬁy pbrm)lnkydre optionally
rings include, but are not rol idi
substitytgd W‘ﬂﬂ&/@l‘?‘%?@?’ﬁ?ﬁ/ grougs Wﬁ?@ﬁﬁ?tg;n yﬁectedgfrpgrﬁ% #%%Wyl cyano,
nitro, a%(foah@gr(ﬂpﬁlﬂﬁgw()z zi hyge Py ! C?:UJ ralkynyl, (|33 -Cs cycloalkyl C3-Cg

et rahydrot yranyl, piperidino, norpho
heterodylelcaikyt,phR RAend t(hquanyI pi per azinyl,

onopi azetidin etan I et an :
0028300 b1 BE e g the BRSIeGHRY of pifd filn SEEGHRY b o provide a
(mnqmqhggpp@ﬁﬂma)mmrazeprnyI 1,2,3,6- tetrahydropyridinyl,
2-pyrrolinyl, 3- pyrrollnyl indolinyl, 2H pyranyl ,
4H pyr anyl , dloxanyl 1, 3- dFoonanyI, pyrazolinyl,
di t hi anyl , dithiolanyl, di r gpReeRery | |
di hydr ot hi enyl ,

ith a heteroatom sel ected

R'lOa/\N X5
H
NR2R?a
Xb .
[00283] wherein Z, R%, R? R? R*, R!% and X° are as defined herein;
[00284] (c) reacting said compound of Formula Xb with (i) formic acid optionally in

the presence of an additional acid or (ii) -a formic acid derivative (for example, esters of
formic acid such as, but not limited to, trimethylorthoformate, triethylorthoformate and

formamidine acetate) in the presence of an acid to provide said compound of Formula XIIb-1
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di hydr of uranyl , pyrazolidinylim dazolinyl,
i m dazol i di nyl, 3-azabicyco[ 3. 1.0] hexanyl, 3-
wa@2@bioaaist o[ 4. 1. 0] hept anyl , azabi cycl o[ 2. 2. 2] heXEDN$1006/024084
3Hindolyl and quinolizinyl. Spiro noieties are also
included within the scopeyof this definition. The
foregoi ng groups, as deriVjed fromthe groups |isted
above, may be C attached o MRTREhed where such is
possi bl e. For instance, oup derived frompyrrole
may be pyrrol- 1-ykio(N-attaehed) or pyrrol-3-yl
(C-attached). Furt heiNy a oupXderived fromim dazol e
may be i m dazol -1-vyl _attached) or imdazol-3-yl
(C-attached). An exanple of,,a heterocyclic group
wherein 2 ring carbon atons are substituted with oxo
(=0) noieties is 1,1- dioxaHLhionDrpholinyl The

etero ycle OUps her qbn ¢ unsybstituted or,
[00285£pe0| (RC g‘% & pdt ed Cgfgealﬁras reddhpmein; ngh abI e
[00286&03' t fe%{b%ﬂg thl P by ﬁmﬂé Hébods I5:19(,rh 2580 Goscibiin Metlﬁod B to

eterocycl e groups may be optionally substituted wt
providefthe Ne® alwptmldamée ormpomd cngmmslal ¥ildpdnddwet doynmehé of #drmula

VIIIb-éggo ° rﬁact(tjfdo Wltiln“l“}‘l 8%]1 r}gﬁg %)éy%bbgﬁ | -Og@rﬂﬁ%hﬁgyld LS )f%dvide an N-3
benzimidiagdle C%F&hf@bfall‘ﬂrﬁmla 1 C@Xlﬂa'n@%!ﬂy; a@%r(@ﬁ%ad) Kﬁ(cﬁﬁér embodlment
Cl-C6 ha oalrgy ﬁ/F G - C6 _hal oal koxy, am no( C6)a
¢

of Methaghl( €romepey e He X may dpaabiainedahn refction oéVIIbyl with an
alkylati?%?ééﬁ%lo?%g i mb?ﬂ Ilfyxlvher{ai%ofg? L 1&?%4 ?fo'i[t}pa%{ a[s Cl, Br, I,

to a nobnova Aromatic  carboe
OMs, HayDiif eexc.singl e ring (e.qg., phenyl), rrultlple rings

[00287]2‘6' J: g]gl?b iaﬁ&vgnﬁlelg%%ﬁn o nﬁl‘z}t{o(%lel\e/lﬁ%ogdenﬁeo% tglle %ggse}ltnl\mérﬁlhon offer
several ladastafles @veANGRALARARAE MYdthodt@RG YL ) predhihGdh I§fe banmmldazole

optionally nmono-, di-, or trisubstituted wth
derivatipeg. oFglesh thére ey ordy Ryiew litesstere exbtoplep of the donvensiometflaydiamino aryl

compoiifleg SEHGFIRALe B AN AR, &1 dnce Mbolet ISP at (G Soc.

Perkin Df19534,908; GOT. MordzamieAdd Ohbll\@ﬁr\mlc(hbml 564, USEss. fmedlssw N.S.
rlng %stenséa{least one of which is aromatic
{

Zefirovg Gy B8 CoRt altkaiy RE. Idaghenspe NaKd 2, thCHE?Z}% Electronic
Conferéé)@(& eorno%l%g? aﬁé ?ﬁ'}eﬁﬁstw 3 tc{dégﬁﬁs @X%%{% B Il%wkfyerrgamc

et eroaryl” gr ou s are pyr
Proc. Amthz}qz dhty,| (1993)r REI70B4TOH), hpweeerphatle, of the reported examples involved

highly substituted substrates such as those involved in the process of the present invention.

In addition, in many of the literature examples the regioselectivity is uncertain (G.T. Morgan,
W.AP. Challenor, J. Chem. Soc. Trans., 1921,1537), and none of the methods prior to the
present invention utilize a substrate having a third amino substituent on the aromatic ring,
which has the potential to react with the formaldehyde, leading to the formation of alternative
products. Furthermore, the methods of this invention are more suitable for industrial
applications, since it uses reagents that-are less toxic than the HCI/HCHO reagent mixture
used in conventional methods, and therefore do not generate toxic by-products such as
dichloromethy! ether.

[00288] The terms "C;-Cjg alkyl" and "alkyl" as used herein refer to a saturated linear

or branched-chain monovalent hydrocarbon radical having one to ten carbon atoms, wherein
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triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,

i soxazol yl, thiazolyl, oxazolyl, isothiazolyl,
w@eo7ob2457 qui nol i nyl, isoquinolinyl, indolyl, PCT/US2006/024084
benzi m dazol yl, benzof uranyl, cinnolinyl, indazolyl,

the alkj;'lgrgg | ny Ibb ﬁger : 2 &%htedg}{ﬁ%p%ﬁ&én@l lwn:l‘i ()h?‘%{r Mdre substituents

describéd b@léﬁ)l YExarﬁﬂhdesa@ﬂ ealzﬁlgy‘d)upshhtl&d@ anohael not ﬂmna:zlatnyinpthyl ethyl, n-

benzof urazanyl , benzothlo enzot hi azol
propyl, eppteR ¥z Gl 133b‘ﬂtﬁ]aZ§9P1bHW %:Llﬁ%ﬁ ,|150pent§r/1 'neopentyl, tert-

pentyl, ﬂ?@gt MEM dﬁ;ﬁé}%@t@ﬂmeﬂf T: gﬁe@-‘(%afoc%ﬁ' 501 BPIiRLI es are

I nc In Is definition.
[00289Het er Qe ytbrogyr 'tﬁtp@loaﬂ]@ngb‘t amih élallgtnydﬂ ngfer telilinearppr branched-chain

monovﬂpqtﬁg ?éé{b%%ergﬁ\gllﬁlggg IE%P to EQ O%F 8’%&5 eﬁ%%’uble bond,
and 1ncﬁ1cﬂé¥5‘%lls nét3insieedoos Cétﬁ@{ylf)ﬁrollﬁdﬂﬁ’l BB -asl elr-pet3-asfl, klyhex-S enyl

%ﬁThe term™ar nmeans an al kyl npiety %
and thedbkep e rqbdh@)alkggﬂsqadtcgk @@Yvhet eptinally subsy qgec}apﬂependem y with
one or nnl?%%t %{J‘l()gﬁ%ufr:ré % %gsc??e% r@lggeér?b@ivdgncwg cﬁgaﬁ Ex&lﬁg "cis" and "trans"
orlental'uﬁmd Uﬂﬁtéﬁlﬁ%ﬁlﬁfyly, "wl‘kﬁmWZétdmy:htatlami the like. [00297] The

rm " heteroaryl al kyl ans al k | ety
[00290hef| nélaleat%t@%)%él%étqufm arl‘lflké’nﬁ t af%/la ﬁﬁ?aét?/r branched

monov?~I BhSIRy d@écaﬁﬁ;nk &galatgot\k%)to tW@fv@ Bfehelidedcontaining at least one triple
eteroaryl a radicals are 5- or 6-nenbered

bond. E&hmpb:amgdluc@ bu@ralmyllmte@@rqﬂbwl |pm@p}upd13 butynyl, pentyn-2-yl and

xgzol.yl.me th t he I 00
e i SRR SR B I B BB BARRY TR e o
more s@iskihnad RbowR) hsihstituted with a heterocyclyl nDiety
§also defined above). More preferred heterocyclyla
[00291} adi calihs tatres Bnarhgcygle e iep@oerriHet Sysloplyy |aréy Csa@MY§loalkyl"

refer to%m fﬁ%r glgl gﬁn aELtir @Hﬁ&l?@ﬂ%cﬁ&ﬁ 1;;(@1( B)ﬂ cal flm gl;)m-rljﬂfee to ten

term-cyc nol ety
carbon Gedh eﬂihatwme"):y(ﬂuhkj/ll"tlmxﬂmﬂbsvmm’mcyclﬂymﬁqaﬂkqmlim gt, picyclic and
so_defined above) preferred heteroc
ticyclif B SRy hr g asrgy WisHR o BB EaF RIS A e %ﬁl% include

saturat& %Maﬁ%l ?nﬁ‘ﬂs'éﬁil?atgd’ QE&BQRQV gl hgl a shtf&Q0br -ﬁﬂﬁlall?rlfﬁsaturated
nean means ethyl, "Bu" neans butyl
cycloa]zlmlj of Aetémcycloalkyl ring or an aryl or heteroaryl ring. Examples of cycloalkyl

groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and the like. The cycloalkyl may be optionally substituted independently in one
or more substitutable positions with various groups. For example, such cycloalkyl groups
may be optionally substituted with, for example, one or more groups independently selected
from C-Cg alkyl, C;-Cs alkoxy,' halogen, hydroxy, cyano, nitro, amino, mono(Ci-
Cs)alkylamino, di(C;-Cg)alkylamino, C,-Cg alkenyl, C,-Cs alkynyl, C;-Cs haloalkyl, Ci-Ce
haloalkoxy,  amino(C;-Cg)alkyl,  mono(C;-Cg)alkylamino(C;-Ce)alkyl and  di(Cy-
Ce)alkylamino(C-Cs)alkyl.

[00292] The term "heteroalkyl" refers to saturated linear or branched-chain monovalent
hydrocarbon radical of one to twelve carbon atoms, wherein at least one of the carbon atoms
is replaced with a heteroatom selected from N, O, or S, and wherein the radical may be a
carbon radical or heteroatom radical (i.e., the heteroatom may appear in the middle or at the
end of the radical). The heteroalkyl radical may be optionally substituted independently with
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nmeans acetyl. [00301] The term "hal ogen" represents
fluorine, bromne, chlorine, and iodine. [00302] In

w@emened1s7 t he vari ous noieties or functional grPOIPS2006/024084
any of the conpounds of the present invention may be

one or Qdre QOB tIYerSd BSEIibd RbeilY 0RO "HRE®aRYPSddchbHPRdsss alkoxy and
Exanpl esof substituents suitable for purposes of thi

heteroglipereimefligAlsi ncl ude, but are not linited to, oxo (wt h
[()0293|t1]he Pr-Ad %erﬁshahetégocilcﬁoep@l "Onhéf‘l&o@?%!e” %r hl?ettgr }%ef{rlyl )efer to a

gen, cyano, nrtro fluoro
saturated &i pmnﬂhsemhmuyated carbbayoliorelidabzf3 tcﬁ% lu(ﬁg atonf{n,which at least one

ring atbngg% Ré@atérgoqzq%gggél@mqntor)@% W%n )an@ﬁulfur @gr%aining ring
atoms beﬁ%@l wher eln ohBoRm’ore N@%@s% ﬂé:‘)érptmnallr S}llf(st tuted independently

, aryl, heteroaryl
with Ohetoerroaneyklé:istmllent ﬁmebﬂbbdbyfl dhd théicar maydieya a:latbph radical or
R”' Lnd € gent

heteroag?rigyliadlcla{jm%he {3&8 n@\?tgeroltnc Plcaqc trl[:{}é%glc)gﬁvs\gti lringssystems '

which t@chde URABEBEROEe t RBEd | dhel ST MBEE ScabRNyBlid W Peteld¥yElic rings.
radi cals are used in succession to define a

"Heteragyskaaflivlie ridscatincdedtedradisals siheisén dieterogysde fradigals pprefiised with

aromatfcagll gé'[ ro ?Ocng [E;Sh q%onSI aglg;%lpse o{ ﬁétg? QZ%IP ﬂl %H? 5 nt%ﬁltde but are not
hmltedst r gt urw'rnohdmghst itetehydfufscanflor  elanipbfaranyhe rtailgdlothienyl,

| al k ttache the structure in question by
ttrahy by S & f@ﬁopyr%goqe‘f@gwrgrmowaw und¥PFHERAr egnorpholino,
thiomoRSHo¥he! ABickshy® PIREEESI, Ofloﬁnbﬁp&ra%ﬁ?pt aie‘ﬁH { Qiht&ﬁw thietanyl,

exi st as two or nore tautoneric fofms. Smeri ¢
homopipgridinybf Qma@ﬁnpﬁuﬁpdsylnayxamwbh@g@pufydzr dicanphel, 1,2,3,6-
nollza i.0n

ety YDA oY POF, SRBHUEShUBRTER o tapSE thpyramst, dioxany

1,3-dioRbRpal; at azocmh Bl | dithedhlymeditiGolbRyls dhyds ds g drothlen 1
Forrrﬁll asp}?a I yIb I V:ylla I angyVUIb %%?g?n R1 5

dlhydrcrfy%beﬁywtz@l@@oﬂ}mrﬁhwnvhv epidagnlidind o 35%3@ a@[éelsolhexanyl 3-
GRS 514 i b s s
moietidsbark also included within the scope of this definition. The foregoing groups, as
derived from the groups listed above, may be C-attached or N-attached where such is
possible. For instance, a group derived from pyrrole may be pyrrol-1-yl (N-attached) or
pyrrol-3-yl (C-attached). Further, a group derived from imidazole may be imidazol-1-yl (N-
attached) or imidazol-3-yl (C-attached). An example of a heterocyclic group wherein 2 ring
carbon atoms are substituted with oxo (=O)'moieties is 1,1-dioxo-thiomorpholinyl. The
heterocycle groups herein are unsubstituted or, as specified, substituted in one or more
substitutable positions with various groups. For example, such heterocycle groups may be
optionally substituted with, for example, one or more groups independently selected from C;-
Cs alkyl, Cy-Cs alkoxy, halogen, hydroxy, cyano, nitro, amino, mono(C;-Cg)alkylamino,
di(C,-Ce)alkylamino, C,-Cs alkenyl, C,-Cg alkynyl, C;-Cs haloalkyl, C;-Cs haloalkoxy,
amino(C;-Ce)alkyl, mono(C;-Cg)alkylamino(C;-Ce)alkyl and  di(C;-Cg)alkylamino(C;-
Cealkyl. :

[00294] 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
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lc-1 111 VIVIIIb-1 Xla XIb [00306] wherein Z, Rl, R2
R2a, R2b, R2c, R10, X1, X2 X3, X5, A and B are as
waledornerdsherein. In certain enbodi ments, Z i s PCT/US2006/024084
-C(=O NR6R7. In certain enbodinents, R8is ¢G-C 10
which a4tk YastOphé 0Oi3 alaﬂomeﬁlldbs{blgt uted w&rﬁhﬁﬂon@{ﬁl@l (ﬁaﬁhtﬁillk,y lvs)hlch is
or -O(C-C o-al kenyl). I'n certaln errbo i ments,
optlonal }ngggn@_,odﬂ > [OR tlglép}pqt@gpcbrw@mgl, %owgr alkyl, lower alkoxy,

i T A iy otz Ts oo,

[00295]s netTiyl ter@O‘ﬁat@ﬁ’qarylh refersttaianmendyadintrerimsaticdadicsl of 5-, 6- or 7-

membiigd PFhBisD B 3ot e (A ahb oo Bk prgmatie) of 5-10
atoms @J)Ilftéhlmr%r at hé‘e{sp gﬁ@ and Op € FhRLBiceIHRRHE FRELEd fr&h h1$ro§6n dflgen, or
[ 00308] In certain enbodi nents, R'10

sulfur. cﬂ_xmmealoﬁyhetelpmybarwm u¢rarp>@w1nmd,| ﬁ*émaéolymru@ldmyl pyrazolyl,

’cr1azol)czl , éoy% zanry:& g%e r% 1@5103%1@]’@ 10y, nséjéaztRl%ghﬁﬁ C{lﬁé %x??oqlegé:othlazolyl
pyrrolyil0| (Ylﬁh@iﬁw@f isop@ng], 0findoBi Mbeazinddazol Y- lbenzbﬁminyll Icinnolinyl,
VIla-1, MiIb-1, M-I, VIIIb-1, Xla and Xl b. The
mdazobéf indoliginyht ehthalaziayls nysldagindgdriegnyle 1¥ndolyly rﬁs%ﬂmwlofpurmyl
oxadla%{%lgg i%%\é%ﬂt Al Mol fﬁfh%la?[)lgmﬁzﬁ%,l Vl?éﬁtzoﬁ%xz%ﬁw ?g‘nzothlophenyl,

is inverntion a enconpasses sa
benzoth'mnplgu rt&‘:azm)tazﬂyt mlhmzbhnyl qlhlbeka,linlyh daphihlytidinyl and furopyridinyl.
| a- V1.1 b+ VLI VIIIb-1 and Xlh. Tha
Spiro mgletlgs e@nzbla% Ilﬂf’lltqﬁdt np ﬁ%mopg of ﬁd&? c%gtgglé)gs Igeteroarytl groups are

optionglif fnloﬁbﬁml ¥r ﬁrifshgétﬁuteé vt E'gu}@IHgleM BRRbEy1, &anbOhifto, azido, C;-
f uncti onal accord &ag react W th any of a

Ca kol By G g sl nsh, Corpaloniaben Cafi heteqelnnliyl.
[0029651 nd Orﬂ?e” a.CI gl?.i kg/i ‘Omfez%{sngu? I?)? tmon!‘:r? fm?cL aﬁ&les Jubstituted

ncl ude t hose 6 prepar ed reac

with 080 6P ARSI yDIndidte (Plk€ ae éfiried\edold)0rMoiet ﬁre&rﬁuraeylalkybfadlcals are
organi ¢ _acid or an_inorgani c base, such salts
aryl-Cy hg]ik )%

i Fgramplesingdude bsmayh Phanglethybinnd dhaliks

o EroloReREPEBIGkal t HA POETRIGREARI. o, s shov
substithtedivddsa aetetoatd snoiptyofplsonadelnedddboano dviess peépredl leteesarylalkyl
radlcals arg Sa tor - nge?rrlbrg%cf %eteroarﬁ% yra?ltcﬁs.’ )?apmpqgg ?nc’lude oxazolylmethyl,
pyridylethy! and the like.

[00298] The term "heterocyclylalkyl" means an alkyl moiety (as defined above)
substituted with a heterocyclyl moiety (also defined above). More preferred
heterocyclylalkyl radicals are 5- or 6-membered heterocyclyl-Ci.3-alkyls. Examples include
tetrahydropyranylmethyl. .

[00299] The term “cycloalkylalkjrl” means an alkyl moiety (as defined above)
substituted with a cycloalkyl moiety (also defined above). More preferred heterocyclyl

radicals are 5- or 6-membered cycloalkyl-Cys-alkyls. Examples include cyclopropylmethyl.

[00300] The term "Me" means methyl, "Et" means ethyl, "Bu" means butyl and "Ac"
means acetyl. ' ' . '

[00301] The term "halogen" represents fluorine, bromine, chlorine, and iodine.

[00302] 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
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hept anoat es, propi ol ates, oxal ates, mal onat es,
succi nat es, suberates, sebacates, funarates, nal eates,
wheaoyed157- di oat es, hexyne-1, 6-di oat es, benzoaPE&BUS2006/024084
chl orobenzoat es, nethyl benzoat es, dinitrobenzoates,
of subﬁﬁgérﬁé()!tkﬁ%?eoﬁireﬁnpdﬁi ROXNRAAZARLE Snclbd, Ak ak@€Bot limited to, oxo
ul fonat es, xylenesul f onat es, phenylacetates
(with tmmisp tlendiitgmBetean anghEhg Mryarrabel@logﬁﬁm gxanesnitro, trifluoromethyl,

t d t t es, :
amorBFELES TR AL S S XGOS, SPERTLES O, -
C(O)OR‘ swd(@r)m eNR'O”(@p(DRHal HRGCCZ})RUJ iamamsa"arm nBS(d)eRai; eSO R"™, -

S ngle co npound of the present inve n

NR'R"j rMRG&@ﬂﬂ% ATRCBNEN % ol padsreansi %t/f@@? hefgroarylalicy,
. e Rint

rrro R SHp S8l ORISR 1 NEILL B0 IV PR e i

lowereilhmgiﬂudr\kﬁwrcaﬂipmyhd is a base, the desi red salt may be

repar a hod ayailable in th rt .

003035 P £ i e et ibetap ST ECBARE b ARTGRY dfecsed in

succesﬁ@ﬂ’&?&’fﬁﬁw aPRbStiastt AtthdheBRo b RRLEBR], ShedFbithanSddGadRS] is considered
hydrochl oric acid, hydrobromc acid, sulfuric acid,

to be {eiminak ang itlep, lopthoampeb Fadicad ds gorsideredéo beledtachsd g the simcture in
ques‘uocr)lr g?h n?go?’acglapl%u&t% géllcglcﬁg aﬁcg?%f chagfr}@dc%atgle gﬁhgtufe 1. %uestlon by
theamﬁbgduppyFUVIC acid, oxalic acid, glycolic acid,

salicylic acid, a pyran05|dyl aC|d such as Iucuronlc

[00304]¢j g drerhiift SUPRRBIE PreRared akArARg P2 IYRACE )T B RFeseat dpyention
can exdst &l bid ©r 364 tgﬁtoﬁé{ﬂ: afolifs. ACT HioRiA AR 8€ céﬂ‘lg&mds may
as aspartic aci 'utam c aci an aromati c acl
interchsugdy fas dempts, cv1ac¢mbh®at1cm/cimamhcatam dnd aths ulifeonA ccordingly, the
cid,.suc S t ol uenesul.f . d.or ethanesul fo
preSem?lavaﬁm@rn@ﬁ@es| tBi% BrePRIGHSE of @ ﬁﬁaﬁ‘i’%’éerﬂ%@é‘i’%ﬁu \%/8 OTRBATHTS 9 E FSrmulas
Ta-1, IbSL, MIIACH $hd VitAbdeshees B4 hymyedde prepared by any
sui tabl e method, for exanpl e, treatnent of the fre
[0030Kci d ﬁhlﬁlraﬁntimlgamwnwsw g@np@urﬁagéFom@ﬁ%h-édlb -1, Ie-1, 111,
r [ tsh red with al kali and
VL Vﬁﬁaﬁﬁi’ef&?ﬂ%iﬁmé ?ﬁfg‘h gs ithium sodium
pot assi um barium and cal cium Preferred organi c base
sal ts include, for exanple, annonlgn1 ”
R

dib zyI@hnDn' m benzyl ammoni um
2- hy'dr ox nmoni um  bi s(2- hydes N ﬁﬁﬁnnlum
p th be yI am ne, di benzyl @ ene ‘ a and
R10\Nt 5 R1O\N
==y
Ia-1 : ‘ Ib-1
AR x1 .z z
N \/] X3 B
N X5 /\/xz OoN x5 O,N X5
\\——N A A
ﬁ#
Ic-1 I \4!
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like salts. Other salts of acidic noieties my
i nclude, for exanple, those salts forned with
w@e@cad2167 qui ni ne and N-net hyl gl ucosam ne, plPCT/F81006024084
formed with basic am no acids such as glycine,
ordgbtRhi ne, histidine, phenylglycine, |lysine and CO,R!
argi ni ne, [ 00313] The inventjive ¢ ;ggpunds may be
sing the reaction nd synt hesi
es as descri bed herei oloylng the tech
ke in the art O g nateri ghg (A
avai |l abl e or cdn be |synt hesi zed using \eL[jods
kr¥%dR*T n the art. [ 00314] é‘ﬁ%@sent ative conpounds of
the present invention, which are enconpassed blet e
pr¥Bant i nvention include, bkbadre not linited th
conpounds of the exanples afd the acid or base
addition salts thereof. Thefexanpl es presented befow
1 SIEd" t oi | | ustrat e t iWRARET enbodi ment s NR2PRZ®
vention, and are no ended to limt th pe
R~ peci fication or %gm in any way . 5
[ 00315] The e% and preparati ons \gro i ded
e Ow further illustrate exenmplify the co Nds
of t he present invention and®’net hods of preparing Blch
conpounds. It is to be understood that the scope of
YH&bgresent invention is notXlanited in any way byXlbhe

cope of the_fgll |Q§ n epasati o
[00306a>erson§”h§fﬁl?Ize}g”lﬁwt{heRar i 5?1 %ég% g “& %ts%ére as defined
hereinCNE¥eAFh nERAhONS ziﬁsw(hb?/xg ﬁm Hﬁcér%%ln)bo&ﬁ%ﬁtseﬁ 9 C;-Cyo

repare a nunber 0 ot her K i nhi bitors of

alkyl optipaatly owbstdnigd avitle it OreCines-ilbsb 10 rOﬁGeﬁamalhgnbﬂh eln certain
t I ar

embodfifREIETR Frrprblr RUERKH I A AgEIR s iRt on. 1n

other ai‘x)f[ﬂidlilﬁsmts Ofis FepORX el R ¥ jsati-C gratlognds paﬂfmrad iedotli@nents, R! is
the invention may be successfully perfornmed by

methylrmdl fications apparent to those skilled in the art,

[003073 9., 1VceARRMYuRh&ty 3P I@hﬁ‘é 49! Akt uﬁa@remdﬂlg&lltjso%s isF. In

i zi ng. ot her sul'tab agent's known

certaln@tntkmdmbnam, X his $Eordedagenmbed X ds d]/kly} otbhyelogeki g certain embodiments,

Brm T)&zcagions of reaction conditions. Alternatively,
His Brapd KRGk i ons ,
[00308] In certain embodiments, R' is C;-Cyg alkyl. In particular embodiments, R'° is

H,oN

methyl. In certain embodiments, R*, R**, R* and R*® are hydrogen.

