PROCESS FOR PREPARI NG BENZI M DAZOLE COVPOUNDS RELATED APPLI CATION  The
present application clains priority of U S. Provisional Application Ser.
No. 60/693,270 filed Jun. 23, 2005, which is incorporated herein inits
entirety by this reference. BACKGROUND OF THE I NVENTION 1. Field of the
| nventi on This invention relates to processes for the preparation of

het erocycl i ¢ conpounds. i I gﬂe i ion relates to the
synt hesi s of conpounds Pmﬁgﬁgﬁm PCR mggr nmaceutical agents
such as benzi ni dazol BENZAIMMIA ZDIsE COMPOUNDS i ncl udes

i nt ernedi ate conmpounds obt ai ned during the synthesis of the heterocyclic
conpounds according to this invention and to the nmethods of preparation

thereof. 2. Description oREfcASR] ¥ 2PPIMECAATTORENZI mi dazol e derivatives

have been investigated as therapeutics for treating cancers, viral _
i nfections, and dlseases and pat hol ogi cal condltlons |nvoIV|ng i nfl anmati on

and have beem hdﬂﬁ@ﬁfcl%nﬁ@ﬁﬁﬁ 8{HUbs! PaiawRgola]t he | ast
several years, clu dlng S Pat ent Publ i"cat hbs 2003/ 0232869,
2004/ 01167A@3p1§0éti2ﬁ@3@12 1966 60/6S3, P70 filed Jun. 23,2005, which is

incorporated herein in its entirety by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to processes for the preparation of
heterocyclic compounds. More specifically, this invention
relates to the synthesis of compounds that can be used to
prepare pharmaceutical agents such as benzimidazole deriva-
tives. This invention further includes intermediate com-
pounds obtained during the synthesis of the heterocyclic
compounds according to this invention and to the methods of
preparation thereof.

2. Description of the State of the Art

Benzimidazole derivatives have been investigated as thera-
peutics for treating cancers, viral infections, and diseases and
pathological conditions involving inflammation and have
been disclosed in a number of patents and publications in the

last several years, including U.S. Patent Publication Nos.
2003/0232869, 2004/0116710, and 2003/0216460; U.S. Pat.



No. 5, 525,625; WD 98/43960; WD 99/01421; WD 99/01426; WO 00/ 41505;

W00/ 42002; WO 00/ 42003; WO 00/41994; WO 00/ 42022; WD 00/42029; WO

00/ 68201; WD 01/68619; WD 02/06213; WD 03/077914; and WD 03/ 077855. In
particular, WO 03/077914 descri bes the synthesis of the sodiumsalt of a
benzi m cl azol e derivative 11 from 2,3,4- trifluorobenzoic acid in 11 |inear
steps as illustrated in Schene 1 This route is not onl ve%g Ion% in terns

of the nunbbp. bi5206ep2S; IMOD8M BEANHVEOR It bt WKaH 2401426,

transformati ons that coul d be hazardous to carry out on a nanufacturing

scal e, andWO ¥dk00e W © 00/42002WG 0042 003t W00} koSt abl e in

a final active pharnaceuti cal iggredient (API). It wll be appreciated by

those ski | ME@ 00420225 WHax004 2029 09630056320 Ui WKDO 1 686Adyst ri al
application it should be (i) amenable to bein erformed on large scale,
(ii) have W@M/%Qﬂaqn\(%é@ Q3 /0npAe1 4 famdeWaap 08/0V T8D6s of anount of

raw materials required and/or the anmount of waste roduced),'(iiiﬁgfafe
c

(for exanpl e nupartratdaraWd03/OV 191 detlegcritzes therssinthesisceft
waste), and (i V) a;@h?mE;n ifSt as . possible (for exanple, by being a higher
vexrfgan clir

yi el di ng as@adighg atyaimadngplesdersvatiie @it adgdodrds such
on- 9ol ng riaAUGHOBeRBRICoRaIA di yniecar siape. Asr iThustpabadcinon o
benzi m dazgl e derivatiyes that i.,s nore apenable to or, suitable fo
| ar ge- scal Scheipeads uFhis e Aspnet Qrly vesy long in terms of the
number of steps, but also includes a number of chemical
transformations that could be hazardous to carry out on a
manufacturing scale, and/or produce levels of by-products
that would not be acceptable in a final active pharmaceutical
ingredient (API). It will be appreciated by those skilled in the
art that for a process to be suitable for industrial application it
should be (1) amenable to being performed on large scale, (ii)
have minimal environmental impact (for example in terms of
amount of raw materials required and/or the amount of waste
produced), (iii) safe (for example, use materials of low tox-
icity that do not produce toxic waste), and (iv) as low in cost
as possible (for example, by being a higher yielding and more
convergent synthesis). Since heterocyclic compounds such as
benzimidazoles are potentially useful as therapeutics, there is
an on-going need for a more efficient synthetic route for the
production of benzimidazole derivatives that is more ame-

nable to or suitable for large-scale manufacture.
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provi des met hods for preparing heterocyclic conpounds and their synthetic

i nternedi ates, which are useful for the production of therapeutic conpounds
such as benzi m dazol e derivati ves. According to one aspect of the present
i nvention, methods are provided for the preparati on of conmpounds of the

general Fornulas la-1, |Ib-1, |b-2 and Ic 1 and their synthetic
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SUMMARY OF THE INVENTION

In general, the present invention provides methods for pre-
paring heterocyclic compounds and their synthetic interme-
diates, which are useful for the production of therapeutic
compounds such as benzimidazole derivatives.

According to one aspect of the present invention, methods
are provided for the preparation of compounds of the general
Formulas Ia-1, Ia-2, Ib-1, Ib-2 and Ic-1 and their synthetic
intermediates
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X2 and salts and solvates thereof' Z isC(0)0111, C(0)NR6R7, CN, C(O)H, or
or a noiety that can be transforned into any one of said Z groups, for
exanpl e through hydrol ysis; fe is hydrogen, Cl-Cm al kyl, C2-C10 al kenyl,
C2-C10 al kynyl, C3-C10 cycl oal kyl, C3-C10 cycl oal kyl al kyl, aryl, arylal kyl,
het eroaryl, heteroaryl al kyl, heterocyclyl, heterocyclylalkyl, trialkylsilyl
or dialkylarylsilyl, mhereln sai.d al] kyl, al kenyl, alkynyl, cycloal kyl,

cycl oal kyl al kyl, aryl, aryl aFggiinu teroaryl het er qaryl al kyl , heterocycl yl
and heterocyclyl al kyl portlegﬁyaﬁgboptlonally substitdted with one or more
groups i ndependently sel ect halogen hydroxyl Cl-&A4 alkyl, C-C4

al kenyl, C2-C44 al kynyl, C3- cyc oal k Xand C3 - heterocycloalkyl

RIO\N

<>fb

and salts and solvates thereof, wherein
Zis—C(—0)OR', —C(=0)NR°R’, CN, —C(=0)H, or

Ie-1

R122 Rle

3

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

R'ishydrogen, C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alky-
nyl, C5-C,, cycloalkyl, C;-C,, cycloalkylalkyl, aryl, aryla-
lkyl, heteroaryl, heteroarylalkyl, heterocyclyl, heterocyclyla-
lkyl, trialkylsilyl or dialkylarylsilyl, wherein said alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl and heterocyclyla-
lkyl portions are optionally substituted with one or more



R2 and R2b are independently hydrogen, Cl-Cl10 al kyl, C2-Cl10 al kenyl, C2-C10
al kynyl, arylal kyl, trialkylsilyl, dialkylarylsilyl, -COR6, C(0)OR5 or

C(0) NR6R7, wherein said al kyl, al kenyl, alkynyl and aryl al kyl portions are
optionally substituted with one or nore groups independently selected from
hal ogen, hydroxyl, Cl1-C4 al kyl, C2-C4 al kenyl and C2-C4 al kynyl, wherein
for Formula lc-1, R2 is not hydro en; X1 and X2 are |ndependently

sel ected %/:;?is/dnmd E‘d BSGI&CtGdR’Sfr(GI]n chal algam kenyl

C2- C10 al 10

t hi oal kyl éﬁ’ﬂe@z < @irf'y}fﬂ @a?@&x&f&aﬁ%ﬁ

cycl oal kyhﬁ@@ 1)) héteqr@bp))d]dggky]ons are optionally substituted with one
or nore grouyps i n pgdent f r.,om, 0Xx hal og yano 1tro
trifiluoromarhyfll IT{JI uo«'ﬂB‘?’rel enilyo (Hgf@%a 1@0311% is H F,

tCI (i f |BLOI’ 133(%{ (%0 %kéﬁwlcl %0@2% ;ﬁlkw(gy ggﬁg 1y gYWPﬂ Ayl
Egt ecgga?y o 1831 _em gl~a+ O er WﬁG@)N& o.a{g et her
wth theym%&maﬁ @ﬁ%yéfuﬁghﬂt é@%ﬁﬁﬁéﬁﬁﬁﬁ@&)@bﬁgﬁb@ﬁgﬁ et e?oar yl

or | het er Fopcti(%nflll Esmb\&;ihlet{wrfeul watld dree erqaore r(du %enldm}nil s are
opti ona ups e one; ory NOre e rom
el ogen,  $¢19eigs} S 10@@%9%14@%35}&?4& 5 ARG

I s hydroggfd CL-Cl0afiniv] %@%@1@%?@61‘11&11&' I@Jl "Ry'lglﬂﬂth Lin sai d

al kyl, al kenyl ar‘f/l a?yl al'’kyl are optionally substituted”w th one or
nor e grouggﬁandependently selected fromOH, 0 (C1 C10 al kyl) and

C3C|((S):;| E;llloa ulé?ﬂ%rb%ﬁ QF%%Id@%g‘%a SFE%F fﬁb@ér 9"%’%‘ kFyICI’V\her ein
sai d al kyBr, cﬁ;c(le y(ahky), adkyi "Cﬂf aﬂ%*
iR o0 et <§’l A . ﬁ?%ﬁfi}r . azi do

ﬁlt 4 al kiﬁlk}lrIJZ %@@WYBEH@Z'E{HC}&' k)tﬂkbn}ilS @kgmybal &ytlo&Bkeb,

ot Ocycc% ofﬁkyi\l Ik}(fjl ar%ftl%Rgalqu portions are optionally substi-

tuted with one or more groups independently selected from

0x0, halogen, cyano, nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy and azido;

X?is H, F, Cl, Br, I or C,-C alkyl;

R® and R’ are independently hydrogen, trifluoromethyl,
—OR?®,C,-C ,alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C;-C,,
cycloalkyl, C,-C,, cycloalkylalkyl, aryl, arylalkyl, het-
eroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or R® and R’ together with the atom to which they are
attached form a 4 to 10 membered heteroaryl or heterocyclic
ring, wherein said heteroaryl and heterocyclic rings are
optionally substituted with one or more groups independently
selected from halogen, trifluoromethyl, difluoromethoxy, tri-
fluoromethoxy and OR®;



R12a and R121 are independently sel ected from hydrogen, Cl-C D al kyl,
C2-C10 al kenyl, C2-C10 al kynyl, C3-C10 cycl oal kyl, C3-Cl10 cycl oal kyl al kyl ,

aryl, arylal kyl, heteroaryl and heteroarylal kyl, or R2" and R12b
together with the atomto which they are attached forma 4 to 10 nenbered
carbocyclic, heteroaryl or heterocyclic ring. More specifically, one

nbodi t th toi ti i d , f dto h i
25 Mot hod 1. REGHS By dpageng (-3 be ARk dasol a0 U lEB0dsty boresRin ed by |
For mul a | dalkehd vihersire xagdehlleyl.nHemeyl, a0ps lad larylalkghdysal ts and

cai d ot hotb OB PGS RISy ith Ot OfBBORA AAPRN I RPERRREIY  wher el n
X3 and X4 sglecteddpend€it] yJ()Q(C.ﬂBCl &-abkyb) muditer@t—%(@f.@m.and Z and X5
are as defé]%%ql}}]ir ein, to provide a conpound of Fornula 1l

R'?ishydrogen, C,-C,, alkyl, C;-C,,cycloalkylalkyl, ary-
lalkyl, heteroarylalkyl or heterocyclylalkyl, wherein said
alkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl and hetero-
cyclylalkyl portions are optionally substituted with one or
more groups independently selected from halogen, hydroxyl,
cyano, nitro, azido, C,-C, alkyl, C,-C, alkenyl, C,-C, alky-
nyl, C;-C, cycloalkyl, C5-C heterocycloalkyl, —NR°R” and
—OR?®; and

R'2% and R'?? are independently selected from hydrogen,
C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C;-C,,
cycloalkyl, C,-C, , cycloalkylalkyl, aryl, arylalkyl, heteroaryl
and heteroarylalkyl,

or R'?% and R'?* together with the atom to which they are
attached form a 4 to 10 membered carbocyclic, heteroaryl or
heterocyclic ring.

More specifically, one embodiment of the present inven-
tion provides a process, referred to herein as Method 1, for
preparing N-3 benzimidazole compounds represented by
Formula Ia-1 and their synthetic intermediates

Ia-1
Z |2
Xl
N X
I j
R ~
\N XS W/



Il wherein X3, X4, X5 and Z are as defined herein; treating said
conpound of Fornula Il optionally at el evated tenperature and/ or pressure,
with two or nore equivalents 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 delivers a group that can subsequently be converted
into an am ne to provide a conpound of Formula VI-11 eat &;Sal d

conpound of Raxdrsadts and selvalgs thereeforleereun ZE;|R% sRo il azi de,
o g X A TR S AL = » comoin

nitrating a compound having the Formula

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

II

X3

O,N x>



wherein X5, R2 and Z are as defined herein, and R2a is hydrogen, Cl-C10
al kyl, C2-C10 al kenyl, C2-C10 al kynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, COW C(0) 0125, C(0)NR6127, OR or
NHR1, wherein said al kyl, alkenyl, alkynyl, benzyl, allyl and aryl al kyl
portions are optionally substituted with one or nore groups independently
sel ected from hal ogen, hydroxyl, C,-C4 alkyl, alkenyl and C2-C4 al kynyl ;

reduci ng sai wheyopedad, X, 5ot mida/\relas defided hereimr ovi de a conpound of
Formula Villa-1 WVlla- 1 wherein X5, R2, R2a_and Z are_as defined
herein, and treating said compound of Formula II optionally at

elevated temperature and/or pressure, with two or more
equivalents of (1) a reagent that contains or generates ammo-
nia, (ii) a primary or secondary amine other than an aromatic
amine or (iii) a reagent that delivers a group that can subse-
quently be converted into an amine to provide a compound of
Formula VI-11, or treating said compound of Formula II with
(iv) two or more equivalents of a metal azide, optionally at
elevated temperatures and/or pressure, to provide a com-
pound of Formula VI-12

Z
A
O,N X3
A
VI-11: A = NRZR22
VI-12: A =N;

wherein X°, R? and Z are as defined herein, and R*“ is
hydrogen, C,-C,, alkyl, C,-C, alkenyl, C,-C,, alkynyl, ben-
zyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, —COR®,
—C(0O)OR®, —C(O)NR°R’, —OR' or —NHR', wherein
said alkyl, alkenyl, alkynyl, benzyl, allyl and arylalkyl por-
tions are optionally substituted with one or more groups inde-
pendently selected from halogen, hydroxyl, C,-C, alkyl,
C,-C, alkenyl and C,-C, alkynyl;

reducing said compound of Formula VI-11 or VI-12 to
provide a compound of Formula VIIIa-1



wherein when A of Formula VI-11 or VI-12 i sNH benzyl, NHOR1, NHNHRL or N31
then R2 and R2a of Formula VIla-1 are hydrogen; when R247 is hydrogen,
cyclizing said conmpound of Fornmula Vila-1 to provide a conpound of Formul a
Villa-1 Villa-1 wherein Z, R2, R2', le and X5 are as defined herein; and
when R2a is hydrogen, coupling said conpound of Forrmula Villa-1 with a
reagent having the fornula ViIa1

a_

Z

NRZRZQ

H,N X3

NRZRZQ

wherein X°, R?, R?** and Z are as defined herein, and
wherein when A of Formula VI-11 or VI-12 1s —NH-benzyl,
—NHOR', —NHNHR" or N,, then R* and R** of Formula
Vlla-1 are hydrogen;

when R*? is hydrogen, cyclizing said compound of For-
mula VIla-1 to provide a compound of Formula VIIIa-1

VIla-1

wherein Z, R*, R*“, R'® and X’ are as defined herein; and

when R is hydrogen, coupling said compound of For-
mula VIIIa-1 with a reagent having the formula



wherein X1 and X2 are as defined herein and X6 is F, d, Br, |, -0S02CF: 3,

al kyl sulfonate, aryl sulfonate, alkylaryl sulfonate, B(0128)2, BF3 or
optionally either (i) at elevated tenperature and optionally in
the presence of a base, or (ii) in the presence of a netal -based cat al yst
and a base, to provide said conpound of Fornula |a-1. In a particular

Bi (121) 2,

enbodi nent of Method 1, there is provided a process for preparing a

conpound of Formula Ta-i la- 1 ﬁgd salts &d solvates thereof, wherein:
isC(0)0121, R"' is C1-C10 al kyl, d

herein, said process conprising: i)
Formul a COCH

ni tra™ng a conpound having the

wherein X' and X? are as defined herein and X° is F, Cl, Br,
I, —OSO,CF,, alkyl sulfonate, aryl sulfonate, alkylaryl sul-
fonate, —B(OR?®),, —BF, or —Bi(R'),, optionally either (i)
at elevated temperature and optionally in the presence of a
base, or (i1) in the presence of a metal-based catalyst and a
base, to provide said compound of Formula Ia-1.

In a particular embodiment of Method 1, there 1s provided
a process for preparing a compound of Formula Ia-1

| Ia-1

Z R-

Xl

N;\W:::j?%]

Rl 0 | P
N X5 /\XZ

and salts and solvates thereof, wherein:

Zis —C(=0)OR!,R'is C,-C ,alkyl, and R*, R'®, X', X?
and X" are as defined herein, said process comprising:

N1LA x2 and X5 are as defined

Z



wherein X3 and X4 are independently F, A, Br, I, or a sulfonate ester and
X5 is as defined herein, to provide a conpound of Formula IT Il COCH
wherein X3, X4 and X5 are as defined herein; ii) reacting the conpound of
Formula Il with a conpound of fornula 1210H, wherein R - is Cl-Cl10 al kyl,
to formthe corresponding ester having the formul a

i) nitrating a compound having the Formula

COOH

X4

wherein X> and X* are independently F, Cl, Br, I, or a
sulfonate ester and X° is as defined herein, to provide a com-
pound of Formula II

I
COOH

O,N X

X4

wherein X°, X* and X° are as defined herein;

i1) reacting the compound of Formula I with a compound
of formula R'OH, wherein R' is C,-C,, alkyl, to form the
corresponding ester having the formula

12



c00121 wherein e is C1-Cl10 al kyl and X3, X4 and X5 are as defined
her ei n; iii) reacting the ester fromstep (ii) wth two or nore

equi val ents of a reagent that generates ammnia to forma conpound of
Formula VI-11 A

COOR!

O,N X;

whereinR"'is C,-C,, alkyl and X>, X* and X are as defined
herein;

i11) reacting the ester from step (ii) with two or more
equivalents of a reagent that generates ammonia to form a
compound of Formula VI-11

COOR!

O,N X3

A
VI-11: A = NR?R?4

wherein R?* is hydrogen, R' is C,-C,, alkyl and R® and X°
are as defined herein;

13



VI-11: A = NR2ZR2a wherein R2a is hydrogen, Rl is Cl1-Cl10 al kyl and R2 and:
X5 are as defined herein; iv) reducing said conmpound of Formula VI-1 1
to provide a conpound of Fornmula Vila- 1 VlIla- 1 COOR1 wherein Ra is
hydrogen, le is Cl-Cl0 al kyl and R2 and X are as defined herein;

iv) reducing said compound of Formula VI-11 to provide a
compound of Formula VIIa-1

VIla-1
COOR!

NR?R

LN X

NR2 RZa

 wherein R**is hydrogen, R" is C,-C , alkyl and R* and X°
are as defined herein;

v) cyclizing said compound of Formula VIla-1 to provide a
compound of Formula VIlla-1

Vlilla-1
COOR!

NR2R2a

wherein R*“ is hydrogen, R' is C,-C,, alkyl, and R?, R'®
and X° are as defined herein; and

vi) coupling said compound of Formula VIlla-1 with a
reagent having the Formula

14



v) cyclizing said conpound of Forrmula Vlila-1 to provide a conmpound of
Formula Villa-1 Villa-1 wherein R2a is hydrogen, le is Cl-Cl10 al kyl, and
R2, R and X5 are as defined herein; and vi) coupling said conpound of
Formula Villa-1 with a reagent having the Fornul a wherein X and X2
are as defined herein and X6 is F, d, Br, |I,O0S2CF3, alkyl sulfonate, aryl
sul fonate, alkylaryl sul- fonate, B(OR8)2, BF3 or Bi(Rl)2, to provide said
conmpound of Formula la-1. The coupling stx@be of this process is
optionally carried out at eitherX AEd tenperature and optionally in
the presence of a base or ii) in th e of a netal -based catal yst and
a base.

res

X 7
X2

wherein X' and X? are as defined herein and X° is F, Cl, Br,
I, —OSO,CF;, alkyl sulfonate, aryl sulfonate, alkylaryl sul-
fonate, —B(OR?®),, —BF, or —Bi(R'),, to provide said com-
pound of Formula Ia-1.

The coupling stage of this process is optionally carried out
at either 1) elevated temperature and optionally in the pres-
ence of a base or i1) in the presence of a metal-based catalyst
and a base.

In another particular embodiment of Method 1, there is
provided a process for preparing a compound of Formula Ia-1

Ja-1
R! R2

‘ I Xl
RJO | P
\\}J X5 /A¥x2

and salts and solvates thereof, wherein R!, R?, R'°, X!, X?
and X> are as defined herein, said method comprising;

15



I n anot her particul ar enbodi nent of Method 1, there is provided a process
for preparing a conpound of Fornmula la- 1 la- 1 and salts and sol vates
t hereof, wherein R', R2 n-(71 ,,, -E72 and X5 are as defined herein, said

met hod conprising: coupling a conpound of Formula Villa-1, Villa-1
wherein R2a is hydrogen, with a reagent having the Formula X

coupling a compound of Formula VIIla-1,

Vllla-1

NRZRZG

~ wherein R** is hydrogen, with a reagent having the For-

mula X
1
X6 | X /\i{
N 2
X

wherein X' and X are as defined herein and X®is F, Cl, Br,
I, —OSO,CF;, alkyl sulfonate, aryl sulfonate, alkylaryl sul-
fonate, —B(O—R?),, —BF, or—Bi(R"),, in the presence of
a suitable metal-based catalyst and a base in an appropriate
solvent.

In one embodiment the reagent of Formula X has the For-
mula

16



wherein X1 and X are as defined herein and X6 is F, d, Br, |, O0SOQ2CF3,

al kyl sulfonate, aryl sulfonate, alkylaryl sul- fonate, B(0 le)2, BF3 or
Bi(R 1)2, in the presence of a suitable netal -based catal yst and a base in
an appropriate sol vent. I n one enbodi nent the reagent of Fornula X has
the Formula "4"'1/4NN XI X2 where X1 is Br, X2 is al kyl or hal ogen and X6
i's iodo. I'n one enbodi nent the conpound for Formula la-1 is isolated as
its esterified form(i.e., wheke n £S. COOR1) . I n another enbodi nent the
ester group COORL is hydrol yzed ah@ pnpound is isolated as a free acid
(wherein Zis COOH) or a salt therjeof, exanple a sodiumsalt. In

anot her enbodi nent, the present i i provides a nethod, referred to
herein as Method 2, for preparing  pe Ridazol e conpounds represented
by Fornmula la-2 and their synthetk{ i nt er nedi‘at es

L

where X' is Br, X? is alkyl or halogen and X° is iodo.

In one embodiment the compound for Formula Ia-1 is
isolated as its esterified form (i.e., wherein Z is COOR"). In
another embodiment the ester group COOR" is hydrolyzed
and the compound is isolated as a free acid (wherein Z is
COOH) or a salt thereof, for example a sodium salt.

In another embodiment, the present invention provides a
method, referred to herein as Method 2, for preparing N-3
benzimidazole compounds represented by Formula Ia-2 and
their synthetic intermediates

[a-2
CO,R!' R2

I x1
t/]
. |
RA\\}J X5 ,)<;?
\—

and salts and solvates thereof, wherein R!, R*, R*°, X!, X2
and X° are as defined herein, said method comprising:

17



la-2 and salts and sol vates thereof, whereinR2, R101)01 )(2 and X are as

defined herein, said nethod conprising: nitrating a conpound having the
For mul a wherein X, r, X and Z are as defined herein, to provide a

conmpound of Forrmula Il I

nitrating a compound having the Formula

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

II

18



wherein Z, X3, X and X5 are as defined herein; treating said conmpound of
Formula Il optionally at an el evated tenperature and/or pressure with two
or nore equivalents of (i) a reagent that contains or generates ammoni a,
(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 to provide a conpound of Formula VI-11 wherein R2a is as defined
herein; or twhatrényZsaXd, XoraoedX’ ofekordefinedihevctin; (i v) two or nore

equi val ents of a netal azide optionally at_ an_el evat eﬂlterrper ature and/ or

pressure to tpeatingesaid goqmopedind ¢hhiammaula -looptionally 1at an = NR2R2a
VI-12: A 21 BRatlE @fipératiite BAFOE Fésstre aFitheHtiie o P eifird

equivalents of (1) a reagent that contains or generates ammo-

nia, (ii) a primary or secondary amine other than an aromatic

amine or (iii) a reagent that delivers a group that can subse-

quently be converted into an amine to provide a compound of

Formula VI-11 wherein R** is as defined herein; or treating

said compound of Formula I with (iv) two or more equiva-

lents of a metal azide optionally at an elevated temperature

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

O,N X3

A
VI-11: A = NR?R?*4
VI-12: A =N;

wherein Z, X°, R? and R?“ are as defined herein;

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
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reacting said conpound of Fornmula VI-11 or VI-12 with a conpound having the
Formul a 1210H, wherein 12' is as defined herein, optionally in the presence
of an activating agent that activates the Z group towards reaction with

sai d conmpound having the Forrmula 12'OH, to provide a conmpound of Formula
Va-11 or Va- 12 A Va-11: A = NR2R2a Va-12: A = N3 wherein R-, R, R
and X5 are as defined herein; reduci ng said conpound of Forrmula Va-11 or
Va-12 to provide a conpound of Fornul@OyRl'a-2 Vil a-2

A

O,N X

A

Va-11: A = NR2R?2
Va-12: A=N;

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

reducing said compound of Formula Va-11 or Va-12 to
provide a compound of Formula VIla-2

Vla-2
CO,R!

NRZRZ(J

H,N X5

NR2R2G,

wherein R', R*, R®** and X° are as defined herein, and
wherein when A of Formula Va-11 or Va-12 is —NH-benzyl,
—NHOR', —NHNHR' or N, then R* and R** of Formula

Vlla-2 are hydrogen;

when R** is hydrogen, cyclizing said compound of For-
mula VIla-2 to provide a compound of Formula VIlla-2

20



wherein R, R2, R2' and X5 are as defined herein, and wherein when A of
Fatnmula Va- 1 1 or Va-12 i sNH benzyl, NHOR1, NHNHR1L or N3, then R2 and R2a
of Formula VIla-2 are hydrogen; when R2' is hydrogen, cyclizing said
conpound of Forrmula M la-2 to provide a conmpound of Formula Villa-2

Villa-2 ’

VIIIa-2
CO,R!

NRZ RZ(J

XS

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

when R** is hydrogen, coupling said compound of For-
mula VIlla-2 with a reagent having the Formula

Xl
6
X | ™ /j
X
X2,

optionally either (1) at elevated temperature and optionally
in the presence of a base, or (ii) in the presence of a metal-
based catalyst and a base, wherein X', X* and X°® are as
defined herein, to provide said compound of Formula Ia-2.

Yet another embodiment of the present invention provides
a method, referred to herein as Method 3, for preparing N-3
benzimidazole compounds represented by Formula Ib-1 and
their synthetic intermediates
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wherein RI-, R2, Rza, fe and r are as defined herein; and when R2a is
hydr ogen, coupling said conpound of Fornula VIlla-2 with a reagent having

t he Formul a 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 Xi, X2 and X are as defined herein, to
provi de said conpound of Fornula |a-2. Yet anot her enbodi nent of the
present invention provides a nethod, referred to herein as Metthod 3, for
preparing N3 benzim ctazol e coppoundR2bepresented by Forrmula I b-1 and
their synthetic internedi ates

| x!
N
A
Rl 0 | P
™~ N x5 /\Xz
N

and salts and solvates thereof, wherein Z, R*%, R!°. X!, X?
and X are as defined herein, said method comprising:
nitrating a compound having the Formula

Z
X3
XS
X4

wherein X*, X*, X and Z are as defined herein, to provide
a compound of Formula II

V4
. X3
O,N X3
X4

22
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and salts and solvates thereof, wherein Z R2b R10 yl y2 n and X5 are as
defined herein, said nethod conprising: nitrating a conmpound havi ng the

Fonnul a wherein X, r, X5 and Z are as defined herein, to provide a
conpound of Forrmula Il Il wherein X3, X4, X5 and Z are as defined herein;
reacting said conpound of Fornmula Il with (i) a reagent that contains or

generates ammonia, (ii) a primary or second-

wherein X>, X*, X and Z are as defined herein;

reacting said compound of Formula II with (1) a reagent
that contains or generates ammonia, (i1) a primary or second-
ary amine other than an aromatic amine or (ii1) a reagent that
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 I1I-11; or reacting said
compound of Formula II with (iv) a metal azide under con-
ditions that allow selective displacement of X* to provide a
compound of Formula III-12

X3

O,N X3

A

I[I-11: A = NR2R*
[-12: A = N3

wherein X>, X°, R, R** and Z are as defined herein;

reacting said compound of Formula III-11 or III-12,
optionally at elevated temperatures, with (1) a reagent that
contains or generates ammonia, (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
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ary am ne other than an aromatic amine or (iii) a reagent that delivers a
group that can subsequently be converted into an am ne under conditions
that all ow sel ective displacenent of X4 to provide a conpound of Formul a
111-1 1; or reacting said conpound of Forrmula Il with (iv) a netal azide
under con- ditions that all ow selective displacenment of X4 to provide a
conpound of Forrmula 111-12 . ]

amine to provide a compound having Formula Vb-11 wherein

B is —NR*”’R?° and A is —NR?R>? or N,; or reacting said
compound of Formula I1I-11 or I1I-12 with (iv) a metal azide,

optionally at elevated temperatures, to provide a compound of
Formula Vb-12 wherein B is N; and A is —NR*R*“ or N,

O,N X3

A

Vb-11: B = NR??R%*; A = NR?R?*? or N3
Vb-12: B =N3, A = NR?R?*? or N3

wherein 7, X°, R?, R?%, and R?? are as defined herein and
R*° is hydrogen, C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alky-
nyl, benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl,
—COR®, —C(O)OR®, —C(O)NR°R’, —OR' or —NHR',
wherein said alkyl, alkenyl, alkynyl, benzyl, allyl and aryla-
lkyl portions are optionally substituted with one or more
groups independently selected from halogen, hydroxyl,

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

reducing said compound of Formula Vb-11 or Vb-12 to
provide a compound of Formula VIIb-1
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Alll-11: A=NRRa Ill-12:A = N3 wherein X3, X5, R2, R2' and Z are as
defined herein; reacting said conpound of Forrmula IIl-11 or 111-12,
optionally at elevated tenperatures, with (i) a reagent that contains or
generates amonia, (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

VIlb-1

Z

NRQbR2C

H,N X3

NR2R2(2

wherein Z, R?, R??, R?, R*¢ and X° are as defined herein,
and wherein when A and/or B of Formula Vb-11 or Vb-12 is
—NH-benzyl, N;, —NHOR' or —NHNHR', then R* and
R>* and/or R*” and R*, a respectively, of Formula VIIb-1 are
hydrogen;

when R>* is hydrogen, cyclizing said compound of For-
mula VIIb-1 to provide a compound of Formula VIIIb-1

VIIIb-1

NR2bR2c*

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

when R*“is hydrogen, coupling said compound of Formula
VIIIb-1 with a reagent having the formula
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am ne to provide a conpound having Fornula Vb -11 wherein B is NR2bR2' and
A is NRZR2a or N3; or reacting said conmpound of Fornmula IIl-1 1 or 111-12
with (iv) a nmetal azide, optionally at elevated tenperatures, to provide a
conpound of Forrmula Vb-1 2 wherein Bis N3 and A is NRZR2a or N31 A =
NR2bR2c; Vb-11: BA - NR2ZR2a Or N3 Vb-12: B = N3, A = NR2R2a or N3 wher ei n
Z, X5, R2, R2a, and R2b are as defined herein and R2' is hydrogen, Cl-Cl10
al kyl, C2-C10 al kenyl, C2-C10 al kgnyl , benzyl, allyl, arylalkyl,

trial kylsilyl, dialkylarylsilyl X 0)OR6, C(0)NR6R7, OR or NHR1,
wherein said al kyl, al kenyl, alkyny , allyl and aryl al kyl portions
are optionally substituted wth one nor e |groups i ndependently sel ected
from hal ogen, hydroxyl, Cl-C4 al kyl,

optionally either (i) at elevated temperature and optionally
in the presence of a base, or (ii) in the presence of a metal-
based catalyst and a base, wherein X', X* and X° are as
defined herein, to provide said compound of Formula Ib-1.

In another embodiment, the present invention provides a
process, referred to herein as Method 4, for preparing N-3
benzimidazole compounds represented by Formula Ib-2 and
their synthetic intermediates

co 11{2.5 Ib-2
Xl
N
\/j
10 l
R\ N X5 /\/

and salts and solvates thereof, wherein R*, R??, R*°, X' X?
and X° are as defined herein, said method comprising:

nitrating a compound having the formula

26



reduci ng said conpound of Fornmula Vb- 1 1 or Vb-1 2 to provide a conpound
of Formula VIIb- 1 wherein Z, R2, R2a, R2b, R2c and -n5 ic are as defined
herei n, and wherein when A and/or B of Fornula Vb- 11 or Vb-12 is-

NH- benzyl, N31 NHORL or NHNHR1, then R2 and R2a and/or R2b and R2c, a
respectively, of Formula VIIb-1 are hydrogen; when R2" is hydrogen,
cyclizing said conpound of Fornmula VIIb-1 to provide a conpound of Formula
VIlIb-1 VIIlb-1 7

X3

X4

wherein X?, X*, X and Z are as defined herein, to provide
a compound of Formula II

II

X4

wherein X, X*, X° and Z are as defined herein;

reacting said compound of Formula II with (i) a reagent
that contains or generates ammonia, (i1) a primary or second-
ary amine other than an aromatic amine or (ii1) a reagent that
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 ITI-11, or reacting said
compound of Formula II with (iv) a metal azide under con-
ditions that allow selective displacement of X* to provide a
compound of Formula II1-12
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, , R2b R2b Rio and )(5 wherein Z ,are as defined herein; and when R2' is
hydr ogen, coupling said conpound of Fornula VIIIb-1 with a reagent having
the formul a optionally either (i) at elevated tenperature and
optionally in the presence of a base, or (ii) in the presence of a

nmet al - based catal yst and a base, wherein X, X2 and X6 are as defi ned
herein, to provide said conpound of Fornula Ib-i. I n anot her enbodi nent,
the present invention provides a procegs, referred to herein as Method 4,
for preparing N-3 benzi m dazol e conpoupds represented by Formula | b-2 and
their synthetic internediates |b-2 X3

O,N X3

A

III-11: A = NR?R*2
II-12: A =N;

wherein Z, R, R?**, X? and X’ are as defined herein;

reacting said compound of Formula I1I-11 or ITII-12 with a
compound having the formula R'OH wherein R is as defined
herein, optionally in the presence of an activating agent that
activates the Z group towards reaction with said compound of
formula R'OH, to provide a compound of Formula IV-21 or
Iv-22

CO,R!

X3

O,N X3

A

IV-21: A = NR?R*4
[V-22: A =N;
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and salts and sol vates thereof, wherein2R bl R1.01)(1, )(2 and X' are as
defined herein, said nethod conprising: nitrating a conmpound havi ng the
formul a wherein X3, X4, X5 and Z are as defined herein, to provide a
conmpound of Forrmula Il I

wherein R, R?, R*%, X> and X’ are as defined herein;

reacting said compound of Formula IV-21 or IV-22,
optionally at elevated temperatures, with (1) a reagent that
contains or generates ammonia, (i1) a primary or secondary
amine other than an aromatic amine or (ii1) a reagent that
delivers a group that can subsequently be converted into an
amine to provide a compound of Formula Vb-21 wherein B is
—NR?*’R*¢ and A is —NR?R>“ or N, or reacting said com-
pound of Formula IV-21 or IV-22 with (iv) a metal azide,
optionally at elevated temperatures, to provide a compound of
Formula Vb-22 wherein B is N; and A is —NR*R>** or N3,

CO,R!

