PROCESS FOR PREPARI NG 442- (2- FLUOROPHENOXYMETHYDPHENYLI Pl PERI DI NE
COVPOUNDS BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present

i nventi orwoebarmseI38o processes and i nternedi ates for prepamsegIfe]3ns (2-

f | uor ophenoxynet hyl ) phenyl ] pi peri di ne conpounds having activity as
serotonin (5-HT) and norepi nephrine (NE) reuptake inhibitors. STATEOF THE
ART Pain is an unpl easant sensory and enotional experience associated with
actual or potential tissue danage, or described in terns of such damage
(I'nternational Association for the Study of Pain (1ASP), Pain Term nol ogy).
Chroni c pain persists beyond acute pain or beyond the expected tinme for an
injury to heal (Anmerican Pain Society. "Pain Control in the Primary Care
Setting." 2006:15). Neuropathic pain is pain initiated or caused by a
primary lesion or dysfunction in the nervous system Peripheral neuropathic

pain ogcurs when the | esi pROTCESY HORPREFARINGU R-be peripheral nervous
system and centr al neuro-athlc -aln mhen the IeS|oq:or d sfunctlon affects

the central nELYS : }UNDSgents are
currently used to treat N, éf{@IfNIB?an Wﬂ[ I{I(or exarrpl e, tricyclic
anti depressants, serotonin and norepinep r|ne reuptake inhibitors, calcium

channel |igands (e g. gabapentpmmmmpmg&mtom) topi cal |idocaine, and
opi oid agonists (e.g phi ne, oxycodone, nethadone, | evorphanol and

tramadol ). Thé h&@g%@@éﬂﬁ%fléﬁh@ﬁwﬁ@%m ARy Gdtpeior aTeRar BB Mbétsns
d h
by bi 1055 BRIt IR onEdl gk bk alounl i A RLORL By ARG SRITPE N LG

for an ehhd0D&pmemm®&ﬂ$§0ohqpﬂﬁpambngmsuch conmpounds.

STATE OF THE ART

Pain is an unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage (International Association

15  for the Study of Pain (IASP), Pain Terminology). Chronic pain persists beyond acute pain
or beyond the expected time for an injury to heal (American Pain Society. "Pain Control in
the Primary Care Setting." 2006:15). Neuropathic pain is pain initiated or caused by a
primary lesion or dysfunction in the nervous system. Peripheral neuropathic pain occurs
when the lesion or dysfunction affects the peripheral nervous system and central

20 neuropathic pain when the lesion or dysfunction affects the central nervous system (IASP).

Several types of therapeutic agents are currently used to treat neuropathic pain
including, for example, tricyclic antidepressants, serotonin and norepinephrine reuptake
inhibitors, calcium channel ligands (e.g., gabapentin and pregabalin), topical lidocaine, and
opioid agonists (e.g., morphine, oxycodone, methadone, levorphanol and tramadol).

25 The 4-[2-(2-fluorophenoxymethyl)phenyl]piperidine compounds described herein
inhibit the reuptake of both serotonin and norepinephrine by binding to the serotonin and
norepinephrine transporters. A need exists for an efficient process of preparing such
compounds.

SUMMARY OF THE INVENTION

30 The present invention provides novel intermediates and processes for preparing
compounds that have been found to possess serotonin reuptake inhibitory activity and
norepinephrine reuptake inhibitory activity.

One aspect of the invention relates to a process for preparing a compound of
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SUMMARY COF THE | NVENTI ON The present invention provides novel internediates
and processes for preparing conpounds that have been found to possess

ser ot oni woeameskssi nhi bitory activity and norepi nephri RETNS2BOAKES04
inhibitory activity. One aspect of the invention relates to a process for
preparing a conpound offormula | : or a salt thereof, where: ais 0, 1, 2,
3, or 4, eacq R1 is independently halo or trlfluoronethyl R3 i s hydrogen,
hal o, or formulgk l kyl; R4, R5, and R6 are independently hydrogen or halo; the
process conpri sing t he steps of: reacting a conmpound of formula 1. or a
salt thereof, with a conpound o mula 2 : Fin the presence of a base, to
provi de a conpound of fornl & a sght thereqgd’ where L is a leaving
group and P is an am no-protecti g grodp; ghdXyJ) renoving the

am no-protecting group, P, fromtihe conpou formula 3 -?-or a salt
thereof, to provide a conpound g@ qr MURS g apfalt thereof. In one
enbodi nent, the conpound of for is 4-[25(2, 4, 6-
trifIuorophenoxynethyl)phenyl]pl R fdine or & pharnaceutically accept abl e
salt thereof. In another enbodi meat, the conpound of fornula | is defined
as: (a) R3 and R5 are hydrogen and: (i) R4 is fluor R6 is fluoro, and a

is 0; (iioraldit tiRrdofUskie: 836 01 8, X, BUSH D.caéh Rélslndépeﬂddﬂﬁ ihglodorf | UOT O,
5-fluoro, 5- trifl uoronethyl or 6-fluoro; &d s fluoro, R6 is

fl uoro, arifleoromethyd R31is hydraga, Bilp) efofCo salkylsRGiR T &1&3 argrindspendgintly uor o: (iv)
R4 1s 5f ! %9d1%g616§1‘ flaﬁo; tﬂé 81[0%6556&'3%1&15 n@ tﬁ’e steps of:

(a) reacting a compound of formula 1:

1

R
(R); L
“l‘
i (1
or a salt thereof, with a compound of formula 2:
F
HO R’
R° R’
5
R

10 in the presence of a base, to provide a compound of formula 3:

R’ b
); o .
R® R*
N R
b
(3)

or a salt thereof, where L is a leaving group and P is an amino-protecting group; and

(b) removing the amino-protecting group, P, from the compound of formula 3

2-



(v) R4 is chloro, R6 is fluoro, and a is O; or (vi) R4 is bromo, R6 is
chloro, and ais 0; or (b) R3 and R4 are hydrogen, R5 is fluoro, R6 is

chl oro, awm@:20(00s6w8is g; (ii) ais 1 and RL is 5-fl uoroPOr/US20000064304 oOr
(tii) ais 2 and RL is 4,6-difluoro; or (c) R4 and R5 are hydrogen, R6 is
fluoro and; (i) R3 is fluoro and a is 0; (ii) R3is fluoro, ais 1, and Rl
|s3fluoro 5f|u 5- trifluoraonethyl, or r (ii1) R31is
fluoro, &psalbthergy Rprdd e4a@%qunég‘;’éomwakmsaﬁstlﬁ?r§0§h| oro or methyl, and
ais 0; or (d)yBz erﬁﬂ@dlﬁﬁﬁit Béc%hg)oﬂﬂ&%f)ﬂ)%uﬁrlqs 4(b)oR%.is H and a is 0;

(ii) Reis H ais 1, and RLis luoro or 6-fluoro; (iii) R6 is fluoro
and a is tﬁﬂuc(rppl)enﬁzﬁymsthﬂ)ﬂwmm]pmem@m& or apbhrRbcéugicql acw;@ptableSaHt theorod, or
6-fl uoro; i.s fluar ais 2, d RLIiS 5-difluoro or 4,6-difluoro;
Ot ) R e etk e gmpGinf oAt Linasts® 81 <3 Cand R s
4-fluoy o, 6- f|b9CR30andQI5a'§eh drBR%&ng@rrethyl (viii) R6 is chI oro, ais 2, and
R1|s45d|fluoro ? is bronmo and a is O;or apharmaceutlcally

accept abl e salt thér)ébfls ﬂWmtRelfS fopwend efis @he i nvention relates to a

process for pr epar ' sCleo lll{a 1S ﬁIlorfoog {mll %n&'Rm{s @ﬂugrlot 5 tﬂﬁ'l%{oegf the
process conpr|5|ng € steps

trifluoromethyl, or 6-fluoro;
(i11) R* is fluoro, R® is fluoro, a is 2, and R’ is 4,5-difluoro, 4,6-difluoro, or
10  35,6-difluoro;
(iv) R* is fluoro, R’ is chloro, and a is 0;
(v) R* is chloro, R® is fluoro, and a is 0; or
(vi) R* is bromo, R° is chloro, and a is 0; or
(b) R? and R* are hydrogen, R is fluoro, R® is chloro, and:
15 (i)ais0;
(i) ais 1 and R' is 5-fluoro or 6-fluoro; or
(iii) a is 2 and R is 4,6-difluoro; or
(c) R* and R are hydrogen, R® is fluoro and;
(i) R? is fluoro and a is 0;
20 (i1) R? is fluoro, a is 1, and R is 3-fluoro, 5-fluoro, 5- trifluoromethyl, or 6-
fluoro;
(i11) R? is fluoro, a is 2, and R' is 4,6-difluoro; or
(iv) R? is chloro or methyl, and a is 0; or
(d) R?, R", and R’ are hydrogen and:
25 (i) R®is H, and a is 0;
(ii)) R°is H, ais 1, and R' is 5-fluoro or 6-fluoro;
(iii) R® is fluoro and a is 0;
(iv) RS is fluoro, a is 1, and R' is 4-fluoro, 5-fluoro, or 6-fluoro;
(v) RS is fluoro, a is 2, and R' is 4,5-difluoro or 4,6-difluoro;
30 (vi) R’ is chloro and a is 0;
(vii) RC is chloro, a is 1, and R' is 4-fluoro, 6-fluoro, or S-trifluoromethyl;
(viii) R® is chloro, a is 2, and R' is 4,5-difluoro; or

(ix) R® is bromo and a is 0;