[00309] This invention further includes solvates of compound of Formula Ia-1, Ib-1,
Ic-1, 11, VI, VIIa-1, VIIb-1, VIIIa-1, VIIIb-1, XIa and XIb. The term "solvate" refers to
an aggregate of a compound of this invention with one or more solvent molecules.

[00310] This .invention also encompasses salts of compounds of Formula Ia-1, Ib-1,
Ie-1, I, VI, VIIa-1, VIIb-1, VIIIa-1, VIIIb-1, XYa and XIb. 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,
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di scl osed herein or known in the art will be

recogni zed as having applicability for preparing other
w@orpowids of the invention. [00316] In the exe@pUs2006/024084

descri bed bel ow, unl ess otherw se indicated all

acetates! QRRRERAL QRcA{RteSLLarirPlateh, ntrytheey demndled, siselaityrates, caproates,
Reagents were purchased from comyer ci suppl. ers

heptanoatgs,@@p;(&ﬁem@ml@@q, 1@%@@ sugcipaess ¢ leraﬁe@l s¢jacates, Rl.marates

e re temts,f ur bBgsoaRur i fichedrbmzoat
maleatefml egg ot ér%\?\ngasgegel ndllye?:ﬁg 2% &'thr%hydroﬁoraan (THF), Z0a%es,

methylOSndbatisire tihyitrbeemrestede HyDMRybemtiostss.or meltonsbrnzoates, u dhghalates,

st eSS L SRS S50 ST AL S R ARR) s

lactatess‘%/t}é)r RELuRRhRY YRLEIaRON CareRET @ielth/alﬁﬁlﬂﬁfna@s,p@Scbﬁanmlfonates
of nitrégen or argon or with a drying tube

naphthaaamuessfomme; wiapbtheieae-deplippatan iy onandeditifent SSingencp single
compo%lg $ %%elsg ell;llf%{%lrég an\lg\allsy{ 1%01&1&9 {r?o% |t1¥anf éﬁet a?c% c(i)tr I%a§1U m?ﬁétles, the

fon of substrates and reagents
compodﬁ'd@oﬁbh@ nt favagnans nelsdeomenodtiice dri-aalty inra siegl¢ compound.

dried, [00318] 1H NMWR t
00311V af ﬁgwkwmapwéf’l?%&a% "Godesin v PR e by any

suitable\’\ﬁ &108 tg\/@f&iﬁg 1@% fgr Qian%lpl\'@tl%@ﬁtuéﬂ OB Sree RO Kfi®0an acidic

Solvents were used as needed. \Wen
compomﬂabaﬁwutmnfl hiihomsniarasid; epoh tasdiydrpehléng lagid Agydrobromic acid,

abb t d | (d
NI N T D -
acid, mfeid Rl Shlnic did dRiHabRS 2618, ﬁ[rhzﬁicﬁbﬁ)i; n@mmd atig, pyruvic acid,

const ants, when given, are reported in Hertz (Hz).
oxalic mé,ng]yeollc gquh; ﬁ@lgqyélcoffmd a pyranosidyl acid, such as gluclronic acid or

s Sy RDH o)LL OBLATL AT 47 rBariy b v i
such aszas?artﬂ: aoid bl yortam - wid, ra@kmmmm aaidj sudh2)s: bdi"llszrvgld—lNCBlnnamlc
90% (549.0 g, 7.84 nol: correc %.wt ,. 1. .

o o0 g T34 ol porroct el o A0 T
[00312] If the inventive compound is an acid, the desired salt may be prepared by any
suitable method, for example, treatment of the free acid with an inorganic or organic base.
Preferred inorganic salts are those formed with alkali and alkaline earth metals such as
lithium, sodium, potassium, barium and calcium. Preferred organic base salts include, for
example, ammonium, dibenzylammonium, benzylammonium, 2-hydroxyethylammonium,
bis(2-hydroxyethyl)ammonium, phenylethylbenzylamine, dibenzylethylenediamine, and the
like salts. Other salts of acidic moieties rhay include, for example, those salts formed with
procaine, quinine and N-methylglucosamine, plus salts formed with basic amino acids such
as glycine, ornithine, histidine, phenylgiycine, lysine and arginine.

[00313] 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. '

[00314] Representative compounds of the present invention, which are encompassed
by the present inventidn include, but are not limited to, the compounds of the examples and
the acid or base addition salts thereof. The examples presented below are intended to
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H2SO4 over 18 minutes with stirring. The sol ution
OfF HNOB was then added to a m xture of

wWQ2@;7402167 f | uor obenzoi ¢ acid (1094 g, 6.21 nol PCWUS2006/024084
equiv.) in 3.3 L (5.85 kg) of concentrated H2SO4 in a

illustra%‘é‘?a?%le{rleﬂ%d%&ﬂs b GVl &ltioR kil &bt Herfié o ithihtélscope of
conplete addition, the reaction m xture was

thespeaﬂfﬂcaiwmlcbrtthﬂvi/amm@nymterrperature After 5 hours,

the reaction was conpl %@? C and the reaction
m xture (brown solutio ured over 10 m nutes

[00315] nto & h@%ﬁﬁlﬁﬁle%ﬂ|pYe;§éﬁdtfdh§@rdﬂ1d@dLHe&)\@ffurﬂ&r Bliksgratefand exemplify
distilled water .and 11.8 kg of ice. The yellow slu

the conpppaindpef thel prasent4nyentionapd é@ﬂf%iﬁ ObPRERag §ich cORPRUNAS. s tobe
unders{@g{x tgr?gt e sctzﬁg of Qﬂé&f%@geﬁiﬁl%@ﬁﬁ& W i h‘imgedtm%y cwa%x w {h%q;cope of

and t ane cake
the follweng ekanploy end ipgipbratibhe Rnrmhe skdleilds thd aﬁgwllkge)cogmzaethat the
d.in 16 of aj st wat er

t t i,lle
chemicg Ferghens S B ROH oGt Rl SERRURS Lo B gLk phother MEK
1nh1b1t@r¥ ed'fnﬂhg rlﬁvetnﬁoﬂ' g aﬂk&%@tl\% ﬁlefhzﬁ%fopgréiﬁﬂﬁg YRS cdmpsurdls of this
| owm sh solid. HPLC was 98 a% ( and 100% (254

mventmmare deeiisR> et QGthivt-the seapOMS)s iavention. [Foriexaipplar basynthesis of

s S 6 A RS M SRS

modlﬁaéh?)né Gppaidnt td Brbsé Sliled irshhe at34.o(, Gy @ppropliblely Prdtectid} interfering
251, 10), 148 (G F dd, J 265, 13)

groupsz@sutﬂml}g otherzsutaioryageniv kpAYE iR §wst f(tb?l)tgafitﬁj?ée g%sra@ed and/or
by mof e DA, o LBl SeRptih) MRLSEARA, Sude o

dlsclosad: ihdre(rﬁdr kn'b@vramnﬂmialir\eﬂldﬁe 2¢c@nized as having applicability for preparing

. C@ (% mtrobenzmc acid (2) (167.2 g, 0.756 nol,
otlechm@a@} PLihe BYI of distilled waterwas added

[00316(]7 on C e rIB red %%r%%[@%b&!ﬁeﬁywl&% | et 2306rMiE3 iB@icket QI teBrpratures

5.6 equiv.) ensuring that
are set |fmlenr@g1qee frobsinzst (Reagowts weed pwciBised Homospapmercial suppliers such as

Aldnc%%acal Iteoll m )rrfﬁf,t’l f Sochse Slt’dilr a%&ﬁdi aﬂh W«{;\g Qcp%ﬁlgﬁpﬁn’ther

per atur e

purlﬁcﬁt@cﬂﬁ thless \bmrv?@@%cﬁea’tﬁd et"EbthhydTIB‘ﬁEan K’hHF} el -dimethylformamide
re was cooled in an icewater bath

d
(DMF); @#@Mpm aRe; He}uepg5@dn@)3x%w?%w%§@'}% Alfiieh fiy Sure scal
bottlestAh USdd Riecived. ThE

[00317] 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 and/or heat dried.

[00318] 'H-NMR spectra were recorded on a Varian instrument operating at 400 MHz.
'H-NMR spectra were obtained as CDCl; or dg DMSO solutions (reported in ppm). Other
NMR solvents were used as needed. When peak multiplicities are reported, the following
abbreviations are used: s (singlet), d (doublet), t (triplet), m (multiplet), br (broadened), dd
(doublet of doublets), dt (doublet of triplets). Coupling constants, when given, are reported in
Hertz (Hz).

Example 1
Synthesis of 6-(4—br6mo-2—chlorophenvlamino)-7-ﬂuoro-3-methv1—3H—benzoimidazole-5-
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slurry was stirred for 1 hour with ice bath cooling
and filtered. The cake was rinsed with 1 L of

waleaviobdied water and then with 350 ni of MIBE. PATYESmake24084
was oven-dried at 48 C overnight to give 134.9 g of a
yel l ow solid. HPLC was8x8lia%eid220 nn) and 96. 96 a%
(254 nm. The MIBE filtrate was concentrated on a
rotary evaporatorCOaHd punped overrff@Ht to give 9.9 g
of a second crop_as aryell ow soli gt HPEC was 81.1 a%
(220 nm and 9 [ [

4-ami no-2, 3-di f 5-ni troben acid (3) was 144.8
g (88%. 1 NVR (4f ., d6 OMSO Y 878 (2H5 br s,
NH2) 8.42 (IH, ddF J 1.5 7.6, Ar-H). 19F NWR (376

MHz, d6 DMBO) d -153.9, -129.0. 13C NVR (100 Mz, d6
DVSO) d 106 (C, d, J 10), 126 (CH), ,128 (C), 140 (G F
dd, J 241, 16), 1140 8 (C dd, J 12,24), 153 (C-F, dd,

[00319] .59 20 3 s 4 %?)9 HREINGSSEs (549.0 ¢,

7.84 1115)@@3&&&&125&%@(104’? lV\Pt/,El hyg |56qu1V) Wgs added to 2(% )L (3 35 kg) of concentrated
am no- i f1uoro-5-nitrobenzoat
HSOsgyven 19 mifisps Wi GUEBEGH vihe s iRl TS0 o5 e tg § mpture of
0 t e
2,3 4-t1?1§§f5r§>¥%;%f0éc ac?@%ﬂ@é%g ?6?1 i 1oli'eagqvv )p% 35331% {TSZL@oEg)aGf hncentrated

H,SO4The sm:oqtduiﬂaakmﬂl eeataie tmth c@ﬂingmvfeo pn héurh dupen ccmmp;lete addition,
ther eact i on

the reaml% H\Dé UG Was v\ée onp %hﬁ xéowa eg}pe%glferﬁr ?@f ! i;okr)]ours the reaction
was cdhplefeeBy HEIRN ahfl&hé Q@é‘cﬁbﬁﬂnfﬂt%&“@b@o%@%ofuﬁbﬁ)‘?&@g ekd over 10
t he cake was washed with he wet cake

minutegaitody me@haomé}lyn iegined letBE? o Uhelke ohidiillod avatanangd 11.8 kg of ice.
The y E)\ONV lgr%y (tc? %é@ st1 red for 2 hours and then filtered. T € cake was
“df fi 'tFo fti]h Fe

-am no= uor o- enzol Cc acl
rinsed @éth. 4. Bﬂl-&" &V@Slléﬂﬂw@teﬁ%c( ﬂ%ﬁ wiith) 5dnedf Bé&tahea The( %ﬂcaka’)was oven-

1H NVR (4 :
dried qvgmlglgr Ei%oqu.%z sohglg 4%? ggj g%&é}@ﬁggggg im 1q 9\/?_)905f (%istilled water (9

vol.), e&%ﬁly 8(%—&%326%889 g@“@g}urﬁl oéé%?gl@ 10 ¥ 113%91(%15 O¢g (75%)

of compoynd 228 a( @Howish lid. HDLC 128 (5% (azo am)and 11@0%( (Q,srramm)
SV AR U T AN
DMSOY82953.9, -131.5, -120.9. *C NMR (100 MHz, dg DMSO) § 117 (C, m), 124 (CH, b
5), 134 (C, s), 141 (C-F, dt, J 251, 10), 148 (C-F, dd, J 265, 13), 154 (C-F, dd, J 265, 10), 163
(COOH). TR vmadem™ 3108 (br), 1712, 1555, 1345, 1082. MS APCI (-) m/z 220 (M-1)
detected.

CO2H COZH
2 3
[00320] Step 2: 4-Amino-2,3-difluoro-5-nitrobenzoic acid (3): To a mixture of 2,3,4-

trifluoro-5-nitrobenzoic acid (2) (167.2 g, 0.756 mol, 1 equiv) in 400 mL of distilled water
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1637, 1548, 1342, 1234. M5 APCl (-) mz 23.1 (M)
detected. 4 5 [00322] Step 5 : Methyl

wWQ2e780ART no- 3- f |l uoro- 5-ni trobenzoate (5): To BCHUBI0€024084
sol ution of nethyl

was add%ﬂﬁgnﬂqgegﬁﬁ%g a%m];&#&)rﬁ%ygrog;(c{aeg(g@%?gfg%&uﬁéﬁ 3(43%m@)8g rsn)L 4.23 mol,
5.6 equdy. )Zéﬁ)sulﬂiinggdhaﬁSntﬁhﬁS&nrperaVl&sswdts belay afd¥dl oaer éeﬂ,lisdﬂ@ﬁrs The

| ut f
mixturenyes THEEd, 635 51 TS i RRaV RS Earp e PR B o
When i 1%@%’({5 \%93399@% %6 ﬁﬁ@é Ve EIPL (9 tiandadiibn fixth@fwaQooled in an ice-

over tine the internal pressure ranged
water bb]:hta\né&nnﬂenﬁawdd-l@ B5Daml.) Waﬁethpn addeft dropayisettpagdiust pH = 2. The

I | owl .
sy SRR S RO LR BRS¢

of dlStlﬁ&{ V\%@El r@rf&lufh%ﬁ v@lﬂ{j stGen, forl MQ‘B@ qfh@&fak& mmen&mﬂdtmms °C
was washed with water (33 1 vol

overnighti® give k¥H9 @w a yehew solid.eldPL \&aSv%&:@ ain (8%& ﬁméﬁn@ @6 8@:3‘% (254

e

give 9. dVE'é)f a0 cENBEDH E'dis% weBow(sdhd: SHPKZNB})&S 8. 12@%((290 nlr),and 95.40 a%
37 (2 br NH2) 8.47 (IH H; § l\/ﬁ
(254 mp)_ogjcm;]zme@{gl % uorqﬁlnl r@ﬁ;enzgg:z c(1@:]( ) Y58 448 ¢

v 30 g L5 300 90 50,y 70 e

Vg NM&@%mgiths?t &GFDMSO) §-153.9, -129.0. *C NMR (100 Miz, d6 DMSO) §106 (C,

no- 7- f 1 uor o- 3- net h(%l -3i f-benzoi mi dazol e-5 OCX%(
d, J 10), 126 &CHy, 128t (6! 1@5(1CeF dB Y244, hoX ﬂé@y@r{cpéﬁig&ﬁ 4), 153( dd, J

263, 100 f R8O TR “oalSe! Wy, BIBLOR064), RBb SRS TIRRR () iz 217

(M-1) &@lctdd on of methyl 2, 4- d| am no- 3-fl uoro5-ni trobenzoate
(5) (100 g, 419 mmol) in tetrahydrofuran (1.3 L)
15.98, followed by nmethanol (700 nlL). The m xture was
then stirred, purggd;w th nitrogen, aggdjeated to 55
C. Stirring was theh paused while the systemvvas
purged with hydregeaA¥ bar), and st ng was t hen

pm Afteg 6.75 observabl e

hydr ogen upt ake~had §ased and ég. ] dr ogen had
been taken ¢ systemwas t & pur ged Wit h
nitrogen and NH, NH,
3 4
[00321] Step 4: Methyl 4-amino-2.3-difluoro-5-nitrobenzoate (4): TMSCI (132 g,

1.21 mol, 2.0 equiv) was added over 5 minutes to a slurry of 4-amino-2,3-difluoro-5-
nitrobenzoic acid (3) (132.3 g, 0.607 mol, 1 equiv) in 325 mL of MeOH. The mixture was
heated at reflux for 15 hours. Once the reaction was complete by HPLC, the reaction mixture
was cooled in an ice-water bath for 45 minutes. Then the reaction mixture was filtered and
the cake was washed with 65 mL of MeOH. The wet cake was dried overnight at 55 °C
under high vacuum to provide 128.8 g (92%) of 4-amino-2,3-difluoro-5-nitrobenzoic acid
methyl ester (4). HPLC was 97.9 a% (220 nm) and 99.2 a % (254 nm). 'H NMR (400 MHz,
d¢ DMSO) 63.84 (3H, s, OMe), 8.1.(2H, br s, NHZ), 8.43 (1H, apparent dd, J 1.9, 7.2, Ar-H).
F NMR (376 MHz, dg DMSO) & -153.6, -129.2. "*C NMR (100 MHz, d¢ DMSO) & 52
(CH30), 105 (C, d, J 10), 125 (CH, t,J 2.7,), 128 (CH, d, J 5), 140 (C-F, dd, J 244, 15,), 141
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allowed to cool to 20 C. HPLC anal ysis indicated that
all starting material had been reacted and that the
wa@odoandnn7 yi el d of the desired triam ne producPCIES2006/024084
approximately 96% The m xture was then filtered using
(C, ddwmaa)m @C-m dd-J 263 111)' |IEEI(CDO) NPy ERt W16, /6at' 848813322, 1699,
and the system was washed with tetrahydrofuran (400
1637, }448, 188, J&3- MSSAPRER aVs2il (dd) gpRoehti | a total of
1400 nmL had been collected and the mixture was al |l owed
to cool to anbient tenperature. Acetonitrile (1.0 L)
was added to the ¢¥eure, foll owed byCodroval of
solvent ( 1 L) byl disgillation, then i tional
500 niL aliquots acetonitrile werg aggéd, “fol | owned
each tinme by re of sotvent (2 0 nmL) by

distillatiomN rFol | ow ngo Bt swap
procedure above, stirred mxture AQS cooled to 60
0C and a solutio p-t ol uenesul f oni ¢ Zaci d

nonohydr at e (87 7,0, 461 mol) in acegonltrlle (175
nmL) and water g m., 419 mmol) was added slowy,

[00324jol | Ovﬁdﬂbg dl[\@étﬂﬂxilmfchbhﬂﬁﬁ) {-980985-Bitrchenzcats QBP' )To a stirred
After 3 hours, HPLC anaIa%/sn s i ndicated 1 nco

solutignepfan¢th 4nFmingrd.r@fBa0aTDite borzoateai4d da3 H e, 542d5f ®maodhin 1,4-
dloxan%d(‘ni_p 'nﬁgag 913’}—}%?%%)& ﬁfgf tégsroséﬁﬁ st u%ehges:g’aawag%gdé/@grr flqueous

solutionasf aatha@da ()SEEg, a mmmb,t@s9 ﬂ]ﬂid IBISG\/ID edat ivessenivid thes he@sd in an
0. C over ab(g?ut 30 nute and held at this

. cooled to

immerg G B JPRPCEU RGPS eoTS s Tk It 1o8 P plgssover which
Reh@Rerhdl e

time tacet énl tﬂrrigsrs@z@(t%ﬁgecg gtgwéé}% f)@aérﬁl\%s% z%%pdglhe é)}&surderswacs: tlhenn raeleased

slowlyvgxglufhmn@v@me vtas trpatedi wish m’r@a’f&@p ofL, 10 vol). The resultant suspension

was st rre%n%ao% ? 1’111 (s)ra%g%{l %1{1 S{élldgbgagﬂlzlorlnbmlalg s%ﬁl dw?sa%@%d with

water 33. 39) 1 v}bl)e| %@501&0@% sﬂcﬁ% dﬂyHtN\th(l&pﬁl Wauu@@ BB 50 °C to
d 3.79 (3H, s, Nwe), 3.87, (3H Owe) , 04 (2H, br,

prov1dp\|pge)thyl7~,é2ﬁz(lmqo %ﬂu@qo;ﬁ mt@bgrgzoeqeka) 432 Ar g,|_92% mg;ldN[qR a yellow

solid. (1%199%%@8%59”@%@(3)35 ? 5%1\51 C)’Vg)z@éiil—lo b, %%), 737 @2m,
br, NH(;>3@ 4(7Q,1HdsJAr1ﬁJ) 1313%@600%@1% 621)>Msb§>55 $§td2H 1ﬁ(71 (3c22122 ©),

O . vnm cm 3455, 3283, 3166, 3096 950, 23
126 (CtHg 934 1(6};)8371228142\(@) 166 (C= O) Vmax/cm™ 3474, 3358, 1697 1633, 1528,

1435, 1317, 1285.

CO,Me CO,Me CO,Me
NH,  H,/PtorPd NHy | OO~ NH,
——
O,N F H,N F acd  — F
NH, NH, EN
> 6
[00323] Step 6:  6-Amino-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid

methyl ester (6): A nitrogen purged hydrogenation vessel was charged with palladium on

carbon (5.53 g, 1.30 mmol), and to this was added a solution of methyl 2,4-diamino-3-fluoro-
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APCl (+) mz 224 (Mtl) detected.[00325] Step 7 :
6-f 4- Br ono- 2- chl or ophenyl am noV7-f | uor o- 3- net hyl -3/ J

WO b@npai1st dazol e- 5-carboxylic acid (Na Salt) RC)/USA06/024084
m xt ure of Xantphos (1.20 g, 2.05 mml) and

-nltrobfn%os‘fg m '@ Q@gaﬁﬁ{o‘?ﬁ & %ﬁ’ﬂéﬂdﬁ%ﬁéﬂ‘ §10§ If 112689 followed by

anhydrous ani sol was stirred
methansln(@e0 mii)t rrhg emxtum whOtheCsfiped, :p@rgvdnmkemtrpgenp eed hepsedqto 55 °C.

