-1- Phenoxyrretfiﬁyi}' JPipérjdi'ne Derivatives
The invention relates to conpounds represent ed” by formula |: [err]
where: 5 Rlerr] is hydrogen, (Cl-4)alkyl+,. ..

-(CH err])[err]cycloal kyl, -(CHerr])[err] NR[err%ﬁ’--ér’lf] , or

-(CH err])m\Rlerr] SO err]Rerr]; : mis 1 toRef10'100
Rlerr] and R err] are independently hydrogen or (Cl-4)alkyl; and

Rlerr] is (Cl-4)al kyl; 10 Rlerr]; Rerr], Rerr], and Rerr] are

i ndependently hydrogen, .(Cl-4)al kyl, or, hal ogen; Rlerr] is
yrboene (O 4] g renydreings o ShmboBis FpCRGrEY TR hal ogen | or
phenyl or nono- or di-substituted phenyl, the substituents
sel ected from al kyl oxy, ami no, 2 ni or acetyl am no;
provi ded that when Rlerr] is hydroge | eaqt t of Rerr], Rerr],
Rlerr], Rerr], and R err] are off 5.0 ;hydrogen; and further
provi ded that when R err] is nethyl Rlerr], Rerr], Rerr] and R err]
are hydrogen, R4 is other than f% s Or a pharmaceutically
acceptabl e salt or N oxide thereof, af individual isoner or as a
racemic or non-racemc nmixture of isBhers. 20 I The phenoxynet hyl

pi peri di ne d¢gefvatives of fornula | are sodi um channel bl ockers, and
t hus exhibit usefyl pharnmac i cal ertie in di gtility for the
treat msntéj of fR ﬁ%ﬁl“gﬁ%ﬂ"hEéﬁggwlc'gﬁﬁgwmgikﬂed&bghwg pdin can be
described as pai AGEISRBE@R’W t h damage or permanent alteration of
t he peripheral or cent alltr(l) rvous system dinical mani f est ati ons of
neur opat hi ¢ pain i ncl € ‘d%sensation of burni ng or electric shock, feelings
25 of bodily distorti & and R entyindependentli ppérogemens(iCd -4)alkyl; and Sodi um
channel - bl ocki ng agentﬁi@{@l@‘}gﬁ&n reported to be effective in the treatnent

of vari ous di,seasg statgs, “and have found particul ar use as | ocal
anest hetlks and R Rh& '+ 3R nanindependently hydrogen, (C1-4)alkyl, or halogen;

R'is hydrogen, (C1-4)alkyl, hydroxy, alkyloxy, fluoroalkyloxy, halogen, or phenyl
or mono- or di-substituted phenyl, the substituents selected from alkyloxy, amino,

(7))

nitro, or acetylamino;
provided that when R'is hydrogen at least two of Rz, R3, R4, RS, and R are other
15 than hydrogen; and further provided that when R'is methyl and R%R? R’and R
are hydrogen, R*is other than fluoro;
or a pharmaceutically acceptable salt or N-oxide thereof, as an individual isomer or as a
racemic or non-racemic mixture of isomers.

20 The phenoxymethyl piperidine derivatives of formula I are sodium channel blockers,
and thus exhibit useful pharmacological properties, including utility for the treatment of
neuropathic pain conditions. Neuropathic pain can be described as pain associated with
damage or permanent alteration of the peripheral or central nervous system. Clinical
manifestations of neuropathic pain include a sensation of burning or electric shock, feelings

25 of bodily distortion, allodynia and hyperalgesia.

Sodium channel-blocking agents have been reported to be effective in the treatment of
various disease states, and have found particular use as local anesthetics and in the treatment
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-2 - of cardiac arrhythma. It has also been reported for many years

t hat sodi um channel - bl ocki ng agents nmay be useful in the treatnent of
pai n, including neuropathic pain; see, for exanpl e, Tanelian et al.
Pain Forum 1995, 4(2), 75-80. Preclinical “evidence denonstrates t hat

sodi um channel bl ocki ng agents sel ectively suppress abnormal ectopic neural
firing in 5of fasfliae ahysbmis Hehas alsorhger eaported fonsanp years thatisddiun shannel-t hi s
nmechani smt hBIockﬂﬁEhgé’fft@nﬁ? Ik ﬁ%ﬁﬂ ih ¢he treatmé?ﬁ Péﬁxg lﬂlclﬁ(ﬁﬁ% ﬁ&ir!a_r?a‘ﬂh@ﬁalﬂaée@ for

Consi stent with tAhi S] It has _been
accumul at e | ﬁxwe iﬁ’ﬁ%ﬁ‘éf’éﬁ rﬂéP\Fé" - 1998, M2 SﬁoﬁéﬁCllPWFkﬁvyd%l%WO@m@B
Jf Neur €€ sodiurh QﬁﬁmeILBIBct:)kﬁL@Z@nﬂs%Qﬁ):téve@ fupprekd Mﬁmﬂte@ﬂobié%éultahﬁnhgfiﬁe'
of expressi on.or on_of sadj.um channels.w thin an injure
ner veIO §r effiygd pﬁr%raéa.pél (#"4 M PN Vighis L%%Hﬁﬁ%me&&@emd $Bain
associ at ed wbe hsafhi for tajapmngfpamr Somsisteitwih thimlggothesis, ishusfheen gtbwn that sodivnhe

| ati ti-
Convul sant o. Efanefuccaih i waghiidl RN Shes TR Lol oBE BT gd: | ant!

convul sant S, anest eSI C tic pal n
However, pai NeBRESFifl993, 1323876019920 M@éﬁlmﬂramﬁ@dﬂ@dmecbﬁf@m@sswnwrt h

nunerous adv ﬁfs&ﬁmﬁﬁﬁ Bf §od§\ﬂﬁi éHé{nnEI's Wl&ﬁ’ﬂ érpl'ﬁ?.lrédherve the?éfo‘eCHM a"iﬂﬂ&hlghﬁ&ﬁze on

restrict (é(a ﬁ}eer $/ { ese dr.ugs can seen
exists 1 OB %ﬂl logy@ H’%aséﬁ‘éﬁth ith this &ypgrof E’é‘ﬂfp%‘ér Wiﬁont:ﬁé 1§ fuppegcht
of neur opat hbg theaklativdsiiccéss \of B@ploying sbéoer chahid nﬁfdﬁﬁﬁh ggents (e.g., anti-

var L ous. PhenGKNARAAN 1oPURBLAMLLD GO (LoD R REEL S MR oS | e
& French) anUaS\AlﬁegibeI*éOlﬁzn@d)cor(c&mtthﬂyl wmenlﬁmrodnﬂu)velge enaemiscambdfoy 11dn&nbm3
various opti L&}ywﬁlggﬁﬁvetﬂégtﬁgte&; t&&%ﬂ&y&%&g hru 3 AL ca?x'ﬂg%{aéthh&ear?eg still exists

3-phenoxyeth pi'peridine derivatives, ‘resp
channel 15 |a5 @qu}yq:cggee@gegt that is effective for the trqggnglt ggmuacyptl(lq'p@@,)blm hgwcng) ses

optional |y stdwerisiddledctd- phenoxynet hyl pi peridine 25 conpounds, which may

nel

be used in the treatnment of depressive illness, anxiety, neurotic
states and epilepsy. US 3,709,892 (Leenming et al.) discloses substituted
3- phenoxy- aMeayibuspherexynietityl pmmiulne derivatives have been described in the patent and

qastri ¢ ant Pﬁ&é‘ﬁ’fﬁ{fm‘&%? Y JRbeiiel W S0 RoRithb s 08 e g v 0afS03°°
5,019, 5820 (Smighbliag e@mnalge;r)encalhddls@o@ VaB8saplionally sulstHytaPI-phdxyiathybsen
et al.) di SC*JiBéﬁdlﬂe RRED. her%x&éﬂ}ll l})‘?ﬁk@ﬂﬂ?&%ﬁ@ﬁ%s Qésﬁgédvglynﬁsegﬁrak Xﬁ&fuﬁ?cchaﬂﬁel

cal ci um over] oad |nh|b| ors In the treat
i schemi a, ni BPSKIAS 28MS-epi | epsy. US 4, 508, 724 (Taylor et
al .) discloses 3-phenoxynet hyl - 3- pi peri di nol derivatives havi ng

?Rtjle?(;r hythm c, aﬁgl fgﬁr,&sls &%&d)acﬂs(%:l(%gg blgl}ld?xgﬁy su Sstllt\tll(taed (Elgllle\r/llo}cymetg % pL}I’)eSnZ r’1e778
25 compounds, which may be used in the treatment of depressive illness, anxiety, neurotic
states and epilepsy. US 3,709,892 (Leeming et al.) discloses substituted 3-phenoxy-
alkylamines, for example, 3-[(2-cyclohexylethyl)phenoxymethyl]-1-methylpiperidine, which
possess gastric antisecretory activity. US 4,877,799; US 4,985,446; and US 5,019,582
(Drejer et al.); and US 5,158,961 and US 5,227,379 (Jakobsen ez al.) disclose 4-phenyl-3-
30 phenoxymethyl piperidine derivatives as calcium overload inhibitors useful in the treatment

of anoxia, ischemia, migraine and epilepsy.

US 4,508,724 (Taylor ez al.) discloses 3-phenoxymethyl-3-piperidinol derivatives
having antiarrhythmic, antidepressant and antihypertensive activity. US 4,822,778 (Aberg



-3 - et al.) discloses optionally substituted 2-phenoxynet hyl

pi peridi ne derivatives, particularly

N-net hyl - 2-[ (2, 6-xyl oxy) met hyl ] - pi peri di ne, havi ng anest hetic and
antiarrhythmc activity. Arya et al. Indian J. Chem 1977,
15B, 1125-1128 describes the synthesis and 5 gharnacologlcal activity of
pi peri dyl eetdpdisclosgsiaptignally spbgitytad 2ipheraxymethykpipetidin¢ Jermvatives, particularly
met hyl pi per Nd§ - J.
Ved, Chem | B e, B RS e an BB AR ety
anti depressant activity of 3-[(2-ethoxy- phenoxy) net hyl ] - pi peri di ne
derivati ves. 1@Arya et al. Inﬁtazinek:memf 1977@ISBIVEIIISHQQSalésbribbeme&ymaﬁd&d)f

f I ha d f,
Faceni ¢ i xpiPRRdBER AR o bineciget A RaRnns Fed Tublophe R ST o1
of the abovmethyipiperivik, amnqmmahds'vousays!emmptessantsn&lsammgpmhanaddChéme| r
manuf act ur e ggy ‘Q’B'izz%za‘ 'El@sc & &k s g RO QY ﬁcﬁ%@i’%ﬁ‘f@ ét?%)éh

control or préventi’on o neur I C paln onc ons’ or
manuf act ur ePWOéM%BbMPWBHQQCHVﬁﬁWSCanent s. The fol |l owi ng
definitions of the general ternms used in the present description apply

I rrespective of ether,. the terns i questl a a ne or |
conbi natiPon. pybjects of theapyengion ar&stﬂ"r ?PmRoéT efP‘E'E?ﬁai acﬁ’d'i"ﬁyéil ent

branched or a¢coeptable chleordoxida tieteof, racerhiy @tnm&rs hﬁdil tiehraorrespondiag ehdigiomers?, 3

ﬁét gl o ngie PSR OF kst i ned BRESopiE meticamepts B e S YRIP! ©
in "(Cl-2) atrmyufactnmsvezll asabemsgtof daemjodvcammm:nd chmpounds i ﬂna aomtgpl Or or 2

car bons, SUBR LR of neurob i P o SRES b 8k a@%gnggpgag%and ethyl .

25 means a nonova ent sat ur clic
r adi cal éonm&ﬁi‘fmgm?romthree to seven carbon atons,
cycl opropyl, 2- nethylcyclopropyl cycl obutyl, 3- ethylcyclo- butyl,

?gko\?ﬁgﬁ )él R fgck‘gﬁﬁ’i gpor(pe% & Ohefﬁ:@%‘é}éﬁ{}é\; S used in the present de% %@ﬁ)ﬁgf
means ( Cl- 4jredspackivasf whaétherabe ey m quehidns hpgneraﬂalbye ar mfnoﬁbinhum.l ne

atons, for exanple trifluoronethyl difluoronethyl 2,2,2-trifluoroethyl,

and the |ike. 35 " FI uor oal kyl oxy" means _OR where R is
fl uor oal2Ryl . "C1-4", as in "(C1-4)alkyl" means a monovalent branched or unbranched saturated

hydrocarbon chain containing 1, 2, 3 or 4 carbons, such that (C1-4)alkyl specifically
includes for example, methyl, ethyl, n-propyl, iso-propyl, or n-butyl. Similarly, "C1-2", as
in "(C1-2)alkyl" means a saturated hydrocarbon chain containing 1 or 2 carbons, such that
(C1-2)alkyl specifically includes methyl and ethyl.
25

"Cycloalkyl” means a monovalent saturated carbocyclic radical containing from three
to seven carbon atoms, e.g., cyclopropyl, 2-methylcyclopropyl, cyclobutyl, 3-ethylcyclo-
butyl, cyclopentyl, cyclohexyl or cyclohexylmethyl.

30 "Alkyloxy" means -O-R where R is (C1-4)alkyl as defined above.

"Fluoroalkyl" means (C1-4)alkyl as defined above substituted by 1 to 3 fluorine
atoms, for example trifluoromethyl, difluoromethyl, 2,2,2-trifluoroethyl, and the like.

35 "Fluoroalkyloxy" means -O-R' where R' is fluoroalkyl.



-4 - "Hal ogen" neans fluoro, chloro, brono, or iodo,
preferably bronmo or chloro. "Optional" or "optionally"
means that the subsequently described event or 5 circunstance may or may
not occur, and that the description includes instances where the

event or circunstance occurs and instances in which it does not.

"I nert organic solvent"” or "inert solvent" nean a solvent inert under the

condi tions of "Halolgen'Y ifédis ifonrd) ehlogo, hesihs, iR eslid, f)re@é?ﬁﬁl?“ﬁ%ﬂn?ﬂr dH&fewW th
i ncl udi ng, for exanple, benzene, 10 tol uene, acetonitri

t et rahydrof uran, dinethylfornmam de, chl oroform (CHC [err]):
di chl or onet hane ofOptédriay/l arieptitinally omeas ﬂ(a@tﬂ[e&ﬁbs]eﬁlldxﬂyrd]:émbéd &y br et her,

et hyl acetsat ngClﬁﬁS%lgPﬁlayer tmag n{fﬂ%&?ﬂ gl that the%és%nptlo 18%".\ noI gan%%ggfrﬂ?r%’éhq i ke.

propanol , i sopropano ano

Unl ess speci PY@&OI@rqunéta@emmrswndtmﬁéamﬂmeﬂn@lmge@ noh the reactions of

t he present |nvent|on are inert solvents. 15 "Protecting
roup that (a) preserves a reactive group from

group” neans a ch al
participating in afef ,qgggg}crsg eat” OF iRt SPIVerE amearH# sol ¥nd inep)underrthyeonditisin pf
r2 Srmved af t ethe ;\eactmn beiag dedcribed mfcohjmﬂctﬁ(ﬁﬁﬁérbw% HcRiding, ?or%ﬁarhﬁl@&l?éhzér?eqw red.
S Am Nno C rotectin rou ans a
protect i ng gr gbeﬁ’e’t%g{%m%% %ﬁl@gﬁ@?@g@ gln?egy(lﬁoﬁg %&Q&HE‘;{W ot herw se
woul d be noddichlerbristhaneror aiethytdne niichidride (CH,Clgi diethyhsther] bty Cetbiatt, hdetdhe,
atoms. in parei by PR, St b 30kl Rfpatl Gruldhof, dioxane, "2 PO
N- ( 9- f | uor enhYTidine, 8ng the like. wat“)edcs@ theRRIEry otho sl verthiased lin ;Heaz@ouanbmﬁlyl

group or ot hge pRdsehtaRvenfiBn GfeQHiBsdiintsyed 25 from hal ogencarbonates such as
(derr] Cerr])aryl |lower alkyl carbonates (such as the

N- benzyl d?ycar bonyl group derived from benzyl chl orocarbonate), or derived
from bi phenyfmbkyﬁng"@-bqgﬁﬁeaﬁ@ﬁbﬁﬂﬁic@lsgro@fthhﬁ(ﬁ} prédervedlakidctiP@ b RMB From

Cart-but yi cnfapapEhel i pacesigoictirpoial; i 8 an oy Bfvaredenef

parti cuI ar dprptestion bﬁjhyrt)acnlva:goup)malodongwrequlred "Hydr oxy- pr ot ecting

group” neans a protecting group that preserves a hydroxy group that

ot herwi s¢ woul d be nodified by certain chenical reactions. Suitable

hydr oxy- 20 pr otAIBIIOrRJOEFIERERTORM A (INePretepiing. srovpti m@ngaqmm@ctmg groupethatbe

removed easi ﬁrﬁseﬁés%&e&ﬁﬁ@hﬂd oQoup that &ﬁer@ sk whi[Hle héRAEd ESn ééﬁh as

t he benzyl or the t |',t§$/ ﬁl r%éo i on substltutedlnt elrr g enyl

ring, silyl,™gsioRphedefipitiopapalydes the fg @ﬂrﬂottm lpyerealkanoyl groups with 2 to4
carbon atoms, in particular the acetyl or propionyl group, the N-(9-fluorenylmethoxy-
carbonyl) or "FMOC" group, the allyloxycarbonyl group or other protecting groups derived

25 from halogencarbonates such as (Cg - Cjp)aryl lower alkyl carbonates (such as the
N-benzyloxycarbonyl group derived from benzylchlorocarbonate), or derived from
biphenylalkyl halogen carbonates, or tertiary alkyl halogen carbonates, such as zert-
butylhalogencarbonates, in particular terz-butylchloro-carbonate, or di(lower)alkyl-
dicarbonates, in particular di(ters-butyl)-dicarbonate.

30

"Hydroxy-protecting group” means a protecting group that preserves a hydroxy
group that otherwise would be modified by certain chemical reactions. Suitable hydroxy-
protecting groups include ether-forming groups that can be removed easily after completion
of all other reaction steps, such as the benzyl or the trityl group optionally substituted in their

35 phenyl ring, silyl, trialkylsilyl ether groups and the like.



-5 - "Leaving group” nmeans a labile group that is replaced
in a chem cal reaction by anot her group. Exanples of |eaving groups
are hal ogen, the optionally substituted ph§noxy group, the
trifluoronethanesul fonyl oxy group, the nesyloxy group, the tosyloxy group
or 5 the acyl oxy group. "N-oxide" refers to a stable am ne
oxi de forned at the piperidine nitrogen atom

" Stereoi SONers” angayngFRsup” hiddhs labile gEro@pihxt ik e &t@dvtﬁa/cﬁehscm&eﬁo@tsﬁ

arranged in 10 s tiqnmers’ are a

ot reg; sonor SR B ERERIS pE R PP B, Meagnall SubssRited phengier
A 1:1 m xturgroap, the pifluor@hetharestlfonyioxy groupg thermesyioxg groapy thertesyloxylgroup or
The conpognd&lc% I%Qe i nyenti on may possess an asymmetric center at the
3-positio B RE Blperldlne and consequently can exist as a m xture
of stereoisoners or as individual (R - or (S)- stereoisoners. The

i ndi vi dual enanti W%&?le“@fer??o £84 Qﬁﬂtet&hcfeefﬁﬂlllé&id?%eg) eridine rﬁﬁ'géegn%]; h

non-racem c mxture of an iInternmedi ate at sone appro Pate sta

synt hesi s, foll owed by conpletion of the synthesis in a way that
preserves chiral i tStereSicom¥rsT &8 MorterPthacdiffeonly ﬁﬁh@%pwruﬂorﬁéaé@frahgea ih by
conventigpal neans. The individual enantioners, as wel racem c and
non-racertc 3% ures thereof are enconpassed Wi t hi n the scope of the

pr esent invention, all of which are intended to be depicted by t he

structures of thi *En %B@Sﬂléﬁfc%e'a%ﬁ{r of stere%@o%x?x% tﬁ)&tgfr%n sﬁ;gér‘?r%ﬁésabﬁ n%gg{tages

I ndi cated. SpecifitC'e i"on

forth in theoficagmpthes. Aza nuxmreofapalrofmaemtm@smfa rigemdg/ ibixture( R) " or " (S)"
precedi ng a substituent designates the absol ute stereochem stry of

t hat substitutent accordin to t he Cahn-1ngol d-Prelog rules (see Cahn_ et
al . AngeW? Chem hﬂ@mp% of thepwentipn MIEPOSESSE @R ASYHUNELFIC eyt abthe -poskigew,

Chem 1966, ofthe 1i>émd1ﬁé?and adhely cagexist ad a nGiReFe oﬁe&emﬁd;@é}@lems i28i9iua612;
Cahn et al. 55p ntia.30 19 q4 41

T16). S5 Nargpisomert o 1 eétvlv%mcﬁ?rastsea%mmt i R s

usef ul i n prmpanicrog nen-racemiqinaturaofant incainediateaosorhe apprafrate stegcg:é thersahtlhysis,
safe, non-t Off)illSwe&iBg c@rﬁblteﬁgﬁ optjhg lsﬁﬁﬁé;s?sl ih¥% vﬂi?/rthat preserves chirality, or by resolution of
20 the compound of formula I by conventional means. The individual enantiomers, as well as
racemic and non-racemic mixtures thereof are encompassed within the scope of the present
invention, all of which are intended to be depicted by the structures of this specification
unless otherwise specifically indicated. Specific examples of the separation of isomers are
set forth in the Examples.
25
The use of the symbol "(R)" or "(S)" preceding a substituent designates the absolute
stereochemistry of that substitutent according to the Cahn-Ingold-Prelog rules (see Cahn et
al. Angew. Chem. Inter. Edit. 1966, 5, 385, errata 511; Cahn et al. Angew. Chem. 1966,
78, 413; Cahn and Ingold J. Chem. Soc. (LLondon) 1951, 612; Cahn et al. Experientia
30 1956, 12, 81; Cahn J. Chem. Educ. 1964, 41, 116).

