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2-al kynyl - and 2-al kenyl - pyrazol o-[4, 3-e]-1, 2,4- 15
triazol o[ 1, 5-c] pyri m di ne adenosi ne Al a receptor‘antagonists, t he use of
said conpounds in the treatnment of central nervous system diseases, in
particul ar Parkinson's disease, and to pharnaceutical conpositions
conprising said conpounds. Adenosine is known to be an endogenous nodul at or
of a nunber of 20 physiol ogical functions. At the cardi ovascul ar system
.level, adenosine is a strong vasodilator and a cardiac depressor. On the
cent.ral nervous system adenosine induces sedative, anxiolytic and
antirepileptic effects. On the respiratory system adenosine induces
.bronchoconstriction. At the kidney level, it exerts a biphasic action,

I nduci ng vasoconstriction at | ow concentrations and vasodilation at high 2
doses. Adenosine acts as a lipolysis inhibitor on fat cells and-as an
antiaggregant on platelets. Adenosine action is nediated by the interaction
with differend aig mly of
receptors coup ; al studies,
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i dentification of at Ieast four subtypes of adenosrne receptors A, Ala,
A2b and A3. A and A3 are high-affinity, inhibiting the activity of the
enzyme BAOKRGROUNEC! ase, and Ala and A2b are lowaffinity, stimulating the

actgvity of _the sane enzyme. Anal ogs of adenosine able to interact as
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*T/ Us208a/0aservg disease, gid dppRarmascgyl §°@P6\§H‘°Pﬁ§t°"l@é‘3"ﬁ@§€15‘t ors are
presentcd,,?y Bbgasdenm ty in the basal ganglia, known to be inportant in the
control novenment. Hence, A2a antagoni sts can inprove notor inpairnment due
to neur odegeﬁdeaos'me igiksowsde b@tmheaéOthmks mesilalodobaasmberefi | e denenti a
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vasodilator and a cardiac depressor. On the central nervous system, adenosine

induces sedative, anxiolylic and antiepileptic effects. On the respiratory sysiem,
adenosine induces bronchoconstriction. At the kidney level, it exerts a biphasic
action, inducing vasoconstriction at low concentrations and vasodilation at high

2. doses. Adenosine acts as a lipolysis inhibitor on fai cells and as an antiaggregant on
platelets.

Adenosine action is mediated by the interaction with different membrane
specific receptors which belong to the family of receptors coupled with G proteins.
Biochemical and pharmacological studies, together with advances in molecular

30 biology, have allowed the identification of at least four subtypes of adenosine
receplors: A, Aza, Ay and A;. As and As are high-alfinity, inhibiting the activity of the
enzyme adenylate cyclase, and Azs and Az, are low-affinity, stimulating the activity of
the same enzyme. Analogs of adenosine able io interact as antagonists with the A,
Aza, Ao and Aa receptors have also been identified.

35 Selective antagonists for the Az, receptor are of pharmacological interest
because of their reduced level of side effects. In the central nervous system, Ay,

antagonists can have antidepressant properties and stimulate cognitive funclions.



Sone xant hine-related co nds have been found to be&ﬁreceptor sel ective
ant agoni sts, and xanthi ne d non-xant hi ne conpounds Shefgund to
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Adenosine Ay, receptor antagonists have been disclosed as being useful in the
treatment or prevention of Extra Pyramidal Syndrome, dystonia, restless leg
syndrome (RLS) or periodic limb movement in sleep (PLMS) in PCT/US03/40456,
15  filed December 17, 2003, and have been disclosed as being useful in the treatment of
attention deficit hyperactivity disorder (ADHD) in WO 02/055083.

SUMMARY OF THE INVENTION
The present invention relates to compounds having the structural formula |

NH,
R® 2 R! I;i Nil\N;N\>—R
g I 5
20 R R’ |
or a pharmaceutically acceptable salt thereof, wherein
Ris
HB
é = R° _ _{\RB
or % R ;

R', R, R%, B! and R® are independently selected from the group consisting of
25 H, alkyl and alkoxyalkyi;
R® is H, alkyl, hydroxyalkyl or —CH,F;
R’, R® and R® are independently selected from the group consisting of H, alkyl,
alkoxy, alkylthio, alkoxyalkyl, halo and —CFs3;



R15- cycI oal kyl, R1 ycl oal kyl al k 1, cycl oal ky, I y, cycI oal kyl - O al koxy,

al kyl - , halo, -Ch!, cyanoallyl,

-c(0 R3 °6‘ﬂJ4W‘r‘ene- (O OR 3, -C(OGalkyl, -N R )(R7) f\'l(sn-’z!ii@‘uﬂz% al kyI
NNR')(R 2) ~~ aI koxy, -C(O N(R13)(R16), Rl11-heteroaryl,
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R15- het er oc I 4VARE et erocycl oal kyl - oxy, CF3-al kyl ene- O al kyl,
CF3- hydroxygﬁﬁﬂa 5 ﬁéﬁé’r gl:ryx}/;aallhkoxy, cyano- al koxy,

-al kyl ene-C(O -0 al kyl, -S02-N(al ngl )2 (cy(l{/oal kyl ) hydr oxyal kyl ,
(hydroxyal kyl ) al koxy, (d| hydroxy) dr oxy) al koxy, -C(=NOR
17)-al kyl and -C(=NOR 17)-CFS; or t Jr oups on adj acent carbon ring

atons together form-0-CH2-O, 15 -d\'( )2 0-,,-CH2-O (CH2) 2-0-,

-0-(CH) r, 2) R £ (CHP: A 3 € in‘.for. d by
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substituents, taken are both

attach(éthyqfem%fom( %fg‘et ohglkylr@%%ﬂ*i@ﬁigz)zﬁéﬁs- £/ u52004/012471 -4- - R16
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which they are attached is substituted by R‘B,
or two R'® groups on adjacent carbon ring atoms together form
—N(R™)-C(0)-0-, ~N(R")-C(0})-S-, -(CH2).CH(OR'®)-, -CH.CH(OR'®)CH,-,
20  ~(CH)sCH(OR™)-, -(CH,).CH(OR™)CH,-, -(CH2)2C(0)-, -CH2C(O)CHz-, -(CH,)sC(O)-,
~ «(CHR)2G{O)CHz-, -O(CH2),CH(OR'®)- or -OCH,CH(OR'®)CH,-, wherein the ring
formed by two R' substituents and the ring carbon atoms to which they are attached
is optionally substituted on a carbon atom by hydroxyalkyl or alkoxyalkyl;
each R'" is independently selected from the group consisting of H and alkyl;
25 each R' is independently selecied from the group consisting of H, alkyl,
hydroxyalkyl, alkoxyalkyl, -C(O)-alkyl, -C(O)O-aikyl, (alkoxy)hydroxyalkyl, alkoxyalkyl-
C{O)-, -SO.alkyl, -alkylene-C{O)alkyl and -atkylene-C{O)O-alkyl;
R" is H, atkyl or -CFj;
R™ is H, alkyl, alkoxyalkyl, alky-C(O)- or atkoxy-C(O)-;
30 R"is 1 to 3 substituents independently selected from the group consisting of
H, alkyl, -OH, alkoxy, alkoxyalkyl and hydroxyalkyt; or two R" substituents, taken
together with the carbon 1o which they are both attached, form a ~C{=0)- group;



system di seases such as d ession, cognitive di sease nd neur odegenerative
10 di S&Q g)e% _ﬁ‘ﬁﬁﬁlas Par ki n's di sease, senile denentPerek2msmeneses of
organic 3 & and stroke, conprisifg adm nistering at |east one conpound
of formula Ito a nmammal in need of such treatnent. The invention al so
relates to the treatnment of attention related disorders such as attention

deficit dige r ‘,?PQ] hyperactivity di sorder (ADHD).
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Ext r a- Pyr &¥ #aH cfssahlqm)laiad(e g., dyst oni a, akathisia, pseudoparki nsoni sm and
tardi ve dﬁgln S|a the treatment of primary (idi.opathic) dystonia, and

t he treat ment® Qlention of dystonia in patients who exhibit dystonia as
a result of treatnment with a tricyclic antidepressant, [|ithiumor an

anti convul sant, or who have used cocai ne, conprising adm nistering at 20
Beast oneﬁamﬂpmw&pem of thenml-antieroisaa pharmbceuticad edmpfosdicehcampesingra . The

i nvention further Iat es t nent of abnor ma nt dirsorders such
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t1rve anount | east one conpound of fornmula 1. 25 In particular,
t he i nveniliedancthetiaspact of hednvelimtisst metieed phijealing capisal Rervalisease
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formula | and one or nore agents 3Q useful in the treatnent of Parkinson's
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a ca erase(COVﬂ') inhibitor. Also clained is a
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conprising admnistering a combination of at |east oné compound of formula
| wi Syndrasoade.gaghisionia, akalhisia, ipseudepaikinsorisn éndriakdive siygkingsia), the

- GaRPER A ARy (BRI RS Hie e RallpRa S RuBISMiEer drpui |,
needirt feticté wheEhAibiEQySIBREFRAPEIrEbUR 0f Feafrrenteditls andoydlidsarmidepeessdm, | are
t hose wherein Ris --C=CR6, wherein R6
lithium or an anticonvulsant, or who have used cocaine, comprising administering at
20 least one compound of formula [ o a mammal in need of such treatment. The
invention further relates to treatment of abnormal movement disorders such as
restless leg syndrome (RLS) or periodic limb movement in sleep (PLMS), comprising o
administering to a patient in need thereof a therapeutically effective amount of at
least one compound of formula L.
25 in particular, the invention is drawn to the method of treating Parkinson’s
disease comprising administering at least one compound of formuia | to a mammal in
need of such treaiment,
Still another aspect of the invention is a method of treating Parkinson’s disease
with a combination of at least one compound of formula { and one or more agents
30 useful in the treatment of Parkinson’s disease, for example dopamine; a
dopaminergic agonist; an inhibitor of monoamine oxidase, type B (MAO-B); a DOPA
decarboxylase inhibitor {DCI); or a calechol-O-methyliransferase (COMT) inhibitor.

Also claimed is a pharmaceutical composition comprising at least one compound of



ti. is Hor Cl-C6 nor e preferably Cl- Co kyl, especially nmethyl. R2,
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R10- ar yl eroaryl R10-aryl is_preferably R10-

R10- heteroaryl is preferably R70- benzoxazol yl or R10- benzr soxazolyl. 15
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al koxy LARERIKNK cycl oal kyl ) hydr oxyal kyl, hydroxyal koxy, 25
al koxy oxy’, al I?ox%r cﬁyl or cyanoal kyl . When RlO Is -C(OR73, R13 is

preferably al kyl, nore preferably nethyl. Wien Z is R10-heteroaryl, R10 is

pr ef er r istituents i ndependently selected fromthe group
consi S E Ei:!\gﬂal kyl. Preferably there are 1 or 2 RI10
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oxazol | nyl fa of ur an e pyrrolidinyl and oxazolinyl rings are
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that the el rings, do not mckude adj acent oxygen and/or sul fur atg
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het er ogapgl oRE HIPT BAIB, YDA, \alkyl, alkoxy, hydroxyalkyl, (cycloalkyl)hydroxyalkyl,

hydroxyalkoxy, alkoxyalkoxy, alkoxyalkyl or cyanoalkyl. Especially preferred are

" compounds there are 2 R'® substituents wherein one R' is o-fluoro and the other R™
is halo, —C(O)Flw, alkyl, alkoxy, hydroxyalkyl, (cycloalkyl)hydroxyalkyl, hydroxyalkoxy,
25  alkoxyalkoxy, alkoxyalkyl or cyanoalkyl. When R is ~C(O)R™, R is preferably .
atkyl, more preferably methyl.
When Z is R'*-heteroaryl, R' is preferably 1 or 2 substituents independently
selected from the group consisting of H, hato and alkyl. Preferably there are 1 or 2
R' substituents independently selected from the group consisting of halo and alkyl.
30  More preferably, one R' is flucro and one R'® is methyl.
When R' comprises a heterocycloalkyt group, preferred rings are pyrrolidiny!,
oxazolinyl and ietrahydrofuranyl; the pyrrolidinyl and oxazolinyl rings are preferably
joined to Z through the ring nitrogen. Preferred R'° substituents on the R™



oxazol yI | soxazol yl , oxad‘zol yl, furanyl, pyrrolyl, I enyl, imdazolyl,
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20  benzothiazolyl and benzofurazanyl. All positional isomers are contemplated, e.g., 2-
pyridyl, 3-pyridyl and 4-pyridyl. The terms R'’- and R**-substituted heteroaryl refer to
such groups wherein substitutable ring carbon atoms have a substituent as defined °
above. When the heleroaryl group is a benzotused ring, the substituents can be
attached 1o either or both the phenyl ring portion and the heteroaromatic ring portion,

25  and the heteroaryl group can be attached to the rest of the molecule either through
the phenyl ring portion or the heteroaromatic ring pottion.

Heterocycloalkyl means a saturated ring of 4 to 7 atoms, preferably 5 or 6 ring

atoms, wherein 1 or 2 ring members are selected from the group consisting of O, S
and NR'® and the remaining atoms are carbon. There are no adjacent oxygen and/or

3¢ sulfuratoms in the rings. Non-limiting examples of heterocycloalkyl rings are
piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazofidinyi, 1,3-
dioxelanyl, 1,4-dioxaanyl, oxazolinyl, tetrahydrofuranyl, tetrahvdrothiophenyl and
tetrahydrothiopyranyl.



15 Halo is fluoro, oro, brono or iodo. "Al kegyl" neans an aliphatic
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atonms in the chain. Branched neans that one or nore |ower alkyl groups such
as nethyl, ethyl or propyl, are attached to a linear al kenyl 20 chain.

o but enyl | HIBRRIRE, feshis s, ARkandh Stk anpPieRalilp asprEndanY derfhed *™'
di f uncNoanRhitieg expmpRiscbMadiabye hm@éwlfgr%ubﬁg?cﬂm hP8RIRy MRy B Ky

group that is defined above. Non-linmiting exanples of “al kyl ene i ncl ude
net hyl By&roxe@ifyl ene and propyl ene. 25 The term "(di-al koxy)-al kyl " neans an

al kyl chai n.g i Ut ed. by e, LEoups. Sl ar re1ed

" (hydroxy) - a}ﬁﬁ%@yg{a%ﬁ a%&ﬁ@a%éﬂé% ‘g}lgj] ﬁ'%sﬂg‘slgr?ﬂ? é%aﬁy e 'O‘FFS)Hr oXy group
angl andgddsibent. ploaupnitin e (sl oKyt HOXIKIXR PRSUPN irRiKRX B B0 oirfust i tut ed
by a CF3 group, and a hydroxy group; (cycloalKyl)hydroxyal kyl rneans a

hy dr ox§-Rrepe:Vy ieRpPRGl N nttégo:@.y Thechandin g pajeahmo%im%pugwm kyl means
an al ké,ﬂhe?)ﬂw n substituted by two hydroxy groups; and (di hydroxy)al koxy
means an alk y " group substituted by two hydroxy groups. In each of these

subst i t uent $lkylthio"ah&yhs anteikylS-agroupdn bnmmncﬁ@m;ge@ agfpremogélves forned
when two agdj acent R10 groups forma rin .th the 'carbgns on the phenyl or
het er oge%r%eﬁnblovdwm& ﬁ’\?%&&lﬁﬁ‘a? sufighie %H%I’\%é'toeg royps siriuge geiayithio, .

* 4 1J ; 3 ; y = T nd OS . The
t!adg m %@?ﬁﬁ'ﬁa ' yzé%@gylit?gf fgé br#eﬁgntgqgsgia(;na gl%{sl tthlﬂtl nt%? utﬁ‘!he specified
groups, radl@alaalkyl” mmeansiseson-anomatc Ndnaeyplis iing system posiprisings3 td Wt h

" corpii S B SNRRe s RN Pl on AR SSR e BB R, o af” "
| east ipgRIdersRIbPIAIAA, éﬁ&ﬁf&rﬁ?%rﬁﬁcﬁﬁoﬁw Oy AbAIRACRY thBRSTbRAeNBe M tt ed,

and the ~ determ nati'on of the maxi num nunber of” such noieties is well
wi t hi reyciealkddd @@ge- J of those skilled in the art. 10 As used herein, the

B2t 11 ed i HgPeaT Al B e S R Brount s as wel 1 a5 any product

"Alkenyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and comprising
aboul 2 to about 6 carbon atoms in the chain. Branched héans that one or more
lower alkyl groups such as methyl, ethyl or propyl, are attached to a linear alkenyl

20  chain. Non-limiting examples of suitable alkenyl groups include ethenyl, propenyl, n-
butenyl, 3-methylbut-2-eny!l and n-pentenyl. "

“Alkylene” means a difunctional group obtained by removal of a hydrogen atom
from an alkyl group that is defined above. Non-limiling examples of alkylene include
methylene, ethylene and propylene.

25 The term “(di-alkoxy)-alkyl” means an alkyl chain substituted by two alkoxy
groups. Similarly, “(hydroxy)-alkoxyalkyl” means an alkyi chain subslituied by a
hydroxy group and an alkoxy group; (CFz)(hydroxy)alkoxy means an alkoxy group
substlituied by a CF3 group and a hydroxy group;‘(cycioalkyl)hydroxyalkyl means a
hydroxyalkyl group substituted by a cycloalky! group; {dihydroxy)alkyl means an alkyl

30  chain substiluted by two hydroxy groups; and (dihydroxy)alkoxy means an alkoxy
group substituted by two hydroxy groups. In each of these substituents, the alkyl
chains can be branched.

Examples of moieties formed when two adjacent R" groups form a ring with

the carbons on the phenyl or heteroaryl ring to which they are attached are:



which results, directly or gndirectly, from conbinationgof the specified
ingredients in the spemh, anopunts. Lines drawn int he ring systens,
such asW@a+dRtidple: Ir~~/1 15 ingjicate that the i ndfCBUSWI4812¢71( bond)
may be attached to any of the substifutable ring carbon atons. As well -
known in the art, a bond drawn froma particul ar atom wherein no 4 noiety
is depicted at the term naI end of the bond | cat es a nethyl group bound
20 through thag ‘ 2 S Fgr exanple: NN

CH3 represe @ ote t hat carbon or
3 ences e text, RE exanpl es,

het er oat om W drthasa

structural fornulae, and ny Tabl es h@rel nis assurred to have the hydrogen
atomor atoms to satisfy tfdHaval ences. 25 Prodrugs and sol vates of the
corrpounds of the inventign ar | so copice rrpl eq herein. The term
'prodrug”, as enployed her i e—genot es a CM ourd WO 2004/ 094431

PCT/ US2004 /01 24 71 thab;-l‘lé drug@ I which, upon adm nistration to
a subject, undergoes chenmrcall conv PSi on by metabolic or chemical processes
to yield arl@t&tﬁu@t@ﬁanpmmdmuﬂedorrn@anss@;bﬁorm@bbsmaﬂbnatum theesReifiedd

di scussion of prodrugs is provided in T. H guchi and V. Stella, Fro-drugs

as I-mf@tlpfﬁ)e’laﬂli‘é‘ﬁ 9" Sipisliags N awEipPle/BPEiHen of F@ﬁ'i'toﬁé A.G S. 5 Synposi um
Seri es, aftﬂ:n;{f}e%r:@ﬁ@é/ggﬁta%ﬁnsér b ficieted @419 <ESiBons( LA gd.i\g{_sssq S

Roche, ed I can arnmaceufi ca soci ation an
whi cha esmmpound) paeas ethereisel deftr;ed elhelphrmst 1maeeircmor'e£canch‘tat leastang” a
physi cal assaci ati on is.i ventlo one or nore

sol véRea %?én?@scaﬁ'ﬁia@%ﬂ%%'eﬂ%%@& E?FB‘FP IyrRRJWQ% ’\/%W/i“?% degrees of g 10
i oni Cdc-ﬁgﬁnﬁaﬁaﬁ %Fihé’ﬁfé@lirﬁ@m rﬁd‘tﬁbéﬂbﬂguéﬁ’ﬁfd?&% .@%ﬂ Within! meqefoméa%nst es

the s ate w Il be capable of isolation, for exanple when one or
sol veofithoss eldlie@in ther&rti ncorporated in t he crystal lattice of the

Y vares. Rofitd RersiRoshfin CONBPRERN Bl B O o A BBt o o o
net haiphiisng tandpédited lrtg@eduehtsothah@ spesifiedsathuahie, 46 wéleas any phedsal vent

nol ecul e i s H2O.  Pol ynorphic fornms of the co ounds of formula I, and of the
sal téNhlﬁbe@%H'@s dirgsily F '@5?’9@@ drom cemdinpinmatithersesifind Baredignts innt ended to

be i b UegiibB drhsun! esent i nventiion.

Lines drawn into the ring systems, such as, for example:

N
s [

indicale that the indicaled line (bond) may be attached to any of the substitutable ring

carbon atoms,
As well known in the art, a bond drawn from a particular atom wheréin no o
moiety is depicted at the terminal end of the bond indicales a methyl group bound
20  through that bond 1o the alom, unless staied otherwise. For example:

CHg
represents
7'1{1” %N U .

It should also be noted that any carbon or heteroatom with unsatisfied
valences in the texi, schemes, examples, structural formulae, and any Tables herein
is assumed o have ihe hydrogen aiom or aloms to satisfy the valences.

25 Prodrugs and solvates of the compounds of the invention are also

contemplated herein. The term "prodrug”, as employed herein, denotes a compound



"Effective anount” "therapeutically effecti anount” is meant to

descri be wZhoanoagpont of conpound or a conposiwon of t Lnvention
effective as an adenosine Al a recept@- antagoni st and tEeT/P%gﬁ’%g"h‘g t he

desired therapeutic effect in a suitable patient. "Patient” includes both
human and ani nmals. "Mammal " neans humans and ot her manmmali an ani nals. 25 The

CONMPOUREPisOA dhiyf précardoriviiibh S@édrﬁg@ﬁ'@ s mﬂ'iio? shbfeldt, mﬁdé?%é%oa‘??mcgﬁ hi s

i nvention. Reference to a conpoun er ernils
| ncl udwnvessien &ydaetabolia br Qhenmaé@foceamesle y«ﬂlttiermm;eowmﬂotmremua Tbeat erm

salt(s ere denot i dic sa W|th | rgani c
-and/ or %‘r%ﬂ?&gg’%%}ﬁgé Ol gy qu.ésm%gferoé 'Q%'SfoPn’é%d\mtl I'Q\ 9and/ or
or gani @tehas Pro-dfupsaald ol enDe e SsRdns PIem nebighel £f Bt A ccsnt ai ns both a
basi ¢ noiety, such as, but not lTimted to a" pyridine or i m dazol e, and an

adi di SYBPesiyMm Sates.ad hubionatersibla Cadiars in Liug Besjgn, ¢ 19} Eivward Btteri ons
t luded within t | t
seq HapaR St Rl FrtRs B Mool et Phigtnto Pledsohith o ogi cat 1y

accepthite)ars sldsparated hefa ?defeaéh&@ugge@j her salts are aI so useful. Salts
of the WO 2004/094431 -10- T/US21104/012471 conpounds of the formula | may

be formed, PONVAKMEABS ayhvsica BSRgCiatien ghanmnpAuTdeisinveniomvaih anunt
of aci r%?@soﬁ@ﬁhnﬁ?ec%rbseqwlé’ ﬁhﬁ&gaﬁée%ﬁg atioly n@ol?@fké'&n& %«’gﬁl'%%s%ﬁ‘ one in

whi ch t e salt precip |tates or

|woph||d>m|zeandownvaleﬁ11|boemip1gpnlycla«hng mmgembomahgsln cartaidénsisade ¥ adi pat es,
algin or ba t at benzoai es, benzenesul f onates,

bi sul fsﬁ?‘@é v@zﬁgp@gagéﬁfjﬁ&@ggn '%E P?‘F‘Hl[ﬁ% WheRRifoPmee selyrphmolesulenat es,
cyclo oeﬁ@nwpbm@é@nﬁ@c gﬂa@ld%ﬁr%‘@iﬂ‘%c geflpevdotid *%I@éﬁe"%@aﬁﬁ%‘éhé gnat es,

t umar at es ucohept ano es gl ycer oph orgp hates, hem sul'fates, "hepaanoat es,
hexanmie§0|uh96rrdlﬂ$le(ﬂndj|§9|atweraﬂblaiﬁ$dﬁen Ilnr(itlng/elxamptasctds&unable

napht RoVARS TFaM o BRRbRTes, it BBl Ty T ke ShURRES s trhiens

PE sulvftadreth thé-saWenyhgleodlieds #,€6, phosphates, picrates, pivalates,
propionates, salicylates,  succinates, sulfates sul fonat es (such as those

ment i oned I'Pé? )émﬁfph'@ forms: ot the compoundsaticesula b podmd dhe ﬁ@ﬂr‘é\tﬁVq‘QBso known
whi ch
as to d?@éa@%éﬁ@%@ﬁ&ﬁlds@goﬁﬁﬁlalﬁ ale ffenddifi otbé’ lded i?ﬁhgs lch are

genera r € formation o arnaceuti cal ly useful
sal t s presentbasirdiophar maceuti cal conpounds are known. Exerrpl ary basic salts
' salts K, met a s.such as sodium lithium and

| ud [
ot ass! um SBNESIvE ARk e TiarAPRleaIbcellfesve ataoury” BaneRunieARpcbgnesi um
Q) t S anSathbantbtt torApSHN 6r RXBATHIRIN BKMEYBsehl BB forPBH ARk SUSA as

adenosine Ay, receptor antagonist and thus producing the desired therapeutic effect
in a suitable patient.

"Patient” includes both human and animals.

“Mammal” means humans and other mammalian animals.

25 The compounds of formula I form salis that are also within the scope of this
invention. Reference to a compound of formula | herein is understood to include
reference to salts thereof, uniess otherwise indicated. The term "sali(s)", as employed
herein, denotes acidic salts formed with inorganic and/or organic acids, as well as
hasic salts formed with inorganic and/or organic bases. In addition, when a

30  compound of formula | confains both a basic moiety, such as, but not limited to a
pyridine or imidazole, and an acidic moiety, such as, but not limited {o a carboxylic
acid, zwitterions ("inner salis"} may be formed and are included within the term
"salt(s)" as used herein. Pharmaceutically acceptable (i.e., non-loxic, physiologicaily
acceptable) salts are preferred, although other salts are also useful. Salts of the



20 benzat hi nes, dicycl ohex m nes, hydrabam nes (for m

N, N- bi SW@WQ[? apietyl)et enedi am ne), N-nethyl -
N- et hyl - D- gl l(J'CJadees t-butyl am Ng§. and salts W|th am n U%ﬂﬁ@néénsuch as

arginine, |lysine and the |ike. Basic ni trogen-cont ai ni ng groups may be
quarterni zed with agents such as |ower alkyl hal i des (e.g. nethyl, ethyl,

e CamaaingA of thestorula friaviys 1ored, g i pteds ﬁ]'qk%ﬁa?ft%ﬁiﬁhf ol des
(e.g. fornﬂﬁﬁ%’l' wmh %Wéﬁ'nouﬁgéf §élp| ‘1‘%@93&?&{ %é Fxﬁg-:lrcgf n\{eﬁ@ﬁt all%@:gl 488 ﬁ@ﬁldﬁ?d' des) )

ar al Ky i des enzy phenet des her's

aci d saht as end lmastmh;thet salhpmatmt&mjedutm‘l bquebias nmrhum f@ﬁb‘h@d taccept abl e
salt% tE—% t he scope of the invention and all acid and base salts are 30
consi¥erh E't'ﬂ valent to the free forms of the correspondi ng conpounds for

PgIr poses Oéxérhéldn?\é%mé@ﬁihoﬁ%ﬁﬂgmé’&cé@{é&"a@hplaieénﬁl faliés, solvates and .

prodrugs thereof, may exist in their tautoneric form (for exanple, as an
am de?&s\:wrbalieaoaawréﬁﬂfa penzeaies, henreoreviienates bisulipiescbataien| bitwatesr ei n as

AT siiceles; cRRBRER ety kb et plclabt dtneptorlongtel, pbitegheled na e

i ke)ddﬁecﬁzl@s@lf@te@@iﬁammf@m@c& firnalaids, rtﬂutbdimﬁﬂaﬂédibh?fgﬁ,@bt@)hd%@hﬁ?é§s and

prodrugs of the conpounds as wel | as the salts and sol vates of the

pr odrl’lfg@ﬁU"%\ﬁ?éthE"%rm@é%g haaeralasy hydioshlagiges; BYdObRae¥des car bons on
ARk t.‘éWcﬁo AIRhHEL RS FMLRIEE H de b REMhdNAhESugRate I Bt even

sence tI’IC car OﬂS’ rotaneric forns, atrop | Sorer s,

di astrmmrblnailenesulfmates, mcetlnaias,e:mmbtﬁsedxahatée rpet:heat%cpp&matesu% [ nventOn
I ndi vi dual ster gg)l Soners o; t he conpoun may, for

{ F? ?vent IOQ Y,
exanpgienyhoRiopa{es Anasphates. fIcsries: RV %%r%PB'O“B I5ga xed, for
exan@@c,@eg %‘E@Iﬁ?é@%uﬁbné&és"(sﬁbl‘m a@.ttht%e n@nt@h@@heréﬁn‘) eiﬁ%atrl%l‘f’ate§t er eoi somers.

The chir centers of the present invention can have the S or R

conf ithincxanalesatoldenendipnajes (also kupmeasdgeyl@esorindenanostes, andthese of the

{5 or s Antiooaly. 4@iF yuidl B e RPicobieledl Ssile 16V FeiEnfuf ity ¥

r ot arpH=rmaceuticaBr $seflbsstElr e Risi® pRaimgsedical bempouads iare kaewpounds. 15
Conmpounds of fornula | can be prepared by known nethods from starting

mat eri al s BiaMRIANK REGI ﬁ%st'ﬂé‘uﬁ?@rwn%ﬁugbgalga alcal mekalEalte R 3% ¢ he art
see, ff?gfijm t%npoun 3?*3%%%@“5 Jalk Mt e metaﬁg%{s]:?@&) a&%gfé iU Ghg and VO

01/9 resent I nven ion can be prepared by several
nmet hodagnesiumaogalis, salié mgthemgapiodaas‘esa(fcsmnaam{e omgamaziaimsnéd)lsushras ed in
Z%C hergaenzalhlnes cP cﬁohexylammes hydrabamines (formed with N,N-bis(dehydro-
abietyl)ethylenediamine), N-methyl-D-glucamines, N-methyl-D-glucamides, t-butyl
amines, and salts with amino acids such as arginine, lysine and the like. Basic o
nitrogen-containing groups may be quarternized with agents such as lower alkyl
halides (e.g. methyl, ethyl, propyl, and butyl chlorides, bromides and iodides), dialkyl
25  sulfates (e.g. dimethyl, diethyl, dibutyl, and diamyl sulfates), long chain halides (e.g.
decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides), aralkyl halides
(e.g. benzyl and phenethyl bromides), and others.
All such acid salts and base salts are iniended to be pharmaceutically

acceptable salls within the scope of the invention and all acid and base salts are

)
o

considered equivalent 1o the free forms of the corresponding compounds for
purposes of the invention.

Compounds of formula i, and salis, solvates and prodrugs thereof, may exist in
their taulomeric form (for example, as an amide or imino ether). All such tautomeric
forms are contemplated herein as part of the present invention.
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Al dehyde 2 %rg Pnge?'ﬁ'em?r'ﬁ?gﬁr% oRjiced isemers and ther at r oom
t enper gkay &t thswéérﬂrtdmp&m@stdh@@mﬁb ibsH bihe RAGEBbvaiting réareﬁé ﬁ?

yields chloride 5. This conversion is carried out in the pre ence a base

such ama\mmppunds aﬁdve‘dle&tﬁ 1l‘@ﬁﬂlt%&n®wvatesmfdhe mmﬂmm’b wueh dRethoseon of with'

E, a protec o razine furg INes ict.i gn i s best

carri ed%ﬁ 'I”%q GD?{';BI‘—) alt‘ Bt g"\fﬁ?‘&f CHrRRNE P fﬁ“ ”"F‘“géﬁi’@ F\G(ri'éc”ﬂgot ective

gr gup @naﬁmﬂﬁ@fl@I@Jﬁﬁs’(vﬁhlbhlhﬁaycéﬁbp@)@n in(tReAoschoaRA &3 m?néﬁlc%ﬁ'ﬁ!kﬂ’f ed to 9
by reaction with a piperazine 8. The reaction is preferab ?/ carri éd out in

DVF at Fp@esicdarmenperpisemess, encdediagisorempta m,fm%ueyeufr@nls@rnp At withindhe

Py ar azPrsge B Eiveblor iRl shoreQisBtrs 8 it SoirpRhALER g iR,
exanmpl maywWdrhexaneple pioé dubsidndalbafroodif IolmalﬁsomerSMctrhnay beeldmined, foy xed
anhydrlde such as that with |sogropyl chi or of or mat e. Hydra2|de 11 is

cycl i z8¥NBIY, asTaremalry PLuHh g Qiber, 19E other ssignted ragregigemers. The chiral
N1 & DT géhiktdTBE i Sreb¥h) RGERTEH £8n havEMTe & orlid Renfbu it ak8&iiEd by the

.. IUPAC 1974 Recommendations. The use of the terms "salt*, "solvate” "prodrug” and
the like, is intended to equally apply to the salt, solvate and prodrug of enantiomers,
slereoisomers, rotamers, tautomers, racemates or prodrugs of the inventive
compounds. |

15 Compounds of formula | can be prepared by known methods from starting

materials either known in the art or prepared by methods known in the art; see, for

exampie, WO 95/01356, J. Med. Chem., 39 (1996) 1164-1171, and WO 01/92264,

Compounds of the present invention can be prepared by several methods. A

non-limiting example of a suitable method is illustraled in Scheme 1.
20 Scheme 1

1
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R* R R* R



cyclization nethods can be ed. 15 In certain cases, initial R group
réu

may cong, ective g p, such as trlnethyIS|Iy yl ene or
t-butyl d\i%ng!["?w JS)f for an al cohol. 12T_he protective J ﬂ‘[&f‘ﬁgﬁtr'em)ved

foll owi ng the converS| on to formula | by errpl oyi ng weII known methods. An
alternative route is illustrated in Scherre . 20 Schenme 2 NH2 NH2 NH2 Rl N

IN | N 7 N H Cl - CHCHZN
12H Cl - mélﬁeW'waﬁ%W@Q hYZ"aNNﬁ g f'r!{é"ShME @Jeégrﬁbgt'nw NIHORDINN N N {

14
ConmsTe e daedbuarior Swill gh Gty fognCEUEK L SmiBe, yieldS Y v azi de
13 i shkyidei Zethmsscdnuersidn isfoamisd oul lnfth&premmeeﬁca basakuash pkdéaHain a

t enper at ures of 160C, preferably in t he resen e of KI.
Heat salyerh§ue §§1:82F@#F%‘3@"é§"‘!ﬂf?r3§§9mﬁﬁ @%‘T‘P‘le A€ YR CA‘?@ |%dd vessel

o ARG RCR, Obs BAsI01 fo DO fied BLLRARM 5 PRt o0 (R R
R1 Nrkrapéragure & S0-10CNC. FH@eCﬂﬂﬁltédlM&oroEipRD is piEdidniabB} i-m:'ﬁ:iwei’rbtﬁyh s HN 16

FRR3 R RL R3 R Rl hl~ ~CN.1 N 30 16 17 Z-N N-G-CH2-N N
N- C- (BOCIN @Q@RO)JQ&E IFEQRME etk Yy cﬂ:?&? m%glqgé;qwuﬁha RiPRiazine§ Foe regclipn is

preferably carried out in DMF at elevaied temperatures of 80-100°C with catalytic K.
When the protective group Q in 8 is Boc, treatment with HCl/dioxane furnishes
10  hydrazine 10. Acylation of 10 with a carboxylic acid is effected, for example, with the
acid and a carbodiimide, or with a preformed mixed anhydride, such as that with o
isopropyl chloroformate. Hydrazide 11 is cyclized to I. This cyclization can be
accomplished with N,O-bis(trimethylsilyl)acetamide in DMF at 120°C or other known
cyclization methods can be used.
15 In certain cases, the initial R group may contain a protective group, such as
trimethylsilyl for an acetylene or t-butyldimethylsilyl for an alcohol. The protective
group may be removed following the conversion o formula I by employing well known
methods.

An alternative route is iltustrated in Scheme 2.

20 Scheme 2
NH, NH; NH,
R! NN ? R? NN R-COOH gt NJ\NOYR
I a, -NH I N/ N’NH2 | AN o NH o
Cl-CHCHsN ] N CI~CHCH2—NN_ H CE—CHCHZ—N}Y\N
N=', H 12 N=" 15"
R® R?
—~
Z-N  NH
JN\Hz 8 i NH,
R® R? 3 NONN, NENN
z- NHN C~CHp—N" Y N " v N i
—L—LHy—N _ o N

R* R°
Compound 7 is deprotected as for 9, and 12 is acylaled as for 10. Hydrazide
13 is cyclized as for i1. Amination of 14 to yield | takes place ai temperatures of 100-
160°C, preferably in DMF and in the presence of Kl. Heating may also be effected by
25  microwave irradiation in a sealed vessel yielding temperatures of 190-210°C
Another method is itlustrated in Scheme 3.



NH2 R3 R1 ~NH2N R32A N NR 19 - Z- CCH2-INNZ NNGCCH2-NN R
FS H 20 HdRipoddady A hydroxyal kyl pyrazol e TS, prepapet/gynaminods

well -known in the art, is amnated wig8h 8. The am nation invol ves
activation of the al cohol with a reagent such 5 as nethanesul fonyl chloride
or thionyl chloride and a base, typically an amne. Reaction of the
activated al cohol with 8 provides gLpghfzgne 16. Reaction of 16 with a
trialkyl orthoformate in the presence of an acid such as mnet hanesul fonic
acid provides 17. Heatimy B7 with hydrazide 18 in a solvent such as anisole
in the presence of an_acr® such as isobutyric acid furnishes tricyclic 19.

