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[0004] The present invention relates to processes for preparing Gonadotropin
Releasing Hormone ("GnRH") (also known as Leutinizing Hormone Releasing Hormone

("LHRH")) receptor antagonists.

BACKGROUND

[0005] GnRH is a decameric peptide released from the hypothalamus. In the anterior
pituitary gland, GnRH activates the GnRH receptor. Activation of the GnRH receptor
triggers the release of follicle stimulating hormone (FSH) and leuteinizing hormone (LH).
FSH and LH stimulate the biosynthesis and release of sex steroids in the gonads of both
genders.

[0006] Typically, this is desirable, but certain sex hormone dependent pathological
conditions exist where it would be beneficial fo prevent activation of the GnRH receptor. For
example, inhibition of the GnRH receptor can lead to a large drop in sex steroid production,
which in turn can alleviate sex hormone dependent pathological conditions such as prostate
cancer, endometriosis, uterine fibroids, uterine cancer, breast cancer, ovarian cancer,

testicular cancer, or primary hirsutism. Moreover, there are other situations where it would



genders. [0006] Typically, this is desirable, but
certain sex hornone dependent pathol ogical conditions
wexsooabere it woul d be beneficial to preventPCT/US2005/021127
activation of the GiRH receptor. For exanple,
inhibition of the GhRH receptor can lead to a | arge
drop in sex steroid production, which in turn can
be ’eﬁnlegwlat) erexent apovapiomel HepaRHeapeepivatshd! asgiuoag some points of the in
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uterine rolds, uterine cancer, breast cancer,
[0067]ar i an Garoty matkest iIGnRlHatherapeutiey are peptides tharaxhibit receptor
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[0010] However, it is desirable to have methods of making such compounds which

are efficient for large scale production.

SUMMARY

[0011] " The present invention provides methods comprising reacting compounds

having Formula I:



injection. Thus, an orally effective GiRH ant agoni st
woul d be of significant benefit. [0009] Therefore,
whamedoarpon the foregoing, it is clear that GIRM/US2005/021127

receptor antagoni sts are useful, and devel opnent of

new GnRH receptor antagonists is highly desirable.

U.S. Patent Application Serial Ef. 60/ 580, 640, the

di scl osure of whigh is incorpgrated férein as if
reproduced in its gntirety, t edch conpands of

formula Il and IV a ef,i ned h as GhRH
receptor antagonists. [ {010} It is desirable
to have nethods oanak|no such ich are

ef ficient forRIAr ge\scs q \ RY [0011]
The present inventio fods \conpri si ng

reacti ng conmpounds ha .| ®Wherein: Ais
aryl or heteroaryl, &g 'on&SIy debstituted; RI,
R2, R3, and R ar 9 H or optionally
substituted al kyl; R, RO, Ro, Rn,
and Ri 2, are, |ndependen_ly H aIkyI al kenyl , or

al kynyl , each al kyl, al kenhyl, or aIkynyI bei ng
optionally substituted; wi t h conmpounds havi ng formnmul a:
Lg- (CR 13R 4)k-D wherein: Dis H, alkyl, cycloalkyl,
heterocycloalkyl aryl, or heteroaryl, each alkyl,
@?Hﬂoalkyl heterocycloalkyl, aryl, or heteroaryl

bei Ags apt 6rQﬁéHaYyl§éé@§ bhdoahi®Fsubstituted;

Ry, Ry, R, and Ry are, independently, H or optionally substituted alkyl; and

Rs, Re, R7, Rg, Ro, Rio, Ri1, and Ry, are, independently, H, alkyl, alkenyl, or alkynyl,
each alkyl, alkenyl, or alkynyl being optionally substituted;
with compounds having formula:

Le-(CR13R14)x-D

wherein:

D is H, alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl being optionally substituted;

L, is halogen or OSO2R3;, wherein Rs; is alkyl, aryl, or fluoroalkyl, each optionally
substituted;

kis0, 1,2, or3; and

Ri3 and R4 are, independently at each occurrence, H or optionally substituted alkyl,
in an organic solvent in the presence of base, thereby forming compounds having Formula II,

or



Lg is hal ogen or OGSO R3 , wherein R32 is al kyl, aryl,
or fluoroal kyl, each optionally substituted; k is O
wd.2002/009086 3; and Ri 3 and R are, independentl|y BtT/es20b5/021127

occurrence, H or optionally substituted alkyl, in an
organi c solvent in the presence of base, thereby
form ng conmpounds having Fornmula |1, ora

a phammaceriiically aceentabe spbdbsseddbl e salt thereof: || wherein B

is (CRI3R) -D. [0012] The present invention further
conpri ses nethods, conprisingRréb@ti conmpounds havi ng
i iR r alkyl; R9 and

Formula I11: 111 : R RS

Ri 0, are, independ&nt] keriyl , or

al kynyl , each al ky bei ng
optionally substi | kyl, C2-C6
al kenyl , C2-66’5Tﬁ é%z, JR22, or
C(=O R22, wherein JY in mis 0, 1, or
2;: R22 and R23 are, i N CR; C7 al kyl,

C2-C7 al kenyl, C2-CJ aﬁ%l, ofe het er oal kyl ,
each al kyl, alkqg, , aNggnyl ~aryl, or heteroal kyl
bei ng optional |y substifuted, alternatively, R22 and
R23, taken together with the atons to which they are
attached, forma cyclicRbr het erocyclic group, e.g.,
of 3-8 ring nenbers and the_ heteroatons are sel ected
fromO N and S, optionallflsubstituted wi th R20- E- R2I

, .Wherein Eis O N, NR21, or SO
wherein B is (CR 3R 14)-D.

[0012] The present invention further comprises methods comprising reacting

compounds having Formula III:

Raq
Rio Rg
H
=N N
rR—N N\\\//J
I
wherein:
R, is H or alkyl,

Ry and Ry, are, independently, H, alkyl, alkenyl, or alkynyl, each alkyl, alkenyl, or
alkynyl being optionally substituted; and

R3) is Ci-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, NRy;R23, CR24(CF3),, JR2,, or
. C(=0)Ry,, wherein J is O or SO, wherein mis 0, 1, or 2;



111 , R20 and R2] are, independently, H G-C 3 al kyl,
or heteroal kyl, alternatively, R2 and R2l , taken

wo ogebbogse Wit h the atons to which they are atteches2005/021127
forma cyclic or heterocyclic group, e.g., of 3-8 ring
menbers and the heteroatons are selected fromQO, N and
S; and RR4 is H or OH wth conpounds having fornul a:

whdterif Rpares indgpeadeyslycH dai-kyalkdr Chist dkeswwz:Crealimy!, aryl, or
het&ngkg:"%lc%%ﬂIJE&E?ﬁ lﬁh&@lgr 519! ogPé@Jo%gg Wyﬁ?%ggﬁubsmuted,
alteoptiveandi L yndsﬁbstaketnuomer kmh sheQ@tonis to2yhigrthy arapdached3 form a

d I t h
BRI PO e N
O,N Iaed B,r qmemﬂsl sobstihaskwith RereRY,, vaedinrRis €)M ORI Sr BG\AI ng

For V, or a phar eytjically acceptable sa
t het2d ‘rd ﬁ%‘\?re [f@é&%ﬂ?e"ﬁﬁ prieseHiyl Rk fa!}Frt"ﬁté‘iﬁly’ Rz and

Ry, CAREN thSedifer GARNRLAISSs RAiODhEPEEHIRhd, Forkd 4 cyMhiebBldkrodiclic
s H or alkyl; RO and Rio, are, independently

IOy, |Ryg., 0 318krgwpeml@ﬂrs @dﬁWtaro@g@harmsﬂ?qted o qu al;|1d(§r and
a'&%ﬂ%ﬁLQﬁkﬁﬂ optionally substituted; and
with compounds having formula:
Lg-(CRisRua)-D

wherein:

D is heterocycloalkyl or heteroaryl, each optionally substituted;

L, is halogen or OSO,R3;, wherein Rs; is alkyl, aryl, or fluoroalkyl, each optionally
substituted;

kis0, 1,2, or3; and

Ri3 and R4 are, independently at each occurrence, H or optionally substituted alkyl,
in an organic solvent in the presence of base, thereby forming compounds having Formula

IV, or a pharmaceutically acceptable salt thereof:

Ra1
Rio Rg
(CR13R14)k-D
V.
[0013] The present invention further comprises compounds having Formula I1I:



R3 1is C1-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl,

NR22R23 , CR24(CF3)2, JR22, or C(=O R22, wherein J is
WE26/08@AH , wherein mis 0, 1, or 2; R22 and R2ZBUS2065/021127

i ndependently, H, C -C7 al kyl, C2-C7 al kenyl, C2-C7

al kynyl, aryl, or heteroal kyl, each al kyl, al kenyl,

al kynyl , ar y&, or heteroal kyl being optionally

substi t ut ed, Q@lternatively, R22 and R23, taken

t oget her W|th he atonms to which they are attached,

forma cyclic or neterocyclic group, e.g., of 3-8 ring

S, optionall uted with R20-E-R2 1, wherein E
is O N NR1, , R20 and RBiol a
i ndependent |y, eroal kyl,

atons to which they /are-'qttache N cyclic or

het erocycl i c group, [ nbers and the
het er oat ons ar®—Se€l € S, and R24 is
H, or OH. DETAILED DE

In one
enbodi ment, the prese i nvemti on conprises a nethod
conprising reacting a d having Formula | : |
wherein: Ais aryl or Lgtoaryl, each optionally

substituted; R, R2, R, and R4 are, independently, H
or optionally substituted aitkyl; and R5, R6, R7, RS,
RO, Ro, Rl 1, and Ri 2, are, independently, H, al kyl,
Whe?I"kenyl or al kynyl, each alkyl, alkenyl, or alkynyl
beRrng; ppg;é];g}nal 'y substi t ut ed; wth a conpound havi ng

formula: L -(CR 13R 4)k-D
Rg and Ry, are, independently, H, alkyl, alkenyl, or alkynyl, each alkyl, alkenyl, or

alkynyl being optionally substituted; and

R3; is Ci-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, NR2;R23, CR24(CF3),, JRy, or
C(=0O)Ry,, wherein J is O or SO,,,, whereinm is 0, 1, or 2;

Ry, and Ry; are, independently, H, C,-C; alkyl, C,-C7 alkenyl, C,-C7 alkynyl, aryl, or
heteroalkyl, each alkyl, alkenyl, alkynyl, aryl, or heteroalkyl being optionally substituted,
alternatively, Ry, and Ry3, taken together with the atoms to which they are attached, form a
cyclic or heterocyclic group, e.g., of 3-8 ring members and the heteroatoms are selected from
O, N and S, optionally substituted with Ry-E-Rj;, wherein E is O, N, NRy;, or SOy,

Ryo and Ry are, independently, H, C;-C5 alkyl, or heteroalkyl, alternatively, Ry and
Ry, taken together with the atoms to which they are attached, form a cyclic or heterocyclic
group, e.g., of 3-8 ring members and the heteroatoms are selected from O, N and S; and

R24 is H, or OH.



wherein: Dis H, alkyl, cycloalkyl, heterocycloal kyl,
aryl, or heteroaryl, each al kyl, cycl oal kyl,
whetenaoye| oal kyl , aryl, or heteroaryl being optT/osmbi/g21127
substituted; Lg is halogen or OSO2R32, wherein R 2 is
al kyl, aryl, or fluoroal kyl, each optionally
substituted; kis O, 1, 2, or 3; and Ri 3 and R14 are,
DETAHSHR: RESERIPTEY)Neach occurrence, H or optional |y
substituted alkyl, in an organic solvent in the o
[0014} esench ave ephedimenth B @pssert dpvientinp @mposgsEURRIhdtbsPMpgising
d ereof: Il wherein Bis (CR I3R
reacﬁ%%ﬁdgg%g?hfgﬁﬁ%ﬁghghbodi ment, Dis optionally
substituted heteroaryl. In anotfjer egpodinment, Dis
optionally substiAauted C -C a&hky\l./[0016] In one
enbodi nent, R], R3, and RA ar i ndgpendently, H
or Gi-C 3 alkyl. [ N | 'm(ﬁt, R5, R6, R7,
R, RO, Ro, Rn, d Rl H G-C
4 al kyl, C2-CA alkenyl, Rg[ 0018] In
one enbodi nent, Rl 1R ' (pdependently at each
occurrence, Hor G -|€3 al kyl.
enbodi nent, Lg is Br}
Lg-(CR 3R 4X-Dis
I n one enbodi meri]
brom nati ng 6-

wherein:

A is aryl or heteroaryl, each optionally substituted;

Ri, Ry, R3, and R4 are, independently, H or optionally substituted alkyl; and

Rs, Re, R7, R, Rg, Ryg, Ry, and R, are, independently, H, alkyl, alkenyl, or alkynyl,
each alkyl, alkenyl, or alkynyl being optionally substituted;
with a compound having formula:

Lg-(CR13R14)-D

wherein:

D is H, alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl being optionally substituted;

L, is halogen or OSO,R3;, wherein Rz, is alkyl, aryl, or fluoroalkyl, each optionally
substituted;

kisO, 1,2, or 3; and

Ry3 and R4 are, independently at each occurrence, H or optionally substituted alkyl,
in an organic solvent in the presence of base, thereby forming a compound having Formula

I, or



met hyl qui noxal i ne, thereby form ng Lg-(CR 3R 4X-D. In
one enbodi nent, brom nation is achi eved using
woRMsomosacci ni mde ("NBS') (e.g., 1.1 equivalrei/s¥20851021127
azobi si sobutyronitrile ("AIBN') (e.g.,2.4 nmol% of in
carbon tetrachloride ("Cd 4") at reflux. [0022] In
one enbodi nent, the nethod further conprises reacting
salis thergefhy | phenyl ene-1, 2-di anine with glyoxal, thereby
form ng said 6-nethyl qui noxaline, [0023] In one
enbodi nent, the base conprise; assfum car bonat e or
N, Ndi i sopr opyl et hyNam ne. [ 00 Ebodinent,
the solvent conpris | east one,
acetonitrile ("M e ("DvsO'), and
tetrahydrofuran (" di ment, the
Sai ¢ sol vent

base conpri se&ipot
equi val ent s of

conpri ses acetone.
pot assi um car bonat e aj e used. [ 0026] \n Bpe enbodi nent,
1 equival ent of L g- (LRI (4 )%-D iB used. [0027] In
one enbodi nent, qg' compotind o~ formula | has
fornul a: wherein: ‘A is optional Iy substituted aryl and
Ris Hor G-C4 alkyl.1[0028] In one enbodi nent, A
i s phenyl substituted wifh CJ-C 6 alkyl, C 2-C6
al kenyl, C 2-C6 alkynyl, N R 22R 23, CR 24(CF 3)2 ,
JR22, or C(=OR 22, wheréin J is Oor SOn,,
whehed BigYOR I )RD. 1, or 2 ; R 22 and R 23 are,
I ndependently, H, C-Calkyl, C-C7 alkenyl, C2-C7
[OSky ny| , Ingng embedimgrs Bripeptiopplly swhetiiutad keteroary]. dapyother
d . | | ing optionally
e DN Doy LR L N R 250 ko
[0G16het herInging kmbpdimantoRs RooRwhidcRy drtvaydeperelead yt, dcdredi;Cs alkyl.
m a optional.ly sybstituted, cyclic o.r, optional
0d7Lct e op S REPRlb R Rl Rogk G R Ry By lfpendenuy,
H, tpithatky], ahd s tahkenyiedral,0bf dogmyar e sel ected from O, N

(OGEAE, o} o "B & Fpod R R gyt denesdy o hiprrepcs Ho
C,am;alkyl.ndependently, H, G-Calkyl, or

[0019] In one embodiment, L, is Br.
[0020] In one embodiment, Lg-(CR 3R 14)k-D is 6-Bromomethyl-quinoxaline.
[0021] In one embodiment, the method further comprises brominating 6-

methylquinoxaline, thereby forming L,-(CR;3R4)-D. In one embodiment, bromination is
achieved using N-bromosuccinimide ("NBS") (e.g., 1.1 equivalents) and
azobisisobutyronitrile ("AIBN") (e.g.,2.4 mol%) of in carbon tetrachloride ("CCl,") at reflux.
[0022] In one embodiment, the method further comprises reacting 4-
methylphenylene-1,2-diamine with glyoxal, thereby forming said 6-methylquinoxaline.
[0023] In one embodiment, the base comprises potassium carbonate or N,N-
diisopropylethylamine.

[0024] In one embodiment, the solvent comprises at least one of acetone, acetonitrile
("MeCN"), dimethylsulfoxide ("DMSO"), and tetrahydrofuran ("THF").