(a'") reacting a conpound of fornmula 4 : or a salt thereof, with a reducing
agent to provide a conpound of fornmula 5: or a salt thereof; and (b')
converti nyotzhw/isyssoxyl group of the conpound of fornul CH/Use008/0648h4
thereof, into a |l eaving group, L, to provide a conmpound of fornmula 1 or a
salt thereof. Still another aspect of the invention relates to a novel
internedi ates used in the rocess L the jnvention. In one such aspect of
the invention %8V WmWﬁF@FﬁﬁﬁﬁﬁﬁﬁgfﬁéV/t?ﬁ? la 1: or a salt thereof, where:
L is bromo, i %ﬁ&the‘?ras 5eP6 th hrvBnti MR esRo fa roc@ssﬁ)@hl‘é{olarlf?é aQ&’ﬁ?bfﬁnd @nd the
phenyl is optionally substltuted wth -Q a alo or nitro; ais 0, 1
2, 3, orﬁmmmdmhoﬁasﬂsﬂwnménhmﬂenmmwoh@hsmgnhdmtmwﬂbronethyI and P is an
am no- protectln? grou TAI LE CRIPEICN OF THE | NVENTI ON The i nventi on
relates to notd F%¥§§%8§0?%?u%ﬁé§$%qﬁﬂé conmpounds of formula | : and
conpounds of fornula 1: or a salt th of. The integer "a" is 0, 1, 2, 3,
or 4. In one particul ar enbodi t, iI§ 0 (i.e., RLis absent), 1, or 2.
Each Rl noiety is independentl@yg ri fhooronmethyl. The R3 noiety is
hydrogen, halo, or -C _6al kyl. Each and R6 noiety is independently
hydrogen or halo. In one particul ar nt, ais 0. In another
enbodinent, ais O, R3 and R5 are h and R4 and R6 are fluoro.
DEFI NI TI ONS When describing the co , conpositions, methods and
processes of the invention, the fol loyhg ternms have the foll ow ng neani ngs
unl ess othermnse i ndi cated. Additionally, as used herein, the singular
forms 5'a,” "an" and "the" include thePcorrespommyng pIuraI forms unl ess the

context of use clearly dictates otherw se. The terns
or a salt thereof, with a reducing agent to provide a compound of formula 5:

1
(R; OH

i (5)
or a salt thereof; and
(b")  converting the hydroxyl group of the compound of formula 5 or a salt
10  thereof, into a leaving group, L, to provide a compound of formula 1 or a salt thereof.
Still another aspect of the invention relates to a novel intermediates used in the
processes of the invention. In one such aspect of the invention novel intermediates have

formula 1:

(R);

N
I

i (1)
15 or a salt thereof, where: L is bromo, iodo, or -OS(0O7)-R, where R is -C;_salkyl or phenyl,
and the phenyl is optionally substituted with -C; 4alkyl, halo or nitro; ais 0, 1, 2, 3, or 4;
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"conprising”, "including,"” and "having" are intended to be inclusive and
mean that there may be additional elenents other than the listed el enents.
Al'l nunbewe 2empsessi ng quantities of ingredients, propePCras2&90M30s

nmol ecul ar wei ght, reaction conditions, and so forth used herein are to be
understood as being nodified in all instances by the term "about," unl ess
ot herwi se indjcated. Accordjngly, the nunmbers set forth herein

ar eappr oXf¢Hl iﬁﬁ%&@ﬁ%@mﬁwa &rﬁﬂﬁwewaﬂﬂgb a5 R AMOSPIOEG DG BI98Pt i es
sought to be obtai ned gprARgPpeseripriye o PE AVENASHN and not as an
attenpt to limt the application of the doctrine of equivalents to the
scope of the dhginmentiencatautehevelsitocdssesdor prepaingommponsdy efddrmulalli ght of
the reported significant digits and by applying ordinary roundi ng

t echni ques. The conpounds descr iHed
t he Aut oNom feature of theRgmt dl | y- avai l[abl e dVDL(r) 1 SI S/ Draw software
(Synyx, Santa Cara, California) i grpounds of formula | have

yl ] pi peri di nes. Nunbering of
AS ed herein, the phrase
“having the formula” or "having|the |structurg’ is not intended to be
limting and is used in the san® y that th& term "conprising” is comonly
used. The term "al kyl" neans a nnﬂovalent saturated hydrocarbon group which
may be linear or branched. Unl ess otherw se definedD such al kyl groups
typicall in fr 0,.10 carbon atons and include, for exanple,

-G 24 kéP?%ﬁﬁsélg”a l%??ar&miﬁ Yaalkyl, -G 6alkyl, and -G _gal kyl .
Representati ve al kyl groups include,

n- propyl, isopropyl, n-butyl, ?Rgutl
n- hexyl, n-heptyl, /7-octyl, n-nanyl decyll, and the like. \Wen a
speci fic nunber of carbon atons is intgnded for a particular term used
herein, the nunber of carbon atons is _shown preceding the term as
subscript. For

way of exanple, nethyl, ethyl,
sobutyl, tert-butyl, n-pentyl,

i (1)
or a salt thereof.
The integer "a" is 0, 1, 2, 3, or 4. In one particular embodiment, a is 0 (i.e., R'is
absent), 1, or 2. Each R' moiety is independently halo or trifluoromethyl. The R* moiety
10 is hydrogen, halo, or -C;_salkyl. Each R*, R®, and R® moiety is independently hydrogen or
halo. In one particular embodiment, a is 0. In another embodiment, a is 0, R* and R® are
hydrogen, and R* and R° are fluoro.
DEFINITIONS
When describing the compounds, compositions, methods and processes of the
15 invention, the following terms have the following meanings unless otherwise indicated.
Additionally, as used herein, the singular forms "a," "an" and "the" include the
corresponding plural forms unless the context of use clearly dictates otherwise. The terms
"comprising"”, "including," and "having" are intended to be inclusive and mean that there
may be additional elements other than the listed elements. All numbers expressing
20 quantities of ingredients, properties such as molecular weight, reaction conditions, and so
forth used herein are to be understood as being modified in all instances by the term

"about," unless otherwise indicated. Accordingly, the numbers set forth herein are
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exanple, the term"-C _6al kyl" means an al kyl group having from1l to 6
carbon atons, where the carbon atons are in any acceptable configuration.
The ter mwbabw/osesans fl uoro, chloro, bronb and iodo. AsCwasdodamssnn, the
phrase "of the fornula", "having the fornula” or "having the structure” is
not intended to be Ilimting and is used in the sanme way that the term
"conprising” |s co nly used, The term"salt" when used in conjunction
with a C SRPBHITERBARE! glay ey dperdiae emﬁo@a_ﬁamfférnr%aﬂqsrseﬁglaﬁo bREPGEHC. or
or gani c bbg%ﬁe Bresdrt ReAfor. NRF GARI dnd ot & PR RS BolIn e b R ofiEN 3
conpound of fornmula I contains both a basic iety, such as an am ne, and
an aci di contineoy cqudlerds tasthe acdpeof Ithecclaivisdgach wutmber shonkl atdgasblee famstmesd and
are includ within the term"salt" as,used herein. Salts derjved from

| nor gani ¢ BEUES RS eporet SRR St aRg R aRRY oG i TEuS Cebfitpe,
ferrous, |ithimucoRReneiidéiribdBRERMH BaveIPHEARME nRPAE&ESh e ARENBM i nC,
and the |ike. Particularly preferred are anmonium calcium magnesium

pot assi urvaiwg of dih apmserriady-agailabie MEN vISES/ Drawsoftyausi(Eybasasnfaftclagde salts

of primry,..secondar. n rtiar m ne i.ncl udi ng, s t it uted am nes,
oyel o aEERaRar A D S B Rl AR SRERLTR RPELGER 26 arini e,
bet ai ne, frfdphbmeynehtol)jphenylpipériditiche Naybetihy betedbmpbnels ddk@tthy hafsime,

2- di et hyl am nget hanol , 2-di net hyl am noet hanol, et hanol ani ne,

et hyl enedt &ioHEWs:JV- et hyl nor phol i ne, N et hyl pi peri di ne, gl ucam ne,

gl ucosam ne, histidine, hydrabam nes isopropylam ne, |ysine,

met hyl gl ucam ne, norpholine, pipeéereaxie, piperadine, polyam ne resins,
procai ne, purines, theobron n®'); hyI%nin-, tei net hyl ani ne,
tripropyl am ne, tronetham ne, and ¥ i xtts derived frominorganic
acids include salts of boric, carbagnic, | al i,c (hydrobromc,

hydrochl oric, hydrofluoric or hydfoiodi &, nftrifc, phosphoric, sulfanic and
sul furic acids. Salts derived fron gani ¢ akids include salts of aliphatic
hydroyyl acids (e.g., citric, glucomic, glycolic, lactic, |actobionic,

malic, and tartaric acids), aliphatic ) )
As used herein, the phrase "having the formula" or "having the structure" is not

intended to be limiting and is used in the same way that the term "comprising" is
commonly used.
The term "alkyl" means a monovalent saturated hydrocarbon group which may be

15 linear or branched. Unless otherwise defined, such alkyl groups typically contain from 1 to
10 carbon atoms and include, for example, -C;zalkyl, -C;_salkyl, -C;4alkyl, -C,_salkyl, and
-C,salkyl. Representative alkyl groups include, by way of example, methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, fert-butyl, n-pentyl, n-hexyl, n-heptyl,
n-octyl, n-nonyl, n-decyl, and the like.

20 When a specific number of carbon atoms is intended for a particular term used
herein, the number of carbon atoms is shown preceding the term as subscript. For
example, the term "-Calkyl" means an alkyl group having from 1 to 6 carbon atoms,
where the carbon atoms are in any acceptable configuration.

The term "halo" means fluoro, chloro, bromo and iodo.

25 As used herein, the phrase "of the formula", "having the formula" or "having the
structure” is not intended to be limiting and is used in the same way that the term
"comprising" is commonly used.

