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(4-Pi peridvl)nethanone-(2Z2)-O Ethyloxine and Salts Field of the Invention

- This application specifically discloses a novel process to synthesize (4-

br onophenyb)o3fds4ps peri dyl ) met hanone- (Z) - O-et hyl oxi ne and iplcg @bl t in
high s stereochem cal purity. It also generically discloses a process to
prepare conpounds simlar to the above in hi gh stereochem cal purity. The

| nvent i ogyAflilidis FFlBrofh STHARAT (4-PiSENS ; 41 ibkifRb aA| O
prepare predomnantry B - appl i cation
clainms priority fromU.S. prow si onaiﬂ.ﬁpl i catl on, Seri al  No. 60/329,562
filed on Cctober 15, 2001. The invention disclosed herein is related to to
that disclosed in the provisional patent application, Serial Nunber

60/ 329,561 filed on October 15, 2001. Background of the Invention

(4- Bronophenyl ) (4-piperidyl)nethanone-(Z)-0 ethyl oxime hydrochl oride

(Formula 1) is an internedi at uls f'n |the Qre aration of 4-[(2)-(4 15
bronophenyl ) (et hoxyi nm no) nmet h%—f—cﬁg—m-\ﬁhyl - 1- oxi do- 3- pyri di nyl ) carbo
nyl]-4'- nethyl-1,4"-bipiperidine (Formula Il). The conpound of Formula I

I's discussed in pend| ng U S. patent application, Serial No. 60/329, 566,
(Attorney Docket No. CD01443P) filed of even date herewith. EtO N1 20 15

MAY 2606 WDhix3amdiv4tion BpacifiShIR/ @i8cl64es @ novel process to synthesize (4-
bromophenyl) (4-piperidyl)methanone-(Z)-O-ethyloxime and its 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 |) 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. J

CD01443P) filed of even date herewith.
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The The conpound of Formula Il is also disclosed in the coomonly owned U. S.
patent application, Serial No. 09/562,815, filed May 1, 2000. That p&ivX 2606
application 5 discloses several novel antagonists of the CCR5 receptor which
are useful for the treatnment of AIDS and related H V infections. CCR-5

r ecept or swbag@szabkso been reported to nediate cell transf eictigsi2abieanmat ory
di seases such as arthritis, rheumatoid arthritis, atopic dermatitis,
psoriasis, asthma and allergies, and inhibitors of such receptors are
expected to be useful in the treatnent2 of such diseases, and in io the
treatnment of other inflammatory di seases or conditions such as inflammatory
bowel disease, multiple sclergg s, solid organ transplant rejection and
graft v. host disease. In view §f the inportance of antagonists of the CCR5
receptor, new, novel nethod aking such antagoni sts and/or their

I nternedi ates are al ways of - y 9f the Invention In an
enbodi nent, the present %P' VR si npl e process of
maki ng (4- bronophenyl) (4- ZOJthyl oxinme and its acid
salt in high stereochem cal purity and R{g It additionally teaches
a novel, sinple 20 process to synthesize a coffpoupd of Fornmula | in high
stereochenmical purity and, via that process, ©a t hod of naking a conpound
of Formula I'l in high yields and high) stereochem cal purity. The term "high
stereochem cal purity"” refers to at |east about 90% of the desired isoner,
whi ch, in tThbepoeymoind offeormiula ]l is alschdisZlosed e theo€omhonly ompedrd.Sf  For nul a

the | nogient pBblsrsEes SefeNeapo/ptR Ak, fled UGy o RH" Fratonnt SpRlcalian m ni gf

yi gl dsdiseRkes %eb@ra?hobéﬁéﬁtag&ﬁlgfs &Q%xd@ﬂééggé%ﬁte?@ﬁ £1R0U SEFA0NSE the The

I nventive process to prepar he conpoun ormul a i n such high
st er eotteatmerd|of 4 D@ang oalateddBiinfatioss. CER-5 receptors have also been

reported to mediate cell transfer in inflammatory diseases such as arthritis,

rheumatoid arthritis, atopic dermatitis, psoriasis, asthma and allergies, and inhibitors

of such receptors are expected to be useful in the treatment of such diseases, and in
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 intermediat_es 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 [. 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



