Process for the preparation of Pleuronutilins The present invention relates
to crystalline 14-0-{[ (4-am no-2-hydroxy-cycl ohexyl) -

sul f anyl Jwacetyupssauti | i n, new processes for its prepar &CILAT26M00237
crystalline salts thereof. Pleuronutilin, a conpound of fornmula CH2 / CH3
OH O is anaturally occurring antibiotic, e.g. produced by the

basi di onycetes Pl eurotus nutilus and P. passeckerianus, see e.g. The Merck
| ndex, 12th edition, item 7694. A nunber of further pleuromutilins having

t he pri n&rpeess forrthe prepanation of Pleuremudilinsi | i n and being substituted at the
primary hydroxy group have been devel oped, e.g. as antimcrobials. Due to
their pronounced antimcrobial activity, a group of pleuromutilin

deri vat i \as praaemtrioventionxslaes bsédyttdlliad 14y0] {p@eatyine D-hadipkypepdlyhexyl)l | | ns, as
di scl osed in WO 2008/ 113089, have been _found to be of Bfnticular i nterest.
As descr Swéanyllraceiydbontdingeey PIPCESSES €04_1t5 preparation and crystalline salts thereof.

Am no- 2- hydr oxy-cycl ohexyl )-sul fanyl]-acetyl }-nutilins are particularly
useful conpounds because they denonstrate activity against Grampositive
and G anPhlagabitilen, pabimpgend obfognulissoci ated with respiratory tract and skin
and skin structure infections. For th-¥production of substantially pure

i sonmers/di astereoners of this group ol ?ﬁgpounds, there is a need for a
production process which is conveni eny : dise on an i ndustrial scale and
which also avoids the use of gpstly Hijmng materials, environnmental ly
hazar dous reagents and sol ven or fime consum ng and | abori ous
purification steps. The H9Qd 'onv-rqg ~chesigri bed in WO 2008/ 113089

i nvol ves chronat ographi c purifiggati. he conpounds prepared according
to individual synthesis steps}gﬁ ﬂh. | di astereoners are separated by
chiral HPLC chromat ogr aphy whi C used Riewrommditvst ri al scale. WO
2011/ 146954PCT/ AT2011/ 000237 2 Surprigfngfy, crystalline intermedi ates have
been found which on the one hand hav@ unexpected chem cal purification

potentia j i S . r : .
R o e e
chr omat oBr pgskeckerpamisf see @td. dhe Mitcls bplex At dth adisibrpisem 7694as t o be poi nted out

that 14-0-{[ (4-am no-2- hydroxy-cycl ohexyl)-sul fanyl]-acetyl}- nmutilins are
potential new drug substances for the human market with regul atory

requi r enRSnisie bf Rigthet glehﬂﬁmﬁﬁfn% %ﬁ@iﬂg Q'liné‘;ﬁl'idc?'l‘e %%g&h&tﬂfésof(ﬂlé’ﬁr%ﬁﬁfﬂl aRe!
Conf erence on Harnoni zati on of Technical Reduirefents for Registration of
Phar mac ebeing absstifused M_uhaprimse» hydfévey grohp _gan'fedMeh nevalopédypigr as argsnicrobiedsy dr ug
subst aNCHRe {o %%%330&9@4 gnqlen?ic}orl])?al fa((:)tli\lli%)y\fwa ré?o&phgf%igu?lorcrjlﬁﬁlin derivatives, amino-
hydroxy-substituted cyclohexylsulfanylacetylmutilins, as disclosed in WO 2008/113089,
have been found to be of particular interest. As described in W02008/11089 14-O-{[(4-

Amino-2-hydroxy-cyclohexyl)-sulfanyl]-acetyl } -mutilins are particularly useful compounds
because they demonstrate activity against Gram-positive and Gram-negative pathogens e.g.
associated with respiratory tract and skin and skin structure infections. For the production of
substantially pure isomers/diastereomers of this group of compounds, there is a need for a
production process which is convenient for use on an industrial scale and which also avoids
the use of costly starting materials, environmentally hazardous reagents and solvents or time
consuming and laborious purification steps. The production process described in WO
2008/113089 involves chromatographic purification of the compounds prepared according to
individual synthesis steps and the final diastereomers are separated by chiral HPLC"

chromatography which cannot be used on industrial scale.



Maxi mum dai ly dose Reporting threshold Identification threshold
Qualification threshold 2g 0.05% 0. 10% 0. 15% > 2g 0. 03% 0. 05% 0. 05% As can
be seen fWORNtHE695EH t hr eshol ds above it is desirabl e t @CHaR0EI000237

i ndi vi dual unknown inpurities below 0210% area and the structure el uci dated
I mpurities below 0.15% respectively. Processes provided according to the
present invention enable to produce APIs (Active Pharmaceuti cal

Ingredients) within the desired specifications and fulfilling I CH

requir emm&@isi@y,tdﬂjastﬂtih@rmé}aﬁdlat@\mﬂe BEHnefoﬁhld Phichi otathy ond AgndCiavst al | i ne

I nternmedi ates yields.t n| fica hi r enr | chrre has a

benet 1t et Eiical B bR G0 WhED iRRsHANGoL A dhs PR seeHERper
racem c rfat pre ainsncshydress sistinaéd g/ycﬂnheeylsml&nylacgtylmwelmsadvmdlﬂ'gw descri bed
processe P%F | T\ Iy r ic purification neither nornal
nor chi rzc p d;é)%raﬂ)}ﬁygg}r{\ﬁ?ast atsg ?‘ﬁ%’@g‘n etic procedures described in
W2008/ 113089 wherein is disclosed e.g. in Exarrpl e 1, Step B that

14- 0- { [ ( 4t pu¥itH8e §oméar&fsma@yzl®hﬁmdlﬁln§lztﬁ cy ci’&fék?’ﬁ-}sulﬂﬂyl -hddgy

i solated in. Ihe ormgl ster oner i hures as, co cibrless am)rp ous
foams af (RIS AFFROt iRl ew ét&P%Fﬁ ¢ fumap mazket syithoreghlatartr eoner s are
descri bededuircheus defiaed incthe k:meelspbﬁdM@ IOH&UMSQ(Inen@nonﬂ (otdeehe dnA af t er

subj ect QS]ZQ?I& S FechRich m{cﬁ%reﬁlgnﬁ }gg n\M}% gceelrltéc:%rl;se foﬁ W at ed

pure di astereoners were 1so coI orless 1% 0ans.
Chiral cRiseqdibedEHmwdelinowovmpuiigesipmeyw drog huhsta:nggs (\Qﬁﬁdm&)anclbéesatppl i ed on
i ndustri gdvihgthregRlR: and noreover no crystalline salts of

14-0-{[ (4- am noO- 2- hydr oxy- cycl ohexyl)- sul fanyl]-acetyl}-nutilins were

obt ai ned—according to \W2008/ 113089 ND 2011/ 146954PCT/ AT2011/ 000237
Maximium daily Reporting threshold | Identification Qualification
dose threshold threshold
<2g 0.05% 0.10% 0.15%
>2g 0.03% 0.05% 0.05%

As can be seen from the ICH thresholds above it is desirable to have all individual unknown
impurities below 0.10% area and the structure elucidated impurities below 0.15%,
respectively. Processes provided according to the present invention enable to produce APIs
(Active Pharmaceutical Ingredients) within the desired specifications and fulfilling ICH

requirements.

On the other hand, even more surprisingly, the crystalline intermediates yields to significant
chiral enrichment which has a huge benefit in the production of the plire stereoisomers
starting from cheaper racemic materials or less chirally pure starting materials. The
described processes do not involve any chromatographic purification neither normal nor
chiral phase in contrast to the synthetic procedures described in W02008/113089 wherein is
disclosed e.g. in Example 1, Step B that 14-O-{[(4-amino-2-hydroxy-cyclohexyl)-sulfanyl]-
acetyl}-mutilins was isolated in the form of diastereomeric mixtures as colorless amorphous
foams after normal phase chromatography. The chiral pure diastereomers are described to
have been received in W02008/113089, e.g. in Example 1A after subjecting the mixture to
chiral chromatography whereafter the separated pure diastereomers were isolated in the form
of colorless amorphous foams.

Chiral chromatography, however is not a technology which can be applied on industrial large
scale, and moreover no crystalline salts of 14-O-{[(4-amino-2-hydroxy-cyclohexyl)-
sulfanyl]-acetyl}-mutilins were obtained according to W02008/113089.



3 In contrast to that, according to the present invention crystalline
phar maceuti cal acceptable salts of

14- 0-{[ (awarmnox@dshydr oxy- cycl ohexyl ) - sul fanyl ] - acet yl } PemtAT20NnH06237i ng
surprising and superior properties ovér the anorphic prior art salts

di scl osed in W2008/ 113089 have been found; e.g. surprisingly the chem cal
stability of the crystalline salts of the present invention is inproved
over the anorphic salt forms; and also and in addition the crystalline
salts of the present i nvention show a surprising | ow hygroscopicity.
ProcesseﬁPfor the ar af.i on f such crgsiallln salts wherein thelﬁalts

Ty be  ofRSPHEAT ToMA" Beaarting & B parsentiavention srystllingpharmaceutical accepta
14-0-{[ (4ammm~0—{[yﬁamm2:hydmhgxydl))h&qﬂ)‘ auifah)Hacetdyl}-nntilind havéngand

4- 2-
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basis for Oﬁ@O&ﬂ 891 have beensforrd; Wag/eumremgbe@n chemival stamhtyrref the pvetallinge
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formul a | the form,of si ng est}%%fmmr

crystal .aﬁémpa%ﬁ crwﬁl,!)mﬁ §¢lﬁg>fa€$i>r6§e% {ysgtion eh%? SEPHS9E ﬁr@ﬁcqmma/
conpound of formula Ha R"NH 1Ila

Processes for the preparation of such crystalline salts wherein the salts may be obtained in a
single stereoisomeric form from 14-O-{[(4-amino-2-hydroxy-cyclohexyl)-sulfanyl}-acetyl}-
mutilins and processes for the preparation of stereoisomerically pure 14-O-{[(4-amino-2-
hydroxy-cyclohexyl)-sulfanyl]-acetyl }-mutilins in crystalline form as a basis for the

crystalline salts have also been found.

In one aspect the present invention provides a process for the preparation of a compound of

formula I

CH,

in the form of a single stereoisomer in crystalline form, comprising
deprotecting the amine group

either in a compound of formula Ila

lla

, or

in a mixture of a compound of formula Ila with a compound of formula IIb



, O WD 2011/ 146954PCT/ AT2011/ 000237 4 0O wherein Ris an am ne
protecting group, and isolating a conpound of fornula | obtained in the
form of aweiznglEeditast ereoner in crystalline form eitherPCiiaretifopof3srom t he
reaction mxture or via recrystallizat#ion in organic solvent. In another
aspect the present invention provides a conpound of formula |I as defined
above in the formof a single stereoisoner in crystalline form Conpounds
of formula Ha are new and al so formpart of the present invention. In
anot her aspect the present invention provides, azconpound of fornmula Ha. In
a conmpound of forrmula I, or Ha, respectively, HE'Qﬁ{bon atons of the
cycl ohexyl ring to which the hkydroxy gpup, 1 he group and the
sul fanyl -acetyl-nutilin group are attaghed in the R configuration
and thus a conpound of fornula ® pkesgnt ga@BHopti onal Iy am ne
protected 14-0-{[ (1R 2R 4R - no- 2- hywic ohexyl sulg any1] -
acetyl}-nmutilin. In con%&ast gt hat , h@c_.‘?“; of formula Ib cH, / cH
OH OH H

wherein R is an amine protecting group, and isolating a compound of formula I obtained in
the form of a single diastereomer in crystalline form either directly from the reaction mixture

or via recrystallization in organic solvent.

In another aspect the present invention provides a compound of formula I as defined above

in the form of a single stereoisomer in crystalline form.

Compounds of formula Ila are new and also form part of the present invention.

In another aspect the present invention provides a compound of formula Ila.

In a compound of formula I, or Ila, respectively, the carbon atoms of the cyclohexyl ring to
which the hydroxy group, the amine group and the sulfanyl-acetyl-mutilin group are attached
are all in the R configuration and thus a compound of formula I, or Ila represents an
optionally amine protected 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-

acetyl}-mutilin. In contrast to that, in a compound of formula Ib

or IIb the carbon atoms of the
cyclohexyl ring to which the hydroxy group, the amine group and the sulfanyl-acetyl-mutilin
group are attached are all in the S configuration and thus a compound of formula IIb
represents an optionally amino protected 14-O-{[(1S,2S,4S)-4-Amino-2-hydroxy-
cyclohexylsulfanyl]-acetyl }-mutilin.



? 0 H3C, H3C " "™ H3 wor Ilb the carbon atons of the cyclohexyl ring to

whi ch t he

hydr oxy group, the am ne group and the sulfanyl-acetyl-mutilin

group arewvathucieds4are all in the S configuration and tiras/Aa2ecarepesnd of
formula I'lb represents an optionally &m no protected 14-0- {

[ (1S, 2S, 45) - 4- Ami no- 2- hydr oxycycl ohexyl sul fanyl ] -acetyl}-nutilin. WD
2011/ 146954PCT/ AT2011/ 000237 5 An am ne protecting group includes
protecting groups known to a skilled person and which are renovabl e under
acidic, basic, hydrogenating, oxidative or reductive nethods, e. g by

hydr ogen sis, tre
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hydr ogendlrgaiis Synthteaas tWiey-jntersyieacd) il eHitioB(N)07, patioviatly @. 6963,868)y t r eat mant
with a strong acid, such as HClL, H3PO4 or CF3COCH,

Amine protecting groups which may be conveniently used in a process according to the

present invention include for example

benzyloxycarbonyl (Cbz), removable e.g. by hydrogenolysis,

p-methoxybenzyl carbonyl (Moz or MeOZ), removable e.g. by hydrogenolysis,
tert-butyloxycarbonyl (BOC), removable e.g. by treatment with a strong acid, such as
HCI, H;PO, or CF;COOH, |

trifluoroacetyl, removable e.g. by treatment with a base, such as NaOH, K,CO3;, Cs,COs,
9-fluorenylmethyloxycarbonyl (FMOC), removable e.g. by treatment with a base, such as
piperidine,

benzyl (Bn), removable e.g. by hydrogenolysis;

- p-methoxybenzyl (PMB), removable e.g. by hydrogenolysis;

3,4-dimethoxybenzyl (DMPM), removable e.g. by hydrogenolysis;

p-methoxyphenyl (PMP), removable e.g. by treatment with ammonium cerium(IV) nitrate
(CAN), |

tosyl (Tos), removable e.g. by treatment with concentrated acid, such as HBr, H,SO,, or
by treatment with strong reducing agents, such as sodium in liquid ammonia, sodium
naphthalene,

groups which form with the amine sulfonamides other than Tos-amides, e.g. including 2-
nitrobenzenesulfonamide (nosyl) or o-nitrophenylsulfenyl (Nps), removable e.g.by
treatment with samarium iodide, tributyltin hydride,

benzylidene, removable e.g. by treatment with trifluoromethanesulfonic acid,
trifluoroacetic acid, dimethyl sulfide;

triphenylmethyl (trityl, Tr), dimethoxytrityl (DMT), e.g. removable by treatment with an

acid, such as trifluoroacetic acid;

preferably trifluoroacetyl or ters-butyloxycarbonyl (BOC).



trifluoroacetyl, renovable e.g. by treatnent with a base, such as NaCH,
K2CO8, Cs2CC8, - 9-fluorenyl net hyl oxycar bonyl (FMOC), renovable e.g. by

t r eat mentw@izoh/ig69dse, such as piperidine, - benzyl (BnPCTiAGROMANINB7e. g. by
hydr ogenol ysis; - p-nmethoxybenzyl (PMB), renovable e.g. by hydrogenol ysis;
- 3, 4-di net hoxybenzyl (DWM, renovable e.g. by hydrogenol ysis; -

p- met hoxyphenyl (PMP), renovable e.g. by treatnent wth amoni um ceriun(lV)
nitrate (CAN), tosyl (Tos), renovable e.g. by treatnent with concentrated
acid, such as HBr, H2SO4, or by treatnent with strong reduci ng agents, such
as sodi um L.l icqd [ [ 3 | f pth the
i ne. sut} S S Sor BRI abuscCg: MRRRNBAE Y 4 04D, RO T COll

ni t r obenXe@e€s wr ho vegnibcbase ohl as edranolafiihe mak de yikaldofeffeyt depiasdtion @ vabl e
e.g. by treatnen ith sapari iodide, tributylfin hydride, _ benzylidene,

r enovabl @ogpam%?ﬁy}dpfr@él@i@rﬁndm 0 Q4en P gorRERd ablosmpidin ¢heform of a single
trifluor gapfidome?dnth prefeffel Biboditidnt 88 indrgdnP'GAR4! fieh BY NaOH Addik,CO s

di met hoxytrityl (DMI), e.g. renovable by Treatnment with an acid, such as
trifluorusasketic acid; preferably trifluoroacetyl or tert-butyl oxycarbonyl
(BOC). WD 2011/ 146954PCT/ AT2011/ 000237 6 In case of trifluoroacetyl a base
e.g. an inorgani c base, such as NaOH, KOH, Cs2C33 and K2CO3 or an organic

base suclh asse®F R2NBLEFIxYEarbBYy1 RBOCS @ abl, ekf AFinoBBRIQ bRkl ds@mikrat agiaN@oUNd
of fornula Ha and |ib to obtain a conpound of formula | in the formof a

si ngl e stepPEsNEGIeEt may he ysqsktefedlieetedepeatpdivinms srcomponnd phtonngladisend Bhiéh as
NaOH andoﬁ%ﬁcéxﬁpd{ﬁl Qﬁﬁlnpmﬁgfﬁltﬂfa f<?r?1{ bt @H}l%lle%ﬁgo%&r?&ﬂn a(agrg%)neﬁn aci d,
€.g. an rnorganic, such as a mneral acid, or "an organic I'd may be used
to ef f ecembediEneai oganefachl, suohes uriflusrbadeticridldy THA )adrch mirerdl acidb sw@hrasa
conmpound of forrmula | .in thg formof a single stereoisoner. In a preferred
enbodi nef %Hh%%gaﬂ? acidgsgpedsych as trifluoroacetic acid (TFA), or a

m neral acid, such as ortho phosphoric acid is used. Alternatively the
nitrogen atomto which Ris attached forma heterocyclic ring, e.g. the

ni t r ogenAdteomatisicly doheicrogen sthm towdiichBxy httaphed forivsa betetocydlicainghelgatliem do

ring; renpvable, e.qg.. by treatnent wwth hydrazine. In this case t

hydr ogen 4{OEER atom ?%B%%tol © ﬁ%ﬁ%@n@%‘l’(‘%@é’f %ﬁ&ﬁﬁp@l“&*ﬂ){“nﬂhéﬁ%‘ﬁg& &€t i on
of conpoyPeeinen® Wit hgdfd2ideeRthistcasd the hyarapeH Afhe hitfdPeAM Rotlprésent (36 f or m of
a single product. In Case of deprotection of a mxture of a conpound of
fornul a example A7 conpound of formula lib the obtained products of fornul ae
la and | b are subjected to crystallization/recrystallization and a conpound
of fornmula.l is obtained out of the mxture. It has been found that during

t he ani nghel@groteetdn 6fconguhd of fdrhirilS118 1ads Retie Sbmpo@id sffohAMadiQ e fofmt he
cycl ohexyl npiety wherein the thio, hydroxy and am no group, resi)lgct_i vel y,

are att aehe#ngle predugt.de gaseofidsprofestignioha nhxreef aerrepnid o dermyila flawith 2 Ha
and lib U&ﬁ}%lﬁﬁl JF 151l 1B AnEBhaink & broducts of formulae Ia and Ib are subjected to

crystallization/recrystallization and a compound of formula I is obtained out of the mixture.

It has been found that during the amine deprotection reaction the stereochemistry of carbon
atoms of the cyclohexyl moiety wherein the thio, hydroxy and amino group, respectively, are
attached is retained as in the amine protected compounds of formula Ila and IIb used as a

starting material.

Surprisingly it has been found that a compound of formula I may be crystallized after
isolation, or even directly in the reaction mixture obtained after deprotection of the amine
group. For example a solution of a compound of formula I in a single stereoisomeric form

obtained in organic solvent, preferably polar organic solvent, such as CH,Cl,, is treated with



Surprisingly it has been found that a conpound of fornmula I may be
crystallized after isolation, or even directly in the reaction m xture

obt ai ned Wpt2811/deYPH ot ecti on of the ami ne group. For exaRPTATRIB@BTon of a
conpound of forrmula | in a single stefeoisoneric form obtained in organic
sol vent, preferably polar organic solvent, such as CH2A 2, is treated with
WO 2011/ 146954PCT/ AT2011/ 000237 7 an anti solvent, such as an ether, e.qg.

di i sopropyl ether (DI PE) or tert-butyl neth et her (MTBE) , preferably Dl PE;
or a sol @hjagtsadyend, suehpodanether, efgoﬂmﬂpépnylﬂt%erz{ml’lﬁmféeﬁtb@t)é@i@@d@the@ form
obt ai ned I t Vv such as
CH2C12, idsvﬁié%e)a?{e%g& a@? ﬂ@ﬁ (r)]rczg%] r?%lnycoq'?é]&gﬁ%g?&gd#ﬁ% ‘s?lo S\E/%Ié%lf preferably
an al Cthtcrecﬁsmimr&Sfoﬁnbbta&&d in oﬁganarsdlmt qirdérabrwptﬂamganc ablvait suchagpound
of fornula | in a sipgle stereoi soneric form aken up in an Qrganic
sol vent, Al astregtedd gfrfércon@ngan%wthﬁwrm saalmve(ﬂrmfer Ewarbﬂs? hohauely as

treated ok GHinIiSAbLE Bhude Shikkidt 3¢ #e0RpBHd ofFofnul I HaSingld BE. A
conmpound o In a si n e stereol Soneric rm may Crystallize and
may be i smlrcansmlnam: fony,sﬂs &ken e uﬁan orgaficysetwaht, isuctt asom etherpé.gf tetrshyidsafueni on
and handl i of .the ispl at terials, and provi des, excel )t nities
For furt KSRy apeopaoR oo HEh B Dol e ATy e, & RO ML Eoth ai ned
accor di N@ofnpoliitPoMoRARIAL ih A\SRIBld HEeFBYMBEC Fork), Baly ey stlizdddd Ry be isolated
purification, such as recrystallization e.g. out of an organi c sol vent,

pr ef erabllIyClé[ﬁtaHlfl@tfh@m such as n-butanol. (Re)crystallization may be
repeated if desired and may result in high recovery yields and excellent

purification. In the follow ng TABLE 1 the surprising high purification
pot ent i alCrpstaliipationrsymphfi¢s inelagempoimadbng dbthmidodated materiath andtpsevidaSABLE 1

R s HPL % fof la | | RRT
13 (o6 aredfeSipituBites B R stk Rl ATRTBRBEY on of 11b 75

The crystalline compounds obtained according to the present invention may be subjected to

further purification, such as recrystallization e.g. out of an organic solvent, preferably an

alcohol, such as n-butanol.

(Re)crystallization may be repeated if desired and may result in high recovery yields and

excellent purification.

In the following TABLE 1 the surprising high purification potential of the crystalline
compound of formula I is indicated.

TABLE 1
HPLC purity (% area) of

Reaction Stage Impurity RRT 1.32 (% area)
compound of formula I

Reaction completion

after deprotection of 87.3 4.2
IIb
After DCM/DIPE
) 95.0 22
crystallization

After 1 n-BuOH
o 99.0 0.6
crystallization




4.2 After DCM DI PE crystallization 95.0 2.2 After 1st n-BuCH
crystallization 99.0 0.6 WD 2011/ 146954PCT/ AT2011/ 000237 8 Reaction Stage
HPLC puriw9 2020@sesa) of conpound of formula | Inpurity RRT/AT28A/00043ar ea)
After 2nd n-BuCH crystallization 3 8

HPLC purity (% area) of
Reaction Stage Impurity RRT 1.32 (% area)
compound of formula I

After 2" n-BuOH
.. 3 99.7 <0.15
crystallization

RRT = relative retention time in the HPLC with respect to I

As clearly can be seen from TABLE 1 above, the purity of a compound of formula I after
deprotection of a compound of formula Ila was increased from 87.3% to 95.0% after
crystallization and isolation out of DCM (CH,Cl,) / DIPE. The purity is further increased by
n-butanol (re-)crystallizations to a final purity of the isolated compound of formula I of even

99.7%.

TABLE 2 below shows the depletion of selected impurities and overall purification of a
recovered compound of formula I from process mother liquors after subjecting to a »-butanol
recrystallization:

TABLE 2

. ) Purity after n-butanol
Initial purity (% area by HPLC) o
recrystallization (% area by HPLC)

Compound I 96.29 99.03
Impurity 1 0.61 0.14
Impurity 2 1.88 0.54

Crystallization may be enhanced and accelerated by the use of seed crystals. Seed crystals
may be obtained by the processes as exemplified herein. The crystallization and
recrystallization process of a compound of formula I delivers the desired purity and is highly
useful on an industrial scale. The cumbersome and expensive purification by

chromatography is circumvented and makes the process industrially applicable.

Even more surprisingly the crystallization of compound I leads to clear diastereomeric
enhancement in favor of a compound of formula I when starting from a mixture of a
compound of formula I with a compound of formula Ib. After deprotection of a mixture of a

compound of formula [Ia with a compound of formula IIb and crystallization of the resulting



99.7 <0.15 RRT = relative retention tine in the HPLC with respect to | As
clearly can be seen from TABLE 1 above, the purity of a conpound of fornula
| after owprotigasesean of a conpound of formula Ila was i rcraaged/obexsm 87. 3%
to 95.0% after crystallization and is®lation out of DCM (C112C12) / DI PE
The purity is further increased by n-butanol (re-)crystallizations to a
final purity of the isolated conpound of fornula |I of even 99.7% TABLE 2
bel ow shows the depletion of selected inpurities and overall purification
of a recsokd Brorganip solvents br sajveniinzixurés sych ps DEAYDIRBresults [in g significant er

subj ecti a n-butanol r stallization, TABLE 2 Initial puritw..%
aren by Rpeledaiqyhanment iRl Rl SR el (s fosyeRionf miighost S
Conpound récr$ialfiZatih. d48 of AP brdahi¢ sb1ven® préferhBlelanilidohblsuth as n-butanol is

performed.

In the following TABLE 3 the chiral enrichment of a compound of formula I in crystalline
form is indicated.

TABLE 3

Chiral purity determined by chiral HPLC

(area %)

14-0O-{[(1R,2R 4R)-4-
Amino-2-hydroxy-

14-0-{[(1S,25,45)-4-
Amino-2-hydroxy-

cyclohexylsulfanyl]- | cyclohexylsulfanyl]-
acetyl}-mutilin acetyl}-mutilin
(compound I) (compound Ib)
DCM/DIPE
) 59 41
crystallization
n-butanol
93 7
crystallization
Mother liquors 16 84

From TABLE 3 it is evident that starting from the diastereomeric mixture of compounds of
formulae Ila and IIb in the deprotection step and isolating the resulting products from the
reaction mixture via DCM/DIPE crystallization yields to a surprising chiral enhancement of
59 : 41 in favor of a compound of formula I. Subjecting the resulting enriched product
mixture of a compound of formula I and a compound of formula Ib to a n-butanol
recrystallization results in a massive and even more surprising enrichment in favor of a
compound of formula I in the isolated product (93 : 7). In contrast to the isolated product of
the enriched compound of formula I the n-butanol mother liquor contains almost exclusively
a compound of formula Ib (84%).