O,N X3

A

Vb-21: B = NR2PR?*¢
Vb-22:B=N;

wherein R, R?, R*?, R*?, R?*“ and X" are as defined herein;

reducing said compound of Formula Vb-21 or Vb-22 to
provide a compound of Formula VIIb-2
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wherein X3, X4, X5 and Z are as defined herein; reacting said conpound of
Formula Il wth (i) a reagent that contains or generates ammonia, (ii) a
primary or secondary am ne other than an aromatic anmine or (iii) a reagent
that delivers a group that can subsequently be converted into an am ne,
under conditions that allow selective displacenent of X4, to provide a

conpound of Folinula Il1l-1 1, or reacting said conpound of Fornmula Il with
(iv) a netal azide under conditions that allow sel ective di spl gggirent of X4
to provide a conpound of Formula Ildajk2 A lll-11: A = NRRz2a II1-12: A

=N3 wherein z, R2, R, X and X are’as defined herein; reacting said
conpound of Formula I11-11 or 111-32 with_a gonpound having the formla
R1OH wherein Rl is as defined herefiyw opti aﬁry in the presence of an
activating agent that activatesfthe froup towards reaction with said
conpound of forrmula RLOH, to prfjvide ajconpound of Fornula IV-21 or |V-22

H,N

NRZ R;Za

wherein R!, R%, R?% R??, R?“ and X° are as defined herein,
and wherein when A and/or B of Formula Vb-21 or Vb-22 is
—NH-benzyl, N;, —NHOR' or —NHNHR", then R* and
R** and/or R** and R*<, respectively, of Formula VIIb-2 are
hydrogen;

when R*“ is hydrogen, cyclizing said compound of For-
mula VIIb-2 to provide a compound of Formula VIIIb-2

VIIIb-2
CO,R!

NR2IJR2C

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

when R“is hydrogen, coupling said compound of Formula
VIIIb-2 with a compound having the formula

30



AlV-21: A= NRRa IV-22:A =N3 , , R2 RRa wherein R, X3 and X5 are as
defi ned herein; reacting said conpound of Forrmula IV-21 or |V-22,
optionally at elevated tenperatures, with (i) a reagent that contains or
generates amonia, (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 anmne to provide a conpound of Fornula Vb-21 wherein Bis

X8 N /\X l
>

optionally either (1) at elevated temperature and optionally
in the presence of a base, or (ii) in the presence of a metal-
based catalyst and a base, wherein X', X* and X° are as
defined herein, to provide said compound of Formula Ib-2.

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 Ic-1 and
their synthetic intermediates

, Ie-1
7z R?
L x
5
N X5 X
\ X
N
\ )
RA.

and salts and solvates thereof, wherein Z, R*?, X!, X? and
X are as defined herein, said method comprising:
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NR2hR21 and A is NR2R2a or N3, or reacting said conpound of Formula IV-21
or 1V-22 with (iv) a netal azide, optionally at elevated tenperatures, to
provi de a conpound of Fornula Vb-22 wherein 13 is N3 and A is NR2R2a or N3/
A Vb-21: B = NR2bR2" Vb-22: B = N3 wherein R, R2, R2a, R2b, R2c and -n5 A_
are as defined herein; reduci ng said conpound of Fornula Vb-21 or Vb-22
to provide a conpound of Formula VIIb-2

cyclizing a compound of Formula VIIb-1

ViIb-1
NRZZJRZC
H,N X3
NR2R20

prepared as described in Method 3, wherein R* is not
hydrogen and Z, R**, R*?, R?“ and X are as defined herein to
provide a compound of Formula XIb-1

XIb-1

NRZbRZC

wherein 7, R?2, R, R!° and X° are as defined herein and
R? is not hydrogen; and

coupling said compound of Formula XIb-1 with a reagent
having the formula
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VI b-2 wherein RI-, R2, Rka, R21', R2¢c and n5 A are as defined herein,
and wherein when A and/or B of Fornmula Vb-21 or Vb-22 is NH benzyl, N3,
NHORL or -NHNHRL, then R2 and R2a and/or R21' and R2c, respectively, of
Forrmula VIl b-2 are hydrogen; when R2" is hydrogen, cyclizing said
conpound of Forrmula VIIb-2 to provide a conmpound of Formula VIIIDb-2

” X!
X | N /‘j
X

XZ

optionally either (i) at elevated temperatures and optionally
in the presence of a base, or (i1) in the presence of a metal-
based catalyst and a base, wherein X', X* and X° are as
defined herein, to provide said compound of Formula Ic-1.

The step of cyclizing a compound of Formula VIla-1, VIla-
2, VIIb-1 or VIIb-2 to provide benzimidazole core structures
in any of the above-described Methods 1-5 can be performed
in several ways. Several cyclization methods, namely Meth-
ods A-E, are described in general below with respect to the
cyclization of a compound of Formula VIIb-1 for ease of
explanation; however, it is to be understood that Methods A-E
apply equally to the cyclization of compounds of Formulas
Vlla-1, VIla-2 and VIII-2. The cyclization methods will pro-
vide either N-3 benzimidazole derivatives or N-1 benzimida-
zole derivatives, depending on the reagents used and the
substituents on the compounds of Formulas VIla-1, VIIa-2,
VIIb-1 and VIIb-2.

Method A: According to Method A, a compound of For-
mula VIIb-1, wherein R®> and R** are hydrogen, can be
cyclized to the corresponding benzimidazole represented by
Formula VIIIb-1, wherein R'® is hydrogen, by a “one pot”
method upon treatment with (1) formic acid, optionally in the
presence of an additional acid or (i1) a formic acid derivative
in the presence of an acid. The compound of Formula VIIIb-1
can then be carried on to a compound of Formula Ib as
described in detail below.

Method B: According to Method B, a compound of For-
mula VIIb-1, wherein R**is hydrogen and R” is not hydrogen,
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VII1b-2 wherein R,2R bl R2c, RIO and X5 A are as defined herein; and
when R2c is hydrogen, coupling said conmpound of Fornmula VIII1b-2 with a
conmpound havi ng the fornul a 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 X2 and X6 are as
defined herein, t

e e e oL e oL ool Lol & 102 lelygnoter,

Formil a1 £23eHRGA AT Qfftnil VTR T, 357 PG TRStes i G apth ™
treatment with (1) formic acid, optionally in the presence of an
additional acid, (i1) a formic acid derivative in the presence of
an acid, or (iii) formaldehyde or a formaldehyde derivative in
the presence of an acid, to provide an intermediate N-1 ben-
zimidazole compound represented by the Formula XIb-1.
The compound of Formula XIb-1 can then be carried on to the
N-3 benzimidazole derivative Formula Ib-1 by alkylating the
N-3 position, followed by removal of the R* group at the N-1
position.

Method C: According to Method C, a compound of For-
mula VIIb-1, wherein R* and R*“ are hydrogen, can be
cyclized to the corresponding N-3 benzimidazole represented
by Formula VIIIb-1 wherein R'° is methyl, by a “one pot”
method upon treatment with two or more equivalents of form-
aldehyde or a formaldehyde derivative in the presence of an
acid. The compound of Formula VIIIb-1 can then be carried
on to the N-3 benzimidazole compound represented by For-
mula Ib-1 as described in detail below. |

Method D: According to Method D, a compound of For-
mula VIIb-1, wherein R? and R*“* are hydrogen, can be
cyclized to the corresponding benzimidazole represented by
Formula VIIIb-1, wherein R'” is not hydrogen, by a step-ise
process comprising:

(a) reacting a compound of Formula VIIb-1
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lc- 1 and salts and sol vates thereof, wherein Z, R2b, X', X2 and X5 are
as defined herein, said nethod conprising: cyclizing a conpound of Fornula
VIlb-1 VIlb-1 prepared as described in Method 3, wherein R2 is not
hydrogen and Z, R2a, R2b, R2' and X5 are as defined herein to provide a
conmpound of Formula Xlb-1

VIIb-1

NRZZ)REC

H,N X

NRZRZQ

with a suitable acylating agent to provide a compound of
Forula IXb

IXb

NRZE?RZC
O

N

RIO& E XS

NR2 R2a

wherein Z, R?, R** and X° are as defined herein and R'°“1s
H, C,-C,,alkyl, C5-C,, cycloalkylalkyl, arylalkyl, heteroary-
lalkyl or heterocyclylalkyl, wherein said alkyl, cycloalkyla-
lkyl, arylalkyl, heteroarylalkyl, and heterocyclylalkyl por-
tions are optionally substituted with one or more groups
independently selected from halogen, hydroxyl, cyano, nitro,
azido, C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C;-Cq
cycloalkyl, C;-C, heterocycloalkyl, —NR°R” and —OR?;
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Xl b-1 wherein Z, R2b, R2c, R' and X5 are as defined herein and R2 is
not hydrogen; and coupling said conpound of Fornmula XlIb-1 with a reagent
having the formul a optionally either (i) at elevated tenperatures and
optionally in the presence of a base, or (ii) in the presence of a

nmet al - based catal yst and a base, wherein X, X2 and X6 are as defi ned
herein, to provide said conpound of Fornula Ic-1. The step of cyclizing a
conpound of EwdﬂthbathéanYidé‘U%o b@shldrcd/ﬂﬂﬁoﬁn@oﬁm g1la
ben2|n1da ore strfictures In f descri bed Methods 1-5 can
be perfor HD$HWﬁf ﬂa@@ﬂlﬁ@ 65@Wniﬁ.a nethods, nanmel y Met hods
A-E, are described in general belom/mnth respect to the cyclization of a
conmpound of Forrmula VIIb-1 for ease of explanation; however, it is to be
understood that Methods A-E apply equally to the cyclization of conpounds
of Formulas Vlila-1, VIla-2 and VI11-2. The cyclization nethods v¢< provi de
ei ther N-3 benzi m dazol e derivatives gé N-1 benzi m dazol e deriva bVe
dependi ng on the reagents used and thef{substituents on the conpounds of
Formulas Vila-1, VIla-2, VIIb-1 and Vi|b-2. Met hod A: According to Method
A, a conpound of Formula VI1b-1, whers NR’BR%Gr e hydrogen, can be
cyclized to the correspondi ng benzi MNe represented by Fornmula Villb-1
wherein Rimis hydrogen, by a "one|pot" hod upon treatnment with (i)
formc acid, optionally in the pre--nce of| an additional acid or (ii) a
formc acid derivative i ‘(ﬁé\pr g an id. | he compound of Formula
VII1b-1 can then be ca&§|ed on}%o a cojfrpound Formula I'b as described in
detail bel ow. Met hod B: According tojMethod B, a conmpound of Formula VIIb
- 1, wherein R2a is hydrogen and R2 i sSNR8R?aydr ogen,

wherein Z, R?, R**, R'%? and X" are as defined herein; and

(¢) reacting said compound of Formula Xb with (1) formic
acid optionally in the presence of an additional acid or (i1) a
formic acid derivative in the presence of an acid to provide
said compound of Formula VIIIb-1. Alternatively, according
to another embodiment of Method D, compound of Formula
Xb may be obtained by reaction of said compound of Formula
VIIb-1 with an alkylating agent of formula R'®“CH,L,
wherein L is a leaving group, such as Cl, Br, I, OMs, OTs,
OTH, etc.

Method E: According to Method E, a compound of For-
mula VIIIb-1, wherein R?* is hydrogen and R* is not hydro-
gen, can be cyclized to the corresponding benzimidazole
compound of Formula VIIIb-1, wherein R'® is not hydrogen,
by a step-wise method comprising:
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can be cyclized to the correspondi ng N-3 benzi mi dazol e represented by
Formula VI11b-1 by a nulti-step nmethod upon treatnment with (i) form c acid,
optionally in the presence of an additional acid, (ii) a formc acid
derivative in the presence of an acid, or (iii) formal dehyde or a

f ormal dehyde derivative in the presence of an acid, to provide an
intermedi ate N-1 benzi m dazol e conpound represented by the Formula Xlb -1.
The conpounéabreazlilngllaacommound:ﬁgpﬁ‘ﬁhﬁn%@%&brﬂed on to the N-3
benzi m dazol e derivative Fornula I b-1 by al kylating the N-3 position,

foll owed by renmoval of the R2 group at the N-1 position. Met hod C.
According to Method C, a conpound of Forrmula VIIb-1, wherein R2 and R2a are
hydr ogen, can be cyclized to the corresponding N-3 benzi m dazol e
represented by Fornula ViIlb-1 wherein Rrn is nmethyl, by a "one pot" nethod
upon treatment with two or nore equival ents of formal dehYdelor a

for mal dehyde derivative in thezbresence of an acid. The conpound of Formula
VII1b-1 can then be carried on|to the N-3 benzim dazol e conpound
represented by Fornula Ib-1 a descriBBAR’A detail bel ow. Met hod D
According to Method D, a conp 6of Formula VIIb-1, wherein R2 and R2a are
hydr ogen, can be cyclized tg¢ or r espondi ng benzi m dazol e represented by
Formula VI1I1b-1 , wherein B hydrogen, by a step-ise process
conprising: (a) reactipggN gound o5 Fornmula VIIb-1 VIIb-1

with a suitable acylating agent to provide a compound of
Formula IXb

IXb

NRZbRZC

Rl Oa IItII XS

NRZRZQ

wherein Z, R?, R>* and X° are as defined herein and R*%“ is
H, C,-C,yalkyl, C;-C,,cycloalkylalkyl, arylalkyl, heteroary-
lalkyl or heterocyclylalkyl, wherein said alkyl, cycloalkyla-
lkyl, arylalkyl, heteroarylalkyl, and heterocyclylalkyl por-
tions are optionally substituted with one or more groups
independently selected from halogen, hydroxyl, cyano, nitro,
azido, C,-C, alkyl, C,-C, alkenyl; C,-C, alkynyl, C5-Cq
cycloalkyl, C,-C, heterocycloalkyl, —NR°R” and —OR?®;
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with a suitable acylating agent to provide a conpound of Forula IXb I Xb
wherein Z, R2, Rka and X are as defined herein and Rra is H, Cl-Cl0 al kyl,
C3- C10 cycl oal kyl al kyl , aryl al kyl, heteroaryl al kyl or heterocyclylal kyl,
wherein said al kyl, cycloal kyl al kyl, aryl al kyl, heteroaryl al kyl, and

het erocycl yl al kyl portions are optionally substituted with one or nore

gr oups |ndependently selected fronthalogen droxyl cyano n|tro azi do,
Cl-C4 al kyl , olard ofl Foem

3 kegyhe atride mz)g Oﬁmp
heterocycl §§? e anlde gr oup of sai d
conpound o *bﬁ? ﬁ%e%ggﬁﬁﬁi“ﬂéﬂ nnula Xb Xb

Xb

NRZbRZC

Rl Oa XS

Rz

NRZ RZ(,Z

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

(¢) reacting said compound of Formula Xb with (1) formic
acid optionally in the presence of an additional acid or (i1) a
formic acid derivative in the presence of an acid to provide
said compound of Formula XIIb-1

XIIb-1
V4
NRZbRZC
Rl 0 4
N \ X3
\_N
\R2
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wherein Z, R2, Rka, Rma and X are as defined herein; and (c) reacting
sai d conpound of Fornmula 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 conmpound of Forrmula VIIIb-1. Alternatively,
according to anot her enbodi nent of Method D, conpound of Fornula Xb may be
obt ai ned by reaction of said conpound of Fornmula VIIb-1 with an al kyl ati ng

agent of for wherdin ZHRE, RPERPA R P8 apd Edvargagdefined betreg; O, Br, 1,
Ovs, Ors, etc. Met hod 'E: According to Method E, a conmpound of

orf,,
Formula VI#9-1, wherein R is hydrogen and R2 is not hydrogen, can be

cycl i zed 0 Hog Ko eeRaNE? ng RENEH B UARR ROy S DM VI 1 1D- 1,
4ﬁ§§H € S ?@ risi

wherein R ' 1S hot ogen.cehy tep-w 'se net hod conp ng: ~ (a)
reacting CQBHYMA st reprmuavlind; wltemnatively, accor mg to

another embodiment of Method E, a compound of Formula
Xb may be obtained by reaction of a compound of Formula
VIIb-1 with an alkylating agent of formula R'®“CH,L,
wherein L is a leaving group, such as Cl, Br, I, OMs, OTs,
OTH, etc.

In a further aspect, the present invention provides com-
pounds of Formulas III, Va-1, Vb-1, VIla-1, VIIb-1, VIIla-1,
VIIIb-1 and XIb-1 and salts and solvates thereof. Compounds
having Formulas III, Va-1, Vb-1, VIla-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.

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 inven-
tion may be realized and attained by means of the instrumen-
talities, combinations, compositions, and methods particu-
larly pointed out in the detailed description and in the
appended claims.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated
herein and form a part of the specification, illustrate non-
limiting embodiments of the present invention, and together
with the description, serve to explain the principles of the
invention.
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with a suitable acylating agent to provide a conmpound of Formula I Xb | Xb
wherein Z, R2, R2 and X are as defined herein and Rm is H, Cl-Cl0 al kyl,
C3 -Cl10 cycl oal kyl al kyl, arylal kyl, heteroatyl al kyl or heterocyclyl al kyl,
wherein said al kyl, cycloal kyl al kyl, aryl al kyl, heteroaryl al kyl, and

het erocycl yl al kyl portions are optionally substituted with one or nore
groups i ndependently sel ected from hal ogen, hydroxyl, cyano, nitro, azido,

Cl-C4 al kyl, [gaf4Fabkgeyt; al kynyl, e3-C6 cycl oal kyl, C3-C6
het er ocycl oal kyl, - R7 andOR8; (b) reducing the am de group of said

conpound of FJ(i] aHoWwst @ reaeticie seheeneqiviethod o) forahdsyhthe-
sis of compounds having the Formula Ia-1.

FIG. 2 shows a reaction scheme (Method 2) for the synthe-
sis of compounds having the Formula Ja-2.

FIG. 3 shows a reaction scheme (Method 3) for the synthe-
sis of compounds having the Formula Ib-1.

FIG. 4 shows a reaction scheme (Method 4) for the synthe-
sis of compounds having the Formula Ib-2.

FIG. 5 shows the structures of organometallic ligands used
in certain aryl halide coupling reactions of the present inven-
tion.

FIG. 6 shows a “one pot” cyclization method (Method A)
using formic acid or a formic acid derivative for the prepara-

tion of benzimidazole core structures represented by Formula
Ib-1.

FIG. 7 shows a multi-step cyclization method (Method B)
using formic acid or a formic acid derivative for the prepara-

tion of benzimidazole core structures represented by Formula
Ib-1.

FIG. 8 shows a “one pot” cyclization method (Method C)
using formaldehyde or a formaldehyde derivative for the

preparation of benzimidazole core structures represented by
Formula Ib-1.

FIG. 9 shows an alternative multi-step cyclization method
(Method D) for the preparation of benzimidazole core struc-
tures represented by Formula Ib-1.

FIG. 10 shows yet another multi-step cyclization method
(Method E) for the preparation of benzimidazole core struc-
tures represented by Formula Ib-1.

40



wherein Z, R21 R2a, R21', R2c, RPMand -,-.5 A are as defined herein; (c)
reacting said conpound of Forrmula 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 Xl Ib-1 Xlilb-1
wherein Z, R2,2R b, R2c, RICci and -'7-5

DETAILED DESCRIPTION OF THE INVENTION

One aspect of the present invention provides methods for
the preparation of compounds of the general Formulas Ia-1,
Ia-2, Ib-1, Ib-2 and Ic-1 and their synthetic intermediates

Ia-1
Z 1?2
Xl
N ~
I j
RIO XS //
--...N\/ X2
=N
[a-2
CO,R! 1|12
Xl
N ~
| j
RIO 5 //
=N
Ib-1
7 RZEJ
I x!
N -~
I j
R0 5 //
~— X X2



A are as defined herein; and removing the R2 group to provide the N-3
benzi m dazol e conpound of Forrmula |Ib-i. Alternatively, according to another
enbodi ment of Method E, a conpound of Formula Xb nay be obtai ned by
reaction of a conpound of Fornmula VI1b-1 with an al kyl ati ng agent of

formul a R1CGaCH2L, wherein L is a |eaving group, such as C, Br, |, O,
Ors, OIf, etc. In a further aspect, the present invention provides
conmpounds of Formulas I11l, Va-1, Montinuedi a-1, Vitb- 1, Villa-1, VIIIb-

1 and XIb- 1 and salts and sol vates thereof Conpounds having ForlkwPas |11,
Va-1, Vb-1, Vila-1, VIlb-1, Villad,RM IR®-1 and XIb-1 are useful for the
synthesis of heterocyclic conpounds including, but not limted to,
benzi m dazol es, benzi m dazol ones,| pyrazilnes, and prperazi nes. Addi ti onal
advant ages and novel features g \\; j ti all be set forth in part
in the description that folla andYin partfyw || cone apparent to those
skilled in the art upon exam pf the fipl | owi ng specification or may
be | earned by the practice ofllthe ention. ant ages of the

i nventi on may be reahimgg d ez %g;nea \Sk§he instrunentalities,
conbi nations, conposition® and jrethods“particul ar poi nted out in the
detail ed description and i\ the appended clai ns. BRI EF DESCRI PTI ON OF THE
FI GURES The acconpanyi ng gs, which are incorporated herein and form
a part of the specification, illustrate non-limting enbodi nentsjcof the
present invention, and togeth W th %pe description, serve to explain the

principles of the invention. n the HKigures: FIG 1 shows a reaction
scheme (Method 1) for the synthesis ofl compoundsXhaving the Fornula la-1.

NA
A

and salts and solvates thereof, wherein:
Zis —C(=0)OR',—C(=0)NR°R’, CN, —C(=O)H, or

12 126
RI2a RI26
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FIG 2 shows a reaction scheme (Method 2) for the synthesis of conpounds
havi ng the Fonda I a-2. FIG 3 shows a reaction schenme (Method 3) for the
synt hesi s of conpounds having the Forrmula | b-i. FIG 4 shows a reaction
schenme (Method 4) for the synthesis of conpounds having the Formula |Ib-2.
FIG 5 shows the structures of organonetallic |igands used in certain aryI
hal i de coupling reactions of the present invention. FIG 6 shows a "one

pot™ cycl izaf ikiiepih boeearNforshed ihes ahg @daddd grofgyy)i ¢ aci d
derivati vzof or thelg%p b;gtll on of benzi m dazol & core structures represented

by For mul a°f Xamp QlySiPY | - step cyclization method (Method B)
using form Rhﬁsﬂydi”o ehO -C acilityded vat, E\Gdkéﬁylt@ s-@r, Qﬂkyt-' on of

Yone. pot - 8YeG 3 uffﬁﬁf‘f‘fi ﬂﬁfsl R@Eﬁ? R oo ab?{m%WJ?F' % 8 shows @
f or mal dehykigl dwheraaryk; Heteroaey hrietierocyt] v heiteroayolydaeor e
AT ISR ﬁﬁw ;lyab'%s%eize%ﬁg@a@?%w
benzi ni dazadkengbral @a narﬁf)mryakyl:l G 10 shows
s B S A gy
kyl portions are optlona y su stltuted Wl‘[rﬁJ one or more
groups independently selected from halogen, hydroxyl,
C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C;-C, cycloalkyl
and C;-C heterocycloalkyl;
R?is hydrogen, C,-C,, alkyl, C,-C,, alkenyl, C,-C , alky-
nyl, 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, C,-C, alkenyl and C,-C, alkynyl, wherein for
Formula Ic-1, R? is not hydrogen;
R?? is hydrogen, C,-C,, alkyl, C,-C,, alkenyl, C,-C,,
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, C,-C, alkenyl and C,-C, alkyny];
X' and X? are independently selected from hydrogen, F, Cl,
Br, 1, OR®, C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alkynyl,
C,-C,, cycloalkyl, C5-C,, cycloalkylalkyl or C,-C,, thio-
alkyl, wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl and thioalkyl portions are optionally substi-
tuted with one or more groups independently selected from
oxo, halogen, cyano, nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy and azido;

X°is H, F, Cl, Br, I or C,-Cy alkyl;
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DETAI LED DESCRI PTI ON OF THE I NVENTI ON  One aspect of the present invention
provi des nethods for the preparation of conpounds of the general Fornmul as
la-1, la-2, Ib-1, Ib-2 and Ic-1 and their synthetic internediates la- 1

| b-1 R2b X1 Ny Rio NX2 ‘

R® and R” are independently hydrogen, trifluoromethyl,
—OR?®,C,-C,,alkyl, C,-C,,alkenyl, C,-C,, alkynyl, C,-C,,
cycloalkyl, C;-C,, cycloalkylalkyl, aryl, arylalkyl, het-
eroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl,

or R® and R” together with the atom to which they are
attached form a 4 to 10 membered heteroaryl or heterocyclic
ring, wherein said heteroaryl and heterocyclic rings are
optionally substituted with one or more groups independently
selected from halogen, trifluoromethyl, difluoromethoxy, tri-
fluoromethoxy and OR®;

R® is hydrogen, C,-C,, alkyl, C,-C,, alkenyl, aryl or ary-
lalkyl, wherein said alkyl, alkenyl, aryl and arylalkyl are
optionally substituted with one or more groups independently
selected from OH, —O—(C,-C,,-alkyl) and —O—(C,-C -
alkenyl);

R'%is hydrogen, C,-C,, alkyl, C5-C,, cycloalkylalkyl, ary-
lalkyl, heteroarylalkyl or heterocyclylalkyl, wherein said
alkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl and hetero-
cyclylalkyl portions are optionally substituted with one or
more groups independently selected from halogen, hydroxyl,
cyano, nitro, azido, C,-C, alkyl, C,-C, alkenyl, C,-C, alky-
nyl, C,-C, cycloalkyl, C,-C heterocycloalkyl, —NR°R” and
—OR?; and

R'** and R'?” are independently selected from hydrogen,
C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C;-C,,
cycloalkyl, C5-C, , cycloalkylalkyl, aryl, arylalkyl, heteroaryl
and heteroarylalkyl,

or R"** and R*?” together with the atom to which they are
attached form a 4 to 10 membered carbocyclic, heteroaryl or
heterocyclic ring.
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N

-continued Ib-2 1c-1 and salts and sol vates thereof, wherein:

i SC(0) 01V, C(0) NR6R7, CN, C(0)H, or

Methods for preparing N-3 benzimidazole compounds of
the general Formulas Ia-1, Ia-2, Ib-1 and Ib-2 can be per-
formed in several ways. Four methods, namely Methods 1-4,
are shown in FIGS. 1-4, respectively, and are described
below. Method 5 describes the synthesis of the N-1 benzimi-
dazole derivatives represented by Formula Ic-1.

In certain embodiments of Methods 1-5, Z is —C(—0)
NROR”. In certain embodiments, R® is OR® and R” is H. In
certain embodiments, R® is C,-C,, alkyl optionally substi-
tuted with OH, O—(C,-Cg-alkyl) or —O—(C,-C, ,-alkenyl).
In certain embodiments, R® is —(CH,),—OH. In particular
embodiments, Z is —C(—O)NH(CH,),—OH.

In certain embodiments of Methods 1-5, Z is COOR'. In
certain embodiments, R' is C,-C,, alkyl. In particular
embodiments, R" is methyl.

In certain embodiments of Methods 1-5, X° is halogen. In
particular embodiments, X° is F.

In certain embodiments of Methods 1-5, X* and X? are H or
halogen, and X° is halogen. In other embodiments, X* is
alkyl: In certain embodiments, X" is Br. In certain embodi-
ments, X2 is Cl. In certain embodiments, X° is iodo.

In certain embodiments of Methods 1-5, R'® is C,-C,,
alkyl. In particular embodiments, R'° is methyl.

In other embodiments of Methods 1-5, R? and R?** are
hydrogen.

In certain embodiments, Methods 1-5 provide methods of
preparing compounds of la-1, Ia-2, Ib-1, Ib-2 and Ic-1
wherein Z is —C(=0)NR°R’, X° is halogen, X' and X? are
H or halogen, and R'® is C,-C,, alkyl. In certain embodi-
ments, R®is OR®,R” is H, X° is F, X* is Cl, and R'° is methyl.
In particular embodiments, 7 is —C(—O)NH—
(CH,CH,OH), X® is F, X? is Cl, and R'® is methyl.

In certain embodiments, Methods 1-5 provide methods of
preparing compounds of Ia-1, Ia-2, Ib-1, Ib-2 and Ic-1
wherein Z is COOR?', X® is halogen, X' and X* are H or
halogen, and R'°is C,-C, , alkyl. In certain embodiments, R*
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or a noiety that may be transforned into any of said Z groups, for exanple
t hrough hydrol ysis; Rl is hydrogen, C1-Cl10 al kyl, C2-C10 al kenyl, C2-C10
al kynyl, C3-C10 cycl oal kyl, C3-Cl10 cycl oal kyl al kyl, aryl, arylal kyl,

het eroaryl, heteroaryl al kyl, heterocyclyl, heterocyclylalkyl, trialkylsilyl
or dialkylarylsilyl, wherein said al kyl, alkenyl, alkynyl, cycloal kyl,

cycl oal kyl al kyl , aryl, arylalkyl heteroaryl het eroaryl al kyl , heterocycl yl

and hetero yl@al ky t i Yq 1Lou ok, or nDre
groups i ndg%g;éiegtlpyhéﬁyg’cx 15 orh Rn@l’h gfrgééSR }C?eq{}? h&k “ﬁ1
al kenyl , Cpacacail ayrem acbinentge oas @8) GIH;:; 18t .eXocise alall R2

i's hydrog ,10GL- ﬁi&ﬂ C2- C10 al kenyl, C2-C10 alkynyl arylalkyl
trial kylsityl, d &’ ryIS|IyI CORG6, C(O) OR6 or C(O)NR6R7 wher ei n sai d

al kyl, al kenMethUddyl@T@emn]dCﬁhmmnomf Ithezppe@enbunvemti@n spbetitut ed
R A T e T A
i's not hydg@ﬁ@ihaﬁ%hllyﬁinffi’r(}oqefforgér {ﬂr%jl rbm ﬁi@s@ﬁ%@ﬂnuﬁ C10

al kynyl yl al kyl s si |
or C(0) NRGEEa ﬁ,{i@,{i %SUIH 1¢ lﬁltﬁﬁﬂ%ﬂdl'cﬁﬁﬁynyl and aryl al kyl portions
are optionally substituted with one or nore groups independently sel ected

from hal ogen, hydroxyl, Cl-C4 al kyl, C2-C4 al kenyl and C2-C4 al kynyl ; X1
and X2 are independently selected fromhydrogen, F, d, Br, I, OR, Cl-Cl0
al kyl, C2-C10 al kenyl, C2-C10 al kynyl, C3 Cl10 cycl oal kyl, C3-Cl10Ia-1

cycl oal kyl al kyl or C1-C10 t hioal kyl, ein said al kyl, al kenyl, al kynyl,

substituted with one or nore groups independently ¢l ect ed from oxo,
hal ogen, cyano, nitro, trifluor | u hoxy, trifluoromethoxy
and azi do;

cycl oal kyl, cycl oal kyl al kyl and t |oalkyéfportions are optionally

RIO
\\TJ

\__ ‘ X:
N

and salts and solvates thereof, wherein X', X?, X>, R* and
R!° are as defined herein, and Z is —C(=0)OR*', —C(=0)
NR®R’, CN, —C(—O)H, or

12a p12b
R'“% R*“7,
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X5is H F d, Br, I or C1-C6 alkyl; R6 and R7 are independently

hydr ogen, trifluoronethyl, Cl-C10 al kyl, C2-C10 al kenyl, C2-C10
al kynyl, C3-C10 cycl oal kyl, C3-Cl10 cycl oal kyl al kyl, aryl, arylal kyl,
het eroaryl, heteroarylal kyl, heterocyclyl or heterocyclylalkyl, or R6 and

R7 together with the atomto which they are attached forma 4 to 10
menbered heteroaryl or heterocyclic ring, wherein said heteroaryl and

het er ocycl | corigngsodety shut ead) bie rubstoruied infohusyoiee afbsgidibups

d dent I fi t th :
tri 1 or onBIHBEY- dad SxambisahToug R Rabedokampiés &f ‘éri%laf’ﬁénw
aryl or ar@tleksthatvmneﬂ:fe %aﬁsﬁbkmiedairkmyﬂhe adgfinatl Ar gradgyd are
o (oo eI At 55, %%ﬁe%% iﬁﬁ( jﬁ#ﬁ%‘ﬁlﬁﬁ%@eﬁﬁyiﬁ% é ss‘fé%tcig rem
al kyl, C3-katig Cﬂlrmtfbynallk;yc @RA abetae]:sohayungkﬂie ormula
heterocyclgﬁat 1y Wherein sald aIkyI cycl oal kyl al ky aryl al kyl ,

het er oar yl n heteroc aIkyI Eortlons are qptionally substit ut ed
with one or MMoregspepsfica eCempiisesomibzateagna egtnexy!

cyano, nit CA al kenyl, C2-C4 al kynyl, C3-05
cycloalkyIﬁBEgﬁ%ggﬁgpgfﬁ%ééﬁ%ggg§k{ NR612, 7 and OR8; and n 12a R and Rnb
are independently sel ected from hydrogen, Cl-Cl0 al kyl, C2-C10

al kenyl , C2- C10al kynyl , C3-Cl10 cycl oal kyl, C3-Cl10 cycl oal kyl al kyl, aryl,
aryl al kyl, heteroaryl and heteroarxialkyl,

X4

wherein X° and X* are independently F, Cl, Br, I, or a
sulfonate ester such as, but not limited to, trifluoromethane-
sulfonate, methanesulfonate, benzenesulfonate or p-toluene-
sulfonate, and X> and Z are as defined herein, to provide a
compound of Formula II

II

O,N X°
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or R2 and Rnb together with the atomto which they are attached forma 4
to 10 nenbered carbocyclic, heteroaryl or heterocyclic ring. Met hods for
prepari ng N-3 benzi m dazol e conpounds of the general Fornulas la-1, la-2,
Ib-1 and Ib-2 can be performed in several ways. Four nethods, namely

Met hods 1-4, are shown in FIGS. 1-4, respectively, and are described bel ow
Met hod 5 descrl bes the synt hesis of _the N1 benzi m dazol e derivatives

T TR T i S A R T
erbodi mon€4bRSIIFICET. @10 GPRIPOSIY SHal FFISULRTN X ur &' HAh AR
'n parti cul a0 é‘ﬁi%&@é@tﬁﬁ%%% H I R
Met hods 1tBpsg dan |th&amaumnuw]) tcacng an- m[omamp
particul ag REBANWTH Hit'Re ASidth"Me presence of an activating agent

such as concentrated sulfuric acid. For example, in one

embodiment a 2,3,4-trihalobenzoic can be treated with fum-

ing nitric acid in H,SO,, to provide a 2,3 ,4-trihalo-5-nitroben-

zoic acid, such as 2,3,4-trifluoro-5-nitrobenzoic acid, in high

yield.

The compound of Formula II then undergoes a bis-amina-
tion reaction comprising a nucleophilic displacement of X>
and X*. Nucleophilic substitution of a leaving group (such as
a halide, or sulfonate ester) ortho- or para- to a nitro group in
an aromatic ring is a method well known in the art for the
introduction of an amino group into an aromatic ring. In the
case of compounds of Formula I, leaving groups at positions
ortho- and para- to the nitro group can be replaced in a single
process under suitable conditions. Examples of bis-amina-
tions are illustrated herein for Method 1 as well as Method 2
below. More specifically, according to Method 1 a compound
of Formula 1II is treated optionally at elevated temperatures
with two or more equivalents of (i) a reagent that contains or
generates ammonia, (ii) a primary or secondary amine other
than an aromatic amine or (ii1) a reagent that delivers a group
that can subsequently be converted into an amine to provide a
compound of Formula VI-11 wherein A is NR*R??, or said
compound of Formula II is treated with (iv) two or more
equivalents of a metal azide optionally at elevated tempera-

tures and/or pressure to provide a compound of Formula
VI-12 wherein A is N,
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In certain enbodi nents of Methods 1-5, X5 is halogen. In particular

enbodi nents, X5 is F. In certain enbodi nents of Methods 1-5, X1 and X2
are H or hal ogen, and X6 is halogen. In other enbodinents, X2 is alkyl: In
certain enbodinents, X1 is Br. In certain enbodinents, X2 is C. In certain
enbodi nents, X6 is iodo. In certain enbodi nents of Methods 1-5, le is

C -C 0 alkyl. In particular enbodinents, le is nethyl. I n ot her

enbodi ments of Methods 1-5, R2 and R26yare hydrogen. In certain

enbodi ments, Methods 1-5 provi de nethogs of preparing conpounds of la-1,
la-2, Ib-1, Ib-2 and Ic-1 wherein Z isf(0)NR6R7, X5 is hal ogen, X1 and X2

are Hor halogen, and RLis C -C 0 al dertain enmbodi ments, R6 is ON
127 is H X5 is F, X2 is d, and R¥ I yl. In particular enbodinments, Z
i SC(O)NH (CH2CH2OH), X5 is F, X2 i4 and le is nethyl. In certain

enbodi nents, Methods 1-5 provide prepari ng conpounds of la-1,

la-2, Ib-1, Ib-2 and lc-1 mh2i§5- N L0 B X5 is hal ogen, X1 and X2 are
H or halogen, and R1 is G - al kyl |In cert& n enbodinents, R is Cl-Cl0
alkyl, X5 is F, X is d, and Rmis nmethyl. In particular enbodi nents, Z
is COOCH3, X5 is F, X is d, and RmiA nethyl.
VI-11: A=NR?R*
VI-12: A=Nj

wherein X°, R? and Z are as defined herein, and R** is
hydrogen, C,-C,,alkyl, C,-C,, alkenyl, C,-C, , alkynyl, ben-
zyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, —CORS®,
—C(0O)OR®, —C(O)NR®R’, —OR!, or —NHR"', wherein
said alkyl, alkenyl, alkynyl, benzyl, allyl, or arylalkyl por-
tions are optionally substituted with one or more groups inde-
pendently selected from halogen, hydroxyl, C,-C, alkyl,
C,-C, alkenyl and C,-C, alkynyl. In certain embodiments,
R*“ is a nitrogen protecting group such as hydrogen, substi-
tuted or unsubstituted benzyl, allyl or —C(O)OR®. In a par-
ticular embodiment, R** is hydrogen.

