;e3el Z6T"' 30 Novenber 2004 TITLE EFFI Cl ENT LI GAND- MEDI ATED ULLMANN COUPLI NG
OF ANILINES AND AZOLES 5 FIELD OF THE I NVENTION This invention rel ates
generally to an efficient |igand-accelerated Ul mann coupling reaction of
anilines with azoles. The coupling products are useful for 10 preparing
factor Xa inhibitors. BACKGROUND OF THE | NVENTI ON Factor Xa inhibitors Iike
those of Fornmulas la and Ib showmn below. 15 F3C H F

s ~N&Z ONIla F3CHFNNN\ 0! .~ --~1\ N (~ N;\%\ION%G@WHZQ%

currently being investigated as potential drug candidates. As a result,
| arge quantities of these 20 conpounds are needed to satisfy clinical
demands. W98/ 57951 descri bes of the syntdygsis of conpounds of fornula I a
and I b as shown below 1 30 Novenber 2004 Procedure la N ~~Nw F Fg
N\ | z \ | ONFFFICEENT fLIQAND=MEDRATEDNJLRMANY @U%W&OFWW&%\%W b FF
HZN\ ~NF HHZN\ OIl ~F O/ Cu OAc Mukotes )z J N "\~\ In procedure |a,
t he resultingsinidazolyl-aniline i's
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:

15
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N
,// NH, L§/ /’/ NH,
O—-N O—N
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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.
W098/57951 describes of the synthesis of compounds of

formula Ia and Ib as shown below.



coupled with 1-(3-cyano-4-fluorophenyl)-3-trifluoromethyl 5-pyrazole
carboxylic acid and the resulting internediate 5 is then converted to the
final product. Procedure la is problematic in that it provides isoners of

t he i m dazol yl -nitrobenzene. In procedure Ib, the resulting

i mdazolyl-aniline is coupled with 1-(3

am nobenzi soxozol -5-yl)-3-trifluoronethyl-5 10 pyrazol boxyl i idto
provide the final product. Procedure Ib'is problenaticgﬁﬁ&?#ﬂﬁBQéédaély
provides a 48.5 yield of the imdazolyl-aniline internediate starting from
t he bromo-fluoroaniline. Many differedt®®iflis of aryl halides have been
used 15 as substrates for the U l,mann-type am nation reaction. This nost

straightforward route to N i n@) aryl i nodazol es involves the direct
formati on of the aromgtic cC onni trogegpond under the catdlysis of a
copper (1) salt w phout) protettion of t he’ ic ino fu 'onali‘\jy. 20
However, there is al no precedent to dhegstly eipl oy u tecfed

ani |l ine derivatives pling partners. The fr NHz funct]i ofaNity on the
aryl halides is reported to have a del eterious %Jrlf@ect (35 - NS’@—[\yll”el ds of
unpr ot ect ed 30 Novenber 2004 aniline substrates vs 75 - 100 yi el ds of
non-aniline substrates or protected anipllig.gubstrates) on the U I mann
coupling reaction (J. Chem Soc. (C 1969, 312). One report reveal ed that
direct coupling of 4-iodoaniline with 5 im dazglg under the Cu(T)-catal yzed
condition afforded the desired 4- am'Fno) aryl{npdazol e only¥in 37~ yield
(J. Med. Chem 1988, &Z, 2136). nthe report Ebservedﬂt at~yo coupling
products was obt ai =® en—unpr of f | uor 0=4-1i ani | i @c xposed to
the Ul mann ether 10>synghesis (Sy#th . 199@3(0&599)- I n thatNreport, the
authors al so found that protection of thefaromatic ‘am no group Nami de or
carbamat e before_being subjected to the Ul nann co {i ng.reaction resulted
only in the cl eaVad¥o6fdtHe IﬁroFE‘éﬁ?ﬁ’flﬁﬁﬁﬁpl%dtaﬁfBE‘? Tad’igrjréflf}o’ns of any
desired 15 coupl é¢qigpipaodich .1-Theegdor-&- faubysstengt i eltdry fStabbmethyl -

2, 5di met hyl pyrrol e deriyative of - that .aniline substrate was_prepared.

Obvi ously, two n%)_rp TEE8pS (PrOretts oar?lgnan%e%feotrgé ?"%lng il§1§gp e(ilatt% t he
synt heti ¢ sequente tihenorderertedf bp miehd inpbrmtdductar byrecrdturegen ior

car bon- oxygen bong, 20, uben hexal a0enaledeaniddesi 5 sed as the coupling
substrate. It can be seen that preparation of factor Xa inhibitors,

speci fically prepeidaziednl ofitapbpyrenmi | LAePTnssiuredPat édheusesultitWerein, is
difficult. Thus,ijhiad-$1¢b-4asiinable dRphibady,afif icient syntheses
azolyl-anilines that are useful in making factor Xa inhibitors of conpounds
like those of fo¥MANICRENFLS%RFOLD” SUNNERY: ERCHIESHRKENTI ON 3~D Accor di ngly,
one obj ect ofot hg/pizesesirbdiyenti &tid ot previid daenpmall progesses for
preparing azol yl-anilines_usin i gand- medi,at ed_Ul I.mann _coupl i ng
reaction. These %’ﬁc’cfegflﬁ%rn%ﬂ]'segfglfi?\%i%&ﬁ ke teégn%nlé’pﬁérf"éﬁ#g%t?ri ng the
foll owi ng det ai | €8l s¢egtelptdfonhe hawviglazednl 3anil3deNoverriredi2004 achi eved by

the inventors' dj y i n% gﬁ§QI -ani |.i | i ke those shown bel ow
(formulas Ila an%jéal(\r%\éﬁé Iff[cﬁgltﬁh\e ~Iﬁxlh0€%\rllﬁq§%:5 Ila I'lb can be prepared
by |igand-accel er at etfaty | fiefifierentigtindg of o prdidet dgvehhpen sifgst i t ut ed

ani | ines and;azol £$upIPisedsS hPerid EhmbhiB e bl SBOBACOURLE NG Of an
ani li ne has been shown to work efficiently without protection of the 10

ani | i ne ni trogen™™iSETAFt B BESERf PMAeN ot PREPERRED EBeDY MENGES ZPRES pr esent
i nvention dennnsiﬂﬁﬂleﬁstiﬁﬂ d@ueE) 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



catal yzed coupling of iodoanilines to imdazoles is 15 accelerated by a
group of hydrolytically stable |igands known to coordi nate Cu(l) catalyst.
The ligands, preferably the alkyl and aryl bidentate nitrogen and oxygen
cont ai ni ng conpounds, used in an equi nolar amobunt with respect to Cu(l)
catal yst, are found to produce the 20 significant rate accel eration for the
coupling reaction. The reaction tenperature (100-130 C vs >15%§F% i
significantly |ower and the reaction time (4-6 h vs 163%Noyem 00
significantly shorter with this |igand-accel erated protocol. And also, the
coupling yield isnilimeovedswates25st he ad@Pti vre ot Pﬁen¢¢:ﬁﬂ%iln¢he pr esent

method is the flél%strr%lgggtsp &%ttté@&:eéalagﬁﬂqn@cg@&rﬁkeg QH loheCal aharged
U | mann coupling of the aryl des to azol es, incl udl ng i m dazol es. Both

Cu(l) salt and I?@&ﬂdn@séﬁa‘?wcﬁﬁg nekeiod SaFe (FedFR- at aPyti cal

amounts (5-15~). réﬁbztth@efaé@yéd)tt&alteaﬂféc&, cbﬁﬁhlr@,l(df)4Cﬂ$d&1a}tﬁﬂ1ﬁ€dw1[ﬂl'gand
were enpl oyed excessively Novenber 0.2 to

i,val ents In
contrast to Bﬁch%%@lFebﬁ‘?"fr (t‘f’@t Fakedicei? %ﬁé cf@@étl% f%%%%’g R%rﬁ ch is
the only report egedi:gands{ acaeen atgtinddagana mwplmngmfymml (al ides to

i mdazoles so fap, .t y one 5 v S | i gand
to pronmote the rlg%% rygﬁm %a&i zf#e? usg‘n efo F% dgeib%gggegft%%e | i gand
with respect to mche:oapq.hjxgqaztcaiu;css Ydetabahéded nwHeat tnpd@gFted02-2657), the
met hod detail ed pf the49%§§oeagqtﬂaﬁgevogg WipBIDL W chlCu AP lRhATDUNE Of

ligand with respec‘f o t er catalyst. In an enbodi nent, the
present invemi oWWWPéeéSH?WéIS p%?ﬁ?eséW%)r melky fhaa ?ﬁﬂ?ﬁéunﬁh%f Formul a

LI (o HZN YRy qefors/ a0 | dduntd cGOTRYcBO: ot UH @ﬁy@gon@rhanamﬁw of
Formula IV with an azole of Fornmula Vin the presence of Cu(l)Xl and a

bi dentate |iganddrque-tR amige |ENFaxpanrephefers, Katap ef HPI st RoFAuthe | v,

fromO0-1 of the garben a&@@ﬁr@r Qeéezpicacedsmtéu N,nl§51hntl'l_'d)l’cﬂubﬁa§é Jdfrom 0- 3
of the carbon atons are rejgO aced w

alternatively, tH &rp6ah rbfgrEBPrf‘ifﬂ‘ﬁlo\‘}t EO‘B%?SW i %ﬁsbrﬁdof t he
carbon atons1®f ¢dhelfindeppeither.edThéersf care aap#da:@edtmamw,stabl@ 3.$-

lected f a SCN. . X2, | f
sel coted [1om Qim0 SR 2 L3 36 e A0 Byl Rha o

al kyl ene-O-C1_4 mesqajredNHzobvNHu(sm deved Imyr? s EasClf p40%1¢¢<‘yl0)12an@1 4

al kyl ene- N2,  Cly4,.al kyl ene- Nd (agékgal éﬂ F&xle)syrﬁhe%lel kybengN¢ Clo Al kyl) 2,

C3 lo car bocycl e substituted wt nber ed het erocycl e

conpri si ng car bo¥P aﬁogmtlamp@mth'ét@Woﬁttw%ﬁéd%@% GYEEn &°nd S
and substitub@d widh +02nR2gREtbs seligateds fusd Hs Gle FoupBingl, Cl_4

al kyl, C1_4 al koxy, Cl ~ alkylene-O-Cl_4 alkyl , NHZ , NH (Cl_4 aI kyl ) , N
( d-n alkyl)2, Wsiré}fﬁyl ene-NH2, Cl 4 al kyl ene-NH(C1_~ alkyl), 20 Cl1_4

al kyl ene-N(C1_4 al kylx);zcaxC?oel @eearbmxy@lrepslbdasuidrﬁ ufeﬂaomd:chxe 2 R3, 5-6

nmber ed het t | ect ed
romN, O and o ERbRT i BLes N beoorer 23b B +LPuB A B PO TG e

Br, I, Cl1 4 al kylnteChediatdeoxpef Tl thealely) emaﬂ@f@lcvlltal Kihjus, NHSLS NH (
G _4 al kyl a 118N, 1 5L % @km g NH
(C1_4 al kyl }5 %Slgab#ﬁat}%#ema %ﬁf%ﬁéﬁy )?AZ/ ancsi ﬁ a 2 IS or 2; and,

are useful in maklng factor Xa 1nh1b1tors of compounds

like those of formulas Ia 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



the bidentate ligand is a hydrolytically stabile ligand that is known to
ligate with Cu(l) and conprises two heteroatons selected fromN and O 6

30 Novenber 2004 In a preferred enbodinent, the bidentate ligand is

sel ected fromtetranet 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 val ents are present, based on the nolar anount of Ll t. In
anot her preferred enbodi nent, the bidentate |igand 10 ﬂ“@k’%@&ggg?g& nol i ne
(HQ) or |, 10-phenanthroline (PNT) and from 0. 05-0.15 equival ents are
present. |n anot RERIPTEE by ERF SYGREPENT A1ERBVETHShBAt e |igand is

8- hydr oxyqui nol i agi 4%}y 1286 fim 0iR5-thoke enstny aeebls (d&manaspresent. In
anot her preferred enbqdi nent, the bidentate ligand is 1, 10-phenant hroline
(PNT) and from O.aﬁ‘g-bt. )5 equi val ents are present. 20 In another preferred
enbodi ment, from 0_01-0.20 equifval ents of Cu(l)Xl areFpresent, based on the
nol ar anount of aniline pr&y 25 I n/ anot her pHef d enbodi nent, from
0. 05-0. 15 equi val ents of Cu{l are esent. In an r pyeferred

enbodi nent, 0.05 equivalents o ) X1 are present. 30 ¥+ anot her
preferred enbodi nent, 0.15 equi vakepfﬂs of Cu(l)Xl are prlgﬂnt. 7 30
Novenber 2004 I n another preferred enbodi nent, the contacting is perforned
in the presenée of from1,0-2.0 #bfar equival ents éfPbase, based on the

nol ar anmount of aphlhd@rREESEN Ly 2ibMndNReEr ML onlRsherdl iBptar t he
contacting is performed in the presence of from1.0-1 %ﬁicra%ui val ent s of

K2C03 . 10 In anBPRERTIEeFedr dth1@THBT menttedt fral oifat 51&Sperfrimed in

the presence of 1s0Ehequir¥al €t aaf KRR cbipbitet BeEr apreafiainednasrbodi ment
from1-1.5 nol ar_ _equi val ents of azaole are_used,. based on t.he | ar anount
15 of aniline prBEERtSPR BATHE eg%%‘fleern?%a' gﬁ%%odll%ngﬁ??e?trl&% fr’LrT?lt- 3, nolar
equi val ents db azolkirsr eitsegen.based on the nolar anount of aniline
present. 20 In another preferred enbodi nent, from 1.2 nolar equival ents of
azol e are used, based on the nolar ampbunt of aniline present, 25 In another
preferred enbodi nent, PREAEFR HECTREFTHONDEF f RFHERRER BHBIYENED| vent. In

anot her preferred embegdi geflent heveRPt AL deROns SrRQLl ehedd(®)a pol ar,
aprotic solvent, 30 In another preferred enbodi ment, the contacting is

performed in DVBEREBLYZeGoCNeREMSe P 200 1aR%t Her 1Pretr et eed *&mbodi ment ,

the contacting i scperdrerardo@ta arbepper abdie1pfidaiom 40034 aigehddux of the

sol vent and the reaction. is_run frogtﬁ t% 34 hou not her preferred
of ed Fr2a'e

. 5.1
enbodi nent, the EBATALT AGOT & BEFs tE'rrp[gflﬁt glr%ar}lo ‘from1l0 to

140C and from 6 ppeflxranaur she 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

20 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 yvield is improved with

25 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

30 catalytical amounts (5-15%). 1In the previous reports,

both Cu(I) catalyst and ligand were employed excessively



In anot her preferred enbodi nent, the contacting is 10 perforned at a
tenperature of from 120 to 130C. In another preferred enbodinent, X is I
or SCN. In another preferred enbodinent, X1 is I. 1S In another preferred
enbodi ment, X1 is SCN. In another preferred enbodiment, Forrmula V is an

i mdazole; 20 alternatively, the conmpound of Formula V is a benzo-fused
imdazole; Rl is selected fromH d, F, nethyl, ethyl ropyl

met hoxy and, nethoxynethylene; RZ is selected fromH, %@N@B’ "Wf;%oﬁgw
NHz, CH2NH2, CHzN ( CH3 ) z , and henyl ; and, 30 r isl. In_another
preferred enbodi ARt tot Heoc%ﬁéf&ﬂiﬁn‘b? FolRuFerirastste fudiaddffom 9 30
Novenber 2004 5 FedM#z hizbktadedron Le&A/ llsblbIZ 40, 28Bd), tvhﬁcelompoum of
Formula V is selected from Pené HN- ' ~ HN- ~ (p\i F

anot her pr ef er r et~ en368PHER |1 1ER dﬁoﬁfﬁé’&ﬁ(‘ﬁa'b?d I*HTlﬁ‘ﬁP% 5 §ng16 If‘rﬁ%N \
'V and, the conpeandiesf t&ormmdazoVes 5scseflaectemlsf m@rhod ll\é“ed'lNﬁlﬂl\br‘H:N ~N 15 V.
I n anot her prefer enb d| nent, .th o nd_of For 20 S N~ HN
(\ .N" % an%‘flh PP s byt #O oénoggnpoun fL' Bormula Vis:

I n

eferred “8fbot ,
11J 30 Noverrbexnszwﬁ bl[\l ¢ UseDEFI NI 'ﬂomlse&e@ gSethddrigind vhteh f ol | owi ng

terms and expres§é§ﬂg%t to the Cu(I) catalyst {(Tetrahedron Lett. 1999, 40,
2657), the method detailed of the present invention
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 III

ITI
15 comprising: contacting an aniline of Formula IV with an

azole of Formula V in the presence of cu(n)x* and a

Rl
HZN\(\ﬁ ) r HE N
] / ~
. XZ

20 v A

bidentate ligand:

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;



have the indicated neanings. It wll be appreciated that the conpounds of
the present invention contain an asymetrically substituted carbon atom
and may be isolated in optically active or racemc forns. It is well 10
known in the art how to prepare optically active fornms, such as by
resolution of racemc forns or by synthesis, fromoptically active starting
materials. All chiral, diastereoneric, racemc forns 11 geo ric
isoneric forns of a structure are intended, unless thg&SBEWPFﬁE”%@b4
stereochem stry or isonmer formis specifically indicated. The processes of
the present invemtiGRasteebontt@RPF AR CoOheF Pt ¥eth difrar-Ferd a

mul ti gram scal e, Kil ggram 563 enentAdde heghasseakesii-nichBUstd ialngscal e.
Mul ti gram scal e, as used herein, is preferably the 20 scal e wherein at

| east one starting mBE&rTRIFEDFESRAY in 10 grams or nore, nore preferably
at least 50 grans or nore, even nore preferably at |east 100 granms or nore.
Mul ti kil ogram scal e, as use erein, LS iptende o0 nmean the scale wherein
nore t han onggkifzéﬁaﬁ?%<: g FE%%fHUnErZSPSfﬁgag%%‘naterial i s used.