The term "salt" when used in conjunction with a compound means a salt of the

compound derived from an inorganic or organic base or from an inorganic or organic acid.
-6-



nonocar boxylic acids (e.g., acetic, butyric, formc, propionic and
trifluoroacetic acids), amno acids (e.g., aspartic and glutam c acids),
aronmat i ¢ warbomgb438 aci ds (e.g., benzoic, p-chlorobenzoPCT/use@ammsbaceti c,
gentisic, hippuric, and triphenylacetic acids), aromatic hydroxyl acids
(e.g., o- hydroxybenzoic p- hydr oxybenzoi ¢, |-hydroxynapht hal ene- 2-

car boxyl i 3- hydr oxynaph ene- 2-car boxylic acids), ascorbic, .

di car boxyP a@(ﬁa@? P& Cg)mpovmarﬁf *Oému}% RIS GieH § Basolshe el & AR,

gl ucur oniygq ABGER rh&ety%@l'l Qs a @érﬁ&g}’lﬂ' aeid, %’R{eh%ns ﬁ’l@%b @om{%a@lh@taﬁqmlﬁded

sul fonic acids (e.g., "benzenesulfonic, canphorsulfonic, edisyli
et hanesulwWithm the terselsaltons esed dnetcha n%tsldbnmctfromamrghab baes indliotei c

ht hal 1, 5-di | f ht h 2. 6-dj | f d
e tandlfiing anpis il A BPR A s B RR ety mapemis

pref ery egna g@n&is%dt@ssm'ﬂrl/%@iﬁﬁpmnﬁ; adayfﬂé ﬁI%é” Pirti€ularfRpRF&GredRROSRABhIuE,
sulfuric and tartaric acids. the term' "phar maceutical | y acceptabl e salt"

means a salctunpreqearsm; peassairh an@sasiumanalise i ltwdpdyed fsora orgapicdsises f or
admi ni st r@cluc?e S8 t? 1%%5 §ecb%1§ ucgn(’fl ?ert%ary”%%s 1glglugm§es51@st1|_]iote r\Illllnne

acceptabl Y g glven’ dosa

under st ocaglclidwhmb@ (ﬁaﬁladltysOamMergadmbys hﬁl@thefli\kemulcb as arrgmm@uoetae@ucarf&ﬁlnd, 0 be
pharmaceutically acceptable salts, such as salts of internediate conpounds

t hat ar e Che{ng M/Erdbenzy @thmﬁﬁ%@% statlphanine2-gisthdapingethanglner terns used
herei ab@hh@&%@ﬁﬁﬁo&ﬁ z&Bﬁ/ ﬁi eXwHﬁ&?%ﬁ&hﬁéﬁgggg gt ood by those

of or lnary s e art to ey pertain CCNDITICNS
Suitable]V@mquﬁnhmmngmcmmmcqﬁmxmmnhhempmmneQ@dﬂmmmh& isoprepyliaorind, ncl ude, by

way of illustrati and. not m.tatjon, ani ¢. di ents such as acetic
aci d, tetW%‘i‘f‘yH[FSTYE%WH?F‘%HW#?OYPE%‘%%H}PFF%Z}“@ %feﬁbn mmlaﬁ sty P63 REN de

(DMF) , J&ﬂuirl}{esdtH@%BMlﬁ@ %1&H¥lgﬁlim'hﬁélthﬂﬁﬁﬁr@ ’trﬂir&ﬁ’ﬂ@mm@' EhERhmeM! fKi de

(DMSO), toluene, dichloronethane ' acefone, ‘ethyl acetate, I sopropyl
acet at e, th@thSah$mﬂykdé@hempmgmknmuﬁondu¢¢$M$EﬁbmmapbbnnmEMWm@mmmr|de

(cd 41)5’ J(h#&rgti)rg%(naf& %ydl%%fﬂ%?igplllydroeﬁuho%%%r hygrmcpda cgom’trlc pﬁgspﬁgrellg %ulfarlrjnl{:taagm
sulfuric acids. Salts derived from organic acids include salts of aliphatic hydroxyl acids
(e.g., citric, gluconic, glycolic, lactic, lactobionic, malic, and tartaric acids), aliphatic
monocarboxylic acids (e.g., acetic, butyric, formic, propionic and trifluoroacetic acids),
amino acids (e.g., aspartic and glutamic acids), aromatic carboxylic acids (e.g., benzoic,

20 p-chlorobenzoic, diphenylacetic, gentisic, hippuric, and triphenylacetic acids), aromatic
hydroxyl acids (e.g., o-hydroxybenzoic, p-hydroxybenzoic, 1-hydroxynaphthalene-2-
carboxylic and 3-hydroxynaphthalene-2-carboxylic acids), ascorbic, dicarboxylic acids
(e.g., fumaric, maleic, oxalic and succinic acids), glucuronic, mandelic, mucic, nicotinic,
orotic, pamoic, pantothenic, sulfonic acids (e.g., benzenesulfonic, camphorsulfonic,

25 edisylic, ethanesulfonic, isethionic, methanesulfonic, naphthalenesulfonic, naphthalene-
1,5-disulfonic, naphthalene-2,6-disulfonic and p-toluenesulfonic acids), xinafoic acid, and
the like. Particularly preferred are citric, hydrobromic, hydrochloric, maleic, phosphoric,
sulfuric and tartaric acids. The term "pharmaceutically acceptable salt” means a salt
prepared from a base or an acid which is acceptable for administration to a patient, such as

30 amammal (e.g., salts having acceptable mammalian safety for a given dosage regime).
However, it is understood that the salts covered by the invention are not required to be
pharmaceutically acceptable salts, such as salts of intermediate compounds that are not

intended for administration to a patient.



et hyl ene glycol, and the |ike. Aqueous diluents may al so be used, and

i nclude water as well as basic and aci di c aqueous dil uents. Conbi nations of
any of thwoforiget3ng dil uents are al so contenpl at ed. Thecs/Use@90643e4 OUS
bases that are suitable for use in the process of the invention. Exenplary
organi ¢ bases include, by way of illustration and not limtation: am nes
including pri y.al kyl am nes (e.q.., t hyl am ne, .hanol am ne, the
buffering agernT‘tSBI{ ihprtcrmnred hera %@)mte@édﬂ&a\feythaurre Y AReEnpg 8y

di met hyl %ﬁh&@mo&%w&s%ha{mammm%I\A@mmem&%&ﬁaﬁam ne (DIPEA), and
the like), tertrafy am nes . 9., trimethylam ne; triethylam ne,
triethyl enedi am ne, and the Ilkdmiiﬁﬁﬂﬁﬂﬁa_ﬂnﬁpounds such as ammoni um

hyd id d h d h h i de,
o um et nox WP BaASE i TotBin e PrGESSLPE i EB e RebES gt N k.
netal ydnisd@son é‘rﬂﬂn&'lﬂﬁﬁ{aﬂtloﬁ'ﬁ‘ér@ém@ Ny diRh s §@étﬁ:%c§iu%ﬂaﬁ§dr§ﬁlgdml-ﬁ93t ate

and the |ike). npl ary inorgani c bases, include, of illustration

and not Iapfrﬁbmémlﬁ éMﬁCél) IN- “dimetial formamisds DMF s WchHQeti:Vhamt@rmd@aNbonat e,

pot assi um carbon ce r dj
bi car bon:ff%ecEﬁal Sr%&i(ﬁﬁoqe lmetc}' 1(lallr?oxéar ona@ 2st8fsnﬁ§ d%ﬁ%éﬁ%‘i%% L%W hat e and
the |ikeacaogk, atﬁyametatret@prm@a@émb S8ctBylcAbagl qitdr ag8oroforphCHITIRY earbodl t he

like). Al reactions are typical conducted at a tenperature within the
range of teffshioridgeClip 1 a‘béwaqqméﬂanpbﬁthé&%lnmoaarml iprEAR e PE A L r e

React hi gh
por ol e Pl s AR e R o BB ke
React i onsvdiieas basic aodrptidicequenusidilutes., Compinhtites dfany ©f tHeyfprogainigydifuemm 1- 2

hours and up to 48 Ig\ours or days, such as up to 3-4 days. Upon conpletion
of any off§He METRRECdt eps, the resulting mixture or reaction product may

be further treaatRd: b QuRERaS b&s%s aht slcnulidifie dR%UsE ﬁﬂth@tfp%'éé%tof thOmvex@m! e, the
resulting m xture or reaction product may be subjec to one or nore of

t he fol | dxicmgjarp oaxorcdrscsdidludd, by Wy ikdustnapdreand ndi lisatatioat adindaHCO or

Bt OA\CI)S’ el ﬁgtg ngrrrllar(y aﬁi;ylarnines (e.g., methylamine, ethanolamine, the buffering agent tris,

and the like), secondary alkylamines (e.g., dimethylamine, methylethanolamine, N, N-
diisopropylethylamine (DIPEA), and the like), tertiary amines (e.g., trimethylamine,
triethylamine, tricthylenediamine, and the like); ammonia compounds such as ammonium
hydroxide and hydrazine; alkali metal hydroxides such as sodium hydroxide, sodium
20 methoxide, potassium hydroxide, potassium #-butoxide, and the like; metal hydrides; and
alkali metal carboxylate salts such as sodium acetate and the like). Exemplary inorganic
bases, include, by way of illustration and not limitation: alkali metal carbonates such as
lithium carbonate, potassium carbonate, cesium carbonate, sodium carbonate, sodium
bicarbonate, and the like; other carbonates such as calcium carbonate and the like; and
25  alkali metal phosphates such as potassium phosphate and the like).
All reactions are typically conducted at a temperature within the range of about
-78°C to about 110°C, for example at room temperature. Reactions may be monitored by
use of thin layer chromatography (TLC), high performance liquid chromatography
(HPLC), and/or LCMS until completion. Reactions may be complete in minutes, may take
30  hours, typically from 1-2 hours and up to 48 hours, or days, such as up to 3-4 days.
Upon completion of any of the process steps, the resulting mixture or reaction
product may be further treated in order to obtain the desired product. For example, the

resulting mixture or reaction product may be subjected to one or more of the following
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exanple, with EtOAc, CHO , DCM aqueous HO); washing (for exanple, with
DCM 1.0 M NaOH in water, saturated aqueous NaC, or saturated NaHCO );

di still atworepiodisge3ag (for exanple, over MgSO4 or Na2SO4 PCOUS20VINS0D) ;
precipitation; filtration; being redissolved (for exanple in a 1:1 acetic
aci d: H20 sol uti on); purification (for exarrpl e by preparative HPLC, reverse

phase prepar tive HPLC _or crystal lizati nd/ or stal |l zi g (for
exanpl e, PR Hiey dé\@flefl KgReYangHe Wé@ﬁﬁ%%t?@ b@épy Y GFtr%Cé]iOH

