PROCESS FOR PREPARI NG BENZI M DAZOLE COMPOUNDS
BACKGROUND OF THE | NVENTI ON [ 0001] Rel ated Application
[ 0002] The present application clains priority of U S.
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
for the preparation of heterocyclic conmpounds. More
specifically, this invention relates to the synthesis

of conpounds that can be used to prepare
phar meEROCESS Fommmzmmm £OMEPOUNDS
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preparation of conmpounds, of the general Fornul as
la-1, la-2, Ib-1, Ib-2 and le-1 and their synthetic
intermediates Z RZ C02R R2 Xi Xi NN7 Ro/ I.\J
Rro_ -NXs X2 X2 NN la-1la-2 Z R2b CO2R1L R2b Xt i
Xi 1o_ I/ N-17 to_ NI \~ R Xs X2 RN~ Xs X2 N
Ib-11b-2 ZRb XL N N/ X6 X2 NR2IC1 [0010]
and salts and solvates thereof, wherein [0011] Z is

-C(=O R, - G)JINR&RRY QRNTHEQNYENAIONT Rl2a R12 | 'N
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X5 X .
X
Ic-1
[6010] and salts and solvates thereof, wherein
[0011] Z is -C(=0)OR!, -C(=0)NR°R’, CN, -C(=0)H, or
§R12b 7 .
N
o\( .
* , or a moiety that can be transformed into any one of said Z
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heterocyclylallyl portions are optionally substituted

Wi th one or nore groups independently selected from

hal ogen, hydroxyl, C3-C4 al kyl, C2-C4 al kenyl, C2-C4

al kynyl, C3-C6 cycloal kyl, and C3-C6

het er ocycl oal kyl ; (00131 R2 and R2b are independently

hydrogen, C -C o al kyl, C27Clo al kenyl, CCo

al kynyl, arylalkyl, trialkylsilyl, dialkylarylsilyl,
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kenyl laJk an ry. k (o] scace naJ-Cy

faber )« & o e Eng G Bl G- RO BIoCECR BRYRYek

groups I ndep e
cycﬂ?ﬂf(l@ﬁ;t(ﬁ&;ﬁ byntm]hﬂhllggeﬂyl pey lebk >h|eteroej_f1, Sf@fterg g?.rrl;d;kgﬁ %%'clyi
A n %&hﬁ A 2l milkeayl,| ek,
hefggpeye allgfzil E’l %mgﬁ at?:ﬁ%&}ﬁlsﬂ el i Eflln %‘ep ety
cysedleott edloﬁlkjdaﬁc)ﬁ,y wbgegﬂ k};i, h@maxﬁr hetFroa:éﬁg eracycly
Gdstizhied aitk wiydr, mde3 g1iGHf3 ndependently
het@llog oylsilll& F&&s%@iﬁﬂ%ﬁa}ﬁ bt tH iy 1‘ m i

al kyl
selednido iRty Palogefe BRIV A o hlﬁ@l’, atial 'i‘yl R iyl CoCe
c cﬁé@fl&y@%&%i 1&%?3(:%&1@1 al kyl and thi oaI kyl portions

are optigna substi t ut n € S
quﬁhepen&?ﬁ? b% tﬁ%}hﬂoé& 8!'Eg| RN wgfﬁl@ﬂ? (}311 Cio
s Wi erein

a]k?h}lrzﬁylalkyll ﬁiaﬁtﬁﬁlmﬁﬁafmwﬂa;rylsﬂﬁ |- G@R%) nefhaRyor *C(O‘)}«::l (ge .
r 0 a b
ek LS A e s o o
grdwdihdﬂﬁndenw aerette:bfr@mmn, hyd@ze Crcfreatiarhy Ca1q¢ eny
2Yd cycl oal kyl C3 Q 0

alkgg’yg" “%ﬁ%n ﬁg?? ”,a Xﬁ a?%l%rp Y het erg one
(0116 o1 g luad Koar ndesbeewbyblogpe By RePeiebty E iy R CrCo
ané?ﬁ L4, aﬁi&enfiﬁ 0908 &Zm;tl QGet | 8ycluiKyl) Chiog, cyalbﬂmlﬂmylmhd ERCro

are a ter.o
thlmik}‘heweﬁif@% yeifl ﬂé%u mﬂ&lﬂ’éﬁ °Yé18?%y ‘?‘d‘aﬂ‘?' %’rﬁlolﬂ"}m‘yl
poltBhEiO6ptehdl§ sibsigRd ﬂr[tE onmténmgblhpﬁ 1131a1t¢9dqnﬂ]a s@qﬁtemﬁpm 0xo,
one or note enae
halRgAmo AR’ Bl RSP R P S SRS Ry 8 Rico
[odisj f | uorgner Fogy Bahidr GRE;alfyD0181 RB is hydrogen
Tkyl,
0.0 e o el Wi, ey
Coapk el -G msxnyt o wickdelksh Csisho pxsiod g,l% ] aoyiaticyl,
(G -Gio- aIkyI) and
IR R R (0, S ) e
jomrkyl @SR&_@ Ii:me@maghfh? Ko fo whigh Ly gyp #tfached form a 4 1o
lﬂl &I%fl 9&5&5&—?&' dﬂﬁ!&te@éych@ﬁﬁgr %Mﬁ:h)éhza hlktyﬂoaryme hetbsocyehe dngs are
alkyl lal% terloat ﬁm)ﬁldoe
optilvhieg OV 8PSyt i RS en B GRATPY dom bhlgen
mi‘ﬁiélﬁﬁﬁétﬁygtd?ﬁomﬁﬁ?@nﬁﬂ%mﬁahﬁy agd ORhS | ndependent |y
sel ecte rom na C
[0&38l 4 alﬁ(ﬁ hy: %g%;q ﬂ%ﬁy{i ééa& ))f,l aﬁ@ or nylia&@l @é{eﬁpsazd
alkgY CliiRAY1K iyl 263- aﬁ@alhetm optrhia lskbpfitpted Nﬁﬁ? omgndr MORBEIOUPs
and 4 selected
indepepfealy SRR Ty i G GREPEPHREAY o2
[mﬁbkynyl R'C3isCriydspednoaCieffho, @edc163-@yc|cas@wwa£fyky|ary1ﬂkyl
hefeto Xrylalky[ yla lhkt¥1lot:ycﬁlﬁtlk§r[,o@}'h¥llem and beyer gakyikahtéy] | arylalkyl,
heteroarylalky! and beterocyclylalkyl portions are optionally substituted with one or more
groups independently selected from halogen, hydroxyl, cyano, nitro, azido, Ci-Cy alkyl, Co-
C; alkenyl, Co-C4 alkynyl, C3-Cq cycloalkyl, C3-C6 heterocycloatkyl, NRR” and -ORB; and
: 4




[0021] or Rta and R121 together with the atomto
which they are attached forma 4 to 10 nenbered
carbocyclic, heteroaryl or heterocyclic ring. [0022]
More specifically, one enbodi nent of the present

i nvention provides a process, referred to herein as
Met hod 1, for preparing N3 benzim dazol e conpounds
represented by Fornula la-1 and their synthetic

{0030 er ned{'&tesRE® ke n%élapendenﬁ? Q108kd Xbm hyd%ogé‘ﬂ cach alyD 028},

G5 kBN G epPRist Crr aicip R it pfitorl beese

and bevpoargliliyg; [ 0024] nltratlng a compound havi ng the
mul a 122 X3 2 3 and, f
Im;':niiependcé anq:Ri%Dge&@l %}glo?%@%éﬁ’ oﬁlﬁa a° Xﬁfedaforglnad V4
IOawn@mN5mdweWésIdEﬁmnémﬂhEmewhcan provi de a conpound
For [ ] [
085 P ikd e, (BN é‘?*e?ﬂn*h;%%s%% T
pr@afiSdrf&méda rfgredf aFdfathor ol 15pr, pisparing eS| lgﬁnatm@mw avrmzpunds
repr@BRET R fila Panﬁén@ﬁhe%ﬁﬁ% Bitertdidlest WO OF nore
equi val'ents of (i) a reagent -that contains or
generates anmonia, (ii)7a p$ﬁnary1or secondary am ne
ot her than an aromati c _am.neNqr ||) a reagent that
delivers a group that subsgq e tly be converted
into an amine to Rreayid d of Formula VI-11,
or treating sald coan__n.of FormM?a Il with (iv) two
or nore 5

Ia-1
[0023] and salts an_d solvates thereof, wherein Z, R* R!® X' X% and X are as defined
herein, said method comprising:
[0024] nitrating a compound having the Formula
Z
x3
x!r
x4
[0625] 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
xa
ON" XS
x4
o
[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) & primary or secondary amine other than an aromatic amine or (ii) a reagent
that delivers a group that can subsequently be conmverted into an amine to provide a

compound of Formula VI-11, or treating said compound of Formula IX with (iv) two or more
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equi valents of a netal azide, optionally at el evated
tenperatures and/or pressure, to provide a conpound
of Formula VI-12 z \ A O02NIl / X5 A VI-11:. A=
NRZR2a VI-12: A= N3 [00281 wherein X5, R2 and Z are
as defined herein, and R2a is hydrogen, C -G al kyl,
C2-Cl O al kenyl, C2-C10 al kynyl, benzyl; ally],
arylal kyl, tri al kyl si l'yl, dial kyI arylsilyl, -COR6,
equirgleniiyhg metabpzigenpRbiRrally 2iyevaisd torRpiRRares gk @TepsuEsaiogrovide a
colpdiinh of Rre@ayt-i2 al kynyl, benzyl, allyl and aryl al kyl
portions are optionally ' ubstituted Wi th one or nore
groups i ndependently sel écted from hal ogen, hydroxyl,
Cl-C4 alkyl, C2-C4 al ken and C2-C4 al kynyl; [00291
reduci ng said conpound @» mula VI-11 or VI-12 to
provi de a conpound of y-ForAlbgs Vila-1 z NR2ZR2a H2N X5
NR2R2a VI Ta-1 [0030'°1 wherein X5, R2, Rea and Z are
as defined herein, and whérein when A of Formula VI-11
or VI-12 is -NH benzyIVI_n- MHORR2g2e- NHNHR' or N3, then R2
and Rea of Formula Wijgrl-age hydrogen; [00311 when
R2a is hydrogen bycli zi ng sal d compound of Formul a
[0098]] a- 1 woergin Suirdend & aw@npeﬁmuhqmn Fod Riflishydtoetm C3Cy alkyl,

Cr BT, & Qoo bl ol ey, bl WS Blugy SBnc,

CRUIY R B, eﬂR et DBIR! et eticb kol odlkgmal ierza, ally]
andVarylaiyllpoMidn aft offéionally substituted with one or more groups independently
selected from halogen, hydroxyl, C,~C4 alkyl, C;-C, alkenyl and Cy~Cy4 alkynyl;

[0029] reducing said compound of Formula VI-11 or VI-12 to provide a compound of
Formula VIIa-1 :

'z

NRZRZE
HpN . X8

NR2R2a
VIka-1
[0030] wherein X°, R?, R® and Z arc as defined herein, and wherein when A of
Formula VI-11 or VI-12 is -NH- -benzyl; -NHOR’ NHNHR' or Ns, then R? and R® of
Formula VHa-1 are hydrogen;
[0031] when R* is hydrogen, eyclizing said compound of Formula VIXa-1 to provide
a compound of Formula VIITa-1

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

6
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reagent having the formula XI X6 2 x [0034) wherein
X and X2 are as defined herein and X6 is F, O, Br
I, -OSQ2CF3, alkyl sultanate, aryl sulfonate,
al kyl aryl sul fonate, -B(OR8)2, -BF3 or -Bi(RJ)2,
optionally weither (i) at elevated tenperature and
optionally in the presence of a base, or (ii) in the
presence of a netal -based catal yst and a base, to
reggei@ibdeg thafodmdonpound of Formula la-1. [0035] In a
particul ar enbodi nent of Method 1, there is provided a
process for prepari ngxt ound of Fornmula la-1 Z Rz
i X1 1~ NC-17 R1I0_N XS!\?‘ Nla-1 [0036] and
salts and sol vates theresf pzwherein: [0037] Z is
-C(=OOR, R is Cl-C10 al kyyz, and R2, R1l, X1, X2 and
X5 are as defjned_,herein, said,proce§§ conprising:
[0838h3g] Rt A8 Y %F SAFREETRIdY Fie Chditnh-9S0.CFs,
alkO0ifonXs arykSullehate [ B3R} solieda) BERIRANBEXSr BIR'),, optionally

.4 ndependently F, G, Br,. |, or sul fonag e ester . and
ctigh 85 5 GG Ftpaniok apEpivinily fr Go PIRE CobbontT 6 B the
prebapceof] aandtd]-bGESDMaKEt ankl a\basCPAN pXbide ¥dd compound of Formula Ia-1.
[0035] In a particular embodin}ent of Method 1, there is provided a process for

preparing a compound of Formula Ia-1 ‘

XZ
Ia-1
[0036] and salts and solvates thereof, wherein:
[0037] Z is -C(=0)OR', R'is C;-Cyp atkyl, 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
gy
[0039} wherein X and X* are iridcpendenﬂy F, Cl, Br, I, or a sulfonate ester and X° is.
as defined herein, to provide a compound of Formula YT
COOH
I
[0040] wherein X°, X* and X° are as defined herein;
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Il [0040] wherein X3, X4 and X5 are as defined herein;
7 [00411 ii) reacting the conpound of Fornmula Il with
a compound of formula R OH, wherein R is Cl-Clo

al kyl, to formthe correspondi ng ester having the
formula COOR X3 02N/ X5 X4 [00421 wherein R3 is
Cl-Cl10 alkyl and X3, X and X5 are as defined herein;
[0043] iii) reacting the ester fromstep (ii) with two
[0041] NDr € #Ui vattngttie efmpund efafemtlatlhatithgesrapatndsof formula

afroni a. tao.for und | o A
REFRREER T 1 O ARIEREBS S cfler kb g
hydrogen, R3 is Cl-Clo al kgioa®dd R2 and X5 are as
defined herein; [0045] iv)l redwcing said conpound of
Formula VI-11 to provide ound of Fornmula Vila-1
COORL NRZR2a H2N ( X5 a Vila-1 [0046] wherein
Rte is hydrogen, Rl ignCl= *kyl and R2 and X5 are
as defined herein; [0047] ly) cyclizing said conpound
of Formula MIla-1to provi&% a conmpound of Fornula
[M?J] | a- 1 e R! iNB2BRalkyRing X® X8 and X° are as defined herein;

[0043] ifi)  reacting the ester from step (ii) with two or more equivalents of a

N2

reagent that generates ammonia to form a compound of Formula VI-11

COOR!

O,N

VI-I1: A = NR*R*

[0044] whereiﬁ R* is hydrogen, R' is Ci-Cyo alkyl and R? and X® arc as defined
herein;
[0045] iv)  reducing said compound of Formula VI-11 to provide a compound of
Formula VIIa-1 '
COOR'
__NRZR2?
HaN X5
NRZR?
Via-1
[0046] wherein R** is hydrogen, R' is C;<Cyp alkyl and R* and X’ are as defined
herein;
[0047] V) cyclizing said compound of Formula VIIa-1 to provide a compound
of Formula VII¥a-1 ‘
COOR!
NRZRZa
RO~y - x5
==



, SVilla-1 [0048] wherein Rea is hydrogen, R is
Cl-ClO alkyl, and R2, R1L and X5 are as defi ned

herei n; and [0049] vi) coupling said conmpound of
Formula VIlla-1 with a reagent having the Fornmula X6
XI X2 [0050] wherein X and X2 are as defined herein
and X6 is F, d, Br, I, -0OSQ2CF3, alkyl sulfonate,

aryl sulfonate, alkylaryl sulfonate, -B(OR8)2, -BF3 or
-Bi (R )2, to provide sai¥llabnmpound of Fornmula | a-1.

{0%48{)51] uﬁgreﬁ%% iel\,:/}:go uﬁﬁg% é’liclﬁ]ﬁlicﬁ,l ?ﬂ(ﬁ??ﬁs andSx> are as defined

ionally carri t at either el evate
herepydr at ure and optionallly in the presence of a base
[omlol i) lvP t B ufling S840 EdtnpRindd s FBhAl- PaABEOwittAbakHhviAddle
a base. [0052] In another particul ar enbodi nent of
Fogmtod 1, there is provi ded a process for preparing a
conmpound of Forrmula la-1 Rl BA N XI R70~N X5 XZ N
la-1 [0053] and saltsX | vat es t hereof, wherein
R, R, RlI, X, X2 and X8} afd as defined herein, said
nmet hod conpri sing: [0054] pling a conpound of
Formula Villa-1, 2z NR2R2a O.N/ X5 ~N Villa-1

e s SRR IR AL S R R
alkyl sulfonate, aryl sulfonate, alkylaryl sulfonate, -B(OR®),, -BF; or -Bi(R");, to provide said
compound of Formuia Ia-1. )

100511 The coupling stage of fhis pfocess is optionally carried out at either i) elevated
temperature and optionally in the presence of a base or if) 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

Ia-1

[0853] and salts and solvates thereof, wherein R', R?, Rm, X', X* and X° are as
defined herein, said method comprising:
[0034] coupling a compound of Formula VIHa-1,
z
NRZRZE
Ry X
\=4

Vila-1

[0055] wherein R** is hydrogen, with a reagent having the Formula X



X X6 X2 X [0056] wherein X1 and X2 are as defined
herein and X6 is F, d, Br, |, -OSQ2CF31 alkyl
sul fonate, aryl sulfonate, alkylaryl sulfonate,
-B(O-R8)2, -BF3 or -Bi(R)2, in the presence of a
sui tabl e netal -based catal yst and a base in an
appropriate solvent. [0057] In one enbodi nent the
reagent of Forrmula X has the Forrmula Xi [0058] where
X1 is Br, X2 is alkyl or halogen and X6 is iodo.
[0059] In one enbodi ment® onpound for Fornmula la-1
is isolated as its esteriflietd| form(i.e., wherein Z
is COOR ). In another. enbodigfent the ester group COOR
is hydrolyzed and the conpourd is isolated as a free
acid (wherein Z is COOH) og%a salt thereof, for
exanple a sodiumsalt. [0060] In anothr enbodi nent ,
[0054 pr eswidrein XY emt Kb ereps gvfingd derginppnd Bods Fr €% Br.ledPYHCFs
rei S t , LN a3y b i gp Gin the
R Sl AR SHRaE, b PRaRAL N QOB O RO
presenceldt iswitabln etk et dsetalystamp mbaspin ay apprgpriafe spivent) Rz N
[oﬁf?e{' 5 ~ X%ne Mloirat thOREskh: GFPEmEA X GesaRFosdily at es
thereof, wherein R, R2,” R10, X', X2 and X5 are as
defined herein, said*n conprising: [0062]
nitrating a conpound ha the Formula z X3 X5 X4
[ 0063] wherein X3, X4, R Z are as defined herein,

[TC

to provide a conmpound of* 10 %
[0058] where X' is Br, X* is alky! or halogen and X® is iodo.
[0059] In one embodiment the compound for Formula Ia-1 is isolated as its esterified

form (i.e., wherein Z is COORY. In another embodiment the ester group COOR! is
hydrolyzed and the compound is isolated as a fice acid (wherein Z is COOH) or a salt

thereof, for example a sodium salt.

[6060] Tn 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

COR* Ez /x‘
_ 1)
—N
Ia-2
[0061] and salts and solvates thereof, wherein R'l, R% R X' X% and X5 are as
defined herein, said method comprising:
[0062] nifrating a compound having the Formula
z

X4-

[0063] wherein X°, X', X° and Z are as defined herein, to provide a compound of
10



Formula Il z X3 Q2N X5 X4 11 [0064] wherein Z, X3,
X4 and X5 are as defined herein; [0065] treating said
conmpound of Forrmula Il optionally at an el evated
tenperature and/or pressure with two or nore
equi valents of (i) a reagent that contains or
generates ammonia, (ii) a primary or secondary am ne
other than an aromatic.am.ne or (iii) a reagent that
Foeghivier s a group that can subsequently be converted
into an amine to provide a, conpound of Formula VI-11
wherein RR is as defined erelg or treating said
conmpound of Fornmula H w j ) two or nore
equi valents of a netal az optionally at an el evated
tenperature and/ or press Oxpr ovi de a conpound of
Formula VI-12 z A QZN/ X8, A VI-11: A =NR2R28
VI-12: A = N3 [0066] wherein Z, X5, RZ and e are as
defined herein; [00671 reaBting said conpound of
[g@a mul a %@}z% M d25 W buc@ngarraynd having the

nula erein R is as_defined her

[08651 | onal troptingrsaidtrempeiad & Fermyfa Hrpptigrelly oo eﬁgafg%g mperature

anh)aﬁ refaled Wit &% b:h@oré %ﬁl@ﬂ@hﬁg @N\@y 6l Seap @M alick Oontaihst dr geasrakes
ound having the

or mul IOVIde
anu@nmdﬁha BT PSP ORIAE e ) “wm&@ w%f te G (i rongent
th¥adeliders A grobyRéEEZ bhn M&seﬁﬁenﬂﬁ\:bel\ﬂmve[r@ﬂ)ﬁﬂi anhanieé o Rrovide a
cof:%ound o? thrl-}lqlla)% lalrw efein ﬁfm ar..z;eddﬁne?l glle{ﬁ or]ti‘leatmg said compound of

Formula II with (iv) two or more eq‘uivalents of a metal azide optionally at an eclevated

temperature and/or pressure to provide a compound of Formula VE-12

z
A
0N x5
A
VI-11: A =NR’R*
VI-12: A=N;
[0066) wherein Z, X°, R? and R*® 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 Formula Va-11 or Va-12
CO.R!
A
02N O X5
' A

Va-11: A =NR’R*
Va-12: A=N;

[0068] wherein R!, R, R* and X° are as defined herein;

11



[ 0069] reducing said conmpound of Formula Va-11 or
Va-12 to provide a conpound of Formula Vlila-2 CO2R
NR2ZR2a H2N X5 NR2R2a 'VHa-2 [0070] wherein R, R2,
Rea and X5 are as defined herein, and wherein when A
of Formula Va-11 or Va-12 is -NH benzyl, -NHOR ,
-NHNHR or N3, then R2 and Rea of Fornula Vlila-2 are
hydrogen; [0071] when. Rea is hydrogen, cyclizing said
om;mo Un dedating edidridngpoiid afFarmivda Pa-3Y b¥a-12 ioqmonpdsrpmppund
VIIla-2 CO2RI NRRR2a R70_N X5 N VIlla-2
°f[F8W‘|;h:"’1% rein R, R2, Rka, R10 and X5 are as defi ned
herei n; and [0073] when

Re@Ri s hydrogen, coupling said
conpound of Formula VII1al2 wik#k2a reagent having the
Formula I X XI X2 [0Q optional Iy either (i) at
el evated tenperature and optionally in the presence of
a base, or (ii) in th& pr ¥senfe of a netal - based
catal yst and a base, wherBrRA*X , X2 and X6 are as
defined herein, to providgpsai d conpound of Fornula
la-2. [00751 Yet ,anot her ‘embodi ment of the resent

[00TVent | orhersinok, RésRE anfbf’iﬁe@ as defined heppin, eyl Whirelp gy A of

FRLD %-1?1 orf@J-ﬂstemf iseﬂsﬂ NN@IdI@ NAHNHIRZ& 18, GRAROUAER® of

represented by Fornula 1b-1T and their synthetic
Formele VRediasm ydioggiz R2b. i XI N 1|
[0071] when R* is hydrogen, cyclizing said compound of Formula VIfa-2 to provide

a compound of Formula VIIIa-2

VIIIa-2
[0072] wherein R!, R%, R® R0 ind X° are as defined herein; and
[0073] when R** is hydrogen, coupling said compound of Formula VIIa-2 with a
reagent having the Formula
Xl

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

[0075] Yet another embodiment of the present invention provides a method, referred
1o herein as Method 3, for preparing N-3 benzimidazole compounds represented by Formula

Ih-1 and their synthétic intermediates

12




X\ X2 1b-1[0076] and salts and sol vates thereof,
wherein Z, R2b, Rl, X1, X2 and X5 are as defined
herein, said nethod conprising: [0077] nitrating a
conmpound having the Formula z X3 / Xs 4 [0078]
wherein X3; X4, X5 and Z are as defined herein, to
provide a conpound of Formula Il z X3 02N X5 X4 I
[0079] wherein X3, X4, X5 and Z are as defined herein;
[ 0080] reacting said conpoungs of Fgrnula Il with (i) a
reagent that contains orl geper ammonia, (ii) a
primary or secondary-a‘ =Y ot r\ﬂhan an aromatic
amne or (iii) a reagg hat U debi vers a group that
can subsequent |y Be~8onv§rt e¥f inngan ami ne under
conditions that allo hective di splacenent of X4 to
provi de a conpound of Forgula Il1-11; or reacting
sai d conpound of Fornmula Hwth (iv) aetal, azide
[pofper . Cenulisli ems sdlvuads therdofvwhessdl EcRi VB dPspKag¥nBnire o
X4 tho .gr a\éi d&l %co%? nd of Fornmula 111-12 z X3 02N/
defjngd hogery spid apthod con M 12: A= N3 13 [0081] wherein
[0093} X5, nfR@tingZampead Bavinedheforgdt i ned herein; [0082]

reacting said conpound ofy Fornula I11-11 or 111-12,
optionally at el evated tenpgratures, with (i) a
reagent that contains erates ammonia, (ii) a
primary or .
XS
- X4 !
[0078] wherein X°; X*, X and Z are as defined herein, to provide a compound of
Formula 11
z
XS
OzN x5
-
) 1
[0079] wherein X°, X*, X° and Z are as defined herein;
[0080] reacting said compound of Formula II with (i) a reagent that contains or

generates ammonia, (ii) a primary or secondary amine other than an aromatic amine or (iii) a
reagent théllt delivers a group that can subsequently be converted into an amine under
conditions that allow selective displacement of X* to provide a compound of Formula 111-11;
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 II-12
z
X3

OoN X5
A
Mi-11; A=NRR®
M-12: A=Ns

13



secondary am ne other than an aromatic amne or (iii)
a reagent that delivers a group that can subsequently
be converted into an anm ne to provide a conpound
havi ng Formula Vb-11 wherein Bis -NR2bR2o and A is
-NRZR2a or N3; or reacting said conpound of Fornmul a
[11-11 or 111-12 with (iv) a netal azide, optionally
at elevated tenperatures, to provide a conpound of
[oo'f;‘i’['m' a wYBreib X3 WFeR C R 2Rd 7 sreMBddfinetl Hardiy - NRZR2a or N3,

[008R] 12: Beacnqgss?ais AOQPCNV,%% ]ﬁ%goﬁmﬁ\gﬁﬁggﬁl '?‘2 cgrlﬁlgiléﬁﬁgt QEva’Ng

tentperandiebd mt&r(i} é)reag@t alst defthiinedr germies agmpniR? §i)j & primary or

ny el elivers u can
secgp r O%H%Qe (H]éeﬁ M an %-Pliniﬁ/ a!mn%zci %ﬁy%ké@?ﬁl}{gg I’dkl)g;gs I@%ﬂ) }) that
sulﬁbc{iieiﬁw el gdnsarﬂegl into am@e to @(c@}c’@%compge:@) e F omﬁ;ka Vi1l
whafe} r% BRE il ss' ﬁlﬂi&k i ; oﬁei‘cﬁﬂé’éald c%hlwl{fm lof FRRARYIT,11

ary ortions are tlona d
or B2 twith @wbdeaItahld@meu@aﬁy hslcgatef félabf‘éaq“ﬁ%l é’p‘éﬁ‘ﬂ%ﬁﬂ fogpPoun

txad iR bs NGl - C4 al kyl, Cz-CA
fg?éf}]glﬁl‘%nf ﬁ%@ismgﬂ?%%yl, [801\2134] redﬁcl %g said

conpound of Forrmula Vb-11 Qr Vb-12 to provide a
conpound of Fornula VIIb: RRZbR2o H2N X5 NR2RZa
VIIb-1 [0085] wherein Z, R2a, Rzb R2o and X5 are
as defined herein, ang e +when A and/or B of
Formul a Vb-11 or Vb 1270 s -NH-benzyI N3, -NHOR or
-NHNI{R', then RZ and R2a fand/ or R2b and R2,
respectively, of vbannbFaRAE’; 5 =R Ri\aMogen; [ 0086]

when Rea is hydr | A zhi8r®3} d; conmpound of
Forrmula VI1b-1- tg’ggl:iow é\g Aal\g%npound of Formul a

VITIb-1 14 Z NRRbR2¢c | ~
[0083] wherein Z, X°, R%, R®, and R?® are as defined herein and R% is hydrogen, Ci-

Ci alkyl, Cx-Cpo alkenyl, C»Cjo alkynyl, benzyl, allyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -CORS, -C(O)OR’, _C(O)NR®R” , -OR! or -NHR', wherein said atkyl,
alkenyl, alkynyl, benzyl, allyl and arylalkyl portions are optionally substituted with one or
more groups independently selected from halogen, hydroxyl, Ci-Cs alkyl, Co-Cq alkenyl and
Ca-Cy alkynyl; _

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

Z
NszRZc
H,N” X
NRZREa
- Vb1
[0085] wherein Z, RZ, R?, R®, R and X are as defined herein, and wherein when A

and/or B of Formula Vh-11 or Vb-12 is -NH-benzyl, N3, -NHOR' or -NHNHR', then R? and
R® and/or R? and R%, respectively, of Formula VIEb-1 are hydrogen;
[0086] when R?* is hydrogen, cyclizing said compound of Formula VIIb-1 to provide

a compound of Formula VIIIb-1 .
14



Rio N/ x5 ~N VIIIb-1 [0087] wherein Z, R2b, R2°, Rl
and X5 are as defined herein; and [0088] when R2 is
hydr ogen, coupling said conpound of Formula VIIIb-1
with a reagent having the formula X3 x6 x2 [0089]
optionally either (i) at elevated tenperature and
optionally in the presence of a base, or (ii) in the
presence of a netal -based catal yst and a base, wherein
X1, X2 and X6 are as defjmed herein, to provide said
conpound of Formula I'b-1. J[ 009R%kg%n anot her
enbodi nent, the present i tion provides a process,
referred to herein_ as d 4, for preparing N3
benzi m dazol e conpdﬁ resénted by Fornmula Ib- 2
and their synthetic int di ates CC2R R2b N x
R15' -N x5 X2 N 1b-2 [ and salts and sol vates
t hereof, wherein R, R2h; :% X, X2 and X5 are as
[oodef i ned whaeRiZnR™ sk, & fapd o are es)dqﬁnéds}ieregt ajdd092]

0B005)  WAEF 1 i Satobs DTS e Sl P k2w

reagat fmvongitlgonuonpound of  Forrmula 11 15 Z X3

x‘-]_\/j

[0089] optionally either (i) at elevated temperature and optionally in the presence of a
base, or (ii) in the presence ofa metal—baséd catalyst and a base, wherein X', X2 and X° are as
defined herein, to provide said compeound of Formula Ib-1.

[6090] In another embodiment, the present invention provides a process, referred to
herein as Method 4, for preparing N-3 benzimidazole compounds represenied by Formuia Xh-

2 and their synthetic intermediates

COzR1 sz
-2
[0091] and salts and solvates thereof, wherein R', R, Rw, X', X? and X are as
defined herein, said method comprising:
[0092] nitrating a compound baving the formula
z
x3
xs
X4
[0093] wherein X, X x5 and Z are as defmed herein, to provide a compound of

Formula XI
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02N X5 Il [0094[ wherein X3, X4, X5 and Z are as
defi ned herein; [0095] reacting said conpound of
Formula Il with (i) a reagent that contains or
generates ammonia, (ii) a primary or secondary am ne
other than an aromatic amne or (iii) a reagent that
delivers a group that can subsequently be converted
into an am ne, under conditions that allow selective
di spl acenent of X4, to prdvide a conmpound of Formula
[11-11, or reacting said coppbund of Forrmula H wth
(iv) a netal azide under fditions that all ow
sel ective displacenment o Qs P ovi de a conpound of
Formula I11-12 z X3 SBN-/T X5" A 111-11: A = NR2R2a
I11-12: A = N3 [00961 whefein Z, R2, R2a, X3 and Xs
are as defined herein; [0f971 reacting said conpound
of Formula I1]-11 or 111-12 with a conpound having
[0034he f orwhstein 33, BH Xt LR aFSETPd B® et | ned herei n, .
L B D s L £ct Lo Wb Sl
generala R fl) A BFATY £° %w?g'tagmeﬁfh S L ponlrc)ound Oo?ﬁ)
readefl B @elibod 3lproup it 2@ CDRRintB be CRNENG! inw py/amipe, under

A=NROR?a. | V-22:. A=N3 [ Q0 ein R 2 131,
condiope A’ e Hethaf PARGTRE Pty 1O il Rpounf8é( Fdrfla A1

or 16QROKIACoABoURd A Bdraula VI Rith Gy) 4 metsl azideprderyeafifigns gt allow
elevated te .es W tBorfuls BRGENt t hat

selegiiG AP RETSH °g§ﬁg°§§%§%§ﬁ%%%‘é?f% i) a primary or 16
secondary am ne other tharf an aromatic amne or (iii)
a reagent that delivers p that can subsequently
be converted into an am provi de a conmpound of
Formul a Vb-21 wher ei 'N s=~NR?bR2a and A i s - NRZR2a
or N3, or reacting sard coA pound of Fornmula |IV-21 or
| V-22 :

MII-11: A =NR’R*

I-12: A=N;
[0096] wherein Z, Ri, R*® X and X® are as defined herein;
[0097] reacting said compound of Formula IXI-11 or 111-12 with a compound having

the formula RYOH wherein R! is as defined herein, optionally in the presence of an activating
. . 1
agent that activates the Z group towards reaction with said compound of formula R"OH, to

provide a compound of Formula IV-21 or IV-22

CO,R?
x3
ON X8
A
IV.21: A=NRR”
IV-22: A=Ns
[0098] wherein R', R?, R?, X’ and X’ arc 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, (if) a primary or
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with (iv) a netal azide, optionally at el evated
tenperatures, to provide a conpound of Fornula Vb-22
wherein Bis N3 and Ais -NRZRza or N3, 002R1 B 02N
X5 A Vb-21: B =NRzRzc Vb-22: B = N3 [00100] wherein
Rl, R2, RRfl, R2b, W and X5 are as defi ned herein;

[ 00101] reducing said conpound of Fornmula Vb-21 or
Vb-22 to provide a conpound of Fornmula VIIb-2 COzR

se R%Q%ﬁme %&Iﬂ%ﬁ 2NRRR26: an¥hd R () a feBRRAORSt deihverseigroufkthat can

Rzo and X5 are as defi ne
subdvavcatlnbageniertad BIRARGIINS tPORET AEATPOYS: %fq %/g" igg’ﬂ“"m

B 1sN§‘}lb§“ %dbA gIEgRgW or@iacmfﬁ\sgw%mpwmf Fm’;‘ﬂ@“@zmév =22
wisl 6vhg areisl) eide. opboredy @ ‘iﬂﬂ‘é‘ﬁ‘ eﬁf%m%gauﬁgsdﬁ) Eltesg dgcyc}n?cz)i q gof
Fo?ﬁhlgvﬁilm&&ﬂBQENEQ{dwisaNR?RB‘-ozNﬁ,o provi de a conpound
of Formula VIII1b-2 CO2RI c RO-NX5 N VIIIb-2
"[00104] wherein R, R2b, R10 and X5 are as
defined herein; and [00105t\w#én Roc is hydrogen,
coupl ing said conpound of mula VIIl1b-2 with a
conmpound havi ng the fgg q bes X5 XI L\J XZ

Vb-21: B = NR*R*
S Vh22:B=N;
{00100] wherein RY, R?, R%, R®, R and X are as defined herein;
[06101}] reducing said compound of Formula Vh-21 or VB-22 to provide a compound
of Formula VIIb-2 '
CO3R?
NRZbRZG

HaN X
NR?R?®
Viib-2
[00102] wherein R, RZ, R®, R®, R* and X5 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 R, respectively, of Formula VIIb-2 are hydrogen;
[00103] when R? is hydrogen, cyclizing said compound of Formula VIIb-2 to provide

a compound of Formul_a VHIb-2

VIIIb-2 -
[00104] wherein R', R%, R%, R0 and X are as defined herein; and

[00105] when R?® is hydrogen, coupling said compound of Formula VIXIb-2 with a

compound having the formula
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[00106] optionally either (i) at elevated tenperature
and optionally in the presence of a base, or (ii) in
the presence of a netal -based catal yst and a base,
wherein XlI, X2 and X6 are as defined herein, to
provi de said conmpound of Fornula Ib-2. [00107] Yet
anot her enbodi nent of the present invention provides a
nmet hod, referred to herein as Method 5, for preparing
N1 benzim dazol e conpounds represented by Fornul a
lc-1 and their syntheti¢~N mediates z RRb XI '\ NI
\/ N X5\ \\ X2 "NR2 lc-i| [[p0108] and salts and
sol vates thereof, wherein 27 R2b, X', X2 and X5 are as
defined herein, said nethod’%onprising: [ 00109]

[06M6] | Zi nptienallpeiheniiicht £1€vated tetaperatuyd dnk optionally iNB2IPRAcEH2MN

/[ X5..NR2R2a VI ] b- 0Q1 repared, as ribed in
ol PG AP P e etk BTGTIRS Hhfn 38 e Rt B
deR2wl tarth, Mpravide sad catgiotmmiad Fhvarudd -2 0 provi de a conpound

f-for - . ~ ) [ b-i
0f19h 717" 4 8 e dp g e nend o ViaebE el bt
to hereigiapn Mgihdd RXoi mrepaging Nyldreogjuiiazolel@mppnpds represented by Formula
Xe-1 and their synthetic intermediates

‘RZb
|

1c-1
[00108] and salts and solvates thereof, wherein Z, R?®, X!, X? and X° are as defined
herein, said method comprising:
{00109} cyclizing a compound of Formula VIIb-1

rd

NRZbRZ(:
HoN X5
NRleza
VIIb-1

[60110] prepared as described in Method 3, wherein R? is not hydrogen and Z, R,
R?%, R* and X’ are as defined herein to providé a compound of Formula XTb-1

XIb-1
(00111] wherein Z, R?, R, R'® and X are as defined herein and R? is not hydrogen;
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[00112] coupling said conmpound of Formula Xlb-1 with a
reagent having the fornmula x ) X6 [001131 optionally
either (i) at elevated tenperatures and optionally in
the presence of a base, or (ii) in the presence of a
net al - based catal yst and a base, wherein X, XZ and X6
are as defined herein, to provide said conpound of
Forrmula Ic-1. [001141 The step of cyclizing.a conpound
a@f Formula VIla-1, VIla- 2 -VI1b-1 or VIIb-2 to

rovi de benzim, azole ca
OBR - qestnigate Wéftpﬁ%‘ it U 11565 kb g end Qe
several ways. Sever al C|IZ i on nethods nanel y
Met hods A-E, are descr gener al bel ow wi t h
respect to the byclizatio f a conmpound of Formul a

VIIb-1 for ease of explan however, it is to be
under stood t hat Methods A-E éﬁply equally to the

[0@M§ iz <”‘th];)§?6}1&1$¥I i@ RO Bl@\%tddftenﬁﬁfaﬁﬂés&ﬁd Vptlodalll, in YHe |pgeséhce of

VIIb-2 cliz |on mnll rovife
a tapce k) .U B5ETRertY ams e @%2 o X" i X are

aslﬂéﬁilg& Héréiﬂ,&ﬁb@vﬁgﬁmd/@tnpmﬂpdeiﬁpIeMl .ng on the r eagenlt s
S an S stltuents on it (e}

oA 5" robren s S ey PeFSRTRONIAE, Ol oo
VG2 O ﬂﬂoﬂge bazitiddaad ooy stenctumpomydf e ap@;;eff}mcgqu ¥ighogds 1-5
ca.il\l\/ﬁe pcrkcrmecﬁ% § gagal rﬁvaglg:g H&ibdb) %afﬁ)fi?lM&lﬁﬁs WOE, are

orrespon en2|w1 represente Iy
deﬁn.lbmh gengtal btow mthmpeet i ﬂﬁmclizgtmyﬁ p GepaRppungof Eprmgs, ¥TTb-1

fope%e of TRIPQGL LR vEY B RSB nddMebdd thet Meﬂ’fo@@rﬁﬂE(hpﬁS? b@hally to the

th it
erelomjonptpenmISE FetBF ¥ Ut YEo i nd VAL by H6 Syt Hfhods
w:ﬁcf)rgwd%_ Qﬁh&?ﬂ@o lBEiQmQﬁazﬁ@ r deeibatived bt lN 1| lf)bﬁﬂmidaﬂﬂb llerivatives,
carried on to a | a
depending £a the rEf’éF‘E%\PS"? eﬁ*ﬁ f\%@?eﬁg&“ € °R€‘8%“n ! nfo% “‘R?ebf‘ﬁ
-2afln:mmmmibaf For nul a VIilb-1, wherein R2'
{ﬂmgr oge Accoﬁ_n%?o IB/P%@J % d&mgﬁtgﬁ o??orﬁ%fﬁl‘}ﬂl?g V\;hgrem

cor e represented
R’Rod Riflas nyuﬂog@} Qantb;e cachmed 1o rthes:peqzspmmcb@wplémbrrawﬂ@m by

I"'ctrmv}li1 Xgﬁ%—?[ 1, whe L0, (R“glg lhgdx R tﬂyoa.n‘%hé otk Hlefhb@ uneRERes: With (i)

acid derivative in
fommacpi efionelly i fhepresense an@ﬁdﬂ(quali %Cldf% e forani i dspivagive in

thd PEABLOGINARIIGHE YoM bNRIrREl PEHENEA Bén beAdkn@ai b to a
to provide an internedi ate N-1 benzi m dazol e conmpound

GOmE%ﬂé sEfpravla By ag dseerippdgtall by 1 The conpound of

[od126)Tul & MEitRwIB: CAGRoldBg Ry MIEthedB,d (ﬁﬂlp@.ﬁxdtoﬁFdrhﬂlaNlIB) -1, wherein

2penz i dazol e , derivative For alk |.ating
t8 f N-3

EPA L Roff DOPIBREY BY "SrEuD
beﬁﬁmﬁ%l@l\bﬂr@s@ﬂ‘e‘d by Pdimulp mﬂllbyl\dah&lﬁdteﬁimeﬂwd: Dpcuil tmg}mem w:th
(i) to I‘}/Emuc acid, dptlona‘flg' Tiee {)]rgsegce 0% &4 1t1%naY Iaé15) (ﬂ')? a M:ﬁg ?dld']denqraﬁwe in
the presence of an acid, or (jii) 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 XXb-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

.y

at the N-1 position, _
[00117] Method C: According.to Method C, a compound of Formula VIIb-1, wherein
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RZ and Rea are hydrogen, can be cyclized to the
correspondi ng N3 benzi m dazol e represented by
Formula VI11b-1 wherein R10 is nethyl, by a "one pot"
nmet hod upon treatment with two or nore equival ents of
formal dehyde or a fornmal dehyde derivative in the
presence of an acid. The conpound of Formula VIIIb-1
can then be carried on to the N3 benzi m dazol e
RTANRBUYRG, aregung&ﬁr&t: eblib tdhé eoiespohdide S behedwidadolederirasented

det ai | hod .D:
yfoe%‘hﬁxﬁw?afhe%&"%ﬁ P S RiePL R ol Sl oth R
ol @ERAente Aol Yk ozefirmadehyve detivatiesip cﬂwdxrqqgme of an acid.

enzim ent ed I I
%@n}pgunﬂo?zfotﬁlg}ﬂ%ggﬁﬂ: i thS ep \%IHS;ES cglr %écg'léq\'l%  peliglagiolt
compoid irspraagyted[bh Foidila Xbal) asdesadied imgdetpildslepound of For mul a

[GMIH: 1 l\ﬁet%g!ad: ¥ bﬁgtgn%ﬂg\% Meéﬁd D'\B%%%@md\ﬁ‘ kbl IO, %@ﬂerem

genht to_ provide a COHF
R'ofnd Ré"ramhyérogub cgn lfNF@ZEiRzCUO ﬂ@ RPN ”%sbﬁn?}linﬂﬂ?é’h Teprysgiy

WRQLeRAR 2 is d32hyal3geh, BN&lstetPwisd fro@ss aaiptisiag
e, WG s R diied, gﬁg’;ﬁﬂ) C3- CL0
[08118] oal K§Teacting a cogpgwng o armulg aryl al kyl or
het er ocycl yl al kyl, wherei B said al kyl,
cycl oal kyl al kyl , arylalky hm@@moarylalkyl, and
het er ocycl yl al kyl porti @ Are optionally substituted
with one or nore groups »-oendently sel ected from
hal ogen, hydroxyl, c¥#no,Y ni¥ro, azido, Cl-C4 al kyl,
C2-A4 al kenyl, C2-C4 al kynseR®= C3 C6 cycl oal kyl , C3-C6
het erocycl oal kyl, -NROR7 gfigy - ON [00122] (b) reducing

the am de group of said conpound of Forrmula IXb_to
[0pk28)vi de veith acsuitgblraariatite 2gest upryidrg compaupdh piormigy BXb
X :

Z
NRZszc
Q
R1uaJLﬁ ' x5
NR2R2a
IXb
[00121] wherein Z, R?, R? and X® are as defined herein and R'® is H, C,-Cyo alkyl,

Cy-Cyo cycloalkylalkyl, arylalkyl, heteroarylalkyl or heterocyclylalkyl, wherein said alkyl,
cycloalkylalkyl, aryialkyl, heteroarylalkyl, and heterocyclylalkyl portions are optionally
substituted with one or more groups independently selected from halogen, hydroxyl, cyano,
nitro, azido, Ci-C4 alkj}l, Co-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, C3-Cs
heterocycloalkyl, -NR®R” and -OR?,

[00122] (b) reducing the amide group of said compound of Formula IXb to provide a
compound of Formula Xb o
Z
NRZhRZG
R'ina“\N X5
: H
; ) NRZR?2
- Xb
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H NR2R22 Xb 20 [00123] wherein Z, R2, RZ', Rl0Oa and
X5 are as defined herein; and [001241 (c) reacting
said compound of Formula Xb with (i) formc acid
optionally in the presence of an additional acid or
(ii) a formc acid derivative in the presence of an
acid to provide said conpound of Fornmula VIIIb-1.

