7 9 JUL 2005 WO 03/084942 PC | /US03/09275 Stereosel ective Al kylation of
Chiral 2-Methyl-4-Protected Piperazines Field of the Invention This
application discloses stereosel ective alkylation of chiral 2-alkyl-

pr ot ect ed pi perazines, with the reaction being catal yzed by |nor9a ﬁb}Wa@@s
Thi s appIWUSPVWH*BIarnE priority fromU.S. provisional appPtE&ti¥12Seri al
No. 60/368,707, filed March 29, 2002. Background of the Invention

St er eosel ecti ve al kyl ation of chiral amnes with an al kylating conpound is
an inportant reaction in organic synthesis. Generally, a suitable |eaving
group is placed on the al kylating conpound which is then reacted with the
chiral amne in the presence of. a base. The base absorbs the by product
aci d. Suit abl Stereasels hifevlafig ehifal 2Veidvéy ad Piperag

tosylate and the |ike. Typrcally, the base used is an organrc base such as
a tertiary am ne. Exanples of suitable organic bases are pyridine,
triethylamne, N N-diisopropylethylamne, 2,2,6,6-tetranethyl pi peridine
("TMP") and the |ike. Thus, for Qﬁémnhﬁheﬂnviagah eta!, Bioorg. Med. Chem,
(2001) 11 2143-2146 describe the synthesis shown in Schene 1, where TWMP is
used as the organic base in the alkylation reaction: 9 JUL 2005 'VO
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This application discloses stereoselective alkylation of chiral 2-alkyl-4-
protected piperazines, with the reaction being catalyzed by inorganic bases. This
application claims priority from U.S. provisional application, Serial No. 60/368,707,
filed March 29, 2002.

Background of the Invention

Stereoselective alkylation of chiral amines with an alkylating compound is an
important reaction in organic synthesis. Generally, a suitable leaving group is placed
on the alkylating compound which is then reacted with the chiral amine in the
presence of a base. The base absorbs the by-product acid. Suitable leaving groups
include moieties such as halide, mesylate, tosylate and the like. Typically, the base
used is an erganic base such as a tertiary amine. Examples of suitable organic bases
are pyridine, triethylamine, N.N-diisopropylethylamine, 2,2,6,6-tetramethylpiperidine
(*TMP") and the like. Thus, for example, J. Tagat ef al, Bioorg. Med. Chem., (2001) 11
2143-2146 describe the synthesis shown in Scheme 1, where TMP is used as the

organic base in the alkylation reaction:



Schenme | U. S. Patent Application, Serial Nunber 09/562,814, filed May 1,
2000, , incorporated herein by reference (now U. S. 6, 391, 865), discloses the
following reaction to prepare the compound of Fornula VI. The conmpoung o 2005
Formula VI WO B4t ermedi ate in the synthesis of the conpoR@BUsFBorsnul a
VII which is also described in the above-noted CH OV Mlfe CSO CH3 HN~
NBC FNV CHOw NNBOO F3CVI O / N~ F3C\ 6N~ NIl NN O VI
1.9 JUL 2005 WD 03/034942 PCT/US03/092752-3- 814 patent application. The

" 814 patent application discloses the conpound of Forrmula VIl as an

ant agoni st of the CCR5 receptor. AnJagonists of the CCR5 receptor are known
S and rel ated V infections. CCR-5

to be useful
receptors have al sg to weditate cell tfransfer ininflammtory
di seases such 8 matoi d arthritis™ at opfe dermatitis,
psoriasis, asthma
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Scheme 1
U.S. Patent Application, Serial Number 09/562,814, filed May 1, 2000,
incorporated herein by reference (now U.S. 6,391,865), discloses the following
reaction to prepare the compound of Formula VI. The compound of Formula Vi is an
intermediate in the synthesis of the compound of Formula VIl which is also described

in the above-noted

CH,OMe Me

0S0,CHs HN/,H
+ K/NBOC
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allergies, and inhibitors of such receptors are expected to be useful in the
treatment of such diseases, and in the treatnent of other inflamratgf

“di seases or conditions such as inflammatory bowel disease, multiple 97 JUL 17005
scl er osi s,weobigioergan transplant rejection and graft v. RE3tUSHI¢BaSe. In
view of the inportance of antagonists of the CCRS receptor, inproved

-met hods of maki ng such antagoni sts and/or their intermnedi at es are always of
interest. There are two inportant criterPa in stereoselective al kyl ation of
amnes. It is inportant to obtain high yields of the desired product and it
i's inport&m pamn}bepdhrcaaidnhé"hepawtpateritraaplpilig@ti@hd'rs&losmsr‘thé;conﬁlﬁmmd dfor
exanple, in the reactl on depicted i t here are é:(Sér al centers

in the st VHa®n antaocRisiel e é%mem%ﬁaﬁm%% etGyBPyecepier
roul L35k KiphB PBANENT RN B A e gy pRmRBNRCER o

par ti cul aecemtaes havy alsbdddrerdpogieestt rexdiate cebganbiee in (aenrmbioraliseestsr
undergoes inversion during the reaction as indicated,) This can also be
stated as$uRh@s atheit @aéwéeﬂqwi aythefis ratghic desmaditisypegrigsiv.iasthimaang react i on.

those. aedhPIaien Aot iqtePER) SudPhapto iRy ReE e LEGEI PR Flh Rl |

obt ai ned smlchm@e&@ssaghd W the fraéﬂnmerﬁfoffb‘tﬁemﬁﬂéd‘mwaiesy dedaé&s 5) cosditiens soact he
undesired (R S) isoner. This necessitates further separation steps, . adding

to the castinflammatpry b%e'oﬁégea%ﬁurau!ﬂ@'eoml%rpﬁwaSﬁll@@&a%gﬁaéﬁiam we@fortw
desired |somer hg&' Vﬁ&&é&b'm VRS B tﬂ%wceydﬁrﬂégo%{sho%e'é@hﬂg%ﬁt‘oﬁna'

processi step ere fecessar nvention Ih on
enbodi rrenmprcb\bucsrrienmﬁ@fcmakﬁ@m awtsg@me&s@hcﬁot thedr iatdryatiates ape @besys f or
preparing _a conpound of Fornula VIII: WO 03/084942 PC1, LI S03/092?5 19 JUL

2005 -4 Fingeresy X, NH VIII wherein X is a substituent on the aromatic
ring, There are two important criteria in stereoselective alkylation of amines. It is

important to obtain high yields of the desired product and it is important to produce the
product in high chiral purity. Thus, for example, in the reaction depicted in Scheme 1,
there are two chiral centers in the starting materials, with R and S configuration
respectively. One would ideally like to obtain a high yield of the product compound of
Formula Il but also prefer to obtain the (S,S) in the product (in that particular reaction)
to the highést extent possible. (One chiral center undergoes inversion during the
reaction as indicated.) This can also be stated as high stereoselectivity or high
selectivity ratio in the reaction. In reactions where an organic base is employed as the
catalyst such as those described above in Scheme 1, yields of about 50-65% of the
product is obtained with a selectivity ratio of 3:1 of the desired (S,S) isomer to the
undesired (R,S) isomer. This necessitates further separation steps, adding to the cost.
It will be desirable to obtain a higher selectivity of the desired isomer, preferably also

in higher yieilds, with minimal additionai processing steps where necessary.

Summary of the Invention

In one embodiment, this invention teaches a stereoselective alkylation process

for preparing a compound of Formuia VIlI:



nis an integer ranging from1l to 5 and denotes the nunber of X noieties
which,may be the sanme or different each X being independently selected from
the group consisting of alkyl, halogen, hal ogenated al kyl, al koxy, ar¥8 JUL 200
aryl oxy andVOeveddryl; and Z is selected fromthe group cE&AIiLSHi/MG of

al kyl, al koxyal kyl, aryl, heteroaryl, heteroarylalkyl and aryl al kyl; said
process conprising (a) reacting, in the presence of an inorganic catalyst in
a solvent, a conpound of Formula IX: z GSQ2Y i LX where X, n and Z are as

defined above, and Y is selected fromthe_group
hal ogenat ed al kyl, or aryl with said aryI%being
al kyl, nitro or halogen; with a conpound &f For
03/ 084942 PCT/ LS03/09275 -5- Me HN~rl | yG=
group consi sting of al kyl, hal
aryl al koxy, and (b) renovin
a base. The present process;™"
catal yst instead of an organ
compound of Formula VIl in high>yields (which
a nmol ar basis fromthe Vil

consi sting of alkyl,

ionally substituted with

a X 19 JUL 1005 WO

re Gis selected fromthe
kox aryl, aryloxy and

by treatnment with an acid or

CH2OWe, | by enployi ng an i norganic

i | y_phBduces the desired

ans at |east 50%yields on

wherein X is a substituent on the aromatic ring,

n is an integer ranging from 1 to 5 and denotes the number of X moieties which may
be the same or different each X being independently selected from the group
consisting of alkyl, halogen, halogenated alkyl, alkoxy, aryl, aryloxy and heteroaryl;
and

Z is selected from the group consisting of alkyl, alkoxyalkyl, aryl, heteroaryl,
heteroarylalkyl and arylalkyl;

said process comprising

(&) reacting, in the presence of an inorganic catalyst in a solvent,

a compound of Formula IX:

X 0S0,Y

X
where X, n and Z are as defined above, and Y is selected from the group
consisting of alkyl, halogenated alkyl, or aryl with said aryl being optionally
substituted with alkyl,' nitro or halogen;

with a compound of Formula X:



conpound of Forrmula I X with high preferred stereochem cal content (which in
this instance neans at |east about a 2:1 nolar ratio of RS stereochenistrﬁ
to S, S stereochem stry respectively). In fact, in nost instances, as1Ond/L 2003
EXAMPLES sexo npes49ehows, when Z = CH2OWve, the present invenPCVeSpm/oCceEss

yiel ded a stereochem stry ratio of better than 90: 10 of the RS to the S 'S
‘respectively in the conmpound of Forrmula VIII. The denoted stereochem stry
of RSand S,Sin Fornula VIIl assumes -tShat Z has priority over the aryl in
t he nam ng convention. Wien Z= nethyl, the desired as well as the obtained
maj or isoner was S;S. Wien Z= nethyl, Mehe S, S and R S stereochemi stry in
the conmpound of Formula VIII is depicf§ed bel ow, where the letters S and R

i ndicate the stereochem stry at the rdspective chiral carbon atom

indicated: CH CHL CH1 CH3 S S ' 1 RN5 SRS The inventive

stereosel ective al kylation of a dlY ral ani ne, especially a chiral 2-
al kyl - 4- prot ect ed pi perazi ne, resuLtt':;{

i gh yields and high

stereosel ectivity. As stated abov t he_gonpounds represented by Formul a
VIl are desired internediates 19 J 05 O 03/084942 PCT/ GS03/0927>
-6- for the preparation of CCRS5 receptor antggonists. Thus, the present
invention affords an efficient process to priepare such CCR5 antagonists. In
anot her enbodi nent, the present invention di €1 oses a novel process to

sel ectively prepare a nono-4-protected 2:qret hyl pi perazine fromits
correspondi ng 2- nethyl pi perazine in high yields, said process conprising
react i ng whete 8-is setavjepirpar the groun adnsitiogtofalky kalogguated|ant, akowy, aryl,
protecting gfagfqg in g solvent, wth the reaction being catalyzed by an
aci d cat af YRV GAWAKOYEN A st . An exanple of such nono- 4- prot ect ed

2- et hy! pjgyer al?énﬁ'@vih% thdreceomm s ohy freatHb @ With BRéacid 8F Bbasel ectively
prepare" réfers to the preparation of” a 4-protected 2- nethyl pi perazine with
at | east about The ossqit precens wdlenr £ gi GiYpebid, ibyi amploling an ssrgaric gatalyst

instead of an organic base, surprisingly produces the desired compound of Formula

VIl in high yields (which means at least 50% yields on a molar basis from the
compound of Formula X with high preferred stereochemical content (which in this
instance means at least about a 2:1 molar ratio of R, S stereochemistry to S,S
stereochemistry respectively). In fact, in most instances, as the EXAMPLES section
shows, when Z = CH,OMe, the present inventive process yielded a stereochemistry
ratio of better than 90: 10 of the R,S to the S,S respectively in the compound of
Formula VIli. The denoted stereochemistry of R,S and S,S in Formula Vil assumes
that Z has priority over the aryl in the naming convention. When Z= methyl, the
desired as well as the obtained major isomer was S,S. When Z= methyl, the S,S and
R,S stereochemistry in the compound of Formula VIil is depicted below, where the

letters S and R indicate the stereochemistry at the respective chiral carbon atom

indicated:
CHs CHs CHs CHy
xR s
i Xy s s N ! “%
, P NH ! P NH
5,8 RS

The inventive stereoselective alkylation of a chiral amine, especially a chiral 2-
- alkyl-4-protected piperazine, results in high yields and high stereoselectivity. As

stated above, the compounds represented by Formula VIl are desired intermediates



the 4-position over that at both the 1- and 4-positions, and at |east 95%
preferential protectlon at the 4-position over that at the 1-position. -

Det ai | ed Description In one enbodi ment, the present invention disclosk$ AL 1005
novel , easyP8¥¥&42 process for preparing a conpound of For RGITA'SWI927F n hi gh
yields and high stereochem cal purity. In another enbodinent, it discloses

a novel process to selectively nonoprotect the nitrogen atom at the
4-position of a 2-nethyl pi perazi ne. The-ifventive process to prepare the

compound of Formula VIII is illustrated below where the conpound of fornula
VI Il has fohthalpfdapairaiionsf KOG, recefttor ‘&mmg;@n@ts areugdhé pees et oventiandafitrds
- CH2- OCH3: 9gJUL 005 VWO 03/ 084942 P 803/ 09275 7 H3CO H3CO\ M= Me
i nor gani AThEEISIENYRreERIHVI0 PIEPAreSYE egenidlys 0o xi x H3CO Me xN |

/'L ---~ Tart tﬁtﬁwcﬁﬁ&t ebodlrhént, {hé\Héé%ﬂ:t %bbhn&%dls%é%@'? not¥&@rdtess to

selectively prepare a mono-4-protected 2-methylpiperazine from its corresponding 2-
methylpiperazine in high yields, said process comprising reacting said 2-
methylpiperazine with about a molar equivalent of a protecting reagent in a solvent,
with the reaction being catalyzed by an acid catalyst or a base catalyst. An example
of such mono-4-protected 2-methylpiperazine is the compound of Formula X. The
term “selectively prepare” refers to the preparation of a 4-protected 2-
methylpiperazine with at least about a 80% preferential regiospecificity of protection at
the 4-posﬂion over that at both the 1- and 4-positions, and at least 95% preferential
protection at the 4-position over that at the 1-position.