concent r kgl Qfth @f@ﬂ?' @HC!J‘DW UicoutIFC Y &Bf% (%l’r erﬁlﬁféaMt'ﬂg)@MC@@pou nd

of formula | or a salt thereof is conducted in two steps. fhe first step of
t he procedNaOH m watet, eatph:tdd ajuddspacleomsaturatod Nab i etigtllatnn; dipinglfor

i nvol ves combi nin d of. for 1 .or. a | . t hereof h a 2-
Tior onnsRaPe e MO TBRNEE 2% bt Pk fosmiBin b BELE g Mayoet
conmpound (ffr ckahplliRa 3: 104cele 5@1&11{265@1&%) pUAE cHIM@sNSafblf 8 prepatlveand
salts thereof can be prepared erﬁgt echni ques that are known inthe art of by

t he net hdtlB-@eaewridmysheicpirativelHBLE, o1 apytelbhdivn); awdmpsuntillizng{foher
COMmer Ci %l V ' | aé%t)%c e?hano?or i§ d'gﬁl)%of/%a%eg)e%?&/gﬂ?ek%%(Eoenccgn raﬂ&f ﬁ" 1I hat are

vel | knowi™ |

2-fl uoroplsaanplle mq;azpm;nd i's used based on the anmount of the conmpound of
formula 1. In _one enbodi nent, fromabout 1.0 to about 0 equival ents of
the 2- fI uor opHERProsses R HRS2 Gerpoundnf f?Wu%B%%ﬁa“etﬁﬁf@Gf rearducildne 1. 0

o ssoed P R TR PP e PRGN O Re RRRHT Bl oS Pk oune
and a basshicl involves esrhindingeid corapsmmﬁ@)éﬁ&mmﬂa basmailtstha&eﬂwlilha@d on the
amount of_ t he conp ound o I n one d| rre from abqu 2 0to
about 4. CUBERRNH BRTEO Y oErBaed e RIS¥gCe Shabih s FoTaBEa
about 3. Qormula 3 or a salt thereof.
The compound of formula 1 and salts thereof can be prepared by techniques that are
15 known in the art of by the methods described herein. The 2-fluorophenol compound is

either commercially available, or is readily synthesized by techniques that are well known

in the art.

In one embodiment, a slight excess of the 2-fluorophenol compound is used based
on the amount of the compound of formula 1. In one embodiment, from about 1.0 to about

20 2.0 equivalents of the 2-fluorophenol compound are used, and in another embodiment,
about 1.0 to 1.5 equivalents are used.

Typically, the compound of formula 1 is dissolved in an inert diluent, then added to
the 2-fluorophenol compound and a base. In one embodiment, an excess of base is used
based on the amount of the compound of formula 1. In one embodiment, from about 2.0 to

25 about 4.0 equivalents of the base are used, and in another embodiment, about 3.0
equivalents are used. In one embodiment, the base is an alkali metal carbonate, and in one
particular embodiment, potassium carbonate. Exemplary inert diluents include acetonitrile.

Formation of the compound of formula 3 or a salt thereof is typically conducted at a
temperature ranging from about 40°C to about 60°C; and in one embodiment at a

30 temperature ranging from about 45°C to about 55°C for about 5 to about 24 hours. The
reaction mixture is then allowed to cool to room temperature.

When formation of compound of formula 3 or a salt thereof is substantially

complete, the supernatant can be separated from the base and other solids and used in the
9.



equi val ents are used. In one enbodi nent, the base is an al kali netal
carbonate, and in one particul ar enbodi nent, potassium carbonate. Exenplary
i nert dilwenbry/isssBude acetonitrile. Formation of the cecpasaaoobsddormul a 3
or a salt thereof is typically conducted at a tenperature ranging from
about 400C to about 6Q0C;, and in one enbodi nent at a tenperature ranging

from about 45C to about 55C for about 5 to about 24 haqur The reaction
m xture P§XtSin AltTBiEly- E?Gr%%lgtrngtnxo WA Riselptediap Puvﬁ%ibx EQTHEPTYI of

conpound 9c§cef119ﬁe§gh§rt§t96débr§t@$t§ont§9@i{ eof is substantially conplete, the
supernat ant can be separated fromthe base and other solids and used in

t henext step. ThAetcempavel of, fotrhelarldmslatl¢avepgogrovuorhictars depiciedals dt.&dvialdis
purified onventional procedures prior to the deprotection step..The
Conpound *gPN PRSI R ORHem g Gk el thanether BRGUpRL eiaP g€ vl in gy ¢y
is a funghbRnalondtuidn Muchb® Imublbsihilkafibbeutbs Rlaseat BY wapet Bgimfiginct i ona
group or atomin a substitution reaction, such as a nucl eophilic

subst i t utrPrapscnttize leningByoupayndidabedegsne (. epiletoebroato and ipémgionps)gr oups

i ncl ude hal n e.d., .chlar 0 d..jod [ OU ; | fonic ester
oroups. SRS Siakof bR L5yl Ty B PLRLAAREIRT gy RO ke anc

acyl oxy @e@uRs grosips Rudsagaetoty ytriflubiohtdtoxpanieho kikc. a0d pidieulat Kecresdare
particular interest are sulfonic ester groups, which can be depicted by the

formul a SEEERC oytergroypre M@igh Gag be @Pgi&f&ﬂﬁylth% rRETAS(Oan®. wWise Brignyl group
erboctrmne - i of Bt and e Ah oy Bs? LM RLIGIBR IR Riro. |

The conpduondspaticiler ¢mbalitheanthefleaving groGp ra0S(@p)-@i oo-Q8(OLe4t i ng group,

whi ch is de ilcted as "P", which is a group covalently attached to the am no
functi on&rBYBREYE hat prevents the functional group from undergoing

undesired reaqth.QBmpBids W& RLT Ahd forkli® § Hz{\%tain%'ﬂﬁho-@f&é@ing%fr&%, which
regenerated (i.e., deprotected or unbl ocked) upon treatnent of the

pr ot ect i ngdgmaepasvB'hwhichus ¢ giviup coed geht attaReqsl te seneminoencvnalgzrpupthett i ng
gr oupp i rf)?elv%gt% 'the functional group from undergoing undesired reactions but which permits the
functional group to be regenerated (i.e., deprotected or unblocked) upon treatment of the
protecting group with a suitable reagent. Representative amino-protecting groups include,
but are not limited to, #-butoxycarbonyl (Boc), trityl (Tr), benzyloxycarbonyl (Cbz), 9-
fluorenylmethoxycarbonyl (Fmoc), formyl, trimethylsilyl (TMS), #-butyldimethylsilyl
20 (TBS), and the like. In one particular embodiment, the amino-protecting group is Boc.
Other representative amino protecting groups are described, for example, in T. W. Greene
and G. M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley, New
York, 1999.
The second step of the process is a deprotection step, which involves removing the
25 amino-protecting group, P, from the compound of formula 3 or a salt thereof, to provide a
compound of formula I or a salt thereof. Standard deprotection techniques and reagents
such as TFA (alone or in DCM) or HCIl (in 1,4-dioxane or ethanol) are used to remove the
P group. For example, a Boc group can be removed using an acidic reagent such as
hydrochloric acid, trifluoroacetic acid, and the like; while a Cbz group can be removed by
30 employing catalytic hydrogenation conditions such as H; (1 atm), 10% Pd/C in an
alcoholic solvent.

Typically, the compound of formula 3 and the deprotecting reagent are combined,

optionally in an inert diluent. An excess amount of reagent is used. In one embodiment

-10-



but are not limted to, -butoxycarbonyl (Boc), trityl (Tr),

benzyl oxycar bonyl (Cbz), 9- fluorenyl nethoxycarbonyl (Fnoc), fornyl,
trimet hyl woI2910/056998) , - butyl di net hyl silyl (TBS), and thecCiriusecoviosu3one
particul ar enbodi nent, the am no-protecting group is Boc. O her
representative am no protecting groups are described, for exanple, in T.W

Greenead G M Wts Protectln s in Organlc Sythe Third
Edi ti on, (R a8PUt R0 PBAR 254 a?%%‘é@%mge&té&w b @%e%w}l%t of the

depr ot ecighgy ?p{%ﬁoﬁdﬁf foi‘iﬁiﬂﬁ@ hﬁH’fﬂ' a‘ﬁ%ﬁlef %Bc\(dlﬂﬁmt ﬂ?&n%ﬁmmeta%hﬂm) group, P,
fromthe conpound formula 3 or a salt thereof, to provide a compound of

formul a qumNaIaHSa)lftthetIhgeeoareUStdandard deprotection techniques and reagents
such as TFA ( 4- di.oxane or et hanol used
Co remve « he g Raia i st a AT HE pEHBE IR R an

aci di & r ga9e s alfie BORS ahl tH S b dEmas 4 a tdrhpdratuRr AAGERE onPodt 1 $Ttot he

i ke; while a Cbhz group can be renoved by enploying catal ytic hydrogenation

condi ti oﬁbowdéﬁcaf@,f 4340(1t 20 ‘@tﬁb})ut A&)%lmﬁ/a@d itorgrerabasiahentifer ahwuyehhouryypi cal |y,
the corrpounI% t OfI‘(]J.llil tth% éé%cagﬁi jssu sr;cgrgtpal c%%itglletg { %%e %boa Hgl ned,

opti onal 1 y i iner ﬁ s used. In one

enmbodi neraibf)rrowmﬁ@magelﬁlﬁTFAoathZﬂDH equi val ents of the reagent are used
based on the anount of the conpound of formula 3; and_in_another enbodi nent

from about 10.Bhgnoformatign czf@oglpgaml obfosmula Ior asplé theé%)ééﬁ%u stestialyed. This
d ;. ¢
aggLﬁﬁg%&ﬁ?g&%g@uﬁeﬁgg%@&%& Yeafi ARAURY %ﬂat § afd IR B dnSediiti@l N9 from

In one e iment at a-tenperature ranging
f r om abogtoctB@es.oTabauhpRn@ of Gsrmalolimap be trysabtnd by Suttaw tisatnandwith one

enmbodi nent, for abou ours or ver ni h , or.until the reaction is
subst ant .%Yﬁ 90%%@?%&11(11@&9@“8 Berere 112?@@@&9@6?@@% #Y Yd¥&lgent is TFA
or HO in Et OThe\M&QSJ ot B?e&ahﬁﬁg QEorﬁﬁéTLHfalHﬂor%uero%!'sﬁt theRiof & Akttt eof

is substantially
two steps. The first step of the process is a borane reduction reaction, which involves

15 combining one equivalent of a compound of formula 4 or a salt thereof with one or more
equivalents of a reducing agent to form a compound of formula 5 or a salt thereof.