"Pharmaceutically acceptable” means that which is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic, and neither biologically nor
otherwise undesirable, and includes that which is acceptable for veterinary use as well as

35 human pharmaceutical use.



ot herwi se undesirable, and includes that which is acceptable for veterinary
use as well as 35 human pharnaceuti cal use.

-6 - "Pharmaceutical ly accgptable salts” refers to those
salts which are pharmaceutically accept abl e, as defined above, and

whi ch possess and retain the desired pharmnmacol ogi cal activity of the
conpounds of formula |I. The conpounds of fornmula | formacid addition 5

sgldtts by vi H ue OfPhhﬁh?ac&iti&Eﬁﬁ&eﬂﬁblE l5&tsh AsFerS tPthB&Y salld mcmafer cgﬁﬁum Aci d
additron salts 1 NOr I C acC as r.0 orlc
Seid | hydr oo le e g abnre, andphigh poses lreind the Gesed R RacioBd g,
and the |i keictivity of the compamids obfoirmialadu dhe asmpaweids of focindla Ifompacid addition
acid, hexé‘“o'aﬁ% csf&ﬁlme o?&te%rr]e%{ergce%glﬂ% C})aglééfp%gﬁﬂl%%qp H‘PQJo&“'&clé‘SMn%f%ang%}agc

acid, pyruvic acl &, succ acrd, nal
acid, nmal ei doeégrrded willrinorganzacicdtds sueh aSehyldcocbmr@ acitiphydspbroimdc apid, dulﬁlwwm c

acid, o-(4- Wﬁlfc%iﬁbgﬁ%gﬂéﬁc R34 Eheé}ﬁdedor v@iﬁﬂﬂ%ﬁh@ ad&d éillch ﬂ?ﬁ&ﬁb héid gfrbﬂiomc

met hanesul f onj ¢ aci t ol uenesul foni c aci d, “canphorsul f oni c_ aci

4- et hyl bi cyA€ld hexanoic acid, bepfanaicacidy C¥ﬂepelﬁ4?§Pll98$9§l}°| ac1d, glygoliccich pHBIYicATid:
gc It dI 3- pherwdti@{ja@m ﬁﬁkﬁuoa&&di succxmc adid, lmicmdaﬁﬁteiccacﬁp ﬁﬁnadc&fcid @irtric acid,
utyl ace C acl c,acl onlic a
el ool il Geid, Befizbic st i Un a B ySena RO 425 Shelifnal Brngielic sl ¢
acid and themétﬁanelsml&ﬁnc Beidf p{cﬂmﬂegﬂﬁmm&l,lt:ampﬂdrgulfann:expida@nmtbs&blbycla{ e

salts forne 2 BP0l 22hd b”#a?b&g ?ﬁmd’agl%cohﬁg/t roch@g ﬁé&}& el ibficTae,

phar maceut i y-accepta )

"Treat nent " mﬁyla&#yc acids gartiasyi butylacaticasidi lavirg sulfericacidh ghvapnic peidi gletamia | y a
human, RRIhY cﬂ‘ék t ﬁthm%oamd sa11cy11c acid 'séearlc ad?('i %ﬂ%hic'lgld%f&ﬂaﬁé 288 akd ih@?m
occurrin |n a supj ec e di sease, bu
has not Vot ! i"‘éjF ‘Fi%‘x‘l |aﬁ%fPFag’Ie salts are 531‘3 fomed(frqﬂjl inorgagi; a5ids; ri’g t he
condi ti on, Ipaﬁlmﬂ@lyrﬁabnétgphah&a&ﬁﬁﬁl@raﬁwptabl&éh is the hydrochloride(shit.i ) relieving
the condition, i.e., relieving the synptom of pain. 25 "Di sease

state which is treatable by adm nistration of a sodi um channel bl ocker"” is
i ntended to cover"T&édtmdit%mans a1y atcetsnenhofchcondition @nemainmal  paktivolarly ddmdchann
the art to %ﬁ treated wi th sodi um channel bl ockers in

general , those |sease states which have been found to be usefully
treated %Q/ t he sgdci f i mewating hedhsgasedrom periking iafa sgbiect whielhmap ke predisposed

compounds Ofiohig st but 195 (U $EASGaeicU s iabiglde. but are not |im ted
to, peripheral 30 neur opat hies, such as trlg%ﬁmn Igl eur al |a post herpetic

neural gi a, di abet@l ndBRBRMEHe conditiongy ¢<aTpss OPWEEFP Tgia, lunbar and
cervical radi cul qfipt hyreli¢vefig e condirion, liel, reliestingtthopmyptom of paind causal gi a,
and neuropat hy secondary to netastatic infiltration, adiposis dolorosa, and
burn pain; and central pain conditions follow ng stroke, thalam c | esions
and mul t2pl e "Disslasy ate whickSs treatable by administration of a sodium channel blocker" is

intended to cover all disease states which are generally acknowledged in the art to be usefully
treated with sodium channel blockers in general, and those disease states which have been
found to be usefully treated by the specific sodium channel blocker of our invention, the
compounds of formula I. Such disease states include, but are not limited to, peripheral

30 neuropathies, such as trigeminal neuralgia, postherpetic neuralgia, diabetic neuropathy,
glossopharyngeal neuralgia, lumbar and cervical radiculopathy, reflex sympathetic dystrophy
and causalgia, and neuropathy secondary to metastatic infiltration, adiposis dolorosa, and
burn pain; and central pain conditions following stroke, thalamic lesions and multiple
sclerosis.
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-7 - "Therapeutically effective amount” refers to that anmount
which is sufficient to effect treatnment, as defined above, when

adm nistered to a manmmal in need of such tyeatnment. The

t herapeutically effective amount will vary depending on the subject and

di sease state bein .treated, the severity of the affliction and the
manner of adnmi ni stifgiapYHicalirfiastye geount’ wiariohat amopriuyhidhispuliicieahto effect
ordi nar é sk } tfe!(aﬁhéht}d@‘i‘leﬁﬁéd- above, whleln adxtnimstterg@&) zlﬂfaainﬂﬁ] am%ﬁ ufrh%h 'n@ﬂmiéﬁ% L ”hlfé
conpounds o is invention is i rat.ed hel ow. ) enoxyne

o portdi ne. rmesealy Ve ibra orinias Phite sbiscand dlese Sk being
fol | ows: treatefdethe keverity of the affliction hhethe amamnel aftadénistmasion,| and nidysbe

appl i cat ié)n de?err?.ﬁ{aégQ&tl&@f@gtﬁgr&iyﬁ%é@ﬁﬁﬁh reconmendat i ons. However,

because a stric heren ese r TnenﬁgFions woul d result in
t he nane changi ng substantially when only a single substituent is changed,

the 15 conpoundsigueiResil MBefink B ﬂiefcgﬁlglt)ﬁr{aﬁtgf Hﬁél iﬂb&%d&ﬁ i€ MRS RE LB Of

nonmencl ature_for the basic stfucture np| ecul e.
Among t he f atheiRhendxyasthyd pipgadige nuelensnf desomnonnd ok fopulad és numberedaspounds
of for fyliewd: are preferred. Preferred conpounds of fornmula | are those

in which Rerr] is 20 hydrogen or (Cl-4)alkyl,snore preferably hydrogen,
met hyl or ethyl, and nost preferably , hydr, noor nmethyl; preferably
Rlerr] and Rl err] are each independently hydrijogen Qr al kyl, nore
preferably hydrogen or nethyl, agd pagilsref NCRlerr] and Rlerr] are
each nethyl; and preferably R A R5 are Zach’ | ndependent |y hydrogen
or (Cl-4)alkyl, nore preferably el k] and Rlerr] are each hydrogen;
and R[err] is hydrogen or hal ogeﬁ'? 3 : &ef erably Rhydrogen or 25 brono,
and nost 1@referably brono. RS At present, exenplary particularly
preferred conpounds include:

The nomenclature used in this application is generally based on the [IUPAC
recommendations. However, because a strict adherence to these recommendations would
result in the name changing substantially when only a single substituent is changed, the

15 compounds have been named in a form that maintains consistency of nomenclature for the
basic structure of the molecule.

Among the family of compounds of the present invention, certain compounds of
formula I are preferred. Preferred compounds of formula I are those in which R'is
20  hydrogen or (C1-4)alkyl, more preferably hydrogen, methyl or ethyl, and most preferably
hydrogen or methyl; preferably R” and R® are each independently hydrogen or alkyl, more
preferably hydrogen or methyl, and most preferably R? and R® are each methyl; and
preferably R® and R are each independently hydrogen or (C1-4)alkyl, more preferably
R’ and R’ are each hydrogen; and R*is hydrogen or halogen, more preferably hydrogen or
25 bromo, and most preferably bromo.

At present, exemplary particularly preferred compounds include:
3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine;

30 3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine N-oxide;
($)-3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine;



3- (4- brono- 2, 6-di net hyl phenoxynet hyl )- | -nethyl pi peridine; 30
3-(4-brono- 2, 6-di net hyl phenoxynet hyl )- 1 -net hyl pi peri di ne N oxi de;
(S)-3-(4-brono-2, 6-di net hyl phenoxynet hyl ) -o 1 - net hyl pi peri di ne;

-8 - 3- (4- brono- 2, 6-di et hyl phenoxynet hyl ) - pi peri di ne;
(S)-3-(4-brono-2, 6-

di et hyl phenoxynet hyl ) - pi peri di ne;
3- (2, 6-di net hyl ph%(fbhgmm—Jx-@djmethylphmopwmpihwagipﬁddéxe; _
3-(2, 6-dimethylp 9&1—%&&812%%&[11{5@5 )\ eﬂbﬂfr‘ﬁétﬁl&mﬁgbhﬁﬁb;de? and 5

(S)-3-(2, 6-di rrethgﬁhe_nox met hyl) - I-net hyl pi per1.di ne.
Conpounds of t hi s>{He&HRs P]éedlﬁxlfi@e‘Hﬂéré'rB‘}FBYIB@eﬁ@Pﬁods depicted in the
reaction s c e (E6-dihanylpRalogynethyl).q-methylpiperilige 3i-axifié;agamat eri al s and

reagents used in pard hese co unds ar.e.either avai l abl e from
conmerci al  suppl i@5—§-@&ﬂgﬂg@ﬁ@ayqyﬁ%@};ﬁggﬁthﬁﬂm Y& or are prepared by
met hods known to those skilled in the art follow ng procedures set forth in
ref erences such .fitgfsr' L&Y n i esi s,
Vol unes 1-15 Joh%ow(]éa@f}ggn m%ﬂ%}ghs, 1188(11;3 g%g%ﬁlgﬁ%ﬁe r%ts rytﬁ%&%gr on
Compounds, \ishemesshowm belew.Suppl enental s 15 (El sevi er Science Publishers,
1989); and Organic Reactions, Volunes 1-40 (John WIley and Sons,

1991). Thgse schepes ar.e mere_lé% illustrative of some nethods by which the
conpoundd¥of t hi sthesaHRg BrteRaly apdreagerthiese JuprePang these COMBOURSE RS BET ons

t (r)\ t hese hs c _hﬁﬁﬂa)l? from cbnﬁndaa'amgpl_i@@fhcwah mdmhgnoﬂg@@u e:dni%)@nw ofarglprégaced byn
the art having,referred too thi.g di osure. . .startin
mter al o addePh Hiovat indthed dkiledn e 8% b sine ipadyrosises 8RBt such
purified, ifasdGeier end FiesérsRengenreforiQrganic Spaheris)VeBimds el UdolmgWilsy andt
imted £0 fddst {g19Rods' ghem?@d@&»bz;,?(:oﬁzgma%! Vbies 305 arkd $ppRRgAChY
and the |ike. Such fraterials may Dbe characterized using conventi onal
neans, i hel udlseyicphgisncediublishesy, APRY; OxsgaistReartionss ¥olumep £-40 (John Wilpy angs
speci fied tosdnie1gmant TREsY scHehRs bRARERNButREGE bReheNBEBOI BydkiBichiRCE at
approxi matel y at rmgspt}et{u,lc ressure over a tenperature a&n e from abouyt
-78[err]C td%a‘m?é}{‘ of this ny§PEQY §aB e syRiaesizads AdKPUs 1Y ‘58‘&5’?%?@?% g
about 125[ erdah®e neade and s4ill be afggeadd t oak skillediin the art haviagreferedasihie dis¢losure.
tenperature, e.g., about 20[err]C 30 The present conpounds of

formula | and their pharmaceutically acceptable salts can be prepared
by nmet hod® known The stdringamaterifle andetha ipemnediages pf Heasastion they be isoktedzadow,

purified, if desired, using conventional techniques, including but not limited to filtration,
distillation, crystallization, chromatography, and the like. Such materials may be
characterized using conventional means, including physical constants and spectral data.

25 Unless specified to the contrary, the reactions described herein take place at
approximately atmospheric pressure over a temperature range from about -78 °C to about
150 °C, more preferably from about 0 °C to about 125 °C, and most preferably at about
room (or ambient) temperature, e.g., about 20 °C.

30 The present compounds of formula I and their pharmaceutically acceptable salts can
be prepared by methods known in the art, for example, by processes described below,
which comprises:

a) reacting a compound of the formula
35



whi ch conpri ses: a) reacting a conpound of the fornmula 35

-9 - [err] (D) with a conpound of the
formula [err] 5 _9. (2)
wherein R err]-Rerr] are as defined abové and Y is hydrogen or -OY is a
| eavi ng group, or 10 b) deprotecting a conpound of formula
[err] R?

R3 OH

R4 R®

RS

with a compound of the formula

YO\/O\R1

5 2

wherein R1-R are as defined above and Y is hydrogen or -OY is a leaving group,
or

10 b) deprotecting a compound of formula

wherein R is an amino protecting group and R2-R6 are as defined above,
15 or

c) alkylating or acylating a compound of formula



(3)
above, 15 or
-10- [ er

wherein Ris an amno protecting group and R2-R6 are as defi ned
C) al kyl ating or acylating a conpound of fornula
r] I a

wherein R2-R6 are as descri bed above to d”&g a conmpound of formula I,

wherein R er

r] is (Ad-4)alkyl, -(CHerr])mcycl oal kyl

-(CHerr])m\R[err]Rlerr] or -(CHerr])gNRerr] r]Rerr], 5 d)

oxidizing a
resolving a
I f desired,
accept abl e

of preparing conpounds of formula

conmpound of formula I F%o gl ve an oxi fle, or e)

racemic mixture into i eng @ ho-¥bmponents, and 10 f)
converting a conpound ofmj:i la | into a pharmaceutically
salt. Y DG &4 ariant a) describes one nethod
frjom the reaction of a phenol

conmpound (1) with a piperidine compoun® (2) whegre Y is hydrogen 15 or -OY
Is a leaving group, and Rerr], Rerr],Rerr], Rerr], Rerr], and Rerr]
are as defined above. Schene 1

10

15

20

25

wherein R2-R6 are as described above to give a compound of formula I, wherein R! is
(C1-4)alkyl, (CH2)m cycloalkyl, -(CH2)mNR7RS or -(CH3) NR7SO4R9,

d) oxidizing a compound of formula I to give an N-oxide, or

e) resolving a racemic mixture into its enantiomeric components, and

) if desired, converting a compound of formula I into a pharmaceutically acceptable
salt.

Process variant a) describes one method of preparing compounds of formula I from
the reaction of a phenol compound (1) with a piperidine compound (2) where Y is hydrogen
or -OY is a leaving group, and Rl, Rz, R3, R4, RS, and R® are as defined above.

Scheme 1

R2 R2
R3 OH R3 o N
. YO NG, —_—
R4 Re R R4 RS
3 =
R I
'e)) 2

In general, the phenol compound (1) is commercially available, for example from
Aldrich Chemical Co., or may be prepared by standard methods known to those skilled in
the art, for example as is described in detail in Preparation 1.

A piperidine compound (2) where Y is hydrogen is commercially available or is
prepared by standard methods known to those skilled in the art.



err

I[ ] (1) (2) 20 In general, the
phenol conpound (1) is comrercially avail 813 for exanple from Al drich
Chenical Co., or may be prepared by standard rret hods known to those skilled
I n the art, for exanple as is described in detail in Preparation 1.

25 A piperidine conmpound (2) where Y is hydrogen is comrercially

avai | able or 1's  AlefaARAY abifidhicaodpotndR) hadk kmena 1&@&%@6@; %%%Jegﬁ%

the art. atlvel a peri

where - Oy i sfTomthepiprridige sempoynd (%}‘@b%fﬁ s hydroger, py ﬁ?’ﬂ‘f?éﬂftﬁ the hr/@rpmegroup to

conpound ( 2)a whisbi: Navisg fdp. OSﬁith,bIeQ)éNéﬁts\f&F thé P&cﬂicﬁﬁ‘ar@ QO Yarfid Mt such as
aswtablglﬁz or the r n are inert

rou vent
organi ¢ sol veag{%erﬁgtgg(?ﬁ agéna% hl’fgfo%rgﬂ’ésf 8§ chigrgmgthage. ﬁ?dé"S FasgRae, carhyn,
di chl or omet hdisafide, apd dheclieo proéaratay dichiveorhethane. disul fide, and the Iike,
pref erably dichl oronet hane. Sui tabl e | eaving groups are
prepared by standard nethods, for exanple by reacting t he pi peridine
conpound (2) wher Suitableleing Hgups arapreparsd bistepdard meghods, fovexampld bihwhitite, 10
such as benzms@gséhﬁﬁf&eb B!nm cquevhem nWﬁ%ma&mﬁrdr%% sm&{)fﬁaﬂiey

t ol | fo | ori onyl halides. are co rcia
gvaﬁ E&ni&u “ﬁﬁﬁs B%“ZSP%‘B Pl g&?“ﬁ%tmﬁ%@ egylionyl ¢ ondaspr@ﬁéaévéy ﬂé@lme@éf,pth (i)
Langer, R F.chEaide. £u1fﬁhﬂmahdé%&36 cdbimertfaBiy avHRBle of b ed'By methods&hici! -

Chi 116 4 6 2 I | house,
S ORE NI IR e ey o
Tet Lett. 193 G@zta gg@gzcaigzlzamm% 116, 649-652; (iii) KingnJ. Exéhnheusy,l H. Can J.

br ggg; gt : §2 Oherd. IMC5U AR 26RO YFmbAika M.ICTREL DY, TL). 98k 2idgol 8o, 2869-
2872

An exemplary preparation of a piperidine compound (2) is described in detail in
Preparation 2.

20 A compound of formula I is prepared by coupling the phenol compound (1) with the
piperidine compound (2) where Y is hydrogen. The reaction proceeds in the presence of a
combination of an organic phosphine such as triphenylphosphine, and a dialkyl
azodicarboxylate such as diethyl azodicarboxylate, under Mitsunobu reaction conditions.
Suitable solvents for the reaction are aprotic organic solvents such as dimethylformamide,

25 N-methyl pyrrolidone, or tetrahydrofuran, preferably tetrahydrofuran.

Alternatively, a compound of formula I is prepared by coupling the phenol
compound (1) with a piperidine compound (2) where -OY is a leaving group. The reaction
is carried out under an inert atmosphere in the presence of base, e.g., cesium carbonate,

30 sodium carbonate or potassium carbonate, preferably cesium carbonate. Suitable solvents
for the reaction are aprotic organic solvents, such as dimethylformamide, N-methy]
pyrrolidone, tetrahydrofuran, and the like, preferably dimethylformamide.

