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5
FIELD OF THE INVENTION
This invention relates generally to an efficient
ligand-accelerated Ullmann coupling reaction of anilines
with azoles. The coupling products are useful for

10 preparing factor Xa inhibitors.

BACKGROUND OF THE INVENTION
Factor Xa inhibitors like those of Formulas Ia and Ib

shown below:
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are currently being investigated as potential drug
candidates. As a result, large quantities of these
20 compounds are needed to satisfy clinical demands.
WO098/57951 describes of the synthesis of compounds of

formula Ia and Ib as shown below.



~NFHO2N OZN It~ 1 N+ N NF NN® 1,N Procedure Ib N FC-F HNHF
NHNONI HI FOF C(OA)2 j~ \N In procedure la, the resulting

i m dazol Wwoanidipne is coupled with PCT/US01/23541

1- (3-cyano-4-fl uorophenyl)-3-trifluoronethyl- 5-pyrazole carboxylic acid
and the resulting intermediate 5 is then converted to the final product.
Procedure la is problematic in that it provides isoners of the

i m dazol yl -ni trobenzene. in proceBoedérdlb, the resulting imdazolyl-aniline
is coupled with 1-(3"'- am nobenzi soxozol -5-yl)-3-trifluoronethyl-5 10
pyrazol ecar boxylic ack?- OV|de the final product. Procedure Ibis
probl ematic in that ﬁrOV|des a F48. 5% vyi el d of the

i m dazol yl -ani | i ne |nt medi ate stOal¥ from{he bro Iuoroa iline.
Many di ffer Y s of _aryl halides bee sed sub ates for
the Ul mann-typ i nation reaction. sN st stralgh d Poute to
N- (am no)aryl i nodazal es involves the diregt ¥ornmation o y@romatic
carbon- nitrogen bond under the catalysis of  a copper(l) sa mnthout

protection of the aromatic amno functionality. 20 However, there is al nbst
no precedent to directly enploy umpeataeted aniline derivatives as
coupling partners. The free NH2, functionality on the aryl halides is
reported to have a deleterlous ef f ect (35(—N50@6y|elds of unprotected

Ciy

In procedure Ia, the resulting imidazolyl-aniline is

Cu(OAc),

coupled with 1-(3-cyano-4-fluorophenyl)-3-trifluoromethyl-
5-pyrazole carboxylic acid and the resulting intermediate

5 is then converted to the final product. Procedure Ia is
problematic in that it provides iscomers of the
imidazolyl-nitrobenzene. In procedure Ib, the resulting
imidazolyl-aniline is coupled with 1-(3’-
aminobenzigoxozol-5-y1)-3-trifluoromethyl-5-

10 pyrazolecarboxylic acid to provide the final product.
Procedure Tb is problematic in that it only provides a
48.5% yield of the imidazolyl-aniline intermediate
starting from the bromo-fluoroaniline.

Many different kinds of aryl halides have been used

15 as substrates for the Ullmann-type amination reaction.
This most straightforward route to N-(amino)arylimodazoles
involves the direct formation of the aromatic carbon-
nitrogen bond under the catalysis of a copper(I) salt
without protection of the aromatic amino functionality.

20 However, there is almost no precedent to directly employ
unprotected aniline derivatives as coupling partners. The
free NH; functionality on the aryl halides is reported to

have a deleterious effect (35 - 50% yields of unprotected



2 WO 02/ 08199 PCT/US01/ 23541 aniline substrates vs 75 - 100% yi el ds of
non-aniline substrates or protected aniline substrates) on the U I mann
coupl i ngweavosion (J. Chem Soc. (C) 1969, 312). One reporCTUSMeRbad t hat
direct coupling of 4-iodoaniline with 5 imdazole under the
Cu(l)-catalyzed condition afforded the desired N-(4-am no)arylimdazole
only in 37%vyield (J. Md. Chem 1988, 31, 2136). Another report observed
that no ceuplimg prioductteswars 05t ai hek wherldsnpfohentauni Rine

fluoro-4-i i) e to.the U lL.mann,ether 10 synthesis
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pr ot ect i oncofipl beg arentiion ddi. nGhemyr ofigic & of @M1AE90r 3t2) banmte bef ore being
subjected to the U reacti.on resulted.only. in the. cleavage

I oupl.in
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of that aniline sfrate was repared. Qobvioysly, tw npre steps
(protecti oﬂeihﬁegég"p¢%iaﬁgﬁvg§ﬁfy$§mg‘g%7e%l?c? elgyﬁgﬁeﬁ elflrence in order
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hal ogenated anilipe is used as the couplin substrate. It can be seen that
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desi ra%e to find efficient syntheses azolyl-anilines that are useful in
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SUMVARY OFad o+ NVENH @Nu3Q ARSON SN Ne rokheChrShattte Rfiesent

invention is to provide novel_ processes for preparing azolyl-anilines
group to amide or carbamate before being subjected to the

Ullmann coupling reaction resulted only in the cleavage of
the protection group without formation of any desired

15 coupling product. Therefore, a hydrolytically stable 2,5-
dimethylpyrrole derivative of that aniline substrate was
prepared. Obviously, two more steps (protection and
deprotection) is added to the synthetic sequence in order
to form the aromatic carbon-nitrogen or carbon-oxygen bond

20 when the halogenated aniline is used as the coupling
substrate.

It can be seen that preparation of factor Xa
inhibitors, specifically preparation of azolyl-aniline
intermediates useful therein, is difficult. Thus, it is

25 desirable to find efficient syntheses azolyl-anilines that
are useful in making factor Xa inhibitors of compounds

like those of formulas Ta and Ib.

SUMMARY OF THE INVENTION
30 Accordingly, one object of the present invention is
to provide novel processes for preparing azolyl-anilines
using a ligand-mediated Ullmann coupling reaction.
These and other objects, which will become apparent

during the following detailed description, have been
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gand- nedi ated U | mann coupling reaction. These and ot her objects,

becone apparent during the follow ng detail ed description,
been 3 Wov022/08999 PCT/ US01/ 23541 achi eved by the inventpepUSd/scavery

have

that imdazolyl-anilines |like those shown below (fornmulas Ila and lib): F
F H2ZNH2N\ NN\ I / N NL, NO5Ilallb can be prepared by

| i gand-accel erated U | mann coupling of non-protected, hal o-substituted
ani | i nes anpdhazvéésby Tihes inventhesf i dsscodvraermy amatd | mann coupling of an

aniline has_.heen shown .t.o work. efficiently w.thout ,protecti on of the
oo nadmBeel PROM 130 (kB hh Sk E G ety R VS The
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oxygen contai ni ng
used in an equipknl ar/anount with re tg Cu(l) catal yst,
found to produce the 20 signifihcant rate accelerafio or the coupling

10

is 15 accelerated by a_group of hydrolytically

are

The reaction tenpbsalure (100-130 C vs >16QN) is significantly
t he reaction tinea£§-6 h vs 16-24 h%1£s significantly shorter

| i gand- accel erate
can be prepared by ligand-accelerated Ullmann coupling of

non-protected, halo-substituted anilines and azoles. This
is the first time an Ullmann coupling of an aniline has
been shown to work efficiently without protection of the

aniline nitrogen.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention demonstrates that Cu(I)-
catalyzed coupling of iodoanilines to imidazoles is
accelerated by a group of hydrolytically stable ligands
known to coordinate Cu(Il) catalyst. The ligands,
preferably the alkyl and aryl bidentate nitrogen and
oxygen containing compounds, used in an equimolar amount
with respect to Cu(I) catalyst, are found to produce the
significant rate acceleration for the coupling reaction.
The reaction temperature (100-130 °C vs >150 °C) is
significantly lower and the reaction time (4-6 h vs 16-24
h) is significantly shorter with this ligand-accelerated
protocol. And also, the coupling vield is improved with
the addition of the ligand.

The present method is the first reported actual
ligand-accelerated Cu(I)-catalyzed Ullmann coupling of the
aryl halides to azoles, including imidazoles. Both Cu(I)
salt and ligand used in this method are used in
catalytical amounts (5-15%). In the previous reports,

both Cu(I) catalyst and ligand were employed excessively



protocol. And also, the coupling yield is inproved with 25 the addition of
the ligand. The present nethod is the first reported actual

| i gand- acxebzosaped Cu(l)-catal yzed U | mann coupling of theCT/@syl23sal i des to
azol es, including i mdazoles. Both Cu(l) salt and ligand used in this

met hod are used in 30 catalytical anounts (5-15% . In the previous reports,
both Cu(l) catalyst and |Iigand were enpl oyed excessively 4 WO 02/08199
PCT/ US01/ 238542 t¢02 20 t&nLIZ.Lv@ileqmiS\)al ebh s¢ontrasgonior @sthwval8uchwal d' s report

(Tetr ahedr 9aobet! (z309hed0s, 20T). 10 Chyd s S oL cheporfied

| i gands- acce Per at mann coupl i'n aryl I i'des 6 1 ci%tzol es so far,
this net hO@nﬂlSGSepvd‘tyed)rile.g&rﬁ“ﬂdlat:b\ééei‘mtété tmslzrtalma kbgahtng copraixit e t he
reaction

. .lnstead of, t. e of 1Q-fol exce f the ligand with respect
oot he_Gu PRIEERE bRt Al Rearen ter 1 hoat ieg wE08so5 8 e et hod
det ai | el ohdtiheipeesenie idwy el Qﬁlgaﬁﬂpt@)@rdnhﬂ:eeﬁthlen'ﬁéa&tﬂdsmunt of |igand
wth respe he pe t t. In an e ment pr esent
i nvention f&ﬁ%@?ﬁé tJIT’F‘O\)ﬁp tfotng g ¥§ i@t arrB 69’?\’8&0“[’1 rmula 111
H2N R r R2ekpkct 150 C@‘fﬁ)rGLﬁ(IIr)gcaﬁaﬂ]ifﬁﬁt(T@tﬁEeﬁllonl netef fogorule, |V with an
azole of FoETHa MIndhepreeeneadl (DL and ¢, bidentate ligand: RI

employs the equimolar amount of ligand with respect to the
10 copper catalyst.
In an embodiment, the present invention provides a

novel process for making a compound of Formula IIT

H,N \}Rl) r

L
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ITT
15 comprising: contacting an aniline of Formula IV with an
azole of Formula V in the presence of Cu(I)X* and a

bidentate ligand:

’') -
w0 D
Z x? R?
20 Iv v

wherein:

in Formula IV, from 0-1 of the carbon atoms are replaced
with N;

25
in Formula V, from 0-3 of the carbon atoms are replaced

with N;



20 IV V wherein: in Formula IV, fromO0-1 of the carbon atons are repl aced
wth N 25 in Formula V, fromO0-3 of the carbon atons are replaced wth N,
5 WO 02/ M0990R®I/ USO1/ 23541 alternatively, the conpoundrof/URarassdia V i s
benzo-fused and 0-2 of the carbon atons of the five-nenbered ring are
replaced with N, 5 X1 is selected fromd, Br, I, and SCN, X2 is selected
fromBr or I; RLis selected fromH d, F, Br, I, C1 4 alkyl, Cl_4 al koxy,
10 Cl1_4 al kykeneatG@ily) dhleylcomibi@nd NbE (Fokembilal Kyhy, bdh¢&Afukedl kyl ) 2,
Cl_4 al kyl ene-N 21, 4 alkylene:NH (C1 4 1) :.,Cl_4 al kyl ene- N(Cl1-4
ARyl 5 2. o 10 B b e SR BREPP I P (O 0FF RAveSTERehibragY

het erocycl e coape irsgpigoedr kdnhaNons and 1-4 heteroatons selected 15 from
N, 0, and S and substituted with 0-2 R3; R2 is selected fromH, d, F, Br,
I, C1 4 alkyl, C1_4 alkoxy, Cl_4 alkylene-OCl-4 alkyl, NH2, NH (Cl_4

al kyl) 5 Nx{Gls 4elakkyh) FPom QL 4 @t kyl,eaadNs2y; C1_4 al kyl ene-NH (Cl1_4
alkyl) , 20 C1_4 al kylene-N(Cl1-4 al kyl)2, C3_10 carbocycle substituted
with 0-2 R3, 5-6 nenbered heterocycle conprising carbon atonms and 1-4

het er oat ong? sigd eefiedtelir oAb, BO,0and S and substituted with 0-2 R3; 25 R3
is selected fromd, F, Br, I, Cl1 4 alkyl, Cl_4 al koxy, Cl_4

al kyl ene-O-Cl1_4 al kyl, NH2, NH (C1_4 alkyl) , N(C1 4 alkyl) 2, C1 4

al kyl ene- NK2, 1 LChed cakkyl enen N (@1_4,akkyl ), . ¢, Cladaal kyd,gng1dbiEl 4 al kyl)
2, andl(l)\loz; Ci-4 alkylene-0-Ci4 alkyl, NH;, NH(Ci_s alkyl), N(Ciq
alkyl),, Ci-s alkylene-NH;, Ci-4 alkylene-NH(Ci-, alkyl),
Ci-2 alkylene-N(Ci-4 alkyl),, Ci.1p carbocycle
substituted with 0-2 R, 5-6 membered heterocycle
comprising carbon atoms and 1-4 heteroatoms selected

15 from N, 0, and S and substituted with 0-2 R?;

R? is selected from H, C1, F, Br, I, Ci.. alkyl, Ci, alkoxy,
Ci-4 alkylene-0-Cj4 alkyl, NH;, NH(Ci-4 alkyl), N(Cji_a
alkyl);, Ci-4 alkylene-NH;, Cis alkylene-NH(Ci.s alkyl),
20 Ci-2 alkylene-N(Ci.4 alkyl),, Ci.ip carbocycle
substituted with 0-2 R?, 5-6 membered heterocycle
comprising carbon atoms and 1-4 heteroatoms selected

from N, O, and S and substituted with 0-2 R3;

25 R’ is selected from Cl, F, Br, I, Cis alkyl, Cis alkoxy,
Ci-4 alkylene-0-Ci4 alkyl, NH;, NH(C:-4 alkyl), N(Ci.a
alkyl),, Ciq alkylene-NH;, Ci-4 alkylene-NH(C;-;, alkyl),
Ci-2 alkylene-N(Ci-s alkyl),, and NOz;

30 r is 1 or 2; and,
the bidentate ligand is a hydrolytically stabile ligand

that is known to ligate with Cu(I) and comprises two

heterocatoms selected from N and O.



30r is 1 or 2; and, the bidentate ligand is a hydrolytically stabile
ligand that is known to ligate with Cu(l) and conprises two heteroatons
sel ected woomdwwand O 6 WD 02/08199 PCT/ USO1/ 23541 | n arQr@seried

enbodi ment, the bidentate ligand is selected from

t et ranet hyl et hyl enedi am ne (TMED), 5 2,2'-dipyridyl (DPD),

8- hydr oxyqui noline (HQ), and 1, 10-phenanthroline (PNT) and from 0. 01-0. 20
equi valents are present, based on the nolar anmount of aniline present. In
anot her preferred enbodi nent, the bidentate ligand 10 is

8- hydr oxyqui noline (HQ) or 1, 10-phenanthroline (PNT) and from 0.05-0.15
equi val ent s ar eIpreserdfedmedarobhdim@tef etlre dbickbodicreht gatdiei i dent at e

i gand is _8-hydroxygui noline and from Q. 05- equi valents 15 are
present. | ﬁe%ﬁég‘?fgryrg"r"é&eertrré‘a‘e&ﬁgééii%nﬂ rfecflt?é“lﬁ’ledéﬁpégé’ ligand is

1, 10- phﬁnam br ]?zﬂipmerdi(dirng) (Cf_annrd A Beny@r&%fcgllilgali&@ui(ﬂgpenltm@r e ]E)r gsj?lng .X120

i n anot her _p rre i me ro -0, equi val ents o are
present , b&sig'@ﬁe]?a}fé&fﬁﬂ%&r“e ggﬁﬁa&ta% i ionégﬁroegﬁniagu?%alr%%ot her
preferred apbogreesit, fdaBd olStle lbolofintainentbs ahiCinié )pdesti® .present.

In anot her preferred enbodi nent, 0.05 equivalents of Cu(l)Xl are present.
30 I n another preferred enbodi nent, 0.15 equivalents of Cu(l)Xl are

present. 7 In another preferred embodiment, the bidentate ligand
10 is 8-hydroxyguinoline (HQL) or 1,10-phenanthroline ({PNT)

and from 0.05-0.15 equivalents are present.

In another preferred embodiment, the bidentate ligand
is 8-hydroxyguinoline (HQL) and from 0.05-0.1l5 equivalents

15 are present.

In another preferred embodiment, the bidentate ligand
is 1,10-phenanthroline (PNT) and from 0.05-0.15

equivalents are present.

20
In another preferred embodiment, from 0.01-0.20
equivalents of cu(I)x' are present, based on the molar
amount of aniline present.
25 In another preferred embodiment, from 0.05-0.15
equivalents of Cu(I)X' are present.
In another preferred embodiment, 0.05 equivalents of
Cu(I)Xl are present.
30

In another preferred embodiment, 0.15 equivalents of

Cu(I)X' are present.



