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Novel process

The present invention relates to a process for the preparation of S-[2-[1-(2-
ethylbutyl)cyclohexylcarbonylamino]-phenyl] 2-methylthiopropionate which is a useful

pharmaceutically active compound.

In a first aspect, the present invention provides a process for the preparation of compound of
5 formula (I):

O

NH
O
D

which comprises reacting a compound of formula (II)

D 4

(D)

with isobutyric anhydride and a reducing agent such as a phosphine, phosphinite,

10  phosphonite or phosphite.

Preferably the reducing agent is triisopropylphosphite, triphenylphosphine or
tributylphosphine, more preferably triphenylphosphine or tributylphosphine, most preferably
triphenylphosphine.



whi ch conprises reacting a conpound of forrmula (I1) W th isobutyric
anhydri de and a reduci ng agent such as a phosphi ne, phosphinite, 10
phosphoniwe 2or1/q@hmsphite. Preferably the reduci ng agent PC3/EP2010/059112
triisopropyl phosphite, triphenyl phosphine or tributyl phosphine, nore
preferably triphenyl phosphine or tributyl phosphine, nost preferably

tri phenyl phosphine. WD 2011/ 000793PCTf £P2010/ 059112 - 2 - Preferably the

reductive acylation is carried out in the Eresence of at |east 0.1(nol/L)
of the rebigtrady hgaeductye dattipn bedrmysiayt & the areagnee REH leasb@dinpddy) odthet he

inventionmgﬁag%s%ﬁgﬁ%eggmgggégg[ne, phosphite, phosphinite or phosphinite

may be oxidize y an oxi di zi ng agent, such as Oxone0 (known as potassiumb5
per oxononosul fate or potassi um nonopersulfate triple salt) or hydrogen
per oxi de. InMnstheperabahimbntyf theenoootidin, zhgreagyer phosphimg d poepphitp @hosphdsete ¢m a
rwﬁewedﬁm%mnm1 e.renpval of.the
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wat er/ 3l cgdietontorlofiifitd @potdsimahGRPESUIEAE ¥RIK salt] Or Mk &s pefoRRIeWMBS: St at ed,
the following terns used in the specification and clains have the neani ngs
gi ven bel Rygferably the oxidizing agent is hydrogen peroxide.

In a preferred embodiment, the acylation is followed by the removal of the respective

phosphine oxide, phosphate, phosphinate or phosphonate with water/alcohol extraction from

organic solvent.

10  Unless otherwise stated, the following terms used in the specification and claims have the

meanings given below:

“(Cy-g)alkyl” refers to a branched or straight hydrocarbon chain containing from 1 to 8
carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and t-
butyl, pentyl, hexyl, heptyl or octyl. (C;-¢)alkyl is preferred.

15 “(Ci-¢)alkoxy” means a moiety of the formula —OR®, wherein R* is an (C;-¢)alkyl moiety as
defined herein. Examples of alkoxy moieties include, but are not limited to, methoxy, ethoxy,

isopropoxy, and the like.

“alcohol” refers to a an (C;-g)alkyl as defined above substituted by an hydroxy group.
Examples of alcohols include, but are not limited to, methanol, ethanol, isopropanol,

20 propanol and butanol. Methanol is preferred.

“(Cs-g)cycloalkyl” refers to a single saturated carbocyclic ring containing from 3 to 8 carbon

atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

8ac Sad_

“phenyl(C;-3)alkyl” refers to the group R¥-R*’-, wherein R*and R* are , respectively,

“optionally substituted phenyl” and “(C;-3)alkyl” as defined above.

25 “phosphine” refers to a compound of formula PR3 wherein each “R” may be the same or
different and is independently selected from (C;-¢)alkyl, (Cs-¢)cycloalkyl, phenyl or
phenyl(C;-3)alkyl as defined above. Representative examples include, but are not limited to,



"(G-8)alkyl" refers to a branched or straight hydrocarbon chain containing
froml to 8 carbon atons, such as nethyl, ethyl, n-propyl, isopropyl,

n- butyl , weabutoph793sec-butyl and t-butyl, pentyl, hexyl pChapeylo/osaiinct yl .
(G -6)alkyl is preferred. 15 "(C -6)al koxy" neans a noiety of the formula
-ORa, wherein Ra is an (G -6)alkyl noiety as defined herein. Exanples of

al koxy noi eties include, but are not lifited to, nethoxy, ethoxy,
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phenyl (C| 3)al k defined. above. Representative exanpl es include, but
are not ér)f/)b%spgwuaiaﬁﬁgi@@%ﬁé@bm nous acid phenyl ester.

“phosphite” refers to a compound of formula P(OR) 3, wherein each R may be the same or

different and is independently selected from (C;-¢)alkyl, (Cs-¢)cycloalkyl, phenyl or

15 phenyl(C;-3)alkyl as defined above. Most preferably the phosphite is triisopropylphosphite.
Unless otherwise stated, organic solvent used for reactions referred herein comprises ether
like solvent (e.g.tetrahydrofuran, methyltetrahydrofuran, diisopropyl ether, t-butylmethyl
cther or dibutyl ether, dimethyl acetal or dioxane), ester-like solvent (e.g. ethyl acetate, butyl
acetate), aliphatic hydrocarbon solvent (e.g. hexane, heptane or pentane), saturated alicyclic

20 hydrocarbon solvent (e.g. cyclohexane or cyclopentane) or aromatic solvent (e.g. toluene or
t-butyl-benzene) or nitriles (e.g. acetonitrile) or amides (e.g. dimethylformamide, N-
methylpyrrolidine) or chlorinated solvents (e.g. dichloromethane) or dimethyl sulfoxide.

Most preferably the solvent for reactions is heptane or toluene.

Unless otherwise stated, organic solvent used for extractions referred herein comprises ether
25 like solvent (e.g.methyltetrahydrofuran, diisopropyl ether, t-butylmethyl ether or dibutyl
ether, dimethyl acetal or dioxane), ester-like solvent (e.g. ethyl acetate, butyl acetate),
aliphatic hydrocarbon solvent (e.g. hexane, heptane or pentane), saturated alicyclic
hydrocarbon solvent (e.g. cyclohexane or cyclopentane) or aromatic solvent (e.g. toluene or

t-butyl-benzene). Most preferably the solvent for extractions is heptane.

30 Compound of formula (II) can be prepared according to scheme 1:



"phosphonite" refers to a conpound of formula P(OR) 2R, wherein each R may
be the sanme 10 or different and is independently selected from (G -6)al kyl,
( C3- 6) cycwoabkdop79phenyl or phenyl (G - 3) al kyl as def i neg#Calmre@0/059112
Representati ve exanples include, but are not limted to

P- phenyl - phosphonous aci d di phenyl ester. "phosphite" refers to a conpound
of formula P(OR) 3, wherein each R nay_be the same or different and is

i ndependently selected from (C -6)al kyl, (C3-6)cycloal kyl, phenyl or 15
phenyl (&ied) @l Kyl as defined above. Mst preferably the phosphite is
triisopropylphosphite. Unless otherw se stated, organic solvent used for
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comprises reacting acyl halide with bis(2-aminophenyl)disulfide to acylate the amino groups

of the bis(2-aminophenyl)disulfide in the presence of a base (eg. N-methylmorpholine, di-N-
10 methylpiperazine, pyridine) .

Preferably the halogenating agent is chosen from thionyl chloride, phosphorus pentachloride,
oxalyl chloride, phosgene, diphosgene, triphosgene, phosphorus tribromide and cyanuric
fluoride, cyanuric chloride, most preferably thionyl chloride and phosgene. The acyl halide of

formula (IIT) wherein X is CI is most preferred.
15 Furthermore the invention may comprise the crystallization step as described herein.

S-[2-[1-(2-Ethylbutyl)cyclohexylcarbonylamino]-phenyl] 2-methylthiopropionate (thioester)
can be crystallized by a combined cooling and solvent-anti-solvent process. Solvent and anti-
solvent should be miscible. Both addition modes — anti-solvent to thioester solution
(preferred) or thioester solution to anti-solvent — are possible. With water as anti-solvent,

20 suitable solvents include but are not restricted to acetone, ethanol, isopropanol, propanol

.Most preferably, the thioester is crystallized from ethanol (solvent) and water (anti-solvent).

For the crystallization, the thioester is dissolved at elevated temperature in ethanol

(preferably between 40°C and 70°C) and is cooled until supersaturation is achieved



wherein Xis I, Br, d or F. In particular, the process conprises reacting
a 5 cycl ohexanecarboxylic acid derivative of formula (1V) with a

hal ogenatwogoagent3 such as PX3, PX5, 50X2 or NCX, to oleCaiEr2elessHcy |
halide of formula (111). The hal ogenating step is preferably carried out in
the presence of tri-(C -05)al kylam ne. Furthernore, the process conprises
reacting acyl halide with bis(2-am noph%nyl )disulfide to acylate the am no

groups of the bis(2-am nophenyl %rdl sulfide in the presence of a base (eg.
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cthanol:water ratio can be smaller than 7:3 (m/m), preferable 6:4 (m/m) or even smaller. The

suspension is further processed as described above.