In a particular embodiment of Method 1, the compound of
Formula Il where Z 1s COOH, can undergo an esterification of
the 7 group and a bis-amination in one step. This may be
achieved by reacting the compound of Formula II, where Z is
COOH, with a compound of formula R'"OH wherein R' is
C,-C,, alkyl, optionally in the presence of an activating
agent, to form the corresponding ester in-situ, followed by
reaction of the ester with two or more equivalents of (1) a
reagent that generates ammonia, for example ammonium
hydroxide or (i1) a primary or secondary amine other than an
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Met hod 1: One enbodi nent of the present invention provides a nethod,
referred to herein as Method 1 and shown schematically in FIG 1, for
prepari ng conpounds of Fonnula la-1 and their synthetic internediates la- 1
and salts and solvates thereof, wherein X, X, X3, 172 and Rm are as
defined herein, and Z isC(0)OR1, C(0) NR6R7, CN, C(0)H, or or a noiety

o Donih abis érﬁ?tr&vﬁ‘@é A RArTRaRA L FARRBA NG T hi o the defi ned z

groups’ t hrwhgteiny@ioCGROR 1, R i€, (By(f) alky] rand R°rdn@R Fareor t hoest er s

havi ng the,f esfnb@ kSR, 1) 3 and acetals having the fornula CH(OR1) 2.

Examples of activating agents include, but are not limited
to, (a) mineral and organic acids; (b) reagents capable of
converting a carboxylic acid into an acid chloride including,
but not limited to, halogenating agents such as SOCI, or
(COCl),, alkyl chloroformates, aryl chloroformates and acid
chlorides (such as trimethylacetyl chloride); (¢) carbodiim-
ides, including, but not limited to, dicyclohexylcarbodiimide
(DCC); (d) trialkylsilyl halides including, but not limited to,
trimethylsilyl chloride (Me;SiCl); (e) chloroformates such as
alkyl chloroformates (e.g., isobutyl chloroformate) and aryl
chloroformates (phenyl chloroformate), and (f) dialkylazodi-
carboxylates such as, but not limited to, diethylazodicarboxy-
late (DEAD), which is typically used in conjunction with a
phosphine reagent such as, but not limited to, Ph;P. In one
embodiment, the activating agent is trimethylsilyl chloride.
Examples of reagents that contain or generate ammonia

include, but are not limited to, NH; and NH,OH. Examples of
primary and secondary amines suitable for purposes of this
invention include amines having the formula HNR*R?*,
wherein R* and R>“ are as defined herein. Specific examples
of primary and secondary amines include, but are not limited
to methylamine, benzylamine, dibenzylamine, allylamine,
diallylamine and hexamethyldisilazane. Examples of
reagents that deliver a group that can subsequently be con-
verted into an amine include, but are not limited to, (1) metal
amides such as sodium, potassium and lithium amide, or
alkylated derivatives thereof, (2) protected ammonia or amide
equivalents such as, but not limited to, hydroxylamines and
hydrazines, (3) nitrogen nucleophiles having the Formula
MNR?2R** wherein M is a metal such as Na, K, Li, Cs, Mg or
Al, and (4) metal silylamides such as lithium (bis )(trimethyl-
silyl)amide, sodium (bis)(trimethylsilyl)amide or potassium
(bis)(trimethylsilyl)amide. Examples of metal azides
include, but are not limited to, sodium azide (NaN;), potas-
stum azide (KN;) and lithium azide (LiNj).
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More specifically, Method 1 conprises nitrating a conmpound having the

For mul a wherein X3 and X4 are independently F, C, Br, |, or a sulfonate
ester such as, but not limted to, trifluoronethanesul fonate,

met hanesul f onat e, benzenesul fonate or p-toluenesul fonate, and X5 and Z are
as defined herein, to provide a conpound of Formula II wherein X3, X4
and X5 are as defined herein. In one enbodiment of a conpound of Formul a
11, X3, x4 abHeabesfaminsitiont reactear caom beopeirfosnsedvin eémyrsaiitel | known

Lo, those B, %éﬂz# 35 Ablogra8 sAIGIHE iraEiie BchOT R n o
sul furi c dimetkorlpeadidinen Iddd, ahipodamrepatdempetaturesiraiggangc can be
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acid, in s genfoetued atTdab\tanuo:btmm rdtures m thetrbergeodelyout S0

ahi;2&2%@4@@%"@@%@&@&%% GieHRods fﬁﬁpi%@lﬁﬁ%”é 8ogs N X4

oot hod v Eﬁ%iﬁﬁrfﬂd’?ﬁé“ﬁ hafat 1 iqompi h;? gﬁgﬂg a;ﬂoénp”g‘l;d “’é“?n't > an
A L ammp t

ggg,”? lt Bﬁsb%theeneédeﬂO% @1e1 am@ubambraweenrglﬁl mchOfg%ﬁé glsnglt e

process unde htable con |t| EPQQS of bis-am nations a(f f
i 11 ustrated rf%xangp P HI PEFRSEIB s LA PRHEA O

speci fi ﬁiﬁommmliao\‘vﬂl-t(}gl tfqrolfpht aodoitn mﬁmdogﬁngmEalatrUIIacUlmmsefsat ed
Feagent tKGACLBIEalng @%@p@%&%@?@ﬁéﬁﬂ%@f POl s hetethgary °
0o LS008, seatb K saite X CLF| itk operass wepshnruns 2 0 oup
S IR T G A T RO T RN
treated wigmpberatuime fbrr@xgm evﬁeﬁ;ﬂiféeﬁf J01g08 (azige grséahed! y at
el evated te ratur and/;or sure to provi de .a ¢ ound of, F la VI-12
wherei n Al€d ungernq. sl;sgh of aminonia, f%'}pexample J-5

bar, to pr0V1de compound Formula VI-11 wherein Z—CO,H,

R*—H, and R**—H in high yield.

This invention also provides compounds of Formulas

VI-11 and VI-12 and salts and solvates thereof, wherein Z,

X°, A, R? and R** are as defined herein. In some embodiments

of compounds of Formula VI-11 and VI-12, Z is —COOR" or

—C(=0)NR°R". In certain embodiments, R® is —OR?® and

R” is H. In particular embodiments, R® i 'H,),—OH. In

some embodiments, X> is halogen. In particular embodi-

ments, X" is F. In some embodiments of compounds of For-

mula VI-11, A is NH,.

The compound of Formula VI-11 or VI-12 is then reduced
to provide compound of Formula VIlla-1
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wherein X5, ft and Z are as defined herein, and R2a is hydrogen, C -C O
al kyl, C2-C10 al kenyl, C2-C10 al kynyl, benzyl, allyl, arylalkyl,
trialkylsilyl, dialkylarylsilyl, COW C(0)0116, C(0)NR6R7, OR, or
NHR1, wherein said al kyl, alkenyl, alkynyl, benzyl, allyl, or arylal kyl
portions are optionally substituted with one or nore groups independently
sel ected from hal ogen, hydroxyl, C -C4 alkyl, C2-C4 al kenyl and C2-C4
al kynyl. In certain enbodinments, R2a is a nitrogen protecting &Idayl such as
hydr ogen, substituted or unsubstitAZited benzyl, allyl or C(0)0126. In a
particul ar enbodi nent, R2a is hydrfogen. In a particul ar enbodi nent of
Met hod 1, the conpound of Fornula | T mherﬁ$§§?§ COOH, can undergo an

i fi i : ani ion in one step. This my be
achi eved by reacting the conpo nd of ormula Il, where Zis COOH, wth a

conmpound of fornula 12. 10H wheflein lefis Cl- Ch1alkyl, optionally in the
presence of an activating agent, m t he correspondi ng ester in-situ,
foll owed by reaction of . Wo-sor nore equivalents of (i) a
reagent that generates i or exanpi’e anmoni um hydroxide or (ii) a

primary or secondary am ne other tjhan an aromatic amne to provide a

compound of Fornula VI-11, wherei NR?’R& COORL, le is C-Cl0) alkyl, and R2
and R2a are as defined herein. Exanpl es of activating agents include, but
are not limted to, (a) nineral and organic acids; (b) reagents capabl e of
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or gani C Qf Cake n@lOd)YEFﬁ)rmmIé o] eyt Viled 2 ceirt Be converted to a
N- et hyl pyrrol irdin THF, di oxane, at tenperatures ranging from-20 C. to

200 C. In certain enbodinents the reaction is perfornmed at el evated
tenperatures in the range of about 50 and 1000 C. One exanple of a nethod
for preparing a conmpound of Fornula VI-11 conprises reacting a conmpound of
Formula Il wth amoni um hydroxi de at a tenperature between 50 and 100 C.,
in particular between 80 and 90 C Anot her exanple of a nethod for
preparing a conpound of Fornula VI-11 from a conpound of Fornula I
conprises reacting, for exanple, a conpound of Formula Il, wherein Z-CO2H
and X3 and X4_F, with excess amoni umshydroxi de solution in

N-net hyl pyrrolidine at an el evated tenperature, for exanple between 80-90
C., in a sealed reactor, under a slight pressure of anmonia, for exanple
0-5 bar, to provide conmpound Fornula VI-11 wherein Z CO H,




R2H, and R2aH in high yield. this invention al so provides conpounds of
Formul as VI-11 and VI-12 and salts and sol vates thereof, wherein Z, X5, A
R2 and R2' are as defined herein. In sonme enbodi nents of conpounds of
Formula VI-11 and VI-12, Zis COORL or C(O)NR6R 7. In certain enbodi nents,
R6 isONand R7 is H |In particular enbodinents, R8 is (CH )2-0H In sone
enbodi ments, X5 is halogen. In particular enbodinents, X5 is F. In sone
embodi mentempovmdbofiFosmiflafdHaul aisuhg rinc pavederznd coneenconpound of

Formula Vieddd®HM it hixthi? o $AEHRhS PaRE A8, CRIRAYIE Ll Formul a
a-1 a- -

tures between 0-100° C., more typically at 50-70° C. Cata-
lytic hydrogenations can be performed with hydrogen in the
presence of a metal catalyst in a suitable solvent system under
hydrogen (for example, 1-20 atm. H,) typically at tempera-
tures between 0-100° C. Suitable metal catalysts for use in
catalytic hydrogenations include, but are not limited to, Pd,
Pt, Rh and Ni. Examples of suitable solvent systems include,
but are not limited to, alcohols (e.g., methanol, ethanol, iso-
propanol), acetic acid, esters (e.g., ethyl acetate) and ethers
(e.g., THF). Mixed solvents, including aqueous mixtures are
also commonly used for hydrogenations. Catalytic hydroge-
nation was found to be particularly effective for the conver-
sion of a compound of Formula VI-11 or VI-12 into a com-
pound of Formula VIla-1. In one embodiment, platinum
oxide was found to be an effective and convenient catalyst,
providing a compound of VIla-1 free from carbon residue. In
another embodiment, PA(OH),, was a suitable hydrogenation
catalyst. In a particular embodiment palladium supported on
carbon was found to be effective. The reaction can be carried
out in a range of organic solvents, and a mixture of methanol
and THF was found to be both effective and convenient.
Hydrogen pressure in a range between 2-10 bar was effective
and the temperature was typically between 20-80° C.

This invention further provides compounds of Formula
VIla-1 and salts and solvates thereof wherein Z, X°, R* and
R** are as defined herein. In some embodiments of com-
pounds of Formula VIla-1, Z is —COOR' or —C(=0)
NR®R’. In certain embodiments, R® is OR® and R” is H. In
particular embodiments, R® is —(CH,),—OH. In some
embodiments, X° is halogen. In particular embodiments, X>
is F. In other embodiments, R* and R*“ are hydrogen.

With continued reference to FIG. 1, the compound of For-
mula VIIa-1 can be cyclized to the benzimidazole derivative
represented by Formula VIIIa-1 when R*“ of said compound
of Formula VIla-1 is hydrogen.
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wherein X5, R2, R2' and Z are as defined herein, wherein when A of said
conpound of Fornmula VI-11 or Fornmula VI-12 is NH benzyl, -NHORL, -NHNHRL,
or N31 then R2 and R2' of the conpound of Fornula Villa-1 are hydrogen.
The reduction step can be perforned utilizing reaction conditions and
reagents well known to those skilled in the art. Exanples of suitable

nmet hods for reducing an aromatic nitro group include, but are not limted
to, dissolving nmetal reductions, catalytic hydrogenations, and/gnzynatic
reactions. More specific exanples of dissolving nmetal reductions include
the use of a netal in a suitable sofjvent under acidic conditions. Exanples
of nmetals suitable for dissolving ng gﬂg igns include, but are not
limted to, Zn, Fe and Sn. Suitable p stens i nclude water and/or
organi ¢ sol vents such as, but n ed to, alcohols, carboxylic acids,
ethers or a mxture of these. F | e, in one enbodi nent a conpound of
Formula VI-11 or VI-12 @ah be cd vert;; to a conpound of Formula Vlla-1
usi ng zi nc powder and concent+ i sm xture of nethanol and water,
at tenperatures between 0-1 ' pre typf ally at 50-70 C. Catalytic
hydr ogenati ons can be perfor ' hydrogen in the presence of a neta
catalyst in a suitable sol vent ¥m under hydrogen (for exanple, 1-20
atm H2) typically at tenperatures between 0-100 C. Suitable netal

catal ysts for use in catalytic hydrogenations include, but are not |limted
to, Pd, Pt, Rh and Ni. Exanples of SU|tabIe sol vent systens incl ude, but
are not |ini tlduetoychizatbons stepgto prowadel thet bemtimidapodpagory, acetic
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Al so provided herein are conpounds of Fornula Villa-1 and salts and

sol vates thereof wherein Z, X5, R2, R247 and R are as defined herein. In
sonme enbodi ments of conpounds of Fornmula Villa-1, Zis COORL or C( 0)NR6R?.
In certain enbodinents, R6 is ONWand R7 is H In particular enbodinents, RS
is -(CH2)2 OH In sone enbodi nents of conpounds of Formula Villa-1, R' is
C, -Cl0 alkyl. In particular enbodinents, RL is nethyl. In sonme enbodi nents

of conpoundsylenARFMY 1dy ddoled; the &Smipdultel GUESrmbx Vallhi tul ar enbodi nent s,
X5 is F. In s . i f co nd R2a are

hydr ogen. C{EW @%f@%ggﬁﬂ%ﬁgg,toﬁomggﬁgnh@Egﬁhﬁ%'?ﬂga i s hydrogen, the
conpound &hopgr ruF KOVl Bavarad saetbedsiare knpyicisriherliteltse conpound of

For mul a | ot tlas psépavation & Garlansersriat covplinganaa@nkaigen in the

'iteratwed% Qr&@@sgiéf& ﬁfed' PAGHIFIESPEYT PABHcng an aromat i ¢
t h. ’ , Publ t No. WO
021 053622) 10NN oY DRSS ek NUIGDRA NG rematisns kst iHsi 11 on et al

cat al yzed tpmcasbeansitienpactdlcatayred poorssesargpartiguteinods. However,
there are d()%ﬁld(rﬁ‘é’oﬁggﬁ%' gRetRbdef HAlveRr, théRshld Qrrefal catal yzed

coupl i ng processes .t hat. ELPVI d% di arﬁglqam es that ﬁre highly substituted in
both ri ng<XaHLPLes of fHICSRETRAR L MG Ay 78I CRUPHDELI®™ | 1y addition, very
few of theessesihpspsotidediamlentnesthaspoe highly subkétutederat ure for a
tc?]upljl ng rNRARLLSS, REtiveRs cﬁsé!fbhabﬁﬁﬁimeﬁamnﬁm@l@rrauntc ?m Pe tot provi de
e desire -odu [ [ cat al yst systens
have been q%ﬁﬁﬁg f?éla} ﬂeé{) Q?Eh%(ﬁﬁtaqﬁé%‘ﬁgﬁgyﬁ%? §§é‘g%§@$‘g§@gﬁm gh yields for
the coupl ithg lgeraivrg donascempliag meaction hehweenia ibalpbenal i des.  More
speci fi caldene sorkareahndatieaminertotprevidedar désitnd pfocimtpounds of Fornul a
a-1. as SHEANEY i cber CRARILAAS BIOUPLAGTCRA BBcRC neen a comound
of Formul 3 ™l1.a-71, Whet&?gln a I's hiydrogen, &g angﬁéy halide in the
presence dflentifadheseia that spodempioycs pgivaiieh ¥ h an appropriate
sol vent . Ithe csweu i difremmponinelsaoy I[ForaiuldeViHa- T heitkoamyll a wherein X
and X2 ar%aﬂﬁie%e“ ned herein and X is F, d, Br, |I,O0SQ2CF3, al kyl
sul fonate, aryl sulfonate, alkylaryl sul- fonate, B(0le)2, BF3 or Bi(Rl)2.
| n anot her évibodispecitficalllye oacydmbadlimenthfs theepfepanatien of I n certain

and x6 1o mppuhds O Ebmut Lo 8 o) 3?%‘;%:5 F-q%’%c%\%%?s T in certain
enbodi ment&¥ .%Ega’_étlpq‘a'%ﬁﬁlh%rc‘)%%‘&? . tﬁg%gl‘lﬁ? Jﬁ‘)’il n a particul ar
enbodi mentwhdeehn &1o-ighydregen, cndearayhbalide in dunprasenge odn ef fecti ve and
regi oseljecat SMﬁaﬁl@rI}l@?&{lf-lflﬁﬁedi&@aW%ﬂnﬁb%l@é‘ih'é@ﬁap%rbﬂjdﬁiﬁatéommer sion ?L o
conpounds 0 r a_Vi - . : erein the iodo
group of EOE}S‘FIE{WEHPﬁle_eéﬂt)ﬁﬁg}lgﬁbggﬁggﬁgﬂﬂaéQﬁgiﬁ%‘ 3 spl aced. Suitable
bases for use in the coupling reactions of this invention include, but are
not limted to, Goup land Goup Il netal bases such as Na2CO3, K2COB,
Cs2CC8, NaOH and NaQ Bu, and organi c bases such as triethylam ne. Suitable

sol vents for the coupling reaction i nc] ude, but are not limted to,
tol uene, anisole, 2-methylteysahyds of&iran and di oxane.

A
I

wherein X' and X? are as defined herein and X° is F, Cl, Br,
I, —OSO,CF;, alkyl sulfonate, aryl sulfonate, alkylaryl sul-
fonate, —B(O—R?®),, —BF; or —Bi(R'),. In another
embodiment, the aryl halide has the Formula
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Sui tabl e netal -based catal ysts for this coupling reaction include, but are
not limted to, organonetallic catalysts. The phrase "organonetal lic
catal yst" neans a catal yst conprising a netal and an organic |igand.
Exanpl es of netals include, but are not limted to, palladium copper,

ni ckel , and platinum The preferred |igands for copper include those
cont ai ni ng heteroatons such as oxygen, sulfur, nitrogen or phosphorous.

Li gands cont ai ni ng oxygen groups are generally inexpensive and readily
avai l abl e, and ethylene glycoXtis a _particul ar exanple of a convenient
ligand that is effective in the™p EesSN For pal | adi um cat al yzed coupling
reactions, phosphine |igands havg Ehown to be effective, and in
certain cases bidentate |igands contalnl g either two phosphi ne groups or
one phosphi ne group and a second er odatoq ont ai ni ng group have been
shown to be effective. Exanples ofJsuch Ilgaﬁds i ncl ude, but are not
limted to, DPE-phos and Xantphoéx Il lustrative exanples of suitable

or ganopal | adi um cat al ysts include, but are not limted to, Pd(QAc)2 and
Xant phos, Pd(QAc)2 and DPE-phos, Pd2 (dba)3 and Xant phos, Pd2(dba)3 and

ﬁf;p?gfbhpalﬁ%@rvmﬁ ehﬁB@cﬁhggir}g@em" ié;fsg?l M8}, OPfId Xallbglﬂg%g;t ghgggl de
known, ancﬂk&l Hga Eﬂi &% 5£ﬁl I‘Fr‘éﬁ .ote€fHHEN Td ed.
by Ri Char%ﬁqd(gﬁﬁ@g]ttsv Ty Sﬁf‘ %rtfh?fe% g Kits gXlgsgls efIﬁ”ed
I an
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to convert ou Forqula Villa1l to conpound of Fornul’a la-1, and
t he chenlégﬁnﬁgﬁ¥§n' apﬁgdﬂ are provided in Table 2. TABLE 1 Ligand
Base Suitable metal- ba:,ed catalysts for this coupling reaction
include, but are not limited to, organometallic catalysts. The
phrase “organometallic catalyst” means a catalyst comprising
a metal and an organic ligand. Examples of metals include,
but are not limited to, palladium, copper, nickel, and plati-
num. The preferred ligands for copper include those contain-
ing heteroatoms such as oxygen, sulfur, nitrogen or phospho-
rous. Ligands containing oxygen groups are generally
inexpensive and readily available, and ethylene glycol is a
particular example of a convenient ligand that is effective in
the process. For palladium catalyzed coupling reactions,
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phosphine ligands have been shown to be effective, and in
certain cases bidentate ligands containing either two phos-
phine groups or one phosphine group and a second heteroa-
tom-containing group have been shown to be effective.
Examples of such ligands include, but are not limited to,
DPE-phos and Xantphos. Illustrative examples of suitable
organopalladium catalysts include, but are not limited to,
Pd(OAc), and Xantphos, Pd(OAc), and DPE-phos, Pd,
(dba); and Xantphos, Pd,(dba), and DPE-phos, palladium
tetrakis(triphenylphosphine), and palladium dichloride [bis
(diphenylphosphino)ferrocene]. Other organopalladium
catalysts are known, and may be found in Comprehensive
Organic Transformations, 2°¢ ed., by Richard C. Larock,
VCH Publishers, Inc., New York, 1999. Preferred catalysts
include, but are not limited to, Pd(OAc), and Pd,(dba), in
combination with Xantphos or DPE-phos. A particular
embodiment of the present invention comprises refluxing a
compound of Formula VIIIa-1, wherein R** is hydrogen, and
a halo-substituted benzene in toluene in the presence of a
catalytic amount of Pd(OAc),, Xantphos, and an excess
amount of a suitable base such as Cs,CO;. Another embodi-
ment of the present invention comprises refluxing a com-
pound of Formula VIIla-1, wherein R>*“ is hydrogen, and a
halo-substituted benzene in toluene in the presence of a cata-
lytic amount of Pd(OAc), and DPE-phos in the presence of a
suitable base. A particular embodiment of the present inven-
tion comprises heating a compound of Formula VIIIa-1 and a
substituted halobenzene (e.g. 2-chloro-4-iodobromoben-
zene) at a temperature between 40-140° C. in anisole in the

presence of a catalytic amount of Pd,(dba); and Xantphos and
an excess amount of a suitable base such as Cs,COs;.

Table 1 summarizes a selection of ligands, bases and sol-
vents that have been evaluated for the metal-catalyzed cou-
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pling reaction of the present invention. FIG. § illustrates
several ligands evaluated in organometallic coupling reac-
tions to convert compounds of Formula VIIla-1 to compound
of Formula Ia-1, and the chemical names for the ligands are

provided in Table 2.
TABLE 1
% Conversion

Ligand Base Solvent after 28 hrs
BINAP Cs,CO5 Dioxane 64
BINAP Cs,CO;, Anisole 44
Carbene Cs,CO;4 Toluene 2

. Carbene Cs,CO; Dioxane 4
Cycloh_B Cs,CO; Anisole 17
Cycloh_B Cs,CO;4 Dioxane 2
B_A B Cs,CO;4 Dioxane 1
DPPF Cs,CO5 Toluene 47
DPPF K3PO, Anisole 17
DPPF Cs,CO4y Dioxane 30
DPPF Cs,CO;4 Anisole 49
DPPF K;P0O, Dioxane 45
DPPF Cs,CO, TFT 27
FC_B Cs,CO, Anisole 89
FC_B K;PO, Toluene 14
FC_B NaOtBu NMP 8
tbut_ B Cs,CO;, Dioxane 2
S Phos Cs,CO4 Dioxane 12
DPE-phos Cs,CO; Dioxane 48
DPE-phos Cs,CO4 Dioxane 54
DPE-phos Cs,CO4 Toluene 53
DPE-phos Cs,CO4 Anisole 59
Verk_ B Cs,CO;3 Dioxane 4
Xantphos Cs,CO; Toluene 73
Xantphos Cs,CO;4 Anisole 99
Xantphos Cs,CO, Dioxane 79
Xantphos Cs,CO; Dioxane 60
Xantphos Cs,CO, Dioxane 70
Xantphos Cs,CO;y Dioxane 91
Xantphos Cs,CO;4 Dioxane 99
Xantphos K;PO, Anisole 74
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TABLE 2

S Phos 2-dicyclohexylphosphino-2',6'-dimethoxy-1,1"-biphenyl

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

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

‘But_B 2-(di-t-butylphosphino)biphenyl

VerkB 2,8,9-tri-i-butyl-2,5,8,9-tetraaza-1-
phosphabicyclo[3.3.3Jundecane

Carbene  allylchloro[1,3-bis(2,6-di-i-propyl-phenyl)imidazol-2-
ylidene]palladium(II) |

Rac- racemic-2,2"-bis(diphenylphosphino)-1,1'-binaphthyl

BINAP

DPPF ~ 1,1"-bis(diphenylphosphino)ferrocene

FC_B (R)-(=)-1-[(S)-2-(diphenylphosphino)ferrocenyl]ethyldi-t-
butylphosphine

Xanthphos 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene
DPE-phos bis(2-diphenylphosphinophenyl)ether

In one embodiment a Pd scavenger, for example Silicycle
Siliabond Si-Thiourea can be used to reduce the Pd content of
the compounds produced by the process of the invention.

Alternatively, the metal-catalyzed coupling reaction can be
carried out using a copper catalyst (see F. Y. Kwong, A.
Klapars and S. L. Buchwald, Organic Letters 2002, 4, 581-
584). Examples of suitable copper-based catalysts include,
but are not limited to, Cul/ethylene glycol. In one embodi-
ment, the reaction is carried out in an alcoholic solvent, such
as isopropanol or 2-butanol, with a simple chelating diol
catalyst, such as ethylene glycol.

In an alternative embodiment, the coupling of a compound
of Formula VIIIa-1 with an aryl halide to provide a compound
of Formula Ia-1 can proceed by direct nucleophilic displace-
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ment, optionally in the presence of a base such as a lithium

amide, at either ambient or elevated temperature.

Method 2: In yet another embodiment, the present inven-
tion provides a method, referred to herein as Method 2, for
preparing compounds of Formula Ia-2 and their synthetic

intermediates

CO,R! R2Z

| xl

f/]

R1Y ~
~ N X5 /\XZ

-

and salts and solvates thereof, wherein R*, R*, R'°, X', X?
and X° are as defined herein. Method 2, as illustrated in FIG.
2, follows the diamination route of Method 1, with the excep-
tion that the Z group is converted to a —COOR" group at
some point during the synthesis of compounds of Formula
Ia-2. For example, as shown in FIG. 2, the Z group of a
compound of Formula VI-11 or VI-12 (prepared as described

in Method 1)

O,N X3

A

VI-11: A = NRZR*
VI-12: A = Nj
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can be converted to the corresponding ester derivative rep-
resented by Formula Va-11 or Va-12

CO,R!

O,N X

A

Va-11: A = NRZR*4
Va-12: A=Nj3

wherein R', R?, R** and X” are as defined herein, by react-
ing a 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 said 7 group towards reaction
with the compound of formula R'OH, wherein R' is as
defined herein. Examples of activating agents suitable for
purposes of this invention: include, but are not limited to, the
activating agents listed above for Method 1, including (a)
mineral and organic acids; (b) reagents capable of converting
a carboxylic acid into an acid chloride including, but not
limited to, halogenating agents; (c) carbodiimides; (d) tri-
alkylsilyl halides; (e) chloroformates and (1) dialkylazodicar-
boxylates alone or together with a phosphine reagent.
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Compounds of Formulas Va-11 and Va-12 can be converted
to a compound of Formula Ia-2 in a manner similar to that
described in Method 1. More specifically, as shown in FIG. 2,
one embodiment for the conversion of a compound of For-
‘mula Va-11 or Va-12 to a compound of Formula Ia-2 com-
prises:

(1) reducing said compound of Formula Va-11 or Va-12 to
provide a compound of Formula VIla-2

Vila-2
CO,R!

NR2R2a

H,N X

NR2R2a

wherein R', R?, R®** and X° are as defined herein, and
wherein when A of said compound of Formula Va-11 or Va-12
is —NH-benzyl, —NHOR', —NHNHR" or N,, then R* and
R*“ of Formula VIIIa-2 are hydrogen;

(ii) when R** is hydrogen, cyclizing said compound of
Formula VIla-2 using methods such as, but not limited to, any
one of cyclization Methods A-E described herein, to provide
a compound of Formula VIIIa-2

VIIla-2
CO,R!

NRZ RZa

N X3
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wherein R', R, R*%, R'° and X° are as defined herein; and
(iii) when R*“ is hydrogen, coupling the benzimidazole
represented by Formula VIIIa-2 with a compound having the

Formula
Xl
X8 X /\
X2

wherein X', X? and X° are as defined herein, optionally
either (1) at elevated temperature and optionally in the pres-
ence of a base, or (i1) in the presence of a metal-based catalyst
and a base, to provide said compound of Formula Ia-2. In
certain embodiments, X', X* and X° are independently F, Cl,
Br, or I. In certain embodiments, X' is Br. In certain embodi-
ments, X, is Cl. In another embodiment, X° is iodo. In a
particular embodiment, the compound of Formula VIIIa-2 is
reacted with is 4-bromo-2-chloroiodobenzene.

In one embodiment, the synthesis of compounds of VIIIa-2
from compounds of Formula Va-11 or Va-12 is performed
without isolation of the intermediate compound VIla-2. In

other embodiment, the intermediate compound of Formula
Vlla-2 is isolated.
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While Method 2 as illustrated in FIG. 2 shows the conver-
sion of the Z group to a COOR' group during the preparation
of a compound of Formula Va-11 or Va-12 from a compound
of Formula VI-11 or VI-12, it is to be understood that FIG. 2
shows only one of several embodiments of Method 2 for ease
of explanation. That is, the Z group can be converted to
COOR" at any point during the process of Method 2.

Method 3: In yet another embodiment, the present inven-
tion provides a stepwise amination method, referred to herein
as Method 3 and shown generally in FIG. 3, for the prepara-
tion of compounds of Formula Ib and their synthetic interme-
diates

Ib-1
7z RZb

| X!
\C]
. |
R \N XS /\/XZ

and salts and solvates thereof, wherein Z, X*, X2, X°, R?*
and R'? are as defined herein. In general, according to one
embodiment of the invention, a method for preparing a com-
pound of Formula Ib-1 according to Method 3 comprises
nitrating a compound having the Formula

X3

XS
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wherein X, X*, X and Z are as defined herein, to provide
a compound of Formula II

I

O,N X3

X4

Nitration reaction conditions are well known to those
skilled in the art. For example, in one embodiment a triha-
lobenzoic acid can be treated with fuming nitric acid in
H,SO, to provide a 2,3,4-trihalo-5-nitrobenzoic acid.

Compounds of Formula II are then converted to com-
pounds of Formula III-11 or III-12 by a stepwise amination
process. A useful discovery was that the X and X* groups of
compounds represented by Formula II can be replaced inde-
pendently. That is, the leaving group at the position ortho- to
the nitro group in the compound of Formula II can be selec-
tively replaced by a nitrogen nucleophile, in high yield, under
carefully controlled conditions. The leaving group at the posi-
tion para- to the nitro group can then be displaced by a second
nucleophile at a convenient stage later in the synthetic route.
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Examples of selective stepwise mono-aminations are illus-
trated herein for Method 3 as well as in Method 4.

More specifically, in one embodiment a compound of For-
mula II is reacted with (1) a reagent that contains or generates
ammonia, (i1) a primary or secondary amine other than an
aromatic amine or (ii1) a reagent that delivers a group that can
subsequently be converted into an amine, under conditions
that allow selective displacement of X*, to provide a com-
pound of Formula III-11, or said compound of Formula II is
reacted with (iv) a metal azide under conditions that allow
selective displacement of X* to provide a compound of For-
mula III-12

O,N X’

A

[II-11: A = NR?R24
[-12: A=N;

wherein X>, X°, R?, R** and Z are as defined herein. In
certain embodiments, R*? is a nitrogen protecting group such
as substituted or unsubstituted benzyl, allyl or—C(O)OR®.In
another embodiment, R* and/or R** is hydrogen.
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Nucleophilic substitution of a halide or sulfonate ester
ortho- or para- to a nitro group in an aromatic ring is a method
well known 1in the art for the introduction of an amino group
into an aromatic ring. The reaction conditions needed to
achieve selective mono-amination at the position para- to the
Z group depend on the type of nucleophile used in the mono-
amination reaction. For example, if a strong nucleophile such
as 1s used, the reaction may proceed easily at or below room
temperature and at atmospheric pressure using one equivalent
of the nucleophile to provide the desired mono-amination
product. Examples of strong nucleophiles include, but are not
limited to, aqueous ammonia (30% vol/vol) and metal amides
such as sodium, potassium and lithium amide. Alternatively,
if a weak nucleophile is used, more forcing conditions such as
elevated temperatures and/or elevated pressure and/or an
excess amount of the nucleophile may be required to achieve
monoamination. Examples of weak nucleophiles include, but
are not limited to, a primary or secondary amine substituted
with a sterically bulky group such as t-butyl. The introduction
of an amino group ortho- to the nitro groups causes the sub-
stitution product represented by Formula I1I-11 or I1I-12 to be
less reactive to further nucleophilic attack at the position
para- to the nitro group, so the reaction can be carried out with
a high level of selectivity.

For example, according to one embodiment a compound of
Formula III-11 can be prepared by reacting a compound of
Formula II with NH,OH at temperatures between 0° C. and
room temperature in water (with or without an organic co-
solvent) followed by acidification to pH between 0 and 7.
Examples of suitable organic co-solvents include THF, 1,4-
dioxane and N-methylpyrrolidine. In certain embodiments, a
compound of Formula III-11 is prepared by reacting a com-
pound of Formula II with excess NH,OH in water at room
temperature. The acidification can be accomplished by the
addition of an acid such as, but not limited to, a dilute or
concentrated mineral acid or a carboxylic acid such as acetic
acid. In one embodiment, the above-described preparation of
a compound of Formula I1I-11 or 11I-12 is performed without
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isolation of the intermediate compound. In another embodi-
ment, the intermediate compound represented by Formula 11
is 1solated.

Examples of reagents that contain or generate ammonia for
preparing a compound of Formula III-11 or I1I-12 include, but
are not limited to, NH; and NH,OH. Examples of primary
and secondary amines suitable for purposes of this invention
include amines having the formula HNR*R*“, wherein R* and
R** are as defined herein. Specific examples of primary and
secondary amines include, but are not limited to methy-
lamine, benzylamine, dibenzylamine, allylamine, dially-
lamine and hexamethyldisilazane. Examples of reagents that
deliver a group that can subsequently be converted into an
amine include, but are not limited to, (1) metal amides such as
sodium, potassium and lithium amide, or alkylated deriva-
tives thereof, (2) protected ammonia or amide equivalents
such as, but not limited to, hydroxylamines and hydrazines,
(3) nitrogen nucleophiles having the Formula MNR*R>*
wherein M is a metal such as Na, K, Li, Cs, Mg or Al, and (4)
metal silylamides such as lithium (bis)(trimethylsilyl)amide,
sodium (bis)(trimethylsilyl)amide or potassium (bis)(trim-
ethylsilyl)amide. Examples of metal azides include, but are
not limited to, sodium azide (NaN,), potassium azide (KN;)
and lithium azide (LiN,).

