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Process for the manufacture of
[ phenyl sul f anyl phenyl ] pi peridines Field of the

WO nooenvssen The present invention relates to a PCDERESY/052440
for the manufacture of
[ phenyl sul fanyl phenyl j pi peri di nes and salts thereof.
Background of the invention The international patent
appl i cations published as WO 2003/ 029232 and WO
2007/ 144006 di scl ose that the conpound

P B P AR R PRRSRIAE 07 oF t he

serotonin and noradrenalin reuptake, inhibition of the
serotonin receptors 2A and 3 and adrenergic receptor O

Fictd 6% tidifAvddifa Sai d conpound and salts thereof may be
nt. of a i.cations,

e e et bl G TR ot s RS B At

[phteﬂﬁgﬁfd@paeﬂﬁ &RinRLAESARARerbOr the manufacture of
sal d compound ich are easy, cheap and which provide

a high yield. W 2003/029323 di scl oses a process
wherein a r -butoxycarbonyl protected piperidine-4-0

Baﬁé%%hﬂgﬁfﬁhﬁﬁgﬂhﬂgo an oxal ate and then reduced by

rovide the desired conmpound afte
de- Eh@tné@’pqttmal patent apphcatlons published as WO 2003/029232 and WO

2007/144006 disclose that the compound 4-[2-(4-methylphenylsulfanyl)phenyl]-piperidine
has a pharmacological profile encompassing inhibition of the serotonin and noradrenalin
reuptake, inhibition of the serotonin receptors 2A and 3 and adrenergic receptor o4, and
that said compound and salts thereof may be useful in the treatment of a range of
indications, such as depression, anxiety and pain. Consequently, there is a need for
processes for the manufacture of said compound which are easy, cheap and which provide a
high yield.

WO 2003/029323 discloses a process wherein a tert-butoxycarbonyl protected
piperidine-4-ol is transformed into an oxalate and then reduced by means of Bu;SnH to
provide the desired compound after de-protection.

WO 2007/144006 discloses a process wherein ethoxycarbonyl protected piperidine-
4-ol is obtained by reacting 2-(4-tolylsulfanyl)-phenyl bromide with N-carbethoxy-4-
piperidone, which product is reduced by means of SiEtsH/TFA to provide the desired
compound after de-protection. The process step in which the ethoxycarbonyl protected
piperidine-4-ol is obtained is run at very low temperatures, i.e. —40 °C and the reduced
intermediate is difficult to isolate as it does not readily crystallise.

WO 01/46147 discloses a method for reducing N-protected piperedine-4-ol by
means of SiEt;H/TFA.

Summary of the invention
The present inventors have surprisingly found that the use of an optionally

substituted benzyl as N-piperidine protecting group allows a process to obtain the
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WD 2007/ 144006 di scl oses a process wherein
et hoxycar bonyl protected piperidine- 4-ol is obtained
whyoovaaessti ng 2- (4-tol yl sul fanyl)-phenyl brom deCTEP1009/052440
JV- car bet hoxy-4- pi peridone, which product is reduced
by neans O'SiEt HArFA to prggide the desired conmpound
after de-protection. The process step in whi ch the
et hoxycarbonyl protected piperidine-4 i s obtained
pro'te% fd??%éldﬁ% elri_\rélli‘ nggg\{t’utélg ?Elﬁgﬁ%r#%g rtaﬂu{eg thag' Qg?sg*l%g[g Ihﬁéh%r overall
ylelm;ealdrthat dllead |fd>rya mbmdaa;lr hmcSmnv\i@em{;edﬁtWaﬂdu Iﬁmﬂf ostam &
. .method for u0|n tected pi di ne-4
mt%]&ﬁ@@éfbyg IIWPP%\ gly igfong FEE'%P \I;I&%.t%wn?ﬁ@m relates to a
proRERSARteih BV ;pQﬁncd Mﬁn&l'a“ipr i singly found that the use
of an optionally substituted benzyl as N-piperidine
protecting group all ows axprod Q_obtain
t heprot ected pi periding s-Lat hi gher
tenperatures, that give gher overal
yi el ds, and that all gy nge easy and conveni ent
isolation and purificatlon of i'nternmedi ailes by

atl ordln in one e i ment
whis ok e R e Gpeadeh R W%?réﬁﬁwglygﬁgﬁ%dﬁa’g@? Cre-alkyl
or é?{-ﬂﬁ%’l@né !md"ﬂ %p%é%ng a 1860 &rohﬁ M@&Q&Mthxén rogﬁ&%ﬁl?%hbstltuted
one, two or three hydrogen, ogen,
N-lepz@- éhpipytlécn@ and L represents a | eavi ng gr oup is
reacted with an optionally substhmuted

O

optionally in the presence of a metallation agent selected from alkyl lithium, alkyl
magnesium or magnesium;

wherein R’”’ represents hydrogen or —O-C, ¢-alkyl to obtain a compound of formula III

OO

In one embodiment, the invention relates to a process for the manufacture of a

(1I).

compound according to formula I

ool

and acid addition salts thercof, said process comprising the step of reacting a compound of

formula I1
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JV- benzyl - 4- pi peri done, optionally in the presence of

a netallation agent selected fromalkyl lithium alkyl
wora@naedswm or magnesi un wherein R " represent BCT/EP2009/052440

hydrogen or -O C _6-al kyl to obtain a conpound of

formula Il In one enbodinegt, the invention rel ates

to a process for the manufacture of a conpound

according to fornmula | and acid addition salts

thereof, said process copnprisigng the step of reacting

a conmpound of formula | P sn%]ly substituted

i V- benzyl - 4- pi peri done the presence of a

metal | ation agent sel egcKed”trom akkyl |ithium alkyl

magnesi um or magnesi UM t o obtaiR"a conp d of formula

1l Figures Figure 1: X-Ray diffraction ttern (XRDP)
wit@fan loptiemlyl suBsthiytdd oxyendy[ £p{ptridone

met hyl phenyl sul f anyl ) phenyl ] pi peri dine, HCO, a-form

Figure 2 : XRDP of R

| - benzyl - 4- hydr oxy- 4-[ 2- ( 4-

] pi peridine, HO, b-formFig

Scanning calorinmetric (DS

I-benzyl-4-hydroxy-4-[2-(N

phenyl sul f anyl ) phenyl
: Differentia

O

optionally in the presence of a metallation agent selected from alkyl lithium, alkyl

magnesium or magnesium to obtain a compound of formula I

(1I).

Figures
Figure 1: X-Ray diffraction Pattern (XRDP) of 1-benzyl-4-hydroxy-4-[2-(4-

methylphenylsulfanyl)phenyl]piperidine, HCI, o-form

Figure 2: XRDP of 1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl]piperidine,
HCI, B-form

Figure 3: Differential Scanning calorimetric (DSC) of 1-benzyl-4-hydroxy-4-[2-(4-
methylphenylsulfanyl)phenyl]piperidine, HCI, o-form

Figure 4: DSC of 1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl]piperidine,
HCI, B-form
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met hyl phenyl sul f anyl ) phenyl ] pi peridine, HO, a-form
Figure 4 : DSC of

wo 20menaght 4- hydr oxy- 4- [ 2- (4- met hyl phenyl sul f angt)/pPmnyb52440
] pi peridine, HO, b-fornDetail ed description of the
I nvention Leaving groups are al so sonetines referred
to as nucl eofuges, and they ™are typically
correspondi ng weak bases to strong acids. Exanpl es of

De&, ﬁd@%:ﬁﬁﬂﬂﬁﬁth@ﬁh%ﬂﬁoﬂa|Ogens such as d, Br, I,

ates, such as Tosyl ate Brosy late
l\/tes F%ﬁuag SREPSTHE pipp é?%‘e@ﬁ‘é%ﬁeé?“%iéﬂtaﬁ BHe ?%fu&% anchthepare typically
, [

cor e e P oS g B0, BB PRSP B0 pclads logens
meas(&lﬁeﬂhmﬂa&wﬂmﬁﬁnmkmsmhydsogen and in partlcular

R is nethyl in the 4-pgsition. In one enbodiment, R

an Li nde en' {fepresent ope or nore hydrogens
5 oﬁens 4 I or o. Imceee enbodlneqPF R" is

hy drogeh Sor nethoxy, & in particdakar hydrogeho—tn

onergipodi nent, thepetal | ati onvagest 46 al Kydiyate

[ithium such as n-butyl lithiumor tert-butyl
Spédiial mantrpn srdadenof @B t i cul ar n- butyl lithium In one

phafqd"ﬂ}l rrefe egxtel? éi‘igrq%}a]gl d ’glﬁ%el 1(1)1 %Hepdeqtl,yshy%rogen or Cy6-alkyl, such as

methyl. In particular, R’ is methyl and R’ is hydrogen, and in particular R’ is methyl in the

H

4-position. In one embodiment, R’ and R”’ independently represent one or more hydrogens
or halogens, such as fluoro.

In one embodiment, R”’ is hydrogen or methoxy, and in particular hydrogen.

In one embodiment, the metallation agent is alkyl lithium, such as n-butyl lithium or
tert-butyl lithium, and in particular n-butyl lithium.

In one embodiment, the acid addition salt is a pharmaceutically acceptable salt. In
onc embodiment, said acid addition are salts of acids that are non-toxic. Said salts include
salts made from organic acids, such as maleic, fumaric, benzoic, ascorbic, succinic, oxalic,
bis-methylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic, tartaric,
salicylic, citric, gluconic, lactic, malic, malonic, mandelic, cinnamic, citraconic, aspartic,
stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzenesulfonic,
theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-
bromotheophylline. Said salts may also be made from inorganic salts, such as hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids. Special mention is made of the
hydrobromic acid addition salt.

