WO 2009/109541PCT/EP2009/052440 Process for the manufacture of
[phenylsulfanylphenylipiperidines Field of the invention The present invention relates to a process for
the manufacture of 5[phenylsulfanylphenyl]piperidines and salts thereof. Background of the invention
The internat®R2PHtERHbpplications published as WO 2003/029232 and RGGEXRH?/144606 disclose
that the compound 44244-methylphenylsulfanyl)phenylkpiperidine 10 has a phatmacological profile
encompassing inhibition of the serotonin and noradrenalin reuptake, inhibition of the serotonin
receptors 2A and 3 and adrenergic receptor am, 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 nagd fok REP GRS SEsnith g DANWIRGISPf SalheRIRY ich are easy, cheap and which
provide a 15high ;ield. WO 500350%23 discloses &prﬁ@sggvﬁ%‘!gn a tert-butoxycarbonyl

protected piperidine-4-ol is transformed into an oxalate and then reduced by means of Bu3SnH to
provide the desired compound after de-protection. WO 2007/144006 discloses a process wherein
ethoxycarbdi§ibrbibety$igend ne- 20 4-ol is obtained by reacting 2-(4-tolylsulfany1)-phenyl bromide
with N-carbethoxy¥hepipesiiomesniihictelprotuct isoedutedieynmediastot SIEt3H/TFA to provide the

desiredﬁcont%%ﬂq%g{ﬁé%%;gﬁﬁg i&’f}ﬁg %Ipc{(ggﬁﬁlgg&in_which the ethoxycarbonyl protected

piperidine-4-ol is"obtain very low temperatures, i.e. -40 C and the reduced inteimediate is
difficult to isolate as it does not readily crystallise. 25WO 01/46147 discloses a method for reducing
N-protected piperedine-4-ol by means of SIEt3H/TFA. Summary of the invention The present inventors
have surprisBaghtfound snahéiaveagiad an optionally

The international patent applications published as WO 2003/029232 and WO

2007/144006 disclose that the compound 4-[2-(4-methylphenylsulfanyl)pheny!]-piperidine
10 has a pharmacological profile encompassing inhibition of the serotonin and noradrenalin

reuptake, inmbition 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
15 high vield.

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

WO 2007/144006 discloses a process wherein ethoxycarbonyl protected piperidine-

20 4-olisobtained by reacting 2-(4-tolylsuifanyl)-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.

25 WO 01/46147 discloses 2 method for reducing N-protected piperedine-4-0l by
means of SiEt:H/TFA.

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

30 substituted benzyl as N-piperidine protecting group allows z process to obtain the



30substituted benzyl as N-piperidine protecting group allows a process to obtain the protected
piperidine-4-ol that runs at higher temperatures, that gives rise to higher overall yields, and that allows
for a more easy and convenient isolation and purification of intermediates by crystallisation.
Accordingly, in one aspect, there is provided a process wherein a compound of formula Il R"(ll)
wherein R' and R" independently represent one, tw@ or three hydrogen, halogen, C16-alkyl or
C2_6-alkylene and L represents a leaving group is reacted with an optionally substituted

i berizy ARgane, Suleiel B eResenln AYAIROen L0 0. Color Jo ablain & capound of

formula Il In"one embodiment, the disclosure relates to a procéss wherein'a BUNGBf formula 11
R" (1) whereiiR4aradbanisyaige atpaepessent sosyamorithisohydiopeifidstegen, C1.6-alkyl or

C2.6-alkylenmtamblisepiosentsailleaiing\grueniig s asea-wianpionysels i,

N-benzyl-4-piperidon %d}mgound of formula II
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wherein R’ and R” independently represent one, two or three hydrogen, halogen, C; ¢-alky
or Cy¢-alkcylene and L represents a leaving group is reacted with an optionally substituted
N-benzyi-4-piperidone

Ril!

o

wherein R’ represents hydrogen or —O-C,s-alkyl, to obtain a compound of formule 1T
Ly “CH
' - OH . Rm
R =L ‘
. . (1II).

In one embodiment, the disclosure relates to a process wherein a compound of formula II
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wherein R’ and R”’ independently represent one; two or three hydrogen, halogen, Cyg-alkyl
or Crg-2licylene and L represents a leaving group 1s reacted with an optionally substituted

'~benzyl-4-piperidone,

i



optionally in the presence of a metallation agent selected liom alkyl lithium, alkyl magnesium or
Magnesium; wherein R" represents hydrogen or -0-C1_6-alky1 to obtain a compound of formula Il In
another aspect, there is provided a process for the manufacture of compound | (I) and acid addition
salts thereof, wherein R' and R" independently represent one, two or three hydrogen, halogen,
C1_6-alkyl or C2.6-allcylene, said process comprising the ° steps of reacting a compound of formula Il
(I1) wherein L represents a leaving group, with an opt| adfly substituted N-benzy1-4-piperidone 2b 0
wherein R" represents hydrogen or 0-C1.6-alkyl, to a compound of formula Il

O

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

wherein R’ represents hydrogen or ~0O-Ci4-alkyl to obtain a compound of formuia I
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In another aspect, there is provided a process for the manufacture of compound I

S X NH
SR
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and acid addition seits thereof, wherein R’ and R”’ independently represent one, two or

(IID).

three hydrogen, halogen, C;is-alkyl or Cog-alkcylene, said process comprising the steps of

reacting a compound of formula I

o

wherein L represents a leaving gr‘oup‘, with an optionally substituted N-benzyl-4-piperidone



In one embodiment, the disclosure relates to a process for the manufacture of a compound according
to foimula I (1) and acid addition salts thereof said proc%%s comprising the step of reacting a compound
of formula Il 3 0 optionally in the presence of a metallation agent selected from alkyl lithium, alkyl
magnesium or magnesium to obtain a compound of formula Ill RI" (II), In yet another aspect, there is
provided a process for the manufacture of a compound of t}g“q formula H3C
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Wheréin R’ represents hydrogen or 0-C;¢-alkcyl, to obtain 2 compound of formula I
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In one embodiment, the disclosure relates to a process for the manufacture of a

compound according to formula I

| S NH
R R 6

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

formula I



or acid addition salts thereof, the process comprising the steps of reacting a compound of the formula
3a with ethyl chloroformate to obtain a compound of the formula 0 0 H3C which compound is further
reacted with Et3SiH 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 still another
aspect, there is provided a compound according to formula i) or ii) wherein R' and R" independently
represent one, two or three hydrogen, halogen, C3%alkyl or C2_6-alicylene, and acid addition salts

thereof. 3b
S
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(II)
- with an optionally substituted N-benzyl-4-piperidone

Rlﬂ

O

optionally in the presence of 2 metaliation agent selected from allyl lithium, alkyl

magnesium or magnesium fo obtain a compound of formula I
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In yet another aspect, there is provided a process for the manufacture of a compound of

the formula
H
N
H.C

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

the formuia



Figures Figure 1: X-Ray diffiaction Patt-rn (XRDP) of 1-benzy1-4-hydroxy-4-[2-(4-
methylphenylsulfanyl)phenyl]piperidine, HC1, a-form Figure 2: XRDP of
1-benzyl-4-hydroxy-442-(4-methylphenylsulfanyl)phenryl]piperidine, Ha, f3-form Figure 3: Differential
Scanning calorimetric (DSC) of 1-benzyl-4-hydroxy-442-(4- methylphenylsulfanyl)phenylipiperidine,
HC1, Figure 4: DSC of 1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl]piperidi e HCI,
13-form WO 2009/109541PCT/EP2009/052440 4 Detailed description of the invention Leaving groups
are also sometimes referred to as nucleofuges, and they are pypically corresponding weak bases to
strong acids. Examples of leaving groups include halogens, H_C-SCF-S 't\3 /\\,,
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with ethyl chloroformﬁte to obtain & compound of the formmula
N
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which compound is further reacted with E:SiH and trifluoro acetic acid foliowed by |
reaction with an acid to remove the N-piperidine protecting group and optionally to obtain &

desired acid addition salt,

'In still another aspect, there is provided a compound according to formula i) or if)
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wherein R and R’ independently réprc—:sent one, two or three hydrogen, halogen, C, s-alkyl

or Cog-alkyiene, and acid addition salts thereof.