Stlrrlngg{/’]qs?tL N begf %@g %%étgl’?h \%%s lig}ﬂgﬁ @kﬁrﬂ%e%&%%? ]and_ Qtu?lng was
then recoﬂﬁﬂ@lﬁ @ﬁfl)‘fgﬁr 5Aft§136 o x¥hils ‘bbé’éi'{/:ﬁ)lé'fﬁjrdmgetﬁ@ﬁtﬂ{e I(aﬁ)ceased and

and cesi um car bonate E‘i
29.1 Laﬁ lgfdrcmmll)am lpeeanﬂay@nc ois Thpisyged s tlpﬁg) Pyggd with mtrogen and

allowecgto c{P%g%)%OV\%TS Vﬁgﬂgd %ﬂfsqﬂ@c%ﬂﬁ}] &BL[ faﬁﬁ%ﬁﬁ%ﬁg%aglbegg reacted

and tha@&ﬁ@@dsledo@mv@ of RS dédhed tidoiec pmdtldstewan xpprommamely 96%. The

provi de a dark brown suspension, which was he
mixturdy s (en(giored ¥R Whatgnk A IB0IP BHE: T meAdnt Ghtapigand the

system évagrﬁv%sﬁlecg V@?ﬁuor at tr V é_ﬁ)é)/ ﬁ?gerSo‘flveglt BANRen 8Rtilled off until a

enzol m dazol e- 5- car boxy
total of 1140@GhId et beh @ﬁleétred(aﬁ)d tlemmiixiect. wihellowadttoogpol to amblent

oo b 00 o Y 2 St bt oten

(1L) bg H&ﬁﬁé( gleh%o %gdlﬁbﬂé&tm A& Rs bedcRtoRlirifoRéreiagfedid@sllowed
ontrolled to noderate the effervescence. At the end

each timé byh@nadtdjbféodwent tex pPD wele byetistdlatior. and 8. Addi ti onal

o0 S 028 50 IR RO cone

60 °C narfat lelr SlWEs @F | pliegensbilforaniastl endndBydrble @7 Ggl 46lommol) in
4 filter agent was added. It was then filtered

acetoma‘dgu(tﬂgcrnb) tang o‘é@ﬁr 47 weimdr -t mpael) grascagdedorpw fj?ﬁowed by
diethoxy f' | L60 a@%gﬁ? an ?? F%@ Q%SRV\BSAI‘{QS? ofﬂ"s,; rpar Séﬂaﬁysfs Indicated

wat er The | ower
1ncom1ﬁé‘weéa¢$10h ay&then@speenat avadranad tdics 6é:rfd>eanaxddlttohel 1 hour, after

which ggqgeagé ge,qlct?%e&agvtgjsm tehmhm%nl B’&% eous %m§38 mmol) was
added equ@)&hﬁiﬁteg And @héyrea@cﬁ)rﬁmme)wésncdd?ddn@@ °cf 34errﬁbbuﬁmﬂ minutes
m xture was heated at 65 Cwth stirring. Aft
and he]]:l?at Shib cursrddRke Conhalhpyiss The resultant slurry was then ﬁltered and the solid
was washed with acetonitrile (2 x 200 mL), and then dried at 45 °C in a vacuum oven, to
provide 73.65 g of 6-amino-7-fluoro-3-methyl-3 H-benzoimidazole-5-carboxylic acid methyl
ester (6) as a pale brown solid (assay 95.3%), yield at 100%, 75%. 'H NMR (400 MHz, d¢
DMSO) & 3.79 (3H, s, NMe), 3.87, (3H, s, OMe), 6.04 (2H, br, NH,), 7.82 (1H, s, ArH), 8.23
(1H, s, Ar-H). “C NMR (100 MHz, dg DMSO) & 33 (NCH;), 52 (OMe), 110 (CH, d J 5),
111 (C, d J 4), 124 (C, d J 5), 125 (C, d J 14), 136 (C, d J 11), 137 (CF, d J 242), 145 (CH),
167 (C=0). vma/em™ 3455, 3283, 3166, 3096, 2950, 2361, 2342, 1689, 1608, 1228. MS
APCI () m/z 224 (M+1) detected.
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indicated that the hydrolysis of the ester was
conplete and the slurry was cooled to 15 C, then

wo 2dovmead7 on a sinter. The solid was washed w PET/WAL066/024084
(4 x 24 nL), MIBE (24 nL), and acetonitrile (2 x 25
mL) and then dried at 4% OC in a vacuum oven to
provide 11.07 g of
6- (4- bioogme 2- chlorb

53 (I H,

95N> 57 Ar-H), 7.56 (1H d, 3'9, AN, T7.97 (IH, s,
Ar-MN==8.20 (IH5 s, Ar-H), 11.5 (IH\=sN CRH). 13C

NVR (100 MHz, d6 DMBO) d 3 1 (CH3), 108 (CH, d, J 2),
109 (CH ¢ 117 (C, d, J 6), 122 (Q, 124 (C -, J 7),
127 (C)5 130 (C)5 131 (O, 132 (C, d, J 9), 133 (C5d,

[003251(J 1) ’St%f(li 6-Q-Brokd$2 {EhoroiedyREdno)-AA6oioTHdettl TG H-

e 1 A Synthesi s of
benzonmdazmlhﬁ(mﬁboxv&lm asichiNanSalani 7o) A7Iff11<'®1€ﬁ- @f ¥WW| ;25 g, 2.05
achd ho

mmol) g &‘Zmi{gﬂb%g%g a%ﬂéaf tg? %)ggyr%g@ﬁrﬁll g(?)o enz ’c ‘ac }gl%f) 2) ?ﬁ'%%ﬂlydmus

anisoled76 il Y @as siirtadtirgler oftrogeid, 4-50TA for B3Orminetes 0o prevgdeda @i Orange-
HgS 398 Mol) | n sul phuric acid (96 % 194 L) and

brown sRltiore i aiaiFloxane (6,5 Kg5 40 Mbl)5 at 23 0C, was

[00326Edded ™ L anmd(td»ﬂ&ﬁué’fois %Lé?ﬁ'ﬁﬁlﬁﬂﬁ&‘ods £y P bedBsimidazole-5-

acid (98 wt% (total 70.1 Kg)5 over 75 mn. The
carboxylemmd atating asifer (@e(SrOQag;tMolrﬁ Imnqlmr@l ageismnedrbangined 48 g, 68.31
t ween t he, addi.t i on. The

mmol) Wd§ s*irihﬁ’ghé’ S c?lmsglef up%ﬁ %nL?reﬁ ANEPERETS undggﬁt o% -bromo-2-

chloroib&6benZ&2 {4960% EEPd @s\lg&heﬂr L& ﬁﬁﬁ(ﬁl@.t ure éfothed cat@lyst, as prepared
mcture below O ter é)ﬁvvas used to rinse the

above, rivasy ﬁtenoadd.eéd@tt&ae mmlbettﬁepraw ch dada bty ggenyien, which was

heated QP tl?b ne % %X%est %’i 35(5 ?ﬁl nf O'Thg RIS vl Qog%e& I'155.‘5'“HPLC
fsolated or & cent resul'tant wet cake was

analysiwasA¢dr Wit howrgl ab ano(?Sﬂ@mb)Emﬂd/l-BHebmbmddmh? -$oarboxylic

acid mgt%%i)ggtgqe Isrgglﬁvg%g 1%3%@0%2@21}%&‘[&;6'&/2{56900 e ’[ozabq)%%l 88 °%t and 1M

sulfuric acid (40.99 mL 40.99 mmol) was added. Gas evolution was observed after 10

minutes and the rate of addition was controlled to moderate the effervescence. At the end of
the addition the pH was between 7 and 8. Additional sulfuric acid (1M, 10.25 mL, 10.25
mmol) was then added to give mobile slurry with a pH of 0. The mixture was diluted with
anisole (20 mL) and Celatdm FW-14 filter agent was added. It was then filtered at about 80
°C through a water-wet pad of Celatoﬁi FW-14 filter agent and the cake was washed with
anisole (1 x 40 mL + 3 x 20 mL), then water (10 mL). The lower aqueous layer was
separated and discarded and the organic layer was Waslled with 10 % aqueous NaCl solution
(2 x 40 mL). This was added to a sodium hydroxide (5.46 g, 68.3 mmol) in methanol (24
mL) and the mixture was heated at 65-°C with stirring. After 17.5 hours HPLC analysis
indicated that the hydrolysis of the ester was complete and the slurry was cooled to 15 °C,
then filtered on a sinter. The solid was washed with water (4 x 24 mL), MTBE (24 mL), and
acetonitrile (2 x 25 mL) and then dried at 45 °C in a vacuum oven to providel1.07 g of 6-(4-
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centrifuged and the cake was washed wth cold water
(210 L), then dried in a vacuumoven at 45 0C for 2
w@ 2003/00%167 provi de 2,3 54-Tri fl uoro-5-nitro beneCI/TSHO6/024084
(69.4 Kgb 74.3%yiled). 1H NW\R (400 MHz5 d6 DVsSO) d
bromoS2-8¥lofdphlenyd HAaT - le imi NV ic aci
VHz, ddg Dl\/}g_O) ﬁ%‘?f% ,3%1&3%1. 35171%%&6%4&%%3{’?}80”“ (7) as
a fine pajesbrapnoiglid) (agsay 198. %€, byt NMR),( aSitpal bvis)Q.31 34(72C% sield). 'H

nar 489 1 8] B e S £ St b By B Samn, .

9, 2.5,(Ar}), A4 21H 18559, 7. , 2 . < .
(NI ot ctad 2 oA £ oS SRrsle to LR € Adth, 115 i, s,
COHp | ZCHNNR HO0MHzuds BVEG)i & 3 o8 obt8e(QES)d, J 2), 109 (CH), 117 (C, d,

0. 151508 Gr S50 2 (' FRInGH (@ T 2. G e o, 10
(C), 145hE€Fy @023A)NAGSIATY, 70 itgg;i@r)t,i on, at 10 C, was added

chl orotri nmet hyl sil ane 8.3 g, 0.91 Mol, 2 equiv.),
mai nt ai ni ng the tenper aéxpeplediMeen 10 and 200C. On

S ntﬁ% uf;ﬁ—.éﬂﬁ'o S N R N : Eg%?baetn%c%m%azole-&

conversion to net hykaBodyl#-dcid, Nauatto- 5- ni t r obenzoat e

(2) was indi ca&sq{\by HPLC anal ysis. After cooling the

m xture to roofmtenperature it was di d with

N- net hyl pyrraolirdopd (NVP, 380 nL) andit hefreaction

vessel was p d in an—ee-bath. A um hydr oxi de

solution (33 %Jd 0.88], 164 niL, A g, 2.7 Mol) was

added to the vigordusly stirred®® xture, Weeping the

tenperature befFow 15 C. A yel l ow precgpitate was

formed during the addition. The reactor was then

cl osed and heated at 80 OC, with an inRernal pressure
003270f 2. [oF . ho) -eachi-on i Jr e .
| | 2 20()' ed%t%}gEGZ ﬁgﬁfﬂué c{;?'dftrc;bgﬁzcﬁ@gﬁa (?);l"fgdaés(étgx{;edm\/\o’zlﬁlon of 2,3,4-
Trifluoradwpeiat awié (s KdhehIs noBase dsulghufBCacilol(9®Werds 0y 94 L) and

v L0021 SRR VSR (SR L0080 L0
(96 wtz)aheditriec RIDPDEY.) DA 701 &Y HebrWist Biid | AR %ﬁﬂ?&é@% of the

. precipitate was fornmed. After a further 1 hour a
reactio iy 2 wamtxngd hehweeaaddendRpeiC quitrgthe additivhe The mixture was
. j j | 5C. filt d.
stl.rred %ﬁé%l?t‘xe?grﬁdéxzﬁg&g\%ggruvr\{a&mg 22 (%jO kg),%(eeplgg e t!empeer%t%re of the ice
micture below 0 °C. Water (35 L) was used to rinse the nitration reactor into the quench

reactor and the obtained mixture was stirred for 2 hours at 0 °C, then isolated on a centrifuge.
The resultant wet cake was washed with cold water (350 L), and the solid was then
suspended in water (280 L) and stirred for 2 hours at 0 °C. This suspension was then
centrifuged and the cake was washed with cold water (210 L), then dried in a vacuum oven at
45 °C for 2 days, to provide 2,3,4—Triﬂuoro-5-nitro benzoic acid (69.4 Kg, 74.3% yiled). 'H
NMR (400 MHz, dg DMSO) & 8.44 (1H, apparent dt, J 2, 7, Ar-H). '°F NMR (376 MHz, d¢
DMSO) § -153.9, -131.5, -120.9. - ®C NMR (100 MHz, dg DMS0) 8 117 (C, m), 124 (CH, b
s), 134 (C, 5), 141 (C-F, dt, J 251, 10), 148 (C-F, dd, J 265, 13), 154 (C-F, dd, J 265, 10), 163
(COOH). IR Vmg/em™ 3108 (br), 1712, 1555, 1345, 1082, MS APCI (-) m/z 220 (M-1)
detected. '
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washed once with 1:1 NW/ water (540 nmL), once with
water (540 nL) and then dried in a vacuum oven at 500C

wo or078d218DUr s, to provi de nethyl PCT/US2006/024084
2, 4-di am no- 3-fl uoro-5-nitrobenzoate 4) (91 g, 88%
yi el d 5 6 [00329] Step 3; 7
6- &3PRo- 7-f I uor o- 3- met hy! Cé%JV' ¢O2Me

-oFm dazol e-|5- car box c a¢eid methyl ester (6):
gen purged |hydro g on vessel —was+ha¢ged
p adi um oncar bon (5. 53 30 nmml), and to S
adfied & sol utionl of Gt hylY 2, 4E di afi no- 3- fluo?’é\l
ni t robenzoate ((5) (100 g5 419 mpl ) in NH,
tetrahydrofuran 1.3 L) 15.98, fold4owed by nethanol

(70@ nL). The mixture was t Bén stirred, purged wth 5

ni trogen, and he ted 1o .55 hen e
[00328]111 | o StRB 25 Mgt ve-digmin aq,?,ﬁyﬁqﬂmro-s-

nmobﬁfzbfc R 188, 6. h?f‘ M(ﬁf@ﬁyﬁﬁ&ﬁ%@ﬁl nZéQaﬂoﬂ’ (’60 rﬁth) @f 2@-36 5C To the

ours observabl e hydrogen uptake had ceased and
resulting stiyett sgjetiohad 1Beld, wak eddngchl@'meumy@ybﬁam§& Z'ngn 0. 91 Mol 2
nd a

cquiv. Fpr B Gietie e derhEiREl: BieRa R A0GE PPh s Relen it e gdition

the miR@EN WS BEHQDataBuwk fat S hbgs S At Whik @Biny l99%j(a@5a) tcBbfversion to methyl
desired triam ne product was .approximately 96% The

2,3, 4-tifleetgr enifabenoate m YV@? eﬁdlﬂ@,tie‘#]d?}’aw fEAYSSm iAdter | geeling the

i S ESRIE 06, SLAL X SO BIFESTORE, Y0 o

the reaﬂ:infs? ivlei;segwaﬁ ﬁ)laaﬁd fih aa itobath. Qim?nfﬁﬂmghydimdld@%ﬂutlon (33 Wt% [d
t t t

0551, d e 1eﬁ4e§’22»r7 RUARE R hF Sy fslﬁ%ggméa% ckeeping the

tempeltahﬁ"e %bRSWfSe‘?C fal &&Wpﬁ% gﬁﬁWﬁl fothed thrYr?gnﬂle (additioh. J@He reactor

distillation, then two additional 500 ni aliquots of
was thau etoser amd heatagert 80zt exdth aroinllmelcpreﬁuw afi vk bimg. r Afienahour the

reactioyiGi RE° efeded i Rt pSr St e tel s, b FsiRberature was then

increasdi th I76€C, Mo HbWEER bYAEJiEi0R o€ minfonffn Gydmdide (S®iYd [N0.88] in water,
p-t ol uenesul foni ¢ aci d nonohydr at e %87 7 g, 461 nmol

53 mL» 7 acke? dfalt r Theempdons was)themepakis e 0(G ogeif miry glupipg wyth time a

yelloﬁéﬁ%g@%&é gw%l fg%é(d 1?4:1] 2 ep | }%UE"%E %6 g afngt%p 34609 ff)Lg 8vas added

ours
over lihodt el thelresulting suspension was cooled to 25°C and ﬁltered The filter cake was

washed once with 1:1 NMP/water (540 mL), once with water (540 mL) and then dried in a

O,N

vacuum oven at 50°C for 24 hours, to provide methyl 2,4-diamino-3-fluoro-5-nitrobenzoate

4) (91 g, 88% yield).

COsMe CO.Me CO,Me
H
NP2 H,/Pt or Pd NH; ~ OO0~ NH;
NH, NH, \==N
5 6
[00329] Step 3:  6-Amino-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid

methyl ester (6): A nitrogen purged hydrogenation vessel was charged with palladium on
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i nconpl ete reaction and the tenperature was raised to
65 OC for an additional 1 hour, after which tinme the
WO e@cdn7 was conpl ete by HPLC anal ysis. Pyri dP@EUSBE6/B4084
g, 838 nmmol) was added over 10 minutes and the
carbon (£§% 5] DBO HinXdYaad tathichet edfictia sBﬂlltBnGDf etetlal Aut-didtino-3-fluoro-

S-nitrobpgoNe o MR %1410t Peld iphEHaR P BFa (hAdo\ Ha-ShelPHowed by
methanwog'%‘?@e i@‘é"&%@nﬂ@ GhOMehstibed (Fr é‘edZ\QQh Hiﬁ)ogex@ Rdd th@ﬁ@d t(% 55 °C.

InN a vacuum oven, provi
Stirringbwantheno paizstd while i18- syszllehyWaSBpurged w1th hyd1 ogen (4 bar) and stirring was

then redgE eS8 B oG <BRPLO( SS0Ly 8030 akep SRUGCE deased and

29.1 L705f0 /B%rd]r!i%éﬂ'\'ﬁad $00, Mrén %6 TRVEDsteth Fvag Ihérs Ipurg®d NMEl nitrogen and
2H, br, NH2), 7.82 (IH s,
allowedAtOH)00183 23°C HPL§> anafysig) indipgied KR 2| lﬁmﬂwate&el Ipdegpn geacted

and tha} 3¢ ('é'gt“'?’gn %Sl Grbd ’dza%s]e% &%ﬁﬂf pYo c%ét Xzé} bbb f%tehy"@é%. The

mixtur e( @Es tKbnJfil@4dd usinda Whhlnanlb f i6TiE)filteynaxémotelthd lb’éﬁnlyst and the
3, 3166, 3096, 2950, 2361, 2342, 1689, 1608, C?
system WSAwa}he@ mthﬁezrahwom Y4Qfemd e%Plyfm@ 3g]they distifjed off until a

total OP 1&60 Br{lﬁn}? b% ! 9@%‘8&%”&(&@&1&@ 19tk de @ﬁgl%f%%dgtgﬁéﬁyﬂo hmbient

hzol m az carboxylic aci
tempermﬁﬁ UAeetofitriarit plgsv{sladdbd go tl. B 6 tuapfo}lloaad by removal of solvent

(1 1) by s i oo G oae  oLBam i o! et atal figaited, followed
each tnﬂé'b &ﬁ@val?? sﬁ%}l@(i 21508 G B&*’d@tﬁlatn%npr ovi de a brown

tron o e catal yst. To a stirred mxture
[00330bf 6 aﬁullnwar%thb a@v@tBWﬁpmh@dedﬁre a}bgm dhengtigeed gniktuge was cooled to

o~car lic acid st.er 1

60 *Cy ‘?lﬂf’rﬁ’lbé)fb}&ﬁ %f%gon?@ a(f glygratelgs(gﬁ’? énl solr)lmOD in

acetom@ﬁ-l@o(ll’?g) miNGed Waief ngﬁnrﬂ/ﬂa&lﬁ}j@ﬁﬁol) was added slowly, followed by
br ono~2- chl or oi odobenzene (23.5 1.10_equiv

dlethommtbanem% B & o9kt damalystAfltys 3p}1@wéf éﬂ’lgfo owlYSWaéndlcated

om0 G R s, F 0 eyl | o, e
which tileCthe vastibieaie doﬁiple&Cﬁ)}CHRMCt imadysiy. r]PyrgillaH (%Cﬂ)g,r §#8 mmol) was
added ;&?rlré)eﬂal%yte%nan ﬁe Haglcr:]tlmt)norrn%gtur% wal;ls,Pclz_o%leadn Q/OS‘LCQ’ over ngout }0 minutes
and heﬁ a?'?l‘u@ QendperhtHRI B 35TRLRY | TIR/ desiRRRZ QL dAZ Aled-fHtetd] R Me solid
was washed with acetonitrile (2 x 200 mL), and then dried at 45 °C in a vacuum oven, to
provide 73.65 g of 6-amino-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid methyl
ester (6) as a pale brown solid (assay 95.3%), yield at 100%, 75%. 'H NMR (400 MHz, dg
DMSO0) & 3.79 (3H, s, NMe), 3.87, (3H, s, OMe), 6.04 (2H, br, NH,), 7.82 (1H, s, ArH), 8.23
(1H, s, Ar-H). *C NMR (100 MHz, ds DMSO) & 33 (NCH3), 52 (OMe), 110 (CH, d J 5),
111 (C,d J4), 124 (C,d J 5), 125 (C, d J 14), 136 (C, d J 11), 137 (CF, d J 242), 145 (CH),
167 (C=0). vma/cm™ 3455, 3283, 3166, 3096, 2950, 2361, 2342, 1689, 1608, 1228. MS
APCI (+) m/z 224 (M+1) detected.
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acid nethyl ester (6) remained. The reaction m xture

was diluted with anisole (75 nL) and cool ed to about
wW@000@215M aqueous sul furic acid (108 niL 108 nP@I/PSUWa6024084

added, gas evol ution and an endot herm was observed and

the rate of addition wag controlled to noderate the

ef fervescence and nai ntjai n the tenperature above 75 C.

At the edguof t he &dgi#itan the pH was &
added to the |2p
1Y ad, for 20 mr

filter agent. (3.75Q)
ered at about 800 rthlrough

and t he . x1 e was

fi\Lt and t he cake wasS washed
ani (2 x 75 nL). The | ower ag

sepatqated and di scarded and the orgesiNc | ayer was
washed with 10 % aqueous NaCl solution (2 x 75 ni).

[ 00333] 6Sl licycle Siliabond Si-Thiourea (5.00 g) was
added to the organic |layer to provide a fine

[00331]8 us pe B &ip ,6- (B flty B s hk dhefHa@in 30 -BberoA-fnethyR2 3Hour s
t he mxture was filtered through glass fiber filter

benzoimpigdeeg e gl (e Sad) 7 bvi demixtureeaf Wﬁﬁi’@é (BPowe 3.36

mmol) E'n‘%i Ha gg g@ﬁ@?ﬁ%@%ﬁ@%&%&aﬁ a@gé? 315741 gq_rﬁ@ 4h! 1.8l (135

mL) wﬁcﬂﬂllrﬂed)undéi fitpolgeit, eat (50°@ﬁrh3—:(hﬁi1ndté§5td’rj:rbvﬁh(h dedimsolution of the
nmet hoxi de i n nmet hanol 30% w W 24.22g 2.0 equivVv.) was
catalystadded to the organic sol ution over a period of 1 hour,

[00332)f O Pr @¥i desd heing@usd Wir )Kaanﬁﬁé—@[ﬂ&nm%&hwmlﬁﬁﬁdlﬁda%ole—&
I ndi cated that the hydrolysis of the ester was

carboxydiorasiemethyhdstaatte(1§.05 gnt) 2 wamobddd ¢esiomtdaebompiet (47 &9 g, 134.4
of . 2 r rr
mmol) fysiecs PI3018E) Shae® sfiehs el bR T Sirbplotigeng 235 &
1.10 eqﬁkf) M@ hrsls1). e Thatpreddrnfed dataysy, a@we%@w abmteowaﬁ ehenchlded to the
6- (4- bi Om- 2- chl or ophenyl am no) - i uor o- 3- met hyl - 3Hbe
mixturen followeshbplaa- arssq%%m%osaw% lz:,neawdl @ psavide @arky drogwip spgpension,

which 3 helo L8 B, yi A B Bl Bac R gynGatty werc
analy31s( 3H§ftﬁ 14\|th>).1r§5 . BAn(ihdd7- fﬂﬂb;fod rﬁeth?], 3ﬂrbehhq1m7dazale(5| thrboxylic
acid me(ﬂpxll esge1 (Qr repi)amegl ?%}xe(srp;qti%g gg(ltuxp_bwas ﬂlu?d(q\qql aglsoleéiﬁnL) and
cooled Jf@%b%&%@ ]PQO lwzaqug@;us%@mcda@td Z]L(%Z 8 JO(%grj} ( V\%S allded, gas
evolutlcm) a}ndl@?en(d@)henm IS (o&;erveﬂgamd the rate of addition was controlled to moderate

the effervescence and maintain the temperature above 75 °C. At the end of the addition the
pH was 0. Harbolite filter agent (3.75g) was added to the biphasic mixture and the mixture
was stirred for 20 minutes. Tt was then filtered at about 80°C through a pad of Harbolite filter
agent and the cake was washed with hot (80 °C) anisole (2 x 75 mL). The lower aqueous
layer was separated and discarded and the organic layer was washed with 10 % aqueous NaCl
solution (2 x 75 mL).

[00333] Silicycle Siliabond Si-Thiourea (5.00 g) was added to the organic layer to
provide a fine suspension, which was stirred at 80 °C. After 2 hours the mixture was filtered
through glass fiber filter paper (GF/C) at 80 °C, to provide a clear orange-brown solution,
which was cooled to 55 °C. To the solution, was added methanol (45 mL) and water (2.7 mL

2.2 equiv.). A mixture of methanol (15 mL) and sodium methoxide in methanol 30% w/w
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(©, 132 (C, d, J 9), 133 (C, d, J 11), 141 (©, 145
(CF5 d, J 252), 146 (CH), 170 (C=O . Exanple 2
W@ loedss of PCT/US2006/024084
6- (4- Brono- 2- chl oi Ophenyl ammo) - 7- f | uoi O 3- net hyl - 3
(24. 22g j’@ @é&l'v M Hazelded %6 tl%t%%st%ﬁttt@ﬁ '(OQGI{T@S;EHJ)d 881l q{()u{ ]té)prowde a

A sol ution of
beige sIDm(M Aé@u@/hg)urar{dPIx@rm]gh@s ip@icateq, thg the hﬁdmlyms) o(ﬁahe ester was
red

complebz%nﬂ]w&ﬁr é25 glﬁa uengﬁg?fg‘g} tgL%néxtgte CfVSIr‘ ??V\@?d cSSf’ i hOGS. fl"Ple resultant

slurry vwRs @nMtefed éﬂMo@td&wdﬁ&Mbhbd frith water (3 x 45 mL) then dried at 45 °C ina
-benzoi m dazol e- 5- car boxyl i ¢ aci d net hyl ester

vacuum( 19VgL g, 186, psow%l 6{4@&1@%2)chl%mwe&t%%wr%ﬂ%@niéw@yl 3H-

benzoin(iﬁgzo%%’c?nl%gﬁc% ﬁégggllfi ITI% ga;lt ?@LH:E a ﬁet%golgnﬁgﬁ@ £ gﬁga(}'u @0{ by 'H
NMR, acfuat Wt QBB%] ,(’ZD@%I"Bi.léld) OIHENMIS (mmluglﬂs dﬁDl\M)Jﬁ 330 (8H, s, NMe),
eriux 10

6.53 Kk der i SEg) 31 AL R Sy bin Hadh 6. AtD: 7.97 (IHL s

s, SIS LB LB B8RS 15 031

108 (CISOdi IJGZ)V\@S9 \(‘@Hbteldmct [, Ual), umze(q)9@4n¢0,,d UI‘IF)mﬁT (ce)d 180 (@), 131
over n| was t he

(©). 13334 derod 3 ACvie bt 17@4(% TGF. 319 3506 b i, (80
nm.) was added slowy, m Qut 15 mnutes to control
bubbl i ng. The resultant S ry was stirred at room

Syntht esmies-64-Bran -G clotopheny laniher’-fliubtoed ekt s diihbnzaimidazole-5-
frit funnel (150 ) ... The. soli RO ct was washed
with water (3 x%%@%mlg%—?—rrﬁg}vacuum oven at
45 0C, to provide Cl
6- (4- brono- 2- chl or pphenyl am noj - V-fl uoro-S-netliyl - SH
benzoi m dazol e- S-ca ic acid nethyl est er (11)
25. 6 gfPo%

W % by H corrected massy= %6 gl 66%
NMYR (400 Mz Ad6 DVBO) d 3.8 (3 NI\/E)
s, Owe), 6. 42 (Hﬁr dd, J 8. ' ‘u

dd, J 2—9-8—Ar—Hy 7.64 (|

HI1H s, NH) 8. .14 ( | H—sy A ,

W-H; d 19F (376 Miz, d6 DVEO) -\gss 13c NVR (1oo
|sz 8§ OysO d 32 (MeN), 52 (MeO), N4(C),1 109. 7
115.7 (CH), 119.1 (C), 120.7 (O, 12253(: d, J
[00334]1 OC) A?s%ttgc%o)h(}ﬂ)ltzd(@g& o(7<;‘zl7i)fé 314%3mﬁlot Cé) 04l equ]ivg%d Xediphes (3.0
g, 5.19 mmol (306 equiv. )‘ in toluene (3 0 mL), under N2 was sttrred for 20 minutes and then

added to a slurry of 6-amino-7-fluoro-3-methyl-3 H-benzoimidazole-5-carboxylic acid methyl
ester (6) (19.3 g, 86.5 mmol, 1 equiv.), bromochloroiodobenzene (30.2 g, 95.1 mmol, 1.1
equiv.) and CsyCOs3 (particle size = 20 microns or less; 51 g, 156 mmol, 1.8 equiv.) in toluene
(200 mL), over 15 minutes at abbut 50 °C. The mixture was then heated at reflux for 29
hours, after which no starting material remained by HPLC analysis. After allowing the
mixture to cool to ambient it was filtered through an M fiit and the solid was washed with
toluene (95 mL), then dried in a vacuum oven at 50 °C overnight. The solid was then
suspended in water (784 mL) and 2N aqueous HCIl (174 mL) was added slowly, over about
15 minutes to control bubbling. The resultant slurry was stirred at room temperature for 2
hours, then filtered through an M frit funnel (150 mL). The solid product was washed with

water (3 x 87 mL) and dried in a vacuum oven at 45 °C, to provide 6-(4-bromo-2-
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148.6 (CH), 166.7 (COO; v /cm 1 3401, 1700, 1506,