The thioester can also be crystallized by cooling a solution of thioester in a non polar solvent
15 such as hexane(s), cyclohexane, heptane, pentane. Most preferably, the thioester is

crystallized from heptane.
In another embodiment, the invention further comprises the following steps:

a)  forming a solution of compound of formula (I) in acetone, ethanol, isopropanol or

propanol at a temperature of 40°C to 70°C;

20 b) cooling the solution until supersaturation, preferably to room temperature; (wherein
supersaturation is well understood by the person skilled in the art, see J.W. Mullin,
“Crystallization”, fourth edition, Butterworth-Heinemann, 2001, ISBN 0 7506 4833 3, pages
123-131);

¢) adding seed crystals of compound of formula (I);

25 d) optionally aging the suspension, preferably for at Ieast 10 min, most preferably for 60

minutes;



(preferably to roomtenperature). Thioester seed crystals are added,
preferably as a suspension in EtOH water 1:1 (nmim. After seeding, the
suspensi owmoi2e11age™3f or an appropriate tinme ( preferabl y PEO/RPROTOIOER)2
Subsequently and while stirring water is added, until the desired ethanol
to water ratio is achieved (preferentially ethanol : water =7 : 3 (mMm).
After 5 conplete addition the crystalli2ation mixture is stirred, for about

30 mn, and then cooled to the final tenperature (preferentially -10C) and
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Subsequent crysta r|e nost
reduced p?é$ﬁMnB until the weight is constant 10 AIternatlver, t he node of
addi ti on can be changed. The hot solution of thioester in ethanol is added

to the wa S I ontaling .thioester seed crystals. In this
case, thebe %ﬁ@’%ﬂa efﬁﬁﬁgﬁﬁcbsuﬂ Eumn%f 3$ than 7:3 (mm, preferable 6:4

(mMm or even smaller. The suspension is further processed as descri bed
above. 5  @heotiig mest}eralltzaﬁomhqmlbeo g reyngicadtire beldwi)?Cc motd progfeeabyobatteamn of
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following steps: a)forming a solution of conpound of formula (1) in

acet one, ethanol, isopropanol or proganol at _a tenperature of 40C to 70C;

20 b) cool DrigParAEsBe awfa ing GePOWY S frEu @i fryR thepliaigsopraperit thsom

t enper at Uk WREfRIbYY B QSIEt%ﬁan rc@fnb@ﬁhd' of fé!i‘?ddla 4nd Efﬂt%jfe‘a%t by the person
skilled in theart, see J. in, "Crystallization", fourth edition,

Butt erwort h- Fblnenann 2001 ISBN 0 7506 4833 3, pages 123-131); c)addlng
seed dﬂysT@?%m@ﬂgé@ﬁ%@hﬁﬁdﬁﬁgﬁﬁﬁﬁﬂvélQlwﬁhﬁﬁth%bﬁﬂﬁ@ﬁ@ﬂ¢wea§ﬂﬁnghe
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WO 2011/0
using methods well known to the person skilled in the art. For instance, the compound of

formula (IV) can be prepared according to the procedures described in Shinkai et al., J. Med.
Chem. 43:3566-3572 (2000), WO 2007/051714 or WO 2008/074677.

15 In general, the nomenclature used in this Application is based on AUTONOM™ 2000, a
Beilstein Institute computerized system for the generation of IUPAC systematic nomen-
clature. Chemical structures shown herein were prepared using MDL ISIS™ version 2.5
SP2. Any open valency appearing on a carbon, oxygen or nitrogen atom in the structures
herein indicates the presence of a hydrogen atom.

20 The following examples are provided for the purpose of further illustration and are not

intended to limit the scope of the claimed invention.

The following abbreviations and definitions are used: Ar (argon); acid chloride (1-(2-ethyl-
butyl)-cyclohexanecarbonyl chloride);amidodisulfide (N,N'-(dithiodi-2,1-phenylene)bis[1-(2-
ethylbutyl)-cyclohexanecarboxamide]); amidothiophenol (1-(2-ethylbutyl)-N-(2-

25 mercaptophenyl)-cyclohexanecarboxamide); thioester (S-[2-[1-(2-
cthylbutyl)cyclohexanecarbonylamino]-phenyl] 2-methylthiopropionate); DTDA (2,2°-
dithiodianiline); eq. (equivalent); g (gram); EtOH (ethanol); IPC (in process control); GC
(gas chromatography); h (hour); M (Molarity [moles/L]); MeOH (methanol); ml (milliliter);



- 6 - e) adding water while stirring until the desired solvent/water ratio
is obtained, preferably the solvent/water ratio is between 9:1 and 1 to 9,
nore prefwoabliyoB892 and 2: 8 nost preferably 7:3 (mm; PCY/Erpticosai?t y
further stirring the crystallization mxture; 5 g) cooling the
crystallization mxture to a tenperature below 0C, nore preferably between
OC and -20C, nost preferably to -10C, t6-effect the crystallization and
precipitation of conmpound of forrmula (I) fromthe solution thereof, h)
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Shinkai et al., J. Med. Chem 43:3566-3572 (2000), WD 2007/051714 or WD
2008/ 074677. 15 In general, the nonmenclature used in this Application is
based on AUTONOMIm 2000, a Beilstein Institute conputerized systemfor the
gener at i ofxppledphee of winhenyiphospdinain talugpeat Cheni cal structures shown
herei n werg,Rrepared using MOL | SI STMversion 2.5 SP2. Any open val ency

appearing on a carbon, oxygen or nitrogen atomin the structures herein
i ndi cates the presence of -a hydrogen atom —20 The fol |l ow ng exanpl es

provi ded for the(l)' 4@9' Df ther il t r ptoison. T@pchyo@hirot i Nt ende
limt the se Ohrk RénC| pi ibnventj ba The et viikng abbr evidti o d
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(1- (2- et hylbuify1) - cycl ohekane&dr hSrl de) ; ani dodi sul fi de © @
(N, N - (di fhipdi - 2, 1- pheny LE)! 1

et hyl butyl) - cycl ohexanecaf boxantde] )*am dot hi ophenol

(1-(2-ethyl butyl)-N(2- 25 nercaptophenyl)=cycl ohexanecar boxam de);

t hi oegber (S-[2-[1-(2- ethyl butyl)cycl ohexanecar bonyl am no] - phenyl ]

2- et hyl t hi opropi onate); DIDA (2,2'- dithiodianiline); eq. (equivalent); g

oo 1RO, CEERT R B TR T
2011/ 00079 8Mehe EP20/10 BB NRIM (115 mmol, 1.15 eq) was added. The dark brown suspension

was heated to 100°C and the suspension became a clear solution. 24.5 g acid chloride (100

mmol, 1.0 eq, Assay: 94.2 (% mass)) was added to this solution over a period of 30 minutes
15 at 100°C. The reaction mixture was heated at reflux (115°C) and then stirred for 7h under

reflux.

The reaction mixture was cooled to RT and extracted with 20 g water twice. The toluene
phase was completely evaporated at 50°C under reduced pressure. To the residue was added

59 g toluene (68 ml).

20 142 g of TPP (54 mmol, 0.54 eq) was dissolved in 36 g toluene (42 ml) followed by the
addition of the above amidodisulfide solution in toluene at 25°C. 9.82 g isobutyric anhydride
(62 mmol, 0.621 eq) was added and rinsed with 9 g toluene (10 ml). The reaction mixture
was heated to reflux (115°C) and then stirred for 6h under reflux. An IPC-sample showed
38.6% TPPO, 0% amidothiophenol, 0% amidodisulfide and 61.0% thioester.



NVMM N-net hyl norpholine); RT (roomtenperature); TBP (tributyl phosphine);
TEP (triethyl phosphite); TPP (triphenyl phosphine), TPPO (tri phenyl phosphi ne
oxi de), mEOlyitdodb™at her PCT/EP2010/059112
(1-(2-ethyl butyl)-N[2-(nethylthio)phenyl]-cycl ohexanecar boxam de),

et hyl t hi oet her

(1-(2-ethyl butyl)-N-[ 2- (et hyl t hi o) phenyd}-cycl ohexanecar boxami de, 5

i sopropyl t hi oether
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added to {ikdagdeslol uti on over a period of 30 mnutes 15 at 100C. The reaction
m xture was heated at reflux (115C) and then stirred for 7h under refl ux.

The reaction mxture was cooled to RT and extracted with 20 ter tw ce.
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0.54 eq) was dissolved in 36 gf toluene (42 m) followed by the addition of
t

t he aboveudiitifoshlgionf wapeclern) Mtlalofiltgrnitovitle pxtemel dEang ©BY) yab Shtiged/witk
anhydri de (Q:%ivg?é@!:harg'a?ﬁljfer % was added and rinsed with 9 g toluene (10
I :

ml). The Feaction m xtur S  heated to reflux (115C) and then stirred for

6h under reflux. An 1PC- sanple showed 38. 6% TPPO, 0% am dot hi ophenol, 0%
am dodiDsuTlid ctddiamtirotvn D ¥esthr sdgioarin cthAd» 2@k 1100QI78IPCT AEPRO10L 6O 1Ater 8 -

unit within approx. 20 minutes and became light brown. The flask and the filter unit were

washed with 16 g EtOH (20 ml). The solution was filtered through a polishing filter

(Millipore®) at 50°C into an Erlenmeyer flask. The flask and the filter unit were rinsed with

16 g EtOH (20 ml). Obtained were ca. 170 g EtOH-solution (assay thioester 19.8%, 87.8%
15 yield)

The filtered thioester EtOH solution was transferred into the double jacket vessel at 50°C.
The flask was rinsed with 16 g EtOH (20 ml).

The clear solution was cooled to RT and seeded with a suspension of thioester (0.3 mmol,
0.003 eq) seeding crystals in 2.0 g EtOH/water 1:1 (m/m) (2.3 ml). The seeded solution was

20 stirred until a well mixed suspension was obtained (60 minutes), and then, while stirring,
water was added with the use of a Dosimat® (Metrohm® automatic dispenser) within 60
minutes at RT. After complete addition the crystallization mixture was stirred for 30 minutes
and then cooled to -10°C (Ti) within 3.5h and further stirred for min. 60 minutes at this
temperature. The suspension was isolated by filtration on paper and the isolated crystals were

25 washed with a mixture of 36 g EtOH (45 ml) and 15 g water (cooled to -10°C). The wet
crystals (approx. 45 g) were dried at 45°C under reduced pressure for 16h until the weight
was constant. 32.9 g thioester (83.9 mmol, yield 83.9%) were obtained.

Example 2: Use of tributylphosphine in toluene at reflux



The reaction m xture was conpl etely evaporated at 50C under reduced
pressure. To the residue was added 109 g heptane (160 ml). The sol ution was
war med t owoQ@ izoa79extracted four tines with each a m xt eCe/EpR0189591Me0H
(112 mM) and 48 g water (48 ml). The phases were allowed to separate for 10
m nutes after each extraction. The aqueous phases were 5 di scarded. The

t hi oester heptane sol ution was conpl etefy evaporated at 50C under reduced

pressure. To the oily residue was added 11759 EtOH (148 m ) and the
suspensi ol aebitdacketvesselsodenangan 1xhe DIGPA(IOnMmAGY)- T «a tvas puspatrletliin p&r

unit with
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i ght brown fl ask e filter pni re washed with 16

it The BBk BptERe 3P dbeTatoi M R RRRRRE bbér o ByBidby  at
50C i nto anobrd enwgeiastion! @skure Thae hehtds ko am@ixt(nesel) lah@ kthaanitirewWaseot ifded
with 16 g EtOH (20 ml). Obtained were ca. 170 g EtOH-sol uti on (assay

t hi oest erflox.805 87.8% 15 yi el d) The filtered thioester EtOH sol ution was
transferred into the double jacket vessel at 50C. The flask was rinsed with

16 g Et OHr{2Raflon mixthe v@a{s%Bleﬁ%lﬁT Qﬁld %%e@lo%t%d 209 R'-Ete@'?\%céeﬁﬁ’@%l%‘néh a
suspensi on of thioester (0 3 nmol, O. eq) seeding crystals in 2.