In on embodiment, one equivalent of compound 11 is dissolved in a suitable solvent,
such as a hydrocarbon or an ethereal solvent, e.g. heptanes, tetrahydrofuran (THF) or a
mixture thereof and cooled to between around -25°C and 5°C, such as between around —10
°C and around —25 °C in a protecting atmosphere, ¢.g. nitrogen. Typically, between 0.1 and
4 equivalents of THF is used. To this solution is added approximately 1 equivalent of a
metallation agent e.g. n-butyl lithium dissolved in a solvent such as a hydrocarbon, e.g.

heptanes while maintaining the temperature below 0 °C. Upon cooling to a temperature not
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one enbodi nent, said acid addition are salts of acids
that are non-toxic. Said salts include salts made from
we@e@aniws4aci ds, such as maleic, fumaric, benzoPCT/EP2009/052440

ascorbic, succinic, oxalic, bis-nethylenesalicylic,
nmet hanesul f oni ¢, et hanedi sul fonic, acetic, propionic,
tartaric, salicylic, citric,” gluconic, lactic, malic,
mal oni ¢, mandelic, cinnam c, citraconic, aspartic,
& 11 - anj. I i .
el S puREL IS 1S R SpyBLE S 2 AR AREE G v

sol&:‘nt weth agsn ¢theraBsohadnatehye dipttyisladdesin shappexangbly dguimolar

o SEEATERI 1 o 0 B

EfcH! the reaSHbd RHIBwWeR W%QH@ kd &oﬁﬂ@m‘%ﬁa’ﬁdrg Bl Iﬁl§duct may be

pecial nmention is nmade of the hydrobromc acid
woel@dmlplhyrphsm fepathhiomnsiegrb oditabinolvanhesueyas sthylewttatsfand an

0TSSR eltiorbeh STOMIT #BHR RO LA TR 0I5 s afly or party
rentRRY B9 € Fcurne A Sk admpckhime O°@) rDl%@oWlﬁg EH&%’rQ&fct ina

and cool ed to between around -25C and 5C, such
suitgblogebignbgnslaanoving said sahgnig- @LhinvaCQ@n gctillatien may be repeated

usng% ? %E’lﬁ’fﬂ: 819 E&Q%SQH r(?lStll t1%h 1@&0%18%%@ a. sglegﬁtcgl l "#ISF ti%?dsded

gui va ent uséd

foll®eled by @dditidn adde dmaplbf mStali’(Bé ledtoéerﬁd]llﬂbrltﬁ| @Ris mfbbRd into the
netal | ati on agent e.qg. [1thjum dissolved in a

solytin, apd thespdugs (Gorpgaing éHP b?dﬁeClIéltaéed PMepidney it ugable anti-
sol{?‘&!t %@l'é ﬁ%@%&%ﬂ%&ﬁeﬁo '3 lgért&% %%“%ﬂ%ﬁ” Hntﬂg %ﬁt‘P Qb ivBG
iSO _tapbn/pnaﬁcta}loﬁ;ﬂacsdimg u&e‘dh Q})oétdde nf yormpgoypd gHrmgobeusdd & pleempitate
cor}qg]ou%d III. In order to obtain a good yield, solvents used prior to the phase separation
should be dry.

As shown in the examples, the inventors have investigated the above reaction using
various protecting groups, i.e. N-benzyl-4-piperidone, N-carbethoxy-4-piperidone, N-tert-
butoxy-carbonyl-4-piperidone and N-benzoyl-4-piperidone and at temperatures ranging

from around —15 °C to —78 °C. Table 1 below summarises the yiclds obtained

Table 1
Temperature | N-benzyl-4- N-carboethoxy- | N-fert-butoxy- | N-benzoyl-4-
piperidone 4-piperidone carbonyl-4- piperidone
piperidone
-15°C 90% ~30% ~ 0%
84% (not isolated)
-40 °C 55-60 %
-78 °C 42%

It is thus evident that the use of N-benzyl-4-piperidone gives rise to a significantly
higher yield and allows the reaction to be run at significantly higher temperatures. To run a
reaction at —40 °C, not to mention at —78 °C, compared to at —15 °C requires specialised

equipment and makes handling more difficult which increases the cost. Another advantage
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sol vent, such as an etheral solvent, e.g. THF is added
i n an approxi mately equi nol ar anount whil e keeping the

wo eovpaosiur e bel ow around -15 0C. Once the addpPCT/BPR0DE052440
conpleted, the reaction is allowed to warmto room
tenperature. The product may be worked up by phase
separation using a suitabl e Osol vent, such as ethyl
acetate and an aqueous basic solution, e.g. NaCH with

of & %@g%%%r&gétﬁ% %rla-gisl‘ctﬁeit\ﬁeﬂfo%v(s%lea fidld Xon@%ni@t?trigdé%t&%g and

ré y "vacu ation (max tenperature ~
purdicasioh vf thg rédveiop podiuct thiaugh ceystal ladatien. Silevbentyl gngtected piperidine

oo BRSO S e ol R ARG e P 2 o,
di stbbalden nilaél_ PPN BLELY %a&%f’@@ﬁoph@n(ﬂ-Wiwsdit%bgids@ﬁgituted
foll owed by addition of an acid, for instance hydrogen
berzhho sudeasgasl ,2-dihsldgbhladzénstio thehpresobaof aninomadicttase, such as

.Qr oduc und .l | is precipitated by m xing with
°X1§essﬁigt élgquﬁﬁ? Oélﬁfé{;b?' such as di-ethyl ether, and

col haein@velfcortpodhd BrMaf byvthided iea pdltadius® L Ried reaction

isolation/purification, seeding with crystals o

f
betwgerpd thiephenel andy Menyidwtide bipreeddgrganis Gupaond 9891 J.March
| . a ' et
e s S5 LA SRR Py AR AR50t B genrnc

ma@bangdces, at tReatcd weipcgdtsrcliageatioty 8010, gatiesk itvec aDOYE) in the
reaction using various protect.i n? groups, .
1

prepapep @h3 Yrl-sauise ged  isieatatd nogpltipe WyE&arﬁplﬁ%gﬁ Rebypairces include
Pdéi'z,tlﬁc{(blay)tz Q1Y Pd,dba,. Examples of phosphine ligands includes racemic 2,2’-bis-
diphenylphosphanyl-[ 1,1’ Jbinaphtalenyl (rac-BINAP), 1,1°-
bis(diphenylphosphino)ferrocene (DPPF), bis-(2-diphenylphosphinophenyl)ether
(DPEphos); dba is dibenzylideneacetone.

In order to obtain the final product, i.e. compound (I) or acid addition salts thereof,
compound III is further reacted with an alkyl chloroformate, such as ethylchloro formate
followed by reduction with Et;SiH/TFA. The benzylchloride released may be captured by
reaction with ethanolamine. Reaction with an acid in a final step is required to remove the
N-piperidine protecting group. Proper selection of said acid will afford a desired acid
addition salt of compound (I) directly.

Compound I (1 equivalent) is suspended together with an excess of a base, such as
Na,COs in a solvent, e.g. ketones, acetates, chlorinated alkyls, or aromats, such as acetone
or toluene, and 2-3 equivalents of a alkylchloro formate, ¢.g. ethylchloro formate are added.
The product may be isolated by phase separation adding water and a solvent, such as
toluene or dichloromethane, and isolating the organic phase upon which the solvent is
removed fully or partly, e.g. by distillation. The resulting product is added to a mixture of
TFA and Et;SiH (2-3 equivalents) at a temperature between around —10 °C and around —
25°C. After the reaction is completed, the mixture is allowed to warm to room temperature,
and the product may be isolated by phase separation using water and a solvent, such as

toluene or dichloromethane. After removing the solvents, ¢.g. by distillation, an appropriate
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car bonyl - 4- pi peri done and JV-benzoyl - 4- pi peri done and

at tenperatures ranging fromaround -15 0Cto -78 0OC.
wa ambaods4bel ow summari ses the yi el ds obt ai ned ACER2029/052440

It is thus evident that the use of

JV- benzyl - 4- pi peri done gives rise to a significantly

hi gher yield and all ows the reaction to be run at

significantly higher tenperatures. To run a reaction

.at. - ' t i .- 7 . .
ociio s 3t a0 J QulBER R Bbne Mo SR b 0Rhn the desired
acithadditiomgplinmrone dinfpfd sted.t whi ch i ncreases the cost.

Anot her advant ageof using.benzyl as protecting group
is i‘h%ﬁe qr?%ogFmﬁ&sC%ougdﬁﬁsre conveni ent isol ation and
purification of the reaction prodygt ?ﬁﬁough

crystallisation. The benzyl proteded piperidine acid

addition salt readily crystalli$ ereas the other
prot ected pi peridines do not. Cgonpound Il may be

in the presence of an PLABRQ pase, such as oxi des,
e.g. tt-butoxide, or Na i vely, conpound
Il may be obtained in & _pa at al ysed reaction
bet ween a thi ophetC and™a phenyl “hal i de [ Advanced
Organic Chem stry (1985) J.March (ed.), 589-590, John
whishlieyhtaindd badisexaimgl legqudb-ahat hf/l t hi ophenol and
2-i odobronmo benzene may be reacted at el evated
tenperature (e.g. above 800C, such as above 100 0C) in

t he :: )
H,C

in heptanes and THF (typically 0.1 — 3 equivalents of THF) at a temperature between
around 5 °C and around —25 °C, such as between around —10 °C and around —25 °C, such
as around —15 °C, upon which r-butyl lithium (1-1.5 equivalent) is added while keeping
the temperature below 0 °C. Typically, L is Br. Once the addition is completed, the solution
is cooled to a temperature between around —10 °C and around —25 °C, such as around —15
°C and approximately an equimolar amount of N-benzyl-4-piperidone is added while
maintaining the temperature. When addition is completed, the solution is allowed to warm
to room temperature.