00-ct u- Mesylate andTrifylate 5Special mention is made of Br. In‘one embodiment, R" and R" are
independently hydrogen or C1_6-alkyl, such as methyl. In particular, R'is methyl and R" is hydrogen,
and in particular R' is methyl in the 4-position. In one gmbodiment, R' and R" independently represent
one or more hydrogens or halogens, such as fluor. 10In one embodiment, R." is hydrogen or methoxy,
and in particular hydrogen. In one embodiment, the metallation agent is alky! lithium, such as
n-butyl lithium or tert-butyl lithium, and in particular n-butyl In one embodiment, the acid addition
salt is a pharmaceutically acceptable salt. In one embodiment, said acid addition are salts of acids that
are non-toxicFE4¢Salts include 15salts made from organic acids, such as maleic, fumaric, benzoic,
ascorbic, suctigic; dxZHB zhisdmettiytetesa HURDM et artesulfonity ethanedisylfonic, acetic, propionic,
tartaric, Sa|IC¥L!]I6 Citrk'l%h. uug%rrlllcl?l%ctlc;[]]zr)nallc .makgf&c, mandelic, cinnamic, citraconic, aspartic, stearic,

palmitic, itaconlc,yg?yco IC, p-a Robenzo gfjg 3Fam|c,’l51éﬁ%esulfonic, theophylline acetic acids, as

well as the 8¥figiothizophipRinés - forakanhyt8:20[Rrotrntherphstine. Said salsmaease-be made
from inorgan'ﬁéfi §fosuch as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.
Special mention’i made of the hydrobromic acid addition salt. In on embodiment, one equivalent of
compound |l IglisstlVeddreetsliiadieisp habotnsuch @3S hyticsarbariarameihereaksolvent, e.g. _
heptanes, tety rQfur n% H i ra §5.mix ure eof and cooled to between around -25C and 5C,
such as betw%%gﬁy% %‘S?P?S- é%ﬁ hd ar Bﬁ(ﬁné}g%&?ﬁg %Fé?%ing atmosphere, e.g. nitrogen. Typically,
between 0.1 Bigdr4 édo@aEntdeiFHEliydiser4T0-(Hismsdhiyticrigiaddes ypproxipiaaink equivalent of
a metallation te n-butyl lithium dissolved in a solvent such as a hydrocarbon, e.g. heptanes
while maintainingthe temperature below 0 C. Upon cooling to a temperature not WO
2009/109541PCT/EP2009/052440 higher than around -15 C, an optionally substitued
N-benzyl-4-piperidone dissolved in a solvent, such as an etheral solvent, e.g. THF is added in an
approximately equimolar amount while keeping the temperature below around-I15 C. Once the addition
is



completed, the reaction is allowed to warm to room temperature. The product may be 5worked up by
phase separation using a suitable solvent, such as ethyl acetate and an aqueous basic solution, e.g.
NaOH with a pH around 10-12. The solvents are fully or partly removed by vacuum distillation (max
temperaturév-8aep/MIssblving the product in a suitable solvent and remoRAidESAIH d6R%Eht e.g. by
vacuum distillation may be repeated using e.g. THF as solvent. Once distillation is completed a
solvent, e.g. THF is added 10followed by additionpf an acid, for instance hydrogen chloride gas is
bubbled into the solution, and the product (Compound 1l1) is precipitated by mixing with a suitable
anti-solventﬁsuq 6?13 di-ethyl etr{e[l, and c%llected. As an alternative to the anti-solvent

e desseini

isolation/pu fi ,?35*& W ﬁ(?ﬁrggfgs 8'f"_compound [l may be used to precipitate compound IIl. In
order to obtain a JeGY RO EHI N ISASEl BHBE HESRasse Wekatwsh RAAHFREBSY  As

shown in thg,pxasories; thalneelassshaye dnvestigatetkthe alaove wactiondsirgwateus protecting
groups, i.e. N-benzyl1-4-piperidone, N-carbethoxy-4-piperidone, N-tedbutoxy-carbony1-4-piperidone
and N-benZ%S?f-‘%s-épgﬁ&ﬁ%dadﬁ@’gﬂgﬂﬂ%@amga%nging from around -15 C to -78 'C. Table 1 below
summarises the yields o/b;tained 20Tabte 1 Témperature N-benzyl-4- piperidgne N-carboethoxy-
4-piperidoneih @ :y- carBo 'érci)done 1 N-befizoyl-4- piperidoge -15C

o 00— T o— “ o

Tosylate Brosylate Mesyiate and Trifylate
35 Special mention is made of Br.

In one embodiment, R’ and R’’ are independently hyvdrogen or C)4-alkyl, such as
methyl. In particular, R’ is methyl and R”’ is hydrogen, and in particular R’ is methy! in the
4-position. In one embodiment, R’ and R’ independently represent one or more hydrogens
or halogens, such as fluoro.

10 In one embodiment, R**" is hydrogen or methoxy, and in particular hydrogen.

In one embodiment, the metallation agent is alkyl hthium, 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
one embodiment, said acid addition are salts of acids that are non-toxic. Said salts include

15 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-halotheophyilines, for example 8-

20 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 II is dissolved in a suitable solvent,
such as a hydrocarbon or an ethereal solvent, e.g. heptanes, tetrahydrofuran (THF) or a

25 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, e.g. nitrogen. Typically, between 0.1 and
4 equivalents of THF is uscd. To this solution is added approximately 1 equivaient of a
metallation agent e.g. n-butyl lithium dissolved in a solvent such as a hydrocarbon, ¢.g.

heptanes while maintaining the temperature below 0 °C. Upon cooling to a temperature not



90% 84% -30% (not isolated) - 0% -40 C 55-60 % -78 C 42%
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higher than around —15 °C, an optionally substitued N-benzyl-4-piperidone dissolved in a
solvent, such as an etheral solvent, e.g. THF is added in an approximately equimolar
amount while keeping the temperature below around 15 °C. Once the addition is
completed, the reaction is allowed to warm to room temperature. The product may be
worked uf) by phase separation using a suitable solvent, such as ethyl acetate and an
aqueous basic solution, e.g. NaOH with a pH around 10-12. The solvents are fully or partly
removed by vacuum distiliation (max temperature ~50°C). Dissolving the product m a
suitable solvent and removing said solvent e.g. by vacuum distillation may be repeated
using ¢.g. THF as solvent, Once distillation is completed a solvent, e.g. THF 15 added
followed by addition of an acid, for instance hydrogen chloride gas is bubbled into the
solution, and the product (Compound ITI} is precipitated by mixing with a suitable anti-
solvent, such as di-ethyl ether, and collected. As an alternative to the anti-solvent
isolation/purification, seeding with crystals of compound 11T may be used to precipitate
compound IIL 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-zert-
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 vields 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)
-46 °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