Et OH wat ephase way pgmpleiely. e&an@)itedﬁhé()"s?e@w@dr ¢adt irenyuiga £0 2o wseiflng wes @dﬂegl a
wel | m xe n was obtained (60 mnutes), and then, while stirring,
wat er Waséj9 %gﬁ%% %éfﬁ&)he use of a DosinmatO (MetrohnD automatic di spenser)
within 60 mnutes at RT. After conplete addition the crystallization

m xt url@ whlse gioive tadenfeaoluBiOn wan mrtaeﬁelaﬂUintdwwﬂmmwhssdl 4nol rirk@Cw(th, )7 grolusinn 3. 5h
and furth tes at th IS erature. The pensi on
tns 1 sol acRardyld iy il iluicpufeidia: Soal ubefER b dintie Ngr 568
washed W fsboudyrid aqﬂlydﬁd@(%zaﬁm& Bl Hqf 4Bherdrppand fubaclowiaitiged WEmobed(10any 10C) .
The wet crystals_ (approx. ,I%were drledp at 45C under reduced pressure
for 16h uiftuene. tSWéS%FI&h’t“vvkg 4 mtol, %%@bwwd&ééf@r re%n@ﬁwﬁﬁhmﬂwel d

83.9% we i f t
ror kO BOTLS 0070 J0e T BB PR g s bR HDRATEN Rucel B P Bgu

under lar gahliti®ald0§8 QT DAbtsAc r?mbjl'd,l‘lde (545 mq)olv@QOSS ls)pwasdedﬂadnarﬂSthg reaitioene

(75 mil).

Suspensi oliills SeRav st 13 0Bk oS A S BhR S llie 2 Eriit Beharel on.
23.9 g acow aghdictidutilc(ah@008oihiocdte) eq, Assay 96. 7 (% mass)) was added to
this solution over a period of 30 mnutes 5 at 100C. The reaction mxture

was heat e'?het r%acr:t?ofnl n%))((tu g' ]\3v5asc)c:or%glceitetlyheevr;lpgrtaterdra?ng S%EC %ﬂde‘% c?urce(li %Ielssure To the
residue was added 109 g heptane (160 ml). The heptane solution was washed at room

20 temperature four times with each a mixture of 89 g MeOH (112 ml) and 48 g water (48 ml).

The phases were allowed to separate for 10 minutes after each extraction. The aqueous

phases were discarded.

The thioester heptane solution was completely evaporated at 45-60°C under reduced pressure.
To the oily residue was added 117 g EtOH (148 ml) and the suspension was heated at 50°C
25 until the solution was clear. A lab filter unit with external heating (50°C) was charged with

an activated charcoal filter pad and a 0.45 um membrane (Millipore® )filter.

The reddish-brown thioester EtOH solution was filtered at 50°C through above filter unit

within approx. 20 minutes and became light brown. The flask and the filter unit were washed



The reaction m xture was cooled to RT and washed with 20 g water tw ce. The
t ol uene phase was conpletely evaporated at 50C under reduced pressure. To
t he resi dwo 2omgoadded 59 g toluene (68 nl). 10 The abovecraPaenssse? uti on
was transferred into another vessel and rinsed with 17 g toluene (20 m).
To this toluene solution was added at room tenperature via dropping funnel
9.81 ¢ isobutyri ¢ anhydride (62 mol, -0062 eq). The dropping funnel was
rinsed with 9 10 t ol uene. Subsequent 11.5 g TBP(54 mmol, 0.54 eq.)
was addedwiﬂilé%ﬁ ﬁﬂ?ﬂ%ﬁ&talwdt‘ﬁﬁfﬁ 128 s iiH-selution fepntaiee §§.8ppthingsttunnel
was rinsegk yd, F?J‘E&O g (12 m) toluene. After 3 hours 15 additional 0.08 g

i sobutyric an érlde (0.5 mml, 0.005 eq) was added and the reaction

m xture was stirred for another 90 mnutes. An | PC-sanpl e showed 0. 52%
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suspensi on was heated at 50C 25 until the solution was clear. Alab filter
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T nut €5); odRind B0 WRLLG SAy 09 1, 17 R hoatetiets s Addedoitott the use of a

Dosi mat O (Met rohm aut omatic di spenser) hin 60 mnutes at RT. After
conplete addition the crystallization mxture was stirred for 30 mnutes 10
and t Hén Ewxvnpl 3t Yse eDi@iethylphasphite GTEBNip tofuenoayneflynd further stirred for
60 m nutes at this tenperature. The suspension was isolated by filtration

on paper g i S SR A LU fdedGn @5 Et OH
(45 m) angbd%%u%ge V\g{%e?és%égélopé/% ?A -310%: t Ociby%téq)wa%%%pg ded wg?e
dried at gbl@narfdemly édogedMpl essunmof, drlSJethamddedtTi&t duelc gmrvmm_spemsmst ant .
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mmol, 1.0 eq, Assay: 96.7 (% mass)) was added to this solution over a period of 30 minutes

20 at 100°C. The reaction mixture was heated to reflux (115°C) and then stirred for 6h under

reflux.

The reaction mixture was cooled to RT and washed twice with 20 g water twice. The toluene
phase was completely evaporated at 50°C under reduced pressure. To the residue was added

59 g toluene (68 ml).

25 The above toluene solution was transferred into another vessel and rinsed with 17 g toluene
(20 ml). To the toluene solution was added at room temperature via dropping funnel 9.81 g
isobutyric anhydride (62 mmol, 0.62 ¢q). The dropping funnel was rinsed with 17 g (20 ml)
toluene. Subsequently 9.16 g TEP (54 mmol, 0.54 eq.) was added via dropping funnel within



15 Exanple 3: Use of triethyl phosphite (TEP) in toluene at reflux, In a
doubl e jacket vessel under argon 13.4 g DTDA (54 mmol, 0.54 eq) was
suspendedwOreog#®ogroBol uene (75 m). 11.6 g NWM (115 nmmol PCI/EP30100F910AS
added. The dark brown suspension was heated to 100C and the suspension
becane a clear solution. 23.9 g acid chloride (100 nmol, 1.0 eq, Assay:
96.7 (% mass)) was added to this solutildn over a period of 30 minutes 20 at

100C. The reaction mxture was heated to reflux (115C) and then stirred for
6h under ?emimyes Al rldgchormingrivenelr waswigsed aotheld g 61 2RMDartchmshsdeadioe e
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under reduced pressure. To the 5 residue was added 109 g heptane (160 m).

The hept a ch a
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added 117aQackt &bl CHebalTider ?jad aﬁ@@O&BWﬂﬁh@fﬁnW@Mﬂh?@\%@ﬁil_&fr 50C until the
solution was clear. A lab lter unit with external heating (SOCD mas

charged with tivated charcoal filter . 0.45 | a
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filtered @hhé%pﬁokarmhm@ég%e bédal[ﬁeqrghvmokmwnrtl@ﬂﬁskaaae rtmﬁue%%nwwé fasead
becane |ight brown. The flask and ilter unit were washed 15 with 32 g

Et OH (140 wﬁ932¥ﬁ%OHKH@eﬂbd thloester EtOH solution was transferred into the
doubl e jacket vessel at 50C. The flask was rinsed with 16 g EtOH (20 m).
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t hi oest er
The flask was rinsed with 16 g EtOH (20 ml).

The clear solution was cooled to RT and seeded with a suspension of thioester (0.3 mmol,
0.003 eq.) seeding crystals in 2.0 g EtOH/water 1:1 (m/m) (2.3 ml). The seeded solution was
20  stirred until a well mixed suspension was obtained (60 minutes), and then, while stirring, 72
g water was added with the use of a Dosimat® (Metrohm automatic dispenser) within 60
minutes at RT. After complete addition the crystallization mixture was stirred for 30 minutes
and then cooled to -10°C (T;) with a ramp of 10°C/h and further stirred for 60 minutes at this
temperature. The suspension was isolated by filtration on paper and the isolated crystals were
25 washed with a mixture of 36 g EtOH (45 ml) and 15 g water (cooled to -10°C). The wet
crystals (38.6 g) were dried at 45°C under reduced pressure for 16h until the weight was
constant. 33.2 g thioester (assay 99.5%, 84.4 mmol, yield 84.4%) were obtained. 0.48% of

ethylthioether was observed.



0.003 eq.) seeding crystals in 2.0 g EtOH water 1:1 (mm (2.3 m). The
seeded solution was 20 stirred until a well m xed suspensi on was obt ai ned
(60 m nutwe)ptiznaroBhen, while stirring, 72 g water was adugmewimoiihe use
of a Dosimat O (Metrohm automatic di spenser) within 60 m nutes at RT. After
conplete addition the crystallization m xture was stirred for 30 m nutes
and then cooled to -10C (T,) with a rang-of 10C/ h and further stirred for
60 mnutes at this tenperature. The suspension was isolated by filtration
on paper Brxamplkd: U%Pg'PEBi%WEQI@I@d%F »5 washed with a mxture of 36 g
EtOH (45 m) and 15 g water (cooled to -10C). The wet crystals (38.6 Q)

were dri eﬁﬁe@&ou‘ﬂ)fécja g%ssél%ﬂ?@r%@go‘ﬁrﬁs@ 'iﬁfﬂ&'(szllﬁﬁlo‘l”btiéﬂ qf)%s‘é‘@s?%ed‘@@ﬁS
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became a ¥IWArCsbiutcagien matge yvag degted it Bifluad ! {160 2l o) stirrgd Golff? mé%éay

96.7 (% ngpgg)) was added to this solution over a period of 30 m nutes at
100C. The reaction m xture was heated at reflux (115C) and then stirred for
6h under refl ux, The reaction mxture was cooled to RT and washed tw ce

with eac hTIZEOfegCtW&t@PWTQ'WéS etleteioeR hrad wavhsd tw'@ﬁrp\ri@t @rky 2@ gayrserat Bitodeens o C
under fue, 5 t )
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with 19 g5% gtaeme (§R2@D)mL). To the tol uene solution was added at room
tenperature via dropping funnel 9. 81 g isobutyri c anhydri de (62 mmol , 0.62

eq). The ing. funnel .was ri 't ni toI uentl y
9.16 g TEgh %}Eﬁ)ve gol}leneéokxﬁon W t%sr 4 K danvota éessel ar?d ru*senne ﬁ 35 20
m nut es a(Q02h41-) 30Cthe Thiwenty smmdngwéstmiﬂed ammmrﬂem@adtm t/ia dtOppang ﬁ.ﬁinmﬂ 9.81 g

e e R AL, 178 oAb S a b o =
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sol uti on was washe roomtenmperature 5 times wth each wat er (100

20 mil)l> THenpmieeat Wepe Gl Mgydropping wiethet o/as eppagdamvathf ge(h?nrmimtt@lgeneﬂ{ée
aqueous p}gg&%ﬁ &hfe Wa? ﬁngt&fat% 30°C and stirred for 30 minutes at that temperature. An IPC-

sample showed 0% amidothiophenol, 0% amidodisulfide, 87.6% thioester and 5.2%
cthylthioether

The toluene solution was washed at room temperature 5 times with each 100 g water (100
20 ml). The phases were always allowed to separate for 5 minutes. The aqueous phases were
discarded.