I ndustrial scale as used herein is intended to nean a scale which is other
than a | aborator a ] J ufficient to supply product
sufficient for é¥1%grégkgﬁ%ggfkﬁgé%iogriﬂistribution to consuners. 30 The
term"substituted,” as used herein, means that any one or nore hydrogens on
the designated ajonis.rRRlAcCeMH Nea, sel egtieon &rommibhe, ind] caked, group,
provi ded that the designated atom's normal valency Is not 11 30 h%venber
2004 exceedet and t Rat %H§ﬂ§ﬂss@ﬁ%utPéhYFe§ﬁ#tsN%Hha sthplle dYfpound. Wen

a substituent is ketaikjig,, cEOalxNene dullydepgenkydbnd her @, gnuakel) ,

repl aced: Reto substituents are not present on aronmatic noieties. Wen a
ring system5 (e.qg., earbdEPFENEr-hétsY bty cfiey PEPSN TR 0 be substituted
with a carbonyl groupupstiaxutedbvetband, rit 5-5 natendadhtbatodyhaecar bonyl
group or doubl e bond be part (i.e., wthin f. the ring. The esent

i nvention is intendeﬁo?%f%%ﬁ¥ha%§%fiaf m?s%‘%ﬁéé g?t%ﬁoﬁfmgc%%%¥ﬁﬁ§ in the
present conpbunds. | $obmpes O, nehdde andosebsitioms.elawi iy Ot-BeRYane at omi ¢
nunber but different nmass nunbers. By way of general exanple and w thout
limtation, isotgpes of hydrogen include tritiumand deuterium _|sotopes of
carbon include &13sajrlected. tuom Wieil arfy Bari &blG-{ ellyl. R« adkors nore
than one tine in anycggn§phhgggtogﬂﬂjQQQyigIﬁQ;]@{@QQpQManllhchgfln|t|on
at each occurrence is_independent. of its definition at every other
occurrence. Thus, foPiE%Bpl e+ iF K lgrouRkr sCshAMY e Ha " Gbst fHEtEd with
0-~ R1, them®0 sai dcgr apkyreyeoptd;onalikylbe substhibéediai th up to two Rl
groups and Rl at each occurrence.is selected independently fromthe
definition of RI. AI58?5%%ﬁﬁﬁﬁay}%h§"gfSSU§§Fi?ﬁ@% §ga.%ﬁ%?x9§gkables are
perm ssible only if soodricimbi catbhonstpesurtd L4 shatdreaconpoiridste@s Wien a
bond to a SUbStituenkréﬁ]éheMﬂaA%5&%9359%xQ9Qﬂtggﬂﬂﬁ§}bDS two atons in a
ring, then such substituent may be bonded t. 0o any atomon the ring. Wen a
substituent is listed without indicating the atomvia which such

substituent jss honded:diectbe &3 c@f #hascompasnd akya, 39 Qiav&Bxf or mul a,
t hen such substituent may be bonded via any atomin such substituent.

Conbi nati ons of substi-t s eBa) dr-wvatFabl &8 afl (ferni oilbl-eNéAy if such
conbi nations result hnkst)gbl@ _gcenprouass.nul? ¢, 381Npvamet (2004 As,1ysed
herein, "al kyl" or "al kyl ni" S 'ntenfe to i nclude both branched and
strai ght-chain saturﬁ%é&”%?‘ﬁﬂ%ﬁf tyd PhotY Beps having the specified
nunber of carbon atons. Cl1_~o al kyl (or alkylene), is intended to 5 include
ClL, (2, CS,.ﬁﬁ,IQQE gﬁ&rg;,_g?, Cg, and Clo al kyl groups. Exanples of al kyl
i ncl ude, but”aré not |9 ni4ed fo, nmet hyl , ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, t-butyl, n-pentyl, and s-pentyl. "Hal oal kyl" is intended
to include both hra d | ght ' Al i I5C

hydr ocar bon gro&%f ﬁ%@%ﬂﬁégh%§z%g%? i%ggﬂﬁﬁ%g?gg§ﬁ%§§6%%l€%éﬁgékgubstituted
with 1 or nore hal ogemY figr kexenpoe ligaFaywilibr @u ()= andt eomPraggswieo 1 t o
(2v+1)). Exanples ofphalakkyl ddickvde, syl yakganot limited to,
trifluoronmethyl, trichloronethyl, pentafluoroethyl, and 1S

pent achl oroet hyl . "Al koxy" represents an al kyl group as defined above with
t he indi cated nunber of carbon atons attached through an oxygen bridge.

Cl Ip alkoxy, is intended to include C1, &, Cc3, Cy, C5, C6, C-, Cg, C9,
and C p al koxy groups. Exanples of al koxy include, but are not 20 limted
to, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-butoxy,

n- pent oxy, and s-pentoxy. "Cycloal kyl" is intended to include saturated
ring groups, such as cycl opropyl, cyclobutyl, or cyclopentyl. C3_~

cycloal kyl, is intended to include C3, C4, C5, C6, and C~ 25 cycl oal kyl



25 the above-defined heterocyclic rings is fused to a benzene ring. The
nitrogen and sul fur heteroatons may optionally be oxidized. The

het erocyclic ring my be attached to its pendant group at any heteroatom or
carbon atomthat results in a stable structure. The heterocyclic rings 30
described herein may be substituted on carbon or on a nitrogen atomif the
resulting conpound is stable. A nitrogen in the heterog e iLonal |y
be quaternized. It is preferred that when the total ndﬁ%gkwﬁgﬁér%ﬁh4c>atons
in the heterocycle exceeds 1, then these heteroatons 14 30 Novenber 2004
are not adjacent to one another. It is preferred that the total nunmber of S
and O atons in the heterocycle is not nore than 1. As used herein, the term
"aromati c heterocyclic group” or "heteroaryl"” is intended to nmean a 5
stable 5, 6, or 7-mendereBrREHIEICEIROGmBitey ERF Pigientaty ligang, is

10- rrenbe(rjetil bi cyeéigcmﬁi ﬁw@y@éd@mamﬁ:géﬂ}@lsha@ilamﬂr@r <cmm§>i ,fst s of hcar bon
atonms an , 2, 3,,0r. 4 heteroatons ependent selecte ramthe group
consi sting ong, %?—1,‘%%&5%{ P g {3%‘ Oﬁgﬁ‘éﬁ‘%/ © ?Bé?)o’t zfin%nunber of S
and O atons in thelarm@bhehheliereo¢yste darsl iobm NOroa-vhan dguikxaaptes of

het erocycl es include, but are n limted.to, acridinyl,.azocin

benzi m dazol yl , Séﬁi%FﬁFQHyl?a‘%%?St |%€%?§ﬁy?Tmﬁ%h£%tﬁ?%5ﬁ§h§F¥SéHt'
benzoxazol yl, 15 benzoxazolinyl, benzthiazolyl, benztriazolyl,

benzt etrazol yl . benzigpxagenyl o enzioptdaachsls, REAZLIGAAZAL 1Yl
carbazol yl, 4aH-carbazolyl, carbolinyl, chromanyl, chronenyl, ci nnol
decahydr oqui A8l i Ag| 8-Idrervquisicdiget Qi iyl 1. PO-phenanthroline (PNT)
di hydrof uro[ 2, 3- pL§ et gy dpofdnanech iAW s Ebé gfaRhe i M dazol i dinyl,

i m dazolinyl, imdazolyl, 1Hindazolyl, indolenyl, indolinyl, indolizinyl,
i ndolyl, 3Hindolyl, isatinoyl, isobenzofuranyl, isochromanyl,

i soi ndazol yl, isoindald Bybthés @irddelydd dmbogumedd,i ik, bidaitairazolgdna 25

oct ahydr oi soqul noF | PR RATEEAIT. 3. 4 BHR0PY 0 & 2a B ol y1

1, 2, 5- oxadi a6l yhre Inx¥sénoxadi azol yl , oxazol i di nyl, oxazolyl, oxindolyl,
pyrim dinyl, phenanthridinyl, phenanthrolinyl, phenazinyl, 30
phenot hi azi nyl, phenoxat hi nyl, phenoxazi nyl, phthal azi nyl, piperazinyl,

pi peridinyl, piperiddmykenogagy peeifdonsd emppgangtyl thptlerdaditayk, 1pgandyl ,
pyranyl, pyrazinyl,; py-aaehdMimvhinPY#&9! LAY! srRyhagolylys pyridazinyl,
pyri dooxazol e, pyridoi mdazol e, pyridothiazole, pyridinyl, 15 30 Novenber
2004 pyridyl, pyPEM@iieprEs 3/ PEEFER Ayl , pyrrolinyl, 2Hpyrrolyl, pyrrolyl,
qui nazol i nyl 2oqui nol i nyl, 4H quinoli zinyl, quinoxalinyl, quinuclidinyl,
tetrahydrof uranyl, tetrahydroisoquinoljnyl, 5 tetrahydr i noljnyl,
tetrazol yl, 6FL1,2,5JFhFﬁég§?iﬁ?g?eﬁf?é:é%%ﬂﬁﬂﬂ?gio?§¥T ?ﬁgf@:%hiadiazolyl,
1, 2, 5-t hi adi azol giyivk13ndstdi amhi(azrpl yre phésnithr bayéd dohitdzohglar t hi enyl

t hi enot hi azol yl, _t hi enogxazol.yl , thi enoi m dazolyl, thiophenyl, triazinyl,
1,2,3-triazo|y|,a?fyéz f?4§?#%%§§oP§??e%E'2,5-triazonI, 1,3,4-triazolyl, and
xant henyl. Al so included are fused ring and spiro conpounds containing, for
exanpl e, thejabove heteraomel,es, Ihe dLaRLLANRM!, Eh6nSYHshgtie methods
clainmed herein are preferably carried out in the presence of a suitable 15
base, said suitapfelvFdsetpethGudAyXoPra RERSEy of bases, the presence of
which in the reaction facilitates the synthesis of the desired product.
Sui t abl e bases may be sel ected by one of ski|J]l in the art of _organic
synthesis. Suitabl e JRs@8B°FhRY Rgefeprd gPROAUIENY nPt By SR IVRAST gafifc bases
such as 20 al kal ¢u Al aral¢akenearth netal, thallium and anmoni um

hydr oxi des, ékoxides, phosphat es, and carbonates, such as sodi um

hydr oxi de, potassi um hydroxi de, sodi um carbonate, potassium carbonate,
cesium carbonat e, thakhl aumtierdpoxtee;ed kabbdinantar DoMateeuivalents of
tetra-n-butylanngﬁgﬁ carbonate,, and 25 ammoni um hydroxi de . The reactions
of the synthetic hods ¢lFaried herein are carried out in suitable
solvents which may be readily selected by one of skill in the art of
organi c synthesis, the suitable solvents generally being any sol 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 may range fromthe solvent's
freezing tenperature to the solvent's boilfng temperature. A given 16 30
Novenber 2004 reaction may be carried out in one solvent or a m xture of
nore than one solvent. Depending on the particular reaction step, suitable
solvents for a particular reaction step nay be selected. 5 Preferably, the
contacting is performed in a suitable polar solvent. Suitable polar
solvents include, but are not Iimted to, ether and aprotic sol vents.
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Sui tabl e aprotic solvents may include, by way of 15 exanple and w thout
limtation, tetrahydrofuran (THF), dinethylformam de (DW),

di et hyl acet am de ( DVAQ),

1, 3-dinmethyl -3, 4,5, 6-tetrahydro-2(1H)-pyri m di none (DVPU),

1, 3-di net hyl - 2-i m dazol i di none (DM ), N-nethyl pyrrolidinone (NW),

formam de, N-nethyl acetam de, 20 N nethyl fornmam de, ac itrile,..dinethyl
sul foxi de, propionitrile, ethyl formate, nethyl acet at&?%ﬁﬁmﬂr&ogﬁcet one,
acetone, ethyl nethyl ketone, ethyl acetate, sulfolane, ) )

N, N- di met hyl pr opi onarffd@nethar Qﬁﬁ%/ﬁ‘ir‘fet?r SRR T met Rarke At HoBelzene, or
25 hexanet hyl phosphor-asiden, (D¥NBEHESHS cThe pracasses.ofndie present

i nvention can be practiced i n.a nunber of s dependi ng .on_.t he. sol vent, 30
base, chiral nod® ‘Etvé‘ﬁ?n%oo{é’ﬁﬁ&arﬁf)?ﬁeél 8ﬂ\3§%%.m°§§ro?ﬁ%o ¢ 8%?%1151)}1%“ Il in’

the art of orgampgessymat hesi s recognizes, the tine for reaction to run to
conpl eti on as, well as yield and enantioneric excess will be dependent upon
all of the variables selected. 17 30 November 2004 Aniline substrate:
Under the sane react ilonacoridizt borfertdie epbo@inend . r ehetdatranting i igdoani | i nes
as the substrat eﬁef’?o%m‘ééi“%@' drR BeiARILL et PAG, Uhat 14 thnliR816REL &3PONdI Ng
bromoani lines 5 as the substrates. This reactivity difference between

i odoani | i nes andk#Penpanilines is found to be even greater without |igand
accel eration. Wthout the |ligand accel eration, the coupling of

bronmpani lines to azoles takes 24 to 48 hours,to conpletion while the
coupling of 19 i odoadP pRRSSOPESEFELT STREIIE e FR® 1IRPOCHIBT s*Sat t he
same reaction tepheicatdaeid k2Q- $30s&dce HEWRVET ,equllea Tantd ofigrya@act i on of

ei ther iodoanilines or bronmoanilines to azoles is significantly accel erated
when an equi nol ar amount of |igand, such as 8-hydroxyquinoline, is

enpl oyed. 15 This |i gandnatsel eratéxred smbspipanal, | yromeraiik&bheldor t he
bronoanilines. Wth . t eré?ddc; ion, of  the |igand, st Qg {_;%y h0g reaghion of

I
br omoani | i nes to 11 dazol es rgégpies corrplaeti onin hours at the sane
reaction tenmper aturr@ilir@-r3®e@y- Therefore, with this ligand 20
accel eration, both iodoanilines and bronoanilines are suitable coupling
substrates, even though the former substrate provides 'the faster reaction
rate. The preferred dab3eetied Pseheryssdeaprdin@t ch{ lcirat yst™°85 The
Cu(l) catalyst ispprefiereblor az6uéladresakbasadpekiednf frammousl, akaibi,
CuBr - SMe2, CuSCN, Cul, .and CuOTf. More preferably, the Cu(l) catalyst is
sel ected from Cuth 2N¢dERR PEESE Eul. A nore preferred Cu(l) catalyst is

CuSCN. Anothee nore preferred Cu(l) catalyst is Cul. 30 The anmount of Cu(l)

catal yst used depends_on the sel ected st ¥ terials.,a action
conditions. Prefer abﬁt)r/l, a ?tgqn%ropﬁi,geﬁegz?g%(.g%]g'%ng?ogf&‘g.log, Hgl% , 0.07,
0.08, 0.09, 0.l OsGvalen®s |E a@ol8, ax® luged Heped0on the mpFar Cam@int), 19, to
0. 20 equi val ent Sonaanﬂﬂlééraers%nlg 30 Novenber 2004 present. More
preferably, fromO0.05, 0.06, 0.07, 0.08, 0.09, 0.10, 0.1, 0.12, 0.13,
0.14, to 0.15 equivalents of Cu(l)X are present. An even nore preferred
anount of capgl yst i gn0,Q5 1RGUpVEE &ML eMPOIIRLLEVER: Tdheapt Bigried 5
anount of catalyst is 0.1S equivalents. For large scale reactions, it is
preferred that aFFCroedseGuPILremEV6Ptcul is used. Ligand: Rate

accel erations have been reported in the 10 industrially inportant U Il mann
et her condensation reaction. Seveéaﬁlaﬂ%i ffer(%nt Ki nt(:ié of ngerggmri1 c im)l ecul es,
such as al kyl format é8 FroHHpPEeat ERPHOEA St e AN PRy DS aryl
nonodent at e and derdentad eimiat pofi@n/ Gpygenc carltvenni ng conpounds, were found
to be able tg,affect the 15 catal yst (copper(l) salt) conpetency in the

U | mann condensati on reactions. Those conpounds are found to possess the
ability to |ligate théncopparfl pretialedsembidpwenty , theheobkhawing dsupl i ng
reaction is nor C under the basic condition, the lIigand used
in 20 this reacﬁégjﬁ?gr%%g?%? t(g)r?qg?'rmst be stabl e enough to coordinate the
Cu(l) catalyst. A bidentate ligand that is a hydrolytically stabile is
useful in the present invention. The ligand should Iigate with Cu(l) and
conprises two heteroatons selected 25 fromN and O Preferably, the

bi dentate ligand is selected fromtetranethyl et hyl enedi am ne (TMED),

2,2 -di pyridyl (DPD), 8-hydroxyquinoline (BHQ_), and 1, 10- phenant hrol i ne
(PNT). More preferably, the bidentate |igand is 8-hydroxyqui noline (HQ.) or
| , 10- phenant hroline 30 (PNT). An even nore preferred bidentate ligand is
8- hydr oxyqui noline (HQ). An even nore preferred bidentate ligand is