- Treat nent gdf 19 MK vm t I‘r bus ar? dﬂetmpl cal | medrochl oric acid, provides
am ne 20.1 cI| RQO ﬁWlth anoden bro deM preferably in the

pr esenbE o VST"S'U‘C‘h"as ,dlﬁ’e"t’ﬁw% g ridine and a sol vent such
-as aqueous acetonli-’rl l e, yields Iﬁd IhSt e above schénes, one corrpound of
formula | can be converted to a different corrpound of forrrul rc'\h»dy

wel | - known net hodsg? s@éhras re(wet@;q?m of a 15 keBdOn@&* ti an al Y \H th
NaBH4. Ot her syntherc rbutes appldakl e %N PRy & (g_k{ W
mat eri dFs }Kr(gﬁﬁ%gshl i TRy 077 922644\1[\3#4309?’; e

09/ 865071 g pufpht Cagt 0 srﬂmber NZN02/ 009‘9%1 | ncon‘pornﬁt &d her8in 1y

ref erence. Abbreviations used in''the specification are as follows: M
(methyl); Bu (butyl); 20 Et (ethyl); Soc (t-but oxycar bonyl ) ; '

(di met hyl f or mani def® ﬁFlER{tet ra w’ﬂuran) Di Edmsopro s‘t |_am ne) ;

RT (room terrperat ur BSA rﬂret hyl SI I - ac é}? P
(2, 2" -bis(arpiendPBho *ﬁ(l:n ,rpaph't‘ﬁyl) BN v layer
chromat ogr aphy) ; THA il uoro ceeic aci d); Hqst ﬁy roxybe zotrihkzol e);

DAST (di et &:I am nosul tur trifluoride); EDCI
(1- (3- di methpyeraaliyipyyazols15; pydpane by rethods mat kWIS tHEDar/i81 24 71

L8 ST PR B iole HEEBRBEBY SRRERA L ot st ot on
1 5 NHZs iNeldrReof6hyIRthioride HHhidhy! Bhioride and a base, typically an amine.
Reaction of the activated alcohol with 8 provides piperazine 16. Reaction of 16 with a
trialkyl orthoformate in the presence of an acid such as methanesulionic acid
provides 17. Heating 17 with hydrazide 18 in a solvent suéh as anisole in the
presence of an acid such as isobutyric acid furnishes tricyclic 19. Treatment of 19
10 with aqueous acid, typically hydrochloric acid, provides amine 20. Cyclization of 20
with cyanogen bromide, preferably in the presence of a catalyst such as 4-
dimethylaminopyridine and a solvent such as aqueous acetonitrile, yields I.
In the above schemes, one compound of formula | can be converied to a
different compound of formula | by well-known methods, such as reduction of a
15  ketone to an alcohol with NaBH,.
~ Other synthetic routes applicable to the preparation of these maiterials are
described in WO 01/92264, which is equivalent to US 09/865071, publication number
2002/0099061, incorporated herein by reference.
Abbreviations used in the specification are as follows: Me (methyl); Bu (butyl);
20  Et{eihyl); Boc (-butoxycarbonyl); DiMF (dimethylformamide); THF (letrahvdrofuran);
DIPEA (diisopropylethylamine); RT (room temperature); BSA (N,O-bis{trimethylsilyl)-
acelarnide); BINAF (2,2°-bis(diphenylphosphino)-1,1-binaphthyl); PLC (preparative
layer chromatography); TFA (trifluoroacetic acid); HOBt (hydroxybenzotriazole);
DAST (diethylaminosulfur trifluoride); EDCI (1-(3-dimethylaminopropyl)-3-ethy!-



NH2 NH2 NH2 N % N Step 1 ep2 N1i 3 Step Prep. 1 %}( HNpCl Cl--\_M

Cl 5 CHQ . p 1. To 2 no- 4, 6-di chl oropyri mdin (pgpgghqlehyde
(25. 0g fj\%"'% L g (100m ) add Dy PEA (28.4nl, 163 é‘n t hen

hydra2| ne hydrate (6.32m, 3 130mmvl). After the initial exotherm stir 24h
and concentrate in vacuo to -509 Add water (50m ), filter, wash wth water,

o OB AR B SR Pon e, TRl it 1 1

(4. 25¢oriteframal TBSAGDYIdishethlsiiyno- 2- chl oroet hane (22.1 m, 265mol).

Stir at RT 2h, concentrate, and hroma_t,og{aph on silica to obt ain the
dichloride as an off-white soIic&E@IQQJp—& Conbi ne the product of Step 2 -

(12.2g, 52.5mml) and t-butyl ca'rbazatxzan (8.33g, 63mml) in DVF (70m ). Heat
at 80C 24h, allow to cool, concentra}\;& a%% chromat ograph on silica to

obtain the carbazate as a whit ration 2 O Owve 2 NJIN O\ v
-NYN.NH2 N H 2 BOG (Owe 2 Boc 3 I IN CI~NN NH Stepl: Ov -N _ N NH
Step2 Prep. 2 20 NJ H N H Steo 1: |'ﬁe the product of Preparation 1
(6.04g, 18.4 (4 (2- thoxyet hoxy) phegyl ) pi perazine (8.71g, 37mmol),

and KI (3. 06g wj.) Heat ,L oC §'2h allow to cool, and
concentrate. and 1r i t Bref. N NaCH, then
brine, dry ( c|and Cate. 2§ laph on silica to obtain the
(gr bazate as a ¢HOWNn sol i @lr WO 2004/ 094431 N= PCT/ US2004/ 012471 -15 Step 2:
ssolve the product of Ste 6, 09, 4 2 (70m).
Add Slemiiche draniire4&di Opr? ﬁﬁ?ﬂ e- §Mr%mﬂﬁpﬁg%%%ﬁgqﬁﬁomﬂbé) B sol ution
of kAt t ter,
'Wﬁ@o@ﬁpe%&%%mg%g b, 16880 EhaltRen!H drEqB:3Ihi, o

with wate rytootalnthe hy ra2| eas a gray sol i
Pr epat3arnmol)3 After the initial exotherm, stir 24h and concentrate in vacuo to ~50g. Add

water (50m), filter, wash with water, and dry 1o give the monochloride as a brown
10  solid.
Step 2: To the product of Step 1 (15.0g, 88mmol) in DMF (150ml} add 60% NaH in
mineral oil (4.25g, 106mmol). Add slowly 1-bromo-2-chloroethane (22.1ml,
265mmol). Stir at RT 2h, concentrate, and chromatograph on silica to obtain the
dichloride as an off-white solid.
15 Siep 3: Combine the product of Step 2 (12.2g, 52.5mmol) and i-butyl carbazate
(8.33g, 63mmol} in DMF {70ml). Heat at 80°C 24h, allow to cool, concentrate, and
chromatograph on silica to obtain the carbazate as a white solid.

Preparation 2 o
OMe 'T!\I\I-:
0@- Nx,\#j/k Nz
N= H
NH2 Boc OMe NH2 Boc

I

NH
Ci—\_ lj)\ Step? o—@—w N—\ ,b)\ N"' Seps  reP-2

Step 1: Combine the product of Preparation 1 (6.04g, 18.4mmol), 1-(4-(2-
methoxyethoxy)phenyl)piperazine (8.71g, 37mmol), and Kl (3.06g, 18mmol) in DMF
(60ml). Heat at 20°C 72h, allow to cool, and concentrate. Parlition between CH:Clp

20

and water, wash with 1N NaOH, then brine, dry (MgSQ,) and concentrate.,
25  Chromatograph on silica 1o obtain the carbazate as a brown solid.



FNH F/ \' NN-N - Hin a fashion simlar Preparation 2, enploy

1- (2, 4-di pi perazine to produce th ydrazi ne as a beige solid.
Pr epar atl%@%.ﬂﬂbﬁ@ N NNN - CH31 0 4-1 NH2 CH3 HPETQumIp0eC - CH3
Step,s>O)>CHN NH ~0 s CI-~NJ-"™>N.NH 202 N - N Hoc Step 2 N-N Step
3 Step 4 CS-"ANNHCI1 NNH2 N112 NHNHNNN) CHB Cl-~N JNIJ-
Step 1. To 2-butynoic acid (7.26g 86mm| in EtCAc (100m ) add N

met hy| rleprs| Pisoe. tbﬁﬁ)m@@@hﬁi@wpﬂo{a Sypmalpisy byCHeGHEbClnat e (1. OM

in tol Ml sa NaHCG3.
Dry 15 (?%@Oﬁé(gdﬁé)l@oncen%’f%ﬁge ﬁmf‘ﬁg\gﬁﬁﬁ& ﬁh&%"@al %ﬂbﬂ%&e é@dﬁ | i ght

br own aidluticst efpN2OH 78y mematbe(Qﬂmﬂwbn@ﬁni%lépﬁé@ltwmv\ibtéﬁ figer, vidpmol ) in
1:1 CH3 ’gglf W\’gﬁ?') A\d{(’jll" %HCl/dl oxane (20m , 80mm|) and allow to
stand 18H VB&: Ad dpeog 1ﬁ'ﬂlﬂ9h"@@¥é@ﬁ‘lﬁﬁé’t@f""t&€é@t with water
¢5@), f||ter wash wi th water, %ng’on obtain the hydrazine as a

yell ow solid. 20 Step 3: Tothep tep 2 (6.28g, 25.6mmol)
suspended in DVF (45nl) add dr(%pvm se a solMHz on of the product .of Step 1
(5.63g, 33.1 mol) in DWF (15 Shir 1NI5kNadsorb on silica, and

chromat ograph to obtain the& [ dﬁ—se | | ovtd.sol i d. WO 21) 114/ 094431
T/ US2004/ 012471 -16 Step 4. mbi e t freN yrfodyct of Step 3 (6.17g, 21. Omol)
with BSA (60nl). Heat at 120C 24h and al'fow cool. Concentrate and treat

the resi due |4ial faskidAQinil&dRPPRparation 2, employ 1-(2,4-difluorophenyl)piperazine
to produce the hydrazine as a beige solid.

L. Preparation 4
NH,
NESWY
Cl A \> = CH3
10 N~ 4-1
NH CH
Siepi >_ NJ\NZ O% °
HOOC —==—CHjz; — >\———CH 3 Q ' .
;/,_0 —\—N. - -NH
NH2 NH2>81/'3 h= H
e
2 Boc Step 2 P° step 41
Cl—__ )j/\ NH > G/ JTL NH, NH o
NP NN
Ci'—\_N)j/l:-N: =-CH3;
N-—-

- Step 1: To 2-butynoic acid {7.26g, 86mmoal) in EtOAc (100ml) add N-
methylmorpholine (9.5ml, 86mmol), followed by isopropyl chloroformate (1.0M in
toluene, 86ml, 86mmol). After 4h, wash with water, then satd. NaHCQO3. Dry

15  (MgSO0,) and concentrate o provide the mixed anhydride as a light brown oil.
Step 2: Dissolve the product of Preparation 1 (5.0g, 15mmol} in 1:1 CH3;0H-CH:Cl;
(80ml). Add 4.0M HCVdioxane (20ml, 80mmol) and allow to stand 18h. Basify with
ag. NHa to pH 11, concentrate, treat with water (50ml), filter, wash with water, and dry
io obtain the hydrazine as a yellow solid.

20 Step 3: To ihe product of Slep 2 (6.28g, 25.6mmol) suspended in DMF (45ml) add
dropwise a solution of the product of Step 1 (5.63g, 33.1mimol) in DMF (15ml). Stir
ih, adsorb on silica, and chromatograph o obtain the hydrazide as a yellow solid.



on silica and chromat ographgt o give the tricyclic prod t, 4-1, as a white
solid. In simlar fashion, arling with 2-chl oroacr'| acid, obtain

Prepar aMQRAM™MAOM43INH- N Cl 5 4-2 In simlar fashion, StGEVUSMEN2eH
2-fluoroacrylic acid, obtain Prepara@on 4-3: NH. N NNCH C-\-NJ~-:
N> ckF N 4-3 3 Preparation 5F H3COON%-/ NH 10 OCH3 5-1 Conbi ne
2-brono-1-fluoro-3, 5-di net hoxybenzene (2.0g, 8.5mvl), piperazine (4.4q,

51 mrgiiep Na@ambrmembﬂrwucﬂdfswepcsl617@|men(momgjth BSMﬁMI) blecit aPd2( dba) 3

oy | SPHT Batat biew S kadb stk TeaherSs g vl BRLON, Msefbe o

Wash 1, h Jel d@ite4110 a8 ahRetddfidam ne 5-1 as a
dar k W%]ltﬁadéqclpg ?ﬂ‘?@?ﬂ fasht o%iﬁ%gtl(gl Hégrée ar atlor?s 5-2, e5 3, 5-4, and 5-5/

For Pr eparl:mslrmlerﬁashloanplcmlyn@-ﬂlm@srhlnrqﬁf‘a‘dv: wldl\dﬂamﬁ‘ repaialien 42oxane as
solvent. For O Preparation 5-7, ef(ml oy the chloropyridine, with - Cs2C33 in
pl ace of NaO-tBu and DVSO as soI ve,qt Fr e g\the bronmo-pyridine with K2CO3 in’
DVSO obt ai n Preparation 233|5 8. feparation 5-9, a |light green

solid, as for Preparation monCB 2 ONNH Preparation 5-3 / N NH

3Q N-SC2 H3C WO 200411) 9443 R /1 US2004/ 04-2471 -17 Preparation 5-4
11--\\ - - Nid sivnildd faShioR36@Hind VAR 2 Ml BBcRIe deid, bitbihPidparation 4-3:
NH '
N NN _CH,
CI—\_ N "-N: "\F

Preparation 5
F

. N
HacoQ'N NH
—
10 OCHg 5-1
Combine 2-bromo-1-fluoro-3,5-dimethoxybenzene (2.0g, 8.5mmol), piperazine
(4.4g, 51mmol), NaO-t-Bu (1.14g, 11.9mmol), +-BINAP (0.32g, 0.51mmol) and
Pds(dba)s in toluene (15ml). Heat at reflux 18h, allow to cool, and extract with 1N HCI
(4x). Basify the aqueous with NaOH to pH 13 and extraci with CH.Cl,. Wash with
15  brine, dry (MgSQ,) and concentrate to obtain the amine 5-1 as a dark liquid.

In similar fashion, obtain Preparations 5-2, 5-3, 5-4, and 5-5. For Preparation
5-8, employ Cs2COs in place of NaO-Bu and use dioxane as solvent. For O
Preparation 5-7, employ the chloropyridine, with Cs,COj3 in place of NaO-1Bu and
DMSO as solveni. From the bromo-pyridine with K;CO3; in DMSO obtain Preparation
20  5-8. Produce Preparation 5-9, a light green solid, as for Preparation 5.

Preparation 5-2 O N NH
(’ /
0

Preparation 5-3 \ N NH

HaQ
N <0,




NC Preparation 5-6 NC Preparation 5-7 NA NH H3C ~. O Preparation
5-8 0 H3C N ~ Nv Preparation 5-9 f'N N~\ ‘NH Preparation 6 cOwe C
O\ 6 N W@4n944e) OveCl  HO 4f $- Br St ep 1~ O\ Br Sl efCTUNEAEEion 6 5
Step 1: Conbi ne 4-brono- 3-chl orophenol (2 00g, 9.64mvl ), 2-bronvoet hyl

met hyl ether (128g, 92ommol) and K2CO3 (1.86g, 13.5mmol) in DVF (20nl).
Heat at 90C 24h and allow to cool. Partition_between 0.2N NaCOH and et her.
Wash with bring, ) ant r.ake tjo obtain the aryl ether as a
yel | ow oi | . Stép'%w‘ﬁ‘:‘r‘@?sc‘gﬁ 16t el with pi perazine as in
Preparation 5 tlo obtain the | @ Conpound,] 6-1, as a yellowoil. In a
simlar manner,{ fromthe apprcprl a e\ phenol ang substltut ed al kyl brom de,
prepare the internmedi ate et her Heffd “sonvert to tlhe aryl - pi perazi ne. WO

2004/ 094431 CT/)USZTITI4 79 I 24 / T ——i8=—Preparation 6-2 o O\ / N NH
~_Preparation 6-3 ffreppraion 5-5 N 1 ;\E_é}\r,@tlon 6-4 H3 H100 O / NH CH3
Preparation 6-5 H3

MC
1 I
Preparation 5-6 Q_N NH
A
NC
reparati - N
Preparation 5-7 7NN NH
— NS
HaG
e d 8]
Preparati -
reparation 5-8 HyC
7 N
N NH
A

Preparation 5-9

lé\i"l Y
RO
— s

Preparation 6
OMeCl

/\
O N NH
A

6-1
Cl OMe Cl

HO@-B Stepl, O—@-Br—sﬂ& Preparation 6

5  Siep 1: Combine 4-bromo-3-chlorophenot (2.00g, 9.64mmol), 2-bromoethyl methyi
ether (1.28g, 9.20mmol) and K.CO;3 (1.86g, 13.5mmol) in DMF (20ml). Heat at 90°C
24h and allow to cool. Partition between 0.2N NaOH and ether. Wash with brine, dry
(MgSO0.) and concentrate to obtain the aryl ether as a yellow oil.

Step 2: Treat the product of Step 1 with piperazine as in Preparation 5 to obtain the
10  tille compound, 6-1, as a yellow oil.
In a simifar manner, from the appropriate phenol and substituted alkyl bromide,
prepare ihe intermediate ether and convert 1o the aryl-piperazine.



H3CO N M- NH Preparation 7g¢J R a N NH HO 7 NN-OOOH3 gtep 1 "O N N-000H3
Step Preparation 7 5 Step Conbi ne 1-acetyl-4-(4-h xyphenyl ) pi per azi ne
(2. 458, WQ 244¢BH431  cycl obutyl bromnide (1.00g, 7.4nmol )PCITEL0GBEIRY162g, 11.1
mol ), and K (1.23g, 7.4mol) in DMF-(20ml). Heat at 110C 96h and allow'to
cool. Partition between 1 N NaOH and ether. Wash with brine, dry (MgSOQ4)
and concentrate. Chromatograph on silica to obtain the aryl ether as a

yell ow solid. 10Prégaration@pbi | he product of Step 1 (0.9%95g, 3.5mmwol) with
6N HCl (1 Om) @and EtOH (1 Onl @H’e\gt r@'\ll#x 1.5h, alllow to cool, and
er. aN y '

partition between ether and vvaq aqueous w th NaOH, extract

W th ether, dryrgWSdr—and: coffcentrate——Ehromatograph—on|silica to obtain
the title corn)OJ{Jé’ré\%r ar E

SHOHErY ow|sol i g Er(e%wa-t—i\on 8 15 F2HPO a N NH HO J N
N-000Ha Step 1_| F2HCO J a N N- 06018 SPe\Ppepardtiion 8 Step 1: Conbine

1- acet yl - 4- (4- hjydr oxyphenyl ) pi_per azi ne (Z.00g_ 9.1 mmol), t hyl )
chl or odi f I uor oapeParpargfioddgd 9. 99nmol ) and Cs (3.55qg, [10.9mmol ) in DV
(25m ). Heat at|90C 20h and al lfow tq_{q%e,()'l—.\o i rage and|partition between
5% 20 citric ac|jd and El OHc. sh witth TN Na then brine| dry (MgSH) and
concentrate. Pufify on PLC to ¢ive the aryl etlod; as a yellow oil. WO
2004/094431 O : i ne the product of
Step 1 (0.355g, |17 STRAJAYOIMCEH 6N HCI (5. Heat A&, 80C 1(h, allow to cool,
and basify to pH 13 with 6N NaPH BHsCect L@ AR2CNB, wash with brine, dry
(MgS™) and congentrate. Purify by PLC to _obtd@in Yte title conpound as a
yellow oil. 5 Preparation 9 F ~ O NNHF Step 1 amSiep 2... SE-"~>tp ~.
~OCH--y DOOAls DOBr = - Preparation 9 Step 1: To a solution of
2- (cycl opr opyl oxy) et hanol (1.57£@ES@W9£, prepared ., according to O
Tetrahedron Letters 1999, 8647jand Et3N (2.57nl, 18.5mmmol) in CH2CI2 10
(15m) at OC add dropw se CH3 8@%4@\1\"}6 9nmmmol ). Allow to warmto RT,
f—

stir
/_\ Step 1 EL N Ste .
HO—@—N\_/N-COCHS—-P o-@—NuN COCH3-—‘D—2> Preparation 7
5  Step 1: Combine 1-acetyl-4-(4-hydroxyphenyl)piperazine (2.45g, 11.1mmol),
cyclobutyl bromide (1.00g, 7.4mmol), Cs,CO3 (3.62g, 11.1mmol), and Kl (1.23g,
7.4mmol) in DMF {20ml). Heat at 110°C 96h and allow to cool. Partition between 1N

NaOH and ether. Wash with brine, dry (MgSO,) and concentrate. Chromatographon

silica to obtain the aryl ether as a yellow solid.
10  Step 2: Combine the product of Step 1 (0.95g, 3.5mmol) with 6N HCI (10ml) and
EtOH (10ml). Heat at reflux 1.5h, allow 1o cool, and partition between ether and water. o
Basify the aqueous with NaOH, extract with ether, dry (MgSQ,) and concentrate.
Chromatograph on silica to obiain the title compound as a yeliow solid.
Preparation 8 |

FaHCO— )-N H
15 2 s
— \ )
HO—@—N N-COCH,—22 15 FgHCO—@N N-COCH, 285~ Preparation 8

Step 1: Combine 1-acetyl-4-(4-hydroxyphenyl)piperazine (2.00g, 9.1mmol), methyl
chlorodifluoroacetate (1.44g, 2.29mmol) and Cs.CO;3 (3.55g, 10.9mmol) in DMF
(25ml). Heat at 90°C 20h and allow o cool. Concentrate and partition between 5%

20  cilric acid and EiOAc. Wash with N NaOH, then brine, dry (MgSQ;) and
concentraie. Purify on PLC 1o give the aryl ether as a yellow oil.




1 h, and wash with L d. NaHCOC3. Dry (MgS04) andaconcentrate to obtain the

rresyl ate g‘ ?‘my/% il. Step 2: Treat the pr t of Stee 1 wth

4- br ono- 3- f uor op enoI according to P{ipar ation 6, StepPEIYSBMHMIZATA t he
aryl ether as a yellow oil. 15 Step 3: “Treat the product of Step 2 with

pi perazi ne according to Preparatlon 5 to obtain the aryl -pi perazine as a
yel !l ow 0|I Pég%%[ ation 10 F n [/ NNH F PhCH20 F PhCH20 F HO Br
Step 1S5tepe Hethg pr OﬂURi\Pfl-ﬁ@Peb (@355@{ thUﬁotinﬂhz@\' $il(5m!). THeat at

4- br orr%oz fw%;ew;%rwoww BeRAel i shﬂm%m{tm e Qﬁéct%ﬁﬂ?gﬂé%zw%heat

Preparation 6, S : tootalnt er as a eI ow Oi

t he pr@*dtlmlnnmﬁ cﬁyeéislgﬁ(}m)tahdmcmeeakatee Bonafgrhdi lﬁgC‘tlo cmﬂapahaunfercoﬁnpmn@bt ain
the aryl - gi razine as a black oil. Step 3: To the product of Step 2 (2.62g,
7. 9mmol®F 4 Ko Ot 3or Bt OAC (40mL) add 25 5% Pd/ C (1.4g) and 1 N HCl (8m).
'Hytyogenate at 60psi 16h. Filter
NaOH. Concentrate, treat with Et
give the title conpound as a brown oil.
CT/ US20114/ 012471 Prepar ati(al?ll_é N O~-O -R B HCHCHCF
1 Step 1 Ste } ' : gts H3IXD jeay ~%~./~ H3CO O Er Freparatian 11 Sig
1: To a solution of 2-nethoxypropanol (1.73g, 19. 2pmol , prepared by Li Al H4

5 reductign of tSwyd 1 2- thox Pr Gk I n_py |neqtg g11) at OC add
dr opwi se &‘I%_p@g Urfonyl W ~T 4. g??“?\_ﬁﬁg‘ B py |<f"%@'a(“§3'2§n) Stir

ih, allo nd stlr 18h. Partition between water and CHZCIZ

t
wash w&:egvﬂ_loﬁmsoﬂﬁm ergy? YPW’OX%HW (049t 45 dmmrh Pt“Pi@fﬁ‘stl ate as a
I d nr‘,f}dTmﬁ
Zeblr'"évr:g?gé-)l}dl {r%g?p- gﬁfgﬁﬁ%nr@e&f éﬁ ?%g’, Egﬁgﬁ%ﬁﬁmﬁdémﬁ %é?ﬁ’l n ner égzoi I
(00318 {15mPrad-L add dpwisenCH SRl (1.94g, 16.9mmol). Allow to warm to RT, stir
1h, and wash with satd. NaHCOs. Dry (MgSO,) and concentrate to obtain the

mesylaie as a yellow oil.

ite and neutralize with 1 N
—filter, and reconcentrate to
201) 4/ 1) 9- 1431 - 20-

Step 2: Treat the product of Step 1 with 4-bromo-3-fluorophenol according to
Preparation 6, Siep 1, to obtain the aryl ether as a yellow oil.
15 Step 3: Treat the product of Step 2 with piperazine according to Preparation 5 to
obtain the aryl-piperazine as a yellow oil.
Preparation 10

F
-
HO_ O N__NH

F PhCH,O F PhCH-O F
Step 1

— Vo
HO—©~B —_— \_\O—G—Br M O—@—N\_{NH Mpreparation 10

20  Step 1: Treal 4-bromo-3-fluorophenol with benzyl-(2-bromoethyl) ether according to

Preparation 6, Step 1, 1o obtain the ether as a yellow oil.

Slep 2: Treal the product of Step 1 with piperazine according to Preparation 5 to

obtain the aryl-piperazine as a black oil.

Step 3: To the product of Step 2 (2.62g, 7.9mmol) in 1:1 CH;OH-EtOAc (40mi) add
25 5% Pd/C (1.4g) and 1N HC! (8ml}. Hydrogenate at 60psi 16h. Filter through Celite

and neutralize with 1N NaOH. Concentrale, treat with EtOH (200mi), filier, and

reconcentrate to give the title compound as a brown oil.



1

i

at 60C 40h and allow to ¢ . Partition between 5%ciigalc acid and Et OAc.
Wash with 1 N NaOH, then(ﬂl ne. Dry (MgS™) and conc!SR patal n the
aryl et“*@ﬁ"”dé")hmyel low oil. Step 3: Treat the product "3{5'"2 )

pi perazine according to Preparation28to 15 obtain the aryl-piperazine as a
yellow oil. Preparation 12 H3C F HO O NH 12-1 K3C rCOOVe ep , }-1 Step H3
Step 3. H3C F PhCH20O PhCH20 OH PhCH20O OTs PhCH20' O/ Br H3C F ./ Step 4 S
tep 5 Preparation 12 PhCH2 O NF?reHamte:m 11 To a solution of nethyl

()-2-benzyl oxypropi onat e (3 18mm| g Pprepared 20 according to Aust. J.,
Chem 1995, 1778) in THE (30 wise LIAIHA (1.OMin THF, 10.8nt,
10. 8mmol ). Heat at 60C 1. 5hh@@ ‘@GNCONH Add water (411 m), then 15%
NaOH (411 m ), then water (3x411 m )—Fi I'ter and concentrate to obtain the

al coholH#s a coI orless IHaui d Step 2 Hegnvert t the product of Step 1 to the
#I'%\y H 3 DBQ@HEQ? SEp g"l@ﬂéﬁa@éﬂoﬁ‘?‘ill St ep

t osyl e;? ,H
1. St : nvert the "roduct of Step tot aryl et her, ‘a.yellow oil,

per Sl 1o sEH A Y PaBind BRUAINRT 7oh, 151 me) riFPERREBLERAE
aryl rpivesivazif neethgl ztmmpmpropi‘mbt@vmr[grnﬁh@ (am@eedﬁﬁi@dﬂ ddapetp@e ation 5.

Step 5: Hydrogenate .the roduct 0 4 according. to, the procedure of
Pr epﬁﬂléﬁtﬁetﬁ#"foﬂﬁl chipdde ¢1. t’ 8 2 ﬂ‘!)PatrHOSth'n@'ne ngﬂ%%’@ 1h2lpwW IWaITBr own
soI [ r 4 I h
o % B SUFB PARBR B ALBRH Ch PR el R g
12 Z(MQS@ﬂnGcaTceﬁmwpmeﬂwmsym asreoyelow atfe of 3-net hyl -1, 3 but anedi ol

and hirs! b RoaTRaderacs A 5ho, & B a),REDAFhB%-nhSrcPeRd

0 (1.00g, 5.3mmol), and 60% NaH in mineral oil (0.31g, 7.9mmol} in DMF (8ml). Heat
at 60°C 40h and allow o cool. Partition between 5% citric acid and EtQAc. Wash
with 1N NaOH, then brine. Dry (MgSQO,) and concentrate to obtain the aryl ether as a
yellow oil.
Step 3: Treat the product of Step 2 with piperazine according to Preparation 5 10

5 obtain the aryl-piperazine as a yellow oil.

Preparation 12

HaC F
HO O NmNH
- 12-1
y-coomeR Ry Seps, " Sepd, T | S
PhCH,O PhCH,O OH PhCH.O OTs PhCH,0O O Br
HsC F A/Steptl
Preparation 12 “‘—t%—s‘ ;O
p PhCH, 0 N\_/NH

Step 1: To a solution of methy! (+)-2-benzyloxypropionate (3.5g, 18mmol, prepared

20  according to Ausl. J. Chem. 1995, 1778) in THF (30ml) add dropwise LiAIH, (1.0M in

e

THF, 10.8ml, 10.8mmol). Heat at 60°C 1.5h and allow to cool. Add water (411mi),
then 15% NaOH (411ml), then water (3x411ml). Filler and concentratie to obtain the
alcohol as a colorless liquid.

Step 2: Convert the product of Step 1 to the tosylate, a yellow oil, following the

3

procedure of Preparation 11, Step 1.
Step 3: Converi the product of Step 2 o the aryl ether, a yellow oil, following the
procedure of Preparation 11, Step 2.



H3C(\ NvNH 10 O 3 Preparation 13 OF r~ C4HN Nt-1 FFF 02N F
SteplO 2NNN-BocHCOFStep3\ n 13 < 3 .
@N%E\@f‘ﬁ ’ﬁ% N N-Boc Step 5 p.4 15 a- Ste ng}r:rq)s%ﬁ o8
3 4 d|fluoron|trobenzene (4. 00g, 25nnDI) pi per azi ne (10 8g, 125mml), and
K2CO3 (4.17g, 30mml) in toluene (30m). Heat at. reflux 24h, allow to cool,

Basify the aqueous with NaCH to pH 13 and extract

and extract with 1 HCI

Wi th CEM %ﬁf\/ﬁ?rw BVl P I iSenarybipetyinem beavwn o8, folowing thee

aryl - Be ow solid. 20 Step 2: To the product of Step 1
(1.51 B}&?@ﬁém PRendagn 52 (20m) add Et3N (1.12nl, 8.1 mmol), fol | owed by.
.Boc20 Biepid gH‘.@rUmnﬁt)a th&pradudi cdifdepdsdtcording saithe prcmddimof Prepargtione. Dry

S04 te tq obt t banat Il l'id. Step 3:
O oo o B e SR A e a3 Bl g 258 R Brsvnolids” ooy BLOAL ( 20m)
.255and add Wsnﬁﬁ!aﬂéé}né@%am%%iwsﬂﬁbﬁmﬁ& ﬂ’ég héno‘?'éradfﬂs{ﬁéﬁ%through Celite

and concentrate to obtain thé arylam ne as 040194431 O

* T/ uszbwe&immlherz:zbtsnéﬁe@e-ratmi%zproduct of Step 3 (0.63g, 2.1 mol) in
CH2Cl 2 (10m ) add DI PEA (0.56nl, 3 2mol), followed by AcCl (0.18nt,
2.6mmol ). Stir 0.5h, concentrate; d purify by PLC to obtain the am de as

a brown oil. Step 5: Dissolvehih %NHof Step 4 (0.70a. 2.1 muol) in
CH2Cl 2 (10ml) and add 5 TFA (S_n% Stirt Q. ? ,, concentrate, and partition
between CH2CI 2 and 1 N NaOH sattrated with . Dry (1digS®H4) and

concent r at em Surtilat yaghoffepareotieanonbiveylald be3-raemedElbatndiliahg sol i d.
Preparation_ 14 O
react WIth 3-bromo-4-fluorophenol, then plperazme to obtain Preparation 12-3:

Mg
CH,

mc?{ N ) | NH
10

Preparation 13

O F
HaC— C —\
HN N NH
p—

F F F
N\ I\
OgN'@*F Step 1, OQN@—N NH SRS OQN‘G‘N N-Boc
O F Si
R e W ep?’\{} e
; ———— ~Bog ~e——— -
Preparation 13 Step 5 Step 4 HoN N N-Boc

15 Step 1: Combine 3,4-difluoronitrobenzene (4.00g, 25mmol), piperazine (10.8g,
125mmol), and K,COj3 (4.17g, 30mmol) in ioluene (30ml). Heat at reflux 24h, allow to
cool, and extract with 1N HCI. Basify the aqueous with NaOH to pH 13 and extract
with CHCl.. Wash with brine, dry (MgS0O,) and concentrate to obtain the aryl-
piperazine as a yellow solid.

20  Siep 2: To the product of Step 1 (1.51g, 6.7mmol} in CH.Cl, (20ml) add EtsN
(1.12mi, 8.1mmol), followed by Boc,0 (1.47g, 6.7mmol). Stir 1h and wash with satd.
NaHCOs, then brine. Dry (MgSO,) and concentrate to obtain the carbamate as a
yellow solid.

Step 3: Dissolve the product of Step 2 (2.18g, 6.7mmol) in 1:1 CH;OH/EtCAC (40mi)

25 and add 5% Pd/C (0.50g). Hydrogenaie at 55psi 1.5h, filter through Celite and

concentraie to obtain the arylamine as a brown oil.



H3OH2ZCOHN\ / NNHv F O H3CH2C0 n 10 H2ZN N~ N BgawH St N\ / N JN Boc
)p Step 2 Preparation 14 p 1. To the product of Pr g%“ﬂﬁ Step 3
(0. 649, WO.20M9H431i n CH2C1 2 (1 Onl) add DI PEA (0.57nt, t flol | owed by
Et O0OCI (0. 26ml, 2.6mmol). Stir 0.5h2-concentrate, and purify by PLC to
obtain the di-carbamate as a brown oil. Step 2: Dissolve the product of Step
1 (0.878, 2.4mmol) in CHC 2 (10m) and add 15 TFA (6ml). Stir 1 h,
conce@_r_ep_aieToahel pradudt tof Shep 8t(GeE3g, %ﬁhﬁ)lhtﬂtﬁﬂig@lzmmﬂl) add DIBEAd with Nadl .

2 Wni{CESTD]. BB SR A CHIAET BATNORO S 4 8. corkenlrate, B par at | on

15\ 5bﬁa§q%gn-ﬂ{je\aéa @m30il.20 O O Step 1. To 4-brornoaniline
(4.3 g@?gmm (?l?n et her (15ml) Et 3N (2. 70g 27mol ) . Add dropw se,

wi t h $ige-fabDissobe hheg:rogu@mfcﬁﬁieet-hw 700 bﬂmmﬁl’m e 80§mi) 2ndwesld) i n et her

nd fi er wi.th N_HCI n brine. Dry
(%O&%Aéﬁﬁll)cd%{!gﬂﬁ ?Oéjqegsrﬁiea\%'cgpgé' 'PB 3?"&#'49%&3%9'%!"? to cool, and
25 C‘%ieltﬁféie@ kwhqaé@larmﬁe(r\@@s@)%@ﬂbﬁ@imebtestmmﬂonmcb&@@bwsﬁ%@hu@f Step 1
(4.19g, 15mml) to a solution of KOH (1.19g, 85% 18nrnol) in El OH (26n)
and warapoyrias p whitg 8elid.n an ice bath. Replace with a water bath, stir
1.5h, concentrate, and dilute \O@%MOm . Filter to obtain the
oxazol i none as a cream sol i d. 431 PCT/ US211114/012471 -23 Step
3: Convert the product of Ste 2 t he Rryl - pi perazine, a yellow solid,
followng the procedure ofH 8 5"'Pl‘bﬁ_parat|on 16 F .,CO\ /-NNH

FFF
o

-@-N N-B HSCHzCO—IfN N NB
HoN -Bog ~—— ~-Bo¢c ——» Preparation 14
10 2 e/ Step 1 s Step 2 para

Step 1: To the product of Preparation 13, Step 3 (0.64g, 2.2mmol) in CHxClz (10mi)

add DIPEA (0.57ml, 3.3mmol), followed by EIOCOCI (0.26mi, 2.6mmol). Stir 0.5h,

concentrate, and purify by PLC to obtain the di-carbamate as a brown oil.

Step 2: Dissolve the product of Step 1 (0.87g, 2.4mmol) in CH.Cl> (10mi) and add
15  TFA (6ml). Stir 1h, concenirate, and partition between CHIQCIQ and 1N NaOH

saturated with NaCl. Dry (MgSQ,) and concentrate. Purify on PLC to obtain the title

compound as a white solid.

Preparation 15

Or_\N @- NmN H
p—
3 Qo

Cl
Y H
H2N—©—Br———~——*— O N Br—— O N"@Bf ———= Preparation 15
Step 1 g Step 2

Step 3

20
Step_1: To 4-bromoaniline (4.30g, 25mmol) in ether (15mi) add Et;N (2.70g,

27mmol). Add dropwise, with ice-bath cooling, 2-chloroethyl chloroformate (3.82g,
27mmol} in ether (10ml). Stir 0.5h and filter. Wash the ether with 1N HCI, then brine.
Dry (MgSOy) and concentrate 1o leave a solid. Heat in hexane, aliow to cool, and

D
&)

collect the carbamate as a cream solid.

Step 2: Add the product of Step 1 (4.19g, 15mmol) to a solution of KOH (1.19g, 85%,
183mmol) in EIOH (28mi) and waler (12mfl) cooled in an ice bath. Replace with a
water bath, stir 1.5h, concentrate, and dilute with water (10ml). Filter to obtain the

oxazolinone as a cream solid.



HBCHZCOCD \' I F Stpl H3CH2000C ~N Boc Step \ NN-BOG P Step 31, FIF P 5
H3CO r ion 16 f -NvN Boc M5O *St 4 Nn I}JC$R%2,"§,"$5@1 Step 1:
Conbi ne et%ﬂl'”@@ﬁgdlfl uor obenzoate (2409, 10.7mmol), t-butyl piperazine-1-
carboxytate (2.20g, 11.8mwpl), and K2 (1.808, 13.1mmmwol) |n DMF (1Cm).
Heat at 100C 72h and allow to cool. Concentrate and chrornatograph on

Si Iica ne_ a el.l ow oi St 2. Cool to OC
2 sol oM P BEY SRS R o Relizing 4 Prllomgofd sBhewingaac
dropwmpyoﬁb%rébf%pmaﬂws 5.3m, 5.3mmol). Stir at 0C 2h. Add ice- water
and citric acid (3.0g). Extract W|th ether, dry (MgSO4) and concentrate to
.obtain the alcohol as a yellow dfﬂ@ﬂm_ﬁ) 3: To a solution of the product
of Step 2 (1.479, 4.8mmol) in CH2C 2 (2pml) at OC add Et3N (0.80ni,

5.7mml ) and then CH3SO2C (0. 8RGO 5. &l Stir at 0C 2h, then RT 1 h.
.Concentrate to obtain the crude nesyfateN Stiip 4: Dissol ve all of the of

crude nesyl ate from Step 2 in CH3OH ( \"JAdd NaOCH3 (0. 77g 14 2mol ) .
Heat at 60C 1.5h, aFlow to cool, and dll'ﬁte W th water 20( Extract
with e (96(31 t t he hﬁ ox

yel | owhg(lgl R ep Di mwépteﬁ‘e prod % glﬁ)p%téﬂzOOg, '%0?

CH2Cl 2 (4ml), cool to 0C, and add slowy TFA (20m) . Sg{ t OC 2. 5h,
concentrate, and partition between CH2G@GI2 and 1 N'NaCOH. i { MgSOH4) and

concentrate to obtain the t|tIeHe&ﬁ-04- as— 25 a yelMy o P arati.on 17
F H3C r-\ \ / N Jippagtieyig N\_JMBO “Bembi ne
3'54'-difluoroacetophenone (2. g 12 8nnDI) plper Zl ne (5 52g 64nnDI)

and K2CO38 (2.12g, 15.4mol) in toluene (20m). Heat at 110C 20h and all ow

to ool Extra t with i N HCl and basify the a ueous With NaOH to pH 13.
Step 1: Combnne ethyl 3,4- dlfluorobenzoate (2 00g, 10.7mmol}, t-butyl piperazine-1-

carboxylate (2.20g, 11.8mmol), and KxCOj3 (1.80g, 13.1mmol) in DMF (10ml). Heat at
100°C 72h and allow to cool. Concentrate and chromatograph on silica to obtain the

10  aryl-piperazine as a yellow oil.

Step 2: Cool to 0°C a solution of the product of Step 1 (3.1g, 8.8mmoi) in THF
(20ml). Add dropwise LiAlH,; (1.0M in THF, 5.3ml, 5.3mm9!). Stir al 0°C 2h. Add ice-
water and citric acid (3.0g). Extract with ether, dry (MgSO.,;) and concentrate to obtain
the alcohol as a yellow oil.

15  Step 3: To a solution of the product of Step 2 (1.47g, 4.8mmol) in CH.Cl, {(20ml) at
0°C add Ei3N (0.80ml, 5.7mmol) and then CHySO.ClI (0.659, 5.7mmol). Stir at 0°C
2h, then RT 1h. Concentrate to obtain the crude mesylate.

