PROCESS FOR PREPARING 44242- FLUOROPHENOWNIETHYLIPHENYL1PIPERIDINE
COMPOUNDS BACKGROUND OF THE INVENTION FIELD OF THE INVENTION The present
invention relates to processes and intermediates for preparing 44242-
fluorophenoxymethyl)phenylipiperidine compounds having activity as serotonin (5-HT) and
norepinephrine (NE) reuptake inhibitors. 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 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 neuropathic pain when the
lesion or dysfunction affects the cpnmm\mg PRI RIASE)4-[2-Beveral types of therapeutic agents

are currently used to treat neuropathi W %’6 ﬁ?,%wgsants serotonin
g—ga?a'perm'rrarrd pregabalin),

and norepinephrire ROROPHENISS e
topical lidocaine, and opioid agomslstlce}gomélno@mmm&@}éthadone levorphanol and
tramadol).  The 442-(2- quorophenoxy?pg h M%¥Mb%ne compounds described herein inhibit
the reuptake of both serotonin and norepitrephrme Dy DIMdmg to the serotonin and norepinephrine
- transporters. A nee’ﬁee_txi&t&ﬂdnmnﬁﬁci@mpmpm&sﬁzpmﬁdﬂ%@@ﬁhﬁ%ﬁm@m%ﬂ@mRY The
present disc sur rowde |nt qaﬁgﬁgf JaTeMnloleals) that have
been found ess %38?% @P;%%ql ibitor oéﬂé‘%l\%ty an %gtrf{eﬁgﬁgegp%?ne relﬁﬂgﬁ inhibitory
activity. Onamimbmmm@htmﬁtﬁéﬁbmgeﬁﬂk@mblbé% relates to a process for preparing a compound of
foimula (I) or a salt thereof, where: a is 0, |, & 3xQidr2£R-RI is independently halo or
trifluoromethyl; R3 is hydrogen, halo, or -C koalkyl; R4, R5, and R6 are inde (E)endently 5 hydrogen or
halo; the process (ﬁ?ﬂﬂﬁ-?léﬂ‘l@‘ﬁ@aé%b%e’@ﬁpw and emoﬂonal experience associated with actual or

potential tissue damage, or described in terms of such damage (International Association

E =+

for the Study of Pain (IASP), Pain Terminology). Chronic pain persists beyond acute pain
or bevond the expected time for an injurj to heal (American Pain Society. "Pain Control in
the Primary Care Setiing." 2006:15). Neuropathic pain is pain initiated or cauged 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
neuropathic pain when the lesion or dysfunction affects the central nervous systern (IASP).
Several types of therapeﬁtic 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 (¢.g., morphine, oxycodone, methadone levorphanol and tramadol).
The 4-[2-(2-fluorophenoxymethyl)phenyljpiperidine 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

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

One embodiment of the present disclosure relates to a process for preparing a compound of



(a) reacting a compound of formula 1: (1) or a salt thereof, with a compound of formula 2: (2) 10 in
the presence of a base, to provide a compound of formula 3: (3) or a salt thereof, where L is a leaving
group and P.js. an aming-protecting group; and (b) removing the amino-pr, ' group, P from the
compound o‘fv%%r%u@gggr a salt thereof, to provide a compound of formu%?%g}g%gﬁ tﬁ'é‘reof In a first
aspect, there is provided a process for preparing a compound of formula I: (1)
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or a salt thereof, where: ais 0, 1, 2, 3, or 4; each R'is independently halo or
triflucromethyl; R* is hydrogen, halo, or -Cyalkyl; R®, R’, and R® are independently
5 hydrogen or halo; the process comprising the steps of!
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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.



or a salt thereof, where: ais 0, 1, 2, 3, or 4; each Rl is independently halo or trifluoromodayl; R? is
hydrogen, halo, or -C1.6allryl; R4, Rs, and R6 are independently hydrogen or halo; the process
comprising the steps of (a)reacting a compound of formula 1: or a salt thereof, with a compound of
formula 2: 3 1 R5-(2) in the presence of a base, to provide a compound of formula 3: CNN' (R )a013
/7.K. R6 (3) or a salt thereof, where L is a leaving group selected from halogen groups, sulfonic ester
groups, and acyloxy groups and P is an amino-protecting group, wherein the amino-protecting group is

selected from the groun ¢ansisting.of dusioxyearrenyh.ity: beszyhexydarbonyl, 9-
quorenyImeﬂ%ngyca[r%on?/f, foﬁrimyl, time?%kﬁsilyl and t-butyldimethylsilyl; and

In a first aspect, there is provided a process for preparing a compound of formula I:

or & salt thersof where: 215 0, 1, 2, 3, or 4; zach R is independentty halo or wrifinoromethyl; R

hvdrogen, hale, or -Cy¢alleyl; RY, R?, and R® are independently hydrogen or halo; the process
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or a salt thereof, where L is a leaving group selected from halogen groups, sutfonic ester groups, and
acyloxy gfoups. and P is an amino-protecting group, wherein the amino-protecting group is

selected from the group consisting of #~butoxycarbonyl, frityl, benzyloxycarbonyl, 9-
fluorenvimethoxycarbonyl, formyl, trimethyisilyl and t-butyldimethylsilyl;

and



(b)removing the amino-protecting group,?, from the compound of formula 3 or a salt thereof, to provide
a compound of formula | or a salt thereof. In one embodiment, the compound of formula I is
44242,4,6- trifIuorophenoxymethyl)phenyl]piperidine or a pharmaceutically acceptable salt thereof. In
another embodiment, the compound of formulﬁa is defln é R3 g}ngugg cz)afrgo ogg%and
(i)114 is fluoro, REW fluGFRCNRE S RO PrOCHRRETR u?fuciro IS fIUot, ais 1, an fluoro,

5-fluoro, 5- gﬂl{g;gggﬂmﬁlroo{déilmgmd of fc(m)M @ﬁwah; Eﬁasffluoro ais 2, and le is 4,5-difluoro,

4,6-difluoro, or 5, 6 di Iuoro,,D di (t}(%zR4 IS qu ? ?r@fds 0; (v) R4 is chloro,
Re is fluoro, and afs@eSfrPodme ﬁofg%romo &6 R A" 0; or (b) R3 and R4 are

hydrogen, Rﬁﬂ&d&u@h@n&@n&mmheaydp@)eadm@ ptip) ﬁxmaami@liﬁs Bfhporblos@ttivaseof-or (ji)) a is 2

and Rl is 4, dlflu?}ro or h%g RS are h m?f&&é‘ﬂﬁ o an d; () R3is fluoro and a is

0; (||)?2§u|s 1563}11% i ?Qcﬁ?%oﬁuor -fluoro, trlfluoromethyl or 6- fluoro;

(2) R® and FL5 are hydrogen and:
(i) R” is fiuoro, R® is fluoro, and a is 0;
(i) R* is fluoro, RS is fluoro, a is 1, and R! is 4-fluoro, 5-fluoro, 3-
trifluoromethyl, or 6-fluoro;
(iif) R’ is fluoro, RS is fluoro, a is 2, and R! is 4,5-difluoro, 4,6—difiuoro,J or
3,6-difluoro; | '
(iv) R* is fluoro, R’ is chloro, and a is 0;
(v) R* is chioro, R® is fluoro, and a is 0; or
(vi) R*1is bromo, R® is chloro, and a is 0; or
(b) R® and R’ are hydrogen, R’ is fluoro, R® is chloro, and:
(iyais0;
(ii) ais 1 and R’ is 5-fluoro or 6-ﬂuoro or
(i) ais 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;
(1) R® is fluoro, a is 1, and R’} is 3-fluoro, 5-flucro, 5- triflucromethyl, or 6-
fluoro;
(iii) R? is fluoro, a is 2, and R'is 4,6-difluoro; or
(iv) R? is chloro or methyl, and a is 0; or
(DR, RY, and R® are hydrogen and:
(1) Réis H, and 2 is 0; _
(it} R¢isH, ais 1, and R’ is 5-fluoro or 6-flucro;
(iif) R® is fluoro and a is 0;
(iv) RC is fluoro, a is 1, and R} is 4-fluoro, 5-fluoro, or 6-fluoro;
(v} R® is fluoro, a is 2, and R’ is 4,5-diftuoro or 4,6-difluoro;
(v) R® is chloro énd ais 0 |
(vii) R® is chloro, a is 1, and R! is 4-fluoro, 6-fluore, or S-trifluoromethyl;
(viil) R® is chloro, ais 2, and R} is 4,5-difluoro; or