PCTI US02/ 32761 purity is also generically suitable for nmaki ng conpoursdMAY 2006
structurally simlar to the conpound of Fornmula I. Thus, the present
process conprises synthesizing a conpound of the general Formula VII from
commer ci aWoxosaidsabl e i sonipecotic acid (Fornmula 111): 5 Etfibox32r@ 111 N
VII to The process of making a generic conpound of the type of Forrmula VI
froma conmpound of Fornmula IIl conprises: (a) preparing the N-protected
derivative (Formula II1A) fromisonipegatic acid (Fornula Il11): HO2C N, H
------- w HO2C JNY \!/ in IlIlAis where Y is a protecting group; (b)

convert : ] ' ' [des V) :
G N - PRy ISR RS Ul fofmaking coinbodndCbucliIN IR BUNE, 1)
sui t abl eorhpbwdikof Eoemula .t he presence of a suitable Friedel-Crafts catal yst
to yield the_conpound of Fornula V. 0 20 VvV 15 MAY 2006 V\g? / 033465

PCT/ US02/ 327EAus.he present process comprises synthesizing a compound of the general

Formula VIl from commercially available isonipecotic acid (Formula 1lI):
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10  The process of making a generic compound of the type of Formula VIl from a
compound of Formula Il comprises:
(a) preparing the N-protected derivative (Formula IllA) from isonipecotic

acid (Formula 1l1):

HOgc\mN‘H — o HOC \%N\Y
m mA
15  where Y is a protecting group;
(b)  converting the compound of Formula IlIA to its acid halide (Formula 1V):

GOC\%N\Y

IV (G=halogen)
(¢) 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



where X is a hal ogen derived from sai d hal obenzene; (d) reacting thasMAY 2006
conpound of Fornmula V with (a) a suitable al koxyam ne and (b) an acid

foll owed by deprotection under basic conditions to provide the conpound of
Formula VI as a njxture of the Z and E isoners: Et0"qlL 5 a(gltg} VI gﬁs)

i soneri zig %WAFnpound of Formula VI by treatnment with &StPORG2Hdid and
si mul t aneously converting to the desired acid salt of Formula VII with an
enriched Z isonmer, wherein the Z isoner predom nates over the E-isonmer by
at least a 90:10 10 ratio. The thus-obtained acid salt may optionally be
converted to its free base by treatnent with an appropriate base as one
ski | | ewhetephis ahalogen dgs emesaidrhalobazen@ive process to nake the

conmpound of r a I t SRt nRM can be
easily scal égfup éﬁﬁt\‘ﬂﬁ m%d‘gorﬁﬁégé@?f Fggf@lgl \Zmr(al) |ané"ma§‘ﬁé)§ﬁ(§}(g@ng\$d i n high
st er eocdiiNby ah duid follbwetPbPaeprdtesticuriiertdsid Comditionstd Pravide gigbodi ment ,
the present invention discloses a novel, easy-to-use process for preparing
t he corgeswpaunskoffoermula Wias a mixtugiof/thel Zandriliseingrs: st er eocheni cal purity.
Wen X is Br and "Acid" is HCl ingfgormula VII, the conpound is 20 the sane
as the conmpound of Formula I, which™g an internediate useful in the
preparation of the conmpound of Fornullp 11, as disclosed in pending U S.
patent application, Serial No. orney Docket No. CD01443P) filed of
even date herewith. The inveg , epq{]e t he conmpound of

o

Formula VIl is schematicall Sthenme |: 15 MAY 2006 WO
03/ 033465
X
5 VI
and

(e) isomerizing the compound of Formula VI by treatment with a strong acid
and simultaneously converting to the desired acid salt of Formuia VIl with an enriched
Z isomer, wherein the Z isomer predominates over fhe 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 VIl 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 VI is

schematically described below in Scheme I:
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-5 Step 1 Step 2 PCT/US02132761 111 A (Y= Protecting groupf M&¥2006

N (13--hal ogen) V (X--Hal ogen) VI Step 4 Schene | N VII The conpounds
of the Formula VI and VII, and their isonmers, are believed to be novel
conpounds wd fedse@ntity of the noiety X in the Fornulas V, p¥tusomb2véil

s As stated above, the pure Z-isomer acid salt (Fornmula VII) may

is the

optionally be treated w th an appropriate base and converted to the free
base of the Formula: EtO't% Step 4 in-8hene 1 above includes a novel
aci d-catal yzed isonmerization process to yield predomnantly the Z-isoner.