Optionally recrystallization can be repeated until a desired optical purity is achieved.
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seed crystals. Seed crystals may be obtained by the processes as

exenpl i f w0 2hew@s954 The crystallization and recrystalli rariaanoproesss of a
compound of fornmula |I delivers the deired purity and is highly useful on
an industrial scale. The cunbersone and expensive purification by
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2011/ 146954PCT/ AT2011/ 000237 9 solid in_grganic solvents or salvent,

mi xt ur es T8€BFeseRE imyeption provides @ qognnoyng of fagmiulg ligsinglg sfsiceisemsts form in
enhancenmgiiigodiast ereomeri c enhancement is even nore pronounced if a
recrystall’i zati on out of an organic solvent, preferable an al cohol such as
n-butanol is perfornmed. In the follow ng TABLE 3 the chiral enrichment of a

conmpound_of forpmula I.in crystal.line formis indjcated., TABLE 3 .Chiral
O S bimris el i ifert crtling fhFind S5 4 compo i oiTopua] Baye been iSolate
AN no- 2- BydEmracteri48 b9 Dexyl sotder afhetion.

In another aspect the present invention provides 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-
cyclohexylsulfanyl]-acetyl }-mutilin in crystalline Form 1, e.g. which crystalline Form 1 is
characterized by an X-ray powder diffraction pattern with peaks 2-theta at (degrees, + 0.2,
inter alia):

10.6,11.1, 12.0, 14.3, 15.1, 16.1, 21.1; such as:

10.6,11.1, 12.0, 14.3, 15.1, 16.1, 18.2, 19.2, 20.7, 21.1, 21.3, 21.8, 22.6, 23.5, 24.7, 28.2,
30.2.

In another aspect the present invention provides 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-
cyclohexylsulfanyl]-acetyl }-mutilin in crystalline Form 2, obtained as an 1:1 »n-butanol
solvate, e.g. which is characterized by an X-ray powder diffraction pattern with peaks 2-theta
at (degrees, + 0.2, inter alia):

9.8,11.1,13.1, 14.1, 17.6, 19.7, 22.2; such as

9.6,9.8,11.1,13.1, 14.1, 16.0, 17.6, 19.7, 22.2; 22.7, 23.0.

The n-butanol content of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-
acetyl}-mutilin in crystalline Form 2 is between 10 and 18 % w/w, typically between 11 and
14% w/w.

A compound of formula I is preferably isolated in the form of a salt, such as a
pharmaceutically acceptable salt. Such salts are preferably ammonium salts, namely acid
addition salts of the amino group attached to the cyclohexyl ring, and include acetates,

lactates, e.g. L-lactates, or maleates, e.g. hydrogenmaleates.
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In another aspect the present invention provides a compound of formula I in the form of a
single stereoisomer and in the form of a salt, e.g. crystalline salt, wherein a compound of
formula I is in the form of a single stereoisomer; the salt preferably is an acetate, lactate, e.g.

L-lactate or maleate, e.g. hydrogenmaleate.

Crystalline compounds obtained according to the present invention in a single steroisomeric

form of formula I, e.g. in the form of a salt, are useful in a pharmaceutical composition.

In a further aspect the present invention provides a pharmaceutical composition comprising
crystalline 14-O-{[((1R,2R,4R)-4-amino-2-hydroxy-cyclohexyl)sulfanyl]acetyl } mutilin, or
comprising an, optionally crystalline, acetate, lactate, or hydrogenmaleate of 14-O-
{[((1R,2R ,4R)-4-amino-2-hydroxy-cyclohexyl)sulfanyl]acetyl }mutilin as an active

ingredient in combination with pharmaceutically acceptable carrier or diluent.

Compounds of formula I in free form and in single stereoisomeric form thus obtained may
be converted into a salt by addition of an acid to the free base of a compound of formula I.
E.g. a compound of formula I may be dissolved or suspended, or is obtained in dissolved or
suspended form, in organic solvent, preferably a solvent or solvent mixture, such as an
alcohol, e.g. methanol, ethanol; a halogenated hydrocarbon, e.g. dichloromethane; an ether,
e.g. tetrahydrofuran, an acetate, such as methyl acetate, ethyl acetate, propyl acetate,
isopropyl acetate; a solvent mixture of alcohol with acetate, such as methanol/isopropyl
acetate, a solvent mixture of halogenated hydrocarbon with acetate, such as
dichloromethane/isopropylacetate, a solvent mixture of ether with acetate, such as
tetrahydrofuran/ isopropyl acetate, and to the mixture obtained an acid, e.g. an organic acid
or'an inorganic (mineral) acid, e.g. acetic acid, lactic acid, e.g. L-lactic acid, maleic acid, is
added. A compound of formula I, in the form of a salt, e.g. crystalline salt, may be obtained

and may be isolated.

It has been found that in the salt formation step the stereochemistry of the carbon atoms of
the cyclohexyl ring to which a thio, hydroxy or an amino group is attached, is retained and

remains the same as in a compound of formula I in free form.
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availability e.g. oral bioavailability. For the intravenous application the solubility of the

selected form e.g. salt is also very crucial and it is desired of having formulations without

sophisticated technologies or exipients.

The solubility of the crystalline acetate, lactate and (hydrogen)maleate salts of the present
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14-0-{[ (1R, 2R, 4R) - 4- am no- 2- hydr oxy- cycl ohexyl suI fanyll acetyl}-mutilin
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hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin in the form of an L-lactate in crystalline Form

1, e.g. which is characterized by an X-ray powder diffraction pattern with peaks 2-theta at
(degrees, + 0.2, inter alia):
7.0,11.6,12.0,12.5,13.4,13.6, 13.9, 15.3, 16.8, 18.8, 19.5, 19.8, 20.9, 23.3, 23.9, 24.2;
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7.0,7.6,11.6,12.0,12.5,13.4,13.6,13.9,15.3, 15.5, 16.8, 17.2, 18.8, 19.5, 19.8, 20.0, 20.9,
22.0,224,22.7,233,23.9,24.2;25.3,28.9,29.4,30.8

In a further aspect the present invention provides crystalline 14-0-{[(1R,2R ,4R)-4-amino-2-
hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin in the form of a hydrogenmaleate in crystalline
Form 1, e.g. which is characterized by an X-ray powder diffraction pattern with peaks 2-
theta at (degrees, + 0.2, inter alia):

7.0,11.3,11.7,12.5,13.5,13.8, 15.3, 16.7, 18.3, 19.4, 19.7, 21.1, 22.2, 23.8, 23.9; such as
7.0,11.3,11.7,12.5,13.3, 13.5, 13.8, 14.1, 15.3, 16.7, 17.2, 18.0, 18.3, 19.4, 19.7, 20 4,
21.1,21.9,22.2,22.8,23.8,23.9,24.9,27.1, 27.8, 28.7, 29.3, 30.6, 30.8,

A compound of formula I in the form of a (crystalline) free base exhibits the same order of
pharmaceutical activity, such as antimicrobial activity, than a compound of the present

invention in the form of a (crystalline) salt.

A compound of formula Ila in the form of a single stereoisomer or the mixture of a
compound of formula Ila with a compound of formula IIb may be prepared as appropriate,
e.g. according, e.g. analogously to a method as conventional. Preferably a compound of
formula IIa in the form of a single stereoisomer br the mixture of compound of formula Ila
with a compound of formula IIb are prepared by coupling an amino-hydroxy-mercapto-
cyclohexane compound of formula Illa, or a mixture of a compound of formula IIla with a
compound of formula IIIb, wherein the amino group is protected with an amino protecting

group with an activated 14-O-acetyl-mutilin.

In a further aspect the present invention provides a process according to the present
invention, wherein a compound of formula Ila, or a mixture of a compound of formula Ila
with a compound of formula IIb is obtained by coupling
either a compound of formula Illa
OH
. SH

I=

a | or



99.6 28 d 98.9 96.3* 98.3 96.3 98.7 70.9* * sanple did not fully dissolve
in water after 28 days (28 d) and therefore the suspension was anal yzed The
sol ubi | i tyoab11pHedshaceut i cal active conpounds is an i np@CTaxniRoPropsrty for
the in vivo availability e.g. oral biBavailability. For the intravenous
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crystalline salts of the presen ention even nore pharmaceutically
viable. WO 2011/ 146954PCT; AT20Q 0237 1§“The antimcrobial, e.g.

anti bacterial activity of 1#pNO- am no- -Hydroxy-cyclohexyl)-

sul fanyl J-acetyl}-nmutilins wHs outlined in W2 chitd989. For exanpl e, the
conpounds of the present invention e.g. conpound of formula I show

ant i m cr otherdin Rds gs definedigheveri al , activity against Gram positive bacteria,
such as I jy tA } . St aphyl ococcus aureus and
Streptocg@@%%jgﬁggggi%g%¥%%§%§59%%ﬁ§@§§%?ﬁ@@ﬁé.g. exhibiting MCs <0.4
pg/ mML agai nst Staphyl ococ@iy aureus ATCC49951 and Streptococcus pneunoni ae
ATCC49619. The m ni mum i ghi lmH,ory concentration (MC) was determned in
accordance with CLSI recohgend@H ons. In a further aspect the present

i nvention provide® crys ¥ 14-0-{[ (1R 2R, 4R) - 4- am no- 2-

hydr oxy-cycl ghexyljpul f g yI]-aogggﬂj-nutilin in the formof an acetate in
crystal |l iggg-+0 A>S@r o\ whicll 1S eharacterized by an X-ray powder

2-theta at (degrees, 0.2, inter alia): 7.0,

diffraction patternHyiéty
7.7, H,C

14-O-AKT-acetyl-mutilin
, wherein AKT is an activating

group, optionally mesyl, besyl, tosyl, or -O-AKT is halogen; optionally 14-O-AKT-acetyl-

mutilin is a compound of formula

Tos-PLEU

and isolating either a compound of formula Ila, or mixture of a compound of formula Ila

with a compound of formula IIb obtained from the reaction mixture.

Compounds of formula IIla wherein R is as defined above are new and also form part of the

present invention.

In another aspect the present invention provides a compound of formula Illa in a single

stereoisomeric form.
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In a compound of formula Illa the carbon atoms of the cyclohexyl ring to which the hydroxy
group, the amine group and the thio group are attached are all in the R configuration and thus
a compound of formulé I11a represents an optionally amino protected (1R,2R,4R)-4-amino-2-
hydroxy-1-mercapto-cyclohexane; and in a compound of formula IIIb, respectively, the
-carbon atoms of the cyclohexyl ring to which the hydroxy group, the amine group and the
thio group are attached are all in the S configuration and thus a compound of formula IiIb
represents an optionally amino protected (15,25,45)-4-amino-2-hydroxy-1-mercapto-

cyclohexane.

The coupling reaction ofa compound of formula IIla or the mixture of a compound of
formula I1la with a compound of formula IIIb, respectively, wherein R is as defined above
with an activated 14-O-AKT-acetyl-mutilin, wherein AKT is as defined above, to obtain a
compound of formula Ila or a mixture of Ila and IIb, wherein R is as defined above may be
performed as appropriate, e.g. according, e.g. analogously to a method as conventional, such
as under standard conditions known for those reactions; e.g. in the presence of a base, e.g. a
strong inorganic base, like a hydroxide such as NaOH, e.g. in a two phase system, and, if the
reaction is performed in a two phase system preferably in the presence of a catalyst, such as
a phase transfer catalyst, e. g. benzyl-tri-butylammonium chloride. The coupling reaction
may be also performed in a single solvent system, e.g. in organic solvent such as a
halogenated hydrocarbon, e.g. chlorobenzene, dichloromethane, an aromatic solvent such as
toluene, a nitrile such as acetonitrile or an ether, e.g. tert-butyl-methylether, tetrahydrofuran,

in the presence of base, preferably an organic base, such as DBU.

Preferably the coupling reaction is performed in organic solvent, e.g. an apolar solvent, such
as an ether, e.g. tert-butyl methyl ether (MTBE) or polar solvent, such as a halogenated
hydrocarbon, e.g. dichloromethane; preferably in the presence of an aqueous base solution,
such as aqueous NaOH; or in the presence of base in the organic solvent, such as DBU,
DBN, preferably in the presence of a phase transfer catalyst in case of using an aqueous base

solution, such as benzyl-tri-butylammonium chloride.

It has been found that during the coupling reaction the stereochemistry of the carbon atoms

of the cyclohexyl moiety to which the thio, hydroxy and amino group are attached is retained
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11.6, 12.1, 12.6, 13.5,
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and remains the same as in a compound of formula Illa and a compound of formula IIIb,

respectively, used as a starting material.

A compound of formula Ifla in the form of a single stereoisomer or the mixture of a
compound of formula IIla with a compound of formula IIIb, respectively, may be prepared
as appropriate, e.g. according, e.g. analogously to a method as conventional. Preferably a
compound of formula IIla or the mixture of compound of formula IIla with a compound of
formula IIIb, respectively, are prepared by deprotecting the thiol function in an amino-
hydroxy-mercapto cyclohexane, wherein the amino group and the thiol group both are

protected.

In another aspect the present invention provides a process according to the present invention,
wherein a compound of formula IIla, or a mixture of a compound of formula Illa with a
compound of formula IIIb is obtained by deprotecting the thiol function either in a
compound of formula [Va

OH

R\N IVa
H , Or
in a mixture of compound IVa with a compound of formula IVb

OH

A S
\R1
Ry IVb
H

wherein R is as defined above and R| is a thiol protecting group, and

, respectively,

isolating either a compound of formula Illa, or a mixture of a compound of formula IIIa with

a compound of formula I1Ib, respectively, obtained from the reaction mixture.

A thiol protecting group, e.g. in the meaning of R in a compound of formulae IVa and IVb

according to the present invention, includes e.g.

- (Cy.¢)alkyl, wherein alkyl optionally is further substituted, e.g. further substiuted by (Cs.
12)aryl such as phenyl, such as a trityl; e.g. removable by strong acid or AgNO; treatment,



13.7, 14.1, 15.4, 15.7, 16.5, 16.9, 17.3, 19.0, 19.6, 19.9, 20.1, 21.1,
22.2, 22.5, 23.4, 24.2, 24.4, 26.7, 29.1, 29.6, 31.0. In a further aspect

t he presewbd 20nvi@sdsison provi des crystalline 14-0-{[ (1R 2RCTR24+1409230- 2-
hydr oxy- cycl ohexyl sul fanyl]-acetyl)-m8tilin in the formof an acetate in
crystalline FormB, e.g. which is characterized by an X-ray powder
diffraction pattern with peaks 2-theta at (degrees, 0.2, inter alia):

10.3, 10.7, 12.7, 14.3, 15.5, 16.0,.17.2, 19.5, 20.6, 22.9; such as 9.0,

10. 3, 10.-7+(CiR)akylcatbanyl,5g. Beetyh e@. renfovablelly, ase, 20ck5as sordivm ngk2haxide?2. 7,
22.9, 24.4._ |n further aspect the present invention provides crystalline
14-0-{[(1F?§¥g§€5-4-an1no-2- hydr oxy- cycl ohexyl sul fanyl]-acetyl}-nutilin in
the for m-O(fCeﬁf)\?\gdda@K‘dr?l,%uémasﬁi bé&izayl, eperdn@ivabll, byardatmetiviith tedueivar aeher i zed
by an X-ray powder diffraction pattern with peaks 2-theta at (degrees,

0.2, intersughiagPIBALgor by treatment with ajasg, sych as hydmzgne, 13. 9, 15.3, 16. 8,

18.8, 19 ReferablyP-CED)ACs Fardl; mivte reférhbly beadGil. 2

Appropriate sulfur protecting groups e.g. are described in T. W. Greene, P. G. M. Wuts,
Protective Groups in Organic Synthesis, Wiley-Interscience, 4™ Edition, 2007, particularly
p. 647-695.

In a compound of formula I'Va the carbon atoms of the cyclohexyl ring to which the hydroxy
group, the amine group and the thio group are attached are all in the R configuration and thus
a compound of formula I'Va represents an amine and thio protected (1R,2R,4R)-4-amino-2-
hydroxy-1-mercapto-cyclohexane; and in a compound of formula IVb the carbon atoms of
the cyclohexyl ring to which the hydroxy group, the amine group and the thio group are
attached are all in the S configuration and thus a compound of formula IVb represents an

amino and thio protected (1S5,2S,4S)-4-amino-2-hydroxy-1-mercapto-cyclohexane.

It has been found that during the thiol deprotection reaction the stereochemistry of the
carbon atoms of the cyclohexyl moiety to which the thio, hydroxy and amino group are
. attached is retained and remains the same as in a compound of formula IVa and in a

compound of formula IVb, respectively, used as a starting materials.

Deprotection of the thiol group is carried out as appropriate, e.g. by use of a cleaving agent,
e.g. hydrazine hydrate. The deprotection reaction is carried out in an organic solvent, such as
a halogenated hydrocarbon, e.g. chlorobenzene, dichloromethane, an aromatic solvent such
as toluene, a nitrile such as acetonitrile or an ether, e.g. tert-butyl-methylether,
tetrahydrofuran. In order to minimize disulfide formation, deprotection is optionally

performed in the presence of an antioxidant or reducing agent, e.g. dithiothreitol (DTT).



WD 2011/ 146954PCT/ AT2011/ 000237 14 7.0, 7.6, 11.6, 12.0, 12.5, 13.4, 13.6,
13.9, 15.3, 15.5, 16.8, 17.2, 18.8, 19.5, 19.8, 20.0, 20.9, 22.0, 22.4,
22.7, 23.802008/19¢9524. 2; 25.3, 28.9, 29.4, 30.8 In a furPREATASEE023T he
present invention provides crystallin® 14-0-{[ (1R 2R 4R)-4-am no- 2-

hydr oxy-cycl ohexyl sul fanyl]-acetyll-mutilin in the formof a

hydr ogennmal eate in crystalline Form1l, e.g. which is characterized by an
X-ray powder diffraction pattern with peaks 2- theta at (degrees, 0.2,

i nter al iAsgompound of iolm,ulqﬁ\larcpr aymigureiof cgmpeundof fpgmela IYg with a gorgpoung of|

19.7, 21 fdrmula IVb, respectively may be obtained as appropriate, e.g. analogously to a method as

conventional or as described herein, e.g. in the example part.

In another aspect the present invention provides

- aprocess for the production of a compound of formula I in the form of a single
stereoisomer, comprising using a compound of formula IIa in the form of a single
stereoisomer, or a mixture of compound of formula Ila with a compound of formula IIb,
respectively, and/or comprising using a compound of formula IIla in the form of a single
stereoisomer, or a mixture of a compound of formula IIla with a compound of formula
IIIb, respectively, and/or using a compound of formula I'Va in the form of a single
stereoisomer, or a mixture of a compound of formula IVa with a compound of formula
IVb, respectively, as an intermediate, and |

- acompound of formula Ila in the form of a single stereoisomer, and/or a compound of
formula I1la in the form of a single stereoisomer, and/or a compound of formula IVa in the
form of a single stereoisomer for use as an intermediate in a process for the production of

a compound of formula I in the form of a single stereoisomer.

In a further aspect the present invention provides a process for the production of a compound
of formula I in the form of a single stereoisomer, comprising coupling a compound of
formula IIIa in the form of a single stereoisomer, or a mixture of a compound of formula Illa
with a compound of formula I1Ib, respectively, wherein R is as defined above, with an
activated 14-O-AKT-acetyl-mutilin, wherein AKT is an activating group, such as a mesyl,
besyl or tosyl group, or —-O-AKT is halogen, preferably AKT is a tosyl group,

e.g. a compound of formula Tos-PLEU, to obtain a compound of formula Ila or a mixture of
a compound of formula Ila with a compound of formula IIb, respectively, wherein R is as
defined above,

optionally isolating a compound of formula Ila in the form of a single stereoisomer, or a
mixture of a compound of formula Ila with a compound of formula IIb, respectively,

wherein R is as defined above, obtained from the reaction mixture,



22.2, 23.8, 23.9; such as 7.0, 11.3, 11.7, 12.5, 13.3, 13.5, 13.8, 14.1,
15.3, 16.7, 17.2, 18.0, 18.3, 19.4, 19.7, 20.4, 21.1, 21.9, 22.2, 22.8,
23.8, 23.90201/3¢9527.1, 27.8, 28.7, 29.3, 30.6, 30.8, PCT/AT2011/000237
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deprotecting the amine function in a compound of formula Ila in the form of a single
stereoisomer, a mixture of a compound of formula IIa with a compound of formula IIb,
respectively, wherein R is as defined above, obtained, and

isolating a compound of formula I in the form of a single stereoisomer, optionally in the
form of a salt; from the reaction mixture optionally via recrystallization, and, if desired,
converting a compound of formula I in the form of a single stereoisomer obtained in free
form into a compound of formula I in salt form in the form of a single stereoisomer, or vice
versa;

wherein optionally a compound of formula Illa in the form of a single stereoisomer or a
mixture of a compound of formula IIla with a compound of formula IIIb, respectively,
wherein R is as defined above, is obtained by deprotection of the thiol function in a
compound of formula IVa in the form of a single stereoisomer, or in a mixture of a
compound of formula IVa with a compound of formula IVb, wherein R and R, are as

defined above.

As an amine protecting group in a compound of formula Ila, IIb, IlIa, IIIb, IVa or IVb
conventional amino protecting groups may be used, preferably a trifluoroacetyl or tert-
butoxycarbonyl group. If appropriate the amine protecting group R in a compound of
formula Ila, IIb, Illa, IIIb, IVa or IVb may be changed, in a way that the carbon atom of the
cyclohexyl ring to which the amine group is attached does not change its configuration, i.e.
does not change stereochemistry, e.g. via deprotection of the amine group, followed by |

protection with a different amine protecting group.

The processes of the present invention enables the isolation of compounds of formula I in the
form of a single stereoisomer in crystalline form. On the one hand the process controls, when
starting from chiral pure starting materials, stereochemistry and yields products in the form
of single stereoisomers whereby no sophisticated methods like chromatography, e.g. normal
phase or chiral phase, e.g. chiral HPLC, are necessary to separate the mixtures of
diastereomers and regioisomers, e.g. as described in WO 2008/113089 which is a big
advantage with respect to an industrially applicable process. The discovery of the crystalline
compound of formula I is the key invention and enables perfect control of the chemical

purity. In conjunction with the observed desirable yields of the crystalline forms of a



A conpound of formula | in the formof a (crystalline) free base exhibits
the sanme order of pharmaceutical activity, such as antimcrobial activity,
t han a coNpaondi4efs4t he present invention in the form of PET(AGRYH{080237 ne)
salt. A conmpound of fornmula Ha in thelformof a single stereoisonmer or the
m xture of a conpound of formula Ha with a conmpound of fornmula Iib may be
prepared as appropriate, e.g. according, e.g. analogously to a nethod as
conventional. Preferably a conpound of fornmula Ha in the formof a single
st er eoi sé&ampowd effermulailythe psgcesssppbihedresent ipvention am exiremely vieblpputht of

formul a r ' 1 NO- c cl xane
compound Ty ep o RbFE Bl habuatibhil Bl BR MR R SRR R
conpound oéV¥iefoamiLthe cdditrol Wi eegpunity Iseessenitiabfog tiglfnal uplit9lofeeesttinet h an anmi no
protecting group.with an actiyated 14-0-acetyl-nutilin. In a further aspect
t he pres@ﬁ%m?aﬁ@'étf‘ﬂ\g, Bigrssigt(AaBY- a process according to the present

I nvention, wherein a conpound of fornula Ha, or a m xture of a conpound of
formula Ha with a conpound of forrmula Hb is obtained by coupling either a
conpound Oufthé othenhand the pra@esses a¢dording tothe prie Ui t¢itbAISARAT¢vAT DEE/ 000237

15 a m xture .of a und of . fornmul a ound of fornula Ill1b OH

co Wt co
707 herupRRRl € SRR S SERPOANT L RaFR CREURTS NS pPEtER S| or
, 0- AK|T | erydaalingesdmpoRhd OB srpiikify pMperfie€bFdrthllint RoinPodhdOSHRBINY skt
or mul a
from much less expensive diastereomeric mixtures. The chiral purity is controlled at the
crystalline compound I whereby compound I is isolated in the form of a crystalline solid and

the unwanted diastereomer is depleted to the mother liquor.

By no means the existence of a compound of formula I in crystalline form is described in
WO 2008/113089. In example 1 Step B of WO 2008/113089 the mixture of 14-O-
{[(1R,2R,4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin (compound I of the
present invention) and 14-0-{[(1S,2S,4S5)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl} -
mutilin are isolated as amorphous foams. Example 1A in WO 2008/113089 describes the
separation of the diastereomers via chiral chromatography and the separated 14-O-
{[(1R,2R,4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin (compound I of the
present invention) and 14-0-{[(1S,28S,4S)-4-amino-2-hydroxy-cyclohexylsulfanyl}-acetyl }-

mutilin (compound Ib of the present invention) are again isolated as amorphous foams.

The surprising properties of the crystalline compounds I controlling the chemical and chiral
purity of compound I are extremely valuable for the production of a pharmaceutical active

compound to be administered to humans or animals.