(ix) R® is bromo and a is 0;
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(i) R3 is fluoro, a is 2, and Rl is 4,6-difluoro; or (iv) R3 is chloro or methyl, and a is 0; or (d) R3,
R4, and R5 are hydrogen and: (i) R6 is H, and a is O; (ii) R6 is H, a is 1, and RI is 5-fluoro or 6-fluoro;
(iif) R6 is fluoro and a is 0; (iv) R6 is fluoro, a is 1, and Rl is 4-fluoro, 5-fluoro, or 6-fluoro; (v) R6 is
fluor, ais 2, and Rl is 4,5-difluoro or 4,6-difluoro; (vi) R6 is chloro and a is 0; (vii) R6 is chloro, a is 1,
and le is 4-fluoro, 6-fluoro, or 5-trifluoromethyl; (viii) R6'is chloro, a is 2, and Rl is 4,5-difluoro; or (ix)
R6 is bromo and a is 0; or a pharmaceutically acceptable salt thereof Another embodiment of the
present disclosur@f@lmfﬁlﬁ%@@ﬁ%\’épﬁﬁg‘?%ﬁmpound of formula 1 or a salt thereof, the

process comprisingdhig-stepsainda aacting.acanpauneeidian ulacdis@dpreparing a compound of
formmula 1 or a salt thereof, the process comprising the steps of:

(a)  reacting a compound of formula 4:

(R

& OH
0
N
i
P 4
or a salt thereof, with a reducing agent to provide a compound of formula 5:
R

8 OH

P 5)
or a salt thereof;, and
(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 2 salt thereof.
Still another embodifnént of the present- disclosure relates to a novel intermediates used in the

processes of the present disclosure. In one such embodiment novel intermediates have formula 1:

R);

N
I

P &) | |
or a salt thereof, where: L is bromo, iodo, or -OS(0;)-R, where R 1s -Cysalkyl or phenyl,
and the phenyl is optionally substituted with -Cj.salkyl, halo or pitro; 2180, 1,2, 3, or 4;
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(4) or a salt thereof, with a reducing agent to provide a compound of formula 5: OH (5) or a salt
thereof; and (b')converting the hydroxyl group of the compound of foimula 5 or a salt thereof, into a
leaving group, L, to provide a compound of formula 1 or a salt thereof. Still another embodiment of
the present disclosure relates to a novel intermediates used in the processes of the present disclosure.
In one such embodiment novel intermediates have formula 1: (1) or a salt thereof, where: L is bromo,
iodo, or -05(02)-R, where R is -Cidallcyi or phenyl, and the phenyl is optionally substituted with
-Ciallcyl, halgcamiitedndeis0dchitR, 13 oorrifhaehoRihid inué Pap de s Ras S RIS ethy|; and P is an
amino-protecting group. In a second aspect, there is provided a compound of formula 1: (1) or a salt :
thereof, where: L Is breteies! dertst drro3@eYyifed pvssracrnksoidamé br phenyl, and the phenyl is
optionally substituted with -C1.4alkyl, halo or nitro; ais 0, 1, 2, 3, or 4; each R is independently halo,or
frifluoromethyl; and P is an amino-protecting grogp, Wherein the amino-protecting group is selected

: 0 nzyloigyca‘rbonyl, 9-fluorenylmethoxycarbonyl,
formyl, timethylsilyl, and Ic. butyldimethylsilyl. DETAILED-DESCRIPTION OF THE INVENTION The

i (1)
or a salt thereof, \I:thI‘EZ L i bromo, iode, or -OS(0,)-R, where R is -CjLalkyl or phenyl, and -
the phenyl is opﬁ_onaﬁy substituted with_-CMalkyl, balo or nitro; & 15 0, '1, 2,3, or4; each }'
18 indcpﬁ?ndenﬂy balo.or trifiuoromethyl; and P is an amino-protecting group, wherein the
amjno-prote:cting 'group is selected from the gioup coﬁsisting of r-butoxycarbonyl, trityl,
benzyioxycarbonyl, Q-ﬂuorenyimethoxycérbonyl, Iormyl, ﬁ-imeﬂaylsﬂyl, and -
butyldimethylsiiyl. : '

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to novel processes for preparing compounds of formula I:
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(I) and compounds of formula 1: or a salt thereof. (1) The integer "a"is 0, 1, 2, 3, or 4. In one
particular embodiment, ais O (i.e., Rs is absent), 1, or 2. Each RI moiety is independently halo or
trifluoromethyl. The R3 moiety is hydrogen, halo, or -Ci_eallcyl. Each le, R5, and R6 moiety is
independently hydrogen or halo. In one particular embodiment, a is 0. In another embodiment, a is 0,

RS and RS are hydiggen, ad Ra.anq B5:aie f1ug1, DERINTEONSoimihen deseriing the

compounds, compositions; methods and processes of the invention, the following terms have the

following meznings Lriess BibeRiiswirhlitsdmepmdgnibnbaly, adiBeeromstnl tiéshguriFoluis "a,"
"an" and "the” ggg;ﬁggqgmglg%;e@?gggmg Blerat farmnsdiniessdheycaniexh olasa clgarydicates

otherwise. The ter ", "including,” and "having" are intended to be ;nclrisiye and mean

s "comprising”, _
 that there mbglbelacaripraralerseiedincet tisl e neaderersphefte Rl hiffnBr&¥kPretting

quantities ofyj &rgg@g% propariies;susih@s molecular weight, reaction conditions, and so forth used
herein are to be understood as being modified in all instqnceg by the term "about,"” unless otherwise
indicated. Accordingly, the numbers set forth hEREREIEEV0 2010/056938PCT/US2009/064304

approximations thatynay dasyslependisgipheddnetiesiiddrpropshtids salpltteskecdiitained by the
present invention, At least, and not as an at n;ﬂto Jrilmit %réenigg{)ﬂgﬁtion f the d%ﬁ%@g}&f)f equivalents
to the scope'BYTRECrH SO RN A (FTBLPARSTR ALY By '

§58 OHIGTWVIRE S
, rued in light or the reported significant
digits and byappfyingiordinas teusiding téchuliguesns The "eofnpoutbls’ dedudibde herein have typically
been namedcgggs%gggi%ué?uwﬁrpom unless the context of use clearly dictates otherwise. The terms

"comprising”, "including,” and "having” arc intended to be inclusive and mean that there

may be additional elements other than the listed elements. All numbers expressing

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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feature of the commercially-available MDL(r) ISIS/Draw software (Symyx, Santa Clara, California).
Typically, compounds of formula | have been named as 44242-
fluorophenoxymethylphenyl]piperidines. Numbering of the compounds d }E rein is as follows:
4 10 As‘ggezglhg%g?%? the phrase "having the formula" or "having the struc urg Qis ngii 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 dEéRABHIRAERANR BROIUFEXHREAEORAMBFOIRST 40 DIOnAHSS soxedtS Bmabkélsde, for
exarr?rlile, ;]Cﬂlﬂ?%ﬂe%ﬁb@ﬁl&ﬂicﬁlnd&é@&@ik&‘ﬁd&@%@iﬁ&@iﬁﬁtmwwmw de dntway of example,
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl,
oct T R AR TRHE SOV T CHBRT e AP A A S aRAHEieg for
particular teimligaedfhiereipotted signifemoticarban dtoapslidishontin preceditigdheteiqueas subscript. For
example, the term =-Chalkyl" means a /| group having from 1 to 6 carbon ato here the carbon
atoms arSe in any a%%%ﬁ%gﬁg“@ﬁ%ﬁ%%%ﬁ%ﬁ@%&?& ia?%]'lyn%gg%g u%%&mc 5%8@?8ﬁ1\%mand iodo.
25As used Heseirs, ¢héphoasactofaitiedoriabla MY RSgS b formiiatior SyavingSaneadiiatture" is not

intended t© b iling aggiaped i e Ao e it PakiRs i ManRRriepgHls commonly used

The term "salt" when'u in conjunction with a compound means a salt of the compound derived from

an inorganidbeBRjERRx pRSEYITRSHY ARRST AiRatic oY BPgHREC A dhg. compounds described herein

is as follows:

10
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,alkyl, -Ciaalkyl, -Cialkyl, -Cygalkyl, 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 "-Cygalkyl" 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” 1s commonly used.