Detailed Description

fn one embodiment, the present invention discloses a novel, easy-to-use
process for preparing a compound of Formula Vit in high yields and high
stereochemical purity. In anbther embodiment, it discloses a novel process to
selectively monoprotect the nitrogen atom at the 4-position of a 2-methylpiperazine.

The inventive process fo prepare the compound of Formula Vill is illustrated
below where the compound of formula VIII has the definitions X=CF3, n=1, Y and G
are defined above, and Z= -CH,-OCHs:



The conpound of Fornula Xl is prepared as follows: MeO MeO YS02CI . OH OS02Y
F3C Base F3C Xl | XI The conpound of Formula X is prepared as foII % Ul\ﬁ
M. GOOM HN HN ~NH Acid or Base ~NUG X1l x O where Gis defined apovdlafil
Mis -C, Y00B99420C2H5_ The synthesis of the conpound of pEDUSU /@2 has
been reported by B. M Baroudy et al, W 0066558, the disclosure of which
is incorporated herein by reference thereto- However, the nmethod enployed
therein is quite tedious; additionally,-7in order to achieve the desired
selectivity during the nonoprotection, Baroudy et al had to enploy a
cunbersone 19 J'JC 1005 WO 03/1184942 PC7;/ US4i 3/ 1192 %8 - 8- process.
Applicants have row achi eved the nonopr ot ection with the ck& r edwme
selectivity much nmorg sinply as i§ described later in this Pescription.
Simlar to the prepa ation of the corrpound of . For mul X

he conpounds or Milas XV

\ i ng which
XV  was conve 0 an’¥nal og of th corrpound of V| Zl\&isyréow
met hyl : CH, CH7 CH, Hs R Y@rgam Cc bdse , \i’l)(%OaSU
% : FC

\ Me

——— Tartrate salt of VIO
NH

VIII (Z= CH,OCHs, X=CF5)

XV

»
v

The compound of Formula Xl is prepared as follows:

MeO MeO
YSO,CI

OH 0S0,Y

FsC Base F4C

Xl Xl

The compound of Formula X is prepared as follows:

Me Me
GCOM
HN HN
NH Acid or Base N
X1 X

where G is defined above and M is —Cl, -OCOG or OC2Hs. The synthesis of the
compound of Formula X has been reported by B. M. Baroudy et al, WO 0066558, the
disclosure of which is incorporated herein by reference thereto. However, the method
employed therein is quite tedious; additionally, in order to achieve the desired

selectivity during the monoprotection, Baroudy et af had to employ a cumbersome



CH O )CVSFCoI1IN~H VIIlI (2= "As and X= CF3) Again, as in the case
of the preparation of the conpound of Fornula XIV, an inorganic base)&ygsmém%
used in the above-noted reaction to prepare the conpound of Formuld -
found to offer significant advant ages over the use of an organic base, in
terms of yi Y4 éfﬁ&l*-ster eocheni cal content. The conpounds of PESRIBIEETXVI
and Formula XVII were prepared as described by B. M Baroudy et al, WO
0066558. Details are in provided in the anpl es section below. Wile the
preferred reagents and reaction conditions for the various steps in the
inventive process are described in detail in the Exanples section, the
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ficat f t di.cated, shall b
o st oogelmmtivhy BuRundt PR e gRRHE It e AL et e
hydrocar bon gretrmmocrﬁe%paﬁatw@ﬁtaatcoﬁr oUMEHTSeh AR KITOTRY EShpeuddent 1

to about 20 carbon atons in the chain. Preferred al kyl groups contai n about
1 to aboutX\1@asgrbparesifomms tha congpahmaisrof Adymelqe ElVéand KV bl feijdowiggoubish XV

t bout 1 t bout 6 b t t hed 19 JuL
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such as nethyl, ethyls,or propyl, are attached to a |inear alkyl chain.’
"Lower al kyl" rreans 4 group havi ng aloyt | to about 6 carbon: a’r“glqs7 in the
chain which ma e ghto or bran . Theotetdnre" subs gt edhvalskyl " nmeans
that the al kyI p may $e substitiuted by one or nore stityentsi which

may be the, 15 dlfféreﬁ each st&gyent bei ng I me€pende N“S@erected
fromthe group conS|st|ng of hal o, alkyl, aryl, cycloal kyl, cyano, hydroxy,
al koxy, al kylthio, ,amno, -NH(alkyl), -NH(cycIoaIkyI) -N(alkyl)z,
-N(cycl oal kyl )2, -NH(aryl), -N(aryl)?ﬁ car boxy and -CXC»C}afkyl.
Non-limting exanples of suitable al kyl groups include nethyl, ethyl,

n- propyl, isopropyl, n-butyl, t-butyl, n-pentyl, trifluoronethyl, benzyl and

CHs

- — oL

VIl (Z= Me and X= CFs

Again, as in the case of the preparation of the compound of Formula X1V, an
inorganic base was used in the above-noted reaction to prepare the compound of
Formula XV and found to offer significant advantages over the use of an organic
base, in terms of yields and stereochemical content. The compounds of Formulas XV
and Formula XVl were prepared as described by B. M. Baroudy et al, WO 0066558.
Detaile are in provided in the Examples section below.

While the preferred reagents and reaction conditions for the various steps in
the inventive process are described in detail in the Examples section, the following
summarizes the details.

As used above, and throughout the specification, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:

"Alkyl" means an aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain. Preferred
alkyt groups contain about 1 to about 12 carbon atoms in the chain. More preferred

alkyl groups contain about 1 to about 6 carbon atoms in the chain. Branched means



cycl opropyl methyl. "Aryl" means:an aronatic nonocyclic or nmulticyclic ring
system conprising about 6 to about 14 carbon atons, preferably about 6 to
‘about’ 10 carbon atoms. The aryl group can be opti onal | y substituted Vi § UL 2005
one or norwo'e3osgr4gyst em substituents” which may be the satfel/br3dPiferent,
and are as defined herein. Non-limting exanples of suitable aryl groups
-include phenyl, tolyl, chlorophenyl, and.naphthyl. "Aral kyl" or "aryl al kyl"
means an aryl-al kyl- group in which the %ryl and al kyl are as previously
described. Preferred aral kyls conprise a | ower al kyl group. Non-limting
exanpl es thdt ang eramiose iveana/iyl groups sustepsdretbigh 241Y] op el hge affghed to a

et eroanyrar el Tl AT RS E FRba TRl phg TPy S Bel
conpri si RERABMEthSchAnaath nidy Hé REarhe BB bratchlker Thk Ye@Rostbditltedaout 10
ring atons, in which one or nore of the ring atons is an el enment other than

carbon, foeansdhmbtiee amvkgr@gemﬂabbyg?@ﬁsbﬁut@hbf/ GNE QI IBnke mb$tmuammwh1@t Ny,
Pr ef t I t t, 5 t.0.abou

P et o e NELSLRL N BBPN 2R Aon SRRt BB B e FFL: o
subst i tugﬁq@@p c@hsxgﬁn@ef/hﬂ@ b/, %erc%ﬂoéiki/lf @%e 2 hy@i'?&(yaraﬂ&c@@ alefthined

herein refix aza, oxa ofr fore t eteroaryl root nane neans

that at an@a@t WW'KY‘ngH(Cm@@@H) oN(%'&Y'?erNéQYt@fﬁa“eé)pedﬂH(@V'Q -N(gnphesent as

e cor canuniat! RELSREA I B Bhlkn,rabrapeClly CORR B B VT

include pysthgly ethydymazopy] isop tpgnH-butyd Wbu®i| mﬁentﬁytrnﬁa@whethrymmzpﬂa'rid

thienyl, pyrimdinyl, isoxazolyl, oxazolyl ; t hi azoI yl and the |ike.
03/ 08494 ZyFOprarsiBetus7 ~ 19 JUL 2005 10 "Hal 0" means fluoro, chi oro

or ot ot red are BPunams Ahr i aaigeydE Rl fiR e e A o e,

or i odi neabobit 8ftelabedt at eathdrnaionss, pr@ﬂ@lr@wly@@ogfGb@@ﬁbnemmebdmé@nm eftey r ed
are bromi ne and chlorine, "Acyl" neans an al kyl -C(O)- group or an aryl -C(O) -

group i n aHiFAUR KaNA&KgPLionaly S&byvt%ﬁ%wag 0@@@ IO Yindesustemebstietand to
;lhﬁyf’ar e%hn?i%%{yyt%% ﬁweé( gén@}ég% ogffleergﬂffj %Oé%'as (Féfﬁ're%f A& PN lxﬁﬂmgaé%rﬂpl'egwer
of suitable aryl groups inciude phenyl, tolyl Chlorophenyl and naphthyl.
"Aralkyl" or “arylalkyl” means an aryl-alkyl- group in which the aryl and alky! are
as previously described. Preferred aralkyls comprise a lower alkyl group. Non-limiting
examples of suitable aralkyl groups include benzyl, phenethyl and naphthlenylmethyl.
The bond to the parent moiety is through the alkyl.
"Heteroary!l" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the ring atoms is an element other than carbon, for example
nitrogen, oxygen or sulfur, alone or in combination. Preferred heteroaryls contain
about 5 to about 6 ring atoms. The "heteroaryl”" can be optionally substituted by one or
more "ring system substituénts" which may be the same or different, and are as
defined herein. The prefix aza, oxa or thia before the heteroaryl root name means that
at least a nitrogen, oxygen or sulfur atom respectively, is present as a ring atom. A
nitrogen atom of a heteroaryl can be optionally oxidized to the corresponding N-oxide.
Non-limiting examples of suitable heteroaryls include pyridyl, pyrazinyl, furanyi,
quinolinyl, pyrazolyl, imidazolyl, thienyl, pyrimidinyl, isoxazolyl, oxazolyl, thiazolyl and
the like.



groups include acetyl, propanoylr and butanoyl and benzoyl. "Al koxy" neans an
al kyl -O group in which the al kyl group is as previously described.
Non-limting exanples of suitable al koxy groups include net h01y et hﬂq ¥.9 JUL 2005
n- propoxy, Weophpeky, benzyl oxy and heptoxy. The bond to t HE ﬁ‘aﬁ"é/ﬁf "froi ety

Is through the ether oxygen. "Aryloxy" neans an aryl-O group in which the
aryl group is as previously described. Non-limting exanples of suitable

aryl oxy groups include phenoxy and naphtﬂ@oxy. The bond to the parent noiety
i's through the ether oxygen. "Al koxycarbonyl"™ neans -C(O O al kyl, wherein

the al kyl is a8Hplodwmears fuordeshlorddaromipor liddn giaupseRasferes! anedluade, chloro

nmet hoxycar bonyl , et hoxycar bonyl, enzyl oxycar bonyl and the like. The term
" hal ochr bBFlgf%Q?a‘T‘WP‘(}/r?é)F%l%éy%ar H{o @%%ﬁﬁ E0:al kyl - O C(O) - hal 0, for
exanpl e, al kyl “lﬁ%ogeﬂﬁ AHRsSudfin®, cRlonk, SRIRET 8F [BRfife. MIeRaYdd SH Mg mat e

and the |Iike. g system substituent™ nmeans a substituent attached to an
aromati c chioniog-ordiromae,cand mgre psfemedtare toromare erdechlcginer epl aces an
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alkylheteroar roxyal kyl, Koxy halo,
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prepare the conpound of For mul a X é(ge co oung of Formula XIl is reacted
with a suBFRHRA NERCEAELY oPraPGIRM @D %”@ ENgP¥sence of a suitable
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chl ori de, tﬁ'rog RPe e ?ﬂ"’ nchlori de 4-chl orophenyl sul fonyl chloride and
the like. ane su fony chloride, p-toluenesul fonyl chloride and

~ 4-chlor ophenyl "Aglidxofiyheard aniadg-Q@r graupsh which the aryl group is as previously
described. Non-limiting examples of suitable aryloxy groups include phenoxy and
naphthoxy. The bond to the parent moiety is through the ether oxygen.

“Alkoxycarbonyl” means —C(O)O-alkyl, wherein the alkyl is as previously
described. Non-limiting examples include methoxycarbonyl, ethoxycarbonyl,
benzyloxycérbonyl and the like.

The term “halocarbonyloxyalky!” refers to groups such as alkyl-O-C(O)-halo, for
example, alkyl chloroformate, e.g. ethyl chloroformate, benzy! chloroformate and the
like.

"Ring system substituent” means a substituent attached to an aromatic or non-
aromatic ring system which, for example, replaces an available hydrogen on the ring
system. Ring system substituents may be the same or different, each being
independently selected from the group consisting of alkyl, aryl, heteroaryl, aralkyl,
alkylaryl, heteroaralkyl, alkylheteroaryl, hydroxy, hydroxyalkyl, alkoxy, aryloxy, acyl,
aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl and aryloxycarbonyl.

[n order to prepare the compound of Formula XI, the compound of Formula Xl
is reacted with a sulfony! chloride of formula YSO-Cl in the presence of a suitable
base. A solvent may optionally be employed in the reaction. Non-limiting examples of
YSO.Clinclude methane sulfonyl chioride, triflucromethyl sulfonyl chioride,

nanofluorobutyl sulfonyl chloride, 2,2,2-trifluorosthyl sulfony! chloride, benzene



preferred. Non-limting exanples of suitable bases include, for exanple,
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molar equivalents.

The compound of Formula Xl may be dissolved, dispersed, suspended or
otherwise suitably distributed in a mixture containing the solvent'and base (or the
base only if the base itself is the solvent), and the reaction mixture stirred or otherwise
suitably mixed to facilitate the reaction. The reaction may be performed generally at
about —10°C to about 50°C, preferably at about —10°C to about 40°C and most
preferably at about —5°C to about 20°C, for about 0.5 to about 10 hours generally,
about 0.5 to about 5 hours preferably and about 1 to about 3 hours most preferably.
The product of Formula XI may be isolated and purified by methods well known to
those skilled in the art of preparing sulfonates. If pure enough, it may be subjected to
the next stage of the reaction sequence directly without a separate purification.