The present invention further relates to a novel crystalline forms of 14-O-{[(1R,2R,4R)-4-
amino-2-hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin in the form of an acetate, L-lactate or
hydrogenmaleate. 14-O-{[(1R,2R,4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl}-
mutilin may be converted to the crystalline salt forms using a crystallization process in

organic medium with the salt forming agent. The process for the production of the novel



0 and isolating either a conpound of formula Ha, or mxture of a conpound
of fornmula Ha with a conpound of forrmula |ib obtained fromthe reaction

m xt ure. vorrpoumeds4of forrmula [1la wherein R is as defi met/Adnomeoese new
and also formpart of the present inv@ntion. In another aspect the present
i nvention provides a conpound of fornmula Ma in a single stereoisoneric
form WO 2011/ 146954PCT/ AT2011/ 000237 16 In a conmpound of fornula Ma the
carbon atons of the cyclohexyl ring to which the hydroxy gro t he am ne
group andrystadlineialis grayhe eahancgd apd Reatlesrted hy [the yseof seed Qfmng‘fnedtcn@tal%md

thus a C%T&%n&tﬁﬂeégy é’%‘l"&} en@%rc&% nts an optionally am no protected

(1R 2R 4 4-"am no- rcapto-cycl ohexane; and in a conpound of
formula I11Db, respectlvely, the carbon atonms of the cycl ohexyl ring to

whi ch thei hydrox¥ gr.oup,. the am ne ?rou and the thi oq%roup are attached
are all ilhhasteers %ﬁﬁ'i‘aéﬁli"a‘t’lb’ﬁﬁlhéﬁda YRfdhepreses snrcation retaip tha depcheapstesent s

an optio | t
b lc¥m g] it ()Zﬂhﬂ'{}ﬁﬁ 166 free form in the fo f a 31n%e st_er‘f_l oisomer. The cr?'stalhne

(1S, 2S, 45)-4-a roxy-1- mer capt ocyc exan e coupling reactrion
of a comsaita'mtcmkiufgmrth& prehként mvenhen havetdeas uoéxpwctedmﬁmmagesﬁ ef ethanded Ma Wit h
a compoun f for S ec el erein Ris ove W|th
an act i vé{aBﬁlt&aV‘H ré"t‘?@?'?ff ?g/%t\é\gé‘f‘ﬁ aARE- fssevé‘ienagpf‘hngng‘go‘be
obtain a conmpound of formula Ea or a mxture of Ha and I1lDb, vvhereln R |s as
defined above may be perforned as appropriate, e.g. accordin

anal ogouMqte@‘(ﬁr@WthmGu@lSmM@qthymcoplﬁwthe CUﬁ@élmesS@hﬁdgm peesaieli t i ons
known for 0, LPLessnee of. bas stsQng

i nor gani &MY §§§‘$ W&Eﬁ%gtﬁg&lﬁc&t eansiautf& dod Lot ncé'yStananeﬁ &ds%ﬁlg@g §Pem
and, if ftdlevanehahidity le\selzpeeﬂﬁatweal 0180% xtewme hamaheyyxstﬂemmaf@ta&bloy beldwt he
presence of a catalyst, such as a phase transfer catalyst, e. g. .

benzyl -t 2Ve Bakipe thawsHs HM%W‘PH@VIRTN% exeslisnt %@w%é@bﬁw Regrmgecuiically
perfornmeq dgﬁha single solvent system e.g. in organic solvent such as a

hal ogenat ed hydrocarbon, e.g. chlorobenzene, dichloronethane, an aromatic
sol vent such as toluene, a nitrile such as acetonitrile or an ether, e.g.

tert-but t hyl et her et rahydr of uran, i sence of bas
prefer abﬁJPe & 56’?{1 &S B%é‘@ PreSgRifnyentigp gre @FE?%E‘F‘@“F’H@%&%W‘H@ 3dact i on
i's perfothes dufit }Dhg@ﬂ)éité QﬂaHﬁW corﬁ dled ﬁﬁth@ﬁf?ﬂo?ﬂho%@ byophflized msaﬁelﬁgoet her,

e.g. tert-butyl neth etheré1 or polar solverit; such as a h genat ed
hydr ocar bdvantagegus ldlt $torageran ﬁméhe megarehabbﬁ/phamnamtlpale:@enmeltlohs a¥p aqueous

base sol uti gueous the n f base i the

or gani ¢ SEMS(?‘@HF Sa]ig% gg ‘19§al\(f ?)%l*l% ?FCP éﬁ%@é‘hce@go‘}" Ophase
transfer 2008/ai308p. i N case of usi ng an aqueous base sol ution, such as
benzyl -tri-butyl amoni um chl oride. WO 2011/ 146954PCT/ AT2011/ 000237 17 and
remai ns the same as in a conpound of fornmula Illa and a conpound of formula
[11b, re i yel t @I lL.a | na
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f ormul a bbdetvedi stdbllaymmuaﬁly&ﬁpérwrnmtm aiorph@spek forvie! but hawyproefepnepar ed
as appropyi . accordin . anal ogously to a nethaod, as

convent i 8PS9 utelprpgmagswa&ya&%&mfgmdhe fanegRof goimal stogagerqeaditions.ur e of
conpound of forrmula Illa with a conpound of fornmula My, respectively, are
prepared by deprotecting the thiol function in an am nohydroxy-mnercapto
cycl ohexémehe fdrer i asingle sendomonprdapusad deteiredesignates grfoum whetdin dree

prot ect ed t her as ect the present inventiaqn vi.des rocess

D Cor di nEOTBMISTRYE 8 S ARG S IPrag BRI PR Hgolta b er B RFS 111 a, or
a m xt ur geRbcRensiippound of fornula I1la with a conpound of formula Illb is

obt ai ned by deprotecting the thiol function either in a conpound of fornula
| Va

Particularly preferred compounds of the present invention include the compounds of
Examples 1 to 17, e.g. a compound selected from the group consisting of

tert-Butyl [(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-carbamate,



OH in a mxture of conpound |IVa with a conpound of forrmula |IVb CH | Vb

RN ". , respectively, wherein Ris as defined above and Rl is a thiol
prot ecti Myogpoumde9sand i sol ati ng either a conpound of foPGEIAT20M/00¢R37 a
m xture of a compound of fornula InaZ2%th a conpound of fornmula Il1Db,

respectively, obtained fromthe reaction m xture. A thiol protecting group,
e.g. in the neaning of RI in a conpound of formulae |IVa and | Vb accordi ng
to the present invention, includes e.g. - (O 4alkyl, wherein alkyl
opt i onal N§-Q-d[{E2RER)-4insButoyy earborylgminod-hydroxywielohenybaulfanyllegetylp) ar y|
such as Myl . such as a trityl; e.g. renmovable by strong acid or AgNG3
t reat nent, 2011/ 146954PCT/ AT2011/ 000237

14-O-{[(1R,2R ,4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl } -mutilin, crystalline

Form 1,

14-O-{[(1R,2R 4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl } -mutilin, crystalline
Form 2,

2,2,2-Trifluoro-N-[(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-acetamide,
14-O-{[(1R,2R,4R)-4-[(2,2,2-Trifluoro-acetyl)-amino]-2-hydroxy-cyclohexyl-sulfanyl]-
acetyl }-mutilin,

14-O-{[(1R,2R ,4R)-4-Amino-2-hydroxy-cyclohexyl-sulfanyl}-acetyl }-mutilin acetate,
crystalline Form A,

14-O-{[(1R,2R 4R)-4-Amino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl } -mutilin acetate,
crystalline Form B,

14-O-{[(1R,2R ,4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl } -mutilin L-lactate,
crystalline Form 1,

14-O-{[(1R,2R 4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl } -mutilin
hydrogenmaleate, in crystalline Form 1,

14-O-{[(1R,2R 4R)-4-ethoxycarbonylamino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl} -

mutilin, and

14-O-{[(1R,2R 4R)- 2-hydroxy-4-(phtalimido-N-yl)-cyclohexyl-sulfanyl]-acetyl } -mutilin.

Description of the Figures

In Fig. 1 the Powder Diffractogram of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-
cyclohexylsulfanyl]-acetyl }-mutilin, Form 1 is indicated.

Fig. 2 shows the Powder diffractogram of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-
cyclohexylsulfanyl]-acetyl }-mutilin, Form 2.

Fig. 3 shows the Powder diffractogram of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-
cyclohexylsulfanyl]-acetyl }-mutilin in the form of an acetate, Form A.

Fig. 4 shows the Powder diffractogram of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-
cyclohexylsulfanyl]-acetyl }-mutilin in the form of an acetate, Form B.

Fig. 5 shows the Powder diffractogram of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-

cyclohexylsulfanyl]-acetyl }-mutilin in the form of an L-lactate, Form 1.



18 -(C 4al kyl carbonyl, e.g. acetyl, e.g. renovable by base, such as sodi um
net hoxi de, treatnent, (C6_12)arylcarbonyl, such as a benzoyl, e.qg.

renovabl ewbyotwredsaent wi th reduction agent, such as DI BATL/ATan119goA3r eat ment
with a base, such as hydrazine, prefedably -q=0)-(Co-12)aryl; nore
preferably benzoyl. Appropriate sulfur protecting groups e.g. are described
in T. W Geene, P. G M Wits, Protective Goups in Organic Synthesis,

Wl ey-Interscience, 4th Edition, 2007, particularly p. 647-695. In a
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anti oxi dahf or reduci ng agent, e.g. dithiothreitol (DTT). WO
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i nventi OQuIBﬁg)}‘@)tg&%xé‘grBﬁBSﬁéérefaQGeﬁﬁ@i fo9duction of a conpound of fornula I
in the form a single stereolsonmer, conprising coupling a conpound of
formula Illa in the formof a single stereoisoner, or a mxture of a
conpound of fornula Illa with a conpound of fornula Illb, respectively,
wherein R is as defined above, with an activated 14-0- AKT-acetyl-mutilin,
wherein AKT is an activating group, such as a nesyl, besyl or tosyl group,
or -0-AKT is halogen, preferably AKT is a tosyl group, e.g. a conmpound of
formula Tos-PLEU, to obtain a conpound of forrmula Ha or a m xture of a
conpound of forrmula Ha with a conpound of fornula lib, respectively,
wherein R is as defined above, optionally isolating a conmpound of formula
Ha in the formof a single stereoisonmer, or a mxture of a conpound of
formula Ha with a conpound of formula Hb, respectively, wherein Ris as
defined above, obtained fromthe reaction m xture,

o

an




WO 2011/ 146954PCT/ AT2011/ 000237 20 deprotecting the amne function in a
conpound of fornmula Ha in the formof a single stereoisoner, a mxture of a
conpound W 2barmdsa Ha with a conpound of fornula |ib, PeTpaROinned2s7
wherein R is as defined above, obtaimdd, and isolating a conpound of

formula | in the formof a single stereoisoner, optionally in the formof a
salt; fromthe reaction m xture optionally via recrystallization, and, if
desired, converting a conpound of fornula I in the formof a single

st er eoi sdmempressssion#ht synthesis of f gpmppurdoifosmrled wtadting frpwy the mixturdsrpf k¢
formin r -qa-si ngl L somer.,  or Vi ; i .
opt i onal It‘){;/lﬁlalflté:)’()I %g{ljlhhdngof a"?lolslr?u%%lglq Fﬂ) fas SFE%'I? ezefl & %ﬁm@&{ ﬁg?@h}sﬁé 2 rbé3 %ﬁ“é’omer

or a mxture of a compound of forrmula Illa with a conpound of fornula IllDb,
respectively, wherein Ris as defined above. is obtained by deprotection of
the thiol function in a compoun®EACTIONSCHENE2 n the form of a single
stereoi soner, or in a mxture of a conpound of fornula I'Va with a conpound
of fornmula IVb, wherein R and Rl are as defined above. As an am ne
protecting grdipgin a comp&%nd of formula Ha, lib, Ilia, M, IVa or IVb

conventional am fo protectirtg groups may_be used, prBferably a ?H
trifluoroacetyl ¥t t but exXycaPBony! g&ﬁﬁﬁbnlf appraprPat e t he ami @
protecting groin-acnd of f—er—n%H—a-H&;»lllia,...lVb, or |Vb
may be changed, N a way thgt” t he carderwtecinsesantof the-Cycl ohexyl gto

whi ch the anineygroup is atjached does $9¢™change i s configuratibn, i.e.
does not change st®reochemni st'Ry, e.g. via deprotecf\On of the am nw& group,
foll owed by prottection withwva different am ne prote#ting group. The
processes of the present invention enables the isolation of conpounds of
formula | in the formof a single stereo isomer in crystalljine form On the
one hand the process controls, when starting fromghtral pdre starting
material s, stereochem stry and yields products in skt f or mjofouglinngl e

st er eoi sonErs whereby To sophi pti cat ed met hods*PEE2 e Hatiogr aphy, e. g.
normal phage or chiral phase, p.g. chiral HPLC, are necessary to separate
the m xtures of di%§waﬂ90ners and regi oi soners, e.g. gg,described Ates WO
2008/ 113089 which i a big advhntage with respect tg an industri%lly

appl i cabl e| proces ReMdi scovery of fHenerystalling cospound | a
is the key|invent and enable§=oerfe8t contr ol ie chenic urity. In
conjunctioph with =" observed desi r abdrd®ctivh s of crysttal | rRg~f or ns of

a WD 2011/ 146954PG]J/ AT2011/ 00p237_ 21 é®#pound of férnula |, thel processes
of the present inveption are extrelfePYPyignI e flor the production of a
pharmaceut | cal, where a decent/good yield is needed jfrom an econdpi c poi nt
of view anfl t HE COAPERYS he| purity is essential for the final quality of
the active pharnmaceutical 1ngredient (API). On the other hand the processes
according to the prnesent invention control even nore surprisingly the
chiral purity of a §9WBQU(QLQ&cLILﬂ%e%m% again via surprising properties of
cryst al | i nesas&ompat T e surpri'sing properties of crystalline conpound |
enable to start frgm nuch | ess expensive diastereoneric m xtures. The
chiral purity is cqntrolled at the crystalline conpound |I whereby conpound
| is isolated in the formof a crystalline solid and the unwanted

di astereofrer is dgpF%Ped to the nother |iquor. By no neans the existence of
a conmpoungl of forfula | in crlystalline formis described in WO 2008/ 113089.
In exanpl ¢ 1 St ©f" WO 20088/ 113089 the nixture of 14-0-

{[(1IR 2R 4R) - 4- - 2- hydr oxly- cycl ohexyl sul fanyl ] -acetyl}-nutilin
(conpound|!l of the present inyvention) and

14-0-{f (1}, 2S, 45) nd; am no- 2- hiydr oxy- cycl ohexyl sul fanyl ] -acetyl}- mutilin
are isolated as anorphous foans. Exanple | Ain W 2008/ 113089 descri bes the
separati op ol HASPE!8dner s via chiral chromatography and the separated
14- 0- {[ ( L Rny2bhedtd)eatd- am no- 2-|hydr oxy- cycl ohexyl sul fanyl]-acetyll-mutilin
(conpound rnvention) and

14- 0- {[ ( IPREACTIDONIS@AMIO2 R RYSFHsONY af ¥l sroiecaing fany hhd aR@RY Fepresdhisid i n
(conmpound | b of the present invention) are again Isolated as anmorphous
foans. Thafurmpretectiiggropp dpand Ress définedabeyg)st al | i ne conpounds | control ling
the chem cal and chiral purity of compound | are extrenely valuable for the
production of a pharnaceutical active conpound to be adm nistered to humans
or animals. The present invention further relates to a novel crystalline
forms of 14-0-{[ (1R 2R 4R)-4-

am no- 2- hydr oxy- cycl ohexyl sul fanyTacetyll-mutilin in the formof an
acetate, L-lactate or hydrogennual eate.

14-0- {[ (1R 2R 4R) - 4- Am no- 2- hydr oxy- cycl ohexyl sul fanyl ]-acetyl}- nutilin

S I T T 1 I e T 1 -, =




22 crystalline salts may be enhanced and accel erated by the use of seed
crystals. Seed crystals may be obtained by the exenplified processes. It
has been wound/tsbasts t he crystalline salts of the presentciaratiioomnsr et ai n
the stereochem stry of a compound of X¥ormula | in free formin the form of
a single stereoisonmer. The crystalline salts according to the present

i nvention have cl ear unexpected advantages i.e. enhanced stability over the
correspondi ng anorphous salt forns, as e.g. is evident from TABLE 4.

Mor eover and rather surprisingly the hygroscopicity of the crystalline

salts of p t 4N I [ - d,t e
sat i gEeaEiale hE VK b ERIALONSHBRES £0 5 FO/BRE &%,
bet ween (oB&Ringabbicviatiohsiaediséds Wi th a wat er uptake of bel ow 2% nmaki ng t he
salts in conjunction with the excellent chem cal stability pharmaceutically
viable. The crystalline salts of the present invention are of desired and

consi st erf chem cal g rE&us PUrity, have better stability conpared to
t he anor phous | yophil ?%ggg?orrns%, bei ng advant ageous in the storage and for

t he prepa | of p i 1L ystalline salt form of
a corrpoun[&le}g#&]or mul gﬁ{tgﬁglga%dég%gag@g%g@e%cggﬁe&r’é\)@fo%g. g. in W 2008/ 113089.
Overall, ﬁ%&l\ﬁ{ystal | i e sal.t for m;t.of a_compound of formula |I have

excel | ent ies aftf 9“8“‘35?@?%‘8 lgfezfﬁlﬂcfﬁp?/%ré)sﬁoﬁy only superior to the
anor phou alt fornms but_have proofen to b bsol utely pharnmaceutically

vi abl e vm's[?f‘ﬂ n the raﬁ%‘f&ﬁol’ﬁ’(ﬁ‘ﬁ‘é’Fa@P&r‘%’%@tgﬁ tions. "In the formof a
singl e stereoisoner"” as used herein designates a form wherein the conpound
shows a dindslEéomer benzyitrippylammemipmechisiidess of 2 90% of the i ndi cat ed
stereochem stry. Particularly preferred conmpounds of the present invention
i ncl ude tBCconpoundérebutbxyeaphayl 1 to 17, e.g. a conpound sel ected from

t he group consisting,of tert-Butyl

[ (1R, 3R, %R) - 3- hydr oxgﬁf— mer capt o- cycl ohexyl ] -carbamate, WO

2011/ 146 95@MCT/ AT2010H)00237 23

14- 0- 1R 2R, 4R) - 4-tert - But oxycar bonyl am no- 2- hydr oxy- cycl ohexyl - sul f anyl
- acet §/EL§ DIBAL | 21 diisobutylalum)(mum hyd;ylde y y-cy y y1]

14- 0; { I[ I( %@IF:{ 4R) -14- ﬁ@-c’ﬁQz‘a%iJ}Xer[Q@()]xﬁ)ﬁ%-QH@Xyl sul fanyl]-acetyl}-nutilin,
crystalline Form1,

14- 0- {[ ( DBUR 4R ) - 4- A8idiazabidygld| D phodet-Gheey| sul f anyl] -acetyl}-mutilin,
crystall I[ﬂ? Form 2, ..

2,2, 2-Tr it For o- N- [ ( $H8OPFORYISOE_ 1y dr oxy- 4- ner capt o- cycl ohexyl | - acet ami de,
14-0-{[ ( BMER 4R) - 4- [\lﬁ@d@m@&%ﬁbﬁﬁéﬂﬂ@' acetyl) - am no] - 2- hydr oxy- cycl ohexyl -s
ul fanyl]- acetyll-nmutilin, 4-0-

{[ (1R, 2RDMSO4- Ani nodimdilydswoxidsycl ohexyl - sul fanyl ] -acetyl }-nutilin
acetate, qrystalline For . .

14- o-{[(@,’@ | 4R) - 4- ﬁ%ﬁﬁ@'@-‘%@&?‘?&?&}‘-ecym ohexyl - sul f anyl ] -acety1}-mutilin
acet ate, pppyst al | i nediphesylphosphoryl azide

DTT 1,4-dithio-DL-threitol

ESI electrospray ionization

EtOAc ethyl acetate

GF glass fibre

h hours

heptane n-heptane

HPLC High Performance Liquid Chromatography
KF Karl Fischer

M molarity

mCPBA metachloroperoxybenzoic acid

MTBE methyl tert-butyl ether



14-0- {[ (1R 2R 4R) - 4- Ami no- 2- hydr oxy-cycl ohexyl sul fanyl ] -acetyl}-nmutilin
L-lactate, crystalline Form1, 14-0- {

[ (1R 2R, ARp-2411A136950- 2- hydr oxy- cycl ohexyl sul fanyl ] - acet pCT}AT2001t00023N

hydr ogennmeal eate, in crystalline Form2,

14-0- {[ (1R 2R 4R) - 4- et hoxycar bonyl am no- 2- hydr oxy- cycl ohexyl - sul fanyl ] - acet
yl}- mutilin, and 14-0-{[ (1R 2R 4R)-

2- hydr oxy-4- (phtalim do-Ny1l)-cycl ohexyl -sul fanyli-acetyl}-nutilin.

Descri ptifg® of the Fiyowes In Fig. 1 the Powder Diffractogram of

14-0-{[( 2R, 4R) - 4- ami nQ- 2= xycycl ohexyl sul fanyl Facetyl |l -mutilin, Form
lisi ndi]l\?csat ed. Fig. @Q%(?é\%rg {égPowder di ffract ogram of

14- 0- {[ ( BWz2R, 4R) - 4- amssichazgdsativoxycycl ohexyl sul fanyl ] -acetyl | -mutilin,
Form 2. F;ﬁq'élﬂ? shows t he PO\‘\U r di ffractogram of

14- 0- { [ ( IBURI4R) - 4- 61-BeyRlephal oxycycl ohexyl sul fanyl ]-acetyl | -nutilin in
the formmfnaf acet ajgm FBhFldhmébiilm ¢ ws the Powder diffractogram of
14-0-{[ (1R 2R, 4R) - 4- am no- 2- hydr oxycycl ohexyl sul fanyl]-acetyll-mutilin in

t he for mPbCQBH acet atlepbdraoimaBid Fi g. 5 shows t he Powder diffractogram of
14-0-{[ (1R 2R 4R)-4-am no- 2- hydr oxycycl ohexyl sul fanyli-acetyl}-nutilin in
the form'of an L-| acf%&“é,e“?-l%ﬁ‘%}‘? WO 2011/ 146954PCT/ AT2011/ 000237 24 Fi g.
6 shows tiige Powder difih (36t SgbomdioRtaphy o
14-0-{[ (1R 2R, 4R) - 4- am no- 2- hydr oxycycl ohexyl sul fanyl]-acetyl | -nutilin in

t he for mI&FA Y dr ogtriathilaming, Form 1. The process for the synthesis of a
conpound formula |. i .;omthe chiral precursors ha, Ma and IVa is
sunmmari ze AI n REACTI t&@@?ﬁfﬁﬁgi& el ow. REACTI ON SCHEME 1 s.PLEU R1, . SSH

as, OHSul fITHFOHCH tetrahydrofuran -

Wt weight
wW/wW weight/weight
XRPD powder X-ray diffraction

A “strip weight assay” as indicated in the examples is defined as follows: The content of an
aliquot of a batch or of the whole batch is determined by removing the solvent and
determining the content by HPLC or NMR using an internal or external standard and/or
subtracting known impurities from the compound. In case of taking an aliquot a back

extrapolation to the total mass/volume is performed.

A “line rinse” as indicated in the examples is a system rinse using an appropriate solvent to

minimize losses of product and input materials.

Tos-PLEU is a compound of formula

Tos-PLEU

PLEU is a residue of formula



Deprotection 4.-Coupling a- deprotecting agentbase solvent: .::-
HN, HN'sol vent 14-0- AKT-acetyl-nutilinHN, R R la Illa R 1Va deprotection

agent solwenpiiAabese Depr ot ecti on PCT/AT2011/000237
28

Any compound provided by the present invention is also designated herein as “a
compound(s) of (according to) the present invention” and any process provided by the
present invention is designated herein as “a process(es) of (according to) the present

invention”.

Any compound of the present invention may be obtained as appropriate, e.g. analogously to

a method as conventional or as described herein.

In the following examples all temperatures are in degrees Celsius (°C) and are uncorrected.

The abbreviations used are indicated above (after reaction SCHEME 2).



Vv S .,PLEU a0,0H - 1V H2 crystalline acetate or crystalline L-lactate
or crystallne hydrogennal eate Salt Formation Acetic acid or Llactic acid
or nmal ei cwacnd/satswent COH NH2 |sol ation as crystalli nePsoiAT01110002REACTI ON
SCHVE 1 R represents an am no protect®¥ng group and and Rl represents a

sul fur protecting group and are as defined above. WD 2011/146954

Example 1
tert-Butyl [(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-carbamate

(o}

s SH
@.\\\OH @.\\“OH
——
H,C O _NH H,C O~ _NH
vl T wo L T
*¢cH, O CH, O

3.94 Kg of {(1R,2R,4R)-4-[(tert-Butoxycarbonyl)-amino]-2-hydroxy-cyclohexyl }-benzene-
carbothioate and 37 L of CH,Cl, were charged to a vessel and the mixture obtained was
stirred at 15-25°C. 0.39 Kg of 1,4-dithio-DL-threitol (10% wt) was added to the mixture and
rinsed through with 2 L of CH,Cl,. To the mixture obtained (.84 Kg of hydrazine
monohydrate was added. The mixture obtained was stirred at 18 to 22°C for 3 h and the
‘reaction was followed by HPLC. Upon completion of the reaction, 39 L of 1 M phosphoric
acid solution was added and the mixture obtained was stirred for a further 15-30 min. Two
phases formed were separated and the organic phase obtained was washed with 39 L of of 1
M phosphoric acid solution followed by 39 L 1% aqueous NaCl solution. The organic layer
obtained was concentrated in vacuo at <40°C, to the concentration residue 20 L of CH,Cl,
was added and the mixture obtained again was concentrated. To the concentration residue
obtained a further 8 L. of CH>Cl, was added and the mixture obtained was concentrated to
dryness.
2.89 Kg of tert-Butyl [(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-carbamate in the form

of a white solid was obtained.

'H NMR (200 MHz, DMSO-dg, ppm) 8 6.79 (d, J=7.8Hz, 1H), 4.99 (d, J=5.8Hz, 1H), 3.34 —
3.24 (m, 1H), 3.14 — 3.04 (m, 1H), 2.37 (d, J=3.8 Hz, 1H), 2.00 -1.89 (m, 1H), 1.87 — 1.82
(m, 1H), 1.73 — 1.67 (m, 1H), 1.47 ~ 1.04 (m, 12H)

Example 2
22-0-Tosylpleuromutilin



PCT/ AT2011/ 000237 25 The process for the synthesis of a conpound of

formula | starting fromthe mxtures of Ha wwth Ilb, Illa wth M and I Va
with | Vb We20undedsized i n REACTI ON SCHEME 2 bel ow. REACPLONTIOHEMR32 R1 R1
Sall Formation Acetic acid or L-lacti¥® acid or maleic acid sol vent S

.PLEU as"OH NH2 crystalline acetate or crystalline L-lactate or crystallne
hydr ogennmal eate WD 2011/ 146954PCT/ AT2011/ 000237 26

22-0O-Tosylpleuromutilin is a known compound from literature. However a preparation
procedure is outlined below.

A solution of 13.0 kg of pleuromutilin and 6.57 kg of 4-toluenesulfonyl chloride in 42.1 L of
CH,ClI; at 10 to 15 °C was treated with 9.1 L of 5.7 M aqueous NaOH over 20 min,
maintaining a temperature < 25 °C. The resulting off-white suspension was heated to reflux
for 20 h and the reaction was followed until completion determined by HPLC. Upon reaction
completion the mixture obtained was cooled to 20 to 30 °C, diluted with 52 L of CH,Cl,,
stirred at 15 to 25 °C for 10 min, and the layers obtained were separated. The organic phase
obtained was washed several times with 52 L of water until a pH of the aqueous layer was
adjusted to < 9. The organic layer obtained was concentrated to 4 volumes and
azeotropically dried twice with 52 L of CH,Cl,. To the solution obtained 52 L of heptane
were added dropwise and the solution obtained was concentrated at <40 °C to
approximately 4 volumes. To the concentrate obtained 52 L of heptane was added and the
resulting suspension was stirred at 20 to 25 °C for 2 to 2.5 h, filtered, the filter cake obtained
was washed with 39 L of heptane and pulled dry on the filter.

The solid was dried under vacuum at <40 °C for at least 12 h.

16.9 kg of 22-O-tosylpleuromutilin in the form of a white solid was obtained.