Al ternatively, according to another enbodi nent of

[oﬁﬁ"sigod thef?éﬁ?ﬂ%lpﬂztﬁma%@dm&?aﬁabﬁm%erb@ a:nbt zini ned by
reaction o sala _conmpoun (0} . r .
[08324))| at i(@geaae@&ﬁmdo@%?ﬁlﬂ??w&%? (‘PA}%"er Bi aﬁwf’tpﬁ%ﬁgy "
th% gxgéfgégz]g)f Qlwgllgﬁonaﬁé G os) LlormiBlacid Herivgmdb,in BT prese@Rf of aﬁ;@d tgo
) od E, Accaqr 0 ,
prisieat, GrPOR, ohlorah Vo MIPANC: sok@iP R ol
erk BB RAISIT Metiad Theonyani 28 Hortnolat Xte mep by eWpividdiyrigaction of said
benzi,m.dazo c of .. Far Wi NGB, i

o 1 A e IR e B R i o

leigRidup) sogh as COBEAGPME.DTsy @B eteng a conpound of Fornul a
-1 b ¥RihodNR2R28podl loPFérmula AT T Jwherein
[Obv@zt'sﬁ a Meﬁgg?@gﬁ ng ggent tgo rgvi de onno ndl-
R°®fs Hydrogaslaad Ris net INFesRR 620 1o opalizetkiy HesrorpfPRIS ot
colng)gv}:résaf YWRELE Vitdh-1,Réherdt FNGE X& R gas Wed isppdviseemehal
and R1Ca i's H, C-A0alkyl, C3-C O cycloalkylal kyl,
compytipd-kyl, heteroarylal kyl or heterocyclylal kyl,
[osde] ei n @?ﬁeﬁ’cﬁﬁ{g K ydmpouid/stiFomiuiyVabayl , aryl al kyl,
heteroaryl al kyl, and heterocyclylal kyl portions are
optionally substituted with one or nore groups

i ndependently sel ected f hgzycen, hydr oxyl , cyano,

HaN X8
NRsza
VIiib-1

[00127] with a suitable acylating agent to provide a compound of Formula IXb
z
- NRZI}RZG

R0& ﬁ e X5

" NR2R?22

IXb
[00128] wherein Z, RZ R® and X° are as defined herein and R'® is H, Cy-Cio 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 indepencienﬂy selected from halogen, hydroxyl, cyano,
nitro, azido, Ci-Cy alkyl, C;-Cs alkenyl, C;-Ci alkynyl, C3-Cs cycloalkyl, C;-Cg
heterocycloalkyl, NR®R” and -OR;
[60129] (b) reducing the amide group of said compound of Formula IXb to provide a
compound of Formula Xb '
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nitro, azido, Cl-C4 al kyl, C2-C4 al kenyl; Ca-C4
al kynyl, C3-C6 cycl oal kyl, C3-C6 heterocycl oal kyl,
-NR6R7 and -ORB; [001291 (b) reducing the am de group
of said conpound of Fornmula I Xb to provide a conpound
of Formula Xb 21 Z NR2bR2c Rboa~N x5 H NR2R2a Xb
[001301 wherein Z, R2, R2e, R2b, R2c, Rl0a and X5 are
as defined herein; [00131] (c) reacting said conpound
of Formula Xb with (i) formc acid optionally in the
presence of an additional acidygg=(ii) a formc acid
derivative in the preseng f an acid to provide said
compound of Forrmula Xllb NR2bR2c Rto + N/ X5 N
R2 XI1b-1 [00132] Rifhepei nfZ; "2, R2b, R2c, R10' and
X5 are as defined herein; muee[ 00133] renoving the R2
group to provide the N3 nzi m dazol e conpound of
Formula I b-1. Alternative % accordln t o anot her
[ooasijodi mewkercaf Z, MAHIGR R R CenpBlardasskinddenitt a xb may
Obt ai aTel¥inty a6 loptionally in
[0‘137?}1 t’%a"%r/% s %&‘H"%@? %F‘gmgﬁt of fg}r)ﬁ)unﬁg Rt ogl g
thevplmer&r: of 4n ddditianal e:aimrﬁl@ agfﬂ@ubam%%ﬁatﬁg inche prgjence;o: a’fj\%d to
n a further aspect, the
P“BKEBN&?J|ﬁ@%ﬁ??%%%%%gy?ges ‘compounds of Formulas 111,
Va-1, Vb-1, Vila-1, VIIb-%, Villa-1, VIIIb-1 and X b- 1
and salts and sol vates the R”Rﬁbnpounds havi ng
Formulas |11, Va-1, Vb- -1, VIlb-1, VIlla-1,
VITIb-1 and XIb-1 rpge |_ for the synthesis of
het er ocycl i c. conpound \includﬁhg but not limted to,
benzi m dazol es, benzi Kol ones, pyrazines, and

pi per azi nes. R2
XIib-1
[00132] wherein Z; R%, R%, R*, R'% and X® are as defined herein; and
[00133] removing the R% group to provide the N-3 benzimidazole compound of

Formula Ib-1. Alternatively, according to anot_her embodiment of Method E, a compound of
Formula Xb may be obtained by reaction l of a compound of Formula VIIb-1 with an
alkylating agent of formula RIOCHL, wherein L is a leaving group, such as Cl, Br, I, OMs,
OTs, OTH, ete.
[00134] In a further aspect, the present invention provides compounds of Formulas III,
Va-1, Vb-1, VIIa-1, VIIb-1, VIHa-1, VIIIb-1 and XIb-1 and salts and solvates thereof.
Compounds having Formulas I, Va-1, Vb-1, Vla-1, VIIb-1, VIIIa-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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[ 00135] Additional advantages and novel features of
this invention shall be set forth in part in the
description that follows, and in part will becone
apparent to those skilled in the art upon examn nation
of the follow ng specification or may be | earned by
the practice of the invention. The advantages of the
invention may be realized and attai ned by neans of the

[0b13% ru TTEIHe@bdohbﬁﬁnngﬁQWb@gﬂ athichas, mcxamnspxtfslihbﬂemms@ fosmd part of
'i? aﬁ&slg-%tg lnsqr,] i oigi%r%@ %tof c. p‘i‘fg&t g&?@h] a%g together
m@EEQRs&Bh&i}I séDie {0 lelEpldhl BRIRESIple? Bf tﬁl@@l@@]m The
drawi ngs, which are incorporated herein
mgﬁgffor :lﬁgﬁg%of the specification, illustrate
[0038} | i miRigung! e direretivnscheme (Methost Bderhe synthesi ot sPmPoRs
tdh the description, serve to explain the
ha%gg%%% eué,aw'lgf1 the invention. [00137] In th%ﬁs[l d
[opnenssl Higuye? shops pseiionachems VPBod Ydhrdhes %&015&30““ s
hatrﬁé apesi s of conpounds having the For mJI a
- [00139 Figure 2 s
[091)401‘ or  tHEITSY Fofaajreacton s gﬁ%gﬁﬁté%ﬁﬁj?arvtpensd’n RE (ff n%{ﬁg&js

halvﬁg&eF[)Mh Figure 3 shows a reaction schene (Method

A R R L S S S B R
ha41)1gflﬁfl~“oﬁﬂmmwt hesi s of conpounds havi ng the Fornul a
[Oéﬁéﬁnome Jgyr 142 v%%ee A0 g@ t%gl%m%{aflﬁqghﬂdg %séafm ceriain aryl

|gan S lse certain aryl al i de
hatideLsphipling rﬂaetam Oﬁfhfspr@fmtmenf{@ﬁes ent invention. [ 00143]
[0 49E re & g‘@ho@rs am&ﬁ pRPycligMioh nkdbl Aer®E APding W@fﬂh&ﬁld

sing Tormc acid "or a formc acid derjivative f Led
ortarfernyi¢ eq@hﬁgtvmﬁ fo they RO HIPE 45 BPEMEBFe S HiE TS 5’31’“"3‘”‘“ ©
byl’}-.%ﬂllhﬁ§ﬁﬁi ed by Fornula Ib- 1 [ 001441 Figure 7 shovvs a

nmul tl-step cyclization mst

OUARL  orF s biters et e iR ethet B Bihg R i

or fooﬂ&ﬁ@ Ui HREADleGorCcie Prefittiun biibeasimidepole san Stautturdg yrepresented

For g}db 1. [00145] Figure 8 shows a "one pot"

by EEY on nmethod (Method C) using fornal dehyde or a

[mil@sml defgate Hehowatai Vanef pot" tdyeliggtiaparathodofMehod C) using
z bQiémE@szi@lc%re

oty 5 5 (R ARt FRGERET SO bRKBOY,

strogherkd represenind be¥dvpdledivet hod D) for the preparation of

[O@EQ]D M GRZQ € s Cn Shérhaild hRi-fQRiyEIsRRdEHeth vaiE Dy 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 Formula 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, Ta-2, Ib-1, Ib-2 and Ie-1 and their synthetic

intermediates
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[00147] Figure 10 shows yet another nulti-step
cyclization nethod (Method E) for the preparation of
benzi m dazol e core structures represented by Fornul a

| b-1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 001481
One aspect of the present invention provides nethods
for the preparation of conpounds of the general
Formulas la-1, la-2, Ib-1, 1b-2 and I¢-1 and their
synthetic imterfgpdi ates 23 Z 2 CORRIC®R' LA/ 1JX N1 °
. N XRO-N X X \'fGN X2 xN la-1 la-2 Z R2bi,CO2R1XR2b N
| Xt NI ‘ YR 0-N X5 X2 ¥ Hy1b-2
Z RRb X1 N X5 ZE‘\RZIC- 191 n}alts
and sfly@ates 20 /\’ er ei NR'LQP x5 0 R,
-C(=O) NR§R7.| CN," - CC=0OfH, or RI123_R12b O or a fiiety
that may beNransformed into any of said Z groups,

for exanple threugh hydrolysis; [001511 R,is
hydrogen, Cl-Cto al kyl, C2-C o al kenyl, C2-Cto

al kynyl, C3-C10

z COR! Lo
$2b x'i . 2 F!a x1
N\(f/j N\’C/j
R10___N X5 /\/ R10__N X5 /\/
\ X2 \ x2
—N —N
Ib-1 Ib-2
4 [;IQZIJ X1
N
| /]
-,
N X5 ’\
\ | Xt
N
\RZ .
Te-1
[06149] and salts and solvates thereof, wherein:

[00150] Z is -C(=0)OR!, -C(=0)NR°R, CN, -C(=0)H, or

R123R12b

* , or a moiety that may be transformed into any of said Z groups,
for example through hydrolysis;

[00151] R' is hydrogen, C;-Cip alkyl, C;-Cjo alkenyl, Cp-Cio alkynyl, C3-Cio
cycloalkyl, C3-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
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cycl oal kyl, C3-Cl O cycl oal kyl al kyl, aryl, arylal kyl,
heteroaryl, heteroaryl al kyl, heterocyclyl,

het erocycl yl al kyl, trialkylsilyl or diallcylarylsilyl,
wherei n said al kyl, al kenyl, alkynyl, cycloalkyl,
cycl oal kyl al kyl, aryl, aglal kyl,. heteroaryl,

het eroaryl al kyl , heterocyclyl and heterocyclyl al kyl
portions are optlonally substituted with one or nore

seﬁ:'bféi&' ﬁﬁmlhﬂeﬁﬂﬂﬁdﬁﬂ?i%(&l—cm&h@ml ” oA, lr(h@ hu;mgéf; k06 cyclloalkyl
ydr 0x a 4 al keny C2-A al kyny
m@éhé%h%?gﬁgéﬂgai and C3- C6 heterocycl oal kyl : [001521
[0RE52] s hyRfr sgBydrogel, - GHOw adliyl C2-C- adlte@ylalqzz@uylﬂlk}'@k aylalkyl,

m‘;ﬂ%}fl aa%g@giqbow t%o%{%‘%rsb iér}{g?'n@i;é;?{ﬁ Miy 11115}1' AMlkenyl,

aligymiye rapd | arylg kR ypoyfiona nale aqp?px@llkyqub.ﬁ@.]{qd, 3ih onee or n¥ore groups
1n8<ﬁ%{é&%gtﬁj q géfecfeu bf%(;nll th'éfogéili, ‘My&t@xﬂn@rq alkQL, €C,dT,OalRy]l and Cp-Cs

ent sel ect ffom hal ogen, "hydroxyl, O -C4
almwﬂhe@zf@iﬂqu’e‘ﬁwRdﬁﬂc’t(]}?dr?ﬁ?n al kynyl , - wherein for
uEPs”sﬁfw a 1'{’@ 14 o B@gelns cnot, lxslr agen; ak@Ql S3ICRAtyis, aryialiyl,

d{s,,g,ﬁ kcwkyiarﬁqybl §5¥3| @Olgd‘?faﬂ@ﬁ%r W e[reui%éfd Welnyl

aikﬁ(y@a%ﬁnﬂiﬂcyl qda)dﬂRGeE%? opﬁhangu subssiaital ahikybne at koeams | groups

| k al t an 274
inerslel, e T e P 56 S0P ek pad CrC
alg@lyect ed from hal ogen, hydroxyl Cl-c4 aIkyI C2- CA

[OﬂL%IZnyl dgﬁ atn]d? ar%de?é géﬁfrﬁ? sele&&%ﬁf‘ﬂydl)ég?:rﬁp CtP@r ﬁrURS C1-Cio

pen y selec

alGIRB(>-Cib-alBenyl, oGy lalkyd- €+Go am%@w Cstao acwﬂlkvmw Cr-Cro
ﬂugéﬂcg roavsy %ﬁﬂ v, ajiééiyﬂ aﬁkyﬁylc lcﬂ@dajwi aJy&ydmyMky@Janmﬁoalkyl
al'kyl erein said vl al ken Ey .
P@WSG@WW““WE%“&&?W%H“RW SR R 5 P&%ﬁ'ﬁ o pgsﬁ\é?t? o0
heffdgRn, QPdnb QR, tnfluSileRS il dtiedométbdky afifudddmetinkg agl 2aidps

i ndependent [y Iec om.oxo, hal ogen, cyano,
{0A155) o, t??*ﬁﬂ% %??:C{thuoronethox

{0&156& I uormﬁmfdrwa aﬂebemdphyc[rﬁgaﬂ,aﬁpuox&mtm HORE, C:cfp alkyl,
a
R R A0 i L e G TR e b
heﬁr&faﬁi hetefiRrylalliyl, abtkmcwlyl omtefomchdﬁlk)jlnyl C3- CI o)
{Oﬁ%ﬁoal ké/ |gs a.%lti g ﬁie&%‘nﬁio%wh tl?ﬂry%ke aﬁ@tﬁféu{i ks ¥l t0 10

roaryl ary Ia Kyl et erocycCl yl

mérebeesddeirsiayl o 116931'003"[[@ oing;7hegnin w5l herseparyy aledo*&éﬂmé@l%%m
oﬂtllaﬁ%lgt nggt'thﬁedv‘mtﬁ honk r@ym@xre eo i ampendeRfysddectdt Somd thalogen,

eteroaryl or heterocyclig ring, wherein said

triflseremetylydiflusrranctorie R PEIREoRy #ML%re optionally

L) té%%?t 't t 31&?@ h%&hébln OOPCQralk::SYD rcfg-lcg[r Slkpgl, aﬂjrdap&?ﬂdem fwiterein said
sel ected from hal o rifluo y

sy RGeS S RN s TR v oo 6 1B EP°

inldpeititaiiyOgREed £dm OHO (a-l(tkl‘,‘Cm«a@l-) Giid)—OeﬂG(-@mydlkenﬂb,yl or

al k Yy whe sai al k ny nd
wg’r%’h al I &y & eﬂﬁé i ondl'(l_: &Mob’St it %eedéyvc\}o?kwﬂk arylalkyl,
hmﬁ@l@kﬂupﬁ hetemtwflawﬁmwrm st edkyh.r oyplabiylalkyl, arylalkyl

heteroag)gglk)ﬁj and % lc(rXJ:))clyml pg}hg&]argoﬂloﬂhﬁreﬁ&thed with one o more

groups independently selected from halogen, hydroxyl, cyano, nitro, azido, C;-Cs alkyl, Co-

C,4 alkenyl, Co-Cy alkyﬁyl, C3-Cg cycloalkyl, C;3-Cg heterocycloalkyl, -NR°R” and -ORS; and

[00160] R' and R'™ are independeﬁtly selected from hydrogen, C;-Cyg alkyl, C2-Cio
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[00159] R10 is hydrogen, Cl1-C10 alkyl, C3-Co

cycl oal kyl al kyl , aryl al kyl, heteroaryl al kyl or

het er ocycl yl al kyl, wherein said al kyl,

cycl oal kyl al kyl, aryl al kyl, heteroarylal kyl and

het erocycl yl al kyl portions are optionally substituted
Wi th one or nore groups independently selected from
halogen hydroxyl, cyano, nitro, azido, Cl-C4 al kyl,

alk F}%W o C%y%ﬂ%i{,l%@@ oyc@k@kﬁy&}l O 1kiNs1, hefeboalsl

terocyc al’kyl, - NR6 B:” and [001601 Rl2a
angkriermrdikdy e |ndependently selected f rom hydr ogen,

[OD(RI]C]-O alr Ry* and@“@g@ther%th&ﬁé%iﬂ ko wIGEHGRE), ¢ dtinehed form a 4 to
-Cl o_cycl oal kyl ¢l oal kyl al kyl, aryl,
10 a%ewb%fr"%ﬁrbowéﬁ Sigaghor h%ﬁ@%‘é%%‘lgoar ylalkyl, [00161] or

[00RdHa an Memasﬁfoi ngﬁhiigeﬂ 3\kiizhnitielecabapounds oﬂﬂietgmetdh Byrnmitae

B T 8D 3 oo BRI e
1- 4pire plmw“ﬁ@] F!IBHIBS bénaspertivky, ahdare devpdiud tdelowf Methed §daseri rba$ the
synthes:s Myt RS N—l b%nz:{mldgzﬁfe%emjaﬁ e%reg&genkéa% FS@@EBQE per f 0 r rTEd

several ways our ne
0031635} shown cepmmFﬁghg»rlwnta of Methags elcti Z/e$ yC(@M Ri-e In cerfm

err.tﬁjcﬁfftﬁén'tsb Rel;s ks Qﬂ‘é rRMe N aH caafleaobiRRss HF8s CRYR ‘éﬁ%gﬁipﬁorﬁﬁy

benzi m dazol e derivatives represente

subptisptad ith OB, 9:(C[-Gealed) or ra-(E et vaikanidlboyrise prpeodigpents, R i -
(C%%tmd%@%m&m%&m%)myyom n enbodl ment s,
an

R7 di ) .
(008641 I gt ey o SUBE0R drecE ofbt HOBR, I ceflain
emb3dfrhentsR" i Lkl hlkelr In gart(cClar ﬁahmdﬁielnemz'l i methyl. certain

{Gﬂgﬁgg: ﬂtft%fam el{lba%m&ltgc'?ﬁh(%%% é art 0@25}"‘ particular
emipaieaisnXssBodi ment s of Met hods 1- 5, Z |s COORL. In
tain 1 6.
OuFEH i ERAPATEAy ot 5.5 g B i
halqgen thu@%#@@@%ﬁﬂ% lefaﬂwc&ethzyééaul ol desenlt% Xhéﬂ %fgelﬁ cerfain

emﬁ%ﬁfnﬁén&%%m WQ&%%&eﬁxﬁﬁl&i{) [001661 In certal n
nbodi ments of Methods 1-5 nd, X2 are

(90K} ogentn e xeb?démenﬁawfobéehodsulns dh s cabe sl Rertioptzr
emuoam@hisquplsn{emypert ain enbodi nents, X1 i s Br. In
t nt's rtai.n '
0ofiEho nate: srens ety é%%ﬁnﬂ s g
[OOEBpOdI nhnt:é‘rtamf elvbiditnebss, 1MBthods7 Q-9 prdideCimethadsk pf . préparing
t 68 1
Bos SLAEh I Feie 157 Ml 2 P ONRE R Kl halofn,
and mﬁdmdgeﬂmlog@oaﬁmw ik fi-Epratial in eammted!msnts, wétsmﬁsR lis B,
t hodsie
x° [ Ry sty T BRYOh AR B PR % S
(CﬂwﬁﬁégﬁdKIXEPIaﬂa a@ Rarie ety hal ogen, and R10 is
[001%1 do @Lwt'am Llﬁb&ﬂénel rlvzaﬁiszﬁdurge Dtovide R|§16fh§d503§  préphrihg

H, X2 , R10 is net
COEBQ-Flfl? @fu%(aalr Lish b We%ﬁvgl fo} "Yh§f‘3wé’( s GOQR - X s halogen, X! and X2
are H or halogen, and R C1-Cyp alkyl. In certain embodiments, R'is C-Cyp alkyl, X°isF,

X2 is Cl, and R s methyl In particular embodiments, Z is COOCH,, X° is F, X? is Cl, and

R'® is methyl.

[00171] Meithod 1: One e‘mbodiment' of the present invention provides a method,

referred to herein as Method 1 and shown schematically in Figure 1, for preparing
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(CH2CH2OH), X5 is F, X2 is d, and R10 is nethyl.

[00170] In certain enbodi nents, Methods 1-5 provide

nmet hods of preparing conpounds of la-1, la-2, |b-1,

I b-2 and Ic-1 wherein Zis COOR, X5 is halogen, X1

and X2 are Hor halogen, and RO is C -Clo alkyl. In

certain enbodinents, R is Cl-Cl0 alkyl, X5 is F, X2

is G, and R10 is nethyl. In particular enbodinents, Z
conhppuldOOFd2mulXEa-1 sndRbeidégnthegic @tgrmedi@es R10 i s net hyl .

[00171] Method 1: One enbodi gent of the present

i nvention provides a method'? ref@grred to herein as

Method 1 and shown schefBtita Y‘/ n Figure 1, for

preparing 26 conpounds For la-1 and their

synt heti c inter ne@i®ages 3 | . N1 \/, RoN/

X5 XXz Nla-1 [001\1—_2:} and salts and sol vates

t hereof, wherein X1, X2, X3, RR and Rl are as defi ned

herein, and Z is -C(=0 O&1 - =Q NR6R7, CN, -C(=OQH,
[00% ~Rz ol salfdLind soﬂrﬂ@lﬂeﬂof swhereindX 'oif ey Rt bR 't arm apdefined

nsformed i nt Err&%f (?atP)q{Z groups, for exanple

hﬁftlhraé‘%léllﬁ ﬁ&(ﬂ’)@}?‘ys?% eGP 8 eties that can be

transforngda nto the defined Z groups through

hydr ol ys[leigt%cl ude, but are not limted to,
h

ort hoest having the formula C(ORI)3 and acet al s
havi ng t romula CH(OR )2. [00174] More
speci fi e y, Method I conpri ses nitrating a conpound

having the) Fornula z XS X4 LROLY r
[0%'@(!1 Xg are i ndeﬁéﬁo‘%‘?ﬁq’ gk%“f’edslnmmg% &1 frb g?]%td 3

g5l ﬁ)f eSupl thdugh Hdiclysiot Ekanrpiet; eﬂmbmpes that can be transformed into
the G@[‘lﬁaf%zo A negrﬁg@qeﬁc’ léiroi %tcﬁde ‘J‘&‘tta'fb%? ﬁﬁﬂt&ﬂ@ ArBoesters having the

SEYPSTt
formula C(OR )3 and acetals havmg the formula CH(OR ).
[00174] More specifically, Method 1 comprises nitrating a compound having the
Formula
Z
xa
xﬁ
xfo
[00175] wherein X° and X* are independently F, Cl, Br, I, ora sulfonate ester such as,

but not limited to, triffuoromethanesulfonate, methanesulfonate, benzenesulfonate or p-

toluenesuifonate, and X° and Z are as defined herein, to provide a compound of Formula I

Z
X3
OZN Y ¢
b
It
[00176] wherein X°, X* and X° are as defined herein. In one embodiment of a
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tol uenesul fonate, and X5 and Z are as defined herein,
to provide a conpound of Forrmula 11 z X3 02N X5 X4
Il [00176] wherein X3, X4 and X5 are as defined
herein. In one enbodi nent of a 27 conmpound of Fornmnul a
[1, X3, X4 and are F. [001771 Nitration reaction

condi tions, which are well known to those skilled in
the art, can include reacting an aronatic systemwth

COIﬁBOMd&F@,(ﬁiuﬁl[Uftmnﬂaﬁfﬁ‘ence of an activating agent

such as . concentrated,sul furic aci
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bi L USt r at eglug;le geg he r'\ﬁgtgt%jl as a«§ellv\§s| Me$§d belgelﬂﬁd 2ore

accord Method 1 a
Speﬁlﬁlml@u mgiording F‘émrMhﬂhcd 1 Ia qoslp@uﬂé&tfé’@r% ? |Ib frafreaiedggptionally at

eIeYate)%\{é thlp%gtlﬂe% Q}?ﬁ tﬁ(‘i I ke Wiiddich¥Br @ 2 BEMER 106 bﬁn‘tﬁﬂs RN fdnerefes
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withFéf#4a or Qﬁre%@hﬁblﬁﬁrﬂﬁ@lﬂﬁﬁl &fidel-_o@ﬁcmallﬁatlelevat@i tempadtads and/or
with |v% two or ngF U@ q%%J@fB@ netal azi de

ProgsSi i PIAYiiS A WEPRNd LT BT er AtUres and/ or  pressure
to provide a conpound of Formula VI-12 wherein Ais N3
z A NI / X5 A VI-11_ LA=NRZR2a

ON”

VI-11: A=NR?R*

VE12: A=N;
[00179] wherein X%, R? and Z are as defined herein, and R is hydrogen, Ci-Cyp alkyl,
C3-Cyo alkenyl, C,-Cio alkynyl, benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, -CORS,
—C(O)OR"’,-C(O)NRGR;’, -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,-Cy alkyl, C2-Cy4 alkenyl and C,-Cy4 alkynyl. In certain
embodiments, R is a nitrogen protecting group such as hydrogen, substituted or
unsubstituted benzyl, allyl or -C(O)ORS. In a particular embodiment, R* is hydrogen.
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VI-12: A=N3 [00179] wherein X5, R2 and Z are as
defined herein, and Rea is hydrogen, Cl-C o al kyl,
C2- CEO al kenyl, C2-Cto al kynyl, benzyl, allyl,

arylal kyl, trialkylsilyl, dialkylarylsilyl, -CORE,
-C(OOR6, -C(ONRGR7, -OR, or -NHR1L, wherein said

al kyl', al kenyl, alkynyl, benzyl, allyl, or arylalkyl
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not limted to nmethyl am ne, benzyl am ne,

di benzyl am ne, allylam ne, diallylamne and
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nmetal am des such as sodium potassiumand lithium

am de, or al kyl ated derivatives thereof, (2) protected
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cormnéOﬂ-FomuthEH lyi el d. [00185] This invention also
provi des conpounds of Forzulas VI-11 and VI-12 and
salts and sol vates thereol,  wgegein Z, X5, A R2 and
Ree are as defined herej n sone enbodi nents of
conmpounds of Fornula VI and VI-12, Zis -COOR or
-C(=O NR6R7. In ceriii n gnbotfi nents, R6 is -OR8 and
R7 is H In particular enpegenents, R8 is -(CH2)2-CH.
In some enbodi nents, X5 @ ﬁ:l ogen. In particular
enbodi nents, X5 is F. enbodi nents of
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then R? and R of the compound of Formula VIIa-I are hydrogen.

[00188] The reduction step can be pcrfomed utilizing reaction conditions and reagents
well 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. More specific examples of dissolving metal
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NR2R2a H2N X5 NR2R2a. VIla-1 [001871 wherein X5, R2,
" Rea and Z are as defined herein, wherein when A of
said compound of Forrmula VI-11 or Formula VI-12 is
-NHbenzyl, -NHOR , -NHNIIR, or N3, then R2 and Rea
of the conpound' of Fornmula VlIla-1 are hydrogen.
[00188] The reduction step can be perforned utilizing
reaction conditions and reagents well known to those
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[00189[ This invention further provides conpounds of
Formula VIla-1 and salts and solvates thereof wherein
Z, X5, R2 and R2a are as defined herein. In sone
enbodi ments of conpounds of Fornmula Vila-1, Zis
-COOR or -C(=O NR6R7. In certain enbodinents, R6 is
OR8 and R7 is H In particular enbodinents, R8 is
-(CH2)2-OH. In sonme enbodi ments, X5 is halogen. In
particul ar enbodi ments;: X5¢is F. In other enbodi nents,
R2 and e are . hydrogen. [0Q190dr2k¥th conti nued
reference to Figure 1, tf pnpound of Fornula Vita-
can be cyclized to_{he B 1 dazol e derivative
represented by FormilaN¥Vl ITa-i*when Rte of said
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theiS h?ifmuét for Ehe?p{’élﬁtiaﬁlon &Wﬁﬁ’ﬁﬁntuﬁﬁt Bjofﬁplﬁfgeankﬁﬁmmcl 4inind tvith a

iterature fo : i on es "
b e o NEER B, 8, TS R
ardo@tic BiRtlichs aRClrahtitidn matkl comlysded pk&‘):s@e%/%@ﬁtﬁ@)laﬂy common
co?iﬁlgléﬁoe@’ﬁl X @'?‘évavrc%r o%:rlégage:g'ggtfe‘% S | cu a‘}?&&?%ﬁoﬁ%em
catelyzxdl aonjgmgmtdn@d@ thatgpamider dlaryltah@pfethatr @e ‘h@fﬂ)‘/ subsjjtuted in both

rmgg( %grﬁ tﬁescag’ef fof’ I:Jn{ %l.n%@ tof fFBm ]Fa dler!g rﬁcﬁ@dn vé}f?‘tfé%ul' bffztﬁgcatalysts

I Ng proces provi laryl am nes_that are
thalt hgmbyenscmg@d m@heémeratnretf@tamouplma gractiog detwgen, 4,gihglohepzepg,ind

Qﬁgﬁﬁy{lﬁﬁe prr(}:vﬁfe e cﬁ:sﬁe% phodudtiin BgEiblaO Bow¥ Rk, YpattieMarbtalyst
e cata
systems have been. 1dent1ﬁed herein that can be emiployed to give high yields for the coupling

of compounds of Formula VIIXa-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 VIHa-, 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 Formuia -
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that have been reported in the literature for a
coupling reaction between a trihal obenzene and an
aromatic amne to provide the desired product in high
yi el d. However, particular catalyst systens have been
identified herein that can be enployed to give high "
yields for the coupling of conpounds of Fornula
VIlla-1 with aryl halides. [001941 More specifically,
one enbodi nent for the prepaﬂétlon of conpounds of
Formula | a-1, as shown ure 1, conprises a

coupl i ng reactlon betmegq;g;\onpound of Fornul a
VIlla-1, wherein Rea is h ogen, and an aryl halide
in the presence of a suitabl & netal-based catal yst

[0 oi‘ggg a bas&eih X' ald ﬁ:@@fe% [dofike@ hefe@ M@NLE.is ENCHBE 1, -osozcm,

odi mrent, the ar. hal i de 2 X1
alkgl sutforptsyrylferstonal a"éihﬂﬂf%?tear%(oa}g&d e&o r?ggé ﬁ%ie.lﬁ “‘é‘%%‘&?
emﬁ@hrhéﬁ Fihe a&f1 halfd6 haskhe FolR@RCF3,”  al kyl sul fonate, aryl
ul f onat e, aIkyIary&GSquonate -B(O-R8)2, -BF3 or
-Bl(R)2 I n anot her 0 ent, the aryl halide has
the Forrmula XZ [00196Y certain enbodi ments, X is
F, d, Br, or I, X2 is&l-C~q,alkyl, F, d, Br, or I,
and X6 |s F, O. Br, o I. Ih certain enbodiments, Xl

[Oogi%odl ITE ert abo'&m%ﬂﬁgﬁ anéiSBr, &2 %5isE,-Cpo A1, @net ﬁ?%r[

articul ar ‘embodi ment
andd%is Brds Br, OIdh |To rsianciotbedimerts &va%Blf Busepin gnisdiments, Xz is CL

In Shb@G! I MBodith 681 @SGbRELI Y8 Papdialar f GhibotiRnt Ompiohﬁ@-

reaction In the conversion of conpounds of For gg .
chlytpiofehenzeppwesdirdun 88 @b FHEEY hifdFegoselective RHEFR{OH tefgupiing
reabtRF On @ 88HRerfibn &c@ﬁﬁd@d&ﬂhhﬂﬂ@ﬁ@b%ﬁﬁ@m&:ﬁof Formula Ia-1,

sel ectively displ ac:ed2 ‘? use | Sul&ﬁe
whergiaghe 190 ue of B o2 OS RO BRI 1 giPlicsdy sy
basBPfor bsk Al the Couplng rédctiatp of ﬂﬁsamn@mnqmdu butret adt livdisé w, Swh

T ag] Sawgpgﬁdggﬂﬁa%ﬁ E‘ﬁgiag ¢ Ry %n'@s é\&sU. tﬁ?‘eq‘Ia B

Orgﬁlﬁdf batsbh&udoasphctth}gam&adimt@iﬂe sakeshts dier, thaoeoupling reactist include, but
are not ma{% %Iueﬁer %%&7%m%@1?ﬁ&lb dr(%ﬁrgﬁem% dx&iler ahydr of ur an

Oxane e nmet al - based catal sts
100195711 t hi Suitablg pieiahgﬂSbe@?équS@rfor s ¢pypling weAction ipclpgds; but are not

thtétmot arlofdetafBl gﬂﬂ?srfﬁe Al ﬂh&s@ %réﬂln}dﬁ&tﬁhc Ht‘&ysﬂhﬁ@ﬁ@a catalyst
netal I c catal yst neans_ a shqg

corsprigiag A miciehendan ogpyatigead Fxgmplgs o Bféalisp‘ °0 o Phe e Igmifed
allaﬂ'iﬁfl?u eperd HickeRl Bd 'Mhbmhﬂl M the Ghrdférred uga;llds aod ebfper Gghpierthose
ner

ni.ckel , and Iatlnun1 ﬂ preferr g h andilfo pper
comAENE Rt RS €U MVEP T Y RS b Ak Ligeis clafine
oxygeH E@bﬁps ﬂb th&%ﬁ mp@buos;ah@musy atailghdn dsd ebplbad plyerd is a
pargg%g ?51 agrrg?ﬂ ?n’er is e%&%@ ‘cin }11% p%bgssr ?&%Jlﬂdmm

cm
catzey@ammb@mé reactmos;\phamphmt hbau@arh@lvetﬂvau Shosvnetﬁfbe@ﬁeva'e,l gnd in

certtall?'xecagesoncf Rfate 11g9nds lelat]aﬂﬂh Wither two phosphine groups or one phosphine

group and a second heteroatom-containing group have been shown to be effective. Examples

D_D

of such ligands include, but are pot limited to, DPE-phos and Xantphos. Illustrative

examples of suitable organopalladiﬂm catalfsts include, but are not limited to, Pd(OAc); and