1, 10- phenant hroline (PNT). The anount of bidendate |igand present should be
approxi mately equivalent to the amount of Cu(l) catal yst 19 30 Novenber
2004 present. Thus, from 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,

~ NN ~ AN ~ A oA ~ AN ~ AN ~ A A ~ A - ~ A~ ~ oA — ~ AN ~ AN v ~ NN



5 0.06, 0.07, 0.08, 0.09, 0.10, 0.11, 0.12, 0.13, 0.14, to 0.15 equivalents
of bidentate |igand are present. An even nore preferred anount of bidentate
ligand is 0.05 equival ents. Another even nore preferred anount of bidentate
ligand is 0.15 equivalents. For |large scale 10 reactions, it is preferred

t hat about 0.05 equivalents of Cul is used. Base: In this Ul mann coupling
of iodoanilines to azoles, a base is preferred to sca th i,tu
generated 15 hydrogen iodide (or hydrogen brom de). §QB§WP %Fﬁggaﬂase can
al so serve to deprotonate the azole to formthe correspondi ng azol e ani on,
which is a nore reacti®va e PRGEIBEIIhEFPOBHRTH-ably T EChIBe 1%

i norgani ¢ and nDpér fyreear ablay t\éﬁgkra&{&@%faﬂﬂomma 86 erdIekest echdases.
20 Pot assium carbopate is_preferred. when a %% sol vent is used.
CESrunrcarbonateS?‘“ﬁ?e?@?r rFaSUF¥§§Sp5P :%?Eénr gﬁf is used. The
anount 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 nglar eqqrvghg% B %gfgpre p&ggg amy 1,9 1.2:8 and gven nore
preferably 1.05. In Iarge SCAl BT eac ions, Tt 1S pre erat1 % uSe about

| . 05 equi val ent speffdA€B3at MbltenRata 1 ref OAnfmrmelltOotAzbq(b’C #hé Toupléi ng
reaction proceed§oeﬂpg$gkg.mhen the 30 equal nolar substrates are used.
However, a signifticant anount of the unreacted iodoaniline is usually
recovered. Therefore, it is preferable to use a slight excess anmount of the
azol es. The nolar rati0,9bcHdie p@BELHNR LAbEdDhd, StRE &ffc@abkynd il 1, 1.2,
1.3, 1.4, to 1.5. Mre 20 30 Novenber 2004 p referabIIy:3r the molar ratio is

from1.1, 1.2 tBeEoamegRh SorBPRTEfEraBf ytr the 2foFar' %o is about 1.2.
Sol vent: Pol ar solvents can be used |n the present invention. 5 However,

pol ar, aprotic solvents ar refe js a preferred pol ar aprotrc
sol vent. Under the tﬁ@rﬁﬁ?qb nBF?% dtnggg?kﬁ%ﬁﬁ &prit ifc® Edﬁ@%nt pronot es

the deprotonation of the azol e by the i norgani c, weak base (KzC03) to its
correspondi ng ani on, Lehids BEQY%Qed e?ﬁ Qm§ﬂe petiter coupling partner.
A et hyl ene gl ycol errva I VEs, “suc ene egcoI monoal kyl et hers,
are al so suitable solvents for this couplrng reaction. Even though these
sol vents did not givent he,eht %gef&ggéldt SmbQdinddicS gOoYRl kRg. reaction
conmparing to DMBO, their free 15 hydroxyl group does not interfere the
azol e coupling with iodoanilines. Wth DMSO as sol vent, the reaction
concentration is pre&gréﬁﬁﬁhé&rggéébﬁiéhoeﬁb£HﬂﬂenWh6ﬁo£M£iQ irsigisged on | arge
scale, the preferred concentration is 1.0 M 20 Oxygen, particularly the
di ssol ved oxygen 1 #W2fRe® 50l vent, was found to interfere the coupling
reaction srgm)frcantly First, it deactivates the catal yst by oxi dati on of

copper salt. Secgondly {&ecoulg oxrdb%g th E%gdo nilines., T QL8 this
U | mann couplrng reac Ton 2L 8 pre eragly conduc ?ed strrc??y under a

ni trogen at nosphere. ifedggrarlature and Reaction Tinme: The U | mann coupling of
i odoanilines to azoles is a thermally pronoted reaction. Thus, it is
preferable to 3~ run the coupling reaction under heat. Preferably, t he
contacting is péetfoF mslested ?@Wb@ra@hréﬁoF@Fthafﬂ@@ﬂtolﬂeﬁﬁﬁ% of the

sol vent and ihe reackhbORohs ahdN AdPdmbon2dndours. Mre preferably, the
contacting is perforned at a tenperature of froml10 to 140C and from®6 to
15 hours. 21 30 Novenber 2004 Even nore preferably, the contacting is
perf;)r med at a trérrpersadluarcﬁe@fflfcrnom 1x2e£)crty;1f 13Q§ko§&ﬂ{ikmi, Thenmor k- up or;] t he
coupling reaction ca rel at ifficult and time consum ng. The
desired coupling progﬁgvcgg $I§% é g hilic material. Therefore, the
anount of the aqueous solutron used for quenching the reaction is
preferably ag smmll  as possible and the organic solvent extraction process
is repeated 10 several times in order to get the good recovery of the
product. In a typical work-up process, a saturated NH4CL aqueous sol ution
or a 14~ aqueous NHAQH tﬂgrogréf%&égdexrbﬁodqrreﬂeh dae chgslipucand to
renove the Cu(l) cataly 15 formn wat er sol ubl'e copper conpl ex.
The aqueous soIJPF@H1¢eUb§ﬁaF¢§eQ9@dréé@ed with an organic solvent, such as
ethyl acetate, several tines. Approximtely, 90950 of the desired coupling
product can be recovered fromthe reaction m xture. Activated carbon is
enpl oyed, if 20 necessary, to decolorize the organic extracts. Pal eyell ow
to off-white crystals are usually obtaineg 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 fromone sinple 25 recrystallization
of the crude material from an organic solvent or an organic sol vent system
such as ethyl acetate and heptane. Ot her features of the invention wll
beconme apparent in the course of the follow ng descriptions of exenplary 30
enbodrnents that are grven for |IIustrat|on of the invention and are not
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30 Novenber 2004 EXAMPLES r,<rT",.r,. r ,

1- (4- Am no- 3-fl uor o) phenyl - 2- (N, Ndi et hyl am no) net hyl i m dazole (9, 9). 5 F
F H\~ ~N\ ~N + N KZC03 (1.1 equiv) Cul (0.05 equiv) ~ N Me~N~Me DMSO,
120-13 C N 8- hydroxyquinoline ,N, (0.05 equiv) Me M 1 4 69% g C6H5FI N
CgHN3 G pHt 5FN4A MW 237 MV 125 MW 234 Substr at es/ Reagent sSMAWM V .

nmol nol / nol 123771.1 g0. 3 nol 141254t . 25 g0. 33 nnll.lCuI%&?ﬁ.SS %p.Q684

nol 0. 05K2C03 (powder, -325 nesh)13843.47 g0. 315 ovember

mol 1. 058- hydr oxyqui nol i ne1452. 18 g0. 015 nD&Q.OSDNBCBOO m. To a 1.0 L three

neck round bottom fl ask equiﬁgfd ith a magretic stirref, and a thernocouple
was charged 2fl uoro-4-i odoanit 1, 71. , 0. , 2-(N, N 10
di met hyl am no) net hyl i m dazol e ( . 25 3 no ;1 equiv), powder

K2C03 (325 mesh, 43.47 g, 0.315 mol , ' 1. 05 equi v), 8-hydroxyquinoline (2.18
g, 0.015 nol, 0.05 equiv), and anhydrous BVSO (300 mL, 1.0 M at room -
tenperature (22-23 C) under Nz. The m xture was then 15 degassed three
times with a vacuun nitrogen cycle ending on nitrogen before being charged
with powder Cul #.8%5hg, cauw@usdnef Forgdacyuis/seleneed d&59Mti ng reaction

m xture was degassed three tinmes again wth a vacuun nitrogen cycle ending
on nitrogen before being warnmed to 120- 125pfey1 20 Tnlhen the r i on was
deenmed conplete aftelN"d6 h atHﬁzg:ZS {Novermbg 004 1 2R€ (1 A~ c 5~ at
254 nmvia HPLC anal%§y§), t he k browg Neactio 'xture\$és cooled to
40-50 C. A 14~ aqueous NH40H solution (600 nL, prepared from 28~
concentrated ammoni um hydr oxi de sol ution) vwas then added S to the reaction
m xture at 40-50 C, and the resulting m xture was agitated for 1 h at 20-25
C. The mixture was then transferred into a separation funnel, and the fl ask
was washed with wat efin(&other nnefended] epbedieat( EEIGAEOMPORNAIIE The
aqueous sol utione s 1Lhep extracted with 10 EtOCAc (1 x 1000 nL and 2 x 500
m.). The conbi ned ethyl acetate extracts were then washed with saturated
NHOC1 aqueous solution (2 x 200 nL), dri ed fover MyS04 (30 g), filtered
through a Celite bed, and concent r at ed™ uo at 45-50 C. The residual
slurry of the crude 1-(4-amno 15

3-f 1 uor o) pheHyl - 2- (N, N- di net hyl ani no) net hyl'i m'dazol e (9) in about 200 niL of
et hyl acetate was subsequently warned to fmeflux (77-78 C) to give a brown
to black solution. Heptane (80 nL) were then added to the solution at 70 C,
and the solution was cooled to 45-50 C before being 20 treated wth active
carbon (charcoaland ghe cHwwonnstof &onaslaaf iedsebertedd dxomgain for 1 h
before being filtered through a Celite bed at 50;55 C. The Celite bed was
washed with 20 nL of ethyl acetate, and the copaped filtrates and washing
sol ution were poured back into a 2hne{ ean m. round bottom flask. A
total of 120 nL of ethyl acetate maémﬂhen dMgﬁNlled off in vacuo at 45-50
C, and an additional 100 nL of heptane were added into the flask at 50 C
The m xture Was then gradually cooled to 20-25 C and stirred at 20-25 C for
1 h before being 30 cooled to 5-10 Cfor 2 h to precipitate the desired
product, 1-(4-am no-3-fluoro)phenyl-2-(N, N-di met hyl am no) - net hyl i mi dazol e
(9). The solids Wweerscthd eceédrbsd fenbpainerdn &hd vrrsieeddwpt Fguleyyy) of
tert-butyl methyls.ether (TEVE)/ heptane (2 x 20 nL) before being dried in 24
30 Novenber 2004 vacuo with nitrogen purge at 40-45 C to a constant weight.
The first crop of the desired &
1-(4-anino-3-f|uoro)phenyl2-(N,N—dinethngﬁiﬁo)nethylinidazole (9, 42.3 g,
70.2 g theoretical, 60.30 was obtainedHE;kgale-yeIIOM/crystals, 5 which was
found to be essentially pure (> 99.5 A~ > 99.5 wt~ by HPLC) and can be
used in the I 'owi ng reaction without fugther purification. The conbined
not her |iquor and washi ng solution was theh concentrated in vacuo to afford
the second crop of the desired product 10 (9, 6.2 g, 70.2 g theoretical,
8.8~; a total of . 6 i.el I C t . e i ly pure
9 was obt ai ned blf rgg((lz?%ésrfggl)efézlxzﬁqﬁﬁﬁg¥§%rﬁ%wérE%i ‘?"?’F’Sﬁ?e‘?%&?’l’:ﬁ‘égie and
heptane. For 9: White crystals; np |25 C (ethyl acetate/hexane) ; CIMS mz
234.9 (M++H, d 2Hi sFN4) . 15 L' ~VITAT)T L~ 7

1- (4- Am no- 3-fl uor o) phenyl - 2- (N, Ndi net hyl am no) net hyl i m dazole (9, 9). 20 F
HzN F HN ~ KZC03 (1.1 equiv) ~N I \ ~N C140(0.15 equiv) ~ N Me' N~Me QVBO,
125-130 C NI 8-hydroxyquinoline ,N (0.15equiv) Me ~Me 1 4 76/ 9 CO6HSFI N
CsHNs G 2H-5FN4 MWV 237 MN 125 MW 234 Substr at es/ Reagent sMAM V

mol nol / nol 12374. 74 g20 mol 1412S3. 00 g24 mol 1. 2Cul 190570 ng3 mmol 0. 15KZCC3
(powder, -325 nesh)1383.04 g22 mmol 1. i 8- hydr oxyqui nol i nel45465 ng3

mrol 0. 15DVBQO20 L ' '



25 30 Novenber 2004 A suspension of 2-fluoro-4-iodoaniline (1, 4.74 g, 20
nmol ), 2-(N, N-di net hyl am no) net hyl i m dazole (4, 3.0 g, 24 mol, 1.2 equiv),
powder K2C03 (325 nesh, 3.04 g, 22 mmol, 5 1.1 equiv), 8-hydroxyquinoline
(465 ng, 3.0 mmol, 0.15 equiv) in anhydrous DVMSO (20 niL, 1.0 M at room
tenperature (22-23 C) was degassed three tines with a vacuum ni trogen cycl e
endi ng on nitrogen before being charged with powder

0.15 equiv). 10 The resulting reaction m xture was degégég?yel"%@ﬁq%

again with a vacuuninitrogen cycle ending on nitrogen before being war rred
to 120-125 C. Wien the reaction was dee onplete after 6 h at 120-125 C
(1 A~ < 5~ at 254 nmvia HPLC anal ysis), &)@ dark brown reaction m xture
was 15 cooled to 40-50 C. A 14~ aqueous NFROH solution (20 niL, prepared
from 28~ concentrated ammoni um hydr oxi de sQl ution) was then added to the
reaction m xture at 40-50 C, and the resulting m xture 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 with water (b@roijTmmd et hyl acetate (EtOAc,

m.). The aquepus sol t|on s_then xtra ed. w The
conbi ned ethyl acet ag‘ trglv\/ereethe%&was e erm% ar}sdage%f')a? dl(ﬁﬁélCl
aqueous sol uti o xh201m;)catddlre@hrames MyISO4,1 1f bet mpreckc2B6tedirtdwgh a
Celite bed, and 4 T idyal slurry of
the crude 9 in a out%%%&%{(% folf %%gg%lgtgn\a%s?%ﬂbggraﬁgﬁlt Igg warmed to
reflux (77-78 Caswwgtyecallyr @uhsnﬁlﬁleécizawfmalt@ﬂ: hiRHePE20 ) were

then added to thesakubion @kid0iGy RAGvENE: Salikionsdag 39:cooladat o 45-50
C before being treated with active carbon (charcoal, 0.5 g). The m xture

was war med t 8 r R agabhe PEE 1oW %Pc‘ifaéab%l%lf:?%{%raé&lf’ﬁr Bugha Celite

bed at 50-55 C. dhe 8l b erdseduvasn WEshedemid Folfisndr iy ethae@c;;et ate, and
the conbined filtrates and washi % sol ution 26 9 Nq} ﬁ 2904 wer e
poured back i nt P cPBEFCAIY AELHBUMT BELPDAFTEIRS A Aldt SPBFL 25 L of

et hyl acetate vvacslatsheaedhé;iucl I edcaiifc |fnrmaoami aﬂl4@e<5ﬂat®,1camsiom1add| tional
20 nL of heptane. were dde 9, th t. 5 T Mas then 5
567 75 E75h cafBeo g onzes B RO

gradual |y cool e YStiTTed ore being
cooled to 5-19D @ﬂ@eozhémltatrwr eti piamerefohe despredf bradducingdatefhe sol i ds

vere coll ected by fikhEalipn.and yashedopidh20nyEtion aket ert-butyl et hyl
ether (TBME)/ heptane (2 X 20 nmL) before being dried in 10 vacuo with

ni trogen purge #OMUEIBBLATEG §oabe At eRerymt. 1TRRE Fe &4 Bduct (9,
3.56 g, 4.68 g thegketifAlgrafbsda@s robtakedras pedr:syell onaedrskal s,

whi ch was found to _be jdentical in every co%arab e aspec% Wi th tge sarrpl e
made from exanpl¥3te MR ChoEaR & AU, 0'BE TS B EERETH Y §iife and
can be used 20 tdwmikoWherdingakeneddtopnei tottinbundberigiuisf boaddnaninwlVvhr ~
*Z 1-(4- Am no- 3- uoro henyl - 2- math equiv) ~N
|~ +( ~~ CuU (0 d gp I%Nef 5N 5@?3%%?5%53%9%~ O§§ y%rog)rxygw nz)l i ne
(0. 15 equiv) 75%d\t®~|\|8\ler5 i@ e Qe HSFI Y bCS HANZL @s6 HE-OF Nexr alfd/ 28 7mdiA/-68 MAL91 20

Subst r at es/ Reag 5 1 4 0 nded to mean
2- et hyl i ni dazolergltg g}éamoggyjrélrr%l&%%é r%riﬁéé En?m?llrgt% SvD @ 3 (powder,
i