The compound of Formula X is prepared from a compound of Formula Xlil
which is commercially available as well as its salt. The preparation of the compound
of Formula X!l is also reported in the above-noted B. M. Baroudy et al, WO 0066558.
The compound of Formula Xlil may be mono-4-protected by reacting with the
compound GCOM (where G is as defined above) under base catalysis or acid

catalysis. For a base catalyzed reaction, inorganic bases such as, for example,



pot assi um car bonat e, sodi um bi carbonate and the |ike, or organic bases such
as, for exanple, pyridine, triethylam ne, DABCO, N, N-diisopropylethylam ne
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was subst msqwer}t) @1@041\11 mo%st B@@@ﬂﬁétaéidysumabbl mémsciof ptthereaetion pregsad on 4

Versus poges&e%colr}\pletlon The reaction may be performed generally in temperature ranges

of about —10°C to about 50°C, preferably at about —10°C to about 40°C and most
preferably at about —5°C to about 30°C, for about 0.5 to about 60 hours generally,
about 1 to about 50 hours preferably and about 1 to about 40 hours most preferably.
The product of Formula X may be isolated and purified by methods well known to
those skilled in the art. It may be analyzed for regiospecificity and chemoselectivity
using analytical techniques such as, for example, NMR and HPLC, as is well known
to those skilled in the art. In a typical example, where GCOM was ethyl
trifluoroacetate, an 85% yield of a mixture of 4-trifluroacetyl-2-methyl-piperazine and
1,4-bis(trifluoroacetyl)- 2-methyl-piperazine (88:12 molar ratio) was obtained. Such a
preferred chemoselectivity of mono-N-protection (essentially free of the N,N-
diprotection) in a reaction involving a 2-methylpiperazine is advantageous
commercially. Additionally, the regioisomer, of 1-trifluroacetyl-2-methyl-piperazine,
was not detected. Thus, the reaction was substantially and almost completely

regiospecific (meaning position 4 versus position 1).



WO 03/ 084942 PCT/ CSO3R072-5 1 9 JUL 2005 -13 The reaction of the conpound
of Formula Xl with GCOM may be catal yzed by acid instead of by-a base.

Sui tabl e acids are preferably weak acids and include, for exanple, ac t'ﬁ
aci d, propiWRileO&WI, benzoic acid, oxalic acid, citric aci Cantsop et ke JUL 2005
and m xtures thereof. The acid may be enpl oyed in about 1-10 nol ar
equi val ents generally, 1-6 nolar equivalents preferably and 2-4 nol ar
equi val ents typically, based on the conpdund of Formula XiII. A solvent nmay
optionally be enployed. Nonlimting exanples of suitable solvents include,
for exanple, VWphereadlopobithe dossdunasef Harmulexaimplite, GaeiMansy be elat@nodd by
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HPLC, as'i nown 'to those s erart. ‘exanpl e,
where GCOM was benzyl chlorofornmate, an 89%yield of prodffct contai ni ng
~nore than 98 nolar percent of 4-benzy[oxycarbonyl 2-nethyl pi perazine was
obtained. Additionally, only 0.5 %of the regi oi sonmer

1- benzyl oxysaploByEti@aARydYde, Ki-RDURA dRRrbNRRe dptiBOOED.  ~O O-Bu),

halocarbonyloxyalkyl compounds (such as, for example, methyl chloroformate, ethyi
chloroformate, benzyi chloroformate) and the like. The compound of Formula X1l may
be dissolved or otherwise suitably distributed in a mixture of the solvent and the acid,
GCOM may be added and suitably mixed to let the reaction proceed to desired
completion. The reaction may be performed generally in the temperature ranges of
about —10°C to about 50°C, preferably at about —10°C to about 40°C and most
preferably at about —5°C to about 30°C, for about 0.5 to about 15 hours generally,
about 0.5 to about 10 hours preferably and about 0.5 to about 5 hours most
preferably. The product of Formula X may be isolated and purified by methods well
known to those skilled in the art. It may be analyzed for regiospecificity and
chemoselectivity using analytical techniques such as, for example, NMR and HPLC,
as is well known to those skilled in the art. In a typical example, where GCOM was
benzyl chloroformate, an 89% yield of a product containing more than 98 molar
percent of 4-benzyloxycarbonyl 2-methyl piperazine was obtained. Additionaily, only
0.5 % of the regioisomer, 1-benzyloxycarbonyl-2-methyl piperazine, was detected.
Again, such a high regiospecificity and chemoselectivity of mono-N-protection in a

reaction involving a 2-methylpiperazine are surprising.



Agai n, such a high regiospecificity and chenosel ectivity of

nmono-N-protection in a reaction involving a 2-nethyl pi perazine are
surprising. WO 03/084942 PCT/US03/092731 9 JUL 2005 -14 The corrpounds1 @f 2005
Formul as XIWARH03¢94%ay t hen be reacted in the presence of arrdmgngarms' Ak
to obtain the conmpound of Fornmula XIV (where X= CF3, n=1 and Z= -CH2- OCH3)

in high yields and high stereochem cal purity. (This reaction incidentally

is also a stereosel ective al kyl ati on of- the am ne of Fornula X using the

al kyl ati ng agent of Formula XI.) The conpounds of Formulas Xl and X are
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bel ow. example, a carbonate, bicarbonate, phosphate, borate, sulfite and mixtures thereof.
Specific catalysts include, for example, K.CO3, NaHCO3, NazPO4, CaCOs3, NaBO;
and K,SO3 and mixtures thereof. About 1:1 to about 1:5 (preferably about 1:2) molar
equivalents of the compounds of Formulas X! and X are used in the reaction. The
reaction may be performed generally in temperature ranges of about 10°C to about
130°C, preferably at about 50°C to about 110°C and most preferably at about 80°C to
about 110°C, for about 0.5 to about 60 hours generally, about 5 to about 50 hours
preferably and about 10 to about 40 hours most preferably. The product of Formula
XIV may be isolated and purified by methods well known to those skilled in the art. it
may be analyzed for stereoselectivity using analytical techniques such as, for
example, NMR, HPLC and the like, as is well known to those skilled in the art.

Several illustrative preparations are detailed in the EXAMPLES section below.

In a typical reaction where the starting compound of Formula X! had a S/R
stereochemistry ratio of 96.4: 3.6 (mole:mole), a product of the Formula X!V ((where
X=CFj, n=1 and Z= -CH,-OCH3) was obtained in about 85% yield with a RS/SS
stereochemistry ratio of about 95.9: 4.1. Such a high stereochemical purity in the N-

alkylation of amines in general, and 2-methylpiperazines in particular, has commercial



In a typical reaction where the starting conpound of Fornula XI had a SIR
stereochem stry ratio of 96.4: 3.6 (nole:nole), a product of the Fornula XV
‘({where X= CF3, n=1 and Z= - CH2- OCH3) was obtai ned i n about 85%3yi el di -$iltb 2005
a RS/SS stwepepehes stry ratio of about 95.9: 4.1. Such a hPgh/USI3M927
stereochem cal purity in the N alkylation of amnes in general, and

-2-met hyl pi perazines in particular, has comrercial 1 9 JUL 2005 WD 03/084942
PCT/ USU3/ 09275 - 15- advantages. For conpdadson, essentially the sane

reaction was run using an organic base, diisopropylethylam ne, instead of
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may be analyzed and/or checked for purity by conventional methods such as, for
example, thin layer chromatography, NMR, HPLC, melting point, mass spectral
analysis, elemental analysis and the like, as is well known to those skilled in the art.
The following nonlimiting EXAMPLES are provided in order to further illustrate
the present invention. While the EXAMPLES are described herein as the preparation
of the compound of Formula Vil (where X= CF3, n=1 and Z= -CH,-OCHj or Z= CHj3),
it will be apparent to those skilled in the art that many maodifications, variations and
alterations to the present disclosure, both to materials, methods and reaction
conditions, may be practiced. All such maodifications, variations and alterations are

intended to be within the spirit and scope of the present invention.

EXAMPLES
Unless otherwise stated, the following abbreviations have the stated meanings
in the Examples below:
HPLC= High Performance Liquid Chromatography
m.p: melting point

b.p.: boiling point



conditions, may be practiced. Al such nodifications, variations and
alterations are intended to be within the spirit and scope of the prfiﬁgt 2005
i'nvention. EXAMPLES Unless otherw se stated, the follow ng abbreviati

have the st &Wstani ngs in the Exanpl es bel ow. HPLC= Hi ghpgm"?‘bsf‘ﬁaﬁce

Li quid Chromatography mp: nelting point b.p.: boiling point 19 JUL 2005
WD 03/ 084942 PCTI US03/ 09275 -16- mm mil{d neter NVMR= nucl ear nagnetic
resonance spectroscopy DMBO= di et hyl sul f oxi de THF= Tet rahydrofuran nlL=
mlliliters g=.grams rt or r.t.= roomtenperature (anbient) dr:

di astereB?fErﬁB"”?‘Q? o In the followi ng Exanples, yields in the various
reaction e it ' RS/ SS or SS/RS ratio is quoted
as a nol g‘rmprqat | 0. %ﬁﬁ%?%wlﬁsgpggglﬁipfgﬂgﬁ%rrpound of Formula X (G = CF3)
from S- 2DMeO=R/dipigikeylaulifodé base cat al yzed) (highly regiosel ective
rmno-l\l—prﬁfe_c ion): %g Me CF3000Et HN HN NH Base KN-O000F3 To a m xture of
(S)-2-m & WEPB@ ¥JOHEa020 g, from Deepwater Chenicals, Wodward,

Okl ahoma), a,_n{;him?[té?sssi um car bonate (extra fine, 55.2 g) in 200 nL THE was
added ethyl[ trifluoroacetate (119 m-) at 0 C over 1 h. The m xture was
stirred gFEgr@ne for 18 h and then at r.t. overnight. Solids were renoved by
filtration and the

rt or r.t.= room temperature (ambient)
dr: diastereomeric ratio

In the following Examples, yields in the various reactions are quoted on molar
basis, and the RS/SS or SS/RS ratio is quoted as a molar ratio.

Example 1. Preparation of Compound of Formula X (G = CF;) from S-2-

methylpiperazine (base catalyzed) (highly regioselective mono-N-protection):

Me

Me
/l\ CF3COOEt ~
HNT ™ ~  HN
K/NH

Base L\V/N

“COCF,

To a mixture of (S)-2-methylpiperazine (20 g, from Deepwater Chemicals,
Woodward, Oklahoma) and potassium carbonate (extra fine, 55.2 g) in 200 mL THF
was added ethyl trifluoroacetate (119 mL) at 0 °C over 1 h. The mixture was stirred at
0 °C for 18 h and then at r.t. overnight. Solids were removed by filtration and the
filtrate was concentrated. HPLC analysis showed that 33.5 g product was contained
in the filtrate (85% yield). The mono-protection to di-protection product ratio was
about 88:12.

The product can be purified by column chromatography (gradient elution, initial
solvent composition: 40% heptane, 40% ethy! acetate, and 20% isopropanol; final
solvent composition: 60% ethyl acetate, 40% isopropanol). Yellow oil. 'H NMR
(D20): 4.41 (m, 1 H), 3.85 (m, 1 H), 3.23 (m, 0.5H, one rotamer), 3.09 (m, 1H), 2.86
(m, 3 H),2.51(t, J=11.8 Hz, 0.5 H, the other rotamer), 1.99 (br S., 1H), 1.14 (split d,
J =6.3 Hz, 3 H). '

The regiochemistry was confirmed by converting the crude product to 1-t-

- butoxycarbonyl-4-trifluoroacetyl-2-methylpiperazine. Its regioisomer, 4-t-



filtrate was concentrated. HPLC anal ysis showed that 33.5 g product was

caontai-ned in the filtrate (85%yield). The nono-protection to di-protection

product ratio was about 88:12. The product can be purified by columqg JUL 2005

chr omat ogr apRY3(§t°ati ent el ution, initial solvent conpositiraT/uAB%hept ane

40% et hyl acetate, and 20%|sopropanol, final solvent conposition: 60%

ethyl acetate, 40% i sopropanol). Yellowail. "HNWR (D20: 4.41 (m 1 H),

3.85 (m 1 H, 3.23 (m 0.5H, onerotarre1r7)', 3.09 (m 1 H), 286 (m 3 H,

2. 51 (t, J =11.8 Hz, 0.5 H the other rotaner), 1.99 (br S., 1 H, 1.14

(split d butdxy@a&JcsmHzl-tnSudaﬂoacéh)é-Z mgtndpipriazing waasof detécted dybSF d8ARer t i ng
duct . to

t he crude

but oxycar(gm$’-14t’PPfoP(Vﬁ%ﬁb8é‘¥‘ef‘Qf'ﬂ‘iorﬁéf’ﬁt}’l -sipethylaiprRrazings -6&8P0ioterdt4-t wo
03/08494 B 1 -tRf drefe %227#% 69.42, -69.44).

but oxyca%ﬁ‘g >§W'a£ trifluoroacet etME}'PSFaﬁé?eazi ne was 'no% detected by 19F
NVR (CDCl 3, ExarhpleoyRmydaratibndeftCofmpoamahofFprmbianXt (G FiDBa) fmmn Be2-
-68.63, -69,29;. ) , L -trlfluoro cet_ | - 2- met hyl pj per azi ne:
_69 42 _t A‘.N.f':ag 3'5;.:‘;7 2% I -g-l-.- O —-a-‘n.n. ::a 5’.. -.\:.o 'LA."_ . n)
from S— 2- net hyl pi perazine (acidic catalysis) (highly regioselective
nmono- N-protection): M Me BnOCOCI HN HN - NH HOAc COOBn  To a solution of
S- 2- et hyl pi per azi ne (100(32 in methanol (1200 m Mg and water (400 niL) was

charged 180 nL acetic a Benzyl ERPEPST or rrate s added over a period of
90 m n at about 0-10C er agltat_Urr‘ar_a'bout Cfor 1 h, the reaction
m xture was diluted with 'éH and ni%re was cLone'éF@é@égd to renove

met hanol . HPLC anal ysis showed that the ratio of nono-acyl ation vs.

di -acyl ati on Hrcnahsottéiowas‘ S-gbvethyaparazites( 108sa)l in inmgthagqaed@o 0k} ame weder

\(Nggge% WI)(ELQQ]ET g\lﬁgsgg@%’r%%%% hﬁ%e;@q%c?@gﬁeln%%eghlo\’%?orgwaa Eafv&aesdacy\é(at&] ogeSro/a0 NaOH
period of 90 min at about 0-10°C. After agitation at about 0-10°C for 1 h, the reaction
mixture was diluted with water and mixture was concentrated to remove methanol.
HPLC analysis showed that the ratio of mono-acylation vs. di-acylation products was
about 98/2. The resulting aqueous mixture was washed with toluene (300 mL). The
aqueous layer was basified with 25% NaOH (690 mL) and extracted with toluene (700
mL). The toluene layer was concentrated and residual solid sodium acetate was
removed by filtration. HPLC analysis showed that the concentrate contained 208 g
product (89% vield). The product thus prepared is very clean and can be used in the
next step without further purification. HPLC analysis showed that the sample
contained about 0.5% regioisomer (1-benzyloxycarbonyl-2-methylpiperazine).