Typically, the reducing agent is slowly added to a mixture of the compound of
formula 4 in an inert diluent such as tetrahydrofuran. In one embodiment, about 1.5 to 2.5
equivalents of the reducing agent are used based on the amount of compound of formula 4;

20  and in another embodiment, about 2.0 equivalents are used.

The compound of formula 4, for example, 4-(2-carboxyphenyl)piperidine-1-
carboxylic acid #-butyl ester (P=Boc), is commercially available. Suitable reducing agents
include borane dimethyl sulfide complex, 9-borabicyclo[3.3.1]nonane, borane 1,2-bis(z-
butylthio)ethane complex, borane #-butylamine complex, borane di(#-butyl)phosphine

25 complex, borane-tetrahydrofuran complex and so forth. In one particular embodiment, the
reducing agent is borane dimethyl sulfide complex or borane-tetrahydrofuran complex.

Formation of the compound of formula 5 is typically conducted at a temperature
ranging from about 20°C to about 70°C; and in one embodiment is briefly stirred at room
temperature, then heated to about 40°C to 60°C, for a time period ranging from 40 to 120

30 minutes, and in one embodiment, 60 minutes, or until formation of the compound of
formula 5 is substantially complete. The reaction is typically conducted under nitrogen.
When formation of the compound of formula 5 is substantially complete, the reaction may

be quenched, and the resulting product is then isolated and purified by conventional
-11-



conplete, the resulting product can then be isolated and purified by
conventional procedures. The conpound of fornmula | may be crystallized by
further tweanrss93si th et hyl acetate and ethanol, and opCirarsaéooped3os
recrystallized with isopropanol and water. The process for preparing a
compound of fornmula 1 or a salt thereof is conducted in two steps. The
first step of the process is a borane reduction reaction, which invol ves
conbi ni ngT¥{EVE Ui val ent of a conpound of formula 4 or a salt thereof with

one or nore eqlflie‘é@éo%ﬂts_?egQ;f ti 151‘69&?:&1{%1@9%8&&91}%&5%@roﬁﬂ'@%@ﬁ'ﬁ‘@f @k formula 5

or a salt thereof. Typically, the reducing age is’slowWy added to a

m xt ur e ebmphendcanfpouwld Safr afselt therepfinina EavingeraupdLl werovide e lkompound of
tetrahydrfofuraT. In gﬁ% enbodi ment, about 1.5 to 2.5 equivalents of the

r educi ng (YGEHE 1 8F & SHE ' O%sed on the anount of compound of formula 4; and

i n anof her enbggidaBPbne Jerd 09 a QEMHDYR ESX SR8 5US BSbIABE weta BRL R thoRd
formula 4, for exanple, 4-(2-carboxyphenyl)piperidine-Icarboxylic acid

-butyl esteivalcpisde yeagent sueable feri eonbgrting thd hydraxyl Sipup abk écavaggeoury lagent s
i ncl ude ran i hyl i onpl.ex - bor ahj cvcl 0f.3. 3,1 nane, , bor ane
2 b o CRREg PP bt P eGVRKE ur e LB SO dhfa oL R

G df]) ouht ¢
ane’ conp m conpl ex, ‘borane di (

- but yl ) phosphpaedadfomeda 5Shaidananbltt ahystfiotmtl asou 01b akolnds sivadédth. | n
one particul ar enbodi nent, the reducing agent is borane dinethyl sulfide
conpl ex G&FC W&fane-t etrahydrofuran conpl ex. Formation of the compound of

formu 5 is typi g r i r 200C
o i *700cr ohERi of GORSHELECOAL ot ETDIERAHES BREAG LA BhAM

t enper at waing frem abeat -¢0°E @ ddoatut 0°40aMd inoat@dOWE,0°Cofora timaperjperrbgging angi ng
from40 to 1 j.putes, and .in one, enbodinent, 60 m nutes, or.until.

f or mat i ontost %) @@dﬁﬁ&iﬁ%aa@ﬂn%ﬁ FbadisGnG Teuh EQ HhR0 minuese Bt darmatiqa

reacti on grshel doRipodhd Yt foPMAMCE & YNAREresY it SOGBMtia NV 86 npIRIcMBiih: 38 @bn e

conmpound of forrmula 5 is substantially conplete, the reaction may be

quenched tyraedlyt dos dnasdiimdengitpgon uBtheh gorniagion iof icatoeoand o piorinfiiagdorizy

Convelrg i %Ql?ldpe{re% ?sdslillrbgt%ﬁtially complete, the resulting product is then isolated and/or purified
by conventional procedures.

Suitable reagents for converting the hydroxyl group to a halogen leaving group
include halogenating agents such as: thionyl chloride or phosphorus trichloride (where
L=Cl); carbon tetrabromide (with triphenylphosphine or potassium carbonate), hydrogen

20  bromide, or phosphorus tribromide (where L=Br); cesium iodine (with aluminum
trichloride( ((where L=I); and so forth.

Suitable reagents for converting the hydroxyl group to a sulfonic ester group
leaving group include p-toluenesulfonyl chloride (forming a tosylate where L=-0S(0,)-4-
methylphenyl), methanesulfonic anhydride (forming a mesylate where L=-OS(0;)-CHz),

25  p-bromobenzenesulfonyl chloride (forming a brosylate where L=-OC(O)-4-bromophenyl),
p-nitrobenzenesulfonyl chloride (forming a nosylate where L=-OC(O)-4-nitrophenyl), and
so forth. This reaction is typically conducted in a suitable base. In one embodiment, about
1.2 to 1.8 equivalents of the base are used based on the amount of compound of formula 5;
and in another embodiment, about 1.4 to 1.6 equivalents are used. Exemplary bases for use

30  with such reagents include secondary alkylamines such as N, N-diisopropylethylamine and
tertiary amines such as triethylenediamine.

Suitable reagents for converting the hydroxyl group to an acyloxy group leaving

group include acetyl chloride (where L=acetoxy or -OC(O)CH3), trifluoroacetyl chloride
-12-



The second step of the process involves converting the hydroxyl group of
the conmpound of fornmula 5 or a salt thereof, into a leaving group, L, to
provi de awoanpodsessof fornmula 1 or a salt thereof. Typi earius2ammesoui val ent
of a compound of fornula 5 is conbined with one or nore equivalents of a
reagent suitable for converting the hydroxyl group to a leaving group. In
one enbodi pent, apout 1.0 t . { equivalents of the reagent .are used based
on the agﬁgi?ﬁe Ioﬁirlﬁbqfﬁw%ydﬁcf(‘é)?%%@n@;SOafﬂlah-i Uel5tERaP BRHGHAHENES about
1.1 to abaufanlindrt QAN A @SR d36dn, Formation of the formula 1 or a salt

thereof is typically conducted at a tenperature ranging from about -100C to
about 100C;, addohnecmbodibyent tho@@Bgeritdor eonvernmg ey hyolioxydggpupgs pr om 40 to 120

m nutes, ,and in_.on mbodi nent, fr 60 to, 90 minytes, .or. unti.l formation
of "the. cORBSUTGRT FEPHAr & PebpnesBhie aphdirals ARty BT et o.
The 1 eAaCtkiOdestgb Rh%@&hﬁb?ﬁﬂ@ﬁﬁh%@tHD@E@7@S&&Q&%ﬁM&Mﬁ%DVB@F”Ht'0” of the
conpound of formula 1 or a salt thereof is substantially conplete, the
resul ting prodiseten of thhmterinsdiates ddscarbad berepuart brleayedyo boremehandnal

pr ocedur es, itable r ents for vert i.n he, hydr oxyl .gr .

Rl ogen rasuabaRs oAb BlooBRNLE Py sbings B S Be it o1 i e
or phospheinflct 6f fohthalailde (where L=C); carbon tetrabrom de (wth

tri phenyl phosphi ne or potassi um carbonate), hydrogen brom de, or phosphorus
tribrom de (where L=Br); cesium i odi aé ith alumnumtrichloride( ((where
L=l); and so forth. Suitable rqag;- 5 converting the hydroxyl group to
a sulfonic ester group |eaving group ude-l/ ?-t ol uenesul fonyl chlori de
(formng a tosylate where L=-0S(Q2)-4-| met hyl phenyl ), methanesul fonic

i (1)

10  or a salt thereof, where: L is bromo, iodo, or -OS(0O7)-R, where R is -C;_salkyl or phenyl,
and the phenyl is optionally substituted with -C;_4alkyl, halo or nitro; ais 0, 1, 2, 3, or 4;
cach R' is independently halo or trifluoromethyl; and P is an amino-protecting group. In
one particular embodiment, L is -OS(0O;)-R and R is methyl or 4-methyl-phenyl; a is 0; and
P is t-butoxycarbonyl.

15 Further details regarding specific reaction conditions and other procedures for
preparing representative compounds of the invention or intermediates thereof are described
in the Examples set forth below.

EXAMPLES

The following Preparations and Examples are provided to illustrate specific

20 embodiments of the invention. These specific embodiments, however, are not intended to
limit the scope of the invention in any way unless specifically indicated.