-325 nesh) 1383. U@GgEQathIEBDHW%%%mW 9&5@!653%@3 ﬁ%ﬁrfo °PSDVEO20 Nl

27 30 Novepgers2Q04n %Ac%%ag 141%51@60%9&115&&&1%&@_@ b8 eX&Me@en
2f luoro-4-iodoanjline (1, 4.74 g, 20 nmmol ). and, 2nmethylim dazole (5, 1.97 g,

24 mmol, 1.2 eqLﬁsvjmﬁE?%edc(Fﬁp{“%%P @n&@?l?h‘@“ﬁhgéﬁdo tefEL d
CU(I)-Catalyzed RoeRdbty) Grale SeN&hatB is sufficient to supply product

1- (4-am no-3 quoro henyl - 2met hyl i m . dazole (1 2. 87
theoretical, 75 <%t égl%‘%/tf(?rcfe%/ H &t l?b?allcy:(esgﬁi e d(7:lrs$§§§’l‘tl°r9 5°95.6 C
(ethyl acet atel hexaomgrs. CIVMS mz 191.9 (l\/Hr+H Cl oHi oFNs) . 10 EXAMPLE 4

1-(4-A 3 | | , 1 N \,.+ H ~~ 1 i
CUF (OnagoengvygrO)Qggqy InlsS£(££%uQ %) as Roa herein, gé%%?t&%t equi v)

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

11



~N \ NI DMSO, 125-130 C 8- hydroxyqui noline (0 15 equiv)~

N. N80%4.611CsHSFI NC3HQN2COHe FN3SMW 237MNV 68MAL77 Subst r at es/ Reagents MW V
nmol mol / nol 1 2374. 74 920 nmol 16, i m dazole 681. 63 g24 nmol 1. 2Cul 190570 ng3
mol 0. 15KZC03 (powder, -32S nesh) 1383.04 g22 mol 1. 18- hyder oxyqui nol i ne

t 45465 ng3 mmol 0. 15DMSA20 nlL Fol | owi ng the procedure detailed in exanple 2,
215 fluoro-4-iodoaniline (1, 4.74 g, 20 nmol) and in‘id:gfgl e@&\% % § g, 24
mol , 1.2 equiv) were coupled under the |igand-acceler qVv P)'Q alyzed
condition to generate 1-(4-am no-3-fluoro)phenylimdazole (11, 2.83 g, 3.54
g theoretical, 88xc9eded, wipd ehaty sha|Bibsérution yeppbtooincrystaPke np 98.6
C (ethyl acetat efbpRRQ); wldYD abgbddit BntMid etk FAB, )=0) ,28hen 30
Novenber 2004 1-(4-Am no-3-fl uoro)phenyl -2-am noi m dazole (12). F K2C03
(2.1 equiv) F N RHrogepspodecaton (25 T68uUR Y He Ko ko HFRPSN-BNEE S t39%5- 130 C
z 8- hydroxyqui NnChérc@edAd @ Urshacit: 42l . _Mnbn73 Ziryrisgetamdazol e

sul fate 12 C6HSI FN C3HSN2- 1/ 2H2S04 FN4 37 MW 132.13 MAL92 5
Substr at es/ Regget‘ﬁ AN 2P A T3/ %%%EW%%O 1%?1‘3;,2“2%% noi m dazol e
sul fate 1323. 17 g2dktinnkdd 2a6Hh1 8068bay3 prohd . dr5 K203 epdaddr , it 325
mush) 1385. 80 g42. mmp] 2..18- I X I nQl4i nei 454 . 0 nm
Fol | ow ng the pr%)%%e lﬁlr%éi g}é%ictlhéedxlgﬁb%n aln’gﬁgéxg,oqg d%géi%’r%n%o%g- -1 odoani li ne
(1, 4.74 g, 20 midlq. amdtRami rdi khelazdalee sul fate (7, 3.17 g, 24 mol, 1.2
equiv) were coupl ed uadep, Lhed iapatkascekeralathGuts) talakyagd condition
to generate 1-(4-am no- 3-f T uor o) phenyl -2am noi m dazole (12, 1.61 g, 3.84 ¢
theoretical, 142 $jotepesr ofuptoms, OMCH ol dFHe SFCEHOh STRAUPAY: at room
tenperature In Vﬂgﬂﬁbpegoinééﬁdeckhggéﬂé%o%%?hgbiﬁﬂ+tﬁe EHOBNGm) ¢ - nubel T~-T1T
T ~ C 1-(4- Ami no- 3-fl uor o) phenyl - 4- phenyl i mi dazole (13). 29 30 Novenber
2004 F F K2003 (BYY HEEaPERHARSS Quplere - phBYofay 018G ilv F¥ P9 27E 1 N
DVMSO, 125- 130 C wiNiuhy diexaaiionol i s op@s156f agiiroper fale18E%0 tNidiuk
4-phenylim dazol e ~3, CO6HS| FN CyH8N2 C~SH~pEN3 MV 237 144 MP5:
Subst r at es/ Reaget$ b1 %FP%‘?%??T??L\%% lrr%rcrg?i%/;g 1M,
4-phenyl i m dagol e1443m46 424 varehd1 QY 39050 re3usshdyel BKpOsShd powder ,
- 325 nmesh) 1383. 04, g22 mmol 1. 18- h\t/droxygui nol i nel45465 3 rrgol 0. 15DvsC20 L
Fol | owi ng t he prbt&ddPedBetSAEd T PP eXambPE™S 2 FPF udr 1 880ahti i ne (1,
4.74 g, 20 mol ) demnichi2aeh at icscdazetherrehee 3id6ingep@ddenrolof 1t2 equiv) were
5 coupl ed under the l.i gand-accel er at.ed [)-catal yzed c i £l to
generate 1-(4- an‘%ienfgl-nﬁ-tgfxﬁoarto)eﬁ)’ﬁgﬁyathfﬁhgéné#]ﬁncféez'oI ?ah%m%%g. %%3‘3),1%. 06 g
t heoretical, 81 #) agrehptis chpshats .beFoubsnitusdeidt eigr yWst2aRs,; tenl30.1 C
(ethyl acetatg/ hexane); CIMS mlz.253..9 (M+H, C SHi zF .. 10_EXAMPLE 7
(37 A no) Ry T25T ERPRE dMYe CRGH 4TA o) et FURT e dazol B if  Ega e

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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30 November 2004 NHz H N t HN~KpC03 (1.1 equiv)Z ~ +N ~Cul (0.15 equiv) NN
Me2DVBO, 125-130 C8- hydroxyqutnoline (0.15 equiv)57%\NVe22,

3-iodoani |l i ne414C6H61NC6H pN3C~2H~6NAMWV 219MN 125MA216

Substr at es/ Reagent sSMAWAM V not noUnol 2, 3-i odoani | i ne2194. 38 g20

mol 141253. 00 g24 mol 1. 2Cul 190570 ng3 mmol 0. 15K2C03 ( powder, -325

mesh) 1383. 04 g22 mmol 1. 18- hydr oxyqui nol i ne1l45465 ng3 0.15 L
Fol | owi ng the procedure detailed in exanple 2, 3-i odogﬁ)&PH%mggFgﬁQ‘tg, 20

mrol ) and 2- (N, Ndi et hyl am no) net hyl i m dazole (4, 3.0 g, 24 mmol, 1.2 5

equiv) were coupl ed @sdered ReTELBanthldodd| oF ataddyeape) it aryoRded &9di t i on

to generate 1-(3:@Mude)BEENHradchdh Ndidretbylsi-rohiRt dutuaicdazol e (14, 2.46
g, 4.32 g theoretical, 57 ~) as pale-yellow ojl, which saolidified at room

tenperatuie in VECE2EESr PYIFOCRIRRY (P UPE6RYV I FAE RECIZ BT SRBPYT  EXAMPLE
8 1-(3- Am no) phesiy lcazobRt ddnism dazghealkhi) .(o3lalkd@nbpyetdemt2084a KC03
(1.1 equiv) %I (0..15 e%i V) NHZMe N DVSO, 125-130 C 8-h groxyqf]i(nlol i ne
(0.15 equiv) 72/1°CIEe\ K, 3 Ddodni | TreSs: C7- Cs. Co. and Cio”alky

2-met hyl i m dazol dhesHo! NGHIANZCh o H 3MV 2124V 88MMS not 1imited

Substrat es/ Reagent sMNM V nol nol / nol 2, 3-i pdoani |.i ne2194. 38 g20 | 15,

2- et hyl i mi dazol €82 1§20 £ D 12 RAAPYS0 55 TPHRPY LrmbT .t’l”éKpf%%u'iy wder ,

- 32S nesh) 1383. O0d-w@221mid dent§1 hyai 0 xyr-aeh el | netidd465«1y3 ianbh OerkleBVSO20 Nl

Fol l om ng the procedure_detailed i ampl e_2,. 3i odoani |l ine 4.38 g, 20
mol ) and 2- met h{? ilrﬁcéﬁ%%ﬁéo%gr??%’f%?n 45 AION TSR E Y rig/\é?de coupl ed
under the |i tfandebEhetét enatredatuél Jgroabal yaeitha thedi spayi fii ed gandreat e

1- (3am no) phenyl - 2- | j,m daz : ) , 4 i , 12 ~)
as white crystal (')sf'.z %%%Q%,Sé:gg\ﬁ%i’tghlgsré/l;t?%ﬁé;ﬁ%}gb%%@%% té{gﬁg?gﬂ it

acet at e/ hexane) ; ex@myent @vHw78her g M+FHL CLaHREDNZY = UGOEXAWELE -9

1- (3- Am no) phenyljm 0 : venb 4. ~ | KpC03 (1.1
equiv) + H ~~ m%i%é% Jéﬁl}‘fa\%@)iﬁ‘%slac?i%‘%?lso %Eg-zrg&drl&%%é n%cf'i ne (0.15
equi v) 7590NHZ  UNElugrpmeidwrdic | FREGlorringERot e PEEEHETNEPRONZ O RFIB MV 219MNV
68MALS9. Subsiy atigs/ HeAGSALOMMY Ve AoAh / £D)Zoccde s 0sloaliy NG2IRA 238 920
nol 16, i m dazol e681. 63 g24 mol 1. 2Cul 190570_ ng3. mol 0. 15K2C03 ( powder
-325 mesh) 13S3. (RGRednfAve Y8Ry hoXPdirattd AeTaste g3 PARo? B fsDVB020 ni
Fol | owi ng t he praaeduee detaighedn idkyvexanptiigy. 3todgaaitdne (2, 4.38 g, 20
mol ) and i m dazol e 86, 1.63 g 24 mmol, 1.2 equiv) were coupled under the
ligand 5 accel erSt%&g9ed (19 -C5LEFG 8d Eandidri bty (5§ gbfreldt 8- ©o- an

1- (3ani no) phenyld i daz@he gkdbps 2. 38afples BT gikboprieticat, o ayreasomhite
crystals. For 16: white crystals; np 113.4 C (ethyl acetate/ hexane); C M
mz 159.9 (N%%Ftl%ﬂaﬂgﬂBSQ' methoxy, ethoxy, n-propoxy, i-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. C3_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. Cz-19

30 alkenyl (or alkenylene), is intended to include C;, C3, Cyg,
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



10 EXAMPLE 10 1-(3- Am no) phenyl - 2- am noi m dazole (17). 33 30 Novenber
2004 HpN ~ | ~KpCQ03 (2.1 equiv) H-~ -1/2H2S04 Cul (0.15 equiv) H2N N
DMSO, 125-130 C 8-hydroxyquinoline (0.t5 equiv) 40%\NH2 ~ N HZN2,
3-iodoaniline7, 2-am noi m dazol e sul fatel7C6H61INC3HSN2- 1/ 2H2S04COHOINAMN
219MN 132. 13MAL74. |1 Substrat es/ Reagent sMNWA V nol nol / nol 2,
3-iodoaniline2194. 38 g20 mmol 17, 2-am noi m dazol e sul f@)talg 132%. 1%0834

nol 1. 2Gul 190570 ng3 mmol 0. 15K2C03 (powder, - 325 nesh) t3S8VEHOEH

mrol 2. 18- hydr oxyqui nol i nef 45465 ng3 mol 0. 15DMSC20 ni Fol | owi ng t he
procedure det ai '€ AT EmsPEPIN - FHER5aRPPIDES, "FY FFYE PO 3Dl ) and
2-am noi m dazol estswhbap®idt’ a13nd 7t cB4iAMuchlad &ML weae coupl ed under
S the ligand-accel erated Cu(l)- %t al ]>1/zed ngl(’ji tli on to, e.neraée

- (3- ami no) phenyl=BYaHT noGi HaZ3FE (L 7071 5367 Te3%hs 1 (HESPELT il , 40 -)
as yell ow to browziagt,cwhiceh a9l td) fagedcypan, standindgcad aneenyl enper at ure
in vacuo. For 17 : AMSmM z |74 . 8 (M+H, COHONA ) . 10 EXAWMPLE 11

1- ( 3- Ani no) phenyd=#PBhenyl i ni dazol e (18). 34 30 November 2004 HzN | ~ |
+ / K2CQ03 (1.1 equi VaAsHNda Gdke{d, 1Zaegbt¥dle ~orPhcarNcbVBQ: ckupt30 C
8- hydroxyqui nol iinse iglgérgl.' ede %i 1¥1 all\lrll_lzanyl sgable 'g, Z,~E_S,I péﬁl or 7-membered
monocyclic or bicyeclic or 7, 8, 9, 10, 11, 12, or
13-membered bicyclic or tricyclic, any of which may be
10 saturated, partially unsaturated, or aromatic. Examples of
such carbocycles include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, adamantyl, cyclooctyl, [3.3.0]lbicyclooctane,
[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  10-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 heterocatoms

14



N8492, 3-iodoaniline8, 4-phenylim dazol el gCoEH6INCOHEN2C15HLI3N3IMN 219MNV
144MN235 Substrat es/ Reagent sMNWM V nol nol / nol 2, 3-i odoani | i ne2t 94. 38 g20
nmol 18) 4-phenyl i m dazol e1443. 46 g24 nmol 1. 2Cul 190570 ng3 mmol 0. 15KZC03
(powder, -325 nesh)1383.04 g22 mmol 1. 18- hydr oxyqui nol i ne145465 ng3

mmol 0. 15DVSQ20 nlL Fol | ow ng the procedure detailed in exanple 2,

3iodoaniline (2, 4.38 g, 20 nmol ) and 4-phenyli m dazol 24
mmol, 1.2 equiv) were coupled under the ligand 5 accel@rgsgﬁ%béngm

Cu(l)-catalyzed condition to generate 1-(3am no)phenyl-4-phenylim dazol e
(i8, 3.95 g, 4.7agetheorcipeadt B4 onp arotlisirte EF it Brsfermd t8atwihie e

crystals; nmp 103.c4:& (Rl 8£6d ab@ BeXadtR) inCtAS HEterédpe fe (M #ibk
C15H13Ns) ~0 EXAMPLE 12

1- ( 2- Ani no) phenyfoze (1at di nedhyisesi A8y et hfPRnfddz oPEOTa®dc 35 30
Noverber 2004 | Nb%e%?@&dmma &&ﬁﬁg 6%-1hé%&£dé¥er:ﬁhhn@@n&&i&ﬁuhﬁénhﬁhﬁ
DMSO, 125-130_C 8- roxyqui noljne (0.15 equiv). 63% NWe2 3,, 2-iodoaniline 4
19 CgHslI N CGHiSpNﬁtQ%ﬁ—ﬁssNg'WVi]l@‘ i?g “M??E%gjs’tfbﬁrr %‘é%‘i%%eca&n?sl\){}w Vv
nmol nol / nol 3, 2-i edoani1i-merbOeBDign01 talet41d3S3 Bk g2dmatid kidgul 190570
ng3 mmol 0. 15K2C03 owder .. -325 nesh)13S3. 04
nnDI1.18-hydroxy&%é%%f?ﬁgiigiégfﬁﬁﬁgéﬁﬁgﬁwaEﬁégbozﬁL3Fo?Tdﬂﬁng t he
procedur e det ai | édterpapoawpledéhengieotbrnidliegeed Ifroh 38eggr@@® mol ) and

2- (N, Ndi et hyl am hyl L pidazpl e (4 0g¢ ggtgpgg, Qp.8qui V) were
coupl ed under thggﬁ%ﬂ§%%¥éggggé§§$e %ﬁiﬁycatglyze conﬁ%%%%n to generate
1- ( 2- ami no) pHényltofal Mumdeneehyd amdng) aeansy LRnflRaAglomat 19 hererocycley 32 ¢
theoretical, 63 3} /St Wtkergdystals. For 19: white crystals; np 120.1 C
(ethyl acetate/ hexane); CIMS niz 10 216.9 (M +H, Cl12H16N4) EXAMPLE 13

1- ( 2- Ani no) pheny! - 2- FeAPLpfHi a2 Giterporgles3gnclude NGFENBE? B0 1T FEN-
Kpﬁog (1.1 equ: VioCUderi@idH1 ecwzio\é)i/nylf‘ Bmamd&aﬁdo, béxﬁﬁjflﬁ&n@l,

8- hydr oxyqui nolipe (0.15 equiV 8/ N. Me~N3, . 2-iodoaniljneb,

5t nyl § i casol BSBETHE PRETEAICDoBE PE LTSI > HAAP RB RN

Subst r at es/ RadgebeshdlidtoVinpl nidenaph3az2vilodbami inired194, 38 g20 mmol 15,
2-met hyl i m dazol €821. 97 924 | 1.2Cul 190570 . C03 (powder,

