29 SEP 2006 WO 03/084950 PCT/ US03/09253 Synthesis of Piperidine and

Pi per azi ne Conmpounds as CCR5 Antagonists Field of the Invention This = '
application clains priority fromU. S. provisional patent apphi % h , Seri al
No. 60/368/ 749, filed March 29, 2002. This application discbgg%ghgw ovel
process to‘*%oygﬁ?ﬂbsize certain substituted piperidines and piperazines
useful as CCR5 receptor antagonists. Background of the Invention Antagonists
of the CCR5 receptor are useful for the treatnent of AIDS and to related HV
infections. CCR-5 receptors have al so been reported to nediate cell transfer
in inflamuatory di seases such as arthritis, rheumatoid arthritis, atopic
dermatitis, sypehésisi of Pipeiritine and RibefiZine Compdundbidy CORS Ahtayoiistsecept ors
are expected to be useful Tn the treatnment of such diseases, and in the
treatment of other inflammtory diseases or conditions such as inflanmatory
bowel disease, nmultiple 15 sclerosis, solid organ transplant rejection and
graft v. host disease. WO 001665E§ﬁdQHthﬁﬁgghﬁgwenber 9, 2000, discloses the
pi peri di ne conpound of fornula +
4-1(2)-(4-bronophenyl) (et hoxyi m no)nmethyl]-1"-[(2, 4-di net hyl

1- oxi do- 3- pyri di nyl)carbonyl]-4"-nmethyl-1,4"-bipiperidine, its acid salt (the
conpound of formula Il1) and pharmaceutical conpositions conprising | and |1
EtO N O N CHehidapphcaiiad daiskPpafidg fraéh OB S0 p4@bSloRLTpdiSoB34M9i2a80n -Seridt O, N

Br "\ | Aci N )
O Br "\ No.'\éo%gBIy49, ﬁlleg Ma>ch 29, 2002. This application discloses a novel process to

-5 synthesize certain substituted piperidines and piperazines useful as CCRS receptor

antagonists.

Background of the Invention

Antagonists of the CCRS5 receptor are useful for the treatment of AIDS and
10 related HiV infections. CCR-5 receptors have also been reported to mediate cell
transfer in inflammatory diseases such as arthritis, rheumatoid arthritis, atopic
dermatitis, psoriasis, asthma and allergies, and inhibitors of such receptors are
- expected to be useful in the treatment of such diseases, and in the treatment of other
inflammatory diseases or conditions such as inflammatory bowel disease, multiple
15 sclerosis, solid organ transplant rejection and graft v. host disease.
| WO 00/66559, published November 8, 2000, discloses the piperidine
compound of formula [, 4-[(Z)-(4-bromophenyl)(ethoxyimino)methyl}-1°-[(2,4-dimethyl-
J) 1-oxido-3-pyridinyl)carbonyl]-4’-methyl-1,4'-bipiperidine, its acid salt (the‘ compound of

formula H) and pharmaceutical compositions comprising | and [i:
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O Il The conpounds of formulas t and.ll are antagoni sts of the CCR5 receptor
and are useful for the treatnent of AIDS and related HV infections, CCR.5
receptors have also been reported to nediate cell transfer in28REP dfatory
di seases sustlo B8O hritis, 5 rheumatoid arthritis, atopic dEOTERISIDE3
psoriasis, asthma and allergies, and inhibitors of such receptors are
expected to be useful in the treatnent of, such diseases, and in the
treatment of other inflamratory di seases ©f conditions such as i nfl anmat ory
bowel disease, multiple sclerosis, solid organ transplant rejection and graft
v. host disease. Pending patent application, Serial No. 10/629, 822 filed
Cctober 11, 2002, to which is iné6k&orated herein by reference, discloses a
novel process to synthesize the cofpound of fornmula |I. The piperazine
conpound of forrmula 111, Piper}j# 4<T4-[ (1 R -[4-0

(trifluoronethyl)phenyl]-2-met i]-Y 39 |
) - et hyl - 1- pi perazi nyl ] - 4- met-hy - G- hy Noyri ni di nyl ) car bonyl ,
its acid salt (fornula 1V), and pharnpceutigal [15 or‘rﬂ sitions conprising the
conpounds of fornulas Il and |V are I%cl osed | 00/ 66558 publ i shed
Novenber 9, 2000. The piperazine of formula I free-base)  and its acid
salt (fornmula IV) are disclosed therein gs bei ng useful as antagonists of
CCR5 receptor. W / N F3SC~NNN N 20 OlIll 2 9 SEP 2006 WD 113/084950
PCT/t1 S03/ 09258e comnpoudds didoansiabtl an8q dre~aitaddnists 6fMNhdl CTR5 receptor and

are useful for the treatment of AIDS and related HIV infections. CCR-5 receptors have

also been reported to mediate cell transfer in inflammatory diseases such as arthritis, N
5 rheumatoid arthritis, atopic dermatitis, psoriasis, asthma and allergies, and inhibitors )

of such receptors are expected to be useful in the treatment of such diseases, and in
the treatment of other inflammatory diseases or conditions such as inflammatory
bowel disease, multiple sclerosis, solid organ transplant rejection and graft v. host
disease. Pending patent application, Serial No. 10/629,822 filed October 11, 2002,

10 which is incorporated herein by reference, discloses a novel process to synthesize the
compound of formula I.

The piperazine compound of formula Ill, Piperidine, 4-[4-[(1R)-[4-
(trifluoromethyl)phenyl}-2-methoxyethyl]-(3S }-methyl-1-piperazinyl}-4-methyl-1-[(4 ,6-
dimethyl-5-pyrimidinyljcarbonyl, its acid salt (formula 1V), and bharmaceutical

15 compositions comprising the compounds of formulas lil and 1V are disclosed in WO 3
00/66558 published November 8, 2000. The piperazine of formula 11l (a free-base) )
and its acid salt (formula IV) are disclosed therein as being useful as antagonists of

CCRS receptor.
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IV In view of the inportance of the antagonists of the-CCR5 receptor, new - -
ret hods of maki ng such antagoni sts are always of interest. 5 Sy g the
I nvention In an enbodi nent, the present application teaches a novel, sinple
process of wedsggpsa pi peri di ne conpound of fornula | and, W@E/tRaKIPBOCeESS,
a nmethod of making a conpound of fornmula Il if so desired. The process to
prepare the conmpound of )o formula | conprises: (a) reacting a conpound of
formula Vi Eto' NHC Br HV with a baseto liberate the free base of the
formula VI: EtOQ NI N Br \ H VI is (b) reacting the conpound of fornula
VI with the conmpound of formula VII 0 OHICN1i NOCH3 VII and a
cyanating conpound, to prepare the cofdsund of forrmula VIII: 2 9 SEP 2006 WO
03/ 084950 PCT/ US03/ 09253 -4_ B /H Acid salt
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In view of the importance of the antagonists of the CCR5 receptor, new

methods of making such antagonists are always of interest.

) Summary of the Invention

In an embodiment, the present application teaches a novel, simple process of
making a piperidine compound of formula | and, via that process, a method of making
a compound of formula [ if so desired. The process to prepare the compound of
10 formula i comprises:

(a) reacting a compound of formula V:

EtO..
N

|
N
Br H

V

) with a base to liberate the free base of the formula Vi

EOL

| .
| m\
Br H

Vi

15 (b) reacting the compound of formula VI with the compound of formula Vi

7
0 HyC N
]
@] CH3
Vil

and a cyanating compound, to prepare the compound of formula VIl



Et0' NO NBr CNH3C , O CH3 VIl and- 5 (c) reacting the conmpound :of -

formula VIII with a nethyl-nmetal and an ‘organonetallic reagent to _yield the
conmpound of forrmula I. In another enbodinment, this invention 1§ ¥6) B&s a
process to Woepasese he piperazine conpound of forrmula 111 froOwsasomipound of

formula XX C IH3 01 CH3 N FSCNH X 10 said process conprising (a)
reacting the conpound of formula X with the conpound of fornmula XI: O H3C N
ON) -ry 0 CH3 X and a cyanating cor‘rﬁ’ound to formthe conmpound of formula

XI 1: 2 9 SEP 2006 WO 03/ 084950 PCT/US03/09253 -5- CH3 01 CH3 N~ F3C\ |
~NCNtN O
EtO.
N
Q)ﬁ
i
CN H3C' N
Br N =
N s
O CHs
Vi
and
5 (c) reacting the compound of formula VIl with a methyl-metal and an )

organometallic reagent to yield the compound of formula 1.
In another embodiment, this invention discloses a process to prepare the

piperazine compound of formula Il from a compound of formula X:
e

O~  cH,
/@ANJ\
I\/N\
F3C H
X
(a) reacting the compound of formula X with the compound of formula XI:
o] HaC. N S
3 _ \” )
N N
0O CH, _ -
X '

and a cyanating compound to form the compound of formuia Xil:

10  said process comprising



XIl HBC CH3 N,z:/Nand O (b) reacting said conpound of forrmula XI'l - with a
ret hyl -netal and an organonetallic reagent to yield a conpouqq ﬁ# g@qnula

II1l. 5 The inventive process to make the conpounds of fornulas’l is
econoni cal WR3®&be easily scal ed-up. Description of the Pﬁﬁéﬁﬂﬂ%ﬁ‘%n one
enbodi nent, the present invention discloses a novel, easy-to-use to process

for preparing the conpound of formula I,ﬁ/]\hich may | ater be converted to the
acid salt of formula 11, if so desired. "The inventive process is

schematically described in Schene 1: 2 9 SEP 2006 WO 031084950
PCT/ US03/ 09253 6 COZH Et0O HCry O\ " HC N/ FyC\ CH 1. (COCgz i0O i 2
N\ /N HC HN HClI O CH OCH]I)@*@XIVXV Xl Oxone O dO HC VIl r acid
Et / O NOCH  XVI EtO- N o

, ™ CHy

]
g\N/H o '
N

FsC l\/

N QO
XH

H3C / CH3
N\/
and

(b)  reacting said compound of formula Xll with a methyl-metal and an
organometallic reagent to yield a compound of formula lil.
5 The inventive process to make the compounds of formulas | and 1l is

economical and can be easily scaled-up.

Description of the Invention

In one embodiment, the present invention discloses a novel, easy-to-use
10 process for preparing the compound of formula |, which may later be converted to the
acid salt of formula I, if so desired. The inventive process is schematically described
in Scheme 1:



an nohydrin CH3MgCl + VII M1l | N Trial kylalumnum ‘Br-H VI Schene | The.
preparation of the conmpounds of forrmulas V and VI is described_in__pending
pat ent application, Serial No. 10/269,803, filed Cctober 11, 2082EP Aplhs

il lustrati WeOops/ogeslure to prepare the conpounds of fornula YCawgoM92ss shown
in Scheme 2: 2 9 SEP 2006 WO 03/084950 PCT/ US03/09253 -7 HO2C TFAMPr OAc
HOZC NH N.COCFa 11l SOCl> 0 11 C QA | Gl 3/ C6HSBr NCOCFa CACFa E[ ONHZ. HCI
ethanol, NaOAc EEOEt0O N NHCI NHNH "Brf &V VI |i schene, The various
reaction steps outlined in the inventive processes of this application my
additionally optionally contain one or nore suitable solvents to
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Scheme 1

The preparation of the compounds of formutas V and VI is described in
pending patent application, Serial No. 10/269,803, filed October 11, 2002. An 7
s illustrative procedure to prepare the compounds of formula V and VI is shown in w)
Scheme 2:



facilitate the reaction. Wile the preferred reagents and reaction condi
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Scheme 2

The various reaction steps outlined in the inventive processes of this
application may additionally optionally contain one or more suitable solvents to
facilitate the reaction. While the preferred reagents and reaction conditions for the |
various steps are described in detail in the Examples section, the following
summarizes the details.

Isonipecotic acid is N-protected using trifluoroacetic anhydride in isopropyl
acetate. The N-protected compound is converted to its acid chioride and the acid
chloride is subjected to a Friedel-Crafts reactio’n with bromobenzene in the presence
of aluminum chloride catalyst'. The product is then converted to the ethyloxime by
reacting with ethoxyamine hydrochloride. The ethyloxime is then deprotected in a
base to form the compound of formula VI, which is then reacted with HCI to form the
hydrochioride salt of formula V.

The compound of formula VIl may be prepared as follows. 2,4-
Dimethylnicotinic acid hydrochloride (CAS Registry number 133897-06-0; the acid
citedin R. J. E. M. De Weerd et al, J. Org. Chem.(1984), 43, 3413-15) is converted to



("HAPyU"); O (7-azabenzotriazol-Il-yl)-1,1,3, 3-tetranethyl uronium
hexaf | uor ophosphate (HATU'); O (benzotriazol-1- yI )-1,1,3,3 20
bi s( pent anet hyl ene) ur oni um hexaf | uor ophosphate ("HBPi pU'); 29 SEP 2095

O (benzotri - 1,1, 3, 3(tetranet hyl ene) uroni um hexaf | uor ophos
("HBPyU') ; @Z(fﬁj’é‘#io}orl azolyl-1- yl)-1,1,3, 3-tetranethyl uronlm/lg‘m”pﬁ

hexaf | uor ophosphate ("HBTU'); S-(1- Q(l do 2-
pyridinyl)-1,1,3,3-tetramnethylthiouroni unyhexafl uorophosphate ("HOT-T"); (7-
azabenzotri azol - 1-yl -)oxytri s(pyrrolidi no)phosphoni um hexaf | uor ophosphat e 25
("PyAOP"); benzotriazol-I-yloxy-tripyrrolidi nophosphoni um hexafl uorophosphat e

BOP! br oot r rrolidinoph honi um hexaf | uor ophosphat e
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m xtures ther n-1lim exanmpl es of suitable solvents further include
t et r abdr dFXR Horo,pglgg@pﬁge (taé’é’%o)\l t m)l e, et hyI acetate, nethyl ethyl ketone, ?}
dlchloro bt iseh. Liqritin

#t swrﬁé&ﬁyféﬁ%ﬂhb#&%mﬁ’érﬁ dnbili h %@éﬁf&sﬁ%‘f@ 1 I\FﬁFgJII @-@}3&1 40 ting

exanpl es e catalysts inclu rram de,
N, N- di rretdwynle&wﬁatmdazﬂﬁdmmdnthm(aﬂukmphﬁlsahatea(gém );(diphereptpingd phintoxaloyide

GUEARG NN T CE UNRR TR C G RS
ot eqop oS SGARTLS Q1Y Rl SR L Lo 200 1 2
vol unes eqths(mtmnethWemle)urespﬂnhekaﬂtmréphmsm‘tdwI(“HM\P,@U hlS:(h-aIZdbéIyId]tm.‘iﬂIOlI’-l de,
y1)-1,1,3,3-bis(tetramethylene )thiouronium hexafluorophosphate (“HAPyTU");, O-(7-
azabenzotriazol-1yl)1,1,3,3-bis(tetramethylene)uronium hexafluorophosphate
(*HAPyU"}; O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HATU"); O-(benzotriazol-1-yl)-1,1,3,3- |
20  bis(pentamethylene)uronium hexafluorophosphate (“HBPipU”); O-(benzotriazol-1-yl)-
1,1,3,3(tetramethylene)uronium hexafluorophosphate ("HBPyU");, O-(benzotriazoly!-1-
yh)-1,1,3,3-tetramethyluronium hexafluorophosphate (“HBTU"); S-(1-Oxido-2-
pyridinyl)-1,1,3,3-tetramethyithiouronium hexafluorophosphate (“HOTT"); (7-
azabenzotriazol-1-yl-Joxytris(pyrrolidino)phosphonium hexafluorophosphate
25 (“PyAOP"), benzotriazol-1-yloxy-tripyrrolidinophosphonium hexafluorophosphate
("PyBOP™); bromotripyrfolidinophosphonium hexafluorophosphate (“PyBrOP"),
chlorotripyrrolidinophosphonium hexafluorophosphate (“PyCIOP"); chloro-1,1,3,3-
bis(tetramethylene)formamidinium hexafluorophosphate (“PyCIU");
propanephosphoric anhydride (“PPA"); O-(benzotriazol-1-yi)-1,1,3,3-
30 tetramethyluronium tetrafluoroborate ("TBTU"); O-(3,4-dihydro-4-oxo-1,2,3-
benzotriazin-3-yi)1,1,3,3-tetramethyluronium tetrafluoroborate (“TDBTU");

tetramethyliflucroformamidinium hexaflucrophosphate (“TFFH"); S-(1-oxido-2-



preferably in about 5 to 10 vol une equival.ents and typically in about 6 to:7 .-
vol ume equivalents. The catal yst may be used generally in about 0.001 to
about 0.5 nolar equivalents with respect to 2,4-dinmethyl nic gispfh qwgci d

hydr ochl ori d® o3pseflerably in about 0.005 to about 0.1 nol arrcagsoyadent s and
typically in about 0.009 to about 0.01 20 nol ar equivalents. The acid may be
di ssol ved, suspended or otherw se sui tabli di spersed in the solvent, the
catal yst may be added, followed by a sui-tiabl e reagent, e.g. oxalyl chloride.
Tenperature of the reaction may generally be about-10C to about 30C,
preferably about -5C to about 20C and typically about 0OC to about 10C. The

product mpyrdafingl 50138 8dtelrdrictipthidigohen hiekaRitropRdspHate $T DI drefl etigduct

may be reacted directly (wi thout purification) with 4- piperidone
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triethylamne, diisopr opﬁl ethylam ne, 1,4 30 di azabicycl o[ 2, 2, 2] oct ane,
1, 8- disazalndyds splseatsgugh dsc far-exasiplecketane: mirile casigr, @tker, bydivcaionmambA” ) |
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may be used generally in about 0.9 to about 10.0 nol ar equi val ents with

respect t diafropiedorie and theikey Reefasiagd selvpnt ip eeetonitsley Nayn-limiipgrexamples
bout 2.0 ' t ically. i : 1.1 nol
caut vai enth SUBibIE SRS R RTE IO S X N SRR hdolpb &gl Lol e

equi val endimbthylacataraisipesid the likBe same product of the previous step,
preferably in about 7 to 15 volune equivalents and typically in about 10 to