The term "salt" when used in conjunction with a2 compound means a salt of the

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



WO 20101056938PCT/US2009/064304 In addition, when a compound of formula | contains both a
basic moiety, such as an amine, and an acidic moiety such as a carboxylic acid, zwitterions may be
formed and are included within the term "salt" as used herein. Salts deriv i jc bases
include alum%%m,l%?ﬁ?%%;nium, calcium, copper, ferric, ferrous, Lithium, m%aggﬁgglga(r%?&%%%ganic, 5
manganous, potassium, sodium, zinc, and the like. Particularly preferred are ammonium, calcium,
magnesium, potassium and sodium salts. Salts derived from organic bases include salts of primary,

secondary dAddeitiery dipieonrauerf SubstitteamiHnBe Iy CRsIamMEY; el AAIRP-88&Fring

amines, and,{hedike;ssahas.aignine, hetingicafginrichalinendy: be-tikaszviethaengdirmine,
diethylamine, 2-diethylaminoethanol, 02,—din$%h§amino§%hanol, ethanolamine, ethylenediamine,
N-ethylmorpRihfe Ry e e Jriemmi S g RL PRISARIR 24 dPSB hine,

isopropylamingniystenmeihglucidnine coppephiatitie, forperaitewpipesadisenpohwamire, resins,
procaine, purines, theobr?mlne, tri%thxllamineéﬁgrp% Iarpég&ﬂi r(r)#))el eII;nri%e,r;g:rgrrﬁnethaumine, and the
like. Saltss dEMTES BN ARG algrr%?tsgcfas include safts o eIoorlc, carbor ¢, hydrohalic fg?ﬁfﬁ’robromic,
hydrochloric;ahsidrafiaegicsniny dotisdic), aitrisdiino sphioriSalsutfenmin drmdnsuifanic heids. Salts derived

from organigagis c}fcgﬁjﬁﬁl'&%?ggb?é %@ﬂ%{w}qﬁe@igclls;&gﬂg,s%gﬁ%ga_ giygolic, lactic,

lactobionic, malic, an aric aci liphatic monadcarboxylic acids (e.g., acetic, butyric, foimic,
propionic anty¢Hflastisasaiiaeidsycenring siassyar thahketituahasgiaarmi BeRisy, s¥orRfic carboxylic

acids (e.9., prORICA20 Bichiosalenzeie: dikheylacatini aentisichhippurizdand triphenylacetic acids),
aromatic hydroxyl acids (e.qg., 0-hydroxybenzoic, g-hydroxybenzoic, 1-hydroxynaphthalene-2-

carboxyfit afBaateRRRsspRlcRroolEp RS iRy A e o bR IRAFBBYAE acids (e.g., fumaric,
maleic, oxali¢ andisipesinic agigsnglbcaibisrmandlicdiuucidrHeaiicisopesisy paimeic, pantothenic,
sulfonic acids (e.g., benzenesulfonic, c horsulfonic, 25 edig. lic, efhanesujfo.nic, isethionic,
methanesuISHTEC AR LR AR ST, ROBHRERHED SRt Honic and
p-toluenesulfatiic:actds)rinaficiadiglsandethetikiyvRarticy lagyoprédered avecibdiydmbromic,
hydrochloric,, malei ospharic, sulfuric and tarfaric,acids. jn "phai ' acceptable
salt" meanstgesé egﬁé)%ree% ‘fregr% %nbglgéggrrﬂgr? %‘g?%{%%ﬁg dg?gtggfgg%%lceglﬂgéﬂaggm%%%n to a patient,
such as 30 dhydmimeebice oy dsehivhayingaboepadldydmndialiaiEaiehppraisiveliass 48é regime).
However, it is, understgoddhat daevsalis.oursad by the nurntianasenghsgauied 19iasids

pharmaceutically acceptable salts, such as salts of intermediate compounds that are not intended for
administratiéf %e #itpateMeongcEbsebrobstsgptaliogsoneliseashiartarictigme RIHHE used herein are

intended to hayR theisenlinanimeaningRs wpesstont Oy thsisaiohatdinmiy:ckittia forigIt to which

they pertain. . . L . L ,
YP amino acids (c.g., aspartic and glutamic acids), aromatic carboxylic acids (e.g., benzoic,

20 p-chlorobenzoic, diphenylaceiic, 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, maleie, phosphoric,
sulfuric and tartaric acids. The term "pharmaceutically acceptable sali" 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.



PROCESS CONDITIONS Suitable inert diluents for use in the process of the invention include, by
way of 5 illustration and not limitation, organic diluents such as acetic acid, tetrahydrofuran (THE),
acetonitrile MeCNzﬁN N-dimethylformamide (DMF), NA-dimethylacetamide, N- petgﬂg%rrolidinone,
dimethyl sulf et Rﬁ%), toluene, dichloromcthane (DCM), acetone, etﬁgl;ré%sef}é?é, ISopropyl
acetate, methyl t-butyl ether, chloroform (CHC13), carbon tetrachloride (CC14), 1,4-dioxane,
methanol, ethanol, propanol, isopropanol, butanol, 10 ethylene glycol, and the like. Aqueous diluents
may also be used, AR@ i triBviesr escianasisadid shbprse il desis BRyEpts*SCombinations of

any of the fqg@g%@i%&g@g@&@gagg%mglg{@gﬁ to whit@r &y merous bases that are suitable
for use in the process of the invention. Exemplary organic bases include, by way of illustration and not
limitation: amines 15 including primary alkﬁ%ﬂ?ﬁﬁé%gg%g%ylamine, ethanolamine, the buffering
agent tris, and the kel serendan:alkaminaste. sodinethitamiaaisnetbiethanolamine,

N,Ndiisopropylethylamine (DIPEA), and the like), tertiary, amines (e.qg,, trimethylamine, {riethylamine,
oty oo TR SRS S SHEA b S IRL D P B ST R BTN hycrazine:

roxi
alkali metal hydoaxides BisCiNas\sudiimethydooxige; dsddivih 20, Meinedgdcpatassiui hydroxide,
potassium t-butoxide. and the like: metal rides, li.me rhox uch as sodium
acetate and ‘%h%%é’j@@%oﬁ%rﬁ%@g g%rllfc ésezﬁﬁgéﬁ%ﬁlf %v%a@%@ﬁfg g%)%&?c{% ﬁé\iﬁo’t limitation:
alkali metal sesisonatdy busitetes itpiopy tasperatacstadsitineturboarefaes(Gi Catbwmne, sodium

carbonate, sediym higareenate, AntigdikeRIReE SRR Sh dHAsMMEARgNate and the like;

and 25 alkali metal phosphatés ‘such as potassium phosphate and the like). All reactions are

typically ontihizters slveebripsbibtlife witAisHe 4%‘1’“@%56?%6? beaieeth adontrep i 8xample at

room temPeyaliutg. j3eaatians mayqReomaniteies Woussnefithindayer shienatagiapiayidd:C), high
performance liquid chromag%%{aphy (HPLC), and/or LCMS until completion. Reactions may be

complete in Ffft8SOMEPRAR"30 hours, typically from 1-2 hours and up to 48 hours, or days, such as
up to 3-4 days. Tpankcompletar efsamhdf deapirodedsraieps, fivepresedsing thuixturaiamreaction
product mayEbe quther treated in order &o btain thfeﬂgu%%jggg | product FO{a%ampAe the resulting