It is thus evident that the use of N-benzy1-4-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 25equipment and makes handling more
difficult whichiGriét848ésthe cost. Another advantage WO 2009/109541 FPET/ERPYEASI082440 6 of
using benzyl as protecting group is that it allows for a more convenient isolation and purification of the
reaction product through crystallisation. The benzyl protected piperidine acid addition salt readily
crystallises whereas the other protected piperidines do not. Compound Il may be prepared by reacting
a thiophenoI%/ith a suitaPIy substituted benzene,. an 1,2-dihalogenbenzene ia%ctihe presence of

such a
an inorgani8 RS EW a8 nggggf%.%r?@rtl-sbtuﬁ% lie??‘())vﬁ %5568? Convi%fg?nésﬁvaéf?/?compound Il may
be obtainedpiriéi pabbadifithccatalysepsdactibrobghweatiii thioph€nobang iapphensd palidelipadvanced
Organic Chem/ stry, (1985) J.March ), 989-5 Wil ,1 n.ex le, 4-methylthiophenol
and 2-iodobar%i?{n%&%\{g%?gﬁ%)rﬁ%%f gé?%gsg?evgng{%e qef\%lgt%%% ?%gﬁ%%p(%g%éégsgi (E}?C])C, such as above
100 C) in the preséncwoinl Bdsoureerapded bideatates pHosphiave ligihd. sExalmptesofmd sources

include PdGlLg, Bd(QrE)% and PAadhae Feamres et ?@é@%@ ligands.inelpdesyraamic
2,2'-b|sd|phenylphosphanrﬁlél11‘Th|naphtalenyl (rac-BINAP), 1,1'- bis(diphenylphosphino)ferrocene
(DPPF), biso@dafphén{inspHioShdYypEther 15(DPEphos); dba is dibenzylideneacetone.  In
order to obtain theAinahprodyctohocampaLndd oetacid iadditionisaltsdbereef reampound Il is further
reacted with an alkyl chlofoformate, such as ethylchloro formate. followed by ion with

o s TR N DR O A I HERY THAY b UL By P iR, Reaction
with an acid(&d.a fR&ISete fdbnr&¢ilisd dAto ne mau i & 200 pipanidire prodetiing lgroopbBraper selection
of said, acid will afford a desired acid addition salt of.co d irectly.; nn o und Il (1
el o oS TR R A R 0y P o ..
ketones, acetates;cobiomatedwlkylb: b derdrtapbospivhedécandtbrenunis kidiksaumer2ibdaivalents of a

alkylchloro fpgatey ol SUNMBHQIR foMIats RS AR FRGBLGRUGED R DR iSolated by phase
separation adding water and a solvent, such as
diphenylphosphanyl-[1,1° Jbinaphtaleny! (rac-BINAP), 1,1°-
bis(diphenyiphosphino)ferrocene (DPPF), bis-(2-diphenylphosphinophenyljether
15 (DPEphos); dba is dibenzylidencacetone.

In order to obtain the final product, 1.e. compound (I) or acid addition salts thereof,
compound IT is further reacted with an alkyl chloroformate, such as ethylchlore formate
followed by reduction with Et;SiH/TFA. The benzylehloride released may be captured by
reaction with ethanoiamine. Reaction with an acid in a final step is required to remove the

20 N-piperidine protecting group. Proper selection of said acid will afford a desired acid
addition salt of compound (1} directly.

Compound HI (1 equivalent) is suspended together with an excess of a base, such as
NapCOs in a solvent, e.g. ketones, acetates, chlorinated alkyls, or aromats, such as acetone
or toluene, and 2-3 equivalents of a alkylchloro formate, e.g. ethylchloro formate are added.

25 The product may be isolated by phase separation adding water and a solvent, such as
toluene or dichioromethane, 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 mixmre 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 1s allowed fo warm to room temperature,

30  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



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 Et3SiH (2-3
equivalents) at a temperature between around -10 T. and around - 25C. After the reaction is
completed, ¥We HiRtLS4% allowed to warm to room temperature, 30and tRe PFAt{ %45/ be isolated by
phase separation using water and a solvent, such as toluene or dichloromethane. After removing the
solvents, e.g. by distillation, an appropriate WO 2009/109541PCT/EP2009/052440 7 acid, e.g. HBr, is
added to remove the protecting carbethoxy group and to obtain the desired acid addition salt in one
single step. In one odi com | is H3C Swhich is obtained Vi ivalent of
in heptanesa(é ybglégiﬁ (SOt 0&53%3 en %C%?ﬂ' ?-aﬂip) h}l a“tégr? ugrat%)r(g %)%e%f\?\lllegr%l (gcrgll?r?d 5C and
around -25 Gjdsudditas: batweem:arogindte0 C and around -25 C, such as around -15 C, upon which
n-butyl Lithium (1 43 eaeun()algntgcf g&]%ﬂ% keeping 10the temperature below O C. Typically, L is
Br. Once the addition IS comp leted: the olution is cooled to a temperature between around -10 C and
around -25 C, such as around-15 C and approximately an Hquir’riBFar amount of N-benzy1-4-piperidone
is added while maintaining the temperature. When addition is,completed, the solution is allowed to
wairri to room temperature. 15The reaction is quenched with yater, and the product is isolated by
phase separation using a suitable solvent, such as ethy tate and adjusting the pH of the aqueous
phase to 10-12, e.g. by NaOH. The solvent is remO\éed or reduced by distillation, and fresh solvent,

o
H.C

5 which is obtained by dissolving ! equivalent of

L
He ¥ Y

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 z-butyl lithium {1-1.5 equivalent} is added while keeping

10 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 temperafure.

15 The reaction is quenched with water, and the product is isolated by phase separation
using a suitable solvent, such as ethy! acetate and adjusting the pH of the agueous 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



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 WO
2009/109541PCT/EP2009/052440 8 precipitates as crystals after mixing with a suitable anti-solvent,
such as di-efyFeqHasIZs mentioned above, seeding with crystals is an affefatie i pcipitation by
addition of an anti-solvent. 1-benzyl1-4-hydroxy-442-(4-methylphenylsulfanyl)phenyIThiperidine, HC1
5exists in polymorphic forms as discussed later, i.¢. an a- and a 3-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 poi# . the 3-form, is found to be the least
soluble in relevant solvents. 100ne equivalent of said compg g5 suspended in a solvent, such as
acetone together with approximately 2 equivalents of a ba ch as Na2CO3 and 2-3, such as
approximately 2.5, equivalents of ethyl chloroformate to Q tam’_;B? compound 0 0 Said compound is
worked up by addition of water and a solvent such as toluere and 15 coIIectlon of the organlc phase.

H,C

precipitates as crystals after mixing with a suitable anti-solvent, such as di-ethyl ether. As
mentioned above, sceding with crystals is an alternative to precipitation by addition of an
anti-solvent. 1-benzyl-4-hydroxy-4-[2-(4-methyiphenylsulfanyl)phenyllpiperidine, HCI

5 exists in polymorphic forms as discussed later, i.e. an o~ and a p-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 soiubility as this will lower the amount of
compound that remains in solution, i.e. improve the yield. The polymorph with the highest
melting point, 1.e. the B-form, is found to be the least soluble in relevant solvents.

10 One equivalent of said compound is suspended in a solvent, such as acetone

together with approximately 2 equivalents of a base, such as Nap,CO3 and 2-3, such as

approximately 2.5, equivalents of ethyl chloroformate to obtain the compound

O\/O\/

=

Said compound is worked up by addition of water and a soiven_t, such as toluene and
15 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

Et;SiH in TFA at a temperature between around —10 °C and around 25 °C, such as around



H3C which compound is worked up by phase separation. Optionally, the organic phase which 5
contains the compound may be refluxed with ethanolamine to capture the benzylchloride released.
HBr in acetic acid (1.5-4 equivalents, such as approximately 2 equivalents) is added to achieve the
final product¥O ptirighidladditional recrystallisation of the product may be*@pflifatsatiigistage.
Suitable solvents include water and alcohols, such as methanol and ethanol. 10In one embodiment,
the invention provides a process for the manufactuyre of a compound of the formula H3C or acid
addition salts thereof, the process comprising the steps of reacting a compound of the formula WO
2009/109541PCT/EP2009/052440 10 H‘\?ﬁ% thyl chloroformate to obtain a compound of the formula H
3C  which compound9s Tt SAStBLF s ARE ST GO RBTE BeiterB GRBTBY ©

obtamn the compound
OYO -~
N

P

which compound is worked up by phase separation. Optionally, the organic phase which
5 contains the compound may be refluxed with ethanolamine to 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 apphied at this stage. Suitable solvents include water and alcohols, such as methanol
and ethanol.
10 In one embodiment, the invention provides a process for the manufacture of a

compound of the formuia

ZT

e
H,C Z

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

the formula



Sreaction 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 SKEP2ZMFWHTAN in the examples, this process for the manufacbsrE¥gPAWATAY o
methylphenylsulfanyl)phenyl]piperidine, HBr has an overall yield of above 50%, whereas the
manufacturing process using carbethoxy as protegting 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. 15The below compounds have
been shown to be particular useful intermediates in the manufa e of
[methylphenylsulfanylphenylThiperidines, such as 4-1244-r hhenylsulfanyl)phenylkpiperidine and
acid addition salts thereof. WO 2009/109511PCT/EP20097052440 , and acid addition salts thereof,
and in particular 1-benzyl-4-hydroxy-4-12-(4-methylphe I\}/IsuI;q@)}?/l)phenyl]piperidine S and acid
addition salts thereof; and 00

OH

oC
H.C

with ethyl chloroformate to obtain a compound of the formula

OYO -~

N

i
BOR G

which compound is further reacted with Et:SiH and trifluoro acetic acid followed by
5 reaction with an acid to remove the N-piperidine protecting group and optionally to obtain a
desired acid addition salt. Tn 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-

16 methyiphenylsulfanyl)phenylipiperidine, 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.