This 1invention further provides compounds of Formula 111
and salts and solvates thereof. In some embodiments of com-
pounds of Formula III, Z is COOR' or —C(=Q)NR°R”. In
certain embodiments, R® is —OR® and R” is H. In particular
embodiments, R* is —(CH,),—OH. In some embodiments,
X7 is halogen. In particular embodiments, X° is F. In certain
embodiments, A 1s —NH,.
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With continued reference to FIG. 3, the compound of For-
mula III-11 or III-12 is reacted, optionally at elevated tem-
peratures, with (1) a reagent that contains or generates ammo-
nia, (ii) a primary or secondary amine other than an aromatic
amine or (iii) a reagent that delivers a group that can subse-
quently be converted into an amine to provide a compound
having Formula Vb-11 wherein B is —NR?*’R* and A is
—NR?R** or N, or said compound of Formula III-11 or
[11-12 1s reacted with (iv) a metal azide, optionally at elevated
temperatures, to provide a compound of Formula Vb-12

wherein B is N, and A is —NR*R*“ or N,

O,N X

A

Vb-11: B = NR??R2¢
Vb-12: B=N;

wherein Z, X>, R2, R?“, and R?? are as defined herein and
R* is hydrogen, C,-C ) alkyl, C,-C,, alkenyl, C,-C,, alky-
nyl, benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl,
—COR®, —C(O)OR®, —C(O)NR°R’, —OR' or —NHR',
wherein said alkyl, alkenyl, alkynyl, benzyl, allyl and aryla-
lkyl portions are optionally substituted with one or more
groups independently selected from halogen, hydroxyl,
C,-C, alkyl, C,-C, alkenyl and C,-C, alkynyl. In a particular

embodiment, X° is F.

According to one embodiment, the amination reaction is
performed by reacting a compound of Formula III with a
suitable nitrogen nucleophile using methods well known to
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DPE- phos

2-di cycl ohexyl phosphino-2',6 '-dinmethoxy- 1, 1 '-b iphenyl

(di cycl ohexyl phosphi no)-2'- (N, N-di met hyl am no) bi phenyl
2-di -t - butyl phosphi no-2' - (N, N-di net hyl am no) bi phenyl 2-

(di-t-butyl phosphi no) bi phenyl 2,8 ,9-tri-i-butyl-2,5,8,9-tetraaza- 1-

those skilled in the art. Nitrogen nucleophiles suitable for
purposes of this invention include, but are not limited to, (1)
reagents that contain or generate ammonia (including, but not
limited to, NH, and NH,OH); (11) primary and secondary
amines havmg the formula HNR?*”R*°, wherein R* and R**
are as defined herein; (iii) metal azides including, but not
limited to, (NaN}), potassium azide (KN;) and lithium azide
(LiN;) and (iv) reagents that deliver a group that can subse-
quently be converted into an amine include, but are not lim-
ited to, protected ammonia or amide equivalents such as, but
not hmlted to, hydroxylamines and hydrazines, (3) nitrogen
nucleophiles havmg the Formula MNR?’R* wherein M is a
metal such as Na, K, L1, Cs, Mg or Al; and metal silylamides
such as lithium (bis)(trimethylsilyl)amide, sodium (bis)(tri-
methylsilyl)amide or potassium (bis)(trimethylsilyl)amide.
The reaction can be performed in any suitable organic or
inorganic solvent at temperatures ranging from -20° C. to
200° C. Typically the reaction 1s performed at elevated tem-
peratures in the range of about 30 and 130° C., more prefer-
ably at temperatures between 50 and 95° C.

For example, in one embodiment a compound of Formula
Vb-11 wherein A=B—NH, can be obtained by reaction of a
compound of Formula TII with aqueous ammonia in an
organic solvent such as, but not limited to, tetrahydrofuran,
dioxane or N-methyl pyrrolidinone, at elevated temperature,
for example, between 30 and 130° C., and as a further
example between 55-90° C. under a slight pressure of ammo-
nia (for example between 1 to 5 bar).

The nitro group of the compound of Formula Vb-11 or
Vb-12 1s then reduced to provide a compound of Formula
Vilb-1
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phosphabi cyclo [3.3 .3 Jundecane allylchloro [1,3 -b is(2

, 6-di -i-propyl - phenyl )i m dazol -2- ylidene]palladiun(ll)

racem c- 2, 2' - bi s(di phenyl phosphi no)-1, 1' -bi naphthyl 1,1 '"-bi s

(di phenyl phosphi no)ferrocene (R - (-)- 1-

[ (S)-2-(di phenyl phosphi no)ferrocenyl] ethyl ch-tbutyl phosphine

9, 9-di net hyl- 4, 5- bi s(di phenyl phosphi no) xant hene

bi s( 2- di phenyl phosphi nophenypet her I n one enbodi nent a R4lis¢avenger,
for exanple Silicycle Siliabond SZ-Thi ourea can be used to reduce the Pd
content of the conpounds produced|by the process of the invention.
Al'ternatively, the netal -catal yzefl coupl{jpgeg®racti on can be carried out
usi ng a copper catalyst (see E Ny, A Klapars and S. L. Buchwal d,
Organic Letters 2002, 4, 581- anpl es of suitable copper-based
catal ysts include, but are not d to, Cul/ethylene glycol. In one
enbodi nent, the reaction is gc# os{_ i n an al coholic solvent, such as
i sopropanol or 2-butanollE,Mith a“¥7 npl e XRel ating dial catalyst, such as
et hyl ene gl ycol . In an alternati{ve enbodi nent, the coupling of a conpound
of Formula Villa-1 with an aryl gﬁp ezto provide a conpound of Formul a
la-1 can proceed by direct nucl eophilic displace-

wherein Z, R?, R?**, R*”, R** and X° are as defined herein.
In embodiments of Method 3 wherein A and/or B is N,
—NH-benzyl, —NHOR' or —NHNHR', then NR*R>*“ and/
or NR*’R*° group of the compound of Formula VIIb-1 is
—NH,. The reduction step can be performed utilizing reac-
tion conditions and reagents known to those skilled in the art.
Examples of suitable methods for reducing an aromatic nitro
group include, but are not limited to, dissolving metal reduc-
tions, catalytic hydrogenations, and enzymatic reactions as
described above.

This invention further provides compounds of Formula
VIIIb-1 and salts and solvates thereof.

When R*“is hydrogen, compounds of Formula VIIIb-1 can
be cyclized to provide the benzimidazole derivative repre-
sented by Formula VIIIb-1

VIIIb-1

NR2IIR2C
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ment, optionally in the presence of a base such as a |ithium am de, at

ei ther anbient or elevated tenperature. Met hod 2: In yet another

enbodi ment, the present invention provides a nethod, referred to herein as
Met hod 2, for preparing conpounds of Fornula la-2 and their synthetic
internediates la-2 CO2RI R2 XI RI X2 and salts and sol vates thereof,
wherein R, R2, R10, xl, ;5)2 apd X oare as deflned herein. Method 2, as
illustrated mhereinZ., R, cRas"tR cmn&Xatamabdmﬁn@d lereod. Thevi th the

Guring © E&Q@lﬁé&iﬁ)ﬁ %ﬁe‘iiﬁﬂpﬁaﬁﬁﬁa 6 Bih A5 2ol B P ECTuBE own 1
FIG 2, thead lseparfoirmedomosvdral waysusacH astangr ode o2 chrrlépared as
descri bed { ion e%ﬁo s A-E as described herein.

This invention further provides compounds of Formula
VIIIb-1 and salts and solvates thereof.

When R*° is hydrogen, the benzimidazole represented by
Formula VIIIb-1 is optionally isolated or directly converted to
compound of Formula Ib-1 without isolation by reacting the
compound of Formula VIIIb-1 with a compound having the
formula

optionally either (1) at elevated temperature and optionally
in the presence of a base, or (i1) in the presence of a metal-
based catalyst and a base, wherein X', X* and X° are as
defined herein, to provide said compound of Formula Ib-1.
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A VI-11: A= NR2R2a VI-12: A = N3 can be converted to the corresponding
ester derivative represented by Fornmula Va-il or Va-12 CO2R1

The coupling reaction can be performed generally as
described for Method 1, using any suitable metal-based cata-
lyst. Suitable catalysts include, but are not limited to, copper-
based and palladium-based catalysts. Illustrative examples of
suitable organopalladium catalysts include, but are not lim-
ited to, Pd(OAc), and Xantphos, Pd(OAc), and DPE-phos,
Pd,(dba), and Xantphos, Pd,(dba); and DPE-phos, palla-
dium tetrakis(triphenylphosphine), and palladium dichloride
[bis(diphenylphosphino)ferrocene].  Preferred catalysts
include organopalladium catalysts such as Pd,(dba), in com-
bination with Xantphos or DPE-phos, and Pd(OAc), in com-
bination with Xantphos or DPE-phos.

Method 4: In yet another embodiment, the present inven-
tion provides a method, referred to herein as Method 4, for
preparing compounds of Formula Ib-2 and their synthetic
intermediates

| Ib-2
CO,R! R#

| )’
WCJ
R z
\N X5 /\X2
;N’

and salts and solvates thereof, wherein R', R??, R'°, X!, X?
and X° are as defined herein. Method 4, which is illustrated in
FIG. 4, follows the stepwise amination route of Method 3,
with the exception that the Z group is converted to a COOR"
group at some point during the synthesis. For example, as
shown in FIG. 4, the Z group of acompound of Formula I11-11
or [II-12 (prepared as described in Method 3)
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A Va-11 : A = NR2R2a Va-12: A= N3 wherein R, R2, R2a and X are as
defined herein, by reacting a conpound of Forrmula VI-1 1 or VI-12 with a
conmpound having the fornula RLOH, optionally in the presence of an
activating agent that activates said Z group towards reaction with the
compound of fornmula RLIOH, wherein R' is as defined herein. Exanples of
activating agents suitable for purposes of this invention: include, but are
not limted to, the activating agents |jsted above for Method 1, including
(a) mneral and organic acids; (b) reagents capable of converting a
carboxylic acid into an acid chloride ijncluding, but not limted to,

hal ogenating agents; (c) carbodiim desA(d) trXal kylsilyl halides; (e)

chl oroformates and (f) dial kyl azodi e #f es al one or together with a
phosphi ne reagent. Conpounds o f as Va-11 and Va-12 can be
converted to a conpound of Formula fla-2 inla manner simlar to that
described in Method 1. Mre specij+reqll as..shown in FIG 2, one

enbodi ment for the conversiorOgf a comybund ofX¥ornmula Va-11 or Va-12 to a
conpound of Forrnula la-2 cornpri ses: (i) reducing said conpound of
Formul a Va-11 or Va-12 to provide a corpound of Formula VIla-2 Vlla-2

III-11: A = NR?R*2
[-12: A=N;

can be converted to the corresponding ester derivative rep-
resented by Formula IV-21 or [V-22

CO,R!
X3
O,N X3
A
IV-21: A = NRZR22
IV-22: A =N;
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wherein Rl, R2, R2 and X5 are as defined herein,
conpound of Fornula Va-11 or Va-12 is NH benzyl,

and wherein whenA of said
NHOR1, NHNHR1 or N3, then

R2 and R2' of Formula Vllla-2 are hydrogen; (ii) when R2a is hydrogen,
cyclizing said conmpound of Fornula VIla-2 using nethods such as,
limted to, any one of cyclization Methods A-E described herein,
a conpound of Fornula VIlla-2 Villa-2 wherein le, R21 R2a, R

as defined Heyeeactiagisaid compenad GPFosniykir Hdeb] oroldp+1 Davithe
COmPEREhATRY iR Trfld 'R AR WnRrERIPRUNE RRYI ng the

benzinidaépl

For mul a

defined herein, optionally in the presence of an activating
reagent that activates the Z group towards reaction with said
compound of formula R'OH, under reaction conditions well
known to those skilled in the art. Examples of activating
agents suitable for purposes of this invention include, but are
not limited to, (a) mineral and organic acids; (b) reagents
capable of converting a carboxylic acid into an acid chloride
including, but not limited to, halogenating agents such as
SOCI, or (COCl),, alkyl chloroformates, aryl chloroformates
and acid chlorides (such as trimethylacetyl chloride); (¢) car-
bodiimides including, but not limited to, dicyclohexylcarbo-
diimide (DCC); (d) trialkylsilyl halides including, but not
limited to, trimethylsilyl chloride (Me;SiCl); and (e) dialky-
lazodicarboxylates such as, but not limited to, diethylazodi-
carboxylate (DEAD), typically in conjunction with a phos-
phine reagent such as, but not limited to, Ph,P. In a particular
embodiment, a compound of Formula III-11 or I1I-12 where
Z 15 COON can be converted into a methyl ester derivative
represented by Formula IV-21 or IV-22 by reaction with
methanol in the presence of trimethylsilyl chloride.

A compound of Formula IV-21 or IV-22 is then reacted,
optionally at elevated temperatures, with (i) a reagent that
contains or generates ammonia, (ii) a primary or secondary
amine other than an aromatic amine or (iii) a reagent that
delivers a group that can subsequently be converted into an
amine to provide a compound of Formula Vb-21 wherein A is
—NR?*”R* or N, or said compound of Formula IV-21 or
IV-22 is reacted with (iv) a metal azide, optionally at elevated
temperatures, to provide a compound of Formula Vb-22
wherein A is —NR?*’R*° or N,
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wherein X, X2 and X are as defined herein, optionally either (i) at

el evated tenperature and optionally in the presence of a base, or (ii) in
the presence of a netal -based catal yst and a base, to provide said conmpound
of Folnmula la-2. In certain enbodinents, XI, X2 and X are independently F,
a, Br, or I. In certain enbodinments, X is Br. In certain enbodi nents, X2
is d. In another enbodinent, X is iodo. In a particular enbodinent, the
conpound of Fornmula Villa-2 is reacte¢@igh i s 4-bronp-2-chloroi odobenzene.
I n one enbodi nent, the synthesis of cgnmpounds of VIIl a-2 from conpounds of
Fonnul a Va-11 or Va-12 is perfornmed wfthout isolation of the internedi ate
conpound Vlla-2. In other enbodi nen ke irt'er nedi at e conpound of Fornmnul a
VIla-2 is isolated. Whi | e Met hof lustrated in FIG 2 shows the
conversion of the Z group to a COCR during the preparation of a
compound of Fornula Va-11 or Va-1 alconpound of Fornula VI-11 or
VI-12, it is to be understoogh t royps only one of several

enbodi ments of Method 2 for €dse of exlpl anati'on. That is, the Z group can
be converted to COORL at any point durling the process of Method 2. Met hod
3: In yet another enbodi ment, the predent invention provides a stepw se

am nation nethod, referred to rein a wd 3 and shown generally in
FIG 3, for the preparation ofeséﬁﬁgﬂﬁggﬂ%%fgornula | b and their synthetic
intermedi ates | b-1 and sal t sVaR2:ddFNtes t hereof, wherein Z, X, x2,
x5, R2b and Rmare as defined herein. In general, according to one

enbodi nent of the invention, a nmethod for preparing a conpound of Fornmul a

| b-1 according to Method 3 conprises nitrating a conpound having the

For mul a

wherein R, R??, R%¢, R!°, X!, X? and X° are as defined
herein. The reaction can be performed in any suitable organic
or inorganic solvent at temperatures ranging from -20° C. to
200° C. Typically the reaction is performed at elevated tem-
peratures in the range of about 30 and 130° C., more prefer-
ably at temperatures between 50 and 95° C. For example, in
one embodiment a compound of Formula Vb-21 can be
obtained by reaction of a compound of Formula IV-21 or
[V-22 with aqueous ammonia in an organic solvent such as,
but not limited to, tetrahydrofuran, dioxane or N-methylpyr-
rolidinone at elevated temperature and under a slight pressure
of ammonia (for example between 1 to 5 bar).

This invention also includes compound of Formula Vb-21
and Vb-22. In one particular embodiment, R" is C,-C , alkyl.
In another embodiment, R' is methyl. According to one
embodiment, the compound of Formula Vb-21 is a 2,4-di-
amino-3-fluoro-5-nitrobenzoic acid ester. In a particular
embodiment; the compound of Formula Vb-21 is methyl
2.,4-diamino-3-fluoro-5-nitrobenzoate.
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wherein X3, X4, X5 and Z are as defined herein, to provide a conmpound of
Formula 11 I Nitration reaction conditions are well known to those
skilled in the art. For exanple, in one enbodi nent a trihal obenzoic acid
can be treated with fumng nitric acid in H2SO to provi de a

2,3,4-trihal o-5-nitrobenzoi c acid. Compounds of Fornula Il are then
converted to conpounds of Fornula Il1-1 1 or 111-12 by a stepw se am nation

preo§ggzm/e% UWiull% rc@rﬁ?ﬁueﬁége}g@éréﬂ@é ltmg@? zagéai%o | h'@sacﬁﬂ e@t@ﬁ;;ggs

I egw Ing gl @@yeé@ft %ﬂ S&EE ﬁ@g f @ﬁe%'&% L]%éllh Iﬁ@é ouRd gf
F I

y?;rg,aun.er careFEﬁp' COﬂ@?ﬁF{F@h@@fgl?%B%%Bb#ﬂgg?ﬁg@ﬁ%f?g@g%g?g%'n 9

position pgaxgl- to the nitro group can then be displaced by a second
nucl eophile at a conveni ent stage Iater |n the synthetic route. Exanples
of sel ecti ve(igt spdiisengpitheacompoamsdaot Fornsutat €2k edin Vb2t hod 3

o1 Formi Mﬁ%ﬁ"ﬁ%@@@%@ﬁﬁ%%@@% i P Ergd Ot Gorpound

amoni a, (déscrabrrd feryVietiaed dndas pranticke at bempbamdrepresetitedam ne or
(H) a reﬁﬁ§g§ t hat dggggf;f a group that can subsequently be converted
into an a , {Q&H;a "4 ons that allow sel ective displacenent of X4, to
provi de a conpound of Fornula 111-1 1, or said conpound of Fornmula Il is

reacted with (iv) a netal azide under conditions that allow selective
di spl acenent of X4 to provide a conpound of Fornula I11-12

VIIb-2
CO,R!

NRZbRZC,

wherein when A and/or B of Formula Vb-21 or Vb-22 is
—NH-benzyl, —NHOR', —NHNHR', or N,, then R* and
R** and/or R** and R??, respectively, of Formula VIIb-2 are
hydrogen;

(i1) when R** is hydrogen, cyclizing said compound of
Formula V1Ib-2 using methods such as, but not limited to, any

one of Methods A-E described herein, to provide a compound
of Formula VIIb-2
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Alll-11: A= NRR2a 111-12: A= N3 wherein X3, X5, R2, R2a and Z are as
defined herein. In certain enbodinents, R2 is a nitrogen protecting group
such as substituted or unsubstituted benzyl, ally' or-C(0)0OR6. |In another
enbodi ment, R2 and/or R2' is hydrogen. Nucl eophilic substitution of a
hal i de or sulfonate ester ortho- or para- to a nitro group in an aromatic
ring is a nethod well known in the art for the introduction of an am no
group into an aromatic ring. The reaction conditions needed t¥Idn2eve
sel ective nono-anination at the po§i@jRh para- to the Z group depend on the
type of nucl eophile used in the norjoam nation reaction. For exanple, if a
strong nucl eophil e such as is used, gpggm may proceed easily at or

A q "%g essure usi ng one equival ent of
t he nucl eophile to provide the resirec nono- am nati on product. Exanples of
strong nucl eophil es include, bu limted to, agueous anmmoni a (30%
vol /vol) and netal am g€ such potassi um and |ithium am de.
Alternatively, if a weak eil, nore forcing conditions such
as el evated tenperatures an dvat ed pressure and/ or an excess anount
of the nucl eophile may be redyuired!t o achi eve nonoam nati on. Exanpl es of
weak nucl eophiles include, but are‘hot limted to, a primary or secondary
am ne substituted with a sterically bulky group such as t-butyl. The
i ntroduction of an am no group ortho- to the nitro groups causes the

substitution product_reptes b rgrul - 11 9rs111-12 ta be |ess
reactive to V‘ﬂ?@?ﬁin Rulel Epwbﬁi{éﬁt ggll?%lﬂa#eg %&ﬁt&‘gﬁﬁéﬁ(& GI&he nitro
group, so4iftp reaction can be carried out with a high level of selectivity.
For exaon%, according to one enbodi nrent a conpound of Forrmula I1l1-1 1 can
be prepared Qy;y I 2c Fo : ] e ratures
bet ween 0 C.Gglr)d%?%g%n%npgﬁgp re %&V}étée(?ﬁ@mnl[lg g?i(l\f/l\n ch%ngi ggﬁi c

co- sol venorfmiulawst [k -2cindithi x seagentbhpn g therForamdla. Exanpl es of

sui tabl e organic co-solvents include THF, 1 ,4- dioxane and

N-net hyl pyrrolidine. In certain enbodinents, a conpound of Fornmula I11- 1 1
is prepared by reacting a conpound of Forrmula Il with excess NH2OH i n wat er
at roomtenperature. The acidification can-pge acconplished by the addition
of an acid such as, but not |imy&d to, lute or concentrated mnera
acid or a carboxylic acid such as C (d. In one enbodinent, the
above-descri bed preparation of a congound off Formula I11-1 1 or Ill- 1 2 is
performed wi thout

optionally either (i) at elevated temperature and optionally
in the presence of a base, or (11) 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 said compound of For-
mula Ib-2.
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i solation of the internmedi ate conpound. In another enbodi nent, the

i nternmedi ate conpound represented by Fornula Il is isolated. Exanpl es of
reagents that contain or generate ammonia for preparing a conpound of
Formula 111-1 1 or Il1l- 1 2 include, but are not limted to, NH3 and NH4CH.

Exanpl es of primary and secondary am nes suitable for purposes of this
i nvention |Rgﬁ€de am nes haV|ng the formyl a HNR2R2a, wherein R2 and R2 are
as defined ondipdei ene esnbagimenitohinerdresant 18¥eBHAML A ani nes
i ncl ude, ?&‘oﬁﬁﬂ@&héb@ﬁx@hi&ﬁ%@ﬂ ?diﬁldéf%ﬁn@ AV I182enzyl am ne,
[

allylamn | a ex si | azane Ies of reagents
Phat el | B0 s cp B U Ol ANEuE Ay 2T DB GOt G EPLHS Featnn aatre
i ncl ude, hubndretwedn lsard tedp Qundldf F@ﬁ*ﬁiul@rﬁ/@ﬂo«ﬂlahdma um potassium

or am o dRGGBRE hefy ﬁsé‘toef?ﬂ,? abTs higia eﬁﬂ@@é{%ﬁﬁﬁ#ﬁééeinﬁm”' -

hydr azi nesbas(eB)n mappﬁnpnaw so;dmenbshhamen@mbmiﬁne thaViRPR2a wherein M

is a netall1 E ‘ E:Fhk Cs, My or Al, and (4) netal silylam des such
as |lithium ;? IS}??%IHEF y S|¥§I)anide, sodiun1(bis)(trinethy|siIyI)anide or
potassium (bis)(trinmethylsilyl)am de. Exanples of netal azides include, but
are not limted to, sodium azide (NaN3), potassium azide (KN3) and |ithium
azi de (LiN3). This invention further provi des conpounds of Fornula I

and salts and sol vates thereofXqn so odi ments of conmpounds of Formul a
11, Zis COORL or C( C)NR6R7. | enbodi nents, R6 isOVNand R7 is H
In particular enbodinents, R8 is ( In sone enbodi nents, X5 is

hal ogen. In particul ar enbodi nent F. In certain enbodinents, Ais
NH2. Wth continued reference to 3, the compound of Formula I11-1 1
or 111-12 is reacted, optionally at eleygted tenperatures, with (i) a
reagent that contains or generates ammonia, (ii) a primary or secondary

anm ne other than an aromatic amine or (iii) a reagent that delivers a group

that can subsequently ke,converted into_ an amne to provide a conpound
havi ng For mivRCVBIN X1, W2 a8 are ardefimeddnerein, The opu ©r N3, or said

conpound %aEﬁUﬂ’éﬁn'Hf }Bérf%rﬁﬁe&g%n%%allif é@d@&@ﬁb‘é‘dtfbﬂMéiIh%dmt al azide,

optionally el evat e at u 0 of Formul a Vb-
15 Wher ei 1-BING RERAELOT § e wﬁwﬁfr ormufa VIT-2 from
compounds of Formula Vb-2 as described in Method 4 can be

prepared in one pot or in a step-wise manner.

While Method 4 as illustrated in F1G. 4 shows the conver-
sion of the Z group to a—COOR" group during the prepara-
tion of a compound of Formula IV-21 or IV-22 from a com-
pound of Formula III-11 or III-12, it is to be understood that
FIG. 4 shows only one of several embodiments of Method 4
for ease of explanation. That is, the Z group can be converted
to —COOR" at any point during the process of Method 4.

This invention further provides compounds of Formula
VIIb-2 and VIIIb-2 and salts and solvates thereof.

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 Ic-1 and
their synthetic intermediates
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A Vb-11: B = NR2bR2c Vb-12: B = N3 wherein Z, X5, R2, R2a, and R21' are
as defined herein and R2' is hydrogen, C -C 0) alkyl, C -Cl10 al kenyl,
C2-C10 al kynyl, benzyl, allyl, arylalkyl, trialkylsilyl, dialkylarylsilyl,
COR6, C(0)OR6, C(O)NR6R7, OR or NHR1, wherein said al kyl, alkenyl,
al kynyl, benzyl, allyl and arylal kyl portions are optionally substituted
with one or nore groups independently selected from hal ogen, hydroxyl,
Cl-C4 al kyl, C2-C4 al kenyl and C2-C4 al kynyl. In a particul ar enfgodi nent,
X5 is F. According to one enbodi mentp2it he amination reaction is performed
by reacting a conpound of For alll rﬁth a suitable nitrogen nucl eophile
usi ng met hods well known to tHose skilled in th&!art. Nitrogen

ammoni a (i ncl uding, but

nucl eophi | es suitabl e for purpos Nijs i agn
econdary am nes havi ng

limted to, (i) reagents thg 3
not limted to, NH3 and NH4{H); (ii}) pri

‘ defined herein; (iii) metal
azi des including, but ng i » assi um azi de (KN3) and
l'ithiumazide (LiN3) and\(iv) rleagents™that deliwer a group that can
subsequent |y be converteé&{nto an am ne include, but are not limted to,
prot ected ammoni a or am de iNal ents such as, but not limted to,
hydr oxyl am nes and hydrazi nes, (3)YRRitrogen nucl eophiles having the Fornul a
MNR2bR2' wherein Mis a nmetal such as Na, K Li, Cs, My or Al; and netal
silylam des such as lithium (bis)(trinmethylsilyl)amde, sodium

bis)(trinethylsilyl)am.de or potassium,(bis)(trinethylsilyl 1 de. The
Eeac%i(on canal%d mﬁszamdcmh@t%ﬁ ﬂlﬂlf%ﬂ(eW&l%]EﬁﬁbZQrRJ&%p gn%)ﬁaﬁnéﬂldlent at

per or med ui ‘Bebdsied PELbELefp AT i ndk By FodehnsAg Tktiba

nor e prefeﬁamqnﬂshjgenperatures bet ween 50 and 95 C.
cyclizing a compound of Formula VIIb-1

ion include, but are not

VIIb-1
NRZbR2c
H,N X°
NR2R2a

prepared as described in Method 3, wherein R*“ is hydro-
gen and Z, R*?, R*“ and X° are as defined herein, to provide a
compound of Formula XIb-1
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For exanple, in one enbodi nent a conpound of Formula Vb-11 wherein A-B_NH,
can be obtained by reaction of a conpound of Fornmula IIl wth agueous
anmonia in an organi c solvent such as, but not limted to, tetrahydrofuran,
di oxane or N-nethyl pyrrolidinone, at elevated tenperature, for exanple,
between 30 and 130 C., and as a further exanple between 55-90 C. under a
slight pressure of ammonia (for exanple between 1 to 5 baréE |l he nitro
group of the conmpound of Formula Vh-11 or Vb-12 is then re gdd to provi de
a conmpound of Forrmula VIlb-1 I b-1 wherein Z, R2,2R a, R21', R2c and
-, r5

NRZbRZC

XS

wherein 7, R?, R??, R?¢, R'° and X° are as defined herein;

and
when R*is hydrogen, coupling said compound of Formula
XIb-1 with a reagent having the formula

X6 X
&
X
X2
optionally either (i) at elevated temperatures and optionally
in the presence of a base, or (i) in the presence of a metal-
based catalyst and a base, wherein X', X* and X° are as
defined herein, to provide said compound of Formula Ic-1.
Methods 1-5 of the present invention provide a number of
distinct advantages over conventional processes for preparing
compounds of the general Formulas la-1, Ib-1 and Ic-1. For
example, the processes of the present invention provide com-
pounds of the general Formulas Ia-1, Ib-1 and Ic-1 in higher
yields compared to conventional processes. Further, the

invention provides methods for the regioselective and
chemoselective cyclization of compounds of Formulas
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n are as defined herein. In enbodi nents of Method 3 wherein A and/or B is
N3, NH benzyl , NHORL or -NHNHR1, then NR2R2a and/ or NR2bR2' group of the
conpound of Forrmula VIIb-1 is NH2. The reduction step can be perforned
utilizing reaction conditions and reagents known to those skilled in the
art. Exanples of suitable nmethods for reducing an aromatic nitro group
include, but are not linmted to, dissolving netal reductions, catalytic

hydr ogenatV blas; 1 amud eWdybadi torprevidesbenzimidanedestol &' orntulas

oventt onFIILRA" 8RB CERPRNEE T Al THbe, Mot bt LIS .

3?| %?Ili Zpx ?S_eiﬁfiqw&@tiﬁn‘ibmﬁ@ dekioltd edentvstii teeb e boe b &ardpy- For nul a
scale synthesis of benzimidazoles than conventional pro-
cesses. For example, the conversion of a compound of For-
mula VIla-1 or VIIb-1 to a compound of Formula VlIIla-1 or
VIIIb-1, respectively, according to the methods of the present
invention produces far less toxic by-products than methods
utilized in the prior art for the synthesis of benzimidazole ring
systems, and is a more efficient process. The synthetic meth-
ods of the present invention are selective and the preparation
of compounds of this invention can be carried out in high
yield, thus providing industrial value. Furthermore, benzimi-
dazole derivatives represented by Formulas VIlla-1, VIIIb-1,
Ia-1, Ib-1 and Ic-1 can be synthesized from trihalobenzoic
acids in a relatively short number of steps.

Benzimidazole Cyclizations
As stated, the cyclization of compounds of Formulas VIla-

1, VIIa-2, VIIb-1 and VIIIb-2 in any of Methods 1-5 of the
present invention to provide benzimidazole core structures
can be performed in several ways. Several methods, namely
Methods A-E, are described below and are illustrated in
FIGS. 6-10. While Methods A-E are described specifically
with respect to the cyclization of a compound of Formula
VIIb-1 for ease of explanation, it is to be understood that
Methods-A-E also apply equally to the cyclization of com-
pounds of Formulas V1la-1, VIla-2 and VIIb-2. The cycliza-
tion methods will provide either N-3 benzimidazole deriva-
tives or N-1 benzimidazole derivatives, depending on the
reagents used and the particular R* and R*“ substituents on the

compounds of Formulas VIlla-1, VIla-2, VIIb-1 and VIIb-2
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wherein Z, R2b, R2c, RIO and x5 are as defined herein The cyclization step
to provide the benzi m dazole core structure can be perforned in several
ways, such as any one of cyclization Methods A-E as described herein.
This invention further provides conpounds of Fornula VIIIb-1 and salts and
sol vat es t her eof When R2c is hydrogen, the benzi m dazol e represented by
Formula VIl L 1 i,s, optionglly. isol ated. orsdinectly to conpound
of Formul a ﬁ@ﬁﬂﬂwﬁfh CP@@F&%FBHyS 2@858}%&%?} At%ig€§§é£ﬁg Formul a
VI 11 b-1 wiilhy.s,coopmpoeluhd viffigorrhals ditht b, whesptR oand B 8areer (i) at
el evat ed ur, I I i e, or (ii) in
t he prese%§£R§é§%5é%?ﬁp%ﬁ;@%%ggﬁtgyﬂg?cghﬁﬁga: s%%FR%g?gF§é§l, X2 and X
are as de?pﬁ%@aﬂgﬂgﬁﬁfep§e$@@@¥@éygé@€n@iﬁa’ E@' f Fornula Ib-i. The
coupling reaction can be perfonned generally as described for Method 1,
usi ng any suitable netal -based catal yst. Suitable catal ysts include, but
are not limted to, copper-based and pal |l adi um based cargtﬁﬁﬁs.
Illustrative exanpl es of suitg?le or ganopal | adi um catal y i ncl ude, but
are not limted to, Pd(OAc)2 and Xant phos, Pd(QAc)2 and DPE-phos, Pd2(dba)3
and Xant phos, Pd2(dba)3 and DP Rg j.adiurn
tetral ci s(triphenyl phosphi ney;/<gQd '31 ium di chl oride

Preferred catal ysts include

[ bi s(di phenyl phosphi no)ferr )
or ganopal | adi um cat al ysts dquch as|Pd2(dba)3 in conbination with Xantphos or
bi_ gatN\on Wi t h Xant phos or DPE- phos. Met hod

DPE- phos, and Pd(QAc)2 in_«
4: I n yet another enbodNnent, e pr&ent invention provides a nethod,
for preparing conmpounds of Fornula 111-2

referred to herein as MeNiod 4
and their synthetic interiyediages | b-2

H

(i.e., wherein R'° is hydrogen) according to a “one-pot”
process which comprises reacting a compound of Formula
VIIb-1 with (i) formic acid optionally in the presence of an
additional acid, or (ii) a formic acid derivative in the presence
of an acid under appropriate conditions known to those
skilled in the art. As used herein, the term “formic acid deriva-
tive” includes, but is not limited to, esters of formic acid such
as, but not limited to, trimethylorthoformate, triethylortho-
formate, and formamidine acetate. For example, in one
embodiment, a compound of Formula VIIb-1 (wherein Z is
CO,Me, and R? and R** are H) was converted into a com-
pound of Formula VIITb-1 (wherein Z is CO,Me) in very high
yield upon reaction with methyl orthoformate and sulfuric
acid in THF solution.

Method B: According to Method B, as illustrated in FIG. 7,
compound of Formula VIIb-1, wherein R** is hydrogen and
R? is not hydrogen, can be cyclized to the corresponding N-3
benzimidazole represented by Formula VIIIb-1 by a multi-
step method upon treatment with (i) formic acid, optionally in
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and salts and sol vates thereof, wherein Rl, R2b, Rio,x2 and X are as
defined herein. Method 4, which is illustrated in FIG 4, follows the
stepw se anmination route of Method 3, with the exception that the Z group
is converted to a COORL group at some point during the synthesis. For
exanple, as shown in FIG 4, the Z group of a conpound of Forrmula Il1- 11

A= N8 caherprasencs ofanildriconel aetboie) AdosBlieadid doBNAY e opr esent od
by For mul gfhy-eadaiiplbY2formic acid ester such as trimethylorthofor-

mate, triethylorthoformate, or formamidine acetate) in the

presence of an acid, or (iii) formaldehyde or a formaldehyde

derivative in the presence of an acid, to provide an interme-

diate N-1 benzimidazole compound represented by the For-

mula XIb-1. As used herein, the term “formaldehyde deriva-

tive” includes, butis not limited to, dialkoxymethanes such as

diethoxymethane and dimethoxymethane.

Alkylation of the compound of Formula XIb-1 provides the
benzimidazolium ion represented by the compound of For-
mula XITb-1. Removal of the N-1 substituent (i.e., the R
substituent) from the compound of Formula XIIIb-1 provides
the N-3 benzimidazole compound represented by Formula
VIIIb-1, which can undergo an acylation reaction such as
described in Method 1 to provide the N-3 benzimidazole
compound represented by Formula Ib-1.