12 vol ume” equi VaPERRENtRS axgewplaegxal @h@&f)g@ﬁé@%gppgﬁaﬂya%@geum@ teo about
oeofor i SBEHY SRSTIbR blaiGROTIH ok iita 24 EhEb MRS hRikfie,

preferably In abou nol ar " equi

about 3. 0 prefepdidyin Sbdutnmod &5 aeeut X.8/rasias eqlivaieneashd oypicaly iheaboat nited 10 out
at tenperatures generally in the range of about 20C to about 100QC, _ﬁ{%eferabl y
-) about 25gut 1.8 THEGHequTEl e Eﬁﬁp$@é¢mvn§b@§tus@@(§€tf@rﬁlbb@tatl%’é@.to pr oduct

Che hELT\PUSHBaRE S PhaskLlo Al e Sl veed
tri et hyl oprdferablyrint #hout 5to 10 volume equivalents and typically in about 6 to 7 volume
equivalents. The catalyst may be used generally in about 0.001 to about 0.5 molar
equivalents with respect to 2,4-dimethy! nicotinic acid hydrochloride, preferably in
about 0.005 to about 0.1 molar equivalents and typically in about 0.009 to about 0.01
20 molar equivalents. The acid may be dissclved, suspended or otherwise suitably
a) dispersed in the solvent, the catalyst may be added, followed by a suitable reagent,
e.g. oxalyl chloride. Temperature of the reaction may generaily be about —~10°C to
- about 30°C, preferably about —5°C to about 20°C and typically about 0°C to about
' 1‘O°C. The product may be isolated by removing the solvent.
25 The so obtained product may be reacted directly (without purification) with-4-
piperidone hydrochioride monohydrate (available from Aldrich Chemical Company,
Milwaukee, Wis_conéin) in a solvent such as, for example, ketone, nitrile, ester, ether,
hydrocarbon and the like, and mixtures thereof. Acetonitrile is preferred. A base such
as, for example, a trialkylamine (e.g. triethylamine, diisopropylethylamine, 1,4- _
30 diazabicyclo[2,2,2]octane, 1,8-diazabicyclof5.4.0]undec-7-ene, tetramethyl ethylene
diamine("TMEDA"), and the like), or an inorganic base (potassium carbonate, sodium

carbonate, sodium bicarbonate, potassium bicarbonate etc) may be added. The 4-



a 15 suitable solvent, generally in the presence of an acid catal yst.
Non-limting exanpl es of suitable solvents include ketone, nit®iSt¥p 88t er,

et her, al colwad n3sadsoocar bon and the |ike, and m xtures thereof/usosn92ss
Acetonitrile/ethanol mxture is preferred. CH(OC2H5)3 may be used generally
I n about 0.9 to about 5.0 nolar equivalents with respect to the conpound of
formula XIV, preferably in about 1.3 to-afbut 2.5 nol ar equival ents and 20
typically in about 1.5 to about 1.8 nolar equivalents. The solvent ratio
between acetonitrile and ethanol may be used generally in about 1:1 to 1:10,

pref er abl ypibBridSHROMdrbchioRdE tndnchyaitstel By B%'déédiﬂbugé?gw inladSutio0o I dbdut The
vol une of 'solvents hay be wused generally in abo .01to 10.0 vol une
equi val entd).@indlar egpigalentsowith ee s doi tite prakd utbofnftleaprXt dus mted qoraefdrgblynn about

2.0 to 5.0 ,vol equi nts and typically in 25 about 2.5 to 3.5 vol yne
equi val ent%byoufﬁgg%gaééﬁtﬁlr‘?@?r ﬁgg,uv%gnfg%%gwl iinyp lFJ)Ht 1&0&9{@%1}11-{81 out
0.8 I ' ' :

o of or a1 (SHUNAEAENTRe YohBnt AR uSed GReCRTROUBG.CS ] S0 Thline Bhvalents
about 9. 2 witfo redpeat tdth2Ssamé produplio? teepresioushstep earefeérablyninyativet €dorlised- out

at tenperatuyres ener al | in the range of about O0C to about 1Q0C, preferabl
about I”?oc\f e R A I ey g SR Pcﬁifi@tm?ﬁ Y
or mul a : : n e
next st e?ﬁé;ﬁ%etggghg%ggh@%b% %3835%’% g%@éb%%ggggtﬁwqwﬁbe&ﬁ%péound of
formul a X\prodyctt dfehe Ipeeviui <is tepd ptafetdbdy k- aboud @ .o khowrd .B-maiad aguivalents
rocedures. Cenerally, a peroxide ch as, for exa e, H202 or a i NQr gani ¢
b Cor gant cnsepaEA 3poubhh e beulid Al casveia Hi g idon %%Ygﬁi%%egqrv
per OX}{? Comw%gﬁﬁtgx%b ﬂe%'{ﬁg[;ﬁﬁé'fgﬁ%% BEal?&ﬁrﬁo?Catha&oru? &gbh‘é‘, praYeragused.

5 Non-limting ex sui e oxidi zi ng agents inclu
m chl or opeatimen 36PC taabdyt 9@ had typicailyyabdud €08C da-abHR0R 1 063G 07 he prodhest obzone;

[ ic I ds; t i d; 2 X I Xt f b itril H202
e 92  Renel B LRGR bl 8 el sB B BB S RO B
like. | ' I
ke, 10,2 Sencel saspaoihopionul Xugeytle cutartip G RIORGE! L

di sper sed @H(QGspan (mailabledrompdoph CheaicallGampasydiimsuked,MViserasip) in aa -
C3- C9 _al kanon kanone

i ot hoxy GLARle, Solvaitapeneiaiy Bt e esgues ahan Arcecotpims St it sragmpies,
of suitable solvents include ketone, nitrile, ester, ether, alcohol, hydrocarbon and the
like, and mixtures thereof. Acetonitrile/ethanol mixture is preferred. CH(OCzHs)3 may
be used generally in about 0.9 to about 5.0 molar equivalents with respect to the
compound of formula XIV, preferably in about 1.3 to about 2.5 molar equivalents and

20 typically in about 1.5 to about 1.8 molar equivalents. The solvent ratio between
acetenitriie and ethanol may be used generally in about 1:1 to 1:10, preferably in
about 1:1.5 to 1:3 and typically in about 1:19 to 1:2.1. The volume of solvents may be
used generally in about 2.0 to 10.0 volume equivalents with respect to the compound
of formula X1V, preferably in about 2.0 to 5.0 volume equivalents and typically in

25 about 2.5 to 3.5 volume equivalents. The acid catalyst may be used generally in
about 0.1 to about 0.8 molar 'equivalents with respect to the compound of formula
X1V, preferably in about 0.15 to about 0.4 molar equivalents and typically in about 0.2
‘to about 0.25 molar equivalents. The reaction may be carried out at temperatures
generally in the range of about 0°C to about 100°C, preferably about 70°C to about

30 100°C and typicalty about 80°C to 95°C. The product of formula XV may be isolated

by removal of the soivent and then used in the next step.



tetrahydrofuran, 1, 4-di oxan, benzene, toluene,--xylene, chlorobenzene, - - ?
di chl orobenzene, acetonitrile, dinethyl sul phoxide, sul phol ane g i ke
and 15 m xtures thereof, preferably a ketone such as nethyl ethHyi-"ketone or a
nitrile suokoayosiawetonitrile, and nore preferably acetonit PCT/HSIIFNE3r eact i on
may be carried out at tenperatures generally in the range of about,-10C to
about 40C, preferably about - 5C to about 10C and typically about-5C to about
5C. The phthalic anhydride nmay be used'ﬁbnerally in about 0.9 to 5 nol ar
equi val ents, preferably in about 1 to 3 nolar 20 equivalents and typically in
about 1-1.5 nolar equivalents, with respect to the j J conpound of formula
VITI. The ureaThydoogeungesduinlta X/ grydhah e asdided fo aRoNLoxid@by kao@nol ar
equi val ents, preferably in about 1 to 4 nolar equivalents and typically in
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equi valents and typically in _about 0.05 to about 0.1 nolar equivalents. The
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acetonitrile, and more preferably acetonitrile. The reaction may be carried out at
temperatures generally in the range of about -10°C to about 40°C, preferably about -
5°C to about 10°C and typically about —5°C to about 5°C. The phthalic anhydride may

be used generally in about 0.9 to 5 molar equivalents, preferably in about 1 to 3 molar

20 equivalents and typically in about 1-1.5 molar equivalents, with respect to the
) compound of formula VIli. The urea-hydrogen peroxide is generally used in about .9
to 8 molar equivalents, preferably in about 1 to 4 molar equivalents and typically in
about 2-3 molar equivalents. The product of formula XVI may be isolated by
customary procedures well known to those skilled in the art.
25 Alternatively, compound XIV may be directly oxidized to VIl using known N-

oxidation procedures. Generally, a peroxide such as, for example, H2Oz or an
inorganic or organic peroxide, or complexes and adducts containing such peroxides
or peroxy compounds, peracids, other oxidizing agents and the like may be used.
Non-limiting examples of suitable of suitable oxidizing agents include m-

30 chloroperbenzoic acid; phthalic-anhydride/urea-Hzoz; KMnO#4; oxone; ozone;
inorganic peracids; peracetic acid; Na;,WOQ,; a mixture of benzonitrite, H,O; and

methanol; a mixture of triﬂuoroacetic'acid, H-0, and H;SO4 and the like.



about 3 to 5 volumes. The reaction may be carrled out at tenperatures - :
generally in the range of about OC to reflux, preferably ab @bﬁ@@o retlux .
and typically about 60C to 70C. The product of fornmula VI I 3@%3 ol at ed

by met hods WO®#81980 t hose skilled in the art. is The conpouwddsusos/ 04263 nul as
VI and VI may be reacted as follows to formthe conpound of formula I. If
the conpound of fornula VI is available, it can be used. If the acid salt of
formula V is avail able, the conpound of - f8rmula v may be generated in situ
fromthe acid salt of fornmula V by treatnment with a suitable base.
Non-limting exanples of suitable bases include i) a netal hydroxide, oxide,
carbonate and Fh2@ompArriosfdbenuiatieviemaytthen tetoahvered ehtocthe dofrippuintiied gr oup
consisting of lithium sodium potassiu rubi dium cesium beryllium
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cyanohydrin; a m xture of (C2H5)2AICN and Ti (OPr)4, a mxture of acetic acid
H2SO4: ~ Nakibeshin eS8 or Na2S206 and a cyani de source such as NaCN or KON:
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compound of formula . If the compound of formula Vi is available, it can be used. If
the acid salt of formula V is available, the compound of formula VI may be generated
in situ from the acid salt of formula V by treatment with a suitable base. Non-limiting
examples of suitable bases include i) a metal hydroxide, oxide, carbonate and a

20 bicarbonate, wherein the metal is selected from the group consisting of lithium, -
sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium, e
barium, alurhinum, indium, thallium, titanium, zirconium, cobalt, copper, silver, zinc,
cadmium, mercury and cerium; or (ii) a metal salt of a C4-C42 alkanol, a C3-Cs2
cycloalkanol, a (C3-Cs cycloalkyl)C+-Cs alkanol; ammonia; a C;-C; alkylamine; a

25 di{C4-Cq2 alkyl)amine; a C3-Cg cycloalkylamine; a N-(C3-Cg cycloalkyl)-N-(C+-C12
alkyl)amine; a di(C3-Cs cycloalkyl)amine; a (C3-Cg cycloalkyl)C+-Csg alkylamine; a N-
(C3-Ca-cycloalkyi)C1—C5-alkyl-N-(C1-C12 alkyl)amine; a N-(C3-Cg cycloalkyl)Cng alkyi-
N-(C5-Cg cycloatkyl)amine; a di[(C4-Cg cycloalkyl)C+-Cs alkyllamine; and a
heterocyclic amine selected from the group consisting of imidazole, triazole,

30  pyrrolidine, piperidine, heptamethyleneimine, morphaoline, thiomorpholine and a 1-(Ci-
C. alkyl)piperazine, and mixtures thereof. Preferred basic compounds are KOH,
NaOH, Na,CO3, KzCO3, K2CO3, NaHCO;, KHCO;3, tetramethylguanidine, DBU (from



and di nmet hyl am noacetonitrile. The cyanati-ng conpound is preferably acetone
cyanohydrin or NaCN acetic acid, and nost preferably acetone zyanoh%/drl n.
Non- |imting exanpl es of suitable solvents include ester, nith9 08k her ,
hydr ocar borwansligth@® |i ke, and m xtures thereof. Ethyl acetpateukspssf erred.
The cyanating conmpound is used generally in about 0.9 to about 3 nolar

equi valents with respect to the conpound of fornmula VI, preferably in about
1.1 to about 1.5 nolar equivalents and-tibically in is about 1.2 nolar

equi val ents. The sol vent nay be used generally in about 5 to 20 volunes with
respect to the conmpound of formula VI, preferably in about 8 to 12 volunes
and typi CAIdrMh'(Ihe?ik?i@élﬁCé&p‘éﬁwm§opfﬁbpﬂeﬂﬂ}léhﬁlﬁé‘§ncﬂ ﬁﬁ%#’%‘w‘e?ecﬁaﬁ\rﬂrg%r% at
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hydrocarbon I'i Sted above with an ether such as t*lose | i sted above, I 2 9 SEP
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2 to about 5 nolar equival ents and té pically in about 5 to about 4.5 nol ar
o}

equi val enfosmula herefsrahinin akgutte! i@ abogeharmplay equatﬁm apd typio@iniol unes
with espgboutt192 mo'?ar equivalents. The solvent may be used generally in about 5 to 20
volumes with respect to the compound of formula Vi, preferably in about 8 to 12
volumes and typically in about 10 volumes. Typically the reaction is carried out at
about the reflux temperature of the solvent. Removal of the solvent yields the
compound of formula VIl which may be isolated by methods well known to those
skilled in the art.

