WO 03/ 033465 PCT/ US02/ 32761 Synthesis of (4-Bronophenyl)

(4- Pi peridyl)nethanone-(2Z)-O Ethyloxine and Salts Field of the Invention
Thi s applwoaBiosssecspeci fically di scl oses a novel process tecaysvtesore (4-
br onophenyl ) (4-piperidyl)mnmethanone-(2)-Oethyloxime and its acid salt in
high 5 stereochem cal purity. It also generically discloses a process to
prepar e Sgntlesieof (4-Bidmophenyih¢4-Piperddylmdthanshe(ZpOkEthydakimeandy. The
invention additionally discloses a %{, aci d-induced isonerization to
prepare predom nantly the Z-isoners ch O-ethyloxines. This
application clainms priority fromU. S. provisional application, Serial No.
60/ 329,562 filed on Cctober 15, 2001. The invention disclosed herein is
related to 10 that disclosed in the provisional patent application, Serial
Nunmber 60/329,561 filed on Cctober 15, 2001. Background of the Invention
(4- Bronmophenyl ) (4-piperidyl) nefehdo fse (erfficit hy! oxi me hydrochl ori de
(Formula 1) is an internediate used rn the preparation of 4-[(2)-(4 15

br onophenyl ) (et hoxyi m no) net hyl ]-1'-[ (2, 4-di net hyl - 1- oxi do- 3- pyri di nyl)carb
onyl]-4"- nethyl-1,4"-bipiperidine (Formula Il1). The conpound of Fornula II

is di I, j U S | | 329, 566,
(3 tor ney. Dol epRigtopspessaly HPlos8E BGRH biliesSdniBieele’ i N
Br \ 2Qr¥RoPREAVS MpidertiyiReed bl (Z)-G-etifi6kin®d &hd ité acid salt in high

5 stereochemical purity. It also generically discloses a process to prepare compounds

similar to the above in high stereochemical purity. The invention additionally discloses
a novel acid-induced isomerization to prepare predominantly the Z-isomers of such
O-ethyloximes. This application claims priority from U.S. provisional application, Serial
No. 60/329,562 filed on October 15, 2001.The invention disclosed herein is related to

10  that disclosed in the provisional patent application, Serial Number 60/329,561 filed on
October 15, 2001.

Background of the Invention

(4-Bromophenyl) (4-piperidyl)methanone-(Z)-O-ethyloxime hydrochloride
(Formula I) is an intermediate used in the preparation of 4-[(Z)-(4-
15 bromophenyl)(ethoxyimino)methyl]-1'-[(2,4-dimethyl-1-oxido-3-pyridinyl)carbonyl]-4'-
methyl-1,4"-bipiperidine (Formula Il). The compound of Formula Il is discussed in
pending U.S. patent application, Serial No. 60/329,566, (Attorney Docket No.

CD01443P) filed of even date herewith.
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NtNO ~ 1 | | The conpound of Formula Il is also disclosed in the
commonly owned U. S. patent application, Serial No. 09/562,815, filed My
1, 2000. wbas/opatent application 5 discloses several noveCTarsvaspini sts of
the CCR5 receptor which are useful for the treatnment of AIDS and rel ated

H V infections. CCR-5 receptors have al so been reported to nediate cel
transfer in inflammtory di seases suel2as arthritis, rheumatoid arthritis,
atopic dermatitis, psoriasis, asthna and allergies, and inhibitors of such
receptors are expected to be pweful in the treatnment of such di seases, and
in 10 the treatment of other inffammatory diseases or conditions such as

I nfl ammat ory bowel di sease e\scl erosis, golid organ transpl ant
rejection and graft v. host |ﬁﬂ%lewlof i he i nportance of

ant agoni sts of the CCR5 pcey Neds of naking such

ant agoni sts and/or their |nterned|ates ae interest. 15 Summary
of the Invention In an enbodi nent, the pr | cation teaches a novel
si npl e process of naking (4- bronDphenyI)
(4- pi peridyl) met hanone-(Z) - O et hyl oxi me and |ts acid salt in high
stereochem cal purity and high yieldsll It additionally teaches a novel,

inpl e 20 ; f . Far mul hi
St er cochers 436 GUPPRYRLAL SoNdS IERAEERSCRsad I8 Theeramasty ARFY’ S compound
of For gHicht 'a'pﬁ|lé‘atmr9 5 etiaf NGS 09/%568 208 18] filsid RI§OL D0 Thabpaieny appiicatior m

"high Stereochem cal purity” refers to at | éast about 90% of the desired
i soner dissldsels, seiveralmovel astagenistaeithedrCRbgecapioy whidhate wefuler thenpound

of For I it f 25
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Z- i sonpsporiditio medmté kel raysRr is inflgirea®ry disaiaske aath abauthriieo yi eI d of the
desired product The inventive {orocess to prepare the conpound of Fornmul a

| in stheUmaigid arthritis, @iepic dgrmatitis, psoriasis, asthma and allergies, and inhibitors
of such receptors are expected to be useful in the treatment of such diseases, and in

10 the treatment of other inflammatory diseases or conditions such as inflammatory
bowel disease, multiple sclerosis, solid organ transplant rejection and graft v. host
disease.

In view of the importance of antagonists of the CCR5 receptor, new, novel
methods of making such antagonists and/or their intermediates are always of interest.