15 The below compounds have been shown to be particular useful intermediates in the
manufacture of [methylphenylsulfanyiphenyl}piperidines, such as 4-{2-(4-
methylphenylsulfanyl)phenyl]-piperidine and acid addition salts thereof.



, and in particular 4-ethoxycarbonyloxy-4-(2-p-tolylsulfanyl-phenyl)-pipe dine-I-carboxylic acid ethyl
ester 10 WO 2009/109541PCT/EP2009/052440 12 In one embodiment, the invention relates to
compound i) or acid addition salts thereof, or compound ii). In one embodiment, the invention
relates to 13W@##Y AR Idroxy-442-(4- methylphenyisulfanyl)phenyl Thipdiidiffé 284434 crystalline
form, in particular with 5XRPD reflections at approximately 4.36, 7.53, 11.51 and 14.08, such as with a
XRPD as shown in Figure 1 (the a-form); or with XRPD reflections at approximately 6.59, 8.33, 12.51
and 13.37, such as with an XRPD as shown in Figure 2 (the -foion. As shown in Figures 3 and 4,
the0020- and the /3-form of 1-benzyl-4-hydroxy-442-(4- methylphenylsullanyl)phenylThiperidine, HC1
have melting pom% at around 170 C and 10around 216 C, respectively. The a-form can be obtained
by crystallisation from THF; the p-froma.y crystallisation for acetone. All references, including
publications, patent applications, a tents cited herein are hereby incorporated by reference in
their entirety and to the same exteritas’if each reference were individually and specifically indicated to
be incorporated by reference and;15were 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.
Savh

R R , and acid addition salts thereof, and in particular

-benzyl-4-hydroxy-4-[2-(4-methyiphenylsulfanyl)phenyl|piperidine

N
. OH
S ~
9 g
H,C

and acid addition salts thereof, and

, and in particular

4-cthoxycarbonyloxy-4-(2-p-tolylsulfanyl-phenyl)-piperidine-1-carboxylic acid ethyl ester

10



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. 20-Unless otherwise indicated, all exact values provided
herein are régré¥@ftifive of con-esponding approximate values (e.g., allp&éﬁzé'%fﬁfﬁﬁy values
provided with respect to a particular factor or measurement can be considered to also provide a
corresponding approximate measurement, modifi¢el by "about,” where appropriate). The description
herein of any aspect or aspect of the invention using terms such as 25"comprising"”, "having,"

‘including.” or "coptaining iy 1efefience 40 80 lament AL glsManis s aicderiaprovide support for

L I
a S|m|I_ar aspect or aspect of the Invention that "consists of'. “consists essentially of', or "substantially
comprises"tthatqbasticotawcetgment or elements, unless otherwise stated or clearly contradicted by

context. WO 2009/109541PGTIEP2008/052440 1.3 Examples, The,maslipaifoints are measured using

Differential Scanning Calorimetry (DSC). The equipment is a TA-Instruments DSC-Q1000 calibrated at

5/min to givaaisimie ity e abcardatsarias ABdUR 2 RySHLEMPIREHEREH' SN in a loosely

closed pan yndey 2niaes.flovprdRaw Rovater diffracoigiamsaerurieasutc ORI ANalytical X'Pert

PRO X-Ray Diffractometer using CuKai radiation. The samples were measyre § flection mode in
el e 0 &5

the 20-rangd & a0n Eige ah (0eSrioisr G tEtfor 'Bifta A SR TRHCAtE 10 Exale 1 2
4-tol Isulfan;: beR Jbromde ch as with an XRPD as shown in Figure 2 (the B-form). As shown in

Figures 3 and 4, the0020- and the p-form of {-benzyl-4-hydroxy-4-[2-(4-
methylphenylsuifanyl)phenyljpiperidine, HCI have melting points at around 170 °C and

10 around 216 °C, respectively. The a-form can be obtained by crystaliisation 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 cach
reference were individually and specifically indicated to be incorporated by reference and

15 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.

20 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

25 “comprising”, “having,” “including,” or “containing” with reference to an element or
clements 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 eiement

or elements, unless otherwise stated or clearly contradicted by context.



4-methylthiophenol ,2-dibromobenzene2-(4-tolyisulfanyl)-phenyl bromide 15To a stirred solution of
potassium tert-butoxide (75 g, 0.668 mot, 1.1 eq) in N-methy1-2- pyrrolidone (225 mL) a solution of
4-methylthiophcnol (78 g, 0.628 mol, 1.0 cq) dissolved in N-methyl-2-pyrrolidone (225 mL) was added.
To the reacHSh2#dP&4ivas then added to 1,2-dibromobenzenc (73 mL, BOBERS 1T HY), once the
addition was complete the reaction mixture was warmed to 100C and maintained at this temperature
for approximately 22 hrs. 20 (The reaction is monitered by HPLC). After cooling to room temperature
water (750 mL) and toluene (375 mL) were added, the phases separated, and the water phase
extracted vﬂ tolulene (250 mL). The organic phases were combined and the organic phase was
concentrat 59‘98?8uum,distillation. Once the di tiIIati,oF was complete, the r g gyvas cooled and
methanol (238 -PeiiBgaelisge @8%&%%@%@&%5\%‘8 f?S?ﬁIiH]@'E:D 8’?17%‘35%?3 Sby Vacuum
distillation apgdifstheryaathanel- @9 by addeshStffingaversnight at sbenhtempengtpomprecipitated

2-(4-to|ylsulfany1)-l enyl bromide which was jsolated by filtration, washed with methanol (260 mL)
and dried ir?@gﬁiﬁﬁﬁép%'e‘fbb%u&?% g{h%\%&j?fﬁ%?ﬂée i éﬁ%&?@%ﬁi’&nﬁ ample 2
1-benzyl-4+ydgexyidd2-(4-methylphenylsulfanyl)phenyl]pmeridine, HCI  244-tolylsulfanyl)-phenyl
bromide (119 8, d A1) iR dissalyed I igRledes (HAPIKLENCIY fatfad aivgn (243 L. 3 mol )
and after 0. IXture'was cooled down to -15 C'under an atmosphere of nitrogen. To
this mixtureRiEisatddetnusuty Qitkiuntdintientahe sempia (S83TaEsuIce MGG Magtiining the
temperature,n {he range ;5 G100 G- Qnes the.adalifion pas somplete e dpactionimixgyre was
cooled to 1 %?6§nr3n-%cg)eé %g%%g g s%lt?%n c% N?benzy1-4-piperidone (2178 mL, 1.5mi(‘)[1|1) i??'dry
tctrahydrofuran (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.

Example 1 2-{d-tolvlsulfanyD-nhenyl bromide

Br _ Br
SH KOt?u
+.
w0
4-methylthiophenoi 1,2-dibromobenzene 2-(4-tolyisulfanyl}-phenyl bromide

15 To a stirred solution of potassium tert-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 cq) dissoived
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 femperature for approximately 22 hrs,

20  (The reaction is monitored by HPLC). After cooling to room temperature water (750 mlL)
and toluene (375 mL) were added, the phases separated, and the water phasc cxtracted 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

25 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.