The reaction is quenched with water, and the product is isolated by phase separation
using a suitable solvent, such as ethyl acetate and adjusting the pH of the aqueous phase to
10-12, e.g. by NaOH. The solvent is removed or reduced by distillation, and fresh solvent,
such as e.g. THF is added and removed one or more times. Fresh solvent is added and

hydrogen chloride gas is bubbled into the solution upon which the compound
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presence of a Pd source and a bi dentate phosphine

I i gand. Exanples of Pd sources include PdC , Pd(Gac)
wQ@2@ndoBdrdba2. Exanpl es of phosphi ne |igands PCEPZIE052440

racem c 2, 2'-bisdi phenyl phosphanyl- [1,1

Jbi napht al enyl (rac-BINAP), 1,1'-

bis(diphenylphosphino)ferroé%ne ( DPPF) ,

bi s- (2- di phenyl phosphi nophenyl ) et her (DPEphos); dba is

di benzyl i deneacetone. In order to obtajin the fina

product, i.e. conpound (1) or acid a@&ditjon salts

t hereof, conpound I11 is further rea with an al kyl

chl orof ormat e, such as ethylchlorg

may be captured by reaction with
Reaction with an acid in a fin stép is required to

selection of said acid will afforga desired acid
addition salt of conpound (I% cOHy. Conpound 111 (

1 equival ent) is suspented : W th an excess of
a base, such as Na2CO sol e.g. ketones,
acetates, chlorinated<alkyls, o omat s, such as
acetone or tolued$Cand™2-3 equivalents of a
al kyl chloro formate, e.g. ethylchloro formate are
preaipdetds asTérestpls aftacmizigy with aissohtde edti-bylvpiiageh sedaethyl aher. As
addi wat er and sol vent, such as tol ueng. .or .
megionlaPaierdte W IhaoeR e RCPHE P SIHTHGHRALY *dditan of an
antkd1Géhtt NBerSA-Y@RHrIx§-4-[2-(4-methylphenylsulfanyl)phenyl]piperidine, HCI

exists in polymorphic forms as discussed later, i.e. an o~ and a B-form. A polymorph with
the highest melting point is the most stable and also tends to be the least soluble. It is an
advantage to seed with a polymorph with low solubility as this will lower the amount of
compound that remains in solution, i.e. improve the yield. The polymorph with the highest
melting point, i.e. the B-form, is found to be the least soluble in relevant solvents.

One equivalent of said compound is suspended in a solvent, such as acetone
together with approximately 2 equivalents of a base, such as Na,COs and 2-3, such as
approximately 2.5, equivalents of ethyl chloroformate to obtain the compound

OY o~

N

o oA
BOATES

Said compound is worked up by addition of water and a solvent, such as toluene and
collection of the organic phase. The solvent is fully or partly removed by distillation and
the resulting residue is slowly mixed with to 2-3, such as approximately 2.5, equivalents

EtsSiH in TFA at a temperature between around —10 °C and around —25 °C, such as around
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removed fully or partly, e.g. by distillation. The

resulting product is added to a m xture of TFA and Et
w®H(1®581 equi val ents) at a tenperature betweePCHEP2WNL052440

-10 OC and around - 25C. After the reaction is

conpleted, the mxture is allowed to warmto room

tenperature, and the product9 may be isol ated by phase

separation using water and a solvent, such as tol uene

$ : . \V;
15V R RS R & R reh AL Bt QoS P Som erperature o
obtaddbel cdropsumdove t he protecting carbet hoxy group and to

obtain the desired acid additign salt in one single

step. In one enbodi nent, conpogﬁiﬁ Nsthich is

obt ai ned by dissolving 1 equivalent of in heptanes and

THF (typically 0.1 - 3 equival enthé. _of THF) at a

tenperature between around 5 0C and]around -25 0C,

such as between around -10 O0C and agpound -25 OC, such

as around -15 0C, upon which n-bwyl lithium (1-1.5

equi valent) is added while keeping the tenperature

bel ow 0 OC. Typically ' Rge the addition is

conpl eted, the solutid

bet ween around -10 0C\g ar ound 5 0C, such as

around -15 0C andd&pproXi mately ah equi nol ar anount of

JV- benzyl - 4- pi peri done is added while nmaintaining the
whichrepeatid 8. watlethuably phdso sepagatmonPptomdly, thhergolaphasnwhich

containd J[hle%\gr%%oar?d r\IAS}rI B Ee(%lurxg witth%%a%gﬁkﬁrrleefo capture the benzylchloride

released. HBr in acetic acid (1.5-4 equivalents, such as approximately 2 equivalents) is
added to achieve the final product. Optionally, additional recrystallisation of the product
may be applied at this stage. Suitable solvents include water and alcohols, such as methanol
and ethanol.

In one embodiment, the invention provides a process for the manufacture of a

compound of the formula

ZT

o
H,C

or acid addition salts thereof, the process comprising the steps of reacting a compound of

the formula
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The reaction is quenched with water, and the product

is isolated by phase separation using a suitable
waelwams41 such as ethyl acetate and adj usti ng PCEEPH0D652440

t he agueous phase to 10-12, e.g. by NaCH The sol vent

is renoved or reduced by distillation, and fresh

sol vent, such as e.g. THF i d%dded and renoved one or

nore tines. Fresh solvent is added and hydrogen

chloride gas is bubbled into the solutjon upon which

t he conpoundprecipitates as crystal g Der mxing with

a suitable anti-solvent, such as di ether. As

nmenti oned above, seeding with cryst s an

alternative to precipitation by addition of an

anti -sol vent. N HCI

1- benzyl - 4- hydr oxy- 4-[ 2- (4- net Hyl pheényl sul f anyl ) phenyl

] pi peridine, HO exists in polyorphic forns as

di scussed later, i.e. an a- and acb-form A pol ynorph

with the highest nmelting point is|t@& nost stable and

al so tends to be the |eas Bhub It is an advant age

to seed with a pol yno ith I[p ol ubility as this

will |ower the anmoun ZONMPOUR hat remains in
solution, i.e. i e yield. " The pol ynorph with
the highest nelting point, i.e. the b-form is found

with ethyé chlheoforaze tosabitaiblkeomponed ethaforswlasent s. One
equi val ent of said conpound isgﬁusgénded in a sol vent,
such as acetone together wth rafely 2
equi val ents of a base, such as Nal CO and 2-3, such as
approxi mately 2.5, equival ents ofNethyl chlorofornmate
to obtain the conmpound Said conpound is worked up by
addi tion of water and a sol vent{_ sugh ag t ol uene and

ot
BOR K

which compound is further reacted with EtsSiH and trifluoro acetic acid followed by
reaction with an acid to remove the N-piperidine protecting group and optionally to obtain a
desired acid addition salt. In particular, the hydrobromic acid addition salt can be obtained
by reaction with hydrobromic acid in acetic acid to remove the N-piperidine protecting
group and to obtain the desired salt in one step.

As shown in the examples, this process for the manufacture of 4-[2-(4-
methylphenylsulfanyl)phenyl]piperidine, HBr has an overall yield of above 50%, whereas
the manufacturing process using carbethoxy as protecting group only reaches a yield
around 25%-45% depending on the temperature. Experiments with the above reactions in
the 50-60 kg scale suggest that the difference in yield is even more pronounced on large
scale.

The below compounds have been shown to be particular useful intermediates in the
manufacture of [methylphenylsulfanylphenyl]piperidines, such as 4-[2-(4-
methylphenylsulfanyl)phenyl]-piperidine and acid addition salts thereof.
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wo empdos4i s slowy mxed with to 2-3, such as PCT/EP2009/052440
approximately 2.5, equivalents Et SiHin TFA at a
tenperature between around -10 OC and around -25 0C,
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obtgai n the compound whi ch conpound i s worked up by
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HBr in acetic actx .5-4 equival ents, such as
approximately 2 equivalents) is added to achi eve the
final product "Sptionally, additional
recrystallisation of the product nay be applied at
this st age. Suntlabl e sol vents include water and

alcolo Sy ¥ §%et hanol and ethanol. In one
enbod nt,
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4-ethoxycarbonyloxy-4-(2-p-tolylsulfanyl-phenyl)-piperidine-1-carboxylic acid ethyl ester

, and in particular
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desired acid addition salt. In particular, the
hydr obrom c acid addition salt can be obtai ned by

wo e@etiosm wi t h hydrobrom ¢ acid in acetic aci dPCDEP2009/052440
renove the N-piperidine protecting group and to obtain
the desired salt in one step.. As shown in the
exanpl es, this process for tlHe manufacture of 4-1 2- (4-
nmet hyl phenyl sul f anyl ) phenyl ] pi peri di ne, HBr has an

ovefalde dhhildtnQi, @g ?ﬁ%mﬁ@t%elmetﬁ %@ﬁlph%?dgﬁ‘gg g&g%ﬁgﬁhbﬂ Qalts

process using car Xy as protect
thereoficlresmaoyidelid ar ound 25% 45% dependi ng on the

tenperature. Experinments with the above reactio in
t he 5EER ey il e ST1GBR Tedta O neay r By e -
meMinﬂlQn&l%l?a%?Dp pRABRNNGEHin0Ncrl @4 188e $&A], &n pdlfiBular with

bél’'ow conpounds have been shown to be particul ar
XRipdefedkctions et appddametsly 436065 vdd Uflantd Udd)8pfuch as with a XRPD as

sl A S L LU PBEL LS SR8 g 13
12.gg 1?% ?%j. Z,Es('telo ?ssgiﬁ‘. §1|1 %ﬁ%{g?{ %Hgllzvg}in%%r@@(gle%dféﬁ‘ﬁﬂ.% shown in
Figurds 8rutyl 4, sh092lr-aixy k- B-Zortrlo frebimdy pheipdtoxyl4-agd-) phenyl

el iheny sulfany Dphergtpiperidie, HOL hava melting poinid at around 170 °C and
around 216 °C, respectively. The o-form can be obtained by crystallisation from THF; the
B-from by crystallisation for acetone.