1274; mz 412 and 414 (Mt and M+2) detected with M5
WGQ\ROr/002457 Exanpl e 3 Met hyl PCT/US2006/024084

2,4,5-triam no- 3-f|uorobenzoate (9) 5 9 [00335] A

chloroﬁﬂe;ﬁgf}éhﬁm%h Hﬁ@r‘&ﬁ-m%ﬁl_ﬁyn @T—PH& 5 7 é@@@%&%@&éﬁé TR%] Zxﬁgﬁﬁl ester
(11) 296 £ ( IV\%"/PgY L1, Wae@tod gtam Ei28¢ weioss yiald), 'H NMR (400 MHz, dg

v 8P 3,585 oo BEISRHTIRA LD, 3910475, 208

dd, J259 80&ri), a.64(PriLd !mdf %eﬁztsl P(‘llrl’essﬁlﬁgr? dﬁt H‘pﬁ% S Al y5 .5 (14, s,

vessel purged with nitrogén
Ar-H);; ﬁgch@ﬂécMHnada DMSQ)afIBBnd GrdiMR i(200 METmidn EMISONS 32 (MeN) 52

aeoT b B 8 L D50, DR, 0SS L BE RSSO, % 130

(CH), e earcys) 132w @@Icuu ooy, 1368 @'dVgﬁ%%“ﬁﬁ) § &PM86.0RC-F, d, J 252),
rotary evaporation, to provi de’ met
148.6 (£1), 366 7i (@RN0- Gt/ bmr 6198 N1 80, elsoe,)lm Smy @93 .a380AMAWMt+ and

ield -100% 1H NMR (400 MHz, d6

M+2)%KF§ESW‘%J‘@%§AP§H+ INVe). 4.20 (2H br s, NH2). 5. 24
(2H br s, NH2), 5 70 (2aniples. NH2) 6.83 (IHd, J 1,
Ar-H). 13C NWR (100 MHz, d6 ' DMSO d 5 1 (CH3), 98 (C,
d, J 5), 110Mathyl 2.5 Irigminos>Bupiabenroatt (8) , 131 (c d,
J 12), 133d§Md J 12), 139 (CF, d, J 225
(C=0). vmax/ém 1 3480, 3461, 3373, 3356, 3 §’
1679, 1655 M VB APGYL, ki) pd1 z 200 (I\/H-
Exanpl e 4 hesi s of
6- f4@ g or ophenyl am no) - 7-f | uor o
- benz F\’m dazol e-5- carboxylic acid (

( Copper - cath,yzed aryl coupling nmethod)6 1

m xture of methyl 6-am no-7-fluoro-3

-rret hyI J//Sbenzoi m dazol e- 5 car boxylate 06) (1.0 g5

copper iodide (85 ng, 443.5 mol) and
[00335] sopr oAng@ure of methyl 2,4-diamino- 3 -fluoro-5-nitrobenzoate (5) (40.0 g, 173.7

mmol) and 5% Pd/C (3.0 g, Type 487; 0.4 mol% Pd relative to starting material), in methanol
(300.0 mL) and tetrahydrofuran (300.0 mL) was stirred at 2000 RPM, under hydrogen (~3.5
bar), at 50 °C in a 1.5 L hydrogenation vessel. After 6 hours the vessel was purged with

3163

G 00336] A

nitrogen and HPLC analysis indicated that no starting material remained. The mixture was
then filtered under nitrogen pressure and the filter washed through with THF (160 mL), to
give a clear yellow solution. The solvent was removed by rotary evaporation, to provide
methyl 2,4,5-triamino-3-fluorobenzoate (9) 37.5 g (93.3% w/w by NMR) as a solid, yield
~100%. 'H NMR (400 MHz, dq DMSO) 8 3.69 (3H, s, NMe), 4.20 (2H, br s, NH,), 5.24
(2H, br s, NH2), 5.70 (2H, br s, NH,), 6.83 (IH, d, T 1, Ar-H). "C NMR (100 MHz, dg
DMSO) § 51 (CHs), 98 (C, d, J 5), 110 (CH, d, T 2), 125 (C, d, J 6), 131 (C, d, J 12), 133 (C,
d, J 12), 139 (CF, d, J 225), 166 (C=0). vmax/cm-1 3480, 3461, 3373, 3356, 3280, 3163,
1679, 1655, 1314. MS APCI (+) m/z 200 (M+1) detected.
Example 4

Synthesis of 6-( 4-bromo-2-chlorophenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-

carboxylic acid (10) (Copper-catalyzed aryl coupling method)
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(10.0 niL, 130.8 mmol) was stirred at 40 OC for 15
m nut es. Potassium carbonate (1.2 g, 8.9 mmvpl) and
weedyloe2167 gl ycol (551 ng, 8,9 mmol) were then mdries20a6024084

the m xture was heated at reflux for 1 hour under a
Dean-Stark trap. An ad?liti onal charge of isopropanol (
1.5 nL) was added, followed by
4- br omo- 2- chl or oi odqbergene (1.5 g, 4.4 mml) in

paied (2 ni) offer 1 hour. After 260Hburs, fHPLC

o-fluoro-J/i-benzoi n dazol e- S%Nboxyl ic acid

net hyl ester (12) 9 12 [00337] To a stirred s ution

of methyl 2,4,5-triam no-3-fluorobenzoate (9) (7.58 g,
[00336)38. 1 ATkttt THF 1&1&&?1 ws,anaﬂo-veﬂh)mmaanaﬁyﬂemxbenmlmydazole -5-

orthoformate (20.3 g, 22.8 m_, 137.0 85) 1
carboxsBye dFbAWDSo bl aRED Bebmer G (55 %3, Ve jncbyetd Topropano
(10.0 mmké 8 Jﬁ% %&%ts‘tﬁh%d‘é@&o bheY; i‘?ﬁﬁﬁﬁe@tpcﬁ%sﬁni Odrb6nate (1.2 g, 8.9

point no starting mat eri al was
mmol) &et aﬁylede ggycbﬂsm ang8ySsimsol Tweresbéni addsrd add dhe mixgure was heated

e s O A T AR B8 Bl .

was ad&%ﬁ %1’1‘3‘\%@9% 4%18@%@&1&@&%%&&5 1988 mmrﬁab i @d)pfd.'panol @
OH After stirrin

mL) ovei riuhms, Afier %@i;p@ﬁsHBth\wlysilﬂ shered thhfdgk%ﬁé)fstbF jbgnzimidazole
substlagohagutgf;pmﬁvgr{edelgtol & (f—Brc%Cg—liqalﬁgr%ghé%tyla%ng)g-ffﬁ\ﬁf‘c{-ﬁ‘-'ngéiﬁyl-?,}l-

benzoiBidand18G- Jartsdgyge@ma/(ie)benzm m dazol e- 5- carboxylic acid
nmet hyl ester (12) 7.5 94% y| eld (100% area by
HPLC). 1 NMR (400 Hz, dbx oBl9Sd 3.53 (IH, br s, NH),
Svnﬁle§§ ’ogi %'j&mﬁio-%zro-@[ %thﬁo%lﬁ'?&lg%less CA}E@VYITITC Ew%chiéthﬂ es&r ( 12)
det ec_t ed_ vvlth Q%ﬂ@l (+_). Exanpl e 6 \aWkesi s of
2, 4- Di ami no- 3-f [luor gqp- ni trobenzoi ¢ adi d (43)

H,N F N F
NH, \=xN
9 12
[00337] To a stirred solution of methyl 2,4,5-triamino-3-fluorobenzoate (9) (7.58 g,

38.1 mmol) in THF (152 mL, 20 vol) was added triethyl orthoformate (20.3 g, 22.8 mL,
137.0 mmol), followed by dropwise addition of HSO4 (9.33 g, 18 M, 94.1 mmol). The
mixture was then heated at 60 °C for 6 hours, at which point no starting material was detected
by HPLC analysis. The solid product was filtered and rinsed with THF (150 mL, 20 vol),
then transferred to a reaction vessel, suspended in water (150 mL) and the resulting mixture
was neutralized to about pH 7.5 with 2 N NaOH. After stirring for 30 minutes, the
suspension was filtered and the solid product was dried in a vacuum oven at 55 °C, overnight
to provide 6-amino-7-fluoro-3H-benzoimidazole-5-carboxylic acid methyl ester (12) 7.5 g,
94% yield (100% area by HPLC). "H NMR (400 Hz, ds DMSO) & 3.53 (1H, br s, NH), 3.85,
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1 2 [00338] A suspension of
2,3,4-trifluoro-5-nitrobenzoic acid (1) (5 g) and
wW@eovs0218T hydr oxi de (7.7 grans, 25 wt % NH3 i n PRIUS2000024084
equi val ents) i nN- net hyI pyrrolidinone (12.5 nL) was
ed .at |l e agtar ri t

GH 5, PR PaR R ol ek e R s e PR s apcr ()
m/ZZImMB)LHe&ctddS\elthMS)A@Ch)&)s After 1.75 hours, HPLC

anal ysi s showed i nconpl ete conversion and a further

charge of ammoni um hydrBsamRle® g, 25 wt % NH3 in H20)

was ad i i b %.&&S%tr%ngglcggd' he
seal ed er this
time HPLC anal yste.H ndi cat ed >99% cofi9gfsi on and t he

overni ght. The ents of the rea eré then added

to water (100 gous, brown

sol uti on wplhl™a>pH ofp 9. 4. Acebix” acid s t hen added
to the mixture umtil the pH was 6. After cooling to 0
0C t he product was i sol at ed by filtratton and washed
with a mxture ofy water (10 nL) and MeOH (10 ni), then
dried in a vacuum oven at 50 C, to provide 4.4 g (86%

[00338]y| eI dn @fsp&s?orﬂbﬁmmot-rﬁhi)fddﬁmﬁrcﬁyenml& ra@ﬂde(ﬂ; Qﬁ cg) aﬁdi dmmomum
9 HPLC purity 99.7 a% . 1R N g VHz ,
hydroxnile 277 ems, Bp o Nib)in Hzoai 9 (i vajgpisy in Nrmythyt;pyreohdenqqe (12.5

mL) w%'\}éﬁedg&tl%%%( é)@ it A"gea?eg 1e§%xH) eﬁég tﬁ@%&%ﬁgﬁ) YM_%%X’EQI@ became
homogeBEYys dlﬁBtl(eC;)lpssﬂ.ld@rqs@E)) 0. 41@81 ( &f©y 1. Bxhopk.eHPLSymtahassi showed
incompfiifo S PIoTL & 25 08 S TGP SRR GhrrsoE 7 NH in

H,0) was h@idd3 Folloldabyheskiup @t 89-98,°8, #h-the sealed reactor for an additional 1.5
trifluoro-5-nitrobenzoic acid (2) (167.2 g, 0.756 nol,

hours. 1ABefuthiy time FES.Chianalpsis dadieated eOUneenversien aodidhe mixture was
allowed;tfa%%gg{oalﬁ?%dte%n@a%frg @g@%:g%l?ml“gg )cé enos/ou rol'flglralhe rt% cH{) Rhre tﬁen added
to watet (06, pt@iiRRTead hmﬁogm%LbebWIﬁsoﬂht@nOMﬁh adRoH9.MoWcstic acid
was thell;ha%ded to the mixture until the pH was 6. After cooling to 0 °C the product was
isolated by filtration and washed with a mixture of water (10 mL) and MeOH (10 mL), then
dried in a vacuum oven at 50 °C, to provide 4.4 g (86% yield) of 2,4-diamino-3-fluoro-5-
nitrobenzoic acid (2) (HPLC purity 99.7 a%). "H NMR (400 MHz, d¢ DMSO) 6 7.27 (2H, br
s, NHy), 7.31 (2H, br s, NH,), 8.46, (1H, s, Ar-H), 13.10 (1H, br, CO.H). *C NMR (100
MHz, d¢ DMSO) 6 102 (C), 123 (C), 127 (CH), 136 (d, J 229, CF), 138 (C), 143 (CF), 168
(C=0).
Example 7
Synthesis of Methyl 2.4-Diamino-3-fluoro-5-nitrobenzoate (5)
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m xture was stirred for 50 mnutes and then warned to
roomtenperature for 3-4 hours. When the reaction was
wo-209mennpl ete by HPLC, the reaction m xture WeST/USE024084
in an icewater bath and concentrated HO (350 nlL) was
then added drop-wsg to adjust pH = Zo,fihe slurry was
stirred for 1 hour “with ice bath coolf ng end filtered.
The cake was ripsed wfth 1 L of distithked water and
then with 350 MIBE—TFhe cake pven-dri ed at
48 C overni ght ginve 134.9 g ngy G solid. HPLC
was 83.6 a%{220 hm dnd 96. 96 0 (25 The MIBE
filtrate was concentrated on a rotaryN&gvaporator and
punped overnight to give 9.9 g of a second crop as a
yel | ow solid: HPL& was 81.1 a% (220 nlz?) and 95.40 a%
[0033912_2?'“ ﬁ?pﬂzgﬁ)ﬁb' Nec Jde_dro_f_ itrobenzoic acid 32:3}‘0 2l rg1x11gzo£2,3,4-
i (383 i 2% 4967 Mdz 0. 736 ENBOeqdivg if) 40@HhL lf déstilled water
t”ﬂ“°r%é|zr§?’§%9f"’2§éi?'ﬁwdgf J :DLA% 7.6 Ar-lc-li).V8,19F MR (376
was addddzoneiBtiBivE@mmoniusagiroxido@.8he Nk cokiRD: 802 MaP miyeh23 mol,

Q) .d. 106 (C 2 o 19 5(K5ufs.  The

5.6 cafiy opsdi. g il dtandfRal S JF-G eyl
mixture) wa®3tirrdd Yor 364nia@EOHNd th& watmed 1o 3494, terBB&Bfurd o7 3-4 hours.

1641, 1280. MS APC (-)b r}jl 817 (M I.g det ect ed. : .

When the 04690 Bee598% qoBIRigHE bY BL , the teaction mixture was cooled in an ice-
% {dd ALY $a08RE QA& ) wildBAdj(k321 92. The

water b%%agﬁar%ﬁ?égl%gde}gglr \%5@\/@5} added over 5 %)n nut es tJo gﬂ .
slurry wasustitngd 66r Uhauiwith Redathi ¢doliog endfilteredr dbe selel wagpenggd with 1 L

3) (132.3 g, 0.607 nol . 1 equiv) -4.n 325 L of o
o o 223 BBl SRR %, 88 T ST o0
overni%\hgg)c%gg M3N8$ FARIBHEORY. HAES whilg3 6 QAFDDRO MY A WED6 a% (254

led i"n an ice-water bath for 45 mnutes. Then .
nm). TheeMA®&chiltate whx tonceniatsd ona iotasy cxandrathiearhRENRgd overnight to

i shed with 65 nlL of, MeCH. , T, cak rl %
eive O FFar HEPLE B GISRT St EReal (o Araur g Ty
254 nfd2% ofbintd 3761800124 3nddhd-DBodiflubror-hitobemadi acidc(3) was 144.8 g

nmet hyl ester (4). HPLC was 97.9 a% (220 n

n%kand 99.2 a
(88%).0/61-( DBAR (490, MEH, NVRM30ODd RaOA2Hg b )} 8eft2g(1 d@sﬁl .557 .6, Ar-H).

e oG5, AP B ) SRR o 0 .

d, 7 10,128 @) 188 MYRi4d ROV, s 961, DEBED10S @2 dd, J 12, 4), 153 (C-F, dd, J
263, 11), 164 (COOH). IR Vmm/om™ 3494, 3383, 1697, 1641, 1280. MS APCI (-) m/z 217
(M-1) detected.

CO,H CO,Me
‘ F F
O,N F O,N F
NH, NH,
3 4
[00340] Step 2: Methyl 4-amino-2.3-difluoro-5-nitrobenzoate (4): TMSCI (132 g,

1.21 mol, 2.0 equiv) was added over 5 minutes to a slury of 4-amino-2,3-difluoro-5-
nitrobenzoic acid (3) (132.3 g, 0.607 mol, 1 equiv) in 325 mL of MeOH. The mixture was
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(CH3O), 105 (C, d, J 10), 125 (CH, t, J 2.7,), 128
(CH, d, J 5), 140 (CF, dd, J 244, 15,), 141 (C, dd, J
wa49078)215152 (C-F, dd, J 263, 11), 162 (COO tPCTUSI006/024084
IR vmjcra | 3433, 3322, 1699, 1637, 1548, 1342, 1234.
heated a@fﬁ&l r 15 hotlis Z O%%élt}{e%éc)uoﬁ%a%%ﬁﬁyleté BPBAPLIC, ﬂieﬂféa&lon mixture

2. 4-di am no- 3-fluoro-5-nitrobenzoate (5): ?
was cooddd nrazdmsoizaj@n twith. &fr 4Peminpites. Then the reaction mixture was filtered and

4- am no- 2, 3- t 4 °
the cake yvas ]%ash.ﬁ%m%] %.# 51_1?440f @{ %ngﬁ)ﬁg\égta <e( ;)f cé‘%% rrcg\fegm ht altt 55 °C
under h?%f@g)cu’ﬁh o BRRidRY ESSY ge(%@@s@ﬂ 4- aﬂﬁﬁo @Gdﬁﬂuc&ﬁ Saﬂiﬂ@beh&ow acid

uti on of anmoni a

methyl ddter (FheHPBEswds %%a%r(aao heaged 99% ?’aﬁ’ (?%’éﬁﬂél éf‘i I‘B\AM“QQ MHz,

ds DMS?@?)rﬁ?% g‘é%ﬁg\%e rgﬂl%?ﬁrl\rg ' Y e %) %ﬁ? §P alfse{s?tlrf}(ggrlari % Ar-H).

9% vaﬂ?{ffé’v% 5@ 2, TSy § bes.e, Theo pr éé@ NRVES0 INTHR, dg DMSO) 852
S

ease oWy and the mioxture was treated with wa

(CH3O)( B(%S)((EnLd JJJ(D)) va)(CHmel 2.89ul 3&%EHH .ol Pank1006¢ -edd, s’t2|4f’fr éa) 141

(€. dd. 43t S-vas Wienda grbH et CBG 1o 3 5IR, Yoy T B3 169,
1637, 1988 13 5§kﬁ‘§4dMs A‘I’@g)%&églé -8 dkduddm oven at 50 C to

prdvi de neth i am no-3-fluoi O 5-nitrobenzoate
(5) (32.6 g, 920pMeel d) as a yell ow s€PpMe 1 NVR (500

MHz, d6 DVBO) dl3.83 (3H, s, Ow), 1 br,
NH2), 7.37 (2 T NH2), 8.47 (IH, s~ H'. 13C NMR
(100 MHz, d6 d 52" (CH3), 101 ( 122 (C), 126
(CH), 1340f TN€C), 142 (0) 0466 =0r vmicm

3474, 3358, 169H1633 1528, 1435 1317, 1285.

[ 00342] The foregblng description i s cOBRsidered as
il'lustrative only of the principles of3Sthe invention.
Further, since nunerous nodifications and changes w | |

[00341Pe fe%@éﬂ ¥3: aPRRIENL2, 4Jalatnt1ﬁ§@-ﬁd@blseﬂtrbbmzhﬁea(rso Mo ksstirred

desired to Iimt the invention to the ex

solutio @ﬁgteﬁmdM @rnlnar?dbfilifb@é%-5§h@9&??né§atlé§l: SELIY:S &ﬁ%\]/é mmol) in 1,4-

ng al,l syl
dloxan%gfﬁ%\r/ ILe iég m01esgbn5| er eﬁﬂggé %zf? ?sts%%?% Sé@?‘ﬁ‘g alde Seanoaqueous
solutiof B€ammeaiy {301z, 33 1 daholndd.OShyl s be S Mpi Tise v&ssstl vfrersl thm/vheated in an

e o ey SOTRLLES: 7355 2.1, o G whicn

time th? Hﬁ{éhfa'l ﬁ)?ésbtﬁ*@ rgﬁh@d'lfét\%&% 3.912h8W NGaC! B Breddife Wik Q]%i'ﬁﬁleased

slowly and the mixture was treated with water (330 mL, 10 vol). The resultant suspension

was stirred for 20 minutes and then filtered under vacuum, and the solid was washed with
water (33 mL, 1 vol). The solid was sucked dry, then dried in a vacuum oven at 50 °C to
provide methyl 2,4-diamino-3-fluoro-5-nitrobenzoate (5) (32.6 g, 92% yield) as a yellow
solid. 'H NMR (500 MHz, d¢ DMSO) & 3.83, (3H, s, OMe), 7.20 (2H, br, NH,), 7.37 (2H,
br, NH), 8.47 (1H, s, Ar-H). C NMR (100 MHz, ds DMSO) & 52 (CH3), 101 (C), 122 (C),
126 (CH), 134 (C), 137 (C), 142 (C), 166 (C=0). vma/cm™ 3474, 3358, 1697, 1633, 1528,
1435, 1317, 1285.

[00342] 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
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presence of stated features, integers, conponents, or

steps, but they do not preclude the presence or
wa@adaoas7 of one or nore other features, i ntegRCBHUS2006/024084

conponents steps, or groups thereof.Wat is clained

process sﬁox?m 25, ¢ 1%%8 P% gr éﬁg %8? \}Q%ll %uft%;@g%wf V\%lgirﬁg 1valents

may coﬂsﬁeré&@e@lmthm ﬂi@%@ﬁ&%f@lﬁ?mvéﬂ‘kion—a@(dﬁﬁ)&d byothe cladiis &1at follow

moi ety that can be transforned int £ny,.one of said "
[00343]gr oup he BPrgss” W@@,enw@rl@gg) r;g&l e, 1néfd1§gkeemgl| 1ncludes
when ucgi%' %g?lgy@(c?gka[tlo 1@1% gﬁr/eyF leﬁ(é ’c%]ag?se ra%?r;tended to specify the
presencdﬂ@if estaoedt sfetaathﬂey,l mtdgetsemompoﬂqrﬂt&, dneﬂtmsobyt: Itlyalyadd(yxbt preclude the

|€¥|SIL€ or dial % wherein s %

presenct ok afigion 71y Mol Bat fefiTes, Jusaril BprioR . s ot Broups
thereof.@r yl al kyl , heteroaryl, heteroaryl al kyl, heterocyclyl

and heterocyclylalkyl portions are optionally

substituted with one or nore groups independently

sel ected from hal ogen, hydroxyl, Cl-C4 al kyl, C2-C4

al kenyl, C -C4 al kynyl, C3-C6 cycl oal kyl and C3-C6

het er ocycl oal kyl ; R2 is hydrogen, Cl-Cl10 al kyl, C2-C10

al kenyl, C2-C10 al kynyl, arylal kyl, trialkylsilyl,

dial kylarylsilyl, -COR6, -C(OOR 6 or -C(O NR6R7,

wherei n said aIkyI al kenyl , al kynyl or aryl al kyl

portions are optlonally substltuted with one or nore

groups independently sel ected from hal ogen, hydroxyl,

Cl-C al kyl, C-C4 al kenyl and C2-C4 al kynyl ; X1 and X2

are |ndependently sel ected from hydrogen, F, d, Br

I, OR8, CG-C O alkyl, C2-Cl10 al kenyl, C2-G 0 al kynyl,

C3-C 0 cycl oal kyl, C3-Ci0 cycloalkylalkyl and G -C 10

t hi oal kyl, wherein said al kyl, al kenyl, al kynyl,

cycl oal kyl, cycl oal kyl al kyl and thi oal kyl portions are

optionally substituted with one or nore groups

i ndependent|y sel ected from oxo,
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hal ogen, cyano, nitro, azido, trifluoronethyl,
di fl uoronet hoxy and trifluoronethoxy; X5 is H F, d
w®ego7i011s7 C1- C6 al kyl ; R6 and R7 are i ndependeP€T/¥S2006/024084
hydrogen, trifluoronmethyl, -OR8, Cl-Cl0 al kyl,
lkgnyl, C2-Cl10 al kynyl, C3-Cl0 cycl oal kyl,
VVh%% %%@ﬁﬁhcloalkylalkyl aryl, arylal kyl, heteroaryl,
heteroarylalkyl heterocyclyl or heterocyclylalkyl or

I R e e RS A (e aro

heterocyclic ring, wheregn sajd heteroaryl and
het erocyclic rings are opti orII?aI ly sypstituted with one
or nore groups i ndependet I d from hal ogen,
trifluoromethyl, difl Bt hox T f1 uor omet hoxy and
OR; Ris hydr\(la\%gp CicCletal ky Cl al kenyl, aryl
or aryl al kyl reNn sard alXyl , enyl, aryl and
aryl al kyl are optlodhhty substltute with one or nore
groups i ndependently selected from OH,
-0 (G -G 0-al kyl) and O (Ia-1C0-alkenyl); R10 is
hydr ogen 1- C10 . al kyl, C3-Cl10 cycl oal kyl al kyl ,

and Salt%\%@:‘{%ﬂ%@‘?s tgﬂ@%%’ﬁ? ‘al kyl or heterocyclyl al kyl ,
Phescr-0)OR, dCRGINR ROy hoationnt byl , arvialkyl,
heteroarylalky and heterocyclylalkyl portions are
opRi %Raabl y substituted with one or nore groups

i ndggendent|ly sel ected from hal ogen, hydroxyl, cyano,
rtrg, azido, Cl1-C alkyl, C2-C al kenyl, C -C4 al kynyl,