mixture or reaction %P]occ’f‘ﬁ”%?lr%a%ig Sei%cgﬁjgt ed'to’ one or more of the tfgﬁgwmgn:-g- ]\I}\%
2010/036938R0T1I2009/0 6K Dines (¢.g., methylamine, ethanolamine, the buffering agent tris,
and the like), sccondary 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 t-butoxide, and the like; metal hydrides; and
alkall metal carboxylate salts such as sodium acetate and the like). Exemplary inorganic
bases, include, by way of illustration and not limitation: alkalt 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
-8



procedures: dilution (for example with saturated NaHCO3 or EtOAc); extraction (for example, with
EtOAc, CHC13, DCM, aqueous HC1); washing (for example, with DCM, 1.0 M NaOH in water,
saturated aqueous NaC1, or saturated NaHCO3); distillation; drying (for q;&@mfgl gSO4 or
Na2S04, oﬁ?ﬁlovzé]é%ﬁ%ﬁecipitation; filtration; being redissolved 5 (for example @%%s%sﬁetic
acid:F120 solution); purification (for example by preparative HPLC, reverse phase preparative HPLC,
or crystallization); and/or crystallizing (for example, from EtOAc/ethanol or isopropanol/water); and/or
being conceraeteerfhoridxarniar rrarpigoyitrnaryaied S Rr Brep &R0 B SSHISHARETY formula 1 or a
salt tlhereof @g&%ﬁf&lﬂﬁlﬁﬂ dweistepscihe diiss SIS TS hesRRAcEss dsamplckeapmiinvlisplacement
coupling reaction, which involves combining the compound of fo 1 or a salt thereof with a 2-
fluorophenot bR IR & Bicoralid ﬁﬂ’fﬁ%uﬁ?gggi\c% ﬁ?%{%g@ﬁ%%% 513%%88%%3’ Hula 3 or a
salt thereof. ckagytienapeurig O e ialE O.acci salis:die recfipaatbe; fiepdoadHeyntechinsplesithat are 15
known in.the art of by the methods descr herein, The. 2-fluorophenol ¢ ound is either
commer%iall f%veéii?géle? 1clilr&lsre‘ ﬁe%“ |1)(/1’ %‘Qﬁt égj"‘%ﬁ‘%@@é@ﬁﬁéﬁgg gg Tare. r&)’e?ﬁr%%&g\? aFﬁattvg art. In
one embodibiBh€,, acskgiet Ehese psepiiter @ HRIoCo phenotabrmpouhdid/ asenstdBed otiche amount of the
compountd ofJaRda:bal B AN AMRRAIBISNI-EAM ARRHLA Qg B E0add BRI RIS Of the
2-fluorophenol compound are used, and in another embodiment, about 1.0 to 1.5 equivalents are
used. Typicatyrle.domfssand of fotmula 1 is dissolved in an inert diluent, then added to the
2-fluorophenol comppung-a0da BRsriliy AR6EHRRRdREN AR B¥Fes8ITHbBRSE iSWaaddrasad on the

amount of the compound of formula 1. In one embodiment, from about 2.0 to 25 about 4.0 equivalents
of the bibe &40 HeBY, AReTHELHERRL BRSNS 6l aP A AR SRURIREF AT o
embodimenty i bassissanakahmatadcasbonate fantn Ore paichdaoemiiodient, potassium

carbonate. Exemplary inert diluents include acetonitrile. ulation of the compound of formula 3 or
a salt theregﬁé’ ("Q,’g‘ﬂtcgg}?&ﬂ@fg??ﬁ%ﬂ e%zz%réﬁpée §H&€|r§3§ r%?ﬁ’eei o%?&@&o%pgg%uf) 0C; and in one
embodimentata B tempehafuneatinging from about 45C to about 55C for about 5 to about 24 hours.
The reaction mixtusg, s ER AIPYEALIR 507 40y QAN dRMBeLAIE pioE i akian.al epmigund of

formula 3 or a salt thereof is substantially complete, the superna can be separated from the base
and othEr sdtigsvanid et iof thethe 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-fluorophenoel 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 on¢ 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-



WO 2010/056938PCT/US2009/064304 next step. Alternately, the resulting product can be isolated
and purified by conventional procedures prior to the deprotection step. The compound of formula 1

has a leaving group, which is depicted as "L", which is a functional group i an be
displaced byg%ghcz) Ill%{gb{i?%%tional group or atom in a 5 substitution reaction,IQ(sEUC aso\ggar(%gglgeophilic

substitution reaction. By way of example, representative leaving groups include halogens (e.g., chloro,
bromo and iodo groups); sulfonic ester groups, such as mesylate, tosylate, brosylate, nosylate and the

like; and acylesiF§roupse '%ﬂ%ﬁ@éé@%@%}‘ﬁtﬁ?ﬂﬁ&%ﬁ%&?@%ﬁfﬂﬁéqiR’é‘?@fiﬁé(rﬁ%YéP‘?ﬁE&]est are

sulfonic esteygraiiRss Whickh cRORprdrpitedidy the formula -0S(02)-R, where R is 10 -Chhalkyl or
phenyl, and the phepyl group may pe sybstituted with -Chalkyl, halo. or nitro..In qne particular
embodiment, the 16aVifg S |¥g§'(0%ﬁéﬁ§ao gﬁf@wﬁﬁpﬂgf?pﬁzl’ﬁégﬂww BT e%%‘%ﬁ dunds of
foimula 1 andfiaictal 3loavesnamiiocprotebtinisgrowd bwhicihis depidted gsolB grvubiohiisaa group
covalenty altached,(9 the.amino finctiona) draun el an pisventa edunclional argyp from
undergoing undesire réachions But which pe?ml & the fuhctiona group {0'be regene ated (i.e.,

deprotectedroprasiipiatike dyavpungnemymerindsf thls grutéetinggrooybwitte amsicdblereaagient.

Repfesentagxﬁo%ﬁ@igsqép%%%@pal&{%yB%egg&lféd&,spfﬁ@r&&?ie&@;ﬁsgiytgbetammmémayl (Boc), trity!
(Tr), benzyloxycarbonyl {Cbz), 9- fluorenylmethoxycarbonyl (Fmoc), formyl, trimethylsily1l (TMS),

t-butyldimetA§ISHyY 200PPB SIChrPESIOTKETINOTRe (SRt 3t SsblstiRERerdsulamkaep8iecting group is

Boc. Other rgprsineRIAIMEAPING MEAEHIY @puURE B erdesarbrA IO R NMAIRHERTs W. Greene and G.
M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wiley, New York, 1999. The second

step of e procBS oL RsBYbERHGH B IFRD iﬁ’\%l%é“rlégﬁﬁtﬂf\{ﬁﬂ@"f SxalThd4PRERIFY group, P,
from the compennshaidaunttshadonengatitharenf, doprevides eOsprounds{ tamula | or a salt thereof.
Standard deégr(gtt@: jon tfechniques and reagents such as TFA (alone or in DCM) or HCI (in 1,4-dioxane
or ethanol) & U584%Y remove the P group. For example, a Boc group can be removed using an
acidic reagent sucHlascoytrackiot faciad; #rifleot dacetio ddiay andahmdikeriattiie @10z gioop can be

removed by SASIReANG I YIRAeORNAN AORANIARS RHED ARl AR HN BRI In an

alcoholic solven ypical y,’y e comp ilula 3 and the deprotecting reagent are combined,
optionall§ inraavisnsstterl fierntionsl exees Sampbitr et ifcagulitied seastimmobie whipbammeht tio-

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 HCl (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-