Pure S-4-benzyloxycarbonyl-2-methyipiperazine can be obtained by vacuum

distillation (clear oil, b.p. 136 °C/1 mm). 'H NMR (CDCl3): 7.31 (m, 5H), 5.09 (m, 2H),
3.98 (m, 2H), 2.84 (m, 4H), 2.47 (m, 1H), 1.78 (br s, 1 H), 1.00 (d, J = 5.5 Hz, 3H).

Example 3-6. Preparation of Compound of Formula X from S-2-

methylpiperazine: Compounds of Formula X were prepared using similar procedures

to Example 2.



mL). The toluene | ayer was concentrated and residual solid sodiumacetate

was renoved by filtration. HPLC anal ysis showed that the concentrate

cont ai ned 208 roduct (89%yield). The product thus prepared is very§ Jui 200
cl ean and é’éﬁ%“g‘é‘“gged in the next step without further purPETERIHHRIS HPLCL 5
anal ysis showed that the sanple contained about 0.5% regi oi soner

(1- benzyl oxycar bonyl - 2- net hyl pi perazi ne). Pure

S- 4- benzyl oxycar bonyl - 2- et hyl pi per azi ne'®an be obt ai ned by vacuum
distillation (clear oil, b.p. 136 C1 m). "HNW (CDCI3): 7.31 (m 5H),

5.09 (m Hdmpld. 9& (m 2HACYlBY (m 4lyerd. 47 (mMeneDi 1. 78e{ds s, 1 H),
1.00 (d, J = 5.5 Hz, 3H). %\(a | e 3-6. Preparation pf Conpound of Fornula X
from S-2- nethVi pi perazi ne: unds of Fornula X ¥|@t'(g'Fepar ed using

sim |l ar propcedur Md 0 amml gy 2. VO GRL34942 AU 2Tyl 9 JUL 2005
-18 Example G Acyl ating Sol vént Mono/ Di 9 el d% Reagent Acylation 3 Me Ac20
Water 96/ 4 74 4 PRHPhCOCI HHEO@At er 94THF/Wated Et @EF60COCI MEOH eater 97/3
88 6 t-BuQ Boc20 MeOH/ water_97/3 92 Physical and spectral data for
conpounds ®f For muldOx: G EfACPEkanpl IgPHNYaS) hyi'éscopi c &lid, b. p.:

100 C/ 10 o 4. 21 .8 | H),q2.55-3.40 (m
5H), 2.02 @p:_?t SFEBW g%@z()(split(mﬂe?%g% Hi(‘?flg]l—b. 2):9%h (Exarrplfa
4): clear oil. TH NVR (D2O): 7.38 (m 3H), 7.27 (d, J = 7.1 Hz, 2H), 4.29

(m 1H, 35 (m1H, 3.07(m 1 H, 2.60-3.0 (m 4H), 1.05, 0.84 (split
d, J = 6PBysigal andsspgctragdpta igr copmoungr aipiosmsya ¢l ear oil, b. 130 C/ 15

p.:

. 1H NMR 3 = 3, 89( .84 (b
050 o e SR e R ) Sy hoprdspifsolft o 2 18 B g, D4, 61
(t, J = TNMRED,): M)21 (n9BH|,t3.84 (m, 618, Bi55-R4D (3 5H)RI0BspliEX B, €. 6) . pal e

ellowsolid, mg.: 39 C b.p.: 95 J0.5 MmHg. '"HNW (CDCl3): 3.95 (br s,
gH), 2 98(S|@Bfrddj,gﬁ-4:"@.’§mt,pl H, 2.75 (m 5'% 2. 42 (b$ s, : (

G = Ph (Example 4): clear oil. "H NMR (D20): 7.38 (m, 3H), 7.27 (d, J = 7.1 Hz,
2H), 4.29 (m, 1H), 3.54 (m, 1H), 3.07 (m, 1H), 2.60-3.0 (m, 4H), 1.05, 0.84 (splitd, J =
6.3 Hz, 5.5 Hz, 3H).

G = OFt (Example 5): clear oil, b.p.: 130 °C/15 mm Hg. "H NMR (CDCl3): 4.00
(g,d =7.0 Hz, 2H), 3.89 (br s, 2H), 2.84 (brd, J = 9.4 Hz, 1H), 2.64 (m, 3H), 2.32 (br
s, 1H), 1.64 (s, 1H), 1.13 (t, J =7.1 Hz, 3H), 0.93 (t, J = 6.3 Hz, 3H).

G = O-t-Bu (Example 6): pale yellow solid, m.p.: 39 °C; b.p.: 95 °C/0.5 mm Hg.
'H NMR (CDCls): 3.95 (br s, 2H), 2.98 (brd, J = 9.6 Hz, 1H), 2.75 (m, 3H), 2.42 (br s,
1H), 2.38 (br s, 1H), 1.47 (s, 9H), 1.08 (d, J = 6.3 Hz, 3H).

Example 7. Preparation of Compound of Formula X (G = O-t-Bu) from S-2-

methylpiperazine (Traditional Method): Using essentially the same procedure as in

Example 2 except that acetic acid was replaced by triethylamine and the reaction was
carried out at —10 °C. The mono-acylation/di-acylation ratio was found to be 82/18 by
HPLC analysis.



1 H, 2.38 (br s, 1 H, 1.47 (s, 9H), 1.08 (d, J = 6.3 Hz, 3H). Exarrple?
Preparati on of Conpound of Formula X (G = Ot-Bu) from S—2 nmet hyl pi per azi ne
(Traditional Method): Using essentially the sane procedure as in ExanbBeJi2 7005
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carried out at -10 C. The nono-acyl ation/di-acylation ratio was found to be
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Exanpl e 8. Preparation of the Conpound -ofg Fornula XII from4- Trifluronethyl
Met hoxyacet ophenone: MeO MeO 1 BH3-THF O/ OH F3C MsOH, Ph Ph F3BC\ N, O
Xl CH3 The - B TtdBOIf’ré: rﬁ'ﬂbﬁ of the"@S AR 8¢ FaYnfulh hawirdeh 4- procedure
simlar to B. referred to above. € starting ketone,
4-trifl uoﬂ'olfhtrbmethngletblxmam_pbhaupae was prepared by a literature
procedure (Camuzat-Dedenis, B. et al, Synthesis, 1999, 1558).
[4-Trifluoronethyl met hoxyacet ophenone (or 2-

Met hoxy- 1-[ 4- (triflourorﬂatdﬂyl ) phenyl ] et hanone) coul d al geobe prepared by a
process described in Exarrp e 8A below.] To a solution of bprane-THF conpl ex

(36.6 m., 1.0 M soluti i A, THF) in BUsMiFtol uene was_s ¢, added

met hanesul fonic acid ( nP-) at—r—t—AfFer—the m X e was stirred at
r.t. for 10 m nut es, net hyl - €8SH, oxariabgr ol i i€ I 'ery Chenmi cal
Conmpany, Evans City, 3CPennsyI vania, 1.34 Plb M 3Solution in tol uene) was
added. After mixture was agitated at r.4. [folb 30 mi nutes, aXllsolution of
4-trifluoromethyl methoxyacetophenone (}MNogg) in 30 nL toI uene was added

over 1 h at 20-30 C. After being stirred at tHt. for 1 h, the nmixture was
quenched with nmethanol (10 m-) at 10-20 C. This mxture was stirred at r.t.
for 1 h, concEm canpdunddéForwaolail vasreparadbyifolicaviag ¢ precedurs similgotar

tol uene. E-{hl{lls Baroudy et al., referred to above. The starting ketone, 4-trifluoromethyl
methoxyacetophenone, was prepared by a literature procedure (Camuzat-Dedenis, B.
et al, Synthesis, 1999, 1558). [4-Trifluoromethyl methoxyacetophenone (or 2-
Methoxy-1-[4-(triflouromethyl)phenyljethanone) could also be prepared by a process
described in Example 8A below.] To a solution of borane-THF complex (36.6 mL, 1.0
M solution in THF) in 50 mL toluene was slowly added methanesulfonic acid (0.15
mL) atr.t. After the mixture was stirred at r.t. for 10 minutes, (S)-2-methyl-CBS-
oxazaborolidine (Callery Chemical Company, Evans City, Pennsylvania, 1.34 mL, 1.0
M solution in toluene) was added. After mixture was agitated at r.t. for 30 minutes, a
solution of 4-trifluoromethyl methoxyacetophenone (10.0 g) in 30 mL toluene was
added over 1 h at 20-30 °C. After being stirred at r.t. for 1 h, the mixture was
quenched with methanol (10 mL) at 10-20 °C. This mixture was stirred at r.t. for 1 h,
concentrated under vacuum to about 20 mL, and diluted with 80 mL toluene. This
mixture was washed with 0.5 M sulfuric acid (30 mL, phase separation was aided by
filtration through Celite). The organic layer was washed by saturated sodium
bicarbonate (30 mL) followed a wash by water (30 mL). The organic layer was then
concentrated and could be used directly in the next step. HPLC analysis showed that
the concentrate contained 10.1 g of the compound of formula Xl (99.6% yield of both
enantiomers). The enantiomeric ratio (S/R) was 98.2/1.8. An analytical pure sample
can be obtained by column chromatography (20% ethyl acetate/heptane). 'H NMR
(CDCl3) 7.63 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 4.97 (dd, J1 = 6.6 Hz, J, =



m xture was washed with 0.5 Msulfuric acid (30 nL, phase separati on was

aided.by filtration through Celite). The organic | ayer was washed by

saturated sodi um bicarbonate (30 m-) followed a wash by water (30 ni) 19TPEFL 2005

organi ¢ | ay®0 W4+ then concentrated and coul d be used direcPfYUPH/HRE nex

step. HPLC anal ysis showed that the concentrate contained 10.1 g of the

conpound of forrmula X1 (99.6%yield of both enantioners). The enantioneric

ratio (S/R) was 98.2/1.8. An analytical ptiré sanple can be obtained by

coI um chr omat ogr aphy (20% et hyl acetate/ heptane). 1H NMR (CDClI3) 7.63 (d,

J = 8.2 HA. 2% 1H), %@9((dd J1 = BT $iz> 28R Ha, 17), A6 (9,3H), 8.8 tdd, J3z E7wo

4)3108494 PCT1t L0 ;19 JUL1005 -20 1.2 Hz, 1 H), 3.59 (dd J1 =9.7
%% 8 WE 1) 46

Hz, J2 = 3. , 3 (s, 3H), 3.43 (dd, J1 =9.7 Hz, J2 8.7 Hz, 1
H). Exanple 8A E)Pefrﬁ f 8AI PRe éraélroﬁ bf hUWﬂHEEdet e BOSRERENE o1
2- Met hoxy- 144- our onmet hy eny anone

ag.
H, S04 , OG-__IBI_Q@:B—%MGHBGQHZOM@I)Dhe@vﬂHhan@@ F3C F3C XVI 11 XI X XX ag.
H SO4 MeOH, reflux, O work-up OCH3 F3C To a mxture of sodi um nethoxi de
(34.8 g) and rrethyl 4-(trifluoronethyl)benzoate (51.6 g) in 254 nL DWF was
added met hyl methoxyagetate (52.5 g) at -10 Cragmepfar hr. The goeacti on

m xture was stirred at| -10 C for 21 hr and gqgendh®d into a WL ocmhf 2.3 M
sul furic acid (4 ) @t MrBEHQ8hCaDYHCcooled to -85 C. mc%t was

warnmed to r.t | ayers were separated, the agueous IFag s €x ract ed
with MIBE (18%3 m_) aad the conbinegd, organic |ayer back- Vashed with water
(100 m). XX
aq. H:SO4
MeOH, reflux, o)
work-up @)}vOCHa
FsC

To a mixture of sodium methoxide (34.8 g) and methyl 4-(trifluoromethyl)benzoate
(51.6 g) in 254 mL DMF was added methyl methoxyacetate (52.5 g) at =10 °C over 5
hr. The reaction mixture was stirred at —10 °C for 21 hr and quenched into a mixture
of 2.3 M sulfuric acid (410 mL) and MTBE (185 mL) cooled to -8.5 °C. The mixture
was warmed to r.t., the layers were separated, the aqueous layer was extracted with
MTBE (185 mL) and the combined organic layer back-washed with water (100 mL).
HPLC analysis showed the crude Claisen product contained a mixture of keto, Z and
E-enol tautomers, methyl 4-(trifluoromethyl)benzoate and 4-(trifluoromethyl)benzoic
acid. The solvent was exchanged with methanoi (350 mL) by distillation, 6 M sulfuric
acid (180 mL) was added and the mixture was refluxed for 5 hr. HPLC analysis
showed the mixture contained 44.4 g of product (82% overall yield), methyl 4-
(trifluoromethyl)benzoate and 4-(trifluoromethyl)benzoic acid. Water (180 mL) was
added, the mixture was distilled to approximately 450 mL and cooled to 10 °C as the
product crystallized. The solids were filtered, washed with water (100 mL) and
sucked dry to give the crude product. The crude product was taken up in MTBE (300
mL), washed with 5% sodium bicarbonate (100 mL) and 0.01% sulfuric acid (100 mL).
The solvent was exchanged with heptane (200 mL) by distiflation and chilied to —10