15

Summary of the Invention

In an embodiment, the present application teaches a novel, simple process of
making (4-bromophenyl) (4-piperidyl)methanone-(Z)-O-ethyloxime and its acid salt in
high stereochemical purity and high yields. It additionally teaches a novel, simple

20  process to synthesize a compound of Formula | in high stereochemical purity and, via
that process, a method of making a compound of Formula Il in high yields and high
stereochemical purity. The term “high stereochemical purity” refers to at least about
90% of the desired isomer, which, in the present invention, is the Z-isomer of the
compound of Formula I. Indeed, the stereochemical purity of the compound of

25 Formula | made by the inventive process typically exceeds 95% of the Z-isomer. The
term “high yields” refers to at least about 60% yield of the desired product. The

inventive process to prepare the compound of Formula | in such high stereochemical



WO 03/ 033465 PCT/ US02/32761 -3 purity is also generically suitable for
maki ng conpounds structurally simlar to the conpound of Forrmula I. Thus,
t he presewD opissaess conpri ses synthesizing a conpound of wPlha/usens7al
Formula VI1 fromcommercially avail able isonipecotic acid (Formula I11): 5
EtO Acid N HHO2CH x IIl VIl 10 The process of meking a generic
conpound of the type of Fornula VII f+3ma conpound of Fornula Il
conprises: (a) preparing the N-protected derivative (Formula I11A) from

i soni peR@Aty i alé’&anér’f@él R tabld for i&lddy Ebmpotid& structufally SlHlllarid e 15

where Y is a ecting group; (b) convertl ng the conpound of Fornula II11A
to |tsC@mm>UH11dl¢fd'_eDr(TTEtballmla IV): GOC\G Ny IV (G=hal ogen) (c) reacting
sai d compou

2sui t abl o Av@ate eFheft pioctsh omerisel RunhetRuRe e Rl R ot BPERG %
NY  2FovmWa VAR5 46 metidis0R/aidBelisonifecotic acid (Formula lil):
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10  The process of making a generic compound of the type of Formula VIl from a
compound of Formula lll comprises:
(@)  preparing the N-protected derivative (Formula IlIA) from isonipecotic

acid (Formula I1l):

N—
HOXC /) TH e HOC T Y
Jull A
15 where Y is a protecting group;

(b)  converting the compound of Formula IllA to its acid halide (Formula 1V):

00 LY

IV (G=halogen)
(c) reacting said compound of Formula IV with a suitable halobenzene in

the presence of a suitable Friedel-Crafts catalyst to yield the compound of Formula V:
o .

X
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where X is a hal ogen derived from said hal obenzene; (d) reacting the
conpound of Fornmula V with (a) a suitable al koxyam ne and (b) an acid

fol | onwed W9 odepaset ecti on under basic conditions to provi decrhsoz/sxyapound of
Formula VI as a mxture of the Z and E isoners: EtOH N5 VI and (e)

i somerizing the conpound of Formula VI by treatnment with a strong acid and
si mul t aneously converting to the desi+4d acid salt of Formula VII with an
enriched Z isonmer, wherein the Z isonmer predom nates over the E-isonmer by

at | easwhere90isld habdentdearivetifeorhssst RAIbBEALShaCI d salt nay optional Iy be
converted to its free base by treatnment with _an appropriate base as one

skilled in tHd areasting Hpeeppaued ofhermuadhwithdap acudiable akegiaainpe

compou Ear it 1S, e i,cal, can be
casi 'y o) & a8 Foléhlod 97 oG lon SIS BRR Condlion I CHRIREGE 2na T
hi gh stemngmahrehofcornpulaiVias d mikdese of fhiei DandfE isbendrsvention I n one

enbodi nent, the present inventionagiscloses a novel, easy-to-use process
for preparing the conpound of Fornqu“VIl in high yields and high
stereochem cal purity. When X is Br d "Acid" is HO in Forrmula VIl, the
conpound is 20 the sane as the d of Formula I, which is an
internmedi ate useful in the of the\conmpound of Fornmula Il, as
di sclosed in pending U S. pat hppl i catTon,_serithl No. , (Attorney
Docket No. CD01443P) filed q date Merew th. The inventive process to
prepare the conpound of Fer'mul 3 is schematically described belowin
Sc@gne |1 WO 03/ 033465 PCT/ US02/3276%,; -5 HO2C N-'H Step 1 HRC NAY

and

(e) isomerizing the compound of Formula VI by treatment with a strong acid
and simultaneously converting to the desired acid salt of Formula VIl with an enriched
Z isomer, wherein the Z isomer predominates over the E-isomer by at least a 90:10

10 ratio. The thus-obtained acid salt may optionally be converted to its free base by
treatment with an appropriate base as one skilled in the art can appreciate.

The inventive process to make the compound of Formula VIl has several
advantages: it is economical, can be easily scaled-up and yields the desired Z-isomer
in high yields and in high stereochemical purity.

15

Description of the Invention

In one embodiment, the present invention discloses a novel, easy-to-use
process for preparing the compound of Formula VII in high yields and high
stereochemical purity. When X is Br and “Acid” is HCI in Formula VII, the compound is

20  the same as the compound of Formula [, which is an intermediate useful in the
preparation of the compound of Formula 1l, as disclosed in pending U.S. patent
application, Serial No. , (Attorney Docket No. CD01443P) filed of even

date herewith. The inventive process to prepare the compound of Formula VIl is

schematically described below in Scheme I:



11 H A (Y= Protecting group) OMN N~ Y Step 2 Go Y 1|V (Ghal ogen) V
(X=Hal ogen) Step 3 EEOEtO Acid ININStep 4 HN I N X X VI VII
Schenme | Wbhe3lpsspbunds of the Fornmula VI and VII, and thelPCTiGsong2761 are
bel i eved to be novel conmpounds. The identity of the noiety X in the
Formulas V, VI and VIl is the same. 5 As stated above, the pure Z-isoner
acid salt (Formula VI1) may optional |40 be treated with an appropriate base
and converted to the free base of the Formula: EtOH N Step 4 in Schene |

above includes a el ~d- alyzed i sgyieri zation pr ss to_yield
predom nant |y the@-xmm%%ati en—gﬁe—s*n H@zcﬁgﬁia\m/jwoar | al kyl WO
03/ 033465 PCT/ US02/ 32761 -6 ketoxines froma m xture of isonmers by acid
catal ysis is discussed by {f. Zsuzsanna et al, Hung. nVRed-pdftngEQly - 74(3)
(1968), 116-119. The Z- and E- isoneric fornms of

[R-(2)]-1-azabicyclo[2.2.1 ] heptan-3-one,

O [ 3- (3- et hoxyphenyl ) - 2- propynyl ] - oxi me
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Scheme I

The compounds of the Formula VI and VII, and their isomers, are believed to be novel
compounds. The identity of the moiety X in the Formulas V, VI and VIl is the same.
5  As stated above, the pure Z-isomer acid salt (Formula VIl) may optionally be treated

with an appropriate base and converted to the free base of the Formula:

EtO

Ty

X
Step 4 in Scheme 1 above includes a novel acid-catalyzed isomerization process to

yield predominantly the Z-isomer. Preparation of syn- or anti- aminoaryl alkyl



and their acid-catal yzed isonerization are discussed in U S. 5,534, 522.
Wiile the 5 preferred reagents and reaction conditions for the various

steps i n wbha3ioss4ent i ve process are described in detail i mrCrhusoEseanpl es
section, the follow ng sunmari zes the details. The presently disclosed
process starts with the known conpound of Forrmula |I11, which is

commercially avail abl e isonipecotic ac6d. In step 1, isonipecotic acid is
N- 10 protected. The protecting group is introduced by reacting conpound
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hours. After the reaction is corrg ete, product of Fornula I | A may be
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hal i de, oxalyl halide and the |ike; oxal halide, thionyl chloride is

especi AAUVapRisdbazad onthe B)des2650PEECOR ﬁsclémmﬁerably in"about 1 to about 3
molar equivalents, and typically in about 1.5 to about 2 molar equivalents. A solvent

may be employed such as, for example, hydrocarbons such as toluene, xylene and
the like, halogenated hydrocarbons such as, for example, methylene chloride,

20 ethylene chloride, chloroform, chlorobenzene and the like, esters such as, for
example, ethyl acetate, n-butyl acetate, isopropyl acetate and the like, ethers such as,
for example, tetrahydrofuran, diglyme and the like, ketones such as methyl ethyl
ketone, methyl amyl ketone and the like, as well as mixtures of such solvents.
Preferred are the esters, especially isopropyl acetate. Generally, isonipecotic acid is

25 dissolved, suspended or dispersed in the selected solvent and trifluoroacetic
anhydride is added and maintained at a temperature of about 0-30°C for about 0.5- 5
hours. After the reaction is complete, the product of Formula IlIA may be isolated by
conventional processes such as, for example, neutralization of any remaining acid
and solvent extraction.

30 The N-protected isonipecotic acid (IlIA) is then converted to its acid halide (IV)
by reacting with a suitable reagent such as, for example, a thionyl halide, phosphoryl
halide, oxalyl halide and the like; oxalyl halide, thionyl chloride is especially preferred.



-7 The acid halide may be enpl oyed generally in about I to about 4 nolar
equi valents, preferably in about 1 to about 3 nolar equival ents, and

typi cal | ywornsabsaet 1 to about 1.5 nolar equival ents. ThePChasopsEpar ed
acid halide of Fornmula IV is then subjected to a Friedel-Crafts al kyl ation
wi th a hal obenzene in Step 2. Friedel-Crafts alkylation is 5 well known in
the art of organic synthesis. Cenerall7y, the catal yst enployed is

typically a netal halide such as, for exanple, AICI3. Illustrative useful
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desired” Z-1sonmer. Applicants found that treating the conpound of Fornul a

VI wittheaadtrong aci d under
The compound of Formula V is then converted to an ethoxyoxime of Formula

VI by reacting it with ethoxyamine (or its hydrochloride), usually in aqueous solution
form. Ethoxyamine (or its hydrochloride) is employed generally in about 1 to about 4

20 molar equivalents, preferably in about 1 to about 3 molar equivalents, and typically in
about 1 to about 2 molar equivalents. Generally, the reaction is catalyzed by a weak
acid such as, for example, acetic acid, formic acid and the like, or mixtures thereof, in
a solvent such as, for example, methanol, ethanol, isopropanol, n-butanol and the
like, or mixtures thereof. The product of Formula VI, after work-up, is a mixture of the

25  Z-and the E-isomers, whose ratio may be analyzed for its stereochemical make-up,
using techniques well known in the art such as, for example, HPLC.