The compound of formula VIl may then be converted to the compound of

B

formula | as follows. The compound of formula VIl may be dissolved in a suitable
solvent and then reacted with an organometallic reagent and a methyl-metal.
Non-limiting examples of suitable organometallic reagents include, for example,

25 trimethylaluminum, triethylaluminum, triethylborane, methyl zinc, tetramethyi tin and
the like. Trimethylaluminum is preferred. Non-limiting exampies of suitable methyl-
.metals include methyl magnesium chioride, methyl magnesium bromide, methyl
magnesium icdide, methyl lithium and the like. Non-limiting examples of suitable
solvents include ether (for example, a Cs-C1 alkyl ether, 1,2-dimethoxyethane, 1.2-

30  diethoxyethane, diglyme, 1,4-dioxane, tetrahydrofuran and the like), hydrocarbon
such as, for example, toluene, xylene, chlorobenzene, dichlorobenzene and the like,

or a mixture of a hydrocarbon listed above with an ether suéh as those listed above,



compound of formula VIII, preferably in about 3 to 10 volunes and typically
7in about 4 to 7 volunmes. The nethyl-netal may be used generally ‘in about 0.9
to about 6 .nolar equivalents with respect to the conpound of f gunﬂ Viil, ’
preferably jn aﬁogut 1 to about 4 nolar equivalents and typi call P %out
1.5 to about'OP 8P equival ents. The 10 reaction nmay be carpqué'd%éU?"ét
tenperatures generally in the range of about -10C to about 30C, preferably
about -10C to about 20C and typically abq&1 5C to about 5C The product of
formula | nay be isolated by nethods known to those skilled in the art. The
pi perazi ne conpound of formula Il can be prepared fromthe conpounds 15 of
formulas X and XI in a manner anal ogous to the above-descri bed preparation of
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cyanat4 Ng of formulas X and XI in a manner analogous to the above-described preparation of the

piperidine compound of formula | from the compounds of formulas VI and VII. If the
compound of forrmula X is available, it can be used. If the acid salt of the compound of
formula X is available, then the compound of formula X may be generated in situ from
that acid salt by treatment with a suitable base. Non-limiting examples of suitable

20  bases include a metal hydroxide, oxide, carbonate or a bicarbonate, wherein the -

metal is selected from the group consisting of lithium, sodium, potassium, rubidium, )
cesium, beryllium, magnesium, calcium, strontium, barium, aluminum, indium,
thaltium, titanium, zirconium, cobalt, copper, silver, zinc, cadmium, mercury and
cerium; or a metal salt of a C4-C4; alkanol, a C3-C4; cycloalkanol, a (C3-Cs

25 cycloalkyl)C+-Cs alkanol; ammonia; a C4-C1, alkylamine; a di(C+-C+; alkyl)amine; a Cs-
Cg cycloatkylamine; a N-(C3-Cs cycloalkyl}-N-(C1-C1» alkyl)amine; a di(C3-Cg
cycloalkyl)amine; a (C3-Cg cycloalkyi)C+-Cs alkylamine; a N-(C3-Cs-cycloalky!)C4-Cg-
alkyl-N-(C4-Cs4; alkyl)amine; a N-(C3-Cg cycloalkyl}C1-Cs alkyl-N-(C3-Cg
cycloalkyl)amine; a di[{(C+-Cs cycloalkyl)C4-Cg alkyl]lamine; and a heterocyclic amine

30 selected from the group consisting of imidazole, triazole, pyrrolidine, piperidine,
heptamethyleneimine, morpholine, thiomorpholine and a 1-(C4-C4 alkyl)piperazine or
mixtures thereof. Preferred basic compounds are KOH, NaOH, Na;COs3, KzCOs,



conpound nmay be reacted in a suitable sol vent to formthe corrpound of forrrul a
XIl. 5 Non-limting exanpl es of suitable cyanating conpounds ih%EEf2I0HCN;
acetone cyanohydrin; cycl ohexanone cyanohydrin; a m xture of (C2H5)2AI CN and
Ti (OPr)4, avopisseie of acetic acid, H2SO4; NaHSO4, KHSO3 orC™MaRS2ACE3 NaCN,
KCN, NaCN and acid; KCN and acid; trimethylsilylcyanide; glycolonitrile;
mandel onitrile; glycinonitrile; acetone amno nitrite;

di met hyl am noacetonitrile; and m xtures thereof. The cyanating conpound is
preferably acetone cyanohydrin or NaCN acetic acid, and nost preferably

NaCN acetic acid. Non-limting exanples of suitable sol vents I ncl ude ester,

nitrite, RGOS, NANGOICRHEL, @étﬂamémylgdsﬂqdlﬁ@%suxah% o Hgﬁmmb%ropyl
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~with respect to the acid salt of compound of formula X, preferably in about 5 to 10

volume equivalents and typically in about 7 to 8 volume equivalents. The base may be

used generally in about 1 to about 10 molar equivalents with respect to the acid salt of

20  compound of formula X, preferably in about 1 to about 4 molar equivalents and

) typically in about 1.5 to about 2 molar equivalents. Typically the reaction is carried out
at about the reflux temperature of the solvent. Removal of the solvent yields the
compound of formula Xil which may be isolated by methods well known to those
skilled in the art.

25 The compound of formula X!l may then be converted to the compound of
formula 11l as follows. The compound of formula X!l may be dissolved in a suitable
solvent and then reacted with a methyl-metal with or without an organometallic
reagent. if an organometallic reagent is used, non-limiting examples of suitable
organometallic reagents include trimethyléiuminum, triethylaluminum, triethyiborane,

30 methyl zinc, tetramethy! tin and the like. Trimethylaluminum is preferred. Non-limiting
examples of suitable methyl-metals include methyl magnesium chloride, methyl

magnesium bromide, methyl magnesium iodide, methyl lithium and the like. Non-



the like), hydrocarbon solvent such as, for exanple toluene xylene

chl or obenzene, dichl or obenzene and the like, or a mixture of a hydrocarbon
i sted above with an ether 5 such as those |listed above, nltr?@ qﬁﬁgr and
the |ike. TWO@&gd?0furan is preferred. The organonetal | ic rE& S%nu 3 used
generally in about O to about 10 nol ar equivalents wth respect to the
conpound of fornula X, preferably in about 1 to about 5 nolar equivalents
and typically in about 1.8 to about 2.5-tbl-ar equi val ents. The sol vent nay
be used generally in about 1 to 20 volune equivalents with respect to the
conmpound 10 of formula XII, preferably in about 10.0 equival ents and

typically nhnnﬁ@eiééméle% of%llth@' SINeénts Tigudebher (TR exhmiphy, doesiwd!kgﬁ@@feal ! fy

i n about 9 t0 about 10 nolar equivalents with respect to the conpound
fornul a XI1I 2-dimethexgethanen 2ediathoxyethangbdiglyrae ot atioxans, \V@tr@mdsofamn and

[ 1 Th b
P oy Y the RS BB S stich 47 1 opdiie el et xuElle. CABEE e B e Lot
40C, pref %‘&hbbbbéﬁﬂéﬁe éﬂ@tﬁé)m@émta mw 3 MPdreahibbraReed aB8%e WahahkPether 30C.

The product of formula may be isol ated by nethods known to those skilled
in the arsuch‘asethpmpaﬁedtab@neommlaeesienpwtma tiife. fletrahlydrofuian idipsefeoredd i n

0. D! G El Skl PRl o Gt st il B S
B s AUSTEREHNG 8 AR f CirmBn B IR, PLPaSEE BN,
H3CO CH3 Igguivaldats anddgpicaly iomboes¢.& td algri 2.5 3@laaivalentss@be sabvent may
be used generaily in about 1 to 20 volume equivalents with respect to the compound J
10 of formula Xll, preferably in about 10.0 equivalents and typically in about 5.0 o
equivalents. The methyl-metal may be used generally in about 0.9 to about 10 molar
equivalents with respect to the compound of formula Xil, preferably in about 1 to
about 4 molar equivalents and typically in about 2.5 to about 3.0 molar equivalents.
The reaction may be carried out at temperatures generally in the range of about -10°C
15 to about 40°C, preferably about 10°C to about 35°C and typically about 20°C to about
30°C. The product of formula |l may be isolated by methods known to those skilled in
the art.
The preparation of the compound of formula X is disclosed in co-pending
provisional patent application, Serial No. /---— , filed of even date herewith {Attorney
20  Docket No. CD01504). An illustrative process to prepare the compound of formuia X
is shown in Scheme 3: k;)



JR— e iz

N F3C &-1 (N9n --~/ | N "i F3C NH X FBCI) N@ FBCD\ Ne FSC N~ H - \ H
tartrate FC x X tartrate Schene 3 The experi nental details for Schene 3
are illustrated in the EXAMPLES section. The conpound of for %P y be
prepared frwp@wsiadd ne-2, 4-di met hyl -5- carboxylic acid whm@hugmy pth

di scl osed by T. Kress, Heterocycles (1994), 38(6), 5 1375-82.

Pyri mi di ne- 2, 4- dlnethyl 5-carboxylic acid may be di ssol ved, suspended or

ot herw se SU|tany di spersed in a suitablg-solvent and reacted with

4- pi peridone nonohydrate hydrochloride in the presence of a suitable

sul fonyl chloride and a base. Non-limting exanples of suitable solvents
include ketone, nitrile, egker, ether, hydrocarbon aggothe |ike, and

m xtures thereof. Acetonitrileyis preferred Non-limtingy 10 exanpl es of

sui tabl e sul fonyl chlorides inklude nmethane sulfonyl chlogkide, beszene
sul fonyl chloride, tolue f olopl chloride and the Oz gk

exanpl es of 29 SEP 2006 / 084950 PCT/ US03/ 09253
include NN N ,N -tetrg ‘ et hyl enedi am ne ("T,

Chem cal Conpany), tetranethyl guani dine, DBU, diisopropylethylam ne,
triethylamne and m xtures thereof. The sulfonyl chloride is used generally
in about 0.9 to about 5 nolar equivalents with respect toH Eg
pyrim di ne-2, 4-di met hyl - 5-carboxylic agid, 5 preferably in ‘abQut to about 3
nmol ar equi val éh¢%and typically in abodt 2.0 to about 2.1 nDIar equival'ents.
The sol vent may be] used generally I N

t 2 to—26—vol uneg <] spect to
the pyrim di ne«g -Eére 5 carboxyl i c]aci . preferabl ab%}éNl Osn 15
vol unes and t ¢al i €10 vol . e base nmeCbe~used nefally in

L O
) F3C 0

~
x Me HaCO
; \: Me
L_n~_ /08n N
Fac k/NH
0 FiC
T X
H3CO
\§ Me H3CO\: Me
——
FoC FiC
X X tartrate
2
Scheme 3

The experimental details for Scheme 3 are illustrated in the EXAMPLES section.
The compound of formula Xl may be prepared from pyrimidine-2,4-dimethyl-5-
carboxylic acid which acid is disclesed by T. Kress, Heterocycles (1994), 38(6).

5 1375-82. Pyrimidine-2,4-dimethyl-5-carboxylic acid may be dissolved, suspended or
otherwise suitably dispersed in a suitable solvent and reacted with 4-piperidone
monohydrate hydrochloride in the presence of a suitable sulfony! chloride and a base.
Non-limiting examples of suitable solvents include ketone, nitrile, ester, ether,
hydrocarbon and the like, and mixtures thereof. Acetonitrile is preferred. Non-limiting

10 examples of suitable sulfony! chlorides include methane sulfonyl chloride, benzene

suifonyl chloride, toluenesulfonyl chioride and the like. Non-limiting examples of



about 0.9 to about 10 nol ar equivalents.with respect to the . - =
pyrimdine-2,4-dinethyl-5 10 carboxylic acid, preferably in alz(yungzzﬂﬁ ) about
5 nol ar equivalents and typically in about 3 to about 3.5 nolar equlval ents.
The reacti oWOfpset carried out at tenperatures generally iRCTYEf30%3ge of
about -20C to about 30C, preferably about - 15C to about 20C and typically
about -15C to 5C. The product of fornmula XI may be isolated by renoval of
the solvent or other such nethods known-tl§ -those skilled in 15 the art. The
conpounds of formulas X and XI may be reacted, along with a suitable
cyanating conpound, simlar to the preparation of the conpound of fornula

VI descuitabid segdnclude prENIN-tetramesnp etndemdédibaimna T MEDA" I fford gad tie,
t he conpounds of forrmulas | and 111 n&% be further converted to 20 their
respect i vé&haimigakapmpany), teff ametyquaniioel BBLY diserrapyletmraméa tiethidamingnown

and 1V ar & O0nires Indra Yol adfrd] BUEOEHEIGoq AT VRPHBEG CRaRABEY! 8T ey

nmay al so Beolaf efivbiehedwith tespabRdTeReprrfRine 2PEipdthPrs-ch o @idrabidst rat i on
to a patient in need thereof. Thus, the present invention offers a sinple

econorf calPrefejaldy ippbpd ik melaremmivainis @nddysicativinabewi:8 de pban
Gostr: bed EmgeRlARET T8p oNBr A et €2k 6 ahBAE RS 2 IRES o

such as, fwith @spaw te the pyhiinidihe @Y-dirmethysbaldrbéafllicaitid, gekieeablyex bbaat 1 ed,
distillation, precipitation, sublimation and_ the |like, well known tq those

skilled i nSyaumes andiupiprlbaincaboutd) wpdumas) The hasamay baysedgeremliydh purity

oxami o, ANED B2 tTbolal BEDalt WA Ee SoctF s, vl 2, £ UE e e ;fg
anal ygi s, caklsomgiie abidaﬁaéfwdmy gbdlh € ol dsout B BoSiElR qA0RHe ntYana3Yy6i8aRph e

PCT/ US03/ 09253 -19 The follow ng nonlimting EXAMPLES are provided in order
to further@biout 34¢ pRewet 3.61aolgF equivalanteiita wactipn may pewarrigpavtedt to those

cilled X e ; Ve N . 5
The presenthEelosidierdH g Pihae 5Lp Q20K IR S0E oGO A8HR s,
may be pradCaedbodt P0%BIghd msitdliyeaioutn$s°(viy 540 s plodaistiofor@uRt Xbamyar e

i nt ended tbo ,bel within the spirit and scoRe of the present invention. =
EXAMPLES be isolated by removal of the solvent or other such methods known to those skilled in
15 theart.
The compounds of formulas X and XI may be reacted, along with a suitable
cyanating compound, simifar to the preparation of the compound of formula Vili
described above, to prepare the compound of formula Hi.
If desired, the compounds of formulas | and lll may be further converted to
20  their respective acid salts of formulas Il and IV by suitable procedures well known to
those skilled in the art. As stated above, the compounds of formulas Il and 1V are o
known as having utility as CCR5 antagonists. Additionally, they may also be
formulated into pharmaceutical compositions for administration to a patient in'need
thereof. Thus, the present invention offers a simple economical way of preparing such
25 CCRS5 antagonists and pharmaceutical compositions.
The products of the various steps in the reaction schemes described herein
- may be isolated and puriﬁed by conventional techniques such as, for example,
filtration, recrystallization, solvent extrat:tion, distillation, precipitation, sublimation and
the like, well known to those skilled in the art. The products may be analyzed and/or
30 checked for purity by conventional methods well known to those skilled in the art such
as, for example, thin layer chromatography, NMR, HPLC, melting point, mass spectral
analysis, elemental analysis and the like. '



(Formul a

in the Exanples bel ow. HPLC= Hi gh Perfornmance Li-quid-Chronat ography M pt:
mel ti ng point NVR= nucl ear magneti c resonance spectroscopy DVS P 700

di met hyl sul fxpsieddgr OAc= i sopropyl acetate 15 TBVE, MIBE=t - fquiy (,3%15 yF
ether THF=tetrahydrofuran HOAc= Acetic acid Et OAc=Et hyl acetate

| PA=i sopropanol 20 | POAc= isopropyl acetate DMF=N, N-di nethyl fornam de DBU=
1, 8- Di azabi cycl o[ 5. 4. 0] -undec-7-ene KFzKayl Fischer

HOBT=1- hydr oxybenzotri azol e hydrate 25

EDCI . HCl =1- ( 3- di net hyl am nopr opyl ) - 3- et hyl car bodi m de hydrochloride nlL=

NEEEN - = . nbi .B - )=
S 0 i AL e B kB Vo,
1. Conver Sﬂh@rer@%%ﬁzthg\/&?ﬁﬂ?%ﬁu 8k dﬁ?{a’ﬁéﬂtﬁko!t%é@sﬁiﬂ@d {PPHROAH that harfyor mul a XI V.-

To a slurry of of 2,4-dinethyl nicotinic acid hydrochl oride 29 SEP 2006
WO 03/ 084 9m0difCatianssoartiotatBan@alterationsid the plesent disslosucd, bmtletoniateniale, at

0C, | yti f DVF (1.nlL dded. foll by ,147.nL of .oxal yl
o or ptra! Vinefg A reRtion capdiihs, HaR R e Edinech AU Mot dinte, Sarfishe
addi tign. Jheafi@aubhs BE: HhaHded (0ase WRRiRRAHe lpird 2rdestbpeldfithe Bréstint ZvehdiBhs -

After vacuum concentration to renove 500 nL of solvent, the resulting slurry
5 was added to a slurry of 215 g of 4-piperidone hydrochl ori de nonohydrate

EXAMPLES
Unless otherwise stated, the following abbreviations have the stated meanings
- in the Examples below:
f»)o HPLC= High Performance Liquid Chromatography
M.pt: melting point
NMR= nuclear magnetic resonance spectroscopy
DMSO= dimethylsulfoxide
{PrOAc= isopropyl acetate
15 TBME, MTBE=t-butyl methyl ether
THF=tetrahydrofuran
HOAc= Acetic acid
EtOAc=Ethyi acetate
IPA=isopropanol
.20 IPOAc= isopropyl! acetate
) DMF=N, N-dimethylformamide
DBU= 1,8-Diazabicyclo[5.4.0]-undec-7-ene
KF=Karl Fischer
HOBT=1-hydroxybenzotriazole hydrate
25 EDCI.HCI=1-(3-dimethylaminopropyl)-3-ethylcarbodimide hydrochloride
mL= millliters
g= grams
rt= room temperature (ambient)
Boc (or t-Boc)= tert-butoxycarbony!