WO 02/ 08199 PCT/ US01/ 23541 |In another preferred enbodi nent, the contacting
is performed in the presence of from1l.0-2.0 nolar equival ents of base,
based onw@exzemabar anount of aniline present. 5 In anot hreT/psefisssied
enbodi ment, the contacting is perfornmed in the presence of from1.0-1.2
equi valents of K2C03 . 10 In another preferred enbodi nent, the contacting
is perfornmed in the presence of 1.05 equivalents of K2C03. [In another
preferred enbodimemiqtHemmprefbrbeduémivodinenial ehies cohitacolmy drse used, based

on the nol ar nt .1 f_aniline esent.. I n.anot her preferred

embodi nent ,Bef]?(g}r)#ﬁ% 1. 3¢ %Iegrenc%q‘%lgv%oénntls' O6f2'§28f°ga5re used, based on

t he nmol ar anoinvdlerfs arfi [Hase, pbasedton 2thd mddmet Aebupt ed rargd iewbodi nent ,
from 1.2 nplar equivalents of azole are used, based on the nolar anount

of aniline®pFe88ht. 25 In another preferred embodi ment, the contacting is
perforngd in a polar solvent. In another preferred enbodi nent, the

contacting is dferfor din % gol r, a(g,oti ¢ solvent. 30 ]| n agnother
preferred embodtheHtC S te PEGHEAEET ngPR USRS o FREJCPREBNBEY &30 02/ 08199

PCT/ US01/ 286Adormdtl anROtRY pResbatE esk enhadiin®nt,. 2t Bgucedtaatd _E i S
per f or med I%tcoa tenperature of from100C to ref lux of the
2 3.

10 In another preferred embodiment, the contacting is

performed in the presence of 1.05 equivalents of K;CO;.

In another preferred embodiment, from 1-1.5 molar
equivalents of azole are used, based on the molar amount

15 of aniline present.

In another preferred embodiment, from 1.1-1.3, molar
equivalents of azole are used, based on the molar amount
of aniline present.

20

In another preferred embodiment, from 1.2 molar

equivalents of azole are used, based on the molar amount

of aniline present.

25 In another preferred embodiment, the contacting is

performed in a polar solvent.

In another preferred embodiment, the contacting is
performed in a polar, aprotic solvent.
30
In another preferred embodiment, the contacting is

performed in DMSO.



solvent and the reaction is run from4 to 24 hours. 5 In another preferred
enbodi nent, the contacting is perforned at a tenperature of from 110 to
140C and Woom&E99t o 15 hours. I n another preferred enbodi PEVUSO3641
contacting is 10 perforned at a tenperature of from 120 to 130C. In

anot her preferred enbodinment, X1 is | or SCN. |In another preferred

enbodi nent, X1 is |. 15 In another preferred enbodinent, X is SCN. In

anot her pref err&d ardddmarefeFoedubmbdfimgeran thed danohetiﬁg)iﬁ ternatively,

the corrpou f_Fo a, enzo-fu ed Jfa oI 1 |s | ected from
ﬁe?ﬁofr?e%ﬁm%l \éemﬁ)erag}lre Y. le0§§' gn Bxyiret ™A ene: R2 is

sel ect ed f sovéht nmdhydhe ireprapyh, 1NH24n Cﬁ-ﬂj‘dHZL toCEiZl\h@ﬁ-:B) 2 , and phenyl

; and, 30 r isl. In another preferred enbodi nent, the conmpound of Fornula

IVis selected from 9 WD 02/08199 PCT/US01/23541 F NH2 H2N I |1 I NH2 | |

| 1V ahd, the Tompmtltkroforederued dMbsdisedract etlef Eoftactidhanyl HN NH2 HH

N ~ HN
berformed at a temperature of from 110 to 140°C and from 6

to 15 hours.

In another preferred embodiment, the contacting is

10 performed at a temperature of from 120 to 130°C.

Tn another preferred embodiment, X' is I or SCN.

In another preferred embodiment, X' is I.

15
In another preferred embodiment, X' is SCN.
In another preferred embodiment, Formula V is an
imidazole;
20
alternatively, the compound of Formula V is a benzo-fused
imidazole;
R' is selected from H, Cl, F, methyl, ethyl, i-propyl,
25 methoxy and, methoxymethylene;
R* is selected from H, methyl, i-propyl, NH,, CH,NH,,
CH;N (CH3),, and phenyl; and,
30 r isl.

In another preferred embodiment, the compound of

Formula IV is selected from:



\ ~|~~3% ANI1I-I-N~N~N~N 5V In another preferred enbodi nent, the
conpound of Formula IVis: F HN 10 1: | |V and, the conpound of
Formul a wWose2eabected from HN HIN 15 V. I n anot her pre€EUSE®R3541
enbodi ment, the conpound of Formula V is: HN t-N 20 O V. In another
preferred enbodi nent, the conmpound of Fornmula V is: 10 WD 02/08199

PCT/ USO01/ 23541 HN-,~~ L-1-N V. DEFINITIONS 5 As used herein, the
following terns and expressibns havelfhe |nd|cated nmeanings. It will be

appreci ated that the cogpoung resent 2fei on contain an
asymmetrically substituted bon at and n® [ sol ated in optically
active or racemc fornms. It pwWn in hé art how to prepare
optically active forns,

and, the compound of Formula V is selected from:

|
Pheny!l NH, N
HN—\ HN’\( N N—( HN,(

S LN N I%:N QN QN

In another preferred embodiment, the compound of
Formula IV is:

F

10 I

IV

and, the compound of Formula V is selected from:

|
< N
LN <N

15 V.

In another preferred embodiment, the compound of Formula V

is:

I
N
HN’{r’

K/N

20 V.

In another preferred embodiment, the compound of Formula V

is:

10



such as by resolution of racemc forns or by synthesis, fromoptically
active starting materials. Al chiral, diastereoneric, racemc forns and
al | geomawwobzosdigbneric forns of a structure are intendedpCuk@sssithe
specific 15 stereochem stry or isoner formis specifically indicated. The
processes of the present invention are contenplated to be practiced on at
| east a multigram scale, kilogramscale, nultikilogramscale, or
industrial scale. Miultigramscale, as ysed herein, is preferably the 20
scal e wherein at |east one starting ¥¥terial is present in 10 grans or
nore, nore preferably at |east 50 gr or nore, even nore preferably at

| east 100 grans or nore. NUItikiIogr§n1scale, as used herein, is intended
to mean the scale wherein nore than one kil ogram of at |east one 25
starting material is used. Industrial scale as used herein is intended to
mean a scale which is other than a _1aboratory scale and which is
sufficient to supply product sufPHcENt Por gither clinical tests or

distribution toas cslmREsin30tHEer s BT dwiglbstink UbE, ex@iSadisiRfhsher ei n,
means that, any one or, nore hydrogens on the designated atomis replaced

with a sel BRYF oS rigificRé sFnlPRateer gridupilipPeyvrRBetIRlted Héadesi gnat ed
atom s nor gBk ¥YehERGEI SENehe 13- Y202/ ORA9Q 1BETLUSOI{ 23041 exceeded, and

that the substitutjon results In a_stable conpound. When a substituent is
keto (i.e. 2SSty sHpaFbEerRd ofpHne FEOM afRd el Red. Ket o

subst it uent sop4€qa NGt o%rt%gmyoag@{mﬂ ClRheL eSrmWWen ad kg system5
(e.g., carbocyclic or heterocyclic) is said to be substituted with a

car bonil gFeeR ot £hgoaBtehPBNEC PEepare joptdfdddyt Hakitheazmsbonyl group or
doubl e bong,be égﬂﬂy resolution of racemic forms or by synthesis,

from optically active starting materials. All chiral,
diastereomeric, racemic forms and all geometric isomeric
forms of a gstructure are intended, unless the specific

15 stereochemigtry or isomer form is specifically indicated.

The processes of the present invention are

contemplated to be practiced on at least a multigram
scale, kilogram scale, multikilogram scale, or industrial
scale. Multigram scale, as used herein, is preferably the

20 scale wherein at least one starting material is present in
10 grams or more, more preferably at least 50 grams or
more, even more preferably at least 100 grams or more.
Multikilogram scale, as used herein, is intended to mean
the scale wherein more than one kilogram of at least one

25 starting material is used. Industrial scale as used herein
is intended to mean a scale which is other than a
laboratory scale and which is sufficient to supply product
sufficient for either clinical tests or distribution to
consumers.

30 The term "substituted, " as used herein, means that
any one or more hydrogens on the designated atom is
replaced with a selection from the indicated group,

provided that the designated atom’s normal valency is not
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(i.e., within) of the ring. The present invention is intended to include
all 10 isotopes of atons occurring in the present conpounds. |sotopes

i ncl ude WosesmsEPDNE havi ng the same atom c nunber but di f PET/ER1/2IBHS
nunbers. By way of general exanple and wthout limtation, isotopes of
hydrogen include tritium and deuterium |sotopes of carbon include C 13
and C-14. 15 Wien any variable (e.g., Rl) occurs nore than one tinme in any
constituenﬁxoeeﬂedinﬂmdfuhauauh@npubﬁdithtibn(hdéwﬁtsién at sealslhe occurrence

IS indepenggﬁgogndlt%ﬂuggfl Qn.at e very t er occurBSnggheTn% for

exanpl e, group 1s sHown Fo be subs?l ed “icth 0 n 20 said
group may ogtirogahs yOIbG:l‘EJbS:tom an:edraplda]caarp to(ettWOSEH)stgt@euptsSmda Rl at

each occurrencerégese ect ed |ndepende€ v@§ﬁ1the definition of Rl. Al so,
conbi nati ofis "o st TS CATdREr SYATT abl"8ea fe FHBY nF¥SF Bl e only i f such
conbi nabi one. gesutarbdbynﬂﬂm erc hepenadgcl 25 Wieraddbeadbéo a substituent is

shown to cro a. bon nnect i t atoms I n t hen such
substituen§u§ﬁ§lt%%agaﬁggﬂatSaﬁﬁgn¥¥0%¥%ﬁ?fﬁéar%ﬁﬁbgghg » stibsitS t uent s
listed withautndadi€aid I’tglel barbbamvgﬁowl&m Gl esubsdi byepdrd S bonded to

the rest of, . the comgyﬁﬂ? iven formula, then such substituent may
be bonded Via®any¥! i & r% Bstituent. Conbinations of substituents

and/ or vari abl eshargrfemy ssiveheienl ¥si fnsdtdrcenbipatii@asa1result in
stabl e ﬁonpounds 12 WO 02/ 08199 PCT/ US01/ 23541 As used herein, "alkyl" or

" al kyl &he” LFSCPRERMfe A 4B REFHHELBGL H bl &Fed BidC PR - chai n

saturated 18btpbas i thdHOERLBANSBHRL PEa Y et Bamépgeﬁﬁi@%d&wéaer of

carbon atons. Cl-l1o al kyl (or al kylene), is intended
but different mass numbers. y way of general example and

without limitation, isotopes of hydrogen include tritium

and deuterium. Isotopes of carbon include C-13 and C-14.

15 When any variable (e.g., Rl) occurs more than one
time in any constituent or formula for a compound, its
definition at each occurrence is independent of its
definition at every other occurrence. Thus, for example,
if a group is shown to be substituted with 0-2 R1, then

20 said group may optionally be substituted with up to two RI
groups and Rl at each occurrence is selected independently
from the definition of Rl. Also, combinations of
substituents and/or variables are permissible only if such
combinations result in stable compounds.

25 When a bond to a substituent is shown to cross a bond
connecting two atoms in a ring, then such substituent may
be bonded to any atom on the ring. When a substituent is
listed without indicating the atom via which such
substituent is bonded to the rest of the compound of a

30 given formula, then such substituent may be bonded via any
atom in such substituent. Combinations of substituents
and/or variables are permissible only if such combinations

result in stable compounds.
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5 include C1, C, C3, ¢4, C5, C6, C7, C8, C9, and Cl10 al kyl groups.
Exanpl es of al kyl include, but are not limted to, nethyl, ethyl,

n- propyl woepesapyl , n-butyl, s-butyl, t-butyl, n-pentyl, randser3ematyl .
"Hal oal kyl" is intended to include both branched and straight-chain
saturated 10 aliphatic hydrocarbon groups having the specified nunber of
carbon atons, substituted with 1 or nore hal ogen (for exanple -CvFw where
v = 1 to 3 and as=uded chdzdai+l) )" alkEkanpt esaldfy tealeoaliky int acdafle,o but are

not limted._t trifluor thyl, trichl gronethyl, pentafluoroethyl, and 15

pent achl orggfgw.e b%?%(rya”onr&%ee?r/é—’@gnflér%%?q-éq_gc%alér gﬁguﬁgge‘éefi ned above with

t he i ndi catddphatnberhyircardian gtronps hitacheaethd Bpeagliian ouwgan bri dge.

Cl-10 al koxy, is, intended to incl.ud 1 c3, 4, C5, . C6 7, C8, (9,

and C10 aI%o%?r]a?%uap%gmsExa ré%_aol}f‘ygl g8‘x”y%f~?é%%?,' Bt *RFEASY B0 I it ed

to, metBoxXuncehBeXys, MoRr OROXY,, ichr epoxy,, di; bel OXhd %ﬂauaﬂgﬂ t-but oxy,
u

n-pentoxy, and s-pentoxy. "Cycloalkyl" is intended to include saturated
ri ng groupgroussch Bemidsomiopykylcyesbiig.ybutopreyspopbinitied C3- 7

cycl oal kyl i s .Lpt.end inclyde €3, , B _ ycl oal kyl
groups. " Alrtlgénr;/ll i %ir]' f%}{%gﬁy:ﬁe%e" Eiys' i :ht%:rnotfg’ tobiugg?thgl% %Lgca[rﬁdcar bon
chai ns of é¢irbherla mtositghit, end brrectied. cdifilgadayidnianthomslestr nore

unsat urate - - 0 t OGCUr.in_a tabl e point along
t he chai n, qgugﬁéggg%%%y{%%%%ﬂ%%%%%y . - chéggl Eéﬁ%a %dra al kenyl ene) ,
i s intéfidedliphanbd UdalrCZzart®n GhpupLHhavddy Che €BscCOiedniin®e® al kenyl

groups. L ALEYINLboRTacorl KiuLeneL Ls dnendad he.Lnluge hydrgcarbon

k y
chai ns of rai’‘ght or branched con afi o and oneor 13 WD

02/ 08199 PEXANSDE / X354 1vhapeevt+ il Garbdnwcar boro bthdsl )t)hat may occur in

any Examples of haloalkyl include, but are not limited to,
trifluoromethyl, trichloromethyl, pentafluorocethyl, and

15 pentachloroethyl. "Alkoxy" represents an alkyl group as
defined above with the indicated number of carbon atoms
attached through an oxygen bridge. Ci-1p alkoxy, is
intended to include Cq, C3, C3, C4, Cs, Cg, C7, Cg, Cg, and
Ci1p alkoxy groups. Examples of alkoxy include, but are not

20 limited to, methoxy, ethoxy, n-propoxy, 1-propoxy,
n-butoxy, s-butoxy, t-butoxy, n-pentoxy, and s-pentoxy.
"Cycloalkyl” is intended to include saturated ring groups,
such as cyclopropyl, cyclobutyl, or cyclopentyl. Cs_7
cycloalkyl, is intended to include C3, C4, Cs, Cg, and Cy

25 cycloalkyl groups. “Alkenyl" or “alkenylene” is intended
to include hydrocarbon chains of either a straight or
branched configuration and one or more unsaturated
carbon-carbon bonds that may occur in any stable point
along the chain, such as ethenyl and propenyl. Cs_1g

30 alkenyl (or alkenylene), is intended to include Cy, C3, C4,
Cs, Cg, C7, Cg, Cg, and Cig alkenyl groups. "Alkynyl" or
“alkynylene” is intended to include hydrocarbon chains of

either a straight or branched configuration and one or

13



stabl e point along the chain, such as ethynyl and propynyl. C2_10 al kynyl
(or alkynylene), is intended to include C, C3, 4, C5, C6, C7, C8, (9,
and Cl10 avayned19b groups. As used herein, "carbocycle" orpCTas@asyalic
group” is intended to nean any stable 3, 4, 5, 6, or 7-nenbered
nonocyclic or bicyclic or 7, 8, 9, 10, 11, 12, or 13-nenbered bicyclic or
tricyclic, any of which may be 10 saturated, partially unsaturated, or
aromati c. Eraaptewlsd casidcim-carbounylkdmds iticltudey batuarénnmiy linmted to,

cycl opropyl cl obut,yl ,, cycl opentyl, cycl.ohexyl cycl oheptyl, adamantyl,
cycl ooct yl thé.i/%.%ﬁjbl}%fc 6 cttg%efzﬁ%hé&%j%} &c Sggﬁ%e?ng

[ 4. 4. 0] bi cpebpdeghne,Colho [£112R]1bi (oychbketh@hene)f,| uar énylendpfietyl , napht hyl
i ndanyl , adanantgl and tetrahydronaphthyl. As used herein, the term

"het er ocycPBEIEY Q%ef%roE?cl?%'é¥0u§7'i /i eentRd ¢ Rek¥¥lstable 5, 6

or 7-mgnbgLgdogonocyclic or bicyclic or 7, 8, 9, or 20 10-nenbered

bi cyclic heterocyclic ring which is saturated, partially unsaturated or
unsat ur at ed (ar®dwetdad hegied mwhi' eprbeerslisst orof cagbperchiomrawd 1, 2, 3, or

4 heter oat EFin%&ﬂﬁR?QQﬁ%&%%.%ﬁk?gﬁé%hé'EQUﬁlh JQ%QUBrC?Qﬁ%igéfaﬁ of N NH,
0 and S and including any bicyclic group in ich any of t he
above- def i redo¢iet Broey Bieviclagsors7 f used t d0a BénzéRe oxing. The nitrogen

and sul fur ke . tian oxi di zed rocyclic ring
may be att éghﬁel%{l?ég}? { S 1’%366%?{2”%)99?{0%8 ca]tt?Lecaing‘%1 etégr %’%ﬁ%ﬁn I!({)‘L"re'\} gbaer bon at omt hat
resul t $0i nsatstadd® stanidalily. vihetWwastwrdhcyal acomphgs. Boangdser lied herein

Compound 1 S5k A kIl AasBhalh B s BPScyaethiytdpti onal 1y b
guat er ni zedycléprapyir,efogrclethutivdt whelpdeneiiot alychuhbeyl of S and 0
cycloheptyl, adamantyl, cyclooctyl, [3.3.0lbicyclooctane,
[4.3.0]bicyclononane, [4.4.0]bicyclodecane,
15 [2.2.2]bicyclooctane, fluorenyl, phenyl, naphthyl,
indanyl, adamantyl, and tetrahydronaphthyl.