[0025] In one embodiment, the base comprises potassium carbonate and said solvent

comprises acetone. In one embodiment, 2 equivalents of potassium carbonate are used.



heteroal kyl, alternatively, R 20 and R 2 , taken
together with the atons to which they are attached,
wo evoaao7ae/cl i ¢ or heterocyclic group, e.g., o0 PCBUS2005/021127
ring menbers and the heteroatons are selected fromO
Nand S; and R2is H, or OH [0029] In one
odi nent, the nmethod further conﬁfises reacting a
[Ooggl?rp ound" RB%STRRPUBEHL] caubRlembrfithst (GR)3R14-Dris wsd
oogfoodi mapty . : | :
[ ezfonnbbooddi?é’n?r%dmﬁt’,t?é ﬁ%‘%’gg‘ﬁl?ﬁé’é’%‘g%éﬁsifﬂ?hﬂﬁ iiss
ccaarrrriieedd®oouutt iinn ttoolluueennee--1THF in
Athepresence off 5 nol % of Pd2(dba)3 and 10 nol % of
i gtequivalents of solid lithium

i silazide ("LiHVDS"). [0030] In one .
HN enbodi nent ,l t he thod further conprises chlorinating
e e Vi formula with N-chlorosuccinim de

in methanol, and reacting the resulting
de wth potassium carbonate, thereby form ng
phpound having formula [0031] I n one enbodi nent,

the nethod further conprises reacting a conpound
whérai ng formula with thionyl chloride to form an

i m doyl chloride, and reacting said imdoyl chloride

wi th issaptieenlly substibri¢daaryk and Rels/H ooErCaglkslai d conpound

ving f ] | te &N had

0078 P "momertediiigla | g SARERL TR - Lo e G e
Co-&s dbpmbUNRL R, ER1(EN:n, WheoeCHQB:, wberainds Oge SO, wherein m is

t her. farmng said,c havi or mul I
0. 1 AL Rl e e T G R i attomyt, any,
or leandillogaacinadiyl, Hedngt, alkRn BB Or [G@sretlkyl BEis g WpiidhalNA kKBS ted,
0033@ l{n odﬁlg enbodi nent, A is optionally substituted
alternag yely, Koz and Ry, taken together with the atoms to which they are attached, form an

optionally substituted cyclic or optionally substituted heterocyclic group, e.g., of 3-8 ring

members and the heteroatoms are selected from O, N and S, optionally substituted with Rag-
E-Ry;, wherein E is O, N, NRy,, or SOy, Ry and Ry, are, independently, H, C-C3 alkyl, or
heteroalkyl, alternatively, Ry and Ry, taken together with the atoms to which they are
attached, form a cyclic or heterocyclic group, e.g., of 3-8 ring members and the heteroatoms

are selected from O, N and S; and Ry is H, or OH.

[0029] In one embodiment, the method further comprises reacting a compound
Lg

H

N

/>_‘A
having formula N with a compound having formula

Ry

H—N N—Boc

, thereby forming said compound of Formula I1. In one

embodiment, Lg is Br. In one embodiment, the reacting is carried out in toluene~THF in the



[0034] In one enbodinent, Ais aryl substituted with

C-C6 alkyl, C2-C6 al kenyl, C2- C6 al kynyl, NR22R23,
WERRANOFY) 2, JR22, or C(=O R22, wherein J is (QoOr/UuS005/021127

111 , wherein mis 0, 1, or 2; R2 and R 3 are,

independently, H G -Cr7 al kyl, C2-C7 al kenyl, C2-C7

al kyn or heteroal kyl, each al kyl, alken

presgpq@y)rﬁémol%ﬁﬂPdﬁéba)Wé,@@gﬂ% of @M{@P bgangd d‘ﬂﬁ‘lq %ﬂuW&K}l’ltS of solid
3 , R2 and R2 , taken together
l“mﬁMQ§&&%gﬂ§$gkghkqIaﬁ?gx?ghey are attached, form an
[00390t i onald gnespibstintent, 6@ negtledd fortioar coppiises alllbtynating a compound
substitutedgheterocyclic group, e.g., of 3-8 ring
menbers and the heteroatons are selected fromQO, N and
S optional lly subgiituted with R20-ER 21 , wherein Eis
O N, NRrT, 3¢SO , R20 and R2) are,
i ndepend H, C|-C3 al kyl, or heteroal kyl,
al t er nat R2o0 qpg R2i, taken together with the
haviag ermutao Wk Zh t hey ar e ittt Mehkaysuéaninide (EWCE1)dn akthanol, and

reacis B S5 Bine PO el Barr P sionde AR ToGHGE R Eorpbound
or OH [0038] In one enbodinent, Ais para t-butyl

phenyl. [0Q36] In one enbodinent, t he nmet hod further
conpri ses_aqddi  equival ents of ethereal HO to a

solutio Ffé coxpound having Formula Il in ethanol,

t her eby A [0037] In one enbodi nent, the
h B gsen ~an/conpri ses a net hod conpri sing
AVIPBLY L”g a~Conpound having Forrmula I11:111

[0031] In one embodiment, the method further comprises reacting a compound

Lg
H
N\ﬂ/ A
. [ ] o]
having formula with thionyl chloride to form an imidoyl chloride,

and reacting said imidoyl chloride with aqueous ammonia, thereby forming said compound

Lg
N A
X
. NH,
having formula
[0032] In one embodiment, the method further comprises reacting a compound of
Lg
NH,
Lg' A
formula with a compound of formula o) , wherein L' is a halogen,
Lg
H
N\[(A
. 0]
thereby forming said compound having formula . In one

10



wherein: R is Hor alkyl; RO and R o, are,

i ndependently, H, alkyl, alkenyl, or al kynyl, each
wabdoghoo7ad kenyl , or al kynyl being optionally PCT/US2005/021127

substituted; and R3, is G -C6 al kyl, C2-C6 al kenyl,

C2-C6 al kynyl, NR22R23, CR24(CF3)2, JR22, or C(=OR

22, wherein J is Oor SOm wherein mis 0, 1, or 2;

R22 and R23 are, independentlﬁ, H, Cl-C7 alkyl, C2-C

al kenyl , C2-C7 al kynyl, aryl,]| or hq\{Her oal kyl , each

al kyl , al kenyl, al knyl, ar) S &r ogl,ky! beA ng

optionally substituted, alfjernat|ively, Rﬁ

taken together with the at whi ch t hey
emtRUinRGN e is BRI MoRe EMBbdimeft! T&EET OCyCl iy gro eargcombmed

of 3-8 r| ng members and the heteroatorrs are sel ect ed
““derSﬁﬁ-’t@“ Baugyig C@dlml“dﬂ?dﬂqflﬂ%su bstituted with

050 BT o, (RS 20 an

(00343t er oalrkgde endvbdlmenatAl iy etyj/$ub5tﬁotedmthm2 Cs dllal aly-Ce alkenyl Co-

r ns t ch the r
Co JGATH NReplt e S B ey dr PG i RS oS0 m R ms o
1 omm@ﬁrﬁi }aﬁdret iﬁnﬂeﬂ&:ﬂﬂ@ﬂ?aﬂ C(I'EBCﬁﬂl%'l Selerdieshyl, 010, @kyNia4l, or
4} s H or OH a conmpound havin

hetequall%pach q_l@yl(aé],g@nib pgkzp)lxg q_f)ylwp]ré}egirqfl,ryl Being optlonallg substituted,

altelh@h @110 wzcdnaqizmkeg FogB@b ek RRthY hionR3E WhRRMAGNA Atached, form an
substituted; Lg is hal ogen or OSO R32, whérein R32

optignaky|subsgpuged cyelic e opgerally leyhstitugaddistesqsylisnesbuny e.g., of 3- g rmg

members and the heteroatoms are selected from O, N and S optionally substituted with Ryo-E-

Rz, wherein E is O, N, NRyy, or SOy, Ry and Ry are, independently, H, C,-Cs alkyl, or

heteroalkyl, alternatively, Ry and Ry, taken together with the atoms to which they are
attached, form a cyclic or heterocyclic group, e.g., of 3-8 ring members and the heteroatoms
are selected from O, N and S; and Ry4 is H, or OH.

[0035] In one embodiment, A is para t-butyl phenyl.

[0036] In one embodiment, the method further comprises adding 2 equivalents of
ethereal HCl to a solution of the compound having Formula II in ethanol, thereby forming a
salt.

[0037] In one embodiment, the present invention comprises a method comprising

reacting a compound having Formula III:
R3;



substituted; kis 0, 1, 2, or 3; and R 3 and R 4 are,

i ndependently at each occurrence, H or optionally
waawsHod7sd ed al kyl, in an organi c sol vent in tPRer/Us2005/021127

presence of base, thereby form ng a conpound havi ng

Formula 1V, or a pharmaceutically acceptable salt

thereof:1V. [0038] In one enbodinent, Dis optionally

substituted heteroaryl. [0UB9] In one enmbodiment, Ri
wheljﬁ% Hor C-C alkyl. [0040] In one enbodi nent, RO and

0, are, independently, H CpC 4 al kyl, C2-C al kenyl ,
orRGﬁHbraaﬂMnyl [0041] In one errbodi ment, R3 and R 4

dent | , -
o L i R T e R SR
alky@ﬂ@elﬂgb@dinﬂﬂﬁﬁubsﬂl-tﬂteﬁ% 3R 4X-D is
6- Br ononet h¥ 8UI noxal i ne. [00451]an n_one_enbhodi ne

t hR31ARt hoeaikYlr rEs ke GleiynginNRaaRon §Red CFa):, TR or

C(= @?RE?Whgﬂélnang@J dr@@m, tvh&%ﬁntfﬂlsf(prln&r% Lg- (CR 3R| 4)k-D. In
oné enbodi nent, brom nation is achi eved usi 1.1

qunz\?ladi Bmtase, dfdeperigensiyo Bu€cCnilkyld€2-C1 Niggmy)., akypyhgrydgor

heter%glg(glg %l@ggH{%XMiﬁf{bg a{bﬁ (‘rl}ﬁeﬁ)’glk&t %%%@tf&ﬁmgnsgbstituted,

altereativelgh RBntd Rﬁahmkeretbgﬂbbrmumtthmnomonpvlhisletshey eaa@tthqingd form a

|
excif g RBCELY a0 ek 15 U WOt PHo 2 OHaroRRGAE Hected from
O, Nefwbedoprnhlly ubithxas eith &zpanag SHhefACR (SO NINR ©for SOy,

N, Ndi i sopr opyl et hyl am ne. [; Qq In one enbodl ment ,
t hR2098f Ferre indepardenlyatl, Feks tlkyher boteraglierlone,

acﬁte%ht/él&,l & and Ry, taken together with the atoms to which they are attached,

form a cyclic or heterocyclic group, e.g., of 3-8 ring members and the heteroatoms are
selected from O, N and S; and

R, 1s H, or OH;
with a compound having formula:

Ls-(CRi3R14)x-D

wherein:

D is heterocycloalkyl or heteroaryl, each optionally substituted;

L, is halogen or OSO;R3,, wherein Ra; is alkyl, aryl, or fluoroalkyl, each optionally
substituted;

kisO, 1,2, or 3; and

Ri3 and R4 are, independently at each occurrence, H or optionally substituted alkyl,
in an organic solvent in the presence of base, thereby forming a compound having Formula

IV, or a pharmaceutically acceptable salt thereof:
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("MeCN'"), dinethylsulfoxide ("DVSO'), and
tetrahydrofuran ("THF"). [0048] In one enbodi nent, the
whame/009766 udes pot assi um carbonate and sai d soP@BENBE2005/021127
i ncl udes acetone. [0049] In one enbodi nent, 2
equi val ents of potassium carbonate are used. [0050] In
one enbodj nent, 1 equivalent of Lg-(CRi 3R 4)i<-Dis
used. [ 005%] I n one enbodi ment, the nethod further
conpri ses Neacting a conpound having fornula with a
conmpound hgvimmg\formula mH N N Boc \ , thereby
formng sdid congound of Formula I11. In one
[ Lg i/6 Br. In one enbodi nent, said reacting
n tol uene- THR1Nn tRe presence of 5
nmol % of Pd2(dba)3 and 10 nol % VAP with 3
i ( id |ithi Oj @%ngﬁ de

("Li HMDS"). [0057 the met hod
further conprisg ound havi ng
formul a wi tRyTF ; ") in nethanol,
and reacting the ng ride with potassium
carbonat e, thereby|[form ng said conpound havi ng
formul a [ 0053] [
conprises reacti ng a~g Sffpound having formula with
thionyl chloride to forman i mdoyl chloride, and
reacting said imdoyl chlogyde with agueous anmmoni a,

t hereby form ng said compound having fornmul a[ 0054] In

[0038he enbidéneAtboditdeat, MES bebnhlly §ubsiiueo RBkics8s reacting

moﬁ%conpo nd oft£$rnula with a conpound of formula

er ej ninone em ment, R; 1s H or C,-Cj alkyl.
[0040] In one embodiment, Rg and Ry, are, independently, H, C,-Cy4 alkyl, C>-Cy4
alkenyl, or C;-Cy4 alkynyl.
{0041] In one embodiment, Ri3 and R4 are, independently at each occurrence, H or
C-Cs alkyl.
[0042] In one embodiment, L, is Br.
[0043] In one embodiment, L,-(CR 3R 14)k-D is 6-Bromomethyl-quinoxaline.
[0044] In one embodiment, the method further comprises brominating 6-

methylquinoxaline, thereby forming Lg-(CR13R14)k-D. In one embodiment, bromination is
achieved using 1.1 equivalents of N-bromosuccinimide ("NBS") and 2.4 mol% of
azobisisobutyronitrile ("AIBN") in carbon tetrachloride ("CCl4") at reflux.

[0045] In one embodiment, the method further comprises reacting 4-
methylphenylene-1,2-diamine with glyoxal, thereby forming said 6-methylquinoxaline.
[0046] In one embodiment, the base is potassium carbonate or N,N-
diisopropylethylamine.

[0047] In one embodiment, the solvent includes at least one of acetone, acetonitrile
("MeCN"), dimethylsulfoxide ("DMSO"), and tetrahydrofuran ("THF").

[0048] In one embodiment, the base includes potassium carbonate and said solvent
includes acetone.

[0049] In one embodiment, 2 equivalents of potassium carbonate are used.

[0050] In one embodiment, 1 equivalent of Lg-(CR 3R 4)-D is used.
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is a halogen, thereby form ng said conpound havi ng
formula [0055] In one enbodinent, Lg" is Br. In one
wendvemdoaTent , are conbi ned under Schott en- BaunmaPCT/US2005/021127
conditions with NaHCO 3. [0056] In one enbodi nent, R ]
is t-butyl. [0057] In one enbodinent, the nethod
further conprises adding 2 equivalents of ethereal HC
(0051 a solnanesmbodintehi thsamplandrfdrtivesedmprisee raacting a opnipaund
et hanol, thereby formng a salt. [0058] In one
enbodi ment | the gi'esent invention conprises a compound
[ c herein: R is Hor alkyl; RO
H, al kyl, al kenyl, or
—Reor al kynyl being

Opt | I St \ 1 R3I . e , -
hav‘ggtderﬁ‘% C5-06 al kynyl, NR22R23 "Y‘%é%’ﬂ’(%@l“ﬁ%?‘%r
C(=OpR2 R wherein J is O or SOn wherein mis 0, 1, or
2; RR2A/and R2 are, independently, H, C -C7 alkyl,
C2/C7 a\ kenyl, C2-C al kynyl, aryl, or heteroal kyl,
H—erch al kyb—sad kenyl , al kynyl, aryl, or heteroal kyl
be\ng optionally substituted, alternativel R22 and
R23—tdken t ogllerdY fRiMine recogpghrd ?f@\f;mvleﬁfl-t Hegprear e

embBUitRAN Eis HrOTMbRe EYiodinten? saill §4-Hi ALY Chiried 86GH Roluchie OFHE in the
of 3-8 ring nenbers and the heteroatons are sel ected

preseeg 9f Hmolfoah Hdsdbaymid JA A% of GyMAR ligeed wiihtreaR valepts Rpsolid

lithinm WREIW R 1 &sil 3idD , or SOm R20 and R2i are,
1 l%"Rdepen n‘ﬁlglaélda( LW%\I kyl, or heteroal kyl,

[0052] In one embodiment, the method further comprises chlorinating a compound

L
¢ Ray
N
AN
NH,

methanol, and reacting the resulting N-chloride with potassium carbonate, thereby forming

Lg R,
/
said compound having formula N .