An exemplary preparation of a compound of formula I is described in detail in
35 Example 2.



20 A conpound of fornmula | is prepared by coupling the phenol

conpound (1) with the pi peridine compound (2) where Y is hydrogen. The
reaction proceeds in the presence of a 12 - conbi nati on of an organic
phosphi ne such as triphenyl phosphine, and @ di al kyl azodi car boxyl at e

such as diethyl azodicarboxylate, under Mtsunobu reaction conditions.
Suitabl e solvents for the reaction are aprotic organic solvents such as

?legfgﬂygi 8][ mrig‘nd%eaé’ttrbn SheRk b)desd%éie ?Jndélgﬁﬁgve ethoB bf ﬁl@ﬁﬂir@f Mo?igbro#uﬂdli gf Ier ably
y Y is
pr epar ed by'%‘E’BBBﬂ Wgoughen trgrpspetee Plper@mwawﬁﬁectl&ty Cm)rw“% @i péepredi isan amino
conpound ( 2proteeing grédp,iand R'| RR’ IR, ®°ound. R°Tdre as eefrfeld@bove. IS carried out
under an Jnert atnosphere in the presence of base, e.g., cesium carbonate,

30 sodi um carbonate or potassium carbonate, preferably cesium carbonate.

Sui t abl e sol vents for the reacti orbchemedprotic organic solvents, such
as di net hyl f ormam de, N-nethyl pyrrolidone, tetrahydrofuran, and the
| i ke, preferably dinethylformam de. An exenpl ary epar ati on

of a conpound offformula | is described in detail in 332Exanpl ef2.
oiReacti on Sche i

internediate gl fgkmula (3)

. gcting group, and
Rlerr], Re®], e, Rerr],

, and Rl err] R&reNAs W&f i ned above. 5

Scheme 2 [err 5
[ IR (2a) R &)
ey
i step 2

R2 R?

RS 0 N R? 0] NH

SR -—

R4 R R* RE

RP I R’ Ia
10 An N-protected piperidine compound (2a) where P is an amino-protecting group, is

prepared by conventional means, for example by treating the piperidine compound (2) where
R' and Y are each hydrogen, with a suitable amino-protecting agent, such as acyl halide,
sulfonyl halide, dialky! dicarbonate (e.g., di-tert-butyl dicarbonate) or alkylhalocarbonate,
preferably di-ferz-butyl dicarbonate. Suitable solvents for the reaction are aprotic organic

15 solvents such as dimethylformamide, N-methyl pyrrolidone or tetrahydrofuran, preferably
tetrahydrofuran.

An exemplary preparation of an N-protected piperidine compound of formula (2a) is
described in detail in Preparation 2B.
20
An N-protected phenoxymethyl piperidine compound (3) is prepared by coupling the
phenol compound (1) with the N-protected piperidine compound (2a), and utilizing the



10 An N-protected piperidine conpound (2a) where P is an

am no-protecting group, is prepared by conventional neans, for exanple
by treating the piperidine conpound (2) where Rlerr] and Y are each
hydrogen, with a suitable am no-protecting agent, such as acyl hali de,

sul fonyl halide, dialkyl dicarbonate (e.g., di-tert-butyl dicarbonate) or
al kyl hal ocafes6Hen eonditions descabed fop fhe Ragnaragion oheerypouars af %anal@é in Reactign| e
sol vents fogchdige [€action are aprotic organic 15 solvents such as

di met hyl f ormam de, N-nethyl pyrrolidone or tetrahydrofuran, preferably

t et r ahydr of ur an. An exenpl ary preparation of an N-protected
pi peri di ne conpoumetxefnpiady prebara(éadf anN-protectedigshenoryatthyh pipetidine compound of
Pr epar at |5?g)f&§m1a2&%15 des%fxtbedm deté?l by {)%ét‘ieo%tfd phenoxynet hyl pi peridi ne

conmpound y “cou phenol conpound (1) with the
N- prot ected piperidine conmpound (2a), and utilizing the

- 13 - reaqy & npounds
ot formilal in %ﬁfgﬁdgﬂ&%ﬁb&ﬂﬁa fbe»@h‘éréﬁ ft Hy@fogdeR & RESRA ﬁ}ﬁeé(eie}{bvﬁf rtﬁ@

prepar at i onl\bprosﬁetmg gﬁoap@éf}@cfomem‘gfrfe{wii Bi gbe ﬂ%nrﬁ@ca,%m peswcee@ in
formla (3) tHeSprekRace (bfthesﬂrdng offhRiakid, pre friﬂdoﬁﬁc&lc ac:1d in an inert organicA

N bF ot ot ngogrBant halbes ﬁ%lr@'pr i oTes & SR A eRr e ©
r ea](czlt i on pr agedidslofcgthane, cattoa disnikienae thé lxkdgtefaa@y@ﬁch’mome&and 'll‘kmreicmtoggl y
t uor oac ena

4 el B0 6ioloed iR ALBEASEL o 8RR BockOror LA Lo AU hy BRI 2O

or aromatic enzene;,
1, 2- di chl or petabsawra hYd@Pibbnmcﬁ WiNre @6 Watenand & protic waanmsgi\@nhmgy methanol or

di chl or omet BaRgel, I}?@ﬁrm &detifafol. can al so proceed in the presence of a
strong base, for exanple sodium hydroxide or pot assi um hydroxide, in a

m xture ‘of water and a protic organic solvent, e.g., nethanol or
et hanol , pref er alnyexeRiphay preparation of a compound of formula Ia where R' is hydrogen, is

described in detail in Example 1.

A compound of formula I where is R' is methyl may be prepared by the method
20  described in Reaction Scheme 1.

Alternatively, a compound of formula I where is R'is methyl is prepared by
reducing the N-protecting group of the compound of formula (3) where P is an amino-
protecting group such as a carbamate (e.g., tert-butoxycarbonyl), with borane, borane

25 complexes or a metal hydride such as lithium aluminum hydride. The reaction proceeds
under an inert atmosphere in an aprotic organic solvent such as diethyl ether, dioxane or
tetrahydrofuran, preferably tetrahydrofuran.

Alternatively, the compound of formula I where is R' is methyl is prepared by
30 reductive alkylation of the compound of formula Ia, for example with formaldehyde and
formic acid under Eschweiler-Clarke reaction conditions.

Exemplary preparations of a compound of formula I where is R' is methy] are
described in detail in Examples 2 and 3.
35



15 An exenpl ary preparation of a conpound of formula Ia where
Rlerr] is hydrogen, is described in detail in Exanple 1.

A conmpound of fornmula | where is Rerr] igmethyl may be prepared by the
met hod 20 described in Reaction Schene |. Alternatively, a

conpound of formula | where is Rerr] is % is prepared by
reduci ng the N- prioceppoung @fmlﬂWhﬁeRcmﬁa dkblforf(ﬁﬂgimb}ﬁpl@ lisprepargd j s

an am no- by ac?l%ﬁér?&ﬁth@goxﬁ St of 'ﬂ&ﬁltl?asla%y(i@afclﬁ@mtﬁ aﬁ"acﬂ hahde (e.
tert-but oxycar bonyl ) orane, borane exes’ or %al hydri de

such as lit I‘EV%JHP@PW#%FG%H;‘FHPP&%OI 5w/ F@ae% W%W‘HE sxéfd%propanecaaM# an inert
?t {ms ﬁhgr ef icRlogide R mblpe%sleﬁ@aaﬂtag aqaéoue Bhse$bl§ h sc&ﬁuxﬂlb@dai‘bdna&tdﬂgbl{asﬁum? aneI or
eltra r ra tetra ernalve ,
e oo oo idarbanBler TRE tior FhORY BiSk i Rmorapures under 1 o Aipo RS B o0
reductive alap;dnatorgamcrﬁol\tehmlmb apdumethydformamide) ahyla;:etate,ermhm ipgrrofiddne or
fornal dehyd%e@dﬂgdroﬁlran,fp%f@a@:e‘fﬂ ableT TESCRNEL 1s8lbs g;u?efn'ﬂg nfeoun 'tﬂ% spitable

condi ti ons. X ary preparations o ornul a
| where is Re@icIg agentiucihgy mg dnde 4i%s &um@lummmhmndemamarqﬁm@sg@nand

3. 35 solvent such as tetrahydrofuran. _ -14-
A conmpound of fornmula I where Rerr] is (C2-4)al kyl or
(CH err]ﬂ err]cycl oal kyl is prepared by acyl ation of the conmpound of

formula I'a by reaaqtmmpmrybr@araa@ybfbedmptﬁmﬁef@rmulaIwheeemmﬂm opanecar bonyl

chl oride or tyl .c . [ 0 ropanecarbonyl
chl ori de), i(ﬁ%i&?"g@ﬁ esS‘F@angaﬁﬁﬁgﬁ% %% B sodi um bi carbonate or
potassium 5 bicarbonate. The reaction proceeds at i ce col d t enper at ures

under an inert a A@&Hﬁtﬁ@ of Rorfifila I wher@‘iih%t '(@qu ﬂ?m%tm??ég\éﬁﬂtbysru&lﬁng%he

di met hyl f or mam de acet at e,

tet r ahydhor GPEROUSH SRR J2 BithioREBI S, flyeroLidens o CQChiBedwernese

treated wtRy s’%erﬁlﬁhhﬁh @n alkalind RAEGIsNBIvaSaREh S daRedts soBiLA biCkBbdatior €- J.
[ithium al um num hyd

| n_.a tic ani c ol vent suc
Loty Bhytrof GoRsidarbonate for (6 SR aRask i T araEis At 10F SRR BRIy of
formul a | wWeedtee hesarle] axid the like, preferabigtdiethyl|etiee for]the/ scomd phyke. | Bhedkeastionhed i n

detail in E%gméld%uﬁat about room temperature for about 30 minutes to 3 hours, preferably 2 hours.
20 The product is dissolved in a protic organic solvent such as methanol or ethanol, cooled in an
ice bath, treated with a compound of formula HNR7R8, and subsequently treated with a
suitable reducing agent such as metal hydride, e.g., lithium aluminum hydride, under an
inert atmosphere in an aprotic organic solvent such as tetrahydrofuran.

25 An exemplary preparation of a compound of formula I where is R' is -(CHp)NR'R®
is described in detail in Example 5.

A compound of formula I where R'is -(CHz)mNHSOzR9 is prepared by reacting a
compound of formula Ia with a sulfonamide compound of formula Cl(CHz)mNHSOzR9 in
30 the presence of an inorganic base such as potassium carbonate or sodium carbonate,
preferably potassium carbonate. Suitable solvents for the reaction are aprotic solvents, such
as dimethylformamide, N-methyl pyrrolidone, or tetrahydrofuran, preferably
tetrahydrofuran.



A compound of fornmula | where Rlerr] is -(CHerr])[err]NRlerr]Rerr] is
prepared by reacting the 15 conpound of fornula la wth a conpound of the
formula A (CHerr])[err]COO in a tmo-phng systemutilizing an

al kal i ne aqueous sol vent such as aqueous ‘Sodi um bi carbonate or

pot assi um bi carbonate for the first phase; and an inert orggnic sol vent,
for exanpl e di et Aplexemplaryepriparatidneofarcempavnti ofiferohilic & whereds Br &bl y di et hyl
ether for t a A ' carried out at about room
tenperaturewgggﬁgggﬂ? Oﬁﬁ$%%?§ghﬁgﬁélﬁg%$@$ﬂ%?eferably 2 hours. 20 The
product is dissolved in a protic organic solvent such as nethanol or

et hanol, cool ed RBac%dn Schemd 3?Sesbﬁb%thhﬁ@&&ﬁe%&%f%réiﬁHﬁ?b@ﬁp&fndg Bf fS¢indla

HNR err] R e , .and subseguent | Jeated with a su e redyci ng
ont suh: LEbide orrReT MierediE Bhiol HPaPoA O ORI GO heray
i nert at noshydrogy;ion famulpild) where Rfdn alkylory vefliorsaikilorsy; dréomally difpivhiereR4

25 xenpl I co un f.f la_l J
Rierr] is - FRpERr fiohoP pRBRPlcaRe Bhoedt SRR I0 Gut yraf fboRen, RERP. e o
Exanpl e 5. RO are as defined abovaA conpound of formula | where Rlerr] is
-(CHerr])[err]NHSO err] R err] is prepared by reacting a conpound of
formula la with a sul fonam de conpound of fornmul a

C(CHerr])[err]NHSO err]R[err] in 30 the presence of an inorganic base
such as potassi um carbonate or sodi um car bonat e, preferably potassium
carbonate. Suitable solvents for the reaction are aprotic solvents, such
as di net hyl formam de, N-nethyl pyrrolidone, or tetrahydrofuran, preferably
t et rahydr of ur an.

15 - An exenpl ary preparation of a conpound of fornmula | where
is Rerr] is -(CHerr])[err]NHSO err]Rerr], is described in detail in
Exanpl e 6. Reacti on Schenme 3 describes alternative nethods of
prepari ng conpounds of formula 5 | fromthe correspondi ng internedi ate
phenol conpounds of formula (1b) where R err] is hydr oxy; or fornula
(1d) where R err] is alkyloxy or fluoroallyloxy; or formula (1f) where

R err] i s phenyl or nono- or di-substituted phenyl; and R err] is other
t han hydrogen, Rlerr], Rerr], Rerr] and Rlerr] are as defined above.
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Schene 3 [err] (la) (1'b) wher e

p[err] is a hydroxy protecting group where Rlerr] is hydroxy
[err] (1c) -1 1d) where A is al kyl or
fl uor oal kyl where Rlerr] s alkoxy or fluoroal koxy [err]
(le) (1f) where R4 is phenyl or substituted
phenyl 5 A conpound of fornula | weehemeR err] is hydroxy is .
prepared t hrough an internediate phenol conpound (I b) where Plerr] is a

hydr oxy- prot ecti ng gr oup.

Rz \p
3
R o) N\R1
™ Wo RS
RS

(1a) (1b) I

where P! is a hydroxy protecting group where R* is hydroxy
R2 R2 |2
3 3
R OAc R OH R o Ne_,
— —_—
6 6
HO R AO R AO R6
RS RS RS

(19) ad) I

where A is alkyl or fluoroalkyl where R*is alkoxy or fluoroalkoxy
R R? R?
RS OH X R OH RS o Ne_,
R*B(OH) R
XBOR, y e
Br RS R R® R* RE

RS R® R®

(le) (1) I
where R%is phenyl or substituted phenyl

5 A compound of formula I where R* is hydroxy is prepared through an intermediate

phenol compound (1b) where P' is a hydroxy-protecting group.

The intermediate phenol compound (1b) is prepared by protecting the hydroxy group
of a compound of formula (1a) by standard methods known in the art, for example Corey,
10 E.J.; Venkateswarlu, A. J. Am. Chem. Soc., 1972, 94, 6190. Suitable hydroxy
protecting groups include alkylsilyl groups, e.g., tert-butyldimethylsilyl.



The internedi ate phenol conpound (Ib) is prepared by protecting the hydroxy
group of a conpound of fornula (1a) by standard nethods known in the
art, for exanple Corey, 10 E. J.; Venkatesyarlu, A J. Am Chem Soc., 1972,
94, 6190. Suitable hydroxy protecting groups include al kylsilyl groups,
e.g., tert-butyldi nmethylsilyl.

- 17- Proceeding as in Reaction Schene 1 or 2, but
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as tetrahydrof uran tion describing.in

. 10 . . An exe ar repar
detai | the PEREU&OISP °f$?é““1ﬁfb"r6>8y-aﬁ?‘&ft"$c)‘{’iﬂhé“ Aprofic ij’i\’f@bs'f 38 SFREIOEHAd uNd
of formula | where is R4 is hydroxy is in Exanple 7. A
conmpound;pf for mya. d S, I flug kvloxy 1s. .

pr ren;ar edld) t hr oug){?m% ﬁ@% g‘%ﬁ %1 Sgnbg*lé%'o%%%lé ﬁ%f)eﬁrﬁo(y a{ Ocl}gé)’e W&’g‘?éﬂ"ie&“’éﬂ kyl
or fl uoroal lggup tegorm a compound of fagmulal wheveds Ri & hyideoxylis gobyouopld 7( 1d) i s

prepared by reacting the p-hydroxy phenyl acetate conpound (1c) wth
an al kyl ati ng agent of faqrnula is al kyl or fluoroal kyl and

AY, wherg A
Y is a |eaving grbeRmRqiad 05_@%136,‘”139‘?(& Healsdeny aifhroroadeylemyis prpriednat e,
e.g., thirofgh 1 iaehydibteiphbii] Gomphiard'@@CKhe® AR AIKGESISTUoSimEy1 Pasi ¢
conditi o such as potassium 20 carbonate or sodium carbonaté, in an
aprotic ‘organic solvent such as butanone, t et rahydr of uran or

di met hyl f or mam dé\n ipteerhediatb pherivl tampmnmd (Td)ds prepirad by graotings ths p-hydroxy phenyl
subsequent | > e i dd i lid zi | koxi de
ani on such égéwtg %%g@g@%&@&%%ﬁg@h&g %&Hp%’ftnﬂmg&%? oAthg gJ Hglrzeg’gﬁsl C 1o fvent such
as net hanol flypraatkyhard Y ips tepwingigrqup such agkalo,atioilhaleslfenaserpt aylsybfoopier egi on

of the int ekrfebiradiey RITRRO I TH QERAUA Brocbdll uhderdRsiE EB%I%%ucgic e;%e%‘és%hhl in

Preparatjon | B. ) Proceedi ng as 1 n _Reaction or 2, but
substit nﬁa‘gﬂ’éat‘? At SodiHTR Farbenatiy, dh e} aprotic organip selvent suchis bugnorke phenol
conpound ( 1}etaahgdrofurg oriimasthyHoritdenigé, pesferdby@utanone. CEHERRUAER drdip 87 (23) ,
;?gpg?gﬁou ngub%];q&e%ﬁ%;&oiyz%gﬁcﬁr aP]E( in colnaiti%nslf %Lﬁ%%g grg aﬁ(lmld é gr?ilorlf thlc?)xag 's 30
" sodium methoxide, e.g., in a protic organic solvent such as methanol or ethanol, preferably
methanol. An exemplary preparation of the intermediate phenol compound (1d) is described

25 indetail in Preparation 1B.

Proceeding as in Reaction Scheme 1 or 2, but substituting the intermediate phenol
compound (1d) for the phenol compound (1) and coupling with the piperidine

compound (2) or (2a), the compound of formula I where R* is alkyloxy or fluoroalkyloxy is
30 prepared.

A compound of formula I where R* is phenyl or mono- or di-substituted phenyl is
prepared through an intermediate phenol compound (1f) where R*is phenyl or mono- or di-
substituted phenyl.
35



A conpound of fornmula | where R err] is phenyl or nono- or di-substituted

phenyl is prepared through an internedi ate phenol conpound (1f) where
Rlerr] is phenyl or nono- or di- subggituted phenyl. 35

- 18- The internmedi ate phenol” conpound (1f) is prepared by the
pal | adi um catal yzed coupling of the bronp conpound of formula (le)

wi th an aryl bor onihe iniefraediate phenel compound { ifhis peappre &y she ralladinen-catrlyzed zer o
val ent pal | di;piCattind mno%éﬁipoaﬁd biefofratih $1d) wlm%%e&eﬁm acid such as
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compound (2) 10 or (2a), the conpound of fornula I where Rerr] is phenyl
or nmono- or di-substituted phenyl is pr epar ed.
conpounds of f or rRIPeeeingias freReaction ?ck;egleplr@r%ybutéﬂbmm the meﬁmls%@mh@mled

E{\enyi; ﬂgduﬁ{ gﬂotr)mi: phehSIlcobpdind1pl %g’&%h h]l;?é Qﬁﬂh]tktxe Pbéridihe ccﬁﬁﬁﬁhh

err] are as ned abov eparne rom ot her

formila {0 O 3. tha comppipd %&W@I e @%ﬁmyb?r ’f‘%‘%%ﬁ’lfg -yubpted r%f@ﬁ i s
3- met hoxyphesyparéds prepared by t he pal |l adi um cat al yzed coupling of a
conmpound of formula | where Rlerr] is bromp wth an aryl boroni c acid

such as nitrophenyl boronic acid and a zer g val ent pal |l adi um cat al yst such
as 20 tetraki s(tFhemoepphpdsad formey bahtrad’ isggt@nyl or ndne- pr@smhsmubﬂ phenyl;

| norgani ¢ bagg E4¢hnesan byarded] wﬂﬁ%kb%@kéa&rasa@hﬂéﬂ 0% 60 M A fred

Sui t abl e sol vents t1'on’ are aprotic

di met hyl ¥or rfmle@erwmwwfpfym ildone, or tetrahydrofuran, preferably

t et rahydr.of ur an. 25 An exerrpl ary preparation of a corrpound of
in.detail in

formula | where R4 is 0X sCri be
Exanpl o 5. A - Fogexamplps gk o fommuls IstroR SBERGRBIIALPEPRA PY
3- am nophenythe pallagivepeatagzddycoupling ofechoaipognd dfformila vagemub iobrohtvewith an
3-ni'trophenyl  EQIRAUIL b SARESheRFIbABRE dcRERd 398 Valdht palladium catalyst such as
20 tetrakis(triphenylphosphine)palladium(0) in the presence of an inorganic base such as
sodium carbonate or potassium carbonate. Suitable solvents for the reaction are aprotic
solvents, such as dimethylformamide, N-methyl pyrrolidone, or tetrahydrofuran, preferably

tetrahydrofuran.