As used herein, the term "heterocycle" or
“heterocyclic group” is intended to mean a stable 5, 6, or
7-membered monocyclic or bicyclic or 7, 8, 9, or

20 1l0-membered bicyclic heterocyclic ring which is saturated,
partially unsaturated or unsaturated (aromatic), and which
consists of carbon atoms and 1, 2, 3, or 4 heteroatoms
independently selected from the group consisting of N, NH,
0 and S and including any bicyclic group in which any of

25 the above-defined heterocyclic rings is fused to a benzene
ring. The nitrogen and sulfur heteroatoms may optionally
be oxidized. The heterocyclic ring may be attached to its
pendant group at any heteroatom or carbon atom that
results in a stable structure. The heterocyclic rings

30 described herein may be substituted on carbon or on a
nitrogen atom if the resulting compound is stable. A
nitrogen in the heterocycle may optionally be quaternized.
It is preferred that when the total number of S and O

atoms in the heterocycle exceeds 1, then these heteroatoms
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atons in the heterocycle exceeds 1, then these heteroatons 14 WO 02/08199
PCT/ USOL/ 23541 are not adjacent to one another. It is preferred that the
total numvb@n2/ef196 and O atons in the heterocycle is not nPCEUSHIZISM. As
used herein, the term"aromatic heterocyclic group” or "heteroaryl” is
intended to nean a 5 stable 5, 6, or 7-nenbered nonocyclic or bicyclic or
7, 8, 9, or 10-nenbered bicyclic heterocyclic aromatic ring which consists
of carbon arensoambigcent 3o onedanbeher oatldns si pdependedt thatsedhect ed from

t he group [ '!]E]g of NH, O_and S Lt | o_be noted that 10 total
nunber of ggg%% %ﬁa omsOflnI!qt g gr%ﬁ% ?cuhetthéar ?)lce;tll-‘éa 8Cy‘|:§en:b nrcr%re than 1.
Exanpl es ofohet ehacylcl etd ncleddierdin, arkee netrn *Arbmdti¢o, acridi nyl,

azoci nyl, hepzim dazolyl, benzof yranyl enzot hi of uranyl , benzot hi ophenyl ,
benzoxazol 5?, S YT OXELE ¥, %%F\éz/]f%arré’gol yi° lﬁgﬁg??ﬁg{]ati%lrgﬂa,“ a

benzt et 5 azetyble bonz sawazemghbebed zmanidvicddal whr, bibeaxia aazgl isnyl ,
carbazolyl , 4aH carbazol yl, _carbolinyl, chraomanyl, chronmenyl, cinnolinyl,
decahydr oqdi nof i ]ﬁ@Tn}e“%tﬁﬁ,e&u—l-biLf}g? %‘d%%ﬁea‘ﬁcﬁfﬁ,l%éraﬁ“ﬂfyﬂ? o"fld%'/%[ 2, 3-b]

t et rahydr oivhi @, cdngiaad off waabanYhtomd rAmdaz9! 2di Byl oxi 4 dazol i nyl,

i mdazolyl, 1Hindazolyl i ndol enyl,_indo)inyl, indolizinyl, indolyl,
3H i ndol yl het?’é%?trcﬁ%ﬁ/l%nqe?ﬁﬁgﬁEBf%r%ﬁﬁ?tq ERPoRBRYPTO R oi ndazol yl |

i soi ndol i nybnsiswimfadyn, NeQqui aediny! 1d set kbagel ¥bted 2mdtsoxazol yl ,
et hyl epedi oxyﬁhen |, morphol i ngl , hapht hyridinyl, octahydroi soquinolinyl,
oxadi az®l yFOtaa BIRG Ai &2 6P © At %8k ddica2sPPRE1G, Betrpeadilgzol vI
1, 3, 4- oxadi 8z@bty ImorexazRn di.nyl, oxazolyl, oxindolyl, pyrimdinyl,
phenant hri di nylﬁ:xa@ngelneaéntorf]_’r %le[cgr%lloéygfeesnaiznlcg%ld’e, but are not limited
to, acridinyl, azocinyl, benzimidazolyl, benzofuranyl,
benzothiofuranyl, benzothiophenyl, benzoxazolyl,

15 Dbenzoxazolinyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
benzimidazolinyl, carbazolyl, 4aH-carbazolyl, carbolinyl,
chromanyl, chromenyl, cinnolinyl, decahydroguinolinyl,
2H,6H-1,5,2-dithiazinyl,

20 dihydrofurol[2,3-bltetrahydrofuran, furanyl, furazanyl,
imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl,
indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl,
isatinoyl, isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl,

25 isoxazolyl, methylenedioxyphenyl, morpholinyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxindolyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,

30 phenothiazinyl, phenoxathinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl,
piperonyl, pteridinyl, purinyl, pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,

pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl,

15



30 phenot hi azi nyl, phenoxat hi nyl, phenoxazi nyl, phthal azinyl, piperazinyl,
pi peridi nyl, piperidonyl, 4-piperidonyl, piperonyl, pteridinyl, purinyl,
pyranyl , wopzaesioyl , pyrazolidinyl, pyrazolinyl, pyrazol ypPCT/pgeasaai nyl ,
pyri dooxazol e, pyridoi m dazole, pyridothiazole, pyridinyl, 15 WO 02/08199
PCT/ USO01/ 23541 pyridyl, pyrimdinyl, pyrrolidinyl, pyrrolinyl,

2H pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl, 4H quinolizinyl,

qui noxal i npYridul nueyridiindinyl, t prradyditiofwir, apylrroflétyahydr oi soqui nolinyl, 5
tetrahydrogyinolinyl, tetrazolyl, 6H 1.2 5-thiadiazinyl,

15 5 b aaaRers T, PR ety LR oy

1, 3, 4-t hi adFagolydlizinydnt luenypkal il azpliHucltidienyl , thi enot hi azol yl,

t hi enooxazol yl hi enoi m.dazol yl hi ophenyl . .triazinyl, 1,2,3-triazolyl,
10 515 4t PrESBATO ARS DR ER K G BB s O Y L ey AT S0
i ncl udefl atettfatsgdl-ddnicharichyIpi totr&osPAUNBH-QRE a-bhigiidnimyaxanpl e, the
above heterocycles, The reactiopns, of the synthetic nmethods clainmed herein
are prefergbgyfé +?%%F%ﬂﬂ§i’nlt e4EﬁQ%ﬁ§%ﬁ§g;y a suitable 15 base, said

sui tabl e basg, beimtadiyzdiiy1a vasietyhfaikasas,t RRiapriesangs of which in
the reaction faciljtates the synthesis aof the_desired product. Suitable
bases nay B%l§%9%Xﬁ@quﬁfnx5net%fe%?FWWa%Q&QﬂhetQF?“BPX%ﬁQk%ﬁ«: synt hesi s.

Sui t abl e bagesnoimrddidsy1QuUhas 1) iddit-ed nke, LNOIgapiiaLRAses such as 20
al kali _petal, alkali earth nmetal, thallium and ammoni um hydroxi des,

al koxi #s, L phobphatazelvdnd lear bobatazolducH -as L~ 5647 aPd Wy did@i de, pot assi um

hydr oxi de, xsedhduycardioRatiecluBol assd WHLRT BaRgt BnaCEsi+un car bonat e,
thal li um hydroxi de, thallium carbonate, tetra-n-butylamoni um carbonate,

and 25 anﬁgﬁpgﬁﬁ&ﬁuﬁqggqiging, for example, the above heterocycles.
The reactions of the synthetic methods claimed herein

are preferably carried out in the presence of a suitable

15 base, said suitable base being any of a variety of bases, the
presence of which in the reaction facilitates the synthesis
of the desired product. Suitable bases may be selected by
one of gkill in the art of organic synthesis. Suitable bases
include, but are not limited to, inorganic bases such as

20 alkali metal, alkali earth metal, thallium, and ammonium
hydroxides, alkoxides, phosphates, and carbonates, such as
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, cesium carbonate, thallium hydroxide,
thallium carbonate, tetra-n-butylammonium carbonate, and

25 ammonium hydroxide.

The reactions of the synthetic methods claimed herein
are carried out in suitable solvents which may be readily
selected by one of skill in the art of organic synthesis,
the suitable solvents generally being any solvent which is

30 substantially non-reactive with the starting materials
(reactants), the intermediates, or products at the
temperatures at which the reactions are carried out, i.e.,
temperatures which may range from the solvent’s freezing

temperature to the solvent’s boiling temperature. A given
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The reactions of the synthetic nmethods clainmed herein are carried out in
sui tabl e solvents which may be readily selected by one of skill in the art
of organiwosyesibesi s, the suitable solvents generally bepParyusew23sal vent
which is 30 substantially non-reactive with the starting materials
(reactants), the internedi ates, or products at the tenperatures at which
the reactions are carried out, i.e., tenperatures which my range fromthe
sol vent's fteeekiog manerhfemimiedtouthmsmﬁe/esul\z@nbobtiemgn:tx!mx@r atfure. A

gi ven 16 V\Qo%/»@? rf’CTs[(H%%l/ 2356e%ne %(ftlo%n ttglaeyDgggn%glrﬁ |ed out in one

solvent or a mX nore than sol vent on the particul ar
reaction strepg:tsuiltalbi};e, sarmll\table solvenparfdrcwl parréaciaonreditdpnmy be
sel ect ed. 2. Br efera}pl éont acting is perforned in a suitable polar

Y,
sol vent. Sui ?%blfleypo‘? asrel nts include, but are not limted to, ether

and apr®dtic sol yneﬁa:a}ﬁwtahbecehh@dstﬂ@g m@ﬂfmhademo& nefihexyeet hane,
tetrahydrofu an, 4- di oxane,. furan 10 ether,

et hyl ene gPycdf %ﬁ]%é%rﬂifl %ﬂ‘ﬁgf‘%l%ﬁ%aeﬁe%&vﬁ%ls apﬁﬁ‘ﬁé’? dttePTdi et hyl ene
gl ycol di mebhyliettel to, dicehbyl ene ghycolc dicailykset her, triethyl ene glycol

di met hyl et her, el t - but met h ether. Suitable a rotic sol vents may
i ncl ude, by waySGFtaRke @@i‘ﬁﬁl Eoi'ﬁ‘?flw tHds: wﬁﬂﬁ??gﬂxl’rﬂ%ﬁ Ry dr of ur an

(THF), di ﬂ@thaﬂly@fdmsdﬁ (L DVER i oh et W'@%@b&:@hde f@é&@) diethyl
1,3-d|i§thyl 4,5, 6-tetrahydro-2(1H) rlmdlnoneé
1, 3- di A&t hyFhet; n?tcféé]cﬂriedgﬁéfﬁél(weithy SHbeRy | pYRY ?%.qﬂml( NVP) |

f or mani de, aheoByhyd @ret, aml@ehyﬂgné\#d@}éw f&lh@%ﬂ}rgeet@&ﬁt onitrile, dinethyl

sul foxi de, _ propionitrile, eth%/ formate, meth acet at e,
diethylene glycol diethyl ether, triet yvlene glycol

dimethyl ether, or t-butyl methyl ether.
Suitable aprotic solvents may include, by way of
15 example and without limitation, tetrahydrofuran (THF),
dimethylformamide (DMF), dimethylacetamide (DMAC),
1,3-dimethyl-3,4,5, 6-tetrahydro-2 (1H) -pyrimidinone (DMPU),
1,3-dimethyl-2-imidazolidinone (DMI),
N-methylpyrrolidinone (NMP), formamide, N-methylacetamide,
20 N-methylformamide, acetonitrile, dimethyl sulfoxide,
propionitrile, ethyl formate, methyl acetate,
hexachloroacetone, acetone, ethyl methyl ketone, ethyl
acetate, sulfolane, N,N-dimethylpropionamide,
tetramethylurea, nitromethane, nitrobenzene, or

25 hexamethylphosphoramide.

SYNTHESIS
The processes of the present invention can be
practiced in a number of ways depending on the solvent,

30 Dbase, chiral moderator, and temperature chosen. As one of
ordinary skill in the art of organic synthesis recognizes,
the time for reaction to run to completion as well as
yield and enantiomeric excess will be dependent upon all

of the variables selected.
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hexachl or oacet one, acetone, ethyl nethyl ketone, ethyl acetate, sulfolane,
N, N- di net hyl propi onam de, tetranethylurea, nitronethane, nitrobenzene, or
25 hexamwwayyptieosphor am de. SYNTHESIS The processes of tPheT/psassnl
invention can be practiced in a nunber of ways depending on the sol vent,
30 base, chiral noderator, and tenperature chosen. As one of ordinary
skill in the art of organic synthesis recognizes, the tinme for reaction to
run to conpl et i dnibénevdubsgsaterel d and enantioneric excess will be
dependent upon q&lthe variabLes selected. 17 02/ 08199

| .
PCT/ US01/ 23541 gﬂénefl HE SGBSt Fafer CRdet™ e “S8e tPEatTn tdndi ti ons, the
coupling mreactiom with icddeanillinassaastidesdishstitatesasadodmingd to be
faster than that with the.correspondi ng bronoanj.lines 5 as,the substrates.
This react E\?i ??Sﬁ?’ff aéh%élagef“’ﬁ\égngg?o‘g%rarne?sﬁoﬁlg%ngn CBPHYanitS%hes is found
to be e¥enagr entesubsinahaigt. | Thandrascelwrat iEseWehBeUbe thed | gand

accel eration, the coupling of bropmpanilines to azoles takes 24 to 48 hours
to conpl et FBROMATT S (?d%OBﬁPWﬁ@ng?lﬁfﬁi%ﬁkﬁ%ﬁqq F8sPE oSV BLAE conpl et e

in 10-20 hatitRoat ligandaeeleastion. t empaiaituiae( 1282480 C). However, the
coupling reaction of either iodoanilines or bronoanilines _to azoles is
si gni fi canfFGeagtRF 1t ddrewWABHP AN S RF My dddlRE B FFYLHR, such as

8- hydroxyqubRreki 2€,td Lempue¥etdo ddmdhésidd gand=acsel &5@51’9{% icx especi al ly
remar kabl e for the bronopanilines. Wth the addition of the |ligand, the
coupl i Ky r 29E0PMBhL BrehOmBERLEF ndS TR IRtEaZS! 48-FRaRPIEES Forf¥Setion in 6

to 8 hour sgahet P8 SEIM RAPLFARUre (120-130 °C). However, the
coupling reaction of either iodoanilines or bromoanilines
to azoles is significantly accelerated when an eguimolar
amount of ligand, such as 8-hydroxygquinoline, is emploved.

15 This ligand-acceleration is especially remarkable for the
bromoanilines. With the addition of the ligand, the
coupling reaction of bromoanilines to imidazoles reaches
completion in 6 to 8 hours at the same reaction
temperature (120-130 °C). Therefore, with this ligand

20 acceleration, both iodoanilines and bromoanilines are
suitable coupling substrates, even though the former
substrate provides the faster reaction rate. The
preferred substrate is an iodoaniline.

Cu(I) Catalyst:

25 The Cu(I) catalyst is preferably a Cu(I) salt
selected from CuCl, CuBr, CuBr-SMe;, CuSCN, CuIl, and CuOTf.
More preferably, the Cu(I) catalyst is selected from CuCl,
CuSCN, and CuIl. A more preferred Cu(I) catalyst is CuSCN.
Another more preferred Cu(I) catalyst is Cul.

30 The amount of Cu(I) catalyst used depends on the
selected starting materials and reaction conditions.
Preferably, from 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.09, 0.10, 0.21, 0.12, 0.13, 0.14, 0.15, 0.1s6,
0.17, 0.18, 0.19, to 0.20 equivalents of Cu(I)X are
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tenperature (120-130 C). Therefore, with this ligand 20 accel eration, both
i odoani | ines and bronoanilines are suitable coupling substrates, even

t hough t veobzesTed substrate provides the faster reacti onP€RUS01/IBRE
preferred substrate is an iodoaniline. Cu(l) Catalyst: 25 The Cu(l)
catalyst is preferably a Cu(l) salt selected fromCuC, CuBr, CuBr-Swe2,
CuSCN, Cul, and CuOlf. More preferably, the Cu(l) catalyst is selected
from Cud , pr€g8ah, amekdCrefArabiyg, pfedrere ctb ,CW(.106,cat avyst.ds&, CuSCN.