Kantphos, Pd(OAc), and DPE-phos, Pdx(dba); and Xantphos, Pdy(dba); and DPE-phos,

palladium - tetrakis(triphenylphosphine), and palladium dichloride
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catal yzed coupling reactions, phosphine |igands have

been shown to be effective, and in certain cases

bi dentate |igands containing either two phosphine

groups or one phosphine group and a second

het er oat om cont ai ni ng group have been shown to be

ef fective. Exanples of such ligands include, but are

not limted to, DPE-phos and Xantphos. Illustrative
[b1e()dmh¢mbrbhoslﬁm®fmb@eb¢} eOtberqagroppallpdieh gatplpst af Yuorg, and may be

e

Pummrphlgg,, NP’UZY@ba}Q?Qan]EG Beﬁ@gsts i 1:1q, ab(’j‘f @i, not limited to,
Pdgcg&c{) akl s (ph,r(asaszemm REh, Xafshopad:! BRE-YRBsdi @ahpatibule

phenyl phosphi no) f errocene
emdyp iR ,sérhr: AR, gapmisey Tafl wlm‘}yﬁ %r%?"%%ﬂa Y8
wHe{émCith dﬂ! h Va&d@f QR KuBstLiTaNBnednaai itdhims i thel pesdence oy a
Ri char

bl i sher Inc
ety o PP RO A 4 b gt oo el YPb ey
Csta,.  ARdhEAs)3dimiest dPdR(ptisent Jnvientiop @ninpuiras refrxing 4 wmpound of

Fog?@%gﬁfs} m%:;ﬁ% 1sq1gdro€énp§{dte{ a?ti &Estlt&ém%qu Glttog netifﬂ the

prdEQf:ﬂUﬂ accaldlylib amdynt oﬁﬂd@@q)rsai;mm@g;yghm@gnce aﬁ@sugable base.
c‘al ébpn%%i&eﬂﬁ &Qheg%?&ég‘&g ﬁ@%@ﬁ%@ﬁl&&gmn@ma ePESmak

t1c anou Xant phos, and
Vlgxdeaglg aamgmeddq’aloheng@p e | Zechinged- 1gqgéqqma§enzr@g Mmperature

bef%@éht Rer 1859 G) T Bf th Bﬁsdﬁﬁ@@ﬁmcathl?t{@ﬁﬁdlﬁﬂoﬂ PRyt
fluxing a conpound of  Fornmula VIlla-1, wherein R'

Xﬁﬁﬁ“ﬁ?ﬂ#%@%ﬁxs%ﬁﬂmﬁﬁﬁéF@bQHﬁﬁﬁW?ﬁfEHCBénzene in tol uene

'[00193 t he TRYIE $ @iEarEs Asclaficl qmﬂgmamam fand)folvl@ﬂté @achaRe heed
0os in the presence of

A
e"’%‘ﬁfefil T Fgr MBI AEh fOUR e W%%ﬂ? é’g et Pﬁe?]veh V?ng qh Figuee 5
il edIgr lsdir&ﬁl higaids neyalaated ip cugaowétalforavupling  Mhdtibes- lo Fouver
subs ted h benzene
coB S SO GBB bR BRE A Loyl 2k, gpe o chomia pamesfor
ﬂw4@mﬁsﬁ4@m@dﬂhmdhmséle in the presence of a catalytic
anmount of Pd2(dba)3 and Xantphos and an excess anount
of a suitable base such as Cs2C03. [001981 Table 1
summari zes a sel ection of |igands, bases and sol vents
t hat have been evaluated for the netal -catal yzed
coupling reaction of the present invention. Figure 5
illustrates several |igands evaluated in
organonetallic coupling reactions to convert
conpounds of Fornula VIla-1 to conpound of Fornula
|l a-1, and the chemi cal nanmes for the ligands are
provided in Table 2. 34 Table 1 % Conversion Ligand
Base Solvent after 28 hrs BINAP Cs2CG3 Di oxane 64
Bl NAP Cs2CO3 Ani sol e 44

34



Car bene Cs2CO3 Tol uene 2 Carbene Cs2CO3 Di oxane 4
Cycloh B Cs2CO3 Anisole 17 Cycloh_B Cs2CO3 Di oxane 2
tB A B Cs2CC3 D oxane 1 DPPF Cs2CO3 Tol uene 47 DPPF
K3PO4 "Sole 17 DPPF Cs2CC3 D oxane 30 DPPF Cs2CO3
Ani sol e 49 DPPF K3PO4 Di oxane 45 DPPF CszCO3 TFT 27
FC B Cs2CO3 Anisole 89 FC B | C3PO4 Toluene 14 FC B
tbut B Cs2CO3 Di oxane 2 S Phos Cs2CCB
Di oxane 12 DPE—hos CsZCCBabﬂ:cbxane 48  DPE- phos Cs2CO3

NaQt Bu NVP 8

= IJIIUD Cs2C3—Totuene bdrl DR qR&Sion
CSZ%I % sol ¢ 59 el k_B Cs2CgRvidtoxane 4afteXaghp@hos
gs2 & ueng¢ 73 ant phos Cs2CO3 Ani spl e" 99 Xan
os q.rmm B .UmneCS:@O} Xarn phoglog&;éC(B Dioxamng 60
HartphoS—Es2EE8 LJ!(‘:JS%H:‘ 70 )\ag ANES CSZCO3 [yz0xane |91
ant pHBEYCs 2608 Dok arfe—99—xXak, s KSAOH AT 50 € 7
Tabl gbabere ppod C5C0; 0
- di C%l?eﬂ‘hval nhn:%(;% 2' | g1 I?iou e e ?':;i phemny|
Qvcl Excleh B ' Cs,COs Anisole 1
2- (diCgyiel_Bhexy!| phdsp®Pno) - p' - (RigXAicy ny
|| ~EBAAB Cs,CO;3 Dioxane _ 1
2- di - DPPBL yl phosphtsee2' - (NN difpisedsyl anf no) bitihenyl
DPPF K3PO4 Anisole 17
DPPF Cs2CO4 Dioxane 30
DPPF CsCOy Anisole 49
DPPF K;PO4 Dioxane 45
DPPF - CsCO4 TFT 27
FC B Cs:CO3 Anisole 89
FC B KPOy Toluene 14
FC B NaOtBu NMP 8
tbut B Cs2C03 Dioxane 2
S Phos Cs,C0; Dioxane 12
DPE-phos Cs:CO5 Dioxane 48
DPE-phos CsCOs Dioxane 54
DPE-phos Cs,CO4 Toluene 53
DPE-phos Cs:,CO3 Anisole 59
Verk B CsC0;3 Dioxane 4
Kantphos Cs,C03 Toluene 73
Xantphos .Cs,C03 Anisole’ 99
Xantphos Cs,CO5- Dioxane 79
XKantphos Cs;,COs Dioxane 60
Xantphos Cs2COs Dioxane 70
Xantphos Cs,CO3 Dioxane 91
Xantphos Cs2C0; Dioxane 99
Kantphos K3PO4 Anisole 74
Table 2
S Phos 2-dicyclohexylphosphino-2',6'-dimethoxy-1,1 "“biphenyl
Cycloh_B 2—(dicyc10hexylphosphino)-2'-®,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—t1'i—i-buty1-2,5,8,9-tetraaza—1-phosphabicyclo[3.3.3]undecane
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"But _B 2-(di-t-butyl phosphi no) bi phenyl VerkB
2,8,9-tri-i-butyl-2,5,8,9-tetraaza-|-phosphabi cycl of 3.
3. 3]Jundecane 35 Carbene allylchloro[1, 3-bis(2;

6-di -i - propyl -phenyl )i m dazol -2- ylidene]pal |l adiun(ll)
. Rac- Bl NAP

racem c- 2, 2' - bi s(di phenyl phosphi no) -1, 1' - bi napht hyl
DPPF 1, 1' - bi s(di phenyl phosphi no) ferrocene FC_B

( Rrcdrodne - [ ( lémbﬁ;(@ﬁml@ﬁeﬁﬂapmﬁanrym&eﬁwﬂ et hyl di
-tt butylphospﬁlne

ant
9, D- di met hy| | Aidenejpall T%F%ﬁénylphosphlno)xanthene

DP A|P| 3(réceﬂxh@?fb%tcﬁﬁlﬁﬁﬁﬁﬂoﬁﬁhph}%nylb)@bﬁtﬁﬁ [00199)

t hEFE®® cont e mﬁ) 0¥ zqaﬁazq@ﬁmﬁpmpmfomm&ddlbwﬂm
process of e IL.nvention. [00200] Alternatively, the
netal-cataly Hh@‘ﬁgpfng reacti on can be carried out

;ﬂﬁxﬂ@hosc op w dlﬁxaﬂxﬂw:‘&ms((dsﬁmy@hdéphdﬁymg;emﬂ\ KI a p ar s

Ex catalvsts |nclude

but are not I|n1ted to, Cullethylene glycol. In one
di nent ti [r ars .
890 R0 T 5 PEpBRS 81 eefRh b bullitle SRR, Syishont i

Thigurda can bd wspd @ rehyed the th gorl@hnbﬁf theaomipquads produskd bisthe process of
m?ﬁ%&%&pe glycol. [00201] In an alternative

I'ment, the coupling of a conpound of Fornmula |
[0820P] a- Aligmetivelynthe mptal-priglyzaé cquplingrensiioecan be ermRs AvtusinE 2

cogp& RRthifst ks E.¥C mogg QC §88haldYand SIS BlhchwaldC DRQRNY Aena-s 2002, 4,
| acenent, optionally . in. the presence of a

58L9EN- aExappies toﬁlsa‘FﬁbErﬁoa%eP baged caplyFie Mol B e Potallmlted to,
: Ct%ﬁhwaﬁeegiyobﬁrm%ﬁtﬁ&mﬁoﬁlmeﬁf) &}%Q%ﬁd‘yﬁ& Rafled2s5ut innany:ddohatitabRett,

SR & 15RSE o NP PARY 5yl Bt

gheolmpounds of Formula |a-2 and t heir synthetlc
(0020187 "9 Al 88T RruFimih, i SpiingVe REQupduha bt FPmdl4 virth-

1 with an aryl halide to provide a compound of Formula Ia-1 can proceed by direct

nucleophilic displacement, optionally in the presence of a base such as a lithium amide, at
either ambient or elevated temperature..
[00202] Method 2: In §-‘fet another embodiment, the present invention provides a

method, referred to herein as Method 2, for prepéring compounds of Formula Ia-2 and their

synthetic intermediates
COzR
Ta-2 .
[00203] and salts and solvates thereof, wheréin R!, R%, R'®, X', X? 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 o a -COOR! group at some point during
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la-2 [002031 and salts and sol vates thereof, wherein
R, RZ, R, X, X2 and X5 are as defined herein.
Method 2, as illustrated in Figure 2, follows the

di am nation route of Method 1, with the exception
that the Z group is converted to a -000R group at
sone point during 36 the synthesis of conpounds of
Formul a | a-2. For exanple, as shown in Figure 2, the Z

ﬁlléﬁs of%gmgouﬁﬁ’srﬂ? P8HR1a 94 -2 FRér ARy bs shdwiDin FiflurelZ the Z group

repare described in Metho # X5 A
ofa\¢bmnmd af Rornyplp B 41 onl-12 fpreperadss ?ﬁﬂﬁ’ﬁ‘i}“ Néeélﬁ%b
converted to the correspori ng ester derivative
represented by Fornmula Va:11or Va-12 CO2R1L A 2N X5
A Va-11: A=NR2R2a Va- 12 N3 [00205] wherein R,
R2, Rea and X5 are as d hereln by reacting a
compound. of Fornul a®W -1 or®¥1-12 with a compound
having the formula R OH, optionally in the presence
of an activating agent tQ&t acLiykates said Z group
towards reaction with the conpoun of formula R OH,
wherein R is as defined VideeAT NExanpl es of
Ivat|n 0 A6 epebentell ib$ Formula
ﬂmﬁ%ientlongegﬁgﬁkguyﬁ ég@g%gh%%%wfgﬁﬁted Fo thes
VadCtor Wati2ng agents |isted above for Method 1,
including (a) mneral and @®anic acids; (b) reagents
capabl e of converting a carboxylic acid into an acid
chl oride including, but imted to, hal ogenating
agents; (c) carbodiim deg d) trialkylsilyl halides;
(e) chloroformates amghTf didl kyl azodi car boxyl at es
al one or together with a phosphine reagent. [00206]
Compounds of Fornul as va 1 and ;2 can be converted
to a conmpound of Fornula manner simlar to
t hat described in thhothJ%mxeNSpeC|f|calIy, as
shown in Fi N enbo 0
[0025] 5 CO %&J é ?‘ﬁ{}?a %ﬁggﬂ}e{%n &E&:Q@tmg QRYGHROBF
Formula VI-11 or VI-12 with a compound havmg the formula R'OH, optionally in the

presence of an activating agent that* activates said Z group towards reaction with the
compound of formula R'OH, wherein R,I is as defined herein. Examples of activating agents
suitable for purposes of this invention: mclude, 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; (¢) carbodiimides; (d) tr-ialkylsilyl halides; (e) chloroformates and ()
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 Ya-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 cdr_ﬂpound 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 VIIa-2
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to a conmpound of Formula la-2 conprises: [00207] (i)
reduci ng said conpound of Fornmula Va-11 or Va-12 to
provide a conpound of Formula Vlla-2 37 CO2R NR2RzZa
HZN XS NR2R2a Vila-2 [00208] wherein R, R2, Rea and
X5 are as defined herein, and wherein when A of said
conpound of Formula Va-11 or Va-12 is - NH benzyl,
-NHOR , -NHNHR or N3, then R2 and RZa of Fornul a
Vlla-2 are hydrogen; [002@9Jk'(ii) when R22a is
hydrogen, cyclizing said conpgﬁﬁé of Formula Vila-2
usi ng nethods such as, hot limted to, any one of
cyclization Methods A-E g¢ri bed herein, to provide
a conpound of For mul M| | a- 2XC02R NR2RZa R70-N xs
\--N VIlla-2 [00210] mh&@%#w1 R, R2, RZza, Rl and X5
are as defined herein; ;90211] (ii1) when RZa is
hydr ogen, coupli ng the ben2|n1dazole represented b
{ﬁlmsnul a WhekelnR 2 RiViR*hard 32 erepse defthedbareipgind hereip men & Of@ld
comppund og F rmule%% allggg %le W%M LNHOR ' ARGINER '3 &, Afhen R
3%? ﬁereln optionally either (i) at elevated
mﬁéﬁbéﬁanwhé“&n@m@éﬁ&@ﬁﬂ!Iy in the presence of a base,
[0%)9( 'S'e) diﬁwhéhea@ Eselﬁr%g& @Eh@né@!daiombaﬁﬁd)f F&ﬂﬁmh&ﬁd-z asioh

. provi de sard
metends a¥ch 2o AT Htigdsto, agy one RO B ﬁ%ﬁ%ﬁhﬁ%’}?{% o
p:%wde@loomﬁéund@fpdmujammwt ai n enbodi ments, X1 is Br. In
certain enbodinents, X2 is d. I'n anot her enbodi nent ,
X6 is iodo. In a partlcula"gnbodlnent the conpound
of Formula VIlla-2 is reacted WRER |
4- br ono- 2- chl or oi odobe-nz [00213] I n one
enbodi nent, the synhhgﬁ' e Qqrpounds of VIilla-2 from

conmpounds \::N
VIIIa-2
[00210] wherein R, R?, R®, R'%and X° are as defined herein; and
[00211] (iii) when R* is hydrogeh, coupling the benzimidazole represented by

Formula VIIIa-2 with a compound having the Formula

[00212] wherein X', X2 and X° are as defined herein, optionally either (i) at elevated
teraperature 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 Ya-2. In certain embodiments, X,
%2 and X8 are independently F, Cl, Br, or L. In certain embodiments, X! is Br, In certain
embodiments, X; is Cl. In another embodhﬁent, X% is iodo. In a 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 VIla-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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of Formula Va-11 or Va-12 is performed w thout

i solation of the internediate conpound V1la-2. In

ot her enbodi nent, the internedi ate conmpound of Formula
VIla-2 is isolated. [00214] Wile Method 2 as
illustrated in Figure 2 shows the conversion of the Z
group 38 to a COOR group during the preparation of a
compound of Formula Va-11 or Va-12 froma conpound of
tdFoEAOR Sgrvip-dbfingthe WMepatfion |ofa tanpoondad Formaibar Gt-bogt aktfrom a

{%&h%c?o% ?1!31? W1 Pln(lr Cﬁe 10 bé&‘é&&é‘&ldhtﬁﬁ’%&qfe'ée%&észﬂgy one of

ease O an at
seyagal prabodipesniy of Mathod 2 f@@ﬁe cdtexplenptipnoi Fhat éh theng groyp can be

c@fv&@e@%@C@éR%Mu@dur[g #ﬂw%tlﬁ@tﬂodgz I n yet another

nmbodi ment resen ntion provides a _stepw se

(097 Hat | oMethad 35 V@fa@Pﬂl@rdermhedln@me the xa@%%tlwaaoreprawées a
stﬁﬁQWhnﬂﬁﬁ&f Akthod, teferfell Me@en;%as MéRdd e smrgaﬁamqu Fighre 3,

npounds of For mu) a_| nd their Sy nt het
fp ﬁlﬂéfeﬁﬁatf"&t"é‘?m?"w‘s & lh“@if‘\l% ihe}@’ thip B‘eimed[‘%?ﬁz 16]
and salts and solvates thereqf wherein Z, X, X2, X5,
R2b and Rl are as defi ned h e| xln general ,
according to one enbodi of i nvention, a nethod
for preparing a CAFPOY a I b-1 accordlng to
Met hod 3 conprises ni ound havi ng t he
Formula z X3 X5 X4 | 7] mhereln X3, X4, X5 and Z
are as defined herein, IO%EEOVIde a conmpound of
Formula Il z X3 Q2N X5 11 [00218 Nltration
[0p24Lt i orang srltdi and snlkyatey thewel, whimiowh X'o X£.h%5 8 kid REdd as

delih&l Rdrdin, Epéeneral, according to one embodiment of the invention, a method for

preparing a compound of Formula Ib-1 according to Method 3 comprises nitrating a

compound having the Formula

z
X3
xS
x4
[00217] wherein X°, X* X° and Z are as defined herein, to provide a compound of
Formuja JI
) Z
X3
O,N x5
x4 - .
-. I )
[00218] Nitration reaction conditions are well known to those skilled in the art. For

example, in one embodiment a frihalobenzoic acid can be treated with fuming nitric acid in
H,80, to provide a 2,3,4-trihalo-5-nitrobenzoic acid. )

[00219] Compounds of Formula IT ate then converted to compounds of Formula IT1-11
or III-12 by a stepwise amination process. A useful diS(':givery was that the X> and X* groups
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exanpl e, in one enbodi nent a trihal obenzoic acid can
be treated with fumng nitric acid in H2S04 to
provide a 2,3,4-trihal o-5-nitrobenzoic acid. [00219]
Compounds of Fornula Il are then converted to
compounds of Formula I11-11 or I11-12 by a stepw se
am nati on process. A useful discovery was that the X3
and X4 groups 39 of conpounds represented by Fornul a
of tdmprandshepréseptdagebmudl penoemplhopd infibpmndenty. Thatis,|tsdlveaving
ro at the 1on ortho- to
B U i oo e, i, 0 REmBlbd B SRR [Mh 18
selactivelyrregjend bycl sitpéen eyuclieephfié, gin hjgheyield, umieremcar e tqirpyed
coSRER OHquivmg%g%H tﬁ@ﬁosm-gg atjaet%vthé"ﬁu'g Eﬁﬂ[g%ﬁtghetn% displaced

p03| ion par e ntr oup can

bydh ssobrsicagiconiyle at & seryprier G@E‘ég‘ﬁﬁﬁ iip ghegynifetic gpNenEsRples of

selﬁétﬁg StepvibeShodolndi ot %Rt iNekhed hQsth Gr MetREB 2 Sveld s in Method
sel ective stepw se nono-aninations are illustrated

4 herein for Method 3 as well as in Method 4. [00220]

[00¥R6)e SP&Gd:E kgediibally, indne Ia@b@ﬂ?ﬁaﬁ i MtBiRpouad epmuladr &f reacted
Formula It i's reacted

r eagent
Wi STRE Gt RS S GETPNTIOR ¢5  PRp P g gacp mine othr
thaaemoncasty alhaa @ihhefeagehhdat detivars @ ngdvipchavhm @ul:mquéntlwlb)e
ent that delivers .

cofg BRI AP YT Siod fa B Rk s R 5P, ko e

a calpawd séthmJla\IH i ephidcempornd of Foxmule 81 is ragetpdwith gv) a metal

amﬁg GR:%F @%dﬁmnf BLMLE dlu:twg: LispRbenSai. & £0g R Lfompound of

I's reacte FIV) a netal = azide under

Fowowp-tdbns that all ow sel ective displacenent of X4 to
provi de a conpound of ~ Forpula I11-12 z X3 2N/ X5
Alll-11: A= NRR2a I1I1-] R = N3 1002211 wherein
X3, X5, R2, R2a and Z arsg defined herein. In
certain enbodi nents, Red a nitrogen protecting
group such as substit@dvéd uXSubstituted benzyl,
allyl or -C(OOR6. In anowher enbodi ment, R2 and/or
R20 i s hydrogen. [002221 ﬁHg pqh@kg substltutlon of
a halide orsulfonate este o- or para- to a nitro
group in an aromatic rlngHIézaAﬁﬁﬁhod wel I known.in

[oeagﬁ art “ﬁq%mt;@exﬂ ﬂTfR@%ﬁ% Jo (el M o} dw@m wca{a&%bbmngm

aronmati C Feaction conditions needed
R¥aishd exﬁl@g@erret@ttmegroweh apisnbstitated - catunguetigeds benziin aﬂyl or

y ARRUPRYISRER 20 kikged YPE Of nucl eophil e
C@ﬁég I%%mﬁﬁgmﬁ%no gﬁ?natlon reggt?%n For exanple, if

(00222t r ondforieRphile shsimtiyele Bidy or guidpte pfies ortho- o para- to a

nitro group in an aromatic ring is a method well knowrz.m the art for the introduction of an

amino group into an aromatic ring. The reaction conditions needed to achieve selective
mono-amination at the p-osition para- to the Z group depend on the type of nucleophile used
in the mono-amination reaction. For example, if a strc;ng nucleophile such as is used, the
reaction may proceed easily at or below room temperatur’e; 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 sodmm potassmm and lithjurh amide. Alternatively, if a weak

nucleophile is used, more forcing conditions such as el_evated temperatures and/or elevated
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reacti on may proceed easily at or bel ow room

tenperature and at atnospheric pressure using one

equi val ent of the nucl eophile to provide the desired

nono- am nati on product. Exanples of strong

nucl eophi l es include, but are not limted to, aqueous

ammoni a (30% vol/vol) and netal am des such as

sodi um potassiumand lithiumamde. Alternatively, if
re@sul&ﬁ akd/orn e Ieﬁ&@gl dn@uiits ol sted nudhpplm/:f ma;i g rqg@laﬂsh fo ehieve

such as el evat ed.t enperat r @m;@ . a}ffimary or
mcﬁi;%g;ﬁlp% ]IQWP%F ofaw ucleo ﬂfe?ﬁmﬁ@g l?ar 0 0. a‘b@i ary

anount nucl eo p
da;mér;bﬁnmeqmstiuaeﬂ tvizh asthmcekbebulkmmmuﬁaﬁ td:ﬁtyl Elgtzfnhgqrcglgc

Weak ”UC' eophi | eg..i.0g) D o Sudadioh | fﬁuﬁceetpkganteaby
of A% AT §TO8Y soeé%n é‘%%ﬂﬁ%g Substi tuted w o

Fogiigs NGEM d»r)IIIlsjal tiche lgssaenotivde futhey nucleppbilie attafrlh@ the position para-

to l:hn %f:crgg'l%ﬁé Qe :QEH @AY dARicd b Hath @highGevel if sdﬁl&’n‘,&wfyl tro
uses the substitution product r %?({@51% ted by,

(ORI aFp1 siampleofeoariing 1 oReFEAHISa® FamRe 6"

cal Etrl}l‘ ed B fch &RR Richhfound sfaGlonad Iivis Pﬂﬂ@i[—ltat @mperntazes bagween

nitro group, ,so the eac on Can
c\’ﬁ g4l 190 |t@FPﬂ}‘a€r\§%Pl yrterg@y f‘f%@({énﬁqbﬁ)&“ed by

acﬁ%ﬁfoﬂ kdYH b@wen® atIo Eka]iﬁﬂﬁs oﬂsmiabfp augmdc g:f—soli@ntﬁmclgde THF,

[11- repared b gm a OI-
LA e PR REAE dh e S8 e EARRANIG riimue T
11ﬁ@§wpateamsp earaaengraecompomatoéf‘ox(nmxatm wigh ewser%PHdﬁ wepntogm
teném ?u?l \fg tc;dnitlca 1on ge Qo\éor%ﬁﬁﬁeq'bg lyfealihifsh Jran Rid Q@E WERN nét

SUI e organi c co- sol ven

limited ko d il bRy conienikafaﬂ ovasrebacither NRYROKINA acisyurtogs, *ﬂ?t‘ﬁé‘c’d1 I

ong gm}go a? E:g ggdv%gstcﬁbed%re‘ﬁmmg c&thpoln@d dFFoan 4 IIIL]ll drS(II-l?.
y reacting npound of Fo rrulglll Wi 1

is gw@g:g@ \Nm_;s?lﬁthmqfépe glfernﬁqsl@m copé) elxﬁbod.lment, the

mﬁﬁeﬁﬁhék&%me&@&nmbﬁmaplufsknexateby the addi tion of
an acid _such

ed
[0@3fcent .Eaf@aesn% é‘iaﬁ‘TnBag‘Ftdcoé’im”ao §rll%a;t<ey IC ac&% %&% g
coRf&nll Gf Rerhflla 011 oA Ellderhmlideeint aretdve limie to, NEls end Eg@pH

¢ f d enl 1]
RS, ST ST 8, i

alrﬁﬁeﬁ'mﬁ)uiﬁgjthe FormalnRRIR mbaeﬁnm%mpd th”h@e aj fefwpdrbgring Specific
fragg%zﬁ'n ra.§P %%&@3@%%1&9 '&ﬂ&ﬂd@ bik abeSndt 3RMiRY @(ﬁmethylamme

es of feagents that cont ai n or e @
bemﬁmneadlbwylptn@paﬁlyhgur& dlélbﬂﬂ%EFn%F o)

of ]éi%engs%halt H&llfv&dae%r n!:g)%at @{n%uﬁb@&uehﬂgmetc@ﬁiveﬁai infkdg aﬁmﬂ an'ddQHut

5) and secon am nes Sé] &@bl e fd% or
arqamrtplcsl@é tof (1 H’ileéallwé‘-‘ﬁtsi“‘aha% fftdll eotasgim, aad Jm, smit,
uﬁ&)ﬁeﬁl&eﬁvaﬁm&ﬂ&f mgfoﬁ:bted &m&;ﬁiﬁi oR2aide kquiadentiahthedbut not

erein eci f exc i mar
limjteit ﬁ@§yﬂrﬁ§jﬂ%§es Gt by neﬁOEBS) f?ﬁg c¥ 0163)111%% ﬁa?v?n%ﬂﬁ@rf’}{rmula
Nmﬁg?zk@i@umm is Fli:l xbeﬁﬂfsydhaam\laﬁlﬁ I} Cy IMHrDrn@l, argli (4) llnythlgspiylp‘tgldes
an exa
s DS B ShATSRES: (GHRTRLSRyp Oyl 080L & pin
(bis)tikigeAlsityianizle] mkmxpies of hmtal azidee inglyde, |bitiire Be} lignsted fog jodium
azge? g: 1[3)agn?t%%§1n%% 08)%“ tlHEBJ ﬁ@é@ﬁ@b um and |ithium

errvatives thereof, 2%‘5
[0@1329}: ect édhsammnma fm’rheamoeﬁéese@ﬁﬁmamdé rf Fosmulp Isandpgafts and
soﬂ : ithetel? € %pl $e egrggmﬁyl ARG bf HOMAIAINNESisCOBR' or
rogen nucf eophi ayl ng t he F.,or mul a di
-C(=O)NR R Tn certain embodiments, R” is -OR” and R" 1s H In particular embodiments,
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MNRZR2a wherein Mis a nmetal such as Na, K, Li, Cs, My
or Al, and (4) netal silylam des such as lithium
(bis)(trinmethylsilyl)am de, sodium
(bis)(trinmethylsilyl)am de or potassium
(bis)(trinmethylsilyl)am de. Exanples of netal azides
i nclude, but are not limted to, sodium azide (NaN3),
pot assi um azide (KN3) and lithium azide (LiN3).
rY;09225)-ofihi InSsoinB viebddimntst KT i helogepr bnattisulareohodimenis, X5 fis F.
For rrul@g%1 ts and solvates thereof. In sone
In GBS ’f“%mso ‘% ounds of Fornula Ill, Z isCOORL or
[OBﬁ(SF O NRéiBontimed efdrabntoFituc. the nerspourgof Eormiglia 4 opH-
12, Iﬁreg%er%opugn%h 'atce%lv%Ed @Qg&&bﬁﬁ it ) a ﬂal ht%ont&%)g@ue@tés

al ogen. arti cu&
anenminiagl (ifre mtisary X6 sqegndary anjipe @Jeqrtﬂ&{lﬁﬂé’i?ﬂla #eige gr Uiy 3 rgagent

thz%t Nﬁﬁ%t&[ Qo%&g] thifV Lol &Qﬁﬁﬁeﬁﬁbe @e IcBf @ afo th aEh@JIfoeprBVlde a

Formula 111-11 0r, 11 1 .
compound rha\fllllg_/FCa'PlﬂéIVé’th wher¢in ﬁ‘p‘é F%% u‘%ze gncf Wl ﬁ\lﬂ( ?()2 05% or sb.ld
cofn?agﬁmf Foh@la BRI & TH-1 is GedRt atilsS(iv) aammtal azide( ioptjonally at

I mary or secondary anin her , tha is -
RS, £ P S e B Vi S BB frda

NIFRP gsMhsequent |y be converted into an am ne to provide
a conpound having Formlaj,Vb-11-wherein B is -NR2bk2o
and A is -NR2R2a or N3, or sal d ‘conmpound of Formnul a
[11-11 or 111-12 is reacted fho(iv) a netal azide,
optionally at elevated t ratures, to provi de a
conpound of Forrrulav}\I 5nBlsl\BandAls-
NRZR2e or N3, z B O Xs =11: B = NRZbR2c
Vb-12: B = Ni. [00227] wheré&n Z, X5, R2, R2a, and R26
are as defined herein andyg4g. s sNryazogen, G- CGo
al kyl, C2-Clo al kenyl, C2-Clo alkynyl, benzyl, allyl,
arylal kyl, trialkylsilyl, Ved2aB &l arylsilyl, - CORE,

[(]0 @ m@vheremp‘l%&” @@ar@ﬁs deHR hereitd»ad 87ris Baliagen, Ci-

. al
Cpo lors i et oty Bt ot A T LAy

§1yl ngere ndmjdlv Ste(loa@mﬁaa ,f10Bh nwhhqurs@ydyzﬂkyl

| keny .
i Ay Mg A o PSR R0 oS0 Kt L o o
mé&e @ro&;b’ébﬂldpdﬂiée‘nﬂy stlirgedafimimnbddgon hwirax:stl i @rlCqiakyh &2 1Co ﬁﬁ’ﬁfd’l AR

Cznqﬁtaﬁ(t&léyé gﬂg% aiRf oo 0H] a Il with a suitable

n nl:rt’ eophil'é usi ng net hods well known to Y
[00228)se s lickdrdid itm Clnheen‘éhﬂﬂﬂner ttleo gRIRAYARC FCAHIOR I gReriormed by

re.eu:Hngt £ Q)Eﬂ%ﬂltnﬁ L PAHRRSESwA] 2 {uftitie 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) reagent's' that contain or generate ammonia
(including, but not limited to, NH; and NI-I401—I), (ii) primary and secondary amines having
the formula I—H\TRZ"R2° wherein R* and R""a are as defined herein; (ifi) metal azides including,
but not limited to, (NaN3), potassium azide (KNj) and lithium azide (LiNs) 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) nitfogf:n nucleophiles having the Formula MNRZR*
wherein M is a metal such as Na, K, Li, Cs, Mg or Al; and metal silylamides such as lithium
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invention include, but are not Iimted to, (i) reagent
that contain or generate ammonia (i ncluding, but not
limted to, NH3 and NHAOH); (ii) primary and secondary
am nes having the formula HNRZbR2o, wherein R2 and
k2e are as defined herein; (iii) netal azides
including, but not limted to, (NaN3), potassium
azide (KN3) and lithium azide (LiN3) and (iv) reagents
(bis(himtetigbsilyBesridea grodipmt hat(bis)irimsiipisibereide | y e potassium
(bisgo Ve%{yisﬁﬁ%a‘m@c%o'ﬂ?er}ea%ml{ﬁn W%r%gﬁed iRy ARl Odanic bl Mblc&fe
, protected ammonia or am de equi val ents Such as,
solviguitat fempertiugd tapging fom -28y 6 to30P “Gmlrienlls i revpiénndyperiagned at
elevhid) tddlpelaQPR T A eang@@ﬂubba%o Rl i fed, R REERbIR alMRIRB RS
wherein Mis a netal such as Na, K Li, Cs, My or Al;
betvgesa SHhanddP °Si | yl ami des such as lithium 42

(00220 s) (tror Bﬁﬂi}léll B o:né/ f&lﬂiﬂlngeﬁt a Stk of Formula Vb-11 wherein A =
LS ri t SI m de or ass . .
B =Bt bt pgeey Eroet et B R BRI 1 it gy ammonie

in apedrgmicn®tivehinsualn s, Sk hatblieitedr @A rirehydrofirang digeaiecor N-methyl
spl.vent  at - eratures rangj -
Pk o B T ERRE LA Bkt spf Pafg, B s
exatigepewedniseXd *Cruntidre slign geswfe dlhpiong (foaerdmpREe@eenbfoes
bar)preferably at tenperatures between 50 and 95 C
[ 002291 For exanple, in one enbodi nent a conpound of
{06238F nu| ahebitbEramnef e gonapound of Eormyplp VeA ob ¥bdBdsfherogdused
to ploREL b@Hpopha Frepmomasliof Fornula 111 with aqueous
anmonia in an organi c solvent such as, but not
di oxane or N- nethyl

limted to, tetrahydrofuran,
8RPBTat ure, for exanpl e,

pyrrolidi none, at el evat&d
bet ween 30 and 130 C, f as a further exanple
bet ween 55-90 C under A& ght pressure of ammoni a
(for exanpl e betweM1 t9 5 Xbar). [00230] The nitro
group of the conpound ofnfgtnul a Vb-11 or Vb-12 is
then reduced to provi dq,Iﬁ\_/fonpound of Formula VIIb-1
z NR26Rzc H2N XS NR2R2a Ib-1 1002311 wherein Z,
[002RD], R2ayhefRRGZ, RRARY, RAURXIndXE smsis definid bt enedurpodimgnts of

T

_ -NHRHR ', "then NRZR?a and/ or
NR’FED piRee: of ths pompdung (76 Feortyo V-bfs Monlieareductipn step gan be

perforhlER uilthSs (ROIAT doRRiSH: SRd GadkeRS In®W § HHERA sitifidd] InZdh Gurt.
reaction conditions and reagents known to, t ﬂ&f%
Examplpy plogitalilp, methadsyfor reduging 4y epenagy ning; grom Belide Ryl mgh

limite@ B 8is 81 i @41 QR bt oBis, RhialyBc B¥dRdbendiiBgs, bidiCenzynbtic ddabidn®bs
lim ged to, dissolving netal reductions, catalytic

des"ﬂJth?r"‘ J&nati ons, and enzymatic reactions as

[00232] This invention further provides compounds of Formula VXIb-1 and salts and

solvates thereof. .
[00233] When R* is hydrogen, compounds of Formula Vilb-1 can be cyclized to

provide the benzimidazole derivative represented by Formula VIIIb-1
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descri bed above. [002321 This invention further
provi des conpounds of Fornula V1lb-1 and salts and
sol vates thereof. [002331 Wien Rea is hydrogen,
conmpounds of Fornula VIIb-1 can be cyclized to
provi de the benzi m dazol e derivative represented by
Formula VI11b-1 43 Z NRRbR2c "o R _N X6 N VIIIb-1
[00234] wherein Z, RzZb, R2,- R1I0 and X5 are as defined
herein. The cyclization stzep to provide the
benzi m dazol e core struct Re perforned in
several ways, such as any oﬁ cycli zation Methods
A-E as described herein. 0235] Thi s invention
further provides calipgunug”oiFornula VII11b-1 and
salts and solvates thereaf. [00236) Wen R2ois
hydrogen, the b'enzim azgle represented by Fornmul a
VIIlb-1is optionally iwaibat ed or directly converted
conpound of L fo 16, |
[00594&0 t] n\éw e%Co np%% H'Fg%ore%ltd&%%fpp %’8 ‘rﬁlé w%hﬂ){on step fo
promdmm lbmuimdmmgmteheuq‘hm panl by pgformpd inxverdl @B Fch as any one
B0 Yo W DR aeldibedHercl Eval ed Lenperature and

ptionally In ‘presence of a base, Yé@%; in the
Iﬂﬂéﬁésenc’éfué)fnvalﬁﬁétﬁmhﬂBE@é@S ernerydstof Bprnulg angsakiseAng
Sd%Mmﬂé%a@nd X6 are as defined herein, to provide said
mpound of Formula | b-1. The coupli t|o
(RS or miRCBRaY Bicropen dhdeutrial TFRPeRe RofPie JODg
optﬁyﬁéﬁyﬁbﬂldt@ltﬂrﬁluﬂaty&lon@ﬂﬁﬂd c6Bpdhy 8f FormMdiTha bh&mﬁt&ibcﬂdtbbﬁ bg

st Paponres oSl ST R e poont PEPRE B2ETEN o o

sui tabl e organopal | adi ym catal ysts include, but are
not limted to, Pd( Xant phos, Pd(OAc)2 and
DPE- phos, Pd2(dba)3 and ant, hos, Pd2(dba)3 and

DPE- phos, palladiumtetr (trlphehylphosphlne) and
pal | adi um di chl ori de

[0oR3 S( di phemyly RRRS Flmt @QM@&&@,]%%%& andPJpg&ﬁny BAnCHbRhADE $

I ncl ude “or ganopa adi um cat sts. such

basp@p (i Bethappssncesih sat-bassd cmabfﬁt ach Pﬁﬁﬁo@e@}n BPE. igS are as
defRRIRRIL, @GIotide Rail @BBpJAAd bOFormula Ib-1. The coupling reaction can be

petformed 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.
Hlustrative examples of suitable organopalladium catalysts inciude, but are not limited to,
Pd(OAc); and Xantphos, Pd(OAc); and DPE-phos, Pd;(dba); and Xaniphos, Pdy(dba); and
DPE-phos, palladium  tetrakis(iriphenylphosphine), and  palladium  dichloride
[bis(dipheny]phosphino)fermcene] Preferred catalysts include organopalladium catalysts
such as Pdz(dba); in combination with Xantphos or DPE-phos, and Pd(OAc); in combination
with Xantphos or DPE-phos.