'H NMR (200 MHz, DMSO-ds, ppm, inter alia) & 7.81 (d, 2H), 7.47 (d, 2H), 6.14 — 6.0 (m,
1H), 5.54 (d, J=7.8Hz, 1H), 5.08 — 4.99 (m, 2H), 4.70 (AB, J=16.2Hz, 2H), 3.41 (d, J=5.2Hz,
1H), 2.41(s, 4H), 1.04(s, 3H), 0.81 (d, 3H), 0.51 (d, 3H)

Example 3
14-0-{|(1R,2R,4R)-4-tert-Butoxycarbonylamino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl}-

mutilin



Herein, including the exanples and includi ng REACTI ON SCHEMES 1, 2, 3, 4, 5
and 6 the foll ow ng abbrevi ations are used: Cdegrees Cel sius 1H NVRproton
nucl ear mMsifretld6ISésonance spectroscopy 13C NMRcar bon nir€ClradrRorigensti c
resonance spectroscopy [al Dspecific offtical rotation angle at 589nm
BnBu3NClbenzyl tri but yl ammoni um chl ori de BOCt ert - but oxycar bonyl days
DCMCH2C12 DI BALdi i sobut yl al um ni um hydri de

DBN1, 5- di azabi cycl o[ 4. 3. 0] non- 5- ene DBUL, 8- di azabi cycl o[ 5. 4. 0] undec- 7- ene
DI PEdi i sopropyl et hgr DVFN, N-di met hyl f or mam de DVSQdi et hyl sul f oxi de

DMTFdi et hyl t )ior mam de DPPAdi phenyl phosphoryl azi de /CH

DIT1, 4-dithio threitol H,C \)J\o

H,C>C(Ha Wol’

4.75 Kg of Pleuromutilin tosylate (Tos-PLEU) and 44.4 L of MTBE were charged into a
vessel and to the mixture obtained 0.31 Kg of benzyl-tri-n-butylammonium chloride was
added and rinsed through with 2.4 L of MTBE. To the mixture obtained 20 L of 1M aqueous
NaOH solution and 2.84 Kg of ferr-Butyl [(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-
carbamate were added and the mixture obtained was stirred at 17 to 23°C for 3 h. Upon
completion of the reaction (determined by HPLC) two layers formed were separated and the
lower aqueous layer was removed. The organic phase obtained was washed with 19 L of IM
aqueous NaOH solution, twice with 20 L of 0.1 M phosphoric acid, 20 L of 10% aqueous
NaHCOj; solution and twice with 20 L of water. The organic liquors obtained were
concentrated, the concentrate obtained was taken up in 7.46 Kg of 2-propanol, the mixture
obtained was concentrated again and dried in vacuo at <40°C. 6.66 Kg of 14-O-
{[(1R,2R,4R)-4-tert-Butoxycarbonylamino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl }-mutilin

in the form of a white foam was obtained.

'"H NMR (200 MHz, DMSO-dg, ppm, infer alia) & 6.78 (d, J=7.8Hz, 1H), 6.22 — 6.08
(m,1H), 5.55 (d, J=7.8Hz, 1H), 5.13 — 5.02 (m, 2H), 4.95 (d, J=5Hz, 1H), 4.52 (d, J=6Hz,
1H), 3.36 (AB, J=15Hz, 2H), 2.40 (s, broad, 1H), 2.15 — 2.0 (m, 3H), 1.9 — 1.8 (m, 1H), 1.35
(s, 9H), 0.81 (d, J=7Hz, 3H), 0.62 (d, J=6.6Hz, 3H)

MS (ESI, g/mol): m/z 653 [M+2Na] *
Example 4

14-0-{|{(1R,2R,4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl}-mutilin, crystalline

Form 2



ESl el ectrospray ionization EtOAcet hyl acetate GFglass fibre hours
hept ane HPLCH gh Performance Li quid Chromat ography KFKarl Fi scher

hept anen-

nol arity

WORBAvebsee hl or oper oxybenzoi ¢ aci d MIBEnet hyl t ectrAIzomiooexsher

2011/ 146954PCT/ AT2011/ 000237 27 m nm3utes MSmass spectronetry

m zmass/ charge ratio t-BuCHt ert - butyl al cohol

chl ori de

Step A: 14-0-{[(1R,2R 4R)-4-Amino-2-hydroxy-cyclohexvlsulfanyl]-acetyl }-mutilin in

crystalline Form 1
6.6 Kg of 14-O-{[(1R,2R 4R)-4-tert-Butoxycarbonylamino-2-hydroxy-cyclohexyl-sulfanyl]-

acetyl}-mutilin and 13.2 L of isopropanol were charged into a vessel and stirred at 20 to
25°C. 11.20 kg of 85% phosphoric acid was added and the mixture obtained was heated to
approximately 50°C for at least 16 h. The mixture obtained was analyzed for reaction
completion by HPLC. Upon completion of the reaction the mixture was cooled to 20 to 25°C
and 52 L of CH,Cl, was added. The mixture obtained was cooled to 0 to 5°C and 51 L of
30% aqueous K,COj solution was added over 1 h at <25°C. The mixture obtained was
warmed to rt, stirred for 30 min and the pH of the aqueous layer was determined. To the
mixture obtained a further 15 L of 30% aqueous K,COj solution was added at <25°C, the
mixture obtained was stirred at 15°C to 25°C for 30 min and the two phases obtained were
separated. The aqueous phase obtained was extracted with 51 L of CH;,Cl, and the combined
organic phases were washed with 51 L of purified water. The mixture obtained was
concentrated to a volume of 25 L, 33.6 Kg of CH,Cl, was added and the mixture obtained
was concentrated to 25 L. To the concentrate obtained 33.6 Kg of CH,Cl, was added and the
mixture obtained was concentrated to 10 L. The concentration residue obtained was cooled
to 18 to 22°C and 50 L of di-isopropyl ether was added over a period of 1 h. The slurry
obtained was stirred at 15 to 25°C for a minimum of 2 h, filtered and the solid obtained was
washed with 10 L of di-isopropyl ether and was dried.

3.79 Kg of 14-O-{[(1R,2R 4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin in

crystalline Form 1 was obtained.

Step B: 14-0O-{[(1R.2R.4R)-4-amino-2-hydroxy-cyclohexvlsulfanyl]-acetyl }-mutilin, in

crystalline Form 2
For further purification 14-O-{[(1R,2R,4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-
acetyl }-mutilin from Step A and 18.75 L of n-butanol were heated to 88 to 92°C until

complete dissolution and stirred for 30 to 60 min. The mixture obtained was allowed to cool

WO

Bu4NClt et r a- n- but yl anmoni um



PhCOSHt hi obenzoic acid rtroomtenperature TLCthin | ayer chromatography TEA,
Et3Ntri ethyl am ne TFAtrifluoroacetic acid THFt etrahydrof uran W wei ght

w wwei ghtwoebghtscosRPDpowder X-ray diffraction A "strip wergiioaasen’ as
indicated in the exanples is defined &s foll ows: The content of an aliquot
of a batch or of the whole batch is determ ned by renoving the solvent and
determ ning the content by HPLC or NMR using an internal or external
standard and/or subtracting known inpurities fromthe conpound. In case of

t aki ng arto 40ited53C averat leastt h agsbfuathenstirras! at jtlais tesapgrathresior ¥ & Themixture

performed, A "line.rinse". as indi.cat in,the exanpl % @ _systemrinse
Gsi ng. an SBsArai RGeS fud AR rrOBR Ghlolo® SIS BRI a3 B RS
mat er i al Folldwed By BEF5iIsoftMITBR ThachweifichfénplodeddOwas repeated and the resultant
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product was dried in vacuo at <40°C.

3.27 Kg of crystalline 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-cyclohexylsulfanyl}-acetyl}-

mutilin in crystalline Form 2 was obtained in the form of a white solid.

'H NMR (400 MHz, CDCls, ppm, inter alia)  6.51 — 6.44 (m, 1H), 5.78 (d, J=8Hz, 1H),
5.38 — 5.20 (m, 2H), 3.48 — 3.40 (m, 1H), 3.36 (d, J=7Hz, 1H), 3.25 (AB, J=15Hz, 2H), 2.92
—2.82 (m, 1H), 2.6 — 2.5 (m, 1H), 1.45 (s, 3H), 1.20 (s, 3H), 0.88 (d, J=7Hz, 3 H), 0.73 (d,
J=8Hz, 3H)

MS (ESI, g/mol): m/z 508 [M+H] "
Example 5

14-0-{|{(1R,2R ,4R)-4-Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl}-mutilin, crystalline

Form 1

CH
e
He” o

To a solution of 900 g of 14-O-{[(1R,2R,4R)-4-tert-butoxycarbonylamino-2-hydroxy-
cyclohexyl-sulfanyl]-acetyl }-mutilin in 9 L of CH,Cl, at 15 to 25°C was added 1.8 L of TFA
at 15 to 25°C and the resulting solution was stirred for 2 h. Following reaction completion
the reaction mixture was concentrated under vacuum and the concentration residue obtained
was azeo-dried with a total of 9 L of CH,Cl,. The concentrate obtained was dissolved in 4.5
L of CH,Cl,, the solution obtained cooled to 0 to 5°C and the pH was adjusted to pH 11 with
aqueous 3.6 L K,COj3 (2.5M) solution. The biphasic mixture obtained was warmed to 15 to
20°C and stirred for 5 to 10 minutes. The layers obtained were separated, the aqueous phase
obtained was extracted with 1.8 L of CH,Cl,, the organic phases obtained were combined,

washed with 2.3 L of H,O, dried over Na;SO4 and concentrated to dryness under vacuum at



0 Any conpound provided by the present invention is also designated herein
as "a conpound(s) of (according to) the present invention" and any process
provi ded W9 2bhiet4prsesent i nvention i s designated herei n asT/aprooess(es) of
(according to) the present invention"34 Any conpound of the present
invention may be obtained as appropriate, e.g. analogously to a nethod as
conventional or as described herein. In the follow ng exanples all
tenperatures are in degzrees Cel sius (C) and are uncorrected. The

abbr evi at548Hs. Crade 14r@-{[(h8i2RA Bt -Amine-2(hafdrexy-excdehexyhsubtappimacetyl }-mwhin
2011/ 146 PCT /. AT2 [ 7 29 Exanple 1 tert-Butyl

[ (1R 3R 3%%-0%@%? g)%e;l/légp& capt o-cycl ohexyl | - ear bamat e 3.94 Kg of

{(1R 2R, 4R)-4-[(tert-But oxycarbonyl)-am no] - 2- hydr oxy- cycl ohexyl | - benzeneca
rbot hi oate and 37 L_of CH2Cl2 were chayged to a vessel and the m xture

obt ai ned Fwaglrgwrp%ﬁcaaoni%@ Wll@g@rQCW%wa&?ﬁm hi o-DL-threitol (10% wt)
was addedqt Riatd\er driatd 14-8- it R D RIAKE Andii-049 Broliyt &rcfohkx At gagﬁ - {he
mi xture obtained 0.84 Kg g? h’yg’r Zgi ne nozlgh&dgéya{}g vva)s(ﬁaél e .?%ﬁ%ﬂ i xture
obt ai ned madinswasradded 223 130f BHP 26d tlerreultingsuwdpension wasstiroad avd§ té 251G fed by

HPLC. U conpl etion_ of er i 0 L of h hori c id solution
s addndUang. Th D mr bR L M TRE e gaded o 1300 Rhmindfed oin' oo
phases f qugpRAsivE bBtafiftBWaalged fRGOIHER A0 FAR RIS RitORER TR EoNBGed\esifggd Wi th
39 L of of '1 M phosphoric acid solution followed by 39 L 1% aqueous NaC

sol ut i on.weThwaghedarittca tasalef 3dbeBMARE susdspulied clenon thediftgrpnderouogan fends, to

t he conc%ntrati on residue 20 L of CH2Cl2 was added and the m xture obtained
again was concentrated. To the concentration residue obtained a further 8 L
(Z)f 88—12 Cl zfzﬁlg%fadctec{ [(laRgizlz,mE)-MAXﬂinbe-hbbiraky:eyblaMybaﬂ%m]raaé@u} -inaititih ymess.

. Kg of tert-Buty )

[ (1R 3R, &rystabungkarail, was ghtaingdt o- cycl ohexyl ] - carbamate in the formof a
white solid was obtained. 11-1NWVR (200 MHz, DMSO d6, ppm) 8 6.79 (d,
J=7.8Hz, 1H), 4.99 (d, J=5.8Hz, 1H), 3.34 - 3.24 (m 1H), 3.14 - 3.04 (m
1H), 2.37ThedH NMR httem cohifirms 2hedfructur€ef [470- I R.2R 4R)-4-dmBd-Y-hydrokl-, 1. 73 -

167 (m 1 1A% 104 (N 12 Bxampke 2 22 03 Tosv| pheW AR Lhif 5 O
hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin is described in example 4.
Example 6
14-0-{|(1R,2R ,4R)-4-|(2,2,2-Trifluoroacetyl)-amino-2-hydroxy-cyclohexyl-sulfanyl}-

acetyl}-mutilin

Procedure 1

S SH
6\‘\0“ @.‘\OH

45.3 g of {(1R,2R4R)-4-[(2,2,2-Trifluoro-acetyl)-amino]-2-hydroxy-cyclohexyl } -benzene-
carbothioate and 453 ml of CH,Cl, were charged to a flask and the mixture obtained was
degassed at 15-25°C with argon for 25 min. To the mixture obtained 12.79 g of hydrazine
monohydrate was added dropwise followed by a 90.6 ml of CH,Cl, line rinse. The mixture
obtained was stirred at 20 to 25°C for 2 h and the reaction was followed by TLC until



30 22-0-Tosyl pl euronutilin is a known conmpound fromliterature. However
a preparation procedure is outlined below. A solution of 13.0 kg of

pl eur onmutwbi2n11zme6v56. 57 kg of 4-tol uenesul fonyl chl ori dePcCm/adi20t/0n023f CH2CL12
at 10 to 15 Cwas treated with 9.1 L 3¥f 5.7 M aqueous NaOH over 20 m n,

mai ntai ning a tenperature <25 C. The resulting off-white suspension was
heated to reflux for 20 h and the reaction was followed until conpletion
determ ned by HPLC. Upon reaction conpletion the m xture obtained was

cool ed t copplation30p@) cathplatieriofvbe meagtion, thé mixtugGiRained vas eebled o1 too 25 C

obt ai ned A0S Mokt RE 3p SFREE by HRA SouROT s Parebiohifte e sBifi e

aqueous |ty &juevasplade Ubtai@d s Furnb@o Heganiet, 158)5E] oPdanirard agédous NaCl
concentrated to 4 volunes and azeotropically dried twi_ce w_.th

52 L of
CroCID. | Teluting s pdeedapddhe BT HEEE ShaintdWan biskairagied &l 48 Bbas Gl:Glnd

t he sol uty i <40 . nes.
To the contestiLfU Yo aegRihtdtee fhud hif o 2R 0L Sttt
suspensi aolutias asd thereegarad la¥er diwaired @as oonc2ntrate@tdb?2 holufriek irevaap at keé09G. [Tioer
cake obtaj ned was hed W 39 f . hepta an ulled dry.on the filter.
The  sol | NI AHORABER 206 T CIOWES Ffcd 200 faitis Qhlaingl Wi of

22- 0- 1 0SYhtAHERAYS DVolumdd. T8 thd QnBMfat@oink® 3624 nfl dmlz@g} Fhdgdled 1 HNWR
(200 MHz, DMSO-d6, ppm inter alia) 8 7.81 (d, 2H), 7.47 (d, 2H), 6.14 -
6.0 (m WHtripSveight @assay pf thegmixtureldpiaimedo8as- canddl gunto defprmine T qoaB;nt 9£16. 2Hz,
(25? ! 3% i%,g-mﬁfogb—i\t‘f(’lRH}PAR)%-ﬁ%‘f&&)kyﬂl]-'&%fca%fo(-)(%/(:Fo’he)%l'la-acé%argi]iie(agd a3y]1“e]121 'of 0.51
14-0- 1R1I§,73%4,8§d&eﬁﬁhéd_8ut oxyear bonyl am no- 2- hydr oxy- eyel ohexyl - sul fanyl | -
acetyl)- mutilin WD 2011/ 146954PCT/ AT2011/ 000237 31 SH a"COH

The 2,2,2-trifluoro-N-[(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-acetamide solution
(containing 27.1 g) obtained as described above was degassed with argon. 56.5 g of
pleuromutilin tosylate was added, followed by a 54.3 ml of CH,Cl; line rinse and the
mixture obtained was stirred at 20 to 25 °C for 15 min. To the mixture obtained 34.0 g of
DBU dissolved in 34 ml] of CH,Cl, was added over 30 min and the mixture obtained was
stirred at 20 to 25 °C for 1 h until completion of the reaction. The mixture obtained was
washed with 2 x 222.5 ml of 2M H,SO, followed by 2 x 222.5 ml of 5 % aqueous NaHCO;
solution and the mixture obtained was concentrated to dryness in vacuo at 40 °C.

72.7 g of 14-O-{{(1R,2R 4R)- [(2,2,2-Trifluoroacetyl)-amino-2-hydroxy-cyclohexyl-
sulfanyl]-acetyl }-mutilin in the form of an off-white white foam was obtained.

'H NMR (200 MHz, DMSO-dg, ppm, inter alia) 8 9.31 (d, 1H,), 6.15 (dd, J=17.8 Hz, J=11.1
Hz, 1H), 5.55 (d, J=7.8 Hz, 1H), 5.17 — 5.02 (m, 3H, H-20), 5.53 (d, J=5.8Hz, 1H), 3.80 —

3.60 (m, 1H), 3.50 — 3.20 (m, 4H), 2.65 — 2.41 (m, 2H), 2.29 — 1.84 (m, 6H), 1.80 — 1.40 (m,
6H), 1.40 — 1.17 (m, 9H), 1.17 - 0.95 (m, SH), 0.82 (d, J=6.8 Hz, 3H), 0.63 (d, J=5.8 Hz, 3H)

Procedure 2

[}

Step A: 2.2 2-Trifluoro-N-[(1R.3R.4R)-3-hydroxy-4-mercapto-cyclohexyl]-acetamide




4.75 Kg of Pleuronutilin tosylate (Tos-PLEU) and 44.4 L of MIBE were
charged into a vessel and to the m xture obtained 0.31 Kg of

benzyl - t rworRobtdgdSaArmoni um chl ori de was added and ri nse®CTNT30GIO0MA3Th 2.4 L
of MIBE. To the m xture obtained 20 L36of 1M aqueous NaCOH sol ution and 2. 84
Kg of tert-Butyl [(1R 3R 4R)-3-hydroxy-4-mercapto-cycl ohexyl]carbamate were
added and the m xture obtained was stirred at 17 to 23C for 3 h. Upon
conpletion of the reaction (determ ned by HPLC) two | ayers forned were
separ at ed- 7§rﬁi°f HA R 2R -hlfdestrd riflapen-acghd)-paianl Sdhydreney -eydehexy]  phragene-

obt ai ned 0, t4,Qn W|th 20 L
of 0.1 M ?%S \gics%g &gBILELI IB %@ﬂggﬁﬁﬁgﬁﬁﬂw?&ﬁ} Io%ﬁ”yé;rn d"Fwi ce

with 20 lhydifatemheaddearaﬁd thegasilting $cﬂuﬂfr8wﬁd)§tﬁrddeaﬂ rofer 8.5d0 Moahé¢ maktatk, t he
concentrate obtain aken up.in, 7.46 Kg of 2-propanaol, the mxture

obt ai ned ‘\i?&é“e@ @c‘@ﬁ?fr %Méﬁé’a‘ﬁ% ‘HiL‘liSﬁil an%eéephaﬁw\%age 8b wasgtiged kg of

14-0- ly for 10 min. Ph ted and th hase obtained h

{[ (1R 2R, A%(i)musyeorr t- éllljltn oxyaggsrwgrﬁfe%%ar?oag hyedorrg%cgy%slegheagﬁ Vé'%ﬁva%snﬁ‘i] acet

y1}-nmuti Iwnrh 4thmi b£1Md@Gl. dihe gomhined afozms Wsrodtitained derelsbiurdbRwid0aGldnd

0,90 o 0, S B g e BB ©

J=6Hz, lhhh dio@ﬁso(iﬂ&lsuﬂlfalékiidc&b&ntra?e&@dr?nesbroad 1H), 2.15 -2.0 (m 3H),
1.9- 1.8 (s, 911), 0.81 (d, J=7Hz, 3H), 0.62 (d, J=6.6Hz, 3H)

M5 (ES!, 3gl/lrg3q>15H£ 2e3- gnfhggomzmp @aahbyfgoay 4-mercapto cyclohexyl]-acetam1de in the
ifyst L At A OB, S ooy ety Pecgt Y, i
. ICH3 HHH3C 3 ..4111111*
'H NMR (200 MHz, DMSO-dg, ppm, inter alia) § 9,31 (d, J=7,2Hz, 1H), 5,12 (d, J=5,1Hz,
1H), 3,82 - 3,6 (m, 1H), 3,24 — 3,09 (m, 1H), 2,62 — 2,5 (m, 1H), 2,40 (s, broad, 1H), 2,03 —
1,84 (m, 2H), 1,74 - 1,71 (m, 1H), 1,47 — 1,21 (m, 3H)

Step B: 14-0-{( 1R,2R74R)-[( 2.2 2-Trifluoro-acetyl)-amino]-2-hydroxv-cyclohexvyl-
sulfanyl]-acetyl}-mutilin

5.91 g of 2,2,2-trifluoro-N-[(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-acetamide and

11.78 g pleuromutilin tosylate were dissolved in 82.5 ml of DCM and the solution obtained
was degassed with argon for 20 min. To the mixture obtained 6.91 g of DBU in 27.5 ml of
DCM was added over 30 min. Upon completion of the reaction (TLC control) to the mixture
obtained 25 ml of 2M HCI was added and the mixture obtained was stirred vigorously for 10
min. Phases obtained were separated, the organic phase obtained was washed with 12.5 ml
2M HCI and subsequently with 25 ml 5 % sodium bicarbonate solution, dried over
anhydrous sodium sulfate and filtered. From the filtrate obtained solvent was evaporated in
vacuo. |

16.8 g of 14-0—{[(1R,2R,4R)—4-[(2,2,2—triﬂuoro—acetyl)-amiho]—2-hydroxy-cyclohexyl-
sulfanyl]-acetyl}-mutilin was obtained in the form of a colorless foam. (the material

contained DBU tosylate salt and residual DCM).

The 'H NMR pattern confirms the structure of 14-O-{[(1R,2R4R)-4-[(2,2,2-Trifluoro-
acetyl)-amino]-2-hydroxy-cyclohexyl-sulfanyl]-acetyl } -mutilin. The NMR pattern for 14-O-



Step A

14-0-{1( 1R 2R 4R) - 4- Am no- 2, hydr oxy- cycl ohexyl sul fanyl}-acetyl}-mutilin in
crystal |l iwe 2pormwdss 6. 6 Kg of PCT/AT2011/000237
14-0-{[ (1R 2R 4R)-4-tert-But oxycar bordsl am no- 2- hydr oxy- cycl ohexyl - sul f any1]
- acetyl}-nutilin and 13.2 L of isopropanol were charged into a vessel and
stirred at 20 to 25C. 11.20 kg of 85% phosphoric acid was added and the

m xture obtai ned was heated to approximtely 50C for at |east 16 h. The

nmi xt ure db&Hetntd Cahdilyifere-asctyliaminair- veydehaxyl-pfanyllgsetyl}-

conpl et i : ; j l s cooled to 20 to 25C and 52 L of
CH2C12 m@tggldlég.gsc%lﬁgﬂr{‘l{ xtu (13 g’mréﬁt'elrét{al% tI\/i\gs cooled to 0 to 5C and 51 L of
30% aqueous K2CO3 sol uti on was added over 1 h at <25C. The m xture obtai ned
was war rrq%ah%lgg, stirred for 30 mn and the pH of the aqueous |ayer was
determ ned.” Fo the m xture obtained a further 15 L of 30% aqueous K2CO3

sol uti on 14e0-{{dRE2R AR)-428Miné-Dchydirs iy cfcloidxgisutfd nyh s cefyl - mtdilial crysallige 25C
for 30 m n and the two phases obtai ned were separated. The agueous phase
obt ai ned E¥® %xtracted with 51 L of CH2C12 and the combined or gani ¢ phases
were washed with 51 L of pyrified water. The m xture obtained
concentrated to a vol ume dof (25 L, 33.6 Kg of CH2C12 was added @&nd,t he

m Xt ure obtrai ned was fconceNifated to 25 L. To the concsent0 at e~ob¥ai ned 33.6
dded

Kg of CHZF%;@? 0-"m'xtw_e_obl_ai ned onTener o 10 L
The conceptya Juesi diE~gtai ned was cool ed tQ d Qo2 2C- P30, L of
di -i sopropyl* et her was added/over a period of 1°h. The sl urry, ai ned was

stirred at 15 to 25C for a mnimumof 2 h, filtered and the sol id obt ai ned
was wash&d. g éfcride 14-0F {[di R,2 R @R)-dp[(2,2 2t Teflu@bdice@d)-ahiino®-hyidrdBy-Kerletiexyl-
14-0- {[ (1R_.2R 4R) - 4- Am no- 2- hydr oxy-cycl ohexyl sul f anyl ] -acetyl}-nmutilin in
crystall iswéarwéir%e&ﬁbvagﬂwm Al ! osmefiapol angd. %-8{r&lloflwater were charged to a flask

R, 2R, 4R) ofq ﬁmxﬁ'&’m;ré BYAIR e XERBE Y 46t 4500y TEAREMhrd BHtdihdd67.8 B of

crystalline Form For further purification
14- 0- { [ ( K2CORwHRpddedtanidrtbe Bhikiydr abtgined vhobtaxed & Y0ftad§T(Q faret ly.| THe-readtiohi n

f St A_.and 7 f .n-but | heated to 88 to 92C unti |
conpl ot o i SR by LB el porbeEhp. USies et of e BatiioR: AIFOBIE ned was
al | e praiRalvas (62014 60 456 ACCHIATRACHRO0ZRT 5P B 301 blopGrONSA

least 2 h and further stirred at this tenperature for . Thé m xture

obt ai ned weessaddefl end ¢ ranxdure lobtagnred ovgsisticred ab2 i 25eC ferd Swaish &be wiixture3. 75 L

of n-butapol f.ol | d . {5nL of E. [That purification procedure was
repeat od Cairet Ries PG MnRas AR Bortled B Oreilaad DS §h5580 S
crystal | i 588 ml of 1 M phosphoric acid. The phases obtained were separated and to the

14-0-{[ (1R 2R 4R) - 4- am no- 2- hydr oxy- cycl ohexyl sul f anyl lq—sacetyl lmutilin in
cryst al | corabmsd aqueons redici) laxers phém@é wasragdest 588 whp%/ eHeElojagd theymixtwgR (400

MHz, CDCl3..: i i o®. - . , = 1H) ,
5. 35 - 5 Tg P bR G0 B 1P e ptte bt Jealiy Vg ppded i A,
J=15Hz, 225 X Btil-a pH 82>9 mas t¢dched®(2G5 mldequifed). THd)mixturéd Dbfatned3idk)filteted?20
, 314),.0.88 (d, J=7Hz, 3 H)., 0.73 (d, J=8Hz, 3H. M5 (ES!, g/nmol): mn

(588 [ M@m%@%ﬁarp& a-éldghqigrgr_s obtl_zii)med were se(:parated.alli'lze orgal}l)uc (procguct layegr- Orlr)?all)led z
{[ (1R, 2RuAR:oteAhBR 1PappYSLitaY1F ¥ ShRIARS A Shbod b @Cgbhl of Tt ic) Was
crystalline Form1 Hul'l't 01...01,.. H3C3C Atll"1117T1, H3C 00

added and the mixture obtained was concentrated once more to 2 vols in vacuo at <40°C. To

the concentrate obtained 323.5 ml of n-butanol was added dropwise, the mixture obtained

was concentrated to 5 volumes in vacuo at <40°C and the concentrate obtained was stirred at

20 to 25 °C for 2 h. The mixture obtained was filtered, the precipitate obtained was washed

with 117.6 ml of n-butanol and the solid obtained was dried overnight in vacuo at 40°C

producing 44.2 g of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl}-

mutilin in crystalline Form 2.