SHWIRE el I Eih ) aby?%di st](%]’{ itﬁg%wégg?ggi?g%ﬁgg% & c{ |) on

cat al yst usoég depénds on t’he "“Sel e¢

condi ti ons Cu (P) #f erabbyesdatam @nOtyed. B82re QiEFer@eddambulb, of. 06, 0. 07,

0. 08, 0.09, .10,.0,1 12, .0.13,.0.14, 0..15, O0.16 0.17,.0.18, 0.19, to
0.20 equi VEPBRTEE b L a0 A VRS WS 02 BRI Tp Y POSBTF SR HAE Stk ent . Mor 6
pref er abl y ambnam 6f Ot v, i8. 07150e88ivalbrld. Ord@, 18rdd, sdh1l2, 0. 13,

0.14, to 0.15 equivalents of Cu(l)X are present. An eyen nore preferred
anount of TEACLLGRY i dso§r§(§ﬁi'rgv'§%ieﬁ}f%? aﬁ?ﬂﬂthgr' Oy ERU BT e red 5

anount of cataliystsé®. 0.15 equivalents. For large scale reactions, it is
preferred that apout_ 0.05 equivalents of Cul is used. Ligand: Rate
accel erati ons hHv¥M%en reported in the 10 industrially inportant Ul mann

et her condensat R@be rLad1icdRriSa¥ehale dbddernaokicadsnofnor gani ¢ nol ecul es,
such as_al kyl formates or sinple al kyl carboxylates and alkyl and aryl

nmonodeh? at eRGHETHI et AW ORTLEREgERI BXTY R0 RPRRRPRGE EdRpounds, wer e found
to be abl ertgcaibgect dhRral different kinds of organic molecules,

such as alkyl formates or simple alkyl carboxylates and
alkyl and aryl monodentate and bidentate nitrogen/oxygen
containing compounds, were found to be able to affect the

15 catalyst (copper(I) salt) competency in the Ullmann
condensation reactions. Those compounds are found to
possess the ability to ligate the copper(I) catalyst.
However, the Ullmann coupling reaction is normally
conducted under the basic condition, the ligand used in

20 this reaction, therefore, must be stable enough to
coordinate the Cu(I) catalyst.

A bidentate ligand that is a hydrolytically stabile
is useful in the present invention. The ligand should
ligate with Cu(I) and comprises two heteroatoms selected

25 from N and 0. Preferably, the bidentate ligand is
selected from tetramethylethylenediamine (TMED),
2,2’ -dipyridyl (DPD), 8-hydroxyguinoline (HQL), and
1,10-phenanthroline (PNT). More preferably, the bidentate
ligand is 8-hydroxyquinoline (HQL) or 1,10-phenanthroline

30 (PNT). An even more preferred bidentate ligand is
8-hydroxyguinoline (HQL). An even more preferred
bidentate ligand is 1,10-phenanthroline (PNT).

The amount of bidendate ligand present should be

approximately equivalent to the amount of Cu(I) catalyst
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15 catal yst (copper(l) salt) conpetency in the Ul mann
reactions. Those conpounds are found to possess the ab

condensati on
lity to ligate the

copper (1 wWaarediyst. However, the U | mann coupling reactiparisowasssral |y

conduct ed under the basic condition, the ligand used in
t herefore, nmust be stable enough to coordinate the Cu(l

20 this reaction,
) catalyst. A

bi dentate ligand that is a hydrolytically stabile 1is useful in the present
i nvent i on. pEeeeht garthwshoulmbm [0i.§at eOW2 h ©CU3,) Oavd,cONPBi ses0g wo

het er oat o | ect o] an P raply, the bidentate ligand is
ool octed fRoRt e?f(g%‘efq?'ng(ra‘t hrgylwé)negi'g%i n%e{ﬁwﬁ%l’é 534 d?p@ér'. dyl (DPD),

8- hydr oxyquwi.aél, i 0elTH@)L8 ared 191, t6- ph2hanlumwldaud vePhiiys &re preferably,

t he bi dent at, i gand. i s 8- hydroxyaquj nol i ne ) _or.1,10-phe hrol i ne 30
(P Can SrehePe G ARE BRARR At o T T TEm 2By dr Ry Lol | e

(HQ) . . 5An ceven oooe, po.efeermeds,bodeofaterd, gand,i .1310e phenaid hrol i ne
(PNT). The appunt of bidendate l.igand present should be approxi mately

Squt val ont % 05t REs SRR B oA R LR 8l aerth G PB 9P BaT 00 BLR G801/ 23541
present. Thdse Drofekkddl andud?, o8. B3deftdd 1G.L24 €s06,050. 07, 0.08, 0.09,

0.10, 0.11, 0,12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18, O,

19, to 0.20 nol ar

equivalent§qBFva%@ﬂﬁhta#ﬁ“ﬁ%ﬁﬁhEVSPem%?%§%ﬁﬁﬁeqﬁﬁﬁeaBPB?Er%%Iy, from 0. 05,

5 0.06, 0.87aelt®8 Vfdha Asl0,18. dduithdahtd. 13or01ddget &5 equival ents
of bidentate ligand are present. An even nore preferred anount of
bi dent dPe FRESRECHS Cito5s &FFEeareft shatnfRar CePencapiea it fed anount

of bidentate biogadulis 0.15 equivalents. For |arge scal

is preferred that about 0.05 equival ents of
Base:

e 10 reactions, it

In this Ullmann coupling of iodoanilines to azoles, a

base is preferred to scavenge the in situ generated

15 hydrogen iodide (or hydrogen bromide). Moreover, this

base can also serve to deprotonate the azole to

form the

corresponding azole anion, which is a more reactive

coupling partner. Preferably this base is inorganic and

more preferably weak. K;CO; and Cs,CO3 are preferred bases.

20 Potassium carbonate is preferred when a polar, aprotic

solvent is used. Cesium carbonate 1g preferred if a less

polar organic solvent is used.

The amount of base is preferably 1.0, 1.1,

1.2, 1.3,

1.4, 1.5, 1.6, 1.7, 1.8, 1.9, to 2.0 molar equivalents,

25 more preferably 1.0 to 1.2 and even more preferably 1.05.

In large scale reactiong, it is preferable to use about

1.05 equivalents of K,COs.

Mole Ratio of Aniline to Azole:

The coupling reaction proceeds smoothly when the

30 equal molar substrates are used. However, a significant

amount of the unreacted iodoaniline is usually recovered.

Therefore, it is preferable to use a slight excess amount

of the azoles. The molar ratio of the aniline to azole is

preferably 1, 1.1, 1.2, 1.3, 1.4, to 1.5. More

20



Cul is used. Base: |In this Ul mnn coupling of iodoanilines to azoles, a
base is preferred to scavenge the in situ generated 15 hydrogen i odide (or
hydr ogen wo ondgled . Moreover, this base can al so serve tordepsarssdat e t he
azole to formthe corresponding azole anion, which is a nore reactive
coupling partner. Preferably this base is inorganic and nore preferably
weak. K2COB8 and Cs2CCB8 are preferred bases. 20 Potassium carbonate is
preferred wrefieaalpby arthapradiarc rasbbventfrgn Usdd. 1C8si um ta¥ bonate i s

preferred if | ess ol ar .arganic solvent_.i.s used e,agount of base is
preferablyEf?g,mﬁ?i,pﬁ%%frafg§% t%: moga% r%? i 7bofg %D to 2.0 nol ar
equi val ent s, ZSohwamtpreferably 1.0to 1.2 and even nDre preferably 1. 05.
In |large scale ctlo S; preferable to use about 5 equi val ent s
of K03, “Nol 6 PALTD DTLVENIT F87 BEATEr - riid s SASFER. +BURTRSH r oceods
snoot hl § whewetrbe, 3fbEgtialapreltde subséfitd ef iR dfseded HOWONSTS i a
significant nnuq% of the unreacted i odoani | i ne usuallg%recovered.

Therefore,pFF%FEr% AU EHFdSeSat %??bhtt%§%%é§%§nﬁhﬁ¥m f the azol es.

The nol ar rcaha@tpcﬁnlhauaml;idm& t epagole dslvapebeoabb¥slend. 1, 1.2, 1.3,
1.4, to More 20, WO 02/ 08199 PCT/USQ1/ 23541 preferably, the nolar
ratio is fpﬁﬁfﬁt??aﬁ}Q? Yo Hhe32zpl 8P PrErgPRBCY, ERE PRiSar ratio is

about 1.2. (xaedyenb: iPol asrssdpidinigCanibe, Usetkn nid peopeasestnd nventi on.
5 However, golar aprotic solvents are preferred. DMSOis a preferred

pol ar, Bpr 6fPcPeBt e rtouRkider PekEReRer falcthylene glycol

derivatives, such as ethylene glycol monoalkyl ethers, are
also suitable solvents for this coupling reaction. Even
though these solvents did not give the better results for
this coupling reaction comparing to DMSO, their free

15 hydroxyl group does not interfere the azole coupling with
iodoanilines. With DMSO as solvent, the reaction
concentration is preferably from 0.8 to 1.0 M. When DMSO
is used on large scale, the preferred concentration is 1.0
M.

20 Oxygen, particularly the dissolved oxygen in the
solvent, was found to interfere the coupling reaction
significantly. First, it deactivates the catalyst by
oxidation of copper salt. Secondly, it could oxidize the
iodoanilines. Therefore, this Ullmann coupling reaction

25 is preferably conducted strictly under a nitrogen
atmosphere.

Temperature and Reaction Time:
The Ullmann coupling of iodoanilines to azoles is a
thermally promoted reaction. Thus, it is preferable to

30 zrun the coupling reaction under heat. Preferably, the
contacting is performed at a temperature of from 100°C to
reflux of the solvent and the reaction is run from 4 to 24
hours. More preferably, the contacting is performed at a

temperature of from 110 to 140°C and from 6 to 15 hours.
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condition, this polar, aprotic solvent pronotes the deprotonation of the
azole by the inorganic, weak base (K2CO3) to its correspondi ng ani on,
which i swooves19e 0 be 10 the better coupling partner. A eptysne3giycol
derivatives, such as ethylene glycol nonoal kyl ethers, are also suitable
solvents for this coupling reaction. Even though these solvents did not
give the better results for this coupling reaction conparing to DVSO

t hei r freeEtén hyareppteipredfydoebe nodntiattericerie phefazmod@d aowpl ing with

i odoanilin j SO n eaction concentration is

pr ef er abl y@%rp%%%ﬂg%\%%%%om Hé\ﬁe%\é Ej\g%é'i s used on | arge scale, the
preferred concérlaizon is 1.0 M 20 Oxygen, particularly the dissolved
oxygen in the ol ven was found to '.nterfer%.the coupling reaction
significantly. FI'Fster _updé’gc%%f%‘épftjﬁbq FSEAIySE BY™ B%i dation of copper
sal t. Secondlytivdlcaulffiexildi ardt himé adeanminges. THhededires, this U | nann
coupling rgg%' on 25 's(:é:p(r}%f grag%%ﬁc# d q:to% éjELLJH %{_1 u delr a ni]'Erogen

at nosphere. nad~R I"RE. pling o

i odoani | i neBetOf @ZH| @hd smdunthef nehd Yadifcont ed1teash i @fed Haws, it is
preferable to 30 run the couypli n% react iag)ﬁ under heat. Preferably, the

cont act i ngIF P S TEECH PR npR M SHSF G Y PEnTRBOE 30 PIERPER of the

sol vent anghd hend eacfarar i,ss)muﬂtféﬁmaéctti@nZ?robegéSisI\A_tg;ﬁea&re@ferably, t he
contacﬁing is perforned at a_tenperature of from110 to 140C and from6 to

15 hout$. "29VSA3 b1 ioSFod "PeFAES01Y 24 Fhergerdnbrecyref étfabiy, the
contactingpisaqpesrforned at a tenperature of from 120 to 130C

In a typical work-up process, a saturated NH,C1
aqueous solution or a 14% aqueous NH,OH solution is used to
quench the reaction and to remove the Cu(l) catalyst by

15 forming the water soluble copper complex. The agqueous
solution is usually extracted with an organic solvent,
such as ethyl acetate, several times. Approximately, 90-
95% of the desired coupling product can be recovered from
the reaction mixture. Activated carbon is employed, if

20 necessary, to decolorize the organic extracts. Pale-
yvellow to off-white crystals are usually obtained as the
crude product in good to excellent yield (65-85%) and
quality (>95% pure). The better quality of the material
(>99% pure) can be obtained from one simple

25 recrystallization of the crude material from an organic
solvent or an organic solvent system, such as ethyl
acetate and heptane.

Other features of the invention will become apparent
in the course of the following descriptions of exemplary

30 embodiments that are given for illustration of the

invention and are not intended to be limiting thereof.
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Wor kup:  The work-up of the coupling reaction can be 5 relatively difficult
and tinme consum ng. The desired coupling product is usually a hydrophilic
mat eri al wodhesied ore, the anount of the agueous sol uti on PERTSHIR3S41
guenching the reaction is preferably as small as possible and the organic
sol vent extraction process is repeated 10 several tines in order to get the
good recovery of the product. In a typical work-up process, a saturated
NHACL aqueous solution or a 14% agdedgBsESHAOH solution is used to quench
the reaction and to renove the m(éggzlgtEallyst by 15 form ng the water

sol ubl e copper conpl ex. The aqueo on is usually extracted wth an
organi ¢ sol vent, suchla4-cinnito —acéﬂ.abEQ)Bhemthfz—t(iNmB Approxi mately, 90-
95% of the desired c | i r oduct r rom the reaction

mi xture. Activated cgdvlrlg"oﬁ?'gégg )g'ﬂ'/etg‘y éaré to decolorize the
organi csextracts. Pale- yellow to off-white crystal S are usual | y obtai ned

as the crude p quality
(>95% pure). The better quality of the materi al (>99% pure) can be
obt ai ned from ohe swrple 25 rec alllzatlon of mde ngterial from an

organi c solvenf @ngA_Orgahic %p%ent é,( w) such acetate and
hept ane. O her featu of the n.nvent one ap Pent] in the

course of the fpllow ng Uescr“fept?" ons qusgiéorf@(] 8ry 30 rrbodl Ments that are

given for illusftration of the inventi on( ,%'Pe not iitemded to be limiti ng
thereof. 22 WQ 02/08199 PCT/ USQ1/ 23541 E&QAIVPLES 9
CgHsFIN CeH11N3 CioHi5FNg
MW 237 MW 125 MW 234
Substrates/Reagents Mw w d \Y mol mol/mol
1 237 711 g 0.3 mol 1
4 125 425¢g 0.33 mol 1.1
Cul 190 2.85g 0.015 mol 0.05
KoCOg (powder, -325 mesh) 138 4347 g 0.315 mol 1.05
8-hydroxyquinoline 145 2.18g 0.015 mol 0.05
DMSO 300 mL

To a 1.0 L three neck round bottom flask egquipped
with a magnetic stirrer and a thermocouple was charged 2-~
fluoro~4-iodoaniline (1, 71.1 g, 0.3 mol), 2-(N,N-

10 dimethylamino)methylimidazole (4, 41.25 g, 0.33 mol, 1.1
equiv), powder K;COs (325 mesh, 43.47 g, 0.315 mol, 1.05
equiv), 8-hydroxvguinoline (2.18 g, 0.015 mol, 0.05
equiv), and anhydrous DMSO (300 mL, 1.0 M) at room
temperature (22-23 °C) under N,. The mixture was then

15 degassed three times with a vacuum/nitrogen cycle ending
on nitrogen before being charged with powder Cul (2.85 g,
0.015 mol, 0.05 equlv). The resulting reaction mixture
wags degassed three times again with a vacuum/nitrogen
cycle ending on nitrogen before being warmed to 120-125 °C.