Preparation of syn- or aptj- y-noaryl kyl 15 MAY 2006 _WD 03/.033465

PCT/ US02/ 32761 - 6 HoeBQxi rém a™m mﬁfﬁm sﬁcmy{gé//\gt)\l/?/ catalysis is
di scussed by T. Zsuzsanha et al, Hung. Magy. Km Foly., (3 1968), 116-119.
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Scheme I

The compounds of the Formula VI and VI, and their isomers, are believed to be novel

compounds. The identity of the moiety X in the Formulas V, VI and Vi is the same.
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
"LLN

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



[R-(2)]-1-azabi cycl o[ 2. 2. 1] hept an- 3- one, 15 MAY 2006
0-[ 3- (3- net hoxyphenyl ) - 2- propynyl ] -oxi ne and their acid-catalyzed
i someri zation are discussed in U S. 5,534,522. Wile the 5 preferred

reagents d r tion conditions for the various steps in ' ive
process a %i’éoggﬁfbed in detail in the Exanpl es section, th{;ﬂ}%ﬁy%\?élng

summari zes the details. The presently disclosed process starts with the
known conmpound of Formula 111, whi ch_:qs_ comerci ally avail abl e isoni pecotic
acid. In step 1, isonipecotic acid is 10 protected. The protecting group

is introduced by reacting coppound |11 with a, suitable agcjd cid chl ori de,
aci d ankgtaximas H’@E‘r%ﬂ)&’ﬂ‘?%°€§P€?e,rszi}¥cﬁ°d¢1§aqail¥§é‘5, isdisussgd py ﬂ-nz\?\hﬂzﬁ%‘nat hose

Kill edyj | :
Tr1 11 oot HifpMagy KnbEdly. RS FCde PP LR, TREZ- e REBRRARABISEE
the |i KiR~(Z)priedzabieygio[2.2. tiheptaredariey O-[&G—nﬂ!ﬂmmnm@pmnw{dxime
trifluoroacetic anhydride, The is trifluoroacetic anhydride is. | | oyed
gener al 3 theingeidicatalyzediisomerizatign are disgussed EhUsg(% SéePddn IWHEE es of

. ; ; . ) v eouival ent s, g
tyor ol T oS et TEARIch EShdlime ol e VaRALS stbeg TG ivg oL S "
enpl oy eproges$ ases deScribeekiangstail irihdr Examplesssection, dse fallowing summharimesand ~ t he

like, h I%enat ed hydrocarbons such as, for exanple, nethylene chloride, 20
et hyl en®edatail$.de, chloroform chlorobenzene and the like, esters such as,

for exanpl eTh@@EJé;gr@l?%%él@sed"ﬂ@g‘éE st ra‘ﬁ%%éf RHB\FvHQﬁm FOEFAMuIANE

| i ke, ethers su exa uran, ghyne and the |ike,
ket oneslils whichais comingtcialtyhavailabie isoaipecetitatidatry stepet ,dsenipedotihacidiis ®l- as

wel | as m xtures of such solvents. Preferred gre the est ,especially
b oppIOteRIEH TS PEAGING BRI 1 I orRiced by taacing SompayneL I With & SieBisn ted

or i Sguigediinidifles SLRCAMRMY PR BGRRL Sl 10 RAKE s WG fo° added

and mai nt ai neg at a tenperature 0 or a hour's.
After tiheseaskileddn the atobsehi protebtiveogmipstthalf megyrbeiémpldyed arey be i sol at ed

el i oA R ahaced (LIOVEHe. s Ge DS Rt aseingdidl ) ¢ aci
(HTTA) hefdhsd iCenusidare Antrbduééd By héddtitg withirifluoroacetic anhydride. The

15 trifluoroacetic anhydride is employed generally in about 1 to about 5 molar
equivalents (based on the moles of isonipecotic acid), preferably 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 chioride,

20  ethylene chloride, chloroform, chlorobenzene and the like, esters such és, 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 llIA may be isolated by
conventional processes such as, for example, neutralization of any remaining acid
and solvent extraction.