All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference in their entirety and to the same extent as if each
reference were individually and specifically indicated to be incorporated by reference and
were set forth in its entirety herein (to the maximum extent permitted by law), regardless of
any separately provided incorporation of particular documents made elsewhere herein.

The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context.

Unless otherwise indicated, all exact values provided herein are representative of
corresponding approximate values (e.g., all exact exemplary values provided with respect
to a particular factor or measurement can be considered to also provide a corresponding
approximate measurement, modified by "about," where appropriate).

The description herein of any aspect or aspect of the invention using terms such as
“comprising”, “having,” “including,” or “containing” with reference to an element or
elements is intended to provide support for a similar aspect or aspect of the invention that

“consists of”, “consists essentially of”, or “substantially comprises” that particular element

or elements, unless otherwise stated or clearly contradicted by context.
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, and in particular
4- et hoxycar bonyl oxy-4- (2-p-tol yl sul fanyl - phenyl ) - pi per
wo dionaeds4car boxyl i c acid ethyl esterln one enbpdi/RERI09/052440
the invention relates to conmpound i) or acid addition
salts thereof, or conmpound ii). In one enbodi nent, the
invention relates to I-benzﬂﬁ-4-hydroxy-4-[2-(4-
nethylphenylsulfanyl)phenyl]piperidine, HC in a
¥ gialline form in particular with XRPD reflections
approximately 4.36, 7.5 11.51 and 14,08, such as
T—hwﬂﬁlﬁgg-lmwfﬁén?ﬁ‘&% upifg ﬁlgfaﬁe@tlal ScerangEafosimgty (HISC). The
r I
oAy X A AR TS 1 IR B3 Bn 3R s gmelting point
as drisgiuvatuc? Abbhe2 ef afisagipleAs hedtalidt/mnim iRiaguosety Gosdpad under
t he0Q20- and the b-form of |-benzyl-4-hydroxy-4-[2-(4-
nitiegethPBheny! sul f anyl ) phenyl | pi peri di ne, HJ have
X-RB) fdvietr RETAESe@insal QY RitadufQl S PANAF RUNT BHOP RGO X -Ray
respectively. The a-form can be obtai'ned by
Dif¢ragtotetdriusiagiCorf rahatibEFThe seenfdesf wenmnippasured in reﬂectlon mode in

stalll tion for cetone Al | _references, .incl udi
;%9?}1&11%%% 7 §ﬁ§8mw Sriel AHBT fietasPo Péfra%wa A3t t@leaﬁqdﬁ S0 (20)

herein are hereby incorporated by reference in their

entirety and to the sane extent as if each reference
were individually and specifically indicated to be
or t-q q, f e and were set forth inits

: e R UM extent permtted by

| aw) , regardless of Br KOt-Bu

Br
100 °C S
(NMP) /©/

4-methylthiophenol 1,2-dibromobenzene 2-(4-tolylsulfanyl)-phenyl bromide

To a stirred solution of potassium terz-butoxide (75 g, 0.668 mol, 1.1 eq) in N-methyl-2-
pyrrolidone (225 mL) a solution of 4-methylthiophenol (78 g, 0.628 mol, 1.0 eq) dissolved
in N-methyl-2-pyrrolidone (225 mL) was added. To the reaction mixture was then added to
1,2-dibromobenzene (73 mL, 605 mol, 1.0 eq); once the addition was complete the reaction
mixture was warmed to 100°C and maintained at this temperature for approximately 22 hrs.
(The reaction is monitored by HPLC). After cooling to room temperature water (750 mL)
and toluene (375 mL) were added, the phases separated, and the water phase extracted with
toluene (250 mL). The organic phases were combined and the organic phase was
concentrated by vacuum distillation. Once the distillation was complete, the residue was
cooled and methanol (750 mL) added. The solvents were removed from the organic phase
by vacuum distillation and further methanol (250 mL) added. Stirring over night at room
temperature precipitated 2-(4-tolylsulfanyl)-phenyl bromide which was isolated by
filtration, washed with methanol (260 mL) and dried in vacuum. Yield = 120.8 g.



10

15

20

any separately provided incorporation of particular
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context of describing the invention are to be
construed to cover both the singular and the plural,
unl ess ot herwi se indicated Hérein or clearl y
contradicted by context. Unl ess otherw se indicated,
X Vind [ at i
gy B AR O b B A PR RIS BEfFe e
exenpl ary val ues provided with respect to a particular
factor or nmeasur enent, ¢ ntbelzco %dered to al so
provi de a correspofidizng..appr 0Xl mat e measur enent ,
nodi fi ed by "about ji"nushgrapicapricoprHrat ) . The
description h&fein of @ny aspect or aspect of the

i nventiag-bsj el'nt” §8%h as "co i sing", "having."
el emEnt>or e

"cont aining" with reference to “
Meffents is intended to provide sugpo t Ofor
a simlar aspect or aspect of the inventj
"consists of, "consists essentially of,
"substantially conprises” that particular ~el enent” or
el ements, unless otherwi se stated or clearly

2-(¢-dolyisaldaroderhapy! romidodt] Egahpmed) Wisedisselveil iy hgnganes €900 mL)

e S ' i nt i C ' | I
onCAE RIS AP {L615T Pl BTl GRE L cootd
dowitd brategndk aﬁéﬂﬁd@gh&e OF MRrohe THEthisiMgnReO WAl addedoNBRY1
val ue. About 2 of sanple is heated 5/mn in a

lithiye sehgptaticy d ddVda®d mhdér6 mol) while maintaining the temperature in the

range —15 °C to 0 °C. Once the addition was complete the reaction mixture was cooled to

around —15 °C before a solution of N-benzyl-4-piperidone (278 mL, 1.5mol) in dry
tetrahydrofuran (450 mL) was added at such a rate that the temperature did not rise above —
15 °C. Once the addition was complete the reaction was allowed to warm to room
temperature.

The reaction was quenched with water (1 L), and ethyl acetate (1 L) and aqueous
sodium hydroxide solution (1 M, 300 mL) added. The pH was maintained between 10 and
12. The phases were separated, the water phase was extracted with ethyl acetate (1 L), and
the organic phases combined. The solvents were removed by vacuum distillation (max.
temperature 50 °C). Once the distillation was complete, tetrahydrofuran (2.25 L) was added
and the solvents removed by vacuum distillation (max. temperature 50 °C). Once the
distillation was complete, tetrahydrofuran (2 L) was added. Hydrogen chloride gas (85 g,
2.33 mol,) was bubbled into the solution and the product precipitated by addition to diethyl
ether (9 L) with stirring. The precipitate was filtered off and washed with diethyl ether (1.2
L) and the precipitate dried in a vacuum oven over night (T = 50 °C) to obtain the title

compound at 574 g (90% yield).
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nitrogen flow X-Ray powder diffractograns were

measured on a PANal ytical X Pert PRO X-Ray
woedbnesstomet er usi ng CuKai radi ati on. The sanptBEP2WeY/@52440

measured in reflection node in the 2g-range 5-40 using

an X celerator detector. D fraction data are indicated

0.1 (2Q Exanple 1 2-(4- tolﬂlsulfanyl) phenyl brom de

4- nethylthlophenol 1, 2- di bronobenzene

irred
?{ 0. 668 nol ,

< v 1
1.1 eq) in J\hnethyl 2- pyrrolldone (225 nL) a
4-met hyl t hi ophenol (78 g, 0.628 nol, 1.0
ed in JV'HEEBWE -pyrrolidone (225 nL)Hmaﬁ )
. e reactT Of “m XF U E(y@s)then added to _N._ Br
1, 2- di br osbbgrzene (? gﬁ 1.0 eq); once[th

[ i onpl ea;egswlne 5ree)aw«(mqm Xture was warued
to 100C and _ngi nt ai n€d°@tolueim)s t enperature for
appr oxi mat el @2 hr%HB%Jﬁ%“Féﬁﬁﬁo i s nmonj a~y

HPL APte oollan\o roomtenperature (78
) oIe (375 nL) were added, the“phaSes

sepa ed, afd the water phase extracted wi th tol uene

(250 nL) The organi ¢ phases were conbi ned and the

organi ¢ phase was concentrated by vacuumdistillation.