Since the desired isomer is the Z-isomer in compound VII, it would be
advantageous to enrich the compound of Formula VI in the desired Z-isomer.
Applicants found that treating the compound of Formula VI with a strong acid under

30 certain reaction conditions surprisingly isomerizes the mixture of the Z and the E-
isomers into predominantly the Z-isomer. Generally, the compound of Formula VI may

be dissolved in a solvent such as, for example, ethanol, methanol, isopropanol, n-



30 certain reaction conditions surprisingly isonerizes the mxture of the Z
and the E- isoners into predomnantly the Z-isoner. Generally, the conpound
of For mulwoMB/0says be di ssolved in a solvent such as, for pexarspt/a276et hanol ,
met hanol , i sopropanol, n WO 03/033465 PCT/ US02/ 32761 -8 butanol and the

| i ke, ether such as nethyl tert-butyl ether, tetrahydrofuran and the Iike,
hydr ocar bon such as, for exanple, heptBane, hexane, toluene and the I|ike,
nitrite such as, for exanple, acetonitrile, benzonitrile and the |ike, or
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the various steps in the reaction schenes described herein” may | sol at ed
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the Exﬁfl\'ﬁbﬁ%lé’lﬂg ARsiigh Bestebeti@nitapputifye preparation 25 of the corrpound of
Formula 11 [r%rg Srggugt%rg%?ﬁg 9/aﬁcf)usl,: (s)trerrgléllg tr|1e| Ireacl’utonV\sllclhlemes gg&%i)egtherem
may be isolated and purified by conventional techniques such as, for example,
filtration, recrystallization, solvent extraction, distillation, precipitation, sublimation and
the like, as is well known to those skilled in the art. The products may be analyzed
20  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, 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
25 of the compound of Formula | from the compound of Formula Ili, 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. All such modifications, variations and alterations are intended to be within
the spirit and scope of the present invention.

30
EXAMPLES



those skilled in the art that many nodifications, variations and
alterations to the present disclosure, both to materials, nmethods and
react i on wordiosi4ehs, may be practiced. Al such nodifi caPCons2/sapi ati ons
and alterations are intended to be within the spirit and scope of the
present invention. 30 EXAMPLES WO 03/ 033465 PCT/ US02/ 32761 -9 Unl ess
otherwi se stated, the follow ng abbren®ati ons have the stated neanings in
t he Exanpl es bel ow. HPLC= Hi gh Perfornmance Liquid Chronat ography M pt:

nel ting poi wnlesd\MRertisd gatedragnfilbeinesiomenttions dave dse efited BMEGINgs

di met hyl sul foxide nL= mlliliters g= grans rt= roomtenperature (anbient)
10 Exatpihe ExampigsabaloWon of Conpound of Fornula IV from a conpound of

For mul %W I followng a procedure simlar to

M F. ﬁ“ﬂl;l'edr:t @J‘Ee., %Hpg&%@h%ﬁ] ?b(%g 1594-1600. To a suspension

of 440 Mypbfmeltiagrpaheicotic Acid in 1760 nmL of |sopropyl acetate at 0 - 10 C
mL of trjfluoroacetic Acid over at least 2 h, while

was adw 880

mai nt aMYRg QL}?@QF@%@P@@%F@@OBQFW@@C fOSCPRPYAft er conpl ete addition, the
reacti 8o dto55- 65 C After about 2 h, the reaction
mxtur?h\/l/vas c%igfeéﬁ?{tggﬁ%ggﬁt room tenperature, and 1760 nlL of i sopropyl
acet at enbmmiléilileéesi. The reaction m xture was cooled to between -10 C and
0C, vvhere on 1320 mL of water was added whil e naintaining the tenperature
bel ow #5 ¥@Mfhis was fol | owed by the addition of 1364 g of 25% sodi um
hydrOX|rﬁerO%g., %}hHéﬂ-é@@réﬂ{yrﬂtﬁe,ﬂw ntai ning the tenperature below 15 C. The

bi phasic m xture was stirred for about 3 h at roomterrperature The
aglleous Iay ample trprenaration of ' Yalrom acompaune ‘

acetat ?’or Eia(iﬁnbfhrfg gom%%BBB Was &%%?gaebﬁ %IH)Wlﬁé]a procedure similar to M.F.
Hibert et al., J. Med. Chem., 33 (1990), 1594-1600. To a suspension of 440 g of

isonipecotic Acid in 1760 mL of isopropyl acetate at 0 — 10 °C was added 880 mL of

trifluoroacetic Acid over at least 2 h , while maintaining the temperature below 30 °C.

15 After complete addition, the reaction mixture was heated to 55 — 65 °C. After about 2
h, the reaction mixture was cooled to about room temperature, and 1760 mL of
isopropyl acetate was added. The reaction mixture was cooled to between —10 °C
and 0°C, whereupon 1320 mL of water was added while maintaining the temperature
below 15 °C. This was followed by the addition of 1364 g of 25% sodium hydroxide

20 solution while maintaining the temperature below 15 °C. The biphasic mixture was
stirred for about 3 h at room temperature. The aqueous layer was removed, and was
extracted with 880 mL of isopropyl acetate. The combined isopropyl acetate solution
was washed twice with 880 mL of a 15% sodium chloride solution each time. The
reaction mixture was concentrated to about 1320 mL. Upon cooling, the product

25  started to crystallize. The mixture was cooled to room temperature and 1760 mL of
heptane was added. The suspension was cooled to between -5 °C and 5 °C, stirred
for 1 h, and then filtered. The collected solid was washed with 440 mL of heptane,
and then dried under vacuum at 55 — 65 °C to give 613.6 g of the compound of
Formula IV, mp: 113.5 °C.