" Step 4: Dissolve all of the of crude mesylate from Step 2 in CHzOH (20ml). Add
NaOCHg5 (0.77g, 14.2mmol). Heat at 60°C 1.5h, allow to cool, and dilute with water

20  (30mi). Extract with ether, dry (MgSO;,) and concentrate to obtain the methy! ether as
a yellow oil.

Step 5: Dissolve the product of Step 4 {1.00g, 3.1mmol} in CH,Cl, (4ml), cool 1o 0°C,
and add slowly TFA (20ml). Stir at 0°C 2.5h, concentrate, and partition between
CH:Cl, and 1N NaOH. Dry (MgSQ;) and concentrate to obtain the title compound as

™o
5

a yellow oil.
Preparation 17

F
H3C S\
N NH
O -




Extract with CH2Cl 2, wash h water, dry (M gSO%4,) an oncentrate to

obt ai n w@2dbg31 5 conpour®, 17-1, as a yellow solid. ,@ézmdﬂﬁ?rf]ashi on,
from2',4'-difluoroacetophenone praodyce Preparation 17-2, a yellowoil;
from 5-fl uoro-1-i ndanone produce Preparation 17-3, a yellow solid; and from
2' - met hoxy- 4 - fl uor oacet ophenone produce, Preparation 17-4, a yellow solid.

From 2- h th Ef 3N i Cl duce P 17-5,
white 10 SoTTAneR dhapiarancdlobhpond (EhBg F el e B s SBaon 573 o
ZPI - 64N1m0§lr @.ﬂﬁK%Ct)ytzlﬂz 1H&mwfbl)>mrtolu¥nehemm) HagaPmem@ POR ah@ 5 -N

r--". N Preparation 18 \--/ NH 00 O 9
St ep allew ipjcool. 4EHFaC‘1Stvélp‘iH HCI janmaq&éimaqpe@p&wdhﬂ‘éa\om@iﬂ W.HOO \ / Br-

11, Grﬁ?ﬂ}s‘? Wi ST o R 58 Faieh Wé“@@"?fﬁ%ﬁ b[@gg i ﬁé%‘"aﬂ'fz‘(&?o 224,

%Srr@gh)pdundDﬁ/F(mgqu{g@ndat 105C 24h, then 120C 2h. Allow to cool and -
add 1 tract. wth CH2C 2, dry (MJSO4) and concentrate to

obtain t he'%'ﬁl"aéi&%’ﬂo%s“qnfeﬂ QWU@‘F(PE‘C‘:‘@WQ“E pssiuceo Fogpaadien drdn of t he

P mapaenghy |‘§ﬂ~ S} 5 ﬂ”‘%g rﬁ*a)’:”(’ﬁg[ﬂrbd%bm Mnduoh 4T 2 HIORREIITALT s

PCT/ tisho4an@lizsaid’-fluoroacetophenone produce Preparation 17-4, a yellow solid.
From 2-chlorobenzoxazole with EtsN in CH>Cl. produce Preparation 17-5, a while

10  solid.
Preparation 17-2 | R —_ o
9—2 >—N NH
ch - L

Preparation 17-3 Oﬁ?NmNH
p—

Preparation 17-4 *‘5300

HaC
Preparation 17-5 N
P @: PN NH
O N

Preparation 18

o
H,CO O N | WH

O O '

Step 1,
Q H“S_%H _ﬂ% Hnu%H Step 3 Preparation 18
(@]

HO O'Q‘Bf HyCO O—QBr
F

F
15  Siep 1: Combine 3,4-epoxytetrahydrofuran (1.00g, 11.6mmol), 4-bromo-3-
fluorophenol (2.66g, 13.9mmol), and NaO-t-Bu (0.229, 2.3mmol) in DMF (10ml).
Heat at 105°C 24h, then 120°C 2h. Allow to cool and add 1N NaOH (20ml). Extract
with CH2Cl;, dry (MgSOy) and conceniraie to obtain the aryl ether as a yellow oil.

Step 2: Cool 1o 0°C a solution of the product of Step 1 (1.80g, 6.5 mmol) in DMF
20  {(10ml). Add NaH (60% in mineral oil, 0.311g, 7.8mmol). Stir 15min and add CHal



(1.01g, 7.1mmol) i (3m). Stir at 0C 3h, n RT 18h. Partition between
et her and ter, (MgSH4) and concentrate obt ain t her as
a yell ow o‘??A"‘."i'““é‘t‘éb 3: Convert the proguct of Step 2 topkt}ﬁgm m{%)"l-’geram ne,
a yellowoil, following the procedur f Preparation 5. 5 Preparatlon 19 0
t n O0\/ ~NHL91 HOHCBOGI~~OrO HOBr O HO\ / BrSteP 2 HO\-/ BSter "0\

/| BrSle a Prep. 19 Ste Step 1: Combi ne 5-brono- 2- rr}{drox ybenzyl al cohol
(3:00g (?M%MWOQHB 6413!2‘& |$tlre@ir@‘1c‘eaa HepddT 18bs5 e)rtttn@lebetvmemetbe'xh

?lhla(rjlwbﬁl ne, gr &?V%@?")t& concen ra‘feb%%%‘%ﬂ‘ﬁ %V%S’eg W \ngt :r

.yel | owStiep 3: Temvet tr@qmrbdum OS2 o thoanpbigdiazine od hp@uo@fou%bmilnd thed29,
14. Smmlg CH m]R) Add pyridine (1.73nl, 21 mol), followed by
S L5

soc12 (it ‘Allow to warmto AT, stir 3h, add pyridine
(1g73m) and SOCI 2 (1. 14n1) and giddar2fidh 185 V\ash with water, dry (MgSOH4)
and concentrate. Chromatograph on obtain the chloride as a yell ow
oil. Step 3: Conbine the prod tep 2 (2.64g, 9.9mvl ), K2CO3 (1.65q,
11.9mol ) and KI (0. 83g, Orﬁro PvE (25m ). Stir 120h and concentrate.
Partition between CH2CI2 and via W@gWHM hywater and then brine, and dry
(MgS04). Concentrate to 20 obtain the benzo i oxepi ne as a yellow oil. Step
4: ConveHO~{ he priggleciOsf Step 8i-te. aryl - pi perL@ 19-1, a light brown
oil, followRg &he iproc re repa i 081 .3F§; par n 19-2,

br omi natléO ""u uce RQ sti%%{cﬁg &[‘eia‘tc b %Hlj-ﬁepmnaé%dures

of Preparation 65, Steps and 3. Continue anal ogously to 25 Preparation 19
to obt Stept hecembinem besraoi by diexgbgrhfl agohol (3100gF14.8thrhol) aNdNH 0 19-2 For

Premaration 1 duce. 4-bronpsa lic a according to the procedure
of Ekae & H@(?? 'BE?”‘@? @ glyco gﬂcﬁfe HQ%@&ME@S@@BW 1P SODh AR PaTHEon

a5y - PLRELES Aatdoart EXSAL OW A withWhABRANGT iR, arPudSHrand 141/ 111 2 4 7

concentrate to obtam the benzyl ether as a yellow oil.

Step 2: Cool to 0°C a solution of the product of Step 1 (3.52g, 14.3mmol) in CHzCl,

(25ml). Add pyridine (1.73ml, 21mmol), foliowed by SOCl, (1.14ml, 15.7mmol).

Allow to warm to RT, stir 3h, add pyridine (1.73ml) and SOCI, {1.14ml), and stir 20h.
15  Wash with water, dry (MgSQO,) and concentrate. Chromatograph on silica 10 obtain

ihe chloride as a yellow oil.

Step 3: Combine the product of Step 2 (2.64g, 9.9mmol), K.CO3 (1.65g, 11.9mmol)

and Kl {0.83g, 5.0mmol) in DMF (25ml). Stir 120h and concentrate. Partition between

CH.Cl, and water, wash with water and then brine, and dry (MgSQy,). Concentrate to
20 ™ obtain the benzodioxepine as a yellow oil.

Step 4: Convert the product of Step 3 to the aryl-piperazine, 19-1, a light brown oil,

following the procedure of Preparation 5. .

For Preparation 19-2, brominate and reduce ethyl 4-fluorosalicylate according
to the procedures of Preparation 65, Steps 2 and 3. Continue analogously to

25  Preparation 19 to obtain the aryl-piperazine as a yellow solid.
F

0ﬁj}*N/—\NH
( N
0o 19-2

For Preparalion 19-3, reduce 4-bromosalicylic acid according to the procedure
of Preparation 65, Step 3, and continue analogously 1o obtain the aryl-piperazine as a

yellow oil.



Preparation 20 H, 00 I-BCO%\/ N NH HO HO H3CO ~ HO ~ M3CO0 HO St HO Br
Step 2 OBr Step 3 O\ / Step q Prep. 20 5 Step 1) ssol
3- hydr OXQBYH#Y#3Al cohol (6.2g, 150mmpl) in water (700rf 05471 (8. 8¢,
55mmol ) in water (1000m ) dropw se 'ovef 45min with stirring. Stir 18h,
filter, add Nad (100g), and extract with CH2Cl 2. Extract the agueous wth
Et CAc, wash with brine, dry(MJSO4) and concentrate. Warmthe sticky solid
with water (7m), 10 allow to cool fF wid wash with water to obtain
the brom de as a faintly orange | ig= Stepr 2. Dissolve the product of Step
1 (1.08g, 5.3mmol) in DWF (15nl) andCcool to OM®-3Add NaO-t-Bu (0.51 g,
5.3mmol) and stir 20m n. Add 2-bronoet hyl nethyl ether (0.50nil, 5.3mol).
Allow to warmand stir at 40C 18h. Allow to cool and partition 15 between
0.5N NaOH and ether. Dry (MySO4p.adafigheantrate to obtain the ether-

al cohol as a colorless oil. Ste — D ssotve the product of Step 2 (1.31g, -
5.3mml ) in CH2C 2 (15m) ar]%tccbool HacO.0C. Add Et3N (0.96ml, 6.9mmol) and
then MsCl (0.73g, 6.4mmol). | “h,_all to warmto AT, and stir 4h.
Concentrate and di ssolve the resi que ﬁl% (20m ). 20 Add NaOCH3 (0. 864,
15.9mol ). Heat at 65C 1 8h, allow t&Coot—and partition between water and
et her. DrpbMySO4) andd@oncentrate tmoobtain the di,€ether as a yellow oil.
Step 4: Convert the products:@ Step 3 to HweOaryl -pi berazine, a yellow oil,

fol | owin e roge e of Prepar AT 5. 25 egarwatli on 21 CO \' O\
LN I\E\Qbi@] @g_’%@@ﬁg"g‘g %@t‘@%\'%‘ps’rs Eé’ IBETS (lg%%p‘lgbep. 21-1
Y0 21)04/1194431* is PCT/US211114 /0 1 2 4 7 1 -27 Step 1: To
2- al Sjep 4 HdissoiphShbydrosylisugyl alcobohts.20i THAMMa) inhwvates¢7HRMY. (AREDBI,)
: ) 5 :

g&ghl(g.rB%l?ggpner%lﬂncwg%r%éagnéq) grbg\%%e %\f'érSA{ng‘%{r? W'ltl!?'%ﬁ}rir}g? glolrc1 Bﬁ,tfgltrer,d'h’ a

add NaCl (100g), and extract with CH,Cl,. Exiract thle aqueous with EtOAc, wash

with brine, dry (MgSQ,) and concentrate. Warm the sticky solid with water (7ml),

10 aliow to cool, filter and wash with water to obtain the bromide as a faintly orange
solid.
Step 2: Dissolve the product of Step 1 (1.08g, 5.3mmol) in DMF (15ml) and cool to
0°C. Add NaO-t-Bu (0.51g, 5.3mmol) and stir 20min. Add 2-bromoethylmethyl ether
(0.50m|, 5.3mmol). Allow to warm and stir at 40°C 18h. Allow to cool and partition
15 between 0.5N NaOH and ether. Dry (MgSO,) and concentrate to obtain the ether-
alcohol as a colorless oil.
Step 3: Dissolve the product of Step 2 (1.31g, 5.3mmol) in CH.Cl; (15ml) and cool to
0°C. Add EtzN (0.96ml, 6.9mmol) and then MsCi (0.73g, 6.4mmol). Stir 1h, allow to o
warm to RT, and stir 4h. Concenirate and dissolve the residue in CH3;OH (20ml).
20  Add NaOCHs; (0.86g, 15.9mmol). Heat at 65°C 18h, allow to cool and partition
between waler and ether. Dry (MgSQy4) and concentrate to obtain the di-ether as a
yellow oil.
Step 4: Convert the product of Step 3 to the aryl-piperazine, a yellow oil, following the
procedure of Preparation 5.
Preparation 21

HyCO™ C —\
8] N\__JNH 211
\
HO H3CO
HR}*Br %mm g;&- marﬁﬁﬁb Prep. 2141

]
o




nore peracid (2.50g Heat an additional 2h, allmw to cool, concentrate, and

partiti onwaoMdaioaih and 1 N NaOH Drv (109S nd con te to_obtain
the. al cohol as a 5 yellow oil. Step Te,the product of St gg?&’rs?‘ﬂ'.“ﬂb?d?'

10.5mmol ) in DWF (20rnl) add NaH (60%in oil, 0.59g, 14.8mmol). Stir 15mn,
cool to OC, and add CH31 (1.78g, 12.5mmol). Stir 2h, allow to warm and

partit t N L DL, SCA4. d,. onc tra to obtain

t he netlig%g—et-lﬂ)eg aﬂgl %1% %mIOBaF &8(91&9 él%é'%@“ogd'brﬁ%d'gﬁﬂ t( P ner al

oi . Shae nach@ap@bbntzb@ am(im% 8f598 R Fmirdl)2 Hdat 1@ #P0, %Yi’r 8h! a &%hhow ng
the procedure of Preparation Simlarly, convert t he product’ o? tep 1 to

t he TBRGsE Wa@aéaﬁ@g g Heat apraqﬁidmal &h, allow $p epoll coaneniralac andipaiition

BT oG E N, BaPRCI EnGeonSnERS TR pletiT bR e,
(CEB)S%I@V(!ONH 3 HO H3C02SO H3CHN (CHB)SC— ONGCH3 _ _ _O\ / Br Step 11 O

\ / Br _Ste Br Step 3 0 O Br 1 Step 4 20 Preparation 22 Step 1:
Conbi nét TWBE@(?@HWﬁiSPd'n%éQ&,e%»m@S@ DiyiF @ﬂfﬁl?)ﬁ'c!adﬂaﬁt(eﬂf% L. 93nL,

13.8 ShinbirOoad) o 7mol ),
sti rmZTEi,I’ aiF?%\/(\:/Htg'o waélﬁ] an Hﬁ?%l%e’w@t né\gﬂer an (()ﬁ qg((ﬂngr\?ﬁﬂbi?g ]%'
(Ngsmxh,aaid)mm\wanhrané pladﬂnnlmt\anlmetﬁu:‘r arebQoit Ha@d.aDnn (VigSeq) add 25 St ep 2:
Conbi ne t he ro_uc Step. 1 w t'h 2M nmet hanoli¢c CH3NH2
(45m) CPRFept 's%é% %'Béhe 'g’h gwe1'aw|%L¥qrﬁawasmlc@ﬁpuatef and
PAbt i t hfiilrdl éip CHZCI 2 and 0. 5N NaO-l Dry (MgSO4) and concentrate to obtain
the amne as a yellow oil. WO 20(14/094431 -28- CT/US21104/012471 Step 3:
CorTbl n&terhd: Goswedtthepreteg of Step @4ig, 211, smeliow ailniblevdng {He proceidyre of
rmPe) AS Cl2 (30m) and cool to OC. Add Boc20 (2.76g, 12.6mmmol), stir
(Rﬁf’% rm and stir .5 days. Wash with said. NaHCO3. Dry (MgySO4) and

Similarly, converi the product of Step 1 to the TBS ether according to
Preparation 48, Step 1, and react with piperazine according o the procedure of
15  Preparation 5 to obtain the aryl-piperazine 21-2 as a yellow oil.

HO O| C N/—\
\__,NH 21-2

Preparation 22

(CH3)3CO /—\ _@
CH3

H3COQSO HSCHN (CH35)sC-C, N~CH3
0O Y
—_—
OOBrStep 1 O—@—Br Step 2 O-O_Br Step 3 O—@—Br
l Step 4
20 Preparation 22

Step 1: Combine 4-(2-hydroxyethoxy)bromobenzene (2.50g, 11.5mmol) and EtsN
(1.93ml, 13.8mmol) in CHClz (20ml) and cool to 0°C. Add CH3SO.Cl (0.98mi,
12.7mmol), stir 2h, allow to warm, and partition with ether and satd. NaHCOas. Dry
(MgS0,) and concentrale to oblain the mesylate as a white solid.

25  Siep 2: Combine the product of Step 1 (3.45¢g, 11.7mmel) with 2M methanolic
CHaNH; {(45mll) in a sealed tube. Heat at 60°C 8h, allow to cool, concentrate, and
pariition with CH,Cl; and 0.5N NaOH. Dry (MigS0,) and concentrale to obtain the

amine as a yellow oil.



concentrate to obtain the ude carbamate as a yell Owﬂ%ﬁ 5 Siep 4: Convert.
the crude product of Step o the title conpound, a Wiwi245P! | oW ng

t he pro%@dﬁ?’é”df“Preparatlon 5. Pr(ezoﬁéatmn 23 CH3 F 80?“ 2 NJIJNH OF
CH3 FC, ~-{ f N3 OF Step 1 H3 Step 2 Preparation 23 10 Step 1

Conbi ne 3 4-di fl uorobenzoyl chloride (1.01g, 5 7mol ) and Et3N (0. 579,

o i i 8 o T .. SIS K TR
o RIS b 10 Ayt Ay 8 O

pi per alovn&o (n@rm4gnd%ﬁrrﬁuja)\fs Jl&faahdwi{%mﬁ NaHﬁQq []S)Fv (iﬂ]ﬁBQzQ aRdat at 120C
under N2 20h a c, filter, and concentrate.

Parti?""'(‘ﬁ?r\)\ﬁal’%{l@%&‘ g'hdgﬁ‘(‘; @’I@Pa %laﬁf‘?(' E“ ueous |ayer with Na2CCB, add
'\gd béﬁ ;. S véﬁttﬁé‘érruéﬂé B%@c@%%ﬁ?i&%élaﬂe@bﬁw pdlb@Brodifoigoncent rate -

| e conpo as a thi low ol |'.. Préparation ' 24 OF 4 1
- 1 Sicﬂloh{HQMPpreEeGu@ﬁPwa/rml‘eﬁ 1 FSC N\ / t ~N Boc Step 2 F3C /(N ~ ~N

Boc H3C O F Step 34, F 1-13C "L Pr ;iurat n 24 Ste 5 N JN Boc HN Boc Step
HC P 4 H3C Step 1: To the produ@?gg-&ﬁpe%gration 13, Step 3 (1.QQy,

3.3mol) and DIPEA (0.88m, 5.1 nn@H;) i CH2Cl 2 (15nl) add trifluoroacetic
anhydride (0.57nml, 4.1 nmol )rhc SV O_@[%%a second portion each of

Dl PEA and anhydride. Stir Qnd sai d. NaHCO3, then water.
Dry (MgS™) and concgntrate to obta| he am de as a yellow solid. WO

21104/ 094431 - @,9- Ij PCT/ US2 004/_/1, fi
F -STe_pbi H3CO Et?ap_{' Preparation 23 o

O
10  Siep 1: Combine 3,4-difluorobenzoyl chlorlde (1.01g, 5.7mmol} and EzN (0.57g,

5.6mmol) in EtOAc (10ml) and cool to 0°C. Add dropwise N-(2-methoxyethyl)-
methylamine (0.62g, 7.2mmol), stir 0.5h, allow to warm, and wash with 1N HCI, then
1N NaHCOs. Dry (MgS0,) and concentrate to ob’téin the amide as a yellow oil.
Step 2; Combine the product of Step 1 (1.20g, 5.2mmol), piperazine {2.24g, 26mmol)

15  and KoCOj4 in dry DMF (10ml). Heat at 120°C under N> 20h and allow to cool. Dilute
with EtOAc, filter, and conceniratle. Partition with EtOAc and 1N HCI. Basify the
aqueous layer with Na>COs, add NaCl (5g), and extract with EtOAc/EIOH (9:1). Dry
(MgS0,) and concentrate {o obtain the title compound as a thick yellow oil.

Preparation 24

O F
N N NH
20 H5C —
F ' o F
y _@ N\ Fac‘é’N N Fsc—q O
- ———— -
LN N\_/N oc Step 1 ) Boc ———» Step 2 N N-Boc
Step 3l F
Hac—« —\
Preparation 24 N N-Boc --!—- HN N N-Boc
SiepS lep 4 u Cf A -—
3

Siep 1: To the product of Preparation 13, Step 3 (1.00g, 3.3mmol) and DIPEA
(0.88ml, 5.1mmol) in CH:CI, (15mf) add trifluoroacetic anhydride (0.57ml, 4.1mimol).
Stir 2h and add a second porlion each of DIPEA and anhydride. Siir ih and wash

25  with satd. NaHCO;3, then water. Dry (MgSO,) and concentrate to obtain the amide as
a yellow solid.



Step 2: Conbi ne t heglx oduct of Step 1 (0.708, Ig4 I) and K2C03 (0. 37q,

1. 27mmol ) wighoflfvh 8ml). Add CH31 (O0.12ntl, 2N h..-then heat
at .60C 2h. Concentrate and partitionsgth ether and V\/atg(t“hi@égﬁ"%'?ﬁ brine,
dry (I\/gSO4) and concentrate to obtain the rnsthylam de as a yellowoil. 5

Step 3: Dissolve the product of Step 2 (1.0ig, 2.5mwl) in CHSOH (5m ). Add

par 1t SRR 1o EER R prgb Okt Slenl 0 70 1,8 bhal g G BT g™

concentir2Franiod) lnhirleMFmenw)mM@dﬁ-ljh(WQEthQ Oﬁﬁhbg stﬂ@h 4herfReathat gg@luct
of Step 3(4(90 77 2.5mml ). and DI PEA (0.65rnl, 3 in 10 CH2Cl 2 (10m)

add Acéh-( ratg. @ﬁ@@ﬁﬂilost\“fih gther apgnvatat.r H\{@sh wnla bmeu At GAgSPeh
CH2Cl 2agack_dﬁ%Fﬁ{rme%sr_q)téqr;eﬁg‘eghk ﬂlalﬂ @é é%ﬁq%w ad concentrate to obtain the

am de as ow ol | sso é “produ Uct of Step 4 (0.90g,
2. ZmolSiep B: @iﬁﬁblﬂe (e Praduci A GIFFA (1 (CBI gl gmimtat ) in OHJEOhO(Gmi)e nfddiieCGuand

Cancendoatt. £ SruBeRin oy & PnD- clrsasanaen i tgoprgmesiion viih KSRk pad

fashi o t I t on
Sty e kil A R

F QO qohﬁNHI—BCOO FFFF \ / Br Step 1_\ Br Step 0. Br Ste Br Step 4

0 R A S P ool BB W S
adipd ( CHCIZ(10R) adid ABT|(D.22mi] S2rfiine)! CStﬁQW@Bﬁcélﬂ%LanU‘?ﬁmtﬂin whh75C for

5h and nore peracid (0.828). Heat an addi ti onal allow to cool, and

filter Chix and wabes: awlaah(vsutfehewe,atﬂw (MgRO4 argsrcentratento ablawthes cool |
filter Hﬂaggﬁﬁaﬁwﬁlafl Itrate with 1 N NaHCO3. Concentrate and partltlon

W th et'f1 OH Wash with brine, dry (MgJSO4) and concentrate to
obt ai nStdye Se Diesolas tie praghuct of Sitépw (0@0gd 2.5mmol}48-CGCl, (10ml). Add TFA
(6.0ml). Stir 1h, concentrate, and partition with CH,Cl, and 1N NaOH. Wash with

15 brine, dry (MgSQ,) and concentrate 1o obiain the title compound as a yellow oil.

In a similar fashion, but employing ethyl chloroformate in Step 4, prepare

Preparation 24-2 as a yellow oil:

OJ( I\
H 30—/ N NH
20 Preparation 25
F

I\
- o
HSCO-\_ head
F
Step 1 QBr _P_?_» QBF Br _Step4
H30 Hsoox T
3C S

H

Step 1: Combine 3’-bromo—4’-ﬂuoroaceiophenone (2.17g, 10.0mmol) and 3-

chloroper-benzoic acid (70%, 2.46g, 10mmol) in 1,2-dichloroethane (20ml). Heat at
25  75°C for 5h and add more peracid (0.82g). Heat an additional 24h, aliow to cool, and

filter. Add more peracid (1.64g) and heat at 85°C for 20h. Allow to cool, filier, and

wash the filtrate with 1N NaHCOs. Concentrate and partition with ether and 1N

NaOH. Wash with brine, dry (MgSQ.) and concentrate to obtain the ester as a light

Preparation 25

yellow solid, m.p. 48-51°.



WO 2004/ 094431 -30- T/ US20gM/ 012471 Step 2: To the prgguct of Step 1

(2. 05q, s n Bt OH ( ) add 1 N NaOH (17.5nl) eutrallze
with 1IN C:T§ cdn%:]entrate and partitgen with CH2Cl 2 and '?‘dszma%'?%/\g'?

brine, dry (MgSO4) and concentrate to obtain the phenol as a yellow 0|I 5
Steps 3-4: Convert the product of Step 2 to the title conpound, a brown oil,

usi ng.th ced s of, Pre 0 OF LNH
ac rotepy Folfieprodie YsiemT Rbag: BApREIEREOH LlpiRtfiddR 7 1
NBoc 57%!’} §fmeaoﬁ né’ﬁﬁﬂﬁ@aﬁwmm\?ﬁcﬂmcénfﬁé@ and ﬁﬁﬁoﬁ@mﬁt@ﬁzm deRiTbi ne
1-(4- c ano- 2-f1 uorophenyl) | perazine (1.57¢g and Et3N (1.28n,

9. 2mmt)ar|Wa@Hzmr2b(m@,rﬂr)f( (ad@rdcmr@epmaw@ oma phemsplias ajelgd  wash.
with satd. NaHCO3. Dry (MySO4) and concentrate to obtain the crude
carbamtate as a yellow solid. Step 2: Dissolve the product of Step 1 (2. 739,
& In@Ibps i34 CidAeiAabrodd df Sibp H0ache 2iterdbmpaLthd, RetrdwirCail,(Wsing the

Hydr ogenate at 60psi for 18h. Filter through Celite and add 1. N NaOH (6ml)
Concdhpeedwres o Rigperaliond, wieRs &2Cl 2 and water. \ash with bri ne, dry

(MgS™) and concentrate to obt a%as a colorless oil. Step 3:
Conbi ne the product of Step 2 ) and DI PEA (1.06nl, O 6.1
nmmol) in CH2CI 2 (5m ). Add Ac 4.Bmol). Stir 1 h, concentrate,
and 20 partition with CHZCIZHa,g P@ﬁHV\nth bri ne, dry (MgS™) and
concentrate to obtain the anf \J—GJW oil. Step 4: Dissolve the

product of Stgp 3 (1.38g, 3. 9rrrm|) pn CHZCIZ (1m). Add TpFA (8.0nf). Stir

0. 5h, conce at g— and partltlon th/-GHZCI 2 and BW saturgat ed wth
NacCf . DrNCt@éfﬂz M‘g@'ﬁ?en U i _EEE?O heN-BPper azi rQas
25 a yellow ol l. simlar manner, rrpl oy et yI ch roformate in Step

to produce Preparation 26-2 as a yeII

P tion 26 -——
reparation Siep 4 HSC N N Boc

10  Step 1: Combine 1-(4-cyano-2-fluorophenyl)piperazine (1.57g, 7.6mmol) and Et;N
(1.28ml, 9.2mmol) in CH.Cl; (10mi) and add Boc,O (1.67g, 7.6mmol). Stir 1h and
wash with satd. NaHCOs5. Dry (MgSO4) and concentrate to obiain the crude
carbamate as a yellow solid.

Step 2: Dissolve the product of Step 1 (2.73g, 8.9mimol) in CHzOH (30ml). Add

15  HOAc (2.6ml) and then PtO; (0.60g). Hydrogenate at 60psi for 18h. Filter through
Celite and add 1N NaOH (6ml). Concentrate and partition with CHoCl, and water.
Wash with brine, dry (MgSO,) and concentrate to obtain the amine as a colorless oil.
Step 3: Combine the product of Siep 2 (1.25g, 4.0mmol) and DIPEA (1.06ml, o
6.1mmol) in CH.Cl> (5ml). Add AcCl (0.35ml, 4.8mmol). Stir 1h, concentrate, and

20  partition with CH.Cl, and water. Wash with brine, dry (MgSQ,) and concentrate to
obtain the amide as a yellow oil. |
Step 4: Dissolve the product of Step 3 (1.38g, 3.9mmol) in CH2Cl> (1ml). Add TFA
(8.0ml). Stir 0.5h, concentrate, and partition with CH.Clo and 1N NaOH, saturated
with NaCl. Dry (MgS0Oy) and concentrate. Purify by PLC to obtain the piperazine as

25 ayellow oil.

In a similar manner, employ ethy! chloroformate in Step 3 to produce

Preparation 26-2 as a yellow oil:

")

HaC Y-NH —/
-0 H
26-2



"/I~N\.1 26-2 WO ?‘04/ 094431 PCT/ U82004/01246 - -31 Preparation 27
(&H3)3 ¢\ ./ NNH HN\ / Br Stepi (CH3)3 p ( Sr Si tion 27
Step 1: %ﬁ’f)"*”é“é' bronoi ndol i ne (3.58¢.. 18mmol) and Et 31 ﬁh% E&"&Hﬂfgmml) in
5 CH2CI 2 (40mL). Cool in an ice bat h“and add Boc20 (4. 14g, 19mmol ). Allow to
warm stir 2h and add nore Boc20 (0,50g). Stir. 2h and wash with 1 N HCl,
then with 1 N NaHCG3. Dry (I\/gS g anq cg&centrate. Heat the solid with
hexane, allow to cool, and filt n the carbamate as off-white
crystals, mp. 124-6C. Step 2: Conve™N _the product of Step 1 to the title

compound, a yellow oil, fol liemihng t Nor dure of Preparation 5.

. Preparation 28 F NCB/ (r--Viey N&‘r-\ 10.\-\ / ~-N N Boc Stepl\
/ N N Boc Preparat|on 28 Xx__j Step @ Step 1: To a solution of the product of
Preparation 16, -Ste (from 1. 40q, 15 of starting al cohol), add KCN

. (1.03g, 15.8 el Ltition with ether
and 0. 5N NaOT.TP‘Dr é@dl@m conc’%%-rf\a \ "and S dmat géirrazi%ﬁ $on silicato
obtain the nitrite as a yellow oil. (StepZ Di ssol ve the product of Step 3

(0.63 1ep} Omﬁhﬁmé% (RO 13 ng@gfnagﬁhwoﬁ) @EM gAIE‘n]lFN@I Stir. 2h,

conce d basify wth 7N I C N htrate ‘and purify by
P&EC tGFbﬁhiza(ﬂﬁmlheCootmamneﬂxajhandgchi FetidM.340) tomniolppAllay towazé, F

Cr > B b b0 8561 T 5B, e el i BRR L B, BeaiP, (- 700
conceNBHU®:. BAYNIGSOL) hisd cHhédntaitb e Heat thé s8N &:mn@bﬂ‘ai‘ﬂé%o@w chgw 094and

concentrate to L)t ain the title conpound as a colorless oil 431

-32- ai m@qtpmt@mﬁwarm@me as iobrwhaite exyskalsHmap .1 2465 GiH
" Step 2: Convert the product of Step 1 1o the title compound, a yellow oil, following the

10  procedure of Preparation 5.

Preparation 23
F

NG, ~\
N NH

A —
" NG \

MSO\—@-N’—\N-BDC — N N-Boc S Preparation 28
At Step 1 s tep 2

Step 1; To a solution of the product of Preparation 16, Step 3 (from 1.40g, 45mmol
15  of starting alcohol), add KCN (1.03g, 15.8mmol). Heat at 60°C 1h, allow to cool, and
partition with ether and 0.5N NaOH. Dry (MgSQy), concentrate, and chromatograph
on silica to obtain the nitrile as a yellow oil.
Step 2: Dissolve the product of Step 3 (0.63g, 2.0mmol) in CH:Cl; (2ml) and cool to
0°C. Add TFA (10mi). Stir 2h, concentrate, and basify with 7N methanolic NHa.
20  Concentrale and purify by PLC 1o obtain the title compound as a yellow solid.

Preparation 29
F

I\
CH30H2000©-N NH
N/

Dissolve the product of Preparation 16, Step 1 (1.70g, 6.7mmol) in CHzCl,
(5ml) and cool to 0°C. Add TFA (20ml). Stir 2h, concenirale, and pariition with ether-
25  CH.Cl and NH,OH. Dry (MgSQ,), and concentrate to obtain the title compound as a

colorless oil.



FFF Stepl. HOBr - ~' R 200G Br St- er ~- PhCHZSQQ(JHFFStepS F
EtOOCl-- C Step / N JNBoc O N NBoc~ PhCH20 e -
\S. tep bl—@\%‘ tep H3C)_ Step 7 1-18C O 6 N JNBoc -, ygﬁﬁ't"ﬁbﬁp
,,rrte~ Step 1. Tr eat 4- br ono- 3- f | uorophenol with benzyl bromn de according
to Preparation V 5 6, Step 1 (reaction tenperature 60C), to obtain the
ether as a yellow oil. Step 2: T"Deat t hbe product of Step 1 wth piperazine.
according to Preparation 6, St arayo in the aryl -pi perazine as a

yel l ow solid after chromatogr St ep F3: Convert the product of Step 2 to
the Boc-derivative, a brown dit{G t he procedure of of
Preparation 13, Step 2. 10 StepcC4: h@&iuct of Step 3 (2.55q, .
6. 6nmol ) to Pd/C (0.60g) in CH3OH (30nt). Hydrogenate at 58psi 20h. Filter

t hr ough ceIE and concentrate tS obtain the phenol as a white solid. Step

5: Treatyd or gAEER 10f o112 B SR gl 0] fe ‘gpcording to the

procedure o tep 1 to obtdin ester as a Bro 0| I~15 Step 6: Dilute
3. OM et her eal ) with ether (68t} 3 ndj]:cool in O ice.
Add dr, LSe ct_of St (1. 04q, mT/nJ_Q i n ether
(6n) . %Qg @ G?N%cj“ﬂgpma— picH0 Nrewge@t Stir
2h, quench wi I—Hre‘l, and vvash #t h “welt er, then brine. (WyS™) and
concentrate to 8bt tap 6 t he al cohol as a yel low oil . 20 St ep 7 Renove the

yBr (2 3ml, 6.9

19;556 pr

Boc group fro he%r od&ct of Step 6 according to the procedure of
Preparation ¥RC t Ealﬁﬂemﬁe I:,I tl e.conpound as a yellow solid.
Preparation 31:® F PH04431 ’eF’%’é" /us2|)o4/ 1112471 C  F of F
OF RN J 1 Nr-\- Boc Step NN NBo St LN [, NvN-\'N o

Step_1: Treat 4-bromo- 3-ﬂuorophenol wnth benzyl bromlde according to Preparat:on
5 6, Step 1 (reaction temperature 60°C), to obtain the ether as a yellow oil.

Step 2: Treat the product of Step 1 with piperazine according to Preparation 6, Step

2, to obtain the aryl-piperazine as a yellow solid after chromatography.

Step 3: Convert the product of Step 2 1o the Boc-derivative, a brown oil, according to

the procedure of of Preparation 13, Step 2.

10 Step4: Add the product of Step 3 (2.55g, 6.6mmol) to Pd/C (0.60g) in CHzOH
(30ml). Hydrogenate at 58psi 20h. Filter through celite and concentrate 1o obtain the
phenol as a white solid.

Step 5: Treat the product of Step 4 with ethyl chloroacetate according to the
procedure of Step 1 to obtain the ester as a brown oil.

15  Step 6: Dilute 3.0M ethereal CHMgBr (2.3ml, 6.9mmol) with ether (6ml) and coolin
ice. Add dropwise a solution of the product of Siep 5 (1.04g, 2.7mmol) in ether (6ml).
Allow to warm to RT, and add another 2.3ml of Grignard reagent. Stir 2h, quench
with NH4Cl, and wash with water, then brine. Dry (MgSQO,} and concentrate to obtain
the alcohol as a yellow oil.

20 Siep 7: Remove the Boc group from the product of Step 6 according to the
procedure of Preparation 13, Step 5, to obtain the title compound as a yellow sofid.

Preparation 3i
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Step 3 Preparatio | Stern 1: Cool inice a | ution of t he product of

Pr epar at ivo 28098836 3 (1.50g, 5.1 mmol) in TH® 40n1) . ]Q',Pﬁ,ﬁzg.é 08ml
6. 2mvol ), then 2-chioroethyl chlorof-@&3vwate (0.76g, 5. Smm Stir 3h a
partition with ether and satd. NaHCO3. 5 Dry (MgSO4.) and concentrate to
obtain the carbamate as a brown solid. Step 2: D ssolve the product of Step
1 (2.05g, 5.1mol) in THE (150 _)—CIAdd NaH (60%in oil, 0.258, 6.1 mol).
Heat at 60C 1Bh, allow to cqol@ partltlon V\nthcetherFand water. Dry

(MS™),, an rate to e oxaz s awellow solid.
10 Ste 2@: rr[)%,\)ua.—i"%l heéBwébg%'% LhEFg mmf@z \gébéclﬂ’i ng to the
*procedure of Preparation 13, Step 5, to obtain the crude tlths3N eppound as a
yellow solid. Preparation 32 0O F n N NNH Br F H2N , Boc Step 1
OHN NCN Boc Step ~N 6F Nv -Boc -6 1 Step 3 15 Prepar atlon Bizparstiezil: Cool
‘inice _a solution of the product of Preparation 13, Step 3 Sl 53g, 5.2mmol)

and DI gD 131 Geghin ias 2 aabilien;of thepredusiof Pf@l@ﬁfaﬂﬂﬁﬂ\m, §éell3t{ Sgbut yryi
chl ori fdeI ) (ﬂégn p d satd.
I\laHCOB%%']nOW]R/ggﬁ (’:qodr?gg”{)%é[‘é to lb ’ttgb"hb@n@ Bﬁf#?éem s a yell ow
sol i d. cRRrSoemate (¥ 63 3. 8mhoR. @ltoeh@tndqjarﬁﬂ@muhh(eihéﬂgnd§aﬂmmHCOr3. DV
(100m Mﬁg %s—( &60%| n ojl . Heat at 90C 18h, allow to
coél 880 and sRAceplris 1o E‘U\H"ﬁ ‘-‘é‘t"ﬁ@?‘a%%ﬁ fdirewn 9[94'9 (MySO4) and
concen t a %gﬁq 04431
- 34- 00[?1? %‘?L]g%‘?ﬁlé bgﬂeﬂ ijsl%irrggé%ﬁégém%%i 'HWI_PﬁL Ilpero uéﬂ of Step
2 accol@h%gntod, 0128g, 6r1asma§|@l)r dHedt a?r‘c“éﬁ@r‘bﬁh @ﬂiowap c@lod:mr&i pamtionma'imeimlee crude
tinle %ggp\,\?atigﬂ ?y ﬁllﬁ@ [;)()Xavnd %8|n<':gntrateei ?aln Me crudeFoxazolmone as a yellow
solid.
10  Step 3: Remove the Boc group from the product of Step 2 according to the
procedure of Preparation 13, Step 5, to obtain the crude title compound as a yellow

solid.
Preparation 32
0 F
V)
dN—@N NH
A
Br
F {_/‘ F 18] F
<0 ° sor OO0
HoN N N-Bog ——» I\ -

2 s OC Stept HN N_ N-Bocgiep2 N N__N-Boc
S l Step3
15 Preparation 32

Step 1: Coolin ice a solution of the product of Preparation 13, Step 3 (1.53g,
5.2mmol) and DIPEA (1.10ml, 6.2mmol) in THF (40ml). Add dropwise 4-bromobutyryl
chloride (1.01g, 5.4mmol). Stir 2h and partition with ether and satd. NaHCOg3. Dry
(MgSO0,) and concentrate to obtain the carbamate as a yellow solid.