30 1. Preparation of the Compound of Formula I:

Example 1. Conversion of the Compound of Formula IX to the Compound

of Formulfa XiV:  To a slurry of 262 g of 2,4-dimethylnicotinic acid hydrochloridé



XI11) in 700 nL of acetonltrlle in the presence of 588 m_ of Et3N at ocC. The ‘
resulting slurry was heated to 45-50C for 6 hours foll owed by 75-80C for 3 ‘
hours. After cooling to OC for 2 hours, the solid was filtered 58 BERMRE
washed by 5@Q@ o3lesplso acetonitrile. Rermval of solvent then gawedbeedesired
compound of formula XIVin 10 85-90%yield as an oil. "H NWR (500 Mz,

cbC13) ~078.35 (d, J=5.2Hz, 1H), 6.98 (d, J=5.2 Hz, 1H), 4.07 (m 2H), 3.45
(m 2H), 2.56 (m 2H), 2.46 (s, 3H), 2.39%0m 2H), 2.24 (s, 3H); 13C NWR (125
MHz, CDCl 3) 00205.6, 168.0, 153.6, 149.0, 1434, 130.9, 122.6, 44.7, 41.2,
40.7, 40.3, 22.2, 18.7; 15 M5 (C) mz 233 (M+H), 232 (M) HRMS cal cd for

o 0o ot 5 aoBBHRRe o 22 3R BB G A sl
acet oni t r ifbieovaatf b9 A4 7Tk @ oRhIGHEhIb AdE WEIB UhE W eraticdwaR RORKENSH B E&oWD 9)
was added fqllowed by 354 nL of HC(CEt)3. The sol ution 20 was then heated to

reflux forl06CHiUINg thﬂfadélemoTthB&lﬂilrEDﬂgUEWaSn‘efaBDBdttﬁJ 8R°Gand sfmsciesd i nt o

conoent ¢ bl ¥t Beu GG -BuER s 2ol B S0, b Byl i e sk
extraci ed wad Bd®&P-a Stdrnaorh 15 ef 4$;§éx¢doﬁwﬁycﬁeeraroﬁaedn@rwwur§tel (FORMURRS

then washed with 500 nL 'of 5% NaCd sol ution.” Renoval of sol vent then gave

t he desirelliRE chpueicacstonitsierin @exvesaneeoe@@a yile PHE s bhatr0°Cad hetrepsltiog

Ex | 1 d 2 b 1 00 34 (d,
e Ple® B whs pREh BEE8-580G 1 Phouss GubNEd 6 s Wi i S hbrd Bl (1
3.17 (m %thn td’r@ocﬁ%r?h%ursztr%sdlmw§§|)‘llteﬂeds§ﬁ(aﬁh widhed bl §80 D of2H), 1. 17

(m 6H) 30 13 125 MHz, CDCI3) A" 167.5, '153.7, 148.7, 143.4, 131.8,

122. 6, 98 a@etqmtnte gioval @salyers4hen gage the desiped tempoung cé formmila &Iy iRt 2 307
(M + %%@ 2@ @ VO 0 /084950 PCT/ U S03/09253 -21 HRMS cal cd for
Cl7H2 4’ ® 2—"3(%'/]' Found: 307.2021. Exanple 3. Preparation of t he

Cormound dH NMRVEGE0 Kz, cTca smrs:rafssqa 452 261701 HYh6 lngl (dC JaBly HEi dpl) apdh7246
g of Urea Hydrogen peroxide |n 40
(m, 2H), 3.45 (m, 2H), 2.56 (m, 2H 246(3 3H), 2.34 (m, 2H), 2.24 (s, 3H);
BC NMR (125 MHz, CDCl3) 00205.6, 168.0, 153.6, 149.0, 143.4, 130.9, 122.6, 44.7,
41.2,40.7,40.3,22.2,18.7;
15 MS (Cl) mfz 233 (M"+H), 232 (M")
HRMS calcd for CiaH17N2O2: 233.1290 (M*+H), Found: 233.1299.

Example 2. Preparation of the compound of formula XV: To a solution of

the oil from Example 1 in 260 mL acetonitrile and 520 mL of EtOH, toluenesulfonic
acid monchydrate (65.5 g) was added followed by 354 mL of HC(OEf);. The solution

20  was then heated to reflux for 6 hours. After cooling te 20-30°C, the solution was -
quenched into a solution of 147 g of Na,CO3 and 52 g of NaCl in 1.6L of H;O. Afterf"")
vacuum concentration to remove 700mL of solvent, the resulting solution was
extracted with 500mL THF and 1L of EtOAc. The separated organic layer was then
washed with 500 mL of 5% NaCl solution. Removal of solvent then gave the desired

25 cempound of formula XV in 85-90% yieid (over two steps of Examples 1 and 2
combined) as an oil. h
'H NMR (500 MHz, CDCl3) 0008.34 (d, J=5.1Hz, 1H), 6.97 (d, J=5.1 Hz, 1H), 3.83 (t,
J=5.9 Hz, 2H), 3.45 (m, 4H), 3.17 (m, 2H), 2.46 (s, 3H), 2.24 (s, 3H), 1.85 (m, 2H),
1.65 (m, 2H), 1.17 (m, 6H)

30 C NMR (125 MHz, CDCl;) OO0 167.5, 153.7, 148.7, 143.4, 131.8, 122.6, 98.0, 55.4,
43.4,38.3,34.3,33.3,22.2,18.7, 15.3;
MS (Cl) miz 307 (M*+H) |



~acetonitrile at 0C, a solution of 400 g of the conpound of formula XV in

400nL 5 acetonitrile was added while the tenperature was control |l ed to bel ow
5C. The solution was then stirred at 5C for 16 hours. The re?mgﬁn
guenched bxwagg/i{)@g_a solution of 180 g of Na2S@B in 1.2L H20
t enper at ur € Mtrolled to below 5C. After stirring at §€T/ﬂ]§?3/‘HaT3f hour,
the slurry was added into a solution of 240 g of Na2CO3 in 1.2 L of H20O The
aqueous | ayer was then extracted with 8\%2{TL -0 of THE and 800 nL of Et QAc.
The separated organic |ayer was washed wWrth 800 nL of 10% NaC -sol uti on.
Renmoval of solvent followed by crystallization from400nL. EtOAc and 200 niL
of heptane gave the desired conpound of forrrul a XVl in -80% vyield. "H NW
(500 MHz, HEDES 3galed 8)I’1(317('|d7N2\D%63®F|2022I-0V] +6I),9!8014mﬁ 3Di’620’21—|z 1H), 3.85 (m
2

t5 2H), 3.73 (g C2.41 ,
2, 11H)s, y NNRT%lézSﬂ;)Pé

CDCl 3) 6 38¢ 5,
34.2. 32, éf‘“’%% %“?29*73“*3%@%%“7"@ T %@? *‘*‘v%%@eﬁ AR e e
C13H17N204cetBARrIoatL0 {0y aHglutiarumnd: 4(32@ 4Pt camapophd df. fd?n*enﬂmr)@t uror40@fnll he
Co d of f la MII;, T ut f 100 f th f I
T R A e e T, SE
hyd i 6
nours. cosrufof sfasdngh BTG BRqeRRE- MO AT abgpcliel Sy HadRD S L
dri ed azestlubpn aiHl 18,0 igooa NKES OF; |he$§Lt Had Whikdiny teimpieratlies vas. cd'mteolieeiam i on
i tat d OC f 6 th t fil d.
e ] T
th I 8.17
(d o6 T 9! '?52??‘8%"?&-? e ﬁ@?%?a‘%%&fﬁ%%%ﬁegmg T Sogre
3. 50-i0m MHFmraDBQOrmLzeo EtQAdS5 The, sepidrated . BFaimlagH)wa2 washed withH§00 tmlo SEP

165, 3, 1481 007 B0, soapro Rermoval alpsolyontiplawedsay rsalizaion 81 SO0 (i)
nfz 249 (MHIAE and 200 mL of heptane gave the desired compound of formula XVI in ~80%
yield.
"H NMR (500 MHz, CDCl3) & 8.13 (d, J=6.7Hz, 1H), 6.98 (d, J=6.7 Hz, 1H), 3.85 (m,
15 2H), 3.73 (m, 2H), 3.44 (m, 4H), 3.16 (t, J=6.4 Hz, 2H), 2.41 (s, 3H), 2.11 (s, 3H), 1.83
(m, 2H), 1.64 (m, 2H), 1.16 (m, 6H);
- BC NMR (125 MHz, CDCl3) & 164.7, 145.0, 138.3,' 134.7, 132.6, 124.8, 97.8, 55.4,
43.5, 38.5,34.2, 33.2,18.3, 15.7, 15.1;
MS (Cl) m/z 323 (M*+H)
20 HRMS calcd for Cq3H7N20,: 323.1971 (M*+H), Found: 323.19689. |
- Example 4. Preparation of the Compound of formula VIi: To a solution of
100 g of the compound of formula XVI in 400 mL of THF at 20-30°C, was added 3.0 g
-of toluenesulfonic acid monohydrate and 8.4 mL of water. The solution was heated to
reflux for 16 hours, cooled to 45-55°C, and treated with 2.2 mL of EtsN. The mixture

25  was dried azeotropically to a KF of less than 0.2% by distillation. The reaction was

agitated at 15-20°C for 6 hours and the mixture was filtered. The wet cake was dried

~under vacuum at 25-35°C for 12 hours to give 57 g (71.4%) of the compound of
formula VIl as white solids. |

'H NMR (500 MHz, CDCl3) & 8.17 (d, J=6.7Hz, 1H), 7.02 (d, J=6.7 Hz, 1H), 4.17 (m,

30 1H), 3.99 (m, 1H), 3.50 (m, 2H), 2.60 (m, 2H}, 2.45 (s, 3H), 2.37 (m, 2H), 2.25 (s, 3H);



HRVE cal cd for CL3HL7N203: 249. 1239 (Mi+H), Found: 249.1237. 5 Exanple 5.

Al ternate nmethod of preparing the conpound of formula VIl: 0 1 g{g??ﬁf o .
TVEDA, 0 MCN, rt Na OHHN NNO HCO 2. OXV 2,4-dinethyl 119 i“rrc MeCN
aci d hydr ocwioasiog®s@©xone O 1 | \ NINO OWVII To a suspensmosidhy2ss

2,4-dinmethylnicotinic acid (10.0 g, 1.00eq) and 4-pi peridone nonohydrate
hydrochloride (8.2 g, 1.00eq) in 100 nmL of acetonitrile at 0 C was to added
12.0 nL (1.5 eq) of N, N, N, N-tetranethyl -@2hyl enedi ami ne (TMEDA). To this
suspensi on was si nmul taneously added TMEDA (12.0 niL, 1.5 eq) and nesyl
chloride (methanesul fonyl chloride) (8.0 nmL, 1.9 eq) over 8 hours.

Addi ti onahs ' b r h l4@f g . 245e ded
o the susnenarr Par TR Toy ™ Pred S Eroh Ta i | B9enTo287 Jbadh 4
mesyl chl ani@les(d, 8B.81-152; 3 eq) over 3 15 hours. To the suspension methane
sulfonic acid (3.0 m_%q was added to the batch to precipitate out the TMEDA
salts. ThMP4Ebhmim249 (Mettdd and washed twice with 30 mL  of acetonitrile.

The filtr trat t. 0) €, th iyl Lth 40 nL TBME at
reflux. T sglaé?llggﬁgiﬁgé:’%é@?d%ﬂ%sﬁ%o% @\g +d%)c%§\'7'gp' gaﬁgagz to crystallize the
of forgmul a Xl VExamHle/ 5 Altdindte hothelddef pfepERind the 8RPEUThPbf ferimmutaavixl V (1
g) was added 2.5 m H20. The mxture was cooled to 0-5C and added 5 g of a

one to one m xture of oxone and Na3PO4. 12H20. The m xture was then agitated
red @ 9 SEP 200b

f or about one hour at 10- 206:. The1rmé<§612rC?Tm%Afilte
MeCN, rt X
PG - (0
-~ HN <~
N 2. & N © S
HCI o] IV _

2 4-dimethyl nicotinic MeCN

acid hydrochloride
‘ Oxone

O
540!
¥ 0
C
VI

To a suspension of 2 4-dimethyinicotinic acid (10.0 g, 1.00eq) and 4-piperidone

monohydrate hydrochloride (8.2 g, 1.00eq) in 100 mL of acetonitrile at 0 °C was

10 added 12.0 mL (1.5 eq) of N,N,N,N-tetramethyl ethylenediamine (TMEDA). To this
suspension was simultaneously added TMEDA (12.0 mL, 1.5 eq) and mesyl chloride | )
(methanesulfonyl chioride) (8.0 mL, 1.9 eq) over 8 hours. Additional 4-piperidone
monchydrate hydrochloride (1.2 g, 0.15eq)} was added to the suspension followed by
the addition of TMEDA (2.4 mL, 0.3 eq) and mesyl chloride (1.3 mL, 0.3 eq) over 3

15 hours. To the suspension fne_:thane sulfonic acid (3.0 mL) was added to the batch to
precipitate out the TMEDA salts. The batch was filtered and washed twice with 30 mL
of acetonitrile. The filtrate was concentrated to 20 mL and then diluted with 40 mL
TBME at reflux. The solution was cooled slowly to 0 °C over 4 hours to crystallize the
compound of formula X1V in 70 % vield.

20 To the compound of formula X1V (1g) was added 2.5 ml H,0. The mixture was

cooled to 0-5°C and added 5 g of a one to one mixture of oxone and Nai;P0,.12H,0.

The mixture was then agitated for about one hour at 10-20°C. The mixture was filtered



WO 03084950 PCT/ LUS03/09253 -23-.to0. rermve |nor ganl C sal ts Thes'e salts were
washed with 5 m of n-butanol which was conbined with the aqueoys §E|UPI fﬂpﬁte
The two phase solution was agitated and then partitioned. The aqueous [ayer
was extract g swdslowsd M of n-butanol. The conbi ned n- but andlctnesoemnssyer e
concentrated to an oil. The oil was dissolved in 2 m of THE at 5 reflux. The
solution was slowy cooled to about 0OC. Any solids that fornmed were

collected and dried to afford about 0.5g2%- conpound VII. Exanple 5A. A
Second Alternate Method of Preparing the Conpound of Formula VII: The
conpound of forrmula XIV may be directly oxi di zed to the conmpound of fornula

VII by th F Cﬁgﬁér I sjoaﬂ : | a
XI'V and 62‘8 B 019 \éﬂlﬁl%hl%n Oerrq_e-ggféaell%e\#%iu t r| e a'rtllg S%LS%% igjhiéggk%ﬂ
of oxone cmsbnabd\mt)h taddeeasns filtfatd. Tiée phbss eslutibkevamnbgitated mndahemnat e,
sodi um carbgnate SOdI um bi car bonat e, SOdI um phosphat e, potassi um pho hat e,

sodi um hyRAEiGned. TheragueoumiaxalirviEs aXtragiad IVY”ibe5 mi 9 nRytapoks d he Semdi
ether, al gahghy uﬁgé&%vere% Ebn‘x%t%?? 'ark& T ﬁgaggﬁsgﬂfe%%@ﬂg gt%gctlom

After stirring t lurr mnu was fi The

filtrage vmﬂuxdﬂ@mmﬁcb:edzatsrmtmw\memd@boarwaemyfs@hbg\tmt foynexwedst i ng t he
solid with 1 L of hot acetonitrile to give the crude conpound of fornmula VII

in acet omqqllp{:f@d(%ﬁct dried { aﬁqﬂlahwt OmmmWU%VUent foll ovved by
crystallizatio cet - .42
product (For rrquE elggnk%m d 115 !
Pr epar at i Fo@hulah@lctigpesngosid bﬂfdrmum XI\V may%dﬁ@avp@ﬂdnz@fj th @tﬁéwd)mpwhd was
al so prepareafromthe ester of 2,4- dinethylnicotinic acid by first

conve%t i ngPfi fvrmldat\ﬁbby\mﬁdoﬂ@wmpm@ﬁU%J@ ? ﬁlg'"Mféf 194 @of gemprrhd of Irpeda done
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oxone was slowly added as solid. (Other bases hke potassium carbonate, sodium

carbonate, sodium bicarbonate, sodium phosphate, potassium phosphate, sodium
hydroxide, potassium hydroxide and like, and other solvents such as ether, alcohol,
ester, nitrile and like, can also be used in this reaction). After stirn;ing the slurry for 10
15  minutes, the solid was filtered off. The filtrate was concentrated under vacuum to

dryness followed by extracting the solid with 1L of hot acetonitrile to give the crude
compound of formula V! in acetonitrile (after filtration). Removal of solvent followed
by crystallization from 100mL acetonitrile and 600 mi of THF gave the desired
product (Formula VII) in ~70% vyield. '