- cycl oal kyl, C3-C6 heterocycl oal kyl, -NR6R7 and
2 , and R 12aa andR, 12b are independently sel ected
from hydrogen, C1-Cl10 al kyl, C2-Cl10 al kenyl, C2-C10

al kyﬁyl , ,&bﬁb&tﬁﬂﬁt&ﬁilﬁ@ﬂransﬁ%m@dlmyahpahé«yﬁ ﬂ]id(ZIgroups

ar k ar het e
R ftnr- C g0t o kel Caron kg ot ot RSO Cr
Cio cycBEHc?Iéh(? afrﬁr Qﬂyﬁalﬁylt RetdiBali®, 'Hé‘c’e‘%@agyl‘é&&p Ql‘été?ddyelyl
het'er'ocycli'c ring;” sa
heterocyabylplkiyls rtmagkylsﬂyl or dialkylarylsilyl, wherein sa1d 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;-Cy alkyl, C,-C4 alkenyl, C,-C4 alkynyl, C3-Cs cycloaikyl
and C;-Cg¢ heterocycloalkyl,;

R? is hydrogen, C;-C o alkyl, C5-Cy alkenyl, C,-C o alkynyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -COR®, -C(O)OR® or -C(O)NR®R’, wherein said alkyl, alkenyl, alkynyl or
arylalkyl portions are optionally substituted with one or more groups independently selected
from halogen, hydroxyl, C;-C4 alkyl, C,-C,4 alkenyl and C,-C4 alkynyl;

X! and X? are independently selected from hydrogen, F, Cl, Br, I, OR®, C1-Cyo alkyl,
C,~-Cyg alkenyl, C,-Cyo alkynyl, C3-Cyp cycloalkyl, C3-Cyg cycloalkylalkyl and C;-Cyq
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalkyl
portions are optionally substituted with one or more groups independently selected from oxo,
halogen, cyano, nitro, azido, trifluoromethyl, difluoromethoxy and trifluoromethoxy;

X° is H, F, Cl, Br, I or C;-Cg alkyl;

R® and R are independently hydrogen, trifluoromethyl, -OR®, C;-Cyo alkyl, C,-Cyo
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nitrating a conpound having the Fornula wherein X3 and

X4 are independently F, d, Br, I, or a sulfonate
W@3a0e/00216D provi de a conmpound of Forrmula |1 || PCEESI006024084
sai d compound of Formula 11 opti onal ly at el evated
er d S r r
alkenyl, tcer@ yle%éf ! é@%ﬂ%}ga&en hat 2@% AR gir%’ lalkyl, heteroaryl,

heteroarghﬂfyl dtedaesowﬂyﬂm hete(dcyolyhllgfdl mary or secondary am ne
ot her n nar. ic amn i r ent th
O p it aecihes itk Metomnip Whish eyt frehes B foofd
memberkd B&eﬁﬁrﬁ'@r ﬂ@tefo%%ﬁfcq’{ﬁéj iRr&R SR URdr At l'azlﬁ& Eyﬂefibcy!:hd Hings are
wherein’Ais -N , or treatlgg sai npound

optionalFosubstitated widli ote i mc)retgmm rin¢aperdent]y |svla¢ted1 ﬁgmolﬁalegen
ide 0 onal I I evat ¢ enper atures and/ or
wifluorofid, G mR g e esR U Kor it o Wi - 12

mh@rh Hidgbn,i I@ -C 1 ad BilkyA whd¥@invwary Ak
e Ry o %ﬁamyi C%lot%al keNFW%z ciryw k@nw| Pk

alkenyl, @rwﬁgi my@&ﬁlza,n: Othnaw Substiptied R4FP.ong oF oK, $opps independently

selectedq}Lc% %@' \kﬁ alkylglggp <ktqc03 %e% C( OLINES 537” - OR1,

m‘@ iz g drogdnl, h- Qimiky\l; 131 yjrclcmacbkylalkyﬂs aa/ﬂeékyiphetcmaiyllglkyl or

heterocsePlakyh BB REA AP0 AT ag T BUSH s BRI ket g

heterocﬁh}hﬁlﬁ?d pcﬁtfié‘ns%e Qﬁtl(ﬁlaﬂg Ribstitited Jevl/"13th ldde %ﬁh@r&%ﬁﬁéjﬁh@eﬁndenﬂy

Formula VI-Il or VI-12 to provide a coméoun
§

selected Fepmpbplagsn, lhadHOX% Fyano, niteer atigo, (el dky F@m@ﬂqeayh/Cﬂ%

alkynyl, &Kf (\’{?1 d};lcé? '1k°‘y1 bﬁ&%‘%cﬁl?w Ph agr ogen: V\,hen’ thgegf

18t aad R”‘Vhﬂeandiepeﬁddmylgrse@end fmmhymg\@ £34@, alyh@yA0;lkenyl,
Ca-Cyo zi?{;rrl?f{l aC3y(|‘,10 cycloalkyl C;-Cyp cycloalkylalkyl, aryl, arylalkyl, heteroaryl and
heteroarylalkyl,

or R'?* and R together with the atom to which they are attached form a 4 to 10
membered carbocyclic, heteroaryl or heterocyclic ring;

said method comprising:

nitrating a compound having the Formula
z
x3

X5
X4
wherein X° and X* are independently F, Cl, Br, I, or a sulfonate ester, to provide a

compound of Formula IT

4
X3
O.N X5
X4 .
I



1 to provide a conmpound of Formula VIlla-1VlIlla-1 when

R2a of Forrmula Vlilla-I is hydrogen, coupling said
wa@orpooid7 of Forrmula Villa-1 with a reagent haR€TyS100e024084
Formul a wherein X6 is F, C SBr I, -OSRCF3, al kyl

sul.f onat.e S on ar, Ifonate

R Sty SRR B o B R s o
pressureabﬂyaiz@dr ﬁa@f&)@gu Wnés D) aqaége@lﬂﬁiai: Yoriting blegmmrmﬁn@ﬁa

a base, i) in the presence of a netal - based

(i) a prlg@gapg,@pomy ampgsaher dhanpnarpmatic g:,ngle@g,ﬂya aiepgsnt that delivers
a group ﬁ% 92&1 ﬁlbgéqdentlgb% I&?Veﬂé@ gﬁ@ an Qﬁu dt@ g?avéor nﬁrﬁﬂ%{nd %f Formula

VI-11 WMbrein?Aws t_NRéR%fmmmamig imd/cmgpdnhlel dfdtonmbia IRHGHSiv) two or more
sence of an activat,in t that

cquival g gipetel w71t SPGBl S o RSBt AN i to provide

compouﬁ@HPP&%leVIfﬂrmr@inaigﬁ}o provi de a conpound of
Forrmula Va-11 wherein Ais -NR2R2a or a conpound of

Formul a Va-12 wherein A isK3 Va-I1: A NR2R2a Va-12: A
= N3 reducing said conpound of gormula Va-1l or Va-12
to provi de sai d conmpound Fefmula Vila-1 wherein Z

[ , VIla-1 is hydrogen,
cycI|2|ng sai d conmpoyng-oNForayta Vila- 1 to provide
sai d conmpound of Fornul a Viji1a-[" wherein Z is - COORL;
and coupling said corrpoundﬁof Formula VITla-1 with

sai d reagent having the B_TS go ;ally either (i)
at elevated tenperature a i on y in the presence
of a base, or (i) in theV[J.llesgra:ela3 of a netal - based
cataly a base, to provide said conmpound of

whgrei B u%hxdrwsf@r eikilky. CebriakkenylCpf vedsnst Senahellyl,
arylalky’P, rtﬁﬁ)l%'ﬁh&f;) ﬁlaﬂzyliﬁ'yﬁﬁﬁ? %ﬂﬂ%(&m@“j l—@(d)MGRW,b-'dRI, or -NHR,

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, C2-C, alkenyl and C,-Cy4 alkynyl;
reducing said compound of Formula VI-11 or VI-12 to provide a compound of

Formula VIIa-1
NRZRZ

HoN X5
NRZR??
Vila-1
wherein when A of Formula VI-11 or VI-12 is -NH-benzyl, -NHOR! or -NHNHR! or
N3, then R? and R?* of Formula V1Ia-1 are hydrogen;
when R* of Formula VIIa-1 is hydrogen, cyclizing said compound of Formula VIIa-

1 to provide a compound of Formula VIIIa-1
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and salts and sol vates thereof, wherein: Zis -C("OOCR

1, -C(=ONR6R7, CN, -C(OH, or or a noiety that can be
wo ec@nsdasned i nto any one of said Z groups; RIPCEUS2006/024084

hydr ogen, C1-Cl10 al kyl, C2-Cl10 al kenyl, C2-Cl1 al kynyl,

C3-C10 cycloal kyl, C3- GO0 cycl oal kyl al kyl, aryl,

aryl al kyl heteroaryl h teroarylalkyl heterocyclyl

het erocycl yl al kyl, trialkyl siNRR*or dlalkylaryIS|IyI
wherein said aIkyI al , al kynyl, cycl oal kyl,

cycl oal kyl al kyl , ryI ylal kyl , heteroaryl,
heteroarylalkyl FeNér o 7cl ytxfand het erocycl yl al kyl
portions are optlonak ubstituted with one or nore
groups i ndependently sel cted frow@ﬁglogen hydr oxyl ,
g-C4 alkyl, C-C4 al keRyfga.f2- 4 al kynyl, C3-C6

cycl oaI kyl and C3-C6 heterocycl oal kyl ; R2b IS
Bifenf Fotm@ia0VAITkyl is ERirGEeh, a:lokﬁmgg sai@2ec@ibund of Formula

lal kyl . trial kylsilyl, dialkylarylsilyl,
Viia-1 ‘%@‘y:&s%ag 83 l% Forgyy NR6R7, wherei n sai d al kyl

al kenyl, al kynyl and aryl al kylyiportions are opti onal Iy
substituted with one of_no roups i ndependently

sel ected from hal ogen, h I, C1-C4 alkyl, C2-C4

al kenyl or C2-C4 al kynyl ; nd X2 are independently
sel ected from hydrogen, . Br, I, OR8, Cl-C10

al kyl, C2-C10 al kenyl, C2- C10yal kynyl C3-C10

cIoaIkyI C3-C10 cycloalk I al ky and
whereinGRIER O h sl kO 0GR M havetcad i sulRosptee i lard ki,

-B(OR8 gFg S aW&&Rs)g% géﬁ)c%%ahg aﬁllé %@R a?&gve{t&i f%ﬂ'llpléyeltu@ %58 og{qéna"ﬂg/ %n the

presencé @Mlme deiid $h the lpestad of hmtﬂm,sed'ladtﬂgﬁrandtayﬁw to provide said
nitro, trifluoronethyl, difluoromethoxy,
compoupql Pff%‘ﬁﬁﬁ?'ﬂoxy and azido; X5 is H F, d, Br, | or

57 ToTR less GP o b Fodigangadent Ly byt ogen.

trifluoronet ,. C2-CG 0 al kenyl,
etk ywmpou@f@bﬁnulﬁdf IeHl ¢y VI-1ZwithlDcompound having the

formula RIOSF G rdhidfe Rieteabe i G ¥¥ma el BTy i e

towards RéacBBA wikh staﬁg&hﬂﬁfunﬂﬂo'f fortle: RGN th @roiieh cél’ﬁﬁb’urﬁlrcﬁ‘ Formula
attached fogn&a 4 to
Va-11 wherein A is -NR“R** or a compound of Formula Va-12 wherein A is N3

CO,R!
A

O,5N X3
A ;
Va-11: A =NR’R*
Va-12: A=N;
reducing said compound of Formula Va-11 or Va-12 to provide said compound of
Formula VIIa-1 wherein Z is -COOR’;
when R* of Formula VIIa-1 is hydrogen, cyclizing said compound of Formula VIIa-
1 to provide said compound of Formula VIIIa-1 wherein Z is -COOR'; and

coupling said compound of Formula VIIIa-1 with said reagent having the Formula

82



menbered heteroaryl or heterocyclic ring, wherein said

heteroaryl or heterocyclic rings are optionally
w@adw3noiier ed with one or nore groups i ndependeP€T/¥S2006/024084

sel ected from hal ogen, trifluoronethyl,

di f 1 uor omet hoxy, trifluoronmethjoxy and -OR8; R8 is

hydr ogen, Cl1-C10 al kylxs¢ C2-C al kenyl , aryl or

aryl al kyl , wherein said kyh, al kenyl, aryl and

aryl al kyl are optionalf;ﬁggéztituted with one or nore

groups independently selected fromCOH, -O -C o-al kyl)
and O CCrdo-al kenyl); R10 i sXﬁydr ogen, Cl1-C10 al kyl,

ey Beg TR B, N iy AARYpRASHe o buse
or (ii) inGHE prRMnY bk kishal-tased @lidlydt and@besepr proaide ghidasnehpound of

het er ocycl yl al kél Jportions are optionally substituted
Formulagar hwhetgino isfePPRgr oups i ndependent |y sel ected from

. CH e PR oA bbbl 1™ & s

het erocycl oal kyl , -NR6RZ andr2tOR8; and Rl2a and Rl12b

are i ndependently sel ectid fr'{lom hydpdgen, C1-C10

al kyl , C2-C10 al kenyl ,Cs a , C3-Cl10

cycl oal kyl, C3-C1 cycl I al kyl \ ryl, arylal kyl,
] r/

heteroaryl and ked ey od ; 2a and R12b
together with the atom tb whi'ch t hekx2are attached form
a4 to 10 nenbered c yclic, heteroaryl or

het erocyclic ring; saidngﬁgpod conprising: nitrating a
conpound havi ng the For a wherein X3 and X4 are
drfAdGRERRRR Yesherbhs, whkreid:: Or @ sul fonate ester, to
provide a conpound of Fornmula Ilreacting said conmpound
His EEFMOR, FCEONRR') C, rea§dik ot hat cont ai ns or
geperates ammonia, (ii) a primary or secondary am ne
ot RerRt?han an aromatic amine or (iii) a reagent that
ers a group that can subsequently be converted
ifntoNan am ne , under conditions that allow selective
L?%% cenent of X4, to provide a conpound of Formnula

1 |

wherein Ais
or a moiety that can be transformed into any one of said Z groups;

R'is hydrogen, Ci-Cy alkyl, C»-Cg alkenyl, C,-Cyo alkynyl, C3-Cyp cycloalkyl, Cs-
Co 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;-Cy alkyl, C,-Cy alkenyl, C,-C4 alkynyl, C3-Cg cycloalkyl
and C;-C¢ heterocycloalkyl;

R® s hydrogen, C;-Cyg alkyl, C2-Cyp alkenyl, C-Cyp alkynyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -COR®, -C(O)OR® or -C(O)NRR’, wherein said alkyl, alkenyl, alkynyl and
arylalkyl portions are optionally substituted with one or more groups independently selected
from halogen, hydroxyl, Cy-C, alkyl, C»-C4 alkenyl or C,-C4 alkynyl;

X' and X? are independently selected from hydrogen, F, Cl, Br, I, OR?, C;-Cqo alkyl,
C2-Cyg alkenyl, C,-Cyg alkynyl, C3-Cyg cycloalkyl, C3-Cyo cycloalkylalkyl and C-Cyo
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NR2R2a, or reacting said conmpound of Fornmula Il wth

(iv) a netal azide under conditions that allow
w@elgovitge di spl acenment of X4 to provide a conpOng2006/024084

Forrmula 111-12 wherein Ais N3 I1l-11: A = NR2R2a

thioalkyL ;ylﬂ],eal')%g ﬁapfd a!(l\gfg(%gyﬁfg]k%ﬂ R2 qoagfqar %(}g:ﬁ(%ﬁ)keﬁ%g?]g% thioalkyl
portlons%!ri‘ }aﬂ/dnall? @ﬁb?s:vitute@\bvitu bne 8f Mlo?é é%hps ihdé &%hhaﬂtpy delcted from oxo,
ylaryl sil - CORG6, O NR 6R7, (Rl

halogenmyanwmpatrq, trlﬂﬁ@rpmethyé,ghﬂucg‘pwthoxw tk@ﬁyqomeélpqggyrmd azido;
%ﬁ 3 C'illé y![mign@ﬁgfkcygr’al kyl portions are optionally
[

ut’e nore groups i ndependently

R%drﬁldﬂede frtdeperfdahibgkydro fetd trifydrom&hy C-@RRYE -C G21K34, C2-Cro

alkenyl, B A RTh ChiC Y cTonfRACH-Gin AN, b pRTEAYL. Betroaryl

heteroar&%ﬁ@@ rl?&éf&@%iyl\é& Bétef(o'c} 1§‘la[ igent that contains or

rat es anmoni (11 rimary or secondary am ne
co*tlh SemdiR{dngedlner avltirﬁhe atpnam which rthe(yu a|r¢ atmhcéﬁgmrﬂ 4 tchtd

memberf bt B R B ines s R Rl g Rl s are

optional ¥psubktitike@rvgikio dr&nox’é'??&?@ anﬁﬁh@ndéntl sclbReRBanOlial Ofen, OF

reacti ng sai d _compoun Formula llI-11 or 111-12

trifluorogethyly diflyorgmethoxy, talﬂua@mqﬂmymﬁlérpyx at el evat ed

Ry SRR AERTRANT salipl FficRpVBid S,
alkenyl, NRARA aryldlkyd dRaidmatly sistidged Rith Bne f)il:ﬁioraﬂgcrgzljé!?ﬁﬂél&mwnﬂy
selected B Y e'd‘:ﬁf@ﬁw Tl O Cersrikenryt” aryialicyl

It"‘)h@h;'ﬁbfb% ol #l-C .ﬂﬁ&lkzz: /) F%ely%‘dléasﬂkylalkﬁOﬁ"x““yl.an%(lO&é@Eﬂ%mylalkyl or

wherein said

heterocy&ﬂ)ﬂelhyl whatelnymd alkble nqubalkﬁllalkyl agsrialkgk betatd@y)rlalbm andons
nevroe A uBI AR e BB R PR SR P BBpeents
selecteddtdsly halogeh, Gdidkide oydnoahithoC2zidd, GL&YAIKY1, Cy-C; alkenyl, C-Cy
alkynyl, C3-Cs cycloalkyl, C3-Cg heterocycloalkyl, - R°R7 and -OR®; and

R'* and R'® are independently selected from hydrogen, C;-Co alkyl, C,-C1o alkenyl,
C,-Cyp alkynyl, C3-Cyp cycloalkyl, C3-Cyg cycloalkylalkyl, aryl, arylalkyl, heteroaryl and
heteroarylalkyl,

or R?* and R'?” together with the atom to which they are attached form a 4 to 10
membered carbocyclic, heteroaryl or heterocyclic ring;

said method comprising:

nitrating a compound having the Formula

Z
X3

X5
X4
wherein X and X* are independently F, Cl, Bz, L, or a sulfonate ester, to provide a

compound of Formula IT

84



reduci ng said conpound of Fornmula Vb-11 or Vb-12 to
provi de a conpound of Fornmula VIIb-1 VIIb-1 wherein
wok@nogeiand/ or B of Fornula Vb-11 or Vb-12 i s PCT/US2006/024084
-NH benzyl, N3, -NHORL or -NHNHR1, then R2 and R2a
and/ or R2b and R2c, respegtively, of Fornmula VIIb-I
are hydrogen; when R2a of |FornyJa VIIb-1 is hydrogen,
cyclizing said conpound fula VI1b- 1 to provi de
a conmpound of Formul a I VIIlb-1 whenR, 2cc of
Formula VII11b-1 is hydpag coupling said conpound of
Fornmula VI11b-1 wit®NZ copound havi ng the
fornul awherein X6 is F, s Br, I, -OSQRCF3 al kyl
sul fonate, aryl sulfonate, alkylaryl sulfonate,
-B(OR8) 2, -BF3 or -Bi (Rl)fjoptionally either (i) at
el evated tenperature and optionally in the presence of
reacthresseid enmpaunyl of Formda Bl wih (o @ reggent that contqinspenerates

. catal yst and : A ' :
ammoniag B el s@p RS b AR hfiPa BB RN B a reagent
that deliveRMPErbep Bt careaibbdquentiyebacanyepelimtb ai aoreruhder|cohdiidnsithat

a conpound havi 2?% the faornul a Rl%L f@%{\}?”@k'ﬁ in t.h%.
allow selgyitivs difplacementpiat s IARIPYIHE 255BROURH G I whygein A is
2R2a ' F PGS 1T wih Gy 2 Hieed Bgide ind @ cobidifions
NRR™, %ﬁrwlnggﬁg%\%ﬂggﬁ&abionpoang of gg?rml a |lV- 21nor cI V-122 )
that allow 36l&tive AlisplBRRR0f /- Roprovide angmpened phiorsuilallidapydierin A
) of Formula IV-21 or IV-22 at el evated tenperatures
isN;  yith (i) a reagent that contains or generates anmoni a,

(ii) a primary or secondary am ne other than an
aromatic amne or (iii) a feagent that delivers a

group that can subseque onverted into
O,N X8
A
II-11: A =NR’R™
IMI-12: A=N;

and R? and R* are independently hydrogen, C;-Cip alkyl, C;-Co alkenyl, C2-Cyo
alkynyl, benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, -COR®, -C(O)OR’,
-C(O)NR6R7, -OR! or -NHR!, wherein said alkyl, alkenyl, alkynyl, benzyl, allyl, and
arylalkyl portions are optionally substituted with one or more groups independently selected
from halogen, hydroxyl, C;-Cy alkyl, C>-Cy alkenyl and C,-C,4 alkynyl;

reacting said compound of Formula III-11 or ITI-12, optionally at elevated
temperatures, 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 to provide a compound having Formula Vb-11
wherein B is -NR?’R% and A is -NR?R* or N, or reacting said compound of Formula ITI-11
or ITI-12 with (iv) a metal azide, optionally at elevated temperatures, to provide a compound

of Formula Vb-12 wherein B is N3 and A is -NR*R* or N3,
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an amne to provide a conmpound of Formula Vb-II

wherein Z is -COORl, or reacting said conmpound of
wo-oomobAsT V-21 or [V-22 with (iv) a netal azi deCHUS2006/024084

el evated tenperatures to provide a conmpound of Formul a

Vb-12 wherein Z is -COORL; ,reduci ng said conpound of

Formul a Vb-21 or Vb-22 to provide said conpound of

Formula VIIb-1 wherein Z j -c,q-)' ; when R2a is

hydr ogen, cyclizing said pjound of Fornula VIIb-1 to
provi de said conmpound of ula VIIIb-1 wherein Z is
- COOR1; and coupl i ngogdi d > ¢onpoxhd of Formula VIIIb-1
wi th said conpound having the fornul aoptionally either
(i) at elevated tenperatur€& and optionally in the
presence of a bypal: Br=NRPRY, M HRIRBsenge of a

met al - based catal yst _and a base, jo0 provide said
conpound of For¥btld: BENs.wAstBRRZor fscoort. 5. A
process for the preparation of a conpound of Fornula
VI1Ib-1 VIIlb-1 and salts and sol vates thereof,

wihaeiaiRi’ ileﬂdSOgeﬁQ@ GLaRikyl; C-€Q) ARG, CoaBko all@hyDbkhzybrallyl,
Qr i et ..ca 6 t i NtsQ7any, pne 1
arylalkyl g Sls oot kit RO RO, TEONRR SR PR,
hereinid k1Y Ak QIS Dk fny1, GbRzAl 4l ﬁzﬁ 1k lare Sptivfdl
W elmnal lkyny}Ih%/ C%g%lo %cl_oal}ﬁyll?y aC% 12)4%103% oal kyelcgkyl Q’
substituted yith eneydrandey Igrovpe inslependghtly pdectedbloml kalagen, hydroxyl, Ci-Cy
het er acy.cl yl et.erocycl ylal kyl, trialkylsilyl or
alkyl, Cﬂﬁéﬁﬁiﬂlérayﬁngé ?IEW rein said alkyl, alkenyl,
ikt Said 6dape@dofiForiia Vaal k vt ¥bk1d 1o @oyide azompadidydf,
het eroaryl, heteroarylal kyl, heterocyclyl and
Formul)¥lbrbeycl yl al kyl portions are optionally substituted
W th one or nore groups independently selected from
hal ogen, hydroxyl, Ci1-C 4l kyl, g:b -C4 al kenyl, C2-C
al kynyl, C3-C cycl oal ky BB*85° het er ocycl oal kyl ;

H,N X5
NR2R22
VIIb-1

wherein when A and/or B of Formula Vb-11 or Vb-12 is -NH-benzyl, N3, NHOR! or
-NHNHR, then R? and R* and/or R* and R*, respectively, of Formula VIIb-1 are
hydrogen;

when R* of Formula VIIb-1 is hydrogen, cyclizing said compound of Formula VIIb-
1 to provide a compound of Formula VIIIb-1