20 When the reaction was deemed complete after 16 h at 120-
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EXAMPLE 1 1-(4- Am no-3-fluoro)phenyl-2-(N, N di nethyl am no) net hyl i m dazol e
(9, 9. 5F FHW HZNL HN+ K2CG3 (1.1 equiv) 2 , N Cul (0.05 equiv)
Nl Me MeODMB®DP9 120- 130 C 8- hydroxyquinoline ,' N, (0.O5renyuswy23s Me 1 4
69% 9 C6H5FI N C6H11N3 Cl12H15FN4A MW 237 MW 125 MW 234 Substr at es/ Reagent s
MNVWof V nol nol/rmol 1 237 71.1 g 0.3 nol 1 4 125 41.25 g 0.33 nol 1.1
Cul 190 2.85 g 0.015 mol 0.05 K2CO3 (powder, -325 nesh) 138 43.47 g 0.315
nmol 1.05 82hyWr oy @l nobknat 125 2w &ig BPOCSanaly®lD5 theB3=8B0 nl To a

1.0 L thre k_round bot.t omf| i d 3 magnet,c stirrer and a
t her rmcoupﬁlé&\;\ﬁl/gsr% %{{r&goéld%%tf(%%lrﬁo‘?%%(ﬁe%;idﬁgd;%ol i4\rqle%?1fc .71%1‘3%,0 0.3 mol),
2- (N, N 10 doauedhy|oHonktbydn nfdlHizalle bdepdte@SExpm R8&E3 nol, 1.1 equiv),

i NE L N R Y MR T R——

(300 ny 1t6 dhe atedcooion mdrperatat ed(-BD 28, Gndnties MNzulthagn xture was

(fen 18 opgasthee LIRS LD B vaguuT B ceoe,erclecndl 1g, o

equi v) . Thehéesttdidpiedctingd & xépHeatMas fdegassesnd hfee fAlides again with

a Vacuunin%;éqggghed with water (50 mL) and ethyl acetate (EtOAc,
100 mL). The aqueous solution was then extracted with

10 EtOAc (1 x 1000 mL and 2 x 500 mL). The combined ethyl
acetate extracts were then washed with saturated NH,Cl
agueous solution (2 x 200 mL), dried over MgSO: (30 g),
filtered through a Celite bed, and concentrated in vacuo
at 45-50 °C. The residual slurry of the crude 1-(4-amino-

15 3-fluoro)phenyl-2- (N, N-dimethylamino)methylimidazole (9)
in about 200 mL of ethyl acetate was subsequently warmed
to reflux (77-78 °C) to give a brown to black solution.
Heptane (80 mL) were then added to the solution at 70 °C,
and the solution was cooled to 45-50 °C before being

20 treated with active carbon (charcoal, 4 g). The mixture
was warmed to reflux again for 1 h before being filtered
through a Celite bed at 50-55 °C. The Celite bed was
washed with 20 mL of ethyl acetate, and the combined
filtrates and washing solution were poured back into a

25 clean 500 mI. round bottom flask. A total of 120 mL of
ethyl acetate was then distilled off in vacuo at 45-50 °C,
and an additional 100 mL of heptane were added into the
flask at 50 °C. The mixture was then gradually cooled to
20-25 °C and stirred at 20-25 °C for 1 h before being

30 cooled to 5-10 °C for 2 h to precipitate the desired
product, 1-(4-amino-3-fluoro)phenyl-2- (N, N-dimethylamino)-
methylimidazole (9). The solids were collected by
filtration and washed with 20% (v/v) of tert-butyl methyl
ether (TBME)/heptane (2 x 20 mL) before being dried in
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cycle ending on nitrogen before being warned to 120-125 C. 20 Wen the
reacti on was deened conplete after 16 h at 120- 23 WD 02/08199

PCT/ USO1M2@8214819925 C (1 AO- 8 < 5% at 254 nm vi a HPLC anabPg@®is)1/23641e dar k
brown reaction m xture was cooled to 40-50 C. A 14% aqueous NHAOH sol ution
(600 nL, prepared from 28% concentrated anmoni um hydr oxi de sol ution) was
then added 5 to the reaction mxture at 40-50 C, and the resulting mxture
was agit at edchiorwitih mitt :2Fe25pTrgdhet i &tk écwas a tdmwerstaransképhed into a
separation npel .. and the tlas was shed with er nL), and et hyl
acetate (Ef C?Eréltbocr 5 .O%rﬁéeaéﬁse%)ﬁ%d;\%l {]%Tagﬁn\ﬁég\ﬂﬁ\‘é%régﬂfq?e fed with 10
Et OAc (1 x21080NAdlireeichy2 axniboOmathy]l Thidecarite nOd ebhyl g, at@txate extracts
were then washed with saturated NHC, ueous .sol utjon (2 00 nL), dried
over Ngsm%%%rﬁﬂcajf’ll e‘gég Wﬁ?o!ﬁ_%ﬁa“a?eglﬁst é’aﬁgd}’e%‘&wc‘%(ﬁ%%rﬁ ated in
vacuo at #hibh was Theurdesbdbal estait yalfy teecrdes 15 (M arddm 15
3-fluoro)ppenyl - 2- (N, N-di net hyl ami no) net hyl.i m dazql e. (9 i n about 200 nL
of ethyl aggtgt‘@tf’/\&y Wéqﬁﬁﬁt??naﬁ% rfﬁnegtlél rtgF %Hilf"f’ 198 C) to give a
brown to brasktseh utitibut lHepthsee 8 fdavsne t e asgethdd the sol ution
at 70 C, and the, solution was. cooled to 45-50 C before being 20 treated
with acti vBOEEFhoh HarCGalashigy . sahE- itk fidce ERRASCORF FRIFAES ef | ux agai n

for 1 h befigreabgdng fddfeBethet EOGED A degeldrt enbede @t &P-HRfacrThe Celite
bed wa washed with 20 nL of ethy|] acetate, and the conbined filtrates

and wai(hi n®sof ut i on Werke 9pbhiretebicad i ft-$% 25terehne50% M3 round bottom

flask. A totalapfad3Rid velilopt bW s@crs at @neasnthep: disty Ihed of f in vacuo
at 45-50 C, and an additional 100 nL of heptane were added into the flask

at 50 C. THesnPREmedhdy rRERYgratitiidticdosfedhpocrude 9 from
ethyl acetate and heptane. For 9: white crystals; mp 125

°C (ethyl acetate/hexane); CIMS m/z 234.9 (M'+H, Ci3HisFNy).

15
EXAMPLE 2
1-(4-Amino~-3-fluoro)phenyl-2- (N, N-
dimethylamino)methylimidazole (9, 9).
F
HaN
F HN 2
N . 3 KoCO3 (1.1 equiv) \©\
2 N Cul (0.15 equiv) N/\>
N > =~
| Me™ Me DMSO, 125-130 °C N
8-hydroxyquinoline N
(0.15 equiv) Me™ Me
1 4 76% 9
CgHsFIN CgHy1N3 CioH15FN,
MW 237 MW 125 MW 234
Substrates/Reagents MW w d \ mol mol/mol
1 237 4.74 g 20 mmol 1
4 125 3.00g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOg3 (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL
20
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20-25 C and stirred at 20-25 Cfor 1 h before being 30 cooled to 5-10 C for
2 hto precipitate the desired product,

1- (4- am moo 82/64100r 0) phenyl - 2- (N, N- di et hyl am no) - net hyl i PCDag@B5419) . The
solids were collected by filtration and washed with 20% (v/v) of
tert-butyl nethyl ether (TBME)/ heptane (2 x 20 nlL) before being dried in
24 WD 02/ 08199 PCT/ US01/23541 vacuo with nitrogen purge at 40-45 Cto a
constant weight. The first crop of the desired 1-(4-am no-3-fluoro)phenyl -

2- (N, N-di net hyl ani.n Nyl i m dazo] 9, A2.3 .70. 2.9 ,theoretjcal,
60. 399 was obt a?gée%’é%ersrne%a e-o?e I%\Efzvu%?é/s aﬁ%ﬁoaglq\%ﬁflgh%%sllf%%rﬁj t2|c()) be
essenti al | ympliy ¢ Z>(DWN-Slislstandamindbnéthwt RintiiaHBLE) (4nd3 cany bedused in the

followi ng _reaction wthqut furthe urificatign. _The comhined . not her
li quor and™W&shi #\gi]seoqliﬁv:%dnp\ﬁggefh%h éorﬁggﬁtrf)%ﬁ d 3?@ \9322 ¥8°hfford the
second &rop.of etrhtvdessdirpxodutholind 9(465 Zngg, 370. 2m@lf hearseti cal, 8. 8%

a total of 69.1%.yield). as pale-y ow crystals. The analytically pure 9
was obt ai nEFYhY r’e%r%fgqtgaﬂrlolu‘f’aPM% %J)tlﬁé' cr-fad 93fr BRPMet hyl acetate and

hept ane. FeemPersbite @2yBabPs) was MhasGe@ethybe achias afihexane) ; CIMS niz
234.9 (M++H, C12HI5FN4) 15 EXAMPLE 2 1- (4- Ami no- 3-f 1 uor o) phenyl - 2- (N, N-
di met hyl am’ AGYHB{ My TaHSFaryree( §2de)9 ¢ T YQOenHPREPFR BeRECO3” (1. 1 equi v)
z Cul (0. 15nheayed)wiNOJNwae MeIDMED) MR5-31¥0nfol, 0.15 equiv).

10 The resulting reaction mixture was degassed three times
again with a vacuum/nitrogen cycle ending on nitrogen
before being warmed to 120-125 °C. When the reaction was
deemed complete after 6 h at 120-125 °C (1 A% < 5% at 254
nm via HPLC analysis), the dark brown reaction mixture was

15 cooled to 40-50 °C. A 14% agqueous NH,OH solution (20 mL,
prepared from 28% concentrated ammonium hydroxide
solution) was then added to the reaction mixture at 40-50
°C, and the resulting mixture was agitated for 1 h at 20-25
°C. The mixture was then transferred into a separation

20 funnel, and the flask was washed with water (10 mL) and
ethyl acetate (EtOAc, 50 mL). The aqueousg solution was
then extracted with EtOAc (3 x 50 mL). The combined ethyl
acetate extracts were then washed with saturated NH,C1
agueous solution (2 x 20 mL), dried over MgSO., filtered

25 through a Celite bed, and concentrated in vacuo at 45-50
°C. The residual slurry of the crude 9 in about 30 mL of
ethyl acetate was subsequently warmed to reflux (77-78 °C)
to give a brown to black solution. Heptane (20 mL) were
then added to the solution at 70 °C, and the solution was

30 cooled to 45-50 °C before being treated with active carbon
(charcoal, 0.5 g). The mixture was warmed to reflux again
for 1 h before being filtered through a Celite bed at 50-
55 °C. The Celite bed was washed with 10 mL of ethyl

acetate, and the combined filtrates and washing solution
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8- hydroxyqui noline MeN. (0.15 equiv) 1 4 76%9 C6HS5FIN C6HL1IN3 Cl12H15FN4
MWV 237 MV 125 MW 234 Substrates/ Reagents MVWd v nol nol/nmol 1 237 4.74 ¢
20 Mol Wdox@HF98. 00 g 24 mml 1.2 Cul 190 570 ng 3 mol POT/US01/2424G03
(powder, -325 nesh) 138 3.04 g 22 mmi 1.1 8-hydroxyquinoiine 145 465 ng 3
mmol 0.15 DMSO 20 nL 20 25 WO 02/ 08199 PCT/ USOL/ 23541 A suspensi on of
2-fluoro-4-iodoaniline (1, 4.74 g, 20 mmol),

2- (N, N- di neelel aoired festdiy |indcdaz olleaf 41 0@ .ol grou4 bowrbbm d1&skequi v) ,

powder K2 2 . 0 wad D 5 1. uiv). . 8: hydroxyqui nol i ne
(65 1. 570 Ret, b 4% By PHE aRRo e Bt 20 HE: Do aE AT oom

t enper at ur e€n( 22e23 €4) 4msdEgassed dmraerlittioral w0 hma of/ doapramei t r ogen
cycle ending_on_nitrogen fore bein rged, wi t h powder 570 ng, 3.0
ol - 0. 15858 004h D BCIrRS PRaal o rr b PE R fagatbed | hr oo

ti mes Aagaigmadibbhla aeEcladide Roegencc \iice sendirag ot hitxpgentobef ore bei ng
warmed to 120-125 C. Wien the reacti na deeped conpl ete after 6 h at
120-125 C %‘19’&%/8%9 35 HtY ﬁ&qer‘?m%\‘?i é‘mLé iﬁa §SF§59 RHeC R R6r 54R react i on
m xt ure wasletdre@opesbiicx 4®)50 CheAsdBaguarisolildctegobyti on (20 i,

O _ zobitisGteaol h
prepar ed 11,001 28% concept ated ampnju [l de 30l uty o) yes then added

ether (TBME) /heptane (2 x 20 mL) before being dried in

10 vacuo with nitrogen purge at 40-45 °C to a constant weight.
The desgired product (9, 3.56 g, 4.68 g theoretical, 76%)
was obtained as pale-vellow crystals, which was found to
be identical in every comparable aspect with the sample
made from example 1. The crude 9 was found to be

15 essentially pure and can be used in the following reaction

without further purification.

EXAMPLE 3
1-(4-Amino-3-fluoro)phenyl-2-methylimidazole (10).

F
- KoCO3 (1.1 equiv) - ¥
2 N DNS Cul (0.15 equiv) 2 \@\
I me” N DMSO, 125-130 °C N\
8-hydroxyquinoline (0.15 equiv) 3
75% me” N
1 5 10
CgHsFIN CgH4Np CioH4oFN3
Mw 237 MW 68 MW191
Substrates/Reagents MwW w d Y mol mol/mol
1 237 474 g 20 mmol 1
5, 2-methylimidazole 82 1979 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOj3 (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.16
DMSO 20 mL
20
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C, and the resulting mxture was agitated for 1 h at 20-25 C. The m xture
was then transferred into a separation 20 funnel, and the flask was washed
wi th wat avo 02@1s.) and ethyl acetate (EtOAc, 50 ni). Theremusawesssol ution
was then extracted with EtOQAc (3 x 50 nL). The conbi ned ethyl acetate
extracts were then washed wth saturated NH4AC1 aqueous solution (2 x 20
m.), dried over MgpSOH4, filtered 25 through a Celite bed, and concentrated
in vacuo at 45- E@lldwiﬁﬂuxhﬁE$ﬂ@aaﬂuséud$§aiﬁedlﬂa exadel® 2n zbout 30 nL of
ethyl acetat S .ent | r (77578_C) to give a brown
to bl ack sglﬁ?¥§n4 ﬁ%%%%ﬁ§9%§%<ﬁf)ﬂﬁg% en aéﬂ ogthe solution at 70
C, and thelrschulumrda/mleBO(SCOdl 8d vo 256 IﬁﬂbJC Ueﬂorequbeb ngetd eated with

active carhban har The xt.ur to ref | ux again
for 1 h befSHe! é dai ﬁhee él&gg%ffioﬁ‘é‘ﬁe Ji%‘ieﬁe fobipaR gEgY The Celite
bed ma55masbﬁdlmiéﬁ1ﬂd)gdnaﬁétetnyl4a@mﬂﬁﬁ43 ﬁmmirbh@h@ﬁgb+med f||trates and

Ch ean 300 RECFBU G115 FACask- 9 Forhi> oS S6<RECHF B ny!® o e was ¢ hen

distilled ehfitei dryacils.at P45 50 Gﬂhaml cmazsa@dlstl apabs 26 Cmi (etnhept ane
were added into tq} flask at 50 m xt.ure was then 5 gradually cool ed
to 20-25 CPSRHCERMe@nsdt 53M85mEx b?119 BT BEf oF wPBERY- cooled to 5-10 C
for 2 hto precipitate the desired product (9). The solids were collected
by flltratlon and washed with 20% (v/v) of tert-butyl nethyl ether
(TBNE)/ﬂeptane (2 x 20 nL) before 5é@ﬁ§§dﬁied in 10 vacuo with nitrogen
purge at 40-45 C ta-g4camihant-#Puiéid)phebye id@ahk8te P{LOUCt (9, 3.56 g,
4.68 g theoretical, 7699 was obtained as pale-yellow crystals, which was
found to be identical in every conparable aspect with the sanple

F . E
KoGOg (1.1 equiv)
HoN .
2 \@\ . HD Cul (0.15 equiv) ”2"'\@\
I N DMSO, 125-130 °C N
8-hydroxyquinoline (0.15 equiv) l:\>
80% N
1 6 1
CgHsFIN C3H,N, CoHgFNj
Mw 237 MW 68 Mw177
Substrates/Reagents MW W d \ mol mol/mol
1 237 4.74 g 20 mmol 1
6, imidazole 68 1.63g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOj (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hyderoxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20mL

Following the procedure detailed in example 2, 2-

15 fluoro-4-iodoaniline (1, 4.74 g, 20 mmol) and imidazole
(6, 1.63 g, 24 mmol, 1.2 equiv) were coupled under the
ligand-accelerated Cu(I)-catalyzed condition to generate
1-(4-amino-3-fluoro)phenylimidazole (11, 2.83 g, 3.54 g
theoretical, 80 %) as white crystals. For 11l: white

20 crystals; mp 98.6 °C (ethyl acetate/hexane); CIMS m/z 177.8
(M"+H, CoHgFN3) .
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made from exanple 1. The crude 9 was found to be 15 essentially pure and
can be used in the follow ng reaction wthout further purification.
EXAMPLE 3vO 22/¢819An no- 3- f | uor o) phenyl - 2- net hyl i m dazol e (ROY/USOBB#I F
K2CO3 1.1 equiv) H2N F HN Cul (0.15 equiv) Me N C DVSO, 125-130

8- hydr oxyqui noline (0.15 equiv) 75% Me N 1 5 10 C6HSFIN C3HAN2 C10H10FN3
MV 237 MV 6B MAL91 Substrat es/ Reagents MWWd V nol nol/nmol 1 237 4.74 g
20 moi 1 5, 2-methylimdazole 82 1.97 g 24 mmol 1.2 Cul 190 570 ng 3 nmol
0.15 K2CO3 (powder, -325 mesh) 13@@%22 mmoi 1.1 8-hydroxyqui noline
145 465 nmg 3 mMoi 0.15 DMSO 20 ni: 02/ 08199 PCT/ USQL1/ 23541

Fol | owi ng t he rodedanicoddt filtiech)phenyvdirl-emipno2midamsyle 4-120doaniline (1,
4.74 g, 20 mol) and 2- nethylimdazole (5, 1.97 g, 24 mol, 1.2 equivV)
were coupl ed under the |igand-accelerated Cu(l)-catalyzed 5 condition to
generate 1-(4-amno-3-1tuoro)phenyl-2- nethylimdazote (10, 487 g, 3.82 ¢
theoretical, 75/9% as_white crystals. For 10: white crystalg, np 95.6 C
(ethyl acetate h%‘?n ) ; CIMS nlz 198:C0s ¢\, C10 .OFN3) .| 10 EXAMPLE 4

1- (4- Ami no-3-fl poro ny| i T\ﬂgaghagm( P15 equv) e
=N

DMSO, 125-130 °C

I HpN o : NN\
8-hydroxyquinoline (0.15 equiv) J*
42% H,N™ N
1 7, 2-aminoimidazole sulfate 12
CgHslFN CzHgN2-1/2H,80, CgHgFN,4
MW 237 MW 132.13 MW192
Substrates/Reagents MW W d \ mol mol/mol
1 237 4.74 g 20 mmol 1
7, 2-aminoimidazole sulfate 132 3.17¢g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCO4 (powder, -325 mesh) 138 5.80¢g 42 mmol 2.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20mL
5

Following the procedure detailed in example 2, 2-
fluoro-4-iodoaniline (1, 4.74 g, 20 mmol) and 2-
aminoimidazole sulfate (7, 3.17 g, 24 mmol, 1.2 equiv)
were coupled under the ligand-accelerated Cu(I)-catalyzed

10 condition to generate 1-{4-amino-3-fluoro)phenyl-2-
aminoimidazole (12, 1.61 g, 3.84 g theoretical, 42 %) as
brown oil, which solidified upon standing at room
temperature in vacuo. For 12: CIMS m/z 192.9 (M'+H,
CoHoFNy) .