20 Example 6. A Third Alternate Preparation of the compound of formula Vii:

The compound of formula VII was also prepared from the ester of 2,4-
dimethylnicotinic acid by first converting it to the N-oxide and then coupling the N-

oxide with 4-piperidone hydrochloride monohydrate as shown below:



N Op HCG JI HOBT C,11 THF Alternatlve OX|dat|on TEA H. HCI o000 I O
Oxone/ K2C03 NCL N N N O HCl 'p O Preparation of the N-oxi de: The slurry. of
3.3 kg of phthalic anhydride and 3.15 kg of urea hydrogen perofB8déPiiiig L of
acetonitril svowsoshesat ed to di ssolve. The 5 solution of 3 kgpeofiusimeetshyl
ester of 2,4-dinehtylnicotinic acid was added while the tenperature was
control |l ed bel ow 40C. After stirring at 40C for 3 hours, the solution was
cooled to OC. Then, it was added into a-g@#ution of 2.1 kg of Na2SO3 and 4.6
kg of K2CO3 in 12 L of H20. The aqueous sol ution was extracted three tines
with EtOAc (5L each tine). The conbi ned organic | ayer was concentrated to
give the desired, N-glO oxide in 95%yield as an oil. 1H NVR (CDCl 3, 400 MHz):

3 8.43 (d, J=5.3|Hz] 1H), 7.02 (d, J=5.3 Ht, . 4.42 (q, p=701 Hz, 2H),
2.51 (s, 3H, Z (sOEBHPhthﬂahoﬁlaﬁhh(/dr;deJ 7. g} roly t he aci d:
To a sol ution df stiler) in THE 28H30C, a

i e abG\Tg@‘l’BgéTh_T—é'
slurry of 1.05 kb of Li OH d_lzi 3.9L of S a_dded Th sol ution was

heated to 40C and stirred for 2 hours. Aftgr cooling the soluition to 20 30C,
t he agqueous solution was extracted with 1.5L of TBME. The se('gar at ed aqueous
| ayer was then added 2.3 L of concentrated HCl . After cooling the slurry to
OC for 1 hour, the solid was filtered and dried under vacuum atC60C to gi ve
the desired acid (2.5 kg) in 89%yield over the conmbi f&¥labdve-hot ed two
steps 20 '"H NWVR (DVMSG, 400 MHz): 6 8.22 (d, J=6.6 Hz, T 0 (jd, J=6.6
1H), 2.32 Asrmatidddxidalor?5 (s, 3H). 2 9 SEP 2006 VO 118 95 HCI
PCT/ US03/ 09253 -25- The follow ng alternate oxidizing eagent s l’tan be used

in the N-oxidati,on:o
ELIKOH Oxone/K,CO04 (Tk (%& j

Preparation of the N-oxide: The slurry of 3.3 kg of phthalic anhydride and

3.15 kg of urea hydrogen peroxide in 8 L of acetonitrile was heated to dissolve. The
5 solution of 3 kg of the ethyl ester of 2,4-dimehtyhlnicotinic acid was added while the
temperature was controlled below 40°C. After stirring at 40°C for 3 hours, the solution
was cooled to 0°C. Then, it was added into a solution of 2.1 kg of NaZSO3 and 4.6 kg
of K,COs in 12 L of H20. The agueous solution was extracted three times with EtOAc
(5L each time). The combined organic layer was concentrated to give the desired N-
10 oxide in 95% yield as an oil. )
"H NMR (CDCl3, 400 MHz): & 8.43 (d, J=5.3 Hz, 1H), 7.02 (d, J=5.3 Hz, 1H), 4.42 (q,
J=7.1 Hz, 2H), 2.51 (s, 3H), 2.32 (s, 3H), 1.44 (t, J=7.1 Hz, 3H).
Hydrolysis to the acid: To a solution of the above oil (ethyl ester) in 4.5L of
THF at 20-30°C, a slurry of 1.05 kg of LIOH.H,O in 3.9L of H,O was added. The

15  solution was heated to 40°C and stirred for 2 hours. After cooling the solution to 20-

30°C, the aqueous solution was extracted with 1.5L of TBME. The separated aqueous
layer was then added 2.3 L of concentrated HCI. After cooling the slurry to 0°C for 1
hour, the solid was filtered and dried under Qacuum at 60°C to give the desired acid
(2.5 kg) in 89% yield over the combined above-noted two steps.

20 'H NMR (DMSO, 400 MHz): & 8.22 (d, J=6.6 Hz, 1H), 8.00 (d, J=6.6 Hz, 1H), 2.32 (s,
3H), 2.25 (s, 3H). |



nCPBA; phthal i c anhydri de/ urea. H202; KWnh04; oxo0ne; 03 or a peraC| d NaO-l
can be used in the hydrolysis step to the acid instead of L| @F"ﬂﬁ&ead of.
starting with the ethyl ester, 2,4-dimethyl nicotinic amdrm@ﬁ irectly

oxi di zed t owlg@/dBlyzyi de too by using oxidants such as nCPBApRitidIghd-Ss
anhydri de/ urea. H202; KMnO4;, Oxone; 03; or a peracid. A typical procedure: To

2,4- dinmethyl nicotinic acid in 5X water was added 3 eq. of K2CO3. To the
slurry, 1.1 eq. of oxone was added. Thegsgalid was filtered off. The filtrate
was acidified with HC to pH about 1-2. The slurry was cooled to OC for 1
hour. The fi nal product was isolated by fo fiItration Preparation of the

d of f VI I t.ated sl f 1008 id
omryrae hyd bRl DBt Shdnts oy Boryedl i B DT s e,
150g of Elgdphyd ﬂ%.@@mﬁgaﬁ@é@@ﬂ%%%ﬁ@%@ '@)359981?&50&""5 was added

225nL of trieth am ne. After addition, the mxture was Heated to 50-55C for
3 hours, 15 co &thanrhﬁ)mecbmdbedtydr@y&amem@thatamﬁ ostzad ghtiOHAf ter this

d of t t.h t ) ) ' ke | h d th 1L
o8 oy The  oun BRSPS W b5l Ao i R R £ ana
filterged fd@reatny@x.a&% &@ﬁ&m efadéh@o bQQ&’ﬂngé‘ﬂerﬁtsfsQn'b@Lﬂs%wlﬂB@%h\fﬁﬁlke sol i ds.
1H NVR (400MHzZ, 8.20 (d, d, J = 6.8 Hz, 1H),

4.25- o 4a118!y(i|nde/mre@ 2@206‘Vl909;90(<me 10%0or aspérad@nmypnam p@ceduiemloZ; 2. 48

., 3 2. 40 t f th
Compouny A RgbRhicgtiiackhin 9 Wiy wag HieTSE DT kebck: RbecBurtod S of
descri bed gixBhB QR AdHdY. OVhe g@nﬁwaew@f&d oftPIPhL §fEdte Qvassﬁfnd:ﬁéd Nchh 196/ to3gQ, 562,
filed Cctober 15, 2001 The foll owm ng sunmari zes det ai |

Pr epal at i @oot 1theThe sty ws cedled 4 8°€ fami heoni Pee finalcpradict WH'S)ISa)Iated by
susp% 3/3 of,. 440 g of isonipecotic Acid in 1760 nL of isopropyl acetate at O
g 5’8ed 880 nL of trifluoroacetic anhydride over at least 2 h ,

whi | e mai nt ai nipjephftiort BFRKS ab#f%uﬁﬂi 8ffotthdia VIt RS aﬁ%?m!aféfdesl@#?bf '190? the
reacti on m xturé was eat e er abou the reactio

m xture w@é4c;m$re<dpna>n@b@bydnam)hydrpehh@eudatsaﬁe12%g1df 2 Aedimethyinicatiojsr agigN-
acetate wags. e, géﬂg o-F%él%a%tré&ﬂorrﬁé( gé’l{ an\ﬁe%g?gf ﬁoﬁ(??r? 508\O L o?f/ﬂ%%%% ad%ed

1U- 03/ 0925%!
225mL of triethylamine. After addition, the mixture was heated to 50-55°C for 3 hours,

15 cooled to room temperature, and agitated overnight. After this period of time, the
mixture was filtered. The wet cake was washed with 1L of hot THF four times. The
- THF washes were cooled to room temperature and filtered to give 106g (65%) of the
dbmpound of formula VII as white solids.
'H NMR (400MHz, CDCl3) § 8.20 (d, J = 6.8 Hz, 1H), 7.05 (d, J = 6.8 Hz, 1H), 4.25-
)70 4.18 (m, 1H), 4.06-3.98 (m, 1H), 3.52 (m, 1H), 2.62 (m, 2H), 2.48 (s, 3H), 2.40 (m,
B 2H), and 2.28 (s, 3H).
Example 7. Preparation of the Compound of Formulas Vi and V: The

synthesis of these two compounds is described in pending provisional patent
application, Serial No. 60/ 329,562, filed October 15, 2001. The foliowing summarizes
25 the details:

Preparation of the N-trifluoroacetate from isonipecotic acid: Toa

suspension of 440 g of isoriipecotic Acid in 1760 mL of isopropy! acetate at 0 — 10 °C

was added 880 mL of trifluoroacetic anhydride over at least 2 h , while maintlaining the

temperature below 30 °C. After complete addition, the reaction mixture was heated to
30 55 -65°C. After about 2 h, the reaction mixture was cooled to about room

ternperat'ure, and 1760 mL of isopropyl acetate was added. The reaction mixture was



| filtered. The Eieparation effhejacid<chipddedf

cooled to between -10 C and 0C, whereupon 1320 nL of water was added whil e:

mai ntai ning the tenperature below 15 C. This was fol |l owed by the addition of -
1364 g of 25% sodi um hydroxi de solution while maintaining th ma‘njat ure
bel ow 15 C.WOPRES48Fbhasic mi xture was stirred for about 3 h PEUI/USGHN2S3
tenperature. The aqueous 5 | ayer was renoved, and was extract ed vvith 880 nL
of isopropyl acetate. The conbined |sopropyl acetate solution was washed
twice with 880 mL of a 15% sodi um chl or#6ie sol ution each tine. The reaction
m xture was concentrated to about 1320 nL. Upon cooling, the product started
to crystallize. The m xture was cooled to room tenperature and 1760 nlL of
hept ane wegordttethetdbEn SYERENSHAPD°VaFhERRDPEH 1320LALRFIWREPW:R dddaBdvifileC,
stirred for 1 h, and then filtered. The collected solid was washed wth 440
mL of hepmataamngtmmwmmbm&demm 1ot dimisava’ SoHoveéd By ttiee giddition @f3.364qy of
the desired N-triluoroacetyl conpound, np: 113.5 C. Preparation of the acid

chl ori de, of 8I5f’/®$@iiub"yh)ﬂf@éd@ISOG’“Qﬂt\@hllﬂe’é‘@tﬂt@'ﬁmmealenm%@%#ﬁé|b@hJW:EBﬁt &-ni ng

477 f Netrifl tyl th t 5 1900 nL of
b1 omaben die abAde ELEE5SY SyreRBE ABRCLR Bt ol RS ALER: Bk andedi was
heated; to 1éi,%rwa@5reﬁmwear aR®Ns dxthactdd Wath %@%heﬁf |§0&OEYI ddiRateeFREI ON M xture

was cooled to 10 - 15 C, whereupon 588 g of alum numchloride was added in 5

porti ?ns CDmblmfgid§9§fOQ!Hd¢€tt:athO|UH@n wesprashed wiog withed 80 alndd batoviastiumo- 15
C. A
5 et oo sl SRR BB B ke O o B SR Ay e,

70 g of a'U{J’Brﬂ';tFBhnghih@djréﬁudt@a@é@ﬁficryéféllﬁe Eﬂh@uhlxlur’@z wadgobledasd irédmm Xt ur e
was transferred to 237 of a 6 N hydrochloric acid solution pre-cooled to

bet ween 5t@maatwrtue and HIRY rn@,@fH@pf@m%n@s@ddedhéhe@up@aaﬁlQneNWa@omﬁdmau ned™ )

bel ow 40 Th t k d t f b b d

270 mi0 o Braen “E3C a0 PR “@fcu Aodie wehalisifd, B S ST saRT 6830 O on

was CO“CGWa{s%S%HP fd[ﬁ henldtiedNMter V%%gum-?t 9_ tdyﬁcfﬂgfvwe Vas
of net tert- utyI

added 1320 ether, and 1790 nL eptane. After

crystalli E&BIEDQ ohtife @éweﬁa%tralaamdm@nyl&aﬁwg@undt meptidree@as added. The
suspensi on was cooled to between 0-5 C, stl rred for at Ieast 30 m n, and t he
B RY nfieaé s Feaatiof T@ra ed

061 c 2SS %6%%9%?%ﬁ@é@?ﬁ%ﬁ@%@%ﬁﬁﬁﬁmme%8 ey "

15 1900 mL of bromobenzene was added 257 g of thionyl chloride. The reaction mixture

was heated to 60 — 65 °C over about 1 h. After another 1-2 h, the reaction mixture
was cooled to 10 - 15 °C, whereupon 588 g of aluminum chloride was added in 5
portions. During each addition, the temperature was maintained between 10-15 °C.
After the addition of aluminum chloride was complete, the reaction mixture was

20  heated to 65-70 °C over a 3 h period. After about 1 h, another 70 g of aluminum )
chloride was added. After about 1 h, the reaction mixture was transferred to 2370 mL
of a 6 N hydrochloric acid solution pre-cooled to between 5 °C and 10 °C. During the
transfer, the temperature was maintained below 40 °C. The reaction flask was rinsed
with 470 mL of bromobenzene and 470 mL of water. The biphasic mixture was

25 separated. The organic solution was concentrated under reduced pressure to about
-820 mL. To this mixture was added 1320 mL of methyl terf-butyl ether, and 1790 mL
of heptane. After crystailization has started, another 860 mL of heptane was added.
The suspension was cooled to between 0-5 °C, stirred for at least 30 min, and the

~ filtered. The collected solid was washed with 530 mL of cold heptane, dried under

30 vacuum at 40-50 °C to give 5374 of the desired ketone compound, m.pt: 86.1 °C.



Preparation of the Conpound of Formula VI: A solution containing 293 g of .the.
ket one conmpound fromthe above step, 336 g of 30% aqueous i@ggy -
solution, and 10 mL of acetic acid in 1170 nL of nethanol wa p under
reflux at alaebs/@39¢ for about 3 h. The reaction m xture waspepptB@yig rooms
tenperature, and a solution of 577 nL of 25% sodi um hydroxi de was added. The
bi phasic m xture was vigorously stirred. After at least 10 mn, the reaction
m xture is added to a mxture of 1470 mR7ef water and 1470 nmi of nethyl
tent-butyl ether. The |I|ayers were separated, and the organic |ayer was
washed with 1470 nL of water, followed by 1470 nL of a 10% sodi um chl ori de
sol ution. The ent natvad to e

sol ution.  The_ g aigRLy N el GIRFRANALTE, 0, 08¢ Boffyninl

concent r afZzgB qobihe Katord euinpédAd itom ﬁfsealdcb\fé stebaBBerRy afeB0%Rjpeated again with
880 nmL of nethyl tert-butyl ether, and the concentrate containing the
conpound dithexsiaming solutinasand d8 mh of pectiexeiddn 43 7imle of mﬁfmfﬂq’i&ﬁS keRdi ti onal

Formul o vifter ST REBC b cr BE R De iR dedrickimAlh o FRgBIE T8 oral
sol uti on téﬁ%}%kﬁihfé}aﬁ@a %IgfoﬁéfSYﬁnﬂ_OHﬂ)%%rHodluﬂn%'f%hdéWés éuaewl wider as
prepared in 3) was charged 758 of isopropyl alcohol ("(PA") and

2280 nL ofblmlmsm“ymmtumwys vng@trcmesly(stlw@EAﬁerAhl@swammmhmawmmlmr@fs HCl

h | | f
hand & nercibined PRREEE RrHIRE Y ver sl 970 it PRl SRR B el v e
and washedqaydrs K?ve?@@.eﬁhrétéd lardi ple drBén@ﬂé'yeMﬁﬁwfa@.th%ﬂw 7 2B cB'f‘wélfer MI'BE.