20  Siep 2: Dissolve the product of Step 1 (2.30g, 5.2mmol} in DMF (100ml). Add NaH
(60% in oil, 0.25g, 6.1mmol). Heat at 90°C 18h, allow 1o cool, concentrate, and
partition with ether and water. Dry (MgSO,) and concentraie to oblain the crude

lactam as a yellow saolid.



n H300\ :{-MNH 5 F F F ep 1., Step 2,_ Siep 3. \ Br \ /~Br \ , Br

Pr epar afiPfho vy HHC HO H3 tep 1: To a solution of PErus2004/01247

3- br ono- f?l‘ﬁoro enzal dehyde (1.20g,3%-9nmol) in EtCOH fZOlr%zS" e(l'éd NaBH4 .
(0.103g, 2. 7mml). Stir 2h, concentrate, and partition between ether and
water, with NHACl (0.6g) added. Dry (MgySO4) and concentrate to obtain 10

Stop SRR, FEMAEHeBOE B fomhBidauits sepentodudlo B85, Prooit,
0. 33gpro8edurendl) Prapaeati@H33, $epthirib,oblaih thewryide 8tié coBipamd aparyeiibivon .

bet ween, et her and water. Dry (MgSO4) and concentrate to obtain the crude
nmet hy$0|@t her as a yellowoil. 15 Step 3: Treat the product of Step 2 with -

pi perazi ne according to PreparapE@faQiiofi®P 2, to obtain the title conpound
as a yellow oil. Preparation 34 \ N\HFF O-F Step 1v CH3S02 \ 6
F Step Preparation 34 20 Step 1: To AFCI3 (4.43g, 33mml) in :
1, 2-di fluorobenzene (10.0M, 101 gﬁ&NHCHSSOZCI (4.00g, 2.7mmol). Heat
at 90C 18h, allow to cool, and quened witH Ice- water. Extract with ether,
dgy (MgSO4) and concentrate tdia in the sulfone as a yellow solid. Step
2: Combine the product of Stepgl (2.32g, 121 mmol), piperazine (6.24g, 25
72mrol ), and K2CEB. ( 3, 349, | ) ol 0., DVF onmt at at 90C 5h, allowto
cool, and co en %é‘?ﬂgar ; %g‘?-ﬁke ; Et)éqlegnl?a*wmperajidmmh wi th brine,
dry (MgSOH4) concent @t 0 obt 6\5‘%93 itle conpound as a yellow solid.
WO 2004/ 09443™10 -35- PCY/US2 0114 /¢ 247 1 Preparation 35 0 F

CH3 J 1 a I tion 30
R S R LI 8
titl e(20ontpadddNaBa(Q208g\2.6inmol). Stir 2h, concentrate, and partition between

ether and water, with NH,Cl (0.6g) added. Dry (MgSO,) and concentrate to obtain

10  the alcohol as a colorless oil.
Step 2: Cool a solution of the product of Step 1 (1.20g, 5.9mmol) in THF (50ml) in ice
and add NaH (60% in oil, 0.33g, 8.2mmol), then CHzl (1.00ml, 7.1mmol). Stir 3h and
partition between ether and water. Dry (MgSQO,) and concentrate to obtain the crude
methyl ether as a yellow oil.

15  Step 3: Treat the product of Siep 2 with piperazine according to Preparation 6, Step
2, to obtain the title compound as a yellow oil.

Preparation 34
F

Al
CHssoz—@-NuNH 2

F F
@—F Stepty, CHgSOZQ—F Step, Preparation 34

20  Step 1: To AICls (4.43g, 33mmol) in 1,2-difluorobenzene (10.0mi, 101mmol) add
CH3S0.Cl (4.00g, 2.7mmol). Heat at 90°C 18h, allow to cool, and quench with ice-
water. Exiract with ether, dry (MgSQ4) and concentrate to obtain the sulfone as a

yellow solid.
Step 2: Combine the product of Step 1 (2.32g, 12.1mmol), piperazine (6.24q,

25  72mmol), and KoCO; (3.34g, 24mmaol) in DMF (20ml). Heat at 90°C 5h, allow to cool,
and concentrate. Partition between CH:Cl: and waier, wash with brine, dry (MaSQO,)

and concenirate to obtain the litle compound as a yellow solid.



5 Preparation 36 F C-( NH Renpve the Boc gg& fromthe product of
Prepar at i ‘ according to the proce of Preparation 13, Step
5 to obtg{bnﬂ,?ﬁgﬁgﬁle conpound as a yetlow oil. Prepar 58?’6’&2‘?1/"#2”LBC/ N~
NNA 10 HSBCOFFF HCH3C N NNHHIC\ / NBo Ste c Ste 2 NNBoc Op 1
Op H3 O H3ICF /Step 3 [/~ Preparation 37 Step 4 \r/ N JN-Boc H3CO Step
1. -Convert the product of Prepar aEi on 1!7 tg t he Boc-derivative, a yellow
solid, according to the procedur TeargHo paration 13, Step 2. Step 2: To
the product Step 1 (0.77g, 2.4nmmol P in EtQH (15m ) add NaBH4 (0. 046g, 1S-
1.2mmol). Stir 2h, add NaBH4 0.023‘9’,\ 0 I~ stir 1 h, and add the sane
amount, Stir 1 concent r at&CHed p@Fri Préh P¥iween CH2CI 2 and water. Wash*

h
i th brine, S d trate t btain th | cohol l'i ght
Vel ow sol | d er8pup 1 Beb PP BRGATE Prbs! of POIE1gion S0nstan Seecawtng Kon )
add Na b I | : . ' :
5 sl 1 P8 ol EreParidn, i, SEES) o Qi Tl el Svalbar el

(6@%in oil, 0.062g, 1.5mmvl) andP@Ef@raiiéh 369, 1.2muol). Stir 24h and add
NaH (60%in oil, 0.034g, 0.8mvl). Stir. 24h, pour onto ice-water, and

extract with ether. Wash with brgw SM4) and concentrate to obtain
I

the crude nethyl ether as a yello N Ap 4: Convert the product of
Step 2 according to the procedure of “Preparation 13, 25 Step 5, to give the
title conpoynsmage the/Bbt YOG frofd iR prdbbrcPoY Pidparhs PP 460U o - 36-
9T/ US2004/ 1112471 Prepa?g}?%n 38 " bR Pre e, e to

the procedure of Preparation 13, Step 5, to obtain the title compound as a yellow oil.

oo Preparation 37
F
HsC M
N NH
10 H3CO s

F F F
OO s GO o4O
- — -
g M Slept N N-Boc Sep? 1 N N-Boc

Step 4 HsC,

I\
Preparation 37 <_H3CO N\_/N'Boc

Step 1: Convert the product of Preparation 17 to the Boc-derivative, a yellow solid,

according to the procedure of of Preparation 13, Step 2.

Step 2; To the product Step 1 (0.77g, 2.4mmol) in EIOH (15ml) add NaBH,4 (0.046g,
13 1.2mmol). Siir 2h, add NaBH,4 (0.023g, 0.6mmol), stir 1h, and add the same amount.

Siir 1h, concentrate, and partition between CH,Cl» and water. Wash with brine, dry

(MgS04) and concentrate to obtain the alcohol as a light yellow solid.

Siep 3: To the product Step 2 (0.61g, 1.9mmol} in THF (10ml) add NaH (60% in oil,

0.12g, 3.0mmol). Stir 10min and add CHal (0.32g, 2.3mmol). Stir 72h and add CHsl
20  (0.16g, 1.2mmol). Stir 24h and add NaH {60% in oil, 0.062g, 1.5mmol) and CHal

(0.16g, 1.2mmol). Stir 24h and add NaH (60% in oil, 0.034g, 0.8mmol). Stir 24h,

pour onlo ice-water, and exiract with ether. Wash with brine, dry (MgSO,) and

concenirate to obtain the crude methyl ether as a yellow solid.

Siep 4: Convert the product of Step 2 according to the procedure of Preparation 13,

25  Siep 5, to give the title compound as a yellow oil after PLC purification.



HOi--\ NNH H3CO HO 0~-.~ Preparation 38 step 1 @Step Step 1: Add

(t;(r)g(r:opE@ f! "%)3 441gﬂie) (g?l4g, 15.(513mc’?g1L isﬁﬁ()ldigdan(isﬁﬁ) ﬂs&ﬁﬂgﬁ% add

4N HCl / di oxane (5m ), and allow to cool. Partition between ether and wat er ,
dry (MgSO4) and concentrate to obtain the crude product as a yellow oil
containing the isoneric benzyl iE al (r:qhol §8315 a m nor conponent. Step 2:
Convert the product of Step 1t conmpound, a yellow oil, follow ng
the 10 procedure of Preparati eparation 39 H3CO\ / NNH H3CO O\
/' N H HOO\ / BrStep HBHO Pr"é’TBaration 39 + H3CO Preparation
39A Step 1: Cool inice a soI on of the crude product of Preparation 38,
Step 1 (1.70g, 1 (2 Add NaH (60%in oil, 0.38g,
9.6mol ). Stir 1@i\—€%f H%@% *Pa{ﬁhﬂ@t“r'r? 2h. Partition

bet ween et her and bri ne, dry ( and concentrate to obtain the crude
produgterg$: Addetdrmy WSO@(@nT@hI) Ii@@Hé@—l f?ﬂ[iliIWclc@!e@Im@bolAthd&pwm (4~
conponent. Step product_of_Step | - pi perazi ne

o Iomqwgowwyapa&@a@r(% 0 Bierhinoldn G KM JHaatat b wm,eawﬁbuRdl as
o her BN ofifl, 5 QAR RlKool2 Khfhior? hEREPCtHEr andlFafef Wi (MgoRC 1o

St ep Qné?repaeualtaﬂerloztmaﬁ lﬁewude prathict es @ v4RE8OAI cOn2Bmitd the lmhgmcene gI ycol

(1. 40g 22.6 cooled in ice. .Add (4-bronophenyl)oxirane (3.008, 15.1
ol ) Penidic ?0 58 DIMYPOT CHAPANWw to cool . Partition between ether and

t h
wa er %%2 C¥rvBrithe '}ﬁedﬁ'étym(%/ﬁﬁ%th%ﬂﬁle (ﬁﬁﬂﬁ&md C:! g%"Af/ﬁg 822%‘1’8&%@{%82 L @ 4

ilic obtain the di oxane as a yellow solid
m11 protedute of Breparation 5.

Preparation 39

H3CO —
N NH
H,CO —f
H3CO H3CO ‘e
X—Q— Si 3 W—O—Br—l" Preparation 39 + _)—O-N\_JNH
H5CO P Hoe HO

Preparation 38A

Step 1: Coolin ice a solution of the crude product of Preparation 38, Step 1 (1.70g,
15  8.0mmol) in THF (20ml). Add NaH (60% in oil, 0.38g, 9.6mmol). Stir 10min, add

CHal (1.36g, 9.6mmol), and stir 2h. Partition between ether and brine, dry (MgSQy)

and concenirate to oblain the crude product as a yellow oil containing the benzylic

alcohol as a minor component,

Siep 2: Convert the product of Step 1 {o the aryl-piperazine following the procedure o
20  of Preparation 5. Isolate the title compound as a yellow oil by chromatography, and a

side-product, the benzylic alcohol mono-ether, a yellow solid.

Preparation 40

0 \
OO
/
O Step 3 &)—@—Br —-—* Preparation 40

25  Step 1: Add conc. H250, (0.08ml) to ethylene glycol (‘i‘ .40g, 22.6mmol} cooled in ice.
Add (4-bromophenyl)oxirane (3.00g, 15.1mmol). Heat at 135°C 2.5h, and allow to
cool. Partition between ether and water, wash with brine, dry (MgSQ,) and

concentrate. Chromatograph on silica to obtain the dioxane as a yellow solid.



Step 2: Convert th oduct of Step 1 to thetit conpound, a yell ow sol [ d

fol | ow ng)votznﬁ/m ure of Preparation 5. Prej@ation

NH. HO H3CO 5 |'40 / Br Step 1 HaCO \. 47 Br Step 2 Prepal%i /g%%mé%_@p 1: To
5- br onp- 2- hydr oxybenzyl al cohol (1.97g, 9.7mmol) in DM (1 Or) add NaH
(60%in oil, 0.81g, 20.4mmol). Stir 10m n, add CH31 (1.39m, 22.3mml), and

sti-r ' cid. Wash
i 1SRRI e BRcPR bl P BB ERTR, YIS TG Vo
di - et hetie psocadiife pbPke{mrahd)n 5Step 2: Convert the product of Step 1 to the
title conpound, a brown solid, fﬁ! | owi ng the procedure of Preparation 5.
‘Preparation 42 NC NNH F 15 Co 1] -4-fluorobenzonitrile to the
title conpound, a yellow solid,H,d®@H owi ng the procedure of Preparation 5.
Preparation 43 F OHC\ / NH Conver? 4-ch f | uor obenzal dehyde to the title

“-conpound following the 20 procBefdf? \of"ﬁ@Matlon 17. Preparation 44 F N
\' / NNH44-1 FFE. n/--\ N l_%CQJNHS'[GDZLO-C\/NNBOCS'[G[:)Z/\/
t

N-Boc / _ Gep 3 ’f-g?e ation 44 ap 1: Convert the product of
Preparation 43 to fbe @ erivati.re @ #rdingst ordoh@tiodt Procedure of of
Pré&paration 13, Step 1 Step 2

WO 51§84/ 09443 |
Step 1: To 5-bromo-2-hydroxybenzyl alcohol (1.97g, 2.7mmol) in DMF (10ml) add

NaH (60% in oil, 0.81g, 20.4mmol). Stir 10min, add CHsl (1.39ml, 22.3mmol), and stir-
1h. Concentrate and pariition between EtOAc and 5% ciiric acid. Wash with 1N
. NaOH, then brine. Dry (MgSQ,) and concentrate to obtain the crude di-ether as a
10  vyellow oil.
Step 2: Convert the product of Step 1 to the title compound, a brown solid, following
the procedure of Preparation 5. |
" Preparation 42
NG
Q —
N NH
L —
F
15 Convert 3-bromo-4-fluorobenzonitrile to the title compound, a yellow solid,

following the procedure of Preparation 5.

Preparation 43
F

OHC—@-N NH
N

Convert 3,4-difluorobenzaldehyde to the title compound following the

20  procedure of Preparation 17.
Preparation 44

N
Lo
s 441
F F '* F
~\ ‘e —N \
OHC N_ NH OHC-@-N N-Boc —= \—@-N N-Boc
Step1 \ Step 2 o

/Qtep 3

Preparation 44- 1
Step 1: Convert the product of Preparation 43 1o the Boc-derivative, according to the

25  procedure of of Preparation 13, Step 2.



-38- CT/US2004/ 1112471 mz: To the product Step 1 .408, 1.3mol) and
pyrrol | in CH2Cl 2 (15ml) add
W(P%‘.SB 'ér%{madd NH4CI, and wagg.with 1 N NaOH. %@é‘%ﬁand

concentrate to obtain the substltuted pyrrolidine. Ste_ 3: Convert the
product of Step 2 according to the procedure of Preparation 13, 5 Step 5,

10,3 5 2o A -GBS 1 (dy, £y by AT P PiPPer©

Pr epaCRiLCRI{13rh)Cadu N afOReiBH (66442 Smmbl) e Sir@h), addMHQ{:I Bnti3vadi WithH = G H3
Pr epar atlon 44- 4 C- N NvNH aration_ 45 COCH3 F ' / NvNH

P

COOCHM @“’M@%W%W%Mh@ %Sﬁbﬁé%f!z@fﬁ*‘ﬂ@%mca% Step 0
C6H5 OCH3: r@ﬁpgj Ll ~Sv
Ste Ha eth %ﬁhﬁe%sﬁgﬁgrﬁ%er azfﬁlgﬂg?{ggtr]% ry at‘ﬁ'(‘:ﬂ? ggﬁglé’m#) in THE
(50nﬂ$lep85 10Giventiee Iﬂ]leAt;bizhp(:rmnaQw-l‘in aflﬂlﬁ oiBOML, 30mmmol). Stir 1 h, allowto -
warm and stir 2.[‘1% 15 Treat CBJ ¥ % 20% NaOH. Filter and vvash W th
cH2a 2. D @ RigEsHManger, E RiT&P8 3N sbtar n the al cohol as a yel l ow oil .
Step 2: Cool to 0OC a sol UtIOO f the product of Step 1 (8.40g, 28mmol) in
DMVF  (35nml). Add NaH (60%| neraf oil, 1.36g, 0.82g NaH, 34mmol). Stir 10
mn. and add CH3l (4.03g, ;&@{FZ_—\;I h, partition between ether and
water, dry (MpgSO4) 20 and concentr te._tfo okma,jn the ether as a yellow oil.
Step 3 Conbi ne the product of_ Step 2 (8.30g, 27mmvl) in MeOH (35nl) with 5%
Pd/ C (1. 50§)siailar tashioHerepase Gieparatipardsys eadePrep 44t 3 days, filter

t hrough WO 211114/ 094431;rél§alP%(114]4$§004/ 1112471 €

I\
HaC N NH o
LN 7/ -
~CHs
Preparation 44-4: F
N
N NH
H:aC'N. | —
CHg
10 Preparation 45
F /_(—OCH3
N
-
COOCHoCHs OR OCH,4

CBH5HQC N N CH206H5 Sie p CGH5H2C N N CHQCGH5 St p CeHsHQC N N CHQCGHS

Preparation 45 M HN/_{J_HOCHi/S s o
| —

Step 1: To ethyl 1,4-dibenzylpiperazine-2-carboxylate (10.0g, 30mmol) in THF (50mi)

at 0°C, add LiAlH4 (1.0M in THF, 30mi, 30mmol). Stir 1h, allow to warm, and stir 2h.
15  Treat gradually with 20% NaOH. Filier and wash with CHxCl,. Dry (MgSQy4) and

concentrate to obtain the alcohol as a yellow oil.

Step 2: Coolto 0°C a solution of the product of Step 1 (8.40g, 28mmol} in DMF

(35ml). Add NaH (60% in mineral oil, 1.36g, 0.82g NaH, 34mmol). Stir 10 min. and

add CHal (4.03g, 28mmol). Stir Th, partition between ether and water, dry (VigSOy)
20  and concentrate to obtain the ether as a yellow oil.

Step 3: Combine the product of Step 2 (8.30g, 27mmol) in MeOH (35ml) wiih 5%

Pd/C (1.50g) and con. HCI (5.0ml). Hydrogenate at 60psi for 3 days, filter through



-39 Celite, and conggntrate. Dissolve the solidg n EtOH and add NaCH (2. 2g).
Filter and ch ‘raph on silica to obtain t amne as a colorless oil.

Step 4: 'IWQ&H"W‘Hé‘“‘droduct of Step 3 wggh 2, 4-difl uorobro"rﬁ%ﬁ%’éﬂ%‘zéﬂcordr ng

to the procedure of Preparation 5 to obtarn the title conmpound as a yel |l ow
solid. 5 Preparatron 46 F H3CO,-' Qf NNH OF Br Step 1_ H3COf Br Stec

Pr epar t 1. To of Pre ation 33

(1. EOg, et |‘§°”Pﬁ%%|‘—9 p%ﬁﬁ')/eé%'e 59 r@'{%@d’g %Q;Hl@ 4 3f¢}‘ef@@1g NaH,

T e

br ono- &ilapd : (TreRpthe piasact at SEPOEWIGHE, 4edifloovobooroobénzemal acpamding fiodhebet ween
th d t S d trate t bt t h d duct

o ye 1 Bl Y Epar el cRBn IRRGER v & aielon ks ne Aecor di ng.

“togthe procedure of 15 Preparat ipgapgrdiiened ain the title conpound as a
yellow oil. Preparation 47 0 CHIS FH3C -7 -N NH47-1 F CH3 FOCH3 F

NC x / NvN-Boc Step HN / N N- Bpc §teplr'l?3 ~N\ /N NBoc |Step 3 Prep. 47-1
Step 1: To the product of Prepafa N—S?,@p 1 (3.0g, 9.8muol) in 2M

met hanolic 20 CH3NH2 (50n ) add n ni &kel (-0.5g). Hydrogenate at 60psi
for 18h, filter through Celite, dd concentrate. Partition between CH2CI 2
and water. Dry (MgSO4) F and concentrate tp obtain the crude product as a

colorless oil. Step and ggsp 117 &BE I‘OdLBIé f Step.1 according to -
Preparation 26, St d@*@n‘d‘_ﬂ’% to p‘ 5’9(98'[%‘8??‘%%5 oil. 25 1n a
simlar manner: tgldD eparation 26-2, gonvert the product of Step 1 into

Preparati on 47-2
Step 1: To the product of Preparation 33, Step 1 (1.50g, 7.3mmol} in DMF (20ml) at

0°C add NaH (60% in oil, 0.35g, 0.21g NaH, 8.8mmol). Stir 10 min. and add 2-

10  bromoethyl methyl ether (1.22g, 8.8mmol). Heat at 60°C 18h, add K-CO3 (1.40g), Kl
(1.21g), and additional bromo-ether‘(1.22g). Heat at 100°C 18h, allow to cool, and
partition between ether and water. Dry (MgSQ,) and concentrate to obtain the crude
product as a yellow oil.

Step 2: Treat the product of Step 1 with piperazine according 1o the procedure of

15 Preparation 5 o obtain the title compound as a yeliow oil.

Preparation 47

QO CHs F
e W
3 s 47-1

- F CHy F 0)\-N'CH3 F

™\ HN \ — » T2
NC-@*N N-Boc ——» - H ‘-—@—N N-Boc
s Step 1 N__N-Boc Siep 2 sC (-
lsrep 3
Prep. 47-1

Step 1: To the product of Preparation 26, Step 1 (3.0g, 9.8mmol) in 2M methanolic
20  CH3NH: (50ml) add Raney nickel (~0.5g). Hydrogenate at 60psi for 18h, filter

through Celite, and concentrate. Partition between CH;Cl; and water. Dry (MgSOa)

and concentrate to obtain the crude producl as a colorless oil.

Steps 2 and 3: Treat the product of Step 1 according 1o Preparation 26, Steps 3 and

4, to obtain 47-1 as a colorless oil.
25 In a similar manner to Preparation 26-2, convert the product of Step 1 into

Preparation 47-2.



WD 2014/ 194431 0 9T/ US2004/412471 -40 H3C O CH3 & F ~ I --~\-O N-NH 47-2

Pr epar at,i . - " NH F Step 1.. Ste \ ~; Br- <<
Pr epar ah(gﬂ"'iﬁ)‘g‘}gt ep 1. To the progg‘%t_ of Preparation 3 ,%&me"f)'ﬁ%ﬁ(]& 49,
26mol ) in DMF (20nl) at OC add t butyldinmethylsilyl chloride (4.178,

28mol ) and i nmidazole (2.69g, 40mmol). Stir 2h and partition between 1:1
et her - hexane and wat er. WAsh ﬂ”b!—l?.ri ne, dry (MgSO™4) and concentrate to

obtain the product as a cp;g@rﬁsﬁ Step 2: Treat the product of Step 1
wi t h pi perazine according td-the Nr e Neff 712 Preparation 5 to obtain |
the title conmpound as a yell ow soli - Prb‘p’arat4d 49 H3C-S02 F N\ / d NH
H3C 49-1 F H3CG-SO2 F Step 1 \ $@Pafatldd 48 N-Boc =~ N\ / N JN-Boc --31- :
Preparation 49-1 H3C H3C Step I7 To the product of Preparation 24, Step 3
(0.85g, 2.7mmol) and DI PEA 3 15 (0._7FerfL,_,_ 4. 1mmol ) in CH2CI 2 (15nml) add
CH3SQ2Cl (0.26ml, 3.3mmol). Stir 107 ang Gg@ncentrate. Partition between
CH2Cl 2 and water, wash with brine, y tMjSO4) and concentrate to obtain
the product as a light yellow 3#Pid. Step 2: Treat the product of Step as in
Preparation 24, Step 5fto obtain the wmonmpound 49-1 as a yellowoil. 20 In

simlar fashion, but fel((?l O¥idpg met hoxy%getgtle ehloride in é’l ace of CH3SO2C
0 i . : ) _ 0 r - Freparation 4
in Step 1, obtain Pré@ HiTom 492, w |3'0-|E-"’7'F @
HO~ O
5 Step 1: To the product of Preparation 33, Step 1 (5.4g, 26mmol) in DMF (20ml} at

0°C add t-butyl_dimeihyrsily! chloride (4.17g, 28mmol) and imidazole (2.69g, 40mmol). o
Stir 2h and partition between 1:1 ether-hexane and water. Wash with brine, dry
(MgS0,) and concentraie o obtain the product as a colorless oil.
Step 2: Treat the product of Step 1 with piperazine according to the procedure of
10  Preparation 5 to obtain the title compound as a yellow solid.
Preparation 49

HsC-S0, F
\ T
/N—GN\—JNH
H3C 49-1
F HsC-S0, _F
HN—@N/_\N-BOC Stepl, \N—G—NmN-Boc Steez o i
) ' / " reparation 49-1
ch ' H3C
Step 1: To the product of Preparation 24, Step 3 (0.85g, 2.7mmol) and DIPEA o

15  {0.72ml, 4.1mmal) in CH2Clz (15ml) add CH3SO.Cl (0.26ml, 3.3mmol). Stir 1h and
concentrate. Partition between CHCl, and water, wash with brine, dry (MgSQOy4) and
concenirate 1o obtain the product as a light yellow solid.

Step 2: Treat the product of Step as in Preparation 24, Step 5, to obtain the
compound 49-1 as a yellow oil.

20 In similar fashion, but employing methoxyacetyl chloride in place of CHzSO,ClI
in Step 1, obtain Preparation 49-2.
O F
,’_{' N
H,CO N N NH

HsC 492



H3CO N\ / N NH H3Cgla 49-2 WO 2004/ 094431 PCT/@8211114 /0 1 2 4 7 1 -41

Pr epar at i Q ; NJNH NCG" FFF \ NtH p ~ NN Boc S1~4~ ry N
N- Boo HOQMMQ&Q c F Step 3 Prepgjation 50 ' Step APCTARNEBARC “step
1: Convert the product of Preparation 48 to a solution of the Boc-derivative
according to Preparation 13, Step 2. Step 2: Convert the product of Step 1
to-a solution of the crude nethangsul fopate an oil, simlarly to
Preparation 49, Step 1. Step 3: é&@ﬁ@@éﬁoduct of Step 2 with 3

equi valents of KCNin 5:1 EtOHwater. FReflux 18h, concentrate, and
partition between ether and water. wrth brine, dry 10 (MgSOH4)
concentrate, and chronatograph on sNiZa\t oMdbtai n the product as a yel |l ow
oil. Step 4: Deprotect the produpt-6f Step 3 acccording to Preparation 26,
Step 4, to obtain the title conmpoynd as a yellow oil. Preparation 51 H3CO
y 1 n O\ NNH H 0-,_41 quStLHB L OO~ step22 Preparatiofd 51 Step 1: To a
sol ution of hydr gsexiretiy | <H8dzod{ opene (\BregSeRZamol e N’e_d\N,g&cordi ng to

J. Og. Chem }891, “5964) in DVF20mtr- add NaH CAQSGJ nYMe¥ nexal -oil, 0. 68g,

0.41 g NaHH@7mol). Stir 10 #P7A. and add CH3I (2.4g,9%7pmol). Stir 2h, 20
partition between 1:1 hexane-ether and r,ar )Stemd concentrate to

te y
obtain the ether as a yell Q\Aé@}d{ian_ﬁﬁ-a@q@i-r eat-nt hgy-gpoduct of Step 1 with
pi perazi ne according to the procedure of Pr rat+on 5 to obtain the title

compound as a yellow oil. WO 21114/ 119443NC—PCT/ 1152004/ 012471
Step 1: anvert the product of Preparation 48 1o a sclution of the Boc-derivative

L y according to Preparation 13, Step 2.
Step 2: Convert the product of Step 1 to a solution of the crude methanesulfonate,
an oil, similarly to Preparation 49, Step 1.
Step 3: Treat the product of Step 2 with 3 equivaients of KCN in 5:1 EtOH-water.
Reflux 18h, concentrate, and partition between ether and water. Wash with brine, dry
10 (MgSOs) concentrate, and chromatograph on silica to obtain the product as a yellow
oil.
Step 4: Deprotect the product of Step 3 acccording to Preparation 26, Step 4, to
obtain the title compound as a yellow oil.

Preparation 51

HaCO™ ™y © —
0
1r ONUNH
o o
HO H,CO
/\(g@.Br §—'—e—p—1—>3 /\Cr)OBrS't—% Preparation 51

Step 1: To a sofution of hydroxymethyl-benzodioxole (3.0g, 13mmol, prepared
according 1o J. Org. Chem. 1991, 5964) in DMF (20ml) add NaH (60% in mineral oil,
0.68g, 0.41g NaH, 17mmol). Siir 10 min. and add CHal (2.4g, 17mmol). Stir 2h,

20  partition between 1:1 hexane-ether and water, dry (MgSQO,) and concentraie to obtain

the ether as a yellow oil.
Siep 2: Treat the product of Step 1 with piperazine according 1o the procedure of
Preparation 5 to obtain the title compound as a yellow oil.



-42 Preparatlon 52 H3COn H3CO 52-1 H3000G- HOgRCO- Ste 3 c\ ! FEr

St ep. - reparation 52-1 H3COOC 1: Cool
a sol ut I‘@]Z@?/ﬁ?‘ﬁétdl ester (SAg, 1 mmyy_in THE (20nt) tglrblg% ﬁEﬁP

dropwise 1.OMLIiAIH4 4 in THE (13.2ml, 13.2rnnol). Heat at GOC 2h, aIIowto
cool, and add water (0.50m), then 15% NaOH (0.50m ), then water (0.50ntl).

Filter and concentrate to obtai nPt he d':.ol 25 a white solid. A Step 2:
Convert the diol to the diether, s oil, simlarly to Preparation
51, '/ Step 1. 10 Step 3: THe@®—{ he product of Step 2 with piperazine
according to the procedure of Pr rﬁ]ﬁ'\?@IS to obtain 52-1 as a brown oil.
In a simlar fashion, from4-bro lal FC' anhydri de, obtain Preparation
52-2. H3CO NWNH H3C0 52-2 yRweparation 53 gH3CO 15 H3000C \ f NH Treat
met hyl 4-fl uoro-2-net hoxybenzoate wi th pi perazine according to the 3

pr ocedur e HfO par at i on 15‘! obt ain ti&Qitle c und as a yellow oil.
Prepar ation 54 é\INHbZCO‘ / Sreparatiod@2\1 Br Step
2l'm Preparatlo 54 %t 1: CO\D.E/a 'sol utlggghﬁ 2-'met hoxyet hanol (2. 77,
35mml ) i m,BYBC( 20 ) to ogo-e(nd add NabcO8% in mineral oil, i.40g, O.84g

D oRjon B o SubteR Bhineesfita it Shmei s T ERbRO o Bl Sa'@b?a her and
wat er drcw.sé NUSHPDI A IHEGRCRIME (76 2rANEs SRR MRIARR 69°C 2h, allow to cool, and
add water (0.50mi), then 15% NaQH (0.50ml}, then water (0.50ml). Filier and
concentrate to obtain the diol as a white solid. S
Step 2: Convert the diol to the diether, a colorless oil, similarly to Preparation 51,
Step 1.
10  Siep 3: Treat the product of Step 2 with piperazine aécording to the procedure of
Preparation 5 to obtain 52-1 as a brown oil.

In a similar fashion, from 4-bromophthalic anhydride, obtain Preparation 52-2.
HaCO

M\
NH

N
HsCO — 522
Preparation 53
HsCO

HzCOOC N NH
-

15
Treat methyl 4-fluoro-2-methoxybenzoate with piperazine according to the o

procedure of Preparation 17 to obtain the title compound as a yellow oil.
Preparation 54

0
Haco—/— —\
NC N NH
NS
E

St H300—/_
20 NC*@' Stepl, BB 2, Preparation 54

Step 1: Cool a solution of 2-methoxyethanol (2.77ml, 35mmol) in DMF (20ml) to 0°C
and add NaH (60% in mineral oll, 1.40g, 0.84g NaH, 35mmol). Stir 15 min. and add
4-bromo-2-flucrobenzonitrile (5.0g, 25mmol). Heat at 100°C 18h, allow to cool, and

partition between ether and water. Dry (MgSO,), concentrate and chromatograph on
25  silica to obtain the ether as a white solid.



25 silica to obtai r’he ether as a white solid. 2004/ 1194; 310 O
PCT/ USZO%{)(%%}}Z}“]- 3 Step 2: Treat the produ of Step 1 with '[;Ji perazi ne
accordi ng' 4 the Blocedure of Prepar ayhon 5 to obtain tH V3P pound as
a yellowoil. Preparation 55 OCH3 O\ Il NN NH OH OCH3 Ste® | St-=0O-1 p
":- Preparation 55 5 O ~ Step 1: Convert the al cohol (obtained by the
precedu I p.Synthesis 1997 3),ta,the nethyl ether according to

Pr epar aé@&f&%ﬂ%p@&@fgbs%ﬁ Frodih P&Pﬁ@zm%é%wdm ‘S’t@'& WO&P@W §@ber azi ne
accor di pgefatatit® SRbBASIHNRe Hitie c@nﬁ@ﬁirﬁié@ﬁg@llbﬂ qtain the title conpound as
a yellowoil. 10 Preparation 56 GN_25SCHS FO\V NH _ FHSGNCH _ F
.C102S \ F Ste OZS \ F Step 2 Preparmpasali®desStep 1: Add a sol ution of the
sul fonyl chloride (1.02g, 4.4mml) ipcER2CI2 (10mM) dropwise to 2M

met hanol i ¢ di nethylam ne (7.0mM, 14770 cooled inice. Stir 30mn 15 and
partition between CH2Cl 2 and wat en. h wth 1IN HCl, then 1N NaHCO3. Dry
(MyS™4) and concentrate to obtain @ anN(jg,NéT% cream plates, mp. 80-2C
Step 2: Treat the prodl{ﬂ of Step 1 Wiéngi perazi ne according to the

procedure of Prepar on 34, Step btain the title conpound as an
of f-white solid. Pr(z-;gr:;t_iiongéé F (N vrdesaN _ \NH 20 H3CO- -O57-1 F F
3 F5 Step 2 NC\ f FOSQe_/ 1 Q=\~{3_ : Elrépa‘rétmnNSBoc FFO Step

Step 1: Converl the alcohol (obtained by the procedure in Synthesis 1997, 23) to the
methyl ether according to Preparation 51, Step 1.

w  Step 2: Treat the product of Step 1 with piperazine according to the procedure of
Preparation 5 to obtain the title compound as a yellow oil.

10 Preparation 56
CHg '

Hc-N  _F
oCN, )
0,5 N NH
| —
CH
F -

HaC~N .
\
CIOZS—QVF—SEE[» OQSGF% Preparation 56

Step 1: Add a solution of the sulfonyl chloride {1.02g, 4.4mmol) in CHZCl> (10ml)

dropwise to 2M methanolic dimethylamine (7.0ml, 14mmol) cooled in ice. Stir 30min
15  and partition between CHCl, and water. Wash with 1N HCI, then 1N NaHCO3. Dry
«.. {MgS8S0,) and concenirale 1o obtain the amide as cream plates, m.p. 80-2°C.

Step 2: Treat the product of Step 1 with piperazine according to the procedure of

Preparation 34, Step 2, to obtain the title compound as én off-white solid.

Preparation 57
F

I\
o)
HSCO’\—O —
F

F F
=\ M\
Step 1 =\ Step2, NC{S*N N-Boc
NC@—F———&» NCON\_JM—Boc HiCO, \ /"~
F F o
\Step3

Preparation 57-1

20 57-1



Preparation 57-1 WD 2004/0 31 -44- PCT/ US2004/ 01247, Step 1: Conbi ne
2,4,5-t W;H zonit ri (2.50g, 15.9mol), N-Boc (ﬁﬁ 2. 964,

15. 9mmM6 ‘ '30% (2.63g, 19.1mmolgg in DMF (20m). %Iﬁ"ﬁﬁ 7(|part iti.on
bet ween et her and water. Wash with' brine, dry _(I\/gSO4) concentrate and
chrornatograph on silica to obtain the piperazine as a white solid. 5 Step

o S Rien e o s

Stir (2leg, par?tmmoqraﬁlet(y@@g (EBBgrmﬂmmt)ém DMF y20h)SYr, 18mendoncentrate to

0 e h f Step 2
gcigb&'ﬁwﬁﬁéw&é&aﬁ?@ﬁramgf@?erso‘épa‘% wibrine, B AESOne CORRTILAE B 1 as &
yel | QW@E%?O%%@F\ bﬁrd,l}’ca%em ﬁégqﬁé,%t L ifRNa 53 @1,1@55153 orless oil. r'* F NC\

/" NH n'simlar starting wth 2,3,4-trifluorobenzonit
ra I e,St @d@enﬁn@aﬂ'aeﬁmﬁgelhamoe(%rﬁg aB@nwmlyeﬁlimmeomncﬁucPobﬁtemil on 57-3 -

7. \ /N NH
Prepér a“%ﬂo d@].rwﬁﬁ/rﬁ"ﬁ‘ﬂr\l jo Lﬁaﬁ}r"ﬁt"’ﬁlég‘g o i—'fél‘*'tlf}o\" 9F1g§"&93P' St% Br P
J ( E%Hlﬁ‘orf b&w%teth@r Eﬁd $$a‘?@r 39\ fiSE,), Ml Eonc@ﬂlrd?é @@@b@im% é@hét ep 5 OKN

ﬁ in |ce a sol ution of
4 bram&‘@h e@@hdanl | i ne (2 76g 14.5mmol ) in THE (30nl). Add DI PEA (3.1 n,

oar 1 SEBLEADERIRL ol &SR ER R R st A Bl bt raf e To°

1Qbt alphidifehe dbRPTRING 5% 1 aasy@yélmw oill .

Similarly prepare Preparation 57-2, a colorless oil. o
F
S\
NG N NH
—
H3CO 57-2

In similar fashion, starling with 2,3,4-triffluorobenzonitrile, produce Preparations

57-3 and 57-4 as yellow oils.

i - o F
Preparation 57-3 Hsco—/_
NC—< >'N NH
j —

Preparation 57-4 HsCO_ F
/—\
NC N NH
p—
15 Preparation 58
HSCO\_(_OH F o
HN

N NH
v

O

o/ F OfF

F O=( o J{
Slep 2 Ste 3
Py SRy SR g, & G
Ste 4
Preparation 584— OJ{ —Q P

OCH3
Step 1: Cool inice a solulion of 4-bromo-3-fluoroaniline (2,769, 14.5mmol) in THF
(30mi). Add DIPEA (3.1ml, 17.4mmol) and then aliyl chloroformate (1.67ml,
20  15.2mmol). Stir 2h and partition between ether and sat. NaHCOs. Dry (MigSQ,) and

concentrate 1o obtain the carbamate as a yellow oil.