30 The N-protected isonipecotic acid (llIA) is then converted to its acid halide (V)
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.



by reacting with a suitable reagent such as, for exanple, a thionyl halide,
phosphoryl halide, oxalyl halide and the Iike; oxalyl halide, thionybMAY 2006
chloride is especially preferred. 15 MAY 2006 WO 03/ 033465 PCT/ US02/ 32761 -7
The acid halide may be enployed generally in about | to about 4 nolar

equi val entwQ o3/p33séerably in about 1 to about 3 nolar equi valceiissy 3o
typically in about 1 to about 1.5 nolar equivalents. The thus-prepared acid
halide of Fornmula IV is then subjected to a Friedel-Crafts alkylation with
a hal obenzene in Step 2. Friedel-Craftg.alkylation is 5 well known in the

art of organic synthesis. Cenerally, the catalyst enployed is typically a

11 uor obane aad Heiftedhay bR orHBIR] Bonplal in abblt'F 14 Shbtfs Gt ppliRatif zene !

chl or oerefarably inrabolt ¢t aboatBendlar equuvamh&r rad. tyiﬂmelltnai abeutztteabsutenpl oyed
general‘ﬁlg I n about 3-8 _volunes, preferably in -7 volunmes and

typi cal 19 melaggguivalents. The thus-praparediacid é@b@%pf F@rrtnﬁl@ %wdban&uéfeqt%

For mul g1

For 1 gl R A i s AEB8H Ao 03T S ede AR I 21
abosit 2wl nmbwn ueﬂw ardbeotganid synthesnse%nécallyhmecmnamnémﬁlofeﬂlsul a lVv.
Cenerally, the |ngred| ents are m xed maj ntai ned at a tenperature. range

of 5- gyeically adnetd halids spsly as, f%exm!m&l%f Ilpstrativeyuseful PalobgpzeDefS i s
gener alg v,/ t?é’tluf’érfed cflrbn{&?: r&%'n\éeﬂ qrﬁgﬁéﬁz"ér{eh& .oaéﬁéq%e égv&gi;%rﬁgroyfe’ﬁ‘ghﬁé

net hods we Known ose ski e ar ormula V

I st herambbropnolsehzenedrireg prefeoad NEhe halobemabae is/empjoyezhgémnerally in about
et hoxyam ne (or its_hydrochloride), usually |ncgﬁueous solution for

Et hoxy arBiYoIYrBes, Rrefer ol &2 APBHt ) Velymes Al ypicgly & abpyt 446 valdmesawits about
2030, eS8 oBRDund o YRS BTN Al GAARRY GBI iy,
r eact i an absutat&hm&dnwaiemea[krefarabdj mmﬁom2-4 frolaeequipbientsard typicallyd,
formc |r611 %I %Iu?g ?ar equwalé)rqts Tvn)f\t r"és%tht t%et gocfomﬂound of Formula IV.
Generally, the ingredients are mixed and maintained at a temperature range of 5-
80°C for about 1-5 hours. The product of Formula V after work-up is generally isolated
15 by solvent extraction, precipitation or similar methods well known to those skilled in
the art.

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-



a solvent such as, for exanple, nethanol, ethanol, isopropanol, n-butsangy 2006
and the 1like, or mxtures thereof. The product of Forrmula VI, after
work-up, is a mxture of the 25 Z- and the E-isoners, whose ratio may be
anal yzed &p itS st ereochem cal make-up, using techniques well known in the
art such 5403(03 ¥3xanpl e, HPLC. Since the desired isomer |E&TMS2Behmer in
conpound VII, it would be advantageous to enrich the conpound of Fornula VI
in the desired Z-isoner. Applicants fgund that treating the conmpound of
Formula VI with a strong acid under 309Certain reaction conditions
surprisingly isonmerizes the mxture of the Z and the E- isoners into

pr edonibuignal andribedikes ether suchmsrmethyl tarkbutybaihwudetrehydeafiianaand thaay  be