The resulting crude ro duct was dried under vacuumat 55 C for 2 days to

gi ve- whl t éol;kzwedjby 2440 gnL gbayt 0% RodiueT ehlerige saludionwdde erganit sautisonwvasn 91: 9

ool \acEnPfd SKGIIERf EPCfE Kotk bR AIRRITUE sellifL 3 by Somer
8 8.99 (byertddty Ie?héi%r(diconbeﬁtr&te‘h a@dih to Abdut 131) mL.=TBe MistiBabion wa89 (g, J =

7.0, 2H),324321n?7 , 1.85-1.82 (m 2H), 1.71-1. 64
(m 2H), repgated@again withy 8§0 rngpf mﬁthyjrte:(t&u@yd iatiegr, aodihg@opgentnatecgntgmlng 44

Preparati e 5P MPRENSBE ORI Y Wes, e the el et R IR aBeon), i o v

(10. g, 2%ufifipain. was free-based using ethyl acetate (100 nl) and 15%

aqueous potassium carbonate (30 nL). The organic |ayer containing the free 2
9 SEP!%006 Preparation of the Compdund of Formula V from a compound of Formula

VI: Into a solution of the compound of Formula VI (600 mL of total solution
including 247 g of active component in methyt terf-butyl ether as prepared in Example
:“3’)‘ was charged 758 mL of isopropyl alcohol (“IPA") and 2280 mL of methyl t-butyl
ether ("MTBE"). An anhydrous IPA solution of HC! (4.8 N, 382 mL) was added
~-20  dropwise. The resulting slurry was stirred for 12 h and then cooled to 0 °C. After
e stirring 2 h, the crude product was filtered and washed with 200 mL of 1.2 of IPA and
MTBE followed by 200 mL of MTBE. The resulting crude product was dried under
vacuum at 55 °C for 2 days to give white solid (294 g, 92%). This crude product was
found to contain 91:9 ratio of the E and Z-oximes respectively by HPLC analysis. The
25 two isomers could be separated for analysis. 'H NMR (400 MHz, DMSO-d6) major (Z-
oxime): 8 8.99 (bs, 2H), 7.63 (d, J =84, 2H), 7.27 (d, J=8.4,2H),3.99(q,J = 7.0,
2H), 3.24-3.21 (m, 2H), 2.90-2.84 (m, 3H), 1.85-1.82 (m, 2H), 1.71-1.64 (m, 2H), 1.12
(t, J =7.0, 3H); minor (E-oxime): 0 7.60 (d, J = 8.4), 7.44 (d, J = 8.4),4.13 (g, J=7.0),
1.25(,J=7.0).
30 Example 8. Preparation of the Compound of formula VIli: The hydrochloride

of formula V (10.0g, 28.8 mmol) was free-based using ethyl acetate (100 mL) and

15% aqueous potassium carbonate (30 mL). TH& organic layer containing the free



WO 03/ 084950 PCT/ US03/ 09253 -28- base of fornmula VI was washed vvith wat er

(30 mL) and added to the conpound of formula Vil (7.5g, 30 nm? ?fﬂ@
m nutes of agitation, acetone cyanohydrin (2.9g, 35 mol) was gdstjt:g nd the

sol ution VRS K\igégrlﬁq to reflux. The reaction m xture was concentrate Vi a
at nospheri & Tation to 80 mL over an 8-10 hour period. PIHESEWEXct i on
was further distilled over a 4 hour period over which ethyl acetate saturated -
with water (100 nL) was. added in regul_aggporti ons during distillation.

Addi ti onal acetone cyanohydrin (1.5g, 17 mmol) was added and the resultant
m xture was dried azeotropically wth ethyl acetate. The reaction m xture
was allowed to cool to 25C. The solids were collected filtered, washed with

et hyl acelpafeoffeomuia) Vhwas avasbedivithawaies (aomk@%adm@tqmewcgﬂmm obf the

d of I N 5
62 (. ommpReT(F o pp e piher S5 mifes o SbisugoR, Sb4fig ¥ysRbRaGH £S5,
7.0 (d, JBEnﬁnJI)Was ddddd arﬂd ﬁte(éﬁlutlwm%%éﬁﬁﬁbdﬁo reﬂth T‘ﬂ\eQeémon]mrxturé) Hz,
2H), 3.4 (br, unresol ved, 3H), 2 (m 1H), 0 (m 2.5

(m_1H),
2.3 (s, 3mps cancerntrted yia emamrlcﬂletm@tloné@ BQgpL DyERAn @H) hQurlp@md ke

| ved, 1.7 | =.7,0 Hz,
Sty - T1sceerpron it oS RBes dyand Bl PR EVer Bty v duplersatyiuda
145.3, 1&9&%4&«1@0 Pk 438011y 1o PlodEfs BurABHAAGS, RIGAGHIC, 122.9.
117 .7, 71.3, 69.9, 42, 42.8, 42.3, 41.4,

41.0, 39. @eterre gyafmwnns(a gy, 17 mgol) wag atddeeene thesewltam\z rrsxtuaaw@s dmecb

13 5w PPl il ety aoptat; oogRaiiondidusies pyiitadins oS bR o
Pr epar at i D 96liddWeferaBIRsH fiterE@r WHkRed withldtAftdtdate oD M) arlPdfted h éﬁ" uene

50 nL) was slowy added to an a%tated slurry of the conpound of = 25 the dg
formiPa \oven toiaftadd)y.7 a (86%) obtherepmpound mEformuila Mlis sol uti on was then added

Tty o SMA RGN S afO%F%r%%[ﬂéet IR R T D e AT
M of watpe)g 4@k, é@gfiﬂ@(dwe @a?@'m ), 2YRLd, W%Gvﬁﬂﬁemfet%'%ﬂ LAtdsoivd @, 2. 5%

sodi um hydr oxi de a solution of 5. sodiumcitrate in 50
m of watBd), 4at‘néqtheri @HzaHRr3. 3(br, soresolvedina, mémz.(mgwmma.(cm Twhis2.9

concentr a(tme,d1 l-'ﬁngej (sv%?-Hu 5’.‘2t(%r aunnrglsolveg 5%& %'vgﬁapzpi?tg%E,PGt-zl)?%% (br,

15 unresolved, m, 1H), 1.8 and 1.7 {(br, unresolved, m, 5H), 1.2 {t, J = 7.0 Hz, 3H),
¥C NMR (400 MHz, CHCls, mixture of diastereomers)
0 156.1,158.3, 145.3,139.9, 134.4, 133.1, 132.6, 130.9, 130.6, 129.0, 126.3, 124.6, 122.9, 117
1,71.3, 69.9, 68.4, 60.5, 48.6, 47.3,459,442, 42.8,42.3,41.4,41.0, 39.3, 37.8,364, 36.0,3
5.1, 34.7,33.8,33.4,32.5,31.3,30.0, 28.7, 20.7, 194, 18.1, 16.9, 16.4, 16.1, 15.7, 15.1, 14.9,

20 144,138, 13.2. . M
M.P. 207.6 °C.
MS. Calcd for C2sHs4BrNsO3 568, found 568.

Example 9. Preparation of the Compound of Formula I: Trimethylaluminum

(‘20% in toluene, 50 mL) was slowly added to an agitated slurry of the compound of

25 the formula VIl (10.0 g) in 50mL of THF at —15°C. To this solution was then added
methyl magnesium chloride in THF (3.0M, 8.9 g). The. reaction was agitated at -5 to
0°C for 24 hours, and quenched into aqueous sodium citrate (10 g in 100 ml of water)
at 40-50°C. The organic layer was washed sequentially with 2.5% sodium hydroxide
(50 ml, twice), a solution of 5.0 g of sodium citrate in 50 m! of water, and then of water

30 (50 mi). The resulting solution was concentrated under vacuum to an oil {containing



WO 03/ 084950 PCT/US03/09253 -29- 9.27 g of actlve corrpound of forrrul al.
(94.3% . The title conpound was cr'ystalllzed fromt-butyl met hylee SETGIMWW)
to afford74g(75% of vvhite solids. '"H NWR (400MHz, CDCI3) 8 8 d J =
68Hz {d, J =8.1 Hz, 2H), 7.10 (m 2H), 6.98 o658 Hz,
23 z"rr'r\la%l"H) 4.04 (m 2 73,453 21 (m 2H), 5 ‘EEBRQ'(“Z%}“’M,
279(m 1 H, 2.45 and 2.42 (2s, 3H), 2.42-2.36 (m 1 H), 2.25 and 2.21 (2s,
3H), 2.16-2.04 (m 2H), 1.99 (m 1H), 1.78 (m 3H), 1.53 (m 2H), 1.38 (m
1H, 1.26-1.15 (m 1H), 1.17 (m 3H), and 0.91 (s, 3H). Alternative
Preparati on of the conpound of forrmula I: Trimethylalumnum (20%in toluene,

17 m, 2.0 eg s sIova added to an agitated slurry of co ound J
formul a VI 9£7(@0 #rtye Cfnﬁo%ﬁ)d ¢irformula | (gf“ 3tpie The il CE“PWJW SR CNSt?‘ﬁZQ ask
B, t hyl dded to 30 nL
B "ol BN RARBCR EsTN BT 4 TG s, added to

trimet hyl a1HJNMNI(M(D(2QB{ZI GOCH)uB®e14 @c? J #6.8 Rz084),.7. E@Qd Sd)i:lﬁil@’fz pR)fT.a6k B
was mai ntai ned at 35-40 C. The solution from flask B was added to the batch

at -2 to 2(nG.2Hhé.HalkK TES BEi tbd-234. 163 auth), 4l (v, 2han3.466¢héa. 2hi.o

organi § 1 209 Uk UERTe Iy 2ot B8, Sub S8k Tpad i 22 st 28

and then V\(zshswqtzﬂs(m (Fn) 2HTh1899¢ﬁu|1H)ng78Qhuan1%S(W(HH)eﬂGBa(tn@mHl der
vacuum and cont ai.ne ? activ ound of formula I. O 2. Preparation
of the Coni)@ﬁnméﬂmFéHr)m é7l(m 3"13)(%62)9 16, Idr)epar ation of the Conpound of

formul a X The gROROMRA Bfopd Qi 5inf ife q’ Phuls J%%ﬂgfamrﬂﬁgﬂk ng

provi si onal patent et T o ven

herew t h. (Bm%detomdr@ avensuzrrmeq)zwdslsﬁjvﬂwauﬂeda@@ﬂrm Blutly obebatppudd O S
O MeO)C DABCO F3C 25 To a solution of the

al cohidp coﬂﬁzf@UﬁH'a(\é@m@ 0 %rbB&Qédﬂ f?glnﬂbﬂf hhiFtate10 c% in flask A. In flask B, methyl
magnesium chloride (3Min THF, 17 mL, 3.0 eq) was added to 30 mL THF cooled at

20-30 °C. To this solution in flask B was added timethylaluminum (20% in toluene, 17

=

mL, 2.0eq). The solution in flask B was maintained at 3540 °C. The solution from
flask B was added to the batch at -2 to 2 °C. The batch was stirred for 6 hours and
15  then quenched into agueous sodium citrate (10g in 100 mL of water) solution at 40-50
°C. The organic layer was sequentially washed with 2.5% sodium hydroxide (50 mL )
and then with water (50 mL). The resulting sofution was concentrated under vacuum

and contained 9 g of active compound of formula 1.

20 2. Preparation of the Compound of Formula lll:

Example 10. Preparation of the Compound of formula X: The compound of

formula X was prepared as disclosed in pending provisional patent application Serial
No. 60/368,707 filed of even date herewith. The details are summarized below in

accc_)rdance with Scheme 3:

\\//

DABCO : Cl

To a solution of the alcohol compound (300 g, prepared following the
procedure described in Baroudy et al, WO 00/66558, published November 9, 2000)
and 1,4-diazabicyclo[2,2,2]octane ("DABCQ", 214 g) in 1500 mL toluene was added a

25



procedure described in Baroudy et al, MD 00/66558 publlshed hbvenber 9 E
2000) and 1,4-diazabicyclo[2,2,2]octane ("DABCO', 214 g) in 1?9@Epgwgoluene
was added a 29 SEP 2006 WO 03/ 084950 PCT/ US03/ 99253 -30- sol uti oh o
4- chl or obenxenassbionyl chloride (345 g) in 1500 nL tol uenepaf/&osiegper ature
between -5 to -15 Cover 1 h. The reaction mxture was stirred at -5 to -15
Cfor 1 h and quenched with water (1500 nL). The biphasic mixture was stirred
at r.t. for 2 h, settled, and the aqueou80l-ayer split off. The organic | ayer
was washed 5 with 0.5 Msulfuric acid (1500 nL) followed by saturated sodi um
bi carbonate (1500- nL). The crude product was isolated by vacuum
concentra Vi ol | owi ng
top. Al SPfen AR AHAERSREL o on b P S B SRE N ol Srbd o e rhe
pure sul f mperamremm.'ews-ﬁ ool ‘é@loaer pal él'hB?ida@;Won @ﬁlxmtr@h&s(sﬁﬁ&cﬁatg-é 4%
yield, mp.: 8 H NWR (CDCl 3): 7, Fh 56 (d, J to = 8.3 Hz,
2H), 7. 39—(151 szﬁy 1 fsa@dlqelaach%d Wﬁhwaéer (1@09 m! )3 T elh)pha:slcm)(tur@ was §tlrred 11. 1,

15 "pr epab e 2 i SHuetSand e aduddusiayd s i T Glhantt Bhet Ras Washed T 0P ©

and the NwBa®. EMTSEIrtmr&da@IdF(eBaZInﬁIB) foltwmed by salifratedddodi@mebithrbohlate NSOME‘O N
MA. M 000 OBn F3C\ 0.S | CK2CAB F3C\ | )r Bn O 15 mxed in a

i xt ur e ofnl{)oITlﬁ'@r@UE’Q@r%lydeWﬁf !&@bﬂt@ﬁmby VRCRUMAPNEENtTaRn.all Re SEHdsMaeRHalne

P coor ed. CAFRLEE ol Blog TRy s AREP A6 8  Bhu e ety " °

anal ysi s @bnt tmmemhmaheaﬂmemmlfbh@temreseﬁtchea@fsola&ea a8 p® geldw ( 85%
yield, RS/SS ratio: 95.9/4. 1% The N-al k{l ated product was isolated as the
HCI sal t . ctalRESQERBsEIda) vielhionpr. 8559 "¢l 31 NMBI (GD@s): 4 731(ml)2HB 696 (fl;’)rJ s 1

s 01( %’3%5 %S jaéb('ﬁ% 4r—?7 @@4 (@8?1-‘:(9;3,?4 Ja2, 1?")2%% (gé ) 41,2 §g71 (% i
7H) 3 307(45 AFBHB.601(dd4, Jd=36.1,3pid 4.3p1H3, 3. 3|H)(s, 35)

Example 11. Preparation of the N-alkylated product: The sulfonate

from Example 10 and the N-Boc-protected piperazine compound (16.6 g) were
MeO

H
[N:rMe
N
MeO Ny
o, .0 P : Me
g7 07 ~0Bn - ,H
N

S
= 0/ N
l O\ Q/\
N Ci KoCO4 FaC K/

15  mixed in a mixture of toluene (40 mL) and acetonitrile (40 mL) containing extra-fine

OoBn
F4C

o

j
e

potassium carbonate (14.0 g). This slurry was heated at 80-85 °C for 30 h and g
cooled. Solids were filtered and the filtrate was concentrated. HPLC analysis of the
concentrate showed the presence of 18.7 g product (85% yield, RS/SS ratio:
95.9/4.1). The N-alkylated product was isolated as the HCI salt. '"H NMR (DMSO-ds):

20 11.90, 11.51 (split br s, 1H), 8.07 (br s, 1H), 8.01(brd, J=6.6 Hz, 1H}, 7.86 (brd, J =
7.4 Hz, 2H), 7.37 (br m, 5H), 5.29, 4.69 (split br s, 1H), 5.11 (split br m, 2H), 3.00-4.30
(br m, 7H), 3.30 (s, 3H), 1.44, 1.36 (split br s, 3H).