[00238] Method 4: In yet anofher embochment the present invention provides a

method, referred to herein as Method 4, for preparing compounds of Formula Ib-2 and their

synthetic intermediates



wi t h Xant phos or DPE-phos. [00238] Method 4: In yet
anot her enbodi nent, the present invention provides a
net hod, referred to herein as Method 4, for preparing
conpounds of Fornmula Ib-2 and their synthetic
intermediates 44 CO2R R2b X1 RION 1 Xs Q XZ N 1b-2
[ 00239] and salts and sol vates thereof, wherein RI,
R2b, K, X, X2 and X5 are as defined herein. Mthod
4, whi chis il lustrateddow'Elkgure 4, follows the
stepvvlse am nation . routle OE ¥d 3, with the
exception that the Z g y erted to a COORI
group at some point d }nt hesi s. For
exanmpl e, as showR'-wFiy rexﬂr  Z group of a
conmpound of Formul a I\l:t:Nll or |||-12 (prepared as
described in Method 3) z %1% 02N X. A 1ll1-11: A=
NRZR2a 111-12: A=N3 [005 ] can be convertezd to the
{ggg\g?' I es pad dilR e Shiestesdbekafatvhargn rPé,pRé,s&HI Bl ByengGF s a5

21 or
defipgg_ 1’?531 AMR%OCF % d%% 5 11?%’[:&&3?1@' F?gar M(\:% %%eoﬁeﬁmﬂg%%non
routE@f Msthad B) Wit the exeeptidn: tm the Z lsroap efofr?ptﬁyﬁ@ to ﬁ&@ﬂ'%g EfofR at

sonfg(é{o%%g ldflﬁir I@’sym\%}g[sei’d} ejgamﬁ@ é%hé’ﬁf i Bulees, &hd1Z group of a

conphat! oSty a TS LONEIL2 Grop! Sl SERTGN i  hsai ¢
compound of formula z
XS
O,N X3,
A
I-11: A =NR’R®
IN-12: A=Ns
[00240] can be converted to the corresponding ester derivative represented by Formula
IV-21 or IV-22
CO4R"
Xa
02N x5
A
IV-21: A =NR?R*
IV-22: A=N;
[00241] by reacting said compound of Formula IIX-11 or 111-12 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 conditiohs well known 1o those skilled in the art. Examples of
activating agents suitable for purposes of this invention include, but are not Iimited to, (a)
mineral and organic acids; (b) reagents. capable of convesting 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 trimethylacety! chloride); ()
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R OH, under reaction conditions well known to those
skilled in the art. Exanples of activating agents
suitabl e for purposes of this invention include, but
are not limted to, (a) mneral and organic acids;
(b) reagents capable of converting a carboxylic acid
into an acid chloride including, but not limted to,
hal ogenati ng agents such as SOC 2 or (COCl) 2, alkyl
canbbdiintide dncheing Syt mat frhitalhd, dicpélorerptagsdimide 20C); Glhirehiyidisd
hal d%%* CQ dlﬁinné F LAY b gn@.& yi!o, Q&&IQS(? chﬁo‘n)de {L;e;SlCI), and (o)

des inclu ut not
dlad;hy@y@ﬁmﬂ:emt@ambmsq mtd@t(lmﬁ to( éyeﬂwmcz@icksbpmlﬁtﬁ/ (DEAD),

tygk@ﬁ.i@ %e uﬁ&ioﬂ %mga) p}gggma%agkﬂtwheg @ mol Fdafidt tB,Vi’}ﬁP' Yh a

or| di al k Iazodlcarbox ate%
[+]
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A igeNRTRY esNam!n;md aompgorhd O%FCpmuW;ZImr IVs?éclb m@p@/wam(wba
me{éi e, SBMIG A éE@i@HE&n?peﬁ?ﬂré&eto%ovﬁde d Qom%min@%@ € Bimul0h-22
el 1vers ﬁigroup that can subsequently be converted
wherpip & igfNBa} ™o provi de a conpound of Fornula Vb- 21
wherein A is -NR 2bR2C orcdy@, or said compound of
Fornula I'V-21 or 1V-22 is feacted with (iv) a neta
azide, optionally at el eyat®g tenperatures, to provide
a compound of Forrmula Vb wherein Ais -NR2 R2c or
N3, COZRL 02N X5 Adiv-2 B> NR2bR2 Vb-22: B = N3
[00243] wherein R, R2b, !40 R10, X', X2 and X5 are
as defined herein. The r c# g .be perforned in
any suitable organic of i % | vent at
tenperatures rangi ng fromﬂ»xﬁﬂ=@@to 200 C. Typically
react,ion Jdi P!} vate t L i.n
[00%42 r ange il Ii el{‘ %ﬂgﬂfn 1a§§ “er?%?%é“g?g eu?a q I%%CP on
can be pyrfrmatdin ey d@étwmeanwramga@@ s@renFMerepmmbserangmgfrme
20 %199&1 @%ﬁaﬁﬂﬁm@é&ﬁ& QE: xg&&ga%téleyﬁ d2tc1,m psein%trgﬂfg g

react conpoun -21 or
abow%) land 0 Gu BrommrRiRTRY Rirfcrapprasererdistvecs éq) %‘é‘rﬂs 6 dier gpample,
in J%Utenfbgglmlaﬁtrﬁ t;@ﬂibohﬁn of @bially $00f UbANbe SHuBXRANEY Rhaction of a
ﬁ rrolidingne at elevated, tenperature and
compppg o Forghit ag W21 5F E-2 PR SHoCaRHTBIMOAIA(IR 8F OtgsAH Nt such as,
but QR WBERd | tol QetBhj¥ddfhran, dioxane or Ne-methyl pyrrolidinone at elevated
temperature and under a slight pressure of amnonia (for éxample between 1 to 5 bar).

[00244] This invention also includes compound of Formula Vb-21 and Vb-22, In one
particular embodiment, RlisC ~Cyo alkyl. In another embodiment, R'is methyl. According
to one embodiment,‘ the compound of Formula Vb2l is a 2,4-diamino-3-fluoro-5-
nitrobenzoic acid ester. In a pa.rticulér embodiment, the compound of Formula Vb-21 is

methyl 2,4-diamino-3-ﬂﬁoro—S-nitrobenzoate.
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[ 002441 This invention al so includes conpound of
Formula Vb-21 and Vb-22. In one particular
enbodi ment, Rr is Cr-d alkyl. In another enbodi nent,
R is methyl. According to one enbodi nent, the
conmpound of Formula Vb-21 is a 2, 4-diam no- 3-fl uoro-5-
ni trobenzoic acid ester. In a particular enbodi ment;
t he conpound of Fornula Vb-21 is nethy
[0024%}- di amiithavoBtidubdi efeenbe i Figwb dncatiweelic aﬂs’l fSEO2empseRipd RY
co for izl : AL 162 by the
Fm@??eyggﬁ PEE%% g% e &?%&?géﬁg %%BgﬁM%%ﬁg2 can be
methibd bnzpeising:0 pr epar e conpounds of Forrmula Ib-2 by the
lonqg] hod 3? m\/%lﬁ%ﬂg @%&é@f Folnuld Sl &gvm laza uﬁmommon

For mu 22 ut|I|z

e hieod Rk d

cordiiors ko dn ivominsuh ax tese gexcrived of s areide & SPRRY"

rq&?&ﬂ g@ggméivﬁgaprOV|de a conmpound represented by
or mul -2 C2R NR2bR20Q H2N / X5 NR2R2a VI b-2
[00247] wherein when A a dfor B of Fornula Vb-21 or
Vb-22 is -NHbenzyl, N NEREEINHR , or N3, then RZ
and Rea and/or R2b and respectively, of Fornula
VIIb-2 are hydrogen*{J' A8y {i11) when Rea is
hydrogen, cyclizing §ai d coppound of Formula VIIb-2
using nethods such as, Bt not Irimited to, any one of
Met hods A- E descri bed heyghnz, to provide a conpound

of Formula VIl b-
R R i “%0“2‘6%(5 ¥ o, -
NHdﬁi | nehrre’r e N, thdmdRy HATEOhad(dri? anshH m@uvgiy, of Formula

ro coupllng said compound of Forrmula VIIIb-2
‘HUW%ﬁEg%P%% %gent having the Fornula X1 x6 x2
[00248] (ii) when R® is hydrogen, cyclizing said compound of Formula VIIb-2 using

methods such as, but not limited to, any one of Methods A-E described herein, to provide a

compound of Formula VIIIb-2

CO,R?
NRZbRZC
. R¥~p X8
I EN
V-2
[00249) wherein R!, R?, R%, R, R'® and X are as defined herein; and
[00250}] (iii) when R™ is hydrogen, coupling said corhpound of Formula VIIIb-2 with

a reagent having the Formula

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

satd compound of Formula Ib-2.
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[00251] optionally either (i) at elevated tenperature
and optionally in the presence of a base, or (ii) in
the presence of a netal -based catal yst and a base,
wherein X1, XZ and X6 are as defined herein, using
reaction conditions such as those described for Method
1, to provide said conpound of Formula |b-2. 47
[00252] According to one enbodi ment of the present

[0026246 nt i &BcorcﬁngD [06RSantodiinehihef the revent Sivenionf a arccasfauthel
of For la VII ound of .k

COI&VS%P é)mgounél 8?E?TPH£ t\&lelgbztu%gﬁ compound of of P% n‘zg B f c%ménsgs a

condling-caacrioh detitebrt kai®@ cammabuahowqrmulha’ﬂﬂbe’& ami rhayl Mléﬁs antbe

I

préaéncé msgls%@g SudiBRea RABGH APL BhASh aﬁag%@plgﬁe;&yfg A8 one

emhahmqaﬂnagdﬁﬁ@emmﬂnﬁqmm@. X6 XZ [00253] wherein X1
X2 and X6 are as defined hergin. The coupling reaction
can be perforned genekal |ys~As described for Method 1.
The preparation of conpo of Formula VIHb-2 from
conpounds of Fornul a Vb- described in Method 4 can
be prepared in one pot or 2 a step-w se nanner

254] Wi l 1 hod 4 as | trate I n Fl
ERve 1 HESEB ok s P o Y %Sfreaebnp e yPdafch cop b
pexﬁdmem@néahl@ frepaibed foo Metibd 4. Tenmpgairtonodt démpmmﬂsaoﬂ Pgrdla

vifip-2! ¥l Buh O 8 pERIR WD Al Efgughgmb%&é%g Lr(l;clnxél e

TEE hder’s
po@ewswp—mmmnmnts of l\/bt hod 4 for ease of

maﬁ%%ogn alypfMethBaY ad Iﬁamfa!a&u& OUBoGEHe 'B&wm%Ni‘EBH ¥t zgmhp

an pol nt urin € process of
10 { PO ]glovh ﬁtgmg ieemewion o ﬁPﬁéPOﬂpﬁ‘ ehHogaa E\%ﬁbeﬂﬁ’d@ %’F“ a

o | SeH tha SPbWSS 1 of
cox{fﬁ%gﬁﬁu&)f? M%%%g%;él]aagtgd 2ajrt1 %ttg g?r lﬁ{ea(r‘;rk‘(s)‘todl me P?@gef t E@F cﬁﬁ%g

several, @pRoEvnis oS Wi 4 fpgsets i sxplenalion. o hat iy thee P a‘r‘%“
corVaitel @S CBHOR af anp beipeduiin@hdbrbedsedtaldttioddz ol e conpounds

represent.ed by Farnula .lLc-1 and.their Q&_&ei
(00250 6 e i i Bt oS PPy b KV b vimn-2
and salts and solvates théreof,
[00256] Yet another embodiment of the present invention provides a method, referred

to herein as Method 5, for preparing N-1 benzimidazole compounds represented by Formula

Ye-1 and their synthetic intermediates

. Z Ezb "
1§
N x5 I /\/Xz
‘R2
.Ic—l
[00257] and salts and solvates thercof, 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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lc-1 [00257] and salts and sol vates thereof, wherein
Z, RDb, X, XZ and X5 are as defined herein and R2

i s.not hydrogen, said nethod conprising: [00258]
cyclizing a conpound of Fornula VIIb,1 48 z NR2bR2c
H2N X5 NR2R~ VIIb-i [00259] prepared as described in
Met hod 3, wherein Rea is hydrogen and Z, R2b, R2 and
X5 are as defined herein, to provide a conpound of
Formula Xl b-i Z NR2bR2c \' X5°'N R2 Xib-1 [00260]
wherein Z, R2, R2b, R2c, aRIRXS are as defi ned
herein; and [00261] whe i s hydrogen, coupling
sai d conmpound of For with a reagent having
the formula X' XS\ 50 [100262] optionally either (i)
at el evated tenperatures %a optionally in the
presence of a base, or (MIih-1in the presence of a

| - based | yst se.  Whet
W@?%F as 8%?5 aﬁéﬁg ﬂ%@mP?d®F e gaﬁ%gdx#%oundﬁqg L
anfF & melaaddfmecnhereﬁ:oaﬁﬁ@a:demmp@imd vf Forfila KBke 1 pr esent
i nvention provide a nunber of distinct advantages
over conventional procesges foF preparing conpounds of
the general Fornulas |a Rand le-1. For
exanpl e, the processes he present invention
provi de conmpounds of fregenggal Fornmulas la-1, |1b-1
and lc-i in higher ylgld conpared to conventiona
processes. Further, }ﬁeNapventlon provi des net hods
for the regioselectlve and chenosel ective cyclization
of conpounds of Formul asgiwid a-1 and VIIb-1 to provide

[O(B%B]]ZI m d ZGI%{H , Rﬁ),fszﬁEcﬁyﬂo g‘r%d}égag aas‘ dlﬁned herein; and
[00261] when R is hydrogen, coupling said compound of Formula Xib-1 with a

reagent having the formula

{00262} optionally either (i) at elevated temperatures and optionally in the presence of
a base, or (ii) in the presence of a metal-based czitalys‘r and a base, wherein X', X? and X¢ are
as defined herein, to provide said compound of F ormula Ic-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
I¢-1. For example, the processes of the present invention provide compounds of the general
Formulas Ia-1, Tb-1 and Te-1 in higher yields compare.d to conventional processes. Further,
the invention provides methods for the regioselective and chemoselective cyclization of
compounds of Formulas VHa-1 and VIIb-1 to provide benzimidazoles of Formulas VIIIa-1
and VIITb-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 VHa-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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and VIM1, respectively. In addition, the process of
the present invention is nore reliable and suitable
for the | arge-scal e synthesis of benzim dazol es than
conventional processes. For exanple; the conversion

of a compound of Fornmula Vlila-1 or VIIb-1to a
conpound of Fornula Vida-i or VIIIb-i, respectively,
according to the nmethods of the present invention 49
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to cyclization
compound of Fornula VII 1, where R2 and Rea are

hydr ogen, can be cyclized t ong#re= correspondi ng
benzi m dazol e taut omer esented by Fornula VIIIb-1
Z NR2bR2c N #X5 N Q- 1 [0026ﬂ (i.e., wher ei n
R10 is hydrogen) acégrdijhg {¥ a "one-pot" process
which conprises reagtisig a conpound of Fornula V1lb-1
with (i) formic acidioptionally in the

VHIb-1
[00267] (i.e., wherein R is hydrogen) according’ to a “one-pot" process which
comprises reacting a compound of Formula- VITb-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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presence of an additional acid, or (ii) a formc acid
derivative in the presence of an acid under
appropriate conditions known to those skilled in the
art. As used herein, the term"formc acid
derivative" includes, but is not limted to, esters of
formc acid such as, but not limted to,
trimethylorthofornate, triethylorthofornmate, and
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R~a are hydrogen, to an N3 benzi m dazol e derivative
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NRZbR26
o :
Rwa’mﬁ _ X5
NR2ZRZ
IXb

[00274] wherein Z, RZ, R* and X’ are as defined herein and R'® is H, C)-Cyp alkyl,
C3-Cyo cycloatkylalkyl, arylalkyl, heteroarylalkyl or Heterécyclylalkyl, wherein said alkyl,
cycloalkylalkyl, arylatlkyl, heteroaryialkyl, and heterocyclylalkyl portions are optionally
substituted with one or more groups independently selected from halogen, hydroxyl, cyano,
pitro, azido, C;-Cs alkyl, Co-C4 alkenyl, Ci»-Cs alkynyl, Ci-Cg cycloalkyl, C;3-Cs
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Rta . X6 K H NR2R2a | Xb [002741 wherein Z, R2, Rze

and X5 are as defined herein and Rl10a is H, Cl1-C10

al kyl, C3-C 0 cycl oal kyl al kyl, aryl al kyl,

het eroaryl al kyl or heterocyclyl al kyl, wherein said

al kyl, cycl oal kyl al kyl, aryl al kyl, heteroaryl al kyl,

and heterocycl yl al kyl portions are optionally

substituted with one or nore groups independently
hetsi@ly@i6iled, -NrErhailo®ien, hydroxyl, cyano, nitro, azido,

1-C4 kyl . C2-C4 [ kenyl e@% rovide
m“@ﬂl oal Iafm%ﬁ(@@ Of%(_}%m 01enr1 %%%ﬁg\g?@?n{eﬁﬁ% Ran%l
an infeffiediafe@0RFEhd Fpesati teFgmula®hof t he conpound of
Formula 1 Xb is then reduced to provide an
i nt er medi ate conpound represeq&gquy Formula Xb Z
NR2nR2c Riaa- N X5 H NR2RRsg 00276] Suitable
reduci ng agents incl ude, are not limted to,
bor ane-type reduckmeg~,age . 9., BH3-THF) in an
appropriate solvent stdch ds_THE Al ternatively,
conpounds of Fornula Xb &ﬁﬁfﬁe formed directly froma
conpound of Formula VIIb-4,, by reaction with an
al kyl af g agent of fornula RLOt CH2X, wherein X is a.
[002%6RVi NgSable peducingegars Weludggbut ape nobjjgpited igyrorangyfpe Tediging
| 83, bk Sic Aciurd e ietnktileyh ednipdesis of
age%g{g’a%%e?ﬁﬁﬁ %%%?Jgg% %ﬂ/(%:ilﬁlt zation o \éltf ghn:pl) ungd. of
ForfapleiXh ean kb formed ey doom Heomnanns %%a%“?&' '?eb%f fees"g*ﬁ% ‘é"‘&f‘) By
alk;Fﬁfng%g&t %ﬂoﬁnﬂﬂallilz“cﬂgﬁ,be%&m R0 MavKly drouplsuch\ds IOLIBriL, OMs,
0Ty 3%‘5(75 g]et lEﬁgurlRel!ffgof %&Bﬁﬁ% gg%%tp f]]ﬁ/c(iiurdg %ﬁ(rj}f hallidesHutP gg)éfjlﬁ hfide.
Cyclization of the compound of Formula Xb to provide the benzimidazole represented by

Formuia VIIIb-1

NRZ°RZC

Ry X5
Ny
| VIIb-1

[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 (i) 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 VIXIb-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 Mothod 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 VIIEb-1, wheiein RY is not hydrogen, by a step-wise method

comprising:
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Formula Xo with (i) formc acid optionally in the
presence of an additional acid or (ii) a formc acid
derivative (for exanple, esters of form c acid such
as, but not limted to, trinmethylorthofornate,
triethylorthofonnate and formainidine acetate) in the
presence of an acid under appropriate conditions
known to those skilled in the art to provide a
[06ZrPOUNda)abactifig eouipauddiof Faymala Vel conpound of Fornul a
VI 11 b-1' can be reacted wgth an aryl halide as
described in Method | to provjg@e.an N-3 benzini dazol e
conmpound of Formula | b- Met hod E: In an
alternative multi-step { zation nethod, referred to
herein as Method E ag“sh ¥n Figure 10, a conpound
of Formula VIIb-1, whereifggRea is hydrogen and R2 is
not hydrogen, can be cycljized to the correspondi ng
benzi m dazol e conpound 8bﬁ¥ rmula VI11b-1, wherein
[0B¥s0] | S n@ih hyBMHRORatidpRedt BipepideiasenprtdoiFornula Xb
conprising: . 53 [00279] (Q) reacti ng a conpound of
Formula VIIb-1 Z NRZbRZc [H2N X5 NR2R2a VI b-1

[00280] with a suitable Fﬁangent to provide a
conmpound of Formula | ¥b bR O VAN X5 H NRZRZa
| Xb [00281] wherei g, ) xand X5 are as defined

herein and 1110 is H, .0 -@10.al kyl, C3-C10
cycl oal kyl al kyl, aryl al kyl heteroarylalkyl or
heterocycl yl al kyl, wherei #XBaid al kyl ,

[oﬁ%‘ii oal eﬁJukZ' R%, Rﬂ%lnéibd’(xﬂe os Refired @atylzad RY! isand,-Cyo alkyl,
er

eteroc Ialk ortlon are tion ubsti t
Cafbu indobloréstglotss h&h g‘?f??yy@ia&?@bc‘?% A,
cy@l%&l%ﬁl@yl E&ﬁﬂ@l()’]heter&y;@dlﬂ@i and i Hetefneydalkld poﬁion@éhralokt}dnally

suh%%%%%fﬂg 21 fgre S Oty W‘pﬁ 6&9%‘??%%!(‘% ?‘*““”‘gﬁc%

mﬁ@eaﬁﬁade,gxemgdothgmldmmﬂng&uhdaﬂ@ﬂﬂbﬁhﬁkacmmbﬁvb Cr
he?erocycloai(y? -NRR” and -OR%;

[00282] (b) reducmg the amide giroup of said compound of Formula IXb to provide a
compound of Formula Xb
z
NR2bRZ
R1a™y X5
) NRZRZa
Xb :
{00283] wherein Z, RZ, R, R® R%, R™™ and X° arc as defined herein;
- [60284] (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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conpound of Forrmula Xb z NRZbRZO R o0z~N (XI H NRZRZa
Xb [00283] wherein Z, R2, Rte, R2b R2 R30a and X5 are
as defined herein; [00284] (c) reacting said conpound
of Formula Xbo with (i) formc acid optionally in the
presence of an additional acid or, (ii) a formc acid
derivative (for exanple, esters of formc acid such
as, but not limted to, trinmethyl orthofornate,
triethylorthoformate and Zf ormam di ne acetate) in the
presence of an acid to prqvidggsgkd conpound of
Formula XIIb-1 54 zZ' c RO/ NX5 NRz

Xl b-1 (00285] mhergga Rzb, RZ', R10 and X5 are
as defined herein; xsrenmovi ng the R2 group
usi ng net hods such as Q@g_e described in Method B to
provi de the N-3 benzi m dazgte conpound of Fornula
VI11b-1. The conpound of Formula VIIIb-1 can be
reacted with an aryl hal *#&-hs described in Method 1

[omsjor Omvgﬁreﬁr% e, 2}2" e Q&c%@szaﬁ?é ? d@m?ﬁaﬂ @ff Fornul a

. ernativ y, accordaln Q ano
Iﬂ?ﬂﬂﬁkvet haemainggheR r@e}@ﬁamweﬁb&%ﬁa@a”%wﬁ °f§°"35'§ﬂ§§°ﬁe‘3d‘°
rwdertﬁaﬂty Azifidaddld Eomdpouddt & famumhrkmsm Thegroagent of Fortak
V{.}@J géjanalg reac ??%@nmm&-gahgb% Id«:?c’s !ieura é)&eg\%u;glr %h&bwéeua%hN 3

beﬂhmidezotbesmpmhe @f EyredulaAbdli dﬂtem\hb'd&c@rdﬁg dxi ariother qurtedigwnt

o MR, VLo o PSSl A B8RS 01 B0
aligbating agentvaddhe foimed R IGHRE ewlzerain Bri$ y leavihg wroup,tseehaas fleBr, I

(H?&%ﬁpl £ the conversion of a diamino aryl conpound

en2|n1dazole see, for exanmple, G P. Ellis,
f04287]. Jorfés abaye-d cgplization Nixghadp AT of the present fryentiop gffer

se‘M%ﬁ gefﬂ'aal{ita PAoler £ iSRP I metkbds GBE Mhe %%a:aﬂ-dnaﬂﬁ benzkiiddole

denvatzves First, there are only a few literature examples of the conversion of a diamino aryl

compound to a benzimidazole (see, for example, G. P. Ellis, R.T. Jones, J. Chem. Soc.,
Perkin 1, 1974, 903; G.T. Morgan, W.AP. Challenor, J. Chem. Soc. Trans., 1921, 1537; N.S.
Zefirov, G.A. Sereda, V.P. Volkov, 8.E. Tkachenko, N.V, Zyk, ECHET98: Electronic
Conference on Heterocyclic Chemistry, (1988) 406-408; V. Milata, D. Tlavsky, Organic
Proc. And Prep. Int., (1993), 25:703-704), however, none of the reporied 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.A.P. Challenor, J. Chem. Soc. Trans., 1921,1537), and none of the methods prior fo 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 HCYHCHO reagent mixture
used in conventional methods, and therefore do not generate toxic by-products such as
dichloromethyl ether.

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

or branched-chain monovalerit hydrocarbon radical having one to ten carbon atoms, wherein
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Zefirov, G A Sereda, V.P. Vol kov, S. E. Tkachenko,
N. V. Zyk, ECHET98:. Electronic Conference on

Het erocyclic Chem stry, (1988) 406-408; V. Mlata, D
Il avsky, Organic Proc. And Prep. Int., (1993),
25:703-704), however, none of the reported exanples

i nvol ved highly substituted substrates such as those
i nvolved in the process of the present invention. In
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tricyclic) cycloal kyl structures, wherein, the

pol ycyclic structures optionally include a saturated
or partially unsaturated cycloal kyl fused to a
saturated or partially unsaturated cycl oal kyl or

het erocycl oal kyl ring or an aryl or heteroaryl ring.
Exanpl es of cycloallcyl groups include, but are not
limted to, cyclopropyl, cyclobutyl, cyclopentyl,
onwmlmdnewkumemybtcuh@phevm "B dermH Beterionllsy]” erisempajich elhqnwllﬂd

N1\ oI %Bkmgnally substituted independently in one or
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1, 3-di oxol anyl, pyrazolinyl, dithianyl, dithiolanyl,

di hydropyranyl, dihydrothienyl, dihydrofuranyl,

pyrazolidinylimdazolinyl, imdazolidinyl,

3-azabi cyco[ 3. 1. 0] hexanyl, 3-
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i ncluded within the scope of this definition. The

whish e dleasty oge Gupomatis, (edior 1.%:8.4-t6trebyArenahtig, oﬂ%thb’lﬂsst"b‘ﬂh is

Ig&mg By, Be & akhiRghed WA, Matkaahedonbenrisues: oy,
ossI'b For 1 nstance, a group derived frompyrrole

ﬁlﬁﬂyfobleﬂlﬁywlohﬁqmawi obEkedched) or pyrrol - 3-yi

[dosospt t achigdlom %u{cﬁdagr[" rﬁ:@rgg{{s t@%n@l@[mw@&niﬂcemmnbfda,z@hﬁ 7-

attac

be_ i m dazol d
et RS R SRR SO (TRt B ETPE § PEpgae of 10
atvhe E(Elltaﬁhn% dt idAg on€ a{dl(pﬂo o Hﬁer&ft@nssebstd frouh exitrogér, hxygrg or

0) i et di oxo-th
Gt TBOPE B BERRE! Rers, e 2Nt pRARbh Ryt i, pyacoly
triagdylj pyredhyl, tstedastyl, tfuyk dhienyl, asmazmtyl nhbxa@olyls umoivlt isothiszeyl,

t t
Robl degapih oPotlelly sfbObE BrnckileBYE Bnfhtabifh ) gonotins
mvhmly m@dlzleﬁanhthdaznohepmdamwk etrigpinylpigoindedid,p ptedtin| gorinyl,
)%glaﬁ)%h Effazbf P%ﬁlazolg;p a1, farazbel, %Erl&@ﬁlyazalf}@lb%@ﬂﬂmphenyl

Jano am no, %EW | am no,
b@zqﬂ@amé@)bamowplahmwazo@gﬂwu%ww paphghori 1 g JgmyTidingL

sfirb- ket lu@alsk Yhctudbd widhin il Qe echXMs defitifloR O [{Heterda) glolipsl are
nmono( G - CB%alkglanlno(C C6

ORFPREY ROBY afileypF HfHbIIEETE alvé%ygen %ng’ﬁféycfi% nitppazifige Gy
Cq Y, Idz.lcr1 elicerys T, alksmmgmﬁ eyeloatyI0diie Ch-C's Eﬁdsrbc;}'clyﬂkyls _

ca avin . h e r in e. |
opBith° MG e Ry o o o iy (S MG o B iR
witly onatur mre&lryllnﬁmy (aiwoes defined doet)i @ oré pne@rr;d arylalkyl radicals are

h (?13%11(5131: EI{&%@! gﬂc&QQQMYAhEHR&% advhich is

sUthed\Mth %
[0m7bgen Tﬂeowem “abtklgwmylalkmwemeaaﬁ keox gyl moleh asr eafmechybove)

su) 1¥11ted W8t e%ayjh mo W(aﬂb’ o QXMed Jbg@?g%re-rﬂ?&bﬁﬁrﬂgﬂeroarylaﬂcyl

eteroaryl™ refers 10 a nonoval aronati ¢ radical
radjpalare 5608 ¥ Grmemberpd hsisroad ) 1R linh EgsmRieicinglades pegidgethyl,
pﬁluﬁ&hﬁxﬁﬁaﬁl{e( at | east one of which is ar ormtl c) of

atons contai nin | east on U
(OFE, o el ey F B R garlon iR GeOpRed above
subddbifiddr .wifsX &npieﬁﬁocﬁcﬁylh Qﬂ(ﬂ%}o afalsb géﬁﬂdﬁ)s almve) py rMcﬂe Nydeferred

g it ity PP By HEES g e

wﬁ&w@@QMmMnmmwazolyl |soth|azolyl pyrrolyl,

Lol I [ | I b
oL e SR oy PR o
subptiteiteal] wigh n;plvqloqﬂwd inekaety ifaio, dqfimdazbomy)l Mozoprafgutdy heterocyclyl
I
racﬁéafsr a& T 0{5 mleﬂ%rhcpéjalog]%c%@f &fl? EJ{amr?z/ers 'uﬁglgé y)}clopropylmeth I.

uraza nZof urazany
1083881z ot hitdp myMe“ migens 2estliyl, ARG Imerns il BXAmetny butyl and "Act
mg&hﬁggpllnyl qU|noxaI|nyI ~napht hyri di nyl and
furopyridiny o Spiro noieties are also |ncluded
[0630¢1hi n tTﬁ@te% Shstoge" remgsenteforiag. Lrogine. phierine e ind Bt oups
[0@'02} Opth Sdadal, MJE:WQH&IS mothlesa or @inclitriabtBdsiof hﬁ)ﬁﬂ th coRpounds
of the %resenpmlv‘% u?x? may ge Jp?lé]yai ly subgt?a.rl]tgd bynclmte rcn(-) mor% subsufuenci Examples
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A al kyl, C2-C4 al kenyl, C2-C4 al kynyl, C3-C6
cycl oal kyl and C3-C6 heterocycl oal kyl. [00296] The
term"arylal kyl" neans an al kyl npoiety (as defined
above) substituted wth one or nore aryl noiety (also
as defined above). More preferred arylal kyl radicals
are aryl-C _3-al kyls. Exanples include benzyl,
phenyl ethyl, and the |ike. [002971 The term

of ' fIBdiffeME E;Mtaalb ey purpmmf tisis ireebritigh imobidest it Eeesnot] Emiteretd, oxo

ltuted Wit rLoar
(Wd‘gg’? d)é?i”saﬁwi * PONBrE %tem‘gfﬁh}g’tﬂ’ ¥ °§£% %% mh&emaﬁyl

FEleed
dtﬂ@cdomahcmy,atrﬁluﬁromsﬂw:@s naetdbe reR, hélﬂﬁ(b&"" |- SQ;N]%‘*"aI RGDB, -

C@Qﬂpl ?SBWOWZO By log () N dsﬁ' e-tstmk""aryd)zyhe

e‘term” eterocyc yl al kyl
NRRKyINRHOMNE R a3 RIeMNCROR R0 o) bestnsei d1itled kth PrepAgaton,
he'Eb% ?El CaYlEf héé&oé}@l&ﬁh\)ﬁl (Als R definag rab o eddepdiiily lower alkyl,
hetefocyclyl al kyl radicals are 5- or
lowﬂﬁ@WﬁﬁﬁeawﬁeﬂﬁpﬁbyclyI Cl-3-al kyl s. Exanpl es i ncl ude

Obﬁﬁ{ ahycﬁ fé@d’ﬁeﬂﬂtﬁ&ﬂﬁéd’m&t in [n@tQtﬁ;QsQ\]vheT&]ﬁvotce trore radicals are used in

I | k | Kk t
sugqg&setgl)ato g g fl%fjftmeélaawa]{]a toaap %’@1 tf’%aﬁhg%s{s na}élcgl %%wgle% tl:orﬂ?lgered
to d‘@ftbtﬁﬁﬂl a:bDM&)ast Mufeé rpfiet Esrcroesidelr@it terhacaytccthydi to ﬂtadtrmms in

G T AR e T

thedmylgronet hyl , "Et" nmeans ethyl, "Bu" neans butyl and

[Oﬂﬁﬁ} nﬁ%ﬁﬁ?%gﬁééﬁlnds ﬁrg&?bqja]:co;r ’Eoea‘r ﬁbcegkaeﬂﬂ@ﬁesent invention
repr esen ['uori ne rom ne [ orl ne, I odi ne,

ca B8O 2] tMonorgmere riaytomaris el | Bdomes o Pliﬂ@sofot}le compounds may

indoriRSloh ORRlexantiOURS eRflizRM/d0EndliBRIoE CFROMA Uike. Bécofdifply, the
present I nvent i on may be optlonaIJy substituted E%xmmﬁ

present iertion isiudes thepreraration afAl) tagomasis Torms of ¢RUPRYRFA R

IaSiyid-abheaf1Gha vupaSes<RfR't Bihgdrdgavent i on i ncl ude, but
ar e not

0X0 wWith th t
(OF81 on RSP SERPBES P TSR By orf bl
v, Vil ) 9XIBAE VINyd-1, VIdibil, s emEXIhoxy, trifl uoronet hoxy,

azido, -OR, -NR SO2R'", -SO2NR R', -C(OR, -
OR, -C(OR, -NRCOXR", -NR(OR,
-C(O 'RW-SRi-SU)R -SO2K' ", r2 NR
-NR ol NR C(NCN)NR R roaryl
arylm té oarylalkyl he‘ cyd

Rm ﬁ% , Where Fﬁmﬁ ~_F 1 are
i ndepehdent |y Imver al kyl,  I'quer aIkenyI X%r | ower
al k . [00303] It is to be undéYstood that in

i nstances where two or nore radicals are used in
successi onlatb define a substituent allk-dched to a
structure, the first naned r§d|cal is con3|dereg to
ern#hal gnd the last nangd rgdical is con3|dered

a6 ed to the stru *n  question.
D t he radica
5e question Ry n-th

'kyI is attache
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. [00304] Certain conmpounds prepared according to a
process of the present invention can exist as two or
nore tautomeric forns. Tautoneric forns of the
conpounds may interchange, for exanple, via
enol i zation/de-enolization and the |ike. Accordingly,
the present invention includes the preparation of all
tautomeric forms of.conpounds of Formulas la-1, |b-1,
VI Il agclriand VI11b-1 whereinzR10 is hydrogen. J0805]
Thi s Ji nvgpid=0n al so enconpassesy@aapounds of Ea
| a-f p-1, lc-1, III, WV la-1, VIIb-1,

Xla and XIb Z - K X1 R7Q

S X x2 X2 ~ -NMLa-T 1651 Z RenRiy, 7

\' ~/ Nr2E' X5 2 02N X5 OZNMS’-RZ"~NXAA R2 ~1 11

VI 59 CO2R1 z CQO2R1 NRZRZa NR2bRx NRZRZa Hzh. %5 H2N

XFUNR NR R70, N ~ 2R2. 2RI I\Viia-i VIIb-1 Villa-1

z z z  NRRbR2c NRZRZa NR2b%20 R10- N X5 N~ / X5z N~#X5

] 22 : VINHRRzl XI a XI b : RzRga . : RZbRZC

VIiIOb-1 ‘ | Xla XIb
[00366] wherein Z, R!, R%, R%, R®™ R¥ R' X!, X2 X*, X°, A, and B are as defined
herein. In certain embodiments, Z is —C(=0)NR6R7. In certain embodiments, R® is Cy-Cyo
alkyl optionally substituted with OH, O-(C;-Cg-alkyl) or -O~(Ci-Cio-alkenyl). In certain
embodiments, R® is -(CHy);-OH. In particular embodiments, Z is -C(=0)NH(CH;),-OH. In
other embodiments, Z is -COOR' and R' is Ci-Cyo alkyl. In particular embodiments, R!is

methyl. i
[060307)] In certain embodiments, X° is halogen. In particular embodiments, X*isF. In

certain embodiments, X' is H or halogen and X? is alkyl or halogen. In certain embodiments,

X!is Brand X*is Cl.

[003838] In certain embodimeﬁts, RY is C;-Cyp alkyl. In particular embodiments, RYis
methyl. In certain embodiments, Rz, R%, R? and R* are hydrogen.
[60309] This invention further includes solvates of compound of Formula Ia-1, Ib-1,

Ie-1, NI, VI, VIIa-1, VIIb-1, VIIIa-l, VIHb-1, XIa and X¥b., 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, YII, VI, VIIa-1, VEb-1, VIIIa-1, VIIIb-1, X¥a and XXb. That is, 2 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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[ 003061 wherein Z, R, R2, RzZa, RZb, R2c, R10, X, X2,
X3, X5, A and B are as defined herein. In certain
enbodi ments, Z is -C(=0)NR6R7. In certain enbodi nments,
R8 is -Cl0 alkyl optionally substituted with CH,
O (Cl-C6-al kyl) or -O(Cl-Clo-alkenyl). In certain
enbodi nents, R8 is -(CH2)2-CH |In particular
enbodi ments, Zis -C(=O NH(CH2) Z-OH. I n _other

acMTRO giopientis, dabancates,(OPRatearapryiitesi §oneatess) ELBYIRIFH, Capiates,
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bodi hent S,

oagitip 0] RS (SRR SHFEE e PG Ve a, finele
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a2 ' 2 co I
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raemh@ RESik fa@@ﬂtxﬁﬁhylglﬁtﬁmﬂuﬂsc plhasatis forphEwith patsg:pqnumc@g such
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sui tabl e nmethod available in the art, for exanple,
treatnment of the free base with an acidic conpound,
particularly an inorganic acid, such as hydrochloric
acid, hydrobromc acid, sulfuric acid, nitric acid,
phosphoric acid and the like, or with an organic acid,
such as acetic acid, maleic acid, succinic acid,
mari delic acid, fumari c aci d, mal oni ¢ acid, pyruvic
illagdat, pmlemalembocﬁmemh Ofghg/mwntl@ll, aud de ngfantpndpd toclu@tjhﬁ SCoge of

ra s glucuronic acid or
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Example 1
4—br6mo~2-ch10ro henvlamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-
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i nhibitors of the invention, and alternative nethods
for preparing the conpounds of this invention are
deened to be within the scope of this invention: For
exanpl e, the synthesis of non-exenplified conmpounds
according to the invention may be successfully
perfornmed by nodifications apparent to those skilled
inthe art, e.g., by appropriately protecting
interfering groups, bsarbaixilidagidng ot her suitable
reagents known in fhe art other thap those described,
and/ or by making rbutlne nDd|f|-af|%ns of reaction
conditions. Altepmatively, othepg"TreaCtions disclosed
herei n or known he art mnll recogni zed as
havi ng appl i cabi af i’ it her conpounds of
the invention. [003161 In the exgnpl e descri bed bel ow,
unl ess otherwi se indicated all tenperatures are set
forth in degrees | sius. Reagents, were purchased from
commercial suppliers such as Al drich Chem ca

‘?‘Eany » SthRN CARA-Efifluctd-b-nifobdra bamddg&' Fariok BEOe%0¥s649.0 8,
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detected.