The thioester toluene solution was completely evaporated at 45-60°C under reduced pressure.
To the oily residue was added 117 g EtOH (148 ml) and the suspension was heated at 50°C
until the solution was clear. A lab filter unit with external heating (50°C) was charged with

25 an activated charcoal filter pad and a 0.45 um membrane (millipore®)filter.

The reddish-brown thioester EtOH solution was filtered at 50°C through above filter unit
within approx. 20 minutes and became light brown. The flask and the filter unit were washed
with 32 g EtOH (40 ml).



The thioester toluene solution was conpl etely evaporated at 45-60C under
reduced pressure. To the oily residue was added 117 g EtOH (148 m) and the
suspensi omowas/tnemsed at 50C until the solution was cl e2CI/ER20180054112 t er
unit with external heating (50C) was charged with 25 an activated charcoal
filter pad and a 0.45 lam nenbrane (mlliporeO)filter. The reddi sh-brown

t hi oester EtOH solution was filtered atl350C t hrough above filter unit

Wi t hin apgrox. 20 m nutes and becane |ight brown. The flask and the filter
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0.54 eq) WAScoHUBREDHEd thided (ahshPdo1enesd 7 mnidh) yicl k4699 WWLEdikSd ks, 1. 15
eq) was added. The dark brown suspension was heated to 100C and the

suspensi off deddinsthgr weeebsessiluti on. 24.1 g acid chloride (100 mol, 1.0 eq,
Assay: 95.8 (% mass)) was added to this solution over a period of 30

m nut es aﬁxé{éﬁ@us: With [ﬁé’tﬁﬁkﬁﬂsﬁﬁé“&u@ﬁ%ﬁ Boat Lo tlieth§iphbpHateletactil then

stirred for nder 20 re

15 In a double jacket vessel under argon 13.4 g DTDA (54 mmol, 0.54 e¢q) was suspended in 65
g toluene (75 ml). 11.6 g NMM (115 mmol, 1.15 eq) was added. The dark brown suspension
was heated to 100°C and the suspension became a clear solution. 24.1 g acid chloride (100
mmol, 1.0 eq, Assay: 95.8 (% mass)) was added to this solution over a period of 30 minutes
at 100°C. The reaction mixture was heated at reflux (115°C) and then stirred for 6h under
20  reflux.

The reaction mixture was cooled to RT and washed twice with each 20 g water. The toluene
phase was completely evaporated at 50°C under reduced pressure. To the residue was added

59 g toluene (68 ml).

The above toluene solution was transferred into another vessel and rinsed with 17 g toluene
25 (20 ml). To the toluene solution was added at room temperature via dropping funnel 9.82 g
isobutyric anhydride (62 mmol, 0.62 eq). The dropping funnel is rinsed with 28 g (32 ml)
toluene. Subsequently the reaction mixture was cooled to -20°C Tjand 9.16 g TEP (54 mmol,

0.54 eq.) were added via syringe pump within 60 minutes at -20°C T;. The reaction mixture



The reaction m xture was cooled to RT and washed twice with each 20 g

wat er. The tol uene phase was conpl etely evaporated at 50C under reduced

pr essur e. wbaotimworesi due was added 59 g tol uene (68 ml) PCThP2@boyE 12 Ol uene
solution was transferred into another vessel and rinsed with 17 g tol uene
25 (20 ml). To the toluene solution was added at roomtenperature via
droppi ng funnel 9.82 g isobutyric anhydri-de (62 mol, 0.62 eq). The

dropping funnel is rinsed with 28 g (32 ml) toluene. Subsequently the
reacti on Wixtiwedwady Qolmeiguiey 0dPE-saamie sshowged FeE (BuidathiipheplsD%q. )

wer e addegd. vi & I 0 11 0 ] at -20C T. The reaction
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An | PC-sanpl e showed 2. 1% ami dot hi ophenol , 0% ami dodi sul fide, 93.4%
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(mi | Ti por#dyated phasoal wier nad gpd 8 B g Hemmcmirage SLEPUERARKI™ sol ution was

filtered at 50C t hrough above filter unit within approx. 20 m nutes and

becane |ighd rdaaRMBrowihthides@s kthamsl sohioh iwak Eltekbal 4t 30C hrvasth esbval fiiker 3Rit9
ethanol (40 m). 10 The filtered thioester ethanol solution was transferred

i nto t he WBkiBlagpPjoxcKbminpEssaql begansdight peamt The Raskepad theyleey upjteyera waghed
ethanol (g 95 b ethanol (40 mi).

10  The filtered thioester ethanol solution was transferred into the double jacket vessel at 50°C.

The flask was rinsed with 16 g ethanol (20 ml).

The clear solution was cooled to 20°C and seeded with a suspension of thioester (0.3 mmol,
0.003 eq.) seeding crystals in 2.0 g ethanol/water 1:1 (m/m) (2.3 ml). The seeded solution
was stirred until a well mixed suspension was obtained (60 minutes), and then, while stirring

15 72 g water was added with the use of a Dosimat® (Metrohm® automatic dispenser) within
60 minutes at 20-24°C. After complete addition the crystallization mixture was stirred for 30
minutes and then cooled to -10°C (T;) with a ramp of 10°C/h and further stirred overnight at
this temperature. The suspension was isolated by filtration on paper and the isolated crystals
were washed twice with each a mixture of 36 g ethanol (45 ml) and 15 g water (cooled to -

20  10°C). The wet crystals (43.7 g) were dried at 45°C under reduced pressure for 6h until the
weight was constant. 34.1 g thioester (assay 98.7%, 86.4 mmol, yield 86.3%) were obtained.
0.32% of ethylthioether was observed.

Example 6: Use of triisopropylphosphite (TIP) at 0°C, no triisopropylphosphate

25 extraction

In a double jacket vessel under argon 13.4 g DTDA (54 mmol, 0.54 eq) was suspended in 65
g toluene (75 ml). 11.6 g N-methyl morpholine (115 mmol, 1.15 eq) was added. The dark

brown suspension was heated to 100°C and the suspension became a clear solution. 24.1 g



The cl ear solution was cooled to 20C and seeded with a suspension of

t hi oester (0 3 mmol, 0.003 eqg.) seeding crystals in 2.0 g ethanol/water 1:1
(mMm (2.80rh)vo0Ttve seeded solution was stirred until aPaEEHP20m0s084 12
suspensi on was obtained (60 m nutes), and then, while stirring 15 72 g

wat er was added with the use of a DosimatO (MetrohnD automatic di spenser)
within 60 minutes at 20-24C. After conpPete addition the crystallization

m xture was stirred for 30 m nutes and then cooled to -10C (T,) with a ranp

of 10C/ h %@rlfaclnlgﬁ@méwogtﬂmpk dd) e hsipyg S-St "o thpss)) t\’@ﬁrﬁéﬂ%ﬁ {or ®is sphiios asgeASi 0N
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twice wt eac a mxture of 3 oled to
- 20 100 stirteddontdt uncleyistlak.s (43.7 g) were dried at 45C under reduced
pressure for 6h until the weight was constant. 34.1 g thioester (assay

98. 7% 86Tﬁ1e rr‘rmc-:)‘udn 1>?rge Y\E go le rﬁS‘%)tagclin a(glﬁedo 120/ %3 T?al-f’?yé t N érh%ewas

observed. ||sopropy phosphi

triisopr omdep@plsersh ate c&ﬁpleoety @aporard ks Coedbt Iedmced Ipeetssute SEethe mdﬁe vakgon
13.4 g DTDA (54 mol eq) was suspended in 65 g toluene (75 nm). 11.6
g N et hydd P%HdﬂPﬁE(éﬁﬁﬁ)nnvl 1.15 eq) was added. The dark brown
suspension was heated to 100C and t he suspensi on becane a clear sol ution.

149 V@leZQcibLé ARMRIBTioFRA9 HANGSIA Aito anbther vaGtartimed deth(1709tomeak, 1.0

eq, Assay: 95.9 (% mass)) was added to this solution over a period of 30

m nut es a2010C0 thsdolgrgtalyipnnvast added plometsmperatire viafdroppifg imesl HHdet hen
stirred fﬁsbu%&ﬁﬂgan(g] %%nol ol%EG‘eq5r E‘_)d%lﬁﬁﬁlﬂélewMﬁls&?%tﬁ%?ﬁtgg?%%)and

washed tw ce wat er hase was co
evapoﬂatemhaneSSGMamdeﬂynhducadmprewSMRewwﬂ@oohétneélduéPGa§1adddd899gg

t ol uene ( boye t I e soluti was transferre 0.anot her
vessel antiapRbuaPRY 74 ol GERe) ity R YRavinET DTt i) BifiR das
added at (nqapm tRERedcabhl mxmteawﬂg @@@éd”lﬂ)rf%mﬂﬁiute@ 8AnchsS@biptey§hoevearﬂmyml de
(62 mmol, 0.62 eq). The dropping funnel was rinsed with 28 (32 m
" amidothiophenol, 0.17% amidodisulfide, 95.7% thioester and 1.6% isopropylthioether.
The reaction mixture was completely evaporated at 45-60°C under reduced pressure. To the
15 oily residue was added 117 g ethanol (148 ml) and the suspension was heated at 50°C until

the solution was clear. A lab filter unit with external heating (50°C) was charged with an

activated charcoal filter pad and a 0.45 um membrane (millipore®) filter.