Z
NRZbRZG
R10\N X5
\_—____N ; and
VIIIb-1

when R* of Formula VIIIb-1 is hydrogen, coupling said compound of Formula

VIIIb-1 with a compound having the formula
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R2b and R2c are independently hydrogen, Cl-C10 al kyl,
C2- C10 al kenyl, C2-C10 al kynyl, benzyl, allyl,
waeoorabdayt , trial kylsilyl, dialkylarylsilyl, -BCORES2006/024084
-C(OOR6 or -C(O NR6R7, wherein said al kyl, al kenyl,
al kynyl, benzyl, allyl and aryl,al kyl portions are
optionall'y substitutedgswith o or nore groups
i ndependent |y sel ect ed | ogen, hydroxyl, Cl-C4
al kyl, C2-C4 al kenyl, an al kynyl ; R6 and R7 are
I ndependent |y hydrogen, oronmet hyl, -OR8, G -Cl10
alkyl, C -G 0 al kenyl, C2-C al kynyl, C3-C 0
cycl oal kyl, C3-G 0 cycl oal kyl A kyl, aryI aryl al kyl ,
Watremadtiy[F, cnarer e@S@hGF&gylkyl hefopntocygl yilfoamte, alkylaryl

er ogether with the atom
sulfonatpoﬁimﬁd? ﬁ\ﬁé %@R eRBABADY f‘d&ﬁﬁ 68 <lej oigg Trmpraragnd
optlonalli‘ﬂnecﬁé’ gfe)éénce lof Q%Eéae" 8f %Bllh fhe rB@ncd\Oe] BbR1-Paed ca’?lyst and a

hetero and het érocyclic rings are optionall
base, to pubadd samd@dnmumﬂ obHermuladbile gr oups i ndependently

el ected from a1 P‘??&P %rl fl uar.onet hyl ,
iflu l?o‘?ﬁgfeﬁé? cla i c?ﬂE‘PHS% and O? R8 is
ﬁ%&fr@%ﬁl co%o@ﬂd of kytmul £SPHGlith @bcﬁﬁﬁ@dnd Iﬁk’/hﬁ'g tﬂé formula R'OH,

ryl al kyl, wherein said al kyl, alkenyl, ary
0pt10naléy in the Rigsenge of é@wtmapg peeitnt petivates the £ rgr@rpetowrdﬁﬂ%cﬂon

with saif 68%&8%&@9?3“ on, %cgin‘g% d%% &gﬂgg'?f Fomylg IV-21 or IV-22

hydrogen, C -G 0 al kyl, C3eGJ® cycl oal kyl al kyl,

aryl al kyl , heteroarylalkyl or h erocyclylalkyl
wherein said al kyl, cycl o&lk Ky aryl al kyl ,

het er oaryl al kyl and hete IyIaIkyI portions are
optionally substituted w BrRE _Or nore groups

i ndependent |y sel ect®® fro halﬁgen hydr oxyl, cyano,
nitro, azido, Cl-C4 al kyl, AC2-C4 al kenyl, C2- C4

al kynyl, C3-C6 cycl oal kyl, C3 CB’heterocycIoaIkyI
_NR6R7 and - OR8: and Rl2alaad: REZKRARE i ndependent | y

sel ected from hydrogen, al C2- C10 al kenyl,
(32 G 0 al kynyl, C3-C10 cy’l\’%féy‘rmcs C10

ir&aéaiﬂyéoﬁ{ﬂ@ﬁhd OPFMIImuIQIVJ-Ziil &XVwa'@cte‘?é\@?erdytém?&gtures with (i)
het eroaryl al’kyl, or Rl2a and b together w t he

a reagend thathcomaimk pr,gertetmc;s ammoniat @ig hedinfagy or secandagy afine other than an

aromatic amine or (iii) a reagent that delivers a group that can subsequently be converted into

an amine to provide a compound of Formula Vb-11 wherein Z is -COOR!, or reacting said
compound of Formula IV-21 or IV-22 with (iv) a metal azide at elevated temperatures to
provide a compound of Formula Vb-12 wherein Z is -COOR';

reducing said compound of Formula Vb-21 or Vb-22 to provide said compound of
Formula VIIb-1 wherein Z is -COOR';

when R* is hydrogen, cyclizing said compound of Formula VIIb-1 to provide said
compound of Formula VIIIb-1 wherein Z is -COOR'; and

coupling said compound of Formula VIIIb-1 with said compound having the formula
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menbered carbocyclic, heteroaryl or heterocyclic ring;

sai d nethod conprising cyclizing a conpound of Fornula
w/RG0BA21% | b-1 wherein R2 hydrogen, Cl-ClO al kp€T/US2006/024084

C2-C10 al kenyl, C2-C 0 al kynyl, benzyl, allyl,

arylal kyl, trialkylsilyl, dial k,ylaryIS|IyI C(P6

-C(OOR 6 or -C(ONR gR7, epei n said aIkyI al kenyl ,

al kynyl , benzyl, allyl, d yl al kyl portions are
optionally substituted wj|fh ‘one or nore groups

i ndependently sel ected fr | ogen, hydroxyl, Cl-C4
al kyl, C2-C4 al kenyl, and - al kynyl, and R2a is

hydrogen, to provide said conpound of Formula
df]lctidnbl-lj' ellfﬁher A) pt egemal ﬁ‘emgaetahee phé p{aﬁ@tailly gn fhfeI pReseacepeiliishse,
of Formula VIIIDb-I Il Db-1 sats and. so| vat es
or (i) iny the presence H @ragtpl-b aﬂl %atalwcwgﬂ bpse, tgprogdergideaappound of
Formuld f-Perdf 7:is @OGRM0I ety that can be transforned into
any one of said Z groups; X5 is H F, d, Br5lor Cl1-C6
al kyl Apmcdssfmyhhmglmatlmof@@nmdwﬂ of Eﬁnﬂll@ﬂlkﬁ)ﬁyl , C
-ClCal kynyl, C -CJ 0 cycl %al kyl, C3- C10
cycl oal kyl al kyl , aryl, arylal kyl, heteroaryl,

het eroaryl al kyl, heteroc NREWRE? ocycl yl al kyl ,
trial kylsilyl or dialkyl 5i1yl, wherein said al kyl,
al kenyl, al kynyl , chIOJ cycl oal kyl al kyl, aryl,
aryl al kyl , heter oBrerN hetet oamxy! al kyl , heterocycl vyl
and heter ocycl yl al kyl \portions are optionally
substituted with one or mdte groups independent!y

sel ected from hal ogen, hyggety!, Cl-C4 al kyl, C2-C4

al kenyl , C2-C4 al kynyl, C3-C6 cycl oal kyl and C3-C6
and Salth@mfba?@mi@ﬂtbaﬂe@lw}lem i s hydrogen, Cl1-C10 al kyl,

aryl Q éﬁ)ﬁen?ﬁ -*O)%{"ﬁm(ﬁ\} k&@/d))H bgnzyl al 1yl

R‘IZa R12b
%<N
/)

o\(
* , Or a moiety that can be transformed into any one of said Z groups;
X’ is H, F, Cl, Br, I or C;-C alkyl;
R!is hydrogen, C;-Cyp alkyl, C,-Cyg alkenyl, C,-Cyg alkynyl, C3-Cy 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;-Cy4 alkyl, C,-C4 alkenyl, C,-C4 alkynyl, C3-Cg cycloalkyl
and C;-Cg heterocycloalkyl;

R? and R*® are independently hydrogen, C;-Cyy alkyl, C,-Cjo alkenyl, C,-C;o alkynyl,
benzyl, allyl, 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;-C4
alkyl, C,-C4 alkenyl, and C,-Cy4 alkynyl;
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trialkylsilyl, dialkylarylsilyl, -COR6, -C(O OR6 or

-C(O NR6R7, wherein said al kyl, al kenyl, alkynyl,
whewzphz15al | yl and aryl al kyl portions are optiPOEUB3006/024084

substituted with one or nore groups independently

d f | hyd | B kyl ; -
AT ARy B on S EAgB l So
alkenyl, ﬁjzl(yll) alk%yl@@-(al) kenodlkyl @s-Cl (@tloplkylalk learz brylakylyheteroaryl,
[, trialkylsilyl, dlalkylaryIS|IyI, - CORG,
heteroary]@%i@ dpérocy PNP@F%‘PCYC Viegheyl.or - NHRL, wherein said
RIRO¥%ha Rl gegyég wyifH (Y ﬁé!m toRFREN theyAld x&acgéuifo%yé Al

portl ons I ona substitu ed wth one or nore
membered hetpoaryi de hemmemlicyrn@a vdhetoirdsdid betetvalydged heﬂm_;astydwhngs are

optionalf o Sied et RFAR P RS SERPRETIY SOPENL TR Boloeg

trlﬂuoro%ﬂgrl-chlﬂhdﬁ%betfgﬁi%@luélolﬁ%x a%{fR‘O al ky nyl, C3- Cl
8yc oal kyl

cl oal kyrl' al kyl , arIaIkI
Rieis éydr@gym (hew @B@i,;ii/za@wlkenwew @tyrdlaikylowherem said alkyl,

t
alkenyl, ?.gr %ﬁ%lﬁtlsar% %%ti nt% I%F%?]o gﬂ?%ﬁnﬂtg% & %}pﬁyfﬁ%ﬁ%st 1'38 O&'ﬁﬁgﬂﬂy
selectedﬁfdn@()@ﬁ”ﬁlb (©{-Sﬁbﬁﬂbﬁpﬁ;&®7(@1-'016‘-61kemﬂ§;r ein said
t er oar an erocyclic rings are
FQ‘E prokdrodasd Cuinal isxﬁleca) ipgrcdoadidribEl ary E@%@H&%ﬁpwlalkyl or
heterocy%ﬁ{l?l&%l?gf#g{ %&;@Llﬁgpﬁcd%%l%}#%fkggggﬁgﬁyf heteroaallalkyl and
heterocm;gdalbglqmmﬁisaﬁmptmmw sulGatuRidwith loaa pt moaﬁ gnioupﬁr independently

wh d al k
sctea Bt IS H. 19ARLSE Pl L e SN 2l pot
alkynyl 91'30@(}3@}'0!6&@@9 %ﬂ@?h&t&’m&ﬁil@d}kﬁd-}ﬁ}tmﬁ dah-OR®; and
(j o-al kyl) and G - G o- al keny

|
wg%n al@rn@p@n@ﬂnﬁlwsele@sd@pm bydrpe, def%b Rl}wl Cz Cho alkenyl,

Cy-Cro @}%él{; g ﬁbgscalf) 2:‘%‘%&@{ y ﬁa{%g%{:){c%allﬂaglﬁgf Céfgll %Fﬁgl:&iyiheteroaryl and
heteroarglaiitydal kyl al kyl , arylal kyl, heteroarylal kyl and ’

SR SRR LaL Bz Birh b e auieset dar ¢ i 10
member(ggE%S&ch@}’lﬂjé'tfﬁﬂéﬁjézo%@cycﬁbtrirn@ azi do, Cl-C alkyl,

keny Kynyl, C3-C6 cycl oal kyl, C3-C6
sait methoy chmatiking cyclmmcmnbunm Formula VIIb-1

Z
NRZbR2c

H,N X5
NRZRZa
VIib-1

wherein R? hydrogen, C;-Cyy alkyl, C;-Cig alkenyl, C,-Cj alkynyl, benzyl, allyl,
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;-C4 alkyl, C,-C4 alkenyl, and
C,-C4 alkynyl, and

R* is hydrogen,

to provide said compound of Formula VIIIb-1.
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R12a and R12b are independently selected from
hydr ogen, C1-C10 al kyl, C2-Cl10 al kenyl, C2-C10
wa@bkdoytyiis7 C3- CLO cycl oal kyl, C3-ClO cycl oal kyl B¢ RYE2006/024084
aryl, arylal kyl, heteroaryl and heteroaryl al kyl, or
2a and R12.t ether Wi t he ato whi,c are
Gt t achatperorint FEPraoralnal sdrunfLbbEuing ulry
heteroaryl or heterocycli@ ring; said nethod
conprising: providing a c rrpoun%z%2 Fornul a Vb-11
wherein B is NR2bR2c an a or N3, or a
conpound of Formul a Vb- rein Bis N3 and A
i SNR2ZR2a or N3, VleI ; A = NR a or N3 Vb-12:
B= N3 A= NRR2R ofNN3 WhereXh R2 is hydrogen,
substituted or unsubsti d benzyl, allyl or -C(O OR6
and R2a is hydrogen; reducing said corrpound of Formul a
Vb-11 or Vb-12 to provi ddIb- gorrpound of Formul a
Vi | in_when A and/or B of Formula Vb-I|
andsalts %Vﬁesqéerﬁépgfh%reeﬁnm and R2a and/or R, 2bDand R2c,
ZW*«%D?] ORI, yC(-€00)NIFRTUICA, MEHD)H, asre. hydr ogen; and when
R2a is hydrogen, cyclizing said conmpound of Formula
VI RE2 k160 provi de said conpound of Formula VIIIb-1I. 7.
The\process as clained in any of clains 1 to 6,
in said cyclization conprises reacting said
nd of Formula VlIla-1 or VIIb-1, wherein R2 and
are H wth (i) formc acid, optionally in the
presence of an additional acid, or (ii) a formc acid
deri Vat i ver 4 moidtethat eandrdensforand igo dny poe i said 4 grayak;d

ﬁpmlfn%loér lI:or l(fasa}{(ylll a-1 or

is hydrogen, C;-Cyg alkyl, C3-Cyq alkenyl, C,-C;p alkynyl, C3-C)g 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;-Cs alkyl, C,-C,4 alkenyl, C,-C4 alkynyl, C3-Ce cycloalkyl
and C;3-Cg heterocycloalkyl;

R*® s hydrogen, C;-Cyg alkyl, C,-Cyg alkenyl, C,-C;q alkynyl, benzyl, allyl, 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;-C4 alkyl, C,-C4 alkenyl and C,-C4
alkynyl;

R*is hydrogen, C;-Cy alkyl, C>-Cy alkenyl, C,-Cjp alkynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, -COR®, -C(O)OR, -C(O)NR®R’ , -OR’ or -NHR!, 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;

R® and R7 are independently hydrogen, trifluoromethyl, -OR®, C;-C o alkyl, C,-Cyo
alkenyl, C;-Cyg alkynyl, C3-Cyp cycloalkyl, C3-Cyy cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
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VI1IDb-1 wherein RIO is H 8. The process as clained in
any of clains 1 to 6, wherein said cyclization

w@oinpidaes (a) reacting said conpound of For muP@Er/uk1oae/024084
or VIIb-1, wherein R2a is hydrogen and R2 is not

¢TI Q id, optionally in the
heteroaljBYa(ﬁéﬁ ’nce R C% g%fe{ol g&igfaugg (ii) aformc acid
e amitR vtegethnrtvhm the eam tcewhi‘chahmyawe dtached form 2)4 to 10

members| BEGHEEY 5 Beigrosgris Tt YUIGHT Ged cheu el el BrerpeycHirines ar
0p1:1onaHSl ﬁIUStl@lEedX?l’llﬁ‘I J)n%reind)re)é'r@uﬂs 1ﬁ@peﬁééﬁﬂ&%&l’e&9d $@bkfhalogen,
nig)oun of Forrmula Xla-1" or Xlb %n h a reagent

[

yigdlﬂn@romthwmamrﬂyoromm@ry@nd (Pil s not hydrogen

I QVi
RO dioebC S alivk G AR B Sty MR iR,
alkenyl, raeyltavld ragylslayICerap@dmup stibsanutbd evith-dne PO fiokd Gdupoindependently
provi de said conmpound of Fornulie\ Villa-1 or VIIIb-I

selected\,tffg}l&}ﬁ 1@@01 Grordkylh gt Qg‘@n Cig-alkeREipr ocess as cl ai med

trifluor

R™ ;i8R dr8 ‘?'(ﬂasalil{ylt @3 54k aﬁt?l, gra@é’lﬁ#rl', E@feﬂo%f&lalk_x(l or
conpr reating sal Eonpourd of *Far nmul & la-l o
heterocydlylbkal Whhmresand E!Ryhaﬂceﬂglaa&yayu—byd(baﬂtyl,t cyoloatkytadkd, arylalkyl,

i val ents of f | dehyd f
heteroargihtis] 3pd BisEroRy s HEITT aEibs Srsropsnall or SISt St enecaymore
groups lﬁemuaﬂli/%le%ﬂMnahé{bgéxahydx@&yl\/b&dr@ hnfefh@zi@cs T, REDalksd, C,-

Focess as clalma I N an%/ calms Zl8
C4 alkenyg, @ CW\HEY@TIDCSQG aydgalkylz 61Coheisteyeloalksl, NﬁermﬁcQRq gand
ﬁﬂh %gﬂgg&q 1 fenf%"u% %ﬂ\qéhgﬁong Cg&{iroé/éd for ] Cglg\é’[i& edﬂcﬁ?alkenyl

Cy-Cyo alkgmyld €36 Gmabulkgﬂ otr:3-€<pd oydlealkylalkel, dryqb anpielkel, rhdRkGaryl and
Cl1-C10 al kyl, C3-C10 cycl oal kyl al kyl, aryl al kyl,
heteroa’ﬁ@\“@floaryl al kyl or

or R"* and R together with the atom to which they are attached form a 4 to 10
membered carbocyclic, heteroaryl or heterocyclic ring;
said method comprising:
providing a compound of Formula Vb-11 wherein B is NR*’R*® and A is NR’R* or

N3, or a compound of Formula Vb-12 wherein B is N; and A is NR*R? or Ns,
Z

O,N X5
A
Vb-11: B =NR*™R*, A =NR*R* or N;
Vb-12: B=Nj, A =NR’R* or Nj
wherein R* is hydrogen, substituted or unsubstituted benzyl, allyl or -C(O)OR® and
R* is hydrogen;
reducing said compound of Formula Vb-11 or Vb-12 to provide a compound of
Formula VIIb-1
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het er ocycl yl al kyl, wherein said al kyl,

cycl oal kyl al kyl , aryl al kyl, heteroaryl al kyl and
whedoenanyt! yl al kyl portions are optionally subBCT/US1006024084

with one or nore groups independently selected from

hal ogen, hydroxyl, cyano,z nitro, azido, Cl1-C4 alkyl, C

-C4 al kenyl, C2-C4 al kyn G3-(6, cycl oal kyl, C3-C6

het er ocycl oal kyl , - NR6R#and WSS (b) reducing the

am de group of said conp d of Fornmula I Xa or I Xb to

provi de a conmpound ,of ~Forptita,Xa or XbXa Xb (c)

reacting said compoudnd of| Fornula Xa or Xb with (i)

formc acid optionally i WRPR presence of an

additional acid or (ii) ?qﬁ§1n1c acid derivative in

the presence of an acid to provide said conmpound of

“insrainl vehévl A lad/br Brof Vbinhia Vhsihk o2 V-1 N3stheoR? and R* and/or

. 11. Th i med | f clai
R and R4 arsgectinebn of Rosufie VPR eiitbfeditint [seo ()
W%ﬁ?aqglﬁgcgbgesn‘} eyaIRIHka RS conioml df ¥hindulh VATb-Yhd Bfgvti%e said

wher ei n hydr ogen and R2 is not hydrogen,
compougd ohEginanla YdIlgbnt to provi de a conpound of Fornul a

£, 0580 5 ) ST 5

comprisBeteat ey &y tahfound offiereils ViZa-d oaVa¥b-1, wherein R* and R* are H,

. ..cycloal kyl al kyl , aryl al kyl, heteroaryl al kyl . n(% .
with (i) Hapds agiganfroapiin thopiesais of rr aggitipeh aridy Ooi(ip a dormie agid
derivati 10 Bfes o BF MR RoliR0 BRE CORBLIM ST LG YIS o
VIIIb-1Gghe2dinR RénBil , C2- C4” al kynyl, C3-C6 cycl oal kyl, C3-C6

eter cl oal kyl, .-NR6R7 and, - OR8; (b) .reduci he.
S cot B8 ooy Sliree B0 GRalobrs Bl fi PeRA Syckgiiap

comprise§ Ovi de a conpound of Fornula Xa or Xb(c) reacting

sai d conpound of Fornula Xa or Xb With‘g‘kg formc agid
opt i otrardagtingsaicheompasdnd &osnulany Hadi ari\dhbil, abeginoR™ is

hydro gegli ainb 2 ig ggmy‘aroag%h,dwﬁl? f15 ¥06Hﬂ.i(\! gcih,no;}ti%ﬁalw il ﬁl%sence of an

additional 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

XIa-1 or XIb-1

Z z
NR2R2a NRZbRZC
N x5 N X®
S N
‘Rz \RZ .
XIa-1 XIb-1

(b) alkylating said compound of Formula XTa-1 or XIb-1 with a reagent
having the formula R'%-Y wherein R' is riot hydrogen and Y is CJ, Br, I, or a sulfonate ester,

to provide a compound of Formula XITa-1 or XIIb-1
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of an acid to provide a conmpound of Formula Xlla-I or
XiIb-1 Xila-1 Xllb-1 (d) renmoving the R2 group from

W0 b@7Mbi15position to provide said conpound of MOT/IB1086/024084
VIlla-1 or VIIIb-1 wherein R10 is not hydrogen. 12. A
conpound, including salts and sol wvates thereof, having

the Formula VI|ib-1 VIIb-1 wherein: Zis-C(ZK))CRl,

- C(=0) NR6R7, €N, ~UR&FH, or |, a noNBRR% hat may be
t ransf or ned any of one said oups; Rl is
hydrog@Q+ ] Qlal kyl , C2r©10 _al kenyl, C2-Cl10

al kynyl , 0 cy&Poal kyl, T8 CiCcycixdal kyl al kyl ,

aryl, aryl , heteroaryl, heterlparyl al kyl,
heterocyclyl, "hgterocyclylal kyl, trjal kylsilyl or
di al kylarylsilyl, wherein said al kyl, al keny’la,nd

al kynyl, cxgfopl kyl, cycl oal kykgfhky! . aryl, arylal kyl,
het eroaryl, heter ogryl al kyl, heterocyclyl and

het er @ yamarting kaidl Rpgravpdimn greadN-dmdsiieal tb providessaid epmegpund of

' ne r r.oups. i n ndently selected from
Formul%&ﬁl@a—ce‘nqr Waﬁx@?&el wdséﬁogﬁﬁp‘&"%ﬁf—- C alkenyl, C-C4
@l kKynyhe piGdese a6 ¥Riipéd HydnyafidiaGas Co belhdromuaidastkystion

R2 and R2pb are inde%%ndentl hydrogen, G -ClQal kyl_,.
compriseptreatpgpicesoprnovag ot ornyla YiIa-1 s NIh-1, whergim R and R are I,

i 5 s KA AR s R

of an acad toymyvide kaid zyinpoaid of Formnki H§a-4lok MITHe1 tihoresn Ri%6s methyl.

tionally substjtuted wt ne or r roups .. .
P pbRuRRerS 28 sl # ahelia d4nt WhaPBIC cvelizatign
comprisgs:Kyl ., C -C4 al kenyl and C -C4 alkynyl; Rza and R2c

are independent|y hydr o(?en, G-G_ 0 al k¥7I, c2-a 2
al kenfp) reg2ingisgidzdormpeynd obkgrmpila VEIa-], pr VA Lavhey¢in R” and R

e o e ARt | e R e

al kenyl , al kyrgl, benzyl, allyl and arytal kyl portions
are NR2R2a NRZbRZC
X b
108" "N X5 10 5
R™ R RN x

NRsz‘—=l NRZRZa
IXa IXb
wherein R'% is H, C;-Cy alkyl, C3-Cyo 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;-C4 alkyl, C;-C4 alkenyl, C,-C4
alkynyl, C3-Cs cycloalkyl, C3-Cg heterocycloalkyl, -NR°R” and -OR?;

(b) reducing the amide group of said compound of Formula IXa or IXb to

provide a compound of Formula Xa or Xb
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optionally substituted with one or nore groups

i ndependently sel ected from hal ogen, hydroxyl, G -C4
w@bkdoylog21€2- C4 al kenyl and C2-C4 al kynyl; or - NRZRR§2006/024084

and/or -NR2bR2c is N3; X5is H F, d, Br, | or O C6

al kyl; R and R are independently hydrogen,

trifluoronethyl, -OR_, Cl Cl al kyl ,| C2- Cl% gl kenyl ,

C2- C10 al kyn NRf8*cycl oal kyl 63-©

cycl oal kyl al aryl, aryl al kyl, -roaryl,

het er aa;%ll; et erocycl vl _or e ocacl yl al kyl, or
d

R6 aR toge her X¥i th thhe athm t o whi & they are
attache Or Mgrofkod 0 10 menbered hgjgegparyl or d

het erocyclic ring, wherein said heteroaryl am
heterocyclic riyggs are optionally sgpstituted with one
or nore groups I ndependently sel ected from hal ogen,

trif [(coreantingsaid c@npm@r@ﬁ?@m@b@y{a o1rXb Wit @Griermisagidand
optionalff i telehof ¥ Rgra) it oL Pt Y Tddafuy €A prosence

of an acidné pﬁfv)/deadakb/dongic@nd R Formmblh WISIabE bi Vmbq whetrlamdh‘é 1smot
nore groups independently selected fromOH, -O(C
hydrogengj 0-al kyl ) and -O (G -G o-al kenyl); R10 is hydrogen,
gL-C a6, ol byclizas
Her erastirpsay ciubieRl Sngst i A0 G ARt byclizgion
comprised: kyl , cycl oal kyI al kyl, aryl al kyl, het eroaryl al kyl and

het er Ialk ortlo ar e ubstit ut,ed
i t h @histngmdoaRBi HrsEh Bl tomndy sikia ks
hydrogeﬁ %h@ﬂé[b n&ﬂ Yl?'dh@éé’ﬂ wity & &byldink fa%ant&\@ ptRrided cdefipainld Y Formula
kenyl, C -C4 al kynyl, - cycl oal kyl, C3-C6
IXaorIP(éit erocycl oal kyI -NR6R7 and -OR8; and Rl12a and R12b
are independeptly selected from hydrogen, G -G O
al kyl, C2-G Cal kenyl, aryl or arylalkyl|, or Rl2a and

R12b t oget hepwj t hNRPR# at om t o whi ch aNBZHt ached
forma g to mber ed carbocychi c, oaryl or
het er oc/ULcI [ . U
R10d X5 R10d INI X5
NRZRZa NRZRZa

IXa IXb
wherein R'% is H, C;-Cyg alkyl, C3-Cjp 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;-C4 alkyl, C»~C4 alkenyl, C,-C4
alkynyl, C3-Cs cycloalkyl, C3-Cg heterocycloalkyl, -NR®R” and -OR%,;
(b) reducing the amide group of said compound of Formula IXa or IXb to

provide a compound of Formula Xa or Xb
Z z
NRZRZa NRZbRZC
R10a’\
NRsza NR2R22
Xa Xb
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13. A compound having the Formula VIlla-IVIlla-1 and
salts and sol vates thereof, wherein Z is -CC=0) OR1,

WO N 6R7, CN, -C(=OH, or , or a noiety tPher/USENG/024084
be transfornmed into any one of said Z groups; Rl is

hydro C10.. al:kynyl . .
&5 daa ey Yoldbound ot HARMIF LD gr pp W Bt acid
optlona]&y yd thk lpydsendeeifan addlylbnalhmcbdm(alb yilfadnkiy lacid ietiesatdeyialtlid presence
teroc cIyIaIk rial kylsilyl, or
of an acl T&mzw 9P%IF1P%‘yn é?Pé‘Piﬁi %HP& ‘gﬂX&Ib:l al kenyl
al kynyl , cygl oal kyl, cycl oal kyl al kylz aryl, aryl al kyl,
het eroaryl , | heter gagayl al kyl, heterocyclyl aznd2C

het er ocyc R°Borti ons are optieRs RUBSt i t ut ed
wi th one re groups i ndependent dJel ected from

hal , |, Cl-C4 al kyr1Q +C2 al kenyl, C2-C4
al kynyNy CYC6 c)SfcI oal kyl and B 06 et er)éjscycl oal kyl ;
R2 and &_a_ re i ndependently hyd-\) ef), Cl-G O al kyl,