The reaction was quenched with water (1 L), and ethyl acetate (1 L) and aqueous 15 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. FHe ¥¥RE84 were removed by vacuum distillation (max. temﬁ’&yﬁﬁ@@‘g’@ﬁbnce the
distillation was complete, tetrahydrofuran (2.25 L) was added and the solvents removed by vacuum
distillation (max. temperature 50 C). Once the 20dijgtillation was complete, tetrahydrofuran (2 L) was
added. Hydrogen chloride gas (85 g, 2.33 mol,) was bubbled into the solution and the product

precipitate additjon to diethyl ther% ith. stirring. The. precipi filter ff and washed
with diethy(ljﬁé%%lﬁﬁ.y;%cgﬁ%ﬁ f%ﬁ@é’é’é?ﬁi ift')(g\?,%‘éﬂ?‘ﬁ’ {Bhéﬁﬁﬁ%% 3&%‘3@%&?# 3%%? C) to obtain the
title compound at 574 g (90% vyield). WO 209/109541PCT/EP2009/052440 15 Exam le 34- 74 me h
lehenylsulfan 1 hen 1 .i eridine HBr  Aftgr stitinga suspension of
1-benzyl-4-hydroxy-442-(4-methylphen §9I¢8m$2£henyl -F_piperidine, HC1 (4 mot) and sodium
carbonate (212 g, 2 mol) in acetone (2 LY ESFL I SHhY chibroformate (240, 2.5 mol) was added.
After stirring for a further 63:10 minutes ABlgene (3 L) and water (3.5 L) wer€ added and the reaction
mixture stirred. The -@ s were separated and the organic phase washed-wi SL2Mm ag. hydrogen
chloride solution. Sofves % 3 L) was removed by distillation (T.. disillat oY= 120 C). The
resulting solution was added slowly to a mixture of trifluoro acetic aci ) 5 mol) and
triethylsilane (400 mL, 2 5 mol, 2.5 eq) at -15 C. Once the additig ' CO the 15 reaction
mixture was allowed to warm to room temperature before water (4 L) and toluene (3.5 L) were added.
The mi%tuV%W@ﬁo?yfgﬁ@laﬁeﬁ)?}%ﬁm%E%ﬁqt&f@i@dggmﬁéc?waﬁss%ﬂp&rmgpméntmmmhase washed
amin

with water (3 L), and ethanolamine (300 mL, 5 mol) added to the organic phase. The o%amic phase
dﬁle,o’uglel,) and after 0.5 h the reaction mixture was coolg

was refluxed"évEY gREBERSHED Wt

down to —15 °C under an atmosphere of nitrogen. To this mixture was added r-butyi

Jithium in heptanes 2.7 M (583 mL, 1.6 mol) while maintaining the temperature in the
range ~15 °C to 0 °C. Once the addition was complete the reaction mixture was cooled to

10 around —15 °C before a solution of N-benzyl-4-piperidone (278 mkL, 1.5mol) mn 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

15  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

20 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 diethyt ether (1.2
1) and the precipitate dried in a vacuum oven over night (T = 50 °C} to obtain the titie

compound at 574 g (90% yield).



hydrogen chloride solution (2.5 L) was added and the mixture stirred for 30 min. The 20 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 W@iRgeHe#dmide in acetic acid (350 mL, 5.7 M, 2 mol,) and ¥/ FEaetiB Hikture 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) 25 added andsthe reaction mixture warmed at 80 C for 4 hrs
before cooling to room temperature Drethyl ether (2 L) was added, and the reaction mixture stirred
over night fore th : itat i : i L diethyl ether. The precipitate was
re-crystallisee ‘ [s} a0 ) 7%). 16 Example 4 1-
tert-butoxv- carbonyl -4- hydroxv -4-12-(4- methylphenylsulfan 1 lietidine at -78 C See WO 03/029232
page 18. Example 5 1-garbethoxv-4-hvOroxy-4-12-(4-methylphenylsulfanyl)phenyllpiperidine at - 15C
10 2-(4-tolylsulfany1)-phenyl bromide (6:280, 224nmol) was dissolved in heptdnes (%0 mL) and dry
tetrahydrofuran (4.1 mL) agd after | .5hrstthenredstien miture was cooled dow 16-0C under an

atmosphere of nitrogen. n-Bu thlumzrrgtﬁﬁ%@%g ZTJAMS(gqﬁ mL, 26.5 mmol) was-added at 0 C and
after 45 min the reaction mixture was coq d:t&ruirﬁz}C

OH 3. HBr (1.5 eg+1.5 eq), 80 °C 5
s (ACOH)

After stirring a suspension of 1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyl]-

LA

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

10 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 chioride
solution. Solvent (approx 3 L) was removed by distillation (Tiax dgisstiation = 120 °C}. The
resulting solution was added slowly to a mixture of trifluoro acetic acid (1.11 L, 15 mol)
and triethylsifane (400 mL, 2.5 mol, 2.5 eq) at 15 °C. Once the addition was complete the

15  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 agueous
hydrogen chioride solution (2.5 L) was added and the mixture stirred for 30 min. The

20 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)

25 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%).



15solution 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 fronMhdPgdmidiphase shows a ratio of 1- PCT/EP2009/052440
carbethoxy-4-hydroxy-442-(4-methylphenylsulfanyl)phenylipiperidine to 1-methy1-4-
20phenylsulfanyl-benzene of 28:58. WO 2009/109541PCT/EP2009/052440 17 Example 6
1-carbethoxy-4-hydroxy-442-(4-methylphenylsulfanyflphenyllpiperidine at 40C 1)n-BuLE, heptane 250
2) -40 O\N4G /0 In anhydrous equipment under a nitrogen atmosphere was stirred a mixture of 2-(4-
Stolylsulfanyl)-pheny ] i NEe pom temperature (25 C).

PRI D36t T heptane was them addec : tlation. After stirring at room
temperaturefit:30)phicnitgsitas deactiefitnixture was cooled to -50 C before a solution of
carbetoxypiperi ' (1.5 L) was added dropwise while maintaining the temperature under -40
C. Once thegg%g\%%ﬁj%gsﬂc%ﬁ%%té% reaction was allowed to warm to O C before 10dilute HC1 (1 L)
was ad@ed maintaining the temperature below 10C. Once addition was complete reaction was stirred
for a furthergA3 inutes hafore phasgswhere Bllawadiio senaials, RRFSES WRIS-AaRRAted. the water
layer was extracted with ethyl acetate (1 L) and the organic layers combined.” The combined organic
layer was whsKed with NaCl solution (15%) (1 L), dried over magnesium sulphate, evaporated to
dryness and slurried in diethyl ether (250 mL) for

i. n-Buli (heptane/2 eg THF) o. G
-15°C 100 °C =y
B it. N-carbethoxy-4-piperidane in THF N s
B P, 18 Y [

10
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

15 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 hrydrogen chloride solution. A sample from the organic phase shows a ratio of 1-
carbethoxy-4-hydroxy-4-[ 2-(4-methviphenyisulfanyl)phenyi]piperidine to 1-methyl-4-

20 phenylsulfanyi-benzene of 28:58,



1530 minutes, filtered and dried at 40 C in a vacuum oven. Yield 55-60 %. Example 7
1-benzovl1-4-hvdroxy-4-[2-(4-methylphenykulfan 1)phenylinineridinc at -- 15C WO
2009/109541PCT/EP2009/052440 18 OC under an atmosphere of nitrogen. n-Butyl lithium in heptanes
2.7 M (9.8 MO 2815 1ifHdl) was added at 0 C and after 45 minutes the re&€tidgiPmititiz4as cooled to
-15 C. A solution of N-benzyloxy-4-piperidone (5.08 g, 25 mrnol) in dry tetrahydrofuran (40 mL) was
added to the reaction mixture maintaining the temperature below -15 C. Once the 5addition was
complete the reaction was allowed to warm to room temperature before quenching with dilute aqueous
HC1 solutiop. HPLC indicated the presence of 1- methy -4- p enylsulfanyl-benzene and a complex
mixture of L 5.6 !::v.’. .‘i‘ "l' !ga -1 '. ‘u, .:‘ a1 A RLCELY LD -_ .! il -!' 1 z HL "6 b 5 me BET.