Once the distillation was conpl ete, the residue was

AfePQlfg aegsp@%@@api béiz@mrﬁy)dr&@d&fb (ARRISHENE I MO T)Bheny]-

rermve fromthe organi c p ase
piperidine, HCI (426 g, 1 mol) and sodium carbonate (212 g, 2 mol) in acetone (2 L) for 1

hr, ethyl chloroformate (240 mL, 2.5 mol) was added. After stirring for a further 60

minutes, toluene (3 L) and water (3.5 L) were added and the reaction mixture stirred. The
phases were separated and the organic phase washed with 2 L 2 M aq. hydrogen chloride
solution. Solvent (approx 3 L) was removed by distillation (Tmax distillation = 120 °C). The
resulting solution was added slowly to a mixture of trifluoro acetic acid (1.11 L, 15 mol)
and triethylsilane (400 mL, 2.5 mol, 2.5 eq) at —15 °C. Once the addition was complete the
reaction mixture was allowed to warm to room temperature before water (4 L) and toluene
(3.5 L) were added. The mixture was stirred for 30 minutes before the phases were
separated, the organic phase washed with water (3 L), and ethanolamine (300 mL, 5 mol)
added to the organic phase. The organic phase was refluxed over night before 2 M aqueous
hydrogen chloride solution (2.5 L) was added and the mixture stirred for 30 min. The
phases were separated and the organic phase washed with hydrogen chloride solution (1.5
L, 2 M). The solvents were distilled off the organic phase at a maximum temperature of 130
°C. To the remaining solution was added hydrogen bromide in acetic acid (350 mL, 5.7 M,
2 mol,) and the reaction mixture was heated at 80 °C over night. The reaction was cooled
down to room temperature and hydrogen bromide (350 mL, 5.7 M in acetic acid, 2 mol)
added and the reaction mixture warmed at 80 °C for 4 hrs before cooling to room
temperature. Diethyl ether (2 L) was added, and the reaction mixture stirred over night
before the precipitate was filtered off and washed with 1 L diethyl ether. The precipitate
was re-crystallised from 2-propanol to yield 208 g of the title compound (57%).
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by vacuumdi stillation and further nethanol (250 ni)

added. Stirring over night at roomtenperature
w@emaeilmistat ed 2- (4-tol yl sul fanyl) - phenyl br om BeT/mbi0091052440

was isolated by filtration, washed with nethanol (260

m.) and dried in vacuum Yield = 120.8 g. Exanple 2

I-benzyl-4-hydroxy-4-[2-(4-ﬂ§thyIphenylsulfanyl)phenyl

] pi peridine, HO 2-(4-tolylsulfanyl)-phenyl brom de

(419 g, 1.5nmol) was dissolved in heptanes (900 nL) and

dr y.tet rahydr of uran after 0.5 h
Exgthle 41 2GR0 L.

mﬂﬂ%ﬂpﬂ&ﬁ@ﬂﬁm@ﬁmﬂbhfogﬁﬂj To this m xture was added
- but Ithiumin heptanes 2.7 M (583 nL, 1.6 nol)

Semﬁ“?é3ﬁﬁiﬁﬁ&ME¢ﬁ§ the tenperature in the range -15 C
to 0 C. Once the addition was conplete the reaction
m xture was cooled to around -15 C before a sol ution

Ex#&hpld ¥- bediBathox~pihpeioix dane -(@2n&hipherdyvifitfahy ypiendlyiperidine at —
tetrahydrofuran (450 nl) was added at such a rate that

e tenperature did not rise above - 15 C. Once the

addi tion was conplete the reaction was allowed to warm
to room t enperature. The reacti on was queg/hed with
water ( 1 L), and eth acetate ( 1 L) and aqueous
sodlun1hydroX|@$J$§cﬁ e%ﬁ*( 1M 300 nE%rdeed The pH
was mai ntai nedv-bedweamirdi®namntHFl2. The phases wer

epa t he'>wat er phase was .extract th etﬂggg/ \[:j
te 1 L), and the organic phases |ned

sol'vents were renoved by vacuumdistidla i“Gn ( max.

2-(4-tolylsulfanyl)-phenyl bromide (6.98 g, 25 mmol) was dissolved in heptanes (40 mL)
and dry tetrahydrofuran (4.1 mL) and after 1.5hrs the reaction mixture was cooled down to
0°C under an atmosphere of nitrogen. n-Butyllithium in heptanes 2.7 M (9.8 mL, 26.5
mmol) was added at 0 °C and after 45 min the reaction mixture was cooled to —15 °C. A
solution of N-carbethoxy-4-piperidone (3.8 mL, 25 mmol) in tetrahydrofuran (15mL) was
added maintaining the temperature below —15 °C. Once the addition was complete the
reaction was allowed to warm to room temperature. The reaction was quenched with a
dilute hydrogen chloride solution. A sample from the organic phase shows a ratio of 1-
carbethoxy-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl]piperidine to 1-methyl-4-
phenylsulfanyl-benzene of 28:58.
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tenperature 50 C). Once the distillation was conpl ete,
tetrahydrofuran (2.25 L) was added and the sol vents

wo eomned4by vacuum distillation (nmax. tenperat BEBEEBD09/052440
C). Once the distillation was conpl ete,
tetrahydrofuran (2 L) was adged. Hydr ogen chl ori de gas
(85 9, 2.33 nol,) was bubbl éd into the solution and

the product precipitated by addl tion to diethyl ether

Qlficiine at —

_‘@em p| tate dried in a vacuum oven over ni ght (T = 50
C) to obtain the title conpound at 574 g (90%
yi el d) . Exanpl e 3 Y
442- (4- met hyl phenyl sul f anyl') phenyl 1pr peri di ne ~NSBr
eq), OC After sti rr| ng a suspensi on of

| - benzyl - 4- hydroxy ‘4-[ 2- (4- et hyl phenyl sul f anyTye@henyl
]- piperidi f—@ﬂ@ JyBuLl "I9S &nd s onat e
(212 g, 2 et o?ve40(C2 Ly{orpel th

chl oroforrmte (240 nL, 2.5 added. After

stirring for a further 60 ni nutes, foluene (3 L) and
water (3.5 L) were added and the reaction mxture

In &thiyfoRs eqﬁbﬁeﬂhﬁﬁ@ﬁa ﬁﬁbgeﬁﬁtﬁ% élwanctirkdien MigarioF 2-(4-
phase washed with 2 M aq ydrogen chl ori de

tolﬁéwlﬁﬁmbmhe@dlbv@mde ((é(kfpg o?xl%mgj) 1mgptﬁ@¢d<}écL)w room temperature (25 °C).
n- Bgfegt:i} 1{141 ﬁ;d Y OF SQ\A%Q&% i dlge L gvvas)%%%oa%g&}n bg?%}uéatlgp. After stirring at
rooint tehlpgitigre &30 IﬁlIﬁCHS ahd tbadtioh rhixturd wlcpoled to —50 °C before a solution of
carbetoxypiperidone in THF (1.5 L) was added dropwise while maintaining the temperature
under —40 °C. Once the addition was completed, reaction was allowed to warm to 0 °C before
dilute HCI (1 L) was added maintaining the temperature below 10 °C. Once addition was
complete reaction was stirred for a further 15 minutes before phases where allowed to separate.
Phases were separated, the water layer was extracted with ethyl acetate (1 L) and the organic
layers combined. The combined organic layer was washed with NaCl solution (15%) (1 L),

dried over magnesium sulphate, evaporated to dryness and slurried in diethyl ether (250 mL) for

30 minutes, filtered and dried at 40 °C in a vacuum oven. Yield 55-60 %.

Example 7 1-benzovl-4-hydroxy-4-[2-(4-methylphenvylsulfanyl)phenvyl]piperidine at — 15°C

i. n-BulLi (heptane/2 eq THF)
0°C
Br ii. N-benzoyl-4-piperidone

Em L
o e

2-(4-tolylsulfanyl)-phenyl bromide (6.98 g, 25 mmol) was dissolved in heptanes (40 mL)

and dry tetrahydrofuran (4.1 mL) and after 1.5 hrs the reaction mixture was cooled down to
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and triethylsilane (400 nL, 2.5 nol, 2.5 eq) at -15 C

Once the addition was conplete the reaction m xture
wor®abdseved to warmto room tenperature bef or BCIVEPENI/052440

(4 L) and toluene (3.5 L) were added. The mi xture was

stirred for 30 m nutes befor% t he phases were

separated, the organic phasé'mashed wth water (3 L),

and et hanolam ne (300 nL, 5 nol) added to the organic

. . - ot .

oG URES an JHGp Bh AR B OB G S L [P EERBHES 20 A 265

mn¥pwadsrRdd angl ot hed aft&t 45 @inditds ihefbadt@hn Mk uirk Rras EB&ed to —15 °C.
phases were separated and the organi c phase washed

A spiutioniey dF-bagerlos denipetedoso (108 gn2Y mmod) in dry ta@ehydrafiran (40 mL)

SO nts were. distjlled. of.f. the organic ase at,
wal RO el EioR e migunias e SR bR B R g C” Once the
adcﬁt%wwébdgﬂ&eaﬁ&%dcmd»&%Bma Qrivean kdreelchdpeAfhd before
350 nL, 5.7 M 2 nol,) and the reaction m xture was
quanehing avidy diBe @lusoey HRI giutionT HEP k€ anditaser! thapraseeteed 1-methyl-4-

d nd h b 1 d 350 ni,
@R SR B ST BPLS fNrCEAER SPABoP e 7 on

m xture warned at 80 C for 4 hrs before cooling to

roomtenperature. D ethyl ether (2 L) was added, and
m&@@g&m&a@hﬁnﬂsdfmwk)mﬁml]mew ore the

precipitate was filtered off and washed with 1 L

di ethyl ether. The yrecipitate was re-crystalljsed

from 2-propanol to yield 208 g of the titléiﬁéébﬁﬂnd

(57% . Exanpl e 4 ANy N

- but oxy- car bonyll 4 hydr oxyx 4- [ 2- (4- met hyl phenyl sul f any

Dphenyl | pi peri di ng~@t - 78re@yisiane

—_—

S v

To a stirred suspension of 1-carbethoxy-4-hydroxy-4-[2-(4-methylphenylsulfanyl)-
phenyl]piperidine (462 g, 1.244 mol) in triethyl silane (362 g, 3.1 mol) was added trifluoro
acetic acid (2835 g, 24.9 mol). The reaction mixture was then heated at 60 °C for 18 hrs
before cooling to 0 °C . To the cooled solution was added toluene (750 mL) and then water
(750 mL) followed by stirring for 20 minutes. The reaction mixture was allowed to stand
without stirring for 60 min, the organic phase separated, and the water phase re-extracted
with toluene (750 ml). The toluene was removed under reduced pressure to give the crude

product as an oil.