The following abbreviations have the following meanings unless otherwise
indicated and any other abbreviations used herein and not defined have their standard
meaning;:

25 AcOH acetic acid

Boc t-butoxycarbonyl
DCM dichloromethane (i.e., methylene chloride)

-13-



[ ?-nitrobenzenesul fonyl chloride (form ng a nosyl ate where

L=-0C(O -4-nitrophenyl), and so forth. This reaction is typically conducted
in a suitwbl2erbmess | n one enbodi ment, about 1.2 to 1. 8Peqaise@ommn3ss of t he
base are used based on the anmount of conpound of fornmula 5; and in anot her
enbodi nent, about 1.4 to 1.6 equivalents are used. Exenplary bases for use
w th such reagents include secondary al kyl am nes such as

V, V-di i sopropyl et hH&hi*'ne and’{'e ESPEPQYIS%Y O5uch as triethyl enedi ani ne.
Suitabl e reagents fgpagonver thpRgtdge hydroxyl group to an acyl oxy group

| eavi ng group include acetyl chloride (where L=acetoxy or -0OC(O CH3),
trifluoroacetyl chiE®Hde(wherthahel rifl uoroacetoxy -OC(O CF 3), and so
forth. Such reagenhlg are typi.call lu]fqel(lj with an inert diluent such as
tetrahydrofuran. | One enbodiWEMY! #%8%%eagent for converting the hydroxyl
group gs p - toluenpgyl fonyl iyl detae met hanesul fonic anhydri de.

Addi tional details of this reaction are described, for exanple, in Hartung
et al. (1997) Synt MeGN 12: 1483onirdg (CefNiai n of the internediates

descri bed herein ang (gﬁl i eved etﬂ?angia novel and accordingly, such conpounds
are provided as furt her aspeéltls or the invention including, for exanple, of
formula 1: or a salTiFA her eof trifi@bscetit atid brono, iodo, or -0OS(q 2)-R where
Ris -C _4al kyl or phenyl, and the phenyl is optionally substituted with
-Ci _4al kyl, halo ollHfitro; at¢tighydrofurap’ 3 or 4; each Rl is independently
hal o trifluoro | ; and P i tegti ne
parti g{ﬂ ar enbodi ﬂﬁtﬂ Y Lis pP ng%l%n%l}fgﬁgg%gh%{#s&%et%lﬂg}d%%&ég?s%ﬂaﬂ% - phenyl ;
ais 0; and P is -butoxycarbehlrideFurt her details regardi ng specific

feacton condig Lot AN SLler prasedlres Lor, pLonacl o sprsemLative
Exanpl es ;g&ihtddahldhife! ONYessEAMRtESwise, all materials, such as reagents, starting
materials and solvents, were purchased from commercial suppliers (such as Sigma-Aldrich,
15  Fluka Riedel-de Haén, and the like) and were used without further purification.
Preparation 1

4-[2-(Toluene-4-sulfonyloxymethyl)phenvl]piperidine-1-carboxvylic Acid ~-Butyl Ester

(0]
OH OH \\S\—C| O\ /©/
b I
O O
—_— -

Ng//ok N}//OJ< Ng//ok

4-(2-Carboxyphenyl)piperidine-1-carboxylic acid #-butyl ester (5.0 g, 16 mmol,

=n=0

20 1.0 eq.) and THF (130 mL, 1.7 mol) were combined at room temperature under nitrogen.
Borane dimethyl sulfide complex (2.9 mL, 33 mmol, 2.0 eq.) was added dropwise and the
mixture was stirred for 5 minutes, then heated at reflux for 1 hour. The mixture was cooled
to room temperature, and the reaction was quenched dropwise with MeOH (40 mL), then
concentrated by rotary evaporation. The material was azeotroped with MeOH (2x40 mL).

25 The mixture was then diluted with EtOAc (100 mL), and washed with 1 M HCI (2x50 mL),
then NaHCOj; (2x50 mL), then saturated aqueous NaCl (1x50 mL). The organic layer was
dried over anhydrous Na,SQy, filtered, and concentrated in vacuo to yield 4-(2-

hydroxymethylphenyl)piperidine-1-carboxylic acid #-butyl ester (4.8 g) as a clear, light
-14-



The foll ow ng Preparations and Exanples are provided to illustrate specific
enbodi nents of the invention. These specific enbodi nents, however, are not

i nt ended wo 2biomst938he scope of the invention in any wayPamiuss&spsesd fically
i ndi cated. The follow ng abbrevi ati ons have the foll ow ng neani ngs unl ess
ot herwi se indicated and any ot her abbreviations used herein and not defined
have their standard Pg?ni ng: AcOH acetic acid Boc t-butoxycarbonyl DCM

di chl or oyt edl that selidifigd ppon WHi@EChI or i de) DI PEA V, V- di i sopr opyl et hyl ani ne

Et CAc ethyl acgtyiik @ﬁhﬁé @g%\l)hﬁ%ﬂzwﬁf oRY.l7 &) @ehol | khee 7i.z§qpi?;0@73 _
acetate MeCN acetonitrile ( MeCH et hanol TFA trifludroacetic acid
THF t et r dby2diho4.G2-dnl4TeC2H) 23 00 (thelred A1 HDHARI0, ¢H).6x8We, .bF 11.6 Hz, 2H); 1.78-

4- et hyl he n I I ori de Any ot her abbreviations used herein but
not defi ﬁe%’z(eﬁéazﬂt L‘gﬂmsﬁLdar d, generally accepted nmeaning. Unless noted
ot hervy se, al l4-ati@drbRyHethlpabhyApifcRiRERN-Sarb&tyAictac G- bRy 1Q%icR (B4 gnd _
sol vents, were purchased from comrerci al suppliers (such as Signma-Aldrich,
Fl uka Ri ddemmpd IHhem) ardhidictiyéencilieyna@d0 weg: ¢ Wmewlvli4 poliwerfeulissabied in
purifi Catljéwl'(l Prrneigqeatn'ng&).lThe mixture was cooled at 0°C under nitrogen, TsCl (290 mg,
1.5 mmol, 1.1 eq.) was added, and the mixture was stirred at 0°C for an additional
60 minutes. The mixture was diluted with EtOAc (50 mL) and washed with water
10 (2x25mL). The organic layer was dried over anhydrous Na;SQy, filtered and concentrated
by rotary evaporation to yield the title compound (500 mg), which was used without
further purification.
'H NMR (CDCls) & (ppm) 7.81 (t,J = 2.0 Hz, 1H); 7.79 (t, J = 2.0 Hz, 1H); 7.37-
7.32 (m, 4H); 7.25-7.21 (m, 1H); 7.21-7.13 (m, 1H), 5.12 (s, 2H); 4.34-4.12 (m, 2H); 2.81-
15 2.61 (m, 3H); 2.45 (s, 3H); 1.70-1.52 (m, 4H); 1.48 (s, 9H).
Preparation 2

4-(2-Methanesulfonvloxymethylphenyl)piperidine-1-carboxylic Acid +~Butyl Ester

0O O
OH OH g g O\|C|)/
o Mo S 5
O O 9]
R ——— N
N N
)/OJ< }rok N J<
o)
O e) (?/

4-(2-Carboxyphenyl)piperidine-1-carboxylic acid #-butyl ester (5.0 g, 160 mmol,

20 1.0 eq.) and THF (100 mL, 1.0 mol) were combined at room temperature under nitrogen.
1.0M Borane-THF complex in THF (32.7 mL, 32.7 mmol, 2.0 eq.) was added dropwise
over 10 minutes (5°C exotherm, gas evolution). The mixture was stirred at room
temperature for 5 minutes, then heated at 50°C for 1 hour. The mixture was cooled to
room temperature, and the reaction was quenched slowly with MeOH (30 mL) (mild

25 exotherm, significant gas evolution), then concentrated by rotary evaporation. The
material was azeotroped with MeOH (2x50 mL). The crude product was dissolved in

EtOAc (100 mL, 1 mol), washed with NaHCO3 (50 mL), then saturated aqueous NaCl

-15-



442- ( Tol uene- 4- sul f onyl oxynet hyl ) phenyl 1pr peri di ne-1-car boxylic Acid
f-Butyl Ester 4-(2-Carboxyphenyl)pi peridine-|-carboxylic acid -butyl ester
(5.0 g, Momwos6w80 eq.) and THF (130 nl, 1.7 nol) wer @CtarsRimamds3ad room
tenperature under nitrogen. Borane dinethyl sulfide conplex (2.9 nL, 33
mmol, 2.0 eq.) was added dropw se and the m xture was stirred for 5

m nutes, then heated at reflux for 1 hour, The m xtyre s ,cooled tqQ room
t enper at &?leanaﬁ? REZAPIEARYSr oYfs Waisd a&%rﬁeﬁwoa% Hﬁ%egﬁﬁrﬁ %@P%@Wﬁﬁ) , then

concentr X i : i_al g i.th MeOH
(x0T PhkuBo b RS2 Y BRAL AL G bhory iRl R e R LR e O

with 1M KEH g) 2xBOleat, Jight yedlowNaHB@ fo2id B dmippn sittien sat ur at ed aqueous Nadl
1x50 nmL). Th rgani c | ayer was dri.ed over,anhydro SO iltered, and
((: oncent r ;t ed ?lﬁ&\-llg%{}BWrB%y]@pglyi)_pcgap%me-l-carboxyq Sty t§bu|}j3?1 ester (50f.6 g,

hydr oxy mat7b ke 1Yl yPivRerdigbRed lim DEMP 300l hE, SB0GnmBYt Yhe @ki@Fe W4 &oldd as a
clear, |ightyel I’ow‘0|l that solidified upon sitting. 1 NWR éCDCI 3) d (ppm
7.34 - 7.2p9°( ppdegpjtroggn aud (mth,angsukfom.canhﬁqndp.(éfu%|g1,—|§§7 mnEg, (.8 cq2Mps

3,324 180400 3 po RO iy o by St b % e Fhis AR odpide Gich - © H-
4- ( 2- Hydrsaxnires hyd gleanikkyrpwpe kit d&-0°Cdar dDmyhites. avidr (400tyl., 2smhel) wad. 4 g,