[0053] In one embodiment, the method further comprises reacting a compound

Lg By A
31
N
(o]

chloride, and reacting said imidoyl chloride with aqueous ammonia, thereby forming said

having formula with N-chlorosuccinimide ("NCS") in

having formula with thionyl chloride to form an imidoyl

Lg
Rai

N

X

. NH2
compound having formula
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alternatively, R2oand R2 1, taken together with the
atons to which they are attached, forma cyclic or
whedoenaoye! i c group, e.g., of 3-8 ring nmenber sPenus1on&021127
heteroatons are selected fromQO Nand S; and R24 is
H, or OH [0059] In one enbodinent, RO is H or CH3.
(%0060] In one enbodi nent, R3i is O C6 al kyl. [0061]
[0054] one divoneiPrbetimeraihe msthod firther conpEseNEFdiONSCODBR]nd of
reecytati ons of a group, such as alkyl, are

enconpass baiNp, substituted and unsubstit
[ 0067 g term "al kyl", as used hgrein,

‘/,-d or unsubstituted aliphati hyd‘ocarbon
ﬂﬂmhhln #Md i ncl udigha ciyupound ofiformilani t ed to, strai ghtwherein Ly
ntaln n on11 to 12 carbon
s aa\{mor%gﬁq &S%O%ﬁ%sa'd 0&’3%" ‘?‘r“%ﬁlﬂﬁmf’o 6 carbon atons,
Ul ess” :plfled ot herwi se. For exanple,
g , iIsopropyl, butyl, i-butyl and
passed by the term"alkyl." C)-C6
sTrai ght and branched chain aliphatic
 ops haying from1l to 6 carbons. Specifically
Cluded within the definition of "alkyl" are those
al i phatic hydrocarbon chains that are optlouglly
substituted. In one enbodi ment, an alkyl is

expl i
et hy

- TZ2—0D

-V-halogen, -V-N, -V-NO, -V-CN, - V-OR R,
-V-S2R, -V-S2N(R®2, -V-N(R) 2, -V- C2R ,
-V-NRC@R‘ - VW-NR COR, -V-NR CONR , ' R ) 2,
[0058)( OH) ( CIiEBDléZcmbdaHﬁéﬁf-;i)gZ,s Bor Irr(ﬁé@ﬁﬁ))&memher S each Rnd
IS |ndeo-ndently hydr ogen or unsubstituted (C
AT kyIN\,—did wher ei n each

0 are combined under Schotten-Bauman conditions with NaHCO;_
[0056] In one embodiment, Rj; is t-butyl. ,
[0057] In one embodiment, the method further comprises adding 2 equivalents of

ethereal HCI to a solution of the compound having Formula IV in ethanol, thereby forming a
salt.

[0058] In one embodiment, the present invention comprises a compound having

Formula III:
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V is independently a bond or (C -C6)-al kyl. [0064]
Li kewi se, the term"heteroal kyl" as used herein refers

wo eooanoeBkyl group (e.g., of 2-7 carbon at ons)PCTUStw®R1127
1-3 carbon atons within the carbon backbone are
i ndependently replaced by O S or N heteroatons. For
exanpl e, nethexy, ethoxy, nethylthio, ethylthio,
nmet hyl am ne, elhyl am ne, di nethyl am ne, diethyl anm ne,
nmet hoxy net hyl , }ethqxynet hyl , am nonet hyl, and
hydr oxynet hyl Are engonpassed by the term
"het er oal kyl .* ne) enbodi nent, a heteroal kyl is
substituted w yyor nor e of tEe foI OW ng groups:
- V- hal ogen, -V-N\3 V- NO2, -V-CN, ° -V-SR,
-V-S2R , -VSO 2N(R -V-N(R') 2> V-COR,,
-V-C2R, -V-NR C0 2R=— R‘/CO\IR',

-V-CON(R) 2, ( - C(CF3) 3,
wher ei n each R ,s_Nndepe‘dentIyNhydrog n or

unsubsti t ut ed Co)N\al erern each Vis
i ndependently a bond o C6) - al kyl . [0065] The
car bon nunber as used definitions herein refers
to carbon backbone and pa#' branchi ng, but does not
i ncl ude carbon atons of tH¥e substituents, such as
alkoxy substitutions and the Iike. [0066] The term
"al kenyl ", as used herein, Whether used al one or as
paanﬁﬁnanother group, refers to a substituted or
h:tuted hydr ocar bon chain and includes, but is
15 Hior ayk o, stralght and branched chai ns having 2

to GARNOR & ' at | east one doubl e
borﬁ i n%ong 2%'1%@ [lﬁi rAi e ngialegy S flkSPylaZOf
alkyayt hsing apgaendly ssbtinted; Iamhyl moi eties may exist in the E
or for, n c ds of this
|n5§h§?2é?ng$¥§pq%oﬁﬁngo TS?%E@DE X228, @ fFia 22, or
C= Qﬁt&udﬁaﬂmlg(ﬁorﬁO&aﬂbﬁﬂ1ﬁh§angb;20r branched chai n
on- car bon doubl e bond.

havyi | eas
Spé ?re 1{135]6@@?}%&@%\;; GG alyb C2-C; alkenyl, C,-C, alkynyl, aryl, or

heteroalkyl, each alkyl, alkenyl, alkynyl, aryl, or heteroalkyl being optionally substituted,

alternatively, Ry, and Rys, taken together with the atoms to which they are attached, form a
cyclic or heterocyclic group, e.g., of 3-8 ring members and the heteroatoms are selected from
O,Nand S, optionally substituted with R2-E-Ry;, wherein E is O, N, NR3y, or SO,

Ry and Ry, are, independently, H, C;-Cs alkyl, or heteroalkyl,

alternatively, Ry and R,;, taken together with the atoms to which they are attached,

form a cyclic or heterocyclic group, e.g., of 3-8 ring members and the heteroatoms are

selected from O, N and S; and

R24is H, or OH.
[0059] In one embodiment, Ry is H or CHa..
[0060] In one embodiment, Rs, is C;-Cg alkyl.
[0061] In one embodiment, Rj, is t-butyl.

DEFINITIONS
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definition of "al kenyl" are those aliphatic
hydr ocarbon chains that are optionally substituted. In
woowemodiecdli ment, a heteroatom such as O S orpd/US2005/021127
attached to an al kenyl is not attached to a carbon
atomthat is bonded to a double bond. In one
is substituted with one or nore

odi ment, an. al kenyl
[00350 the f ﬁ TCGWWQ‘S@ %/{ng sugh zﬁélkéfbé?? undvsqqu for\}lq\mgposes of this

specM‘cﬁNn to Vncg%pasgmubstrtﬁ{aﬁ%msubs{(fuﬁ@’% )2, -V-N(R
A2 V-OR, -V-ORR, -V-NR - CORR “VNR' COR |
(00634 NR OFRIR term. \all@djNewsyd Qeremom&t)e(r reg)abone.oCR{ IRFG)f 2nother

t .
B A br e el AR RERAG R L A P HERAR b
nOtilhldEpedeﬂighlyma btnnnlmbd@hal(lﬁon%)m@frkmll to [1D0&BHn dthms toe imsome
t d talnin
s Bl L B LB RGP E bR
methlyl; letmgie propyR isoproPyICBURIONbGYINaAl @BhiyDire BicRPARAd 61 &eflerm
g .at t one car bon carbon tr| %I e bond. In gne

|
"alf o i %ﬂl‘yﬁ udsp giyaieht apdbranghed Fliain Aphalia sowsdaying figpel to 6
car@Jnst ech ﬁ’dal(%'mcﬁﬂleg M’cHﬂsthe de\finhféh %) eanlgrl'* e Hﬁ»se al\1‘f5h[a\1§22

hydr«zﬁaﬁh(owc}lalgs thawmonaﬂmmwed In\png|RM lmream arvMva@m

sub_st\ézx{éﬁ:z'@}ﬁe or mXIeWngopl(h\%nF g%%be g%gl} | ( CK'/:%@ VOEIN -

wher el n each dro eh or
V-QRS5 bR 1 -Y-8@:R G V- m)N(Sl kyHV-N@Rrith, Whém n\/éﬁﬁ)lilR’\/—V-ﬂNR COZR’,

V- Nl?:yc oaﬁfﬂ{d %Pﬁfﬁe}r S 10 Bg&% %?{:g%z b?ic[&%e}f ] E?Cl% 3

whereineyet R Cis ifdepadenttyliydggeh oﬂfnsﬁﬂztlfu&dmno,\{ﬁﬁleylt and wherein each
i ety, wherein the carbon atons

at ura ydr
V'gwggqeéié%{’?'é QOHEPH@bc&)B ¥si de of the ring system

[0064)0. , OfLiRewisel eGP NRicPIaMTP” asARSM Iewtih RS 1 dnﬂa@kyl rgroup (e.g.,
ffOSItI on of the cycl oal kyl "noi ety may be coval ent
0

7 Akken atemphie whishi Ind garborsipraavitkinthectahoa. baﬁsbanwres of
mdgﬁéﬁh%ly lfé’dlacg@ beo, g%r Nr}fé'tér‘(gja%omsb Yor Q{a%]w@'ineltﬂo%te?ﬁox&o

chem cal gr oups such
methylthio, ethylthio, methylamine, ethy]amme dimethylamine, diethylamine, methoxy

methyl, ethoxymethyl, aminomethyl, and hydroxymethyl are encompassed by the term
“heteroalkyl.” In one embodiment, a heteroalkyl is substituted with one or more of the
following groups: -V-halogen, -V-N3, -V-NO,, -V-CN, -V-OR’, -V-SR’, -V-SO,;R’, -V-
SO;N(R’),, -V-N(R’),, -V-COR’, -V-CO;R’, -V-NR’CO3R’, -V-NR’COR’, -V-NR’CONR’,
—V-CON(R’),, -C(OH)(CF3),, -CH(CF3),, or -C(CFs)3, wherein each R’ is independently
hydrogen or unsubstituted (C;-Cg)-alkyl; and wherein each V is independently a bond or (C;-
Ce)-alkyl.

[0065] The carbon number as used in the definitions herein refers to carbon backbone
and carbon branching, but does not include carbon atoms of the substituents, such as alkoxy
substitutions and the like.

[0066] The term "alkenyl", as used herein, whether used alone or as part of another
group, refers to a substituted or unsubstituted hydrocarbon chain and includes, but is not
limited to, straight and branched chains having 2 to 8 carbon atoms and containing at least
one double bond. In one embodiment, the alkenyl moiety has 1 or 2 double bonds. Such

alkenyl moieties may exist in the E or Z conformations and the compounds of this invention
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cycl opropyl, cycl opropyl nethyl, cycl obutyl,
cycl opentyl, cycl ohexyl, cycl ohexyl nethyl,

wa@ymbobsgsg| et hyl , cycl oheptyl, norbornyl, adaneeit/y$2005/021127
spiro[ 4. 5] decanyl, and honol ogs, isoners, and the
l'i ke. C3-C6 cycloal kyl includes nonocyclic, saturated
rings of 3 to 6 carbons. In one enbodi nent, a

‘“CIE%OEJ&‘F%W""P%O@U FeGorlkerd ingludss HA& Gearhrsy Braight ersanched

chaih Qulal&%!\”aﬂgas%r%"bgﬁmn ~c¥bloh _dm}é‘lségdngg §Bec1f‘ c\ﬁl%ﬁml dyd MtRin the

deﬁm‘qu@ﬁ'a kegyl" ang- tﬁ;@'ahph&\fc mQR:arbonvhNﬁs BoR pptlonally substituted.

In onV t'a he}ér Fil as \é W(a ta g an%(]]gﬁlgfﬂls not)a%t’ached to
% ﬁ%ere T eac ﬁ 'S
a caitod apmnnhetnt b(yndeydr od@idlediond.nEidds einbodiednd & alkényt Blskydtituted
and wherein each Vis ind dent|y a r - ,
it oY o OBy e BRI G AoEER ol S Yo\ S7-EY-V-OR', V-
SR’ nanb@gved \asgmm 5, J\EN@( %CW?JOOR I ivngoys, mNm@baRﬂsv-
om1l to 4 heteroatons sel ected fron1the

NRGE] SR ON RO e (R GG TS e T Wi
eacH Rnlg 1%&&3@1}{1%}8@;&&@@& Wsﬁlﬁuﬁ:t&ﬂbb@%)ya(ﬂ(ylﬁangrv%hereén eac]b Vis

heterocyclic ri'ng at any possible posit
indepergleniingbendoméCi-Ehelkfylised het erocyclic ring contai ni ng

[006710m 1 ﬁ“f?e t%r hetl X)g/na?trgfyf\s heg togacribg glgé?e contgmf (%[")ré least one

nsi st I Ng
carbbhreanbbin g)ple Hd’mdo ne-Gg ratkmydylnmhﬁdes a2 I&EG edarba ttaighs or branched chain

havmg/aﬁeasE g)gqic%r%%gqm%g\ep;ﬁ%bg%{/ li\g% f}m < ]éj%!nlt %Mag%nglrig ls'llj%'z’t:ituted
w1thdﬁeSR'm,ore 6f-tl&12)ﬁ?'owmg\éﬁﬁp2 NVFﬁa)o 2n, -V\NN(‘ﬁQOC%\\I/R'CW ,GQOR”, -V-

SR -85 RSOGO [y A C%«&@Pﬁ of NRCLERB) V-
NRWORC EIVINREEHNR | Jwﬁcomh@ﬁi _ and m%di}@@;@gbz,% ;C(GFa), wherein

unsubstituted (C -C erei n"each
each Rde pj@ﬁ@@d@ﬂtv fudmamordrnsqt@tlwte@aﬁ &bXafkyl; ndoTie]ein each V is

lnm¥ ép M%b?ﬁ ﬂtalnsgz Egrgog ;gozsngggegsgn]l to 2
[0068ét er oaTlnterns éctyetdakkdl"frcfemtcb\la mOpoayalic, Sicytlic, oivgclic, fused,
bridgerg?grd sipﬂ% rgrtldno@alent saturated hydrocarbon moiety, wherein the carbon atoms are
located inside or outside of the ring system, e.g., of 3 — 15 carbon atoms. Any suitable ring
position of the cycloalkyl moiety may be covalently linked to the defined chemical structure.
Examples of cycloalkyl moieties include, but are not limited to, chemical groups such as
cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexylmethyl,
cyclohexylethyl, cycloheptyl, norbornyl, adamantyl, spiro[4.5]decanyl, and homologs,
isomers, and the like. C3-Cg cycloalkyl includes monocyclic, saturated rings of 3 to 6
carbons. In one embodiment, a cycloalkyl is substituted with one or more of the following
groups: -V-H, -V-halogen, -V-Nj3, -V-NO,, -V-CN, -V-OR’, -V-SR’, -V-SO,R’, -V-
SO:N(R’),, -V-N(R’), -V-COR’, -V-CO,R’, -V-NR’CO,R’, -V-NR’COR’, -V-NR’CONR’,
~V-CON(R’),, -C(OH)(CF3),, -CH(CF3),, or -C(CF3)3, wherein each R’ is independently
hydrogen or unsubstituted (C;-Cg)-alkyl; and wherein each V is independently a bond or (C;-
Ce)-alkyl.

[0069] "Heteroaryl" refers to a 5 to 6 membered aromatic heterocyclic ring which

contains from 1 to 4 heteroatoms selected from the group consisting of oxygen, nitrogen, and
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examnpl es of which are as illustrated

tituents,
CH@? ﬁr -Gl FonavherebaeiBnts independspiy byssege) os wbstityied@i-Co)-

alk)ﬂlnl‘l'nﬁt\xbheife% SRSk Hdéﬁéﬁdé,’}‘ltl&'ﬁ b%ﬂ@o e, msakgf the
| ow n groups: =0 al ogen, =V-N3, -V-NO2,
[0071\]/ CN, ©Rn “ary: gRlsed hem&;@@group Ut SENj(@rgryupxefers to an

arorr_l%l_c%%g&&c%’c rlp%;: M 6?%%th%%§ QHEI)H(ICI\Eg CE ’may be
option@l—ly@ﬂ&)imtecb r"Phcﬁj@CF&)lB;:d bhngn evhetieaotedRlonke ®r as part of another
grouip, ge?éjr odaesn t}{ut g grr SGbsfed phenyl group. In one embodiment, an aryl
group such as phenyl is substituted with one or more of the following: -V-H, -V-halogen, -V-
N3, -V-NO,, -V-CN, -V-OR’, -V-SR’, -V-SO,R’, -V-SO;N(R"),, -V-N(R’),, -V-COR’, -V-
COzR’, -V-NR’CO;R’, -V-NR’COR’, -V-NR’CONR’, -V-CON(R’),, -C(OH)(CF3),, -
CH(CF3),, or -C(CF3)3, wherein each R’ is independently hydrogen or unsubstituted (C;-Cg)-
alkyl; and wherein each V is independently a bond or (C-Cg)-alkyl. Additional substituents
on aryl are illustrated above in connection with A when phenyl in paragraph [0028].