25 An exemplary preparation of a compound of formula I where R'is 3-methoxyphenyl
is described in detail in Example 8.

B. For example, a compound of formula I where R* is 3-aminophenyl is prepared by
reducing the nitro group of the 3-nitrophenyl! compound (prepared as described above in

30 Reaction Scheme I where R* is pheny! or substituted phenyl) to an amino group. Suitable
nitro group reducing conditions include iron metal with ammonium chloride in ethanol/water,
nickel boride in acidic methanol or catalytic hydrogenation using a platinum or palladium
catalyst (e.g., platinum oxide or palladium on carbon) in an alcoholic solvent such as
methanol or ethanol, preferably ethanol). The reaction proceeds under an inert atmosphere.

35



30 Reaction Schene Il where Rerr] is phenyl or substituted phenyl) to an
am no group. Suitable nitro group reducing conditions include iron
metal w th anmmoni um chloride in ethanol/water, ni ckel boride in acidic
nmet hanol or catal ytic hydrogenation using“a platinumor palladium

catal yst (e.g., platinumoxide or palladiumon carbon) in Aan al coholic

sol vent such as Anexemplabameparauormﬂaa:mippumﬁﬁffenmﬂh ymeﬂ&amow -amiiephemddd | on

proceeds un tq;g& ej e.
-19- g& ngéhlk%%hﬂ argE/3 pr epar atlon of a conpound of formula | where
Rlerr] is 3-am nophenyl is described in detail in Exanple 9. C.

For exanplec. a cp léJB c&% mﬂd%ﬂfofﬁﬁﬂ‘a{ EwiE R ks 3—§ce3y1§a‘ﬁﬁ{o h& RQRbsed 1S
prepared_ 5 b tre { n ound descr bed above jn
Section & wbyHe 3%? g{mrw@ ény! corgy déifeﬁz O¥f 1y 86cKoR B Wi an,peylating
c(amhydrl Sle (tEghdjtt suoﬁfaebn aclamhlywordtei)d mh¥dﬁtﬁ (@ges&mgnnjdrma) in the | E@%Bbﬁarb?se
e ri ethyl.am ne or |ne ref.e ri e s
for % he PR e BB BT SRR SMARLE Bl Tk B,
aromati ¢ hyrhactar reireert @ganic solvents, sanhzsibelogaiatéd @raporestivanyerocarbons, e.g.,
2 e o BatBA GicnfAbheRat, 3.3 dtAGrocAAte, tABoh WG HSHAMY pidlerably

di chl or onet rep ara lon o

fornul alp wiiehlerampathare. i s 3- acet yl ani no- phenyl i s descri bed in detail
i n Exanpl e 10. 15 Reaction Schene 4 descri bes the preparation of
an N-oxide of a conpound of rmul a | re 5 .ot her than
hydrogen, and R| éﬂ?ﬁempé[asfrmfparﬁmﬁ?r coRpend 0 ﬂ‘a‘l‘% ﬁwﬁ%rel% L acsndpaniiog
above. phenyl is described in detail in Example 10. Schenme 4 [err]

15 Reaction Scheme 4 describes the preparation of an N-oxide of a compound of

formula I where R! is other than hydrogen, and Rz, R3, R4, R® and RS are as defined above.

Scheme 4

i L \/O
+ /O
g3 o) N\Fﬂ R3 o) N\R1
R RS i R RS
RS RS
Ib

20 I

An N-oxide compound of formula Ib is prepared by the oxidation of a compound of
formula I with a suitable oxidizing agent such as peroxide or peracid, e.g., m-chloroper-
benzoic acid or hydrogen peroxide, preferably m-chloroperbenzoic acid. Suitable solvents

25 for the reaction are inert organic solvents, such as halogenated or aromatic hydrocarbons,
e.g., benzene, dichloromethane, 1,2-dichloroethane, and the like, preferably
dichloromethane.

An exemplary preparation of the N-oxide compound of formula Ib is described in
30 detail in Example 11.



An N-oxi de conpound of fornmula Ib is prepared by the oxidation of a

conpound of formula | wth a suitable oxidizing agent such as peroxide
or peracid, e.g., mchloroper- benzo%(f acid or hydrogen peroxide,
preferably mchl oroperbenzoic acid. Suitable solvents 25 for the reaction

are inert organic solvents, such as hal ogenated or aromati c hydrocarbons,
e.g., benzene, dichloronethane, 1,2-dichloroethane, and the |iKke,

preferably A EdhRaeF ftffila I may be resolved mtoATt's RURAGIaf S} cﬁﬂgat ion of
t he N-oxi de co oun of formula Ib i's ESCI‘tJ 30 deta IE’ar-{pl e 11.
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possess val F@%ﬂﬁ'd&ﬂ é‘f"c ”ﬁr %?’[ 1eul ar, they have
been shown to be useful as sodium channel bI ockers I n standard | aboratory
tests.

The compounds of formula I and their pharmaceutically acceptable salts and
25 N-oxides have been found to possess valuable pharmacological properties. In particular,
they have been shown to be useful as sodium channel blockers in standard laboratory tests.

The ability of compounds of formula I to block sodium channels may be
demonstrated by a variety of assays known to those of ordinary skill in the art, such as the in
30 vitro assay of Kourtney and Stricharz described in Local Anesthetics, Springer-Verlag, New
York, 1987, or modifications thereof. The assay is shown in Example 18.

The ability of compounds of formula I to block sodium channels may also be
demonstrated in vivo assays, such as the mechanical allodynia assay described in
35 Example 19; the cold allodynia assay as described in Example 20; the mechanical



The ability of conpounds of fornmula | to bl ock sodi um channels may be
denonstrated by a variety of assays known to those of ordinary skill in the
art, such as the in 30 vitro assay of Koyrtney and Stricharz described in
Local Anesthetics, Sprlnger Verlag, New York, 1987, or nodifications

t hereof . The assay.is shown_in Exanple_ 18 The ability of
conpounds oRYReEAgRsfaassay; dssHibsd i Bxmnle? biead the therma) hypesalzgsia described in
denonst r at eBxamiplei220 assays, such as the nechanical allodynia assay
described in 35 Exanple 19; the cold allodynia assay as described in

Exanpl e 20; the nechani cal
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Nagaro et al. 1995 idem).

25 Clinical and experimental evidence support a therapeutic role for sodium channel
blockers in the treatment of cancer pain (Nagaro et al. 1995 idem; Chong et al., J. Pain &
Symptom Management 1997, 13, 112-117) and in many chronic, non-malignant pain
states, including pain of musculoskeletal origin, adiposis dolorosa (Arkinson et al.,
International J. Obesity 1982, 6, 351-357; Petersen, P. and Kastrup, J. Pain 1987, 28, 77-

30 80) and cluster headaches (Robbins et al., Headache 1995, 35, 83-84) or migraine
headaches (Kudrow et al., Headache 1995, 35, 79-82; Maizels et al., JAMA 1996, 276,
319-321).

Experimental evidence supports a therapeutic role for sodium channgel blockers as
35 neuroprotective or cerebroprotective agents and may provide an effective strategy against
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medicinal agents, pharmaceutical agents, carriers, adjuvants, etc.

30 The amount of active compound administered will, of course, be dependent on the
subject being treated, the severity of the affliction, the manner of administration and the
judgment of the prescribing physician. However, an effective dose for oral, parenteral and
otherwise systemic routes of administration is in the range of about 0.1-5 mg/kg/day. For an
average 70 kg human, this would amount to about 10-350 mg per day.
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non-t oxi C Cafehije@ My 25 be prepared. For oral

adm ni stration, a pharmaceutically acceptable non-toxic conposition is
formed by the incorporation of any of the normally enpl oyed exci pients,
such as, for Dosage forms or compositions containing active ingredient (compounds of formula I

or its salts) in the range of 0.25 to 95% with the balance made up from non-toxic carrier may
25 be prepared.

For oral administration, a pharmaceutically acceptable non-toxic composition is
formed by the incorporation of any of the normally employed excipients, such as, for
example pharmaceutical grades of mannitol, lactose, cellulose, cellulose derivatives, sodium

30 crosscarmellose, starch, magnesium stearate, sodium saccharin, talcum, glucose, sucrose,
magnesium, carbonate, and the like. Such compositions take the form of solutions,
suspensions, tablets, pills, capsules, powders, sustained release formulations and the like.
Such compositions may contain 1%-95% active ingredient, more preferably 2-80%, most
preferably 5-50%.
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gelling ageQ&rﬁmlsﬂdﬁ&l,%Sphmaceuncally acceptable non-toxic formulation can take the form of
semisolid, liquid, or solid, such as, for example, gels, creams, lotions, solutions,
suspensions, ointments, powders, or the like. As an example, the active components may
be formulated into a gel using ethanol, propylene glycol, propylene carbonate, polyethylene

30 glycols, diisopropyl adipate, glycerol, water, etc., with appropriate gelling agents, such as

Carbomers, Klucels, etc. If desired, the formulation may also contain minor amounts of
non-toxic auxiliary substances such as preservatives, antioxidants, pH buffering agents,
surface active agents, and the like. Actual methods of preparing such dosage forms are
known, or will be apparent, to those skilled in the art; for example, see Remington's
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PREPARAT}(?\I 1 Preparati on of Conpounds of
Formula (1) A. Preparation of (1) where R err] and R err] are

Met hyl , R[err] anbhedoBewingpreparafignoapsiexamplgs 2@ given to endRlleethpde skilled in the art

3- Ni t rophenyl learl 1 ' A= Br ' phenol
(2.58 g 128 more clearly understand did pr ?%?%é;ﬁg %Sg'gr“g"r?%&gg Fﬁe’?ﬂ%ﬁ& B e ol )
in tol uene (%Slfigyd abHmitingdheiscope phile invention, but merely as being illustrative and

(tri phenyl phepefinegive@dresdi un(0) (0.48 g, 0.42 mmol) and 2M sodi um
carbonatias(G.S m., 25 13 mmol). The m xture was stirred at 100 [err]C for

22 hours™at which tinme additional pal | adi um cat al yst (150 ng) was
added. The mi xture was heated for an®REPARATIONIS and then cooled to
roomtenperature. The rrixturel;@ a[ %1 n d;bg en E@ﬁ er and et hyl
acetate. The organic | ayer wa SrafiGl bt CORRRRAC B} G _la e residue was
purified on silica gel, eluting with 12% et hyl acetate in hexanes, to
2

provi de 4- (35N t rEBheidn of21 Puncte R IR R" HeIERG] RASnd@RY Bl FYrSRh! hd O- O3
g, 319, R%is 3-Nitrophenyl

To a solution of 4-bromo-2,6-dimethylphenol (2.58 g, 12.8 mmol) and 3-
nitrophenylboronic acid (2.08 g, 12.5 mmol) in toluene (50 mL) were added tetrakis-
(triphenylphosphine)palladium(0) (0.48 g, 0.42 mmol) and 2M sodium carbonate (6.3 mL,

25 13 mmol). The mixture was stirred at 100 °C for 22 hours at which time additional
palladium catalyst (150 mg) was added. The mixture was heated for another 20 hours and
then cooled to room temperature. The mixture was partitioned between water and ethyl
acetate. The organic layer was dried and concentrated. The residue was purified on silica
gel, eluting with 12% ethyl acetate in hexanes, to provide 4-(3-nitrophenyl)-2,6-

30 dimethylphenol as a yellow solid (0.932 g, 31%).
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PREPARATI

For mul a 102) acetate m heganes, tPrgayead. Gridinaethyifd-(223, Zﬂmﬂwom@ryr)l}’hmsl av@ltakw(ﬂ 3émg, Y is
p- Tol uenesuf{g A sol ution of

(R -3- hydroxyrret hyI -l -met hyl piperidine (2.6 g, 20 mol) in 25

di chl oronet hane (70 nL) was cooled to 5[err]C and tosyl chloride (3.8 g, 20
mol ) was added The 2,6-dimpthiyl-44D2, Zimiﬂulﬁg)eilﬁ)xmpmuﬁﬁ&cetéo‘et(e% fnlge2. 8ddhhd'>1@|m vvas

CtiTrea f or g RIS e bty pega 06 S & P05 R Sl
t he resil@ueThasolvent waseninyedemhthe @@,ﬁq@mpamslpmd Beyelcencitiga agetde atd watnd The
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once again I'ned et ayers were drie
over magnesyigiethsiidr E%zﬁ@lometho’@’m rat ed to afford
(R)-3-tosyl oxynet hyl - 1-nmethyl pi peridine as a white solid (2.4 g, 42%

mp. 74.5-81.0 O). PREP TION 2
20 Preparation of Compounds of Formula (2)

A. Preparation of (2) where R! is Methyl and Y is p-Toluenesulfonyl

A solution of (R)-3-hydroxymethyl-1-methylpiperidine (2.6 g, 20 mmol) in

25 dichloromethane (70 mL) was cooled to 5 °C and tosyl chloride (3.8 g, 20 mmol) was added
in portions during 15 minutes. After the addition was complete, the reaction was allowed to
warm to room temperature and was stirred for 20 hours. The reaction mixture was then
concentrated and the residue partitioned between 10% potassium hydroxide (50 mL) and
ether (100 mL). The ether layer was removed and the aqueous phase extracted once again

30 with ether (50 mL). The combined ether layers were dried over magnesium sulfate and
concentrated to afford (R)-3-tosyloxymethyl-1-methylpiperidine as a white solid (2.4 g,
42%, m.p. 74.5-81.0 °C).
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Et hyl 3-pi peridi necarboxylate (200 g) was conbined with (-)-D-tartaric acid
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tert-Buto Xy@lggmmt a temperature maintained below 10 °C, and the reaction stirred at room
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butoxycarbonyl)-3-hydroxymethylpiperidine as a white solid (47 g).
25
PREPARATION 3

Preparation of Compounds of Formula (3)

A. Preparation of (3) where R%and R® are Methyl, R{Lﬁ and R are Hydrogen. and
30 P is tert-Butoxycarbonyl

(S)-N-(tert-Butoxycarbonyl)-3-hydroxymethylpiperidine (11.0 g, 51.1 mmol) and
triphenylphosphine (14.7 g, 56.2 mmol) were added under a dry nitrogen atmosphere to a
solution of 2,6-dimethylphenol (6.24 g, 51.1 mmol) dissolved in dry tetrahydrofuran (200

35 mL). The solution was cooled in an ice bath and diethyl azodicarboxylate (6.9 mL, 56.2
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conplete, the mxture was allowed to stirpgat room tenperature for 48
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102.2 mmol ) in t et rahydr of ur an (300 m.), while maintaining the

t enper at ur eBbel oRrepBfacion pfY3) Afterr R duel RE are Madlelili R tamd\Riere Hylogere,  t he
reacti ongwas st | gg?d&ao Qe Pl RERA L {)8 l48 hours and partitioned
bet ween et hyl aﬁ’e—%!}dtywrdﬁ%w-#%x—%ﬂ er extracting the aqueous
phase W|th additional ethyl acetate (2 X 200 niL), the conbined et hyl

acetate |ayers “ﬁrs%ld’éﬁ;ﬁ*b?%e&@l‘&&dﬁtaﬁidxyﬁte((géq rﬁi:)lozcb'mﬁﬁl)%( f‘e&raH?&Bﬁﬁédjm

sul fate, and concentrated to af | ow Oi | Il was

combi ned wi {39 REX ¥Aeaddsdsirepyise, dering he hopsdo m)cezsﬁhl solytiongd (w “(re- 30
m nut es. ThButbﬁﬁdﬂrEdri?@ Mya@xythaﬁymﬁeﬁaﬁxev(@e 0l IR VYEHmBY), in%drﬁ@.tzlﬁon and

WaShEd amee(ghjdﬁ‘@eéx L lglﬁg,( Qe 1)( and {d' p)hen);ll-hhosplcm)me (f'be g g, dZti al %01 )1"1‘1’e re

t
??g(r:?nbut ox;ﬁuahjbbﬂijﬂ@ﬂ@%nibr‘&h@mm@mdumﬁmwmmmw3(|‘a| pAbeitiene as a

clear yello
EXAMPLE 1 X\ficﬁéorﬂv.las &%Apl&é the reaction was stirred ﬁt room terpperﬁn%% fo&gs hours &Isl

Fornul a | a pargoned betwaengpwt aactan(1dd amchwmeﬂég R{\épvqxtraﬁtmmp@aqqeousf nhamet hyl .

Rlerr] and {fig raHJhtx@fizﬁ e flﬁ&gﬁé‘(Z )@Q@O mL) the combined &ﬁraﬁeltatb%y@fs%e washed

Trifl uorgacet aci d was added wi se during 20 m uestoa
sol uti 0@80f w1th%rme (250 rél"ied over magnesmm sul ate, and concent%ate to a thick

(S)-N-(t ert ammycammnwha edhlfidedwilrhe:2n6 3UOMRL haHdpetiesn ¢30/mE) hyd titedefoi di ne

Lo E 3 ?‘ZPW%"SIL&% b SHe R SIEIRADG o RDvEHby Bleafloh SIPSEBLY W'

additional hexane (50 mL). The combined filtrates were concentrated to give crude (S)-NV-
(tert-butoxycarbonyl)-3-(4-bromo-2,6-dimethylphenoxymethylpiperidine as a clear yellow
25 oil (44 g).

EXAMPLE 1
Preparation of Compounds of Formula Ia

30 A. Preparation of Ia where R‘2 and R® are Methyl, R? and R? are Hydrogen, and
B_- is Bromo

Trifluoroacetic acid (80 mL) was added dropwise during 20 minutes to a solution of
(8)-N-(tert-butoxycarbonyl)-3-(4-bromo-2,6-dimethylphenoxymethyl)piperidine (37.0 g,
35 92.9 mmol) in dichloromethane (250 mL) at a temperature of 5 °C. After the addition was



- 29 - conplete, the reaction mxture was stirred at roomtenperature
for 2 hours. The sol vent was t hen evaporated and the residue
partitioned between 25% aqueous sodi um hygroxi de (200 m.) and et her
(500 nL). The organic |ayer was renoved and the aqueous phase extracted
with additional ether (2 X 300 mL). The conbi ned ether | ayers _were washed
wi th brine cogplete,dhe rpagtiongnixiyre was sliFed Al §orms fAReEAIE 4072 hayis. SThegolvent way
filtered tahé s@paratdl &Hltlﬁﬁeﬂﬁue(ﬁ)mtxoned between 25% aqueous sodium hydromde (200

(93t Znﬁr%@? B O RE Do e Breaie MY ot St e e aqyaqus pliase SRFasisdo

wi th 1M solwith sdditidnabgtter@X 800 mLAcThe mmmnemhe(ﬂ@a:rmere whisleedrveishibridien g

\(MS") t g E) (%6 ﬁ'@ﬁ,a&%ised]z%ﬁr& %%e%@)%g%%ﬁﬁedﬁogﬁlhgg ﬁléivﬁi?eltlgd Eo glﬁé 4 Loqutm of. (&
(29.5 g, 943 GWQTOmOpQ 6edza@thy hefo®ymethyl)piperi@ine. Similarly, r epI aci ng

(S)-N-(tert-butoxycarbonyl)-3-(4-brono- 2, 6-di net hyl phenoxy-
rrethyl)plperldlne wi t h ot her corrpounsof formula (3),. and follow ng the

procedures of 15 @i%(%bm%%é@mem@hmxwmhy@pwﬁ%a Huetherrwasdreaieda 1a
\é\er Z Er epanggh 1M solunrcl)n ofﬁ ydrochloric acid i 3n ether (1%2 ml.). The resultlmg Wl(]jlte precipitate was
r enox eridi ori
265, 3 o8, g ped aned fivacieo b Yieid () Bl B F SRR EORYS by aineating
hydr ochl or ilydroomlqride2(22.51g,2865%, frep.r=280 °€0.
(S)-3-(2, 6-di net hyI phenoxynet hyl ) pi peri di ne hydrochl ori de, m p.
228. 4-229. 8 [errgj
3-(4-chlord2,6 mlﬁtlnympln@n@@n!’éi(mytrblmmarqumﬂﬁdmm,qu%rdlwthylpheno’m-p

176.1-178. 2md;tﬁ V15pi &ndm@@lth other compounds of formula (P) and following the procedur6MPLE 2
Preparapo reIaratlon of "I where

oun Fornmul a |
Rlerr], %F%‘fep ﬂ\eafwéoms RgmpoyRds pf formuis lwers grepared: Hy dr ogen.
and R[err] is Brom) 30 A 3- Hydr oxymet hyl - | - et hyl pi peridine (0.4

TS 2 serution of - boas Babaf TRl fometspbpaidndhydodiofily L), or e adted

t et rahydr ofapad68 L0264 4% 0 C under dry nitrogen, followed by the
dropwi se addi ti of(0§. dﬁ'h@t %heﬁé(gﬁieﬁﬁﬂ)?u hﬁ?e%yﬁ@ocﬁ?orf@e; m. 264 T03Ys)7 °dhe

m Xture was 35 stl rred rs and 't he sol vent renoved in vacuo.
The rest@ue was (§L—3T(216ecgm§ﬂ1ylphenoxymethyl)plperldme hydrochlonde

m.p. 228.4-229.8 °C;
3-(4-chloro-2,6-dimethylphenoxymethyl)piperidine hydrochloride,
m.p. 176.1-178.2 °C.