1.0 mol, 1.0 eq,) and triethyl enediamne (220 ng, 2.0 nmol, 1.4 eq.) were
di ssol veddged ¢ mixtureryas stipigd forot Minutese Thcphazcs Weae sepatiteld azd thgoC under

nitr n, . ) ,.Xt ure was
Gt ordRfsap & Py Thehdd Ridiler (o0, dictRREAER0, AL B Lo eh
Et OAc ( 50cmbyecdangichd tieadlcwiotipouad €10 &)2x 2Fhink pil, Whieh oragapddowitlaye furttes dri ed

over anhydr.?us. Na SO, filtered and concentrated by rotary evaporation to
yi el d t h@W 3% ompound (500 ng), which was used without further

. f . t . ) 1 . ; N . t , J =
D ey 7y ERRDASORIY (BT S 1.7 4 @ 34, 181 (LD TRt 5
(s, 2H): 2E)3338(s1 2H).4 2964, 2D, 892-3.10 (m, 1H), 2.92 (s, 3H), 2.80-2.92 (m, 2H), 1.63-
15 1.81 (m, 4H), 1.51 (s, 9H).
EXAMPLE 1

4-[2-(2.4.6-Trifluorophenoxymethyphenyl]piperidine

F
o:i
F F
N
H

4-[2-(Toluene-4-sulfonyloxymethyl)phenyl]piperidine-1-carboxylic acid #-butyl
20  ester (2.1 g, 4.7 mmol, 1.0 eq.) was dissolved in MeCN (46 mL, 890 mmol) and added to
K,CO; (1.9 g, 14 mmol, 3.0 eq.) and 2,4,6-trifluorophenol (1.0 g, 7.0 mmol, 1.5 eq.). The

mixture was shaken at 50°C overnight, then cooled to room temperature. The supernatant

was separated from the K,COs and other solids. TFA (7 mL, 90 mmol, 20.0 eq.) was

added to the supernatant and the mixture was shaken overnight at room temperature. The
25 solution was then concentrated to yield a crude residue. The residue was dissolved in

5.0 mL 1:1 AcOH/H;O, then in an additional 2.0 mL AcOH, filtered and purified by

preparative HPLC to yield the title compound as a TFA salt (1.3 g, 97.5% purity). MS m/z:

[M+H]'" calcd for CisH;sF3NO, 322.13; found 322.2.
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2.61 (m 3H); 2.45 (s, 3H); 1.70-1.52 (m 4H); 1.48 (s, 9H). Preparation 2
4- ( 2- Met hanesul f onyl oxynet hyl phenyl ) prperi di ne-| -carboxylic Acid -Butyl

Est er 4- (\MoCaroassysphenyl ) pi peri di ne-1-carboxylic acid - parguS2eowet3o{5. 0 g,
160 mmol, 1.0 eq.) and THF (100 nL, 1.0 nol) were conbined at room

t enperature under nitrogen. 1.0M Borane- THF complex in THF (32 7 m_ 32.7

I, 2.0 t
ool bt 1 on) - T VIR et B e 0l O 1B Se oo B 40 oo B A2t hen
heat ed at(d5ﬁ9@8f}@£ 1 32‘5\’36 7.2, VII?SI6"7§6 9?1)9510’?% QH‘?”? 6@%@(@% gfg, and

t he reaction was slomy wth NE d ‘exot herm
si gni fi ca3m8 (gak= éi/éIHzt iLbin) 3.26- Bé)ﬁ (oodHgit. 19a(cgd=b1y2 8 thaﬂs?) evidpdp htmo?t). The

mat eri al was azeotro ed W|t The cr duct was
di ssol ved in Et OAc ( GEaHS @ fh@%j z @EH@@)P&EQWW@@%Q{@O m), then
saturaf ed aqueous NaCl (50 nil).,bhesine aapincilsayer was dried over anhydrous

Na SO, filtered, and concentrated in vacuo to yield
4- (2- hydr oxynéit@yMpthém;su)fpm@xywthﬁlphetwé)pm@mﬁcl -eatberylipueidl-tagtlester 4. 4 g)

as a cl e L d SI tt|

4- (2- Hyd %&9 &ng‘xﬁ W)g)p%arsl sl %QGWQF‘.B%{L A 2R 9 K65 £50. 0 g,
172 mol 18(11nﬁn@1q3l) quSandlzsﬁ@hvmﬂ)rbpheE@\(ll(&S@9019Lmrn8QQQS &gR| The niixeurdi xt ur e
was cool ed at 00C under mtrog@n and met hanesul fonl C anhydrl de (44 8 g, 257

mol , 1. 3Va8yi8orqusdy st SR o Odwrurs. semoysdpom thezhegt, and stirved qygpnights 6 eq. )

t f
%ﬂﬁu?féﬁe%ﬂ%@”{%&?@eﬂ%qbﬁ%ﬁt Ap @t A B R OO B Fhe B 00 8
m nut es. (Mmhha@hsphmeewsmmape&medl, andnbk digeniolganivas vayed twice wiels hédMwi t h
water (3 ), dri

title co il yyer &%@é P S S O e A0 by OO Eher
Ipllflg i f ;CatNa?S‘Oé; dnd\WRs6140Q MrgveWNELRE cﬁl)deq [CRRM),6-rifRbrdpttRolyRetBi)- 7. 31 (d,
phenyl]piperidine-1-carboxylic acid #-butyl ester (25.0 g). The crude product was
15 combined with smaller scale runs for a total of 30 g, and purified by chromatography
(0-10% EtOAc in hexanes) to yield 4-[2-(2,4,6-trifluorophenoxymethyl)phenyl]piperidine-
I-carboxylic acid #-butyl ester (22.0 g).
The ¢-butyl ester (22.0 g, 31.3 mmol, 1.0 eq.) was combined with 1.25M HCl in
EtOH (250 mL, 310 mmol, 10.0 eq.). The mixture was stirred at room temperature for 8
20  hours, then stored at -10°C over approximately 48 hours. Most of solvent was removed by
rotary evaporation. To the resulting thick slurry was added EtOAc (80 mL), followed by
stirring at room temperature for 2 hours. First crop was isolated by filtration, and the filter
cake was washed with EtOAc (20 mL) and dried to yield the title compound as a
hydrochloride salt (8.5 g, >99% purity) white solid. HPLC of the filtrate shows ~25% arca
25 ofproduct. For the second crop, the solvent was removed by rotary evaporation and the
resulting solid (~10 g) was slurried in EtOAc (40 mL), first at room temperature, then at

60°C, and again at room temperature to yield the title compound as a hydrochloride salt

(1.7 g, >99% purity).

-17-



2H), 5.38 (s, 2H), 4.28 (m 2H), 2.92-3.10 (m IH, 2.92 (s, 3H), 2.80-2.92
(m 2H), 1.63- 1.81 (m 4H), 1.51 (s, 9H). EXAWPLE 1

4-r 2- (2AwWOrnfooserssphenoxym et hvl ) phenyl 1pi peri di ne PCT/US2009/064304
4-[2-(Tol uene- 4-sul f onyl oxynet hyl ) phenyl ] pi peri di ne-1 -carboxylic acid
-butyl ester (2.1 g, 4.7 mol, 1.0 eq.) was dissolved in MeCN (46 nL, 890
nmol ) and added to K2CO3 (1.9 g, 14@%‘§D| 3.0 eq.) and
2,4,6-trifluorophenol (1.0 g, 7.0 MPLEZ eq.). The m xture was shaken at
500C overni ght, then gool@d. bmdo9&5ﬁeh&mﬁét9$1Wh%nvlT&6er§dﬁ9@r natant was
separated fromthe K2CO and ot her soltds. TFA mmol, 20.0 eq.) was
added to the supernatant and thefixture was shaken overm ght at room
temperature. The solution was t} oncentra ed to yield a crude residue.
The residue was dissolved in 5.8 X {20 then in an additional 2.0
m. AcOH, filtered and purified by preparat PLC to yield the title

MS mz: [M-H] + cal cd for

G 8H 8F3NO, 322.13; found 322.2(1 (@ d (ppm 9.83 (br.s, IH; 9.32

(br.s, IH; 7.46-7.39 (m 2H); [7. , J =6.8 H, IH); 7.26-7.21 (m IH);
6.76-6.66 (m 2H); 5.07 (s, 2H);~"8769-3.50 (m 2H); 3.38 (t, J = 11.6 Hz,
IH); 3.20-3.02 (m 2H); 2.19 (q, B = 12.8 Hz, 2.12-2.01 (m 2H).

St ( 5- Net Ao Glueh g g Opheﬁéﬁﬁﬁ}%ﬁé@%ap ‘gfl?\' el fagnreudlia
-butyls est@r (203 C% 5(@% étﬁgwl,qig'gﬁ’.%%dfg%(ﬁ%a ivgscri é% %)%Eegb tnhoMBf A1adProni L)

and added to K2 6-trifluorophenol
(13.5 g, KOCX (Mfoing, 1.5 fregl, 3.0 cThendi2)t- dlﬂaomhemngﬁml,ST@D Lgnolr lécqat 500C

R G A R e N
) . The sphasfantWels&csRed &loafthe RNAEO;ARd of@ARIks! ayer was washed twice with
LOM TFA (800 uL, 10 mmol, 20.0 eq.) was added to the supernatant and the mixture was
10 shaken overnight at room temperature. The solution was then concentrated to yield a crude
residue. The residue was dissolved in 1.5 mL 1:1 AcOH/H;0, then in an additional 0.3 mL
AcOH, filtered and purified by preparative HPLC to yield the title compound as a TFA salt
(115 mg, 95% purity). MS m/z: [M+H]' calcd for C1sH0F,NO, 304.14; found 304.2.
While the present invention has been described with reference to specific aspects or
15 embodiments thereof, it will be understood by those of ordinary skilled in the art that
various changes can be made or equivalents can be substituted without departing from the
true spirit and scope of the invention. Additionally, to the extent permitted by applicable
patent statues and regulations, all publications, patents and patent applications cited herein
are hereby incorporated by reference in their entirety to the same extent as if each

20  document had been individually incorporated by reference herein.
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NaOH in water (2x400 nL) and saturated aqueous NaC (1x400 ni), then dried
over Na2SO4 and the solvent renoved to yield crude