WO 211114 /119 4 4 PCT/ US21104/01 2 4 71 - Step 2: Treat the product

of Step AvH4eRA@yys}® ommol) in CH2CI 2 (40nml) wi m  chl c acid
(-70% 5.38g, -20mml). Stir 18h and_ygsh with sat. C% lﬂgir@gpégé ZCB)
Dry (MgSO™4), and concentrate to obtain a yell ow, SO|Id Wash with 2:1
hexane-CH2CI Z to obtain the epoxide as a yellow solid. 5 Step 3: Heat the

B pa ik 2o BatshroaRb iSR! 1 ot B il EHh wbelltan mary ™ " ©

(Wsmbhlo@m@@hi@ib%C@%W%OH@BQQL.@%M) Ss8iit ‘F@hbﬁd%@ﬁ withRat.algqhed, as a

yellow solid. Ste reat the product of Step 3 with CH31 according to
-Pr epar &t3®Nas3-0Ot iMGS@ﬂJ@“i)@@%ﬁQ’Nt&i@ iephtain @s\’&iloqulltﬁlm Weishdviilst ep 5:

Tr eat ghiei,g,lg lu ie’lﬁgj“l %ﬂ%t% Ad%ggc“ﬂﬁgﬁastogédl ng to the procedure of

Pr epar t' On epro tfaphy to obtain the title

"COBPOUBIRM@S: a-leailtih@wr@dIJdt@i %@aqeﬁ%m pridihe (QOmI)I\MNHﬂukGGQTnih‘S CH3 FFF
O\ / Br Sti. O Br Step Pre&iratlon 59 CH3 Steps 1

and 2: CR@BGB’&“? ang B%U'inﬁM6PBM@ﬂ€ﬁdﬁbH d\%ﬁ*%@/}“’éﬁ"é I\é&@bﬁ@mgﬂw t he
d P h f
proce H‘\ﬁﬁ?ﬁj b.croﬁeéﬁﬁéi'e%c?éh éﬁf}] : o t'ﬁ%j sifica 7O OBtain 1HE %ggolglto P55 B g{é‘i‘lﬂ@\} 0

Step 1 i perazi ne accor procedure  of reparation 5 to
obt ai nsplivk title conpound as a yellow oil. Preparation 60 O F HN/ \ N H
e ~-( H2N \ f. t-Boc.Step HN--~1' N N-Boc S - 'N NON- Boc
St ep 3:1&&5{%% DR RiBOeS DR GovIR e SCoaiing i iaprralion b1pSieR, 110
10 obtain the ether as a yellow solid.

.. Siep 5: Treat the product of Step 4 with piperazine according to the procedure of
Preparation 5. Separate the products by chromatography to obtain the title
compound as a yellow soiid.

Preparation 59

p o
HaCO
F
prepd, p' pr SR8, Preparation 59
O HaCO
CH3 3

Sieps 1 and 2: Reduce 3'-bromo-4’-fluoroacetophenone and alkylate according to

15

" the procedure of Preparation 33, Steps 1 and 2.
Step 3: Treat the product of Step 1 with piperazine according 1o the procedure of
20  Preparation 5 to obtain the title compound as a yellow oil.
Preparation 60

J? F I\
HN
L_/N_@_N\ A
e HN_/_?:' o -
}- e - N |
HaN N N-Boc ———= HN— N  N-Boc o \ #/—N N-Boc

Preparation 60



Step 1: Conbine the produciaof Preparation 13, Step 3 .29, 6.7mmol) and 2-
chl or oe nate (O. , 7.4mmol) in DWF (30ml) 18h,

al | ow tgm%gélﬁ&g%ﬁ partition with CHggl 2 and water. #@8{%@?‘"2%
concentrate to obtain the crude urea as ayellowsolld 5 Ste 2. To the
crude product of Step i above in DIM (100rrnl) add NaH (60%in oil, 0.388,

v, acslen, g Hopar T prssliit of RrePaiplin £ SuP et B ARG o op 57"
Delor O¢R6focting |§U(,9§Hﬁfe @6 HNET AP IDMF (370 epriatkt 60°@618r§taﬂ@w40 to

obtain the titl ound as a yell ow solid. Preparation 61 QA , N
NNH |@icm:and®ann®n wﬂ Qb‘lif?lbi@lﬂdN’JNeBo@f‘SI(MQS@qP-lﬂnN chsatraa t@polztam:mew Boc .
Ste 0 F OH 4 ion 61 OA -~- NVN-Boc -OOHS Step 1. Cool in ice
a solUf’F‘or’r"%&glay‘t‘%’gYpé%@i '63g, 8.5mmol) in ether (30nml). Add DI PEA (1.6nd,

855MBigh 2nTophe sasfepictiu@b bl Siep 9lateve. in DI 00S) &b NaH 0% ibil, 15
filter, and concentrate. Dissolve in ether (50ml) and add t product of

Pr epa@-&Bpod-25edlakd; @mineD. digpt of 685013, &HB"’BPFEBQ' ("P"G‘ﬁ[‘“aéf SHforpshstir
2h, wghﬁ#u concentrate to obtain the

car b;@ﬁgﬁgﬂéﬂgﬁﬁg@m%%ﬁ%u%%?é reai{adt he product of Step 1 as in

Pr epag nDEﬁrotémlelhe?prodndl @fhsmm ageaping lonPsipairation ﬁ6thepﬁa tohe al cohol
as a ye low solid. 20 SCL g Treat,. the product of Step 2 as in Preparation
58, Spldgindheddiegampound,as & Yrllow sQlidy yel|ow oil. Step 4: Deprotect the
ppoduct of Step 3 according to PngpaiAibh@®l 26, Step 4, to obtain the title
conpound as a yellow solid. Preparatlon 62 O F O A N6/ "I NvNH

F 0
Fan - 10X ~\ H M
HQN—QN N-Boc2eR L 1N N N-Boc-eRZ 5 O N—@—N N-Boc
| S— f— NS

Step 3
J? F / OH
Preparation 61 ﬂ l\'(_.@'N N-Boc

OCHg
Step 1: Cool in ice a solution of glycidol {0.63g, 8.5mmol) in ether (30ml). Add
DIPEA (1.6ml, 8.5mmol) and phosgene (1.85M in toluene, 5.8ml, 10.8mmol). Stir 2h,
15 filter, and concentrate. Dissolve in ether (50ml) and add the product of Preparation
13, Step 3 (2.50g, 7.7mmol) and DIPEA (1.6ml, 8.5mmol). Stir 2h, wash with sat. o
NaHCOs;, dry {MgSQO,), and concentrale 1o obtain the carbamate as a yellow solid.
Step 2: Treat the product of Step 1 as in Preparation 58, Step 3, and chromatograph
on silica to obtain the alcohol as a yellow solid.
20 Siep 3: Treat the product of Step 2 as in Preparation 58, Step 4, to obtain the ether
as a yellow oil.
Siep 4: Deprotect the product of Siep 3 according to Preparation 26, Step 4, to
obtain 1he title compound as a yellow solid.

Preparation 62
O F
0
\\{! \ 7/ N\_JNH
25 CH




25 OH WD 2004/ 0944 -47- PCT/ US2004/ 012471 otect the product of

Preparatjon 61 St 2, according to Preparati 26, S ain the
title coﬂ%ﬂwﬂ")&i‘és]a yellow solid. Prepgration 63 F HS%EEHZ—%@"%@]%I? H H3C
J' O FFFF Br Step 1 O-Br Br Ste ~...N\NH Step f Ftr Mbe HO PhCH20

PhCH20 PhCH O\ Gey FFF r-\ Step 6 r- Step 5 r-\ HsC OH N JNBoc \ / N

JNBoc \ / N - O Preparation 63 Starting with
3-bronmo-4-f U ?é%ﬁé%%o?r%gégp?ﬁ%l@&%%é%%r@ep?g,eadzggé@pgﬁo%dep%ratngatgﬁ,n t he
title Grepdutuobiairatheaiticavornpbundaepraydliowsold F O\ / VvNH H3C F 64-1 F
FO\/ FStep 1 0/--\ Boc- Ste Preparation 64-1 H3C 113C 10 FF Step 1:
“Treat 2,4,5-trifluoroacet ophenondl&82(q aration 57, Step 1, to obtain

the Boc-piperazine as a yellow solid. gtep 2: Deprotect the product of Step
1 according to Preparation 26, Step 4=to.—abtain 64-1 as a yellow solid. 15

~_Simlarly produce Preparation (EIHEW"CWQI gibess oil. NC\ / NH F 64-2
3
(&)

F
- Step 1 Cte = S Step3 //\ M
\ B P—Br Steps, QN\_[NH-'—"" \ _#—N__NBoc
HO FhCH,0 PhCHO PhCH,0 \s\te;b P
F
. I\ Step 6 Vo Step 5 \
HaC OHQN\_,NBOC ~— N NBog =— N  NBoc
- Step 77 HsC E100C, o st
- 74 0 (e HO

5 Preparation 63
Starting with 3-bromo-4-fluorophenol, use the procedure of Preparation 30 to
abtain the title compound as a yellow oil.
Preparation 64

F
Q —
N NH
HaC —
F 64-1
o ~ {
8) \
»_@4: Step 1, N N-Bor 222w Preparation 64-1
HiC ¢ HaC "
F

Step 1: Treat 2,4,5-triflucroacetophenone as in Preparation 57, Step 1, to obtain the

10

e -

Boc-piperazine as a yellow solid.
Step 2: Deprotect the product of Step 1 according o Preparation 26, Step 4, to
obtain 64-1 as a yeliow solid.
15 Similarly produce Preparation 64-2 as a colorless oil.
I\
NC-@—N NH
-
F 64-2

Preparalion 65
F

VA
chogN NH
-
65-1

HO—=




Preparation 65 F H3CO\ / H HO 65-1 WO 2004/ 094431$48- *T/US211114

/111 2 E tep> H3CO 0 S ep?0 H3CO \ St ep31.  H3CO Br
ooe B o F s ep 4 Stag.5 H3CO ~ <)-Br b i0a 65 1

TBS—Ol Siep 1: Treat the ester (1.42g, 7.7mml) in DAM (20m ) w th NaH
(60%in oil, 0.46g, 0.28g NaH, 12rnnol) and CH31 (0.62m, 10mmol). Stir 18h
and partition with EtOAc and Sgocitric acid. pdash with i N Na@H, then :
brine, dry (MS |Qd, conce 5 ob n tg ther as=a{yellow oil.
Step 2: Comibi GO HsC: 81 HaEP A op-Bowder

d drop

0.018 ¥y 12 (15 in CH2Cl 2
§5m) ) ¢ 1PC98Y and (vva'g;?)%? h wat er |

S (0.44nm,, 8.
Wﬁ%ﬁ&l N Nad*dép% H5sos) and .
concentrateto obtain the brom de as & el l ow s p§tep3 Cool in ice

a sol ution of the productPrefar@peps2 95y, S\ Pin THE (15n1). Add
dropwi se BH3Me2S (2. OMin THF, 4.2nl, 8. 4n1ﬂ@$;o_ﬁ-leat at 60C 18h, allowto .
cool , quench with net hanol concentrate an c and sat.

d
NaFICCBIBIA Tt Wevstor (14567 BrvaR] MiDYIF (Aot N RDSn 8- {60t ai n
t he a t ,.gﬁi(gﬁ 103 3to
the T 'az%g‘ﬁéir_l 3(2:@1{%{”Z:aﬁg/(%wslé?ﬁ%g?a?@gﬁmigogﬁﬂée%bﬁe g.vlnﬁ a colorless
oil. Sndﬁ%‘»mtffm eeid. tW@sprmﬂu(tN N$ORt Bembrine, rdrpi(isfi@rSﬁa)raﬂchmemmge t® the
oced ﬁ}‘ lﬁ? paratl n to obtain 65-1 as a yellow solid. For
epaP 68! raﬁeﬁ)’n ilet hyl 5-bronosalicylate and reduce with 20

BHBNE%Q a1 %mﬁ.h@ the%aumﬁ@tésvhqh @e.‘g:qf@khﬂgol} Qn@ir@naﬁ@&dmo@ss Ggps 4

and obtain the aryl -pi perazine as a brown oil H HO 65- 2
PrepaCh‘l‘zC@r“éBﬂF Add dropmse Brz (0.44ml, 8.7mmol) in CH,Cl, (5ml) St1r18h and °

wash with water, then 1N NaOH. Dry (MgS0O,) and concentrate to obtain the bromide

as a yellow solid.

10  Step 3: Coolin ice a solution of the product of Step 2 (1.15g, 4.1mmol) in THF
(15ml). Add dropwise BHs-Me;S (2.0M in THF, 4.2ml, 8.4mmol}. Heat at 60°C 18h,
allow to cool, quench with methanol, concentrate and partition with EtOAc and sat.
NaHCOs;. Wash with water, then brine, dry (MgSO,) and concentrate to obtain the
alcohol as a yellow oil.

15  Step 4. Convert the product of Siep 3 to the TBS ether acccording to Preparation 48,
Step 1, to obtain a colorless oil.

Step 5: Treat the product of Step 4 with piperazine according to the procedure of
Preparation 5 to obtain 65-1 as a yellow solid.
For Preparation 65-2, methylate ethyl 5-bromosalicylate and reduce with o

20  BHzMe,S. Treat the resulting alcohol according to Preparation 65, Steps 4 and 5, to
oblain the aryl-piperazine as a brown oil.

I\
Hacopw NH
L —
HO 65-2

Preparation 66

F
=\ ./
(E \ N\_JNH
o
o Step 3 S
HSCO-QMH co{} , Sleps, HOQ—BrJﬂ%—O  )-Br
HasCO H,CO 0) Step\\

25 Preparation 66



p NNH OStep 1 H Br Step HO Br Step 3 Br’ COF FFF 1-13CO HSCO HO
LO Step 4vo mifob 5™t i on 66 WO 21) (14/ 094431 / US2004/ 1112471( -49 Step
1. .Brom na?e fl'uoroveratrol e as in thggprocedure of Preﬁ’gfréﬂqzﬁ‘ﬁ“é%‘,ﬂ Step 2.
Step 2: To the product of Step 1 (11.7g, 50mml) in CH2CI 2 (50nm ) at OC add
dropwi se BBr3 (7.5m, 79mmol). Reflux 2h, allow to cool, and partition with

th ) + S { d t i t

ot ai neliheLc B S el ol TR PREeRlE BB EREE A0S of ot ep 2
5. 0g, Sin2ZoMp thetpgrobucnsictieprio(iet g o CRATY e (11. 69,
gGrmgl in,DI\n/EEggrﬁer Heat g{ ﬁOE@Zh,m@?f)gevcto coo?rf]l?;#loté‘gr, anc(j )
-partit FORWFe e MntPmeol  Relux Zhupdion to ennl, aod penitioarwith ethesiarg n t he

th ) /| 1Y Ak Qnes : ( en 3 Wt

o por alrioh: X5y (PSR, cohrghiERe Snq FHEGp R RS S Thest o B elenet i 1
-cofpouasiagellawyal.| ow oil. Preparation 67 F H3CO\ / Nn/ NH H3CO-\-0 F F

F H3 \ St 1, H3C0 \ Br Sttep CEQ \ 7 Br Step 3 Preparation 67 HO HO
O 15 & - %Dﬁng‘}?fhﬁgg% F%Q(#‘FQEGE %—“?F?ﬁgglﬂﬁkﬁﬁﬁgﬁﬁb vadchromerdileremaiBang ocedur e
of Pr ' btai \ d Jo Lpe, the
pr oduc§ .Ogg,%éetrg@ Sagcﬁg%gcéaquﬁo?wm (?%M?Wt?iyﬁe%? E}f@ Cgaﬂ:g%rﬂ%. 02n,
10. 9nmisi gockritliex2@@s panitionFvith Eh@fc andavater. POC(iigEOA) drmhvcomceriatic to and
partition. wi.th ether and water. Wash with 1IN NaOH, dry (MgSO»4) and 20
concen?&gﬂhteomﬁ%fg?@¥eﬂ@we?'ﬁer as a yellow solid. Step 3: Treat the product

0§ St egigp M TreaPiREpRYUBEORSEY It piferalmelicrdingRodhe g?écfé?ﬂfré“oif on 5 to
obtain _the title conpound as a yellow oil. Preparafion 6
~ Preparation 5 {o obtain the title compound as a yellow oil.

Preparation 67
F

Vo
HSCOQNUNH
HaCON\_
F

F F
Step 1 Ste Step3
, H3CO~©-———R—>H300 Br 25 Haco‘@'Bf =P Preparation 67
HO HO

15  Step 1: Brominate 5-fluoro-2-methoxyphenol according to the procedure of

Preparation 65, Step 2, to obtain a yellow solid.
Step 2: Combine the product of Step 1 (2.00g, 9.1mmol) with 2-bromoethyl methyl
ether (1.02mi, 10.9mmol) and KoCO3 in DMF (15ml). Heat at 90°C 18h, aliow to cool,
and partition with ether and water. Wash with 1N NaOH, dry (MgSQ,) and

20  concentrate to obtain the ether as a yellow solid.
Step 3: Treat the product of Step 2 with piperazine according to the procedure of
Preparation 5 1o obtain the titie compound as a yellow oil.

Preparation 68

HO F
FaC O@—N NH
° " 681
—\ FSC)"\ \
= Step 1 A
HO—O—N NBoc—t-i~ HO O N NBoc Slep 2, Preparation 68-1
o5 ./ A -

Step 1: Combine the product of Preparation 30, Step 4 (1.60g, 5.4mmol), with 1,1,1-
trifluoro-2,3-epoxypropane in DMF (3.0mi) and heat in a sealed iube at 95°C for 20h.



HOF F3G O\ NvNH 68-1 F F 25 HO\ / N~-NEoc Stop O\ r N NBoc
St - e2a- ratj.on 68-1 S 1: Conbine the product o arat | 30, Step
4 (1. 606?628%%{3 , wth 1,1, 1- triflg#oro-2, 3-epoxypro a1réﬁ$ "'%%‘3. on) .
and heat in a sealed tube at 95C for "Z0h. WD 2004/094431 T/ US2 0114/01 2 4
71 -50 Allow to cool, concentrate, and chromatograph on silica to obtain
the ether as a ellow solid. Step,k2: protect the product of Step 1 .
accor &ilpy tP&OPLé%QFﬁNf@?%?@F‘ %}f@gﬂﬁggr@gﬁ Bb¥! ?%t%%btiaﬂé&eaeiy FB§Roil. 5 In
siml %"5@ Bli@n, but enploying chloroacetonitrile and t<2C03 for the first
step, " produce Preparation 65-2. F NCB cm O0-C N NH 68-2 Preparation 69 F
H3C \ Sktp ZNHPeprotdot the poodRetiof Stehd aucodliog 1o PrépaiptipaiZico St@a dato i n .
Pr epar E{ i.oESSSémSte 1 .io obtain the title conpound as a yell ow solid.
Pr epaFatd3§e7has Aot oil " NNH F H3C CH3 F H3C CH3 F HO / NN JNBoc
Sep 1 Et ORCsiild N, Huitiaib 0y Mo BigsrodBoRanig a8 K5000r thelfrsPofdh, 1
Anal ogously to Preparation 67, Step 2, treat the product of Preparation 30,
Step prodMcenPgpaialion §3-Emoi sobutyrate to obtain the ester as a yellow oil.
Step 2: Reduce the product of Step lgaccording to Preparation 12, Step 1, to
obtain the al cohol as a colnp-hes il —Step 3: Deprotect the product of
Step 1 according to Preparati onO@Sn\gﬂM‘,l 6%”5 20 purify on PLC to obtain
the title conpound as a yellow oil-. ‘ - :
Preparation 69

F
H,C I\
3)-{};“ NH S
HO . ./

10 Reduce the product of Preparation 64 as in Preparation 33, Step 1, 1o obtain the titie

compound as a yellow solid.

Preparation 70
I\
HO O N NH
—

F H30 CH3 F

— EtOO}gEKCHS = X ~
Step 1
HO@—N NBog =2 O—@N NBocSeL 2 1O O‘G—N NBoc
pV— N/ o/
Aep3

15 Step 1: Analogously to Preparation 67, Step 2, treat the product of Preparation 30,

Preparation 70

Siep 4, with ethyl 2-bromoisobutyrate to obtain the esier as a yellow oil. o
Step 2: Reduce the product of Step 1 according to Preparation 12, Step 1, to obtain
the alcohol as a colorless ail.
Step 3: Deprotect the product of Step 1 according to Preparation 26, Step 4, and
20  purify on PLC to obtain the title compound as a yellow oil.

Preparation 71
F

/N
i{} A
HyCO




Preparation 71 F ng NH H3CO WO 2004/ 11944344 4 PCT/US2 11114 /0 1 2 4 71
-51 F F R N9 -->H3CO7\ -> HO7 tep 4- St ep2
2404 3
Step 3\ i mé Step 5 Step 7 , _§4ep 6 Preparation %ﬁgz%@ﬁﬁz}lﬂ

0-/-\' HBCOL/ H3COI I A-- Sie-p 1: I\/Ethylate 2- brornoSquorophenoI
according to the procedure of Preparation 33, Step 2, to obtain the ether
as-a colorless @il. Step 2: gool the prodgct of Step 1F(5 36g, 26.F mmol) in

ether (1 OOm o -40C and add drop n- BuL| (2 exan 14 6nt,
37mmol ) . BO{_haeidi00 @ to<0C) and stir
2h nore. Ad | 1P omi de | )StER | o war rﬁlo 8h, and

filter thro bh Cellte 5h vmth sat NH4ACI ,F then brlne I\/gSO4) and
concentrate to obtain the allyl ce:mpqund {2 yel kR 60'| teg:5

Denet hyl at e t he productiepbragpept ‘Zi‘at'cordrm @f%par-atocﬁ , Step 2, to 10
obtain the phenol as a a yel | ow oHsCOSLEps " 4-5: Trgeothe product of St ep 3

accordi,n h rocedure of Preparation 2 nd 2, to obtain the
ot her - SR i SRS o - BT P R Gl Ao e 7 e PE AU LRIEparal o nat o
the pr ggugh%pé g&ﬂaﬁ-, m@c&ﬁm antéblé,l[@sso&pcedure of Preparation 65, Step 2,
to obtalh t brom de as a yellow oil. 15 Step 7: Treat the product of Step

2 Wi t hSpepar ﬁ@oiéham@dtmm@&lﬁp fiH&. 300 E6dimenalf in ehepatimipio BI0°G aiid ai n t he

N5 EAER iR B Rl SuL B B RATEH BhmfBon S aad Ol afo, oot o
Pr epar 28119HmbB, afbw@io Hald BAwC, &rﬁmnlzhﬂmbmﬁ?all@hbﬂirﬁﬂbf(slsogt her (1.33g,

9.3mmol ) in EtO—|(20ml) add KO—|(0 -14 | ).
31mmol). Allow to warm, stir 18h, and ﬂlter through Cehte Wash with sat. NH,ClI,

then brine. Dry (MgSO,) and concenirate to obtain the allyl compound as a yellow oil.

s

Step 3: Demethylate the product of Siep 2 accordmg to Preparation 66, Step 2, to
10  obtain the phenol as a a yellow oil.
Steps 4-5: Treat the product of Step 3 according to the procedure of Preparation 21,
Steps 1 and 2, to obtain the ether after chromatography on silica as a colorless oil.
Step 6: Brominate the product of Step 5 according to the.procedure of Preparation
65, Step 2, to obtain the bromide as a yellow oil. |
15  Siep 7: Treat the product of Siep 2 with piperazine according 1o the procedure of
Preparation 5 to obtain the title compound as a yeliow oil.

Preparation 72
F

O N N NH
N/ AW

F

B T B —
HoN NuN 0c Step 1 \____,N | N-Boc Step reparation

20  Step 1: To the product of Preparation 13, Step 3 (2.50g, 8.5mmol} and bis(2-
chloroethyl ether (1.33g, 9.3mmol) in EtOH (20ml) add KOH (0.95g, ~14mmol} in
water (15ml). Heat at 95°C 5d, allow to cool, and partition with ether and water. Dry
(MgS04) and concentrate io obtain the morpholine as a yellow solid.

Siep 2: Deprotect the product of Siep 1 accerding io Preparation 26, Siep 4, to

25  obtain the title compound as a yellow solid.



wat er (15nl). Heat at 95C allow to cool, and parti n wth ether and
water. Wy2000Ma9F) and co®entrate to obtain the nor plgap&.isndape! | ow
solid. Step 2: Deprotect the product5df Step 1 according to Preparation 26,
Step 4, to 25 obtain the title conpound as a yellow solid. WD 20041094431
-52- T/ US2004/ 012471 Preparation 73 OH O N NH OH O TES Step 1 Step 2 ~-~,
| Preparation 73 Convert the améﬁbﬁb@ai ned by the procedure of -
Synthesis 1997, 23) 5 according to Préeparation 48 to obtain the title
conpound as a yellow oil. Prepara "bn 74 HO\ O ONNH74-1 HOOO\ BS,
~ 2 OBr Step O Br-Step> Prepafatiion 74:1 Treat the al cohol (obtained by
the procedure of Bioorg. Med. e&‘—g’; teig 10 2001, 2783) according to
Preparation 48 to obtain 74-1 as el Mow solid. For Preparation 74-2,
Boc-protect 74-1 accOHdi ng to Prepafalf®n 13, Step 2, and nethylate
according to Prep I on 338t E Deper e%t t he resulti ng materi al :
according to Prep n. B{egggﬂ@“eon 74-2 as a yell ow
solid. H3CO~ O O 742 15 Pre atlon 75 --~ \''/ NNH H3CO F
EB%SFFOS@%@%E AcONO BRGIREBy thé pRALJBH& R %ﬁmes;swb:,"ééﬂ Boc O TBS F
5 accordmg to Preparation 48 to obtain the title compound as a yeliow oil.

Preparation 74

HO
0

A
o—@w NH_, | o
TBS

}Q_ Step 1 }.D_B Stepg Preparation 74-1

Treat the alcohol (obtained by the procedure of Bioorg. Med. Chem. Letiers
10 2001, 2783) according to Preparation 48 to obtain 74-1 as a yellow solid.
For Preparation 74-2, Boc-protect 74-1 according to Preparation 13, Step 2,
and methylate according to Preparation 33, Step 2. Deprotect the resulting material
according to Preparation 26, Step 4, to obtain Preparation 74-2 as a yellow solid.

H4CO
b
OGNI—\NH
74-2

15 Preparation 75
F
HO FaunY
N NH
HsCO —
F F O-TBS F
HsC ™\ TBS~q /\ \
N N-Boc o— N N-Boc —» N N-Boc
0 A Step 1 L Step2 L
O-TBS ,F O-TBS F )/Siep 3
Step 5 /N St I\
Preparation 75 P> @’NUN'BOC -1&1 S—@-N N-Boc
HsCO HO —

Step 1: Combine the product of Preparation 37, Step 1 (2.95g, 9.2mmol), with EtsN

(1.58ml, 11.0mrmol) in CH:Cl; (15ml). Cool to 0°C and add -buiyldimethylsilyl triflate
20 (2.21mi, 9.6mmol). Stir 2h, concentrate and partition with ether and water. Wash with

sat. NaHCO3, dry (MgSOy4), and concentrate to obtain the enol-ether as a yellow oil.



Preparation 75 Ste N N-Boc Step 4 N N Boc HO Step 1: Conbine the
pr oduct ; n 37, Step 1 (2.95g, 9.2 ), With m
11..0m noﬁ‘m” AR (15ml). Cool to O and add t-butyl d?gnt’ﬁr%'l“ﬁs’f“lzg?‘
triflate 20 (2.21 m, 9.6mmol). Stir 2h, concentrate and partition with
ether and water. Wash with sat. NaHCO3, dry (MgySO»4), and concentrate to

Step 2 éféﬁéoﬁ&é%i\%e{hsrwaﬁe%‘fe%” Spel 4008 Deinell Bkl (e L8 Gy

Cool t00°c0@1@@ddaﬁd:hm|© bfFe2® rd)@rﬂanga%dz OGQ I&Ymal). 088y 4h SRash )mthStl r

4h, wash with sat. ,_ concentrate, and. chromatograph on
silica sa. ¥BHSQs, die( M@S&%@t@@eaﬁmﬂ ta@dsrchr@@aumrspapresm%tq pltaj theuct of

Step 2 , in THE (15ml) add NaBH4 (0.0909, 2.4mmol). Stir
3h, anof(pjtgl%g? agvﬁﬁ\f}m&?ﬁl%eit her and water. Dry (MgSO4), and concentrate to
obtgi n Sige T Tdehapeodudi A Step Pt l@My, @ 4mnisien ’FHF lpulsmqlatm Nlaemr(odmagr oduct
of Step 3 above _i.n EI\/F éSrnl) Add NaH (60% i n 133g 080@{

3. 3mm|t)~r““§'f'¢‘) £RPR, 2ad @agiipncid < E'?Fff‘”@rﬁ'f‘eﬁ %WE‘)— Oy #ind capc ﬁﬂ-and
partiti ; SO4) and concentrate to obtain the
crude eitehrbeﬁr%lgghgtc&&?? ow owé§é}6%§léggssol ve the crude product of Step 4
above i eEFﬁiA Dissoive the @Gde Stmduc@ o6 IBiepBabovede VIEH(BmiBaddd Watd {80%dn

Ctre cidoiis. 935nd N -gnmion, sub BBtk Antuse AP Ehes 2 BpirioRu Rl "\ ([
(5"0 I aﬁd ?aHﬁEﬁ vﬁﬂl‘?@tﬁer@rﬁf\ﬁaiﬁr Nips g I@bSOjPaﬁﬂ%chb‘ﬁﬁﬁteﬁ&@bt%m fileepar at i on

Step 1: Treat the product of Preparatlon 30, Step 4, with nethallyl
bro.m decrude ethirrap a yrlowd. procedure of Preparation 6, Step 1, to obtain the

Tt eaceBaofioBladnRTtde Rl B stolpa M ih 1%, Bl suighcy tr st )
(2.1 mandesigenrated Basiie wtha%q Jammbdih £R08x2ctafith CHLOB Biry (MQSGH) and

0.18mmol ). Heat at 75C 20h ow to cool, . and, add 20% NaHSC3 (12m ).
Ooncentmnﬁﬁt?‘}S’a‘?t?‘atﬂmwetwr@%déﬁ@ﬁPH’eo'lDry (MySO4) and concentrate

to1§bt ain the diol as a brown oil Preparation 76

HO—, CHs
OH F

I\
O N NH
A

F }LCH3 "RON-aH, F
HO—@N NBoo 2R N NBoc ﬁfﬁ»o—@— NBoc ¢,
s ep 3

T
Preparation 76

Step 1: Treat the product of Preparation 30, Step 4, with methallyl bromide according
the the procedure of Preparation 6, Step 1, to obtain the ether as a brown oil.

20  Step 2: To the product of Step 1 (1.75g, 5.0mmol) in +-BuOH (40ml) add N-
methyimorpholine-N-oxide (4.1g, 35mmol}, pyridine {2.1mi, 26mmol) and water (3ml).
Add 0s04 (2.5% in -BuOH, 0.188ml, 0.18mmol). Heal at 75°C 20h, allow to cool,
and add 20% NaHSOz (12ml). Concentrate and partition with EtOAc and brine. Dry
(MgS0.) and concentrate to obtain the diol as a brown oil.

25  Step 3: Deprolect the product of Step 2 according to Preparation 26, Step 4, to
obiain the title compound as a brown oil.



25 Step 3: Deprotect the p uct of Step 2 accordi ngo_gPreparation 26, Step
4, title co und as a brown oil. 4-

PCT/ USZggjﬂf?Jﬂ"i 42’?‘1 Preparation 77 F54\ /| N~ H O=\ iéﬂs%lﬂﬁ&lzfﬁ?::/ Br .
Stepi,, \'i Br Step ._,- Preparation 77-1 rO CH3 CO GH3 Step 1: Conbine
3' -brorno-4'-fluuoroacet ophenone (2.60g, 12. Ommol), ethylene 5 gycol

(3.3m, 59mmml), and TsOHH2O (O0p23garaficg®P!) in toluene (60ml). Reflux

wi th water separation (Dean-St r‘k%g?;trr—ﬁ'l'r‘ allowto cool, and partition with
hexane and 1 N NaHCO3. Wash with fater, then brine, dry (MyS®™), and
concentrate to obtain the ketaggm orless oil. Step 2: Treat the
product of Step 1 with piperazi acseording to the procedure of 10
Preparation 5 to obtain 77-1 @s\ rosettes, np 53-6C. In simlar fashion,
convert 3'-bronoacet ophenone to“Heeparati gii-77-2. \ / NvNH O CH3 77-2
Preparation 78 5 -F O / N\ NH 78-1 oa Step OH OTs q0 F F Ste ' Step 3

A O\ / NvNBoc Preparagion HO v Boc Step 1: Conbine oxetan-3-ol
(prepared accordi ng {0 8-Br G&— z%pjj 98—#%-95‘89;:\8@30@2191 52mmol ) and

p-tol uenesul fonyl chlori . mmol) in water (10m ) and add NaCH
(3.3g, 83mml) in (4nt). !_'Zh at RT, then 0.5h at 65C. Filter and
chromat ograph the solid on silicat® obtain the tosylate as a white solid.

20 Stsma 2i: Coeding BebpraddcfluabreBtosporheasione (hR0gri@iOoma), dthgleaeat i on 30,

=58P gycol (3.3mt, 59mmol), and TsOH-H;O (0.23g, 1.2mmol) in toluene (60ml). Reflux
with water separation (Dean-Stark) for 4h, allow to cool, and partition with hexane and o
1N NaHCQs. Wash with water, then brine, dry (MgSQOg), and concentrate to obtain \

the ketal as a colorless oil.
Step 2: Treat the product of Step 1 with piperazine according to the procedure of
10  Preparation 5 to obtain 77-1 as roséttes, mp 53-6°C.
In similar fashion, convert 3’-bromoacetophenone to Preparation 77-2.

VA
pN "
-
O

CHg 77-2
Preparation 78

O F

%-@-NﬁNH
(- 78-1
Q Ste
> > —@‘ NBoceP 3. Preparation 78-1

HO NBoc

i,

15
Step 1: Combine oxetan-3-ol (prepared according to J. Org. Chem. 1983, 2953,

3.64g, 52mmol) and p-toluenesulfonyl chioride (1.9g, 62mmol) in water (10ml) and
add NaOH (3.3g, 83mmol) in water (4ml). Stir 2h at RT, then 0.5h at 65°C. Filter and
chromatograph the solid on silica to obtain the tosylale as a white solid.

20  Step 2: Treat the product of Step 1 with the product of Preparation 30, Step 4,
according to Preparation €, Step 1 (120°C 18h), io obtain the ether as a vellow oil.
Step 3: Deprolect the product of Silep 2 according to Preparation 26, Step 4, and
purify by PLC to obiain 78-1 as a yellow solid.



according to Prep ion 6, Step 1 (120C 1 Sh)gato obtain the ether as a
yel | ow oi | Deprotect the product of .ep 2 acgc of

Pr epar at‘f‘@r?"%"”%t ep 4, and purify bé PLC to obtain 7824 /ng"g”y'él'-flow sol i d.
WO 2004/ 094431 -55- 0 PCT/US211114/01 ﬁ?l Simlarly, convert

1-(3- hydroxyphenyl ) pi perazi ne to the Boc-derivative according to Preparation
13, Step 2 n treat 'ﬁlﬁl ﬁgﬁ 2 and. 3 above to gbtain, Preparation 78-2

as a vyell OV\;SHF arly, conyp amraaﬁemm@oa-dwﬂné%t t he product
of Prepgsati IFrepavildh aBipac§ ?ggﬁ

obtain thcg trﬂloe ré%ﬁpound as apye lﬁ%r\?v'trggll Elg"?g ar a ?g;n ve@@ HO 10
CH3 TreeparaliQna7Brbappheip) @t hanol according to Preparation 48 to obtain

the title conpound as an off-whije solid. Preparation 81 F/ \ n TBS -
"M--/NH OHCH3 81-1 FFF St \&%Sténi2 Step 3 _ Br Br Br --- -

Preparation 81-1 O HO TBS\O H CH3 Step 1: To ‘

(R) - 2- et hyl - CBS-oxazaboroll (1 O\/Iln tggeene, 7.1 m, 7.1 mmol) add
BH3Me2S (2. OMin THF, 3.0, 6.0&@% Stir 0.5h and cool to -78C. Add 3'-
brono-4' -fl uor oacet ophenone (1.5 . Allowto warmto -20C and stir
5h at -20C. Add slowy MeCOH ( ). ngentrate and chromat ograph on silica
to 20 obtain the al cohol as a co \egS N IN HSteps 2 and 3: Convert the

product of Step 1 to 81-1 according’to Preparation’48,
Treat the product of Preparation 17-3 with NaBH, according to Preparation 33,
Step 1, to obtain the title compound as a yellow solid.

s Preparation 80
N
5 >—N NH
N
HO )
10 CHy

Treat 1-(3-bromophenyljethano!l according to Preparation 48 to obtain the title
compound as an off-white sofid.
Pregaration 8t

P— r-'\
- Stepl Slep 2 By Stepg Preparation 81-1
0
CHs;

15

Step 1: To (H)-Q—methyl-CBS-oxazaborol:dme (1.0M in toluene, 7.1ml, 7.1mmol) add
BHa-Me.S (2.0M in THF, 3.0ml, 6.0mmol). Stir 0.5h and cool to -78°C. Add 3'-
bromo-4’-fluoroacetophenone (1.50g, 6.9mmol). Allow to warm 10 -20°C and stir 5h
at -20°C. Add slowly MeOH {20ml}. Concentrate and chromatograph on silica to

20  obtain the alcohol as a colorless oil.
Steps 2 and 3: Converi the product of Step 1 to 81-1 according to Freparation 48,

modifying the work-up of the piperazine reaction by concentrating, partitioning with
CH:Cl, and water, drying (MgSQy), and concentrating to oblain the product TBS-ether
81-1 as a yellow oil.



nodi fyi ng the work-up of t pi perazine reaction by c entrating,
partitioning with CH2Cl2 wat er, drying (MBSO4), concentrating to
obtai n VI2B#5HdYt TBS-ether 81-1 agg yel low oi |. WOPSBOAPYHEIAE] 56
T/ US2004/ 012471 In simlar fashion, using (S)-2-nethyl-CBS-oxazaborolidine,
produce the enantioner, Preparation 81-2, as a yellowoil. F TB S NH QO =\
CH 4 81-2 Start.

o o 2T AAh ool PRI SR Prevere e

Pr epa'éﬁhhﬁ@m@il Pre %ralNS‘r'\ aTaSas :ﬂ/elkbv&:bﬁ Preparation 81-4: TBS N\WNH 0 CH3
Preparation 82 N IQH CH3'\ /_Br \ / Br Br H3C2S 0 i- Preparation 82

HOSteplOKStepZSte ONp CI—I3'E:HS"--~CH38tep1 Convert

1- (3- br omophenyl ) et hanol to .H% t R esq»l"ilonate ester, a pale 10 orange
oil, according to Preparation ™50, ep\2— r Step 2: Oorrbi ne the product of
Step 1, (3.33g, 11.9mmol) and n@f’phol I ne (3. 38mmol) in CH3CN (1 On).
Heat at 80C 4h, allow to cool, cor%bntrate %ﬂ‘rg partition w th ether and

e 5 S LA R AR TSN TR glar o 2t

1% pakaantiongs PréparBien@ia® and 8334, as yellow oils.

Preparation 81-3: f—\\ N NH

TBS,
‘o
JEoh,
Preparation 81-4: TBS N NH
\ —
-0
CHg

Preparation 82

Y
N NH
— \—
O N
| — CH3

—— H:CO.5 Preparation 82
HO—: Slep1 e _2 Siep2 g N_§ Sep 3 TTeP

Siep 1: Convert 1-(3-bromophenyl)ethanol to the methanesulfonate ester, a pale
10  orange oil, according to Preparation 50, Step 2. o
Step 2: Combine the product of Step 1, (3.33g, 11.2mmol) and morpholine (3.31g,
38mmol) in CH3CN (10ml). Heat at 80°C 4h, allow to cool, concentrate, and partition
with ether and water. Extract with 1N HCI, basify the aqueous with Na;COs, and
extract with CHzClz. Dry (MgSOy4) and concentrate to obtain the title compound as a
15  pale orange oil.
Preparation 83
F
N\
@—N NH
-
HaCA
HO CHg 83-1




F/ \ NNH v- j H3C CH3 83-1 WD 2004/ 094431 CT/US211114 /0 1 2 4 7 1

-57 F F_0O- Br Br Preparation 83-1 MO Step 1 CHI
B

Step 1: “1%2?%4@811”1| 3-brorno-4-fluorgbenzoate (3.029, et her
(30rnl) at OC add dropwi se MeMyBr ( .OMin ether, 11 m, 33muol). Stir 1 h
and pour onto ice. Acidify with 1 NHC), separate the ether, wash with 1 N
NaHCO3, dry (M4gS™4), anq:5 concentrate to obtain the product as a colorless
oil. Step 2: Treat the oduct of S 1 with piperazine according to the
procedure of Preparat*—érto obt Brl as off-white crystals, np 171-4C.