The reddish-brown thioester ethanol solution was filtered at 50°C through above filter unit
within approx. 20 minutes and became light brown. The flask and the filter unit were washed

20 with 32 g ethanol (40 ml).

The filtered thioester ethanol solution was transferred into the double jacket vessel at 50°C.

The flask was rinsed with 16 g ethanol (20 ml).

The clear solution was cooled to 20°C and seeded with a suspension of thioester (0.3 mmol,
0.003 eq.) seeding crystals in 2.0 g ethanol/water 1:1 (m/m) (2.3 ml). The seeded solution
25 was stirred until a well mixed suspension was obtained (60 minutes), and then, while stirring
72 g water was added with the use of a Dosimat® (Metrohm® automatic dispenser) within
60 minutes at 20-24°C. After complete addition the crystallization mixture was stirred for 30

minutes and then cooled to -10°C (T;) with a ramp of 10°C/h and further stirred overnight at



10 tol uene. Subsequently the reaction mxture was cooled to -2 to OC T, and
11.84 g triisopropyl phosphit (54 nmol, 0.54 eq.) were added via syringe
punp wi t Wwo260v/0bTates at OC T. The reaction m xture wa®CItEreoeadsf10z 30

m nutes. . An 1PC- sanpl e showed <0. 1% am dot hi ophenol, 0.17%

am dodi sul fide, 95.7%thioester and 1.6% i sopropylthioether. The reaction
m xture was conpl etely evaporated at 43960C under reduced pressure. To the
15 oily residue was added 117 g ethanol (148 m) and the suspension was
heat ed at thsgtempereiure. {Tihe sewentiobanislateddarfiltrationagn papet anrd thaiitolaigd ¢ryesds er nal
heating ( )Mﬁ it D ARG h |, i qlst _0.45
| am rrenbr\g%g V(m ﬁ%ge{ggg e¥§6|h| r‘?er. R ﬁé%@%ﬁ%%i@@vﬁ@t%i%gg@g Og%% éﬁol

sol ut i on RE) fiHetveatedsats (50.C &) heoudrfedalb é¥€ fndet educedipresantt lover thppedsend 20

20 wi b 395 SUAMROF (RO b i reEned Th Botter € nalBrLoPUBon was

t ransf err gghrbpithidoer davbbRrjcacket vessel at 50C. The flask was rinsed with
16 g ethanol (20 ml). The clear solution was cooled to 20C and seeded with
a suspension of thioester (0 3 mol, 0.003 eq.) seeding crystals in 2.0 g
et hanol /water 1:1 (mMnm (2.3 ml). The seeded solution 25 was stirred until
a well m xed suspension was obtained (60 m nutes), and then, while stirring

72 g wat epxapledd @estrédtinlnt S8 uénchd ardidbRR L TRk Peddvdh R AT e MRS tFric
di spenser) within 60 m nutes at 20-24C. After conplete addition the

cryst al | i athyidside it 307¢r befppesredurtionsyithddP30 i nutes and then cooled to -10C
(T,) with a ranp of 10C h and further stirred overnight at WO

2011/ 0007Q3P§IURPROLL RS difdcr arbBn 4.0 ghﬁnﬁ& TPES RLHEIE0.54NG) SHSRAPSARD iHaS
isolated by filtration on paper ‘and the isolated crystals were washed tw ce
wi t h dlchl®S gitsluence(2865 188. H4eghbnsthyl 4®rphojina i S Guylwat eeq) (e elddal. flbe -
10C). The crystals. (55, reodr i at _45C under reduce re re
over "t he EERERPTaFSoh ¥k hafy WToBC b R §hus bR R s UG REy BrE R Tog
wer e obt ag aed.chril®¥B8®Mmmol, 1.0 eq, Assay: 96.8 (% mass)) was added to this solution over a

period of 30 minutes at 100°C. The reaction mixture was heated at reflux (115°C) and then

stirred for 6h under reflux.

15 The reaction mixture was cooled to 25°C and washed twice with each 6 g water. The toluene
phase was completely evaporated at 50°C under reduced pressure. To the residue was added

17.7 g toluene (20.4 ml).

The above toluene solution was transferred into another vessel and rinsed with 11.8 g toluene
(13.6 ml). To the toluene solution was added at room temperature 3.08 g isobutyric anhydride

20 (19.5 mmol, 0.65 eq). The reaction mixture was stirred for 60 minutes at 20°C, 60 minutes at
50°C and 3 hours 30 minutes at 80°C. Subsequently the reaction mixture was cooled to 10°C
T;and 3.2 g triisopropylphosphite (14.6 mmol, 0.49 eq.) were added via syringe pump within
60 minutes at 10°C T;. The reaction mixture was stirred for 90 minutes, after which
additional 377 mg triisopropylphosphite were added. After further 3 hours of stirring, an IPC-

25 sample showed 0% amidothiophenol , 0% amidodisulfide, 90.4% thioester and 0.36%
isopropylthioether.

Example 8: Use of TPP in dichloromethane at room temperatureln a double jacket vessel

under argon 31.0 g DTDA (125 mmol, 0.54 eq) is suspended in 146 g toluene. 26.9 g NMM



5 i sopropylthioether was observed. Exanple 7: Pretreatnent of quenched

am dodi sul fide reaction m xture with isobutyric anhydride at 80C before
reduct i orwai20t1/000@31 n a doubl e jacket vessel under argoRC#/EP2¢0DIDA (16. 2
mmol, 0.54 eq) was suspended in 10 19.5 g toluene (22.5 m). 3.49 g

N-net hyl norpholine (34.5 mmol, 1.15 eq) was added. The dark brown

suspensi on was heated to 100C and the -slispensi on becane a cl ear sol ution.
7.15 g acid chloride (30 nmol, 1.0 eq, Assay: 96.8 (% nass was added to
this sol u2obmmnlet.l aeperasaddesk TQ@dff*ﬁ(rme@SSUéPe@@@@’aS #ed wald0P@andribgt ure was

heat ed at 6
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stirred for m nutes at 20C, 60 m nutes at 50C and 3 hours 30 gnutes at
80C. Subs@&i‘f@?r?lila;?e Pae ComRleeh oY 2Rt Ak Yk sindgigiedurcd gropgree Tho the gestlug ws

triisoproppk@hesphictsidnt4nfriggpl . 0.49 eq.) were added via syringe punp
within 60 mnutes at "10C T. The reactlon m xture was stirred for 90

m nutes, after which additional 377 triiso ropyl E}hosphl te were added.
After furihe&e of TRBUHFS Bmodtq. 34 ¢ongyas Qwscplp@l mzs hiorepgshang follgwed by the
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eq) wdé addedrideThlid4damkl, ir.@ine@usqpe nslidah and sinkelatvell 200g ﬂﬁmmrandhaﬂee The
suspen5|on becane a clear .s hl or i ﬁiz 0 eq,
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m nut es aimiliB®fophditd, K0aes iagiiddisulilee rvaks Nt &b Aburk-ef I7ex amld&kibpladnd], t hen
stirred for 7h under reflux. 5 The reaction m xture was cooled to RT and

ext r act ed~¢-Wocd@idedintliidedh 45 g water. The tol uene phase was conpletely
evaporated at 50C under reduced pressure To the residue was added 180 g
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J 15 residue was added 224 g heptane The solution was warmed to 40°C and extracted 4 times

with a mixture of 199 g MeOH and 110 g water. The phases were always allowed to separate

for 10 minutes. The aqueous phases were discarded.

The thioester heptane solution was completely evaporated at 50°C under reduced pressure.
To the oily residue was added 262 g EtOH and the suspension was heated at 50°C until the
20 solution was clear. A lab filter unit with external heating (50°C) was charged with an

activated charcoal filter pad.

The reddish-brown thioester EtOH solution was filtered at 50°C through above filter unit

within approx. 20 minutes and became light brown. The flask and the filter unit were washed

with 34 g EtOH. The solution was filtered over a polishing (millipore®)filter at S0°C into an
25 Erlenmeyer flask.

The filtered thioester EtOH solution was transferred into the double jacket vessel at 50°C.
The flask was rinsed with 34 g EtOH .



addition of the above am dodi sul fide solution in dichloronethane at 25C.
22.8 g isobutyric 10 anhydride (144 mmol, 0.621 eq) were added and rinsed
wi th 29 gwoizetiomaet hane The reaction m xture was stir PEWERRO10O69MI2
tenperature for 36h (results after 2 hours: 4.3% am dot hi ophenol, <0.1%
am dodi sul fide; results after 36 hours: 1.7% am dot hi ophenol, <0.1%

am dodi sul fide). The reaction m xture -Wd&s conpl etely evaporated at 50C
under reduced pressure. To the 15 residue was added 224 g heptane. The
sol uti on &g ogar reltien o coalsd te BT aed serdad twithes siinensien pf Xpameg grosey g
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20 mi nut eX0°&ntilibadhe 315hgtd Brbgh stiree f4n Bgk ehaipyes pf fthis tenipratuige lae
washed wi . i.0 i r i shi )

oo ooy Ay b, kA MRy A4 e 1 Spnfupl! SHURS v
2011/ 000 793@GT OERDOL BI@H 91d 24 g wiarcoofdtetocl €°41). Blol weti coystala&ppoal 2tigt ac RT

and seede&. it suspensi on of 26%1 t hj.oester ,seeding . crystals.in 4.4 g
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was added with the use of a DosimatO (nmetrohno automatic di spenser) within
60 mnutes at RT. After

Example 9: Use of TPP in toluene at room temperature In a double jacket vessel under

argon 31.0 g DTDA (125 mmol, 0.54 e¢q) was suspended in 146 g toluene. 26.9 g NMM (266

mmol, 1.15 eq) was added. The dark brown suspension was heated to 100°C and the

15 suspension became a clear solution. 54.9 g acid chloride (232 mmol, 1.0 eq, Assay: 97.3 (%
mass)) was added to this solution over a period of 30 minutes at 100°C. The reaction mixture

was heated at reflux (115°C) and then stirred for 7h under reflux.