[0072] An optionally substituted moiety may be substituted with one or more
substituents, examples of which are as illustrated herein. In one embodiment, an “optionally
substituted”” moiety is substituted with one or more of the following groups: =0, -VH,
-V-halogen, -V-N3, -V-NO,, -V-CN, -V-OR’, -V-SR’, -V-SO;R’, -V-SO;N(R’),, -V-N(R’)5,
-V-COR’, -V-CO;R’, -V-NR’CO;R’, -V-NR’COR’, -V-NR’CONR’, —=V-CON(R’),,
-C(OH)(CF3),, -CH(CF3),, or -C(CF3)3, wherein each R’ is independently hydrogen or
unsubstituted (C,-Ce)-alkyl or phenyl; and wherein each V is independently a bond or (C;-

Co)-alkyl.
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unsubstituted (G -C6)-al kyl or phenyl; and wherein
each V is independently a bond or (G- GO al kyl.[0073]
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may typically be nono- , di-, tri- or persubstituted.
Exanpl es for a hal ogen substituent include 1-brono
vinyl, 1- fluoro vinyl, 1,2-difluoro vinyl,
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mm&icept abf dsedAierein, 3 oRBHY r?gff@mﬁeswaf"é\fegtwrbalao igglndesgr  an

phadticélRAgy &cHARIEsantidy a@mFO@H QMHfprdefnRAteH e dhe
present invention. salts include, but are

Ph%@flcqurlﬁalkyeﬁcqpéﬁblessa\tf %ﬁtt@ed kareip sfers e sltafan a@st anda@ Basic
n1tr§gl3h Aohfista BHPbREAUFRHe ﬁ@s’entt]fl%ﬂlgr? %%‘rgﬁﬁg ut are not

iodide, nitrate, bisulfate, phosp osp ate,
limifed dprisulbate. reitads, adetase, m(@lateséullqrtdyl lydexchiwdiel bmrtndathevdrobromlde,

1od1&egég{a%a§1’sul?zlt§ %ngﬁg%tgrli %t %b%{a%gte 1 (t)nl?%%rt]ﬁlgt% lftc:tgat% aSrﬁlL}gﬁ%% é'101d
citragy, tecioata todgatey tamnae,@aabaenmbuhanat Bcorbat NAtEnad) etasd e,
gent%lin%‘ie?%angaeréte, gluconate, glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate, camphorsulfonate,
napthalenesulfonate, propionate, succinate, fumarate, maleate, malonate, mandelate, malate,
phthalate, and pamoate. The term “pharmaceutically acceptable salt” as used herein also
refers to a salt of a compound of the present invention having an acidic functional group,
such as a carboxylic acid functional group, and a base. Exemplary bases include, but are not
limited to, hydroxide of alkali metals including sodium, potassium, and lithium; hydroxides
of alkaline earth metals such as calcium and magnesium; hydroxides of other metals, such as
aluminum and zinc; ammonia, organic amines such as unsubstituted or hydroxyl-substituted
mono-, di-, or tri-alkylamines, dicyclohexylamine; tributyl amine; pyridine; N-methyl, N-
ethylamine; diethylamine; triethylamine; mono-, bis-, or tris-(2-OH-(C-Cg)-alkylamine),
such as N,N-dimethyl-N-(2-hydroxyethyl)amine or tri-(2-hydroxyethyl)amine; N-methyl-D-
glucamine; morpholine; thiomorpholine; piperidine; pyrrolidine; and amino acids such as
arginine, lysine, and the like. The term “pharmaceutically acceptable salt” also includes a

hydrate of a compound of the present invention.
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carrier as use ereiln, enconpass carriers
acceg;eblepa]@qthgeofaﬁﬂhqﬂq: b stengbisomer is provided, it may in some embodiments be

provided substantially free of the corresponding enantiomer. Thus, an enantiomer
substantially free of the corresponding enantiomer refers to a compound that is isolated or
separated via separation techniques or prepared free of the corresponding enantiomer.
“Substantially free”, as used herein, means that the compound is made up of a significantly
greater proportion of one stereoisomer, in one embodiment, less than about 50% of the other,
in another embodiment, less than about 75%, and in yet another embodiment, less than about
90%, in one embodiment, less than about 95%, in another embodiment, less than about 98%,
and in yet another embodiment, less than about 99%.

[0082] The terms “effective amount”, “therapeutically effective amount” and
“effective dosage” as used herein, refer to the amount of a compound, that, when
administered to a patient, is effective to at least partially ameliorate (and, in other
embodiments, cure) a condition form which the patient is suspected to suffer.

[0083] Compounds of the present invention have been found to act as GnRH receptor
antagonists. They are therefore useful in the treatment of prostate cancer, endometriosis,

uterine fibroids, uterine cancer, breast cancer, ovarian cancer, testicular cancer, primary
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carrier is a finely divided solid, which is an admixture with the finely divided active
ingredient. In tablets, the active ingredient is mixed with a carrier having the necessary
compression properties in suitable proportions and compacted in the shape and size desired.
The powders and tablets in one embodiment contain up to 99% of the active ingredient.
[0086] Capsules may contain mixtures of the active compound(s) with inert fillers
and/or diluents such as the pharmaceutically acceptable starches (e.g. corn, potato or tapioca
starch), sugars, artificial sweetening agents, powdered celluloses, such as crystalline and
microcrystalline celluloses, flours, gelatins, gums, etc.

[0087] Useful tablet formulations may be made by conventional compression, wet
granulation or dry granulation methods and utilize pharmaceutically acceptable diluents,
binding agents, lubricants, disintegrants, surface modifying agents (including surfactants),
suspending or stabilizing agents, including, but not limited to, magnesium stearate, stearic
acid, sodium lauryl sulfate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl
cellulose, microcrystalline cellulose, sodium carboxymethyl cellulose,

carboxymethylcellulose calcium, polyvinylpyrrolidine, alginic acid, acacia gum, xanthan
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anti hypertensive agents, diuretics
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derl%:tlveél Fnchidi gosoﬁlum carboxymethyl cellulose solution), alcohols (including
monohydric alcohols and polyhydric alcohols, e.g. glycols) and their derivatives, and oils
(e.g. fractionated coconut oil and arachis oil). For parenteral administration the carrier can
also be an oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid carriers are
used in sterile liquid form compositions for parenteral administration. The liquid carrier for
pressurized compositions can be halogenated hydrocarbon or other pharmaceutically
acceptable propellant.

[0089] Liquid pharmaceutical compositions, which are sterile solutions or
suspensions, can be utilized by, for example, intramuscular, intraperitoneal or subcutaneous
injection. Sterile solutions can also be administered intravenously. Compositions for oral
administration may be in either liquid or solid form.

[0090] In one embodiment, the pharmaceutical composition is in unit dosage form,
e.g. as tablets, capsules, powders, solutions, suspensions, emulsions, granules, or
suppositories. In such form, the composition is sub-divided in unit dose containing

appropriate quantities of the active ingredient; the unit dosage forms can be packaged
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I nvention may conprise any conventionally used ora
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[0092] In some cases it may be desirable to administer the compounds directly to the
airways in the form of an aerosol. For administration by intranasal or intrabrochial
inhalation, the compounds of this invention may be formulated into an aqueous or partially
aqueous solution.

[0093] The compounds of this invention may be administered parenterally or
intraperitoneally. Solutions or suspensions of these active compounds as a free base or
pharmaceutically acceptable salt may be prepared in water suitably mixed with a surfactant
such as hydroxyl-propylcellulose. Dispersions may also be prepared in glycerol, liquid
polyethylene glycols and mixtures thereof in oils. Under ordinary conditions of storage and
use, these preparations contain a preservative to inhibit the growth of microorganisms.
[0094] The pharmaceutical forms suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile

injectable solutions or dispersions. In all cases, the form must be sterile and must be fluid to
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cetostearl| al cohol, cetomacrogol enulsifying wax,
sorbitan esters, colliodol silicon dioxide,

w@bwspbeses, sodi um dodecyl sul fate, magnesi um BCTIIBIV05021127
silicate, and triethanolam ne. Oral fornul ations
herein may utilize standard delay or tine rel ease

for ations to alter the absorption of the active
the @xd %ﬁ?fé%fy““?ﬁté“‘dreélsmf O AT 8¢ ptefle Hadpr Hesandidensios mapyfacture

and @t@mgﬂ bt B04tBE plebGvarddait th@&fn@ﬂr‘nﬁzﬂtng PN ic@brehfiitthi such
juice, containing appropriate solubilizers or

as bagieria asfl fungi.s Thescarfias denbe 4 DORSY or@mgns@nmdmnemtmyg,tf@r

exanHél@%Até} Q[éﬁl%fl )(()ngl (%%J,r%ﬁeic% Fe% E@a&r}ﬂ?({i llglgw tpﬁllygtﬂ%ene

rups an I’rs |ng ien
wahwanwﬂonnnwmsbewﬂﬂss@bqﬁdbbmﬂsuspended in a

armaceutical ly acceptable liquid carri such
(00g30 e P Th i homias“EBRknfencon it diriibref s dgpmy througn
the o ar ﬂ&@@démabzit% Tt @fetpal)osesaifhiss @ikclbsate, trii@eniagiui d
carrier can contain other suitable harnaceutlcl

admpgirafiprsace understood tq pclygs pi zfgwglstrétmﬁlﬁ d¢rpisghessurfigeg efghabody

and Be8SRE Hﬁ‘ihgé’&%odﬁy\ﬁﬁga%eée{n%l’udfn%%ﬁ‘lg{e'hﬁ‘lgmé%eg)ﬁl tissues. Such
suspendi ng agent’s, thickening agents, colors,

admw%@égnStryaYrlé’g(@rr@d@ususmth%pﬂesepéasnmun@sm:plraergwmcaﬂx
acce Wofe%@lltsethﬁr)ém&ﬁon%f cr% n%ufoqm%ag h@{ §Lt1 égr{s ARk aSOIu%nf;i

arenteral adm nistration 1 ncl'u art
sumn@ﬁh&sﬁnﬂ@%mddapndhs as above e g ceIIquse

di di h f
00RE L Rl TR Bl R RoRORY Y s BBt o g

trangaietny palich Corﬂzhﬁm@ ﬂieﬁwtl&, @mpaliyCadS)caied tHahigiidert to the active
derivati ves, fracti onated coconut oi

compoidais aeﬁlt%“o‘ﬂt‘ye S P“‘é%”"é‘ﬁtdélr“éf’lry alds pgeat foasyssmie prsorption

into GRIHdRAsteah vl tBOSKIE PHE @brleY m§ tRE afHAiInIRS offol¥l sieh 8@t@ams
and isopropyl nyristate. Sterile liquid carriers are

and QigEREnsh PasesT galedndiogel e Ve dviees ofissstasgnd ofngpents may be viscous
liquid®r SLHiSS 1R enfATH A o7 S0 ki1 1Ih§atér o Wagr-ﬁia&f a/SE f’zﬁfcs comprised

pressurized conpositions can hal'ogenat e
of alppprirtive pevodans &ispeote ér patiobeumea diydiopkilit petenta@peamidimng the active

ingr@d}QR ?rlag/ %ﬁg be suitable. A variety of occlusive devices may be used to release the
active ingredient into the blood stream, such as a semi-permeable membrane covering a
reservoir containing the active ingredient with or without a carrier, or a matrix containing the
active ingredient. Other occlusive devices are known in the literature.

[0097] The compounds of this invention may be administered rectally or vaginally in
the form of a conventional suppository. Suppository formulations may be made from
traditional materials, including cocoa butter, with or without the addition of waxes to alter the
suppository’s melting point, and glycerin. Water soluble suppository bases, such as
polyethylene glycols of various molecular weights, may also be used.

[0098] In certain embodiments, the present invention is directed to prodrugs of
compounds of the present invention. Various forms of prodrugs are known in the art, for
example, as discussed in, for example, Bundgaard, (ed.), Design of Prodrugs, Elsevier
(1985); Widder, et al. (ed.), Methods in Enzymology, vol. 4, Academic Press (1985);
Krogsgaard-Larsen, et al. (ed.), “Design and Application of Prodrugs”, Textbook of Drug
Design and Development, Chapter 5, 113-191 (1991), Bundgaard, et al., Journal of Drug
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[ 0089] Liquid pharmaceutical conpositions, which are
sterile solutions or suspensions, can be utilized by,

wo 2ee0Espl e, i ntranuscul ar, intraperitoneal O0OPCT/US2005/021127
subcut aneous injection. Sterile solutions can al so be
adm ni stered i ntravenously. Conpositions for oral
adn1n|strat|on &%ﬁ be in either liquid or solid form

DelpeygpnersnSdms @Atadiundatard.Jhef Brvamapsuéenl Seignces, 77:285 et seq.
(1989 RAHifd B anldSdi R (%')tPrQ%EQ@s NALMDru &lzv% S&g £WSnerican

ld

capsul es, powders, sol uti ons, suspen i ons, si ons,

Cm@m%ﬁ&Q%@y(6W5bgg¢0émmumu@swmpma§dbhrﬁbmmmlnheemHmy
NPOoSi d.in.unit

0 Oﬁgpr opr |hé e daiég)n? }ﬂ%alg eh§ d% HEERBIIER P em?)‘%’ T el fné"ﬁ r}rat'g p,gf these
compirtds dms‘a?gﬁacchfdﬁrg toalie rbﬂad}aahﬂ al@addtloi’di'pﬂSdetﬂngued ffd, in some

K @ﬁ @$cketﬁ . powder S angoules efllled
cm Qé‘m 5e‘§ iecd rhedWemght ”}‘Fl ”Pl iqa] Baft onerifgolygg: {In one
embA@HRYE tHeQU MG &ALBE of britfor A tBe cotnfoaR&UefeiPbediRidk 8low dose

itself, or_ it can be the apgroprlate nunber of any
and & jpgreasehpesd ithe dsmaed ehfepis areigbievedr m Such unit dosage
[OIJO?r m "Hfl‘hé:&ﬂﬁ[ﬁhﬂdsfd'f NV iFAQHbn éanr& atedl u@xlﬂg Leitva§p5(9 of methods

kg, and may given in a single se or n two”or

Startmzrfeor@l pmme@aﬂme@ab@@empmwmmy cdrep@uids, of sengpoadds n
pre;% ﬁﬂ?\% {n%e I gchén%raﬁj ?I%:‘illf: 00 Sst ?e rengrﬁ%t/ 5{?/ tﬁ% o%lr’%gs of the
invann@d dry ;nciudad inngpé ﬂmbwmgpxah@mseitai hr}de{std@dlblydlhd’sg skllled in the art

|ntra erito bcut aneous
tha pNSEEET ORLSEPr oL ARED: " AP 1 SCHRE PR e gy hese
syntfesed) aRdiffiatths bidet bm&ps z b €hdh@éd toREcdmhodasd Bctionflity in the
present conpounds, armaceutically acceptabl e
tmg@éWﬂ%”Fﬁereof in Iotlons creans, foans, patches,
suspensi ons, squtions, and suppositories (rectal and
vagi nal ). [0091] Wen adm nistered for the treatnent

MetRbd bfMibitht i on of a particul ar disease state or
di sorder, it is understood that the effective dosage

[010TRY Var S’ch@ﬁ@ﬂ HbVIges WA GRert RG dF afnidtlﬁidhﬂlinaﬁmgrb@hhwunds of the
utilized, the node of adm nistration, the condition,

Forrgylg Ils e indi i dyah stepsgpbeleskin Sglemcohe dessribashely t r eat ed,

as well as the various physical factors related to the
i ndi vi dual being
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treated. In therapeutic application, conpounds of the
present invention are provided to a patient already
wa afobeed7sg) from a di sease in an anount suffi ci BCIL/US05/021127
cure or at least partially aneliorate the synptons of
the di sease and its conplications. An anount adequate
to acconplish this ig defined as a "therapeuticall
t". egosage obeu d nthagt'}/zA
peci N?"@Oease St Hbe j ecti velspcl,

the atdending p O he variap] es '

i nclude the specific ndidi on and the sSize,

Rge and response patte¥mn of the patgent. [0092] In
sonme cases it may be desirable to adm nister the
conmpounds directly to the airways in the formof an
aerosol. For adm nistration by intranasal or

i ntrabrochial i nhaI ation, the conpounds of this

i nvention agtersddus or

parti al OUgy. @gl utifon. heNC%on'p ur@pls
QSN tio .-~~- 33

a\ eri toneal | yTHFSol N@r suspeH‘Q‘P'ﬂ)ns he e

acti vé conpounds gs, a free base or pharmace myc.

acceptpbl e salt may be prepared in water suitably
m xed wth a surfactant such as

hydr oxyl - propyl cel l ul ose. Dispersions A al so be

pigpared Ln glycerol, i qui{d Rokyet hyl gie gl ycol s and
gtures 'her eof in oils. Uader ordingr cond|t| ons of
g%o}a e e prepardtions c in a
MepH-EgEI V Nto t ptdlaamggc;w;mngof croor gani srrsTHF water
[Eh¥94] The pHar maceutl cal (%r swtai;! 50 °C
i73pect abl e use include steri %4 aqueou ‘- ti

Step 4B
di spersi ons ar}g sterile powders for the ext enpor aneous
preparation of sterile injectable solutions or

di spersions. In all cases, the formnust be sterj
H d nust be fluid tokhe extent that easy syring |tj
|st§an|t Mustiaope ét bl e under the conditionsg0

? franuf act ure and:®tormge and nust be priepdrved mﬁal nst

N .
gg@n’u_l&tétg C@fn of crpoorg SNB S ch
>—< H KoCOg
H acetone ﬁ:{
K

N
NBS :
H2N:©/ (CHO), I)/ AIBN AN Br P
{ (.
H2N Step 5 Step 6 N
Step 8 2HCI
L M
Salt of P

Step 1. Amide formation.