0 15 WS 2oBBeSBa s dofRxaRls, RSB neRhiE ekt T IE fia IRRTRE
such agyBRERY fortédmpet dtetbhitfle, bbRkdmints BAE WhaNkérst rhbduresidfsuchy dr ocar bon
such as, for exanple, heptane, hexane, toluene and the like, nitrile such

as, fosobeatsllbis theottraated with,a sisonw aridrsuch agdor examplee H@r HEBrxlle$@s of

roo rand guke. ot eipites REHefontl Th SO oL B ol B R T o
about Bniflojdigenerdlly ir@beut $.1 EH Ut SmaRiFIquivalents, plefeitably ih dsowbout 8

nol ar equi val ents, preferably in about 1.1 to about 6 nolar equivalents,

and t y o shput/6imolapequivalents,ansliypically imabefi? ixabkektsd molar equiyalepts.cal | y

For mut Vb Aflealy s pbedomBiand ng Aoufop P AR Sipcifs SORENihodid o, .

typi cabf FBrin@REVIION P EIgRaI9Sis qWheRove BrarndtheRxcidBhR waLHUI Caftsrpypicd] he
presence of the Z- isomer generally in about 90% or -above stereochem_ cal

putd t y reagtipn sgauRNce\as shawin theoBxamples soctian shewed e prasangeeiaffhe Z-
pur 1y Bt aetdBY i aBGurtde b AHER5 ForeP R URBIH oyl BHEHBIEIT BERBO i ng
a stroggysor dbowy stereapiérnivabparityo Additivhally, Ahe Siuias of tHe 8osiFeddBsbmPdUNdS 1N
hi gh yi el ds and high stereqchem cal purity. . .
in such stereochemical purity was quite high, demonstrating that such isomerization
reaction using a strong acid may be applicable to prepare Z-isomers of such oximes
15 in high yields and high stereochemical purity.

The products of the various steps in the reaction schemes described herein
may be isolated and purified by conventional techniques such as, for example,
filtration, recrystallization, solvent 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 examplé, 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 lll, 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



The products of the various steps in the reaction schenes described herein
may be isolated and purified by conventional techniques such as, forl5MAY2006
exanple, filtration, recrystallization, solvent extraction, distillation,
precipitation, sublimation and the like, as is well known to those skilled
I n the artwodhesspéoducts may be anal yzed 20 and/ or checkedptoruspasizsy by
conventional nethods such as, for exanple, thin layer chromatography, NVR,
HPLC, nelting point, mass spectral analysis, elenmental analysis and the

i ke, well known to those skilled in tige-art. The follow ng nonlimting
EXAMPLES are provided in order to further illustrate the present invention.
Wil e the I | | '

conmpound of Formu aﬁeﬁgf%%%@%tﬁ@?@g%ﬁ%@\g?oﬁggﬁgﬂf)g@ﬁ?l@% &ﬁ]sﬁ ﬂ'{)eeat ép sarent
t o t hosin the Exarrples bdlowart that many nodifications, variations and
alteratjQns to.th resent disclosure, both to materials, nethods and
reacti OH%nd&FdWQ*bﬁﬂfgﬁ‘H?nﬁ%L'quda rRBAlogE@RPN yuch nodi fi cati ons, variations
and alt [ re:kntended to be within the spirit and scope of the
present L g o S AVPLES 15 MY 2006 WD 03/ 033465 PCT/ US02/ 32761 - 9
Unl @ss DIMIR= wuskeas traagnietid lesofiarideospergrosicbpyvi at i ons have the stated

meanings_ in the alrrpl es, bel ow. HPLC= H gh Performance Liquid
Chr omat W%@ﬁﬁlmﬁxsuwﬂq ng point s NVR= nucl ear magnetic resonance
spect r 054 PYiliillVRO- di met hyl sul foxide nmL= mlliliters g= grans . rt= room
tenperature (a I'ent)

g= grams

rt= room temperature (ambient)
10 Example 1. Preparation of Compound of Formula IV from a compound of

Formula lll: This compound was prepared by following 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.