To a stirred gkigpension of 1 -earbethoxy-4-hydroxy-412-(4-methy|phenylsuIfanyl)- phenylipiperidine
(462 g, 1.244 mol) in triethyl silane (362 g, 3.1 mol) was added trifluoro agetig acid (2835 g, 24.9 mol).
The reaction mixture was then heated at 60 C for 18 ins 15 before coollng\?ﬁ . To the cooled
solution was added toluene (750 mL) and then water (750 mL) followed b, " irring for 20 minutes. The
reaction mixture was allowed to standswithout stirring for 60 min, the organigphase separated, and the
water phase re-extracted wit 50 m&)luﬂ_h\@pt@m was,/@p der reduced pressure to

give the crude product as a 20 40 C
= J<

In anhydrous equipment under a nitrogen cxtmo&,phere was stirred a mixture of 2-(4-

5  tolylsulfanyl)-phenyl bromide (600 g, 2.15 mol) in heptanes (4.5 L) at room temperature (25 °C).
n-Bu-lithium (10 M, 236 mL) solution in heptane was then added by canulation. After stirring at
room temperature for 30 minutes the reaction mixture was cooled 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

10 dilute HCL {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
tayers 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

15 30 minutes, filtered and dried at 46 °C in a vacuum oven. Yield 35-60 %.

Example 7 1-benzovl-4-hydroxy-4-[2-(4-methviphenvisulfanyDphenylipiperidine at — 15°C

i. n-Buli (heptane/2 eq THF) o. ,!i\ ;]
I nc -;_-\‘,.-’ R
Br ii. N-benzovi-4-piperidone
e B J\\ it THF, ~15 °C ;/N‘*~-§ /;:‘\\%/,s T
A T“OH e
T [!
P R
20 . .

2-(4-tolyisulfanyl)-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



WO 2009/109541PCT/EP2009/052440 19 The crude oil from the previous step was warmed in a

mixture of acetic acid HBr at 80 C (Reaction complete after 18 hrs). The reaction mixture was allowed
to cool to room temperature and diethyl ether (800 mL) was added and stirred for a further 60 minutes.
The Sprodubt@a#8%detated by filtration, washed with cold ether (300 mL) P&AG-8HE} (¢4ccuo. Yield 80
%. WO 2009/109541PCT/EP2009/052440 20 Exam e 9 4-e hox carbonyloxv-4-

2- -tol Isulfanhen 1-carboxylic acid ethyl ester 1.1§a2003 (2 eq), ethylchloroformate (2.5 eq), rt
(OH2012)

0°C under an atmosphere of nitrogen. #-Buty! lithium in heptanes 2.7 M (9.8 mL, 26.5
minol) was added at 0 °C and after 45 minutes the reaction mixture was cooled to 15 °C.
A solution of N-benzyloxy-4-piperidone (5.08 g, 25 mmol) in dry tetrahydrofuran (40 mL)
was added to the reaction mixture maintaining the temperature below ~15 °C. Once the

5 addition was complete the reaction was allowed to warm to room temperature before
quenching with dilute aqueous HCI solution. HPLC indicated the presence of 1-methyl-4-

phenylsulfanyi-benzene and a complex mixture of unknown compounds.

Example 8 4-[2-(4-methviphenylsulfanviyphenyljpiperdidine, HBr

10
OYO\/ OYO\/
N N
TFA
OH Triethyisilane
& " 5

80 C E =

=

To a stirred suspension of 1-carbethoxy-4-hydroxy-4-[2-(4-methylphenylsulfanyl)-
phenylipiperidine (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

15 before cooling to 0 °C . To the coeled 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 totuene was removed under reduced pressure to give the crude

product as an oil.



1095 A suspension of 1-benzyl-4-hydroxy-442-(4-methylphenylsulfanyl)phenyl]piperidine, HC1
(42.6 g, 100 mmol) and sodium carbonate 21.2 g (200 mmol, 2 eq) in dichloromethane (400 mL) was
stirred at room temperature for approximately 90 minutes before ethyl chloroformate (24mL, 250
mmol) was BHa9/AfE+160 minutes water (400 mL) was added 10and thBPHESE it hted. The
organic phase was washed with first dilute aqueous HCI, followed by a dilute sodium hydroxide
solution and brine. The organic phase was dried omer MgSO4, filtered and the solvent removed under
reduced pressure. Diethyl ether (200 mL) was added and the mixture stirred overnight at room
temperature. The title compound was isplated by filtration, washed with diethyl ether (80 mL) and dried
over night in a 15 vacuum oven at 55\5Y‘|‘e’la = 20.15 g (45%). NMR data Thegiollowing NMR data
were obtained for the synthesised ¢ ounds N
4-ethoxyearbonyloxy-4-(2-p-tolylsuffanyl-pheny1)-piperidine-1-earboxylic acid ethyl ester: 20 '3C-NMR
(d6-DMSO, 125.8 MHz): 155.0 (s),

Sy . ’ s
JOR® oy

The crude oil from the previous step was warmed in a mixture of acetic acid HBr at 80 °C

{Reaction complete after 18 hrs). The reaction mixture was aliowed 1o cool to room

temperature and diethyl ether (800 mL) was added and stirred for a further 60 minutes. The
5 product was isolated by filtration, washed with cold ether (300 mL), and dried in vaccuo.

Yield = 80 %.



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 (t), 61.2 (t), ca. 39.9 (t), 33.4 (1), 21.0 (q), 14.9 (g), 14.5 (q) ppm.

25442-(4-methylphenylsulfanyl)phenyllpiperd d ne, HBr: 13C-NMR (D20, 125.8 MHz):
WO 2009/109541 PCT/EP2009/052440

20

Example 9 4-cthoxycarbonvloxy-4-(2-p-tolylsulfanyi-phenyD-piperidine- 1 -carboxylic acid

ethyl gster

S 1. Na,CO, (2 eq), O O
c /ﬂfH ethylchioroformate (2.5 eq), Ili
AN o Mg
o o
Se P
P T
P e e :

A suspension of 1-benzyl-4-hydroxy-4-[2-(4-methyiphenylsulfanyl)phenyl}piperidine, HCI
(42.6 g, 100 mmol) and sodium carbonate 21.2 g (200 mmol, 2 eq} in dichloromethane (400
mL) was stirred at room temperature for approximately 90 minutes before ethyl
chloroformate (24mL, 250 mmol) was added. After 60 minutes water (400 mL} was added

10 and the phases separated. The organic phase was washed with first dilute aqueous HCY,
followed by a dilute sodium hydroxide solution and brine. The orgamic 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

15 vacuum oven at 50 °C Yieid = 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:
20 PCNMR (d°-DMSO, 125.8 MHz):

135.0 (), 152.4 (s), 140.8 (s, 138.3 (s), 135.4 (s), 133.4 (d), 13119 (d), 130.9 (5}, 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 (@) ppm.

25  4-[2-(4-methyiphenylsulfanyl)phenyt]piperdidine, HBr:
BCNMR (D;0, 125.8 MHz):
145.0 (s). 137.5 (8), 134.3 (s), 132.5 (d), 131.7 (8), 131.5 (d), 130.6 (d), 128.5 (d), 127.9 {(d),
126.7(d), 44.0 (1), 36.7 (d), 29.1 (1), 21.0 (q) ppm..