°C as the pure product crystallized. The pure product was isolated as pale yellow



HPLC anal ysis showed the crude C ai sen product contained a m xture of keto,

Z and. E-enol tautoners, methyl 4-(trifluoromethyl)benzoate and
4-(trifluoronmethyl)benzoic acid. The solvent was exchanged w th met hanoljy 2005
(350 mL) bywe@itgusd¥ati on, 6 Msulfuric acid (180 nL) was addagdSasad2the

m xture was refluxed for 5 hr. HPLC analysis showed the m xture contai ned
44.4 g of product (82%overall yield), nmethyl 4- (trifluoronethyl)benzoate
and 4-(trifluoronethyl)benzoic acid. Wat-ét1 {180 nL) was added, the m xture
was distilled to approximately 450 nL and cooled to 10 C as the product
crystalli k@@btal@ﬁ@&%@%im@/{,wl@, i.p.t 60E0). WasingR (GIDCI; Wata (d, LCOS AL Hz amid),
sucked dry to give the crude product. The crude product was taken up in MIBE
(300 nlL) ,7.Z@é<%eb=&3 st@mdb?a&ﬁbﬂdm@é&é&,eﬂnoo nm.) and 0.01 %sul furic
acid (100 m). anged wi fF—‘ 0. ) .k
distillation afm<eh E0—t0—10 F5—tHre a1 et ysta Feth—Hhe
pure produgbrvwada XEqYat acdiiereshenyll | ow 1 WO 03/ 08- 1942 PCT/ US03119275 9
JUL 1005 =ZT crystals (33.8 g, 61 %yield, mp.: 520. "H NWR (CDCI 3): 8.07
(d, 3 =82 Hz, 2H, 7.76 (d, J5& &3 Hz, 2H), 4.72 (s, 2H), 3.53 (s, 3H).
Exanpl e 9. Preparation of Conpoundsodf Eormula X from Conmpound of  Fornul a
Xl (Y = 4-chl oropheMgP). oso Mo C o I, O~~C5r/in Cly i 5~ OAS F3C DABCO
F3C\ - in d X11 XI T¢ a solution he conpound_of lFor oI XI'l (300 Q)
and 1,4 di azabicycl , 2hectane (214 g) 1n,1500 I u@ne\@fdded a
solution of 4- chlg enzenesul fon%l gp)l ori de (§4 n 1500 | uene at
a tenperature Hefween -5 to -15 co%&r” 1 h. TheG eaction mi xture Was
stirred at -5 to -15Xgfor 1 h and quenched with water 11500 nL). The

bi phasic m xture was stirred at r.t. for 2 h, settled, and the aqueous

llayer split of fro JREILEbEMIItEe LarPploupsofwasheth WitB00-§ and 1,4-
diazabicyclo[2,2,2]octane (214 g) in 1500 mL toluene was added a solution of 4-

chlorobenzenesulfonyl chloride (345 g) in 1500 mL toluene at a temperature
between -5 to —15 °C over 1 h. The reaction mixture was stirred at -5 to —15 °C for
1 h and quenched with water (1500 mL). The biphasic mixture was stirred at r.t. for
2 h, settled, and the aqueous layer split off. The organic layer was washed with 0.5
M sulfuric acid (1500 mL) followed by saturated sodium bicarbonate (1500 mL).
The crude product was isolated by vacuum concentration. The crude material could
be used directly in the following step. Alternatively, it could be recrystallized from
toluene/heptane. The pure product was isolated as pale yellow crystals (508.5 g,
94% vield, m.p.: 88.9 °C). "H NMR (CDCl): 7.73 (m, 2H), 7.56 (d, J = 8.3 Hz, 2H),
7.39 (m, 4H), 5.64 (dd, J1 =7.3,J2=4.2,1H), 3.73 (dd, , J1 = 11.1, J2 = 7.4, 1H),
3.60 (dd, , J1 = 11.1, J, = 4.3, 1H), 3.31 (s, 3H).

Example 10. Preparation of Compound of Formula X! (Y = 4-

methylphenyl) from Compound of Formula Xli: This compound was prepared

following a similar procedure to Example 9. Yield: 92% after recrystallization (pale
yellow solid). "H NMR (CDCls): 7.64 (d, J = 8.3 Hz, 2 H), 7.50 (d, J = 8.2 Hz, 2H),
7.33(d,J=8.1Hz, 2H), 7.19 (d, J = 8.2 Hz, 2H), 5.60 (dd, J1 = 6.9, J, = 4.6, 1H),
3.73(dd, J1 =11.0, J2 = 7.0, 1H), 3.60 (dd, J1 = 11.0, J» = 4.6, 1H), 3.32 (s, 3H),
2.39 (s, 3H).

Example 11. Preparation of Compound of Formula XI {Y = Me) from

Compound of Formula XlI: This compound was prepared by following a procedure




M sul furic acid (1500 m-) foll owed by saturated sodi um bi carbonate (JJSQ)QUL 2005
nmL). . The crude product was isolated by vacuum concentration. The crude
materlal could be used directly in the following step. Alternatively, it

coul d be r ¥PYNEP#2 zed from tol uene/ heptane. The pure prod§dtU&893730l at ed
as pale yellow crystals (508.5 g, 94%yield, mp.: 88.9 C. "HNW (CDC 3):
7.73 (m 2H), 7.56 (d, J =8.3 Hz, 2H), 7.39 (m 4H), 5.64 (dd, J, = 7.3,

J2 =4.2, 1 H, 3.73 (dd, J, = 11.1, J2=22-4, 1 H), 3.60 (dd, , J, = 11.1,
J2 =4.3, 1 H, 3.31 (s, 3H) Exanpl e 10. Preparatlon of Conpound of Formul a
Xl (Y = 4- simgteinyo Bh&hﬁaroﬂdpmebn@tat&tdabcbve:o Prh[NMR)(ODC'EhﬁsG%(ﬂmbﬁrfﬁdZ\ms

Fecryst al | Poadt o (oL YU 250 Sof (e J1A S docl 3P 15 8 (il Pt B3 1o
aZH) 7. 50128! T%dﬁ S8 Hz, éﬂk')a 64Zd§3J1(d11|1_|)‘11 HZBJ%—@%%I—%HXH)@%(%3@5'_3:.@%.20,
1H, 3 60(¢,@H). J. = 11. o J2 = 4.6, 1H, 332 (s, 3H), 239 (s, 3H.

Exanple 11. Preparatjo

Formula XII: T
2005 V\DO%/oQﬁ |?r P

stated abo — : : : : ="8.1

Hz, 2H), 5. 76 (dd, J, =8.2 Hz, J2 = 3. 5H=Hz, H) 3.77 (dd J, = 11.1 Hz,
J2 =8.2 Hz, 1 H), 3.64 (dd, J, =111 , 3.5 Hz, 11-1), 3.45 (s, 3H),
3.04 (s, 3H. Exanple 12. Preparation rrpound of Forrrul a XIv (G = OBn)

from Conpound of Fommad.a Xl (Y = 4-chl or phenyl) (stMeoeosel ective
alkylation): HN M MO0, (N X MO A M O -1-CBn psj’liJ)

n
N._ _OBn
F3C Cl K2CO3 F3C \\/ \ﬂ/

Xi XV ©
The compound of Formula Xi (Y = 4-chlorophenyl, 20.0 g, S/R ratio: 96.4/3.6)

and the compound of Formula X (G= OBn, 16.6 g) were mixed in a mixture of foluene

(40 mL) and acetonitrile (40 mL) containing extra-fine potassium carbonate (14.0 g).
This slurry was heated at 80-85 °C for 30 h and 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 product can be isolated as an
HCl salt. 'H NMR (DMSO-ds): 11.90, 11.51 (split br s, 1H), 8.07 (br s, 1H), 8.01( br d,
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).
Example 13. Preparation of Compound of Formula XIV (G = OBn) from

Compound of Formula Xi (Y = 4-chlorophenyl!) using an Organic Base

{(Comparative Example): The procedure is essentially the same as in Example 12

except that an organic base, diisopropylethylamine, was used. Yield: 58.3% and
diastereomeric ratio (RS/SS) was 82.7/17.3, demonstrating the inferiority of this
process (organic base) as compared with the process of Example 12 (inorganic
base).

Example 14-22. Preparation of Compound of Formula XIV (G = OBn) from

Compound of Formula X1 (Y = 4-chlorophenyl): Using essentially the same

procedure as in example 12, the compound of Formula XIV (G = OBn) was

prepared from the compound of Formula X1 (Y = 4-chlorophenyl, S/R ratio: 96.4/3.6)



F3C G K2C F3C ° ~NUOBn J:: J: Xl XV O The conmpound of Fornmula XI (Y =
4-chl orophenyl, 20.0 g, S/Rratio: 96.4/3.6) and the conpound of Formula X
(G= OBn, 16.6 g) were nmxed in a mxture of toluene (40 nL) and -
acetonitrile (40 nL) containing extra-fine potassi um carbonate (14.0 g).3 JUL 2005
This slurrVO&8HEat ed at 80-85 C for 30 h and cool ed. Sol i s/ WP+t ered
and the filtrate was concentrated. HPLC anal ysis of the concentrate showed
the presence of 18.7 g product (85%yvyield, RS/SS ratio: 95.9/4.1). The
product can be isolated as an HCl salt:-28H NVR (DVMSO d5): 11.90, 11.51
(split br s, 1 H, 807 (br s, 1H, 801 ( brd, J=6.6H, 1H, 7.86
(br d, J =atdifeddnt tethiperatu@raridbin difetdit sobepds. ACHO acspinitrildgrNP: N-H), 5. 11
(split br m 2H), ?r,.00-4.30 (br m 7H), 3.30 (s, 3H), 1.44, 1.36 (split br
s, 3H). ExBRENVPYIRNABASar ati on of Conpound of Formula XLV (G = OBn) from
Compound of Formula Xl (Y = 4-chl orophenyl) using an Organi c Base
(Conmpar ative Exanple): The procedure is essentially the sane as in Exanple
12 except at-—af—or-gante—base; e+ soproepyl-e Fam-re—was—used—Yiel d:

58. 3% and Mhampler ed@dréd rati o (RS/ SS) WiBp82. Yield%3, denohgdusti ng t he
inferiority of this process (organic bisg% as conpar ed vvitngé/lé%r}process of
Exanpl e 12 _(inorganic hase) FExanple 14- Preparation of' Compound. of
Fornmul a XIM4 G = OBWMProm Conpound of &brmul a4k’ (Y = 4-chPdrophenyl ):
Using essentially th Barre’ procedure asgd'[n exagple 12, theqeanpound of.
Formul a XI\?E(G =01 was prepared fromthe conpound of Formila Xl (Y =
4-chl orophefgyl , S/ Rnp@pi 0: 96.4/3.6) 1 91Q0UL 20853 W ' O 031284942

PCF/ US03/ 119275 -23- at different tenper@t ure ag%)gi n di fferxz@t sol vents.

= aallla¥a - o
V

ACN: acetoridrile; KNPEN® nethyl pyrrol itH none. anpl e Sol vent Tenp. Yiel d%
Pr oduct (C?B (RS/ SS)toluene 100 68.5

19 1:1:1 ACN/toluene/NMP 80 58.1 6.6

20 1:1 ACN/NMP 80 54.8 8.3

21 ACN 80 76.1 5.4

22 1:1 toluene/NMP 80 48.4 6.1

Example 23. Preparation of Compound of Formula XIV (G = OBn) from

Compound of Formula Xl (Y = 4-chlorophenyl): Using essentially the same

procedure as in example 12 except that trisodium phosphate was used as the base,
the compound of Formula XiV (G = OBn) was prepared from the compound of
Formula Xl (Y = 4-chlorophenyl, S/R ratio: 95.8/4.2). Yield: 83%. Diastereomeric
ratio (RS/SS: 95.2/4.8). |
Example 24. Preparation of Compound of Formula XIV (G = OBn) from

Compound of Formula XI (Y = 4-chlorophenyl): Using essentially the same

procedure as in example 12 except that calcium carbonate was used as the base, the
compound of Formula X1V (G = OBn) was prepared from the compound of Formula Xl
(Y = 4-chlorophenyl, S/R ratio: 95.8/4.2). Yield: 48%. Diastereomeric ratio (RS/SS:
88.7/11.3).

Example 25-31. Preparation of Compounds of Formula XIV from Compound of

Formula XI: Compounds of Formula XIV were prepared using similar procedures to

Example 12.



14 NWP 80 44.7 10.7 15 NWP 90 41.1 11.6 16 NWP 100 33.3 12.8 17 tol L{E?@ 2005
80 69..2 7.0 18 toluene 100 68.5 8.5 19 1:1:1 ACN tol uene/ NWMP 80 58. :

20 1:1 ACNNWP 80 54.8 8.3 21 ACN 80 76.1 5.4 22 1:1 toluene/ NMP 80 48.4
6.1 Exanpl e 23"3¥8arati on of Conpound of Formula XV (G = @BAUSB/0MTS
Compound of Formula Xl (Y = 4-chlorophenyl): Using essentially the sane
procedure as in exanple 12 except that trjsodi um phosphate was used as the
base, the conmpound of Formula XIV (G = Cﬁﬁ)‘ was prepared fromthe conpound
of Formula XI (Y = 4-chlorophenyl, S/IRratio: 95.8/4.2). Yield: 83%

Di ast er eongExampleat Go ( RSYSS: 95. 2/ 4. 8)TimExanyietd®4. Pr ealfataten Bfodiortpound
of Formula XIV (G = OBn) from Conpound, of Fornmula XI (Y_=,4-chlo

Usi ng essentially the same procedure gE in exanple 12 e@é@ﬂ?g?haﬁé?gs&éhh]
carbonat e Was Used ps , 50 o83 65 =053 3
prepared fromthe corrpoun (Y = 4-chlor opheny?, SIR ratio:
95.8/4.2). 26eld: 41897@, Di dsCleivespteniye edti o (RS/ SS:  88. 96141;1(3:63) Bt diiploe

25-31. P t ds of F la XIV_f Co f lLa XI:
Conpounds. o Eo'r?r&éhm V Rk Bogrdisthla Wi ng % m | ar pr o86dlR8s ¢ B0 kol ¢
12. 1 9 J Ud 2005 ¢ O 03{/(2@6%?%’&?/ thSU3/ 09275 - 24- E@grml%;? G ¥sH/iem

Yi el d% Sul f'onat e Pro uct | 0 RS/SSratio 25 | or ophenyl 24
50 96. 4/ 3. 6294. 7/ 53t-Bd6@ CEXHiotdhprermyphe®yl 65862 96. 4/ 3. 68%118/ 5. 86.1/3.9 |

30 t-BuO  Phenyl 34 90 95.8/42 93.0/7.0
(conversion)
31 t-BuO  Methyt 96 87 98.6/14 95.6/4.4

Physical and spectral data for compounds of Formula XIV:

G = Me (Example 25): light brown oil, '"H NMR (CDCls): 7.48 (m, 4H), 3.97 (m,
1H), 2.95-3.80 (m, 7 H), 3.27, 3.25 (split S, 3H), 2.42 (m, 1H), 2.24 (m, 1H), 2.02, 1.99
(split s, 3H), 1.08 (splitd, J = 6.3 Hz, 3H).