15

EXAMPLE 6
1-(4-Amino-3-fluoro)phenyl-4-phenylimidazole (13).
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F K2003 (1.1 equiv) F H2N HN Cul (0.15 equiv) H2ZN\ N DVMSO, 125-130 C - N
8- hydroxyqui noline (0.15 equiv) Il 80%N1 6 11 C6HS5FIN C3HAN2 COHBFN3
MN 237 MW@82/08M¥7 Substrates/ Reagents MVWd v nol nol /poT/U$01233414. 74 ¢
20 mol 1 6, imdazole 68 1.63 g 24 mol 1.2 Cul 190 570 ng 3 muvol 0. 15
K2CO3 (powder, -325 nesh) 138 3.04 g 22 mmol 1.1 8-hyderoxyqui noline 145
465 nmg 3 mot 0.15 DVSO 20 nL Foll owi ng the procedure detailed in exanple
2, 2- 15 fluorof4- |odoan|I|ne (I, 4.74 g, 20 mmol) and Tmdazple (6, 1.63
g, 24 mol, 1.2 eqU|v wer e coupl ed under the |[|igand-accel erpted
Cu(l)-catal yzed|c i on to gener at e KeCPs (1-Aeagiyii ng-NS- | uor o) ph yl i m dazol e
(11, 2.83 g, 3.H4 g\*(;orgtl 80 wte al s. Eﬂ‘ll: white 20
crystals; np 98 513 8 (Mr+H, COHBFN3)
28" WD 02/ 08199 PCT/ US01/ 23541 E W‘i%"‘ “é‘° A IZ/\>—
1- (4- Am no- 3-f| por o) ghenyl 2- am noi m dazo e (12). F KZCCB (231 equiv) F

1 1dazo
H2N HN \ Cul (O 1503,5;_“ V) I-szPhg';gigmada '/ 2H2SOg N DMVB C15l}?2%|€f 130 OC 2N/ N

Mw 237 MW 144 MW253
Substrates/Reagents MW W d \Y mol mol/mol
1 237 474 g 20 mmol 1

8, 4-phenylimidazole 144 346 ¢ 24 mmol 1.2

Cul 190 570 mg 3 mmol 0.15

KoCOg3 (powder, -325 mesh) 138 3.04¢g 22 mmol 1.1

8-hydroxyquinoline 145 465 mg 3 mmol 0.15

DMSO 20 mL

Following the procedure detailed in example 2, 2-
fluoro-4-iodoaniline (1, 4.74 g, 20 mmol) and 2-
methylimidazole (5, 3.46 g, 24 mmol, 1.2 equiv) were

5 coupled under the ligand-accelerated Cu(I)-catalyzed
condition to generate 1-(4-amino-3-fluoro)phenyl-4-
phenylimidazole (13, 4.10 g, 5.06 g theoretical, 81 %) as
white crystals. For 10: white crystals; mp 130.1 °C (ethyl
acetate/hexane); CIMS m/z 253.9 (M'+H, CisHi2FN3).

10

EXAMPLE 7
1-(3-Amino)phenyl-2- (N, N-dimethylamino)methylimidazole
(14).
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8- hydr oxyqui noline (0.15 equiv) \> 42% H2N N 1 7, 2-am noi m dazole sulfate
12 C6H51FN C3H5N2- 1/ 2H2SO4 COHOFNA MW 237 MW 132. 13 MAL92

Subst r at as0 Rreggents MWW d v nol nol/nmol 1 237 4.74 g 20 peDiUSA1/23341

2- am noi m dazol e sulfate 132 3.17 g 24 nmol 1.2 Cul 190 570 ng 3 mmol 0. 15
K2C03 (powder, -325 nesh) 138 5.80 g 42 mol 2.1 8- hydroxyqui nol i ne 145
465 ng 3 mol 0.15 DvsO 20 nL 5 Following the procedure detailed in
exanple 2, 2- fluoro-4-iodoaniTine (I, 4.74 g, 20 nn3¥) and -

am noi mdazol e sulfate (7, 3.17 g, 24 mmol, 1.2 equ wer e [coupl ed under
the |igand-acceler (I ) ca‘tN§1\>yze6201’€)(‘ LM t i on@ gener aft e

1-(4-am no- 3-fl JOI’O) nyl - TMoi m—%ﬂ%l—%’—?( 12, 1 3. g
theoretical, 42|% brovvn ONte, g\/g Sy s ot %fcfl 3d upa % ng at room
tenperature in acuo For 12: CIMB M Z” °g % J—IQFN4) 15 EXAMPLE 6

1- (4- Am no- 3-fl JOI’ o)phenyl 4-phepylim daz6l e (13). 29 WD 02708199
PCT/ US01/ 23541 gze;m'"el 1 egil i) F H2N HM1 ph Od||1-|4 .15 gquiv) H2N | \

N DVMBO, 125-130(C %W&yéjroxqu Q@Lké’]e (0. 15 equiv) pmwz % N

Substrates/Reagents Mw w d A mol mol/mol
2, 3-iodoaniline 219 438¢g 20 mmol 1
4 125 3.00g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KyCOg (powder, -325 mesh) 138 3.04 ¢ 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL

Following the procedure detailed in example 2, 3-
iodoaniline (2, xx g, 20 mmol) and 2- (N, N-
dimethylamino)methylimidazole (4, 3.0 g, 24 mmol, 1.2

5 equiv) were coupled under the ligand-accelerated Cu(I)-
catalyzed condition to generate 1-(3-amino)phenyl-2- (N, N-
dimethylamino)methylimidazole (14, 2.46 g, 4.32 g
theoretical, 57 %) as pale-yellow oil, which solidified at
room temperature in vacuo. For 14: CIMS m/z 216.9 (M'+H,

10 CiHieN4)

EXAMPLE 8
1-(3-Amino)phenyl-2-methylimidazole (15).
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1 8, 4-phenylimdazole 13 C6HSIFN COH3N2 CI15H12FN3 MW 237 MWV 144 MAR53
Subst rat es/ Reagents MVWd v nol nol/nol 1 237 4.74 g 20 mmol 1 8,
4- phenyl iwd dzesabe 144 3.46 g 24 mmol 1.2 Cul 190 570 ng BCTusé/B545 K2CO3
(powder, -325 nesh) 138 3.04 g 22 mmol 1.1 8-hydroxyqui noline 145 465 ng 3
mmol 0.15 DMSO 20 nL Followi ng the procedure detailed in exanmple 2, 2-
fluoro-4-iodoaniline (1, 4.74 g, 20 mol) and 2- nethylim dazole (5, 3.46
g, 24 mol, 1.2[equiv) were 5 coupled under the Iigand-accel grated
Cu(l)-catalyzed| condition to generate 1-(4-am no-3-fluoro)pHenyl -4-
phenyl i m dazole| (33, 4.1Pp g, 5.06 g tHKSos@1ewal , 81 as W{ite crystals.
For 10: white crysta mp 430. %" (et®PI5eaipt at ef ane) ; |[cMs mz 253.9
(M++H, C15H12FNB) . M EXAVPLEe7 N DMSO, 125-130 °C N
1- ( 3- Ami no) phenyl - 2- (N, N- di net hyl &RRHE;RERIRP PHY dazol e/D/M). 30 WO
02/ 08199 PCT/ USQ1/23541 NH2 H2N | HN %R%C03 (1.1 edfii v§“ Il \] + N Cul (0.15
equiv) N NVe2 DVBOedepipe 13G’ZGI‘EEY"WEFP'6xyqui noline (Q. 15 equiy) ~N 57%

W

. 10H11N3
(NMe2 2, 3-iodpani,f e 4 14 N C6HLON3 ClZHlGNL?MW173

Substrates/Reagents Mw w d v mol mol/mol
2, 3-iodoaniline 219 438¢g 20 mmol 1
5, 2-methylimidazole 82 197¢g 24 mmol 1.2
Cu! 190 570 mg 3 mmol 0.15
KoCOg3 (powder, -325 mesh) 138 3.04¢g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL

Following the procedure detailed in example 2, 3-
iodoaniline (2, 4.38 g, 20 mmol) and Z2-methylimidazole (5,
1.97 g, 24 mmol, 1.2 equiv) were coupled under the ligand-

5 accelerated Cu(I)-catalyzed condition to generate 1-(3-
amino)phenyl-2-methylimidazole (15, 2.49 g, 3.46 g
theoretical, 72 %) as white crystals. For 15: white
crystals; mp 122.5 °C (ethyl acetate/hexane); CIMS m/z
173.9 (M'+H, Cy1oH1N3) .

10

EXAMPLE S
1-(3-Amino)phenylimidazole (16).

32



MN 219 MN 125 MA216 Substrat es/ Reagents MWW d v nol

3-iodoaniline 219 4.38 g 20 nmol
ng 3 MpIwo 11 CO3 ( powder,
8- hydr oxyqui nol i ne 145 465 ng 3 mol
procedure detailed in exanple 2, 3-
2- (N, N- di net hyl am no) net hyl i m dazole (4, 3.0 g, 24 mmol,

1 4 125 3.00 g 24 mmol

nol / nol 2,

1.2 Cul 190 570

-325 nesh) 138 3.04 g 22 mmPCT/US@/23541

XX

0.15 DWMSO 20 niL Follow ng the
i odoaniline (2,

20 mmol ) and
1.2 5 equiv) were

g,

coupl ed under tlke Tigand-accelerated
anlﬁé%ﬁéi

catal yzed condltl

bn t o0 generate

1- (3- ami no) phenyl -3 di met Vi m daz{ilze (14, .46 g, 4.32 ¢
theoretical, 57|% ab gal e-yell 0|I——%%§§ﬁL%olld| d at rpom
tenperature in Yyacuo.~“For 14: Cl r;i;“(@"f 12HIEN4) EXANMPLE 8
1- ( 3- Ani no) pheny | - 2 net hyl i ni dazol & (’ L ‘WS 02/ 08189 PCTf US01/ 23541
K2CO8 (1.1 equi H2N 1 + HN cul (0. 75 equ) 1, 6-,-- M| N DVBO
125-130 C 8-hydro %gmw'&ﬁ ne CdriiBoeq u. v) N ~N 720@% 2 3-| odoani | i ne 5,
>-met hyl i m dazolle Lhe06HEIN CalARD CLOHLING MWV 219, M/i173
Substrat es/ Reag
Substrates/Reagents Mw w d v mol mol/mol
2, 3~-iodoaniline 219 438¢g 20 mmol 1
6, imidazole 68 1.63 g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOj (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL
Following the procedure detailed in example 2, 3-
iodoaniline (2, 4.38 g, 20 mmol) and imidazole (6, 1.63 g,
24 mmol, 1.2 equiv) were coupled under the ligand-

5 accelerated Cu(I)

amino)phenylimidazole (16, 2.38 g,

%) as white crystals.

(ethyl acetate/hexane);

10

For 16: white crystals;

CIMS m/z 159.9

EXAMPLE 10

-catalyzed condition to generate 1-(3-

3.18 g theoretical,

75
mp 113.4 °C

(M++H, CoHgN3) .

1-(3-Amino)phenyl-2-aminoimidazole (17).
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2, 3-iodoaniline 219 4.38 g 20 mmol 1 5, 2-nethylim dazole 82 1.97 g 24
mmol 1.2 Cul 190 570 ng 3 nmmol 0.15 K2C03 (powder, -325 nesh) 138 3.04 ¢
22 Mol Wao2/@1bydr oxyqui nol i ne 145 465 ng 3 Mol 0.15 DrESOUSA/23E41
Fol l owi ng the procedure detailed in exanple 2, 3- iodoaniline (2, 4.38 g,
20 mmol ) and 2-nethylimdazole (5, 1.97 g, 24 mmol, 1.2 equiv) were
coupl ed under the ligand 5 accelerated Cu(l)-catal yzed condition to
generate 1-(3- @gmno)phenyl-Z-methyltm dazole (15, 2Z.49 g, 3.46 ¢
theoretical, 72|% as mhlte crystals. For 15: white  crystal

(ethyl acetate/he Cl IVB mz 173XFO¢{RMapt) C1OH 'TNB 10
1-(3-Amri o) phe 1yoLe /1§)1sz2382 Mﬁﬁél% /USOl/ 2
(1.1 equiv) NH2|H2N I | g HN ng a’l‘(g%b.eq \25- 1430 C
8- hydr oxyqui nol { ne (0.15 equiv) L~ odganid i ne i
16 C6H6I N C3HANR COHON3 MW 219 NMV68 NM%SQ Substrafes/Reag nts MVWd v
mol mol/mol 2, B 2"r g I7I’l:%a "EF;%B‘”@B 20 mMmoi 6,17j m daz

24 moi 1.2 Cu /0 2>0. 15 K2C03 (pomdﬁ ﬁ; 325
g 22 mol 1.1

sh) 138 3.04

Substrates/Reagents MW w d \ mol mol/mol
2, 3-iodoaniline 219 438g 20 mmol 1
7, 2-aminoimidazole sulfate 132 3.17¢g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOg {powder, -325 mesh) 138 5.80¢g 42 mmol 2.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL

Following the procedure detailed in example 2, 3-
iodoaniline (2, 4.38 g, 20 mmol) and 2-aminoimidazole
sulfate (7, 3.17 g, 24 mmol, 1.2 equiv) were coupled under

5 the ligand-accelerated Cu(I)-catalyzed condition to
generate l1-(3-amino)phenyl-2-aminoimidazocle (17, 1.39 g,
3.48 g theoretical, 40 %) as vellow to brown oil, which
gsolidified upon standing at room temperature in vacuo.
For 17: CIMS m/z 174.8 (M'+H, CoHgNi).

10

EXAMPLE 11
1-(3-Amino)phenyl-4-phenylimidazole (18).
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8- hydr oxyqui nol ine 145 465 ng 3 nmol 0.15 DMSO 20 nL Fol | owi ng t he
procedure detailed in exanple 2, 3- iodoaniline (2, 4.38 g, 20 mmvol) and

i m dazol av@Q 62/0819%3 g, 24 mmol, 1.2 equiv) were coupl ed urdeUsess41 gand 5
accelerated Cu(l)-catalyzed condition to generate 1-(3-

am no) phenyl i m dazole (16, 2.38 g, 3.18 g theoretical, 75 % as white
crystals. For 16: white crystals; np 113.4 C (ethyl acetate/hexane); CI M
mz 159.9 (M-+H[] COHON3). 10 EXAMPLE 10 1I-(3-Am no)phenyl-2-pm noi m dazol e
(17). 33 WD 02/08199 PCT/US01/23541 112N | K2COXB (2.1 equiv) NH2 z + HN
-1/ 2H2SO4 ~ Cul {(Qud5 equiv) H2N N 125:C0807 @uN 8- hydr oxyqui nof i ne (0. 15

equiv) ~  40% HZN , 3-i pi | i LG8 ey dazol e spl fate 17
C6H6I N C3HSN2- 14 2H2S COHON4 = 821d9'3m1158129?3_ 4 N/§u_tg,$t r pt es/ Reagent s
MNVWd v mol noll/ mol 2, 3-i odoani | ifH&™P3E%° B8 g0 morv1 " 7,

2-am noi m dazol ¢ sulfate 132 3.17 g 24 midl 1.2 Cul 190 570 g 3 nmmol 0. 15

K2CO3 (powder, {32§icdgeaiipe 13&pmnviimdagle> nmpl 2.1 8- oxyqul nol i ne 145
465 ng 3 mol 0.15§6H O 20 nﬁ§ § | ow ng t he procedﬁfygéetailtd i n exanpl e
2, 3- iodoaniline N , 4.38 @, % nmol ) and 2-am noi m dazol e ulfate (7,
3.17 g, 24 mol, 1.2 equiv) were coupled under 5 the 1 gand-accel erated

Cu(|)-cata|y2?d condition to
Substrates/Reagents Mw w d v mol mol/mol
2, 3-iodoaniline 219 4.38¢g 20 mmol 1

8, 4-phenylimidazole 144 3469 24 mmol 1.2

Cul 190 570 mg 3 mmol 0.15

KoCOg (powder, -325 mesh) 138 3.04¢g 22 mmol 1.1

8-hydroxyquinoline 145 465 mg 3 mmol 0.15

DMSO 20 mL

Following the procedure detailed in example 2, 3-
iodoaniline (2, 4.38 g, 20 mmol) and 4-phenylimidazole (8,
3.46 g, 24 mmol, 1.2 equiv) were coupled under the ligand-

5 accelerated Cu(I)-catalyzed condition to generate 1-(3-
amino)phenyl-4-phenylimidazole (18, 3.95 g, 4.7 g
theoretical, 84 %) as white crystals. For 18: white
crystals; mp 103.7 °C (ethyl acetate/hexane); CIMS m/z
235.9 (M'+H, Ci1s5Hi3N3).