WO 2010/056938PCT/US2009/064304 from about 5.0 to about 25.0 equivalents of the reagent are
used based on the amount of the compound of formula 3; and in another embodiment from about 10.0
to about 20.0 eqéivalents of the reagent are used. This deprotection step}i,%%y #callﬁy conducted at a

|

temperature"?% H}éﬁ?ﬁgﬁﬁ about 5 10C to about 30C; and in one embodimen{\g 2 é%‘tpsg?ature ranging

from about 15C to about 25C for about 20 to about 28 hours, and in one embodiment for about 24
hours or overnight, or until the reaction is substantially complete. In one embodiment, the deprotecting

reagent is TEAMbrIAEISH ExobpuAiehsoHrd e of therspetn dsrrsdianondbsamereredfths
substantially.dQ.zRmpletethad eswiing peducteapdheniedsolatag And Bukfiedpy conventional

procedures. The compound of foimula 1 may be crystallized by further treatment with ethyl acetate and
ethanol, andFBHtBITARPILRTyERIRY I SHR%sopropanol and water. The process for preparing a
compound of formakasldesatsadibiharpdt iswostduaieduindiva stepspetherfirahgtapfafthepiocess is a

borane redugtion reactio ich.involves 15 combining one equivalent of.a com d.of foimula 4 or
e R FRRRAS, iR

to abouf - and 1m one embodimen: mperatiire ranging from ab t0
a salt thereo hoon&'6 re equwa’ﬂen?% of a reducing a%en 6 form §compound of formula 5 or a

salt thereof. ab_ouﬂ”g/.‘id’ieatby,atlwtré@mhbg'ia@émd&'slmyxadmaimmfm aifdhie%dxmp@und of formula
4 n an inert dLigat sueh, 45 IRARYAT A In G0 emBBimen b B e:G. B gduivalents of the

reducing agent are use sed on the amount of compoun “of formula 4; 20 and in another
embodimenticabertnpresgivhiehts ape Mski EtOHhe compound of formula 4, for example,

4-(2-carboxyphenyiipinefiging:ds GREBRPYIn@6IRiRIM 1IR3 (RTRAST IS GRmmeaiplly available.
Suitable reducing agents include borane dimethyl sulfide complex, 9-borabicyclo[3.3.1]Jnonane, borane

1,2-bis 0 butgrrrbet ke Lhimg e 6t SAk thetby e o BrIL SR FeaRERIE ) phosphine 25
complex, bopanedakahydeiameanipixmand sefouh chisenepaticalarambedimnentithe

ethyl acetate and ethanol, and optionally recrystallized with isopropanol and water.

The process for preparing a compound of formula 1 or a salt thereof is conducted in

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 to0 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 t-butyl ester (P=Boc), is commercially available. Suitable reducing agents
include borane dimethyl sulfide complex, 9-borabicyclo[3.3.1nonane, borane 1,2-bis(1-
butylthio)ethane complex, borane #-butylamine complex, borane di(r-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 3 is substantially complete. The reaction 1s 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-



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 20C to about

70C; end in %rbejzgm}ggﬁg%@ent is briefly stirred et room temperature, ther_l @e’a{tﬁgé&g@(gy&foc to '60C,
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 foiillation of the compound of formulas is substantially complete, the reaction
may be queRsEdEhd the resulting product is then isolated and purified by conventional -11- WO

2010/056938PCT/PR2001964304 prosribiefvolvel Rerseaandistan @biie gragassisvolves
converting the hydro yFl roup of the comﬁoun of fcsg{'[nula 5 or a salt thereaf, into a Ieavgﬁgfgroup, L, to

provide a coBBART f 18RI Lo SERTRRFBIOSTSIDHISTERR: SoidvERaITot SLEBRBEMA of formula

5 is combinégtwitla doeoramorgeduivalents of a reagent suitable for converting the hydroxyl group to a

leaving group. In ape embodiment, about 1.0 to 1.7 equivalents of.the reagent are use ed on the
amount%of c:ompo(lj‘PrP[c]3 i gr?ﬁlﬁlgqg%vaarﬁ)e&l ?r? a%%?ﬁlgrog%a%%% ?rlﬁgﬁ% gl:l)%ﬁ??%f%? g%u(%nfg%gﬁﬁalents are
used. 10Formatislrut e forpeiastitibe sattcimarstifgsthybivdihyx rogrduptied: acayihgpemtdre ranging

from about -10G. 16, Ahauh 1 066 @1%bIR, qt.ﬁpaw&ﬁg%rf%@'%eg%ﬁ{mf ﬁﬁé@ﬂage%mtﬁpam&@ minutes,

and in one embodiment, from 60 to 90 minutes, or until formation of the compound of formula 1 or a
salt thereof Rf sobsmmdafyfammSteniHe saelbabpdeEncat 2beudlétarbrifdr hrtsak then
fatillation of fhe,gegnpound of formula 1 or a 15 salt thereof is substantially complete, the resulting
product is then isolated and/or purified by conventional [ocedures. Suitable reagents for

convertiflg the hydFSRFHRUY (BedMEIBEEh e TSaE R RIER HERERS Y LYBREEEh as: thiony!
chloride or phesphdrts Hhehlonde(whaisul HE(); sarhoa: téisabooqite witictpipienyiphiosphine or
potassium carbonate), hydrogen 20 bromide, or phosphorus, tribromide (where L=Br); cesium iodine
(with alumin ﬁﬁ%gﬁ?&n etfu(l(‘\gvﬁ%%r%n 24 ;naenetﬁ‘n §8 or “w"%ﬁﬁa%?eﬂz%’é%‘;é% so{ol}né%%{\y}lé? ?ﬁ%nthe
hydroxyl groefithte @nsplfomdoé temglobipleavinthepod s indistdatpplmenglstifohy stiditdesforming a

oy oG GHBURRTENL. ReRBRRSSHIRNG AR (laui g Amepyate where
15 salt thereof is substantially 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: thiony! 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=1}; 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=-05(0,)-4-
methylphenyl), methanesulfonic anhydride (forming a mesylate where L=-0S(0,)-CHa),

25  p-bromobenzenesulfony! chloride (forming a brosylate where L=-0C(0)-4-bromophenyl),
p-nitrobenzenesulfonyl chloride (forming a nosylate where 1.=-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(0O)CHs), trifluoroacetyl chloride
J12-



25 p-bromobenzenesulfonyt chloride (forming a brosylate where L=-0C(0)-4-bromophenyl),
p-nitrobenzenesulfonyl chloride (forming a nosylate where L=-0C(0)-4-nitrophenyl), and so forth. This
reaction is ty icall¥ conducted in a suitable base. In one embodiment, about 1.2 to 1.8 equivalents of
the base are‘%gé"& XN the amount of compound of formula 5; and in g?{b‘lﬁfé’é’%?ﬁﬁ%%imem, 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 triethﬁgenediamine.

Suitable reatyehies for Ebliparaeriome-Rid oyl grotp 0 aHacIsky esus eairicgHaupdtclude acetyl
chloride (Whetg, Liraggiond ot Qe QAGHRhtifiearpacetyl chloride -12- WO
2010/056938PCT/US2009/064304 (where L---trifluoroacetoxy -0C(0)CF3), and so forth. Such
reagents are typicdih’Bs AR SR s T HRGENOL GRAVAL RS AR B RFREETOUP ifsne embodiment the

reagent for eonpasingothe enarasd-greupisaiiurnesytiany) chiofide oumsthanasutonitanhydride.