G = CF; (Example 26): white solid, 'H NMR (CDCls): 7.61 (dd, J; =8.3 Hz, Jo =
24 Hz, 2H), 7.54 (d, J = 8.1 Hz, 2H), 4.08 (m, 1H), 3.72 (m, 3H), 3.45 (m, 3H), 3.36,
3.35 (split s, 3H), 3.27 (m, 1H), 2.58 (m, 1H), 2.42 (m, 1H), 1.20 (d, J = 6.3 Hz, 3H).

G = Ph (Example 27): off-white solid, "H NMR (CDClz): 7.55 (br m, 4H), 7.40
(brs, 5H), 3.62-4.20 (br m, 4H), 3.00-3.62 (br m, 4H), 3.35 (br s, 3H), 2.45 (br m, 2H),
1.26, 1.09 (split br s, 3H).

G = OEt (Example 28): pale yellow oil. "H NMR (CDCls): 7.52 (m, 4H), 4.09 (g,
J=7.0 Hz, 2H), 4.01 (br s, 1H), 3.68 (m, 2H), 3.59 (br s, 1H), 3.38 (m, 1 H), 3.29 (s,
3H), 3.15 (m, 2H), 3.06 (m, 1H), 2.42 (m, 1H), 2.23 (m, 1H), 1.21 (1, J = 6.9 Hz, 3H),
1.11 (d, J = 6.1 Hz, 3H).

G = Ot-Bu (Example 29): white solid, 'H NMR (CDCl3): 7.50 (m, 4H), 3.95 (br
s, 1H), 3.64 (m, 2H), 3.48 (brs, 1H), 3.28 (br s, 1H), 3.26 (s, 3H), 3.10 (br s, 2H), 3.01
(m, 1H), 2.37 (m, 1H), 2.18 (m, 1H), 1.38 (s, 9H), 1.06 (d, J = 6.2 Hz, 3H).



27 Ph 4-Chl orophenyl 17 75 96.4/3.6 95.2/4.8 28 EtO 4-Chl orophenyl 20 88
96.4/3.6 96.2/3.8 29 t-BuO 4-Chl orophenyl 19 87 98.6/1.4 96.1/3.9 30 t-BuO
Phenyl 34 90 95.8/4.2 93.0/7.0 (conversion) 31 t-BuO Methyl 96 87 98.611.4
95.614.4 Physical and spectral data for conpounds of Forrmula X V: Gl3 ki 2005
(Exanpl e 25Y0 03/48gh2 brown oil, 1H NVR (CDCI3): 7.48 (m 4H) PCRUOWBORS 1H),
2.95-3.80 (m 7 H), 3.27, 3.25 (split S, 3H) 2.42 (m 1H), 2.24 (m 1H),
'2.02, 1.99 (split s, 3H), 1.08 (spllt d = 6.3 Hz, 3H. G = CF3 (Exanple
26): white solid, 'H NWR (CDC13): 7.61 (8 -J, = 8.3 Hz, J2 = 2.4 Hz, 2H),
7.54 (d, J =8.1Hz, 2H), 4.08 (m 1 H, 3.72 (m 3H), 3.45 (m 3H), 3.36,
3.35 (split s, Exampla.327 Gonversign Ofltlmcmnpgunbl;offannmaxw (G = oBn it J

= 6.3 Hz, G = Ph anpl . of it id, HNI\/R(CDCIS): 7.55
3.35 (br s %45(br m 2H) 126 109(spI|t br SM&bl)\- G = Cet
(Exanpl e 28) eyel woil. "HNW (CDCI3): 7.52 (m 4H), J =
7.0 Hz, 1 HgnNHcH8 (m 2H)-Targrigdcidor s, (m 1
H), 3. 29 (s @?‘ 5 (Im 2H)——%>06V{m AH)y 2 42+(m 1H),
1.21 (t, le 29):

( < o
whi t e so||or301H NVR (DA 3 7.50 (m 4H). 3.95 (br s | H), 3.6&tava@H),
3.48 (br s, I H, #wv28 (br-s, 1 H), 3.26 (s, 3H), 3.10 (br s, 2H, 3.01 (m
1 9 JUL 2005 CVO 03/084942 PCT/ US03/ 09275 -25- Exanple 32. Conversion of
t he Conmpound of Formula XIV (G = OBn) into the Conpound of Forrmula VIII and
then to its tarheakfpdifd dnubbeviicHOoR) (1D EFtkatez:dfhfs Nrci 15C |
mL) for 1 h at 95-100 °C and cooled. The resulting mixture was washed with toluene

\gloaﬂ(d J=6.1H, 3H. &

twice and 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 of Formula VIll. 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), 3.80
(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 (br s, 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
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 tc 0 °C. The solids were filtered, washed
with isopropanol (70 ML), and dried at 50-55 °C under vacuum to yield the tartrate of
the compound of Formula VIll. White solid (m.p.: 209.7 °C, 17.7 g, 92% vield). H
NMR (D,0): 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, 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 33. Preparation of Compound of Formula Vil from Compound
of Formula XIV (G = OEt) under Basic Conditions:

MeO 7 MeO\_

NéN > wor ) @G H

XIV o Vil

3

F4C



D-Tartrate XIV OVIII tartrate The conmpound of Fornmula XIV (G = OBn) (18.7
g) was heated in 6 NHCI (60 nL) for 1 h at 95-100 C and cooled. The -
resulting m xture was washed with toluene twi ce and basified with SO'HBLU’UIL 2005
hydr oxi de t\§OpPB#aB842 The basic m xture was extracted with tdeng3twce and
back-washed with water once. The organic |ayer was concentrated to give an
oil. HPLC analysis showed 12.8 g free basgg(%% yield) of the conpound of
Formula MI1l. Pure free base (clear oil) fas obtai ned after flash col urm

chr omat ogr aphy. _1H NVR ( CDC 3% 7.58 & I_??F (t, ’\@

(rn 2H) 3. 38" (Ehe gpmpagindeof(rgrmle XY (B < t)1(4)6 529)63435( H?amwﬁh k"n(ﬁ?

soI ut | on oé mlioﬁ/ér Fh"’rtlpé g@l%p%l%&G(é% leHF) %E’;%gfr%)g’for] no1 %Uﬁaga\gﬁ%g ﬂ-{%e pe%%?/e

free base aadiBonalLNuaiHugn? @ 565 GlGionjeand dthanbe (5@suly ivigreshddey. wWapon
heated at 55-65 Cfor 1 In and cooled slowy to O C. The solids were

filtered, ReiNgdwaipt wasSag%@afms# ther onivuye "wiasl a@ncedtratedsgngsr wagwdar The

(o Sootestidhe; ubdld B8RP yag ByFRERMMRY Bhyer Wis? hd pack gl Pbtl
7.49 (d, Jwate& é’ndéz ) oré‘arﬁg lé?er Qs Céﬂ@gnt(étetho—g(v’é §m dit) , HBL@‘@I(!@%SIS
2H), 3.38 (m Hé 3.25 (dd, = 13 J2 = 3. ,IH), 3.20 (s H) ,
3.09 (m 1showed & 4(9713081H)0UHQ CéifO(rmuiquH (%%zjyle{ld) J = 6.5 Hz, 3H). Exanple
33. P t Y EDROU XV (G

CELy nder BoERAT Sara oy 2 X TREWAS, 0\

VITE 193 rf&%&jb @ﬁﬁl@&ﬂﬂ*&;‘l&vd’g@ %S@Bé:ﬁ)%lléw he hrecedueodaytripbd feor nul a
XIV (G = C%; M%\/ was heat ed vvlptlrh NaC]—I 17 rn%ﬁt eoé’}o@gol ution) nl n et hanol

(50 i) at BAt 211015\/66@@8|(ﬁgbky&hQ9hN@V¢ﬂ?b9{99| 73a00)
Step_1: A solution of 4-trifluoromethyl acetophenone (1.88 g; 10 mmol, from Aldrich

Chemical Company, Milwaukee, Wisconsin) in dry THF (10 mi) was cooled in an ice
bath and treated with solid (S)-2-methyl oxaborolidine (0.54g; 2 mmol, from Callery
Chemical Company, Evans City, Pennsylvania). After 10 min., a solution of 2M
borane-methyi sulfide complex (3 ml; 6 mmol) in THF was added dropwise over 5
min. Thin Layer Chromatography (“TLC”) at the end of 30 min. showed that the
starting material had been converted to a more polar product. The reaction was
quenched'rwith about 5 ml of CH30OH carefully until effervescence stopped; the
volatiles were removed in vacuo. The residue was dissolved in CH2Clp and washed

with 1N HCI, water, 10% NaHCO3 solution and brine. Concentration in vacuo gave
2g of a yellow gum. Flash silica gel chromatography (FSGC) using 10-20% EtOAc in
hexanes furnished the desired chiral alcohol (1.6 g; 84%) as a colorless oil. TLC: Rf=
0.6 in 25% EtOAc:hexanes.

Step 2: To a solution of the product of step 1 (1.55g; 8.16 mmol) in 10 ml of CH2Cl2
cooled in an ice bath were added Et3N (2.3 ml; 16.32 mmol) and CH3S02Cl (0.87 mi;
10.6 mmol) to form a turbid white solution. The reaction was quenched with water
and the organic product was extracted with CH2Cl2, washing with water, 1N HCI,

10% NaHCO3 solution and brine. Concentration in vacuo gave the chiral mesylate

(2.1g; 96%) as a pale yellow oil. TLC Rf= 0.6 in 25% EtOAc:hexanes.



addi ti onal NaOH (17 g, 50% sol ution) and ethanol (50 nL) were added. 1GpdliH 2005
cooli.ng, water was added and the m xture was concentrated under vacuum The
resul ti ng agueous m xture was extracted with toluene tw ce and back-washed
with wat ewoorsas494iThe organic | ayer was concentrated to gi VRCERMGIPZTSHPLC
anal ysis showed 12.4 g conpound of Formula VIIl (93%vyield). Exanple 34.
‘Preparation of the conpound of Formula XVI: This was performed by the
following two step reaction, follow ng tHd Pprocedure described in Baroudy
et al, WD 00/ 66558 (publi shed Novenber 9, 2000): Step 1: A solution of
4-trifluoronet [Exanplket 3 iRnepacalidn 8F the chinpoohd dfreonnlity XUH:  Chéhiscabs

and o1 eat g&écv“ﬁfeﬁ%i%cﬁ Tl efoaharpgiduss sseapeaih a%@s@zgf%@wp%s@m e

Cal l ery City, Pennsylvania). After 10 m n.

sol uti on g:p g,\% bor ane- rret%E%/ ﬁlfide complex (3 mM; 6 mml) in THE was
added dr ofiwieshe- Bﬂ@rprBtedhem2(S)hmetH;¢wer&lner(ﬁirngﬂam’W) (1"38¢7").8abmiohe end of
30 min. showed that the starting materi §S geen converted to a nore

pol ar - pr ?daﬁ%@areﬁﬁmé%f%v% CIBRERE FTHe BHoRIPS AR (FORRIMHAIPES ul | y
st due waa N Ean) g ea B el AR i TR A eI R coe

sol ution ﬂminbamyl)eanc[b,ﬁc&ﬁtte’aanmﬂwlrplpmm ¢hdé m2g rmmad). yel | ow gum FI ash
silica gel chraque ]

the desired chi&Xam z 2 .
in 25% Et @i i t t r (1 55g
8. 16 mol m%e"ga%f' 5@ %2%9 f”ﬂ"'ear?&?s}%"ndaﬁof%s E%F% ugh sl E’?éﬁe 2.3
m; 16. 32 compgunainuf Rdﬂmmvu(ébraammg 19.18.kg (Db X) bbtHeonctive tharclmnmpmzrnd@f

ot act o NP ERDA 3 AcREyiirg S0 fo-deter o 3 SRR of HEsPrdiued IR and
bri ne. COf)@\ﬁfHdr@éthP% 2514\'@%4% QPYEREND iU oﬁﬁé&ﬁh@\éwl(la a%@torﬁh@% d e 2
pal e yel |l ow oi | .6 1n 25% Et OAc: hexanes.