25 EXAMPLE 2
Preparation of a Compound of Formula I

Preparation of I where Rl,__R2 and R® are Methyl. R? and R are Hydrogen,
and R* is Bromo

30
A. 3-Hydroxymethyl-1-methylpiperidine (0.4 mL, 3.14 mmol) and triphenylphosphine
(1.01 g, 3.85 mmol) were added to a solution of 4-bromo-2,6-dimethylphenol (517 mg,
2.57 mmol) in tetrahydrofuran (10 mL) at 0 °C under dry nitrogen, followed by the
dropwise addition of diethyl azodicarboxylate (0.57 mL, 3.60 mmol). The mixture was

35 stirred at 0 °C for 4 hours and the solvent removed in vacuo. The residue was purified on



-30 - silica gel, eluting with 5% et hanol in dichl oronethane

cont ai ni ng 0. 25% anmoni um hydr oxi de, to give

3- (4-brono- 2, 6-di net hyl phenoxynet hyl ) - 1 sgnet hyl pi peridine as an oil

(531 ng, 669 . 5 The 3-(4-brono-2, 6-di met hyl phenoxynet hyl )- 1
-met hyl pi per,i.dine was treated with_. 1N hydrochloric acid in ether, and
the preci pi blt2eelceinting yith 5 %apstaangl iy @@Howﬁane contyiamg Hd X% AMBIONEYR - phut y|

met hyl et hehydroxide, ab @ivd-3% @-bee, & dendthyipicnyk phandyy fRd fidine as an oil

met hyl pi per&sg;ilne h%%r ochl oride, mp. 18%?19- 183.5 [err] éhylbi)pio B.

Sinilarly, PoliB& Rk he procedures of Exanple 2A above, but repl acing

4- br ono- 2, 6-di met hyl phenol with ot her conpounds of fornula (1), other

e of 1 , . o .
3202, 6 dmet hy! piir o yhes P BBy BB merty: L ometnyniperdine wps wogiod with,

163. 2- 163. 71 Ndwydfochloric acid in etzxer, and the precipitated salt was recrystallized from
3- (4-T1 uor Ozcet iDL MRV KikRE BWhald 3(ATBEIS-RIGRBEMY RedotRcay - 1-

. 155.4-155 9 [err]C. . .
:T— 54- chl or o@ﬁ@-&i[’%&e‘i‘#@%ﬂ@%%}%%i 180:2-183-8y Cpi per i di ne hydrochl ori de,
mp. 160.1-161.3 [err]C, 20

3 (- et hoxge 2. O ek NSO RN Jr RN 24 BSSe b S 4ERY 2bmo

3-[4- (2, 2, 22 prdimethyiphendloxiyt) etBerceotapoahds/dffhemda yeothyt jompbundd diyfopnwedi di ne
hydrochl ori gdg.. 24.7-125.8 [err]C

3-(2,4,6-trinet phéenoxynet hyl ) - 1- net hyl pi peri di ne hydrochl oride, 25 m p.
169.0-171.2 [err] G

AT VP i T e TR
hydr ochl ri feP ; 5.2¥156.2 [err] C
3- ( 4- chl or ophenogy#tiubyd-2,6dimethilpheiouemettiyl) € -ingthy Ipigelridine demai@t, m p.
ﬁ;llérgcﬁllér ?%lglg-rﬂﬁﬁ'l?g-%_"c'z?)& 0. 23(74313; onophenoxynet hyl ) - 1- met hyl pi peri di ne
3- ( 4- met hoxy phendx4§-chlony2 o-dimethy lphemixymethyinle methyimpdiidine kydrochloridem p.
148. 3- 148. 9o £r1d0G-161.3 °C;
20 3-(4-methoxy-2,6-dimethylphenoxymethyl)-1-methylpiperidine fumarate,
m.p. 171.0-172.3 °C;
3-[4-(2,2,2-trifluoroethoxy)-2,6-dimethylphenoxymethyl]- 1 -methylpiperidine
hydrochloride, m.p. 124.7-125.8 °C;
3-(2,4,6-trimethylphenoxymethyl)-1-methylpiperidine hydrochloride,
25 m.p. 169.0-171.2 °C;
3-(2,6-dimethyl-4-phenylphenoxymethyl)-1-methylpiperidine hydrochloride,
m.p. 243.6-244.6 °C;
3-phenoxymethyl-1-methylpiperidine hydrochloride, m.p. 155.2-156.2 °C;
3-(4-chlorophenoxymethyl)-1-methylpiperidine hydrochloride,
30 m.p.211.4-211.6°C;
3-(4-bromophenoxymethyl)-1-methylpiperidine hydrochloride,
m.p. 236.0-237.3°C;
3-(4-methoxyphenoxymethyl)- 1-methylpiperidine hydrochloride,
m.p. 148.3-148.9 °C;



-31 - . 3- (2- et hyl phenoxynet hyl )- 1 -nethyl pi peridi ne

hydr ochl ori de, mp. 191.6-192.3 C

3- (3- net hyl phenoxynet hyl )- 1 -net hyl pi perg ine hydrochl ori de, m p.
140.8-141.9 C 5 3- (4- et hyl phenoxynet hyl ) - | - met hyl pi peri di ne
hydr ochl ori de, . 173.8-174.5 C, o )

3- (2, 4-di net hyl pﬁe(ﬁcm hgroxymethyb Hymethplpineritine hygrocleridor i de, m p.

%88 3- %?3 53{: 191.6-192.3 °C;3- (3, 5- di net hyl phenoxynet hyl ) - 1- net hyl pi peri di ne
ydrochl ori de
o o B Renbabamrho ey bires e e NGRS chl or | do.

mp. 192.9- 198, B4E&R-141.9 °C;

3- (2, 6-dichl orop F L ride, m p.
170 51732 & 18 bl ke RFhrPh Rl URe LNERENE DR
“met hyl pi pem-gi he3-8yHi8KCsr i de, mp. 151.0-151.7 C
3-(2,4,6-trichl O%gah;easﬁmﬁﬁﬂemyx&aﬁsﬁi mfﬁe%ﬁﬁba%ﬂ@hwm&meor' de,
m p. 159.9-160.4
[ 2, 6-di rret“h?i 180. ?318rﬁ or Gphenyl )phenoxyrret hyl]- | -methyl pi peridi ne 20
([jLOChl oride, m3p3,5l&thethy néxﬁm —methylplf)endlnc hydrochloride,

3-

hy

3- (t rt but y Syl oxy) - 6 di met hyl phenoxynet hyl]- 1

~net hyl pilpeTi kgﬁﬁef@’k ?r’r]H NI\/R (300 MHz, CDCl[err]): [err] 0.16 (s,

6H), 0.96 (s, 9HB; (4élbr6ﬂo-]2.-1119&1@1]#1&:111dﬂ)'memyﬁ%ﬂacﬁ@lplpendu(erhydﬁid)ﬂoﬁﬂe,10- 2.18 (m

1H), 2.19 (%pest%zgggg% 6, 3H) 2 79 (br d =1L b, 1H) 3. 11 (br
d, J =11 H Hz, 2H), 5 (s, 2H). C.

Al ternatively, a35;(8I51:1@1Fb‘ﬁfwheqqumﬂwbs&mmemnﬁthmcmlﬁﬁ,per| di ne (100
ny, 0. gbpMmpd.5.172.revo- 2, 6- di met hyl phenol (75 ng, 0.37 mml), and

cestum ey bondle (340 @cﬂpfqr%&@ﬁrophenoxm@gb%e%'sﬂ”ﬁwe'zfd%{eﬁ%&“@o%ﬁ@”éZ)| uti on
was cool ed hoprbdn@t18de?@f ure and partitioned 30 between ethyl acetate (50
L) et (30 B T SRR ol YEA R SR BBt 005
| ayers mpr B5%4?-168.40%er nagnesi um sul fate and concentrated to afford
cllear o] Thi's paRedmet e (IR Lk L e e 26
when andy 2 BYBGROHAF o B-pPBS 0T SFpAd AD, 07: 3: 0. 135
hexane/ 2- pr opanoB/[di(girhyhtIdiméthylsilyloxy)-2,6-dimethylphenoxymethyl]- 1-methylpiperidine,
'H NMR (300 MHz, CDCly): & 0.16 (s, 6H), 0.96 (s, 9H), 1.10-1.19 (m, 1H), 1.63-1.96
(m, 5H), 2.10-2.18 (m, 1H), 2.19 (s, 6H), 2.30 (s, 3H), 2.79 (br d, J = 11 Hz, 1H), 3.11
(brd,J=11Hz, 1H), 3.56 (d, J = 6 Hz, 2H), 6.45 (s, 2H).
25
C. Alternatively, a solution of (R)-3-tosyloxymethyl-1-methylpiperidine (100 mg,
0.35 mmol), 4-bromo-2,6-dimethylphenol (75 mg, 0.37 mmol), and cesium carbonate (240
mg, 0.74 mmol) in dimethylformamide (4 mL) was heated to 65 °C under a nitrogen
atmosphere for 1.5 hours. The solution was cooled to room temperature and partitioned
30 between ethyl acetate (S0 mL) and water (30 mL). The organic layer was removed and the
aqueous phase extracted once more with ethyl acetate (30 mL). The combined acetate layers
were dried over magnesium sulfate and concentrated to afford the (R)-3-(4-bromo-2,6-
dimethylphenoxymethyl)-1-methylpiperidine as a clear oil. This material was identical to that
prepared in Example 2E when analyzed by chiral HPLC (Chiralpak AD, 97:3:0.1
35 hexane/2-propanol/diethylamine).



- 32 - D. Alternatively, formc acid (16.7 niL, 333 nmol) and

aqueous fornmal dehyde (37% 9.1 nL) were added dropwi se to
(S)-3-(4-brono-2, 6-di met hyl phenoxynet hyI_)ﬂh_perl di ne (24.1 g, 80.8
mmol ) that was bei ng chilled in an ice ba After the addition was

conplete, 5 the reaction was placed in an oil bath at a tenperature of 95
[err]C for 4 hours. The m xture was cooled to roomtenperature and

partitionedphet wag@rmhfiv%e] %ﬁ%&cqusammmg%@! aﬁ@&ﬁeous forihlielAe ($1der

(500 ) 239 RALSRER h$ 35693%36%%?@%&%%dhw'ilﬁlpﬁ”ﬁwme%@wﬁe%' g 1"
and co(iehg sl S thmolhat sy tiiregy okilfeddh an etbad afee theculditioni e c@aiplete,

el uting tnle%gchgﬂgx{agéﬁ%&fﬁuhﬁ%ﬂ ol e ARG OB bk Ui was

(S)-3-(4-brono- enoxyrre yI prperidine a
clear oil. cooled toroom tempélihtgre and partitioned between 15% aqueous sodium hydroxide (200

(S)-3-(4- br ‘éfhgf &b t?-ﬁlﬂ,)o {}%@%ﬁé&[@ ??\%s): Was @?&J&Yéd%ﬁc‘% Jir]&’e r@ﬁﬁth"@iﬁltﬁ)‘rlﬁ%ﬂ:}ééed

in ether and treat ochl oric aci

sol ution of
et her (90 rrL banms erﬂé@llaymgpomhmeé ﬁﬁ@éﬂﬁ«l@&@@e\ﬁ@m} [dsedandind dri ed
in vacuo tOc&lc\éﬂtrz(tscﬂ ﬂl&l@SlBﬁ@Wﬂs@}r&nato aphed on silica gel eluting with acetone/hexanes

9 et e 8 Dl e R g e R

(S)-3-(4-br ﬁmmyﬁnﬁerdimmmdl@hemoxyrret hyl) - pi peri dine W|th 20
(R -3-(4-brono-2, 6- d| met hyl phenoxynet hyl ) pi peridi ne, and follow ng the
procedures of Exanpl e 2D above, the conpound

(R) - 3- ( 4- br oro- 27T8e €5)rfetdbtopiesh6-dimethyiphgnoxymethy))- Inmethylpieidine avasalissakyed

prepared, Mdethed £8d With 2 1M sol hydrochl the T
D e 5 piretér 1800} &nrtdéd with a 134 solution of hydroehloric acid in ether (0 mly. The |

of For miPa fesulting whitopeseipitats wes fdfered qpdedried gy wgcpp to give fHi3- (ﬁmnmr%ﬁ ] are
Methyl, R eﬂmleth%mnbkymanﬁl)RLmémhpqreﬁdhk%ﬁy@@»@lﬂonde (25 5 A87%,A sol ution of

1MI|th|um b in tetrahydrofuran (45 nm., 45 mmol) 30 was
added dr opwglsén%@?rém?’o ﬁfnut es to
(S)-N-(tert-butoxycarbonyl)-3-(2, 6-di net hyl - phenoxynet hyl ) pi peri di ne

hi r ogen at Ruspnaraiiy Rl CTRERRE SR auby o DRI Bopiperiai Vi,

was heat28d R)- -("abromﬂéydlmeﬂlymhnwmeﬂyﬂ)pm@dnnatandé@lﬂfﬁwmgrﬁ@rm@ﬂdereﬁ@f 20
hours, and gyansleeth HovENBe com odh@léR} Qie@»bﬁﬂﬂd b 6Qfimethy fRkadkyaRelywosul fate

decanydrat e { g0 fat A7y fritrat d
O bbb 38 Retom S A Eher o Y1 Lret on an

EXAMPLE 3
25 Alternative Preparation of a Compound of Formula I

Preparation of I where Rl,_R2 and R® are Methyl, RE,__R& and R are Hydrogen

A. A solution of 1M lithium aluminum hydride in tetrahydrofuran (45 mL, 45 mmol)
30 was added dropwise during 30 minutes to ($)-N-(tert-butoxycarbonyl)-3-(2,6-dimethyl-
phenoxymethyl)piperidine (13.0 g, 40.6 mmol) in dry tetrahydrofuran (250 mL) under a
dry nitrogen atmosphere. After the addition was complete, the reaction mixture was heated
at reflux for 4 hours, stirred at room temperature for 20 hours, and quenched by the
cautious addition of solid sodium sulfate decahydrate (70 g). The sodium sulfate was
35 removed by filtration and washed with ethyl acetate (3 X 150 mL). The combined filtrates



- 33 - were concentrated, and the residue chromat ographed on silica

gel, eluting with di chl or onet hane/ nethanol (9.5:0.5) to give
(S)-3-(2, 6-di met hyl phenoxynet hyl ) - 1- .33Met hyl pi peridine as a clear oil
(8.0 9). 5 The

(S)-3-(2, 6-di met hy henoxyrret hyl ) - 1- met hyl pi peri di.ne 0. g) was dissol ved

in ether (SUBTCrFIE’PC gtedly adithgyresidue chyomgiogrphed Qpnsiliga d’ﬂ‘EE‘BIVt’)‘Fh c acid in
et her (37. 7dighlbromethane/ fhethiahiolqH. 5%)&6 ghiegs)-Bi(2, 6ldem¥B§lphértixginethyhyl -
filtration, Ped het r Om) and dried to give

(S)-3-(2, 6- Hﬁe\,\ﬁ’é{ r@ﬁfén%% atrr?yllé &het hyl pi per| di ne hydrochloride (8.6 g,
93% mp. 149.8-151.3 [err]C). 10 B. Simlarly, replacing
(S)-N-(tgrt-buto y ) i di ne
wi th ot hgr corrpoi%%l &1’6 hmgﬁtﬁaﬁ {’%"%‘gﬁ%‘w& § ogﬁglé@mﬂe @ Oé)tﬁas%sg&%(g
Exanpl e in Qgheréw/raL) anektraagsid) il m@kwﬂmww@by@ctﬂmm@m ethas(27. pmdpar ed:

15 ( RrnSehick: vmitdl Ml@dt@@ﬁ@ﬁ&lﬁf@ﬁtbg}ﬂl&m’bnn@w& RitRkHed (7¥mL), and dried
hydr ochl ori de,,

8
(5 5 (4 chicgie )¢ @&mm:ﬁe& byt Ipperifige By droeilaride 5.6 £, 5%,
hydr ochl orinhep. 149.8-151.p.°)72. 0-173.0 [err] C
(S)-3- pq§noxynet hyl - 1- net hyl pi peri di ne hydrochl oride, mp. 152.7-153.2
[err] C, "and 20 (R) - 3- phenoxynet hyl - 1- et hyl pi peri di ne hydrochl ori de,
m p. 152.5-B53. 4SimslarlyOeplacing (S)-N-(fert-butoxycarbonyl)-3-(2,6-dimethylphenoxymethyl)-

EXAMPLE 4 r nd
of Formul a ?lpemgge wgh Othcf g.?rln %ung? of fo%lgrﬁe( erfr%]uel S é&/hél i(?g?%l%{:/ %?éj
Rlerr] and &papeye, thedoligvingicomapends of formula lere Rieppiefl: and R[err] are

Hydr ogen A. Cycl opropyl carbonyl chloride (1.7 n1_ 18 mmol ) was

added dr w se d n m nutes_t ce. CQ ont a| ni n
(S) 5. (358"t met U bRy X mAms by BoRy B Rk BBirp e Frdor B6de 4 g 19
mml ), aquemus BAdi-G62Bi°€ar bonate (75 m_) and ethyl acetate (100 m) .
After the additi S act | irre .
tenperature for &? 3\,\@' %m ésé%aeﬂ{')ﬁéh ?tﬁﬂ&\fgr?%@lpggré%ggéy‘?@%@?n%s
separ at ed afdp- ckﬂ?c%ﬁ??&t"é‘d The resi due was di ssolved in dry
tetrahydrofuran (325, 1§Lnstrtyy1p1 Efi@iﬁ@'ﬁ @Eo@lﬂ%ﬁb@rrﬁ nsh. 215812 °C; and

i opui 580735 Ve %ﬁﬁ%@a%?@a%adtﬁ KNERCEERT MK I

heated to reflux for 2 hours, then

EXAMPLE 4
Alternative Preparation of a Compound of Formula I

25 Preparation of I where R!is Cyclopropylmethyl, R* and R® are Methyl, and

_113;_&4— and R? are Hydrogen

A. Cyclopropylcarbonyl chloride (1.7 mL, 18 mmol) was added dropwise during
15 minutes to an ice cold mixture containing ($)-3-(2,6-dimethylphenoxymethyl)piperidine
30 hydrochloride (4.4 g, 17 mmol), aqueous sodium bicarbonate (75 mL), and ethyl acetate
(100 mL). After the addition was complete, the reaction was stirred at room temperature for
1 hour, and the resulting ethyl acetate layer was separated and concentrated. The residue
was dissolved in dry tetrahydrofuran (125 mL) under a dry nitrogen atmosphere and a 1M
solution of lithium aluminum hydride in tetrahydrofuran (18.9 mL) was added dropwise.
35 When the addition was complete, the reaction mixture was heated to reflux for 2 hours, then