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

Method C: Cyclization Method C, as shown in FIG. 8,
provides a “one pot” method of selectively and directly con-
verting a compound of Formula VIIb-1, where R* and R** are
hydrogen, to an N-3 benzimidazole derivative represented by
Formula VIIIb-1
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AIV-71: A= NRRa IV-22 : A= N3 by reacting said conpound of
Formula I'11-11 or 111-12 with a conpound having the fornmula RIOH, wherein
R ' is as defined herein, optionally in the presence of an activating
reagent that activates the Z group towards reaction with said conpound of
formula RIOH, under reaction conditions well known to those skilled in the
art. Exanples of activating agents suitable for purposes of tg&ﬁ i hventi on
i nclude, but are not limted to, (a) mneral and organic aci ds; b?
reagents capabl e of converting a cdrboxylic acid into an acid chloride

i ncluding, but not limted to, hal dqgenating agents such as SOCl2 or

(C0C1) 2, al kyl chloroformates, arylichl or affRAtRdces and acid chlorides (such
as trinmethylacetyl chloride); ( Ao | m des i ncluding, but not limted
to, dicycl ohexyl carbodiim de (O trial kylsilyl halides including,

but not limted to, trlnethyIS| gri de (NEBSiCJ) and (e)
dlalkylazodlcarboxylath
di et hyl azodi car boxyl at e ( DEX
reagent. such as, but not linNted td, Ph3P. In a particular enbodinent, a
conpound of Forrmula I11-11 or =32 where Z is COON can be converted into
a nethyl ester derivative represented by Fornula I1V-21 or 1V-22 by reaction
with methanol in the presence of trinethylsilyl chloride. A conpound of
Forrmula 1V-21 or 1V-22 63 then reacted, optionally at, el evated

terrperaturegwhﬂrﬁm(ﬁ 2 isemethyl hdviethadi 6s aoi s&stéseatt@ua (ii) a

hat el | GaraPDURL oTEFTRI i 1821 SR W Eallr feredlibvr ne”ro
B ompound- B O, o) ey Lol o ¢
opm)onal I Prﬁﬁeﬂc@vapgd Eman'ﬁ@ﬂét u%@lt&b& jitsmlﬁglé bg’r%% SIEEVAEYGRI 2 Vb- 22
wherei n Ajh & [INRBDRBAt Cirdnot AiMRited B, '\Bﬁﬂ(@ﬁymethanes such as
diethoxymethane and dimethoxymethane. Suitable acids for
purposes of this invention include mineral acids (e.g., sulfuric
acid, HCI, HBr), sulfonic acids (methanesulfonic acid, tolu-
enesulfonic acid, etc.) or carboxylic acids such as formic acid
or acetic acid. In one non-limiting embodiment, the reaction
is performed in acetonitrile containing some water and
diethoxymethane or dimethoxymethane in the presence of an
acid such as toluenesulfonic acid. This reaction advanta-
geously proceeds with complete regioselectivity to provide
N-3 methyl benzimidazoles represented by Formula VIIIb-1.
Another advantageous feature of this process is that the form-
aldehyde does not appear to react with the amino group ortho
to the Z group of compounds represented by Formula VIIIb-1.
Furthermore, the reaction conditions avoid the production of
bis-chloromethyl ether as a by-product. This by-product is a
carcinogen, and its production on an industrial scale is highly
undesirable.
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Vb-22: B =N3 wherein R', R2b, R2', Rw, X.', X2 and X5 are as defi ned
herein. The reaction can be perforned in any suitable organic or inorganic
solvent at tenperatures ranging from-20 C. to 200 C. Typically the
reaction is perforned at el evated tenperatures in the range of about 30 and
130 C., nore preferably at tenperatures between 50 and 95 C. For exanpl e,
in one enbodi mrent a conpound of Formula Vb-21 can be obt ai ned?’tﬂ)li/) reaction

of a conpou nd\/hﬁhéﬁi it AGG@K‘J% to\anrathéer enaboehum eatyan N-3nbem-or gani ¢

ot nyl py ARG SertVdbAES h?@n%iéaf%@“‘i&ﬁrﬁﬁaﬁﬁ% Y S hessure

of armoni av&éhefeﬁ%fﬁb disoRD Mﬁgfgi i, ban) be p }g@reoh@mmm @ ncl udes

conmpound of For ne pa | ar enbodi nent,. R" is
G1- 010 al kpouind @b Eiten N Berdt in A STeE W FATNSSCATI SOV o

enbodi ment FT{he GEONg fedzf’i’dﬁi!l , Wicthdd B Gom rises. tream?i%mom rent

2, 4-di ami no- 3-T["uor - n ro en20| ester. P, icu
t he conpouﬁfhmpcmiﬂdlﬂ wrmnlasy Ian |whe|relmRm&m ﬁz far@

oot ers r opREdt éﬁl%ﬁﬁﬂ%%@%ﬁ%ﬁ@?ﬁﬁ%é&bﬁm liat fﬁjeaﬁ;?e

conpounds ﬁ@rﬁnmdcadl baf beitdhanteydodle diori sixagmp e(a)ce'twum + he
oot SeidE TR e Bie 21?9%%‘&'@51 %é&alﬁctlaf ot figstia " "
repr esent e(fdy ekqiiple HittudrdétbyP formate) to provide the 1nterme-

diate compound represented by Formula IXb

IXb

NRZbREC
O

A

RIOG g XS

NRZ R.?,a

 wherein Z, R%, R** and X° are as defined herein and R'%? is

H, C,-C,,alkyl, C;-C,, cycloalkylalkyl, arylalkyl, heteroary-
lalkyl or heterocyclylalkyl, wherein said alkyl, cycloalkyla-
lkyl, arylalkyl, heteroarylalkyl, and heterocyclylalkyl por-
tions are optionally substituted with one or more groups
independently selected from halogen, hydroxyl, cyano, nitro,
azido, C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C;-Cq
cycloalkyl, C,-C, heterocycloalkyl, —NR°R” and —OR®.
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wherein when A and/or B of Formula Vb-21 or Vb-22 is NH- benzyl , NHORL,
NHNHRL, or N31 then R2 and R2a and/or R21' and R2b, respectively, of
Forrmula VI1b-2 are hydrogen; (ii) when R2" is hydrogen, cyclizing said
conmpound of Forrmula VIIb-2 using nmethods such as, but not limted to, any
one of Methods A-E described herein, to provide a conpound of Fornul a

M 1b-2  VITTErge amf88gidhp 6 thPcoftBothl 6F P IXB'iS diedfle ' ned

her ei n; . . 1
reduced to provide an intermediate compound represented by
Formula Xb

Xb

NszRZC.

Rl Oa g XS

NRZRZcz

Suitable reducing agents include, but are not limited to,
borane-type reducing agents (e.g., BH;. THF) in an appropri-
ate solvent such as THF. Alternatively, compounds of For-
mula Xb can be formed directly from a compound of Formula
VIIb-1 by reaction with an alkylating agent of formula
R'°“CH,X, wherein X is a leaving group such as Cl, Br, I,
OMs, OTs, OTT, etc. Examples of alkylating agents include
alkyl halides such as ethyl iodide. Cyclization of the com-
pound of Formula Xb to provide the benzimidazole repre-
sented by Formula VIIIb-1

VIIIb-1

NRZbRZC

RIO
~ %5

z
K
z
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and (tii1) when RC is hydrogen, coupling said conpound of Formula
VIIIb-2 with a reagent having the Formul a optionally either (i) at

el evated tenperature and optionally in the presence of a base, or (ii) in
the presence of a netal -based catal yst and a base, wherein X, X2 and X6
are as defined herein, using reaction conditions such as those descri bed
for Method 1, to prOV|de sai d conpound of Formul a | b-2. According to one

enbodi ment ofyh&eein &N tsimye npr19czﬁs@0 fioplished dyy gresictingf a

283‘5??’23?’ F%’:bé”ﬁ'?‘mﬁﬁ'ééﬁf é!?ﬁtndﬂ &?kﬁiﬁ?ﬁ{‘%ﬁﬁfsﬁwﬁ@%ﬂiﬁf

hal i de in j IHP'J gﬁ@%%ﬁléé Gf T LA PBR a@ﬁée@rcgw' @éoﬁ'iﬁcaa@i&e in an
nt n one e

approprlat odi nent as the Fornul a
wher ei n x§ aatwe Xfoarexam ,|®%T(£M%Ebl‘ aeodrﬂu asdout ewlcan be

o For ml dL0NRERL %%f ?‘Wﬁ%é@ﬁ%@@%ﬁ?ﬁ% ﬁ%@%’@@?@?ff@%@e R thod 4

can be prefzaneciindone aERt&tegllmﬁleipﬁl’@Sﬂ odraneracid w.ll @'&1@%14 as

|1 d FlI G h
bur oy ehdHeleandirs kit iR e Sakcd ot St (e phoridh .2 °1P
conpound OécEﬁngStbﬁnﬂ i VBB FhiochmpoimdioPEOARlE G 4

That is, (Wd1Ebol cGANCR? beastadonish An aml dialidias deRCTbahg R ne
f f
For mil a &W‘%‘ivﬁ?l BROVAR &t 1S3 Y so?@%’fes%ﬁl%?& BOUBEF of

Formula I

Method E: In an alternative multi-step cyclization method,
referred to herein as Method E as shown in FIG. 10, a com-
pound of Formula VIIb-1, wherein R** is hydrogen and R is
not hydrogen, can be cyclized to the corresponding benzimi-
dazole compound of Formula VIIIb-1, wherein R'® is not
hydrogen, by a step-wise method comprising:

(a) reacting a compound of Formula VIIb-1

VIlb-1

NRZbRZC

H,N )

NR*R*
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Yet anot her enbodi ment of the present invention provides a nethod, referred
to herein as Method 5, for preparing N-1 benzi m dazol e conpounds
represented by Fonnula Ic-1 and their synthetic internedi ates and
salts and sol vates thereof, wherein Z, R2b, X, X2 and X5 are as defined
herein and R2 is not hydrogen, said nethod conprising: cyclizing a conpound
of Fornmula VIIb-1 VIlb-1 prepared as described in Method 3, wherein

R2' is hydrogathanduitabiebacRRitingdagénete provilé medomepeimd tof provide a
conpound Q[foﬁ?ﬁﬂlél PX%I b-1

IXb

NR2bR20
O N

N

Rl 0a g XS

NRZRZG

wherein Z, R?, R** and X° are as defined herein and R'°% is
H, C,-C,,alkyl, C;-C, cycloalkylalkyl, arylalkyl, heteroary-
lalkyl or heterocyclylalkyl, wherein said alkyl, cycloalkyla-
lkyl, arylalkyl, heteroarylalkyl and heterocyclylalkyl portions
are optionally substituted with one or more groups indepen-
dently selected from halogen, hydroxyl, cyano, nitro, azido,
C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C,-C, cycloalkyl,
C;-Cy heterocycloalkyl, —NR°R” and —OR?;

(b) reducing the amide group of said compound of Formula
IXb to provide a compound of Formula Xb

Xb

NRZbR2c

R! Oa g x>
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Xl b-1 wherein Z, R2, R21', R2c, Rmand X are as defined herein; and
when R2' is hydrogen, coupling said conpound of Fornula XIb-1 with a
reagent having the formul a optionally either (i) at elevated
tenperatures and optionally in the presence of a base, or (ii) in the
presence of a netal - based catalyst and a base, wherein X, X2 and X6 are as
defi ned herein, to prOV| e npo Fornmula Ic-1. Met hods 1-5 of
t he present 9 &ﬁ% Q% H,oRﬂ§|gmnddxgaamammadéihnmér
conventlo?ié cesses for preparlng conpounds of the general Fornmnul as

la-1 c 1. For exanple, the processes of the present invention
provi de conpf@hrisactingheaigbaemp dHil(ﬂnsﬂfaEOl’mUlaPGQWﬁﬂm ()ckdrmac hi gher

et hods. { O @Cﬁgpﬁﬁ%ﬁ%@ﬂi?ﬁ@iﬁ%ﬁﬁ%@?@%@@?@éﬂ@%?\% INFRGE EL%'OSﬁZs

of For mul dormvie acid aledivativel fow exaviple, bstedisraf fiarmiiesicat swehul as

L L SRR Yab e o A L PR LB RN BcgpaL ' ert o

benzi n dazeimnatéand doyaraiidahemeetatsdn the eaent:e of e aonder si on of

i1, eRraBi R cGuipdhnl b PR, o present i nvent i on

produces far | ess toxic by-products than nmethods utilized in the prior art
for the synthesis of benzim dazole ring systens, and is a nore efficient
process. The synthetic nethods of the present invention are gﬁge tive and
the preparation of conpounds of thzs i nvention can be carrie i n high
yield, thus providing industrial value. Furthernore, benzim dazole
derivatives represented by Formulap Villa-1, M 11b-1, la-1, Ib-1 and lc-1
can be synthesized fromtrihal ob c aeN8s'Kn a relatlvely short nunber
of steps.

wherein Z, R?, R??, R?>¢, R'° and X° are as defined herein;
and

removing the R* group using methods such as those
described in Method B to provide the N-3 benzimidazole
compound of Formula VIIIb-1. The compound of Formula
VIIIb-1 can be reacted with an aryl halide as described in
Method 1 to provide an N-3 benzimidazole compound of
Formula Ib-1. Alternatively, according to another embodi-
ment of Method E, a compound of Formula Xb may be
obtained by reaction of VIIb-1 with an alkylating agent of the
formula R'°“CH,L, wherein L is a leaving group, such as Cl,
Br, I, OMs, OTs, OTH, etc.
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Benzi m dazol e Cyclizations As stated, the cyclization of conpounds of
Foiliulas Vila- 1, Vlla-2, VIIb-1 and VII1b-2 in any of Methods 1-5 of the
present invention to provide benzi m dazole core structures can be perfornmed
in several ways. Several nethods, nanely Methods A-E, are described bel ow
and are illustrated in FIGS. 6-10. Wiile Methods A-E are descri bed

speci ficall th.respe to the llzatlo f.a co f . Formul a
Viibe1 for Zﬂ@ c&fb@s’%&@mbﬁa QY szat@oaeM%dbodts()ggoﬁh& NBChods- A- E
al so appl mwlmvtemidﬁ et lséabr@haaizaﬁ@%wr@ﬁlﬁ‘exﬂéoﬁ@éﬁvﬂcﬁﬁawi la-1,
Vila-2 an Vﬁl Th%@gyd i zatipn net 8pya ther N-3

benzi mi daZbf Hémsl fax P&FPRIY 19@(19 Batiedhendi ng on
t he reagedtmstistirtrenara bel &[fewlaermmrwxﬁzl L3 @f theerdnseon t he

ngg%?gz S?é cycwlgﬁ%@g h@ﬁggﬁi@g@ﬁ%%#@?@d’%ﬁg@g%%gﬁgogf AFor mul a

Vilh -1, varenaphe Bl ilisy &R nyldrkages hen ySoizelerkin nk,
correspond]ng@)Z!g r@da]_zoM owrzqepr E%f’cm@ﬂoPYJF@'ﬁW b1 b-1 ViTib-1
(i.e. eln r din g @H Q/o cess which
corrprl ses TéHEY | Aé)jalsac H%Yaa bOEIGHER LR ‘f% ¥% acid

gptl ontal IWSi K. t]ileachegkm;el\fof\/’az dECH@TQSCIEIe(Wo{zm )Cenferm c ‘EC' d :
erivatl ve e n _acl C ons nown O
those- sk iy PR HRICIBRS UL CoaPial R OREPROBRIDR, NP REtatay "0, Vet ver
i ncl udes, DButllagskys Drganéd Proc eshadspbépf drati,c( HR93 )s N 788 - but not
| d Y di

cotate. Pa L rﬁaﬁ%‘*ﬁ%@%ﬁﬁéﬁ%ﬁ S

acet at e. n one e

(wher ei n Bubst tt@ %Slﬂ?ﬁ&ra@s %S@ I%VCQ?»]ér%CtBhﬂé@Pé‘@CﬁﬁS@ conpound
of For nul ah¥l pt@sém( wresgtion? Ire addion, i vaanyhodhthe étérange react i on

o et G S LRl T Rl L AR,y o0 B
-1, wher eih. R& halleporpde€ feerer. 8. <Truns. @ Dheh53d3n anel npeic zed to the
fncj’lr [ f’:fgg%f@#@% H@%&lg?%B'tie ﬁr%ﬁ%?ﬁ?ﬁ?gn'%rf ﬁ"tﬂ%ﬁ,é‘aguﬂs’?r ebyi ‘;‘
havmg at nrd amino substituent on tﬁe aromatic ring
has the potential to react with the formaldehyde, leading to
the formation of alternative products. Furthermore, the meth-
ods of this invention are more suitable for industrial applica-
tions, since it uses reagents that are less toxic than the HCI/
HCHO reagent mixture used in conventional methods, and
therefore do not generate toxic by-products such as dichlo-
romethyl ether.
The terms “C,-C, , alkyl” and “alkyl” as used herein refer
to a saturated linear or branched-chain monovalent hydrocar-
bon radical having one to ten carbon atoms, wherein the alkyl
radical may be optionally substituted independently with one
or more substituents described below. Examples of alkyl
groups include, but are not limited to, methyl, ethyl, n-propyl,
1sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso-
pentyl, neopentyl, tert-pentyl, hexyl, 2-hexyl, 3-hexyl, 3-me-
thylpentyl, heptyl, octyl, and the like.
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the presence of an additional acid, (ii) a formc acid derivative (for
exanple, a formc acid ester such as trinethylorthoformte,
triethylorthoformate, or fontam dine acetate) in the presence of an acid,
or (iii) formal dehyde or a formal dehyde derivative in the presence of an
acid, to provide an internediate N-1 benzi m dazol e corrpound represented by

he For mul c 5 de_d

hel udes. it s Aﬁzﬁl@&ﬁﬁsﬁy}ﬂﬂ a o@ﬁspxgnﬁ%fe? BRSO hory ot hane
and di met hésxpebed-chain mangvalens hystrocagboantssliaal aVngrmrca Xl b- 1

provi des t@qmdnﬂﬁﬁﬁlslaimapreas%@m@ﬁspb%nahanaq d of Formula

XIlb-1. R | th t1.t uent ti t) f th
conpound Eﬁ)va %eq Bjsletg]rez\ylldﬁgnpﬂé}’ld-%'h}gngl%ﬁé;opgnléblrjrggu%d remene
repr esent édenyl Floﬂ)mxl a- tmy] and thetdilod, wherenthegyallkenylagdicabn reaction

opr coent &0 "9@% “jostt@é & IRl @Ybﬁ’qﬁ? r@"gﬁff?i Ctoenre
benzi mi daZy? Fpt% rﬂg,e Si5Ag, s‘i@‘fl‘&?lpa% h’éacgp?‘ Sand the

reagents hammgatmsdramcd)ﬁ&ramsfhs:)mematrcmis dep@iﬂemmtwézpé‘tﬂffe of the R2
group. Fop e R2 group of a conpound of Formula Xilb -1 is

substltute u% t nzyl,, yl or wherein R6 is benzyl,
renoval of J&EE@D@ﬁ %t—lpz an q; Y%m @PZLJ %&Qﬁ}b@r‘ GRIP SINGAr N-1 al kyl g
sEbstl t ueot beanchéd enbaovaieieldy Syo dedio mendicad o ewardtcofwEbrerul a I><I | bkl in
t 1

ns W1 ki noaooty 08y %??gﬁ{lﬁ%%gl%’?%%@@mﬁd%ﬁf@@& 2s shown in
FIG 8, p%réfaﬂ@%sﬁfél t 3FR ¥t linpded o, of m@ﬁetpr@@}mﬁndﬂﬂwlé’dt ly converting
a conpoungentyirdl-yi |aald/th®hke whbeeeitPtlandlIRzay bradiend lmggqae to an N-3

wher ein' R0 {&&q z@@ﬁ‘ﬁ' Mt 1@@@%@&6@%@%@&% or of Formila

VIIb-1 wi @TH 1(@) St I8tjiki val ents of fornal dehyde or a formal dehyde
derivative i[hd t@]ﬁgémgﬂ@i’f ‘a@aﬂ;,o@tgw%rz}b’l ecj‘;@]dm@?hmﬁj derivatives

bnd di et h ééﬁépf;&%ioﬁ@ﬁ}k’ %P@c%@raﬁng PoBdany R e T Yt el ude
mi neral aeyelc(kydrocashonuradicali kaving fromr jhresuto denccanbiars

ot or cpg T IRotcm t‘@%m‘ 11’312594@@ fromoeyeliclaBpbey! ! ¥ B¢ eaction
i's perfor?gigihfg &Eget gﬁcylc 1 nt£ "# OE&WTM lasgguﬁ WERoxymet hane or
di met hoxywitdrene the pokyqydsestmiatiires Cgﬂl(dll&l]gﬁﬂﬂi:sludelmsaﬂsul foni ¢ aci d.
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the productio oro y by- pr oduct
is a car cPRBGEn CYSHANEXY Ly Tﬁﬁlc QIE‘(];kY hi ghly

undesi r abiray be optibadl Sﬂbstlmilemmcbe odéet] em)oﬂermﬁmow N-3
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h%fLg"en%%ﬁlﬂﬁﬁb@&dﬁ&@{’%ﬁn’éﬁﬂi ound%ﬁt n & Stepui o6

I'n a stepw se

e
@hlﬁhb ses treating a

manner as® gHouURBIBaypbei epa

corrPoglnd ffr @Q}t‘xhpiéaoﬂéki@mére wien srinB% %kd‘o%ﬁdﬁ‘mﬁﬁ Wldt h a -
sui tabl e acyfa oL, acid, an aci
anhydri de@(l%/dgﬁ éeﬂkgﬂp g:cfe%{(lﬂbo {)%ggi hé)ﬁﬂ]gé&j %I} ?‘]Fér exanpl e
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(C,-Cg)alkyl and di(C,-Cy)alkylamino(C,-Cy)alkyl.
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I Xb wherein Z, R2, R2 and X5 are as defined herein and Rm is H,

Cl- C10 al kyl, C3-C10 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,

het er oaryl al kyl, and heterocyclyl al kyl portions are optionally substituted
wi th one or nore groups independently sel ected from hal ogen, hydroxyl,

Syl oal kyl «  FuE G e Sheria il Fikdre Ty sertirateBrliBidicOEr oup of
the conpobrdncthéd+obhin! onovaientr bgubestarbonoradecah ofiteneethat e
compound f et Pt c?ﬁlns‘ilv%héti’e%% at least one of the carbon atoms
is replaced with a heteroatom selected from N, O, or S, and
wherein the radical may be a carbon radical or heteroatom
radical (i.e., the heteroatom may appear in the middle or at the
end of the radical). The heteroalkyl radical may be optionally
substituted independently with one or more substituents
described herein. The term ‘“heteroalkyl” encompasses
alkoxy and heteroalkoxy radicals.

The terms “heterocycloalkyl,” “heterocycle” or “heterocy-
clyl” refer to a saturated or partially unsaturated carbocyclic
radical of 3 to 8 ring atoms in which at least one ring atom is
a heteroatom selected from nitrogen, oxygen and sulfur, the
remaining ring atoms being C, wherein one or more ring
atoms may be optionally substituted independently with one
or more substituent described below. The radical may be a
carbon radical or heteroatom radical. The term further
includes bicyclic and tricyclic fused ring systems, which
include a heterocycle fused one or more carbocyclic or het-
erocyclic rings. “Heterocycloalkyl” also includes radicals
wherein heterocycle radicals are fused with aromatic or het-
eroaromatic rings. Examples of heterocycloalkyl rings
include, but are not limited to, pyrrolidinyl, tetrahydrofura-
nyl, dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl,
dihydropyranyl, tetrahydrothiopyranyl, piperidino, mor-
pholino, thiomorpholino, thioxanyl, piperazinyl, homopiper-
azinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl,
oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 1,2,
3,6-tetrahydropyridinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl,
2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazoli-
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Sui t abl e reduci ng agents include, but are not limted to, borane-type
reduci ng agents (e.g., BH3. THF) in an appropriate solvent such as THF.

Al ternatively, conpounds of Forrmula Xb can be formed directly froma
conmpound of Formula VIIb-1 by reaction with an al kyl ating agent of formula
| eaCH2X, wherein X is a |leaving group such as d, Br, |, Ow, OIs, OIf,
etc. Exanples of al kyI atin a ents include al kyI haI | des such as et hyl

Lodl de. | onsili zditha ttcthi F dﬂlllclig odphg&dlctethllmy,

h%f'o;,”enaaﬁbygtréﬁiﬁ%el” & %%bw&oin%&f%%iid@ﬁf th (i)

For m ¢ Zﬁﬁﬁazgﬂj.l?%’ﬂ '1” Sxa P”CZ qmmﬁ'éb{?a'lc@ﬁh@ﬁ“?“bﬁt not
tiﬁﬂ@ %tH. aﬂiyiﬁa%f og

linited tdZa ICW 14HaY1oPPAh®9di ne
e IR T e o
conpound afhd,:Ofmm 0]4[1 | lgroups, mrdemmldwfmnanﬂmy%rmi psielistedescri bed

v %Eh‘édaﬁd‘%fﬁ&dﬁsﬁ%tﬁ%ﬁbﬁﬁi@gﬁz FefacieRoW il SR PP& o
wherein Roa e I qmaﬁ’ﬁ? g o Odeﬁ‘mpm q%eﬁ?w'mé“’ 2%t he
corr espon?}ﬁi’@"oﬂ)ei; eﬁm at i:aCheny% wrthen1 s
Formil & ViBIqH) & ﬁfﬁ‘?@d“f@?ﬁrmﬂg?“cﬂ@fﬂ@ “9? iphdazer] ?l ?T\‘J"C{Jp"ﬁ”d o
conpound tdchedjubr inxidazol-3-yl (C-attached). An example of a het-
erocyclic group wherein 2 ring carbon atoms are substituted
with oxo (=0) moieties is 1,1-dioxo-thiomorpholinyl. The
heterocycle groups herein are unsubstituted or, as specified,
substituted in one or more substitutable positions with vari-
ous groups. For example, such heterocycle groups may be
optionally substituted with, for example, one or more groups
independently selected from C,-Calkyl, C,-C, alkoxy, halo-
gen, hydroxy, cyano, nitro, amino, mono(C, -Cy)alkylamino,
di(C,-Cy)alkylamino, C,-C, alkenyl, C,-C alkynyl, C,-C,
haloalkyl, C,-C4 haloalkoxy, amino(C,-Cy)alkyl, mono(C, -
Cy)alkylamino(C,-Cy)alkyl and di(C,-Cy)alkylamino(C, -
Cealkyl.
The term “aryl” refers to a monovalent aromatic carbocy-
clic radical having a single ring (e.g., phenyl), multiple rings
(e.g., biphenyl), or multiple condensed rings in which at least
one is aromatic, (e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl),
which is optionally mono-, di-, or trisubstituted with, e.g.,
halogen, lower alkyl, lower alkoxy trifluoromethyl, aryl het-
eroaryl, and hydroxy.
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I Xb wherein Z, R2, R2a and X5 are as defined herein and RL is H,
Cl-C10 alkyl, C3 -C 1 0 cycloal kyl al kyl, arylal kyl, heteroaryl al kyl or
het er ocycl yl al kyl, wherein said al kyl, cycl oal kyl al kyl, aryl al kyl,

het er oaryl al kyl and heterocycl yl al kyl portions are optionally substituted
W th one or nore groups |ndependently sel ected from hal ogen, hydroxyl,

t d 1-C4 a A al k 4 al k |, C3-05
cyel oal kyl . B GeTRb BosEyeindl i &ermd@% shaheaTent abmd B ci ng ¢ ne
ami de gr oupdidalsaf 6- ¢ orpmu enfmbered| @an wahmclmnncilddeﬁfueedound of

Formul a Xb; s WREHEI(At ?eaé%%né%fwﬁi%%’i’s%m%ﬁ?o%@ M 2§ as defined

her ei n; .
containing at least one and up to four heteroatoms selected

from nitrogen, oxygen, or sulfur. Examples of heteroaryl
groups are pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl, tria-
zolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiaz-
olyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinoli-
nyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl,
indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl, oxadiazolyl, triazolyl, thiadia-
zolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophe-
nyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxali-
nyl, naphthyridinyl and furopyridinyl. Spiro moieties are also
included within the scope of this definition. Heteroaryl
groups are optionally mono-, di-, or trisubstituted with, e.g.,
halogen, hydroxyl, cyano, nitro, azido, C,-C, alkyl, C,-C,
alkenyl, C,-C, alkynyl, C;-C, cycloalkyl and C;-C; hetero-
cycloalkyl.

The term “arylalkyl” means an alkyl moiety (as defined
above) substituted with one or more aryl moiety (also as
defined above). More preferred arylalkyl radicals are aryl-
C, ;- alkyls. Examples include benzyl, phenylethyl, and the
like.

The term “heteroarylalkyl” means an alkyl moiety (as
defined above) substituted with a heteroaryl moiety (also as
defined above). More preferred heteroarylalkyl radicals are 5-
or 6-membered heteroaryl-C, ;-alkyls. Examples include
oxazolylmethyl, pyridylethyl and the like.

The term “heterocyclylalkyl” means an alkyl moiety (as
defined above) substituted with a heterocyclyl moiety (also
defined above). More preferred heterocyclylalkyl radicals are
5- or 6-membered heterocyclyl-C, ;-alkyls. Examples
include tetrahydropyranylmethyl.

The term “cycloalkylalkyl” means an alkyl moiety (as
defined above) substituted with a cycloalkyl moiety (also
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(c) reacting said conmpound of Formula Xb with (i) formc acid optionally in
the presence of an additional acid or (ii) a formc acid derivative (for
exanpl e, esters of foimc acid such as, but not limted to,
trimethylorthoformate, triethylorthoformate and formami dine acetate) in the
presence of an acid to provide said conpound of Fornmula XlIb-1 XIb-1

wherein Z, Rl and A are s def| d herein; and
renovi ng ﬁl@%ﬁ@&%@d@g@pﬁ@i@a@d W‘%QQYQ ydsad §EtB&t @1 Met hod B t o
provi de tt@n&bﬁlﬁ@w m gbﬁ\ p@ou fls Fo%@g\l’égl bidcludie corrpound of

Formul a VI 1| can, be cted w thH>an ryI hal 1de as described in Method 1
to provi d&: Rr@pﬁgﬁlﬁ azol e compound of Formula I b-1. Alternatively,

gcco[)dl ng t dl'heoteren elvieﬁ?l\x}%ieansqhmg hodE‘lﬁ’l: @mewﬁyl of‘l?ﬂfiﬁ’r LmI? Xb Imay
e obtain af,Vh al kyl ating agent of the fornula
R aCH2L, \%ﬁrg%?rﬁﬁ%’ﬁ@ ﬁ‘be %e%’guch as d, Br, I, Ow, OrIs, OIf,
etc. The 'Ehe\terme&mk@h’hgepnesentmﬂumm@,darommefchhmne,es ent
i nventi on fCS(% eral advant ages over conventional nethods for the

enz

preparati on o i.m dazol e derivatives. First, there are only a few
literature dvsgenerlothe waricamwmaietiesarr Anttzonabgeoyps odmdund to a

benzi m da {(ﬂ{\f/@ Chem Soc.
Perkin 1, %ﬁﬁt%?( é(gﬁl élﬂﬁd$ bg’ 1%%{1’,[1 8;@ };rbe 6113%3%71 Soc.
Tr ans. 1§21 sty ]-KY B1C Q%’fm(&ﬁ sgosiluentse xampfes Qb - S. E
Tkachenko stiueMts Zu&tab&@lﬁ ﬁ%‘é berthés Gaveatient tneddEetisnpcyclic

e St b b iSSR0 x0 (HilS L pRowis YL i BT PG ARl ae | mubi ved

hi ghl y suhstheteredrglbhialagen, syahoamtrhpstmﬁmmjmeﬁh h diftug+ ocess of the

egi osel L?ﬁ?@‘%@ﬁ]’% ﬁh@ﬂ%ﬁ & L a R RET <3, Chem
Soc. Trans— @3 "RE37)-CEn OHeGQO)(B nei—@@ﬁ(}))ﬁ'pﬁ—ﬂﬁﬁ'ﬁ‘e pr esent
i nvention (gj Rzma a EN’RSC"( R thavi @NRer amSIR) su ii@ent on the

aromatic ri pot | dehyde,
| eading tot alte t(?@ N’Ié'(? t:S t he net hods

of this i WRWR'onaayp et 1a§ﬂ-}elaﬂpy] |Hg a%‘_p I heqbt@®ns, since it
er te

uses reagent hat r Iess n e,nt mxture used in
convent i oﬁé(l ék%’le"glé %roducts such

ﬁs di chl o]rcmde%)bndeﬁttbelower’&ﬂ eIdWerb@lkéﬁ latbkﬁéwe@raik}@i%i : ﬁsdused ]
nereln el ey 0 8 LA MTRRL 0 ISRl RERIAEL e e ocar bon
opti onal | yadm:fsl‘smeumd Mnmemonm\d&ﬂn@aenﬂmtrtuemawmﬂladmnt s
o U B ER Tt AT g B DL
pentyl, i §@ﬁ§mn91 ami oidentlgs] namedaadycal nsxgzonszdw@cwo exyl ,
3- met hy| pefadhed &b stpaédire Aeuieitidd . KPhus, for example, the

radical arylalkyl is attached to the structure in question by the

alkyl group.

Certain compounds prepared according to a process of the

present invention can exist as two or more tautomeric forms.