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

Formula IV: To a suspension containing 477 g of the compound of Formula IV in



10 Exanple 1. Preparation of Conpound of Forrmula IV froma conpound of
Formula Il1: This conpound was prepared by follow ng a procedure si ki YAY 2046
MF. Hibert et at, J. Med. Chem, 33 (1990), 1594-1600. To a suspension of
440 g of isonipecotic Acid in 1760 nL of isopropyl acetate at 0 - 10 C was
added 88Q a0t rifluoroacetic Acid over at least 2 h , pehins@8B%it ai ni ng
the tenperature %el ow 30 C. 15 After conplete addition, the reaction m xture
was heated to 55 - 65 C. After about 2 h, the reaction m xture was cool ed
to about roomtenperature, and 1760 mgaf isopropyl acetate was added. The

reaction m xture was cooled to between -10 C and 0C, whereupon 1320 nlL of
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collected solid was washed with 440 nL of heptane, and then dried under
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to 10 éelgarg’ced\_/.m%g %?Sgnig gglu |or? fwae}sl gongcnewt?a%gdl SFui'jgre revé%geg %Orlggsdrg tg about
820 mL. To this mixture was added 1320 mL of methyl terf-butyl ether, and 1790 mL
of heptane. After crystallization has started, another 860 mL of heptane was added.
The suspension was cooled to between 0-5 °C, stirred for at least 30 min, and the
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 tert-butyl ether, and the concentrate was used

30  in the next step directly without additional purification.



portions. During each addition, the tenperature was maintai ned bet wetifMAY-206%
C. 5 After the addition of alum num chloride was conplete, the reaction

m xture was heated to 65-70 C over a 3 h period. After about | h, another
70 g of ahyyoiesiueschl ori de was added. After about 1 h, thepceasii/nneim xture
was transferred to 2370 nL of a 6 N hydrochloric acid solution pre-cool ed
to between 5 C and 10 C. During the transfer, the tenperature was

mai nt ai ned bel ow 40 C. The reaction flask was rinsed to with 470 nL of

br omobenzene and 470 nL of water. The bi phasic m xture was separated. The
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sol ution concentrated to abou oncentrate was diluted with
880 nlL oéspeetw@iy bythPt Clanalysiet hiee candt moderenwasiaddeddniora 6d mivod: 730 ni.

e O b s S8 7 20 P A e B o S anc e it
addi ti ogglcpurpd testitingslufry wilagi@®4 by using mechanical stirrer for 68 h and then
cooled to 10 °C. After stirring 2 h, the final product was filtered and washed with 370
15 mL of 1:2 of IPA and MTBE followed by 370 mL of MTBE. The product of Formula |
was dried under vacuum at 55 °C to give white solid (258 g, 90% yield, '4:96 ratio of E.
and Z-oxir\ne respectively, by HPLC analysis). 'H NMR (400 MHz, DMSO-d6) the
major product after isomerization (Z-oxime): & 8.99 (bs, 2H), 7.63 (d, J = 8.4, 2H),
7.27 (d, d = 8.4, 2H), 3.99 (q, = 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 =
84),744(d,J=84),4.13(q,J=7.0),1.25(, J =7.0).




WO 03/ 033465 PCTfUS02/ 32761 -11 Exanple 4. Preparation of Conpound of5 MAY 2006
Formula | froma conmpound of Fornmula VI with Z-isoner predom nance: Into a
solution of the conmpound of Fornmula VI (600 nL of total solution including
247 g of nponent in nethyl tert-butyl ether as Exanpl e
3) was chg%dgég 52 mL of isopropyl alcohol 5 ("IPA") and gﬁg’gﬁ%@%?arreth
t-butyl ether (" MTBE"). An anhydrous | PA solution of HC (4.8 N, 382 rrL)
was added dropwi se. The resulting slur{y_was stirred for 12 h and then
cooled to 0 C. After stirring 2 h, the crude product was filtered and washed
with 200 nL of 1:2 of |PA and MIBE Md by 200 nL of MIBE. The resulting
crude product was dried under vacuu C for 2 days to give white solid
(294 g, What R2%&imddiss crude product was found to contain 9:91 ratio of the E
and Z-oximes respectively by HPLC anal ysis. The crude m xture was added
into at L rApnecessdor preparinga kompouoded Foymdae¥ild. of | PA and 1420 ni of
MIBE and then heated to 65 C. The resulting slurry was agitated by using
mechani cal stirrer for 68 h and then cooled to 10 C. After stirring 2 h,
the final product was filtered andgo m@shed with 370 15 nL of 1:2 of |IPA and
MIBE fol |l owed by 370 nL of MIBE. The"mproduct of Formula | was dried under
vacuumat 55 C to give white solid (258 gAs®0% yield, 4:96 ratio of E and
Z-oxi me respectively, by HPLC ang "H NWR (400 MHz, DMSO d6) the