See WD 03/029232 page 18. Exanple 5

| - car bet hoxy- 4- hydr oxy- 4-[ 2- (4- net hyl phenyl sul f anyl ) ph
we@eybhimisper i di ne at - 15C 2- (4-tol yl sul fanyl) - ptTERP1009/052440

brom de (6.98 g, 25 nmol) was dissolved in heptanes

(40 nmL) and dry tetrahydrofuran (4. 1 nlL) and after

1.5hrs the reaction nixture \Mas cool ed down to OC

under an atnosphere of nitrogen. n-Butyllithiumin

hept anes 2.7 hA(@.Soqu,26.5 mol ) was added at 0 C

and after 45 mr1?ﬁé Freacti on m xture was cool egqygio

-15 0C. A sol uti giNQf JV-car bet hoxy- 4-pi peri dong_(3.8

m., 25 nmmol) in tetrjahydrofuran (15nL) was added

mai nt ai ni ng the tepperature below -15 C. Once

addition was cqgnplete the reactiop was allowed tjo warm

to room t gmper aty The reaction was q ® h a

di | ute hydrogen gride solution. A égﬁgjghfr he

organi ¢ phase shows a ratio of 1-

car bet hoxy- 4- hydr oxy- 4-

[ 2- (4- met hyl phenyl sul f anyl ) phenyl ] pi peridine to

1- met hyl - 4- phenyl sul f anyl - benzene of 28:58. Exanple 6

| - car bet hoxy- 4- hydr oxy- 4-[ 2- (4- et hyl phenyl sul f anyl ) ph
Theexbié bil B thePecvadus-stepOR4s Warnahy d heiktireaticeiie adid HBlek 80 °C

a nitrogen atno;ghere was stirred a m xture of 2-(4-

(Raaghign einirlatspiter Fhiisy| Ty sastia misooe g/as allawedis) ool te room
tenfpRPEERGRA GituR1 bhePEs0DANY WA RALALM Girf¥oP Phurther 60 minutes. The

product was isolated by filtration, washed with cold ether (300 mL), and dried in vaccuo.

Yield = 80 %.
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n-Bu-lithium (10 M 236 nL) solution in heptane was
then added by canul ation. After stirring at room

wo eovpaosiure for 30 mnutes the reacti on m xt UPET/RBE09/052440
cooled to -50 OC before a solution of
car bet oxypi peri done in THF &é 5 L) was added dropw se
whil e mai ntaining the tenperdture under -40 C. Once
the addition was conpleted, reaction was allowed to

%}?lguﬁpetﬂogy@] xY-4-(2-p=tolytx "/ &Qﬁlqél carbox lic acid

cthylssteeonpl et e reaction was stirred for a further 15
m nut es before phases where all owed to separate.
Phases were separated, the water |ayer was extracted

wi t et hyl acet ate ( 1 L) and the organic/1ayers

co ed. d organic layer was avashed w th
NaCI spl ut4| on i&g% at;(zl&)sq) dried over gnesi um

sul phat €'~ evapatratied to dryness and slubried in

di et hyl er or m nutes, fi I%%r ed and
dri ed at[48 O0C in a vacuum oven. Yi el d ' 0%

]’G S
eNnz «@ - hvdr oxy- 442- ( 4- matny fanyl ) phenyl
1pi peridine at - 15C 2-(4-tol yt'suftanyl

brom de (6.98 g, 25 mml) was di ssolved i n heptanes

A sp4@npion oémd)edzysl -4 bydrajq;yé-r[b—f(ﬁrrrrmhhﬂphenjzlsnl_@nﬂ)gﬁemﬂ}p@eridine, HCI

@2 503wl abE Stind Lafbortit 28 28 20f gl 2 S Prdidibromethane 400

mL SRk 3Ne8d £ réoiM té {)éaﬁ&e fof @proRiiiitdly W8 minadeHeBic &h}@

and after 45 m nutes the reaction m xture was cool

chlpgpformmtas24mls P Qminenl) whs addedentgn kmpimitqsi vrer (486 @L) was added
anc£ tga gg %s s%q%néa%r'&g lal“zl:l? Iog%]a% R(htagé ngé(lgght%d l%x;lffpﬁrg 1lu%21quvé%ﬁs HCI,

ure maln
folloaep &k atdifue: ddhwnwhydbxide sédden tuebrine. The organlc phase was dried

over MgSQy, filtered and the solvent removed under reduced pressure. Dicthyl ether (200
mL) was added and the mixture stirred overnight at room temperature. The title compound
was isolated by filtration, washed with diethyl ether (80 mL) and dried over night in a
vacuum oven at 50 °C Yield =20.15 g (45%).

NMR data
The following NMR data were obtained for the synthesised compounds

4-ethoxycarbonyloxy-4-(2-p-tolylsulfanyl-phenyl)-piperidine-1-carboxylic acid ethyl ester:
BC-NMR (d°-DMSO, 125.8 MHz):

155.0 (s), 152.4 (s), 140.8 (s), 138.3 (s), 135.4 (s), 133.4 (d), 13119 (d), 130.9 (s), 130.8 (d),
128.5 (d), 127.1 (d), 126.4 (d), 81.9 (s), 63.6 (1), 61.2 (1), ca. 39.9 (1), 33.4 (1), 21.0 (q), 14.9

(@), 14.5 (q) ppm.

4-[2-(4-methylphenylsulfanyl)phenyl]piperdidine, HBr:

BC-NMR (D,0, 125.8 MHz):

145.0 (s), 137.5 (s), 134.3 (s), 132.5 (d), 131.7 (s), 131.5 (d), 130.6 (d), 128.5 (d), 127.9 (d),
126.7 (d), 44.0 (1), 36.7 (d), 29.1 (t), 21.0 (q) ppm.

1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl|piperidine, HCI:
BC-NMR (d°-DMSO0, 125.8 MHz):
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addi tion was conplete the reaction was allowed to warm

to roomtenperature before quenching with dilute
waouwenus4HC sol ution. HPLC indicated the presPCEPIING/052440

| - met hyl - 4- phenyl sul f anyl - benzene and a conpl ex

m xture of unknown conpound% Exanpl e 8

4-r2-(4- nethylphenylsulfanylﬂphenyllpiperdidine, HBr

To a stirred suspensi on of

é% i ?’1‘3%?%9(12% (g gzj”? cBh?ﬂyés cB f’" () 130.1 (s),

12@ he ( i s ad 3 tr 1uor acett%327(0 211
()aC|d (2835 g, 24.9 nol). The reactlon m xture was then

heated at 60 OC for (18 hrs before cooling to 0 OC . To
Z-(#flylspldanyd)-rhsnyt bremidgas added tol uene (750 ni) and

‘CGENMR (BtRMSO7525 8L)YHzY | owed by stirring for 20
139 (0t E.0 Ghel A ela(dd.i 188 . 3rfidx 131 & (vlhsi2&18l(d)/;éa8 Das)st 2R (d), 121.6 (s),
21.8i(ghout stirring for 60 m n, the organic phase

separated, and the water phase re-extracted with

toluene (750 m ). The toluene was renoved under
Ex&ﬁﬁ%QQQI&%§§§ﬁh§m%9yQH2 4hﬁ&h§$HQﬁd§ﬂﬁgﬁﬁﬂmﬁﬁhﬁ&xMHm HCl

The crude oil fromthe previous step

a mxture of acetic acid HBr at 80 0C (Reactlon

conplete after 18 hrs). The reaction m xture was

allowed to cool er re and diethyl et

(800 m) was adt 5 ﬁgﬁgTﬁﬂféH&&zr a further 60

m nutes. The pr@duﬁﬁqMﬁﬁmm&ﬂbat&¢ by filtration
washed wi tth col d-1ether (300 nlL), and dried in'Vq@cuo.

Yiel d s:_80\ % Exiiiol @29 N )