- 34- cooled to roomtenperature. Solid sodiumsul fate decahydrate (10
g) was slowy added with stirring and the mxture was filtered. The
filtrate was concentrated and chronatogrgg ed on silica gel, eluting
wi th acetone/ hexanes (1:3) to give (S)- 1 -cycl opropyl net hyl - 3- (2, 6-

di net hyl phenoxynet hyl ) pi peridine as an oil. 5 The .
(S)-1-cycl oﬁp@égi tovioRy temperature - Jolidesodinmp sidfatpdeagvdiaty 0 wagisleavlyedded with

di ssol ved i Rtifting 4 MRy mbxha® wik Fiield. The iRtk Wistdanddiirhid bid BhrBiafoghphel b

h 18. : . The_ whi ] |1
\e/;cﬁtrjm( tg gi g,)a gel, eluting w?th acétgr?e gx%gelzsp(ll ;[3?Eoegxela?S)-Cl?cycﬁ%%oepglrggtgyl?g-l(f - under

(S) - 1- cycl oplimpdiyiphédvnlymathfy Dpiperidineasad githenoxynet hyl ) - pi peri di ne
hydrochl aride, (3.6 g, 10 66% mp. 137.3-137.5[err]C). B.
Simlarly, replacing (S)-3-(2, 6-di nethyl phenoxynet hyl ) pi peri di ne
hydrochl ori de  The\St hcpclopropylonetyliie2,6edimethy ipheroxymethybgiperidine meaaks | y

repl aci ng cyg | . st =Te | and
Forlow ng ¢ et Bk SURD 19 0L R ificd wity, WA BBFic Ban G LURORIRA o1
formul a | weihe whitepracipitate was collected and dried under vacuum to give

1-cyclopro 2ot : oFisde.
- IO.y 149 pxkﬁ%o ef’?f _&e@xﬂisn@,dﬂeﬁhréh?ghenggtm9lppmﬁm RfdroiloRed) (26 g
h

-cycl opr{)épyl g pé z”‘?ﬁ??@r hyl phenoxymet hyl ) pi peri di ne hydrochl ori de,
20 mp. 137.2-138.1 [err]C

(2,5 d ey PRERRKNTRNAg )3 B RRA DS M RBLRAL Syarochiontl P
hydr ochl or i ciith othes. compeumisid Sorgfatay ind optinuklly replacing cyclopgopieaioonyhehibyde 1
-cycl opr gpy |t SRl RECHh Stidas, 0y @61%&1%9 Eﬂg:})‘?oce&ﬁe%f%x 4A 1Boyed tt{eggfrlr%\g}&ﬁd

EXAMPLE native Preparation of a
of For mid2 compgendspf feraula | werepreparaghere Rlerr] is 2- Di met hyl ani noet hyl |
Rlerr] and Rlerr] are Methyl, and Rlerr], Rerr] and Rerr] are

& opuse to a m rarelorBPRatEs dmRiptdok e n e iR P
hydrochl ori dep(440.5g148.8 °frol ) in saturated 35 aqueous sodi um bi car bonat e
(70 mi) and et herp{ 1001 8hop}idiny 3SRty WHeRod ety BpRitifline hydrochloride,
20 m.p. 137.2-138.1 °C;
3-(2,6-dimethylphenoxymethyl)-1-ethylpiperidine hydrochloride,
m.p. 157.2-160.0 °C;
3-phenoxymethyl-1-ethylpiperidine hydrochloride, m.p. 168.3-169.8 °C; and
3-phenoxymethyl-1-cyclopropylmethylpiperidine hydrochloride,
25 m.p. 151.7-153.3 °C.

EXAMPLE 5
Alternative Preparation of a Compound of Formula I

30 Preparation of I where Rlis 2-Dimethylaminoethyl, R? and RS are Methyl, and
_R_;i,_lii and R> are Hydrogen

Chloroacetyl chloride (1.5 mL, 19 mmol) was added dropwise to a mixture of 3-
(2,6-dimethylphenoxymethyl)piperidine hydrochloride (4.0 g, 16 mmol) in saturated
35 aqueous sodium bicarbonate (70 mL) and ether (100 mL) that was cooled with an ice bath.



- 35 - After the addition was conplete, the reaction m xture was
stirred at roomtenperature for 2 hours. The ether |ayer was renoved
and concentrated, and the residue taken _UR in dry met hanol (100 ni)
whi | e bei ng cool ed in an ice bath. D nethylam ne gas was bubbled into

the solution slowy for 15 mnutes, and the m xture was stirred at room
t enper at ur eAfterthe gddition wavgomplathethe teaction mixgie wasgredastpoanympeeature Srdue
taken up i nhéify, Tl?éétﬁ&ﬁ&&re?% ?é?n&vleé%d conceﬁ‘&i)tedl Qﬂ@&e%ﬂlﬂe&ﬁ&% rp%'EPﬁpher €,

and a 1M sol ution Lym al um num hydride in tetrahydrofuran (17.2

m) was add@gthang} é?QOer&H FoHe heing coaledunanies ity Toimeshylaing gas Way bupbled It
hours and Sﬂhb rsbl&doﬁbloﬁvm 118 Paftad, uﬁ@ﬂfe(ﬂnxﬁ@e Wedldthred 20tdoth @mi;etamrs gdrfomt e

ol 16" was WLFR P qobent Bhe Gpfilel R 15 RS i BrabyarEheg oMl
or gani ¢ | aymsi$undere nitorger atmaspbeie, aida 1M soldiien @ﬁdﬁhlpnlralmmmnnﬂdrdnde in bet ween
10% aqueou Sﬁﬂ@(ﬁ&iﬂ}aﬂrﬁ? 2?%)%%}%%@') Tl‘?e’lqa(ﬁ.fog %x&é@wg&‘%pateﬁhﬁdgﬂlégﬁk' ?c%r 42y er

I ne w o pot assi um roxi de and extrac

et her (3 X Byryimd stiryed at room teEppTagiEe (é’tméwutsa@llé sQuinma sukath decalydratel2h g
(100 n) an&iamb@ a‘dﬁecgbﬁ@th@nﬁﬁhfétﬂl&?e@fﬂé solid was washed twice W1th ethyl acetate

2,6-dineth henox net hyl 2-di met hyl am noe peridine. "15

(The 3- (n8 épﬁﬂ%ﬂ“ e (gf)mq layers éeﬁ%qqawrm{eﬁogfbﬁmdﬁpwpmned

?til7ut2 ion betwwsla% eqﬂidbds nydrbcrﬂodd\m@(z:wtmpmﬂfetﬁtly @oeh). oThecagiebiss lhibr&'iaﬁer
) recipitate at. t hen

dried underme(ic %1 B??pe% §°t('fl ngn ?ﬁgf‘ﬂy 1 Sxtrad esr%‘%&%% #ﬁ({miho'?h

-(2-dineth ¢th1m1bttth§tllayem werxivdishel Wil biieh(100 imd 9 afd diedyto gives sdldtion gf .3-

263. 2- 263. 5[ L5 EXAVPLE
: Ay phenosymeliyly 2 G BERSSPPRSSAP s Compound of

For nul alf 25 Preparation of | where Rlerr] is 3-Mthanesul fonam dopropyl .
Rlerr] and R errihes-e, mlrﬁéthylpﬁéiﬂxymeth)é?[l%Ed1metﬁkﬁﬁﬁﬂoeﬂﬂ@pafﬁﬂﬁ$ sol@fiéh

d )
o ogeT or i Wes raaiegt with 8 14 GiiSich QuydochIORE astian et (A 25nhd T esltieg (60 )

and washed pretipitdi® %as ipopsdbySiidation, thed deixd dedef SBcudh torgive. 3-&, G-dfméthﬁ et hyl

acetate |ay 0 | d

i ssol ved | Hea RapiBP RS iR TR ol BT & 0] 4
mmol ) wa8 m.p. 283dd63rt°€hen N- (3- chl or opropyl ) - met hanesul fonam de (810
ng, 4.7 mmol) was added dropwi se to the m xture which was then stirred
at roomtenperature for 20 hours, at which time it was partitioned

bet ween ethyl acetate (100 nL) and watRXAMBBEG1) The aqueous 35 phase was

extracted with additi onal ARéfxtivedsepaition(of aX dpthoithd of Pétthuld®e combi ned et hyl

25 Preparation of I where R* is 3-Methanesulfonamidopropyl, R%and R are Methyl, and

R2 R% and R® are Hydrogen

3-(2,6-Dimethylphenoxymethyl)piperidine hydrochloride (1.0 g, 3.9 mmol) was

suspended in ethyl acetate (60 mL) and washed with 10% aqueous sodium hydroxide (50
30 mL). After the ethyl acetate layer was removed, dried, and concentrated, the residue was

dissolved in dimethylformamide (15 mL). Potassium carbonate (0.65 g, 4.7 mmol) was

added and then N-(3-chloropropyl)-methanesulfonamide (810 mg, 4.7 mmol) was added

dropwise to the mixture which was then stirred at room temperature for 20 hours, at which

time it was partitioned between ethyl acetate (100 mL) and water (100 mL). The aqueous
35 phase was extracted with additional ethyl acetate (2 X 50 mL.), and the combined ethyl



- 36 - acetate | ayers were washed with brine (60 nL), dried, and
concentrated. The residue was chromat ographed on silica gel, eluting
wi th acet one/ hexanes (1: 1) containing 1% triethylam ne, and
concentrated to give 3-(2,6-dinmethyl pheno§< et hyI) 1- ( 3- et hane-

sul f onam do) propyl pi peridine as a clear oil. The

3- (2, 6- di neaesiatp tavietsoyere Mraghed-with Btﬂnﬁe(ﬁﬁalﬂésdmﬁdomm?mmm Theirgsiduediase
was di ssol V@Hroh{ht&gtrilﬁl'éd bR Qilie: elaélﬁ'm\%]@ﬁ; %itdﬂeﬁh@xal% hyﬁrc%ﬁdahﬁ{g fpacid in

ether (4.7 m.). The resul'ti ng precipjtate was | solated by
filtration tttgptl@]ylgxgmg :(nﬁt@n@ﬁnﬁgﬁpﬁw glp{@ ﬁd%,)ﬁ dlmethylphenoxymethyl) 1-(3-methane-

met hyl ) - 1- ( Sulfeiabad®pidpl fidthe s pclRpydipi peri di ne hydrochl ori de (650 ng,
43% mp.. 10 shrinks 51 [err]C).

EXAMPLE 75 Al ternative Preparation of a Conpound
of For rruI a l 1T 'he Br(@fedintethyiphefiody metien el - -mettianesi]fewanjidaypcbpi-pipetidiae e
Methyl, R el dﬁ?&v&i fdtther BPmiY HPOERd W1 1M hydrdBhfolitlacidn EHEF @Y mL).

To a sol ution

3- [ 4- (tert - Bbeyesultimgtwhite Precipiaseyyasisdatad hi fikiation tagixg dnéd.fritpethylphenoxy-

met hyl pi per Bronaml i?erfé"thdkH ride hBi ng
20% acet.i.C %ﬁ?ﬁ%}%%&hm@s’ 19 nqr).%le) ﬁJllé)éil[err] mcgglgdgﬁﬁﬁh%%’%ii
tetrabut1>pl f )uorlde i n tetrahydrofuran (17.5 nmL). The m xture
was stirred fromO [err]C to roomtenperature overnight and

concentrated in vacuo. The residue ms%ned bet ween wat er and

di chl or onet hane. The organl C Iaye ed and concentrated and the
residue purified on silic&lgs 2 Pré ] 1 nksk:
di chl or onet hane cont ai ni ng O. 25% armoni um hydr oxXi de to give 3-(4- 25

hydr oxy- 2, 6- di net hyl phenoxyrqet hyl met hyl pi peri di ne. Thi s
product MasPeepatasion o1 whereRe. R y@iﬁ%ﬂ'&éﬂﬁé&s&g 5(;l._&&ﬁd%@f_?aal.ﬂﬂdzed from

et hanol / t er REhyttyliroggt hyl ether to give
3- (4- hydroxy- 2, 6-di net hyl phenoxynet hyl ) - 1- met hyl pi peri di ne
hydrochl oride (1.46 g, 58% mp. 224.5-225.5 [err]C). 30
-37 - To a solution of 3-[4-(tert-butyldimethylsilyloxy)-2,6-dimethylphenoxymethyl]-1-
methylpiperidine (3.2 g, 8.8 mmol) in tetrahydrofuran (50 mL) containing 20% acetic acid
20 (5.5 mL, 19 mmol) at 0 °C was added 1M tetrabutylammonium fluoride in tetrahydrofuran

(17.5 mL). The mixture was stirred from 0 °C to room temperature overnight and

concentrated in vacuo. The residue was partitioned between water and dichloromethane.

The organic layer was dried and concentrated and the residue purified on silica gel, eluting

with 5% methanol in dichloromethane containing 0.25% ammonium hydroxide, to give 3-(4-
25 hydroxy-2,6-dimethylphenoxymethyl)-1-methylpiperidine.

This product was converted to the hydrochloride salt and recrystallized from
ethanol/tert-butyl methyl ether to give 3-(4-hydroxy-2,6-dimethylphenoxymethyl)-1-
methylpiperidine hydrochloride (1.46 g, 58%, m.p. 224.5-225.5 °C).

30



EXAMPLE 8 Conversi on of Conpounds of Forrmula | to O her
Conmpounds of Fornul a | Preparation of | where R err], Rerr], and
Rlerr] are Methyl. R err] and R err] are_g-lygrogen, and 5 Rferr] is

3- Met hoxyphenyl To a sol ution of

3- (4- brono- 2, 6-di net hyl phenoxynet hyl ) - - met hyl pi peri di ne (531 ng, 1.70
nmmol) in toluene (10 nL) was added 3- yl boronic acid (319 ny,

2.10 Mol ), t ebhivddion 6f CoHRPGINMS @f‘p&ﬁ{wd‘ﬁbﬂﬁhéﬁ@mﬁﬁﬂlﬂhs 68Borifhla D 05
mmol ), and 2M sodi um 10 carbonate m., The m xture was
stirred at 100[err] C overni ght and cool ed to room tenperature. The
sol uti on wa®Pr itidnicﬁﬂ@dlebeRhﬁm%’re Mhﬂh}gim&dnd&léeiraﬂgdrogh_ﬁ, and organi c
| ayer vass Wasi gzg S \% water, brine, and dried. The sol vent was
renoved and= e purified on silica gel, eluting with 5%

met hanol i n dichl oronet hane cont ai ni ng 0. 25% ammoni um hydr oxi de, to

gi ve 3-[4-(3-met hgxy gy af32(4%r&h&%tdlmh%%sﬁo§f§§emy% L-methylpiperidige §531 e

met hyl ] - 1- met hyl pi peri di ne
hydr ochl or i dBg.dafC mged) ip tgiueng (19 mig was gdded %me oxwhe&a@pamc aci (19ang, 2.10

3- [ 4- (3- met hgxyhhemytil-(ti ﬁer@dﬁ!ﬁéﬁlﬁﬂxd}ﬁwm@ Inh, lrosahﬂwi)parmezmdba&am
nyclt shl g it ([Tt o R TSP ST Sgﬁsipjﬁh% & 8yerpightand.eqolgdo

EXAMPLE
Gt her Conpouoain tafipdratorel [The lsolution was parétgianed between tvater uibethylRcemte] ThR err ],

3" imRL e Iroma . )?)?Ean%ltapé,/r’ wﬁ[xﬁéshldA&HQe ﬁtﬁ‘ Walefr Hrfhe! U BRA" ThE Whvér Wik Ehhbvddand

3-[ 2, 6- di netthgesiqug purifiedrapsilionged pluting withdfhpethanol iediglopneshand cortaining
(785 ng, 2. @ZWan}nonﬁhH ﬁg&bxﬁé(b@ﬂ)e 3-fNa- lﬁéﬂﬂ&yﬁh&g}lﬁé% -dimeffy)pheRSxy-

hydr ogena ed ni ght pl ati num oxi d at 1 at nosphere of
hydrogen TH%eﬂP)éké‘tm Ipiperidine. purged with nitrogen and filtered through
Celite. The solids were washed with net hanol and et hyl acetate. The

L L g R OSSR Pl ey B RSB )

guanti t at i vegetate to give 3-[4-(3-methoxyphenyl)-2 6—d1methylphenoxymethyl] 1-methy1p1per1d1ne 38 -

A portion thyﬁﬁfchﬂiride((éﬁﬁ U5YR S Ngrlegtzeql—;gvsto@ yAN hydrochloric acid in
et her and crystallize from t hanol /ethef, to give

3-[ 4- (3-%hi nophenyl ) - 2, 6- di net hyl phenoxy-
EXAMPLE 9

Alternative Conversion of Compounds of Formula I to Other Compounds of Formula I

Preparation of I where Rl,_B_Z'. and R® are Methyl, R? and R? are Hydrogen, and
25 R*is 3-Aminophenyl

A mixture of 3-[2,6-dimethyl-4-(3-nitrophenyl)phenoxymethyl]-1-methylpiperidine
(785 mg, 2.21 mmol), ethanol (10 mL), and ethyl acetate (5 mL) was hydrogenated
overnight with platinum oxide (50 mg) at 1 atmosphere of hydrogen. The reaction was
30 purged with nitrogen and filtered through Celite. The solids were washed with methanol and
ethyl acetate. The filtrate and the washings were concentrated to give 3-[4-(3-aminophenyl)-
2,6-dimethylphenoxymethyl}-1-methylpiperidine as a yellow oil (735 mg, quantitative).



met hyl ] - 1- met hyl pi peri di ne di hydrochl oride (193 ng, mp.

272.3-273.9[err]C). 5 EXAMPLE
10 Al ternative Conversion of Comgounds of Fornula | to O her
Compounds of Fornul a | Preparation of | where R[err] Rlerr], and

err] are Methyl err] and Rlerr] are Hydroge r]is
?Ff! Ac e][ yl ani nophgﬁygoﬁl[@ ot] the oil (1%[5 mg)]wm t@argyg mqhg](%hygkochlonc ac1dR1[n ethe]r and

?égg- (3- aT %%;ﬁwd Fromh fetHanbbbig, Wgn@zs{mshﬂﬂ ﬂxeﬂW)ti‘BJdlmethyl hﬁié)ﬁ?f i ?Il ng
mg, 1. ridine

m., 16 mli%)i ﬁ’heahyéB‘BF“‘im%ﬁﬁ?&‘r"f’ﬁ@“‘?ﬁ(gdé é’m%??h?rgl ?‘3 o%e m xture was
stirred overnight at a t enper at ure range fromO to room tenperature,

and diluted with water and et hyl acet g éli%?gEIOThe aqueous | ayer was
extracted with di chI or orret hane (3X) { ?anl C Iayers wer e - _dried

and concent r atalde DO : thep 6 fidrommnwlal 10%
met hanol / di chl or onet hane cont aining 0.5% ammnl um hydr oxi de to g| ve
3-[4-(3- acetyl am nophq ) g-di met h henoxymat hyl ] -

1- met hyl pi p "gé",@&__ are Met hy . R and R are Hydrogen. and

3-[4-(3- aceg%__%@QM6 di met hyl phenoxymet hyl | - 1- met hyl pi peri di ne
was tre ed with 1IN hydrochloric acid in ether and crystallized from

met hanol tert-butyl nmet hyl ether, to give

3- [ 4- ( 3- acet yl aniTn@phkwiph pf 2—[ﬂﬁhmninop;wqyﬂl)ehﬁr)djnmhﬁphe]nonmethyl] 1-methyl-

met hyl p' per bipeAGinE 513908 054 Hﬁmﬁ)’fhﬂmhﬁ&m@ﬂﬁ&’bﬁt% ‘@ wasa ad%éd 8yr1d1ne (1. 3 mL, 16
EXAVPLE aration Conpound

of For mJI a mmol) and acptiepriydriie®. Yﬁmhns ‘PldieT]@ﬁf mxtwméfaé S‘R[f‘éif evemighiat ] and
Rlerr] ar e {dnigewdture P&@erfﬂonao%%@ﬁ tdmpt Surdy sidaiated with watmdlah@n kdetdts. Brono

30 (}Jg Br ono- phen hyl met h | peridine
hydr ochllér i §he a&ueous(lgggwexga@qijwﬁ ﬁ% g‘?“{énﬁi %Jﬂ’ﬁ : R &end
aqueous soddtied smddionzdntiated T Mhe re51due@&abcpnnﬂecsordﬁh@cgearednmgm&nm%t ed to give

il which di.chl h
ns ndded nPEiRRSiEPRlol5end s T dRNGum pyarb i syl S0 BPLLTEON
t he react i oacetylamimoghenyd)- 2:!64dun@tiylph¢mxymcihyﬂflfm€th}’ﬂarpendmhé479\mg,l8@670)0nce

with 10% - 39 -
aqueous sodium t h| osul fate and three tines w th aqueous sodi um bj carbonate.
After deding, The 3-[4-(3-acetylaminophenyl)-2,6- dlmethylphenoxymethyl] I-methylpiperidine

was treated with IN hydrochloric acid in ether and crystallized from methanol/zerz-butyl
methyl ether, to give 3-[4-(3-acetylaminophenyl)-2,6-dimethylphenoxymethyl]-1-
methylpiperidine hydrochloride (m.p. 231.0-231.9 °C).