maj or product after isoneriz 23— 8. 99n(bs, 2H), 7.63 (d, J =
8.4, 2H), 7.27 (d, J = 8.4, . NO, 2H). 3.24-3.21 (m 2H),
2.90-2.84 (m 3H), 1.85 20 18 2H),171164(m2|—|) 112(tJ:
7.0, 3H); mnor (E-OX|rre)x6 7.60 (d, J = 8.4), 7.44 (d, J 8.4), 4.13 (q,
J =57.0), 1 25 (t, J =7.0). 15 MA¥0RO8EeO 03/ 033465 PCT/ USOZ/ 32761 -12-
CLAI M5

W erem salgilcé%)imrr;'aﬁ;‘c()juriu'JS 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 llI) to its N-protected derivative
(Formula HIA):

HOZC\mN\H —_— HOzc\mN\Y
10 I mIA
where Y is a protecting group;
(b)  converting the compound of Formula IlIA to its acid halide (Formula V):

so0. [

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:
o)

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



1. A process for preparing a conpound of Formula VII: N5 10 VII (X=15MAY 2006
hal ogen) wherein said conpound is in its Z-isonmer formin at |east about 90%
stereochem cal purity and "Acid" refers to acid salt, said process

conpri si ngig d3as3fenverting i soni pecotic acid (Formula |11)penUsds2761
N-protected derivative (Formula I11A): /,NHN HO®PC -------- 11-- FIOpC~ Y
[11 111 A where Y is a protecting group; (b) converting the conpound of
Formula II1Ato its acid halide (Formuia-1V): GOCN-Y |V (G=hal ogen) (c)
reacting said conpound of Fornmula IV with a suitable hal obenzene in 15 the
presence of a suitable Friedel-Crafos catalyst to yield the conpound of
Formula Vi 0 v where X is a hal ogen;*n(d) reacting the conpound of Formula V
wi th an al koxyami ne and an acid, to pPprovide the conpound of Forrmula VI as a
m xture of the Z and E i soners: 2006 WO 03/033465 PCT/ US02/ 32761 -13
EtO N

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

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 VII refers to
hydrochloride, and Y is —C(O)CF3, -C(O)CHgs, -C(O)OEt or -CHO.
3. The process of claim 2, wherein Y is —C(O)CFas.

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.



VI and (e) isomerizing the conpound of Forrmula VI by treatnment w thiamayr2006
acid and sinultaneously converting to the desired acid salt of Formula VI
with an enriched 5 Z isoner, wherein the Z isoner predom nates over the

E-i soner | east about a 90:10 ratio. 2. The process i ,
wherein >?9§0%}P?34§ id "Acid" in Fornula VIl refers to hydﬁ?gﬁﬁ%ﬁh e6,J[ and Y
is -(OCF3, -(OCH3, -C(OOEt or -CHO 3. The process of claim2, wherein
Yis -C(OCF3. 10 4. The process of clgim3, wherein said conversion in step
(a) conprises reacting isonipecotic aci d with trifluoroacetic anhydride in
sel,ected fromthe group consisting of

|
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al koxyam ne’ in step I'S et hoxyam ne’ or oxyam ne hydr.oc
sai d adhdreof. acetic acid, and sal d reaction is performed in a solvent,
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and methyi tert-butyl ether.