Br Step 1
NHy /@X NaHCO3 Br H
cloc THF-water ©/

A B 93%
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as bacteria and fungi. The carrier can be a solvent or
di spersion nedium containing, for exanple, water,
we@tdvanad3e pol yol (e.g., glycerol, propyl ene glpcpDUsSBango21127
liquid pol yethylene glycol), suitable m xtures
thereof, and vegetable oils. [0095] The conpounds of
this invention can be adm nistered transdermally
[01G2h oughAftde G deprerfarey ff%ﬁwewb&nzqcvht:fdwdep@ﬂ 2tbremoaniline
und@r cﬂ@t&ﬁ%a‘ﬁﬁlaﬁ @&ﬁhtgdxﬁm F'—rvﬁterh'f Qtﬂisé%f CO s a base. The yield
m ni strations are understood to |nc at 1
of tf&dmlmdsztrrdatdrmaﬂimraoédy it higove 90 Yoaael IE)fOptlhﬁZabOIﬂyS required.ne
St %&%r I'%.ni d| |y passages including epithelial
“Baia ohUIEOLLP e"%%'f] ®sSuch administrations may be
carried usn&g)the resent conpoundsg 95g
ically “Ccedt abl e sal ts reoﬂ‘e |nIot|ons

Brcrnsa f oans, ggabcheg, Buspen S, sobcuNHpn

@up osttorigs (rectarl GUQ%“I’
dnPni strati on fay be n’pl|shed t Qrough th fi,
a trecansdermal patch cant@aining the a tlvesofgorrpound and
a carrier that is inert to thg active conmpound, iSE
non-toxic to the skin, and allows delivery of the

[0168yent fBénzamfdiiE & [ﬁé}ﬁﬂ:ﬂ%la@ﬁptﬁt{&l%fEH&Q]té}htﬁ&qpr&eH@t@m
via the skin. The carrier any nunber of

b5
(AR as. Vr BaitichaRY oPHEREH B Yosadeblh Teuhesis 199, 12,
142@@@4@{%1&9/% e Vi, 688y, TW%% B mé 9% R ﬁemﬁie@bé CQ&‘vened to

viscous |liquid or semsolid emulsions of either th
imidgjy} dﬂﬂcrlitdw&} Ry tresemeug tvath thipnyd chlotiggat refls t(Regctioo wp D \s@dacnlﬁous
am gaogopﬁf% e RN inl KPR BE foud YiRELe 847 "
I c petroleum con ai n| e ac ive ingredient
Stemml’rqbae'atldueoﬁs@bt(mhibenznmndmnleety of occl usive devices
may be used to release the active ingredient into the
bl ood strganftesisch @s a sem - pgr/mabler A& nbr aner

a T gg&Qr voilr geont ai e agilbye |n dNent
. wi thout—ea- darlri &, %M
Ctiy,e ingredr@mnt. @ cc u5|v d\é%,;fgg

Pr

inthe literature. Nl
78%
E F R
[0104] Amidine E is chlorinated with NCS in methanol at room temperature.

Resulting N-chloride F is treated with potassium carbonate which causes the ring closure to
benzimidazole G. The reaction gives consistent yields on any scale from less than a gram to
almost 300 g. On the largest scale, however, an unexpected exotherm was observed when,
after addition of potassium carbonate, the reaction mixture was being heated to effect the ring
closure. The exotherm went unnoticed in smaller scale runs. Another safety point came to
our attention after the large scale run. According to the Bretherick’s, the combination of
NCS and methanol may not be entirely safe. If safety is a concern, acetonitrile may be used

instead of methanol with no deleterious effects on yield and purity.
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[0097] The conpounds of this invention may be

adm nistered rectal Iy or vaginally in the formof a
wa@enweeot7s®nal suppository. Suppository fornul ap¢DOS2008921127

be made fromtraditional materials, including cocoa

butter, wth or without the addition of waxes to alter

th uppositaory's nelting point, and glycerin. Water
Ste&%&ﬁfﬁflgwﬁagw@aw coppling and Bog rejaoyad | yet hyl ene

gl ycol s of various nol ecul ar mei%hts, may al so be

used. [0098] In c,g,(l/t_é?\n_seorgbodi meni’s, the present

Binvention is directed/to prodr N of conpounds of the

ennve tion. Vargous for?@ Bf prodrugs are kapwn
n phe —or -exanpte,—as>di schissed in, for exampte>
urf_rpga! d, (ied. Fd-cpiaszed gouptindper o Elsgvi ey (THB®5ker

W dder, et al. (ed.)stedVpt hods i ol .504C
Academ c Press (1985); Krogsgaanrd: , al . Step4B
(ed.), "Design and Application of P d[ ugs", Textbook
of ug Design and Devel opnent, Chapter 5, 113-191

(1991), Bundgaard, et al., Journal of DrugDelivery
%Vi ews, 8:1-38 (1992), Bundgaard, J. of
armaceutical ScienceB, 77:285 et seq. (1988); and
[H’ guckinHend SteNlacaH(dESD Prodrugs as Novel Drug
Pel i very Syst ensf2OAnerncan Chem cal Society (1975),

eachl of ich/is incororg\fed by reference in its
ti gjstePflCi t t he dosage,
eglmen "and node of adgFn tratidn Of these conpounds

can va‘{y accordi ng to theHml ady and the individual

bei ng ‘treated and, in some enbodi nents, is subject to

the judgnent of the nedical practitioner involved. In
[0105he  enb®ik compling ticheceadrbromsbenainiidazolfG ameEN Bochpeazife is

TIPS RSB B PRI TS A 0 mors. o

CyM AR 06th 3B4€0fGOHPDIMMBS @f tHe b@scl MYERID DR dikspéhsB@in BRAE 86k
sing a vari S’%'&Of met hods starting fromcomercially

und%\p rqegh planiey iRrsTestoh Hifricagsnp siriersied #y oneB mso dRgigsaction is
comPleRAARBSht D¥r KHOMO 2REIQNSMixERE Bf fbdRYdHoRbd G JrRH%ST N-Boc-

~ many of the conpounds of the
piperazinobenzimidazole I.

[0106] The mixture is enriched in I when it is isolated as a solid after aqueous workup
(90% purity). This mixture is taken directly into the Boc-removal step. The deprotection is
carried out with HCI in THF-water mixed solvent. The reagent and solvent ratios allow the
deprotected product to crystallize out of the reaction mixture as an HCI salt J which is
separated by filtration. The crystals came out further enriched in the desired product J (97%
purity). The HCl salt J is purified by treatment of its warm aqueous solution with activated
carbon. From the filtered solution, the free base is precipitated with 1 M NaOH solution and
extracted with EtOAc. Final solid K is isolated in 42% yield (based on the amount of
bromobenzimidazole) and is 98% pure.

Step S. Preparation of 6-methylquinoxaline

HoN j@/ (CHO), [ND/

HoN N7

Step 5

L M
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invention are included in the follow ng schenes. It is
understood by those skilled in the art that protection
w@oe/desot ecti on steps not shown in the SchenmsT/msepotiei127
required for these syntheses, and that the order of
steps may be changed to accommodate functionality in
the target nol ecul es. Method of Making [0101] Schene 1
[0107) ovi de@Mgthdquiraxaking Mris arepirech amdrmeshklphen vieo e dotienine L
o ‘ Cndividu O .
o G UL TR AL o) RSO
eith¢radlOretdi smutfadiod 2fcryAtallthe bBulfge pldegrababl afercommercially available. It
v S R SR B P B A SRR BRI et o
prodvadiQEa8 rausticén Pasecd dian Waet ak 60f°C e pralateNaslisangd by extraction
..recrystal Igj (zi%d an]' de i s above 90% and no optim zation
W't}ﬁ%hetréﬂf{)?‘lr g bydispllationeq .yt i on of benzani di ne. [ 0103]
Step26.Bramielition oE6intetRYIgRMoRAIRY adaptation of the
literature procedures (Artnmonova, T. V.; Zhivich, A
V.; Dubi mgsii, l\/& Yu.; Kol dobskii, G 1. Synthesis
Ng 986, 12 ABM28. ~ Ks Rgr A. R ; Tarraga, T.A
[ cycl es 1€£3). Amide Cis converted to
NT m"doyl cHERPfi deND By treatment with thionyl chloride
at reflux. Reaction of D with aqueous ammoni a gi ves
tthe desired anmidin® E with the total yield of 70-85%
Step 3. Preparation of 4-bronobenzim dazole [0104 )
[0108ki di neSeverad differest sambtivations efihavetyanh(Die. Ak IPhB: Citbygdical
initihGNHELGL UIBN), mh&l}ll@ g4§l|8§ bd?Pefn'd‘ili?neF(1'—.?4, firh FRk®Pe¥ctdined to
pot assi um car bonat e which causes the ring closure to
detepyping theiogtimel set @ condidonsdactadionl hyorviagtiano idie dewmesulp ireteries of
any, . n m | .nost .300. g
the (RS ERRgC SR 3 rePYlerd o5 R Bt iR s o b
is olsbryed webl 1 \itegnof NBS, 2.4 mol% of AIBN in CCly at reflux for 1.5 hr. The pure

mono-bromide crystallizes out of the reaction mixture and is separated by filtration. 6-
Bromomethylquinoxaline decomposes fairly rapidly when stored in a vial at room
temperature and has to be prepared at least within several days before use in the subsequent
step.

Step 7. Alkylation of 4-piperazinobenzimidazole

H e
“ )

[Nj Step 7

[N
N
KoCOs N
acetone »—@—é
N
H

N
~
N
N H
N K
[0109] Alkylation is carried out with 1.0 eq of the bromide N and 2 eq of K,CO; as a

base in acetone at room temp. over 22 hr. The product is isolated by filtration, purified by
multiple washes with water and dried in a vacuum desiccator over CaSQOj.

Step 8. Formation of the salt form
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after addition of potassium carbonate, the reaction
m xture was being heated to effect the ring cl osure.
wabmesososher m went unnoticed in smaller scal e PONES2005/021127
Anot her safety point came to our attention after the
| arge scale run. According to the Brethe ck's, the
conbi I’,{ﬁtl on of NCS and net hanol may not be entirely
J safety is a concern, acetonitrile nay be used
of methanol with no deleterious effects on
yi el dNand purity. Step 4. Pd-catal yzed pi perazine
N oupl i ng and Boc r§rm al [0105] The coupling between
- br omobenzi m daz andsl\tﬁ Cc-pi perazine is carried
Nout in tol uene- THE m xtur eSTH° he presence of 5 nol %
fNPd2 dha) and 102HBl % of CyMAP with 3 eq. of solid
' A\ e base. LIiHVDS is dispensed in a plastic
undef niltrogen bl anket, while the rest of the
re gents are | oaded in open air. The reaction is
complete in about 1 hr at 500C and gives a m xture of
products consisting of 80% of
[0118] Bocpi pihyamiiilofidsalt pregpazo mas Found fOHOGE bIsh ef maﬁéyéfq)oisﬁble

ri ched when it is isolated a solid
formhiat1 S ISy ' SO0k abT oo O B meo R st AP 15 Rishared by
addifli 0 @g bt ythdredl Il i€a BAidneTedtee Ha&iin ethfol dTRE Qilﬁﬂsbraféd by
is carried out wwth HO in THF-water m xed sol vent
filrafigl r eagent and sol vent ratios allow the deprotect ed
0110 OdUCtoh@ ff‘s'i(mhfﬁhe' drZ&i1qo iz AR HE GAGC
[ ! HCl 0 whi |s1 sepgr geeﬂ(}?% ?&Jetsgg%n?éo Us}ﬁ) s n be
adamdygtpmdgcq:téqethgmonfmpmds@nd ehﬁrm@mcjcalky acteptatiessalteef compounds
acco%lgg %Beg}rege??%%&%oht y). The HO salt Jis purified by
tS war m aqueous solution with activated
carbon. Fromthe filtered solution, the free base is
precipitated with 1M NaCOH sol ution and extracted with
Et OAc. Final solid Kis isolated in 42%yield (based
on the anmount of bronobenzi m dazole) and is 98% pure.
Step 5. Preparation of 6-niethyl quinoxaline
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M 0107] 6- Met hyl qui noxaline Mis prepared from

4- met hyl phenyl ene-1 , 2-diam ne L and gl yoxal .
waewendi7’ag to the literature precedents, gl yoxetT/Us2005/021127

this reaction could be used as either 40% aq. solution

or a crystalline bisulfite adduct, both are

comercially available. It was our finding that the
EXAMELES t e adduct gave a nuch cl eaner reaction and

er yield of the product. The reaction is carried

EX@M&’L lwater at 60 OC, the product Mis isolated by

extraction with ether and purified by distillation.

(0113 oy 5. LEMSANASIS #ids genceniBoRsi) #fGess SiFtsaromaesapi odth UV
and %Yﬁe@éctdﬂé focﬁlr €Y cRARPIsNRR I iRenPbt 3998 waE} t\S@@% I(/IE@E HPLC

4), radical initiator (Bz2Q2
analv@mye& @qna 108 a(ngexS tiguidchrpmatagraph, 1(51cnzﬂ?1$w<)lurha,v2é) rblee"nns with a

10 f :gﬁa%gﬁfrg g@tv%gpt 95%%@?&(50 uﬁ?c[l ntel QNS

I ca romnalon erms  of
t he nono- to bis-bromde ratios and I sol ated yield and
N-(Jrbranaaphefyl)-Heerrrbntyligneamidat ed product is observed with
1. 1 eq. of NBS 24m)l%gf Nin Ca4 at reflux
forol.5 hr. e pure nopQ- o@;ﬁe crystallizes out of
E.E&CtHI 1 xture a S HseEpar ated by filtration.
Brormme | qui noxal/hkne deconposes fairly rapidly
V\/nen stored in a vial at. room tenperature and has to
vS BBy epandi ab: | east windfithesever al days before use in
the subsequent step. Step 7. Al kylation of
[0118] pi per aﬂrmmnmmmmmow BK03321 00U Al RY i), NBHCEO); (270 g,

22 8 BT o s L 5B S
equippcAduie anl Svettzd atrRd thyrmbinkier @atd £500-RUkEditi&FfulNel. Solution of ¢
butyl benzoyl chloride (>98%, Fluka 19660, 250 mL, 1.37 mol) in 250 mL of THF was
placed into the addition funnel and was added slowly (in 25 min) to the stirred mixture of
reagents in the flask. (No external heating or cooling was administered, slight exotherm was
observed raising the temperature inside the flask to 35 °C).

[0114] After the addition was complete, the reaction mixture was left stirring
overnight (14 hr). LCMS analysis after that showed complete conversion to the amide
(product peak @ 4.30 min, MH" 332", by-product peak @ 4.74 min 2M+Na* 699
corresponds to fert-butylbenzoyl anhydride).

[0115] The liquid from the reaction flask was decanted off the precipitate into a sep.
funnel, the aq. layer was separated and extracted with ether (2 x 150 mL). Inorganic salts left
in the reaction flasks were washed with ether (2 x 100 mL). Combined organic solutions
were further diluted with 200 mL of ether, washed with 50 mL of water, 100 mL of aq. 1 M
HCI, 50 mL of aq. K»CO; and 50 mL of brine. The resulting solution was dried with MgSO,4
and filtered through a cotton plug. The solvents were removed in vacuum, the oily residue
solidified slowly into a white cake.

[0116] The cake was dissolved in approximately 100 mL of hot heptane, allowed to
cool to r.t. and seeded with a couple of crystals of the amide. The product crystallized from

the solution as white needles. The mixture was kept in a freezer for 14 hr. The crystals were
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mul tiple washes with water and dried in a vacuum
desi ccator over CaSO . Step 8. Fornmation of the salt
wo e0oa®Bog78d. 10] Di hydrochl ori de salt prepared wesT/{/s2008021127
to be the best of a series of possible formulations as
judged by its crystal Unity, solubility, stability,
.etc, The salt is prepared by adding 2 eq of ethereal
quicky filtegedghiongh pangr Biert weshed wish peld eeteleusm phiprgind dripdin air.
; (G SQl il tration. [0111] One of skill in
Yle]t%%lg&gr(%q\%ﬁglcgioggsgg%?cg%&that t he above Schene and Steps
can be adapted to produce the other conpounds and
N-(pheomaphenyl)-dderr-putythpmpamisline sal t s of conpounds
accerdkng to the present, nti on. EXAMPLES EXAMPLE 1
CVS anal ysi s ﬁgj on an open access
| 8ntg, chr omat ogr ith BV and nmass detectors, 5 cm
a 8 columm, 5 min adi ent of 95% water to 95% MeCN.
FHPrstNpnal ysi s was donéqtaRNg Waters |iquid
M%'I%?%t ograph, 15 cm &l 33&% um, 20 min runs with a 10
[0117 N gr aghenhidf [RMLIPYa WAL tRordP HIMEEN5 6O mPP WerkFficed into a
and 1 niL/mn flow N-(2-bronophényl)-4-te
2-L young heyq Apsknabigeedorith mictlek corasrEBraNadhed F1SBHGDstvb ling, and

oSBT RNl AR LOBAY 14 o
SOMNaMBa8mE2elonrotady & apwhipy a:lﬁlﬂHﬁe (/6[@?/ Gﬂy)re&idl?:l (:;v?}(oh rsol@uciﬁﬁﬁlelapon
o TR B B MOk B GRS S

addeddiohé portibunA el of cSlebfrit@aq0himndbifaytho HEEM lwas BbRiedpand the

>9089 50 m,, 1.37 nol) in_250 pL of THF
mix 9v§a?let]t: lst%lrir(lgg }a%?d%(l) {vitE an overhead stirrer for 1)4 hr. The aminolysis was

monitored by LCMS: unreacted imidoyl chloride gave 2 peaks in UV trace with the mass

data corresponding to the starting amide (MH" 332) and the [Ar—C=NAr’]* fragment (m/e
314).