30 lﬂ—benzy1~4-hydroxy—4-[2-(4—methylphen_yisulfanyi)phenyi}piperidine, HCI:
BCNMR (d°-DMSO, 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.
301-benzyl-4-hydroxy-442-(4-methylphenylsulfanyl)phenylThiperidine, HC1: '3C-NMR (d6-DMSO,
125 8 MHz)WW®02009¥109541PCT/EP2009/052440 21 144.7 (s), 138.1 (§I/EBR®5344133.8 (d), 132.3
(s), 132.0 (d), 131.6 (d), 130.7 (d), 130.1 (s), 129.8 (d), 129.1 (d). 128.2 (d), 126.0 (d), 125.9 (d), 69.4
(s), 59.1 (1), 47.8 (1), 32.7 (1), 21.1 (q). 52(4-tolylsulfanyl)-phenyl bromide: 13C-NMR (d6-DMSO, 125.8
MHz): 139.5 (s), 139.0 (s), 134.4 (d), 133.3 (d) 131.2(d), 128.8 (d), 128.0 (s), 127.9 (d), 121.6 (s), 21.2

(0)- 10 Example, 10 rbepzylia-hydroxy 442 (4methylohenyiSulfanyhperpfipmerid e S 15

16

15

20

25

30

129.8 (d), 129.1 (d), 128.2 (d), 126.0 (d), 125.9 (d), 69.4 (s), 59.1 (), 47.8 (1), 32.7 (1), 21.1
(q).

2-{4-tolylsulfanyl)-phenyl bromide:

BC-NMR (d°-DMSO, 125.8 MHz):

139.5 (8), 139.0 (), 134.4 (d), 133.3 (d), 131.2 (d), [28.8 (d), 128.0 (s), 127.9 (d), 121.6 (s),
21.2 (q).

Example 10 1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanyl)phenyljpiperidine, HCI

i. n-BuLi (heptane/0.5 eq THF)
-15°Cto0°C
ii. N-benzyl-4-piperidone in THF
Br -15°C

H\ +
S iii. HCI (gas) N
i
OH
i

149 .7 kg 2-(4-tolylsulfanyt)-pheny!l 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-benzy!-4-piperidone (552 mol, 1 eq) dissolved i 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 ethy! 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 1. 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-
methylphenyisulfanyl)phenyl lpiperidine, HCl (B-form} are added. The resulting precipitate



149.7 kg 2-(4-tolylsulfanyl1)-phenyl bromide (536 mol) was suspended in 282 kg heptane and 19.5 kg
dry tetrahydrofuran (270 mot. 0.5 eq) and the reaction mixture was cooled 20down to -15 C. 143.8 kg
25% n-butyl lithium in heptane (561 mol, 1.05 eq) was added at temperatures between -15 Cto -5 C
following whidh 2M8/tetiplerature was lowered to -15 C. 104.5 kg N-benzyACABBENASH#{(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 temperaturez 360 L water. 320 kg ethyl acetate and 25 L 27.7%
ag. sodium hydroxide 25solution were added, the phases separated, and solvents removed from the

organic phaseyb um dls.tljj_LI |onﬂg tem erature 39 % 43 L tctrah dro ran dded, and
solvents remidt E%eﬂaf aaélﬁiu‘?ﬁq %4 ‘?3( a>(?ﬁf%l %%8%%%“ %‘)%%}Ig\/‘v?ﬁguw |t|o/r?al 541 L
tetrahydrofurahi veass awlaled pRitd kgHBEOgen chloride gas (560 mmol, 1.04 eq) is added to the
solution, and seeding crystals of 1-benzy1-4-hydroxy-4-[2-(4-
30methylphenylsulfanyl)phenyl]plperldlne HO (13 form) are added The resulting precipitate WO
2009/109543:RETIE PRAG/E5P4Y 1P R g7 1 | tetrahydrofuran and dried
on a vacuum filter. (83 9% yleld 98 5% area purlty by HPLC) Exam le 11 4- 2- 4-methhen | i erdidine
HBr 10426 g (0.1 mol) 1-benzyl-4-hydroxy-442-(4-methylphenylsulfanyl)phenyllpiperidine, HG 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 temperaturé&thg gas evolution ceases and 24 mL (0.25 mol, 2.5 eq)Hetlwl chIorofonnate was
added and the react S stlrred oVerlRigheid.3 L toluene and

- ethylchitroformate (2.5 eq),
rt (acetone}
2. Et,SiH (2.5 eq), TFA {15 eq),
-15 °C (toiuene)
3. HBr (2.0 eq+2.0 eq), 80 °C
(ACOH} /@/

42.6 g (0.1 mol) 1-benzyl-4-hydroxy-4-[2-(4-methylphenylsulfanylyphenylpiperidine, HC

16

and 21.2 g (0.2 mol, 2 eq) sodium carbonate were suspended in 0.2 L acetone, and after
stirring for 1.5 b at room temperature the gas evolution ceases and 24 mL (0.25 mol, 2.5 eq)
ethyl chioroformate was added and the reaction was stirred over night. 0.3 L toluene and

15 (.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 1. solvent
distilled off. 111 mL (1.5 mol, 15 eq) trifluoro acetic acid and 40 mL (0.25 mol, 2.5 eq)
triethylsilanc 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 —

20 15 °C, after which the temperature is aliowed 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

25  chioride 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 m 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



150.35 L water were added and the phases were separated. The organic phase was washed with 0.2
L 20% ag. 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) triethylsilane were mixed and cooled
down to -15%2 TH&'ifEne solution was added to the trifluoro acetic ackirTefRySARE Hixture so that
the temperature does not rise above - 20 15 C, after which the temperature is allowed to increase to
room temperature. 0.4 L water and 0.35 L toluenexwere added, the phases separated, and the organic
phase washed with 0.3 L water. 30 nth (0.5 mot, 5 eq) 2-ethanolamine was added to the organic

phase which was refluxed over night, apd wash ith 0.25.L 2 M ag. hydrogen chloride solution. The
phases Weﬁéi%éeﬁﬁwfbﬁlléﬂﬁetﬂfé"ggﬁiﬁﬁg @rﬁ?&‘fv%gév\#éa Win98 nr%ft‘igﬁ\)ﬂésq.c g)/%%()%:aéﬁo%chloride
solution. Theresganicpbaseyasilierégiovdrodififenddtmthesdlwehis distiled oftidndto the
remaining solution was added 35.mL 5. hydrogen bromide in acetic acid (0.2 mol . The
mixture was Héeég[%#%l%&% g]\flel}e%%)ﬁﬁ '171‘% Tr]reé%c %r\lv \a/'\‘?ffsﬁ %‘ggﬁe{g tcg ?%Egrﬁotgégn%én aét%ggégg%i. 5.7M
hydrogen brbenidelimaeeticaeid (012 whehveqhatdel ,§am§Wx§J®@a@/1@5ﬁq¢?@?ﬁ¢EiFi2®09/052440 23
the reagtion,piure armed @ A3 Gyfalutf Thecleag R Al RS cagled fauigom temperature,

and the solvents distilled off. 50 mL 2-propanol and 20 mL acetic acid were added and the reaction

refluxed. THerRiEIRECWRRS SifotRadteedBerRi Mo IdHiperattireldntith e adumAG srat fHitse filtered

and Washeqov#me@@_mg@fﬁ{@ﬂ@@@é@ﬁ&;ﬁﬂi%%%ﬁfjed 5solid was dissolved in 135 mL boiling water,
the mixture allowed to cool to room temperature, and the resulting precipitate was filtered, washed with
20 mL water and dried to give 27.0 g of the title compound (74% yield). WO
2009/109541PCT/EP2009/052440 24 Claims 1.A process wherein a compound of formula 11 (1)



wherein R' and R" independently represent one, two or three hydrogen, halogen, 03_6-alkyl 5or
C2_6-alkylene and L represents a leaving group is reacted with an optionally substituted
N-benzyl-4-piperidone 0 wherein R" represents hydrogen or -0-C166-alkyl, to obtain.a compound of
foilluta 111 &B6¢¥ess according to claim 1, wherein a compound ofPT)(L)? hota it () Wherein R’
and R" independently represent one, two or three hydrogen, halogen, 03_6-alkyl or C2_6-alkylene
and L represents a leaving group is reacted with &#hctallation agent 15selected from alkyl lithium, alkyl

magnesium or magnesium and an optionally substituted N-benzy1-4-piperidone WO
2009/109541PCT/EP2009/052440 25