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

EtO

Ty

HCl

Br

said process comprising:
15 (a) . converting isonipecotic acid to a trifluoroacetyl compound of the

N
HOzc\m cocrs

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

Formula:

20  acid chloride of the Formula:

cioc, /= ~CocFs

(c) reacting said acid chloride with bromobenzene in the presence of AlCl3
to yield a bromo compound of the Formula:



WO 03/ 033465 PCT/ US02132761 -14 10. The process of claim9, whereinlSMAY 2006
solvent is nethanol. 11. The process of claim1l, wherein said strong acid in
step (e) is HCO and said treatnment of the conpound of Fornula VI conprises
reacti ng woddossdesl strong acid in a solvent at about 10 tErc1B0$e2/30761about
1-80 hours, wherein said HCl is present in 5 about 1-8 nolar equivalents,
wth respect to the conmpound of Formula VI. 12. The process of claiml11,
wherein said solvent is selected fromtthe group consisting of ethanol

met hanol , i sopropanol, n-butanol, nethyl tert-butyl ether, tetrahydrofuran,
hept ane, hexane, toluene, acetonitripe, benzonitrile and m xtures,.

thereof. 10 13. The process of claiml2, mhereln said solvent is a mxture
of isopropyl alcohol and net er. 14. A process for
prepari ng a conpound of the -Fb@@§@ conprising: 15 (a)
converting isonipecotic acidg tr|fluoroacetyl compound .of the Formul a:
HO COCF3 (b) converting the oroacetyl conpound in step (a) to its
corresponding 20 acid c#lorid& of the Forrmula: CIOC.N-0O0OOF3 (c) reacting

B omo comotl of The e T ae ﬁ%ﬁ@;@%?%ﬁ%éa%ﬁ%@#ﬁ%ﬁ?%@” )

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.



-15 CCCF3 (d) converting the brono conpound of step (c) to an oxi ne 16MAYZ906
Formula: Nand 5 (e) treating the oxine of step (d) with a strong acid
under conditions suitable to result in the desired product of Formula | with
at | east %8% 39(%% stereochem cal purity of its Z-isoner pclassoIAsep’ OCESS
of claim'l4, V\%erei n said conversion in step (a) conprises reactlng

i soni pecotic acid with trifluoroacetic anhydride in isopropyl acetate
solvent. 10 16. The process of clai m_.k4 . wherein said conversion in step (b)
occurs by reacting the trifluoroacetyl conmpound of step (a) with thionyl

chloridg. 1%, T . Of . : L{:.Sal ' ' p (d)
s per 5 mod g, PoeBEE B BRI WBieRbih SaidkSBlYRHF 1 B i 3 Eharby 3

et hoxy anethgl teptcsutgidther.de and (ii) and acetic acid, in a solvent, wherein
said solvent_is selected fromthe group is consisting of nethanol, ethanol,
i sopr ofdnol The-pecesspef alaim, whereis said asisk salhip, step depisdudber wractedwithi4,
wher ei J (e B Js HC, and said treatnent of the
oxi me c%oﬁr%éﬁﬁg:fé%ggggr?%sggfgﬁgg?@le\ﬁth said strong acid in a solvent at
about 10 to 80 C for about 1-80 s, wherein said HCl is present about
1-8 nol ar equivalent ratio, with respect to said oxinme. 20 19. The process
of claim 18, wherein said solvent is|selected fromthe group consisting of
et hanol , met hanol, i sopropanol 3 , methyl tert-butyl ether,

tetrahydrofuran, heptane, hef oni Hile, benzonitrile and
465 P67 US02/ 32761 - 16

m xtures thereof. 15 MAY 20(
wherein said free base contains an enriched Z-isomer, with the Z-isomer

5 X

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

My

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:




20. The process of claim19, wherein said solvent is a mxture of

i sopropanol and nethyl tert-butyl ether. 21. The process of clai m 15MAY 2006
wherein said acid salt in step (e) is further reacted with a base to forma
free base of the fornmula: wherein said free base contains an enriched

Z- i soner ,weis/s3uése Z-i soner predonmi nating over the E-isower/uzg2aizel east
about a 90:10 ratio. 22. The process of Claim2l, wherein X= Br. 23. A
conmpound of the Formula: EtO'LL 10 N wherein said conpound contains an
enriched Z-isoner, with the Z-isoner - 1gredom nating over the E-isoner by at

| east about a 90: 10 ratio, prepared by the process of Claim2l1l. 24. The
conpound of C aim 23, wherein X =Et X 15 25. A conpound of the Fornmul a:
EtO'C,L Nincluding isonmers of said npound. 26. A conpound of the

Formul a: 15 MAY 2006 WO 03/033465 PQT/ USBY /32761 -17 N Br incl uding

i soners of said conpound.

Br
.

including isomers of said compound.