25 EXAMPLE 11
Preparation of an N-Oxide of a Compound of Formula I

Preparation of an N-Oxide of I where Rl,_l__{_2 and R® are Methyl. R? and R* are Hydrogen,
gn_cl_R_& is Bromo
30
A. (5)-3-(4-Bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride
(338 mg, 0.97 mmol) was partitioned between ether and aqueous sodium hydroxide. The
ether was dried and concentrated to give an 0il which was dissolved in dichloromethane
(10mL). To this solution was added m-chloroperbenzoic acid (327 mg, 50-60%). After 30
35 minutes, the reaction mixture was diluted with dichloromethane, then washed once with 10%



t he di chl oronet hane sol uti on was concentrated and the residue

recrystallized from et hyl acetate to give

(S)-3-(4-brono-2, 6-di met hyl phenoxynet hyl ) 3d¢.- net hyl pi peri di ne- N- oxi de
(90.1 ng, mp. 21002110[err]C) 5 B . Slmlarly, repl aci ng
(S)-3-(4-Brono- 2, 6- |rrethyIPheno met hyl ) - . 1- net hy peri di ne

hydr ochl or | @8uSque fodip.thiogultaty RyiriSR SHd,adHeRUs >$1><3m111 wmﬁr gefer dryies,
hydrochl or I dlige dlamdromtﬁa@wsmuémﬁawoﬂe@ﬁufee&n@theml xecxﬂzgcﬁheéam&n eth

(Zgé g (2 04. 8 af:%tfit]ct o1y @%@En%ﬁﬁgﬂ%e&ylph%xg%e& Belr-rlnceitlh?fl%pen(ame%-oi’lde
EXAMPLE 12 (90.1 mg, m.p. 2100n26l.&X6dpl e i |l ustrates the preparation of a
representqtive pharmaceutical 15 formul ati on for oraI adm nistration
contai ning active conpound of formula I, e. g

br onp- 2, 6- diBvet hyipHatsxpleaing (S) 31(4rﬁtpn3¢rifa61d§n¢t ylnbenwmm@tbm)drm@yl-

!{ ng{ e?' ent s plpendme hydrochlonde w1th (8)-3- ((12 ,6-dimethylphenoxymethyl)-1-fEb8§bigeYid 8"

abl e

200 é]gyégo@hloggf. @d&qﬂ‘f{y&ngﬁxe procedures of Example 11A above, (5)-3-(2,6- 148
Magnesi um stdﬂaethykphenoxymethyl) 1-methylpiperidine-N-oxide (m.p. 203.5-204.8 °€) wag5

The abovle0 i ngr %(rzlédent s are mxed and introduced into a hard-shell gelatin

capsul e. Q her conpounds of formula | can be used as the
active compound in the preparati on of the orally adm nistrable
formul ati ons of this exanple. LE 12
EXAMPLE 13 Thi s exarrpl e |I$‘U"t‘|’—r_a €S the preparation of another
representative pharmaceuti cal formul ation for oral admnistration
CZ”Lal ni ng andaCtI'hﬁsEé &k ﬁ%a&g tlfeq{r a%o{ﬁolfﬁr eser((jtsfﬁve arénaceutwal
f r? 52 ? I tt yggg @P Oci(rt\ll.lmstra%/ 03 conta{lrgllng%c ceorrrllpolurqg op %/ rof'arij Orl %‘-J%‘—'(ﬁ ity
per bromo- 2,6 -dimethylphenoxymethyl)- 1-methylpiperidine hydrochloride. t abI et, nos.
Ingredients Quantity per
tablet, mgs.
20
Active Compound 200
Lactose, spray-dried 148
Magnesium stearate 2
25 The above ingredients are mixed and introduced into a hard-shell gelatin capsule.
Other compounds of formula I can be used as the active compound in the preparation
of the orally administrable formulations of this example.
30 EXAMPLE 13

This example illustrates the preparation of another representative pharmaceutical
formulation for oral administration containing an active compound of formula I, e.g., (5)-3-
(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride.



Acti ve Conpound 400 5 Cornstarch

50 Lact ose 145

Magnesi um st ear ate 40 - 5

The above ingredients are nixed intimtely and pressed into single scored

tablets. 10 QG her conmpounds of fornula I can be used as the

active corrpolﬂﬁieql?m% he preparation of the oral | uaetity pérst r abl e

fornul ati ons of this exanple. tablet, mes.

EXAMPLE 14 15 This exanple illustrates the prepara lon of a

r epr esent at i ve—pharraceuti-ical formulation containing an active

conmpound of AstiviCampourd 9., (S)-3-(4-brono-2, 6- 400

di et hyl phen YL )- 1-methyl pi peridi ne hydrochl oride. An

or al suspgns%n |sa%r epared having the foll ow ng corrpogﬁtion 20

| ngredi ents Lactose Active Conpound 145

1.0 g M@fl R Stebhat 0.5¢g

25 Sodi um ct Ulél:sg}lc Sl > 20—

Met hyl par aben 0.1 g

Granul at ed_sugar The above ingredients are mixed intimately and i 02%5

Sorbitol (70% sol uti on) g xed Intimately and pressed int .%%oéed tablets.

Veegum K!Pvanderbilt Co. ) 1.0 g 30

EO?VOF I ng Other compounds of formula I can be used as the active comchmQ‘rf‘étH:’S1 preparation
orings 5 ng

Distilled wapkie orally administrable fopmulations of this example. CI her conpounds of

formula | can be used as the active conmpound in the preparation 35 of the
orally adm nistrable formul ati ons of t@wﬁgqhe
-41 -

15 This example illustrates the preparation of a representative pharmaceutical

formulation containing an active compound of formula I, e.g., (S)-3-(4-bromo-2,6-
dimethylphenoxymethyl)-1-methylpiperidine hydrochloride.

An oral suspension is prepared having the following composition.

20
Ingredients
Active Compound 10 g
Fumaric acid 05 g
25 Sodium chloride 20 g
Methyl paraben 0.1 g
Granulated sugar 255 g
Sorbitol (70% solution) 1285 g
Veegum K (Vanderbilt Co.) 10 g
30 Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water g.s. to 100 ml

Other compounds of formula I can be used as the active compound in the preparation
35 of the orally administrable formulations of this example.



EXAMPLE 15 This exanple illustrates the preparation of a
representative pharmaceutical 5 fornulation for oral adm nistration
containing an active conpound of formula_k;_e.g., (9S)-3-

(4- brono- 2, 6-di met hyl phenoxynet hyl ) - 1- net hyl pi peri di ne hydrochl ori de.
An injectable preparation buffered to a pH of 4 is prepared having the

fol |l ow ng conposition: 10 I ngredi ents Active Conpound

0.2 g Sodi um Acet at e Buf fer Sol ut ERAMELEHS) 2.0 M 15
HC (1N) g.s. to pH 4 Water (distilled, sterile)

g.s. to 20 m O her conpounds of fornula | can be used as the

active conpound iThitdxampiccifiasteteis thre preparatioh of hecprespmativgigherniasentidaht i ons of
thi s exanpl ,
g ‘?ml'nﬁ.aauon for oral a%rmnlstratlon contamlng fan active c%omspound of forﬁéﬁgrpng é@t - al

Thi's exanpl e ustrates reparation a representative p
f ormul ati on @@rom@ﬁ»%@meﬁ}y&heegﬁmﬁhﬁbhmthﬁlmge inglaxdrocbleridépound of
formula I, e.g., (S)-3- 25 (4-bronp-2, 6-di met hyl phenoxymethyl)- 1

-methyl pi peri di ne h%y dr Oag)Pl p%f)aranon buffered to a pH of 4 is prepared having the following

- 42 - I ng
gr ans cBaipbsigorconpound 0.2-10 Span 60
2 5 Twgen 60 2
M neral ol |l ) 5
Pet r ol at um Ingredients 10 Met hyl
par aben 0. 15 Pr opyl
par aben 0 05— 1t6—BHA
(butyl at ed HHVeCpmpanRd| e) 0.2g0.01

Sodium Acetate Buffer Solution (0.4 M) 2.0 ml

15 HCI(IN) g.s.topH 4
Water (distilled, sterile) ~ g.s. to 20 ml

Other compounds of formula I can be used as the active compound in the preparation
of the injectable formulations of this example.
20
EXAMPLE 16

This example illustrates the preparation of a representative pharmaceutical
formulation for topical application containing an active compound of formula I, e.g., (5)-3-
25 (4-bromo-2,6-dimethylphenoxymethyl)- 1-methylpiperidine hydrochloride.



Wat er g.s. to 100 Al'l of the above

I ngredi ents, except water, are conbined and heated to 60[err]C with
stirring. A sufficient quantity of water aj, 60[err]Cis then added with
vigorous stirring to 15 emulsify the ingredients, and water then added q.s.

100 g. . O her conpounds of fornmula | can be used as the active
compound in {HEEHEFUDar at i on of the topical fornulg#hbns of this
exanpl e. 26 EXAVPLE 17

Thi s exanpl e Activeisdémpéung t he preparat iggnif a representative pharmaceuti cal
formul ati on %%g%ni ng an active conpound of formula I, e.qg.,

(S)-3-(4-bro di nmet hyl phenoxynet hyl )- 1 -net ﬁyl pi peri di ne

hydr ochl obi d&€wean60 A suppository totalling 225 granms is prepared
having the fgkLhauidag conposition: | ngredi ents 39 Acti ve Conpound
500 ng Wtepsol H 15 bal ance
(*triglyceri BeEl@rmsat urat ed vegetabl e fatty acid; a prifduct of

Ri ches- Nel soMetHydparabdiew York, N.Y.) 35 Q hep jgonmpounds  of
formula | caPB)'%e used as the active conpound in the preB'aration of the
supposi tory MPAMEDns of this exanpl e. .05

-43 - 10 BHA (butylated hydroxy anisole) EgAYPLE 18
Sodi um Channwatgl ockade In Vitro Assa 5 Thi s assay determ nes
t he effectiveﬁes-s—e-f—e-ﬁmeuﬂ-d-s—eﬁi%dxgs&a | as sodium

All of the above ingredients, except water, are combined and heated to 60 °C with
stirring. A sufficient quantity of water at 60 °C is then added with vigorous stirring to
15 emulsify the ingredients, and water then added q.s. 100 g.

Other compounds of formula I can be used as the active compound in the preparation
of the topical formulations of this example.

20 EXAMPLE 17
This example illustrates the preparation of a representative pharmaceutical

formulation containing an active compound of formula I, e.g., (5)-3-(4-bromo-2,6-
dimethylphenoxymethyl)- 1-methylpiperidine hydrochloride.

25
A suppository totalling 2.5 grams is prepared having the following composition:
Ingredients
30 Active Compound 500 mg
Witepsol H-15" balance
(*triglycerides of saturated vegetable fatty acid; a product of Riches-Nelson, Inc., New York, N.Y.)
35 Other compounds of formula I can be used as the active compound in the preparation

of the suppository formulations of this example.



channel bl ockers in an in vitro nodel by the inhibition of conpound action
potenti al propagation in isolated nerve preparations.

The sodi um channel assay was perforned asggescribed in Kourtney and
Stricharz 10 Local Anesthetics, Springer-Verlag, New York, 1987. Briefly,

t he vagus nerves were removed fromrats, continually superfusing them
with control solutions or solutions of the conpounds under test.

El ectric shocks were applied to the neEXAMPLENgRNUl ate the propogat i on
of nerve inmpul ses. The anplit gfgghe 1nﬁhrozo cgggound action
potential was neasured; it ma%gﬁl GiglH a3 1 nel s becane

bl ocked by the 15 perfused conpounds. These studi es suggest

that the gonpoundphiefchel nﬁﬁfa m
channel blockers 1ar$ﬂgu?whﬁ$é%@éﬁﬁ&%§§ﬂ%?ggﬁe 6%&%9?@ $&%n§9 this
met hod. 2cFh annel blockers in an in vitro model y the inhibition of compommmzpol@mal

Mechani cal Airbpabafibinl iSolMed Ber¥e pAparations. This assay determnes the
ef fectiveness of conpounds of forfmula | in relieving one of the

synptons in an in vivo nodel of neuropathic pain produced by spinal nerve
|igation, 25 narfﬁieysoﬂnnﬂnahiunnellaswylvmd)petfarmed as described in Koﬂiﬁféylah@saidh%ym a

i nd d d ,
Pain 19030 el h g SRoIE N ARG N Y GEP IR B, s Shhineryes e O
i ntraperi t orfemioved fromd@@ecqnfm%}ytsumﬂmngahers sdthuonrélsohmiokgdr solutions of the
addi tional dQaRdufds lﬁﬂ@ﬁﬁeEtEtEléEu‘ﬂ! §f13 seb?erg’?p 18 ¢ded nexl%@qgsﬁf]ﬁl%l wm'@s then

pl aced in apgrone .posjtion, a atera |nC|S|on was and t he
| eft par aspiFAeROZsHQR P rg%%%ﬁ“é‘ie dTIFf‘r YRplitade @frsh%mhr@n@wmund Mlom S2

| evel . The L;f@tenual wagma@uease wak REAES! 4% dolRh élféﬂﬁél?gedaﬁle%ﬁ&ﬁéd bPméi sual Iy
|dent|fy ?ﬁFL %q i nal. nerves. The L5 and L6 spinal nerves were

then i ndl ogpga and tightly ligated with silk thread. The
wound was then closed in layers by silk sutures These procedures produced

rochani cal st il Hepp s 88y §leall haf R ARbbb AN rlISTRE phBn RSl | °
Mechani cal $edigm ¢hanpgl Mcﬁsmlmmeafmu@m mdzel éestediby ahiis hl;etl(ddapl an
et al. J.

20 EXAMPLE 19
Mechanical Allodynia Ir Vivo Assay

This assay determines the effectiveness of compounds of formula I in relieving one
of the symptoms in an in vivo model of neuropathic pain produced by spinal nerve ligation,
25 namely mechanical allodynia.

Tactile allodynia was induced in rats using the procedures described by Kim and

Chung, Pain 1992, 50:355-363. Briefly, the rats were anesthetized with an intraperitoneal
dose of pentobarbital sodium (65 mg/kg) with additional doses of anesthetic given as

30 needed. Each animal was then placed in a prone position, a 3 cm lateral incision was made,
and the left paraspinal muscles separated from the spinous process at the 1,-S, level. The L
transverse process was then removed in order to visually identify the L,-L spinal nerves.
The Ls and L spinal nerves were then individually isolated and tightly ligated with silk
thread. The wound was then closed in layers by silk sutures. These procedures produced



5 Neurosci. Methods 1994, 53:55-63. Briefly, a series of eight Von Frey

filaments of varying rigidity strength were applied to the pl antar
surface of the hind paw ipsilaterial to the. ligations with just enough
force to bend the filanment. The filanents were held in this posi tion

for no nore than three seconds or until a positive allodynic response was
di spl ayed rats vjjch deyeloped a gigpifisant ingecasg ingenaitivityrie ssehanicat ginulisthatglid fot
lifting the cathactpenRawnbohdioned 10 immediately by Iicking or shaking of
t he paw. The order "and frequency with which the i ndi vidual filaments
were applied were determ ned by using D xon up-down net hod. Testing
was initiated w tMedhaaical @dsidvinpivas kess@busigy 4 pdcydurddesdRbaRIBEOhapldnl SR S

bei ng lied,n,c uti. aghi an, either .a ndi-n r_descendi ng,
Qependi ng® o eI eSE LSS 63 BT ferle0 BF c BRCTRE ERS slioptiiF BECI |
was obt ai nedranyingrigiday stnérigitawereiappligito thelantar surface of the hifihpaw gpsilatesal ddthe

t hat at : ini ' . la |
ad a i ni mABLe P fas iRl gR R SeA Pkl flment TTRARAAE N bela in wis T
t he present Rosiienferdie matedhanghireg secongeoramtid e ppsiéve allodynie resparpe wasidispiayad

al | odyni a- | iggahe rat. ASORHIVE BBodyn& TeéRdRbEcbnEivtel B BB tROMHfec®E paw followed
EXAMPLE I vo

. . . g ) Co Al | odynj a .

rosny U immediately by Jicking 95 shrking et i Rgws T ordar B HPREAG B B U s
in Irel i ev: ngnmnﬁu@lfﬁlbxhenta&eﬁ@/ﬁpp}i@d@emgiemmmaialy hgiﬁg Dikdh yp-Gsiucdthoy.
uni | atera noneur opat y.fa A 0 at |l O ni . .
Uni 1 atoral rSERENROR M o R a8 hite of e sfies SEM Biequent faminss beine
Constri ct i orapplied inlcopsecytiveoidsiion eitheyrantending ve descending, dspatdmgranbelibtiey 2aBennet
and Xi e, PainjdoRi 3y as“aﬁ%elg(lm,%& eéi_wegf, Wiis obtffed @i tiERiaPABRRE! | z€d with

%neal g e g I 65 ng/ kg). Th

an intraperit ose of nt obar bi t sodi um ( e
| at er al pect of each rat's hind |inmb was shaved and scrubbed with
Novasan. UsiTHe raifi bhéw tHRE Aring WBur er bi¢ h@hPbueasn, MA@ ndubdicofl at er al

t of t hi linb.at th ) d- t hi gh : ' f [
bt | y i sJ8ERUATped & Ryiouin Fitective dtecis By JL306ENe. Bl ARfRmmtiner ot
of each r at ,thd present mvemtion were fouind gabeieféstiveinaevarsing mechanital dledguindike c nerve
35 appr oxi 'Eg}ngh%fns]\i/ﬁeﬂegtkéﬁﬂh%ﬁm%&”' On the left side of each rat, an

Sect

i dentical di on was

-45 - 20 perfornmed except that the sciatic nerve was not |igated. The
nmuscle was closed with a conti nupyamzpiirise pattern, and the skin was
cl osed with wound cli ps. _'"Tﬁfe__r%‘/t—s denonstrating unil ateral

mononeur opat hy were assessed for Geldillodsnialn VivoAssay ¢ col d al | odyni a

sensitivity. Briefly, each rat was placed individually into a plexiglass

chanber wi th & 1ol Bl 28 GerBuSll hd SHckSe ROl Solis 3o SRIRE nd BPst 1 €0
25 symptoms of neuropathic pain produced by unilateral mononeuropathy, namely cold

allodynia.