The reaction mixture was cooled to RT and extracted twice with each 45 g water. The
toluene phase was completely evaporated at 50°C under reduced pressure. To the residue was

20 added 132 g toluene).

32.8 g of TPP (125 mmol, 0.54 eq) was dissolved in 80 g toluene followed by the addition of

the above amidodisulfide solution in toluene at 25°C. 22.8 g isobutyric anhydride (144 mmol,

0.621 ¢q) are added and rinsed with 20 g toluene. The reaction mixture was stirred at room

temperature for 24h (results after 3 hours: 10.6% amidothiophenol, <0.1% amidodisulfide;
25 results after 24 hours: 4.9% amidothiophenol, <0.1% amidodisulfide).

The reaction mixture was completely evaporated at 50°C under reduced pressure. To the
residue was added 224 g heptane. The solution was warmed to 40°C and extracted 4 times
with a mixture of 199 g MeOH and 110 g water. The phases are always allowed to separate

for 10 minutes. The aqueous phases are discarded.



5 conplete addition the crystallization mxture was stirred for 30 m nutes
and then cooled to - 10C (T,) wthin 3.5h and further stirred for mn 60

m nut es awothiigwod®aper at ure. The suspensi on was i sol at e@CipyEPROOSAENE ON ON
paper and the isolated crystals are washed with a m xture of 80 g EtOH and
34 g water (cooled to -10C). The wet crystals (approx. 98 g) are dried at
40C under reduced pressure for 16h until®-the wei ght was constant. 78.8 g

t hi oester 10 (assay 97.1% vyield 83.7% 0.4% am dot hi ophenol ) are obtai ned.
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the above am dodisul fide solution in tol uéne at g isobutyric
anhydr i deEflavzeyaniidsk. 0. 621 eq) are added and rinsed with 20 g tol uene. The
reaction mxture was stirred at roomterrperature for 24h (results after 3
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added 224 ¢ hept ane. The sol ution was war rred to 40C and extract ed 4 tinmes
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4.4 g Et OH wat er é e seeded solution was stirred until a well
20 (assay 98.4%, yield 88.2%, 1.0% amidothiophenol) are obtained.

Example 10: Use of excess TPP in toluene followed by H,O; oxidation

In a double jacket vessel under argon 13.5 g DTDA (54 mmol, 0.54 eq) was suspended in 65
g toluene (75 ml). 11.6 g N-methylmorpholine (115 mmol, 1.15 eq) was added. The dark
brown suspension was heated to 100°C and the suspension becomes a clear solution. 23.7 g

25 acid chloride (100 mmol, 1.0 eq, assay: 97.3% (% mass)) was added to this solution over a
period of 30 minutes at 100°C. The reaction mixture was heated to reflux (115°C) and then
stirred for 5h under reflux.



m xed suspensi on was obtained (60 m nutes), and then, while stirring 160 g
wat er was added with the use of a Dosimat O (nmetrohm aut omati ¢ di spenser)

wi t hi n 60woinutm®s’9at RT. After 15 conpl ete addition thePCryEpe@blosmati on

m xture was stirred for 30 mnutes and then cooled to - 10C (T,) within
3.5h and further stirred for mn 60 mnutes at this tenperature. The
suspension was isolated by filtration-@d-paper and the isolated crystals
are washed with a m xture of 80 g EtOH and 34 g water (cooled to -10C). The
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toluene (68 m). 14.7 g Triphenyl phosphine (56 mmol, 0.56 eq) was
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minutes. The aqueous phase was removed and the organic phase was extracted three times

with each a mixture of 89 g methanol (112 ml) and 48 g water (48 ml). The phases were

15 allowed to separate for 10 minutes after each extraction. The aqueous phases were discarded.

The thioester solution was completely evaporated at 50°C under reduced pressure. To the oily
residue was added 117 g ethanol (148 ml) and the suspension was heated at 50°C until the
solution was clear. A lab filter unit with external heating (50°C) was charged with an

activated charcoal filter pad.

20 The reddish-brown thioester solution was filtered at 50°C through above filter unit within
approx. 20 minutes and became light brown. The flask and the filter unit were washed with
16 g cthanol (20 ml). The solution was filtered through a polishing filter at 50°C into an
Erlenmeyer flask. The flask and the filter unit was rinsed with 16 g ethanol (20 ml).

The filtered thioester ethanol solution was transferred into the double jacket vessel at 50°C.

25 The flask was rinsed with 16 g ethanol (20 ml).

The clear solution was cooled to 20°C and seeded with a suspension of thioester (0.3 mmol,
0.003 eq) seeding crystals in 2.0 g ethanol/water 1:1 (m/m) (2.3 ml). The seeded solution was

stirred until a well mixed suspension was obtained (60 minutes), then, while stirring, water



10 residue was added 109 g heptane (160 nl). The suspension was warmnmed to
25-30C and a m xture of 89 g nethanol (112 m) and 48 g water (48 nml) was
added. 3.WOQoH20R279610% sol ution in water) (10 muol, 0. l1@cegPromasdiazided and
t he bi phasic m xture was stirred for 30 m nutes. The aqueous phase was
removed and the organic phase was extracted three tinmes with each a m xture
of 89 g nethanol (112 m) and 48 g wat€l-(48 m). The phases were 15
allowed to separate for 10 m nutes after each extraction. The aqueous
phases wewes #idsd arithelde uThef @ Rosiaut®within 6P ingnutaagt Zokphéeerymplviapddidoed at

50C under . eduaad ALCSRUNE: WJONRR B bY ifdkdue WRA Bded, Lcdstbang

(148 nl) suspensi on was heate C unti sol ut1 was cl ear.
Alab fil 3 8ln andhfitrthar sthrreeixfoe radaminueatat tigs (@Bﬁﬁ)atwasThﬂmalsg@moww&s 1miata<d:byvat ed

h | It d. 20 ddi sh-b t hj t | uti i d
ST i ol B R Dessaiied RS sth Rt R A et ST ot
br own. SThﬁl)fe{n@SﬂS ?Mtdﬂ(@o(ﬂéd toenom'ol trhw& ci@@@ﬁe@kaMﬂ@ @e@tdwdaodt 4620 ™).

The sol ution was | tered throu% polishin ter at 50C into an .
Er | enmey efnder ggrcedmessuredfek | Ghhentt me W?lg]tlteWaSLﬁ‘i’inﬁta%%“ PigriBisaststi (e921.89 4%,

et hanol (g t hi oester ethanol solution was
transferrégH@%%3Mﬂ%é7§228%ghﬁﬁ&ﬁg% vessel at 50C. 25 The flask was rinsed
with 16 g ethanol (20 m). The cl ear solution was cool ed to 20C and seeded
wi th a suEpunpledh: Use efrgxoess (TP intheptamedollovgedidnsH«@) oxddatitimg crystals in 2.0
g ethanol/water 1:1 (mn (2.3 ml). The seeded solution was stirred until a

vater V0 2007 SaRET AN ook 5 £ SR RS PRl %

Dosi medO sispdnidad 605 higriepese 415 BMC1 1 Afg BNemetbpiphetphobihd(1t 5 ommolhé.15 eq) was
crystallizati I xture was stirred for and then cooled to -10C
o A Ol btk By RRpioh Pl efisg R a2 S ERmE A Gy o
The suspeqsitn. YRS ¢ AT at@dhRyidti(CATASY Q00 @indlapPOleqanshal g .3 80 Inadse) was

crystals were washed with a m xture of 36 g ethanol (45 5 n1) and 15 g
wat er ( co¥ldedita Gis-spbtipn ovgre mé{od@lfégﬂlamétewdﬁpﬁ Thﬂseag}ww@u@rwdlea&e 45C
under re%cﬁfioc%ﬁc?e?Bfe‘%s&é’gma%@‘wmﬂdté ﬁlr}’&' h%@lﬁs 34.0 g

t hi oester (assay 99. 7% yle 87.0% were o ne : Exanple 11

Use of excess TPP in heptane foll owed by H202 OX|dat|on In a double | acket

vessell5unbles reagiimnmiguis waspeleddior 16 idagitiabing tpB4 withlach205g vesiyr.
heptane phase was heated to reflux at normal pressure and azeotroped using a Dean-Stark-

trap until the heptane phase was dry. The heptane phase was cooled to room temperature.

14.7 g triphenyl phosphine (56 mmmol, 0.56 eq) and 24 g heptane (35 ml) were charged to
the above solution in heptane at 25°C. 9.82 g isobutyric anhydride (62 mmol, 0.621 eq) were

20 added and rinsed with 7 g heptane (10 ml). The reaction mixture was heated at reflux (100°C)
and then stirred for 5h under reflux. An IPC-sample showed 10.8% TPPO, 0%
amidothiophenol, 0% amidodisulfide and 84.3% thioester.

The reaction mixture was cooled to 35°C and diluted with 27 g heptane (40 ml) and a mixture
of 89 g methanol (112 ml) and 37 g water. 11.3 g of 3% H,O,-solution (10 mmol, 0.10 eq.)
25 were added and the biphasic mixture was stirred for 30 minutes at 35°C. The aqueous phase
is separated and the organic phase was extracted 4 times with cach a mixture of 8§89 g
methanol (112 ml) and 48 g water (48 ml). The phases were always allowed to separate for

10 minutes. The aqueous phases were discarded.