To a solution of 900 g of

14-0-{[ (1R 2R 4R) - 4-tert - but oxycar bonyl am no- 2- hydr oxycycl ohexyl - sul fanyl] -
acetyl | - rm0i2bimm469549 L of CH2Cl2 at 15 to 25C was addedptTBTR20mfoodBA at 15
to 25C and the resulting solution wasssstirred for 2 h. Follow ng reaction
conpletion the reaction m xture was concentrated under vacuum and the
concentration residue obtained was azeo-dried with a total of 9 L of
CH2C12. The concentrate obtai ned was dissolved in 4.5 L of CH2Cl12, the

sol ut i on Yt apherade dbiQdl(I B.2R-4B)-semine: 2 thydrosmi-cuslohgwy s fasal tase it -mutifint h

var med t o BeheliediEa biea? Vs Bl T ot Eb RIS gl THE Fpi RO CLBIEICH AR
V(\:Ieil r2 g ;epaieaﬂeéd) 88 waﬁmgsuued bmdnamangbtalomd mrr/gsmeng ] rs&adﬁfhctid\bfléi h31112 40 ©f f

1 ani c _phases o ed were I pe washed w t Lo
H20, dri & 3 S s dor ﬁ'a‘he%geﬂleer %P@aret%tﬂv%%%ﬁma%rwaﬁa%wmléﬁ Z9b
20111 146994 BEFAAT RIWIARABT, o oF UPIBE EFlied in vacuo at <40°C.
14-0-{[ (1R 2R, 4R) - 4- Am no- 2- hydr oxy- cycl ohexy1 fanyl]-acetyll-nmutilin
was obt ai3edg oﬁ(¢rg$tdtlln€44 -Q-{HOR.ZR AR e-ammo- Bﬂlydmmyctohexsﬂmlfwmﬂgetpt}ec edure
was a I|e
o 07T ( et Brefvslfinc ot 2 s obteingd i o o She P FREAAS it 111 was
added 2.23 L of THF and the resulting suspen5| on was stirred at 15 to 25C
for 60 mn. To the m xture obtained 7.44 L of MIBE was added over 15 to 30
min, the DasHWiRopatism @mf@msmstag@ue PHH-6b {1 R.28R) f4-amisockthydresy-
T 09 ey dB e AR a0h LGP ROl e R4/ Q4R1 RO e RhidfIBE and

pul | ed dr ni'trogen

14-0-{[( th&Ry@):}oﬁeMuIﬁniﬂhydyl}xmuﬁuﬁiscxibe&y&ediuleiaﬁylbh acetyl}-nmutilin in
crystalline Form 1 was obtained. The 1H NWR pattern confirns the structure
of 14-0-{[ (1R 2R 4R)-4-am no- 2- hydr oxycycl ohexyl sul fanyl]-acetyl}-mutilin.
The NVR pabhfnfsfor 14-0-{[ (1R 2R, 4R) - 4-am no- 2-

hydr oxy-cyc exyl sul fanyl]-acetyll-mutilin is described in exanple 4.
Exanpl e @ert-Butyl [(1R,3R,4R)-3-hydroxy-4-mercapto-cyclohexyl]-carbamate and tert-Butyl

O IR A5 Eh fad st S5 b Mt 1 o 0%y eyl ohexyl-sul fan
{(1R 2R 4R)-4-( 2, 2, 2-Tri fl uopo-acet yl) - am no] - 2- hydr oxy- cycl ohexyl | - benzen

ecar bot hi ogt e nd.453 m qf G2Cl2 were charged to a flask and the m xture
obt ai ned degéssed at] I5y25G with argon for 25 mﬁW To the ni%ture

obt ai ned 9 giof byd It A o se f oiN owerd by a
90.6 m of CH2 I ne,rinse. 'm xture obtai.ned stlrreu 20 to 25C
for 2 h and th ction was &
2011/ 146954PCT/ A]2011/ 000237 35: conpl etion. Upon co\-letlon of the
reaction KHure o Mﬁs cooled to e M C mﬂSH%d with
158.6 n 2 HC1 soIE%fL The phases obt;}ﬁ;d er e ggﬁgra ed, the
agueous phase €bt ai ned re@urned to t he vessel, ©158.6 m of saturated
aqueous m Xt ur btal S back extracted
with 2 x5§§ﬂ%§fﬁﬁﬁ#“ﬁéﬁ¥g§¥@9$%ﬁ)q‘ tlne oxcﬁghpgﬁp dggggo aMed were
washed wcydlolky6}-bénzeiie-cabothittaGOwik| l{@lCSUZS AH QL[ (srl-BlioRPcabshyl Pemiioyani ¢

| ayer obtai ned was concentrated to 2 volunes in vacuo at <40C. To_the

concent r By&osyesclabexybpbenzeng-cagbothigate and,Asmh ahieHGh dvers ehasgsd toradflaskanfned

V(‘;:; C(lzgn\(;vaﬂ{sétrﬁ i _oi)&u?ed\(%s%'ﬁﬁ%d at’ %-ﬁ?@:.cﬁ{é%&hﬁ%ﬁmﬁ%%a@%gg%@@d 14515@ al%t)n

for a period of 20 minutes. To the mixture obtained 0.72 g of 1,4-dithio-DL-threitol was

added and 1.5 g of hydrazine monohydrate was added dropwise. The reaction was followed
by TLC until completion. Upon completion of the reaction (2.5 h), to the mixture obtained
72 ml of 1 M phosphoric acid solution was added and the mixture obtained was stirred for 15
min. The phases obtained were separated, the lower organic phase was washed with 72 ml of
1 M phosphoric acid followed by 72 ml of 1 % NaCl solution, dried over anhydrous
magnesium sulfate (10 g), filtered and the solid rinsed through with 2 x 10 ml of CH,Cl.



A strip weight assay of the m xture obtained was carried out to determ ne

t he content of

2,2, 2-triwbuorionbdsit ( 1R, 3R, 4R) - 3- hydr oxy- 4- ner capt o- cycl ehgmi)raoetsam de
and a yield of 27.1 g was determ ned.39The

2,2,2-trifluoro-N|[ (1R 3R 4R) - 3- hydr oxy- 4- ner capt o- cycl ohexyl ] - acet am de
solution (containing 27.1 g) obtained as described above was degassed with
argon. 56.5 g of pleuronutilin tosylate was added, followed by a 54.3 m of
CcH2C12 | iThe mixhueobtathed yeas mpmqmrétedbn aa%@cat\ﬁeﬂé) G- ¢legiota mpgurefzgtButdr 15

mn. To t 12 was
added ov Pﬁ%gk%kﬁﬁ%ﬁgpqxﬁ ‘{]&%r% troéco nga%aagn%g e|(’{r?ge a?ﬁ%lg[‘( §§§'g§$2 for

h until dydpxetd- mlérdaf)td-(t}&ldhéﬁjzlq-lcﬁfbam'ﬁftanIihe(fdﬂm&)f(hbﬂatd‘@ﬂidv\% obesifeld Wit h 2
x 222.5 mM of 2M H2SO4 followed by 2 x 222.5 m of 5 % aqueous NaHCO3
solution and the m xture obtai ned was concentrated to dryness in vacuo at
40 C. 721 [HNR2 ; =
[(2,2,2- T?II ggg\g{{% -am nolﬁ?%mé?ro‘%a)gy%rg exy? a%%/f]OIa(ge{yI?Hnutl i
nin the 11H)r3n4©f—3320@1ﬁf1-}%3ﬂe Ml(meleaﬁﬁtiA@vaebBHanﬂ) 2:D|HNI\/R7$ POz,
DIVBO- d6, ter ia .31 1H,), 6.15 (dd, J=17.8 Hz, J=11.1 Hz,
111), 5.85 (d16? éﬁLz,-3713;991 é‘."ll%gl) 5.02 (m 3H H20), 5.53 (d, J=5.8Hz,
1H), 3.80 - 3.60 (m 111), 3.50 - 3.20 (m 4H), 2.65 -2.41 (m 2H), 2.29-
1.84 (m 6H), 1.80 -1.40 (m 6H), 1.40 - 1.17 (m 9H), 1.17 - 0.95 (m 5H),
0.82 (d, Exagpe iz | 311) o 63 (d, J=5.8 Hz, 3H) Procedure 2 WD

2011/ 146 4 36 5..79 g of

((1R 2% 447 ﬂ?ﬁ%‘@ BhutSdciipetines rdropansisheaysrafminebdi,ene
car bot hi eadtdinasd 44-959J(LS,dSj48)-3Xer Buitboxylia¢ bbhylaiih #2185 drixBéydoliekyB2 nl) of
hydr azi ne h drate was added and the resulting solution was stirred at it
for 3.5 Kulfapyl-peetylimutiinopt ai ned 40 M of 1M HC1 was added and the

bi phasi ¢ m xture obtained was stirred vigorously for 10 mi n. Bhases were
separated and t he organi c phase obtai ned was washed vvlth 40 Ofoy1IM HCL.

The conbi ned aqueous | ayers obtai ned were sa}urated vv% h|| NaC an@ washed
with 30 ml of DEM and theg conbl ned or gani Sc>§m>a drl ed over
anhydrous sodi um syl fate af d goncentrated to "P6

2,2, 2- trlfluor (1R, 3) 3- hydr oxy- 4- rre?caéto cyC ohexyl Ladet ami de in
the form of cd Iests crystal s was—obtained.  NVR (20Q MHz, °DMBO-d6, ppm

inter alia) /9, 1 (d J07,,2,I—|z, 1H), 5,12 (d, J=5,1Hz, 1H),3,8% - 3,6 (m
1H), 3,24 3‘"’09(m Y 2,62 - 2,5 (m 1(1)}%&, 2,40 (s, droad\~ljdr, 2,03 -
1,84 (m 211)0 1,74 -'1,P1 (m 1H), 1,47 - 3421 (m_34DNsStep 14-0- {
1- (1R 2R 4R)4(2,2, 2-Tri f | uor o- acet y1) - ani ndJ- 2- hy xy cy "oy Sul fany1J-
acetyll-mutilin 591gof "
2,2,2-trifluoro-N|[ (1R 3R 4R) - 3- hydr oxy- 4- nerca'f)to cyclohexyb-cetam' de

and 11.78 g pleuronutilin tosylate were dissolved in 82.5 nml of DCM and the

sol uti on 9@st @b Mseursmutilie gayiesand 101 @I O TBE weke dﬁhfged'f@aiﬂﬁ& midmhar e
obt ai ned 6. 91 ed. over..3

ool ot 1 st Shegined e Afster Ryt 8590 18 S R OiRinbitSord e BB Rined o
2M HC1 m&WmﬁdeummOmunm}ﬂwmkﬁMMg ofta miaare \oif gsart-butyl y for 10

m n. Pha t washed
wth 12. QQW ?Qdyaggl ubse B@n@gbhw}m 9%%% éegtd lalItgl c¢ar’b n?it e
sol ution hYéFPP(Erdf mv@ﬁptarqyybhwg] %bmnﬁﬁe@ud 8 mal %fr@ﬁu‘fqllstleMé‘éiaOIFer@hﬁlm avere
fl I4I B r ?E (e @&Bd&kzﬁl? EVHEE mvsaﬁrt i bRk Rk tirfed 4R 80125 °tond tBe Rfaction w. asI o]
ri ro-ace ro ohexyl su

| f anyn- a%‘g A‘H{Hﬁ M%O%m}fa?m qnﬁomiévtmwi% regctm qﬁ didiaydssm (the
mat eri al obtanteahmel sdpBtatéddand tht dovedlaquend 14yes ey adméXell) The ¥¥anic phase
2011/ 1469gt4é1 CE/WAa-gzvs(l)a% écp Qvﬁ%:ﬁ rr:;’l?of aqueous 1 M NaOH solution, 2 x 40 ml of 0.1 M

phosphoric acid followed by 40 ml of 10 % NaHCOj solution and 40 ml of H,O. The

organic liquors obtained were concentrated and dried in vacuo at <40 °C. 11.88 gofa

mixture of 14-O-{[(1R,2R,4R)-4-tert-butoxycarbonylamino-2-hydroxy-cyclohexyl-sulfanyl]-
acetyl}-mutilin with 14-0-{[(18S,25,4S5)-4-tert-butoxycarbonylamino-2-hydroxy-cyclohexyl-



{[(1R 2R 4R)-4-[(2,2,2-Trifluoro-acetyl)-am no] - 2- hydr oxy-cycl ohexyl - sul f an
yl Facetyl}- mutilin is described in exanple 6, procedure 1. Exanple 7

14- 0- {[ ( MRO2R| 14R$954 - Ami no- 2- hydr oxy- cycl ohexyl sul f any 11 PEEAT2IT1/0600237 | i n,
crystalline Form2 72.7 g of crude 40

14-0-{[ (1R 2R 4R)-4-[(2,2, 2-Tri fl uoro-acetyl)-am no- 2- hydr oxy-cycl ohexyl sul
fanyl]-acetyll-mutilin, 419.9 mM of nmethanol and 168 nml of water were
charged to a flask and the m xture obtained was warnmed to 40 to 45C. To the
m xt ure cbifaiyhlestetil}-sngiliafwidsbBnskbin thelfleth ehmowhitefoaink(udt srreiidofon esdidiab
stirred al; 4% to 45C for 5 h. The reaction was followed by HPLC until

conpl eti on. 2)on conpletion of the reaction, the m xture obtai ned was
cooled to 20 to 25 C, 588 m of CH2Cl2 and 588 mi of 2 M phosphoric acid

wer e addeﬁm&b@m%t GJHPJ ?gxglegmp zaéfs'é‘f@éi 7. ﬁﬁztﬁ{d)zé % f@ 7&m, M N.

The m xture obtai ned wa hasi cal and t e of gani c

| ayer obtB)nde (thd= %ﬁ%ar%&éd Wl‘t?ﬁGBB”hi 41t (4, ﬁ%é Pro“’rﬁ: detdm, B, phases
obt ai ned 2vgare2, semr anm ANG, broad, NENCLIRILNESD aH LS S. 71 PY DIE ¢h) SHANEI6-

obt ai ned a ooled to
70 to 15143, e ][r?’rl &b&%igl q&#\&‘hﬁ%iﬁ&dﬁ% &Po%&) 0334 25 ¢
until a r:H=66Hz,>3H)4v9563r(da.L=t5e8Hz( 3 m required). The m xture obtained was
filtered biphsaically and the layers obtained were separated. The organic
(product Iayer obt ai ned was concentrated to approxinmately 5 volunes in
vacuo at Exaople 1¢6 mi of CH2Cl2 was added and the mi xture obtai ned was
concentr gy DR RBPRR44 -

obt ai ned Sgg-{g n? ofﬁ’ﬁ4 t;ﬁtl glﬁg?h\?\ggﬁgdﬁeéﬁgrﬁ%ls%ﬁ%g“ tI%et& ir?hﬁ‘%?ﬁlri'g %tgyﬁleed was
concentrgf’éﬂzto 5 volunmes in vacuo at <40C and the concentrate obt ai ned was
stirred at 20 to 25 C for 2 The m xture obtained was filtered, the

preci pi taéi\sobt ai ned S waseo'W'th 117.6 m of n-butanol and the solid

obt ai ned X dr ied.® \.vacuo at 40C producing 44.2 g of 14-0-

([ (1R 2R 4R)} 4- no 2- hyd Q cycl ohexyl sul fanyl ] -acetyl}- tilinin
crystal | i ne on WO 261 T 36954 PCT/ AT2011/ 000237 38,44. 2 {9.-0fu crude
14-0-{[(1R,2R,4R)-4-am'n02> Fnutilin was

droxy cycl ohexyl sul f an \{Ug(ge y
charged to a clean yessel and 221 rft_df_h_b‘mano “m xture
obt ai ned was heated to 88 to,92 C, stirred fo al .A'%lt’% cool at a
steady rate over 3 h to 40 tc{\4§HC and strrre or a further ' The

44.2 m o BE O f #0 at <40C. 37.6 g of crystalline

14-0-{[ (1R 2/,Q4 n@m noY roxy cycl ohexyl sul fanyl ]-acetyl}- nutilin in
crystal liné F&fm?2 was obtar |n the formof a white crystalline solid.
The 1H NWR pattern confrrm; the structure of

L PSR ke PO AP B Ao | T
rlgd r O?(y cyudblmxg eyl fank I aopty] -matliy Withnid- Ok §[ (19,2, dﬁ%redetor(ycr:]aek@mMrﬁmé- t

a e a cycl.o rra e
ond Ter ¢ SENEPIR %ﬁ%‘l%ﬁ}fg@lﬁ@&@ JHRE oS ORI SoIRaRI fad 2 R 507
of a n thgpr@pgmol were charged to a ﬂask and the mixture obtained was stirred. To the mlxture

{ (1R 2R, 8khinda [1Qtnﬂr5f~s§%gw§@ahe%&M@%&é& a.ﬁrtﬂmr&ew& &L &%heet%@&l?oene ca

rbot hioate with [ (tert-Butoxycarhbo -amn

hydr oxy- ¢ c¢ &N %&w et Rfi the e&s@ona%ﬁewnrﬁl bpH éﬂztes znmeolttﬂ@ﬁ@ed
t gt a fl g&hs adtled toert Mndt1U0 en BTCH B Iwiesddet ] meeﬂnaﬁreé%ta?z&@t sthﬁ)oted;tE org

obt ai ne r erio m nut es e
mxtur o SHeaddogn s 34 %AducthS BACHS soiBE Was ande FopEiE S htherttyeor
hydr azi nebtamed wad vairmedvrsrt addl ecitleld. deipheses Torenadewert iseparated afidbthedowser by TLC
unti | i e xture
obt ai nedggﬂLﬁitc (be%iuétﬁ’ﬁ} ﬁ&ﬂ? g‘?r“}égéég{l%‘}egorﬁ%%}nbﬁg?&aﬁe@g %Qttétﬁqgrxt ure
obt ai nedobiaked Wap extgactest WEE 119 ml of K& Fheaandshe pembinedorganis phagrsrobtasecd t he
by 7o 1 R . et e A enfraA ) fate (10
93/ filt %mgaxlmlr gé’ogﬁtfist? mteggftz zo‘rerﬁdarft yﬁmé the mextite ueqz\rﬁsz VO

2011/ 14680&#4PRHAtéET . Q@ﬁtw&&lma&lﬁ P eohimes UT ¢ theltbatentdtedtiainensenil bat ed in
vacuo at e of ,tert-But

f t
[ (5R 3R 98 Ometidis Jashaiin Sy 504 I8 Bhsulee pbiaitinbiansonesnipiod o volumesy
[ (1S, 3S, 4S) - 3- hydroxy-4-nercapto-cycl ohexyl ]-carbamate in the formof a
white solid was obtained.

m xt ur e obtjai ned was f|°|te ashed with 44.2 m of n-butanol tollovved by



il NWR (200 MHz, DMSO-d6, ppm inter alia) 8 6.79 (d, J=7.8Hz, 1H), 5.01
(d, J=5.6Hz, 1H), 3.40 - 3.20 (m 1H), 3.1 - 3.0 (m 1H, 2,38 (d, J=3.8Hz,
1H), 2. 0WO20117869% 2H), 1.73- 1.61 (m 1H), 1.47 -1. 0PCTmT20AHpOBXanpl e 9
14-0- (1( 1R 2R 4R) - 4-tert - But oxycar bordll am no- 2- hydr oxy- cycl ohexyl - sul fanyl F
acetyl)- mutilin and

14-0-{[ (1S, 2S, 4S) - 4-tert - But oxycar bonyl am no- 2- hydr oxy- cycl ohexyl sul f anyl | -
acetyl}-mutilin 9.68 g of pleuronutilin tosylate and 101 m of MIBE were
char ged tTo the f:d)mhtraua @btaive:dnii 19t of diidopisisd eﬂ@ﬁwdﬁmﬂeﬂolﬁhsé it stifighgdr gon

for 5 T b

bonzy! - ¢ 0o B 15 o e S piéhiBieR Bl " iaigec ity Bhcame e crvstglsafir
[ (1R 3R, zﬁRpPOXth}ldlr}’dxly -Themeixtwp vbtained Ivaisetisrked at By toadfeiCefori2t fitered; thet y|

[ (1S, 3S, %’rz’ématat@mﬁﬂéﬂ' WAS %@%@1 S¥ &1 %@E?(Yslokroﬁ)?f Qﬁéﬂ%‘g%@)@(?gﬁg rg%lt (Hlter

aqueous ut| on were al ned

was stir8edd atunsorrestedfos gepiduyabsel é%nﬁ ‘Pﬁi’n%ﬂfefo |lﬂdaéﬁlﬁ>zﬂsﬂ)e4wmq- 2-
conpl etl gnsvdroséptbgcmemﬁnfaﬁmQtefypemﬁﬁmwlmrm(@ {IP%ISTZE?S)HN%&OOQJ ?l@rﬂ%i wer e
separ at e eou aver, was ,re e e .0 anl

RSN N LAT A R R Cofoltd Gt S PSS o
0.1 M ph@si8wof the anidd niaturevbtdiney add 4 iml of niit2hoNadfeGhasgrdud iadlaskaand ¢ i

of 1120. JERErORHRRRE ol HALF P Riges g@ﬁ%ﬁﬁ@fﬁp&é i Ok ScalfbaY acuo

at < 40
[ (1R, 2R, 2Rpalowed tmmsml wgt@aﬁwymmmbaé hBrgeipigtian way ohsenved 1¢ bedinay 130

acetyl } -puhlthd mMirfe obtamed was stirred at rt overnight. The mixture obtamed was ﬁltered

14-0-{[ (1S 4 tox ca a dro
2011/ 146984 é@lﬂ?@r@é"f Wa&dvaé[&ﬂo‘émb g] ’e?§ﬂ§ Pﬁ EY ééé‘iﬂrﬂid in
t he for mM6TBE anthidtied troeemu() wncdorect ad of ol 4r@[ARAR, s@jwesnhmomriydﬂb@ ( 200

Ty o o el Bledty! biiningge fiim of whiFrydihe sSidin crydaffife Sy
3 24 (m Fordp 2 \Qasaxbtamai Hme ontical piity Was4B % detebmimad by thiral I2P12G and 86¢( m 511),
171 1, %ﬁ&mcmny%vaé?m@« o il bRPApLC3L (m 1K) 131 - 118

(m 411) 10 - 311) 63 (d, J=5.8Hz,
3H) Ex ar’r%‘l‘ dspon the comparison o the optical rotation of an authentic sample of 14-O-

14- 0- {K1R @R mR)44Amlﬂm&lﬂu@k)owu&&ﬁy@m@aﬁyh]swefﬁpﬂdm@c\faﬁmhk -oputall i n,

crystall |

1420- {1 (i %‘%“2 Q- ﬁ&@%ﬂ#@ﬁy@am%@@w&Y%‘Ohwﬂ%&%%as%}ypugwf anyl ] -
acetyl }oblainekllaﬂ desctibed dbdde confirmed the chiral purity as well; ([a]p (CHCI;) = +24.9°

[ (1S, 2S, 43 +§5e§<tf OMI?&‘EQ% Y, 21 no2- hydr oxy- cycl ohexyl - sul fany1} - acetyl
}-mutili n correct e re uat solvent) and 24 m of isopropanol were

char ged askadthe xture obtained was. stirred. To the m xture
obt ai ned Qf‘?ﬂu %‘?‘ ragibe, w&{ﬁ DR BRAS AL iFAtoR VR AP0 GBingPte

was heat g lbea%@feéﬁﬁrﬁsggtofa%aﬂueem @Lmﬂsﬁm @Aﬁﬁﬁslz g&m@@ erni ned by
HPLC t he mxture obt ai ned was cooled to rt and I1 of CHZCl12 'was added.

The mi xt aydoksxytsuleaylhacetddaonedin witl) 14-6- 5[(CR@ﬂd41§)EL49Amm@Q -IBdréxyaqueous

fort anddobir iR Eanl 28 BrweY Shie e b e U e Pt SRE B g
(product HpL@yer obtai ned was renoved. The aqueous |ayer (neasured at pH 10)

obt ai ned was extracted with 119 ml of CH2Cl2 and t he conbi ned organic
phases obtai ned were washed with 119 ml of H20. The organi c phase obtai ned

was conc It I VO 2 ded, and
the it ae "ENMR SyBARIAKEIR I s 06 1100 (1P Tk o8} o AiD 2 WRRET S
t he conceydlolxglsatfumilpacttyd §-nmtiliof THe Wﬁmnahlfaﬂm-mﬁ(maRﬂRadd@ﬂmam t he

m xt ure obtai ned was concentrated to, 2 volu
ydroxy-cyclohexylsulfanyl}-acetyl }-mutilin i 1s descnbed in example 4.

Example 11
14-O-{[(1R,2R,4R)-4- Amino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl}-mutilin acetate,
crystalline Form A



WO 2011/ 146954PCT/ AT2011/ 000237 41 To the concentrate obtained 119 m of

di -i sopropyl ether was added dropwise with stirring over a period of 1 h. A
t hi ck oi Iwopoaci4pstat e was obt ai ned whi ch becane white eCcystabB/oaé23er
approximately 1 h. The m xture obtaingd was stirred at 15 to 25 C for 2 h,
filtered, the precipitate obtained was washed with 24 m of di-isopropyl
ether and pulled dry on the filter. 8.28 g (uncorrected for residual
solvent) of a mxture of 14-0-{[ (1R 2R 4R)-4-am no- 2-

hydr oxy- cycl ohexyl sul fanyy]-acetyll-mutilin with

14-0- {[ (1S, 2%445) - de am nog2-otydr oxycycl ohexyl sul f anyl] -@acety
obtained in e dor I|d(rat|o 59 : 41). 8.28 gl ofs
m xture obt & ndd and 41 f“n- butanot—were ch ged * flask°"é
m xture qhFarred was heatdd\N o 88 to 92 Cvmth or 30 A

m xture oBtal ned was al l,gned to cool to rt over apprOX| mately 3 h.,

otirrod 30 SspRdER ST, OB S0 o N S, S e s
preci pi t ate&yhbmaiiieih mumﬂimﬂyl\méﬂate]aﬁ 56 tcﬁrBS‘aiI wﬁs hddedr62l mf of wWareeshdadie 16. 6
m of MIBE and dried i.n vacuo at. 40 C_ 4,
14- 0- { [ ( Teeuiimedry Y&gl)e\ﬂpwaé cwgml}reyg!} @ﬁéslsfr gﬁneraﬂya isates phraingd Weren in
the form 0 i ned.
The opt | Capic 00 IS SORIE S1Rd 1 3n] Sebf elabatyflied MitetuE mibhn
purity \Namasgﬁrr&d,%iﬂrteaSS(i@tfeﬂﬁ maulitésy cWed-IRLIS tol 25°@ddet 8@ mindtes ahfpetherson of
t he optlc ntic sa e af 14-0- o
([ CLR oreappd 5 Al 5% Svard gty TS bR Thukn an o Seetat 0 SSGPT % with e
optical mnghales dllteddd and the ﬁlter cake was washed with 3.08 L of methyl acetate. The filter
14-0-{[ (1R 2R, 4R) 4- Am no- 2- hydr oxy- cycl ohexyl sul fani/ -acetyll-mutilin

[ 2

obt ai ned cake 'a@%ntrlleﬁéi@y a@&eeﬁlmmdcmaogmfoc&hpms pif-1 eypfdd- Qm:{[GIR Qg@bR)-
(CHC13) T resu not her
auor s FramgR SIRNR s eal Rt Rl T Bl rm Bt e 1o
give a VM%ﬁnEof @&%taﬂm@,?ﬁma Wﬁlt@pdiﬂvdérliﬁ ery@falhne Form A was obtained.