25



2 9 SEP 2005 WO 03/084950 PCT/ U503/ 09253 ‘-31 Exarrpl e 12 Prepar atlon of the_
conpound of fornmula X and its tartrate:: MO MeO~ 6 N HCl D-Tartarjc Acid
, NNI1 F3C Ny OBn F3C\ ~NH D Tartrate X tartrate 5 The prq{d]ub&PHfb
Exanpl e 11 MSoFogypsowas heated in 6 N HCl (60 nL) for 1 h atpcPbsib@.43 and
cooled. The resulting m xture was washed with toluene twice and basified

W th sodi um hydroxide to pH>1 3. The basic m xture was extracted with

tol uene tw ce and back-washed with water-3iInce. The organic | ayer was
concentrated to give an oil. HPLC analysis showed 12.8 g free base (99%

yi el d) of the conpound 10 of Formula X. Pure free base (clear oil) was

obt ai ned after ) H),
4.16 (t, J = 5. = >t : Mﬁ%#—z?s
(m 1H), 2.64 (m 2H) 2. 46 (m 1H), 2. 31 (m 1H), 1.73 (br s, 1H, 1.18 (d,
J 6.3 Hz, 3H). To a solution of D-tartaric acid (7.6 9) in_135 nL net hanol
was added t he 1599h0ve free base in 35 nL toluene at 55-6%%@<over 1 h. The
resulting slurry was: h ated at 55-65 C fop.thficang cooled slowyjto 0 C. The

solids were f|| Ered, ed S B i sopropanol " (70 M), m' 50-55 C
under vacuumt Id th dehat e sate of the conpound of  Forgul a it e-solid
(mp.: 209. Fs 20 |eI d). 1H NMR (D20): 7.663%d, J = 8. A 2H)
7.49 (d, J 82Hz 2H) 4332(5 2H), 4.27 (t, J = 5.8, 201H), TS (

2H) , 3.38(m 1 H, 3.25 (dd, J, = 13 Hz, J2 = 3.0 Hz, 1 : 320(s 3H)
3.09 (m 1 H, 2.86 (m 3H), 2.68 (m 1 H, 1.21 (d, J 63“?&" te3H) . Exanpl e
13. Preparation of the Conpound of formula Xl: To a suspenS| on of 1008 of

pyri m di ne- 2, 4-di met hyl - 5-carboxylic acid &dl scl osed‘bé T. Kress noted
earli-ef), 111 glies pedsichEpmibramptenbh{th 4ge wasdiesied by © deHCAR0 odifont s

e LR i e o e S T L
peri od basified with sodium hydroxide to pH>13. The basic mixture was extracted with
toluene twice and back-washed with water once. The organic layer was concentrated
to give an oil. HPLC analysis showed 12.8 g free base (99% vyield) of the compound
10 of Formula X. Pure free base (clear oil) was obtained after flash column
chromatography. 'H NMR (CDCls): 7.58 (s, 4H), 4.16 (t, J = 5.7 Hz, 1H), 3.8C (m, 2H),
3.38 (s, 3H), 3.00 (m, 2H), 2.78 (m, 1H), 2.64 (m, 2H), 2.46 (m, 1H), 2.31 (m, 1H),
1.73 (brs, 1H), 1.18 (d, J = 6.3 Hz, 3H).
To a solution of D-tartaric acid (7.6 g) in 135 mL methanol was added the
15 above free base in 35 mL toluene at 55-65 °C over 1 h. The resulting slurry was
heated at 55-65 °C for 1 h and cooled slowly to 0 °C. The solids were filtered, washed
with isopropanol (70 ML), and dried at 50-55 °C under vacuum to yield the tarirate of
the compound of Formula X. White solid (m.p.: 209.7 °C, 17.7 g, 92% yield). 'H NMR
(D20): 7.60 (d, J = 8.2 Hz, 2H), 7.49 (d, J = 8.2 Hz, 2H), 4.32 (s, 2H), 4.27 (t, J = 5.8,
20 1H), 3.84 (m, 2H), 3.38 (m, 1H), 3.25 (dd, J1 = 13 Hz, J, = 3.0 Hz, 1H), 3.20 (s, 3H),
3.09 (m, 1H), 2.86 (m, 3H), 2.68 (m, 1H), 1.21 (d, J = 6.5 Hz, 3H).
Example 13. Preparation of the Compound of formula XI: Toa

@

suspension of 100g of pyrimidine-2,4-dimethyl-5-carboxylic acid (disclosed by T.
Kress noted earlier}), 111g of 4-piperidone monohydrate hydrochloride, and 99mL of

25 N,N,N’,N'-tetramethylethylenediamine (TMEDA) in 1L of acetonitrile at —10 to 0C,
102mL of methanesulfonyl chloride and 198mL of TMEDA were added over a period
of 6 hours. After the additions, the reaction mixture was agitated for 0.5 hour and

filtered. Methanesulfonic acid was added to the filtrate to precipitate the excess



of 6 hours. After the additions,- the .reaction m xture was agitated for 0.5
hour and filtered. Methanesul fonic acid was added to the filtrate to :
precipitate the excess 2 9 SEP 2006 WO 03/084950 PCT/ US03/ 09253 2B2Fp FMEDA
as its bis-welosossetonitrile was then displaced by i sopropylcTacsesadesvi a
azeotrope distillation. After the solvent displacenent, the m xture was
filtered again. The filtrate was concentrated, cooled to 15 to 20C for
crystallization. After filtration, the-®8t cake was dried under vacuum at
35-45C for 12 hours to gi ve 99-115¢g (65 5 75% of the conpound of fornula Xl
as light yellow solids. "H NWVR (400MHz, CDCI3) 5 9.02 (s, 1H), 4.16 (t, J =

6 8 Hz, 2 3.52 (s,
and ?M%éf\?’% Sstblstag a%étdfﬁ{"e ‘éxlég ’th‘% Q%H‘atcs 'FQP%#O?&??E corrpound of

f or mul a Xlalzebirope Uhallatwrrwmmdlse eblveat msblasemmdhélmmﬁﬂelﬂsamglteq&edtagm

cyanohydri_n: To a slur é of 50 g (0.11 nol) of the tartrate of }he conpound

of for mul e firatswaseensentrated iGpolrsbhiod 5 &2@@@ECW§t5§'&5\§‘PPOHﬁ8f ”1"5‘“0@ of
K2C®B in ﬁg\h}&cgﬁe %E%fne%cf’eq%guu%] 3%011% f8P1§‘@1%u?§ {orélgg {]E%p for 30

m nut es. e layers were separate gani ¢ layer was

sol utipn 7(5%)1cﬁtl§ecbrriﬁbﬁﬁﬂ dflﬂorhiﬂarm a@fhgv\ay@nowfsohdmwed by 150 m_ of water.
The organl C IS was azeotropically dried at 75-82C. The resultin
sol uti on muswédéaow:@ c@@mst%ozr@aw ) 015 F o iz, 3t 9.5 (tgd (06 B1185, i)

of the co ( ol  owed by 10
(0.11 rol 12568 ors ﬁbbéﬁgwﬁﬂr@) Bz sk ﬁsﬁgld'gwd%ﬂ{m stilled of f

Et OAc at a rat Ex@f‘ndleniu 'Pr@pﬁfﬁtlcﬁ'l BP S coMP e BF fsvenuRYRINFHAhE (5 i,

0. 055 nol) was added. The solufion was again slTowmy distilTed off 20 Et OAc at

a rate of comppinds of farmulassX andeXkol uti on was concentrated at 80-90C t 0,—~80

e Coed vy TEREataBol oo roB0Rr SRl T W i s oal . "o

stirred foptheléorhpwuirnd offfoemend xctfrmﬂSEiadnBS 2 :hoacm (1,3 cﬁEEt@AG: &Sblatdreom) s of

t he desired conpound of fornula XiI HOAc: To a slurry of 20

(44 ol ) 90¥f KRz iarB0amnk Qf)watﬁ@waa@elﬁ@dnﬁh@ﬁowpmwas stirged aheABIfer 39) .%

The Sot o MOROERE TR BYe R BinabiteR Pna ORI et Pacld iR sttt e

separ at ed.of T6¢ 6 BaDOs i 2@ mVaswatshRMowetilbyl P80 ML 6f water. The organic layer

15  was azeotropically dried at 75-82°C. The resulting solution was added more EtOAc to
reach 700 mL volume. Then 27 g (0.1155 mol) of the compound of formula X1 (from
Example 13) was added, followed by 10 mL (0.11 mol) of acetone cyanohydrin. The
solution was slowly distilled off EtOAc at a rate of 1mL/min for 6 hours. More acetone
cyanohydrin (5 mL, 0.055 mol) was added. The solution was again slowly distilled off

20  EtOAcat a rate of 1mL/min for 4 hours. The solution was concentrated at 80-90°C to )
80 mL of volume. EtOAc (50 mL) was added at 800C followed by 200 mL of Heptane. =
After seeding at 80°C, the solution was slowly cooled to room temperature and stirred
for 12 hours. The solid was filtered to give 52.5 g (87% yield) of the desired
compound of formula XIl. -

25 Using NaCN/HOAc: To a slurry of 20 g (44 mmol) of the tartrate of the
compound of formula X (from Example 12) in 160 mL of iPrOAc, a solution of 12 g of
KoCO; in 120 mL of water was added. The solution was stirred at 30-40°C for 30

minutes. The layers were separated. The organic layer was washed with 120 mL of

water. The organic layer was azeotropically dried at 80-90°C. Then 10.8 g (46 mmol)
30~ of the compound of formula X! was added, followed by 3.2 g (66 mmot) of NaCN.
After chafging 3.8 mL (46 mmol) of HOAc, the slurry was heated to 70°C and stirred

for 1 hour. The temperature was raised to 90°C and stirred for another 2 hours. After



wat er. The organic | ayer was azeotropl cally dr| ed at 80- 90C Then 10. 8 g (46
mol ) 30 of the conpound of fornula Xl was added, fol 1 owed by 3.2 g (66 mmopl)
of NaCN. After charging 3.8 nL (46 nmol) of HOAc, the slurry E}h fed to
70C and stiwEshoshay 1 hour. The tenperature was raised to %ﬁz,% y&a=p I red
for another 2 hours. After 29 SEP 2096 WO 03/054950 PCT/ US03109253 - 33-
cooling to roomtenperature, a solution of 5 g of K2CO3 in 50 nL of water was
added. The solution was stirred for 10_mgnutes. The | ayers were separated,
and organic |ayer was azeotropically dried under vacuumto a volume of 25
m.. The solution was heated to reflux and 20 nL of iPrQOAc was added,

for ' 2o botg S tERbRGs, BGIFLY 55 APRPRIER M, PPRRG PR BAES, |,
g (91 % yieldolafioh hasddisetadr cormmauRe. dfhd REH ereddparbtctieing dkganic layer

Preparation of the conpound of forrmula Il fromthe corrpound of Tormula Xl I:
To a sol utwam aeeoBeplggﬁ) eseﬁmmerovacwmderm vetume ®ff 2 mola ke salutiorswas of

THE at 15-20 I ien, T ne

Fol 1 oved_ By-ared Waitefls 7 Tcs frcfta Rs S, Bualie B 100 7, SR Fidune
bet ween 20FRDQurihRas bubley tvadoft ternﬁ;@@l'aﬁirear@r 3%Jr§rfoﬂohﬁédrt§y 04mdor Pafours.
quenched b_éntransferrl ng into a sol ution of of sodiumcitrate in 510 nL

wat er Hhe aolikugerfterekeihavieths T(UBE. yldﬁbO?&‘;@d@SIm eorwpangtaddogndla
or ganic i lI ayer was washed with 250nL of 5% NaCH twi ce. The organic | ayer
was azeot epl cally dried under vacuumto give an oil containing 79 g of

active conpouncEx#hpfeotSpreplarati¢éd2ttbie eompodhe ofdonnAuRdnl frbni ggul as | and
1] nay be converted to the respective acid salts of fornulas TT and |V by

reacting iempsusdieffprmulaXl: it Jo asslutien.of Sach (15Emmaeltaheemesuad ef wel |

EPSY/\?sé onapﬂﬁgltazﬁtl H % I cacﬁf:qlg_rl]@ g:glb;?‘r QSﬁlﬁb[@ﬁg@@?gﬁﬁng? gg,ﬁggl bot h

filed Noverdleen@Owa288ded, Fhikywarhlpy 459 anbe¢452riibRioe MdMgOl U0 Wl BHF) at a
phar maceut i cal tu%ngo& tions usi ngbt echni ques well knowy to those skilled in

“the art, _atemnara emeenLLBR e FlyEY weédstlrr@dta%@ QnCéfoé’nhWﬁeand\o
00/ 66559 I h t
‘t hat many m)d | céﬁ Wﬁar&sﬁ%@{gi Imésé SBE’&% gé of QO& {]&S§H§{<épﬂp effebn{.rm éf =

di scl osur Guatbﬂtahatt@mpéﬁmneédeﬁweeﬁﬂﬁgw(}mﬂhe M@rs WEre separated and organic
15 layer was washed with 250mL of 5% NaOH twice. The organic layer was
azeotropically dried under vacuum to give an oil containing 79 g of active compound
of formula (1l (95% vield).
The compounds of formulas | and Hll may be converted to the respective acid
salts of formulas il and IV by reacting with a suitable acid, if so desired. Such
.20 techniques are well known to those skilled in the art and are also described in pending
R provisional patent applications, Serial No. 60/334,330 and 60/334,331, both filed
November 29, 2001. They may also be formulated into suitable pharmaceutical
compositions using techniques well known to those skilled in the art, as well as the
techniques described in the afore-mentioned WO 00/66559 and WO 00/66558.
25 1t will be apparent to those skilled in the art that many modifications, variations
and alterations to the present disclosure, both to materials, methods and reaction
conditions, may be practiced. All such modifications, variations and aiterations are

intended to be within the spirit and scope of the present invention.
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conditions, may be practiced. Al such nodifications; variations and . ,
alterations are intended to be within the spirit and scope of-zt hﬁgpm@@ent :
invention. 30 2 9 SEP 2006 WO 03/084950 PCT/ US03/09253 -34 CLAl VWhat is
clai ned i s:wb.o3lspsocess for preparing a piperidine of formpca/dopne2sDOMN O
Br \ | NCH3 N tNg O said process conprising: (a) reacting a conpound of
formula Vi EO HC ON, Sr \' H Vtowth a base to liberate the free base
of the formula VI: EtON Br \ HN VI -@4)- reacting the conpound of formula
VI with the conpound of formula VII 0 OHICNi N\ OCH3 VI

CLAIMS
What is claimed is: |
1. A process for preparing a piperidine of formula (1}:

@
zg
o
T
(&)
N,

said process comprising:
() reacting a compound of formula V:

EtO.
N

|
N.
Br H

A

10  with a base to liberate the free base of the formula V1:

(b) reacting the compound of formula VI with the compound of formuta Vii

| 7
0] ch N
(@] CH3
VH

15  and acyanating compound, to preparé the compovund of formula VIil:



15 and a cyanati ng conpound to prepare the conpound of fornula VIII 2.9
SEP 2006 WD 031084950 PCT/ US03/ 09253 -35- EtO, Nj O CN H3C N % '
NOCH3 VIl and (c) reacting the conpound of formula VIII ﬁ E8 200 5

net hyl - met alwgndogse or ganonetal lic reagent to yield the conpeyipdyfferfor nul a
|. 2. The process of claim1l, wherein said base in step (a) is selected from
the group consisting of (i) a netal hydroxide, oxide, carbonate and a

bi carbonate, wherein the nmetal is selectgg._fromthe group consisting of
l'ithium sodium potassium rubidium cesium beryllium mgnesium cal cium
strontium barium alumnum io indium thallium titanium zirconium
cobalt, copper, silver, zinc, caggaum nercury and cerium or (ii) a netal
salt of a Cl1-Cl2 al kanol, a C3-CI2 uycloal kanol, a (C3-C8 cycloalkyl)C, -GC5
al kanol ; ammoni a; a Cl- C12 al ky je; a di (G- C12 al kylam ne; a C3-C8

cycl oal kyl am ne; a N (C3-C8 cyg ; g@ Cl2 alk I)an1ne a di (C3-C8
cycl oal kyl )am ne; a (C3-C8 c a ky%§ 6

N (C3-C8-cycloal kyl)C, -CG 1 ;
cycl oal kyl ) C, -C6 al kyl - N- ( C3- C8 } dd((C, -Co6
cycl oal kyl ) C1-C5 al kyl ] am ne; and a heterocyclic '
group consisting of imdazole, triazole, pyrrolidgne, cpiperidine,

-hept anet hyl enei m ne. nbrpholine, thionorpholine and a 1-(Cl-C4

al kyl ) pi perazine, and nixtures thereof. \80 3. The process of claim 2,
wher ein sal d base is K2CO3. 4. The process of claim1l, wherein said cyanating
compound i f gtep (b) is

(c) reacting the compound of formula VIl with a methyl-metai and an

Ds organometallic reagent to yield the compound of formulia 1.
2. The process of claim 1, wherein said base in step (a) is selected from the
group consisting of (i) a metal hydroxide, oxide, carbonate and a bicarbonate, wherein
the metal is selected from the group consisting of lithium, sodium, potassium,
rubidium, cesium, beryllium, magnesium, calcium, strontium, barium, aluminum,

10 indium, thallium, titanium, zirconium, cobalt, copper, silver, zinc, cadmium, mercury
and cerium; or (if) a metal sait of a C4-C1; alkanol, a C3-C4; cycloalkanol, a (C3-Cg
cycloalkyl)C4-Cs alkanol, ammonia; a C4-Cy; atkylamine; a di(C,-C42 alkyl)amine; a
C3-Cg cycloalkylamine; a N-(C3-Cs cycloalkyl)-N-(C4-Cy2 alkyl)amine; a di(C3-Cg
cycloalkyl)amine; a (Cs-Cg cycloalkyl)C4-Cg alkylamine; a N-(C3-Cg-cycloalkyl)C4-Cs-

15 alkyl-N-(C4-C12 alkyl)amine; a N-(C3-Cg cycloalkyl)C4-Cg alkyl-N-(C3-Cg

J cycloalkyl)amine; a di[(C4-Cs cycloalkyl)C1-Cg alkyllamine; and a heterocyclic amine
selected from the group consisting of imidazole, triazole, pyrrolidine, piperidine,
heptamethyleneimine, morpholine, thiomorpholine and a 1-(C4-C4 alkyl)piperazine,
-and mixtures thereof.