I n anal ogous fashi on, FrOm-3»bro et oppeneoreaMuegs-Preparation 83-2, a
. yellow solid. NH Ma8EC1o WE}BH@FD Pre%‘ﬁ?gtlon 84 F O/\ NNH HO Treat

the product of Preparation 71, 9@p 4° according to the nethod of

Pr epasastg N T80 Bl d-Relicrében-conppuindp asa mmahﬂwa@b{her%‘inﬂ)%ar ation 85
. HO educe 4-brono-1-indanone (prepared accord ?‘to Synth.” Comm 1994,
2277) 0%e @@!ﬁicﬂrﬁa\w IHeblokir {61 isthes: i 330amebr tS’ltl'd and pe enledceand

" oot il PR, SEp ARRETAL Bt Sy ELEBRN Al SRR SiSErso ey SoPr St
obt ai a:bmclfmntate t@obmmmpirc@mcaaqlarm«wl@d oil.Prepar ati on 86
Step 2: Treat the product of Step 1 with piperazine according io the procedure of
Preparation 5 to obtain 83-1 as off-white crystals, mp 171-4°C.
In analogous fashion, from 3'-bromoacetophenone produce Preparation 83-2,

- a yellow solid.
N

HsC ‘
10 HO CHs 83-2

Preparation 84

F
geanes
O
HO | —_—

Treat the product of Preparation 71, Step 4, according to the method of

Preparation 48 to obtain the title compound as yellow oil.
15 Preparation 85

HO
)
N NH
-

Reduce 4-bromo-1-indanone (prepared according 1o Synth. Comm. 1994,

2277) according 1o Preparation 33, Siep 1. Convert fo the TBS ether and react with
piperazine according to Preparation 81, Steps 2 and 3. Deproiect the TBS-protecied
20  aryl-piperazine according to Example 18, Step 2, to obtain the title compound as a

brown oil.
Preparation 86

o
H308
P
=/ NN g 1




0 HBC F/ t\ Ns NH 86-1 WO4\1114/074431 -58- 9T/ US200 12471 F TVMs F H3C
OFOT 1 1 Br Ste J Br- 3 b Br Step 4 Prep Stet? 1:
To dii s?ﬁ??ﬁ'ﬁ'gﬁf’ie (6.26m, 45mol )531 THE (80M)) at - 'Ugg'éﬁ’ﬂ”éat (2.5M
in hexane, 15.1 nil, 30.2mmol). Si: 0. 5h and add dropvww se 2-bronof f uor o-

b?nzene (6.00g, 34. 3rrrm| ) in THE (5n1 ). Stir 2h and add trinethylsilyl
chloride 5 (4.92m, 37.7mmol). Sir 2h, allgwp® warm and stir 18h.
Concentratef partim®n i t h Hy anE and r,Fwash W|th brine, dry (I\/BSO4)

and conc@te to o@_ the si as a Iow 0il. Oe%ar Cgéc)L to OC a
suspensi %&IS 5 §§ l?sl( 38@)4 an e ty
chloride (2.44nml, 34. 3mm|) Stir 10mn and add the product of Step 1 10 .
(7. 7081eB1; ﬂmﬁiiﬁpprcpwl@mm@mmﬁ’jmmﬂ ip T%anadﬂ 187 pdd. n-Bui t he

CHZCI n CeRLY the. oil. Steps
3 and'@ I\%f?é‘f'f'g ﬂég&[ﬂo Q(Tt I) gh% rﬁncgi ‘?eﬁﬁéég}nﬁqﬁqgénblﬁ ]l’r%\l%accordl ng .
to Pbeﬁﬁéﬁ?é gED@OE B4 . StrgmolLin THFT‘(RW}ICEWWEI'] tarel dgd amnmvmvmrdomat 0
Preparation obt ai.n _86-1 as yel low solid. 15 In simlar fashion,

sﬁﬁrg (hg2oml.t3 - _émG'JQI) fﬁﬂb?'&b@'lﬂ%lféﬁ’?é‘ﬁ'eanﬁrsé'ﬂdgb Ereeniate Partiion with yel | ow
= O N\ N ‘ 20
S0l I Iée,iqrz%‘_éﬁtr- o Myalti, 91 BARE, de %‘5}% égnééﬁye"@?o 'Eh)lalﬁ'}ﬁ%g@ﬁ% o1,

Reduc onophenyt) prop andn ‘acc r reparation
and t agaivalloer ail. cohol accordl ng to Preparation 48 to obtain'87-1 as a .yel |l ow

. yel 81ap so o o i Ensernton b ORE s L L g, F SRR ClbldOfdl fod 57 3,
yell 0%8ia'cetyl'E’ﬁl%ﬂ@é51254@&1@54.%mﬂﬁ@l)%ir%miﬂrméé& i pidutt oS yH HOCHS
10 (7.70g, 31.1mmol) in CHzCl, (10ml). Stir 5h and add 1N HCi. Dry the CH.Cl, o
(MgS0.), and concentrate 10 obtain the ketone as a yellow oil.
Steps 3 and 4: Convert the product of Step 2 into the silyl enol-ether according to

Preparation 75, Step 1, then react with piperazine according to Preparation 5 to
obtain 86-1 as a yellow solid.
15 In similar fashion, starting with 2,6-diﬂuorobromobqnzene, produce Preparation

86-2, a yellow solid.

o)
HsC F
N NH
| —

F 86-2
Preparation 87 o

HO
30)_b-m’_‘wu
N 871

20 Reduce 1-(3-bromophenyl)-2-propanone according to Preparation 33, Step 1,

and treat the alcohol according to Preparation 48 to obtain 87-1 as a yellow oil.
Similarly, convert 1-(4-bromophenyl)-2-propanone to Preparation 87-2, a
yellow solid, and convert 3-bromo-5-acetylpyridine to Preparation 87-3, a yellow oil.

Ha

. C
Preparation 87-2: HO&_Q —\
N NH
e/
Preparation 87-3: }} 1 NH
HO

CH;



WO 2 11114 /119 4 1 -59 PCT/US2 11114 /111 71 Preparation 88 Fn HO
[ N\_,, o FFF H3CBr Step _ -- Slep 2;.; BrStep .T BS
Br-O -~ SNU 2t e'ﬁmz?” OOTES O OH i( F.zgBS ~ Br Pr epar atT%Tm’”%%"“’m”'o St ep

5 OCH3 Steps 1-4: Treat 3 -brono-4'- Fuoroacet ophenone according to
Preparation 75, Steps 5 1-4, to obtain the bromde. Step 5. React the
product of Step 4 with piperazi ng, accordi to Preparation 5 to obtain the
title conpound as a yellow oil. &@%@Qﬁssg FF/ NH OCH3 FFFBr F
/| Br Step 2 F/ Br Step 3 Preparation B9 O"O 1p CH3 TBS Step 1: Conbi ne

2, 4-di br onof | uor obenzene (6.00g, 31 I Al 3 (10.4g, 34.3mol) and
‘heat to 60C. Add dropw se acetylgh &_(-3.°66g, 47mmol ). Heat at 95C
1.5h, cool to OC, and add ice-wat®&= then conc. HCl (15m ). Extract wth
ether, dry (MJSQH), concentrate and@Hy omat ograph on silica to obtain the
‘ketone as a 15 bfown oiI Sp‘.-eps 2 and 3: Treat the product of Step 1

according to PFg ara;gd {; s 3 and tq apt ai n t t|tIe conpound as
a yellowoil. p B . ?e -TBS -
HaC ‘ 0 \Stepd.
O
188 "¢ NBr
Preparanon gg -——— O
Step &
OCH,

w Steps 1-4: Treat 3'-bromo-4’-flucroacetophenone according to Preparation 75, Steps
5  1-4, to obtain the bromide.
Step 5: React the product of Siep 4 with piperazine according to Preparation 5 to
obtain the title compound as a yellow oil.
Preparation 89

F
A\
F N NH
p—
o
CHg
F F F
F@‘Br——p. I ——— Preparation 89
Sep1 | \/>:/( B ep2 | Brsieps T
0 0
10 CHy TB8S

Step 1;: Combine 2,4-dibromofluorobenzene (6.00g, 31mmol) and AICls (10.4g,
34.3mmol) and heat 1o 60°C. Add dropwise acetyl chloride (3.66g, 47mmol). Heat at
95°C 1.5h, cool to 0°C, and add ice-water, then conc. HCl (15mi). Extract with ether,
dry (MgSO,), concentrate and chromatograph on silica to obtain the kelone as a

15  brown oil.
Sieps 2 and 3: Treat the product of Step 1 according to Preparation 86, Steps 3 and

4, to obtain the title compound as a yellow oil.
Preparation 90
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Preparation 90 / N NH O 2004/ 1194431 -60- T/ US200 12471 Treat

1, 3-di brhppgobhenmeng Wth 1. qui val ents nor phol i ne und | L] ons of
Preparation 5. Treat the resulting agyl.-norpholine wth %f/gg%@g}f]ﬁié& nder .
the conditions of Preparation 5 to obtain the title conpound as a yell ow
oil. Preparation 92 F ")-N NH HO 5 CH3 91-1 React

3- brono-4-£] uor. zal dehyde wi t. Br. under |19 of

Preparati ﬁre§8 ,1?‘2'(?@)60%",0%&%'56?? é’i{{}' Fh%%&ﬂ??&rf{]g&ﬁpﬁﬁgﬂjygggﬁ%| ng to

Pr epapaidifohsAsf PRpap@lich B. 9tedt B RsURhgBWPnorpHdling with pipefrasifeamdereact

3- brono- 6-f| uor obenzal dehyde with MeMgBr and 3 10 convert the resulting

al cohthle candijassadtieparaioms o obtain ke e cgmpound\as\e MellowolicHz 91- 2 :
Preparation 92 F-VN /N\ NH H3 - Step \ NNBoc St p 2 \ NBoc Step
3 Preparation 92-1 H3C S H3C S%IIE%‘%Q}ESQS ep 1. Treat 3-bronothioanisole
with 1.2 equival ents N Boc-pi perazjfne under the conditions of Preparation 5
to obtain the Boc-pi perazine as rHWﬁ\Nﬂi |. Step 2: To the product of Step
1 (1.50g, 4.9nmol) in CH2C 2 (2 add" m chl oro- perbenzoic acid (-70%
1.688, -1 Omol). Stir 2h, W th sat. NaHCO3, dry (MgSO4), concentrate
apd chromat ograph on silica to obt&n the Sdifoxide as a yellow 20 oil.

Step 3: Degrotect th duct of Step 2. ,ng - tion 26, Step 4,
and. pur (589 Poeoe-bhkaickegsiehita i E ot Whidhetki dieigous
sul f Oﬁf‘ergagfr@?@ri 36" SR/ G Hied 118t Pleashiahil dledhcl RaurdiAL ¥ FReparation 48 1o

chloro rbenzoi'c aci d to provide the sulfone N oxi as a brown oil. Treat
wi t h diftain 26-1aascaydllony allo Step 3 to produce Preparation 92-2 as a brown oil.

In similar fashion, react 3-bromo-6-fluorobenzaldehyde with MeMgBr and

10  converl the resulting alcohol to Preparation 91-2, a sticky solid.

\
F N NH
L
HOj'
CH; 91-2
Preparation 92

N
N NH
s
HsC-SO 92-1
Step1 ™\ Step 2 7\
QBI —-e-E-p.- QN N-Boc-—ﬂl——Q—N N-Boc—s-t—ep-g- Preparation 92-1
- s
HaCG-S HiC—8 ‘ H.C-50

15  Step 1: Treat 3-bromothioanisole with 1.2 equivalents N-Boc-piperazine under the
conditions of Preparation 5 to obtain the Boc-piperazine as a brown oil. o
Siep 2: To the product of Step 1 (1.50g, 4.9mmol) in CH.CI, (25ml) add m-chloro-
perbenzoic acid (~70%, 1.68g, ~10mmol). Stir 2h, wash with sat. NaHCOg3, dry
(MgSO0a,), concentrate and chromatograph on silica to obtain the sulfoxide as a yellow
20 ol
Step 3; Deprotect the product of Step 2 according to Preparation 26, Step 4, and
purify by PLC 1o obtain 92-1 as a yellow oil.
For the analogous sulfone, treat the product of Step 1 with 3.5 equivalents m-
chloro-perbenzoic acid to provide the sulfone N-oxide as a brown oil. Treat with TFA

N
o

according to Step 3 te produce Preparation 92-2 as a brown oil.
N\
N NH
-
HyC—S50, 92-2
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Prepar at i\98 »8@0043 M-/ NH Or' 93-1 React br ono- 4-f | uor obenzal dehyde
with cyclopropyl nignesi um broni de unger. the conditions TBPpHIAEITIon 30,
Step 6, and treat the resultant al cohol 5 according to Preparation 81, Steps
2 and 3, to obtain 93-1 as a black oil. In simlar fashion, obtain
Preparation 93-2 as a yellow, oil, TBS NH O 93-2 Preparation 94 F NvNH HO
CH3 10 Treat the product of PreddEBRIAUONAS with NaaH4 according to the
procedure of Preparation 33, Step 1, Fto obtain the title conmpound as a

yellow oil. Preparation 95 F Kkj- HONTBS H3C O Treat the product of
Preparation 88, Step 2, with TESM cRorlbing to 15 Preparation 30, Step 6,
and then with piperazi ne under conditions of Preparation 81, Step 3, to
obtain the title conpound as a yelfow oil. P‘:rreparation 96 F 6 NuNH 0 CH3
. 231

React 3-bromo-4-fluorobenzaldehyde with cyclopropyvlimagnesium bromide
under the conditions of Preparation 30, Step 6, and treat the resultant alcohol
5  according to Freparation 81, Steps 2 and 3, 1o obtain 93-1 as a black oil.
In similar fashion, obtain Preparation 93-2 as a yellow oil.

'
TBS, N__NH
o
93-2

Preparation 94

F
7\
. FQN NH
N/
HO
CH,

10 Treal the product of Preparation 89 with NaBH,4 according to the

procedure of Preparation 33, Step 1, to obtain the title compound as a yellow oil.
Preparation 95

F
\
N NH
—
HO _TBS
HC —0O

Treat the product of Preparation 88, Step 2, with MeMgBr according to
15 Preparation 30, Step 6, and then with piperazine under the conditions of Preparation
81, Step 3, to obtain the title compound as a yeilow oil.
Preparation 96

F
/N
§ >—N NH
./
O
CHy
F F

. Stepd B SleP2, (\_&B,@ﬂﬁg_ Preparation 96

o) O HO
CHs Br




FFFPBr Step 1/ Br Ste y \ Br Ste Preparation %OOHOZr CH3 Br 16

V\DZOO4 « /Us21wi4 /01 247 1 Step 1: T
(‘Q? 4?’?‘3}"6'r§§acet ophenone (3.0Q&p 13.8mml) in OﬂfEITQJSGTngﬂ347énd

acetlc aC| d (0.5mLl) at 10C add dropwi se brom ne (2.438, 15.2mvol) in CH2C 2
(20mL). Stir 15mn and concentrate to obtain the crude brom de as a yeI | ow

e oS3R8 TS Bl AR oSO RIS L6 ), "
41. 5”?9ét)ic bBid @"'ﬁn( %@1@% AR RpisE BRMPE (2043@1658241&&@1' 1ncmH SOl T O 5h and

add i/ (200m ). Extract with ether, dry (MySOH4 concentrate and
chr onGrghagHirdidreiniansbcansenyBi@ainoblain H}Ecw@piedrrgme as an@lﬂW oiv oil. Step .

and i GRIIBEG T reteridn | SRR ARkas: TR SRR ER A & °
al ! ommhl) cfamﬁm@ahe@au@e? FodudDolNS1 1%&9&71&%42 (B . %en Sl piep / V.
Br Ste Br Std Preparatlon 97-1, HO OH TBS-O Step 1:

So01 THF(ECN host s o ine SUsPeTRion, Binisemnd i slmyll BUHCLS

(12" SR PR B ap AP0, soRRR e a3y MR Bogsh of s RRIET

Stir abtalrﬁ)ﬁ]@bydapd)pahbba\s aq:e\nammver 18h. Add Na2SO8 (16.0g) and Et OAc
100m). Stir . 0.5h, SO4 t rat d
G oGl B east 167 PrEHCt 6T SHRm v B Ra e GUaORANY P TG0 Bnel ap 2
t t di t
gbea chidfnao @gétﬂ%oﬁ’%m?%%o%t tﬁe%tlﬁ g‘?%glﬂg%ﬁé‘ﬁe ég% ﬁlléﬁf@ﬁ” I ng S'?ep a:

reparation al n ow oi | .

Met hyl ate product of Step 2 witPrpacattin®7 t o Preparat|on 33, Step 2, to
obtain the nmethyl ether as a yellpgw oils Step 4: React the product of St 2
W t h pi perazi ne accordi ng toHBre MonNB and 25 chromatograph on silica
to obtain 97-1 as a dark oil. S pfitarly” enpl oy AD-m x-a (al so obtained from
Aldrich) to obtain the enantio GHPreparaé%_qn 97-2, as a dark oil. \ MM

HO
p Step] 1’9 _S_@ij}& Step 3, L . Preparation 97-1

HoO OH TBS—0" OH TBS—0O  |OCH,

Step 1: Cool to 0°C the oxidizing mixture AD-mix-B (reagent for Sharpless
15 Asymmetric Dihydroxylation obtained from Aldrich Chemical Co. Mitwaukee, WI)
(15.3g) in 1:1 aq. -BuOH (100ml). Add m-bromostyrene (2.00g, 10.9mmol).. Stir at
0°C 8h, and allow to warm over 18h. Add Na;SOj3 (16.0g) and EtOAc (100mi). Stir
0.5h, separate the organic, dry (MgSQy), concentrate and chromatograph on silica to
obtain the diol as a yellow oil. O
20  Step 2: Treat the product of Step 1 with 1.0 equivalent TBS-Cl according to
Preparation 48, Step 1, to obtain the TBS ether as a yellow oil. .
Step 3: Methylate product of Step 2 with according to Preparation 33, Step 2, to
obtain the methy! ether as a yellow oil.
Step 4: React the product of Step 2 with piperazine according to Preparation 5 and
25 chromatograph on silica to obtain 97-1 as a dark oil.
Similarly, employ AD-mix-a (also obtained from Aldrich) 1o obtain the

enantiomer, Preparation 97-2, as a dark oil.

Fammt
NoONH
HO S

H™ OCHg 97-2



H OCCH3 97-2 WD 200 94431 -63- PCTIUS2(H 4/0i gl1 Preparation 98 F n TBS\
INH O\ W oo SsFP 1, Step ? Br Preparation ~~ TBSperiusa@igst\ Treat
t he product of Preparation 96, Step 2g3according to Preparation 48, Step 5
1, to obtain the TBS ether, then with piperazine under the conditions of
Preparation 81, Step 3, to obtain the title conpound as a yell ow solid.
Preparation 99 O F '\ NvNH I—BM I \ NH Step / \ N NBoc Step
2 ("7-N NBoc NC NC H2N Step 3 N N Boc Preparation 99-1 3 HN
10 Step 1: Convert the product of Prep Fation 5-5 according to Preparation
13, Step 2, to the Boc-derivative. duce the product of Step 1 .
‘Wi th BH3 Me2S according to Prepit tep 3, and chromat ogrgph on
silica to obtain the amne as a ye }- WOI| Step 3: Cool to OC the product
of Step 2 (2.00g, 6.9mmol) and Et 3N“¢1. 15nl, 15 8. 3mmol) in THE (15nl). Add
.met hyl chloroformate (0.63m, 6.9mmol). Btir at 0C 2h, partition with Et OAc
and sat. NaHCO3i dry ¢ %4)Slepahd CoNnge r%t&eptzg bt ai B%}\fe carbamate as a

yellow oil. Step 4: otect T hEegpr o F Stép Pl I ng to Preparation
26, Step 4, to obHaH) 99-1 as a yepgw oil. 20 In simlar fashion, starting

wi th the product of eparation 42, duce Preparation 99-2, a yellowoil.
F Treat the product of Preparation 96, Step 2, according to Preparation 48, Siep

5 1, to obtain the TBS ether, then with piperazine under the conditions of Preparation
81, Step 3, to obtain the title compound as a yellow solid.
Preparation 99

.
L -
rammy
N NH
99-1

1
QN NH-S-E?RLQ—N N-Boc Sepzp N-Boc

Step 4
e

H3CO-‘(’

N N-Boc
s

(8]
Preparation 99-1 HCO-4
HN

10  Siep 1. Convert the product of Preparation 5-5 according to Preparation 13, Siep 2,
to the Boc-derivative.

Step 2: Reduce the product of Step 1 with BHa-MeS according to Preparation 65,
Step 3, and chromatogrgph on silica to obtain the amine as a yellow oil.
C., Step 3: Cool 1o 0°C the product of Step 2 (2.00g, 6.9mmol) and EtzN (1.15ml,

15  8.3mmol) in THF (15ml). Add methyl chloroformate (0.53ml, 8.9mmeol). Stir at 0°C
2h, partition with EtOAc and sat. NaHCOj3, dry (MgSOy), and concentrate to obtain
the carbamate as a yeliow oil.

Step 4: Deprotect the product of Step 3 according to Preparation 26, Step 4, to
obtain 99-1 as a yellow oii,

20 In similar fashion, starting with the product of Preparation 42, produce

Preparation 99-2, a yeliow oil.
F

e
HqCO—!\p \ e
S HN-

99-2



O/ \' NNH HlCOl v H\- 2 WD 2004/ 094431 -64- YCT/#2004/1112471
Pr epar \' N HO F F Br - Step 1- O AP
Pr epar gtw)(c)mm%gj 'mHBC HO O' Step 1: Gopbi ne the cycl opropy"l@ca?b%lo of
Preparation 93 (4.90g, 20mml) with vinyl acetate (9.26nl, 100mmmol) and
Amano |ipase C Il (2.50g) in isopropyl ether (200m ). Stir at 27C 18h.
Filter, concentrate, and chro ograph o ilica to obtain the (R)-acetate
(anal ysis via HPLC on Chiral cel—@é”%@aﬂggl orless oil. Step 2. React the
acetate of Step 1 with piperazine acgording to Preparation 5 and
chromat ograph on silica to obtain Tt e conpound as a yellow oil. 10
Preparation 101 F N HTBS - O aﬁ" the (S)-al cohol obtained by
chromat ography in Preparation 107 Step 1, according to the procedure of
Preparation 81, Steps 2 and 3, to Wbtain the title conpound as a yel | ow 0|I
0 15 Preparation 102 N N JNH H3CYOH Boc-protect the product of
Preparation 5-7 according to Preparat |F0n 13, Step 2, reduce according to
Preparation 33, Stepg—{, a@eﬁemven@BOSt@rmu%raccord|&9 to Preparation
I

13, Step 5, to obtd as a6l |
HO

Step 1: Combine the cyclopropyl carbinol of Preparation 93 (4.90g, 20mmol) with

5  vinyl acetate (8.26ml, 100mmol) and Amano lipase C-ll (2.50g) in isopropyl ether
(200ml). Stir at 27°C 18h. Filter, concentrate, and chromatograph on silica to obtain o
the (R)-acetate (analysis via HPLC on Chiralcel OD) as a colorless oil.
Step 2: React the acetate of Step 1 with piperazine according to Preparation 5 and
chromatograph on silica to obtain the title compound as a yellow oil.

10 Preparation 101
F
LAY
TBS\ N\_/NH
O
H

Treat the {S)-alcohol obtained by chromatography in Preparation 100, Step 1,
according to the procedure of Preparation 81, Sieps 2 and 3, 1o obtain the title
compound as a yellow oil. O
15 Preparation 102

V N M
PN NH
— S
HLC
OH

Boc-protect the product of Preparation 5-7 according to Preparation 13, Step

2, reduce according to Preparation 33, Step 1, and remove the Boc-group according
to Preparation 13, Step 5, to obtain the title compound as a yellow oil.

20 Preparation 103
H

s SN

S N NH

LN

Combine 5-amino-2-methylbenzothiazole (0.50 g, 3.04 mmol) and bis(2-
chloroethyl)amine hydrochloride (540 mg, 3.04 mmol} in chlorobenzene (6 ml) and



20 Prepar ation 103 3@ N S\ N NH Conbi ne 5-amn 2 met hyl benzot hi azol e
(0.5 I s(2- chl oroethyl)am ne
ol ) |nwc9ﬁ"6'i‘”8%4éﬁ')zene (6 M) and WO 21104/ 1194431 - 65- %%[F/Sﬁ's‘é’?’fglm /111

2 471 heat 15h at 138 Cin a sealed fube. Allowto cool, concent
chromat ograph on si I i ca to obt ai n the title conpound. Preparation
F2HC- N\---/ NH CHG N ~N BocS- F, HG /

5 Pr epaﬂ@i’ct 1§H @ltdﬁgp %'@ éﬁaga bRy Mlov Inconl oernaenyate anthehidratogiaph

ng, 3.04
rate, and
104 F

N N- Boc

accordi to the Boc-derivative. Step 2: To the
product&g?'@?gsq‘%'gﬂ?gglﬁel?%mééaﬁz (7ml) add DAST (0.315ml). Stir 6h,

.quench dropwise with aq. NaHCO3, Frepastionddsh CH2C 2, dry (K2CO8),
concentrate. Purify by PLC to obtain th di fluoro corrpound Step 3:

Deprotect the product of Step 3 accord.L\ng Preparation 26, Step 4,

- obtain the title corrpound as a YeHt )HN  Rakeparation 105 F N NH

and 10
to
O'-CF3

1051FFF OHC / \' N\- BocStepl /\‘—NN—BocStepZO/\NN-Boc

"-CF3 \Step 3 19~F Preparati on 105- Step 1: Reduce t he product of

oreparat o 1073 60 L Casaorgioq/Th T her g 5o, SFap yryg gbain the

ber%ene (40m) add Bu3P (0.5 m). Stir Pk%aﬂi\.& md@d’t}_@;@pw se CF3CH2CH
0.

2ml) . After 1 h, wash with

Step 1: Convert the product of Preparation 17-6 according to Preparation 13, Step 2, -

to the Boc-derivative.

C: Step 2: To the product of Step 1 (0.35g) in CHxCl, (7ml) add DAST (0.315ml). Stir

6h, quench dropwise with aq. NaHCO3, extract with CH,Cly, dry (K2.COs), and
10  concentrate. Purify by PLC to obtain the difluoro compound.
Step 3: Deprotect the product of Step 3 according to Preparation 26, Step 4, 1o
obtain the title compound as a yeliow oil.
Preparation 105

F
N\
O p—

-CF3 105-1
F

OHC-@NSN Bocm r—@— ¢ e ,—@—N N-Boc

\—CF3 \Siep 3

1 5‘_’ Preparation 105-1

Step 1: Reduce the product of Preparation 104, Step 1, according to Preparation 33,

Step 1, 1o obtain the alcohol.

Step 2: To the product of Step 1 (0.31g} and ADDP (0.51g) in benzene (40ml) add
BusP (0.5 ml). Stir 10 min and add dropwise CF3CHzOH (0.72ml). After 1h, wash with

20  water, dry (KoCOs), concentrate and chromatograph on silica to obtain the ether,
Siep 3; Deprotect the product of Siep 2 according to Preparation 26, Step 4, to
obtain 105-1 as a yellow oil.

In similar fashion, prepare Preparation 105-2 and Preparation 105-3:

Preparation 105-2; F

/_/ I
7\
Of—g N\__JN H

\~CH,



20 water, dry (K2C33),_concentrate and chronmatogrgah on silica to obtain the
ether. Step 3: Deprot the product of Step 2 a di 2& to PreEaration 26,
Step 4Wa 0sodHal n 10571 as a yel | ogﬁoi . In sinilar P&INBAY Y are _
Preparation 105-2 and Preparation I05-3: Preparation 105-2: F NNH O ~CH3
WD 200- 1/ 094431 66- PCT/US2 0114 /111 2 4 7 1 Preparation 105-3: F NNH O
O CH3 Preparation 106 F F3Crm N NH 106-1 To a solution of the product
of Preparation 104, Ste i R. THE (50Fm) 5 at 0 C add
trif|uororrethy|trirrethyﬁjs’fl”f’é'njaé%(‘ﬁoldgﬁ), f gh{oweeh by TBAF (0.4 m). After
1h, quench with 0.5N HC (1 Or). Stir dNH OAc, wash with sat.
NaHCO3, 3 dry (K2C33), and concent rateCt o gl ve the al cohol as a yellow .
solid. Deprotect this according to Preparaph-ggy 26, Step 4, to obtain 106-1

as a yellowoil. Simlarly, from4-fluor obenzal dehyde, proceedi ng through
the N-Cbz- 10 piperazine as in Preparation 109, produce Preparation 106-2 as
ayellowoil. F3C/ \ NHHO Prepftidn feeparation 107 F / \ NH COOCH2CH3
FFF O/ \ NNBocStep 1_ / N N Boc Step / \ NN-Bo, ~- O COOCH2CH3
COOCH2CH3 \ Step 3 Preparatgen —

i N NH

HO " 106-1

To a solution of the product of Preparation 104, Step 1 (1.5 g) in THF (50 ml)
5  at 0 °C add trifluoromethyltrimethylsilane (1.1 ml), followed by TBAF (0.4 ml). After
1h, guench with 0.5N HCI (10ml). Stir 15min, add EtOAc, wash with sat. NaHCOs, o
dry (K2CO3), and concentrate to give the alcohol as a yellow solid. Deprotect this
according 1o Preparation 26, Step 4, to obtain 106-1 as a yeliow oil.
Similarly, from 4-fluorobenzaldehyde, proceeding through the N-Cbz-
10 piperazine as in Preparation 109, produce Preparation 106-2 as a yellow oil.

FaC I\
>—®—N NH
HO s 106-2

Preparation 107

F
I\
N NH
| —
COOCH,CHg
F F F
S V2N
OHCGNCN-BOCS‘—GD—L (/ON\_JN—BOC Steps, (@Nuw—soc ® )
COOCH,CH, COOCH,CHj, \Step3

Preparation 107

15  Step 1: To a suspension of 60% NaH (0.24g) in THF (20ml) add diethoxyphosphoryl-
acetic acid ethyl ester (1.2 ml). After 0.5h, cool to 0 °C and add the product of
Preparation 104, Step 1 (0.93g) in THF (5ml). Allow to warm, stir 2h, and quench
with sat. NH,Cl. Exiract with EtOAc, dry (K;COs), concentrate, and chromatograph
on silica to obtain the ester.

20  Step 2: To the product of Step 1 (1.2g) in EtOAc (60ml) add 10% Pd-C (0.15g).
Hydrogenate at 1 atm for 1h, filter through celite, and concentrate to give the reduced
ester as an oil.

Step 3. Deprotect the product of Step 2 according to Preparation 26, Step 4, to
obtain the title compound as a yellow oil.



15 Step 1: To a suspension of 60% NaH (0.24g) in THE (20m) add
di et hoxyphosphoryl - acem acid ethyl ester (1.2 nm After 0.5h, cool to O

C and addwigh®ophaAgict o reparation 104, Step 1 ( 38) Al l ow
towarm stir 2h, and quench wth sat... NHACl. Extract W ﬂl'gi@(&'z%

(K2CXW) , concentrate and chromat ogr aéﬁ on silica to obtain the ester 20
Step 2. To the product of Step 1 (1.39) in EtQAc (60nl) add 10% Pd-C
(0-159). Hydrogenate at 1 atqu)r 1 h _filter through celite, and
concentrate to give the reduced oil. Step 3: Deprotect the
product of Step 2 according to Preparatpl on 26, Step 4, to obtain the title
conmpound as a yellow oil. WO 21H€1/ 434 ~~ -67- PCT/US2004/ 1112471
‘Preparation 108 F F3~ N ~NH Oxi B BdH i nternediate of Preparation
106 :;pith Dess-k%artin periodinane in CH2A 2 and deprotect the resulting
ket one accor@t‘tid'gettbe Breepiataicatiai2éyf Feepprediont 106 with s salibim pe;tllbrd:n@ﬁﬁpound

: || P CNNH 109-1 _FFF. OF N
N ooz 9 G Teeng eBRAeE) naged ding kelins anposding @ Riererdioniam Siendhdp 1.

Heag admggh%g{,ae@omrjdwggg%qgh%one (0.25g), piperazine-1-carboxylic 10
acid benzyl ester (1.84nl), and K2CO3 (1.328) in toluene (4nml) by m crowave

at 150 C 0.5h. Allow to cool angr Qaalﬁ\llohdr@%th El OAc and water. Dry
(K2C3B), concentrate and chromat ogr,aph on silica to obtain the

aryl -pi perazine Step 2: To thae ) ct of Step 1 (0.35g) in 10 mM CH2C12 (1
On ) add pyrrolidine (0.378), 4K 1sodi um tri acet oxyborohydride (1.1
g). Stir 48h, quench with sat//N 1 H and extract with CH2Cl 2. Dry

(K2C3X), concentrate, and puriNy by PLCto Y%4 the amine. Step 3:
Hydrogenate the product of Step. 2 according to Exarrpl:e 107, Step 2 (16h) to

give 109-1 @s 0|I 1 O H-C
»—@ Sepl, )\—@—N N-Cbz S1eP2 3)—@1\: N-Cbz
N S
L NP8

Preparation 109-1
Step 1: Heat a mixture 3,4-difluoroacetophenone (0.25g), piperazine-1-carboxylic
10  acid benzy! ester (1.84ml), and KoCOs (1.329) in toluene (4ml) by microwave at 150
°C 0.5h. Allow 1o cool and partition with EtOAc and water. Dry (K2CO3), concentrate
and chromatograph on silica to obtain the aryl-piperazine
Siep 2: To the product of Step 1 (0.35g) in 10 mi CHCl, (10ml) add pyrrolidine
(0.37g), followed by sodium triacetoxyborohydride (1.1g). Stir 48h, quench with sat.
15  NaHCOQj; and extract with CH.Cl.. Dry (K2COs3), concentrate, and purify by PLC to
give the amine.
Step 3: Hydrogenate the product of Step 2 according to Example 107, Step 2 (16h)
to give 109-1 as an oil.
Starting with 2,4,5-triflucrobenzonitrile and employing DMF as solvent in Step
20 1, produce an N-Cbz aryl-piperazine and deprotect according o Step 310 provide
Preparation 109-2.

\
NC N NH
(-

H3C'N
CHg 109-2



Starting with 2,4,5-tridl uorobenzonitrile and enpl gwi ng DVF as solvent in
Step 20 1 Produce an Cbz aryl - pi perazine and d otect according to Step
3 to proW A BHdbaration 109-2. F NG/ \ NNH H3C NRETYRMEY2ZE o -
2004/ 1194-131 -68- PCT/US211114 /0°$82 4 7 1 Preparation 110 F N- /NH HO
CF3 Treat 3-brono-4-fluorobenzal dehyde with trifluoromethyltrinmethylsilane
according to Preparation 106, but w thout HClI work-up, to give the -
trimethylsilyl ether. 5 React tkeepatabionwilith pi perazi ne according to
Preparation 5 to obtain the title comppound. Preparation 111 ' N-NH H3C
11- N React 5-chl oro-2-net hyl benzox e W th piperazine according to
Preparation 10 5 to obtain the ti nHind as an oil. Preparation 112 F
H2Nr / \ NJNH N O112-1 F F F_N&EO) N N-Boc Step NC/ \ NN-Boc Step 2
H2ZNr / \ vVNBoc F NONO/ 1@?6}9\_;% H3C-{ CH3 1 Preparation 112-1 Step 1:
To acetone oxime (0.48g) in THE (7ﬁ1f)‘ add KOG Bu (0.32g). Stir 1 h and add O.
15 the proTusit BbrdfnhepkfiadiobensdldeBrde with(tiflidgmeéthyibiRe{BtdilaneSt i r 2h and

partition with Et CAc and_water. | ‘ C33) and concentrate, to.qgive the
bt her ScauEEI0 5epagaian 1 Ha. B suinau SISt o, o orase frmetey@idhather ho
(0N Reakfitfe @her with piperazine according to Preparation § to obtain the fitle

compound.

Preparation 111
\
)(IQ'N\_INH o
HaC™ N

React 5-chloro-2-methylbenzoxazole with piperazine according to Preparation

10 5 1o obtain the title compound as an oil.
Preparation 112

F
HZN&NMNH
i /
N-g
F F

SN Step 1 Y N Step2 HoN N
NC@-N\_JN Boc =K, NC—Q-N\_/N Boc Stepe ; N\_JN Boc

F N-O \ N-g
HaC—~¢
" CH

1121

vlstep 3
Preparation 112-1
Step 1: To acetone oxime (0.48g) in THF (7ml) add KO'Bu (0.32g). Stir 1h and add O
15  the product of Preparation 57, Step 1 (1.15@) in DMF (3ml). Stir 2h and partition with
EtOAc and water. Dry (KxCQOs) and concentrate to give the ether.
Step 2: Dissolve the product of Step 1 (1.15g) in 1:1 EtOH-1N HC! (60ml). Heat at
80°C 2h, allow to cool, and partition with EtOAc and sat. K2CQOs. Dry (K2COs) and
concentrate 1o give the benzisoxazole.
20  Siep 4: Deprotect the product of Step 2 according to Preparation 26, Step 4, to
obtain 112-1 as a yellow solid.
In similar fashion, starling with 2,4,5-trifluoroacetophencne, produce
Preparation 112-2.

s
"0 112-2



80C 2h, allow to cool g@and partition with Et OAc sat K2CO3. Dry (K2CG3)
and concentrate to t he benzi soxazole. 20 St ect the product
of StepW® WeHHHEIng to Preparation 26, Step 4, to obt 5??f’§1‘2‘“&!”é%‘ a yel |l ow
solid. In sinilar fashion, starting @Pth 2,4,5-trifl uoroacetophenone,
produce Preparation 112-2. F H3Cr / \ N --"NH N O 112-2 WD 2004/ 094431 0O
PCT/ US20114 /111 2 1 7 1 -69 Preparation 113 F H3C-N??-- 11 3-1 FFF 1
per Step O-{ NO Step 2 _~ "' \ Ridbavhdgn 3PBep. 11.3-1 H3C N H3C-N H3C N
Step 1: Add 6-fl uoro-2- et hyl benzoxgzol e (1.0g) to conc. H21SO4 (15.5nml) at

OC. Stir 5 0.5h and add dropw se ¢—HNGB (0.5n). Stir 2h, pour onto .,
ice, and stir 0.5h. Filter andﬁﬁwthl\uaat NaHCO3, then vvater and dry to

obtain the nitro conpound as wsolid. Step 2: Hydrogenate t he
product of Step 1 according'® anpl e 107,318%®p 2 (5h), and purify by PLC
to give the aniline. 10 Step 3} To a sol utlonFof the product of Step 2

(0.30g) in chl or/p-lg ne (7 ad bjs-(2 Ioroq |)am ne hydrochl ori de
(0.360g). HeaO t , %‘0 do' 4'elo lte 5 T Rrewl ie®i omat ogr aph

onS|I|caH §1| oglve 1131 In simlar
fashi on, St%ll’tl ng W|th fI uor o- 2 rret enzoxazole produce 15 Preparation

113- 2Gtdp i:M.a 6-fNidroi2 -dﬂém_\u@diﬂo&a%o;efir'ieu@rtatdo@.ﬁ MO (15%6nHat 0°C. Stir
5  0.5h and add dropwise conc. HNO;3 (0.5ml). Stir 2h, pour onto ice, and stir 0.5h.

Filter and wash with sat. NaHCO3, then water, and dry to obtain the nitro compound

asa yellow solid.

Step 2: Hydrogenate the product of Step 1 according to Example 107, Step 2 (5h),

and purify by PLC to give the aniline.