COZH - C02H

2 3
[00320] Step 2: 4-Amino-2.3-difluoro-5-nitrobenzoic acid (3): To a mixture of 2,3,4-

trifluoro-S-nitrobenzoic acid (2) (167.2 g, 0.756 mol, 1 equiv) in 400 mL of distilled water
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[00319) Step 1: 2 3 4-Trifluoro-5-nitrobenzoic acid
(2): Fum ng HNO3 90% (549.0 g, 7.84 nol corrected for
90% w, 1.26 equiv.) was added to 2.0 L (3.35 kg) of
concentrated H2SO4 over 18 mnutes with stirring. The
solution of HNC3 was then added to a m xture of
2,3,4-trifluorobenzoic acid (1094 g, 6.21 nol, 1
equiv.) in 3.3 L (5.85 kg) of concentrated H2S04 in a
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N#ﬁé&t&%i detected. COZIJ CO2H FF QZNF QZN\ F F
575" [00320] Step 2: 4- Anino-2
3-di fluoro-5-nitrobenzoic acid (3): To a m xture of
2,3,4- trifluoro-5ajiitrobenzoic aci %) (167.2 g,
0.756 nol, 1 equiv) irnr 400 nL of di | Ired water 63
was added concengf atgd ammoni um h gl de (28% NH3
sol ution; 340 g, ) 6._equi Vv.)
ensuring thaﬂhNnte'naf*tenperapdfe as Below 6.0 C
over 2-2.5 hours. Nfge m xture was SNerred for 50
m nutes and then mgrned to roomtenmerature for 3-4
hours. When the r&action was >90% conpl ete by HPLC,

[oﬁsﬁg r eagfigPR. MWietiyy ﬁ%mm,ﬁidlﬂhcﬁd-ﬁhﬂtrc&@ggﬂg BNERESCIHAThE,
i Qlomal((i:lj%‘%gqr%‘&a&!aes zadHC]'%‘geS% minites 16 3 sﬁurgpofag difho qr3°cﬁﬂ\llo§§5-
nitrobenzoic acid (3) (1323 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-diftuoro-5-nitrobenzoic acid
methyl ester (4). HPLC was 97.9 a% (220 nm) an'd 9922 % (254 nm). 'H NMR (400 MHz,
ds DMSO) §3.84 (3H, 5, OMe), 8.1.(2H, br s, NHy), 8.43 (1H, apparent dd, J 1.9, 7.2, Ar-H).
19 NMR (376 MHz, dg DMSO0) & -153.6, -129.2. "°C NMR (100 MHz, ds DMSO) & 52
(CH;0), 105 (C, d, J 10), 125 (CH, £, J 2.7,), 128 (CH, d, J 5), 140 (C-F, dd, J 244, 15,), 141
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slurry was stirred for 1 hour with ice bath cooling
and filtered. The cake was rinsed with 1 L of
distilled water and then with 350 nil, of MIBE.. The
cake was oven-dried at 48 C overnight to give 134.9 g
of a yellow solid. HPLC was 83.6 a% (220 rim and
96.96 a% (254 nn). The MIBE filtrate was concentrated
on a rotary evaporator and F ed overni ht to ive
i, RS i 153 al G Foki) el T om G, 1659
184, ﬂ54§%3£22¥£§4nm,@ﬂ§i g%yé@sﬁ%g(i&@&ed im). Conbined

yi el'd ‘of 4-am no-2, i fluoro-5-nitrobenzoic acid (3)
was 144 8 g (88%. 1H NVR (400 MHz, d6 DMSO 8 8.0
(2H, br s, NH2) 8.ctmd 1H, dd, J 1. 5;:0{Me6, Ar-H). 19F
NVR (376 MHz, d6 DMSO) S -153.9, -129.0,54313C NVR (100
MHz, d6 DVBO) S { C, d, J 10), (CfH), 128 (O,
140 (G F, dd, J 16) 7 1Z0.8 ( J 12, 4), 153
(CGF, dd, J O vitax/ cm 1 3494,
3383, 1697, 1641 N1,g80 M5 APCI ( YNz 217 (M 1)
detected. CO2ZH CO2Me F F F 02N/ F 02N 2 NH2 3 4
1003211 Step 4: Methyl 4-am no-2

[0%3#']“ uoﬁt@p %’ n'l\&&!ﬂeﬂ %%ﬁo-@@uom%eﬁﬂo% (@) 1T02l stlrred
qui v over m nut es

sqjftion namth:d 42&!1311@? 28 ifiypr-muitrherroaB dR @s 6 gaéi’f7d15( 135001) i 14-
dibeBé (%5 QL O1. @ﬁ%oﬁ@' in al290HL \blasd plesdg® véﬂsel O\fvasl\ﬁgd anﬂﬁ@eous

mxture was _heated at reflux for ]_ﬁ@ %ﬁg B
sohgige £f QRS e nfd dteelt?-Hpk-d 55t JESFLGs fek bepieg in on
mmﬁesmaﬁkhe@ al Hathf’:‘t&np@ﬂm’él&Emexb’EH dndfios °@5f0f‘rﬁm uﬁremas, ovBewhich
.1 rreacti on m xt ur. the ca
t%ﬁ’ﬁ élge tllpﬁ:s%g rﬁ{gegse%a_‘; y ?H:F 7. I&g%r gglﬁ Srese \ﬁars hen Nleased
slovle rad g mietre s Geaterhetizh whieg{33¥ ey LOVeld The ossblthet 428nBon

.929 - ami_nNe- ' - B- nj
o8 RGPy 2 001 B Y G ARSIV 04t
watero®3 2541 vpliy) The selifvRs (ukal dyithen diigd VBG)CLSH Bvegst PRBPE to
pév;deq}{gﬂl%l B4 &axQ%E:) L3 fﬁ(oro%—m%e@oate%&"\"ﬁ%@ & 92%?%@1@?5’4 a $eklow
8011‘215?I MQQ@MHZJ@}@W CER:T) (NHZS; ONs), @P?B@H sbrgin) 7.37 (2H,
br(%%%os)ﬂ (%195s) AJCH) chs xénvﬁg 18%99352 %%S(t)) 5 3;5 (%Hzi)iim 6(33?322 ©,
12ddCH)] 1’344(0)51)37 (@]5 241 ©F166dE0Y Zﬁ&/cnf[lli)‘@%lﬁés (léﬁéblﬁlﬁ 1528,

J Remax/ cm 3433, 3322, 1699, 1637, 1548, 1342,
1‘%:},37’@@ AP (-) miz 231 (M 1) detected. OCRMe CCRMe

COMe ' COMe CO,Me
NHy  HyPtorPd NH; | OO NH,
O,N F H.N F acid  — F
NH, NH, EN
S 6
[00323) Step 6: 6-Amino-7-fluoro-3-methyl-3H-benzoimidazole-5-carboxylic acid

methyl ester (6): A nifrogen 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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02N 1 / FO2N I / NH2 NH2 4 5 [00322] Step 5: Methyl

2, 4-di am no- 3-fl uoro-5-nitrobenzoate (5): To a stirred

sol ution of nethyl 4-am no-2;

3-di fluoro-5-nitrobenzoate (4) (33.0 g, 142.15 nmol)

in 1,4- dioxane (165 nL , 1.93 noles), in a 250 nL

gl ass pressure vessel, was added an aqueous solution

of ammonia (39 g, 711 mmol, 42.9 nL, 16.5 . The
5-n1RsHeRloatdas) (12@@ leatatol) ﬁlra adtcahydmfews (bh 1D a5 8a follwhh bl

t enper at yre_between 79 an QT
meir e e e e drdiBes R op R
Stnﬂﬂl@ vas thelpaused Tihie the e,s@mr\msmed WidrhydoBed4 &er). 289 iR was

6?ofmm?ﬁcgh %A8 & Waﬁ?ﬁeg k8at&ifls Wstrtuoal &bedn3Bhkdad cddded and

Feduly suspension was_ stirred for, 20 d
2911 Inwf &gdreged hed beenfialien ape th‘v Bgtem Wascihiepuragdo it BItOgm; 4

alic\{@esd tg\’gc?oli] fhowtt ﬁPL@%ﬁfmsG&ﬁc&fg&i tthal alV@drfing Jeh@mﬁlﬁﬂdlbden\hﬂﬁ:ted
then dried in a vacuym oven at . % %? The

ancp froy ﬂ»déolﬁmnrmld of e flegitrd fBains PGcH M AFYIREHY 63fe
&%A_Eeﬁ fﬁere@gs%gd %Qt}naas ;ﬁm}dﬁl& 58w to &m{dvd thetchlaly¢Rnd the

2 2
SysNIHR vas Wasqu wlp.[tetralmdroﬁgm 400 §L3La7 SE)]I?_Iilt V‘?g dﬁ)qlle(d C?Emlt{] ;)
tothMH( 140 MZad 640 VEDed S 2iné GHidjre v BlI6@d tol @1 (Cpmbient

126 (CH), 134 C 137 42, 166
tew;r% n{\fetogﬁrylgf %%}5 afé%to t%&n nglgwed 1%%—182)%& %f s?lvent
stm%wbﬂlmwadmmoo it/ aliRtotsonf adetimitletwercopdedy foNpyed

% 00323) Step 6:
ea%l%ﬁ%dﬁ%ﬁ'i%ﬁ“b”@%%@ﬁﬁw tglﬁ%%l m da)zol e- g car boxyl
[603g4iaCi d Folimtitpythe @diert s(v6) progedpieabaygdie stggp@@a{tme was cooled to
60 h‘y g ogenaﬁ%glq of %St%%%ne\é\Bﬁ)In;;)h%cg %n?ﬁiyﬁllatep@hhaé“ 4an ﬂiihoi) in

, mﬂtotNS\mF?(%q ib
soaotiuitd dﬁS iyt hydter X7 4- wila i hawmlX peiopdslegslowly, followed by

dte%oﬁrhitﬂag ﬁ?ﬁa% g?) %4 %J)Qrgcilg A48 ?}TTHé{lr} HPLC analysis indicated

d t
mopm@@terrse)chomwé i o (v 61 1 G Che 6%/?.1*5’8 VR, e
wlﬁuhtt[nﬁugtﬁév]\ﬁati@ieg E;vﬁseai@dz{et@ BB CanalySik.i ijrldirg (ﬁm gt mmnn(lol) was
use Ile e system

s et 4 B R B L U G
andhid1 @t 185 BRphaire SoraFSeira Therehdnicysn wapthekltoridangd @a §@ul

n a n m E:-lr LY <
wa\ﬁdgtstteﬁ gﬁ&iﬁu?t(a%tag V\(ng i %ﬁ g dag8! dd-feﬁ‘ lﬁ]e[ﬂs Py A RRuRY ShEaM

rbgen an to _cool to
pro’&z@ieﬁs 6I5II§Ld£6amatioybﬂ@r¢ -Brafieghat é@-bcfﬁalﬂuf&mleéicﬁb‘?’iyhg acid methyl

estpof oSSR (L8O D530, A8 al It T BENMR %P&r’m?%ﬂ’ﬁ
DI\TSI(G)8379(3H s, NMe), 3.87, BH, s, OMe) 6.04 (2H, br, NI,), 7.82 (IH, s, ArH), 823
(IH, s, Ar-H). "*C NMR (100 MHz, ds DMSO) & 33 (NCHy), 52 (OMe), 110 (CH, 4.7 5),
111 (C, d J4), 124 (C, d J5), 125 (C, d J 14), 136 (C, d J 11), 137 (CF, 4 J 242), 145 (CH),
167 (C=0). vamdom™ 3455, 3283, 3166, 3096, 2950, 2361, 2342, 1689, 1608, 1228. MS

APCI (+) m/z 224 (M+1) detected.
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m xture was then filtered using a Whatman | in-line

filter to renove the catalyst and the system was

washed with tetrahydrofuran (400 nlL). Solvent was then

distilled off until a total of 1400 nL had been

coll ected and the m xture was allowed to cool to

anbi ent tenperature. Acetonitrile (1.0 L) was added

to the mxture, followed by renoval of solvent (1 L)

by distillation, then ©©w additional 500 nL aliquots

of acetonitrile werige added, foll owed c?%fh tige by

renoval &Pol vent (2 00 nL) by di “Latipn.

[ 00324] FQl Lswd ng t he vent swap pr

the sti [ mi xture was“coeted to 6

of p t- opesul f onmrT—acid Tmonhohydr
Nin] ac&tonitrile (175 nL) a )

nnDI) added slowy, folloved by et hoxymet hane

(95.98 g, 921 59 mmol). After 3 hours, HPLC analysis

i ndi cated % inconpl ete reaction and the t efper at ure was

raised to 65 C for an_additional J ours, af b ek whi ch
TR A FRCE L D ML RE R E Rt 81
hel2¥inigizRe 5 oxlif),aci@ am‘ﬁﬂ: X7)wa:A ma:duiedf Kwph@ AlaP e t2ddS
d the reaction n1xt V. rmﬁgﬁ
mrlg{b Wi jedibenz ll"f'gnel’?%ﬁto&e g@n}per ature 808 fi bl
aniS§lel (75. mIThens rstxsad thden mmgm awsw\?&fot Heminfies toe%@ﬁem oFgRge-
]MT%IHQEMI m?égﬁd Wi th acetonitrile (2 x 200 nL), and

C in a vacuum oven ‘fFOVIde 73, 6?
[00326]f To a stired mixture of 6-amino-7-fluoro- é-methyl 'H-benzoimidazole-

carBo: BT Ecgd zletﬁnkl;{ag{elo(ti?’ ¥3fﬂ%té“ 31)4 1§ﬁfr&9%&bd§h§l&mbm5@z ag hoseyd1

I C - acl as a pale brown s % 4%955
mgs) 3ty anhydsig Apisdpofie 7mb) wndennEireeEp AR Bdded 6 ESW@%;Y
chlgro%dgl%mgeﬁﬂ 1. @J  NMB) equid., 8@8 nﬂrﬁé‘ﬂ) The @ﬁx)medﬁzaﬁl@st( SHprefored

) N
i b ol e Sk ckay Sk
hea'iéd, at 100k 3 CC, dhitd Airrid@ 4t 15C, rpoh. JBhe rek@fn (W@ meinidorddhy HPBE

N e T

acid Gxﬁsﬁxyl a6H86) ﬂ:ﬁﬂﬁﬁd NEBe 1éde@in fhisurenivas gopled (tmtiopt 8&E@ endEM

sul?.\%f; dB¢;9 3‘%%&14}) 999%1%126%!5 é'MEé% I Gés SotutiodVwhs obsbivéd EferNO

migugs4ndthe mate ofagfifior s wemllaqiﬁomdsmtefm%fea'e%e%t A fhe gt of
theba%@lﬁg}!l mego?z@aseoeévegﬁﬁ BRxy! 'Aﬁidﬁi‘éhéj sﬁlhﬁic 3@1[1 M 10)25 AL, 10.25

m xt ur e Xant 20 ¢

mipql) @{Sdh@eﬁ#é% tp @g{ﬁ a9kl %lﬁg') %ﬁt}bap]{é)g p[ﬁgf( %\)xtttrca_ w%dlblted with
anifol PO ahd CBBATYALOMSer st S8 Qiakd Gt W) hutefieatial stodk 30

°C ggrg%ean\!vat.terr?we? gad 0 tCe?atom F%P[tl gper agenlflt i thte er“(?a\sl:lugagheg Wit
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 washed with 10 % aqueous NaCl solution
(2 x 40 mL). This was added fo a sodium hydroxide (5.46 g, 68.3 mmol) in methanol (24
xﬁL) 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 °Cina vacuum oven to provide11.07 g of 6-(4-
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brown solution of the catalyst. [00326] To a stirred

m xt ure of

6- am no- 7-f | uor o- 3- net hyl - 3H benzoi m dazol e- 5-
carboxylic acid nethyl ester (6) (8.00 g, 34.16 mmuol)
and cesium carbonate (22.48 g, 68.31 mmol) in
anhydrous anisole (76 nL) under nitrogen was added

4- br ono- 2- chl or oi odobenzene (1.60 g, 1.10 equiv.
blém%—chhmlp)enyﬁimmop}ﬁﬂﬁm'b—B‘Eﬂhﬂi}f&ﬁﬁ-lby@bl,mlmmp-ﬁ@pbn}e'ﬂc acid (7) as

o BROUTe R DUFRA S Red, D HhS ) BB RR Rl K

NBM®R| (#00 M@z,aﬁk Dm)@ﬁrﬁﬁ (3Hh e, Ndaict. ﬁb(liHV\Ms J ﬁDh iAr-OD.gR7I61H, dd, J

2F}%P@n€g6y(ﬁubr oj%tA?re #gﬁ@ﬁé enz i?n20 zéfeAréi)éflilr%g

CO4). At WMReL MHesk @Msmﬁ 3t E€PRED, 1681 (CH e/ ) BOt(CHR 117 (c d

1B, eER RS S9N, R i Bt B Rl 4 g0
(QH4eCFed /2P t46OH),WHEH=€E3 and the rate of addition

was controlled to noderghg fhg ef fervescence. At the
end of th% addltl on the |E|V\7/a betvveenlj and 8.

was thenadded to glcmompwl@mlsg{ry W|tha pH of O

The m xture was (ﬂxl uted with anisol 8}{20 nmL.) and
Cel atom FW 14 f ' t was then
filtered at apot 8 erfwet pad of
Cel atoni FW | teragent and t ake was washed
wi th anisol e~ #0 nL + 3 Xo, %6
mL). The |ower hqueous |ayer was sparat ed and

di scarded and the orgam c layer was washed with 10 %
aqueous NaCl sdlution- (2 x 40 nL). Zhis was added to

[0(%2?00“ umegxd 10X 98rdory- flg%&)enﬁ% i '1)8 d ﬁnﬁ@ Sonabebr A4
e m Xture was eat e S|rr|n

Triflpgrefenzofe 5oid o(f0s KgpEes dyied) ywi %ﬂPhPIFleaelét ®8 witat 19é&) and

hemgmhﬁﬁdxanafs st}gge 4@%@ rat Mﬁc GRERARE & laﬁﬂmtnb@oisshl’ﬂﬁu% acid

was cool ed . filtered on a sinter.
(95381/1')&“9\/%“%\&%%&% Wi/t) r{f%ﬂ%} KeEh oyeny?d wy | frvn‘tBEpef&Me ﬁi)he
readtivel miRGR VAR kkintaliRd 6&wé@n25 a5 @il e ad¥itios d TR midPreCGras

s 5k ek HREIG PR BTGy A A homine e ER e pob bR s

midture Helzel0e’C5- Wateb (B)ﬁyﬂ) ivas agdddo (e tAS nitr@tidn laftdd dte tHarqenzh

T NIy T N
Thes pesilivbl) wetGedk8 Wk Hyasbial, willp cold, water- (BFQ L7, 2id thd Hpliddeas dhen
susgend%*) wﬂr (5%0 h}mﬁcﬁ stﬁArJreEI'_BrdZ il%zrg at @“CH) This/ ﬁgﬁxwivg%then
cenpqwge(l mhcmq}ge w%wmthgolg lwa(e@@gp L), 1@3 d(l@Hn acfacugmoven at
45908, £ @Ag% o éﬁb%d% 3(%13 ﬂ'(l;uﬂu]a@-S i‘a%% b&&)m a&afés 3 @}4 3%@1::@)2 Ty

Nélc ( 132"
&400 Ig/fSO)lﬁ% i anwaregtzt;zJ)Z 71&6Hl 1\41%1@76(1*@5@)65

ﬁpisﬁ 9' 63153!”1{6693“% (100 VIEZ, dg DMSO) 8 117,(C, mt),h124 CH b

br ono- 2-"chl or opheny am

s), Jé‘ﬁi%wﬁnldh%l’eﬁsf 256:d0h $38ACHT ddeli 265, 1%k 164(G-F, dd, J 265 10), 163
(COOH). IR vpglom™ 3108 (bo), 1712, 1555, 1345, 1082. MS APCI () m/z 220 (M-1)

detected.

C through a w
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CR2H C2HFI LF FO2NF FF 1 2 (00327) Step 1:
2,3,4-Trifluoro-5-nitrobenzoic acid (2): To a stirred
solution of 2,3,4- Trifluorobenzoic acid (70 Kg, 398
Mot) in sul phuric acid (96 % 194 L) and
hexamnet hyl di si | oxane (6,5 Kg, 40 Mol), at 23 C, was
added a 1:1 m xture of sul phuric acid (96 wt% and
nitric acid (98 wt% (t'otal 70.1 Kg), over 75 mn.
The Qﬁﬂpprature'of the reaGid on Jm xture was CO,Me

mai nt |ned betweegn. 15 and 25.C during the addi tionnm,
The fire was |[stirred a further 5 hours

keepijng the tenpersa
e eni cture |bel oM pter| (35 L) w&Nused t&

rinse,the nitratijon react@r into [fthe quench reattor

and the obtai ned '7i xture was stirred for 2 hours at O
C, theh isolated on a centri¥uge. The resultant et

'd Il
[oﬁi’i%‘f SStepsﬁhﬁﬂ g% % n%-é’lﬂﬁfé 5 (a?ﬁ%@eukaate @St | %’? gﬁ iB&rb- tg
mnmmcaamd@m g trms%Mgu spedisplypd iparethepd ﬁﬁo Bl £3- ?fbgcedf o the
re%?t?n slﬁlﬁ%cf: ?ﬁglg}é\ﬁ nlp’g?; ﬁgsa ‘tﬁdlde@ cﬁl@ﬂo&nﬁ@lyﬁﬂa;{azt@@'j la) 0. QIONRM 2
e, BespRi R o BB ReBE SorE 2000 savBeiey o T oo
thY blpaeh wtas Mate&\'ﬁﬁeﬁuﬂp@r MiBurs A6 P&t @%g(;:éé) dohtrdrsion to methyl
, 2hpar en
D S e o e, A s

o rodnd Yen(p@atuf@ it wh ditifte@HyitHoN- m)hylp&ﬁdlld()ﬁb (NY®, 38@ ;L) and
t 1 14 C )
égaﬁtlon dlaésel 758 é)lacidggn an_i 8ba€ll &Ebggmflé% , {tlfig'?aluuoilr %43 th [d

0.681r )64 71124 glzswollm@ddz@azﬂm VEgorPely sifrr mfxzuez.@@ppmg the

te@%epgg&ggkﬁdﬁx }@E \%ﬂgﬁ%&% fﬁ%&@mﬁf tEe é.ddﬁlo}l ”lpﬂ]%actor
witthqp cosedviat figdtedat 0 &F.anbras-tgompl e Brestit I?aésaeﬁfi%éthe“r the

rehcibn mBcude \Qas-EB&:lgci RO 2 (Y ﬂrésﬁ?@ﬂ%%l@as@p TEe terhPat@he was then

di ssol ved i n net hano
| meeasqrbto{fﬁé«) fqn@‘é’%ﬂ by alitien pf srupondtsy Exdf%w& ?g% W&) [daég Sgi&swgef
sadded chi popt Thd iy ﬁdﬁﬂ@eﬁeodl&ﬁo 30°@, ovér. 99]n1h/hiunng2w1thdt1me a
equi v.), t er at ure bet we an
yelio: Pffei)aﬂ%wm b Ader ¢ Rebg TR koos g R ) {ACades
oveeBhdelarditherrefultin sispénsion hesicopled At 2500 sl fioredt THORKc eakeaps
wgsge Voenges \Im nl tlmwa%r (540 mL), once with water (540 mL) and then dried in a

vacuum oven at 50°C for 24 hours, to provide methyl 2,4-diamino-3-fluoro-5-nitrobenzoate

4) (91 g, 88% yield).

COsMe COsMe COsMe
' NH
NHz  ppeorrd 2 ~ OO~ NH;
0N F HoN F —N F
NH, NH, \e==N
5 . 6
[00329] Step 3: 6-Amino-7-fluoro-3-methyl-3H-benzoimidazole-S-carboxylic acid

methyl ester (6): A nitrogen purged hydrogenation vessel was charged with palladium on
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2,3,4-trifluoro-5-nitrobenzoate (2) was indicated by
HPLC anal ysis. After cooling the mxture to room
tenperature it was diluted with N nethyl pyrrolidone
(NMP, 380 nL) and the reaction vessel was placed in
an i ce-bath. Ammoni um hydroxi de solution (33 wt%|[d
0.88], 164 nlL, 144 g, 2.7 Mdl) was added to the

V|gorously stirred m xture, keeping the tepperatuyr
casbdnd 5 6 180 TGPl FIC T i droluRhoT e S PG T
sfﬁfh%béﬂz@ame (51)' h@od %flatgo I.inlmdmaﬁl teheryasdniesed. any 1508t fatlowtd by
an interna ess re 0 o
e (L) e e e e SRt bR il lo 2 °c.
SHHIAS S/l @%nvpﬁﬁsedi @]éﬁﬁﬁﬁisteﬁf kes pmgqmbmﬂ:thydmm@d; bdrheml stirring was
i ncrease
) R SE b, Paet bl hgh ypREgh Hilleg apa

2WbIL) of H’}Iﬂﬁngm h&dubseen \Msn uhe’l’hecsr)’sﬂemdwats chepQrasd e?rlth%tf?ﬁeh aﬂd

s
al tecé Frqcél) ?ﬁli% rx.ﬁJs ﬁ{\?\.gziﬂe ?a&fﬁi%&nglqa%één reacted
argictigicthe mi@ron ]sﬂeﬂﬂ)qffthaldcﬁuth @mm@mrpqiquwgsu@p@ﬁ@}a&w Yxe The

m%&g% %«gs Fa ﬁﬁe(;eaalﬁ&ffa' Mlﬁ%pwa {zmﬁné bk &9 reﬁl@kcethmalyst and the

once wt , _once w th
syammewas(V4iedriith ey deplarandAGOerml). nS@Ivent/ H@%‘é}?ﬁ divdlisd off upglce

tosa? fo ﬁﬂOd'] Hllﬁrﬁazd ﬁe@n EBIQ&E&’ GndTRdeMblixture was allowed to cool to ambient

am no- | uor o-5-ni trobenzoat e %9 %
teppiperpatye: P@@zw@ @@@M@ ve@z% to\hp sty %1 4y RVl Qhsgivent

( IN,%Y af¥Mibn, FhehlEM ddhitibnal BOFmiNETqudlsaf ac&oﬁtnlt{ Va3 248kd, Shlpred

eaGh fime Boreroyyl giolyer (e WML EZB i dazol e- 5- car boxy!
[oog30q.ci d Fameiving khcaslkvait s»(;@)proc.édtm thoog & stadgeskure was cooled to

ogenat.i on S was. G har
oA BTS20, Yt R L2, ) 98059
acﬁmh.ltlﬁle c{iﬂSofnL]‘and] yate (A6 @nlarﬁlﬁom@ot) |wperadded slowly, followed by
e I CaLe:
SEUHREE 4 00e 50 TR e s s
m(:cmﬂetmycnofmed e semperatuygawastiset! ©1551°F der, a“rﬁ&?‘ﬂ% hibp, after
witich {xfﬂg ﬁ{é rea@m vth@ abeflett 8y PPLE. analFid. Mivkiide W8S & B¥mmol) was

(ﬁause whi | he system was purged Wltho‘? dr age

ok gver s f"rdu thejrerien muHwr e Cepliddn & fyer oyt %‘é’ﬁfm‘tes

mﬁfhtaﬁrat @s%@ﬂaﬁuﬁéfopbs BHwAbIe r&warnogm W itk ei¥ﬁamaxﬂe?sseﬂd
and o e _system

bR ] FFo e DER Ao P ¢l v

pré@ddCr3. 43P 6F Gtaihy 3 iflsorb 3eth el SA-tehatmiddzolest@rtokyilg acid methyl

esfit (612t & it B SeiTh (gs%s‘y%s%i@o%@[ & Ntle, 1788 Sﬁ'mg{b g}

m-ne Was ‘appr oxi nat
DVS©) & 017 (I, & NS, 1.870(BHL & |QM¢)€&O¢IGZIH[1@’ HHWGEE2@H, SlAgﬂ, 8.23

abhs Amnets W OB RRFRUR 3 BN B oMb RALEDS.
1tiend dins i34 (ced of 23401 &7 14), 136(CH Jat), 1WQCFd.J B2, 188 €0F),
1@%' §ﬁ: ed jand, [oe o XL e,088s,03h | Qe dalP 1680 60801228, MsS

APCI () m/z 224 (M+1) detected.
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tenperature. Acetonitrile (1.0 L) was added to the

m xture, followed by renoval of solvent (1 L) by
distillation, then two additional 500 nL aliquots of
acetonitrile were added, followed each tinme by
renoval of solvent (2 x 500 nlL) by distillation.

[ 003301 Foll owi ng the sol vent swap procedure above,
the stirred mxture was cooled ta 60 C and a sol ution
of p-toluenesul fonic adld nonohydrate (87.7 g, 461
nmol) in @@gtonitrile 175 m) and water (7.6 ni, 419
mol ) was ed sl ow ol | owed by $oiNe Imet hane

(95.98 @ N9 ol ter 3 hours

i ndi cat nconpl et e reacl on and
rai sed £ for an adartronal RO, alN et
eaction was conpl ete By\HPLC anal ysi s.
66.3 g, 838 mmpl') was a d over 10 m nutes

tinme t e
Pyri di ne

and the reaction m xture was cooled to 20,C over about
30 mnute§ and held at this tenperature for 2.5

mogg - She 4 eaubLan! ggioy AR MELSERE 8
ole-S@arhoxylib acid| E0undt owixhire pH Xapiphy (818> B3 386
BT p———— ‘°ﬁ‘3dlﬁa‘1ad‘§ﬁ L05) fi aBreD " Earbolr
mlj) ovag stiretd e de pitrogess plef0°¢ év)r 38@11@%&*9 Srids Anbra e ff’érme‘é%é‘?
cat%?st3/¢ yiel d at 1)00% 750/(2 H NVR (400 Mz, d6 DNMSO)
79 (3H, s, Nwe 3.87,(3H,_ s,
(0RER) | 7TBzA cihed Stte GBS TP > efhsﬂrfﬁ%e ol -
carbok@flc Miimetﬂﬁ @) (16. of%fﬂ@hﬁ)ﬂ) aﬁchélﬁNE)uboﬁhﬂquf{.?-g 1;34 ;|
mnr%)en ole 150w )mde IHORPR SHadp %w@%o-zfﬁéroﬁé’f:sﬂmniéz? e
1.10 D). 74\0[1’&9&1)1) Wh@ﬁ’éﬁnneﬂ?:&&yst%ﬁﬁepaﬁﬂ)ﬁﬁwe 2@i5 Ghen 28864 to the
2, .16 1608,
mI%‘é'{"e% % Oandmsoléééﬁrm 1?3 Na @JI%M%QQW@GH%?H,
whichwias hﬁ‘.\dteﬂ af9BE, with Firrifp00 3@ jprSt Bye reaction was monitored by HPLC
anefssd ﬁquﬂzgtiu‘fyl @B{}ﬁpy Fl@d% B ey fj’mgﬁzgmﬁaégﬁ)k @%Lﬂ.t‘bgi')hxc

enzolm oxy I C acCl
acidringthylr asten(6) KansinsthoBhe(1gacten gixtze yes dlwﬁél"ﬁlfhalﬁ’aoie (75 mL)
cooﬁefd' t§( a%b&iemzéd | fengrReat Mf@acd hd?éi |(1tﬁdﬂny Mo§ RmdlL wis adliﬂd gas

in ani sol e V\% stirred Hfﬂq 4
evomtw 6‘5’&’1 eﬂ%ﬂfhese@aﬁf ther':ﬁé aﬂ# %fﬂé%ofta IS et g ig g derate
the SEEVEstRBe 21 hdi@ain GRt@hpiShure $H308323C. Tat e aid dfiechddition the

pHL s R P s SOy ddede e eie pinge and the mitur
waﬁsﬁhb@fby b6 einaes.dt watiy ifiltasd ﬁrabtﬁlﬁ)mﬁﬁroﬁ@i apad 67H&Abateliljer
agent andctg Er:n w%sa(args nc? %vﬁh imt?’(SJ 9C)gam l?é (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 fo
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% wiw
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mrol ) in anisole (150 nL) under nitrogen was added
4- br ono- 2- chl or oi odobenzene (23.5 g, 1.10 equiv.,
74.0 nmmol ). The preformed catal yst, as prepared above,
was then added to the mxture, followed by an anisole
(15 nL) line wash, to provide a dark brown suspensi on,
whi ch was heated at 90C, with stirring at 400 rpm The
reaction was nonitored by HPLC analysis. After 14
24128z 29 eqlma) was added to the organic solution over a period of 1 hour, to provide a

bel? ﬁﬁlgg 6 Ellhﬁ‘F Q-IP%,C‘TEE ¥§ idaf %QW@%Wsﬁ -0? eAdsRO XML

ester r enal ned The reacti on
conprilote mdevatm@s mﬂ) e etided vﬁheawc%wéer@?sn?ﬁgf 2daprs Thsapsulipnt

sluﬁjow%tlﬁ’éﬂtﬁlt&gd fnd sol¥k %@z@h’eﬁ vt faket (30x £50h0) hdOBietrht 4508 in a
nmol ) was added, gas  evol ution and an en thern1m®§H_

vace%ercxy% dfd Rf‘l’i‘éder a b&*-BrmaddiiorReniaR oy T aaethy
- ntamﬁiaﬂetes ceﬁﬁlﬁ)él&f zflcﬁf7 lggsa ﬁt fmgemghmmlgrg, trideay 95.0% by 'H
. enpera ure apove (0]
NS PR L S Bl Do Fieh TR 46 butstS s 388 il Srhled)”
6.5% N, &d, phas e Hyipd7yl 8, RN, RISEARI) V.96 €11, \8As9, SirHD) reat (1Xis,

S bt Ut BT} LR, s ook 20 Ul

108vasingd i fob by, 1080, Q) 7 eni=Alcy 102 (& d7 3 Tyrl1R7 (hesol(Onesl

S DL BT LB AR e A

solution (2 x 75 nL) m&&aﬁap Silicycle Siliabond

sReiDL QS O8mRHC0RA. 0 L1 25 ALl BYAL 5! ©

After 2 hours t liciae 1 dfste ed through gl ass
fiber filter paper (CFﬁﬂD at 80 C, to provide a clear
or ange- brown solution,| which was cooled to 55 C. To
t he soIq;g& was addethyret hanol (45 gi M and ter

2 e

(2.7 mL qui v.) i Xxture of mefhangl
M8 hoxi de & gt hanol  30%-wi wN 4 229
) was added to_the organig ut| over a

peL_o hour, to provi de a b Ler 2
hours, HHLC §naly5|s i ndicated thatyth hydronS|s of

the e s conplete and water m.) ﬁis added to
the m xture over a period of 2 hours. The resultant
[omhp rry Az\@ﬁutioh nPii0Acy r(@mmg 46 @luiod] o(vmeq»ma hediXwighos (3.0
ried,a

& 53@ g:p?ml <0@6 6?1%\//} @égluene ?{bﬂ mL}, undertNZ%\%s gfmeﬁ for 20 mmulfles and then
add&@tt6 4 slhrro ﬁiﬁ»ﬁmﬁhﬁd]uolplﬁaﬁgth}&ﬁﬂﬁm)zoﬂmﬂémbﬁesaﬁmnﬂic fayill i@ty

b | 4T | e-5- b I i.d I
BT 550 R e Gl 04 o2
equin) aRilCsGC Q) (parficie §96 <y 2lemigions orHEshIVR g HHG0rRlz].8 @EWDNG@W@?
(200?’TEf o(legl_ll"j Jt%inu )ab%rt%(} 28, g}.l%ggmg%e wlz?mheﬁ heﬁéd :!rt')xeﬂ& fgr7 2
how(s,]_ﬂ’ter sv!nch Mo- qq)rtmggmgtgrlz(i |r@pauy:d I;g(rH]H)C ageg[ysg (éﬁpr aélowmg the

Bbcoollo?’S}nM ﬁ%&%lMéé thrg%h QN@P’M%@ %he(sg]':%)évas wésQ& w1th

tolufn@ (93 ij, ﬂ;gn drlegpn(aqacu% gven §1ove{n€§ht 14 s?l@) wE thgu

suspPaded matérqmﬂnl,)]an]im q]ﬂléoiis 51S)] (173— 4. @.@Eadtﬂd sldwiy2over dubot
C=0).. Exanpl e Synt hes| s .of

(CH),
15 g, Y SR r BB A AL oy SHed O B BRPRS e
hourd ZBén il A2 Mréugh-an M frit funnel (150 mL). The solid product was washed with
water (3 x 87 ml) and dried in a vdcuum oven at 45 °C, to provide 6-(4-bromo-2-
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carboxylic acid nethyl ester (11) d CO2Me \ COZMe Cl
l~-1z/ Br \ N\ ~-NF'N I / FI / Br \ "=N6 11
[00334) A solution of Pd(OAc)2 (0.777 g, 3.46 mmol,
0.04 equiv.) and Xantphos (3.0 g, 5.19 mmol, 0.06
equiv.) in toluene (300 nL), under N2 was stirred for
20 mnutes and then added to a slurry of

6- am no- 7-fl uor o- 3- et hyl - 3H benzoi m dazol e- 5- car boxyl
chlgopteidanmiat)Tyfluorosinethyl (35 befrd@mBazpje-BOIxyHvDbid Imethyl ester

Ol R e BT BT & 3 i, G Tl

DME93 8 384 (F1, s, M9Ee)nPB} (3HL 5.80Mejub .94 §1H, id, Vol Buisnle Ar{HROT28 (1H,

. g OVehLn1: ' g T ol } XTI
ofPhio BB Pl £2 2 APSY10Y Mo I L XIA0R ¥SR1e o
Astir & ' 6 76y dsdIMB@elidPre HCHMRIPLIC Mira y BMSO) AB2 B¥ieN), 52

O Al co@l i ®@&N% o S

Op AR TICh it e, M (T R0 (R30I e o0
G+ BLOEHLdAR4 (O3, HlY), 13hefC.dk Vel 14 (R atieeniCudn/ 382),
[ Th [ S e [
148 (RS Oy, et OB 1507 17 SRR NGRS 4y 1 e
MeRaleteepsbuith MY BPE] (it es to control bubbling. The
resultant slurry was stgkhgsledt roomtenperature for 2
hours, than filtered through an Mfrit funnel (150
nL). The sol i d§vbagerriamino-dulluorobenzaatedd) water (3 x 87
nm.) and driechmMa a vacuum oven at 45 C, tm®mprovi de
6- (4-brono-2: 73
chl or ophenyl aifno) - 7- f | §&For B net hyl - 35 be
- 5- car box acid nmethyl ester (11) B5.6(g (92 w %
by HPL®:Ncorfectfed mass = 23.6 g, 8% yigld)E '"H NWVR
(400 MHz, dhvi,DMSO S 3.84 (3H, s, Nwe),ni8. 93 (3H, s,
Ow), 6.44 (1H, dd, J 8.8, 5.1, Ar-H), 7.28 (1H, dd,
J 2, 9.8, ArSH), 7.64 (1H, d J2.1, A-H?2 8.1 (1H, s,

100354 °) 1 dixbl qefasdi pilifings bl sSprliot (il 137
mngR) ML/ 5.0 gf Mr@)87: POomd Y K relath @90 Farfu@H-paterial)sinnethanol
(30?%15) a%%%ﬂ#yé&%cﬁgé%%ﬂgq ﬁ% vé?g%’?re@at(zgﬂﬂ Rpnd mihgl)(tadﬁog% (3’:-3.5

31. , ] J 10), 135.5
bark @y 50 1@ an 816 d) hydieggnatiop gesel. diften 6 hgigy the vespel, Was(rorged with
nitrb £ ahd HE)analpsis indiCRdlh348 Siarthg WhterilDOBaindd e ke e
%%f{ 4‘%4 Mr and I\/H“? get ect ed vngt h MS AE’CITB_S)FQ .
thegefiiFFRY BrdSr RiEEpgsy pressw apdthe ftlier washsd fipopsh gABZFatE0 @y 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, ds DMSO) § 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 (1H, d, J 1, Ar-H). 3C NMR (100 MHz, dg
DMSO) § 51 (CHa), 98 (C, d, J 5), 110 (CH, 4, 72),125(C,d,16), 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-chiorophenylamino)-7-fluorc-3-methvl-3H-benzoimidazole-5-

carboxylic acid (10} {Copper-catalyzed aryl coupling method)
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COZMe COZMe NFiZ Hz/ Pt or Pd H2 02N F H2N NH2 NH2
59 [00335] A m xture of nethyl

2, 4-di am no- 3-fl uoro-5-nitrobenzoate (5) (40.0 g,
173.7 mol) and 5% Pd/C (3.0 g, Type 487; 0.4 nol % Pd
relative to starting material), in nmethanol (300.0
m.) and tetrahydrofuran (300.0 nL) was stirred at 2000
RPM under hydrogen (-3.5 bar), at 50 Cin a 1.5 L
hydr ogenati on vessel. Afiter 6 hours the vessel was
purged with nitrogen and HPLC anal ysis indicated that
no starti materi a [

filtered jUhder nitrogg ressure and tfe Sllt r vvashed
t hr ough g pNEHE (160 ) gt O give a Ble

solutio he sol vent _was repgoved byary

eva@r ~.l O provide nethyl Br
2,4, 58 trlam Ro- 3- f | uor obenzoat e (951\ 37.5 g (93.3% wW w
by N a solid, yield -100% (400 MHz, d6

DMBO) 8 3.9 (3H, s, Nwe), 4.20 (2H, br s, 1R|H2) 5. 24

2H b NH2) 2
o034 A A9 g Rﬁxﬁﬂzﬂibé o ?%“"f%@dhy‘s%g Ré“%éﬂ%%az&%%
caﬁb&yiﬁe (% (®D,g, T UO0mf6l), copper Joddle, (812 Ing, @43.9 pmgl) @pd isppropanol

B e
mﬁé@é’nd eﬂiirﬁﬂ& glyddd Eﬁl nb38.4 mridh WRCIher( adylechgng gV beated

4 Sk adftional charge of i opropanol (15 L)
a 66%("21%‘?5 %n‘}ﬁal %?%p?ﬁ%ny%aﬁ%{? 7% 0ot o- 3- Pna%J E)
wa&l’hﬂdndn‘foﬁawm i3 5bromaf2@bl>©§qwd@b%qr@ i(g) 44 mmoi) in 130pr0panol 2

é Conn Er a%ah%g{ ?g %0&9 qﬂ&@maiyﬁg slliﬂl?\ul‘ieg?l%} 8 #3 oElthe Benzilddddte

supHeB 3@1 bekn rpperigdaintefo- Qﬁ}é?trwp.qa 2-chlorophenylammol\s-'i-ﬂtl}émg-me%ayl 3H-
RRCTRCTACETATe) N 75&,}3&53?9, agdgﬁ §.hyl - 34 benzoi mi dazol e- 5-

car oxy ate ) copper i odi de (85.3
my, 443.5 nol) and |sopﬁ5ﬁ5ﬂggn (10 0 ~130.8 mol
VRSihedid ansecs;ima& 74m0163mwenﬂo&ammm5e&rbowtc 1 ester (12

carbonate (1.2 SN 9 mol) and ethyl

ene gl ycol (551
ng, 8.9 mmuol) werie?then added and th

M xture was

heat ed : NH, NH,
NH, EN
9 12

[60337] 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 H,80; (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 peutralized 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 vacunm oven at 53 °C, overnight
to provide 6-amino-T-fluoro-3E-benzoimidazole-S-carboxylic acid methyl ester (12) 7.5 g,
. 94% yield (100% area by HPLC). ' NMR (400 Hz, ds DMSO) 8 3.53 (1H, br s, NH), 3.85,
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at reflux for 1 hour under a Dean-Stark trap. An

addi tional charge of isopropanol (1.5 nL) was added,
fol |l owed by 4-brono-2-chl oroi odobenzene (1.5 g, 4.4
mrol ) in isopropanol (2 nL) over 1 hour. After 26
hours, HPLC anal ysis showed that 81% of the
benzi m dazol e substrate had been converted into

6- (4- Brono- 2- chl or ophenyl am no) - 7- f | uor o- 3- net hyl -
I@%néﬁiejns%%m gbr§ Nﬁ{)bpmmcs 26iH), 1100, Byvam emAPc: )

uor o

esi s
ﬁmimeﬁ%mgsﬁ%ﬁﬂoxyl ic acid methyl ester (12)
Co2Me CO2Me \ H2 NHZ2 H2{wptds | F HN~ NHZ 9 12

[00337) To sti.rr sol yti on of. t hyl_ .