- 325 nesh) 1383.0%“@%?9%%?% i?’g's-?qr?? %Si’ff?quﬂﬁ’él’iﬁg%f%%gggﬁé fitol 0. 15DVBCOR0 il
Fol | owi ng the pr beedurigladel &inyled cenbexahpl e 42l -Ziddgahvli marp3lidyB8 g, 20
mml ) and 2'nEth¥h££ﬂéH§§9lghééhedy197c£hné%%ngﬂpldeé%h%dfgﬁﬁﬂﬁoﬂNEQ?,COUpled

under the ligand 5 accel erated .Cu(l')-cat al yzed condition to genherate

1- (2ami no) phenyl 24. ¢ftthyl Enidfdrsi?eny20, 2.35 g, 3.46 g theoretical, 68 0)
as Wwhi t/ehcr yat);all aaﬁ;ﬁrﬁa@b [1,«,;\23@@ 5%3,(,.5*‘%&?{%13;36@“@( gﬁdgélzl\a/gyl, ”

acet at e/ hexane) ; . Z., .. +H, 0 . ,

1- ( 2- A no) phenyHn}.ﬂa(fé:}(}fién¥]2,l)l'ml§%zol1nyl, 1m1<}azol)yl, %H—l%zoﬂ;l,

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, pyrazoelinyl, pyrazolyl, pyridazinyl,

pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl,

15



30 Novenmber 2004 i HN / K2C0s (1.1 equiv) Cul (0.15 a N DVSO, 125-130 C
8- hydroxyqui noline (0.15 equiv) N NH273%3, 2-iodoaniline6,
I m dazol e21CgHgl NC3HAN2COHgN3MWV 219MWV 68MAL59 Subst r at es/ Reagents MWW d V
nmol nolinol 3, 2-iodoaniline2194.38 g6, im dazol e681.63 gCul 190570 ngK2C03
(powder, -325 nesh)1383. 04 g8- hydr oxyqui nol i nel145465 ngDVSO 20 mol 124
nol 1. 23 nmol 0. 1522 mmol 1. 13 mmol 0. 1520 i Fol | owi ng Hamgrocgdgégqget ail ed
in exanple 2, 2iodoaniline (3, 4.38 g, 20 nmol) and i b ? . 1.63 g,
24 mmol, 1.2 equiv) were coupled under the |ligand 5 accel erated
Cu(l)-cat al yzed BGHEML oRY¥RigeRE! atRYTEol2dim¥i) pHERY1 imildazol e (21, 2.32
g, 3.18 g theor et GRlrrol31 Npy@SoMi | &nemnksbad syl Fatigdiighite crystals; np
108 C (ethyl acetate/hexane);. CIMsS niz 159.9 ‘gMHH,, CO9HON3) . 10 EXAMPLE 15
1- (2- Ani no) phenyf ¥ HRPAGFHdaz BPENPER) Y38 TG ROGERDer 2004 | KzQD3 (2.1
equi v) 15 equi V) tékdanyQrbiirdiz, tetAdnRd2604oqHiNMNMBO, 125-130 C 15 i z
. ; 20
8hili0 dhg' téﬁré&y&gégﬁgaglgng?,(tetrazolyl, 6H-1,2,5-thiadiazinyl,
1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5~thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
thiazolyl, thienyl, thienothiazolyl, thienooxazolyl,
thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-triazolyl,
10 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl, and
xanthenyl. Also included are fused ring and spiro
compounds containing, for example, the above heterocycles.

The reactions of the synthetic methods c¢laimed 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 skill 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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equ v) - 31 /H2N3, 2-iodoaniline 7, 2-am noi m dazol e sul fate22CsHsl N
C3HSN2- 1/ 2HzS04COH~-pNAMN 219 MW 132. 13MAL74 Subst r at es/ Reagent sMAWM V

nmol mol / nol 3, 2-iodoaniline 12194.38 g20 nmol 17, 2-am noi m dazol e

sul fatel323.17 g24 mol 1. 2Cul 190570 ng3 mmol 0. 15K2C0Oy (powder, -325 nesh)t
385. 80 g42 mmol 2. 18- hydr oxyqui nol i ne14546S ng3 nmol 0. 15DVSCQ20 nL Fol | owi ng

the procedure detailed in exanple 2, 2iodoaniline (3, 3\%"?&)@’3"%92 ) and
2-am noi mi dazole sulfate (7, 3.17 g, 24 mmol, 1.2 equi pl ed under

5 the ligand-accel erated Cu(l)-catalyzed condition to generate

1- (2-am no) phenyi”-@azflta'tﬁpnfﬂ?}’ri%félfélf%zutl.198‘3’@9, splagn ThéoFekFest °f31 9
as pal e-yel | ow Ohbre Whatihosdldodivbhed uR@Rnatadimgnat pakiaembenperature in
vacuo. For 22: CIMs mz 174.8 l\/Hr+Hi 69H10N4% ¢ 10 EXAMPLE 16 )

1- ( 2- Ani no) phenyFSEDRENGF TR FA26RRI] ZDIVERES L9530 a\BYE 508227 4PN KzCo3
(1.1 equiv) | ~ NZFp hiyCué {detbeaquiv) / / + L~Ph N N DMSO, t25-130 C |-
Ph 8- hydr oxyqui nolin .15 equi N 79% 3, 2-io0doanilinhe 8 .

o phenyl | o Habol e 23 FESPETTYGOrGRE CEACS RS Vi T8 IR 4 "Vhg 35t table

Subst r at es/ Reagem¢ WG 1Vemnl nsuihab3; pRleodeahidntne2ddhded Bo amwl 18,

4- phenyl i m dazol ﬁ&ggm%%?%%lmg%ér 2Qu é%%g??%ér%iggggéggISKZmS (powder,

-325 nesh) 1383. 0 . 18-"hydr oxyq _ 3 mmmol 0. 15DvsC20 m
Fol | owi ng t he proceduetdetaidtagri soloseas| enQluds:odoaetitidymetBang, 38 g, 20

mmol ) and 4-phenyli mdazokerds: 13348 Gand4 1MPlaiokage EGMIMh, VEIE1RAUP! €d
under the ligand S accel erat ed Cu(l%-cat al yzed condition to gener ate

1- ( 2ani no) ph&hy| edhigsheRYIY I agéyect 23 meghyl ethery gthpEscesive®l 79 ~) as

white crystals. &dendd: eWhdd e ageyByBdre giPcd2hideCn{eldieracet at e/ hexane) ;
CIMs mlz 235.9 (M+] ~

10 . .
1- (4- Ani no- 3- f | UOYDTEIERTI Ier, Rise HREhPEERT ndiTHEERYISHR §a¥6PL (9, 9). 40
30 Novenber 2004d#2Eh31(4dtHerequiVvy-bAN1l metHyHNthedl (0. 15 equiv) H-N | \
~1IN DVMSO, 125-130 C ~ N N, MeZ 8- hydrax inoline (0.15.equ' rv). Me2N~-. 66%
N 24 45 COHOFB N CariREA R BER T NS0 Thi a7 S EF AP aE /e agent s wing
V nol nol / nol 2219980 ega@d nmiyhdd 26301} ag 24n nmid tTaRRi ABEB 10 (FED) |

mol 0. 15KpQO3 ( poifleh,y ) £ 3AmTRSN &%@3-% 9diy1 id
nmol 1. 18- hydroxyq%%noyllne' 1454651 ny ‘mol 0. 1 Sl\c/é%ﬁ%l . (FD(I\)/IPIC())\'M ng the

procedure det ai | P iimekaydide 427 oftaiarbydroroFanPYy g dipgne 3(I3FUg . 20

nmol ) and 2- (N, Ndiymt; hxtepi o) Resdwyd i1 dazel eMr4, 3.0 g, 24 mmol, 1.2 5
equi v) were coupl ed under the |igand-accelerated Cu(l)catalyzed condition
at 125-130 C forNjﬁ?tﬁygByEﬁﬂ%%péP%pe (NMP), formamide, N-methylacetamide,

1(4- am no- 3- 20 uatr-aygraeDYdrrnile N- shaminhy tame n@inethyl isuldazode, (9, 3.09 g,
4.68 g theoretical, .66.~)..as it rystals iL.ch identical with the
material prepar e%rqpéofl%%n’llleeXa\érr/g*‘}éf1§Oan8tt%Xamr$pﬁ\Mé12a?%@azc\?éry conpar abl e
aspect. EXAVPLE H&kathldrdaatond, fdammooppherhyl metbal Hegopdl)etl 30

Novenber 2004 KQ&Q@a&%;lsé¥¥gl¥£eFIH%NdkmEtﬂ}fngEiS%gmﬁd%y15 equi v) HZN |
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 base, 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
vield and enantiomeric excess will be dependent upon all

of the variables selected.
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N DMSO, 125-130 C ~ N 8- hydroxyquinoline (0.15 equiv) 71% N 24 6 11
CsHSFBr N C3HAN2 COHBFN3 MAM90 MW 68 MMAL77 |i Substrates/ Reagent sMNWM V
nmol nmol / nol 241903. 80 g20 nmmol 16, i m dazol e681. 63 g24 mmol 1. 2Cul t 90570 ng3
mrol 0. 15K2C03 (powder, -325 nesh)1383.04 g22

mol 1. 18- hydr oxyqui nol i ne' 145465 ng3 mol 0. t 5SDMSC20 nlL Fol | ow ng t he
procedure detailed in exanple 2, 2fluoro-4-bronoanili 24 . 20
nmol ) and im dazole (6, 1.63 g, 24 mmol, 1.2 equiV) \/\éﬁe’&‘aﬁmaﬁgg%%der t he
5 ligand-accel erated Cu(l)-catal yzed condition at 125-130 C for 8 h to
gener ate 1-(4-ami no-80}}insr §ppakrateni dazole {11, 2.51 g, 3.54 ¢
theoretical, 71 ~) agnifdit tt@eCEYRE Alcdict WBh CoBS i bANtdHeak Wb 1hd he materi al
prepared fromexanple 4 in every conparable aspect. 10 Numerous

nodi fi cations arfaFaiPatiidhs 18fouHd ipresehtthenFERE ot ofr ¥2p o™ é°in i ght

of the above teaghiragser |thans thAeraft@r ehé 0cdie dpded i @8 ohbaii MinteBi N t he
scope of the appended clains, the invention nmay he_practiced ot herw se than
as specifi calfy a(fe§§fai BERFHErern. 4es r%?)cﬂo‘{}ézgfbgff A QRIS CLAI 1KEL7
IS 1. A process ifa@baftbkingg anaoppooadidindoritulfauhd [tdHbN eten greaR2r| | |
wherein: in Fornul 0-1 of .the c ns ,of the 6-menbered

I 11, fram hon at
ring are repl acé"'&t\%oflk Hgé"‘rr]lg FOmMT2518F ¢t ﬁ‘é‘%ﬁ? on eatlt%rc%gnof t he 5-nmenbered
ring are repl acedosilehatN,on, cohpresirigng cohtlawmongi bimesnicbi azolefs Fornula |V
wi th an azol e of V ,ign re f n i ate
taﬁ%EPy+$§%a§8ah%€¥%}%o agﬁﬁf%éioncwﬁliéK%.% g?ékféﬁiggk

ligand: R-) H, N-~ H __Wherein: in Formula m 0-1 of
t he carbon atbnsicdeentbislesced aFedesNisi pomorahgl an\L0-200RPers a3f thRe car bon

atons are repl acggeW-Lti-Nonat tesdatuyel yi2d-heocampoundydfeforpul a vV is
benzo-fused and 0-2 of the carbon atons of the five-nenbered ring are

repl aced with NCOXPLiRg giestieny ¢f Gither doapilings SeNPromoand ldBpact ed
from Blr kolr |; Rlkd SzSEé@QtslediﬁxﬁDmﬂdént@,achelB&atiacli( v\lﬁbggafﬂ &%uj,mocigl z;l lko?y,
C -a alkyl ene-0-Cl 4 al ky NHz NH( C~ 9 a ), NCC 9 y =,
d 9 al kyl ene- |\||@,°“E§F_%g4 Eﬁlgﬁ’gnes-‘ﬁ%‘l ag "_*@’dél"%yﬂj‘l%&l%%olib‘?}?#%?32004
Cl_4 al kyl ene N1Gis41 addnd-pzceL&rdtdonai hosypeicd atlip tamburkadl anifidr @h@ R3, 5-6
menber ed het erocgycl e_conpri sing..carbaon an -4 o] nms sel ected
fromN, O and S an a%ﬁlbl&efst'u'?gﬁt%mt?‘ % 63521({%151 ggRélei slqgéﬁ&éb'?'leh fromH 4,
F, Br, |, Cl_4 alokplinClIegcaltmxf bEomdaryiiylegnte Gudtagoheékyicackielz, NH

I
(CL_4 alkyl) , Nofbide alkyh) ¢, e £% WoabkylengeNeine Ghadcabkyl ene-NH(A _4
al kyl), G _4 al kylene-N(ClL K C3 | o carbocycle 10 substituted with

4 al kyl) 2, / ‘
0-2 3. 5-8 membemeerHeter 86961k Gitpr | SPAESESR Do AR oS Tardg2ua
het er oat ons ®el ectedef4:AMNN, b&h aRdosn anthesubsli bR theda2eR3; R3 is
selected fromC1, F, Br, I, Cl1 4 %I k}é/l, ClL 4 allé(i)x " 15 Cf’L 4
al kyl ene- O C1_4 S¥FkgPLe NP ART GUSF TERRST ) SVeR( B WPa RS T 5% c1 4
al kyl ene-NHz , Glbétadieylpeneiddt (ch€lfdswadkyHeaptjioClradeal kyheene- N(Cl _4
al kyl)z, and mz:rereiéseqls%sgi aenc_jLS 20 :{oh Oal%i.g?néate ligand is a
hydrol ytically SEEbFTE i'gan That®i 8 kHown 0 rIll'gate with Cu(l) and
conprises two heteroed@isCesbalwdted from N and O 25 2. A process according
to Claimi1l, erein iden Lo i ted f
t et r anet hyl eétwhyl ened?lggﬁicﬁe(g?T%[E)’)q,y%, gg%diegﬁ??iégﬁ; a(%ﬁls!)f[?r%a-lﬁydr oxyqui nol i ne
(HQ), and 1, 10sghentert Hremi @eCY PNTRT 3CCHiFd SHPomCOSE - -WI0 endi WiTnts are

present, based eRrthe-dmlab)fmu c@fr ANidda9sPres @Rl ecBed ARNOEESS,
according to Claim2, wherein the bidentate |gand is 8- hydr_oquw nol i ne
(HCL) or CuSCN, and CuI. 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, 0.11, 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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94 30 Novenber 2004 1, 10-phenanthroline (PNT) and from 0.05-0. 15

equi valents are present. 4. A process according to Caim3, wherein the 5
bi dentate ligand is 8-hydroxyquinoline (HQ) and from 0.05-0.15 equival ents
are present. 5. A process according to Caim3, wherein the bidentate
ligand is 1, 10-phenanthroline (PNT) and from 10 0. 05-0.15 equivalents are .
present. 6. A process according to Caim1l1, wherein f 0.01-0.

equi val ents of Cu(l)Xl are present, based on the nol a?Bﬁ%‘(ﬁWlb%‘@ﬁ
present. 15 7. A process according toQ Caim6, wherein fromO0, 05-0..
equi val ents of ®FESERE- artlysr BEBRTE2EY  AFHH s abctrdi®n§’t & Q% m 7,
wherein 0.05 20 eqge.,zbvad ent.310fo Qu,| pXL3 are 1ar,esent .19 eqAi PANEASS of
according to daim 0.15 equivalents of Cu(l)Xl_are present. 25 10. A

P ocess accor di R USX AT HEESehbor dPh St RB TR KELFRG 1D BeRTbrved i n the
presence of fromataly8tOisngl.86 egquiwadleants chobase,easedrerpidfermpiar
anount of anidi resent - LQC . in 0 I wherein
t he contacti n§g ?“g“"g‘é‘?f §£r1n%a&%??{;%hjéﬁpogelgeﬁi%%ﬁggrg%m %O(% i%g‘l‘é:}guclja\ggl ents of
KZC03. 45 30 Nmpemtiers 2004 is2préfquredethatacbonti Wi eaaivalents ofiher ei n
the contacting is;pecfoidged in the presence of 1.05 equival ents of KZC03. 5
13. A process according to Claim1, wherein from11.5 nolar equival ents of
azol e are used, baseBi®#P%:he nol ar anmount of aniline present. 14. A process
according to O ai m 18,rdheicel Brif MAslBade Isebrd3repOada @guinal ents of azol e

are used, based on the nplar amount of aniline present. 15. A process
accordi ng t o' 85T et dMROR IRt UL 19anm ethesgtRARNSAESODT azol e are

used, based on thecibohDl dHevappUMifFerant |kiBAspPbeS@YanitbmoRediil@€eSS

according to Caim1l rein the contacti i rformed.in a | ar

St vent | 220°17. A% bt ddodo CaFIRYG £6 SR ru R A Ract i ng i s
performed in a pdkal, axpraotyilcmswddegithte 18hd Aigeotatss rdccogeh figkyenCl ai m 17,
wherein the cont Lhg: i d._j ] ) prqc c ding to
Q'ai m 1. wher o norha s R OIE el i D B e e O S000
to reflux oflx heaselvent (comger h®) regdéd i epmdesenan i dthe4Ulmam hours. 30 20.
A process accor digeh0q (G %é@mié&@ere*pl@oéé‘%oﬁg%ﬁﬁ iaRg ESuRerforned at a
tenperature of from 110 to 140C and from6 to 15 hours. 46 @ 30 Novenber
2004 21. A procé¥s§sgeedriti A B Migate iher ePPPITHE ) cBREAMSthg i s

perfGor med atvﬁ trepeeal we of 1h40mcbapl 1wy k386t ibn 22 nAEﬂaap@essOaccor di ng
to aim1l, erein X1 s I _or SCN. 23. A process_accaordi t aim 22,
wherein X1 is I.S0P0u5%°4 AnHrp RS MAEeHr Bl Lon e B i3 S RERS APXL | &

20 this reaction, therefore, must be stable enough to

i ne
| 5

coordinate the Cu(I) catalyst.