30 Example 2. Preparation of Compound of Formula V from a compound of

Formula lV: To a suspension containing 477 g of the compound of Formula [V in



was washed twice with 880 nL of a 15% sodi um chl ori de sol ution each tine.
The reaction m xture was concentrated to about 1320 nlL. Upon cooling, the
product 2503IB@sesl to crystallize. The m xture was cool ed PCo/uSOD32761
tenperature and 1760 nL of heptane was added. The suspensi on was cooled to
between -5 Cand 5 C, stirred for | h, and then filtered. The collected
solid was washed with 440 nlL of hept ad@,- and then dried under vacuum at 55
- 65 Cto give 613.6 g of the conpound of Forrmula IV, np: 113.5 C. 30
Exanpl 4920 ek ef ramobenzéneCoap adddd @5 7Fp ofitiienyV chiovitea Trireaietidn efixturer mul a
I'V: To_a suspensi cqoptai ning 477 of .the conmpound of Formula IV in WO
03/ 0332{‘%%15?9%?%%9%532851 QVPGS%PQHW%-_ %ﬁefb@'&ﬁibﬁéﬂmi‘éhéh%@amwmrﬁ g of

t hi ony j heq £ eac i I Xt eated 10 .60 - 6 over about
| AR R 107945 e Bl stifo of SR ERNG b B et BB 15 e

wher euportidri38 Quhg ahoatditios her teffharas rd ARt aine @ Dehva&s 100y *?.9 each
additiaon, the tenperature was nai ntai ned between 10-15 C. 5 After the

addi t i Htesthexpdditienmaf a@unpinuaechiasde svas earapletdydhe saattioonmiktueuras was
heat ed -7 Qwer a 3.h peripod, After .about h not her 70 of
al um nnlr!ﬁgteg]ﬁiioo%'gg Qe FRE &eﬂfngrA%%ro%}?oqtalhb’ "{"P‘éh?'zeg(igi‘?fr??‘ﬂﬁ‘m% e was

t r ansf enlogidetadd@ed Aftef aBot Nhhi Reklion ingiﬁt%?é bR RiS28P0!Qd to

between 5 C and 10 C. During the transfer, e tenperature was nail ntai ned
bel ow #b6a@ Ntydreehdeti¢ anidfdodiglonyere-caaleettb hetwaearn5 4CGnd1©®FChumretheene
and 47 m xture was separated. The organic

mL_ of ter. The biphasic . _ :
sol ut i g’ﬁ“ﬁf&& @\éﬁém&% é%W@ﬁdB?mf%a% 8layy 49 St el hepregstian flagkwas rinsgsl t hi s
m gt ur gitAasy ashd 5 I : 0 g% of
hept ane.I After ?y%?ﬁﬁ%gt%%%ﬁﬂgéﬂos@jg%g%ééngﬁ%@fd@gwﬁ)&%%W t ane was
added. seffératedis pbasirganioasslutioniveals tondestinsted ufdsr Bdustd preskureto abolieast 30
mn, a t he iltered. The, coll ed solid s washed with 530 nlL of
col d hgg&)gﬂe %rtL@d“Bﬁlé@rwa%@‘é‘gﬁf%ﬂ gﬁbﬁfg— an@ttﬂm@’ft@é’%%r@ﬁn@ Hd 9Rehbne
conpoupghebtahe! Miter crystaliPhtiorPRad staredE5ABMCE 880 Rl %?%ﬁiehw%' Wk agggBPU”d of
Formula VI' froma conpound of Formula V: A solution cohtalning g of
t he compeshdpensipowas eodled &8betyvern 0-5 °C, stirred for at least 30 min, and the
15 filtered. The collected solid was washed with 530 mL of cold heptane, dried under
vacuum at 40-50 °C to give 537g of the ketone compound of Formula V, m.pt: 96.1
°C.
Example 3. Preparation of Compound of Formula VI from a compound of
Formula V: A solution containing 293 g of the compound of Formula V, 336 g of

20 30% aqueous ethoxyamine solution, and 9 mL of acetic acid in 1170 mL of methanol

was kept under reflux at about 65 °C for about 3 h. The reaction mixture was cooled
to room temperature, and a solution of 450 mL of 25% sodium hydroxide was added.
The biphasic mixture was vigorously stirred. After at least 10 min, the reaction
mixture is added to a mixture of 1470 mL and 1470 mL of methyl tert-butyl ether. The
25 layers were separated, and the organic layer was washed with 147 mL of water,
followed by 147 mL of a 10% sodium chloride solution. The organic solution was
concentrated to about 730 mL. The concentrate was diluted with 880 mL of methyl
tert-butyl ether and concentrated again to about 730 mL. The distillation was
repeated again with 880 mL of methyl fert-butyl ether, and the concentrate was used

30 inthe next step directly without additional purification.



20 30% aqueous et hoxyam ne solution, and 9 nL of acetic acid in 1170 nL of
nmet hanol was kept under reflux at about 65 C for about 3 h. The reaction
m xture Wa® 0dosd4edl to roomtenperature, and a sol uti on offCFAGo2E276f 25%
sodi um hydr oxi de was added. The bi phasic m xture was vigorously stirred.
After at least 10 mn, the reaction mxture is added to a m xture of 1470
mL and 1470 mL of nethyl tent-butyl eter. The 25 |ayers were separated,
and the organic |ayer was washed with 147 nL of water, followed by 147 niL

of a 10% socE Xamphe 4! Pespaitiohl 6iCompoundiehFormealall from wasompounadrsfr at ed
to about 730 The concentrate was diluted wth 880 nL of nethyl
tent bﬁgumﬂehﬂ_&b@:&emeﬁm@mm dnighaselution thevﬁ@m%@.qﬁ ation

concen o aWwas 800 %éﬁo@écﬁ]rﬂ‘tloﬂfl l%ﬁffétﬁ%‘é{l% cEhipBhe ﬁ?\%&ﬁgll

enex ste ctl out adltlo
pur| fi datfibatyl aie03é PGS RCEARISDEE 3PWas chaﬁgedﬂé&mmoﬂlsoﬁ’rcgyhahmhoh of

or eBom (EACLan AZ804T o dRe BN TGy eI o anspizes GiA SesEoRef of
total saba on, el e m@s%fdaeg Ropifel Ve RIBATRNSIuirD W Siffad fof R PULY!