Tautomeric forms of the compounds may interchange, for

example, via enolization/de-enolization and the like. Accord-

ingly, the present invention includes the preparation of all

tautomeric forms of compounds of Formulas Ia-1, Ib-1,
VIlla-1 and VIIIb-1 wherein R'® is hydrogen.
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The terns "C2-Cl10 al kenyl " and "al kenyl" refer to |linear or branched-chain
nonoval ent hydrocarbon radical having two to 10 carbon atons and at | east
one doubl e bond, and include, but is not limted to, ethenyl, propenyl, 1
-but-3-enyl, 1-pent3-enyl, 1-hex-5-enyl and the |ike, wherein the al kenyl
radi cal may be optionally substituted i ndependently with one or nore
substituentimﬁescribe%-here' and includes radicals havi "cis'y and

n .
"trans" ori enfht 1BN&I ‘F’naﬁlisé? RAGQRIPassES coipoungly ediBorsaulas The
terms "COLEID PHEYOIL. 1AM "WWYI4-T VaTb- &/ TITEA, VIIRhetcheta
nnnovalentngyg{ cat bon  tadi’cal ’of two to twelVve carbor atons contai ning at
| east oned bond. Exanples include, but are not limted to, ethynyl,
propynyl, butynyl, pentyn-2-yl and the |ike, wherein the al kynyl radi cal
may be optionally substituted i ndependently with one or nore sub -
stituents described herein. The terns "carbocycle," "carbocyclyl, "
"cycl oal kyl" and "C3-Cl10 cyclo alkyl" refer to saturated or partiqbly
unsat urated cyclic hydrocarbon radi cal g?ying fromthree to ten ¢arbon

atonms The term "cycl oal kyr incl udes nonofyclic and poly-cyclic (e.g.,
bicyclic and tricyclic) cycloal kyl strucjures, whergin the polycyclic

i Al'ly unsaturated

cycl oal kyl fused to a saturat ated cycl oal kyl or

het er ocycl oal kyl ring or an a et er oar ring| Exanples of cycl oal kyl
groups include, but are not 1 propyl | cycl obutyl,

cycl opentyl, cycl ohexd¥y cy Iigyg he cycl oal kyl may be
optionally substituted i nNepende re substitutable positions
wi th various groups. For exanple,| such cycl oal kyl é?bups may be optionally
substituted with, for exanphe—eHe or nore groups independently sel ected
fromCl-C6 al kyl, Cl-C6 al koxy, hal ogen, hydroxy, cyano, nitro, am no, nopno
(Gl -06)al kyl amino, di (Cl -C6)al kyl am no, C,-C6 al kenyl, C2-Cs Ht-kynyl,
Cl1- C6 hal oal kyl, Cl-C6 hal oal ko, am rR?q C 1-C 6)al kyl, nono (C1

-C6) al kylam no (Cl1 -C4al kyl and di (C1 - )alkylaninq (Cl -cCo)al kyl . The
term"heteroal kyl" refers to satyrated l{;near or branched-chai n nonoval ent
hydrocarbon radi cal of one to jaERXe a wherein at | east one of

ith afeteroatlpm sl B¢ted fromN, 0, or S,
a carbon radijgal or heteroatomradi ca

i he m ddlle or the end of the
substi t ut ed

the carbon atons is repl aced
and wherein the radical nmay bH
(i.e., the heteroatomlfay appk
radi cal ). The heteroal k radi
i ndependently with one or re sybstituents describgd herein. The term
"het eroal kyl " enconpasses koxy land het eroal koxy radi cal s. The terns
"het erocycl oal kyr "heterocy O "heterocyclyl" refer to a saturated or
partially unsaturated carbocyclic radical of 3 to 8 ring atons i cwhich at
|l east one ring atomis a hetergatom sgj®cted from nitrogen, oxygen and

sul fur, the remaining ring atorns beingf C, wherein one or nore ring atons
may be optionally substituted ilndependently with3ne or nore substituent
descri bed bel ow. The radi cal wawg be g rbo cal or heteroatomradical.
The term further includes b and tr i used ring systens, which
i nclude a heterocycle fuseo c or heterocyclic rings.
"Het erocycl oal kyl " al so i nclludes radicals tp het erocycl e radicals are
fused with aromatic or hetereqremat™s rings: | es of heterocycl oal kyl
rings include, but are ot |imted to?(pyrrolldigp , tetrahydrofuranyl,

di hydrofuranyl, tetrahydNothienyl, tetrahydropyranyl, dihydropyranyl,

t et rahydr ot hi opyranyl, pi FdiNho, nor phol i no, thionorpholino, thioxanyl,
pi perazi nyl, honopi perazi nyl, aiét'ﬂinyl, oxetanyl, thietanyl,
honmopi peri di nyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl,
1,2, 3,6-tetrahydropyridinyl, 2 -pyrrolinyl, 3 -pyrrolinyl, indolinyl,

2H pyranyl, 4H pyranyl, dioxanyl, 1, 3-dioxol anyl, pyrazoli- nyl,
di t hi anyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimdazolinyl, imdazolidinyl, 3 -azab icyc o [3 . 1

. 0] hexanyl, 3 -azabicyclo [4.1 .0] heptanyl, azabicyclo[2.2.21hexanyl,
3Hindolyl and quinolizinyl. Spiro nobeties are also included within the
scope of this definition. The foregoi ng groups, as derived fromthe groups
| i sted above, may be C-attached or N-attached where such is possible. For

i nstance, a group derived frompyrrole may be pyrrol-1-yl1 (N-attached) or
pyrrol-3 -yl (Cattached). Further, a group derived fromim dazol e nay be
imdazol-1 -yl (N-attached) or imdazol-3-yl1 (Cattached). An exanple of a
het erocyclic group wherein 2 ring carbon atons are substituted with oxo (
0) noieties is 1,1-di oxo-thionorpholinyl The heterocycle groups herein are



The term "heteroaryl” refers to a nonoval ent aromatic radical of 5-, 6- or
7-menbered rings which includes fused ring systens (at | east one of which
is aromatic) of 5-10 atons containing at |east one and up to four
het er oat ons sel ected from nitrogen, oxygen, or sulfur. Exanples of

het eroaryl groups are pyridinyl, imdazolyl, pyrimdinyl, pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl,
oxazol yl, isothiazol yCORMAGEA, quinolinyl, isoquinolinyl, indolyl,
benzi m dazol yl , benzofuranyl, cinnolinyl, indazolyl, indglizinyl,

pht hal azi nyl, pyridazinyl, triazinyl, isoindolyl, pteriditfyl, purinyl,

oxadi azolyl, triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,

benzof urazanyl, benzot hi ophenyl, benzot hiazolyl, benzoxazol yl,

qui nazol i nyl, qui noxal i nyl napht3¥jidinyl and furopyridinyl. Spiro

noi eties are al so incl ygde it hi.a“*he scope of this definition. Heteroaryl
groups are optionall ygnhono-, -, or trisubstituted with, e.g., hal ogen,
hydroxyl, cyano, nitrff, azido| Cl-C4 al kyl, C2-C4 al kenyl, C -C4 al kynyl,
C3-C6 cycl oal kyl and -C6 hetlerocycl oal kyl . The tenn "aryl al kyl" means
an al kyl noiety (as. 'ngg/fo. e) substituted with one or nore aryl noiety
(al so as defin&hMbove). Ybre preﬁéﬁred arylal kyl radicals are aryl-Cl_3-

al kyl s. Exanpl es include benzyl, phenylethyl, and the |ike The term

"het eroaryl al kyl™ means ah al kyl noiety (as defined above) substituted with
a heteroaryl noiety (aIsoAas defined above). More preferred heteroaryl al kyl
radicals are 5 - or 6-nenbered heteroaryl-Cl _3-al kyls. Exanpl es incl ude
oxazol yl net hyl, pyridylethyl and the |iKke. The term "heterocycl yl al kyl "
means an al kyl noiety (as defined above) substituted mﬁtgﬂﬁ het er ocycl yl

noi ety (al so defined above). Mrre preferred heterocyclyl yl radicals are
5- or 6-nenbered heterocyZIyI-C1_3-aIkyls. Exanpl es i ncl ude

t et rahydr opyr anyl net hyl . The term "cycl oal kyl al kyl "™ means an al kyl noiety
(as defined above) substijuted w a cycloal kyl noiety (also defined
above). Mre preferred &N radicals are 5- or 6-nenbered

cycloal kyl-Cl_3 . Exa ude cycl opropyl net hyl . The term " Me" neans
met hyl, "Et" neans et means butyl and "Ac" nmeans acetyl. The
term "hal ogen" represgnts flugrine, bromne, chlorine, and iodine.
0O,>N X3
A
Vlla-1
CO,R!
NR2R2a
H,N x>
NRZRZQ
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In general, the various noieties or functional groups of any of the
conpounds of the present invention may be optionally substituted by one or
nore substituents. Exanples of substituents suitable for purposes of this
invention include, but are not limted to, oxo (wth the proviso that it is
not on an aryl or heteroaryl), hal ogen, cyano, nitro, trifluoronethyl,

di fl uoronet hoxy, trifluoronethoxy, azido, OR_, NR SO2R',

S2NR R', C(0)WC(0)QW OC(0)R ,NR C (0)OR", NR‘\@EQ)} R', C(0) \M\R", SW S(0) R",
S2R', NR R', JNR'R"" , -NWC(NCN) NR'W, aryl, heteroaryl,

aryl al kyl , heteroar g%%er ocyclyl and heterocyclyl al kyl, where R,
R', R" and R'" are3 peRe Ty lower alkyl, lower alkenyl, or |ower

al kynyl . It is nderstood that in instances where two or nore
radi cal s are used cession to define a substituent attached to a
structure, the f4 d radical is considered to be termnal and the

| ast nanmed HgMi cal consXtered to be attached to the structure in
~question. Thus, for |exanple, the radical arylalkyl is attached to the
structure in questi ®R2RYy? t he al kyl group. Certai n conpounds prepared
according to a process of the present invention can exist as two or nore
tautoneric forns. Tautoneric forns of the conpounds may interchange, for
exanpl e, via enolization/de-enolization and {/fig, |i ke Accordingly, the
present invention in@bgﬂes the preparation of all tautoneric forns of
conpounds of Formulag fa-1, Ib-1, Villa-1 and VIII1b-1 wherein Rmis

hydr ogen. This inpventi @‘250 enconpasses conpounds of Formulas la-1,
Ib-1, lc-1, I, V\ | b-1, Villa-1, VIlIb-1, Xla and XIb la- 1

RIO
\N

VIIIb-1
Z
NRZ?JRZC
R 10
SN X3
N\ !
Xla
Z
NRZRZ.Q
N x>
N ™~

99



-1

| c-

1 Vilb -1

-continued
XIb
Z
NRZ:’)R2C
N ~ X3
— N\ 22

wherein Z, R', R? R** R?, R*, R'°, X! X* X3, X°, A,
and B are as defined herein. In certain embodiments, Z is
—C(=0)NR°R’. Incertain embodiments, R® is C,-C , alkyl
optionally substituted with OH, O—(C,-C,-alkyl) or —O—
(C,-C,,-alkenyl). In certain embodiments, R® is —(CH,),—
OH. In particular embodiments, Z is —C(=—O)NH(CH,),—
OH. In other embodiments, Z is —COOR" and R" is C,-C
alkyl. In particular embodiments, R' is methyl.

In certain embodiments, X> is halogen. In particular
embodiments, X is F. In certain embodiments, X' is H or
halogen and X? is alkyl or halogen. In certain embodiments,
X' is Brand X*is Cl. |

In certain embodiments, R'” is C,-C , alkyl. In particular
embodiments, R'° is methyl. In certain embodiments, R,
R2? R*” and R*° are hydrogen.

This invention further includes solvates of compound of
Formula la-1, Ib-1, Ic-1, III, VI, VIla-1, VIIb-1, VlIlla-1,
VIIIb-1, XIa and XIb. The term “solvate” refers to an aggre-
gate of a compound of this invention with one or more solvent
molecules.
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NR2R2a Vil la-1 VIllb- 1

This 1nvention also encompasses salts of compounds of
Formula Ia-1, Ib-1, Ic-1, III, VI, Vlla-1, VIIb-1, VIIla-1,
VIIIb-1, XIa and XIb. That is, a compound of the invention
may possess a sufficiently acidic, a sufficiently basic, or both
functional groups, and accordingly react with any of a num-
ber 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 inven-
tion with a mineral or organic acid or an inorganic base, such
salts including sulfites, bisulfites, phosphates, monohydro-
genphosphates, dihydrogenphosphates, metaphosphates,
pyrophosphates, chlorides, bromides, iodides, acetates, pro-
pionates, decanoates, caprylates, acrylates, formates, isobu-

tyrates, caproates, heptanoates, propiolates, oxalates, mal-
onates, succinates, suberates, sebacates, fumarates, maleates,
butyn-1,4-dicates, hexyne-1,6-dioates, benzoates, chlo-
robenzoates, methylbenzoates, dinitrobenzoates, hydroxy-
benzoates, methoxybenzoates, phthalates, sulfonates, xyle-
nesulfonates, phenylacetates, phenylpropionates,
phenylbutyrates, citrates, lactates, y-hydroxybutyrates, gly-
colates, tartrates, methanesulfonates, propanesulfonates,
naphthalene-1-sulfonates, naphthalene-2-sulfonates and
mandelates. Since a single compound of the present invention
may include more than one acidic or basic moieties, the
compounds of the present invention may include mono, di or
tri-salts in a single compound.

If the inventive compound 1s a base, the desired salt may be
prepared by any suitable method available in the art, for
example, treatment of the free base with an acidic compound,
particularly an inorganic acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid
and the like, or with an organic acid, such as acetic acid,
maleic acid, succinic acid, mandelic acid, fumaric acid, mal-
onic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic
acid, a pyranosidyl acid, such as glucuronic acid or galactu-
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-continued XIb wherein Z, R21 R2a, R2b, R2c,

defined herein. In certain enbodinents, Zis C(-0)NR6R7. In certain
enbodi ments, R8 is Cl-Cl0 al kyl optionally substituted with OH,

O(Cl-Co-alkyl) or0O (C1 -Cl0-al kenyl). In certain enbodi ments, R8 is(CH2)2-

OH. In particular enbodinments, Z isC(O)NH(CH2)2 CH. In other enbodi nents,

i SCOORL and RJ- is

ronic acnd?' éﬁlglpha hydroxy acid, such as citric acid or
tartaric acid, an amino acid, such as aspartic acid or glutamic
acid, an aromatic acid, such as benzoic acid or cinnamic acid,
a sulfonic acid, such as p-toluenesulfonic acid or ethane-
sulfonic acid, or the like. '

If the inventive compound is an acid, the desired salt may
be prepared by any suitable method, for example, treatment of
the free acid with an inorganic or organic base. Preferred
inorganic salts are those formed with alkali and alkaline earth
metals such as lithium, sodium, potassium, barium and cal-
cium. Preferred organic base salts include, for example,
ammonium, dibenzylammonium, benzylammonium, 2-hy-
droxyethylammonium, bis(2-hydroxyethyl)ammonium,
phenylethylbenzylamine, dibenzylethylenediamine, and the
like salts. Other salts of acidic moieties may include, for
example, those salts formed with procaine, quinine and
N-methylglucosamine, plus salts formed with basic amino
acids such as glycine, ornithine, histidine, phenylglycine,
lysine and arginine.

The inventive compounds may be prepared using the reac-
tion routes and synthesis schemes as described herein,
employing the techniques available in the art using starting
materials that are readily available or can be synthesized
using methods known in the art.

Representative compounds of the present invention, which
are encompassed by the present invention include, but are not
limited to, the compounds of the examples and the acid or
base addition salts thereof. The examples presented below are
intended to illustrate particular embodiments of the inven-
tion, and are not intended to limit the scope of the specifica-
tion or the claims in any way.
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al kyl. I'n particular enbodinents, R - is nethyl. In certain enbodi nents,
Xs is halogen. In particular enbodinents, X5 is F. In certain enbodi nents,
X is Hor halogen and X2 is alkyl or halogen. In certain enbodi nents, X
is Br and X2 is C. In certain enbodinents, Rmis C -C 0 alkyl. In

particul ar enbodi nents,is nmethyl. In certain enbodi nents, R2, R2a, R' and

R2' are hydrogen. Th| S inven i ncl udes sol vates of conpound of
Fonnula la-1, Ib-1, lc-1, I, EX%IW’E% V1ib-1, Villa-1, VIIIb-1, Xl a

and XIb. The term "sol vate" ref ers to an aggregate of a conpound of this

;2x32;;22e;“ e %Wﬁﬂ%pﬁﬁﬁdb@ﬁﬁ&%%ﬁ% b?évadeﬁilﬂ?%\‘f*’“@%%“ R
Vila-1, viillustrata and-exenaplifly- the sompoaunss presentalmmound of the
;”Ve{“'onltﬁf@ﬁ PRISRRTHBISUGT ! %HrYo%ﬁith %”{ﬁ 6‘&1&&15‘3'1%% %}C or both
or or gani AUBASEIO0shA aﬁ&%gaﬁbgg%@?%%rﬁ“@ssa%d@v¢%tlparmneﬁ el o5
o:ezglntsl llmmmtém Iy thespepetbﬁherﬁﬂ%mn X Al lesr&mb(r:ldgagfe tgﬁch
gal ts incl d‘%@‘mé %@s@&i@%@llﬁgﬁ%@%@g’gﬁki&%ﬁ %pg#%)hosphat es,

di hydr oge pal seactiensghesgmaedsnay, bepkash & pes, Dbroni des,

i odi des, Qﬁm@fé}%pﬁﬁﬁéﬁM@q‘Hﬁ%bﬁ%rSQﬂpﬂhé ﬁi\@ﬂtl@ﬁr vl es,

mal onat o4, lgs"b*ﬁé%iélee L

but yn- 1, 4-idivesmtasn ahexi,emnedﬁodpwmhmmhe of thisomestiont es,

net hyl benzogf ét rtH@ tff'e%[ Bmzoat es,
pht hal at es, su onglt1| xyl“enesu ?ona.g‘ ﬁ cet at
pheny! pr opiGsiidin mrbwwan@ay € HICEESS u yaﬁ%ﬁ%rmed by

- hydr oxybqhyfchﬁwncmy parent tarthoskeeskilted hanehe! damas.

L Bl o A ol T2,

nor e t han sanéallg r,ﬁ:agmts owmii éneegt other thapshose dgsambed esent

| vent | vo ARl 1M DA oF ﬁ%&“&rﬁ@g?g My any
sui tabl e PR3 @WV@ ¥n Pme%rfeaqtb@n& Bf the free

base wit h lamowsi i the anpwalidbe pecd gnited hshavmg@r ncabﬁhtyﬁoﬁuch as _
QZI’Q"SEL"%@E& (ﬂ%‘é{mbé{wgﬁ AL IRi0R o6 Acetic acid maiere
aci d, succi nintheeyampladeserihedde mwmbsgd)t&ermsanndléamd pyruvi c
aci d, oxalglg t@ ﬁeraﬁ'wf@@'élﬁ: et dordidlinCylebfed§idelduRyY REAGEAYS acid, such
as gl veur Were apcurchoarse%ffrom commercial suppliers such as Aldrich

Chemical Company, Lancaster, TCI or Maybridge, and were

used without further purification unless otherwise indicated.

Tetrahydrofuran (THF), N,N-dimethylformamide (DMF),

dichloromethane, toluene, and dioxane were purchased from

Aldrich in Sure seal bottles and used as received.

The reactions set forth below were done generally under a

positive pressure of nitrogen or argon or with a drying tube

(unless otherwise stated) in anhydrous solvents, and the reac-

tion flasks were typically fitted with rubber septa for the

introduction of substrates and reagents via syringe. Glass-

ware was oven dried and/or heat dried.
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ronic acid, an al pha hydroxy acid, such as citric acid or tartaric acid, an
am no acid, such as aspartic acid or glutamc acid, an aromatic acid, such
as benzoic acid or cinnamc acid, a sulfonic acid, such as

p-tol uenesul foni c acid or ethanesul fonic acid, or the liKke. If the
inventive conpound is an acid, the desired salt may be prepared by any

sui tabl e nethod, for exanple, treatnent f the free acid with an inorganic
or organic bt Mk rspecigai wrganeeosde sOHr 8 Vess flasteangnth al kali and

cal oi um PeratiE 400 LI, LHEEF?M. n§ Tra BRGSO ﬂ&aﬁm@nfﬂﬂ]
di benzyl a@‘ﬁﬁﬁgr@l’ gr[gﬁﬂsmlm utmoms nhppm)n{git ar NM o
s(2- hydroléiél’@@ﬂ’fs) W@E‘E'U'S@d ! Qfé/é (fP)’Wﬁ n{géﬁk"ﬁm}i H@¥M°§t enedi am ne,

and the | leties inc for

t
exanpl e, i’%@ﬁtaeéiﬂﬂ? %) S?%tsq;b clﬁl mns @ﬂi@aﬁ&sm%& Idgl ucosam ne,
pl us_sal t gdbaibilet), w (thiglet) cnn g@]eﬂt 3, by br@ad@nedmjld @dﬂu ne,

Ty be B?h&%ﬁ@%ﬂ%@ﬁe iéiéﬂﬁéﬁf“ GG Conblfne %ﬁfﬁ#@ﬁi@fig‘o ounas

descri bed thjvannﬂmnmepp ne&ﬁﬁﬂau vallable in the art using
starting materials that are readily avallable or can be synthesized using
nmet hods known in the art. Represent ati ye conpounds of the present

i nvention, which are enconpasse ¥ﬁﬁnﬁa§ %resent i nvention include, but are
not limted to, the conpounds of the exanples and the acid or base addition

salts thereof d illustrate

parti cul ar eng%ﬁﬁqgﬁﬁgg%fg §£q¥ﬁ§bﬁl20ﬁhﬁﬁhﬁpﬁﬁbgﬂgﬁgﬁﬂitﬁhed tolimt the
scope of the dpaoro+3aniethy b¢3 Hhderizo insidazaler Swapr boRXAMPLES ~ The
exanpl e and preparations prOV|ded %% w further illustrate and exenplify

t he conpounds of the present invention and nethods of preparing such
conpounds. It is to be understood that the scope of the present invention
is not limted in any way by the scope of the follow ng exanpl es and
preparations. Persons skilled in the art wll recognize that the chem cal
reactions described may be readily adapted to prepare a nunber of other MEK
i nhibitors of thelG®nkention, and al ternative met hdd@2Hor preparing the
conmpounds of this Jinvention are deenmed to be withip the scope of this

i nvention. For exaz i \;fied Eonpounds
according to the RYpe ifi

apparent to thi

led in the—amt, e.g., by |ppproprjiately protecting
interfering grg utilizing other suitabl ejjts known in the art
ot her than thosesdesCr d, and/or by mekjn (e od| f i cations of
reaction conditiorls. Altérnatively, ot herOBact i onk di sclBsed herein or
known in the art Will be recognized as having appl|{cability for preparing
ot her conpounds off the invention. I'n the exanpl eFdescribed bel ow, unl ess
otherwise indicated all tenperatures are set forth_in degrees Cel sius.
Reagents were puréhased fromcomercial suppliers duch as Aldrich Chenica
Conpany, Lancaster, TCl or Maybridge, and were used w thout further
purification unless otherw se indicated. Tetrahydrofinan (THF),

N, N-di net h

pur chased y’s%nbm:}m ge% @ﬂ“@ﬁm"ﬁ%‘%ﬁ%{s@%%@g@ e "%”e "The
reacti ons 819 feHAEL ri%)é‘ 9 pthlifé ressure of
nitrogen g uw Osn'a@fa&déﬂﬁ) Qrfs)lms(?;t 8bek %fdiééén@felﬂﬁw\!e@}% SCed) in

hyd t f| tt d th
S ober Cesaver s iR it s SHeThe RS SN Qs v e

d asswar eaddedovera dniirtueadi 02, Beditriiliedobenzoic ac1d (1094 g,
6.21 mol, 1 equiv.) in 3.3 L. (5.85 kg) of concentrated H,SO,,

in a second flask with ice-water bath cooling over an hour.
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111- NWVR spectra were recorded on a Varian instrument operating at 400 MHz.
"H NWR spectra were obtained as CDC13 or d6 DMSO solutions (reported in
ppm. O her NWR solvents were used as needed. Wien peak nultiplicities are
reported, the follow ng abbreviations are used: s (singlet), d (doublet), t
(triplet), m(nultiplet), br (broadened), dd (doublet of doublets), dt

er1 2 ( He ) DR Iete AdAEIDD, SRS AL Bo ot et oF ap MRy - 7-
f2| gOLOT?I W\%;r?yto ri)c%hmé érﬁa?:éd%i'ftepaﬂ )yt Ctmggéct%@n w‘éisep7184 o
Zor eor euthinplos by FPEE 3060 0% fohCtinm e bPioRa SRy
Chen addeq Lo ‘Pm’ree%?o?m“t‘ﬁ??.“}‘?tﬂ’o? e ds‘““é?'fib m"‘e 21 ol
equiv.) i Ep atrT(@ 6551,(&991‘&1 Eﬁl@gn})‘f%tteé‘d gﬁ&il@@ s‘éﬁ&ﬁ@ ngQ& with
i ce- vt er yodldwesluriryovasaoateditorl4° C., stirred for 2 hours and then
filtered. The cake was rinsed W1th 4.0 L of distilled water and
then with 5 L of heptane. The wet cake was oven-dried over-
- night. The crude solids (1.791 kg) were then stirred in 16 L of
distilled water (9 vol.), filtered and oven-dried at 55° C. under
high vacuum overnight to yield 1035.9 g (75%) of compound
2 as a yellowish solid. HPLC was 98 a % (220 nm) and 100%
(254 nm). "HNMR (400 MHz, d, DMSO) 6 8.44 (1H, appar-
ent dt, J 1.9, 7, Ar—H). "’F NMR (376 MHz, d, DMSO)
-153.9, -131.5, -120.9. '°C NMR (100 MHz, d, DMSO) 3
117(C,m), 124 (CH, bs), 134 (C, s), 141 (C—F,dt, J 251, 10),
148 (C—F, dd, J 265, 13), 154 (C—F, dd, J 265, 10), 163
(COOH). IR v, , /cm™" 3108 (br), 1712, 1555, 1345, 1082.
MS APCI (-) m/z 220 (M-1) detected.

[EEN

CO,H CO,H
F F
.
0,N F O,N F
NH,
2 3

Step 2: 4-Amino-2,3-difluoro-5-nitrobenzoic acid (3): Toa
mixture of 2,3,4-trifluoro-5-nitrobenzoic acid (2) (167.2 g,
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Upon conpl ete addition, the reaction m xture was allowed to warmto room
tenperature. After 5 hours, the reaction was conplete by HPLC and the
reaction m xture (brown solution) was poured over 10 mnutes into a
mechanically stirred m xture of 10.6 kg of distilled water and 11.8 kg of
ice. The yellow slurry was cooled to 14 C., stirred for 2 hours and then

L' of “hept e SEREOMes. edMavhda BB ks [ weterivag addedol tas -

g ﬁd7g$eﬁg%@ﬁ%en§g&ecbamnmnmn g(‘%mmdb QiSP/I’oeIt;(W Eeﬂutﬁ%xﬁog%)s ; i |g t (er7 g(c’i/()
q %&é t %

ﬁ];r) CO?&K/@@%&W&S&EIM %g mrgg Sm%x e%&lﬁﬁn@vvﬁs i\(r)ol—/l).(zng

T%R (276 Mﬁrre@ﬁf&@@ nﬁnd{%%4:%1d -theh Wwarmeéd © rodét %éﬂ@towz 1436 g'VEO)

dd, § 26? 1@1{“% SW}aéﬁ Eﬁ%a%eﬁcfb‘%ﬂlﬁa%b F&gﬁf doitftett) by, 1*5168

(br) 1712H hesusactioseminvsusrecvas-goated 1o Meeywadeshal,  Step 2:

4- Am no- 2, & édx\{é dtH@P(‘SS()?rgé{% é@kheﬁ%@deuﬂwg%q

2.3 4-trif y;

Joo ' of aiishp %ﬂe shufn s Shrddtion Lhanp it ics &}%heﬁg' ¥hant
NH3 sol ut l@ml hfpg%gd f3Reretd. Thesdake was. finsgdi with dnbusf dgstuliad i nt er nal

50 nut oo W ath Gt MR, THE R Wl Baen (Re

50 mi nutes

reacti on véreshatdViil covermight ¢o givee rledd 9 gnofi atye lbowasadid! ed in an
t t d 1

Ny Sﬁh@*‘f“rﬁa %;8?56&%?%@ gémr) o W(?f?é?ﬁ?@% 18 e o
filtered. tmbe Waséwmentmt@do@ndagu Argcev@perator n with 350
m of MIB dakee i Wé’(f dBa %eétqudrmiﬁ Ww34.9 g of a

|1 g‘% The MIBE
vetTow zo@“ﬁemma S A R0 AR e 1Bt
give 9.9 Cofmbinedoye ldr®ﬁ46@nﬁm:e—@ 3vwdsidhiodo- ﬂahﬁmbe&blet acid (220 nm

agd39g| y )Z&’%ZSf?H‘J%&CQ%g%g %K&éﬁﬁm dgEIMSQ) kO 200 M,

d6DVBD) g\gﬂ s, NIs,) 3142 8H 18, 7161 Ar—7Hp), 'AF BYMROF NVR (376
(

MHz, d6 3 10 C d, J
)0 e R4 1 0P, (

0 1o (S0 VE @?306@ J. 1531lﬁé‘éﬁ%ﬁ%‘wmﬂ

1280. N5 ARG P)ddﬂjlzaﬂl? (85,1408 €L 8d. J 1HNESI4C—F. dd, J

263, 11), 164 (COOH). IR v, /cm™" 3494, 3383, 1697,
1641, 1280. MS APCI (-) m/z 217 (M-1) detected.

CO,H CO,Me

w<>c: @
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Step 4: Methyl 4-am no-2,3-difluoro-5-nitrobenzoate (4): TMSC1(132 g, 1.21
nol, 2.0 equiv) was added over 5 mnutes to a slurry of

4-am no- 2, 3-di fl uoro-5-nitrobenzoic acid (3) (132.3 g, 0.607 nol, 1 equiv)
in 325 nL of MeOH. The m xture was heated at reflux for 15 hours. Once the
reacti on was corrpl ete by HPLC, the reaction mxture was cooled in an

the oake waStesHedMieThy bot -manvoR AT LAUArOREIOae a7 ni gnt at

5 C “”d‘IrMSQ'l (XY 21 mol, 2.0 equiv) was added over 5 minutes
to a slurry of 4-amino-2,3-difluoro-5-nitrobenzoic acid (3)
(132.3 g, 0.607 mol, 1 equiv) in 325 ml of MeOH. The
mixture was heated at reflux for 15 hours. Once the reaction
was complete by HPLC, the reaction mixture was cooled inan
ice-water bath for 45 minutes. Then the reaction mixture was
filtered and the cake was washed with 65 mL of MeOH. The
wet cake was dried overnight at 55° C. under high vacuum to
provide 128.8 g (92%) of 4-amino-2,3-difluoro-5-nitroben-
zoic acid methyl ester (4). HPLC was 97.9 a % (220 nm) and
99.2 a % (254 nm). 'H NMR (400 MHz, d, DMSO) d 3.84
(3H, s, OMe), 8.1 (2H, br s, NH,), 8.43 (1H, apparent dd, J
1.9, 7.2, Ar—H). '”F NMR (376 MHz, d, DMSO) § -153.6,
~129.2. >*C NMR (100 MHz, d;, DMSO) 8 52 (CH;0), 105
(C,d,J10),125(CH,t,J2.7,), 128 (CH, d, ] 5), 140 (C—F,
dd, J244,15,),141 (C,dd, J 14,5),152 (C—F, dd, 1263, 11),
162 (COO, t, 1 3). IR v, Jem™ 3433, 3322, 1699, 1637,
1548, 1342, 1234. MS APCI (-) m/z 231 (M-1) detected.

CO,Me CO,Me
F NH,
—_—
O,N F O,N F
NH, NH,
4 5
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provide 128.8 g (92% of 4-am no-2, 3-difl uoro-5-nitroben-

ester (4). HPLC was 97.9 a % (220 nm) and 99.2 a % (254 nm 111 NWR (400

zoi c acid nethyl

MHz, d6 DMSO) 8 3.84 (3H, s, Ow), 8.1 (2H, br s, NH,), 8.43 (1H, apparent

dd, J 1.9, 7.2, ArH). "9F NWR (376 Mz, d6 DvsO) 8 -153.6, -129.2.

(100 Mz,

' 3C NWR

d6 DMBO) 8 52 (CH30), 105 (C, d, J 10), 125 (CH t, J 2.7,), 128

(Tt 13, S5 ST A oo Stondodugls 152, s

1342, 1234loMB s%mied splatior3if vethylet-eahedo-2,3- difluoro-5-ni-

trobenzoate (4) (33.0 g, 142.15 mmol) in 1,4-dioxane (165
mL, 1.93 moles), in a 250 mL glass pressure vessel, was
added an aqueous solution of ammonia (39 g, 711 mmol, 42.9
ml, 16.5 M). The vessel was then heated in an immersion
bath at a bath temperature between 79 and 105° C., for 80
minutes, over which time the internal pressure ranged
between 0.2 and 2.7 bar. The pressure was then released
slowly and the mixture was treated with water (330 mL, 10
vol). The resultant suspension was stirred for 20 minutes and
then filtered under vacuum, and the solid was washed with
water (33 mL, 1 vol). The solid was sucked dry, then dried in
a vacuum oven at 50° C. to provide methyl 2,4-diamino-3-
fluoro-5-nitrobenzoate (5) (32.6 g, 92% yield) as a yellow
solid. "H NMR (500 MHz, d4 DMSO) § 3.83, (3H, s, OMe),
7.20 (2H, br, NH,), 7.37 (2H, br, NH,,), 8.47 (1H, s, Ar—H).
*C NMR (100 MHz, d, DMSO) § 52 (CH,), 101 (C), 122
(C), 126 (CH), 134 (C), 137 (C), 142 (C), 166 (C=0). v,/
cm™ 3474, 3358, 1697, 1633, 1528, 1435, 1317, 1285.

CO,Me
NH,
H,/Ptor Pd
O,N F
NH,
5
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CO2MeCO2Me Nl -12NI 12 45 Step 5: Methyl

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

4- am no- 2, 3-di fl uoro-5-nitrobenzoate (4) (33.0 g, 142.15 mmol) in

1, 4-di oxane (165 nL, 1.93 noles), in a 250 nL gl ass pressure vessel, was
added an aqueous solution of ammonia (39 g, 711 nmol, 42.9 nL, 16.5 M. The
vessel was then heated in an imersion bath at a bath tenperature between
79 and 105 C~ for 80 mnutes, over—mwhich tinme the internal pressure ranged
between 0.2 hnd 2.7 bar COnMepressurle was then released slowy and the

m xture was jreated with water (330 |mL, 10 vol). The resultant suspension
was stirred for 20 m nutles and N filtered under vacuum and the solid
was washed wth wate L~"1 vol)|l. Thg solid~was sugked dry, then dried
in a vacuum pven at HO C. tq providg rretMW?-(”s\/
fluoro-5-nitfobenzoatle (5) (|32.6 g, [92%y+ - e ' FI NMR
(500 MHz, d6| DMSO) 8™s / , s, Qwve), 7.20 (2H49%¢, NH2), 7.37 (2H, br,
NH2) , 8.47 (LHLN Ar-HY ' VR (100 MHz, d6 DVMsO) 8 52 (CH3), 101 (O,
122 (O, 126fj(CH, 134 (|©, 137 (O, 142 (C, 166 (C 0). vmaj cm1l 3474,
3358, 1697, [1633, 1528, N1ﬁ§’5 1317, |1285.

CO,Me

NH,
\:':—" N
6

Step 6: 6-Amino-7-fluoro-3-methyl-3H-benzoimidazole-
S-carboxylic acid methyl ester (6): A nitrogen purged hydro-
genation 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-5-nitrobenzoate (5) (100 g, 419 mmol)
in tetrahydrofuran (1.3 L) 15.98, followed by methanol (700

mL). The mixture was then stirred, purged with nitrogen, and
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NH2 5 NH2 6 Step 6:

6- Am no- 7-fl uor o- 3- net hy1l- 3H benzoi m dazol e5-carboxylic acid nethyl ester
(6): A nitrogen purged hydrogenation vessel was charged with pall adi um on
carbon (5.53 g, 1.30 mml), and to this was added a solution of nethyl

2, 4-di am no- 3-f | uor o- 5- ni trobenzoate (5) (100 g, 419 muol) in
tetrahydrofuran (1.3 L) 15.98, followed by nmethanol (700 nL). The m xture
was then $wdateddio AvQéd &M1Ingtwa§e1ﬂnemmusmhwhlha)tlm stenilrring was

wns 't hon_ FLad bRl cuiMEL BB @ hat i TeaBlRg by E?JI%‘SQZ;' ring
uEt ake hadecensnienoad2d /S50 mhﬁd't@gén751hd)mtsejb$ dire-syst em was
| ndi cat e S bi%&iiﬂiﬂ??@ﬁsgﬁna@ ??ETM%ZM%%@%@??%@?@HZ' <ol uti on
yi el dhof lUIE els%demmam enr;ucmtg;e warhap llﬁmgemm valdewe h@t hmexture
catal yet SROITheRQU T BIRL R sts s el Al St TnbaBRR; 861 vent
was t hen dld%ﬁéhfﬁfeaogd#mdﬁgﬂtm ZohHIQOn}l/_ @d(%g%lledﬂ;mzdeglagdl_; he
m xture \A@ﬁ Al ur

§ dhePWay AptioGmataRto6%; e hiixtike vyaj
\élvggt ZFFS? then ﬁi}’[emedwmsmglnaﬂ.?\(ShatnfsﬁDgxtl 1mllned%]$enftoatmn?‘?mel:}§t/he3e/ vvlelre

t t .

s I M S P
mol ) in SGPURAHALE O ek anadl s@ge @gﬁugﬂ@ dogsgadded
SRR A i e R
E:SHSISetC e ﬁxﬁgiﬁgwbﬁﬁgpﬁz%%ﬁﬁ L%}l% @lsmﬁ@@a%ggg \3'3; 10

c e g geeto ea%’&F 30
;nnguagfdaadddd Sdléopadicach tnte bysrdmareal af bélvmu(iaﬁﬂ(}mhr)y w;ns n? thgfn
filtered %gﬂéigﬁﬂag was washed with acetonitrile (2x200 nL), and then
dried at ‘cuum oven, to provide 73.65 g of

6- ami no- 7- f IleHovemnetthe: solvent swiapaproeeducarabeye; dhecstirredhy| est er
(6) as a pR@ReOWhs Ad AP 628095C3 AndYa FdhAlond20tp-tathe R

sulfonic acid monohydrate (87.7 g, 461 mmol) in acetonitrile
(175 mL) and water (7.6 mL, 419 mmol) was added slowly,
followed by diethoxymethane (95.98 g, 921.59 mmol). After
3 hours, HPLC analysis indicated incomplete reaction and the
temperature was raised to 65° C. for an additional 1 hour, after
which time the reaction was complete by HPLC analysis.
Pyridine (66.3 g, 838 mmol) was added over 10 minutes and
the reaction mixture was cooled to 20° C. over about 30
minutes and held at this temperature for 2.5 hours. The result-
ant slurry was then filtered and the solid was washed with
acetonitrile (2x200 mL), and then dried at 45° C. in a vacuum
oven, to provide 73.65 g of 6-amino-7-fluoro-3-methyl-3H-
benzoimidazole-5-carboxylic acid methyl ester (6) as a pale
brown solid (assay 95.3%), vield at 100%, 75%. '"H NMR
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(400 MHz, d6 DMBO) 8 3.79 (3H, s, NMe), 3.87, (3H, s, Ow), 6.04 (2H br,
NH2), 7.82 (1H, s, ArH), 8.23 (1H, s, Ar H. "C NWR (100 Mz, d6 DVSO 8 33
(NCH3), 52 (OMe), 110 (CH, d J 5), 111 (C, d J 4), 124 (C, d J 5), 125 (G,
d J 14), 136 (C, d J 11), 137 (CF, d J 242), 145 (CH), 167

v',,"/cm1 3455, 3283, 3166, 3096, 2950, 2361, 2342, 1689, 1608, 1228. M

6 (o éfén@éozﬁzi%f%”; L EINES S 5,517 0. ssf\?ﬁde?) 3.87, (3H, s,
)rzgtnPylhogF(miél g Ot %IC@*IH) )4'78( {% Naf&lr?l)),c&’% (AH s, :J;gl Ol;n 0
rant pho 13CORRER! {160°MT1 (! RSRAKO S RSACERRPRL 3, Rgh ! adi um (0)

(OMe) IIO(CH d15), 111 (C,dT4), 124 (C.d 1 5), 125 (C.

d I 14), 136 (C, d J 11), 137 (CF, d J 242), 145 (CH), 167

(C=0). v, Jem™" 3455, 3283, 3166, 3096, 2950, 2361,

2342, 1689, 1608, 1228. MS APCI (+) m/z 224 (M+1)

detected.
Cl
CO>Me I
NH,
Br:

\e= ot

6

CO,Na

Step 7: 6-(4-Bromo-2-chlorophenylamino)-7-fluoro-3-
methyl-3H-benzoimidazole-5-carboxylic acid (Na Salt) (7):
A mixture of Xantphos (1.20 g, 2.05 mmol) and tris(diben-
zylideneacetone)dipalladium (0) (1.26 g, 1.37 mmol) in
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anhydrous anisole (76 nL) was stirred under nitrogen, at 50 C for 30

m nutes to provide a an orange-brown sol ution of the catal yst. To a
stirred m xture of 6-am no-7-fl uoro-3-nethyl-3Hbenzoi m dazol e-5-carboxylic
acid nethyl ester (6) (8.00 g, 34.16 mmvl) and cesium carbonate (22.48 g,
68.31 Mol ) in anhydrous anisole (76 nL) under nitrogen was added

4- br onp- 2-C oi odobe 1.10, e 4.88 The preforned
cat al yst, a’&EY@F@EﬁIa@dS‘gffbc& g&ag W%%ﬁtlﬁlffdjeﬂﬁagr pﬂgoﬁeﬂ:g{gd o provide a
dark browg. fosBénsiinnteswl srovide dwabednge-BaS2nColutibniothie ri ng at 350
rpm The 55@5‘ gn was nonitored by HPLC anal ysis. After 41 hours, no

6- am no-7 3-met hyl-311- benzoi m dazol e- 5- car box%ll iC aC| d net hyl ester
(6) remai ned0 Bhetireed tiaxtwtexafr 6-aasneedrBuore- 3muethwbedH-and 1M sul furic

o) 58 o S s Qg 151 1
ot forvescadc lﬁélmewmﬁ@rﬁﬁaa&m@n% oSl BEGhER 7°and 5.
Addi ti onaanhydmuswaawle( 1(M6 1mI2p wo eI[ODIH”O@EmI )waasadd@d added to give
T e e o w0 o s )
C. thr ougﬂnélq\ﬁtlgh %i\g\ﬁ%f&ﬁﬁm&i‘eﬁaﬁ%ﬁf Cafdfi et the cake was
washed w addedi tmlthe(mlxmrmtemlde)a ddukn braven sgspemsjonThe | ower

aqueous | @I cay¥ c er was washed
wi'th 10%2‘2@%&‘?’%‘“‘%%“&@%%“ o ;«Z‘fﬁ@ iﬁm e
A

sol uti
hydr oxi del !t%ﬂdva%%l%ﬂ%%‘?@gb’rﬁﬁ’if@ ‘?53 W O xt ure was
heated at 6661n1n6—7vﬁm¢1r($-ﬁ—me l Ni—bmﬁﬁﬁnb]aaoée%@rboxbzym s indicated

t hat the mgdeiﬁf-{ e'ﬂag;j e%ﬂ?r &op{abgégcﬁ%hgﬁ\t 5 Was cooled to
15 C. th t 4x24
\TBECOOIES aDaNa BEeE oantt | M SHEIEC Ge)C RAN TR AL “’Zt s i a
\éafzulr)n ovamiod) wasladdedlﬂ’:ﬁs evo]‘utlon was observed after 10 min- arol o5
rong m dazol e-5 -
car boxyl i c‘t'cgS ﬁfého%%pftﬁ%%f%ﬂ?ﬁ Eﬁ gﬁ%&lﬁ\o ; W?&éy geg&zﬁ/1 11-1 NWR),
actual w CHEI¥@SEL 61061)0 e %15 (3H, s, Nwe),
6.53 (1H, 7cehd 8. Add?tloﬁlalh’l)ﬂﬁiléﬁc(d MdLOQS%JL%H)%ZrM)moY 56 (1H, d, J

il i e i S ot A 620 5
6), 122 (@)IXtupy was dIIUi with7anysoles Q) 189@) filagom: d, J 9), 133
(C d, J FW.144ltdAg eﬂ%aé@ﬂdéﬂ 1 webether Aftcr6iat abtUEDV) . Exanpl e | A
Syt ggggfgghﬁ%@g@gx\ggf%@w&'pmbwga%rﬁw 114 S ehlR NY! - 3 benzo
he cake was washed with anisole (1x40 mL+3x20 mL.), then

Water (10 mL). The lower aqueous layer was separated and

discarded and the organic layer was washed with 10% aque-

ous NaCl solution (2x40 ml.). This was added to a sodium

hydroxide (5.46 g, 68.3 mmol) in methanol (24 mL.) and the

mixture was heated at 65. ° C. with stirring. After 17.5 hours

HPLC analysis indicated that the hydrolysis of the ester was

complete and the slurry was cooled to 15° C., then filtered on

a sinter. The solid was washed with water (4x24 mL), MTBE

(24 mL), and acetonitrile (2x25 mL) and then dried at 45° C.

in a vacuum oven to provide 11.07 g of 6-(4-bromo-2-chlo-

rophenylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-

carboxylic acid (7) as a fine pale brown solid (assay 93.7% by
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acid, Na salt 12 Step 1: 2,3,4-Trifluoro-5-nitrobenzoic acid (2): To a
stirred solution of 2,3,4-Trifluorobenzoic acid (70 Kg, 398 Mdl) in

sul phuric acid (96 wt % 194 L) and hexanet hyl di sil oxane (6.5 Kg, 40 Mdl),
at 23 C., was added a 1:1 mixture of sulphuric acid (96 wt % and nitric
acid (98 vt % (total 70.1 Kg), over 75 mn. The tenperature of the

The i xturEl MIME T, aSAAbA | 003 e 67 Roda el Dhertd m@:mﬁd‘ (700

Kg) . keepMiBI%hd tE)MS@}:mogﬂ [8Hes, NMeje GIPIICIdAIs, (5 L) vas

§§§?:?‘§3We A 1%@:5 bmﬁi H@fiﬁ;ﬁ?&% ng’i)
?ﬂﬁ?gs&sﬂi’% méﬁﬁéﬁﬁ;“ URk R @gﬁdm@mm
wat er (2 t t1 Y, provi de
2o TR E U qﬁ‘a{gé%??%gi%%@ Rl

e bi)é@im@m 15059) 136 (LR 00 see) B 117 (C, i 12

(CF, dd, J 265, 10), 163 (COOH). IRAlnllcy/cml 3108 (br), 1712, 1555,
1345, 1082. M5 APCI (-) 'z 220 EMarhplet ¢ ed.