@ oxyonyl oXy-4- (2-p-tol yIsul fanyl - phenyl) - pi Per

~dipe- | -sagboxylic acid OH
ol

149.7 kg 2-(4-tolylsulfanyl)-phenyl bromide (536 mol) was suspended in 282 kg heptane
and 19.5 kg dry tetrahydrofuran (270 mol, 0.5 eq) and the reaction mixture was cooled
down to —15 °C. 143.8 kg 25% n-butyl lithium in heptane (561 mol, 1.05 eq) was added at
temperatures between —15 °C to —5 °C following which the temperature was lowered to —15
°C. 104.5 kg N-benzyl-4-piperidone (552 mol, 1 eq) dissolved in 79 kg (1096 mol, 2 eq)
dry tetrahydrofuran was added at below —15 °C, and the reaction was allowed to come to
room temperature. 360 L water, 320 kg ethyl acetate and 25 L 27.7% aq. sodium hydroxide
solution were added, the phases separated, and solvents removed from the organic phase by
vacuum distillation (max. temperature 39 °C). 543 L tetrahydrofuran was added, and
solvents removed by vacuum distillation (max. temperature 43 °C)., following which
additional 541 L tetrahydrofuran was added. 20.4 kg hydrogen chloride gas (560 mmol,
1.04 eq) is added to the solution, and seeding crystals of 1-benzyl-4-hydroxy-4-[2-(4-
methylphenylsulfanyl)phenyl]piperidine, HCI (B-form) are added. The resulting precipitate
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et hyl ester A suspension of
| - benzyl - 4- hydr oxy-4-[ 2- (4- met hyl phenyl sul f anyl ) phenyl
wQ piopaedsdi ne, HC (42.6 g, 100 nmol) and sodi UPCT/EP2009/052440
carbonate 21.2 g (200 mmol, 2 eq) in dichloronethane
(400 mL) was stirred at rooggtenperature for
approxi mately 90 m nutes befdre ethyl chloroformte
(24nm., 250 nmol) was added. After 60 m nutes water
is fﬁée@é%i SEAndResRA%GH ANA Ef@l%hf(ﬁ@ﬁﬁal SRDAiA &l vAQGm filter. (83.9%
gani ¢ phase was washe rst d ut e aqueous
ywHCD8S@OMhmpmdymwﬂWEﬁlute sodi um hydr oxi de sol uti on
and brine. The organi c phase was dried over MySO ,
filtered and the sol vent renoved under reduced
ExBh$i§ 3414ep - @LatRyihn&iIgh fab AQh Al pifBRidsld g and t he
m xture stirred overnighi at roomtenperature. The
title conpound was isolated by filtration, washed with
diethyl ether (80 nL) and dried over night in a vacuum
oven at 50 C Yield = 20. 15 g (45% . NWR data The
Ig NVR data were obtai ned for the synthesised
conpaups 1. Na,CO; (2 eq), H A
4- et hoxy -nbonylo%?deﬁﬂrpﬂe@thsulfanyl phenyl

i di ne-1- .boxyl%érég %%q¥L g8ler: 13C- NWR ( dg-

155 140.8 (s), 138

45) 138, o 2,044;%3,0 1:9 (d), /@re

42.6 g (0.1 mol) 1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl]piperidine, HCI1
and 21.2 g (0.2 mol, 2 eq) sodium carbonate were suspended in 0.2 L acetone, and after
stirring for 1.5 h at room temperature the gas evolution ceases and 24 mL (0.25 mol, 2.5 eq)
ethyl chloroformate was added and the reaction was stirred over night. 0.3 L toluene and
0.35 L water were added and the phases were separated. The organic phase was washed
with 0.2 L 20% aq. acetic acid. The orgainic phase was collected and 0.33 L solvent
distilled off. 111 mL (1.5 mol, 15 eq) trifluoro acetic acid and 40 mL (0.25 mol, 2.5 eq)
tricthylsilane were mixed and cooled down to —15 °C. The toluene solution was added to
the trifluoro acetic acid/triethylsilane mixture so that the temperature does not rise above —
15 °C, after which the temperature is allowed to increase to room temperature. 0.4 L water
and 0.35 L toluene were added, the phases separated, and the organic phase washed with
0.3 L water. 30 mL (0.5 mol, 5 eq) 2-ethanolamine was added to the organic phase which
was refluxed over night, and washed with 0.25 L 2 M aq. hydrogen chloride solution. The
phases were separated and the organic phase washed with 75 mL 2 M aq. hydrogen
chloride solution. The organic phase was filtered over a filter cloth, the solvents distilled
off, and to the remaining solution was added 35 mL 5.7 M hydrogen bromide in acetic acid
(0.2 mol, 2 eq). The mixture was heated to 80 °C over night. The reaction was cooled to

room temperature, 35 mL 5.7 M hydrogen bromide in acetic acid (0.2 mol, 2 eq) added, and



128.5 (d), 127.1 (d), 126.4 (d), 81.9 (s), 63.6 (t),
61.2 (t), ca. 39.9 (t), 33.4 (t), 21.0 (q), 14.9 (q),

WA 2009/1¢%531 ppm PCT/EP2009/052440
4-[2-(4- et hyl phenyl sul fanyl ) phenyl ] pi perdi di ne, HBr:
13C- NWR (D20, 125.8 MHz): 1%@.0 (s), 137.5 (s), 134.3
(s), 132.5 (d), 131.7 (s), 1.5 (d), 130.6 (d), 128.5
(d), 127.9 (d), 126.7 (d), 44.0 (t), 36.7 (d), 29.1

el Iy R 406 Ton B THS FBRISRT T Ay PRI o

tenjpRtdd@re] dhdiBe sdidnts diSHIINTE (S0 mDYEGopahdbaifl ML abddc dcid were
S), 138.1 (S), 137.5 (s), 133.8 (d), 132.3 (), 132.0

adtg)apd ipresctioayefluped. The ayxtureas pllowsd tojgml & fogyn tempgragure, and

thegr?%uiti‘%ﬁgé{ﬁt@ﬁ% ﬁjo,t%n%g -a?g )(x}%llﬁef_]\%ﬁt 2(3 fit) 2-pfidaftolledd dridd: Fhe dried

solid-wdbk-digbived uh 1 35 wpil) baitienyhtehtianindeure alld@edRdodl 6 fRVBO,
ten%pé;sdtgrfgl\%ll_zd)éh% ée;)sglﬁ?_lg é}?%i;(i‘é%gwgszél? ’ect, ga%h%@(yg% 2@ él}?i?w%@i agd dried
to §i99 27.8 L o thitle EHARE (7% yicld),
()é-benzél-4-hy&?oxy-4-[£-(4}ﬁ%f%ylphenylsulfanyl)phenyl

] pi peridine, HO 149.7 kg 2-(4-tolylsul fanyl)-phenyl

brom de (536 nol) was suspended in 282 kg heptane
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and 19.5 kg dry tetrahydrofuran (270 nol, 0.5 eq) and

the reaction m xture was cooled down to -15 C. 143.8
waxgoo25845w butyl |ithiumin heptane (561 nol, 1POBERIH)9/052440

was added at tenperatures between -15 Cto - 5 C

foll ow ng which the ten‘pera%re was | owered to -15 C

104.5 kg JV-benzyl - 4-pi peri done (552 nol, 1 eq)

di ssolved in 79 kg (1096 nol, 2 eq) dry

t et rahydrof uran was added at below -15 C, and the
cligaction was allowed to conme to roomtenperature. 360

wat er, 320 kg ethyl acetate and 25 L 27. 7% aq.

sodi i j Wk afded, the phases
3 sepéﬂg%)e ?&ggﬂgqg%?%#dgaibefnoveé@gr om t he organi c phase
Semperature 39 0C). 543 L

Zla
S

by vacuumdistillation (rRX.

t et rahydr of uran was add

vacuum di stillation (na

foll owi ng whi ch addi tgena .\

added. 20.4 kg hydrogen chl ori gas (50nHmmol, 1.04

e i s adde o the solution, and seeding crystals of
Whprgélelﬁ’z%d_lﬁ’_’ g@p:?pgﬁc{}nﬂy EeLp_r?sgnt one, two or tﬁree h%drog)e/n, halogen, C,s-alkyl

or R Er RS R i LR, LGP hieh oployy Phostituted
N-ltandylvlpipeddavct h 271 L tetrahydrofuran and dried on a
vacuum filter. (83.9%yvyield, 98. &% area purity by
HPLC). Exanple 11

4-r2-(4- et hyl phenyl sul f anyl @, | 1pi perdi di ne, HBr

eq), 0C

O

wherein R’”’ represents hydrogen or —O-C, ¢-alkyl, to obtain a compound of formula III

OH RIH
R' RH
2. The process according to claim 1, wherein a compound of formula II

S
(o
R R" )

wherein R” and R’” independently represent one, two or three hydrogen, halogen, C; ¢-alkyl

(1I).

or Cye-alkylene and L represents a leaving group is reacted with a metallation agent
selected from alkyl lithium, alkyl magnesium or magnesium and an optionally substituted

N-benzyl-4-piperidone
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42.6 g (0.1 nol)
| - benzyl - 4- hydr oxy-4-[ 2- (4- met hyl phenyl sul f anyl ) phenyl
wQ piopaedsdi ne, HCO and 21.2 g (0.2 nol, 2 eq) sPCi/EP2009/052440
carbonate were suspended in 0.2 L acetone, and after
stirring for 1.5 h at roomtenperature the gas
evol ution ceases and 24 nL (0.25 nol, 2.5 eq) ethyl
chl orof ormat e was added and the reaction was stirred
over night. 0.3 L toluene and 0.8 L water were added
and the phases were separated.-=Jae organi c phase was
washed with 0.2 L 20% aq. ace aci d. The orgainic
phase was coll ected and 0. 33 sol vent distilled off.
I I I nmb (1.5 nol, 15 eq) frifluoro acetic acid and 40
mL (0.25 nol, 2.5 eq) trigjhylsilane were m xed and
cooled down to -15 C. T uene sol uti on was added
to the trifluoro acetic|acidftriethylsilane m xture so
that the tenperature doe rise above - 15 C, after
which the tenperature is | owed to increase to room
tenperature. 0.4 L water amd 0.35 L tol uene were
added, the phases separated, and the organic phase
whoeshRd’ wiptdseits Bydrogert @r-O-80.s1alky(.Guit B terpperatbredepfween around -25

o~ 2- €t hanol ani dded to th i ¢ phase whi ch
C qBEHRBRT axbdo BB h gecurd R iRl £n0 25 L 2

ag. hydrogen chloride sol uti on~ The phases were

2 ashed with 75 nL 2 M
aq. hydroge ori de fon. aN ¢ phase was
filtered ove filte A o .J%Lstilled
of f, and tte renmgd,r [ S -3¢ 35 nL 5.7
M hydrogen bromide ih acetic acid (I11).