2,4, 511 2eiimpas e it adan oo
mmol ) in THE (152(:011:{ 20 vol) was d&&ded tri et hyl
orthoformate (20.3 g,F22 8 ni, O mapl ), followed
by dropw se addj of H2S04 (9. :
nmol ). The m ed_at_ 60 C for 6
hours, at w#¥h ppi ntF no starCPhg nfat effi al was
detected by HPLCGranal ysis. The solNHd product was
filtered and rinsed with THE (150 , 20 vol), then
transferred to a reaction vessel, stspended i n water

oo(sb 350 rrL)x s@%m&&iﬁoﬂl@ﬁﬂﬁiﬂh&@-sfﬂﬁﬂwﬁzﬁm amqm(ag) land mohim
about ter St

byt 20 e ers e B el AL plefigipre (125
mlP es Heded s 30-40 P€dn i ne&dwa&mummmwﬂnatreﬁ&mche w@nﬂ berame

ho%ogﬁgﬁoﬁso “% ¢ BSF8=3] eroya st Pty bl &2 B0, oxy?ualgmglgllm o
incompliry koryertsion a:@dlafurfﬁer&hgge ofmrmapive by BB HE ar Bawipkp NH; in

) ( : ) R c(telr'f'o AlaaditioddH 5
Hg@p \gqg adde?'_i’o?%@rd bgl%g% at 9&9(}]@ the’%e'a)!e a r) a 1:10
horg HATier, thisy tirp }IPtCZ@a]Q/g;Hmdg:ategh\P_‘)?.?j: comrsmnd(th% mnﬁqu'g was
alk%v]eg tc( Milih r&ﬁﬁ ﬁﬁl&)&gnd@' dvbiniYR, AREborktehls of B aERRloLwhre then added
hesi s of D anmi no- 3-fl uoro-5 nltroglg glc aci d 4
to Mg)(looca@e)wr@}mg ahpropeREqEs. Gry™ s um“’“fia iz thaAgc A
wa§ﬂ1§19§ﬁl§d[ Qﬁm@fuu&u@ uﬁtﬂttgé ]Sﬂwgg o:- ?ﬂsr tdoline Pz tha pradudt Was
u raxi ae n
lsohrzéa%y &ﬁ‘@h@qa& HEEh “gtjy* SEPAGT OB g %‘g‘)“ﬁ‘rﬁ‘{?%ﬂﬁn
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, ds DMSO) & 7.27 (2H, br
s, NHy), 7.31 (2H, br s, NHy), 8.46, (1H, s, Ar-H), 13.10 (1H, br, COH). C NMR (100
MHz, dg DMSO) & 102 (C), 123 (C), 127 (CH), 136 (d, T 229, CF), 138 (C), 143 (CF), 168
(C=0).

Example 7

Synthesis of Methyl 2.4-Diamino-3-fluoro-S-nitrobenzoate (5)
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m.) was heated at 80-96 Cin a sealed reactor. During
the reaction the m xture becane honbgeneous and the
pressure rose to 0.4 bar. After 1.75 hours, HPLC

anal ysis showed inconplete conversion and a further
charge of ammoni um -hydroxide (2 g, 25 wt % NH3 in
H20O was added, followed by heating at 80-90 Cin the
seal ed reactor for an additional 1.5 hours. After
this tinme HPLC analoysi s i ndicated >9985 conversi on and

the m xture was | | owed to cool tolroomtenperature
overnight. The c ts of the req wer e then added
to water (100 oduci ng a hgapge# 'QQuS, br own

sol ution wtlN pH of F9. 4. Acefiec agi d Fwas then added
to the mxture untd | the pH was 6. ier cooling to O
C the product was isolated by flltr tion and washed

with a mixture of fater (10 nL) and OH (10 nL), then

d o- e OB dm# 3%
oGBS, S %QW%Wm A
triff@yo-§-RIRD@ngein 4cid (29 01672 ). 756 PPINW‘MGB ] g‘“@ﬁf‘é %
wa% iﬁzd (bbattEd aﬁnodﬂ!ﬂg}lydr&uﬁ:’@(/zmg klution; I46{2) 3808014 8,23 mol

5.6\bqmiv. msmga‘t 31@9@ f%‘@:l?efa“f??af g%wl% %&ﬁr%éé‘%?‘é Tpe

o e { e s, st
ey ythe ryagtiomwgs > mglefﬁ %ezﬁa

ﬁ&?@%ﬁ%%d oﬁﬁcs%maied mimﬂmh)zwee gt Rfided deppSviss tp pGBRREGI o The
o vl e e was rinsed with 1 L.

sltuIV\Ff gP(Sqﬁgfoé?ﬁl el?]eZOI X Ogllc Igémfﬁt red Th cake e 7s%c16 1

of HisGId Witeri and 400 it 340 il VTR tht earkc W@ééﬂ'%‘&@é at 48 °C
CORESRLLETAY STTRMANN B A8 A M nsplidbt 95

°"§””g ‘6 equiv.) ensuring that
nm)n{Tée mﬁtfemewm omesnirgtas brod TSI SPGB PP RBIhL o

give% n%g} %geycfnﬁ |i{ﬁs‘ds %tylsﬂcrvﬁgjhﬁo [£1531¢] vﬁh Ul @% @PEnd A 95.40 a%
erature for 3-4 hours Vt}s 5%48
(254eau)tl Gombiess Wb écﬂ%ll‘é% &-diflyorppSprptroberzeic, agid 13y s g
t ' MEREY) Somt(hH Al 1.5, 7.6, Ar-H).
S hcant Far cd T @Gq%l%‘%of}‘i%@%‘;men”addég d .
FaldMBSB 760z déZDWﬁ)é5 BB 1199-hasC SME H8G %ﬂ%@rsbe\& ?(I%’
4, J‘i@ Pz%t(EH?Q?é tdjglcmé ¥ hd eneds), Thes @ale, sasqy ingEdF, dd J
h d water and t 3
26RTBE. 164rﬁwaiﬁkéRWasfc@\qféﬁ9‘aﬁ3%d16§f’ isdfaath, &S,@)&x?‘r b
dgtegtg’ 9 g of a yellow solid. HPLC was 83.6 a% (220
ool 86 a%% (254 nn). The MIBE filtrate was

concentrat ed on a rotary evaporator and punped
overnight to cozH COzMe

4
[00340] Step 2: Methyl ‘4-amino-2.3-difluoro-5-nifrobenzoate (4): TMSCI (132 g,

1.21 mol, 2.0 equiv) was added over 5 minutes fo a shurry 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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give 9.9 g of a second crop as a yellow solid: HPLC
was 81.1 a% (220 anm) and 95.40 a% (254 nn). Conbi ned
yield of 4-am no-2, 3-di fluoro-5-nitrobenzoic acid (3)
was 144.8 g (88%. 'H NVR (400 MHz, d6 DMSO) S 8.0
(2H, br s, NH2) 8.42 (1H, dd, J 1.5, 7.6, Ar-H). 19F
NVR (376 MHz, d6 DMSO S -153.9, -129.0. 13C NWR (100
MHz, d6 DI\/BO) S 106 (C, d, J 10), 126 (CH), 128 (O,
heageﬁQt fe€nFor 1 9eburs,) 02elthe h&tipn WMO@DI(EC Eby @ LC.]thq@actlgl} mlxI‘EB

¢ #fd%n
et gl i gy e Bl ‘)‘J“ﬁ?ﬁzlgggf{%g {%ﬁﬂlmod
the@@leeﬁﬁﬁdash@&lﬂl €z MeOH. FTheORey chke/ wis dpipdjoyerpighp 2 C

4 003401 St Oro-5- ic aci
undgs B GFE. 8 AR (PR SCGr CA ) PN gy otgngol cd
meth] csteR(4). BPLE w)s mm@a@mnm 998 afh Aot @g) t H%BW% H?PWZ

ds I?&Jgén 3%4 &512%8)}\9%4 P&Eﬁoe Nk )t { @P@ﬂzéﬂp&exﬁ% & (Y2, ACED.

RIMR B MBS, ds TRVMS@)R i3 VB u>@ Ny (180 KBl 4 Dkﬁ@éf’ 52

(CI%&ET @528t4,\230)tool(€1§'?5§‘72 19¥ Ja)t hﬁ) (b@?g& ijom4, 15), 141
(C,AdNDLES), 1 ThEXE, dhes 268210, |1621(¢ﬁl&,tw@ wagmaf/?mt é"r3éd33a?ro‘699

g’m' OH. The wet cake
16%@2543%2%?\,@5 ﬁ@?gﬁg(m&g%ﬁ L}ndg%‘r:twﬁi gh vacuumto
provi de 128.8 g §¢8¥e9 of CO,Me
4-am no- 2, 3-di f Lior &= 5- ni t robenzoi c.Aqci ey, met hyl ester
(4) HPLC was p7. 9 a% (220-anm) and 2 a % (254 nm.
"H NVR (400 M d6 DMSO) S 3.84 A5 S, Oow), 8.1
(2H, br s, %) T8.43 (1H, app&ent Jdd, *3 1.9, 7.2,
Ar-H)y. 19F NVR ¥1876 MHz, d6 DMSO 8\H; 153, 6, -129.2.
13C NWVR (100 MHz,, d6 DI\/SO) S 52 (CH3O, 105 (C, d, J
10) 125 (CH, t, 42. 7,), 128 (CH, d, J5), 140 (CGF
g 4 J24étep1§> ) Methfilo, 4-G§m11d>CB—ﬂubrdL§-mt15anzﬂﬂfe9 SC- Fo adshiired

soimgofmeifaé?-amang%%ﬂ@wg Ao o NG b 5T pg 1

dw&Me ](1 6@t eatosdnolds Ve ZSIIDmII[%iasF pi_esst2vess©]2 Na$ addeq-amg gqyepus

003 e Wi €1 &
5012“9& ﬁ?lﬁ’(‘}m%@fgl %8r om%lo Eﬂbér%éz%f(')a T 4’ :Sél oasathst}? ?t?%m an

im@eakidh ibeth abd bitbltdngpleratﬁrealmt\mn 79 30 iQSu"&( éor@pﬁplppt% \iod a\glllc@
tlm(eéh)le ﬂlgemapprgﬁm% 4&@@&%%@02‘ Ad b, 7_4bar. The pressure was then released

slowly and the mixture was treated with water (330 mi, 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, ds DMSO) 8 3.83, (3H, s, OMe), 7.20 (2H, br, NHy), 7.37 (2H,
br, NH;), 8.47 (1H, s, Ar-H). 3¢ NMR (100 MHz, dg DMSO) & 52 (CH), 101 (C), 122 (C),
126 (CH), 134 (C), 137 (C), 142 (), i66 (C=0). vaulem™ 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 pumerous modifications and changes will be readily apparent to

those skilled in the att, it is not desired to limit the invention to the exact construction and
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di oxane (165 nL , 1.93 noles), in a 250 nL gl ass
pressure vessel, was added an aqueous solution of
ammnia (39 g, 711 mmol, 42.9 n., 16.5 K The vesse
was then heated in an inmersion bath at a bath
tenperature, between 79 and 105 C, for 80 m nutes,
over which tinme the internal pressure ranged between
0.2 and 2.7 bar. The pressure was then rel eased

préclesg%a(mada GedoPBed il SookiRihely ! APREbINMbAANMAbRand 3ci3ﬂra.[ehts
). The resultant suspénsion stirred

moeRitlee il YGRS e Pt B SRSHDY B 6 ey

[o0Nas Was hed wekds eo fs@‘f "doRBridig, “irklude) J'incfhbige,S ﬁxidl -thm@s"

sucked dry vacuum oven
gk e ThLSRTHeRcR. iR T PO T PR PEIL R i ProBE 1o iy e
presénke 0B Rated @at\ﬁé%%nyﬁg&ls dc)on@Sneats,yai dtapsy big ahdydio mokpidhiiRde the

pre%ﬁqﬁj or%gm?n C)E ppe or) 1Pore ﬁﬂiﬁﬁ fea reﬁ '}mf"fﬁ%%pog‘?@t%l%? sigl'c,’grﬁ%ﬁ

thegebD0 MHz, d6 DVMBSO) S 52 (CH3), 101 (O, 122 (O, 126
(CH), 134 (O, 137 (O, 142 (O, 166 (C=0). vmax./cnr
3474, 3358, 1697, 1633, 1528, 1435, 1317, 1285.

[ 00342] The foregoi ng description is considered as
illustrative only of the principles of the invention.
Further, since nunerous nodifications and changes w | |
be readily apparent to those skilled in the art, it
is not desired to limt the invention to the exact
construction and 77 process shown as descri bed above.
Accordingly, all suitable nodifications and

equi valents may considered to fall within the scope
of the invention as defined by the clainms that follow
[ 003431 The words "conprise,”™ "conprising," "include,"
"including,"” and "includes" when used in this
specification and in the followi ng clains are intended
to specify the presence of stated features, integers,
conmponents, or steps, but they do not preclude the
presence or addition of one or nore other features,

i nt egers, conponents, steps, or groups thereof. 78
What is clained is: 1. A process for preparing a
compound of Formula la-1 Z R2i X1 K- -NX5" Xz N
la-1 and salts and sol vates thereof, wherein; Zis
-C(=O R, -C(=O NR6R7, CN, -C(=OH, or
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~R1zb O-N or a noiety that can be transforned into any
one of said Z groups; R is hydrogen, d-d o al kyl,
C2-Clo al kenyl, C2-Cd o al kynyl, C3-d o cycloal kyl, C3-
G o cycl oal kkyl al kyl, aryl, arylal kyl, heteroaryl,
het eroaryl al kyl , heterocyclyl, heterocyclylalkyl,
trialkylsilyl or dialkylarylsilyl, wherein said al kyl,
alkenyl al kynyl, cycl oal kyl, cycl oal kyl al kyl, aryl,
awy al M deter oaryl het eroaryl al kyl, heterocyclyl
heterocyclylalkyl portions are optionally
subst ituted with one or nore groups independently
sel gct eﬂ i&&w&a@ egﬂﬁi@,acbmgdiﬁdyﬂionﬁiaml al kyl, C2-c4
al kenyl , ynyl, €3-C6 cycl oal kyl and C3-C6
het er ocycl oaI kyI R2 is hydr&gen, @-Co alkyl, C2-Ao
al kenyl, C2-do aIkynyI ar yNa| / trlalkyIS|IyI
di al kyl aryIS| lyl, -CORj o) r -C(0O NR6R7,
wherein said al k\ﬁl“” @ ;@I or aryl al kyl
portions are optiondlly Bubsfitutegewith one or nore
groups i ndependently ected from hal ogen, hydroxyl,
Cl-c4 alkyl, o4 al kenyl nd C2-C4 al kynyl; X1 and X2
are mdependently sel ect e3 from hydrogen, F, d, Br,
andsaltﬂﬁasolﬁles&t@oahvhgrblp C2-C10 al kenyl, C2- Clo al kynYl,
- C3-£10 kyl aI kyl and Cl-d o
thlfo;éli@?ﬁd e| n sarf ?hpl%éﬁ}i)g% kenyl, al kynyl,
cycl ogfieyeb cycl oal kyl al kyl and thi oal kyl portions
are op¥ionally substituted with one or nore groups
i ndependently sel ected from oxo, hal ogen, cyano,
nitg{o /§Z| do, trifluoromethyl, difluoronethoxy and
tri ﬁl@romsthoxy, X5is H F, d, Br, | or Cl-C6
al kyl cms&%sa&% @ﬁ&(ﬁ@ﬁdz oups;
trlfluoron*etgml%t}qﬁg -do alatﬂbzJﬂy ?gr ’
al Kriyhydrogan, @]:@maﬂqﬁ(’eﬁypm a@“@@&ﬂ“&&‘b"k(}?‘clf’% @yl Cr-
C"’C%% : oa l allyk )ﬂylallﬁr[ )thét?rg?w h@érkag{da]khﬁ,taieﬁ@glﬂyl
yl
hetezge v AL i o S OIS et 28 W EHemhl e
cycﬁia&@pby@@arlmamlaarﬁ drdlalkg), hdmmﬂmﬁrda@ﬂaﬁmdﬂwﬂocmﬂ and
et e Lc rin etero
hetpiatse Gy aRor o rh gioR s Sl ol ¢ EHRR! byl Wepegonay
seldfta fiom hﬁlﬁééﬁ wmsci-ﬁmnm@mmyg é]zéib alkpinsfl./(5r@s cycloalkyl

| uoronet hyl, difl uoromet hoxy,
antk?'éé?lﬁtgfroc F]#tél %Xy and ORB; RB is hydrogen, Cl-

al Rlis hy@o@boCaCkelkyl, C-Eroplkens, GurGr alkoyh WM\% EliaFFYléléﬁld
en 5yl nai

e
arylalkivknortiods fre entiomily su@w With epeygr R3PFY BroRg mdcpcn elected
ﬁoﬁ?hél eh qg@:?f’a\% ?ﬁml ag«lyi( R, ggz;:{}vﬂmgm a.lkﬁlyl .Cl O dal Iky |

gy patmeat hsvied i By P L 853760 B K gl
Cr-Ex Gl Kyl diiphyl, @5-gloaldioaticyi, m@nwwanwm bnds®1eCio
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thicalkyl
portions are optionally substituted with one or more groups independently selected from oxo,

halogen, cyano, nitro, azido, trifluoromethyl, diffuoromethoxy and trifluoromethoxy;
X% is H, F, CL, Br, ] or C;-Cg alkyl;
RS and R” are independently hydrogen, triflnoromethyl, -OR®, C-Cyg alkyl, C2-Cro
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heterocycl ylall cyl portions are optionally substituted
Wi th one or nore groups independently selected from
hal ogen, hydroxyl, cyano, nitro, azido, C-C4 al kyl,
C2-C4 al kenyl, C2-C4 al kenyl, C3-C6 cycl oal kyl, C3-C6
het er ocycl oal kyl , -NR6R7 and -OR8; and Rl2a and R12b
are independently selected from hydrogen, CI-CI O

al kyl, Cz-Cl O al kenyl, C2-Cl10 al kynyl, C3-C10

alk P'c,% m&my@ &h@cfox&ypé% & c?él&ﬂylaﬂcglyﬂyl , a3 aMdyR hétdtbaryl,

eroarz et eroar ky , 2e and R126
hetergaralalily %W@Hdwﬁﬁmﬁﬁ@WFy ich they are attached form

ﬁ tAor‘R@ a.rgeﬁll" tsg%mb.%&dh&@%@ QﬁMﬁJ:H tﬁey dredtaciea forh 2@no 10
eterocyclic ring; .sai ni trakin
meRBFFRRAHIORA 01 I EHEC Bge: cign Sz*di%t";%%fc' a“ﬁﬂ“%&ﬂ%‘ff EXE™
optﬁaﬁﬂly%ﬁbsﬁﬁﬁdlmaﬁ@ﬁdﬁﬁ gryupls mdgi)en?ﬁﬂy sele,cTed) frloin halu%(d;o n %tz a
ster r ov conpound o rmul a z
°’R§em¥J48iﬂg °m§%”‘?”3ﬂg'f°lr?r% Y:ilkin c%%ound of Fornula Il
optR onaidtogeraﬁ-élio@ﬂcah g Croetkomy iyl oemylalkyl/ whereipsaskalio.e
alkena' L talgi agy’iaﬂgg aig o M,'asluﬁmlﬁed%ﬂl(oh% &Jrgmgqndgﬁﬁaenﬂy

es anmon a prlnary or

seletsd @milaﬂfi' EnfCr€rocallydrand ﬁ’a(ﬁ’r&m %@Bﬂht ic amine or (iii)
a rpeg %S?Jméeh,%]-éiﬂlkﬂ Gfascw %fcﬂﬁﬂ%ylﬂkhhﬁﬁaiﬁﬁnh&dy&%ﬂm ot |y
be converted prov e a Cogﬁpr
hetgronyriylakyl, Wﬁfﬂ S‘Wﬁ @lﬂ& Gy CIAﬂFﬂalkJNF@@ fer s al d
het&@@l@@lﬁﬂ@l 1 ﬁ)ﬁ'tm%}@ﬁrg’dﬂ)tﬁmh}y s%shglteﬁlvﬁt}l ohey\& nﬁﬁe [ g lmdependently
equi val ents o netal azide o k Ans
sclqe i SEPdEiops Yo YoR 2l o o %r Wb Ak Thd of
alk§T@1, IOHCR c)éloalkil, BREY IkefochclbatkyNSNRRA and) TR/ anX5 A
R and R'® are independently selected from hydrogen, C)-Cye alkyl, C;-Cyo alkenyl,
C»-Cio 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 a4 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 sulfonafe ester, to provide a

compound of Formula II

z
x3
ON x5
x4 .

I §
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VI-11: A = NRZR2a VI-12: A = N3 wherein Rza is

hydr ogen, Cl1-d o al kyl, C2-Clo al kenyl, Cz-Go al kynyl,
benzyl, allyl, arylalkyl, trialkylsilyl,

di al kylarylsilyl, -CORE, -C(OOR6, -C(ONR6R7, -OR ,
or -NHR , wherein said al kyl, alkenyl, alkynyl,
benzyl, allyl and aryl al kyl portions are optionally
substituted with one or nore groups independently

se |h%§t¥n? daihl 5&%‘@20% &g‘%&ulm gﬁtﬁﬁi%iﬂya at élbvafed ten@leladtives afidorCA

al ke and % reduci ng sai d conpound pof
progsre (b Vs prmore Eﬂw‘wmwf( & T A ORI DR A SRR S GO,
ik ﬁlﬂb&ly 3r Sbdndar¥k aﬁm@%& thdﬂ%hl arsmafititnoor () b ﬂaagent thdr delvers

A of For NH- benz
o 7D TR TR R sl S aT e ppp e of F b
vmr @hehm BagerR’Rihe mﬁagsmxf cobapoumd|ofiFattninta-T1 witls (i¥)yreie orgers

coufpf Ao 3 AT S el Bt ety plesi P

compourhd dﬁdrmtﬂﬂﬂ-a—vﬂherMIsIﬁZa of Formula VlIlla-1is
hydrogen, coupling said coppound of Formula VI1IIa-
with a reagent having the Formula X6~/ XI X2 wherein
X6 is F, O, Br, |, -0SCRER3.~4lkyl sulfonate, aryl
sul fonate, al kylaryl sul @ e, -B(OR) 2, -BF3 or
-Bi (R)z, optionally,gjtheg=+)s at el evat ed
tenperature and optiohal lylin the presence of a base,
or (ii) in the presence ofAa netal -based catal yst and
a base, to provide said wgopawNR®f” Fornmula la-1. 2.
The process of claim1, f‘&[ltzhglr:l&aorrpri si ng:

wherein R* is hydrogen, C;-Cip alkyl, C,-Cyg alkenyl, C-Cyo 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 arylalky! portions are optionally
substituted with one or more groups independently selected from halogen, hydroxyl, Ci-Cq
alkyl, C,-C4 alkenyl and Cp-C; alkynyl;

reducing said compound of Formula VI-11 or VI-12 to provide a compound of

Formula VIa-1
NRZR*?

HaN x®
NRZR22
VIa-1
wherein when A of Formula VE-11 or VI-12 is -NH-benzyl, -NHOR' or -NHNHR' or
Ns, then R? and R of Formula VIIa-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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reacting said conpound of Fornula VI-11 or VI-12 with
a conpound having the fornmula R OH, optionally in the
presence of an activating agent that activates the Z
group towards reaction with said conpound of fornula
R OH, to provide a conmpound of Formula Va-11 wherein
A is -NR2R2a or a conpound of Fornula Va-12 wherein A
is N3 CO2RL A 2N X5 A Va-11: A=NRzRza Va-12: A=N3
reduci ng said conpound o Fornula Va-11 or Va-12 to
provi de said conmpound of| Fo ba VIla-1 wherein Z is
-COORI ; when R2a of Fopfitthe”Vita-i is hydrogen,
cyclizing said conmpounf Forrmula VHa- 1 to provide
sai d conpound of Hbuyila 1 wherein Zis -COOR ;
and coupling said co d of Fornula VHla-1 with said
reagent having the For mita 82 xkandkg x2 optionally
either (i) at elevated tafpgrature and optionally in

the presence of a base i11) in the presenc f
5 BRSaerabla YUt SouRDe 515 PIREOGH; o Formis
Vmﬂma&a@fmhaﬁ%mﬁelmrdml wherein Z |s COOR . 3. A
process for the preparation of a corrpound of Formul a

Ib-1 Z Re | xi Nl\~xs Rs /X XZ Nlb-1 and salts
and sol vat es t hereof, e‘/: Zis -C(=OCR ,
-C(=O NR6R7, CN, -C(=OH c@

XZ

wherein X% is F, Cl, Br, I, -OSO,CF;, alkyl sulfonate, aryl sulfonate, alkylaryl sulfonate,
-B(OR®),, -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 Ya-1.

2. The process of claim 1, further comprising:

reacting said compound of Formula VI-11 or VI-12 with a compound having the
formula R'OH, 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
Va-11 wherein A is -NR*R* or a compound of Formula Va-12 wherein A is N3

CO,R!
A

O,N X5
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 VIXia-1 wherein Z is ~COOR!; and

coupling said compound of Formula VIIIa-1 with said reagent having the Formula
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~Rlzn N Oor a noiety that can be transforned into
any one of said Z groups; R is hydrogen, CI-CIO
al kyl, C2-Cl O al kenyl, C2-C o alkynyl, C3-C o
cycl oal kyl, C3- G o cycloal kyl al kyl, aryl, arylal kyl,
heteroaryl, heteroaryl al kyl, heterocyclyl,
het erocycl yl al kyl, trial kylsilyl or dialkylarylsilyl,
wherein said al kyl, al kenyl, al kynyl, cycloal kyl,
cycloal l cyl al kyl, aryl, aryl@ kyl, heteroaryl,
het eroaryl al kyl, heter and heterocyclyl al kyl
portions are optionally $ubsStituted with one or nore
groups i ndependently se d from hal ogen, hydroxyl,
C-C4 alkyl, C2-C4 al kenyl, @2- CA al kynyl, C3-C6
cyel oal kyl ~—and C3-C6 heteroc b
hy choegel, iy (L E SRRy IembEe Ry ’a@rﬂh@fe&%“ a base,
or (ﬁﬁ fﬁ){ﬁh\ﬂrese:@é Mi athdf Ibasell EdtaldHds Haéél to prodida bty bamipplusi dfy |
CORrRE, -C(O 8 C(O NR6R7, wherein said al kyl,
FmﬁWkéﬁQWmﬂEP@yﬁgp Bhid aryl al kyl portions are
opt3, onah pyscss s the hieh@ationior b canpewetof Fowelagbdups
i ndependent |y sel ected ron1ha|ogen hydroxyl, C-C4
al kyl, C2-C4 al kenyl or -dﬁ al kygyl; XI and X2 are
i ndependent |y sel ected en, F, d, Br, |
OCRs, Cl-C 0O al kyl, al kenyl | C2-Cl O al kynyl,
C3-Cl o cycloalkth g%I L¥rylalkyl and CI-Cl O
83 t hi oal kyl , wher efa sdj d kyl, 8 kenyl , al kynyl,
cycl oakyl , cycloalkyl | and thioal kyl portions are
optionall'y substituted wyh one or nore groups
i ndependent |y sel ected fromoxo, halogen, cyano,
ni tandsalts gndfsplvatesdhrseolythered f | uor omret hoxy,
trl L@ﬂg@h ARR7aohNd@i(= bs H F, d, Br, | or
iﬁL&{ %gxgnd R7 are(lggtpendently hydrogen
trifI %Ruwethyl, -OR8, C-Co alkyl,. C2-do alkenyl,
C2- A Wal kynyl, C3-C10 cycl oal kyl, C3-C10
cyc[oa yIaIkyI, aryl, arylal kyl, heteroaryl, _
rylal kyl, heterocyclyl or heterocyclylal kyl, or
R6 and, R7 together with the atomto which they are

ﬁt tached }C of A Gletf ﬂiapcaﬁ Be trivefshsgdesio Btone ofajd Z grbups;
et rOCCleln eel Ssal et.er or
hotR igBieEPcCr Akl 5T r?gﬁ%f"t“%ﬂ 4 leipeliot £
CmQﬁﬁoaﬂ{rﬂa@r eyl &@hﬂ@l hérelegpel md t?drﬂa]%lﬁﬁt(ﬁﬂblﬂf om

|
hetgtpos e Y ek LA, Mot AR bt sy
cycivaliyl cycl@ilﬁﬂﬂlqﬂJ dtﬂmlalkﬁrlgctemaryl detgioatylaikiyl, hetkreevslyhandai d
het ﬁ%’gl?( altkm glomy J{%Op% @ﬁ\)qhtﬁ{ex Lvﬂfl K or o é?&fp% Qﬁ@ﬂeh&énﬂy

one r rOUFS I haepen dent'l
selesiell &omédogendwﬂl@eyl Cﬂ:‘(@}’l @Z'@i alikeayl, Co-fm elkynyl C3-Cs cycloalkyl

mﬁg%&%h nyI) R10 is hydrogen Cl-C10 aIkyI
&7 IaIkyI aryIaIIc heter %qX L or
R?is hy ogen CI- ¢ alkyl, C,-Cyp alkenyl, Cz- 10 alkynyl, aryla alky\f
dialkylarylsilyl, -COR®, -C(O)ORS 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, C1-C4 alkyl, C»-C4 alkenyl or C,-C, alkynyl;

X" and X* are independently selected from hydrogen, ¥, CL, Br, I, ORE, C1-Cyp alkyl,
CZ‘CID alkeﬂyl, Cz—Clo alkynyl, C3-Cm cycloalkyl, C3—Cm cycloalkylalkyl and Cl"ClO
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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

het er ocycl yl al kyl portions are optionally substituted
with one or nore groups independently selected from
hal ogen, hydroxyl, cyano, nitro, azido, C-C4 al kyl,
C2-A al kenyl, C-C4  al kynyl, C3-C6 cycl oal kyl, C3-C6
het er ocycl oal kyl , -NR6R7 and -OR8; and Rl2a and R12b

i . la¥eeBf
i1, GRS e 5 Y gk
poriigns prsptisprlly seBvitied vl OpoRN Tkt SR ndepdantly siegied frgp oxo,

haldped, %?Q@,rﬂ{tqu, afRloroReth Al @fiorbradtitakl, trififordiieRtdxpid aRdb)
her with th é&@tho whi ch they are attached form
e

todet

a %Sﬂ%ﬂébchﬁéﬁﬁ% ! bocyclic, heteroaryl or

hetré %ﬂcl?%urr]é iﬁddpéxﬂ@kﬁly&?&rdgeﬁ?ﬁﬂmiommnr—ﬁﬂ, Og-Crovlkyt. &-Cng a

compoun ayi t For, [
kGRS, Gt SR ool old, SOBKE Rl
hete@stgilkylf letepicgoll dehegerocgayiplbyind of Fornmula 11 84 z X3

02N ti ] Il

i R gons G opbthor iRl Sin SRTRAURINRS o700 T 8
merabeiTictroagy] érhetaropyclieningy whereis seid MefaioyrykaripreroBichrings Atn
Opﬁgé%lg %ﬁ’:{lﬁtﬁﬂe@ wilTb A&y Rbre Ghdubs inBepbRRABEleciéd Wm Biddderer S a

at can subsequently be converted into an am ne

trifluorometbyl, dneemethons tifivgrome@prowd s ect i ve di spl acenent
of R&sh dgbrggfr, ey.CHlaiks!, cRoRQkeayl eyl ook, Whekeid Ssiddigl,ei n
ki, oY PSR L EHIET B PO Eop PPty
seleSigll @6HIOE -0i(Sptaarme aid O{C @ yhlkeyt)povi de a conpound of
Fo Ii{mJiL gyd!rc!gleﬁ, 1-C\M1aﬂ<ry X ic?-cﬁ cycizlgalkl\ﬁalkzyl,)gyla]l% 'ﬂe{eroﬁlalkyl 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, Co-C4
alkynyl, C3-Cs cycloaikyl, C3-Cs heterocycloalkyl, -NRR and -OR%; and
R!? and R'? are independently selected from hydrogen, C;-Cyo alkyl, C5-Cjo alkenyl,
C,-Ci alkynyl, C3-Cyp cycloalkyl, C3-Cig cycloalkylalkyl, aryl, arylalkyl, heteroaryl and
heteroarylalkyl,
or R' and R* together with the atom to which they are attached form 2 4 to 10

membered carbocyclic, heteroaryl or heterocyclic ring;
said method comprising:

nitrating a compound having the Formula
z

xS

X5
x4
wherein X and X? are independently F, CI, Br, I, or a sulfonate ester, to provide a

compound of Formula XX
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Alll-11: A= NRRzZa 111-12: A= N3 and R2 and RZa are
i ndependent |y hydrogen, Cl-Clo al kyl, C2-Cl O al kenyl,
C2-Cd o alkynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, -CORE, -C(O) ORG,
-C(ONRGR , -OR or -NHR, wherein said al kyl,

al kenyl, al kynyl, benzyl, allyl, and aryl al kyl
portions are optionally substituted with one or nore
groups i ndependently selected from hal ogen, hydroxyl,
C-C4 alkyl, C2-CA4 alkeny]l angs C2-CA4 al kynyl; reacting
sai d conmpound of For nul =11 or 111-12, optionally
at elevated tenperatur ith (i) a reagent that
contains or generateg x¥ (ii) a primary or
secondary am ne other thaf an aromatic amne or (iii)
a reagent that delivers anroup that can subsequently
be converted into an am e to provide a conpound

Rt e oo o gt B N BRI Y et T

ammbnid, (1|1)1& pr&[ dr'seo]aﬂdaw a&dhe(dthé) than aretrerhatia 2inibe or @priraasit| y
that %éyq%ﬁ?e égt ajﬂtﬁgxﬁ 4 g#eﬁt ype: cgnv fo 19’[ a%gmﬂle Cl%gg&gélﬂnon@fhat

allovxzseﬁcm%i‘dpiac%&nt A X Ardvide mnmmmg om;qla;ﬂmmremz& N3

T

that dlotyselydtive Bispigopinent af V1o, providep| campapind 0%/ EqnaPlRW# Phfrein A
Ndlal kylarylsilyl, -CORE, -C(OOR6, -C(ONRGR7 , -OR

or -NHRI, whereln sai d al kyl, al kenyl, alkynyl,
benzyl , aIIyI and aryl al kyl portions are optionally
substituted with one or p® g [
sel ected from hal ogen, , C-C4 alkyl, CzZ-4
al kenyl and C2-C4 al ky -du0|ng sai d conpound of
Formul a Vb-11 or Vb-%¥ t oYprov¥ide a conpound of
Formula VIIb-1 z NR2bR2c aAH2ZN X5 NR2R2a

I0-11: A=NR’R™
mi-12: A=N,
and R? and R? are independently hydrogen, Ci-Cig alkyl, C2-Cio alkenyl, C2-Cyo
alkynyl, benzyl, allyl, arylalkyl, tria]kylsil:s;l, dialkylarylsilyl, -CORS, -C(O)ORG,
-C(O)NRR’, -OR' or “NHR', wherein said alkyl, alkenyl, alkynyl, benzyl, allyl, and
arylalkyl portions are optionaily substituted with one or more groups independently selected
from halogen, hydroxyl, C1-C; alkyl, C;~C4 alkenyl and C;-Cyq alkynyl;
reacting said compound of Formula IH-11 or TII-12, optionally at elevated
temperatures, with (i) a reagent that contains or generates amrmonia, (i1) 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 fo provide a compound having Formula Vh-11
_ wherein B is -NRPR? and A is -NRIR® or N3, or reacting said compound of Formula I-11
or III-12 with (iv) a metal azide, optionally at elevated temperatures, o provide a compound

of Formula Vb-12 wherein B is N; and A is -NR*R* or N,
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VIIb-1 wherein when A and/or B of Formula Vb-11 or
Vb-12 is -NH benzyl, N3, -NHORI or -NHNHRI, then R2
and Rea and/or R26 and R2, respectively, of Fornula
VHb-1 are hydrogen; when e of Formula VIIb-i is

hydr ogen, cyclizing said conpound of Fornula VHb- i to
provi de a conpound of Fornula VIUb-1 Z NR2bR2c RILN
X5 \--Nand WVIIIb-i when R2c of Formula VIl1Ib-1is
hydr ogen, coupling said coppound of Formula WVIIIDb-
with a conpound having thejforgula. 86 XI X6 I \/ X2
wherein X6 is F, O, Br

, ~O502CF3, al kyl sul fonate,
| fonate, -B(OR8)2, -BF3
erphierx{i) at el evated

aryl sulfonate, alkylary
or -Bi (R )2, optionaly
tenperature and optlonall in the presence of a base,
or (ii) in the presence of"*a netal -based catal yst and
a base, to provisalgeNRERNpAHNRS™ dEdsmul a | b-1. 4

The process of cbg‘ hg&g gﬁ§|5|ng reacting
i &Eﬁﬁlahl

sai d conmpound of h a compound havi ng
the formula R OH, optlonally in the presence of an

LR kst G2 B0H 88 pRDECECRR Y
aryblkm/trd&ylaﬂxi,dmmmsm @@Rmﬂ(Q)QK/ S{OBR (AR o BR: X3

thQNéZde% }1V11%}'uy Benzy)] 'ﬂf% héP, oﬁsm Bimﬁzﬂ@ﬂ i ng
F [ 21 -

substispipdyidh Qne@smmetgrpugg ;Repaldﬁé’é@@m%’rdtm ‘%’i é‘?’ & g&"%

&QQ%%%ﬁﬁﬁﬁgﬂm@pcgdhhﬁ}) a primary or secondary am ne

her than_ an
reducing said compound of Formula Vb-11 or Vb-12 to provide a compound of

Formula ViIb-1

N RZbR2c

HoN X3
NR2R2a
VHb-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 V1Ib-
1 to provide 2 compound of Formula VIIb-1