A bidentate ligand that 1s a hydrolytically stabile
is useful in the present invention. The ligand should
ligate with Cu(I) and comprises two heterocatoms selected

25 from N and 0. Preferably, the bidentate ligand is
selected from tetramethylethylenediamine (TMED),
2,2'-dipyridyl (DPD), 8-hydroxyquinoline (HQL), and
1,10-phenanthroline (PNT). More preferably, the bidentate
ligand is 8-hydroxyquinoline (HQL) or 1,l10-phenanthroline

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

The amount of bidendate ligand present should be

approximately eguivalent to the amount of Cu(I) catalyst
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SCN. 25. A process according to Caim1, wherein Formula V is an i m dazol e;
15 alternatively, the conpound of Formula V is a benzo-fused imdazole; Rl

is selected fromH Cl, F, nethyl, ethyl, i-propyl, 20 methoxy and,

met hoxynet hyl ene; RZ is selected fromH, nethyl, i-propyl, NH2, CHZNHZ2,
CHHN ( CH3 ) Z , and phenyl ; and , 25 r isl. 26. A process according to
Caiml, wherein the conmpound of Formula IV is sel ectsﬂd{lrom F HzN \ \
|\ NH2 1/ 11/ 1 /1 301V and, the conpound of Fo vember ct ed
from 47 30 Novenber 2004 Ph NHZ N~ HN-' ~ HNw~ ~NV ~.
27. A process ackoititrg t oMY ai ﬁ1}§‘26 Ydnelelt thd>s 80%0%8 f0%6r'rrul alvVv

is: F HzN IV andg.aheocospound,ob . For muha, Voi s ,sel.esf ed. far,001. 15, N~ HN- \\
HN 10 ~N ~N v. 28. r ccargding t aim1, wher i the conmpound of
Formula V is: 15§‘2]O&| OkE v l\?S ]1% & % R gr%%ce%qs aé-”cé 1rllolvaﬁlEL &Fa. m 1,
wherein the conpbidﬁmt@terrgﬂmdaavelxsresHNt~N Mbremreﬂe#‘ablér Afrsdm 0.05,

A(. A AN AN, u a. .
Af(. A as. NS Q?/%A QyAdﬁd‘AéNAgﬁg Adﬁ}i%ﬁ%%on AR A ACAYRE Ao A A

.ARY[ r IM [~} xsni @- 15 @apc‘aa}k%]téapéak]mr@ayea]mr@a]aéa]m@%Fcoa]%ﬁV@a] cal ca]
ca] caj ca] ca] caj Q@Jr@b%@k&?ﬁ&ﬁk%éhﬁ@]&@b@éhﬁ@é& ThNeaRiiEls o
&K\ ou| wr | ga\ VU] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca]tca]ca] caljca]calc
a] ca] ca] ca] ca] ca?%’a]" FE ]ca%&kﬁlﬁﬁ]%’ﬁf‘cépﬁe Rieferred amoun

]1B| ]BOU][ _t ] wokf ap Mgk V] Ilzﬁg]a]@ﬂ] ¢a] caV a}ah&ca:]&a;\é] Caﬂ"&al%&]gia!s@aal\é cajca]ca]c
a] ca] ca] ca] cal] ca] ca)] ga] ca] ca].ca o ca z
| wr mheAYV] ] CZ(% ‘}??é']] &Si‘ﬁa] ]cta]léa]%l%{le\cgaf]egafg% ag]\é{"é] a‘?%aﬂq(‘:‘a]’é §8H €4 cal cal ¢
a] ca] ca] ca] ca] cajumlieahsed cal] ca] ca! 9% *!; " X#h####HB $$ L% Yp%
&&&&&| " (~((,)/)u)z) LXSI’II d_ZV]]]ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca caTca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal))-**+B+| +o+++++, X

, ). -?2-A- O X-b- - - - InEtIR U Imahx sriugh 1204 | T djocdapuil iowsc apcajwlalscapca] ca] ¢

alcalca]caJcalc cal ca a cajcal..... I
/]284l441635<]5%]@:élé%k%]3§§!6\195?é@]r%g] e Qq%ggdn}%a]l% Lff]]cag]@n%?ca ca] ]ca] caj cal ca
] ca] ca] ca] cajta]eaireape al epeal ca]faa]r@a]a{%a?mﬂ@a] ca|¥ueedpea] €¥sca] ca] ca] ca
I QWA WAKAY: YKL can also serve to deprotonate the azole to form the
ARA ~at ddef f f h#hhuj j | ] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca] ca

] ca] ca] ca] ca] ca] CHFESPRa Y| @é?g%l] FHPRa] WY Ch Caf BRI FEATER al | Amnznmmmnoo
orsJtPtatttxhyy{dgupfifiry partner. Preferably this base is inorganic and

~BW28I b id Z

ayl ca] clli((szg] ca] E:T“!'%ﬁ]e Xv%caﬁ%ﬁ]’f]cga%:;‘]i]ca aLH?CaiaZLSaLé]rca]) gg]gral]e%al,aséﬁ calcale
b. 24MN buvx TéY x {Rarlekal ¥ni chr@ogbt | icatre ¢ o ahen] z aldllea] caM]cﬁa]cca] caUlcalc

A V[ hj

al f af Ui 0 2mgb] X ea S Lot aal catl ch] At ERea vt By ARty Sa] £0v] SZFha] onv] ca
] caU] ca] ca] c”a] d%(’\lFéa?wy]WaFean&a]léa]léaﬂ]ca\/] ca+svx" & vwoW | w ngb\ Whi d_Z
ngb] X] ] cal] ca] cal)] capga] frled] 6aWLRl Qé%ﬁé’de@i@léwai GaUkca) caly cal.gal ca] cau

caj caU| cal cal Cca ca ca ca caul ca ca I r
] ] lﬂ ] ] lﬂ l ] lﬂ Lg ] 1.9, to 2.0 molar equivalents,

25 more preferably 1.0 to 1.2 and even more preferably 1.05.
In large scale reactions, 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
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L™aj { ~ysmhb] Vni d_Zngb] X

Ul c”*a] caU] ca] calU] cal] ca] ca] cal] ca] cal] ca] caV] ca] caV] ca] cal] ca] caV] ca] ca] ca]

ca] ca] cal] ca] caV] ca] ca] ca] caV] ca{ <P89NRy} VZ| wgl ga[ Uni d_Zngb] XU] caU] cal] ca] ¢

a] cal] ca] calU] ca] caU] ca] caU] ca] ca] c*a] ca] ca] ca] cal] ca] cal] ca] ca] caU] ca] cal] c

.aUlca]caU)calcaUca.]ab 4:K}}xrle_XRnid_ZU ca U c”al] ca

U c*aU] cal] ca] cal] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca calgca cal] ca]

cal] ca] ca] c™a] caU] ca] caz\\ v{#W no~ysnhc”YSUU| ca] ca] ca] @ﬂ 9}@?/]2@%0&1] ca]

ca\/] ca] cal] ca] cal ca] cal ca]h a] ca] ca] ca] cal] ca] caU]ca] ca] caU]caU] calca]calc

preferably, e molar Yatio is from 1.

08Ky/ 34uy?D} ! ~xsihe] Wehe 'Wrabhbal c @l abtat).calicath cajaallca) cal ca] ca] ca]

ca] cal] ca] cal] ca] ca] ca] calUcalJcaUca U craUca UcraUca]cal'8;iy{%

KbcC&a' , ~ysnhc] th"%fg‘g%] caV] ca] caU] ca] calU] ca] caV] ca] cal] ca] ca] cal] ca] caU] '

ca] cal] c”a] cal] ca] caUPoaa]caald]lwa]uca]m}:a] ®e] csad cal cakcateat) Skasxidm).| vgkf [ U
hc~U] cU] ca] caSU] cfa(] ca cl%l.]]] ca]gl s])ca]c’\a] c cgg C Lgdca] Bﬁéﬂl c%] call ca] c

aJ cMa] ca] cha]ca] ca cal ¢ caJ c? fcallj] can P

hl rt x~xsmhb] th“ﬂ;]af@k]e@]mﬂla]rca]lnmﬂm]seawr@a] c¥fien] Wwltbalwall] ca] ca] cMa] c

2] ea] cal caul cal oaleath ga sakea) 62tk cahcaheabilolovi gl + ~PSg) wrngh

\Wac~rU] cU] ] cal] ca] ca] c”a] ca] ca ca ca ca] cal ca] cal] ca] ca] c*a] ca] ca] ca] ca]
cal] ca] c”a] ca] calgrrafend)a] eaUfea|az@lPchywWwWVA8PIMPUA ogeetkPagUnc U] cU ca
1 cal ca] cal] ca] cgd,ealyl Q@] cadllcalreshGadicribaalbe, aldieal calcrRkaavt aad cal] cal c
aU] ca] cal] ca] ca] ca U] ca! 7<=@\Gag>{ =Bz~~xsnmhb] Wac”"U] cU] U] ca] cal] ca] caU
] ca] cay] ca] c!ﬂ U%FE 3] cFé]“é’a]’cgaﬁac,r&]“@Ka] AR 83 HYERY| ca] caU] ca] cal] ca
] caU] ca] cal ]ca] ]caae%ﬁﬁdw@s—r {sUBheaZlﬂ’tflyU%aﬁé Callyeat] ﬁa]@aalkﬂyca]eeﬁljﬂsca]aea]U] cia] ca
c”a] ca] c™a] ca] c” cal.calchalca ca ca c"a] ca] ca
5<Z7@ c% xsmhb] XA (L?’I L']%] c?af%gYJTL‘!L &80 £ cac]oc%llggﬁ%%]gcfﬁ%ﬁ]l(‘,a]c%@&] cal ca] ca
] caU] ca] ca] cal] cadomghcetdcaloaldete] cad] sat ariec ahe dbdtozr2 kax@l tn FNQUXd ~yt ni
OSI] ca cal cabeal pall sl cabesl o) sakgagl feksebeel cabaalopd ol c”al cal cav
ca] cal] ca] calU] ca] caJc™a]c caJ cal| ca
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Z109%008 () - ~\ =yy! SS100E& ()-! K& 10%& ()- !& 10%& () -

10' 0 1O"BiR&@ t 10% 0& ()-2z[9-\=yy!!! 10%1& ()-S nLOWE ()-! @

, 109558e (Wor@ttup 1080d¥% CHugliVEeb)t Lord 4an} B2~ =yy! !

Odetub Mh S, proaRdvB! {9 -ushbOUNBA (HydEBLBIME (aterial .
%HQE%¥$%$;1Q%%TQ%5unt of the aqueous solution used for
quenching the reaction is preferably as small as possible
and the organic solvent extraction process is repeated
several times in order to get the good recovery of the
product.

In a typical work-up process, a saturated NH,Cl

aqueous solution or a 14% aqueous NH,OH solution is used to

quench the reaction and to remove the Cu(I) catalyst by
forming the water soluble copper complex. The aqueous
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
necessary, to decolorize the organic extracts. Pale-
yellow to off-white crystals are usually obtained as the
crude product in good to excellent yield (65-85%) and
guality (>95% pure). The better quality of the material
(>99% pure) can be obtained from one simple
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
embodiments that are given for illustration of the

invention and are not intended to be limiting thereof.
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EXAMPLE 1
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KoCO3 (1.1 equiv)
Cu! (0.05 equiv)

DMSO, 120-130 °C
8-hydroxyquinoline

F
H2N©\ + '/L
1 Me” \Me

(0.05 equiv) Me™ Me
1 4 69% 9
CgHsFIN CeH11N3 CyoHisFNy
Mw 237 MW 125 MW 234
Substrates/Reagents MW w d v mol mol/mol
1 237 7119 0.3 mol 1
4 125 4125¢g 0.33 mol 1.1
Cul 190 285¢g 0.015 mol 0.05
KoCO4q (powder, -325 mesh) 138 43.47 g 0.315 mol 1.05
8-hydroxyquinoline 145 2.18¢ 0.015 mol 0.05
DMSO 300 mL

To a 1.0 L three neck round bottom flask equipped
with a magnetic stirrer and a thermocouple was charged 2-
71.1 g, 0.3 mol), 2-(N,N-
41.25 g, 0.33 mol, 1.1
0.315 mol, 1.05
0.05

fluoro-4-iodoaniline (1,
dimethylamino)methylimidazole (4,
powder K,;CO; (325 mesh, 43.47 g,
equiv), 0.015 mol,
equiv), and anhydrous DMSO (300 mL, 1.0 M) at room

equiv),
8-hydroxyquinoline (2.18 g,
temperature (22-23 °C) under N;. The mixture was then

degassed three times with a vacuum/nitrogen cycle ending
on nitrogen before being charged with powder Cul (2.85 g,

The resulting reaction mixture

0.015 mol, 0.05 equiv).

was degassed three times again with a vacuum/nitrogen
o]

cycle ending on nitrogen before being warmed to 120-125 °C.

When the reaction was deemed complete after 16 h at 120~
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mixture was agitated for 1 h at 20-25 °C. The mixture was
then transferred into a separation funnel, and the flask
was washed with water (50 mL) and ethyl acetate (EtOAc,
100 mL). The agueous solution was then extracted with
EtOAc (1 x 1000 mL and 2 x 500 mL). The combined ethyl
acetate extracts were then washed with saturated NH,C1l
aqueous 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-
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
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
clean 500 mL 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
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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0%5&f()_|y/Flo%gggy?yuth#y}gﬁﬁqTﬂgp(ge é@T \a constant weight.
10! 1 10%99& () - ! ( The%&i fs)- Icikb;iQ%EE&e( ded {dekD YBBE- é(lﬂlﬂoDhlﬁ?/f&n{@)th&jLD—/(Y7&' ()-

WAW WAKX4 YA 2{ \ ol 6 --1 (] % / O(V
1\(§v0/¢ & () - +y{10%é 12?3?9‘ W%@'%\Q‘iﬁzi’{ n%]} %( 178%@ ()- @
flOW“&f() 10% & ¢ heoﬂéﬁlchmt d0133%) 1 0% O YainddMa$ | ﬁayéwuébfbw crystals,

L0105 0. 0146 (e G158, 8 0 BES, Ul 16955 750 15107 0

3-10% & () - S/ 10998 § )wtShYOBREQ® (ApdSca0%eg/ubpd_in the' fablEGnH0
10" ! Df 109%& () "!Akacéé%éﬁﬁﬁ%ﬁéut éurther purification. The combined
mother liquor and washing solution was then concentrated
in vacuo to afford the second crop of the desired product
10 (9, 6.2 g, 70.2 g theoretical, 8.8%; a total of 69.1%
vield) as pale-yellow crystals. The analytically pure 9
was obtained by recrystallization of the crude 9 from
ethyl acetate and heptane. For 9: white crystals; mp 125
°C (ethyl acetate/hexane); CIMS m/z 234.9 (M'+H, Ci1,H;5FNy).
15
EXAMPLE 2
1-(4-Amino-3-fluoro)phenyl-2- (N, N-
dimethylamino)methylimidazole (9, 9).

HoN
HIN
N 1 + :\> KoCO3 (1.1 equiv) \©
He \[:f:L\ N Cul (0.15 equiv) N
|

N
Me” " “Me DMSO, 125-130 °C r/LtN
8-hydroxyquinoline PLN
(0.15 equiv) Me™ Me
1 4 76% 9
CgHgFIN CgHy1Ng Ci2Hy5FNy
MW 237 MW 125 MW 234
Substrates/Reagents MW w d \ mol mol/mol
1 237 4.74¢ 20 mmol 1
4 t25 3.009g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOj3 (powder, -325 mesh) 138 3.04 g 22 mmol 11
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20mt
20
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The resulting reaction mixture was degassed three tlmes
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% aqueous 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 agqueous solution was
then extracted with EtOAc (3 x 50 mL). The combined ethyl
acetate extracts were then washed with saturated NH,Cl
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 mlL) 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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without further purification.

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

E . F
KoCO3 (1.1 equiv)
HN HN f HaN
(j . Q Cul (0.15 equiv)
I Me” N DMSO, 125-130 °C N
8-hydroxyquinoline (0.15 equiv) p
75% Me” N
1 5 10
CgHsFIN CaHgNo CygH1gFN3
MW 237 MW 68 MW191
Substrates/Reagents MW W d v 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
KoCO3 (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL.
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Tel| - g10%&: ()-L| - gl0% () - 19;

<QT[ yYOA410' " L| - g10% ()-L]|-g10%: ()-L|-gl0o%& ()-)?; 330 November 2004

TeL| - g10% () - L| -g10% ()- [ cghl pwyY9A410™ L| -g10%& ()-L| - g10% ()-L| - g10%
2.3

Following the procedure detailed in example 2,

_Tgl_-l 010%&: () - L| s8I0 d )i oMsYOA4LO' (1 L] £ GOYR' £0 kel 9109 ) - L| - g10%: () -) ?