[0118] Organic solvent was removed on a rotary evaporator. Light petroleum ether
was added to the suspension of oil in water which caused crystallization of the product. The
solid was filtered off, washed with petroleum ether and dried in a vacuum oven at 45 °C for
18 hr. Crude solid contained about 5% of the starting amide and 5% of unknown impurity. It
was recrystallized from ethyl acetate —hexanes 1 : 1 mixture. Yield 320 g (85%) as colorless

crystals.

4-bromo-2-(4-tert-butylphenyl)benzimidazole

NH B
H N
N

Cy7H19BrN, Cy7Hy7BiN
Mol. Wi.: 331.25 Mol. Wt.: 329.23
[0119] Solid NCS (11.5 g, 85 mmol) was added to a solution of the amidine in

methanol (ca. 200 mL) and the mixture is kept at room temperature for 3-4 hours. Then solid

K2CO3 (30 g, 210 mmol) and water (about 5 mL) were added and the mixture was heated at

reflux for 10-15 min. The solvent was then removed in vacuum, the residue was partitioned

between ether and water, the organic layer was separated and washed with water. Conc. aq.
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placed into the addition funnel and was added slowy
(in 25 mn) to the stirred m xture of reagents in the
wo bamsko97§dNo ext ernal heating or cooling was  PCT/US2005/021127
adm ni stered, slight exotherm was observed raising the
tenperature inside the flask to 35 0C). [0114] After
he additi on was conplete, the reaction m xture was

HC1| (&%t 0Q mympal) Wiy adde taithgrather sedutien whiclosmmseshfarmyasios ofhie
&xp%;@, t

crysbhlﬂ{e pP . o &meﬁhﬁu&‘a‘%@l\é gglgy('fvg}eog&bagé? §s @egisqg %grrqurl'{ﬁé solid

to f@m Maldntw@f cmpneels}wm shetdmy soliirnydf berzoidhzaabapskd sdpdration of

an ol;l \%hl(?Lcryst‘?lel%eldg)lu yg 4 lféernlo rgtt%rlv%s Elcg(%%tt(lf 8])] '%-le so{}%gas fd]l(EIer?aaC%Eer fine

prec\qﬂ&te%ﬁ bi-pliRid miRthrext toalc h Eﬂg\tﬁﬂeho altég, rwz(sEecP(w1ll5§ndﬂ|-a)mount of
Inorganic salts left in the reaction flasks wer
waiS 8 BRI ] Mocqum SeSiogorYFT PinifldedoF GhmiNe). 91% R =
+-Bwgol utions were further diluted with 200 nL of ether,
washed with 50 nL of water, 100 nL of ag. 1M HO, 50
01200 of ado mrbTofeehase @@emm&azﬁeutb@altmg (Gdgumnel) wes stirred
it NAQATTIRM AT RR it bl MGy aHa BB Qad hES Gl LD HAR ot
The @tﬂeylay@swad epasantd, diashied avithlbone yiruedmtwuthaMgﬂmt Bltgekdirough a pad
of S[l%c;a' gl]an 3 pér%l(lt;e tQ SyngssS clz,) \5/03% (ﬂasxq% rars?é(crgﬁ%lezseﬁ é@ggﬂgﬁE—
hexaniet h: a mmuml te aﬁf)rdd By6St (88%) of tht p@dadtiasle whitBeoljal oduct
crystallized fromthe solution as whi te needl es. The

i S Al T ot Ra o RSB Bt 1 or vadned

with cold p@gcrol eum ether and dried in air. Yield 384
g (93% amal orl ess needl es.

{ V- (2-bro enyl ) -4-t/*-butsyl benzam di net&8&17H18Br NO
CIYH19Br N2 Kb VI gk ool 331 25

CgHwNzOz

—N Mol. Wt.: 186.25 LiHMDS (3 eq.) —N N,Boc 7 NH
HN Br Toluene-THF N
then HN N\)
HCI - THF-water
C17H47BrNy Co6H34N4O, Ci7H1gN2
Mol. Wt.: 329.23 Mol. Wt.: 434.57 Mol. Wt.; 250.34

Pd-catalyzed coupling

[0121] A 3-L 3-neck round bottom flask equipped with an overhead stirrer, nitrogen
inlet line, temperature probe, air condenser and placed in a heating mantle was charged with
solid 4-bromobenzimidazole (103 g, 0.313 mol), solid N-Boc-piperazine (99%, Lancaster
13363, 64.0 g, 0.344 mol, 1.1 eq), solid 2-dicyclohexylphosphino-2’-(N,N-
dimethylamino)biphenyl (CYMAP) (98%, Strem 15-1145, 12.3 g, 31.3 mmol, 10 mol%) and
solid Pd,(dba); (Aldrich 32,877-4,7.16 g, 15.6 mmol Pd, 5 mol%). The flask was purged
with nitrogen. Toluene (1.0 L, ACS grade) and THF (250 mL, anhydrous grade) were added.
The stirrer was turned on, the flask was purged with nitrogen. The temperature controller
was set at 50 °C, the heat was turned on.

[0122] Solid LIHMDS (160 g, 0.95 mol, 3 eq) was weighed under nitrogen and added
in one portion to the reaction flask. The temperature of the reaction mixture went up from 25

to 46 °C in 4 min after the addition of the base. The solids in the reaction mixture dissolved
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[0117] The amide (380 g, 1.14 nol) and thionyl
chloride (500 nm.) were placed into a 2-L round bottom
wo baskoweai pped with a refl ux condenser, attacherusmos/021127
the HO scrub line, and a nechanical stirrer. The
cl ear yell ow solution was heated at reflux for 14 hr.
The excess of SOC 2 was renmoved on rotary evaporator
comgletel reaulijeg ingvdadi-brown seintiere Nivhganpusss! waistapeet aiglyppoint, the
olved in 1.3 L of
reacgg@kh#]gﬂ%ﬂ%&rngg rtplgl%n]?et Q%@%O%{T@%? tggd(bad in one
[0123dr t i onThx rEadDooanmttumd@nﬁm@he&ﬂomeomeaaz hndThexottbre phase
m xt ur e was ft stir
wasvgéfkglfrgwwoﬁ H\)ltgn lsgvsé&eﬁ)é A 5YTp in the, tlh egl%rpngllaut mnckeﬂ{% after 4 hr. The
ligh@Pphitet Wad &cle@brémiiit Dhgidn DY CMSNBboth phaas twael tak B @adnitor the
chloride gave 2 peaks in W/ trace with the nass data

course, P S I5BFHMNg to the starting amide (M#+ 332) and the
[01244\ - C Nfe rbatwhs BEREBEf aftBl €13t 90 °C | @Helx%lict@lglﬁgﬂupe was allowed

sol vent was renoved on a rotary evaporator. Light

to conbta 1 Cumhcattatar (b Watkilded. tﬁetm@tusmypﬁewsne@ namﬁly ot tha
boudfoAL pHAL 6 SRNSES SLakRohiARNLAN alf,eogj PGB yerd NSome

sol tere
blackholidhemenied imsalubladueitheoptese atd ltﬂf@aﬂé‘mbmd b]y&iltuing Crewdieture

about . 5% of th d
o S SESH S bR T o,
of wafelet "Bflieaorgzhﬁdﬁm&ﬁtslvere temdved oHf £rota¥y eVapogd (lgltl( &0 68,
or eSS Ccr

partg i) ST S resre LISk BRSO ERG Wisciddes 00nk plolerpand
evalﬁilallldl Bk N%e&t@d to\%e&%lcgﬁy Miloviyadg9 23 [0119] Solid

NCS ( 85 nmmol ) was added to a solution of the
(0125 di neTli‘erfeFFg‘t"n’dﬁ’é‘Ie wag #iturad with)808mL eEBMExwhigherepudted in a

yell&@ %Sp@rklorn%? P SIRTPRH iR VR chitred il PHiRe O-Fh(%l:] thef? ltHe%ohd was
filtered through a paper filter, washed with S00 mL of TBME and dried in air. Yield 95.4 g.
Purity 90% (HPLC at 254 nm).

Boc Hydrolysis

[0126] The 1solated solid from the coupling step (95 g) was placed into a 2-L
Erlenmeyer equipped with a big magnetic stirrer. THF (475 mL) was added followed by 95
mL of 6 M HCI (prepared by dilution of commercial conc. HCI to double its volume). The
resulting dark-red solution was heated to 50 °C with gentle stirring.

[0127] After 3 hours at 50 °C, a crystalline precipitate separated from the solution.
The heating was conﬁnued for 19 hr total. The source of heat was removed, THF (300 mL)
was added to still warm mixture. The crystalline solid was filtered off on a paper filter and
washed with 100 mL of 10 : 1 mixture of THF/water. The resulting gray solid was dried in
air. Yield 71.3 g. Purity 97% (HPLC at 254 nm).

Preparation of the free base

[0128] The solid from the previous process was placed into a 4-L Erlenmeyer flask,
water (1.6 L) and THF (200 mL) were added and the mixture was warmed up to 50 °C on a
hot plate while gently stirring the mixture magnetically. The solid dissolved completely

forming a dark-red cloudy solution. Activated carbon (12 g) was added and stirring at 50 °C
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K2CO3 (30 g, 210 nmol) and water (about 5 nlL) were

added and the m xture was heated at reflux for 10-15
WOrae6/0dss sol vent was then renoved in vacuum REEUS2005/021127

residue was partitioned between ether and water, the

organi c layer was separated and washed with water.

ed to the ether
Wasga'rtwwfgﬂ’ m cﬁhe&fa gogg)?ﬁf& eawsag Rring Ehegyar@mjxiurgwas
ﬁltefweﬁb@gﬁﬁc@,t@f)ad he benzi m dazole salt. (Note. Water is
necessarg/ here for the solid to form Addition of

[0129) her ealhadef of e fikieatedwas beenght wvte caf 13pity | M aipseiéon of NaOH.

e GRUREPERRL S £ 0 I 8 B

mlxmreawzlrﬁemrr&d fre Spmlecm qhsioateeﬂlahmobd Mmswfchmacp(plnmewas teomked

and ﬁle remgmn 1qui ﬁ%aé 0 b&%dt)efegmﬁ q\/@% %ﬂ)?:dé:g%?g Brrg:tsl\sgﬁf) a very

stabEZé@:‘ulsuM aihd 2q30% ¥a§ég-'vva|§/fé)tﬂ:jc&fﬂ9(?v(c€ molgé wBHFtOA@GB@O]m%ﬁhch),
reebase of be azole, the salt
bfmﬁlﬁ’éef)e F\k{a%f the 3G el Ip A3 ag}mweﬂ e rertispohg Hgtm;?rﬁ‘r_ts yere
also W RH hraih £EdIRE pdd300mBinkd orditik lay@ﬁé Weyé »bésﬂgd SHce $VBE mL
The ether | ayer was separated, washed with brine,
of wger, shpmgvanpraigfse a rofary evapergtar ke vigss-aThragmeining] wates avagel
remmg b Yl?a%% Eﬁ ti ﬁloqroff %@Eﬁm o-ﬂ&)que%g ézit%S r"esél%]Hteva\é@lﬁn) Yield

recryst al romT hexane xture to
43.6gf (ﬂ@%cfrolrsbr@rr@bwa%iawle) nheligitgdlov pasda (svhorpeousp| Rulity 98%

e en perazin-1-yl -1 H benzi m daz

(HPECY 244 )@rgeémpg&ﬁ%hf’)')ﬁw C26H34NACR” C17HI8N2 Mol W
329 23 Mol W 434 57 Mol W 250 34 Pd-catal yzed
6-Methypjuimpxali®l21] A 3-L 3-neck round bottom fl ask

HZNﬁy’ ppeijl WiebH wah o[ erhead stirrer, nitrogen
v L

[0130] A solution of 3,4-diaminotoluene (Aldrich, 100 g, 0.82 mol) in 600 mL of hot
water (temp. 70-75 °C) was added rapidly to a 60 °C slurry of glyoxal-sodium bisulfite
adduct (Aldrich, 239.5 g, 0.9 mol, 1.1 eq) in 400 mL of water. The resulting dark-brown
clear solutior; was heated at 60 °C for 1 hr, then 5 g (0.02 mol) of additional glyoxal adduct
was added. The mixture was allowed to cool to r.t. and filtered through a paper filter. The
filtrate was neutralized with 5 M aq. NaOH to pH 7.5-7.8 and then extracted with ether (4 x
400 mL). The extract was dried over Na,SO4 and concentrated on a rotary evaporator to
afford 92 g of brown oil which was distilled in vacuum (bp. 100-102 °C at 10 mm Hg;
Cavagnol, J. C.; Wiselogle, F. Y. J. Am. Chem. Soc. 1947, 69, 795; 86 °C at 1 mm Hg).
Yield 89 g (75%) as a pale-yellow oil.

6-Bromomethylquinoxaline (1) (De Selms, R. C.; Greaves, R. J., Scheigh, W. R. J. Het.
Chem. 1974, 11, 595)

NBS

OO 2= Oy
CC|4 N/

CgHeNz CgH7BfN2
Mol. Wt.: 14417 Mol. Wt.: 223.07
[0131] Bromomethylquinoxaline is unstable and decomposes when stored for long

time. It should be used up within a day or two of its preparation.
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inlet line, tenperature probe, air condenser and
pl aced in a heating mantle was charged with solid
wd2000benzi m dazol e (103 g, 0.313 nol), sol iBCT/US2005/021127
N- Boc- pi perazi ne (99% Lancaster 13363, 64.0 g, 0.344
nmol, 1. 1 eq), solid
d| cyc) ohexyl phosphi no- 2" - i met hyl am no) _ bi phe yI
[013?@ vaP) Tp 8 glogr sslqﬂeﬁp&%whymmowl@ (60 2.9).41 630Gk ﬁo - of
CClmbs@dd@&ﬁh o%e |pbﬁloﬁ’9@m*?@9 @Alﬁf\kﬂi Ir8'1 %fg 6%33‘3%.5{3 41 eZlg 3% BN
: u W
(Aldﬁwh,rlo@é,rP 7 mmobélrﬁemql a. @ htreswl@& gmmi@)waahehtad-ﬁ r¢fRBFord br and
r T [ t M
cool8 DA P AR, gﬂgguc‘;m@gﬂ% ﬁen'?c?veaﬁag ol end HfuBEdas
evapoengksnariotanee\aportitoo it Kokl g tto arysthllizOat of the sblagdn. was

Ren iR Ge ye O ial T Bk beanadiead prdua e Blered alfey

washiddayittededlll a@ibubd FhkxandQ €L mpaGRYEH. 20 Of) dnb@rit@AGlab@iin. The
m xture went up from25 to 46 QCin 4 mn after the

isolalggtfolil GPE e I USRSAT (eidlsbEaRRy S-Pradiahand Waickspibih the
folld%?fg HESwAhGS AlreasRmRAEIe W elh 85 Y! gtd_a@@) a&oﬁorfé@m MIQWH
solution. N trogen purge was stopped at t 't
the reaction was |eft under nitrogen bl anket, sti rri ng
2-(4rtemsibtylphenyDsb{[d¢6- qywzé]vl)mﬁ@lyllemrwnlﬁbbmmmb@@lane
het er ogeneous after ca. 2 hr. bottom phase was a
dar k-brown oil with viscosit @ Q syrup in the
begi nni ng but thickening aftgr 4 “hr.~ The l'i ghter phase
[]vvas a clear brownish sol utl@n LCVS of both phases was
thak t 9 i e_cour se Mf Ht he reaction. [0124]
| was t d of f aft at/ 50 0C. The
reactlon m xture was al | owed“T® to 45 0C, then
11) as added. The m xture was stirred
Mfoﬂf&;%ﬁﬂl@/ unt ik o Beorbot t om oi | Yufikiede, was broken up and
partitioned between aqueous and organic |ayers. Sone
[0138] ack SDb & shsp&iiinRE d-(4-PS0dy LpakS)1)-4 piefalr 1- phﬁwelmldhiole

noyed by filterjng the m xture_ through
(49. 3 Py 1HE moprad BP@%S.‘H"&W"A%W (@29 £ Hr2AmeBin pcstg %@0 £, 5 was
addeaassi8aoRBHSIqHinbRal RO B3 300¢, 0.148 mol) as a solid in one portion at room

temperature. The reaction mixture was stirred for 22h at ambient temperature. The product

precipitated out of solution was separated by filtration; the cake was washed with 30 mL of
acetone, then triturated with 0.8 L of water and filtered again. The trituration procedure was
repeated two more times. The resulting solid was dried in a stream of air first, then in a
vacuum desiccator over CaSOy to give 70 g (0.147 mol) of the desired product as a white
amorphous solid. Purity 98% (HPLC at 254 nm).
2-(4-tert-butylphenyl)-4-{[4-(6-quinoxalyl)methyl]piperazin-1-yl}benzimidazole
dihydrochloride dihydrate

I

[ j 2HCI  2H,0
N
CaoHaaNg CapHgaCloNgO2
Mol. Wt.: 476.62 Mol. Wt.: 585.57

37



of water. The organic solvents were renoved on a

rotary evaporator (bath tenp. 62 0C, partial vacuum.
waobhe@7sesi due of thick paste consistency wasPeEmUsm®05/021127