10  Siep 3: To a solution of the product of Step 2 (0.5309) in chlorobenzene (7ml), add
bis-(2-chloroethyl}amine hydrochloride (0.360g). Heat at 130°C 24h, allow 1o cool,
concentrate, and chromatograph on silica, eluting with NHz/ MeOH/ CH,Cl» 1o give
113-1.

In similar fashion, starting with 5-fluoro-2-methylbenzoxazole, produce

15  Preparation 113-2.

F
N
N’Q-N NH
J\'. A
HsC™ O 113-2
Preparation 114
N\
N N NH
),\ S
HaC™ 0 114-1 .
/A 7\
02N—©-F.SEE_L OQN—QNUN -Boc2eR 5 | N‘Q-N N-Boc
HO HO \‘Step 3
Preparation 114-1 <—S-t—e-p—f1- N N-Boc
H3c"*o

20  Step i: Treat 5-fluoro-2-nitro-phenol with N-Boc-piperazine according to Preparation
16, Step 1, to obtain the aryl-piperazine.
Step 2: Hydrogenaie the product of Step 1 according to Preparation 113, Step 2 and

chromatograph on silica 1o give the aniline.



I H3C114-1 02N\ FSte 02N\ f NvN BocStep2 HZN \ N Boc HO HO HO Step 3
Step 4 » Preparation -1 - N\ J NNBoc 1 H3 20 Step 1. Treat

5- f | uorwo2omidongsiphenol wi t h N- Boc- pi per azi ne accor di nBCTASPYE#AHAL i on 16,
Step 1, to obtain the aryl-piperaziné0-Step 2: Hydrogenate the product of
Step 1 according to Preparation 113, Step 2 and chronmatograph on silica to
give the aniline. WO 2004/091431 -70- PCT/ US2004/012-171 Step 3: Conbi ne t-he
pr od : iRe! &p ot ORI catdie (O uene
(3m )Lgielglce%t éggmj %agrigaﬁgd%?%g‘ %gétﬁgﬂz@;ﬁ ow lf@ gﬂg(ggl(c% and _(gzﬂ)iqgn W th
El OActolusihevi@nd).. Hoay byraicosyavec0ROeht &g, alinw pueoely apg pRrdierwitht ai n t he

pr opat BinoAnggrate oy (RS, oy g el by R PRARAARTD, |

f ashigdhzoxbadlkel Nng Wi th 2, 3-di fl uoro-6-nitrophenol, produce Preparation
114-2. H3CYO F NI ' N NH 114-2 10 Preparation 115 F NN OY NCH3 F F F.
\5Br Siep 4: Peprotscbihie produgk oispisp Prepritiitg hPrersialignc26, atefrd, © 0 oYN CH3
St eps...1 ) 3 brono-4' -f| uor oacet ophenone to the
2(2#8%%8@?&%&%@%3{% onyl oxy) derivative according to the procedure of
Synt h. Conimsi@88fastidd,, stamidg vithld, 3rdilodroat ritreplsd ol preduse CM3EHrdticef | ux
18h) 1t1o4 9i ve, after chronmatography on silica, '

HiC F
S\WO

VY
N N NH

(- 114-2 o

10 ‘ Preparation 115

F
L
pn NH
L —
O_N
h

CHa

F F F
gy Step 1 g eR3 Br2€P3, preparation 115
H3C. -
OLN
T

O  A80,-0 O
CHg

Steps 1 and 2: Convenrt 3'-bromo-4’-fluoroacetophenone to the 2-(2,4-dinitrobenzene-

sulfonyloxy) derivaiive according to the procedure of Synth. Comm. 2003, 1611, and o
15  react with acetamide in CH3CN (reflux 18h) to give, after chromatography on silica,
the oxazole as a white solid.
Siep 3: React the product of Step 2 with piperazine according to Preparation 5 to
obtain the title compound as a yellow oil.
Preparation 116

F
Y
N NH
N/
SN
Y

20 CHa



t he oxazole as a white | id. Step 3: React the pr ct of Step 2 with

pi per azi ngpoase@pgizng to Preparation 5 to obtain t tit as a
yeliow oil. Preparation 116 F - N-Ngj -S Y N 20 CH3 V\D%ﬁ%@%@%ﬂﬂ 00
PCT/ US2004/ 012471 -71- F F Br Br Step 2 Preparation 116 Br Step 1 J1- O
SYN CH3 Step 1: Conbine 2,3'-dibrono-4'-fluoroacetophenone (3.4g, 11.5nmmol)
and thioacetamde (1.00, 13.2mmol ) i g di oxane and heat at 80C 2h. Allow to
cool, concentrate, an rtidyd ' etg?g and sat. NaHCO3. Dry (N gSO4),
concentrate, 5 and chr r”a"QerQOp dhierarationé6 t hi azol e as a

yell ow solid. Step 2: React the prgduct of Step 1 with piperazi ne-according
to Preparation 5 tog/o aln the &1 tJ e conpound as a yellow oil. Preparation
117 H3C.N/ \ vNH O .j'O 117-1Y HN NO2 Step 1 H3CN \, / NO Step 2 H3C. N
\ / NH2 OHO OHO OHO Step 10 PrepﬁHatlon 117-1 Step 1: To 60% NaH (1.128)

in TH it In, cool to
0C, a%&éggﬂgpmnggr%l&rlr@% at eé?go%ngﬁe((ét&hghaﬁmcﬁd)é@ and filter
t o gi vibigdvetareidey(ia0®d ’t@umpml)ﬁm diexandandmead ki 80°GRdpstibvatudedol, Hydr ogenat e
t he product, K of Step

ze a [ 15 Pr ratlon 113 Steps 2
and 3,°UEBHELE @”Plpiafl‘?o” ¥l ﬁ{?% SP&%W%QE)MW (MG 4) concentrate,
6-8i t r shBEhRRRABLRIAZGH sHica 16 oBiAd WS taEN8 R 0wt Lolid:
Step 2: React the product of Step 1 with piperazine according to Preparation 5 to

obtain the title compound as a yellow oil.

Preparation 117

\
H3(3.N N NH
A s
0”0 117-1
HsC HaC
HNQNozm 3 \NQNOZM 3 \N@'NHQ
0?0 o*o 0?0 Step 3>
10 Preparation 117-1

Step 1: To 60% NaH (1.12g) in THF (70ml) add 6-nitro-3H-benzoxazol-2-one (2.0g).
Stir 40min, cool 1o 0°C, and add dropwise dimethylsulfale (1.26mi). Stir 3h, add ice,
and filter to give the methylated compound as a brown solid.
Steps 2 and 3: Hydrogenate the product of Step 1 and cyclize according 1o
15  Preparation 113, Steps 2 and 3, to obtain 117-1.
In a similar fashion from 6-nitro-3H-benzothiazol-2-one produce Preparation
117-2.

HsC —
SN N NH

A

0“"S 117-2

Preparation 118

20 S
Treal 6-aminobenzothiazole according to Preparation 113, Step 3, 1o obtain

the title compound.



H3C ~ N/ \ NNHO- S 1 2 Preparation 118 N/ \ 20 LS Treat

6- am no t hi le a rding to Preparation 113, t he
title cgﬁgé@H@? 21114/ 19- 1431 - 72 PCT/us2004/11124§T%E%%H%f®ﬁ?hNH2 H3C
NON NNCH3 O~~~ NNNOH NHo NH2 ~ NON Ove rl.k ~ - CH3 Of\NU 1 N NH2
Step 90" J N~I N NHNHNNJ H | Step 2 Exanple | Step 1: To crotonic
acid (0.024g, 0.28nmmmol) in DVF (3 add EDCl (0.055g, 5 0.28nmmol), HOBt H20-
(0.038g, 0.28mmwl), and N-nethyl ngjtﬁéﬂﬁﬁ‘ille (0.031 nmi, O0.28nmol). Then add
t he product of Preparatlon 2 (0.1 00g, O. 23~ump|) Stir 18h, concentrate,

and purify by PLCtoFb |dethehdra2|d d;lQéNSOHd Step 2:
Conbi ne the product of Ste ;Q% and BSA (6.01 ). Heat at
120C 18h, concentrate and tre ) and water (1.0m ). Refl ux
10 30m n. and evaporate. Purify by PLC t GNPr OVI de the title conmpound as a
white sqbid, M nmfe 478 (WHl). Ina5|mlar fashi on, employing the
approprl at QMebox i C aC| repare th Iovm ng 2 NE‘?}@\Q&&MH&N NNN
Nr R ﬁ 4-2\
Hz Step NH
N =
*Step2
Example i
Step 1: To crotonic acid (0.024g, 0.28mmol) in DMF (3ml) add EDCI (0.055q,
5  0.28mmol}, HOBt-H20O (0.038g, 0.28mmol), and N-methylmorpholine (0.031ml, o

0.28mmol). Then add the product of Preparation 2 (0.100g, 0.23mmol). Stir 18h,
concentrate, and purify by PLC to provide the hydrazide as a yellow solid.
Siep 2: Combine the product of Step 1 (0.062g, 0.13mmol} and BSA (6.0ml). Heat
at 120°C 18h, concentrate and treat with CH3;OH (20ml) and water (1.0ml). Reflux
10  30min. and evaporate. Purify by PLC to provide the title compound as a white solid,
MS: m/e 478 (M+1).
In a similar fashion, employing the appropriate carboxylic acid, prepare the

following:
H3CO Ni":j N
o—@-N N-\_N )j/L R o
Example R MS, m/e
1-2 _«CHz 478
CHy
- HaC
1-4 3/: CHy 492
1-5 _(/‘CHa 508
OCHy
- HiG
1-6 3/: CFy 546
1-7 =—CHj,3 476
1-8 —=—~CH,CHa 490




CHS 1-3 -2-NOCH3 508 q{HSC-CHS 492 1-5 ~CH3 H5@g& OCH3 1-6 Fi 3G CF3 546
-7 13 %2.4"745@,9“},, 2CH3 490 WD 211414/ 119443 73- PCPS-{E%B ﬁﬁ %}14 /111
2471 1-9 G H3 I'n a simlamfashion, starting w oduct of
Preparation 3 and ut| I|2| ng the appropriate carboxylic acid, prepare the
followng FNHO N J. F/ \NN >R N ExarrpIeRIVB rte 1-10 f/ CH3 440
1-11 CH2 440 CH3 1-12 J.;r”‘“ﬂ 47 F13pH3eHs =34 -CH3 470 OCH3 1-15
|--CH3 486 (SCH3 116 -CF3 5985—1(-13 - CH§%8 1-118 - CH2CH3 452 1 19
CH3 466 CH3 5 *For Excirrpl el - enpl Gyiathe cprboxylicf acid chloride and

Dl PEA as an alternative—tothereagents—+t+sted—+n—Step 1. Exanple 2 F NH2

I a similar fashion, starling with the product of Preparation 3 and utilizing the
appropriate carboxvlic acid, prepave the foliowing
NH»

F A
M= NN
F—@N N R
_ —\_NY
N=
Exarnple R , RS, m/e
1-10 _ 4~ CHg 440
: 1-11 CH 44
- —~ 0
CHj
1-12 _//_\OCHa 470
- H;C '
1-13 3 A-Chg 454
114 s [ 470
OCH,
1-15 fCrs 486
SCH4
- HaC
1-16 a/; CF, 508
1-17 —==—CH, 438
1-18 —‘"E—CHQCHa 452
1-19 CHs 466
—xz—(
CHg
5 *For Example1-13, employ the carboxylic acid chloride and DIPEA as
an alternative to the reagents listed in Step 1. ‘
Example 2
F mHa
'S =Y N7 NN, H
F
Sy
N=
NH NH, SiM93
F P, Oﬁ%
st GO 8
N= H Step 2

Example 2



NN NF NN-H ~NfN FEalNH? F NH2 Si Me3 N)I- N n Ny F-/ ' N-" | N NH2

Step 1 E N NJ .NH NHN=/ H,ZSt 2 FpRoRyd12VR

2004/ ogz‘théi""‘f-‘id:ll‘}lbszoo4/012471 74- _$4ep 1. To 3-trimethylsilyl-2-propynoic
acid (0.20g, 86mml) in EtOQAc (10m)) add N net hyl norpholine (0.15nd,
1.4mmol ), followed by isopropyl chloroformate (I OMin toluene, 1.4m,

concertdde T Mdeas 2 Arded e asid {200 Ry RgR QAR bl B e Tor
thi s gidthfiMciPBoline @15, W\ﬂmimdlhéomw@dlby |§tfpr8pﬁpﬂ11@’fdf©ﬁn§te((0 .GMgn 1. 3mmol )

in THE ( |5m? Stir ih, concentrate, and purify by PLC to obtain the
hydraiﬂlﬂ%‘"‘%‘ ﬁm',y'bFlHWP'%oﬁiﬁ&f'zét wgsh W‘t%\‘\’ﬂi@fe”ﬁﬁ’e%?’o@@ﬁ‘:% Brep 1 (0. 25¢g, -
0. 49 200 2R, ne r at with CH3OH
(20mL}" Al R Andntbniicho dibals the G A Afde 58 mB%%’é? e ko008

(Ql 20@oniblﬁmﬁlmk;)oﬂ (Ble3tig, &t 3rARO!A0i g'me p#kidLmtvoi E’rmblllancs (08 GHRGhitn6 Onﬂg
Filter to.obtain ound, as.a ol.i 424 (M+1
a0 HAFARBUb BB casieBiTalR a6y i Tkt o obtain dhe W Hrg9enes roos
treatgamwsngtep 2, prepare Exanple 2-2, a white solid, Ms: me 460, 462
(MeL) F NH2 i - -\ N?N.N CH2 F / \ vN ,\ __N MNMC 15 Exarrple22 NIn a
simil tegaslﬁimnblnbrihmpzedll!ujmf Sdep il GG;?&g;l(lMQmmIﬂhaBd BS&‘M()B@HH) 3Heahabf f -

Wh' t ef{é&lé %h and concen?'rdél%e (Mé)W|th CW%]—P(&OmF 2%m|n ancr] concemr N F Exanple
10 Dissolve in EtOH (30ml) and add K-GOz (0.20g, 1.5mmol). Heat at 40°C 40min.
Allow to cool and add CH,Cl; (30ml). Filler to obtain the title compound as a yellow 3
solid, MS: m/e 424 (M+1).
In a similar tashion, from 2-chloroacrylic acid, but omitting the KoCOj3 treatment
in Step 2, prepare Example 2-2, a white solid, MS: m/e 460, 462 (M+1).

15 Example 2-2:
In a similar fashion, from 2-fluorcacrylic acid, prepare Example 2-3, an off-
white solid, MS: m/e 444 (M+1).
. NH,

NN N _ch,
F N N—\_ ,5\):- F
Example 2-3: N= o

Likewise, from acrylic acid prepare Example 2-4, a white solid, MS: m/e 426
20 (M+1).

NH2
NN N}_,,CHQ
GO Ny
Example 2-4:
Example 3

i

AN
.Q N\ 5’]/'?'\ Y—=— CH,OH



Li kew se, fromacryli cid prepare Exanple 2-4, ',hlte solid, M5: nle 426
20 (M) N N~N NCH2 ANN Exanpl e W*4: F NH2
on E e By T Gpon N wo 20@4/ 094431 - 75- PCT/ BT, o
O/ CSi(t-13u)Me2 Prep. 3 Step F NN--V--NN N NNH Step 2 Exanple 3 N H
Si=t; 1: Convert 4 (f-but; ldirnethylcilylo; ,) 2-hutt+noic acid into the
m.; : ed anhydride and conbine with the product of Preparation 3 according to

t he procedure of Exanpl e 2, FStep 1, to |%ldj ESigBuUIMgdr azi de as a
yel | ow sol i 5 Step 2 ne~the pr Step_1 (0. 5mmol ) and
BSA (6. om)gIre Peht atep 11 BndNegn -eN Heat siepe rg%%gﬁee i th CH3OH

- for 20 mn. Concentrate and purify t prqgluct on PLC to obtain the
silylated formof the final product as'a white solid: To a solution of this
mat er i ER0. @ea&—n@ (-buridimethplzitiE) By retdzA8ANo 104 ntived Brf8ride. 13,

" obi oo bie b 1R B SL PRt B tiaino f e piocnbis of Exsineit o ¢
CocE ”’c@oﬁeﬁ WE‘“*”*@‘%‘%E“% SR8 SIE o op 5 Exampl e 4 F N RN/ N
N+5 Btep 2odcembine e yraduct of Step 1 (0. ‘%Oo 0 85mmol) and BSA (6.0ml). Heat at
120°C 2h and concentrate. Heat the residue with CHzOH for 20 min. Concentrate
and purify the product on PLC to obtain the silylated form of the final product as a
white solid. To a solution of this material (0.062g, 0.11 mmol} in THF (3ml), add TBAF
.. (1.0Min THF, 0.13ml, 0.13mmol). Stir 1h, concentrate, and treat with CHz0H (5mi).

10  Filter fo obtain the title compound as a white solid, MS: m/e 454 (M+1).

Example 4

. NH,

NP NN
F—@-N N )))\ p=="CHcF

L/\,L Sep1 Q Step2 | Step 3
0O Ny O,\COOEt HO S . > FTN

COOQOEt COOEt
lStep4
NH, = F
Step 6 F 0/
Example 4 ~<——2— — NN <35 F
F N N I NH COOH
s —\—N N
N= H

Step 1: To 2-(2-propynyloxy)tetrahydropyran (5.00g, 35.7mmol) in THF (40ml) at

15  -78°C, add dropwise n-Buli (2.5M in hexane, 17.1ml, 42.8mmol). Stir 20min. at -
78°C and add dropwise ethyl chioroformate (3.41mi, 35.7mmol). Allow to warm to
0°C, stir 1.5h, and add water (50ml). Extract with Et,0, dry (MgS0O,), and filter
through a pad of silica. Concentrate, and distill at 100-110°C/0.5mm to obtain the
ester as a colorless oll.

20  Step 2: Combine the product of Siep 1 (5.45g, 25.7mmol) and TsOH-H,0O (0.159) in
EtOH (30mi). Heat at reflux 2h, aliow to cool, and concentrate. Partition between
CH:Cl; and said. NaHCOs. Dry (MgSQy), concentrate, and Kugelrohr distill at 70-
90°C/0.5mm to obtain the ester-alcohol as a colorless oil.



N.-J H Step 1: To 2-(2-gropynyl oxy)tetrahydropyran .00y, 35.7mml) in THF
(40m) at 15 -78C, ad ropwi se n-BuLi (2.5Min h ne, 17.1 m, 42.8mol).
Stir 20nVR.20YHIZC and add dr opwi s? et hyl chl or of or maPET(US2u3/043471
35.7nmmol ). Allow to warmto O0C, sti 6I.5h, and add water (50m ). Extract
with Et20 dry (MgSO4), and filter through a pad of silica. Concentrate,
and distill at 100-110C/0.5mmto obtain the ester as a colorless oil. 20

St ep StepcEnbiandia WB°6r agabtiopfof AR TI3(F o122, 1mmonindr H-Ghdcmiapdaddo. 158)

par 1 i S PRI EL gbS1as (Eheg) 2re B Ol . MR ana

Kugelrlhﬂhr iBestat AT 2h. Ad Q0NN (1 BrfibtRttrad mmsmc+~aUa0tI@d18@§ a .
colorless oil. WD 2094/094431 -76- PCT/US21914/ 012471 Step 3: CooI to -78C a
sol ut¢%ﬁ°¢1ﬂf%§3ﬂ‘:{ Bugejonpgistll %6@79(1 G aeppdoliain elhieragaier @6bwi se t he

ulg(glo%_g%éﬁp 2 (2.83g, 22.1 mmol) in CH2A 2 (2m(), Stir at -78C 45 mn.
Add slowy water (15nl). Extract with CH-C -1, dry (MSOH),

conce@ter;_g_% eﬁ‘lc@m{nﬁut}elprrodiwcldﬂ Qle%? (@2 1d) 16&@417dc5|)13n¢i ](cbruglbﬂwlsglvz fgejldé uor ogst elr)
as a b col or e In rodu 0 t 1 1. 6rmmo
and t{0:-3%8L HyPram '”i %H’F%%UT?EJC@% ?ﬁng%ﬁ?ﬁf“ ﬁ&a s*g’ w1q 6o éaql% and
heat d tes, 9)
Wash %\n&q h@%%{%@gﬂ%}ﬁéﬁ% dé }?)C@? ﬁd) %zuél%ﬁésw Z@e@ © cfit I C glgu 1%186‘3
Extra@tthwttmaEu:lz(d 7Olr ﬁx(rﬁgl \MMEigMydMQ;Sﬁh)aamlm@@mtmla e pblain@hecid as a
eIIow tamnat d wth L t,,0Nn pro t. Step 5: Convert the crude
{Qodtﬁ‘? @F’ESY%IB) O(IOC amlnaéﬁﬂﬂy ﬁﬂ Hdgﬁepwaﬁé‘ 3 anﬁydrl de according to
the pseessuCRNOErENaTRLE Brodbicept Steg 2 (OH@quf-Qﬁlﬁnﬁl)W@ tn@hmstéude (0 269 m&
--1.5mD in THE ( 20rrfLéeladd t he product of Preparation

Af t eranhyiridecrrsentipgile tbeargnadurg obyExareple?,.cdeRi h Tadh ercuaée nvmz. de 15

oo SUER PR seatnic, PGt (O BLAIE I BRRELBPbopddt LA Braad. o0 o
c\g?te r’aorﬁkﬁ Mi@r 1ﬁoooao¢maate eambthﬁguaytmecn@sbthm the chuda-B@itagRigr ) and

e uobiel shounela SR TREse ePib haids o o "5 T %S
add "@ttegrs (@0?11\3?1% gh&gg Lﬁ%‘ﬁ@%ﬁ&ﬁ?ﬁ&%ﬁg (?“159; ¥0@i’nr‘ﬁ'af) Wwigh 8 Nﬁ?nlﬁ I'@ﬁ ti t' e
N— CHlieat at 120°C 18h. Concenirale and heat the residue with CH30H (20m| and water

(1ml) 20 min. Concentrate and purify by PLC to obtain the crude product. Dissolve in

THF, cool to 0°C, and add KO-t-Bu (0.05g). Stir 30 min, add water (0.1ml),
20  concentrate, and purify on PLC 1o obtain the title compound as a white solid, MS: m/e

456 (M+1).
Example 5 o
NH»
) Fama N’LN'I\{ —=—CH
F—e >—N\"—’N_\—N‘)j/’eN; 3
F
F-@ NH + Cl— JD/L >“'“_’— CHy ——» Example5
25 Combine the product of Preparation 4 (0.100g, 0.36mmol), 1-(3,4-

difucrophenyl)piperazine (0.144g, 0.72mmol), and Kl (0.060g, 0.36mmol) in DMF
(5ml). Heat at 90°C 48h. Concentrate and purify by PLC to obtain the iitle compound
as a vellow solid, MiS: rn/fe 438 (ivi+1).
In similar fashion, employing either known aryl-piperazines or those described
30 in the Preparations section, prepare the following compounds:



~NNFNH2 N F/ NNH+ CGf t~ 1 N--~CF13 Eganpl es NNIY N' 25
Conbi ne the product reparation 4 (0.1 00g, O. b%
di f uor oWReMHY#Her azi ne (0. 144g, _Zémml ), and 1<l ﬁ@éﬂ”"@”%‘nm)l) in
DMF (5m ). Heat at 90C 48h. Concentfafe and purify by PLC to obtain the
title conpound as a yellow solid, MS: rn/e 438 (Mtl). In simlar fashion,
enpl oyi ng ei ther known aryl - pi perazines or those described 30 in the
Preparati ons section, prepare the fol NH@\A ng corrpounds: WO 20114/ 094431 ‘
PCT/ US21104/ 012471 77- NH2 N)-t N-N NA %I CH3 N E :anple Ar M5, nle
5-2 F 456 F 53 480 H3COMWN{_ w0 G 5.5 F 1 420 5.6 F 445
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H3C F 5-58 F 517 N Higm5 59 _ F 480 H3C( HO 5-60 F 464 11\ f WO
2004/ 0941\1@& 9' / %ﬁt} PCTN®8S2111N 1112471 - 5-61 _ 4 H3C0 \ / H3CO "
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OCH 5-100 F 480 F O CH 5-i01\ / 487 cNC 5-102 447 HO CH 5-103
F 478 H3C WD 2004/ 194881 -84- 0 PCT/ US20114/ 0124 %éﬂgsﬁ..,g,ﬁguwc H
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HC 5-132 HO f 447 HC 52133 4\ 445 N H3GC'4 F 5- 443 WO 200- 1/ 094431
-86- PCT/US2110 4 /111@@@4 71 5-135 N N~ 442 5-13 'g»‘é? '};g

5-137 FWI17004@PN3CH 5-138 H3 N Y \ 473 3 O 5-139 H30"|€T WEN2Ad N 459 -
5-141 505 H3C \-N 'CH 5-142 ~ \F 4$%- H3C N CH Exanple 6 J F NH2 C \ N
NNJINV>CH v~-Ns NFNH2 r'\ NNNCO \ NIJNH+ G\ j~ ~N CH3
Exanple 6 5 Carry out the reaction as_in Exanple 5 exceot conduct the

heating in a seal ed m%{_pﬁve for 8nmiln alt ? Vibork up as in
Exanple 5 to obtain thg title ¢ o] asawhlte solid,| M5: nmle 454, 456
(M+1). =~
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NH2
__@ )TL >—-———CH3

F

CIGN NH + CI—\_ ,E[)\ : =-CHy — Example 6

5 Carry out the reaction as in Example 5, except conduct the heating in a sealed
microwave vessel for 8min at 200°C. Work up as in Example 5 to obtain the title
compound as a white solid, MS: m/e 454, 456 (M+1).

In a similar fashion, prepare the following compounds:



In a simlar fashion, pare the foll ow ng Conpo s: WD 2004/094431 -87-
PCT/ US2 Qﬁgﬂféﬂﬁ}l? 4 NH2 N-N,N Ar-NN') = N Exanple Ar M5, me
6 2 H3Co CFj O\ / 6-3 F 434 H3§76-4 F 420 6-5 F X63/U28E813470 6-6
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H3CO O H 2 N NN -CH3 v ~NYN N~ H3CO C + S ,1
. 3 ’
1 > CHW® H’;H-‘é 7 NN 5 Carry out, the reaction as %T@?%‘Quwg‘!—{ except
conduct the heating in a 170C oil bath for 2.5h. Work up as in Exanple 5 to
obtain the title conpound as a yellow solid, M5: me 510, 512 (M+l). 3 NH2
NJ-NN Ar-NNNY - Nd _Example ~Nl-~CH3 anr:mlpArJ\/R e 7-2 R_472- O
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HaCO. Cl F\Hz
‘e N~ N'N\ —CH
O N\__JNH + CIxN )j/l:N> — 3 ————— Example 7
N.—

5 Carry out the reaction as in Example 5, except conduct the heating ina 170°C
oil bath for 2.5h. Work up as in Example 5 to obtain the title compound as a yellow
solid, MS: m/e 510, 512 (M+1). 9
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H3C 7-23 F 464 H CO_ 7-24 0 F 522 CH3CH20 O 7-25 5803 7-26 0 519 N :
Exanple 8 F NH2 H3C / N NNNN- CH3 HO~N\ g- Dissolve the product
of Examal2obsa@460. 1284, 0.27mml ) in THE (30ml). Add PETNGBMEHA1BIT10538,
1.4mmol ). Stir at FIT 3h, then 60C 2R0-Concentrate and add CH3COH (1 Om ).
Filter to obtain the title conpound as a yellow solid, M5 W 464 (M+l).
Exanple 9 2 NN HC/ \ ~~N NN- =-CH3 N 10 Di ssol ve the product of

Exanpl e 5-10 (0. 243g, g 4@mnoll) 1n MC|2H1;J"E‘ snd JFA (8nml). Stir 2h,
0

concentrate, and treafl the resi giug h@_ OH Filfer WD 2004/094431 0
0 PCT/ US2004/ 012471 91 and A r tolobtain the title conpound as

a yellow solid, Ms: 475 (MED). arrple 10 H3C Ol ~hl "-r? CH 0 CH3.
/I N~ NN3N . 5 D7sgol ve tHeC ro ct @fFHExﬂmpl"@eg (9.100g, 0.21 mol)
in DMF (4ml). Add DI PEA (0. 04%m, and Ac20 (0§024mL, 0.25mmol).
Stir 2h, concentrate,
7-21 0\\_ ,F 521
H30 / iMNH /"—‘-'
722 HC7—\ 508
%3(? O_O_

7-23 : 464
HLCO o
7-24 522
CH3CH20 O‘@"

7-25 (\Nr 503

7-26 {):3 519

Dissolve the product of Example 7-10 (0.128g, 0.27mmol) in THF (30ml). Add
5  NaBH, (0.053g, 1.4mmol}. Stir at RT 3h, then 60°C 2h. Concentrate and add
CH;OH (10mi). Filter to obtain the title compound as a yellow solid, MS: m/e 464

(M+1).
Example 9
BQ\H
N7 NN
HN_ O 7 NN N N CH
—Q— _\—NJ)/L
10 Dissolve the product of Example 5-10 (0.243g, 0.42minol} in CH:Clz (1.0ml)

and TFA (8ml). Stir 2h, concentrate, and ireat the residue with conc. NH,OH. Filter



and purify by PLC to ain the title conmpound a white solid, Ms: W 517

11 N NJ-NNN HN/ \ NN~ J~ - N " 10 _
D| ssol véNEéﬁ'gBﬁ't)bdbct of Exanple 5-12 (‘0 200g, 0. 37mol )%qﬁ"‘fli‘}i"‘éwﬂ) cool ed
in an ice bath. Stir 1 h, concentrat and treat the residue with 7N
met hanol i ¢ NH3. Concentrate and pur| fy by PLC to obtain the t|tIe conpound
as a yellow solid, M5 W 4 é anple 12 NH2 N/ \ N N NN %-- CH3
v znswwmaasb\wﬂmwdonbf&méaet lﬁé:qsrﬂmm apf yelawmdidt MScwé 47hg to the
procegyt of Exanple 10 to obtain the title conpound as a white solid, Ms
me 4 1). Exanple 13 F NH2 N~NCH2 C/ \ Nu ~NNCIl OCH3 N20 In a,
. simlar fashion to Exanple 5, coriwemipleh® material of Preparation 4-2 to the
title conpound, a yellow solid, Ms: W 516,N|§18 (Mt1). In like manner,
prepare Exanple 13-2, a yeIIow solid, Ms Wgﬂ98 500 (M#1l): WO
200- 1/ 094431 -92- 0 00;}'/’@_24‘7& NHAN T F‘J'I‘\!;—_)__ NCH2 @/ \ ~~NY Cl

Exanpl e 13-2: OCH3 N %E}&'\gﬁn (_,_, ljﬁw‘ﬁ t he pr%duct of Preparation

4-3, prepare Exanple a yellow solig=l M5: me 482 (K4+1), and Exanple
13-4, a yello olid, :
5 y D[qs\évlv% ihle proyS ct o%:%campleé 0.18)09, 0.21mmol) in DMF (4ml). Add

DIFEA (0.045ml, 0.25mmol) and Ac:0 (0.024ml, 0.25mmol). Stir 2h, concenirate,

and purify by PLC to obtain the title compound as a white solid, MS: m/e 517 (M+1).

Example 11
NHo

Ay
B S e
N= .

10 Dissolve the product of Example 5-12 (0.200g, 0.37mmol) in TFA (8ml) cooled
in an ice bath. Stir 1h, concentrate, and treat the residue with 7N methanolic NHs.
Concentrate and purify by PLC to obtain the titie compound as a yellow solid, MS:
m/e 443 (M+1).

Example 12

)‘_":‘CHs
H3C—(R SaN )j/L

15
Treat the product of Example 11 according to the procedure of Example 10 to
obtain the tille compound as a white solid, MS: m/e 485 (M+1).
Example 13
NHg
NS NN o

@ )j/k"N>—<0| :

ocn3
20 In a sirmilar fashion to Example 5, convert the material of Preparation 4-2 to the

title compound, a yellow solid, MS: m/e 516, 518 (M+1).
In like manner, prepare Example 13-2, a yellow solid, MS: m/e 498, 500
(M+1):



NH2 I\ NN NGH2 . ~- NN F 5 Exanpl e 13-3: NF2 r-\ “\NNNCH ~
Nr4F Exa Exanple 14 F NH2 HOOC \ NNN'NMS - CH v
~N N 3 1W%Fi"§4§'8r'\'ﬂé the product of Exanple 7-24 (0.033g, POTOBAMIM247H Et OH
(5mL) and add 1.ON NaOH (0.13ml, 0:98mml). Heat at 60C 1h, add 1.0 N HCl
(0.13m), concentrate, treat with water, filter, and dry to obtain the
title conpound as a white solid, Ms: me 494 (Mtl). 3 Exanple 15 F NH2 ;
h12C / \. NNNN-= CH3 V-/ ~NN F_HBp_N- Conbi ne the product of Preparation 4
wi th the product of P epa;_a\tlon :ﬁ, ,@Ncorgﬂng to the procedure of Exanple 5
to isolate the titd-=. solid, M5: me 446 (Mrl). In
| i ke manner, errpIQ_ 0 th‘e-"ro Preﬁhratlon 79, prepare Exarrple 15- 20,
2, aE%ﬂn@WMd 9§3n1e 440( NH2 d3N' NN—N~ CHS v~N N Exanple

15-2: N WO 21)(14/11944 1114 [111 F NH2
3 HO N~ MINIK&‘)I appar, KI”C' %n pnogLTi %%cparaiénn prr-pare I:EX arrgnB‘eh

3, a vellow solid, MS: m/e 482 (M+1), and Example 13-4, a vellow solid, MS: m/e
500 (M+1):

5 Example 13-3:

Example 13-4: —OCHs; N=
Example 14
NH2
HOOC—, CH
N N 3
_< ’>' _\_NJD/L ) =
10 Dissolve the product of Example 7-24 (0.033g, 0.06mmol) in EtOH (5ml) and

add 1.0N NaOH (0.13ml, 0.13mmol). Heat at 60°C 1h, add 1.0 N HCI {0.13ml)},
concentrate, treat with water, filter, and dry to obtain the litle compound as a white

solid, MS: m/e 494 (M+1). o
Example 15
E NH2
HaG, NZ
N N )”":—CHa
—\_NJj/L
15 N=

Combine the product of Preparation 4 with the product of Preparation 37
according to the procedure of Example 5 to isolate the title vinyl compound as a white
solid, MS: m/e 446 (M+1).

In like manner, employing the product of Preparation 79, prepare Example 15-

20 2, ayellow solid, MS: m/e 440 (M+1),

I"J

NH
NN

)-—~—CH
N\—’N_\—N . 3

Example 15-2:




Cool in ice the produc f Exanple 7-10 (0.01 Qg, 022mmol ) in THE (5m).
Add CH31MigBm442lsi n ether, 0.03ml, 0.08mmmol). StiM™2h g@g/l%g‘qumgz i onal
CH3MgBr 5 (0.06m ). Stir 1h, add satgh NH4AClI, and extract wth 1 2. Dry
(MgS™), concentrate, and purify by Cto obtain the title conmpound as a
solid, Ms: W 478 (M+l). Exanple 17 FrOCH3 2 ~r %- CH3 F / \ NN\ J~
N-*10 Conbi ne the product of PrepEratl n é} with the product of Preparation
45 according to the procedure of—@&?@?—é—? to obtain the title conpound as
a yellow solid, Ms: We 482 (Mtl). Exanpled8 F NH2 N/ v ~ N3 Ho NO N

HCH3 F F NH2 NI Step Hg(C\ N N~N N~- ~(ERBSN p --A Exanple 18 TBS v TBS, O
u~N N 15 HCH3 H CHp-= NTrﬁ h)dutt-&bﬁ; Preparation 4 with the
product of Preparation cco+d| n )\[}é‘ procedure of Exanple 5 to

obtain the silyl et herH%s a yel l ow solid= Step 2: To the product of Step 1
0.20g, O. A3nmol
(Stll’ 5 cﬁ(?:%‘ﬁ'b rcﬁfg ad? gdgﬁiﬂf%E,?agﬁpléchpgﬁ&%r Q'Q%-%ﬁm@“@%& ound ZB.S a
white lajﬁ CtizlvigBr (3w m&#hédvmociml ?B(ETrgiﬂcﬂi)lr S a% a{cifcmiﬂclﬁ"l’ %M%J%Bﬁié i
repar antio : al so nwhite sol i e

E)l%?) (Sx%"gbog}“&i@%%‘%fSﬁoﬁcﬁﬂd@"@@m@&*‘h@lﬂl nFM@B0a). | N Exanpl e
18-2: conteMafd, Bratmn& By PIC fd-oMain the title compound as a solid, MS: m/e 478

(M+1).

Example 17
NH,

N NN
N N—\_ }—-==-~CH3
N

10 Combine the product of Preparation 4 with the product of Preparation 45
according to the procedure of Example 7 to obtain the title compound as a yellow
solid, MS: m/e 482 (M+1).

Example 18
F N
I\ N~ N°
. >—=—CH
N\_IN—\_NJY\ N 3
HO N= :
H CHs
H2
, -N Ste
S|EP1 N N_\_ N N~ )—’Z—CHS—LExample 18
TBS\ N
H CHs H CHs

Step 1: Treat the product of Preparation 4 with the product of Preparation 81-1
according to the procedure of Example 5 1o obtain the silyl ether as a yellow solid.
Step 2: To the product of Step 1 (0.20g, 0.35mmol) in THF (5ml) add TBAF (1.0M in
THF, 0.43mi, 0.43mmol). Slir 2h, concentrate and purify by PLC to obtain the title
20  compound as a white solid, MS: m/e 464 (M+1).
In similar fashion, from Preparation 81-2 prepare the enantiomer, Example 18-
2, also a white solid, MS: m/e 464 (M+1).



CH  From Preparation g’S prepare Exanple 1lc. 3, yellow solid, Ms: rn/e -
446 (Mglh9oNiR. N, Exan®®e 18-3: \ N N N N? =--CH3 - o/ sH 24 CH3

Li kew se, from ﬂ’reparatlon 81-4, preppgre the enantioner, Exanple 18-4, also
a yellowsolid, M5 me 446 (M+l). NH2 Exanple 18-4: / \ NNNNN = CH3
HON .JY' N CH3 5 From Preparation 93-1, prepare Exanple 18-5, a white
solid, M5 me 490 (Mtl). F NH2 N r@{arrple 18-5: NvN--\ NN N =CH3 N HO N
From Preparation 95, prepare Exanple)\ -6, a white solid, Ms: W 494 (M1).

F NH2 ¢g18- 6: /NN N'HOM _43C OH From Preparation 98, :
prepar%@%—e—i&z y\‘ '\%:EQ ' B e 476 10 (Mrl). F NH2 Exanple
18-7: N/~ Nry N-y N HOB M m t he product of Preparation 93-2,

prepare Exanple 18-8, @Hyell ow solid, .
From Preparation 81-3, prepare Exarnple 18-3, a vellow solid, MiS: /e 446
(Vi+1).

- N
Example 18-3: PN N %)N;_ Y—==—CH,
H CHs

i ikewise, from Preparation 81-4, prepare the enantiomer, Example 18-4, also
a yellow solid, MS: m/e 446 (M+1).

Example 18-4: p.N N~ 'jg/",i_ }-;CHS
HO

CHj _
5 From Preparation 93-1, prepare Example 18-5, a white solid, MS: m/e 490
(M+1).

>

F
NT NN
Exampie 18-5: 7N . —==—CH
N\_,N—\_NY N 8

HO N=

From Preparation 95, prepare Exampie 18-6, a white solid, MS: m/e 494 o
(M+1).
F N
Example 18-6: 7 NNy ——cH
D N\——’N—\-‘N)}/LN 3
HO N=
ch OH

From Preparation 98, prepare Example 18-7, a yellow solid, MS: m/e 476
10 (M+1).

. NH,
Example 18-7 a N"LN'N>——=—CH
X -7 L =
QNL_JN-MNJE/LN ®
M=

From the product of Preparation 93-2, prepare Example 18-8, a yellow solid,
MS: m/e 472 (M+1).