10

EXAMPLE 12
1-(2-Amino)phenyl-2- (N, N-dimethylamino)methylimidazole
(19).
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generate 1-(3-am no)phenyl

t heoretical, 40

- 2-am noi m dazole (17,
whi ch

1.39 g,

% as yellowto brown oil, solidified

3.48 ¢

upon st andi ng

at room tveopresEbPUre in vacuo. For 17: CIMS miz 174.8 ( MtR&/USAHS3BIA) . 10
EXAMPLE 11 1-(3- Am no) phenyl - 4- phenyl i m dazole (18). 34 WD 02/08199
PCT/ US01/ 23541 H2N | K2C03 (1.1 equiv) NH2 + H N~Ph Cul (0.15 equi ) N
DVBO, 125-130 C N 8-hydroxyqui noline (0.15 equiv) C-N --ph 84% 2,
3-iodoaniline 8] 4-phenylim dazole 18 CoHoI'N COHBNZ CISHISN MW 219 MWV
144 MA235 Subst ates/Reagents MVWd v nol nol /ol 2, 3-ioddaniline 219
4.38 g 20 nmol 1 phenyl i ol eKktdd1.Bead g 2 ?1.2) CQul 190 570
my 3 mol 0. 15 fbﬁigpomder 5 nEgi)1Ses® 3. 04 /grn 1.1
8- hydr oxyqui nol {ne 1 465 mgy Quejmol IMSQ525-1BAMBO 20 nl omnng t he
procedure detailed in exanple 2 §th§ IW@W%%WQZ 4 &8 g, 40 nmol) and
4-phenyl i m dazole (8, 3.46 g, 24 mol , 2 equi v) were’couplled under the
| igand 5 accel e aﬁéﬂméuwk) cataﬁyzed condltlon to genwrate 1-(3-
ani no) phenyl - 4- )heﬁxﬂlnldazole s 3.95¢g, 4.7 g Pﬁ@@?etlccl, 84 % as
white crystals. [Eof™Z¥: white “W'¥stals: mp 103 7 cM¥%thyl adet at e/ hexane)
CCMs mlz 235.9 ( IVt +H, C15H13N3)
Substrates/Reagents MW w d \ mol mol/mol
3, 2-iodoaniline 219 4.38g 20 mmol 1
4 125 3.00g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOg3 (powder, -325 mesh) 138 3.04g 22 mmol 14
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20mL
Following the procedure detailed in example 2, 2-
iodoaniline (3, 4.38 g, 20 mmol) and 2- (N, N-
dimethylamino)methylimidazole (4, 3.0 g, 24 mmol, 1.2
5 equiv) were coupled under the ligand-accelerated Cu(I)-
catalyzed condition to generate 1-{(2-amino)phenyl-2-(N,N-
dimethylamino)methylimidazole (19, 2.72 g, 4.32 g
theoretical, 63 %) as white crystals. For 19: white
crystals; mp 120.1 °C (ethyl acetate/hexane); CIMS m/z
10 216.9 (M++H, C12Hy16Ng)

EXAMPLE 13
1-(2-amino)phenyl-2-methylimidazole (20).
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10 EXAMPLE 12 1-(2- Ami no) phenyl -2- (N, N-di net hyl am no) net hyl i m dazol e

(19). 35 WD 02/08199 PCT/ US01/ 23541 HZN HN:\ K2CO3 (1.1 equiv) NH2 \ + N
Cul (0. 1wequissyo DVSO, 125-130 C NMe2 8- hydr oxyqui nol i nePCOUSG/Baui v) N
63% NMe2 3, 2-iodoaniline 4 19 C6H61IN C6HION3 Cl2H1I6N4A MW 219 MW 125
MA216 Substrates/ Reagents MVWof v nol nol/nol 3, 2-iodoaniline 219 4.38
g 20 mol 1 4 125 3.00 g 24 mmol 1.2 Cul 190 570 ng 3 nol 0.15 K2CO3
(powder, -325 mgsh) 138 3.04 g 22 mmol 1.1 8-hydroxyqui noline 145 465 ng 3
mol 0.15 DMSO|20 nlL{Fol |l owi ng the pkaogdusavdetailed in exgnple 2, 2-

i odoani I i ne (3, 4. 20 HTT'D|""‘/§I’1d Zu((NisRbuvdi met h HNo) ngt hyl i m dazol e
(4, 3.0 g, 24 mpol, 3 5 equi\MJ*NNereomupd-ﬁ cunder e |igarjd-accel erated
Cu(l)- catalyzed condition to genéhadequnolifee. Briumo) phenw/-\>2-( , N-

di net hyl am no) net hyl i m dazole (19, 2.72 §8 4.32 ¢ the6‘?éti cdl, 63 %W as
white crystals. | Foe-ioddaiinwhi 6.@-mebyiyigdzabs; np 120.1 C (ed hyl adet at e/ hexane);

CIM5 mz 10 216]9 CdeNH, Cl12HIBNA EXAMPLE 13 CyoH11Ng

1- ( 2- Ami no) phenyl - Y% hyl i ni d¥4%8% e (20). MW173
Substrates/Reagents MW w d \ mol mol/mal

3, 2-iodoaniline 219 438¢g 20 mmol 1
5, 2-methylimidazole 82 197g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KsCO3 (powder, -325 mesh) 138 3.04¢g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20mL

Following the procedure detailed in example 2, 2-
iodoaniline (3, 4.38 g, 20 mmol) and 2-methylimidazole (5,
1.97 g, 24 mmol, 1.2 equiv) were coupled under the ligand-

5 accelerated Cu(I)-catalyzed condition to generate 1-(2-
amino)phenyl-2-methylimidazole (20, 2.35 g, 3.46 g
theoretical, 68 %) as white crystals. For 20: white
crystals; mp 136.7 °C (ethyl acetate/hexane); CIMS m/z
173.8 (M'+H, cloﬁllm) .

10

EXAMPLE 14
1-(2-Amino)phenylimidazole (21).
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36 WO 02/ 08199 PCT/ US01/23541 H2N K2CO3 (1.1 equiv) + HN Cut (0.15 equivV)
al o~ NH2 MeN DMSO, 125-130 OC 8- hydroxyqui noline (0.15 equiv) N 68% M
\N 3, 2wWodwpes1pdi ne 5, 2-nethylim dazole 20 C61-161 N C3P@NPSOIBI4+1111 N3
MN 219 MV 68 MAL73 Substrates/ Reagents MVWd v not not/ Ml 3,
2-iodoaniline 219 4.38 g 20 mmol 1 5, 2-nethylim dazole 82 1.97 g 24 mol
1.2 Cut 190 570 ng 3 mmol 0. 15 K2CAB (powder, -325 mesh) 138 3.04 g 22
mmoi 1.1 8-hydfoxyquinolitne 145 465 ng 3 mmoi 0. I5 DVSO 20 Fol | owi ng

the procedure detaj|ed in exanple 2, Rxcoj@da@anilin , 4.38 g, 20 mmol)
and 2-met hylim daz6 5 97*“\5}} 24 Gtdiseaut) 2 eq re upl ed under
the ligand 5 accgel er d Cu(l)-cat al yaeo, estagiict i on tgQ, deneratle 1-(2-

am no) phenyl - 2- et hyl i mi dazol e (206" ."8‘5”;9;;;0'35.691‘8) g theoretidal, 68 % as
white crystals.|For 20: white crystals;” 136.7 C (ethyl acetate/ hexane);

CIVMS mz 173. 8] (¥e-ibldani@d OHL 1 Bi3mid:BaldEXAMPLE 14 1- (2- A1 no) phgnyl i mi dazol e
(21). 37 WD 02/08§¥d" pCT/ USO1PP8841 K208 (1.1 eql?wgs H2N {4 H ~~ cul
(0_ 15 equi V) N MW 219 MW 68 MW159

Substrates/Reagents MW w d \ mol mol/mol
3, 2-iodoaniline 219 4.38¢ 20 mmol 1
6, imidazole 68 1.63¢g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOg (powder, -325 mesh) 138 3.04¢g 22 mmol 11
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL

Following the procedure detailed in example 2, 2-
iodoaniline (3, 4.38 g, 20 mmol) and imidazole (6, 1.63 g,
24 mmol, 1.2 equiv) were coupled under the ligand-
5 accelerated Cu(I)-catalyzed condition to generate 1-(2-
amino)phenylimidazole (21, 2.32 g, 3.18 g theoretical, 73
%) as white crystals. For 21: white crystals; mp 108 °C
(ethyl acetate/hexane); CIMS m/z 159.9 (M'+H, CgHgNj).

10 EXAMPLE 15
1-(2-Amino)phenyl-2-aminoimidazole (22).
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N DMSO, 125-130 C NHZ ° 8- hydroxyqui noline (0.15 equiv) 73%

3,

2-iodoaniline 6, imdazole 21 CO6H6IN C3HAN2 COHON3 MN 219 MN 68 MAL59

Subst r at as0 Rreggents MWW d v nol nol/nol 3, 2-iodoanilinepCPUSo338 g 20

mmol 1 6, imdazole 68 1.63 g 24 mol 1.2 Cul 190 570 ng 3 muvol 0.15
K2CO3 (powder, -325 nmesh) 138 3.04 g 22 nmol 1.1 8-hydroxyqui noline 145 465
nmg 3 mol 0.15 DMSO 20 nL Foll ow ng the procedure detailed in exanple 2,

2- iodoaniline , 4.38 g, 20 nmmol) and 1 mdazole (6, 1.63 Q,

24 mmol ,

equi v) were coupled under the ligand 5 accelerated Cu(l)-cata yzed

condition to ge 1equ, (2- ani no) pheHy i i deinol e NHzZ 32 ¢ 3.18 g
t heoretical, 73 \@ whj t & y@h@@M whi stal s np 108 C
(et hyl acet at e/ hexaney¥ rNBLm{z 15h I\{]F5HI3|§°CC:9H9N3%(L 0 EXAWPLE 15
1- ( 2- Ami no) pheny! - 2- ani noi mi dazol € ("2’?’5‘ 38 W2/ 8819 PCT/|US01/ 23541
NH2  H2N K200 2 1 equi v) OlN + HN -172H2S0g Cul (0.15 eqyiv) H2N-N
DVBSO, 125-130 C| B ﬁyﬂmﬁy } Zgl)esu(f@e 15 equiv) H2N2 N 31%] 3,
2-i odoani | i ne 7 Me Jnoi m g“glmgm Ul fate 22 CBH6I NEEBHSN2- 1 2H2SO4
COH10N4
Substrates/Reagents Mw w d Vv mol mol/mol
3, 2-iodoaniline 219 438¢g 20 mmol 1
7, 2-aminoimidazole sulfate 132 3.17¢ 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOj3 (powder, -325 mesh) 138 5.80¢g 42 mmol 2.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL

Following the procedure detailed in example 2, 2-

iodoaniline (3, 4.38 g, 20 mmol) and Z2-aminoimidazole

sulfate (7, 3.17 g, 24 mmol, 1.2 equiv) were coupled under

5 the ligand-accelerated Cu(I)-catalyzed condition to

generate 1-(2-amino)phenyl-2-aminoimidazole (22, 1.08 g,

3.48 g theoretical, 31 %) as pale-yellow oil, which
solidified upon standing at room temperature in vacuo.
For 22: CIMS m/z 174.8 (M"+H, CoH;oNa).
10
EXAMPLE 16
1- (2-Amino)phenyl-4-phenylimidazole (23).
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MN 219 MAN 132.13 MML74 Substrates/ Reagents MVWd v nol nol/nmol 3,
2-iodoaniline 219 4.38 g 20 nmol 1 7, 2-am noi m dazole sulfate 132 3.17 ¢
24 mol WQ@o02/@Gub9 190 570 ng 3 mol 0. 15 K2C03 (powder, -BeBHURE%I3F41138 5. 80
g 42 mmol 2.1 8-hydroxyquinoline 145 465 ng 3 nmol 0.15 DWVSO 20 niL

Foll owi ng the procedure detailed in exanple 2, 2- iodoaniline (3, 4.38 g,
20 mmol ) and 2-am noi m dazole sulfate (7, 3.17 g, 24 mmol, 1.2 equiv) were
coupl ed under 5[the Trgand-accelerated Cu(l)-catalyzed conditjon to

generate 1-(2-ain no)phenyl -2-am noi m dazole (22, 1. 08 g.. 3. g
theoretical, 31|%,@slpale-yellow oil %0k tiwsol i dj ﬁzupon st andi ng at
roomterrperatur(b in uo. 22 CLIUEO- Re9vN 74. 8 \COHIPN4) 10
EXAMPLE 16 1-(2-Am phenyl pheny?Vsaitgeisoice (23). 1 2/ 08199

PCT/ US01/ 23541 | NH2 H2N K208 (1. Fhegtiv ""e4°1|§|r<1w>ph Cul (0.15 fquiv) 1| /
N--\, N DMVSO, 125 130 C --ph 8-hydroxyq "ol ine (0.15 equiv)| N 79% 3,
2-iodoaniline 8 '[z riYEi nd breregylingdaze  CAHEI N COHBN H13 MN 219 MV
144 MA235 Substlat (a%fmeagents '§vd v nol ol /ol %Wg;i odoahi | i ne 219
4.38 g 20 nmol

Substrates/Reagents MW w d A mol mol/mol
3, 2-iodoaniline 219 438¢g 20 mmol 1
8, 4-phenylimidazole 144 346¢ 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOg (powder, -3256 mesh) 138 3.04¢g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSQO 20 mL

Following the procedure detailed in example 2, 2-
iodoaniline (3, 4.38 g, 20 mmol) and 4-phenylimidazole (8,
3.46 g, 24 mmol, 1.2 equiv) were coupled under the ligand-

5 accelerated Cu(I)-catalyzed condition to generate 1-(2-
amino)phenyl-4-phenylimidazole (23, 3.7 g, 4.7 g
theoretical, 79 %) as white crystals. For 23: white
crystals; mp 121.4 °C (ethyl acetate/hexane); CIMS m/z
235.9 (M'+H, CisHi3N3).

10

EXAMPLE 17
1-(4-Amino-3-fluoro)phenyl-2- (N, N-
dimethylamino)methylimidazole (9, 9).
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8, 4-phenylimdazole 144 3.46 g 24 mmol 1.2 Cul 190 570 ng 3 nmmol 0. 15
K2C03 (powder, -325 nmesh) 138 3.04 g 22 mol 1.1 8-hydroxyqui noline 145 465
ng 3 NMmoIwOo4e819DMSO 20 L Fol | owi ng the procedure det ai | BAT/URE3S4IPI € 2,

2- iodoaniline (3, 4.38 g, 20 mvol) and 4-phenylim dazole (8, 3.46 g, 24
mml, 1.2 equiv) were coupled under the Iigand 5 accel erated
Cu(l)-catal yzed condition to generate 1-(2- am no)phenyl - 4- phenyl i m dazol e
(23, 3.7 g, 4.7/g theoretical, 79 %9 as white crystals. For J23: white
crystals; np 12ékﬁ C (et hyl acet at e/ hexane)gquigl M5 nizT 235. 9 J( M++H,

C15H13N3) . 10 17 1- (44A¥ no-9-&Feuio) pheh - (N, N
di nmet hyl am no) net hyl zol e N 9) . om80, 1340s2/ 0819 \801/23541 F
K2C03 (1.1 equil) F HZN + HN- st %f@ér%uir@gaiovﬁjequ fon - A<76B1] N DVBO,
125-130 C N NMe2 8- hydroxyquinoline (0.%8 equiv) Me2N'~-N 2| 66% 24 4 9
C6H5FBr N C3HAN2| COHEEN3 MM 90 RW 68 MAL77 Substrat esPReagentts MWW d V nof
nmot/mol 24 190 3_%5?»:20 mol %Ny 125 3.0 g 24 mol®F™ cul] 190 570 ng 3
mml 0. 15 MW 19 MW 68 MW177

Substrates/Reagents MW W d \' mol mol/mol
24 190 3.80g 20 mmol 1
4 125 3.0g 24 mmol 1.2
Cul 180 570 mg 3 mmol 0.15
KoCO3 (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline® 145 465 mg 3 mmol 0.156
DMSO 20 mL

Following the procedure detalled in example 2, 2-
fluoro-4-bromoaniline (24, 3.80 g, 20 mmol) and 2- (N, N-
dimethylamino)methylimidazole (4, 3.0 g, 24 mmol, 1.2

5 equiv) were coupled under the ligand-accelerated Cu(I)-
catalyzed condition at 125-130 °C for 12 h to generate 1-
(4-amino-3-fluoro)phenyl-2- (N, N-dimethylamino)methyl-
imidazole (9, 3.09 g, 4.68 g theoretical, 66 %) as white
crystals, which was i1dentical with the material prepared

10 from example 1 and example 2 in every comparable aspect.