03/ 084942 chat@ssoBY @92@@81!@07 glasadme@ réactoPegpiapat wth aﬁhermpcwptmmwnlﬁt

Formul a ><\élnld feeQ'tan%\’aB?) liters (3.15 x) of dry acetonitrile were charged to adjust the total

batch volume to about 200 liters (8.0 x). With agitation, the slurry was heated to a
temperature between 80 and 90°C over a period of about 30 minutes. The batch was
agitated for about 16 hours at this temperature range. The temperature was adjusted
to about 20 to 30°C. The batch was sampled for analysis. The batch was considered
complete when a maximum of 5.0 % of the compound of formula the compound of
Formula XV| remained by HPLC. Slowly 51 L (2.0 x) water was charged to quench the
reaction. The mixture was agitated for about 15 minutes and the batch allowed to
settle. The bottom aqueous layer was split off. The upper, organic, layer was
concentrated under vacuum to afford a batch volume of 51 liters (2.0 x) at a
temperature below 70°C. The temperature was adjusted to about 20 to 30°C. 168
liters (6.6 x) toluene and 99 liters (3.9 x) water were charged to the batch. The mixture
was agitated for about 15 minutes and the batch allowed to settle. The upper, organic,
layer was concentrated under vacuum at below 80°C to afford a volume of about 51
liters (2.0) x. The temperature was adjusted to about 20 to 30°C to afford the
compound of formula the compound of Formula XV in 81 % overall yield from the
compound of formula (XVI1) and a diastereomeric ratio (dr) of 95.6/4.4 S,S/R,S as a

solution in toluene.



al so prepared, followi ng the procedure described in Baroudy eta! JUL 2005
00/ 66558 (published Novenber 9, 2000): The N-BOC protected 2(S) met iwll

pi perazine (forrrula XVl) (1.56g; 7.8 nmml - prepared fromthe reaction of
commer ci al YR $YUSiek2hy| pi perazi ne (from Deepwat er Chemni cal 8§ TAAS#I9275
N-(tert-but oxy-carbonyl oxy)phthalimde) (fromAl drich Chem cal Conpany) and
2,2,6,6-tetranethyl piperidine (1.34 n; nmol ). Exanpl e 36. Preparation of
t he conmpound of Formula XV (using K2CO8 28" base): 13.2 kg (0.52 x) mlled
pot assi um car bonate 52 55 kg of a sol utlon of the corrpound of For rruI a XVI
cont ai ni ng 19. Egarmgple afyarg ef ther cows lafXV fus

cont ai ni riz baskll 7?1‘0‘5 &?6%% ) $ad0t ”h{g%?pn %%“%@?ﬁ%”‘% qikdﬁo"r{t%fﬁﬁig;‘?kﬁ.q i@“{@
wer e Ch%f)@cﬁdhé%cﬁvel% 8athbeindloRFerhurerV1e8et10g aﬂcunl anﬂgmmgboag (1.0 x) of
thernocouple, N2 inlet and feed tank. 80 liters (3 X)

acet oni t rthieecamepainchelrfigeenulas Xadj asd 3@HI§Lt(6IOaX) d rtyaaaeiﬁomtrlle msere co:habgfu:t a0

liters ( th | ion, t eslurr ted to.a rature

bet ween sttt d5ecbERurbhfm ek sbliPesbiin et Rt han ERREE

agi tated {QdeReHWRR a@ﬁblf &n alhets‘ll!rﬁy E«/@%ﬂﬁ!a@éd’!&artéﬁﬂﬁfat'ﬂ'ﬁ@ bbﬁﬁ@@f 8b ey was
adjusted to about 20 to 30C. The batch was sanpled for analysis. The batch

was consi ¥eiCedvercopptied of AReningtasai |h|$Lhﬁtdﬁ V\asoagkﬁaied foreab@ipduneursfattoismul a

t he conmpound of, For nul HPLC. . S er was
char ged t GRRIAMEE fRge- ar&act[en%era{m @Pﬁt%@ %ﬁ?lﬁgt%%&%fcg% 3618)“95'%6@

m nut es a\ngsfsaﬁnd}@drdaaaialb@;@drﬁé)bat&ﬁtwa@cor@@er@@té@ﬁb@wm@ﬁ a mesimuasorspl i t
of f. The upper, organic, |layer was concentrated under vacuumto afford a

bat ch vol Bfe%aif tse_ CDmp@usmd(Cﬁ ForgulaaxVa rematm@rtat tiRd (b ell ensinog. washiltered to
t t t t | | d
00 11 or 1 GNeTORRYR F S 38D ey aral it i s BaP b loH agi tat od

for aboutFdfnmanitiemdendr bhe4lss os 8/R®vad atsoigesr IreacdibBaittigper, or gani c,
| ayer was concentrat ed under vacuum at beI ow 80C to afford a vol une of about
51 liters (2.80Xax plaR8. Peepa iy of thescom HHO ! HngdNasGO

o o, (g, pagaounf gl ?%go{’?% ??z@%ﬂg 020 575?%@“ ¢ mé"%n“ T2 o) o
95. 6/ 4.4 3, & tRe SoahoandsstIRdrivauta XVIL GlaEgen dJBCdeIrR@@S.O g (1.0 x) of the

compound of Formula XVI, and 15 mL (5.0 x) dry acetonitrile were charged in a 125

mL 3 necked round bottom flask equipped with a thermometer and refiux condenser.
With agitation, the slurry was heated to a temperature between 95 and 100°C over a
period of 20 minutes. The batch was agitated for about 24 hours at this temperature
range. The temperature was adjusted to about 20 to 30°C. The batch was sampled for
analysis. The batch was considered complete when a maximum of 5.0 % of the
compound of formula XVI remained by HPLC. The slurry was filtered to afford the
compound of formula XV in 83 % overall yield from the compound of formula XVII and
a drof 95.5/4.5 S,S/R/S as a solution in acetonitrile.

Example 39. Preparation of the compound of Formula XV (using NaHCO;
as base): 3.1 g (0.64 x) sodium bicarbonate, 5.13 g an oil containing 4.11 g (0.84
x) of the active compound of formula XVII, 5.0 g an oil containing 4.88 g (1.0 x) of the

compound of formula XV1, and 30 mL (6.2 x) dry acetonitrile were charged in a 125
mL 3 necked round bottom flask equipped with a thermometer and reflux condenser.
With agitation, the slurry was heated to a temperature between 90 and 95°C over a
period of 20 minutes. The batch was agitated for about 8 hours at this temperature

rangé. The temperature was adjusted to about 20 to 30°C. The batch was sampled



WO 03/084942 PC T/ 0OS03/ 09275 -28- Exanple 37. Preparation of the conpound of
Formul a XV (using NaHCO3 as base : 3.13 g (0.63 x) sodium bi carbonate, 4.67

g an oil containing 3.73 g (0.75 x) of the active the conmpound of ForW?ULZUUS
XVI1, 5. 21lwp@mseish containing 5.0 g (1.0 x) of the conmpoubdl/of03E8rul a

XVl, and 30 nL (6.0 x) dry acetonitrile were charged in a 125 nL 3 necked
round bottom flask equi pped with a thernoneter and reflux condenser. Wth
agitation, the slurry was heated to a te®¥erature between 90 and 95C over a
period of 30 m nutes. The batch was agitated for about 19 hours at this

t enper at uffer dramgsis. Tiebhhpeasatonsidess] esthpEtedhen abeimdmh b5 80%. ofthe

batch was sanpled for analysis. The batch was consi dered conpl ete when a

maxi mum ofcompagnghafformeachnipemained birdimubal kes!urenypadifersd igpeitordithe
I i f 3 E I i 0%
i o o 1 oReriguET (DB Pibsh oF SRERIPHER Rr e Peyibdiid & HitaifPLPLahg

sol uti on igdrasfetoniety Bl SR, Bxadkeludidn ifzeptondticon of the conmpound of Fornul a
XV (using Na2CB as b : 1.54 g (0.51 x) sodium carbonate, 2.87 g _an
cont ai ni ng 2. 2&Xampiez4) EDg P 1B GAMAPBHNE QT QAN iy 26

R D f \'4 :
contai nin 0 g (1. n f , 5. 0 X)
dry aceto %e.. e mer@'%?]gggggm?)nocgﬁ%ga ﬁg@gSE@iﬁéI rﬂé}%@@ﬁﬁ%%gg@
equi pped wohtriging Ner9® g0 @rsk thefdctixe congeusarof foMhala Xagil t @id 90,misl8.5 x)
slurry was heated to a tenperature between 95 and 100C over a period of 20

ni nut es. Tk apeiopiriigayersgsiiaioed in aroMbmltS packeefayng batinrg flaskssauiradewith

. Th | ; 0.
Campred £ o MERREIRI Snd BTe ) U3A SR AR foiEoh ) b RRRdIBn
5.0 % of ttbepernomeobwitveeh $Oantiod°&\dver anprivedoft30 MREes TBVEY,usveyr anpsriod

filtered tqg afford the  co und of formula XV_ in 83 %verall yield from
the conpoth@® Ur$.R ﬁQIU?aIOW?E%zﬁ%Q ap @i} ctaigyIg24.Usg 21 @7 liyg °§¥@%I ution in
acetonitri I " i f e ; (using
Narcos  ad RpeEh ATy mite SRS EER gl SofRATPDE WAl ST 2

cont ai ni ngcétdhlirite were8dhangedofhitchmaidainirg thenipaiuhdempefaiuraiinea ¥andg o690ty an

il t ai ni . 8 .0 f th d f | a XVI, d 30.nL
(6. 25 adpGoattanineraddignfibs Brspaamiin tsbaich WonabRalstiBuAR BHHTH
flask equings¥ist hid téhpErRIRL &in@NThE b MbsrAARIRBS Idjusted to about 20 to

30°C. The batch was sampled for analysis. The batch was considered complete

AW,

when a maximum of 5.0 % of the compound of formula XVI remained by HPLC. The
slurry was filtered to afford the compound of formula XV in 82 % overall yield from the
compound of formula XV| and a dr of 94.7/5.3 S,S/R,S as a solution in acetonitrile.

Example 41. Preparation of the compound of Formula XV (using organic

base): 1.13 g an oil containing 1.00 g (0.75 x) of the active compound of
formula XVII, 1.38 g XVI oil containing 1.34 g (1.0 x) active of the compound of
formula XVI, 0.88 ml (0.66 x, 1.3 molar equivalents ) 2,6 dimethylpiperidine and 5 mL
(3.7 x) dry acetonitrile were charged in a 50 mL 3 necked round bottom flask
equipped with a thermometer and reflux condenser. With agitation, the slurry was
heated to a temperature between 90 and 95°C over a period of 20 minutes. The batch
was agitated for about 8 hours at this temperature range. The temperature was
adjusted to about 20 to 30°C. The batch was sampled for analysis. The batch was
considered complete when a maximum of 5.0 % of the compound of formuia XVI
remained by HPLC. The process afforded the compound of formula XV in 76.5 %
overall yield from the compound of formula XV} and a dr of 82.6/17.4 S,S/R,S as a

solution in-acetonitrile.



Wth agitation, the slurry was heated to a tenperature between 90 and 95C
over a period of 20 mnutes. The batch was agitated for about 8 hours at.
this tenperature range. The tenperature was adjusted to about 20 to13g)qUL2[][]5
The batch W49 "¢8dt%ed BYO 03/ 084942 PCT/ US03109275 1 9 JUL ZB0BUSK2RTROr

anal ysis. The batch was consi dered conplete when a nmaxi rumof 5.0 % of the
conpound of forrmula XVI remai ned by HPLC. The slurry was filtered to afford
the conmpound of forrmula XV in 86 % overad- yield fromthe conpound of
formula XVI and a dr of 94. 0/6.0 S S/R S as a sol utlon in acetonltrlle
Exanpl e 40. PrExamfl Sz UM POHANI QY DA 0 BTG

cont ai ni 883603y ?"t“ﬁ@ro‘?% 5 A 1S ?}%233@”@3&%@?&%5&&@%% Sha 70
ms (3.5 ?@rmu@brchqtm?tdﬂaln%m&frﬂa gegl ¢ @1 B PULtb oF theelsathoudnsf bot t om
flask equi pped with her roneter and a reflux condenser. Wth agitation,

t he sl urriprivada K&t bd3tral @.84 enped m@aeeb@wa}@@ms O, Hmlsgsmm@@hy@nmémam f

| |
cont ai ni ngi0- 0%y P St Rn RaBRGR Getbrd if Bt Har e Pk Lo & IR e
to a tot aége{@héaﬁwﬂfa%rm&né?er%w@ relflix Go¥ideASEL QRith Bltatiovethe Ghanggdswhi | e

mai ntai nin e batch tenperature in a range of 90 to  95C. After the
addi ti on heateddera tcompiretuse bativeeb&candas G givenadueriosh ofad)) auaNtesohbe bajeh

h t thi te t t dj ted. t b t 20 t
B0a *The Was agtalier bl bl bR ol s 1EMBEIANE Bt B R e W o ©
when a mayhidfadolo hdut%oolh 3dve. aoisested vis i&hpléoafox\éhar)%iﬁimﬁé%émhlvﬂsc The

slurry was flltered to afford the compound of mula XV in 82 % overal l
yi el d froponsiderecorqopiete vhenc mﬂmm ot % afrthefcogpoyrsl o fermepir XVhs a

XV (usi ngSPaTEr®y HELE"TrE HERESs AR B iRy M b T RIS o The
active coppengidd fr&n@tﬁ@b@n&ihhd of f3Bn@aX | ad aepnif TG/ SLSBIRIS @h- & X)
active of the conmpound of fornula XV, 0.88 ml (0.66 x, 1.3 nolar

equi val eng@lujion irsaeeteBitrlpl pi perl dine and 5 nL (3.7 x) dry acetonitrile were

et 2ooBxingle 1L ARG PG B9'thQ 1Dk 381ind 44 dHRRTI Uy Birld BFBATE' ©"

t enper at ubaséet ween 19@ qad aA5 @mﬁammgamoogi(@fmsg dﬂtrmltaeﬁve Eﬂbmpbahd lof
formula XVHI, 1.38 g of an oil containing 1.34 g (1.0 x) active of the compound of

formula XV1, 1.13 ml (0.84 x, 1.6 molar equivalents ) triethylamine and 5 mL (3.7 x)
dry acetonifrile were charged in a 50 mL 3 necked round bottom flask equipped with a
thermometer and reflux condenser. With agitation, the slurry was heated to a
temperature between 90 and 95°C over a period of 20 minutes. The batch was
agitated for about 8 hours at this temperature range. The temperature was adjusted to
about 20 to 30°C. The batch was sampled for analysis. The batch was considered /
complete when a maximum of 5.0 % of the compound of formuta XVI remained by
HPLC. The process afforded the compound of formula XV in 60.5 % overall yield from
the compound of formula XVI and a dr of 78.8/21.2 S,S/R,S as a solution in
acetonitrile.