3. The process according to any of claims 1-2, wherein R’ is 4-methyl and R’ is
hydrogen.
4. The process according to any one of claims 1-3, wherein R’’’ is hydrogen.
5. The process according to any of claims 2-4, wherein the metallation agent is #-butyl
lithium.
6. A process for the manufacture of compound I
2 S NH
R' L1
R m

and acid addition salts thereof, wherein R’ and R’’ independently represent one, two or
three hydrogen, halogen, C,s-alkyl or C,s-alkylene, said process comprising the steps of

reacting a compound of formula II



(0.2 nmol, 2 eq). The m xture was heated to 80 C over

ni ght. The reaction was cooled to roomtenperature, 35
wWork009/1095M hydr ogen bromi de in acetic acid (0. 2PEDEP2089/052440

eq) added, andthe reaction m xture warned at 80 C for

4 h. The reaction m xture s cooled to room

tenperature, and the solvents distilled off. 50 nL

2-propanol and 20 nL acetic acid were added and the

reaction refluxed. The mixturg was. allowed to cool to

room t enperature, and @ sul r%m pitate

filtered and washed w { nm. 2 panol and dri ed.

The dried solid was di' i M35 Nl boi li ng water,

the mixture allowed tR cool to Rbomte Kature, and

the resulting precipitate was filtered, shed with 20
wheieinat@res@id adedvirth grougliwigh &Y ofticthaldy silheitidd Nébenzyl-4-piperidone

conpound (74%yield).dains 1. A _process wherein a

conpound of forrmula Il wherei pR® and R' independently

represent one, two or three

gen, hal ogen,
G _6-al kyl or C2-67alkylene 8 represents a | eaving

R " represents hydrogen

a conmpound of forrmula |11

) laim1l, wherein a
compound of forrmula Il wherein R and R' independently
represent one, two or threpe hydrogen, hal ogen,
G _6-alkyl or C2-6-alkylege and L represents a | eaving
group is reacted with a netall ation agent

wherein R’’’ represents hydrogen or O-C;¢-alkyl, to obtain a compound of formula III

OO0

7. The process according to claim 6 for the manufacture of compound 1

ool

and acid addition salts thereof, wherein R’ and R’’ independently represent one, two or

(1I).

three hydrogen, halogen, C;s-alkyl or C,¢-alkylene, said process comprising the steps of

reacting a compound of formula I1

o

(1)
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sel ected fromal kyl lithium alkyl magnesium or
magnesi um and an optionally substituted
waQ obaoosyl - 4- pi peri donewherein R " represents PYTERPHeN052440
or -OC _6-alkyl, at a tenperature between around -25
0C and around 5 0C to obtaigga conmpound of forrmula 111
3. The process according to“any of clains 1-2, wherein
is 4-nmethyl and R' is hydrogen. 4. The process

R
whESEPE SR tieh ARG Rl (UL i ton MG SUE frody tithum.
alkPF dagnskiamedrmaidresinet @aldl aatdpoinnd byesubstitated -Nabengy1-#Hipipriridome

6. A process for the manufacture_gf conpound | and

acid addition salts thereof, whetein R and R '

i ndependent|y represent one, O |[or three hydrogen,

hal ogen, C _6-al kyl or C2-6-38 ene, said process

conprising the steps of r i Mg a compound of formula

I lwherein L represents a llegaving group, with an

optionally substituted - zyl - 4- pi peri done wherein
R " represents hydrogen|or C _6-alkyl, to obtain a
conmpound of forrmula 111 e process according to

claimé6 for the manufacturlg of conmpound | and acid

addition salts thereof, wmerein R and R '

i ndependently represent one, two or three hydrogen,
whbimoR8hrep€iscits iy drppemor @X16-ai it ydtanempaatud: prtecas<s25 °C and 5

°C %oog%chiinsai c% ptoﬂgd 81‘ F’o%%uﬁfﬂl

OO0

(I11).
8. The process according to any of claims 6-7, wherein R’ is 4-methyl and R’ is
hydrogen.
9. The process according to any of claims 6-8, wherein R’’’ is hydrogen.
10.  The process according to any of claims 7-9, wherein the metallation agent is n-butyl
lithium
11.  The process according to any of claims 6-10, wherein compound 1II is
Br
o
H,C
12. The process according to any of claims 6-11, wherein said salt is the hydrobromic

acid addition salt.



reacting a conmpound of formula Ilwherein L represents
a leaving group, with a netallation agent sel ected
wo ewonadsky! |ithium al kyl nagnesi um or nagnesPCITER2009/052440
an optionally substituted JV-benzyl -4-pi peri done
wherein R " represents hydr%en or OC _6-alkyl, at a
tenperature between -25 0C &fd 5 OC to obtain a
compound of forrmula Il 8. The process according to
any of clains 6-7, wherein R is 4-nmethyl and R ' is
hydrogen. 9. The process according to any of clains
13.6- 8Thavhexceisracédrdihgits claym bpgeercinlddmpbled pisocess
according to any of clai 7-9, wherein the
netal l ati on agent is n-bugyl lithium 11. The process
according to any of cl aj 10, wherein conpound 11
is 12. The process accofdingl to any of clains 6-1 1,
wherein said salt is theshydrobrom c acid addition
salt.13. The process acconding to claim®6, wherein

compound | is or~aci@.addition salts thereof said
process corrprithe teﬁs of reacting with n-butyl
np

lithiumat at el at ur g bgowo 0C foll owed by
reaction mi¢ enzyl - 4-p1 peridone at a tenperature
bet ween ardund 5C and around -@5c@iaddifdnHalts theraolt ai n

said process comprising the steps of reacting

Weae

with n-butyl lithium at a temperature below 0 °C followed by reaction with N-benzyl-4-

piperidone at a temperature between around 5°C and around —25 °C and HCl to obtain a

N HCl
OH
or
H,C

10 which compound is further reacted with ethyl chloroformate to obtain a compound of the

compound of the formula

formula



conpound of the formula which conpound is further

reacted with ethyl chloroformate to obtain a conpound
w@boovhessiior mul awhi ch conpound is further reactedr/mP1009/052440

EtsSiH and trifluoro acetic acid foll owed by reaction

with an acid to renove the pi peridine protecting

group and optionally to obta&’n a desired acid addition

salt. 14. The process according to claim 13, wherein L

is Br. 15. The process accordi topany of clains

13-14, wherein said salt is thgghgﬂro omic acid

addltlon salt and wherein the N-protecting group is

renoved by reaction with hydrobrohi¢c acid in acetic

acid. 16. A process for the ma fure of a conpound

of the fornula or acid additio ts thereof, the

process conprising the steps of rpsa _A%g a conpound of

the formul awi t h et hyl chIoro%orna e obtain a

conpound of the formnu}a t paynd Os further

reacted wwth EtsSiH a i f1ug ¢etic acid foll owed

by reaction With}_g;(l&jI 0 reno he pi peri di ne

protecting group optlonally to obtain a desired

i d addi salt. 17.. The according to. c
W@E COfhap. H glahfai reagfqd yigh Eﬁéﬁh%tf %'fﬁhlarﬁ geetig ?%d followe by

reaction with an acid to remove the N-piperidine protecting group and optionally to obtain a

desired acid addition salt.
14.  The process according to claim 13, wherein L is Br.

15. The process according to any of claims 13-14, wherein said salt is the hydrobromic
acid addition salt and wherein the N-protecting group is removed by reaction with

10 hydrobromic acid in acetic acid.

16. A process for the manufacture of a compound of the formula

H
N

o
H,C

or acid addition salts thereof, the process comprising the steps of reacting a compound of

15  the formula
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addition salt and wherein the N-protecting group is
renoved by reaction with hydrobromc acid in acetic
wW@eiod/ 109581 The process according to claiml1l4, PEEERIN/052440
the conpoundls prepared in an initial step in which
4- et hyl t hi ophenol and 2-io%$bronobenzene are reacted
in the presence of palladi umsource and a bi dentate
phosphi ne |ligand at basic pH at el evated tenperatures.
19. A conmpound according to fornula i) _or ii) wherein

R and R' independently represent omé; 0 or three
hydr ogen, hal ogen, C _6-al kyl or C24{6- a” yl ene, and
acid addition salts thereof. 20. pound

according to claim19 selected frpm
1- benzyl - 4- hydr oxy- 4- [ 2- (4- net h enyfkul f anyl ) phenyl
] pi peri di ne; and

4- et hoxycar bonyl oxy-4-(2- p-t ol
i di ne-1-carboxylic acid ethyl

sal ts thereof.
oy
H.,C

with ethyl chloroformate to obtain a compound of the formula

O O\/

anyl - phenyl ) - pi per
and acid addition
OH

AT

which compound is further reacted with EtsSiH and trifluoro acetic acid followed by
reaction with an acid to remove the N-piperidine protecting group and optionally to obtain a

desired acid addition salt.

17.  The process according to claim 16, wherein said salt is the hydrobromic acid
addition salt and wherein the N-protecting group is removed by reaction with hydrobromic
acid in acetic acid.

18.  The process according to claim 14, wherein the compound

Br
J@VS
H.C

3
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Is prepared in an initial step in which 4-methylthiophenol and 2-iodobromobenzene are
reacted in the presence of palladium source and a bidentate phosphine ligand at basic pH at

clevated temperatures.

19. A compound according to formula 1) or ii)
R™ oo -
(© Nr
N 0
s o%
S ot
@f R R" <
R’ R"

i) and ii)
wherein R” and R’” independently represent one, two or three hydrogen, halogen, C; ¢-alkyl

or Cy¢-alkylene, and acid addition salts thereof.

20. The compound according to claim 19 selected from
1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl]piperidine; and
4-ethoxycarbonyloxy-4-(2-p-tolylsulfanyl-phenyl)-piperidine-1-carboxylic acid ethyl ester;

and acid addition salts thereof.