500 nL of toluene and evaporation was repeated to

azeotropically renove water. [0125] The resulting

paste was triturated with 800 nL of TBME which
Remped wf trade P a yel | ow suspension of a solid. The

m xture was chilled in a bucket of ice, then the solid
[0134fas fi I'lfoetheshspm‘mugﬁtha ﬁpapme (103 g, €121 6 wedrie EQf¢ (. GDpwas

adde%lg(il&n%x} aysg: nl;)e (Agplch,'r_l?‘y 8 go%3 ngrlngi) rbé?(gléﬁ'[,%ﬁwgt}é{ ' ﬁaét eg%?ng

mixt&@Iwad hédtaacsoeC adilpbeing st&treﬁlpa;ﬁlal& vg)h anas eiheateidrer. rfle maixture

2-L Erl enneyer equi netjc stirrer. .
becamgyglepyyaenipg Cme et edP? o épts% Gt aB G mixture
was £1RM%HQ<§ 8551 RYrt AThel by PNwEE GRS, Blealy. 1@ 6vas Elctacte@ with EtOAc

double its volune). The resulting -red sol ution

2 x ﬂégnlhc_faméwnqd@rmw@@lu\vwww‘gé weshed s\tlﬁhrwqtqubm[eoqrzfﬁ]ovwN@S(M
and %n@&% Qurg CTh@r_F%HXi&/QJ thkd?ﬁecp&ﬁﬁ h t&rﬁt ﬁlté&pﬁ{d%@g’ ina

omtesoumn eating was continued for hr
vacutiptdabiccaldneo givel i Qg (9P %reatvenya of the proded, as THPIT(WEOG Sﬁif)
Prenias adtﬁg still warm m xture. The crystalline solid
RSP P AT ¥ of f on a paper filter and washed with 100

onsgh, €1 gl 1080 T R Fiea MR RN LA FTobo L
and thtBlfcy l&xfca(sJI B?ﬂedrmﬁ(r):@xtep.mﬂmdimmf tie soliedifsobedb ahereﬁlﬂ&@qlear
iengefo By aL b SkRdD F 6528 iR s, S

(Aldviex, @3adaed 488 ahof, N®3 rmxwwmadwgow@rmré tmdmloﬁ vad Geing stared.
hot Iate whi I;W%ently stirring the mxé{ij
The ff’é‘giﬂég midyre yemarped char | Thediligdns) WAsdLapasfh paq B prixture was left

overnight at rt. Thick precipitate formed was filtered, washed with 0.6 L of ether and dried in
a vacuum oven at 58 °C for 24 hr. Yield of the salt was 105 g (83%).

[0136] Various modifications of the invention, in addition to those described herein,
will be apparent to those skilled in the art from the foregoing description. Such modifications

are also intended to fall within the scope of the appended claims.
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form ng a dark-red cloudy solution. Activated carbon
(12 g) was added and stirring at 50 OCwas conti nued
wo 20060094186 Then about 20 g of Celite was addedremnusiongo21127
warm m xture was filtered through a Celite pad. [0129]
The pH of the filtrate was brought up to ca. 13 with 1
M .aq..soJ ution of NaOH The product separated, form ng
Wh%t_“ﬁg'?l"ée i | ky suspension. EtOAc ( 1 L ). was added and
the m xture was stirred for 5 min to dissolve all the
solid. Most of the ag. phase was renoved and the
remaining liquid had to be filtered through anot her
I Daercsss ferdtrerasing 4 comaoad igvine Gemplastiapl e enul sion. The
aqueous |l ayer was extracted twige npge wth EtOAc (300
nL each), bringing the pH of pthélags Sol ution to 13
before every extraction. The hatt extrgcts were al so
filtered through a)celite pad. organi c | ayers
wer e washed once oJ0a t hen evapor at ed
on arotary ev mai ni ng
3 [ 1ation of 400
i ght a.Yield43.69
e) as.ight- yell ow
8%aFi5HPLCé‘6at 254 nm ,
. . &; Met hyl qui noxal i ne
[0130] A solution of 3,4-diam notoluene (Al drich, 100
g, 0.82 nol) in 600 mLgof hot water (tenp. 70-75 0C)
was added rapidly to a 60 OC slurry of glyoxal -sodi um
bi sul fite adduct (Aldrich, 239.5 g, 0.9 nol, 1.1 eq)
in 400 nL of water. The resulting dark-brown clear

{ s he d 60.C for 1 hr, then 5 g (0.02
Oraﬁi%r%a%e Fcaadﬁffﬁpga‘ﬁﬁ%sagﬁ“y%%?& ‘adduct was added. The

Wheﬁﬁ(ﬁlﬁ@ﬁgﬁﬁgalﬂ owed to cool tor.t. and filtered

roug ber filter. The filtrate was neutralized

PP B ey MR R gy PO B R 3R E yeiqgrion.
hetePocr PR, SFONGE: S 5i%beth g bpfordflh Alkuf¥@por ator to

kis0, 1,2, or3;

i dazol
rit

(42% from br onobenzi
powder (.anor phous).

Ri3 and Ry4 are, independently at each occurrence, H or optionally substituted alkyl,

A is aryl or heteroaryl, each optionally substituted,;

Ry, Ry, R3, and Ry are, independently, H or optionally substituted alkyl; and

Rs, Rs, R7, Rg, Rg, Ry, Ry, and Ry, are, independently, H, alkyl, alkenyl, or alkynyl,
each alkyl, alkenyl, or alkynyl being optionally substituted;

which comprises reacting a compound having Formula I:
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afford 92 g of brown oil which was distilled in vacuum

(bp. 100-102 0OC at 10 mm Hg; Cavagnol, J . C;
woEmebogbe, F. Y. J . Am Chem Soc. 1947, 69CTOSZ008@1127

OCat 1 mmHg). Yield 89 g (75% a s a pale- yellow

oi | . 6-Brononet hyl qui noxaline (1) (De Selns, R C;

Greaves, R J., Scheigh, W R _J. Het. Chem 1974, 11,

595) M NBS - N AAl | BBNN N . C9H8N2C9H

7 BrN 2 MIl. W.: . . .»223. 0g [0131]

Br ononret hyl qui noxal '

stored for long ti/fre. be uspd up within a

day o r two of it 3

sol ution of &ﬁh

(Aldrich, 81.5 g, 0./ . g)_afRd Al BN
(Aldrich, 1.6 g, . I"/()'f‘6 The resul ting
m xture was heatmqge g 2 hr and cooled to
rt. The precipitate of $uccinimde was renoved by
filtration. The filtratg was evaporated on rotary
evaporator until solid %gl ns to crystallize out of
the sol ution. Remaining mxture was |left at rt for 2
hr, then the crystallized product was filtered off,

whe%ﬁh&ddmm &end defiapdabdve.0f hexanes- CCl4 mi xture (ca.

1?%@11(1 dr| ed in vacuum The isolated solid
Jvipefomules of the di-brom side-product and

was used in the follow ng step w thout further
purification. Yield 3@g‘é@1ﬂ§8 % as colorless
crystal s.

whe@lr(la kandRp anq/aneqmdpﬁmd{a{bave( éndylyg inbxlagapl or SRk} whesein
razin-1-yl } benzi m dazol e

R3; is alkyl, aryl, or fluoroalkyl, each optionally substituted; in an organic solvent in the

presence of a base; and if desired converting the compound of formula Il to a

pharmaceutically acceptable salt.

2. The method of claim 1, wherein R;, Ry, R3, and Ry are, independently, H or C;-Cj alkyl.

3. The method of claim 1 or claim 2, wherein Rs, Rg, R+, Rg, Rg, Ryg, Ry; and Ry, are,

independently, H, C;-C4 alkyl, alkenyl or alkynyl.

4. The method of claim 1 wherein Ry, Ry, R3, R4, Rs, Rg, R7, Rg, Rjo, Ry; and R, are H and
Ry is H or C;-C;4 alkyl.

5. The method of claim 1, wherein the compound of formula I has the formula:
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C2 1H2 N COH/7/BrN2 030H 3 N MO W 334 46 Mol W 223 07
Mol W 476 62 [0133] To a suspension of

wQ@2q0d0®7bait yl phenyl ) - 4- pi perazi n-1 -yl -1 H benzi PCTEEHDS021127
(49.5g, 0.148 nol) and potassi um carbonate (40.0 g,
0.29 nol) in acetone (0.800 L, EM was added
6- br ononet hyl qui noxal i ne (33. O %, 0.148 nol) as a
solid in one portjon at roomtenperature. The reaction
mxture was stirrad for 22h at apbient, tenperature.
The product precipl |on was separ at ed

by filtration; the/cake th 30 nL of
mﬁ{qx}f%f wat er and
o) ocedure was repeated

acetone, then trHuyurat
filtered again. The
two nore tines. The 1esu|t|ng solid was dried in a
streamof air first,|lthen_jin a vacuum desi ccator over
CaSOto give 70 g (O. nol) of the desired product
as a white anorphous solid. Purity 98% (HPLC at 254
wherdif) A is optionally substituted aryl and Ry is H or C;-Cy4 alkyl.
2-(4-tert-butyl phenyl)-4-{[ 4-(6-qui noxal yl ) net hyl ] pi pe
razin-1-yl }benzi m dazol e di hydrochl ori de di hydrate
6. TROTERNPofCBINBAFMANGRe MMpoltid 41 rRd1alY r\%ar&ﬁ‘@y a process
57Renoval of trace Pd Oléﬁ To the suspension of the
f r ERMPIANRE TEahBe g, compm hwlng formulz OAc (1.6 L) was
added a solution of L-cysteine (Aldrich, 2.8 g, 23
mml) in 400 nmL of watlk The resulting mxture was

over head stirrer. The turﬁ became cl ear when the

t enperature reached O~ Af\er 3 hr of stirring at
50 0C, the m xture I owe /cool to rt. The
| ayers were separ at 8¢ / Iayer was extracted

wth EtQAc (2 x 50 nL)Y Conbl'ned organlc sol uti ons
were washed with water, brine, dried over Na2S™

with a compound having formula

H—N N-——Boc

VI

wherein Ly and Ry are as defined in claim 5 and Boc is tertiary butyloxycarbonyl and

removing the Boc protecting group.
7. The method of claim 6, wherein L, is Br or triflate.

8. The method of claim 6 or claim 7, wherein the reaction of the compounds of formula V
and Vlis carried out in toluene—THF in the presence of Pd,(dba); and CyMAP ligand

with solid lithium hexamethyldisilazide.
9. The method of any one of claims 6 to 8, in which the compound of

formula
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and concentrated in vacuum The residue was triturated
with heptane, filtered and dried in a vacuum

walemboedasor to give 102 g (99% recovery) of theCpUsmo®e21127
as an off-white solid. Preparation of the salt [0135]
The free base ( 110 g, 0.231 nol) was mxed wth
anhydr ous et hanol (O.8§p L) and the slurry was heated
to 600C at which pointJof the solid dissolved. The
resulting clear Iight-‘ellommsolutlon was allowed to
cool to 40 0OC, then gt on of HC in ether

(Al drich, 234 niL, 0}|/468 , 03 eq) was added slowy
whil e the solution ng irred. The resul ting
m xture remai ned cl es e~stirring was stopped, and

the m xture was left overnight at rt. Thick
re0|€|tate formed was filtered, washed with 0.6 L of
is PISPHER D BIOGTSs EMPIFINE SPAEIARAA/OMPRINGIVITE fPBRuR4 hr |
Yield of the salt was 105 g (83% . [0136] Vari ous
nodi fications of the ingention, in addition to those
descri bed herein, wll |be apparent to those skilled in
the art fromthe foregey dascri ptA on. Such
nodi fications are al - o fall within the
scope of the append is clained: 1. A
process for prepari ggnpoundithavi ng Formula 11: I
or a pharnmaceutically a€ceptable salt thereof, wherein
Bis (CRi BR4)k-D, Dis H alkyl, cycloalkyl,
withhigtchloosyainmideyih methaydl, andredeet ethe asylting dadhoradelwith potassium
carh quoalkyl het erocycl oal kyl, aryl, or heteroaryl
Belng optlonally substituted; kis O 1, 2, or 3; R 3
and R4 are, independently at each occurrence, H or
optionally substituted al kyl,

10. The method of claim 9 in which the compound having formula

Lg
N A
\(
NH,

is prepared by a process comprising reacting a compound having formula

Lg
? H
N\\ﬂ//A
O

with thionyl chloride to form an imidoyl chloride, and reacting said imidoyl chloride with

aqueous ammonia.

11. The method of claim 10, in which the compound having formula
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Ais aryl or heteroaryl, each optionally substituted,;
Ri, R2, R3, and R are, independently, H or optionally

waeamshiodsd ed al kyl; and R5, R6, R7, R, R9, RiBCT/BS2005/021127

and R 2, are, independently, H, alkyl, alkenyl, or
al kynyl , each al kyl, al kenyl, or al kynyl being
optionally substituted;_ which conprises reacting a

L
compound havi ng Formula°1 :1 wherein A and RL-Rl2 are
as defined above; withj]a confjound having formul a:
Lg- (CR13R14X- D whereii B an " and R 4 are as

defi ned above, and al ogeql or OSC2R 2, wherein
R32 is al kyl, aryl, oroal Byl , each optionally
substituted; in an ofgarrc sol vent in the presence of
a base; and if desired converting the conmpound of

s e b P pBIRTRREHR ) EPey BSEERNER ° 00 R e

i ndependently, Hor C-C aIkyI 3. The nethod of claim
1 or claim2, wherein R5,'YR6, R7, R, R9, R0, Rn and
Ri 2, are, independently, H Cl- C4 aIkyI al kenyl or

al kynyl . 4. The net hod efg N wherein R, R2, R3,
R4, R5, R6, R7, R8, Rlp, Rn and R2 are H and RO is H
or G-C4 alkyl. 5. Th$ met hod of claim1, wherein the
conpound of formula | has_#e formul a: wherein Ais
optionally substituted aryl and RO is Hor Cl-C4

al kyl. 6. The method of claim5 in which the conmpound
of Formula | is prepared by a process conpri sing
reacting a conpound having fornula with a conpound

withn2donip@uidsifodula

Lg'\[( A

o

wherein L,' is a halogen.

12.

The method of claim 11, wherein Lg' is Br.
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wherein Lg and RO are as defined in claim5 and Boc is
tertiary butyl oxycarbonyl and renoving the Boc
w@ewb®eed78e1g group. 7. The nmethod of claim6, wher/esmwoiopiiz7
is Br or triflate. 8. The nethod of claim6 or claim
7, wherein the reaction of the conpounds of fornula V
and VI is carried out in toluene-THF in the presence
13. of Tie petod g claime | omBPwhergiaribe nahation 96 thegompetnds pf formula
hgxanet hyl di sil azi de. 9. The nethod of any one of
glains 6 to 8, in which the conmpound of fornulais
@, by a process conprising chlorinating a
ound havigrg foravula with N-chl orosuccinimde in
and rgpacting the resulting N-chloride wth
gdssium car borjpte. 10. The nethod of claim9 in

Naﬁ&émess conprising reacting a conmpound having fornmul a
thionyl chloride to forman imdoyl chloride, and
reacting said imdoyl chloride with agueous anmmoni a.
11. The nmethod of claim 10, in which the conpound
having formul ai s prepared by a process conprising

14. ]'; g?‘rﬁr%:n%gl\l\ﬁ 0? QIWJ(%L Q)? c1911ms ]oth wherem 3 an%ﬁgyﬁgt 1H%e&)enc}ently at

er ei’n I'S "a hal'ogen:
awhn%mmmMﬁﬂHwh@rérﬂkMg is Br.13. The nethod of claim1ll
or 12, wherein the reaction of the conpounds of

arried ut nd hot t
15. (o ne ik of Ao ke 118 T REPRh A S AP B g bsateg oy
16. Cl "’thnﬁne&loh 3t g‘l§1’m Y\g]%vrhglleﬂl 1515 arﬁne g., phe%g/l? ’subsgtu?e%ewqgne&t—&é/ alkyl,
C2"C6 alkenyl, C2 C6 alkynyl, NR22R23, CR24(CF3)2, JR22, or C(=O)R22, wherein J is O or

SO, wherein mis 0, 1, or 2;

R2; and Ry; are, independently, H, C;-C; alkyl, C»-C; alkenyl, C,-C; alkynyl, aryl, or
heteroalkyl, each alkyl, alkenyl, alkynyl, aryl, or heteroalkyl being optionally substituted,

alternatively, Ry, and Ry, taken together with the atoms to which they are attached,
form an optionally substituted cyclic or optionally substituted heterocyclic group

optionally substituted with Ry-E-R5;, wherein E is O, N, NR,;, or SO,
R20 and Ry are, independently, H, C;-Cs alkyl, or heteroalkyl,

alternatively, Ry and Ry, taken together with the atoms to which they are attached,

form a cyclic or heterocyclic group; and

R4 is H, or OH.