Example 44. Conversion of the compound of Formula XV into the

Compound of Formula VIll (X= CF3; and Z= Me) free base): A solution of the

compound of Formula XV (114.52g, 0.308 moles) in toluene (total volume 760 mis
(6.6 x) from the previous step was charged to a 2 liter 3 necked round bottom flask
with mechanical stirring. With stirring, the solution was chilled to an internal

temperature between 0 and 10°C. A solution of concentrated hydrochloric acid (230



was agitated for about 8 hours at this tenperature range. The tenperature
was .adjusted to about 20 to 30C. The batch was sanpled for analysis Tﬂﬁ 2008
bat ch was ‘consi dered conpl ete when a maxi numof 5.0 % of the conpou?lg -
formul a XViwonemadned by HPLC. The process afforded the conpB6lfd!of2for nul a
XVin 76.5 % overall yield fromthe conpound of fornula XVI and a dr of
82.6/17.4 S,S/IR S as a solution in-acetonitrile. o 03/08442 9 JUL 2005

PCT/ USO3/ U9??5 -30 Exanpl e 42. Preparatidh-of the conpound of Fornula XV
(using organic base : 1.13 g of an oil containing 1.00 g (0.75 x) of the
active comntmQd?tbfnolésqr&rﬁle@umlentsﬂwas chacdechsloniy ocematzoutidtgmins3éhge (1. 0 x)
active of the conp formula XV, 1.13 (0.84 x, 1.3 nol ar

equi val entPRIMNRINING %@dﬁ%ﬂ?’l t@pmgr%?ﬁrﬁée%ag 1@%@ 2@6‘7”}8 ég‘?foaé"@cso‘?ﬁ"f’i:’ﬁelt‘:é
vere charged ddicftved ilsedl B0 KGAHEANNE kel é’r%%s%‘éhe tathd fyréabout

t her roneter an | ux con enser. Wth agitation e slurr heat ed to
a terrperatuﬁdwdnegmbhn@mcaacstaﬁlﬁgonetenal mnamédddy 2BLGIL frue&pha’mmm;on vvas

agitated for ahout s, at th erat The t ture
20 Ut ed t6esBlaues do SaHET ahrul BaranDiReEhile P s walA AT TP asATh
was consif &%ﬂ%j N a
XVI  renai nedﬁgN PLC. %he processmeicﬁu@rtggtaét e %@%%Eﬁ%qo&?or%ﬁmaesﬁgrﬁ%
OSA) g}/eRr gl I waelcdollfeld?ma tmnpmp?eﬁqbtwéleﬁcﬁrmd 5°(|Xw|tha$tdr|angh©tbl-i76f ’[5?3%3)#3!0[’\

as a n_i etonifrile. ration o e
compound. OraraRRisten S (128 B 1BF sla eGuRE ST 290 rih(25 of 2o ioeegh et ni ng
1.00 g (0.N3OH odr éttwa{%a/rem@ @s%ﬁur%ouﬁma&éd m;é?aﬁtxh%m T”Fi%.?'rﬁl

containing 1.34 g (1.0 x) active of the co for ,
(0.84 x, ltoBiansl. éﬁhee:q'ama:l leyers \/)/enerwcenbmbdrandedlamtbcsuaner(\zacTauxr) to ailgw

t oni t I h 0 k d d batt fl d
wih et ReTHBReRa i B n el i B PR AER G TR AT ) 2hns
heat ed t0 ggaih @OREEMAtee RRIMREBLIM RN CORKRE. ThaP&drhBgued o?@ofﬁwmét\ﬁ?lﬂ The
batch was agitated for about 8 hours at this tenperature ran

t enper at ur(@’hﬁ&@ina?élf GStaeand 8= ragibyt) veas olblaB O (P2 gbA0 T Sedy ¢ Bb@taﬂdﬁrd)-
anal ysis. .fl' cou ocbe %\%ﬁv&%c?lt Sro%%ired salt such as, for example, tartrate, as

exemplified in Example 32 above.

As stated above, it 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. Additionally, while the various
steps in the inventive processes have been described herein with certain
stereochemistry, it will be apparent to those skilled in the art that the processes would
still work if the configurations of the piperazine and the alkylating reagent are
permutated. All such modifications, variations, alterations and permutations are

intended to be within the spirit and scope of the present invention.



conpl ete when a maxi mumof 5.0 % of the conmpound of formula XVI renai ned by
HPLC. . The process afforded the conpound of formula XV in 60.5 % overal
yield from the conpound of formula XVI and a dr of 78.8/21.2 S,S/R S akJ UL 2005
solution in acetonitrile. Exanple 44, Conversion of the conpound of Formula
XV into the Conpound of Formula Vllr3?X: CF3 and Z= Me) free base): A
solution of the conpound of Fornmula XV (114.52g, 0.308 noles) in toluene
(total volume 760 ms (6.6 Xx) fronngﬁﬂséevious step was charged to a 2
liter 3 necked round bottom fl ask chanical stirring. Wth stirring,
the solution was chilled to an internal tenperature between 0 and 10C. A
sol ution of concentrated hydrochloric acid (230 19 JUL 2005 WD 03/084942
PCT/ 0S03/ 09275A-ocess for preparing aeommundafioraiuavl. was charged sl owy
over about 30 mins while nmintaining the internal tenperature |ess than
15C. After the addition was conplete,f the Hatch was raised to a tenperature
bet ween 20 and 25C and agitated for &out 1§5 hours until no nore starting
mat eri al renmai ned by HPLC. The 2 phase solutlon was allowed to settle for
about 10 mnutes and the p e separate. The | ower aqueous
| ayer containing the batchijwas refurned tjo the rleacti on vessel and was
cooled to a tenperatureX ween 0 and 5C|with stlirring. The pH of the
solution was adjusted to 12. Oy the stqw a Hion of 290 m (2.5 x) 25 %
aqueous W v NaCH over about our. The aqueous slurry was extracted tw ce
with 250 ml (2.2 x) toluene. The o nic layers were conbi ned and distilled
under vacuumto a low volune. An additional 300 ms (2.6 x) of toluene was
added and the solution was again concentrated under vacuumto a | ow vol une.
The conpowngreih Xty agubstitueht of Whe aesmaticrifdsn &ndn ftegei MHging\iremobt ai ned
(85.2 g, 101.6 % by internal standargg. .This could be converted to a
desired si® 5 andnhdaroting thenuimmper of & Mmaielies hiche,paay ber the) semeERENpl e 32
above. As ' j 4 il i art that
dﬁ‘fe?&ﬁpega?% belng iMde eﬁﬁgﬁt@??é@@tedt ﬂofr{]grﬁf gg&psr cSHs%{?noé i

many noditicati 6ns, ‘varia i on grations gsen scl osure,

bot h to matigl,it@lcgen, maldysthated dikyk atkoxgpash ratyibkpasd hetegroaeylpard Ziised.
AdditionaIIP/, while the various . |
selected from the group consisting of alkyl, alkoxyalkyl, aryl, heteroaryl,

heteroarylalkyl and arylalkyl; said process comprising:
(a) reacting, in the presence of an inorganic base in a solvent, a

compound of Formula IX: Z

I X 0S0,Y
T

=

X
where X, n and Z are defined above and Y is selected from the group
consisting of alkyl, halogenated alkyl, and aryl with said aryl being
optionally substituted with alkyl, nitro or halogen;
with a compound of Formula X: e

HN



steps in the inventive processes have been described herein with certain
stereochem stry, it will be apparent to those skilled in the art that the
processes would still work if the configurations of the piperazine and yinenns
al kyl ati ng reagent are pernutated. Al such nodifications, variations,
alterations and pernutations are i nt3%ded to be within the spirit and scope
of the present invention. 1 9 JUL 2005 -32 CLAIMS 1. A process for
preparing a conpound, of Fprnu MIl: Z M N.X V]I erein Xis a
DBt t uant onWRREE 3 Ghraelacteq i he grdup opnsisiho, gkl RAIGIANERed o 5 and
denoting the ”#Ik?l?ral%xy),( é’F?l,eéryl%&yVﬁH@%(ﬁ]ﬁMo?ﬁ fd’?ie_?@"tﬁe%omﬁcbﬁrfc?b?”t each X
bei ng i ndependently sel’ectéed. ffom the group consi5ting of .alkyl, hal ogen,
hal ogenat ed al fopmulail koxy, aryl, aryloxy and heteroaryl; and Z is selected
fromthe group consisting of alkyl, alkoxyal kyl, aryl, heteroaryl,

het eroaryl al kyl and aryl al kyl; said %roced¥ conprising: (a) reacting, in the
presence of an inorganic base in a s®dlvent] a conpound of Formula I X z
oS2Y | where X, n and Z ar i and Y is selected fromthe group
consi sting of alkyl, hal g%e at ed @l kyl,Nand aryl with said aryl being
optionally substituted wi'Th {al k}l ni trlo or NaI ogen; wi th a conmpound of

Formula XX M NN ~N YG G \/Y
!

(b)  removing the —CO-G group by treatment with an acid or a base

O

and

to yield the compound of Formula V!II,

further wherein said process forms the compound of Formula VIl in at least
50% yields with at least about a 2:1 ratio of R,S stereochemistry to S,S
stereochemistry respectively.

2. The process of claim 1, wherein said ratio of stereochemistry is at least
about 3:1.

3. The process of claim 2, wherein nis 1.

4, The process of claim 2, wherein X is alkyl or halogenated alkyl.

5. The process of claim 4, wherein X is —CF3.

6. ‘The process of claim 2, wherein Z is selected from the group consisting

of alkyl, alkoxyalkyl and aryloxyalky!.
7. The process of claim 6, wherein Z is alkyl.

8. The process of claim 7, wherein said Z is methyl.



19 Jul. 2005 -33 where Gis selected fromthe group consisting of alkyl,

hal ogenated al kyl, al koxy, aryl, aryloxy and aryl al koxy, to yield the jy. 200
conpound of formula: Z M \ N Xn/ Y and (b) renoving the -CO G group by
treatment with an acid or a base to yield the compound of Formula VIII,
further wherein said process forns the conpound of Fornmula VIII in at |east
50% yields with at |east about a 2:1 4tio of R S stereochem stry to S, S
stereochem stry respectively. 2. The process of claiml, wherein said ratio

of stereoghem stry is at ast ~ about. 3;1. 3. The,process of claim 2,
therein nds 1P profedt b SRR 6 MR 5 akmelit S r< 2 kyl Cor hai bgenat ed
alkyl. 5. The process of claim4, wherein Xis -CF3. 6. The process of
claim2, wherein Z is selected fromthe group consisting of alkyl,

al koxyal kyl0. and hergroessapkelaim B, wheseiprbisefsHgP-naetayin 6, wherein zZ is al kyl .
8. The process of claim7, wherein said Zis nmethyl. 19 JUL 2005 -34 9. The
process of claim®6, wherein Z is al koxyal kyl. 10. The process of claim§9,
wherein Zq1s - GHEQBESY bf clhin 1TIMePEIRCCRSsMécted Fdm the YRRIFEEdhssting Sel ected
fromthe group consisting of nethyl, trifluoromethyl, nanafl uorobutyl,

2,2, 2-t ri fof metbel hifluorpmetiyl, narafitorobutyhi2;2,3gtiugroet bpkenybhiohy 4-and

4-chlor Oprﬁ?tpéghenyl, 4-bromophenyl and 4-chlorophenyl.

12.  The process of claim 11, wherein Y is methyl or 4-chlorophenyl.

13. The process of claim 1, wherein G is selected from the group
consisting of methyl, ethyl, trifluoromethyl, phenyl, ethoxy, t-butoxy and

benzyloxy.

14. The process of claim 13, wherein said G is ethoxy, t-butoxy or

benzyloxy.
15.  The process of claim 1, wherein said solvent is selected from the group
consisting of a hydrocarbon, nitrile, amide, sulfoxide, ketone, ester, ether and

mixtures thereof.

16. The process of claim 15, wherein said solvent is hydrocarbon, amide,

nitrile or mixtures thereof.

17.  The process of claim 16, wherein said solvent is acetonitrile.

18. The process of claim 16, wherein said hydrocarbon is toluene or

xylene.

19. The process of claim 16, wherein said solvent is a mixture of toluene

and or N-methylpyrrolidinone.



12. The process of claim1l, wherein Y is nethyl or 4-chlorophenyl. 13. The
process of claim1, wherein Gis selected fromthe group consisting of

met hyl , ethyl, trifluoromethyl, phenyl, ethoxy, t-butoxy and benzyloxy 14.
The process of claim 13, wherein said Gis et hoxy, t-butoxy or benz ¥ SoXL. 2005
15. The process of claim1, wherein s&° solvent is selected fromthe group
consisting of a hydrocar bon nitrile, amde, sulfoxide, ketone, ester, ether
and m xtures Eﬁereo CL ﬁ)rocess of claim 15, wherein said sol vent is

hydr ocar b&f; h@ep"ocﬁﬁ§ rqfl ig} 16i whereia sard selyent isza mpdurg Qfcloluenss ¢l ai m

16, wher eig Sc":degorﬁﬂhé/e”t is acetonitrile. 18. The process of claim 16,

wher ei n salg rocarbon is toluene or xylene. 19. The process of claiml16,
wherein said soI vent is a mxture of toluene and or N nethyl pyrrol i di none.

19 Ju 2 5 20. Th f 16 wh d
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said inorg 'g‘Fo tc%héfﬁln%%fs&'c%% é@l@hﬁdﬁ%t? @z& e | 558, éﬁlfl%er cof

car bonate i"carbonate hosphate, borate, sul 'm xtures t

22. The pramdemsdtubsctlhmemfZl wherein said catalyst is selected fromthe
group consi sting of K2CO3, NaHCO3, Na3PO4, CaCO3, and K2503. 23. The process
of claim1, wherein said reaction is perforned at a tenperature range of

from aboutpoanbirgpt PF&‘&@@F Elafin L2 anﬁeﬁeuit%% cafalysThg 1068 aSTrom Heal m 1,

wherein said reactlon is perforned for about m nutes to about 50 hours.
group consisting of K;CO3, NaHCOs3, Na3PO4, CaCO3, and K;SOs.

23. The process of claim 1, wherein said reaction is performed at a

temperature range of from about ambient temperature to about 130°C.

24.  The process of claim 1, wherein said reaction is performed for about 30

minutes to about 50 hours.