C2- C10 al kergd , C2-C1O al kynyl, benzyks ally],

arylal kyl, trialkylsilyl, dialkylarylsilyl, Cfﬁéd

-C(O OR 6 XITa=C(O NR 6R7 wher ei n sxirh-gl kyl, al kenyl

al kyn benzyl , allyl and ar | kyl portions are

opt i oém IRgROKIRE 489 Rugr@ap \fx%ﬂ@ﬁrlmosmnéo piogigsssaid compound of

' alo hydroxyl, C-C 4
Fomul%ygﬁgqr}%%ﬁgy alﬁfye%&{l% {Sél%&%ga kynyl X5 is H F,

., BA coinpound’;m(ﬂiﬁihag kalts;anRGobatds Biérauf, dlalvhﬁge(he fdantla WIlb-1

hydrogen, trifl uoromnet hyIZ -OR 8, Cl1-C10 al kyl, C2-Q

O al kenyl, C2-C10 al kynyl; C3-Cl cycl oal kyl, C3-C10

cycl oal kyl al kyl , aryl, a i | al kyRPer2het er oaryl ,

het eroaryl al kyl, heterg or heterocyclylal kyl, or
R6 and R7 together wt elatomto which they are
attached forma 4 Hoy efibered het eroaryl or
heterocyclic ring, whereiin said heteroaryl and
heterocyclic rings are oﬂﬁ?Bnally substituted with one
or nore groups independegijyqsel ected from hal ogen,

wherein:
Z is -C(=0)OR!, -C(=0)NR°R’, CN, -C(=O)H, or

R122 R12

9

Rlis hydrogen, C;-Cyp alkyl, C,-Cyg alkenyl, C,-C;p alkynyl, C3-Cyq cycloalkyl, Cs-

, or a moiety that may be transformed into any of one said Z groups;

Cyo 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;-Cq alkyl, C;-C4 alkenyl, C,-Cy4 alkynyl, C;-Cs cycloalkyl
and C;-Cg heterocycloalkyl,

R? and R*® are independently hydrogen, C;-Cjo alkyl, C5-Cio alkenyl, C,-C)g alkynyl,
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trifluoronethyl, difiuoromethoxy, trifluoronmethoxy and
OR8; R8 is hydrogen, C -C 10 al kyl, C2-Cl10 al kenyl,

waegoz/oax1sar yl al kyl, wherein said al kyl, al kenyl PCEHU$1006/024084
and aryl al kyl are optionally substituted with one or

vn, Ao RIBS RORPALIGILA B SR AR o
wherein haﬁdraﬁge,ralkéﬁyl GlG/ngl, loghzyl Gy LRAd ay}ddtllmll porticisieyd optionally

I kyl
substltu%g_g\p qp%é)alxgoertgg@q{aagyl 2 pt%g,feg %88%%{%%{ ydroxyl Ci-Cy
alkyl, CJW@E a&ee;rwha'd&y@ ,c@l@quhet er ocycl yl al kyl portions are

substituted with one or nore groups

R decb obemndpp@eﬂem&x xtlro g Cirdl o glnil, Coylto abkphyl, €y-Emoalkynyl,

benzy), Aty RypeBSbIRASTHE aEYry1sish R ERUIGR T SRR . -or'

or -NHR' NwA&éinsadt al 8alkaﬂﬂﬂ 1amlzﬁ;tﬂby1ah@ atyldleylqreesis|aye
sel ect ed from ydr ogen, }2%'1 Cl1 al , C2-C1 al kenyl,

optlonalbzst@gt@;umdwﬁypne @311@;9 @rqy}p@ |1W|pﬁ1§46ntlmelgct9d from halogen,

eteroaryl and
hydroxyﬁ%? @a%\l glf éF kmalkeﬁ?lyﬁ% %i{@lsgbmjtqoget her with the
DRFREt andibi NR R@ysblge attached forma 4 to 10
clic, heteroaryl or heterocyclic ring.
mz'ﬁFegr\’;‘gh gr a%ﬁﬁ(yrhe Formula VI wherein: Zis
RGMIQAR indefémShiNRIF 0 gerCh¥ifludrbbity1, 0®R3 (QILCQ alBILet ¥ Cyo

that can be ansformad into ané@one of said Erou ps;
alkenyl, M@m@lkynym@zmacyoﬂpallsvh\@s-sumc Hodalk @] anyl aptel blgéﬁeroaryl

Kk 1 C2- C10 al kynyl, C3-Ci10
heteroar%&liyig}ekvpgyc& ot qﬁ“’c‘%?d&%a lI%’yl al kyl, aryl, aryI al kyl ,

drebemna R Mtbgethatvaitome yioad tohich e yedchbd form a 4 to 10
het er ocycl yl al kyl, trial kyl sil yI or dialkylarylsily
memberggh hetejoard it aetgrq@yq:hc TG diprein sdid higtgroaryl an heterocychc rmgs are

optionally substituted with one or more groups independently selected from halogen,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and OR®:

R? is hydrogen, C;-Cyg alkyl, C,-C1o alkenyl, aryl or arylalkyl, wherein said alkyl,
alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
selected from OH, -O-(C;-Cig-alkyl) and -O-(C;-Cjp-alkenyl);

R is hydrogen, C;-Cyo alkyl, C3-Cyo 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;-C, alkyl, C,-C4 alkenyl, C,-C4
alkynyl, C3-Cg cycloalkyl, Cs;-Cg heterocycloalkyl, -NR®R” and -OR®; and

R'*® and R are independently selected from hydrogen, C,-Cjg alkyl, C;-C o alkenyl,
aryl or arylalkyl,

or R'?* and R'? together with the atom to which they are attached form a 4 to 10
membered carbocyclic, heteroaryl or heterocyclic ring.

13. A compound having the Formula VIiIa-1

96



cycl oal kyl, cycl oal kyl al kyl, aryl, arylal kyl,
heteroaryl, heteroaryl al kyl, heterocyclyl and
whedoenanyt! yl al kyl portions are optionally subBCT/US1006024084
with one or nore groups independently selected from
hal ogen, hydroxyl, C1-C4 gl kyl, C2-C4 al kenyl, C2-C4
al kynyl, C3-C6 cycloalkyl.nd C C6 heterocycloalkyl

R2 and R2b are i ndependeptiy W%éen Cl-C1 al kyl,
C2-Cl10 al kenyl, C -G O 4 Wl , benzyl, allyl,
aryl al kyl , trlaIkIOS|Iy IkyIaryIS|IyI - CORG6,
-C(O OR6 or -C(O RRBRY, wherei®said al kyl, al kenyl,
al kynyl , benzyl, allyl \_axw]l aryl al kyl portions are
optionally substituted wi th one or nore groups
independently sel ect ed fym@m-bal ogen, hydroxyl, G-C4
A aI kenyl and C2-C4 al kynyl; R2a and R2c

al k
andsalt%?‘@yﬁohﬁ’é“ﬁé hereplh ePF%Irogen Cl-C10 al kyl, C2-G 0

[1yl, arylalkyl,
Zlscey ky s. ﬁﬂ bdjuiahF%!yt aryi s@b ks, GO,

- ARGy , -ORlL or -NHR1, wherein said al kyl,

al yl, aIkynyI, benzyl, allyl and arylal kyl portions
ptionally substituted wth one or nore groups

iindependent|ly sel ected from hal ogen, hydroxyl, Cl-C4

a , C2-C4 alkenyl and C2-C4 alkynyl; X5 is H, F,
ad,\Br, I, or C1-C6 alkyl; R6 and R7 are independently
hy dr ’09 en, oxte[ inbletp RSN He transi@ﬁﬁed Bt Yo ckﬁ/dald Lgrdupb,

é{ - C10 al kynyl, - C10 %ycloalkyl - Cl10
léylé Ihai Olgylll,aﬁlkﬁilo al@ﬂﬂz-Carayt%ykﬁz 1p,§1[1<§p)51a99~|010 cycloalkyl, Cs-

oo MMM oS e rgsialyl 1 o
heteroc;&l}ﬂdkhledleﬂbylmﬂ)d ér dldkjt]@ryﬂmyhevlede;]lhemdradi@rl lydlkmgl alkynyl,

t {
eyeloaliy gt Gatfelanys arif st Yo Satah  e se  S BAF 93! B
heterocﬁﬁylﬂﬁ&ﬁp&ﬁ&'rboa?re opHSRANIERHMeS HitBTn8 &r IoRdia Qﬂﬁ@pendgnﬂy

i f1uoronet hyl, difl Uor onet hox trifl uoronmet hox
selected@@sn halogen, My droyb i 1-Gai allyl 10~ 6 Rikenyl0:-C1 elkanKle Ry iCs cycloalkyl

and Co- G PO A &7’ optonal 1y substituted with one or

Rbafl R axpindépudpaBoglidgen, Ci-Cyp alkyl, Co-Cig alkenyl, C2-Cig alkynyl,
benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, -CORS, -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;-C4
alkyl, C,-C; alkenyl, and C,-C,4 alkynyl;

X3 is H, F, Cl, Br, I or C;-Cy alkyl;

RS and R are independently hydrogen, trifluoromethyl, -ORS, Ci-Cyp alkyl, C2-Cyo
alkenyl, C,-C1g alkynyl, C;3-Cjo cycloalkyl, C3-Cyg 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,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and OR®;

R%is hydrogen, C;-Cjp alkyl, C-Cjg alkenyl, aryl or arylalkyl, wherein said alkyl,
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selected fromOH, -O(C -G o-alkyl) and and Rl2a and

R12b are i ndependently selected from hydrogen, C -C 10
wW@bdylop21€ - C10 al kenyl, aryl or arylal kyl, or RIPESZNE024084

R12b together with the atomto which they are attached

alkenyl a?&f‘&n% agy %ﬂ%gllagre %gﬂ@%@dsxﬁﬁwt%ﬁm e o@ %o%% %?oruég nQJePendently

eroc oun Favi n
selecte&@r&nl@iﬁ er(e-l(ﬁl-CZo-alkyl-)@ﬁ‘éQ))@l Cio-8lkaINR 6 R7, CN

t tr f d
bt oo o) UL SER ES L PSR LI
| |
heteroc?éliﬂ%ikgl %e@l@ s@ll iﬁﬂ%}' Coyg%%{ @(ﬂ e{%l?bﬂyl @%f%glﬁlkgl ﬁryl/cll
heterocyréylakahpqrtlpnm @pbamqllyedukstitute& e\n@rmyxz Imdre groups 1ndependent1y

e FUFRERER IR b By g L s ol
alkyny10&9b9®&U51@1 %-c6 aécekocyaromk@l kivR SR hatde Oty ¥hd
h ter oaqz¥ i( het erocycl yl and heterocyclyl al ky

Bor endRs areemémqnéwﬁm selestadsrom by droeon.tGr-Gnallsd, Gmﬁe) alkenyl,

Co-Cro AR aﬁ ep&@%@%l Y33 Hgﬁyaggkggrﬁyg%gg eﬁggﬂ%@r Re¥loaryl and

heteroag&aikydal kyI and C3-C6 heterocycl oal kyl; R2b and R2c are

pendept |y hydro , Cl-C1 kenyl
@p kyWFthe’b‘é(Hg);ﬁe atginy t9 W 1§}t§¥)épqgﬂttac rm a4'to'10
membefe'&'c@iﬂ&)g,'&icl Héterogfy@bk}iét@fo\é&ﬁic g -COR 6, -C(OOR 6 or
wher'ei n sai d” al kyl, al kenyl, al kynyl,

fb@nzyl‘\ coamoyhdhwdngﬂ;ﬁlféimlsalaﬁébrtl ons are optionally
substituted with one or norg groups i ndependent |y
sel ected from hal ogen, hydroxyl, G-C 4 alkyl, C2-C4

al kenyl and C2-C4 al kynyl ; g .8 Cl1-Cl10 al kyl, C -C10

al kenyl, C -C10 al kynyl, I, allyl, aryl aI kyl ,
trialkylsilyl, dialkylar |, -CCRG, -C(OOR 6 or
-C(O NR 6R7, whereinocg®i d afkyl™x%al kenyl, al kynyl,
benzyl, allyl and arylal kyll portions are optionally
substituted with one or no

VI

wherein:

Z is -C(=0)OR!, -C(=0)NR°R’, CN, -C(=O)H, or
R1Za

R’l 2b

@
~

, or a moiety that can be transformed into any one of said Z groups;

A is N3 or NR’R*;

B is N3 or NR*"R™;

R'is hydrogen, C1-Cyg alkyl, C,-Cyp alkenyl, C,-C;g alkynyl, C3-Cyp 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,-C; alkyl, C,-C, alkenyl, C,-C4 alkynyl, C3-Cg cycloalkyl
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groups independently sel ected from hal ogen, hydroxyl,
Cl-A4 al kyl, C2-C4 alkenyl and C2-C4 al kynyl; X5 is H,

wWo-200T0021Br, | or G -C 6 alkyl; R6 and R7 are PCT/US2006/024084
i ndependent|y hydrogen, trifluoronethyl, -OR 8, C-C1

I al kenyl, C2-CG O al kynyl, C3-C10
and C3—§§/§%{ Fﬁ?aﬁy& C10 cycl oal kyl al kyl, aryl, arylalkyl,

m?ealﬂm’érayd indgyenésmbrhyidadden| C,-Ogf aﬁk;dpgzpbyd alkényl, Co-Cio alkynyl,

benzy, 1y 1ogry BTG LY el o 5 0 YRS P DR
wherein$GIdSHIRA! 1 ergfrl], Cfmﬁﬁrx?[ ‘E@Mﬂl{ A1y, 2 ar%‘ﬁlﬁ&leﬁd?tl&?s' eﬁlfz ogtlonally

heter oaty grocyc rings are optiona
substituted veith ¢net ednre ghoups md@pem:t@néy selocipd fromdepeged ptdrgxyl, C1-Cy

e al e trifluoronethyl,
alkyl, C%jﬂf‘ ﬁﬁpglr?@fi&gx@ 1?3%} Y uor omet hoxy and OR8; R is
Ilﬂ%?@lh@ ;Rshare ﬁﬁdegé&eﬁﬂﬂﬂhﬂf%rog?in @ml@b&@nﬂz,claﬁmenﬁr c?_-c10 alkynyl,
a wherein said_a

benzyl, Byl Ay PO AR QRSO IR Y e BNBER o -OR!

Nt QUS| 4ERRDISRLL SR S Ml o
optionaldy mﬁsﬁdmhm?lg m;dl (l)felﬁeﬂe@m?ﬂl ifmlermhdrtanidg;ssleftcd %gge;ﬁ ;
hydmxy%l(élbct@gél’ﬁ 1C4\B1H‘Eel‘?y¥4?’é1§4éﬁ?&8mahiych t%eil are attached
j(ﬁ){srplap 1By, 1%r'"(§f@6ea[lﬁﬂ carbocyclic, heteroaryl or
et erocyc1 ¢ ring .~ A compound of the Forrmula |11

R andReare |mdep¢ndestly\|3y@pgﬁl ZRragromethyl, «Qﬁﬂcﬁ}fﬁjb alkyl, C>-Cyp
alkenyli G CAINPSF it TR B eyl iR Gk ot i Bheroury,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or R® and R7 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 substifuted with one or more groups independently selected from halogen,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and OR®;

R® is hydrogen, C1-Cyg alkyl, C,-C1o alkenyl, aryl or arylalkyl, wherein said alkyl,
alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
selected from OH, -O-(C;-Cp-alkyl) and -O-(C;-Cj¢-alkenyl); and

R'?* and R' are independently selected from hydrogen, C;-Cyp alkyl, C,-C1o alkenyl,
aryl or arylalkyl,

or R" and R'?® together with the atom to which they are attached form a 4 to 10
membered carbocyclic, heteroaryl or heterocyclic ring.

15. A compound having the Formula XIb-1

Z
NRZbRZC
N X5
N\
N
\Rz
XIb-1



X3is F, d, Br, I, N or a sulfonate ester; X5 is H,
F, d, Br, I or Cl1-C6 alkyl; Rl is hydrogen, C1-C O
w@bkdoylog21€2- C1 al kenyl, C2-C10 al kynyl, C3-Cl0 PCT/US2006/024084
cycl oal kyl, C3- C10 cycl oal kyl al kyl, aryl, aryl al kyl,
heteroaryl, heteroaryl al kyl, heterocyclyl,
heterocyclylalkyl trlalkyIS|IyI or dial kylarylsilyl,
W@GE@{DCEéJanDNyRﬁK |eni(O3lLkygnyl , cycl oal kyl ,
cycloalkylalkyl aryl, aryl al kyl, heteroaryl,
emparylalkyl heterocyclyl and het er ocycl yl al kyl
I ons are optlonally substituted with one or nore
s i ndependently sel ected from hal ogen, hydroxyl,
al kyl, C -4 al kenyl, C2-C4 al kynyl, C3-C
oal kyl and C3-C6 heterocycloal kyl; R2 is hydrogen,
Cl-C10 al kyl, C2-C10 al kenyl, C2-C10 alkyn
ar ylal kylor ammaietykldtsan b trarmfm| lamnymy o sai¢:Zrggoups;

%%”)W?g%g %%VNRRE 1%5%”?%% £ DY?'M)% ¢y alokaBikyl, Cs-

Cuo cyclo‘étﬂ@ﬁfdlkyluhx?ﬂ aﬁ\ylbikrp ﬂieteﬂfarytpllie%erga@wmyu nsdapeyuddnt | y
Q

sel ected from ha

heterocyelyladiay) trighkylsdyl Mlglkxlmwijﬁaz@qr@n ﬁgﬂé%@rﬁ%@yhcﬁwnyl

I - a n
cycloalkg;\f @%«?ﬁ%@alﬁﬁg iag%l’ky SI 1 (ﬁ%fe%lkbl%%ysl?lﬁﬁ Ké’tleroc%%l&lyénd
heterocyelﬂa@;ﬂ)ﬁﬁrﬂon@@@) dfFeRALY, subﬁ?j;tedﬂmﬂNHqur mbmmupsgmle@endently

e B PSS el SR

and Cs- h@fé@gcybngﬁ@,@ndent ly selected from hal ogen hydroxyl ,
I kyl, ‘C2-C4 al kenyl and C2-C4

al R6 and
aradr% “lareiimdepridently h)fﬁly@&e@gencut alkyly Gmcow%l ﬂwl Ca-Ergplkynyl,

venayl, L SR etk LG R BRI RO R

wherein 588 a1k98 raYlkener ,aldyayioBendyhlakyl a,ndfwjzlalkqty@dtly)hs ae optlonally
het erocycl yl al kyl, or

together, with the at
substituted wihiogh of Foye SRS PSRBT Icle T rorD helo S Lo CrrC
alkyl, Czhe‘{gk&?%l“d éﬂ%ﬁ@n gyclic ring, wherein said

het'efdcyclic rings are optionally
Rzub@ﬁﬂwalkyl W i(h, elitenydy Crrbeligmyl geniyl g hdreelatkiyl;
trlalkylsﬁ}% gla&y?arylsﬁgf, %ﬁg, €8(0)0R6 or -C(O)NR6R7, wherein said alkyl, alkenyl,

alkynyl, benzyl, allyl and arylalkyl portions are optionally substituted with one or more

wherein:

groups independently selected from halogen, hydroxyl, C;-C4 alkyl, C,-C4 alkenyl and C,-Cy
alkynyl;

X’ is H, F, Cl, Br, I or C;-Cg alkyl;

RS and R7 are independently hydrogen, trifluoromethyl, -OR®, C1-Cyo alkyl, Co-Cyp
alkenyl, C»-C1o alkynyl, C3-C) cycloalkyl, C3-Cyo 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,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and ORS;

R¥is hydrogen, C;-Cyp alkyl, C-Cy alkenyl, aryl or arylalkyl, wherein said alkyl,

alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
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trifluoronethyl, difluoromethoxy, trifiuoromethoxy and
OR8; R8 is hydrogen, Cl-Cl10 alkyl, C -C10 al kenyl,

waeoooasaryl al kyl , wherein said al kyl, al kenyPCT/ag82006/024084
and aryl al kyl are optionally substituted with one or

e 105 RN 0 L RO 0 (0

1P GH0R at !ﬁﬁé'mde?@n&lﬁy%ﬂ@bt@@ﬁ’éﬁi }iiyldhf()’éen @iy, phikyl, C,-Cyo alkenyl,
het eroaryl al kyl or heterocyclyl al kyl, wherein said
aryl or aayllkyl, cycl oal kyl al kyl, arylal kyl, heteroar yI al kyl and
fiaer SENELYLBL wiR Ul £0R (2 gﬂﬁéﬂ{}é' 11254 b 4o
groups e endent’ly se ecte rom
membemébm@ecychbylthtmyﬂyl or:lyeim)cycllmch"mg, azido, C1-C4 alkyl, C

CA al keny C3- C6 cycl oal kyl, C3-C6
]n(ét er‘%&?’é‘lPB‘é‘P‘fZﬁ% é?xih‘nd and R12a and R12b
are i ndependently sel ectedArom hydr ogen, Cl1-C]O0

al kyl, C-C1 alkenyl, C2-G|0 al kynyl, C3-Cl0
cycl oal kyl, C3-Gi O cycl o3 bRyl aryl, arylalkyl,
het eroaryl and heteroaryl or Rl2a and R12b
together with the atom te whpeh they are attached form
a 4 to 10 nenbered c®eMocydlic, Xhet eroaryl or
heterocyclic ring. 17. The juse of a conmpound of any of
clainms 12, 13, 14, 15 or 16 in the manufacture of
het erocycl i c conpounds. 18I A nethod of preparing a
h conpound of Forrmula Xl b-1Xlb-1 wherein: Zis
wherein: o~ or1, - C(=O)NR6R7, CN, -C(OH, or , or a noiety
Athg@ﬁNRﬁR%transforned into any one of said Z groups;
Rl is h ge al kyl , C2-C10 al kenyl, C2-C10
Aliscety P 3/0&8, @(1-)0),1% RoalRY:-CERH, 010 cycl oal kyl al kyl
aryl, a&yﬁalkyl het eroaryl, heteroaryl al kyl,
heterocy | 1% heterocyclylalkyl trialkylsilyl or
di al kyl I silyl, wherein said aIkyI, al kenyl ,
al kynyl , N
o\/<

*

, or a moiety that can be transformed into any one of said Z
groups;

X? is F, Cl, Br, I, NO, or a sulfonate ester;

X’ is H, F, Cl, Br, I or C;-Cg alkyl;

R! is hydrogen, C;-Cyq alkyl, C;-Cyp alkenyl, C,-Cjp alkynyl, C3-Cyo cycloalkyl, Cs-
Ci 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,-C,4 alkynyl, C3-Cs cycloalkyl
and C;-Cg heterocycloalkyl;

R?is hydrogen, C;-C alkyl, C,-Cy alkenyl, C,-Cyg alkynyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -COR®, -C(O)OR® or -C(O)NR®R’, wherein said alkyl, alkenyl, alkynyl and
arylalkyl portions are optionally substituted with one or more groups independently selected

from halogen, hydroxyl, C;-C4 alkyl, C;-Cy4 alkenyl and C,-C4 alkynyl;
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cycl oal kyl, cycl oal kyl al kyl, aryl, arylal kyl,
heteroaryl, heteroaryl al kyl, heterocyclyl and

whedoenanyt! yl al kyl portions are optionally subBCT/US1006024084
with one or nore groups independently selected from

AR Ao £ it oy L B .

trlalkylsﬂﬁa ﬂﬁlk?ﬂa‘rﬁl@ylajd()'ﬂl CI@B@R%\L(B’(@’)NRGRCZ{m.l%raNK-]Rfybvhereln said

alkyl, all@niglz @i}q’yayly bgrpziywallyll. g@:gyl’allqtgg gllglc({gé gr:elopltw@lmp@mnmted with one
e WSS PRFES RSl Aitepky oL

and C,-Gyredkyayl;nor e gr oups mdependently sel ect ed from

RS o h@fg&xy' bR, &@ﬁ?rﬂa@ﬁ@horgﬁ \t @faél@,véncz-cw
alkenyl, @Jz é}ﬁ;glk%;lﬂ c@?&l&u@ﬁ cﬁ%aﬁ%na&lkmylambm?nz Hkteroaryl,
rial ky S|Oi diral kyl af yl'si |

heteroaryl@HZRB hete@@l@}@er bﬁrtemg(fihl)flmm wherein said al kyI
| .
AR P R e, Vi By B #9510

memberédlﬁﬁ%ﬁ@& Bt hytefoRleld ﬁdg,fwmaalhahﬂgﬁﬂ:rod:tyﬁair@(b{dtem@'elﬂlrings are
C2-C al kenyl and C2-C4 al kynyl; X5 is H tF C}I1
optlonalhr sulvstlartectml:s K YT ;9% &W&pmn%ﬁpénqlw&ixp&mm fjpm halogen,

8. C10 al kyl C2-C 0
t“ﬂuoron’?ég'{égfgﬁﬂ“"c‘éﬁ%ff#gr@ {Me&oxg%g ﬁr oal kyl > C3- C10
Ryl lqall-dgpha(?k—ﬁ]w ahqyyl C2 é}[oydilhd:rLWI aryhet er)delkyll, wherein said alkyl,
ke, B o S G B ST WSy
selected%totr@@bﬁdd @,0C B-ak1Pankl-OreOPE [ adidiger oar yl or

terocyclic ring, wherein said hefeéroar

e hodimert.cCr-Cngalkat b mmaugylag@asmﬁ@md hgjerarrgalsyl or
nros R, SRR SUESHEI T MASTES: o AT bRy
heterocy@B8alkRSpdrBontyde optonallyi suBﬁI&u’&HKMkh ofi2eiGndreagioapy independently
sectedgfimah PGy dEah FFRBr Iy 22 GH BUP b e Corfulegpl, Ca-C:
alkynyl, BLE; YRR APIEPEAEBBYI¥alkyl, -NR°R” and -OR%; and

R!? and R'? are independently selected from hydrogen, C;-Cyp alkyl, C>-Cyo alkenyl,
C,-Cyp alkynyl, C3-Cyo cycloalkyl, C3-Cyo cycloalkylalkyl, aryl, arylalkyl, heteroaryl and
heteroarylalkyl,

or R'?* and R'? together with the atom to which they are attached form a 4 to 10
membered carbocyclic, heteroaryl or heterocyclic ring.