Unilateral mononeuropathy was produced in rats using the Chronic Constriction
Injury model performed essentially as described by Bennet and Xie, Pain 1988, 33:87-107.
30 Briefly, the rats were anesthetized with an intraperitoneal dose of pentobarbital sodium (65
mg/kg). The lateral aspect of each rat's hind limb was shaved and scrubbed with Novasan.
Using aseptic technique, an incision was made on the lateral aspect of the hind limb at the
mid-thigh level. The biceps femoris was bluntly dissected to expose the sciatic nerve. On
the right hind limb of each rat, four loosely tied ligatures were made around the sciatic nerve
35 approximately 1-2 millimeters apart. On the left side of each rat, an identical dissection was



a depth of 2.5 cm above the netal plate, with the tenperature of the bath
mai ntai ned at Oferr]C t hroughout the experinment. A tinmer was started,
and the rat' S response | at ency was _gasured to the nearest tenth of a
second. A "response” was defined as a rapid withdrawal 10 of the right

| i gat ed hin conpl ete ut .of the water whi]e the animl was stationary
ang not #%F&E’& E&hx'etg%\%@’r"d’ceé‘@ yasot ligatede Thednussleeas clpsed Wathiai ng was
not scored acondinuous sufes paRse, ant/ibe ki whd#1Bsediviith wourRl oMps. 20 seconds with a
20 minute interval between trials. The screening criteria were 1) the
average of two trials was |less than or equal to 13 seconds, and 2)

t here was consi st’EhmtSaicnmstrzttimgmiwenatinahommpemyWnéméssed/\ﬁracm@ambned 15

for hyper §en(§ir6ﬂ11‘f oM athﬁx‘?A $nQfy d%psﬁrléfgég %atqgﬁfs é&e& cﬁﬂg&hlk(%{ltﬁ%r}ag

sel ected for inc u5|on I'n onse stu ase
descri bed abd@mbernyith meta plate 6 emdeam g bpipme This Chamb@'l‘v@slﬁg]@d viath lcdwater to

ani mal ' s basgdépieofcnb dm&ibb%ibhe Infetd Gt SMth the temperature of the b&th ninthiBed hMCES,
t he ani mal S&E%Q%ﬂ%bved or al jP i.ons and qf{" %g@ for cald 20 allodynia
at 1, 3, an oY ﬁ]éese’g’eﬁ HEEr as sarted), anqjhe £t s \igspenssaleBcyonas he free

bftls ed f aneasofedtth cheamayesitonth o(ﬁfé sé@:chd? ha'réspoﬁ/ﬂ&e fat &éﬁr&d ab 5 ripié@ wﬂﬁ%@gp0| d
al | odyni ayas Qun 0 enmonst rat e
anti-all g%y n(|§f§Me lflétgg zsiteggunggg\gg orgPI%te?y out ﬁ“%%% A wagslationary and o

600 ng/ kg), natpiveting.oAnekaggstateddithp tile Ghefahfmai twgas naeditingiwas not scgred @s & hour s
post - dose. Zrésponse. Maxi ulné Pﬁﬁ%rgfdﬂrtﬂﬂé &fé?ﬁdjg'c&?ds VHhe ?(ghu@nﬁ n?e%ﬁ'b\éﬁgeegr al

i njections of elther ve el oni ze conpounds
of fornul a ITigkoThe sereening ijpria wasieclo theeavespge of twp taal,ssvaamS than or qusdtok3 day

5. The ani We&oﬂﬁ@rﬁldtzgiﬁ&éi ﬁa@&oxﬁis&éﬁ@y Bél@ssOcHe £y trihl &lorek: Aﬁuﬁﬂlg werd Qéded

foll d
(0% 0 oo Ry BRI R8st e Bt ol P ot
al | odyni a t closs-sespensafseidiesbatdicmaheastetia mﬁbmﬁbooé Tlhepre-dose sbrdedingaiangs

tested. Foll i 0 nia, the aninmals received
Ok Bled A e ARRBEOLNGOLIE Al il O]

or al injections 0 er ve e or €8Rpdtnds of formula | at a dose
previ ously shown to produce S|gn|f|cant anti-allodynic effects acutely

(300 ny/ kg po) IQ?%CIIRQ% £ tRe ﬂ]ﬁ'ﬂaﬁ 6 QA Yral rug@ctlons arhdaxoérg?és& @ol gain

tested f d al |l odyni a, F’or hroni ¢ studl es conmpounds 35
fornul a ?6 af’g]ﬁfi)’ﬁ@ fite% e3e| apy sQmstimgs Showrs postgass Al @d@é@s WerR bpseédmbe ﬁge baust
alnl agt i - ffform of the compounds of formula I When tested in the acute cold allodynia ass

al l odynic effect a [ ose on|c Vs
300 ngy/ kg ac® ufids O%f ‘H%\#/g%ne % gqu a?%f aﬁlé’gﬁ%‘c ﬁ%ﬁ?% 50‘3{ peri od
at day 7, th®0ang/kgl At lmgha daste@ped 6aMohg/kg), inkibition fof veld atlodyniy effeced lastedd t o

their basel i G, odyni a, suggesting that the relief
provi ded by dliﬁg corlrlgsts) %f(tjgg%)éf formula | was synptomatic with no di sease

nodi fyi n%;ﬁeffect 5 on the underl y| ng pat hophysi ol ogy of the neuropat hy.
| mportantly, the rgehRhit stfdids/@e dRmeS recelvedQTral ﬁ@ctﬁﬂ%@&ﬂféﬁv&ﬁclé e’iﬂﬂliédl

g I N L S O e
to the effeainse onday Hf Théraninials veslatasied foradtiodynidofl dapl aOL,Buind 5 hours following
the 8 am dose, and at 5 hours following the 8 am dose on days 3 and 5. Two days later (day
30 7), the animals were tested for cold allodynia to assess whether there was a wash-out of the
drug being tested. Following this screening for cold allodynia, the animals received oral
injections of either vehicle or compounds of formula I at a dose previously shown to produce
significant anti-allodynic effects acutely (300 mg/kg po) . One hour after this dosing, the
animals were again tested for cold allodynia. For the chronic studies, the compounds of
35 formula I, administered orally at sub-threshold doses can produce as robust an anti-



10 The long lasting, efficacious effects seen in this assay provide

strong support for the utility of the compounds of the present
invention in the treatnent of neuropathic 6oal n.

EXAMPLE 21 Mechani cal Hyperalgesia In Vivo
Assay 15 This assay determ nes the effectiveness of conpounds

in relievi ngllodimiogtiachas a 15-fold highetnentegiosesdaf, 89 mafkgchyenin vpdWtme ke apyte)

uni | ateral @@Q?S%GQﬁﬁQYAﬁm HouFBFladh nod at da)h')’ Rﬁ‘é ﬁhﬂﬁl%'v@ere retc?sQ:d and
A chronic constriction Tn prodyce

at Ing the r I
cormon ez Sune 1A SUHIEd B Be bargh IB?S"BFS% r?é?ﬁ%é?&l%%ggeﬁ%%haf é%farehe
33:87-107. Phevidedity th©sampounds of fehalhail Gval eyriptonasic wuthlmaldxsém mditﬂfynlig)éffect

| h
o omile 25 ob Bt SRATH R AR newrompiy, Jmmeranetyy B b 208V el
to a pin-pr |oétshe$pmpnun¢s od $oresz F (306 angdike)idmimistered lat tharead gé%mahm%stucﬁﬁs),
157- i f
168, 55t ML B AE S LR AR MBS 0

a plexiglas ated nme
wi t hdr aval @ﬁﬁ@?ﬂ@ﬁmsmgdﬂe@taﬁ%f amld pin pri ck to the plantar
surface of the ligated (right) and sham (| eft) hi ndpaws. The

conpounds of t he sent Jnve tion p duced a on | astjn (5 hour s)
reversalilb The HypAsg Elefs skepyie fises wravﬂpgtrms WPPSK m}bﬁs

inrats w t huntycdfmmpmﬂ@stdﬂtﬁd présent inventiofjinl the tagient eSictebpathid pdis. Met hod.
-47 - EXAMPLE 22

Thermal Hyperalgesia In Vivo Assay This assay determ nes the
ef fectiveness of conpounds in relievi EXANPLE2E he 5 synptons of

neur opat hi ¢ pain produced by Wdh%lgﬁﬁ;§§@¥§%959%t@alf nanmel y ther nmal
hyper al gesi a. e rats ving had surgery as described in
Exanpl e B A were assessed for thermal hyper al gesia sensitivity at

| east 10 days pogthissdd§sgQierermBle @fe! effectiveBedsdF SoBEfidP lrneBeliRE 8RAG  the

symptoms of neuropathic pain produced by unilateral mononeuropathy, namely mechanical
hyperalgesia.

20 A chronic constriction injury was produced by loosely ligating the right common
sciatic nerve as described by Bennet and Xie, Pain 1988, 33:87-107. The left common
sciatic nerve was visualized, but not manipulated to produce sham conditions.

The rats having a chronic constriction injury were assessed for mechanical
25 hyperalgesia to a pin-prick stimulus as described by Koch ez al. Analgesia 1996, 2(3), 157-
164. Briefly, the rats were placed in individual compartments of a plexiglass box with a
warmed, perforated metal floor. Hindpaw withdrawal duration was measured after a mild
pin prick to the plantar surface of the ligated (right) and sham (left) hindpaws.

30 The compounds of the present invention produced a long lasting (S hours) reversal of
mechanical hyperalgesia elicited by a pin-prick stimulus in rats with a chronic constriction
injury when tested by this method.



10 inverted plexiglass cages upon an el evated glass platformand a radi ant
heat source beneath the glass was ained at the plantar hindpaw. The
duration of time before the hindpaw was _47_wi thdrawn fromthe floor was
nmeasured to the nearest tenth of a second. The cutoff time for t he
heat stinulus was 20 seconds, and the Ilaht was calibrated such that this
stinul us duration did not burn or 22he skin. Four |atency

measurenents were taken for eactlhékﬁlalﬁ'y@ggggigm 1eﬁgb‘sgﬁst sessi on,
alternating left and right hindpaws, wth m nute iIntérvals bet ween
tests. The latencies of each side were averaged and a difference score was
obt ai ned. FrDls as3ayl dg/tsmpinsstths effeivgness bfacqmmuﬁdd if @élbdnrgains ofviiee

random y as e injectio 0
Oral achi o < PRt OABR i balF i o uni el BRSBTS ol
potent and hyperalgesiacaci ous anti-hyperal gesic effects in rats with

uni | at er al m)noneuropat hy. Doses up to 300 ng/ kg were teste](ctl }Mthoijt I
adverse events. e potency and efficacy of the conpounds o] ormul a
for inhibition of eaiSPRNIng g @P‘&B@‘é‘ﬁséeﬁmbﬁhtnﬁw A Awereaseessed for thermal

rmnloneur Opatlmperalges;a s&ﬂdﬁ@ﬂty%aﬁﬂ?ﬁthltﬂc% bbstistizes Qﬁ’%ﬂ§aﬂ1@tréfs %&Iﬁééscgﬁ ?Eﬁéafh

t ests tha conpou
Phvent ofd it Bt 866 by g7 slwa&qz Sloss AP G4 P sidnt b s pomeath
pain with a th@glamwmmed tythe plaativ hirelpavey Ehe duratienofitiasd sdoreYhe lithdpaweivhod.
Wi | h
splac?f |t ce Ptk rré) %ﬁﬁeﬂr}%’% ﬁtB ﬂlg‘?esor?ga%ﬂfe%ﬁ lnggx%%t%ﬁﬁggf;gecg G@’et %6%@8&?"{?5 ed
in the art t%bez\?éﬁimbll% wah 20 geconds andrthe light wasiealibratedegoli that duststimmis be
substi tuted erétfbﬂQﬁd HeRid bﬂﬂlsterr?rf@ ddIE Bl Buchly E)ﬂeﬁs@@ﬂents wergscﬁ&ﬂ%opéacthe

i nventio dditio .hodi fications my

parti cul ‘in pay lf’l?érll &5, s ine pliteanating Jefh ang ’Elng RINGPath (it S mHMﬁ:J@E%ValS
process ste Fbeﬂﬁee&ttm The tatérictes @D pebisidéavere averﬁg%l'i lahd a AiFebr&ee BELrOtval BBtained.

present | nv?ﬁ}{)ﬂﬁx agl R%& %r&gwd fqlﬁé ?t%llf:% DP ol Gere Tan om? dastsf?rnecF to rece?ve the drug

the scope o

-48 - or vehlcle injections. d ai ns
1. A conpound of the fornmula I: [err]
20 Oral administration of the compounds of the present invention produced potent and

efficacious anti-hyperalgesic effects in rats with unilateral mononeuropathy. Doses up to
300 mg/kg were tested without adverse events. The potency and efficacy of the compounds
of formula I for inhibition of thermal hyperalgesia in rats with a unilateral mononeuropathy,
taken together with its clean safety profile after oral administration, suggests that the

25 compounds of the present invention will be therapeutically effective in treating neuropathic
pain with a Jow probability of adverse events when tested by this method.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
30 may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective
spirit and scope of the present invention. All such modifications are intended to be within
the scope of the claims appended hereto.



wher e: Rlerr] is hydrogen, (d-4)alkyl,
-(CH err])[err]cycloalkyl, -(CH err])[err]NRlerr]R err], or

(CH[err])[err]NR[err]SCIerr]R[err] 48 - mis 1 to 3; 10
Rlerr] and R err] are independently hydrogen or (Cl-4)al kyl; and

Rlerr] is (d-4)al kyl; R err Rlerr], Rerr], and R err] are
i ndependent |y hydrogen, (d-4)al kyl, or en; Rerr] is

hydr ogen, (C1-4)al kyl, hydroxy, aIkonxy, quoroaIkonxy, hal ogen, or

phenyl or nmopno- o substituted phenyl, the substituents selected
from al kyl oxy, am-no, AFPE“BO“I{S‘r"fi}\‘? OFRWE Y ani no; provi ded t hat
when R err] is hydrogen at least two of Rlerr], Rerr], Rerr], Rerr] and
Rlerr] are other t han hydr ogen; @nd furt provi ded that when Rlerr]
is nethyl and Rerr], Rerr], R[err] and R[er ] are hydr ogen, Rl err]
is other than fluoro; or a |t Q rcgept abl e salt or N-oxide
t hereof, as an individual isomner a 20 racem't or non-racemic mxture
of isoners. 2. THe gorpqund of Caim1l wherein Rerr] is
hydrogen, (Cl-4)alkyl, or ("CHz) nmcydl oal kyl . 25 3. The
conpound ®f Claim?2 wherein Ris hydi3gen, rret hyl, Bthyl, or

-(CH err]) [ agrdreycl oal kyl . . The corrpound of Claim3
wherein R err], Lr are |nde ndent hydr ogen
or (Cl-4)alkyl. sh{rdroRLn (C]1-4?§ﬂy1 '%ﬂ'zl!n r@%ﬁlﬁr ar wher ei n
Rlerr], R[er.((]:Hz)gNu’s(])zE?nd Rlerr] are |ndependently hydr ogen, met hyl
or et hyI -49 -

6. The conpound of I&Ilsa”ﬂ% wherein R err] is hydrogen or hal ogen.

: Tht0 corrpound of K] amidR® Grenindependerlydrydioges oh{(dr4)ghiayl; abd oo, or chl oro.
. of Caim7 wherein Rlerr], Rerr], and
R[ errl are hydr ogkep %ﬁgangf are in epen(lently hydrogen, (C1-4)alkyl, or halogen;
R*is hydrogen, (C1-4)alkyl, hydroxy, alkyloxy, fluoroalkyloxy, halogen, or phenyl
or mono- or di-substituted phenyl, the substituents selected from alkyloxy, amino, nitro, or
15 acetylamino;
provided that when R'is hydrogen at least two of R% R® R* R’ and R® are other
than hydrogen; and further provided that when R'is methyl and R%, R?, R’ and R® are
hydrogen, R* is other than fluoro;
or a pharmaceutically acceptable salt or N-oxide thereof, as an individual isomer or as a
20 racemic or non-racemic mixture of isomers.

2. The compound of Claim 1 wherein R'is hydrogen, (C1-4)alkyl, or
-(CHy)pcycloalkyl.

25 3. The compound of Claim 2 wherein R'is hydrogen, methyl, ethyl, or
-(CHy)cycloalkyl.

4. The compound of Claim 3 wherein R%L R’ R’ and R®are independently
hydrogen or (C1-4)alkyl.
30
5. The compound of Claim 4 wherein Rz, R3, R’ and R® are independently
hydrogen, methyl or ethyl.

A



are nethyl, and R4 is brono. 9 . The conmpound of Caim?7
wherein R err], Rerr] and Rerr] are nethyl, Rerr] and Rerr] are 10
hydrogen, R err] is brono. - 480. The conpound of Claim7
wherein R err], Rerr] and Rlerr] are nethyl, Rerr], Rerr], and R err]
are hydrogen. 15 11. The conpound of Claim1 wherein the

i ndi vidual isonmer is the (S)-isoner. 12. The conpound of
Caim1l wherein thie phpicRefslhe st CMirRSGaREERRE istdidtoges or halogdhydr ochl ori de.
20 13. A conpound sel ected fromthe group consisting of

3- (4- brono- 2, 6-di net hyl phenoxynet hyl )- 1 -nethyl pi peridine;

3- (4- br ono- 2, 6- diret hyIlphwagpoynddi¢lajm 6lviresin R’ s Inirogbnnbrohtoosi edoro.

(S) - 3-(4-§)r ono- 2, 6- di net hyl phenoxynet hyl ) - 1- et hyl pi peri di ne;

3- (4- brono- 2, 6-di net hyl phenoxynet hyl ) - pi peri di ne;, 25 s ) ¢
(S) - 3- (4- br ono- 2,%- di MEherpmposndetieiy|Wheptip®'j R, ard R’ are hydrogen, R and R
3-(2, 6-di net . -~L- met hyl pi peri di ne;

3-(2,6-di mata% pﬂ@ﬂ%gg?{%xllo oI1 nmet hyl pi peri di ne N-oxi de; and

(S)-3-(2, 6-di met hyl phenoxynet hyl ) - 1- net hyl pi peri di ne. 30 14. A
medi cament cont aigi Ng THRoRipolid 6f CRITR I WiEi®R' FNanaRE aef methgi, B8 add R3are
or a pha{ﬁmgg tical ky. cceptable salt or N-oxide thereof and at | east one
phar macetH i en, ROISX¥88t abl e excipient for the treatment of di seases.

-50 - 15. A nmedi canent according to claim 14 for the control
or treatnment of diseasgs, t tex, Jngh I a jsum
channel bl ocker,dfv(\;i ch™i nchlPSBR ﬁgé%gﬁt’]ro r%?(ﬁj’k z%drdga(}ng%eﬁgi lﬁtféll}r’oa%gt iC
pai n condi t ias;Bydrogers 16. A process for preparing a conmpound of
formula | as defined in claiml, whi ch process conpri ses:

15 11.  The compound of Claim 1 wherein the individual isomer is the (S)-isomer.

12. The compound of Claim 1 wherein the pharmaceutically acceptable salt is
hydrochloride.

20 13. A compound selected from the group consisting of
3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine;
3-(4-bromo-2,6-dimethylphenoxymethyl)- 1-methylpiperidine N-oxide;
(S)-3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine;
3-(4-bromo-2,6-dimethylphenoxymethyl)-piperidine;

25 (8)-3-(4-bromo-2,6-dimethylphenoxymethyl)-piperidine;
3-(2,6-dimethylphenoxymethyl)-1-methylpiperidine;
3-(2,6-dimethylphenoxymethyl)-1-methylpiperidine N-oxide; and
(8)-3-(2,6-dimethylphenoxymethyl)- 1-methylpiperidine.

30 14. A medicament containing one or more compounds of any one of claims 1-13

or a pharmaceutically acceptable salt or N-oxide thereof and at least one pharmaceutically
acceptable excipient for the treatment of diseases.
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a) reacting a conpound of the formula [err] 10 with a
conpound of the formula

(2) 15 wherein R err]-Rerr] arg as defined above and Y is
hydrogen or -OY is a |eaving group, or b) deprotecting a
conpound of formula 20 ) [ecr@:%i . )

(3) 13her & megicamens accarding tonlaimeldt foridie gorsrnd onmentmentrRys discasess

defi ned aboygsed on therapeutic indications of a sodium channel blocker, which include the control or
treatment of neuropathic pain conditions.

5 16. A process for preparing a compound of formula I as defined in claim 1,
which process comprises:

a) reacting a compound of the formula
R2
RS OH
R* R®
R5
10 @

with a compound of the formula

@

15
wherein R1-R6 are as defined above and Y is hydrogen or -OY is a leaving group,
or
b) deprotecting a compound of formula
20
R?
R3 0 NP
R4 R®
R

wherein R is an amino protecting group and R2-R6 are as defined above,

R N



-51- or c) al kyl ating or acylating a conmpound of formula

[err] wherein R err]-Rerr] are as descri bed above to give a
conmpound of fornula I, wherein Rlerr] isg;. (CL-4)al kyl, -(CHerr])m
cycloalkyl, -(CHerr])[err]NRlerr]Rlerr] or this Sheet Has Been Replaced

“(CHerr])[err]NRlerr] SO err]Rlerr], 10 d) oxidiziEHHuEum of
formula | t¥ give an N-oxide, or e) resol vi ng re
into its enantioneric conponents, and f) i f desired, converting a
conmpound of .for L into a.pharnmaceutically acceptable 15 salt.

17. Conpoﬂndsna@ﬁqllﬁ?fgfq%mgﬁcmowOE?QJT'%L" 1- 13 whenever prepared by a

process claimed in claim 16 or by an equi val ent nethod.

Ra
Re o NH
Rt R®
R® Ia

5
wherein R2-R6 are as described above to give a compound of formula I, wherein R! is
(C1-4)alkyl, (CH2), cycloalkyl, -(CH2)mNR7RE or -(CH2), NR7SO2R?,

10 4d) oxidizing a compound of formula I to give an N-oxide, or
€) resolving a racemic mixture into its enantiomeric components, and
f) if desired, converting a compound of formula I into a pharmaceutically acceptable

15 salt.

17.  Compounds according to any one of claims 1-13 whenever prepared by a
process claimed in claim 16 or by an equivalent method.

20 18.  The use of a compound in accordance with any one of claims 1-13 for the
control or treatment of diseases based on therapeutic indications of a sodium channel
blocker, which include neuropathic pain conditions, or for the manufacture of a medicament
containing such a compound.

25 19.  The invention as hereinbefore described.
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