EXAMPLE 18
1-(4-Amino-3-fluoro)phenylimidazole (11).
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K2C03 (powder, -325 nesh) 138 3.04 g 22 mol 1.1 8-hydroxyqui noline* 145
465 mg 3 mol 0.15 DvSO 20 nL Followi ng the procedure detailed in exanple
2, 2- fl voooz2/dsiby onoaniline (24, 3.80 g, 20 nmol) and 2- (RNUS01/23541

di met hyl am no) net hyl i m dazole (4, 3.0 g, 24 mmol, 1.2 5 equiv) were coupl ed
under the ligand-accelerated Cu(l)- catalyzed condition at 125-130 C for 12
h to generate 1- (4-am no-3-fluoro)phenyl-2-(N, N-di net hyl am no) net hyl -

i mdazole (9, 3{09 g, 4.68 g theoretical, 66 %9 as white crystals, which
was identical wth, the material prepakeds;dQedfinom exa%l e 1 ard exanple 2 in

every conparabl g aspgct]. EXAMPRED18 CrL@-#edy) no- ez ro) phgnyl i m dazol e
(11). 41 WO 02/p8199 #US01/ 23841 m@OOBs-16d°cl equi y\> H2N | \ + H N
Cul (0.15 equiv) H2N Br N DVBO, 128Y43GurinR(®180fYdr oxyqugol ijne (0. 15
equiv) ~ 71%N 24 6 11 C6H5FBr N C3HAN2"'®9HBFN3 MAML90 MW 64 MAL77

Subst rat es/ Reagents ¥WWd V nol® nol /not 24 190 3.80'4 20 | 1 6,

i m dazol e 68 1.p3 §F'I4Nmol 1.9"Ncul 190 570 ng 3 P ™N®. 15 H20C03 (powder,
-325 nesh) 138 R.0X"&°22 mmol V¥ 8- hvdroxvauinoli %7145 445 ng 3 mol
0.15 DMSO 20 nL

Substrates/Reagents Mw w d Vv mol moi/mol
24 190 3.80¢g 20 mmol 1
6, imidazole 68 1.63g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCO3 (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline* 145 465 mg 3 mmol 0.15
DMSO 20 mL

Following the procedure detailed in example 2, 2-

fluoro-4-bromoaniline (24, 3.80 g, 20 mmol) and imidazole
(6, 1.63 g, 24 mmol, 1.2 equiv) were coupled under the

5 ligand-accelerated Cu(I)-catalyzed condition at 125-130 °C
for 8 h to generate l1l-(4-amino-3-fluoro)phenylimidazole
(11, 2.51 g, 3.54 g theoretical, 71 %) as white crystals,
which was identical with the material prepared from
example 4 in every comparable aspect.

10 Numerous modifications and variations of the present
invention are possible in light of the above teachings.
It is therefore to be understood that within the scope of
the appended claims, the invention may be practiced

otherwise than as specifically described herein.
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Fol I owi ng the procedure detailed in exanple 2, 2- fluoro-4-bronoaniline
(24, 3.80 g, 20 nmol) and imdazole (6, 1.63 g, 24 mmol, 1.2 equiv) were
coupl ed waerogihe 5 |igand-accel erated Cu(l)-catal yzed cordiwsar3att 125- 130
C for 8 h to generate 1-(4-am no-3-fluoro)phenylimdazole (11, 2.51 g,
3.54 g theoretical, 71 %9 as white crystals, which was identical with the
material prepared from exanple 4 in every conparabl e aspect. 10 Nunerous
nodi fi cat i HATahsl CIMED aiss of the present invention are possi ble in

i ght of the abﬁve deacohlen . |ta]I{S t her ef or e to eFund (_1Ld that within
the scope of e dppended ch?:n%, tHe ¢ ARG, BE" aa ced

ot herw se than as specifically describ 1)here| n 42 WO 02/ 08199

PCT/ US01/ 23541 WHAT IS CLAI MED HN 1A ‘Brocess for making a conpound of

Formula Il HZNRLr N R2 Il 5o rising: contacting an aniline of
Formula IV with an azole of Fornula Y im%{he presence of Cu(l)X1l and a
bidentate ligand: i HNRr HN x2 R2 14,V V wherein: in Formula |V,
fromO0-1 of the carbon atons are repl acegz/ wth N 15

I1T
5 comprising: contacting an aniline of Formula IV with an
azole of Formula V in the presence of Cu(I)X! and a

bidentate ligand:

RI
HN \l/\ )r HIZ
S . A
X

10 Iv Y

wherein:

in Formula IV, from 0-1 of the carbon atoms are replaced

with N;
15
in Formula V, from 0-3 of the carbon atoms are replaced
with N;
alternatively, the compound of Formula V is benzo-fused
20 and 0-2 of the carbon atoms of the five-membered ring

are replaced with N;

Xl

is selected from Cl, Br, I, and SCN;
25 X? is selected from Br or I;

R' is selected from H, C1, F, Br, I, Ci4 alkyl, Ci;4 alkoxy,
Ci-z alkylene-0-C;4 alkyl, NH;, NH(Ci.z alkyl), N{Ci.a

alkyl),, Ci.i alkylene-NH;, Ci-4 alkylene-NH(Ci-4 alkyl),
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in Formula V, fromO0O-3 of the carbon atons are replaced wth N,
alternatively, the conpound of Fornmula V is benzo-fused 20 and 0-2 of the
car bon atwos2/ef19¢ he five-nenbered ring are replaced w t hp®/uXd/a3s41sel ect ed
fromd, Br, I, and SCN;, 25 X2 is selected fromBr or |I; RL is selected
fromH d, F, Br, I, Cl1_4 alkyl, Cl1_4 alkoxy, Cl1_4 alkylene-0-Cl_4 alkyl,
NH2, NH (C] 4 aIkyI) , N(Cl1_ 4 aIkyI)2 Cl 4 al kylene-NH2, Cl 4

aIkerne NH( C1 @1aJ*AkglenﬁanChQZABBiDHgPCIAUSQ&&ﬁﬁ@@ﬂe Cl_4

al kyl ene-N(C1_4 K arbgc su itute -2 R3, 5-6
nenber ed het er ocl)ia/](o: eét)u?:tc')arf'l}():3 % é %ag _%t S‘ﬁ'g'g %& h‘%:%‘icé’l‘: &t oms sel ected
fromN, 0, and Sommdlﬁlﬂgﬁtdah:bbﬁda\nbmh éhd? R, hetRZ2obBosel ectettdaom H O,
F, Br, I, C1_ 4 1 4 4, al kyl ene: O-Cl_4; al kyl, NH2,
NH(Cl_4 al kyl), ? '4% alaﬁ@l? X"icﬁ‘lc‘& W%é’lﬁﬂz él 184 al kyl ene-NH (CL_4
alkyl) 5 C1_ 4 alkylene N(Cl_4 al kyl)2, C3_10 carbocycle 10 substituted
with 0-2 R3,; 5- nbere heteroc cle congr|5|ng carbon atons and 1-4

het er oat ong sje?resc?: G Eefr OhPR, B0, Cind 'sBand Lsubst i RHEEY Wiith28k9xRa: R3 is
sel ected from G, 4511@&erﬂerOC¢L‘l alkyl, 16, 4nal&oxYalkyhd Ciuél_

al kyl ene-O-C1_4 aI NH2, NH(C3_ 4 aIk 1), N(CL 4 aIkyI) , Cl_4

al kyl ene- NH2, " C WélzkyFeﬁeanj(%ie A K§13 all*@lle@eaﬂqk%ipeﬂea?#&‘:xbl' 4 al kyl)

2, and N®; r &8, bidyi12neafdc, ,2014hE) b d@ns aia%ﬂdcg%ﬂé is a hydrolytically
stabllellgand that i's known to ligate wih Cu(l) and conprises two
substituted with 0-2 , 5—-6 membered heterocycle

comprising carbon atoms and 1-4 heteroatoms selected

from N, O, and S and substituted with 0-2 R?;

R® is selected from Cl, F, Br, I, Ci.. alkyl, Ci_s alkoxy,
15 Ci-s alkylene-0-Ci-q alkyl, NH;, NH(Ci4 alkyl), N(Ci_4
alkyl),, Ci-4 alkylene-NH;, Ci4 alkylene-NH(Ci-4 alkyl),
Ci-4 alkylene-N(C;-4 alkyl),, and NO3;

r is 1 or 2; and,

20
the bidentate ligand is a hydrolytically stabile ligand
that is known to ligate with Cu(I) and comprises two
heterocatoms selected from N and O.
25

2. A process according to Claim 1, wherein the
bidentate ligand is selected from
tetramethylethylenediamine (TMED), 2,2’-dipyridyl (DPD),
8-hydroxyquinoline (HQL), and 1,10-phenanthroline (PNT)

30 and from 0.01-0.20 equivalents are present, based on the

molar amount of aniline present.

3. A process according to Claim 2, wherein the

bidentate ligand ig 8-hydroxyquinoline (HQL) or

44



het eroatons selected fromN and 0. 25 2. A process according to Claima1,
wherein the bidentate ligand is selected from tetranethylethyl enedi am ne
(TMED), ZyQoakipyri dyl (DPD), 8-hydroxyquinoline (HQL), BRODUS01/23541

1, 10- phenant hroline (PNT) 30 and from 0.01-0. 20 equi val ents are present,
based on the nolar anmount of aniline present. 3. A process according to
Claim2, wherein the bidentate ligand is 8-hydroxyquinoline (HQ) or 44 WO
02/ 08199 PCTAUSOH¢:2884 1o 11 nED-(pNehaatdr Gtdrm e .(OBND). 1andghiven éhts- 0. 15

equi val ent S-are present. 4. A process accor ding to daim3, wherein the 5
bi dentate [ ga%d IS % hydr oxyqui noli ne (HQ) and from 0.05-0.15

equi valents are present. 5. A process according to Caim3, wherein the
bidentate ligand is 1,10-phenanthroline (PNT) and from 10 0.05-0.15

equi val ents ar egpr e‘%é?ﬁo.ce%.s ROGP5EERS %%c%]radi“hg't B’L@rﬁ?‘?h §h€ wherein from
0.01-0. 20 equenahentlSighduld BXhyarexpresestindgsed) oand heromol ar anmount  of
ani li ne pr . grocess according to Claim®6, wherein from

sept 7. A
0. 05-0. 15 gqgg\_/%l a0 id XTSI REPT¥Yent . 8. A process according to
Claim 7, wherein 0.05 20 equivalents of Cu(l)Xl are present. 9. A process
according to Caim7, 0.15 equivalents of Cu(l)Xl are present. 25 10. A
process according th RIOHSFRSL 2GRNSR th&LladdhBactPREeis Y formed in the

presence obifeRMide Oriddhd is 1, 10-phenanthroline (PNT) and from

10 0.05-0.15 equivalents are present.

6. A process according to Claim 1, wherein from
0.01-0.20 eguivalents of Cu(I)X' are present, based on the
molar amount of aniline present.

15
7. A process according to Claim 6, wherein from

0.05-0.15 equivalents of Cu(I)X' are present.

8. A process according to Claim 7, wherein 0.05

20 eqguivalents of Cu(I)X' are present.

9. A process according to Claim 7, 0.15 equivalents

of cu(I)x! are present.

25 10. A process according to Claim 1, wherein the
contacting is performed in the presence of from 1.0-2.0
molar equivalents of base, based on the molar amount of

aniline present.
30 11. A process according to Claim 10, wherein the

contacting is performed in the presence of from 1.0-1.2

equivalents of KyCOs.
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nol ar equi val ents of base, based on the nolar anmount of aniline present.
30 11. A process according to Caim10, wherein the contacting is

per f or mreavo n2/04189 presence of from1.0-1.2 equival ents of PEKRCSB/2388 WO
02/ 08199 PCT/ USO1/ 23541 12. A process according to Caim 11, wherein the
contacting is performed in the presence of 1.05 equivalents of K2CO33. 5
13. A process according to Claiml, wherein from11- 1.5 nolar equivalents
of azole are usez, basecdasst hecomdinmg wnmintimofllanwheneimprgsent. 14. A

process accor di ngito d ai mﬁ_13 g/ner ei.n from10 1. %i? nol ar equi val ents
of azole ard t3eq " DasedGi rREY MBI Hre BFSUIT St “anit e present. 15. A
process acequtirageris @AiRITd4, wherein about 1.2 nolar equival ents of
azol e are used, based on the 15 nolar anmount of aniline present. 16. A
process according to Claim1l1, wherein the contacting is perforned in a

pol ar s®lvent. 20. 17a ghdoReesscacedidglitg dieid ai MyAbreiher®inh 1t-he

contacting isdgeiformed in a polar, (gfﬁroti c solvent. _18. A process
accordi ng to°ClGan 158U SR Phe? oMt £S5 N§efs BeredroRdhsh DMBO 25 19.

A process aeTeF im0 & ahMmineWdeesiar the contacting is perforned at a
tenperature of from100C to ref lux of the solvent and the reaction is run

from4 to 24 hours. 30 20. A process according to Caim19, wherein the
14. A process according to Claim 13, wherein from

10 1.1-1.3, molar equivalents of azole are used, based on the

molar amount of-aniline present.

15. A process according to Claim 14, wherein about
1.2 molar eguivalents of azole are used, based on the

15 molar amount of aniline present.

16. A process according to Claim 1, wherein the

contacting is performed in a polar solvent.

20 17. A process according to Claim 16, wherein the

contacting is performed in a polar, aprotic solvent.

18. A process according to Claim 17, wherein the

contacting is performed in DMSO.

25
19. A process according to Claim 1, wherein the
contacting is performed at a temperature of from 100°C to
reflux of the solvent and the reaction is run from 4 to 24
hours.
30

20. A process according to Claim 19, wherein the
contacting is performed at a temperature of from 110 to

140°C and from 6 to 15 hours.
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contacting is perforned at a tenperature of from 110 to 140C and from6 to
15 hours. 46 WO 02/08199 PCT/ US01/ 23541 21. A process according to Claim
20, wheravaovbsaozontacting is perforned at a tenperature PETAUS@M3IA0 to
130C. 5 22. A process according to Claim1, wherein X1 is | or SCN 23. A
process according to Claim?22, wherein X1 is |I. 10 24. A process according
to daim?22, wherein X1 is SCN 25. A process according to Caim1,
wherein Fornul a21V is mderﬁsdazob:ediﬂgs tad t@rariat 20l yhetdn (xﬂfq)ound of
Formula V is benzo-.f used s .sel ec ro

net hyl , tﬁyﬁléIaCtl DY perfﬁr’fl?%gh%?(y a%ed“p%tﬁ‘&?y tﬂff‘f’%n@ﬁﬁf is sel ect ed
fromH neldgec.i-propyl, NH2, CH2NH2, CH2N (CH3) 2 , and phenyl ; and, 25
r isl. 26. A process accor di ng to C ai m 1, wherein the conpound of For mul a

IVis selected from F NH2 H2NIT | I NH2 | I I 30 IV and, the conpound of
Formul a5V i s sedect ed gremes 4dcA N Ol 99 aReTHUSPReZSEA K Ne T
or SCN.

23. A process according to Claim 22, wherein X' is I.

10 24. A process according to Claim 22, wherein X' is

SCN.

25. A process according to Claim 1, wherein Formula

V is an imidazole;

15
alternatively, the compound of Formula V is a benzo-fused
imidazole;
R' is selected from H, Cl, F, methyl, ethyl, i-propyl,
20 methoxy and, methoxymethylene;
R? is selected from H, methyl, i-propyl, NH,, CH,NH,,
CH;N(CH;)>, and phenyl; and,
25 r isl.
26. A process according to Claim 1, wherein the
compound of Formula IV is selected from:
F NH,
I I I
30 Iv

and, the compound of Formula V is selected from:
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HN Phenyl NHz N HN-{ HN-{ N HQL~; N V. 27. A process according to Caim
26, wherein the 5 conmpound of Formula IVis: F HZN IV and, the conpound
of Formuiveo2/089%el ected from HN HN-CN'~ 10 -1/N V. PEI/USNIM3SLESS
according to Claim1l, wherein the conpound of Formula Vis: HN~ ~N 15 V.
29. A process according to Cdaim1l, wherein the conpound of Fornula V is:
HN--~\ 20 lz-~tN V. 48

|
Phenyl NH N\
HN—\ HN<< 2 _<r/
IS T O T S T

V.

27. A process according to Claim 26, wherein the

5 compound of Formula IV is:
F

I

Iv

and, the compound of Formula V is selected from:

|

10
V.
28. A process according to Claim 1, wherein the
compound of Formula V is:
|
NG
HN—
Is %
V.
29. A process according to Claim 1, wherein the
compound of Formula V is:
HN’\(
20 L§/N
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