Synthesis of 6-(4-bromo-2-chlorophenylamino)-7-
fluoro-3-methyl-3H-benzoimidazole-5-carboxylic
acid, Na salt

CO,H

oS

Step 1: 2,3,4-Trifluoro-5-nitrobenzoic acid (2): To a stirred
solution of 2,3,4-Trifluorobenzoic acid (70 Kg, 398 Mol) in
sulphuric acid (96 wt %; 194 L) and hexamethyldisiloxane
(6.5 Kg, 40 Mol), at 23° C., was added a 1:1 mixture of
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22A Nl 12 5 Step 2: Methyl 2,4-diam no-3-fluoro-5-nitrobenzoate (5):
2,3,4-Trifluoro-5-nitrobenzoic acid (100 g, 0.452 M) was dissolved in
met hanol (60 nL) at 25-30 C. To the resulting stirred solution, at 10 C ,
was added chlorotrinethylsilane (98.3 g, 0.91 MI, 2 equiv.), maintaining
the tenperature between 10 and 20 C. On conpletion of the addition the

m xture was eaIed t refl .5. hour,s t. 99% (area)

conver si oAt 8(963" ‘)yoﬁﬁpamm%@dr@&%bégz@a%ﬁ@é) was i ndi cated by
HPLC anal Yed)s OVN ﬂéranThagelm@rme @i she gepeioom evpereat ure it was dil uted
wi t h N- methugl pyiteineddneaw Pl 5 388 26°) Caddrin %&h@@kﬁh@n vessel was placed

A %EF@‘%“H"‘%?%@%%?W A Hod8 ab %E%“m‘?‘é’o koepi ng the
t enper at u? ) “PAl e[pfeo {%Ft%ﬁ éh during the
addi ti on. belpwpd rQacWéFer eWa§I1t$§ ddton RdSR e@ltﬁt 18D C., with an

i nt er nal pezaﬁemmﬂomlﬁe Quénd:iarcgact@rf amed 115 dbtainghmixeaetwan m xt ure was cool ed
to 60 C. @ﬁﬂeﬂﬁ@rﬁﬂﬁﬁﬁ@éﬁom fiRheaskied dha ée@ﬂ’ﬁﬁﬁg’é g was then increased
to 75 C rés?ﬁlﬂa '§ g@ﬁmpl&'wa@xﬂ( rﬁf’ W % ([d 0.88] in

wat er ed to 50 C. over 90

mn dur| n q,\ﬁql Y‘g’ﬁé ‘3\“§EW e&r%‘c‘f’%&f&?é&@%@? ?fi;?%ter a fiwher 1

hour at 58 hoursiat@Ci Tbos suspensionauas theneantifngsd arndhitha he resul ting
suspensi onakeasvasoviashed avi2lh oGld anatet i(R16rle)]. thehedried tirra cake was washed

once W t hydeduMRengiterse C. for 2 days, to provide 2,3,4-Trifluoro-
5-nitro benzoic acid (69.4 Kg, 74.3% yield). 'H NMR (400
MHz, d, DMSO) 8 8.44 (1H, apparent dt, J 2, 7, Ar—H). *°F
NMR (376 MHz, d, DMSO) 8 -153.9, -131.5, -120.9. 1°C
NMR (100 MHz, d, DMSO) 8117 (C,m), 124 (CH, b s), 134
(C,s),141 (C—F,dt,J251,10),148 (C—F,dd, J265,13),154
(C—F, dd, J 265, 10), 163 (COOH). IR v, /cm™" 3108 (br),
1712, 1555, 1345, 1082. MS APCI (-) m/z 220 (M-1)

detected.

COOH B CO,Me

F F
—_— —

OzN F 02N F

F - F _

2 2A
CO,Me
NH,
0,N F

NH,
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(540 nL), once with water (540 nL) and then dried in a vacuum oven at 50 C
for 24 hours, to provide nethyl 2,4- diam no-3-fluoro-5-nitrobenzoate 4)
(91 g, 88%yield). 6 Step 3: 6-Amno -7-fluoro-3

-nmet hyl- 311- benzoi m dazol e5-carboxylic acid nethyl ester (6): A nitrogen
pur ged hydrogenati on vessel was charged with palladi umon carbon (5.53 g,

1.30 I dt d | yt f thyl 2 di
371 voro - 31 %@aﬁh“ﬁfﬁfsﬁaaﬁmﬁ& o Mmt%obanméé’?ﬁﬂ?an (1.3

;Lrégdg\?\né IAMﬁbrgﬁ??iﬂ{O%@g %Cl(geql ﬁlﬁ’% V\%ﬂ ten p1 se%gv\,hl | e

(e ystcasso ot methane Gl -3
ceased an %&g Egmﬁh%’r%% “he ﬁgt%gg‘% ﬁgﬁ‘f}g&%@v\éﬂﬁgn pur ged
with nitré§&3agd QL9d 9 oe quiv. 2 OII![BIIHEUOI he dempecatetet hat al |

2 7, B TR0 @xﬁz@pb&gs@bﬁl LRI T
filtered mixtuee wiasnheatediat rethx ifared hou ¢ tins paint Y /and the
I e St AR SR SR
to cool té ZEmmdmmc&t by d1PAcél amialyisis. Qufterngosdsgadeel moxehe

ook %MO@@E@B@M@? gt Bl gy - ﬁlk@@@&b?i?ht e

addi ti onal
by removarobfdenev@N R0 mi)) amddlhﬂrd:aatlmnvessE&rWaw placddisol vent

Zol ut f’éﬁcgl?l”[ﬁ@oﬁ%iﬁegéﬁmﬁé{@ﬁﬁdrﬂ%ﬁﬁé&@tﬁg fn 0336t bl [ﬁ?n
acetoni tr 01 88]1 64 gq:gﬁgrmm wii9a
Y

2k DR e vt G

C. for anvadlow precipitatewad fermedaduring thesaddatiorenTles reacs! et e by
the r onct ¥f§ksva@§’ Eh%r\é;&%%sf adid Jigafed’ %@gﬁ Bocr, Vatitiiah edeBThel d o
this tenppressugef of 2.5 barg sAflee 5dsolr-the reaction mixture was
cooled to 60° C. and the pressure was released. The tempera-
ture was then increased to 75° C., followed by addition of
ammonium hydroxide (33 wt % [d 0.88] in water, 53 mL., 47
g. 1.0 Mol). The mixture was then cooled to 50° C. over 90
min. during with time a yellow precipitate was formed. After
a further 1 hour at 50° C. water (400 ml.) was added over 1
hour and the resulting suspension was cooled to 25° C. and
filtered. The filter cake was washed once with 1:1 NMP/water
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ant slurry was then filtered and the solid was washed with acetonitrile
(2x200 nL), and then dried at 45 C. in a vacuumoven, to provide 73.65 g of
6- am no- 7-fl uor o- 3- met hy1- 3Hbenzoi m dazol e- 5- carboxylic acid nmethyl ester
(6) as a pale brown solid (assay 95.3%, yield at 100% 75% 1-1-1 NWR (400
MHz, d6 DMSO) 8 3.79 (3H, s, Nwe), 3.87, (3H s, 6.04 (2H, br, NH2),

ZN%is§ 1H5ﬁ4@e$LﬁG§§@\(alwﬂji Wat@m(ﬁﬁ mNE)( ol d%qmdgm%an 8&1‘;’3( c d
3455 3209 AGHpRn gkl afSTOC T, 78 Boudgrd ‘Pé%)&ﬂ%él%t% B

224 (1) diemened3-HluoroeS-nitrobenzoate 4) (91 g, 88% yield).

CO‘)MC

s

NH,
H,/Pt or Pd

————

NH,

CO>Me

NI,

HoN F

CO,Me

NH,
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Step 4: 6- (4 -Brono -2- chl orophenyl amno)-7 -fluoro -3 -

nmet hy1- 3H benzoi m dazol e-5-carboxylic acid (Na Salt) (7): A mxture of

Xant phos (1.95 g, 3.36 nunol) and tris(di benzylideneacetone)di pal | adi um (0)
(1.23 g, 1.34 mmol) in anisole (135 nL) was stirred under nitrogen, at 50

C. for 30 mnutes to provide a brown solution of the catalyst. To a
stirred m xture of 6- m'.no- | uor o5 3- h 5 enzoi m.dazol e- 5- car boxylic
261 d et hyl SIeBer: @y uBT- U080 %3 Ty aHid- BB OMARNST o (43. 70 g,
134.4 mmﬁ)caﬁt@tyheqicﬁd(rh%@h )esteld ): A tioagre r gededydro-

4-b 2- hI d ) th
o7 of or mecLERRHRYLPCS B h eﬂ;mﬁnéée@ﬁbﬁ audgbell? ﬁé% xture,
fol I owed gy laBOanumilye ama tcL)this veasasided @ pobwiida af dnelthyl own

eact on gidk AAREEFS, PR aeethidp jyg%éﬁéii'l?ﬂ #o47Q oty The

6- ami no- 7Hi tetwahyslroturgn (3thény b5 8pﬁzldow banicd GG net hyl ester
6 5 nL d
Cobl ed T8 fﬁéaﬁ%fﬁ?ﬁ%?é@t&?@u r. %Eﬁ@g%ﬁ%%ﬂd s added,
gas evol uheatedita M éﬁd&ﬁmngmasd pausaddw ﬂaeesxsﬁeaudu tion was
7e"c °a ﬁ@%&%@f qe“ %8‘”%%‘3? ‘*’ﬁgf T agont (378
g) was L dERROTANERsCe Eteé(ﬁ erwgaﬁr\éa ¥Eii’9red for 20
][nln:lt es. t gk'&qiﬂat dcbhsedthmingb@ om hadfb@rp&d\eﬁ(gar? golnlL; eTh
| er a en n X e
| ower aqu a§/¥\$ %%ﬁgg\@'ﬁ%{% ﬁéﬁﬁ‘t&%qgﬂgdtﬂzggﬁeégﬁ? c layer was
was hed wi CGO]LU%?&htEo ansdy sty vrdicated thay all startingyeiadesi | i abond
- Thi our g3 &]h%(i)ﬁeéh fé@été’(%?‘a ﬂf’attth% é?f %}3 gﬁ%ﬁbf%ﬁem&ﬂré& a fine

suspenS| e mxture was

filtered &W@H&ﬁ Bﬁé@gcé %amrpﬁ OHEIWE WaS o ovi de a
cl ear or atlgm filteyedsabing enWhatmianwig mshlmdﬁﬂtn:ra@ @mbve tleesol ution, was

dded f h |
(15 H [r?t?ﬁ‘?qﬁ(ééwl%eﬁgg'sﬁgﬁ‘ewg ‘fZ{aghF ﬁut Y?E Sequiv.) was
added to mSQlé’@mitWBﬁ iiﬁélr dmtl i de a beige
slurry. A!‘ﬁ[e,hﬁ B@éﬁ%d‘lfé&e@‘@ill&%hé mm&@@@stﬂﬁwﬁhﬁ@&dﬁptd sis of the

d h d
of 2 hour BTG gﬁﬁ@% HRE dhrotaRtrtRa 0D s AR Hsas eenod
with wat emigdues, foljoweehbyricedoaal 08 solventilxla)bgmdmtﬁﬂnatlon provi de

6- (4- bro”ﬁg@n%@%&&ﬁ?%hg 519% ﬁl]]ﬁ' % f acfeto jtrile w
-methyl-3 ol azo OSB f@é ige solid
(22.9 g, @ ed fghomﬁdﬁaﬂmm&gﬁanemm@ Ivent %ﬁer ) hR (400
MHz, d6 %thﬁikiﬁoﬁSH s, Nwe), 6.53 (1H, dd J 9, 7, Ar , 71.27 (1H,
dd, J 9, 8.20 (1H,
s, Ar-H), 1?0%@‘?(@103&1%%9#%@“5%?@& f%“ s Byl Bﬂ)§é t’g‘% (CH3 (108
(CH d, JnAKtur@svasHjooled tov0d,Ca ad aselytpn g):f4p(toluanea 7)), d J 9),
133 (G dgylohteactd’monohydrate (87.7 g, 461 mmol) in acetonitrile

(175 mL) and water (7.6 mL, 419 mmol) was added slowly,

followed by diethoxymethane (95.98 g, 921.59 mmol). After

3 hours, HPLC analysis indicated incomplete reaction and the

temperature was raised to 65° C. for an additional 1 hour, after

which time the reaction was complete by HPLC analysis.

Pyridine (66.3 g, 838 mmol) was added over 10 minutes and

the reaction mixture was cooled to 20° C. over about 30

minutes and held at this temperature for 2.5 hours. The result-
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127 (O, 130 (O, 131 (O, 132 (C, (©, 145 (CF, d, J 252), 146 (CH,
170(C0). Exanple 2 Synthesis of 6-(4-Brono-2-chlorophenyl am no)-7-
fl uoro-3-nmet hyl- 3H benzoi m dazol e-5 -carboxylic acid nethyl ester (11) C

ant slurry was then filtered and the solid was washed with
acetonitrile (2x200 mL), and then dried at 45° C. in a vacuum
oven, to provide 73.65 g of 6-amino-7-fluoro-3-methyl-3H-
benzoimidazole-5-carboxylic acid methyl ester (6) as a pale
brown solid (assay 95.3%), yield at 100%, 75%. '"H NMR
(400 MHz, d, DMSO) 6 3.79 (3H, s, NMe), 3.87, (3H, s,
OMe), 6.04 (2H, br, NH,), 7.82 (1H, s, ArH), 8.23 (1H, s,
Ar—H). *C NMR (100 MHz, d, DMSO) & 33 (NCH,), 52
(OMe), 110 (CH,dJ5),111(C,dJ4),124(C,dJ5), 125(C,
dJ14), 136 (C,d J 11), 137 (CF, d J 242), 145 (CH), 167
(C=0). v,,./cm™" 3455, 3283, 3166, 3096, 2950, 2361,
2342, 1689, 1608, 1228. MS APCI (+) m/z 224 (M+1)

detected.
Cl
CO,Me I
NH,
Br:
\_—"'":—' N
6
CO;Na Cl
H
N
. N F Br
. \::—" N
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6 11 A solution of Pd(OAc)2 (0.777 g, 3.46 nrnol, 0.04 equiv.) and
Xantphos (3.0 g, 5.19 mmol, 0.06 equiv.) in toluene (300 nL), under N2 was
stirred for 20 minutes and then added to a slurry of
6- am no- 7-f| uor o- 3- met hy1- 3H benzoi m dazol e-5- carboxylic acid nmethyl ester
(6) (19.3 g, 86.5 nmol, 1 equi v.), bronochl oroi odobenzene (30.2 g, 95.1

Ssi ze=20 m,crons oQr g, 156

mmTrgi ri 5 cqHtiD) 'nf arB e twiﬁﬂ&mphgnmlgmﬂgo 171—133@11'8 T The
Xt U
mat eri al W%lé ﬁngﬁﬁgggzbﬁﬁ %lﬁﬂ ter_.a ?(yv%nlggé&hd (N%{%?g)i g?zool gt o]
aml:)l ent |( tz V\Jé!;lXﬁuI’LQa ?Zﬂ @g?dﬁ umy;mnggttmglch an Tﬁwsf) IhI .
t ol uene i o
ugd

\sA?i\Mt Sznoxswea d?@ Nﬁﬂél?sbtlﬁr nigLE emm&%g@ﬁsﬂigﬁ@}g gﬂ MS;?Sd\?Vg.S

( Y
e S r@g.ﬁsr%%z%aéwoﬂuti@ﬁsofgm G o
dri edbl nav @umsﬂﬂfe nupEktore t oammo uoro thvl ]
6- (4-br I €
ARl T S g
mass= 23 6 od) @nd neswmn gad mated 4 zame]l) k), 3.93

o ?1HO\‘@J§0§8%5 éﬁlLﬂqﬁ%tﬁw%ﬁg;ﬁ%@%r@%oz g% %Ar H) Ar

H; 819F @l 33g;, 1aONeguivop hespreeN), 52

03 10), %“9%61(1% 8%Q31X§ﬁ%§§58%9 (i&‘*ég*’%%%l}eﬁi%é@é@o 3he° 4

140. 8 () muxbure( toHowedib amsele (1I3m tovprovacke 3401,
1700, 1506, {aidbriwh $hspdtsid, %m%?he%%a%@mt MARS ()
stirring at 400 rpm. The reaction was monitored by HPLC
analysis. After 14 hours, no 6-amino-7-fluoro-3-methyl-3H-
benzoimidazole-5-carboxylic acid methyl ester (6) remained.
The reaction mixture was diluted with anisole (75 mL) and
cooled to about 80° C. 1M aqueous sulfuric acid (108 mL 108
mmol) was added, gas evolution and an endotherm was
observed and the rate of addition was controlled to moderate
the effervescence and maintain the temperature above 75° C.
At the end of the addition the pH was 0. Harbolite filter agent
(3.75 g) was added to the biphasic mixture and the mixture
was stirred for 20 minutes. It was then filtered at about 80° C.
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Exanmpl e 3 Methyl 2,4,5-triam no-3-fluorobenzoate (9) 59 A mxture of
nmet hyl 2, 4-di am no- 3-fl uoro-5-nitrobenzoate (5) (40.0 g, 173.7 nmmol) and 5%
Pd/C (3.0 g, Type 487; 0.4 nmol % Pd relative to starting naterial), in

nmet hanol (300.0 nL) and tetrahydrofuran (300 O nmL) was stirred at 2000 RPM
under hydrogen (-3.5 bar), at 50 C. in a 1.5 L hydrogenati on vessel. After

| d lysis indi d
hat no sUBFOURGmA BE |r€3%amﬁﬁ%2ﬁﬁ%§? ARE N e Tich A |GARPCHY Bhder
nitrogen RiasHdE \Wﬁlth@tf £8 %?ﬁsbﬂéngg&]ﬁtﬂlEp*F TheO 18erto give

a clear yellow solution was _r ve ary evaporation, to
provi de m&C[NBOBIMij@ZeleﬁhSnﬁepafat@iﬂo‘iﬁdz weards &md the g3rganie w by

BNl O ST T
(1H, d, JmL NVR (100 MHz, d6 DMSO) 851(CH3) 98 (C, d, J' 5), 110
(92 DiARR i B Sk SO ek e e 22,
1655, 13 14)r<fzﬁnﬁpﬁyér)t0n15?0%@e(éﬂﬁlﬁe deisgsdgsion! Eix@mél? was stirred

at 80° C. After 2 hours the mixture was filtered through glass

fiber filter paper (GF/C) at 80° C., to provide a clear orange-

brown solution, which was cooled to 55° C. To the solution,

was added methanol (45 mL) and water (2.7 mL 2.2 equiv.).

A mixture of methanol (15 ml.) and sodium methoxide in

methanol 30% w/w (24.22 g 2.0 equiv.) was added to the

organic solution over a period of 1 hour, to provide a beige

slurry. After 2 hours HPLC analysis indicated that the

hydrolysis of the ester was complete and water (75 mL) was

added to the mixture over a period of 2 hours. The resultant

slurry was then filtered and solid was washed with water

(3x45 mL) then dried at 45° C. in a vacuum oven, to provide

6-(4-bromo-2-chlorophenylamino)-7-fluoro-3-methyl-3H-

benzoimidazole-5-carboxylic acid Na salt (7) as a beige solid

(22.9 g, [assay 95.0% by 'H NMR, actual wt 21.8 g], 77.0%

yield). '"H NMR (400 MHz, d, DMSO) 8 3.85 (3H, s, NMe),

6.53 (1H,dd, J 9,7, Ar—H), 7.27 (1H, dd 19,25, Ar—H),

7.56 (1H, d, J 9, Ar—H), 7.97 (1H, s,

Ar—H), 11.5 (lH s, CO,H). °C NMR (100 MHz, d

DMSO) 8 31 (CH;), 108 (CH, d, I 2), 109 (CH), 117 (C, d, J

6), 122 (C), 124 (C,d,17),127 (C), 130 (C), 131 (C), 132 (C,

d,J9),133(C,d,J11),141(C), 145 (CF, d, J 252), 146 (CH),

170 (C=0).
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Synthesis of 6- (4 -branp -2 -chl orophenyl am no)-7- fluoro-3

- met hyl - 3H- benzoi m dazol e-5 -carboxylic acid (10) (Copper-catalyzed aryl
coupl i ng nmet hod) C 6 10 A m xture of nmethyl 6-amno -7 -fluoro -3

- met hyl- 3H benzoi m dazol e-5-carboxylate (6) (1.0 g, 4 4 nmol ), copper

i odide (85.3 ng, 443.5 unol) and isopropanol (10 O nL, 130.8 mmol) was
stirred at 40 C. for 15 m nutes., Potassium carbonate (1.2 g, 8.9 nmol) and
et hyl ene glycol (551 ng, 8.9 nﬁBKﬁnﬂé 2then added and the nixture was
heated at refl ux

Synthesis of 6-(4-Bromo-2-chlorophenylamino)-7-
fluoro-3-methyl-3H-benzoimidazole-5-carboxylic
acid methyl ester (11)

Cl
COZMC I
NH,
Br:
\=x
6
CO,Me Cl
H
N
\=x
11

A solution of Pd(OAc), (0.777 g, 3.46 mmol, 0.04 equiv.)
and Xantphos (3.0 g, 5.19 mmol, 0.06 equiv.) in toluene (300
mL), under N, was stirred for 20 minutes and then added to a
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for 1 hour under a Dean-Stark trap. An additional charge of isopropanol
(1.5 nm.) was added, followed by 4-brono-2- chloroi odobenzene (1.5 g, 4 4
nmol ) 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-Pronmo -2 -chl orophenyl amno)-7 -fluoro-3 -nethyl -3 H ben- zoi m dazo

6 A no- 7STUERY 6B -Ban a0 dhRsH S < smal by SE JoenzmimidagelerSt 12)

54,511 S RSNy AT BReBIy LN £8) FXO B, 80 2ol LEguiND, 1 5

vol } "was ' bramioohleriojodo bentmn(30(2 0%.1 ransoky ], b equivrvand

Fol T oved @szd(f‘@;“ ﬁ)eaﬁfg]et '$22e 220" R1eréns3r Jest? 34 5,4'1356 mmol,
1.8 equiv.) in toluene (200 mL), over 15 minutes at about 50°
C. The mixture was then heated at reflux for 29 hours, after
which no starting material remained by HPLC analysis. After
allowing the mixture to cool to ambient it was filtered through
an M frit and the solid was washed with toluene (95 mL), then
dried in a vacuum oven at 50° C. overnight. The solid was then
suspended in water (784 mL) and 2N aqueous HCI (174 mL)
was added slowly, over about 15 minutes to control bubbling.
The resultant slurry was stirred at room temperature for 2
hours, then filtered through an M frit funnel (150 mL). The
solid product was washed with water (3x87 ml.) and dried in
a vacuum oven at45° C., to provide 6-(4-bromo-2-chlorophe-
nylamino)-7-fluoro-3-methyl-3H-benzoimidazole-5-car-
boxylic acid methyl ester (11) 25.6 g (92 wt % by HPLC,
corrected mass=23.6 g, 66% yield): 'H NMR (400 MHz, d,
DMSO0)63.84 (3H,s,NMe),3.93 (3H, s, OMe), 6.44 (1H, dd,
J88,5.1,Ar—H),7.28 (1H, dd, 1 2, 9.8, Ar—H), 7.64 (1H,d
J2.1,Ar—H), 8.1 (1H, s, NH) 8.14 (1H, s, Ar—H), 8.5 (1H,
s, Ar—H); 8 '°F (376 MHz, d, DMSO0) -133; ">*C NMR (100
MHz, d, DMSO) 3 32 (MeN), 52 (MeO), 109.4 (C), 109.7
(CH), 115.7 (CH), 119.1 (C), 120.7 (C), 122.5 (C, d, ] 10),
130.4 (CH), 131.0(CH), 133.4(C,d,J 10),135.5(C,d, J 16),
140.8 (C), 146.0 (C—F, d, J 252), 148.6 (CH), 166.7 (COO);
v Jem™' 3401, 1700, 1506, 1274; m/z412 and 414 (M+ and
M+2) detected with MS APCI (+).
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mmol ). The m xture was then heated at 60 C. for 6 hours, at which point no
starting material was detected by HPLC anal ysis. The solid product was ‘
filtered and rinsed with THF (150 nL, 20 vol), then transferred to a

reacti on vessel, suspended in water (150 nL) and the resulting m xture was
neutralized to about pH 7.5 with 2 N NaOH After stifling for 30 m nutes,

t he suspension was filtered ang t he gggid product was dried in a vacuum
oven at 55 C., overnight to pr P am no-7-fluoro-3 H ben zoi m dazol e-5
-carboxylicacid nmethyl ester (12) 7.5 g, 94%yield (100% area by HPLC). NWR

(400 Hz, d6DwvbO) . DR o1 > 3. 85 3 Owve), 6.10 (2H, br s,
NH2), 7.90 (1H, @etﬁyﬁ%ﬁﬁtﬁ@r{lm?@ﬂw@a@%@} ¥) mz 210
(Mtl)etected with M5 APCI (+). Exanple 6 Synthesis of

2, 4-Di ai ni no-3-fluoro-5-nitrobenzoic acid (13) A suspensi on of
2,3,4-trifluoro-5-nitrobenzoic acid (1) (5 g) and anmmoni um hydroxide (7.7
granms, 25 w % NH3 in H20, 4.9 equivalents) in Nnethylpyrrolidinone (12 5
m.) was heated at G0:M0 C. in a seal ed reactor. DufDnNlet he reaction the

m xture becanme honpgeneous and the pressure rose to 0.4 bat After 1.75

hours, HPLC analy X
i 20, 25 w ﬁ@i rﬁd" H20) wa g« foll owed by heating
al ed reactg&%&%[ an additiI 1.5 hours. After this

anmoni um hydr ox40
at 80-90 C. in

time HPLC anal y$ li cat ed >99% conver si on anfg i Xxture was allowed to
cool to rpp enpe verni ght. The copt g actor were then
added to water (10p , produci ng a honoget , brown solution with a pH

of 9.4. Acetic acig was then added to the m xture dntil the pH was 6. After
cooling to O C. t Hii)roduct was i sol ated by filtratten and washed with a

m xture of water (40 nL) and MeOH (10 ni), then driped in a vacuum oven at
50 C., to provide 4.4 g (86%yvyield) of 2,4-diam no-3-fluoro-5- nitrobenzoic
acid (2) (HPLC purity 99.7 a %9. NWR (400 MHz, d6DMS0) 57.27 (2H, br s,
NH2), 7.31 (2H, br s, NH2), 8.46, (1H, s, AT H), 13.10 (1H, br, COH). '3C
NVR (100 , metivee) o 1mtliy) , 2. aliaminot37{lpoHp- S usergbend 229, CF), 138

(O, 143 e (53880(¢R, 173.7 mmol) and 5% Pd/C (3.0 g, Type 487;
0.4 mol % Pd relative to starting material), in methanol (300.0
ml) and tetrahydrofuran (300.0 mL) was stirred at 2000
RPM, under hydrogen (~3.5 bar), at 50° C. ina 1.5 L hydro-
genation vessel. After 6 hours the vessel was purged with
nitrogen and HPLC analysis indicated that no starting mate-
rial remained. The mixture was then filtered under nitrogen
pressure and the filter washed through with THF (160 mL), to
give a clear yellow solution. The solvent was removed by
rotary evaporation, to provide methyl 2,4,5-triamino-3-fluo-
robenzoate (9) 37.5 g (93.3% w/w by NMR) as a solid, yield
~100%. '"HNMR (400 MHz, d, DMSO) 4 3.69 (3H, s, NMe),
4.20 (2H, br s, NH,), 5.24 (2H, br s, NH,), 5.70 (2H, br s,
NH,), 6.83 (1H, d, J 1, Ar—H). '*C NMR (100 MHz, d,
DMSO) 6 51 (CH,), 98 (C,d, J 5), 110 (CH, d, J 2), 125 (C,
d,J6),131(C,d,J12),133(C,d,J12),139(CF,d, J225),166
(C=0). vmax/cm-1 3480, 3461, 3373, 3356, 3280, 3163,
1679, 1655, 1314. MS APCI (+) m/z 200 (M+1) detected.
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Exanmpl e 7 Synthesis of Methyl 2,4-D am no-3-fluoro-5-nitrobenzoate (5)
CO211CO2H NI -12 23 Step 1:
4- Am no- 2, 3-di fluoro-5-nitrobenzoic acid (3): To a m xture of
2,3,4-trifluoro-5-nitrobenzoic acid (2) (167.2 g, 0.756 nmol, 1 equiv) in
400 mL of distilled water was added concentrated anmoni um hydr oxi de (28%
NH3 sol ution; 340 g, 380 mi, 4ﬁ%a§? 1 2.6 equi v.) ensuring that internal
tenperature was below 6.0 C. o IR Fhours. The mixture was stirred for
50 minutes and then warned to roomtenperature for 3-4 hours. Wen the
reacti on was >90% conplete by HPLC, the reaction m xture was cooled in an

i ce-wat er bat%gg e@@@%-r(ﬂtﬁﬁoﬁ@%-?ﬂoﬁﬁg }é‘.@;}glhﬁ@ﬁl@ ged drop-wise to
L

h
adj ust pH=2. slurry S r.red r. th, ice . bath cooling and
Tl teren  The iR AzeelmEled Hi benI0IMilagnle:I KaibASOAIC and then wi Lh. 350

m. of MIBE. Thej \(1@0 ; Bi gldthoel)gl ve 134.9 g of a
yel | ow sol i dﬁ@HllgF_ K%s 83?%@2-1%?9%@(%&;?? 6&8’6‘ lgfé% E)gl 4 urn) The MIBE
filtrate was concentrated on a rotary evaporator and punped overnight to
give 9.9 g of a second crop as a yellow solid: HPLC was 81.1 a A (220 urn)
and 95.40 a % (254 urn)

Cl
COzMe I
NH;
Br'__
E N
6
COH Cl
H
N
\ N F Br
\=x
10

A mixture of methyl 6-amino-7-fluoro-3-methyl-3H-ben-
zoimidazole-5-carboxylate (6) (1.0 g, 4.4 mmol), copper
iodide (85.3 mg, 443.5 pumol) and isopropanol (10.0 mL,
130.8 mmol) was stirred at 40° C. for 15 minutes. Potassium
carbonate (1.2 g, 8.9 mmol) and ethylene glycol (551 mg, 8.9
mmol) were then added and the mixture was heated at reflux
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Combi ned yield of 4-am no-2,3-difluoro-5-nitrobenzoic acid (3) was 144.8 g
(88% . 1H NWVR (400 MHz, d6 DVMsO) 8 8.0 (2H, br s, NH2) 8.42 (1H, dd, J 1.5,
7.6, AT H. 19F NWR (376 M1z, d6 DMSO 8 -153.9, -129.0. 13C NWR (100 MHz,
dé6 DMsSO) 8 106 (C, d, J 10), 126 (CH), 128 (C), 140 (C F, dd, J241, 16),
140.8 (C, dd, J 12, 4), 153 (C F, dd, J 263, 11) 164 (COH). IRv,,,,/cm1l

o o oyt i i e et at (1h?
iirln no- 21 SOHrPPAAL 43357 FIES), G ﬁéﬂﬁsﬁ@%ﬁw GQEO%P 7 equiv)

'n 325 i chilovbiedoenmenail & S, e«étmmﬂl)rm isaptop mlOnce the

| st o OUth rﬁ?@uw\%ﬁatié e FEC léasml@%eaéiladq B1%ea and

tsgeccal‘jﬁdﬁiﬁyﬁﬁlm%ﬂ?g%l@fg?ggﬁﬁ@shﬁhgb(@gh @@‘fﬁfeﬁ%djmﬁﬂ ¢(gni ght at
4- am no- 2/ Qliﬁ@t%‘r&l D@§ra k10211)'3IEﬁPb@ﬂ.mas 97.9 a

) “”heiﬁ‘f@&@lémﬁzé@é@lﬁ 510 %?%DFS? 72 a i o

NI\/R(376 Mz, d6 DVMBO) 8 -153.6, -129.2. '3C NVR (100 MHz, d6 DVSO) 8 52
(CH30), 105 (C, d, J 10), 125 (CH t, J 2.7,), 128 (CH, d, J 5), 140 (CF,

Example 5

Synthesis of
6-Amino-7-fluoro-3H-benzoimidazole-5-carboxylic
acid methyl ester (12)

CO,Me CO,Me

X X

9 12

To a stirred solution of methyl 2,4,5-triamino-3-fluoroben-
zoate (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,SO, (9.33 g, 18 M, 94.1
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dd, J 244, 15,), 141 (C, dd, J 14, 5), 152 (CFr, dd, J 263, 11), 162 (00,
t, J 3). IRv""./cm1 3433, 3322, 1699, 1637, 1548, 1342, 1234. M5 APCl (-)
mz 231 (Ml) det ect ed. Nl -12NI 12 4 Step 3: Methyl 2,4 -diamno -3
-fluoro -5 -nitrob enzoate (5): To a stirred solution of nethyl

4-am no- 2, 3 di fl uoro-5-nitrobenzoate (4) (33.0 g, 142.15 mmol) in

hded gﬁaﬁﬁﬂﬁﬁ% R S BeftstPat 865 L aRE EHEIRY. A VOTR%h W the
vessel wasviiedn prdatenoi stashingnmatersal buas detestedt byt EWPELat ure bet ween
79 and 105 Giy < KO IRONR &ﬁiu&"s%s‘ﬁl'téﬁbd%ﬁﬁﬁﬁ?%aseigh Jpr essur e ranged

bet ween O. e pressure en re owy and the

m xture whéd @J{ae VWQ]a Hherlransierhe @(ﬁ\?@ﬂ?tlomh‘éesr@uﬁﬂém suspensi on
was sti rrg@nﬂw 20 Wanek q&s&@nme@nﬂl ﬂieerreéulx rnﬂﬁammw@@d the solid

- vacu Wa%ﬁg;z%é?%a%eutﬁab{#é &b%ﬁﬁ\%ﬁ%mﬁfem?ﬂ%ﬁ&? §p». then dried

fl uoro- 5- B(Imm Speiion \gaséﬂ%mcbaldoi the salikprodusdl i d. ' H- NWR
500 Mz, 7. 7.37 (2H, b

(NH,) 8. 47 (1H l‘iag r@ém‘ ilaﬁfﬁéé‘ f‘?gg) 898‘” 6PE§@ %‘%%3) 181 (c:)r
122" (0), fram 7 -ivero§H-benzpanidazele-Orcatlppxylico) . ae1d 1 cm' 3474,

3358, 169¥net}f§§3esté15@132) 52, 9@%@16:1@%500% area by HPLC). 'H
NMR (400 Hz, d, DMSO) 6 3.53 (1H, br s, NH), 3.85, (3H, s,
OMe), 6.10 (2H, brs, NH,), 7.90 (1H, s, Ar—H), 7.20 (1H, s,
Ar—H). MS APCI (+) m/z 210 (M+1)etected with MS
APCI (+).