Z
NRZbRZG
R1D--.N x5
EN ; and
Ylb-1

when R% of Formula VIIIb-1 is hydrogen, coupling said compound of Formula
VIb-1 with a compound having the formula.
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aromatic amne or (iii) a reagent that delivers a
group that can subsequently be converted into an

am ne to provide a conpound of Fornula Vb-11 wherein Z
is -COOR, or reacting said conpound of Fornula IV-21
or 1V-22 with (iv) a netal azide at el evated
tenperatures to provide a conpound of Fornmula Vb-12
wherein Z is -COOR ; reducing said conpound of Fornul a
Vb-21 or Vb-22 to provide sabg compound of  Fornul a
VIIb-1 wherein Zis - en e i s hydrogen,
cyclizing said conpound rmula VI1b-1 to provide
said conpound of Fornul -1 wherein Z is -000R ;

and coupling said conpoun Formula Vfb-1 with said
conpound having the fornula X87 XI X6 X2 optional Iy

ei taekin(i® ks R, @quvmsegcmeme Efotidte aphehliompitd, alikglbryly i n

ase I ce,of a
sl R e g Ao el gipeteh of feief Rl
optiofuilp dihéipresence lod4 bask,ar (if) irlthwjreswerdent a‘(mptsl IBSORS2lyS andhe

cess faqr the on of a conpound of Fornul a
basd e g cofppPRARRREL RPE O\ & RPMEPIIE O TN s
and sol Thapesess hilaw 3, fuglilsesciprisinZ i s - C(=O) OR',
Cgea@n@RﬁBZc;mcp%db S RomENA T iih 2 BhBBuddhdhing thé NrmulQR‘(ﬁ{
noi et e transforned into any one of said Z
optigmadiyl prsthe pryg8uce of 44 activatigy agepythat petiggtesthe £aroup feypids ygactipy
th&&S&md Qﬁéﬁu@kbﬁ o frévidd AombiRB I ForGdla OV.Q1 at Ryy | |
~C o cycloal kyl, C3- Go c%cl oal kyl al kyl , aryl,
aryIaIkyI het eroaryl, het®e aryIaIkyI heterocyclyl,
heterocyclylalkyl; trial kylsilxt or dialkylarylsilyl,
wherein said al kyl, alkdg al kynyl , cycl oal kyl,
cycl oal kyl al kyl, aryl, 4 kyl , heteroaryl,
het eroaryl al kyl, het@MNocygG yl’ﬁnd het erocycl yl al kyl
portions are optionally s.ostitgted with one or nore

roups i ndependent|
group P y IV-21: A = NR?R*

IV-22: A=N;
reacting said compound of Formula IV-21 or IV-22 at elevated temperatures with (i)

a reagent that contains or generates ammonia, (i) 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 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 Vh-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 VIIb-1 with said compound having the formuta
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sel ected from hal ogen, hydroxyl, C -C4 alkyl, C2-C4
al kenyl, &4 al kynyl, C3-C6 cyel oal kyl and C3-C6
het er ocycl oal kyl ; R2b and Rk are independently
hydrogen, Cl1-C o al kyl, C2-C o alkenyl, C2-C o

al kynyl, benzyl, allyl, arylalkyl, trialkylsilyl,
di al kylarylsilyl, -COR6, -C(OOR6 or -C(O NR6RY,
wherein said al kyl, al kenyl, alkynyl, benzyl, allyl
and aryl al kyl portions are opkionally substituted

with one or nore grou [ endent|y selected from
hal ogen, hydroxyl, Cl-C4 IRaI |, CZ-C4 al kenyl, and
C2-C4 al kynyl; 88 R6 and (R7\a&f e independent!|y

hydr ogen, trifl uoronethyl, 8, Cl-Co alkyl, C-do
al kenyl, C2-C10 al kynyl, C3-@80 cycl oal kyl, C3-C10
CY Cdptiahalty bidhleK(y)lat clevaiel rempbittugd det bptidnsityen tha paebence of a base,

het ey oaryl al kyl eterg I or het er.ocvgl vl al or
or e pbLpiruitied pia s G RPEHESHS bRl
ForafuladbHewhefer fis€OOR'0 10 nenbered heteroaryl or

heter ocycl | [.na, . €] ' Ve

hetsgr oc;%‘ (%cgss?ﬂlr%g ot g&&odgta ?%]g[iulg@&g{?g@{l%/t ut eg with

one or nore groups indepeddently sel ected from

hal ogen, trifluoronethyl L di fNréepconet hoxy,

' 3, RB is hydrogen, d-do

al kyl, C2-do al kenyl, # or arylalkyl, wherein said

al kyl, al kenyl, dfFytNandYaryl¥l kyl are optionally

substituted with one ox=sffre groups independently

selected fromOH, -0 (G -0 o-alkyl) and

O (C1-d o-al kenyl); Rlo‘ﬂgbﬂydrogen, Cl-d o al kyl,
andGattsGhA sdlyeds @rtelty whdrliyd , aryl al kyl, heteroaryl al kyl or

hetero ,al erej n.sal.d al kyl,

cy %5&%@&%%k§%%b§33?éfgggx_ﬂggéVoaryIaIkyI and
hetenﬁ@&gLylalkyl portions are optionally substituted
Wi th e or nore groups independently selected from
hal pgen, hydroxyl, cyano, nitro, azido, Cl-C4 al kyl,
C2-_\azﬂkenyl, C2-A4  al kynyl, C3-C6 cycloal kyl, C3-C6

heterocycl oal kyl, -NR6R7 and -OR8; and R 2a and R12b

o | D SR S S R P e

cy ¢ eal )& ], BE3 o aiot;oal kyl al kyl , aryl, arylal kyl,

B e e g R .
Cro aycloailcylaligl, anvie eeylafikiheserptspchetirpaylalivdiheicwayafyl, or
B RS 1000 e ORI S 2,
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, Ci-Cy4 alkyl, C2-Cq alkenyl, C,-Cy alkynyl, C3-Cg cycloalkyl
and C;3-Cg heterocycloalkyl;

R? and R* are independently hydrogen, C;~Cyg alkyl, C;-Cyo alkenyl, C,-Cyo alkynyl,
benzyl, allyl, arylalkyl, trialkylsilyl, dialkylaryisilyl, -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, C1-Cq
alkyl, C;-C4 alkenyl, and C,-Cy alkynyl;
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VI Sb-1 wherein R2 hydrogen, Cl-Clo alkyl, C2-Co

al kenyl, C2-d o al kynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, -CORE, -C(O OR6 or
-C(O) NR6R7, wherein said al kyl, alkenyl, alkynyl,
benzyl, allyl, and arylal kyl portions are optionally
substituted with one or nore groups independently
sel ected from hal ogen, hydroxyl, d-C4 alkyl, C-C4

a:r iés@gg{f glgﬁxﬁlep&aengﬁ %gﬁdgﬂl Voo R CORS ChE R BRPED; Cio O
alkopricere R BPY Cnnsy SRl o DO T XGRSk P RRerL:
hetewgna}kyx hkte&B%@R&qmeBb@lM \--NVIIlb-1 and salts

t h
Ry pEethen e e oy v ofyrt FrappdeihdBo 10,
mentﬂaﬁa haaﬁarplear hatan@ﬁmﬂngﬁwhemmtemwl axfd hetgiodyclic gngsapss ;
opt IS A s St s B S oo R OO
tnﬂﬁbjcﬁhaﬂadl Id;ﬂupro@:athm& mlﬂcgr@th@mwwfhoﬁyl ar yI aryl al kyl,
{(e{s Rilrdden d] ﬁ:{(; ey l@z{ ;J&%}]yl :Qﬁt erem said alkyl,

ero )/Ia T Si | or dlalkyla |SI|I¥|

alkemifmd japd @ﬁlal&ylarwtm&&sr %@W}Wd k! 91‘ more éSPBPS
=gty At aybooiaaien

po’f{ﬁﬁftﬂé{émé‘i”e CoprrlHaf1§o §YPB§LV?B?’%8W%’J?'L 8%%/{%3%1@% e
hete%%?@ | i/l AERRE hdﬁ@lkbb/cycﬁﬂkﬁﬁlkﬁdarfﬂhm hadreagaikyl byddr oxyl ,
oAb o el ATy oYY bl dencenty
sele&ﬂ?dgfdﬂgl&ﬂbgelﬁhy&fdﬁl aﬁny,lmtrmda, O-6i ﬂbyiyﬂ)z-04@ﬁcexfyll _@lz—cﬁ

a si :
v ské/n A0 oshogofioly Broiand SR Bg X e

V\,hEP"eanﬂ g naiemﬂenﬂmeﬂ@ew9 ffrom hyisegeny Cy-Cio@liyly £2-Crajafkonyl,

L | | Mirigh

Cx G ibl G oyl G AR ERIR ol SV hitaty
heteivatybikeh, hydroxyl, Cl-C4 al kyl, C2-C4 al kenyl and

C26:%* o2 YN ether with the atom to which they are attached form a 4 to 10

membered carbocyclic, heteroaryl or heterocyclic ring;
said method comprising cyclizing a compound of Formula ViIb-1
Z
NR2bR20

HN X8
NR2R2
. ViIb-1

wherein R2 hydrogen, C;-Cip alkyl, C2-Cro alkenyl, C;-Cro alkynyl, benzyl, allyl,
arylalkyl, trialkylsilyl, dialkylarylsilyl, -CORS, -C(0)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,-Cq alkenyl, and
C;-C4 alkynyl, and '

R is hydrogen,

to provide said compound of Formula VIIIb-1.
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R2c is hydrogen, Cl-C o alkyl, C2-ClO al kenyl, C2-C10
al kynyl, benzyl, allyl, arylalkyl, trialkylsilyl,
di al kylarylsilyl, -CORE, -C(OOR6, -C(ONRGR7 , -OR
or -NHRI, wherein said alkyl, alkenyl, alkynyl,
benzyl, allyl and arylal kyl portions are optionally
substituted with one or nore groups independently
sel ected from hal ogen, hydroxyl, Cl-C4 alkyl, C2-C4
al kgny! ﬁtﬁ&-ss@%rﬁé‘pé éﬁ%ﬂbfac%ﬁnp&ﬂﬁof@or&ﬁﬁmb 1
i ndependehtly hydrogen, trifluoromethyl, -ORB, d-C o
al kyl, C2-Cl0 al kenyl, C2%C10 al kynyl, C3-Cl10
cycloalkyl, C3-do cycloa | aNR3mRZ aryl, aryl al kyl ,
heteroaryl, 90 heteroa ‘ yl, heterocyclyl or
heterocyclylalkyl \R7_ together wth the atom
to which they are Jt for¥ia 4 to 10 nenbered
het eroaryl or heterocyclsdeyring, wherein said
het eroaryl and heterocyc&%ﬁ%rings are optionally
substituted wth one or “groups i ndependently

ang &dlte eddadlvhteoderbut] wigpesin:  tri f | uor onet hyl ,

di f r ) dru and OR8; R8 is
hyd? gg%é? 84%0;]% 8%26%%% I¥{<enyl , aryl or
arylaR%ﬁQ% wher ei n sald al kyl, al kenyl, aryl and
arylalkyl are optionally substituted Wi th one or nore
groyps N\ ndependently selected from OH,

-0 (@ ;4 o-alkyl) and O (Cl-C O alkenyl); R10 is
hydro n, C-do aIkyI C3-Cl O cycl oal kyl al kyl,

| al , h Al ly .
%ngu n sa| geaﬁigt?% %ll?eny On?{ﬁ%tyg/%&%ﬁ% éaﬁi{ér&,hps’
cycKomltk ¥l Gll BayT or GyrGelalityky| ,  het er oaryl al kyl and
Cft rgﬁy&tgsreh% by alﬁﬁr(t)zL(%‘ﬁk&SdeCQ@R l|03-(§9@8bhlkj=lt@ﬁd

one ps | ndependent selected from
Cnmmcbgléﬁalkﬂy@rlo@wlplkygle%ﬁﬁomﬁt ltetctparYétél% Befef@fyctx& al kyl ,
hefericydifialBh KEMHsity et Mbvher@s@alﬁﬁpdlmylkaﬂbnyl@ C6
heteroc cloalk -N R ﬁﬁ &Fg ﬁ;§ an ql
GYépaélml’ﬁa@%W&é}w iyhga élatewﬂa Her Qcyhy an
heféldsyolylall? péaiensatepiyially substitfibdovid d@myinpre @duligdependently

LR Y o IR by B g gt

anﬁagéthmromloqu»ﬂhe atomto which they are attached form
Y0 r ]
2 %r"okgy 0 éﬁeﬁbé % £er 89 %Mﬁtbyéfczd} BBy ity apylalkyl,

Jsin provi.ding” a
mmmumucmmn@caz R ST S ot o
Ll{xﬁyl I\BE%? ‘%llﬁ fand ah?lalk?lrpoﬂloﬁ@ﬂp Rgéﬁagalﬁfsud:%f&i sk MR ok duore

R2a or B ON|
£ro0es y;dependently selected from halogen hydroxyl, C;-Cy alkyl, Cz-C4 alkenyl and Cz-C4

alkynyl

% is hydrogen, C1-Cyo alkyl, C3-Cyp alkenyl, C,-Cyp alkynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, -CORS, -C{O)OR®, -C(O)NRR , -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;-C, alkyl, C>-Cs alkenyl
and C;-C4 alkynyl,

RS and R7 are independently hydrogen, triffuoromethyl, -OR?, C1-Cyp alkyl, C2-Cro
alkenyl, C3~Cy alkynyl, C3-Cyo eycloalkyl, C3-Cyg cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
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Vb- 11: B=ENR2bR2c A=NR2R20r N3 Vb-12: B = N3, A = NR2&
or N3 wherein R2 is hydrogen, substituted or
unsubstituted benzyl, allyl or -C(OOR6 and RR is
hydr ogen; reduci ng said conpound of Formula Vb-11 or
Vb-12 to provide a conpound of Fornmula VIIb-1 91 Z
NR2bR2c  H2N X$ NR2R2a M | b-1 wherein when A and/or
B of Formula Vb-11 or Vb-12 is N3, then R2 and Rea

hefvefyRilkyRBEeragydlyR2 Geteroampeaiti,vel v, (ﬁ Formula VIIb-1

conBOAR B CiegPruie DRk o vph BT ABCa TS A 518, 23 ©
cacnfbeted hererbary! it heltdpockolicZing, THerghr ﬂaieha;ereesyl ehdlhempatyhe riagsere

op%naﬁ# %hgﬁg%dl \%]81 e or%oﬁcégljo{}p Iﬁ—"?dr ﬁunﬁéﬁ% %&Eef E@r i ses
trifjuoemmasityl, Mumetmgr triffeorpmethanyend QRS formi c aci d,

Opt g@l@ ﬁ#dré@eﬁ @l_btheauai eS.eNCReRyL, A Qghﬁwwﬁéﬁlae&l@am@@r
id” deri vatlve In t resence of ‘an

alka@fl cryl pegd q@flﬁw a@ os%qnellwhﬁﬁ'aﬁwdwwmﬁarrwp groyys|ipdgpepdesfly
seldbtdit oV OB &- (Cl@]ro AlRyDHnd &-(Cllag,-HLpHsSs as claimed in

any_gf clains ere S tion
IR SO D I iR e e
het@xbcMyﬂzﬂkyl, whweia k£ BlkRedkdngl, alkygt, ogvalksl) cycRalkylslkyigirylatkyl,
c_aci tio LLy.in the
et ey S o Ryt it Hoofn 25 efignilB; s RRGa it Bod pope
groiipy indeqérdeglyiselectdddropriabgars bydbxyd nyamo; mt;o zmido( Ci-Ly alkyl, Co-
I d
Chaﬁ&@@ﬁ%éh%&ﬁgleacfdkﬁpﬂﬁ roV%%%mgy%% ?m%ornu
XI R a0d RY] te ndgpendentiyreiRpied Ama hrdroze rCm alkﬂ, 1o %Berml,
N ailifyFRE-Cy eycloalkyl, C3-Cig eycloalkylalkyl, aryl, arylalkyl, heteroaryl and
heteroarylalkyl,
or R' and R'® together with the atom to which they are attached form a 4 to 10
membered carboeyclic, 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

Na, or & compound of Formula Vb-12 wherein B is N; and A is NR*R™ or N3,
z

O,N x5
A
Vb-11: B=NR¥R”, A =NRR* orNj
Vb-12: B=N;, A=NR*R®orN;
wherein R? is hydrogen, substituted or unsubstituted benzyl, altyl or -C(O)OR® and
R* is hydrogen;
reducing said compound of Formula Vb-11 or Vb-12 fo provide a compound of

Formula VHb-1
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Xla-1 XIb-1 (b) al kylating said conpound of Fornul a
Ma-1 or XIb-1 with a reagent having the fornmula RL-Y
wherein R10 is not hydrogen and Yis d, Br, I, or a
sul fonate ester, to provide a conmpound of Fornmula
Xlla-1 or Xllb-1 92 Z z NR2R2a NR26R2 R10, + 1 / R
I Ne# X5 NX5 ~~-N~--N'"RR R2; and X la-1 Xl Ib-
(c) renoving said R2 group fromthe N-1 position to
provi de said conmpound of ZFornula VIlla-1 or VIIIb-1
wherein R10 is not hydrogen. §@#r¥Fhe process as cl ai ned
in any of clains 1 to 6 erein said cyclization
conprises treating sai Qund of Formula Vila-1 or
VIIb-1, wherein R2 dH¥ Re P% H with two or nore
equi val ents of formal dehy#éR*®r a formal dehyde
derivative in the presengﬁb of an acid to provide said
conmpound of Formula VIl a- ej
ot Ry woen A OB P GERas IR Y bl YBeiZ gt B ot o o
RA AR, i@&%&tﬁﬂeg SFFofaulaNaih-1 aleil9drogdnpamar i ses:  (a)

reacti ngd. sai und For VI of. VIIb-

wh VB He hudbmgera g %aliwpaﬁﬁﬁﬁ%mlﬁ ‘éﬂ’ Lo °"t‘deﬁ*‘d
codfRnd ot RrpRovVIMel1a conpound of Fornula | Xa or I Xb z z

IOl N a O NR2t R2 NR2R

] 1% %rocef‘v)eg ]}1%8 1rm,% Ipl‘ claunlg{ll to 5%%%8%&'&}1%@
coﬁﬁas@macuyg:éaah:lomydmﬂ lefopmala Yiatlkoy VI wésercia R aad Ryﬁfe Us

m\‘.@Sﬁ F ~ c?é‘rc’ld,lyégﬁ{r(éﬁ nt ers ol Pﬁ&h gttilgéﬂgg Armd or (l() E}formm acid
derivatierio dwreyetnaet ¢fy1h acpd; et mﬂée saideonpeung omyulg YBda-1 p1it ed

‘qphqugﬁﬁugnmqpre groups i ndependently selected from
al ogen, dr oxyl ano, nitro, azido, alk

o al wapceswdemgmwﬁ laimg3 tors V@;?Eerﬂo‘%ﬂ ieylizates og
coiiséy ocycl oal kyl, -NR6R and - ORB; (b) redu0|ng t he

am de gt ?lrjegcﬁ%fg sasuil cI:o(ijnpg\?anl%? i‘*lormu a VIII:zg)-E gHTﬁ’b I1 Fhetein ﬁ%b to
hydrogen and R? is not hydrogen, with (i) formic acid, optionally in fhe presence of an

additional acid, (ii) a formic acid derivative in the presence of an acid, or (iii} formaldehyde

D+
1

or a formaldehyde derivative in the presence of an acid, fo provide a compound of Formula

XTIa-1 or XIb-1

Z
N RZRZa N szR2c
N x® N X5
\\—N \\—-N
R2 R2 .
Xia-1 Xib-1

(b) alkylating said compound of Formula XYa-1 or XIb-1 with a reagent
having the formula R'*-Y wherein R"® is riot hydrogen and Y is Cl, Br, I, or a sulfonate ester,
to provide a compound of Formula XITa-1 or XJIb-1
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provi de a conpound of Fornmula Xa or Xb 93 z z NR2R23
NR211R2c R~oa~N |1 Xs Rloa--~N X5 FI NR2R2a |Ii NR2R2a ;
and Xa Xb (c) reacting said conpound of Fornula Xa
or Xo with (i) formc acid optionally in the presence
of an additional acid or (ii) a formc acid derivative
in the presence of an acid to provide said conpound
of Formula Villa-i or VIIIb-1 wherein RLO is not
hydrogen. 11. The process as claignmed in any of clains
1 to 6, wherein saigegxclization] conpeigses: (a)
reacting said oun of For i'ta-i or VIlb-1,
wherein F@&l dr ogen a’@pgl+ ; not hydrogen, with
an acyl a t™k0 provi dg7a gonpodnd of Fornul a
| Xa or | Xb z NR2R2a NR2bR2 D1 O RloaxN / X5
RloaxH f X5 |1 l.,\llel'-\’ZI'-\’Za NR2R2a | fq I Xb V\:he‘fIn R10 is
H, Cl1-Clo al kyl, C3-C10 cycloal kylal kyl, arylal kyl,
het er oar yl al)km-lor het er ocycl WIlk-Kyl , wherein sai d
al kyl , cl oal k K
oL R M SN B 0RE WAl
FommuiaVidhel @NIHbflewlyrmglsmn@efé@E@ent ly selected from

hal pgen o 0 in Ly |

g aﬁﬁg‘f Q%Iaggfx f'eﬁ,ﬁl@; g w@l&g gal% S%hz"& !,
coxmxsaarehmgéwéem@aql kf;ﬂormmq\{'@ﬂé op K- 1@38““*‘"6 B) aﬂfi}eﬁd (&5 g
with 6o G RHEE VIR Of fodldehya® Mﬂﬁl&éﬁydEﬁéﬂﬂdﬁﬂ ih %a pﬁﬁenbexb

t f F
MK e T M TIC  A

NR2f82  The process as claimed in any of claims 1 to 6, wherein said cyclization

comprises:
(a) reacting said compound of Formula VIIa-1 or VIIb-1, wherein R*and R*®
are hydrogen, with an acylating agent to provide a compound of Formula IXa or IXb

) R2R2a R2bR2c
Rl Oa H R10a >

RZRZa R2R23
IXa

wherein R!% is H, C;-Cy alkyl, C3-Cip cycloaikylalkyl, arylalkyl, heteroarylalkyl or
heterocyclylalkyl, wherein said alkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl and
heterocyclylalkyl portions are optionally substitated with one or more groups independently
selected from halogen, hydroxyl, cyano, nitro, azido, C;-Cy alkyl, C2-C4 alkenyl, C>-C4
- alkynyl, Cs-Cs cycloalkyl, C3-Cs heterocycloalkyl, -NR®R” and -OR%;
(b) reducing the amide group of said compound of Formula IXa or IXb fo

provide a compound of Formula Xa or Xb
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~Xa Xb 94 (c) reacting said conmpound of Formula Xa or
Xb with (i) formc acid optionally in the presence of
an additional acid or (ii) a formc acid derivative in
the presence of an acid to provide a conmpound of
Formula Xlla-1 or XIlb-1 Z Z NR2R2a NR2bR2c R1&+ | /
Ro+t+ 1l / NXs N~X5 ~=-N~-N RZR2; and Xlla-lI
Xlib-1 (d) renoving the R2 group fromthe N |
position to pro¥i de sai.d conpoundZof Forrmula Villa-1
or Vi1Ib-1 wheregin 24 S not hydpogeppke. A
conmpound, inckUdrag salts and s eés thereof, having
the Formula Vililb-1 Z NR2bR2O 5 NRRRza M1 b-1
wher ei R™Zi€ >Z(=0OkORI , R[> 7,"XEN, -C(=0)H, or
RL "N or a Iijmi et¥obnat may be'trapsfermed int,o any of
one said Z groups; R is hydrogen, -C10 aﬂ(yl,
C2-C10 al kenyl, ¥%x-C o al kynyl, CXCl0 cycl oal kyl, C3-

a | oal kyl al_kyl , | lal kyk, . ,

et et ol reatg o fraingpitss Epo By keiTh Rl atle;
OptioFEE@l ilkfliﬁb ﬁﬁieide oﬂfn adidiibkay bad gt (8) d fpimic wir}etieéivwvs al‘i the IH?SR?W ,

al ken . n efic Y is ,
of it I et s Pamomp o ot Vitra- EHAVTRR iRl s 81 ¥

hydeopen. het erocycl yl al kyl portions are optionally
suhst it ] el Bir Ol RSwhcRGERENSEIDbiidn
selqz'ct egfeggoggr%sh%]%%gnl, a‘ﬁ:{;%l}?:oxyl , O-C4 alkyl, C2-c4
congiiksnyl , C2-C4 al kynyl, C3-C6 cycloal kyl and C3-C6
het er ocyg }eg_éiinélei& cdRgoicht RéRwa ITd-1 SeVRE Siticketn R™ is
hydrogen, G-C o al Ktﬁ/" Cg-_Cl o al ken‘xé, C2- Clg £ Formul
hydggery |R” s not hydrogen, with an acylating agent to provide’'a compound of Formula

IXaorIXb

Z zZ

NR2R2a NRZbRZG
o] 0
Rwa’lL” X8 Rma’u\H X°
NRZR?2 NR?R?
' IXa IXb

wherein R1% is'H, C;-Cip alkyl, Ca-Cjo cycloalkylalkyl, arylalkyl, heteroarylalkyl or
heterocyclylalkyl, wherein said alkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl and
heterocyclylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, cyano, nitro, azido, C;-Cy alkyl, C-Cs alkenyl, Co-Cq4
alkynyl, C3-Cs cycloalkyl, C3-Cs 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 zZ
NRgRZa NREbRZG
Rma-\H X5 R108™ X5
H
NRZR?2 NRZR?2 :
Xa Xb
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opu
of

95 benzyl, allyl, arylalkyl, trialkylsilyl,
diallcylarylsilyl, -CORE, -C(O OR6 or -C(O NR6R7,
wherein said al kyl, al kenyl, alkynyl, benzyl, allyl,
and aryl al kyl portions are optionally substituted

wi th one or nore groups independently selected from
hal ogen, hydroxyl, Cl1-C4 alkyl, C2-C4 al kenyl and
C2-C4 al kynYl; RRa and R2C are independently hydrogen,
C O 0 ékﬁéhmélam@ Rmpbutenyfl Forfadta Ok.o oﬁmbyﬂ@d] (1) foeniz \doid

t1 mtﬁ‘e&; 1@%} anaél alk%@clwl(}{) di al k&/ é al {/Eﬁeegresence
sidcit 1 ptoyide a edniptnd of Feunulay/ Xl k-1 obKHb-)lI , aI Iyl and

arylalkyl porfions are optionally substituted with
one or nore groupszlndependently sel ected from

hal ogen, hye ARRCL-C4 al kyl, C2xC4 ﬂfﬁ%nyl and
C2-4 al ke or - NR2R2a and/ or bR2™ is N3; X5
is H RO BF~J, or Cl-Co B 6~apd RC are

|ndepend tIy hyd¥ogen trifluoRp -OR5, Cl-Clo
al kyl , - al kenyl, G do aﬁkeﬁyl, C3 clo
cycloalkyl CﬁeCh1cycIoaIkyIaIkyI d?yl, ar ylaaflkyl ,

het er oaryl , Xﬁf jeroaryl al kyl , hetegﬁﬁxclyl or
heterocyclyl yl, or R6 and R7 together with the atom
to whi clidtiegviesrthe B} grouptfeam the Nnh pesiio tg prayide saidvensnapnd of

Fo

Mk ﬁﬁf‘l%}yr%bﬁ%}feféﬁ?ﬁ‘@ﬁé&t KydRgen Wher ei n sai d
eteroary

and heterocyclic rings ar opt I
UL ¢ ke R R 5 A s oF N VI
sel ected from hal ogen, taifluoronethyl,
di fl'uor onmet hoxy, trifl uorjomet - and ORB; RB is
hydrogen, C1-Cl O al kyl ,~C&x€; 0 al kenyl, aryl or
aryl al kyl, wherein said |, alkenyl, aryl and
aryl al kyl are optio psks tuted with one or nore
groups independently sellected from OH
“O (Cl-C10-al kyl ) and -ONCL-d o-al kenyl); R10 is
hydr ogen, C1-Cl10 al kyl, ¥8Bbd O cycl oal kyl al kyl,
arylﬁn§gl het eroaryl al kyl or heterocyclyl al kyl,
whel & A sai d al kyl cl oal kyl al kyl , aryl al kyl
het%mo@@ﬁﬁ@&kﬁﬂ“@@@&R%éﬁ%r@@?&ﬂy@alkyI portions are
OptIOQ@J|¥ substituted with one or nore groups
i ndep ntly selected from hal ogen, hydroxyl, cyano,
nitr azido, C -C4 alkyl, C2-C4 al kenyl, G4
al k ny C3-C6 cycloalkyl, C3-C6 heterocycloalkyl,
- NR8 /and -ORB; and Rl12a and R12b are independently
sel ect d from hydrogen, Cl-Cdo alkyl, C2-do al kenyl,
aryl or arydralotsyy thatarayike fransfomdedinipigny ofgee ik Z SIOWIE: t he
at Cﬁmlg éﬁ’%&:ﬁh bﬂ%}kyﬁ@ziC?ota FNEE- éﬁ?ﬁl%@l ¢, c}&oalkyl Cs-

terocyclic ring.

nber e arboc heteroar
Cmfzcloadks@%w @rs%ﬂvﬂ ArgforoRRL, hﬁﬁrﬁwlalkxh hgtezoqyelyly g

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;-Cq4 alkenyi, C;-C; alkynyl, C;-C4 cycloalkyl
and C3-Cg heterocycloalkyl,

R? and R™ are independently hydrogen, C;-Csp alkyl, Co-C)p alkenyl, C,-Cyp alkynyl,
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Z NR2ZR2za RIONxs \--N Vlla-i and salts and

sol vates thereof, wherein Zis -C(=OOR, -C(=0 NR6R7,
CN, -C(=OH, or RZa R72b QYN I\' or a noiety that
can be transfornmed into any one of said Z groups; R
is hydrogen, CrClo al kyl, C2-Cm al kenyl, C2-C O

al kynyl, C3-d o cycloal kyl, C3- Cl O cycl oal kyl al kyl
aryl , aryI al kyl , het eroaryl het eroaryl al kyl ,

belgzﬁt iﬁ{zr!} aw&h?ﬂ tria]l@Ellﬁ,rdMM@dryé@l , KGOR®, m(owm gI(D)NR Rr
la S| relLn
bR Y PV AT RS el Dt ity poreps G bonaly

subaityde‘ﬂ{vvk}ydme ohate rgﬁmpg/ihdephﬂemhy odco}dda&mylha,loghe bekaol €1-¢b
QL8125 I portions are optionally

]kgug’s?‘i f"él CY& ‘% ail(r:f“Mbr nmore groups independently

S elfétm&zﬁarﬂnddpaid@tghfmydrw%y@b allod Cactdio dﬁ%ﬁ: Co- @@ﬂ@&“ﬂ
be’% lcafﬁgr | é ﬁisif;){rbﬂlk da%mg?e [ ndepebr%ﬁént Iy h)% gglén

v@e@uwylld alktﬁza@nal alkyayh penzylcplybang aptaliphpdrions gignzy | |
optﬁla% Eubs%ﬁéli ik Yhe or Ho%%%ﬂé_}%ﬁden@ Bleleyd Bory hodey,| ,
2

wherei n said aIkyI
hydsgxigle Ry 1 l’kglrﬁﬁlalke'ﬁi’é Ky 94nd aryl al kyl portions

ar ENRIRH eqiddr mﬂ'ﬁzaigsstgtut ed with one or nore groups
0 from hal ogen, hydroxyl, C-C4
%I‘S%'%ZH&}/& é’n@ﬁaﬁ‘y}md C2-C4 alkynyl; X5 is H F,
o RE Biid RfarccindegbndG8lyalydryden, tRBuaometit, -ORE Ji-Saeboh §afd v
0 I Yo 1
kg BRT dosh GHERIE Co i S Ut By o e

hetazgac)rlaiwl,ldlptemlcml or mmcyclﬂmlal kyl, heteroaryl,
h e%?ﬁgﬁg{)}h ?Jgkt){ér witl BheloBris Qdmeh 1RY RSHREACHEL Yh &l loy! . or

%‘e her wwth the atomto \NhICh they are
membereddigterpamybyrfetarogycliering wherpin srid Bejereray @pcblg;se}yq)cygp nngs are

optilSAIs ERENGed Gith bidGr mbRFRIinScpbiilicNB s8leQ@d Hdm Rdében,
heterocyC|cr|ngs tionally substituted with
triflppremeshyLyfbfueramediaps “%FI‘B@B’@ ? R\é’el ected from
hak® geRdrogdn) ¢ £¢ b @kt try lalkertjﬂ ﬁﬂyhmraqrmtﬁh@ﬂyxem said alleyl,
e G Pyt e SRR P T e R e
sezeaad Babrk OBy |-O-(@f-§lo-a bl arak -Pr (a!I:—IE)oI-albnfl) optl onal |y ’
su E&tii: ﬁ)}tﬁo%gn, Wil-b aﬁ&? C3 blﬂ@&@aﬂ«gﬁm Sary'lm Fﬁ@t@g%}fah&l or
heterocyclylalkyl, wherein said alkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl and
heterocyelylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, cyano, nitro, azido, C;-C, alkyl, C2-C4 alkenyl, C»-C4
alkynyl, C3-Cs cycloalkyl, Cs-Cs heterocycloalkyl, -NR®R and -OR®; and
R'™ and R' are independently selected from hydrogen, Ci-Cjg alkyl, Cz-Cyo 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
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selected fromOH, -O(Cl-Clo-al kyl) and
-O(C -Co-alkenyl); RLO is hydrogen, G -Cl O al kyl,
C3-d o cycl oal kyl al kyl, aryl al kyl, heteroaryl al kyl or
het er ocycl yl al kyl, wherein said al kyl,
cycl oal kyl al kyl , aryl al kyl, heteroarylal kyl and
het erocycl yl al kyl portions are optionally substituted
with one or nore groups independently selected from
hal ogen, hydroxyl, cyano, anitro, azido, C-C4 al kyl,
C2-C4 al kenyl, C2-C4 al kyhyl, 22C6 cycl oal kyl, C3-C6
het erocycl oal kyl, - NR6R7gzams 3; and Rl2a and R12b
are i ndependently sel ectfg om hydrogen, Cl-Co
al kyl, Cz-Gi o al kemji-n~"C2 oxsal kynyl, C3-Cl O
cycl oal kyl, C3-Cl O cycNaalLkyl al I cyl, aryl, arylalkyl,
het eroaryl and heteroary“%lkyl, or R Za and Rlzb
together with the atom t¥lisi ch they are attached form
t 0] I ar bocyclic, heteroaryl or
amﬁ%ﬁ%?%géywﬁggggﬁgﬁgiﬁg A conmpound havi ng the Fornul a
VI Zis -CEORRICGEORERRA CNI-CEBIBogi n: Z is - C(=O) OR ,
- C(:Q){MRGZR?, CN, -C(=OH, or R3zb ,N or a noiety that
can b Ansformed into any one of said Z groups; A
S r NRzRza; B is N3 or NRzbR2"; R is hydrogen,
Cl-Clo, al kyl, C2-Cl O al kenyl, C2-ClO al kynyl, C3-Cl O
cycP kyl, C3- Cl O cycloal kyl al kyl, aryl, arylal kyl,
heterogryl, heteroarylal kyl, heterocyclyl, |
het er ocycl ydralnojdty thetrcam badgansfpymptl inty angion? RAFFIAAFIRFy| |
whegigl pdﬁfg&:? CAYitey1, B R Bideny1 2K Edkoymy 1, €Y € Qadibatity, Cs-
cycl oal’kylal' kyl ,” aryl, arglal yl, hﬁégroar L,
Cutraeleliodaln. arkypryialiodihetesasyt poprognalkylnks “é?"a&’é |yl al kyl
hetBtOEyclyROS ], &raﬂcyﬁgﬂl, &n@dll hy¥er3sis i?vlhir?ih edld wkjlhallong, ﬂkynm;) re |
roups 1 ndep en sel ecte rom e roxyl,
exdiele el ool G SR e e
heté@icBRldgYporDHs ae dpiisdalGosubstitueriodhohoard thort grof® islepbni2ly
are i ndependent | dr . ] | @ Qucloalkvl
selg%ea gﬁg%q{aﬁal_, %Flt@xﬁ}, ?g gii;/ i?l?ﬁ,rbz (4C4I alk%ﬁ, @5 (ﬁ)ﬁikyn}q’,zcs%s veloalky
and C3-Cg heterocycloalkyl;

R? and R? are independently hydrogen, C;-Cjo alkyl, Co-Cio alkenyl, Cz-Cio alkynyl,
benzyl, allyl, arylalkyl, rialkylsilyl, 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, Ci-C4
alkyl, C;-C4 alkenyl, and C5-C, alkynyl;

X% isH, F, Cl, Br, I or C;-Cg alkyl;

RS and R are independently hydrogen, trifluoromethyl, -OR?, C-Cyq alkyl, Co-C1o
alkenyl, C2-C1o alkynyl, C3-Cip cycloalkyl, C3-Cio cycloalkylalkyl, aryl, arylaikyl, heteroaryl,
heteroarylalkyl, heterocycelyl 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,
triftucromethyl, difluoromethoxy, trifluoromethoxy and OR®;

R® is hydrogen, C;-Cyg alkyl, Cz-Cyo alkenyl, aryl or arylalkyl, wherein said alkyl,
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benzyl, allyl, arylalkyl, trialkylsilyl,

dial kylarylsilyl, -CORE, -C(O OR6 or -C(O)NR6R7
wherein said al kyl, alkenyl, al kynyl, benzyl, allyl,
and aryl al kyl portions are optionally substi t ut ed

wi th one or nore groups independently selected from
hal ogen, hydroxyl, C-C4 alkyl, C2-C4 al kenyl and
C2-C4 al kynyl ; Rea and R2c are |ndependently hydr ogen,

alkgxl Gﬂ}fl’ ardl a@l’dlkyl fxe ofticuhipl sabyiythed vmﬂﬁ.%lﬁ' nadrkgrongs indejpadently |

yl trialkyl | al kylaryl silyl,
sele“@éﬁ%m &'C['Z( %‘“’W)ﬁnﬁ%@ IX ]&Wb’ or -NHR , wherein
saig® &|hk(§d‘bgen,6(hl(hm§lkyl G- mloaﬂcﬂdhzlydrylaﬂ;dfll ]}elter(atndlalkyl or

ar vyl or.ti ith
nefil Bl B SR oot A8Rlch gt
hethratyolytikyl poijods o yptiongly s@istitutel with o@orq;zprggrkl@:ﬁ );qde@ﬁ@pnﬂy
 azido; C 4 |
Gty el o i o ey
alkyoR Cs-GgpyclalyiaCi Gy het@sf@p L, IY’R dynd 0854810 al kenyl |

G- 1@1"%11@1(9“ eﬁ@itnhéﬂemde%ﬁv @Eﬁt@éti' &b ﬁi{dﬁ(\@eﬁ' o)k o alRFLYE-Cro al}(enlyl
oo HOIED St GFRRIA oo RSO Fol @A BT oo ot

hagg mhlch they are attached forn1a 4 to 10

Qger het I C rin er el aid

et B Res P A R REvaP GRS AT B ity By LR AR
mefmbdred datbotyelic, néttrharglne heteroogolierigy oups i ndependent |y

selecte fron1 | 0 uor onet hyl ,

di fII% orgme ?av[n%i%fel’}?ﬁg%‘%l%m hoxy and CRS Rs is

hydr ogen, Cl - CIO al kyl, C2¢c o al kenyl, aryl or

aryl al kyl , wherein said al kyl _B aIIcenyI, aryl and

aryl al kyl are optionally p¥tituted wth one or nore

groups i ndependently se @d from OH,

-O- (A -do-al kyl) an@.NO (¢l - Ckd- al kenyl ); and R128

and R12b are independent|yssel ected from hydrogen,

Cl-ClOalkyl, C-Clo alkenyl, aryl or arylalkyl, or

Rl12a and R12' together w the atomto which they are

at tarhed forn1a 4 to 10 nmenbered carbocycli c,

het er oar he y C. I 15. A conpound havi ng
thezlﬁé?(ﬁ‘)él%‘ ST 6)1%{}91%’N%{3Facb%€ X5 N Xl b-i 99

Mmrmnwn

o\<(N
* , or a moiety that can be transformed into any one of said Z groups;

A is Ny or NRR%;

B is N; or NR*R%;

R} is hydrogen, C-Cyo alkyl, C2-Cig alkenyl, C;-Cyg alkynyl, Cs-Cyo cycloalkyl, Cs-
Co cycloalkylalky), aryl, arylalkyl, heteroaryl, heteroarylatkyl, heterocyclyl,
heterocyelylalkyl, trialkylsilyl or dialkylarylsilyl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, cycloatkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylaikyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, C;-C; alkyl, C>-Cs alkenyl, C;-Cy alkynyl, C3-Cs cycloalkyl
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Zis -C(--OOR, -C(=ONR6R7, CN, -C(=OH, or
RS2aR32b N or a noiety that can be transfornmed into
any one of said Z groups; R is hydrogen, Cl-do

al kyl, C2-Cd o al kenyl, C2-ClO al kynyl, C3-CIO
cycl oal kyl, C3- C O cycl oal kyl al kyl, aryl, aryl al kyl,
heteroaryl, heteroaryl al kyl, heterocyclyl,

het erocycl yl al kyl, trialkylsilyl or dialkylarylsilyl,

and\@}&‘j’ﬁglbt@ro&ﬁ]od[kﬂl kyI al kenyl , al kynyl, cycl oal kyl,
¥ al, Ky eroar
g‘en’&lﬁy?fﬁl‘ endeﬁi%q@)df)&%@'lcwffh@ l&ﬁtc Ot oc%;’cqzycf’%wl
benﬂﬂ!dllbrpﬁl?la&yleuﬁmﬂmqmaiaﬂg’la&dhm FEQR e (QJQRS oo OBR 6T e