et her as prepare S charge I sopropyl al cohol
("1 PA" )armkmenmmdtmﬂ °®et/hf§2¢r stwmg 21h, éheherude (MOBIELY) wagfiltersdyandwashed

luti 382 d L ti I
s st 1aon 5 o5 1i? obles da R ROy E0ORPL 3P vk, TRG foSlfare "C1 Ve
productcri@s ptbdti vesh @fsh wasdeshcuthd Bt 899C by Qfda%/s 40 gfvel WhitersdlidViis g,

f ol | oned ngZOO mL of MIBE. The resulting crude uct was dried under

vadoum W%b5T gsfasude pd@g@ttwasdpuedmﬁpeta%m&(aglgmfgheﬁ)aM%OXImﬁisS crude

by Py ceBReBNCEY B BbAN Tt Bl IRk g 6 SRRt S o
1ok nigomadiiask 8o byt 420 Aot 420 mbBBTBE ahlienoh et o | 65

C. The resulting slurry was agitated usi ng mechanical stirrer for 68 h

and t heéip “Godihedeselting S@erwaélagﬂmadrmh'gslag me@heé"qeal shrrepfas @gch apdghen
filtere had MHEw 370
n1|_ of I&%@@P i ne pr@bﬁ%r@ﬁg&r m’JFﬂae ﬁﬁal\]ﬁaédlgéwéd& E%%rd vacué%%cw@g %X)t

gi ve whinLefdad oﬂlR/QE\adg\/ITBE%ymwéaﬁ by%ﬂérnteﬁfll\lelE EFhea;mbdZebtxﬁ Fermula |

' eSpeCtvlva\a/seclj?{ed u}gdeflﬁgc&unrﬁlﬁ% S’b to glve Whltg4 O?ld 'YE%B 9%9 o yield IQ% 4 ratio of E

and Z- OX|me respectively, by HPLC analysis). 'H NMR (400 MHz, DMSO-d6) the
major product after isomerization (Z-oxime): 8 8.99 (bs, 2H), 7.63 (d, J = 8.4, 2H),
7.27 (d,J =8.4, 2H), 3.99 (q, J = 7.0, 2H), 3.24-3.21 (m, 2H), 2.90-2.84 (m, 3H), 1.85-~

20  1.82 (m, 2H), 1.71-1.64 (m, 2H), 1.12 (t, J = 7.0, 3H); minor (E-oxime): § 7.60 (d, J =
8.4),7.44 (d,J=8.4),413(q,J=7.0),1.25 (t, J = 7.0).




maj or product after isonerization (Z-oxine): b 8.99 (bs, 2H), 7.63 (d, J =
8.4, 2H), 7.27 (d, J =8.4, 2H), 3.99 (g, J =7.0, 2H), 3.24-3.21 (m 2H),
2.90- 2. 84wOrop/03Hp5 1.85 20 1.82 (m 2H), 1.71-1.64 (m 2HpCTMISAZ3Y761 J =
7.0, 3H; mnor (E-oxine): 6 7.60 (d, J = 8.4), 7.44 (d, J = 8.4), 4.13
(g, J =7.0), 1.25 (t, J = 7.0). WO 03/033465 PCT/ US02/ 32761 -12 CLAI M5
What is claimed is: 1. A process for -gidepari ng a conpound of Fornmula VII:
EtO Acid /-H N X 5 VIl (X= hal ogen) wherein said conmpound is inits
Z-isonmer formin at |east about 90%CitAMSchemi cal purity and "Acid"
refers to acid salt, said process conprising: (a) converting isonipecotic
aci d ( PYhatisslaimed to its N-protected derivative (Formula IIIA): HO2CY

HO2C~~~N %8?)%%8 fbl, ‘%deﬁ'ﬂ }[’!(;&5 guh&g?ﬁa rmd%c iing group; (b) converting

t he corrpou ormu | aci orrrulal\/): GOCN--Y |V
(G=hal ogen) (c) reacting said conpound of Fornmula IV with a suitable
hal obenzene in 15 the presence ofE suitable Friedel-Crafts catalyst to
. 1
yield the conpound of Formula V: N

I Acid

5 VIl (X= halogen)
wherein said compound is in its Z-isomer form in at least about 90% stereochemical
purity and “Acid” refers to acid salt, said process comprising:

(a)  converting isonipecotic acid (Formula IlI) to its N-protected derivative
(Formula llIA):

N— -
H00 ) TH Moo )Y
10 I OIA

where Y is a protecting group;
(b)  converting the compound of Formula IllA to its acid halide (Formula V):

soc, L

IV (G=halogen)
(c) reacting said compound of Formula IV with a suitable halobenzene in

15 the presence of a suitable Friedel-Crafts catalyst to yield the compound of Formula V:
0

where X is a halogen;
(d)  reacting the compound of Formula V with an alkoxyamine and an acid,
to provide the compound of Formula VI as a mixture of the Z and E isomers:



MY XV where Xis a halogen; (d) reacting the conpound of Fornula V with
an al koxyam ne and an acid, to provide the conpound of Fornula VI as a

m xture oWotod®3ddemnd E i soners: WO 03/ 033465 PCT/ US02/ 327@CT/U6S283276t O H N
VI and (e) isonerizing the compound of Fornula VI by treatnment with a
strong acid and sinultaneously converting to the desired acid salt of
Formula VII with an enriched 5 Z isorf&- wherein the Z isoner predom nates
over the E-isoner by at |east about a 90:10 ratio. 2. The process of claim
1, wherein X = Br, said "Acid" inEtﬁQ{rruI a VIl refers to hydrochloride, and
Yis -C(OCF3, -C(OCH3, -C(OOEt or NCHO. 3. The process of claim 2,
wherein Y is -C(OCF3. 10 4. The prodess of claim3, wherein said
conversion in step (a) conprises etN.ng isonipecotic acid with
trifluoroacetic anhydride in ) s@rd solvent is selected
fromthe group consisting of ene, or obenzene, nethylene
chloride, ethylene chlorides/ ethyl™ acetate, isopropyl acetate, n-butyl
acetate, tetrahydrofuran &nd nixtures thereof. 15 5. The process of claim
4, wherein said solvent is isopropyl Vdcetate. 6. The process of claim1,
whereimyfgin step (b) is chlorine, and said conversion conprises reacting
the conmpound of Formula II1IAwth an acid chloride, wherein said acid

chl oride is (epl edseuefiriogtheeogmoupdadifarsiuiany| of ttdatmopt with bastiate, acidal vyl

i I i de.
chlori daend grr}]%ltgpngggs 9rc%nvgmn%rt6?ﬁe desired acid salt of Formula VIl with an enriched

5  Zisomer, wherein the Z isomer predominates over the E-isomer by at least about a
90:10 ratio.
2. The process of claim 1, wherein X = Br, said “Acid” in Formula VIl refers to
hydrochloride, and Y is —C(O)CF3, -C(O)CHjs, -C(O)OEt or -CHO.
3. The process of claim 2, wherein Y is —C(O)CF3.

10 4, The process of claim 3, wherein said conversion in step (a) comprises reacting
isonipecotic acid with trifluoroacetic anhydride in a solvent, wherein said solvent is
selected from the group consisting of toluene, xylene, chlorobenzene, methylene
chloride, ethylene chloride, ethyl acetate, isopropyl acetate, n-butyl acetate,
tetrahydrofuran and mixtures thereof.

15 5. The process of claim 4, wherein said solvent is isopropyl acetate.

6. The process of claim 1, wherein G in step (b) is chlorine, and said conversion
comprises reacting the compound of Formula IlIA with an acid chloride, wherein said
acid chloride is selected from the group consisting of thionyl chloride, oxalyl chloride
and phosphoryl chloride.

20 7. The process of claim 1, wherein in step (c), said halobenzene is selected from
the group consisting of fluorobenzene, chlorobenzene, bromobenzene and
iodobenzene, and said Friedel-Crafts catalyst is aluminum chloride.

8. The process of claim 7, wherein said halobenzene is bromobenzene.
9. The process of claim 1, wherein said alkoxyamine in step (d) is ethoxyamine or

25 ethoxyamine hydrochloride, said acid is acetic acid, and said reaction is performed in
a solvent, wherein said solvent is selected from the group consisting of methanol,

ethanol, isopropanol, n-butanol and mixtures thereof.



20 7. The process of claim1l1l, wherein in step (c), said hal obenzene is

sel ected from the group consisting of fluorobenzene, chl orobenzene,

br onobenzwoe3msades i odobenzene, and said Friedel -Crafts catralysn2/sxzenl um num
chloride. 8. The process of claim7, wherein said hal obenzene is

br onobenzene. 9. The process of claiml, wherein said al koxyamne in step
(d) is ethoxyanine or 25 ethoxyan ne HWydrochl oride, said acid is acetic
acid, and said reaction is performed in a solvent, wherein said solvent is
sel ect etD.f r obhe heoapssgl ctaims®, swherginodaidsblvambis metidrahol , i sopr opanol ,

n- but anp] and m xtures thereof. W) 03/,033465 PCT/ US02/ 327 -14 10. The

pr ocessﬂof cl % H{c&es\ﬁk‘}grcgq“ﬁ‘ @é’i"&e@ﬁ‘l %&Sﬁpggr‘?&ﬂq}%ﬁﬁp (g)is Hhkand 8Ridss of

cl ai m Jre MR | (o I ; j [ L nt of
The. Comman oR RS mBOUfd &1 Fonfiue v RLapees Kol yM i shond BB A1
sol venta aelvanbalt abauttl ®0R0Coior about 1-80gmurewberaivn saidi MCkiaipde st in s
present_,in out 1-8 | ar egui val ent wth resp to,t conpound of
For Iaat{ﬂu.tqi%m %egylggn@ggs,g\fl JF&P%&%??“%BF&I%”%%?%&% f i s sel ected
from t he2 gr ot peswRSEfickanof 1, &iHreRl saidBbReRPls sdISGBE FRMIHe gfupdt anol

met hyl tert-butyl ether, tetrahydrofuran, heptane, hexane, tO0luene,

acet oni ¢ansistingietiaanelr methanal, isPiopasel, ntiigasek metbylisrt-brity efhecess of

claim i1.n.Sal I ' L X [ A ah and
met hyl PP RERRne Aptane, iERind, ToBefib detiSnie SORSMle ME MRl e
For mul aherdsfO N HCI NI'Il H Br \ said process conprising: 1s (a)
convert{' ng i_soni rpecoti c acid to a trifluoroacetyl conpound of the Formula:
10 3. he process of claim 12, wherein said solvent is’a mixture of isopropyl alcohol
and methyl tert-butyl ether.