Example 6

Synthesis of 2,4-Diamino-3-fluoro-5-nitrobenzoic
acid (13)

CO,H CO,H

O,N F O,N F
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[ he foregoing description is considered as illustrative only of the
principles of the invention. Further, since nunerous nodifications and
changes will be readily apparent to those skilled in the art, it is not
desired to Iimt the invention to the exact construction and process shown
as descri bed above. Accordingly, all suitable nodifications and equival ents

oo, S Bpeiiodb Aok EoBISRG0- s EheB R BT
“includi ngy' "lncl iy i gh' Ci 5(¥%i Jsggﬁi t he
foll ow ng%t)l Q?]Rg @gﬁpmmemcﬁgg?f@t hg%gmgegce o?t ?{; 3f eat ,
|t eger s, [900ponet squivabars) iaUN sherhdprerobicisione (2. 5ryieyce or
addi ti on of~<one or re other features, |jntegers, conponents, steps, or

groups t havastheated 4tsR0-20%ed i aisealqd seastoroDpramgtheyreaacenpound

o oo, i 5 b@l Bt badame Bom O s us 5h8%he PrsEute fose

i sC( - 0) 0141 QG BrEX U BeCne Bpmog P
to 0.4 bar. After 1.75 hours, HPL.C analysis showed incom-
plete conversion and a further charge of ammonium hydrox-
ide (2 g, 25 wt % NH, in H,O) was added, followed by heating
at 80-90° C. in the sealed reactor for an additional 1.5 hours.
After this time HPLC analysis indicated >99% conversion
and the mixture was allowed to cool to room temperature
overnight. The contents of the reactor were then added to
water (100 mL), producing a homogeneous, brown solution
with a pH of 9.4. Acetic acid was then added to the mixture
until the pH was 6. After cooling to 0° C. the product was
isolated by filtration and washed with a mixture of water (10
mL) and MeOH (10 mL), then dried in a vacuum oven at 50°
C., to provide 4.4 g (86% yield) of 2,4-diamino-3-fluoro-5-
nitrobenzoic acid (2) (HPLC purity 99.7 a %). "H NMR (400
MHz, d, DMSO) 6 7.27 (2H, brs, NH,), 7.31 (2H, br s, NH,),
8.46, (1H, s, Ar—H), 13.10 (1H, br, CO,H). "*C NMR (100
MHz, d, DMSO) 4 102 (C), 123 (C), 127 (CH), 136 (d, J 229,
CF), 138 (C), 143 (CF), 168 (C=0).
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R12a R12b or a noiety that can be transfornmed into any one of said Z
groups; 1V- is hydrogen, Cl1-Cl0 al kyl, C2-Cl10 al kenyl, C2-Cl10 al kynyl,
C3-C10 cycl oal kyl, C3-C10 cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl,

het eroaryl al kyl , heterocyclyl, heterocyclylalkyl, trialkylsilyl or

di al kyl aryl silyl, wherein said al kyl, alkenyl, alkynyl, cycloal kyl,

cycl oal kyl al kyl , aryl, arylalk I hegg?oaryl, het eroaryl al kyl , heterocycl yl
and heterocyclyl alkyl portio ionally substituted with one or nore
groups i ndependently sel ected fron1ha|ogen, hydroxyl, Cl-C4 al kyl, C2-C4

al kenyl, C2-C4 al kynyl, C3-05 cycloal kyl and C3-C6 heterocycloal kyl; R2 is

hydr ogen, C1-C10 al kyl, CZS ﬁ%@dlk@ﬁ/Me% al kynyl , aryl al kyl

trial kylsilyl, Kk y I C(O)NR6R7, wherein
said al kyl, al ken?“ @P@H S4fiug 9r€ﬂ}é§ﬁ RIS o opti onal I y
substituted with one or nore groups independently sel ected from hal ogen,
hydr oxyl, Cl1-C4 al kyl, C2-C4 al kenyl and C2-C4 al kynyl; X and X2 are

" independently seI ected fromhydrogen, F, d, Br, I, OW d -C10 al kyl,
C2-C10 al kenyl (18%@ kynyl, C3-Cl10 cycl oal kyl - C10 cycl oal kyl al kyl
and C1-C10 thi oaI kyI erein said al kyl, alkenyl, COp ynyl, cycl oal kyl,

cycl oal kyl al kyl and [ hi oal kyl portions are optionally substituted wth one
or nore groups i ndepepde y sel ected from oxo, REQ Feyano, nitro,
azido, trifluorong di fl uoronet hoxy and tri thoxy; X.5is H F,
d, Br, | or Cl- R6 and R7are i ndepen
trifluoronethyl
O,N

Step 1: 4-Amino-2,3-difluoro-5-nitrobenzoic acid (3): Toa
mixture of 2,3.4-trifluoro-5-nitrobenzoic acid (2) (167.2 g,
0.756 mol, 1 equiv) in 400 mL of distilled water was added
concentrated ammonium hydroxide (28% NH, solution; 340
g, 380 mL, 4.23 mol, 5.6 equiv.) ensuring that internal tem-
perature was below 6.0° C. over 2-2.5 hours. The mixture was
stirred for 50 minutes and then warmed to room temperature
for 3-4 hours. When the reaction was >90% complete by
HPLC, the reaction mixture was cooled in an ice-water bath
and concentrated HC1 (350 mL) was then added drop-wise to
adjust pH=2. The 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 mL. of MTBE. The cake was oven-
dried at 48° C. overnight to give 134.9 g of a yellow solid.
HPLC was 83.6 a % (220 nm) and 96.96 a % (254 nm). The
MTBE filtrate was concentrated on a rotary evaporator and
pumped overnight to give 9.9 g of a second crop as a yellow
solid: HPLC was 81.1 a % (220 nm) and 95.40 a % (254 nm).
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Cl1- C10 al kyl, C2-C10 al kenyl, C2-C10 al kynyl, C3-C10 cycloalkyl, C3 -C1 O
cycl oal kyl al kyl, aryl, arylalkyl, heteroaryl, heteroaryl al kyl, heterocyclyl
or heterocyclylalkyl, or R6 and R7 together with the atomto which they are
attached forma 4 to 10 nenbered heteroaryl or heterocyclic ring, wherein
said heteroaryl and heterocyclic rings are optlonally substituted with one

G 11 vor onktRBRPIIEH Y lor oA eRytinnd- SraT RRICE il ENASICAGI ky
grz' F;loka: & angaﬁm 8r 88% WH R'(ﬂ(}(?'MHkkﬂ %g 6 8@' a”d
de%tl?/kgfal(ﬁ ebl‘?ﬁip 8(5:5 aﬁ I laﬁd kg'r%b is Cl
hecgg?ocgc@% @1[% p@§qba§§_¥[5ﬁ3 cl oaﬁ ﬂ?g%w}s)@(ﬂ)

het ﬁrgﬁgyMHn% ]DMS@ ey di6 @,yd doi Onp rlst;( ok, i LR8I ()5 tllﬁk(Dlltut ed
cyano, i (-, - E’eﬁ@%"f@%@féﬁk@f@&@ pelita e 4%?1253* Zﬁﬁyn ot

oycl o2 yDEET AP mg@@@mn %%N,F‘BRW“‘T%%E‘”@B%clop%?ZEnan e
C2-C10 aloﬁﬁfﬁ] éﬁﬂ?ﬁ?j Zganval)xdﬂ 42 .aryl, ar yl>/al kyl ,

het er oaryl and heteroaryl al kyl ,

CO,H

= X

Step 2: Methyl 4-amino-2,3-difluoro-5-nitrobenzoate (4):
TMSCI (132 g, 1.21 mol, 2.0 equiv) was added over 5 minutes
to a slurry of 4-amino-2,3-difluoro-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 mlL of MeOH. The
wet cake was dried overnight at 55° C. under high vacuum to
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or 17)-2" and Rnb together with the atomto which they are attached forma
4 to 10 nenbered carbocyclic, heteroaryl or heterocyclic ring;, said nethod

conprising: nitrating a conpound having the Fornula wherein X3 and X' are
i ndependently F, O, Br, I, or a sulfonate ester, to provide a conpound of

Formula Il Il treating said conpound of Fornmula Il optionally at

provide 128.8 g (92%) of 4-amino-2,3-difluoro-5-nitroben-
zoic acid methyl ester (4). HPLC was 97.9 a % (220 nm) and
99.2 a % (254 nm). '"H NMR (400 MHz, d, DMSO) § 3.84
(3H, s, OMe), 8.1 (2H, br s, NH,), 8.43 (1H, apparent dd, J
1.9,7.2, Ar—H). "’F NMR (376 MHz, d. DMSO) & -153.6,
-129.2. '*C NMR (100 MHz, d, DMSO) & 52 (CH,0), 105
(C,d,J 10), 125 (CH, t,J 2.7,), 128 (CH, d, J 5), 140 (C—F,
dd,J 244, 15,),141 (C,dd, J 14, 5), 152 (C—T, dd, 1 263, 11),
162 (COO, t, J 3). IR v, /em™" 3433, 3322, 1699, 1637,
1548, 1342, 1234. MS APCI (-) m/z 231 (M-1) detected.

CO,Me CO,Me
F NH,
—_—
O>N F O,N F
NH, NH,
4 5

Step 3: Methyl 2,4-diamino-3-fluoro-5-nitrobenzoate (5):
To a stirred solution of methyl 4-amino-2,3-difluoro-5-ni-
trobenzoate (4) (33.0 g, 142.15 mmol) in 1,4-dioxane (165
ml, 1.93 moles), in a 250 mL glass pressure vessel, was
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el evated tenperatures and/or pressure with two or nore equivalents of (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 to provide a conpound of
Formula VI-11 wherein A is NR2R2a, or treating said conpound of Fornula II

terer at uAdef iR Edts DGR FoTHhid(ateor HEMMALA2T Wher i

Ais N3 ml, 16.5 M). The vessel was then heated in an immersion
bath at a bath temperature between 79 and 105° C., for 80
minutes, over which time the internal pressure ranged
between 0.2 and 2.7 bar. The pressure was then released
slowly and the mixture was treated with water (330 mL, 10
vol). The resultant suspension was stirred for 20 minutes and
then filtered under vacuum, and the solid was washed with
water (33 mL, 1 vol). The solid was sucked dry, then dried in
a vacuum oven at 50° C. to provide methyl 2,4-diamino-3-
fluoro-5-nitrobenzoate (5) (32.6 g, 92% yield) as a yellow
solid. "H NMR (500 MHz, d, DMSO) 8 3.83, (3H, s, OMe),
7.20 (2H, br, NH,), 7.37 (2H, br, NH,), 8.47 (1H, s, Ar—H).
'*C NMR (100 MHz, d, DMSO) § 52 (CH,), 101 (C), 122
(C), 126 (CH), 134 (C), 137 (C), 142 (C), 166 (C=0).v,__/
cm™' 3474, 3358, 1697, 1633, 1528, 1435, 1317, 1285.

The foregoing description is considered as illustrative only
of the principles of the invention. Further, since numerous
modifications and changes will be readily apparent to those
skilled in the art, it is not desired to limit the invention to the
exact construction and process shown as described above.
Accordingly, all suitable modifications and equivalents may
considered to fall within the scope of the invention as defined
by the claims that follow.

k21

The words “comprise,” “comprising,” “include,” “includ-
ing,” and “includes” when used in this specification and in the
following claims are intended to specify the presence of
stated features, integers, components, or steps, but they do not
preclude the presence or addition of one or more other fea-
tures, integers, components, steps, or groups thereof.

k11
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AVI-11: A=NRRa VI-12: A = N3 wherein R2 is hydrogen, C -C 0 al kyl,
C2-d 0 al kenyl, C2-C10 al kynyl, benzyl, allyl, acylalkyl, trialkylsilyl,

di al kylarylsilyl, COR6, C(0)O0R6, -C(0)NR6R7, OR , or NHRL, wherein said
al kyl, al kenyl, al kynyl, benzyl, ally' and arylal kyl portions are
optionally substituted with one or nore groups independently selected from

hal ogen, hydrpoxy!l, .C, - al kyl, C2-C4 al kenyl and C,-C4 al kynyl; reducing
sai d conpouﬂ%ﬁ%%sr—%l@h%‘% Wi-11 or VI-12 to provide a conpound of Formula
VIila-1 Vilal. A pwasssiforyrepadingf a Eormpdendiof Bormuba Iad is NH

Ia-1
Z 1|12

Xl
10 |
R ™~ %5 /\2{2

and salts and solvates thereof, wherein:
Zis —C(=0)OR', —C(=0)NR°R’,CN, —C(=0)H, or

12a [ 12b
R“% R4,

3

or a moiety that can be transformed into any one of said Z
groups;

R'is hydrogen, C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alky-
nyl, C5-C,, cycloalkyl, C,-C,, cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, het-
erocyclylalkyl, trialkylsilyl or dialkylarylsilyl, wherein
said alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl
and heterocyclylalkyl portions are optionally substituted
with one or more groups independently selected from
halogen, hydroxyl, C,-C, alkyl, C,-C, alkenyl, C,-C,
alkynyl, C;-C4 cycloalkyl and C;-C; heterocycloalkyl;
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benzyl , NHORL or NHNHRL or N3, then R2 and R2a of Fornula Vila-1 are

hydr ogen; when R2a of Formula Vlla-1 is hydrogen, cyclizing said conmpound
of Formula Vila-1 to provide a conmpound of Forrmula Villa-1 VIlla- 1 when
R2' of Formula Villa-1 is hydrogen, coupling said conpound of Formula
Villa-1 with a reagent havi ng the Formula wherein X6 is F, d, Br,

:BF?S(C))rZCF: ?fa-l kiy 1 llééglg} A quqﬁéyla E:zde(;li lﬁﬁl Iar{/in% 1%:;:;@}4%8(0%)2,
optionally g q ¢ r dia 4] &1 S
net al - based_aéa(, & —(‘S(Oﬁ\lﬁ 1%}3?-32 g ﬁ(yforﬂgl’a la-1.
enyl, alkynyl or arylalkyl portlons are optionally substi-
tuted with one or more groups independently selected
from halogen, hydroxyl, C,-C, alkyl, C,-C, alkenyl and
C,-C, alkynyl;
X' and X? are independently selected from hydrogen, F, Cl,
Br, I, OR®, C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alky-
nyl, C;-C,, cycloalkyl, C;-C,, cycloalkylalkyl and
C,-C,, thioalkyl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl and thioalkyl portions are
optionally substituted with one or more groups indepen-
dently selected from oxo, halogen, cyano, nitro, azido,
trifluoromethyl, difluoromethoxy and trifluoromethoxy;
X°is H, F, Cl, Br, I or C,-C alkyl;
R® and R” are independently hydrogen, trifluoromethyl,
—OR?, C,-C,, alkyl, C,-C, alkenyl, C,-C,, alkynyl,
C;5-Cyp cycloalky] Cs- C 0 cycloalky]alkyl aryl, aryla-
lkyl, heteroaryl, heteroarylalkyl, heterocyclyl or hetero-
cyclylalkyl,
or R® and R’ together with the atom to which they are
attached form a 4 to 10 membered heteroaryl or hetero-
cyclic ring, wherein said heteroaryl and heterocyclic
rings are optionally substituted with one or more groups
independently selected from halogen, trifluoromethyl,
difluoromethoxy, trifluoromethoxy and OR®;
R® is hydrogen, C,-C,, alkyl, C,-C,, alkenyl, aryl or ary-
lalkyl, wherein said alkyl, alkenyl, aryl and arylalkyl are
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2. The process of claim1, further conprising: reacting said conpound of
Formula VI-11 or VI-12 with a conpound having the formula Rl OH, optionally
in the presence of an activating agent that activates the Z group towards
reaction with said conmpound of formula RIOH, to provide a conmpound of
Formul a Va-11 wherein Ais NR2R2a or a conpound of Formula Va-12 wherein

éolrfmll\g Va- ﬁﬁﬁo@l]fﬂ%ﬁﬁt\%@i@é&%ﬁ%@fﬁ&?gg bﬁg)rssﬁ*&eﬁ/\%ﬁgogn\?\hg]; ein Z
is coorl;  dently selected from O —O0—(C,-C,,-alkyl) a
O—(C,-C,y-alkenyl);

R'?is C,-C,, alkyl, C,-C, cycloalkylalkyl, arylalkyl, het-
eroarylalkyl or heterocyclylalkyl, wherein said alkyl,
cycloalkylalkyl, arylalkyl, heteroarylalkyl and heterocy-
clylalkyl portions are optionally substituted with one or
more groups independently selected from halogen,
hydroxyl, cyano, nitro, azido, C,-C, alkyl, C,-C, alk-
enyl, C,-C, alkynyl, C,-C, cycloalkyl, C;-C, heterocy-
cloalkyl, —NR°R” and —OR?®; and

R'2“ and R'?? are independently selected from hydrogen,
C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alkynyl, C5-C,,
cycloalkyl, C5-C, , cycloalkylalkyl, aryl, arylalkyl, het-
eroaryl and heteroarylalkyl,

or R*?“ and R'?” together with the atom to which they are
attached form a 4 to 10 membered carbocyclic, het-
eroaryl or heterocyclic ring;

said method comprising:
nitrating a compound having the Formula

XS
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when R2a of Fornula Vila-1 is hydrogen, cyclizing said conpound of Fornula
VIla-1l to provide said conmpound of Fornmula Villa-1 wherein Z is C0012. 1;
and coupling said conmpound of Formula Villa-1 with said reagent having the
Formula optionally either (i) at elevated tenperature and optionally in
the presence of a base, or (ii) in the presence of a netal -based cat al yst

S.”fjgﬁebf)‘fi’ t°£§£§éf@&a§aﬁm€am epefidelly of, dotpriBod(BF feact i ng
hyar ogen, i CRACOTES SRk, o bV RIS At ORI EFIARIAIL G T ona

acid, (ii) a formc acid derivative in the presence of an acid, or (iii)

f ormal dehyde or a fornal dehyde derivative in the presence of an acid, to
provi de a conpound of Fornula Xla-1 Xla- 1 (b) alkylating said conmpound of
Formula Xla-1 with a reagent having the fornmula RIY whereinY is O, Br,

II

treating said compound of Formula II optionally at
elevated temperatures and/or pressure with two or more
equivalents of (i) a reagent that contains or generates
ammonia, (i1) a primary or secondary amine other than
an aromatic amine or (ii1) a reagent that delivers a group
that can subsequently be converted into an amine to
provide a compound of Formula VI-11 wherein A is
—NR*R*, or treating said compound of Formula II
with (iv) two or more equivalents of a metal azide
optionally at elevated temperatures and/or pressure to
provide a compound of Formula VI-12 wherein A is N,
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I, or a sulfonate ester, to provide a conpound of Forrmula Xlla-1 Xl la-1
(c) renmoving said R2 group fromthe N-1 position to provide said conpound
of Formula Villa-i. 4. The process of claim1l1l, wherein said cyclization
conprises treating said conpound of Forrmula VIla- 1, wherein R2 and R2a are
H with two or nore equival ents of fornal dehyde or a formal dehyde
derivative in the presence of an acid;to provide said conpound of Fornmul a
Villa-1 wherein R is nethyl. 5. TH@ process of claim1, wherein said
cyclization conprises: (a) reacting spid conpound of Fornula Vila-1,
wherein R2 and R2a are hydrogen, wt n acyldati ng agent to provide a
conpound of Forrnula | Xa | Xa

0,N

A

VI-11: A = NRZR?@
VI-12: A=Nj

wherein R** is hydrogen, C,-C,, alkyl, C,-C,, alkenyl,
C,-C,, alkynyl, benzyl, allyl, arylalkyl, trialkylsilyl,
dialkylarylsilyl, —COR®, —C(O)OR®, —C(O)NR°R’,
—OR', or —NHR', wherein said alkyl, alkenyl, alky-
“nyl, benzyl, allyl and arylalkyl portions are optionally
substituted with one or more groups independently
selected from halogen, hydroxyl, C,-C, alkyl, C,-C,
alkenyl and C,-C, alkynyl;
reducing said compound of Formula VI-11 or VI-12 to
provide a compound of Formula VIIa-1

Vila-1

NRZ R.?.a

H,N x>

NR2R2a
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wherein R is H Cl1-Cl10 al kyl, C3-C10 cycl oal kyl al kyl, aryl al kyl,

het eroaryl al kyl or heterocyclylal kyl, wherein said al kyl, cycloal kyl al kyl,
aryl al kyl, heteroaryl al kyl and heterocyclyl al kyl portions are optionally
substituted with one or nore groups independently sel ected from hal ogen,
hydroxyl, cyano, nitro, azido, Cl1-C4 al kyl, C2- C4 al kenyl, C2-C4 al kynyl,
C3-C6 cycl oal kyl, C3-C6 heterocycl oal kyl , -NR612 and d e; ({% reduci ng
the amide grwhprein S\a’lmmoqmoﬁnéomm Wi 1 >ar t\61-dr2)v}|bd spound of

Formula Xa X R2 a f )
fgirrgjcaac?d gi‘ %ﬂg @;12391@ & _QNHNHRWQEIIS?S%IIE?%? d%lcl)fr&1 (:N:) a(l)
v

ence, of, an
formc acid d %gflgae & b’firgg%l d to provide said conpound
of Fornula Whea R>* of.Fdhmwlod8da-bdfischyidro emheyehz i gafycl i zation

Fyarogen and- 1 éﬁﬁiéh@%?ﬁ%iﬁ‘wﬂﬁ it'éﬁéfﬂ"{’fﬁ‘%’é' RIROUERE, e &

conpound of F

Villa-1

NR2R?*?; and

N )G

N

when R** of Formula VIIIa-1 is hydrogen, coupling said
compound of Formula VIIIa-1 with a reagent having the

Formula
6 Xl
X \@
o
/\Xz

wherein X° is F, Cl, Br, I, —OSO,CF,, alkyl sulfonate, aryl
sulfonate, alkylaryl sulfonate ——B(ORs)z, —BF; or —Bi
(R'),, optionally either (i) at elevated temperature and option-
ally 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 Ia-1.
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I Xa 0 NR2R2"

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 formulaR'OH,
to provide a compound of Formula Va-11 wherein A is

—NR*R** or a compound of Formula Va-12 wherein A
1s N,

CO,R!

O,N X>;
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 VIla-1 wherein Z is
—COOR';

when R** of Formula VIIa-1 is hydrogen, cyclizing said
compound of Formula VIla-1 to provide said compound
of Formula V1lla-1 wherein Z is —COOR*; and

coupling said compound of Formula VIIla-1 with said
reagent having the Formula

Xl
6
X x /\]
X
X2,

138



Rl Ca xs NR2R2a wherein RH, C1-C10 al kyl, C3-C10 cycl oal kyl al kyl,
aryl al kyl, heteroaryl al kyl or heterocyclylal kyl, wherein said al kyl,

cycl oal kyl al kyl , aryl al kyl, heteroarylal kyl and heterocyclyl al kyl portions
are optionally substituted with one or nore groups independently sel ected
from hal ogen, hydroxyl, cyano, nitro, azido, Cl1-C4 al kyl, C2-C4 al kenyl,

B oo o B R 0 aﬁs%&%ﬁoﬁxﬁ%&#@kmd“@ﬁ%ﬁﬁme a
compound of ForimutheXpresence of a base, or (i1) in the presence of a
metal-based catalyst and a base, to provide said com-
pound of Formula Ia-1 wherein Z is COOR".
3. The process of claim 1, wherein said cyclization com-
prises
(a) reacting said compound of Formula VIla-1, wherein
R*“ is hydrogen and R? is not hydrogen, with (i) formic
acid, optionally in the presence of an additional acid, (i1)
a formic acid derivative in the presence of an acid, or (i11)
formaldehyde or a formaldehyde derivative in the pres-
ence of an acid, to provide a compound of Formula

Xla-1
Xla-1
Z
NRZRZG;
N, \ X3
¥ N
\

(b) alkylating said compound of Formula XIa-1 with a
reagent having the formula R'°*—Y whereinY is Cl, Br,
I, or a sulfonate ester, to provide a compound of Formula
Xlla-1
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Xa NR2R2a; xs (c) reacting said conpound of Formula Xa 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 conpound of Formula
XIla-1 XlIla-1 (d) removing the R2 group fromthe N-1 position to provide
sai d compound of Fornmula Villa-i. 7. A process for preparing a conpound of
Formula la-1

Xlla-1
Z
NR2R%; and
RO
\N \ X
\_N
\
RZ

(c) removing said R* group from the N-1 position to pro-

vide said compound of Formula VIlIa-1.

4. The process of claim 1, wherein said cyclization com-
prises treating said compound of Formula VIIa-1, wherein R*
and R*“ are H, with two or more equivalents of formaldehyde
or a formaldehyde derivative in the presence of an acid to
provide said compound of Formula VIIla-1 wherein R is
methyl.

5. The process of claim 1, wherein said cyclization com-
prises:

(a) reacting said compound of Formula VIla-1, wherein R*

and R*“ are hydrogen, with an acylating agent to provide
a compound of Formula [Xa

NR2R?%
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la- 1 and salts and solvates thereof, wherein: Z isC(-0)0le; R . is Cl-Ci0
al kyl; R2 is hydrogen, Cl-Cl10 al kyl, C2-C10 al kenyl, C2-C10 al ky- nyl,
arylal kyl, trialkylsilyl, dialkylarylsilyl, COR6, C(0)OR6 orC(0)NR6R7,
wherein said al kyl, alk- enyl, alkynyl or arylalkyl portions are optionally
substituted with one or nore groups independently sel ected from hal ogen,
hydroxyl, C, -C4 alk ) C2-C4 al kenyl and C2-C4 aI kynyl ; X1 and X2 are

i ndependent |w}se1rea¢1ih Y osnHyde Clo ayaloatiy

| kenyl | al kyl
and C1- C1o thi BEVRQIRY Lt ,C@@%ﬁ'ﬂc%ﬁ%ﬁik?l ’
cycl oal kyl al kylsaaﬂdaﬂh d)gal clpalky h&ﬂ opld Il hmxaryla hy\l\n th one
R T e e o
with one or more groups 1ndependently selected from
halogen, hydroxyl, cyano, nitro, azido, C,-C, alkyl,
C,-C, alkenyl, C,-C, alkynyl, C,-C cycloalkyl, C,5-Cyq
heterocycloalkyl, —NR®R” and —OR?;
reducing the amide group of said compound of Formula
(b) reducing th ide group of said pound of F 1
IXa to provide a compound of Formula Xa

Xa

NR2R%?; and

Rl 0a E XS

NR?R*

(c) reacting said compound of Formula Xa with (i) formic
acid optionally in the presence of an additional acid or
(11) a formic acid derivative in the presence of an acid to
provide said compound of Formula VIIla-1.

6. The process of claim 1, wherein said cyclization com-

prises:

(a) reacting said compound of Formula Vlla-1, wherein
R?? is hydrogen and R? is not hydrogen, with an acylat-
ing agent to provide a compound of Formula IXa
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X is H F d, Br, I or C1-C6 al kyl; R6 and R7 are independentl|ly hydrogen,
trifluoronethyl, Cl-C10 al kyl, C2-C10 al kenyl, C,-C10 al kynyl,
C3-C10 cycl oal kyl, C3-C10 cycl oal kyl al kyl, aryl, arylal kyl, heteroaryl,

het er oaryl al kyl , heterocyclyl or heterocyclylal kyl, or R6 and R7 toget her
with the atomto which they are attached forma 4 to 10 nenbered heteroaryl
or heterocyclic ring, wherein said heteroaryl and heterocyclic ripngs are
optionally substituted with one or nore groups independently sel‘eeted from
hal ogen, trifluoronethyl, difluoronethéxy, trffluoronethoxy and OR8; R8 is
hydr ogen, C1-Cl10 al kyl, C2-Cl10 al kenyl| aryl or arylal kyl, wherein said

al kyl, al kenyl, aryl and aryl al kyl are optiong@k‘ gubstituted with one or
nore groups i ndependently | ect ed (Cl C10-al kyl') and

Q( C1- C10-al kenyl ); and FeJs Cl-CJO0 al kyl'f C3-C10 cycl oal kyl al kyl ,
aryl al kyl, heteroaryl al kyl |pr heteffjocyclyl pl kyl, wherein said al kyl,

cycl oal kyl al kyl , aryl al kyl X het er ga kg _and heterocycl yl al kyl portions
are optionally substit d w ps i ndependently sel ected
from hal ogen, hydroxyl, cyano, fpitro, #§ , -C4 al kyl, C2-C4 al kenyl,
C2-C4 al kynyl, C3-C6 cycl oal kyl, C3-C6 h3t3rocycloalkyl, NR6R7 and O e;
said nmethod conprising: i) nitrating aNRS®§Gund having the Formul a

wherein R'° is H, C,-C,, alkyl, C5-C,, cycloalkylalkyl,
arylalkyl, heteroarylalkyl or heterocyclylalkyl, wherein
said alkyl, cycloalkylalkyl, arylalkyl, heteroarylalkyl
and heterocyclylalkyl portions are optionally substituted
with one or more groups independently selected from
halogen, hydroxyl, cyano, nitro, azido, C,-C, alkyl,
C,-C, alkenyl, C,-C, alkynyl, C;-C, cycloalkyl, C5-Cg
heterocycloalkyl, —NR°R” and —OR?;

(b) reducing the amide group of said compound of Formula
IXa to provide a compound of Formula Xa

NRZR24;

RlOa. N XS
H
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CO )11 wherein X3 and X4 are independently F, d, Br, I, or a sulfonate
ester to provide a conpound of Formula Il Il ii) reacting the conpound of
with a conpound of fornula Fe-OH, to formthe correspondi ng

Formul a ||
ester havi

ng the formula COORI

(c) reacting said compound of Formula Xa with (1) formic
acid optionally in the presence of an additional acid or
(i1) a formic acid derivative in the presence of an acid to
provide a compound of Formula XIla-1

X1la-1
Z
NRZRZ4; and
RO .
\N \ X3
\_N
\
RZ

(d) removing the R* group from the N-1 position to provide
said compound of Formula VIlIa-1.
7. A process for preparing a compound of Formula Ia-1

[
Xl
N ~
L
RIL @XS //
N XZ

N

Ta-1

and salts and solvates thereof, wherein:
Z is —C(=0)OR';
R'is C,-C,, alkyl,
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reacting the ester with two or nore equivalents of a reagent that generates
ammonia to forma conpound of Formula VI-11 A VI-11: A = NR2ZR2a wherein
| ea i s hydrogen; iv) reducing said conmpound of Forrmula VI-11 to provide a
conmpound of Forrmula Vila-1

R?is hydrogen, C,-C,, alkyl, C,-C, alkenyl, C,-C,, alky-
nyl, arylalkyl, trialkylsilyl, dialkylarylsilyl, —COR®,
—C(O)OR® or —C(O)NR°R’, wherein said alkyl, alk-
enyl, alkynyl or arylalkyl portions are optionally substi-
tuted with one or more groups independently selected
from halogen, hydroxyl, C,-C, alkyl, C,-C, alkenyl and
C,-C, alkynyl;

X' and X? are independently selected from hydrogen, F, Cl,
Br, I, OR®, C,-C,, alkyl, C,-C,, alkenyl, C,-C,, alky-
nyl, C;-C,, cycloalkyl, C;-C,, cycloalkylalkyl and
C,-C,, thioalkyl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl and thioalkyl portions are
optionally substituted with one or more groups indepen-
dently selected from oxo, halogen, cyano, nitro, azido,
trifluoromethyl, difluoromethoxy and trifluoromethoxy;

X is H, F, Cl, Br, T or C,-C, alkyl;

R® and R’ are independently hydrogen, trifluoromethyl,
—OR?, C,-C |, alkyl, C,-C,, alkenyl, C,-C,, alkynyl,
C;-C,, cycloalkyl, C;-C,, cycloalkylalkyl, aryl, aryla-
Ikyl, heteroaryl, heteroarylalkyl, heterocyclyl or hetero-
cyclylalkyl,

or R® and R’ together with the atom to which they are
attached form a 4 to 10 membered heteroaryl or hetero-

cyclic ring, wherein said heteroaryl and heterocyclic
rings are optionally substituted with one or more groups
independently selected from halogen, trifluoromethyl,
difluoromethoxy, trifluoromethoxy and OR?;

R® is hydrogen, C,-C,, alkyl, C,-C,, alkenyl, aryl or ary-
lalkyl, wherein said alkyl, alkenyl, aryl and arylalkyl are
optionally substituted with one or more groups indepen-
dently selected from OH, —O—(C,-C,,-alkyl) and
O—(C,-C,,-alkenyl); and
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Vila-1 v) cyclizing said conmpound of Fornula Vlila-1 to provide a
conpound of Fornula Villa-1 Villa-1 vi) coupling said conpound of Formula
Villa-1 with a reagent having the Formula wherein X is F, d, Br,

|, OSQ2CF3, al kyl sulfonate, aryl

R'?is C,-C,, alkyl, C5-C, cycloalkylalkyl, arylalkyl, het-
eroarylalkyl or heterocyclylalkyl, wherein said alkyl,
cycloalkylalkyl, arylalkyl, heteroarylalkyl and heterocy-
clylalkyl portions are optionally substituted with one or
more groups independently selected from halogen,
hydroxyl, cyano, nitro, azido, C,-C, alkyl, C,-C, alk-
enyl, C,-C, alkynyl, C,-C, cycloalkyl, C5-C heterocy-
cloalkyl, —NR°R” and —OR?;

said method comprising:

i) nitrating a compound having the Formula

CO,H

wherein X° and X* are independently F, Cl, Br, 1, or a
sulfonate ester to provide a compound of Formula II

II
CO,H
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sul fonat e, al kyl aryl sulfonaté, B(OR8) 2, BF3 or Bi (Rl), to provide said
conpound of Formula Ia-1.

ii) reacting the compound of Formula II with a compound
of formula R'OH, to form the corresponding ester hav-
ing the formula

COOR!

iii) reacting the ester with two or more equivalents of a
reagent that generates ammonia to form a compound of
Formula VI-11

CO,R!

O>N X3
A
VI-11: A = NRZR??

wherein R** is hydrogen;
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iv) reducing said compound of Formula VI-11 to provide a
compound of Formula VIla-1

Vila-1
CO,R!

NRZ RZa .

HoN x>
NR?R*

v) cyclizing said compound of Formula VIIa-1 to provide a
compound of Formula VIlla-1

. VlIla-1
CO,R!

NRZR??;  and

RlO
5
\N X

\=x

vi) coupling said compound of Formula VIIla-1 with a
reagent having the Formula

Xl
X8 l N /\:]
X
XZ
wherein X° is F, Cl, Br, I, —OSO,CFj, alkyl sulfonate, aryl

sulfonate, alkylaryl sulfonate, —B(OR®),, —BF; or —Bi
(R"), to provide said compound of Formula Ia-1.
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