4-1 2- (2, W6-2010/05b988r ophenoxynet hyl ) - phenyl ] pi peri di ne- IPCtarsbaibi3os aci d
-butyl ester (25.0 g). The crude product was conbined with snmaller scale
runs for a total of 30 g, and purified by chromatography (0-10% EtQAc in
hexanes) to yield 4-[2-(2,4,6-trifluQr E)h noxynmet hyl ) phenyl ] pi peri di ne-
1-carboxylic acid -butyl ester (22. Oé%uhe -butyl ester (22.0 g, 31.3
ol . L q.ed s ReeeaDkReMind d BdhoflbE Ry (£ O (250 ., 310 mmol, 10, O
eq.). The m xture was |rre roomtenperature for 8 hours, then st or ed
at -100C over approxi mately 48 sol vent was rem)ved by rotary
evaporation. To the resul tcr\n
followed by stirring at room® efperatur 0 or 2 _heRirs. First crop was
isolated by filtration, and the fiJlter caké washed with Et OAc (20 nl)
and dried to yield the title conpaynd as; 3 Qchloride salt (8.5 g, >99%
purity) white solid. HPLC of thg fiNtraRe shgws "R5% ar ea of product. For

t he second crop, the solvent wag tary evaporation and the
resulting solid (~10 g) was slurrNed in EtOAc (40 nmL), first at room
tenperature, then at 600C, and agHin at roomtenper@ture to yield the title

conmpound as a hydrochl oride salt (1.7 g, >9 9%(5q ri ty) EXAMPLE 2
442- ( 2, 6-oDp il hieeeherestg et ﬁvl,l%,éh@rrﬂueaﬂpRpérm pﬁ@denﬂy halo or

4[2(To| f t hyl) erjsdi | ,¢ acid
ot yi® oot TR R LR, i) BTNk RE PR eSO, 0
mol ) anclhyadxgeﬁlotDal&&ﬁ@ro(cé’éb&oﬁmnsfngfnhmtqbs,oﬁ 0 eq.) and 2, 6-di f | uor ophenol
(98 nmg, 760 mmul, 1.5 eq.). The mxture was shaken at 500C overni ght, then
cool ed to roonitk enﬁ%&?&?éomm‘énds‘lfpf@?rﬂ‘&ﬁént was separated fromthe K2CO and
ot her solids. TFA (800 ni, 10 mmol, 20.0 eq.) was added to the supernatant
and the m xture was

1
R); ]
’?
i (1
or a salt thereof, with a compound of formula 2:
F
HO R’
R° R’
R’
10 )

in the presence of a base, to provide a compound of formula 3:

R") b
a O R3
R® R*
N R
b
(3)

or a salt thereof, where L is a leaving group and P is an amino-protecting group; and

-19-



shaken overnight at roomtenperature. The solution was then concentrated to
yield a crude residue. The residue was dissolved in 1.5 nL 1: 1AcOH H2O
then in anoaduvasssral 0.3 nl AcCOH, filtered and purifi e@Coguspooepes3at i ve
HPLC to yield the title conpound as a TFA salt ( 115 ngy, 95%purity). M
mz: [MH + calcd for G 8H 9F2NO, 304.14; found 304.2. Wile the present

i nvention hasﬁgeen described with reference to spegific aspects or

enbodi nent st KBk eof SMPYINGHG anyEOFHRIEF WESER LY - {TRBSEC SPTBIWGRIY™AE Pl ed i n
the art bRl HioQifSio RARISS&ififuhA JRSiEAN | Gkyahsbs can be substituted
wi t hout departing fromthe true spirit and scope of the invention.
Additionally, to the extent permtted by applicable patent statues and

regul ati qns, | publications, patent d t en | icatens,gited herein
o her ety | nodFBIGLE Gy or b ae F R e Ehhy PR A3 RAARLEraRELd en
as 1 f aghogpcunent had been individually incorporated by reference

herein. CLAIMS 1. A process for preparing a conpound of formula I : or a
salt thereof, where: ais 0, 1, 2, 3, or 4; each Rl is independently halo
or trifluyoro hyl . R3 4.5 _hydrogen,; -hal -Gi ,6al kyl: R4,.R5, and R6 are
"ndependent 1y ydrosserolsria i foPAERL i RueE el o i B B ()
react i ng geoupegpdundioal gteupsul a 1: or a salt thereof, with a conpound of
formula 2 : in the presence of a base, to provide a conpound of formula 3:
or a salt thereof, where L is a |eaving group and P is an am no-protecting
group;n and( b) i . AR N0 1 : npound of
formu Oa %'or grhgﬁat@et e%@gﬁg{\gﬂ%rpg\c}%gghg&gg%%gu‘%?aégg%l a ﬁ%r a salt

t her eof . G5(OINRR, phaecdss -6f saltydiompisnyiaad eheaplicaylOgroi3isarpt o lyasubstityttiogen,
and R4 and arg fL oro..3. The process of Claiml1l, where L is selected
fron1ha|663£§§ﬁ@b%,a§8F96ﬁ¥c ester groups, and acyl oxy groups.

5. The process of Claim 4, where L is -OS(0;)-CHj3 or -OS(0;)-4-methylphenyl.
15

6. The process of Claim 1, where P is selected from #-butoxycarbonyl, trityl,

benzyloxycarbonyl, 9-fluorenylmethoxycarbonyl, formyl, trimethylsilyl, and #-

butyldimethylsilyl.

20 7. The process of Claim 6, where P is #-butoxycarbonyl.

8. The process of Claim 1, where the base in step (a) is an alkali metal carbonate.

9. The process of Claim 8§, where the alkali metal carbonate is potassium carbonate.
25

10.  The process of Claim 1, wherein the compound of formula 1 or a salt thereof, is

prepared by a process comprising the steps of:

(a)  reacting a compound of formula 4:

-20-



4. The process of Caim3, where L is a sulfonic ester group having the
formula - OS(g 2)-R, where Ris -G _4al kyl or phenyl, and the phenyl group
i s optiomsbl2g1ognsbesBi tuted with -G _4al kyl, hal o or nitr®CTAIS2000864300Ccess of
Claim4, where L is -OS(2)-CH3 or -0S(2)-4-net hyl phenyl. 6. The process
of Claim1, where P is selected from -butoxycarbonyl, trityl,

benzyl oxycar bonyl, 9-fl uorenyl met hoxycarbonyl, fornyl, trinmethylsilyl, and
tbuty Idinmethy Isilyl. 7. The proces Claim6, where Pis

- but oxycar bonyl. 8. The proces@@ ; 1, where the base in step (a) is
an alkali netal carbonate. 9. The preg aim8, where the al kal

netal carbonate is potassium carbonat ¢. The process of Caim1l, wherein
t he conpound of fornula 1 or a salt S , Is prepared by a process
conprising the steps of: (a') reacti{ng d conpound of fornula 4 :or a salt
thereof, with a reducing agent to pkrQvide a conpound of forrmula 5: or a
salt thereof; and (b') converting theNhydroxyI group of the conpound of
formula 5 or a salt thereof, into a | paving grz L, to provide a conpound
of formula 1 or a salt thereof 11. The proces of Claim 10, where a is O.
12. The Rk AGESTeRlof Gt m&ﬁcmmg&ﬁ tb ptovikel @&ﬁ&%&bpmrhﬁlapgen groups,

sul fonic ester groups, and acyl oxy groups. The process of Caim12,
where L is a sulfonic ester group h the fornula - 05(q 2)-R where R
is -C _4al kyl or phenyl, and t group is optionally substituted
with -C _4alkyl, halo or nitro. T4. gc®@ds of Claim 13, where L is
-OS5(2)-CH3 or -0S() -4-net hyl phenyl [ 15. The process of Caim 10, where

t he reduci ng agent is borane dinmethyl Asul fide

I\
i 5)
or a salt thereof; and
5 (b")  converting the hydroxyl group of the compound of formula 5 or a salt

thereof, into a leaving group, L, to provide a compound of formula 1 or a salt thereof.

11.  The process of Claim 10, where a is 0.

10 12.  The process of Claim 10, where L is selected from halogen groups, sulfonic ester

groups, and acyloxy groups.

13.  The process of Claim 12, where L is a sulfonic ester group having the formula -

0S(0,)-R, where R is -C;_4alkyl or phenyl, and the phenyl group is optionally substituted
15 with -Cj_4alkyl, halo or nitro.

14.  The process of Claim 13, where L is -OS(0;)-CHj3 or -OS(0;)-4-methylphenyl.

15.  The process of Claim 10, where the reducing agent is borane dimethyl sulfide

20 complex or borane-tetrahydrofuran complex.

16.  The process of Claim 10, where p-toluenesulfonyl chloride or methanesulfonic
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conpl ex or borane-tetrahydrofuran conplex. 16. The process of C aim 10,
where /?-tol uenesul fonyl chloride or nethanesul fonicanhydride is used in
step (b')woldio/sews8npound of fornula 1: or a salt there@CT/Ush@9®64304 i S
brono, iodo, or -0OS(q 2)-R, where Ris -C _4al kyl or phenyl, and the phenyl
is optionally substituted with -G _4alkyl, halo or nitro; ais 0, 1, 2, 3,
or 4, each@éF\z{l,({?s ingependgntly hal o or trifluoronmethyl; and P is an

ani no- pr SPRYEId5ds Bieddp SteR &) The conpound of O aim 17, where L is -0S(q 2)-R
and Ris nmethyl or 4-nethylphenyl; ais 0; and P is -butoxycarbonyl. -99-

17. A compound of formula 1:

R");

N
I

i (1)
5 or a salt thereof, where: L is bromo, iodo, or -OS(0,)-R, where R is -C;_salkyl or phenyl,
and the phenyl is optionally substituted with -C; 4alkyl, halo or nitro; ais 0, 1, 2, 3, or 4;

cach R' is independently halo or trifluoromethyl; and P is an amino-protecting group.

18.  The compound of Claim 17, where L is -OS(0O;)-R and R is methyl or 4-methyl-
10 phenyl; ais 0; and P is #-butoxycarbonyl.
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