T R

subsﬂ]wﬂécbuitli@ie or aerd gﬁ@ps@@iemﬁeaﬂmgl@m@omﬁogmhvml RrCa

r t rogen, CICIoaIkI CGo
_¢4r;ﬁg9%g%;% d“)%ﬁ ) benzyl aIIny aryl al kyl
tr iRA1 &klgi Rs.ﬂwﬁdep@dwﬂkiiwkwp@r p alkyl Gapim alkenples TiRp allymyL

benzﬁ(a%NB% 7?,1 mﬂﬁ!ﬁ&@n r&ﬁ@h@@&kxﬁowwd@mﬂﬁ -cah)krB , -OR’

or RBL Wbrseti mwﬁ@y@&ﬁ%@zﬁ oSl honall Y

optiSRINg GitREnkd ik HilopReR grdiydinapyidentyiseiedted fadnkdldge;2 - C4

ML R R Tl

tl‘D(é|1§<P]|F$C] Bt, I, ol CaCkatksdy y1 si | yl, - CORE, -C(O) OR6 or

b gﬁﬁg)mibﬁ?’ aa]rf:I iny epend%nlg }'@:ﬁ%‘% ab}':ﬁé{grm}ee%géigég?/ g’n Cwaah%y @r( bm
alkesyib@i—Cto alkmi’l WO ayelealion, Grdh ecyclgﬁlbxlﬁk}'h aﬁﬂe@éﬂ!ﬂ:érherﬁeyoaryl

hcte§ aﬁ?ﬁ%efe%@@%lf&&?qgﬁclﬂmgfl();%l | SC| | G al kyI C2 C4

Ol 00K ! R fogeling with the Repradp ich Hep i a@fmfow @d@ n,
mentlﬂ'e}:efgll th@foQ('}Fdr '}themcycﬁﬁ%g, herbia qaidhdifbary] Gt Ketekdoyaic Kﬁgéldre

yny ,CSCIOchoaIk ?dgo |
optlexg;aély 61&5%%%%&6 LG grogpw%qpﬁ;ip yﬁ@lfcé %ll'la ogen,
mﬂﬁlﬁ&rﬁé rcuﬂlﬂfdﬁ:béthoxw&ifﬁmﬁmymbw anﬂ)DRhet erocycl yl al kyl, or

at %{ab"' Z$€%$ e(; h%)[l V&zti(go al Sr%‘lﬁg a.weat\ﬁg/r ol?lereF%de i,

alkehgl} :&ylmﬁey arlylalkylraregptionatie sré)stnutsthwnh tretoemom rgydupa!ndbpendenﬂy
I &n stituted with
Selea %C b(aclr ol %yl?&g -Oo(r%&l fh)}s{)eﬁﬂ*c)t ed from
ha @eniR meunidemd@ﬂmeﬂmed ﬁamflvdrgmn%t%ﬁlyyl Cp-Cio alkenyl,
4 rorret hoxy and ORB; RB is hydrogen, C-CIO
b Q0 al ke aryl or arylal kyl, wherein said
aI RER" aﬂéRk etﬁgqthef‘é(ﬁ 1he alpm t%lwmclathkwe afoshed Serrc by

menstRALhrboty GR, ﬂ&etdarﬂ&%&focyafc@mgr oups independently 100
sel ected from OH o aI kyl) and

© O} C1Acrasmaraddaying ¢ e ?famla
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R12a and R 2b are independently selected from

hydr ogen, Cl-C o al kyl, C2-C o al kenyl, aryl or
aryl al kyl, or Rl2a and R126 together with the atomto
whi ch they are attached forma 4 to 10 nenbered
carbocyclic, heteroaryl or heterocyclic ring. 16. A

conpound of the Fornmula IIl Z X3 02N/ X5 A 11
wherein: Ais N3 or NRRR2a; Z is -C(=O R
whetdie: =O NR6R7, CN, -C(=OH, or . Rt2b Or ~\Nor a

noj et c ka Into any one of said Z
grg&bﬁ-{ﬁgkv 8@O&§F&'§5§ ?{qﬁﬁﬂ a sul fonate ester;
X5 i g2H,.F, C, Br, or Cl-C6 aIkyI R is hydrogen,
C1-C1 I kyl, C2- cno al kenyl , C2-C10 al kynyl, C3-C10
cy kyl , C3- do cycloalkylalkyl, aryl, aryl al kyl,

heter9 yl, heteroaryl al kyl, heterocyclyl,
het’érgcycl yl al kyl, trialkylsilyl or dial kylarylsilyl,

wh d al k |,k

cy S{ glal kf/ ?Igli' @?le g&%:ffoﬁ ed u}w %ugtonc 8@’ s%d%&%L

heRrbis bgdrygen) GyCie alm,tcam:gtmw Cza(ﬁxd alkret, élsxﬁhwblyallail Gpt
Cuo 5t Ry oAt A e SRk MG by ﬁLd?‘Sii
hetefokyeBAalll Myl ia! @Aiskyleanl, WEEe TR Gy
T R Bt
heteeqcme}lkyl PeIHgIS AT OpHo ﬁuasrtwwdgwlwne or la?rasﬁeyrsawgp?ﬁfw
selectéé(R@n hau%(a E@!ﬁ@xyp e, PR INBEE alke W ST AT RIS BYIIC At ey tivalkyl

kenyl, and arylal kyl portions are
mm@@?f%ﬁﬁww ° tituted with one or nore groups

i NER pRIRRe Bl hndesealidat) Blirogbt, CRChallat €3-CidwiengxGsCro Skyn@l
benl, SN, ary Tl L trictlo Y, iafiohiyfefy CEoRs KUHbR? 260 NReR,
wherein said alkyl, alkenyl, alkynyl, benzyl, allyl and arylalkyl portions are optionally
substituted with one or more groups independently selected from halogen, hydroxyl, C,-Ca
alkyl, C,-C4 alkenyl and C,-C4 alkynyl;

R? is €1-Cyg alkyl, Ca-Cyp alkenyl, C,-Co 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;-Cq alkyl, C,-C, alkenyl and Cp-Cy
allynyl;

X*isH, F, Cl, Br, I or C;-Cs alkyl;

R® and R7 are independently hydrogen, trifluoromethyl, -OR?, C;-Cyo alkyl, C2-Cro
alkenyl, C2-Cyp alkynyl, C3-Cjo cyeloalkyl, C5-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,
triftuoromethyl, difluoromethoxy, trifluoromethoxy and OR®;
R® is hydrogen, C,-Cio alkyl, C;-Cio alkenyl, aryl or arylalkyl, wherein said alkyl,
alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
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Rea is hydrogen, O -Clo al kyl, C2-ClO al kenyl, Cr7-C, o0
al kynyl, benzyl, allyl, arylalkyl, trialkylsilyl,

di al kylarylsilyl, -CORE, -C(OOR6, -C(ONRGR7 , -OR
or -NHR , wherein said alkyl, alkenyl, alkynyl,
benzyl, allyl and arylal kyl portions are optionally
substituted with one or nore groups independently
sel ected from hal ogen, hydroxyl, C-C4 alkyl, C-C4

sel@r!t%l a-@-'(&?Cl% J ddny) C,-(Ei@am&ﬂvl)%dar e

dro en, trlfluoronet
al k&1, %ramd@zren@qwr selectod {91 hydrggrPnfH1 ~Cm;g§1q@;1 G-Cio ]
aqﬁxﬁﬁﬂakhy , &G3-CdO0 cycloalkylalkyl aryI aryl al kyl ,

het er gary| heter IaIk ef eroc

A el OB b ST BB B a0
meﬁ]xmeMbasﬁbcjlidne,meafoeryabﬁmefwﬁbhé fifign a V\:h4 to 10 rrgnber ed

et er oary e ring, erein sa

hetE{ lﬁgﬁ£§%?8%V%ﬂﬁi rings are optionally

substltuted mnth one or noFe groups independently

sel ected from hal ogen, trjfl ugeonethyl,

di fl uoronet hoxy, trifluo ptythoxy and OR'; RB is

hydr ogen, Cl1-GC o al kyl, o al kenyl, aryl or

aryl al kyl , wherei n sad”al¥yl ,"x°al kenyl , aryl and

arylalkyl are optionally sybstituted with one or nore

groups i ndependently selected from OH,

-O-(Cl-Cio-alkyl) and -O @&, -Cio-al kenyl); RIO is
whoygrogen, d-Cro alkyl, C3-Go cycloal kyl al kyl,

aryl al kyl , Dggeroarylalkyl or heterocyclyl al kyl,

wheh 8Ny sHRR A1 kyl , " cycl oal | cyl al kyl, arylal kyl,

hetﬁfSO@ﬁ&mb@tlké,d(-—@j}ERGRhGﬂN@I‘-(C(&;MH[ ot al kyI portions are

opti ona substituted with one or nore groups

i ndependel fﬁvﬁ sel ected from hal ogen, hydroxyl, cyano,

nitro, azigo, C -C4 alkyl, C2-C4 alkenyl, G4

al kynyl ,} C33(6 cycloalkyl, C3-C6 heterocycl oal kyl

- NR6R7 /£ OR8; and R122 and R12b are independently

sel ected fnom hydrogen, O -Clo al kyl, C2-C o al kenyl,

C2- Cl O al kynyl ,, &3 fabley\thdt ad by ransEimed Gito any one of said Z

cycl oal kyl al kyl, aryl, arylalkyl, heteroaryl and
grWﬁ;{’eroarylalkyl, or Rl2a and Ri 2b together with the

at oth it B G BrchNOb eyz sitfenatetetached forma 4 to 10

ne f & teroaryl or heterocyclic ring.

r;p;e ngu?ng’?[C%&é§ aﬂzﬂhd of any of clains 12, 13, 14,

15 R;?rls hgirdgen,tGreCio Muﬁa@m @H@Ybfal Hae kgl CsiCa cycloalkyl, Cs-

Cul QBRI ElkgllS a.r% negaga%of h&é@ﬁﬁ“ %te@oa%%munﬂet&ﬁcyclyl

heterocyclylalkyl, trialkylsilyl or dlalkylarylsﬂyl wherem sald alkyl, alkenyl, alkynyl,
cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, Ci-Cy alkyl, Co-Cy alkenyl, Cp-C4 alkynyl, C5-Cs cycloalkyl
and C;-Cg heterocycloalkyl;

R? is hydrogen, Ci-Cyg alkyl, Cz-Cig 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{-C, alkyl, C2-C, alkenyl and C;-C4 alkynyl;
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XIb-1 wherein: Zis -C(=OOR, -C(=0) NR6R7, CN,
-C(=OH or R 2a Rl2b ONor a noiety that can be
transforned into any one of said Z groups; R is
hydrogen, Cl1-C o alkyl, C2-Clo alkenyl, C2-Co

al kynyl, C3-Cm cycl oal kyl, C3- O o cycloal kyl al kyl,
aryl, arylalkyl, heteroaryl, heteroarylal kyl,
heterocyclyl het erocycl yl al kyl, trialkylsilyl or

h‘ﬂé’h ObbS b}.-ltl.o M@g-@ho&f%gﬁ t,at, M!cmylabég@ﬁydnyl arylalkyl,
maxayzyfywp@yqylawiwe&pﬁ Ket YR b, whorep e
alk)g‘ %gﬁh ﬁlt@gjg Caéﬁiyy a8 Isyd arplancsdl paﬂﬁnmeopnpﬁdélg mubistityted with one
or magy GRS PorREpIAY ?ef?aféﬁgmﬂ%‘xﬁ’%%?%ﬁ%@ e sl £52 ooyl

andajzlcﬁamnylcz C4 al kynyl, C3-C6 cycloal kyl and C3-C6

(fgel oﬁg}:rgeng ﬁ% b#’&r()é%]i aﬂgorglrugt?( 1 ﬁ é:l @;u %ﬁ QXJO“)
alkehﬂl.. al-Cg ylkgayl, )ﬂz-thyallotdWla@syﬂ?m PMdﬂllealmQEyl arglplylchetereAry

kyl, alk I | k I
b B T b B i ome. e et Lona) |y
sulbs R’ BY tagetber mﬂethsrat%rtfew b disprg pelrdrigane 410 10
lt?l%t d ny?ﬁi)mfyf &rﬂeﬁfgcﬁ;&i@ 'Pin%/ Mfeﬁf‘s‘ﬂd heterbar¥an@ hkittocy G rifgh are
oot UBIEN Yithypa GRS o GREPRYPILY CSEETh TP g™
tnﬂtggogiétgy ?ilﬂﬁéfbﬁeﬂloxﬁ@rﬂﬂlﬂome&bk)ydnd OR?; ,yI al kyI
ri Si |
- Ry it SR Y e v g SR
alkeR@NZY] and aiyllayuyl &ﬁdptmnyll)aduhgﬂtutqzﬂomh ama ot mg@ wplgﬁ md?rlenq,enﬂy
n n nt
setedif B DI POl funeBOE AR (0 SuiBHEE L, bPioP™ . e
al R&niglhydmgbnOZ-Ch aﬂtyky(hy(hp cycioalkglaliqyl, prylatiyyl, lg;ema,,yiag?ﬂ or
k d
hete{oc?/?q? @10&%3 efﬁG s&dY%a 1%71 Cira &m&mnqwcligy H&Q‘Bﬁ?ﬁlﬁyn} and
hete@rc@l}dalgyllpyﬁyps ar@gpt@l@iyosybqugﬁqdwyh onegr F2pIg groups mdepen enﬂy

sele X& QA Hxdedd ﬁr ¥4ano, aﬁxiﬂ) adzkcml c, bebeyIp @y, alkenyl, Co-Cs
et eroaryl aI k

etero qr,- het erpcycl yl al kyl, or

alkymgl, G Wl°%&3r%rheW°P %ﬁ‘@yﬁ%hw i“g % 8%& hey are

ﬁt Reve Elﬂq{%%erﬁl&péhdﬁrﬁlylaectmh}ﬁﬂ)ghemﬂwm (B1C1o alkenyl,

eterocgyglic rin ein.s t er,0

e BhRIELS S ECES SRS SUE T Kol Mo
hete@ﬁ@lzﬁkylnbr e groups independently selected from

hal tzg fluor 41010

trf uoﬂ%ﬁet %ergﬂﬁgﬁ%gém%%}h{chuﬁg roggeafral:éEl T do
menghekeyd|carbéeellc] ieteadakd oyheterenyylic ripg. aryl al kyl, wherein said

al Kyl QR ofa 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 XTbh-1
z
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al kenyl, aryl and arylal kyl are optionally substituted
Wi th one or nore groups independently selected from
™H, -O(G-Co-alkyl) and -0-(Cl-C10-al kenyl); and
R12a and R12b are independently selected from
hydrogen, Cl1-C o al kyl, C2-Clo al kenyl, aryl or
arylaicyl, or Rl2a and R12b together with the atomto
which they are attached forma 4 to 10 nenbered
carbocyclic, heteroaryl xm-heterocyclic ring, said
nethod conprising: (a) providing a conpound of Fornmul a
wheggp. 1z NR2bR2c H2N X6 NR2R2a VHb-1 wherein RZa

i szhydl(@gm -AreD)NRIR'y eNctd(F@Es et d conpound of Fornul a
VHo-1 with (i) formc acid, optionally in the

CB™bf an additional acid, (ii) a formic acid

ive in the presence of an acid, or (iii) two
equi val ents of fornal dehyde or a fornmal dehyde
dero ive in the presence of an acid, to provide
said conmpound of Formula Xlb-1. 19. A nethod of

pr epar [ ng ar e ewfeouivg canfoe Fawsfunined int-aty or oRsaid LgoupsC- 1

%Fs‘gf _ﬂlrf%é‘r 8 Cyo %‘,@; & alkeﬂg( TRCONREfy1, 60, afelomfdiic;-or

that can be t'rans orned

Cuo pml@uatawb e, ofylaol, Btatomgylgissscaryalkyldesparbien.  G1o Clo
hete%c?%’lglalﬂcgz‘fngkgs@l B%d}rmglarﬁ&yg“@le@inl%&ﬁﬁ I ﬁ%enﬂlgkynyl

cl oal k
crcanp oM M By ke S VR Rivegeyety
heteli’@cszﬁfdgﬂ‘c Gotons &y bptloﬁaﬂl Slusithid kith ofor dioﬁd éﬁn}dpﬁinﬂépﬁmdem[y,
seleetytg {r:;rgtla Elklggaelg;j @3}0@’1' (Fly(F4 aﬁg’jﬁ; gl“ %fr}érp ﬁé Fé ?L%ybﬁ ICchycloalkyl
and TRICE heraoylchbikylt | heterocyclyl_and het er ocycl yl al kyl
|Oo tzL 0 Ils%g ﬂ%’&n‘ggﬁ § chfit' b%ﬁﬁtbg&ywaﬁw HifPr more
tnalkyls:lyl dxalkylaryls:lyi -COR’, C(O)OR6 or -C{O)NR®R’, wherein said alkyl, alkenyl,
allkynyl, benzyl, allyl, and arylalkyl portions are optionally substituted with one or more
groups independently selected from halogen, hydroxyl, C1-Cy alkyl, C2-Cq alkenyl and C,-Cy4
alkynyl;

R? and R* are independently hydrogen, C1-Cio alkyl, C2-Cio alkenyl, Co-Cio alkynyl,
benzyl, allyl, arylaikyl, trialkylsilyl, dialkylarylsilyl, -COR’, -C(O)OR® or -C{O)NR'R’,
wherein said alkyl, alkenyl, alkynyl, benzyl, allyl and arylalky} portions are optionally
substituted with one or more groups independently selected from halogen, hydroxyl, C;-Cs
alkyl, C»-C; alkenyl and C;-Cs4 alkynyl;

X’ isH, F, CL, Br, I or C;-Cg alkyl;

RS and R” are independently hydrogen, trifluoromethyl, -OR®, C;-Cyo alkyl, C2-Cyo
alkenyl, C»-Cio alkynyl, C3-Cyo cycloalkyl, Cs-Cyo cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or R? and R’ together with the atom to which they are attached form 2 4 to 10

membered heteroaryl or heterocyclic ring, wherein said heteroaryl and heterocyclic rings are

pres

optionally substituted with one or more groups independently selected from halogen,
triftuoromethyl, difluoromethoxy, trifluoromethoxy and OR%;
R® is hydrogen, Ci-Chg alkyl, C>-Cig alkenyl, aryl or arylaliyl, wherein said alkyl,
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sel ected from hal ogen, hydroxyl, Cl-C4 alkyl, CZ-C4
al kenyl, C2-C4 al kynyl, C3-C6 cycloal kyl and C3-C6
heterocycloallcyl; R2 is Cl-Clo alkyl, C2-C o al kenyl,
Cdo al kynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, -CORE, -C(O OR6 or
-C(O NR6R7, wherein said alkyl, al kenyl, alkynyl,
benzyl aIIyI and aryl al kyl portions are optionally
iRl B subiuRd with OkpS m el P helgtehdently

sel cte fro aIkyI c2-cA4
selegp eﬂ%‘@ﬁ %’aﬁw&%ﬂ%&‘%%mﬁ * %Y dr ogen, Cl-Cl10
al Kyt andR?'Goinddplsaytly, selextéd feonabyidyagyn, CiGawudipl, Co-Slholalenyl,
i’;\ryl ﬁé}él triallcylsilyl, dialkylarylsilyl, -CORE,
or_-C(O) NR6R7, vvher ein said al kyl, aI kenyl ,
al lot ]RHYdnd ROB trsgpiher veithithe atcantd v@ncwﬂaww attpebed fooma 4 tor 18
I or nore groups
mml%%éedo‘%% é@% ‘[sﬂag{g%%%%e rom I’ogen hydroxyl, Cl-C4
al wyiﬂmemd@nmiﬂmnyl and C2-C4 alkynyl; X1 and X2 are
ng% dcb mE@Jn@%??&mﬁlﬁWbthrogen' F, d, Br, I,
, Cl1-CI0 CL.o al kenyl, C2-C o al kynyl,
C3-d o cycl oal kyI C3-d ¢ cycl oal kyl al kyl and Cl1-d o
t hi oal kyl, wherein sai d _al kyNrR®&F°kenyl , al kynyl,
cycl oal kyl, cycl oal kyl § and thioal kyl portions
are opti onal | y substit I th one or nore groups
i ndependent |y sel eciid f om %o, hal ogen, cyano,
ni-tro, trifluoronethyl, drfuoronethoxy,
trifluoronethoxy and amﬁgb X5is H F d, Br, | or
Cl-C6 alkyl; R6 and R7 a flndependently hydrogen
trlvfhbneerihshmtbgen MS Cl-do alkyl, C2-CO alkenyl,

oa"] grl-“:é)é{lﬁ ?mp ’ 4 i&li%ﬂlﬁ?oé%gcgmd optionally in the
PTeWEQE@f aaadgiitlaildi y¢1da (h)eﬂt f@m@@@qﬂ (%ﬂ'l\"@lwe ﬁéh@r@ﬁew |09Mc‘gwr (mb ;

two%@ m@ﬁ@gﬁg?lén%%}ﬁﬁldmﬁi@mta%u@ﬁ%?dé Qerthiinehin thb Sﬁéseﬁée%f an

ach orm a nbered heteroaryl
acqu@tm?véﬁNélﬂlcﬁquuﬁ‘QOfmlém Sai d heteroaryl and

hetjgr ocy eleined bf feparifd £comPiiind ONBdrnMlagepst i tuted with
one or nore groups indgpendently selected from

hal ogen, trifluoronetfyl, R f1 uggsomet hoxy,
trifluoronethoxy and ORS; FR éjydr ogen, Cl-do

al kyl, C2-Cl O al keny riyl al kyl , wherein said

al kyl, —al kenyl, aryk geek ar a,t\*gl are opti onal |y

substituted wth nofe groyps i ndependently

sel ected from OH, -CIO al kyl ) and

-0 (d -G o-al kenyl); an8*R12a and R 21' are

i ndependently sel ected fnam hydrogen, Cl1-d o al kyl,

C2-C o al kenyl, aryl or arylalkyl, 105 or R 2a and
whefgiihy t oget her with the atom to which they are attached

f oz THOYOR! 1O(=0)RREE| e, CrrdpE el i ¢, heteroaryl or
het er %gycl ic ring, ,

N

0\{
* , or a moiety that can be transformed into any one of said Z groups;
R.1 is hydrogen, Cl-Cm alkyl, Cz-Clo alkenyi, Cz-Cm alkynyl, C3-Cm cycloalkyl, Cs'—
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. said nmethod conprising: (a) providing a conpound of
Formula VI1b-1 Z NR2bR2c H2ZN X5 NR2R2a VRb-1
wherein Rea and R2c are hydrogen; (b) reacting said
conpound of Forrmula VIIb-1 with (i) formc acid
optionally in the presence of an additional acid,
(ii) a formc acid derivative in the presence of an
acid, or (iii) two or nore equival ents of

Cib eieﬂmll@mwgaybmlalkirbham&aﬂﬂmma@myv aEtEM@c}jylﬂ, t hg |
I (0] Cl V or nul a
eSSy R ot SRR L VoS S A iy o
cycloaljylj aygoadigiladiyt, aryph amptedicyd fheteonuyi, haer&(drjdalltyly\he_tdﬂo@clyleag ent
A el A o o
selgptidfrom halogem by drprat. - C4 aBylcRs&aZaﬂccnﬂFGz GralkyByl ®-Fcycloalkyl

an@@%bgﬂg&&gdgﬂh@er (i) at elevated tenperature and
optionally in the resence of a base, or (ii) in the

preBeﬁ&éCGﬁmﬁlﬁEle -Guallainyls benaylcllsl, praaliyl t o
ridEyiiy &al&ﬁhﬁlsﬂﬂ Qﬂf@?\e nd(CgbRF&f «U{d)ﬂRflg 1 &her@&sald%u%i Qtﬁ{@:%@
alk;(%gl t%pzaﬁlaﬁjld ;% ] pgxi%gns a(r)ef OpIt:lg y su stituted with one or more
groups independently selected from halogen, hydroxyl, C;-C4 alkyl, C;-C, alkenyl and C,-Cy
alkynyl;

R? is hydrogen, C1-Cyo alkyl, C;-Cio alkenyl, C;-Cio alkynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, -COR®, -C(O)ORS or -C(O)NR®R’, wherein said alkyl, alkenyl,
alkkynyl, benzyl, allyl and arylalkyl portions are optionally substituted with one or more
groups independently selected from halogen, hydroxyl, Ci-Cq alkyl, C3~C; alkenyl and Cy-Cy
alkynyl;

X' and X? are independently selected from hiydrogen, F, Cl, Br, I, OR®, C1-Cyo alkyl,
Cy-Cyp alkenyl, C;-Cyy alkynyl, C3-Cig cycloalkyl, C3-Cyp cycloalkylalkyl and C;-Cyo
thicalkyl, 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, triflucromethyl, difluoromethoxy, triflucromethoxy and azido;

X°is H, F, C, Br, I or C;-C; alkyl;

R® and R’ are independently hydrogen, trifluoromethyl, -OR®, Ci~Cyq alkyl, C-Cro
alkenyl, C5-Cio alkynyl, C3-Cis cycloalkyl, C3-Cyg cycloalkylatkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or R® and R” together with the atom to which they ate attached form a 4 to 10
membered heteroaryl or heterocyclic ring, wherein said heteroaryl and heterocyclic riﬁgs are
optionally substituted with one or more groups independently selected from halogen,
trifluoromethyl, difluoromethoxy, trifluoromsthoxy and OR%:

R® is hydrogen, Cy-Cyo alkyl, C2-Cio alkenyl, aryl or arylalky, wherein said alkyl,
alkenyl, aryl and arylalkyl are optionally substituted with one or more groups independently
selected from OH, -0-(C;-Cy-alkyl) and -O~(C;-Cyg-alkenyl); and
R and R*® are independently selected from hydrogen, C-Cy alkyl, C;-Cj¢ alkenyl,

aryl or arylalkyl,
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la-i and salts and sol vates thereof, wherein: Zis
-C(=OCRlI; R is C-do alkyl; R2is hydrogen, Cl-do
al kyl, C2-GC o al kenyl, C2-d o al kynyl, aryl al kyl,
trialkylsilyl, dialkylarylsilyl, -CORE, -C(O OR6 or
-C(O NR6R7, wherein said al kyl, al kenyl, alkynyl or
aryl al kyl portions are optionally substituted with one
or nore groups independently selected from hal ogen,

hy gf R%4nd REP tosdhed itk the afodr te4vhivh K yile agmeted@amCa4 to 10

ynyl ndependently sel ected from
me@R?EFP&@@ﬁwéf—c gﬁ“’ﬁr"?ﬁ‘%‘" Mg oalkyl, C-dO
al&ﬁ@y&ﬂmiﬁmﬁhﬁmalkynyl C3-Co cycloalkyl C3-Cl O
oaI al k thloalkyl mherein said
Sifis r??x‘%ém ‘?%Pﬁl‘? Y Ryl eyel oal kyl al kyl
and thloalkyl portlons ar e optlonally substi tuted
with one or nore groups indepamdant|y selected from
oxo, hal ogen, cyano, @, azido, trifluoronethyl,
di fl uoronet hoxy and tr @r onet hoxy; X5 is H, F, C
Br, | or Cl-C6 al kykN” RBYandxR7 are i ndependent!|y
hydrogen, trifl uoronethyfzzrzORB, Cl-CLO alkyl, C2-Cin
al kenyl, C2-Cl O al kynyl, %3-CIO cycl oal kyl, C3-CIO
cycl oal kyl al kyl, aryl, aM#t-blkyl, heteroaryl,
hets608 R Ak k¥ lare Hydb nocycIyI or heterocyclylalkyl, or

R6 and R7 to ether whi ch re
ot CAcePERE MmpoRnd g T 'ﬁaﬁzﬁﬁ Ioeh G o f°&5ﬂﬂ>9i’“%’?ﬁy i1 the
presBi@k Of mmmklbm #0id) 3i) a\fvfmtcelcid dsﬁvaﬁvdrmmrpmmpb ofanalcid, or (iif)

o BEBSL SN o LEATARE r RRAARLAY aPBFLY S,

acidntaIpeuy&ie a compduhd offoomdd Nit-1 dlfluoronethoxy,
trifluoromethoxy and GQRB; RB is hydrogen, Cl-Clo
al kyl, C-d o al kenyl,|aryl _gr, arylal kyl, wherein said
al kyl, al kenyl, aryl-&nd ﬁ? aIkyI are optlonally
substituted with one Dre groups independently
sel ect ed fron1OH,N- 1§ al kyl) and ‘
O (Cl-d o-al kenyl )\ and R10 i s hydrogen, Cl-Cm alkyl,
C3-C O cycl oal kyl al N ,arylal kyl, heteroarylal kyl or
het er ocycl yl al kyl , wher®i n sai d: &Kyl ,
cycl oal kyl al kyl , aryIaI@mmq_heteroarylalkyl and

heterocgﬂlylalkyl ortions_are tlonaléé gfz; ted
wi {oh conmbingoeid gpmpoug §n‘i‘1ﬁ§§bé Afgegent ing thedgrp

hal ogen, hydroxyl cyano ni kro, azido, C-C4 aIkyI,
Cr-C4 al kenyl C3-C6 cycl oal kyl, C3-C6
heterocycloalkyl -NR6R7 a -OR8; 107 said nethod
conprising: i) nitrating az onpound havi ng the Fornmul a
CO2H

wherein X° is F, Cl, Br, I, -OS0,CF;, 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 Formuia Ic-1.

20. A process for preparing a compound of Formula Ia-1
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X3 X5 X4 wherein X3 and X4 are independently F, O,
Br, I, or a sulfonate ester to provide a conpound of
Formula Il CO2H X3 02N X5 X4 1l ii) reacting the
conpound of Forrmula Il with a conpound of formula R
OH, to formthe correspondi ng ester having the
formula COOR X3 2N/ X5 X4 iii) reacting the
ester with two or nore equivalents of a reagent that
generates ammonia to farm gconpound of Formula VI-11
CO2RL A 02N X5 A VI-11 A & NR2RX& wherein e is
hydr ogen; iv) reducin C ogrd of Fornula VI-11

to provide a conpound or mulla \ Ylla-1 108 CO2R1
NR2R2a H2N X5 NRIRRa” M1 -ixs v
conpound of Fornula Y ?JI to prov

A ¥glizing sai d
de a conpound of
Ia-1
and salts and solvates thereof, wherein:

Z is -C(=0)ORY;

R!is C-Cyp alkyl;

R? is hydrogen, C1-Cjo alkyl, C2-Cio alkenyl, Co-Cyo alkynyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, -CORS, -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, Ci-Ca alkyl, C-C4 alkenyl and C,-C4 alkynyl;

X! and X2 are independently selected from hydrogen, F, Cl, Br, I, OR®, Ci-Cyo alkyl,
C;-Co alkenyl, Co-Cio alkynyl, C3-Cig cycloalkyl, Cs-Co eycloalkylalkyl and C-Cyo
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalkyl
portions are optionally substituted with one or more groups independently selected from oxo,
halogen, cyano, nitro, azido, trifluoromethyl, difluoromethoxy and trifluoromethoxy;

X%is H, F, Cl, Br, I or C;-Cs alkyl;

RS and R7 are independently hydrogen, trifluoromethyl, -OR3, C[-Cyp alkyl, C2-Cyo
alkenyl, Ca-Cyg alkynyt, C3-Cjo cycloalkyl, C3-Cyo cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocycly! or heterocyclylalkyl,

or RS 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, diftuoromethoxy, triftuoromethoxy and OR®;

R is hydrogen, Ci-Cio alkyl, Co-Cip alkenyl, aryl or arylalkyl, wherein said alkyl,
alkenyl, aryl and arylaliyl are optionally substituted with one or more groups independently
selected from OH, -0-(C;-Cjp-alkyl) and O-{(C;-Cio-alkenyl); and

R is hydrogen, C1-Cio alkyl, C3-Cyg cycloalkylalkyl, arylalkyl, heteroarylalkyl or
heterocyclylalkyl, wherein said alkyl, eycloalkylalkyl, arylalkyl, heteroarylatkyl and
heterocyelylalkyl portions are optionally substituted with one or more groups independently
selected from halogen, hydroxyl, cyano, nitro, azido, Cy-Cy alkyl, C»-C,4 alkenyl, C;-C4
alkynyl, C3-Cs cycloalkyl, C3-Cs heteracycloalkyl, -NR°R” and -OR";
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Formula VIlla-1 CO2R1 NR2R2a R10,N X5 ~iN ; and

VIllTa-1 wvi) coupling said conpound of Fornula Vlilia-1

with a reagent having the Formula XI , 1 ~G X6 X2

wherein X6 is F, d, Br, |, -OSQ2CF3, al kyl sul fonate,

aryl sulfonate, alkylaryl sulfonate, -B(ORs)2, -BF3

or -Bi(Rt)2 to provide said conpound of Fornula |a-1.

21. A process for preparing a conpound of Fornula la-1

R R4 r¥hddconfpritnd Xs X2 N la-1 and salts and

sol vat es t her eof rein: .R s hydrogen, C-C O

al W1, @EgﬁﬁGP%W%@E@&#H§§W€REm§Tkynyl, C3-Cl O

cycl oal kyl, C3- Clo cycleaHkyl al kyl, aryl, arylal kyl,

het eroaryl, heteroaryl al xheterocyclyl,

heterocycl yl al kyl, trig Ssilyl or dialkylarylsilyl,

wherein said al kyl, al al kynyl, cycl oal kyl ,

cycl oal kyl al kyl , aryl, %yl , heteroaryl,

het eroaryl al kyl , heterocyclyl and 109

het erocycl yl al kyl portions are optionally substituted

Wi themimeX’and Kbare ingensagsatly 1 §b Fedesmstifonatgspterde pigvifle dm

|9§§ oxyl, C-C4 alkyl, C2-C4 al kenyl, C2-C4

mmgﬁ yny??ngégzﬁ cycl oal kyl and C3-C6 heterocycl al kyl ;

R2 is hydrogen, Cl-Co al K C2-Cto alkenyl, C2-do

al kynyl, arylalkyl, trialkylsikyl, dialkylarylsilyl,

-COR6, -C(OOR6 or -C(O I, wherein said al kyl,

al kenyl , al kynyl or ar ¢yl portions are optionally

substituted with one®d nofe gfoups independently
sel ect ed x4

iy
[

if) reacting the compound of Formula IT with a compound of formula R'OH, to

form the corresponding ester having the formula

COOR?
X3
O,N x?
x4 .
iii) reacting the ester with two or more equivalents of a reagent that generates

ammonia to form a compound of Forpmla VI-11
CO,R!
A

O,N x5
A
VI-11: A =NR’R™
wherein R** is hydrogen;
iv)  reducing said compound of Formula VI-11 to provide a compound of Formula
Vila-1
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from hal ogen, hydroxyl, C-C4 al kyl, C2-C4 al kenyl and

C2-CA4 al kynyl; X1 and X2 are independently sel ected

from hydrogen, F, d, Br, I, OR8, Cl-d o alkyl,

Cz-Cto al kenyl, C2-C10 al kynyl, C3-Cm cycl oal kyl,

C3-d o cycl oal kylal kyl and Cl-Co thioal kyl, wherein

said al kyl, al kenyl, alkynyl, cycloal kyl,

cycl oal kyl al kyl and thioal kyl portions are optionally

substituted with one or owre groups i ndependent |y

sel ected fromoxo, halo o, nitro, azido,

trifluoronethyl, diflu N Hoxy and trifluoronethoxy;

X5is H F d, Br, | -C6 al kyl; R6 and R7 are

i ndependent |y hydr ege kaoronethyl, -ORs, C-do

alkyl, C2-do alkenyl, €2-¢10 al kynyl, C3-C10

cycloal kyl, C3-Cto cycloﬁ?ﬁylalkyl, aryl, aryl al kyl,

het er oaryl , heteroarylahhyi het er ocycl yl or

heterocyclylalkyl or and R/ to eth r- wth t at om

t 0 Vihi chycltﬁ%@sa&rcema?%ef@&ﬂ%w’a“ Pyl iemﬂ’@ ed

Fmﬁmﬁqng@nyl or heterocyclic ring, wherein said

heteroaryl and heterocyclig rings are optionally

substituted with one or Fe groups independently

sel ected from hal ogen, RERFF onet hyl |

di fl uor onet hoxy, trifl gnet hoxy and ORl'; Rs is

hydrogen, Cl-Clo al ky ew-Clo al kenyl , aryl or

aryl al kyl , wher eif®sdi dYal kyf, alkenyl aryl and

aryl al kyl are optionakfy substltqh@d with one or nore

groups i ndependently selected from OH,

0O (C-do-alkyl) and oV{¥#1d o-al kenyl); and R10 is

hy di)OQQf&uplﬁg -G8 Ocotlpltld, of CBorfohif@ VHITA-Datithyh atdgent | having the

arylalkyl eteroaryl al kyl or heterocyclylal kyl,

&rein said al kyl, cycloal kyl al kyl, aryl al kyl,

het er oaryl al kyl and heteroc |yl al kyl portions are

optionally substltutea ne or nore groups

i ndependent |y electe&mﬁjfi hal ogen, hydroxyl, cyano,

nitro, azido, CL-C4 al kyk,  X2-C4 al kenyl, C2-C4

al kynyl, C3-C6 cycl oal kyl , ; C6 heterocycl oal kyl,

-NR6R7 and -OR ; said nethod conprising: coupling a
whee ¥ BoCIoBr, FePSMCEs, eikiauifonate]ary) sgifomre Rileylank g ionatxe

.B((%%gagﬁlg nﬁ’@%ﬁ% B%govgg@ 5 Qénﬂ%:!ih ofthiiAalieagent having

A process for preparing a compound of Formula Ia-1

Ja-1
and salts and solvates thereof, wherein:
R! is hydrogen, Cy-Co alkyl, C2-Cyg alkenyl, C-Cip alkynyl, C3-Cip cycloatkyl, Cs-
C1o cycloalkylalkyl, aryl, arylalkyl, heteroaryl, hetercarylalkyl, heterocyclyl,
heterocyclylalkyl, trialkylsilyl or dialkylarylsilyl, wherein said alkyl, alkenyl, alkynyl,
eycloalkyl, cycloalkylatkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and
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X wherein X6 is F, d, Br, I, -0S02CF3, alkyl
sul fonate, aryl sulfonate, alkylaryl sulfonate, -
B(O-Re)2, -BF3 or -Bi(R )2, in the presence of a
suitabl e netal -based catal yst and a base in an
appropriate solvent. 22. The conpound of claim 12 or
13, wherein Z is - (=O NR6R7, wherein R6 is -ORB, R7
is Hand R8 is -(CH2)2-0OH 23. The conmpound of claim
hethcflyldidi piyGisaiedpdonally subdHEIRd veithcbnERbr mare GhuiS ulepentgptly

sel%%léf onhI P ouRs 2T, BN &3, MAEHSEe Riyh, TR Bydioatky]
and C3-Cg heterocycloalkyl;

R? js hydrogen, C;-Cyg alkyl, C3-Cio alkenyl, C2-Cio alkynyl, arylalkyl, triatkylsilyl,
dialiylarylsilyl, -CORS, -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, Ci-Cs alkyl, C»-Cy alkenyl and C5-C4 alkynyl;

X! and X? are independently selected from hydrogen, F, Cl, Br, I, OR’, C-Co alkyl,
C,-Cio alkenyl, C-Cyp alkynyl, C3-Cyg cycloalkyl, C3-Cio cycloalkylalkyl and C-Cjo
thioalkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl and thioalikyl
portions are optionally substituted with one or more groups independently selected from oxo,
halogen, cyano, nitro, azido, trifluoromethyl, diffuoromethoxy and trifluoromethoxy;

X3 isH, F, CL Br, I or C;-Cs alkyl;

R®and R” are independently hydrogen, trifluoromethyl, ~OR3, C;-Cyo alkyl, Co-Crp
alkenyl, Co-Cyo alkynyl, C3-Cio cycloalkyl, Cs-Cio cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or RS and R” together with the atom to which they are attached form 2 4 to 10
membered heteroaryl or heterocyclic ring, wherein said heteroary! and heterocyclic rings are
optionally substituted with one or more groups independently selected from halogen,
trifluoromethyl, difluoromethoxy, trifluoromethoxy and ORY,

R?® is hydrogen, C;-Cyo alkyl, Cs-Cig alkenyl, aryl or arylaikyl, 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;-Cio-alkenyl); and

R'® js hydrogen, C1-Cio alkyl, C3-Co cycloalkylalkyl, arylalkyl, heteroarylatkyl 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;-Cq alkenyl, C;-Cs
alkynyl, C3-Cs cycloalkyl, Cs-Cs heterocycloalkyl, -NR°R” and -OR";

said method comprising:

coupling a compound of Formula VIila-1,
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VIiIa-1
where R? is hydrogen, with a reagent having the Formula X

A

wherein X% is F, Cl, Br, I, -OSO,CF3, alkyl sulfonate, aryl sulfonate, alkylaryl sulfonate, -
B(0-R%),, -BF; or -BiR"),, 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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