14-0-{[ (1S, 2S, 45) - 4- Ami no- 2- hydr oxycycl ohexyl sul fanyl Facetyll-mutilin with
14-0-{[ (1R 2R 4R) - 4- Am no- 2- hydr oxycycl ohexyl sul fanyl Facetyl |l -mutilin were
obt ai ned 1, ] ' TRe. tern

oot & ned t Sm/&é‘,%t M Streéﬁcc?lﬁrﬁ%f‘ém&ﬁie BY14£0-5 17 & bRUR) -4 RMmidd DM aRA

14- 0- {[(tij&;laﬁex@R)sulfaml]}awtylz} mutilioxagetgrel TheNMR phitan¥dr HaoOef[(1R2RYR) UL N. The
NVR patternf A -4-ani no- 2-. . . -

hydr oxy- ¢Y&iP8 &xﬂf@m- %‘3}} E@ﬂ@ywﬁzmﬂ-mﬂllg agfiale 1§ drsaribed inexapple 12
Exanpl e 11

14- 0- { R1R, 2R, 4R) - 4- Am no- 2- hydr oxy- cycl ohexyl -sul fanyl | -acetyl }-mutilin
acet at e, Ecapgilel2i ne Form A To a suspensi on of 615 g

N T T e T

resul ti ngrp¢Alkiné Porxhi®n wWas clarified through G- filter paper. The
filtrates obtained were heated to 50 to 55C (clear solution), 123 m acetic
acid was added, the resulfant m xture was stirred at 50 to 55C for
m nutes, cooled to ®fover 80 m nutes and furthes cool -
over 60 m n. Thev yuspensi on was aged at 0 toJQCorh80 nules,
filtered an e f||t°'é"[" £ Was washed with 3. 8 Lo thyI §c" afe “the
filter cak S pul | es W3n the filter under @ or 2 <
g of 14-0-{[ (1R 2R, 4R) o
4- Am no- 2- hydr oxy-cycl ohexyl -sul fanyl}-acetyl}-mutilin in the formof an
acetate in the formof a crystalline, fine white powder in crystalline Form
A was obPeicedare IThe 1H NVR pattern confirns the structure of

acet at o, TPHCURRSISROT P00 B 6F 1H0-0L) RERFAIDFS Hpgronz-nsdnbnd-cScichdoyt-stttanyi]-"
.Anm ggaﬁp Qyéiylgz&ﬁutﬁﬁpn.%@wuIof%ébﬁﬁﬁy!adetaa@%vé Addaytml ol JF sB&PLr9ihlsiot 1989.c1 1 bed
14-0-{[( 1F(lERM@)-%MmOthQdﬂwMWlph@smSoﬁ@yﬂ-a®t,1sll}-arnyilin-lacats;dll)menlinrm in

acetat € B E:Iayls{alll?z%ngn occurs also without adding the seed crystals. The resulting suspension




Procedure 1 To a suspension of 3260 g of

14-0-{[ (1R 2R 4R) - 4- am no- 2- hydr oxy- cycl ohexyl - sul fanyl Jacetyl}-mutilin in
56. 8 L ofwpoprepsH acet ate were added 10 g of seed cry®CRIAT20f1/000230-

{[ (1R 2R 4R) - 4- am no- 2- hydr oxy- cycl ohBxyl -sul fanyl ]-acetyl |l -nmutilin in
crystalline Form B. The crystallization occurs also w thout adding the seed
crystals. The resulting suspension WO 2011/146954PCT/ AT2011/ 000237 43 was
stirred at 20 to 25 C for >10 min. To the mi xture obtained was added 353 ni
of aceti tvagstided atkf oS % for 21@ mint b theanixtime gbtained wwasaddel 33 mbofacetie 1 h

d test f i i
bt ai nedteide i e R ARaRE WASL BT Ao D8 B ) WiEt eS| AERX HORBRTE
filter calépolimirpltd forasby XROD. Was begpensibm oBtafikd wasatifred foriasfapthaplyh at 20
acetate. The solid obtali nl%l was, dried under vacuum at_ 5QC for cgt | east 12

h. 3.15 Ky2dfClalteed.pnd the Hlferspke obtaged yias rwisameshedoyith Sy pacinft any | |
-acetyl}y gsgwrggl &e?zﬁ@tﬁ}eesoha ob eﬁ%ﬁlﬂgd%ﬂaﬁyﬁkaﬁﬂﬂa@od@f&%t RAMIB H.N

crystalli was obt ai ned. Procedure
14-0- {[ ( 3RS, ofﬂﬂ-@-{ﬁhm QR)Wd%mimy)-Z:tly:drohy})cyctlehmdyi-amifah]yl]aaoetyy} mutmlmu lin

was di ssol ved anol.. To.the m obt ai ned, 0.338 m of
acetic aé?edatﬁ/é%{}'ﬁgﬂlé"aO?ﬁcﬁ'ﬁg’n&?r‘f’]i“woé‘ﬂdnfﬁ'éwil eﬁ%qrg‘rﬁéfﬁ‘tsgpﬁé‘lf s stirred
for 15 min. To the m xture obtained 30 m of isopropyl acetate was added

over 30 mn and the resulting suspension was stirred during 30 mn. The
sl urry oBrosederd 2nas heated to 30C, 15 vol unes were distilled off and 3

strips ( u {.SQpr t for urry
obt ai ned 9vvasg ?foll4t Qf@gﬁ@&{egﬁe"ﬁ} éé) Bﬂierg ?g %&af) ﬁex\é\% tS‘éllfn ace&fj S qufxevgl
washed wdisbolvedir ®py bfsrthahel. 6 Qhe(hhb&dre@bﬁiiﬁmmm% thl é8adgtiofacid was added in

{[ (1R 2R 4R) - 4- Am no- 2- hydr ox¥q cycl ohexyl sul fanyél} acetyll-nutilin acetate
in the fORHPHIOR apghfhesoliftiparokfainsdavasstirgdifar b pug- Jio the @ixyreeiiaingd 30 ml

.50 (a, 5 HPigpatitsf¥uar il s BFln M @Yl flofeniOpndl il Byide 1) o

J=15Hz, 26imin3T%5lurdy @btainey wat Hpated® to/30°C, 25 Gélupmgs wildri dlsﬂllﬁﬁoﬁ' and 3(smipslll)
2.40 (s, broad 111), 2.23 -2.12 (m 1H), 2.12 - 2.03 (m .311), 2.03 - 1.95
(m 1H), %mlwne%@ctlmf liqmypylfcvt?te(\gere@r:ﬁon&edr The slugry qhﬁqmqhwys fifered . 1 57

006 (R itk eeifftng bbihined st isolayef sefhed i isobroffdcpracila arkg™” -
14- 0- { [ ( aRraight R)744e &f1{ (LR, Mﬂﬁdﬂeﬁwmyﬂhgﬂ&myk:yulohexmstplfmgtlyh(}etyh}mmhtilin

e actat e, cryshalline, Fofn 1 0, 2014 146SSAECT) AT2GLY 00025 1 44

'H NMR (500 MHz, DMSO-d, ppm, inter alia) 8 6.16 — 6.10 (m, 1 H), 5.54 (d, J=8.3Hz,
1H), 5.09 — 5.02 (m, 2H), 3.42 (d, J=6Hz, 1H), 3.37 (AB, J=15Hz, 2H), 3.29 — 3.25 (m, 1H),
2.77-2.67 (m, 1H), 2.55 — 2.5 (m, 1H), 2.40 (s, broad, 1H), 2.23 — 2.12 (m, 1H), 2.12 - 2.03
(m, 3H), 2.03 — 1.95 (m, 1H), 1.94 — 1.85 (m, 1H), 1.77 (s, 3H), 1.77 - 1.71 (m, 1H), 1.7 -
1.57 (m, 2H), 1.52 — 1.43 (m, 1H), 1.43 — 1.37 (m, 1H), 1.36 (s, 3H), 1.37 — 0.96 (m, 10H),
0.81 (d, J=7Hz, 3H), 0.62 (d, J=7Hz, 3H)

Example 13
14-0-{[(1R,2R,4R)-4-Amino-2-hydroxy-cyclohexylsulfanylj-acetyl}-mutilin L-lactate,
crystalline Form 1



22 g of

14-0-{[ (1R 2R 4R) - 4- Am no- 2- hydr oxy- cycl ohexyl - sul fanyl ] -acetyl}-mutilin
and 1.1 LwofR20B/BsS4were charged to a vessel. The suspen®CHTATBHLIANMST was
heated to 50C and held until dissolut44on. To the m xture obtained 1

equi val ent of 98% L-lactic acid was added and the m xture obtai ned was
gradual ly cooled to 25C over 3 h. Optionally

14-0-{[ (1R 2R, 4R) - 4- Am no- 2- hydr oxy- cycl ohexyl -sul fanyl ] -acetyl}-mutilin
L-lactate seed crystals added. Crystallization also occurs w tfout
seed crystal 1 The )

further cool gd_ 1 | h\ The precipitate obtained w- ss

filtration dried 9"\ vﬁc /0" at 40T overnrg
14-0- {[(LR RAR) - 4- A ydr oxy- cycl ohexykgilof ATy “acet yl4+-AZN n
L-lactate in crystalllneJ >*m 1 was obt ai ned 1 NNR(4OO MHz, DR¥MSO/d6,

ppm inter alia) 8 6.13 (dd, J=11 and 18Hz, 111), 5.54 (d, J 8Hz 1H)
5.10- 5.01 (m 2H), 4.53 (d, broad, 111), 3.60 (dd, J=7 and 14Hz, 1H), 3.40
(AB, J=1%Rz ofA810;{[Q.RZBR.4R)-4 ]Ai)lin022—5§dr02y-¢ﬁclolmxyl—bi)l;fax@l]&ﬁ:e(ys} -mintidiacpd 111) ,

é g?_ ( 3 1?]%17]9% Etél}i we e 7(13%)?4v%|_2e1 "ljﬁeosﬁsée%’siog IZ)ht)tained was heate‘cji to |§|6°C an|_(q
14- 0- { [ (1RARH @ssdluﬁ@ﬂ Ny e i fufXytiained P'&g&ﬁ)&hl%ﬂd dfRYh L1865 adid wablhddedn

hydr ogennel eate, crystalline Form 1
14-0- {[(_ammmm)urqohmned %W@ﬂ@i&y%@@d%@?ﬂ O‘Eml3fhany1] acetyl | - rrutl I i n

Pooted  OnsBhatly BADIGTR 2RI S Anie. By E:cy e RUSRARRV DAoL A

of 1M nall@itsie ssdd@rystald Werdwided. fta:ryg@mzaﬁ@dalkchecdtirsxtvtth@tcsbécacr@gﬁlswas al I ovved
to cool to rt overnight with stirri q%%& WO 2011/ 146954PCT/ AT2011/ 000237 45

Opt i onal |1}Ie Tepuffantrsuspepsion wagiirad aid(hds s exeamight and furthersepleddn PFQ AN Facet vy
1 -muti by %&%em Efbas Ec,% ﬂyﬁ%{lén&@%&g&%%cu&wﬁoé' dVeAfthton

occurs aI so out see crysta

[ (1R 2R, 482)7—g40m @9{[21—1{)2&,14&(-9 Ammoehhxdrﬂoxymb’élahw’l;]l-salfm)&] jcetyliHmutilim i-n t he
f or m of ?cr%/stallil?e e\ydr gﬁ) salt in crystalline Form 1l was
i sol at ed t¢ 1 qrystphiign SHH t‘?‘B ‘6 h in vacuo.

'H NMR (400 MHz, DMSO-ds, ppm, inter alia) 8 6.13 (dd, J=11 and 18Hz, 1H), 5.54 (d,
J=8Hz, 1H), 5.10 — 5.01 (m, 2H), 4.53 (d, broad, 1H), 3.60 (dd, J=7 and 14Hz, 1H), 3.40
(AB, J=15Hz, 2H), 2.93 (m, 1H), 2.55 — 2.48 (m, 1H), 2.39 (s, broad, 1H), 1.36 (s, 3H), 1.09
(d, J=7Hz, 3H), 1.04 (s, 3H), 0.81 (d, J=7Hz, 3H), 0.61 (d, J=7Hz, 3H).

Examplé 14
14-0-{|(1R,2R AR)-4- Amino-2-hydroxy-cyclohexylsulfanyl]-acetyl}-mutilin

hydrogenmaleate, crystalline Form 1

5.5 g of 14-O-{[(1R,2R 4R)-4-Amino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl }-mutilin and
110 ml of EtOAc were charged to a flask. The suspension obtained was heated to 80°C and
held until dissolution. To the mixture obtained 10.8 ml of 1M maleic acid in THF was

charged, and the mixture obtained was allowed to cool to rt overnight with stirring.



ill NVR (400 MHz, DMBO-d-6, ppm inter alia) 8 6.13 (dd, J=11 and 18Hz,
111), 6.00 (s, 211), 5.54 (d, J=8Hz, 1H), 5.10 - 5.01 (m 2H), 4.54 (d,
J=6Hz, 1HyO28140B695AB, J=15Hz, 2H), 3.05 (m 111), 2.56 PCZ/AAQ0(1rHP02B11),
2.40 (s, broad, 1H), 1.36 (s, 311), 14505 (s, 311), 0.81 (d, J=7Hz, 3H),
0.61 (d, J=7Hz, 311). The process to exchange the am ne protecting group R
in a conpound of formula | is shown in REACTI ON SCHEI\/E 3 bel ow. REACTI ON

SCHEME 3 s . 13LEU aos OH Am ne protecti agent sLEU OH : R
base sol vaptionally h4-BEACTR AR %49611311@ rissreseeciohgsy fﬁ@y}&ﬁé@t&l}tmﬁglugr oup

as defi ”‘?&d@o%%ﬂ&aleﬁ’é%@?d &ygtgls were added. Crystallization occurs also without seed crystals.
6.16 g of 14-O-{[(1R,2R,4R)-4-amino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl } -mutilin in the
form of a crystalline hydrogenmaleate salt in crystalline Form 1 was isolated by filtration

and dried for 6 h in vacuo.

'H NMR (400 MHz, DMSO-d-s, ppm, inter alia) 5 6.13 (dd, J=11 and 18Hz, 1H), 6.00 (s,
2H), 5.54 (d, J=8Hz, 1H), 5.10 — 5.01 (m, 2H), 4.54 (d, J=6Hz, 1H), 3.40 (AB, J=15Hz, 2H),
3.05 (m, 1H), 2.56 — 2.49 (m, 1H), 2.40 (s, broad, 1H), 1.36 (s, 3H), 1.05 (s, 3H), 0.81 (d,
J=7Hz, 3H), 0.61 (d, J=7Hz, 3H).

The process to exchange the amine protecting group R in a compound of formula I is shown

in REACTION SCHEME 3 below:
REACTION SCHEME 3
S/PLEU S/PLEU
wOH Amine protecting agent WOH
base l
H solvent v
NH, _NH

In REACTION SCHME 3 R represents an amino protecting group as defined above.
Example 15

14-0-{{(1R,2R ,4R)-4-[(2,2,2-Trifluoroacetyl)-amino-2-hydroxy-cyclohexyl-sulfanyl]-
acetyl}-mutilin

HN

1 g of 14-O-{[(1R,2R,4R)-4-Amino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl }-mutilin and 10
ml of DCM were charged to a flask at RT and the mixture obtained was stirred. To the
mixture obtained 0.41 ml of triethylamine were added dropwise, followed by 0.29 ml of

trifluoroacetic anhydride and the mixture obtained was stirred until reaction completion



14-0- 11( 1R 2R 4R)-4-1(2, 2, 2-Tri fl uor oacet yl ) - am no- 2- hydr oxy- cycl ohexyl - sul
fanyl |l acetyl)-nutilin 1 g of 14-0- {

[ (1R, 2R, ARp-2411A369%0- 2- hydr oxy- cycl ohexyl - sul f anyl | - acet yCrramoitfooo3and 10
m of DCM were charged to a flask at 4T and the m xture obtai ned was
stirred. To the m xture obtained 0.41 m of triethylam ne were added
dropwi se, followed by 0.29 m of trifluoroacetic anhydri de and the m xture
obtained was stirred until reaction conpletion

2011/ 1469$eeimurnadbnby TH607Bre mixtyrg obtainedrieas \Mgshgcj/ withd)0, mirpfed. kM HGl e

and- 10 R SRR bt STt ¢l oh et PAGEaic) b Bynlls, ©%0 TOHEE

14- P] {1( 1&02@12112}0'4{[[(1222 423)1:[:(1 ngamhba%wlﬁmgm -2 ?b&l@&@éﬁcl@h@l}@h exyl sul f
any acet mutilin was obtained in the formof a foam The 1H NWR
pattern 66%4‘]}3?1 n@ef%én&tﬂﬁc‘Y%?r‘g"%\‘edl@tbe fqrpuet aleamy) - 4-[ (2, 2, 2-

Trifl uoroacet yp- am no- 2- hydr oxy-cycl ohexyl - sul fanyl ] - acetyl} mutilin. The
NVR pattern, for 14-0-

{[ (1R ZRMR)HZNMBszmemdmﬁhnudlmtde O G{( PR.BRARYH2, 2 ohexyl - sul f anyl

]- acety t|||n|sde ed|n

14-0-f Rl etxl)eqnp.}g(}?glyldg y‘fyzﬂﬁ l?%?%)?}?etgaeﬁr’l}ﬁﬁ&ﬁhe SIMRPRC acet y
| }- muti |fd)1nl4 O-§ (1R, 2R, 41% 4g (2,2,2- Tnﬂuoroacetyl) amino-2-hydroxy-cyclohexyl-sulfanyl]-
{[(1R 2R 4R - 4- m no- roxy cycl ohexyl - sul fany?] -acetyl!l -mutilin and 10
m of Dcmnéh}en@miargei@sqrﬁ)edlwmlaﬁ RT and the mixture obtained was
stirred. To the m xture obtained 0.41 m of triethylam ne was added

dropwi se, followed by 0.2 m of ethyl chlorofornate and the m xture

obt ai ned Bxafmpié 16 red until reaction conpletion (determ ned by by TLC). The
m xture obtained was washed with 10 mM of 0.1 MHCL followed by 10 m of 5%
NaHCO3 and-a-@[(m,zm‘,mgad-efhoayethyammaaeﬂydm)xybrcyélehsxyl-lsuﬁ'ﬁng]-af:etyl}-

14- 0_{[(#§tﬁ% 4R) - 4- et hoxycar bonyl anm no- 2- hydr oxy- cycl ohexyl - sul fany1] -
acetyl | - l{ M n was obtal ned-in the formof a foam 1H NWR (400 Mz,

DMVBO- d-6, ppm inter al ¥ 707(d J=7.6Hz, 114), 6.16 (dd, {J= =17.6 Hz,

J=11.0 Hz, 5 , J=8.0 Hz), 5.13 496°” 4354°(d, 1H,
J=5.8Hz) ﬁ VE : ) (ms\/ﬁi)

.....
HN

=

1 g of 14-O-{[(1R,2R ,4R)-4-Amino-2-hydroxy-cyclohexyl-sulfanyl]-acetyl }-mutilin and 10
ml of DCM were charged to a flask at RT and the mixture obtained was stirred. To the
mixture obtained 0.41 ml of triethylamine was added dropwise, followed by 0.2 ml of ethyl
chloroformate and the mixture obtained was stirred until reaction completion (determined by
by TLC). The mixture obtained was washed with 10 ml of 0.1 M HCI followed by 10 ml of
5% NaHCOj; and 10 ml of water and concentrated to dryness.

1.05 g of 14-O-{[(1R,2R,4R)-4-ethoxycarbonylamino-2-hydroxy-cyclohexyl-sulfanyl]-

acetyl}-mutilin was obtained-in the form of a foam.

'H NMR (400 MHz, DMSO-d-¢, ppm, inter alia) 8 7.07 (d, J=7.6Hz, 1H), 6.16 (dd, J=17.6
Hz, J=11.0 Hz, 1H), 5.55 (d, 1H, J=8.0 Hz), 5.13 — 4.96 (m, 3H), 4.54 (d, 1H, J=5.8Hz), 4.00
~3.89 (g, 2H), 3.56 — 3.14 (m, SH), 251-236 (m, 2H), 2.18 — 1.80 (m, 5H), 1.80 — 1.40
(m, SH), 1.40 — 0.88 (m, 17H), 0.82 (d, ]=6.8 Hz, 3H), 0.63 (d, J=5.8 Hz, 3H)



-3.89 (q, 2H), 3.56 - 3.14 (m 511), 2.511- 2.36 (m 214), 2.18 - 1.80 (m
5H), 1.80- 1.40 (m 511), 1.40 - 0.88 (m 17H), 0.82 (d, J=6.8 Hz, 3H),

0. 63 (d, We208/Hg543H) WO 2011/ 146954PCT/ AT2011/ 000237 PCT/AHRGNT0E231 7
14-0-{[ (1R 2R, 4R) - 47

2- hydr oxy-4- (phtalimdo-Nyl)-eyel ohexyl -sul fanyl |l -acetyll-mutilin lg
of 14-0-1[ (1R 2R 4R) - 4- Am no- 2- hydr oxy- cycl ohexyl - sul fanyl] -acetyl}-nutilin
and 40 m_of toluene were charged to a flask at RT and the m xture obtained
was stirrxample 1fhe mi xture obtained 0.41 m of triethylanine were added
dropw se, foll owed b)é 0.30 g of phthalic anhydride and the m xture obtai ned
was heat dd-@d (A &2R4R):20hy droxy4-enhtalimido=Nexl ey clehrayl-palfanydl-aeaty - onaikin ons,
until reaction conpletigh (determ ned by HPLC). The m xture obt/ai ned was
washed with MHCL foll owed by 10 m of o6% NakiCO3 aydl,*0 ml of

b0 M qf 0. D
wat er, dri ed \Aer\/io NI fate and concentratoed t dﬁw@gos_,‘

2- hydr oxy=NI-Tpht al i m~do- 1)-cyc| ohexyl - sul ety | s I’ )was
obtained in the formoft“pal e white crystals. /R (400 Mz, oHVBO- d- 6,
ppm inter alia) 8 7.9 - 7.7 (m 4H), 6.17 (48 J=17.6 Hz, J=11.2 Hz, 1H),
5.58 (d, 111 6,-.5. 3H).,.. 4. 54 11, .J=6.0QHz) . . A4 13 -
401 (m 'yt 15060 TEAR 48 denmighy Phytidly Whtoptiiplmgfcen gl ey 6

2.30- 1. &8 dfMdluddelyere thfged 1o 4 Hadknat RIPAdd the iktur®oBtainet whi Slisred . 1&3héd,
J=6.6 Hz, 3H), 0.65 (d, J=5.8 Hz, 3H) Theﬁ%rocess,to the starting materi al
of f or nuimixtugobigimed 0-4lgnl efactylsamine e asided drapwiised SollrveddiB@gof 1 a i s

sumar | 2 eglalaflc BORGHA0 A, SHISHE, e A8l REACHLRM MR the ¥er was removed

under Dean-Stark conditions, until reaction completion (determined by HPLC). The mixture

obtained was washed with 10 ml of 0.1 M HCI followed by 10 ml of 5% NaHCO; and 10 ml

of water, dried over sodium sulfate and concentrated to dryness.
0.87 g of 14-O-{[(1R,2R 4R)- 2-hydroxy-4-(phtalimido-N-yl)-cyclohexyl-sulfanyl]-acetyl}-

mutilin was obtained in the form of pale white crystals.

'H NMR (400 MHz, DMSO-d-¢, ppm, inter alia) 8 7.9 — 7.7 (m, 4H), 6.17 (dd, J=17.6 Hz,
J=11.2 Hz, 1H), 5.58 (d, 1H, J=7.8 Hz), 5.16 — 5.06 (m, 3H), 4.54 (d, 1H, J=6.0Hz), 4.13 —
4.01 (m, 1H), 3.62 — 3.29 (m, 4H), 2.69 — 2.60 (m, 1H), 2.43 (m, 1H), 2.30 — 1.80 (m, 8H),
1.80 — 1.15 (m, 12H), 1.1 — 0.9 (m, 4H), 0.83 (d, J=6.6 Hz, 3H), 0.65 (d, J=5.8 Hz, 3H)

The process to the starting material of formula I'Va useful for the production of compounds

of formula Illa is summarized in Reaction Scheme 4 below.

REACTION SCHEME 4



DPPA TEA R-H Cud t ol uene tol uene O AHVillaovil avi a

WO 2011/146954 PCT/AT2011/000237
48
DPPA R-H
—_— —_—
- toluene - toluene 5
5 N HN
07 “oH _c” SR
Vilia 0" via Via

CH,Cl, | mCPBA

i 0
LOH R1SH z
- L Bu,/NCI
toluene Y
: HN
HN\R ~R
IVa va

In REACTION SCHME 4 R represents an amino protecting group and and R, represents a

sulfur protecting group and are as defined above.

Example 18

{(1R,2R,4R)-4-|(tert-Butoxycarbonyl)-amino]-2-hydroxy-cyclohexyl}-benzene-

carbothioate

Step A: tert-Butyl cyclohex-3-enyl-1(R)-carbamate

A. Salt Formation of cyclohex-3-ene-1-carboxylic acid

0O CH, o) CH,
I R |
OH 4 H,N O HN

1000 g of racemic cyclohex-3-ene-1-carboxylic acid was charged to a flask and 5 volumes of

acetone was added. The mixture obtained was stirred, heated to 55 to 60°C and stirred for 30
min. To the mixture obtained 960.5 g of (S)-(-)-a-methylbenzylamine in 2 volumes of
acetone were added dropwise over approximately 25 min. A clear, orange solution was
obtained and cooled slowly. Crystallization started at 53°C (after 30 min). Full

crystallization occurred after ~1h at 49°C. The mixture obtained was cooled to rt over a



| VaVa I n REACTI ON SCHME 4 R represents an am no protecting group and and R1
represents a sulfur protecting group and are as defined above. Exanple 18

{ (1R, 2R, ARp-24111i46%nt - But oxycar bonyl) - ami nol- 2- hydr oxy- cPCraeamliopesenzeneca
rbothioate Step A tert-Butyl cycloh®x-3-enyl-1(R)-carbamate A Salt
Formati on of cycl ohex-3-ene-1-carboxylic acid OCH3 OH 1000 g of racemc
cycl ohex- 3-ene- 1-carboxylic acid was charged to a flask and 5 vol unes of

acet one was added. The m xture obtai ned was stirred, heated to 55 to 60C
and st i r riagherck h sithnrice bash thea stirred gt @ forn ﬁlirﬁhédl 6&0The gre@fpltate obtained was

(S)-(-)- aﬁl@é&" ﬁ' %@%LM%&& cﬁlevghl&nﬁgt ﬁ%ﬁl%mm% st 'o? gﬁeq( 9 et?é)

over apprOX|na ear or ang mas o alned cooled

slowl y. Gapsixgli¢ aczidtau;@enoat ﬁurthedeaatloﬁaiﬁeﬁﬁfabewx’izﬁs obtaned Ful | cryst aI i zation
occurred aij%W; at 49C. The nixtyre obtained was cooled to rt over a WO
2011/ 146954 390019 goortical tsation; ¢ Felp =30 €F1aMePER bath then stirred
at rt for a further 1.5 h. The precipitate obtained was filtered off and
washed with acetone. An a-nethyl benzyl am ne salt of cycl ohex- 3-ene-1-
carboxylic acid-as set out in the reaction schene above was obtained. Yield

(wet): 19halt Resolfipncal rotation: 20[a] Es = +8.05 (c=1, MeOH)

1966.9 g (wet) of a salt as set out under step A and 3.8 volumes of acetone were charged to a
10 L vessel and the mixture obtained was heated to 55 to 60°C. When the product had
dissolved, the mixture obtained was stirred for a further 15 min and then slowly cooled to rt.
Crystallization started after 1 h 10 min (53°C). The mixture obtained was cooled to 20 to
25°C over 4.5 h and stirred at rt for a further 1.5 h. The precipitate obtained was filtered off
and washed with acetone. An a-methylbenzylamine salt of cyclohex-3-ene-1-carboxylic acid

wherein the R-isomer was enriched was obtained.
Yield (wet): 1143g; optical rotation: 2°[a]p = +20.65° (c=1, MeOH)
Step B. was repeated until a required optical rotation (*°[a]p > 40°) was achieved.