14. A process for preparing a compound of the Formula:

EtO,

Ty

HC1

Br

said process comprising:

15 (a) . converting isonipecotic acid to a trifluoroacetyl compound of the

N
HOzC\% T cocrs

(b)  converting the trifluoroacetyl compound in step (a) to its corresponding

Formula:

20 acid chloride of the Formula:

CIOC\mN\COCFs

(c) reacting said acid chloride with bromobenzene in the presence of AICI;

to yield @ bromo compound of the Formula:



HO2C N-- _COCF3 (b) converting the trifluoroacetyl compound in step (a) to
Its corresponding 20 acid chloride of the Fornmula: CQOC ------ N- - COCF3

(c) reactwo@3mai4as aci d chl oride with bronobenzene in the pcedasnva27ef Al Cl 3
to yield a bromo conpound of the Formula: WO 03/033465 PCT/ US02/ 32761 -15-
O N\COCF3 Br (d) converting the bronmo conpound of step (c) to an oxine of
the Formula: EtONN-," H Br \ and155'(e) treating the oxinme of step (d)
with a strong acid under conditions suitable to result in the desired
product of Formula | with at | east out 90% stereochem cal purity of its
Z-isoner. 15. The process of claim lkerein said conversion in step (a)
conprises reacting isonipecotrig act | ' Lgoroacetic anhydride in

i sopropyl acetate solvent. of “ebetism 14, wherein said
conversion in step (b) occu eacting the trifluoroacetyl compound of
step (a) with thionyl chloride 7. The process of claim 14, wherein said
conversion in step (d) is perforned by reacting said brono conpound with
(i) ethoxyarfiihe moneetimgythei bremoyetmopdurat ofietepaolito an pxiamelobitet Fornadad, in
a solvent, wherein said solvent ig selected fromthe group 15 consisting of
met hanol , ethanol, isopropanol, n-bGtgnol and nmxtures thereof. 18. The
process of claim 14, wherein said st r| ng acid in step (e) is HCl, and said

Br

and
5 (e) treating the oxime of step (d) with a strong acid under conditions

suitable to result in the desired product of Formula | with at least about 90%
stereochemical purity of its Z-isomer.
15.  The process of claim 14, wherein said conversion in step (a) comprises
reacting isonipecotic acid with trifluoroacetic anhydride in isopropyl acetate solvent.

10  16. The process of claim 14, wherein said conversion in step (b) occurs by reacting
the trifluoroacetyl compound of step (a) with thionyl chloride.
17.  The process of claim 14, wherein said conversion in step (d) is performed by
reacting said bromo compound with (i) ethoxyamine or ethoxyamine hydrochloride
and (ii) and acetic acid, in a solvent, wherein said solvent is selected from the group

15 consisting of methanol, ethanol, isopropanol, n-butanol and mixtures thereof.
18.  The process of claim 14, wherein said strong acid in step (e) is HCI, and said
treatment of the oxime comprises reacting said oxime with said strong acid in a
solvent at about 10 to 80° C for about 1-80 hours, wherein said HCl is present about
1-8 molar equivalent ratio, with respect to said oxime.

20 19. The process of claim 18, wherein said solvent is selected from the group
consisting of ethanol, methanol, isopropanol, n-butanol, methyl tert-butyl ether,
tetrahydrofuran, heptane, hexane, toluene, acetonitrile, benzonitrile and mixtures

thereof.



treatnment of the oxinme conprises reacting said oxine wwth said strong acid
in a solvent at about 10 to 80 C for about 1-80 hours, wherein said HCl is
present awWouwd/o33seB nol ar equi valent ratio, with respect t®csaisdzssie. 20
19. The process of claim 18, wherein said solvent is selected fromthe
group consisting of ethanol, nethanol, isopropanol, n-butanol, nethyl
tert-butyl ether, tetrahydrofuran, hé$tane, hexane, toluene, acetonitrile,
benzonitrile and m xtures thereof. WO 03/033465 PCT/ US02/ 32761 -16 20.
The prodkss Tdfe ptaniess b clamet®iwhesaindsaid solvent issa anixtuxe of sopfodsspanganol
and et h%l tte -{)Et%et her. 21. The process of claim1l, wherein said acid
salt in"§ é(be({Sg) ujyse ther reacted with a base to forma free base of the
formul a1 Et G E%kbbblswfldlalﬁ. W&bm Sl Seld &4t REstEp f(gﬁfs%ﬂﬁe%a%f&d Y?/nﬁd
Z-isomer, with i soner redom nating over the I somer by at | east
about 8 basaty foxm afreghaseref thedoweWaof O ai m 21, wherein X= Br. 23. A
conpound of the Formula: EtOH Ny, 10 wherein said conpound contains an
enriched Z-isomer, with the Z-i sometypredoni nating over the E-isonmer by at
| east about a 90:10 rati o, prepared t{ the process of Caim?2l. 24. The
conmpound of C aim 23, wherein 15 25. A conpound of the Fornul a:

5 X
wherein said free base contains an enriched Z-isomer, with the Z-isomer
predominating over the E-isomer by at least about a 90:10 ratio.

22. The process of Claim 21, wherein X= Br.

23. A compound of the Formula:

EtO,

Ty

10 X
wherein said compound contains an enriched Z-isomer, with the Z-isomer

predominating over the E-isomer by at least about a 90:10 ratio, prepared by the
process of Claim 21.
24,  The compound of Claim 23, wherein X = Br.

15 25. A compound of the Formula:

EtO,

Ty

Br
including isomers of said compound.

26. A compound of the Formula:



EtOQUNN/ H Br \ including isoners of said conpound. 26. A conpound of
t he Formul a: WD 03/033465 PCT/ US02/32761 -17- EtON HCI H N Br \
i ncl udi ngwossmexss of sai d conpound. PCT/US02/32761

-17 -
EtO,

HCI

Br

including isomers of said compound.