TeL| - g10%& () - L| Mgrovkimifagybaafo: '1L?’Z FLo%E Trot -lgRosB Y- MErg10%& ()-)?; 3
Tel| - g109%& ()-L| cgaﬁf/é’a (uha¥} AAELQ'i ghha Qe Lt dd 1&1@9/&éaa1lylze510°/&' ()-)?3
Tel|-gL0%& ()L - 0%& ~] PC610" 101010 @ 109 ( 109 ( : 3
Tel|-g10%& ()7L| € ‘i‘é)%)%;“ é’) EPIIBB 616 BN A9R T3 - Jé’gfséé?f)yl 10%&' ()- 7
cL10% ()- @ L16e®Ay)imiddbo®e (10, cBPEHL)' 3088 HIHRIUREC)calfs 18%8) (Is

6510% () - 6510%,()c §310%E () wo8S107&i(ihe" RRIIUE o oc (erny1

acetate/hexane); CIMS m/z 191.9 (M'+H, CipH10FN3).

10 EXAMPLE 4
1-(4-Amino-3-fluoro)phenylimidazole (11).

N F KoCOjg (1.1 equiv) - £
¢3 HN' .
\©\ N ® Cul (0.15 equiv) @
I N DMSO, 125-130 °C N
8-hydroxyquinoline (0.15 equiv) C\>
80% N
1 6 1
CeHsF'N CaH4N2 CQHBFNS
Mw 237 MW 68 MW177
Substrates/Reagents MW w d \ mol mol/mol
1 237 474g 20 mmol 1
6, imidazole 68 163¢g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOg4 (powder, -325 mesh) 138 3.04g 22 mmol 11
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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6S109%& ()- 6S10%& ()- 6S109%& ()- 6S10%& ()- 6S109%& ()-9%&(*,-. DPC610' 10#
6s109%& ()-#3 r 6s109%& ()- 6s10%& ()- 6s109& () -

6s109%&' ()-.<>T"_ccCPC610' 10# 6s10%& ()- 6sS109& ()- 6s10%& ()- 6s109& () -
6s109%&' ()- 6S10%& ()-cdef hj kd@C610' 10##3 r 6s10%& ()- 6s10%& () -

6S10%&' ()- 6sS10%&' ()-)#3 rkl nmgrsuhHPC610" 10##3 6s10%& ()-#3 r 6s10%& () -
6s10%&' ()- 6S10%& ()- 6s10%& ()-uwx{| cCPC610" 10## 6s1QI&, ()- .6S1OUR' ()-#3
r( 6s109%& ()- 6s10%& ()-( 6s10%& ()-dHPC610" 10## 6510%&‘3}(‘2‘3"&%%«@()-
6s109%& ()-#3 r 6s109& () -

6s10%& ()- @PC610" 10#C$S10%& () - C$S10%&K' () - C$S10%&' () - 6S109& ()-#3 r
6s10%&' ()-_7?PC610' 10C$S109&’ () - CPS10Y&ELAMBESEOYR' () - CPS10%&' () - #3<

1~ (4-Amino~3-fluoro)phenyl-2-aminoimidazole (12).

HN 1 KoCOs (2.1 equiv) F
. 2N
@ + m 1/2H,50, SU (015 equiv) @
| HNT N DMSO, 125-130 °C N
8-hydroxyquinoline (0.15 equiv) Q
42% H,N~ N
1 7, 2-aminoimidazole sulfate 12
CgHsIFN CaHgN2-1/2H,S0, CgHgFN4
MW 237 MW 132.13 Mw192
Substrates/Reagents Mw w d v mol moi/mol
1 237 4.74 g 20 mmol 1
7, 2-aminoimidazole sulfate 132 3.17g 24 mmo! 1.2
Cul 190 570 mg 3 mmol 0.15
KoCO3 (powder, -325 mesh) 138 5.80g 42 mmol 2.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mL
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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; QC$S10%&’ () -~ <PC610' 10#3<

; QCPS10%& () - CHS10%&' () - CPS10%& () - CPS10%&:' () -#3< ;Q
', - K DPC610" 10#3C$S10%&' () - #3<

; QCPS10%& () - C$S10%&' () - CPS10%&’ () - C$S109%&' () - KRZM_w~{ _?PC610" 10#C$S10%&' ()
- C$S109%& () - #3< .

; QCPS10%& () - C$S10%&' () - C$S10%& () - ~cCPC610" 10#C$S10 /ﬁﬁ&? C$%@,°/ ) - C$S10%
& ()-#3< ; QC$S10%&’ () - C$S10%&' () - 4cBPC610' 10# 7109 0%& () -

. MLO% & () - <C$S109&' ( < Uk ()-4789: KivUA10 | 910%R' ()- 9m

9109%& ()- F 10%& ()- [109&’ ()-&10q10ql0Oq f; 10%:]&' ()-2\ psu}]=vU41o
'Lvz10%&' ()-sLvz109%& ()-vale%&' O)-s 1" cg&L P 9109 () -
910%a& ()-u}yYOovU4l0 |Lvzt " () - shyzl109%& %gﬂ \é@m%&Hz@ ?2(A
SWLvz109%&' ()-sLvz10%&' () - <y U110, zpiowmloty& Lyilo & ()-s)?(A
SWLvz10%&' ()-sLvz10% () - syY9vU410 vai@ﬂ/&?qé')f’"ﬂsﬁiﬁzi’ﬂp/&' (0)- &L AOP& ()-s)?(A
SWLvz109%&' ()-sLvz10%& ()-s yY9vU4l0
Lvz10%&' ()-sLvz10%&' (}) - sSLvZ10%&' & dphayiidiaddoe SWM_VZ10%& () -Slyz10%& [)-s
| 482yYOVUA10 Lvz109%&|() -8t 109@& ()% z100& () -5) 2(A Cistens
SWLvZz109%&' ()-sLvz10% ()"6BEKLQrsy]"W/t110 MW2s3
Lvz109%&' ()-sLvz109%& ()-sLvzI10%& ()-s)?(A

SWLvz109%&' ()-sLvz10%R () -sSYZ[\~]<vl410  S)Y10%R' () - )
#5100 () - Lvz109%&' (]) - S)2beoreSihevZ 1OIE () vazg,O%aL'\() SEMYZ[ \ b NA410101010-
@109 ()-- L34109%& (7= ImtOy& ()M a0%& |

T0109&' ()-\nBL{Z: NA4101010%) ) & () - 237" Y”Mlo%)&' ()- 9%2¥Ml0% & ()}- Y
MLO%&' ()-!} Y MLOWBVE&aprenyintdd2 ( )oa LOQ¥EHPCUINA410101@¢0m& () 12 ) ?

Cul 190 570 mg 3 mmol 0.15
KoCOg4 (powder, -325 mesh) 138 3.049g 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, CisH13FN3).

10

EXAMPLE 7
1-(3-Amino)phenyl-2- (N, N-dimethylamino)methylimidazole
(14).
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(
E
(10%)&'E
(

- cgnvxyWNA4101010% ) & () -

-‘10%)&'§§-‘10%)&'8-‘10%)&'8-‘U9NA4101010%)&'()-‘)?
‘ ‘ ()-- ()

- UINA4101010% ) & ()-")?
)& ()- 10%) & ()->10% )& ()-  UINA4101010% ) & () - ‘)'>

-110% )& ()- 109%) & ()-"10% )& ()- $UINA4101010% ) & () -

- 109%) & ()-" 1099 )& ()-"10%) & () - $%:&, - 01010% & ()-
()2 (10%)& ()- 71 2000 NavEgRD ‘19064?

1099) & ()- 10%9) & ()- 109) & ()-

1098 () -1 L* MLO%&: () - *MLO%& () -1 S100an& () - CSLOME () -

S S109& () - %&' 89: ; 2qQ410~ |, ; 10%'& n10%'& ()- nl0% & () nk09% & ()}

n10%& ()- f 109%& ()| 10’\10’\’?@\CEG< 10A2°°'19'Qg3®4ﬁ‘ P0%& () f

N109% & ()- n109% & ()-| NEOWEA() - # N _BE@1526dH1 0N 6 & ()-] n10% & ()-

n10% & ()-#3. wm nl0% & ( 10%&'
n10% & ()-| n10% & ()- n109% &ndoxveuiti@etOui3 N1 ()} #3. wm
N109%6& ()-| n109%& ()- Nn10%& ()-gR¥4 nl0%& ()™

n109% & () -
n109% & () -

10

"egi pido-e2@E0” #3. wih W10% & () -

2, 3-iodoaniline 14
CeHigIN CeH10Ng CiaHigNg
MW 219 MW 125 MW216
Substrates/Reagents MW W d v mol mol/mol
2, 3-iodoaniline 219 438¢g 20 mmol 1
4 125 3.00g 24 mmol 12
Cul 190 570 mg 3 mmol 0.15
KzCOg (powder, -325 mesh) 138 3.04¢9 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
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 ¢
theoretical, 57 %) as pale-yellow oil, which solidified at
room temperature in vacuo. For 14: CIMS m/z 216.9 (M'+H,

C12H16Ng) .

EXAMPLE 8
1-(3~-Amino)phenyl-2-methylimidazole (15).
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n109%& ()- nl0%& ()-#3. wm nl0%& ()- nl0%& ()- nl0%& ()-cC+4 nl0%
n109%& ()- n10%& ()- n10%& ()- n10% & ()-&#3. wm nl10% & ()-d@4 n10% #3.
wm n10%& ()- nl0%& ()- nl0%& ()- nl0%& ()-#3. wm &l ) 10% & ()-°
n109& ()-#3. wm nl10%& ()- nl0%& ()- nl0%& ()- nl0%& ()- &) +3:;

LU9) 10109 & ()- ) ?

(10%°& ()- 10%& ()- 10%& ()- 10% & ()-" LPW abdUu) 10%&/@&' }72004
(10%°& ()- 10%& ()- 10%& ()- 10% & ()-" dhowf | U9) 101 é“ﬁ

(109& ()- 10%& ()- 10%& ()- 109 & ()-"U9) 1010%& () -
(1096& () - 10%& ()- [l0%& ()- 10% & ()- U9)1010% & ()-
(1096& ()-710%& () - 10%& () - 109M& () - 1010%&' ()-°
(10%& ()- 10%& ()- [LOM& 10% & K@% LR 096 &
(10%°& ()-"10%& ()- " [L0% * 1094834 - UK& (

1 1
10%& ()- 9,10%& ()-| @109%& () ( @;@oz@&o@(mmw ; FRY ()- G
—
72% Me N
2, 3-iodoaniline 5, 2-methylimidazole 15
CsHglN C3HaN CioH11Ng
MW 219 MW &8 MW173
Substrates/Reagents MW w d \ mol mol/mol
2, 3-iodoaniline 219 4.38¢ 20 mmol 1
5, 2-methylimidazole 82 1.97g 24 mmol 1.2
Cul 190 570mg - 3 mmol 0.15
KoCO3 (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 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-(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, CjoH11N3) .

10 '

EXAMPLE 9
1-(3-Amino)phenylimidazole (16).
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FI0%K& ()-G fE FL0%K& ()-G FL0%K& ()-G FL0%K& ()-G

F109K& ()- GKkprsyzcE) F109K& ()-G fE F109K& ()-G F109K& ()-G

FI09K& ()-G FL1O0WK& ()-G FLO0YK& ()-GeE) F109K& ()-G F109K& ()-G

FI0%K& ()-G F109K& ()-GfE F10%K& ()-G FLO0YK& ()- GiM 109K& () - s

FI0%K& ()-G fE FL0%K& ()-G FL10%K& ()-G FL0%K& ()- G fEU9- 109K& () -s) ?
0, ! - 0, ! - 0, ! - ) ! -cgl" - ) ! -

$109KE () - STO%K&' () - SLOUKS! () - STOMKE! () -5!" 7U9- 10%K& (- Q)2 000

K2C03 (1.1 equiv)
Cut (0.15 equiv)

HaN. | HN A
. oy
\[:::r/ N DMSO, 125-130 °C

8-hydroxyquinoline (0.15 equiv)

75% N
2, 3-iodoaniline 6, imidazole 16
CgHgIN CaHgN, CgHgNg
MW 219 MW 68 MW159
Substrates/Reagents MW w d \ mol mol/mol
2, 3-iodoaniline 219 4.38¢g 20 mmol 1
6, imidazole 68 163g 24 mmo} 1.2
Cul 190 570 mg 3 mmol 0.15
K,COj3 (powder, -325 mesh) 138 3.04¢g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
OMSO 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)-catalyzed condition to generate 1-(3-
75
For 16: white crystals; mp 113.4 °C

amino)phenylimidazole (16, 2.38 g, 3.18 g theoretical,

%)

as white crystals.

(ethyl acetate/hexane); CIMS m/z 159.9 (M'+H, CoHgNj) .

10 EXAMPLE 10

1-(3-Amino)phenyl-2-aminoimidazole (17).
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$109KE' () - SLOUKS () - S1OUK&' () - SLOYKE' ()-s7: Al MNRU9- 109K& () -s) ?
$10UK&’ () - S10UK& () - SLOUKE () - S109%KE () - sRV] di j U9- 10UKS&: () -s) ?
$10UK&’ () - S10UK& () - SLOUKE () - SLOYKE () - sU9- 109%K& () -s) ?

$109KE' () - SLOUKS () - S1OUKE' () - SLOYKE () - sU9- 109KE&' ()-s) ?

($109K&' () - S10%K& () - S10YKE () - S109KS& () - sSbG 109%0%K&: () - 5$) ?

$109K& () - SLOUK&' () - STOUKE () - S10%K& () - S~n{{ ZM@B1010 0%
@10%: ()-1j}f) 100& ()-- ZLyl0%& ()-S( z Lylow ()%@%V@itﬁ%@“
S109&88&' ()- S109&88&
10988&& () - $9&) gK+3 |S10VEB&E () - s T0YEB8E ()- S10&8&& ()- 5100
S100@8&&' ()- S100&B88& ()- SL0%B&E ()-)*; HIbMI@R, S10%88#3~r s1
S109%&88& ()-) s109&84&' 'ocym&ﬁ g%: S%)#&mr(MEq\uc;ddeq&lofV&S#y
S109&88& ()-#3~r 5109@8&4! RS EREDY et ARTER&E (

s109%&88&' () - kqr xyzdD}3 S 100884 100888 Hydradrino@ S eaM( ) - #a@ s10%488&' () -
S109888& ()- S10088&4& ()-U9+3 s110%&88& () - sT?

888& () -
08888 () -

2, 3-iodoaniline 7, 2-aminoimidazole sulfate 17
CeHgIN C3HsNo-1/2H,80, CgHgNy
MW 219 MW 132.13 MW174
Substrates/Reagents MW w d v mol mol/motl
2, 3-iodoaniline 219 438g 20 mmol 1
7, 2-aminoimidazole sulfate 132 3.17g 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 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 1-(3-amino)phenyl-2-aminoimidazole (17, 1.39 g,
3.48 g theoretical, 40 %) as yellow to brown o0il, which
solidified upon standing at room temperature in vacuo.
For 17: CIMS m/z 174.8 (M'+H, CoHgNyg) .

10

EXAMPLE 11
1-(3-Amino)phenyl-4-phenylimidazole (18).
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(109R8&& () -S10%R&8B&&' () - S10%&RB&&' () - S10%&KB&&' () -sU9+3 s110%&K8&&' ()-S% ?
(109&8&& () -S109%RB&&E' () - S10%RB&&E' () - S10%RB&&' () - sU9+3 s110%RB&&' ()-S% ?
(109R8&& () -S10%RB&&E' () - s10%RB&&E () -S10%KB&&' ()-s %J9+3 s110YRB&& () -SY ?
(109R8&& () -S10%RB&&' () - S10%&B&&' () - S10%RB&L' () - s% 08<=PU9+3

S110%&R8&& () -s% ?

10%&8&&' () -s109 () - 9 () - 9 () - +
gllocy&s&&'(%)-s%/i@&& ()-s109&8&&' () -s10%&k8&&' () - sPT][ bggrﬂ%%e:r)’nber 2004
(109R8&& () -s10%&8&&' () - 9 Q- 9 )=
$1109%40%&8&&' ()-s()?
(109%&88&&" () - S10Y&B&& () - S10%&KB&L' () - SIOYRGEK, 1) sq59§ 25678 naT3
10% 8: & ()- 101010 @ LovR" K51 F( %& ()em(oge&d‘v’)lo%&@;r( q

[,

~*Y10%&' () -1 JRSUghhL, {3 Y 8: & ( 10%ndd, Be-)oc Y &g() Y
10%8: & ()- Y 10%8:& ()-g Y 10% 8: & (9hydm,(ngr@.%<g1sggu.@) cC % "io% 8: Y
10% 8: & ()- Y 10%8: & ()- Y
2, 3-iodoaniline 8, 4-phenylimidazole 18
CeHgIN CgHgN2 CisH13N3
MW 219 MW 144 MwW235
Substrates/Reagents Mw w d \ mol mol/mol
2, 3-iodoaniline 219 4,389 20 mmol 1
8, 4-phenylimidazole 144 3.46g 24 mmol 12
Cul 190 570 mg 3 mmol 0.15
KoCO4 (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20mtL

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(Il)-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, CisHi3N3).