C. Cyclohex-3-ene-1(R)-carboxyvlic acid

o o )

OH H,N

————— =

AN
Ho o

579.6 g of cyclohex-3-ene-1(R)-carboxylic acid (S)-(-)- a-methylbenzylamine salt and 5
volumes of MTBE were charged to a flask at 20-25°C and the mixture obtained was stirred.
To the mixture obtained 10 volumes of 1M HCI were added, the mixture obtained was
stirred for 5-10 min and two layers were formed. The layers obtained were separated and the
aqueous layer was extracted with MTBE. The organic layers obtained were combined and
washed with brine. The organic phase obtained was dried over Na;SQy, filtered, and the
filter cake obtained was washed with MTBE. From the filtrate obtained solvent was removed

in vacuo. Cyclohex-3-ene-1(R)-carboxylic acid in the form of a clear oil was obtained.



B. Salt Resolution 1966.9 g (wet) of a salt as set out under step A and 3.8
vol unmes of acetone were charged to a 10 L vessel and the m xture obtained
was heat eWlO201158695¢ 60C. When t he product had di ssol ved PCThAE2M 11000232

obt ai ned was stirred for a further 150mm and then slowly cooled to rt.
Crystallization started after 1 h 10 mm (53C). The m xture obtai ned was
cooled to 20 to 25C over 4.5 h and stirred at rt for a further 1.5 h. The
preci pitate obtained was filtered off and washed with acetone. An

a- met hy| DaplgyP@hihe salt of cycl ohex-3-ene-1-carboxylic acid wherein the

R-i soner e arned |d (wet): 1143g; optical rotation:
20[a]r) gﬁ%ﬁﬁg@?n aDNe gi?tl cflq gHﬁwﬁs repeated until a required optical
rotation (20[43 > 40) was achi eved C. Cycl ohex-3-ene-1(R)-carboxylic acid
579.6 g of cycl ohex-3-ene-1(R)-carboxylic acid (S)-(-)- a-nethyl benzyl am ne
salt and @cldhk%%eqf(RWBEoﬂﬁfoﬁac@ﬁhg 86 ob@iredfih afdogy todlle AthaindlsdléRd in

m xture qgbtained was stirred m xt ure obtained 10 vol unmes of 1M HC1

wer e addeghwaris HriMy gt - b%@%llﬁ@j 1\%85159( r3%408d for 5-10 nmand two | ayers
were formed. The | ayers obtained were separated and the aqueous | ayer was
extracted with MIBE. The organic |ayers obtained were combined and washed
with brine. The organl c phase obtai ned was dried over Na2SO4, filtered, and
the filtéx RN 6 gy { € R)erbamdte at e obt ai ned
sol vent was rem)ved in vacuo. Q/cl ohex 3-ene-1(R) -carboxylic acid in the
formof a clear oil wag”OBRtai ned. WO 2011/ 146954PCT/ AT20%
Yield: 301.78 g Optica ation 20[a]r) = +83.1 (c=1, 13)
Cycl ohex- 3-ene- 1(R) - carbgxyl i c—aci-d—ay—besbtai ned in anal ogy to the
met hod di sclosed in Schwartz, H M; et al. JARE 1988, 0, 5199-5203. D.
Curtius Rearrangenent tpagbt ain tert but yl cychq{%ﬁ 3\[‘p/nyl (R) - carbanmat e
CH, O

305 g of cyclohex-3-ene-1(R)-carboxylic acid and 10 volumes of toluene were charged to a
flask at 20-25°C and the mixture obtained was stirred. To the mixture obtained 1.1
equivalents of triethylamine were added dropwise over 15 min and the mixture obtained was
stirred for a further 20 min. To the mixture obtained 1.05 equivalents of DPPA were added
dropwise over approximately 20 min and the temperature raised to 95°C (exothermic
reaction) with vigorous gas evolution. The mixture obtained was stirred for 15 min and
heated to reflux. Progress of the reaction was followed by 'H NMR measurements until
completion. The mixture obtained was cooled to 80°C over 35 min and 5 equivalents of tert-
butanol were added dropwise over 10 min, followed by 7.65 g of CuCl. The mixture
obtained was warmed to 100°C and stirred for a further 40 min. Progress of the reaction was
followed by 'H NMR measurements until completion. The mixture obtained was cooled and
5 volumes of aqueous, saturated NaHCO); solution were added over 10 min. The mixture
obtained was stirred for 20 min and left overnight. The mixture obtained was filtered and the
residual solid was washed twice with toluene. The organic layers were separated and the
aqueous layer was washed twice with toluene. All organic layers obtained were combined,
washed with H,O and solvent was removed in vacuo. tert-Butyl cyclohex-3-enyl-1(R)-

carbamate was obtained in the form of a light brown solid. Crude Yield: 479.7 g

The crude tert-Butyl cyclohex-3-enyl-1(R)-carbamate obtained was subjected to
chromatography. For 160 g of crude product the column was packed with 1.5 Kg silica gel,



HO H3CNH HCi Il CH3 0 305 g of cycl ohex-3-ene-1(R)-carboxylic acid and 10
vol unmes of toluene were charged to a flask at 20-25C and the m xture

obt ai ned WaxOHYi4695¢d. To the m xture obtained 1.1 equi vRCEXTR013{000237
triethylam ne were added dropw se oveYl 15 min and the m xture obtai ned was
stirred for a further 20 min. To the m xture obtained 1.05 equival ents of
DPPA were added dropw se over approximately 20 mn and the tenperature

rai sed to 95C (exqtherm c reaction) with vigorous gas evolution. The
mi xt ure OBNE2HeH ofisxclehaxape @nd depped “mhrﬁaaﬁdf h?e?av%plpéuqtémslh@deﬁmgﬁels ef of

t he reactkp t e ' The
Xt ur o Oty oo doleRURE T8¢ colBREEASMER VR e Wilosving BEBACHE bt

t er t but adacrerefractmadeihgioblevted eadviimne:10 min, followed by 7.65 g of Cud.
The m xt in was r 0.10QC and stirred for a further 40 mn.
Pr ogr essg%eEmg}F@i&W @%H%M%e{aﬁ by | FI NVR neasurenents until

conpl et i @, g/ Ty XlbHERnL T RI0EIdF¥GRHnsPOl ed and 5 vol unes of aqueous,

sat urated NaHCO3 Sol ution were added over 10 min. The m xture obtai ned was
stirred 6% EXQAY nyelobexagé (4 » OSlnfrations)The mi xt ure obtai ned was filtered
and the residual,  salid was, washed |.C ith toluene. The organic |ayers
were sep rvgfagldyl lﬂ&%?ﬁ%‘rgﬂ]ﬁg’%?hp'a@g\d/@gwmmd twce with toluene. All
organi c | ayers obtai ned were conbi ned, washed with 1120 and sol vent was
removed iin vacuo. tert-Butyl cyclohex-3-enyl- 1&@ car bamat e was obt ai ned

in the foHMMR €D¢n200GMElh peaDi & 5-68- U6 (% bHY: 5-36:6-60 @, M, 4.54 (s, broad,
2011/ 146 T / i ) f , t ith
sand,  Tnatr o CoPsat ThE5 SAAE: .61 Zmey LA rERE LRET e

col um was, fHpdEdsy8HN the fol l owi ng gradient system a discrete fraction
bei ng coll ected each tine: 2% Et OAc/ cycl ohexane (9 x 0.8L fractions) 5%
Et OAc/ cycl ohexane (7 x 0.8L fractions) 10% Et OAc/ cycl ohexane (4 x 0. 8L
fracti on® i Rr F 54 8175390 4f 7 t:hgO 1 VR
(coe1s, 50 M pSH PV TPas P IR SI L R IR b Y (s,
broad, 111), 3.77 (s, broad, 111), 2.32-2.34 (m 1H), 2.07-2.17 (m 2H),
1.81-1.87 (m 2H), 1.48-1.56 (m 1H), 1.44 (s, 911) 13C NWMR (CDC13, 500
MHz, ppnBtep BieirButy] (IR BRSS)-{24xa-bickelo]4.14Fhept-B¥l)karBdmdte 23. 6 Step B:
tert-Butyl (1R 3R, 6S)-(7-o0xa-bicyclo[4.1.0]hept-3-yl)-carbamate 4500 g of
nCPBA (70% and 24 L of CH2Cl2 were charged to a Wgessel and the m xture
obt ai ned was cooled to 15C. 300 of tert-butyl NH

cycl ohex- 3-enyl- 1(R) - car bamat e @4 51 of C112C s added dropw se over
approxi mately 30 nm mai ntai ni ng the tenperature atYl5 to 25C. To the

m xture obtained 1.5 L ofy wwas added Ha;)%ttﬁ]eﬂm xture obtained was
stirred at 20 to 25C for ux“h and heated toHeen| uxt (40C) for 2 h. Upon
conpl etion of the reaction f*H°NMR control), t'fe “ni xture was cooled to -5

to OC, stirred overnight and the solid precipitate obtained was filtered
of f and #e&hzaf wﬁﬂﬁﬁc&w@@d 2fileof eHoChavere ehargediioa Vessel aad fedmiptye 10%

agueous ' [ ' J.p remyg (peL.oxi p 9

oo REFIMES AABIE] 5P 308 L OF Pui Gt CEBRN RELAENAER in 3D F
and wat eof CHhE€l, wagadded dropsise @vtedppeskim@ate] 30 ain hianitsididgahertempeadtuneait a5e
and 15 L of_ toluene was g%?ﬂed and the_ m xture obtained was concentrat ed

again t o hndp t%‘F‘tﬁ?é‘.e. 1gedsh-p LRl w . edand Shemxtygs obiiged was
tinmes. 2. 63081909549 for 18 ShF IR $8nE:O0PE5 i 9. UpbRRoRpibtibalotaRe)

reaction ("H NMR control), the mixture was cooled to -5 to 0°C, stirred overnight and the
solid precipitate obtained was filtered off and washed with CH,Cl,. The resultant filtrate was
washed with 10% aqueous sodium thiosulfate solution in order to remove peroxides, 10%
aqueous NaHCO); solution until a pH>7 was achieved in the aqueous phase, and water. The
organic phase obtained was concentrated to minimal volume and 15 L of toluene was added
and the mixture obtained was concentrated again to minimal volume. This strip process was

repeated two more times.2.63 Kg (2.05 Kg yield corrected for residual mCBA and toluene)



WO 2011/ 146954PCT/ AT2011/ 000237 52 of tert-Butyl

(1R 3R, 6S)-(7-oxa-bicyclo[4.1.0] hept-3-yl)-carbamate in the formof a

sol uti on W 2bl/4e9s¢ was obt ai ned. | HNVR (200 MHz, CDCLl3PCpa#R0B/00285 (d,
J=7Hz, 1H), 3.6- 3.54 (m 1H), 3.10 (¥, broad, 211), 2.23 - 1.99 (m 2H),
1.92- 1.67 (m 211), 1.54- 1.27 (m 11H St ep C

{(1R 2R 4R) - 4- 1(tert But oxyear bony1l) - am nol - hydroxy cycl ohexyl} - benzeneca
r bot hi oate 2630 correct ed% of tert-b

(1R 3R, 68frerrB asyi(k#é nghO&a-bw@lﬁ 4. goy@t-%yémm@e iththe Spym of a golationt | on

in tol uengt(ﬁ&éﬁlh%dsq,gm\{@ qoht: 15.44 Kg) fromstep B above and 3.1 L of
tol uene were charged to a vessel and the mixture obtained was stirred at

dr opui se. TP QB ke e BBl bR o Stk T By S4 8 Pl e BRadna”
85. 3 g oRH)£2.2HbULYY @RI usnehlm(rd,aﬂmmsshydr.m @nj nine portion were

added, external tenperature control was stopped, and the m xture obtained
was subjected to exothermreaction. The m xture obtai ned was heated to

40- 45C a L iv el #}rm

NVR- cont Irs‘ii‘f‘fé (Egdzr# Q)tihéébggt al n’éf wals)ﬁii:lz)gpleg&]ti ﬂ?gﬁﬁ%céil(g@i;a%ﬁf dpl tw ce
w th 5% sechssbimatdaHCO3 sol ution followed twice with H20. The organl c |layer
obt ai ned was concentrated in vacuo to mnimumvol yne. 10.25 L of tol uene
was added and the m xture obtained was again concgntrated to m ni num

vol une. That process was repea,t.ed and the dr obt ai ned was

determ ned Al subsequent resl ol unes a ived to this weight. To
t he crude concentration resi dut&l—ﬁeﬁl—G—S vol u of toluene were added
under stirring and the m xture™ettai ned was stirredat 15 to 25C for 30
mn. To the m xture obtana‘ég 311/5“\/0' unmes of njaeploanawwas added dropw se over
15 min and the m xture ol4di stirred at #&p 5C for 40 mn. The solid
obtai ned was filtered and W&sHed with 0.25 vol‘ii‘mag of tol uene-hept ane

1:1 | | 1:1
{oi I hued BT EREsB Gortdi) ¥r MB0Ht R S SOOI Rfora dffARIEM AT (1)),
WO 2011/ tAGHndeGH FARPEAAIDODRBR tsmeﬁ'm(selqum@mgmel5r4a4mg¢ﬁonmemboize of
So e el 1ad LTt AL RTI68 Gl R UNHE Sla Sl a1 T

((1R 2R 4R)c 4rd tht ﬁh&mmwme&ﬁ laarry&f)thﬁmeﬂmm &@xﬁrm&w&a@%@ﬁﬁzeneca

rbothioate in the formof a white solid was obtai ned
DI\/BO d6 tqnppv}atﬁre'/W&Z(ept Belw 30A¢. Pudher 7.9711 of tofuc®8 afd85.81g10f 7.58 -7.,49 (m

- 1 95 ( tl(agﬁty%n%&mw% S) 11%4 qli,psjateS in @Epofk%hwﬁrﬁ]a%i%ﬂ)exéﬁmi r%nél? A 2 12

process (ot ERRIopPN. Ad qkktlﬂmu&fwtasﬁe@rww Feteartb 8kotRérnf REABHA Thya Wm ch

is useful for the productlon of conpounds of Torrmula Illa is sunmarized in
REACTI ONmsaMre\ehtaiped wias hqaealcp 40n S tigred for 4 h. Upon completion of the reaction

(TLC and 'H NMR-control), the mixture obtained was cooled to 15 to 20°C and washed

twice with 5% aqueous NaHCOj solution followed twice with H,O. The organic layer
obtained was concentrated in vacuo to minimum volume. 10.25 L of toluene was added and
the mixture obtained was again concentrated to minimum volume. That process was repeated
and the dry weight obtained was determined. All subsequent reslurry volumes are relatived
to this weight.

To the crude concentration residue obtained 0.5 volumes of toluene were added under
stirring and the mixture obtained was stirred at 15 to 25°C for 30 min. To the mixture
obtained 0.5 volumes of heptane was added dropwise over 15 min and the mixture obtained
stirred at 15 to 25°C for 40 min. The solid obtained was filtered and washed with 0.25
volumes of toluene-heptane (1:1), followed by a slurry wash with 0.5 volumes of toluene-

heptane (1:1), followed by a displacement wash with 0.25 volumes of toluene-heptane (1:1).



| VaVa wherein R represents an am no protecting group and Rl represents a
sul fur protecting group and are defined as above. Exanple 19

1( 1R 2R, MRP-21411J148952, 2- Tri f | uor oacet yl) - am nol - 2- hydr oxy PCFATaMa0PIZB7 benzene
car bot hi oate WD 2011/146954 PCT/ AT20%1/ 000237 54 aso OH NH Step A

N- (Cycl ohex-3-en-1(R)-y1)-2,2,2-trifluoro-acetam de 50 g of

3-cycl ohexene-1(R)-carboxylic acid and 425 m of chl orobenzene were charged
to a flask at 20-25C and the m xture obtained was stirred. To the m xture
obt ai ned Thiprapedyre redneadipe amonet afamwadied degipispmesand higbepeaic pgid 26 ni  of

chl or obe ' h ' - 2 9.2 g of
pPA v adcepeHa ey s AR IpRE o VBl e dpdPuidl A0S 0 2
80 to 90 109G gdf 5{(Hﬁﬁ&,wag—[Wﬂl%ﬁtbmaﬂmdya-agﬂnﬁj-zmﬁrdm&myelb?m}Nbﬁhiene- Iri nse
was given. . The m xture obtain s, stirred at 78 to 82 Cfor 1 unt i

conpl et e AP ?ﬁtﬁéﬂtﬂﬁﬁom .a‘l"ﬁﬁe\é\?ﬂﬂﬂ?%ow&‘il-ned was cooled to

appr oxi 7 M]gg is F )r j cf g L f _

chl orobrerﬁiz{glrlllgmmgg@ad e’(ﬁ %@(%SMQEgh?rgiﬁh%i Z?ﬁgh{’ggg’t—,éﬂ%)e?f? 3(F{eﬂ 15@ ’ 77'(5)8to 80 C,
f ol | owed 7499 (m5ZH)y 685 (QUESHmdH) 261 @, JehbHeoddn 3e9e- 3.2 émy 3BHE2.12Fh&.95

m xture obt g d@/va tirr 9Q to 9 for 2 h and the reaction was
foll omd?@y%gg' nfl?16§éghﬂﬁg>t\a§ﬂ1'q‘llﬁe(n?ﬂﬁgﬁare obt ai ned was cooled to 15 to
25 C and 375 m of 20% aqueous K2CO3 sol uti on added and the m xture
obtained was stirred for 15 mn. The |layers obtained were separated and to
the uppemn Ofidaiice pRIRSs Q@&@bﬁrﬁg) Wbt #8sta{ine Mardial 6P ForAALERUSWER LS
solution. The m xture obtained Was filtered th%ough celite to renove

r esi dual useful Wr ghecprothectionlof tempaimdsm$ flathula Hin i5Gumimaoized inl READIIO™NNe. The

| ayers ogwgﬁre separated. The conbi ned | ower aqueous | ayers obt ai ned
wer e bac @°With 250 ml of chl orobenzene and the combi ned organic
phases obtai ned were washed w t REAIOTIOIN SCHEMEN phosphoric acid. The
aqueous | ayer obtai ned was back extracted with 300 m of chl orobenzene and
t he conbi ned organi ¢ phases obtaired werq washed with p0O0 Il of15 % aqueous

NaCl sol ution. Ajrip weirgghh asgay darri out to|d¢ ne the

1%

N- (cycl ohex- 3-e ) -y1) -TBA2 2. Itr or{o- acefyan de cpntept’ fof use in
epoxi dation step~B-el ow. pitie chljor ob€nzgne—set-ut+en optai hed cpntai ned
69.52 g of N-(cycliohex-3-en-1(R){y1):®, 2,/2- t PP¥' uor o- pcet™rg de

0” “oH 07 via |V
Viila L — -
PhCI| mCPBA
RIg L
R1SH )
«OH Bu,NCI N
PhCI §
HN HN
\R | \R _J
IVa Va

wherein R represents an amino protecting group and R; represents a sulfur protecting group

and are defined as above.

Example 19

{(1R,2R ,AR)-4-[(2,2,2-Trifluoroacetyl)-amino]-2-hydroxy-cyclohexyl}-benzene-
carbothioate



11-1 NWMR (200 MHz, D6-DWVSO, ppm) 8 9.33 (d, 111), 5.69 - 5.56 (m 211),

3.82 (s, broad, 1H), 2.25 - 1.96 (m 4H), 1.81 - 1.74 (m 1H), 1.66- 1.58

(m 1H) MBOQEBV46@ANDI ): mlz 194 [MtH WO 2011/ 146954 PETTAT200100@30237 55

Step B: 54

2,2,2-Trifluoro-N (1R 3R, 6,5)-(7-0xa-bicyclo[4.1.0j hept-3-yl)-acetam de

106.5 g of m Chl oroperbenzoic acid (70% was charged portionw se to the

vessel containing the cooled (10-15C) solution of 69.5 g of the

N-(cycl ohex-3-en-1(R)-y1)-2,2,2-trifl uoroacetam de of step Ajmaintaining

t enperature <30C, and finsed thfough With 6905/ m of chlg enzene. The

m xture opt&ned was stlrrt 20 to ZSC@ h and th act ifon yas

fol | oned LC until [conp on. Upop co t{on of the ', the

m xture obtiai ned was ciglfed To Pt& - € stirfed—er»30 nin the solid

preci pi t ag€~,CBA) obt fi Nlas| filtef ahd washed W|F£E 2:x 34.8 m of
es

chl orobenzene. The respltagt fiftrate| was) washpd with 347, Nof 10%
sodi umthi osul fate solfution to fenove perOX| des, and the r tant aqueous
| ayer was back extracted—with—E‘OB. 6 ntr—of chtorobenzene. The conbi ned
organic | '. h347 m, of 5% sodi um bi car bonate

sol uti on X8 ‘*dlnd t he resul tant aqueous

| ayer vva550 @dqlaxelﬁdl(\ﬂ){cmbmsh@aqrﬂ amd 42hind pb bidnrobrezent veere orngeddtd a
or gani ¢ 'fl%¥l€£t52 € #Ashe %%}%%Zecpw% stitted3bhe miktife dbRailtd PIY mpSERY wWas

carri ed out term ne

2,2, 2-tr |t$¢thﬂﬁ’@1%‘(’@§@dép\d depwise foklanrd Pz 2o . of chiorehanzeney The mixiutmi de
gogt Sn: r Io}?ﬁﬁgerﬁgbﬂv%ﬁﬁm 44598 &okyvc qad 209 2igNFD RO Kk Eg&e[d?ﬁ_aﬁi%)sg c&{tro;led

o a1 ni BRGNS SR B 4 5@%%@5&@4’%@5&9{8@%@ e G of
sol ution chh)sobmmheflme raise va€gheh OFhd mixtore @baimdadgyas stirteNMR78 4082 REHor 1 h

D6- DVBO, 3.09
(m ory BECkonfbiéte B lined Yot e HhurgoBllineg Yyat oobl J dprgiatély )
1.76- 1 68 °Crand 226), oflnﬂuoroacege agish in 34 Ml afishlorshenzepienwas added drapyesq i f f

Step C. maintaining the temperature at 70 to 80 °C, followed by 1,57 g of CuCl and a 25 ml
{(1R 2R 4 e

Tri - | ohexyl }-b

Lear bot hFBRreehae Tiskirisis sk Zame Sbémesﬁv”%s?sﬁwi%%o 8 X Kk mgpdibbon g of
2, 2, 2-tr irddction Gmﬁ\lfdlIbR;e_aF&yﬁﬂllC u(51f11- m@lm&% The pdxtirddthgintd g»ay&qrﬁa@ei modte w?s
concentr t roXi e mes. base on..epoxi de e .concentrate
obt ai ned;i&gg "8@32@5‘3&’@%%‘1%% \b}(}odf% %Oﬁl&b(ﬁl ngf’al%&i] FH%Q%%E‘“? ﬂgtaf%ﬂp‘@’sat ure
was adj ustin'eti fop 13 mninoTROlagers Dbtajred weérk sepagatedaad toglie BBpet oggamfic lakerobenzoi ¢

id (90, t th
mxture SopiBIRR0ad PRI AR B0 SRR Hidmafu@ihdwa? T ne
ri nse andilipregghigugh celite farnmaye pmidial solidcanddhe aelitasvas H‘Sﬂéh@c witha8 midded in
ItO(r)\r tions tcHlbrcfbf%Q%neTﬂ% é‘ﬂ_?_ E)b&l&@\@ére §6ba¥ﬁ;éd *T%tcﬁﬂxbhfbd‘leéﬁaqﬁeo@ l]Ig e'tfrﬁd and

e reactjon follo 0 0 e
Foact | on bRt Mk SbRsEratt A BhoTppBrers 54 8 Qrmnpeloeuic o
2011/ 14695&66‘5&’52& Werd0agid voith sommaaﬂo 5iM phospthoriancidt Tike dquebeay lagake
obt ai ned %%ne%asebgc e%@e@x wiﬁ??&@& m] ]pf 911101%%' e ncl;,) G04 81L& com-IE)medsorgamc 89 a' ned

was dried I'n vacuo a g
{ (1R, 2R, oRpined[Wepe washedrwith 50 whobd Y4 jqueninpChsdiytismoxy - cycl ohexyl | - benzene

- car bot hix0glif wiksht 383 WS darridd (i d d¥idhie e 3R(dyRIohex-3-en-1(R)-y1)-2,2,2-
trifluoro-acetamide content for use in epoxidation step B below.
The chlorobenzene solution obtained contained 69.52 g of N-(cyclohex-3-en-1(R)-yl)-2,2,2-
trifluoro-acetamide.

'H NMR (200 MHz, Ds-DMSO, ppm) § 9.33 (d, 1H), 5.69 — 5.56 (m, 2H), 3.82 (s, broad,
1H), 2.25 — 1.96 (m, 4H), 1.81 — 1.74 (m, 1H), 1.66 — 1.58 (m, 1H)
MS (ESL g/mol): m/z 194 [M+H]"



NVR (400 MHz, DMSO-d6, ppm) 8 9.38 (s, 1H), 7.92 (m 2H), 7.68 (m 111),
7.55 (m 2H), 5.23 (s, 1H, 3.80 (m 1H), 3.55 - 3.49 (m 1H), 3.41 - 3.34
(m 1H), WOD2811/1489583 (m 2H), 1.82- 1.79 (m 111), 1.60PCI/AIBO(IMOBH). M
(ESI, g/nmol): nilz 348.0 [ M+l -1] The Process to the starting niaterial of
the m xture of conpound of fornmula IVa with a conpound of fornula IVb
useful for the production of the m xture of conpound of forrmula Ina with a
conmpound of forrmula My is sumrari zed in REACTI ON SCHEME 6 bel ow. REACTI ON

SCHEME 6 Step B14.2 OHP@or6BPBIR, 3 RBSY 01 bk 4- BRI PLT OhERD3 3 PARRZHIIE 7 Exanpl e 20
{C1R, 2R, 45280 o1 B X VSRt DY vy M I 38 & RE SAUE ccRERzR oo™
{ (1S, 2S, 41 ecblda @0t 1:5B0) solytiar iy  of therd(ex@idhestr pary-1 (R)ey bR 23 trithemaene- car
bot hi oat : ri-Butyl . cy - 3- - = %ﬁ@ip‘ﬁ%ﬂ r - But yl
cycl ohex?lgééﬁ?/df@f(s Aggﬁ%ﬁa@égﬁﬁ%@%%@g %é%g ohex né@t%%%@gkyl I C
aci d and chlooobenzeste. The mexurephiainghwaggiradst 2020 251G forid hand i macton ware
mx tur equmaé\y ] m@flﬁd&ii &\f;g%eﬁ&d Lﬁignkomplézg)g_tc{f!tﬁé J%H#tﬁg? iR %ﬁmfe@%%q}fd

pw se ov Wi se i.tjon .o : . over
20 nm (gXESEQRE 9 Bip -gexfgtSHgﬁﬁ%r T @F.tﬁerE:OlidrﬂeﬂP%tﬁ ?@E%)a%me Wasti  of
t o:c ije ne \ma&mlctdﬁﬁhma@efi iW‘iﬁl 2x0B48. mrrdslt-:chllt'bmburzenl @hmazmttamatﬁtrbegﬁ&dvdshed
reflux and,stijsre d he reactd on S CO et e determ and
WR " The {76 i ob I8%isalith BRGE R RolttBn SO R et Ml Rbuthnc

aqueous layer was back extracted with 208.6 ml of chlorobenzene. The combined organic

layers obtained were washed with 347.6 ml of 5% sodium bicarbonate solution to ensure a
pH > 7 of the aqueous phase and the resultant aqueous layer was back extracted with
208.6 ml of chlorobenzene. The combined organic layers were washed with 347.6 ml of

water.