10 suspended in 51 g heptane (75 nil). 11.6 g N-nethyl norpholine (115 nmol,
1.15 eq) was added. The dark brown suspension was heated to 100C and the
suspensi omokeciznoe79a cl ear sol ution. 23.7 g CAT-acid chl ecira®2¢@A3n3) (100
mmol, 1.0 eq, Assay: 97.3 (% mass)) was added to this solution over a
period of 30 mnutes at 100C. The reaction m xture was heated to 113C under
pressure (max 2 bar) and then stirred f8r 7h at this tenperature. 15 The
reaction mxture was cooled to 25C and extracted twice with each 20 ¢

wat er . ThEhhByaesise heransesolon Heast eanplely evprpratad ah 9 mrndsy exsigedeprgpraire.
azeotrop i tih il it V.

hept ane p a@ﬁg’&clooﬁg%@e?&éa%t%ﬂﬁ%gi %ﬁ?lé%‘%ﬁ{} upé&?gﬂenyﬁa% %ss-gﬁlgne
(56 mmol yntd tl‘.&GS(ﬂaqjonamj; Qéar gA Napfiberam|t3Gitinkjtemel keatha(Wed) was thegabeitk
solution in hegt (gnl? ﬁEC a 82 g isobutyric anhydride (62 nmol, 0.621 eq)
were 20 adu¥dVERYC E\T‘f?ﬂa @¥H 7 g heptane (10 nml). The reaction m xture was
heated at reflux (100C) and then stirred for 5h under reflux. An | PC sanple
showed 5 10TEecTPRObrdo thidcdRt bihapdiaohition G4 aiticetadit SOPE itkiduginabB4 . B304 un1t

t hi oester. The reaction m xture was cooled to 35C an&{dlluted with 27

hept ane (WihipapPignLLmiRuies #nd begoniss lighhupwanbie fepk sndrhe ficguniy wr vadhes

11. 3 g of waffel6202A14D af.(H Wibhon Gad B€k)ovgR aWRth AUEG 8¢ 1S an

bi phasic m xture was stirred m nut es at C. The agueous phase is
separ at edEdgnanayheflask gBrd @Sbﬁa@@e\ﬁé@r@%t Wai:m@ddmtﬂlu lﬁﬁetbﬁnph(@anlh a mxture
of 89 g nethanol (112 m) and 48 g water (48 nil). The phases were al ways

al | owed t WO
2011/ 000 bSPERTEEYGoR i DG wel EnGREEHE, BIRREDL IRAG HSI31 56X
conpl ét)elyheeﬂreabmaairmshdatrltlsoﬁgathdml(I(bnhiDced pressure. To the oily residue
was added 117 g et hanol (148 m) and the suspension is heated at 50C until

the sol ut Ll?iﬁ CY\%I' so on was co edft %%P (lr‘ltarér seedtg'(ril el egs}ﬁ]sl%lerasg(?atf@lgoegtse(r)@ 3Was

charged wi an activat'ed “ehat coa

t hi oest ermefohan@l3 <P lseddingneryasls fin £ 0ey ﬁﬂatmﬂ/\xéféﬁltﬂ’(mﬁﬂg k2. abmyerlfel duts@nsmm t

wi thin approx, 20 m nutes and becones. |i wn, The fl ask nd filter
uni t wer WasSHEEPAHIR 2 Feelgmise éﬂmeni%lsn@t)%’amerﬁ@ BNt bAUREE Y e é‘g“ lever a

polish fildghg a\tate‘%%sl éﬁd@d%tlﬂﬂeeﬁ%%/fez{ ﬁolsaﬁéfo \mﬁnféoaﬁ}m&dattmcf iAftcer

unit was ri nsed with g et hanol (20 | tered thioester
et handp sesinl¢te additien theam@ﬁééhzaéldn mm@ret W@s fa@@ﬂlf@r i(hmp@@ttes\ﬂédé@n @eldge:- 10

The fl ask h 16 n S

cool ed told{&@s%jc \sgﬁeSEélde ﬂﬁkthg} Qﬁg%is f(gelznglll%ﬁnéoofmg% 0és ?ﬂg e?ﬁd gg[“% T\ﬁ@o 003
eq) seedi mpmmst@ssmlaite& b fi grwbhaunqjapamlarthelisaﬂa(ddi aryst4lR wdrariwashetiheith a
suspension.was stjrre t m xed suspensi Q obt ai ne

it ag) AR ah i s e O WG GERER e Re BT 0L of a
Dosi mat O WkrdehirRd 80 4 MAUARS r@fucdf pressibd B 18R uRQNAE Btk tebarft 8t 6 ¢ of
crystallization mxture was stirred for 30 mnutes and then cooled to - 10C

(T,) WPt hihipesen(§8 @igmplyyickbss. 8to) weedbtadtedni n 60 m nutes at this
tenperature. The suspension was isolated by filtration on paper and the

i sol at ed E&Orﬁfél%h% m@{rggxﬁﬁmwwm@a munf &ag 9Jnt§ﬁ3g% sldraia (n{do%é 1{¥eh and 15

g water (co to -10 The wet crystals were dried at 45C under
reduced pkX§2ufrenf Bousidht &Raobatelhe wei ght was constant. 34.6 g of

1.15eq¢ NMM, [ ] . .
0.54 eq. DTDA 0.54 eq. Triphenylphosphine , o
toluene, reflux 0 o toluene, reflux
0 _’_> 0.62 eq. Isobutyric anhydride - s NH
HN S—S NH 3
Cl 2 S z S




20 thioester (88.9 mol, yield 88.9% were obtained. Exanple 12: Extraction
of TPPOwith a nulti stage centrifugal extractor (nodel used LX526 from
Roussel etw@ 2Ramo®B) WO 2011/ 000793PCT/ EP2010/ 059112 - PR3/EP2010/0891dDUbI €

j acket vessel 114 kg DTDA (459 nol, 0.54 eq) and 99 kg NW (979 nol, 1.15
eq) was suspended in 555 kg toluene (640 1). The suspension was heated to
100C and the suspensi on became a cl ear- 2ol ution. 197 kg acid chloride (854
nol, 1.0 eq, assay corrected) was added to this solution over a period of

30 mi nut ek adoublyiecket wesseleld dthgdAT R BrohdsSeiaad 8 katNYIdF (7R nalib&) and
then stir | r n T t 1 erred
to anot heérqggg%(épsé) jnaculél'?5 Sée gté}uegénwpil%szge \glbg ?%{SEP%WK%Q %&%Tégg%\g@(?o 956%]@E The
reacti on suspdngioe bsesne ooleadsd@ioRT 1 ¢hkg exitl chbotide (44t tnoll 7D dqg away eorr¢omdg e.

100 kg sol ven s .evaporated at 50 er. reduced pressure. At.constant
volume. st iaet S PR G Ransmaabal cunpieest, B0 L BRCHAfiondbixBa Sk ng
sol vent. Hdtelidlrdfltix @f 1 5PEPard@dn §ted 0 GHoRInWREfRikSSOl ved in 282 kg
toluene (325 1) followed by the addition of the above am dodi sul fide

solution in toluene at 25C. 84 kg isobutyric anhydride (531 nol,. 0.62 eq)
was added!hergactiuznpsiyn was rpsferehe Hotcs okl aaéiéwu‘sesiei i%%m%eﬁdfv%é% kg

stirred f@fuche §.STHRERTioR Bfikthde- waktBo 8 RCRITQARAd Rk dddtidSw ¥R B7 ICIRRLRE &live.
evaporated at 50C under reduced pressure. To the 15 residue was added 930

kg hept anE00 kggrdveny way keapowitest oW Wamdevaedingd hecsa0¢ Anebnstient edeme S0 ki a

m xture otf01 1653(4'1‘5%9“%% d(dgc?%tﬁ% re%{hﬂe%?‘piégvda‘ﬁ%ffg%g%@%&)' The aqueous phase

was di scarde ptane sol ution Wwas extracted at 40C
wi t h et hanol /water (65/35) (feed 800 1/h) via a 6 stage centrifugal
ext r adbor 124t kgl 800PP (p4h1 mibke Ovdssie wandsssolvers axd2 &2 kghtoh@he 2825kl fhléptedriey ha50 1)

d the hept t i nst. met hanol / wat 5/.35) in the, .
xt r acr or SiiEror 8 <SRG Shiean fRSsal 2t sy RE i briehBiiras
conpl et el 3evnan00.at o) wbs Rifed UTilefeastRAUGRELr MRS BBdted to reflux (115°C) and then

stirred for 6 hours under reflux.

The reaction mixture was completely evaporated at 50°C under reduced pressure. To the

15 residue was added 930 kg heptane (1348 1). The solution was warmed to 40°C and extracted
with a mixture of 181 kg MecOH (229 1) and 98 kg water (98 1). The aqueous phase was
discarded.

The heptane solution (feed 1200 I/h) was extracted at 40°C with methanol/water (65/35)
(feed 800 I/h) via a 6 stage centrifugal extractor at 1800 rpm. The vessel was rinsed with 104
20 kg heptane (150 1) and the heptane was extracted against methanol/water (65/35) in the

extractor under the same conditions.

The thioester heptane solution was completely evaporated at 55°C under reduced pressure.
To the oily residue was added 1258 kg EtOH (1593 1) and the suspension was heated at 50°C
until the solution was clear. A 16" filter unit with external heating (50°C) was charged with

25 three activated charcoal filter modules.

The reddish-brown thioester solution in ethanol was filtered at 50°C through the above filter
unit and an additional polishing filter (5 um) within approx. 2 hours and became yellowish.

The vessel and the filters were rinsed with 156 kg EtOH (198 1).



To the oily residue was added 1258 kg EtOH (1593 1) and the suspension was
heated at 50C until the solution was clear. A 16" filter unit wth external
heat i ng (WOCpinvme79sharged with 25 three activated charcealr/greéwssoimndul es.
The reddi sh-brown thioester solution in ethanol was filtered at 50C through
t he above filter unit and an additional polishing filter (5 pm wthin
approx. 2 hours and becane yel |l owi sh. -P4e vessel and the filters were
rinsed with 156 kg EtOH (198 1). WD 2011/000793PCT/ EP2010/ 059112 - 24 -
The cl ear Thotlearisoktionerat esileditotRol R seadedswid @ gusppnsioneofduegbinshten(2df mel. kg

t hi oester . ) qg;&@l{d}g t i 7 Fepde
(mm. Th%é@eg@ggg%gg 88{;%%15‘%\%;1157 irr egg{l%t% illadllznbvxbnT]?e %%Iégeéi Ogluhqsogg%]ds%i S(tjln;mévas
obt ai ned (B0 amvellingsdd, siapohsionemss otitaihel &0i minutey), a6d Shdog whilt etirr{og]1 6513 kgwas
added wi t hin ] nut e t .RT. After c | et.e addi.tion,t.he . crystal.lization
St o ovoiae s PR R i e bRl SRR, ok Q55mi AutioT g SRt B!
3.5 hoygr smagéte fwik kti@ed ok B0 hefuttPindthéh cfedtontdoes Tatwithh 3 stiRBahatiier The
suspensi on, was separated on a centrifuge and the isolated crystals were

washed wi tthred for miny p@ magutesey thigtemperatysoo 1) and 128 kg water (cool ed to
-100) . The wet crystals (approx. 378 kg) were dried in a spherical dryer

at 45C unges sdsﬁéﬂ%?gf%s%ggérgﬁg Wher dfrifh dé -iso%%&l Brylkdls WO QRLIRG @S gay

99.5 % 763 no wer e obt ai ned.