17. The use of a compound of any of claims 12, 13, 14, 15 or 16 in the
manufacture of heterocyclic compounds.

18. A method of preparing a compound of Formula XIb-1

4
NR2bR2C

N x5
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selected fromOH, -O (G -G o-alkyl) and
-O CCrdo-al kenyl ); and Rl 2a and R12b are independently
w@etoeooad? f rom hydrogen, Cl1-Cl10 al kyl, C2-Cl0 pdRER83006/024084

aryl or arylalkyl, or Rl2a and R12b together with the

atomto which they are %;9 ghed forma 4 to 10

menber ed car bocycli c, eroaryl or heterocyclic ring,
whereinsai d net hod conprising. (a) providing a conpound of

Formul a VI{b-] VM IRk rejr a is hydrogen; and (b)

Z@a&“‘ﬁbo J' (—%M&f-@%ﬁﬁzgrw,b I with (i)

f optvh C g0|d optionally in the presence of an

addj tRGRal acid, (ii) a formc acid derivative in the
ence of an acid, or (iii) two or nore equivalents
mal dehyde or a fornmal dehyde derivative in the
nce of an acid, to provide said conpound of

e

'\ﬁl a XIb-1. 19. A nmethod of preparing a conmpound of
la | = : .

ol 2 R mpfety AP Hetraprobdicd G BH of spid 2 groupp;

Rh@h?ﬂl@rgﬁﬁ,ccll-@]lo@llﬁfﬂl,)cquﬁ atifenglaiCa-C gikenylsCs-Rl, ¢y&loalkyl, Cs-

| kyl al kenyl , Co-
Cio cyclaqﬂkylﬁ 3’? 8@1&1 @(y:!]ﬁ 198&%%9%% h%goamléi%@?@ng%%gl kyl

heteroc;% e)%lkylaErY lﬁlgﬂ'}h or Bﬁﬂ ?fsiﬂll’ WIB@Iteﬁ{ Q44 Xllkgf Iél)ﬂen 1, alkynyl

terocyc eero trialk

cycloalkgyi, &kal;bh&ny},dll@rll aryl, awﬂwéhd; In'ct@faald'l awteyd)a,ryhlhyérhpte,rocyclyl and

heterocmgh%lggllapﬁ O Cslnag'{:fl lgp’%%}‘i.ayy g%?utle(cﬁg?tgr%lg )%FV?{ %tr? Q’ m%epéﬁdéntly

selectedffﬁin@h%g@ﬁ yatdeyl, e, tae, dpcgamaﬁyloogbh HIk§HPSs U404 tc@6loalkyl

th one or nore groups independently selected from
and C;- @«ahfé@f@ﬁydmllﬂyloxyl Cl-C al kyl, C2-C4 al kenyl, C2-C4

}Qd 1I§)€r}yém aﬁ:(yl %z-()f aﬁéhyly bz-Clo alkynyl, benzyl, allyl, 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;-C; alkyl, C,-C;4 alkenyl and C,-C,4
alkynyl;

2> and R are independently hydrogen, C;-Cjp alkyl, C,-C alkenyl, C,-Cyo alkynyl,
benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, -COR®, -C(O)OR® or -C(O)NRR’,
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;-Cy alkenyl and C,-C4 alkynyl;

X’ is H, F, Cl, Br, T or C;-C alkyl;

R and R are independently hydrogen, trifluoromethyl, -OR8, C,-Cyp alkyl, C2-Cyp
alkenyl, C,-Cyg alkynyl, C3-Cyo cycloalkyl, C3-Cyy cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or RS and R7 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,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and ORS;

R® is hydrogen, C;-C alkyl, C2-C1o alkenyl, aryl or arylalkyl, wherein said alkyl,
103



and C -C6 heterocycloalkyl; R2 is C-ClO alkyl, C-C1
al kenyl, C -C10 al kynyl, benzyl, allyl, arylalkyl,

wao eooalobaabsi | yl , dial kylarylsilyl, -COR6 -C(O QRBI/UK2006/024084
-C(O NR6R7, wherein said al kyl, al kenyl, alkynyl,

benz 4yl . ar ' oRnt |
atkenyl, SEREN eyl Py Bt R 8% 0 R Br DR B LAY ety
selectedSQhQﬁQ}IFdd-g@lgfbg@@Fihd -h?ﬁ@l%bgla;kdﬁ%})gmchl kyl o C21 C
en an - al_ kynyl ; [ r n, -
Fg‘% amd?f{‘% argindgpgadepily g@g@@lﬁ%‘pwam P%‘gr%@w a,lkxlah E:y-f%,w alkenyl,
aryl or af] @I kyl, trialkylsilyl, dialkylarylsilyl, -CORG,
- OR6 or -C(O NR6R7, wherein said al kyl, alkenyl,
@R apt R 'Beangather veith thie atomeltcewlyich theylarpattached forar &4 to 10
ocgti nal L‘i\'/r sgbstitut egevvit Qne or nore groups
membergd, carRoGYgHE NSPTQUY L EFTPPSHE HBB0gen, hydroxyl, Cl-C4
stidtéthofcopdikgny! and C2-C4 al kynyl; X1 and X2 are
I ndependently sel ected from hydrogen, F, d, Br, I,
(@aspv@m&m@rapwﬂd,of@rr@@mlkﬁnyl , C2-C10 al kynyl,
C3- G Ccycl oal kyl, C3-Cl0,cycl oal kyl al kyl and Cl1-C10
t hi oal kyl, wherein said al kyl, al kenyl, alkynyl,
cycl oal kyl , cycl oal kyl alkyl aN@*Rffi oal kyl portions are
optionally substituted Nl one or nore groups
i ndependently sel ected om oxo, hal ogen, cyano,
nitro, trifluoronmeNT, J'fl UK onet hoxy,
. trifluoronethoxy and azid ;ZR%S isH F, d, Br, |I or
G -C6 alkyl; R6 and R7 are Tndependently hydrogen,
trifluoronethyl, -OR8, HEIO al kyl, C2-C O al kenyl,
C2- C10 26! kynyl, C -Cl10 cycloal kyl, C -C10
wheseip Ry kipydrggen: andy | aryl al kyl, heteroaryl,
t Vi ) - fl r:
BE SRR Ottpo B LEFRENIL XIER vIEY (f REHEC JAE Ll gral¥in the
presenceadft amcAiddichal anidy, (1) & forfiic asdrenietivh ét thegaesghceort an acid, or (iii)
het eracyclic.rin rein.said heteraaryl .and
o or gy e n £ RerguiehyE Gt tobRaitet el hEF s Baicmeseogngt on
acid, to PlovIRIs8idHoaiReni deesenIeRiby. sel ected from hal ogen,

19. A method of preparing a compound of Formula Ic-1

zZ R2b
| X1
N N /\
g
N X8 /\ )
A X
RZ

Ic-1

wherein:
Z is -C(=0)OR!, -C(=0)NR’R’, CN, -C(=0)H, or

Ri12a R12b

’)<N
o\<
¥ , Or a moiety that can be transformed into any one of said Z groups;

R!is hydrogen, C;-Cyg alkyl, C,-Cyp alkenyl, C,-Cyo alkynyl, C3-Cyo cycloalkyl, Cs-
104



trifluoronethyl, difluoromethoxy, trifluoromethoxy and
OR8; R8 is hydrogen, G -C]J0 al kyl, C2-C10 al kenyl,

waegroaisaryl al kyl, wherein said al kyl, al kenyPCT/E83006/024084
and aryl al kyl are optionally substitut ed wi th one or

Cio cycIUaﬂig’leQE}Q UQ-§1 'aﬂqiﬁ%ng&%tolf lslf‘elt&%r?elg Ea?h((jORl gb

ken
heterocmlglallqy}é ép@ih}z{]@rhyll cy d%k}dalty@ﬂyi rwherehly srid gﬂa‘yl a(llaengzl, @lkynyl,

I I | al k R12a and
cycloalfyiflc 0&%‘%&9 v R sl D bt seshes ?%é‘gzﬁabeéersﬁx%w@d
heteroc§@ylalkgl fortionsléte @ﬂ@l@ﬂ%uﬁﬁ[t’@@@ Wﬁih‘ die PRl RE %%‘HL%()E iflependently

eterocyclic rin sai d nmet hod conpri sing: _
SelecteJ;ﬁr%ha Jogen, &Yémwg@acaoﬁlkﬁo&r@; alkonylpC-Cylalltynyl, WhePsiyaloalkyl
and 03‘8%3?4@%”&??85\‘/?[ e hydrogen; (b) reacting said conpound

fb-1 with (i) formic acid optionally in

Rhis Grésetiot, OFCanlladgl, nzmahlk@ﬁyldber(zyl }allﬂ Eﬁﬂ%ﬂ(}tﬂ V\SCIO SI
1

e 1 B OB TSRS B RROE ol by S
alkynyl Q%hhj\/laﬁ C?lﬁnﬂ Bryld1R lﬁfo?t? Ca‘?e Qé)tlcﬂﬂl(l?gﬁﬁitmftgd Q/Itﬂ\()hgg fore

npoun orrru a X
groups l@ém@dﬁulycﬂelemdrfm@hadbgen hyiltolyla Cr-€agdint, mzaczh alfehyiend C,-C,
Formul a wherein X6 is F, d, Br, I, -OSQ2CF3, alkyl

alkynyl, uI fonate, aryl sulfonate, al kyI aryl sul fonate,

RBIORR)8gen; BE@lpﬁlkyBIO(zR(Jjj} 3the@,g:] cg@@} Alyylﬁi'l éﬂ“eg?%lsié%%gérglfamﬂ
trlalkylsalyg géab(ngtylesg?fe;g%)ﬁ f@gwﬁgmo eR rmthare;m%é dlkyl alkenyl,
alkynyl, %h?}lflrﬁlyl @H@a@&%@y‘iimrﬁcgag gfséégétg)%a%?klﬂ)sg &r@éf) XgR€ 8% 81 mgre
groups indepodenillyseleated fan haingens aldoxAnd €0 lalal85,-Chalkesfl and C,-C4
alkynylWher ei n:

X! and X? are independently selected from hydrogen, F, Cl, Br, 1, ORS, Ci-Cyp alkyl,
C2-Cyo alkenyl, C,-Cyg alkynyl, C3-Cyg cycloalkyl, C3-Cyo cycloalkylalkyl and C-Cyg
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalkyl
portions are optionally substituted with one or more groups independently selected from oxo,
halogen, cyano, nitro, trifluoromethyl, difluoromethoxy, trifluoromethoxy and azido;

X’ is H, F, Cl, Br, 1 or C;-Cg alkyl;

R® and R7 are independently hydrogen, trifluoromethyl, -OR?, Ci-Cyg alkyl, C5-Cyy
alkenyl, C»-Cy alkynyl, C3-C;g cycloalkyl, C5-Cjo cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

orR® 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,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and OR?;

R® is hydrogen, C;-Cio alkyl, C,-Cyo alkenyl, aryl or arylalkyl, wherein said alkyl,
alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
selected from OH, -O-(C;-Cyp-alkyl) and ~0-(C;-Cjp-alkenyl); and

R™% and R'? are independently selected from hydrogen, C;-Cyg alkyl, C,-Cy, alkenyl,
aryl or arylalkyl,
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Zis -CCFOORL; RL is Cl1-C10 alkyl; R2 is hydrogen,
Cl-C10 al kyl, C2-C10 al kenyl, C2-C10 al kynyl,
waeoorabdayt , trial kylsilyl, dialkylarylsilyl, -BCORES2006/024084

-C(OOR6 or -C(O NR6R7, wherein said al kyl, al kenyl,

alJownyl, Ay ar | kyl .. ROyt ' I

et o BhethR B o PP nRA TGt BBt 34 10 10
member&®t8666&lit, 1eBrbaybgarierby@dioxg, Cl-C4 alkyl, C-C

al kenyl and C2-C4 al kynyl; X1 and X2 are independently

S§’éllfé%t¥’@élc?mﬁﬂ$lh&'dr ogen, F5 d, Br, I, ORS,

3 @*% PR g -Cl al kynyl, C3-C10
(%%rlgga %/Eonééuég’ %cﬁ‘g?)k‘{ﬁ al kyl and G -C10
t hi oal kyl, wherein said &l kyl, alkenyl, alkynyl,

cycloal kyl, cycl oal kyl al Kyl apgdak@i oal kyl portions are
optional |y substituted M1t -0ne or nore groups

i ndependent |y sel ect ed ) oxo, hal ogen, cyano,

nitro, azido, trifly 1 X5difluoromsthoxy and
trifluoromethoxy;, X i , F,”d, Br, | or Cl-C6

al kyl; R6 and R7 are i ndegérdent!|y hydrogen,
trifluoromethyl, -OR8, -gicnlkyl, C2-C] 0 al kenyl ,
C2-G 0 al kynyl, C3-CL0 g@ ohl kyi, C3-C10
WHGEAF K YhPRIre hitfryden; ar y| al kyl, heteroaryl,

het eroaryl al kyl, "'heterocyclyl or heterocyclylalkyl, or

(Rpreapiing¥id eqpepdvad ofFormula & Iib-drwvitlo (infrireic 2diéyptignally in the

pesen 34 RESHARLED, ) 4 Rt AREBEE A LB P i, or i

two or nivit @f@iNIehls ©f Firf@kicAyd: @ foeraldelydeudesivativetia dharpredenod 6f an
) or nore groups independently sel ected from hal ogen,
acid, to provide porsrrorag of Fermpuly 3brket hoxy, trifl uor omet hoxy and
OR8; R8 is hydrogen, Ct-Cl0 al kyl, C2-C1 al kenyl, aryl
or arylal kyl, wherein $aid azlté%%c’ al kenyl, aryl and

aryl al kyl are optionaliy s uted with one or nore
groups i ndependent | ct ed from OH,

-(c)-(CrCr-al kyl) apd Q -C o-al kenyl); and R10 is
hydr ogen, Ci1-C10 kylY C3:X%10 cycl oal kyl al kyl ,
aryl al kyl , heter oaRyI al kyl or
R? ;and
XIb-1

(¢) coupling said compound of Formula XIb-1 with a reagent having the Formula
X8 l N /j

wherein X? is F, Cl, Br, 1, -OSO,CF3, alkyl sulfonate, aryl sulfonate, alkylaryl sulfonate,
-B(ORY),, -BF; or -Bi(R'),, optionally either (i) at elevated temperature and optionally in the
presence of a base, or (ii) in the presence of a metal-based catalyst and a base, to provide said
compound of Formula Ic-1.

20. A process for preparing a compound of Formula Ia-1
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het er ocycl yl al kyl, wherein said al kyl,
cycl oal kyl al kyl , aryl al kyl, heteroaryl al kyl and
whedoenanyt! yl al kyl portions are optionally subBCT/US1006024084
with one or nore groups independently selected from
hal ogen, hydroxyl, cyang, nltro azido, C1-C4 al kyl,
C2-C4 al kenyl, C2-C4 al Kynyl R C3- C6 yaycl oal kyl , C3-CG
het er ocycl oal kyl, - NR6 N I d nmet hod
conprising: i) nitrat| havi ng the Fornmul a
wherein X3 and Xé}oare /eendetl JF, d, Br, I, or a
sul fonate ester R'o-provide axéonpdlyngd of Fornula Il 11
ii) reacting the cor?p__ of Forrrulgl(ll with a
conpound of fornmula RIOH, to formthe correspondi ng
ester having the fornulajggali) reacting the ester with
two or nore equi valents of a reagent that generates
and Salt?a%ﬂﬁ’tﬂ@ﬂ‘ﬁltqsdhﬂéf’%“éle@@%rpound of Fornula VI-1 VI-11: A
Eg_aogl)wﬁr ein R>2a is hydrogen; iv) reducing said
conpou Formula VI-11 to provide a conpound of
R:‘Qsmﬂ(aw\{lldya IVI la-1 v) cyclizing said corrpound of
Ia VI | t r a co nd of For .
e PO et Gl ro A, oo itg s i Sty BBl iy
dlalkylax\ﬂlédlﬁ cord tb@))tﬁ%% E@(Cdeﬁwm Mé@mﬁ@&%ﬁl@l%ﬁ&@l RIR§AY1 or
al’kyl sul fonate, ary
arylalkyhmrngn:a@r@ opapkgllyaﬁuyﬁltgt@d mﬂnazn@ or nRIrOBr@ipy | 1ndegﬁgiegﬂy selected

from halogexg hy%lroxyl %19&, zﬂl%yl;c’éz—% ff(nt?ﬁu ng Al C4Fﬁf;3rrrrllj}lla la-1.

X! and X? are independently selected from hydrogen, F, Cl, Br, I, OR?, C;-Cyo alkyl,
C,-Cyg alkenyl, C,-Cjp alkynyl, C3-Cy cycloalkyl, C3-Cjo cycloalkylalkyl and C,-Cyg
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalkyl

portions are optionally substituted with one or more groups independently selected from oxo,
halogen, cyano, nitro, azido, trifluoromethyl, difluoromethoxy and trifluoromethoxy;

X3 is H, F, Cl, Br, I or C,-Cg alkyl;

RS and R’ are independently hydrogen, trifluoromethyl, -OR%, C;-Cyo alkyl, C2-Cyp
alkenyl, C,-Cyp alkynyl, C;3-C;o cycloalkyl, C3-Cyo 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,
trifltuoromethyl, difluoromethoxy, trifluoromethoxy and OR8;

R® is hydrogen, C;-Co alkyl, Co-C1q alkenyl, aryl or arylalkyl, wherein said alkyl,
alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
selected from OH, -O-(C;-Cj¢-alkyl) and O-(C{-C;¢-alkenyl); and

s hydrogen, C;-Cjo alkyl, C3-Cyg 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;-C4 alkyl, C,-C4 alkenyl, C,-Cy4
alkynyl, C3-Cs cycloalkyl, C3-Cs heterocycloalkyl, -NR°R” and -OR®,
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21. A process for preparing a conpound of Formula |a-I
la-1 and salts and sol vates thereof, wherein: Rl is

al kynyl, C3-C 0 cycl oal kyl, C3- C1O cycl oal kyl al kyl ,
aryl .. arylal kyl . heteroaryl, heteroarylal kyl,
sHléltr@tB%@?éqrwr’ls)f%t erocyclylal kyl, trialkylsilyl or

ifli al kytraingl asdompoundhevial thestorehugl kyl , al kenyl

al kynyl , cycl oal kyl, cycloal kyl al kyl, aryl, arylal kyl,
het er oaryl , heteroarylalv'ft het er ocycl yl

andhet erocycl yl al kyl porti ongsare optionally
substituted with one o reé groups independently

sel ected from hal ogen, oxyl, Cl-C al kyl, C2-C4

al kenyl, C -C4 al kynyl \g3-Tgcycl oal kyl and C3- C6
het erocycloal kyl; R2 is drogen, C1-C10 al kyl, C2-C1
al kenyl, C2-C10 al kynyl ,Xaryl al kyl, trialkylsilyl,

i al.k i | ) '
S A 4 B NPT IR v

compoufd®bf Feamlarle optional ly substituted with one or nore

o oy e o

ii)

groups i ndependently selecaggafron1halogen, hydr oxyl ,
Cl-A4 al kyl, C2-C4 al kenyl C2-A al kynyl; X and X
are independently sel ected{ronxhydrogen, F, d, Br,

I, OR, Cl1-Cl10 al kyl, 2 al kenyl, C2-Cl10 al kynyl,
C3-C10 cycl oal kyl, C3-C1 oal kyl al kyl and (] -C10

t hi oal kyl, wherein S@%i a , >4 kenyl , al kynyl,
cycl oal kyl, cycl oal kyl al kyli  and thi oal kyl portions are
optionally substituted witH one or nore groups

i ndependent |y sel ected frgg oxo, hal ogen, cyano,

nitro, azido, trifluoronethyl, difluoromethoxy and

i)y i f | reartimgebdicomypoukd df Forpull I @ith aBompound offormsla R'OH, to
egendently hydr ogen,

=€10 al kyl, C2-C10 al kenyl,
C2-C10 al kynyl, C3-Cl cycl@gghkyl, C3-Cl0

cycl oal kyl al kyl, aryl, arylalkyl, heteroaryl,

het er oaryl al kyl , heteroc 3 het erocycl yl al kyl, or

J

x4

reacting the ester with two or more equivalents of a reagent that generates

ammonia to form a compound of Formula VI-11

CO.R’
A

O,N X8
A
VI-11: A = NR’R*

wherein R* is hydrogen;

VIla-1

iv)  reducing said compound of Formula VI-11 to provide a compound of Formula
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menbered heteroaryl or heterocyclic ring, wherein said

heteroaryl and heterocyclic rings are optionally
w@adw3noiier ed with one or nore groups i ndependeP€T/¥S2006/024084

sel ected from hal ogen, trifluoronethyl,

di fl uoromet hoxy, trifluoggnethoxy and OR8; R8 is

hydrogen, C1-Cl10 al kyl, ¢Z2Cl0O al kenyl, aryl or

aryl al kyl, wherein said ” kyLNR#®?kenyl , aryl and

aryl al kyl are optional pbstituted with one or nore
groups i ndependently se ed from OH,
-(c)-(Q do-al kyl) ynd oxal kenyl); and R10 is
hydrogen, C1-C10 al kyl, @3;Cl0 cycloal kyl al kyl,
aryl al kyl , heteroaryl al ky r heterocyclylal kyl,
wherein said al kyl, cycl Ihylalkyl, aryl al kyl ,
het eroaryl al kyl and heterocycl yl al kyl portions are
wpt i opadlizingSeidsioitpsiied oF drimuta ¥ k-1 noprevigike agpspound of
i_ndependently sel ected from hal ogen, hydroxyl, cyano,
FormulanYH{#1 azi do, C1-C al kyl, C2-C4 al kenyl, C2-C4
al kynyl, C3-C6 cycl oal kg grC3- C6 het erocycl oal kyl,
-NR6R7 and -OR8; said q‘?od conprising: coupling a
conpound of Fornula VI WRFRE- | where R2a is
hydrogen, with a reage
wherein X6 is F, O, - OS2CF3, al kyl sul fonate,
aryl sul fonate, Ryt ar sulkfonate, - B(O R8)2, -BF3
or -Bi(R1)2, in the pregence of a sujtable netal - based
catal yst and a base hi an appropr? &% solvent. 22. The
conpound of claim 12 or yi§a-pherein Z is -C(=0) NR6R7,
wherein R6 is -OR8, R7 is Hand R8 is -(CH2)2-0OH 23.
vihe cowpbugdaidf cahpoundl of diormgla WABlaek rwith jas reagetRhaving the
F 1and Rl is Cl1-G Qal kyl. 24. The conpound of claim 23,
OmMWarherein RL is nethyl. 111

wherein X® is F, CL, Br, I, -OSO,CFs, alkyl sulfonate, aryl sulfonate, alkylaryl sulfonate,
-B(OR®),, -BF; or -Bi(Rl)z to provide said compound of Formula Ia-1.

21. A process for preparing a compound of Formula Ia-1

Ia-1
and salts and solvates thereof, wherein:
R! is hydrogen, C;-Cio alkyl, C,-Cyq alkenyl, C,-Cy alkynyl, C3-Cjp cycloalkyl, Cs-
Cyo cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, trialkylsilyl or dialkylarylsilyl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and
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heterocyclylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, C;-C; alkyl, C»-C;4 alkenyl, C,-C,4 alkynyl, C3-Cg cycloalkyl
and C3-Cg heterocycloalkyl;

R? is hydrogen, C;-Cyg alkyl, C-C1q alkenyl, C>-Cyg alkynyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -COR®, -C(O)OR® or -C(O)NR°R’, wherein said alkyl, alkenyl, alkynyl or
arylalkyl portions are optionally substituted with one or more groups independently selected
from halogen, hydroxyl, C;-C4 alkyl, C,~C4 alkenyl and C,-C4 alkynyl;

X! and X? are independently selected from hydrogen, F, Cl, Br, I, OR?, C;-Cyo alkyl,
C,-C1g alkenyl, C,-Cjp alkynyl, C3-Cyy cycloalkyl, C3-Cjo cycloalkylalkyl and C;-Cyp
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalkyl
portions are optionally substituted with one or more groups independently selected from oxo,
halogen, cyano, nitro, azido, trifluoromethyl, difluoromethoxy and trifluoromethoxy;

X is H, F, Cl, Br, I or C;-Cs alkyl;

R® and R are independently hydrogen, trifluoromethyl, -OR®, C;-Cyo alkyl, C,-Cyo
alkenyl, C,-C alkynyl, C3-Co cycloalkyl, C3-Cyg 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,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and OR?;

R® is hydrogen, C1-Cy alkyl, C3-C1q alkenyl, aryl or arylalkyl, wherein said alkyl,
alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
selected from OH, -O-(C;-Cyg-alkyl) and O-(C;-Cjp-alkenyl); and

R' is hydrogen, C;-Cg alkyl, C3-Cyq 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;-C4 alkyl, C5-C4 alkenyl, C,-C4
alkynyl, C3-Cg cycloalkyl, C3-Cs heterocycloalkyl, -NR®R” and -OR®,

said method comprising:

coupling a compound of Formula VIIIa-1,
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Z
NR2 R2a
R1 0 N X5
\:N
VIilia-1

where R** is hydrogen, with a reagent having the Formula X

x6|\/j

wherein X® is F, Cl, Br, I, -OSO,CF3, alkyl sulfonate, aryl sulfonate, alkylaryl sulfonate, -
B(O-R®),, -BF; or -Bi(R'),, in the presence of a suitable metal-based catalyst and a base in an
appropriate solvent. ‘

22.  The compound of claim 12 or 13, wherein Z is -C(=0)NR®R’, wherein R® is -OR®, R’
is H and R® is -(CH,),-OH.

23.  The compound of claim 12 or 13, wherein Z is -COOR! and R!is C;-Cyp alkyl.

24.  The compound of claim 23, wherein R! is methyl.
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