A strip weight assay was carried out to determine the 2,2,2-trifluoro-N-(1R,3R,6S)-(7-oxa-
bicyclo[4.1.0]hept-3-yl)-acetamide content.

The chlorobenzene solution obtained contained 58.64 g of 2,2,2-trifluoro-N-(1R,3R,65)-(7-
oxa-bicyclo[4.1.0]hept-3-yl)-acetamide containing approximately 11% of anti (trans)

epoxide and the organic solution was used for step C below (ring-opening).

'H NMR (400 MHz, Ds-DMSO, ppm) & 9.21 (d, J=7.2 Hz, 1H), 3.80 — 3.52 (m, 1H), 3.10 —
3.09 (m, 2H), 2.22 — 1.66 (m, 4H), 2.03 — 2.10 (m, 1H), 1.91 — 1.78 (m, 1H), 1.76 — 1.68 (m,
1H), 1.52 — 1.30 (m, 2H)

MS (ESL g/mol): m/z 208 [MH]

Step C: {(1R.2R.AR)-4-[(2.2.2-Trifluoro-acetyl)-amino]-2-hydroxy-cyclohexyl}-benzene-
carbothioate

The chlorobenzene solution from step B containing 58.64 g of 2,2,2-trifluoro-N-(1R,3R,6S)-
(7-oxa-bicyclo[4.1.0]hept-3-yl)-acetamide was concentrated to approximately 5 volumes

based upon epoxide. The concentrate obtained was degassed at 15-25°C with argon for 30

min and the temperature was adjusted to 15 to 20 °C. To the mixture obtained 58.1 gof
thiobenzoic acid (90 %) was added dropwise ensuring a temperature below 30 °C. To the
mixture obtained 17.6 ml of chlorobenzene was added to the vessel as a line rinse and 2.49 g
of tetrabutylammonium chloride monohydrate was added in portions at <30°C. The mixture |
obtained was heated to 40-45 °C, stirred and the reaction followed by TLC until completion.
Upon completion of the reaction, the mixture obtained was cooled to 0 to 5 °C, stirred for



1 h. The m xture obtained was cooled to 80 C and 186 ml of t-BuOH was added
dropwi se over 10 nm followed by 1.26 g of Cul and the m xture obtained
was heat eWO2011¥18695dx. The reaction was foll owed by 114 RERAT2ZNH/008S7 shown
to be conplete after 1 h. The m xtur&6obtai ned was cooled to 20 to 25 C and
250 m of saturated NaHCO3 sol ution was added over 5 to 10 mm The m xture
obt ai ned was stirred for 30 mn, filtered to renove residual solid and the
solid was rinsed with 25 nl of toluene. The |ayers were separated and the

aqueous |1ay gid filsre@)dntl akd BlerWakd oBtathed 9As Washdd with 265864 A oOEl8fbendeny el S

wer e combj,ned.. hed with. 150 ml of (& d r i n,vacuo. 79.8
6 of o m teapi SPRme s e Tt yRamts B g3 S RN COEP b AR o Plioray
cycl ohex-agetghyamih¢ b2-hydrosgrratiohewd } -bbazzneredrbothivdie wias phtaofed an hredarm ©6hi d.
Optical Rgigtion: [ci]D (CHC13) = 00 Purification by Colum Chronmatography:
The crude mxture of tert-butyl cycl ohex-3-enyl-1(R)-carbamate and
tert-butyl cycl ohex-3- enyl-1(S)-carbamate was subjected to purification by

col um cHpoRMre MSOLdg, £ g}e 92@88@,64&5,07991 &nl2H), M8 (m, 1H), 7.55 (m,
?ft‘i

0RO A © , .
2011/ 146954PCT/ AT201.1/.000237 58 ir c n ti e
A g S G e SO LT 000 TS TEL S
product . 260), B82g 1079 @n,niIXt 166 —of.38 @nt3MBuUt yl cycl ohex- 3-enyl-1(R)- carbanate
with tert-Butyl cycl ohex-3-enyl-1(S)-carbamte was obtained in the form of
a white solid. Optical Rotation: [a]l) (C-11C13) =0 NVR (200 MHz,
CDC13, pp¥ (BSK ghwol): /2538 OfMPH)" 4.55 (s, broad, 1H), 3.76 (s, broad,
111), 2.41 -2.30 (m 1H), 2.12 - 2.08 (m 211), 1.91 - 1.76 (m 214), 1.6-

1.48 4 . - | .
(1m ot s ShElbrocksdd he siarlid il ERaGf tleidl'of compound of formula IVa with 3

(1S, 3S, 6kepmpdumkef formylal DY Bluskfifl|fvetht ptodptiier af thammikere of colpandiof formula

m Chl or oper benzoi ¢ aci 09 d 240 m. of. toall
1 aok. andlis natva sarmrmd e frmede s Semmetrbint b SR SCHERIEE bribRt o o
obtained 30.0 g of tertbutyl cyclohex-3-enyl-1(R)-carbamate and tert-butyl
cycl ohex-3-enyl-1(S)-carbamate in 45 m of CH2Cl2 was added dropw se over
approxi mately 30 min ensuring aRBEMPHOR GCEHBME®Y 25 C. To the mixture
obtained 15 m of CH2Cl2 was added as a line rinse and the m xture obtained
was stirred at rt for 1 h, heated to reflux (40 C) for 2 h and foll owed by
HPLC and TLC until conpl eti ape®f he reaction. RPon conpl etion of the
reaction, the m xt@dr&yobtai 7&4 was cqgdl¥g to 0°4b 5 C, red for 30 min,
and the solid pred | at e—(TTCBA)obt 4 ) vvastfll [Tered and washed
through with 2 x 15Yn of CI®%F2. The ¥esul tant“Filtrateyhwas washed with 3
x 150 m of 10 % aggeous sodi um t hi osuNfate sol ution tonkenove peroxides,
followed by 3 x 180 pP"of saturateg“Sogjum bi carbonate sg|Btion to ensure a
pH > 7 (recorded pH'="8-9), followed by 2 x 150 ml of water. The organic

| ayer obtai ned was concentrated, 150 ml of toluene was added and the

m xture obtained was concentrated again. To the concepid,atfcepRt ai ned 150 ni
of toluene was added, the m xture obtai ned was concentratjed to dryness,

tol uene was added to approximately 2 volunes and the m xtyre obtai ned was
kept in a refri®ersator befoRbeuse in the next step. WO

2011/ 146954PCT/ ATZ011/ 900237 R1SH 0
© wOH Bu,NC :
+ - +
- toluene Y
HNL HN HN<R HNL
Vb IVa Va

Vb

wherein R represents an amino protecting group and R1 represents a sulfur protecting group

and are as defined above.



59 25.73 g of a mxture of tert-butyl

(1R 3R, 6S)-(7-oxa-bicyclo[4.1. 0] hept-3-yl)-carbamate and tert-butyl

(1S, 3S, 6Ryo(2et10469501 cycl o] 4. 1. 0] hept - 3-y1) - car bamat e wePe€TAIR@i1rv66R23(t he
entire batch was evaporated to drynes¥, weighed and the contents of

epoxi de, nCBA and tol uene were determ ned by NVR anal ysis). The materi al
still contained nCBA and toluene. The syn:anti ratio is 100:0 determ ned by
| HNMR. Optical Rotation: [a]p (CHC13) =00 1HNMR (200 MHz, CDCl13, ppm) 8 8
4.82 (s, Exaomple2QH), 3.63 -3.54 (m 1H), 3.13 (s, 2H) 2.26 - 2.03 (m 211),
1.96- 1.70 (m 2H), 1.49- 1.28(m 11H) Step C {

(1R, 2R, 4I{I1-1ﬂ2{?(4&f4t-[(8m Butoxycdbony))-saminobR-hydrbxydryolghexyl}-benzene-

ycl ohexyl | - zeneca nd .
(185, saybarhioapcpnd BISASR R Butpwymbony Ramine) 2 dpedrresyripbesisne. ca
r bot hi oauﬁn{m-dyrgdmatsol ution obtained in St ep B containing 20.1 g of
tert-Butyl (1R 3R, 6S)-(7-oxabicyclo[4.1.0]hept-3-yl)-carbamate and
tert-Butyl (1S, 3S, 6R) (7-oxa-bicyclo[4.1.0] hept-3- yl)-carbamate and 60 m
of tol uere, ey ] ) )
15-25 C ana 1
t he m xt gabamiateai ned ensuring a terrperature bel ow 30 C. To the m xture
obtained 18 ml of toluene was charged as a line rinse, 0.8 g of

O 'Ry, one portion, external
and t+he—#A xture @ ned was allowed to
exotherm The m xture obtaine els heated to 40- 4t and the reaction was
foll owed by TLC until conpletiegn. Upon ccpn@I ethon {@f the reaction (3 h),
the m xture obtai ned was cool eg\to rt an é@‘s’h twce with 2 x 101 m of 5
% sodi um bi carbonat e sol utit f old owed by™ &Hl m of water. The organic
| ayer obtained was concentrated in vacuo to mi *ni mum vol une. 101 m  of

I d
Vol e TP 2 AerIAERe- PRt C &G Mo d 00 By 62 DG € PrdrBed o S¥ B
to the miak2Q:? °6bﬂlama@renbtaméwxnm¢cbalwa@) Zaﬂc)é trigthylenfinteovast@ldadl . WAt er
cont ent \ﬂﬁ§pvﬁ§@6%¥ QSI ng)i f&FO\(I(Q} Wdr(%ms-g%daﬁﬁn BE8H YA %ﬁﬂ?@eﬁ%m’fﬂ

t ol uene was added he m xt ure obtai ned was concentrated to dralness WO

2011/ 146S%ApEa. m@m 600%%0)66 ovhemxture btgiprd Hmbpf tpluengvasgdded asq t he
crude maligé rinte. Iht ke vB5inad g hdate®toteflak ahdbtirestturitil @hd REctiinWway €

bt d I d.to 10 h.st t vx/n t lid
pr el pi t SoBReterpuSEitg 6 B and o N Ih bcliod s o berehle 4R ur e
obt ai ned 1 17 Te nlixtofe dtepnedhwasecoledithe’D WP ax]td/vl&ﬁemhuﬂt -BhOHmvad added dbdpawisrced was

stirred B th fin, Hl%“%g%é)-‘l\'/ 56 OBFRLEBE ik eEadinch MRl (PRIBLIPRL vas

al | oned acement uene-

(1:1, 8. aeaqun wwé)fqlbwd byy HaNMR,rang vm§how tchbe esmplpte-afiepi Andhg mvsLtureﬂ 6
m) whi cBhiapRESRE chbiRd 28RO RS 296C hH&zSU‘Hﬂ%f §zﬁﬁ}afeﬁgﬂé}l@9§r§61uﬁ&1 waﬁs‘daﬂeat abl e
by NWVR analy, The_sol i.d obtai.ne n gt 40C. 9 of a
m xt ur e Byer{S(sti)F\lOmnzl € &111(?]{%(?'{%18 Wﬁ@étéﬁwdioﬁ& i)ml ltere to remove resxd
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Optical Rotation: [a]p (CHCl3) = 0°

Purification by Column Chromatography:

The crude mixture of fert-butyl cyclohex-3-enyl-1(R)-carbamate and tert-butyl cyclohex-3-
enyl-1(S)-carbamate was subjected to purification by column chromatography (eluent:
cyclohexane/EtOAc 9:1).



Patent Clains 1. A process for the preparation of a conmpound of formula I
CH2 ,CH3 OH COH O inthe formof a single stereoisoner in crystalline
form conuoi2givigehepr ot ecti ng the am ne group either i nPaTAAPOLNG3IDT
formula ha CH2 ,CH3 CH O , or in a m3®ture of a conpound of fornula Ha with
a conpound of forrmula I11)

The required clean fractions were identified and combined. Concentration under vacuum
gave the required product. 60.88 g of a mixture of fert-Butyl cyclohex-3-enyl-1(R)-
carbamate with fert-Butyl cyclohex-3-enyl-1(S)-carbamate was obtained in the form of a
white solid.

Optical Rotation: [a]p (CHCI3) = 0°

'H NMR (200 MHz, CDCls, ppm) & 5.69 — 5.53 (m, 2H), 4.55 (s, broad, 1H), 3.76 (s, broad,
1H), 2.41 —2.30 (m, 1H), 2.12 — 2.08 (m, 2H), 1.91 — 1.76 (m, 2H), 1.6 — 1.48 (m, 1H), 1.43
(s, 9H)

Step B: tert-Butyl (1R.3R.65)-(7-oxa-bicyclo[4.1.0]hept-3-yl)-carbamate and feri-Butyl
(15.3S.6R)-(7-oxa-bicyclof4.1.0]hept-3-vl)-carbamate

H \\0
e
- .

H,C o] NH H,C 0 He. o "
i} C>( \n/ H3C>|/ \[( X >r
*cH, O CH, O H,C

CH, O

2\t
X

45 g of m-Chloroperbenzoic acid (70 %) and 240 ml of CH,Cl, were charged to a 1 L flask
and the mixture obtained was cooled to 10 to 15 °C. To the mixture obtained 30.0 g of tert-
butyl cyclohex-3-enyl-1(R)-carbamate and terz-butyl cyclohex-3-enyl-1(S)-carbamate in
45 ml of CH,Cl, was added dropwise over approximately 30 min ensuring a temperature
below 25 °C. To the mixture obtained 15 ml of CH,Cl, was added as a line rinse and the
mixture obtained was stirred at rt for 1 h, heated to reflux (40 °C) for 2 h and followed by
HPLC and TLC until completion of he reaction. Upon completion of the reaction, the
mixture obtained was cooled to 0 to 5 °C, stirred for 30 min, and the solid precipitate
(mCBA) obtained was filtered off and washed through with 2 x 15 ml of CH,Cl,. The
resultant filtrate was washed with 3 x 150 ml of 10 % aqueous sodium thiosulfate solution to
remove peroxides, followed by 3 x 150 ml of saturated sodium bicarbonate solution to
ensure a pH > 7 (recorded pH = 8-9), followed by 2 x 150 ml of water. The organic layer
obtained was concentrated, 150 ml of toluene was added and the mixture obtained was
concentrated again. To the concentrate obtained 150 ml of toluene was added, the mixture
obtained was concentrated to dryness, toluene was added to approximately 2 volumes and

the mixture obtained was kept in a refrigerator before use in the next step.



cH2 / cH3 OH wherein Ris an am ne protecting group, and isolating a
conpound of fornmula | obtained in the formof a single diastereoner in
crystall iwe 2bovmwesiut her directly fromthe reaction m xt @Ce/AaR0OMi080237
recrystallization in organic solvent.59 WO 2011/ 146954PCT/ AT2011/ 000237 62
2. A conpound of fornmula | as defined in claim1l in the formof a single
stereo isoner in crystalline form 3. A conpound according to claim 2,
which is
14-0-{[( 328,72.:_@ S mikt@&of ferZ by H{ 10X YR B.S)-CExerbie i 16 pNY. 0 he C RN WL darbhdidtd hdd i N
0

100 £ (RSB35 S Qe Boricity Br BB el e abgiged (Branie o i o
cryst al | ibahFasrvapdrated eddyaess) weighedaldtharohtearlof apexids . m@B A @ny avineheof
formul a | L i ' BN - of S LsqQmer in the
formor egafmiieey S ahifhs) int Bl BPLofaibf b b FliaRTE

whi ch i s Taa sgantarasio is 40Q:Qdeteomingd dyofMR.eat e. 7. A conpound according to

any one @jnichiar dtich: PhloqCHML)God s sel ected fromthe group consisting of
14-0-([( 1Fl<), 2R, 4R) - 4- am no- 2- hydr oxy- cycl ohexyl sul fanyl]-acetyl |l -nutilin
acetate in crystalline FormA, '

'H NMR (200 MHz, CDCl;, ppm) 8  4.82 (s, broad, 1H), 3.63 — 3.54 (m, 1H), 3.13 (s, 2H)
2.26 —2.03 (m, 2H), 1.96 — 1.70 (m, 2H), 1.49 — 1.28 (m, 11H)

Step C: {(1R.2R.4R)-4-[(tert-Butoxycarbonvyl)-amino]-2-hydroxvy-cyclohexvyl}-benzene-

carbothioate and {(1S5.2S.45)-4-[(tert-Butoxycarbonyl)-amino]-2-hydroxy-cyclohexyl} -

benzene-carbothioate

@H ’
+

H3c>'/°\”/NH H,C._ O, _NH e EH
CH, O 5
CH, O H,C H,C
CH, O L, 8
3

The product solution obtained in Step B containing 20.1 g of fert-Butyl (1R,3R,6S5)-(7-oxa-
bicyclo[4.1.0]hept-3-yl)-carbamate and fert-Butyl (15,3S,6R)-(7-oxa-bicyclo[4.1.0]hept-3-
yl)-carbamate and 60 ml of toluene were charged to a flask, the mixture obtained was stirred
at 15-25 °C and 15 ml of thiobenzoic acid were melted and charged dropwise to the mixture
obtained ensuring a temperature below 30 °C. To the mixture obtained 18 ml of toluene was
charged as a line rinse, 0.8 g of tetrabutylammonium chloride monohydrate was added in one
portion, external temperature control was stopped and the mixture obtained was allowed to
exotherm. The mixture obtained was heated to 40-45 °C and the reaction was followed by
TLC until completion. Upon completion of the reaction (3 h), the mixture obtained was
cooled to rt and washed twice with 2 x 101 ml of 5 % sodium bicarbonate solution followed
by 2 x 101 ml of water. The organic layer obtained was concentrated in vacuo to minimum
volume. 101 ml of toluene was then charged and the batch again concentrated to minimum
volume. This process was repeated and further 101 ml of toluene was added to the mixture
obtained and the mixture was concentrated to ~40 ml. Water content was analyzed by KF
(0.04 %). To the mixture obtained 101 ml of toluene was added and the mixture obtained

was concentrated to dryness.



14-0- 1[ (1R, 2R 4R) - 4- am no- 2- hydr oxy-cycl ohexyl sul fanyll-acetyl }-mutilin
acetate in crystalline FormB 14-0-

{[ (1R, 2R wB)rofi7ap9sn0- 2- hydr oxy- cycl ohexyl sul f anyl ] - acet ylclrranmabditlooons7
L-lactate in crystalline Form1, and 60

14- 0- {R1R, 2R, 4R) - 4- am no- 2- hydr oxy- cycl ohexyl sul fanyl] -acetyl }-nutilin

hydr ogennmal eate in crystalline Form1l. 8. A process according to claim1l or
claim2, wherein a conpound of fornula Ha, or a m xture of a conpound of

forml a igelwof brude ait@plBs I gfornmula |ib is obtained by coupling either a
conpound..of, for

o LT U P e S

SH 111 b cooled to 10 to 15 °C with stirring, at which point a solid precipitated. The slurry obtained
was stirred for 45 min. To the mixture obtained 17.6 ml of heptane was added dropwise and
the mixture obtained was stirred for 1 h. The mixture obtained was filtered, the solid
obtained was allowed to pull dry and given a displacement wash with toluene-heptane (1:1,
8.8 ml), followed by a slurry wash with toluene-heptane (1:1, 17.6 ml) which reduced the
amount of the undesired regioisomer to undetectable by NMR analysis. The solid obtained
was dried in vacuo at < 40°C. 8.24 g of a mixture of {(1R,2R,4R)-4-[(tert-Butoxycarbonyl)-
amino]-2-hydroxy-cyclohexyl}-benzene-carbothioate with {(15,25,4S5)-4-[(tert-
Butoxycarbonyl)-amino]-2-hydroxy-cyclohexyl}-benzene-carbothioate was obtained in the
form of an off-white solid.
Optical Rotation: [a]p (CHCl3) = 0°

'"H NMR (200 MHz, DMSO-dg, ppm) & 7.91 — 7.87 (m, 2H), 7.70 — 7.50 (m, 3H), 6.85 (d,
J=6Hz, 1H), 5.13 (d, J=5,6Hz, 1H), 3.50 — 3.26 (m, 3H), 2.13 — 1.96 (m, 2H), 1.79 — 1.69
(m, 1H), 1.54 — 1.15 (m, 12H)



respectively wherein Ris as defined in claiml, wth an activated
14- 0- AKT-acetyl-mutilin, wherein AKT is an activating group, optionally

mesyl, be&9l2011y@edsh, or -0-AKT i s hal ogen, optionally PCT/AT2011/000237

14- 0- AKT-acetylmutilin is a conpound @f formula

conpound of forrmula Ha or m xture of a conpound of fornula ha with a
conpound of fornmula Il11), respectively, obtained fromthe reaction m xture.

9. A process according to claim8, wherein a conpound of fornmula Illa,
m xture diatentdd

MBund of formula Illa with a conpound of fornmula Il1b is

obt ai ned by deprotecting the thiol function . either in a conpound of
formula IVa WD 2011/ 146954PCT/ AT2011/ 000237 64 OH Rtsi R1
1. A process for the preparation of a compound of formula I

HN

in the form of a single stereoisomer in crystalline form, comprising

deprotecting the amine group

either in a compound of formula Ila

lla

, Or

0 ;
\/U\O\“‘ e
R H.C

wherein R 1s an amine protecting group, and

and isolating either a

or

isolating a compound of formula I obtained in the form of a single diastereomer in
crystalline form either directly from the reaction mixture or via recrystallization in

organic solvent.

a



IVa or in a mxture of conpound IVa with a conpound of fornula Vb OH Rl
Vb , respectively wherein Ris as defined in claim8 and RL is a thiol

prot ecti yoOgPOAd695And i sol ati ng either a conpound of foPEEHIAT20111089230r a

m xture of a conmpound of fornmula Ma W2t h a conpound of formula I1llb,
respectively obtained fromthe reaction m xture. 11. A conmpound of formula
Ha as defined in claiml, for use as an intermediate in a process for the
productign of a conpound of forpula | as defined in claim1l, in the form of
a singl e &t ér@mp@aﬁépf fomwlalﬂr?érq?ﬁe%m daim L opghs formad asingle ﬁtgieﬁgsomer n
crystalline %ﬁf 1R, 2R, 4R) - 4- am no- 2-

hydroxy-cycf exy ul'fanyl]acetyllmutilin, or conprising an, optionally
crystalline, acet ate | actate, or hydrogennal eate of

14- 0-{R( 1R 2R, 4R) - 4- am 2- hydr oxy V. cetyl } lin as an
active i é‘o‘i E?ﬁouf’ﬂa‘&“(?ﬁ%f‘%ﬁ%ﬁ b ngﬂ é?gw é’ﬂf% %rrier

or dil uent c%he&yggﬂmn&egﬂ}wtﬂﬂllﬁc{r}lstaghl@eslz(;{ﬁ{1 ned in claim8, for use
as an internediate in a process for the production of a conpound of fornula
Ha as defined in claim1, in the formof a single stere0| somer 14. A
conpound of fornula a n o £l a

claim1. 15A RUES un%ﬁcnc "ﬁgg |%§135’t‘8ﬁ'c éslnlnﬂtl ?4m§\,¢ieré|é|>? mﬁ ?c%drooﬂ
formula Ha ¢ lémytsultfmyy]cwe’qomﬂutmh ih lchyfstdlidieoRere! ¥ in themm ofa n-butanol
2011/146954PCT/AT2011/000237 65 16. A compound of fornula Ma according to
claim8, whil¥® R is as defined in claim8. 17. A conpound according to
claim 16, wherein Rin a conpound of formula Illa is tertbutoxycarbonyl or

trifluoroacetyl.
5. A compound of formula I as defined in claim 1 in the form of a single stereoisomer in the

nd of

form of a crystalline salt.

6. A crystalline salt according to claim 5, which is an acetate, lactate or hydrogenmaleate.

7. A compound according to any one of claims 5 or 6, which is selected from the group
consisting of
14-O-{[(1R,2R 4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl } -mutilin acetate in
crystalline Form A;
14-O-{[(1R,2R 4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl }-mutilin acetate in
crystalline Form B
14-0-{[(1R,2R 4 R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl } -mutilin L-lactate in
crystalline Form 1, and
14-0O-{[(1R,2R 4R)-4-amino-2-hydroxy-cyclohexylsulfanyl]-acetyl } -mutilin

hydrogenmaleate in crystalline Form 1.

8. A process according to claim 1 or claim 2, wherein a compound of formula Ila,
or a mixture of a compound of formula IIa with a compound of formula IIb
is obtained by coupling

either a compound of formula IIla
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OH
W SH
R
Y
H Ma o

a mixture of a compound of formula IIla with a compound of formula IITb

OH

A SH
~ \O/ llib

N
H

R
, respectively

wherein R is as defined in claim 1,

with an activated 14-O-AKT-acetyl-mutilin, wherein AKT is an activating group,
optionally mesyl, besyl, tosyl, or -O-AKT is halogen, optionally 14-O-AKT-acetyl-

mutilin is a compound of formula

Tos-PLEU

and isolating either a compound of formula Ila or mixture of a compound of formula Ila

with a compound of formula IIb, respectively, obtained from the reaction mixture.

9. A process according to claim 8, wherein a compound of formula Illa, or a mixture of a
compound of formula IIla with a compound of formula IIIb is obtained by deprotecting
the thiol function .

either in a compound of formula IVa
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11.

12.

13.

14.

15.

64

OH

R\N IVa
H

or in a mixture of compound IVa with a compound of formula IVb
OH

A S
\R1
R\N IVb

H , respectively

wherein R is as defined in claim 8 and R is a thiol protecting group,
and isolating either a compound of formula IIla, or a mixture of a compound of formula

IIIa with a compound of formula IIIb, respectively obtained from the reaction mixture.

A compound of formula Ila as defined in claim 1, for use as an intermediate in a process
for the production of a compound of formula I as defined in claim 1, in the form of a

single stereoisomer.

Pharmaceutical composition comprising crystalline 14-O-{[((1R,2R,4R)-4-amino-2-
hydroxy-cyclohexyl)sulfanyl]acetyl } mutilin, or comprising an, optionally crystalline,
acetate, lactate, or hydrogenmaleate of 14-O-{[((1R,2R,4R)-4-amino-2-hydroxy-
cyclohexyl)sulfanyl]acetyl }mutilin as an active ingredient in combination with

pharmaceutically acceptable carrier or diluent.
A compound of formula IIla as defined in claim 8, for use as an intermediate in a process

for the production of a compound of formula Ila as defined in claim 1, in the form of a

single stereoisomer
A compound of formula Ila according to claim 1, wherein R is as defined in claim 1.

A compound according to claim 14, wherein R in a compound of formula I1a is rert-

butoxycarbonyl or trifluoroacetyl.
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16. A compound of formula IIla according to claim 8, wherein R is as defined in claim 8.

17. A compound according to claim 16, wherein R in a compound of formula Illa is rerr-

butoxycarbonyl or trifluoroacetyl.