2011/ 000 798PCT PEPFORDEEEH (30D 1) 218l 1 28 kgiwager (cooled to -10°C).
The wet crystals (approx. 378 kg) were dried in a spherical dryer at 45°C under reduced
10 pressure for 11 hours. 298.8 kg thioester (assay 99.5 %, 763 mol, yield 89.3 %) were

obtained.



1. A process for the preparation of the conpound of fornula (1): NH which
conprises reacting a conpound of formula (111) with isobutyric anhydride
and a redwoizog/mgmat. 2. The process according to clai mCT/EPadiensdim2 t he
acylation is carried out with at |east 0.10M of a reducing agent. 3. The
process according to either claim1l or 2, wherein the said reducing agent
is a phosphi ne, phosphinite, phosphonité or phosphite. 4. A process
according to any one of claims 1 to 3, which further conprises the
oxi dation of the excess of the reduci@gimmgent with an oxidizing agent. 5.
The process according to claim4, wherein the oxidizing agent is OxoneO or
hydr ogen pefd¥esges fo ﬂ“%?%?@?&ﬁﬂ@CPﬁ@“H@ﬁﬁﬁ%ﬁﬁﬁiabent i s hydrogen
rding to any one of clains 1 to 5, wherein
7. The process according to any
reduci ng agent is triphenyl

peroxi de. 6. The process ac
t he said reducing agent is a phosph
one of clainms 1 to 6, wherein t sa
phosphi ne. 26

which comprises reacting a compound of formula (IIT)

He 4

with isobutyric anhydride and a reducing agent.

(1)

2. The process according to claim 1, wherein the acylation is carried out with at least 0.10M

of a reducing agent.

3. The process according to either claim 1 or 2, wherein the said reducing agent is a

phosphine, phosphinite, phosphonite or phosphite.

4. A process according to any one of claims 1 to 3, which further comprises the oxidation of

the excess of the reducing agent with an oxidizing agent.

5. The process according to claim 4, wherein the oxidizing agent is Oxone® or hydrogen

peroxide, most preferably the oxidizing agent is hydrogen peroxide.

6. The process according to any one of claims 1 to 5, wherein the said reducing agent is a

phosphine.

7. The process according to any one of claims 1 to 6, wherein the said reducing agent is

triphenyl phosphine.



8. The process according to any one of clains 1 to 6 which further

conpri ses the extraction of phosphi ne oxide, phosphinate, phosphonate or
phosphat ewbrorwmoerpound of forrmula (1) in the presence eCTaAR2a0HNIZ
solvent with water/al cohol m xtures. 9. The process according to either
claim6 or 7, which further conprises the extraction of phosphi ne oxide,
nore preferably triphenyl phosphine oxi¢e from conpound of formula (1) in
t he presence of an organic solvent with water/al cohol mxtures. 10. The
process atclearengsstascadingdd amy efierpd climpl @ qwvhish finthar hemptissprd estraction

crystal |1 g0, SRPAURL pOS.oh RLIURLbhindkd AR MBLELTSERBLE SAbNSQE (BS

sol vent an as ant process according to
t he wat erinfhepiepsinse eiingani¢ whgpevisheategplsahddimixiusespr opanol , propanol or
m xtures thereof, nost preferably ethanol. 12. The process according to

any of claimmke piloc%é% a8comling o &tHeE El@lrm G@f"p VWIﬁﬁﬁfu@thGF Siplskd thabitRtibh oM an non

pol ar solvent, preferably ex ane, _hept ane, e,
pr ef er abl BNIPRRE Aude dnere Prefeyab TFFéPhﬁP @ Sidh F@nfﬁmaﬂw% Sigpula f@. ms 1

to 9, whighhé ?Keﬁéih@é omrmri;arﬁ_@@mehewftpkvh&%mgh@m@@res a) formng a solution
of conmpound of formula (I) in acetone, ethanol |sopropanol or propanol at
a tenpera of 40C 10, 70C b coo t.h ution until

Super oat ulht FoRrocEs ararUBR | s oF S et M R b sy eBe cr yst al s

of conpoutth@funtef fouhala (1) fromd)wasgtmisdiblk kylvagng Meheargiigpensiaotisolyenef er abl y
for at least 10 mn, nost preferably for 60 m nutes; e) adding water while

f bl
stirring pnihl g, gsc@;glggtogivg@et% U6 Rl ke savgmsaca%qe, ARG, Pr ef er abl y

rrrin
cryst al | i Bepropanakipxerane! or mixtures thereof most preferably ethanol.

12. The process according to any of claims 1 to 9 which further comprises a crystallization
from an non polar solvent, preferably hexane, cyclohexane, heptane, pentane, most preferably

from heptane.

13. The process according to any one of claims 1 to 9, which further comprises the following

steps:

a)  forming a solution of compound of formula (I) in acetone, ethanol, isopropanol or

propanol at a temperature of 40°C to 70°C;
b)  cooling the solution until supersaturation, preferably to room temperature;
¢) adding seed crystals of compound of formula (I);

d)  optionally aging the suspension, preferably for at least 10 min, most preferably for 60

minutes;

e) adding water while stirring until the desired solvent/water ratio is obtained, more

preferably ethanol:water is 7:3 (m/m);

f) optionally further stirring the crystallization mixture;



27 g) cooling the crystallization mxture to a tenperature bel ow 0OC, nore
preferably between 0C and -20C, nost preferably to -10C, to effect the
crystal | iwatzoowoarsd preci pitati on of conpound of fornmul aCtiEP26100811he
solution thereof, h) separating the crystalline conpound of formula (1)
fromthe liquid conponent of the m xture, preferably the crystalline
conpound of fornmula (1) is filtered out?? 14. A process for preparing the
crystalline S-[2-[1-(2-ethyl butyl)cycl ohexyl carbonyl am no] - phenyl ]

2- et hy| t &) copligpibe sasallizabomoirec & a fegmetaterc @Flpwﬁ%ﬁemomﬁeragésbetwggn

form ng t i of o4 L)l -
isopropaﬁgﬁg%@‘%@gb§%§’&gggﬁﬂfgn%%fgﬁﬁgg%éﬁmXB%&F%gﬁ@%?ﬁ”ﬁg&@%gﬁk86 t he
sol uti on empound opfermalt(l)dtonothe spluebrethatdoy, t o room t enperature; ¢) adding
seed crystals of conmpound of fornmula (1); d) optionally aging the

suspension, preferably for at |east .10 _mn, S referably for..60 m nutes;
o) had: g s LR Ry st fine b EBlar o PP B S RIERAR LR, O e
obt ai ned, mivire, [ptRfabtyaht yryetahmo @bmpadrelrofifsrmiil3(1f Rififkied ou). optional |y
further stirring the crystallization m xture; g) cooling the

crystallization m xture t.o te rature bel o C,..no ref erabl y het ween
50 ana - SBRA el K drSptiRs e B R S e S SR e R R A B
preci pi t agHean] ofmaryRAsPIehihaté, @bAPb @ (I fordiu®MIs WBicE @bkpHaR: t her eof ,

a)  forming a solution of compound of formula (I) in acetone, ethanol, isopropanol or

propanol at a temperature of 40°C to 70°C;
b)  cooling the solution until supersaturation, preferably to room temperature;
¢) adding seed crystals of compound of formula (I);

d)  optionally aging the suspension, preferably for at least 10 min, most preferably for 60

minutes;

e) adding water while stirring until the desired solvent/water ratio is obtained, more

preferably ethanol:water is 7:3 (m/m);
f) optionally further stirring the crystallization mixture;

g) cooling the crystallization mixture to a temperature below 0°C, more preferably between
0°C and -20°C, most preferably to -10°C, to effect the crystallization and precipitation of

compound of formula (I) from the solution thereof,

h) separating the crystalline compound of formula (I) from the liquid component of the

mixture, preferably the crystalline compound of formula (I) is filtered out.

15. S-[2-[1-(2-cthylbutyl)cyclohexylcarbonylamino]-phenyl] 2-methylthiopropionate

crystalline form prepared by a process comprising the steps of :

a)  forming a solution of compound of formula (I) in acetone, ethanol, isopropanol or

propanol at a temperature of 40°C to 70°C;



h) separating the crystalline conmpound of fornmula (I) fromthe liquid
conponent of the m xture, preferably the crystalline conpound of fornula
(1) is fiwoenadoorss. 15. PCT/EP2010/059112
S-[2-[1-(2-ethyl butyl)cycl ohexyl car bonyl am no] - phenyl ]

2-met hyl t hi opropi onate crystalline form prepared by a process conpri sing
the steps of : a)forming a solution of 2onpound of fornula (1) in acetone,
et hanol, isopropanol or propanol at a tenperature of 40C to 70C, 28 D)
cool i ng the s@pﬁvg@ﬁ splttipn il sepossetwintian, pisfergii faiogml (YmpYaussm t enper at ur e;
c) adding seed crystals of conpound of formula (I); d) optionally aging

t he S“SPQBS'Qﬂgn%%%&ﬁg?§&¥of&ﬁm&%n&%9ﬁﬁmﬁ9/ﬂ‘” nmost preferably for 60

m nut es; r while stirring until the desired solvent/mater
ratio is obtalned nore preferably ethanol :water is 7:3 (mmn f)

optional | §) fmpﬁlﬁmﬂySagmgrtﬁﬁngm@l%ls prsfosatily foataf lspst ) soinsmaest pg:)ferélaizzslf@rr@ t he
crystalli @ﬁwgn m xture to a tenperature below 0C, nore preferably between
0C and -2 nost preferably to -10C, to effect the crystallization and

preci pitation oof conpound of formula (1) fromthe solution thereof, h)
separ ati ng t heldogysttal whiketivongpouhthe desifedrsoiyeat/ Wdtdr rhti@im obhenedi mared

conponent the u bly the crystalline conpound of formula
(1) is fiFF%F%ﬁng%Kﬁ §%T¥ Lﬂ@%ntion as herei nbefore descri bed.

f) optionally further stirring the crystallization mixture;

g) cooling the crystallization mixture to a temperature below 0°C, more preferably between
0°C and -20°C, most preferably to -10°C, to effect the crystallization and precipitation oof

compound of formula (I) from the solution thereof,

h) separating the crystalline compound of formula (I) from the liquid component of the

mixture, preferably the crystalline compound of formula (I) is filtered out.

16. The invention as hereinbefore described.