Additional details of this reaction 5 are described, f ple, in Har . (1997) Synthesis
12:1433-%141%? e Séer?afﬁro" W?ﬁté?nﬁ&ﬁ'ﬂgse Ioael‘s.%ﬁr%é%r%’g?%f Iﬁjg'é%%g'\%ﬁo be novel and
accordingly, such compourddscanecpredided dsduttitbhasipertshofitivedinvbationdreidding, for example,
of formula 1; (R1 1).10 or It thereaf, w ) L iSq0r0 10dQ,.0r - §I§2-R here R is
ikl or B AR S SRR Bl 1 5 5
or 4; each Rexgtimdeendaiaritly halo or trifluoromethyl; and P is an amino-protecting group. In one
particular embodiment, L is -0S(02)-R and R is methyl or 4-methyl-phenyl; ais 0; and P is
t-butoxycarbonyl. 15Further details regardi eaction conditions and other procedures for
preparing representative compounds of the intarmediates thereof are described in the
Examples set forth below.

i (1)

10 or a salt thereof, where: L is bromo, iodo, or -OS(0;)-R, where R is -Cy_4alkyl or phenyl,
and the pheny! is optionally substituted with -Cy.4alkyl, halo or nitro; ais 0, 1, 2, 3, or 4;
each R' is independently halo or trifluoromethyl; and P is an amino-protecting group. In
one particular embodiment, L is -OS(0:)-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-



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 follow; g viations have the
following me‘gﬁ)ir%&]soﬂﬁ(%?'sss otherwise indicated and any other abbreviatior%)s%qu‘)z]leg gﬁge/#’gi}r@ gnd not
defined have their standard meaning: 25AcOHacetic acid Hoct-butoxycarbonyl DCMdichloromethane
(i.e., methylene chloride) WO 2010/056938PCT/US2009/064304 DIPEAN,N-diisopropylethylamine

EtOAcethyl acetate EtOHAHERDI 1P AisOpYo B BYBAE R opropyl acetate MeCNacetonitrile

(CH3CN) MeOHmethanolgto Ac ethyl acetate

EtCH ethanol
PA isopropy! alcohol

5 IPAC 1sopropyl acetate
MeCN acetonitrile (CH3;CN)
MeOH methanol
TFA triffuoroacetic acid
THE tetrahydrofuran

10 TsCl p-toluenesulfonyl chloride or 4-methylbenzenesulfonyl
chloride

Any other abbreviations used herein but not defined have their standard, generally
accepted meaning. Unless noted otherwise, all materials, such as reagents, starting
materials and solvents, were purchased from commercial suppliers (such as Sigma-Aldrich,

15  Fluka Ricdel-de Haén, and the like) and were used without further purification.
Preparation 1

4-[2-(Toluene-4-sulfonyloxymethyliphenvlpiperidine-1-carboxvlic Acid -Butyl Ester

o 5o
OH OH “s—ci O\g
I\
o} il
0 /©/ 0
g

Ng]/o—k N),ovk Nc?zo—k

4-(2-Carboxyphenyl)piperidine-1-carboxylic acid 7-butyl ester (5.0 g, 16 mmol,

20 1.0eq.)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 NaHCO4 (2x50 mL), then saturated aqueous NaCl (1x50 mL). The organic layer was
dried over anhydrous Na,S0y, filtered, and concentrated in vacuo to yield 4-(2-

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



TFAtrifluoroacetic acid THFtetrahydrofuran 10TsC1p-toluenesulfonyl chloride or
4-methylbenzenesulfonyl chloride Any other abbreviations used herein but not defined have their
stanqlard, ge&gra{;% /%gﬁcg%ﬁted meaning. Unless noted otherwisel, all matgr@s{r ﬁ@;fﬂ% 45%§gents,'
starting materials and solvents, were purchased from commercial suppliers (such as Sigma-Aldrich, 15
Fluka Riedel-de Haen, and the like) and were used without further purification. Preparation 1
442-(Toluene-4-sulfonyloxvmethylinhenvllpiperidine- 1 -carboxylic Acid t-Butyl Ester
4-(2-Carboxypsengiihst relideiedcpdositfiRgacid t-butyl ester (5.0 g, 16 mmol, 20 1.0 eq.) and THF
(130 mL, 1.7 mol) Wete\ermibingg) at(ppaiyismperatyie, grger niragen- Beranerdimetiy sulfide

complex (2.9 mL, 3 al 2.0 ) Was adggd ropwjse ag[g t%e ixtyre tiryed f minutes,
then heated(ﬁt%%?mi%gllﬁ ﬁr.gﬁ)emgﬁr was r%%l %% b '%g]rzﬁﬁ%Fa \g{%es%hﬁ eP‘rEe%ction was
guenched drofsvise 4Fth MEQH,(@B)mL), then concentrated by rotary evaporation. The material was
azeotroped with M (rzn_ 0 mL()]_bz JThe mixture was then dijuted with £10 gipg L), and washed
with 1 M%T-ICI (2x562 T E(Lﬁ%ﬁqﬂpaf é%'@eg@ ?nnéeﬂ??heﬁ%% ngfea ggfu%euo%}se%%‘ _(Ixég mL). The
organic layer.&asndtiddlove) andHydtoyisoadiasis: (e, Adthuonkdrtetedvinadissdverlyield 4-(2-
hydroxymetiyigh W%ﬂow&Hﬁf&}aﬁ%s&@@%:gb&,mlea%o@@@ra%géﬁ,afshgmg%g,wo
2010/056938PCT/US2009/06430 ) ) N
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;SOy, filtered and concentrated
by rotary evaporation to yield the title compound (500 mg), which was used without
further purification.
'H NMR (CDCl3) & (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-Methanesulfonvloxymethviphenyvlpiperidine-1 -carboxylic Acid -Butyl Ester

o /Ol 0O g\ y)
N
gfo’k NC})//O‘k N)/O—k
O

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

=N

20 1.0eq.)and THF (1060 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 NaHCO; (50 mL), then saturated aqueous NaCl

-15-



yellow oil that solidified upon sitting. 114 NMR (CDC13) 6 (ppm) 7.34 - 7.22 (m, 3H); 7.19
(dt, J= 1.6 Hz, 7.2, 1H); 4.73 (s, 2H); 4.32-4.14 (m, 2H); 3.00 (it"I= 4.0 Hz, 12.0, 1H); 2.80 (t" 1= 11.6

Hz, 2H); 1.7{3{603?%16%%93444); 1.47 (m, 9H). 54-(2-Hydroxymethylphenyl)pigg%g%&g-fﬁg‘%gxylic acid

t-butyl ester mmol, 1.0 eq.) and triethylenediamine (220 mg, 2.0 mmol, 1.4 eq.) were
dissolved in DCM (11 mL, 170 mmol). The mixture was cooled at OC under nitrogen, TsC1 (290 mg,
1.5 mmol, 1.1 eq.) was added, and the mixture was stirred at OC for an additional 60 minutes. The

mixture wasSRMEY Fie EEIRIC (BEPhTIs ARG S antwAtiw AarSton B s dntyd FACERGAHR layer was
dried over aghygipus NeRSQ4. Hiesedanehgoreeniptadiby otarkevapekad ebie yistd:the title
compound (500 mg), which was used without further. purification. ITINMR (CDC13) 6
(ppm) 7.81 ff}-&%)z%wi?fam)% .?@s‘&f"’f:‘llg? ‘ﬁf’z}‘fi’}fﬁ‘;i PSR (m | 4H); 7.25-7.21 (m, 1H); 7.21-7.13
(M, 1H), 5.12 (s, 2Y24B4:4xk éthy P2 )BlpctiBiBeel darhBisllic 248 £byBHYstEr 001052 (m, 4H); 1.48
(s, 9H). RPreparation 2 4-(2-Methanesulfonyl lphe iperidi - ' id,t-Butyl Ester
4-(2-Car%ox%%’érﬁ% DipeRdT ‘g.ai.@a%%a’ﬁé??é?g g@yﬁ%&é@?&o gg,ihgaeggfren%hﬁﬁ %%L@Q‘%g%fnd THE
(100 mL, 1.6t weee onivineedanethenssefpisrantivatdrdetdnitto & MOl IBotansvdHE complex in
THE (32.7 mbs 32:( MR SwMiesaddael dropwise over-lg mitylRsdatof¥Rthera, gas

evolution). The mixture Was stirred at room temperature for 5 minutes, then heated at 50C for 1 hour.

The mixturevaigesord theaBREpbibtndatng e PAdetehaY teeriNan s dhaliFEfeoH (30
mL) (mild 25 exethedheSigrificant gas-@uaisomInthen cusehRtRted:-pYJakatydeyapeiation. The

material was azeotroped with MeQH (2x50 mL). The crude product was dissolved in EtOAc (100 mL, 1
mol), whShedf it mﬂ@@%‘zs@ﬁ%yﬁh‘@ﬁf%@ﬂ%@ﬁ)aéjﬂa%agemﬁézgv%ng the solvent
010/056938RGIHIISROAND 6430k (BhpalupdTNe graanithidyei wasdiries: oved aithyarbuthdia2S04,

filtered, and concentrated
purification.