17. The method of any one of claims 1 to 15, wherein A is para t-butyl phenyl.

18. The method of any one of claims | to 17, wherein D is optionally substituted heteroaryl.
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each occurrence, Hor G -C3 alkyl. 15. The nethod of
any one of clains 1 to 14, wherein Ais optionally

waeamshiodsd ed aryl. 16. The net hod of cl ai m 15, pedres®o$1021127

19,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ais aryl, e.g., phenyl, substituted with C-C6 al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, NR22R2 , CR24(CF3) 2,

JR22, or C(—O)R22 wherein J is Oor SOm wherein mis
Bhe metheg ofzany RpoofIMRI 30 AF.evhereiB preertientlysubsitutel CEFs alkyl.
al kyl, C2-C7 al kenyl, C2-C7 al kynyl, aryl, or

6L REAR KHny 0BESLIBMK Y o 1?"%%&)/:1 D @{q'ﬁ]’)ﬁeﬂlm -G ¥theth @

het er oal kyl “bei ng optionally substi

alterpatively, R22 and R23, taken together with the
Thegnethediofiay ohe eirdgimad so 2. tderetiLe i BEm an opt i onal | y
substituted cyclic or optionally substltuted

’hl%t rﬁétﬁé‘d’ &l dn§ 0B Ui RRY itd Wlwlh%reﬁ{"@ Sq:'ﬁ s 6lbromomethyl-
R2I , "wherein Eis O , O 111 , R20

andmRQ’}alla?e, i ndependent |y, H O C3 aI kyl, or
het eroal kyl, alternatively, R2o and R2i, taken

TRORLASS ofVUlJulﬂ Hhhe v@rﬁ@ﬂﬁe B%r(y}mn‘?é?h}l Iﬁﬁ%ggzgﬁlﬁzst 4;Srlé;gal?ﬁqayoar ,

forma cyclic or heterocyclic group;
OHpropgss chinprisieg brouingfingprynetndquofoxelingi ns 1 to 15,
wherein A is para t-butyl phenyl. 18. The method of

PYmER& &’f cl ﬁ@b”&hé’r&ﬂ tﬁle bro%ﬁe nlg taﬁnéa/%g ?Bh%)f}ln%h}g&?cm]mlde

subst | tute eteroaryl. 19
cl anmomstsobuly‘rfomwﬁemeqarbolwtsicmpndammﬂly. substi tuted
G -C6 alkyl. 20. The nethod of any one of clains 1to

T : ool
HE AL 4 550 L 2RI UARY 0 5o B g
22 protése compiiong whctag -rogtylplienglead- R -dlambioe dvith gioealei n
Lg-(CR 3R ) D is 6-brononethyl qui noxal i ne.

The method of any one of claims 1 to 25, wherein the solvent comprises at least one of

acetone, acetonitrile, dimethylsulfoxide, and tetrahydrofuran

The method of any one of claims 1 to 26, wherein said base comprises potassium

carbonate or N,N-diisopropylethylamine.

The method of any one of claims | to 27, wherein said base comprises potassium

carbonate and said solvent includes acetone.
The method of claim 27 or 28, wherein 2 equivalents of potassium carbonate are used.

The method of any one of claims 1 to 29, wherein 1 equivalent of Lg-(CRi3Ri4)-D is

used.

A method for preparing a compound of Formula IV:
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23. The nethod of claim 22, in which the
6- br ononet hyl - qui noxaline is prepared by a process

W@ wpnegsag brom nati ng 6-net hyl qui noxal i ne. ZECT/Us®05/021127
nmet hod of claim 22, wherein the bromnation is
achi eved using N bronosucci ni m de and
azob|S|s%butyron|tr|Ie in carbon tetrachl oride at
refl ux &. The nethod of claim?23 or claim24, in
whi ch the §-net hyl qui noxaline is prepared by a process
conpri si ng/reacki ng 4-nmet hyl phenyl ene-1,2-diamne wth

gl yoxal . Z6. The\nethod of any one of clains 1 to 25,
wherein tRe sol ygnt conprises at | east one of acetone,
acetonitri net hyl sul f oxhde, Bnd tetrahydrofuran

27. The nethod
sai d base conpri ¥\
N, N- di i sopropyl ey
of claims 1 to
pot assi um GgrboNg
29. The net hod of
equi val ents of pot

s 1 t W@ereln

thod of any one

conpri ses

i ncl udes acet one.

7 wherein 2

carbonate are used. 30. The

nmet hod of any one m 1 to 29, wherein 1

equi val ent of Lg-(CR 4)k-D is used. 31. A nethod

for preparing a conpound of Fornmula IV:IV or a

pharmaceutically acceptabl gysalt thereof wherein Ri. is

Hor alkyl; R9 and Rio, are, independently, H alkyl,
or al kynyl, each aIkyI al kenyl, or al kynyl

or %ﬁﬁ@d\éﬁ‘ﬁﬁa% %‘lCFRF‘@ﬁ bl thereefed; ~ and
wherein

R, is H or alkyl;

Ry and Ry, are, independently, H, alkyl, alkenyl, or alkynyl, each alkyl, alkenyl, or
alkynyl being optionally substituted; and

R3; 1s Cy-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, NR2;R23, CR24(CF3),, JRy, or
C(=0)Ry,, wherein J is O or SO,,, wherein m is 0, 1, or 2;

Rj; and Ry3 are, independently, H, C;-C; alkyl, C»-C; alkenyl, C,-C; alkynyl, aryl, or
heteroalkyl, each alkyl, alkenyl, alkynyl, aryl, or heteroalkyl being optionally substituted,

alternatively, Ry, and Rys, taken together with the atoms to which they are attached,
form a cyclic or heterocyclic group optionally substituted with Ryo-E-Ry;, wherein E is O, N,
NR3i, or SOy,

Ra and Ry, are, independently, H, Cy-Cs alkyl, or heteroalkyl,

alternatively, Ry and Ry, taken together with the atoms to which they are attached,
form a cyclic or heterocyclic group; and

Ro4 is H, or OH; .

D is heterocycloalkyl or heteroaryl, each optionally substituted;

L is halogen or OSO;R3;, wherein Rs; is alkyl, aryl, or fluoroalkyl, each optionally
substituted;

kis0, 1,2, or3; and

Ry3 and Ry, are, independently at each occurrence, H or optionally substituted alkyl,

which comprises reacting a compound having Formula III:
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R3i is G-C6 alkyl, C2-C6 al kenyl, C2-C6 al kynyl,
NR22R , CR24(CF3)2, JR22, or @OR 22, wherein J is O
wo@eoosm73svherein mis 0, 1, or 2; R22 and R23 BCBYS2005/021127
i ndependently, H G -C7 al kyl, C2-C7 al kenyl, C2-C7
al kynyl, aryl, or heteroal kyl, each al kyl, al kenyl,
al kynyl , ary&, or heteroal kyl being optionally
substituted, @l ternatively, R22 and R23, taken
together with\{he atons to which they are attached,
forma cyclic /r heterocyclic group optionally
substituted w , Wherein Eis O N, NR2I
or SO 111 , R R2i are, independently, H G -C
al kyl, or hete& |, alternatifely, A220 and R2
taken together witi\the atons to €h they are
attached, forma cyclic or heter AC group; and R24
is H or OH Dis h teroaryl, each
optionally substit r OSO2R32,
wherei n R32 i sRatky ; Nwor ogFkyl , each
' , 1,27 or 3; and Ri 3
each occurrence, H or

and Ri 4 are, independd
optionally substitutec whi ch conprises reacting
a conmpound havi ng For nubs [:11l with a conpound
having fornula: wherein Lg, Rn, R4, k and D are as
defi ned above, in an organill solvent in the presence
of

with a compound having formula:
Lg-(CR13R14)-D

wherein Lg, Ry3, R4, k and D are as defined above, in an organic solvent in the presence of
base; and if desired converting the compound of formula IV to a pharmaceutically acceptable

salt.

32. The method of claim 31 wherein D is optionally substituted heteroaryl.
33. The method of claim 31 or claim 32 wherein R, is H or C;-C; alkyl.

34. The method of any one of claims 31 to 33 wherein Rg and R, are, independently, H, C;-
C4 alkyl, alkenyl, or alkynyl.

35. The method of any one of claims 31 to 34 wherein R3 and R4 are, independently at each

occurrence, H or C;-C; alkyl.

36. The method of any one of claims 31 to 35 wherein Ly-(CR13R 14)k-D is 6-bromomethyl-

quinoxaline.
37. The method of any one of claims 31 to 35, wherein L, is Br.
38. The method of claim 36 in which the 6-bromomethyl-quinoxaline is prepared by a

process which comprises brominating 6-methylquinoxaline.
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base; and if desired converting the conpound of
formula IV to a pharnaceutically acceptable salt. 32.

wabwenebod of claim3 1 wherein D is optional PgI/US2005/021127

39.

40.

41.

42.

43.

44,

45.

46.

substituted heteroaryl. 33. The nethod of claim3 1 or
claim32 wherein Ris Hor C-C alkyl. 34. The nethod

of any one of clains 3 1 to 33 wherein RO and R o,
SheemethedelrdaineidtwhereiHhe Gromigaionlikgdhieved kemg/N-brggposuccinimide
al f laims 3 1 to 34
e iR ME AR AR R Coch
occurrence, Hor CpC 3 alkyl. 36. The nethod of any
Bhemethoddfzlaim 38 ot clagn 3% inwlecle b-metlgd quBRixaliiRi id plepdded By a

SI %o%essgv q%/cogr%ggeos\);ﬁac ggﬁnteghyll;sgxewlenegg?(awéne%%m amba?
claim 36 in which the 6-brononethyl -qui noxaline is
Tﬁheetpahecdofmyly anpoibdass 3 4hwhoepsiid dgsehndimen potassgim

h The. met hod of cl aim 38 wherein
th§ %?%aﬁ?q?{’glﬁk?gjaél1Sgpr8@a‘ftg\’}§'8'"ﬁs| ng N bromosucci ni ni de
and azobi si sobutyronitrile in carbon tetrachl oride at
Tl hetkod dOiny Bheofdimod1 of 4ichdrein 38 sotvent iaclaae3 At liesist one of

o B HEPTUEE: Tt WISl S PG be. | 2. ai arm ne

with glyoxal. 41. The nmethod of any one of clains 3 1

Th): ehovhett @y ons af cﬂlalbnase td 41GHHa xS saDbARS Hicliide Lt oAt @rbonate
(gl N‘;: ||soip Iet hxl am ne. 42. The nethod of any

onén yaidgolyepinglu aﬁetﬂ ® wherein the sol vent includes

at | east one of acetone, acetonitrile, dinethyl

The thekodler, anfobe bedlximlywd tfLwadtein 23quilTlientet fuadsiain @fMdnate
one of clains 3 1 to 4 1wherein said base incl udes

pof%¥<s¢dim car bonate and sai d sol vent includes acetone.
The method of any one of claims 31 to 43 wherein 1 equivalent of Lg-(CR 3R 14)k-D is

used.

The method of any one of claims 31 to 45, in which the compound of Formula III is

prepared by a process which comprises reacting a compound having formula

L
g R,

N
N with a compound having formula
Ry Re
H—N N——2Boc

and deprotecting.

47. The method of claim 46, wherein L, is Br.
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44. The nethod of any one of clains 4 1 to 43 wherein
2 equi val ents of potassium carbonate are used. 45. The
woredohoe7ed any one of clains 3 1 to 43 wher ei nPAT/US2005/021127
equi valent of Lg-(CRi 3Ri4)k-D is used. 46. The nethod
of any one of clains 3 1 to 45, in which the conpound
48. Thef methpdof elain #6 psclpine parvditrdiy the neacivads cattied put in toluene—-THF

CONprises re i a .havi ng far awth a
OB et AR CRRHOS MY Ok f g Ty o
mathedkthfldieli@dife. 46, wherein Lk is Br.48. The nethod of
claim46 or claim47, wherein the reaction is carried
out in_tgluene-THF.in the presence of Pd2(dba)3 and
49. Themptpos Pgwrw fjslaimyp r‘ét g Which thegoatnepnd having iryla
49. Dhe nethod of any one of clainms 46 to 48 in which

de in nethanol, and reacting the

# TR pot assi um car bonate. 50. The

, whi ch sai d conpound havi ng
formula is prepared by a process which conprises

_ reacting a conpound having fornmulawi th thionyl

is prepapdpy aPracsss whigh spmprigeg shloripafing 3 epanpaynd hpwag dormyla
said i mdoyl chloride with aqueous ammoni a. 51. The
met hod of cl aim50td n whi ch sai d—eqQnpound havi ng
formula is prepare¢l by a proceg R%onprises
reacting a conpou of N mul g a conmpound of
formula

NH;

with N-chlorosuccinimide in methanol, and reacting the resulting N-chloride with potassium

carbonate.

50. The method of claim 49, in which said compound having formula

L.
9 Ray
N
X
, NH;

is prepared by a process which comprises reacting a compound having formula

Lg Ry
Ry
N
(o]
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wherein Lg' is a halogen. 52. The nethod of claim 51,
wherei n are conbi ned under Schotten-Baunman conditions
wWowaok/oMaBiCO . 53. The nmethod of claim5 1 or cleBCIUSRB05/021127
wherein L8 is Br. 54. The nmethod of any one of clains
3 1to 53 wherein R3i is t-butyl. 55. The net hod of
with thtwlymtéomﬁe to|feinmen imideyl3bldrideviridakaating seidripadayd clpride with

r ol II is converted to a salt by a process
am“mugwpné% ng addi ng 2 equival ents of ethereal HC to a
solution of the conpound having Formula Il in ethanol.

56. The nethod of any one of clains 3 1 to 54 in which
t he conpound of fornmula IV is converted to a salt by a

. BRSSO e 0ot TY

et hatol . v nd QaV|ng Forrmula 111: [I11
3 [ AR R9 and Ri o, are,

alkenyl, or al kynyl, each

kKynyl being optionally

t ed; is CG-C6 alkyl, C2-C6 al kenyl,

CONQBA kynylo NR22R23, CR24(CF3) 2, JR22, or =0 R22,
wherein J is Oor SOn wherein mis 0, 1, or 2; R22
and R23 are, independently, H C]-C7 alk C2 (674

is prepgrg Ry p pracesscyhigh Wﬁynsesaﬁ%aytmg a.comt)@}ddéy 1fRgppulaeach
al kyl, al kenyl, al kynyl, aryl, or heteroaryl being
optionally substituted, ahiernatively, R22 and R23,
taken together with the afons to which they are
attached, forma cyclic ok _hetennagcyclic group
optionally substituted R20- E-R2], wherein Eis O
N

with a compound of formula

Lg'

wherein L' is a halogen.

52. The method of claim 51, wherein

Lg

NH, Raq
Lg"

and 0

are combined under Schotten-Bauman conditions with NaHCO;.
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NR2 1, or SOn R20 and R2] are, independently, H C
-C3 alkyl, or heteroal kyl, alternatively, R20 and R2i,
wo 200en0476get her with the atons to which they aP@r/US2005/021127

attached, forma cyclic or heterocyclic group; and R24

is H or OH 58 The conmpound of claim57 wherein RO

is Hor CH3. 59. The conmpound of claim57 or claimb58
wherein R3i is C-C alkyl. 60. The conpound of claim

59 wherein R3i is t-butyl.

53. The method of claim 51 or claim 52 wherein L' is Br.
54. The method of any one of claims 31 to 53 wherein Ry is t-butyl.

55. The method of any one of claims 1 to 30 in which the compound of formula II is
converted to a salt by a process comprising adding 2 equivalents of ethereal HCl to a

solution of the compound having Formula II in ethanol.

56. The method of any one of claims 31 to 54 in which the compound of formula IV is
converted to a salt by a process comprising adding 2 equivalents of ethereal HCI to a

solution of the compound having Formula IV in ethanol.

57. A compound having Formula III:

Raq
Rio Ro
H
=N ~n
R— N N\)
I
wherein:
Ry is H or alkyl;

Ro and Ry, are, independently, H, alkyl, alkenyl, or alkynyl, each alkyl, alkenyl, or
alkynyl being optionally substituted; and
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R31 1s C-Cg alkyl, C,-Cs alkenyl, C,-Cg alkynyl, NR2:R 33, CR24(CF3)2, IRy, or
C(=0)Ry2, wherein J is O or SOy, whereinm is 0, 1, or 2;

R2; and Ry; are, independently, H, C,-C; alkyl, C,-C7 alkenyl, C,-C7 alkynyl, aryl, or
heteroalkyl, each alkyl, alkenyl, alkynyl, aryl, or heteroaryl being optionally substituted,

alternatively, Ry, and Rys, taken together with the atoms to which they are attached,
form a cyclic or heterocyclic group optionally substituted with Ryo-E-R,;, wherein E is O, N,
NRy;, or SO,

Rjo and Ry, are, independently, H, C,-Cs alkyl, or heteroalkyl,

alternatively, Ry and Ry, taken together with the atoms to which they are attached,
form a cyclic or heterocyclic group; and

Ry4 1s H, or OH.

58. The compound of claim 57 wherein Rg is H or CH;.
59. The compound of claim 57 or claim 58 wherein R3; is C;-Cg alkyl.

60. The compound of claim 59 wherein Rs is t-butyl.
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