10

EXAMPLE 12
1-(2~-Amino)phenyl-2~ (N, N-dimethylamino)methylimidazole
{(19).
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10%8: & ()- Y 10%8: & ()- Y 10%8: & ()- Y 10%8:& ()-jJ, 3 a Y 10%8: & ()- Y
10%8:& ()- Y 10%8: & ()-'a Y 10%8: & ()- Y 10%8: & ()- ! (28] I* Y
10%8: & ()- Y 10%8: & ()- Y 10%8: & ()-'a- Y 10%8:& ()- Y 10%8: & ()- Y
10% 8: & ()-89: Qrvrg&* Y

10% 8: & ()s10% 8: & ()-"s10% 8: & ()-"s10% 8: & () s10%8: & ()-" Y

10% 8: & ()-'arfgx|yYo* Y

1510% 8: & ()- s10% 8: & ()-"s10% 8: & ()-"s10% 8: & () - 39 Movember 2004
s10%8: & ()-"}]=* Y

1s10% 8: & () - s10% 8:[& ()- s10% 8: & ()- s10% 8: & ()- 1)?
,s10% 8: & ()- yY9* Y \ . N,
1s10% 8: & ()-"s10% 8: & @)-(‘510% 8: &)Y st A EN) - 1)
. + N ——————————— N
NMe DMSO, 125-130 °C :?>
2 L - N
8-hydroxyquinoline (0.15 equiv)
63% NMe,
3, 2-iodoaniline 4 19
CgHgIN CeH1oNg Ci2H1gNg
MW 219 MW 125 MW216
Substrates/Reagents MW w d Vv mot mol/mol
3, 2-iodoaniline 219 438g 20 mmol 1
4 125 3.009 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCOg3 (powder, -325 mesh) 138 3.04g 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 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 1l-{(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, C12H16Na) .

EXAMPLE 13
1-(2-Amino)phenyl-2-methylimidazole (20).
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,$10% 8: & ()- yY9*r Y

1s10% 8: & ()- 510%8: & ()- s10% 8: & ()- s10%8: & ()- 1)?

,510% 8: & ()-"$) 07yY9

Y

1s10% 8: & ()- s10% 8: & ()- s1l0% 8: & ()- s10%8:& ()- 1)?

,$10% 8: & () - 7<=BCDJ

1510% 8: & ()- s10% 8: & ()- s10% 8: & ()- s10% 8: & () -
_y@rLO%&

,$10% 8: & () - JKLM] ;
y@0% (& ()-s10% 8:

}aA* Y

* Y 1lyy@0%} & () -

(:.%é ’r?\lovember 2004

& ()-)2  s10%8:& ()- 2567811TvZ: Y 1  10%& (

109& () - & y109%& () - &l

094.0%40% y, ; 10%8& ()- vy, 1098& ()- TUNZI hHvZ

Y1

109" () - 109" () - 1Qv&N() - 109R() - K100y ) - 10% () - _JovZ:
( ) ( ) ) . \( ) Cul (o.1sé%v;()) NH2( ) —
~ —ee
Me” N DMSO, 125-130 °C
8-hydroxyquinoline (0.15 equiv) N/\>
68% M€)§N
3, 2-iodoaniline 5, 2-methylimidazole 20

CgHgIN C3HaN, CioH11Ng

MW 219 MW 68 MW173
Substrates/Reagents MW w d \ mol mo¥/mol

3, 2-iodoaniline 219 438¢ 20 mmol 1
5, 2-methylimidazole 82 1979 24 mmol 1.2

Cul 190 570 mg 3 mmol 0.15
K2COg (powder, -325 mesh) 138 3.04g 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

1.97 g

2-methylimidazole (5,

, 24 mmol, 1.2 equiv) were coupled under the ligand-

5 accelerated Cu(I)-catalyzed condition to generate 1-(2-

amino)

theore

phenyl-2-methylimidazole (20, 2.35 g, 3.46 g

tical, 68 %) as white crystals.

For 20: white

crystals; mp 136.7 °C (ethyl acetate/hexane); CIMS m/z

173.8
10

(M"+H, CioH1iN3) .

EXAMPLE 14

1-(2-Amino)phenylimidazole (21).

) -
Y 1

1
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| .
HoN " KoCOg (1.1 equiv)
Cut (0.15 equiv,
R L:\} (0.15 equiv) o
N DMSO, 125-130 °C NHp s
8-hydroxyquinoline (0.15 equiv) N
73%
3, 2-iodoaniline 6, imidazole 21
CgHglN CaHgNy CgHgNg
MW 219 MW 68 MW159
Substrates/Reagents MW w d \ mol mol/mol
3, 2-iodoaniline 219 438 g 20 mmol 1
6, imidazole 68 163g 24 mmol 12
Cul 190 570 mg 3 mmol 0.15
KoCOj4 (powder, -325 mesh) 138 3.04g 22 mmol 1.1
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
DMSO 20 mb

Following the procedure detailed in example 2, 2-

iodoaniline (3,

24 mmol,

4.38 g,

1.2 equiv) were coupled under the ligand-

20 mmol) and imidazole (6, 1.63 g,

accelerated Cu(l)-catalyzed condition to generate 1-(2-

amino)phenylimidazole

%) as white crystals.

(21, 2.32 g, 3.18 g theoretical, 73

For 21: white crystals; mp 108 °C

(ethyl acetate/hexane); CIMS m/z 159.9 (M'+H, CoHyN;).

EXAMPLE 15

1-(2-Amino)phenyl-2-aminoimidazole (22).

38
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109 ()-'/567KNPFF,  109% 109%& ()- 10%& ()- 10%& ()-°  10%& ()-

109 ()-PX arviyYo,  100& ()-  100& ()- 100& ()-")?

U100 ()-0 10% ()- }yY9,  10%& ()-  109%& ()- 10%& ()-)?

109 ()- 109 ()-yY9,  109%& ()-  10%& ()- 10%& ()- )2

. 10%& ()-" 10% ()-"yYo, 10%&'()-‘100/&'()-‘100/&'() K

.10 ()- 10% ()-1yYo,  109%& ()- 10%& ()-  10%&' ()uir

' -10%& ()- 10%& ()-1(-.345y] A,  10%& ()- 10% ()- ﬁﬁﬁ"(‘*}mb?'?zoo“
.10% () 10% () - 5i<=>~] <. Y Y10%& ()-  ~ Y100& (}- 100 ()-")?
109 (). 10%' ()- "#$%yl RL 109%& ()-101010( : 00/&'()-l+* 1000} & () -
*100@ ()--1, YIOUsS&| () - 6<7Z: RL 109 () - \ bA%& L ; % ()-M

109%>& ()-M O 109& () - M &:{c&H l\/&*UYQCURShs & ( 0%& ()-D2
"109%& ()-" 109& ()-  109%&' ( rgNs§ uV§'2 ovEB & Goc 10 *)r; )?

8-hydroxyquinoline (0.15 equiv)
31%

3, 2-iodoaniline 7, 2-aminoimidazole sulfate 22
CegHgIN CaHsNo-1/2H,S04 CgHygNy
MW 219 MW 132,13 MW174
Substrates/Reagents MW w d Vv mol mol/mol
3, 2-iodoaniline 219 438¢g 20 mmol 1
7, 2-aminoimidazole sulfate 132 3.17g 24 mmol 1.2
Cul 190 570-mg 3 mmol 0.15
KoCOj (powder, -325 mesh) 138 580g 42 mmol 21
8-hydroxyquinoline 145 465 mg 3 mmol 0.15
~ DMsoO 20mL

Following the procedure detailed in example 2, 2-
iodoaniline (3, 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 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, CgHioNg) .

10

EXAMPLE 16
1-{(2-Amino)phenyl-4-phenylimidazole (23).
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' 10%& ()-109%& ()-  10%& ()- Bl QWZ uY9_Rl 10%& ()- 109%& ()-')?

'109%& ()- 109 ()- 10%& ()- el qruY9_RI 10%& ()- 10%& ()- )?

' 109 ()- 109 ()- 10%& ()- uY9_RL 10%& ()-  10%& ()-‘)?

' 10%& ()-109%& ()- 10% ()- uY=_Rl 10%& ()- 10%& ()-"

' 1098 ()- 109 ()- 10%&' ()-'r~cB_RL " yl1l0%t#& ()- 10%&' ()-")?

'109& ()- 109 ()- 109 ()- r{ZM@ 101010 @ 10%& ()- % 00

+109& ()-1y10% " & ()- Zy10% ()-cCM@ 101 " 10%& ()- g% 8%{"3’%8 ‘10%&' -9
109& ()-g ~109& ()-g_10%R' ()- #6il) " 109K ()-g ‘m%g,'(\ g—10%& ()-g' C_

“10% ()-g " 109%& ()-g| " 10% ()-g6V[\ _devcE) ot 00/&'() 7109 () -

109 ()-g 10% ()-g| 10%& ()-g " 10%& () 0%&' n10%&] () -

“109%& ()-g " 10%& ()-g @Né%?/& () w@ 1098 %&m Al 00 [fij 10%& ()-

Y109 ()-g " 109& ()-g| " 10 ) -4 Cl owmmg o

(109 ()-1 10%& ()-t 10D& () -t 100& () -t ierdobABing O 15690
(109& ()-t109& ()-t10P& ()-t109%& ()-t&) 08<=AW* 109& ()-t)?

~—
(Q@(Q

' C_

3, 2-iodoaniline 8, 4-phenylimidazole 23

CeHgIN CgHgNo CisH13N3

MW 219 MW 144 Mw235
Substrates/Reagents MW w d A mot mol/mol

3, 2-iodoaniline 219 4.38¢ 20 mmol 1
8, 4-phenylimidazote 144 346 g 24 mmol 1.2

Cul 190 570 mg 3 mmol 0.15
KoCOj3 (powder, -325 mesh) 138 3049 22 mmol 1.1
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 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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f *
REAGLEA AR

109& ()-!Y10% i & () -
n10% 8' & () -
- CM@B101{
n10% 8' & () -
n10% 8' & () -
o2dD, 3{ nl10% 8' & ({ r10%
n10% 8' & () -
n10% 8' & () -

10% 8' & ()

@ n10%8' & () -

TYL0%& () - (
@ nl0%8' & ()-
n10%8' & ()-@ nl0%8' & ()-@ nl0%8' & ()-@

2" YI0% () - cGMaB1

@ n10% 8

@ nl0% g & ()@ nl0% 8 & ()-

@ n10% & k)

n10%8.8§()

IH3,

n10%

19./’8 &40

IF&-'()'

Cnn{

@ nl0% 8 & ()-@

% A onf b 8' & () - @
0 'R o
@ n10% g & ( ) @H67>EFRE, oo s e koo nlO 8 ()
@ n10% g & ()- @3Cn{ n10%8 & (peu@ n10% &' N(L U[\bcC 3{
24
C6H5FBTN C3H4N2 CgHgFNa
MW190 MW 68 MW177
Substrates/Reagents MW w d A" mol mol/mol
24 190 3.80¢g 20 mmol 1
4 125 30g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCO4 (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-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,
crystals,

10

3.09 g,

4.68 g theoretical,

EXAMPLE 18

66 %

) as white

which was identical with the material prepared

from example 1 and example 2 in every comparable aspect.

1-(4-Amino~-3-fluoro)phenylimidazole (11).
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% ()-' y10%& ()-y109%& ()-y10% ()-' y109%&' ()-iM 3' y109%& ()-y10%& ()-yL10%! ()
- -y109%& ()-y109&' () -

(*+378qQ03' y109%&' ()-y10%& ()-y10%&' ()-y1l09%&' ()-yl0%& 3' y109%&'
()-y10% ()-y10% ()- ylo%&' ()- ylo%&' ()- Y" _ef ghV\)\ 3' 1éa "%"em%g%%z

0,

~ 109%& () - y10%& () -y ) -
109%&' ()--101010 ; 10%& ()-lz |(10%|&' ()-- Plo%gv'() OKU:_“efcGH Y
109% ()- Y 109%& ()- Y 1@ )- Y 10%eN() - "éﬁéﬁ ') - M 0&' () fhtuvxpP04 Y
109& ()- Y 109%& ()- Y 10% - Yloox& ) - ool % PoaY1Y
109%&' ()- Y 10%&' ()- Y 109%& ()Y 8hydroxyqumolme(015equ)
' 71%
24 6 11
CGHsFBI’N C3H4N2 CgHBFNa
MW130 MW 68 MW177
- Substrates/Reagents MW 4 d v mol mol/mol
24 190 3.80¢g 20 mmol 1
6, imidazole 68 163g 24 mmol 1.2
Cul 190 570 mg 3 mmol 0.15
KoCO4 (powder, -325 mesh) 138 3.04 9 22 mmol 1.1
8-hydroxyquinofine* 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 1-(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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WHAT IS CLAIMED IS:

1. A process for making a compound of Formula III

H.N | \/(:Rl)r

/N
L
R?

III
wherein:

in Formula III, from 0-1 of the carbon atoms of the 6-membered
ring are replaced with N and from 0-3 of the carbon atoms of the
S-membered ring are replaced with N;

comprising: contacting an aniline of Formula IV with an

azole of Formula V in the presence of Cu(I)x! and a

R')
2 HN
HN_ o Ut
= 32 K
Iv

bidentate ligand:

R?
\%

wherein:

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

with N;

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

with N;

alternatively, the compound of Formula V is benzo-fused
and 0-2 of the carbon atoms of the five-membered ring

are replaced with N;

x' is selected from C1, Br, I, and SCN;

X* is selected from Br or I;

R' is selected from H, Cl, F, Br, I, Ci4 alkyl, Ci4 alkoxy,
Ci-s alkylene-0-C;, alkyl, NH,, NH{C;.q alkyl), N(Ci-q

alkyl)z, Ci4 alkylene-NH, Ci.4 alkylene-NH(Ci_g alkyl),
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26" 1098 ()- " 10%& ()- " 10%& ()- uY914 109%&' ()- " 10%& ()- )"

26" 10%& ()-.‘ " 1098 ()-“100/&' ()-" % uY91l4 109& () U 10% ()- )76

26" 109&' ()-""10%& ()- " 10%& ()-")07<=BCuY=14" 10%& () - ?\%\4&5&& g})oﬁ
26" 100& ()-" " 10% ()- " 10%& ()-' CDIKLM-cB14 2 @ 10%& 9 ¢ ) 26

2 100& ()-" " 109& % /01| [ NA4108108 @088, v 10%8&’ () - -
Y, 10%3&'(%) y) 10%(33&' )2 n?’ﬁ\}'&%ﬁ)%&’?l l L‘% ]1@210 YR 2 f8NAgl)1' OF
1098 ()-m nF 10%R8& ( pubst FEuteaR{dh 0-BFRLO%ES ( hemtbetied] BEBE LIyl e

109&' ()-*-/77 ?NAALL S100&', &, 10% 0% () - S10%
gglofy&(%) 2@\ df 2Z: Rﬁ‘ﬁ‘i‘?@f%%é?% %%&‘“ %&Wés’}?t%f%%‘“f %1%%5«5‘1() ) ?)
| OF g| 2Z: NAAL! S109%& ( Fr&10%R0( ) a8l (V@ng) s&sopmu(c)edsmmoqz §<

| QzZ: NA41! S109&' () - S10%&' () - S10%&' () - S10%&' () - S10%& () -) ?)
| QzZ: NA41! S109%& () - S10%& () - S109&' () - S10%& () - S10%& ()-)?)
| QzZ: NA41! S10% F) i S109kgct §d SHOMRHE( ) CB10URBE) - B10v& e}kyP) CipaQalkoxy,
bFNA41! S10%& () - SlO‘V@aQ)al%Q%@e(d c?lz,o‘%{&ﬁ %11190/&1&{(}:)"211@}@)(&"@614}
3,1000@& ()-- ,)10%4& ()- | Z9@0% () - @09 () - SSI0VE ()-)7) | QuT3
1 vl )2, Cia alky ene NHg, C14 alkyléne-NH(C;_5 alkyl),

Ci-4 alkylene-N(C;-4 alkyl),, Ci-19 carbocycle

10 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;

R’ is selected from Cl, F, Br, I, Ci_s alkyl, C;.q alkoxy,
15 Ci-¢4 alkylene-0-C;.4 alkyl, NH;, NH(C;.4 alkyl), N(Ci-4
alkyl),, Ci-4 alkylene-NH,;, Ci.4 alkylene-NH(C;.4 alkyl),
Ci-q alkylene-N(Ci;.4 alkyl),;, and NO;;

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
hetercatoms 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 is 8-hydroxyquinoline (HQL) or
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5. A process according to Claim 3, wherein the
bidentate ligand 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 equivalents 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 equivalents of Cu(I)X' are present.

9. A process according to Claim 7, 0.15 equivalents

of Cu(I)X1 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 K;CO;.
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.5 molar equivalents of azole are used, based on the

molar amount of aniline present.

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 equivalents 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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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(CH3),, and phenyl; and,
25 r isl.
26. A process according to Claim 1, wherein the
compound of Formula IV is selected from:
F NH,
O, O
I I I
30 Iv

and, the compound of Formula V is selected from:
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HN—\ HN’( f(PheHYI N ™
\ \
V.

27. A process according to Claim 26, wherein the

compound of Formula IV is:
H,N
v

and, the compound of Formula V is selected from:

v
HN’( HN"‘(
LN LN

28. A process according to Claim 1, wherein the

compound of Formula V is:

Z_

HN—
K/N

29. A process according to Claim 1, wherein the

compound of Formula V is:
HN“\(
LN

V.
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