Claims

1. A process wherein a compound of formula I

3
D L
_
R R (I

wherein R’ and R** independently represent one, two or three hydrogen, halogen, C;¢-alkyl
5  or Cae-alkylene and L represents a leaving group is reacted with an optionally substituted
N-benzyl-4-piperidone
Rln

o

wherein R*** represents hydrogen or —O-Ci¢-alkyl, to obtain a compound of formuia 1l

s N
OH Rlll
R' RII
2. The process according to claim 1, wherein a compound of formula H

Y Y
= s
R R an

wherein R* and R independently represent one, two or three hydrogen, balogen, C;.-alkyl

(YID).
10

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

N-benzyl-4-piperidone



0 wherein R' represents hydrogen or -0-C1.6-alkyl, at a temperature between around -25 C and
around 5 C to obtain a compound of foimula Il 5 R' (lll). 3.The process according to any of claims
1-2, where R' is 4-methyl and R" is hydrogen. 10 4.The process according to any one of claims 1-3,
wherein R' i¥fAyiPédeR+15. The process according to any of claims 2-4 %?é@ﬁzi/ng%f’aﬁ)lla ion agent
is n-butyl lithium. 6. A process for the manufacture of compound | NH R" 15(I) and acid addition
salts thereof, wherein R. and R" independently re@fesent one, two or three hydrogen, halogen,
CL-alkyl or C2_6-alkylene, said process comprising the steps of reacting a compound of formula Il

RI’"

N

\I

O

wherein R’’’ represents hydrogen or —O-Cig-alkyl, at a temperature between around ~23

°C and around 5 °C to obtain a compound of formula I

S - N

R Rl!

(I1).
5

3 The process according to any of claims 1-2, wherein R is 4-methyl and R™ 18
bvdrogen.

10 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 n-buty!
lithium.
6. A process for the manufacture of compound 1

R "
15 R M

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

reacting & compound of formula II



WO 2009/109541PCT/EP2009/052440 26 R"(11) wherein L represents a leaving group, with an
optionally substituted N-benzyl-4-piperidone R!" O wherein R" represents hydrogen or 0-C1_6-alkyL,
to obtain a compound of formula Il 7.The process according to claim 6 f f re of
compound Y']Réa ”%BJ&W and acid addition salts thereof, wherein R' and gtf}ﬁéﬂrﬂ%d?ﬁ@ represent
one, two or three hydrogen, halogen, C1_6-alkyl or C2_6-alkylene, said process comprising the steps
of reacting a compound of formula Il WO 2009/1869541PCT/EP2009/052440 27 wherein L represents
a leaving group, with a metallation agent selected from alky! lithium, :

N :
o
R R an

wherein L represents a leaving group, with an optionally substituted N-benzyi-4-piperidone
’ RH!

O

wherein R’ represents hydrogen or O-Cyg-alkyl, to obtain a compound of formula 111

S N N
Q | " OH bR"'
R’ R" e

h

(110).

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

oS \/CNH |
T
R R" %

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

10

three hydrogen, halogen, Cie-alkyl or Cog-alkylene, said process comprising the steps of

reacting & compound of formula II

| 2 /S@L
i /
R' le

(I



alkyl magnesium or magnesium and an optionally substituted N-benzy1-4-piperidone R'0 O wherein R"
represents hydrogen or 0-C1_6-alkyl, at a temperature between -25 C and 5 C to obtain a compound
of foiinula Ill 8.The§r_ocess according to any of claims 6-7, wherein R' is 4-methyl and R" is

hydrogen. 10VE A R4, The process

filess according to any of claims 6-8 herein R" is %Cﬂ%%)é]
according to any of claims 7-9, wherein the metallation agent is n-butyl lithium 15 11. The process
according to any of claims 6-10, wherein compourid. Il is Br H3C 12. The process according to any of
claims 6-1 1, wherein said salt is the hydrobromic 20acid addition salt.

wherein L represents a leaving group, with a metallation agent selected from alkyl lithium,
alkyl magnesium or magnesium and an optionally substituted N-benzy!-4-piperidone

R"l
=

N

0

wherein R™** represents hvdrogen or O-Cyg-alkyl, at a temperature between 25 °C and 5

5 °C to obtain a compound of formula III

[;;:::::J//’ES i X N
, Z OH R"

R "
R (TID).
8. The process according to any of claims 6-7, wherein R’ is 4-methyl and R’ is
hydrogen.
10
9. The process according to any of claims 6-&, wherein R’” 1s hydrogen.
10.  The process according to any of claims 7-9, wherein the metallation agent s n-butyl
lithium
15
11.  The process according to any of claims 6-10, wherein compound II is
Br
S
H.C
12.  The process according to any of claims 6-11, wherein said salt is the hydrobromic

20  acid addition salt,



WO 2009/109541PCT/EP2009/052440 29 H3C which compound is further reacted with Et3SiH 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. 5  14. The process accordip%%to g:lﬁasizm“l?a, wherein L
is Br. 15.Wﬁe’*'f5%ﬁ'é’§‘§according to any of claims 13-14, wherein said St EHe ﬁy fobromic acid

addition salt and wherein the N-protecting group is removed by reaction with 10hydrobrornic acid in
acetic acid.  16. A process for the manufacture @a compound of the formula H3C  or acid

addition salts thereof, the process comprising he steps of reacting a compound of 15the formula WO
2009/109541PC T/EP2009/052440 30 H3C OYO %

N
O
5 0—%
ISR R
-
H,C
which compound is further reacted with Et;SiH and trifiuoro acetic acid followed 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 1. is Br,

15.  The process according to any of claims 13-14, wherein said salt 1s 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

¢
H,C 7

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



with ethyl chloroforrnate to obtain a compound of the formula 0 H3C which compound is further
reacted with Et3SiH and trifluoro acetic acid followed by 5reaction with an acid to remove the
N-piperidine protecting group and optionally to obtain a desired acid addition salt. 17. The process
according to"tiai*(¥"Wherein said salt is the hydrobromic acid addition S4TER& RISt the
N-protecting group is removed by reaction with hydrobromic 10acid in acetic acid. 18. The process
according to claim 14, wherein the compound Br MO 2009/109541PCT/EP2009/052440 31 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 elevated temperatures
519.A compound according to formula i) or ii) K(-)

N HCI

/@/S S
|
=
H,C

with ethyl chioroformate to obtain a compound of the formula

OY\/

N

O

ot
/©/S ‘ AN O
A

which compound is further reacted with Et;SiH and trifluoro acetic acid followed by
5 reaction with an acid to remove the N-piperidine protecting group and optionally to obtain &

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 1s removed by reaction with hydrobromic
16 acid in acetic acid.

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

Br
o
H.C

3



/j11 i) and wherein R' and R" independently represent one, two or three hydrogen, halogen,
Cl6-alkyl or C2_5-alkylene, and acid addition salts thereof 20. The compound according to claim 19
selected from 101-bertzyl 4 hydroxy-442-(4-methytphenylsulfanyl)phenylipiperidine, and
4-ethoxycarB"&hf/‘I’Bg@/ga?é-p-tolylsuIfanyl-phenyl)-piperidine-l-carboxylic G BRI ¥ and acid
addition salts thereof

31

Is prepared in an initial step i which 4-methylthiophenol and 2-lodobromobenzene are
reacted 1 the presence of palladium source and a bidentate phosphine ligand at basic pH at

clevated temperatures.

5 19. A compound according to formuia 1} or ii)

s {N‘w
N — 0O
- \ 7\/\ :
{ ) P L 0_4\
i N
S oS Y, OM oy o
v e
R R 1) and i)

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

or Cyg-alkylene, and acid addition salts thereof.

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

and acid addition salts thereof,