20 3. The process of claim 2, wherein said base is KoCO:s.
4. The process of claim 1, wherein said cyanating compound in step (b} is
selected from the group consisting of HCN; acetone cyanohydrin; cyclohexanone
cyanohydrin; a mixture of (C;Hs)AICN and Ti(OPr)4, a mixture of acetic acid, H.SO04;
NaHSO,, KHSO; or Na,S,05 with NaCN or KCN; NaCN and acid; KCN and acid;

25 trimethylsilylcyanide; glycolonitrile; mandelonitrile; glycinonitrile; acetone amino nitrite; -

dimethylaminoacetonitriie; and mixtures thereof.



selected fromthe group consi st| ng of HCN acetone cyanohydrl n ) cycl ohexanone
cyanohydrin; a m xture of (C2H5)2AICN and Ti ((OPr)4, a mxture of acetic acid,
H2SO4;  NaHSO4, KHSO3 or Na2S2C5 with NaCN or KON, NaCN and aéf &fP ki and

acid; 25 tripgbhdisdol yl cyani de; glycolonitrile; mandel onitripef/usosngss
gl yci nonitrile; acetone amno nitrile; dinethylam noacetonitrile; and

m xtures thereof. 2 9 SEP 2006 WD 03/084950 PCT/ US03/09253 -36 5. The
process of claim4, wherein said cyanatisigconpound i s acetone cyanohydrin.
6. The process of claim1l, wherein said cyanating conpound is used in about
0.9 to about 3 nol ar equivalents. 5 7. The process of claim1, wherein step
(b) contai Ivent S(ﬁé:?%so vent bein ster nitri.le, ether,

hydr ocar bor e(p[gceesss i vghereﬂ‘bs%a&yggg %QCBWPHPQ IS %%tlo@?n sai d

sol vent iscf‘érﬂiﬁ dagetate. 9. The pr ocess of claim1, wherein said

or ganonet al eagent in step (c) sel ected fromthe group consi sti ng of
tri met hyl abumi nling prodesishoficiaioni rwmremosaldmahgllrt@canmepunenmwedmaboutd) 9
tetramethy| tin. 10.. The cess of claim9, wherein said trialkylalumnumis
trimet hyl aiotﬁ’rt?%rﬁm ?qu‘\*ﬁ’@? EiFbt:ess of claim 10, wherein said

trimethyl ayum ny ng?ode%%%f'dhtﬁtbp%h&eﬁt sﬂeB (Bﬁ@éﬁtaﬁt@lsélﬁleﬁﬂ‘ébt@écﬁ%ﬁt H&IF\?

respect to the conpound of formula WV rocess of claim1l, where
sai d met hyén estea) nilrite setbpr, (mr)irocsarbefh ecnnxtufea)ttmere@‘ t he group consi sting of
met hyl nmagpesi neS| net h magnesi um i odi de

hl d
and et hyl 1|tm‘$n°"qo‘}roelss%§é’%§%cé’%%e t”%’?'gum HR’PE“ ISRy ‘he"ééd met hyl -metal s
met hyl maggesi errhegtt}éys'sctﬁ clahéh 1 W?er@frpﬁé%r%én&hétdm&ea%ﬁfiﬁ'sﬂeé%)%Step (c)

is perforned in a vent, said 20 solvent Deing an ethér, hydrocarbon or
m xt ur es t seleetefl frabs tha geoywr coredstingfofdtimiethylaluntieur, tricthyldlucinpound of

formul s | fsliher reached: i amapydl© forman acid sait of the  (J
10.  The process of claim 9, wherein said trialkylaluminum is trimethylaluminum:
11.  The process of claim 10, wherein said trimethylaluminum is used in about 0.9
to about 6 molar equivalents with respect to the compound of formula VI.
12.  The process of claim 1, wherein said methyl-metal in step (c) is selected from
15 the group consisting of methyl magnesium chloride, methyl magnesium bromide,
methyl magnesium iodide and methyl lithium.
13.  The process of claim 12, wherein said methyl-metal is methyl magnesium
chioride.
14. The process of claim 1, wherein said step (c) is performed in a solvent, said
2o solvent being an ether, hydrocarbon or mixtures thereof.
15.  The process of claim 1, wherein said compound of formula 1 is further reacted

with an acid to form an acid salt of the formuia ii:

O
CH, |
N
]
O

16. The process of claim 1, wherein in step (¢), said organometallic reagent and
25 said compound of formuta ViIl are combined first and then said methyl-metal is added

to the combination.

.



/ 0 CH3 1 Br "ONN Acid NI I 16 The process of clalml whereln in step‘
(c), said organonetallic reagent and ‘25 said conpound of fornula VI11 are
conbined first and then said nethyl-netal is added to the cor‘rtzl NgEpi 2008. 29
SEP 2006 WOwWQ3/:@84860 PCT/ US03/09253 -37- 17. The process qfcﬁlr@gmﬁs
wherein in step (c), a portion of said organonetallic reagent and said
conpound of formula VIII are conbined to forma first mxture, said

. ~methyl -metal and remai ning portion of saig¢ .organonetallic reagent are

conbined to forma second m xture, and said first mxture and said second
m xture are then 5 conbi ned. 18 The process of claim1, wherein said

conpound of-, for. re ess Sih cting

2, 4-di met hyl'ni c ﬁrogeg%pﬁcl\%, 3[?% it e??r&é 8&1‘0& s[ah%%é%q(n@% F’I de:
coca H3C r@bgeﬁtcar(daéanaeeeﬁgdwdtdf%mwg vahlp8 b@%ﬁecﬁc%r&ﬁa fivdt iflxthr®ig2gd | done
hydrochl ori dé nonohydrate to formthe compound of formula XIV: 0 HBC N N

CH3 XIV anethykinetadiafidziemgining mmuﬁalaldforgmcume@llm reagenhagncaonrbioedttot o
formthe ound s of for The Cess f claiml wherein
sai d ox: adnin Beteoap i o pde et miSimere SR GeEond iR AR fren

m chl o¢ opefdpstiged c acid; phthalic anhydridel urea-H202; KVhO4; oxone; ozone;

i norgani c peracid; peracetic acid;, Na2WX; a m xture. of benzonitrile,
18.  The process of claim 1, wherein said compound of formula Vi is prepared by a

process comprising:

(@) reacting 2,4-dimethylnicotinic acid with oxalyl chloride to form the acid chloride:
coc!

\"‘u»’ ch CH3

X

10 (b} reacting the acid chloride of step (a) with 4-piperidone hydrochloride

/N

monohydrate to form the compound of formula XIV:

and
: ) (¢) oxidizing the compound of formula XIV with an oxidant to form the compound
15 of formula VI
| 19.  The process of claim 18, wherein said oxidant in step (c) is selected from the
- group consisting of m-chloroperbenzoic acid; phthalic anhydride/ureaQHzoz; KMnO4;
oxone; 0zone; inorganic peracid; peracetic acid; Na,WO,; a mixture of benzonitrile,
H.O, and methanol; and a mixture of trifluoroacetic acid, H,O2 and H,SO,.
20. 20. The process of claim 19, wherein said oxidant is oxone.
21.  The process of claim 20, wherein said oxidation in step (c) is performed in a
solvent.

22. A process to prepare a piperazine of the formuta Ili:



H202 and net hanol ; and a mxture of trlfl uoroacetlc aci d H202 and H2804

20

20. The process of claim 19, wherein said oxidant is oxone 21, The process of

claim 20, wherein said oxidation in step (c) is perforned iZd SEP @gﬁ\ﬁent 22.
A process to prepare a piperazine of the formula I11: 22%c5kds 2006 29 SEP
2006 38 ~OVe / | IN~ NN~ FC't \W/ / 1138\ N said process conprising: (a)
reacting a conpound of formula X C ||, 0 CH3 N F3C Nwth a conpound of
formula XI: O ~ HNC N N) OCH a’n a cyanating conpound, to formthe
conpound of forrmula XI1: Ca, CCNO E13CCH3 wvvll// N-N and

bﬁ

(a) reacting a compound of formula X
/ CH,

! \' /‘?
{: Fsc/<j/\ k/N\H

with a compound of formula XI:
0, H;C N
=
1086
N SR
o} CHa

and a cyanating compound, to form the compound of formula XII:

said process comprising:

and

(b) reacting said compound of formula XIl with a methyl-metal and an
organometallic reagent to yield the compound of formula lil.

23. The process of claim 1, wherein said cyanating compound in step (a)
is selected from the group consisting of HCN; acetone cyanchydrin;
cyclohexanone cyanohydrin; a mixture of (C,Hs)-AICN and Ti(OPr),, a
mixture of acetic acid, H;SO,; NaHSO,, KHSO; or Na,S,05 with NaCN



(b) reacting said conmpound of formula XIlI with a nethyl-netal and an . :
organonetallic reagent to yield the conpound of forrmula 1. za ‘E@@] process
of claim1l, wherein said cyanating conmpound in step (a)- is"s 99@ bt r om t he
group consisting of HCN;, acetone cyanohydrin; cycloheXa¥8d®6cyanohydrin; a
m xture of (C2Hs)2AICN and Ti (OPr)4, a mXture of acetic acid, H2SO4;

NaHSO4, KHSO3or Na2S24P8<GEN;INAGICEN@ AciBFRCRCGOEA acR9tribtdh2dyEyaside;or KCN;, NaCN

and acid; KCN and acid; trinethylsilyvlcyanide:. .glycolonitrile:

mandel onitrile; gl ycigﬂﬁoﬁorr\'tﬁﬁ; ”é@i?'Bﬁhﬁ%ﬁ@ﬁWHﬁ"ﬁgi %:g?one amino nﬁnte,

di met hyl am noacet oni tdimethyladidoatetdnitrile sandvaixenés thédeof The process of claim 2,
wherein said cyanatzi n&{co ounq @S;n cetone c anoh%/dri n_or .m xture of

sodi um cyani de andZ4cH18 ROSRSSPT M Zrersingald eyanating compaund i BF-PRE st ep ( a)
contains a solvent, sgafoh@itih\oeatmikiareof sodiuestihidendridradetic agither, hydr ocar bon
or m xtures thereof cesswg%r@cl aim4, wherein said spolvent is

26. The pr ,
ethyl acetate i sopf8p\i€ prQE%ﬁszfﬁé.%"Q?: NFBR (8 Sogeins a;$ahyert, rein said

organonetal | i ¢ reagendohent Béiﬁ?’an_@bﬁer,irﬁtrifé?bméf, difccaioh b€ nittoneR tsrasf sting of
trimethylal um num _ triethylalumnpum tri etha)l/l orane, nethyl zjinc and

! ¢ € y !
tetranethyl tin. 285 MRPBEeRsed slagp 4o whsiginsaidirlyant /5 iyl AcBiaiseRePYl | i ¢
reagent is trinmethylgetggnum 29. The process of claim1, wherein said step
(b) is performed in_a_solvent, said solvent being an ether, hydrocarbon or
m xtures thereof. 26.Therroppsscisiaimf, wheriein spid gigapenatallisirergetiictieR] of

formula 111 is furtheg) st e @Bt{z\ﬁ&érﬁéiéﬁﬁg foPfriciyIAGthusRl t of the
formula I'V: 70 Md salt INFs(%_a' VN N "~ _
triethylaluminum, friethylborane, methyl zinc and tetramethyl tin.
28. The process of claim 6, wherein said organometallic reagent is
trimethylaluminum.
29. The process of claim 1, wherein said step (b) is performed in a solvent,
said solvent being an ether, hydrocarbon or mixtures thereof.
30. The process of claim 1, wherein said compound of formula Il is further

reacted with an acid to form an acid salt of the formula |V:

/OMe

jege

F,C N /N

108 ¢)

[0}

31. The process of claim 1, wherein said compound of formula XI is
prepared by a process comprising condensing pyrimidine-2,4-
dimethyl-5-carboxylic acid and 4-piperidone monohydrate
hydrochloride in the presence of a base and an acid halide in a
solvent. V

32. The process of claim 10, wherein said base is N,N,N’,N'-tetramethyl
ethylenediamine, said acid halide is methane sulfonyi chloride and
said solvent is acetonitrile.



0 31. The process of claim1, wherein said compound of fornmula Xl.is
prepared by a process conprising condensing pyrim dine-2,4- ) ‘
di met hyl - 5-carboxylic acid and 4-pi peri done nonohydrat e hydrO(zms(EPiZQ@ inth
presence ofW&0p4883and an acid halide in a solvent. 32. Themqruwogsessf claim
10, wherein said base is NN N ,N -tetranethyl ethyl enediam ne, said acid
hal i de i s net hane sul fonyl chloride and said solvent is acetonitrile. 2 9
SEP 2006 WO 03/084950 PCT/US03/09253 -#4®-34. A conpound of formula IV
prepared by the process of claim30. 35. A conmpound of the forrmula: 0 O H3C
N N OCH3 36. A conpound of the formula: EEOQ, NO \ NCNWN Br N O CH3

37. A comppunda ehmigbiohif Totdiila e Etepdted By hebroBelEBr cidfn 3b. compound of the

35. A compound of the formula:

7
O H3C N
O CH;

36. A compound of the formula:

EtO.
N

| ;
N TN HaC _N
Br =~ ’
o] CHs
37. A compound of the formula:

O, H3C N
T L
N ¥ -N
O CHj
38. A compound of the formula:

T

/ CH3-

10 39. A compound of the formula:

Q, H4C. N
=
N N
_ 0 CHj3



H3C CH3. NON io0 39. A conpound of the fornmula: Q¥ FI3C N N CI-B 29 SEP
© 2006 WO 03/084950 PCT/US03/ 09253 -41 40. A conpound of the & r . Et 0 Hg
N EtO No CHa 41. A conpound of the formula: EIO HAC N EtQ 5 42.
phar maceut AP BBosi t i on conprising the conpound of for mf@/¥¥38f2%¢| ai m
33. 43. A pharnmaceutical conposition conprising the conpound of fornula Il of
claim 34. 44. The process at claim1l, wherein said nethyl-netal in step (b)
is 10 selected fromthe group consisti-fd of methyl nagnesium chl ori de,
met hyl magnesi um brom de, nethyl nagnesium iodide and nethyl |ithium 45.
The process of claim 12, wherein said nethyl-netal is nethyl magnesium
chloride.40. A compound of the formula:

EtO Ha N
=
EtO
N \
0 CHg

41. A compound of the formula:

>

8] CHs
5 -~ 42. A phammaceutical composition comprising the compound of formula Il of claim
33.
43. A pharmaceutical composition comprising the compound of formula Il of claim
34.

44. The process at claim 1, wherein said methyl-metal in step (b) is
10}

selected from the group consisting of methyl magnesium chloride,
methyl magnesium bromide, methyl magnesium iodide and methyl

lithium.

J ' 45. The process of claim 12, wherein said methyl-metal is methyl
magnesium chloride.