M5: me 472 (Ml). 04/ 094431 PCT/ US2004/ 012 -95- NHz Exanple 18-8:
VN-. NNwN 200309658 N h! = From the product of =Prepa¢ghi®anialisr prepare
Exanpl e 18-9, a yellow solid, |1V&S:gnl-e 490 (M+l). F NH, Exanple 16-9:

N, N~ N }--=-CH3 HONExarrpIe 19 H3C OH NH2 NN NN)-:-CHB ZN NN 5
Reduce Exanple 5-96 according to Preparation 30, Step 1. Purify by PLC to
obtain the title conpound as a whitengglid, Ms: W 464 (Mrl). Simlarly,
fromthe product of Exanple 5-110 .} Exanple 19-2 as a yellow solid,

MS: m Exé8ibleNBig:.. F | € 192NN, NN CH3 NNHOF N CH3
Simlarly, fromthe pr ctvof e5133 obtaln Exampl e 193asav\,h|te
10 solid, Ms: me Mr1). NH2 = Exanple 19-3: NN NN, = CH3 -

HONM N CH3

From the product of Freparation 101, prepare Example 18-9, a yellow solid,
MS: m/e 420 (Ma-1).

£ NH,

Example 18-0: a wo N)— CH

p . i —MN -. 3

H ' N=
- Example 19
| OH
HsC F N
I\ NN
< J—="CH
NG AT
N.—

5 Reduce Example 5-96 according to Preparation 30, Step 1. Purify by PLC to

obtain the title compound as a white solid, MS: m/e 464 (M+1).
Similarly, from the product of Example 5-110 obtain Example 19-2 as a yellow
solid, MS: m/e 482 (M+1).

NH,,
" \ N’*N'N
Example 19-2: ~ >—==CH
e QO SR
HO F N~
| CHg
et Similarly, from the product of Example 5-133, obtain Example 19-3 as a white
10 solid, MS: m/e 447 (M+1).
ey
Example 19-3: 7 NN N )—-—-CHS
9 ~_ )TL
HO
CHs
Example 20
F A

HO}—@—N _\_ \)———._"_—_——C|.-]3
0= e
N=



nple 20 F NH ~N N NN =CH, H3Cf -\-Nv 6- 0 PCT/ US2004/ 012471
V\D 20048@?43%}“8 Trea ampl e 5-111 wi th et hyl maghesipdy-9msegAaccor di ng
to Prepar b Step 6, and purifys by PLC to obtain the title conpound
as a yellow solid, M5: W ,475 (ML) In simlar fashion prepare Exanple
-0--, ayellowsolid NIS Ws492(M+I) F NH2 Exanpl e 20-2: HC}~~\ NN
CH3 H3C [Pr\lﬁ Slmlarl ,treat&xrrgle549
net hyl nagng‘_ﬁ*ﬁrﬁm ds 14 ¢ vathuethyireaan wwé?fam' & aggordipg to Ere%ﬁ‘fét'ﬁﬂrl fy by

Eigrr:) So. SlgH.8. SrE ARt tﬁmﬁ@}%gﬁé’hﬁ% Jhe! %J" il 48 2l 4 |dy,"’f?lr\‘l§9 >N

Exanpd 8 $vad)wi t h net hyl magnesi um brom de according to Preparation 30, Step

6, and purify hy PLC.to obt ai a_ yel.l.owsol id ; 0 W 532
(Me1). F NPTQX'”E@ OQBT@afﬁ&ﬁm?""@%\@‘*’G"R}"‘ﬁc" AR dnig o2 g 1
Simlarly, treat Exarrpl e 5- 11 W th cyc:m@;propyl magnesi um brom de and purify’

by PLCto obtaln Exa yeII §qtld MS: W 532 (Mrl). 3 F NH2
Exanplexdtopie 2D SN $—=—CHj

Similarly, treat Example 5-49 with methylmagnesium bromide according 1o

o

Preparation 30, Step 6, and purify by PLC to obtain Example 20-3, a yellow solid, MS:
m/e 534 (M+1).
NH, o

F
NJ\N

Example 20-3: N N_\_N )ﬁ)“ ~>—“——CH3
CHs, N— '
HsC OH
Similarly, treat Example 5-53 with methylmagnesium bromide according to

Preparation 30, Siep 6, and purify by PLC to obtain Example 20-3, a yellow solid, MS:
10  m/e 532 (M+1).

NH2

HaC N
Example 20-3: o N N >——CH3

"\_N,b/k

FsC =
Similarly, treat Example 5-111 with cyclopropylmagnesium bromide and purify
by PLC to obtain Example 20-4, a yellow solid, MS: m/e 532 (M+1). o
HO i EH2
N*
Example 20-4: >—=—CH
D J—@N N—\_N))/L >
N=
Example 21
NH,
F A
HON — NZ NN
. Y—=—CH
FaC N‘—JN_\-N)§/LN ’
=
15 Add hydroxylamine hydrochloride (0.0209) to Example 5-53 (0.015g) in

pyridine (2ml). Heat at 60 °C 16h, aliow to cool, concentrate, and partition with sat.
NaHCOs and 5% WMeOH-CH,Cl. solution. Dry (K2CQs), concentrate, and purify by
PLC 1o give the title compound as a yellow solid, MS: m/e 531 (M+1).



F NH2 HON NNN ~- s F3C ~ CH 3 15 Add hydr | am ne hydrochl ori de
(0. OZOQ)WT(ﬁuﬁM?ﬂE’he 5 (0.0159) in pyridine (2 . I—E%@E""S}ag%gnmh,

ald{ow to cool, concentrate, and part@d on with sat.
MeOH- CH2Cl 2 sol uti on. Dr; (K2C03), concentrate, and purify by PLC to give
the title corrpound as a yeI | ow solid, MS: We 531 (Mrl). WO 2004/ 09- 1431 -97-

PCT/ U82004/I0124 ; 5 sim.l ar fa hi on using .O net hyl h droxyl anm ne, prepare
Exanpl e 21-18 SYUIAY fagpiongiging Q- SlRhyoxyie: iNg\prepare Expmpledndias a1 H3CON

Lr hi MHWI%DM{GMB rﬁ@(‘g;;gg M. Pl Nl Example 22 F NH2 enantioners of sO N
NON i i eparate the enantioners of Exanple 5-35 by

- chr omat ography on a Chiralcel OD colum gpith 20% et ol / hexane as el uant.

Cbt ai n enanti oner (4Enanti orRCONZ, chranyel | oneoeiNd,_ M3 me 518
(Mrl). Exanple 23 = N, NG =CH M- NS R 3 HoN v N 10 CF3

- Xi di ze the product of Exanple 5- tﬁ; W t DosSMArtin periodinane in
CH2CI 2 and treat the resulting ketone vmth hydroxyl'\am ne as in Exanpe 21.
Purify by PLCto give the title conpound as a yellow solid, Ms: W 531

(M+1l). 15 Because of their adenosl._tf' ne A'Ziéecept or antagoni st activity,
conpounds of the present inventi eful in the treatnent of

depression, cognitive function dléeases and m&qrodegeneratlve di seases such
as Parkinson's disease, senyge denentia as jje~gehei ner's disease,

psychoses of or ganh@tiomergloh ,; @ NN mle\l cb/k >“——CH3
5 |
- Separate the enantiomers of Example 5-35 by chromatography on a Chiralcel

OD column with 20% ethanol/hexane as eluant. Obtain enantiomer 1 and enantiomer
2, each a yellow solid, MS: m/e 518 (M+1).

Example 23
NH,

HON
10 CF,

Oxidize the product of Example 5-88 with with Dess-Martin periodinane in
CH.CI, and treat the resuliing ketone with hydroxylamine as in Exampe 21. Purify by
PLC to give the tille compound as a yellow solid, MS: m/é 531 (M+1).

15 Because of their adenosine Az, receptor antagonist activity, compounds of the
present invention are useful in the treatment of depression, cognitive function
diseases and neurodegeneralive diseases such as Parkinson’s disease, senile
dementia as in Alzheimer's disease, psychoses of organic origin, attention deficit
disorders, EPS, dystonia, RLS and PLMS. In partiicular, the compounds of the

20  present invention can improve motor-impairment due to neurodegenerative diseases
such as Parkinson’s disease.

The other agents known 1o be useful in the treatment of Parkinson'’s disease
that can be administered in combination with the compounds of formula | include:
L-DOFPA; dopaminergic agonisis such as quinpirale, ropinircle, pramipexole,

25  pergolide and bromocriptine; MAO-B inhibitors such as depreny! and selegiline;



di sorders, EPS, dystoni RLS and PLMS. In particu , the conpounds of the
20 present invention czbi nprove notor-inpair ment t perative

di seaseVOIUUH*ES! Par ki nson' s di sease, The ot her agent spﬁﬂngé\gﬁﬂﬁgﬁge usef ul-

in the treatnent of Parkinson' s di se‘a%%‘ that can be adm nistered in

conmbi nation wth the conpounds of formula I include: L-DOPP,; dopam nergic
agoni sts such as quinpirole, ropinirole, pram pexole, 25 pergolide and ’

br onodDOPA degarbedddse ihiitiars ssich @stcaibidepprand bensaragigles gand GOMWO

2004/ Q94431 - 98- 111 01 2 4 7 1 DOPA decarboxyl ase inhibitors
such dgh@ﬁ?ﬁﬂ@aa%ﬁg%ﬁﬁeeéﬁééggéagﬁaem i nhi bi tors such as tol capone
and ent acapfAngis speclithsion el ibhinaki RAsi bAe cbAipBund of feasiulonensam®mad of
formula I" nmeans that one to three different con‘gounds of formula I may be

used ieneiophsaditierncampovnipekioningle binaidichverdin @ pharmeseutic®ef er abl y

o] co . r LS : | 0} " M ¢IF ) seful in
(ro ¢ RamenanictLe’ Blemido sk aniATE RreR bl Aine ppm ol o IBpfBI T pel e
agent %inﬂlaﬂg,e'foablqr o agems,usahyl ibehelsredirhaniaof Pdvdirmmaeesitiiscabetorgamsi ti on
or nethod of treatnent. Preferably, one agent is used in A conbination with
one cdohpbenriiathreddi{arant QQQ’@S?FH@%%TI?&'WE%F‘ESPEéPaEéQ?i‘{ﬁeldy’”tﬁ t he conpounds
of thewy | ; ) , Wighgfd ' i ' assays
fo ma LR e b o L LK) g SR ety
Conpetddnliinamerith gpnéssempeund of idrmiNekbr ane sources: 15 Al a: Human A2a

[ t . . t #RB- . t or. Bi ol , | .
Frovi 1T TP emArlain syl shyREpoingoliade pL i Ghelipa et for (see
bel ow)detémsingd lﬁyftﬁér-réuowrhgbh 3ifo ghdi W VD d@.ﬁégﬂé niddses 70, feddpigiphat e o

Buffered Saline (G bco/BRL) + 20 10 nM MyCl2. Conpound | ution Buffer:

Dul becastivily.Phosphat e Buffered Saline (G bco/BRL) + 10 nmv MyCl12 suppl ement ed
6. 1T SE % Pr e fyesh daily.

Bi ot eq\hémB'rms: NJ. Stock is r ear ed at 1 nMin mar ane dilution

buf fer. Final assay concentration is 0.5 nM Al: [3H - DPCPX,

Ader shamPeear HE®RR Az AENPSING é@ggg@g@erﬂg[m@s@g@talggljr]RB—HAEa, Receptor
Biology, Inc., Beltsville, MD. Dilute 10 17 xg/100 4! in membrane dilution buffer (see
below).

Assay Buffers:
Membrane dilution buffer: Duibecco's Phosphate Buffered Saline (Gibco/BRL) +

20 10 mM MgCls.

Compound Dilution Bufier: Dulbecco's Phosphate Buffered Saline (Gibco/BRL) +
10 mM MgCl. supplemented with 1.6 mg/m! methyl cellulose and 16% DMSO. o
Prepared fresh daily.
Ligands:

25 Az, [BH]-SCH 58261, custom synthesis, AmershamPharmacia Biotech, Piscataway,
NJ. Stock is prepared at 1 nM in membrane dilution buffer. Final assay
concentration is 0.5 nM.

Aq: [BH]- DPCPX, AmershamPharmacia Biotech, Piscataway, NJ. Stock is
prepared at 2 nM in membrane dilution buffer. Final assay concentration is 1 nM.

30  Non-specific Binding:

Aza: To determine non-specific binding, add 100 nM CGS 15923 (RBI, Natick,
MiA). Waorking stock is prepared al 400 ni in corpound dilution buffer,

A: To determine non-specific binding, add 100 4M NECA (RBI, Natick, MA).
Working stock is prepared at 400 uM in compound dilution buffer.



prepared at 2 nMin r,‘orane dilution buffer. Fi m} assay concentration is 1
n

nM  30wNonEPReIf i C ding: Ala: To determ ne - SPREtAkfohdyng, add
100 nM CGS 15923 (RBI, Natick, MA).g§orking stock is prepared at 400 nt14

i n conmpound dilution buffer. A : To det erm ne non-specific binding, add 100
pM NECA (RBI, Natick, MA). Working stock is prepared at 400 pMin conpound
di | Utgﬁﬁ_“:%lﬁ];_‘h%“u“ ,2111 1 /119 4 4 31 PCT/US2 11114 /111 2 4 7 1 -99-
Conpo I'ution repare 1 nM stock sol utions of conpounds in 100% DVSO.

Di | ute iRTepambuId stoiH s6lufionduf é@mPoiiﬁﬁé irt 08} Dmnbt@ié Wéorh?@&h&g from
utions at 4X final concentration in :

S pM 30 - |

COWpOé'ﬁH’O&I tﬁm‘%roﬁe pafra!%a & cgage£§l§gsn%pr,a@@mﬂr@m PeiM b1 30 pddalseparedeep wel | 96
I . d dilut

but  oF PRI spfib: AR HheY Aol Brap i i col bt fon (A2
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catalepsy in‘the rat Mle r%%e Daw ey rats (Charl es Cal co, Italy)

vei ghaprjopratezeoeiiosr Mixulmubalm et marateppemtytatars 9Gsmimdes.eHapyesthe

?‘ibﬁg 5 8 EpR LR8P oRlo bHPeySRE Bfer ARER, AadARABBRRsalit oF ra °°
test. 2{F(1$a¢|dard;) aadtcouhhessngttae&ra@katcmfedConnt Wcrokciatitaion Coonter, of a 25x43

pl exi Iass C gyg‘ an_an Je of about 70 degrees_with the bench
t abl dletpRpine, sp Eﬂ ﬂBﬂQﬂP% gPlagemani caryes Bﬁﬂglf’é‘g’é@fé!}%ét’@@ and

B cenitiah plegraRREREE: TRGNRICRRC uSHE I CHAPEHISIH ARET, 2 span
from@lamn@mitmd@cgd&g talepsyuntie rathe first 25 conplete renoval of one paw
(descont BN o E TR S R el el T 2 bl S
rangi gdoereeMalpliz e is imdlided bylthensLisbulamad @y 8dSaREl b Hheani mal s.
dopamine receptor antagonist haloperidol (1 mg/kg, sc), 90 min before testing the
20 animals on the vertical grid tesl. For this test, the rats are placed on the wire mesh
cover of a 25x43 plexiglass cage placed at an angle of about 70 degrees with the
bench table. The rat is placed on the grid with ali four legs abducted and exiended
("frog posture”). The use of such an unnatural posture is essential for the specificity
of this test for catalepsy. The time span from placement of the paws unitil the first
25  complete removal of one paw {descent latency) is measured maximally for 120 sec.
The selective Az adenosine antagonists under evaluation are administered
orally at doses ranging between 0.03 and 3 mg/kg, 1 and 4 h before scoring the
animals.
In separate experniments, the anticataleptic effecis of the reference compound,
30 L-DOPA (25, 50 and 100 mg/kg, ip), were delermined.

6-OHDA L esion of ihe Wiiddie Forebrain Bundle in Rats
Adult male Sprague-Dowley rats (Charles River, Calco, Como, ltaly), weighing

275-300 g, are used in all experiments. The rats are housed in groups of 4 per cage,



I n separate experinment t he anticatal eptic effect f the reference
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(Charles River, Calco, Conp, Italy), Wweighing 275-300 g, are used in all
experinments. The rats are housed in groups of 4 per cage WO 2004/ 1194431 0
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mTton Syringe, ‘owered I n
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"t usES, Tbifnirat EomeBaraoMA N el ahoariad 1T efienal Pelieato bt ne 10

Surg ilé@?iFHBCLJ ﬁeﬂbgﬁﬁQAanaﬁd‘euéﬁhimﬁj%Eiéfbcﬂéﬁﬁ@ﬁ%s&%h@%eks 20
ter the sion the rats are adninistered with L-DOPA (50 ng/ kg,

|p) chmnBaaa&rNawd@)erBlemgnkBreasm) Admarr belecistibengriacetbinothei skulifowene nunber

T onltels St T 6 el B o el N Bl R B3 200

compl iy tiHdisg {tgfs -OHDARIHENS Im&%ﬂlémnwﬁ; St 4Hlive with §edd=egta%@ofa& fcigcei ve

the test drug 3 tays after the primng test (naximnal am ne receptor
super ag@astibxidahly andThRiseevat Abe consieaptiow rate am) rpul £t mimueingaahmiriusioar ed

orally at doselevels r. gln bet n 0.1 and 3 K i fferent tine
poi nt BUEP: elhe neede ig wi '%é‘ﬁ@r gﬁgmpﬂ?'e%m%@% fgﬁS'PHEWQHBF’dS dose of
L- Dopéoégd%h the 'aimBIsUe g Neches kg2 (beBK, 1p) and the evaluation of

turnlng

Two weeks after the lesion the rats are administered with L-DOPA (50 mg/kg,
ip) plus Benserazide (25 mg/kg, ip) and selected on the basis of the number of full
coniralateral turns quantified in the 2 h testing period by automated rotameters o
(priming tesf). Any rat not showing at least 200 complete turns /2h is not included in
the study.

25 Selected rats receive the test drug 3 days after the priming test (maximal
dopamine receptor supersensitivity). The new Aaa receptor antagonists are
administered orally at dose levels ranging between 0.1 and 3 mg/kg at different time
points (i.e., 1, 6, 12 h) before the injection of a subthreshold dose of L-DOPA (4 mpk,
ip) plus benserazide (4 mpk, ip) and the evaluation of turning behavior.

30 Using the above test procedures, the following results were obtained for
preferred and/or representative compounds of the invention.

Results of the binding assay on compounds of the invention showed Az, Ki
values of 0.3 to 57 nM, with preferred compounds showing Ki values between 0.3 and



30 Using the above test procedures, the followi ng results were obtained for
preferred and/or repr ntative conpounds of the jgavention. Results of the

bi ndi ng ds of the |nvent|on showe | a of 0.3 to
57- nM ﬁ%ﬁm 'Bf“’?r ed conpounds shovva val ues bet mé’glﬁ“(’fzﬁ‘“‘d?
2004/ 094431 0 101 PCT/ US20041012471"%"5. 0 nM Conpound 1-17 had a Ki of 2.2

nM conpound 5-4 had a Ki of 2.3 nM  conpound 5-117 had a Ki of 0.5 nM and

conmpound 5-124 had 4< 0.6, nM Selectivity is determ ned by dividing
Ki for-AnM-¢ emnswrﬁy .. &ﬂaKzafa&@Mﬁ giomppwrtsrdcad arifod 248 nbl; t he
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hal opahbdebehdmduced cat al epsy test, a conbination of sub-threshold anount
of a conmpound of formula | and a sub-threshol d amount of L-DOPA showed a

si gni f i canFTeiisst eeropovnds heowed al@)asSj% dedeast imgeacayalegtsihenef fect. In

comolfmi P A aidRd for it BleBRe BeRURALB e of L DOPA dempns rat ed

si gni fi canid yhebgheDAcleBionAkst, %t@'dob@dtdtéw Ath 15@.@/@5 8PRC frefdtfid maceut i cal
conpositions fromthe co ounds descri bed by hi § invention, Inert,

phar nEeBROLBES IPprigemesh bifl-44@ hirns én thechyp- be%aempemda or liquid. Solid

I8 nets o s dopBRUMBABIEERBlrD o8t B cohTRRISh Ay Sl BB . Of r o

20 -abantoufit bbaaimmurbor?r(ﬁ peictmota bmd a@ubmgrmmemcﬁmﬂcﬁﬂbw sikowadriers

are known Lart, e g nesr um car bonat e, nmagnesi um stearate, talc,
sugar 2 SQQticRN ‘n‘T‘QB'IOé't%f the 63 w&%aémae@aﬁw tc miheb92dBAas sol i d
dosaggf cﬁfr&t S:esrﬁﬂnheari aarrrrﬁeiere@ﬂre Shafdh 8Pa clg%%@rrﬁparroﬁﬂ RUPRRFLL OT i es,
a tow t1ng wax such as mxture fatt aci yceri es or cocoa

but t esub«ﬂnreshetd arsbuptiof la-rﬁ)ﬂ?heieamnaimledlgrgﬁmhcmrmltlyrmgmmsqmrlmmjeral
Bgm)gﬁ}neousl y therein as by stirring. The nolten honbgeneous m xture is then
ur et?'"¥ conveni ent sized nolds, allowed to cool and thereby solidity.

Li qui d for ppppririring s mdteutics cmhptsshm fréM&ﬁé%%rﬁﬂ@r&i&ddéﬁEﬁbéUij}ﬁ- As an
exanpl e may be mentioned water or water-propylene glycol solutions for
par enthég mvention, inpdcpharmaceutically acceptable cartiers can be either solid or liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets and suppositories. The powders and tablets may be comprised of from
20  about 5 10 about 70 percent active ingredient. Suitable solid carriers are known in the
art, e.g. magnesium carbonate, magnesium slearate, talc, sugar, lactose. Tablets,
powders, cachets and capsules can be used as solid dosage forms suitable for oral
administration.
For preparing suppositories, a low melting wax such as a mixture of fatty acid
25  glycerides or cocoa butter is first melted, and the active ingredient is dispersed
homogeneously therein as by stirring. The molten homogeneous mixture is then
poured into convenient sized molds, allowed to cool and thereby solidify.
Liquid form preparations include solutions, suspensions and emulsions. As an
example may be mentioned water or water-propylene glycol solutions for parenteral
30 injection.
- Liquid form preparations may also inciude solutions for intranasal

administration.



Liquid form preparatio may al so include sol uti on!or I nt ranasal

adm ni stration 200%9- 1431  -102- PCT/ US2004/124:¢k A 05471
prepar aﬂ‘gﬁ'g'4g'd14¥\gbl e for inhalati o_nl(li;@y i ncl ude solutions and solids in

powder form which may be in conbination with a pharmaceutically acceptabl e
carrier, such as an inert conpressed gas. Al so included are solid form
preparations which are intended to be converted, shortly before use, to" -
i quid forﬁ«PW%ﬂ&fﬁP@%ﬁ@"ﬁéPﬁ%&%@F Inbi h%}rnexﬁ%@ivg?épf)uﬂ&&ﬁi%n $oldsiiBn. such
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pﬁar maceu%i cal preparation is in unit dosage form In such form the
pr epasdmirstrédorsuSechiligeit iorns inellde gobdionsorusnensie sappd eprulaicasquantiti es

our pose. - 1 ENSRGTOEMIE bt o ieniBl Bakatim i ETPAR Bl mian, Tdicce of
pr epafahédrnia\consosidsnearotakedhebed df cesaraboletiofis, lagresdle dif)or ng, nore

preferably from about 1 to 300 , according to the particul.ar

appl i eawisens apd c@&%mc&ﬁ%ﬁb@ eewﬁn&?%mmimo e DRUHREIFENPILHER t he
Lequi : ; | verity of the condition being

t1 eat égg?%é?@f%t#aﬁgg%éf g’??}%ﬂgg %@?82? dosage for a particular situati Oggal S
Wi t hi n t hePsddierabipfthé bempound @ admahisigredtoralit.ment is initiated with snaldder
dosages which are less than th pti mum dose.of the conmpound, Thereafter,
he- dosagePiareratiy chegaxachtiea rePEIIARIS imtn CPRBORIOER: It f ect

under ' FepPETRAb iisdivie2a e urficd é@‘(‘!@fﬁliaﬁiﬁg’ a8 quafifliéy oflosage
may bfeotr |’\i/‘?%gd ang agq'n?ﬁi st’elr ed in lf)ort(i)ons duri r|19 taﬁfejrtg}ezy i?‘ gesilreg. 25
The atheuativenebrhpenerin€yg.odn atfetiivesamaunbio echiene ke dgsiued pueposehe i nventi on

3BCor aing 1 BoREN BB SPMAR Lot B P #Bhitase Aup e Bl Bay,

f act opg vafied @ adpeiigd fiom abodt 0.91 g 10T 000empatiee préferaly frons abeveni ty of
the synptons being treated. A typical reconmended dosage regi nmen for

conpoliide 0 Mk @grarding L Kiegpa 'gWﬁﬁﬁEPP%tl% of 30 from 10 ng to 2000

Pt of PRl R RoTB S5 s Tphe ekl Ghof Moo,

di seasktherpatlest andehe dieyedlyeofdhe conditiondraing itstaded. abDeterminakkorl ob the and

985298, 42918058 %0f £%-HRRAM AELALS i@ARRLShY Liin 8PrdeLe" BdteTany,
treatment is initiated with smaller dosages which are less than the optimum dose of
the compound. Thereafter, the dosage is increased by small increments until the O
optimum effect under the circumstances is reached. For convenience, the total daily
dosage may be divided and administered in portions during the day if desired.

25 The amount and frequency of administration of the compounds of the invention
and the pharmaceutically acceptable salls thereof will be regulated according to the
judgment of the attending clinician considering such factors as age, condilion and
size of the patient as well as severity of the symptoms being treated. A typical
recommended dosage regimen for compounds of formula | is oral administration of

30 from 10 mg to 2000 mg/day preferably 10 to 1000 mg/day, in twao to four divided
doses 1o provide relief from central nervous system diseases such as Parkinson’s
disease or the other disease or conditions lisled above.

The doses and dosage regimen of the dopaminergic agents will be determined
by the attending clinician in view of the approved doses and dosage regimen in the



by the attending clinigman in view of the approv doses and dosage regi nen
in the Q04/1194431 PO#US211114 /111 2 4 7 1 - 103¢cTRRSHAGEhNSEr t

t aki ng i"hP 3"t deration the age, sex, and condition of the patient and the
severity of the disease. It is expec “that when the conbination of a
conpound of formula | and a dopam nergic agent is adm nistered, |ower doses
of *the conponents will be effective conpared to the doses of the conponents
adni npsckagalinssria iaking siia seapileraiipin Betage, sex sagkcandiiion oldhe matiepband

\
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t hose ppforaiuda hany s opaminergibagent is Adinirdsteledlidwenddseses! theodi fi cati ons and
vari ations are i_tendle_[_d to fall Wit‘higl the spirit and scoge%cff_ the 10

pr eseAEMARAEAES Wil by eligglive PR U0 he dsss PldhR SOMPENERE APimsiars)
fgrnulgnwg?mgiicf Nr-~-NNN R H) N\ NR Z-NNGCGCI HHN\ _ RRSor
a phala‘r‘raceu I cal'l'y acceptable salt thereof, wherein Ris RO R6 or RS, R7
R, R, R3, R4 and R5 are independently selected fromthe group consisting
of H, al kyMWhitstheaplesephirkghtiorRBas bekin ddsicyibed liy donjupalidry vitbthe €péificR7, RS

and RO are,independently selected fromthe gr consi st i ng,.of al kyl,
o Kox SDCIRENISe TEAPiARRYE enT e i, mheRiasons Het/difybhs tordol
R10- hgliph@aipyhréi tofhdse of ordinary skill in the art. All such alternatives, -

modifications and variations are intended to fall within the spirit and scope of the

10 “present invention,

.
St



N RIOis 1 to 5 substituents independently selected fromthe group

consi sting of hydrogen, alkyl, alkenyl, hydroxy, alkoxy, hydroxyal kyl,
hydroxy- al koxy, al koxyal kyl, al koxyal koxy,, _ al koxy-al koxy-al kyl -,

(di - al koxy) -al kyl, (hydroxy)-al koxyal kyl,” R15 -cycl oal kyl, R15 -

cycl oal kyl abkxis cycl oal kyl -oxy, cycl oal kyl - O-al koxy, al kyl -SQ2-, al kyl - SO,
hal o, -CN, cyanoal kyl, -CHF2, -CF3, -OCHF2, -OCF3, -C(OR13 ,

- O al kyl ene-C(O OR13, -105- -C(0)O0-al kyl, -N(R71)(R12), N(R11l)(R72)-al kyl,
N(R1) (R12) - @l : Iﬁq%% -heteroaryl, R15-heterocycloal kyl,
R15- het er oc@c‘*g&ﬁ'ﬁ%nﬁﬁyﬁ éﬁ%t)agr%@%l oal kyl - al koxy,

R15- het er ocycl oal kyl - oxy, CF3-al kyl ene- O al kyl, CF3-hydroxyal kyl,

(CF3) (hydr oxy) al koxy, cyano-al koxy, -al kyl enexig( O -0-al kyl, -SO2-N(al kyl) 2,
(cycl oal kyl ) hydr oxyal kyl , (hydroxyal kyl ) al kox (di hydr oxy) al kyl ,

(di hydroxy)al koxy, - C(=NOR17)-akkyl and - N CF3; or two R10 groups
on adj acent carbon ring ato t pgethery for 2- z0- (CH2) 2-0-,
-CH2-O (CH2) 2-0-, -0- (CH2y2-,\- (°H9 3-Q

(CH)3-0, - (CH2)3-,

wherein the ring forned ZoyN he tMwo- —stibst ruent™® and the ring carbon
atonms to which they are att isHsdbstLt_u ed by R16; or two R10 groups on
oge

adj acent carbon ring atons her fcfirm-N(F\") -C(O -0-, -NR11) -C(O
-S-, - (CH2)2CH(OR18) -, -@f—iZCH(@?lS)CHZ-, - (CH2)3CH(OR18) -, -
(CH2) 2CH(OR18) CH2-, - (CH2)2C(O -, -CH2C(O CH2-, - (CH2)3C(O -, -

(CH2) 2C( O - rT ; - .ar, - 2 8)CH2-, wherein the ring
formed by %m%%%@clg%%%‘%ﬁﬁ%ﬂ?? nﬂ%&ﬂ% atons to which they are
attached is optionally substituted on a carbon atom by hydroxyal kyl or

al koxyal kyl ; each R' is independently selected from’he group consisting of
H and al kyl; each R12 is independently selected fronhthe group consisting of
H, al kyl, hydroxyal kyl, al kgxyal kyl, -C(O) -al kyl, O O al kyl,

(al koxy) hydr oxyal kyl , al koxyal kyl - C(O .kyl ene-C(O) al kyl

and - al kyl ene- C( 0 O al kyl oBr R14P’s H al kyl,
al koxyal kyl , al kyl-C(O - orsal koxy-C(O -; to 3 substituents
i ndependently selected from ghe group consistind of g/ alkyl, - OH al koxy,

al koxyal kyl and hydroxyal kyl; or two R15 substituents, taken together with
the carbon to which they are both attached, forma -C(=0) - group; R16 is H,

b ol m o et ol e gt e
and alkoxyalkyl,
R®is H, alkyl, hydroxyalkyl or —CH,F;
R’, R® and R? are independently selected from the group consisting of H, alkyl, alkoxy,
alkyithio, alkoxyalkyl, halo and —CF;

Zis R"™-aryl, R'"%heteroaryl or

R14
S
N

N ;

R is 1 to 5 substituents independently selected from the group consisting of hydrogen,
alkyl, alkenyl, hydroxy, alkoxy, hydroxyalkyl, hydroxy-alkoxy, alkoxyalkyl, alkoxyalkoxy,
alkoxy-alkoxy-alky!-, (di-alkoxy)-alkyl, (hydroxy)-alkoxyalkyl, R'® -cycloalkyl, R" -
cycloalkylalkyl, cycloalkyi-oxy, cycloalkyl-O-alkoxy, alkyl-SO,—, alkyl-SO—, halo, —CN,
cyanoalkyl, —CHF,, —CF3;, —OCHF;, —OCF;, —C(O)R"® | —O-alkylene-C(Q)OR",



3. A compound of claim2 wherein R6 is Hor alkyl. 4. A compound of claiml
wherein R2, R3, R4 and R5 are each H 5 conpound of claim1 wherein Z is
R10-aryl or R10-heteroaryl. -106- 6. A coffpound of claim5 wherein Z is R10

-ph . 7 d i ' i1 3 Ia t
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ihsd?gi(oal kg@kﬂﬁﬁiw%éﬂm’oxy. wdﬂgmo;bydmbeyiaidm —Q-Q)gl, aa$®¥l—NkuﬁU1)9Xyaljky:c
or .C c ound o

cl>/a| mé co ?'8?6“9@?‘%/4&9 q@’s@lﬂ@??‘ﬁﬁ%@?é Wh &g @Y‘ﬁ S@}éﬁl@ iydroxy Fﬁi? and the
(cyal onl Kyl S axval e e oAl ko al koxval Foxy” -al koxyal kyl

: roxyal kox al koxyal koxy, al koxya or
cygnoal kyIy ())t% Ria(é %gﬂéd@)ée@cg tfﬂ“s"’\m%?'aﬂPQEYH%fW%—ﬁ%rQHelery—Pr A
conmpound of (c}-lzgazumlo_\ncﬁg_eon_(cﬁggzﬂdﬁ_beom)(@ﬂggd -0 Cplg;go_@e.nu@oxazol yl and

RI0O is 1o Stlt nts i nde entl selectedfro t he group consisting
of H halo %3 a 1Z'yl_ !22 T B’B‘ﬁ% ﬂﬁ“ﬁﬂ mgd By the WESHbSH@erﬁaenq thef | uoro

and one RlOnnsgsCamématbmsl&wh&hqa@p%raﬁaeﬁeoq%%w@tﬂutws KN Ris -C—CR6 R2,
R3, R4 and R each H, and R10-aryl or R10-hetero aryl. 14.

conpound of °"c§l"’8|3fn grouRp ap @pﬁcwtl@rmmr?éms tO&JﬁH‘eRiQSmI ?N‘ﬂo) U r-r‘a'ernt s

wh | d 1 13, al kyl,

al E(r)ilyn hgtr:}f—ox I _?gf;ﬂl otz(idjﬁ2 dﬂ dR; ?)Jge-ajl_ls(t: OR: ox@i—:3 0oX o

al koxyal kox{f é%é zigfd%{( % He—15- (&"zﬁ&é&)md—gﬁzg(épﬁzﬁ—vmerel n
Z is R10O- beq@.p)g@%@ ;d _o Cﬁ%gb(hﬁaﬁzj_ox.%(@%jzcﬁw[qﬂ}ﬂ_ of _s_dl?@{@g @ ituents

I ndependent sel ect ed romth up consisting 0 an
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-107- 16. AwRej dbﬁan@formﬁalbmhﬂo %@@w@emtﬁ@ﬁﬂﬂm@nr@p @fub%@m%t@ “mg:hdgey\le F
N~ N~ F /g0 a'ft'é'”ﬁéa'f's; ’optl%aIIWs%stltuted on a carbon atom by hydroxyalkyl or alkoxyalkyl;

each R"' is independently selected from the group consisting of H and alkyl;

each R is independently selected from the group consisting of H, alkyl, hydroxyalkyl,
alkoxyalkyl, —C{O}-alkyl, -C(O)O-alkyl, (alkoxy)hydroxyalkyl, alkoxyalkyl-C(O) —, —
S0;alkyl, -alkylene-C(O)alkyl and -alkylene-C{O)O-alkyl;

R™ is H, alkyl or —CF3;

R™is H, alkyl, alkoxyalkyl, alkyl-C(O) — or alkoxy-C(0Q) —

R' is 1 to 3 substituents independently selected from the group consisting of H, alkyl, —
OH, alkoxy, alkoxyalkyl and hydroxyalkyl; or two R'® substituents, taken together with
the carbon to which they are both attached, form a —C(=0) — group;

R'" is H, alkyl, alkoxyalkyl, OH or hydroxyalky!;

R' is H or alkyl; and

R" is H or alky!.

2. A compound of claim 1 wherein R is —C=CR®,
3. A compound of claim 2 wherein R® is H or alkyl.
4. A compound of claim 1 wherein R?, R?, R* and R® are each H.

5. A compound of claim 1 wherein Z is R'%-aryl or R"*-heteroaryl.



NH2 F/M NN /\ N~1 CHSONN NOCH3 N NH2 N-"iNCH, - T ,6N-N~~
N FN2 FNCAN NN\ CH3, NNNp NAN A/ \\ OB, NN_N
H3C0~ *--~ 0 N- 108 NH2 HOF H3C N~"NP°H3C O/ \ CH8 NJ OH N N2 H3C
J--\ N' N\

6. A compound of claim 5 wherein Z is R' -phenyl.

7. A compound of claim 6 wherein R' is 1, 2 or 3 substituents independently selected
from the group consisting of H, halo, —C(O)R", alkyl, alkoxy, hydroxyalkyl,
(cycloalkyl)hydroxyalkyl, hydroxyalkoxy, alkoxyalkoxy, alkoxyalkyl, and cyanoalkyl.

8. A compound of claim 7 comprising two R'° substituents wherein one R is halo and
the other R™ is halo, —C(O)R®, alkyl, alkoxy, hydroxyalkyl, (cycloalkyi)hydroxyalkyl,
hydroxyalkoxy, alkoxyalkoxy, alkoxyalkyl or cyanoalkyl.

9. A compound of claim 8 comprising two R'® substituents wherein one R'® is o-fluoro
and the other R' is halo, —C(O)R", alkyl, alkoxy, hydroxyalkyl, {(cycloalkyl)hydroxyalkyl,
hydroxyalkoxy, alkoxyalkoxy, alkoxyalkyl or cyanoalkyl.

10. A compound of claim 5 wherein Z is R'-heteroary!.

11. A compound of claim 10 wherein Z is R'%-benzoxazolyl or R'%-benzisoxazolyl and R
is 1 or 2 substituents independently selected from the group consisting of H, halo and
alkyl.

12. A compound of claim 11 wherein one R" is fluoro and one R'° is methyl.

13. A compound of claim 1 wherein R is -C=CR® R? R R*and R®are each H, and Z is

R"™-aryl or R"-heteroaryl.

14. A compound of claim 13 wherein Z is R"-phenyl and R'® is two substituents wherein
one R' is halo and the other R'® is halo, —C(O)R**, alkyl, alkoxy, hydroxyalkyl,
{cycloalkyl)hydroxyalkyl, hydroxyalkoxy, alkoxyalkoxy, alkoxyalkyl or cyanoalkyl.

15. A compound of claim 13 wherein Z is R'%-benzoxazolyl or R'%-benzisoxazolyl and R
is 1 or 2 substituents independently selected from the group consisting of H, halo and
alkyl.
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conpound of claim1l in a pharmaceutically acceptable carrier. -109- 18. A

phar maceuti cal conposition conprising a bgerapeutlcally ef fective anount of
a conbination of a compound of cIaimI1 to 3 other agents useful in
treating Parkinson's disease in a pharnaceutically acceptable carrier. 19.
The use of a conpourg of fornmula § for the preparafﬁbn of a nmedi canent for

the treatnent of Par |nson s_di gease_or depreSS| 20y The use of a
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17. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of claim 1 in a pharmaceutically acceptable carrier.
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18. A pharmaceutical composition comprising a therapeutically effective amount of a
combination of a compound of claim 1, and 1 to 3 other agents useful in treating

Parkinson's disease in a pharmaceutically acceptable carrier.

19. The use of a compound of formula | for the preparation of a medicament for the

treatment of Parkinson’s disease or depression.

20. The use of a combination of a compound of claim 1, and 1 to 3 other agents for the
preparation of a medicament for the treatment of Parkinson's disease.

21. The use of claim 20 wherein the other agents are selected from the group consisting
of L-DOPA, dopaminergic agonists, MAO-B inhibitors, DOPA decarboxylase inhibitors
and COMT inhibitors.