'H NMR (400 MHz, DMSO-dg) 5 (ppm) 7.37-7.43 (m, 3H), 7.31 (d, 1H), 7.22 (m,
2H), 5.38 (s, 2H), 4.28 (m, 2H), 2.92-3.10 (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

4-12-(2.4.6-Trifluorophenoxymethylphenvlpiperidine

F
F F
N
H

4-[2-(Toluene-4-sulfonyloxymethyl)phenyljpiperidine-1-carboxylic acid #-butyl
20 ester (2.1 g, 4.7 mmol, 1.0 eq.) was dissolved in MeCN (46 mL, 890 mimol) and added to

K2COs (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;CO; and other solids. TFA (7 mL, 90 mmol, 20.0 eq.) was

added to the supematant 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,0, then in an additional 2.0 mL AcOH, filtered and purified by

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

[M+HT" caled for CisH sFsNO, 322.13; found 322.2.
-l6-



in vacuo to yield 4-(2-hydroxymethylphenyepiperidine-1-carboxylic acid t-butyl ester (4.4 g) as a clear,
light yellow oil that solidified upon sitting. 4-(2-Hydroxymethylphenyppiperidine-1-carboxylic acid t-butyl
ester (50.0 %5 172 mmal, 1.0 eq.) was dissolved in DCM (500 mL, SOOOI[EWB?%%%&HB(JUQ was

cooled at OC Uht elP/P}?Pr%"gsen and methanesulfonic anhydride (44.8 g, 257 mmo ed.) was added in

one portion. DIPEA (47.8 mL, 274 mmol, 1.6 eq.) was added dropwise over 5 minutes and the mixture
was stirred at 0C for 90 minutes. Water (400 mL, 20 mo;%was added and the mixture was stirred for 5

minutes. The phasésWdFe&dHara@rrandthd b sordhnit 13y vaswa et Ritirwatsr 380 mL), dried

ove:r]I NachSQt&f; ﬁ;@.@ﬂégln%m.%m%mqwyigle.mﬁstﬁ@(ﬁ%mggm ((E/gl)m),a%?émsﬁ @, Mtt%tc:; L\g’a?

used without further purification. - , - m -7.43 (m,

e SR b DSl 2Tl o

m, , 1.63- .81 (m, tHeY 454 BN 2 1 yDpheraiinenoxvmethy

henvllnineridine 442-(Toluene-4-sulfonylox %@%yapgg{&(}é%gteridinje-l-carboxylic acid t-butyl 20 ester
6'mL,

(2.1 g, 4°7 mmol, 1.0 eqg.) was dissolved i’ mmol) and added to K2CO3 (1.9 g, 14
mmol, 3.0 eq.) andZ %4 Bettifivord iivetot i @hy phoipiokrid Bed yafivayhbacidaty setiken at 50C

overnight, t%?.&gfé%%%%@m.tﬁl ReralUSsol e SRRIERIPSIVYAE SERAAIeAH kIt he k2 O3 and

other solids. TFAT(7 mL, 90 mmol, 20.0 eq.) was added to the supernatant and the mixture was

shaken overtfig mraekcobrrierpé ratulfer iftnerom ealitivhisadtifeneshdehttated 16 Welds crude

residue. Theyasidlgas dissalyesit TR flodid AsRBIRO-themineRAddIiaNa! Z:AdMh AcOH,
filtered and purified by preparative HPLC to yield the title compound as a TEA salt (1.3 g, 97.5%

purity). Ms it PEHE RaIEP b dESnBr IR TSI e 18 %GRSy EOAC (700 mL) and water

(700 mL). The phases were separated, and the organic layer was washed twice with 1.0 M
NaOH in water (2x400 mL) and saturated aqueous NaCl (1x400 mL), then dried over
Na,S0y and the solvent removed to yield crude 4-[2-(2,4,6-trifluorophenoxymethyl)-
phenyl]piperidine-I-carboxylic acid s-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 yicld 4-[2-(2,4,6-trifluorophenoxymethyl)phenylipiperidine-
I-carboxylic acid r-butyl ester (22.0 g).

The r-butyl ester (22.0 g, 31.3 mmol, 1.0 eq.) was combined with 1.25M HCl in

EtOH (230 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% area

25 of product. For the second crop, the solvent was removed by rotary evaporation and the
resulting solid (~10 g) was shurried 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).



WO 2010/056938PCT/US2009/064304 11-1 NMR (CDC13) (ppm) 9.83 (br.s, 1H); 9,32
(br.s, 114); 7.46-7.39 (m, 21-1); 7.32 (d, J= 6.8 Hz, 1H); 7.26-7.21 (m, 1H); 6.76-6.66 (m, 2H); 5.07 (s,
2H); 3.69-3.50.( )f .38 (t, J=11.6 Hz, 1H); 3.20-3.02 (m, 2H); 2.19 (19g 2k, 2.12-2.01
(m, 21-1). S%?h@é@% g 12-(2,4,6-Trifluorophenoxymethyl)phenyl7 5piperi %’észg%gal—(ﬁg}i)%alt
4-(2-Methanesulfonyloxymethylphenyppiperidine-1-carboxylic acid t-butyl ester (27.0 g, 60.6 mmol, 1.0
eq.) was dissolved in MeCN (540 mL) and added to K2CO3 (25 g, 180 mmol, 3.0 eq.) and
2,4,6-trifluorophenol (13.5 g, 90.9 mmol, 1.5 eﬁ. . ixture was vigorously stirred at 50C for 6
hours, removed from the hea, [ang stiDgheveHight RO IR i waEeooled at room temperature,
and diluted with EtOAc (700 mL) and water (700 mL). The phases were separated, and the organic
layer was washed twice with 1.0 M NaOHgih Water (2x400 mL) and saturated aqueous NaC1 (1x400
int), then dried over Na2SO4 and the solvgnt reimoved to yield crude
442-(2,4,6-trifluorophenoxymethyl)- phenylTfiperidine-pegarbdxylic acid t-butyl ester (25.0 g). The
crude product was 15 combined with smalleg scale runs jotal of 30 g, and purified by
chromatography (0-10% EtOAc in hexaneg) to jjield F
442-(2,4,6-trifluorophenoxymethyl)phenylipiperidinel-carboxylic acid t-butyl ester (22.0 g). The
t-butyl ester (22.0 g, 31.3 mmol, 1.0 eq.) wa¥ combined with 1.25M HC1 in EtOH (250 mL, 310 mmol,
10.0 eq.). The mixture was stirred at room temperature for 8 20 hours, then stored at -10C over
approximately 48 hio[r$TMagtcod salfaitisxameeimDyechpiypiotaiyievaparaborlicleitheiasiting thick

slurry was adde Ac mL),.fqllowed by stirring at r ergtuge for 2 hours. First crop was
isolated by il ; %(%% Hf{gorl’gaé)ee %\g@%gv %ﬁ%ﬁ%ﬂ%ﬁﬁgﬁ%%% ’)@n‘ﬁm&%gén f{)a)%% gstt%e title
compound &s&@y@rithigridé saib{SIDgHeedCuri)ewntesol@SHR. Cooh thelfiltiatg. shows -25%
area 25 of F}@%}éﬁ%@%ﬁ@ SR AR e SN HARBIRTRRdR YRR RRRaton and the

resulting so g) was slurried in EtOAc (40" mL), first at room tempetature, then at 60C, and again
at room temparinatenoxgiedntated drearsotir{eCased wferowtigfide salt (1.7 g, >99% purity). WO

2010/056938PCT/@§@? Qﬁ‘ﬁ@%%@gﬁ 4424264 Rifluorephenoxyrpativ iphemdipiperidine

412-(Toluene-4-sulfonylox methyI)PhenyIipiperldine-l-(;arboxylic acid t-butyl ,
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]" caled for CisHioF2NO, 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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5 ester (225 mg, 505 timol, 1.0 eq.) was dissolved in MeCN (5.0 mL, 97 mmol) and added to K2CO3
(210 mg, 1 5 mmol, 3.0 eq.) and 2,6-difluorophenol (98 mg, 760 umol, 1.5 eq.). The mixture was
shaken at 50C overnight, then cooled to room ﬁ%ﬁé@ture. The supernatant was separated from the
K2CO3 and other solids. TFA (800 ul." 10 mmdt;26.67eq.) was added to the supernatant and the
mixture was 10 shakersovepripiica R eoweramhpideamure IThe solution was then concentrated to yield a
- crude residue. The residue was dlssolved 1.5 mL 1:1 AcOH/H20, then in an additional 0.3 mL
AcOH, filtered and purified by preparative C to yield the title.compound as a TFA salt (115 mg,
95% purity). MS nz/z:[N4H-Hr calcd fér 4,18 found 304.2. While the present
invention has been described with reference to speC|f| cts or 15 embodiments thereof, it will be
understood by those of ordinary skilled in#ie~a Schanges can be made or equivalents can
be substituted without departing from thepirit and sgepe of the invention. Additionally, to the
extent permitted by applicable patent statugg and regulations, all publications, patents and patent
applications cited herein are hereby incorpdrated by reference in gheir entirety to the same extent as if

each 20 documpaLnad been INdidualy QPRI RLIRIRIANERL S ook RMMSR | A process for

preparing a compoun formula’l: (12 ora salt thereof, where: ais 0, 1, 2, 3, or 4; each 123 is
independentiycrad i tGoreiRb Ry R?%I‘iﬁyft‘frditj’@ﬂ TREIY Sy IeaTB Ao e BEShd R " are
independesstbphydiaganardtalo; the process comprising the steps of: (a)reacting a compound of

formulal: ora ?a}lt thergc%ﬂgvglgggpg%gp%qﬁmg formula 2 (3)

. .
R .

Q
P

M
or a salt thereof, with 2 compound of formula 2:
| F
HO R’
R® R’
- s
R @

in the presence of a base, to provide 2 compound of formula 3;

R") i
a O R:%
RS B R4
. i g
|
P 3)

or a salt thereof, where L is a leaving group selected from halogen groups, sulfonic ester groups, and
acyloxy groups and P is an amino-protecting group, wherein the amino-protecting group is

selected from the group consisting of -butoxycarbonyl, trityl, benzyloxycarbonyl, 9-
fluorenylmethoxycarbonyl, formyl, trimethylsily! and r-butyldimethylsilyl;

and

-16 -



or a salt thereof, where L is a leaving group selected from halogen groups, sulfonic ester groups, and
acyloxy groups and P is an amino-protecting group, wherein the amino-protecting group is selected
from the group consisting of t-butoxyearbonyl, trityl, benzyloxycarbonyl, fluorenylmethoxycarbonyl,
formyl, trimethy{@llyl afmBE B ARG ICERE FPRmoling the QRS ST G rothd P, from the
compoungjpfieismiia %I@{,i@@sggompd;a@& dofprenide arcampoudraOf formula | or a salt thereof 2. The
process of Claim 1, where a is 0, R3 and R5 are hydrogen, and R4 and R6 are fluor. 3. The process
of Claim 1, where L is a sulfonic ester group having the formula - OS(02)-R, where R is -C)_4alkyl or
phenyl, and the TienyterorfCiniaptionatly sibstiRitentiRitar«ydatkyd,, 4rall & bmdRS ard. The process of
Claim 3, where L is -0S(02)-CHS3 or -0S(02)-4-methylphenyl. 5. The process of Claim 1, where P is
t-butoxyca‘rl%or‘lyl. 6. The process of Claim 1, where the base in step (a) is an alkali metal carbonate.
7. The process of Claim 6, where the alkali metal carbonate is potassium carbonate. 8. The process
of Claim 1, whergin the co und of formula 1 or.a.sal ] I a process comprising
the stepsBOfi (a')}%lggﬁ%cge: 3 %omab%u hd gf%r}%ﬁlsél (.)mcé) ﬁttépg&% HRHiEHe b

.OS(OQ}"R, where R is ~C;4alkyl or phenyl, and the phenyl group is optionally substituted

with -C;4alkyl, halo or nitro.

The process of Claim 3, where L is -05(0,)-CH; or ~O5(0,)-4-methylphenyl.

4.

5. The process 0% Claim 1, where P is f-butoxycarbonyl.

6. The process of Claim 1, where the base in step (a) 1s an alkali metal carbonate.
7. The proceés Qf Claim 6, where the alkali metal carbonate is potassium carbonate.

8. The process of Claim 1, vs}gerein the compound of formula 1 or a salt thcre:pf, 18

prepared by a process comprising the steps of:

(8}  reacting 2 compound of formula 4:

- 20 -



(4) or a salt thereof, with a reducing agent to provide a compound of formula 5: OH (5) or a salt
thereof; and (b")converting the hydroxyl group of the compound of formula 5 or a salt thereof, into a
leaving group, L, selected from halogen groups, sulfonic ester groups, and acyloxy groups to provide a
compound of foonula 1 or a salt theregf. 9 exprocess of Claim 8, where a is 0. 10. The process of
Claim 8, where L is a sulfonic ester{gragp ™ the fan la - OS(02)-R, where R is -Ci_Atalkyl or
ituteg-with -Q.:alkyl, halo or nitro.” 11. The process of
Claim 10, where L is -0S(02)-CH3 or -0S(02)-4-met ‘!, Iphenyl. 12. The process of Claim 8, where the
reducing agent is borane dimethyl sulfide cgmplex or borane-tetrahydrofuran complex. 13. The
process of Claim 8, where p-toluenesulfony] chloride or methanesulfonic anhydride is used in step
(2)). 14. A compound of formula 1: N _
P (4)

or a salt thersof, with a reducing agent to provide a compound of formula 5:

8 OH

P )

or a salt thereof; and
(v')  converting the hydroxyl group of the compound of formula 5 or a salt thereof,

into a leaving group, L, selected from halogen groups, sulfonic ester groups, and acyloxy groups

to provide a compound of formula 1 or a salt thereof.

g, The process of Claim 8, where a is 0.

10. The process of Claim 8, where L is a sulfonic ester group having the formula -
OS(O2)-R, where R is -Ci4alky! or phenyl, and the phenyl group is optionally substituted
with -Cj4alkyl, halo or nitro. '

11. The process of Claim 10, where L is -08(0,)-CH; or -08(0,)-4-methyiphenyl.

12. The process of Claim 8, where the reducing agent is borane dimethyl sulfide complex

or borane-tetrahydrofuran complex.

13. The process of Ciaim 8, where p-toluenesulfonyl chloride or methanesulfonic
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(1) or a salt thereof, where: L is bromo, iodo, or -0S(02)-R, where R is -C1..4allcyl or phenyl, and the
phenyl is optionally substituted . with -C14a'icy', halo or nitro; ais 0, 1, 2, 3, or 4; each Rl is
independently halo or trifluoromethyl; and P is an amino-protecting group, wherein the
amino-pré?é&ﬁﬂ%ed?dﬁﬁdig@é?@@e)d from the group consisting of t-butoxycarbonyl, trityl,
benzyloxycarbonyl, 9-fluorenylmethoxycarbonyl, formyl, timethylsilyl, and 1- butyldimethylsilyl. 15. The
compound of Claim 14, wge%efL IS 1—0§(02)-R and R is methyl or 4-methyl- phenyl; ais 0; and P is
t-butoxycé?bon)ﬁ‘l. compound of ToTrta -

)
(R); L

N
I

i (1)
or a salt thereof, where: L is bromo, iodo, or -OS(0;)-R, where R is -C;4alkyl or phenyl, and
the phenyl is optionally substituted with -C;4alkyl, halo or nitro; a is 0,' 1,2, 3, or 4; each R’
is independently halo;or triftuoromethyl; and P is an amino-protecting group, wherein the
amino-protecting group is selected from the group coﬁsisting of t-butoxycarbonyl, trityl,
benzyloxycarbonyl, 9-fluorenylmethoxyearbonyl, formyl, T;rimethylsﬂyl, and #-
butyldimethylsilyl.

| 15, The compound of Claim 14, where L is -O8(O;)-R and R 1s methyl or 4-methyi-
phenyl; a is 0; and P is t-butoxycarbonyl.
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